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A0 CTBOPEHHSA IHTEPHET-IIOPTAJTY HAJIAHHA
HOCJHYI' METEOPOJIOI'TYHOTI'O ITPOT'HO3YBAHHA
HA MYJbTUIIPOIIECOPHIN IJIAT®OPMI

PosrnsnaroThess NHTaHHA CTBOPEHHS [HTEpHET-TIOpTay Ul HaJaHHS CEpBICIB METEOPOJIOTiYHOTO MPOTHO3Y-
BaHHs Ha OCHOBI ITapaJieNIbHOI peai3alii 3a1a4 MOICTIOBaHHS IUPKYILALIT aTMOC(hepr Ha MYJIBTHIIPOLIECOPHIH
wiatdopmi. Po3riistHyTi 0COOIMBOCTI MOPTAIBLHOT CUCTEMH, ONKMCaHI BUKOPHCTaHI alrOPUTMHU Ta METO/IH, a Ta-
KO’ apXITEKTYpHI acleKTH KOMIUIEKCHOTO BUPIIICHHS MPOOJIEMH.

Beryn

B mHami JHI TPOTHOCTHYHI CHCTEM
CTAalOTh BCE OLIbII aKTyaJIbHUMHU y 3B’SI3KY 31
BIIPOBA/DKEHHSIM DPi3HOMAHITHUX aBTOMATH-
30BaHUX CUCTEM MNPUHHATTA pillleHb, Kepy-
BaHHS Ta OILIHKH PU3MKIB y Pi3HHX chepax
JIOACHKOI JISUIBHOCTI. 30Kpema, METeopoJsio-
riYHe TPOTHO3YBAaHHA OKpIM 3aJ[0BOJICHHS
notped 3BUYAWHUX KOPUCTYBaudiB BHUKOpPHUC-
TOBYEThCS ISl BHPIMICHHS Pi3HOMAaHITHHX
3a/la4 y TpaHCHOPTHIH ramysi, aBialii, CiJIbCh-
KOMY TOCHOJApCTBi, HAayKOBHUX JOCIIIKEHb
toumo. CyTTeBe 3HAUCHHS Ma€ aKTyallbHICTb
OTPUMAHOr0 MPOTrHO3Y, HOro JOCTOBIPHICTH
Ta OIEPaTUBHICTb oTpuMaHHs. llIBHIKICTH
OTPUMaHHSI PE3YJIbTaTiB MPOTHO3Y B JESKUX
CUTYallisIX Ma€ KpUTUYHE 3HaueHHs. He MeHI
BAXJIMBUM € HAOYHICThH B1I0Opa)XeHHsI OTpH-
MaHHX JaHUX.

3ajaya METEOpPOJIOTIYHOTO MPOTHO3Y-
BaHHS € CKJIaJHOI0 MPUKIAJHOI 0OYHMCIIOBa-
JHHOIO 3aJ[adel0 3 BUCOKMMH BUMOTaMH 0
TOYHOCTI OTPUMaHUX Pe3yJbTaTiB Ta KOPCT-
KUMH YacOBUMHU OOMEXEHHsSMU. Benmkwuii
o0csr O0YMCIIeHb HaJl BETMKUMH MacHUBaMH
JTaHUX TIOTpeOye BIPOBAKCHHS Iapajiellb-
HUX pealizaiiii Ta omTuMizallii oOuYuCITIOBa-
JBHUX aJTOPUTMIB.

VY naniit po0OTI 3amMpONOHOBAHO MijI-
X1JT 10 CTBOPEHHS MOPTAITy TS HaJlaHHsI TIOC-
JYr 3 METEOpPOJIOTIYHOTO IPOrHO3YBaHHH,
SKHH TTOETHYE KOMIUIEKCHICTh BUKOPUCTAHHS
ajekBaTHUX (I3UYHUX MoJenei arMmocdep-
HUX MPOLECIB 3 €PEeKTUBHUMHU OOUNCITIOBAIb-
HUMH CXEMaMHU 1 METOJaMU MporpamyBaHHS
BHCOKOIIPOAYKTHBHUX OOYHCICHh Ha MYJIb-
TUIPOLIECOPHUX CHCTEMax, IO Ja€ 3MOTy
JOCSTaTH HAJIEKHOTO CTYIEHsI TOYHOCTI, MOB-
HOTH 1 CBO€YacHOCTI iH(opmarii, HeoOXiaHOT

JUI 33J0BOJICHHSI TOTPE0 IIMPOKOro KOJia
KOPHCTYBayiB.

VY naniii poOOTI ONMUCYETHCS peaiiza-
1is] KOMIUIEKCHOI CEpBICHO-OPIEHTOBAHOI CH-
CTeMH, II0 JIO3BOJISIE KOPUCTYBAa4aM IIBUIIKO
Ta 3py4yHO OTPUMYBATU JaHI METEOpOJIOrid-
HUX TPOTHO31B. BUKOpUCTaHHS CepBiCHO-
OpPIEHTOBAaHMX Ta MOPTAIBHUX TEXHOJOIIH
JI03BOJISIE JIETKO MacIiTabyBaTH Ta HapOUIy-
BaTU MOTYXKHICTh Ta (DYHKIIOHAJIBbHICTH CHUC-
TEMH.

CtpykTypa poOOTH € HACTYIHOO: Ie-
pHIMI pO3J1T MICTUTh MOCTAHOBKY 3ajadl i
OINKC MaTeMaTHYHOI MOJEeNi; y po3AlIl 2 Bu-
CBITJIIOIOTHCS apXITEKTYPHI acleKTH Mo0yo-
BAaHOI CHUCTEMHM; Yy poO31iial 3 MpeACTaBIECHO
OTHC Ta JieTajl peamisaiii iHTepdercy nopra-
Ty 1 Bi3yaji3alii JaHUX IPOTHO3Y.

1. IocTaHoBKAa 3axaui

MaremaTu4Ha MOJeJIb

B atmocdepi € mporuecu Ta siBuIIa pi-
3HMX TUMIB. O/IHI POLECH PO3BUBAIOTHCS Ha
oOMeskeH1l TepuTopii Ha MPOTA31 HEBETUKOTO
BIJIPI3KY Yacy, 1HIII — Ha MIUPOKOMY IPOCTOPi
JOBrUil yac. B 3anexHOCTI BiJ MPOCTOPOBOT
MPOTSKHOCTI BC1 MPOIIECH Ta SIBUILA B aTMO-
cdepi MOKHA YMOBHO MOJAIIUTH HA TPU TUIIH:
MiKkpomaciTabHi (10 KiJloMeTpa), Me3oMacI-
TaOHI (MOPSIIKY AECATKIB 1 COTEHb KIIOMET-
piB) Ta MakpomacmTaOHi (monany 1000 kwm).
dopmMmyBaHHS IPOIECIB Ta SBUIL B aTMochepi
B KOXHIM KOHKpEeTHI 00JacTi BUHMKAE Mif
BIUTMBOM MPOIIECIB BCIX NEpEepaxOBaHUX BH-
tre maciiradis [1].

PerioHanpHl Ta JOKAJIbHI MOZEMTI, IO
OTMHUCYIOTh Me30MacITabHI Ta MiKpomacIlTa-

© A.IO. lopomienko, [1.A. Isanenko, O.M. Osniit, T.O. [1aBntounn, €.A. Bitpsk, 2015
24 ISSN 1727-4907. IIpo6.1emu nporpamyBannsi. 2015. Ne 3



Mopeai Ta 3aco0u mapajeJbHHUX i PO3NMOAITEHUX TPOrpaM

OHI METEOpOJIOTIUHI MPOIECH Ta SBHIIA, BU-
3HA4YalTh (OPMYBAHHS TOTOJU B OKPEMHX
MYHKTaX Ta PerioHax, MpU3HAYeHl JUIsl CTBO-
peHHs OinbIn OOTPYHTOBAaHUX Ta JCTalli30Ba-
HUX SIK B IPOCTOPI, TaK 1 32 4aCOM MPOTHO3Y
MOTOJTH.

CyuacHi CHUCTEMH YHCEIBHOTO TMpO-
THO3Y TIOTOJM CKJIAJAf0ThCS i3 MPOTHOCTHY-
HOI MOJeNi Ta CHCTEMH OTPHMAaHHS JaHHX
peabHUX CIOCTepekeHb. MoJienib 300pakye
IUHAMIKY TJI00anbHOI aTMoc(hepHOi LUpPKY-
TSI ¥ TOBUHHA aJIEKBaTHO OMUCYBATH KOPO-
TKOYACHI (BiJl TOJIMH JI0 IEKUIBKOX JHIB) MaK-
pomacmtabHi atMocdepHi mporecu. Takox
MOJICNIb Ma€ ONHCYBATH YACTHHH IPOIECIB
ME30METEeOpOJIOTIYHOr0 MacuTady i3 mepio-
JTAMH BiJ IECATKIB XBUJIHH 0 KIIBKOX T'OJIUH.
[Tocrifina HecTilKicTh aTMochepud 3HAYHO
YCKIIAIHIOE 3aJaqy MPOTHO3YBAHHS ITOTOJH.
®dakTHYHO MeXka IependavyyBaHOCTI Ui CH-
HONTUYHUX TIpoueciB piBHa 1-2 THXHAM.
CphOroJiHi € YOTHPH TEPCIICKTHBHI HANIPSIMKH
BJIOCKOHAJICHHS YHCEIIBHUX MPOTHO31B [2]:

— MIiJBUIIEHHS TOYHOCTI PO3B’SI3aHHS
PIBHSHB  TiAPOTEPMOIMHAMIKK  aTMochepu
[31;

— BpaxyBaHHA (I3UYHMX TIPOLECIB
mijiciTkoBoro Macmrady [4];

— TMOKpAIIEHHS OLIHKM IOYaTKOBOTO
crany armocgepu [5];

— Ta BpaxyBaHHS XaOTHYHHUX BJIACTH-
BOCTel aTMOC(EpHHUX MPOLIECIB.

MatematuuyHa Mofenb Iii€i poOOTU
OpIEHTOBAHA HA MEPUIMH Ta APYTrUil HaNpsIM-
ku. [TiABHUIIIEHHS] TOYHOCTI PO3B’A3aHHS JOCS-
raeTbCs 3a PaxyHOK 3aCTOCYBaHHS €(eKTHB-
HUX YUCENBHUX METOJIB i Mepexoy /10 Heri-
JIPOCTATHYHUX PiBHSHb.

EdexTuBHICTh 151 METEOpOJIOTii aco-
IIFOETHCS 13 YacoM OOYHMCIIeHb i piBHEM IO-
MUJIKMA BIATBOpPEHHS aTMOC(HEpHOi IUPKYJIs-
mii. YucenpHM MeTOH Mac OOYHCIIOBATH
MPOTHO3 33 XBWJIMHH TOMY, 3Ba)Kal0UW Ha
JIOCUTH BEIUKHI 00CIr 004YHCICHb, 000B’s3-
KOBOIO BUMOTOIO € HasBHICTb BHYTPILIHHOTO
napajiesizMy, 10 J03BOJISE€ peaji3allilo Mo-
neni Ha 6araTomporiecopHiiit EOM.

BukopucTaHHs HETiIpOCTATHYHUX Pi-
BHAHb € AaKTyaJlbHUM 3a IPOCTOPOBOI pPO3-
ninpHOCTI 10 kM Ta BumIe. 3a Takoi PO3iib-
HOCTI HETiApOCTaTH4HI ePeKTu (HampHuKIa,

CTHCHEHICTh TOBITps [6]) MaroTh 3HAUHUIA
BILTUB.

BpaxyBanus peinbedy 3emMHOI noBe-
pxHi. HasBHicTh penbedy CyTTEBO BIUIMBAE
Ha MPOLECH Ta SBUINA, IO MAlOTh Micle B
HWKHINA "acTuHi atMochepu. B oOpaniii mo-
JeNni  BpaxyBaHHS penbedy 3HINCHIOETHCS
HUIIXOM MEepexXoay 0 HOBOI BEPTUKAIbHOL
KOOp/MHATH, a came 10 BHOOpY BEpTHKAIIb-
HOIO KOOPAMHATOI) HOPMOBAHOTO THCKY

o=p/Pg,Ae Py — NPU3EMHHUIT TUCK.

IToyaTkoBO-KpPaOBi YMOBH MOJeJIi.
Jlisi MOCTaHOBKM TOYATKOBUX Ta KPalOBHX
YMOB MOJIeJIi BHKOPHUCTOBYBABCS EJICKTPOH-
HUUM apXiB JAaHUX 00’€KTHBHOIO aHami3y Io-
JIB METEOBEJIMYWH, [0 OTPUMAHHM i3 perio-
HAJILHOTO IIEHTPY NPOTHO3YBaHHS IOTOAU Y
M. Odenodax [7]. Popmar nux mMeTeoposoriy-
HUX JIaHUX € TaKUM:

— BEepTUKaJbHA KOOPAWHATA — TUCK;

— BEpTHKaJbHA TMPOTSIKHICTH  BiJ
1000 mo 50 rlla. 10 piBHIB 1m0 MpUOIM3HO
Bignosigarote Bucoram Big 8000 mo 18000
METPIB;

— mnpocropoBa obnacte 0° — 90° nBH.
mr. Ta 0° —90° ¢cx. 1.;

— mpocropoBa AuckperHicte 0.5° 3a
mmpoToro Ta noBrotoro (180 Touok 3a KoX-
HUM HaIpsMKOM);

— YacoBa JUCKPETHICTH 12 rouH.

BapTto 3a3HaunTH, 110 MIXK apXiBHUMU
JAaHUMHU Ta MOJEIUTIO iCHYE HEY3TOJKEHICTb.
Ie moB’s13aHO 13 THM, 11O MOJENb € a0CTpak-
THIIIOIO 3a AaHi. BigTak, BoHa He 31aTHA Bil-
TBOPUTH JUHAMIKY JI€SIKHUX MPOLECIB (HampH-
KJIaJl, BIUIMB Ha IUPKYJALII0 TEPETBOPEHb
BOJIOTM Ta XMapHOCTI), iH(popMarllis npo sKi
BXKE MICTUTBCS y TOYATKOBHX Ta KPaHOBHX
ymoBax. IIpore sikicHO auHaMika aTMmocdep-
HO1 IUPKYJIAIIT Ma€e BiITBOPIOBATHCS J00peE,
OCKIUJTBKH THCK, II0 € TOJOBHOIO PYIIIHHOIO
CHJIOI0, BBOKAETHCS BiJIOMOIO BEIIMYMHOIO Ta
3aJa€ThCs Y BCI pO3paxyHKOBii obmacti amst
yCiX MOMEHTIB 4acy.

MopeaboBaHni (i3uuHi BeJu4nHU i
napajienbuuii aaroputm. OOpaHa Mozenb
JI03BOJISIE OTPUMATH MPOTHO3 VI HACTYMHHUX
(G13MYHUX BEJNIWYMH: IIBUIKICTh Ta HaNpsAM
BITpY, TeMmIepaTypa H BOJOTICTb HOBITPS Y
KOJKHIM To4I 001acTi 00YMCIIEHb.
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[Iporpamua peamizaiist YUCETBHOTO
METOJly BUKOPUCTOBYE MOJIM(DIKOBaHY aUTH-
BHO-YCEpEHEHY CXEMYy po3lierieHHs [8]
sKa J03BOJISIE TIOEHATH T€OMETPUYHE Ta OIe-
patopHe po3IlIeruieHHs i He moTpelye mocra-
HOBKU KpallOBHX YMOB yCepeIuHI po3paxyH-
KoBoi oOmacti. binbi neransHO MO3HAHOMHU-
THCS 3 YHUCEJIBbHUM METOAOM MOXKHa y [8].
[TapanenpHUl AITOPUTM AOKJIATHO ONMHCAHUN
B poborTi [9].

2. ApxiTekTypa cucTeMH

B pamkax manoi po6otu Oyno cripoe-
KTOBAaHO Ta peaii30BaHO CEpPBIC-OPI€EHTOBAHY
CHCTEMY HaJaHHS MOCIYT METEOPOJIOTIYHOTO
MPOTHO3YBaHHSI 3 BHKOPHCTAHHSM THapae-
JBHUX OOYMCICHb Ha MYJIBTHIPOIECOPHIH
miarGopMi  Ta MOPTaIbHUX TEXHOJIOTIH.
OTpuMaHa cucTeMa CKIIAJIa€ThCs 3 JCKIITbKOX
MOJIyJIiB-CEPBICIB, KOXEH 3 SKUX BHKOHYE
OKpeMy, He3aJeXKHY BiJ] IHIIUX cepBiciB, (y-

IHTepHeT-noptan

(Liferay)

HKuio. Ile mpunae cucremi THYYKOCTi, J10-
3BOJISIIOYM TIPH  HEOOXITHOCTI 3aMiHIOBATH
OJIHOTHITHI CEPBICH.
3HayHa 4YacTWHA CHCTEMH HalucaHa

Ha MOBI Java, KpiM BJacHe mapajielbHUX Ipo-
rpaM Ui BUKOHAaHHS OOpaxyHKY MpPOTHO3Y,
sKa po3pobieni Ha MoBi C++ 3a cTraHgapToM
OpenMP [10]. Lle no3Bossie po3TaIIOBYBATH
CUCTEeMY Ha OUIBIIOCTI OOYHCIIOBALHUX
1aThopM.

CTpykTypHa CcXeMa apXiTeKTypu CHC-
TEMH ITOKa3aHa Ha puc. 1.

Jlani HaBeJeHO ONMUC OCHOBHUX €JieMe-
HTIB CUCTEMH.

InTepHeT-mopTan Hamae iHTEpdeiic
JOCTYIy IO CEpBICIB CHUCTEMH KIHIIEBOMY
KopucTyBauy. BuOip came mopraibHOro pi-
IICHHS 3yMOBJICHUH MOXJIMBICTIO JIETKO iHTe-
rpyBaTu Ta 3a0e3rmevdyBaTH €MHY TOYKY JOC-
TYyIly 10 PI3HOMaHITHUX CEpBICIB, HAPOIIYIO-
9H (QYHKIIOHAIBbHICTh CUCTEMH.

MocTavyanbHUK
MeTeoaaHnx

I

MocTavanbHUKKU
nporHosis

I

Cepsic ynpaBniHHA
meTeoponoriyHummn | €—>

NpPorHo3amu
b4
Cepsic po3paxyHKy %‘g g
METEOoPONOriYHUX
nporHosis Eyg
MynbTunpoLecopHa
nnatpopma

Puc. 1. CtpykTypHa cxema apXiTeKTypH CUCTEMHU
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Bin peanizoBaHwmii 32 JONOMOTOI0 BiJK-
putoro mporpamuoro npoaykry Liferay [11],
0 € JOCUTh MOTYXHHUM KOPIOPATHBHUM
MOPTAJIOM, aJIe MPH IIbOMY MPOCTHI B 1HCTA-
JAIT Ta aIMIHICTpyBaHHI.

3a MaHWMH 3BITIB aBTOPUTETHOI aHaIi-
TuHOiI areHuii Gartner [12], sika Ha mpoTs3i
OCTaHHIX POKIB IIPOBOJUTH aHaJi3 PUHKY KO-
priopatuBHUX moprainis, Liferay € omaum i3
JiaepiB 1HAYCTPIi 1 HABITH BUIEPEIKAE O1Tb-
IIICTh BIJIOMUX KOMEPIIIHHUX MPOAYKTIB.

Hamu Oyno BukopuctaHo Bepcito 3
BUIBLHOIO JIIIIEH31€10, siKa Oyna pO3rOpHYTY B
KOHTeWHepi ceprieTiB Apache Tomcat.

Po3pobka  inTepdeiicy  InTepHer-
MopTally BUKOHYBAJIaCh 3a JOMOMOTOI CTBO-
PeHHS  «IOPTJIETiB»  —  BHYTPIIIHBO-
MOPTAIBHUX JOJATKIB, SKI OJHOYACHO IPO-
MOHYIOTh KOPHUCTYBaueBi rpadidyHuii iHTEp-
deiic, MOXyTh peali30ByBaTH HECKIIAIHY
JOTIKY JUIS ONEepyBaHHSA TaHHMH Ta MarOTh
MOKJIUBICTh CIIJIKYBaTHCh 3 cepBicamu. Ta-
KUM YMHOM, BOHH € MOCTOM MK KOPHUCTYBa-
YeM Ta OCHOBHOK YacTHHOK pPO3pOOJICHOT
CHCTEMH.

Cepaic KepyBaHHSI MeTEOPOJIOTIYHH-
MM NPOrHO3aMH € 0a30BHM CEpBICOM, KM
BUKOHY€E (DYHKIII] TUIaHYBaHHS, CHHXPOHI3aIi1
Ta yIpaBIiHHI CHCTEMOIO (pHC. 2).

Jlani po3riasiHeMo JeTalibHie (hyHKIIi-
OHAJIbH1 €JIEMEHTH 1IOTO CEPBICY.

Cepsic mpuiiMae 3asBKH, B SKHX MicC-

TUTBCS 1H(pOpMAIsl PO Yac, MICIe Ta THUII
IIPOTHO3Y.

O0pobka 3asBOK BiIOyBa€THCS HACTYII-
HUM YHHOM:

1) 3asBKa NIEPEHAIPABIISIETHCS
"®pont-cepriaeTom" Ha "CepBic TPHHUHATTS
pilieHs Ta MIaHyBaHHA", SKHH 00poOIIO€E
3alUT Ta POOUTH MEPEBIPKY HA HASIBHICTD BIKE
00paxoBaHOTO MPOTHO3Y B 0a3i JaHHX;

2) y BUmaaKy, skiio B bJ] oopaxosa-
HOTO TPOTHO3Y 3 JaHMMU HapaMeTpamMHu He
3HAWJICHO, 3adBKa HampasisieTbcs B "Dopmy-
Bay 3a1ay”;

3) y "®opmysaui 3amau" Mo 3asBIIi
(hopMy€eThCs BIIMIOBITHA 3a/1a44;

4) nami "®opmyBad 3ama4" OTPUMYE
3 B/l mani ans oOpaxyHKy mporHo3y i cdop-
MoOBaHy 3aauy nepenae Ha "CepBic po3paxy-
HKY METEOPOJIOTIYHHUX MPOTHO31B";

5) "Cepsic po3paxyHKy METEOPOJIO-
TIYHUX TIPOTHO3IB" TOBEpPTaE pe3yiabTaT 00-
pPaxyHKy MpPOTHO3Y Ha 3amutT. «CepBsic
NPUKAHATTA pilIeHb Ta TUTAaHYBAaHH» 30epirae
o6’ekt B BJI, Ta mepemae ioro Ha «BeO-
noptam» y ¢popmari JSON [13];

6) AKIIO JaHMX PO3PaxXyHKY HEIO-
CTaTHBO ISl HAaJaHHS MIOBHOLIIHHOTO TPOTHO-
3y, CepBiC BUKOHYE 3alHT JIO0 30BHIIIHIX CHC-
TEM METEOPOJIOTIYHOTO POTHO3YBAaHHS 3 Me-
TOI0 OTPUMAaHHS MOKA3HUKIB, SKUX HE BHUCTa-
yae (HampuKiaa, TEeMIEpaTypu, XMapHOCTI
TOIIIO);

Cepsic ynpaBniHHA MeTeOopOoaOoriYHMMM NPOrHO3aMMu

I
[ )
[ )
3anBKa !
Ha | ) .
MpPOrHo3 | Cepsic NpuUMHATTA
| o pileHb Ta
| | ®poHT- > nAaHyBaHHA
B ——
| cepsnet
MporHos |
| -/
I
I
I
|

A

\j

-«—p | Popmysay

A
\j

BA

Cepsic po3paxyHKy
METEeOPONOFYHNX
NporHosis

3anMT g0 nocTayanbHMUKa I'IpOFHOBiB

Puc. 2. Cxema cepBicy yIpaBaiHHS MET€OPOJIOTIYHUMHU MTPOTHO3AMH
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7) xpiMm Toro, "CepBic NPUIAHATTS
pimens" cuaxponizye bJI, mepionuuHo 3aBa-
HTaXylouu BXimHi mereonani Bix "Ilocraua-
JILHUKIB MeTeoaHux".

[ocrauanbHukn MeragaHux. OnuH
a00 IexigbKa MOCTAYaILHUKIB BHUXIOHUX Me-
TEOJIaHUX, 32 SKUMU PO3PAXOBYIOTHCS YTOU-
HIOIOYI MPOTHO3U. B JaHMil yac BUKOPHCTO-
BYIOTBCS JlaHI Ha/IaHI METEOPOJIOTIYHUM IIEH-
tpoMm y M. Odenodax [7].

IMocTayaJbLHUKH NPOrHo3iB. 30BHi-
IIHI CHUCTEMH, AKI HAJal0Th MOCIYT'HM METeo-
POJIOTIYHOTO TPOTHO3YBAaHHSA. Y TIOTOYHIN
peanizaiiii 30BHINIHIM MMOCTA4aJIbHUKOM TIPO-
rao3iB € cepsic OpenWeatherMap [14].

ba3a nanmux (bJl) MicTuTh K BUXiTHI
METEo/IaHl, TaK 1 JaHi PO3paxOBaHUX YTOU-
HIOIOUUX MporHo3iB. O6paHo PostgresSQL B
skocti CYB/I. Jlo mepeBar sikoi MOXXHA BiJI-
HECTH TMOTY)KHICTb, HAJ[IHHICTh Ta BUIbHY Ji-
LEH3I1IO.

IMapaneabHi nporpamMm i peainiza-
Iii MEeTeopOJOTriyHOTO TPOTHO3YBAaHHS Ha
JAaHUH MOMEHT BUKOPUCTOBYIOTBCA Yy TPhOX
BapiaHTax /I 00paxyHKy nporsosis: 2D, 3D
Ta MEPIOHUYHOTO.

CepBic po3paxyHKy MeTeopoJIoriy-
HHX NPOrHo3iB. [IpoBoUTH po3paxyHOK Me-
TEOPOJIOTIYHUX MPOTHO31B 3 BUKOPUCTAHHSAM
napajieiabHOi MPOrpamu, sika BUKOHYETbCS Ha
MyJbTHIpOLIecOpHil miardopmi. CepBic po3-

po0OJieHO 3a KOHIEMIEI0 MOOYA0BH PO3MOi-
JICHUX MIpOrpaMHUX CUCTEM REST
(Representational State Transfer) [15] Ta pea-
mi3oBaHo Ha 0aszi momyas Spring Framework
— Spring MVC [16].

Cxema cepBiCy po3paxyHKy METeopo-
JOT1YHUX MPOTHO31B MOKa3aHa Ha puc. 3.

CepBic CKIIaTa€eThCs 3 ACKIIBKOX (DyH-
KIIOHAJILHUX OJIOKIB:

®poHT-cepBieT — 00’ €HYE 0OPOOKY
3aIHTIB IIJIAXOM iX HampaBlIeHHS 4epe3 €u-
HUN 00'ekT-00poOHUK. Lleli 00’ekT peanizo-
BY€ 3arajibHy MOBEIIHKY, SIKa MOKe OyTH 3Mi-
HEHA I1iJ] 4YaC BUKOHAHHS 32 JJOTIOMOT'0k0 11a0-
nony paekopatop. Ilicmst 1mwporo "®poHT-
cepBier" CTBOpPIOE MOTPIOHI 00’€KTH BiIO-
BITHO IO 3aIMTy Ta BHKJIMKAE METOMU JUIS
peai3aliii KOHKpETHOT 3a1adi.

Yepra 3agauy — OJ0Kyr04a yepra pea-
mizoBaHa Ha 6a3i LinkedBlockingQueue 6i6-
miotekn java.util.concurrent, 1O peamizye
anroput™ "two lock queue": onmne OnoKy-
BaHHJ Ha JIOJABAaHHA, IHIIE Ha JiCTaBaHHSI
eJIEMEHTA.

EnemenTu uepru — e 3aaayi Ha o0pa-
XYHOK TPOTHO3Y, SIKI BIJIPI3HSAIOTHCS MIXK CO-
6oro Tunom 3aznayi 2D uu 3D, yacom nporuHo-
3y Ta koopauHatamu. [lyis KOkHOT — 3amaui
30epiraeTecss  1H(pOpMalis MpPO  CTATYyC
("'DONE" -  oOpaxoBaHWil  pPOTHO3,
"IN_ORDER" — 3ama4a Ha mporso3 mnepely-
Bae B uep3i Ha BukoHaHHsA, "PENDING" —

CepBic po3paxyHKy MeTeopo/IoriYHUX NPOrHosiB

Yepra 3agau
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Puc. 3. Cxema cepBicy po3paxyHKy METEOPOJIOTIYHUX POTHO31B
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3a/ladya Ha TPOTHO3 BHKOHYETHCS B JaHHIA
MoMeHT ). Cucrema Moxke B OyIb-KUH MO-
MEHT Ji3HATHCS IMOTOYHUU CTAaTyC 3ajaadi Ha
MIPOTHO3.

Enementn wuweprum 30epiraiotbcs B
NOPSAAKY "MEpIIMi MNPUIIIOB, MEPIIMA BU-
umos" (FIFO — first in, first out).
LinkedBlockingQueue rapantye, mo Oymab-
gKa crpoba JiCTaTH €NEeMEHT 3 MOPOXKHBOI
yepru 3a0JI0Ky€ BUKIIMKAIOUUN MOTIK J0 TUX
Tip, MMOKK B KOJIEKIIi HE 3'IBUTHCS CIIEMEHT,
SIKHA MOJKHA JICTaTH. AHaJOTivyHO, Oy/b-AKa
crpo0a BCTaBUTH €JIEMEHT B 3alIOBHEHY YEpry
3a0JI0Ky€ BUKJIMKAIOUHUHA TOTIK, IMOKH B Yep3i
HE 3BUIBHUTBHCS MICIIE JJIT HOBOTO CJIEMEHTA.
LinkedBlockingQueue Bupimye mnpobiemy
nepeaadi eneMeHTiB, 310paHuX OJHUM TOTO-
KOM, JiUIsi OOpOOKHM B 1HIIMK TMOTIK 0€3 SIBHUX
npoOJIeM CHHXPOHI3aIlii.

Ilya nmorokiB — peanizoBanuii Ha 6a3i
iHTepgeiicy  ExecutorService 3  makery
java.util.concurrent Takoxx Oepe Ha cebe po-
00Ty Mo 3amycKy 1 3ynuHII TNOTOKiB. [laHa
peastizariisi B HAHOUTBIITIN Mipi MIXOIUTh IS
napajeabHOro  aCMHXPOHHOIO  OOpaxyHKY
porHo3iB. Po3mip myny aBTOMaTH4HO BCTa-
HOBJIIIOETHCSI  BIATIOBIAHO  OOYMCITIOBAJIBHUX
MOXJIMBOCTEM CUCTEMH Ta JOPIBHIOE KIIHKOC-
Ti (QI3UYHUX s7ep NPOLECOPHOI CUCTEMHU Ha
SK1M 3aIyIEHUl cepBic.

OOpaxyHOK HpPOTHO3y BUKOHYETHCS B
Takiil MOCIIIIOBHOCTI.

1. Ha Bxig cucremu Bim "Cepsicy
YIPaBIiHHA METEOPOJIOTIYHUMHU IPOrHo3amMu"
Hagxoauth "3amava". "®poHT-cepBueT” mepe-
Bipsie HasIBHICTh BUIbHOTO Micus B "Uepsi 3a-
na4' Ta'y pa3i ycmixy KJajie 3a/1auy B 4epry.

2. Jlam gepry oOCIIyTOBY€E HE3aJIeKk-
HUH TOTIK, KU MepeMmillye 3a1adi 3 4epru B
"I[1yn moTokiB" 3a MIpOIO 3BUILHEHHS CUCTEM-
HUX pecypciB (s1ep).

3. "Ilym moTokiB" aBTOMAaTHYHO 3a-
MyCcKae Ha BUKOHAHHSA 337a4i.

4. KoxxHa 3amava Tipu CTapTi pesep-
By€ HEOOX1IHY 1 KUIBKICTH SAEp Ta 3aIlycKae
napanenbHy mporpamy — "IIII", BigmoBigHO
710 TTapaMeTpiB 3aIuTy.

5. B pesynbrari Bukonanus "IIIT"
pe3yabTaTu 0OpaxyHKIB 3alUCYIOThCS B THM-
yacoBi ¢anm.

6. 3amaua ompanpoBye (ainu Ta
ctBoproe [Iporuno3 (Java POJO-06’extu) Ta

noBeprae iioro Ha "®pPOHT-CEpBIET .

7. Tlo 3aBepiieHHIO OOpaxyHKY 3a-
Jlaya 3BUIBHIE CUCTEMHI PECYpCH Ta BHJAJISE
TUMYacOBI (haitiy.

8. "®pout-ceppner" BiamoBinae Ha
3anuT "CepBicy ympaBiIiHHA METEOPOJIOTiu-
HUMHU IporHo3zamu”.

3. InTepdeiic cucreMu Ta
BidyaJtizaiisi JaHMX IPOTHO3Y

s peanizanii iHTepdelicHOT YaCTUHH
cucteMd OyB BUKOPUCTAaHUH IOpPTaIbHUM
nporpamMHuii mpoaykt Liferay, mo BinbHO
PO3MOBCIOKYETBCS 1 Ma€ BIIKPUTHUH KOJI.
[urepdeiic [HTepHeT-OpTaNy CKIaIa€eThCs 13
JIEKITBKOX OKPEMHUX MOPTIETIB, SKi B3aEMO-
JI0Th MK COOOI0 Ta IHIIMMHU BHYTPIIIHIMHU
Ta 30BHIIIHIMU cepBicamu. Hampukmnan, 3
"CepBicOM pO3paxyHKy METEOPOJIOTIHHHUX
NPOTHO3IB" MOPTIETH CHUIKYIOTHCS 3a JOIO-
Mororo Metoay B3aemonii REST [15]. dauwuii
crioci6 B3aeMoii Oysi0 0OpaHO 3aBASKU HOTO
IPOCTOTI Ta HEBEIUKOrO PO3MIpy MOBIIOM-
J€Hb, UI0 MEPEJArOThCs MK KOMIOHEHTAMHU
CUCTEMHU.

['ooBHa cTOpiHKA MOpTaATy MOKa3aHa
Ha puc. 4.

3a [OTOMOTOI0 MOPTJETy MNOUIYKY
KOpPHUCTYBa4 Ma€ MOKJIHUBICTh 3A1MCHIOBATH
MOMIYK MICUS JJIsi SIKOTO HOMYy HEOOXI1THO
Hajatu mporHo3. [lomyk peanizoBaHo 3 BH-
KOPHUCTaHHSAM cepBicy reokoayBaHHsi Google
Maps. Ilonryk MoxJIuBUi 3a Ha3BaMu OyJib-
SKUX reorpaiyHuX O0’€KTIB Ta 3a iX 1HJEK-
camMH, a TaKOX 3a Ha3BaMH OpTraHizaiiil Ta
HiAIPUEMCTB.

Bizyanizauis pe3yabTariB MPOrHO3y BU-
KOHYETHCS IEKITbKOMA PI3HUMH CTIOCOOAMHU.

Kaprorpagiune npeacrasiieHHs1 pe-
3y/lbTaTiB METEOPOJOTIYHOTO MPOTHO3Y PO3-
poOieHo 3 BUKOpUcTaHHSAM cepBicy Google
Maps [17]. Byno peanizoBaHo TpH BapiaHTH
MIPEICTABIICHHS METEOPOJIOTIYHHX TaHUX:

—  3a JIONIOMOTO0 BEKTOPIB (I CH-
T BITPY);

—  3a JJOIIOMOTOIO 130JTiHii;

— 32 JIONOMOIOI0  HAIiBIIPO30PUX
1300051acTeH.

Ili mpencraBieHHS MOXYTh BimoOpa-
XKaTHCS K OKpPEeMO, TaK 1 OJIHOYaCHO, BiMO-
BIIHO /10 BUOPAHOTO B JaHWH MOMEHT THITY
MIPOTHO3Y.
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ﬁ Opakyn-llopTtan

KuiB. ropoa Kues, YkpanHa
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BYNMUA XpelaTuk, 20-22, K1iB, YkpauHa
¥ 1z006nacTi weugkecTi sitpy 16000 ~ B\Tep 6.27 mlc (209 rpa,uyciB)
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12000 ~
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[awi kapT 82015 Basarsoft, GeoBasis-DE/BKG (82009), Google | YMomu sukophcTass

Powered By Liferay

Puc. 4. T'onoBHa cropinka [HTepHeT-IopTany

Jnis moOynoBu 13071iHii OyJ10 BUKOPH-
crano anroput™ Conrec [18], mo € ogHuM 3
HaOIIbI MOMYJNAPHUX AITOPUTMIB AJIS 00-
YHUCJIEHHS! KOHTYPHHUX JIIHIN.

[ToyaTkoBO Marma LEHTPYETHCS HA Mic-
Ti, SIKE OTPMMAHO 3 CEpBICY TeosoKalli Ta
BIJINIOBIJJTa€ TIOTOYHOMY MICII€3HAXOJ[’KEHHIO
KopucTyBada. TakuM YMHOM, MOKHA IIBUIKO
OTpUMaTH HEOOXiIHUI mporHo3 0e3 momepe-
JTHBOTO TIOIIYKY 3a MicCIeBIiCTIO. Micie3Haxo-
JDKEHHST KOpUCTYBayda abo IIyKaHa MiCLIEBICTh
MO3HAYAEThCS  CHEIIAIbBHUM MapKepoM Ha
Marii.

KpiM TOro 3a ouH KJIiK MOXHa OTpHU-
MaTH CTHUCIY iH(OpMAIlil0 MO MPOTHO3Y IS
KOHKPETHOI TOYKM Ha Malli y CIUTMBAIOYOMY
BikHi (puc. D).

JeranbHa indopmanisi Mo mporHo3y
Ui 00paHOT MICIIEBOCTI CKIIQAA€THCSA 3 PO3-
paxoBaHHUX CUCTEMOIO ITaHUX METEOpPOJIOTIU-
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HOTO MPOTHO3Y (Ha JaHWH MOMEHT Iie JlaHi 3a
CHJIOIO BITPY Ta TEMIIEpaTypor) Ta JOIMOB-
HIOIOYMX JIaHWX, OTPHMAaHHUX 3 30BHIIIHHOTO
mocTavyaabHUKA MIPOTHO3IB, cepaica
OpenWeatherMap [14] (puc. 6).

| X
A MopiecbK, YepHiriecbka oBnacTb, Yrpaita
7o

“ta Mgy TemnepaTypa nositpy, C: -39°

Bitep, m/cex: 13 N3

e
opiackk A

piu\\a“

Pyana

Puc. 5. Crucna indopmartist o mporaosy s
KOHKPETHOI TOYKH Ha BUCOTI 8000 M
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XpewaTuid Ap, K1ie, YkpaiHa

BYNWUA Xpelwaruk, 20-22, Kuie, YkpaiHa

Bitep 2.06 m/c (43.0001 rpagycis)
Temnepatypa 2518C

Tuck 1016.29 rla

BonoricTe 62%

KoopanHaTi [30.52, 50.45]

Puc. 6. [Toptier neransHoi iHpOpMarii

Huni B cucremi pearnizoBaHo 1Ba ai-
TOPUTMH METEOPOJIOTIYHOTO TPOTHO3YBaHHS:
JBOBUMIPHHH, IO ONEPYE TUTBKH HIBUIKICTIO
BITpY, Ta TPUBHMIpHHUI, IO PO3PaxoOBYeE SIK
IMIBUJIKICTH BITPY, Tak i Temmeparypy. Kpim
TOrO TPUBHMIpHA 3aJada JO3BOJISIE PO3paxy-
BaTW IPOTHO3U JUIS PI3HUX BHCOT. 3rajaHi
napamMeTpu pOo3paxyHKy MO)KHa BHOpaTH 3a
JIOTIOMOTOI0 TTOPTJIETIB BHOOPY THILY MPO-
THO3Y Ta BHOOPY BHCOTH.

BucHoBKHn

B po6oTi posrnsiHyTo po3pobky IHTe-
pHET-TIOpPTay sl KOMIUIEKCHOI CEepBiCHO-
OpIEHTOBAHOI peai3alii 3ajaul METeopoJIorTi-
YHOTO IPOTHO3YBAHHS HAa MYJBTHIIPOIECOP-
Hill 1iargopmi. Po3rmsHyTi  0coOaMBOCTI
MOpPTaIbHUX CHCTEM, ONHUCAHI BHKOPHUCTaHI
JITOPUTMHU Ta METOJH, a TAKOXK apXITEKTYpHI
aCIIeKTH 3aIIPOTIOHOBAHOTO PillIEHHS.

[IpencraBiaeHy cucTeMy CTBOPEHO 3a
JIOTIOMOTOI0 CyYaCHHX TMPOBITHUX TEXHOJIO-
rif, Takux gk [HTepHeT-mopTasu Ta MIKpO-
cepBicH. 3aBISKH  CEPBICHO-OpPIEHTOBAHIM
apxXiTeKTypi BOHA IHTErpye sIK BJIACHI He3a-
JIeKHI CEpBICH TakK 1 30BHIIIHI, SIKI BUCTYIa-
I0Th Y POJIi MOCTAYaJIbHUKIB JJaHUX ab0 J0mo-
BHIOIOTh (DYHKITIOHAJIBHICTh CHUCTEMH. TaKum
YMHOM, pPO3po0JieHa CHCTeMa € MPHUKIAIOM
repeBar CepBiCHO-OPIEHTOBAHOT apXITEKTYPH.

B nopaneiiomy miuaHyeThcsl pO3BHBa-
TH 1[I0 CUCTEMY JI0JIal0Oul HOBI1 cepBicH, PyH-
KIIOHAJIbHO 30araduyBaTH iCHYIOYi, MPOBOIM-
TH TOJABITY ONTHMI3AIlil0 BUKOHAHHS aJITro-
PUTMIB NPOTHO3YBaHHSA Ha MYJIbTHIIPOLIECOP-

Hii mnatgopMi Ta BHKOPHCTOBYBAaTH HOBI
MYJIBTHIIPOIIECOPHI TIaT(GOopMHU.
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