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AHOTAIISA

[Tosicuroroua 3amucka ckiagaeTbest 3 81 CTOpiHOK, 24 pUCYHKIB, 2 JOAATKIB Ta
4 tabnuup, 20 niTepaTypHHUX JKEPEIL.

B numimomHii  poOOTI TpoaHaM30BaHO ICHYIOUl TIAPOMETEOPOJIOTIYHI CHCTEMH
POrHO3YBaHHs, 3aMpPONOHOBAHO MIAXiJ A0 MPOTHO3YBaHHS TIAPOJIOTIYHUX YAaCOBUX PAIIB.
Ha ix oCHOBI OTpWMaHO NPOTHO3 IMIJABUIIEHOTO PIBHS BOAM, SIKUM MOJKHA TOPIBHATH 31
3HaYEHHSIMHU ICTOPUYHHUX JaHUX MO JOCTIKyBaHMX BOAHUX 00’ekrax. Kpim mporo, 3a
JIOTIOMOTOI0  3allPOIIOHOBAHOTO METOJy MOXJIMBE OTPUMAHHS MPOTHO3Y ISl OKPEMHUX
HACEJICHUX MyHKTiB. Po3po0JeHmiI METOa MPOTHO3YBaHHS MOXE OyTH BUKOPHUCTAHUH st

pOOIT 13 3armobiraHHs HAaCIiKaM 3aTOIIEHb HACEJICHUX MyHKTIB y MEepioJ1 MOBEHI.

Kuro4oBi cjioBa: rigposoriunuii mporuo3, Python, Pandas, Seaborn.
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SUMMARY

The explanatory note consists of 81 pages, 24 figures, 2 attachments and
4 tables.

The thesis analyzed existing hydrometeorological forecasting systems, proposed an
approach to forecasting hydrological time series. Based on them, a forecast of the increased
water level was obtained, which can be compared with the values of historical data on rivers.
In addition, with the help of the proposed method, it is possible to obtain an individual
forecast for individual elements. The developed forecasting method can be used for works to

prevent the consequences of seasonal flooding of settlements during the flood period.

Keywords: hydrological forecast, Python, Pandas, Seaborn.
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INEPEJIIK CKOPOYEHbD I CIIEHIAJIBHUX TEPMIHIB

bJl — 6a3a gaHux;

OOII — 00’€eKTHO-OpPIEHTOBAHE MIPOTrPaMyBaHHS;
JIKM — j11Ba KHOIIKAa MMIIII;

[TKM — npaBa KHOTIKa MHUIIIL;

I — mTy4Huii 1HTEIEKT;

ML — Mashine Learning.
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BCTYII

AKTYaJbHICTb IUIIOMHOI po00TH

B ocTtanHi pokHM CHOCTepIrarOThCS MOMITHI 3MIHM BOJHOCTI PIK, SIKI MOB’SI3YIOThH 13
r100aJpHUM TOTEIUTIHHSAM Ta 30UIBIIEHHSM Ha HUX AHTPOIOT€HHOTO HaBaHTa)KEHHS.
Opnni€ero 3 HAWBaXIMBIIIUX TIAPOJOTIYHUX BEIUYMH € CTIK BOJHUX OO’€KTIB Ta MOTO
IPOCTOPOBO-4acoOBl KOJMBaHHs. BiH BH3HAauae po3BUTOK Ta (YyHKLIOHYBAHHS BOJHUX Ta
HaBKOJIOBOJHMX E€KOCHUCTEM, Ma€ ICTOTHE 3HAYEHHS NPHU BHUPILIEHHI BOJOTrOCHOIAPCHKUX
3aBlaHb (00’€MU BOJOCIOXKHBAHHS, CKUJAHHS CTiYHUX Boxa). HaykoBe Ta mnpakThuHe
3HAUEHHS MAa€ BHSBJICHHS 3aKOHOMIPHOCTEH IMPOCTOPOBO-YACOBUX KOJIMBAaHb PIYKOBUX
CTOKIB B Cy4YyaCHMX YyMOBax, aJanTallisi ICHYyIOUMX Ta pOo3poOKa HOBUX METOIUK iX

BU3HAYCHH:.

IIpeameTom aocaiTKeHHsI TUIUIOMHOI poOOTH € po3poOka 1H(OpMaIliiHOI CUCTEMHU

JUISL IPOTHO3YBAHHS CTaHY BOJHHUX 00’ €KTIB.
O06’€KTOM JAOCTIIKEHHS € TiIpOJIOTYHE MPOTHO3YBAHHS CTaHy BOJHUX 00’ €KTIB.

Meta po6oTH — po3poOKka Ta peamizallis CHCTeMH JJIs aHATI3y CTaHy BOAHUX 00’ €KTIB

Ta MOKJIMBOCTI HOTO MPOTHO3YBAHHS.

BianoBigHO A0 METH TOCTIKEHHS MMOCTABICHO HACTYITHI 3aBIAHHSI:
® IMPOBECTH OIS JHTEpaTypd MO JaHIA TeMaTulll, IpoaHaNi3yBaTH ICHYIOUI
T1IPOMETEOPOIOTTUHI CUCTEMH MPOTHO3YBAHHS,
® pO3poOUTH MaTeMaTH4YHe 3a0e3MeUeHHs Ta aNrOpUTM (PYHKIIOHYBAHHS CUCTEMU;
e peami3yBaTH IPOrPAMHY MOJENIb CHCTEMH aHaJli3y CTaHy BOJHUX 00’ €KTIB;
® TIPOBECTH 3 JOMOMOTOI0 JAHOTO JOAATKY JOCHIKCHHS TUHAMIKWA TIJTHATTS PiBHS

BOJIM Y BOJHOMY 00’ €KTi.
HaykoBa HOBH3HA O/Iep:KAHUX Pe3YJIbTATIB

HaykoBa 0GrpyHTOBaHICTh MOJIOKEHb Ta BUCHOBKIB MIATBEPKYETHCSI BUKOPUCTAHHIM
BEJIMKOTO O0’€My JaHMX CIIOCTEPEXKEHb Ha TIAPOJOTIYHUX MOCTax Ta BUKOPHCTAHHSIM
CydYaCHUX METOJIB aHaji3y TIAPOJOTIYHMX dYacoBHX psAiB. HaykoBa HOBH3HA poOOTH
MOJIATA€ Yy BUSABICHHI MPOCTOPOBO-YACOBUX 3aKOHOMIPHOCTEH KOJWBAaHb MiHIMAIBHUX

BUTpaT BoauM pik. OTpuMaHi pe3yabTaTd MalTh MPaKTUYHE 3aCTOCYBaHHS  JJIs
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palioHAIBHOTO BUKOPUCTAHHS MPUPOIHUX PECYPCIB 1 MOXKYTh OyTH HayKOBOIO OCHOBOIO TiJT
Yac BUKOHAHHA MPOEKTIB y raiy3i TAPOJIOTIYHUX Ta €KOJOTIYHUX AOCTIIKEHb. 3HAUCHHS
BUTPAT PIUKOBOTO CTOKY MOXYTh OYTH BUKOPHUCTaHI MPU MPOEKTYyBaHHI TiAPOTEXHIYHUX

CHOPY/ Ta MEJIIOPATUBHUX CUCTEM.
IIpakTU4He 3HAYEHHSI 0JIeP:KAHUX Pe3yJIbTaTiB

Po3pob6reno iHdopmaliiiHy cucteMy, sika MpeICcTaBise MOJEIb MAllTMHHOTO HAaBUYaAHHS
JUIS TOCJIJDKEHHST TiApoJoriyHuX sBuil. JlaHa cuctema 1 JOCHIKEHHsSI 3 i1 JIOIMOMOTOIO
JOMOXXYTh BCIM, XTO I[IKABUTHCS TIAPOJIOTIEI0 PIYKOBUX OaceilHiB, OTpUMATHU 3HAHHA IPO
0a30BHIl aHali3 BOJ0300pY MOCHIKYBaHOI PiuKOBOi cuctemMu. PesynbTaTé poOOTH i€l
MOJIeJl MOKHAa BHUKOPUCTAaTH TPU JOCHIDKEHHI Ta MPOTHO3YBaHHI 30H MIATOIUICHHS
npupiukoBux TeputTopid. [lana indopmamiiiHa cucrema Moxke OyTH BIPOBaIKEHA B

CTPYKTYPHI HIIPO31IH T1APOMETEOPOJIOTTYHUX TTOCTIB.
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PO3/ILJI I. AHAJII3 CTAHY IPOBJIEMHOI OBJIACTI

1.1. CnocTepe:keHHSI 32 CTAHOM BOJHHUX 00’€KTIB Ta iX BUKOPUCTAHHS CJIy:K00I0

NMPOTHO3iB

HakonuyeHi 3HaHHS TMpPO KPyrooodir 1 MEpPeTBOPEHHS BOAUM B MPUPOAl, IIPO
3aKOHOMIPHOCTI ICHYBaHHS PI4OK, 03€p, PO KUBJICHHS 1X aTMOC(EpHUMU OIagaMH B Pi3HUX
yMOBax KiiMaTy, peibedy, pPOCIMHHOTO Ta IPYHTOBOTO TMOKPHUBY CHUCTEMATHU3YBaJUCS Ta
0hOpMUIIUCS B HAYKY T1JIPOJIOTIIO.

[igponoris mokiIMKaHa BUPIIIYBaTH MPAKTUYHI 3aBJAHHS, 110 BUHHUKAIOTh y MPOIleci
PO3BUTKY Ta TOCHOAAPCHKOI IISNIBHOCTI CycmiibcTBa. OJNHIEI0 3 HAWBAKIMBIIIMX CTOPIH
NPAaKTUYHOTO 3aCTOCYBaHHS TiApoJiorii € riaposoriyHi mnporro3u. CrnoBo "mporaos"

"

CKJIAJIA€EThCSl 3 JIBOX TPEIbKHUX CHiB: "mpo", mo o3Hayae BHepen, 1 "THO3WUC", M0 O3HA4Yae
3HaHHA. OTXe, CJIOBO «IIPOTHO3» O3HAYA€ 3aBYACHE 3HAHHS, TOOTO MependaueHHs] PO3BUTKY
aBull yu moAii. Ilig rigposoriyHMMu TPOTHO3aMH PO3YMIIOTH HAyKOBO OOIPYHTOBAaHE
nepeadoayeHHs] TIAPOJIOTIYHUX SIBUI, TOOTO THUX NPHUPOIHUX SBHUIL, SKI BHHUKAIOTH 1
3MIHIOIOTh OJTHE OJTHOTO Ha PiuKax 1 03epax y MpoIleci CE30HHUX Ta 1HIIMX 3MiH MOTO/IH.

Bci rigposoriuni sBuia Ha pidykax TICHO MOB’sA3aH1 3 KIIMaTOM Ta yMOBAaMH MOTOJU Ha
TepuTopii ix OaceifHiB, XapakTepoMm penbedy, POCIMHHUM Ta TIPYHTOBUM IOKPUBOM
OaceliniB, ToOTO 3 reorpadiunum cepenouiieM. CKIATHICTh TiAPOJOTIYHUX SIBHIL 1
CKJIAQJHICTh IOCTAHOBKM TOYHUX 1 JETAIbHUX CIIOCTEPEKEHb Ha BEIMKHX IPOCTOpax
OPUPOAHUX BOJAO300pIB € TOJIOBHOIO MPUYMHOIO TOTO, IO TigPOJIOTiA SK Hayka
chopMyBanacs MOPIBHSIHO HEAABHO 1 HE Ma€ M€ MOXKJIMBOCTI PO3paxOBYBaTH 1Ii SBHILA 3
BeNMKOI TouHicTi0. Ile Hakmano cBi BIIOWTOK Ha Cy4acHE PO3YMIHHS TEPMiHY
«T1APOJIOTIYHUHM MPOTHO3» 1 HAa MPAKTHUYHI TPUHOMHU POTHO31B.

[igponoriyanii MpOTHO3 HE € TOYHUM Mepen0adyeHHSIM 1 MICTUTh y cO0l €IeMEHT
HAayKOBO OOrpYHTOBaHO1 WMOBIpHOCTI. THM He MEHII CydacHa TIAPOJIOTiSI MOXE BXKe 3
MEBHOIO 3aBYACHICTIO MependayvaTy, KO Oyje MOBiHb Ha plYyKax HACTYMHOI BECHH, KOJIU
B1I0YZIETHCS 3aMep3aHHs PIYOK 1 PSIJ] IHIITUX SBMUIIL.

JIOBrOCTPOKOBI TiJIPOJIOTIYHI MPOTHO3M HEOOXIAHI JJIs HaAWOLIBII pallioHaJILHOTO
peryJioBaHHs CTOKY PIUOK, y IJIaHyBaHHI BUPOOJIEHHS €JIEKTPOEHEPrii, A7l poOOTH BOIHOTO
TPaHCHOPTY, BoAONOCTadYaHHs. ['iIponoriyHi MPOrHo3u MaloTh BEJIMKE 3HAUYEHHS TAKOX JJIs

00poTHOM 3 HEOE3NMEYHUMH Ta HECIPUATINBUMU SIBUIIAMU HA PIUKaXx.
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Po3nuBK pi4OK BHKIMKAIOTH IMOBEHI, IMPH SKUX 3aTOIUIIOIOTHCA MicTa Ta cena,
pYHHYIOTBCSL OyAiBIi, TUHYTh MOCIBU. [IOBEHI CIIPUUYMHAIOTH BEIMUYE3HI 30UTKH, a 1HOII i
JIOACHKI KEPTBU. A TpaIUIIETbCA 1 TakK, 10 HE3BUYAiTHE MaJOBOJS HA pluKaxX MPHU3BOAMUTH
10 iX OOMIiJIeHHS, YCKJIAJHIOE€ CYIAHOIUIABCTBO, 3MEHINYE BUPOOJEHHS €JIEeKTpOeHeprii Ha
T1IPOENEKTPOCTAHIIISAX, a B palOHaX MITYYHOTO 3POIICHHS CIPUYMHSE 3aru0enpb MOCiBIB Ha
BEJIMKHX TUIOIIAX.

Ha TepuTopii Haioi kpaiHu Maike IOPIYHO B AKOMYCh 13 11 paillOHIB CIIOCTEPIraroThCS
BEJIMKI PO3JIMBU PIYOK, IO 3arpoXKyIOTh HApOJAHOMY TOCIOJApPCTBY, a TaKOX I1HIII
HECTIPUATIUBI Tifposoriuni sBumia. CBo€4acHE MOMEPEKEHHS HapPOJHOTOCIOAAPChKUX
Oprasizaiiii Mpo BUHUKHEHHS TAaKUX SBUI JO3BOJIAE€ BXXUTU BIAMOBIIHUX 3aXO[IB IOAO

3an00iragus a00 3MEHIIEHHS MOKIUBOI IIIKOIH.
1.2. OcHOBH PO3pPOOKM Ta OLIHKH IiIPOJIOTIYHMX MPOTrHO3iB

["iponoriyauii MpOrHo3 — 1€ 3aBYaCHUM PO3paXyHOK €JIEMEHTA, SIKHH Hac IIKaBUTh YU
SIBUIIA T1IPOJIOTIYHOTO PEKUMY B KOHKPETHUX (hi3uMKO-TeorpadiuyHuX yMOBax, siki OCHOBaH1
Ha 3HAHHI 3aKOHOMIPHOCTEM MTPHUPOIHUX MPOIECIB, IO BU3HAYAIOTH II€ SBUINE. TaKuM
YUHOM, KOXKE€H T1IPOJIOTIYHHM MPOTHO3 MOBUHEH MATH Ty YM 1HIIY 3aBYACHICTH, Mif SKOIO
PO3YMI€TBCA TPOMIXKOK 4acy BiJi MOMEHTY CKJaJaHHsS NPOTHO3Y N0 JaTH HacTaHHS abo
3aKIHUEHHS NependadyBaHOTO SBHIIA.

Bci 3miHHM, SiKiI CIIOCTEpIraroTh y CTaHl PIYOK Ta 1HIIMX BOJHUX 00’€KTIB, 0OYMOBIICHI
KJIIMAaTHYHUMU OCOOJIMBOCTSIMH JIaHOTO OaceliHy, a B KOXXHUU KOHKPETHHN MOMEHT €
HACJIIIKOM TIOTOYHUX YMOB TIOTOJIH, TOOTO METEOPOJIOTTYHHX (DAKTOPIB.

B ocHoBy kiacudikaliii iCHylOUHX T1APOJOTIUHUX MPOTHO31B MOXYTh OyTH TOKJIaJIeHI

TPHU OCHOBHI O3HAKH:

® 3aBYACHICTh IIPOTHO3IB;
e Tmiepen0OavyBaHi SBUINA TA EIEMEHTH PEKUMY;

® I[UJTLOBE MPU3HAYCHHS TPOTHO3IB.

KoxkHa 3 1IMX O3HAK [103BOJISIE PO3AUTUTH MPOTHO3M Ha KibKa BHUAIB. 3a O3HAKOIO
3aBYACHOCTI T1APOJIOTIYHI MPOTHO3U MOIUISIIOTHCS HAa JOBIOCTPOKOBI Ta KOPOTKOCTPOKOBI.

YMOBHO 70 KaTeropii KOPOTKOCTPOKOBHUX IPOTHO3IB MPUMHITO BIAHOCUTHU MPOTHO3H,
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3aBYACHICTh sIKMX He mepesuiye 10-15 nmi6. 3aBUacHICTh JOBrOCTPOKOBUX T1APOJOTIYHUX
IPOrHO31B 3a3BHuai Big 1-2 10 6-8 micsiiB.

3a IbOBUM MPU3HAYEHHSIM BCi T1IPOJIOTIYHI MPOTHO3U MOYKHA MOALTUTH HA MPOTHO3H
3arajJbHOT0 KOPHCTYBaHHS Ta CIEIialli30BaHi MPOTHO3W sl Pi3HUX Taixy3eld HapOTHOTO
rOCIIO/1apCTBa.

Jlo mepmioi Tpymm BiTHOCATHCS TPOTHO3HM, IO CTAHOBJIATH CIUJIBHUN iHTEpec,
HANPUKIIA] MPOTHO3M MAaKCHMAaJbHOTO DPIBHS MOBEHI Ta TMAaBOJKIB Ta MOMEPEIKEHHS PO
noBeHi. Creriani3oBaHi MPOTHO3U BPaxoOBYIOTh CHEM(PIKY BUMOT TaKUX Taily3eil HApOAHOTO
TOCIIOJIAPCTBA, K TiAPOCHEPreTHKA, BOJHUN TPAHCTIOPT.

B ocHOBI po3poOku METOMIB TIAPOJOTIYHUX MPOTHO3IB JIEKUTh (I3UUHUN aHami3
OPUPOJIHUX TPOLECIB, KIHI[EBA MeTa SKOTO TOJISra€ Yy BCTAaHOBJIEHHI KUIbKICHUX
B3a€MO3B’S3KiB, IO JI03BOJISIFOTH PO3PaX0OBYBATH 13 3a/1aHOI0 3aBYACHO I[IKaBUW HAC €JIEMEHT
PEKUMY CTOCOBHO KOHKPETHHX PIYKOBUX OaceitHiB a00 JIISTHOK PivoOK.

[lin METOAMKOI TPOTHO3Y PO3YMIIOTh PO3PaXyHKOBI MpuiiomMu abo T1moOyI0BH,
pO3p0o0JIeH1 Ha OCHOBI TOTO YW 1HIIOTO METOAY CTOCOBHO KOHKPETHUX BOJHHUX 00’ €KTIB 200
NesIKo1 TepuTopii. B sIKOCTI METOAMKHM MPOTHO3Y MOXKE OyTH aHANITUYHUNA PO3B’A30K 3ajadl,
TaKk 1 HaOJMXKEHI CMOoCOOM PO3paxyHKy 3 BUKOPHUCTAHHSM B 000X BHITQJKax €MITIPUYHO
BCTaHOBJICHUX MapaMeTpiB ad0 CyTO KOPEJAIiiiHI 3B’ I3KH.

3 TOYKU 30py MOKJIMBOCTEH MPOTHO3IB BCl (PaKkTOpH, 10 BHU3HAYAIOTh CTIK Ta IHIII
TAPOJIOTIYHI SIBUIIIA, MOXKHA MOIJIMTH Ha JB1 KaTeropii:

® BIJIOMI MOYATKOBI (D)aKTOpH, SIKI BU3HAYAIOTh YMOBH, IIO BXKE€ CKJIAJUCS HA MOMEHT

BUITYCKY IIPOTHO31B, 1 MOXKYTh OyTH 3 TUM YH IHIIUM CTYIE€HEM TOYHOCTI OI[IHEHI 3a

JTaHUMH T1APOMETEOPOJIOTIYHUX CTIOCTEPEIKEHB;

e HeBioMi ¢akTopu MalOyTHHOTO, BIUIMB SKMX Ha MPOTHO30BAHE SIBUIIE MTO3HAYAETHCS

HICJIsl BUITYCKY TPOTHO3Y.

Jlo ocTaHHIX HajieXaTh MEPEBAXXHO MalOyTHI METEOPOJIOTIUHI YMOBHU. 3a HAsBHOCTI
BIMOBIIHUX METEOPOJIOTIYHUX MPOTHO31B BOHU MOXYTh OyTH O€3MOCepelHbO BBEACHI B
rifponoriyHuii mporHo3. IIpoTe cydacHa MeTeopoJioTisi He Ma€ B CBOEMY PO3MOPSIKEHHI
MIOKH 1110 IOCUTh TOYHUX METO/IIB KIIBKICHOTO MPOTHO3Y MOTOAM. 3 M€l MPUYMHA MTPaKTUIHA

MOJKJIMBICTh TIAPOJIOTIYHMUX TMPOTHO31B BU3HAYAETHCS THUM, HACKUIBKM BEJIHMKA POJIb Y
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dbopmyBaHHI NepedadyyBaHUX SIBUI MAaHOyTHIX YMOB MOTOJM Ta HACKIJILKU BOHU MIHJIMBI Y
yaci. YUum Oibiia posib HUX YMOB, TUM HEOOX1AHIIII KUTbKICHI METEOPOJIOTTUHI TPOTHO3H.
[TpakTHYHO 3 METOIO T1APOJIOTIYHUX MPOTHO3IB 1 MONEPEKEHb y AaHHM 4ac MOXKYTb
OyTH BHUKOPHUCTaHI JIUIIE KOPOTKOCTPOKOBI IMPOTHO3M TEeMIIEpaTypH IOBITPsl Ta OIA/IiB.
TouHICTh OCTaHHIX HABITh MPU TYy>KE Maliid 3aBYaCHOCTI 3QJIMIIAETHCSA 1€ HU3BKOIO.
Y  npaktdmi  po3poOKH  METOJMKH  TIIPOJIOTIYHHUX  TMPOTHO3IB  IIUPOKO
BUKOPHUCTOBYIOTBCS TaKi MPUHAOMH, SIK rpadivyHa MooyaoBa 3aj1eKHOCTEH, KOPEIISIis, miaoip

eMmipuyHUX Hopmy, moOya0Ba pO3paxyHKOBUX rpadikiB 3a 3aJaHUMU (HOPMYITAMHU.
1.3. Kinacudgikaniss MeToiB NPOrHO3YBAHHA

3a xapaKkTepoM BUKOPUCTAHHS BUXITHUX JAaHUX METOIU KOPOTKOCTPOKOBHUX IMPOTHO3IB
Ha BOJAHMUX O0’€KTaX MOXYThb OyTH MOJUICHI Ha TIAPOMETPUYHI Ta TIAPOMETEOPOJIOTIYHI.

Po3rnsggaroTbcsa Takli METOIU:

e METOJ TSHACHIIII;
® METOJI BIATIOBITHUX PIBHIB;
e METO/ BIANOBIAHUX 00’ €MIB;

® METOJ 130XPOHii.

[lepmi Tpu Meromum O0a3yloThbCSd HAa BUKOPHUCTAHHI MarepialiB TiIPOMETPUYHUX
CIIOCTEPEKEHb y PYCIOBIN Mepexi OaceliHy, 10 XapaKTepU3yIOTh 3aKOHOMIPHICTb PYXY
MaBOJIKOBOT XBUJIl. MeTO1 130XpOH OCHOBAaHWN Ha BUKOPUCTAHHI HE TUIBKU T1IPOMETPUYHUX

JaHUX, @ 1 METEOPOJIOTIYHUX.
1.4. I'igpoJioriyHi yacosi psaau

[Ipu moOy10B1 MoieNiel BUKOPHUCTOBYIOTh JIBA THUIIU JIAHUX:

® JIaHi, SIKI XapaKTepU3ylOTh CYKYMHICTb PI3HUX 00’ €KTIB B IEBHUI MOMEHT 4acy;

® J1aHi, SIKI XapaKTepU3YIOTh OJIMH 00’ €KT 3a pAJ MOCTIAOBHUX MOMEHTIB Yacy.

Mogeni, siki moOynoBaHi MO JAaHUX MEPIIOTO THUIY, HA3MBAIOTHCS MPOCTOPOBUMHU
MonesiMi. Mojeni, moOyJoBaHl Ha OCHOBI JIPYTOro THUITY JAaHUX, Ha3UBAIOTHCS MOACISIMU
gacoBux psaAiB. YacoBuil psan (psii AMHAMIKH) — 1€ CYKYMHICTh 3HaY€Hb AKOTOCh MOKa3HUKA

3a JICKUJIbKa MOCJIIJIOBHUX MOMEHTIB YU MEPIOJIiB Yacy.
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Ile yacoBuil psaa N€AKMX MOKA3HUKIB Vi, V2, ..., Vi, € ! — NOPAJKOBUN HOMEp NEpiony,
AKUI aHaNmi3yeThcsl. B 3amexXHOCTI BiA TOro, 4 BiIOOpa)XaroTh €JIEMEHTH YacOBOTO PAIY
CTaH 00’€KTa 3a NEBHUI MPOMIXKOK Yacy 4M (PIKCYyIOTh HOTO B CTPOTO BCTAHOBJIEHI MOMEHTH,
PO3PI3HAIOTH IHTEPBAIbHI TAa MOMEHTHI PSI/IH.

[HTEepBanbHUI YaCOBHI S — 1€ CYKYIHICTh MOKA3HUKIB, KOXKHHM 3 SIKUX XapaKTepu3ye
PO3BUTOK 00’ €KTa JOCHIKEHHS 32 MIEBHUM MPOMIXKOK Yacy (pik, KBapTall, MICsIlb, 4ac J00H 1
T.J.).

MoMeHTHUI 4YacoBUM pA — 1€ CYKyHHICTh MOKA3HUKIB, SIKI XapaKTEpHU3YIOTh CTaH
00’€KTa Ha MEBHY /ATy, HAPUKJIAJ Ha MEpLIe YUCI0 KOKHOIO MIcCALs, Ha 1 CIUHA KO)KHOTO
POKY (SIKIIO MOTPIOHO MOPIBHATH MO POKAX, SIK 1[I0 3MIHIOETHCSA).

Koxxuwii piBeHb YHCIOBOTO Py (GOPMYETHCS i BIUIMBOM BEIMKOTO YHcia (HaKTopis,
K1 YMOBHO MO>KHA ITOJILJIUTH HA TPU IPyIH:

e (akropu, siki GOPMYIOTh TCHACHITIO PSIY;
e (akropu, siKi GOPMYIOTh LIUKJIYHI KOJUBAHHS PAJY;
® BUIAJKOBI (AKTOPH.

PeanwbH1 maHl 4acTo MICTATH TEHACHIIO, CE30HHI KOJMBAHHSA, IIMKIIYHI KOJMBAHHSA Ta
BUIAJKOBY KOMIIOHEHTY. MoJienb, B SIKiil YaCOBMIA Psii MPEACTABICHUN K CyMa TPEHIOBOI,
CE30HHOI, LMKIIYHOI Ta BHIMAJKOBOI KOMIIOHEHT, HA3MBAETHCS AJUTUBHOK MOJEILIIO
4aCOBOT'O PALLY.

Monenb, B sIKiif 4aCOBHH psAJ MPEICTaBICHUN K JOOYTOK MEPEUYUCICHUX KOMIIOHEHT,
HA3MBA€ETHCS MYJIBTUILUTIKATUBHOIO MOJAEILIIO YaCOBOTO PSY.

OcHOBHE 3aBIaHHS JOCHIPKEHHS YacOBOTO PpSAY — BHSABICHHS Ta TPUAAHHA
KUIBKICHOTO BHUpa3y KOXHIM 3 MepepaxOBaHMX BHILE KOMIIOHEHT, JUIsI TOro 1100
BUKOPHUCTATU OTPUMaHy 1H(GOpMALO AJIs IPOrHO3YBaHHS MallOyTHIX 3HAYE€Hb PSAY YU IpU
noOy/10Bi MOJieJIeil B3a€MO3B’SI3KY JIBOX UM OUJIbIIE YaCOBHUX PSIIB.

Meta aHani3zy 4acoBOro psily — ONMC XapaKTEPHUX OCOOIMBOCTEW psy, MPOTHO3
MalOyTHIX 3HAYEHb Ha OCHOBI MUHYJIHUX CIIOCTEPEXKEHb, YIPABIIHHS MPOLECOM, SKUN
IIOPOJIMB YaCOBUH DS,

[Ipu anasi31 4acoOBOro psAAY NPUHHATO BUIUISTH YOTUPH KOMIIOHEHTH:

® TpEHI;

L4 III/IKJ'Ii‘{Ha KOMIIOHCHTA,
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® (CC30HHA KOMIIOHCHTA,

® BHUIIAAKOBA BCJIMYMHA.

Tpenn — 1e KOMIOHEHTa, sIKa IUIABHO 3MIHIOETHCS, BOHA OINMCYE YKUCTUN BIUIMB
TpuBaIUX (PaKTopiB (PiCT HACEJIEHHS, 3MiHA CTPYKTYpH BIKOBOI I'PYyINH 1 T.J1.).
[{ukmiyHa KOMITOHEHTa — I sSKa OMKHCY€ TPUBAJi TEPIiOAM BiIHOCHOTO 3POCTaHHS Ta
crajay, CKIaJa€eThCsl 3 IIUKIIB, K1 3MIHIOIOTHCS 110 aMIUTITY 11 Ta TPUBAJIOCTI.
Ce30HHA KOMIIOHEHTA CKIIAAA€THCS 3 TIOCIITOBHOCTI IUKIIIB, SIKi Maiyke TOBTOPIOIOTHCS
(00’eM mIpoaX Mepes HOBUM POKOM, 00’ €M IIEPEBO30K MACAKUPIB MICBKUM TPAHCIIOPTOM ).
YacoBuii psi mpeacTanisie cO000 CyMy IIMX KOMIIOHEHT B aAUTUBHIN MOAEII:
Xi=Ti+ Ci+ S+ L. (1.1)
a060 100yTOK B MYJIbTUIUTIKATUBHIA MOJIEIII:
Xi=Ti Ci- Si- L (1.2)
Jlnst TIOpIBHSIHHA JAaHWX PI3HUX YacOBUX PSAIB  OOYHCITIOIOTh 1HACKCH [, sIKi
MPEACTaBIIAIOTh COOO0 BUPAKEHI B MPOIICHTaX BEJIMYMHU BJIIKIB. B 3arajpHOMYy BUMAAKy

BUpPAa3 ISl OOYMCIICHHS 1HIEKCIB Ma€ BU/I;

X
Itzy;-lOO %, (1.3)
ne Xo — KoHcTaHTa 6a3oBoro nepiony, Xi, Xz, ..., X, — 4ICHU 4aCOBOTO PSIY.

Takum 4MHOM, 1HIEKCH TPEACTABISIOTH COOOI0 3HAYEHHS, SIKI BUPAKEHI B MPOIIEHTAX
0a30BOr0 Mepiozy.

PosrnsHeMo aBTOKOpessIito piBHIB 4acoBoro psiay. OCHOBHE 3aBHaHHS aHAJI3y
YacOBOTO DSy — BUSIBJICHHS Ta HaJaHHS KUIBKICHOTO BHpa3y TPEHIOBIHM, LUKIIYHIN Ta
BUMAJKOBIM KOMIIOHEHTaM 3 THM, II[00 BHUKOPUCTATH OTpUMaHy iHGOpMaLI0 IS
NPOrHO3YBaHHS MalOyTHIX 3HAUYEHb PsIy UM MPH MOOYI0B1 MOJIENEH B3a€MO3B’SI3KY JABOX YU
OinbIIe yacoBUX psiAiB. [Ipu HAsIBHOCTI B 4aCOBOMY Psijii TEHACHINT Ta IIUKIIYHUX KOJIUBaHb
3HAYEHHS KO’KHOTO HACTYITHOTO PiBHS 3aJI€KUTh BiJl OMEPEAHIX.

Kopensiiiny 3aneXHICTh MK IOCTIIOBHUMHU PIBHAMH YacOBOTO psIy HA3HUBAIOTh
aBTOKOpessiiero piBHIB psiay. KinbkicHO i MOXXHA BUMIPATH 3 JOIMOMOIOK JIIHIHHOTO
KoedilieHTa KOpesiii MK piBHIMH BUXIHOTO YaCOBOTO Ay Ta PIBHSAMU LIOTO PAIY, SIK1
OyIlyTh 3CyHYTI Ha JEKUIbKa KPOKIB 10 4yacy. BubipkoBe 3HaueHHs KoedilieHTa Kopemsiii

BUIIAAKOBUX BCIMYUH X ta Y BU3HAYAETHCS 3a q)OpMy.TIOIOI
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S
JZ (-5 T

[TocnimoBHICTh KOE(DIIIEHTIB aBTOKOPEJISAIT PiBHIB MEPIIOTo, APYroro i T. 1. MOPSIIKIB

(1.4)

HA3MBAIOTh ABTOKOPEIALINHOIO (YHKIIIEI0 YyacoBoro psnay. I'padik 3amexHocTi ii 3HaYEHBb
BiJl BEJIMYMHU MOPSAKY Koe(illieHTa aBTOKOPEIIALIl Ha3UBaIOTh KOPEIOrPaMoIo.

AHaJti3 aBTOKOpesiiiHOo1 PyHKIIT Ta rpadiky A03BOJISE BUSBUTH CTPYKTYPY 4aCOBOTO
psiay. SIKiio HalOUIbII BUCOKUM BHUSIBUBCS KOE(ILIEHT aBTOKOPEISAILIT MEPIIOro MOpPsAaKy, TO
JTOCTIDKYBAaHUW PSAJl MICTUTh TUIBKM TEHACHIIIO. SIKIO HAWOLIbII BUCOKUM BUSIBUBCS
KOoeQIIEHT aBTOKOpeNAlli TopsAaKy k, TO psa MICTUTh UIUKIIYHI KOJUBAHHSI 3

nepionyYHICTIO B kK MOMEHTIB Hacy.
BUCHOBKHU /10 PO3A1J1Y 1

B mepmiomy po3mim mpoaHanmizoBaHO MpeaMETHY 00JacTh, 3aCO0M Ta TEXHOJOTII
MPOEKTyBaHHS 1H(MOpPMALIMHOT CHUCTEMU CTaHy BOJHMX OO’€KTIB. 3 JIOMIOMOIOK IIi€l
1H(OpMaIIiTHOT cHCTeMH MOKHA OyJie€ MOJICJIIOBATU CTaH BOJAHUX OO€EKTIB Ta MPOTHO3YBATH

piBEHb MIAHATTA MABOJAKOBHX BOJ BHACIIAOK HECIIPUATIUBUX METEOPOJIOTTUHUX (PAKTOPIB.
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PO3/1J1 II. IHOOPMAIIVMHE 3ABE3ITIEYEHHSA
2.1. IIpoBeneHHs aHAI3y JaHUX 3 JO0NOMOroK 0idiorexu Pandas

Pandas — me 6i6mioreka 3 BigkputuMm kKoigom Ha Python. Bona nHamae roToBi 10
BUKOPUCTAaHHS CTPYKTYPH JIaHMX Ta IHCTPYMEHTH aHaiizy naHux. Momayne Pandas mparroe
noBepx 610morekr NumPy 1 mmpoko BUKOPUCTOBYETHCS [t 0OPOOKH Ta aHAII3Y JaHUX.

NumPy — 1ie cTpykTypa maHuX, sKa MATPUMYE OaraTOBUMIPHI MAaCHBH Ta IIUPOKHM
CHEKTp MaTeMaTHYHUX onepallii i3 macuBaMu. Pandas mae intepdeiic Buioro piBus. Bin
TaKoXK 3a0e3medye ONTHMI30BaHE Y3TO/DKEHHS TaOJIWMYHMX JaHUX Ta  TOTYXHY
(GyHKI10HATIBHICTh YaCOBUX PSIIB.

DataFrame — mne knrodoBa cTpyktypa nmanux y Pandas. Bona mo3Bonsie 30epiratu Ta
0o0poOsiTi TabNMYHI JaHi K ABOBUMIPHY CTPYKTypy AaHux. Pandas nanmae Garatuii HabOip
bynkmii s DataFrame. Hanpukian, BupiBHIOBaHHS JaHUX, CTAaTUCTUKA JaHUX,
00’ eqHaHHs JaHUX TOIIO.

Jlnst ycTaHOBKM 010J110T€KH 1)1 aHATI3y JaHUX TOTPIOHO BBECTH:

pip install pandas

[Io6 immoptyBat Pandas tTa NumPy B ckpunt Python, motpiOHO moGaBuTh Takuit
dbparmMeHT koay:

import numpy as np

import pandas as pd

Mopynbs Pandas Hagae Tpu CTpYKTypH JIaHUX.

Series — 1€ OTHOBHMIPHHI MAacCWUB TIOCTIHHOTO PO3MIpPY, MOMIOHUI O CTPYKTYpPH, IO
Ma€e OJHOPIJIHI JTaHi.

DataFrames —  1me paBomipHa TaOnu4yHa CTPYyKTypa 31 3MIHHHM pPO3MIpOM Ta
HEOHOPIHO TUITI30BAaHUMU CTOBIIISIMH.

Panel — 11e TpuBUMIpHUI MacHUB 31 3MIHHUM PO3MIPOM.

DataFrame — 1e HaiiBaxiMBIIIa CTPYKTypa JaHHX, SKa IIUPOKO BHKOPUCTOBYETHCS, a
TaKOXX CTaHJAApPTHUH croci0 30epiranHs faHux. BoHa MiCTUTh JaH1, K1 BUPIBHSHI MO PSAIKAX
1 CTOBIIISIX, sIK Y Ta0auil SQL a6o 6a3i naHux enekTpoHHoi Tabymill. MoxHa 30epiratu aHi
B DataFrame a6o imnoprtyBatu daitnu CSV, ¢aiinu Excel, Tabmumi SQL 1 1.71.

Jlnst ctBopeHHs 00’ ekta DataFrame BUKOPUCTOBYIOTh (PparMeHT KOIY:

pandas.DataFrame(data, index, columns, dtype, copy)
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data — cTtBopuTu 00’ekT DataFrame 13 BximHux nanux. Ile moxke OyTtu crnucok, dict,
series, Numpy arrays abo Oyap-sikmii iHmmi DataFrame; index — mae miTku psakis; columns
— BUKOPHUCTOBYIOTBHCSI JIIi CTBOPEHHS MIAMUCIB CTOBMIB; dtype — BUKOPHCTOBYETHCS IS
BKa3IBKM THUIy JAHUX KOXKHOIO CTOBHI, HEOOOB’SI3KOBHM mapameTrp; copy —
BUKOPHCTOBYETHCS Ul KOMIIOBaHHs naHux. € O6arato crnoco6iB ayisa ctBopenHs: DataFrame.
Mo>xHa CTBOPUTH O0’€KT 13 CIIOBHHMKIB a0O CIHUCKY CJIOBHUKIB. MO)XHa TaKoXX CTBOPUTH
roro 31 criucky koptexiB, CSV, Excel ¢aitniB 1 T.1.
Hwxue npuBeneno xon ansa ctBopeHHst DataFrame 31 criucky ClIOBHUKIB:
import pandas as pd
import numpy as np
df = pd.DataFrame({"State": ['Andhra Pradesh', 'Maharashtra', 'Karnataka', 'Kerala', 'Tamil
Nadu'],
"Capital": ['Hyderabad', 'Mumbai', 'Bengaluru',' Trivandrum', 'Chennai'],
"Literacy %": [89, 77, 82, 97,85],
"Avg High Temp(c)": [33, 30, 29, 31,32 ]
})
print(df)
OTpuMaeMo Takuil pe3ysabTar:
State capital Literacy ¥ Avg High Temp(c)
¢ Andhra FPradesh Hyderabad Ba 33
Maharashtra Mumbai 77 30
Farnacaka Bangaluru B2

Herala Trivandrum aT
Tamil Nadu Chennai BS 32

= L B

[lepmmii KpOK — CTBOPUTH CIOBHUK. JIpyruil KpOK — EpEAaTH B CIOBHUK SIK apTyMEHT
meton DataFrame(). Octanniii kpok — orpumatu DataFrame. DataFrame mosxHa mopiBHATH 3
TaONIUIEI0, 110 Ma€ HEOAHOPIJAHE 3HAa4YeHHs. Takok MoOKHA 3MIHUTH po3Mmip. Jlani Oynu
HaJlaHl Yy BUTJISIII KapTH, 1 KUl KapTH po3rsiaatoTbes B Pandas sk MiTku psiakiB. [Haekc
Bi10Opa)kaeThCsl B KpailHbOMY JIIBOMY CTOBMII 1 Ma€ TO3HAUKH PSAKIB. 3arojIOBOK CTOBIIIS
Ta JaHl BIAOOpaXarOThCA y BHUTIAAl Tabmuil. Takok MOXKHa CTBOPIOBAaTH 1HIEKCOBaHI
DataFrames. Ile mMoxHa 3poOWTH, HaNAIITYyBaBIIM MapameTp 1HJIEKCY. MoOKHAa CTBOPUTH
DataFrame, imnopryBasiu daitn CSV. CSV — e TexkcroBuit (aitn 3 oqHIM 3amrCOM JTaHUX
y KOXXHOMY PAJIKY. 3HAUEHHS 3alUCy PO3AUISIIOTHCA MIX co00I0 cCUMBOJOM KomH. Pandas

Hagae meron read csv() mns uutands CSV-¢aitny. Hanpukian, MoxHa cTBOpUTH (aili 3
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IMeHeM cities.csv, kil MICTUTh 1H(dopMaliro npo micta. daitn CSV 36epiraeTbcsi B TOMY X
KaTtajo3i, o 1 cueHapii Python. Le# ¢aiin MoxkHa iMIIOPTYBATH 32 TOMOMOTOI0 TAKOTO KOAY:
data = pd.read csv('cities.csv')

print(data)
2.2. CranaapTHi MeTPUKH B 3a7a4ax Kiaacudikamii

VY 3aBmaHHSAX MAIIMHHOTO HAaBYaHHS 3 METOKO OIIHKHM SKOCTI MOJENEH 1 MOpiBHSHHS
PI3HUX aJTOPUTMIB BUKOPHUCTOBYIOTHCS METPHUKH, a X BHUOIp 1 aHaI3 — IOJIOBHE 3aBJaHHS.
Jis 1poro mOTPIOHO PO3TASHYTH JesiKl KpUTepii sKOCTI y 3ajmavyax Kiacudikarii,
00TOBOPUTH, IO € BAXKJIUBUM IIPHU BUOOP1 METPUKH.

Accuracy, precision, recall

[Tepen mepexomoM 10 caMUX METPHK HEOOXITHO BBECTH BAXJIMBY KOHIICTIIIO ISt
OMHUCYy IIMX METPUK Yy TepMiHax Kiacudikarii moMusiok — confusion matrix (MaTpuils
nomMuiiok). [IpunmyctumMo, 10 € ABa KjJacu Ta aJrOPUTM, L0 Mependadae MpUHAJIEKHICTh

KO>KHOT'0 00’€KTa J10 OJHOTO 3 KJIaciB, TOJII MaTPHILI MMOMUJIOK Kiacuikailii Oyie BUTIISIIATH

TaK:
y=1 y=0
}A,zl True Positive (TP) False Positive (FP)
}A,:O False Negative (FN) | True Negative (TN)
Tyt §/ — IIe BIJTNOBiIb AJITOPUTMY Ha O0’€KTI, y — MiTKa KJacy Ha LIbOMY 00’ €KTI.

Takum unHOM, moxuOku kiacudikaiii 6yBaroTh ABoX BuiB: False Negative (FN) ta False

Positive (FP).
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Confusion matrix

900
800
27 700

Non-churned

600

500

True label

300
Churned 119 40
200

100

Predicted label

Accuracy

Puc. 2.1.

[HTYiTHBHO 3pO3yMNIOI0, OYEBUIHOIO METPUKOIO € accuracy — 4YacTKa MPaBHIIBHUX
BIJIMOBIICH arOPUTMY:

TP +TN
TP+TN+FP+FN

accuracy = (2.1)

[{s MeTpuka HE BHKOPUCTOBYETHCS Y 3aBIaHHSAX 3 HEpIBHUMH Kiacamu. Hexaii
noTpiOHO oOIiHUTH poboTy cnam-puibTpa nomtd. € 100 He-cmam muctiB, 90 3 AKUX
knacudikarop Bu3HauuB npaBuwibHO (True Negative = 90, False Positive = 10), 1 10 cmam-
JUCTIB, 5 3 sSKMX Kiacudikatop Takox BuzHauuB mnpaBuibHO (True Positive = 5, False
Negative = 5). Toai accuracy:

0+100 B
0+100+0+10

accuracy = 90,9

[Ipu oMy MoOJIeNb aOCOJIIOTHO HE Ma€ HIAKOI mependadaibHOi CHIIOH, OCKIIBKH
CHoYaTKy MOTpiOHO OyJsi0 BU3HAUaTH JUCTH 31 cmamoM. [logonaTtu e nonomoxe mnepexif i3
3araJIbHOI JIJIs BCIX KJIaClB METPHUKHU JI0 OKPEMHUX MTOKA3HUKIB SIKOCTI KJIACIB.

Precision, recall Ta F-mipa

JlJis OLIHKHU SIKOCTI pOOOTH aNTOPUTMY KOKHOMY 3 KJIAaciB OKPEMO BBOJISTH METPHUKHU
precision (To4HicTh) 1 recall (moBHOTA).

TP

precision = ——.
TP +FP

(2.2)
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TP
recall = —— (2.3)

TP +FN
Precision MoO)XHa IHTEpHIpETYBaTH SK YacTKy 00’ €KTiB, Ha3BaHMX KJIacH(pPIKaTOpOM
NO3UTHUBHUMH 1 MPHU [[bOMY BOHU € MIMCHO MO3UTHUBHUMH, a recall mokasye, siKy 4acTKy

00’€KTIB MO3UTUBHOTO KJIACY 3 YCIX 00’ €KTIB MO3UTUBHOTO KJIACy 3HAMIIIOB aJITOPUTM.

relevant elements
r 1

false negatives true negatives

® ® 0

selected elements

Precision = Racall =

Puc. 2.2.

Came BBeJIeHHS precision He J03BOJIsiE 3aMUCYBATH BC1 00’ €KTH B OJIMH KJIac, TOMY IO B
IbOMY BHITQJIKy MH OTpuUMaeMo 3pocTaHHs piBHs False Positive. Recall nemonctpye
3ATHICTh AITOPUTMY BUSIBJISITH II€¥ Kjac B3araii, a precision — 3/[aTHICTh BIIPI3HATH e
KJIaC BiJI IHIITUX KJIACIB.

[Tomunku knacudikaiii OyBaroTh ABoxX BujiB: False Positive Tta False Negative. V
CTATUCTHUIll TEPIIUNA BUJ MOMUJIOK HA3WBAIOTh MOMIUIKOIO TEPIIOTO POy, a APYruid —
TIOMHJIKOIO JPYToro pody. Y 3aaadi 3 BUSHAYCHHS BiITOKY aOOHEHTIB MOMIJIKOK MEPIIOTro
poxy Oyje MpUIHATTS JOSUTLHOTO a0OHEHTA 3a TOTO, IO BHIA/Ie, TOMY IO HYJIHOBA TIMOTE3a
MOJISITA€E B TOMY, L0 HIXTO 3 aOOHEHTIB HE e, a II0 TIMOTe3y BIAKUAAIOTH. BinmoBigHO
TIOMHJIKOIO IPYTOro poy Oyje MPOIyCK MPOITyCKatouoro aboHeHTa 1 TOMUIIKOBE TIPUAHATTS
HYJIOBO{ TIOTE3H.

Precision 1 recall He 3anexuTh, Ha BIIMIHY accuracy, BiJi CITIBBIIHOIIICHHS KJIACIB 1 TOMY

3aCTOCOBYIOTBCS 32 YMOB He30ajgaHCOBaHMX BHOIpok. YacTo y peanbHI MpPaKTHIl CTOITh
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3aBJaHHSA 3HAWTH ONTHUMAJIbHUK OalaHC MDK IMMH JBOMa MeTpukamu. Kiacuaaum
MIPUKJIAZOM € 3aB/IaHHS BU3HAYCHHS BITOKY KIIE€HTIB.

OueBHaHO, IO MU MO’KHA 3HAXOJUTH BCIX KIIIEHTIB, IO BHUXOMATh, 1 TUIBKH 1X. AJe,
BU3HAUYMBIIM CTPATEril0 Ta pecypc Ig yTpPUMaHHS KIIEHTIB, MOXKHA Miai0OpaTtu MoTpiOHI
noporu mo precision Ta recall. Hampuknaa, mMoxkHa 30cepeauTHcs Ha yTPUMaHHI JIMILE
BUCOKONPUOYTKOBUX KIIEHTIB a00 THX, XTO BUHJE 3 OLIBIIO HMOBIPHICTIO, OCKIIBKH €
0OMeXeHHS B pecypcax KOJUI-IIEHTPY .

3a3Buyail mpu onTuMizaiii TrineprnapaMeTpiB aJrOpUTMY BUKOPHUCTOBYETHCS OHA
METpHKa, TMOJIMIIEHHS SKOI MOXHa MO0AYuTH Ha TeCTOBIM BuUOIpli. ICHYe KiIbKa pi3HUX
croco0iB  00’eqHaTh  precision 1 recall B arperoBanmii KpuTepiii skocTi. F-mipa
(Fp) — cepenne rapmowniiine precision i recall:

precision - recall

E, =(1+B2)-( (2.3)

szrecision) +recall

AUC-ROC u AUC-PR

[Tpu xouBepTawii AiMiCHOI BIAMOBII alrOpUTMy B OlHApHY MITKy HOTpiOHO BHOpaTH
AKuich nopir, npu sskomy 0 crae 1. IlpupoaniM 1 Oau3bkuM € nopor, piHuM 0.5, aje BiH He
3aBXK/IA € ONITUMAJIBHAM.

OnuuM 13 Croco0iB OLIHUTH MOJIENb B IIUVIOMY, HE TMPHUBS3YIOUHCH 0 KOHKPETHOTO
nopory, € AUC-ROC (un ROC AUC) — mnoma (Area Under Curve) miji KpuBOO MOXHUOOK
(Receiver Operating Characteristic curve). Jlana kpuBa npencraiisie coooro ninito Bix (0,0)

1o (1,1) B koopaunatax True Positive Rate (TPR) ta False Positive Rate (FPR):

TP
R=—— . (2.4)
TP + FN
FP
FPR=—— . (2.5)
FP+TN

TPR ne nmoBHoTta, a FPR moka3sye, siky yacTuHy 3 00’€KTiB negative Kjacy ajJropuTM
nepeadoayuB HeBipHO. B ijeanpbHOMY BUNAIKY, KOJU Kiacu(pikaTop HE POOUTH MOMHIIOK
(FPR =0, TPR = 1), oTpMy10Th IUIONLY 17 KPUBOIO, KA pPiBHA OJUHMIII; B 1HIIOMY BHUMAJIKY,
KOJIM Kiacu]ikaTop BHMAAKOBO Buaae iimoipHOCTI kiaciB, AUC-ROC Oyne npsmyBaTH K

0.5, Tak six kiacudikaTop Oyje BUIaBaTH OJHAKOBY KinbKicTh TP Ta FP.
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Kosxna Touka Ha rpadiky BiamoBijzae BUOOpy Jeskoro mopory. Ilnoma mig KpuBow B
JAaHOMY BHUIIAJKy TOKa3ye SIKICTh airoputmy (Oinblne — Kparie), KpIM LbOTO, Ba)XJIHUBOIO
XapaKTePUCTHKOIO SIBISIETbCS KPYTHU3HA caMoi KpuBOi — MOTpiOHO MakcumyBatu TPR,
MiHIMI3ytoun FPR, a 3HauuTh, KpHBa B 171€aIbHOMY BUNAJKYy IOBUHHA NPSMYBATH O TOYKU

(0,1).

ROC curve

—

True Positive Rate

0.0
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

Puc. 2.3.

Kpurepiit AUC-ROC criiikuii 10 He30ajJaHCOBaHMX KJIaciB 1 MoOxke OyTH
IHTEPIIPETOBAHUN SIK WMOBIPHICTH TOTO, IO BHUIIAJKOBO OOpaHMii positive 00’exkT Oyne
npopaHkoBaHui KiacudikatopoMm Buile (Oyae Martu OUIbII BHCOKY HMOBIPHICTh OYTH
positive), HI’XK BUIIAJIKOBO 0OpaHuil negative 00’ €KT.

Precision Ta recall TakoXX BUKOPHCTOBYIOTH JJsi MOOYJOBM KPHBOi 1, @aHAJIOTIUYHO
AUC-ROC, 3Hax0A5Th IJIOIILY 11T HEHO.

Logistic Loss

JlorictuyHa GyHKIIiS BTpAT BUBHAYAETHCS SIK:
1 1
logloss = = Z:yi : log?i +(1-y,)- log(l - ?i )) (2.6)
i=1

Tyt Qi — II€ BIAMOBIAL QJITOPUTMY Ha 1-OM OO€KTI, y — ICTHHHA MITKa Kjacy Ha i-OM

00’exti, 1 — po3mip BuOipku. MokHa mpencTaBUTH MiHIMI3alio logloss sk 3aBaaHHs
MaKcHUMI3aIlii accuracy nuisxom mrpady 3a HeBipHI nependadeHns. OqHaK CITiT 3ayBaKUTH,

1o logloss nocuThk cuibHO MITpadye 3a BIEBHEHICTh KiacudikaTopa B HEBIPHINA BiMOBI/II.
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2.3. I'padivyHe npeacTaB/IeHHs JaHUX 3 J0NMOMOIO010 0i0ioTexkn Seaborn

Bizyanizarnis manux — 1e METOJ, KUK JT03BOJISE€ TIEPETBOPIOBATH JIaH1 Ha JiarpaMH Ta
rpadiku, Akl HecyThb LIHHY iHQoOpMarlito. JliarpaMu 3MEHIIYIOTH CKJIQJHICTh JaHUX Ta
pOOJIATH 1X OLIBII 3pO3yMUIMMH. ICHy€e 6arato IHCTPYMEHTIB JJI Bizyasizallli JaHUX, TAaKUX
sk Tableau, Power BI, ChartBlocks Ta iammx. Ognak gy podotu 3 nannmu Python miniiine
HaMKparlie.

B naniii po6oTi BUKOPUCTOBYEThCS 0101i0TeKa Seaborn. BoHa Taka  moTyXxHa, SIK 1
Matplotlib, ane nanae Benuky abcTpakiiito Ais CrpouleHHs TpadikiB Ta TPUBHOCUTH JESKI
yHiKaiabH1 QyHKIII. Seaborn — me 0i07i0TeKa sl CTBOPEHHsSI CTaTUCTUYHHUX TpadikiB Ha
Python. Bona rpyntyethcst Ha Matplotlib 1 TicHO B3aemozie 31 ctpykTypamu nanux Pandas.

Apxitektypa Seaborn 103BOJsIE IIBHIKO BHUBYMTH Ta 3pO3YMITH JaHi. Seaborn
3aXOIUTIOE MMl ¢peliMu JaHuX a00 MacHBH, B SIKMX MICTSATHCS BCl JaHl, 1 BUKOHYE BCl
BHYTpIIIHI (PYHKIIII, MOTPIOHI A MamiHry Ta CTATUCTUYHOI arperaiii Jisl MepeTBOPEHHS
naHux Ha iHGopmaTtuBHI Tpadiku. s yctaHoBku i€l 6i0mioreku B Python moTpiGHO
BBecTu: pip install seaborn.

[Tepen moOymoBotO TpadikiB MOTPIOHO IMIOPTYBATH TaKi O10J110TEKH:
import numpy as np
import pandas as pd
import matplotlib
import seaborn as sns

[lepen Tum sk OynyBatu rpadiku, OyayTe mnoTpiOHI mgani. Seaborn mpairoe
oesnocepenubo 3 00’ ektamu Dataframe 3 Pandas. I{s rpadiuna 6161i0TeKa mocradyaerbes 3
nesikuMy BOyTOBaHUMH HabOpaMu JaHMX, SIKI MOXKHA BUKOPHUCTOBYBATH MPSIMO 3 KOAY, Ta HE
3aBaHTaXyBaTh (haitmu Bpy4uHy. PosrimsiHemMo mporec moOyaoBu rpadikiB B qaHii 6i0mioTerri
Ha Ha0OP1 JaHUX MPO PEHCH JITaKIB.
flights data = sns.load dataset("flights")
flights data.head()



0 1949
1 1949
2 1949
3 1949
4 1949

Lle BimOyBaerhcs mpu BUKIMKY (yHKuii load dataset, B siky moTpiOHO BBecTH 1M’
JAHUX 1 OTPUMYIOTh NTOTpiOHUM Dataframe. Po3rnsinemo, sk B 6i6mioteii Seaborn OyayeThes

niarpama po3scitoBanHs Scatter Plot. /liarpama po3citoBaHHs — 1€ Jllarpama, sika BizoOpaxae

year

26

month
Jan
Feb
Mar
Apr

May

TOYKHU Ha OCHOBI JIBOX BUMIPIOBaHb HAOOPY JaHUX.

sns.scatterplot(data=flights data, x="year", y="passengers")
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Puc. 2.4. I'padik aiarpamu po3ciroBaHHS.

®ynkuig scatterplot mpuiimae B cebe Hablp NaHUX, SKUM MOTPIOHO Bi3yalizyBaTH, Ta

CTOBIIIII, 5IK1 OyIyTh BUCTYIIATH SIK OC1 X Ta y.

Posrnssnemo ctBopeHHst JiHiMHOTO Tpadika Line Plot 3a momomororw 010ai0TEKH
Seaborn. Ileit rpadik Oymye miHitO, AKUI TPEACTABISIE COO0I0 OE3MepEePBHI YU KaTeropialibHi

naHi. J[7g 110ro BUKOPUCTOBYIOTh (pyHKIIIIO lineplot 3 HaGopoM aHMX Ta CTOBMISIMH, IO

NPEICTaBISIIOTh OC1 X Ta Y.

sns.lineplot(data=flights_data, x

_n

year", y

year

1956

passengers")

158

1960
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Puc. 2.5. CtBopeHnHs niHIHOTO Tpadiky.

JInst cTBOpEHHS CTOBIMYMKOBOI JllarpaMu B Seaborn BUKOPUCTOBYIOTh (PyHKIIIIO barplot:

sns.barplot(data=flights data, x="year", y="passengers")

1949 1950

Puc. 2.6. [lobyg0Ba CTOBMUMKOBOI JiarpaMH.

bibmioreka Seaborn 6a3yerbcs nHa Matplotlib, posmuproroun 1 ¢GyHKIIOHATBHI
MOXKIMBOCTI. J[71s1 moOy1I0BH KIJIBKOX JiilarpaM OJHOYACHO MOTPIOHO BUKOPHUCTATH (DYHKIIIIO
subplot 3 616;moTexn Matplotlib:
diamonds_data = sns.load dataset('diamonds')
plt.subplot(1, 2, 1)

sns.countplot(x='carat', data=diamonds_data)
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plt.subplot(1, 2, 2)

sns.countplot(x='depth', data=diamonds_data)

3a nmomomororo ¢yHKuii subplot Ha omHOMy rpadiky MokHA MOOYyIyBaTH KilbKa

niarpam. OyHKIS Ma€ TPU MapaMeTpH: MEPIINH — KUIbKICTh PAJIKIB, IPYTHMM — KIJIBKICTh
CTOBIIILIIB, TPETIH — KIJBKICTh Alarpam.

2500

2000

1500

1500

ount

ount

1000

1000

Puc. 2.7. TlobynoBa 1Box rpadikiB B OJHOMY BIKHI.

B 06i6mioreri Seaborn Bci 11 (yHkimii Oymyrorbest Ha cTpyktypi Dataframe. 3a
Bi3yasizarlito f1anux 3 010i0Tekn Pandas BianoBigae HacTynmHUN (PparMeHT KOAY:
drinks df=pd.read csv("data/drinks.csv")

sns.barplot(x="country", y="beer servings", data=drinks_df)
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beer_servings

:

country

Puc. 2.8. Bizyamnizais ganux 6i6mioreku Pandas.
BUCHOBKMU 10 PO3 ALY 2

Y npyromy po3nauii MPUBEICHO BIIOMOCTI MPO ICHYIOYl CHCTEMH MPOTHO3YBaHHS Ta
BU3HAYECHHS MapaMeTpiB CTaHy BOJHUX 00’€kTiB. ONMUCAHO MPUHLMIHK iX QYHKIIOHYBaHHS,
iH(opmariiiiHa cucTema 1o aHaji3y Ta MPOTrHO3YBaHHIO CTaHy BOAHUX 00’ ekTiB. [IpuBeaeHo
BIJIOMOCTI TIPO OCOOJMBOCTI IPOEKTYBAaHHS MPOTPAMHOTO MPOAYKTY 3acobamu Python,
00poOKku maHux 3 nomomororo 6i6mioreku Pandas, Bisyamizawii pe3ysbTaTiB 3 JIOMOMOTOIO

010mioTeku Seaborn.



30

PO3ALJ III. MATEMATHUYHE 3ABE3IIEYUEHHS
3.1. MeToanka BU3HAYEHHS PiBHS MiIHOMYy IaBOJAKOBHUX B0/

[IpoBeneHo anami3 iCHyIOUMX MIAXOAIB 10 MPOTHO3YBAHHS PIBHS MiIHOMY MaBOJKOBUX
BOJI, sIK1 BUKJIMKaH1 onajgaMu jaoury. Ha ocHOBI pO3TJITHEHUX METOIB PO3POOJIEHO METOUKY
BU3HAUYEHHS PIBHS MiANOMYy MaBOJKOBHUX BOJ Ta OI[IHKM HACTiJIKIB maBojKiB. L{s MeTomuka
BKJIIIOYae B ce0e MPOrHo3yBaHHs Oe3MocepelHbO piBHA MiJHOMY MaBOJKOBHX BOJA Ta
METOAMKY BU3HAUYEHHS HACIIIKIB MiIHOMY IMaBOAKOBUX BOJI.

3aranpHa CTPYKTypHa cXema IpeJcTaBieHa Ha puc. 3.1.

MeToauka BUaHa4eHHsA PIBHA NiOAOMY NABOOKOBUX BOA,

! !

MeToguKa NporHo3yBaHHA MeToauka BM3HaqYeHHs
piBHA NigAOMY BOO, BUKAMKaHWX ONagamu Hacnigkie nigiomy eog

Anroputm 06po6kn Anroputm 06po6kn BreceHHs BXigHUX faHux
BXIAHWX JaHNX BXIAHMX JaHNX npo o6’ekTh B Moaens

A

ANropuTM 3HAXOMKEHHA

napamMeTpie Mogeni

NPOrHO3YBaHHA PIBHA
nigruomy sogu

MaTtemaTtuyHa Mogent
NPOrHO3YBAHHA PIBHA > Ouixka Hacnigkie
nigiomy Bogm

Puc. 3.1. Meronuka BU3HauY€HHS PiBHS MiAKOMY BOAHM Y BOIHOMY 00’ €KTI.

B sixocti anroputmiB 00poOKM BXITHMX JaHUX BUCTYIAIOTh OCHOBaHI Ha 3aCTOCYBaHHI
METOJIB KOPEJAIINHOro aHali3y, KOMOIHATOPHKH, a TaKOoX 1H()OpMAIiiHO-TEXHIYHUX
MeToiB. B pe3ynbTaTi pod0TH aaroputMy HaOOPH CTATUCTUYHUX JAHUX IO 3adikCOBaHUX
pPiBHAX MimiiOMy TMAaBOAKOBMX BOJA Ta TOTOJHMX YMOB Ha METEOCTAHISIX MPOXOISIThH
nporenypy oOpoOKH, BHIUIAIOTHCS HAWOIIBIN BAaromi MOTOAHI yMOBH, SIKI BIUTMBAIOTh Ha
pIBEHb MiANOMY TABOJKOBUX BOJ, BXiJIHI JaHl B HaBYaJIbHY BUOIPKY, SiKa MpUAaTHA s
3aCTOCYBaHHS METOIB MAllTMHHOTO HABYAHHS.

AJropuT™M 3HAXO/KEHHS TMapamMeTpiB MOJENl MPOTHO3YBaHHS PIBHSA  MiAHOMY
MaBOJKOBHX BOJ JIO3BOJISIE OTPUMATH MaTeMaTHUYHY MOJEINb, sKa 0a3yeThCsl Ha METOAax
MaIlMHHOTO HaBuaHHA JlaHa w™mojens Oyne OasyBaTthcs Ha HaBYalbHINM BHOIpI Ta
BiIoOpakaTu 3aKOHOMIPHOCTI PIBHS MIAKOMY MaBOJAKOBHX BOJ BiJl 3a(iKCOBAHUX 3HAYCHD

INOTOJHUX YMOB.
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Buxoasun 13 3amponoHOBaHOi CTPYKTYpH, MeETOAMKa OyJe CcKiIaaaThcs 3 JIBOX

OCHOBHUX aJITOPUTMIB, SIK1 JI03BOJISITh PO3B’S3aTH TaKl 3aadi:

e o0yA0Ba MOJEI MPOTHO3Y MiAHOMY PiBHS MAaBOJKOBHUX BO/I;

® TIPOBEJEHHS PO3pPaxyHKIB MO MOOYJ0BaHIi MOJAETI.
3.2. Bumoru 10 BXiTHUX JaHUX

B sikocTi BXITHUX JaHUX BUCTYMAIOTh:

® BIJOMOCTI IPO TIAPOJOTIYHI XapAaKTEPUCTUKH PO3IIISTyBAHOTO 00’€KTa JTOCIHIIKECHb
(pixu). Po3mip BuOIpKH 1151 MOOYAOBU MO/IENl MOBUHEH CKJIagaTtu He MeHIe 10 pokiB
0e3nepepBHUX CIIOCTEPEKEHD M0 KOKHOMY T1IPOTOCTY:
O piBEHb MigHoOMYy BOAU (MM);
O HIBUJIKICTB Teuli (M/C);
O CyMapHuii BOAHMHI OTIK (M>/C).
® BIJJOMOCTI PO METEOPOJIOTIUHI XapaKTEPUCTUKU B PaiioH1, IS IKOTO 3A1MCHIOETHCS
MIPOTHO3:
O iHTEHCHUBHICTB omamiB (MM/M?);
O iHTEHCHBHICTh BUIIAPOBYBAHHS (MM/M?);
o Temmneparypa (°C) Ta iHTEHCHBHICTh COHSYHOTO BUIpoMiHIOBaHHS (B1/M?);

O HIBUJIKICTB BITPY (M/C).

[TpoBenenmii anami3 [103BOJMIMB C(GOPMYBaTH Taki BHMOTHM JO BXIJHUX JaHUX.
['iaposoriudi Ta METEOpOJIOTIYHI JaHl BOJOAIIOTH JESIKOI CTPYKTYpPOI, SKY MOTPIOHO
BpaxoByBaTH B MaTeMaTUYHIA MOJAEI 4u anropuT™mi. ToMy BaKJIMBO MPEACTABUTH MOJIENb,
ska Oy/e onucyBaTy 4u 0OpoOISATH HEB1IOMI JIaHi.

B nmanux (4acoBux psnax) Moxe OyTH KOpPEJsIlis, 10 MOTPIOHO BpPaxOBYBaTH MPH
noOyI0BI Mojiesie Ta BimOOpl O3HAK (MPEAMKTOPIB, HE3aIeKHUX 3MiHHUX). Kopemnsiis B
HE3aJIC)KHUX 3MIHHUX MOXE JaBaTH HEraTUBHMM edekT mnpu moOymoBi moxem. I[lpu
BIJICYTHOCTI JJAHUX HEMO>KJIMBO YHCEJIbHO BUMIPSATH KOPEISALILO.

Jlesiki sIBUILIA BOJIOIIFOTh HAKOMIUYYaJTbHUM e(eKTOM, Jesiki BiI0yBaloThCs panToBo. Le
NMOTPIOHO BpaxOBYBaTH MpU arperaiii Ta BigOOpi 03HaK Mozemi. [ A0CiipKyBaHOTO
pailony mOTpiOHO  BU3HAYUTH, $KI SBUIIA OUIBII XapakTEpHi: SBUIIA 3 €PEKTOM

HAKOMHMYEHHS Y PANTOBI.
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JaHi MOXyTh OyTH CWJIBHO 3alllyMJICHI, TOMY JIOCHTb 4acTO IOTpiOHA MOIepeIHs
006pobKa naHuX. Ix monepenHbo NOTPiGHO AKOCH 0OPOOIATH.

[IporHo3yBaHHsl piBHS MiAHOMYy BOJIM HA YYacTKy PIKH 3 JOMOMOTOI0 PO3TJSHEHOI
MOJIEJ BKJIIOYAE B ce0€e TaKl eTamu.

e 00yA0Ba MO/ MPOTrHO3yBaHHS (HAaBUYAHHS MOJIEJII) Ha CTATUCTUYHUX JIaHHX;

® BUKOPHCTAHHS MOJIEJI MPOTHO3yBaHHS HA MPOTHO3HUX JAHMUX 1O MOTOIHIX YMOBaX;

® YTOYHEHHS MOJEJI MPOrHO3yBaHHs (mepedy0Ba MOAE).
3.3. IlinroroBKa BXiTHUX JAHUX 10 MOJAETIOBAHHSA

Jlist moOy10BM HaBYAIIbHOT BHOIpKH OyJI0 TPOBEACHO aHAJ3 TOCTYIMHUX BXITHUX JaHUX
10 METEOPOJIOTTYHUX MOKA3HUKAX 1 MO PIBHIO MIJHATTS BOAW B piulll. TyT mpeacTaBiIeHO
CTATUCTUYHI J1aH1 10 3a(iKCOBaHUX METEOPOJIOTTUHHUX MMOKa3HUKAX HA METEOCTAHIIISX CBITY 3
2005 p. Takox manmii pecypc Mae iH(popMaIliro ITpo MPOrHO3 METEOYMOB Ha METEOCTAaHITI]
TPUBAIICTIO 0 6 110. B sSKOCTI BXiIHMX JaHUX IO METEOPOJIOTIYHUX IMOKa3HMKax B3SITI
3HAYEHHS CIIOCTEPEKECHh Ha METEOCTAHIIIAX IO TAKUX MOKA3HUKAX:
® TeMmIepaTypa MoBIiTPS;
e aTMoc(epHUil THCK;
® BIJIHOCHA BOJIOTICTh TTOBITPS;
® IIBHUJAKICTH BITPY;
® KUIBKICTh OIAaJIiB;
® XMAapHICTb.
B AKOCTI CTaTUCTUYHUX JAHUX IO MiAHOMY piBHSA BOAM OyJIO BUKOPHUCTAHO 1HTEPHET-
pecypc [HbopmarriitHa cucTemMa Mo BOJHUX pecypcax 1 BOMHOMY TOCIIOIAPCTBY OACEHHIB PiK.
Tyt HasgBHI JaHiI MPO BUMIPIOBAHHS PIBHSA BOAM B piukax momo6oso 3 2001 p., ame
OCKUIbKM AaHl mpo moroay HasiBHi 3 2008 p., Oyno Buxkopuctano gani 3 2008 p. 1o
TeNepilHii Jac.
[licns Toro, sK maHi OTpuUMaHi, HE0OXigHO Oyjo mpoBecTH iX 00poOky. Bim Toro
HACKIJIbKM TOBHOIO Oyjie HaBUaJibHa BUOIPKA JIAHMX, 3aJIEKHUTh SKICTh MOOYA0BaHOT MOAEII
MPOTHO3YBaHHA. be3 3acToCyBaHHS TPOILEIypH OYHUCTKA HEMOMKIIMBO 3aCTOCYBAaTH JESKI

aHamiTiyH1 anroputMu Data Mining. KpurtepisimMu SIKOCTI 1aHUX €:
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® BIJICYTHICTh aHOMAJIbHUX 3HAUYCHB;

® BIJICYyTHICTb IPOTUPIYb B JAHUX;

® BIJCYTHICTb HEBIJMOBITHOCTI JJAaHUX 110 hopMaTy;
® BIJCYTHICTb NIPOIYCKIB JaHUX;

® BIJCYTHICTb TyOJIIKATIB B JaHUX.

[IpoGiiema BiACYTHOCTI 3HA4Y€Hb B TaOJHUIIl JaHUX € CYTTEBOI IMPOOJIEMOIO MpH
BUKOpHCTaHHI Mojenei Data Mining. B poGoTi mpu o0po011i JaHUX criocTepiraiacs BeIuKa
KUTBKICTh TIPOIMYIIEHUX 3HAYEHb SK TMOTOJHUX JaHWX, TaK 1 3Ha4eHb piBHA Bomu. JlaHi
MOXYTh OYTH BIZICYTHI1 3a 1T IEP10JIM, TaKl PSAAKUA OyJIM BUAJICHI.

[Ipn Bukopuctanai mojeneit Data Mining maHi MOBHHHI TMOJABaTHUCS Ha BXIiT B
yucjaoBomy (opmari. OgHak JesKi CTOBII MOXYTh MaTH HEYHUCIIOBI (KaTeropiajibHi)
o3Haku. Hampuknazn, HampsMok BITpY — 3axigHui, xmapHicte 20 %. [ns uporo Oyna
MIPOBEJICHA MPOIEAypa KOAyBaHHS KaTeroOpialbHUX 3HA4eHb. 110 KOXKHOMY 3HAYEHHIO Oyn
BUOpaHi yHIKaJbHI 3alIMCH 1 MPOBOUIIOCS X KOAYBaHHS B YMCJIOB1 (hOpMaTH JaHUX.

Jlami mpoBOMIIOCS arperyBaHHS TaHUX 3 METOI0 MPUBEACHHS iX 0 OJHOTO (opmary
BuMmipiB. [IpencraBneHi BXigHI AaHI TO TMOTOJHUM YyMOBaM MalOTh JOCHUTh BEJHKY
JeTajizamiio (BUMIpU MPOBOJMINCS KOXKHI YOTUPH TOJAMHU), a JaHl MO PIBHIO BOIAU BCHOTO
OJIHE BUMIpIOBaHHs Ha 100Y. J[J1 IbOTO MTPOBOIUIIOCS YCEPETHCHHS TaHUX.

Takum yuHOM, BXIJIHI JIaH1 TiCs 00pOOKH MpeACTaBIsAI0ThL co00r0 BUOIpKy 3 2010 p. mo
2022 p. HezanexxHoro (BUX1THOIO) 3MIHHOIO € PIBEHB MITHATTS BOIM, 3aJICKHUMHU (BX1THUMU)

— CIIOCTEPEKEHHST METEOTIOKA3HHUKIB.
3.4. Aaroputm nody10B4u MojieJli MPOrHO3yBAHHS CTAHY BOJHMX 00’ €KTIB

Hexait 3amano n mereoponoriuanx ¢akropiB X (X, X, ..., X,). Hexait Xy — k-nii

dakrop, k= (l,n). Takox Hexalt € m aHiB. Koxnuii ¢aktop Xy Mae m CHOCTEpEKEeHb Xy

(Xu1, Xi2, ..., Xum). Hexait Xii — cmocrepeskenns k ¢axropa B i-nit gens, i=(l,m) Ha

KOHKPETHI METEOCTaHIIIi.
Hexail € Tako)k m crmocTepekeHb piBHA MiAKOMY BOAM B Pivlll HA KOHKPETHOMY
rigpornocti B pamkax 3amgaHoi teputopii Y (Y1, Yo, ..., Ym). Hexait Y; — cnocrepexxeHHs

piBHS iAoMY BOJIU B 1-IeHb. KO)XHOMY BEKTOpY CIOCTEPEKEHb MOTOJIHUX YMOB B i-JI€Hb
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Wi(Xii, X2, ., Xni) IOCTABICHO Y BiANOBinHICTH 3Hauenns Y. Hexait W ={W,}, i=(1,m) —

MHOKHHA BCIX BEKTOPIB MOTOJIHUX YMOB, Y = {K } , i =(1,m) — MHOXHHa BCIX CIIOCTEPEKECHb
M1AOMY PiBHS BOJIH.
Hexait W; — Bxim, Y; — Buxin, i :(I,—m). BnopsinkoBany mnapy (Wi, Yi) Ha3uBarOTh
nperneaeHToM. MHOXHUHA m TIPELeICHTIB Ha3UBAETHCS BUOIPKOIO JaHHX:
R={(W, Y}, ze i<(1m), G3.1)
[ToTpibHO, Ga3zyrounch Ha MAaHWUX BHUOIPKH, BITHOBUTH 3aJICKHICTH MIDK BXOJOM Ta
BUXOJIOM. [HIIIMMU CIIOBaMU, 3aBJaHHS CTOITh B TOOY10B1 (PYHKIII1
T(w)=y, (3.2)
Jie W — MPOTHO3H1 3HAY€HHSI METEOPOJIOTTYHUX (DAKTOPIB; Y — MPOTHO3 MiAMOMY PiBHS BOIH,
SKUW BHUIAETHbCS Moneuo; T — (yHKIis, SKka OTpUMYyE Ha BXiJ BEKTOp W 1 BHU3HA4Jae
3HAYEHHS BUXOIY .
Taka 3amaya Ha3WBaeThCA 3amayeio BiMHOBIEHHS perpecii. [Iporec 3HaX0omKEHHS

¢yukuii T Ha3UBa€eTbCsl HABYAHHSIM MOJIEN1, MPOIIEC BUSHAYEHHS BUXOJY MO JESIKOMY BXOIY

3 JIOTIOMOT00 YK€ MoOY0BaHOT MOIEN1 — Nepe10aueHHIM (MPOrHO3YBAHHIM).

3.5. AJIFOpI/ITM PaHIKYBaHHSA CerMeHTiB pi‘lKOBO'l' CUCTEMH 3 BHUKOPUCTAHHAM

rpagis

Po3rinssHeMO OmMUC anropuTMy paH)KyBaHHS BOJOTOKIB. B 1maHuii dWac BaKIMBUM
ACTIEKTOM T1JIPOJIOTIYHUX JIOCHTIPKEHb € HE TITLKH HATYpHI CIIOCTEPEXKEHHsI, ajie i podoTa 3
riposoriyHUMH JaHUMU. OHAK BUBUEHHS MPOCTOPOBOI CTPYKTYPH TiAPOJIOTIYHUX CHCTEM
Moke OyTH yTpyJIHEHE uepe3 BENUKUN 00’€M JaHuX. Y TaKUX BHIMAJKaX HEe OOIUTHCH 0e3
3aCTOCYBAHHS JIOJaTKOBHX 1HCTPYMEHTIB, IO JO03BOJUTH (axiBIEBI aBTOMATH3yBaTH
nporiec.

BaxnuBy posap mig yac poOOTH 3 TIAPOJOTIYHUMH JaHUMH BiJIrpae Bizyami3alis —
KOpPEKTHE Ta HAOYHE NpPEACTaBJIEHHS pPe3ysbTaTiB aHamizy. s BigoOpa)keHHS BOJOTOKIB
OPUMHATO PIYKUA 300pa)KyBaTH CYLUIBHOIO JIHIEIO 3 MOCTYMOBUM (3aJIEKHO BiJ KUIBKOCTI
BITaJIAI0OYUX y PIUKY MPUTOK) MOTOBIICHHSIM BiJl BATOKY 110 THpJa. KpiM Toro, 1j1si cCerMeHTiB
PIYKOBOT MEpeXKl 4acTo MOTPIOHE JesIKEe paH)KyBaHHS 3a CTYIEHEM BIIAJICHOCTI BiJl BUTOKY.

[Hpopmaris Takoro poay BakJIMBa HE TUIBKH 3 MOTJISAAY Bidyauisaili, ane ¥ mpuaaTHa AJs
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MOBHILIIOTO CHPUUHATTS CTPYKTYpU JaHUX, iX MPOCTOPOBOIO PO3MOJAUTY Ta KOPEKTHOI
MOTAJTBIIIOT OOPOOKH.

[IpoimtocTpyBaT  3ajmady  paHXXyBaHHS  BOJOTOKIB ~ MOXKHA  TaKUM  YHHOM.

BuxinHuit BeKTOPHWIA LWap PaHXyBaHHA piukoBOT Mepexi
e oy
N .
.*".3 r"}
i T ____—® — - __—9
A 1S s 4
Micue BnagaHHs Micue BnagaHHs

pikv y BogoHMY piku y BogonAMy

Puc. 3.2. 3aBmaHHA paHXyBaHHS BOJOTOKIB, LH(]paMu TMO3HAUYEHO MPHUCBOEHUMN

KOXXHOMY CETMEHTY PIYKOBOi CUCTEMHU aTpUOYTy CYKYIHOI KUJIBKOCTI BIaAat0YMX MPUTOK.

Takum 4MHOM, KOKHOMY CETMEHTY PIYKU MOTPIOHO 3ICTABUTH TaKe 3HAYCHHS, sike Ou
MIOKa3yBaJlo, CKIIbKM CErMEHTIB CYKYITHO BIa/Ia€e B JaHy AUIAHKY. CydacHi CHCTEMHU MalOTh Yy
CBOEMY apceHall IHCTPYMEHTH IJisi poOOTH 3 piuKOBUMH Mepexamu. IIpote, sk mpasuio,
IHCTpyMEHTaM paH)XyBaHHSA PIYOK MOTpiOHA BeNIMKAa KUIBKICTH JOJATKOBUX JOTOMINKHHUX
MaTepialliB Ta 3aMBUX MEPETBOPEHb. TaK PiJIKO OyAb-IKUM IHCTPYMEHT POOOTH 3 PIUKOBUMH
MEpeKaMu MOXKE MOYMHATH CBOIO poOoTy 0Oe3 mudpoBoi Mozaeni penbedy. IctoTHUM
HEJIOJIIKOM, KpIM CKJIQJHOI Ta 0ararocTyIiH4YacToi MIATOTOBKH JaHUX, € BIJICYTHICTh
MOJIMBOCTI BUKOPHUCTOBYBATH BKE I1JITOTOBJICHI BEKTOPHI IIAPH 3 PIYKOBOIO MEPEKEIO IS
aHaJsizy, 10 OOMEXye MOXKIMBICTb 3aCTOCYBaHHS IU(PPOBUX JAHUX 3 BIAKPUTHUX JDKEPEI
(OpenStreetMap, Natural Earth).

[TpuBnacHuTH 3HAYEHHS aTpuUOYTIB CErMEHTAM MOXHa 1 BPYYHY, MPOTE MOIIOHMI
OiAX1J BTpaya€ aKTyaldbHICTh, SKIIO BOJO30IpHUII OaceiiH BKIIOYAE JECATKU THCSY
cerMeHTiB. B poOOTi aBTOMaTH30BaHO II0 MPOLEAYpPY 32 JOMOMOIOI0 IPEACTaBICHHS
pIUKOBOi Mepexki B MaTreMaTHuHid ¢opMi — a caMe y BUIIAAI rpada Ta MOAAIBIIOTO
3aCTOCYBaHHS aJITOPUTMIB 00X01y TpadiBb.

B sxocTi BXiTHUX NaHUX aNTOPUTMY IMOJAETHCS BEKTOPHMUU IIap, LIO CKIATAETHCA 3
00’exTiB 3 miHIHHUM TUnoM reometpii (Line, MultiLine). ATpuOyTn BXimHOTO MmIAPY
30epiraloThCsl Ui PE3yNbTyIO4oro mapy. Takok 0OOB’S3KOBUM BXiJHHM MapaMeTpOM €

touka (Start Point Coordinates), 1mo BHU3HAYa€ MOJIOKEHHS THpJa piukoBoi Mepexi. Bona
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Moxe OyTu 3a/aHa 3 kapTH, (ainy, ado 3 mapy. [lonoxxeHHs Tupiaa Moxxe OyTH JTIOBUIbHUM,
710 yBaru OepeThcs HAMOIMKIHA 10 TOYKH CETMEHT PIYKOBOT MEpexXi (3aMHUKAIOUNA CETMEHT
MaiOyTHROTO Tpada).

Omnucarn BUKOHYBaHi aJITOPUTMOM 3aBJaHHS MOYKHA TaK: 31ICTABUTH KOKHOMY CETMEHTY
pIYKY 3HAYEHHS CYKYITHO BITQJIal0UMX y HHOTO MPUTOK, JJIsl KOKHOTO CErMEHTa PO3paxyBaTu
KUIBKICTh IPUTOK, @ TAKOXK B1JIJIAJICHICTh KPAaHBOI TaJIbHOI TOYKHU CETMEHTA BiJl TUpJIA.

PosristHemo onuc anroputMy po3B’s3Ky JaHOTO 3aBIaHHS.

JlaHi MOXyThb TIPENCTABIATHCS Y JBOX OCHOBHUX (opMarax: pacTpoBOMY Ta
BEKTOpHOMY. PacTp — 1ie mMaTpui, e y KOXKHOMY TiKceli 30epiracTbcsi MeBHE 3HAUCHHS
napameTpa. Y pactpoBomy (opmaTi IpeacTaBISIOThCS CYIyTHUKOBI 3HIMKH, Pi3HI BUXITHI
HI1apy 3 KJIIMaTHYHUAX Mojenel Ta iHme. KoxkHoMy 00’ €KTy BEKTOpPHOTO opMaTy MOke OyTu
CIIIBCTaBJIeHA Jesika iHdopMallis B BUIl arpuOyTiB. Bei mii OyayTh NpOBOJUTHUCS caMe Hajl
BEKTOPHHUM IIAPOM PIYKOBOT MEPEXKI.

PesynbTatr poOoTH anropuTMy — BEKTOPHH MIap, B SKOMY KO)KHOMY 00’ €KTY TIPUCBOEHI
aTpuOyTH, SIKI BU3HAYAIOTh BIJIJAJICHICTh CETMEHTIB BiJ THpJa PIKU Ta CyKyMHHY KUIbKICTh
BIIaJIAI0OUNX B JAHWUN CETMEHT MPUTOK. TOMOJIOTIS MOYaTKOBOTO BEKTOPHOTO IIapy MOXKE
Oytu momkopkeHa. [lomkomKeHa TOMONOTIS MIapy MOXKE BUPAKATUCS Y BiICYTHOCTI
3’€lHAHb MDK 00’€KTamMH, TOOTO YTBOpPEHHS PI3HUX pO3puBIB (puc. 2.7), CTBOPEHH:

JO0JAaTKOBUX 3aMHUKAaHb, HepeTI/IHiB TOLIO.

~<£_

Puc. 3.3. TlopymieHa Tomosiorisi BEKTOPHUX 00’ €KTIB.
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Tomy mnepmum eranoM monepeaHboi OOpPOOKM [aHMX € BHIIPABJIEHHS TOMOJOT]
00’€KTIB: MIATATHYTH BY3JIM, 3pOOUTH BHUXITHUI BEKTOPHMI IIap KOHCUCTEHTHUM. [licis
TOTO SIK TOMOJIOTIS BHIIPABI€Ha, IIAp PO30MBAETHCS HA CETMEHTH B TOYKAX JIOTHKY Ta

nepeTuHy JiHik. Pe3ynbTaT micis po30UTTS MPOLTIOCTPOBAHO HIKYE.

Puc. 3.4. Po30uTTd JIIHIMHUX 00’ €KTIB HA CErMEHTH.

JUIs  KO)KHOTO CErMEHTY pO3PaxOBYEThCS TMPOTSHKHICT 1 JIaHI 3aHOCSTHCS B
aTpuOyTUBHY TaOnuIf0 1apy. JloBXKMHA CETMEHTY PO3PaxOBYETbCS Yy BIJIMOBIAHOCTI 3

HaJIalITYBaAaHHAMM IIPOCKTY.

Puc. 3.5. Po3paxyHOK MPOTSKHOCTI CETMEHTIB.

[Ticas ubOTO OTPUMYIOTH TOUKOBHM BEKTOPHMIA IIap, A€ B TaOnuill aTpuOyTiB 3aHECEHa
1H(DOopMallis PO MEPETUH CerMeHTIB. Taky TaOnuio aTpuOyTiB MOKHA 1HTEPIIPETYBATH SIK
nepenik cyMibkHOCTI. CXeMaTH4HO eTanmu TOoNepeAHboi OOpOOKH TpeJCTaBieHI Ha

HACTYIHUX 300paKEHHSX.
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JaBOaHHA: PEHKYBATHA DlkKiA PoaBurTa rigponoriyqol
HACTYIHAM YWHOM Mepesd Ha CErmMeHTH
) id 7
Il-. .
" ! —, e i . E—
1™ Ty = 4 id 4 a1
Y id 5
Micue snagaumn
Pl y BOSOAMY
-] Y 2 d3 a2
1 id &
!
BU13HaueHHA TOUOK MpoekTyBaHHa rpadpa ans
NepeTHy CerMeHTs 3aCTOCYBaAHHA anropuTmy
£
: D & -
@ * . L
- 5 gy —
e 5 1
13
L4
3 2 1 od
o i .
L] 2 5 L %
Crkicon cymluHoeT =) ANTORWTM ONBPYE NPWEBOEHHAM

aTpuliyTie sepiiisanm rpada

Puc. 3.6. Ertanu mnomepenHboi OOpOOKM BEKTOPHOTO JIHIMHOTO INapy JUisi HOTO

MIPEICTABIICHHS Y BUTIISIL Tpady.

B pesynbraTi momepeaHboi 00poOku dopmyeThecs Trpad SK MaTeMaTHYHUN 00’ €KT
Python 6i0miorekn Networkx. OTxe, CErMEHTH PIYKH — LI€ BEpIIMHU rpada, IKI0 CETMEHTH
OB’ s13aH1 MK CO0010 (MarOTh MEPETHUH ), MK BEPIIIMHAMU € peodpa.

Posrnsinemo anroputM paHkyBaHHs JiHIAHUX 00’ekTiB. Ilicns Toro, sk rpad
chopmoBaHUii, BIIOMO, 3 SKOICh BEPIIMHU CJIiJI TOYMHATHA 00Xij (TOYKA BMAJaHHS TOJIOBHOT
piuku y BojokiMy). Hagami 1m0 BepIIMHY HA3MBAIOTh 3aMUKaIOUOI0, TOMY IO caMme B Hei
BIIAJ]AIOTh BC1 1HINI CErMEHTH PIUKOBOT MEpeXki (BEPLUINHH).

AJroput™ 00pOOKH CKIIATAETHCS 3 IEKITbKOX YaCTHH.

1. PamxyBanHs BepmiuH rpada 3a BUIJIAJICHICTIO BiJl 3aMHUKAlOYOTO CETMEHTa 3
NpPUBJIACHEHHSIM aTpuOyTa MIpH BIAJAJICHOCTI CErMEHTa Ta aTpuOyTa KUIBKOCTI IUISTHOK
piuKOBOi Mepexi, o 6e3MocepeIHbO BIAAAI0Th B JAHUI CETMEHT.

2. O6xix rpada 3 METOI MPHUBIACHEHHS aTpuOyTy, IO CYKYIIHO BIAJalOTh B JaHYy
JUISTHKY CETMEHTIB BOJIOTOKIB 1 aTpuOyYTy BIJAa€HOCTI KpaHbOT TOUKMA CETMEHTA Bij TUpJIa
B METpax.

OOuugBa eTamM IOOUISIOTHCS Ha KijgbKa OJIOKIB, OJHAK OCHOBHA 14es IIOJSATac B

JIBOETAITHIN CXeM1 ITPUBJIACHEHHS aTpUOYTIB.
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PosrnssHemo paH)XyBaHHSI BEpIIMH 3a pIBHEM BIJJAJICHOCTI BIJ 3aMHUKAr4oi.
[TounHaroum BiJ 3aMHUKalO4Y0i BEPIIMHHU, HA KOXXHOMY KPOIIl Bigaaysiucs 0 Bce aami 1 jgani, 1

pa3oMm 3 UM, TPUCBOIOBAIIN O MIEBHUI aTpUOYT.

/
® |

rank 4

\\_.E‘___,_..—-—"

rank 3

|
rank 2

Puc. 3.7.

MoskHa BHU3HAYUTH PAHTH IS SIKOICh YAaCTHHH PIYKOBOI Mepeki (FOJOBHOI PIUKH), 1
paHXXyBaTH CETMEHTH, CIUpAlouuch yke Ha 1o iHdopmamiro. [ledt miaxig MokHa
MPOLTIOCTPYBATH HACTYITHUM YHHOM.

Main river

rank 4

v
rankﬁ/ rank-’-‘i-. .rank4
k6 /

e . rankS ank3 /

.I‘a nk 3

rank 5. extiica / \ \
R rank 2

rank 4 A rank 3

._._—

rank 2

./

J rank1l

Puc. 3.8. BBegeHHs onopHoro Mapuipyty B rpad.
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Takum yuHOM, MiATpagu MOXKYTh HPUMHUKATH JO OIMOPHOTO MapHIPyTy JIHMIIE 4Yepes3
onHe pedpo, pemita pedep BUKITIOYAIOTHCA. BBakaTnMeMo, 110 HAWKOPOTIIUNA MapIIpyT Mix
JBOMa HAMOLIbII BiAJAJICHUMMH OAMH BiJ OAHOTO BEepIIMHAMHM y Tpadi, OJHA 3 SIKUX €
3aMHUKaI04Y0I0 — II€ OMOPHUM MapuipyT. Takuii MapumipyT MOXKHa OTPHUMATH 3a JOIOMOTOIO
anroputMy A*(A-star), ane gaHWil alTOPUTM MPALIOE HA BUBAaXXEHOMY rpadi, a Ha pebdpax
JIaHOTo rpada MOKM IO HiSIKUX Bar Hemae. Ajle MO>KHa BCTAHOBUTH Baru peOpam rpada Ha
OCHOBI JIOB)KHUH CETMEHTIB.

1) IlpuBnacHenHst Baru pedpam rpada 3 BpaxyBaHHIM MPOTSKHOCTI cerMeHTiB. [lopsia
13 UM eTaroM BiAOYBA€ThCA BUIUICHHS OJHIE€T KOMIIOHEHTH 3B’SA3aHOCTI y Tpadi.
[Tepemimennst rpadom 3AIHMCHIOETHCS 3a JOMOMOrOI0 TMOIWIYKY B mupuHy. Hamanus Bar

MOHAa ITPOJIEMOHCTPYBATH HACTYITHUM YHHOM.

length 28

length 35

Puc. 3.9. [lpucBoenns Baru pedpam rpady.

Takum 4mHOM, KOKHA BepiinHa rpada Mae aTpuOyT, SIKUNA BIAMOBIIAE 32 MPOTIKHICTD
JAHOTO CEerMEHTa piuKu B MeTpax. [lepeHocsThest 3HaUeHHs aTprOyTiB 3 BepIIMH rpada Ha
pebpa iTepaTUBHO, TOYKMHAIOYN 00X1] rpada B MUPUHY 3 3aMHUKAI0YO01 BEPIIHHH.

2) A*(A-star) nmouryk HAMKOPOTIIOTO NUISIXY Ha 3BaKEHOMY Tpadi MK 3aMUKAIOYOI0 Ta
OJIHIEI0 3 HaWBINJAIEHININX BEPUIMH (CErMEHTY B pPiukoBii mepexi). Lleil HaiikopoTmmii
MapuIpyT MK JBOMa HalB1AJAICHIIINMHI BEPIIUHAME Y Tpadi HA3UBAETHCS OTIOPHUM.

3) PanxxyBaHHs 3a BIJJIAJICHICTIO BCIX BEPIIMH B OMOPHOMY MapiipyTi. BepmmHi, 3 sikoi
MMOYMHAETHCS 00X1]1, HAJAETHCS 3HAYEHHS paHry |, HaCTymHIN BepimHi — 2, nam — 3 1 T.1.

4) OO6xix rpada 3 MoYaTKoM y BEpIIMHAX OMOPHOTO MapIIPyTy 3 130JIAII1€0 marpadis,
IO PO3IIIAAAIOTECSA. SIKIO OJHA 3 TUIOK rpada BKe Ma€ 3’ €IHAHHS 3 BEpUIMHAMH OTIOPHOTO
Mapupyty, TO peOpa, MO 3B’sA3yl0Th MiArpagu 3 IHIIMMH OMNOPHUMH BEpIIMHAMH,

BUAAJIAIOTBHCA.
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Takum YMHOM, OTMOPHUN MapIIPYT MOXKHA PO3IJISAAATH SK TOJOBHY PIYKY B PIYKOBIi
MEpPEeXkKi, KOJIM PEelITa CEeTMEHTIB € MPUTOKaMU ISl TONOBHOI. OmucaHMii BHILE aJrOpUTM
MOBHOIO MIpPOIO BIAMOBIJAE IIMM MIPKyBaHHSAM. Buibil Toro, momiOHUil miaxia J03BOJISE
JOCSATTA OAHO3HAYHOCTI MPHU PAHXKYBaHHI PIYOK Y CKJIQAHHUX MICIIX, TAKUX SIK JIENbTa, Je

JIesIKI pyKaBH CIIOYATKy BIIXOIATH BiJ TOJOBHOI PIYKHM, a OTIM, HAOMPArOUl HOBI MPUTOKH,

3HOBY BIIJIalOTh Y TOJIOBHY PIUKY.

Skmo BepinHa rpada He Ma€e MOTOMKIB,

CEerMEHT PIYKOBOI Mepexxi He Bmanae. [loTim,

HEOOX1THO J10JIaTh 3HAYEHHS y TTOTOMKIB (paH

PO3TJSHYTOT BEPILIMHHU) 1 MPUCBOITH OTPUMAaHE YHUCIO K aTpuOyT ans BepmuHu. Jlana

npoLeaypa MOBTOPIOETHCS CTIIBKU Pa3iB, CKIIBKU paHriB € y rpadi. Takum 4uHOM, MOKHA

MpoCyBaTUCA 10 IMOYaTKOBO1 BCPIIMHHU.

TO 1€ O3HAyae, 0 JKOJHA MPUTOKA Yy JaHUN

I' TOTOMKIB 3aBXJM Ha 1 MEHIIMI, HIK paHr

RAMNK 4

value 1
offspring O
rank 4
Y value 1
v?flue 1 o \ offspring O
offspring ~ rank 4 |
rank 6/ \ ’ ‘,f.rank 4
\ &' offspring O
_.-"ﬁ { et *-\ . value 1
A1 value h
| uﬁsErgng a ?;fﬁfﬂng 1
rank & I ran .
offsprmg |, _— . . rank 3
value 1 ._, | value 1 SN II offspring 2
| offspring 0 \w\
rank 5 r.r;l.n[f| I
ufflspri;g : . rank 2
value .x”' ‘\ offspring 2 .::f-fsprlng 2
rank 4 = grank 3
nl‘fsprmg 2 - '
varue?- T e \
rank 3 .
rery rank 2 %
SO0 oftsping 2 \ |
rank 1
offspring 2

Puc. 3.10.

OaHOYacHO 3 MPUCBOEHHSIM BEPIIUH rpady aTpuOyTy value mpoBOIUTHCS MPUCBOEHHS

aTpuOyTy, AKUN XapaKTepU3y€e BIITAICHICTh CETMEHTIB BiJ] THpJa HE KUIbKICTIO CETMEHTIB,

IJI1 KOKHOI'O BY3JId, Y AKOI'0O € IIOTOMKH,
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SK1 HEOOX1JIHO MOJI0JIaTH, 1100 JOCATTH 3aMHKAI4oro, a BiJICTaHb y METpax, SIKYy HEOOX1JTHO
Oyze moaonaTu, Mmoo JOCITTH TUPJIA PIUKH.

Pe3ynbTaT 3acTOCYBaHHS JAHOTO AITOPUTMY MPECTaBIeHO Ha puc. 3.11.

BuxigHa piukoBa Mepexa BignaneHicte cermeHTiB pivukoBoi ;
Mepexi S A

CyKynHa KinbKicTb NPUTOK

Puc. 3.11. Pe3ynbraT BUKOPUCTaHHS QITOPUTMY.

BUCHOBKMU A0 PO3ALJIY 3

B nanomy po3nini npuBeneHO JaH1 IpO NPUHIUIN TO0YI0BU AITOPUTMY MaTEMaTUYHOT
MOJIeIl Ta MIAXOJIB JI0 MPOTHO3YBaHHS IMIJAMOMY pPiBHS MaBOJKOBUX BOJ B pIylll, HIO
CIpUYMHEHE omaaamu nonry. Ha ocHOBI mpuBeneHOT MaTeMaTHYHOI MOJIEI CIPOEKTOBAHO
iHbopmariiiny cucremy (po3min  1V). IlpoenmeHi mocmipKeHHS Ta MOJEITIOBAHHS
M1ITBEPKYIOTh JOCTOBIPHICTH PO3POOJICHOT MaTeMaTHYHOI MoJiell 1HQOpMaLiiHOT CUCTeMHU

Ta MOKJIMBOCTI IO MPOTHO3YBAHHIO CTaHy BOJHOTO 00’ €KTa.
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PO31J 4. IPOI'PAMHE 3ABE3IIEYHEHHSA

4.1. Po3pobsienns ingopManiifHOi CHCTeMH NPOTrHO3YBAHHSA CTAHY BOJHHUX 00’ €KTIiB

[ToBeHi HeMuHy4Yl, aje 3a yYMOBH CBOEYACHOTO OIOBIIICHHS X HACIIIKA MOXHAa
MiHIMI3yBaTH. Yepe3 pyiHIBHI MOBEHI MIOPOKY TMHE Oarato Jro1eH, BeIrKa KIJIbKICTh JIF0IeH
cTae 6€3J0MHUMU Ta 6AraTo JIOACH MOMHUPAE Yepe3 BIICYTHICTh HAJIEKHOI JOMIOMOTH MICIs
MOBeHI. BiJICyTHICTh CBO€YACHHUX CIIOBIIICHB 3aBXKIU OyJia MPUUYMHOKO MUTAHHS MO0 IBOTO.
Tpaauiiiiini CUCTEMH CIIOBIIIEHHS JENIo cJIa0Ki B MPOTHO3YBaHHI MOBEHEW Ha JEAKui yac,
1100 MOXkHa OyJI0 BYKUTH HAJIEKHUX 3aXO0JIIB JI0 Li€i KaTacTpodu.

BukopucToBytoun MalivHHE HaBYaHHS, MOXKHa TiependadaTd TIOBEHI 3 TEBHOIO
TouHicTiO. [laHa poOoTa crnpsiMOBaHa Ha CTBOPEHHS MPOTHO3HOTO MOJICIIOBAHHS HAa OCHOBI
JaHUX TMPO TMOTOJy B OKPEeMHX paioHaxX, [mo0 mepeadaunuTd BUHUKHEHHS IIOBEHI.
[TporHocTu4Ha MoETh MOOY/I0OBAaHA HA PI3HUX aITOPUTMAaX MAITMHHOTO HaBUAHHSI.

VY 11bOMy MpPOEKTI BUKOPUCTOBYIOTHCS TaKl anroputMu kiacudikaii, sik Decision tree,
Random forest, KNN, Xgboost.

ApXITEeKTypa MPOEKTY BUTIIAJAE HACTYITHUM YMHOM.

Train Data

Prediction é
= |4

Data
v Evaluation "

4

J Data

Preprocessing
A Algorithm

=

Test Data

Puc. 4.1. ApxiTekTypa npoeKTy.

00 moCATTH IBOTO, BUKOHYIOTHCS HACTYIHI KPOKH:
1. BcTaHOBIIOIOTHCS MOTPiOH1 616710TeKH Python;

2. MPOBOJUTHCS 301p JaHUX.
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3. [lonepenus o6poOka gaHUX:

IMITIOpT 610J110TEK;
e IMIIOPT HAOOPY JAHUX;
® PO3YMIHHS TUITY JJAHUX 1 KOPOTKOTO ONMUCY (PYHKIIIH;
e 00poOKa BiJICYTHIX JIaHi;
e Bi3yasi3allis JaHuX;
e [0JIJT HA0OPY JAaHUX Ha 3aJICKHI Ta HE3aJIe)KH1 3MIHHI;
e 11011 JAaHMUX HA HAaBYaJbHI Ta TECTOBI.
4. TToGynoBa Mozemi:
® HaBYaHHS Ta TECTyBaHHS MOJIEII;
e OI[IHKA MOJIENI.
YuranHs HAOOPY AAHUX

dopmat Habopy HaHUX Moke OyTH y dainax .csv, excel, .txt, .json:

[ 1 dimport numpy as np
import pandas as pd
import matplotlib.pyplot as plt
import seaborn as sns

V¥ Pandas € ¢ynkiis read csv() ais yutaHHS HAOOPY JAHUX:

[ ] dataset = pd.read_excel('flood dataset.xlsx")

OnnodaxkropHuii aHai3

OnnodakTopHmii aHami3 - 1€ MOAUI JaHUX 3a OJHIEI0 03HaKOow. [[iarpama posmomiry
MIIXOAUTh JUIsl TIOPIBHSHHS Jlama3oHy Ta PO3MOAUTY [Js Tpyn 4YucioBi naHi. [lawi
BIIOOpaKalOThCS Yy BUIUIAJI 3HAYCHHS TOYOK B3JOBX OCi. BHUKOPUCTOBYETBCS IS

BU3HAYEHHS TOTO, IKOMY TUITYy PO3MOILUTY MIpUTaMaHH1 JaHi.

[ 1 print(sns.distplot(dataset["Tamp"]))

D:‘\anaconda‘\lib\site-packages\seaborn\distributions.py:2619: FutureWarning: “distplot™ is a deprecated function and will be
warnings.warn(msg, FutureWarning)

AxesSubplot(@.125,8.125;8.775x0.755)
0.40

035
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3 HaBelleHOTro BuIIe Ipadika MOKHA 3pOOUTH BUCHOBOK, IO TEMIIEpaTypa CTOBIMIISA
BIJNOBIIa€ TEBHIA HOPMI PO3MOAUTY, II€ O3HA4Ya€, M0 JAaHl MiIAraloTh HOPMAaJbHOMY
PO3MOILITY.

Hiarpama Boxplot:

[ 1 print(sns.boxplot(dataset['Temp']))

D:\anaconda\lib\site-packages\seaborn\_decorators.py:36: FutureWarning: Pass the following variable as a keyword arg: x. Fr
warnings.warn{
AxesSubplot(®.125,8.125;8.775x8.755)

T T T T T T T
280 285 29.0 295 30.0 s 1.0
Emp

BararodakropHuii anais

bararodakropHuii aHasi3 moysirae y momniykKy 3B’sI3Ky MIXK JEKUIbKOMa o3Hakamu. JlJis
OT0 OYyIy€eThCs TEIJIOBA KapTa — 1€ TEXHIKa Bi3yaii3allli JaHuX, sIKa MOKa3y€e BEIUYHHY
KOJIbOPY Yy ABOX BuMipax. Koiip Moxke BIJIpI3HATHCS 3a BIATIHKOM a00 1HTEHCHBHICTIO,
JAl04YM OYEBMJIHI Bi3yallbHI MIJAKA3KU MPO Te, K Iel JaHl CKyMm4eHl abo 3MIHIOITHCS B
IPOCTOPI.

[ ] import seaborn as sns
fig=plt.gcf()
fig.set_size inches(15,15)
fig=sns.heatmap(dataset.corr(),annot=True, cmap="summer",
linewidths=1,linecolor="k", square=True,
mask=False, vmin=-1, vmax=1,
cbar_kws={"orientation": “"vertical"},cbar=True)
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“0Ts

wegpee OoiDec Wir-Seji  barcMay  JEnfel ANNURL Clowd Cover Humsdiy Bmp

Feail

': -I | "
Bmp  Humdiy Coud Cover ANNUAL  pnfeb  Masday  pinSep  Oct-Dex  asgjume wy fooad

Ha rpadiky MokHa BHW3HAYUTH MEHII KOPEIhOBAHI 3HAYECHHS Ta BIIKHUHYTH iX
3HaYEHHS.
Onucosuii anai3
106 mepeBipuTy mepii I’ SITh PsAKIB HAOOPY AaHUX, Ul LILOTO MpU3HAYEHA (PYHKIIIS
head():
[ ] dataset.drop(["0Oct-Dec”],axis=1,inplace=True)

[ 1 dataset.head(18)

Temp Humidity Cloud Cover ANNUAL Jan-Feb Mar-May Jun-Sep avgjune sub filood

0 29 70 30 32488 734 3862 21228 274866667 6499 0
1 28 75 40 33266 93 2757 24034 130.300000 256.4 1
2 28 75 42 3272 217 3363 23430 186200000 3089 0
3 29 T 44 3129.7 267 3394 23982 366066667 8625 0
4 31 T4 40 274186 234 3785 18815 283400000 5869 0
5 30 70 38 2708.0 34.1 2300 18431 138.300000 254.1 0
6 29 74 40 36711 237 3280 27378 256966667 6695 1
7 30 78 36 26483 288 2837 20236 197533333 4500 0
B 30 T 40 30502 65.9 6283 19404 234900000 2315 0
8 30 70 34 28486 284 2067  1886.5 226666667 5312 0
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Po3yminHs UMy JaHKX 1 pe3yJbTary QyHKINH

® Te, sik iH(opMairist 30epiraeTbest B 00’ exTi DataFrame a6o Python, BrimuBae Ha Te, un
MO>KHA 1i BUKOPUCTOBYBATH, 4 TAKOXK Pe3yJbTaTH O0YHMCIICHb. € IBa OCHOBHUX TUIU JIaHUX:
YHCJIOBI Ta TEKCTOBI TUIU JAHUX.

® YCJIOBI TUIM JAHUX BKJIIOYAIOTH 1T YKCJIAa TA YHCIIA 3 TUIABAIOYOI0 KPAMKOIO.

® TEKCTOBUW THUIl JJaHUX BiioMHH siK psaaku B Python abo 06’extu B Pandas. Psaxu
MOXYTh MICTUTH LIUGPHU a00 CUMBOJIH.

® MOXKHA MO0A4UTH, SIK BUTIIAA€ HAOIp TaHUX, BUKOPUCTOBYIOYM MeToA info().

e Meto/ info() Hamae iHGopMmariito po HAOIp TaHUX.

[ 1 print(dataset.info())

<class "pandas.core.frame.DataFrame”’>»
RangeIndex: 115 entries, 8 to 114
Data columns (total 1@ columns)

# Column Non-Null Count Dtype
@ Temp 115 non-null intea
1 Humidity 115 non-null int64
2  Cloud Cover 115 non-null inted4
3 ANNUAL 115 non-null floate4
4 Jan-Feb 115 non-null floated
5 Mar-May 115 non-null floated
6  Jun-Sep 115 non-null float6d
7 avgjune 115 non-null floated
8 sub 115 non-null floated
9 flood 115 non-null inted

dtypes: float64(6), inte4(4)
memory usage: 9.1 KB
None

Y Habopl JaHUX HEMae TEKCTOBUX JaHUX, YBECh HaOIp JaHUX MICTUTh YHCIa 3
MIaBaloOuol0 Kpamkoro Ta it uwcia. Dyskiis describe() BHKOPHUCTOBYIOTBHCS ISt
OOYHCIICHHS TAaKWUX 3HAYCHb, SAK KUIBKICTh, CEpeIHE 3HAUYCHHS, CTAHJIAPTHE BIIXUJICHHS

JaHUX.
[ ] dataset.describe().T

count mean std min 25% §0% 75% max

Temp 1150 29.600000 1.122341 28.0 29.000000 30.000000 31.000000 31.000000
Humidity 1150 73.852174 2947623 70.0 71.000000 74000000 76.000000 79.000000
Cloud Cover 1150 36.286957 4.330158 30.0 32.500000 36.000000 40.000000 44.000000
ANNUAL 1150 2925487826 422112193 2068.8 2627.900000 2937.500000 3164.100000 4257.800000
Jan-Feb 1150 27.739130 22361032 03 10.250000 20.500000 41.600000 98.100000
Mar-May 1150 377253913 151.091850 89.9 276.750000 342000000 442300000 915200000
Jun-Sep 1150 2022840870 386254397 11043 1768850000 1948700000 2242900000 3451 300000
Oct-Dec 1150 497.6365622 120860643 1666 407.450000 501.500000 5B4.550000 823.300000
avgjune 1150 218100870 62547597 656 179.666667 211.033333 263.833333 366.066667

sub 1150 439801739 210438813 342 295000000 430600000 577.650000 982700000

floed 1150 0.139130 0.347587 00 0.000000 0.000000 0.000000 1.000000
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Ilonepennst 00podka naHUX
Hanani motpibHO momepenubo oOpoOutu mani. HaGip maHux s 3aBaHTaKEHHS HE
MiIXOAUTh JJIS HaBYaHHS MOJIE]l MAIIMHHOTO HaBYaHHS, TOMY MOTPIOHO OYHMCTHTH HAOIp
JAHUX, 100 OTPUMATH XOpoll pe3yabTatu. s mis BKiIrOYae Taki KPOKHU:
e 00poOKa BiJICYyTHIX 3HAYCHb;
e 00poOKa KaTeropiaabHUX JaHUX;
e 00poOKa BUKU/IIB;
e [I0JII 3AJIEKHUX 1 HE3aJIE)KHNUX 3MIHHHX;
e po3iICHHS HAOOPY JaHWX HA HABYAJILHUM 1 TECTOBUI HAOID;
e wMacmTaObyBaHHS (DYHKITIN.
[le 3arasibHI KpPOKM TMOMEPEAHHOI OOpPOOKH IaHUX Tepen BUKOPUCTAHHSIM iX ISt
MAIIMHHHOTO HaBYaHHSI.
OO0Opo0Oka BiACYTHIX 3HAYEHb
OpHi€l0 3 HAUMOLIMPEHIUX 1AeW AJI1 BUPIMICHHS 1€l MpoOJieMu € B3ATH CEpeTHE
3HAYEHHS BCiX 3HAa4Y€Hb NI OE3MepEepBHOIO 1 IJIsi KaTETOPIMHUX, BUKOPUCTATH 3HAYEHHS Ta
3aMIHUTH BiJICYTHI JIaHi.
e True o3HaYae, MO MEBHUH CTOBMEIb Ma€ BiJICYTHI 3HAYCHHs, MOXHa TOOAYUTH

KUTBKICTD B1ICYTHIX 3HaY€Hb Y KO)KHOMY CTOBIII 3a gonomororo (Gynkuii isnull().sum:
[ 1 dataset.isnull().any()

Temp False
Humidity False
Cloud Cover False
ANNUAL False
Jan-Feb False
Mar-May False
Jun-5Sep False
avgjune False
sub False
tlood False
dtype: bool

Jlani He MICTATh HyNnbOBUX 3HaueHb. DyHkuisg null.any() moBepTae JOTiYHI 3HAYEHHS
False.

OO0po0ka kaTeropiaJibHUX 3HAYEHb

Habip nanmx mae kareropuyHi JaHi, y siKi MOTPIOHO MEPETBOPUTH IIi KaTeropialbHi
JaHi 3 JIOTIOMOTOI0 IIUJIOYMCENBHOTO KOAYyBaHHS a0o JBIHKOBOro KoayBaHHA. Jlis
NEPETBOPEHHA KATErOpiajibHUX O3HaK y YHMCIOBI BHUKOPUCTOBYIOTHCSA [E€AKI ~ METOIU

KOOYBaHHA.
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€ KiJIbKa METO/IIB, aji¢ B JaHOMY IPOEKTI BUKOPUCTOBYIOTHCS BiIOOpakeHHs (QyHKIIIH 1
MITKH KOAyBaHHS. Y HaOOpi MaHWX HEMa€ KaTerOpiaJibHOTO THITY IaHUX, TOMY MOXHa
IIPOIYCTUTH LEN KPOK.

Po30utTst HAa0Opy JaHUX HA 3aJ1e5KHI TA He3aJ1eKHI 3MIiHHI.

Y MamumHHOMY HaBUYaHHI MOHSTTS 3aJeXHOI 3MIHHOI (y) 1 HE3aJIeKHOT 3MIHHOI (X)
BOXKJIMBO po3yMiTH. TyT 3ajexHa 3MiHHA € HIYUM IHIIUM SK BUXIJIHUMHU JTaHUMHU B HaOoOpi
JAaHUX, a He3aJIe)KHa 3MIHHA - 11€ BC1 BX1JIH1 JIaH1 B HA0Op1 TaHUX.

[ToTpibHO po3ainuTh HAOIp JAaHUX HAa MATPHIIO HE3AJIEKHHX 3MIHHUX Ta BEKTOp abo
3aJIe’)KHY 3MIHHY. MaTeMaTH4YHO BEKTOp BU3HAYAETHCA SIK MATpPHUIIS, sIKa Ma€ JIMILE OJUH

ctoBrenb. CTBOPUMO HE3aJIeXHI Ta 3aJI€KH1 3MIHHI:
[ 1] X = dataset.iloc[:,2:7].values

[ 1 y = dataset.iloc[:,9:].values

Tyt ctBopeno DataFrame He3asnexHO1 3MiHHOT X 3 BUOpaHHMX CTOBIILIB 1 AJIS1 3aJ71€KHOT
3MIHHOi y BHOpaHO Kjac KoJIoHKH. DataFrame BHKOpHUCTOBYETHCS ISl TPEICTABJICHHS
TaOJIUIll JAHUX 13 PSAKAMH Ta CTOBIISIMH.

IHonin Hadopy 1aHUX HA HABYAJBLHMI TAa TeCTOBUII HA0OPH TAHUX

[Ticns 11p0ro MOTPIOHO PO3ALIUTA HAOIP JAHWX HAa HaBYAJbLHUN HAOIP 1 MPOTECTYyBaTH
fioro 3a gomomoror kiacy train test split. Train test split: BiH BHUKOPUCTOBYETHCS MAJIs

MOJIUTy MAaCUBIB JIaHUX HA HABYAJIBbHI JIaH1 Ta JIsl TECTYBAHHS TaHUX.

[ 1 from sklearn.model_selection import train_test_split
X_train,X_test,y_train,y_test = train_test split(X,y,test_size=8.25,random_state=18)

Macmrad0yBaHHs QPyHKIiM
StandardScaler - 11e ocHOBHUH IHCTpyMEHT MaciuTaOyBaHHs Oi0Omiorexku Sklearn, BiH

BUKOPHCTOBY€E BU3HaueHHs standardization amsi cTaHgapTU3aIliil 1aHuX.

[ 1 from sklearn.preprocessing import StandardScaler
sc=StandardScaler()
X_train=sc.fit_transform(X_train)
X_test=sc.fit_transform(X_test)

[ 1 from joblib import dump
dump(sc,"transform.save")

['transform.save"]
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IIpoexTyBaHHs Moaei

[Ticnsa mporo MaHi OYMINEHO, 1 HACTaB 4ac MoOyayBaTH Mojenb. MoKHAa HaBUNUTH JaHI
pi3HUMHU aNropuTMH. JlJis HBOTO MPOEKTY BUKOPHCTAHO YOTUPHU AITOPUTMH KiacuQikarii.
HaWKpalia MoJieb 30epiracThCsi Ha OCHOBI 1i IPOJYKTUBHOCTI. J{JI1 OI[IHKM MPOAYKTUBHOCTI
BUKOPHUCTOBYEThCS confusion matrix Ta classification report.

Moaeas Decision Tree

CrBoproetses GyHKINA Mg Ha3Bowo Decision Tree, a gaHl HaBYaHHS Ta TECTYBaHHS
nepealoThes K mapaMmeTpu.  YcepenuHi  QyHKIIT  1HIIIAMI3Ye€TbCS  alIrOPUTM
DecisionTreeClassifier 1 HaBuanbHI AaHl MEPENAIOTHCS B MOJENb 3a JOMOMOTrow (yHKIIIT
fit(). TectoBi maHi mporHO3yIOThCS 3a momomoroio .predict() 1 30epiraroThCs B HOBIU
3MiHHIN. [ OIIHKK MoJIel BUKOPUCTOBYEThCs confusion matrix Ta classification report.

: from sklearn.tree import DecisionTreeClassifier
: model = DecisionTreeClassifier()

: model.fit(X train, y train)

DecisionTreeClassifier()
from sklearn.metrics import accuracy score,classification_report

.y predict = model.predict(X_test)
y predict train=model.predict(X train)

O11HKa TOYHOCTI

print('Test data’,accuracy score(y_test,y_predict))
print('Train data’,accuracy_score(y_train,y predict train))

Test data ©.9655172413793104
Train data 1.0

Confusion matrix
pd.crosstab(y_test,y_predict)

Classification report

print(classification_report(y test, y predict))

precision recall fi-score support

a 1.00 9.96 9.98 26

1 8.75 1.00 ©.86 3
accuracy 8,97 29
macro avg 0.88 @.98 0.92 29

weighted avg 9.97 8.97 9.97 29
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Random Forest Moaeab

CrtBoproetbes GyHKIIsT 3 Ha3Bor RandomForest, a maHi HaBYaHHS Ta TECTYBaHHS
nepealoThes K mapaMmMeTpu.  YcepenuHi  QyHKIIT  1HIIIAMI3Ye€TbCS  aITOPUTM
RandomForestClassifier i HaB4anbH1 JaH1 MEpPeAalOTbCS B MOJEb 3a JOMOMOIOK (pyHKIIIT
fit(). TectoBi maHi mporHO3yIOTHCS 3a momomoroto .predict() i1 30epiraroThCs B HOBIU

3MiHHI#. J[J1g o1iHKK Mojieni BUkopucTtaHo confusion matrix ta classification report.

from sklearn.ensemble import RandomForestClassifier

model = RandomForestClassifier()
model.fit(X_train,y_train.ravel())

RandomForestClassifier()
from sklearn.metrics import accuracy_score,classification_report

y_predict = model.predict({X_test)
y_predict_train=model.predict(X_train)

O1wiHKa TOYHOCTI

print(’'Test data',accuracy_score(y_test.ravel(),y predict))
print(’'Train data',accuracy_score(y_train.ravel(),y_predict train))

Test data 9.9655172413793104
Train data 1.8

Confusion matrix

pd.crosstab(y_test.ravel(),y predict)

col 0 0 1
row_0

0 25 1

1 0 3

Classification report

orint{classification_report(y_test.ravel(), y_predict))

precision recall fl-score support

@ 1.00 2.96 .98 26

1 2.75 1.0 .86 3

accuracy 8.97 29
macroe avg 2.88 2.98 2.92 29
weighted avg 8.97 8.97 2.97 29
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Moaeans KNN
CrtBoproetbest  (pyHkiiiss mig HasBoro KNN, a mani HaB4aHHS Ta TECTYBaHHS
nepealoThes K mapaMmMeTpu.  YcepenuHi  QyHKIIT  1HIIIAMI3Ye€TbCS  aITOPUTM
KNeighborsClassifier 1 HaB4anbH1 JaHi IEpeaarOThCs B MOJIENb 3a goroMororo GyHkii .fit().
TecToBi naHi mMporHo3yroThes 3a nonomMororo .predict() ¢yHkIii Ta 30epiraloTbecsi B HOBIH
3MiHHI#. J[J1g o1iHKK Mojieni BUkopucTtaHo confusion matrix ta classification report.
from sklearn.neighbors import KNeighborsClassifier

knn=KNeighborsClassifier()

knn.fit(X train,y_train.ravel())

KNeighborsClassifier()

y_predict=knn.predict(X_test)
y_pred=knn.predict(X train)
from sklearn.metrics import accuracy_score,classification_report

print("Test accuracy=", accuracy_score(y_test.ravel(),y_predict))
print("Train accuracy=", accuracy_score(y _train.ravel(),y pred))

Test accuracy= @.896551724137931
Train accuracy= 0.9418604651162791

pd.crosstab(y_test.ravel(),y_predict)

col0 0 1
row_0
0 23 3
1 0 3

print(classification_report(y_test,y_predict))

precision recall fl-score  support

2 1.00 @.88 2.94 26

1 8.50 1.00 8.67 3
accuracy 2.906 29
macro avg @.75 @.94 ©.80 29

weighted avg 8.95 2.0 0.91 29
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Mopeab Xgboost

CtBoproeTbes (pyHKIIA 3 iIMEHEM Xgboost, a TaHi HaBYaHHSI Ta TECTYBAaHHS MEPENAI0THCS
K mapameTpu. Ycepeauni ¢yHkuii iHimamizyerscs anroputMm GradientBoostingClassifier i
HaBYAJIbHI JIaH1 TMepenarThcs B Mojeiab 3a pgomomororo ¢yskiii .fit(). TectoBi nmaHi
MPOTHO3YIOThCA 3a momomoroto .predict() 1 30epiratoTbcsi B HOBIM 3MiHHIA. [[j1s1 OIIHKH
Mozeni BuKOopucTaHO confusion matrix Ta classification report. Ilinronka wmopeni

B1I0YBa€THCS 3a JIOMIOMOT'OI0 JaHUX X_train, y _train.

]: from xgboost import XGBClassifier

}]: xgb = XGBClassifier()

y]:  wgb.Fit(X_train,y_train)

1]t MGBClassifier(base_score=8.5, booster='gbtree®, callbacks=None,
colsample_bylevel=1, colsample_bynode=1, colsample_bytree=1,
early stopping_rounds=None, enable_categorical=False,
eval_metric=None, gamma=@, gpu_id=-1, grow_policy="depthwise’,
importance_type=None, interaction_constraints='',
learning rate=0.380860012, max_bin=256, max_cat_to_onehot=4,
max_delta_step=@, max_depth=6, max_leaves=@, min_child weight=1,
missing=nan, monotone_constraints='()', n_estimators=180,
n_jobs=@, num_parallel_tree=1, predictor='auto', random_state=8,
rég aloha=0. reg lambda=1. ...}

i1: y_predict=xgb.predict(X_test)
y_pred=xgb.predict (X_train)

'1: from sklearn.metrics import accuracy score,classification_report

print("Test accuracy=", accuracy_scorely_test,y predict))
print{"Train accuracy=", accuracy_score(y_train,y_pred))

Test accuracy= @.9655172413793104
Train accuracy= 1.0

}]: pd.crosstab(y_test.ravel(),y_predict)

eol 0 0O 1
row_0
o 25 1
1 03

}]: print(classification_report(y_test,y predict))

precision recall fl-score support

] 1.8@ 8.96 2.98 26

1 8.75 1.2 @.86 3

accuracy 8.97 29
macro avg 8.88 .98 9.92 29
weighted ave 8.97 .97 .97 29

from sklearn import tree
from sklearn import ensemble
from sklearn import neighbors
import xgboost
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dtree = tree.DecisionTreeClassifier()
Rf = ensemble.RandomForestClassifier()
knn = neighbors.KNeighborsClassifier()
xgh = wgboost . XGBClassifier()

dtree = tree.DecisionTreeClassifier()
Rf.fit(X_train,y_train.ravel())
knn.fit(X train,y train.ravel())
wgh.fit(X_train,y_train)

XGBClassifier(bass_score=0.5, booster="gbtree', callbacks=hone,
colsample_bylevel=1, colsample_bynode=1, colsample_bytree=1,
early stopping rounds=Mone, enable categorical=False,
eval_metric=None, gamma=8, gpu_id=-1, grow_policy="depthwise’,
importance_typeshone, interaction_constraints='",
learning_ rats=0.300000012, max_bin=256, max_cat_to_onchot=4,
max_delta_step=8, max_depth=6, max_leaves=8, min_child_weight=1,
missing=nan, monotone_constraints='(}"', n_estimators=188,
n_jobs=8, num_parallel_tree=1, predictor='auto', random_state=8,
reg alphs=@, reg lambda=1, ...)

IopiBHsAAHHS MoeIei
JInsi TOpIBHSHHS HaBEJIEHUX BHUIIE YOTUPHOX
NOPIBHAHHSA MOJIETI:

from sklearn import metrics

print(metrics.accuracy_score(y_test,y predict))
print(metrics.accuracy score(y_test,y predict))
print(metrics.accuracy_score(y_test,y predict))
print(metrics.accuracy score(y_test,y predict))

0.9655172413793104
©.9655172413793104
©.9655172413793104
©.9655172413793104

MOHCHCﬁ BU3HAYA€CTLCA

GbyHKITISA

[Ticns Buxnuky i€l QyHKIIT pe3yiabTaTd MOJENeN BIAOOpaXaloThCs SIK BUXITHI JaHI.

Buuzy BuaHO TOYHICT MOJIeNIeH. Y ¢l TpU MOJIE1 MatOTh TOUHICTh 96,55 %.

Ouinka epeKTUBHOCTI MO eJTi

[TopiBHsBIIM BC1 TpU MOAEII 3 PI3HUMHU aTpuOyTamu, Xgboost € Kpaliow MOAEILIIO,

TOMY 30€pIraeMo It0 MOJIETIb:

metrics.confusion matrix(y test,y predict)

array([[25, 1],
[ 8, 3]], dtype=inte4)

print(metrics.accuracy score(y_test,y predict))
0.9655172413793184

print(metrics.precision_score(y test,y predict))

9.75

print(metrics.recall_score(y_test,y predict))
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4.2. PesyabTaTn podoTH iHpopManiiiHOI cUCTEMHU
4.2.1. locaigaxeHHs TiAPOMeTe0pPOJIOTiYHINX YACOBUX PSAAIB oNaaiB

s iboro B pOoOOTI BUKOPUCTOBYIOTHCS JIaHi, K1 OyJIM OTpMMaHI1 BiJl METEOCTAHIIIN Ta
rigponoctiB. J[aHl PO KUIBKICTh OMAJIB MOCTYIMAKTh Bl T1IPOMETPOJIOTIYHUX CTAHIINA Y
BUTJIAMIl YacCOBUX PSIIB, OCKUIBKM ONEpPYIOTh IMEPIOJOM CIOCTEPEKEHHsS, HaiyacTtime 3
MOMEHTY 3aITyCKy CTaHIlI/, a TaKOX J0O0B1 KIJIBKOCTI OMAa/iB y JAHOMY HACEJIEHOMY ITyHKTI.
Taki maHi HaAXOIATH y BUIIIAAl BindopMmaroBaHux TaiiMcepiil (daitnu .csv abo .xlsx). B
po0OOTI BUKOPHUCTAHO JlaHI YaCOBHUX PSJIIB MPO KIIBKICTh OMAJiB Ta PiBEHb CTOKY PIUOK Yy
dbopmarti .csv.

s poOOTH 3 eKCHepUMEHTaIbHUMH JaHWMHU BHKOpUCTaHO Oi06miotexy Pandas, nms

HAOYHOTO rpa(iyHOro MPEJACTaBICHHS JaHUX BUKOPUCTAHO 010110TeKy Seaborn.

[ 1 import matplotlib.pyplot as plt
import pandas as pd
import seaborn as sns
sns.set(style="whitegrid")

[ ] dl = pd.read_csv("dl.csv", names = ["Date™, "Rainfall"])
d1['Date'] = pd.to_datetime(d1l["Date"])
dl = dl.set index('Date”)
dl = dl.resample("Y").sum()

[ 1 ax = sns.barplot(x=dl.index, y=d1["Rainfall"], color = "royalblue™)
ax.set xlabel("Poku™)
ax.set_ylabel("Kinbkicte onagie, mm")
ax.set xticklabels(labels = dl.index.year, rotation = 45)
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Puc. 4.2. T'ictorpama onajiB Jijist IEPIIOi T1IpOMETEOPOJIOTTYHOT CTaHII].
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Cnouatky 34uTytoTh JaHi 3 CSV-daiiny 31 1oJeHHUMH BUMIpaMH OIAiB IS MEPIIOi
T1IPOMETEOPOIOriuHOl cTaHMii y gatadpeiim ganux Pandas, Ha3BaBIIM Mpu IIbOMY CTOBIILII
Jlata Ta Omamu. 3a3BUYail KIIBKICTH OMAAIB  OMHIE] CTaHINi 3a TEBHUA TEPiof
MPEACTABISAEThCS Yy BUIJIAJAI CTOBMYACTOI JlarpaMyd y BHUIVISIAI PIYHMX CYM OMNafiB y
mitimerpax. Takum unHOM, 1HAECKC datetime mepepaxoBY€ThCS HA PIUHI 3HAYEHHS IUITXOM
MIJICYMOBYBaHHSI BCIX JICHHUX 3Hau€Hb KOXHOTO poky. B 06i06mioreri Pandas 1me moxHa
3pOOUTH JOCUTH MPOCTO.

Jlna Bizyamizamii J1aHUX BHUKOPHUCTOBYEThCsS 010ii0Texa Seaborn, OCKiIbKM BOHA J1a€
Oarato BapiaHTiB Moaudikariii. B Hiif BUKOpUCTaHO OMIIIIO TICTOTPaMH, KOJU 1HACKC JAaTH
BCTaHOBIIIOETHCS SIK BICh X, @ CyMapHa KUIbKICTh OMaiB 3a KOXKEH piK — K Bick y. Kpim Toro,

J0JIaH1 MITKU OCEH X 1y, a TO3HAYKH (POKH) OC1 X TIOBEPHYTI IS 3pyYHOCTI.
4.2.2. Yacosi psaau onaaiB JJis AeKiJIbKOX MYHKTIB CIIOCTEPEKEeHb

Yacto po3rasaaroTh JaHl 3 JCKUIBKOX TiAPOMETEOpPOJIOTIYHUX CTAaHLIM  AJis
JOCTIPKYBAaHOTO PIYKOBOTO BOAOALTY a00 HABKOJO HBOTO. Y TaKMX BHUIIAJKaX MOXKHA
HAJaTU JaHl Ipo OMajau y BUTISAAI TpadikiB 3 JEKUTbKOMA PIYHMMHU CTOBMISIMH, /1€ MOXKHA
MOPIBHATH, HANIPUKIAMA, e OyB JyXe JOIoBUi pik abo mock iHme. Ile gacto OyBae, komu
CIIOCTEPEXKEHHS MPOBOJATHCS B TIPCHKIM MICIEBOCTI, IO BIAITPAE CBOK POJb y KIJIBKOCTI
omamiB. Il[o6 mepeBipuTH, un OyB SKMIICH PIK HANOUIBIIE MOIMIOBUM Ha TIEBHOMY BOOJLII
piKH, TOTPIOHO B3SATH JAaHI 3 JIEKIJIBKOX TIIPOMETEOPOJOTIYHUX CTaHIN 1 CIOYaTKy
NPEJACTAaBUTH 3 HUX JIaHl Y BUIJIAI KUIBKOX CTOBMYACTUX TpadikiB 3 BiOOpaKEHHSIM

MeJlaHH Ta CEPEIHBOr0 apU(PMETHUHOTO 3HAUCHHS.

[ 1 import matplotlib.pyplot as plt
import pandas as pd
import seaborn as sns
sns.set(style="whitegrid™)

[ 1] d2 = pd.read_csv("d2.csv", usecols = ["Date", "1%, "2", “3", "4", "5", “6&", "7", "8"])
d2["Date"] = pd.to_datetime(d2["Date"])
d2 = d2.set index("Date")
d2 = d2.resample("Y").sum()
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[ 1 figl, ax = plt.subplots(2,4, figsize = (18,8), tight_layout=True, sharex = True)

for i, (ax, value, name) in enumerate(zip(ax.flatten(), d2.values.T, d2.columns)):
ax.set_xticks(d2.index.year)
ax.set xticklabels(labels = d2.index.year.values, rotation=60)

ax.bar(g%.index.year, d2[name], label=name, color = “royalblue™)

ax.hlines(d2[name].mean(), 1999.5, 2018.5, color="green", label="mepiana",
ls = "--")

ax.hlines(d2[name].median(), 1999.5, 2018.5, color="red”, label="cp.3Hau",
I = “a7)

it 1 »3:

ax.set_xlabel ("Pik™)
ax.set ylabel("KinekicTe onaagie, mm™)
ax.legend(shadow=True, loc="upper left")

Hns uporo daiin y dopmati d2.csv 3 TaHUMU CTaHIIN T1APOMETEOCTAHIIIN 3UUTY€EThCS
Ta KOHBEPTyeTbcsl y (Ppeiim manux Pandas. B poGoti mpoananmizoBaHO 1aHi 3 BOCHBMU
cTaHiiil. JIjs 1mporo cTBOPrOEThCS BiciM rpadikiB B ogHOMY BikHI (2 psiaku, 4 CTOBIII) 13
3arajibHOIO Biccto X. Ha oci aGciuc sk Hamucu BCTaHOBJEHI poku. JlaHi mpeacTaBieHi y
BUTJIAJ TICTOTpaM 3 JOJATKOBUMHU TOPU3OHTAIBHUMH JIHISIMH, 110 MPEACTaBISIOTH COO0I0

cepenHe apudMeTHUHE Ta MelaHHE 3HAUEHHS JIJIs1 KOXKHOI CTaHIIl1, 3 AKUX HAJIXOATh JIaHi.
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Puc. 4.3. YacoBi psad KIIBKOCTI OMaAiB, JaHi SKUX HAaAXOIATh 3 KUIBKOX

T1IPOMETEOPOJIOTIYHUX CTAHIIIH.

4.2.3. IlpoBeeHHsI NMPOCTOPOBOr0 AaHAJIZy [JAHUX TAa KOpPeIsilii OTPUMAHUX

pe3yJbTarTiB

[HIIT0}0 MOKITUBICTIO TIPEACTABICHHS JAaHUX B1J KUTBKOX JKEPEI TAaHUX € MPOCTOPOBUIN
aHai3 Ta KOPEJSIis pe3ynbTariB. Takuil MiIxiJ] MOXeE JOMOMOTTH PO3PI3HUTH MOMJIHBI
3aKOHOMIPHOCTI a00 raps4i TOYKHU 3 BUCOKMMHU YW HU3BKMMH 3HaueHHsIMHU omaiiB. Ilepen

IHTEPIIOJISLIEI0 MOTPIOHO MiAroTYBaTH naHi. Lle o3Havae, 110 MOTPIOHO OOYUCIUTH CEPEAHE
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apudMeTUYHE 3HAYEHHS 3a IMepioJl, SIKUM 1IKaBUTh, Y KOXKHIM Tourl. Lle 3aBmaHHs MOXKHA
BUKOHATH 3a JOTMIOMOTOI) HACTYIHOTO MPOTrpaMHOTO Komy. s mporo tpeba B3sTH (haiin
d2.csv 3 momepeaHbOro MPHUKIANy, B SIKOMY 3HAXOAATHCA JaHl MpO MIOJAEHHI Omajgu 3a

JIeB’ ITHAAIATh POKIB HA KUIBKOX T1JIPOMOCTaX HABKOJIO BOAOJILTY PIUKH.

[ 1 import matplotlib.pyplot as plt
from matplotlib import cm
import pandas as pd
import seaborn as sns
import numpy as np
from scipy.interpolate import griddata

[ ] meteo_loc = pd.read_csv("meteo_stat.csv”, usecols = ["name”, "real_name”, "lat", "long"]).sort_values(by = ["name"])
d2 = pd.read_csv("d2.csv")

d2 = pd.DataFrame(d2.mean(axis = @)).rename_axis( 'name").reset_index().sort_values(by=["name"]).rename(columns =
{8: "Mean"})
L

[ 1 meteo loc = pd.merge(meteo loc, d2, on="name")
X,Y = np.meshgrid(np.linspace(meteo loc["long"].min()-@.85,meteo loc["long"”].max()+@.05,2000),
np.linspace(meteo loc["lat™].min()-©.05,meteoc loc["lat"].max()+0.05,2000))

[ 1 grid rain = sp.interpolate.Rbf(meteo loc["long"],meteo loc["lat"], meteo loc["Mean™])
spatial_rain = grid_rain(X,Y)
fig, ax = plt.subplots(figsize = (16, 8))
ax.scatter(meteo_loc["long"], meteo_loc["lat"], color = "black™)

[ 1 for i, (x,y) in enumerate(zip (meteo_loc["long"], meteo_loc["lat"]))
label = meteo_loc["real_name"][i]
ax.annotate(label, (x,y), textcoords = "offset points"”, xytext = (2,3))
fig.colorbar(gg, format = '%.1f")

Ha mnactymHomMy eTami JOCHIIKE€Hb OyJ0 OTpUMAHO KOPEJSLINHY 3aJeKHICTh
CepeHbOI000BOT KUIBKOCTI OMAaJiB HaJ JOCHIIKYBAaHUM BOJOMIIOM PIUYKH 3 BUMIPSHUM
piukoBUM CTOKOM. /[ oTpumaHHs rpadiyHUX 3aJ€KHOCTEH MOTPIOHO BUMIPATH JaH1 JUIS
PIYKOBOTO CTOKY Ha BUXO/I 13 OaceiHy.

Jlist 1iboT0 OyAyIOTh KOMOIHOBaHY JIHIHHO-CTOBIUACTY JiarpaMy, 1€ JaHi pI9KOBOTO
CTOKY HAHOCATHCS Ha MEPIIY BiCh Y|, a KUIBKICTh OIMaJiB — Ha JPYTy BEPTUKAIBHY BICh Y.
OCKUTIBKH CIIOCTEPEKEHHS MPOBOJIATH 3a MICAYHUMH JTAHUMH, CTOBIIYUKOBHUHN Tpadik Oyje
XaO0TUYHUM, TOMY KUIBKICTH OMAaiB BIAOOpa)Ka€TbCsl y BHUIJISAL JIIHIKHOTO Tpadika 13
3alIOBHEHOIO IUIOMICIO TiJ KPUBOIO ISl JOCSTHEHHS €(QeKTy, SKAW aHaJOTIYHHHA IS

CTOBIMYACTOTO Ipadiky.
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[ 1 import pandas as pd
impert numpy as np
import matplotlib.pyplot as plt
import seaborn as sns

[ 1 sns.set style("whitegrid")
d2 = pd.DataFrame(pd.read_csv("d2.csv", parse_dates=['Date’']).mean(axis = 1, numeric_only=True), columns = ["precip"])
streamflow = pd.read_csv("streamflow.csv", parse_dates=['Date'])
streamflow = pd.concat([streamflow, d2], axis = 1)
streamflow = streamflow.resample("M", on="Date").agg({"1": np.mean, "2": np.sum})

[ ] fig, ax1 = plt.subplots(figsize=(14,6))
ax2 = axl.twinx()
sns.lineplot(x = streamflow.index, y= "precip"”, data = streamflow, color="blue", ax=ax2)

[ 1 ax2.fill between(streamflow.index, ®, streamflow["precip"], alpha = 0.8)
ax2.set(ylim=(@, 488))
ax2.set_ylabel ("KinekicTe onapie, mm")
ax2.invert yaxis()
sns.lineplot(x = streamflow.index, y= "1", data = streamflow, color="red", ax=axl)
axl.set(ylim=(@, 80))
axl.set_ylabel ("PiukoBuit cTok, m3/c")
axl.set xlabel("Poku")
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Puc. 4.4. I'padix 3amexHOCTI PIYKOBOTO CTOKY Ta KIIBKOCTI OMaAiB IS MEPIIOi

T1JJPOMETEOPOJIOTIUHOI CTAHIIII.

Taxi rpadiku BUKOPUCTOBYIOTHCS SIK IIEPBUHHUMN 1HAUKATOP TOTO, SIK ONaJH BIUIUBAIOThH
Ha PIYKOBHM CTIK 13 BOA0300py. KpiM 1poro, y mpoMy aHalizi MOXHA pPO3IJISAATH
T1IPOMETEOCTAHIIII0, KA PO3TAlllOBaHa BUIIE 3a TEYIE€IO, JJI MEPEBIPKHU MPOIIECIB CTOKY 13

cyOBO0COOPY, MEHIIIOT YaCTUHU OCHOBHOTO BOJI0300PY AOCTIIXKYBAHOI PIUKH.
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4.2.4. OTpuMaHHA JaHMX KiJIbKOCTI ONMajaiB Ta PIiYKOBOr0 CTOKY SIK CE30HHOIO

(pakTopy

OCHOBI, 1100 M00AYUTH, HACKIIBKM CHJIbHI JIOII BIUIMBAIOTh HAa CTIK BOJ0300pY PiKH, IJIS
SIKOTO BEAyTh crocTepekeHHs. JIsi 1bOTO IMIOKBApTaly MTPOBOJATH TPYMYyBaHHS IaHUX.
Tomy B Pandas BcraHOBIIOIOTH cTOBIENb Date sik iHIeKC, II00 BUKOPUCTOBYBATH MapaMeTpr
Pandas g moBTOpHOT BUOIpKM JaHUX 1 3HOBY arperyBaTd PIUKOBUM CTIK K CEpeHE
3HAYEHHs Ta KUIBKICTh OMAIB SK IIOMICAYHY cyMy. [laHi OyJo moaineHo Ha YOTUPU CE30HU:

3umMa (TpyJIeHb-JIIOTUH), BecHa (Oepe3eHb-TpaBeHb), JITO (YEpBEHBb-CEPIIEHb) Ta OCIHb

B po6oTi nmpoBenieHo aHaii3 JaHUX KUIBKOCTI OMAa/IiB Ta PiBHSA BOAM B Piulll HA CE30HHIM

(BepeceHb-JIuCTOnaN).

[ ]

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns

sns.set style("whitegrid™)

d2 = pd.DataFrame(pd.read_csv("d2.csv", parse_dates=['Date’]).mean(axis = 1, numeric_only=True), columns

streamflow = pd.read_csv("streamflow.csv", parse_dates=['Date'])
streamflow = pd.concat([streamflow, d2], axis = 1).set index(["Date"])
winter = streamflow[(streamflow.index.month »= 1) & (streamflow.index.month <= 3)]

winter = winter.reset_index().resample("M", on="Date").agg({"1": np.mean, "precip"”: np.sum}).dropna().reset_index()

spring = streamflow[(streamflow.index.month >= 4) & (streamflow.index.month <= 6)]
spring = spring.reset index().resample("M", on="Date").agg({"1": np.mean, “precip”: np.sum}).dropna().reset index()
summer = streamflow[(streamflow.index.month >= 7) & (streamflow.index.month <= 9)]
summer = summer.reset index().resample("M", on="Date").agg({"1": np.mean, “precip”: np.sum}).dropna().reset index()

autumn= streamflow[ (streamflow.index.month >= 18) & (streamflow.index.month <= 12)]

autumn = autumn.reset index().resample("M”, on="Date").agg({"1": np.mean, "precip"”: np.sum}).dropna().reset index()
fig, ((ax1, ax2), (ax3, ax4)) = plt.subplots(nrows = 2, ncols = 2, Tigsize = (14,8), tight_layout=True)

axla = axl.twinx()

axla = ax1.twinx()

sns.lineplot(x = winter.index, y= winter["1"], data = winter, color="red", ax=ax1)
axl.set(ylim=(@, 80))

axl.set_ylabel ("Streamflow [$m"3%/s]")

sns.lineplot(x = winter.index, y= winter["precip"], data = winter, color="blue", ax=axla)
axla.set(ylim=(8, 480))

axla.invert_yaxis()

axla.fill between(winter.index, @, winter["precip"], alpha = 0.8)

axla.set_ylabel("KinekicTe cnagie, mm™)

ax2a = ax2.twinx()

sns.lineplot(x = spring.index, y= spring["1"], data = spring, color="red", ax=ax2)
ax2.set(ylim=(8, 80))

ax2.set_ylabel("PiukoBuii cTok, m3/c")

sns.lineplot(x = spring.index, y= spring["precip"], data = spring, color="blue", ax=ax2a)
ax2a.set(ylim=(0, 400))

ax2a.invert_yaxis()
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[ 1 ax2a.fill_between(spring.index, @, spring[“”precip”], alpha = ©.8)

ax2a.set ylabel("KinbkicTb onaagis, mm"™)
ax3a = ax3.twinx()

sns.lineplot(x = summer.index, y= summer["1"], data = summer, color="red"”, ax=ax3)

ax3.set(ylim=(o, 80))
ax3.set ylabel("PiukoBuid cTOK, M3/C")

sns.lineplot(x = summer.index, y= summer["precip”],

ax3a.set(ylim=(0, 400))
ax3a.invert yaxis()

data = summer, color="blue", ax=ax3a)

[ 1 ax3a.fill between(summer.index, @, summer["precip"], alpha = ©.8)

ax3a.set ylabel("KinekicTb cnagis, mm")
axda = ax4.twinx()

sns.lineplot(x = autumn.index, y= autumn["1"], data = autumn, color="red", ax=ax4)

ax4.set(ylim=(o, 80))
ax4.set ylabel ("PiuykoBuid cTok, M3/c")

sns.lineplot(x = autumn.index, y= autumn["precip"], data = autumn, color="blue", ax=ax4a)

ax4a.set(ylim=(0, 400))
axda.invert yaxis()

axda.fill between(autumn.index, @, autumn["precip"], alpha = ©.8)

axda.set ylabel("KinbkicTb onagis, mm")
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Puc. 4.5. Bius ce30HHOTO (paKTOpy Ha PIUKOBUN CTOK Ta KIJIBKICTh OMaIiB.

Jlani mpencTaBieHi B YOTHUPHOX MiArpadikax, e CuHA 00JIacTh MpeAcTaBisie COOOI0
KUIBKICTh OMaJiB, a YEpPBOHA JIiHIA MPEACTaBISIE TaHl piukoBoro croky. Ha oci X mokazano
yac y MICSISX, MOYUHAKOUYH 3 Tiepiioro micsis ce3ony 2000 poky (tpu micsii 3 2000 poky,
Tpu micsi 3 2001 poky 1 T.1.).

3 1UX JaHUX BHJIHO, IO BJITKY Ta BOCEHHM CIOCTEPIra€ThCs HaMONbINA KUIBKICTh
OMajiB, OCOOJIMBO MiJ Yac JITHIX 3JIMB, IPH IIbOMY BiAOYBA€ThCS 3HAYHUN MITHOM PIBHS
BOIM B piulli. BoceHn omajy BUMamarOTh YaCTIIe, TOMY Ha TUISHII PIYKOBOTO CTOKY TaKOX
CIIOCTEPITal0Th OLIBIIE MKOBUX 3HA4Y€Hb. PIUKOBUI CTIK 3UMOIO MOXE€ MaTH BHUII 3HAYEHHS

IpU HEBENHUKIM KUIBKOCTI OMajiB Yepe3 TaHEHHsI CHITY MPOTIrOM MEpPUIMX TPbOX MICSIIB
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poky. I'padiku BECHSHOTO C€30HY YMMOCH CXOK1 Ha OCIHHI, 3 MEHIIIOK KIJIbKICTIO OIaJIiB, a

3HAYEHHS PIYKOBUX CTOKIB JJOCUTH MO10HI.
BUCHOBKMY J10 PO3ALITY 4

Po3pobneno Ta peanizoBaHo iH(oOpMaliiiHO-aHATITUYHY CUCTEMY JJIS OILIHKHA PU3UKY
HiAHATTS PIBHS BOJMW B Pidlli, B SIKiif BpaXOBYIOTbCS MOTOAHI YMOBH, MiclIeBiCTh. BoHa Moxke
OyTH peasnizoBaHa Ha npakTulli. [Ipu BUKOPUCTaHHI PeKJIaMU Ta OTOJIOIIEHb JIJIsl POCYBaHHS
IPOTPaMHOTO MPOIYKTY MOXKHA JOCATTH YCIIXY Ta OTPUMATH IPUCTONHHUM JOXII.

Ha ix ocHOBI OTpuMaHO NMPOTHO3 MiABUIIEHOTO PIBHS BOAM, KU MOKHA MOPIBHATH 31
3HAYeHHSMHU ICTOPUYHUX JIAHHUX MO piukax. KpiM 1poro, 3a 10mOMOroo 3ampOrOHOBAHOTO
METOIy MOXKJIMBE OTPUMAHHS 1HANBIAYaIbHOTO MPOTHO3Y AJISl OKPEMHUX HACETICHHUX MTyHKTIB.
Po3po6riennii MeToq MpOrHO3yBaHHSA MOXE OYTH BHUKOPUCTAHUM i poOIT 13 3amo0iraHHs

HaCJIIIKaM CE30HHUX 3aTOIUJICHb HACEJIEHUX MyHKTIB y TIEPi0/1 MOBEH.
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PO31JI 5. PO3POBJIEHHS CTAPTAII TIPOEKTY
5.1. Onuc npoekry iHpopManiiiHOI cUCTEeMHU

Posrnsinemo, siki miAroTOBY1 Aii CIiA MPOBECTU MEpe] THM, K IMOYaTH BTLIIOBATH CBIH
MPOEKT K crapTar. JIJisi boTo MOTPIOHO CTBOPUTH 1H(OPMALIIHY KapTy IJIA MPOEKTY, 110
po3pobisieTses. Ile € mepmmm kpokom. [li mani Bkazani B Tabm. 5.1, B sikiil mpuBeneH1

OCHOBHI XapaKTCPUCTHUKHU IIPOCKTY Ta BUTPATH HA HBOTO.

Taba. 5.1. Kapra indopmariiitnoi cucremu

Hassa nominartii Python nporpama

Marematnyne Ta nporpamHe

3a0€3ME€YECHHs] CHCTEMU IPOBEICHHSA
Ha3sa npoekry _ . _
[JIPOJOTIYHUX  NPOTHO31B  BOJHHUX

00’€KTIB
Hasga BH3, dakynerety, | HIITY, kadenpa  1HpoOpMaIIHHUX
CHEIIaTbHOCTI TexHoJjorii, 122 «KoMmn oTepHi HayKmn»
[Ipi3BuIe, iM’s, M0-0aTHKOB1 [tunyk Ocran BacunboBuy

{11 mpoeKkTy — po3poOKa Ta peamizailis
CUCTEMHU Il aHall3y CTaHy BOIHHUX
00’€KTIB ~ Ta  MOXJIHMBOCTI  HOro
MIPOTHO3YBaHHS.

3aiadi MPOEKTY:
® pPO3pPOOUTH MaTeMaTUIHE

3a0e3MeyeHHs Ta aJrOpUT™M

i1 1 31291 TPOCKTY
(yHKITIOHYBaHHS CHCTEMH;

e peaiizyBaTd MPOrpamMHy MOJIEIb
CUCTEMH aHali3y CTaHy BOIHHUX
00’ €KTIB;

® TIPOBECTH JOCIIKCHHS

JTUHAMIKY T THSTTS PIBHS BOJU Y

BOJIHOMY 00’ €KTI.
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[IpoananizoBaHo I1CHYOUl TiJIpOMETEO-
pOJIOTIYHI  CHUCTEMH TPOTHO3YBaHHS,
3aMpONOHOBAHO TMIAXiA 1O MPOTHO-
3yBaHHS T1IPOJIOTTYHUX YaCOBHUX PsIIB.
Ha ix oOcHOBI OTpUMaHO MPOTHO3
MIBUIIIEHOTO PIBHS BOJHU, SIKMA MOHA
MOPIBHATH 31 3HAYCHHSIMHU 1CTOPUYHHUX
naHux 1o piukax. Kpim 1mporo, 3a
KopoTkuii 3MicT IpoeKTy
JOTIOMOTOI0  3aITPOITIOHOBAHOTO METOTY
MOKJIUBE OTPUMAHHS 1HJIMBIIYyaIbHOTO
MPOTHO3Y JJII OKPEeMHUX HaCEIeHUX
MyHKTIB. Po3pobienuit METO]T
MPOTHO3YBAaHHA MOX€ OyTH  BHKO-
pUCTaHM nJia poOIT 13 3amoOiraHHs

HaCJ'IiI[KaM CC30HHHUX 3aTOIINICHb HAacCE-

JICHUX MYHKTIB y MEpio]] MOBEHI.

TepMiHM BUKOHAHHS TIPOCKTY 12 micsiiB

brojxeT npoekrty 150 000 rpH.

5.2. CTparerisi IpoexKTy

Buxopucrtanss pe3ynpTaTiB pyHIaMEHTAIBHUX Ta MPHUKIAJIHUX AOCTIHKEHb Y PI3HUX
rajmy3sx HapOJHOTO TOCTOJapCTBa € OCHOBOI CKOHOMIKHM Ta ii JUHAMIYHOTO PO3BHTKY.
TakuMm 4MHOM, aKTyaJbHICTh KOMEpIIiani3alii mporpaMHOro IpOAYKTY — MPOIIECy pOo3pOOKU
Ta peaizamii HU3KH 3aXOiB, 32 JOTIOMOTOI0 SKHX PE3yJbTaTH HAYKOBUX MOCIIIKEHb Ta
JOCITITHO-KOHCTPYKTOPCHKUX PO3pOOOK MOKHA 3alpoTOHYyBaTH Ha pPUHKAX TOBApiB Ta
MOCIYT 13 KOMEpPUIMHUMHU IUIIMU — odeBHaHA. Komepitianizallis MpOrpaMHOrO MPOAYKTY
nepeadavyae TMOMIYK Ta BIigOIp po3poOok s (iHAHCYBaHHS, 3adyuYCHHs 1HBECTHIIIH,
BIIPOBAHKCHHS PO3POOOK.

Jlana mpoaykiis, a TOYHINIE TPOTpaMHUN TPOAYKT, peali30BaHa MOBOIO
nporpamyBaHHsi Python, BukopucTOBYrOUM METONMM MAIIMHHOTO HAaBYaHHSA. BoHa m03BOJIsIE
3HM3UTU BUTPATH MIANMPUEMCTBA HA 3aKYMIBEIbHY MISUTBHICTH 3 JIOMMOMOTOI0 BUKOPHUCTAHHS

IPOTHO3YBAHHS II1HH.
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Ha choroaHimiHiii AeHb TOJOBHOIO METOK € OTpuMaHHs mpuOyTKy. BimmoBigHO aiis
TOro, mo0 BUOpaTH TOW 4YM IHIIMKM crmocid Komepiiiamizaiii, HeOOX1HO MpoaHaNi3yBaTH
BUTPATU Ta TOXOMH, K1 IIOHECE MiANPHUEMCTBO, BUOPABIIH HOTO.

[IpoanamnizyBaBIly pi3HI ACTIEKTH KOMeEpIliaaizalli crapTamiB, MOXHa JIUTH HEBTIIIHOTO
BHCHOBKY TIpO T€, I110:

® CcaMOCTiiiHe BUKOPUCTAHHS 1HHOBALlli J03BOJHUTH MIANPUEMCTBY MAKCHMI3yBaTu CBIi
npuOyTOK, aje MpU IbOMY JaHH METOJ] € i CAMUM BUTPATHHUM;

® YACTKOBHMH MPOJAXX JO3BOJUTH OCBOITH HOBI PMHKM 3a PaxyHOK JLEH3ii, a TaKoX
MOBEPHYTH YAaCTHHY BUTPAYEHUX KOIITIB;

e [IpU MOBHIM Mepeaadi mpas I0XiJ MOKe OyTH MOPIBHSIHO 13 I0XOA0M BiJ] CAMOCTIIHOTO

BUKOPUCTAHHS, aJie TIPU [IbOMY KOMIIaHii JOBEeThCS 3MIHIOBATH.
5.3. Po3po0ka nmporpamu crapran NpoeKTy

Taba. 5.2. OcHOBHI TIepeBaru Ta KOHIEMIii iHhopMaIliifHOI CUCTEMU

Ne Burona, sy  mnpomnonye | Kirouosi nepeBaru nepen
[ToTpeba
n/n TOBap KOHKYpEHTaMu
MOJIETFOBAHHS
. CTBOpPEHHS IpOrpaMHUX _
1 1 ABUIICHHSA _ BUTOJIa JIJIs1 KIHLIEBOT'O CIIO’KMBaya
' MOJ1yJIIB
piBHS BOIU
BU3HAYEHHS . '
' MOJIMBICTh  MiJKIIOYEHHS
napaMmeTpiB . . _
' JATYMKIB OMOBILIEHHS IPO | BUKOPUCTAHHS O€3MUIOTHUX
2 pIBHA BOIU Ta | _ ' ' .
| migBUINEHHSA pIBHA  PIBHA | JITaJbHUX anapaTiB
HOTYHOCTI
BOJIU
CTOKY
iHTEepdeiic, 3 JA0MOMOroro
KOO MOKHa BBOJMTU BCl | MOXKJIMBICTb IPOTHO3YBaHHSI
. JaHl UL MOXJIMBOCTI | HMOBIPHOCTI BUHUKHEHHS
3 iHTepdeiic _ .
IPOrHO3YBaHHS PU3MKY | HiIBUILEHHS PiBHS BOJU BHA
BUHUKHEHHS 3aTOIJICHHS | TOCTIIKYBaHOMY 00’ €KTI

OPUJIETTIUX TEPUTOPIH
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Ta6a. 5.3. Onuc TpbOX PiBHIB AHAIITUYHOI CUCTEMU AJI MPOTHO3YBAHHS CTaHY BOJIHUX

00’€KTIB
pPiBHi TOBapy CYTHICTBh Ta ii CKJIa/10BI

MOJIEJIIOBaHHS CTaHY BOJIHUX 00’ €KTIB Ta
1. ITporpamHuii poOIyKT 32 38 yMOM MPOTHO3YBAaHHS WUMOBIPHOCTI BUHUKHEHHS

MOBEHI

2. Ilporpamuuii npoaykt, sKud Mae | iHQopMaliitHO-aHATITUYHA CUCTEeMa JIJIs

OyTH pearbHO BUKOHAHUIA MOJIETIIOBaHHS PIBHS BOJHU PIK

ciyx0a g miATPUMKHA CUCTEMU MPURHATTS

3. [liakpinneHHs pillieHb B HAJ3BUYAHINA CUTYAIII] 32 IOTTIOMOT OO

naHoi 1HGOPMAIHOT cUCTeMHU

Ta6u1. 5.4. BuznaueHHsI MeX JJ1s1 BCTAHOBIICHHS IIIHU HA 1H(OpMalliiiHy cucTeMy

pIBEHB
Ne _ . pIBEHb LIH Ha | JOXOJIB BEPXHs Ta HUXKHS MEXI
piBeHb IIH HAa TOBapH _ _
/I . TOBapU- IiJTbOBOI BCTaHOBIICHHS I[iHU Ha
3aMIHHUKH
aHaJIOTH Tpynu TOBaP/TIOCITYTY
CIIO’KMBAYiB
1 Hamepes He 3a7JaH0 Hamepes He | 3008+ 300/150 $
3aJ1aHO
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BUCHOBKH JIO PO3JILIY 5

OpHi€ero 3 HAWBKIMBIMIUX TiIPOJIOTIYHUX BEIMYHMH € CTIK BOJHUX 00 €KTIB Ta HOTO
IPOCTOPOBO-YacoOBI KOJMBaHHsS. BiH BH3HAuae po3BUTOK Ta (YHKIIOHYBAaHHS BOJHHUX Ta
HaBKOJIOBOJHHMX E€KOCHCTEM, Ma€ iCTOTHE 3HAYeHHS NPH BHPIMICHHI BOJOTOCTIONAPCHKHIX
3aBJIaHb.

Po3pobneno Ta peanizoBaHo iH(OpMaliiiHO-aHATITUYHY CHUCTEMY JJIS OILIHKH PU3UKY
MIHATTS PIBHS BOJMU B PidIli, B SIKiil BpaxOBYIOThCS MOT'0JIHI YMOBH, MICIIEBICTh. BoHa MoXe
OyTH peanizoBaHa Ha npaktulll. [Ipy BUKOpUCTaHHI pekJlaMu Ta OrOJIOLIEHb AJIsi TPOCYBaHHS
IPOrPaMHOTO MPOIYKTY MOKHA TOCSITTH YCITIXY Ta OTPUMATH MPUCTONHUH TOXiI.

Ha ix ocHOBI OTpUMaHO NMPOTHO3 MiABUIIEHOTO PIBHS BOAM, KU MOKHA MOPIBHATH 31
3HAYEHHSIMH ICTOPUYHUX JaHHUX MO piukax. KpiMm 11p0ro, 3a AOMOMOro00 3ampornoHOBAHOTO
METOIy MOXKJIMBE OTPUMAaHHS 1HIAWBIAYaIbHOTO MPOTHO3Y JJIsi OKPEMHUX HACETICHHUX ITyHKTIB.
Po3po6riennii MeToq MpOrHO3yBaHHSA MOXE OYTH BHUKOPUCTaHUM i poOIT 13 3amo0iraHHs
HACJI1IKaM CE€30HHHUX 3aTOIUIEHb HACEJIEHUX MYHKTIB y Mepio] MOBEH.

OTpuMaHi pe3yJapTaTH MalTh MPaKTUYHE 3aCTOCYBAaHHSA Ui  PalliOHAJIBHOTO
BUKOPHCTAHHS MPUPOIHUX PECYPCIB 1 MOXKYTh OYTH HayKOBOIO OCHOBOIO IiJl 4YaC BUKOHAHHS
MPOEKTIB Yy rajy3i TAPOJOTIYHUX Ta €KOJOTIYHUX JOCTIIHKEHb. 3HAUYCHHS BUTPAT PIYKOBOTO
CTOKY MOXYTh OYyTH BHUKOPHCTaHI MpH MPOEKTYBaHHI TIAPOTEXHIYHUX CIOPYyA Ta
MeJniopaTuBHUX cucTeM. JlaHa iHdopmaliiiiHa cucreMa MoXKe OYTH BIIPOBAJKEHA B

CTPYKTYPHI HIIPO31IH T1APOMETEOPOJIOTTYHUX TOCTIB.
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BUCHOBKH

B nunmomuiit po6oTi po3pobiieHo Ta peanizoBaHo 1H(OPMAalIHO-aHATITUYHY CHCTEMY
JUTSI OI[IHKU CTaHy JIOCJIIKYBAHOTO BOJHOTO 00’ €KTa, B AKiH BPaXOBYIOTHCS IMOTOJ/IHI YMOBH,
MICLIEBICTb.

B mepmiomy po3mim mpoaHanmizoBaHO MpeaMETHY 00JacTh, 3acO0M Ta TEXHOJOTII
MPOEKTyBaHHS 1H(POpPMAIIHOT CUCTEeMH CTaHy BOJHMX 00’€KTiB. 3 i JOMOMOIOK MOXHA
OyJile MOACITIOBATH CTaH BOJIHUX OO€EKTIB Ta MPOTHO3YBATH PIBEHb MiTHSATTS BOJM BHACIIIOK
HECTPUATINBUX METEOPOJIOTIYHUX (HAKTOPIB.

VY npyromy po3aini MPUBEACHO BIIOMOCTI MPO ICHYIOUI CUCTEMH IPOTHO3YBAHHS Ta
BU3HAYEHHS MapaMeTpiB CTaHy BOAHMX 00’ekTiB. OMUCaHO MPUHIMIHN iX (YHKIIOHYBAaHHS,
iH(dOopMalliiiHa cucTeMa 1o aHajIi3y Ta MPOTHO3YBAHHIO CTaHy BOAHUX 00’ e€kTiB. [IpuBeaeHo
BIJIOMOCTI TIPO OCOOJIMBOCTI MPOEKTYBaHHS NPOTPAMHOTO TPOAYKTY 3acobamu Python,
00poOKM JaHuXx 3 JomoMororw 0i6mioreku Pandas, Bizyamizaliii pe3ysibTaTiB 3 JOMOMOTOO
610mioTeku Seaborn.

B Ttperromy po3aini mpuBeAeHO JaHl NPO MPUHUUON MOOYAOBH alTOPUTMY
MaTeMaTUIHO1 MOJEII Ta MiAXO0/A1B IO TPOTHO3YBAHHS MiAHOMY PIBHS BOJH, 1110 CIIPUYHUHEHE
omagamu joiry. Ha ocHOBI mpuBeneHOT MaTeMaTHYHOI MOJIEN1 CIIPOEKTOBAHO 1H(QOpMAIIIITHY
CUCTeMY MJIs aHali3y CTaHy BOAHOTO 00’ekTa. [IpoBemeHi MOCHTIKEHHS Ta MOJEIIOBAHHS
M1ITBEPKYIOTh JOCTOBIPHICTH PO3POOJICHOT MaTeMAaTHYHOI MoJiell 1HQOpMaLiiHOT CUCTeMHU
Ta MOKJIMBOCTI IPOTHO3YBaHHS CTaHy BOJHOTO 00’ €KTAa.

B getBepTOMy po3aisii po3poOsieHO Ta pealizoBaHo iH(QOpMalliiHO-aHATITUIHY CUCTEMY
JUISL  OIIHKW PIBHS MIAHATTS BOAM B JOCHIIKYBAaHOMY BOJHOMY OO’€KTi, B sKii
BpPaxoBYIOThCS MOTOJHI YMOBH, MicIeBiCTb. Ha iX OCHOBI OTpHMaHO MPOTHO3 MiABUIIEHOTO
PIBHSI BOJM, SIKUH MOKHA MOPIBHIATH 31 3HAUYCHHSIMHU 1ICTOPUYHHUX JAHUX T10 TAaHOMY OO’ €KTY.
Kpim 11bor0, 32 JOTIOMOTO0 3alPOIIOHOBAHOTO METOIY MOKIIMBE OTPUMAaHHS MPOTHO3Y IS
OKpeMHX HaceleHUX MYyHKTIB. Po3poOneHuii MeTrox MpOrHO3YBaHHSA MOXe OyTH
BUKOPUCTAHUU i1 poOIT 13 3amoOiraHHs HaCHiKaM CE30HHUX 3aTOIUVIEHb HACENEHUX

MYHKTIB Yy MepioJ] MOBEHI.
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OTpumani pe3yjibTaTH MalOTh MPAKTUYHE 3aCTOCYBAaHHS JUIS  PalliOHAJIBHOTO
BUKOPHCTAHHS MPUPOIHUX PECYPCIB 1 MOXKYTh OYTH HayKOBOIO OCHOBOIO IiJl 4YaC BUKOHAHHS
NPOEKTIB y Tajy3l FAPOIOTIYHUX Ta €KOJIOTTYHUX JAOCTIIKEHb. 3HAYEHHSI BUTPAT PIUKOBOTO
CTOKY MOXYTb OyTH BHUKOPUCTAHI TIPpM MPOSKTYBaHHI TiAPOTEXHIYHUX CIOPYA Ta
MemiopaTuBHUX cucTeM. Jlana iHQopmamiiiHa cuctema Moxe OyTH BIpPOBaJKEHA B

CTPYKTYPHI HIIPO31IH T1APOMETEOPOJIOTTYHUX TTOCTIB.
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JTOTATKH
JTIOJATOK A

Lipynb

[ 1 import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
import seaborn as sns

[ 1 dataset = pd.read_excel('flood dataset.xlsx')

[ 1 print(sns.distplot(dataset["Temp"]))

D:%\anaconda\lib\site-packages\seaborn\distributions.py:2619: FutureWarning: “distplot  is a deprecated
warnings.warn(msg, FutureWarning)
AxesSubplot(8.125,6.125;8.775x8.755)

040

0.35 1
030
025

0.20 1

Density

015
010

0.05 A

0.00 T T T T T -

[ 1 print(sns.boxplot(dataset['Temp']))

D:\anacondaylib'\site-packages\seaborn'_decorators.py:36: FutureWarning: Pass the following wvariable as
warnings.warn(
AxesSubplot(@.125,8.125;0.775%0.755)

280 285 20 295 30.0 E R 30
Emp



£
-
E
=
g
2
]
£

Posep WarMay

L xr-Oey

il

[]

T

[]

[]

[]

import seaborn as sns

fig=plt.gcf()

fig.set_size_inches(15,15)
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fig=sns.heatmap(dataset.corr(),annot=True, cmap="summar"’,

|
Humidity Cloud Cower ARNLIAL

jeeFet  MarMay  WnSep  OrbDer  waiune

dataset.drop(["0ct-Dec"],axis=1,inplace=True)

dataset.head(18)

Temp Humidity Cloud Cover

0 29
1 28
2 28
3 29
4 3
5 30
] 29
7 30
8 30
9 30

70

7

79

T

74

70

74

78

Te]

70

30

40

42

44

40

38

40

36

40

print(dataset.info())

mask=False, vmin=-1, vmax=1,

ANNUAL Jan-Feb Mar-May

32486

3326.6

3271.2

3129.7

27416

2708.0

3671.1

2648.3

3050.2

28486

734

9.3

AHETE

267

234

341

237

268

63.9

284

386.2

275.7

336.3

339.4

378.5

230.0

328.0

283.7

628.3

296.7

linewidths=1,linecolor="k',square=True,

Jun-Sep
21228
2403.4
2343.0
2398.2
1881.5
1943.1
2737.8
20236
1940.4

1886.5

cbar_kws={"orientation": "vertical"},cbar=True)

']

- =1.00

avgjune
274.866667
130.300000
186.200000
366.066667
283.400000
138.300000
256966667
197.533333
234.900000

226666667

sub  flood
649.9 0
256.4 1
308.9 0
B862.5 0
586.9 0
2541 0
669.5 1
450.0 0
2315 0
531.2 0
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[]

Eod

Ed

[]

[]

[1]

<class 'pandas.core.frame.DataFrame’>»

RangeIndex: 115 entries, @ to 114
Data columns (total 18 columns):

# Column Non-Null Count
e Temp 115 non-null
1  Humidity 115 non-null
2 Cloud Cover 115 non-null
3 ANNUAL 115 non-null
4  Jan-Feb 115 non-null
5 Mar-May 115 non-null
6  Jun-Sep 115 non-null
7 avgjune 115 non-null
8 sub 115 non-null
9 flood 115 non-null

dtypes: floatb4(6), inte4(4)

memory usage:
None

9.1 KB

dataset.describe().T

Temp
Humidity
Cloud Cover
ANNUAL
Jan-Feb
Mar-May
Jun-Sep
avgjune
sub

flood

count

115.0

115.0

115.0

1150

1150

115.0

113.0

115.0

115.0

1150

mean

29.600000

73.852174

36.286957

2925.487826

27.739130

377.253913

2022.840870

218.100870

439.801739

0.139130

dataset.isnull().any()

Temp
Humidity
Cloud Cover
ANNUAL
Jan-Feb
Mar-May
Jun-5ep
avgjune

sub

f1lood
dtype: bool

False
False
False
False
False
False
False
False
False
False

X = dataset.iloc[:,2:7].values

y = dataset.iloc[:,9:].values

floated
floated
floated
floated
inte4

std

1.122341

2.947623

4.330158

422112193

22.361032

151.091850

356.254397

62.547597

210.438813

0.347397

min

28.0

70.0

30.0

2068.8

0.3

89.9

1104.3

65.6

342

0.0

74

25%
29.000000
71.000000
32.500000

2627.900000
10.250000
276.750000
1768.850000
179.666667
295.000000

0.000000

from sklearn.model selection import train_test_split
X_train,X_test,y train,y_test = train_test_split(X,y,test_size=6.25,random_state=18)

X_train.shape

(s6, 5)

X_test.shape

(29, 5)

58%

30.000000

74.000000

36.000000

2937.500000

20.500000

342.000000

19458.700000

211.033333

430.600000

0.000000

75%

31.000000

76.000000

40.000000

3164.100000

41.600000

442300000

2242900000

263.833333

577.650000

0.000000

max

31.000000

79.000000

44.000000

4257.800000

98.100000

915.200000

3451.300000

366.066667

962.700000

1.000000
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[ 1] from sklearn.preprocessing import StandardScaler
sc=StandardScaler()
X_train=sc.fit_transform(X_train)
X_test=sc.fit_transform(X_test)

[ 1 from joblib import dump
dump(sc, "transform.save")

["transform.save']

[ 1 from sklearn.tree import DecisionTreeClassifier

[ 1] model = DecisionTreeClassifier()

[ 1 model.fit(X_train, y_train)

DecisionTreeClassifier()

[ 1 from sklearn.metrics import accuracy_score,classification_report

[ 1 y_predict = model.predict(X_ test)
y_predict_train=model.predict(X_ train)

[ 1 print('Test data',accuracy_score(y_test,y predict))
print('Train data’,accuracy_score(y_train,y_predict_train))

Test data ©.9655172413793184
Train data 1.8

pd.crosstab(y_testy_predict)

[ 1 print(classification report(y test, y_predict))

precision recall fl-score  support

<] 1.8 8.96 8.98 26

1 8.75 1.8 8.86 3

accuracy 8.97 29
macro avg 8.88 8.98 8.92 29
weighted avg 8.97 8.97 8.97 29

[ ] from sklearn.ensemble import RandomForestClassifier

[ ] model = RandomForestClassifier()
model.fit(X_train,y train.ravel())

RandomForestClassifier()

[ 1 from sklearn.metrics import accuracy_score,classification_report

[ 1 y_predict = model.predict(X_ test)
y_predict_train=model.predict(X_train)

[ 1 print('Test data’,accuracy score(y_test.ravel(),y predict))
print('Train data',accuracy_score(y_train.ravel(),y predict_train))
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Test data B8.9655172413703184
Train data 1.8

[ 1 pd.crosstab(y_test.ravel(),y predict)

ccl e o8 1
row_e
0 25 1
1 0 3

[ 1 print{classification_report(y_test.rawvel(), y_predict)})

precision recall fl-score  support

=] 1.8 8.96 @.98 26

1 8.75 1.88 8.86 =]

accuracy 8.97 29
macro avg 68.88 .98 8.92 29
weighted avg 8.97 8.97 8.97 29

[ 1 from sklearn.neighbors import KNeighborsClassifier
knn=KNeighborsClassifier()

knn.fit(X_train,y _train.ravel())

KNeighborsClassifier()

[ 1 y_predict=knn.predict(X_test)
y_pred=knn.predict(X_train)

[ 1 from sklearn.metrics import accuracy_score,classification_report

print("Test accuracy=", accuracy score(y_ test.ravel(),y predict))
print("Train accuracy=", accuracy_score(y_train.ravel(),y pred))

Test accuracy= ©.896551724137931
Train accuracy= 8.9418684651162791

[ 1 pd.crosstab(y_test.ravel(),y_predict)

cole 8 1
row_8
0 23 3
1 0 3

[ 1 print(classification_report(y_test,y predict))

precision recall fl-score support

] 1.08 8.88 8.94 26

1 8.5 1.8 8.67 3

accuracy a.98 29
macro avg B8.75 a.94 6.88 29
weighted avg 8.85 a.98 8.91 29

[ 1 from xgboost import XGBClassifier
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[]

[]

[]

[]
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xgb = XGBClassifier()

xgb.fit(X_train,y_train)

XGBClassifier(base_score=8.5, booster="gbtree', callbacks=None,

colsample_bylevel=1, colsample_bynode=1, colsample_bytree=1,
early stopping_rounds=None, enable_categorical=False,
eval_metric=None, gamma=8, gpu_id=-1, grow_policy="depthwise’,
importance_type=None, interaction_constraints="'",

learning rate=0.300000012, max_bin=256, max_cat_to_onehot=4,
max_delta_step=8, max_depth=6, max_leaves=8, min_child_weight=1,
missing=nan, monotone_constraints='(}"', n_estimators=1@8,
n_jobs=@, num_parallel tree=1, predictor="auto', random_state=8,
reg_alpha=@, reg_lambda=1, ...)

y_predict=xgb.predict(X_test)
y_pred=xgb.predict(X_train)

from sklearn.metrics import accuracy score,classification_report

print("Test accuracy=", accuracy_ score(y_test,y predict))
print("Train accuracy=", accuracy_score(y_train,y pred))

Test accuracy= ©.9655172413793184
Train accuracy= 1.8

pd.crosstab(y_test.ravel(),y predict)

cole 8 1
row_8
0 25 1
1 03

print(classification_report(y_test,y predict))

precision recall fl-score  support

=] 1.08 8.96 8.98 26

1 8.75 1.88 8.86 3

accuracy a.97 29
macro avg 8.88 6.98 6.92 29
weighted avg 8.87 8.97 8.97 29

from sklearn import tree

from sklearn import ensemble
from sklearn import neighbors
import xgboost

dtree = tree.DecisionTreeClassifier()
Rf = ensemble.RandomForestClassifier()
knn = neighbors.KNeighborsClassifier()
xgb = xghoost.XGBClassifier()

dtree = tree.DecisionTreeClassifier()
Rf.fit(X_train,y train.ravel())
knn.fit(X_train,y_train.ravel())
xgb.fit(X_train,y_train)



L]

[]

[]

Ed

XGBClassifier(

from sklearn

print(metrics.
print(metrics.
print(metrics.
print(metrics.

8.965517241372
©8.965517241372
8.965517241372
8.965517241379

metrics.confu
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base_score=8.5, booster='gbtree', callbacks=None,
colsample_bylevel=1, colsample_bynode=1, colsample_bytree=1,
early_stopping_rounds=None, enable_categorical=False,
eval_metric=None, gamma=8, gpu_id=-1, grow_policy='depthwise’,
importance_type=None, interaction_constraints="",
learning_rate=6.300808012, max_bin=256, max_cat_to_onehot=4,
max_delta_step=8, max_depth=6, max_leaves=8, min_child weight=1,
missing=nan, monotone_constraints="()', n_estimators=188,
n_jobs=8, num_parallel tree=1, predictor="auto’, random_state=8,
reg_alpha=8, reg_lambda=1, ...)

import metrics

accuracy_score(y_test,y_predict))
accuracy_score(y_test,y_predict))
accuracy score(y_test,y_predict))
accuracy_score(y_test,y_predict))

31e4
3le4
3164
3184

sion_matrix(y_test,y_predict)

array([[25, 1],
[ 8, 3]]., dtype=int64)

print{metrics

.accuracy_score(y_test,y_predict))

8.9655172413793164

print(metrics.precision_score(y_test,y predict))

print(metrics

.recall score(y_test,y_predict))
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[ 1 import matplotlib.pyplot as plt
import pandas as pd
import seaborn as sns
sns.set(style="whitegrid")
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[ ] dl = pd.read_csv("dl.csv”, names = [“Date"™, "Rainfall"])

d1['Date'] = pd.to_datetime(d1["Date"])
dl = dl.set_index('Date")
dl = dl.resample("Y").sum()

[ 1 ax = sns.barplot(x=dl.index, y=d1["Rainfall"],
ax.set_xlabel("Poku™)
ax.set ylabel("KinbkicTe onagis, mMm™)

color = "royalblue™)

ax.set_xticklabels(labels = dl.index.year, rotation = 45)

[ 1 import matplotlib.pyplot as plt
import pandas as pd
import seaborn as sns
sns.set(style="whitegrid")

[ 1 d2 = pd.read_csv("d2.csv", usecols = ["Date", "1", "2", "3", "4", "5",

d2["Date"] = pd.to datetime(d2["Date"])
d2 = d2.set_index("Date")
d2 = d2.resample("Y").sum()

Ece e e naTy

[ 1 figl, ax = plt.subplots(2,4, figsize = (18,8), tight_layout=True, sharex = True)

for i, (ax, value, name) in enumerate(zip(ax.flatten(), d2.values.T, d2.columns)):

ax.set_xticks(d2.index.year)

ax.set xticklabels(labels = d2.index.year.values, rotation=60)

"green”, label="mepiawna",

ax.hlines(d2[name].median(), 1999.5, 2018.5, color="red”, label="cp.3Hau",

ax.bar(g%.index.year, d2[name], label=name, color = “royalblue™)
ax.hlines(d2[name].mean(), 1999.5, 2018.5, color=

ls = "--")

1s = ":")
=t el

ax.set_xlabel ("Pik™)
ax.set ylabel("KinekicTe onaagie, mm™)
ax.legend(shadow=True, loc="upper left")

[ 1 import matplotlib.pyplot as plt
from matplotlib import cm
import pandas as pd
import seaborn as sns
import numpy as np
from scipy.interpolate import griddata

[ ] meteo_loc = pd.read_csv("meteo_stat.csv", usecols =
d2 = pd.read csv("d2.csv")

["name", "real_name",

"lat”,

"long"]).sort_values(by = ["name"])

d2 = pd.DataFrame(d2.mean(axis = ©)).rename axis('name’).reset index().sort values(by=["name"]).rename(columns =

{@: "Mean"})
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meteo loc = pd.merge(meteo loc, d2, on="name")
X,Y = np.meshgrid(np.linspace(meteo_loc["long"].min()-@.85,meteo_loc["long"].max()+@.05,2000),
np.linspace{meteo loc["lat"].min()-@.85,meteo_loc["lat"].max()+@.05,2000))

grid_rain = sp.interpolate.Rbf(meteo_loc["long"],meteo_loc["lat"], meteo_loc["Mean"])
spatial_rain = grid_rain(X,Y)

fig, ax = plt.subplots(figsize = (16, 8))

ax.scatter(meteo_loc["long"], meteo loc["lat"], color = "black")

for i, (x,y) in enumerate(zip (meteo loc["long"], meteo loc["lat"])):

label = meteo_loc["real_name"][i]

ax.annotate(label, (x,y), textcoords = "offset points", xytext = (2,3))
fig.colorbar(gg, format = '%.1f")

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
impert seaborn as sns

sns.set_style("whitegrid")

d2 = pd.DataFrame(pd.read_csv("d2.csv", parse_dates=['Date’']).mean(axis = 1, numeric_only=True), columns = ["precip"])
streamflow = pd.read_csv("streamflow.csv", parse_dates=['Date’])

streamflow = pd.concat([streamflow, d2], axis = 1)

streamflow = streamflow.resample("M", on="Date").agg({"1": np.mean, "2": np.sum})

fig, axl = plt.subplots(figsize=(14,6))
ax2 = axl.twinx()
sns.lineplot(x = streamflow.index, y= "precip"”, data = streamflow, color="blue", ax=ax2)

ax2.fill_between(streamflow.index, @, streamflow["precip"], alpha = ©.8)
ax2.set(ylim=(@, 488))

ax2.set_ylabel ("KinekicTe onanis, mm")

ax2.invert_yaxis()

sns.lineplot(x = streamflow.index, y= "1", data = streamflow, color="red", ax=ax1)
axl.set(ylim=(@, 88))

axl.set_ylabel ("PiukoBwia cTok, m3/c")

ax1.set_xlabel("Poku")

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns
sns.set_style("whitegrid™)

d2 = pd.DataFrame(pd.read csv("d2.csv", parse dates=['Date’']).mean(axis = 1, numeric only=True), columns = ["precip"])
streamflow = pd.read_csv("streamflow.csv", parse_dates=['Date'])

streamflow = pd.concat([streamflow, d2], axis = 1).set_index(["Date"])

winter = streamflow[(streamflow.index.month »>= 1) & (streamflow.index.month <= 3)]

winter = winter.reset index().resample("M", on="Date").agg({"1": np.mean, "precip": np.sum}).dropna().reset index()

spring = streamflow[(streamflow.index.month »>= 4) & (streamflow.index.month <= 6)]
spring = spring.reset_index().resample("M", on="Date").agg({"1": np.mean, “precip”: np.sum}).dropna().reset_index()
summer = streamflow[(streamflow.index.month »>= 7) & (streamflow.index.month <= 9)]

summer = summer.reset index().resample("M", on="Date").agg({"1": np.mean, "precip”: np.sum}).dropna().reset index()

autumn= streamflow[ (streamflow.index.month >= 18) & (streamflow.index.month <= 12)]

autumn = autumn.reset_index().resample("M", on="Date").agg({"1": np.mean, "precip”: np.sum}).dropna().reset_index()
fig, ((ax1, ax2), (ax3, ax4)) = plt.subplots(nrows = 2, ncols = 2, figsize = (14,8), tight_layout=True)

axla = axl.twinx()



axla = ax1.twinx()
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sns.lineplot(x = winter.index, y= winter["1"], data = winter, color="red", ax-axl)

axl.set(ylim=(@, 80))

axl.set_ylabel("Streamflow [$m~3%/s]")

sns.lineplot(x = winter.index, y= winter["precip"], data -
axla.set(ylim=(@, 480))

axla.invert yaxis()

axla.fill between(winter.index, @, winter["precip"], alpha

axla.set ylabel("KinbkicTb onagie, mm™)
ax2a = ax2.twinx()

winter, color="blue", ax-axla)

= 0.8)

sns.lineplot(x = spring.index, y= spring["1"], data = spring, color="red", ax=ax2)

ax2.set(ylim=(o, 80))

ax2.set ylabel("PiukoBuid cTok, M3/c")

sns.lineplot(x = spring.index, y= spring["precip"], data =
ax2a.set(ylim=(0, 400))

ax2a.invert yaxis()

ax2a.Till between(spring.index, @, spring["precip"], alpha
ax2a.set_ylabel("KinekicTe onapis, mm")
ax3a = ax3.twinx()

spring, color="blue"”, ax=ax2a)

= 0.8)

sns.lineplot(x = summer.index, y= summer["1"], data = summer, color="red", ax=ax3)

ax3.set(ylim=(8, 80))

ax3.set_ylabel("Piukoewii cTok, m3/c")

sns.lineplot(x = summer.index, y= summer["precip"], data =
ax3a.set(ylim=(0, 480))

ax3a.invert_yaxis()

ax3a.fill between(summer.index, @, summer["precip"], alpha
ax3a.set_ylabel("KinekicTe onapnis, mm™)
axda = ax4.twinx()

summer, color="blue", ax=ax3a)

- 0.8)

sns.lineplot(x = autumn.index, y= autumn["1"], data = autumn, color="red", ax=ax4)

ax4.set(ylim=(0, 88))

ax4.set_ylabel("PiukoBuii cTok, m3/c")

sns.lineplot(x = autumn.index, y= autumn["precip"], data =
ax4a.set(ylim=(8, 400))

ax4a.invert_yaxis()

ax4a.fill between(autumn.index, @, autumn["precip"], alpha
ax4a.set_ylabel("KinekicTe onapie, mm")

autumn, color="blue", ax=ax4a)

= 0.8)



