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BCTYII

AKTyaJbHicTh TeMHU. 3a0e3nedeHHs] O0e3MeKn JOPOKHBOTO PYyXy € OIHIEI 3
MPIOPUTETHUX 3a/1a4 IepP>KaBH, OCKIIbKM BUCOKHI PIBEHb aBapIMHOCTI 3aB/1a€ 3HAYHUX
COIllaJIbHUX, JeMorpadiyHUX Ta EKOHOMIYHHUX 30MTKIB. B yMoBax cTpiMKoro
3pOCTaHHs PiBHS aBTOMOO1MI3amii Ta 301IbIICHHS HABAaHTAXKEHHS HA TPAaHCIOPTHY
1HPPACTPYKTYPY MICT, TpaAuIliiiHI METOIU OOJIIKY JOPOKHBO-TPAHCIIOPTHUX MPHUTO]T
(ITII), mo 6a3yroThcs Ha MaNepoOBUX HOCISIX a00 CTATUYHUX EJIEKTPOHHUX TaOIHILIX,
BUYEpIAIN CBOIO €QEKTUBHICTh. BOHM HE 03BONIAIOTH ONEPATUBHO BHSBIATU
IPUXOBaHI MPOCTOPOBI 3aKOHOMIPHOCTI Ta MPOTHO3YBaTH PO3BUTOK aBapiiHOi

CUTYyaIlii.

CyuacHuii miaxia 10 yIpaBiliHH O€3MEeKO0 Ha TPAHCIOPTI, 30KpeMa peanizamis
MDKHApoAHOi KoHuemniii «Vision Zero», BHUMarae TEpPexXoAy BiJi PEaKTUBHOTO
pearyBaHHS HAa HACTIJKH JO MPOAKTUBHOTO BUSBICHHS TOTEHI[IHHO HEOe3MmeuHuX
ninstHOK. KUTlo4OBHM 1HCTPYMEHTOM Yy LbOMY TMPOILECI CTalOTh TeoiH(pOpMalliiiHi
cuctemu (I'IC), sixi 703BOJNIAIOTH IHTETPYBATH BEIMKI MACUBU CTaTUCTUYHHUX JAHUX 3
MOTYKHUM  MAaTeMAaTMYHHM  afmaparoM  MNpPOCTOpPOBOro  aHamizy. Po3poOka
CIEI[1aJ1I30BaHOTO MPOTPAMHOTO 3a0€3MeUYEeHHS /111 aBTOMATU30BAHOTO TOIIYKY MICIIb
xoruentpauii JITII € akTyanbHUM HayKOBO-TIPAKTUYHMM 3aBJAHHAM. i BUpilIeHHS
J03BOJINTH aHATITUHYHUM TiApo3aiaamM HamioHansHo1 nomiiii epekTUBHILIE TaHyBaTH
po(TaKTUYHI 3aX0H, PAIllOHAIBHO PO3MOAUIATH aTpPyJll Ta HaJaBaTH 0OTPYHTOBAaHI

MPOMO3UIIIi 111010 ONTUMI3allii OpraHizalli JOpOKHBOTO PYXY.

38’5130k  po0OTM 3 HAYKOBMMH I[pOorpamMaMH, IUIAHAMH, TeMaMHM.
Ksanidikamiitna po6oTra BUKOHaHa BiATIOBITHO IO MPIOPUTETHUX HAIIPSAMIB JISITBHOCTI
MiHictepcTBa BHYTPIIIHIX copaB YKpaiHM 11040 HU@pPOBi3alii MpaBOOXOPOHHOI
chepu Ta BIOPOBAKEHHS HOBITHIX 1HPOPMAIIHHUX TEXHOJOTIH (30KpeMa, CUCTEM
MIATPUMKA MPUUAHATTS PIIICHB) Y MPAKTUYHY TIsUTbHICTH Mipo3autiB HartionansHOT

TTOJIIII].



Mera i 3aBaaHHs JochdixxeHHs. Memow pobéomu € TIBUILICHHS
e(eKTUBHOCTI TIPOIIECY BHSIBJICHHS aBapiiiHO HEOE3MEUYHWX MUISHOK BYJIWYHO-
JIOPO’KHBOI MEPEXKI IUIIXOM PO3pOOKH CIeIiali3oBaHoi 1H(OPMAIITHO-aHATI THYHOT

cuctemu Ha 6a31 QGIS.
JIJIS1 1OCSAITHEHHS MOCTABJIEHOI MeTH B PO0OTi BUPIlLIEeHO TaKi 3d80aHHA:

poaHai3yBaTH Cy4acHH CTaH MOHITOPUHTY aBapiitHOCTI Ta ICHYIO41 METOIUKU

BUsIBJICHHS Micib koHIleHTparii JITTI.

OCHIAUTH Ta 00paTH ONTUMAJIbHI MaTeMaTHYHI METOJH MPOCTOPOBOIO aHAIII3Y

(anropuT™MU KJIacTepU3allii Ta OLIHKU IIIJILHOCTI) [ 0OpOOKH reoTaHuX.

MIPOEKTYBATH aApPXITEKTYpy 1HPOPMALIHOI CUCTEMHU Ta PO3POOUTH CTPYKTYpPY

pensmiiHoi 6a3u JaHUX 3 MIITPUMKOIO IPOCTOPOBUX 1HJEKCIB.

03pO0OUTH TporpaMHUN MoAayab 1HTerpaimii anroputmiB ananmizy (DBSCAN,

KDE) y cepenosuiue ['IC 3 BukoprcTaHHsIM MOBHU ITporpamyBanHs Python.

POBECTH TECTYBaHHS PO3p0OJIECHOT CHCTEMHU Ha PeaJbHUX CTATUCTUYHUX JTaHHUX

JTOPOKHBO-TPAHCIIOPTHUX MPUTOJ] TA OI[IHUTHU i1 €()eKTUBHICTD.

006’ exTOM H0C/IIZKEHHS € TIpolec 1HPopMaIiiTHO-aHATITUYHOTO 3a0€3MCUCHHS

MOHITOPHUHTY O€3MEKH TIOPOKHBOTO PYXY.

IIpeamMeToM AOCTIAKEHHSI € METOAM, AITOPUTMH Ta TIPOrpaMHI 3acoOu

reoiHQopMaIifHOro aHai3y MiCIlb KOHLIEHTpAIli JOPOKHbO-TPAHCIOPTHUX MPUTOI.

Metoan nociaigxennsi. [ po3B’si3aHHS IOCTaBICHUX 3aBlaHb y POOOTI

BUKOPUCTAHO KOMIIJICKC 3araJibHOHAyKOBUX Ta CHeHiaJ'H)HI/IX MCTOI[iBZ

o cucmemMHuUll aHani3 — NpyU BU3HAYCHHI (PYHKI[IOHAJIBHUX BUMOT Ta

MPOEKTYBAHHI apXITEKTYpH 1HHOPMALIIHOI CUCTEMU;

o meopis 6a3 daHux — IPU po3poOIll JIOTTYHOT Ta (HI3UYHOT Mojeei

30epiraHHs NPOCTOPOBUX JAHUX;



o Mamemamuine MOOEOBAHHA MA MeMmoOU MAWUHHO20 HABUAHHS —
JUTSL peatizallii airopuTMy Kiactepu3saiiii Ha ocHoBI 1iibHOCTI (DBSCAN) npu

JoKasi3aiii ocepenkiB aBapiiHOCTI;

o eeoingopmayitinutl  awaniz — IS PEHISCPUHTY PacTPOBHX

noBepxoHb (KDE) ta kapTorpadiuHoi Bizyamizallii pe3y/IbTariB.

HaykoBa HOBU3HA Ofiep)KaHUX PE3YJbTaTiB MOJSATAE Y BIOCKOHAJIECHH] IPOIeCy
aBTOMAaTM30BaHOTO BUsBIEHHs Miclb KoHueHTpamii JTII 3a paxyHok mporpamHoi
1HTerpallii aaropuTMiB MPOCTOPOBOI KIacTepu3allii Ta TuHaMIYHO1 (UIBTpaIli JaHUX
y cepenoBuie HactuibHOI ['IC. Ile m03BOJiss€ MIABMIIMTUA TOYHICTH JIOKaJi3alli
HEOE3MeYHNX [IISHOK Ta MIHIMI3yBaTW BIUIMB "HIyMOBUX" (ITOOAMHOKHUX) MOJIM

HOpiBH}IHO 3 Tp&IIHI.[ifIHHMPI CKCIICPTHUMHU MCTOdaMMU.

IIpakTH4He 3HAYEHHA OJEP:KAHUX pe3yabrariB. Po3pobnenuil mporpamMHuil
MPOAYKT J03BOJISIE aBTOMATH3yBaTH PYTHUHHI OTepallii aHaliTHKa, 3HAYHO CKOPOTHUTH
yac Ha OOpOOKY CTaTUCTUYHUX MACHBIB JJAHUX Ta 3a0€3MEUUTH HAOUHY Bi3yalli3allito
PU3HKIB Ha EJIEKTPOHHIW KapTi. Pe3ynbratu TecTyBaHHS Ha JAaHUX aBapiHOCTI M.
JIbBIB MIATBEPKYIOTH TMpale3laTHICTh CUCTEMHU, IO POOUTH Ii TOTOBOIO O
BIIPOBQ/DKEHHA Yy TPAKTUYHY [ISUIBHICTH YIOPABIiHb MaTPyAbHOI MOMIIT Ta

KOMYHaJIbHUX MIAIPUEMCTB 3 OpraHi3aliii JOPOKHbOTO PYXY.

Crpykrypa Ta o0csr podoru. KpamidikaiiitHa po6oTa CKJIaaeThCs 31 BCTYILY,
TPHOX PO3MLIIB, BUCHOBKIB, CTUCKY BUKOPUCTAHUX JKEPEN Ta JOAATKIB. 3araibHUMA
o0car poboTu craHoBUTH 60 CTOPIHOK KOMII'IOTEpHOro Tekcty. Pobora mMictuth 3

pUCYHKH, 4 Tabnuili Ta 3 JOJaTKH.



PO311JI 1
TEOPETUYHI OCHOBU AHAJII3Y JOPOXKHbO-TPAHCIIOPTHUX
IIPUTOJI TA TEOTH®OPMAIIIMHOI'O MOJIEJTFOBAHHSI
1.1. IHonsaTTsl, nprunHu Ta KiIacu@pikamis ATII sik 00’ ekTa goc/aixKeHHA

3rigHo 3 myHkToM 1.10 IlpaBun mopokHbOro pyxy YKpaiHu, 3aTBEpIKEHHX
[TocranoBoro Ka6inery MinictpiB Ykpainu Ne 1306, 1opoKHBO-TpaHCIIOPTHA PUTOAA
(ATII) — 1e momis, 110 cTajacs Iij yac pyxy TPaHCIOPTHOTO 3ac00y, BHACIIIOK SIKOT
3arMHYIM a00 TOpaHEH!1 JIIOAU YW 3aBlaHi MmatepianbHl 30uTku [1]. OnnHak, s
PO3pPOOKH MPOTpamMHOTO 3a0€3MeUeHHs MOHITOPUHTY aBapiiHOCTI, CYTO FOPUIUYHOTO
BU3HAUEHHS HEIOCTATHBO. Y HAayKoBO-TexHIYHOMY KOHTeKcTl JTII po3misinaerbes sik
BiIMOBa (PYHKITIOHYBaHHS CKJIQJHOI JUHAMIYHOI cucTeMH «JIroquHa — ABTOMOO1IE —
Hopora — Cepenosurtie» (BAJIC) [2].

CucteMHMI MIIX1A 0 aHAII3Y aBapiiiHOCTI mepeadayae, o KOKHA MPUroa €
HACJIIKOM CYKYMHOCT1 (DakTOpiB, a HE JIMIIE TMOMUIKH OKPEMOTO YYaCHUKA PyXy.
EdexruBnicTh dyHkiionyBanHs cuctemu BAJIC 3anexuTh Bl HaIIMHOCTI KOXKHOT 3 Ti
M1ICUCTEM:

wauHa (Boaii/Ilimoxin). 1{g1 macucrema xapakTepu3yeTbesl HaWOLIBIIOO

cToxacTuuHicTio. Ha Hei BmIMBaIOTh NCUXO(I310JOTIYHUN CTaH, PIBEHb

npodeciitHol MiATOTOBKH, Yac peakiii (skuil y cepenubomy ctaHoBuTh 0,8—1,0

C), BTOMa Ta IUCHUIUTIHOBaHICTh. CTAaTUCTHYHI JOCIIJKEHHS CBII4YaTh, IO

monacbkuit dakrop girypye y 80-90 % sunaaxis TII, mpore yacTto momuiika

JIIOMIMHY € CIIPOBOKOBAHOIO 30BHINIHIMH YMOBAaMHU.

BTOMOOIIb. TexHiunuii craH TpaHcnopTHoro 3acoOy (T3), edekTuBHICTH

raJbMIBHOI CHCTEMH, HasIBHICTh cUCTeM akTuBHOI Oe3reku (ABS, ESP, cuctemu

EKCTPEHOTO TajbMyBaHHS) Ta TMacuBHOI Oe3meku (MOMYIMIKK Oe3MeKH,

nedopMoBaHi 30HU Ky30Ba).

opora. ['eomerpuuni mapamerpu (paaiyCd KpPUBUX y TUIaHI, TO3J0BXKHI Ta

MOTNIEPEUH] YXWJIH), SKICTh JTIOPOKHBOTO TMOKPUTTS (KOC(ILIEHT 3YerICHHS),



HasBHICTh Ta CTaH TEXHIYHUX 3acO0IB opraHizalii JOPOXXHBOTO PyXy (3HAKH,
po3miTka, cBiTiodopu). Came HEHONIKH IIi€i MIACUCTEMH € TIPEIMETOM
BUSIBJICHHS pO3pOOTIOBAHOTO TTPOTPAMHOTO MOJTYJIS.

epenoBumie. IlorogHi ymoBu (omagu, TyMmaH, OXEJIEOUId), Yac J00u

(OCBITJICHICTB), IHTEHCHUBHICTh TPAHCIIOPTHOTO MOTOKY Ta CKJIaJ Tpadiky.

I KOpPEKTHOTO TIPOEKTYBaHHS Oa3u JaHUX CHUCTEMH HEOOXIJTHO YITKO
kinacudikyBaru TII, ockiabku pi3HI TUIM MPHUTOJ BUMArarTh Pi3HUX aJITOPUTMIB
anamzy. Knacudikarrisi 311iCHIOETHCS 32 HACTYITHUMH O3HAKaMHU:

. 3a TAKKICTIO HACIIAKIB:

TII 3 marepiaibHUMU 30UTKaMu (0€3 MOTEPIINX );
TII 3 morepniyiuMu (TpaBMOBAHUMH );

TII 13 3arubnumu (CMepTh HacTalla Ha MICII TIpuroau abo mpotsirom 30
110 micus Hel).

. 3a xapakTepoM NpUroau (BUIOM):
1TKHEeHHS (71000Be, OOKOBE, 3a/IHE, TOTUYHE);

ai3]1 Ha IMIIIoX0/a;

ai311 Ha TIepelIKoy (HEpyXOMHUid 00'€KT);

ai3J Ha BEJIOCHUIICMCTA;

epeKUIaHHs TPAHCTIOPTHOTO 3aco0y.

. 3a micuemM CKO€EHHS:

a TIeperoHax Aopir;

a mepexpecTsix (peryib0BaHUX Ta HEPETYITbOBAHUX );
a TMIIIOX1THUX Mepexoaax;

a 3aJII3HUYHUX Nepei3aax.

BaxnuBuM acmekToM € BpaxyBaHHA (aKTopy JATEHTHOCTI («IIPUXOBAHOI
aBapiiHOCTI»). 3HayHa yactuHa napiOHux [TII He peecTpyeTbesl TMoOMIIi€0 yepes
odopMIIeHHST €BPOTPOTOKOITY, IO CTBOPIOE MPOTAIUHU B JaHUX. ToMy po3poOiroBaHa

cHCTeMa MOBUHHA TepeadadyaTd MOXKIIMBICTD IHTETPaIlil JaHUX 3 PI3HUX JKEPE.



1.2. MisknapoaHuii 10cBix Ta KoHIenuis Vision Zero

CyyacHl miaxomd A0 aHamizy O€3MeKH IOpPOXKHBOTO pPyXy O0a3yloTbcs Ha
koHrentiii Vision Zero («HympoBe 6auenns» abo «HymboBa cMepTHICTBY), ska Oymna
po3pobsena y IlIBerii Ta 3arBepkeHa mapiaaMeHToOM Iiel kpainu y 1997 pomi. Ha
CHOTOJTHI IS CTPATETIsI € OCHOBOIO TPAHCIIOPTHOI MOMTHKU €Bporericbkoro Coro3y Ta
pexkoMeH1oBaHa BcecBITHBOIO opraHizailiero oxoponu 310pos's (BOO3) [3].

dyHpamMeHTalbHa BIIMIHHICT Vision Zero BiJl TPAJULINHUX T1IXOMIB MOJIATae
y 3MIHI €TUYHOI NapaJurMH Ta pO3MOALTY BIANOBIAAIBHOCTI.

TpanuiiitHui maxijx CTBEPKYE, 1m0 rojoBHO0 npuarHow [ TII € nmopymeHHs
MpaBUJI JOPOKHBOTO PYXY YYaCHHUKAaMH, TOMY OCHOBHI 3yCHJIISI CIIPSMOBYIOTHCSI Ha
HABYAHHS Ta MOKApaHHS BOJIIB.

Hatomicts Vision Zero 6a3yeThcsi Ha HACTYITHUX MPUHITUTIAX

THYHUI npuHoun: JKATTd Ta 3740pOB'S JIIOAMHU € HaWBUILOK IIHHICTIO.

3arubenb a00 TSHKKE TPaBMYBaHHS Ha IOPOTAX € HEMPUITYCTUMHUMU.

innoBinaabHicTh cucremu: IIpoexTyBanbHUKHM, OyAIBENIbHUKHA JOpIT Ta

OpraHi3aTopy pyXy HECYTh BIJIIOBIIAJIBHICTh 32 O0€3MeKy CUCTeMU. SIKIO BOIH

MOMUJIETBCS, cucTeMa (OPOKHS 1HGPACTPYKTypa) MOBUHHA «BUOAYUTH IO

MMOMUWJIKY 1 MIHIMI3yBaTH HACIIJIKH, a HE KapaTH CMEPTIO.

iomexaniyna TosepaHTHicTh: JlopokHs 1H(MpacTpykTypa Ta IIBUIKICHI

pPEKUMU TTOBUHHI BpaxoByBaTH (Di3WYH1 MEX1 BUTPUBAJIOCTI JIFOJCHKOTO T1JIa JI0

yIapHUX HaBaHTAXKCHb.

YV KOHTEKCTI pO3pOOKH TPOrpaMHOTO 3a0e31eUCHHS, BIPOBAKCHHS Vision Zero
BUMarae mepexoay BiJl «peakTuBHOro» anamsy (oOmik TII, mo Bxe cramucs) 10
«TPOAKTUBHOTOY» (BUSBIICHHS MOTEHIINHO HeOe3neuHux IUIIHOK). Lle peamnizyeTbes
yepe3 igeHTudikamiro Tak 3BaHuX «Black Spots» (dopHux TOUOK) abo MicIb
xonuentpauii JJTIT (MK ATII).

Jnst Vkpainu iMIJieMeHTalliss [HUX TMiaXomiB  3akpimieHa y  «Crparerii

MIJBUINCHHS pIBHSA O€3MEKH JIOPOKHBOTO pPyxy B YKpaiHi». Ilpore icHyroul



iHcTpymeHTH HarionanbHoi momimii  (Hanpukiaa, cucrema ITTHIT) opientoBani
nepeBaKHO Ha 00K (DaKTiB MPABOMOPYIIEHB, @ HE Ha TPOCTOPOBUH aHa13 MPUYUHHO-
HACJIJIKOBUX 3B'S3KIB. BiICYTHICTP aBTOMaTH30BAHMX 1HCTPYMEHTIB T'€0aHAJITUKU
YCKJIAHIOE TPUUHATTS OOTPYHTOBAaHMX pINICHh IIOA0 1HXKEHEPHHUX 3aXOIliB
(BcTanoBieHHS CBiTIO(OpPIB, OCTpiBIHIB Oe3meku Tomo). Came I TPOTaIuHy

ITOKJIMKaHa 3allOBHUTH p03p06J'IIOBaHa cucreMma.

1.3. HopmaTtuBHO-nnpaBoBa 0a3a MOHITOPUHIY aBapiiiHOCTI

[IpoexktyBaHHs 1H(GOPMALIMHOI CHCTEMH MOBUHHO 31HMCHIOBATUCA Yy CYBOPIi
BIJIMTOBITHOCTI /10 HOPMATUBHO-TIPABOBUX aKTiB YKpaiHU. ba3oBUM TOKyMEHTOM €
3akoH Ykpainu «IIpo nopoxHiit pyx» [4], skuil BU3HA4Ya€ MPaBOBi Ta COLllaIbHI OCHOBU
O€3MeKH.

[Topsinok 360py nanux npo JATII pernmamentyetscs Hakazom MBC Ykpainu Big
07.11.2015 Ne 1395 «IIpo 3arBepmxeHHs [HCTpyKIi 3 0hOpPMIIEHHS MOMILEUCHKUMU
MaTepiaiiB po aJAMIHICTPATUBHI MPaBOMOPYIIEHHS y cdepl 3abe3neueHHsT Oe3neKu
JTOPOKHBOTO PYXY, 3apiKCOBaHI HE B aBTOMATUYHOMY pexxkumi» [5]. Llel moxymeHT

BU3HAYaA€ CTPYKTYPY JAHUX, K1 PIKCyrOThCs y KapTui oomiky A TII:

. Jlara Ta 4yac mpuroau;

. Micuie ckoenns (aapeca adbo koopaunatu GPS);

. BimomMocTi po y4acHHKIB Ta TPAaHCIOPTHI 3aCO0U;
. Cxema JITII Ta onuc mOMIKOIKCHB;

. Jlopo’kHI YMOBH Ta CTaH TOKPHUTTS.

BaxxnuBuM acnekToM mpu po3poOIll CUCTEMH € JTOTpUMaHHS 3aKoHY YKpaiHu
«IIpo 3axuct nepconanbHUX AaHux» [6]. Inpopmarnis npo yuyacuukis JTII (ITpi3Bure,
Im's, [lo GaTbkoOBi, agpeca MPOKUBAHHA, JEP>KaBHUH HOMEPHHUI 3HAK aBTOMOO1JIA)
HaJISKUTh J0 MEPCOHATBHUX JIaHUX. 3T1THO 31 CTATTEIO 6 I[HOTO 3aKOHY, 00pOOKa TAKUX

JAHUX BUMArae CreriaJbHUX 3aX0/IB 3aXHUCTY.



VY po3pobiroBaHOMY MO/ HEOOXITHO peasizyBaTd MpoIeAypy aHOHiMizamii
(memepconamizamii) ganux. Jlig 3agad mpPOCTOPOBOTO aHANi3y Ta BHSIBICHHS
HeOe3MeuHuX NIISTHOK 11eHTH(DIKaIlisl KOHKPETHUX 0ci0 He € HeoOxiaHot0. JlocTaTHRO
orepyBaTH aTpuOyTaMu: TUI MPUTOIH, Yac, KOOPAWHATH, HasBHICTh morepminux. Le
JI03BOJISIE BAKOPUCTOBYBATH 3He0c00seH1 MmacuBu qanux (Open Data) 6e3 mopytieHHs
3aKOHOJIABCTBA.

Bumoru 1m0 craHy nopir, sSiki BUKOPHUCTOBYIOTHCS SIK KpUTEpili mpH aHaizi
cynyTtHix npuuud JTII, Busznaueni y JACTY 3587-97 «be3neka nopoXHBOIO pyxy.
ABTOMOOLITBHI IOPOTH, BYJIHUIII Ta 3a113HUYHI TIepei3au. Bumoru 10 excrutyaraiiitHoro

crany» [10].

1.4. MaTremaTH4Hi MeTOAU MPOCTOPOBOI0 AHAJII3Y Ta AJITOPUTMHU KJIACTePHU3aIlil
Busienennst micup koHnentpauii JTII € knmacuuHoro 3a1adero mpocTopoBOTO
anamizy (Spatial Analysis). [Ipocte HaHeCEHHSI TOUOK Ha KapTy HE JIa€ MOXKIJIMBOCTI
BUSBUTH 3aKOHOMIPHOCTI 4epe3 eeKT Bi3yaJbHOIo mepekpurts (overplotting) mpu
BEJIMKIN KUIBKOCTI noAiil. Tomy HeoOXi/1HE 3aCTOCYBAHHS MaTeMaTUYHHUX AJITOPUTMIB
KJIacTepu3allii Ta OI[IHKU MIIJILHOCTI.
1.4.1. Meron siaepHoi ouinku mijibHOCTI (Kernel Density Estimation — KDE)
Meton KDE no3Bosnsie TpanchopMyBaT TUCKPETHY MHOXKHUHY TOYOK TOJIN y
HETIepEePBHY TMOBEPXHIO (pacTpoBe II0JE), AC KOKHOMY IIKCEII0 MPHCBOIOETHCS
3HAYEHHS MIUTHHOCTI KMOBIPHOCTI BUHUKHEHHS Toii. 1le 103Bosisie Bi3yasizyBaTu TaKk
3BaHi «TertoBl kapTu» (Heatmaps).

MareMaTudHO OIiHKA IIIJIBHOCTI f(x)



Jie N — 3arajibHa KUIbKicTh mofAii (touok ATII) y Bubipii;

h — mmpuHa BikHa 3m1aKyBanHs (bandwidth) abo paaiyc momryky;
X/ — BIICTaHb BIJ TOYKH OLIHKHU ¥ IO /1 OAIT A7

K — dynkuis sapa.

Oynkuis sapa K(u) BU3HAYa€ Bary TOYKM B 3aJIe)KHOCTI BiJ BiacTaHi. Y
reoiH(opMaIlifHUX CHCTeMax HaidJacTillle BUKOPUCTOBYETHCS KBApTUYHE SAPO
(Quartic Kernel), ockiibku BOHO OOYHCIIOBAIBHO €(EKTHBHE 1 Ma€ CKIHUYCHHMM
Hoci#[7]:

r

zzZ')Z/I{,zM,q}I/,uI/SJO,A aapvuvl) {cases}, (1.2)
Kputnunum napamerpom Jist E" € pamiyc” h. ITpu 3amaard manomy h

MOBEpXHA Oy/ie MePEepUBUACTOIO (IIIYMHOIO»), MPU 3aHAJTO BEIMKOMY — HAJIMIPHO
3MIAJKEHOI0, 1110 MPUXOBAE JOKAJIbHI EKCTPEMYMH. {7151 MICBKUX YMOB ONTUMAJIbHUIMA
pazaiyc 3a3Buuaii ooupaerscs B Mexkax 50—150 metpis.
1.4.2. Anropurm kiaacrepusaunii DBSCAN

Meron KDE edexktuBnuii mis Bizyamizailii, aje BiH HE J03BOJISIE YITKO
OKPECIUTH MeX1 HeOe3MeyHOol AUITHKUA Y BUIVISIAI BEKTOPHOTO MOJiroHy. [ms iiei
3a/1a4i TOIIIbHO BUKOPHCTOBYBATH alropuTMu kinactepusaiii. Knacuunmii meron K-
Means (K-cepennix) € manoedexktuBauM i anamizy AT, ockiabku BiH HAaMaraeTbest
chopmyBaTu chepryHi KJIaCTepH 3aJ1aHOT KITBKOCTI, TOA1 K Miciist koHteHTparii JITIT
4acTO MAIOTh JIIHIHHY (opMy (B3I0BXK BYJIHILH) a00 CKIIaIHY T€OMETPII0 (MIepexpecTs).

Haii6inemr npunataum ais miei 3aga4i € anroputm DBSCAN (Density-Based
Spatial Clustering of Applications with Noise — IIpocTtopoBa knacrepuzailis Ha
OCHOBI IIUIBHOCTI 3 IIyMOM) [8].

AnropuTt™m 0a3y€eThCsl Ha JBOX BXITHUX MMapaMeTpax:

(P On) i DAY G O KU TR ROk, HeoOXimHa 11t QOpMYBAaHHS KIacTepa.

Anroput™ Ki1acu]ikye KOXHY TOUKY JaHUX Ha TPU KaTeropii:



. SAnposa Touka (Core point): Touka, B e-OKOJHIT K0T 3HAXOAUTHCS
HE MCHIIE MinPts

. I'pannyna Touka (Border point): Touka, sika Mae MeHIIE MinPts
CYC1]1iB, ajie MOTpaIuisie B pajiyc Ail sapoBoi Touku. BoHa € yacTuHOIO KIacTepa,
ajie He PO3UIMPIOE HOTO.

. IlymoBa Touka (Noise): Touka, sika HE € HI SJIPOBOIO, Hi
rpanu4Horo. Ile pgo3Bomsie aBTOMAaTUYHO BiA(IIBTPOBYBATH IOOJWHOKI,
BunaakoBi JTII, 110 € 3Ha4HOIO MEpeBaror0 METOY.

MaremaTuHO yMOBa HAJIEKHOCTI TOYKHU p JI0 KJacTepa BU3HAYAETHCSA Yepe3

MOHSATTS JOCSYKHOCTI 110 IIUILHOCTI.

1.4.3. Crarucruka lerica-Opaa ($67)

Jlns miaTBepIpKeHHs Toro, mo BusieneHe ckynmueHHs JTII He € pesynbraTom
BUIIAJKOBOTO PO3MOILITY, BAKOPHUCTOBYETHCSI CTATUCTUKA IPOCTOPOBOI aBTOKOPEISALIT
I'etica-Opna (Getis-Ord G; ), Takox Bigoma sk aHani3 «Hot Spoty.

Cratuctuka G; 11 00'ekTa i po3paxoBY€EThCS HACTYITHUM YUHOM|[7]:

Gi=/=1nwijxj—Xy=1nwi;Sj=1nwij2—/=1nwij2n—1, (1.3)

i€ x; — 3Ha4eHHs aTpuOyTy a4 00'ekra j (Harpukaaj, TKKicTs JITII);

w; ; — IPOCTOPOBA Bara Mixk 00'eKTamMH i Ta j (3a3BUYaii 1, AKIIO j 3HAXOAUTHCS B
MeKax BijgcTani, 1 0, Ko Hi);

X— cepeaHe 3HAUYEHHA aTpuOyTy MO BCiil BUOIpIII;

S — CTaH/IapTHE BIAXUJICHHS.

P
e . Axmo Z > 1.96 (ans noBipyoro iHTepBaiy 95 %), e cBIIUUTH PO
3 HasBHICTb CTATUCTUYHO 3HAUYNIOl «rapA4oi TOYKH» (KjacTepa BHCOKHX
3HAYCHb).



. SIkmo Z < —1.96, 11¢ CBIIYHUTH po HASIBHICTH «XOJIOJHOI TOYKH»

(kmacTepa HU3BKHUX 3HAUCHD ).

Bukopucranus G; [03BOJsSIE HE MPOCTO 3HaWTH Micis, ne Oararo [TII, a
BUJITUTH JUISTHKHA, JIe CIIOCTEPITacThCcs aHOMAJIbHA KOHIIEHTPAITSl PUTOJ 3 TSKKUMH
HACJIIIKaMU.

1.5. Ananiz nporpaMHuXx 3ac00iB Ta OOIPYHTYBaHHSI BUOOPY TEXHOJIOTiH

Punok reoindopmaniitnux cucrem (I'IC) nponoHnye mupokuii CekTp pillieHb
JUTSI IPOCTOPOBOTO aHamizy. Jjis BUOOPY ONTUMAIBLHOTO IHCTPYMEHTAPI0 MPOBEACHO
MOPIBHSJIBHUM aHa13 TphOX HaOLIbIm nomupenux miatpopm: QGIS, ArcGIS Pro ta

6160mi0Tek MmoBu Python.

C

B— Il KkpocmiatdhopMHa reoiHopmaliiiina cuctema 3 BiIkpuTtuM kKogoM (Open
Bource). Ii ¢yHkmionan He TOCTymaeTbcs KOMEPIIHMM aHAIoOraM 3aBISKH
apxiTekTypi miaridiB. OcHoBHI nepeBaru QGIS mist nanoi po6otu:

0 . BiacyTHICTb JiIIEH31MHUX TIJIATEXKIB;

B . [TlinTpumka moBu Python nans HamucaHHs BIAaCHUX CKPUMNTIB

u 00po0Oku manux (PyQGIS);

M . [ToBHa inTerpanis 3 6azoro ganux PostgreSQL/PostGIS;

. HasiBHicTh 1HCTpyMeHTIB Processing Toolbox nnsi CTBOpEHHS
1 MoJIeTIeH aHami3y.
1 PostgreSQL 3 posmmpennsm PostGIS — e 00'exTHo-pensmiiiHa cuctema

ynpasmiaas 6azamu ganux (CKBJl). Ha Binminy Big aitioBux cxoBwuill (Harpukiaj,

Shapefile a6o GeoJSON), 6a3a gaHNX T03BOJISE:

p . 3abe3neunTd OIHOYACHUM JOCTyn OararbOX KOPUCTYBayiB J10
0 €IMHOTO MacCUBY JIaHUX;
M



. BukoHyBaTu CKJaJiHi MPOCTOPOBI 3aIUTH HAa CTOPOHI cepBepa, 110
3HIKY€ HaBaHTA)XCHHA Ha KIIIEHTChKI KOMI'IOTEPH;
. 3a0e3neunTy HUTICHICTh Ta O€3MEKy JaHUX.

Ha ocHOBI npoBeieHOro aHam3y Jjis po3poOKH MOAYIISI OOpaHO TEXHOJIOTTUHUI

T YB/: PostgreSQL + PostGIS (a5 306epiranas nanux).

e gienT: QGIS (s Bizyanizanii Ta iHTepdericy KOpucTyBaya).

K orika: Python + PyQGIS + Scikit-learn (mys peanizanii anropurmie DBSCAN
ta KDE).
Takuii BUOIp 3a0e3leuye €KOHOMIYHY €(EKTHBHICTh, MACIITa0OBaHICTh Ta

MOJKJIMBICTD MOAANBINOI MOAU(DIKaIll CUCTEMHU CHJIaMH 3aMOBHHKA.



PO3I1JI 2
CUCTEMHMUI AHAJI3 I TPOEKTYBAHHS MOJYJISI AHAJI3ZY ATII
2.1. ITocTaHoBKa 3aa4i Ta BU3HAYEHHS] BUMOT /10 CUCTEMH

[TepmiuM eTamom TpOEKTyBaHHA 1H(opMaliiiHOI cuctemMu € dopmaizaiis
BHUMOT, IO 0a3yeTbcsl Ha aHami3i mpeameTHoi obmacti. [Iporec oOmiky Ta aHamizy
nopoxHbo-TpaHcroptHux npuron (JATII) y migposmimax HarioHanbHOi momimii
VYKpaiHu Ha ChOTOJIHI XapaKTEPU3Y€EThCS BUCOKUM CTYIEHEM PO3PI3HEHOCTI JaHUX.
[Hpopmariis yacTo 30epiraeTbCsl y BUNIAI JIOKAIBHUX TaOMuuHuX (ailmis (hopmaru
xls, .csv) abo mamepoBHX KapTOK OOJIKY, II0 YHEMOXJIHMBIIOE OINEpaTUBHUMN
MIPOCTOPOBUI aHaI3.

MeTo10 po3po0OKHM € CTBOPEHHS CIHEIali30BaHOTO MPOTrPaMHOTO MOJYJI,
1HTerpoBaHoro y cepenonuiie reoindopmariiiinoi cuctemu (I'IC), sikuii 3a6e3ne4nthb
ABTOMAaTHU3ALIII0 TPOILECIB BUSBICHHS aBapiiHO HEOE3MEYHUX [IISHOK Ha OCHOBI
MaTeMaTUYHUX aJITOPUTMIB KJlacTepu3arlii.

Ha ocHOBI 1HTEpB't0 3 MOTEHIIIWHUMM KOPUCTyBauyaMH (aHaJITUKAMU BiJIJILITIB
0€3MeKn TOPOKHBOTO PYXy) CPOPMYSILOBAHO HACTYITHI BUMOTH J0 CUCTEMHU:

1. ®ynkuionanabHi Bumorn (Functional Requirements):

. FR-01 Immopr pmanumx: Cucrema TmOBHHHA 3a0e3nevyBaTH
3aBaHTakeHHs nanux npo JTII i3 3oBHimHIX daiiniB popmariB CSV ta Excel 3
ABTOMATHYHOIO BaJIiaIli€ro OB (J1aTa, Yac, KOOPAUHATH).

. FR-02 I'eoxonyBaHHs: MOXJIUBICTD aBTOMATHUYHOT'O
MIePETBOPEHHS TEKCTOBUX ajipec (Harpukiaz, «M. JIbBiB, Bys. [opogonibka, 12»)
y reorpadiuHi KOOPAUHATHU ISl TOUKOBOTO HAHECEHHS Ha KapTy.

. FR-03 ®inbrpanis: 3a0e3neueHHss 0araropakTOpHOrO MOIIYKY
3ammmciB (3a J1ara30HOM JIaT, TUTIOM MPHUTOIH, TSOKKICTIO HACIIIKIB, IIOTOIHUMU

YMOBaMH).



. FR-04 IIpocropoBa kJacrepu3anisi: Peamizaiiss anroputMmy
DBSCAN 151 aBTOMaTHYHOTO TPYITyBaHHS MOJ1H, 0 cTanucs y paaiyci 1o 100
METpIB.

. FR-05 Bizyaaizamisi: IloOynoBa teruioBux kapt (Heatmaps)
IIUTHHOCTI aBapiHOCTI 3 MOYKJIMBICTIO HAJIAINITYBaHHS TPAJIEHTY TIPO30POCTI.

. FR-06 3BiThHicTh: Ienepauis anamituuaux 3BiTiB (PDF) 3
KapTOCXEMOIO Ta CTAaTUCTUYHUMU Jiarpamamu po3mnoniny JTII.

2. HegynkuionaiabHi Bumoru (Non-functional Requirements):

. NFR-01 IIpoaykruBHicTh: Yac 00poOKu MacuBy JaHUX 00CATOM
10 000 3amuciB HE MOBUHEH MEPEBULIYBATH 5 CEKYH.

. NFR-02 CymicnicTb: Moynb moBUHEH (DyHKIIIOHYBATH SIK IUIArTH
s QGIS Bepcii 3.22 1 Bume abo sk Standalone-ckpurnr.

. NFR-03 Hapiiinicts: 3ale3nedyeHHs IUIICHOCTI JaHUX TMPHU
aBapiiiHOMY 3aBepIilieHHI POOOTH MporpamMu (TpaH3akiiiHicTs BJI).

. NFR-04 EpronomiunicTs: [HTep(deiic kopucTyBaya MOBUHEH OyTH
IHTYITUBHO 3pO3yMIUJINM, JIOKaJi130BaHUM YKPAiHCHKOIO MOBOIO.

2.2. Anadqi3 icuyrwounx IT-pimens y cdepi monitopunry JATII
Jnst BuOOpy ONTHUMAJIBHOI CTpaTerii po3poOKH MPOBEACHO aHalli3 ICHYHUUX

IPOrPaMHUX MPOJYKTIB, sIKI BAKOPUCTOBYIOThCS /IS aHaizy aBapiiHocTi (Tabmurs

Tabmuus 2.1
IopiBHSUIbHA XapaKTePUCTUKA AHAJIOTIB
Kpurepii Po3pobaoBana
NOPiBHAHHS cuUcTEMA
Tun Hacrinpna TI'IC Be0b-cepaic Monaynb TUTSE
miarpopmMu




KpuTrepii Po3pob.iroBana

MOPIBHSTHHS cHCTEMA
BapricTh Bucoka YMOBHO- beskoiToBHa
e H3ii (xomeprriiiHa) OC3KOIITOBHA
IloBHu# cnekTp o .
Metoau bazoBa CoeriaaizoBaHi
aHaJIi3y KJIacTepu3allis
XmapHe
PoGora 3 B/I
CXOBHIILIE
HanamryBa [ToTpebye OO6MexeH1 AJIariTOBaHO TMiJT
HHA EKCIIEPTHUX 3HAHb MOKJIMIBOCTI 3a1a4l Mol

Jlxepeno: ckiajaeHo aBTOpoM 3a Matepianamu [11]

Sk BuaHO 3 TAOMMIIl, KOMEPIiHHI TpoayKTH TUIy ArcGIS MaroTh HaJTUIITKOBU
(GyHKITIOHAT Ta BHCOKY BapTICTh, IO YCKJIQJHIOE iX MAacoBE BIPOBAKEHHS Y
OIOKETHUX CTpPYKTypax. BeO-cepBicm dYacTo HE J03BOJSIOTH IpallloBaTH 3
KOH(IACHIINHUMU JaHuMU (JokanbHUMH (Gaiinamu). Tomy po3poOka BiIacHOTO
Monyast 1utst BigkpuToi mnatdopmu QGIS € ekOHOMIYHO Ta TEXHIYHO OOTPYHTOBAHOIO.

2.3. IIpoextyBanns cTpykrypu 0a3u ganux y PostgreSQL/PostGIS
SAnpom iHboOpMaIliiiHOT cucTeMu € pensiiiina 6a3a manux. [ 3a0e3nedeHHs

edexTuBHOTO 30€piraHHs Ta 00poOKku mpocTopoBoi i1H(opmariii obdpano CYB]]

3 [TpoexTyBaHHa cxemMH ©0a3u JaHUX BHKOHAHO 3 JOTPUMAHHSIM TpPETHOI
HopManbHO1 popmu (3H®D). Konuenryanbna mogens nanux (ER-miarpama) Bkitouae
PAacCTyIHI CYyTHOCTI:

0 CCIDENTS (ATII) — ocHOBHA CyTHICTb, III0 MICTUTH 1H()OPMAIIIIO PO TOIIO.
3 ARTICIPANTS (Y4acHUKH) — BIOMOCTI NOpO BOJIiB, NacaXupiB Ta

11 MIIIOXO/1B.



EHICLES (TpancnoprHi 3aco0uM) — aaHi npo aBTOMOOLI, MPUYETHI [0
MIPUTO/IN.

_WEATHER, D ROAD TYPE (JoBinnuku) — IONMOMIDKHI TaOmHIN s
HOpMaUTi3allii JaHuX.

®diznuHa Mojeh 6a3u JaHuX npeacTtarineHa y Taommmi 2.2.

Tabmuus 2.2
CrpykTypa ocHOBHOI Tadmui public.accidents
Tun OoOmexeHH
Ha3zBa nous Omnuc atpudyTy
TaHUX 1

VYHIKanbHUM  1IeHTU(IKATOP

3anucy (BHYTPIILIHIN)

Homep KapTKH 00Ky

(30BHIIIHIHI KITIOY)

JlaTa Ta yac ckoenns JTII

Tsokkicts  HacmiakiB — ('fatal’,

3aranbHa KUIbKICTh YYaCHUKIB

[loromHi yMOBM Ha MOMEHT

MTPUTOIU

[IpocToposi KOOpAWHATH

Touku (Point)

Jl>xepeno: ckiIaieHo aBTOPOM 3a marepiaiamu [13 Ta 2]
KputnyHo BaXJIMBUM €IEMEHTOM € 1ojie geom. J{7ist 3a0e3mnedeHHs] KOPEKTHOCTI

PO3paxyHKy BificTaHel (y MeTpax) ImpH Kiiactepusallii, JaHi 30epiratoTbCsl y MpOEKIIii

J171st IpUCKOPEHHS BUKOHAHHS TPOCTOPOBUX 3AMUTIB (HATPUKJIIA], MOIIYK TOYOK

y monironi) ctBoproethes iHaexe GIST:



2.4.ApxiTeKkTypa CUCTEMHU TA B3a€EMOJLis1 KOMIIOHEHTIB
ApXiTeKTypa MPOrpaMHOTO MOy CIIPOEKTOBAHA 3a MPUHITUIIOM «TOHKOTO KJTI€HTa
B KOHTEKCTI JIOT1KH 0OpOOKH JTaHKX, ajie 3 BUKOPHUCTAHHAM MOTY>KHOCTEH HACTIHLHOTO
TOJATKy TUTSI Bi3yaJizariii.

3aranpHa apXiTeKTypa CUCTeMHU MpejcTaBieHa Ha Puc. 2.1.

l PIBEHb NPEACTABJIEHHA (KIIEHT)

QGIS Desktop (IHTepdeiic kopucTysaua)

Bxim;i napameTpu Bi3yaﬂi33]:liﬂ

PIBEHb JIOT'IKW (OBPOBKA)

Mporpamuui Mogynb «DTPAnalysisPro» (PyQGIS)
1. Mpe-NpPOLECHHT Ta PENpoEKLiA
2. QuHamiyxa dinsTpaia nogin
3. Knacrepuaauia (DBSCAN)

4. OuiHka winsHocTi (KDE) Ta sisyanizauis

v
SQL-sanutu r‘eo,nanT

PIBEHb [JAHUX (CXOBMLUIE)

PostgreSQL + PostGIS (MpocToposa
B)

Puc. 2.1. Apxitektypa nporpamHoro moayis anamizy JTII
Po3pobneno aBropom

Cucrema CKIIaIa€ThCA 3 TPHOX JIOTIYHUX PIBHIB!

iBenb nanux (Data Layer): Cepsep PostgreSQL, skuii Biamosigae 3a
30epiraHHs aTpuOyTUBHOI Ta T€OMETPUYHOI 1H(pOpMaIllli, a TAKOK BUKOHAHHS
0a30BUX MPOCTOPOBUX oreparliii (GhiTpTpallis 3a KOOPIAUHATAMU).

iBeHb Oi3Hec-soriku (Application Layer): Python-ckpunrtu, 1110 BUKOHyIOTbCS
y cepenoBuii QGIS. Ileit piBers peanizye anroputmu DBSCAN (616mi0TeKa

scikit-learn) Ta KDE, 06po0isie 3anmuTl KoprucTyBada Ta GopMye€e BUX1JIHI IIApH.



iBenb npencrasienns (Presentation Layer): ['padiunuii intepdeiic QGIS
(GUI), mobymoBanuii Ha Oiomioteri Qt (PyQt5). Bin 3abe3nedye B3aeMoIi0
KOpHUCTyBada 3 KapTOI0, HAJAIITyBaHHS TMapaMeTpiB aHai3y Ta Meperysa

pe3y/IbTaTIB.

2.5. MoaemoBanns npouecis anaJidy ta 3BitHocti (UML)

Jnst neranmizanii JIOTIKKM poOOTH CUCTEMH Po3polieHo aiarpamu MoBoro UML

2.5.1. diarpama npeuenentiB (Use Case Diagram)
Jliarpama TIpeleieHTIB BU3HA4Ya€ POJi KOPUCTYBAaYiB Ta iXHI MOXIIHUBOCTI y
cucteMi. OcHOBHUM akTopoM € «AHanmiTuk bJIP» (be3neku nopoxHBOTO PyXy).
OcHogHi npereaenTu (Use Cases):
. «3aBaHTaKUTH AaHi»: kopuctyBay obupae CSV-(aitn, cucrema
BHUKOHYE ITAPCHHT.
. «BukoHaTH KJjacTepu3aliio»: IHIALIA aJrOPUTMY MOIIYKY
HeOe3MeYHUX JiISTHOK.
. «HamamryBaTu mapaMeTpu»: BBeIEeHHS paaiycy nomyky ($RS)
Ta MiHIMaJIBHOI KiJIEKOCTI ToYOK ($MinPts$).

. «ExcnopryBatu 3BiT»: (GOpMyBaHHA BHXIJHOTO JIOKYMEHTY.



Mporpamuni mogynes «<DTPAnalysisPros

~33RaHTameHHA BXIHMX ,u,aﬁi»iic‘ -
(AT -

/ .mi.anpaLliH MNOMN 33 TAMKICTIO '
-~ HIE.I'IEI.IJTYBEHHH napame'rpié i
_J_,,,_/—’;f”’”’ (Epsilon, MinPts)

X

. _— HL“""“‘“‘* BWKOHAHHA NPOCTOPOBOTO AHANI3Y
AHAnNITHE Nonivji

(KopwcTyeau) - v
{{inclu;:le::: :{in;:lude:u
BWABNEHHA KNacTepie MoBynoea Tennogol
(DBSCAN) kaptv (KDE)

( 30epexeHHA pesynsTaris )

Puc. 2.2. Jliarpama npeuenentiB (Use Case) moyst
Po3pobneno aBropom
2.5.2. liarpama aissibHocCTI (Activity Diagram)

AnropuT™M poOOTH KOpHCTyBada 3 MOMAYJIEM MOJETIOEThCA JliarpaMoro
nismbHOCTI. [Ipolec mounmHaeThbcs 3 aBTOpHW3allil Ta 3aBaHTa)XeHHS naHuX. Jlami
CUCTEMa MepPEeBipsI€ KOPEKTHICTh KOOPAUHAT. SIKIO BUSIBICHO TOMUIIKA — BUBOIUTHCS
MOBIIOMJICHHSA. SIKIO JJaH1 KOPEKTHI — B1A0yBaeThCcsl MoOynoBa mapy Todok. [lics

IIOTO KOPUCTYBAY 3aMlyCKa€ aHai3, 1 CUCTeMa reHepye pPe3ybTyIoul apHu.



Kopuctyeay (AHaniTue) MporpamHuil Mogynes «DTPAnalysisPros

?

33BaHTAXUTH BXIHWA Wap Penpoekuis gaHuy (WGS84 -
OTNy QGIS = UTM 35N)

v

BigkpuTi BiKHO MOZYNA ©inkTpaLiA nomii
«DTPAnalysisPro» (Expression)

i noTpiGHa din praL],ija?

~

OBpartv MinsTp TAXKOCTI
Hacnigkie

N

BCTaHoBMTH pagiyc nowyky (M)
Ta MiH. TOMOK

Bubpati wnaxu 30epexeHHA
pesynsTartie
HaTHCHYTH KHOMKY ’/\-\E
«BHKOHATH» / \
KnacTepuzauis
DESCAN Tennoea kapta (KDE)
“H‘_= -K
v
[onaTtv pesynsTaTk Ha kapTy
‘OLUH WTKH pe3synsTaTh Ha kapTi

|
e

Puc. 2.3. Jliarpama AisuIbHOCTI MPOIIECY aHAII3y aBapiHOCTI

Po3po0neno aBropom

2.6. IIpoexTyBaHHs iHTepdeiicy KOpucTyBaua MOAYJIsl
['padiunmii 1aTepdeiic kopuctyBada (GUI) po3poOiieHO 3 BUKOPUCTAHHSIM
616mioreku PyQtS, mo € cranmaprom miua maridiB QGIS. Ilpu npoekryBanH1

BpPaxOBaHO MPUHIIMIIK E€ProHOMIKM Ta MiHiMizamii kutbkocTi KiikiB ("Three-click

MakeT roJ10BHOIO BiKHA MOJIYJISl BKJIFOUAE TaKi 30HHU:

oHa BuOopy manux: Bunamaroui cnmcku (QComboBox) ans Bubopy BXigHOTO
mapy JTII ta mapy BynMuHO-AOPOKHBOT MEPEXI.

oHa nmapametpiB: [lons BBegenus (QSpinBox) mns HamamTyBaHHS pajaiyca

aHamizy (3a 3amoBuyBaHHsAM 100 M) Ta mopory KjiacTepu3allii.



oHa ¢iapTpanmii: I'pyna uekOokciB i BubGopy tumiB JTII (mampukian,

"Tinbku 3 moreprimmMu").

aHesb kepyBaHHsi: Knonku "Po3paxysaru" (QPushButton) Ta "36epertu 3Bit".

or BUKOHAHHS: TekcToBe mose Jjisi BUBOY MOBIJOMIIEHD PO XiJ BUKOHAHHS

orepartiid Ta MOMFIKH.

[IpoexkTyBaHHS [11aJIOTOBUX BIKOH BHUKOHAHO y cepenoBuul Qt Designer, 1110
J03BOJIsI€ OTpUMaTH (paii pecypciB .ui, IKUM Haxalll KOHBEpTyeThes y Python-kox.
2.7. ®opMyBaHHA TEXHIYHOI'0 3aBAAHHS TA KPUTEPIIB e(peKTUBHOCTI

PesynbsraTtoM eramy npoekTyBaHHs € cpopmoBaHe TexHIuHe 3aaaHHs (T3) Ha
po3poOKy(oaaTok A).

KitouoBi nmapametpu T3:

. Bxigni pami: TekcroBi ¢aiinu CSV  (komyBanusi UTF-8),

PO3IIBHUK — Kparka 3 KOMOIO.

. Buxinni namni: Bexropuuii map (GeoPackage) 3 momironamu

knacrepiB; PactpoBuil map (GeoTIFF) rtemnmoBoi kaprtu; 3BIT y (opmari

. CepenoBuie BukoHanHs: QGIS 3.x (Windows/Linux/macOS).

Kpurepii ouinku epeKTHBHOCTI cCHCTEMM:

ouHicTh (Accuracy): CrniBnagiHHS BUSBIEHUX aBTOMATUYHO "TapsSYuX TOYOK"

3 TaHUMHU O(ILIMHOTO ayauTy Oe3neku (He meHte 85%).

Buakojis (Performance): Yac renepartii rerioBoi kaptu aiis 50 000 Touok He

oinpire 10 cexyH.

3a0igiTi (Usability): Yac HaBuaHHSI HOBOTO KOPUCTyBa4ya poOOTI 3 MOAYJIEM HE

MTOBUHEH TIEPEBUIIYBAaTH | TOMUHY.

BucHoBKHM 10 APyroro po3ainy

Y apyroMy po3aun 3A1MCHEHO CHUCTEMHMM aHali3 MpeAMETHOI oO0JjacTi Ta
BUKOHAHO MPOEKTYBAHHS MPOTPAMHOTO 3aC00Y.

dbopMynbOBaHO (PYHKIIIOHATBHI BUMOTH JIO CHUCTEMHM, KIHOUOBOIO 3 SKHX €



niaTpumka anroputMy DBSCAN a5 aBTOMaTW4HOTO BHUSBICHHS MICIb
koHreHTparii JITIIL.

OrpyHTOBaHO BUOIp apxiTekTypu Ha 0a3i Bigkputoro I13 (QGIS + PostgreSQL),
10 JJO3BOJISIE 3HU3UTHU BaAPTICTh BIIPOBAKEHHSI.

03pO0JICHO JeTaIbHY cXeMy O0a3u JaHWX, ONTHUMI30BaHy JUIisl 30epiraHHs
IIPOCTOPOBUX 00'EKTIB.

tBOpeHo UML-miarpamMu, 10 OMHMCYIOTH JIOTIKY B3a€MOJIil KOpUCTyBaya 3
CHUCTEMOI0, Ta CITPOEKTOBAHO MakeT rpadiuyHOro iHTepdeiicy.

PesynbraTil IpOEKTYBaHHS € OCHOBOIO JUIsl €Tally MporpamMHoi peaizallii, 110

OyJle OITMCAaHO y TPETHOMY PO3ILIL



PO311JI 3
IMPOT'PAMHA PEAJIIBAIIA TA TECTYBAHHS

T'EOIH®OPMAIIMHOI CHCTEMHM AHAJII3Y ABAPIMHOCTI
3.1. O0rpyHTYBaHHSI BHOOPY 3aC00IB PO3pO0KH Ta apXiTeKTypa pilleHHS

Peanizarisi mporpaMHOTO KOMIUIEKCY MOHITOPHHTY TOPOXKHBO-TPAHCIIOPTHUX
npuroa (A TII) Bumarae 3acTocyBaHHS CydacHHUX IMIJIXOIIB JO 0OPOOKH MPOCTOPOBUX
naHux. BpaxoByroun cnernudiky poOOTH IPaBOOXOPOHHUX OpraHiB (HEOOXITHICTH
3aXHUCTy AaHUX, OOMEeXeHUN OroMKeT Ha Jinen3iiine [13, BuMoru 1o HaaiiHOCTI), OyIi0
o0paHO TPUPIBHEBY KIIEHT-CEPBEPHY apXITEKTypy. Takuil MiaXiJ J03BOJIAE YITKO
pPO3MEXYBAaTH 30HU BIANOBIAANBHOCTI: cepBep 3a0e3neuye UUTICHICTh JaHHuX, a
KJIIEHTChKA CTAHIliS BIATOBIAE 32 aHAMTUKY Ta Bi3yasli3allifo.
3.1.1. CepBepna ckiagoBa (Database Layer)

VY sikocTi cuctemu ynpaiinHa 6azamu nanux (CYB/l) oopano PostgreSQL 15.
Ile 06'exTHO-pesIIiiiHa CUCTEMa KOPITOPATUBHOTO PiBHS, SIKa € CTAaHAPTOM Je-(PaKTo
Uit reoiHOpMalIfHUX CUCTEeM BiIKputoro tumy. Bubip came wmiei CYB/]
oOymoneHu# ii BianosiaxHicTio cranaapram ACID (Atomicity, Consistency, Isolation,
Durability), mo rapanTtye 30epexeHHs JaHUX HaBITh Y BUIAJIKY arlapaTHUX 3001B.

KirouoBum enemeHTOM cepBepHOi yacTuHH € po3mmpeHHs PostGIS 3.3, saxe
MEPETBOPIOE KJIACUYHY peisliiiHy 0a3y Ha moBHOLIHHY mpoctopoBy CVYB/I.
Buxopucranus PostGIS nHanae Taki nepeparu:

aTuBHA miaTpuMmka reoMmetpii: Cucrema omepye o6'ekramu Tuiy POINT

(touku JITIT), LINESTRING (Bynuii) ta POLYGON (ammMiHiCTpaTHBHI

palioHM) Ha PiBHI sJpa, IO J03BOJS€E BUKOHYBAaTH T€OMETPUYHI Omeparii

6e3nocepentbo B SQL-3anuTax.

poctopoBa inaekcamis GIST: Peamizamis R-Tree iHgekciB m103BOISIE

BUKOHYBAaTHU TMONIYK OO0'€KTIB y 3aJaHOMYy pajiiycli 3a JorapupMiyHuUN dac

($O0(\log N)$). Lle 3abe3meuye MpUCKOPEHHS BUOIPKH Y COTHI pa3iB MOPIBHAHO 3



NOBHUM TiepeOopoM Tabiulll, IKHl BUKOPUCTOBYETHCS y (PaillIoBUX CXOBHUIIIAX

(manpuxian, Shapefile).

epBepHa aHajdiTuka: HasBuicTe BOymoBaHMx (yHKIIN KiacTepusaii

(ST _ClusterDBSCAN) no3Boisie mepeHecTd YacTHUHY HABaHTAXKEHHS 3

KJIIEHTCHKUX MAIlIMH Ha CEPBEP.

3.1.2. Kiienrcbka ckinagoBa (Application Layer)

Jns Bizyamizarii JaHuX, B3a€MOJil 3 KOPUCTYBa4eM Ta 3allyCKy aHATITHYHUX
ckpuITiB 00paHo reoindopmariiitny cucremy QGIS 3.28 LTR (Long Term Release).
Bepcis LTR rapantye craOuibHicTh mnporpamHoro intepdeiicy (API) mpotsarom
TPUBAJIOTO YaCy, 10 € KPUTHYHO BAKIMBUM JIJIST PO3POOKH MOYIIB, SKi TIAHYIOTHCS
710 BIPOBAJKCHHS B JICP)KABHUX yCTAaHOBAX.

QGIS nanae po3pobuuky notyxuuii ppeiimpopk PyQGIS (Python bindings for
QGIS). Bin BigKpuBae [a0CTyn JAO BHYTPIIIHIX KJIAciB CHUCTEMH (TaKuX SK
QgsVectorLayer, QgsGeometry, QgsProcessingAlgorithm), m03BosII04M CTBOPIOBATH
BJIACHI IHCTPYMEHTH OOpOOKM JaHMX, SIKI BUIVISJAIOTH 1 MPaLIOOTh SK HATUBHI
KOMIIOHCHTH CHCTEMH.

3.1.3. MaremaTu4He siipo Ta 0i0/1ioTexkn

Jns peamizaiii aaropuTMIB MalllMHHOTO HaBUYaHHS, 30KpeMa KiacTepHu3allii,
BUKOPHUCTOBY€EThCSI MOBa nporpamyBanHs Python 3.9 Ta Gi6mioreka Scikit-learn. 1s
616m10TeKa MICTUTH ONTUMI30BaHy peaiizaiito anroputmy DBSCAN, sika eeKTHBHO
IpaIoe 3 MCTPUYHUMH BiJICTAaHSAMHU Ta BEIMKUMH MacuBaMH JaHWX. JlomaTkoBo muis
MaHIMyJAIN 3 TaOMMYHUMH JaHUMH BHUKOPUCTOBYEThCS Oi0mioreka Pandas, sxa
3a0e3neuye MBUAKY (DUIBTpallito Ta arperaiilo arpuOyTUBHOI 1H(MOpMarllii nepen ii
MOJIa4Y€I0 Ha BX1Jl AJITOPUTMIB KJIacTepU3allii.

3.2. [IpoexTyBaHHS Ta peaJizania QizH4HOI MoaesIi JaHNX
Po3po0Oka cuctemu po3novanacs 31 CTBOPEHHS HaJIIMHOT CTPYKTYpH 30€piraHHs

nanux. @i3uyHa Mojenb peanizoBaHa 3a monomororo MoBu SQL (Structured Query



rpadiunuii iHTepdeiic pgAdmin 4, sgxuli [03BOJSIE Bi3yaJlbHO KOHTPOJIFOBATH
CTPYKTYpY TaOJuIlb, HAJAIITOBYBATH IIpaBa IOCTYIy Ta BUKOHYBaTH SQL-3anutu.

CrtBopena 0Oa3za ganux diploma dtp micTuTh OCHOBHY Tabmuito accidents,
CTPYKTypa SIKOI CIPOEKTOBaHA 3 ypaxyBaHHSM BHUMOT Hopmamizarii manux (Tpers
HopMaibHa (hopma, 3NF).

Jlictunr 3.1 — SQL-kox cTBOpEeHHA CTPYKTYpH 0a3H JaHUX

-- KPOK 1. AxruBaiis po3mupeHb

-- KPOK 2. CtBopeHHsI OCHOBHOT TaOJIMIII OOIIKY TOJI1iH

id SERTAL PRIMARY KEY, -- YHiKaIbHUH 11eHTU(DIKATOP 3aMuCy

uid_police VARCHAR(50) UNIQUE NOT NULL, -- Homep kapTku 001Ky
(30BHINTHIN KITIOY)

event_date TIMESTAMP WITHOUT TIME ZONE NOT NULL, -- Touna

Jlata Ta 4yac MpUroaun

-- AtpuOyTtuBHa 1H(pOpMAaLLis

weather cond VARCHAR(100), -- [loronHi ymoBu

road surface VARCHAR(50), -- CtaH TOpOKHBOTO MOKPUTTS

-- [IpocTopona iHpopmaiis (Merpuuna cuctema UTM Zone 35N)



-- KPOK 3. CtBopeHHS 1HACKCIB ISl ONTUMI3AIi ITBUIKOII1

-- KPOK 4. JlokymeHnTyBaHHs CTpyKTypH b/l
accidents IS '"Peectp 710p0O’KHBO-TPAHCTIOPTHUX MPUTON';

COMMENT ON COLUMN public.accidents.geom IS 'Teomerpis TOUYKM B
cuctemi EPSG:32635";

OcoOnuBy  yBary TpM  MPOEKTYBaHHI  MPUAUICHO  TUIY  JaHUX
GEOMETRY (Point, 32635). Bukopuctanus metpuunoi cucremu koopauHar (UTM
Zone 35N) 3amicth 3arampHOnpHiiHATOI Teorpadiunoi (WGS 84, rpamycu) €
BAXJIMBUM 1H)KEHEpHUM pilieHHsAM. lle 1no3Bonsie anroputMaMm KiacTepu3arli
KOPEKTHO pO3paxOBYBaTH BiACTaHI y MeTpax (Hampukiaa, paaiyc 100 m) 0Ges
HEOOX1THOCTI BUKOHAHHS CKJIAJHUX TEOJE3MYHUX TEPETBOPEHb «HA JIHOTY», IO
MIJBUILYE 3araJIbHy MIBUAKOAIIO CUCTEMHU.

s 3a0e3nedeHHs] MOXKJIMBOCTI OINEPaTUBHOTO OTPUMAaHHS CTaTUCTUYHHUX
naHuX 0€3 HaBaHTa)KEHHSI KIJIIEHTCHKOT YaCTUHH, y 0a3i JaHUX pealli30BaHO MEXaH13M
BIpTYyaJbHUX TaOIUIb (Views).

Jlictunr 3.2 — CTBOpeHHSI AHAJITUYHHUX NPEACTABIECHb

-- [Ipeacrasnenns: CtaTucTHKa aBapiiHOCTI 3@ TSKKICTIO HACIIIKIB

severity AS "Kareropis",

COUNT((*) AS "KinpkicTh BUNAAKIB",



*) FROM public.accidents), 2) AS "YHactka, %"

ORDER BY "Kuekicts Bunankis" DESC;
3.3. Imnopr Ta nonepeaHs 00podKa BXiTHMX JaHUX

Bxinni mani nmpo HATII, orpumani 3 iHpopmariiinoro noprainy HamioHanbHOT
nomiuii, 3a3Buyaili maroTh ¢dopmar CSV (Comma-Separated Values). [Hua ix

3aBaHTAXEHHS B CUCTEMY pO3p00JIeHO aliropuT™ nonepenuboi 00pooku (ETL-npouec:

[Iporec BKIItOYa€E HACTYIHI €TaIlN:

aminanis nanmx: [lepeBipka HasgBHOCTI 000B'si3koBHX ToMiB (lat, lon, date) Ta

BIJICIFOBaHHSI 3aMKCIB 3 TOMHJIKOBUMU KOOpArHaTaMu (Harpukiam, 0,0).

enpoexuisi: Bxigni koopaunaru y rpagycax (WGS 84) tpanchopmyrorbes y

metpuuHy cucreMmy (EPSG:32635) 3a pomomororo 6i6mioTeku pyproj ado

BOynoBaHux 3aco0iB QGIS. 1le KpUTHUYHO N7 KOPEKTHOI pOOOTH AIrOPUTMY

DBSCAN, napametp Epsilon sikoro 3aiaeTscs B MeTpax.

mnopt y B/I: [TinroTtoBneHi nani 3aBaHTaXyIOThCA Y TaOnuIto accidents yepes

SQL-komangy COPY abo intepdeiic QGIS.

3.4. IIporpamua peadizauisa aaropurmis anamaizy (Python/PyQGIS)

Anapom pospobienoi cuctemu € mnporpamHuii moxynb DTPAnalysisPro,
Hancanuii MoBoro Python 3 Bukopucranusm 06i6miotekun PyQGIS(momarok b).
Monyns peanizoBaHo gk Tuiarin o0poOku (Processing Plugin), mo mosBomsie itomy
0e31I0BHO 1HTErpyBarucs B craHgaptHuil iHTepdeiic QGIS ta BHKOpHCTOBYBaTH
HaTuBHI C++ aNropuT™MU CUCTEMHU ISl IPUCKOPEHHSI OOYHMCIICHb.

ApXiTeKTypa Kjlacy MOAYJsi 0a3yeTbCs HAa MPUHIUIAX 00'€KTHO-OPIEHTOBAHOTO
nporpamyBanHs  (OOII). TonoBHMI KJac yCHajgkoBye aOCTpakTHUM  Kiac
QgsProcessingAlgorithm, 1m0 BuMarae nepeBU3HAYCHHS KIIOUYOBUX METOJIB:

initAlgorithm (koHirypaiisi) Ta processAlgorithm (BUkoHaHHS).



3.4.1. Ininianizanmis Ta koHpirypauisa napamerpis

Meton initAlgorithm BigmoBigae 3a mporpamHy ™OOYIOBY TpadidHOTO
iaTepdeiicy kopuctyBada (GUI). Ha nupomy etami BinOyBa€eThCs IeKaapailist BX1THUX
napameTpiB, BCTAHOBIICHHSI iX THUIIB, 3HaY€Hb 3a 3aMOBUYYBAaHHSM Ta OOMEXEHb Ha
BBEJICHHS.

Jlns 3abe3neueHHs] THYYKOCT1 HajallTyBaHb pealli30oBaHO HACTYIMHUM HaOIp
napamMeTpiB:

ximauii map (INPUT): /xepeno BeKTOpHUX AaHMX. BuKOpHCTaHO (UIBTP

oOupaTy JiHIMHI a00 MOJITOHANBHI IIApH, 3amo0iraloyu MOMUJIKAM Ha eTarll

3aITyCKY.

inbTp TskkocTi (SEVERITY FILTER): Bunanarouunii cnmcok (Enum), 1o
JI03BOJISIE aHAII3yBaTH OKpeMi Kareropii mojiid 0e3 HEeOOXITHOCTI CTBOPEHHS
HOBUX (pailiB.

agiyc momyky (RADIUS): Kpurnunuit napamerp anroputmy DBSCAN
(Epsilon), mo Bu3Hauae MakCUMAaJIbHY BIJCTaHb MDK TOYKaMH B OJHOMY
kiactepi. Becranosneno oomexxennst minValue=10, o6 yHUKHYTH JiJICHHS Ha
HYJIb 200 3aBUCAHHS AJITOPUTMY MPU 3aHAJTO MaJIUX 3HAYCHHSIX.

opir misibHocTi (MIN_POINTS): MiniManbHa KiJIbKICTB TTOIH I BUSHAHHS
TiUISTHKA HeOe3meuHoro (mapamerp $MinPts$).

Hwuxye HaBeeHO JTICTUHT KOy 1HIIIai3a1lii.

Jlicrunr 3.3 — IIporpamua peadnizauis intepdeiicy moay.s (Python)

BusnaueHHs BX1THUX TTapaMETPiB aJITOPUTMY.



BuxopuctoBytotbess  TumizoBaHi  kiacu  QgsProcessingParameter s

BaJIiaIlii BBOAY.

# 1. ITapametp BuOOpy BxigHorO mapy (Tinbku Toukn)

self.tr('Bxigauit map JITIT'),

# 2. llapametp dinbrparii (Dropdown menu)

# J103BOJIsIE NMHAMIYHO 3MIHIOBATH BUOIPKY JTAHUX

self.tr('®inbTp kareropii A TII"),
'Bei mogii (All)',
"Tinbku 3 noteprimmu (Injury)',

"Tinbku 31 cMepTenbHuMU Hacaiakamu (Fatal)'

defaultValue=0 # 3a 3amoB4YyBaHHSIM - BC1 MOAIT



# 3. Yucnosuit napametp pazaiycy (Epsilon)

# 3anmaeThcs y MeTpax. Beranosneno "m'ski" oomexxenns (10..5000 m)

self.tr('Pamiyc anamizy (Metpu)'),

# 4. BuxigHuit mapameTp Juisl KIacTepiB

tr('"Pe3ynsrar: Knacrepu (Bekrop)')

3.4.2. Peaunizauis 0i3nec-soriku (Pipeline o0po0xu)
OcHOBHHUIA OOUMCITIOBATIBHUIM MPOLEC 30CEPEHKEHO Y MeTo1 processAlgorithm.
Jliist 3a0e3neyeHHs BUCOKOI MPOIYKTUBHOCTI Ta HAJAIMHOCTI peasii3oBaHO KOHBEEPHY

MIPOIICCHHT, KJIaCTEepPHU3allisi Ta FeHepallis MOBEPXOHb.

Eran 1. lunamiuna npe-ginbrpauis (Data Pre-processing)
[lepen BUKOHAHHSIM PECYPCOMICTKMX OIeEpallii KiacTepusarlii KPUTHIHO

BaYKJIMBO 3MEHIIUTH PO3MIp BUOIPKH, 3AJIMIIIUBIIY TUIbKH 11JIbOB1 00'ekTH. DinbTpartis



pearizoBaHa uepe3 MexaHizm QgsExpression, sikuit hopmye SQL-momiOHumii 3anmuT 10
aTpuOyTUBHOI TaOIUI IIapy.

[lepeBaroro Takoro miAXoAy € BUKOPHUCTaHHS OMEpaTUBHOI mam'sati (memory:)
JU1s 30epiraHHs MPOMDKHOTO Pe3YJIbTaTy, 110 3HAYHO MPUCKOPIOE POOOTY MOPIBHSIHO 3
3aIMCOM Ha KOPCTKHUM JTHUCK.

Jlictunr 3.4 — Jlorika quHaMiyHoi QijgbTpanii 1anux

# OTpUMaHHS 3HAUYEHb [apaMeTPIB B1Jl KOPUCTyBaya

# dopmyBaHHs Bupa3zy (PuIbTpallii Ha OCHOBI BUOOPY B MEHIO

if filter idx == 1: # Kareropis: TpaBmoBani

elif filter_1dx == 2: # Kareropis: 3aru0mi

# BukopucTaHHsS HATUBHOTO aJroputMmy 'extractbyexpression'

f"3acTocyBaHHs aKTUBHOTO QUIBTPY: {expression}")

'OUTPUT": 'memory:' # BuBin y BipTyanbHU# 11ap



# IlepeMukaHHsa poO0OYOTro KOHTEKCTY Ha Bi(UIBTPOBAHUM HIAp

# Slkmo GiasTp HE 0OpaHO, MPAIFOEMO 3 IOBHUM Ha00OpOM

Eran 2. IIpoctoposa kinacrepusaunisa (DBSCAN)
Ha upomy erari 3actocoByeTbest anroput™ Density-Based Spatial Clustering of

anamizy A TII, ockinbKku BiH:

€ BUMAara€ MOIEepPEeIHbOr0 3HAHHS KUIBKOCTI KiacTepiB (Ha BiaMmiHy Big K-

JATHUM BUABIATU KJAcTepU JNOBUIbHOI (popmu (HampukiIad, JiHIHHI KIACTEpH
B3/IOBXK Marictpajiei).

. " " : : :
dextuBHO Bifcitoe "mym" (BumaakoBi mooauHoki JTII), mo migBuirye
JOCTOBIPHICTh aHAJII3Y.

Y koIl BUKOPHUCTAaHO BUKJIMK omTuMizoBaHoi C++ peamizalii aaroputMy
native:dbscanclustering, mo 3a0e3nedye BUKOHaHHS omeparlii Ha BuOipmi y 10 000
TOYOK MEHIII HI)K 32 2 CeKYH/IH.

Jlicrunr 3.5 — Peanizanis Bukiauky DBSCAN

feedback.pushInfo('"Etan 2: 3amyck knacrepuzaiiii DBSCAN...")

'MIN_SIZE'": min_pts, # Ilopir urinsHocTi (MinPts)
'EPS'": radius, # Paniyc nomyky (Epsilon)
'DBSCAN*": True, # Buxopucranas momudikaiii DBSCAN* (6e3

IPAaHUYHUX TOYOK)



# OTpuMaHHS MOCUJIAHHS Ha TUMYACOBUH IIap Pe3ysIbTaTiB

raise  QgsProcessingException("Kputnuna mnomunka: He Bpamocs
CTBOPUTH IIap Kiactepin.")
3.4.3. O0poOka BuxigHux noTokis ganux (Data Sinks)

BaxnuBuM erarnom poOOTH alNropuTMy € Tepeaada pe3ylbTaTiB OO0YUCIICHb
Hazan y ronoBHHMM moTik QGIS. Ockinbku anroputM DBSCAN no3nadae mrymoBi
TOUKHU (K1 HE YBIMIIM 10 >KOAHOTO Kiactepa) 3HaueHHssM NULL ab6o -1 y momi
CLUSTER ID, npsime 306epexeHHsT BCiX TOYOK € HemoruibHuM. Lle mpuszseno 6 10
3aCMIYEeHHS BUXIJHOro Imapy tucsiyamu nooauHokux JTII, sxi He cTaHOBIATH
1HTEepecy JUIs aHami3y "rapsyux TO4OK'.

Jlst BupiieHHs i€l mpoOJIeMH peati3oBaHO MEXaHI3M CEJIEKTUBHOTO 3aIuCy
yepes kiac QgsFeatureSink. Anroputm pinerpye 00'exTn "Ha IHOTY" mepen 3anucom

y daii.

Jlicrunr 3.7 — Jlorika ¢giabTpanii mymy Ta 30epekeHHs pe3y/ibTaTiB

# OTpuMaHHs OCWJIAHHA Ha BuXigHUN ToTiK (Destination)



raise QgsProcessingException("ITomuiika iHimiani3amii BUX1IHOTO 1apy")

# CenekTUBHHI 3anuC 00'€KTIB

# YMmoBa: 3aIMMCYyEMO TUIBKH SKIITO TOYKA HAJICKUTD 0 KJIIaCTCpa

# Lle Biacitoe "ryM" Ta 3MeHIIye po3Mip daitny

feedback.pushInfo(f"30epexeno {saved count} o0'ekTiB y map knacrepis.")
Takuii miaXix T03BOJISIE OTPUMYBATH HA BUXOJI "UMCTUN" BEKTOPHUU IIIap, 110
MICTUTh BUKJTFOYHO 1JIeHTH(1KOBaH1 Mmiclig koHueHTparii A TII.
3.5. lIpoextyBanus inTepdeiicy kopucryBaya (UI/UX)
OCKIUJIbKH KIHIIEBUMU KOPUCTYBa4aMH CHUCTEMU € QHAMITHKU IiIPO3/LIIB
MOJTIIII1, SIKI MOXYTh HE MaTH TIMOOKUX 3HAHb y MpOrpaMyBaHHi, IHTEpQenc MOTyIIs

CHPOEKTOBAHO 3a MPUHIMIAMH MIHIMaJI3My Ta (PyHKI1I0HAJIBHOCTI.



3aBasiku BUKopucTanHo kiacy QgsProcessingAlgorithm, rpadiunmii intepderic
TeHEePYEThCSl aBTOMATUYHO, crajkye cuctemHi ctuiai QGIS (Temna/cBiTina Tema) Ta
niATpUMYy€e HaTUBHI QyHKIIIT, Taki Sk makeTHa oOpoOka (Batch Processing).
EneMeHTH KepyBaHHS MOIYJISA:
JIOK BUOOpY TaHUX:
imwker  QgsProcessingParameterFeatureSource  HanmamToBaHO —TakuM
YUHOM, III0 BiH aBTOMAaTUYHO (iIBTPYE MIAPU Y MPOEKTI, MOKAZYIOUH Y
BUIIA/IAI0YOMY CIHUCKY JIMIIE TOYKOBI mmapu. lle yHeMOxIMBIIIOE
MOMMJIKOBUM BUOIp JIHIMHUX (J0porH) abo MOMITroOHaNIbHUX (pailoHU)
1apiB, 110 MIABUILY€E HAAIMHICTh CUCTEMHU.
JIOK MapaMeTpiB aHaJI3y:
one "Pamiyc" Mae mporpamHi oOMmexenHHs ~minValue=10 Ta
maxValue=5000. Ile 3axuct BIg BBEACHHS HEKOPEKTHUX JaHUX
(HampukIa, Bil'€eMHOTO pajiyca), 0 MOIIo O MPU3BECTH 10 KPUTHIHOI
MOMUJIKA aTOPUTMY.
WIIaIal0unid CITUCOK bibTpiB peaizoBaHO qyepes
QgsProcessingParameterEnum, 1mo € OiabInl HAAIWHUM PIMICHHSIM, HIXK
pY4YHE BBEICHHS TEKCTOBUX 3HAYE€Hb, OCKIJILKH BUKIIIOYAE opdorpadiuni
OMUJIKH.
JIOK pe3yJIbTAaTIB:
OpUCTYBad Ma€ THYYKICTh y BUOOpi (opmary 30€pekKeHHs: pe3yibTar
MO>KHA 30€perTu sIK y TAMYacoBUil map onepaTuBHoi nam'sti (Temporary
Layer) nys mBuakoro neperisiny, Tak iy daiin (Shapefile, GeoPackage,
GeoTIFF) nns nmomaipiioro BAKOPUCTaHHS Y 3BiTax.
3.6. Kaprorpadiuna Bizyasizauisa pe3yjbTartiB
OTpuMaHHS MaTeMaTUYHHUX DPE3YyJIbTaTiB — I€ JHIIe YacThHa 3amgadi. Jlms

€(hEeKTUBHOTO MOHITOPUHTY KPUTHYHO BAXKJIMBOIO € TpaBWIbHA Bi3yami3allis, IO



J03BOJISIE IIBUJAKO OLIHUTH CHUTyalilo. Y paMkax poOOTH po3poOJIEHO CTHIIb
o(opMIIeHHS KapT, KU 3aCTOCOBYETHCS IO BUXITHUX JaHHX.
3.6.1. Cruuiizanis temiosux kapt (Raster Symbology)

Jns pactpoBoro mmapy uribHOCTI (KDE) 3actrocoBaHo peHIEpUHT THITY

. InTepnonsimisi: Jliniina.
. Koaipna mkana (Color Ramp): "Magma" (a6o "Reds"). Lls
IKajga € NEepUeniiiiHO PIBHOMIPHOIO, TOOTO 3MiHA 1HTEHCHUBHOCTI KOJbOPY
JiHiMHO Bigmosigae 3MiHi mutbHOCTI JITTI, 1m0 3abe3mnedye KOpeKTHE 30pOBE
CIOPUIHATTS 0€3 ONTUYHUX UTIO31H.
. Pexxum 3mimyBanns (Blending Mode): Multiply (MuoxxenHs).
Buxopuctanusi pexxumy Multiply € BaxIJIMBUM 1HXCHEPHUM pIIICHHSIM. Y
ctangaptHomy pexumi («Normaly) TeroBa kapra nepekpuBae 0a30By KapTy MICTa,
MPUXOBYIOYH BYJHIIL. Y PEKUMI MHOKEHHS OUTI TiKcell (HU3bKa MIUTbHICTh) CTAlOTh
MPO30PUMH, a TEMH1 (BUCOKA IIIIBHICTh) HAKJIAIAIOTHCS HA BYJIUIIl, 3aTEMHIOIOUH iX.
Lle mo3BoJsie aHANITUKY YITKO OAauUTH KOH(DIryparito mepexpecTs MiJ "4epBOHOIO
TUTSIMOTO" aBapIHOCTI.
3.6.2. CruJizaniss BekropHux kiacrepis (Data-Defined Size)
JIJ1s1 BEKTOPHOTO MIapy KJIACTEpPiB BUKOPUCTAHO JNHWHaMiuHy cUMBOIIKy (Data-
defined override). Po3mip wmapkepa 3anexwuts Bim arpudyra CLUSTER SIZE
(xumpkicTs JATII y Toumi).

Buxopucrano popmyny macmrabysanns y QGIS Expression:

Ile o3nayae:

. Minimaneanii  knmacrep (3 ATII) BigoOpakaeTbcsi TOUYKOIO
niaMmeTpoM 4 mm.

. Benukuit kmacrep (20 1 6inmpme J[TIT) BimoOpakaeTbcsi TOYKOIO

niametpoM 10 mm.



Taka Bi3yamizamiss J03BOJISIE KEPIBHUKY IMIAPO3AUTY MHUTTEBO OLIHUTH
NPIOPUTETHICTh HEOE3MEUYHUX TUISTHOK Ha KapTi.
3.7. TecryBaHHA Ta OLiHKA e()eKTUBHOCTI CHCTEMH

s Bepudikarliii po3po06I€HOro MpOorpaMHOTo 3a0e3MeUeHHsI TPOBEACHO CEpito
TECTIB Ha peajJbHOMY Habopi AaHux mo M. JIpBiB (BubOipka 15 432 3anucu 3a nepiof
2024-2025 poku). Meroro TecTyBaHHsS OyJlIO TIOPiBHAHHS  €(EKTUBHOCTI
ABTOMAaTU30BaHOTO MiAXOY 3 TPAIUIIMHUMHA METOIaMU PYyYHOT OOPOOKH JTaHUX.
3.7.1. TecryBanus miBuakoxii (Performance Testing)

BumiproBaBcs dac, HEOOXIIHMM JJi1 BUKOHAHHS ITOBHOTO LMKy POOIT: BIf
3aBaHTaXeHHs "cupux" JaHUX IO OTPUMAaHHS TOTOBOI aHAJITUYHOI KapTH.

Tabmuis 3.1

IopiBHSLIbHMH aHAJI3 YaCOBHX BUTPAT Ha 00POOKY JaHUX

Eran TpaguuinHui Po3pob.iena Edexr
TEXHOJIOTiYHOI0 meron (Excel +cucrema (ckopouyeHHH
npouecy Py4na po0ora) yacy)

ImmopT Ta Bamigaris
45 xB 2 XB 22.5 pa3u
TTAHUX
ABTOMAaTU4HO

['eoxonyBanHus anpec |120 xB

®dinprparis Bubipku 30 xB S5¢ 360 pasiB
Kiractepu3aris
(BUSIBICHHS 240 xB (BizyasibHo) (15 ¢ (DBSCAN) 960 pasiB
OCEpEIKIB)
OdopmiieHHst 3BITHOJ|

60 xB 1 xB (11ab10HM) 60 pasiB
KapTH
PA3OM ~ 8 ronun 15 xB ~3xB20c > 150 pasis

JI>xepeno: CKIaieHO aBTOPOM 3a marepianamu [4 Ta 9]



3.7.2. TecryBanns TouHOCTI (Accuracy Verification)
Pesynbrat  po6otu amroputmy DBSCAN mnopiBHIOBaJUCA 3 JAaHUMHU

odILIHOTO ayIUTy aBapitHOCTI Ha KOHTPOJIBHIM AUISHII MaricTpajbHOI BYJIHIN (BYII.

T'opononibka).
. Meton ekcnepTHoi OWiHKM (Py4uHHMii): BUsBICHO 12 Micib
koHreHTparii JITIIL.
. IIporpamuuii MoayJib: BUSBICHO 14 MiCIlb KOHIICHTpAIIIi.

AHai3 po30DKHOCTEH IOoKa3aB, 10 MOYJb BUSBHUB 2 JOJATKOBI TUISHKH, SKI
XapakTtepusyBanucs BUCOKOI miuibHICTIO [ITII y HiuHuii yac. EkcriepT npomycTuB ix
4yepe3 CKIAIHICTh CITIBCTABJICHHS 4YacOBUX arpuOyTiB BpYy4YHY Mpu poOOTI 3
nanepoBumMu cxeMamu. lle miaTBepKye Trinmore3y mpo Te, 10 aBTOMATHU30BaHA

CUCTEMAa MiHIMI3Y€ BILIMB JIIOJICHKOTO (PaKTOpy Ta MiABUILYE AKICTh BUSBIECHHS 3arpO3.



BucHoBku 10 po3ainy 3
Y TpeTboMy pO3IiTi AUIIOMHOT POOOTH BUKOHAHO MOBHHMM IMKJI MIPOTPAMHO1
peamizariii iHpopmarliitHoi cuctemu MoHiTOpUHTY JITTI.
o3podsieHo apxitektypy aanmx: CrBopeHo 0a3y nanux PostgreSQL 3i
cnenudiuanmu Tunamu ganux PostGIS, mo 3abe3neuye HaxpiiiHe 30epiraHHs
IPOCTOPOBOI 1H(POpMAIIii.
eajli3oBaHo mporpamMuuii Moayab: Ha moBi Python crBOopeHo iHCTpymeHT
DTPAnalysisPro, sixuii iHTerpye notyxHi maremaruyti anroputmMu (DBSCAN,
KDE) y 3pyunwuii inTepdeiic QGIS.
UpileHo iHKeHepHi 3aaa4i: PeanizoBaHO MexaHI3MU JUHAMIYHOI (iabTpauii
JaHUX, 0OpOOKH MOMMJIOK Ta aBTOMAaTWYHOI CTHJII3allli KapT 3 BUKOPUCTAHHIM
PEXKUMIB 3MIITYBaHHS.
IATBEpAKEeHO e(eKTUBHICTb: Pe3ylbTaTi HaBaHTa)KyBAJIBHOTO TECTYBaHHS
3aCBIUHIIM CKOPOUYEHHS Yyacy OOpoOKHM aHATITUYHUX JaHuxX y moHan 150 pasis

MpY OAHOYACHOMY MIABUIIEHH] TOYHOCTI BUSIBICHHS HEOE3MEUHUX JIISHOK.



BUCHOBKH

VY kBamidikariiiHii poOOT1 BUPIIICHO aKTyaJlbHE HAYKOBO-TIPAKTUYHE 3aBIaHHS
MIIBUINCHHS €(PEKTUBHOCTI MOHITOPUHTY O€3MEKH JOPOKHBOTO PyXy IUISIXOM
PO3pOOKH CHEIiani30BaHOTO MPOrpaMHOT0 MOAYJsS reoiH(opmariiifHoro aHamizy. B
pe3ynbTaTi BAKOHAHHS pOOOTH OTPUMAaHO HACTYITHI BUCHOBKH:

POAaHAJII30BAHO TEOPETHYHI OCHOBH Ta HOPMATHUBHY 0a3y. BcTaHoBieHo, 1110
Tpaauiiiai Metoau o6miky JTII, siki BUKOPHCTOBYIOThCS B YKpaiHi, 4acTo
OOMEXKYIOThCS CTaTUCTUYHMMH 3BiTaMH Ta HE JO3BOJIIOTH OMEPAaTHBHO
BUSIBISITU TPOCTOPOBI 3aKOHOMIPHOCTI aBapiiiHOcTi. [loBeneHo, mio s
peamizaiii cydacHoi KoHmemiii Vision Zero HEoOXiHO BIPOBAIKyBaTU
IHCTPYMEHTH aBTOMAaTH30BaHOIO MPOCTOPOBOTO aHAJI3Y, 3[aTHI BHSBISITH
npuxoBaHi "rapsui Touku" (Black Spots) Ha panHix eramax.

OrpyHTOBaHO BHOip MaTeMaTH4HOro anapary. [lopiBHJIbHUI aHAJII3 METO/IIB
KJIacTepu3allii MmokaszaB, 10 KJIacu4Hi anroputmu (Hampukian, K-Means) €
Hee(DEKTUBHUMU JUISI JIIHIMHUX CTPYKTYpP JOPOXKHBOT Mepesxi. [Iyist BUpileHHs
3a7a4l 00paHO TOPUAHUMN TIXI;

JUIT TOYHOI TEOMETPUYHOI JIOKaji3allli OCepelaKiB aBapiMHOCTI Ta
aBTOMaTU4HOI (pinbTpalii "mymy" (IOOAMHOKUX BUIAJIKIB).

JUTsl TOOYI0BU PacTpOBHX TEIJIOBUX KapT Bi3yali3allli pU3HKIB.

NPOEKTOBAHO  apxiTekTypy iHdopmaniiinoi cucremn. Po3pobieHo
TPUPIBHEBY KIIIEHT-CEPBEPHY apXITEKTypy Ha 0a3i BUIBHOTO MPOTrpaMHOTO
3abe3mneuenHs (Open Source):

iBenb panmx: CYBJl PostgreSQL 15 3 posmmpenHsam PostGIS
3abe3reuye HajiliHe 30epiraHHs, IHJACKCAIlll0 Ta CEpPBEpHY OOpPOOKY
MIPOCTOPOBUX 00'EKTIB.

iBenb jgoriku: Monyns Ha MoBi Python peanizye Gi3Hec-0oriky 00poOKH
JaHKUX Ta B3a€MOJIIIO 3 KOPHUCTYBAUCM.

iBenb mnpeacraBiaennsa: ['IC QGIS 3.28 Bucrtymae yHiBepcaJlbHUM
poOOYMM MiCIIEM aHaJIITUKA.

HKOHAHO mporpamMuy peadizauniro moayias DTPAnalysisPro. Crsopeno
IPOTrpaMHMM TIPOJYKT, sIKMM 1HTEerpyeThes B cepenoBuiiie QGIS. PeanizoaHo
¢dbyukiionan guHamigHOi (inbTpari manmx 3a tumamu J[TII, aBromarwmdHOl



KJIacTepu3allii 3 HaIaITyBaHHAM PajiyCy MOIIYKY Ta TeHeparlil 3BiTHUX KapT 3
BUKOPUCTAHHAM IpodeciiiHuX KapTorpadiuHuX CTUJIIB.

oBe/leHO e(eKTHUBHICTH PO3po0KHM. Pe3ynbraru TecTyBaHHS Ha peaabHOMY
MacuBi nanux (M. JIbBiB, 20242025 pp.) mokazanu:

BuAKOmis: Yac moBHOTO MWKy aHamizy ckopotuBcs 3 300 XBWIMH
(pyuHuii pexxum) a0 3 XBWIMH (aBTOMAaTHM30BaHMi), IO CTAaHOBUTH
npuckoperHs y ~100 pasis.

ouHictb: Cucrema ycmmHo ifAeHTUdIKYyBajJa BCl BiIOMI Micld
koHueHTpanii JTII ta BusBuna 10% HOBUX MOTEHLINHO HEOE3MEUHUX
JUISTHOK, MPONYIIEHUX NPH Bi3yaJIbHOMY aHAJI31.
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JTONATKH



JOJATOK A TexniuHe 3aBIaHHSI HA PO3POOKY MPOrPaAaMHOI0 MOXYJIAA

TEXHIYHE 3ABJAHHS wa  po3poOKy  MOpOrpamMHOrO  MOIYJS
reoingopmartiinoro ananizy Micip koHentpariii JTII «DTPAnalysisPro»

1.3ATAJIBHI BIIOMOCTI

1.1. TloBHe HaiimeHyBaHHS cuctemu: [HDoOpMmalliiiHO-aHAMITHYHA CHCTEMaA
MPOCTOPOBOTO aHaMi3y JAOPOKHBO-TPAHCIIOPTHUX NpUTOJ (MIPOTpaMHUN MOIYIIb

1.2.  Po3poOHuk: 3m00yBau BHUIIOI OCBITH JIBBIBCBKOTO  JI€PKaBHOIO
YHIBEPCUTETY BHYTPIIIHIX CIpaB, croemianbHICTh 126 «IHdopmariiitHi cuctemu ta
TexHousorii» ['onens M. M.

. ITigcraBa qyist po3pOOKH: BUKOHAHHS KBaji(iKaliiHOT poOOTH Ha 3100yTTs CTYNEHS
BHILIOT OCBITH.

2. IPUBHAYEHHA TA IIIJII CTBOPEHHSA CUCTEMHA

2.1. IlpusHauenHs cucremu: lIporpamHuii MOAynp NPU3HAYECHUM IS
aBTOMAaTHU3allli TPOIECY BHUSABICHHS, MPOCTOPOBOI KiacTepu3allii Ta Bizyamizaiii
aBapiiiHo HeOe3neyHuX AUITHOK (Micib koHIeHTparii JTII) Ha Bynr4HO-TOpOXKHIM
MEpEexi.

2.2. Him ctBopeHHs: * CKOpOYEHHS YaCOBUX BUTpAT aHAJIITHKIB MOJILII Ha
00pOoOKY BEJTMKMX MacUBIB CTATUCTUYHUX JAHUX.

o [TinBumeHHs TOYHOCTI Jokamizamii "rapsunx Touok" (Black Spots)
3a paxXyHOK BUKOPUCTAHHS aJITOPUTMIB MAIIMHHOTO HABYAHHS.

o 3abe3nedeHHs] HAa0uHO1 KapTorpadiuHoi Bizyai3alli pU3uKiB IS
HIATPUMKA TPUUHSATTS YIPABIIHCHKUX pillieHb Y cdepi Oe3meKku JOPOKHBOTO
PYXY.

3.XAPAKTEPUCTUKA OB'€EKTA ABTOMATU3AIIII

OO0'ekToM aBTOMaTHU3allli € MPOLEC MOHITOPUHIY Ta aHali3y CTATUCTUYHUX
JaHUX TPO JOPOKHBO-TPAHCHOPTHI mpuromu. Hapasi mpoiiec XapaKTepu3yeThes
BEJIMKOI0 YAaCTKOIO PYYHOI Mpalll MpU HAHECEHHI MOAIM Ha KapTy Ta iX Bi3yaJjbHIN
OLIHI, IO NPU3BOAUTH JO BIUIUBY JIIOACBKOTO (DaKTOpy Ta HEMOXKIMBOCTI
OIIEpPaTUBHOIO aHAJII3y BEJIMKUX MacHUBIB JAHUX.



4.BUMOI' 10 CUCTEMHA

4.1. Bumorm 10 (QYHKI[IOHANBHUX XapaKTePUCTHK: MoOIyiab TOBHHEH
3a0e31euyBaTy BUKOHAHHS HACTYITHUX (DYHKITIH:

MIIOPT Ta IMiATOTOBKA TaHWX : TPUIOM BEKTOPHUX TOYKOBUX JAHHX 13 0a3u JaHUX
abo ¢aiimiB (CSV, GeoPackage) Ta ix pempoexiliss y METPUYHY CHUCTEMY
koopauHatr (EPSG:32635).

uHamiyHa (impTparis: MOXIUBICTh BHOOpy kareropii JATII mns amamizy (yci
noJiii, 3 TPaBMOBAaHUMHU, 13 3arvOJIMMH) Ha OCHOBI aTpUOYyTHBHUX JaHUX 0e3
3MiHU BUXIJTHOTO (pailiy.

POCTOpOBA KJIACTEPU3ALlisl: aBTOMAaTU4YHE rpynyBaHHa noaii merogom DBSCAN
13 MOXKJIMBICTIO HaJaIITyBaHHS KOPUCTYBauYeM KIIFOUOBUX IMAPAMETPIB:

o Paniyc nomyky (Epsilon) y meTpax.

o MinimManbHa KiibkicTe nofid (MinPts) mns dopmyBaHHS
KJIacTepa.

UIBTpAllis IIyMy: aBTOMaTuyHe BijcitoBaHHs nmooanHokux JTII, siki He BXOATh
J10 JKOJTHOTO KJacTepa.

eHepallisl NOBEPXOHb HIUIBHOCTI: MOOY/10Ba pacTpoBoi TemioBoi kaptu (Kernel
Density Estimation) 3 Bukopuctanasm kBapTuaHoro sigpa (Quartic Kernel).

13yamizallis: Tmepenada pe3ynbTaTiB obuucieHb y rojoBHe BikHO [1C 13
MOXJIMBICTIO TIOJIAJTBIIIOT CTHJTI3AIl1.

4.2. Bumorwu 10 nporpamaoro 3abe3neueHHs: * Cepenonuiiie pyHKITIOHYBaHHS:
HacTiIbHA reoiHdopmaiiitna cucrema QGIS Bepcii He Hikue 3.28 LTR.

o MoBa nporpamyBanHsa Oi3Hec-joriku: Python (Bepcis 3.9 abo
BHUILIE) 3 BUKOpUCTaHHAM 010110Teku PyQGIS.

o Cuctema ynpaBminHa Oazamu jganHux: PostgreSQL 15 13
IPOCTOPOBUM po3iHpeHHsM PostGIS 3.3.

4.3. Bumoru 1o anaparsoro 3a0e3neuenns: s crabuibHOT poOOTH MOy Ha
MacuBax gaHux g0 50 000 3ammciB poOodya CTaHIliS IMOBHHHA BIANMOBIIATH TaKUM
MI1HIMAJIbHHUM BUMOTaM:



° [Tpormecop: 4 sapa 3 TakToBOIO YacToToro Bijg 2.5 I'T'1 (apxiTekTypa

o OneparuBHa nam'sath: He MeHIe § I'b.

° Bineauit muckoBuit mpoctip: 2 I'b nna BcranoBienus I3 Tta
KEIIIyBaHHS IPOMDKHHX JIAHUX.

5.BUMOI'Y 1O IH®OPMAIIIMHOI'O 3ABE3IEYEHHS

5.1. Bxinni nani: Bextopuuit TouxkoBuii map (Point), mo micTuth arpubyTH:
yVHIKQJIbHUHN 17eHTH(]IKaTOp, JaTa IMojii, piBeHb THKKOCTI HacmiakiB. KoopauHatu
noBuHHI OyTH nipencrasieni y cucremi WGS 84 abo UTM Zone 35N.

5.2. Buxigui pani: * Bexrtopuuii map (Point), mo MICTUTh BHKIIOYHO
KJIaCTEPU30BaHI1 Mojii 3 npucBoeHUMU 11eHTUdikaropamu kinactepiB (CLUSTER ID)
ta ix posmipamu (CLUSTER SIZE).

o PactpoBuit map (GeoTIFF), mio BimoOpaxae Oe3nepepBHY
MOBEPXHIO MUIbHOCTI po3noainy JATII.

6.CTAJIII TA ETAIIM PO3POBKU

1. AHanmiTHyHUM eTam: 301p BUMOT, OIJISi] JIiTepaTypH, BUOIp MaTeMaTHIHHUX
MetoaiB (DBSCAN, KDE).

2. IlpoektyBanHs: po3poOka ¢i3muHoi mozgem 0a3zum ganux PostgreSQL Ta
apXxITeKTypH iHTepdeiicy MoTys.

3. [Iporpamua peaini3zanis: HallMCaHHs Koay ajroputMmy Ha Python, interpariis
iHcTpyMeHTiB QGIS Processing Framework.

4. TecTyBaHHs: TepeBipKa MPAIE3AaTHOCTI CKPUNTA HA TECTOBOMY MAaCHBI
nanux (M. JIbBIB), HamaroKeHHs: 0OPOOKH MOMUIIOK KOPHUCTYBAIILKOTO BBOJTY.

5. lokymeHTyBaHHS: O(POPMIICHHS TIOSCHIOBAIBHOI 3anmucku (KBamidikariitHol
po0OOTH), HalTMCAaHHS IHCTPYKIIi KOPUCTYBaya.



JOJATOK b Jlictunr nporpamaoro koxy moay.si (Python)

* MOJIVJIb KOMIUIEKCHOI'O AHAJII3Y ABAPIMHOCTI (DTP Analysis

* ABtop: ['onenst Muxaiino *
* [Ipu3HaueHHS: ABTOMaTHU30BaHUH MOIIYK Miclib KoHmeHTparti 1 TI1 *

* Bepcis: 2.0 (Stable) *



# KoHcTaHTuH 114 mapaMeTpiB



return self.tr('Kommnekcuuii ananiz JITIT (PRO)')

return self.tr("Iunomnaa po6oTa')

# 1. Bxigauit map

self.tr('Bxigauit map JATII (Toukn)'),

# 2. OinbTp (Jonae "moTyKHOCTI" alroputMy)

f.tr('@iapTp TAKKOCTI HACHTIZIKIB'),



'Bei moaii (All)',
"Tinpku 3 motepniumu (Injury)’,

"Tiapku 31 cMepTenbHuMEU Hacaiakamu (Fatal)'

# 3. Panmiyc (Epsilon)

self.tr('Pagiyc ananizy (Mmetpn)’),

# 4. ITopir To4oK



self.tr('Min. kinbkicts JATII ns kiacrepa'),

# 5. BuxigHi maHi

self.addParameter(QgsProcessingParameterFeatureSink(self. OUTPUT CLUSTERS,
self.tr('Pe3ynbrar: Knacrepn')))

self.addParameter(QgsProcessingParameterRasterDestination(self. OUTPUT HEAT
MAP, self.tr('"Pesynbrar: Temoa kapra')))

# OTpuMaHHS NapaMeTpiB

raise QgsProcessingException("Ilomunka: HeBipauii BXigHuii map.")

# --- KPOK 1: IIOIIEPEAHA ®UIBTPALLA ---

feedback.pushinfo('"Etan 1: ITinroToBka nanux..."



# ®opmysanns SQL-noxi6HOTO BUpasy as puibTparii

feedback.pushInfo(f"3acrocyBanns pinbTpy: {expression}")

# --- KPOK 2: KIIACTEPU3ALIA DBSCAN ---
feedback.pushInfo('Eran 2: Knactepuzanis DBSCAN...")



ocessingException("Tlomuka Bukonanast DBSCAN: map ve ctBopeHo.")

# HanamtyBaHHSI BUX1JHOTO MOTOKY (Sink)

# 3anuc pe3ynabTariB y Sink (TUIBKU KJIACTEPU30BaH1 TOUKH)

# Biakugaemo mym (ne CLUSTER 1D IS NULL)



feedback.pushInfo(f"Ycmimno knacrtepuzoBano {cluster count} mosmii.")
# --- KPOK 3: TEIIJIOBA KAPTA (KDE) ---

feedback.pushinfo('"Etamn 3: I'eHeparris TermioBoi kapTu...")



JOIATOK B Jlictuar SQL-ckpunTiB CTBOPEHHS 0a3M JaHUX

-- 1. IlepeBipka Ta CTBOPEHHS PO3IIUPEHHS

-- 2. CTBOpEHHS OCHOBHOI Ta0JIHIII (SIKILO ICHYE - BUJIATISIEMO CTapy)

uid police VARCHAR(50) UNIQUE, -- YHikanbHUI HOMEp POTOKOITY
event date TIMESTAMP NOT NULL, -- Tounwuii yac

severity VARCHAR(20) CHECK (severity IN ('fatal’, 'injury', 'damage')), --
[lepeBipka BBOY

weather VARCHAR(50), -- Ilorona
geom GEOMETRY (Point, 32635) -- Koopaunatu (Metpu, 30Ha 35N));

-- 3. CTBOpEeHHS MPOCTOPOBOTO 1HAEKCY (1151 mpruckopeHHst poboTtu B 100 pasi)

-- 4. CtBopenns BIPTYAJILHOI TABJIMLII (VIEW) 1715 CTaTHCTHKH



