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AHotauid. B ctatTi po3rnaHyTo 0C06NMBOCTI KepyBaHHA OJHOYACHUM PYXOM BEAMKOI Fpynu 6e3MminoTHuX anaparis,
Lo pyxatoTbea y cninbHomy 3-D npoctopi B Mexax pisHux cepegoBiuLy. Po3pobneHo mogenb KepyBaHHA CNiNbHUM PyXoMm
reTeporeHHUX aHcambni 0e3MminoTHUX anapatiB y peanbHOMY Yaci 3a JOMOMOrol0 ribpUAHOI AMHAMIYHOI CLeHapHo-
npeLeseHTHOI CMCTeMi Ta NpeaCcTaBNeHo apXiTekTypy NpoToTMNY Li€i cucTemMu. 3anponoHOBaHa CUCTeMaA KepyBaHHA Cni-
NbHUAM PYXOM € YaCTUHOK CKNAAHOI 60PTOBOI CUCTeMM ynpaBniHHA 6e3niNOTHUM anapaTom, L0 MOXe NinoTyBaTi oro 3a
MEeBHOK TPAEKTOPI€I0, AKA BU3HAYAETHLCA CLiEHapieM, BiANOBIAHUM [0 poni faHoro 6e3ninoTHoro anapaty y aHcamoni,
70ro Micii Ta NOTOYHOT NPOCTOPOBOI KOH(irypalii, Lo mae Bignogigae ymoBam 6e3neku. [ins BUpilLeHHA 3aaui BUKOPUC-
TaHO MeTOAW CLieHapHO-NPeLieieHTHOTO MiAXoAY, OTPUMAHHA BUCHOBKIB Ha OCHOBI MoJeneil, Ta nepeBipku JOTPUMAHHA
obmexeHb. HoB13Ha 3anponoHoBaHOro NigXoAy nonArae y po3pobui ribpuaHoi Mogeni cLeHapHo-npeLeseHTHOr0 NOLYKY
pilLieHb, L0 3aCHOBaHA Ha NPUHLMNAX NACMBHOIO KepyBaHHA, Ta KOMOIHY€E CLleHapHO-NpeLieAeHTHINA NOLLYK pilLieHb 3 iX
aflanTaLi€lo Ha OCHOBI KiHeMaTUYHIX MoZeneil Ta BepudikaLlielo 3 nepeBipKolo JOTPUMAHHA 3adaHnx obmexeHb. Mogenb
Ma€ 06uMUItoBaNbHY CKNaHICT, AKA CNAabKO 3aneXmTb Bif YA AMHAMIUHIX 00'€KTIB, AKi 0AHOYACHO PYXaKTbCA, Ta €
npauesaatHoto y 3-D npoctopi. MpakTuHa 3HAYMMICTb 3aNPONOHOBAHOTO NIAX0AY NOAArae B TOMY, LLO BiH AA€ MOXN-
BiCTb BMPILLYBATV 33iauy KepyBaHHA CMiNbHUM pyXoM 6e3ninoTHMX anapartiB y reTeporeHHUX aHcambnAx B yMoBax pea-
NbHOTO Yacy, 3MiHIOKOUM NPU3HAYEH CLieHapii aKTUBHOCTI «Ha NbOTY», 3aMiHI0KYH, AoAatoun abo BUAANAYN NeBHi NOCi-
AOBHOCTI f1iil Ta CUHXPOHIi3ytoum X Y Yaci Ta MPOCTOpi, L0 A03BOAAE 6€3NiNOTHUM anapaTam CinbHO MaHeBpyBaTH, YHU-
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Kaloum 3iTKHeHb, nepelukoz Towo. Lle 403BoNA€ 0TPMMYBATH afieKBATHI i (BOEYACHI peaKLji aHcambna 6e3ninoTHux ana-

paTiB Ha ANHAMIYHI Ta CUTyaLiiHi 36ypeHHA, L0 iX 3a3HalOTb OKpeMi 0e3MiNOTHUKM BHACTIAOK HenepeabauyBaHOCTi cepe-

A0BULLA. 3aNpONOHOBAHII MiAXiA CYTTEBO 3MEHLLYE 00UNCNIOBANBHY CKNAAHICTb BUPiLLEHHA 3adayi. Cnupaloumncb Ha onuc

MOTOYHOI NPOCTOPOBOI KOHirypaLii Ta BUKOPUCTOBYKYUN KiHEMATUuHy MoAenb 6e3ninoTHUX anapatiB, BiH A403BONAE

OTPMMYBATU eNemMeHTH 6e3neyHnx TPaeKTopili 6e3NiNOTHMKIB, LLO BXOAATb 0 reTePOreHHOro aHcambnto, Ta AKi Makcu-

ManbHo NiATPUMYIOTb 3aiaHy CTPYKTYPHY Ta reOMeTpUYHY KOHQirypaLlito il KOMNeHCyTb BUHIMKaloui 30ypeHHA.
Kntoyoei cnoea: mpaekmopis, cninbHutl pyx, naaH, cyeHapiti, npeyedeHm, 06mexeHHs, 30ypeHHs, Maresp.

MocraHoBKa npo6nemu

be3ninotHi cucremm BUKOPUCTOBYHOTHCA B HaraTbox cy-
YaCHUX TeXHIYHUX CUCTEMAX A BUPILLEHHA Pi3HUX 3afay
peanbHoro yacy. 3aBAAKI 3HAYHOMY NPOrpecy TeXHOMOril
0e3MiNOTHUKN MOXYTb BMKOPUCTOBYBATUCb He TibKM
NOOAMHLY, ane i rpynamu, B TOMY UnCi BEIMKUMU i HaBITb
HaJBeNuKUMU. binblue TOro, HacTaB yac i reteporeHHmx
aHamobniB 6e3niNOTHUKIB, AKI MaloTb Pi3HUA po3Mmip,
MOX/IMBOCTI, PONi Ta HaBiTb Cdepu BUKOPUCTAHHA, ane
BUKOPUCTOBYIOTbCA Pa3oM [J1A BUPILIEHHSA NeBHOI 3afaui.
OpHMM i3 TakMX 3aCTOCYBaHb € iHTeNeKTyanbHe, abo
CMapT-pnbanbCTBO, A0 AKOTO MOXYTb 6yTU 3anyyeHi 6e3-
NINOTHI CUCTeMU HallLLMPpLLOro CneKTpy. Tak, nowyk pub-
HUX 3rpail MOXe 3[iCHIOBATICA 33 LOMNOMOrOK rpynu
6e3ninoTHux niTanbHux anapatie  (unmanned aerial
vehicle, UAV). Hociamm pubanbcbkux 3Hapaab MOXYyTb
6yTn 6e3ninoTHi katepu (unmanned surface vehicle, USV),
L0 TAKOX MOXYTb BUKOPUCTOBYBATUCb rpynamu. Buasna-
i nopoaw pub B 3rpai Ta NOTiM 3araHATH 3rpai 4o pubo-
NOBHUX 3HapAAb MOXYTb rpynin 6e3ninoTHUX NiABOAHUX
anapartis (unmanned underwater vehicle, UUV). A Hociem
yCix BULLEHA3BaHNX 6e3NiNOTHUKIB Ta OAHOYACHO HaKoNu-
yyBauem BUJIOBIIEHOI pubY He3abapom Moxe CTaTin Benu-
Kuii Kopabenb, AKMIl Tex MoXe OYTI aBTOMATU30BaHNIA [0
piBHA HeninotoBaHoro (Autonomous Ship, AS).

3BnyaitHo, 6e3ninotHi anapatu (gani — BA) pi3Hux
chep BUKOPUCTAHHA MaloTb MeBHI NepeBaru Ta Heponiku,
ane B3a€EMOZONOBHIOBAHICTb IXHIX GYHKLIOHANbHUX MOX-
NNBOCTeN [103BONAE BUKOHYBATH iM (BOT CLieHapil CNifbHO
Ta 0JHOYACHO AK BefMKa KOMaHAa, CNpAMOBaHa Ha JOCAT-
HeHHA CKNagHNX Linei micii (npomucnosuit nos pubu) be3
NoAMHN. Taky KOMaHAy Ha3|BalOTb reTeporeHH!M aHcam-
6nem bA, 3Baxaloun Ha BIAMIHHOCTI Y iX i3NUHMX Ta eKC-
MniyaTauiiHuX XapakTepuctukax, MOMNUBOCTAX, ponax y
KOMaHgi Ta oToueHHi [1]. BukopuctoByBaHi B Takmil cnoci6
bA € AuHamiyHUmMK 00'ekTamn, AKI pyxalTbcA B pi3HUX

(epefi0BULLAX i MAIOTb NEBHi BifMIHHOCTI B 3aKOHaX i 0C0-
6nuBOCTAX IX pyXy, TOX KepyBaTh iXHIM CMINbHUM pyXom
Mifl YaC BUKOHAHHA reTeporeHHUM aHcambnem CBOEi Micii
[I0BONTi CKNaZHO. IX CNINbHUIA PyX 3a3BUYail 06MEXeHO B
npoctopi (4epe3 06MeXeHHA Ha BUAUMICTb Ta ANCTaHLI0
BMEBHEHOr0 3B'A3KY) Yepe3 BB PisHUX AMHAMIYHMX Ta
CUTYaUiliHuX 36ypeHb. 3a cueHapiem Micii, KoxeH bA mae
BUKOHYBAaTW MeBHi QYHKLii Kpim Ge3nocepesHbo pyxy,
TOMY 11010 NepeMiLLeHHs 3 OJHIEl TOUKN NPOCTOpY B iHLLY
Mag€ Ha MeTi BUKOHAHHA NeBHOT HacTynHoi Aii. Pyxatuncy,
bA mae nigTpumyBatu cTpiii, T06T0 BigHOCHY No3uuito abo
Micue B noby/0Bi NPOCTOPOBOI CTPYKTYpU aHcambna nig
Yac BUKOHAHHA Micii, a Takox 36epiratu 6e3neuny Biac-
TaHb Bif iHWKX BbA aHcambnio Ta oMuUHaTK pi3HOTO poay
nepenoHu. [lo Toro X, BA NoBUHHI OYTI NOBHICTI0 aBTOHO-
MHUMM, 60 opHOuacHe 6Ge3neuHe KepyBaHHA BeNUKOK
rpynoto AMHaMiyHUX 06'€KTiB 3a JONOMOTOI BeNNKOro
KONEKTUBY 0MepaTopiB HEMOXINBO YABUTL.

OTxXe, BpaxoBylouM 3HauHy CKnagHictb npobnem, wo
BWHMKAIOTb Ml Yac CMibHOrO PyXy BEMKOro aHcamobns
aBTOHOMHUX DA, akTyanbHOW 3afauelo AnA noJanbLumx
LOCNIIKeHb € po3pobKa iHTeneKkTyanbHUX MeToAiB Ta
3aco6iB ynpasniHHA cninbHum pyxom bA y pisHopiaHomy
aHcambni y peanbHomy yaci.

AHani3 ocTaHHix gocnimKeHb i ny6nikawiii

lpobnemun ynpaBniHHA CNINbHUM PYXOM HailyacTilue
LOCTI[KYBANNCA 3 TOUKM 30pYy BUABNEHHA Ta YHUKHEHHS
3iTKHEeHb, | PO3rNAZannca y LapuHax oKpemo MoBITPAHUX
[2], HazemHux [3] Ta niaBoAHMX cucTem [4]. B KoHiIl 3 Lumx
cep 3aCToCyBaHHA iCHYHTb 3HaYHi BIAMIHHOCTI MiX cepe-
LOBULLEM pyXy, i0ro 06MeXeHHAMU Ta napameTpamiu
(LuBMAKOCTI, MaHEBPEHOCTI, AaTUMKIB, Yacy peakuil ToLLo).
Xoua, [ieAKi OCHOBHI NPUHLMNY pyXy Ta reoMeTpii no cyTi €
0JHAKOBUMI, TOMY MeEBHI NPUIAOMI MOXHA 3aM03MYUTK Ta
nepeHecTy 3 oAHiei 06nacti B iHwy. Mpobnema BuABNEHHA
Ta YHUKHEHHSA 3iTKHEHb 32 YMOB CMiMbHOrO pyxy TiCHO
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noB'A3aHa AK 3 6e3nekoto bA, Tak i 3 yCNiLLHICTIO BUKOHAH-
HA Miil.

[cHytoui nigxoan do KepyBaHHA bA 3a ymoB BusB-
NIeHHA 3iTKHEHHA MOXHA MOAINMMTI Ha aKTUBHI | NaCUBHiI,
BiiNOBIJHO [0 TUNY [ATUMKIB, WO NOAAIOTb HA BXif AaHi
Npo HaBirauilivy cutyauito. Y 6inbliocTi BUNAAKIB Ui
AaHi 6a3yl0TbCA Ha aKTUBHOMY TUNi AaTunKiB (pagiono-
Katopu, CoHapu Towo) [5]. MpoTe, 3acTocoByHTbCA i
NacuBHi AaTUNKN, TaKi AK eNeKTPOONTUYHI abo iHpaue-
PBOHi Kamepw [6].

[cHytoui MeToau KepyBaHHA bA 3a yMOB BUABNEHHS 3i-
TKHEHHA MOXHA B OCHOBHOMY MOAINNUTM Ha MeToau, 3a-
CHOBaHI Ha KiHemaTuui Ta reometpii [7], metoau, o 6a-
3yl0TbCA Ha HeuiTKiil noriyi [8], Ta MeToaw, L0 3aCHOBaHI
Ha KOMN'I0TepHOMY MOZeNoBaHHI HaBirauiliHoi cutyauii
[9]. MeToau KepyBaHHA CMINbHUM PYXOM MOXYTb TaKOX
6yTu nogineni Ha peakTuBHi Ta nonepemxyBanbHi [10].
[epLui 3BUYAIHO 3MiHIOKOTb TPAEKTOPIIO PYXy AMHAMIYHOTO
00'eKTy y BiANOBIAb HA BUHUKHEHHA NepeLIKoau pyxy uu
BUABNEHHA MOMXNMBOTO 3iTKHEHHA, TO6TO npawioTb Y
peanbHOMY uaci, Ha BiAMIHY Bif Apyrux, AKi 3a3Buuai
HaMaralTbCA NPOrHO3yBaTM MOTPiOHI TpaeKkTopii BCiX
YUaCHUKIB CMiNbHOTO pyxy NiJ yac BUpiLIeHHA 3afayi nna-
HyBaHHA MapLupyTig (path planning). Baxnmeoto ocobnu-
BiCTIO METOZiB NaHYBaHHA MapLUPYTIB € NPUHLIN NOLAH-
HA MapLUPYTY AK NEBHOI NOCTIOBHOCTI TOYOK LLNAXY (Way-
points, WP), B AKMX Ma€ 3HaxoauTUCb BA y neBHi MOMEHTH
yacy (time points, TP). To6To, MapLupyT Moxe 6yT BU3Ha-
YeHO AK BMOPALKOBaHMIA 3a Bifnikamu vacy macus nap
(TP,WP), wwo 3pyuHo BMKOpUCTOBYBATU ANA YNpaBAiHHA
CninbHUM pyxom bA Ta ix KoopAnHaUi.

3p03yMino, Lo Npu BUKOPUCTAHHI Benukux rpyn bA,
L0 pyXaloTbCA OJHOYACHO B Pi3HMX CepefoBULLAX, BUKO-
PUCTAHHA AIK PeakTUBHUX, TaK i nonepeyBabHUX MeTo-
AiB CYTTEBO YCKNAAHIOETbCA, 60 3a JONOMOrol0 NepLunx
(Ta€E CKNajHo 3abe3neynTy pearyBaHHA B peasibHOMY yaci,
a 3a A0MOMOrol0 APYriAX CKAAJHO TOYHO CMPOrHO3YBaTy
MOXNUBI TPAEKTOPIi OAHOYACHO BCX PyXOMUX 00'€KTiB, a
3HauyHe Yyuao OOMeXeHb He 3aBXAN Ja€ MOXIUBICTb
OTPUMATH PiLlieHHA 3afjayi NNaHyBaHHA MapLLpyTiB.

AKTUBHI MigXxoau, AK NpaBUIo, 3aCHOBAHI Ha KiHeMa-
TALi Ta reomeTpii, i FPYHTYIOTbCA HA TaK 3BaHill «TOYL
3iTKHeHHA» [11], AKa 3a yMoB nacuBHoro nigxoady He byae
goctynHot. [poTe, BUKOPUCTaHHA NacMBHOMO Miaxody
[03BOJIAE «Bi3yaNbHO» BUABNATU MaHEBPYBAHHA AUHAMI-

EEEREES

YHNX 00'€KTIB, LLO NPU 3aCTOCYBaHHI aKTUBHOMO MiAX0AY
CKnafiae nesHy npobnemy [6]. 06uasa nigxoan MatoTb CBOi
nepesaru i HeoNiKK, L0 CTaBUTb MUTAHHA AOLINBHOCTI X
Kom6iHauji [12].

MeTozu, 3acHOBaHi Ha KiHemaTuLi Ta reomeTpil, 3a3B1yait
BUKOPUCTOBYIOTb BiAHOCHI NPOCTOPOBI OLIHKY, TaKi AIK <KOHY-
1 3iTKHEHHA», «OMeHN 6e3MeKi», «TOUKI HAiKOPOTLLOro
36maxeHHA» Towwo [13-15]. Metoan moxyTb OyTH BUKOpUC-
Tai Ak y 2-D npocropi (ana UGV, USV), Tak iy 3-D npoctopi
(ana UAV, UUV). AnbTepHaTMBHY OLLiHKY, 3aCHOBaHY Ha aHai-
3i CKNaAHOro pyXy 00'€KTiB Ha NiACTaBi iX KiHeMaTIKK, 3anpo-
MOHOBaHO B [16], NpoTe, TaKi OLiHKM MOXYTb BUKOPUCTOBYBaA-
TUCA 3 YMOB NacMBHOrO niaxofy. Tpeba 3ayBauTy, L0 3a
YMOB CMINbHOMO PyXy BENUKOI rpynin ANUHAMIYHUX 00'€KTiB
BUKOPUCTAHHA METOZIB, 3aCHOBAHIX Ha KiHEMATWLLi Ta reome-
Tpii, € HeMPUIAHATHUM ANA PEAKTUBHOTO KepyBaHHA, 60 06un-
UlH0BaNIbHA  (KNAJHICTb eKCMOHEHLIHO 3POCTae  BiZHOCHO
yncna  pyxommx 00'ekTiB. MeToam, WO 3acHOBaHi Ha
KOMM'I0TepHOMY (BT.Y. MYNbTUAreHTHOMY) MOZeNIoBaHHi
[9], matoTb TaKkuil cammii HeLoNiK.

[HWa rpyna mMeToAiB 3aCHOBaHa Ha HeuiTKiil norivi [8],
iX OCHOBHa ifies nonArae B Tomy, W06 HacniayBaTh cnocobu
Aiit ninoTie (BOAB, CyAHOBOAIIB), @ BUABNEHHA MOX/NBO-
ro 3iTKHEHHA BUABMAETLCA HA OCHOBI HEUITKUX Mpasui.
[TeBHOI0 NepeBarok HeuiTKoro NiAXoay € MOro CTiiKiCTb Ta
3po3ymina iHTepnpeTauis. TpyaHoLwi B po3pobui noB'A3aHi
3 BU3HAUEHHAM, ONTUMI3aLLi€I0 Ta afianTaLli€lo Tak 3BaHUX
OYHKLiI NPUHANEXHOCTi Ta HEUITKMX NpaBun.

OTXe, AnA BUKOPUCTAHHA B BEINKMX reTepOreHHIX aHca-
MOnAX aBTOHOMHUX DA noTeHuiitHUM HanpAMKOM AoCi-
[PKeHb € NOLUYK riOpUAHKX pilLieHb, Lo KOMOIHYHTb NpUHLK-
MiA aKTUBHOTO | NACUBHOTO MiAX0AY, MaloTb 06UNCIHBANBHY
CKNafIHICTb, KA He 3aNeXnTb a00 U1abKo 3anexuThb Bif Uncna
ANHAMIYHNX 00'€KTIB, LLIO 0HOUACHO PyXalOTbCA, Ta AKi 30epi-
raiTb npavesfatHicb y 3-D npoctopi.

Bigomo, o nogonaHHA TpyAHOLWIB 3 06UNCIIOBaANb-
HOI0 CKNAJHICTIO MOXNUBO NPU BUKOPUCTAHHI NpeLefeHT-
Horo nigxoAy [17], Ae yac NOLWYKY pilleHHs NPaKTUYHO He
3aNeXnTb B YMCENbHOCTI ANHAMIYHUX 00€KTIB Y ONKCi
HaBiravinHoi cutyauii. lpoTe, Lei niaxig Mae (oI HefoNi-
K, HaNbinbLL CyTTEBUMI 3 HUX € 3aNEXHICTb Yacy MoKy
pilUeHHA Bif 00CAry HaKOMMYEHOro MacuBy MpeLefeHTiB
Ta HeoOXiAHICTb NIATPUMAHHA LOCTAaTHBOI KOMMNETEHTHOCTI
MacuBYy NpeLefeHTiB BiJHOCHO BUYEPIHOT MHOXWHU MOX-
NINBUX HABIraLiiHUX CATYaLLiiA.
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(LeHapHO-NpeLefeHTHUIA Niaxia, 3anponoHoBaHwii B
[18], A03BONAE 3a paxyHOK NeBHOI ribpuam3avii 3 nigxo-
[aMW, 3aCHOBAHMMM Ha NpaBunax Ta Ha MoAenax, nojo-
natn 06uNCNIOBaNbHY CKNAAHICTb NpeLefeHTHOro Migxo-
Ay Ta 3a6e3neunTn Npaue3naTHiCTb CUCTEMI KepyBaHHA
PYXOM AMHAaMiuHUMX 00'€KTiB y peanbHoMy yaci. [i6puan-
3alif CLeHapHo-npeLeaeHTHOro NiAX0A4Yy 3 enemeHTamu
NacuBHOIO MiAxofy Ta KiHEMATUYHOr0 MOJENOBAaHHA 33
YMOBM BUKOPUCTAHHA HabnmkeHux abo M'Akux Habmu-
KEeHUX MHOXUH [21] moxe 3abe3neuntn BuMpilLeHHA
3a/laui iHTeNneKTyanbHoro KepyBaHHA CNibHUM pyxom bA
y TeTeporeHHNX aHCambnAX B yMoBaX peabHoro vacy.

Meta pocnigeHHs

MeTolo AaHoi CTaTTi € fOUTIKEHHA MOZENi KepyBaHHA
CNIIbHUM PYXOM BENMKKMX reTeporeHHnx aHcamobnis bA y
pealbHOMY uaci 3a JOMOMOrolo ribpuaHoOI AMHaMIYHOI
CLLeHapHO-NpeLeAeHTHOI CucTeMm Ta po3pobka apxiTekTy-
pu npotoTuny Ui€i cuctemu. B pamkax cratti byge posrna-
HYTO 0COONMBOCTI  ajanTauii  AWHAMIYHOI  CLeHapHO-
npeLeseHTHOI CUCTeMU [0 KepyBaHHA CMiIbHUM pyxom
Benukoi rpynu bA, wo pyxawtbea y cninbHomy 3-D npoc-
TOPI, ane B Mexax pisHuX cepefoBuLL.

Buknap matepiany pocnimKeHHs

Hexali 3aiaHo TpUBUMIpPHUIA eBKNifOBUIA mpocTip X,
AKUIA JUCKPETU30BaHO CiTKow D ={dxyz} i30MeTpUUHIX

KyOiYHMX KOMIpOK deZ 04HAKoBOro po3mipy, ae X,Y,Z

BIANOBIAAIOTb KOOPANUHATAM KNITUHN. TAKUM YMHOM, KOXK-
Ha kniwa d,, D € npoctopoBum 06'ekTom Haii-

MeHLIOro po3mipy. Po3talwyBaHHs KoxHoro bA, a Takox
MnepenoH Ta Linei, € AUCKPETHUM Ta OKPeCIeHo Y npocTopi
Mexamu neBHUX KOMipOK.

lpunyctumo, Lo icHye Wwkana yacy T , nobyfoBaHa AK
BiAKpWUTA  BMOPAKOBAHA MHOXWHA  BiANiKiB  vacy

gto,...ty). Mpunyctumo, U € MHOXUHOW BA, F € MHo-

XUHOM iX QyHKUiIA, Cl € MHOXMHOW KnaciB bA, Ta G €
MHOXWHOI0 Liineid. bysemo po3rnagat neBHy MiAMHOXM-
Hy BA Ug,..u, TU Ta nesHy RiAMHOXWHY Lineii
gl,...ngG, Wo po3cisAHi B mMexax npocropy X . Ko-
eH bA U; HanexuTb 5o nestoro knacy ¢l ¥ Cl gigno-
BiZIHO [10 i10r0 BNACTUBOCTEl Ta MOMIMBOCTEN, Ta MOXeE
BUKOHYBaTV yHKLito pyxy Jo TF, pyxatuucb Bcepeau-

Hi npoctopy X, 3MiHIOKUN CBIli CTaH 3 MAMHOM yacy Ta
YHUKAI0uM NepeLKoy Ta 3iTKHeHb 3 iHwumu bA. Kpim Toro,
BiH MOXe BUKOHYBATW i iHWI QYHKLi J ,—TF 3a/1eXHo
BiZ cBOro knacy. Mlpunyctumo, wo bA u.,..u_ TU BuKo-
HYIOTb MeBHY CninbHy omepauito Op B npoctopi X,
LinAmMuK AKoi € g, ,...g, T G . (TaH KoxxHoro BA U, TU Ha
MoMeHT uacy Uj moxe 6yTu nogaHuii yepes MHOXMHY
3HaueHb 1Or0 MapameTpiB B L MOMEHT yacy

Fi (tj) :{fuil (tj)""fuim (tj)} (no Takux mapamert-

PiB MOXYTb BIAHOCUTUCH LUBWAKICTb, HAMPAM PYXY, KOOp-
AnHaTi BA B npoctopi X Towo).

Hexait Pos(u;) € no3uuieio bA u, TU B Mexax anc-
KpeTu3oBaHoro TpusuUMipHoro mpoctopy D, TaKk wo
(t,,Pos(u,))=(d,,), d,, TD. Mpunycramo takox,
wo 6byab-aka WP Takox moxe 6yTi npefcTaBneHa 3 nes-
HUM HabNKeHHAM AK KOMipKa dxszD . Topi, 3po3ymi-

no, (t,Pos(u;))=(TP,WP) . TaKum unHom, Gesre-

@in-:

pepBHa NOCTIZ0BHICTb g<TP,WP> .(TP,WP) U

(i (im)Q
Ma€ BU3HAuaTn TpaekTopito pyxy bA u, npotArom iHtep-
ganyuacy tT[t,,..t, ]

[lani, npunyctumo wo bA u, B MoMeHT vacy t, T T
MA€E 3aiHATU NeBHY NO3uLit0 POS(Ui) ANA BUKOHAHHA
nesHoi dyHKuii J ;. Tpe6a Takox BpaxoByBaT, L0 AesKi
GYHKLIT MOXYTb BMKOHYBAaTUCb MUlLe OAHOPA30BO B
neBHiit WP, B T0il yac AK iHLWi GyHKLT MOXYTb BUKOHYBa-
TUCA HenepepsHo nig yac pyxy bA Big oaniei WP po iH-
Lof.

BianosigHo, n'aTipka (neHmada)
(t,,Pos(u;),F (u,t,) 4, t;) Bu3Hauae, wo BA u

Ma€ BUKOHATU nesHy yHkuito J; npotarom uacy T,

nonepeAHbO 3aiHABLUM MNO3ULiL POS(Ui) (WP) B Mmo-
MeHT uacy t, (TP), maloun npyu LbOMY napameTpu pyxy,

L1{0 ONUCYITbCA MHOXUHOK F (Ui ,t.) (FP). Tox nocnigo-
BHiCTb
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Tr(u) = §(t,, Pos(u, ), F (Ui t) ity ). (o, Pos (u;), F (Uit ) i b

byaemo Ha3uBaTin TPAeKTOpi€l akTUBHOCTI BA u; Ha
4yacoBoMy iHTepBani tT[t, ,...tm], W0 MOBHICTI0 BU3Ha-

m

Tr(u;)

JloBroctpokoBa onepauia Op 3BMYaiiHO CKNafa€eTbCA
3 CyKynHoCTi Micii M ,...M , AKi MOXYTb BUKOHYBaTUCA

nocnigoBHo abo napanenbHo (ogHouyacHo). [lna uboro
neBHiil nigMHOXUHI BA u,,..u, TU npu3HavalotbCs

BIANOBIAHI Poni 3 MHOXWHM ponel R, AKUMU BU3HaYa-
€TbCA CNPOMOXHICTb NeBHOro bA BUKOHYBAaTU Ty Ul iHLLY
Micito (Mpyu UbOMY, CyKYMHICTb 3ajaHMX poneii Mae NoKpu-
BaTW BCI0 MHOXWHY MOTPIGHUX ANA BUKOHAHHA onepavjii
Miciin). Takum yuHom, bA ui,...unTU , L0 Npu3HayeHi

INA BUKOHAHHA onepauii Op Ta MaloTb BiJMiHHI MiX
coboto poni, CKnajawTb reteporeHHnii aHambnb En,
AKMii Mae fepesonogi6Hy crpykTypy Str(En) Ta oxemy

Shp(En), L0 MAE BU3HAYATU 1Or0 MPOCTOPOBY KOHO-

rypauiio V (t) B KOXHUil MOMEHT uacy t. Takum YnHom,

Str(En) nogae cpyktyphuit acnekr, a Shp(En) -
reomeTpuyHmin acnekt onepauii Op . KoxHomy bA u, 3
aH@Mbnio Ep NpusHayeHo porb r, TR, 3a AKOK BiH
M€ BUKOHYBATW NEBHY MOCTIAOBHICTb MiCiil M, 3a BU-
3HayeHnM cueHapiem W, , Ta pyxatucs 3a nocnifgoBHicTIo
no3uuin WR,,,..WR,, 10 33Aa€TbCa CLieHapiem Ta pea-

ni3ye TpaekTopito aktugHocti Tr (U, ).

BinnosigHo [0 BULEBUKNAAEHOMO, OCHOBOK NOAAHHSA
CLeHapito BUKOHaHHA Mmicii BA moxe 6yt TpaekTopia oro
PYXy, LU0 BU3HAYAETbCA Yepe3 NOUTiLOBHICTb TOUOK LUNAXY
WP, KOXHy 3 AKUX NOB'A3aHO 3 BiAMOBIAHUM MOMEHTOM
yacy TP Ta neBHMMI BCTAHOBMIEHUMY NapameTpamin pyxy
FP (wenakictb, Hanpam Towwo) bA B KoXHil i3 3agaHux WP,
TobT0, BekTopom Tpiliok (WP, TP,FP). 3a cueHapiem,

KokeH bA ukTEn B KOXHill BU3HAYeHiil Touwi yacy TP

Mae OyTi NO3MLIOHOBAHNI Y BiANOBIAHII Touli wnaxy WP,
Malouu npu UbOMY KOHKpeTHi napameTpu FP (Heo-

00B'A3K0BO) Ta BUKOHYBATU NeBHY QyHKLito J ; npoTArom
yacy t; (MoXnMB0). B3aemHe po3TaliyBaHHs TOUOK LAAXY

Yae aKTUBHICTb BKa3aHoro bA Ha 3aaHomy iHTepBani yacy.
BiH Tako moxxe 6yt noaaHuii AK BeKTOp

"= E((WPLTRLFP), it ) (WP TP FR) it )

WP Bcix 3aianux y aHcambni bA u;,...u, B neBHUIl MO-
MeHT yacy Tj (to6To, B nesHiit Touli yacy TP) BU3Hauae
/10ro NpoCTopoBy KOHQirypavito V (t ; ) .

Cxema onepaii Sch(Op) ={W,,..W, } mae micru-
! BIANOBIAHI CLeHapil W, [iA KOXHOI i3 3ajaHux poneit
I, L0 NPU3HaYeHi BiAnoBigHUM bA — uneHam aHcambnio
u, TEn Ta onucyloTb CinbHy akTUBHICTb BCiX 3ayueHnx
BMKOHABL|B, KA MA€ CUHXPOHI3YBaTICA Y Yaci Ta poCTopi.
be33anepeuHo, cTpyKTypa Str(En) 3aneXxuTb Big cxemn

BUKOHAHHA onepawi Sch (Op) , @ OCTaHHA 3aNeXuTb Bif
3MiHW NPOCTOPOBMX MO3ULIA BCIX YYaCHUKIB CMiNbHOMO
pyxy, To670 8ig Shp(EN), a Takox Bia ix nepconanbHux
poneit. Lle, B cBO uepry, CyTTEBO 3anexuTb Bif NOTOYHOI
cutyauii Sit| 4ka BU3HAYAETbCA MOEAHAHHAM npocTopo-
BOTO PO3MOZAINY LinboBUX TOUOK, CepefoBULLa, NapaMeTpiB
bA, ix npocTopoBMX NO3ULilA, BIGHOCHOrO PO3TaLLyBaHHA Ta
3a/aH1X 06MexeHb.

[Ina koxHoro bA U, TEn nonepeAHbOo 6yayeTbcA nnaH
BMKOHAHHS KOXHoi ueprooi micii Pl (M k) AK NeBHUiA
NpOTOTUN, AKWIA BiANOBIAAE CTEPEOTUNY NOTOYHOI CUTYaLLil
Sit Ta MiCTUTb TPAEKTOPIlO aKTUBHOCTI Tr(uk) i3 3a3Ha-
YeHHAM NOCNIAOBHOCTI HeOOXiAHMX NO3ULLiI Ta BUKOHYBAHIX
QyHKuiit. Y cBoI0 uepry, g koxHoro npotoruny PI(M,)
Ma€ BI3HAYaTUCA BiANOBIAHMI CLieHapiin W, .

3 iHworo 60Ky, KoxHa onepavia Op - Le peani3aLia

NEBHOrO MNaHy Pl(Op) = Pl(Mi)O...O Pl(M,), Lo
CKNAJAETb(A 3 NNAHIB OKpemMuxX Miciit M,,...M,, AKi Bu-
KOHyloTbcsl BA u;,...u; BiANOBiAHO A0 iX ponedt r,...r; B
aHa@amoni gp.

Bubip nouatkoBoro nnaxy BCiei onepaui Pl (Op) , AK

i BINOBIEHMX nNaHiB Micili Pl(l\/lk) okpemnx BA
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u, T En, BUKOHYETbCA Ha OCHOBI B3aEMHOTO NPOCTOPOBO-
ro MONOXeHHA BUKOHABLIB Ta BU3HAYEHUX Linei g, AnA

LWX Micilh. Ane X, i nnaHu MoXyTb OYTI NOpYLUeHi 3MiHOI0
napameTpis 6yb-AKoro pyxomoro 06'ekTa, Lo 6e3ymoBHO
npu3sese A0 HeoOXiAHOCTI 3MiHM Camux MnaHiB. Amxe,
BUKOHYI0UM NPU3HAYEHWiA ioMy CueHapiit W, , BHAaCTiAoK
Henepea6auyBaHoCTi cepefoBuLLA (MOroaHi ymoBH, Hene-
penbauysani nepewwkoay Towo) bA u, Hapaxaerbca Ha
HU3KY AUHAMIYHUX Ta CUTYaLiiiHUX 36ypeHb, TOMY 10ro

A) Uo
WP
Tl A
- |
/ T U

Qo 4

P wpss

’ /. WP12

wpo ¢ WPy

3aMNaHoBaHy TPAEKTOPIO Tr(uk) TaK un iHakwe 6yne

NOpYLUeHO Yepe3 HeobXifHICTb YHUKATY 3iTKHEHb, OMMHA-
TI NepewwKoau Towlo, T06To MaHeBpyBaTi. Tomy B nnaH
Pl (Mk) Tpeba «Ha xody» BHOCMTI 3MiHU, 3aMiHIOKOUM,

pojaioun abo BujanAloun Jeski napu <WP,TP> B
Tr(uk). Ha puc. 1,a nokasaHo 3annaHoBaHi TpaexkTopi

pyxy bA u, Ta u, AnA BUKOHAHHA MiCii OXONNeHHA Ui g,

b) Uo
WPos A
wp W </ A
04
o
\A /y .' Ui
ety 4
WPos g -~ g1 %e
WP s ] I. WP
02
, » e R -V
’
// /7 WP12 WP
WP v é$ \Wpy,

Puc. 1. 3mina mpaekmopiti pyxy bA y 8ionogioHocmi 0o cumyadiliHo2o 36ypeHHs

Ha puc. 1,6 nokasaHo TpaHcopmallito TpaekTopiil pyxy
060x bA y BianoBiab Ha cuTyauiiiHe 36ypeHHs, LWwo cnpuum-
HeHe nepeMmilLeHHAM Lini g, Y NpocTopi CMiNbHOro pyxy:
pearyBaHHs Ha CuTyaLito Bigbynoca uepes 3miHi no3uuii
TOuoK wnaxy WP, \WPR,,,WPR,,,WP,, Lo BiAnoBisaiTb
TouKam vacy TPR,, TR,.

byab-AKi 3miHu TpaekTopii BA, W0 pyXaloTbCA CMINbHO i
OfIHOYACHO, € N0OiAMU, AKI MOXYTb 3MIHIOBATH X npoLecy
CinbHOi akTBHOCTI bA, TOMy Ha HUX MOTPiGHO BuacHO i
afleKBaTHO pearyBaTy. TakM YNHOM, BUKOHAHHA CLieHapilo
W, Oyne nopylueHe, i Ham noTpibHo «nepebyaysat» noc-
NigoBHicTb Ail W, = gm,,,...m, §, fie KOXHa Jis My;
Ma€ Po3rNAfaTMea AK 3MiHa 3HaueHb MEeBHUX napametpis
pyxy BbA (Hanpuknag, Wwenakocti abo Hanpamy pyxy).

Takum unHOM, BNPOAOBX BUKOHAHHA onepauii Op
OCHOBHUMUW  KOMMOHEHTaMW  CXeMu il BUKOHAHHSA
Sch(Op) OyAyTb CMiNbHI MaHeBpU NeBHMX BUKOHABLIB

U;,..U;, AKi BioOpaxalTbca y BiAMOBIAHUX CLieHapiax
W,,..W, Ta noBuHHi 6yT CUHXPOHI30BaHUMK Yy yaci Ta

npoctopi. Taki CninbHi MaHeBpW 3BUYAHO HA3UBAKTH
TaKTMYHUMMK (tactics).

Peakuieio Ha 6yAb-AKy Nogilo Moxe 6yTi 3MiHa nnaHy
MiCil, 3MiHa TOYOK CUHXpOHi3aLji y yaci Ta npocTopi, Aoja-
BaHH#A, 3aMiHa ab0 BiAaNeHHA NeBHUX TaKTUK Y CLiEHapifX,
abo HagiTb 3umiHa cxemn ShP(EN) gaa 3piicHenta He-
obxiaHoi KoopauHauii tpaektopiit Tr (u;),..Tr(u,).

lpn 0fHOYacHOMY cninbHOMY pyci Benukoi rpyni bA
U;,...U , WO CKNajalnTb aHambnb Ep, 3aBXAM iCHYE
neBHa MHOXMHA 00MeXeHb LLo/0 BiacTaHi Mix bA, nenex-
ramu, Kytamu Towjo L ={|1,..-|W} (puc. 2), Tomy 6yab-
AKi 3MiHM CueHapiiB abo TpaekTopiit pyxy BA He NOBMHHI
MOpYLLYBATH XOAHOT0 3 3[laHNX 0OMeEXeHb

WPo1

Puc. 2. Tpaekmopii pyxy BA Uy,U; maix obmexeHHs
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Mowyk HOBOrO, peneBaHTHOrO MOTOYHIN CUTYaLi CLeHa-
pito W{ 32 yMOB JOTPUMAHHSA 3a,aH0T POCTOPOBOi KOHAIry-
pauii Shp(En) Ta ycix HaknaneHux obmexenb L € 3aBaaH-
HAM CLleHapHO-TpeLieieHTHOT CUCTemI YpaBAiHHA.

nooii

Ha Bxogi AvHaMiuHa CLeHapHO-NpeLlefieHTHa cucTema
KepyBaHHA NPUIAMAE NOTIK MOZil, L0 BU3HAYAE MOTOUHY
cuTyadito (puc. 3).

> IIpocmoposa
Kongizypayin

Kepyroui
enaueu i

< Cucrtema |

CueHapHo-
npeueIeHTHA | cyenapiit
cucTemMa
4 4
L /
IInan micii . 1
R S
1 CxoBuine
N npeneieHTiB
. i VREVERTE,
Benuxuit konmyp . v
360pOMHO20 ] = —
36°33Ky ; (Kinemarmuni L _ | Ananranis
o momeni | cueHapio
M —— - =
1
r= === 1 .
I o6MeseHHS . /. Manuit konmyp
KepyBanHs BA 1\ s . 380p?mHoen
- -7 36’A3Ky
A RN . ’
I A v
nocnioognicme Bepudikauis mpacxkmopin
nenmao TpaekTopii
G

Puc. 3. lMocnidosHicme 06pobKu iHhopmayii'y OuHamiyHil cyeHapHo-npeyedeHmHili cucmemi

Ha nigcTasi nnaHy Micii Ta onucy NOTOYHOI CuTYyawii
CLieHapHO-NpeLlejeHTHa CUCTeMa BMKOHYE MOLLYK mpeLie-
JEHTy 3a cTepeoTunom cutyauii (case-based reasoning,
CBR). Pesynbtatom nowyky € cueHapiii, Akuii mae byt
aflanToBaHMi 3a JONOMOTrO KiHeMaTuuHoi moaeni. [ns
peani3auii ¢pa3n aganTauii Mae BUKOPUCTOBYBATUCA OKpe-
MUIi MOZYNb, L0 peani3ye BUBEJEHHA 33 MoJensamu
(model-based reasoning, MBR). Pe3ynbTatom apanTauii €
nobynoBaHa TpaekTopia pyxy, AKy Hapani HeobXxigHo Be-
pudikyBaTi AnA nepesipku AOTPUMAHHA 3adaHuX 0bme-
XeHb. [InA uboro BUKOPUCTOBYETHCA CMeLiabHINii MOAYNb,
L0 BMpilLYE 3afauy AOTPUMaAHHA obMexeHb (constraint
satisfaction problem, CSP). flkwo 3HaiizeHe TpaekTopis
BiINOBifa€ BCIM HAABHUM 0OMEXEHHAM, TpaekTopia ne-
PEeTBOPIETHCA Y NMOCTIAOBHICTb NEHTaA Ta NepefaETbes y
CCTeMy KepyBaHHA BA ana noganbiuoro ¢popmyBaHHA
Kepyrounx BNnBIB Ha aktyatopu BA. flKwio neHi obme-
KEHHA MOpYLLEeHO, 3a J0MOMOr0I0 «Maforo KOHTYpy» 3B0-
POTHOrO 3B'A3KY cUCTeMa pobuTb cipoby BuKOHaTK ajan-
Tauilo cueHapito 3 HoBuMU ymoBamn. fK npasuno, Leit
KOHTYP 3BOPOTHOrO 3B'A3KY A03BONAE YCMILUHO BUPILINTY
3ajjauy apanTauii/epudikauii pilweHna. Ao X 3apaua

10

He BUPILIYETbCA 3a NeBHe (HEBENKe) YNCNO KPOKiB, Ma€E
OyTI 3aRiAHNM «BENMKMIA KOHTYP» 3BOPOTHOTO 3B'A3KY, 3a
AKUM NPOBOAMTLCA CNPOba 3HANTM iHLLMIA CLieHapili, pene-
BaHTHWIA NOTOYHI cUTyauii.

(TPYKTYpy CLeHapHO-NpeLefeHTHOI CMCTeMI KepyBaH-
HA cninbHum pyxom BbA npepcraBneHo Ha puc. 4. BoHa
CKNaflaeTbCA 3 MOAYNA NOLYKY CLEeHapiiB 3a npeLefeHTa-
MU, MOJYNA afantavii 3a Mofensamu, Moayna nepesipku
AOTPUMAHHA 0OMeXeHb, CXOBMLLA MpPeLiedeHTiB Ta MHO-
XKUHN KiHeMaTUYHUX MOAENe.

Ha puc. 5 npeactaBneHo apxitekTypy ribpuaHoi cueHa-
PHO-NIpELiefieHTHOI CUCTEMU KepyBaHHA CMiNbHUM PYXOM
bA. Mogyni, Lo BUKOHYIOTb MOLIYK pilleHb 3a npeLeseH-
Tami, ajanTaito pileHb Ta BepudiKaito pilleHb, BigHe-
CeHO 10 60pTOBOI CUCTEMI KepyBaHHA bA.

B TOI1 Xe yac cymicHO BUKOPUCTOBYBaHI CX0BMLLE npe-
LieaeHTiB, bibnioteka KiHemaTuyHux mogeneii, Habip 06-
MeXeHb Ta MOTOYHI NAaHu onepavii i micii okpemux bA,
00CAr AKMX 3HAYHO MepeBULLYE MOMNMBOCTI OOPTOBUX
komn'loTepiB, BigHeceHo A0 OeperoBoi (abo Ha3emHOI)
CTaHUii KepyBaHHA aHcambnem bA, B AKiil Moxe BUKOpUC-
TOBYBATUCA KOMMN'I0TepHe 06MafHAHHA 3HAuHO 6inbLuol
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noTyxHocri. Lle 703BoNA€ nepeHecTn 3a Mexi 60pTOBOro  BiAANTb 3a aHaNi3, HABYAHHA Ta HAKOMNYEHHA NpeLeaeH-

00naHaHHA TaKOX | 10BOMI «BaXKi» npoLieck, AKi Bigno-  TiB.
Cuenapii
30HM Oe3MeKu BIJIXUJICHH
WPs TPs
Moayanb <
CxoBume nomyKy
IIpenenentin npeleIeHTiB

L NI A .
_______________ ! 1
: | | Monyasb :
i . .ot Moayanb — !
K —> Y A 1
! 1}[;1::::;{“1 — ananTanii 3a - nepeBipku !
:_ ______________ ! MOJIEJLITIO ; JloTpUMAHHS
{ ¢ ¢ ! o0MeKeHb |
1
b H

. i

! AKryaTtopH |

| BA |

1 1

Puc. 4. Cmpykmypa cyeHapHo-npeyedeHmMHoi cucmemu Kepy8aHHsA cnisibHUM pyxom BA

noAil 3anu1cyloTbca MoBok onucy cueHapiis SCDL, Haaby-
JloBaHoi Hag XML.

06MiH iHpopMmaLi€lo 3AIMCHIOETbCA Yepe3 KOMYHiKa-
LiliHNiA iHTepdeiic npuiioMom-nepeayeto NoBigoMieHb y
dopmarti XML. CueHapii Ta Tpurepu AnA KOXHOro Knacy

Ornuc
cuTyaii

IToTounuit
creHapiit

ApanToBaHH
cLeHapii

TTomyk
pilIeHHs

Bepudikarist
pileHs

Apanranis
pimreHs

TIepeBipka
HapuanHs Ta PCBIp

OTPHUMAHHS
HaAKOITHYEHHS

0OMeKeHb

CYB/]
PostgreSQL

TIC
PostGIS

\ 4

Beperosa (Hazemna)
CTaHIisg KepyBaHHS

Puc. 5. Apximekmypa cyeHapHo-npeyedeHmMHoi cucmemu Kepye8aHHs chislbHUM pyxom bA

11
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TakKuM YMHOM, KepyBaHHA CNiNbHUM PyXOM reTepo-
reHHoro aHcambnio bA € cknagHum baratopiHeBUM Npo-
LIeCoM, L0 BKTIOYAE:

- cmpameziyHuli (onepauiliiuii) piBeHb, AKNIA NPU3Ha-
YeHUi AnA BUOOPY aZieKBATHOrO NNaHy onepavii i BianoB.i-
AHUX MNAHIB MiCii Ha OCHOBI NPOCTOPOBOI KOHQirypaui
V (). Cxema BukoHats onepauii SCh(OP) Hanawro-
Byerbca 4o Str(En) a Shp(En) & npoueci aganravji

nnaHis. MoTim cxema SCh(Op) PO3KNAAAETbCA HA MHO-
KIHY CLieHapiiB, BiANOBIAHO W, A BCiX poneit rkTR,
npu3HayeHnx bA ukTStr(En), i KoxeH 3 bA nounnae
BMKOHYBATK (Bill CLieHapiil.

- MakmuyHul piBeHb, Ha AKOMY 6e3nocepeaHbo BUKO-
HYIOTbCA CueHapii. KoXeH cueHapiit nepeTBOPHETLCA Y
nocnigoBHictb nentan (t,Pos(uy ), F (Ut ) 4 t;)
3 ypaxyBaHHAM YCiX HAsBHMX HaBiraLilHUX, CUTyaLiiHUX
Ta YacoBuX 06MexeHb. 30Kkpema, Ha LibOMY PiBHi 3AillCHI0-
€TbCA KOHTPO/Ib NPUMYCTUMOCTI LLOJ0 KOXHOT No3uuii B
NeHTajax, ockinbkin bA He NOBUHHI NoTpanaATh B Hebes-
neyHi 30HK. Ha Lbomy piBHi CLieHapHO-NpeLiesieHTHa Cnc-
Tema OTPMMYE BCi NOTOKM NOZiN Ta NepeBipae NPocTopoBy

KoHirypauito V (t) . ¥ BUNAJKy HasABHUX 3MiH NPOCTOPO-

EEEREES

BOI KOHOIrypaLii po3noYMHAETLCA MOLYK HOBOrO MaHy
Micil ana Bcix bA, AKuX Ui 3MiHKM cToCylOTbCA. B iHWwOMY
BUMAZKY, HA LbOMY PiBHi y3rofKyloTbCA NO3ULIT Ta TepMi-
HU BUKOHAHHA CMibHUX MaHeBPIB BiANOBIAHO 40 0OpaHuX
CUeHapii bA.

- pigeHb KepysaHHs BA, Ha AKomy 6e3nocepeaHbo Bu-
KOHYETbCA NepeTBOPEHHA NeHTaj y NonifoBHOCTI Kepyio-
yux Aiil HU3bKoro piBHA. Lleit piBeHb OTpUMYeE NOCif0B-
HIiCTb MeHTaj Ha BXOAi i reHepye BifMOBIAHI 3HAYEHHH

nesHux napametpis  Pis--Pyj  MHOMXWMHW aKTyaTopiB
ac, ,...ac, Koxsoro bA u, Ha Buxogi.

Bci Tpu piBHA MOXYTb OYTI peanizoBaHi Ha 0CHOBI CMi-
NbHOTO (YHKLIIOHYBAHHA CLEHAPHO-NPELeAEHTHOr0 Moay-
N8, MOJYNA KiHeMaTUYHUX MoZeneil Ta MOAYNA nepesipKu
AOTPUMAHHA 00MexeHb. Mofynb, Lo BUKOHYE BUCHOBOK
Ha OCHOBI KiHEeMaTU4HOI MoJeNi, € rONOBHUM, TOAI AK
CLieHapHO-NpeLieieHTHUIA MOAYb € MiANOpAAKOBAHUM.
Mpouec BepudiKkauii pileHb NpeweseHTiB BUKOPUCTOBYE
anropuTM 3a0BONEHHA KPUTUYHUX MPOCTOPOBIX Ta Yaco-
BUX 0OMeXeHb.

Ha puc. 6 npeactaBneHo 3aranbHy cTpyKTypy 60pTOBOI
cucteMn ynpasniHHA bA 3 BMKOPUCTAHHAM CLEHapHo-
npeLeseHTHOI CUCTEMU KepyBaHHA CMINbHUM PYXOM.

IIpoctopoBa
Mojelb

CIIOCTEpEXKyBaHi

!

napameTpu

v

cueHapii

ABTOHOMHHIA

TPaEeKTOPist

HaBirauiinHmi

Cucrema npuBoxy

KOHTpoOJIep

30HH O€3IEKH

¢ T BIJIXMJICHHS

CuenapHo-
npeneAeHTHA
cucrema

MO3HUIIT T TIEPEIIKO U

Cucrema
po3mizHABaHHSA
300paxkeHb

[
>

BA

HapaMeTle l l
PyXy

Puc. 6. 3azanbHa cmpykmypa 6opmoeoi cucmemu ynpaeniHHa bA 3 BUKOpUCMAaHHAM cyeHapHO-npeyedeHMHoi
cucmemu Kepy8aHHA CNiJlbHUM pyXOM

12
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MpotoTun 6opTOBOI CMCTEMI YNpaBAiHHA 6€3NiNOTHU-
KOM peani3oBaHo Ha 0CHOBI BOY0BaHOr0 MiKpOKOHTponepa
STM32F429 (npouecop Cortex M4 180 Mlu, BHyTpilHA
onepatuBHa nam’atb 256 Kb Ta dneww-nam'atb 2 M6, 30BHi-
WHiin mogynb nam'ati QSPI Flash N25Q512). [ina po3pobku
nporpamHuX 3acobiB 6yno BUKOPUCTAHO iHCTPYMeHTapili
GNU ana B6ynosaHux npouecopis ARM (B T.u. MoBy npo-
rpamyBaHHa (++ nig Linux). B npototuni ueHTpy ynpas-
NiHHA aHcambnem 6e3ninoTHUKIB BuKopuctaHo cepeep HP
ProLiant ML350 (Intel Xeon E5-2620, 8 agep ao 3 IMu) 3
cuctemoto ynpasninHA 6a3amu fanmx PostgreSQL Ta T1C-
cuctemoto PostGIS Aakuii MicTB CxoBuLLe NpeLiefeHTiB.

BucHoBKM

B cTatTi po3rnAHyTo 0C06MNBOCTI KepyBaHHA CNiNbHUM
pyxom Benukoi rpynu bA, 1o pyxatoTbea y cninbHomy 3-D
MpoCTOpi B MeXax pi3Hux cepefosuy. Po3pobneHo Mo-
eNb KepyBaHHA CNINbHUM PYXOM reTeporeHHUX aHcamo-
niB bA y peanbHomy yaci 3a fONOMOroio ribpUAHOI ANHA-
MiYHOI CLieHapHO-NpeLefieHTHOT CUcTeMU Ta NpeLCTaBNeHo
apXiTeKTYpy NPOTOTUMY L€l CUCTEMMU.

3anponoHoBaHa CMCTEMA KepyBaHHA € YaCTUHOIO CKNa-
[HOi 60pTOBOI CUCTEMI YnpaBniHHA bA, Aka Moxe ninoty-
BaTW MOr0 3a MEBHOK TPAEKTOPIEI, WO BU3HAYAETHCA
CLeHapiem, BianoBigHUM Ao poni AaHoro bA y aHcambni,
/10ro Micii Ta NOTOYHOI NPOCTOPOBOI KOHQirypaLlii, AKa Mae
BiAiNOBiZaTN yMOBaM be3neki.

HoBu3Ha 3anponoHoBaHOro MiAxoay MonArae y pos-
pobui ribpuaHOi Mofeni CLeHapHO-NpeLeaeHTHOro no-

CMUCOK NITEPATYPU:

LE RS AR R L SN ELE]

LYKy pilleHb, L0 3aCHOBAHA HA MPUHLMNAX NACUBHOTO
KepyBaHHA, Ta KOMOIHY€ CLeHapHO-NpeLeaeHTHUI no-
WYK pilleHb 3 X afanTauield Ha OCHOBI KiHEMaTUUHUX
moaeneii Ta Bepudikauiero 3 nepeBipkow AOTPUMAHHA
3alaHnx obmexeHb. Lla mopgenb mae o6umcnioBanbHy
CKNAJIHiCTb, KA CNabKo 3aneXuTb Bif YnCna AUHAMIUHUX
00€KTiB, AKI 0/HOYACHO PYXalOTbCA, Ta € NpaLie3AaTHOI y
3-D npoctopi.

[pakTiyHa 3HaUMMICTb 3aNPONOHOBAHOTO NiAXoay Nno-
NArae B TOMY, O BiH Ja€ MOXNUBICTb BUPILLYBATI 3ajauy
KepyBaHHA CninbHUM pyxoMm bA y reTeporeHHux aHcamo-
NIAIX B YMOBAX peanbHOro uacy, 3MiHioum npusHayeHi bA
CLeHapii akTUBHOCTI «Ha NbOTY», 3aMiHIOKUM, Aojaum
abo BuaanAumM NeBHi NOCNIZOBHOCTI Aili Ta CUHXPOHI3YI0-
um ix y vaci 1 npocropi, wo fo3sonse bA cninbHo MaHes-
pyBaTH, YHUKaOUK 3iTKHEHb, nepeLukoa Towwo. Lie ao3Bo-
NAE OTPUMYBATU afeKBATHI i (BOEYACHI peaKLii aHcambna
bA Ha AnHamiyHi Ta cuTyauiitHi 36ypeHHs, AKUX 3a3HalTb
okpemi BA aHcambnio BHacnigok HenepepbauyBaHoCTi
(epefoBULLa.

3anponoHoBaHNiA NiaXif CYTTEBO 3MeHLLye 0buncio-
BaNbHY CKNaAHICTb BupileHHA npobnem. Cnuparoyncy Ha
ONUC MOTOYHOI NPOCTOPOBOI KOHQirypauii Ta BUKOPUCTO-
BYI0UN KiHemaTuHy Mogenb bA, BiH 403BoNsAE 0TpUMyBa-
TI enemeHTN Ge3neuHnx TpaekTopili bA, Wwo BxoaATb A0
reTeporeHHoro aHcamobnio, AKi MakCUManbHO MiATPUMY-
10Tb 3a/jaHy CTPYKTYPHY Ta reOMETPUYHY KOHQirypauito Ta
KOMMNEHCYHTb BUHIKaIOUi 30ypeHHA.
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Abstract. The paper considers the peculiarities of simultaneous motion control of a large group of unmanned vehicles

moving in the common 3-D space within different environments. A model of the joint motion control of heterogeneous un-
manned vehicles in real time using a hybrid dynamic scenario-case system is developed and the prototype architecture of such
system is presented. The proposed joint motion control system is a part of the complex onboard control system that can pilot
an unmanned vehicle on a specific trajectory, which is determined by the scenario with respect to the role of the unmanned
vehicle in the ensemble, its mission and a current spatial configuration, which should meet the safety requirements. To solve

the

problem, we used the methods of scenario-case approach, model-based reasoning, and constraint satisfaction. The novelty
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of the proposed approach is to develop a hybrid model of finding case-based solutions based on passive control principles, and
combine scenario-case search of solutions with their adaptation based on kinematic models and verification of specified con-
straints satisfaction. The model has a computational complexity that is weakly dependent on the number of dynamic moving
objects and is capable to work in 3-D space. The practical relevance of the proposed approach is that it enables the joint motion
control of unmanned vehicles in heterogeneous ensembles in real time by changing “on-the-fly” activity scenarios assigned to
unmanned vehicles, replacing, adding or removing specific action sequences and synchronizing them allowing unmanned
vehicles to maneuver together avoiding collisions, obstacles, etc. This allows to obtain adequate and timely reactions of the
ensemble of unmanned vehicles to the dynamic and situational perturbations experienced by the individual vehicle due to the
unpredictability of the environment. The proposed approach significantly reduces the computational complexity of problem
solving. Based on the description of the current spatial configuration and using the kinematic model of unmanned vehicles, it
allows to obtain safe elements of the trajectories of vehicles, which are the parts of the heterogeneous ensemble, and support
the given structural and geometric configuration maximally compensating perturbations simultaneously.
Keywords: trajectory, joint motion, plan, scenario, case, constraints, perturbations, maneuver.
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AHHoTayuA. B cTatbe paccMoTpeHbl 0C06eHHOCTI yNpaBneHA 0AHOBPEMEHHBIM JBIKeHeM 60nbLuOI rpynnbl bec-
MUNOTHBIX annapaToB, ABMKYLMXCA B obwem 3-D mpocTpaHcTBe B pamKkax pasnnuHbix cpef. PaspabotaHa mopenb
yMPaBNeHNA COBMECTHBIM [IBUKEHUEM FeTepOreHHbIX aHcambneil beCuoTHBIX annapaToB B peanbHOM BpeMeHN C No-
MOLLbI0 TUOPUAHOI ANHAMUYECKOI CLeHAPHO-NPEeLeAeHTHOI CUCTeMDI, MPeACTaBNeHa apxuTeKTypa npoToTuna 3Toil
cnctembl. MpeanoeHHas cucTeMa ynpasneHna COBMECTHBIM ABUKEHUEM ABNAETCA YaCTblo COXKHOI 6OPTOBOIA CUCTEMbI
yNpaBneHNA GecNOTHbIX aNnapaToB, OHA MOXKET MUAOTUPOBATL OECIUNOTHUK MO OMPEAENeHHOIA TPaeKTOpIK, onpefe-
NAEMOI COTNMACHO CLieHapUH0, COOTBETCTBYHOLEMY POIM JAHHOTO GecrNOTHOrO annapaTa B aHCambie, ero MUCCHI U Te-
KyLLeil NpOCTPaHCTBEHHOI KOHQUrypaLmu, COOTBETCTBYIOLLEIA YCIOBUAM 6e30macHOCTY. [InA peluenma 3aaum nenonb3o-
BaHbl MeTO/bI CLleHaPHO-NPELIeAEHTHOr0 NOAX0Aa, NONyYeHIA BbIBOZOB HA OCHOBE MoZeneil, U NPoBepKi YA0BNeTBOpe-
HUA orpaHuuenmit. HoBU3HA MPeANOXEHHOro MOAXOAA 3aKNKUAeTcA B pa3paboTke rMOPUAHOI MOAeNM CLeHapHO-
MPELeAEHTHOT0 MOMCKA PELLEHMIl, OCHOBAHHON HA MACCUBHBIX MPUHLMNAX YNPABNEHNS, 1 KOMOUHUPYIOLLEIA CLieHapHO-
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npeLeaeHTHbII NOUCK PeLUenuii C UX ajanTaumeli Ha OCHOBE KHeMaTuecKux MoAeneli 1 BepuduKalmuein Ana npoBepki
YOOBNETBOPEHMA 3afaHHbIX OrpaHuyeHnit. Mofenb MmeeT BbIUMUIUTENBHYIO CIOXHOCTb, (1ab0 3aBUCALLYH OT Yuaia
ANHAMUYeCKUX 00beKTOB, KOTOpble 0AHOBPEMEHHO ABWXYTCA, 1 ABNAETCA paboTocnocobHoii B 3-D npoctpaHcTBe. Mpak-
TIYeCkasa 3HAYMMOCTb NPeANoKeHHOro NoAXoAa 3aKMyaeTca B TOM, UTO OH JaeT BO3MOXHOCTb peluaTb 3aJayy ynpas-
NeHUA COBMECTHbIM ABIXKEHNEM OeCMUOTHbIX annapaToB B reTeporeHHbIX aHAMONAX B YCNOBUAX PeanbHOT0 BpeMeHM,
N3MeHAA Ha3HaUeHHble CLeHapiu aKTUBHOCTI «Ha NeTy», 3ameHAA, f00aBNAA UK yaanas onpefeneHHble nocneaoBa-
TeNbHOCTU [eICTBIN 11 CUHXPOHIU3NPYA UX BO BPeMeHI 1 NPOCTPaHCTBE, YTO N03BoAAeT 6eCnUNOTHBIM annapaTtam CoB-
MeCTHO MaHeBPMPOBaTb, 36eras CTONKHOBEHWIA, NPeNATCTBMIA U T.A4. ITO NO3BONAET NOAYYATb aAeKBATHbIE I (BOEBpe-
MEeHHbIe peaKLi aHcambna 6ecnUNOTHbIX annapaToB Ha AMHAMUYECKNe U CUTYALNOHHbIE BO3MYLLEHMA, KOTOpble UCMbl-
TbIBAIOT OTAeNbHble HeCNUNOTHUKN aHCaMOnA 13-3a HenpeackasyemocTh cpeabl. [peanoxeHHbIi NOAX0A CyLLeCTBEHHO
YMeHbLUAET BbIYNCIUTENbHYI CI0XKHOCTb peLueHua 3afaun. Onupanach Ha onucaHne TeKyLLeil NPOCTPAHCTBEHHON KOHOU-
rypaLiun 1 MCNonb3ya KHeMaTiyeckne moaenn 6ecnunoTHbIX annapaTos, OH N0O3BOAAET NOAYYATb dNeMeHTbl beonac-
HbIX TPAeKTOpUIA OECNMNOTHUKOB, BXOAALINX B reTeporeHHblii aHcambnb, 1 MaKCMManbHO MoAAepXKUBaeT 3aJaHHYH
CTPYKTYPHYIO 1 TEOMETPUYECKYI0 KOHOUTYpaLIo, KOMNEHCUPYA BO3HUKAIOLLME BO3MYLLEHMA.

Kntoyeenie cnosa: mpaekmopus, cosmecmHoe 08UXeHUe, NAAH, CYeHaput, npeyedeHm, 02paHUYeHus, 803MyWeHUs,
MaHesp.
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Abstract. Nowadays uniting the efforts of all interested parties and authorities in preparation and making informed
decisions in the field of public safety, government, territories, natural environment acquires special actuality. Systematic
logically reasonable construction of failures of system elements that can lead to a failure requires a full understanding of
the nature and operation of the system of possible failures of its elements.

The purpose of the study is to identify a system of related methodic materials (approved methods) that define the stag-
es and their corresponding methods of assessing the risks of emergencies associated with exposure to damaging factors
caused by fires, explosions and releases of toxic substances used in the risk assessment techniques and tools and set stand-
ards acceptable levels of risk of emergencies.

Research methods. The article considers the possibility of using logical-graphic schemes (dendrograms) for correct iden-
tification of the dangers of objects. The task of deciding to assess the risk of an emergency in the context of financial dam-
age caused can be solved on the basis of a fuzzy game model.

The main results of research. Systematic logically reasonable construction of failures of system elements that can lead
to a failure requires a full understanding of the nature and operation of the system of possible failures of its elements. In-
clusion into the tree of failures the external causes further requires the understanding of the connection of the analyzed
system with other technical systems and natural events. Together, this causes the involvement of special experts into the
construction and analysis of fault trees. The task of deciding to assess the risk of an emergency in the context of financial
damage caused can be solved on the basis of a fuzzy game model.

Scientific novelty. The system is based on the principle of developing a compromise between accuracy and ease of as-
sessment calculations, so there is a possibility of simplified calculation of the maximum possible number of victims in
emergency situations (number of people killed or damage to health) without significant loss of accuracy.
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Practical significance. Nowadays uniting the efforts of all interested parties and authorities in preparation and making
informed decisions in the field of public safety, government, territories, natural environment acquires special actuality.
Keywords: risk, optimization, emergency situations, fuzzy game model.

Problem Statement. Nowadays uniting the efforts of
all interested parties and authorities in preparation and
making informed decisions in the field of public safety, gov-
ernment, territories, natural environment acquires special
actuality. Thisis also the work in increasing public awareness,
public authorities and the analysis of the organization, risk
control, risk acceptance. This is also the independent exami-
nation and the development of programs, projects, promis-
ing ideas, technical solutions, regulatory documents. As well
as these are scientific and research activities.

Review of the Literature. The issues of management
in emergency situations and the construction of information
systems for decision-making in emergency Situations are
devoted to the study and publication of many scientists and
specialists — AN. Yelokhina, A.V.Izmalkov, V.V.Kulby,
V.I. Vasilyeva, B.N. Porfiriev, R.Z. Khamitova, M.A. Shakhra-
manyan, .Yu. Yusupova, V.G. Krymsky and others.

In recent years, scientific and practical developments in
the field of risk management have been actively developed
abroad, among which are the works of J. Apostalakis,
L. Gossen, S. Guaro, R.Cook, H.Kumamoto, F.Lissa, Mar-
shall, G. Saver, E. Henley and others.

Nevertheless, the range of unresolved problems in this
area is still quite wide. The difficulty of solving the problem
of modeling and management in emergency situations is
due to the fact that the nature of the development of a
particular emergency situation is purely individual, and its
development takes place under conditions of uncertainty.

The aim of the paper is to identify a system of related
methodic materials (approved methods) that define the
stages and their corresponding methods of assessing the
risks of emergencies associated with exposure to damaging
factors caused by fires, explosions and releases of toxic
substances used in the risk assessment techniques and tools
and set standards acceptable levels of risk of emergencies.
The system is based on the principle of developing a com-
promise between accuracy and ease of assessment calcula-
tions, so there is a possibility of simplified calculation of the
maximum possible number of victims in emergency situa-
tions (number of people killed or damage to health) with-
out significant loss of accuracy.

Presentation of research material. Critically im-
portant objects may be at risk and endangered danger (as
you can see at figure 1).
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i:ig. 1. Threats to critical facilities [1; 4]
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The specific part of the territory, depending on the de-
gree of risk can be attributed to one of the four types of risk
areas:

unacceptable risk zone (prohibitive) - this is the
territory where the presence of people is not permitted,
except for persons providing an appropriate organizational,
social and technical actions (special construction of engi-
neering structures, the introduction of additional protec-
tion, monitoring, alerts, etc.), aimed at reducing the risk to
an acceptable level. New construction is not allowed, re-
gardless of the possible economic and social benefits of a
particular type of economic activity, with the exception of
defense facilities, the state border guarding or objects
functioning automatically. The relocation of people to safe
areas is routinely performed.

high-risk area - a territory which allowed tempo-
rary staying of limited number of people associated with
the performance of official duties. New residential and
industrial construction is allowed in exceptional cases by
the decision of the heads of the administration or executive
with mandatory implementation of a set of special
measures to reduce risk to an acceptable level, mandatory
risk control and prevention of emergency situations.

conditionally acceptable risk zone - the area
where construction and the location of new residential,
social and industrial facilities is allowed, in case of obligato-
ry performance of a complex of additional measures to
reduce the risk.

acceptable risk zone - territory on which any con-
struction and location of population is allowed.

Determination of risk factors in the operation of critical
facilities (CEP) is based on the result analysis of certification
or declaration of safety of the facility. Depending on the
result of a critically important object can be in one of three
areas of risk:

unacceptable risk area (area of strict regulation
and risk control) - optional quantitative analysis of risk,
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requires special measures to ensure protection of critical
facilities;

high risk area (area of economic regulation and
risk management) - a quantitative risk analysis is mandato-
ry, requires to take certain measures to ensure the security
of the object;

acceptable risk area (area with no need of risk
management) - analysis and the adoption of special addi-
tional security measures are required.

The risk assessment of an emergency is divided into five
consecutive steps (fig.2):
identification of dangers;
construction of damaging factors fields;
selection of defeat criteria;
assessment of the effects of exposure to damag-
ing factors;
calculation of risk indicators.

Danger identification.

The task of this stage - to identify and clearly describe
all the dangers sources and ways (scenarios) of their im-
plementation. This is crucial stage of the risk assessment,
since not identified at this stage dangers are not exposed to
the further consideration and disappear from view.

The results of dangers identification stage are:

alist of adverse events;

description of hazards, risk factors, conditions of
occurrence and development of adverse events (e.g., sce-
narios of possible accidents), including an assessment of
implementation of the frequency of occurrence of each of
the scenarios and the development of the accident;

preliminary hazard and risk assessment. When
dangers identification of the object performed, which is not
a complex technical system, it is acceptable to use a meth-
od of quality dangers assessments, detailed in [2,10].

The emergence and development of emergencies in ob-
jects of a complex technical system, is determined by a
combination of random events occurring at different rates
and at different stages.
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Fig. 2. The structure of control system of the natural and technogenic risks [4]

Correct identification of the dangers of this type of ob-
jects is possible in the case of quantitative risk analysis,
based on the use of logical-graphic schemes (dendro-
grams):

“fault trees” identify the causal chain of events
that led to the appearance of an emergency;

“trees of events” identify the sequence of the
outgoing head events determining the feasibility of a sce-
nario of an emergency.

Evaluation of the frequency of occurrence of different
scenarios and the development of the accident presupposes
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data on the frequency of primary failures (triggering
events), the mutual influences of element failures and
other similar information that can be obtained from:
the technical documentation (for components
and assemblies);
statistics (for accident and reliability of technolog-
ical systems and natural phenomena);
expert specialists assessment.
Construction of damaging factors fields.
The main parameters affecting the factors taken into
account when calculating the risk markers of emergency
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due to fires, explosions and releases of toxic substances,
presented in [4]. Also, in [4], the sources are recommended
for use in constructing the fields affecting factors in the case
of propagation of the shock wave thermal radiation and
pollutants in three-dimensional space (the atmosphere).

To calculate the damaging factors fields in the devel-
opment of emergency in a two-dimensional or one-
dimensional space (for example, filling of oil on the surface
or contact with soluble emergency chemically hazardous
substances in open watercourses) qualitatively different
mathematical models needed. Some of them are presented
in the relevant teaching materials for assessment of im-
pacts [4].

Selection criteria for the lesion

In assessing the effects of damaging factors on a man,
the environment and the different objects can be used as
deterministic destruction criteriaand probability.

When calculating on the basis of risk indicators lesion
fields constructed in accordance with recommended [6]
sources probabilistic metrics used. Guidelines for the selec-
tion criteria of probability of adverse effects of assessment
factors are presented in [3,5].

Deterministic criteria destruction used, including when
assessing the effects of damaging factors in the environ-
ment, are also presented in the relevant methodic materi-
als [6].

Assessment of the impacts of the damaging factors

The effects of an emergency situation refer to:

the number of victims among the staff and the
population living on the territory adjacent to the fire and
explosion danger and chemically dangerous objects or
routes of transportation of dangerous loads;

material and environmental and economic dam-
age associated with exposure to damaging factors of an
emergency on the property of the state, individuals and
legal entities, and the environment.

The number of victims - is the number of people killed
and/or received health damage by the emergency, i.e. the
amount of irrecoverable loss and health [11-12]. Estimation
of the number of victims in emergency situations of tech-
nogenic character can be done, following [4].

The calculation of risk indicators

The main risk factors are:

« individual risk;

+ collective risk;
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+ social risk;

* material risk;

« economic risk.

The physical meaning of individual risk can be ex-
pressed as the frequency of lesions of separate person as a
result of the impact of the total of the studied danger fac-
tors at a given point of space. Individual risk - a function
defined on a surface adjacent to a dangerous object.

Through individual risk, knowing the density of the
population distribution and / or staff at the surface adjacent
to the risk, collective risk can be expressed. [9]. Collective
risk so, in fact, is the math expectation of a discrete acci-
dental human values. By analogy with the collective risk,
the material risk determined - the expectation of a discrete
random variable material damage.

Guidelines for the construction and analysis "fault
trees"

1. General characteristics of the method

The method of quantitative risk analysis, based on log-
ic-graphic circuit "fault tree" is used to analyze the possible
causes and underlying causes of an emergency (accidental)
situation and calculate its frequency.

The tree of faults - a graphical representation of logical
connections between emergency situations and events,
initiating them. Fault Tree Construction is a process of
“reverse comprehension”, that is, since the accident, or
other undesirable event (often referred to as the upper
undesirable event and / or the parent event) covers devel-
opment that may lead to its realization. Then we study the
causes of these events, and so on, until you have identified
all of the primary initiating events. The result of applying
this method is to determine the frequency of emergency
(accidental) situations. It is also recommended to deter-
mine the minimum combination of events that determine
the occurrence of an accident, or the inability (minimum
bandwidth and a combination of interception, respective-
ly).

2. Fault Tree Structure

Fault tree structure includes one parent event (accident,
incident), which connects with a set of relevant previous
events (failures errors, adverse external influences), which
form a causal chain. For communication between the
events in the "nodes” of trees used logical signs "AND" and
"OR". Logic symbol "AND" means that the higher-level
event occurs during the lower occurrence of events (equiva-
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lent to multiplying their probability to estimate the proba-
bility of a superior event). The sign "OR" means that the
higher-level event may occur due to the occurrence of one
of the lower-level events.

Fault tree elements can be divided into three groups:

primary failures or triggering events;
secondary failures;
control failures.

The primary failures are events that took place under
conditions that normally function in considered technical
system. Secondary failures occur due to changes in operat-
ing conditions of the equipment, in particular due to the
deviation from production schedules. Management faults
occur, even when the equipment is functioning normally
doesn’t receive for some reason the control signals that
ultimately leads to its malfunctioning. All three types of
failure may be present in the fault tree structure. One of the
fault tree analysis tasks is to determine the list of the pri-
mary failure, leading to the creation of an emergency.
Secondary failures and management failures are interme-
diate events that require further analysis, to identify lead-
ing to the emergence of the primary events.

3. Triggering event

Many causes of emergency (triggering events) can be
divided into three classes:

equipment failures;

staff actions, which led to a deviation from pro-
duction schedules;

external causes.

External events can initiate accident at the various sites.
Although the frequency of such events is small enough,
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they can lead to large-scale consequences. External events
can be divided into two categories:

natural phenomena; earthquakes, floods, storms,
high temperature, lightning, etc.

effects resulting from human activities: crash,
work of neighbor industrial facilities, sabotage, etc.

4. The minimum bandwidth and a combination of in-
terception

Failure analysis of the tree allows you to select the sig-
nal branch to main event and indicate related:

Minimum bandwidth combination.
Minimum shut-off combinations.

Minimum bandwidth combinations - a set of initiating
events, mandatory (simultaneously) the occurrence of
which is sufficient for the occurrence of main events (acci-
dents). Such combinations are used primarily for the detec-
tion of "weak points”.

Minimum shut-off combination — a set of initial
events that guarantees absence non-arising of main
event, provided none of the components of this set of
events. Such combinations are mainly used to deter-
mine the most effective measures to prevent
accidents.

5. An example of design and analysis of fault tree

When analyzing the occurrence of a failure, a fail-
ure tree consists of sequences and combinations of
violations and malfunctions, and thus it represents a
multi-level graphological structure of causal relation-
ships obtained by following dangerous situations in
reverse order to find possible causes of their occurrence

(Fig. 3).
System failure
_______ Component failure
- Element failure

Failure Events

Sf:e:mg imp acts

Fig. 3. Conditional scheme of building a tree of failures
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The advantages of a fault tree are as follows:

« analysis focuses on finding failures;

« allows you to show explicitly unreliable places;

+ is provided with graphics and provides visual material
for the part of IT professionals who are involved in system
maintenance;

+ makes it possible to perform a qualitative or quantita-
tive analysis of the reliability of the system;

+ the method allows specialists to focus on individual
specific system failures in turn;

+ provides a deep understanding of the system behavior
and penetration into the process of its work;

+ are @ means of communication of specialists, as they
are presented in a clear visual form;

+ helps to deductively detect failures;

* gives designers, users and managers the opportunity
to visually justify design changes or establish the degree of
compliance of the system design with specified require-
ments and analysis of trade-off decisions;

+ facilitates the analysis of the reliability of complex sys-
tems.

The main advantage of the fault tree (compared to
other methods) is that the analysis is limited to identify-
ing only those elements of the system and events that
lead to this particular system failure or accident.

The disadvantages of the fault tree are as follows:

« implementation of the method requires a significant
investment of funds and time, since an increase in the
detail of the infrastructure under consideration leads to a
geometric increase in the number of influencing events;

+ the fault tree is a scheme of Boolean logic, which
shows only two states: working and failed;

« it is difficult to take into account the state of partial
failure of elements, because when using the method, as
arule, it is considered that the system is either in good
condition or in a state of failure;

« difficulties in the general case of an analytical solution
for trees, containing backup nodes and reestablished nodes
with priorities, not to mention the significant efforts that
are required to cover all types of multiple failures;

« requires reliability specialists to have a deep under-
standing of the system and specific consideration of
each time only one specific failure;
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* the fault tree describes the system at a certain
point in time (usually in the steady state), and the se-
quence of events can be shown with great difficulty,
sometimes it is impossible. This is true for systems
with complex control loops, in such cases, as a rule,
they referto methods based on stochastic (random)
Processes.

Emergency Risk Assessments

The task of deciding to assess the risk of an emer-
gency in the context of financial damage caused can be
solved on the basis of a fuzzy game model. Such tasks
are considered when making decisions about participa-
tion in an investment project under risk conditions, as
models reflecting risk, classic matrix game models are
used with the search for solutions in the class of mixed
strategies, i.e. based on a probabilistic approach
[6, 7]. We use the approach proposed in [8] for risk
assessment.

Emergency:

1) relatively satisfactory condition, no emergencies -
dy;

2) emergencies with minimal damage - d;

3) catastrophic emergency - ds.

Income values are taken into account with a “+”
sign, losses - with a “-” sign. The numerical values of d;,
d, and ds are known (or at least their estimates are
known). To prevent an emergency, you can carry out
various activities, spending on it certain funds.

Because the emergency is unique, the decision mak-
er (DM) can choose one of two behavioral strategies:

1) decides to invest in preventing emergencies;

2) decides not to invest in disaster prevention.

It is necessary to choose the strategy of behavior of
the decision maker, in which his gain would be at least
non-negative, and the worst case losses would be zero.
This situation is described by the player A matrix A (DM)
of the two-player matrix game (Table 1).

Next, we bring the matrix model to a fuzzy mind [6—
8]. Experts can determine the degree of helonging to
alternatives of "nature" - the degree of confidence that
nature will choose the option Bs. Expert estimates are
selected according to the E. Harrington scale [6] for the
formalization of heuristic information.
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rules:

Table 1
Decision maker winnings matrix
B1 (relatively satisfactory B, (emergency with Bs (catastrophic emer-
condition, no emergencies) minimal damage) gency)
Ar (DM decides to invest in D D, Ds
preventing emergencies)
Az (DM decides not to invest 0* 0* 0*
in emergency prevention)
* - the decision maker does not lose anything and does not gain
If model A chooses alternative AL, interpretation of the 3
model is reflected in this case by a set of fuzzy production aa; 'y,
Q= )
Ru:if xis By, theny is ds, A9,
Ry if X5 By, theny is d, j=1

Rs: If xis Bs, then y is ds.

Here, the variable x represents the state of player B
(“nature™), and y - the gain (loss) of player A (DM). The
degree of truth of the premise of the first rule (Ry) is obvi-

ously equal g to that of the second - ¢, and third - 95 .

At the same time, the set of reduced fuzzy rules togeth-
er with the accepted conditions form the model of Wang —
Mendel fuzzy inference [4], according to which the clear
value of the output variable (in this case, the gain value Q1)
is determined by the formula:

When player A chooses strategy Ay, it is obvious that the
proceeds (losses) of the decision maker are equal to zero
Qz =0.

The question of choosing a strategy is now solved by
checking the inequality: Q:> Q. or Q:> 0. If this inequality
holds, then the strategy (risk level) should be accepted, if
not executed, discard.

In our case, the losses, as well as the degree of confi-
dence for the alternatives of “nature” are given in table 2
(the sum of the alternatives is not necessarily 1).

Table 2
Baseline for decision making
B1 (relatively satisfactory B, (emergency with Bs (catastrophic

condition, no emergencies) minimal damage) emergency)
A1 (DM decides to invest in pre- Proceeds— Loss— Loss—
venting emergencies) 178 000 UAH 90 000 UAH 310000 UAH
A2 (DM decides not to invest in 0 0 0
emergency prevention)
Degree _of co‘r]fldencs for the 07 05 02
alternatives of “nature

The choice of the optimal solution of investment of ma-
terial means for prevention of an emergency:
178x0,7 -90+0,5 - 310x0,2
Q = »
0,7+05+0,2
thousand UAH - the value is non-negative, it means
that you can invest money in security. 12,6 thousand UAH -

12,6
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the value, the sign of which determines the choice of one or
another alternative [3].

The screen forms of the program module for making
decisions on security financing and disaster prevention are
shown in Fig. 4.
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Fig. 4. The screen forms of the program module for making decisions on security financing and disaster prevention [3]

Conclusions. Systematic logically reasonable construc-
tion of failures of system elements that can lead to a failure
requires a full understanding of the nature and operation of
the system of possible failures of its elements.

Inclusion into the tree of failures the external causes
further requires the understanding of the connection of the

analyzed system with other technical systems and natural
events. Together, this causes the involvement of special
experts into the construction and analysis of fault trees.

The task of deciding to assess the risk of an emergency
in the context of financial damage caused can be solved on
the basis of a fuzzy game model.
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AxHoTaums. B Hawwe Bpems 00beMHeHe YCunmil BCex 3aHTepecoBaHHbIX CTOPOH 1 OPraHOB BAACT! N0 NOArOTOBKe
W NPUHATUI0 060CHOBAHHDBIX pelLieHnii B 06nacTi 06LecTBEHHOI 6e30nacHOCTY, YyNpaBneHuA rocyapcTBoM, Tepputopusa-
MM, NIPUPOAHOI Cpefoil npuobpeTaer ocobylo akTyanbHoCTb. CMCTeMaTYeCKu Normyeckin 060CHOBaHHOR MOCTPOeHMe
3NEMEHTOB CUCTEMbI, KOTOPble MOryT NPUBECTU K 0TKa3y, TpebyeT NofHOr0 MOHUMAHNA XapakTepa 1 GyHKLIMOHMPOBAHMA
CMCTEMbI BO3MOXHbIX 0TKA30B ee 3IeMeHTOB.

MeToabl uccnefoBaHuA. B cTaTbe paccmaTpiBaeTcA BO3MOXHOCTb UCNOb30BAHIA NOMUKO-Tpaduyeckux cxem (aeHp-
porpamm) AnA npasunbHOM WAEHTUGUKALIM ONAacHOCTel 00beKTOB. 3aaya NPUHATUA peLleHus 06 oLeHKe pucka Bo3-
HUKHOBEHMA Upe3BbIYaliHON CTYaL|K B KOHTEKCTe MPUUYMHEHHOTO GUHAHCOBOTO yLiepba MOXeT ObiTb pellieHa Ha 0CHOBE
MOJENN HeYeTKOM Urpbl.

OcHoBHble pe3ynbTaTbl UciefoBaHMA. (UCTeMaTUyeckin nornyeckn 060CHOBaHHOE NOCTPOEHUE INEeMEHTOB CUCTEMbI,
KOTOPbIe MOTYT NPUBECTH K 0TKa3Yy, TpebyeT NoHOT0 NOHMMAHNA XapaKTepa  GYHKLMOHNPOBAHNA CUCTEMbI BOSMOXKHbIX
0TKa30B ee JNeMeHTOB. BkrioueHne B 4epeBo 0TKA30B BHELIHMX NPUYUH LONOAHUTENbHO TPebyeT MOHUMaHNA (BA3M
aHaNN3Mpyemoil CcUcTeMbl € ApYrUMI TEXHUYECKUMU CUCTEMaMU 11 NPUPOAHBIMI ABNEHUAMU. B COBOKYMHOCTI 3T0 Bbi3bl-
BaeT NpuBJeyeHue CreLnanbHbIX SKCNepToB K NOCTPOEHUIO 1 aHanu3y AepeBbeB 0TKa30B.

HayuHas HoBu3Ha. (ucTeMa 0CHOBAHA Ha NPUHLMNE BbIPabOTKM KOMNPOMINCCA MeX [y TOYHOCTbHO M NPOCTOTOI pacye-
TOB, NO3TOMY CYLLECTBYET BO3MOMXHOCTb YNPOLLEHHOr0 pacyeTa MakcManbHO BO3MOXHOTO YMCIa XepTB B Upe3Bbluail-
HbIX CUTyaumAX 6e3 3HaUUTeNbHOI NOTEPU TOUHOCTH.

lpakTyeckan 3HauMMoCTb. B Hawwe Bpems 06beMHeHe yCnii BCeX 3auHTepecoBaHHbIX CTOPOH U OPraHoB BACTH
N0 MOArOTOBKe 1 NPUHATUIO 060CHOBAHHBIX peLueHIii B 06n1acTi 0bLiecTBEHHOI 6e30MacHOCTI, ynpaBneHns rocyaap-
CTBOM, TeppUTOPUAMM, NPUPOSHOI CPefoil NprobpeTaeT 0Co0yH0 aKTyaNbHOCTD.

Knroyeebie cnosa: puck, onmumusayus, ype3gbiyatiHele Cumyayuu, Hedemkdas uepogas Mooess.
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AHortauia. CborogHi 0cobnuBa akTyanbHicTb HabyBae 06'eAHaHHA 3yCMNb YCiX 3aLliKaBAEHNX CTOPIH i OpraHiB BNagn y
NiAroTOBL Ta NPUIAHATTI 06rPyHTOBAHMX piLueHb Y chepi rpomMagcbKoi be3neku, ypaay, TepuTopii, NpUPOAHOro Cepeso-
BULLA. (UCTeMaTMYHa NOTiYHO 06rpyHTOBAHA KOHCTPYKLIA eNeMeHTIB CUCTEMIA, LLO MOXe NPU3BECTI A0 BiAMOBM, BUMArae
MOBHOT0 PO3yMiHHA NPUPOAN | GYHKLIIOHYBAHHA CUCTEMU MOXKINBIX BiAMOB ii eneMeHTiB.

MeTtoan pocnimkeHHa. Y CTaTTi po3rNAQAETLCA MOXKAMUBICTb BUKOPUCTAHHA NOTIKO-rpadiuHmX CxeM AnA nNpaBUbHOI
ineHTUdiKauii Hebe3neyHnx 06'ekTiB. 3aBAAHHA NPUAHATTA PiLUeHHA NPO OLHKY PU3NKY HaA3BUYANHOI CUTYaLIT B KOH-
TeKCTi GiHaHCOBOT LUKOAM MOXe OYTH BUPILLIEHO Ha OCHOBI HEYITKOT irpoBOi Mogeni.

OcHoBHi pe3ynbTaTit AocnimKeHHA. (McTemMaTUYHO N0riuHo 06rpyHTOBaHA N06yA0Ba eNEMEHTIB, CUCTEMU, AKI MOXYTb
NpUBECTU [0 BIAKNIOYEHHA, BUMArae NoBHOI PO3yMiHHA XapakTepy i QYHKLIOHYBaHHA MOXNMBUX BifKa3iB ii enemeHTiB.
BknioueHHs [0 AiepeBa BiAMOB 30BHILUHIX NPUYMH JOAATKOBO BUMAra€e po3yMiHHA 3B'A3KY aHaNOriyHO-PyXOBUX CUCTEM 3
iHLLIMMM TEXHIYHUMU CUCTEMAMM | NPUPOAHUMM ABULLAMIA. B CyKYMHOCTI Lie BUKANKAE NPUTATAHHA CNeLianbHUX eKkcnepTiB
10 nobya0BY | aHaniy aepes BiAMOB.

HaykoBa HoBu3Ha. (UCTeMa, 3aCHOBaHa Ha NPUHLMNAX BUPAXKEHHA KOMIPOMICY MiX TOYHICTIO | NPOCTOTOI PO3paxyH-
KiB, TOMY iCHY€ MOXJIUBICTb CMIPOLLIEHOr0 PO3PaXyHKY MAKCUMANbHO MOXIIBOTO YACNA XePTB Y HaA3BUYANHIX CATYaLiAX
6e3 3HaYHOi BTPATI TOYHOCTI.

MpaKTMuYHa 3HAYMMICTb. Y Hall Yac 06'€AHaHHA 3yCunb BCiX 3aLikaBNeHUX CTOPIH i OpraHiB BRajy 3 MiAroToBKM Ta
NPUIAHATTA 0OrPYHTOBAHMX pilleHb B rany3i rpoMaacbKoi 6e3nekn, ynpasniHHA AepXaBolo, TepUTOPIAMM, NPUPOSHUM
cepenoBuLiem HabyBae 0C00MBOT aKTyanbHOCTI.

Knroyoei cnoea: pusuk, onmumizayis, Hao3guyaliHi cumyauii, Heyimka i2posa Mooess.
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AJICOPUTM BUABJEHHSA BMJIUBY CNY®IHTY
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MeTtpoBcbKuit Anppiii BanepiitoBuy
KaHAWAAT TEXHIUHUX HayK, JOLIEHT, AOLEHT KaGeapy CyAHOBOAIHHS Ta eNEKTPOHHMX HaBIraLliiiHUX cucTem
XepcoHCbKoT fiepxaBHOT MOpCbKoi akapemii, M. Xepcow, Ykpaika, E-mail: andreyanybody@gmai.com, ORCID ID: 0000-0002-3337-9577

AHortauia. MeToto cTaTTi € po3pobka anroputmy BUABAEHHA BNAUBY CNY(iHry Mif yac BUKOHABYOI npoknaaku. Mpo-
MOHYETbCA PO3POOUTI  anrOpUTM  BUABNEHHA CNYQIHry 3acobamu  eneKTPOHHOI KapTorpadiuHoi  HaBirawjitHo-
iHhOpMALIAHOT CUCTEMN i3 MOXKIUBOCTAMI YCYHEHHA 1H0ro HaaniakKiB. MicnA iMnnemeHTyBaHHA NporpamHoi peanizavii
anroputmy soft-fesenonepamu, nepeadayaETbCca OHOBNEHHA NPOrPaMHOro 3abe3neueHHA 6OPTOBOT eNEKTPOHHOI KapTor-
padiuHoi HaBiraviiHo-iHGOpMaLiiiHOi cucTeMi Ny 3axopi B NOPT, A€ € iX NpeACTaBHUKN. Y npoLeci AOCNIIKEHHA BUKOPU-
(TaHi MeToAM AOCTIIKEHHA: eMNipUYHi (MOPIBHAHHA) Ta TEOPETUUHI (aHani3 Ta C(MHTE3) 3 BUKOPUCTAHHAM Teopii HaBiraulii,
iHhOpMALiHUX CUCTeM Ta anropuUTMIB, 0COOANBOCTENT eNeKTPOHHIX KapTorpadiuHmx cuctem.

OcHOBHI pe3ynbTaTi foNiZKeHHA. Po3pobneHnii anroputm 3acHOBaHO Ha aHanisi Tpeky no3uuiii cyaHa. Bai nosuuii
TPeKy Ha Lieli yac 60pTOBO0 ENEKTPOHHOK KapTorpadiuHow HagiraLiinHo-iHPOPMaLIiiiHOK CMCTEMOK BCTAHOBMIOKNTBLCA Ha
eNeKTPOHHY KapTy npu BUGOpi onepaTopom BiANOBIAHOTO pexuMy, ane He BiACTIAKOBYIOTbCA Ta He aHani3ylTbcA. Ha
0CHOBI OTPUMAHNX reorpaiyHX KOOpAMHAT NO3ULIN GOPMYETLCA TPEH, AKMI OLIHIOE MOXAMUBICTb PO60TH NPUCTPOIO Mg,
KOHTpONeM Npu MOPIBHAHHI TPeHAY i AaHUX 3 iHLWIOTO [)Kepena No3uLiOHYBaHHA, AKWO BOHO €, Hampuknag 3 Echo
reference abo Estimated position, 3 saHumu npunagis GPS|DGPS. fIKLLo Tanoca 3HauHe BifXWNeHHs, anropuTm po3paxo-
BYE MapLLPYT NOBEPHEHHA Ha Halibnuxye nneye MapLIpyTy 3 BUKOPUCTAHHAM BiAANOBIAHNX iHCTPYMEHTIB eNeKTPOHHOI
KapTorpadiuHoi HagirauiinHo-iHpopmaLiliHoi cuctemu. Y pasi ix BifCyTHOCTi — HAAAETbCA PeKOMEHA0BAHWI Nepenik reor-
padiuHNX KOOPAMHAT ANA PYYHOT No6yA0BM MapLLPYTY NOBEPHEHHS.

HaykoBa HoBM3Ha. OCKiNbKM OCTaHHI LOCTIAKEHHA Ta BUPILUEHHA NOCTABNEHNX MUTaHb NPOTUAIT CnydiHry 3AiiCHI0OBa-
NNCA Y PO3Pi3i BCTAHOBMEHHA [OAATKOBOT0 00/1afHaHHA Ta BU3HAHHA He0OXiAHOCTI HAABHOCTI Y LWTypMaHa binbL nowwm-
PeHuX 3HaHb 3 06nacTi Teopii pagiocurHanis, HaaaHWin aNropyuTM NONErWNTL BUSHAYEHHA MOMEHTIB 30BHILUHBOMO KOHT-
poniko CyAHOBOro 06n1azHaHHA GPS|DGPS nporpamHuMy 3acobamu Ta cTaHe 0CHOBOIO AA NOAANbLUNX AOCTIIKEHb 3 BUpI-
LUEeHHA Li€i npobnemm Ana KOMepLiiHOro Ta NACaXMPCbKOro TpaHCNopTy. MTpakTuHa 3HAUMMICTb JOCATAETBCA Y KiNbKOX
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HanpAMKax: Hema€e HeoOXifHOCTI y 0AATKOBIl OCBITY LUTYPMaHiB 3 Teopii pagiocrHania — OCTaTHLO CTaHAAPTHOI Migro-
TOBKM; € MOXNIUBICTb BU3HAUATI MOMEHT Yacy 3axBaTy KOHTPOMIO; 3AIACHIOETbCA aBTOMaTIN30BaHa NobyaoBa B iHTepak-
TUBHOMY PeXUMi MapLLpYTy NOBEPHEHHA HA 00paHe naeye MapLUpyTy, y pasi 3HAYHOTO BiAXWUNEHHA ICTUHHOI NO3MLi
CyAHa 33 AaHUMKM NpoBefeHoi 06cepBaLii / IHWOro AKepena No3uLioHyBaHHA Ta aHani3y TPeKy Bif No3MLii 3a JaHUMK
GPS|DGPS; nonoBHeHHsA 6a3m JaHux BiANOBiAHUX opraHi3aviii ana Bunycky Admiralty Information Overlay 3 meToto nok-

PLLEHHA yBary WTYPMaHIB y laHOMY paiioHi.

Kntoyoei cnoea: enekmporHa kapmozpagiyHa HagieayitiHo-iHghopmayitiHa cucmema, cnygine, anzopumm, GPS.

MocraHoBKa npobnemu. BukopucraHHA enekTpoH-
HOi KapTorpadiuHoi HaBirauiliHo-iHdpopmaLiiiHoi cucremm
(EKHIC) ana noTpeb cyaHONNaBCTBA AaBHO 3 HOPMOKO, ane 3
noserieHHAM npaui WTypMaHa Ta NoAanblUUM PO3BUT-
KOM nporpecy B Li€i 06nacti, 3aBAAKM aBTOMaTu3aLii 6i-
NbLIOCTI QYHKUIl HaBirawii, BUHUKAIOTb TaKOX HeraTuBHi
KepoBaHi ABULLA, AKi HAZAKTb HEJ0BIPU [0 TAKUX CUCTEM.
Y ocTaHHi poku Bce binblu 3'ABNAETLCA iHOPMaLii L0A0
BUKOPUCTAHHA TEXHONOii BN/INBY Ha KOPEKTHICTb poboTy
MpOrpamHoro 3abesneyeHHA KepyBaHHAM cyaHa. Hanpu-
Knag, Npu BUKOPUCTaHHI e-mail MoXnnBa nigmiHa agpecy
BiANPaBHMUKa, i, BiANOBIAHO, 3aMiHa BKNajeHUX Qaiinis
[1,2]. He3axaloun Ha Te, wo danbcudikauia kapt S-63
[OBON YTPYAHEHA 3aBAAKM WMQPYBAHHAM Ta iHLIUM
MexaHi3MaM 3axiCTy, OTPUMAHHA OHOBMeHb Yepe3 e-mail
He € NOBHicTI0 6e3neyHnm, 0co6n1Bo npu Heabainneomy
BiHOWIEHHI wwoao 6e3nekn BuKkopuctaHHa USB noprtis
BCTaHOBNEHOro 06nagHaHHA. Po3pobneHi 3acobu 3axmcty
[3] noTpebytoTb LOAATKOBUX 3HAHb Bif OnepaTopiB cnewj-
ani3oBaHoro MporpamHoro 3abesneyeHHa, ToMy y nofa-
NbLIOMY He po3rnAfaloTbea. MopAad 3 UMM NOLUMPHETLCA
BUKOpUCTAHHA cnydinry. Lito TeXHoNorito BUKOPUCTOBYHOTb
ANA NOLMPEHHA WKIANNBOTO NPOrpamMHOro 3abe3neyeHHs,
BUKPAJEHHA AaHNX, a TaKOX 3 METOl0 00X0Ay MeXaHi3MiB
KOHTPOTI0 fOCTYNY.

[ToMUnKOBI CUrHaNK AaloTb MOMAMBICTL 3MIHUTI KYpC
Cy[Ha i HAaNpaBUTU 10r0 B TEPUTOpiaNbHi BOAW iHLLOT Kpai-
HU, IPUYOMY K 3 METOHK CTBOPEHHA HANPYrit Ha MiXKHAPO-
[Hiil apeHi [4], TaK i 3 MeTot0 nipaTcTBa [5], 3axonneHHaA
BaHTaxy abo ekinaxy. CnoTBopeHHA curHanis GPS € He
TiNbKI POCIACbKOI0 NPAKTMKOK [6], Li MeToau BUKOPUCTO-
BYIOTb i iHWI KpaiHu, 3 MeTol0 Ae3opieHTauil Hasiravii
nobnusy crpateriyHo Baxnusux 06'ektis [7]. Y 38iti [8],
AKNiA byno onybnikoBaHo y 2019p. HaAaHO CTaTUCTUKY 3a
2017-2018pp., Ae BKa3aHO KiNbKicTb BUNAAKIB CNyQiHry
AnA GinbLw Hix 1300 cynis. Ha aaHuit yac 3'AcoBaHi akBa-
TOpii, A€ BUKOPUCTOBYIOTbCA HAibinbl vacto cnydiur:

YopHe mope [9], DiHcbKa 3aToka [10], Bnagusoctok, Cipia
[8] Ta nobynoBaHO KapTy CTAaTUCTUKU BUKOPUCTAHHA TaKOi
TexHonorii y akeatopii YopHoro mops (puc. 1).

BilicbkoBi cysa MatoTb 6inblu NOTYXHWIA CUrHan, Tomy
3[iACHUTI TaKoro oAy aTaky JyXe CKnafHo, ane rpoma-
AAHCbKI cyAa — iHwa cnpasa. Cnydepyu npurHidyoTh Bid-
HOCHO Cnabki curHanu GNSS 3a sonomoroto pagiocurHanis,
L0 HecyTb HenpaBauBY iHpOpMaLi NPO Mice3Haxo-
[KeHHA. Benuka KinbKictb umBinbHUX npucrpois GPS po-
OUTb rpOMafAHCbKe WNQPYBAHHA HeMpaKTUYHUM, a Ta-
KOX Lie Fifie NpoTi opuriHanbHoi MeTn TBopuiB GPS, Aka
noBuHHa byna 3abesneunty BinbHUIA foctyn Ao GPS Kox-
Homy i Bclogn. Bigomocti, wo GPS nigpaetbca atakam,
3MyLuye 6araTo KpaiH LuyKaTy ilomy anbTepHaTuBy: eLoran,
eChayka [11]. 3a cnoBamu daxiBuis B 06nacti kibepbe3ne-
ki, ocHoBHa npobnema GPS- i GNSS (Global Navigation
Satellite Systems) cuctem nonArae B cnabkux curHanax, ki
nepefalnTbcA Ha BUCOTI 6nn3bko 20 TUC. KinoMeTpiB Haj
3emnel0 i MOXYTb FNYWWMTUCA XaKepaMn 3a JOMOMOroOI0
AELIeBUX i fOCTYMHUX «TAYLWMAOK». 3 iHLIOro OOKY, CUrHa-
nn eloran 3arnywWwnTh CKNagHiwe, Tak fK B epefHbOMY
BOHU B 1,3 MIIH pa3iB CUNbHiLLe B NOPIBHAHHI 3 CUrHanamm
GPS. Po3BUTOK Takux HanpAMKiB — JOAATKOBE HaBaHTa-
KEHHA Ha Bl0[pKeT KpaiH, TOMy Ha [aHWii MOMEHT aKTya-
NbHICTb po3pobKKM MeToAiB Ta 3acobiB 6opoTbou i3 cnydiH-
rOM He NiANArae CyMHiBy.

IcHye aBa cnocobum cnyQiHry:

peTpaHanAuia curHanie GNSS, 3anucanux B iH-
Lwomy Micui abo uacy (Tak 3BaHUii meaconing — BBeJeHHA
NOXMOKM HABMUCHIUMM NepeLIKOAamIA);

reHepauia i nepegaua MoandikoBaHUX CynyTHu-
KOBUX CUTHafiB.

['0NI0BHIUM KOMMOHEHTOM NPUCTPOIo-Cnydepy € imitaTop
GPS-curHanis. CyyacHi TexHonorii 3 poky B pik 3MeHLLYHTb
C06iBapTiCTb  BUPOOHMLTBA  KOMMOHEHTIB  iHTErpanbHuX
(XeM, | TOMy, TaKi NpUCTPOI € Y BiNbHOMY NpoAaxi BapTicTio
Bia 10005. OaHaK, BHACNiZOK 0C06AMBOCTEN QYHKLIOHYBaH-
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HA TaKi imiTatopu MaloTb pagiyc it o 10 m, npu BUKopuc-
TaHHi NigcuNioBayiB — XmbHUIA curHan GPS 36inbLuyeTbca B
JecATKI pa3ig. [aeanbHuM MOMeHTOM ANA NiAMiHN CUrHaniB
3 KOIOM CTaHAAPTHOI TOYHOCTI € MOMEHTH, KON 3B'A30K i3
CNpaBXHIMK CynyTHMKamMK nponagae abo ayxe cnabkuii
[12]. Mepw 3a Bce Taka TexHonoriA nepeabdayae 3anyck
npouecy Ay6noBaHHA peanbHUX CUrHaniB 3i CynyTHUKIB, 3
METOK0 NMOBHOI BiANOBIAHOCTI N0 XapakTepuctukam. [ani,

30iNbLLYIOTb NOTYXHICTb XMOHNX curHaniB. Mpu ubomy HaBi-
ravuiliHa cuctema BBaXae iX rofoBHUMM Ta QinbTpye peanbHi
aurHanu AK nepewwkopu. Kontponb Hap CHC BcraHoBneHo
[13]. MoxnmBi BapiaHTW MNOAANbLUIOTO PO3BUTKY MOAiA:
MOCTYNOBO 3MIHIOBATW BiOMOCTi MiCLIe3HAXO[MKeHHA And
MNaBHOI 3MiHW KypCy CyAHa 3 METOI NPUBOAY CYAHa Y BU-
3HaueHy akgatopito [14] abo noBHiCTIO Ae3opieHTyBaTH
orepatopa HairawiiiHoi cucremm.

Puc. 1—Kapma sunaodkie cnygiHay [8]

006'eKTOM AOCNIKEHHA CTATTi € pe3ynbTaTit BNINBY Ha
EKHIC Bukopuctanna cnyQinry y mopi/npubepexuux Bo-
pax. lpeAmeT JoUlifKeHHA — HAayKOBi Ta MpaKkTUYHI pi-
LUEHHA 3 BUABNEHHA Ta 60poTbOM i3 cnydiHrom.

AHani3 ocranHix gocnimxeHn i nybnikauiii. Y 2001
MinicrepctBo TpaHcnopty CLLA po3pobuno mipu ans npo-
TIMAIT cnyQinry, AKi 6a3yBanuca Ha BUKOPUCTaHHI A0AATKO-
BIX anapaTHUX NPUCTPOIB Ta 36epexxeHHA pobounx MicLb
3aMicTb Komn'ioTepu3auii, Wo € JOCUTb JOPOTMM pillieH-
HAM. Y nojanbliomy Ana 5 i3 6 KOHTpMIp AOCNiAHUKaMK
KopHennbCbKoro yHiBepcuTeTy Ta TEXHOOMYHOTO YHiBep-
cuTety BipmxuHii 6yno nogonaxo.

Mapk [lciaki 3anponoHyBaB cxemy 3axucty Big GPS-
cnyurra Woro rpyna crBopuna moaudikosanmii GPS-
NPUAMaY 3 aHTeHOI0, AKA 3MIHIOE CBOE NONOMKEHHS 3 MeB-
HOH0 YacToTol0. OCKINbKN CyNyTHUKI 3HAXOAATHCA Ha 3HAY-
Hiil BifiCTaHi 0JWH BiJ OQHOTO, @ NOMUNKOBI CUrHaNU npu-
X0AATb 3 0AHOr0 6nM3bKoro micua (npubepexxHoi 30Hu),
$a3a Hecyuoro KOAMBaHHA B ANA TaKoro npuiimayva oyze
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3MiHIOBATUCA MO-Pi3HOMY, WO i JO3BOAUTL PO3Ni3HATH
obmaH [15].

Mpuctpiit Bia Mitre -Time Anomaly Detection Appliqué
(TADA) 3axuwae cyvacHi unposi cuctemn Big cnyQiHr-
atak. Cucrema 6e3nepepBHO NOPIBHIOE BUBipeHi napamer-
pu: BilOMY YacToTy ab0 MiCLe3HAXOMKEHHA, 3 TUMH, WO
Hagae GPS-npuitmau. Konu 3'ABnA€TbCA pisHULA MiX Aa-
Humu, TADA Bupae Tpusory. Heponik: pisHuuA, AKwWo ii
pobuTy ayXxe NnaBHO, MOXe He NepeBuLLyBaTh NapameT-
piB 6e3neku L0f0 BiaXuneHHs Big Kypcy [16].

[epenosi TexHonorii npuayLLeHHA nepewwukop, Taki Ak AIM
+, BUKOPUCTOBYIOTb ANrOpUTMU 00p0BKM CUrHaniB Ana peect-
paLji LWNAXIB BUABNEHHA Pi3HUX aHOManiil B curHani. 3 peanic-
TUYHUMM PIBHAMI MOTYXKHOCTi Ta GaKTYHUMIA HABIrALLIHIMI
AaHumin B curHani AIM -+ moxe ineHTUdiKyBaTh «HeayTeHTIY-
HUit» CurHan. TakoX BUKOPUCTAHHA aHTeHU NOABIAHWIA nona-
pU3aLlii CNpUAE 3MEHLLIEHHEO AMOBIPHOCTI BAMBY CYiHry.

[ina 6opotbbu 3i cnydiHrom npuitmaui GNSS noBuHHi
«BUNOBNIOBATU» MiAPO6NEHi CUrHANM 3 CyMilLi aBTeHTUY-
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HUX i nigpobneHux curHanis. Micna Toro, AK CynyTHUKOBMIA
CUTHAN MO3HaYeHo AK NiapobneHni, BiH Moxe 6yt Bu-
KII0YeHUil 3 po3paxyHKy No3uLioHyBaHHA [17].

Pi3Hi Kpaiki iHBeCTYHTb KOWTK B 3abe3neyeHHs CTiil-
kocti GNSS no migpobok, cTBoprotoun cuctemy 6esneku
be3nocepeiHbO Ha CBOIX cynyTHMKaX. 3 cuctemoto 0S-NMA
(Open Service Navigation Message Authentication — Biak-
pUTWiA  CepBiC ayTeHTU(iKaLii HaBirawiilHX NOCNaHb)
Galileo crana nepLuoto cynyTHUKOBOIO CUCTEMOID, KA BBO-
AnTb Cnyxby 3axucty Big cnydiHry 6e3nocepefHbo Ha
uminbHomy curHani GNSS. 0S-NMA — e 6e3kowuToBHMIA
cepBic Ha yactoTi Galileo E1. Bit go3Bonse aytentudilito-
BaTW HaBirawiliHi AaHi Ha cynyTHuKax Galileo i HaBiTb Ha
cynyTHukax GPS. Taki HaBirauiliHi AaHi HecyTb iHdopMaLlito
Npo MiCLie3HAaXO[AXKeHHA CYMYTHUKA i B pa3i iX 3mMiHU npu-
BeNYTb [0 HENpaBUIbHOTO 00UMUIEHHA pO3TaLLyBaHHA
npuiimaya. B nanuit yac 0S-NMA 3HaxoauTbca B po3pobui,
ane il NNAHyeTbCA 3poOUTU 3aranbHOAOCTYNHOW B Haii-
onukyomy MaiibyTHboMy. GPS ekcnepumeHTye 3 HOBOIO
cictemoro ayteHTudikauii Chimera [17]. Y poboti [18]
po3po6neHo anropuT™M BUABNEHHA CNYQIHry Ha OCHOBI
anpiopHUX 3HaHb 06 NON0XKEHHAX rpynu CynyTHUKIB. Anro-
PUTM nepefidayae BUKOPUCTAHHA HePOHHOI Mepexi Ha
6a3i MLP- knacugikatopis. Hikonac latcic, laBig Ako-
naH i3 UTSA Department of Electrical and Computer
Engineering po3pobunn anroputm BU3HAYEeHHA aTaku Ha
enekTpuyHi mepexi 1a cuctemu CHC. Ane npuHumn g
anroputmy He onybnikosaHo [19].

Bci HaBedeHi Buwwe focnimkeHHA B obnacti npotuaii
cnydiHry po3paxoBaHi Ha: BUKOPUCTAHHA JOCTATHLO BapTi-
CHOro 006MajHaHHA, Cnewjiani3oBaHNX «BYMHUX» aHTeH 3i
cnewjiani3oBaHMM NporpamHUM 3abe3neyeHHAM Ha 6asi
HOBITHIX MeTO/iB iHdOPMALLiiiHUX TEXHONOTIiA, Y TOMY YnCni
HelpoHHOI Mepexi. 0aHaK Hemae NMpuUKnagis po3pobku
3ac06iB 60poTbOU 6€3 JOCTATHBO BAPTICHUX 3MiH Y KOHGI-
rypauii CHC obnagHaHHs.

Meta pocnimkeHHa — po3pobka anroputmy BUAB-
NeHHA BNINBY CNYQIHry Mif yac BUKOHABYOI NPOKNAAKN.
[ponoHyeTbCA po3pobuTI ANrOpUTM BUABNEHHA CyiHry
3acobamm EKHIC i3 MOXANBOCTAMU YCyHEHHA 1i0ro Haania-
KiB. [licna imnnemeHTyBaHHA NporpamHoi peanisavii anro-
putmy soft-gesenonepamu, nepeabauaeTbca OHOBNEHHA
nporpamHoro 3a6e3neuenHa 6oprosoro EKHIC npu 3axogi
B MOPT, A€ €1X NPeLCTaBHMKN.
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Buknap martepiany pocnimKeHHA. 3anponoHoBa-
HUil aNropuUTM (puC. 2) BUMArae BIACYTHICTb KPUBONiHIIHO-
0 MaHeBpy MNpOTArOM MNleya MapLIpyTy Ta HYIbO-
BI/HE3HAUHNIA TPAAIEHT WBNAKOCTI Teuii/BiTpy. [lani GPS
NOCTiliHO (B cepesHbOMY pa3 y 5 CeKyHA, AK Bifobpaxae ix
EKHIC Transas NaviSailor 4000) 3aHocaTbca A0 Macuy
group NpoTAroM yacy timer1, 3HaueHHA AKOro BCTAHOBIIOE
onepatop EKHIC. flKwio npoTArom Lboro yacy € 3aBUCaHHA
MoKa3HuKiB GPS, 3rigHO MOpIBHAHHA i3 MapameTpom
timer2 € (0; timerl], Topi A0AATKOBO BUAAETHCA
BIAANOBIAHO CMOBILLEHHA NPO COiil CUCTeMM NO3ULOHYBAH-
HA GPS. Macus group mae po3mipHictb timer1*60/5 pAgkis
Ta 3 croBnuKKN (1,2 — AOBroTa Ta LWMPOTA, 3 — LWBMAKICTD
SOG, war auckpetusauii aopisHioe step_GPS, To6To Le
yactota BigodbpaxeHHa EKHIC nanux nosuuii 3 GPS). [lani
NoTPibHi AnA (opMyBaHHA NOKANbHOTO TPeHAY NO3MLill
CyAHa 3a vac timer1.

Ha 6a3i nokanbHoro TpeHay 3 JaHUX MacuBy group Ma-
TeMaTUYHO BW3HAYATLCA KOOPAMHATU 10r0 KiHLEBOI
TOUKM, AKA € HACTYMHOI0 TOYKOK MaccuBy trend Ana noga-
NbLuoi nobyaosu ocHosHoro TpeHay Big WPT1 (way point)
ao WPT2/WOL2 (wheel over line). flkwio anroputm Bu3Ha-
Yyae BNANB CNyiHry: po3paxoBYeTbCA BiAXMNEHHA Teope-
TUYHOT NO3NLT LWOAO NAeYa NOTOYHOro/HacTynHoro (06u-
Pa€eTbCA Hailbnmxue Npu ONyCKaHHi NepneHANKYNApIB Ha
BKa3aHi nneui), ana nobyhoBN MapLipyTy MNOBepHeHHs
BUKOPUCTOBYETbCA iHTEPAKTUBHMIA IHCTPyMeHT AK Curve
heading line y Transas NaviSailor 4000; nani gaHi 3aHocATb-
¢a go bJl ana BignpaBKu y BiANOBIAHI opraHi3auii.

[pn BU3HAYeHHI CTaTyCy NO3ULIT 34IACHIOETbCA NOPIB-
HAHHA TEOPeTUYHOI NO3uLii 33 NobyAOBaHUM TpeHAOM
maccuBy fanux trend Ta nosuuiero GPS(Aka nig BnaMBom
cnydiHry moxe cniBnagati i3 NiHiel nneva) Ta naevem
mapLupyTy. AKLLO € BiAXMNEHHA TEOPETUYHOT NO3NLiT 3 NiHii
TPeHAy No BiJHOLLEHHIO A0 NiHii nneya, ToAi cTaTycom byae
HaABHICTb BNAMBY CNYQiHry.

Ao npucyTHi AIC Lini € ZOLINbHUM BU3HAUNTY iX re-
okoopanHati. Ha 6a3i nopiBHAHHA aaHux CAPI Ta AlC
30iiACHUTI BIANOBIAHI BUCHOBKI. Kpim TOro, npu HaaBHOMY
cnydiHry, reokoOpANHATIA TakuX Lineid 6yayTb 0fHAKOBM-
MU, LLO € JOAATKOBOI 03HAKOK AN anroputmy, ocKinbku
cnydiHr He Aie BMOIpKOBO, @ CyaHa-xepTBU byayTb nig
BMAMBOM 3 MMOBIPHICTIO NPAMO NPONOPLiliHIii X BiACTaHi
no cnydepy.
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Puc. 2. Aneopumm susaenexHs cnyeinzy 3acob6amu EKHIC
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BucHoBKM. Y po60Ti HagaHO anropuTM BU3HAUEHHA (Y-
diHr-ataku 3 po3paxyBaHHAM NPUONM3HOT NO3MLLIT | NPOMOHY-
BaHHAM MapLUPYTy HAWCKOPILIOTO MOBEPHEHHA Ha MOTOY-
He/HacTynHe nneue mapLupyTy. OckinbKi € 00MexeHHA foui-
NbHOCTI BUKOPUCTAHHA anropuTMy: HaABHICTb HE3HAYHOro
rpagieHTy abo HYNbOBUIA FPAAEHT LBUAKOCTI Teuii/BIiTpy Ha

(A R R L LSRN ELE]

nneyi MapLupyTy Ta NPAMONIHIHICTL Nneya, y noganbLiomy,
MOXNMBA PO3po0Ka anropuTMy BU3HAYEHHA Takoro Tuny
ataK npv noBOpoTax CyAHa. TakoX MOXNMBE HaKNafaHHA npu
nepesipLi MapLUpyTy LWapy KapTi BUNaZKiB Hanagy niparis,
abo cxoxux Bunaakie cnydinry ana 6inblu AeTanizoBaHoro
aHanisy npy BU3HaueHHi 03HaK cnydinry.
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AJITOPUTM ONPERENEHUA BINAHUA CMYOUHIA BO BPEMA UCMOJIHUTE/IbHOW
NMPOKNALKU NPOrPAMMHbIMU CPEACTBAMU SJIEKTPOHHOW KAPTOTPAGUYECKOW
HABUTALIMOHHO-UHO®OPMALMOHHOW CUCTEMbI

MetpoBckuit AHapeit BanepbeBuy,
KaHZWAAT TEXHUYECKIX HayK, JOLEHT, AOLEHT Kahepbl Cy0BOXKAEHIA 1 INEKTPOHHbIX HABUTALMOHHBIX CUCTEM
XepcoHcKoii rocyapcTBeHHoIi MopcKoii akazemim, T. XepcoH, Ykpauna, e-mail: andreyanybody@gmai.com,
ORCID ID: 0000-0002-3337-9577

AHoTauis. Lenbto ctatbi ABNAETCA pa3paboTka anropuTma BbIABNEHNUA BAUAHUA CNydUHTA NPU UCNONHUTENbHO
npoknagke. Mpepnaraetca pa3paboTatb anroputm BbIABNEHUA CNYQUHTA INEKTPOHHOI KapTorpaduueckoil HaBUraLMOH-
HO-UHOPMALIMOHHOI CUCTEMOK C BO3MOXHOCTAMY YCTPaHeHUs ero nocneacTBuid. Mocie uMnneMeHTUPOBAHUA Npo-
rPaMMHOIA peanu3auuu anroputma soft-fesenonepamu, npeaycMaTpuBaeTca 06HOBNEHME NPOrPaMMHOro obecneyenusa
60opTOBOI# 3NEKTPOHHOI KapTorpaduueckoil HaBUraLMOHHO-MHPOPMALMOHHOI CMCTEMbI IPI 3aX0ze B MOPT, TAe ecTb UX
npeactaBuTenn. B npowecce nccnegoBaHusa UCNonb30BaHbl METOAbI UCCIEA0BAHNA: IMIUPUYECKIe (CPaBHEHNE) 1 Teope-
TUYecKune (aHanu3 n CMHTe3) C MCNOb30BaHNEM TEOPUM HABUTALM, UHHOPMALMOHHBIX CUCTEM 1 aNrOPUTMOB, 0C0OEHHO-
CTeil NeKTPOHHDIX KapTOrpaduueckux cuctem.

OCHOBHble pe3ynbTaTbl UCU1eA0BaHMA. Pa3paboTaHHbIil anropuTM OCHOBAH Ha aHann3e Tpeka no3uuuii cyaHa. Bee no-
3ULNKM TPeKa B HacToALLee BpemA OOpTOBOI INEKTPOHHOIA KapTorpaduyeckoli HaBUraLMoHHO-MHPOPMALIMOHHON CucTe-
MO YCTAHABANBAKOTCA HA INEKTPOHHYIO KapTy Npu BbiOOpe 0NepaTopoM COOTBETCTBYHOLLIErO PEXIMA, HO He OTCIEXIBA-
H0TCA 1 He aHanu3mMpytoTca. Ha 0CHOBE MOMyueHHbIX reorpaduueckinx KoopaMHaT No3uLmii GopMUpyeTCa TPeHA, KOTopbIil
OLieH1BAET BO3MOXHOCTb PaboTbl YCTPOIACTBA NOA KOHTPONEM NMpW CPaBHEHUN TPEHAA U aHHBIX M3 APYroro NCTOYHMKA
NO3ULMOHNPOBAHMA, UM OHO eCTb, Hanpumep ¢ Echo reference unm Estimated position ¢ gaHHbiMu npubopos GPS | DGPS.
Ecnu npon3owwno 3HauuTenbHoe OTKNOHEHWe, anropuTM PaccumMTbiBAeT MapLUPYT BO3BPALLEHUA Ha bnuxaillee nneyo
MapLpyTa C WUCMOAb30BaHUEM COOTBETCTBYIOLIMX WHCTPYMEHTOB INEKTPOHHON KapTorpaduueckoii HaBMraLnMoHHO-
NHGOPMALMOHHOII CucTeMbl. B clyyae ux oTcyTCTBUA — NpeAOCTaBNACTCA peKOMeHA0BAHHbII NepeyeHb reorpaduueckmx
KOOpAMHAT ANA PyYHOr0 NOCTPOEHNA MapLUpyTa BO3BPALLEHNA.

HayuHas HoBu3Ha. MockonbKy MmocnefHMe UCCNE[OBAHUA W PELLEHNA MOCTaBNEHHbIX BOMPOCOB MPOTUBOAENACTBUA
CYQUHTY OCYLLECTBAANMCL B Pa3pe3e YCTaHOBKM JOMONHUTENbHOMO 000py10BaHMA 1 NPU3HAHNA HEOOXOAUMOCTY Hanu-
yna y WTypMaHa bonee pacnpoCTpaHeHHbIX 3HaHNiA U3 06nacTy Teopuu PaaMoCUTHAN0B, NPeAOCTaBNEHHDI anropuT™
obneruut onpefieneHne MOMEHTOB BHELLUHEro KOHTPONA cyaoBoro obopyaosaHna GPS | DGPS nporpaMmHbiMu CpefcTBa-
MM 1 CTaHET 0CHOBOI 1A AaNbHEILLIMX NCCNe0BaAHNIA NO PeLLeHNIo 3TOM Npobnembl AnA KOMMePYECKOro 1 NaccakmpCKo-
ro TpaHcnopta. lpakTuueckas 3HaUMMOCTb JOCTUTAETCA B HECKONbKMX HaNpaBNeHNAX: HET HeOOXOAUMOCTY B JONONHU-
TeNbHOM 00pa3oBaHNM LUTYPMaHOB MO TEOPUI PaZMOCUTHANOB — OCTaTOYHO CTaHAAPTHOI NOAFOTOBKM; €CTb BO3MOX-
HOCTb ONpefenaTb MOMEHT BpeMeHI 3aXBaTa KOHTPOAIA; 0CYLLeCTBNACTCA aBTOMATU3MPOBAHHOE NOCTPOEHIe B MHTEPaK-
TUBHOM peXuMe MapLLpyTa BO3BpaLLeHIA Ha BblOpaHHOE Neyo MapLLpyTa, B Ulyyae 3HAUUTENbHOTO OTKNOHEHNA UC-
TUHHOIA NO3MLMK CYAHA NO AHHBIM NPOBeEHHOI 06cepBaLAn/Apyroro UCTOYHIKA NO3NLMOHNPOBAHIA U aHaNKU3a Tpeka
0T no3uumu no AaHHbIM GPS|DGPS; nononHeHue 6a3bl JaHHbIX COOTBETCTBYIOLMX OpraHu3auuii Ana Bbinycka Admiralty
Information Overlay ¢ Lenbio NoBbILLEHNA BHUMAHNA LITYPMAHOB B JaHHOM pailoHe.

Knioyegole cnosa: >nekmporHas kapmozpaghuyeckas Hagu2ayUOHHO-UHGOPMAYUOHHAS cucmemd, cnyguHe, aneo-
pumm, GPS,
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ALGORITHM FOR DETERMINING THE INFLUENCE OF SPOFING DURING
THE EXECUTIVE LAYING BY THE SOFTWARE OF THE ELECTRONIC CARTOGRAPHIC
NAVIGATION-INFORMATION SYSTEM

Petrovskiy Andrii Valeriyovich,
Candidate of Technical Sciences, Associate Professor, Associate Professor of Department of Navigation and Electronic Navigation Systems,
Kherson State Maritime Academy, Kherson, Ukraine, e-mail: andreyanybody@gmai.com,
ORCID ID: 0000-0002-3337-9577

Abstract. The aim of the article is to develop an algorithm for identifying the impact of spoofing during executive lay-
ing. It is proposed to develop an algorithm for detecting spoofing by an electronic cartographic navigation and information
system with the possibilities of eliminating its consequences. After implementing the software implementation of the
algorithm by soft developers, it is planned to update the software of the on-board electronic cartographic navigation and
information system when entering the port where there are representatives. In the research process, research methods
were used: empirical (comparison) and theoretical (analysis and synthesis) using the theory of navigation, information
systems and algorithms, and features of electronic cartographic systems.

The main results of the research. The developed algorithm is based on the analysis of the track position of the vessel. All
track positions are currently installed on-board electronic cartographic navigation and information system on an electronic
map when the operator selects the appropriate mode, but is not tracked and analyzed. Based on the obtained geographical
coordinates of the positions, a trend is formed that evaluates the possibility of the device working under control when
comparing the trend and data from another source of positioning, if any, for example, with Echo reference or Estimated
position with data from GPS devices | DGPS. If a significant deviation has occurred, the algorithm calculates the return route
to the nearest route shoulder using the appropriate tools of the electronic cartographic navigation and information system.
In case of their absence, a recommended list of geographical coordinates is provided for the manual construction of a return
route.

Scientific novelty. Since the latest research and solutions to the issues raised to counteract spoofing were carried out in
the context of installing additional equipment and recognizing the need for the navigator to have more common
knowledge in the field of radio signal theory, the algorithm provided will facilitate the determination of the moments of
external control of ship GPS equipment | DGPS software tools and will become the basis for further research to solve this
problem for commercial and passenger vehicles. Practical significance is achieved in several directions: there is no need for
additional training of navigators in the theory of radio signals — standard training is enough; it is possible to determine the
time point of control capture; automated construction of the return route to the selected route arm in the interactive mode
is carried out in the event of a significant deviation of the vessel’s true position according to the observational data / other
positioning and analysis source of the track from the position according to GPS | DGPS data; updating the database of rele-
vant organizations for the release of Admiralty Information Overlay in order to increase the attention of navigators in this
area.

Keywords: electronic cartographic navigation and information system, spoofing, algorithm, GPS.
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AHoTauia. Meta (TaTTi € ONUC BUKOPUCTAHHA METOAIB MOHITOPUHIOBIX AOCNIAXKEHD B OCBITHBOMY npovieci. Ha cboro-
[AHILLHII AeHb 06'emin HakonuyeHoi iHpopMaLii NoCTiliHO pocTyTb. 36iNbLLYETbCA KiNbKICTb 3aay, AKi BUPILLYIOTHCA 33
A0MOMOrO0I0 iHTENeKTYanbHOro aHanisy AaHux. HeobXigHo foCniauTI anropuTMI iHTENeKTyanbHOro aHanisy AaHux Ta ix
BUKOPUCTAHHA ANA NPUAHATTA pilueHb B YNpaBAiHHi 0CBITHIM npouecom. Metoau foaigkeHHs. OCHOBOI JOCTiKeHb €
Teopii iHpopmaLii, iHpopmaLliiiHMX cucTem Ta npouecis, ynpasniHHA, onTuMiauii. OCHOBHI pe3ynbTaTit AOCNIIKEHHA.
3aCTOCYBaHHA MOHITOPUHTOBUX AOCAIAMeEHb B OCBITHLOMY NpOLeCi 403BONNTL NPUIAHATIA edeKTUBHI YNpaBNiHCbKI piLueH-
HA. MpoaHani3oBaHo B CTaTTi NPUAATHICTb BUKOPUCTaHHA MeTopiB TexHonorii Data Mining y cdepi ocBiTi Ta BigHOCHa
edeKTMBHICTb iX BUKOPUCTaHHA. [l0CBif BUKOPUCTaHHA OCBITHIX MOKa3HMKIB (iHAMKATOPIB) CBiAYMTL NPO HEOOXiAHICTb
AOTPUMAHHA NEeBHUX BUMOT L{OA0 iX CTPYKTYpK. (MCTeMa NOKa3HMKIB MOBUHHA OYTI: 3a KiNbKiCTI0 NOKA3HUKIB 06MeXxe-
HOI0; CUCTeMA M€ MiCTUTY JOCTaTHIi Habip iHAMKATOPIB; NOBHOI0; aA€KBAaTHOK OCHOBHUM LiNAM i 3aBAAHHAM; AMHAMIY-
HOH0; NErkoto B 06YMCIEHHAX Ta BUMIPIOBAHHAX. 3aCTOCOBYHTb Kilbka CUCTEM NOKA3HUKIB AKOCTI OCBITM Y CBITOBIIl Npak-
UL, AKi MOXYTb BUKOPUCTOBYBATUCA CaMe ANA aHani3y (TaHy OCBITHLOI chepu. BoHn nopinAloTbea Ha ABa TMNN MOfe-
Neil — MiXKHapoZAHi Ta HaLioHanbHi. [1nA aHani3y AaHux B BU3HaueHi AKOCTi 0CBiTI HeobXigHO NocTiiiHo 36upatw, rpynyBa-
I ai, Bi3yanisyBaty ix. [Ind uboro HeoOXiAHO BUKOPUCTOBYBATI OCHOBHI NOKA3HUKN ONUCOBOI CTAaTUCTUKK, MPOBOAUTH
nepeBipKy CTaTUCTUYHIX FiNOTe3, NepeBipKy 3B'A3KY MiX rinoTe3amu, NpoBOAUTI perpeciiiHuii aHani3, NpoBoANTY dakTo-
PHUIA aHani3, BUKOHYBATH Knacudikavito AaHX Ta aHani3 yacoBux pAgis. 1na 06pobku iHpopmaLlii BUKOPUCTOBYHTb efe-
KTPOHHi TabnuLi, MaTeMaThuHi Ta CTaTUCTMYHI NAKeTV | MOBM NPOrpaMyBaHHA Ta CepeioBMULLA iHTENEKTYaNbHOTo aHani3y
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AaHnx. 0fHa 3 HaBaXNMBILNX 3a7a4 06POOKM CTaTUCTUYHMX AAHUX — BUABNEHHA TaKNX NapameTpiB, AKi B KOMNAKTHil
dopMmi A0CTaTHBbO MOBHO XapaKTepu3ylTb BACTUBOCTI reHepabHOI CyKyNHOCTI, L0 BUBYAETbCA. [TonapHe NopiBHAHHA
haKTopiB BONOAIE OAHUM iCTOTHUM HELONIKOM, 3AATHUM 3HAYHOK MiPOH0 YCKNaZHUTM poboTy ekcnepTa. AKLLO AOCNIAXKY-
BaHi KpuTepii ofHOpiAHI, TO6TO iX BNACTUBOCTI HaneXaTb rpadaLii 0AHOT0 PiBHA, TO BiiHECEHHA iX 40 NEBHOTO Knacy He
BUKNMKAE ocobnuaux npobnem. Ane AK TiNbKI Ma€ Mice BiANOBIAHICTb YNHHUKIB rpajaLii pi3Horo piBHA, TO6TO Ko
OAHI GaKTOpI MaIOTb MiHIMaNbHI 3HAUeHHS, iHWI — cepesHi, TpeTi — 6nM3bKi 40 MaKCUManbHUX BiApasy BUHUKAE HeBU-
3HaYeHiCTb, TUM 6iNbLua, UMM CUbHiLe po3KKUA rpajaliii. Y ubomy BUNAZKY ekcnepTy HenpocTo NPUIHATY OJHO3HAUHe
pilweHHA. MeToz aHani3y iepapxiil nonArae B nonapHoMYy 3icTaBneHHi (pakTopiB. Pe3ynbTati napHuX NopiBHAHb NpeacTas-
NAITb Y BUrAAZI MAaTPUL X;j, A€ X;j 03HAYA€E BiHOLIEHHA Bar BIANOBIAHNX KpUTepiiB. [1nA BUpiLLEHHA JAHOr0 3aBAaHHA Mo
METOAY aHaNITUYHOI iEpapXiuHoi npoLeaypy po3pobeHuii anropuT™ AnA BU3HAUeHHA BaroBuX KoeiLlieHTiB No KOXHOMY
KpuTepito i po3pobneHa nporpama AnA ix BU3HaueHHA. B noganbLuomy ix BUKOPUCTOBYIOTb ANA iHTENEKTYaNbHOro aHanisy
AaHnx. HaykoBa HoBu3Ha. be3 cyyacHoi aHaniTMKK Ta JOCTOBIpHUX MOKA3HUKIB, Takux AK 36ip, ONpawioBaHHA Ta aHani3
OCBITHIX AaHWX, BNPOBAKEHHA OCBITHIX pepopM HeMOXNuBe. 3anponoHoBaHa cuctema 06pobKM iHdpopmaLlii OCBITHIX
YCTAHOB 3 BUKOPUCTAHHAM iHTENeKTYanbHOro aHanisy AaHux. Po3pobneHo HOBi KoHLenuii i Mogeni, Wwo Ao3sonunu Gpop-
Mani3yBaTy BUABNEHI B3aEMO3B'A3KIN MeTOAY aHaNITUYHOI iEpapXiuHOi NpoLieaypY Ta iHTENeKTYanbHOro aHanisy AaHuX
CKNajoBMX KOMMOHEHTiB iHGOPMaLiliHMX NpoLeciB HAaBYAHHA 3 enemeHTaMi Teopiil iHpopMaLil Ta OnTUMI3aviiiHoro
yNpaBniHHA iHOOPMALiiHMMI CUCTEMAMI, AOCATAlOYM BAOCKOHANEHHA KOMN'HOTEPU30BaHNX iHHOPMALLiHIX TEXHONON 3
ypaxyBaHHAM AKOCTi OCBITH.

[paKTMyHa 3HaunMMicTb. Po3pobKa iHCTpyMeHTapito And NpoBeAeHHA LOCTIAXKeHb 3anponoHOBAHOMo anropuTmy 3 me-
TOH /10r0 NOJANbLUIO0 NOKPALLEHHA T BAOCKOHANEHHA Ta iHTerpaLii 3 iHLIUMU cucTemMamu,

Kntoyoei cnoea: iHgopmayiiina mexHonozis, Komn'tomep, Mepexa, CUCmeMd, Npoyec, HAB4aHHS, ocsima.

MocraHoBKka npo6nemu. [poaHanisyBaty cyyacHi Te- BonoxaHina 0.A. B (BOiX npauAx 3BepTae ygary Ha Te,
XHOMOFii aHani3y iHhopMmaLlii 3 MeTOI0 BIU3HAUEHHA B HaKO- L0 CUTYALLiA HA PUHKY NPaLli | PUHKY OCBITHIX NOCYT BULLO
MAYEHUX JaHMX KOPUCHWX 3HaHb. Ha OCHOBI OTPUMaHMX  LUKONM BUMAraE iX B3aEMO3B'A3KY 3 METOI0 YperymnioBaHHa
pe3ynbTaTiB BU3HAUNTUCA 3 MPUAHATTAM ONTUManbHUX  Aucbanacy [3].

YNPaBAiHCbKKUX pilleHb B OCBITHbOMY npoueci. B Haw yac flk 3a3Havae B. KpemeHb, «MuCTeuTBO i TanaHt ne-
HI3bKa AKICTb YKPAHCbKOI OCBITU CTaE NPEAMETOM Cepii03-  Aarora € LeHTPabHOK aTpuOYTMBHOK NaHKOKW B i
HOro 3aHEMOKOEHHA BITUM3HAHNX poboToaaBuiB. AKicTb TMX  cuctemi». Came Bif BunTena 6arato B YoMy 3anexuTb i
XTO HaBYAETbCA, MOXHA OXapaKTepu3yBaTit 3a JONOMOTOK  AKICTb NpoLecy Ta pe3ynbTaTy HaBYaHHA, i MOTUBALiN-
TaKUX MOKA3HWKIB: 3HaHHA 3 MNPOQINbHUX AUCLMINIH;  Hi JeTepMiHaHT 0COOUCTOCTi TUX, XTO HABYAETbCA, a
KOMM'I0TEPHA FPaMOTHICTb; PiBEHb BOMOAIHHA iHO3eMHOl0  B3arani — CKnafoBi AKicHoi ocBiTU. (ame Tomy, CTaH
MOBOH; DaXaHHA HABYATMCA; PiBeHb iHTENEKTY; AYXOBHUA  CYYacHOro CyCMinbCTBa, AKe XapakTepusyeTbca BUCO-
PO3BUTOK; KPEaTUBHICTb; PiBeHb PO3BUTKY MaM'ATi; AUCUMM-  KUM AUHAMI3MOM Ta MAUHHICTIO 6inbLIOCTi coLianbHuX
NIHOBAHICTb; HANONErNMUBICTb; NpaLe3aaTHICTb; CNOCTepeX-  MPOLECiB, CTA€ BAX/MBILIOKW AETEPMIHAHTOI HOBUX

NMBICTb; YMiHHA NNaHyBaT! Kap'epy Ta iHLL. $opm, HanpAMKIiB yJOCKOHAaNeHHA BYMTENs Ta 1A0ro
AHani3 ocTaHHix pocnimKeHb i nyonikauiii. B na-  IHTeHCMBHOCTI.
Huit yac metoam Data Mining oTpumanu wupoke nowm- 3a3HayeHe KONO NuTaHb BUKINKAE LINPOKNIA iHTEpeC

PEHHA B Pi3HNX chepax AisnbHocTi. JocnimkeHHAMM B Uil HaykoBLiB. [lepiw 3a Bce, ue ¢pyHAaMeHTanbHi po3pobku
obnacti 3aiimaloTbea Taki BueHi, Ak A.A. bapceran, M.C.  npobnem ocBiTv B 3axiaiii couionorii. OyHKLiOHaNbHWIA
Kynpiatos, I'. Msateuxiit-Lanipo, X. Pomecbypr, [IX. XaH.  Hanpamok npeactasnexnii pobotamu E. [lopkreiima,
Mpobnemn aHanisy faHux oCBiTHLOrO npouecy po3rnaga-  P.Meptoua, T. llapcouca, B AKUX 0CBITa PO3rIAAAETLCA AK
NUcA B poboTax Takux BueHNX, Ak P. bakep, J.I. Tpurop'eB  $peHOMeH, Lo Cnpuse iHTerpawii cycninbCTea Ta inoro iHCTU-
Ta iHLi. TyTiB [4].
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(borozHi 3arasnbHi NUTaHHA TpaHCQopMmaLii, MofepHi3aLi
Ta pepopMyBaHHA BITUU3HAHOI OCBITHBOI Chepy FPyHTOBHO
BUBYAIOTLCA BUeHUMM. CyyacHi 3apybikHi Ta BITUMHAHI
HaykoBui (/1. Bnacuany, A. BpoeiiHctuiin, CIl. Kyano Ta iHwi)
BUBYIOTb Npobnemi 3abe3neueHHA AKOCTi OCBITI Y 38A3KY 3
il IHCTUTYLiOHANbHOK OLHKO. fIKICTb OCBITU PO3rNAKAETbCA
HUMMU AIK BiSNOBISHICTb iepKaBHOMY CTaHAApTY.

0. I. JlaweHKo, A0KTOp neaaroriyHux Hayk, npode-
cop, Aiicunii unen HAIH Ykpaitu Bigmituna, wo: «Moby-
A0Ba HaLliOHaNbHOT CUCTEMU MOHITOPUHTY AKOCTI OCBITH
notpedye UiTKOro PO3yMiHHA OCHOBHUX 3acaf, L0 MakTb
OyTU noknajeHi B OCHOBY 3AiACHEHHA MOHITOPUHTOBMX
AocnigxkeHb B YKpaiHi, i BiANOBiAi Ha KiNbKa KOHKPETHUX
MUTaHb, AKI NOBUHHI BTN BifoOpaXeHi B KoHLenwii Hauio-
Ha/bHOI CUCTEMU MOHITOPUHTY AKOCTI 0CBITU» [5].

(TaTUCTUYHI MeTOAM OLIHIOBAHHA AKOCTi OCBITU PO3K-
puTi B Npauax npodecopa, A.9.-M.H., akaaemika AH BuLoi
wKonu Ykpainu B. Bakxpywwuna [6].

lepeniyeHi foCNiAHUKN PO3KpUBaNKM y CBOIX poboTax
OKpemi acnektu npobnemn AKkocti ocBiTW. [lpu ubomy
COLiONOriYHMIA MiAXiA A0 iT BUBUEHHA 3aNULLINBCA He peani-
30BaHMM Y NMOBHiIil Mipi. 30Kkpema Lie TOPKAETbCA PeHome-
HY AKOCTi 3aranbHoi cepefiHbOi 0CBITH [3].

Meta pocnipxeHHs. [loMunKoBO HaBYANbHI 3aKnaan
3aliMal0TbCA B OCHOBHOMY pe3ynbTatamiu CBOET ifNbHOCTI i
AOCATHEHHAMM (BOIX BUXOBAHLIB, NOTiM BUOYLOBYIOTH Ha iX
0CHOBI YNPaBNiHCbKI PiLleHHA TiNbKI I0KaNbHO0 3MICTY.

Ynpoposx ocTaHHix pokis BunyckHukn 3HO, wo maiotb
Hamip Bctynati go BO3, npoxoaATh 30BHilLHE He3ane-
XKHe oLliHIOBaHHA. HakonnueHo 3HauHNii maTepian, AKMiA
notpebye [A0AATKOBOTO OMPALIOBAaHHA AK pe3ynbTatiB
JOCNiIKeHb iHTeNeKTyanbHOro aHanisy JaHux B OCBITHbO-
MY nipoLieci.

[laHi OLiHIOBAHHA NOBIUHHI JONOMOITY BU3HAUUTY C1a-
OKi Ta CUNbHI CTOPOHM YKPAIHCbKOI CUCTEMI OCBITH
puc. 1 [5].

mMeToam

iHbopmauii

36ip

OLiHIOBAHHA

cyb'ektnn

BcTtaHoBneHHA KpuTepiis
LANA OUiHKKM iHpopMmaLii

Puc. 1 - OuiHrosaHHsA 6 cchepi oceimu

[na NpUAHATTA ONTUMaNbHUX YNPaBAIHCbKUX pilleHb
B OCBITHbOMY npoueci HeobXigHO NMpOBOAMTH MOCTiiHO
iHTeneKTyanbHWi aHanis AaHux 3a JOMOMOroK0 Cy4acHuX
3acobiB Data Mining [10, 12].

Pe3ynbTaT gocnimkenb. fIk Biomo, metoau Tex-
Honorii Data Mining we niHiiiHa perpecis, HeiPoHHI Mepe-
Xi, AepeBa NpUAHATTA piweHb Ta K-6nuxyoro cyciga.
[HTenekTyanbHuiA aHani3 AaHUX HeobXigHO NPOBOANTY 33
A0MOMOr00 BUKOPUCTAHHA 3aC00iB ynpaBRiHHA MOAENAMN
Data Mining B pepakTopi Mogeneil. Penaktop mogeneit
A€ MOXNUBICTb CTBOPIOBATY, NOPiBHIOBATI Ta popMyBaTH
Ha X 0CHOBi nporHo3u. [ina Bubopy Mogeni B pefakTopi €
MOX/NBICTb BUKOPUCTATI 3acib AnA NopiBHAHHA Mofeneli
Mining Accuracy Chart [12].

41

Migxoam go ouiHkmu epektnHocTi y BO3: aHani3 ycniw-
HOCTi Ta iX Y4acTb Y aKTUBHOCTAX YHiBepCuTeTy, aHani3
BUKNAAALUbKUX METOANK, aHani3 BifNOBiAHOCTI HaBYaNb-
HIX Nporpam noTpedam pUHKY npaui Ta iHTepecam CTeiik-
xongepis. YKpaiHa QikcyeTbcA AK OAHA i3 TUX, AKa Mae
HalibinbLui y CBITI CycNiNbHi BUTpaTH Ha OCBITY. Tomy po3y-
MHO NONITUKaM Ta rpoOMaACbKOCTi NOCTaBUTU MUTAHHA NPO
edeKTUBHICTb BUKOPUCTAHHSA 3HAUHUX OIO[KETHIX KOLLTIB,
AKi 3a3BMYail BUZINAKTL HA PO3BUTOK OCBITHLOI ranysi B
YkpaiHi [6]. Tomy, AKwo roBoputh npo obcarn odiuliinHux
NPUBATHUX BUAATKIB HA OCBITY B YKpaiHi TO BOHU € JOCUTD
3HaYHUMK. Bcboro nonoBMHa BUMYCKHUKIB YKPaiHCbKNX
yHiBepcuTeTiB 3aTpebyBaHa pobotogasuamu. Lle € cepiio-
3Ha npobnema MailbyTHLOrO iHHOBALIiHOTO PO3BUTKY
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CyCNinbCTBa BXe 3aBTpa. He 30BCIM 3a0BONbHAE CUTYa-
LA, AKa CKnanaca B rany3i 3aranbHoi cepefHbOI 0CBITH. 3a
CTaTUCTUYHUMI JAHUMIM, Yepe3 KOPOTKMIA yac nicnd npa-
LieBNALUTYBAHHA 32 HanpaBfieHHAM CMOCTepiraeTbCA TeH-
JeHLlif 3MeHLLEeHHA NPaLeBnaluToBaHNX BUMYCKHUKIB.

[TpoBefieHi gocnigeHHA, NOKa3anu, Wo pi3Hi CTeiikxo-
NAepu iHTepNpeTyiTb «XOPOLUNIA YHIBEPCUTET», OPIEHTYI0-
umCb Ha pi3Hi rpynu nokasHukis. 3okpema, poboTogasui Ta
abiTypieHTn 6inbLLO MIpOI 30PiEHTOBAHI Ha pe3ynbTaTy
OCBITHbOT JiANbHOCTI, NPeACTaBHUKN AepPXaBHUX OpraHis
BN OLIHIOKTb AKICTb HaBYANIbHUX 3aKNaAiB 33 HAABHU-
MU Y TUX pecypcamu, a ina CTYAEHTIB Ta BUKIaayiB Benu-
Ky posb BigirpatoTb npouecu [6].

(nctema MeHePKMEHTY AKOCTI OCBIT € iHTErpOBaHOK.
BoHa opieHToBaHa Ha cyyacHi iHdpopMmaLlifiHi TexHonori, BUKO-

PUCTAHHA JO0CATHEHb Teopil i NPaKTUKN MeHemKMeHTy. [i

YCMILLHICTb MOXe OLiHIOBATUCA LUNAXOM BUKOPUCTAHHA AKiC-

EEEREES

HIX i KinbKicHMX noka3HuKiB [10]. Y nepcnekTii HeobXigHMIA
PO3BUTOK He3a/eXHIX (30BHILLHIX) OLIHOK AKOCTI AiANbHOCTI
OCBITHIX YCTaHOB. TakuM UMHOM, MPAKTUKA OLHKW AKOCTi
NiAroTOBKI BUMYCKHUKIB, L0 CbOMOAH iCHY€E, HOCUTD rany3e-
BUA XapakTep. BignoBigHo A0 OKpecneHuX YnpaBRiHCbKUX
OYHKLIA pi3HUX CNOXMBauiB iHdOpMaLi LLoA0 pe3ynbTatis
MOHITOPUHTOBMX AOCTIMKeHb OCBITIA MOMHA 3p00UTI TpUBia-
NbHWI  BUCHOBOK: 3a JOMOMOIOI0 €AUHOr0 (opmary
MOHITOPUHIY AKOCTi OCBITH, AKUM OGN JOCKOHANUM BiH
He 6yB, 3aI0BONbHUTY BCi 3aLliKaBNneHi CTOPOHMU He-
MOX/INBO; NOTPiGeH CUCTeMHUIA MOHITOPUHT OCBITH.
TaKkiuin MOHITOPUHI AKOCTI OCBITU Nepeabdayae pi3HobiuHe i
baratonapameTpuuHe 00CTEXeHHA PisHUX 00'€KTiB cucTemn
OCBITU | NPOLIECiB, LLIO BNAMBAOTb HA AKICTb IX (yHKLIOHYBaH-
HA,, YHAONIZOK AKOr0 KOXHA i0ro CKMajoBa € HOCEM NeBHOro
Habopy KpuTepiiB i NOKa3HUKIB, WO BigobpaxalTb AKICTb
CACTEMI OCBITU B LiiNOMY, CUCTEMHO Tabn. 1.

Tabnuua 1

MoKa3HNKM MOHITOPUHTY AKOCTi 0CBITH

Tun nokasHuka

[puKnag nokasHuka

BxigHi pecypcun (TaH bypisenb

Meb6ni
06nagHaHHA
Jlabopartopii

Bik

YMOBY NPoXMBaHHA

3aranbHa KinbKicTb yuHiB, CTyieHTIB

KinbKicTb noBHMX CTaBOK
(niBBIAHOLIEHHA KiNbKOCTi YYHIB ab0 CTYAEHTIB Ta BUKNajauiB

HauanbHi npouec

HaBaHTaXeHHA BUKNafavis

P03yMiHHA YNHHIKIB, L0 BMAMBAKTb HA HABYAHHA
HaBuanbHa nporpama

MoxnuBicTb HaBuaTnca

KinbKictb npeaAMeTHUX roANH

BiagigyBaHHA iHcnekTOpiB

Pesynbtati (Hacnigku)

BiaginysaHHA
Arpecis

JlocArHeHHA 3 KNYoBUX NpeaMeTiB
KinbKicTb yuHiB ab0 CTYAEHTIB LLIO 3aKIHUMAN HaBYAHHA
KinbKictb yuHiB abo CTyAEHTIB, WO YCNiLLHO CKnagakTb icnuty, %

YXXUBAHHA HAPKOTUKIB
MNpobnemn Aucumnninm
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MoHiTOpUHT CTBOpIOE IHPOPMALiliHy CucTemy, AKa noc-
TiilHO NOMOBHIETLCA, L0 BKa3ye Ha be3nepepBHicTb Bifc-
TEXeHHs, a TaKOX BK/0Yae po3pobky anapary Ta TeXHono-
rii BUMIPIOBAHHA iCHYIOUOr0 CTaHy 00'ekTy. MoHiTOpUHT
noTpebye CMCTeMATUUHOCTI Ta NOCTIAOBHOCTI AOCNIZKEHHA
npobnem, a AKICTb pe3yNbTaTiB MOHITOPUHTY 3aNeXUTb B
AKOCTI TexHonorii Ta iHCTPYyMeHTapilo AnA OUiHI0BaHHA
[10].

JlianbHictb yuboBMX 3aKnagie BU3HAYAKTLCA 3 [ONO-
MOrOI0 3arajibHOro iHAEKCy perTUHIoBoiI OLiHKN — I3. Llei
iHAEKC € IHTErpanbHUM i BU3HAUYAETbCA TPbOMA KOMMAEKC-
HUMI KpuTepiamm (iHgekcamn):

[3=IHn+ IH + ImB, (1)

fie — IHN — iHAeKC AKOCTi HayKOBO-NeaaroriyHoro no-

TeHLiany, 3HaueHHa AKOro 3MIHIOITbCA B Aiana3oHi 2o 50
BifICOTKiB;

—  |H—iHAeKc AKOCTi HAaBYAHHS, AKNIl 3MIHIOETbCA B
Jiana3oHi ao 30 BiACOTKiB;

- IMB — iHJieKC MiXKHAPOAHOrO BU3HAHHSA, 3MiHI0-
€TbCA B Aiana3oHi 4o 20 BiAcoTKiB.

KoxHuii KoMNeKCHUIA KpuTepiil BU3HAYAETbCA rpynoto
iHOMKATOPIB, Nepenik AKWX i3 BiANOBIAHUMW BaroBMMM
KoediLieHTaMn HaBeAeHNIA y Tabani 1.

Baroi KoediuieHTn BM3HaualTbCA rpynok daxiBuis
BMCOKOTO PiBHA B Fany3i HayKu Ta 0CBITU i3 3CTOCYBAHHAM
METOAY eKCNepTHOro OLiHIoBaHHA [7].

[pONOHYETbCA BUKOPUCTAHHA NPOrpamMHoOro 3abesne-
YeHHA AnA 06poOKM BENMKOI KiNbKOCTI AaHNX B XepCOHCb-
KOMY perioHanbHOMy LIeHTPi OLiHIOBaHHA AKOCTi OCBIiTU 3
METOI MPUAHATTA BIiPHOr0 YNpaBRiHCbKOTO PilleHHA Bif-
HOCHO AKOCTi OCBITW. [InAl BUPiLLEHHA JAHOT0 3aBJaHHA MO
METOAY aHaNiTUYHOI iepapXiuHoi npoueaypu po3pobneHnii
anropuT™ ANA BU3HAUYeHHA BaroBUX KoeiLieHTiB No KO-
HOMY KpuTepito i po3pobneHa nporpama.

Y nporpami € MOXNMBICTb BHOCUTY 3MiHU, pedaryBaTh
iHpopmavjto Ta MopenioBaTu pi3Hi BapiaHTW. OnucaHy
npoueaypy, AKa BUKOPUCTOBYETbCA B NMPOrpami MOMHa
iHTepnpeTyBaTh, AK CMPOLIEHNA METOJ BU3HAYEHHA 3Ba-
KEeHOro cepeaHboro. Metoa moxe BUKOPUCTOBYBATU He-
BU3HAueHy i cy6'ekTUBHY iHdopMmaLlito. MeToa GopmyBaH-
HA BEKTOpY nepesar [403BOJIA€ BUKOPUCTOBYBATY iHAMBI-
AyanbHy LKany OLiHOK NonapHNX NopiBHAHb

[puKnag BUKOHAHHA PO3PaXyHKIB ANA YOTUPLOX KpU-
TepiiB i ANA YOTMPbOX pailoHiB XepCOHCbKOI obnacti Ha
puc. 2. HeobxiaHo nonapHo NOPIBHATM YOTUPK PalioHN o
KOXHOMY KpuTepito.
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MatemaTUyHWIA aHani3 BUpILIEHHA 3aBAaHb NOKA3Ye,
L0 AKLLO NPV BBEAEHHI BXIAHUX JaHUX He 6yno AonyLieHo
NOMUNOK, T06TO BXiAHI AaHi 330BONbHAIOTb BCTaHOBe-
HUM ANA CMCTEMU 0OMEXEHHAM, TO OTpUMAHe pilleHHA
AilicHo by e BiANOBIAATI NOCTABNEHOMY 3aBAAHHI.

OTpuMaHe pilleHHs, NpU BWKOHAHHI NPOrpamHoro
MPOAYKTY, 3 TOUKN 30Ppy €KOHOMIKN € onTUManbHuM. [pu
BUKOPUCTAHHI [JAHOTO MeTOAY 3HAYHO EKOHOMAATHCA
BUTpaTV poboyoi cunm i yacy. KopuctyBay Mae MOXAUBICTb
OTPUMATH pe3ynbTaT Po3paxyHKIB BaroBux KoedillieHTiB,
penarysatii Ta MOJeNIOBATH Pi3Hi BapiaHTW Npu NpoBefeHi
JOCTiIXKeHb.

BucHoBKuN. BUKOpUCTOBYIOUM AKICHI XapaKkTepucTuku
AIANbHOCTI Y4b0BMX 3aKNAJiB, MOXHA CKa3aTi, 40 BOHMU

LEE R AR RN LN ELE]

MOB'A3aHi 3i 3HAUHUMI CKNAJHOCTAMM Y 3B'A3KY 3 BifCyT-
HiCTIO B YKpaiHi JocBigy, GaxoBoro noteHuiany Ta oprai-
3aUiiHNX 3acag AnA 06'eKTMBHOMO 3aCTOCYBaHHA MeETOAIB
eKCMepTHOro OLiHtoBaHHA. [poaHani3oBaHo migxoau [o
OLiHKN edekTnBHocTi ocgiTi y BO3. MpoananizoBaHo npu-
JATHICTb BUKOPUCTAHHA MeTopiB TexHonorii Data Mining y
chepi 0CBITU Ta BiAHOCHA €EKTUBHICTD iX BUKOPUCTAHHA.
3BepHeHa yBara Ha BiACYTHICTb IHTErpOBAHOr0 anroputmy
36opy Ta Binbopy AaHux. Po3pobneHo Ta MpoTecToBaHo
nporpamHuii JOAATOK, L0 Bif0OpaKa€e BaroBi KoediLlieHTn
00paHux KputepiiB B OCBITHbOMY npoueci Ana Bigbopy
AaHux. [laHuit nporpamHuUil NPOAYKT Ja€ MOMMBICTb
ypaxyBaTii OKpemi Kputepii, L0 MOXYTb BMIMHYTU Ha
KiHLieBuiA pe3ynbrar.
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UCCNEQOBAHUE AJITOPUTMOB UHTEJUIEKTYAJIbHOTO AHAJIU3A AAHHbBIX
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AxHoTaums. Llenb cTatbn ABNAETCA ONUCAHUE UCMONb30BaHUA METOJ0B MOHUTOPUHTOBBIX UCCEA0BAHNIA B 06pa30-
BaTenbHOM npovecce. Ha cerogHAWHNMIA fieHb 06bEMbI HaKONAEHHOI MHGOPMALIMN NOCTOAHHO PacTyT. YBenuumBaeTca
KONMYeCTBO 3aJjay, KOTOpble PeLaloTca ¢ MOMOLLbI UHTeNNeKTYanbHOro aHanu3a AaHHbIX. Heobxoanmo nccnegoBatb
aNropuUTMbl UHTENEKTYANbHOT0 aHanu3a AAHHbIX W UX UCNOb30BaHIe ANA NPUHATUA PeLLeHuil B ynpaBneHun 06pa3oBa-
TenbHbIM npoueccom. Metogbl nccnefoaqna. OCHOBOI UCCE[OBaHNIA ABAAETCA Teopuu MHdopMaLmn, UHPOPMaLMOH-
HbIX CUCTEM U NPOLLECCOB, ynpaBneHua, onTumusaumn. OCHOBHbIe pe3ynbTathl uccnefoBaHuA. [lpumeHeHre MOHUTOPUH-
rOBbIX MCCNIEA0BaHNI B 06pa30BaTeNbHOM NpoLecce NO3BOAUT NPUHATL YQPeKTUBHbIE ynpaBneHyeckue peluerus. lpo-
aHaNN31poBaHbI B CTaTbe NPUrOAHOCTb CNOb30BaHIUA MeTof0B TexHonoruu Data Mining B cepe 0bpasoBanua u 0THO-
cuTenbHaA IGeKTMBHOCTb MX MCMoNb3oBaHUA. OMbIT UCMONb30BaHMA 00pa30BaTeNbHbIX NOKa3aTeNneil (MHANKATOpOB)
(BUAETeNbCTBYET 0 HeobxoaumocTh cobiofeHns onpegeneHHbIx TpeboBaHuil No ux CTpykTypbl. (uctema nokasateneii
AOMKHA ObITb: N0 KONYECTBY NOKa3aTeneli orpaHNyeHHOI; CACTeMa JOMKHa COAepXaTb A0CTAaTOUYHbIA HAbOp UHANKaTO-
POB; NMOMHON; afieKBATHON OCHOBHbIM LiENAM 1 3aa4am; AUHAMUYHON; N1Erkoil B BbIYMCNEHUAX U n3MeperuaX. Tpumens-
H0T HECKONbKO CUCTEM NOKa3aTeneil KauecTBa 06pa3oBaHuA B MUPOBOIl PAKTUKe, KOTOPble MOTYT UCMONb30BaTbCA UMEH-
HO /1A aHanu3a CoCToAHMA 0bpa3oBaTenbHoil Chepbl. OHU fenATca Ha ABa TUNa Mogeneli — MeXayHapoAHbIe i HaLMo-
HanbHble. [InA aHanu3a AaHHbIX B onpefienieHHble KayectBa 00pa3oBaHna He0bXoANUMO NOCTOAHHO COBMpaTb, rPynNMpo-
BaTb AaHHble, BU3yanu3uposatb ux. [1nd 370ro HeobXoaMMO UCMONb30BaTh OCHOBHbIE NOKA3aTeNy ONUCATENbHON CTaTu-
CTUKM, TPOBOAUTb NMPOBEPKY CTaTUCTUYECKIX TAMOTE3, NPOBEPKY CBA3M MEXAY rMnoTe3amu, npoBOAUTL PerpeccuoHHbIN
aHanu3, NpoBOAUTL (AKTOPHbIA aHaNN3, BbINOMHATL KNACMQMKALMIO AaHHBIX 1 aHanU3 BpemeHHbIX pafoB. [Ina obpa-
00TKI UHGOPMALMN UCMONb3YIOT INEKTPOHHbIE TAbNULbI, MaTeMaTUyeckIe 1 CTaTUCTUYECKUe NaKeTbl U A3bIKA NPorpam-
MUPOBAHUA 11 CPefibl UHTENNEKTYanbHOro aHanu3a AaHHbIX. 0fHa 13 BaXHeNLMX 33434 00paboTKM CTaTUCTUYECKIX aH-
HbIX — BblABJIEH!E TaKUX NapamMeTpoB, B KOMMAKTHON (opMe JOCTaTOUYHO MOMHO XapaKTepu3yHT (BOICTBA reHepabHOIl
COBOKYMHOCTM, U3yyaeTca. [lonapHoe cpaBHeHue (akTopoB 06MaJjaeT OHUM CyLLECTBEHHbIM HeOCTaTKOM, CMOCOOHBIM B
3HaUUTENbHOI CTENeHN 0CNOXHUTL paboTy sKcnepTa. Ecm uccnefyemble Kputepun 0JHOPOAHDI, TO eCTb WX CBOWCTBA
NpUHAZNeXaT rpafiaumin OAHOTO YPOBHA, TO OTHECEHUE UX K OnpeJeneHHoMY Knaccy He Bbi3blBaeT 0cobbix npobnem. Ho
KaK TONbKO MMeeT MecTo CooTBeTCTBIe (akTOPOB rpajaLiu pa3HOro YPOBHS, TO eCTb KOrAa 0OfHM GaKTopbl UMEIOT MIAHU-
MaslbHble 3HaUeHNA, Apyrue — CpefiHue, TpeTbi — ONM3KN K MAaKCUMaNbHBIM Cpa3y BO3HUKAET HeonpefeneHHoCTb, Tem
bonblue, yem cunbHee pazdbpoc rpajaumii. B 3om aiyyae skcnepTy NpocTo NPUHATL 0AHO3HAYHOE pelueHne. MeToj aHa-
N13a Mepapxuii COCTOUT B MOMAPHOM COMOCTaBAeHUN GaKTopoB. Pe3yNbTaTbl NApHbIX CPaBHEHMIA NPeACTABNAIT B BilAe
MaTpuubl Xij, Fe Xij 03HauaeT OTHOLLEHVe BeCOB COOTBETCTBYIOLLMX KpuTepues. [nd peLueHnsa JaHHOI 3aaauu no Metody
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aHaNMTMYeCKOl epapxuyeckoil NpoLeaypbl pa3paboTaH anroputm AnA onpefeneHua BeCOBbIX KOIPOULNEHTOB N0 Kax-
AOMY KpuTeputo 1 pa3paboTaHa nporpamma Ana ux onpefeneHis. B fanbHeliuem ux ncnonb3yiot And UHTENNEKTyanbHo-
ro aHanu3a faHHblx. HayuHas HoBuM3HA. be3 coBpeMeHHOI aHanMTUKKM 1 JOCTOBEPHbIX NOKa3aTenel, Takux Kak coop,
06paboTka 1 aHanu3 06pa3oBaTebHbIX AaHHbIX, BHEAPeHUe 00pa3oBaTeibHbIX pehopM HeBO3MOXHO. [peanoxeHHas
cuctema 06paboTKu MHGopMaLmMn 06pa3oBaTeNbHbLIX yUpeXAeHMil C MCNONb30BAHUEM UHTENIEKTYaNbHOrO aHanu3a faH-
HbIX. Pa3paboTaHbl HOBbIE KOHLLeNLMN 1 MOJeNK, KOTOpble N03BOANAM GOPMAnu30BaTh BbIABNEHbI B3aUMOCBA3N METOAA
aHaNMTMYeCKOl epapXnyeckoil MpoLieaypbl U MHTENNeKTYanbHOro aHanu3a JaHHbIX COCTABNAILMX KOMMOHEHTOB WH-
$OPMALMOHHDBIX NPOLIECCOB 00YUEHNA C 3NeMeHTaMI TeOpUN MHGOPMALMKM 1 ONTUMU3ALMOHHOTO YNpaBNeHNA HopMa-
LMOHHBIMU CMCTEMaMK, JOCTUraA COBEPLUEHCTBOBAHIA KOMMbIOTEPU3NPOBAHHbIX NHOOPMALMOHHDBIX TEXHONOTUI C yye-
TOM KauecTBa 06pa3oBaHua.

MpakTuyeckas 3HauNMoCTb. Pa3paboTka MHCTPyMeHTapuA AnA NpoBefeHINA UCCNeS0BAHII NPEAN0XKEHHOT0 anropuT-
Ma C LieNbIo ero AanbHeiLIero ynyyLieHna 1 CoBepLUEHCTBOBAHNA U MHTErPaLyI ¢ APYTUMM CUCTEMAMU.

Kniouesbie cnosa: uHgopmayuoHHas mexHonozus, Komnblomep, cems, cucmema, npoyecc, 06yyeHue, 06pasosarue.

RESEARCH OF ALGORITHMS OF INTELLECTUAL DATA ANALYSIS
IN THE EDUCATIONAL PROCESS

Raisa Zakharchenko, Ph.D.
(Candidate of Technical Sciences), Associate Professor, Associate Professor of the Department of Software and Technology,
Kherson National Technical University, Kherson, Ukraine; E-mail: zraissa2@gmail.com, ORCID ID: 0000-0003-4650-3095

Tetiana Kiryushatova, Ph.D.
(Candidate of Technical Sciences), Associate Professor, Associate Professor of the Department of Software and Technology, Kherson National Tech-
nical University, Kherson, Ukraine; E-mail: TanyaKir1963@gmail.com, ORCID ID: 0000-0002-0000-0065

Oleksandr Chebanenko,
graduate student of Software and Technology, Kherson National Technical University, Kherson, Ukraine;
E-mail: alexandrchebanenko@gmail.com, ORCID ID; 0000-0002-3816-5383

Abstract. The objective of the article is a description of the use of monitoring research methods in the educational
process. To date, the amount of accumulated information is constantly growing. The number of tasks that are solved with
data mining is increasing. It is necessary to explore the algorithms of data mining and their use for decision making in the
management of educational process. Research methods. The basis of research is the theory of information, information
systems, and processes, control, optimization. Main research results. The applying of monitoring research in the
educational process allows to make effective management decisions. The article analyzes the suitability of using the
methods of Data Mining technology in education and the relative effectiveness of their use [12]. Experience in using
educational indicators reveals the necessity of compliance certain requirements for their structure. The metrics list should
include limited number of metrics; the system must contain a sufficient set of indicators; it should be complete; adequate to
the main goals and objectives; dynamic; easy to calculate and measure. There are several quality education systems world-
wide that can be used to analyze the state of the education sector. They are divided into two types of models —
international and national ones[1]. In order to analyze the data in certain qualities of education it is necessary to constantly
collect, group the data and visualize it. To do this, you need to use the basic metrics of descriptive statistics, test statistical
hypotheses, test the relationship between hypotheses, perform regression analysis, perform factor analysis, perform data
classification and time series analysis. Spreadsheets, mathematical and statistical packages and programming languages
and data mining environments are used to process information. One of the most important tasks of statistical data
processing is to identify parameters which are able to characterize the properties of the studied altogather in a compact
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manner. Pairwise comparison of factors has one disadvantage, which can significantly complicate the work of an expert. If
the studied criteria are homogeneous, that means that they possess the properties of the gradation of the same level, then
their classification in a particular class does not cause any particular problems. But as soon as correspondence betweenof
the factors of gradation of different levels takes place, that is, when some factors have minimum values, others — average,
others — close to the maximum, the uncertainty arises at once, the greater the greater the variation of gradations is. In this
case, it is not easy for an expert to make a unambiguous decision. The method of analysis of hierarchies consists in pairwise
comparison of factors. The results of pairwise comparisons are presented in the form of a matrix xij, where xij denotes the
ratio of the weights of the respective criteria. To solve this problem by the method of analytical hierarchical procedure, an
algorithm was developed to determine the weights for each criterion and a program was developed to determine them.
Later they are used for data mining. Scientific novelty. Without modern analytics and reliable indicators such as the collec-
tion, processing and analysis of educational data, the implementation of educational reforms is impossible. A system for
processing information of educational institutions using data mining [2] is proposed. New concepts and models have been
developed that allowed to formalize the revealed interrelations of the method of analytical hierarchical procedure and
intellectual analysis of data components of information learning processes with the elements of information theories and
optimization management of information systems, achieving the improvement of computerized information technologies
for education.

Practical"s significance. Development of research tools for the proposed algorithm in order to further improve and inte-
grate it with other systems.

Keywords: information technology, computer, network, system, process, training, education.
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Abstract. The purpose of work is development of information system for automated creation and analysis of corpus of
social network messages. The information system allows getting statistical information about slang words and expressions
used by youth. Combinations of multiple methods of corpus linguistics and sociolinguistics (questionnaire, associative
experiment) have been used to achieve this goal. The core achievement of the work is the information system developed to
resolve tasks of corpus creation and analysis. Texts for the corpus are collected by the information system from user-
selected sources according to user-selected criteria. The information system can analyze the whole corpus or several parts
of corpus according to the user-selected criteria. Corpus analysis results can be used by linguists-analysts, specialists in the
field of automated natural language processing, corpus linguistics, sociolinguistics, as well as other interested experts and
specialists to observe the development of any sociolinguistic phenomena. The scientific novelty of the research results
consists in improving of the linguistic corpus automated formation and analysis technology, which allows increasing the
information processing speed. The practical importance of the research results consists in the formation of algorithmic,
linguistic, information support and software of information system for corpus automated creation and analysis.

Keywords: automated natural language processing, corpus linguistics, sociolinguistics, information system, texts corpus,
world using statistical characteristics, social networks messages analysis, youth slang.

Introduction. The use of modern information technol-  mation technologies offer their technical capabilities for
ogy today allows expanding and deepening scientific re-  processing, storing and selecting language material [2; 3].
search in all scientific area. For linguistic research infor-  In addition, the involvement of information technology
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allows obtaining objective conclusions about the language
units functioning, helps to formulate qualitatively new
conclusions about language and outlines new directions of
language material research. This is made possible also by
carrying out corpus researches that allow to abstract from
the researcher’s subjectivity and to approach the objective
study of the language, since they rely mainly on real
«living» language material, rather than on language intui-
tion and introspection. Corpus researches imply the crea-
tion and use of linguistic corpuses — electronic texts collec-
tions selected by a specific criterion, and tagged depending
on the research purpose. In our work, information technol-
ogies and linguistic corpus are used to study such a socio-
linguistic phenomenon as youth slang. The relevance of the
research topic is determined by the processes taking place
in modern society. The democratization of society has in-
creased the role of spoken language and its wider use in all
areas of language communication. As a rule, the modern
living language is formed by the most active representa-
tives of the language society — journalists, politicians,
businessmen and, first of all, young people. The language
of youth, after the language of the media, is the second
most influential on the state of modern living language of
the mass communication sphere. Nowadays, non-literary
words appear more often on media pages, in the influential
people speeches and so on. Although research on youth
slang has received some attention, this sociolinguistic
phenomenon is still remains poorly understood. There was
also a need to involve regional material more actively in
researching this issue, as the specificity of the linguistic and
cultural situation is generally determined by the regional
context.

Last researches and publications analysis. The
analysis of publications and researches [5-7] showed that
to study such sociolinguistic phenomenon as youth slang,
researchers use different approaches: the first group in-
cludes traditional sociolinguistic (questioning, associative
experiment, surveys, field studies, etc.), and the second —
modern approaches of corpus linguistics, which provide
sufficient opportunities to explore different sociolinguistic
phenomena at a qualitatively new level. However, despite
the obvious prospects and effectiveness of using corpuses
to study sociolinguistic phenomena, particularly in detect-
ing language variations and changes, analyzing of lan-
guage phenomena using by the person, social group, na-

tion, etc., there are practically no similar works for Ukraini-
an language. There is no information on corpuses for socio-
linguistic researches, on information systems for analyzing
such corpuses, etc. Regarding to youth slang, it became
only an object of lexicographic description, its lexical com-
position, formation and functioning were examined, but
there is no information on the study of this phenomenon by
corpus linguistics methods and approaches. Therefore, the
results of last researches and publications analysis have
determined the direction and purpose of our work.

The purpose of work is development of information
system for automated creation and analysis of linguistic
corpus.

The main material. The first stage of development
process for resolving the task of automated creation and
analysis corpus is creating of Software Requirement Specifi-
cation (SRS). The SRS is a detailed description of the future
information system with its functional and non-functional
requirements. The list of requirements in formal view for
the information system is presented in Fig. 1 in the form of
arequirements diagram.

Let’s consider this diagram in more detail way. The
functional requirements involve the process of corpus au-
tomated creation and analysis. These possibilities are as-
signed with the requirements «Corpus automated creation»
and «Corpus automated analysis» accordingly. The man-
agement of corpus’ text is responsible for following func-
tionalities: «Corpus’ texts structure control» and «Corpus’
texts management». These options allow using, adding,
editing and deleting texts for corpus changing. A youth
slang dictionary can be downloading. The functional re-
quirement «Dictionary downloading» is responsible for this
action.

Non-functional requirements define the information
system quality attributes. They are important to ensure the
usability and effectiveness of the entire information sys-
tem. The reliability, performance, efficiency, usability and
security are provided by appropriate options in information
system.

Appropriate linguistic support is used for the infor-
mation system correct work. It consists of our own social
networks messages corpus, which was created by the in-
formation system, a youth slang dictionary and a slang
database, which stores information about the inflection of
words from youth slang dictionary.
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Fig. 1. Requirements diagram

As we research such a sociolinguistic phenomenon as
youth slang as a texts sources for our own corpus have been
selected social networks Facebook and Instagram messages
and posts from various publics, such as «JustStory», «Y6uBui
IcTopii», «Beceni icTopil 3 XuTTA Nlogeit», «TUNOBIIA XapKiB»,
«Tunoa CantiBka», «fligcnyxaHo Xl», etc., as well as the
messages and posts from Pikabu web-site [1]. In order for the
results of the study to be considered reliable when creating our
own corpus, the general requirements for the corpuses were
taken into account, namely:

- corpus volume —from 30000 to 2000000 words;

- the texts in the corpus must be representative;

-the size of the texts should be approximately the
same;

- information can be extracted from the corpus.

Let’s consider the process of automated corpus creation
in more detail way. The analytical review of this process is
presented using the IDEFO diagram, which allows creating
an appropriate functional model (Fig. 2).

set of
information

sources set of attributes to

determine the age
of the user who
posted the

Downloading message
texts from user-selected

set of message texts

[

set of message
texts by user-

sources -
1 Selection of message Szlr?g;m tme message
2 texts for a user-
selected time period ; set of message texts by
2 Selection of message user-selected age and
2 7y texts by user-selected time period
age of the user who ﬁ
posted the message set of
3 Subcorpuses subcorpuses social
J‘ forming : network
4 Integration of messages
subcorpuses into | €OTPUS
J the corpus
5
User 4
Information system software

Fig. 2. The process of corpus automated creation
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For corpus creation, first of all, user must specify a list of
sources from which the texts will be selected. All found
messages from the user-selected web pages are extracted
and downloaded by the information system. Next, the user
must specify for what time period he wants to select the
messages (in our work — from December 2016 to December
2018 inclusively). All found messages from the user-
selected time period are extracted by the information sys-
tem. In the next step, the user must specify the age criteri-
on that is what age of the people who posted the messages
he wants to select the messages (in our work — from 16 to
25 years old inclusively). All found messages from the user-
selected age are extracted by the information system. Then
subcorpuses are automatically formed by information
system. Texts from one source are stored in one subcorpus.
In the last step, subcorpuses are integrated into the corpus.

Our own social networks messages corpus created by the in-
formation system fully complies with the general requirements
for text corpuses. It contains approximately 150000 words,
consists of subcorpuses, which stores texts from relevant sources,
each subcorpus contains txt files, each file contains one comment
or one message, the number of words in the file ranges from 150
t0.300, the file size ranges from 2 to 3Kb.
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Another component of the information system linguis-
tic support is the youth slang dictionary, which was ob-
tained as a result of social networks users’ survey, which
was conducted from December 2016 to December 2018
inclusively. The questionnaire included a request to the
respondent to fill in the questionnaire, questions about
respondent age, place of residence, social status, and finally
a request to write the 10 slang words, that he uses most
often, to give a definition to these words and indicate their
emotional tone (positive, negative, neutral). Since the
survey results are stored in Google Tables, it is easy to use
them later. Over a thousand people participated in the
survey during the specified time period. The youth slang
dictionary, which became a survey result, contains approx-
imately five thousand slang words [2].

In order to justify that the youth slang dictionary can be
used to analyze the created social networks messages
corpus and the results of this analysis will be reliable, it is
necessary to analyze the respondents who participated in
the survey for dictionary creation. Google Forms has the
suitable functionality for this. The respondents’ analysis by
age, social status and place of residence can be illustrated
by the following charts (Fig. 3).

8%
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® Dnipro reglon
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Fig. 3. The respondents’ analysis: a) by age; b) by social status; ¢) by place of residence
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Generalized analysis shows that a sample of respondents,
which was formed in a random way, is representative. The
respondents’ analysis by age shows that respondents were
separated into the approximately identical groups; there are
no abnormally large or abnormally small groups. By social
status almost two-thirds of the respondents are students,
this fact has influenced on lexical composition of the diction-
ary by inserting slang words and expressions related to high-

er education. By place of residence almost 81% of respond-
ents reside in Kharkiv region; this fact determined the choice
of information sources for our own corpus.

In addition to our own corpus and youth slang diction-
ary, a slang database is also used as an information system
linguistic support. Database stores information about the
inflection of words from youth slang dictionary. The data-
base structure is presented in Fig. 4.

POS Morpho_characteristics _\| r POS \|
“b POSid_pos integer(10) | id_pos integer(10) U ‘E
"“ Morpho_characteristicsid_characteristic  integer{10) E name_pos wvarchar(255)
]
T
s Mot mutable words h Q
L"’s- Wordsid_word integer(fG}J ( Mutable words N
- -+ ’9- Wordsid_word  integer(10)
( Morpho characteristics 3 ! . pOSId_pos integer(10)
| id_characteristic integer(10) U 'ﬂ | :
name_characteristic  warchar(255) : T
T | s
T L4 Words A
| .
Q || id_word integer(10) U 'ﬂ
Value_characteristic Y | [E] word varchar(255)
|| id_value integer(10) L) 'ﬂ
name_value varchar(255)

™ Morpho_characteristicsid_characteristic ~ integer(10)

Fig. 4. The slang database structure

The slang database consists of seven entities, which are
storing the following information:

—the entity “POS” represents all possible parts of speech;

—the entity “Morpho_characteristics” represents all
possible morphological characteristics of parts of speech;

— the associative entity “POS_Morpho_characteristics”
describes the relationship between the entities “POS” and
“Morpho_characteristics”;

— the entity “Value_characteristic” represents all possi-
ble values of each morphological characteristic;

— the entity “Words” is the categorical table, which de-
scribes mutable and not mutable words;

—the entities “Mutable_words” and “Not_mutable
words” are the child tables of the table “Words”.

Detailed description of entities and their attributes are
presented in Table 1.
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Information about slang words inflection is needed be-
cause they may not necessarily appear in the text in their
initial form, as in the dictionary. All the slang words were
separated into two groups: the first group included muta-
ble words which are submitted to regular rules of inflection
for natural language parts of speech, and the second group
included immutable words which are not submitted to
these rules. For the mutable words the part of speech and
morphological characteristics are indicated. The rules of
inflection for each part of speech are programmed. There-
fore when the information system analyzes the corpus, all
forms of the mutable word are taken into account, but only
one form is taken into account for the immutable word. The
information system accesses the database when searching
for slang words from the youth slang dictionary in corpus’
texts.
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Table 1
Description of client database model
Entity Attribute Description of attribute
POS id_pos (PK) Id of part of speech
name_pos Name of part of speech
- id_characteristic (PK) Id of morphological characteristic
Morpho_characteristics v . -
name_characteristic The name of morphological characteristic
- id_pos (FK) Id of part of speech
POS_Morpho_characteristics id_characteristic (FK) Id of morphological characteristic
id_value (PK) Id of morphological characteristic value
Value_characteristic name_value Name of value
id_characteristic (FK) Id of morphological characteristic
id_word (PK) Id of word
Words
word Name of word
id_word (FK) |d of mutable word
Mutable_words id_pos (FK) |d of part of speech
Not_mutable_words id_word (FK) d of immutable word

Considered linguistic support allows the information sys-
tem to analyze the information from our own social networks

messages corpus. The analytical review of corpus analysis
process is presented using the IDEFO diagram (Fig. 5).

youth slang
dictionary
o files set of filters
Youth slang set of dictionary structure available for
dictionary words set of files of copus | g5 analysis
downloading —‘\‘ or subcorpus or
] several set of validated
- Corpus or subcorpus or | subcorpuses files of corpus or
several subcorpuses subcorpus or
downloading ), ¥ ceveral
social network
messages . 2 Downloaded files subcorpuses
COrpus structure analysis v :
analysis
3 Dotv\rnloade‘d files | results
; information s
analysis
4
User
Information system software

Fig. 5. The process of corpus automated analysis

In order to analyze the corpus, the user must first
download a youth slang dictionary. After successful down-
load, user can view the complete list of dictionary words,
how many times the respondents have used the word in
the questionnaire, the words’ definitions (if there are sev-
eral definitions for one word, they are separated by the
symbol "|") and the emotional tone of the words. Also user

can sort the list of words: alphabetically ascending or de-
scending, as well as the number of using ascending or
descending.

Then the user must download the corpus or subcorpus
or several subcorpuses. After download, the user can view
the list of downloaded files, can open or delete any number
of files from this list. In the case, if the user has downloaded
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files other than txt, empty files or files with the wrong
structure, he will receive an error message. In addition, the
user can view a list of such files, open or delete any number
of files from this list.

In the next step, user can analyze the downloaded cor-
pus or subcorpus or several subcorpuses. Various filters and
any combination of them are available to the user: filters by
age and time period. The user can request a complete list of
words, TOP-10 words, or make an analysis by one word.

If available age filters are represented as an ordered set
Awith such elements A = (16, 17, 18, 19, 20, 21, 22, 23, 24,
25, all ages), the available time period filters are presented
as an ordered set B with such elements B = (certain month,
certain year, all period), and the available filters by word
amount are represented as an ordered set C with such

LEE R AR RN LN ELE]

elements C = (one word, TOP-10 words, all words), then
the Cartesian product of these three sets will represent all
possible filter combinations available to the user if the user
analyze the corpus by three filters. If two filters are used, all
possible filter combinations available to the user will be
represented as a Cartesian product of two sets: the set C
(obligatorily) and the set A or the set B.

As a result of the analysis of the downloaded corpus,
subcorpus or several subcorpuses, the user receive frequen-
cies of use by youth in social networks messages of slang
words and expressions from the youth slang dictionary.

For realization of the main tasks of the research the fol-
lowing architecture of the information system for automat-
ed creation and analysis of social networks messages corpus
was chosen (Fig. 6).

Front-end Back-end
T T me g i | ke m
<<components &) _—"|_Slang DB
Web browser o TR Y e e El :
. HTTF Business lagle k4
: ule OO pOnent s>
. mae : Mengo DB
-‘I':Ilr 1
<dcomponant=> El : i
Angular)s : :
1Im|gu ar > o S<oOmponent== @
mewo <<gomponent>> The dictionary
HODE.|s of youth slang

Fig. 6. Deployment diagram of information system

It is a web application, because information system per-
forms specific functions by using a web browser as its cli-
ent. The following technologies were suggested for infor-
mation system implementing:

—HTML is using to represent the structural layer of the
web application;

—(SS is using to implement the web application
presentation layer;

— JavaScript is using to realize the behavior layer.

JavaScript and its frameworks can help to implement
front-end and back-end of web application. AngularJS is a
structural framework for dynamic web apps. It lets to create
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functionality with management corpus’ data and the youth
slang dictionary.

Back-end part of software uses JavaScript as well.
Node.js is the server-side JavaScript runtime environment.
It includes everything to execute the software written in
JavaScript.

The domain area in our research is natural language
processing. Therefore, database management system
should work with complex structures of information with
hierarchical relationships. So, MongoDB was proposed as a
database management system. It uses for modern web
applications.
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Therefore, the considered linguistic, algorithmic, infor-
mation support and software are enough to solve the main
tasks of our research.

Let’s consider the automated corpus analysis results
gotten with information system in more detail way. In this
paper only results of whole corpus analysis are presented.

A corpus analysis results by all age categories and all
time period showed that the biggest use frequency had
slang words which characterize emotions, assessments,
expressing users’ opinions, addressing to an interlocutor, as
well as words related to computer using for games and
work. Regarding the emotional tone of these words, they
are mostly neutral words (57%), the number of positive
and negative words is approximately the same (24% and
19% respectively).

To define if there is a difference in using slang words by
young people of different age categories, the frequency
words use by persons of age categories 16 and 25 years,
that is, the youngest and oldest respondents, was deter-
mined. An analysis results showed that sixteen-year-old
persons used slang words to express their emotions, atti-
tudes, thoughts, and to address to another person. 40%
words they use was a negative tone words, other 60% were
divided equally between positive and neutral tone words.
As for twenty-five-year-old persons, they used slang words
related to computer using, to characterize their attitudes
and emotions, to express their opinions, to address to an
interlocutor. Most of them used words with a neutral tone
(70%), least of all — with a positive (10%) and 20% of
words with a negative tone. This difference can be ex-
plained by the peculiarities of the psychic and psychological
development of these age categories people. Thus, the
results obtained are completely correlated with well-
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known confirmed psychological theories of personality
development.

Also we got interesting results of corpus analysis for dif-
ferent time periods. Let’s consider the corpus analysis re-
sults by all age categories for July 2018 in more detail way.
It was found that in this time period users used slang words
related to computers and computer games, to express
emotions, mostly positive, opinions and to address to an-
other person. Regarding the emotional tones of these
words, they used 60% of words with a positive tone, 30%
with a neutral, and 10% with a negative one. Such results
in lexical composition and emotional coloring of words can
be explained by the fact that July is a vacation time for
schoolchildren and students.

To define if there are changes in lexical composition of
slang words using during one year, the corpus analysis
results by all age categories were compared for 2017 and
2018. It was found that about 30% of slang words on the
list for 2017 continued to be used in 2018. Regarding the
emotional tones of the words, in 2017 it was used 50% of
negative words, 40% of positive and 10% of neutral one. In
2018, the situation changed slightly and more words with a
neutral tone (60%) began to be used, positive and negative
words were used equally (20% each).

Conclusions. Therefore, the information system for au-
tomated creation and analysis of social networks messages
corpus has all the necessary functionality for comprehen-
sive corpus analysis, in particular it can be used to study the
frequency characteristics of the specific lexis use by a cer-
tain group of native speakers. To do this, the system selects
the texts for the corpus from the user-selected sources by
certain criteria, and then analyzes the corpus information
by user-selected parameters.
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AHotauia. Metoto cTatTi € po3pobka iHdpopmaLiitHoi cMcTeMu aBTOMATI30BaHOTO CTBOPEHHSA Ta aHani3y Kopnycy noBi-
AOMIIEHb COLiaNbHIX MepeX ANnA OTPUMAHHA CTaTUCTUYHOI iIHGOPMALii LLOA0 BUKOPUCTAHHA MONOAAI CIEHIOBUX CNiB Ta
BUpa3iB. [InA LOCATHEHHA NOCTABIEHOI METU KOMMNEKCHO BUKOPUCTOBYBANNCb METOAN KOPMYCHOI NIHMBICTUKIA Ta COLiOMIHT-
BICTUKM (aHKETYBaHHA, acoLiaTUBHUIA eKcnepuMeHT). OCHOBHUM pe3ynbTaToM AOCTIKeHHA € po3pobneHa iHdopmauiiiHa
C1CTeMa, AKa BUKOHYE ABi OCHOBHI 3a/jaui: CTBOPEHHA KOPMyCy Ta aHani3 kopnycy. Tekctu Ana Kopnycy 36MparoTbca iHdopma-
LiiAHOI CMCTEMOI0 3 3a3HAYEHMX KOPUCTYBaUeM [Kepen 3a BU3HaueHUMI KopuctyBauem kputepiamu. LLlogo aHanisy ingop-
mauii Kopnycy iHpopMmaLliitHa cucTeMa MOXe aHaniyBaTy 3a 06paHUMKM KOPUCTYBaueM KpuTepiamMin AK Becb KOpyc, TaK i
70ro yactuHy, abo Aekinbka yacTuH. Pe3ynbTatu aHanisy Kopnycy MoXyTb OYTi BUKOPUCTAHi NiHrBiCTaMU-aHANITUKaMK,
cnewianicrami B raysi aBTOMaTM30BaHoi 06po6KI NPUPOAHOI MOBY, KOPMYCHOI NIHTBICTMKIA, COLOMIHIBICTUKM, @ TaKOX
iHWWUMK 3aLiKaBNEHUMI eKcnepTamin Ta cnewianicramu AnA MOHITOPUHTY PO3BUTKY OYAb-AKUX COLIONIHMBICTUYHMX ABULL.
HaykoBa HOB3Ha 0fiepXaHiX pe3ynbTaTiB JOCTIMKeHHA NONArae y BAOCKOHaNeHHi TeXHONOr aBTOMAT30BaHOro Gopmy-
BaHHA Ta aHaNi3y NIHFBICTUYHUX KOPNYCiB, L0 J03BONAE NiABULLMTY LWBMAKICTb 06po6KN iHdopmaLil. TpakTiiuHa 3HAUNMICTD
OfiepXKaHuX pe3yNbTaTiB NonArae y GopmyBaHHi anroputMIiuHOro, NiHrBICTUYHOTO, iIHYOPMALLIAHOTO Ta MPOrPaMHOro 3abe3-
neyeHHs iHdopMaLiliHoi (McTeMi aBTOMATU30BAHOr0 CTBOPEHHA Ta aHani3y KOpNYyCiB TeKCTB.

Kntoyoei cnoea: asmomamu3ogana o6pobka npupoOHoi MoBu, KopnycHa NiiHegicmukd, couioniHeeicmuka, iHpopma-
YitiHa cucmema, Kopnyc mekcmie, CMamucmuyHi XapaKkmepucmuku 8UKOPUCMAHHA C1ig, HANI3 NOBIOOMIIEHb COUIaNbHUX
Mepex, MOM0OIKHUL ClIeHe.
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AnHotaums. Lienbio craTbu ABnseTcA pa3paboTka MHGOPMALIMOHHON CUCTEMbI aBTOMATU3MPOBAHHONO CO3/AHNA 1 aHANN3a
Kopnyca co06LLeHMii coLmanbHbIX CeTeil AnA NOYYeHIA CTaTCTUYECKOii MHOOPMAaLIMI 06 MCM0Nb30BAHIM MONOAEXKbIO C1EHT0-
BbIX CJ10B 11 BbIPaXkeHuil. [1nA JOCTVXKEHIA NOCTaBNEHHOI Lienu KOMMNIEKCHO UCMOAb30BANMCb METOZIbl KOPMYCHOI IMHIBIACTUKM
1 COLMOMMHIBUCTUKI (QHKETUPOBAHME, ACCOLMATUBHIIA IKCTIEPUMEHT). OCHOBHBIM PE3y/bTaToM UCUIEA0BAHNSA ABNIAETCA pa3-
paboTaHHaA MHHOPMALIMOHHAA CMCTEMA, BLINONHAILLAA [1BE OCHOBHbIE 3a/1auit: CO34aHVe KOpMyca 1 aHanu3 Kopnyca. TekcTbl
A Kopnyca cobupaioTca MHYOPMALMOHHOI CUCTEMOIA U3 OMpefeneHHbIX N0Nb30BaTeNeM UCTOYHUKOB N0 ONpeaeneHHbIM
nonb3oBatenem Kputepuam. OTHOCUTENbHO aHanN3a MHGOPMaLMI Kopyca MHOPMALMOHHAA CUCTEMA MOXET aHanN3UpoBaTb
Mo BbIOpaHHbIM MoNb30BaTeNeM KpUTEpUAM, Kak BeCb KOPMYC, Tak U €ro YacTb, W HECKONbKO YacTeil. Pe3ynbTatbl aHanm3a
Kopnyca MOryT UCNONb30BaTbCA JIMHIBUCTaMU-aHANMTIKAMIA, CTIEUManiCTamMu B 001acTv aBTOMATU3MpOBaHHOI 06paboTky
ECTECTBEHHOTO A3blKa, KOPMYCHOI JIMHIBIACTUKM, COLWMONMHIBIACTUKM, @ TaKXe APYrAMI 3aMHTEPECOBAHHBIMY KCNEpTaMK 1l
CneuyanicTamm Ans MOHUTOPUHTA Pa3BUTUA NIH0ObIX COLMOMMHIBUCTIAYECKYX ABNEHNIA. HayuHas HOBY3HA MONYYeHHbIX pe3ynb-
TaTOB UCCTIEAOBAHMA COCTOUT B YCOBEPLIEHCTBOBAHIIA TEXHOJOTYIA aBTOMATU3MPOBAHHOMO (OPMIPOBAHINA M aHAM3a JINHTBIA-
CTIYECKUX KOPMYCOB, UTO MO3BOMIAET MOBBICATL CKOPOCTb 06paboTki MHdopMaLmu. MpaKkTNueckas 3HaUMMOCTb MONYYEHHDIX
Pe3ynbTaToB COCTOUT B HOPMUPOBAHMM ANTOPUTMUYECKOTO, IMHTBUCTUYECKOTO, MHGOPMALIMOHHOTO 1 NPOrpaMMHoro obecne-
YeHMA MHOOPMALWMOHHOIA CCTEMbI ABTOMATIU3MPOBAHHOT0 CO3/1aHINA U aHaNH3a KOPMYCOB TEKCTOB.

Kmioyegeie cnoea: asmomamusuposanHas 06pabomka ecmecmeeHH020 A3bIKd, KOPNyCHAS NUH2BUCMUKG, COYUOTUH-
BUCMUKA, UHGOPMAYUOHHASA CUCMeMd, KOpnyC MeKcmos, cmamucmuyeckue Xapakmepucmuku UCnob308aHUA (106, AHA-
J1U3 C006UeHuLl coyuansHelx cemetl, MO0OXHbIL CeHe.
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KNACU®IKALIA TA PEKOMEHIALYT 3AXUCTY
BIA MITM ATAK
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Ko3zen Biktop
K.T.H., BOLEHT Kadeapu iHdopmaLliitHiX TexHonoriii, XepCoHCbKuIA HaLioHaNbHMIA TEXHIYHWI YHiBEpCUTeT,
XepcoH, Ykpaina, ORCID ID: 0000-0002-2627-2499, E-mail: k_vic@ukr.net

AHortauia. CborogHi 0c06n11Ba aKTyanbHiCTb HabyBa€ 3aXNUCT NEPCOHANbHMX AAHNUX Ta METOAN 3aXUCTy iHdopmaLlii Bif
HeCaHKLioHOBaHOro focTyny. HailronoBHiWMM ANA KOPUCTYBAYa € yBaXHe KOPUCTYBAHHA MepeXxelo, Ta He pu3nKyBaTu
npu nigo3pinuit poboTi Mepexi abo 6yab AKX Aiil Ae BaC NPOCATb BBOAMTI 0COBUCTI AaHi, 3aBXau NoTpibHO OyT! Bnes-
HeHUM Y TOMY, LLLO Lie He 37I0BMICHUK 3anpoLLye y BaC aHi, a caMe CUCTema 3 AKOK BU NpaLoeTe.

MeToam fonigKeHHA. Y CTaTTi po3rNAAAETbCA 3arabHa KNacuQikavia Tunis atak y BUrnagi cxemn ana 6inbLu 3pyyHo-
ro BUKOpUCTaHHA. [poBefeHO aHani3 NoBeAiHKN 3N0BMIUCHMKA Y pa3i 3acTocyBaHHA MITM atak, a Takox po3pobnei
pekomeHAauii HanawTysaHHA Wi-Fi poyTepiB, L1040 NiaBULLEHHA He3nekn Komn'l0TepHOI Mepexi.

OcHOBHI pe3ynbTaTin fOCTIMKeHHA. 3a0e3neyeHHs be3neku npoTokony 38'A3Ky 3 BukopuctaHHam Wi-Fi poytepis npu
NOBCAKAEHHOMY 3aCTOCYBaHHi 3 BUKOPUCTAHHAM pekoMeHfaLiil. BuasneHo wwo, 6e3neyHnii npoTokon 38'A3Ky NOBMHEH
MaTy KOXHE 3 HaCTYMHNX BAACTMBOCTEN: KOHIAEHLINHICTb, LiNiCHiCTb. B AKOCTi 0CHOBHMX peKoMeHAaLl, Wo A0 3aXUCTy
Bifj aTaKk BUAINEHO HACTYNHI: 3po6UTU MepeXxxy NpuXoBaHOI, CTBOPHOBATH feKiNbka MepeXx AnA BUKopuctaHHa loT, cTBo-
puTU OKpemy Mifmepexy Ana Aiteil Ta rocteil. HaBeeHi pekomeHaauii HanaLWTYBaHHA KiNbKoX NapameTpiB 3HAYHO Mo-
NiNwWyHTb 3aranbHy 6e3neky JoMaLHbOi Mepexi.

HaykoBa HoBW3Ha. 3anponoHoBaHa KnacudikaLia aTak f03BonA€ BUABUTY piBeHb Mogeni 0S| Ha Akomy BifbyBaeTbCA BTpY-
YaHHA B KOMI'IOTEPHY Mepexy, LU0 403B0NA€ 00paTiN HaibiNbLL 3pyyHKil 3aci6 3abe3neyeHHA be3neKi KoM 0TEPHOI MepeXi.
PekomeHpaLlii HanaLLTyBaHHA poyTepis po3pobneHi BIX0AAYN 3 CyyacHNX NOTped Ta BMiHb NPOCTIAX KOPUCTYBAYIB.

[paKTMUHA 3HAYMMICTD. Y HaLL Yac NOLIMPEHHA KOMN'KTepu3aLii ycix rany3eil XUTTERIANBHOCTI NIOANHY 3abe3neyeH-
HA KOHQiAeHLiHOCTI iHpopMaLii HabyBae 0c06M1BOT aKTYaNbHOCTI A4 NPOCTOr0 KOPUCTYBaya Mepex.

Knroyoei cnoea: 6eneka, poymep, amaka, Komn'tomepHi mepexi.

MocranoBKka npo6nemu. €TbeA yepe3 TexHonorito Wi-Fi, ane AKwo KaHan He € 3a-
(boropHi Ayxe 6arato iHpopMaLi nepeaeTbea B iH-  KPUTUM Ta 3axMLeHWd [J0JAaTKOBO (3 BUKOPUCTAHHAM
TEepHeTi Ta Ay)Ke BeIKa YacTiHa i€l iHpopmauii nepea-  cnewjasbHO HABYEHUX IOALIH — CUCTEMHUX afMiHiCTpaTo-
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piB abo cnewjianicti 3 iHpopmauiiiHoi 6e3nekm) abo ue He
nepefiaya 3a JONOMOrow Kabenio, To iHpopmaLia moxe
Oyt nepexonneHa 3n0BMUCHUKOM. (npaBa y ToMmy, Lo
KONW BUKOPUCTOBYETbCA Kabenb, TO KoMN'toTep KOpUCTY-
Baua BXe Mif'€AHaHUIl 4O MepeXi i 3M0BMUCHUKY AN
nia'€HaHHA [0 Takoi Mepexi NoTpibHo nifg’'enHaTh Kabenb
J10 CBOTO KOMN'loTepy, T06T0 NOTPibeH (i3MYHIA KOHTAKT,
L0 ALaneKo He 3aBXAI € MOXIUBIUM, @ KONU BUKOPUCTOBY-
€TbCA 6e3pOTOBA TOUKA AOCTYNY, TO KOPUCTYBAY MOBUHEH
NiA'enHaTUC A0 Hei Ta BiANpaBMTU Naposib HA LI TOYKY
A0CTYNY, TOOTO 3NOBMUCHUK TaKOX MOXe Nify'€AHATUCH [0
L€l ToukM foctyny TOOTO [0 Li€i X Mepexi 3Hatuu na-
ponb, AKWIA BiH MOXe NepexonuTh y MOMEHT KON Kopuc-
TyBay BiANpaBAAE i10ro Ha TOUKY AOCTyNy, a nojani noyatu
nepexonioBaTin ycto iHGopmaLlito Lo BUKOPUCTOBYE KOpU-
(TyBay y Mepexi. TakuM YnMHOM Knacuikauia atak Ta
peKkoMeHZaLil Lo A0 3aXMCTY CyyacHUX KOMM'IOTepHUMX
MepeXx € aKTyaNnbHOI0 Ha JaHuI vac.

AHani3 octaHHix gocnigxeHnb i ny6nikauin

[ina obmexxeHHA i 6nokyBaHHA 360py iHGopmaLii 0 u-
cremi 3 60Ky HeaBTOpKU30BaHOro 06'ekTa po3pobnATbLCA
Pi3Hi MeToAM NpoTUAIl MepeXeBOMY CKaHyBaHHIO: Bif
peanizavjii npuxoBaHuX KaHanie JOCNIIXKeHHS [0 BUKOPUC-
TaHHA nigxony Ao ineHTuiKaLii aHOManii a TakoX Hanalw-
TyBaHHA MepexeBoro 061aHaHHA AnA 3anobiraHHA Heas-
TOPU30BaHOr0 NPOHUKHEHHA[1-5]. Ane Ui MeToan He pa-
H0Tb 0JHO3HAYHOr0 Pe3yNbTaTy B pa3i 3acTOCYBaHHA Kibep-
3/104MHLLEM KOMOIHYBAHHA Pi3HIMX 3arpo3. Takum unHom,
po3pobneHHA NPOCTUX peKOMeHAaLiil AnA 3BUYAHOrO
KOpUCTYBauya € aKTYanbHOK OCKiMbKN 3anpornoHOBaHi
MeTOAN Ta pekoMeHAaLil Bneplly yepry pekoMeH0BaHi
ANA CUCTEMHUX aMiHICTPaTOPIB | € BaXKUMU ANd 3BUYAI-
HUX KOPUCTYBaYiB.

MeTa pocnigkeHHa. MeToto aaHoi cTaTTi € po3pobka
Ta JOCTIMKEHHA CyyacHUX KOMM'loTepHuUX aTak. Po3pobka
Knacugikauii 3arpo3 Ta po3pobka pekomeHAaLiil Wwo Ao
3axucty Komn'rotepHux Mepex Big MITM atak.

Buknap matepiany gocnigKeHHs.

Y HeopHOpiaHii Mepexi anA nepefaui iHpopmallii 3a-
cTocoBytoTbCA Habip npotokonis TCP/IP, aki 3abe3neuyioTb
CYMICHICTb MiX Komn'toTepamu pisHux Tunig. Lleit Habip
NPOTOKONIB (TAB BiAOMUM 3aBAAKM CYMiCHOCTi Ta MOXNU-
BOCTi HaflaHHA AOCTYMy A0 pecypciB rnobanbHoi mepexi
[HTepHeT, Ta (TaB CTaHAAPTOM MiKMepeXeBOi B3aEMOii.
OfHak 3 po3noBclomKeHHAM cTeka npotokonis TCP/IP

NPOABUANCH 1Or0 CNAOKi CTOPOHM, L0 NPU3BENO A0 MOX-
NMBOCTI BifLlaneHux aTak Ha po3nogineHi Cucremu, 0CKinb-
KN iX YacTHM (KOMNOHEHTH) 3a3BUYaii BUKOPUCTOBYHTb
BIKpUTI KaHanu nepepaui faHux. [pu atakax nopyLUHUK
MOXe He TiNbK/W NPOCIYXOBYBAaT KaHan 3B'A3Ky ane i
MOANGIKYBaTH iIHGOPMALito L0 NepedaETba.

HapnmwkoBa GyHKUIOHaNbHICTb B CyyacHUX cuctemax
€ BENUKUM HeflONKOM B KOHTEKCTi BigJaneHux atak, B
pesynbTati UbOro TAXKICTb BUABNEHHA NpoLecy npose-
[JeHH# BiaJaneHol ataku Ta BiJHOCHA NPOCTOTA NPOBeJeH-
HA BUBOAWTD Lieit BUA HenpaBoMipHUX Aili Ha nepLue micue
33 (TyneH Hebe3neku, a TakoX NepeLuKofKae (BOEYac-
HOMY pearyBaHHI Ha BiANoBigHY 3arpo3y. Bce ue nigsu-
L€ LIAHCK BAANOI aTaku.

MepexeBi aTaki Ha po3noAiNbHi 06uMcIoBaNbHI CUC-
Temu (POC) moxHa KnacudikyBaTh HACTYMHUM YUHOM
(puc. 1):

- 3axapakTepom BnauBy:
3a innio BNAMBY:
3a noyaTkom Aii BNnBY:
3a po3TallyBaHHAM Cy6'ekTa aTaku BiAHOCHO
00'eKTa aTaKu:
3a HaABHOCTI 3BOPOTHBOIO 3B'A3KY 3 06'€KTOM

aTaKu:

- 3apisHem mopeni 1SO/0SI.

Texronozia MITM amaku. Ataka nocepeaHuka, abo
aTaka «nwauHa nocepeauHi» (aHrn. Man in the middle
(MITM)) — Bua aTaku B Kpuntorpadii, Kom 3n0BMUCHUK
TAEMHO PETPAHUIIE i NpU HeOOXiAHOCTI 3MiHIOE 3B'A30K
MiX ABOMA CTOPOHaMU, AIKi BBaXal0Tb, L0 BOHU Oe3noce-
PeAHbO CNINKYITbCA OAMH 3 0AHUM, cxema MA (puc. 2).
€ MeTo4OM KOMMpoMeTalil KaHany 3B'A3KY, npu AKomy
3/I0MLLMK, NIAKNIOYNBLUMCD A0 KaHANY MiX KOHTpareHTa-
MU, 30iACHIOE BTPYYaHHA B NPOTOKON Nepeavi, Baansio-
yi abo cnoTBOPIOlOUN iHdopMaLito.[6]

[lo6 3po3ymiT MpuHLMN aTaku nocepeaHuKa, BapTo
cnouatky posibpatica 3 TMM, AK NpaLtE am iHTepHeT.
OCHOBHI TOYKN B3a€EMOZIi: KNiEHTN, MapLLpyT3aTOpH, Cep-
Bepu. Haibinbll nowmMpeHuit NPOTOKON B3aeMopii Mix
knienTom i cepepom — Hypertext Transfer Protocol (HTTP).
CepiHr B iHTepHeTi 3a gonomoroko 6pay3epa, eNeKTpoHHa
noLuTa, 06MiH MUTTEBUMM NOBIAOMAEHHAMM — BCE Lie 3Mill-
CHIoeTbcA  uepes  HTTP.  Koam  Bu  BBOAMTE
http://www.caiiT.com B agpecHomy paaky BaLuoro bpay3e-
pa, TO KNieHT (BM) BiANpaBNAE 3anuT Ha BifobpaXeHHA Be6-
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cropiHku cepBepa. Maker (HTTP GET-3anuT) nepesaetbcA  KnieHTy | BigoOpaxaeTbcA Ha itoro moHitopi. HTTP-
yepe3 Kinbka MapLupyTu3atopiB Ha cepgep. [licna uboro  NoBIZOMNEHHA MOBMHHI NepedaBaTCA B Oe3neyHoMy pe-
(epBep BiANOBifAE BeD-CTOPIHKOW, AKA BIANPABNAETLCA UM, W06 3a6e3neunTin KOHQiAEHUIHICTb | AHOHIMHICTb.

Arakn
— 12 NAPAKTCPOM BILTHEY ___ [GCHEHE
s aKTHENC
E— LR LY — g [opy e kongiacnuiinoeT isfopsaui i
M Tlopy e nrs wiaicnoct iHdOpUaLIHIY

= [TopyiueHns dnmEmiony mmHs cHeTesn 250 06Ty a0

- E MOATROM 311 BILTHEY

i U EI T T S TR T | —

— ATaKE N0 JNETY 0L 00 CKTE W0 XTAKVIOTH  KAHLTBHHA o

ATaED 30 OMIKYBIHHAM NCBNOI N0117 1l NECEHOC B -—
- of KT 00 ATAKVETHCH Fa pinsen
TPAHCAOPTHIN g | MOaeH
1504051
HI POSTILY BAMHAM OV ERTE [e T T —
—* ATAKH BLIBOCHD 00 CKTa

MPEACTARNHILENIT

lizeerseamuoro NPMETLIHT

— BH}'F]JFICEI"I‘UHH!WU

32 HARBHOCTI EROPOTHBOND

. I3 popoTHIn 38" mIK0M
IBATKY 3 O0ERTOM ATAKN |
B 3BOPOTHECTO 38" 21K

Puc. 1. Knacugpikayia amak
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3abe3neuenHa Ge3nekn npoTokony 3B'A3Ky. besney-
HUIA NPOTOKON 3B'A3KY MOBUHEH MATW KOXHE 3 HaCTYMHUX
BNACTUBOCTEIA:

KoHdiaeHuiiHicTb — Tinbku nepegbdauyBaHuit
04epXyBay MoXe NpounTaTi NOBiJOMNIEHHA.
ABTEHTUYHiCTb — 0COOUCTICTb  B3aEMOZitOUMX
CTOpiH fl0BefeHa.

LlinicHicTb — niaTBEpAXEHHA TOro, L0 NOBIfOM-
NeHHA He 6yno 3MiHeHo B 0pO3i.

fIKwwo xou ofHa 3 UMX NpaBuUN He [OTPUMAHO, Becb
MPOTOKON CKOMNPOMETOBAHMUIA.

OfHUM i3 NpUKNagiB atak TUNY «lOAMHA NOCepeanHi»
€ aKTMBHe NPOCIYXOBYBAHHA, MPU AKOMY 3M0BMUCHUK
BCTAHOBMIOE He3aneXHi 3B'A3Ky 3 XepTBaMu i nepefae
MOBIZAOMIIEHHA MiX HUMU. TUM CAMUM BiH 3MYLLYE XepTB
MOBipUTH, L0 BOHM PO3MOBNAKTL Ge3nocepeaHbo 0aMH 3
OZIHUM Yepe3 NpUBaTHY 3B'A30K, PaKTUUHO X BCA PO3MOBa
YNpaBNAETbCA  3N0BMUCHUKOM. 3NOBMUCHUK MOBMHEH
BMITI NePeXoniioBaTy BCi nepefaHi Mixk JBOMa epTBamu
MOBIJOMNEHHSA, @ TaKOX BBOAUTYU HOBI. Y BinbluoCTi BUNa-
AKIB Lie JOCUTb NPOCTO, HanpuKnag, 3M0BMUCHUK MOXe
BecTu cebe AK «NI0ANHA NoCepefnHi» B MeXax Aiana3oHy
npuitomy 6e3apotoBoi Toukm goctyny (Wi-Fi).

[JlaHa aTaka cnpAMOBaHa Ha 00XiZ B3aEMHOI ayTeHTH-
dikauii abo BiACyTHICTb TaKoi i MOXKe YBIHUATUCA yCMiXom
TiNbKK TOZi, KONW 3MI0BMUCHUK MA€ MOXMUBICTb BUAATH
cebe 3a KOXHY KiHLieBY TOuky abo 3anuLwaTinca Hemomiye-
HUM B AKOCTi NPOMiXHOro By3na. binbLictb Kpuntorpadi-
YHUX MPOTOKONIB BKNKUAE B cebe feAKy Gpopmy ayTeHTu-
dikauii KiHUeBOI TOUKM cneuianbHO AnA 3anobiraHHA
MITM-atak.

ATaka «IoAUHN nocepeanHi» [03BONAE MiAMIHUTY He-
00XiaHi AaHi npu nepepaui, atakyloumii NOCUIAE KOMaHAy
nepeaapecauii Ha HTTP npoTokon. 3a 40NOMOroi0 JaHOro
MeTOAY BCA iHGOpPMaLiA NepefaeTbcA 3HOBY Y He3alud-
poBaHOMY BUrAAZI. ICHye 1Ba OCHOBHI MeTOAM BUPILLEHHA
npobnemn HeCaHKLiOHOBaHOI Nepeajpecalii:
npumycosuil po3pus HTTP ceciit;
npumycosa nepeaapecauis 3 HTTP Ha HTTPS Be6-
(epBicom.

Y nepiuomy BUNaAKy KOPUCTYBay He 3MOXe OTPUMATH
AOCTYN [0 CailTy, AKLWO BiH BuKopuctoBye HTTP npotokon
npn 3'efHanHHi. [laHuii cnocib Aie Ha WKoay BNACHMKOBI
Be6-CaliTy, TaK AK NIOAMHA, L0 He 3HAE TaKNX TOHKOLLIB,
KpalLLe BiAMOBUTbCA Bif NOCTYr KOMNAHIT Yepe3 HegocTyn-

HICTb CaiTy. 3BUYAIHOMY KOPUCTYBaueBi He 3pobuTb Ca-
mocTiitnuit npotokon HTTPS. Y apyromy Bunaaky Binbysa-
€TbCA HeMoMiTHa nepeagipecalis 3a AOMNOMOrOK CKpUNTIB
cepicy Ha npotokon HTTPS. [laHuii cnoci6 € Hanbinblu
edeKTMBHUM AK ANA KNi€HTa, TaK i ANA BNacHMKa caiity. B
AaHOMY BUNAJKY, AKLLO npoBoauTbcA aTaka MITM, To caiit
He AacTb nepeiiTn Ha npotokon HTTP. A ni3Hiwe Buctyna-
10Tb Y Aito ceptudikatin SSL.[6]

Takox icHye npobnema nigminu ceptudikartis SSL ata-
Kytounm. [InA uboro atakytouomy HeobxigHo oTpumatm SSL
cepTudikar Big 04HOr0 3 NilieH3iaTiB. Ane LbOro He JOCUTD,
TaK AK MiLeH3iaTn JopoXaTh (BOEK penyTaLi€lo i npaBom
Ha BiJauy CepTUQikaTiB, B pe3ynbTaTi yoro 3a nigo3pinoo
aKTUBHICTIO cepTudiKaT BnoKyeTbCA. Takum YMHOM, aTaka
MOXNUBA TiNbKM, AKWWO BUKopucToByeTbcA HTTP npoto-
Kon. Y 38'A3Ky 3 MacoBum nepexogom Ha HTTPS npotokon,
CKMaJHO 3HAINTV CaliT, AKIIA b1 He MaB SSL cepTudikart. Beb
cepBicu, A icHye aBTopu3alia yepe3 noriH i naponb abo
eNeKTPOHHI nnatexi, 30008'a3aHi maTn SSL cepTuéikar. Ha
CbOTOJHILLHIN JeHb HEMOXIMBO 3HAITI BEO-CAliT Takoro
Tuny Ha HTTP npoTokoni. Y 38'A3Ky 3 UMM AaHa aTaka He €
aKTyanbHOH, ane BCe 0A4HO NPOJOBXY€E BUKOPUCTOBYBATH-
(A Ta aTaKylui MaKCUMANbHO 3MiHIOITb CTaHAAPTHI anro-
pUTMU L€l aTaku.

MITMf — ue dpeitMBOPK ANA aTaK NoMHA-NOCEPeaHHI.
Lleit iHcTpymeHT 6a3yeTbca Ha sergio-proxy. Metoto MITMf
— OyT! iHCTPYMEHTOM «BCe B OfHOMY» ANA MepexeBuX
aTaK i aTaK «iof1Ha o cepefuHi», Npu LLbOMY OHOBNHOIO-
UM i BLOCKOHANOKUM iCHYIOUi aTakl i TexHiku. CnouaTky
(TBOPEeHMIA ANA BUNPABNEHHA 3HAYHWX HEeLOMIKIB iHLIMNX
iHCTpymeHTiB (Hanpuknag, Ettercap, Mallory), nporpama
byna npakTUYHO MOBHICTH Nepenicaa 3 Hyna ana 3abes-
neyeHHA MOAYNbHOTO i Nerko MawuTabyemoro ¢ppeiimeop-
Ka, AKWA KOXEH MOXe BUKOPUCTOBYBATU A peani3avii
(BOiX BnacHux atak MITM. Ocobansocri:

Lleit ¢peitmBopk MicTutb BOYAOBaHI CepBepa
SMB, HTTP i DNS, sIKi MOXYTb yNpaBAATCA | BUKOPUCTOBY-
BaTICA 6e3niyyto NnariHie, BiH TaKOX MICTUTL MOANQIKO-
BaHy Bepcito SSLStrip proxy, Aka no3sonsae HTTP moaudi-
KaLlito i yacTkoBuii 06xig HSTS.

MounHatoum 3 Bepcii 0.9.8, MITMf nigTpumye ax-
TUBHY QinbTpauilo NakeTiB i MaHinynAyio (B 0CHOBHOMY
Te, Wo pobunu etterfilters, Tinbku kpale), 4o3BonAKYN
KopuctyBauam moaundikysatin Oyab-Akuii Bug Tpadiky abo
npoTOKOAY.
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Kondirypauiithuii daiin moxe 6ytn Bigpeparo-
BaHMIl Ha NbOTY B Toii yac ko MITMf 3anywennii, 3miHm
OyAyTb nepedaHi y GpeiiMBOpK: Lie 03BONAE BaM pobuTy
TOHKe HanalTyBaHHA NNariHis i cepsepa niJ Yac BUKOHaH-
HA aTaKku.

- MITMf 6yge 3axonntoatu FTP, IRC, POP, IMAP,
Telnet, SMTP, SNMP (community strings), NTLMv1 / v2
(BCi nmipTpumyBaHi npotokonn Ha 3pa3ok HTTP, SMB,
LDAP i t1.n.) i obnikoBi paHi Kerberos 3 BuKo-
puctaniam Net-Creds, AU 3anyckaeTbca npu cTapTi
nporpamu.

[nTerpauia 3 Responder go3sonse LLMNR, NBT-
NS i MDNS poisoning, a TakoX niaTPUMKY LLaXpancbKoro
cepsepa WPAD.

Y3aranbHiotoum yci TMNK, BUAK, TEXHONOTIT Ta METOAN
aTaK, po3rnAHyTi y po3ginax 171a 3, po3rnaHemo 3aranbHi
pekomeHAauil AnA BUABNEHHA aTak i Ginblioro 3axucry
Mepexi Bifi HUX Ta KOHKPETHI pekoMeHAaLii ANA BUABJIEH-
HA Ta 3an06iraHHA Bifl KOHKPETHNX aTak.

Busenenna ma 3axucm eio MITM amak. [NepeBipka
3aTPUMKM 33 YACOM MOXe MOTEHLINHO BUABUTYU aTaky B
neBHUX CuTyauiax. Hanpuknag, npu Tpuanux obuncneH-
HAX Xew-QYHKLA, AKi BUKOHYIOTbCA NPOTArOM [JecATKa
cekyHg. LLlob BABUTI NOTEHLiiHI aTaku, CTOPOHN nepeBi-
pAKTb po36iXKHOCTI B uaci Bignosigi. Mpunyctumo, wwo ABi
(TOPOHU 3a3BUYail BUTPaYalOTb NEBHY KiNbKiCTb Yacy ans
BMKOHAHHA KOHKDETHOI TpaH3akuii. 0aHak, AKIWO OfAHa
TpaH3aKLiA 3aiiMae aHOMaNbHUIA nepiof yacy Ana JocAr-
HeHHS iHLUOT CTOPOHMU, Lie MOXe CBIZUUTU NPO BTPYYaHHH
TPeTbOi CTOPOHW, W0 BHOCUTb [OAATKOBY 3aTPUMKY B
TpaH3aKLilo.

[lna BUABNEHHA aTaku «IOAMHA NOCEPeamHi» TaKoX
HeoOXiHO npoaHaniyBati mepexesuii Tpadik. Hanpu-
Knag, inA [eTeKTYBaHHA aTaku no SSL cif 3BepHyTY yBary
Ha HaCTYMHi napameTpu:

IP-appeca cepsepa.

DNS-cepsep.

X.509-ceptudikar cepsepa.

U nignucano cepTudikart camocTiiHo.

Un nignucano ceptudikar LeHTpom cepTudikaulii.
Un 6yB cepTudikaT aHyNbOBaHMNIA.

Un 3miHI0BaBCA cepTUIKAT HEAABHO.

Yn oTpuMyBanu iHWi KNieHT B iHTEPHETI TaKuii
Xe cepTuQikar.

3aXuCT Bif aTaK WIOANHA N0 CepeauHi».

EEEREES

[ina 3anobiranxa MITM atak noTpi6Ho 6yTin yBaXKHUMM
Mpi KOPUCTYBAHHAM Mepexelo, BUKOpUCTOBYBaTH https
npoTokon 3amictb http, AKLL0 Bac Beb-CTOpiHKa nepeHan-
paBnAe Ha http npoTokon Kpawe He BigkpuBaTh ii, yci
CyyacHi pecypcut BUKOPUCTOBYHTb 3aXMLLEHUIA NPOTOKON.

BukopucTtoByBaTh CTaTyHi 3anucK y arp-tabnuui, ana
YHUKHEHHS Bif TUMY aTaki arp-cnydiHry, Tenep aTakyiouuit
He 3MOXe 3MIHUTM 3anncu y Tabnuui OCKiNbKI BOHW 3adaHi
OpCTKO (CTaTiyHo). MepeBara Takoro 3axucty y npocrori ii
peanisauii AnA 3BUYANHOrO KOPUCTyBaya 0e3 HanexHux
3HaHb. Ane y BUKOPUCTAHHA Y KPYMHUX Mepexax TaKux
nigxig € BaXKkuM. Ane y Micuax e BUKOPUCTOBYIOTbCA
BENVKi Mepexax 3a3Biuaii poboTaloTb cnevjianbHo 06yueHi
NIOAMN ANA BUPILLEHHA LNX MUTaHD.

BukopucroyBanHa VPN 3 wudpysanHam Ta/abo https,
y TaKoMYy BUNAJKY YCi faHi, 110 Nepexonsioe atakyumi €
3aWWNGpPoBaHNMM.

3a MOXNUBICTIO BIAMOBUTUCD Bifj Nepefadi BaXNnBIUX
JAaHnX yepe3 BiakpuTi wifi mepexi. Bukopucranua 3akpu-
TiX wifi MepeX 3HauHO 3HWXKYE AMOBIPHICTb MPUCYTHICTb
atakytouoro, a MITM aTaka € 6e3ycniwwHoto.

Pexomenoayitini dii ona 3axucmy Wi-Fi ona 3eu-
yaiiHo2o Kopucmyeaya. [Ina Toro wob nokpawmuTyi 3a-
XUCT poyTepy HeobXiAHO NPaBUNbHO AOTO HanawwTyBaTy.
3 ycix HanawTyBaHb 3a 3aMOBYYBAHHAM Napoab ANA A0C-
Tyny A0 iHTepdeiicy apMmiHicTpaTopa poytepa NOBMHEH
OyTI 3MiHeHUi B nepLuy yepry. 30kpema, ANA HafiitHoro
3aXUCTY poyTepa Nif0epiTb CUNbHY i YHIKaNbHY KNKYOBY
dpa3y 3amicTb CTaHAAPTHOTO iMeHi KOPUCTYBAYa Ha NpUK-
nan «adminy», «administrator», «root», «user». Kpim 3Hu-
KeHHA BUTPAT ANA BUPOOHMKIB, Ui Ta iHLLI HACTPOIIKN 3a
3aMOBYYBAHHAM NPU3HAYEH AN1A NONeriieHHA BiffaneHo-
r0 YCyHeHHsA HecnpaBHOCTed. OAHAK AKILO He 3MIHUTK iX,
MOXHa 3iTKHYTUCA 3 pAfoM npobnem. Hanpuknag, peect-
pauiitHi JaHi yacTo OYeBMAHI i 3aranbHi ANA OKpemux
moZeneit i HaBiTb Linux bpenais. Tomy 06nikoBi AaHi Mo-
KHa Nerko 3HaiT B IHTepHeTi abo Bigragatn, cnpobyBas-
LM HalbinbLL NoLwmMpeHi KoMObiHaLi, Hanpuknag, «admin /
password».[7]

Kpim upboro, yacto HasBow 0e34pOTOBOI Mepexi €
OpeHn i moaenb. 3MiHiTb Le iM'A, a came Service Set
dentifier (SSID), Ha Te, Wo He ineHTUdikye Bac abo Bawe
MicLie po3TaLlyBaHH4.

TakoX 3a 3aMOBUYBAHHAM YacTo BKMOYeHa QYHKLiA
nia Ha3gow Wi-Fi Protected Setup (WPS), aka npusHaueHa
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ANA JONOMOT B MiAKNIOYEHHI HOBUX NpucTpoiB. OAHaK Y
3B'A3Ky 3 Hefonikamu BnpoBamkeHHa, WPS moxe Oyn
Nerko BUKOPUCTaHWIA ANs WKIANMBKX Lineit, 30kpema Ana
3AilICHeHHA aTak Ha napob.

[HLWOI0 0COOAMBICTIO, AKA YACTO BUKOPUCTOBYETbCA 3a
YMOBYAHHAM Y poyTepax i noB'sA3aHe 3i 3HAYHUM PU3NKOM
ana 6esnekn, € Universal Plug and Play (UPnP). Y pasi
BicyTHOCTI noTpebn B UPnP, Akmit npusHaueHwit ana
3abe3neyeHHA 6e3nepeLiKoAHOI 3B"A3KY Mixk NPUCTPOAMM,
KpalLie i10ro BUMKHYTU. Takox AnA 3anobiraHHsA noTeHuili-
HUX aTaK i 3aX1CTy poyTepa BapTo BUMKHYTH BCi NPOTOKO-
NN i NOPTU, AKi He BUKOPUCTOBYIOTHCA.

[ina 3abe3neueHHA 3axucTy poyTepa Bif aTak 310BMU-
CHUKIB HeobXigHo 3abe3neuntn 3axuct Wi-Fi 3a gonomo-
rOI0 HaNaLWTYBAHHA CKNAZHOrO i HajiiHoro napona. Kom-
6iHaLiA NOBUHHA BIAPI3HATMCA B YCiX iHLINX peecTpaLlili-
HUX JaHUX KOpUCTYBaya, B TOMY Uncii i napons ans focry-
ny A0 KOHCoNi aaMiHictpatopa poyTepa. Kpim uboro, Heob-
XiHO BKa3aTu npoTokon 6e3neku AnA 0e34POTOBOrO
3'¢iHaHHA. EQVUHUM BapiaHTOM, AKMIA MOXHA NOPEKOMeH-
ayBatn, € WPA2. [Ind AoMaLLHiX KOpUCTYBauiB Kpawiui
BapiaHT — nepcoHanbHuit pexum (WPA2-Personal abo
WPA2-PSK) WPA2, akuii fonoBHeHuin WwiudpyBaHHam AES.
HapjitHe WndpyBaHHA 3axiLLa€ BC AaHi Npyu nepefadi Mix
nigkniouenum ao Wi-Fi komn'totepom abo mo6inbHUM
MPUCTPOEM i poyTepom. TakuM YMHOM, 3MOBMUCHUKM He
3MOXYTb MepernaHyT! iHPOpMaLito, HaBITb AKLIO BOHA
noTpanuna B pyku kibepsnounHuis. Ha poytepax Bce we
MOXYTb 6yTv JOCTYNHi ABa cTapux pexumy 6esnekn Wi-
Fi— WPA i WEP. OpHak, ix He BapTo BUKOpUCTOBYBATH,
0cobnuBo octanHii. Ockinbkn WPA2 6yB 060B'A3k0BUM
ANA BCiX cepTudikoBaHmx anapatHux 3acobis Wi-Fi we B
2006 poLi.

BbyaosaHe nporpamHe 3abe3neyeHHa poyTepis, AK i
nporpamHe 3abe3neyeHHs KOMM'loTepiB, BUMarae peryns-
PHOrO OHOBAEHHA. [TpUCTPOi MOXYTb MICTUTI Ypa3NUBOCTi
yepes BifCYTHICTb OHOBMEHb NPOrpaMHO-anapaTHUX 3aco-
6iB. Lle 403B0NAE 3N10BMMCHIUKAM NErko NPOHUKHYTI Bce-
peAnHy Mepexi, Toai AK BioMi npobnemu 6e3neku MoXHa
3ano6irTi 3a JONOMOTOI NPOCTOr0 CKaHYBaHHA Ha HasAB-
HiCTb BiOMIX BPa3NnBOCTEN.

[ind nepeBipKn akTyanbHOCTi OHOBJIEHb NeEpPerAiTb A0
afMiHicTpaTUBHOI naHeni poytepa. CyuacHi mogeni oHOB-
NIOKTbCA aBTOMATMUHO a60 NOBIAOMAAITH NPO HOBI Bepii
MPOLINBKIA, TOAI AK ANA 3aCTOCYBAHHA BUMPABNEHHA HA

3acTapinux mogenax noTpibHo BiABIAATI CailT nocTayanb-
HMKa i NepeBipuTN HaABHICTb HOBILOL. Taki Aji HeobXiaHO
pobuTH perynapHo, NpUHAMHI, Kinbka pasiB Ha pik, 1106
3abe3neunTy 3axXuCT poyTepa BiJ HOBUX BPa3nUBOCTEN.

Llinkom M0OXn1BO, LU0 BUPOOHNK NPUNUHUB BUNYCKATH
OHOBMEHHA AnA Bawwoi Mogeni, Tomy Ha Hei He Moxe byTu
BCTAHOBJEHO HifKIX OHOBMEHb. Kpim BUNpaBNeHHA Bpas-
NNBOCTEA, HOBA BepciA MpOrpamHo-anapaTHuX 3acobis
MOXe TaKoX MaTu KpaLiow NPOAYKTMBHICTIO i HOBUMU
GYHKLiAMI, BKNKOYAIOUM Ti, AKi NOB'A3aHi 3 MeXaHi3Mamu
be3neku.

Jleaki poyTepn [03BONANTL CTBOPIOBATY KiflbKa Me-
pex, Lo 0co6MBO 3pyYHO NPU BUKOPUCTAHHI IHTEpHeTY
peyeir (loT). Y pasi BUKOpUCTAHHA TeXHONOrili CMapT-
OyauHKY noTpiGHO BUHECTM BCi NpUCTPOi HTepHeTy peyeii
B OKpemy nigmepexy, LWob ix ypasnuBocTi He Morau 6yTu
BUKOPUCTaHi AnA [OCTyny A0 AAHUX HA KOMN'KOTepi, CMa-
pTQOHI abo iHWMX rapkeTiB Ana 30epiraHHA Aanux. [na
A0JATKOBOTO 3aXMCTy poyTepa Takox HeobxiaHo cTBopu-
TU OKpeMy nigmepexy AnA AiTeil Ta rocteid. Takum yu-
HOM, MOXNMBO 3ano6irTn pusnKy AOCTYNy WKiAAMBOro
NpoOrpamHoro 3abesneyenHsa 4o Balwmx UMGpoBuM dai-
nam.

TaKoX pekomeHAYETbCA BUMKHYTU BigJaneHe ynpas-
NiHHA PoyTEpOM, L400 3MEHLLUTY LWAHCK 3N0YMHLIB OTpU-
MaTi JoCTyn A0 HbOro 3 6yAb-AKOI TOUKM CBITY, Hanpu-
Knag, LWNAXOM BUKOPUCTAHHA Bpa3nuBocTeid. Takum un-
HOM, AN BHeCeHHA OyAb-AKUX 3MiH B HanalUTyBaHHA
noTpibeH ¢i3nynmii goctyn fo poytepa.

BucnoBku. PosrnauyTti metoau 3axucty Wi-Fi kopuc-
TyBaya 103BOAAITb 3aCTOCOBYBATU Lii METOAN ANA 3BU-
YalHOro KOPUCTYBaya, L0 He Ma€ CrewianbHMX 3HaHb B
obnacti mepex, iHdpopmauiiiHoi 6e3nekn Ta nopibHoro,
(ame TaKi KOpUCTyBavi Halvactilwe niafanTbca BAANUM
aTakam. B AKocTi 0CHOBHMX pekoMeHAaLil, Lo [0 3aXuc-
Ty Bif aTaK BUAINUMO HACTYMHi: 3po6uTh Mepexy npuxo-
BaHolo, T06T0 y nepeniky poctynHux wifi mepex SSID
AaHOi KOpNopaTUBHOI Mepexi He Byae BUAHO, ANA aTa-
KYIUOrO Lie YCKNaJHIE 3110M JaHOT Mepexi, CTBOPIoBaTH
AeKinbka Mepex ana BUKopuctaHHa loT, cTBOpUTI OKpe-
My MiAmepexy Ana jitei Ta rocteil. Hacnpasai 3aco6is
3a6e3neyeHHA 3aXUCTy poyTepa 3HauHo Binblue, Hix 6yno
po3rnaHyTo. OfHAK HaBITb HANALITYBaHHA KiNbKOX Napa-
METPiB 3HAYHO NOAINLINTD 3aranbHy 6e3neky AOMALLHbOT
Mepexi.
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MITM ATTACK PROTECTION CLASSIFICATION AND RECOMMENDATIONS

Viktor Kozel
Candidate of Engineering Sciences (PhD), Associate Professor of the Information Technologies, Kherson National Technical University,
Kherson, Ukraine, ORCID ID: 0000-0002-2627-2499, E-mail: k_vic@ukr.net

Abstract. Today, the protection of personal data and methods of protecting information from unauthorized access be-
come particularly relevant. The most important thing for the user is the bladed use of the computer network, and not to risk
suspicious operation of the network or any actions where you are asked to enter personal data, it is always necessary to be
sure that it is not the attacker who invites you to enter data, namely the system with which you work.

Research methods. The article discusses the general classification of attack types in the form of a diagram for more con-
venient use. An analysis of the behavior of the attacker in case of MITM attacks has been carried out, as well as recommen-
dations for setting up Wi-Fi routers, to improve the security of the computer network have been developed.

The main results of research. Secure the communication protocol using a Wi-Fi router for everyday use using the suggested
recommendations. It is revealed that a secure communication protocol should have any of the following properties: confidenti-
ality, integrity. As the main recommendations, to protection against the attacks it is allocated the following: to make network
hidden, to create several networks for use loT, to create a separate subnet for children and guests. The following recommenda-
tions for configuring individual settings significantly improve overall home network security.

Scientific novelty. The proposed classification of attacks allows to identify the level of OSI model on which interference
in the computer network takes place, which allows to choose the most convenient way to ensure security of the computer
network. Router configuration recommendations designed to meet today ‘s needs and skills of simple users.

Practical significance. Today, widespread computerization in all spheres of human activity, ensuring the confidentiality
of information becomes particularly relevant for a simple user of networks.

Keywords: security, router, attack, computer networks.

64



FEERNSBENNN
FRREEEE R

#25 (2019) SeSimissasess

(A R R L LSRN ELE]

LL Rl LY}
LA L 3
EEEE
HFEEE

FRRERREE
[EE LR TN ]
[ET T T RN
[ETT T TR
LES L L LA
LEE LR L LN}
EEREREEE
[FE SRS N ]
[FE AR TN ]

L]
L}
¥
L]
L]
L]
-

KNACCMOUKALIUA N PEKOMEHOALNA 3ALLATDBI OT MITM ATAK

BukTop Kozen
K.T.H., IOLEHT Kadesipbl MHGOPMALMOHHBIX TEXHONOM YA, XePCOHCKME HALMOHAbHbIA TEXHUYECKMI YHUBEPCUTET,
XepcoH, YkpauHa, ORCID ID: 0000-0002-2627-2499, e-mail: k_vic@ukr.net

AnHoTauma. CerofHa 0cobyto akTyanbHOCTb NPUOOPeTaeT 3aluTa NepcoHabHbIX AAHHBIX 1 METOAbI 3aLUUTbI UH-
dbopmavumn 0T HeCaHKLMOHMPOBaHHOTO AocTyna. (ambiM rMaBHbIM ANA NONb30BaTeNa ABNAETCA be3nonacTHoe NCnonb3o-
BaHMe KOMMbIOTEPHOII CETbHO, U He PUCKOBATb NP NOA03PUTENBHOI paboTe ceTh UK KakuX-nnbo AeiCTBuiA e Bac npo-
CAT BBECTM JINYHbIE [JAHHbIE, BCErAiA HYXHO ObITb YBEPEHHbIM B TOM, UTO 3TO He 3/10YMbILUNIEHHIK NPUTNALLAET Bac BBECTH
[aHHbIe, 3 UMEHHO CUCTEMA C KOTOPOI Bbl paboTaeTe.

MeTogbl uccnegoBaHus. B cratbe paccmatpuBaetca oblad Knaccudukauma TUNOB aTak B BuAe cxembl AnA Gonee
yA06HOro ncnonb3oBanuA. llpoBeseH aHann3 NoBefeHNA 3710yMblLLeHHIKA B CTydyae npumeHeHua MITM aTak, a Takxe
pa3paboTaHbl pekomeHpauun Hactpoiiku Wi-Fi poytepos, no noBbiLLeHmio 6e30MacHOCTU KOMNbIOTEPHOI CETH.

OcHoBHble pe3ynbTathbl uccnefoBaHna. 0becneyenne besonacHocTv npotokona cBasn ucnonbya Wi-Fi poytep npu
MOBCEHEBHOM NPUMEHEHUN C UCONb30BaHUEM NpeanoXeHHbIX peKoMeHAaumii. BoianeHo uTto, besonacHblii NpoTokon
(BA3W JOMKEH UMeTb lob0e 13 CedyloLmx CBOMCTB: KOHOUAEHLMANbHOCTD, LIeNIOCTHOCTb. B KauecTBe OCHOBHBIX peKo-
MeHJAALMIA, K 3aLuTe OT aTak BblAENeHO CIefyloLLme: (Aenatb CeTb CKPbITON, C034aBaTb HECKONbKO CeTeil AN UCMosb30-
BaHua 0T, co3AaTh OTAENbHYI0 NOACETb ANA AeTeli 1 rocTeil. [IpuBefeHHble pekoMeHAaLUN HACTPOKM OTAENbHBIX Napa-
METPOB 3HauNTENbHO NOBbILLAKT 00LLLYyI0 6e30MaCcHOCTb AOMALLHEN CETH.

HayuHaa HoBu3Ha. lpeanoxeHHas Knaccudukauma atak no3BonAeT BbiABUTL ypoBeHb Mogenu 0S| Ha koTopom npo-
NCXOAUT BMELLATENbCTBO B KOMMbIOTEPHYI0 CeTb, YTO N03BONAET BbIOPaTh Hanbonee yaobHbli cnocob obecneyenunsa bes-
0NaCcHOCTV KOMMbIOTEPHOI ceTU. PekoMeHAaLMM HacTPOiKIN poyTepoB pa3paboTaHbl UCXOAA U3 COBPEMEHHDIX NOTPebHO-
(Teil M yMeHWIA NPoCTbIX NoNb30BaTeei.

[pakTyeckan 3HauMMoCTb. B Halwe BpemA NOBCeMeCTHaA KOMNbIOTEpU3aLnA BO BCex chepax Xu3HeaeaTenbHoCTU
yenoseka obecneyeHne KOHPUALHLMANbHOCTY MHdOpMaLMK NpruobpeTaeT 0cobylo akTyanbHOCTb ANA NPOCTOro NoNb30-
BaTena cetei.

Knroyegbie cnosa: besonacHocme, poymep, amakd, KomnblomepHbie cemu.
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MOEJ/IIOBAHHA TA PO3POBJIEHHA NMPOrPAMHUX
3ACOBIB 411 MOHITOPUHIY HAA3BUYAUHUX CUTYALIN

YAK 004.9
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Kupwuituyk imutpo JleoHigoBuy,
KaHANAAT TEXHIYHUX HayK, JOLLEHT, JOLEHT kadeapu nporpamHux 3acobis i TexHonoriii, XepcoHcbKuii HaLioOHaNbHMIA TEXHIYHWI yHIBepcUTeT,
M. XepcoH, Ykpaina, e-mail: kidiam2@gmail.com, ORCID ID: 0000-0002-4905-6932

AxoTauia. MOHITOpUHI HaA3BMYANHUX CUTYaLiil Biirpa€ BaXNMBY Posib, Tak AK CNOCTEPEXeHHs, aHani3 i OLliHKa CTa-
HY NOTEHLIMHMX [Kepen HaA3BUYaliHUX CUTYaL|iil 403BONUTL PO3POONATY i peanizoByBaTH 3aX04u, CNPAMOBAHI Ha NiKBi-
JAaLito HaA3BUYANHNX CUTYALLiN Ta MiHIMI3aLilo eKOHOMIUHIX i eKONOTIYHNX HAUTIAKIB.

B po6oTi HaBefeHO NpUKNaA CTBOPEHHA IHYOPMALIHOI CMCTEMM MOHITOPUHTY HafA3BUYAIHUX CUTYaLili, TONOBHUM
NPU3HAYEHHAM AKOI € OTPUMAHHA ONepaTUBHOI iHdopMmaLyii npo 3arpo3y abo BUHUKHEHHA HaA3BNUYANHIX CUTYALLiIA, Xapa-
KTepUCTUKaX Bpakalounx GaKTopiB 3 METOH BU3HAYEHHA MACLLTa0iB NOLWMPEHHA | TAXXKOCTI HACNIAKIB Bif X BUHUKHEHHA.
Ha BifiMiHy Bifj iCHytouMX CUCTEMA MOHITOPUHTY Haf3BUYANHUX CUTYaLLiil 3iiACHIOE MOHITOPUHT HABKONULLHBOTO Cepeso-
BILLIA Ta CTaHY NOTEHLiHO Hebe3neuHux 06'€KTiB; OnepaTBHINA MOHITOPUHT B 30Hi BUHUKHEHHA HAZ3BUYANHIX CUTYaLili;
BI3HAUEHHA OCHOBHUX XapaKTEpUCTMK BpaXalouux (akTopiB HaA3BMYANHUX CUTYaUill — AKICHMIA aHani3; BU3HAYEHHA
PU3UKY BNAUBY BpaxKatounx GakTopiB i OLiHKY iX CTIKOCTI — KiNbKiCHWA aHani3; NPOrHO3yBaHHA HAJ3BUYANHIX CUTYaLliA
Ta OLiHKY PU3KKY TX BUHUKHEHHA.

[HpopmavjiiiHe 3abe3neueHHA CUCTEMM MOHITOPUHTY HaA3BUYAIHUX CUTYaLlili NOAAHO Y BUTNAZI CYKYMHOCTI JOKYMEH-
TiB i CTPYKTYpOBaHMX HAbOPIB AaHNX, LLO NpU3HAYeHi ANA NiABMLLEHHA edeKTUBHOCTI AiANbHOCTI KepPiBHUKIB 3 NiKBigaLlii
HaCNiAKIB HaA3BNYANHIX CUTYaLiil LUNAXOM 3abe3neyeHHs iX NOBHOH, JOCTOBIPHO iHPOpMaLli€lo Npo XapakTep i MacL-
Tabyu BUHMKHEHHA Ha3BUYAIHIX CUTYaL|iil Ta NOPYLUEHHA QYHKLIOHYBAHHA CUCTEM XMTTE3abe3neyeHHs.

[HpopmavjiiHe 3abe3neyeHHa CUCTeMN BKIIOYAE Taki Buaw iHdopmauii «OnepatusHa iHdopmallia», «KapTorpadiuHa
iHpopmavia», «[loiakosa iHpopmauiax. BinnosiaHi 6a3n gaHux MicTATb TonorpadiyHi KapTM MiCLLEBOCTi NOAAHI Y BEKTO-
pHoMy shape-popmari, HopmMaTUBHO-NPaBOBY iHOPMALLil0 LLOA0 NOTeHUiHO-Hebe3neyHnx 06'eKTiB Ta npoveciB (Knacu-
dikaTopu, peectpu, pericTpi, NAcNopTy! TOL0), a TaKOX A0AATKOBY AOBIAKOBY iHGOpMALIlO LWOAO NpeLeaeHTiB BUHNK-
HeHHA HaAi3BMYaHNX CUTYaLili Ta 4OCBIAY B 3ano6iraHHi Haf3BIMuAHNX CUTYaLLiiA | NiKBiAALT iX HAaCniaKiB.

BMKOpMCTaHHA CMCTEMM MOHITOPUHTY HaA3BUYANHNX CUTYaLi CIPAMOBAHO Ha NIABULLEHHA PiBHA 3HaHb NPO NOTeH-
LiliHy Hebe3neKy 06'€KTiB MOHITOPUHTY Ta noineHHA iHdopmaLiitHoro 06cnyroByBaHHA ¢axiBLiB 3 NiKBiAaLIl HACNIKIB
HaJ3BUYANHNX CUTYaLiiA.

Kmiouoei anoea: morimopuHe Hao3uyatiHux cumyayit, iHopMayitiHa cucmemu, npo2HO3yBaHHA HA38UYALHUX cumyayit.
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MocranoBKka npo6nemu.

AHani3 Hebe3nek i 3arpo3 TeXHOreHHOro Ta NPUPOAHO-
ro XapakTepy, BUHUKHEHHA Haf3BuuaiiHux autyauiin (HC)
(BiAYNTD, L0 3a OCTaHHi 10 poKiB TeHpeHLiil Ao ix 36inb-
LWeHHA abo 3MeHLUeHHA He cnocTepiraeTbca. Ane, Bpaxo-
Byloum 36epexeHHA piBHA Hacniakie Big HC, BapTo 3a3Ha-
YUTH, LLO piBeHb PU3NKiB BUHUKHEHHA HC npupoaHoro Ta
TEXHOTEHHOr0 XapaKTepy Ta pu3uKiB 30MTKIB Bif HUX 3a-
NNILLAIOTBCA NPAKTUYHO HE3MIHHUMU Ta JOCUTb BUCOKUMN
Ana binbLuocti perionis Ykpainu [1].

Tomy moHiTopunr HC Bigirpae BaxnuBy ponb, Tak AK
CroCTepeXeHHs, aHani3 i OLiHKa CTaHy MOTeHUiHNUX xe-
pen HC f403B0AUTb po3pobnATY i peani3oByBaT 3aX04Mu,
CNpAMOBaHi Ha nikBigauito HC Ta MiHiMi3avito eKOHOMiY-
HUX | eKONOTIYHNX HACNiaKiB.

AHani3 ocraHHix gocnimkenb i nybnikauiii.

B pobori [2] po3rnaHyTo NUTaHHA 3aCTOCYBaHHA iHdOpMa-
LiiiAHOi TeXHONOii ANA MOHITOPUHTY Ta nporHo3yBakHi HC npu-
POZHOTO i TEXHOTEHHOrO XapaKTepy. HaBefeHo npuknag Creo-
PeHHA IHQOPMALIIHOI CMCTEMI MOHITOPUHIY Ta MPOrHO3Y-
BaHHA Takux HC, it npubnmsta crpyKTypa, 3aBAaHHA Ta GyHKLI.

B pobori [3] npeacTaBneHi pesynbTaTit CTBOPEHHA CUCTe-
MI KOMNJIeKCHOro MoHiTopuHry HC B acnekTi iHTerpauii cy-
YacHMX iHopMaLliitHiX TexHonoriii. B cuctemi KomnneKcHoro
MoHiTopuHry HC peani3oBaHi NpUHLMNIA TEXHONOTIYHOI iHTer-
paulii, Lo A03BOANA0 3a6€3NeUnTy BIUCOKNIA PiBEHb y3roaxe-
HOCTi YHKLIOHYBAHHA BCiX eNEMEHTIB | JOCAITI CUHepreTAY-
HOro epeKTy MOXNMBOCTEN OKPEMMX KOMMNOHEHTIB. OTpUMaHi
pe3ynbTaTin iHTerpauii TeXHONoriin [03BOAMAN NIABULLMTY
ONepaTUBHICTb NPUIAHATTA 0OFPYHTOBAHUX pilieHb Ha OCHOBI
MOBHOTM, [JOCTOBIPHOCTI i HecynepeyHocTi ynpaeniHCbKOI
iHpopmaLii, ii nogaHHi B HeOOXiAHMX aHaNITMUHKX 3pi3aX, 3
HeobXigHUM cTyneHem feTani3auii. (popmoBaHi iHpopma-

LiiliHi pecypcv KOMNJIEKCHOTrO MOHITOPUHTY BUKOPUCTOBYIOTb-
(A ANA aHani3y Hebe3neyHux NpUPOAHUX ABULL, BUHUKHEHHA
TeXHOTeHHYX aBapili, OLHKM CTaHy be3neu TepuTopili.

B pobori [4] po3rnaHyTo CTaH i npobnemu cuctemin Mo-
HiTOpUHTy 6e3neki B YkpaiHi Ta ii BiAMIHHOCTI Bif cucTem
PO3BUHYTUX KpaiH. AHani3yloTbCA GYHKLIT B 3aneXHOCTi Big
Lineid, cam Npowec MOHITOPUHTY PO3INAZAETHCA AK CKNa-
J0Ba iHGOpPMaLiliHOT TexHonorii 6e3nekn. 3anponoHoBaHo
(TBOPEHHA TPUPIBHEBOI CUCTEMM MOHITOPUHTY. Po3rnAHy-
T0 OyaoBy KputepiiB 0e3nekn 3a MpUHLUNAMU PUBNK-
OpI€EHTOBAHOrO NiaXody, anropuTMK aHanisy iHdpopmauii,
KOHLIeNL|ito HOBOI CUCTeMU Ta MUTAHHA BefeHHA 6a3n Ja-
HUX | 6a311 3HaHb 3 NUTaHb 6e3nexu.

OcHOBHOI0 MeTOI0 AocimKeHHA [5] € po3pobka cuctemu
MOHITOPUHTY TICOBUX MOMEX Y peanbHOMy yaci 3 BUKOPUC-
TaHHAM 6e3ninotHux nitanbHux anapartig (BMJA). (ucrema
BUKOPUCTOBY€E M'ATb AaTuukiB. [laTumk Temneparypu, AKui
QIyrye A1 BUMIPIOBAHHA Temnepatypi B MOHITOPUHIOBIli
nicoBiii micueBocTi. bapomeTp, AaTuunk rnobanbHoOro no3ulio-
HyBaHHA (GPS), iHepuiiinmit 6nok BumiptoBaHHA (IMU) Ta
Aatunk Komnaca. IMU cknagaetbca 3 AaTumKiB akcenepomert-
pa Ta ripockona, AIKi BUKOPUCTOBYIOTbCA /1A OLHKW Mosio-
YKEHHA TPaHCMOPTHOr0 3aco0y.

Meta pocnimkeHHA. MeTow fOCNiZKeHHA € po3pob-
Ka nporpamHux 3aco6is ana moHitopuHry HC.

Buknap matepiany gocnimpKeHHs.

MOHITOpUHI — Lie cucTemMa CnoCTepeXeHHs 3a BU3Ha-
YeHUMN 06’eKTamu, ABULLAMM Ta MPOLECAMU 3 METOI0
0MepaTMBHOTO OLiHIOBAHHSA X CTaHY, BUABNEHHA pe3ynbTa-
TiB BMIUBY HA HUX 30BHILUHIX YMHHUKIB Ta MPUAHATTA
BIZANOBIAHMX yNpaBAiHCbKMX pilLieHb [7].

3anexHo Bif Linelt BUAINMMO TaKi BUAM MOHITOPUHTY
(puc. 1):

MOoHiTOpUHT MOoHITOpHHT JpKepen MoHiTopuHr
TOTEHIIIITHO HaI3BHYalHUX JTOBKIJLISL
Hebe3neyHnx 00’ eKTiB cHUTYyaLii
MouitopuHr Mowitopunr
pamiauiitaol le—1 Mosnitopusr | »  XximiuHOi HEOe3MeKH
Hebe3neKn
A
MomitopuHr MouitopuHr MOHITOPHHT ITOXEX B
HaJ[3BUYaliHUX HeOe3MmeyHnx €KOoCHCTEMax
cHUTyarii MPUPOHUX SBHIL TA
npolLecis

Puc. 1. Budu moHimopuHay
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Monitopusr HC — ue cuctema cnoctepexeHHA 3a
00’ekTamu, AKi MoXyTb 6yT Mxepenamn HC, wo Mae Ha
METi BUABNEHHA Hebe3neku, 36upanHs, y3aranbHeHHA Ta
aHani3yBaHHA ONepaTMBHOI iHpOpMaLi CTOCOBHO CTaHy
00'€KTiB  MOHITOPUHry Ta  po3pobNeHHA  HayKoBO-
00rpyHTOBaHIX peKoMeHAaLiil LWoA0 NPOBEAEHHA 3aX0iB
i3 3ano6iraHHA Ta nikBigyBaHHa HC [7].

Jlo TEXHOTeHHMX YNHHUKIB NOTEHLLiliHOI Hebe3neku Ha-
nexarb:

- Hebe3neyHi NpoAyKT! Ta peyoBuHM (XimiuHi, BUbY-
XOBI, 3aAMUCTi, pagiaviitHi, 6ionoriuHi Towo);

- NigBULLEHI TUCK Ta TeMnepaTypa, AKi pi3ko Bigpis-
HAKTbCA Bif TUCKY Ta TEMNepaTypu 0TOUYI0YOro Cepeo-
BUMLLA;

- PEYOBMHMU 3 TOKCUYHUMIU NIPOAYKTaMI 3TOPAHHS;

- He3aJ0BiNbHMiA cTaH 06nagHaHHA, byaoB i ciopya
TOLLO.

Baromumun npupogHumm Hebe3neyHUMN YMHHUKAMN
BUHUKHeHHA HC € Boponinna, naBoaKu, CeNli, a KoMnneKc-
HUMUW NPUPOSHO-TEXHOTEHHUMI — TiAPOTEXHiYHi Cnopyau
(aambn, BogocxoBuMLLa, rpedni, MocTi Towo). Ha BUHKK-
HeHHA HC Takox 3HauYHO BMANBAIOTb FeONOriYHi npoLecu:
3CyBW, NIATONNEHHA, NPOCiAaHHA, epo3id, abpasis, KapcT.
OcHoBHa pywwiitHa cuna wmux npoueciB — mig3emHi (ana
abpasii — noepxHei) Boau. KonuBaHHA KinbkocTi Ta
AKOCTI Ni3eMHNX BOJ Y BEPXHill 30Hi MOPOJHOr0 MacuBy,
Lo [OMNOBHIKTLCA 3MIHOK TeMNepaTypHOro pexumy,
(TalTb NOKA3HUKOM aKTUBI3aLjil TOr0 Um iHLLIOTO reonoriy-
HOro npovecy.

Monitopunr HC Takox nepefbauae cnocrepexeHHs 3a
AKICHAMM | KINbKICHUMI NapaMeTpamin CTaHy 06'€xTiB, AKi
MOXyTb 6yt mxepenamn HC, 36upaHHs, 06pobneHHs,
nepefaBaHHA Ta 30epexxeHHs iHhopmaLii Npo CTaH Takmx
06'exTiB.

AIkichuin aHani3 HC nonArae y BU3HaueHHi 0CHOBHMX Xa-
paKTepuctuk ypaxatounx ¢paktopie HC, a Takox Hait3ara-
NbHILKMX 3aX0AiB, WO MOXYTb O6yTi BXUTI AnA NikBigavii
HC.

OCHOBHI KpuTepii 3a AKMMI 3[iCHIOETLCA AKICHA OLjiH-
Ka MOTEHLiIHUX HACNIOKIB ANA KOMHOrO Hebe3neyHoro
CTaHy AOCTiAKyBaHOro 06'ekTa HacTymHi [1; 7]:

knac 1 — BE3MEYHUI — He cnpuumHse He3BOPOTHUX
HACNiAKiB, YLWKOXeHHA 06MaiHaHHA Ta HeLacHnX Bunag-
KiB 3 MtoAbMI (CTaH MOB'A3aHWI 3 NOMUNKaMIA NEPCOHaNy,
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HeaopobKamu  KOHCTPYKLIM, HeBIANOBIAHOCTI NPOEKTY,
M03aLLTaTHOI PODOOTOH AOCILXKYBAHOI CUCTEMM);

knac 2 — FTPAHWYHWIN — npusBoauTb 40 NopyLueHb B
po6oTi, MoXe OYTI KOMNEHCOBAHIM UM B3ATUM TiJj KOHT-
ponb 6e3 yLKo/KeHHA 06M1aHaHHA abo HelacHux Buna-
AKIB 3 NepCOHaNnoMm (CTaH NoB'A3aHNi 3 NOMMAKaMI nep-
COHany, HefopobKaMu KOHCTPYKLIA, N03aLTaTHOK pobo-
TOI0 AOCNIAKYBAHOI cUCTEMM);

knac 3 — KPUTUYHUI — npu3BoauTb 10 BEAMKMX MO~
pyLUEHb Y pobOTi, YILKOAKeHHA 0613 HaHHA Ta CTBOPEHHA
Hebe3neyHoi cuTyaLii, Aka noTpebye HeraitHUX 3axoziB AndA
PATYBaHHA NepcoHany Ta 06MaJHaHHA (CTaH NoB'A3aHuiA 3
MOMUNKaMI MepCOHaNy, No3alTaTHO poboTor Aocni-
[KyBaHOI cuctemm);

knac 4 — KATACTPOOIYHUI — npu3BoauTb A0 BTpaTHt
obnagHaHHA Ta 3arubeni abo MacoBOro TpaBMYyBaHHA
nepcoHany.

KinbKkicHuit aHani3 Hece KinbKicHy iHdpopmauito npo HCi
BUKOHYETbCA Ha BCix eTanax xutTeBoro uukny HC. 3a go-
nomorolo KinbkicHoro aHanizy HC 3AilicHI0ETbCA BU3HA-
YeHHsA PU3NKY BNAKMBY Bpakalunx (akTopiB i owiHKa iX
cTifKocTi.

B mexax cuctemu moHitopuHry HC 3 metoto 3anobi-
FaHHA (HUKEHHA PU3NKY BUHUKHEHHA), a TaKOX 3MeH-
WeHHA BTpaT i 36utkiB Big HC (nom'AKWeHHA Hacniakig)
3AINCHIONTBCA MOHITOPUHT HABKOMMLIHBOTO CePeOBULLA i
CTaHy NOTEHUiHO Hebe3neyHnx 06'eKTIB il NPOrHO3yBaHHA
HC Ta oLiHKa pU3KKY iX BUHUKHEHHA.

06’eKTamMi MOHITOPUHTY HABKONMULLHBOTO CEpeoBILA
i CTaHy NoTeHUiilHO Hebe3neyHux 06'ekTiB € aTMOCPepHe
NOBITPA; BOAHI pecypcu; POUTUHHWIA CBIT; TBAPUHHUIA CBIT;
NiCOBNIA Ta CiNbCbKOrOCMOAAPCHKNI QOHAM; TreonoriyHe
cepepoBuLe; 6yaieni Ta cnopyau; NOTEHUiNHO Hebe3neuHi
00'eKTH; 00'€KTN NinBULLEHOT Hebe3neKN.

MoXXHa BUAINUTYU TaKi peXxMMn NPoBefeHHA MOHITO-
PUHTOBUX JOCTILKEHD:

- 10 BMHUKHeHHA HC — y pexumi noBCAKAEHHOro
dYHKLiOHYBaHHA. [py LibOMY FOMI0BHOK METOH € NPOTHO-
3yBaHHA MicLid, uacy, ypaxaiouoro dpaktopa Hebesnekm i
OLliHKa PU3KKIB LN HAaCeNeHHA;

- Y MOMEHT 3arpo3i BUHIKHeHHA HC —y pexumi ni-
ABULLEHOI TOTOBHOCTI. [0N0BHOIO METO € CBOEYacHe
BU3HAueHHA Micus, yacy, ypakatouoro ¢paktopa Hebe3sneku
Ta NPOrHO3yBaHHA MOXJIMBUX HACNIAKiB;



FRRERREE
[EE LR TN ]
[ET T T RN

# 25 (2019)

- MicA BUHUKHeHHA HC — y pexxumi Haa3BUYaliHO
cuTyauii. [onoBHOKW MeTOK0 € NPOrHO3YBaHHA MicuA, Yacy,
MOX/IMBOCTI BUHMKHEHHA HOBUX OcepefKiB Hebe3neku,
OLiHKa pU3NKy AnA HaceneHHs, NiroToBKa ynpasniHCbKuX
piLLieHb LLoA0 NoKani3aii Ta niksigauii HC.

(nocrepexxeHHA, aHani3 Ta oOLiHKa CTaHy Ta 3MiH Jxe-
pen HCy mexax cuctemu moHitopuHry HC 3giicHI0eTbCA
TaKUMU LLEHTPANIbHUMI OpraHamu BIKOHABYOI Bnaam Ta
JepXaBHUMU OpraHisauiamu, Wwo nignopsakosaHi ypagy
Ykpaitu (tabn. 1).

Tabnuusa 1

OpraHu BUKOHaBYOI BNaay Ta iepXKaBHi opranisaulii YKpaiHu, 140 3AiiiCHIOIOTb CNOCTepexeHHs,
aHanis 1a ouinky crany HC y mexxax cucremu moHitopunry HC [7]

OpraHu BUKOHaBYOI Bnaau
Ta iepxaBHi opraHizauii YkpaiHu

Buau cnocrepexxeHHa, aHanisy Ta owiHku craHy HC
y Mexax cucremm moHiTopuHry HC

1

2

MinictepcTBo ekonorii Ta NnPUPOAHNX pecypciB YKpaiHu.

- aBapil, NOB'A3aHi 3 3arpo30t0 BUKMAY (BUKMAOM) Hebe3-
NeYHMX XiMiYHNX PEYOBUH Ha MPOMIUCIOBIX 06'€KTaX;

- aBapii, MOB'A3aHi 3 3arpo3010 BUKMAY (BUKIAOM) pajioa-
KTMBHUX PEYOBMH Ta 3a0pyAHEHHAM HaBKONMLIHLOIO
(epefoBULLA; aBAPIT HA 0YNCHUX COpYaaX;

- Hebe3neyHi Ta CTUXIitHi rigponoriyni ABNLLA; Hebe3neyHi
Ta CTUXilHi MeTeopoNoriuHi ABMLLa;

- NOXeXi y NPUPOAHNX eKOCMCTEMAX; YPaXKeHHA CiNbCbKO-
rocnofapcbKNX PoCIMH i NicOBMX MacuBiB XxBopobamu Ta
LWKIAHUKaMN | eniiToTii.

MiHicTepcTBO 0XOpOHY 3A0p0B'A

aBapii B cuctemMax XutresabesneyeHHs;
iHpeKLiliHa 3aXBOPIOBAHICTb NtoAeil Ta enigemir;
€ni300Til.

[Nlep<aBHa cnyx0a 3 HaA3BNUYAINHIX CUTYaLii

aBapii Ha TPaHCNOpTi i3 Hebe3neuHMI BaHTaXaMu;
aBapii, NoB'A3aHi 3 3arpo30t0 BUKMAY (BUKMAOM) Hebe3-
MeYHNX XiMIYHIX PEYOBMH Ha NPOMUCTIOBUX 06'€KTaX;

- aBapii, NOB'A3aHi 3 3arpo3010 BUKMAY (BUKIAOM) pajioa-
KTMBHUX PEUOBMH Ta 3a0pyAHEHHAM HABKOMMLIHLOIO
cepefoBULL;

- NoXexi Ta BUOYXW Ha NOTEHLliHO Hebe3neyHnx 06'ekTax;
aBapii B eNeKTPOEHepreTUUHNX cucTemax;

aBapii B (UCTeMax XuUTTe3abe3neyeHHs;

riapoanHamiuHi aapii;

Hebe3neyHi Ta CTUXiiHi rigponoriyHi ABMLLA;

Hebe3neyHi reooriyxi ABMLLQ;

Hebe3neyHi Ta CTUXiliHi MeTeopoNoriyHi ABILLA;

NOMeXi y NPUPOAHNX ekocucTemMax;

iHpeKLiliHa 3aXBOPIOBAHICTb NtoAeil Ta enigemir;
eni3ooTil;

YPaXeHHsA CiNbCbKOroCnoJapcbkux POoUIMH i NiCOBUX
MacuBiB XBOp0Oami Ta LLKIAHUKAMM

- Ta eniditorii.
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3aKiHueHHa Tabnuui 1

1

2

[lepXaBHe areHTCTBO BOAHUX pecypciB

aBapii Ha OYMCHUX Criopyaax;
rigpoAnHamiuHi aBapii;
Hebe3neyHi Ta CTUXiiHi rigponorivxi ABMLLA.

[lep>xaBHe areHTCTBO NiCOBUX PecypciB

MOXeXi y NPUPOAHIX eKocucTemax;
YPaXKeHHsA CiNbCbKOrocnoapcbkux PouIMH i MicoBUX
MacuBiB XBOP06amM Ta LUKIAHMKaMI Ta eniiToTii.

[JlepxaBHa ekonoriuHa iHcnekwia

- aBapii, NOB'A3aHi 3 BUKNAOM (3arpo30i0 BUKNAY) Hebe3-
MeYHNX XiMIYHNX PEYOBMH Ha NPOMUCIOBUX 06'€KTaX;

- aBapii Ha OUNCHUX CnopyAax;

- TOXEXi Y NPUPOAHNX eKOCUCTEMAX.

[JlepxaBHa iHcnekLia 3 6e3nekn Ha MOpPCbKOMY Ta piy-
KOBOMY TPAHCNOPTI

aBapii Ha TPaHCNOPT i3 Hebe3neuHMMM BaHTaXKaM.

[JlepxaBHa iHcneKLia 3 6e3nekn Ha Ha3eMHOMY TpaHC-
nopTi

aBapii Ha TPaHCNOPTIi i3 Hebe3neuHMI BaHTaXKaMK.

HaLlioHanbHe KocMiyHe areHTCTBO

- aBapii, NOB'A3aHi 3 3arpo30to BUKNAY (BUKUAOM) Hebe3-
MeYHMX XiMiYHIX PEYOBIUH Ha MPOMUCIOBHX 06'€KTaX;

~ aBapii, NOB'A3aHi 3 BUKMAOM (3arpo30t0 BUKNAY) pagioa-
KTUBHUX PEYOBMH Ta 3a0PYAHEHHAM HaBKONMMULIHLOMO

Cepe/IoBuLLa;

Hebe3neuHi Ta CTUXiiHi rigponoriuxi ABNLLa;
Hebe3neyHi reoNoriuxi ABULLA.

3aneXHo Bif NpU3HaUeHHA MOHITOPUHIOBa iHPOpMa-
Lif NOAINAETbCA HA onepaTuBHY i aHaniTuuHy. [lo onepa-
TUBHOI BIAHOCUTBCA iHpOPMALliA, NpU3HAUYeHa AnA ONoBi-
LeHHA HaceneHHA npo 3arpo3y BUHMKHeHHA HC. BoHa
MicTuTb Bigomocti npo 3arpo3y HC i ocHOBHMX ii napameT-
pax. B aHaniTuuHux matepianax BifobpaxaioTbca y3aranb-
HeHi 3a MeBHUMW NapameTpam 3a BCTAHOBMEHWIl nepiog
yacy AaHi npo craH fxepen HC, oTpUMyBaHi Ha OCHOBI
iHTerpawii, y3aranbHeHHsA, KOMNNeKCHoi 06pobKM il aHanizy
0nepaTMBHOI i aHaNITUYHOI MOHITOPUHIOBOT IHQOpMaLi, a
TaKOX oJepxyBaHi B pe3ynbTati 06miHy iHpopmaLlieio 3
JepXaBHOK CUCTEMOI0 MOHITOPUHTY JOBKINNA, CUCTEMOL
COL|ianbHO-TirieHiYHOro MOHITOPUHTY Ta iHILMX BigoOMUMX
Ta MiXKBioMUmnX cuctem [7].

3pilicHeHHA MOHITOpUHTY 3abe3neuye iHpopmauiiiHa
(MCTeMA MOHITOPUHTY HaZI3BUYAHNX CUTYaLi.

Monitopuxr HC cnpAmMoBaHO Ha MiABULLEHHA PiBHA
3HaHb NP0 NOTeHLiiHy Hebe3neKy 06'€KTIB MOHITOPUHTY Ta
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noninweHHs iHpopmauiliHoro 06cnyroByBaHHA daxiBLis 3
niksinauii Hacnipkis HC.

(TpykTypy iHdopMmaLiitHoi cuctemu moHiTopuHry HC
MoAaHo Ha puc. 2.

[0NOBHUM MNPU3HAUYEHHAM CUCTEMI MOHITOPUHTY €
OTPUMAHHA OnepaTMBHOI iHpopmaLii npo 3arposy abo
BUHMKHeHHA HC, xapakTepucTikax Bpaxaloumnx GakTopis 3
METOI0 BM3HAUEHHA MacWTabiB MOWMPEHHA i TAXKKOCTI
HaCTiAKIB Bif iX BUHUKHEHHS.

TaKvM YiHOM, OCHOBHMMM HanpAMKaMU PobOTI CUCTEMN €:

~ MOHITOPUHT HABKONMLLUHBOTO CepPefoBULLA Ta CTaHY
NOTEHLiHO Hebe3neyHNX 06’ exTiB;

- ONepaTUBHUIA MOHITOPUHT B 30Hi BUHUKHEHHA HC;

- BU3HAUYEHHA OCHOBHUX XapaKTepUCTUK BpaXarounx
dakTopis HC — AKicHuil aHani3;

~ BU3HAYEHHA pU3IKy BNINBY Bpaxalounx GpakTopis i
OLLiHKa iX CTiliKOCTi — KiNbKiCHUIA aHani3;

- nporHo3yBaHHA HC Ta oLiHKa pu3nKy ix BUHUKHEHHS.
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Iadopmarniiina cucrema

moHiTopuary HC
Pesrcumu pobomu cucmemu
v v v
IToBcsikneHHE ITigBHIIEHA TOTOBHICTE HC
(hyHKITIOHYBaHHSI (y MOMEHT 3arpo3u (micns sunuksaenns HC)
(mo BunukuaenHs HC) BunukHeHHs HC)

v

v

v

MoniTtopuHT
HC

HAaBKOJIMIIHBOTO CEPEAOBUIIA Ta CTAHY HOTCHHiﬁHO

MownitopuHr

HeOe3neynnx 00’ eKTiB

v v v

\ 4 *

Kinbkicauit SxicHwmii
aHai3 aHaii3 MOBITpS

Atmocdepne

Bonni pecypen PocnunHmii cBiT

v v

v v Y

TBapuHHUI CBIT JlicoBuii ¢honn T'eomoriune
CepeoBHIIe
[IpornozyBanus HC ta P
OLIIHKA PU3UKY iX v v v
. . o b
BUHMKEECHHES Bynisini Ta [MoTenuitino O06’extn
cropynu HeOe3neyHi HiABUIIEHOT
00’ eKTH HeOe3meKn

OnepatuBHa
iHpOpMaItis

Kaprorpadiuna
iH(popMarris

JloBinkoBa
iHdopMartis

Puc. 2. Cmpykmypa inpopmayitiHoi cucmemu moHimopuHay HC

[HdopmauiitHe 3a6e3neyeHHA CUCTEMIN MOHITOPUHTY
HC nogaHo y BUrNAAI CYKYNHOCTI JOKYMEHTIB i CTPYKTY-
POBaHNX HAbOPIB AaHMX, L0 NPU3HAYEHI ANA NiABULLEH-
HA e(eKTMBHOCTI [iANbHOCTI KepiBHMKIB 3 niKBigawii
HacnigkiB HC wnsxom 3abe3neyeHHs ix noBHOMW, JOCTO-
BiPHOI0 iHpOpMaLliEl0 NPO XapakTep i MacwTabu BUHNK-
HeHHA HC Ta nopyLieHHA GyHKLiOHYBaHHA CUCTEM XUTTE-
3abe3neueHHA.

1

[HdpopMaLiiiHe 3abe3neyeHHA CMCTEMI MOBUHHO
BKMIOYATU HACTYNHI BuAu iHGopmauii, Wwo mictutbca y
BignoBiaHuX 6a3ax gaHux (bA).

1. OnepatuBHa indpopmauia. MicTuTb BigomocTi
npo ocHoBHi napametpu HC. Tak, Hanpuknapg, onepa-
TUBHA iHpOpMaLia npo aBapii 3 BUKMAOM aBapiliHo
Hebe3neyHnx XimiyHUX Ta pagioakTUBHMX CMONYK Ha
06'ekTax (KpiM TpaHCMOPTHUX) MO KpaiHi MiCTUTD:



FERRERREE
[EE LR TN ]

LE S LA L L
LES LR L L]
FEEREREEE

NPOBNEMU IHOOPMALIMHX TEXHOJOT I

LE L LA L LA
LEZ LR L LA

aApecy, XapakTepuctuky 06’ekta (aBapiiiHo Hebe3neu-
Hi XiMiYHi Cnonyku, 3arafbHy KinbKicTb aBapiitHoO He-
6e3neyHnx XimiyHux Cnonyk Ha 06’'ekTi, 06CAr eMHOCTI,
3 AKOT CTaBCA BUTIK), MNOLLY PO3UBY Ui 3a6pyAHEHHA,
TNOMHY 30HW YpaKeHHA, MeTeOYMOBM HAa MOMEHT
aBapii, KinbKicTb 0Ci6 nocTpaxaanux Big asapii, Kinb-
KicTb 0Ci6 3arnbnux BHacnigoK aBapii, npuumnHy aBapii
TOLLO.

2. Kaptorpadiuna iHpopmauia. Kaptorpadiune
3a6e3neyeHHA cucTemn NodaHo y BUrAAZi Tonorpadiy-
HUX KapT i3 JeTaNbHiCTI0 Ta TOYHICTI0, AKi BifnoBiga-
0Tb TPaguLiiHUM KapTam B MacwTabi 1: 100000.
Tonorpadiuni KapTm nogaHi y BekTOpHOMY shape-
dopmari. KoxeHn shape— daiin kaptn B CBow uepry
CKNajaeTbea 3 4oTUpbOX 0060B’A3KOBUX BailniB HACTY-
NHUX popmarTiB:

- .shp daitn, Wwo MicTuTb reomeTpUUHY iHdpopMaLlito
npo 00’ekTu;

- .dbf daitn, wo mictutb aTpubyTUBHY iHdOpMaLiito
y dopmari dBase;

- .shx iHpeKcHuii dpaiin;

- .prj dain, wo micTutb iHGopMaLito npo NpoekTy
KapT.

3. [losigkoBa iHpopmauia. MicTutb HopmaTuBHO-
NpaBoBy iHGOpMALi0 LOAO MOTEHLiHO-Hebe3neuHmux
06'exTiB Ta npoweci (knacudikatopu, peectpu, pericrpu,
NacnopTy TOLLO), a TAaKOX A0AATKOBY AOBIAKOBY iHOP-
mallito WoAo npeueaeHTi BUHMKHeHHA HC Ta gocsiay B
3ano6iranni HC i niksigawii ix Hacnipkis.

[ina po3pobku cuctemn 6yno BUKOPUCTAHO KpoC-
nnatGpopmHy reoiHpopmauiiivy cuctemy Quantum GIS
(QGIS) i BucOKOpiBHEBY MOBY MpOrpamyBaHHA
Python.

[ina po3pobku BJl byno Bukopuctano cuctemy Kepy-
BaHHA 6a3amu panux PostgreSQL. CTpykTypHy cxemy bJl
«OnepatnBHa indpopMmadis» nogaHo Ha puc.3.

[lna 36epiraHHA KapTorpaQiunux AaHux i 06pobKu
NpOCTOPOBO-po3noAineHoi inpopmauii byno BukopucraHo
reoiHpopmaLiliny cucremy PostGlS.

Bukopucranna PostGIS 4o3Bonuno foaati nigTpumky
reorpadiuHnx 00'ekTiB B penAuiitHy 6asy AaHux
PostgreSQL, a TakoX MOMXAMBOCTI NPOCTOPOBOTO iHAEKCY-
BaHHA, dinbTpauii i nobynoBn noWyKoBUX 3anuTiB A0
NPOCTOPOBMX AAHNX.
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[ina imnopty shape-¢aiinis B 6a3y aaHux PostGlS 6y-
no BukopuctaHo mopynb SPIT (Shapefile to PostGIS
Import Tool), Akuit € yactuHoto apxitektypu QGIS. Mo-
Aynb SPIT no3BonuB 3AINCHUTA OJHOYACHMIA iMNOPT
AeKinbkox shape-daiinie 3 niaTpumkow cxemmu 6asn
AaHux PostGlIS.

[ina 06pobKy i aHani3y NpocTopoBo-po3noAineHoi iHgo-
pmaLii npo paiioHyBaHHA TEpUTOpIil 32 HAABHICTIO NOTeH-
LiliHO Hebe3neyHux 06'ekTiB, iHdopMaLil NPO CTaH HaBKO-
NMLIHBOMO MPUPOAHOTO CepedoBiLa 6yno BUKOPUCTAHO
mopynb fTools, AKnii Takox € yactuHoto apxitektypu QGIS.

Jlo oCHOBHUX (QYHKLiA aHani3y, reonpoueccinra, 06-
pobKM reomeTpii, ynpaBniHHA AaHUMK, AKi AOCTYMHI B
moayni fTools MoxHa BigHecTu:

- (TBOpEHHA bydepHuX 30H HaBKONO 06'€eKTiB 3aa-
HOro po3Mmipy;

- MepeBipKy MONIroHiB Ha HaABHICTb MEpeTuHiB i
HenpasubHOro NOpsAKY HymMepaLii By3nis;

- [0AaBaHHA 10 Wapy nonAa 3 indpopMmalieto npo re-
ometpii: (XCOORD, YCOORD) ana TOUKOBOTO Luapy,
(LENGTH) ana niniittoro i (AREA, PERIMETER) ana noniro-
HanbHoro;

- MNepeTBOPEHHA CKNAajoBUX 00'€kTiB  (MynbTu-
noniroHie abo MynbTU-NONINIHIA) B KiNbka NpOCTMX
00’€kTiB (moniroHis abo noniniuii);

- 00'eaHaHHA pekinbkox shape-dainis, Lo 3Haxo-
AATbCA B OJHIN AuUpeKTopii, B HOBUIA shape-(aiin, rpyH-
TYI0UNCb Ha TUNI Wapy (TOUKOBMIA, NiHIAHWIA, NONiroHaNb-
HUiA).

BucHoBKkM.

HaBeaeHo npuknag CTBOpeHHsA iHGOpMaLiliHOi cucte-
MU MoHiTopuHry HC, ii cTpyKTypa Ta OCHOBHi HanpAMKM
pobotn. (uctema 3QiiCHIOE MOHITOPUHT HABKOMULIHLOIO
(epefoBuLLA Ta CTaHY NOTEHLIAHO Hebe3neyHnx 06'ekTiB;
OnepaTUBHMI MOHITOPUHT B 30Hi BUHUKHeHHA HC; BU3Ha-
YeHHA OCHOBHMX XapaKTepUCTUK Yypaxawuux (aktopis
HC— AKicHWi aHani3; BU3HAYeHHA PU3NKY BNAUBY ypaxa-
tounx aKTOpIB i OLiHKA iX CTINKOCTI — KiNbKICHWA aHani3;
nporHo3yBaHHA HC Ta OLiHKa pU3NKY iX BUHUKHEHHS.

Bukopucranua cucremu moHitopunry HC cnpamosa-
HO Ha NiBMLLEHHA PiBHA 3HaHb NPO NOTEHLiiHY Hebe3-
neky 00’€KTiB MOHITOpUHTY Ta MONINWeHHA iHpopma-
LiitHoro obcnyroByBaHHA (axiBUiB 3 MikBigawii Hacnia-
KiB HC.
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MOAENIMPOBAHUE U PA3SPABOTKA NMPOrPAMMHDBIX CPEACTB AJ1IA MOHUTOPUHIA
YPE3BbIYAUHbIX CUTYALUIA

Kupuituyx imutpnit Jleonnposuy,
KaHUaT TEXHUYECKIX HaYK, JIOLIEHT, JOLEHT Kahezpbl NPOrpaMMHbIX CPEJICTB U TEXHOMOTHi,
XepCcoHCKiit HaLMOHaNbHbI TEXHUYECKMI YHUBEPCUTET, ropog XepcoH, YkpauHa, e-mail: kidiam2@gmail.com, ORCID ID: 0000-0002-4905-6932

AnHotauma. MoHutopuHr HC urpaet BaxHyIo posib, Tak Kak HabmtoJeHne, aHanu3s 1 OLieHKa COCTOAHNA NOoTeHLManb-
HbIX CTOYHMKOB YC no3BONUT pa3pabaTbiBaTb W peanu3oBbiBaTb MepoONpUATUA, HanpaBNeHHble Ha nkeuaaumnio HC n
MUHUMU3ALUN SKOHOMUYECKIAX 1 IKONOTNYECKIX NOCNeACTBUIA.

B pabote npuseseH npumep co3AaHMA UHGOPMALMOHHOI CUCTeMbl MOHUTOPIUHTA YC, rNaBHBIM Ha3HaYeHUeM KOoTo-
poii ABNAETCA NOMYYeHIe onepaTUBHOIN MHGOPMaLIMK 06 yrpo3e Un Bo3HUKHOBEHMI Y, XapaKkTepucTukax nopaxaioLLmx
($aKTOpOB C Lienblo onpefeneHna MacTabos pacnpoCTpaHeHs U TAXECT NOCeACTBUI UX BO3HUKHOBEHNA. B otnnume
0T CyLLIeCTBYIOLLNX, CCTEMA MOHUTOPUHTA YC oCyLLecTBRACT MOHUTOPUHT OKPYXKaloLLeil CPefbl U COCTOAHMA NOTeHLManNb-
HO OMacHbIX 00HEKTOB; 0NepaTUBHbIA MOHUTOPUHT B 30He BO3HUKHOBeHUA YC; onpefeneHne 0CHOBHbIX XapaKTepucTuk
nopaxatoLunx Gaktopos YC — KauecTBeHHbII aHanu3; onpefenenue pucka Bo3[encTBuA NopaxaroLynx GakTopos u oLeH-
Ky MX YCTOYMBOCTY — KONMYECTBEHHDII aHanu3; nporHo3upoBaHna YC u oLeHKy pucka ux BO3HUKHOBEHUA.

WHopmaumoHHoe obecneueHune cuctembl MoHuTOpuHra YC mpeacTaBneHo B BuAe COBOKYMHOCTU [OKYMEHTOB
CTPYKTYPUPOBAHHBIX HAOOPOB AAHHBIX, NPeHA3HAYeHHbIX ANA NOBbILLEHNA IGEKTUBHOCTU AeATENbHOCTI PYKOBOAWTE-
neii no nuksupauny nocneactauii YC nyrem obecneyeHns ux NoNHoNA, AOCTOBEPHOI MHPOPMaLMeli 0 XapakTepe U Mac-
wrabax Bo3HMKHOBeHMA YC 1 HapyLeHNAX GYHKLMOHMPOBAHUA CUCTEM XI3HeobecneyeHns.

WHdopmaumoHHoe obecneyeHne cuctembl BKNKYAeT Takue BuAbl nHGopmauum: «OnepatuBHaa UHGopMaLna»,
«KapTorpaduyeckas nndopmauns», «CnpaBouHasa nHdpopmaumar. CootsetcrBytowwme bJl cogepxar Tonorpaduyeckue
KapTbl MeCTHOCTW, KOTOpble NpefcTaBieHbl B BeKTOPHOM shape-Gopmate, HOPMATUBHO-NPaBOBYID UHYOPMALMIO O
MOTEHLMANbHO ONACHbIX 00beKTax U npoueccax (KnaccupukaTopbl, peecTpbl, PerncTpbl, NacnopTa u T.n.), a Takke fo-
NONHUTENbHYI0 CNPABOYHYH MHPOPMALINK O NpeLefieHTax Bo3HUKHOBeHUA YC 1 onbiTa B npegoTapateHinn HC n nnk-
BUJALMN UX NOCEACTBUIA.

Wcnonb3oBaHue cucteMbl MoHUTOpUHTA YC HanpaBeHo Ha NOBbILLEHME YPOBHA 3HAHWI O NOTEHLMANbHON 0NACHOCTU
001EKTOB MOHUTOPMHIA 11 YATyULLeHNA MHOPMALIMOHHOrO 06CTYX1UBaHUA CMELMANNCTOB N0 NMKBIAALMN nocneacTsui YC.

Kntoyeewie cnoea: moHumopurz 4C, uHgopmayuorHas cucmema, npozro3uposarus YC.
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MODELING AND DEVELOPMENT OF SOFTWARE FOR MONITORING EMERGENCIES

Dmytro Kiriychuk,
Candidate of Technical Sciences, Associate Professor, Associate Professor, Department of Software Tools and Technology, Kherson National Technical
University, Kherson, Ukraine, e-mail: kidiam2@gmail.com, ORCID ID: 0000-0002-4905-6932

Abstract. Emergency monitoring plays an important role, since observing, analyzing and assessing the state of poten-
tial emergency sources will allow developing and implementing measures aimed at emergency response and minimizing
economic and environmental consequences.

The paper gives an example of creating an information system for monitoring emergencies, the main purpose of which
is to obtain operational information about the threat or occurrence of emergencies, the characteristics of damaging factors
in order to determine the extent of spread and the severity of the consequences of their occurrence. Unlike the existing
ones, the emergency monitoring system monitors the environment and the condition of potentially dangerous objects;
operational monitoring in the area of emergencies; determination of the main characteristics of the damaging factors of
emergencies — a qualitative analysis; determination of the risk of exposure to damaging factors and assessment of their
stability — quantitative analysis; forecasting emergencies and assessing the risk of their occurrence.

Information support for the emergency monitoring system is presented in the form of a set of documents and struc-
tured data sets designed to increase the effectiveness of managers’ response to emergency situations by providing them
with complete, reliable information about the nature and extent of emergencies and disruptions in the functioning of life
support systems.

Information support of the system includes the following types of information: «Operational information», «Carto-
graphic information, «Reference information». The corresponding databases contain topographic maps of the area, which
are presented in a vector shape format, regulatory information about potentially dangerous objects and processes (classifi-
ers, registers, registers, passports, etc.), as well as additional reference information about the precedents for emergency
situations and experience in preventing emergencies and their response.

The use of the emergency monitoring system is aimed at increasing the level of knowledge about the potential danger
of monitoring objects and improving the information services of emergency response specialists.

Key words: emergency monitoring, information system, emergency forecasting.
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AHoTaujia. [py BU3HAYeHH KiNbKOCTI COHAYHOT eHeprii, Lo A0CArae noBepxHi 3emni, cepes PO3rNAHYTUX YNHHUKIB
aTMoChepHUX ABMLLY HaNbinbLLe 3HAUEHHA MaE XMapHiCTb. [loCniKyoun BAMB XMApHOTO NOKPUBY Ha PO3PaxyHKM COHA-
YHoI iHconAwii no6au3y noBepxHi 3emni 3a ONOMOTOH ycepefHeHIX AaHuX OYB po3pobneHnii anropuTm, AKIA Aa€ MOX-
NUBICTb BPaXoBYBaTy piBeHb XMAPHOCTI ANA NPOrHO3YBaHHA COHAUHOI iHCONALLl.

[na gocnigkeHHa Ta po3pobki anroputmy, 6yno NpoaHanizoBaHo icHyloui MeToAM OTPUMAHHA AaHNX, Ta BIU3HAUEHO,
L0 HAN6INbLLMA BNANB HA KOMMBAHHA COHAYHOI iHCONAL MA€ Came XMapHicTb. [ind po3pobKku maTemaTiyHoi mogeni
byno BUKopMCTaHo AaHi, AKi € Ha caiTi NASA Earth Observations, wo otpumati 3 cynyTHukis Terra i Aqua 3a 40nNOMOrow
iHcTpymenTa MODIS. [ina 3acTocyBaHHA B AKOCTi CTaTUCTUYHIX AaHux 6ynu obpani aaHi B dopmarti (SV, 3a nepiog 3 ntoto-
ro 2000p. no yepseHb 2019p. B pe3ynbTati 6yno oTpUMaHo KapTy ycepesHeHoi XMapHocTi. [InA BpaxyBaHHA 3MiH XMapHo-
cTi 6yno nobyaoBaHo rpadiku 3aneXHOCTi piBHA XMapHOCTI Big yacy. [1nA uboro 6ynu BUKOPUCTaHi cepeiHbOMICAUHI AaHi
ANA Micta XepcoHa, ANA TOUKM 3 reorpadiuHMmm KoopAnHaTamn 46.7, 32.6; AnA Touku Ha AnAacui - 3 KoopAUHaTamm 67, -
147.4; pna Toukn 3 KoopanHaTami 38.7,36.5, 1140 3HaX0AUTHCA Ha TepuTopii TypeyunHn.

B pe3ynbrarti 6yno 3pobneHo anpokcumallito Lux AaHux. B akocti ¢pyHKuii anpokcumanii 6yno BUKOPUCTaHO QYHKLil0
Oyp’e nepworo nopagky. o6 otpumatn sawi ana Bciei noBepxHi 3emni 6yno Bukopucrano 6ibnioteky ALGLIB ta anro-
putm JleseHbepra — MapksapaTa. OTpumani aaHi 6yno BigobpaxeHo Ha pUCyHKax 3 KapTami KoedillieHTiB aeTepMmiHaulii,
TaKOX KapTa 3HaueHb cepeHbOKBAAPATUYHOI NOXUOKI.

HaykoBa HOBII3Ha NONAraE B 0epXaHHi HINbLU TOYHMX AAHUX KONMBAHHA XMAPHOCTI 32 JONOMOTOK 06paHOro MeToAy;
Ta 3a JONOMOr0l0 Po3po6neHoi MaTeMaTUUHOI MoAeNi NPOrHO3yBaTy LWINbHICTb XMapHOro NOKpuBY B 6yab AKii Touui
nnaHeTn. OTxe po3pobneHmit anroputm A€ MOXANBICTL aHaNi3yBaTi Ta NPOrHO3yBaTW NEpiOANYHI KONMBAHHA PiBHA
XMapHOCTI B 3aNeXHOCTi Big MicAuA (mopu poky).
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[paKTMuHe 3HaueHHA po3po6neHoro anropuTMy NOMArae B BUKOPUCTAHHI i0ro B nporpaMHOMY 3abe3neyeHi, Ake
A0NOMOXe OTPUMYBATY OiNbLL TOYHI Po3paXyHKM NPOTHO30BAHOI NOTYMHOCTI COHAYHOTO BUNPOMIHIOBAHHA 3 YpaXyBaH-
HAM KONMBAHHA XMapHOCTI AN1A MOXNUBOI0 BUKOPUCTAHHA B raiy3AXx, ie NoTPiOHi AaHi COHAYHOI iHconALi.

Kntoyoei cnosa: aneopumm, noxubka, 2pacik, kapma, iHCORAYS, ANPOKCUMAUYIS, KAiMam, XMapHicme.

MocranoBKka npo6bnemu

Po3paxyHOK COHAYHOI iHCONALiT MA€E LIMPOKe 3acTOCy-
BaHHA B Pi3HMX chepax NPOMUCNOBOCTI. Hali TOUHiwi po3-
PaxyHKN MOXHa OTPUMATH 3@ A0NOMOTOH, BUKOPUCTAHHA
cnewianbHuX MeTeocTaHuii. MpoTe Taki CTaHUIl BCTaHOB-
NeHi nuwe y neBHUX micuax. MobyaoBa HOBMX MeTeoCTaH-
Lili noTpe6ye 3HauHUX MaTepianbHUX 3aTpar, a 30ip AaHuX
Oyze TpUBaTY WO HaliMeHLLe feKinbKa pokiB. IHTepnonio-
104 [iaHi MeTeOCTaHLiil MOXHa 0TPUMATK JOCTaTHLO TOUHI
pe3ynbTaTi, 3a YMOBOI JO0CTaTHbO 6NM3bKOr0 po3TaLly-
BaHHA MeTeoCTaHUili Ta oAHOpiAHoCTi Knimary. pu He
BUKOHAHHI LMX YMOB TOYHICTb PO3paxyHKiB byae 3HauHo
3HIKYBATMCA, NPU TOMY, L0 CKNAAHICTb PO3paxyHKiB byae
3aNMLIATMCA JOCUTb BUCOKOK i3 3a 3HAuHOro 06'eMy Aa-
HuX, AKi HeoOXiaHo onpautoBaTih. OAHUM 3 pillieHb € CTBO-
PeHHA MaTemMaTuHOi MoJeni Ha 6a3i CTaTUCTUYHNX JaHMX
MEeTeOCTaHUii. [InA CTBOPEHHA CTaTUCTUYHOI MOAeNi Heob-
XiIHO BU3HAUUTUCb 3 BXiAHUMW AAHUMMU, Bif AKNUX 3ane-
XUTb pesynbTar. [Ina COHAYHOT iHCONALIT Le MOTYXHICTb
COHAYHOI IHCONALLiT, AKa A0X0ANTb A0 aTMOCdepu 3emai, Ta
KiNbKicTb eHeprii, AKa NOrMMHAETbCA i PO3CIlOETHCA B aTMO-
cepi. Haibinblui KonMBaHHA COHAYHOT iHCONALIT BUHMKa-
H0Tb Came B pe3ynbTaTi BNNBY 3eMHoI aTMochepn. Xoua
CBITNIO NOTNINHAETBCA i PO3CIHOETLCA | B ACHUIA ieHb, Hailbi-
NbLUNA BNAWB B KOMUBAHHA COHAYHOI iHCOMALLT BHOCUTD
(ame XMapHicTb.

AHani3 octaHHix gocnigxeHnb i ny6nikauin

XMapHicTb 3aneXuTb Bif 3HAUHOI KinbKoCTi GaKTopiB,
AKi BpaxyBaTh i TOUHO nepenbaunTin Ha JaHWIA MOMEHT
HEMOMNNBO. B AKOCTI anbTepHaTUBM MOXIIMBO BUKOPUC-
TOBYBATW CTaTUCTUYHI MeToaM. [InA Lboro HeobxiaHi cTa-
TUCTUYHI AaHHI. [laHHi XMapHOCTI MOXMBO OTPUMATH 3a
AONOMOrol0 MeTeoCTaHUii. Ha npuknag AaHi TMNOBOro
METEOPONOriyHOro PoKy HaLioHaNbHOI 0a3u JaHUX COHAY-
Horo BUnpoMiHtoBaHHA CLLA Mae woroanHHi faHi XMapHo-
cTi. Lli pani MoxkHa BUKOPMCTOBYBATH A po3pobKmM MaTe-
MaTiyHoi Mogeni. lpoTe Wi AaHi NpUB'A3aHi 40 KOOPAUHAT
METEeOCTaHLii, WO He A€ 3MOry BUKOPUCTOBYBATH iX B
nporpamHomy 3abe3neueHi, Ake Mae pobuT po3paxyHku

AnA 6yab-AKoi ToukM nnaHeTn. OKpiM MeTeoCTaHLN AaHHi
XMapHOCTi MOXHA OTPUMATK 3a JOMNOMOrOK CynyTHUKIB.
CynyTHUKOBI AlaHHi, Ta AaHi 3 iHLWNX AXepen BXe BUKOpUC-
TOBYKTbCA ANA nepefbdayeHHA XMapHOCTI, Ta iHLWKX noro-
AHUX ABUW,. [InA LbOro BUKOPUCTOBYETHCA UMCENbHMIA
nporHo3 noroau. [lpote AnA 40CTaTHbO TOYHOTO MPOrHO3Y-
BaHHA Ha 3HAYHI MPOMIXKKI Yacy HeoOXigHi Aye 3HauHa
KiNbKICTb pO3paxyHKOBUX PecypciB, Lo MoXe 6yT eKOHO-
MiYHO HeoLiNbHO.

[lna cratuctnyHoro aHanisy, byno 0bpaHo AaHi, Aki € Ha
caiti NASA Earth Observations. Ha ubomy caliti MoXHa
3HanTU 0bpobneHi AaHi 3 cynytHukie Terra i Aqua. [na
PO3paxyHKy Haibinblu BiANOBIAHNMY € CepefHbOMICAUHI
AaHi WiNbHOCTI XMapHOCT, 0TpUMaHi cynyTHUKom Terra, 3a
gonomoroto iHcTpymenTa MODIS. Lli aawi goctynHi y aexi-
NbKox ¢opmarax, a came: AnA Bisyanisauii y Burnagi 3o-
6paxeHb B dopmarti PNG Ta GeoTIFF, Ta ana po3paxyHkis y
BUMMALI uncen 3 nnasawoyol Toukol B popmari CSV Ta
GeoTIFF. [ina 3acTocyBaHHA B AKOCTi CTAaTUCTUYHUX AaHUX
bynu obpaHi paHi B popmarti CSV, 3a nepiog 3 niotoro
2000p. no yepseHb 2019p. TakoX MOXNBO BUKOPUCTOBY-
BATY LLOJEHHI AiaHi, NpoTe i3 3@ 3HaUHOro 06’emy ix aHani3
3aitHAB 61 3aHafTo baraTo yacy.

MeTa pocnipgKeHua

MeTol0 foCNigKEHHA € NOLLYK anropuTMy 3a A0MOMO-
roK AKOro MOX/UBO BPaxoByBaTi piBeHb XMAPHOCTI AN
MPOrHO3YBaHHA COHAYHOI iHCONALT.

Buknap matepiany gocnigKeHHs

Mo nepwe AnA po3paxyHKiB MOXAUBO BUKOPUCTATH
cami CynyTHUKOBI AaHi, npoTe ix 06'eM pobUTb HEMOX-
NNBiCTb poboTM nporpamamu B peanbHOMY yaci Ha
3BNYaHOMY KOMN'I0Tepi, a TakoX 3HauyHo 36inbluye
06’em, Aknit byae 3aiimati nporpama. K anbTepHaTUBY
MOXHa BUKOPUCTOBYBATI yCepefHeHe 3HaYeHHA XMap-
HocTi. KapTa ycepeaHeHoi XMapHOCTi AacTb 3Mory pobu-
T PO3paxyHKU 3HAUHO TOYHILIe HiX 33 JO0MOMOrow
iHTepnonAwii AaHuX MeTeocTaHuiit. [ina nobyaosu Kap-
T 6yNno npoBefeHO ycepefHeHHA AaHMX 3a nepiod 3
niotoro 2000 p. no uepseHb 2019 p. B pe3ynbTarti byno
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OTPUMAHO KapTy YcepefHeHoi XMapHoCTi. AKWO U0  CMManbHY XMAapHICTb, MOXHA OTPUMATU HACTYMHWIA
KapTy nepeBecTu B 300paxeHHs, fie YOPHUIA KoNip Bif-  pe3ynbrat:
noBifaTMe 3a BiACYTHICTb XMapHOCTI, a binuii 3a MakK-

Puc. 1-Kapma ycepedHeHoi xmapHocmi

Xoua ycepeniHeHHi JaHi BXe [03BONAIOTH JOCAMTU Hemo-  Lboro 0ino nobyfoBaHo rpadik 3aneXHoCTi piBHA XMa-
raHoi TOYHOCTi Po3paxyHKiB, BpaxyBaHHA 3MiHIN XMapHOCTi B PHOCTI Bif uacy. [lna Toro, o6 rpadik kpawe cnpuiima-
3aNeXHOCTI Bifj Yacy MOMe 3HAYHO MOKPALLMTY pe3ynbTar. BCA OyNM BUKOPUCTaHI cepeSHbOMICAYHI AaHi AnA micTa

[InA BpaxyBaHHA 3MiH XMapHOCTi B 3aNeXHOCTi Bif ~ XepCoHa, AnA TOYKK 3 reorpadiyHumm KoopanHatamu
yacy, no-nepwe HeobxigHo momituti ui 3minn. [na  46.7,32.6.
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Puc. 2 — pacpik pieHa xmapHocmi 015 KoopouHam 46.7, 32.6, 3a nepiod 3 1lomo20 2000 p. no YyepseHb 2019 p.
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MomiTTn Ha uboMy rpadiky nepioAMuHICTb AOCUTb  HOMY MPOMIXKKY Yacy KnimaT B LinoMy Mae binbLu nociii-
BaXKO, TaK AK BiH 6inbly C<xoXuii Ha 3BuyaitHuil wym. Lle  Huil xapaktep. Omxe ana ¢inbTpavii Wymis MoXHa Bifo-
BUKIWUKAHO TUM, L0 MOroJa a Pa3oM 3 Helo i XMapHicTb  Opa3uTi cepeSHbOMICAYHI 3HAUEHHA ANA LbOI0 X nepiogy.
3MIHIOKTbCA WBNAKO i He nepebauyBaHo, NPOTe Ha 3Hau-

Puc. 3 - YcepeOHeHuli epaghik pieHa xmapHocmi 07149 KoopouHam 46.7, 32.6,
3da nepiod 3 1tomozo 2000p. no yepseHb 2019 p.

Ha ubomy rpadiky Bxe MoXHa NOMITUTY, LLO CEPeAHbO-  iHLWMX Micub. [InA nepeBipki MOXHa MobyayBaTIN aHanoriy-
MICAYHA XMAPHICTb B CPTHi 3HAUHO HIMKYE HiXX Ha NPUKNagB  Huli rpadik ana 6inblu NiBHIYHOI TOUKM ANA NpuUKnagy Bisb-
rpyaHi. poTe LA 3aKOHOMIPHICTb MOXe BIApI3HATUCA ANA  MeMo ANACKY 3 KoopauHaTamu 67, -147.4,

o 2 a ' 1 12

Puc. 4 - YcepeOHeHul 2pagpik pieHa xmapHocmi 0514 KoopouHam 67, -147.4,
3da nepiod 3 1tomozo 2000p. no yepseHb 2019 p.
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3a UMMM KOOpAMHATaMI piBEHb KONMBAHb XMApHOCTI
3HAYHO HVXKYNIA, @ CepeHbOPIYHI MAKCUMYMN | MiHIMYMN
3HaX0AATbCA B iHWMX MicuaX. Takox € ceHc nobyaysatu

08

0.6

0.3

02

1]
(i] 2 4

EEEREES

rpadik ana Ginblw niBaeHHoi Touku. OTxe nobymyemo
rpadik ana Touku 3 KoopanHatamm 38.7,36.5, 110 3HaXo-
AUTbCA Ha TepuTopii TypeuynHu.

B 10 12

Puc. 5 — YcepeOHeHul 2pagpik pieHa xmapHocmi 0514 koopoduHam 38.7,36.5, 3a nepiod
310mo2o 2000p. no yepseHsb 2019 p.

AIK MOXHa nOMITUTK rpadik XMapHOCTI ANA NiBAEHHOI To-
UK MAE CXOXMI BUTNAA 3 rpadikom nobynoBaHum Ans
XepcoHa. [Ipote amnniTyia KoMBaHb 3HauHO BULLA. | came L
KOAMBaHHA BY/yTb MaT! HANBINbLLMIA BB HA TOYHICTb NpY
BUKOPUCTAHHA ycepeHeHUX JaHux. [ina BpaxyBaHHA Konu-
BaHb MOMJINBO 3aMiHUTY OJHY YCepenHeHy KapTy Ha [BaHa-
Auath. lTpoTe Le npu3Bese A0 MiABULLEHHA BUMOT [0 anapa-
THOr0 3a0e3neyeHHs B ABaHAALATD pa3iB. A came ycepe/HeHi
JaHi 3aitmatoTb 112 M, i 36 Mb, B apxiBoBaHomy Bigi. Cepe-
AHbOMICAYHI AaHHi 3aitMatoTb 1T B 3BMyaliHOMy BUrNAZI, Ta
344 Mb B apxiBoBaHomy.

[InA BupiLeHHA i€l npobnemm MoxkHa 3pobutyi anpo-
KCUMaLito LmX fanux, i 36epirat nuwe KoediuieHTn anpo-
KcuMalil. PiBeHb XMapHOCTI Ma€ NepioAnYHMA XapakTep,

OTXKe AKOCTI QYHKUii anpoKcumaii MoXHa CKOpUCTaTiea
dyHkuieio Oyp’e nepworo nopagky (1)

a0+al” cos(x” w)+h1” sin(x " w)()

Jle a0, al, b1 — koediLieHTn anpokcumaulir;
W — KoeQiLlieHT, AKNii fOPIBHIOE

w = 2P _ 0.5236.
12

(noyatky MoXHa NpoBecTU anpoKCMMaLito JaHNX, AKi
300paxkeHi Ha pucyHkax 3-5. PesynbTaTin HaBedeHi B Tab-
anui 1.
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Tabnuuga 1
Pe3ynbTaTit anpokcumauii
KoopauHatu a0 al bl R? RMSE
46.7,32.6 0.609 0.1947 0.09643 0.9108 0.0555
67,-1474 0.6566 0.01543 -0.07566 0.5771 0.054
38.7,36.5 0.4758 0.1851 0.2598 0.9395 0.0661

[ina nepLuoi i TpeTboi TOUOK KoeiLieHT AeTepMiHaLil Mae BUCOKe 3HAUeHHS, NpoTe AnA ApYrol TOUKM 3HAUeHHA Koe-
dilienTa feTepmiHaLii 3HaUHO HUXKYe. [TpoTe i3 3a TOrO LU0 KONMBAHHA XMAPHOCTI ANA APYroi TOUKM 3HAYHO MEHLL, cepe-
[HbOKBaZipaTyHa noxubKa He 30inblumnach. [pu BUKOPUCTaHHI ycepeHeHNX AaHnX KoediLieHT aeTepMiHavii JopiBHIO-
BaB 61 Hynio, a CepeHbOKBAZPATINYHI BiAXUEHHA Mann 61 HaCTynHi 3HaueHHA: ana 46.7, 32.6 - 0.1682, ana 67, -147.4 -
0.07506, ana 38.7,36.5 - 0.2431.

[InAa oTpuMaHHA AaHUX ANnA BCi€i MOBEPXHI 3eMNli MOXHA CKOPUCTaTMCA anroputmom JleBeHbepra — MapkBapATa, Ta
bibniotekoto ALGLIB. B pe3ynbtati 6yno oTpumaHo 3 KapTu 3 KoeiLieHTamu, AKi 306paxeHi Ha pucyHKax 6-8.

Puc. 7 - Kapma 3HayeHb koegpiyieHmy b0.
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Puc. 8 - Kapma 3HayeHb KoegpiyieHmy b1l.

Takox ana nepesipki TouHoCTi 6yno nobyaoBaHo Kap-
Ty KoedillieHTa AeTepMiHaLil, Ta 3HailAeHi oro Makcma-
NbHE, MiHiMarbHe i cepefiHE 3HaUeHHs.

e

Puc 9. — Kapma 3Ha4eHb Koegpiyienmy demepmiHayii

Takox Oyna nobynoBaHa KapTa 3HaueHb CepefHbOK-
BafipaTUY4HOI MOXMOKN.
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Bukopucroytoun Ui KapTu 6yno 3HailfeHe makcuma-
NbHe, MiHiMasbHe Ta CepefiHe 3HaueHHA KoedillieHTy ae-
TepMiHaLii, Ta cepeHbOKBAAPATUUHOI MOXUOKM

Puc 10. — Kapma 3Ha4eHb cepedOHbOK8adpamu4yHoi NOXubKu

Tabnuusa 2
3HayeHHA KoediLieHTa feTepMmiHaLii Ta cepeAHbOKBAaAPATUUHOI NOXUOKM.
3HaueHHA Koe- Koopauraru 3HaueHHA cepefiHbOKBaAApa- KoopamHat cepeHbOKBaA-
diuieHTa petep- koediLienTa N ..
L N TUYHOI NOXMOKM PaTUYHOI NOXMOKN
MiHaulji AeTepMiHaLji
Makcumym 0,9978 -44.7,-49 0,2701 21.3,71.2
MiHimym 0 24,159.3 0,0006831 -49.3,69
(CepenHe 0,6238 - 0,04322 -
BucHoBKku 3a6e3neyeHHi ANA po3paxyHKy COHAYHOI iHconALii. Xoya

B pe3ynbTarti focnimKeHHa 6yno oTpumaHo cratucTu-
YHY MOJeNb ANA PO3PaxXyYHKY CE30HHUX 3MiH CepefHbOi
XMapHocTi. Takox 6ynu po3paxoBaHi koediuieHTn ana
pobotu uiei mogeni. [lonatkoBo 6yno npoaHanizoBaHo
AKICTb Mofeni. byna BUKoHaHa Bi3yanisalia napameTpis
mozeni, anA 6inb 3pyyHoi ouiHku. Lla moaens B nepuy
yepry HanpaBneHa Ha BUKOPUCTAHHA B MPOrpamHoOMy

CMUCOK NITEPATYPH:

Ana 6inblUOi YaCTMHM NOBEpXHi 3eMni, cepefHE Biaxu-
NeHHA Mofeni Bif CTaTUCTUYHMX [aHUX He nepeBuLLye
5%, € Mmicua AnAa AKUX TOYHICTb Li€i MOZeni He nepesu-
LLY€ TOYHICTb NPYU 3BUYAIHOMY YCepeaHeHHi CTaTuCTNY-
HUX faHux. Lle Haknagae aeaki 0OMexeHHA Ha BUKOPUC-
TaHHA Liei mogeni.

1. Cloud Fraction. (23.01.2020). NASA Earth Observatory. https://earthobservatory.nasa.gov
2. Cloud Fraction. (23.01.2020). NASA Earth Observations https://neo.sci.gsfc.nasa.gov
3. HuC., White, R. M. Solar Cells: From Basic to Advanced Systems (p. 23). New York: McGraw-Hill, 1983.
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4. Ma, Z,Liu, Q., Zhao, C., Shen, X., Wang, Y., Jiang, J. H., ... Yung, Y. (2018). Application and Evaluation of an Explicit Prognostic Cloud-Cover
Scheme in GRAPES Global Forecast System. Journal of Advances in Modeling Earth Systems, 10(3), 652—667. doi: 10.1002/2017ms001234

5. Mishra, A. K. (2018). Investigating changes in cloud cover using the long-term record of precipitation extremes. Meteorological Applica-
tions, 26(1), 108—116. doi: 10.1002/met.1745

6. Pepe, D., Bianchini, G., & Vicino, A. (2017). Model estimation for solar generation forecasting using cloud cover data. Solar Energy, 157, 1032—
1046. doi: 10.1016/j.s0lener.2017.08.086

WCCNEQOBAHUE NEPUOANYHOCTU ATMOCOEPHbDIX ABJIEHUN

Mosop fikoB
acnmpaHT, XHTY, XepcoH, Ykpanta
E-mail: elornau@gmail.com, ORCID: 0000-0001-8403-5945

Lepcriok Bnagumup
JOKTOp TexHnueckux Hayk, npodeccop, XHTY, XepcoH, YkpauHa
E-mail: vgsherstyuk@gmail.com, ORCID: 0000-0002-9096-2582

AxHoTauma. [Tpu onpegeneHnn KOMNYECTBA COHEYHOIA SHEPriM JOCTUTaloLLLei TOBEPXHOCTY 3eMnu CPe paccmaTpu-
BaeMblx $paKkTopoB aTMochepHbIX ABNeHNIT HanbonbLuee 3HaueHne UMeeT 06nauHoCTb. Uccnenya BamAHKe obnayHoro no-
KpOBa Ha pacyeTbl CONHEYHOI UHCONALMM BONM3N NOBEPXHOCTI 3eMAK, C NOMOLLbHO YCPeAHEHHbIX AaHHDIX bl pa3padoTaH
anropuTM, KOTOPbIil JaeT BO3MOXHOCTb YUUTbIBATb YPOBEHb 00MaUHOCTH /1A MPOTrHO3MPOBAHIA CONHEUHOI MHCONALIAN.

[ina uccnegoBaHuA 1 pa3paboTku anroputma, 6bin1 NPOaHaNu3MpoBaHbl CyLLeCTBYIOLME METOAbI MONYYeHUs AaH-
HbIX, 1 ONpefienieHo, YTo Haubonbluee BAUAHUE HA KoNebaHUA CONHEYHON UHCONALMN UMeeT UMeHHO obnayHocTb. [ina
pa3paboTKn maTemaTiyeckoil MoAeni Bbiin UCnonb3oBaHbl AaHHble, KoTopble ecTb Ha calite NASA Earth Observations,
nonyyeHHble o cnyTHUKOB Terra u Aqua ¢ nomoLbio MHcTpymeHTa MODIS. [Ind npuMeHeHuA B KauecTBe CTaTUCTUYECKIX
JAaHHbIX 6b1n1 BbIOpaHbI AaHHble B popmate (SV, 3a nepuog ¢ pespana 2000r. no uioHb 2019p. B pesynbTate bbino nony-
YeHO KapTy ycpeaHeHHoi 0bnayHocTy. [nA yueTa M3MeHeHni 06nayHOCTH ObiNK NOCTPOEHbI FPAaPUKK 3aBUCUMOCTH YPOB-
HA 061aYHOCTI OT BpeMeHN. [1n4 3T0ro Obinu UCNoNb30BaHbl CPeHeMecAYHble JaHHbIe AN ropoaa XepcoHa, AnA TOYKM ¢
reorpaduueckumin KoopanHaTamn 46.7, 32.6; ana TOUKM Ha Anacke - C KOOpAUHaTamu 67, -147.4; anA TOUKN C KOOPANHA-
Tamm 38.7,36.5, uTo HaxoANTCA Ha Tepputopun Typumu.

B pe3ynbTarte 6bino caenaHo annpokcMMaLyio 3TUX AaHHbIX. B Kauecte GyHKLMK annpokcumaumn 6bina ncnonb3osa-
Ha GyHKumA Oypbe nepBoro nopaaKa. 4tobbl nonyunTtb AaHHbIe AnA BCeli NOBEPXHOCTI 3eMau 6bi10 MCNonb30BaHo Oub-
nuoteky ALGLIB n anroputm JleBenbepr - MapkBapaTa. lonyueHHble AaHHble 6bini OTPaXKeHbl HA PUCYHKAX C KapTami
K03(QdULMEHTOB fleTepMIHaLMIA, TaKXKe Ha KapTe 3HaueHWil (peHeKBaAPaTYHON NOTPELLIHOCTY.

HayuHas HOBYM3Ha 3aKNI0YaeTCA B NONYYeHUN 00/ee TOUHBIX JaHHbIX KonebaHuA 061ayHoCTH C NOMOLLbI0 BbIGPAHHOTO
MeToda; 1 C MOMOLLbI0 pa3paboTaHHOI MaTemaTuyeckoil MOAen NporHo3npoBaTb NAOTHOCTb 06M1aYHOTO MOKPOBA B
N060il TOuKe NAaHeTsl. UTak, pa3pabotaH anroputm AaeT BO3MOXKHOCTb aHaNN31UPOBaTh 1 MPOrHO3MPOBATh Nepuognye-
CKme KonebaHnA ypoBHA 06MaYHOCTI B 3aBUCUMOCTY OT MecALa (BpeMeHM rofa).

lpakTiyeckoe 3HaueH1e pa3paboTaHHOro aNropuTMa 3aKMKYaeTcA B UCNOb30BAHUN €ro B NporpaMmMHoM obecneye-
HIW, KOTOPOE MOMOXeT NnoflyyaTb 6onee TOUHbIE PacyeTbl NPOrHO3MPYEMONi MOLLHOCTY CONTHEYHOTO M3TYYeHNA C Y4eTOM
KonebaHua 06nayHoCTH ANA BO3MOXKHOTO UCNONb30BAHIA B OTPACIAX, FAe TpedyIoTCA JaHHbIe CONHEYHON MHCONALMM.

Knioyegoie cnosa: anzopumm, nozpewiHocme, 2paguk, Kapma, UHCONAYUS, ANNPOKCUMAYUS, KTUMAM, 00/1GYHOCM®.
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INVESTIGATION OF THE PERIODICITY OF THE ATMOSPHERIC PHENOMENA

Povod Yakiv
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Volodymyr Sherstiuk
Doctor of Technical Sciences, Professor, KNTU, Kherson, Ukraine
Email: vgsherstyuk@gmail.com, ORCID: 0000-0002-9096-2582

Abstract. The purpose of the study in determining the amount of solar energy reaching the Earth's surface among the
considered factors of atmospheric phenomena, cloudiness is of greatest importance. When studying the influence of cloud
cover on calculations of solar insolation near the Earth's surface, using averaged data, an algorithm was developed that
makes it possible to take into account the level of cloudiness for predicting solar insolation.

For research and development of the algorithm, the existing methods for obtaining data were analyzed, and it was de-
termined that cloudiness has the greatest influence on the fluctuations of solar insolation. To develop a mathematical
model, we used the data available on the NASA Earth Observations website, obtained from Terra and Aqua satellites using
the MODIS tool. For use as statistical data, data in the CSV format were selected for the period since February 2000. to June
2019 As a result, an average cloud cover map was obtained. To account for changes in cloudiness, graphs of the depend-
ence of cloudiness on time were constructed. For this, monthly average data were used for the city of Kherson, for the point
with geographical coordinates 46.7, 32.6; for a point in Alaska - with coordinates 67, -147.4; for the point with coordinates
38.7.36.5, which is located in Turkey.

As a result, an approximation of these data was made. The first-order Fourier function was used as the approximation
function. To obtain data for the entire surface of the Earth, the ALGLIB library and the Levenberg-Marquardt algorithm were
used. The data obtained were reflected in the figures with maps of the determination coefficients, as well as on the map of
the mean square errors.

Scientific novelty is to obtain more accurate cloud fluctuation data using the selected method; and using the developed
mathematical model to predict the density of cloud cover anywhere in the world. So, the developed algorithm makes it
possible to analyze and predict periodic fluctuations in the level of cloudiness depending on the month (season).

The practical significance of the developed algorithm lies in its use in software that will help to obtain more accurate
calculation of solar radiation power prediction, taking into account cloud fluctuations for possible use in industries where
solar insolation data is required.

Keywords: algorithm, error, graph, map, insolation, approximation, climate, cloud cover.
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IBEHTUDIKALIA AUHAMIYHUX AAEP MOAENI CYOHA
NPU BUKOHAHHI ONEPALIIA 3 BEIMKOBATOBUMMU
HEFTABAPUTHUMUW BAHTAXKAMU

YAK 681.5

DOI: https://doi.org/10.35546/2313-0687.2019.25.86-95

Conoseit 0.C.,

CTapLuMii BUKNaaay kageapu ynpaBiHHA cyaHOM, XepcoHCbKa fiepkaBHa MOPCbKa akaziemis, M. XepcoH, YKpaiHa; e—mail: oleksandr_79@ukr.net.
ORCID ID: 0000-0002-2605-6788.

AHotauis. MeTa cTatTi nonAra€ y BUCBITNEHHI CTBOPEHHA HOBIUX MaTeMaTUYHUX MOAeNeil KepyBaHHA NpoLieca-
MU CYAHOBMX BAaHTAXXHUX OnepaLiil 3 BeNMKOBAroBUMI HerabaputHumu BaHTaxamm (BBHB) 3a paxyHok yaockoHa-
NeHHA iCHYIUMX MOAeNeil CUcTemMin CyHO-BaHTaX, Po3po0KM Ta BUKOPUCTAHHA HOBUX CTPYKTYPHO-OPIEHTOBAHMNX
MEeTOAIB ONTUMANbHOr0 YNpaBAiHHA npoLecamn 3aBaHTaxeHHA BBHB. MeToan pocniaxenHa. OcHoBoto focnidxeHb
€ TeopiA ONTUMANbHOTO yNpaBAiHHA, MaTeMaTUyHe MOAENOBaHHA, MeToAM ineHTudikauii B npocTopi cTaHiB. OcHOB-
Hi pe3ynbTaTu A0CTiAKeHHA. Po3pobneHi moaeni AMHamMiuHUX Afnep CyAHa A03BONAKTbL N0OYAYBATH iHTErpoBaHy
MoZenb CyiHa, 06nasHaHoro KpaHamu, B pexumi pobotu 3 BBHB. IHTerpyBanHa i Aekomno3uuia Mogeni Ha AuHami-
YHi AAApa | PIBHAHHA 3B'A3KY 03BONAE OTPUMATY CTPYKTYPHO NPOCTUIA anropuTmM MoAENoBaHHA, Lo, B CBOK Yepry,
[03BONIAE peanizyBaTii anrOpUTMM ONTUMANBHOTO KepyBaHH3A, AKi 3a6e3neuyTb NiABULEHHA e(eKTUBHOCTI onepa-
Liin 3 BBHB. 3acTocyBaHHA nponoHOBaHNX Mofeneli 403BOANTb CKOPOTUTY Yac HA BUKOHAHHA BaHTaXHMX onepauii 3
BBHB Ta nigBuwwmTi iX 6€3NeyHicTb, i, TAKUM YNHOM, NONINWIMTIA €KOHOMIYHI MOKA3HUKM BUKOHAHHA PeilCiB CyAHa-
mu Tuny Heavy Lift. HaykoBa HOBM3HA. 3anponoHOBaHWil i 06FPYHTOBAHMI HOBUIA MeTOA BUKOHAHHA BaHTaXKHUX
onepauiii 3 BBHB, 3acHoBaHWit Ha 3aCTOCyBaHHi MOZENi ANHAMIYHUX Aep CyAHa. [PYHTYI0uMCh Ha npuHLMnax [ami-
NbTOHA | MeTOAIB NMPOCTOPY CTaHiB, BU3HAYEHO LWO MiHiliHA MOAENb AUHAMIYHOTO 00'€KTY ONMCYETbCA B MPOCTOPI
(TaHiB cucTemMolo AndepeHLianbHuX piBHAHL Apyroro nopAAKy. [loBedeHo, Lo Npy 3A4iliCHeHi BAHTaXHMX onepaLiii 3
BBHB BuainexHs auHamiuxoro sapa B mojeni cyaHa 403BONAE BU3HAYATH [ONYCTUMI WBUAKOCTI 3MiHW HaBaHTa-
KeHb, AKi He BUKNMKAKTb BUHMKHEHHA Hebe3neuHnx KonmBaHb CyAHa. lTokasaHo, wo npu po6ori i3 BBHB HeobxiaHo
PO3AINATU TPAEKTOPIT HA NPOCTI PyXU, L0 3HIKYE NepeBaHTAXKEHHA Y CMCTEMI CYAHO-BaHTaX. Y0CKOHANeHO MeTo
ONTUMAJIbHOTO KepyBaHHA BAaHTAXXHUMI OnepavLiAMu 3 0OMeXeHHAMI N0 MeXax OCTIMHOCTI CyAHa, Lo [03BONAE
po3rnagatv anroputm ynpasniHHA CUCTEMOK «CYAHO-KpaH-BaHTax» npu onepauiax i3 BBHB, ak ontumizauiitHy
3aauy 3 06MexeHHAMM TUNY HepiBHOCTI. [IpaKTUYHA 3HAUMMICTb. Pe3ynbTaTh JOCNiAXeHb 403BONAKTL PO3POOMTI
YAOCKOHaNeHi anroputTMi BUKOHAHHA BaHTaxHux onepauiii i3 BBHB cygHammu tuny Heavy Lift. BnpoBagxeHHs
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OTPUMAHNX TEOPETUYHMX HaNpaLoBaHb W00 BAOCKOHANEHHsA YNpaBiHHA BaHTaXHUMK onepauiamn 3 BBHB po-
3BOJIA€ ICTOTHO NiABULLYBATH e)eKTUBHICTb Ta 6e3NeyYHiCTb BUKOHAHHA TaKNX onepawiii.
Knroyoei cnoea: senukosazosi eamaxi, eaHmaxHi onepayii, cyoro Heavy Lift, dunamiyre a0po, ModesosanHa 3aea-

HMAXeHH CYOHa.

Bcryn. Hesaxaioun Ha Kpu3oBi ABULLA B EKOHOMILi
06cArn MopcbKuX nepeBe3eHb NMPOAOBXKYIOTb 3pOCTaTy.
0cobn1BO NOMITHUM € 3pOCTaHHA NepeBe3eHb reHepanb-
HUX (MPOEKTHMX) BaHTaXiB AnA NoTped eHepreTUyHoI
NPOMUCNOBOCTI, OQLIOPHOI iHAYCTPIi, 3HAUHY YACTUHY 3
AKNX CKNafialoTb BaKKi HerabapuTHi BaHTaxi. B ymogax,
Konu HeobXiaHo 3a6e3neunTin MakCUMasbHO NOBHE 3aBaH-
TaKEHHA CyAHa, eKOHOMIUHi MipKYBaHHA 3MYLUYIOTb BBO-
ANTU B eKcnyaTaLito Bce 6inblu BeNNKi cyaHa, 06nagHaHi
BNACHUMU KpaHami BaHTaxoniginomMHictio 5o 1000 TOHH.

MopcbKi Ta piukoBi nepeBe3eHHA BaXKKUX HerabapuT-
HUX BaHTaXiB Ha CbOTOAHILLHIN fieHb BKpaii 3aTpebyBaHi
HeoOXifHiCTO nepeBe3eHb  CnewjanbHoi, 6yAiBeNnbHOI,
CiNbCbKOroCnoAapcbKoi Ta iHLIOT TEXHIKM, BENUKMX LUC-
TepH, NPOMMCIOBOr0 00N1aAHAHHA ANA HaTOBOI i ra30BoI
NPOMUCI0BOCTI, BITPO— Ta rigpoeHepreTki. [ina nepese-
3eHHA BaHTaXiB TaKoro TUNY akTUBHO CTBOPIOIOTHCA CrieLi-
anisoBaHi cygHa Tuny Heavy Lift. Haiibinbw Bignosigans-
HUMI, CKNagHUMK i aBapiliHO Hebe3neyHumM eTanamu
nepeBe3eHHsA BaXKNX HerabapuTHUX BaHTaXiB € eTanu ix
HaBaHTAXEHHA | BUBAHTAXEHHA HA CyAHO. 3a JAaHUMM
niTepatypHux mxepen [1-5] 3HauHa KinbKicTb aBapiliHuX
BUNAAKIB BifbyBaeTbCA came Ha LMX eTanax, Lo 06ymoB-
NeHO HeobXiAHICTIO OAHOPA30BOr0 KOHTPONIO i YNpaBAiHHA
3HAYHOI0 KiMbKICTIO NapameTpiB, L0 BNINBAKTL HA OCTill-
HiCTb CyAHa.

AHani3 octaHHiX gocnimKeHb i ny6nikauii. 3rigHo
MpOBeJEeHOro aHanisy, 3a AaHUMK HalbinbLUNX CyAHONNA-
BHUX KOMMAaHill — CBITOBUX JTiflepiB Ha PUHKY MOPCbKUX
nepeBe3eHb BaXKUX HerabapuTHux BaHTaxiB (Jambo
Shipping, BigLift Shipping, Spliethoff, Hansa Heavy Lift,
BBC Chartering, Intermarine, SAL, Harren & Partner), ocHo-
BHUIA CETMEHT iX GNoTy (TaHOBNATb CyAAHa—BaroBo3n Aed-
geiitom Ao 20 000 T, obnagHaHi 1BOMA BaXKUMI CYAHO-
Bumn KpaHamu SWL Big 120 T go 450 T. Ha uactky umx
CYAeH, L0 NepeBo3ATb BaXKi HerabapuTHi BaHTaxi, npu-
nagae 6nu3bko 70% Bif 3aranbHoI KNbKOCTi TaKuX CyaeH.

BupitweHHto npobnemu 3abe3neueHHa be3neku BaHTa-
KHUX onepaviii Ha cyaHax Heavy Lift npucBAveHa 3HauHa

KiNbKiCTb TEOPETMYHMX i NpaKkTUuHUX po3pobok [2—7], 3
aHanisy AKMX BUNMBAE, LU0 MiABULLEHHA Oe3neKn BaHTa-
KHUX onepaviil Ha cyaHax Tuny Heavy Lift moxe 6yt
3a0e3neyeHo y pasi HaABHOCTI KOMMEKCHUX NPOrpamHiX
3aC06iB ynpaBniHHA HaBAaHTaKEHHAM/ BUBAHTAXEHHAM
CYAHa.

Ha NoTOYHMIA MOMEHT yYacy IHTEHCUBHO PO3BUBAETHCA

po3po6ka BiANOBIAHNX NPOrpamMHNX NPOAYKTIB, HANBINbLL
GYHKLIOHANbHUMI 3 AKX € HACTYMHI:
BaHTaHa  komn'totepHa  nporpama  COLOS
(Computer—Loading—System), BupobHuk — Datentechnik
Rostock GmbH, Himeyunna. [laHuit nporpamHuii Komnnekc
CTBOPEHWIA ANA NonepeAHbOro ONpaLtoBaHHA BaHTAKHUX
onepaviii Ha YHiBepcabHUX CyAHax 3 PisHUMM Tunamu
BaHTaXIB: CmeLjianbHi (NPOEeKTHI) BaHTaXi, KOHTeliHepH,
HacunHi BaHTaxi. lporpama mae npus'A3Ky A0 KOXKHOrO
KOHKpeTHoro cyaHa [4];

— Seacos MACS3 Loading Computer System, Bupo6HmK
INTERSCHALT maritime systems AG, Himeuunta. Lindpposa
KOMN'loTepHa aBTOMATWU30BaHa cuCTEMA ANA TPaHCMOpT-
HUX CyAeH CKNAJaeTbeA 3 Komn'loTepa i baraTodyHKLioHa-
NbHOTO NPOTPAMHOT0 KOMNNEKCy—TpeHaxepy ANA BaHTa-
KHUX poObIT, AKNIF [O3BONAE NPOCTO i LWBMAKO BUSHAUMTH
OCHOBHi MapameTpu i 3HaueHHA AnA Oyab—AKuX YMOB
3aBaHTaXeHHs. IporpamMHuii KOMNAEKC BUKOHYE po3paxy-
HOK OCTIHOCTI i MiLHOCTi CyAiHa, Bifobpaxae B rpadiuHo-
My i uMdpoBOMY BUIMIARI pe3ynbTaTit ANA OCHOBHUX Napa-
MeTPiB HaBaHTaXKeHHA [6];

— LOCOPIAS — komn'ioTepHa nporpama Ana Bianpauo-
BaHHA CYAHOBMX BaHTaXHMX pobiT, BupobHuK SARC BY,
Hinepnaugn. [laHa nporpama BMKOPUCTOBYETbCA ANs
OTPUMAHHA ONTUMANbHOTO BapiaHTa HaBaHTaXeHHA CyaHa
3 ypaxyBaHHAM MeX 3HaueHb [NA MILHOCTI, OCTiiHOCTI,
0caaKkn cyaHa. lMporpama moxe OyTM BMKOpUCTaHA AnA
OyAb—AKOro TMNy CyaHa. Y KoMepuiliHOMY BapiaHTi nocta-
BNAETLCA B NPUB'A3LI O KOHKPETHOTrO cyaHa [7].

(nig 3a3HaumTy, WO 3aranbHUM HeJOoMiIKOM iCHYIoUMX
NPOrpamMHNX 3ac0biB € Te, LU0 BOHW BUPILLYKTb TiNbKK
NpAMY 3ajauy: No 3a;aHOMy HaBaHTaXXeHHI0 NPOBOANTLCA
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OLiHKa nMapameTpiB MopexigHocTi cyAHa. Pasom 3 Tum,
TEOPETUYHI Po3pO0KM Ta CyyacHi KOMN'loTepHi TexHonoril
A03BONAKTL 3aCTOCOBYBATU NporpamHe 3abe3neyeHHs,
Lo 34aTHe N0 3afaHUM NpUNYCTUMUM NapameTpam oci-
JlaHHA, OCTIIIHOCTI Ta 3aranbHoi N0340BXHbOI MiLIHOCTI, a
TaKOX BiAMOBIAHO 0 NpeA’ABNEHMX BUMOT LLO [0 NepeBe-
3€HHA BaHTaXy 3HAXOAWT ONTUMaNbHUIA (a60 NPUIAHAT-
HWi1) BapiaHT 3aBaHTaxkeHHA. Kpim Toro icHytoui nporpamHi
3aco6u, AK NpaBuUo, NPUB’A3aHi 40 KOHKPETHOro CyaHa. Y
3B'A3KY 3 MM NpeACTaBNAETLCA HeoOXiAHUM OpieHTYBaTY-
(A Ha NeBHi Knacu cyneH, chopMoBaHi 3a Kinbkoma napa-
MeTpamu  (BefBeiiT, KinbKicTb | BaHTaXOMiAAOMHICTb
CYAHOBMX KPaHiB).

Takum YMHOM, NiABMLLEHHA eQeKTUBHOCTI TeXHOMOii
BAHTAXHUX OnepaLiil 3 BeNNKOBAroBMMM HerabaputHuMm
BaHTaxamun (BBHB) wnaxom 3acTocyBaHHA 3ac00iB aBTO-
MaTu3auil ynpaBniHHA, CTa€ BAKIUBUM HAPOLHOroCmno-
AApCbKIM 3aBJAHHAM.

BupilweHHa 3a3HaueHoro 3aBhaHHA noTpebye CTBO-
PeHHA HOBMX YHIiBEpCaNbHUX MaTeMaTUYHUX MoZeneit
yNpaBniHHA BaHTaXHUMU onepauiami 3 BBIB aki € mo-
XyTb OYTIN 3aCTOCOBAHI ANA NepeBaXHOI binbLLOCTI CyaeH
uny Heavy Lift [8].

MocraHoBKa 3afayi gocnimxenHa. Metow focni-
[KeHHA € (TBOPEHHA HOBMX MaTeMaTUYHUX MoZeneil
yNpaBniHHA MpoLecaMmin KepyBaHHA CyOHOBUMU BaHTaX-
HUMM onepauiamu 3 BBHB 3a paxyHOK YAOCKOHaneHHs
iCHytouMx Mopeneid CUCTeMI CyAHO—BaHTAX, PO3pobKiN Ta
BUKOPUCTAHHA HOBUX CTPYKTYPHO—OPIEHTOBAHUX METOAIB
ONTUMANbHOTO KepyBaHHA MpoLecaMit  3aBaHTAaXeEHHs
BBHB.

TakuM umMHOM, 00'€KTHA 00/MacTb 3aBAaHHA BU3HAYa-
€TbCA TEXHONOTiEK BaHTaXHUX onepavii 3 BBHB. 3 ornagy
Ha MOX/UBUIA BMAMB NPU PYCi i TPAHCMOPTYBaHHI BaHTa-
XiB, He0OXiIHO BpaxoBYBaTV ANHAMIYHI BNACTUBOCTI CUC-
TemMi CyaHo-BaHTax. OcobnuBoi yBaru notpebye Bnnms
00ypeHb Npu onepavifx BaHTaXeHHA, TaK AK B Lieil yac
CYAHO He B 3M03i MaHeBpYBaTW, a 3HAaYHa Bara BaHTaxy
MOMe BUKNNKATU BTPATY OCTIHOCTI.

Po3B’A3aHHA 3apaui. OaHicio 3 ocobnuBocTeit npo-
Liecy 3aBaHTaxeHHA BBHB € peTenbHuii po3paxyHok npo-
LieciB nepemiLLieHHA BaHTaxy.

lpn MigroToBLi [0 NPOBeJeHHA BaHTAXHOI onepawii
PO3paxoBYeTbCA BUXiiHA MeTaLeHTpuyHa Bucota h [9]:
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(1)

Je: ¢ — NOCTiiHa, AKa ANA MOPCbKIX TPAHCMOPTHUX CY-
[\eH 3HaxoauTbeA y Aianasoni [0,7, 0,85]; T — nepioa Bna-
CHUX KOMIMBaHb CYIHa; B — WwimpuHa cyaHa, M.

3Hau BUXIAHY MeTaLeHTPUYHY BUCOTY CYAHA i BUKO-
PUCTOBYIOUM CXeMY HaBaHTaeHb (puc. 1) MOXHa po3pa-
XOBYBATU 0YiKYBaHi KyTI KpeHy Npu BUKOHAHHI onepadiil 3
BaHTaXeM.

Puc 1. Po3paxyHkoea cxema eaHma<Hoi onepaduii.

d — ocaaka cyHa; Yn — MakcuManbHuil BURIT CTpiny;
YC — KoopAMHaTU LeHTPY TAXIHHA CTpinu; ZI — A0BXMHa
BaHTAXHOro LUKeHTens; Zh — BucoTa HoKy cTpinu.

BennumHa nouaTkoBoOro KpeHy q, L0 BUHUKAE NpH Ni-
AAOMi BaHTaXy 3 BUKOPUCTAHHAM Cy[HOBMX KpaHiB, 3ri-
Ho [6,9], Moxe 6yTn BU3HAUeHa 3 BUKOPUCTAHHAM CMiB-
BiZHOLLEHHS:

_mxY¥Yn
Dxhl

@

Jie: M — Maca BaHTaxy, o nigHimaetbca, T; D — Bogo-
TOHHAXHICTb CyaHa, T; Yo — BIACTaHb LEHTPY TAXIHHA
BaHTaXy Bif AiaMeTpanbHOI NNOLLMHM CyAHa, M; hy — HoBe
3HAaYeHHA MeTaLEeHTPUYHOI BUCOTU Cy[HA B MOMEHT nig-
OMY BaHTaXy, M.

Mpun ybomy:

hi=h+ch=h+E- D2
e

D 3)
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fie: h — nouaTkoBa MeTaLEeHTpIUYHA BMCOTA CyAHa A0
NigilomMy BaHTaxy CBOIMM KpaHamu abo ctpinamu; L —
[OBXIHA LUKEHTeNA CyAHOBOTO KpaHa abo CyaHOBOI BaH-
TaXHOT CTpinu.

Bu3HaueHHA MaKCMManbHUX KYTiB KpeHy, AKi Moxe
OTPUMATU CYAHO MpW BaHTAXeHHi (BOIMM KpaHamn abo
CTpinamn  3IACHIOETbCA 33 HACTYMHOK MOCNIAOBHICTIO
PO3paxyHKiB:

1. Bu3HauaeTbea KinbKictb (n) cyAHOBMX KpaHiB (cya-
HOBIX CTpin), AKi OYAYTb 3AIACHIOBATU BaHTaXeEHHA CyAHA
0AHOYACHO.

2. Bu3HauaeTbca No oci Z NonoXeHHaA Hoka (BepXHbOI
YaCTUHK) CTpiNK abo KpaHa, AKWIA bpaTume yyacTb y BaH-
TaEHHi CyaHa ZH.

3. Bu3Hauaetbca no oci Y nonoxeHHA Hoka (Makcu-
ManbHuii BUAIT) cTpinu abo KpaHa, AKuii bpaTume yyacTb y
3aBaHTAXEeHHi CyJHa, KOOpAMHATA LLEHTPY TAXKIHHA Camoi
CTpinu Npu aHomy BUIbOTI.

4. Bu3HAyaeTbcA HOBe 3HAYEHHA MeTaLeHTPUYHOI
ucoti (h1) B TOMy BUNagKy, AKWO BCi KpaHu, AKi bepyTb
YYacTb y BaHTaXeHHi 0JHOYACHO MOYHYTb MifHIMaTU BaH-
TaX 3 Npuyany (HaripLwmMii MOXMBIIA BapiaHT)

am o

hl=h+dh=h+—  x(d+2 - Zu-h) ()
(O+am) 2

fie: &M — cyMapHa Maca BaHTaxiB, AKa OHOYACHO Ni-
AHIMAETbCA CyAHOBUMI KpaHamu; D — BOJOTOHHAXHICTb
CynHa, T; d — cepeiHA 0Caka CyAHa, M; ZH — KOOpAMHaTa
no oci Z HoKa CyAHOBOTO KpaHa (puc. 1), M; h— nouatkoBa
METALEHTPUYHA BIACOTA, M.

o
m
o= & )
rxS
Jie I — WinbHicTb BoAM, T/M%; S — nnotwa Aitoyoi Bate-

pAiHii, M2,

5. Bu3HAuaeTbcA MaKCMManbHUI KyT KpeHy, AKuii
MOXe OTpUMATU CyAHO B TOMY BUNAZAKY, AKLLO BCi KpaHM,
AKi 6epyTb yuacTb Y BaHTaXEHHI OAHOYACHO MOYHYTD Nif-
HiMaTu BaHTaX 3 npuyany:

~ A mxYr) + & (m,xY,)
- (D+am)h,

tgg

Je M. —Maca CTpinu Kpay.

TaknuM YMHOM, BUKOHYIOUN PO3PAXYHKM KPUTUYHMX KY-
TiB MOX/IUBO YHUKHYTU PU3NKY NpU BaHTaxeHHi. OfHakK
PU3MK PO3roiayBaHHA BAHTaXY, LLI0 MAE BENUUE3HY iHep-
Ljito, HaCTINbKN BENUKMIA, IO PYXU NPU BAHTAXEHHI BUKO-
HYI0TbCA BKpali 06epexHo i noBinbHo. [lpupoaHo npu
LbOMY Pi3KO 3pOCTaloTb BUTPATW Ha omnaty mnopry, Lo
BUK/IMKAE HeOOXiAHICTb MOLWYKY MeTOAIB MiABULLEHHA
edeKTMBHOCTI BaHTaXHNX onepauiii 3 BBHB.

3 ornagy Ha 0c061BOCTI yMOB onepaLlii 3aBaHTaXeHHs
BBHB mozenb cyaHa noBuHHa onucysaTi NOBeRiHKY CyAHA
NpN Manux nepemitLieHHAX i KytoBux 0bypeHHax [8], Tomy
ANnA nobyaoBi MaTeMaTUuHOI MOZeNi, WO NPONOHYETbCA,
BUX0AUMO 3 npuHLKAY aminbToHa [10].

[InA cTauioHapHoT AUHAMIYHOT CUCTEMM 3 KiHLIEBUM Yu-
U10M CTYNEHIB CBOOOAM Xi, ..., Xi, IO MA€ 3anac KiHeTUYHOI
eHeprii T, ii pyx moxxe 6yTv onucaHuin cuctemolo andepen-
uianbHux piBHAHb JlarpaHxa [10]. PiBHAHHA Jlarpanxa
MoB'A3aHi 3 BapiaLiitHum npuHuunom laminbToHa. MpuH-
uun FaminbToHa CTBEPAXYE, WO «byab—AKa AMHAMIUHA
cTema, Aka nepebyBae nig BMANBOM KOHCEPBATUBHUX
CUA, PYXAETbCA TAKUM YMHOM, 06 MiHIMI3yBaTH cepefHe
3HaueHHA 3a YacoM Pi3HULi MiX KiHeTuuHowo T (x, X') i
noTeHuiliHoto V(x) eHepriamin». OTXKe MOXHA 3anucaTy, Wo
BapiaLif pi3HMLi eHepril ANna KOHCEpBATMBHOI CMCTEMU
MoCTiitHa | AOPIBHIOE HYNIO:

dTxn-vedd=0 @
Tto b

YMOBOW BUKOHAHHA (7) € piBHAHHA Jlarpanxa—
Eitnepa:

dETTo T _ W
ais X Ix- )

Ha cyaHo, wo 3aBaHTaxyerbca BBHB pitotb  cunn
B'A3KOro TepTA i Ma€e Micue po3citoBaHHA eHeprii [3]. lucu-
naTuBHi cunn abo cunm B'askoro Tepta Qr, MponopuiiiHi
LUBNAKOCTI, MOXYTb OyTU BU3HAueHi uepe3 PyHKLilo po3-
CitoBaHHA eHeprii R:

- _IR
QR - ﬂX. (9)
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o M& + R&—Tx:—ﬂ+f(t). (12)
y 3arajibHoMy BUMaAKy, Konu B CUCTEMI AINOTb Yy3ad- ﬂX

ranbHeHi aunu Q,, WO MakTb notexuian V, y3aranbHeHi

AncunatueHi cunm Qg i 30BHiLLHI cunu f(t), piBHAHHA pyxy Linaxom MomHOMXeHHA (12) Ha 3BOPOTHY MaTpULLIO
(8), 3 ypaxysaHHam (9), npuitmatotb BUTNAL: Mac ML oTpuMyeMO NiHiiiHY GOPMY PIBHAHHS PyXy:

iaﬂg_ﬂ_ _ﬂ_ TR +f(t) (10) &+ MRk-MTx=-

dte Mg Ix ix %

M “V VM), 13)

TaK SIK AUCUNaTUBHI CUNU MOB'A3aHi 3 CyAHOM, B piB- MozHauwswum B (13) matpuuio ancunauii MR sk A, a
HAHHI (10) LA KOMTIOHEHTa MOBUHHA GyTW BigHecewa go  Matpuuio M=T uepes B otpumyemo:
MOZENi CUCTEMU CyAHO—BaHTaX, UMM YCyBA€ETbCA Mapa-
[I0KC BINIbHOTO PyXy, KON MpM BINbHOMY pyCi CyAHO npo- B+ Ak+Bx=-M N LM ®. 14
[IOBXY€ PyXaTcA 6e3 3ynuHKM: Mix

d ae‘HT 0 'ﬂR qT I\ ™ e Buainuwin B npaiii YacTUHi BeKTOp ynpasAiHHA U 3
aeﬂ_ﬁ% oW ‘H_x T X (t). (11)  6oky Kepytounx BNANBIB i BeKTOp 00ypeHHA § 3 GoKy 308-
HILLHIX Cin i 3MiHN NOTeHLiiHOI eHeprii cyAHa, 3 (14) Mo-
YKEMO 3anucaTi 3aranbHuin BUMNAA NiHiiHOT MoAeNi AnHa-

PiBHAHHA (11) € piBHAHHAM B MPUBATHUX MOXIAHUX ) y .
MiKi CyaHa, abo ioro AuHaMiyHoro Afpa:

APYroro nopAaKy i onucye NoBediHKy iHTerpoBaHUX AUHa-
MIYHUX CUCTEM.

Micna nineapm3auii B 06nacTi manux 06ypeHb, Lo Bu-
NpaBaHoO B 3aB/aHHi BUKOHAHHA BaHTAXHUX onepawiid,
piBHAHHA (11) 3 ypaxyBaHHAM Macu M Habupae Burnagy

&+ Ak+Bx=u+g. (16)

Y posropHytomy Burnagi (15) 3 BeKTopom cTany x = (x,
Y, Z) MaTemaTuyHa MoAeNb ANHAMIYHOrO AApa CyAHA MaE

BUMNAL:
€d*xU 6dx
. € dt2 u § 1 PR , ,
gl 0 09 éd2 U gall ap 4530 egt gb, b, b0 éxi éul ég,u
T a0y N e u_é u,é 1
¢0 1 OTxédtzu+@a21 a,, a, _xedtu+gb21 b,, b23TXéyu'éuvu+égyu' (16)
0 0 15 €d2zU §8, Ay, Ay edZu g0, by, buy Bz Buf 9.0
e——u
g dt? g Batl
Matpuua ancunauii B (16) moxe 6yTn po3aineHa Ha AHanoriyHo B pasi BUKOHAHHA MPUHLUMY PO3JiNbHIX
MaTpULI0 BRAcHUX AUcAnauiinl Ao i MaTpuuio B3aemHux  pyxie B (16) MoxHa po3ginutin matpuuto B Ha matpuuio
Jancunavii Ay BMACHMX | B3aEMHUX pyXiB:
ga; O 09 g0 a, ai gb, 0 09 280 b, byd
_¢ T _¢ L (17 _¢ i _¢  (18)
A =C 0 a, O - A =¢ay 0 az3f-( ) B, -¢ 0 bzz 0+ B, ‘(}b21 0 b23+'
g 0 0 a336 SaSSL a32 0 5 % 0 0 bSSB gbfil b32 O B
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Omxe niHiitHe AMHaMiyHe AAPO MoAeni cyaHa (16), npu

BUKOHAHHi NPUHLMNY PO3LINbHUX PYXiB, Ma€E BUTNAA:

éd? xﬂ édxy
e A —
351 0 06 ¢ dt’ u za, O ocjgdtg %bn 0 0§ éxi Ul ég,l
Yy T Rdy [
¢c0 1 0: xed2U+90 ay, ije—u+90 b,, OTxeyu—éuyu 89y (19)
0 0 15 d’z §0 0 aujadzg §0 O byj 28 fuf 89,8
édt Bdth

[Tpn manux pyxax niHiitHe AuHaMmiYHe A8po Mogdeni cy-
AHa (19) po3nagaeTbca Ha Tpu npovecy:

k+a,k+b,;x=u,+g, 0

$+ay¥+b,y=u, + gy_)l/_
B+aghthyz=u,+g, tl)

(20)

[pu LboMy HeobXiaHO BpaxoByBaTH, WO PiBHAHHA (20)
npocTilue AnA po3B’A3aHHA 3afavi iAeHTudikauii mogeni, a
MpaBa YacTuHa Po3paxyHKOBa i He BUMarae ineHTudikawii.

OTpumaHa maTemaTiyHa MoAenb (2) onucye pyx ma-
TepianbHoI TOUKM i ANd ONUCY PYXy CyAHa HeobXigHO Bpa-
XyBaTh YMCNO CTYNeHIB (BOOOAM i CyAHOBY CCTEMY KOOP-
AVHAT 3 y3aranbHeHM BeKTopom cTaHy gT= (H, nz, N3, @,

U, X).

€d’ U
e 2 U
§dd2thq
€90 32, 0 0 0 O
edt® U ¢
§d2/73@ ¢0 a 0 0 O
é a0 ¢
éd52u+g° 0 a, 0 O
gdfg ¢c0 0 0 @&, O
g2zl ¢
é(;j;[l] 0 0 0 0 a
éyugo 0 0 0 0
g dt” ¢
¢d’ci
€ dt” i
2l 0000 09 Uyl gl
0 100 0 0: guhzg ¢0
_go 0100 O;xe““ +go
00010 0+§ufu ¢0
00001 o+guyg 0
§000001,§@ucg 0

B cuctemi piBHAHb Mopeni auHamiuHoro Agpa (22)
NpaBa YacTMHa 3anucaHa y BUrMALi ABOX BEKTOPiB: U —
BEKTOp yNpaBRiHHA i g — BEKTOP Cu, Lo 36yprotoTb.

TaK, AKIWO B MOAeNi B NpaBiii YaCTUHI 3HAXOAATLCA BC
CUNK, L0 Ail0Tb Ha CYAHO, MU MOXEMO 3anucaTu:

91

Mpu uboMy TaKoX HeobXigHO BpaxyBaTy, LLO KOMMO-
HeHTI MoZefi, Lo NOB'A3aHi 3 KOOpAMHATaMU Ny, N2, N3 i X
€ acTatnyHumm. OTKe CTOCOBHO KOHKDETHOTO pexumy
MOZeNb AMHAMIYHOro AApa CyAHa NpUMaE BUrNAL:

& +a,=u +g
K, +a, =u, + g,
By + agafly +bayfty, = Ug + 0]
Fra, Frb,f=u.+g;
B+ agl +hsy =u, +g, T
&&+a66)&_uc+gc

(21)

T = <) ) ]

Y posropHyTomy BuUrnaai nikeapusosaHa mogenb (20)
Ma€ BUTNAL;

gdh,

&g U

. éqp o
006 a2y %0 0 0 0O O 05ému

Tedt T8
0 Sdng go 0.0 0 0 0 gy
O?ng;ﬂ_'_go 0 b, 0 O O_xgh33:
o:éau go 0 0 b, 0 0:gfy ’
o:edtg S0 0 0 0 b, 08

fedy s s (22)
g e g i 60 0 0 0 0 0jgcy

H

8 dt
000 0 0§ €9yl
100 0 0: 30,
0100 ofxéghsu
0010 050,
000 10 ¢!
0 000 1j9,.§

M8+b=F, (23)

Ae: M; — matpuua Baru; @ — BeKTOp CTaHy; b — BekTop
ripockoniyHoro MOMeHTy.
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Y npasiit CTOpoHi BeKTOp y3aranbHeHux cun F npeacra-
BIEHNIA CYMOI0 BEKTOpa TAFOBOT0 HaBaHTaxeHHA FT, Bek-
TOpa Baru cyaHa FG, BekTopa riapocTaTMyHuX i rigpoan-
HaMmiyHux cun Fw i cunm onopy FF , obymoBneHoto
B'A3KiCTI0 i BUXopamn. OTKe B MpaBiil YacTUHI PIBHAHHA
yNpaBRiHHA Ma€ BUTNAL:

F=FT+FG+Fw+FF (24

lpu BupiweHHi 3afavi ineHTUdiKauii ana obypeHHA
CTaHy CyAHa Mo KyTax CyHOBOI CUCTEMI KOOPAMHAT Heob-
XiHO ZOKNACTU MOMEHT, L0 BU3HAYAETbCA KOOpANHATA-
MU TOYKI 00YpeHHA (Xo, Yo, Zo). B ubOMy BUNagky Kyt
PUCKaHHA, KiNboBOi i 6OPTOBOI XMTaBULI Cy[HA BU3Haya-
H0TbCA HACTYMHAM YUHOM:

2 cosfcosc

éXxu
~ A g A
¢ sinc

gyg = cos ccos

i Y
f=arcsint*————"1
g\/ yo2 t1, g:
2y

¢ =arcsini——=——="1y (35
(é; /XOz ry.? 5

& x
y= arcsingz—,--
é

Takum YMHOM MOXeEMO nepeinTu A0 CYAHOBOI CUCTEMM
KOOPAMHAT, 3 0rNAJY Ha Te, LU0 aHa MOZeNb CNpaBesinBa
npu Manux eBONKLIAX CyaAHa (B PeXUMi HaBaHTaXKeHHA
BBHB).

[epexin 210 HepyXOMOT CUCTEMi KOOPAWHAT BUKOHYETb-
(A CTaHAApTHUM umHoM [10], x=Ln, abo B po3ropHyTOMy
BUINAZI Nepexif BUKOHYETbCA 3 BUKOPUCTAHHAM MaTpuLLi
noBOpOTY:

siny’sin £-cosy sin ccosf cosy sin csin F+siny cos Féh,

-cos csinf %ghzg . (26)

Bz &-sinycosc sinysin ccosf+cosysinf cosysin F-siny sin csin FEh, 4

Takum YnHOM, AMHAMiYHe AAPO MOAeNi cyaHa 3 Ma-
NUMK NepeMilLieHHAMI B CMIOKIiiHil Bogi (22) BianoBiaae
YMOBAM BaHTAXEHHA | ONUCye BNacHi pyxu cyaHa.

Ha ocHoBi po3pobneHoi MaTemaTiuHoi Mogeni noby-
foBaHa mogenb B cepefosui SIMULINK, ctpykTypa akoi

(1]
1

Tt fdriambented s S5k

HaBefieHa Ha puc. 2. luHamiyHe Aapo Mogeni npeacras-
NEHO JTIHIAHUMK JUHAMIYHUMU CUCTEMAMK 33 KOOPAWHA-
Tamu. Ha puc. 2 nokasaHo, AK cnoctepiraloTbca npouecy i
TUNOBI pe3ynbTaTh MOAENOBAHHA.

¥ohami
a

TRBCATHMY HTRAT T MDA

Lk o s oA

:k-‘._w_u_.,_ il

a1} A

] ] W

Cymces cucapms Boopmer |y

PucyHok — 2. MoOeno8aHHA OUHAMiYHO20 A0pa ModeJli CyOHA NpU 3a8AHMAXKeHHI
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TaKuM YnHOM, BUAINEHHA UHAMIUHOTO A4pa B Mojen - napameTpu mofeni MOXyTb 3MiHIOBATUCA B NpoLieCi
CyAHa J03BONAE BU3HAYATU JONYCTUMI LWBMAKOCTI 3MiHM  onepauiit 3 BBHB, wo Bumarae notouHnx BUMIpIOBaHb i
HaBaHTaXXeHb, AKI He BUKNNKAIOTb BUHUKHEHHA Hebe3ney-  igeHTudikavii mogeni.

HUX KONWBaHb CyAHa. Takum unHom, po3pobneHi moaeni AnHaMiyHMX Aaep
BucHOBKM. [PyHTYI0UMCb HA NPOBEEHNX JOCTIMKEH-  03BONAIOTL NOOYAYBATU HTErpoBaHY MOAENb CyAHa,
HAX MOXHa 3p0OMTY HACTYNHI BUCHOBKM: 0bnagHaHoro kpaHamu, B pexumi po6oty 3 BBHB.
- nobyaoBaHa niHeapu3oBaHa MaTemMaTyHa Mopjenb [HTerpyBaHHA i AeKOMNO3ULiA MoJeNi Ha AUHAMIYHI
CyAHa Ha OCHOBI OMNCY CyAHa AK 06'€KTa 3 AnCunaLieto; A4pa i PiBHAHHA 3B'A3KY A03BONAE OTPUMATM CTPYKTYPHO

— BCTAHOB/IEHO, WO NiHeapu3auia Mogeni [03BONAE I'IpOCTVIVI aAropuTM MoAentoBaHHA, Lo 103BONAE peani3y—
npeacTtaBuTn moaenb CyHO—BaHTaX AK JVHaMiuHi KOM-  BaTW anropuTmMm oNnTUManbHOro yl'lpaBJ'IiHHFI, AKi 3abe3ne-

MOHEHTI: AUHAMIYHI APa i PIBHAHHA 3B'A3KY; uyloTb MiBULLEHHA epeKTUBHOCTI onepaLiii 3 BBHB.

— NPOBEfeHO ONUC BUMOTM Ge3nekn BUKOHAHHA one- 3acToCyBaHHA MPONOHOBAHMX Mogeneil A03BOANTb
paLiit 3 60Ky OCTIiHOCTI CyAHA PIBHAHHAMM 3B'A3KY i 00-  CKOPOTUTU Yac HA BUKOHAHHA BaHTaXHWX onepaLii 3 BBHB
MEXEHHS; Ta NigBULLNTY iX 6€3MeUHiCTb, |, TAKUM YMHOM, NONINLLNTY

— NiHeapm3auia Mogeni [03BONAE NPeACTaBUTM MO-  €KOHOMIUHi MOKA3HWKN BUKOHAHHA PeiiciB CyfHamu Tumy
[eNb CYAHO-BaHTAX AK AMHAMiuHi KOMMOHeHT — agpa i Heavy Lift.
PIBHAHHA 3B'A3KY;

CMUCOK JIITEPATYPH:

1. BaryweHko J1J1., Barywetko AJ1., 3anuko C.1. bopToBble aBTOMaTM3UPOBaHHbIe cuCTeMbl KOHTponA mopexopHoctn. — Opecca, OEHUKC,
2005. —272c.

2. Conogeit A.C. lyTn noBbilenna 6e30MacHOCTY FPy30BbIX ONEPaLMil ¢ TAXENbIMIA U HerabapuTHLIMIN TPy3amMi Ha CNeLMAnN3NPOBaHHbIX Cy-
fax / A.C. Conogeii // Haykowii Bichuk XJMA. — 2013. — N2 (9). — C. 244-248.

3. BeHb A.TN. YcoeplueHCTBOBaHMe MeTOA0B KOHTPOAA noAbemHoro yrna (hoisting angle) Bo BpemA npoBefeHUA rpy30Bbix onepaLnii ¢ Taxe-
NbIMI 1 HerabapuTHbIMY Fpy3amu Ha creumanu3npoBanHbix cyaax / bewb A.M., Conoseit A.C. // HaykoBuil BicHUK XepCOHCbKOI fepaBHOi
MOpCbKoi akademii N 1(10), 2014, (.262—266.

4. User Manual for the loading computer COLOS (Computer—Loading—System)., 2014

5. Loading Computer System seacos MACS3 Version NET 1.1 Crane Operation Module Manual / INTERSCHALT maritime systems AG — Wilhelm-
strasse 7—9 — 24937 Flenshurg., 2015.

6. Epwos A.A. KoHTponb oCTOWYMBOCTM M MOCafkW CygHa npu norpyske u Bbirpy3ke. — CaHkT—[letepbypr, M3patenbcteo TMA um.
agm. (. 0. Makapoga, 2002. —60 c.

7. Ocopias loading computer software manual / sarc bv Eikenlaan 3, 1406 PK Bussum, The Netherlands, 2016.

8. Conoeii A.C. Cuctemn NiaTPUMKM NPUIAHATTA pilleHb ANA YNpaBRiHHA 3aBaHTaxeHHAM cyaeH Tuny «Heavy Lift» / A.T. Benb, A.C. Conoseii //
WiTyunmit inTenexT Ta iHTenekTyanbHi cuctemm (AllS"—2015): Matepianu MixHapoaHoi HayKoBO—NpaKTUUHOT KoHepeHLii, 21—26 BepecHa
2015 p., M. bepasHcbk.

9. Ywxmymos, C. Jl. OcHoBbI AMHAMMKV CyROB Ha BoNHeHuu: yueb. nocobue / C. 1. Ymxuymos. — Komcomonbck—Ha—Amype : TOYBIO «KHATTY»,
2010.—110¢.

10. CnpaBoyHuK no Teopun aBToMaTHyeckoro ynpasnenus. Mog. pes. A.A. Kpacosckoro. =— M.: Hayka. I'n. peg. ¢us.—mar. nur., 1987.— 712 c.

93



NPOBNEMU IHOOPMALIMHX TEXHOJOT I

FERRERREE
[EE LR TN ]

LE S LA L L
LES LR L L]
FEEREREEE
[EE LR LN}

LE L LA L LA
LEZ LR L LA

EEEREES

WAEHTUOUNKALUMNA AUHAMUYECKUX AAEP MOAENN CYAHA MNMPU BbINOJIHEHUN
ONEPALUIN C TAXKENOBECHbIMW HETABAPUTHBIMU FTPY3AMU

ConoBeit A.C.,
(TapLumil npenofaBatenb Kadeapbl ynpaBneHna cyfHOM, XepcoHcKas rocyapcTBeHHan Mopckas akafiemus, M. XepcoH, YkpauHa;
e—mail: oleksandr_79@ukr.net. ORCID ID: 0000-0002-2605-6788.

AnHoTayms. Llenb (TaTby 3aKNIOYAETCA B OCBELLEHUN CO3AHNA HOBbIX MaTeMaTUYeckux MoAeneil ynpaBneHus
npoLeccamin CyfoBbIX TPy30BbIX ONepaumii ¢ TAXenoBecHbIMI HerabaputHbiMu rpy3amu (TBHI) 3a cuet ycoeplueH-
(TBOBAHUA CyLIECTBYIOWMUX MoZeneil CUCTeMbl CyAHO-Tpy3, Pa3paboTKuM W MCMONb30BAHWA HOBbIX CTPYKTYPHO-
OPUEHTUPOBaHHbIX METOZ0B ONTUMaNbHOrO ynpasneHua npoueccamu 3arpy3ku TBHI. Metoabl uccnenosanua. OcHo-
BOII MCCNIE[0BaHMIA ABNACTCA ONTUMANbHOE YNpaBieHne, MaTeMaTiiueckoe MofeNIMpoBaHie, MeTOAbI MAeHTUPUKaLUn
B NPOCTPaHCTBe COCTOAHWA. OCHOBHble pe3ynbTaTbl UCCNefoBaHUA. Pa3paboTaHHble MOAenM AUHAMUYeCKux Afep
CYAHa NO3BONAIOT MOCTPOUTH UHTErPUPOBAHHYI0 MOJENb CyAHA, 000pYA0BAHHOMO KpaHami, B pexxume pabotbl ¢ TBHI.
WHTerpupoBaHue 1 AekomMno3nLna MOAeNI Ha AMHaMUYecKne AApa U YpaBHeHUA CBA3N NO3BOAAET NOMYYUTb CTPYK-
TYPHO NPOCTOI aNrOpUTM MOJENMPOBAHNSA, UTO, B CBOIO 0Yepeb, M03BONAET peann30BaTh anropuTMbl ONTUMANbHOO
ynpasneHua, obecneunBaroLLmx nopbilwerne 3pdpekTuBHOCTI onepaumii ¢ TBHT. MpumeHeHne npegnaraembix mogeneil
MO3BONMT COKPATUTb BPEMA Ha BbiNONHeHNe rpy30Bbix onepauuit ¢ TBHI n noBblcTb X 6e30nacHocTb, 1, Takum 06pa-
30M, yNyyLnTb IKOHOMUYECKIe NOKa3aTenn BbiNoNHeHUA pelicoB cyaamu Tuna Heavy Lift. Hayuxaa HoBu3Ha. Mpea-
NOXEHHbIIA 1 000CHOBAHHBIN HOBbII MeToA BbINONHEHUA rpy30Bbix onepauuit ¢ TBHI, 0CHOBaHHbIA Ha NPUMEHEHNK
MOZENu AuHammnueckux agep cyaHa. OCHOBbIBaACb Ha NpUHLMNAX [aMUAbTOHA U METOZ0B NPOCTPAHCTBA COCTOAHMIA,
onpefeneHo, YTo NIMHeHaA Modenb ANHAMUYECKOro 00bekTa ONUCbIBAeTCA B NPOCTPAHCTBE COCTOAHMIA CUCTEMOIA
AnddepeHUManbHbIX ypaBHEHNA BTOporo nopaaka. [lokazaHo, Yto npu ocyLLecTBAeHnm rpy30Bbix onepaunit ¢ TBHI
BblfjeNleHIne AUHAMMYECKOro Apa B MOZeNK CyAHa NO3BONAET ONpefenaTb JONyCTUMblE CKOPOCTU U3MEHEHMA Harpy-
30K, KOTOPble He BbI3blBAT BO3HUKHOBEHIA ONACHbIX Konebanuii cyaHa. lokasaHo, yto npu pabote ¢ TBHI Heobxogu-
MO pa3fenaTb TPAaeKkTopuN Ha NpoCTble ABUKEHNUA, TaKUM 00pa30M, CHIXKAKOTCA Neperpy3ku B CucTeme CyAHO-Tpy3.
YcoBepLueHcTBOBaH MeTOZ ONTUMANbHOTO YNpaBReHWA rPy30BbIMU OMepaLMAMM C OrPaHUYEHUAMM N0 TpaHULAM
0CTOMYNBOCTU CYAHA, YTO MO3BONAET PaCCMATPUBATL aNrOPUTM YNpaBAeHs CUCTEMOI «CyHO-KpaH-rpy3» npu onepa-
umax ¢ TBHI, kak onTuMuU3aLMOHHbIe 33Jaum C OFpaHNYeHUAMN TNa HepaBeHCTBa. [TpakTuyeckaa 3HauMMoCTb. Pe-
3yNbTaTbl UCCNE[0BAHMIT NO3BOAAIT Pa3paboTaTh YCOBEPLIEHCTBOBAHHDbIE aNropUTMbl BbIMONHEHIS FPY30BbIX Onepa-
umit ¢ TBHI cynamm Tuna Heavy Lift. BHespeHune nonyyeHHbIX TeopeTMyeckux HapaboToK Mo COBEpLUEHCTBOBAHUIO
ynpaBneHua rpy3osbiMu onepauuamu ¢ TBHI no3BonsAeT cywwectBEHHO NOBbLICUTb IPGEKTUBHOCTL U 6e30MacHOCTb
BbINOSHEHNA TaKIX ONepavLuii.

Kniouesbie cnosa: maxenosecHbie 2py3bl, 2py308ble onepayuu, cyoHo Heavy Lift, duHamuyeckoe A0po, ModenupogaHue
3a2py3KU CYyOHa.
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DYNAMIC CORE IDENTIFICATION OF VESSEL'S MODEL DURING PERFORMING
HEAVY LIFT OPERATIONS

Solovey 0.,
Head teacher of Ship handling department, Kherson State Maritime Academy, Kherson, Ukraine; e—mail: oleksandr_79@ukr.net.
ORCID ID: 0000-0002-2605-6788.

Abstract. The objective of the article is to cover a developing of new mathematical models for controlling vessel cargo opera-
tion processes with Heavy Lift oversized cargo (HLOC) by improving existing vessel-cargo system models, building and using new
structure-oriented methods for optimal control of HLOC loading processes. Research methods. The basis of research is optimal
control, mathematical modeling, and identification methods in the state-space representation. The main research results. The
developed models of the dynamic nuclears of the vessel make it possible to build an integrated model of the vessel equipped with
cranes in HLOC operation mode. Integration and decomposition of the model into dynamic nuclears and connection equations
allow obtaining a structurally simple modeling algorithm, which, in its turn, allows implementing optimal control algorithms that
provide increasing the efficiency of HLOC operations. The appliance of the proposed models will reduce the time being taken to
carry out HLOC operations and increase their safety. Thus, it will improve economic performance of voyages with Heavy Lift vessels.
Scientific novelty. The proposed and well-grounded new method for performing HLOC operations is based on the appliance of
dynamic nuclears' model of a vessel. Based on the principles of Hamilton and state space methods, it is determined that the linear
model of a dynamic object is described in the state space by a system of second-order differential equations. It is proved that while
performing HLOC operations, the separation of a dynamic nuclear in the vessel model allows determining the permissible velocity
changes of loads that do not cause dangerous vessel oscillations. Necessity of dividing the trajectories into simple movements
during a work with HLOC is shown. Thus, overloads in the vessel-cargo system are reduced. The optimal control method of cargo
operations with restrictions on the limits of vessel stability has been improved. It allows to consider the control algorithm of the
“vessel-crane-cargo” system during HLOC operations as optimization problems with inequality-type restrictions. Practical signifi-
cance. The research results allow developing advanced algorithms for performing HLOC operations on Heavy Lift vessels. The
implementation of the theoretical findings on improving of vessel operations control with HLOC can significantly improve the
efficiency and safety of such operations.

Key words: Heavy Lift cargoes, cargo operations, Heavy Lift vessel, dynamic nuclear, modeling of vessel loading
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METO[ ®OPMYBAHHA CYBOMNMTUMAJIbHOIO
BAHTAXHOIO MJIAHY KOHTEMHEPOBO3Y
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(Oepopos AHTOH IropeBuy,
acnipaHT Kadeapu CyAHOBOAIHHA Ta eNEKTPOHHUX HaBiraLiliHX cucTem XepCoHCbKOT AepaBHOT MOPCbKOT akaeMii,
e-mail: mr.fedorov.anton@mail.ru ORCID ID: 0000-0002-6064-7848.

AHoTaujia. [0noBHOK ife€i HayKoBOro [OCTIMKEHHA € BUBYEHHA O0COOAMBOCTEl NpoLeCy 3aBaHTaXeHHA-
BUBAHTaXEHHA KOHTEIIHEPOBO3a Mifj YaC BUKOHAHHA HUM MYNIbTUNOPTOBUX PeliciB (NOCTIROBHMX 3aX0AiB A0 KibKOX NOPTIB
Mif Yac BUKOHAHHA 0fHOro pelicy). Mpu LuboMy BUHUKAE npobnema «wndTiHra», T06T0 HeoOXIAHOCTI NepemiLLeHHs OAHMX
KOHTeiiHepiB Ha 60PTY CyfHa 3 METOK PO3MILLEHHA iHLKX. [TPONOHOBAHUI METOA PO3MILLEHHA KOHTEIHepiB [03BONAE CKO-
POTUTIN YaC 3HAXOKEHHA CyAHA B MOPTY 3a PaXyHOK 3MEHLLEHHA KINbKOCTi onepaLliil «un@TiHra», WWo No3WTUBHO BIINBAE Ha
eKOHOMIYHi MOKa3HWKI BUKOHAHHA Peiicy KOHTeitHepoBo3oM. MeTor A0CNifKeHHA € po3pobka MaTemaTyHoi Modeni 3aBa-
HT@XeHHA CyiHa-KOHTeHepOBO3yY, LU0 3a0e3neuye 3MeHLLEHHsA BNNUBY «UUQTIHra» KOHTEiHEPIB Ta 3MEHLLY€E BUTPATI Yacy
Ha (OPMYBAHHA BaHTaXXHOTO NNaHy CyAHa. MeToau aocnizkeHHA. OCHOBO A0CIMKeHb € Teopis ONTUMANbHOTO YNPaBiH-
HA, MaTeMaTl\yHe MOAeNIoBaHHA, eBPUCTUYHI MeToAN. OCHOBHI pe3ynbTaTit A0CTIfKeHHA. BU3HAUeHO KMiouoBi HaNpAMKIA
AOCTIIKeHb B rajy3i aBToMaTU3aLii popMyBaHHA BaHTaXHIX NNaHIB KOHTeiHepoBo3iB. [10Ka3aHo, 1140 CTBOPEHHA aBTOMa-
TU30BaHOI CMCTEMM YNPaBRiHHA BaHTAXHUMK onepaviamu KoHTeliHepoBo3ia (ACYBOK) 403BonuTb 0HOYACHO BUpiLLyBaTy
KOMMNNEKC 3a71ay 3 yNpaBniHHA BaHTAKHUMI OnepaLliamiA, Lo 3abe3neuye CKOpOUEHHA yacy, HeobXiAHOro AnA iX BIUKOHAHHA,
Ta NiABULLYE eKOHOMIUHY edeKTUBHICTb peiicy cyaHa. 0cobnuBo edeKTUBHUM 3aCTOCYBaHHA MPOMOHOBAHOTO MiAXody € B
MyNbTUNOPTOBUX NepeBe3eHHAX, AKi 3[ilCHIONTbCA KOHTEIiHepOBO3aMI 3 HEBEIMKOK KibKicTio KOHTeiiHepiB (inepHi
nepeBe3eHHs). HaykoBa HoBU3Ha. Po3po6rieHo MaTeMaTiuHy MofeNb 3aBaHTaXeHHA KOHTEliHepOB03a Ha OCHOBI KOMOiHaLi
METOZIB rifIOK i MeX Ta NOLLYKY i3 3a060poHaMN, L0 03BONIAE OAHOUYACHO BPaXOBYBATI MYNbTUMOPTOBICTb BUKOHAHHA peiicy
Cy[Ha Ta TEXHOMOTiUHi 06MeXeHHA GOpMYBaHHA BaHTAXXHOrO NnaHy 00yMoBNeHi 0CO6AMBOCTAMM iX PO3MILLEHHA Ha CYAHi.
MpakTUyHa 3HaUUMICTb. Pe3ynbTaTin JOCTiZKEHb 03BOMAIT PO3POOUTY YAOCKOHANEH anropUTMI BUKOHAHHSA BAaHTaXHMX
onepaLiit KoHTeliHepoBo3iB. B npuknagHoMy nnaxi aHa poboTa CipAMOBaHa Ha CTBOPEHHA NPOrPaMHOro NpoayKTy, 3acTo-
CyBaHHA AKOT0 03BONUTb BUPILLIMTY BaXKNMBE HaYKOBO-NPUKIAAHE 3aBAAHHA B raNy3i 3aCTOCYBaHHA iHGOPMALIliHMX TeXHO-
NOTiil B CyAHOBOAIHHI — NiABULLEHHA eQeKTUBHOCTI Ta 0e3MeYHOCTi KOHTEIiHepHIX NepeBe3eHb 3a PaxyHOK BNPOBAAKEHHA
ACYBOK.

Knroyosi cnoea: sanmaxHuti niaH KoHmeliHepogo3sy, MyNibmunopmosi nepege3exHs, Memod 2i/oK i Mex, Memoo no-
LYKy i3 3000pOHaMU, ABMOMAMU308aHA CUCMEMA yNPAB/IIHHA 8GHMAXHUMU 0NePayiaMu KoHmelHepogo3y.

96



FRRERREE
[EE LR TN ]
[ET T T RN
[ETT T TR
LES L L LA
LEE LR L LN}
EEREREEE
[FE SRS N ]
[FE AR TN ]
EEEEEEE
LE S LA L L
FRERERREWR

# 25 (2019)

Bcryn. KoHTeliHepHi nepeBe3eHHA — eKOHOMHWIA i Ha-
AiiiHWiA CNOCIO TPAHCMOPTYBAHHA BENNKMX NapTill TOBapiB.
[lepeBe3eHHA BaHTaXy Y KOHTeiHepax Mae pAf nepesar,
rOI0BHA 3 AKNX — BIAACYTHICTb NepeBaHTaXeHb TOBapy Npu
3MiHi TpaHCnopTHOro 3acoby. 3aBAAKM LbOMY [OCATAETbCA
3HaYHA eKOHOMIA KOLUTIB MpU MOMMBOCTI THYUKOrO i
edeKTMBHOr0 NOEAHAHHA Pi3HNX BIAIB TPAHCMOPTY B Npo-
Lieci jocTaBKi BaHTaxy. [lo nepear MOPCbKUX KOHTeliHe-
PHUX NepeBe3eHb TaKoX MOXHA BiJHECTI HU3bKY, B NOPi-
BHAHHI 3 BiNbLLICTIO iHLWKMX BUAIB TPAHCMOPTY, C06iBapTICTb
nepeBe3eHb, BENUKY BaHTAXOMILAOMHICTb MOPCbKMX
CyZeH, Lo J03BONAE NepeBo3nTI 3HAYHI NapTil BaHTaxy a
TaKOX MPAKTUYHO HeoOMeXeHy NpOnyCKHY 3AaTHICTb
MOpPCbKMX Wwnaxis [1].

KoHTeliHepHi nepeBe3eHHs, L0 34IACHIONTHCA MOPCb-
KM TPaHCNOPTOM Bif\Pi3HAIOTHCA BUCOKUM piBHeM be3ne-
KI OCKINbKI Cy4acHi KOHTeHepU MaloTb MiLiHY KOHCTPYK-
Lito i fOCTATHIO repMeTUYHiCTb [2]. [poTe, po3BaHTaXeHH:A
i 3aBaHTaXeHHs KOHTelHepiB — CKMafiHa onepawis, LWo
BMMAra€ BUKOPUCTAHHA CneLianbHOI TEXHIKM, KBaniQiko-
BaHWX ONepaTtopiB i 3aCTOCyBaHHA CreLliani3oBaHuX nor-
paMHIX 3aC00iB.

[Tpn nnanyBaHHi KOHTeHEPHMX NepeBe3eHb YacTo BU-
HUKalTb npobaemn NoB'A3aHi 3 paLioHaNbHUM PO3Mi-
LeHHAM BaHTaXy Ha CyaHi, Lo 3abe3neuye edpeKTUBHICTL
ornepaLliil HaBaHTaXeHHs PO3BaHTaXXeHHA B NopTax map-
WpyTy, 06'eMOM i Barolo BaHTaXy, L0 NepeBO3UTbCA, a
TaKOX 3 0TPUMAHHAM 00MeXeHb NP1 Po3MiLLIeHHi 10ro B
TploMax i Ha nany6i BignoBigHo A0 BUMOr be3nekn cya-
Ha [3].

Po3MmileHHsA BaHTaXy BMAMBAE HA NPOBI3HY CMPOMO-
XHICTb CyAHa He TiNbKM yepe3 CTyNiHb BUKOPUCTAHHA
BAHTAXKONiAMOMHOCTi i BAaHTaXOMICTKOCTI, @ i1 CBOIM BN~
BOM Ha LWBMAKICTb X0fy i MPOAYKTMBHICTb BaHTaXKHWMX
pobiT. lpn HeBAANOMY PO3MiLLEHHI BaHTaXiB CyAHO Haby-
Ba€ HebaXaHoro AuQepeHTy, BiAUYBaE NOCUNEHY XMTaBU-
uto i Bibpadito. Lli 00CTaBUHM 3HUXKYI0T WBUAKICTb CYAHA,
30inbLuyloTb Hebe3neKy LTOPMOBHUX MOLIKOAXEHb i Cnpu-
AK0Tb BUHMKHEHHI0 aBapiiiHUX CUTyaLiil.

AHani3 octaHHix gocnigxeHb i ny6nikauin. 0aHi-
€10 3 BAXINUBUX CKNaZoBNX Npobnemu NifBMLLEHHA edek-
TUBHOCTI Ta 6€3MeYHOCTi MOPCbKNX KOHTEHEPHUX Mepe-
Be3eHb € NPOLeCH HaBAHTAXKEHHA Ta BUBAHTAXeEHHA KOH-
TeilHepiB Y XOAi AKX aKTyanbHa npobnema po3miLieHHaA

BAHTaXy Ha CyaHi abo TepMiHani TakuM YMHOM, 1106 BiH
3aliMaB TOUHe MicLle i He MiffaBaBcA JOAATKOBOI Nepecra-
HoBUi (widTiHry) Ha CyaHi, 3 CyaHa Ha beper, 3 bepera Ha
CyAHo [15].

lpuiimatoun 4o yBaru Tol $aKT, WO CyYacHUI KOH-
TeliHepoBO3 3a3BWYail NepeBO3UTb Kibka TUCAY KOHTeil-
HepiB, a BULLEHABE/eHa ONTUMI3aLliitHa 3ajaya JuHaMiy-
Horo nporpamyBaHHs € NP-noBHot0, po3B’A3aHHA ii Tpaan-
LiHUMW MeTOZaMI BKpail yCKNagHeHo.

B xoai aHani3y po6it, npucBAYeHnX CTBOPEHHIO Moje-
neit i anropuTMiB PO3MIlLEHHA KOHTEHepiB Ha CYAHi i
TepMiHani 6yno Bu3HaueHo, L0 ANA BUPILLEHHA NOAIOHMX
3aBJjaHb BUKOPUCTOBYIOTbCA, B OCHOBHOMY, €BPUCTUYHI
nigxoau, a came: iTepauifiHUiA NoOKanbHWi nowyk [4];
CNPAMOBAHNI NOKaNbHUA NOWYK [5]; MOWYK 3i 3MiHHOK
oKonmueto [6]; iMoBIpHiCHMIA xapibHui anroputm [7,8];
eBOMIOLiHNIA anropuTtm [9]; reHeTuunuii anroputm [9];
anropuTM ONTUMI3aLii MypaLLMHOI KOnoHil [12]; imiTavis
Bignany [13]; nowyk i3 3abopoHamu [14,16].

[opiBHANbHUIA aHani3 AOCNIAXKeHb, NPOBEAEHUX Pi3-
HUMIA aBTOPaMM, MOKA3ye, LU0 ePeKTUBHUM METOAOM
BUpIIEHHA npobnemu € KOMOIHOBaHMIA [BOX eTamHuii
nigxia, 3acHOBaHWA Ha ¢opmyBaHHi CybONTUMANbHOIO
MNaHy 3aBaHTaXEHHA KOHTeHepOBO3Y 3 BUKOPUCTAHHAM
METOZY FiNoK i MeX 3 NOCNiAYYMM 3aCTOCYBAHHAM METO-
Ay NoLuyKy i3 3a6opoHamu. [pu LbOMY TaKoX 3'ABNAETHCA
MOMNUBICTb i J0AATKOBOr0 YTOUHEHHs i YCKNaJHEeHHA
LWAAXOM BBEIEHHA A0AATKOBUX 0OMeXeHb Mo Basi, po3-
MipaMm KOHTeliHepiB, Ta 3a3Aaeriab BU3HAYEHUM MicLAM
po3TallyBaHHA OKpeMUX rpyn KOHTeNHEepiB Ha CyAHi, Ha-
npuKknag pedpuxepaTopHuX.

MocraHoBKa 3apaui poatigkenHa. Metoio Jocni-
[PKeHHA € po3pobKa MaTeMaTYHOI MOAENi 3aBaHTaXeHHs
CYAHA-KOHTEHEPOBO3Y, L0 3abe3neuye 3MeHLUeHHA
BMINBY «LWMTIHra» KOHTEHepiB Ta 3MeHLLYE BUTPATH
yacy Ha GOPMYBAHHA BaHTAXKHOTO NNaHY CyAHa.

Po3s’A3aHHA 3apaui. (opmyBaHHA BaHTAXHOrO
NNaHy KOHTeiHepoBO3Y — CKMaAHa KOMOiHAaTOpHa 3adaua,
CKNafiHICTb PO3B’A3aHHA AKOI 3aNeXMUTb Bifi MiCTKOCT
CyAHa (3a4aHOrO KinbKicTio oAnHMUb 20-T1 GYTOBMX KOH-
TeitHepiB — TEU) Ta KinbKoCTi KOHTeIiHepiB L0 3aBaHTa-
XKYITbCA-BUBAHTAXYIOTbCA Y KOXKHOMY NOPTY NPU3HAYeH-
Ha (MN). Mpobnema cyTTEBO YCKNAAHIOETLCA ANA BUNAAKY
3[iiCHeHHA MyNbTMNOPTOBUX NepeBe3eHb. OnTumisavia
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BAHTAXXHOrO NNaHy KOHTENHEPOBO3Y TaKOX YCKNAAHIOETb-
(A HeoOXiAHiCTI0 BpaxoByBaTU «WWGTIHr» KOHTeilHepiB
npu pyci yepe3 fekinbka noptis. BusHaueHHa ontumanb-
HOr0 PO3MOAINY KOHKPETHUX KOHTelHepiB 3a MicuamK ix
PO3MilLieHHA HaBITb Ha AeKiNbKOX NOPTiB € 06uMctoBanb-
HO-CKNaZHOI Npobaemolo i He BMPILLYETHCA NOBHUM MNe-
pebopom MOXNUBMX BapiaHTIB PO3MILLIEHHA 32 NPUAHAT-
HUil NpoMixoK yacy [17].

(ybonTumanbHe po3MmiLLeHHs KOHTeliHepiB Moxe 0yTu
3HaiNeHO 3a NPUIHATHUIA NPOMIXOK Yacy y BUNAJKY 3a-
CTOCYBAHHA KOMOIHOBAHUX eBPUCTUYHMX METOAIB, OAMH 3
AKMX po3pobneHo B pobori.

[na 3HmKeHHA 06uMCNIOBaNbHOI CKNAAHOCTI mpoLecy
$OpMYBaHHA BaHTAXHOTO NAaHy KOHTEeliHepoBO3Yy Npono-
HYETbCA PO3JINNTY Liel NpoLec Ha ABa eTanu: crpateriyHe
NNaHyBaHHA Kapro-nnaHy Ta TakTUYHe NNaHyBaHHs.

i yac cTpateriyHoro nNaHyBaHHA rpyni KOHTelHepiB
PO3MilLYIOTbCA 610KamI1, B AKUX MiCLiA PO3MILLIEHHSA KOH-
TeiiHepiB, L0 BiANOBIAAKTb KPULIKAM NHOKIB, 3rpynoBaHi
pazom (puc. 1.7a puc. 2(a).).

ig yac TaKTUYHOTO NNAHYBAHHA KOHKPETHI KOHTeliHe-
pyU PO3MILLYIOTbCA B KOHKPETHI MicLA BCepednHi 6nokis,
BM3HAUEHUX Ha eTani  CTPaTeriyHoro  MNaHyBaHHA
(puc. 2(6).).

T

PucyHok — 1. Po36umms 6aHMAaxHo20 NPOCMopy KoHMeliHepoeo3y Ha oKpemi 6710Ku

' B pratngnid) naay

Mimergraumcasd Gace, uwd Hon NS §
AitLpuM B I T UM KOHTE B-Rpdn, ixi
PrEelrEan S e DLl ARG ke Sl

——

i==a

Bttt pOLaniL il mos TR i,
O AT 3 ORI HPRA LIS ARy

a)

Bard W2 ES [ 20]

L]

Gad ekl )

B, :
mrrmms e

— [ Y

D MLl T e iy

e
=T Ty T ]
6)

PucyHok — 2. B3aemo38’A30K mix 610Kamu, KpUWKamu JII0Kie ma micysamu po3miweHHA KoHmeliHepis

lpouec cTpaTeriyHoro nnaHyBaHHA 3abe3neuye y3a-
ranbHeHui BUTNAL Kapro-nnaHy B KiHLi NpoLeciB po3BaH-
TaXeHHA i 3aBaHTaxeHHA y KoxHomy [T,

ig yac TaKTUYHOTO NAAHYBAHHA TOYHO BU3HAYAETHCA
MiCLie KOHTeiiHepa, AKe BiH OyZe 3aiiMaTy y NopTy NpU3Ha-
yeHHA. Lle 203BONAE YHUKHYTU 004NCTIOBANbHUX CKNAA-
HOLLB, MOB'A3aHUX 3 MOYATKOBUM PO3MILLEHHAM YCiX
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KOHTellHepiB B 3araflbHOMy KOHTeiiHepHOMY MacuBi KOH-
TeitHepoB03y. KoxeH 6N0K CKNajaeTbea 3 KiNbKOX Miclb
PO3MiLLeHHA, PO3TALIOBAHUX B MexaX OfHIEl KpuLLKM
NIOKY (rpynyBaHHA MO LUNPUHI) TaK, AK Lie NOKA3aHO Ha pUC.
2(6). Takum unHom GopmyeTbea beil-nnaH cyaHa.

3aBAaHHAMY eTany CTpaTeriyHoro NNaHyBaHHA € Ha-
CTYMHi:

—  MIHIMi3yBaTI KiNbKiCTb BAHTAXHUX MiCLb, 3ailHA-
TUX B KoxHomy MM1;

—  MaKCMI3yBaTy KinbKiCTb KpaHiB, LU0 3[iiCHIONTD
BaHTaXHi onepauii B KoxHomy [11;

—  MIHIMi3yBaTI KiNbKiCTb KWLLOK NIOKIB, L0 Nnepemi-
LYHTbCA;

—  MIiHiMi3yBaTI KiNbKiCTb MOBTOPHUX NepeMilLeHb;

—  MiHiMIi3yBaTy KinbKicTb OMIOKIB, 3ailHATAX KOHTeli-
Hepamu.

[lna BupilleHHA 3ajaui CTPaTeriyHoro nnaHyBaHHs
NpUAMEMO HaCTyNHi YMOBHi NO3HAYeHHA:

C: - xinbkictb kpawig 8 1M i ;

Nd - kinbkicts NN;

Nh - KinbKicTb NioKiB;

NC - KinbKicTb KOHTeitHEpIB;

NDb - kinbkictb 6oKiB;

NI - KinbKicTb 00KiB, 110 YKNageHi Haropi;

Nl - kinbkictb KPULLIOK JHOKIB;

DH”. =1 akwo Kouteitnep B NN 1 3HaxoauTbCA B

NioKy | , iHaKuwe 0;

)(Ci - Haitbinblua KinbKictb KouTeliHepis B MM 1 po3-
MiLLeHuX B Oyab AKOMY IIOKY;

YCi - HaibinbLua KiNbKICTb KOHTEliHepiB Po3MiLLieHIX
ana i i minye XC.;

DHH,, =1 axwo icuye konreiivep ana NN i 8 nio-
Ky J i HLLMIA B MeXax cycigHboro Nioky K :

DB, =1 aKwo KonTeitwep ana NN i icxye B 6noui |,
iHakwe 0;

DBR

ja =1 AKLO KoHTelHep ana M1 K icuye B 6no-
ui i ikonteitnep ana NN | icuye B 6noui J , pe 6nok i

BULLe 60Ky Jinn K 3uaxoputoea gani NN |, iHakwe
0;
DL; =1 akwo KouteitHep ans M | icHye Huue

Kpuwkw nioky J , iHakuwe 0;
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VR, =1 — €MHICTb 010Ky I nig KpuwKoto, o 3anu-

LUMNach, e KOHTeliHepw, po3TalLoBaHi B 6noui J , akwmii
3HaXOAUTbCA Haj KPULLKOK | 6NIOK | 3HAXOAUTBCA HIKYe
6noky J

LlinboBa GyHKLif MpoLiecy CTpaTeriyHoro nnaHyBaHHs
MaTuMe BUTNAL:

(7 w) +(F, 7 w) + o+ (f 7 w)) (1

Je fi i W, — BilMOBIZIHO 3HAUEHHA CKNafoBUX Lji-
NbOBOI QYHKUIT Ta IX Baru, LU0 XapakTepu3ylTb piBeHb
NPUAATHOCTI KOHKPETHOrO BapiaHTa PO3MiLLEHHA KOHTelA-
Hepi.

HailmeHwwe 3HaueHHA LiNboBOI (QyHKLii BianoBiaae
HaKpaLLOMy BapiaHTy PO3MiLLeHHs.

MepLua cknagoBa Linbosoi GyHKLji fl paxye KinbKictb
NOKIB, AKI 3aHATO KOHTeiHepamu ana Koxxoro [, npu
LbOMY KpaLliil BapiaHT PO3MILLEHHA XapaKTepu3yeTbcs
MEHLLOI0 KiNbKICTIO NIOKIB:

nd

f,=a

=1

nh
o

aDH,

=1

)

[llpyra cknapoBa LinboBoi YHKLi f2 paxye cKinbku
NIOKIB AKi 3alHATO KOHTeliHepamn Y KoxHomy 1M1, i notim
NMOPIBHIOE L{I0 KINBKICTb 3 KibKICTIO KPaHiB L0 € B HAABHO-
cti B ubomy (M. Lie noTpibHO AnA BU3HAUEHHA HEOOXIAHOT
KinbkocTi KpaHig y MM, Wwo 3anexuTb Big KiNbKOCTi NOKIB,
3aiHATUX B ubomy :

nd
fzzag
i=1¢

=1

P 0

abH, =
i= 2

3)

Tpeta cknafoBa LinboBoi GyHKLI, f3 BU3HAua€ Ha-
CKinbKM 06pe KOHTeiHepn po3noAineHi Mix nokamu, i,
TaKUM YMHOM, HacKinbKi edekTnBHOK Oyae poboTa Kpa-
HiB. B ineanbHoMy BMNAJKy KOHTeiHepu MOBUHHI 6yTu
PO3MilLieHi TakuM YMHOM, OO npautoBanM BCi KpaHu,
3a/lifHi B PO3BAHTAXEHHI:

f,= A/xC, -YC| (@
i=1
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YetBepTa knagoBa LinboBoi GyHKLUI, f4 , Paxye Kinb-
Kictb [1M, icHyloumnx ana koxHoro moky. Kpawmit BapiaHt
PO3MilLleHHA KOHTeitHepiB XapakTepu3yeTb(A MiHiManb-
Hoto Kinbkictto M1 ana KOXHOro MoKy:

nh nd
f,=aaDbH; (5)

=1 j=1

—

[T'aTa cknafoBa LinboBoi GYHKLI, f5 , € wrpad-
HOW QYHKLi€I0, L0 BU3HAYae PparMeHTU PO3MilLieHHsA
KOHTeliHepiB, B AKUX KOHTeiHepu and ogHoro NI po3mi-
LUeHi B CYCIAIHIX JTI0KaX, LU0 He [103BONA€E PO3BaHTaXyBaTH
iX OZLHOYACHO 1BOMA KpaHamu:

nd nh nh
f,=aaaDbHH, (6)

=1 j=1k=1

lWocra cknapoBa LinboBOI YYHKL, fe, paxye Kinb-
KiCTb 3aliHATUX KOHTeliHepamu 6okiB ana koxworo [N,
MinimanbHe 3MmilwyBaHHA KoHTeliHepiB ana pisHux 1N B
bnokax BigNoBiAaE KPaLLOMY Kapro-nnaxy:

nd nb
o

f,=aaDB, (7)

i=1 j=1

(boma cknazoBa LinboBoi GYHKLi, f7 , € WTpa-
dHOI0 QYHKLiE AKA paxye KinbKiCTb KOHTeilHepiB, L0
PO3MiLLleHi Ha KpULLKaX MOKIB, Nif AKUMM € KOHTeHepH,
npu3Haveri ana nonepeaHboro MM1:

Q?
f.=a

=1

b nd n
o
a

k=1

>
=%

Qo
Qo

1
-

DBR,, ®)

Il
iy

Bocbma cknagosa LinboBoi GyHKLi, f,, BU3Hauae, Ha-
CKiNbKN [00pe KOHTeiiHepyU pO3MilleHi Mif KpuwwKamm
NHOKIB, Bifj 40ro 3aneXuTb edeKTUBHICTb po60TN NOPTOBUX
KpaHig:

nd nl
f,=aabL 9)

ij
i=1 j=1

EEEREES

[JleB’ATa knajoBa LinboBoI GyHKLI, fg, Paxye Kifnb-
KiCTb MicLb Ml KPULLIKOKO JTIOKIB HaZ AKUMU 3HAX0AATHCA
KOHTelHepu. Yum Obinblue Takux Micub, TUM Tipwum €
Kapro-nnax:

g3
f,=aaVvR, (10)

=1 j=1

MMicna BU3HAYeHHA CKNafoBMX LinboBOI QYHKLIT 34ilic-
HI0EMO T MiHIMi3aLlilo, 3aCTOCOBYIOUN METOZ riNoK Ta Mex,
L0 BKNKOYAE B cebe N'ATb eTanis.

1. Bu3HaueHHA NoYaTKOBOro PO3TaLLYBAHHA KOHTEN-
HepiB. KoHTeilHepn po3milyloTbcA 610KamMi BifnoBiAHO
10 BAHTAXHOr0 MPOCTOPY CYAHA i eTani CTpaTeriyHoro
nnaHyBaHHA. Mpn UbOMY PO3MILLEHHA PO3MOYMHAETLCA 3
KOHTeiiHepiB, npu3HaueHnx and Hainganbiuoro M.

2. Bu3HaueHHA rinok. [eHepyTbCA HOBI piLLeHHs, Wo
BiL0OpaXaloTb KOMHe MOXMNBE PO3MILLEHHA NepLuoro
KOHTelHepy i3 CNNCKY 3aBaHTaXeHHA Y BaHTaXXHOMY Npoc-
TOpi CyAHa. HeBipHi BapiaHTh po3miLLieHb BUAANAITHCA.

3. Mowyk. BapiaHT pilweHb, chopmoBaHi nig yac Bu-
3HAYeHHA riNOK aHani3ylTbCA Ha NPUAATHICTb 3a J0NOMO-
row LinboBoi ¢pyHKuii. Haitbinb npugatHi BapiaHTh po3-
MiLLIeHHA 3anam’ATOBYI0TbCA.

4. 06pi3Ka. BinbyBaeTba 3MeHLIEHHA KiNbKOCTi Bapi-
aHTIB pillleHb 3@ PaxyHOK BUTYYeHHA TUX PO3MilLieHb, L0
MpN 0fHAKOBOMY 3HAueHHi LinboBoi QyHKUIl nepenbava-
H0Tb BinbLLy KiNbKICTb BAHTaXKHUX OnepaLlii.

5. Bu3HaueHHA HOBMX po3MmiLLeHb. 06upaeTbcA 3Hail-
fileHe PO3MILLIEHHA 3 HalKpalMM 3HaueHHAM QYHKLiT
NPUZATHOCTI | NpoLec NOBTOPIOETLCA ANA HACTYNHUX KOH-
TeiiHepig i MM1.

[Jlani BUKOHY€ETbCA TaKTUUHE NNAHYBAHHA PO3MILLEHHS
KoHTeliHepiB. OCHOBHUMN

3aBAHHAMI eTany TaKTUYHOTO NIaHYBAHHA € HACTYMHi:

— 3MeHLUEHHA nepeMmiLLeHb (LMQTIHTY) KOHTelHepiB;

— 3a0e3neyeHHA po3TallyBaHHA KOHTeliHepiB BianoBi-
[HO [0 iX Bari (3HN3y — BaXui, 3Bepxy — nerwi);

— MiHimi3auia KinbKocTi WwWrabenis KoHTeilHepiB 3 pi3-
Huamn N1

[ina BU3HaueHHA LjinboBOI PYHKLT TAKTUYHOTO NNaHy-
BaHHA 3aCTOCYEMO HACTYMHi MO3HAYEHHA:
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C: {c1 yeey Cnc} — MHOXUHA YCiX KOHTE/HepiB;

NC - KINbKiCTb KOHTElHepiB;

D, - NOpT NpuU3HaueHHs KoHTeiHepy i

DR - MHOXIIHa nepemilLeHb, AKi N0B'A3aHi 3 KOH-
TeliHepom [ ;

DW, — MHOXWHA KOHTeiiHepiB B oAHOMY LuTabeni,

L0 PO3MiLLieHi BULLE KOHTEIHepy I imanTb binbLuy Bary;
DS, — MHOXMHA KOHTeiiHepiB Lo MatoTb pisHi M i

3HaX0AATbCA B OIHOMY LTabeni 3 KOHTeiiHepoM 1 .

LlinboBa QyHKLiA Mpouecy TAKTUYHOTO MIAHYBaHHA
Mae BUrNAL:

f=(f,"
(11)

W) + (Fy " Wy, ) + (7 w,,)

Aie W, - Bara BianoBiaHoI Cknaosoi fi LinboBoi GyHKL.

Mepwwa cknagoBa Linbosoi GpyHKLii, flo , BU3Havae Ki-
NbKiCTb WGTIHTY:
¢ e gl akwo iTDRi 0
—aa (12
0 ag0  skwo DR, 4 (12

Npyra cknagoBa LinboBoi GyHKLUI, f11, BU3HAYaE Ki-
NbKICTb KOHTelHepiB 3 pisHumu M1, wo po3milLeHi B oa-
HOMy LuTabeni:

¢ = kol  akwyo iTDSi 0
= gggo akwo  TIDS; B (13)

Tpeta cknagoBa LinboBoi GYHKLi, flz, BI3HAYaE Ki-
NbKiCTb KOHTElHepiB biNbLUOI Bary, L0 Po3MilLieHi B 04-

HOMY LUTabeni ofiuH NOBEPX OZHOTO:

:

nc nc
o O
=aa

i=1 j=1

iTDw,
imw,

AKWO

(14)

SENNE

AKUO

101

TaKTYHA ONTUMI3aLia BaHTAXHOTO NAaHy KOHTel-
HepoBO3y 3MiiCHIOETbCA i3 3aCTOCYBAHHAM MeTOAY
nowyky i3 3abopoHamu. BigbyBaeTbca iTepauiitHuii
NpoLec NOWYKY pileHHA 3 Habinblw NpUAATHUX Po3-
MillleHb KOHTeliHepiB Ha cyaHi. lpu ubomy AnA BapiaH-
Ta PO3MilLleHHs KOHTeHepiB S yCbOMY KOHTeiHep-
HOMy npocTopi cyaHa, MHoxuHa M (S) npepcrasnae
06010 MHOXUHY MpunycTUMUX nepemiledb M, Aki
MOXYTb OYTI 3aCTOCOBaHI 40 PO3MILLEHHA S 3 MeTow

OTPUMAHHA HOBOTO PO3MiLLIEHHS st=sA M wo nae
N(s)={si$mTM(s) oe st=sAm}

TaKi nepemilLeHHA 30ilICHIOIOTHCA 3 METOH 3HAXOAXKeH-
HA CyOONTMMANbHOTO PO3MILLEHHA KOHTeliHepiB, BUXO-
AAYN 3 MiHimi3auii uinboBoi dyHKuii T .

Po3pobneHa maTemaTyHa MOZeNb 3acToCOBaHa npu
(TBOPEeHHi MpOTOTUNY aBTOMATU30BaHOI CUCTEMU YnpaB-
NiHHA BaHTaHUMKM onepauiaMn KoHTeliHepoBo3iB (ACY-
BOK), Aaka 3aaTHa iCTOTHO NoMerwnTA KOHTPO/b 3a 3aBaH-
TaKEHHAM / BUBAHTAXEHHAM CyHa.

[pu 3axoAi KOHTeliHepoBO3a (3) B NOPT 3AiNCHIOETb-
A nigknioueHHa no mepexi WiFi (2) cynoBoi cuctemm
yNpaBniHHA 3aBaHTAXEHHAM KOHTeliHepoBo3a (5) Ao
Mepexi IHTepHeT, [0 AKOI TaKoX MigKMKYeHi
Komn'ioTepu (4) NpuyanbHUX KOHTEAHEPHUX KpaHiB (1).
BinbyBaeTbca peectpauis B Mepexi i nNaH 3aBaHTaXeH-
HA CyAHa Big0OpaXaeTbcA Ha Komn'loTepi nepeBaHTa-
*yBaua. [ligHATNIA KOHTeliHep pO3MiLLY€eTbCA NOPTOBUM
KpaHoOM B 3afiaHy no3uuito, i inpopmallis npo inoro po3-
MilLEHHA HAaAX0AWTb B CYAHOBY iHQOPMaLiitHy cucTe-
My.

CpykTypa ACYBOK HaBepeHa Ha pucyHky 4. BigmiHHK-
MU pucamin po3pobneHoi aBTOMATU30BaHOI CUCTEMM € i
BiIHOCHO HeBe/nKa BapTiCTb, @ TAKOX OPIEHTOBAHICTb [0
3aCTOCYBaHHA Ha diaepHuX nepeBeseHHAX (0cobnuBicTio
digepHux nepeBe3eHb € MyNbTUNOPTOBICTb Ta HeBenUKa
KiNbKiCTb KOHTeilHepiB Ha cyaHi: 600-1200). Kinbkictb
NPOrPamMHNX MPOAYKTIB, WO 3abe3neuylTb BUPilLEHHA
JAAHOTO KNacy 3afiay Ha NOTOYHNIA MOMEHT yacy obmexe-
Ha.
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BucHoBKu. [1igBoaauN NigcyMKI NpoBeseHOro aHaniy
HaYKOBUX JOCNIAXKEHb BITYNZHAHUX Ta 3aKOPAOHHUX aBTO-
piB y 3a3HaueHili ranysi, 6yno 3'AC0BaHo, LLIO NUTaHHA CTBO-
PeHHA aBTOMATM30BaHMX CUCTEM YNpaBAiHHA MpoLecamm
3aBaHTAXEHHA-BIBAHTAXEHHSA KOHTEliHePOBO3iB € aKTya-
NbHOI0 HAYKOBOI Npo0/eMOlo CbOrofieHHs, Aka notpebye
BUPILUEHHA 3 ypaXyBaHHAM HaralbHUX NMOTOYHMX MOTpe6d
MOPCbKOT iHAYCTPil.

Po3pobka Takux cuctem noTpedye CTBOPEHHA HOBUX MO-
Jieneil Ta MeTOZiB ONTUMI3aLil NpoLecy CKNafiaHHA BaHTaX-
HOro MNaHy TUNY KOHTeHepoBO3Y. AHani3, AKWI NPOBeLeHO Y
JiaHiit poboTi, 103BOANB P03p0obUTY BNACHY MOAENb i anro-
PUTM PO3MILLEHHA KOHTEliHepiB Ha CyAHi, WO ONTUMI3ye
MPOLeC CKNafaHHA BAHTAXHOIO NNaHy CyaHa Ta cnpuae nig-
BULLIEHH!O Oe3neKin KOHTEAHEPHIX NepeBe3eHb.

3acToCcyBaHHA MPOMOHOBAHOTO NiAX0AYy A0 nobynoBw

(prKTypa ACYBOK : 1 — I'IOpTOBVIl7I KpaH; 22— CTaHLI,iFI BAHTAXHOrO MJjiaHy KOHTeVIHep0803y 003B0NA€ NoNiNLNTK

Puc. 4- Cmpykmypa ACYBOK

WiFi: 3 — KoHTeiiHepOBO3; 4 — HOYTOYK B KaliHi nopToBoro  €KOHOMIUHI NOKA3HUKY BIKOHAHHA CY[IHOM Peilcy 3a paxy-
KpaHy; 5— CyAHOBA CMCTEMA yﬂpaBﬂiHHﬂ 3aBaHTaKeHHam  HOK 3MEHLUEHHA YacCy BUKOHAHHA BaHTAXXHUX onepauin Ta

CyAHa. TPUBANOCTi CTOAHKM CYJHA B NOPTaXx.
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METO, ®OPMUPOBAHUA CYBONMTUMAJIbHOIO rPY30BOIO NMJIAHA KOHTEMHEPOBO3A

(OepopoB AHToH Uropesuy,
aCnMpaHT Kadepbl CyZI0BOXKAEHNA 1 INEKTPOHHBIX HABUTALIMOHHBIX CMCTEM XEPCOHCKOI rocyiapCTBEHHOI MOPCKOi akaZieMuu,
e-mail: mr.fedorov.anton@mail.ru ORCID ID: 0000-0002-6064-7848.

AHHoTaumA. [naBHOI MAeeli HayyHOro WCCNENOBAHMA ABNAETCA M3yuyeHue 0COBEHHOCTe mpouecca 3arpy3ki-
BbITPY3KN KOHTEHEpOBO3a BO BpeMsA BbIMOJHEHNA UM MYNbTUNOPTOBbIX PeiicoB (MOCTe0BATENbHbIX 3aX040B B He-
CKOMIbKNX NOPTOB BO BPeMA BbIMONHEHNA 0AHOTO peiica). [pu 3Tom Bo3HMKaeT npobnema «LNGTUHra», TO eCTb HeobxXo-
AMMOCTI NepemeLLeHIns OHIX KOHTeliHepoB Ha 6opTy Cy/iHa C Lenbio pa3melieHua Apyrux. lpesnaraemblii Metoz pas-
MeLLIeHNA KOHTeliHepoB NO3BOMAET COKPATUTb BPeMA HaX0MAeHNA CyAHa B MOPTY 3a CYeT yMeHbLUEHIA KoNYecTBa one-
paumil <WUGTUHTA», YTO MONOXKUTENBHO BAMAET HA IKOHOMUYECKIE NOKA3aTeNM BbINOJHEHNA peiica KOHTeiHepOBO30M.
Llenblo ccnefoBaHna ABnAeTcA paspaboTka MaTemaTuueckoil MOZeNI 3arpy3Ku CyaHa-KoHTeliHepoBo3a, 0becneunBalo-
Lieil yMeHbLUeHe BINAHNA «LndTUHTa» KOHTEHepOB U yMeHbLUaloLLeli 3aTpaTbl BpeMeHy Ha GopMUpOBaHie rpy30Bo-
ro nnaxa cyaHa. Metoppl nccnegoBaxua. OCHOBOI McCe0BaHIiA ABNAKTCA ONTUMANbHOE YnipaBNeHne, MateMaTinyeckoe
MOZeNNpPOBaHKe, 3BPUCTUYECKMe MeTOAbI. OCHOBHbIe pe3ynbTaTbl UccieoBaHuA. OnpedeneHbl KoueBble HanpasneHnsa
nccnenoBaHuii B 06nacTy aBTomatu3awiv GopMupoBaHUA rPy30BbIX NNIAHOB KOHTEHEPOBO30B. [10Ka3aHo, uTo co3aaHue
aBTOMATI3MPOBAHHOI CUCTEMbI YNPaBEHA FPy30BbIMI onepaLmnaMi KoHTeiiHepoBo3oB (ACYBOK) no3sonut oaHoBpe-
MeHHO peLLaTb KOMMAeKC 3aay No ynpaBneHuo rpy30BbIMI onepaunAmu, obecneunBaeT COKpaLLeHune BpemMeHu, Heob-
XOAMMOTO ANA UX BbINOAHEHMA, 1 MOBbILLIAET IKOHOMUYECKYH IPGEKTUBHOCTL peiica cyAHa. 0cobeHHO 3dPeKTUBHBIM
NpUMeHeHVe npeanaraeMoro Noaxofa ABNAETCA B MyNbTUNOPTOBbLIX NEPEBO3KaX, OCYLLECTBNAEMbIX KOHTEliHepOBO3aMu
C HebONbLLMM KONMYeCTBOM KOHTeliHepoB ($uaepHble nepeBo3ku). HayuHas HoBu3Ha. Pa3pabotaHa maTemaTinyeckas
MOZeNb 3arpy3Ku KOHTe/iHepoB03a Ha 0CHOBE KOMOUHALIM METOA0B BETBEI 1 FpaHML, U NOUCKA C 3anpeTamu, YTo No3Bo-
NAeT 0/HOBPEMEHHO YUNTbIBATb MyNbTUMOPTOBOCTb BbIMONHEHMA Pelica CyAHA 1 TEXHONOTMUeCKIe OrpaHnyeHna opmu-
POBaHUA TPy30BOr0 NiaHa 06ycNoBReHHble 0COOEHHOCTAMM X pa3MeLLeHua Ha cyaHe. MpakTuueckaa 3HaUMMOoCTb. Pe-
3ynbTaTbl NCCIEAOBAHMI NO3BONAIOT pa3paboTaTb YCOBEPLUEHCTBOBAHHbIE ANrOPUTMbI BbINONHEHNA TPY30BbIX OnepaLmil
KOHTeilHepoB030B. B npuknagHom nnaHe AaHHaA paboTa HanpasneHa Ha o3JjaHue NPorpaMMHOro NpoAyKTa, npumeHe-
HIe KOTOPOT0 NO3BOUT PELUMTb BAXHYH HayuHO-NPUKNAAHYH 3aauy B 0611acTi NPUMEHeHINA UHPOPMALMOHHBIX TeXHO-
NOrViA B CyA0BOX/EHUN — NOBbILLEHNE IQGEKTUBHOCTM U BE30NACHOCTI KOHTEIAHEPHbIX NePeBO30K 3a CYeT BHeApeHus
ACYBOK.

Knioueabie cnoea: 2py3060li nnax koHmeliHepogo3a, My/bmunopmosble nepego3Ku, Memod gemaeli U 2paHuy, memod
NnoucKa ¢ 3anpemamu, asmoMamu3upo8arHas Cucmema ynpassieHus 2py3086imMu 0nepayusMU KoHmeLiHepogo3a.
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SUB-OPTIMAL FORMATION CARGO PLAN METHOD FOR CONTAINER SHIP

Anton Fedorov,
postgraduate student, Department of Navigation and Electronic Navigation Systems, Kherson State Maritime Academy,
e-mail: mr.fedorov.anton@mail.ru_ ORCID ID: 0000-0002-6064-7848.

Abstract. The main idea of scientific research is to study the features of the process of loading and unloading a con-
tainer ship during its multi-port voyages (consecutive visit at several ports during one voyage). This raises the shifting prob-
lem, that is, the need to move some containers on board the vessel in order to accommodate others. The proposed method
of container placement allows you to reduce the time spent on the ship at the port by reducing the number of “shifting”
operations, which positively affects the economic performance of the container ship’s voyage. The aim of the research is to
develop a mathematical model of the loading of a container ship that reduces the impact of container “shifting” and reduc-
es the time spent on the formation of the cargo plan of the vessel. Research methods. The basis of research is optimal con-
trol, mathematical modeling, heuristic methods. The main results of the research. Key areas of research in the field of au-
tomation of the formation of container ship loading plans are identified. It is shown that the creation of an automated
control system for the cargo operations of container ships (ACSCOCS) will simultaneously solve a range of tasks for manag-
ing cargo operations, reduce the time required to complete them, and increase the economic efficiency of a vessel’s voyage.
The most effective application of the proposed approach is in multi-port transportation carried out by container ships with a
small number of containers (feeder transportation). Scientific novelty. A mathematical model has been developed for load-
ing a container ship based on a combination of branch and border methods and Tabu search method, which makes it possi-
ble to simultaneously take into account the multi-port performance of a vessel’s voyage and the technological limitations of
forming a cargo plan due to the peculiarities of their placement on the vessel. Practical significance. The research results
allow us to develop improved algorithms for performing container ship cargo operations. In the applied aspect, this work is
aimed at creating a software product, the application of which will allow solving an important scientific and applied prob-
lem in the field of application of information technologies in navigation — improving the efficiency and safety of container
transportation through the using of ACSCOCS.

Key words: cargo plan, multi-port transport, branch and border method, Tabu search method, automated container ship
cargo management system.
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NMOBYAOBA NPOrPAMHOIO KOMMJIEKCY
anAa KOOPAUHALIT PO3POBJIEHHA MJIAHIB 3 NNIKBIAALIT
HACNIAKIB HAA3BUYANHUNX CUTYALIN

YAK 004.9
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Kupuituyk imutpo JleoHigoBuy,
KaHAMAAT TEXHIYHWX HayK, JOLEHT, JOLeHT Kahepn NporpamHux 3acobiB i TexHONOriil, XepCOHCHKINA HALliOHANbHWIA TEXHIYHMIA YHiBEpCUTET,
micto XepcoH, Ykpaita, e-mail: kidiam2@gmail.com, ORCID ID: 0000-0002-4905-6932

Anotauis. lpu po3B’A3aHHi 3aBAaHb 3aXUCTY HACENEHHA, TEPUTOPIi, HABKONMLLIHBOTO NPUPOJHOTO CepefoBILLA Bif
HC HaiiBaxnuBily ponb Bigirpae po3pobka onepatuBHUX NAaHiB 3 nikgigauii Hacnigkis HC. Lle obymoBneHo Tum, wwo
KepyBaHHA NpU PO3B'A3aHHI LNX 3aBAAHD 3AIACHIOETLCA B YMOBAX OPCTKOr0 NIMITY Yacy, CKNaZHOCTi opraHisaii koop-
AVHALNHOI B3aEMOAIT Pi3HNX 3a CKNaZoM i NpU3HAYeHHAM CUn Ta 3acobiB.

lpr3HaueHHA NNnaHiB 3 nikgiaavii Hacniakis HC nonArae y BU3HaueHHi Ta 06rpyHTyBaHHi Lined i WNAXIB iX AOCATHEHHA
Ha OCHOBI BIU3HAUeHHA KOMN/EKCY 3aBfaHb i pobiT, a TakoX edeKTUBHUX MeTOAIB, cnocobiB i pecypciB ycix BUAIB, HE0b-
XiHUX AN 3aXMCTY HaceneHH, TepUTOpiil, HaBKONMLIHBOrO NPUPOAHOTO CepeoBHLLa Ta MaitHa Big HC.

B poboTi po3rnAafaloTbea nuTaHHA NobyA0BY NPOrPaMHOro KOMMNEKCY ANA KOOpANHALi po3pobKu NNaHiB 3 NikBigawii
Hacnipkis HC.

[Ina npoeKTyBaHHA apXiTeKTypy nporpamHoro Komnnekcy 6y obpatuii natepH Model-View-ViewModel (MVVM). Oc-
HoBHolo nepeBaroto MVVM € Te, 110 naTepH po3ginAe BHYTPilUHE NofaHHA cTaHy nporpamu (Model), noganHa iHpopmaii
kopucryauesi (View) i noriky nporpamHoro oAatky, LLo BiANoBiAae 3a ny6nikaLilo i nepeTBOpeHHaA AaHUX 3 Mojeni, AnA
nerkoro igo6paxeHHA fanux B nogatHi (ViewModel).

[lna nobyaosu BizyanbHoro iHTepdelicy 6yno Bukopucraqo TexHonorito WPF (Windows Presentation Foundation), Aka
€ vactuHoto ekocuctemi nnatgopmu NET i aBnAe coboto nigcuctemy ana nobynosu rpadiunux intepdelicis. HaseaeHo
baratopisHeBy apxitektypy WPF Ta onuc pigniB WPF: kepoBaHuii API-iHTepdeiic, HekepoBaHuit APl-iHTepdeiic (piBeHb
iHTerpauii 3 DirectX) i komnoHeHTI onepauiitHoi cuctemm Ta DirectX.

[lna 36epiraHHA CTPYKTypoBaHUX HabopiB AaHux B poboTi byno BukopuctaHo 6asy ganux MS SQL Server. HaepeHo
(Xemy MoZieni AaHux, L0 BUKOPUCTOBYETbCA NPOrPaMHIM KOMITNIEKCOM.

HasegeHo npuknag po3pobku Mnany pearyBaHHA Ha HC wopo Aild y pasi noxexi 3a 4onomorow nporpamMmHoro Kom-
nneKcy.

Kntoyoei cnoea: Hao3suualiHi cumyauii, npopamxuti KoMnaekc, kKoopouHayis, naanu 3 nikeidayii HC.
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MocranoBKka npo6nemu.

[naHyBaHHA BiAirpa€ BaXnnBYy ponb Npu po3B’A3aHHi
3aflau 3aXMCTY HaceneHHs, TepuTopiii, HaBKOMULIHBOTO
NPUPOAHOr0 CepefioBULLA Ta MaliHA Bif HaA3BUYaAilHUX
autyauiii (HC) wnaxom 3anobiraHHA Takum CuTyauisam,
NiKBigaUT X HaCNiAKIB i HAaJaHHA JOMNOMOTM NOCTpaMAa-
num y Haatigok HC [1].

[pu3HayeHHA NnaHiB 3 Nikeigavii Hacnigkis HC nonarae y
BU3HAUeHHi Ta 00rpyHTYBaHHi Linei i WAAXIB X JOCATHEHHA
Ha OCHOBI BU3HAUeHHA KOMN/EKCY 3aBAaHb i PobiT, a TakoX
edeKTUBHMX MeTopiB, CNocobiB i pecypciB ycix BUAiB, Heob-
XiHUX 1A 3aXUCTY HACeNIeHHs, TepUTOPIil, HABKOMLIHBOTO
NpUPOAHOro cepeaoBiLLA Ta MaitHa Bia HC.

[CHy€ YOTMPK OCHOBHI eTanu po3pobeHHA NNaHis 3 Ni-
KBinauii Hacnigkis HC[1]:

1. AHani3yBaHHs Ta NPOrHO3yBaHHA MOMMBIAX BapiaH-
TiB PO3BUTKY Hebe3neyHux npoLiecis, ABULL, Nogiii. Ha AaHo-
My eTani 34iiACHI0ETbCA 36ip Ta aHani3 BUXigHUX AaHux, ¢op-
MYIIOBAaHHA Ta MOCTAHOBKA Liineil i 3aBJaHb, BU3HAYEHHA
LUIAXIB JOCATHEHHA NOCTABNEHIX Linei, nonepesHi popaxy-
HKM QiHaHCOBWX | MaTepianbHuX BUTPaT.

2. Oprai3auiiiHo-nigrotoBunit. Ha fanomy etani Bu-
3HaualTbCA BUKOHABLY, 3aranbHuii o6car pobit, nposo-
ANTbCA PO3paXyHOK Yacy Ta po3noAinATbca 0608 A3KM.

3. [lpaktnuHa pospobka nnaHy. Ha paHomy etani
3[iNCHIETbCA PO3p00KA | OPOPMAIEHHA MPOEKTY NAaHy,
(KNajaeTbcA nporpama Aili, po3paxoBylTbcA HeoOXiaHi
pecypctn Ta X [pKepena, BU3HAuawTbcA 6e3nocepedHi
BMKOHaBL|i 3aX0AiB i pooiT.

4. Y3rofkeHHA Ta 3aTBepAKeHHA nnaHy. Ha ganomy
eTani npoekT MNaHy NPOXOAUTb Y3rOMKeHHA B OpraHax
BUKOHABYOI BNaJMu.

JlocArHeHHA 3annaHoBaHuX Lineil Ta MeTi NNaxy 3 fik-
Bifauii Hacnigkie HC 3HauHOK Mipoto 3anexuTb Bif TOro,
HaCKINbKYM 3annaHoBaHi [0 3AiNCHEHHs 3aX0Au CKOOpAU-
HOBaHi MiX c000i0 3a LinAMU, MiCLieM, YacoM, CKNaZom
3aNyyeHux cun i 3a CNocoboM BUKOHAHHA.

Tomy aKTyanbHOK HayKOBO-NPUKNAAHOKW 3ajayelo €
po3pobka NpOrpamHOro KOMMAeKCy ANA KoOpAWHaLii
po3pobku nnaHis 3 nikeiaauii Hacniakis HC.

AHani3 ocTaHHiX gocnigxeHnb i ny6nikauii.

B po6ori [2] po3rnafaoTbcA NUTaHHA po3pobKi CTpyK-
Typu NporpamHoro 3abesneuyeHHa OnepaTMBHOrO peary-
BaHHA Ta OMOBILLEHHA Npu BUHUKHeHHI HC Ha TepuTopii
HaceneHux NyHKTiB.

(dopmynboBaHO TaKi BUMOrN O NPOTPaMHOro 3abe3-
MeYeHHA: HaABHICTb KapTorpadiyHoi 0CHOBM, onepaTBHa
aKkTyanizauia indopmauii npo HC, po3paxoBaHuii Ha bara-
TbOX KOpUCTYBauiB AoCTyn A0 iHpopmauii, onTumisauia
dyHKLioHany poboyoro MicyA B 3aNeXHOCTI Bif iA0ro npu-
3HayeHHs, NporHo3 po3BuUTKY HC, HasBHICTb QYHKLioHany
3 p03p0oOKM NNaHiB 3aX0AiB Ta BiACTEXEHHSA iX BUKOHAHHA.

Takox aBTopamu npeAcTaBfieHa KOMYHiKaLiiiHa Aiar-
pama cucTemu onepaTUBHOIO pearyBaHHA Ta OMOBILLEHHA
NP BUHWUKHEHHi HAaA3BMYANHUX CUTYaLild, KOMMOHEHTU
reoiHpopmalliiiHoro 3abe3neueHHa cuctemin it rpadiuHi
iHCTPYMEHTH, L0 A03BONANTL Bi3yanizyaTin kapTorpadi-
yHy 6asy AaHuX.

B po6ori [3] HaBeaeHi anropuTMi MOHITOPUHTY NOTeH-
LiliHO Hebe3neyHmx 06'eKTiB Ta cnocobu po3pobku cLeHa-
piiB Aiil aBapiliiHo-pATYBanbHMX nigpo3dinie MHC, Aki
MOXYTb BUKOPUCTOBYBATUCb Y KOMM'IOTEPHUX CUCTEMAX
NATPUMKN NPUIAHATTA YNIPaBNIHCLKUX PiLleHb.

B pobori [4] po3rnagalTbca MepexeLeHTpUYHI MeTo-
AU KOMN'I0TepHOI NIATPUMKN YNpaBAiHHA NiKBidaLi€l
3anisHnunnx HC, a Takox onmucaHi HoBWii GopmanbHuit
NAXiA 40 NPUIAHATTA pilleHb Ta NPOAYKUiiHI npasuna,
3aCTOCYBaHHA AKMX y 3ani3HnyHux HC 203BonuTb CKOpoTY-
T Yac NPUIHATTA 00OrPYHTOBAHOTO YNpPaBRiHCbKOrO pi-
LUeHHA.

ABTOpami TaKOX HaBefieHO npuknag GopmanbHoOro
onucy HC npu 3ani3HMyHoMmy nepeBeseHHi. HaBepeHuii
npuKnag € anroputmom GopmyBaHHA 6a3n 3HaHb ekcnep-
THOI cuctemu, wo € cknagosoto CMNMP, aka Moxe BUKOpUC-
TOBYBATUCA AK ANA onpauloBaHHA pilweHb B HC, TaK i Ana
HaBYaHHA NepcoHany npoueaypam NpUAHATTA piLleHb npu
B3aemopii 3 CMP.

B po6ori [5] po3rnAHyTO NpaKTMUHWIl AOCBIA BUKOHAH-
HA pobiT no 3abe3neueHHio KpU30BOro LEHTPy Habopom
reorpadiuHnx KapT paiioHy po3rawysaHHsa AEC Ta eBakya-
LiliHUX nnaHiB. MokasaHi npuknagn rotoBoi nNpoayKuii Ta
MOMMBI HANPAMKW TI BUKOPUCTAHHA NpU  OpraHisavil
NPOTMaBapiiAHMX Jiil i NiKBidaLilo MOMXAMBUX HACNigKiB
aBapii Ha AEC.

Meta pocnimkeHHA. MeTow fOCNiZKeHHA € po3pob-
Ka MporpamHoro Komnekcy Ans KoopauHauii po3pobku
NnnaHi. 3 nikBigavii Hacniakis HC.

Buknap matepiany pocnigKeHHs.

[porpamHuin KOMNAEKC € CYKYMHICTIO NPOrpaMHMX Mo-
AyNiB, LU0 NPU3HAYeHi ANA PO3B’'A3aHHA 3aBAaHb 3 PO3po-
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OKM Ta 0QopMIIeHHA NPOEKTIB NAaHIB 3 NiKBigaLii Hacnig-
kiB HC, AKi y3romkeHi Mix cobow 3a uinamu, micuem,
YacoMm, CKNaioM 3anyyeHux cui i 3a Cnocobom BUKOHAHHS.

[InA npoeKTyBaHHA apXiTeKTYpi NPOrpamMHOro KOM-
nnekcy 6yB o6panmit natepH Model-View-ViewModel
(MVVM), akuit fo3BonA€ BiZOKpeMUTH NOTiKY Nporpamu

Bifl Bi3yanbHoi YacTUHM (NoAaHHsA). [lanuii natepH € apxi-
TeKTypHUM, TOOTO BiH 3aJa€ 3aranbHy apxiTekTypy npo-
rpamHoro komnnekcy [6].

MVVM (Kknagaetbca 3 TpbOX KOMMOHEHTIB: MOAeni
(Model), mopeni nopanua (ViewModel) i nopanHs
(View).

MpUB'A3Ka OTPUMaHHS
 JAaHuXx JaHUX
IMomauns Mozens momaH- Monenb
(View) KOMAHN us (ViewModel) OHS(‘:;I;‘I‘IH" (Model)

Puc. 1. KomnoHeHmu MVVM

Mogenb onucye AaHi, Wo BUKOPUCTOBYIOTHCA B MPO-
rpamHoOMy Komniekci. Mofgenb TakoX MiCTUTb NOriKy,
be3nocepefHbO NOB'A3aHy 3 UMM AaHumu. Kpim Toro,
MOZENb He MiCTUTb HiAKOI NOTiKK, NOB'A3aHOI 3 Bifobpa-

KEHHAM JaHNX i B3aEMOZI€I0 3 Bi3yanbHUMI efleMeHTamu
KepyBaHHA. [InA 36epiraHHA CTPYKTypoBaHWX Habopis
AaHux byno BukopuctaHo 6asy aaHux MS SQL Server. Mo-
Jefb JaH1X NoJaHo Ha puc. 2.

title
Colurnn Name Data Type
7 id int
name nvarchar(MAX)
developer nvarchar(30)
date datetime
limitation nvarchar{30)
e content_id int
partition
content Colurnn Name Data Type
Colurmn Name Data Type 7 id int
7 id int @3: e content_id int
abstarct nvarchar{MAX) part_number int
keywords nvarchar(MAX) title nvarchar(50)
goal nvarchar(MAX) basic_part nvarchar(MAX)
tasks nvarchar{MAX)
implements nvarchar{MAX)
accepted nvarchar{MAX) annex
Column Name Data Type
7 id int
e content_id int
title nvarchar(250)
data varbinary(MAX)
annex_number  char(10)

Puc. 2. Modenb daHux
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[ofaHHA BU3HAYaE Bi3yanbHuii inTepdelic nporpamHo-
ro KOMMAEKCY, Yepe3 AKWUIA KOPUCTYBay B3aEMOpi€ 3 npo-
rPaMHMM [JOAATKOM.

[ina nobyaoBw BizyanbHoro iHTepdeiicy byno Bukopuc-
TaHo TexHonorito WPF (Windows Presentation Foundation),
AKa € vactuHoto ekocuctemn nnatgopmn NET i ABnAe
coboro nigcuctemy ana nobynou rpadiuHux iHTepdeit-
as[7].

TexHonoria WPF Hafilae MOXNUBICTb BUKOPUCTAHHS
moBu .NET-nnatdopmu - C # ana cTBOpeHHA noriku npo-
TPaMHOr0 KOMMAIEKCY; MOXNMBICTb AeKnapaTUBHOTO Bi-
3HaueHHA rpadiuHoro iHTepdeiicy 3a Fomomorow cnelia-

LE RS AR R L SN ELE]

NbHoi MoBN po3miTki XAML, wwo 3acHoBaHa Ha xml i €
aNnbTepHaTMBOK NPOrpamMHOMY CTBOpeHHI0 rpadiki Ta
efleMeHTIB KepyBaHHA; MOXMBicTb KombiHyBaT XAML i C
#; He3aneXxHicTb BiJ NapameTpis ekpaHy ockinbkn B WPF
BCi enemeHTU BUMIPIOKTBCA B HE3aNeMHUX Bifl NPUCTPOIO
OAVHMLAX; HOBI MOMUMBOCTI 3i CTBOPEHHSA TPUBUMIPHUX
MOZieneli; anapaTHe NpUCKOpeHHA rpadiku - BC KOMNOHe-
HTW Nporpamm TPAHUIOKTLCA B 00'€KTU, WO 3PO3YMini
Direct3D, a notim Bi3yani3ylTbca 3a OMOMOroK NpoLeCo-
pa Ha BifieoKapTi, L0 i NiABULLYE NPOAYKTUBHICTb poboTy 3
rpagikot.
baratopigHesy apxitektypy WPF nogaHo Ha puc. 3.

WPF

PiBennl

KepoBanmuii API-inTepdeiic

PresentationFramework.dll

PresentationCore.dll:

WindowsBase.dll

PiBenn2 .
HexepoBanmnii API-inTepgeiic
Milcore.dll WindowsCodecs.dll
PiBenn3
Direct3D User32.dll

Puc. 3. baezamopisHesa apximekmypa WPF
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Apxitektypa WPF po36uBa€eTbca Ha Tpu piBHi: KepoBa-
Huit API-iHTepdelic, HekepoBaHuii APl-iHTepdeiic (piBeHb
iHTerpauii 3 DirectX), KoOMNOHeHTM onepawiitHoi cucTemMm Ta
DirectX [7].

KepoBaHuit API-inTepdelic onucye 0CHOBHUIA GYHKLi0-
Han nnatgopmu WPF i CKnafaerbca 3 HaCTyNHUX KOMMNOHe-
HTiB:

1. PresentationFramework.dll. Mictutb TN WPF
BEPXHbOr0 piBHA, BKMIOYAlouN Ti, L0 NpescTaBnanTb
BiKHa, MaHeni Ta iHWi BUAN enemeHTIB KepyBaHHA. Takox
BiH peani3ye BUCOKOpiBHEBI NporpamHi abctpakuii, Taki Ak
cTuni.

2. PresentationCore.dll. Mictutb 6a30Bi Tnu, Taki 8K
UlElement i Visual, Bia AKkux ycnagkoBaHi BCi Qirypw i ene-
MEHTY KepyBaHHA.

3. WindowsBase.dll. Mictutb we 6inblu 6a3oBi ene-
MeHTU, AKi MOTEHLINHO MOXYTb 3aCTOCOBYBATWUCA M03a
WPF, Taki ak DispatcherObject i DependencyObject, wwo
NATPUMYIOTb MeXaHi3M BNacTUBOCTEN 3aeXKHOCTI.

HekepoBaHuit API-iHTepdeiic BUKOPUCTOBYETbCA ANA iH-
Terpauii 3 DirectX i cknafa€TbA 3 HACTYMHIUX KOMMOHEHTIB:

1. Milcore.dll. gpo cucremn Bisyanizavii WPF i gyH-
AaMeHT piBHA MepiaiHTerpauii (Media Integration Layer -

MiaroToEsa 18 pospOGAEHHA MAAHY:

PEATYBAHHA HA HAASBMuAdN CHTYaLL Y MacWTasi Yipaim

PRATYBAHHA HA HALIEHUARH] CHTYALIT Y ranysi

PRATYIAHRA HE HALIBHUSFHI CHTYAU 05A3CTI (WicTa, padioy)

PEAYEIHHA 13 HALIBHERHT CHTYAWIT Cyf'OoTa roOnOLapIoBaHHA

MIL). Mloro cknaioBoto € MeXaHi3M, 110 TPAHUTIOE Bi3yanb-
Hi eneMeHTH B TPUKYTHUKY i TekcTypu ana Direct3D.

2. WindowsCodecs.dll.  Hu3bkopiBHeBuii  API-
iHTepdeiic, Wwo 3abesneuye migTPUMKy 306paxeHb (Ha-
npuknag, 06po6ky, BinobpaxeHHA i MacwTabyBaHHA pacT-
poBuX 300paxkeHb i dpaiinis JPEG).

KomnoHeHTI onepauiitHoi cuctemm Ta DirectX:

1. Direct3D. Hu3bkopisHesuii APl-iHTepdeiic, 3a fo-
MOMOrOH AKOTO Bi3yanizyeTbca BcA rpadika B WPF.

2. User32.dll. BukopuctoByetbea ana o6uncnioBanb-
HUX 3aJay, ane He bepe yuacTi B Bizyanizauii nowmpenux
eNemMeHTiB KepyBaHHH.

Mogenb noJaHHA NoB'A3ye Modenb i NoJaHHA yepe3
MeXaHi3M NpuB'A3kM AaHux. Mogenb noAAHHA TaKoX
MICTUTb TIOTIKY OTPUMAHHA JaHuX 3 mofeni, AKi notim
nepefalnTbcA B nodaHHA. Kpim Toro, mojenb nofaHHsA
BM3HAYAE NIOTIKY N0 OHOBNIEHHIO JaHUX B MOZei.

OcKinbKu enemeHTV NOAaHHA, T06TO Bi3yanbHi KOMMO-
HeHTI TUNY KHOMOK, He BUKOPUCTOBYIOTb NOAIT, TO NOAAHHA
B3AEMOJi€ 3 MOZIENNIO NOZIAHHSA 33 I0NOMOTOI0 KOMaHZ,.

Ha puc. 4.1, 4.2 HaBefieHo npuknag po3pobku Mnany
pearyBaHHa Ha HC wopo fiit y pasi noxexi 3a 4ONOMOroio
NpOrpaMHoOro KoMneKcy.

1148 pearyBanns Ha HAQ3BH9AIHL CHTYARIT momexa

(Hasedewo pordin iz JITany peczyeanin Na NOOTEUMaini clmayil ijode dii y pasi nexcexci)

L. BucHopkH 3 0niHWOBANEA 00CTABHE
Tlomesa — HEROHTPOILOBAHINT NPOLEC IHIMIYBAHHA A00 MOMKOLASHHA BOTHEM MAllHA, LI 9 AKOTO
BIHIKANOTS MIHHIKI, HeGe3neti TR iCTOT Ta HABKOTIIHEOTD NPHPOINGTO CepeloRInma,

II. Mopsiok BUKOHAHHA OCHOBHUX 3aX01iR OpPramaMu YOpamdiHEs Ta CoIaMi nueiibHoro
JAXHCTY 3aRTaTY

e et e ! . M Haiisenynanng jaxoin Bianopizaasmi suxomasni | Mascsoeaasmmi
£l CTROK
n n X
. 1 2 3 4
1 TOm0CHO NOIATH CHIMAT GIGKERAR, TOMOBICTI Eoaatit, X1 noMiTis sorous | Heradimo
Tl pearyBanHa H HaAsGwaRN CTyaL HIATEHITRY I.IIIEL'IBHOI’? IAXHETY (3ACTYTIMAKY, (mowey)
axinmo 3 MHTAME THBLTENOND IAICTY) Npo
nowesy (1 sicue §f xapaxzep).
BHcHOUKM 3 OUIHKIBAHHA O6CTABNH Wasarmi 2AXOZID WOTO TOXATIIALI BOTHIIMS,
Bamcmmkari nowessny oxopony (Tea. 101
MEOpARSE BMKOHINA CCHOBHMX JAX0AI8 NOAREXNY TAHKY IAKTATY (TeT. )
IWBHIKY MeTrHy Tomomory (Ted. 103)3a
POIPaxyHOK Crn Ta 320068 HANBHOCTI MOTEPITAXY
s Hanpamsimin 20 MICHR Do Moy JaHKy Haaasis IHeiasHoro Heraiine
MopAAcK OPTEHIZALE ONOBILYEHHA IAXHETY
3 Onoeeictirn i 310paTn Repiesmd crtaz Hamanesny osiIsHoro 30
UMBITEHOTO SAXHCTY, KCPIBHME cx1a] BAXHETY
GopMyYBANE LRBUTBHOTO JAXIETY, CKIAZ KOMICT DaxiBes 3 MITAHE
3 MEMTAHE HATSBIATine carryanifi Ta OB LTLHETE JAKHETY

Puc. 4.1. Mpuknad po3po6ku lMnaHy pea2ysaHusa Ha HC wo0o dili y pasi noxexi
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B (1A PRArYBAHKS ol HIC - | -

IV, NMopaaok epraniani onosimemnn

N3 Miapoaaia (fopirynanma) Biameslyaanmms Hemepn Tepnin
[ ] ENBLTRIONG AAXHCTY, (o 8 amoRinenna Teachanin STNORIEE RN,
opr amiranis, wasieni o abcnizaci BC )
1 1 3 4 S5
1 Eepinanzina 1axangy Homananp aanes Cxeua Herafine
STORINEHILE T3 1= Ky T2
3B Y onOBIHICHAA
Yeproand (¥ zomaTey)
CTORON
2 Konnciz 3 mrrame megasraaionas Toomcme Kospicis ¥ 0
curvaandi HAZIEY AR
CHTYRIIA
3 Jlama OOOBIICHHEA T4 38 Y KCpIBENE TaHKN Cxesa 3n
Jama pamamisore Ta XINPEor oxoponn B 3aEcTy 18" WKy 1A
EIOETEPCREHEA OB NTENEA.
Parvoainmna SaEka CIENCEE
Memirunsa anemn Kepinmmsn R
JIRImES OXOPONI TPOMAKLESTS MOpAIRy | BAT0OEINER ?‘_-'t't'm”_
[ pegrnmans e N ]
—————————— L
FXHCTY
JlamEa 0GCTYTORYBANNE JAXHCHEL
CIOPYE INMATLROD BXHCTY
Jlakmea MATEPEIBHO-TEXHIMHOM T2
OIS HICUCHAA
Bionncin 3 nNTass CEAKYAL [oi0Ba cEARORMICH

Puc. 4.2. Mpuknaod po3po6ku MnaHy peazysaHHa Ha HC wodo 0ili y pasi noxexi

BucHoBKku. HaBefeHo Npuknag CTBOPEHHA Nporpam-
HOT0 KOMNAeKCy AnA KoopAuHauii po3pobkn nnaHiB 3
niksigauii Hacniakis HC. [porpamHuii KOMNAEKC € CYKynHi-
(T NPOrpaMHMUX  MOAYNIB, WO NpU3HAuYeHi AnA
PO3B’'A3aHHA 3aBAaHb 3 Po3p0obKM Ta 0pOpMNEHHA NpoeK-
TiB NNaHiB 3 nikgigauii Hacnigkie HC, AKi y3rogxkeni mix
06010 3a LiNAMY, MicLiem, YacoM, CKNaAoM 3aNyyeHux cun
i 33 CN0CO60M BUKOHAHHS.

[lna npoekTyBaHHA apXiTeKTypu NporpamMHoOro Kom-
nnekcy 6yB o6panmit natepH Model-View-ViewModel

(MVVM), Aikuii CKnaga€eTbca 3 TpbOX KOMMNOHEHTIB: MoAeNi
(Model), mopaeni noganxsa (ViewModel) i nogauHa (View).

[lna nobyaoBu BizyanbHoro iHTepdeiicy byno Bukopuc-
TaHo TexHonorito WPF (Windows Presentation Foundation),
AKa € yvacTuHolo ekocuctemu nnatdopmn NET i aBnae
coboto nigcucremy Ana nobyaosn rpadiuHnx intepdelicis.
HasegeHo baratopisHeBy apxitektypy WPF.

HasegeHo npuknag po3pobku MnaHy pearyBaHHA Ha
HC wopo pin y pasi noxexi 3a 4ONOMOrol0 NPOrpamHoro
KoMnnekcy.
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AnHoTauus. pn pewweHnn 3ajay 3awuTbl HaceNeHNA, TEPPUTOPUIA, OKpYXatoLeil npupoaHoit cpeabl o YC Bax-
HeliLuyl pob MrpaeT pa3paboTka onepaTuBHbIX MNaHOB Mo AMKBUAALMM nocteactBuit YC. 31o obycioBneHo Tem, uTo
ynpaBneHue Npu peLleHnn 3TUX 3aay 0CyLLeCTBAACTCA B YCIOBUAX XKECTKOr0 IMMIUTA BPeMeHU, CNOXHOCTI OpraHu3aLim
KOOPAMHALMOHHOTO B3aUMOAENCTBIA PasfIMuHbIX MO COCTABY M HA3HAUEHWIO CUN U CPeACTB.

Ha3HaueHue nnaHoB no Ankeuaaumun nocneacteuit YC 3aknioyaetca B onpeseneHiny 1 060CHOBaHUN Lienei 1 nyTeil ux
AOCTVXKEHNA HA OCHOBE OMpeAeneHNa KOMNeKc 3aay 1 pabot, a Takke IQGEKTUBHbIX METOAOB, CMOCOOO0B 1 pecypcoB
BCeX BUA0B, HeOOXOANMbIX ANA 3aLLMUTbI HaCeNeHA, TepPUTOPUIA, OKPYKatoLLeid NPUPOAHOI Cpefbl u uMyLecTBa ot YC.

B pabote paccmatpuBatoTca Bonpochl pa3paboTki NporpaMMHOro KoMnseKca AnA KoopAnHaLum pa3paboTku nnaHoB
no nukeuaauuu nocneacranit Ye.

[Ina NpoeKTMpoBaHWA apXWTeKTypbl MPOTpaMMHOT0 Komnnekca 6bin BbibpaH nattepH Model-View-ViewModel
(MVVM). OcHoBHbIM npeumyLiectBom MVVM ABnAeTca To, UTo natTepH pa3denseT BHYTPeHHee NpeAcTaBneHue cocToa-
HuA nporpammbl (Model), npeacraBnexue nHGpopmaummu nonb3osatenio (View) u noruky NporpaMMHOro NPUNOXeHuA,
oTBeyaloLLeto 3a ny6nukaumio n npeobpa3oBaHNA JaHHbIX U3 MOAENN, ANA NErkoro 0TobpakeHA JaHHbIX B NpeacTaBne-
Hum (ViewModel).

Ina noctpoeHua BU3yanbHoro WHTepdeiica Obina ucnonb3oBaHa TexHonorma WPF  (Windows Presentation
Foundation), kotopas ABAAETCA YacTblo 3KocucTeMbl NnaThopmbl .NET v npeacTaBnset coboii noacuctemy ans nocrpoe-
HUA rpaduuecknx MHTepQeiicos. MpuseaeHa MHoroypoHeBas apxutektypa WPF u onucanbl ypoin WPF: ynpaenaembilit
API-unTepdeiic, HeynpaBnaemblit APl-uHTepdeiic (ypoBeHb unTerpauum ¢ DirectX), a TakXke KOMNOHEHTbI ONepaLMOHHO
cucrembl u DirectX.

[lna xpaHeHuA CTPyKTypUPOBaHHbIX HABOPOB AaHHbIX B paboTe Obina UCnonb3oBaHa 6asa AaHHbIX MS SQL Server.
[prBeaeHa cxema MoAeN aHHbIX, KOTOPaA UCNONb3YeTCA NPOrPaMMHbBIM KOMMIEKCOM.

lpuBeaeH npumep paspabotku lnaxa pearnposaHua Ha YC no AelicTBMAM B Ulyuae nokapa C NOMOLLbI NPOrpamm-
HOro KoMMneKca.

Kntoyeebie cnoea: upessbiuaiibie cumyayuu, npo2pammHelli KOMNEKC, KOOPOUHAYUS, nadaHel no aukeudayuu YC.
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DEVELOPMENT OF SOFTWARE FOR COORDINATION OF EMERGENCY RESPONSE PLANNING

Dmytro Kiriychuk,
Candidate of Technical Sciences, Associate Professor, Associate Professor, Department of Software Tools and Technology,
Kherson National Technical University, Kherson, Ukraine, e-mail: kidiam2@gmail.com, ORCID ID; 0000-0002-4905-6932

Abstract. In solving the tasks of protection of the population, territories, environment from emergencies, the most im-
portant role is played by the development of operational plans to eliminate the consequences of emergencies. This is due to
the fact that the management of these tasks is carried out in a strict time limit, the complexity of the organization of coor-
dination of different composition and purpose of forces and means.

The purpose of emergency response plans is to define and justify the goals and ways to achieve them based on a set of
tasks and works, as well as effective methods, methods and resources of all kinds necessary to protect the population,
territories, environment and property from emergencies.

The paper considers the development of a software package to coordinate the development of emergency response
plans.

The Model-View- ViewModel (MVVM) pattern was chosen to design the architecture of the software package. The main
advantage of MVVM is that the pattern separates the internal representation of the state of the program (Model), the
presentation of information to the user (View) and the logic of the software application responsible for publishing and
converting data from the model to easily display data in the view (ViewModel). WPF (Windows Presentation Foundation)
technology was used to build the visual interface, which is part of the .NET platform ecosystem and is a subsystem for build-
ing graphical interfaces. The multi-level WPF architecture and description of WPF levels are provided: managed API, un-
managed API (integration with DirectX) and operating system and DirectX components.

The MS SQL Server database was used to store structured data sets. The scheme of the data model used by the software
package is given.

An example of the development of an Emergency Response Plan for fire actions with the help of a software package is
given.

Key words: emergencies, program complex, coordination, emergency response plans.
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MPOBJIEMU IHOOPMALJIMHUX TEXHONOT I

BUMOTY 10 OOOPMNEHHA CTATEN
B xypHani «[lpo6bnemu inpopmauiinHux TexHonorii»

KypHan «lpobnemin iHHOPMALIHUX TEXHONOTiI» € NEPIOANYHIM HAYKOBUM yPHANOM, AKWIA BKITIOYEHO A0 Nepeniky HayKoBuX paxoBuX
BUAAHb YKpaiHu 3 TexHiuHux Hayk (Haka3 MiictepcrBa ocBiTv i Haykin Ykpainm N 820 gig 11.07.2016 p.).

KypHan ny6nikye (TaTTi 3 HOBUMM HayKOBMMY pe3ynbTaTamu B 061acTi TEOPETUUHIX | NPUKNAZHUX NPOBAEM CyyacHUX iHdOpMaLliiiHX Te-
XHONOTiI, CACTEMHOTO @HaNi3y i MOJIeNIoBaHHA 33 TaKUMM rpynamu cnevjianbHoCTeil:

121 IHxeHepia nporpamHoro 3abesneyeHHs.

122 Komn'toTepHi Haykm.

123 Komn'loTepHa iHxeHepis.

124 Cuctemuuii ananis.

125 Kibep6e3neka,

126 Indpopmaviiini cucremu i TexHonori,

MiimansHui obcar cTatTi — 8 cropiHok. MakcumanbHuii — 20 cropitok. Jlitepatypa Ta aHoTaLii TaKoX BXOAATb [0 3arafibHOT KinbkocTi cTo-
piHOK ny6nikauii.

KypHan BAAETbCA YKPAIHCbKOIO, AHIMIACBLKOI Ta POCIACbKOI0 MOBAMM.

My6nikavia crateil 3AiCHIOETHCA Ha MNATHIl 0CHOBI. Po3mip BHecKy 3a ny6nikavto CTaTTi CTaHOBUTb 45 IPH. 32 KOXHY (MOBHY Ui HEMOBHY)
CTOPIHKY NOJAHNX MaTepianis.

KypHan BKnloueHO 10 HaykoBO-MeTpuuHuX 06a3 AaHux, umdpoBux apxigie Ta Obibniotek 3 6eskowToBHUM On-line-poctynom:
Index Copernicus, CrossRef, Google Scholar, Directory of Open Access Journals (DOAJ), Research Bible, Open Academic Journals Index (OAJI),
PIHL (Pocilicbkuit ingekc HaykoBoro umtysaHHs), AcademicKeys, National Library of Ukraine (Vernadsky).

BUMOTM 10 3MICTY 1 0OOPMIEHHA HAYKOBWX CTATEM

HaykoBa cTaTTa B XypHani «[lpobnemu iHdpopmaviiiHmx TEXHONONIi» NOBMHHA BigNOBiAaTM BUMOram n. 3 Moctanosu BAK Ykpaitu Ne 7-05 /
1 8ip 15.01.2003 poky Ta BpaxoByBaTH BUMOTY MIXKHAapOAHUX HaykomeTpuuHux 6a3 gaHux (Scopus / Elsevier database, Clarivate Analytics / former
Thomson Reuters, Web of Knowledge, CrossRef / Digital Object Identified Ta iH.) 4o HaykoBuX cTaTeil.

PepakuiiiHa Koneria pekomeHAy€ aBTOpam fOTPUMYBATUCA TaKOi CTPYKTYPY HayKOBOI CTaTTi:

1. NocranoBka npo6nemu. HeobxigHo po3KpUTH CYTHICTb | CTaH HayKoBOi npobnemu y 3aranbHomy BUMAA, i TeopeTuuHy Ta (abo) npak-
TUYHY 3HAUYLLiCTb, OBIPYHTYBATH aKTYaNbHICTb LOCNIIKEHHSA,

2. AHani3 octaHHix pocnimxenn i nybnikawii. HeobxigHo npoananisyBati 0CHOBHI NONOMeEHHA OCTaHHIX AOCNixeHb | mybnikavil, Wwo
6e3nocepenHbO CTOCYITHCA NOPYLUEHOT NPO6AEMM, BUOKDEMUTY HEBUPILLEHI paHille YacTUHU 3arafbHOT Npobnemu, AKUM NPUCBAYEHO CTATTIO,

3. MeTa pocnigxenHa. HeobxinHo BUCIOBUTM OCHOBHY ifeto nybnikaii. Meta JocnifeHHA Ma€ BUNAMBATY 3 NOCTaHOBKM Npobnemu i
aHanisy OCTaHHixX AOCTigxeHb i nybnikavii, y Hili NOBUHHO 6YTH UITKO BU3HAUEHO KiHLIEBHIA HAYKOBWIA pe3yNbTar.

4. Buknap matepiany pocnimkeHHsa. HeobxinHo BUCBITAUTM OCHOBHI NONOXKEHHA | pe3yNbTaTH HAYKOBOTO AOCTIAKEHHS,

5. BucHoBKu. HeobXiaHo BUCBITNNTI HAbiNbLL BAXAMBI pe3ynbTaTh AOCNIANEHHS, AKI MICTATb HaYKOBY HOBW3HY | MalOTb TeopeTMYHe Ta
(a6o) npakTMuHe 3HayeHHA.

6. Cnucok nitepatypu. Cnucok niTepatypu NoBMHeH 6yTn 0dopMAEHIIA Y ABOX BapiaHTax:

1. BiBNoBiAHO Ao MixxHapoaHoro bibniorpadiunoro crangapty APA: https:/www.apastyle.org.

2. gignosigHo o ICTY 8302.2015 «IHpopmallia Ta fokymeHTavia. bibniorpadiuxi nocunaHa. 3aranbHi NONOXeHHA Ta NpaBuna CKNagaHHA.».

Y cnucky nitepatypu 060B'A3K0B0 NOBIUHHI 6yTH NPUCYTHI fxepena 3 AOCNiAXYBaHOI Npobnemu He Binblue Hix 3-4-piuHoi faBHocTi. He anig
06MexyBaTMCA LMTYBAHHAM POBIT, AK HaNeXaTb TibKI OAHOMY KONEKTUBY aBTOPIB a60 AOCTIBHULLKI rpyni.

HeoOXinHUMI € NOCMNAHHA Ha CyuacHi MixHapopHi nybnikauii. CTaTTi, AK He MiCTATb Nocunanb Ha poboTw, ony6nikoBaHi NPOTATOM 0CTaH-
HbOTO JECATUAITTA, aBTOMATUYHO BBAXAKTbCA TAKUMH, LU0 He BiANOBIAAIOTb pefaKLUiiHUM BUMOTaMm.
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CTPYKTYPHI ENEMEHTW HAYKOBOI CTATTI

Inpexc YKy BepxHbomy nigomy KyTi cropinki (Times New Roman, 12 nr.).

Indopmauia npo aBTopis (cnizasTopiB) CTaTTi (iM'A Ta Npi3BULLE MOBOK CTaTTi, HAYKOBUI CTYMIHb, BYEHE 3BaHHS, N0Cafa, MicLe poboTy,
HaceneHuil NyHKT, Kpaia, agpeca enektpoHHoi nowTu, ORCID ID) (Times New Roman, 12 nT., BUpiBHIOBaHHA — N0 NiBOMY Kpaio).

HasBa crarTi. Ha3By ctatti noTpibHo nogasatin HaniBxupHUM WpudTOM BENMKIUMI NiTepaMu 3 BUPIBHIOBAHHAM N0 LeHTpY, 6e3 ckopo-
UeHb, 30Kpema iTepHux abpesiatyp. Ha3ga cTaTTi NoBMHHA BifobpaxaTy 3MICT AOCNIZKEHHA Ta BIANOBIAATY Or0 MeTi, HayKOBUM pe3yNibTaTam i
BucHoBKaM. (Times New Roman, 14 nt., HanigxupHuil wpugr).

AHoTauia moBoto cTatTi. 06cAr aHoTaLil Ma€e CTaHOBITY 2—3 TUC. 3HaKiB pa3oM i3 KntouoBumm cnoBamu (4—8 cnig). (Times New Roman, 12 nit.).

AHoTauis Ma€ MicTUTH TaKi CTPYKTYpHI enemenTu:

1) meta cTarTi;

2) MeToAN [OCTIKEHHS;

3) OCHOBHI pe3ynbTaTh JOCTIKEHHS;

4) HayKoBa HOBI3Ha;

5) NpaKTIuHa 3HUMMICTb.

Nepenik KnYOBMX CNiB, AKNI NOYNHAETLCA 3i CiB: «KntovoBi ciosa:» (Times New Roman, 12 nT., kypcus).

MocranoBKa npo6nemu

AHani3 ocraHHix gocnimKeHb i nyonikauii

Meta gocnigKeHHa

Buknap matepiany pocnigeHns

BuchoBku

Cnucok niteparypu

Y TekcTi CTaTTi MOXHa nofasaty inlocrpadii. lignuc nig incTpavielo Mae CkNafaTmea 3 YOTUPLOX OCHOBHIX eNIEMEHTIB: HaliMeHYBaHHS, L0
MO3HAYAETbCA CKOPOUEHNUM COBOM «PUC.»; NOPAAKOBOTO HOMeEPa iNtoCTpaLi, AKiA BKa3yeTbcA 6e3 3HaKy HoMepa apabcbkumm Ludpamu; Tema-
TUYHOrO 3ar010BKa iNOCTPaLi, Lo MICTUTb TEKCT 3i CTUCNON XapaKTePUCTUKOK 306paeHHa.

IntocTpavii noTpibHo odopmioati okpemumin daiinamu y popmartax jpg, tiff, png HanexHoi AkocTi. Po3ginbHa 3aaTHICTb Ma€e byTH He
meHwW Ak 300 dpi, a po3mip 306paxeHHsa — He meHL AK 1060 x 1410 pixel.

Tabnuui HeobxigHo BUKOHYBaTH y TekcToBoMy pepakTopi MS Word 2016.

KoxHa Tabnuua noBHHa MaTh NOPAZKOBMIA HOMep | TeMaTUUHNIA 3aroNOBOK, AKi HE0OXiAHO PO3MICTUTY HaJ} Heto CUMETPUYHO 40 TEKCTY.

(opmynu notpibHo nogasatu 3a gonomoroto peaaktopa dopmyn MS Equation 3.0, Math Type.

Takox MatoTb 6yTy aHoTaLl yKpaTHCLKOK Ta POCiiicbkoto MOBaMM, AKi 33 3MICTOM LLiIKOM BiANOBIAAIOTb aHOTaLLii aHrMificbKoto MoBoto. Ko-
’KHa aHOTaLliA TaKOX NOBWHHA MICTUTM iHQOPMaLito NPO aBTOPIB, BiANOBIAHOK MOBOK.

Pepakuilina Koneria He 0608'A3K0BO NOAINAE N0O3Lil0, BUCIOBAEHY aBTOpaMU Y (TTTAX, Ta He Hece BIANOBIAANbHOCTI 3 JOCTOBIPHICTb Ha-
BEEHMX AaHNX, LUTaT, GaKTIB Ta NOCUNAHb.

Pepakuilina Koneria 3anuae 3a cobolo npaso BiAXUAATY MaTepiany, Lo He BifNOBIAAIOTb PefakLiiiHAM BUMOraM, MaloTb HU3bKMIl HayKo-
BUil piBeHb Ta He NPOILLNY NPOLEAYPY PeLieH3yBaHHA.

BMMOTY 10 NOJAAHHA HAYKOBOI CTATTI

[lna ony6nikyBaHHA HayKoBOI CTaTTi Ha afipecy eneKTPOHHOI NOLTY XypHany (magazinepit@ukr.net) HeobxiaHO HadicnaTu i enekTPOHHY
BepCito pa3om i3 intocTpaviamu, opopmneHnuMI OKpeMumu daitnamu y BiANOBIAHMX GopmaTax.

3BepTaemo yBary!

AgTopy (cniBaBTOpam) He NOTPIBHO HafCUNATK peLleH3ito, OCKINbKM KOXHA NOfiaHa AnA onybiikyBaHHA HayKOBA CTATTA NMPOXOAUTL aHOHIM-
He peLieH3yBaHHA Ta NepeBipKy Ha HAABHICTb nnariaty.

Bumoru go opopmnenns daiiny:

TekcT HayKoBOi CTaTTi MoBuUHeH OyTW HafipykoBaHuii y TekcroBomy pepaktopi MS Word 2016 (y dopmarti docx); dopmar nanepy:

A4 (210 x 297mm); opi€eHTaLif CTOPIHOK: KHIXKKOBA i3 BUPIBHIOBAHHAM MO LUNPWHI 3 BIACTYNOM Bifl NiBOFO KPalo — 1,25 MM; NONA: BEPXHE, HINKHE,
npase — 2 cm, nise — 2,5 cm; wpndt: Times New Roman (po3mip wpudty — 12 pt); Mixkpankosui intepsan — 1.
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Y TeKcTi He NoBUHHO GyTIN NEpeHOCiB i MaKpOCiB. Y TeKCTi CTaTTi BUAINAIOTLCA NULLE HA3BM PO3AINIB CTaTTi, BiANOBIZHO Ao ii CTPYKTYpY. IH-
LUMX BUAINEHb He Mae byTu.

Oopmynu notpibHo nogasatin 3a Aonomoroto pefaktopa gopmyn MS Equation 3.0, Math Type. Bci popmynu BcTaBnAioTbcA B Tabnuuio 3 He
OKPecnieHM KOHTYPOM, L0 CKNAZAETbCA 3 ABOX KOMOHOK: Y MePLUiii 3HaX0AMTbCA popmyna 6e3 ab3aLly Ta BUPIBHAHA NO LEHTPY, B Apyrili - HOMep
dopmynu (AKwWo Takwil €) Tex be3 ab3aLly Ta 3 BUPIBHIOBAHHAM N0 NPaBoOMY Kpato. KOpAOH Mix KONOHKaMu TabnuLi BCTaHOBNMIOETbCA Ha NO3HAUL
14 em. Y TekcTi opmynu noBUHHI OYTY BUAINEHi 3BepXY i 3HU3Y NOPOXKHIM PARKOM. Huxue HaBeieHO NpUKNazg BCTaBKI Gopmynm:

t

S -1

MapameTpu B pesakTopi dopmyn NoBUHHI OYTU TaKUMMA:

Po3mipu (onuist meHto penaktopa Equation Editor: PO3MIP, BusHauuty ...):
o 3BuUYaliHuii 10 nT.

Benukuit ingexc 7 nt.

[JpibHuii ingekc 5nT.

Benukuii cumson 16 nt.

[Jpi6Huit cumson 10 nr.

Cruni (onuis mexio CTUIb, BusHauut. . .)

o Tekct Times New Roman
. OyHKuis Times New Roman
o 3MiHHa Times New Roman

Pan.rpeupki  Symbol
Mp. rpeubki Symbol

. (umson Symbol
o Matpuuga-sektopTimes New Roman  HanixupHuii
a Yucna Times New Roman

1. Tabnuui crBopiotoTbA TinbKM 3a fonomoroto Microsoft Word. Mepen6auaeTbcs obmexeHHs Ha KinbkicTb (£5).
2. CymapHnii obcar pucyHkis i Tabnuub noBuHeH 6yTu meHLwe 50% 06cAry 0CHOBHO0 po3Ainy.

MpoxaHHA Ao aBTOPiB CyBOPO AOTPUMYBATICA BUMOT peaKonerii. B iHwomy Bunapky Bawy crarTio 6yae BigxuneHo.
Y pa3i HeoOXifHOCTi yTOuHeHHA iHdopmauii woao opopmneHHA cTaTell — 3B'A30K 3 BiANOBILANbHUM CeKpeTapem KypHany
e-mail: magazinepit@ukr.net

PyKOI'IVICI/I dBTOPAM He NoBePTaloTbCA.

Pykonucn ana posrnagy Peakonerieto 36ipHuka npuiimaloTbca Ha kadezpi MporpamHux 3aco6iB i TexHonoriit XepCoHCbKOr0 HaLioHanbHoro
TeXHIYHOro yHiBEPCUTETY 3a afpecoio:

73008, Ykpaina, m XepcoH, bepucnascbke woce, 24, XHTY, kopn. 3, aya. 316.
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,MPOBJIEMI IHOOPMALIAHUX TEXHONOTIA” Ne25 /2019/

(BigouTBO Npo peecrpauiio KB N°11321-20 IP

BUOABELb:
XepCOHCLKMI HaLiOHaNbHUIA TEXHIYHUMA YHIBEpCUTET

Appeca pepakuii: 73008 M. XepCoOH,
By/. bepucnascbke woce, 24, kopn. 3, a. 316

Tenedonu: 8(0552) 51-57-31, 32-69-66
e-mail; Magazinepit@ukr.net
NMignucano po apyky 28.04.2019.
(Oopmar BupaHHA 60x84/8. Manip odceTHuil.
Ym. apyk. apk. 13,95. Tupax 300 npum.

Apyk: «ONAI-MIHNCG
Byn. lapoBo3Ha, 46-A, m. XepcoH, 73034
CBigourso JIK N2 6532 Big 13.12.2018 p.

Ten.: +38(0552) 399-580, +38 (098) 559-45-45,
+38(095) 559-45-45, +38 (093) 559-45-45
Iina nucryBaHHa: a/c 20, m. XepcoH, YkpaiHa, 73021
E-mail: office@oldiplus.ua
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