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1. 3araapHi BKa3iBKn
1.1. 3arajabHi pekoMeHAALil 10 BUBYEHHS TUCHMILTiHU

Hucnumutina «[igpoindopmaTika BiIIOBITHO 10 OCBITHBOI MPOTpaMH CIIeIli-
anpHOCTI 192 «BymiBHHAIITBO Ta MUBLTbHA IH)KEHEPisS» BIIHOCHUTHCS O AUCIUILIIH
(haxoBoi miaroToBKH. [lMcUWIUTIHA BUKIAJA€THCS MICIS HACTYIMHHUX IUCIHUILIIH:
OCHOBH TiJpoMeTiopamniii, eKCIUTyaTallisi BOJOTOCIIONAPCEKUX 00'€KTIB, TEXHONIOTIA
MIOJIMBIB, OOJIIK BOJM HAa BOJOTOCIIONAPCHKUAX 00'€KTaX, OCHOBH TEXHIYHOI €KCILTY-
aTauii BOJIOTrOCHOAaPCHKUX CHCTEM.

lNapoindopmatrka - 1e JUCHUILTIHA Ta TEXHOJIOTIS, 10 CTOCYETHCS BUKOPHC-
TaHHS JOCSTHEHb y ranysi iH(GopMauiiiHO-KOMYHIKalliHHUX TE€XHOJIOTiH, KOMII'I0-
TEPHUX HAyK Ta OOYHUCIIOBAIBHOTO IHTEIEKTY JJIsi BUPILICHHS MPOOJEM BOIHOIO
cepenoBuina. BoHa po3risiiae NaHIIOKOK: JTaHi-MOZEIi-PillIeHHS-TI0IH, BUKOPHUC-
TOBYE CHCTEMHHH IMiIXiJ i MparHe BU3HAYUTH ONTHMATbHI PIMIEHHS y KOHTEKCTI
PI3HOMaHITHUX 3alliKaBICHUX CTOPiH. MaTeMaTHYHE KOMIT'FOTEPHE MOJCIIOBAHHS
€ OCHOBOIO MIAXOTy TiApoiHGOpMaTHKH. 3aBASKH YHIBEpCAIbHOCTI MiAXomy chepa
3aCTOCYBaHHA TiIpoiH(GOPMATHKH OyKe ITUpOKa: PiYKOBI OaceWHH, YIpaBIiHHI
BOJHUMHU PECYpCaMH, YIpPaBIiHHSA MiI3eMHHMH BOIaMHM, YIPABIIHHSA PU3HUKAMH
MOBEHI, ONTUMI3aIlisl IUIACTa, YHPABIiHHA NPHOEPEKHUMHU CHCTEMaMHU, CHCTEMHU
HABKOJIUIIIHLOIO CEPEIOBHINA, MICHKI CHCTEeMH BOJOIMoOcTavaHHs Ta iH. [lepmia y
CcBITI Marictepchka nporpama 3 [igpoindopmaruku posnovanacs B 1990 poui B
Incturyti Boguoi ocitn dendra (Hinepnanau) (IHE Delft Institute for Water
Education) (panitte UNESCO-IHE).

1.2.Merta T2 3aBAaHHA HABYAJIBLHOI JUCHHILTIHA

MeTo010 HaBYAIBHOI AUCIUIUIIHA € OBOJIOAIHHS CTY/ICHTAaMH CYyYaCHUMH METO-
JaMH Ta 3aco0aMU TPUIHSTTS IHKCHEPHUX PIIIEHb Y BOIOTOCIIONAPCHKIN Trairys3i
Ha 3aca/lax MaTeMaTHYHOTO MOJETIOBAHHS Ta KOMIT I0TEPHHUX TEXHOJIOTIH; hopMy-
BaHHS y CTY/CHTIB 32 JIOIIOMOTOI0 MaTeMaTHYHUX MOJENEH Ta KOMII IOTEPHHX Te-
XHOJIOTIH CHCTEMHOT'0, aHATITUYHOTO MHUCJICHHS JJIsl OIL[IHKH CHUTYaIlii, 1[0 BUHHU-
KaloTh.
OCHOBHUM 3aBJIaHHSAIM BUBYCHHS AuctuILIinu «[inpoindopmaTika €:
® 03HAOMJICHHS CTYJICHTIB 3 MOXIIMBOCTSIMHU Cy4aCHOT'O MaTeMaTHYHOTO
amapaty Ta iHpopManiiHUX (KOMIT FOTEPHHX) 3aCO0IB 3 METOIO
BUKOPHCTAHHSI iX y BOJIOTOCIIOIAPCHKIiH raysi;

e 0O3HAOMJICHHS 3 METO/I0JIOTi€l0 POPMYBaHHS MaTeMaTHYHUX MOJIETIeH Ta
BUKOPHCTaHHS i 7151 MoJieFoBaHHs (Di3NYHUX Ta iHQOPMALiHHUX pOLECiB
y BOJTHOMY I'OCHOAApCTBI;

® PO3KPUTTS MOXKJIMBOCTI Cy4aCHOTO allapaTHOTO Ta MPOrPaMHOTo

3a0e3nedeHHs U1 BUPILIEHHS BOIOTOCIIOIAPCHKUX MIPOo0OIIeMm;

®  PO3KPUTTS MOXJIMBOCTEH e(PeKTUBHOTO 3aCTOCYBaHHs iHPOpMAIiHHIX

TEXHOJIOTIH B iHKEHEPHiH MisITbHOCTI y BOJOTOCTIOAAPCHKIM Trary3i.
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Ilicnst BUBUEHHS Z[I/ICHI/IHJ'[iHI/I CTYACHTU [IOBMHHI 3HAMU:

3arajibHi MOHATTS PO MaTeMaTHYHE MOJCTIOBAHHS Ta MaTeMaTHYHI MoJe-
111, TX 0COOIMBOCTI Ta MOXKITMBOCTI;

TUIH 1 BUAW MaTeMaTHYHIX MOZETCH, IX KiIacu(ikarlito;

METOOJIOTII0 CTBOPEHHS MATEMaTHYHHUX MOJICICH;

OCHOBHI MaTeMaTHYHI MOJIEINi, SIKi 3aCTOCOBYIOTBCS Y BOJHOMY T'OCITOIapC-
TBI;

OCHOBHI MaTreMaTH4yHi Mozeni (i3MYHUX MpoIeciB Ta iHpopMauiiHUX 1O-
TOKIB JUIsl OTIMCY IPUPOJHUX SBUIL Ta MPUHHSATTS YIPaBIiHCHKHUX PIllIEHb Y
BOJHOMY T'OCIIO/IapCTBI;

BUAM iHGOPMAIIHHUX TEXHOJIOTIH, IX MOXIJIMBOCTI, BUMOTH JI0 HHX;

cyvacHi iHdopMauiiiHi TeXHOJOTii y BOAHOMY TOCHOJAPCTBi, BUMOTH JIO
HHX;

BUIH IIPOIPaMHOT0 3a0e3MeUCHHS JUT 00YHCITIOBAIBHOT I IpOJHHAMIKHY
OCHOBHE TIPOTrpaMHe 3a0e3IeUeHHs JUI YIPaBIiHHSA BOAHUMH PECypCaMy,
BUKOHAHHS TiJPaBIIYHUX Ta T1IPOIOTIYHUX PO3PaXyHKIB;

OCHOBHI TTOHATTS Ta BUAW Te0iH(QOPMAIIITHAX CHCTEM Ta TEXHOJIOTIH;

[Ticnst BUBUEHHS AMCIMIUTIHY CTY/ACHTH TIOBUHHI Mimu:

BUKOPHCTOBYBaTH MaTeMaTHYHI MOJAENI y BOAOTOCIOAAPCHKIN rany3i, mpo-
BOJIMTH HEOOXIiJTHI ONTHMIi3aliifHI po3paxyHKH, BUKOPHUCTOBYBAaTH CTaHAAp-
THE oiCHE IMpOorpaMHe 3a0e3MEeYCHHS;

BUKOPUCTOBYBATH TeoiH(QOpPMAIIiifHI CHCTEMH, JoKepena myOniaaol iHdop-
Malrlii, crieniansizoBaHe NporpaMHe 3a0e3redeHHs ISl BUPILIEHHS BOJOTOC-
MOJIaPCHKUX MPOOIIEM.

1.3.PexomeHnioBaHa JiTepaTypa

Bazosa
Abrahart, Robert J., Linda M. See, Dimitri P. Solomatine, eds. Practical
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2008. — 495 p.
Bates, Paul D., Stuart N. Lane, and Robert I. Ferguson, eds. Computation-
al fluid dynamics: applications in environmental hydraulics. John Wiley
& Sons, 2005. — 532 p.
QGIS:Becoming a GIS Power User. Packt Publishing. 2017. - 797 p.
Harnsgnaas craructuka. Mcnmonmsdyem R! A.b. Iunynos, E.M. banaum,
IT.A. Bonkosa u ap. 2014. - 296 c..
URL: https://cran.r-project.org/doc/contrib/Shipunov-rbook.pdf
ggplot2 Elegant Graphics for Data Analysis. Hadley Wickham. Springer:
2016. — 268 p.
Vojinovic, Zoran, Michael B. Abbott. "Twenty-Five Years of Hydroin-
formatics." (2017): 59 p.
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nigpyunuk. — K.: Hika-IlenTp, 2010. — 448 c.

Bimix B.M., Koctupko B.C. Iadopmariitai Texnosmorii Ta cucremu: Hapu.
TToci6. Kuis: ITHJI, 2006. — 232 c.

Jlonomizkna
Ceprees B.I1., I'puropee M.H., YBapos,C.A. Jlorucruka.
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CogeroB b.41., Ilexanosckuii B.B. THpopmaunoHHbie TeXHOIOHU: y4eO.
JUtst By30B. —M: «Bpicmas mkosnay. -2006. -263c.
N3z6auxos 10.C, Ilerpos B.H. MudopmanmoHHbie cucTeMbl: Y4eOHHUK A1
By30B. CII6: [Tutep. -2006. -656¢.
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CaliT po3poOHHKIB IPOTrpaMHOT0 3a0e31eYeHHs BUTbHOT
reoindpopmaniitHoi cuctemu QGIS Ta fokyMeHTamis 10 Hei.
URL: http://www.qgis.org/uk/docs/index.html
Caiit po3poOHHKIB IPOrPaMHOTO 3a0e3NeUeHHs IS YIIPAaBIiHHSA BOTHUMHI
pecypcamMu Ta JOKYMEHTAIIisI 10 HbOTO.
URL: http://www.hec.usace.army.mil/
€Bporneiicbkuii iHpOpMaLIiiHUI calfT 3 rizpoiHdopMaTHKH.
URL: http://www.hydroinformatics.org/index.php
Caiit po3poOHMKIB MOBH ITporpaMyBaHHs R, mporpamHoro cepenoBuina
JUISl CTATUCTUYHUX OOYMCIIeHb, aHAITI3y Ta NPEICTABICHHS JaHUX B
rpadigaomy Bursai. URL: https://cran.r-project.org/
CaliT po3p0oOHUKIB IPOTrPaMHOTO 3a0€3MeYCHHS sl 00YHCITIOBATIBHOT
TiApoAMHAMIKY 3 BiIKpUTHM BUXigHUM KogoMm Open source Field
Operation And Manipulation (OpenFOAM) URL: http://openfoam.org/
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Geographic Resources Analysis Support System (GRASS GIS)
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. CaiiT [lep»aBHOTO areHTCTBAa BOIHHUX pecypciB YKpaiHu.

URL: http://www.scwm.gov.ua/

2.MeToau4Hi peKOMeHAaNil 10 BAKOHAHHS MPAKTUYHHUX 3aHATH Ta
€aMOCTiliHOI po00TH 3 HABYAJIBbHOI JMCUUIIIHI

Tema 1. OcHOBHiI NOHATTS rigpoindopMaTHKH

I'nobanbHmMii BOAHMIA UK - CKIIaJHUN TIpolLiec, IKUH BKITIoYae B cede dizny-
Hi, 610re0XiMiYHi, EKOJIOTIYHI Ta IITYYHI CHCTEMH.
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®dizuuHa cucTeMa CKJIaJla€Thes 3 BOJONM 1 HIISAXIB MPOXOHKEHHS OTOKY BOJIU
yepes (izudHe cepenoBuIe 3eMIli, BKIIIOYaI0UH OKeaHH, aTMocdepy, o3epa, piukH,
TPYHTH, BOIOHOCHI Iapw... barato mpormecis, IOB's3aHi 3 pyXoM BOAU (BUIApOBY-
BaHHSI, TPAaHCIIipaIlis, OImay, PiYKOBHA CTIK, MMOTIK TPYHTOBUX BOJI, HAHOCH).

Bioreoximiuna crucrema ckiamaeTbes 3 XiMIYHMX KOMIIOHCHTIB BOJH 1 TIEpeT-
BOpEHHS B Hill. /10 HUX BIJHOCATBHCS IMKJIM MOKHUBHUX PEUOBUH (HANPHKIAL, a30-
Ty 1 Gocdopy), MUKI BYTIIEIO0, 3a0pyAHIOI0Yl PEYOBHHHA Ta 1HIII XiMi4HI peYOBH-
HH, TaKi SIK IECTULHIH, TOPMOHH...

Exonoriuyna cucrema ckiagaeTbes 3 KUTTEBHX LMKIIB OpraHi3MiB, sIKi 3aye-
JKaTh BiJl MICIlsl TX MPOKUBAHHS, BEreTallil, BIUTUBY TiPOIOTIYHOI MIHIUBOCTI Ha
(yHKI[IOHYBaHHSI HA3MHHX 1 BOJHUX €KOCHCTEM.

IITy4Hi cucTeMy BKIIOYAIOThH IHXKEHEPHI pOOOTH, IX BIUIUB Ha IOTOKHU BOAM, 11
XIMIYHHH CKJaf, HAHOCH, BUKOPHCTAHHS BOJHHUX PECYPCIB Ta YNPaBIiHHS BOJHU-
MH PECypCaMH.

CkIagHiCTh PO3YMIHHS 1 MPOTHO3YBAaHHS X CHCTEM - BelIWde3Ha. BoHa Buma-
rae BUSBIICHHS OCHOBHHX B3a€MO3B'A3KIB 1 3BOPOTHOTO 3B'I3KYy M HUMH. Baxkmu-
BUM KPOKOM y IIbOMY HamIpsIMKY € TIepeXifl BiJ TPaAUIiHOTO Ja00paToOpHOTO IIijI-
X0y IO HaTYPHUX JOCII/KEHb.

JlaGopaTopHuii niaxin noisrae y BUBYEHHI MPOLECIB, IO BiAOYBAIOTHCS B KO-
HTPOJILOBAHOMY CEPEIOBHIII J1abopaToOpii.

HarypHhi nociimpkeHHs nepeadayaroTh PO3rOpTaHHsS CUCTEM CIIOCTEPEKEHHS B
NpUpOHOMY cepenoBuii. [Ipobiemu, MoB'sa3aH1 3 KOXKHUM 3 IIMX MiIXO/IB - Pi3Hi.

VY TpamuuiiiHux 1a00paTOPHUX YMOBAX IIyXkKe CKJIAIHO, SKIIO HE HEMOMIIUBO,
MOBHICTIO BIJTBOPHUTH CKJIAIHICTh MPOIECIB. Y NPHUPOTHOMY CEPEIOBHII IyXKE
Ba)XKKO 1IeHTH(]IKYBaTH i CIIOCTEpIiraTH BCi 3MiHHI, SKi IPU3BOIATH O CKJIATHOCTI
NpUPOAHOI cucTeMHu. HaTypHI HOCHTIIKEHHS CTAalOTh BCE OUTBIN IOMIMPEHUMH, i
6araTto HOBUX CHCTEM CIIOCTEPEXKEHHS B JaHHUI Yac pO3TOPHYTI MO BCil 3eMHIH KY-
mi. i cuctemu 3a0e3Me9yIOTh JOBIOCTPOKOBHIT MOHITOPHHT 400 MiATPUMYIOTH 1H-
TEHCHBHI MOJhOBI KaMMaHii B KOPOTKI MTPOMIKKH Jacy.

JucranuiiiHe 30HAYBaHHS 3 CYIIyTHHKA, JliTaka ad0 TaTYNKIB HA3eMHOTO Oa-
3YBaHHS CTa€ BCE OUIBII IIIHHUM IHCTPYMEHTOM, @ 00CST IaHUX, OTPUMAHUX TaKUM
YUHOM, J1y>K€ BEJIUKUU.

Hanpuknan, koxeH neHs cymytHuku Terra i Aqua posroprayti HACA (Harmio-
HaJIbHE yNPaBIiHHA 3 a€POHABTHKH 1 JOCIIKEHHSI KOCMIYHOTO MPOCTOPY) 30upa-
IOTh KiJIbKa TepadaiT naHuX, MOB'I3aHUX 3 0€37iY4t0 3MiHHUX aTMOC(EpPH 1 TOBEp-
xHi cymi 3emui. Lli nani B qaHuid yac MOTPAIUISFOTE B MOJIEINI, SIKi IMTOTIM 3a0e31e-
YYIOTh JUHAMIYHO Y3TOJUKEHHH Halip 3Ha4eHb /IS CIIOCTEPEKYBAaHMX 3MIHHUX
(abo craHiB).

Le#t mpomuec 300py JaHMX i YUCIIOBOT'O MPOTHO3Y MOJIelIel 3a0e3neuye Bennie-
3HI MOXJIMBOCTI JIIs pO3POOKH 1 TECTyBaHHS HOBHX TilIOTE3 IOJO AWHAMIYHOI ITO-
BE/IIHKM BOJHOTO IIMKITY, B3a€MO3B'SI3KY MK PI3HUMH CHCTEMaMH, 110 BIUIMBAIOTh
Ha BOJHUH ITUKIL
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OcCKiIbKH 00CST JaHUX 3pOCTaE, 3'IBISIOTHCS MPOOJIEMH €()EeKTHBHOIO BUKOPH-
CTaHHS AHUX ITOB'S3aHi 31 30epiraHHsAM, MONTYKOM, KOMYHIKAIIi€l0, Bi3yari3ali€eio
1 BUSAIBJICHHSM 3HaHb. KpiM Toro, Halre HayKoBe OadeHHs yCKIIaIHEHE Yepe3 BHKO-
pHUCTaHHS PO3PI3HEHHUX i OOMEX)eHHX HaOOpiB MaHMX. 3HAYCHHS JaHUX, K NMPaBH-
JI0, TPYHTYETBCS HA HAIIIK 3aTHOCTI OTPUMYBATH 3 HUX OULTBIN BUCOKHH piBEHBb
iH(popMarii: KOpUCHY iH(QOpPMAIIIO - IS KPaIoro po3yMiHHS SBHII, a TaKOX U
COIIAIBHO - EKOHOMIYHOTO €(EKTy.

Tak stk 00CsIT 1 pO3MIpHICTH (YHCIIO 3MIHHUX) JaHUX 3POCTAE, BAXKIMBO PO3BH-
BaTH 1 BUKOPUCTOBYBATH TEXHOJOTIi, SIKI MIATPUMYIOTH iX e(eKTHBHE BHUKOPHC-
TaHHs. [HaKIIe BapTiCTh CAMUX JaHUX 3MEHIIYEThCS, a IHBECTHILIIi BTPAYarOThCSL.

B ocranHi poxu Oyim po3po0ieHi TeXHOJIOTi, siKi 3a0e31euyoTh HOBI criocoOn
00pOOKH aHMX, 1 MalOTh MOTCHINIAN, 100 3MIHUTH CIOCIO, IKUM MH IIPOBOJUMO
HaYKOBI JOCJHIIPKEHHS, OTKe, 3a0€3MEeUCHHs KPaIoro MOJICIIOBAHHS 1 MPOTHO3Y-
BaHH MIATPUMKH Ha OJaro CycIiibCTBa.

Beanki naHi momynsapHi B ramy3i iHpopManiifHIX TEXHOJOTIH, TOPTiBii Ta Oio-
iH(pOpMaTHIl, Ie 3HAXOIAThCS Ha paHHiH cTaxii B rizpoindopmaTuii. Benuki nani
MOXOJIATh BiJ Ha/I3BUYAaHO BEIWKHUX MACHBIB JaHUX, SIKi HE MOXYTb OyTH 00p006-
JIeH] 3a JONYCTHMHUH 9ac TpaauLIiHHIMU MeTomaMu oOpoOku naHuX. Bukopucro-
BYIOUHU aHAJIOTIIO 3 00'€KTHO-OPIEHTOBAHOTO MPOrPaMyBaHHs, BEJIUKI JaHi CIiJ PO-
3MIAATH B SIKOCTI 00'€KTIB, 10 OXOIUTIOIOTH JaHi, X XapaKTepUCTUKH 1 METOAU
00poOku. I'inpoindopmaTika MOXe OTPUMATH BUTOAY 3 TEXHOJIOTII BEJIMKUX Ja-
HUX, METOIB 1 aHATITUYHUX IHCTPYMEHTIB JJIs1 OOPOOKHU BEIMKHX MACHBIB JaHUX,
3 SIKUX MOHa Oyi0 6 3100y TH TBOpPYI i€l i HOBI LIIHHOCTI.

JlocmiKeHHsT BEJTUKHUX OOCATIB JaHUX I10 OMaZax € BayKIMBOIO YaCTHHOIO Tif-
POJIOTii I YIpaBIiHHS TOBEHSIMH i MIOCYXaMH, a TaK0XX PO3yMiHHS TII00aTbHOTO
BOJHOTO IMKIy. O0'elHaHHS JaHWX NUCTAHLIIHHOTO 30HIYBaHHS, METEOPOJIOTiY-
HUX PaJi0JIOKATOPiB, MOUIOMIPIB i YHCIIOBOTO MOJEIIOBAHHS IOTOIN MOXE OYTH
JIOCATHYTO 32 PaxXyHOK IapalieTbHAX OOYUCIICHB 1 PO3MOAIICHIX CUCTEM 30epiraH-
HSl JaHUX.

TCinpoindopmaTuka BKiIFOUaE B cebe: po3poOKy TEOPii, METOIUK, AITOPUTMIB
1 IHCTPYMEHTIB; METO/IM TECTYyBaHHs KOHIEMLi, IX aHai3 Ta Bepudikaliio; Bcra-
HOBJICHHSI B32€EMO3B'SA3KIB, SIKi BIIHOCSATBCS 710 €()EKTUBHOTO BUKOPUCTAHHS JaHUX
JUISL XapaKTePUCTHKH BOJHOTO IIMKITY 32 IOMOMOTOI0 PI3HHX CUCTEM.

Ile mopomKye muTaHHS, NOB'A3aHI 3 OTPUMAaHHAM JaHWX, apXiByBaHHS, MOIIY-
Ky, KOMYHIKaIlii, Bi3yani3amii i BAKOPUCTaHHS IX y MOJIETIOBaHHI 3HAHb.

VY 11boMy KOHTEKCTI rifipoiHpopMaTHKa € MpUKIaJHOI0 Haykoro. BoHa 3Haxo-
JIUTHCS HA TIEPETHHI T'1JIPOJIOTii, KOMIT'TOTEPHOI HAyKH 1 TEXHIKH, iHpOopMaThKy, re-
orpagiyHuX iHPOPMAIIHHUX CUCTEM. ..

[i 06macTh 3acTocyBaHHs IMPOKA i BKJIIOYAE B cebe MiIPosoTito MiCT, PiuKOBUX
OaceliHiB, T1IPOJIOTIIO Ta T1APOKIIMATOJIOTIIO.

INapoingdopmaTrka IpyHTY€ETbCS Ha pO3POOKAxX B JEKUIBKOX CYMIKHHMX JHCIIH-
IUTiHAX - iHQOPMATHKH, KOMITIOTEPHHAX MEpex, 0a3 TaHWX 1 TiAPOIOTigHOI HAYKH.
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TakuM 4MHOM, OCHOBHI NPUHLMIN TiAPOIHPOPMATHKH Pi3HOTATY3€Bi, IO PO-
OWTH X CKIJIAMHUMM IUIS ITOYATKIBIIIB.

ApxiTekTypa TmporpamMHoro 3abesrmedeHHs mnpexacraBieHa uepe3 «Unified
Modeling Language» abo UML. UML € rpadiuyroro MoBOIO mis Bisyamisamii,
KOHCTPYIOBaHHS Ta JOKYMEHTYBaHHS apTe(aKTiB iHTCHCUBHOI IPOTPaMHOI CHCTe-
Mmu. Lle 3a0e3nedye cTaHOApTHHUNA CHOCIO MPenCTaBICHHS KOHIENTYaTbHUX 00'€K-
TiB, TAaKUX SIK MPOIECH 1 (PYHKIII, a TAKOXK KJIAciB, CXeM 1 MPOTpaMHAX KOMIIOHEH-
tiB. Beryn 1o UML no3BosmTh untauesi 3po3ymitu i ctBoputd UML - miarpamu ,
SKi BCE YacTille BUKOPUCTOBYIOTHCS B TAKUX 00JACTsIX, sIK reorpadivni iHpopma-
uiiini cucremu (I'IC). Le po3ymiHHS Tako HEOOXiTHO, 1100 NOBHICTIO 3pO3YMITH
JIesIKi 3 OCTaHHIX TJIaB.

KoHnnenuis po3Butky nupoBux 6i6aiorex mis myOunikamii nanux. Xoua pe-
3yJIbTaTH AOCIIKEHb JOOpe apXiBYIOThCS B KYpPHAJIBHHUX IMyONiKamisx, JaHi, Ha
SKHX 3aCHOBAaHI Ii pe3yNbTaTH YacTO HE IOCTYITHI A CHUTBHOTH B Itomy. Lle
00MeXye MOXKIIMBOCTI JJIs1 IEPEBipPKH TaHUX, PE3YNIbTATIB i iX BUCHOBKU. KoHIer-
st mudpoBoi OiOIIOTEKN CTIpsAMOBaHA HA IOJOJIAHHS EOTO PO3PHUBY, 3a0e3medy-
I0YM Kpalui MUISX JUIs MyOumikamii JaHuX 1 MOB'I3aHUX 3 HUMHU pe3ynbTatiB. [H-
(hopmartist Ipo aHi, 9aCTO 3ralyeThCs K METalaHi, y)Ke BaXKIMBA IUIST OTPUMaH-
Hsl KOPUCHHX JaHuX. BoHa mictuth iHdopMauito npo e, ne Oynu 3i0paHi JaHi, siKi
IHCTpYMEHTH OyJIM BUKOPHMCTaHI JJIsl X XapaKTEepPUCTHUKH, K1 TOMUIIKH, MOB's3aHi 3
BUMIipaMu, siKi 3MiHHI Oynu BUMIpsiHI 1 T.1. MeTanaHi TakoX MOXYTb OyTH IOB's-
3aHi 3 pe3yJIbTaTaMH YMCIOBOIO MOJEIIOBAHHS JJIsl TOTO, 11100 OMKCATH NPOdIEMY,
JIOMEHH, 3MiHHI, THMYacoBi pamkH 1 T.1. [Ipu noinyky neBHOro HabOpy JAaHUX, MU
4acTo IIYKAEMO MeTamaHi Juis imeHTudikaiii BiANOBIIHUX TaHWX. MeTaaaHi € Ba-
JKIIMBUM KOMITOHEHTOM TEXHOJIOTIi III(PpOBOI 0i0Ii0TEKH.

OCKNBKM HOBI HaHI JOCTYIHI (4acTo B iHmIOMY Qopmari, HDK cTapl naHi)
00’elHaHHA JJAHUX 1 MOJAJIBIINKA aHaNi3 cTa€ CKIaJHUM 3aBIaHHsIM. [l moser-
IIICHHS TPOBEICHHS TaKUX OIepalliif, HOBI MOJENi I MPECTaBICHHS T1IpOJIOTiv-
HHUX JIaHUX HEIaBHO OyiM po3poOJeH! 3 BUKOPHCTaHHSAM MapaurMy 00'€KTHO-
OpIEHTOBAHOTO NPOEKTYBAHHS 0a3 Te0JaHuX.

Arc Hydro - 1ie Moaenb naHuX, sika CTa€ MOMYJIAPHOIO CEpell TiApOJIOrivyHOi
CIUILHOTH TIOBEPXHEBHX BOJI, TaK SIK BOHA 00'€IHYE KiJIbKa THIIB JaHUX B 3arajbHi
paMKu.

Modelshed mo6ynosana Ha Arc Hydro i 3a6e3nedye iHTerparito TuCTaHIHO-
TO 30HAYBAaHHA 1 JAHUX TPHOXMIPHHUX MOJelneil moBepxHeBux Boj. Kpyroobir Bogu
00'elHy€e IIUPOKHUI CHEKTP IMPOILECIB, TAKMUM YMHOM, JlaHi, MOB'A3aHi 3 UMM ITIPO-
[[ecaMM IOCTABISIIOTECS B pisHUX (opmartax. EdexTnBHa KOHIENTyaabHAa OCHOBA
JuIs iHTerpanii 1 ynpaBiiHHS TaKMMH JaHUMH HEOoOXiJHa JUIsi apXiByBaHHS 1 mepe-
Jadi 3 onHiei cucremu B iHNMy. lepapxiunuii popmat nanux (HDF) craB nomyssp-
HUM i e()CKTHBHHUM YSBICHHS JUIS TAKHUX IILJICH.

XML (Extended Markup Language) ctaB MammHO HE3aJEeXHHM CIOCOOOM
CHIJIbHOTO BUKOPHUCTAHHS JAHUX B T€TEPOreHHHMX OOYMCIIIOBAIBHUX IUIATPOpMAax.
Ieti mpOTOKOJ MiABHUINYE HAITY 3aTHICTH KEPYBATH Pi3HUMHU (OpMaTaMHu IaHHX,
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PO3MOALICHUX IO TeTePOreHHIH Kojekii cuctem (Hampukian, Windows, Linux i
T.J.), OTXKE, IO3BOJISIE HAM BUKOPHUCTOBYBATH OOYHCIIOBANIbHI pecypcH i naHi, sKi
PO3MIIIEHI B pO3NOIiNICHIH MepeKi. 3MaTHICTh IIPO30PO YIIPABIATH 1 CIIJIKYBATHUCS
MK IIIMH PO3NOJIEHIMH PECypCcaMi MPHU3BEIIO 0 PO3BUTKY '"PO3IMOIIIEHUX 00-
gucnensp”. L[ HOBa TEXHOIOTIS T03BOJISIE HOBHH 1 MOTYXHHUHU 3aci0 UL TOCATHEH-
HSI BUCOKOTO KJIacy OOYHCIIEHB 3 BUKOPHCTAHHSIM PO3MIpiB JaHHUX 1 O0UHCITIOBAIE-
HOI IIBUAKOCTI paHime HeiMOoBipHUX. Lle MPUBHOCHTH B KUTTS KOHIICTIIIIO "Me-
pe:xi ne kommn'rorep".

Soft Computing - aHaniTH4HI KOHIEMNLII, BAKOPUCTOBYBaHI B TigpoiHpopMa-
THI.

InTesieKTya abHUii CTATHCTHYHUN aHAJI3 JAHUX BUKOPHCTOBYIOTBCS JUIS aB-
TOMAaTHYHOTO BIJIy4eHHs iH(OpMaLil 3 BEIUKHX MAacHUBIB 0araTOBUMipHUX JaHUX.
JlaHa TexHOJIOTIs CTae BCce OUIBIN JOCTYITHOO 32 JOMOMOTOIO Pi3HHX HMPOTpaMHHUX
TIAKETiB.

HeiipomepeskeBuii miaxig 10 MPOTHO3HOTO MOJENIOBAHHS OCOOJHBO KOPHC-
HHH, KOJIM iICHY€ BENMKa HEBU3HAYCHICTD MO0 3HAHHS NpO (i3UKYy CHCTEMH, ale
iCHy€e HeOOXiTHICTh IJIs JOCTOBIPHOTO TiepeadadeHHS.

I'eHeTHYHi aIrOPUTMHU - IHCTPYMEHT ONTHMI3alii, SKHH BUKOPHCTOBYETHCS B
HIMPOKOMY CIIEKTPi JI0JaTKiB.

Fuzzy Logic - MOXJIHBICTh BKIIOYAaTH HEBHU3HAUeHY 1 Cy0'eKTHUBHY iH(opma-
L0 B aHami31.

Jireparypa: 1, 6,7, 8, 14, 19.

Tema 2. IIporpamue 3a0e3ne4eHHs 1JIs1 004NCTIOBAIBLHOI TiAPoAUHAMIKHT
Computational fluid dynamics (CFD)

Oo6uucaoBaiapHa rigpogunamika (anri. Computational fluid dynamics,
CFD) - po3ain MeXaHIKH CYHIJIbHUX CEPEAOBHII, IO BKIIOYA€ CYKYIHICTh (Pi3md-
HHX, MAaTEeMAaTHYHUX 1 YUCEITbHUX METOMIB, MPU3HAYECHHUX ISl OOYHMCIIEHHS Xapak-
TEPUCTHUK IMOTOKOBHX IPOIECiB. [pOHIYHHI aHANOT «pi3HOOApBHA TiAPOIMHAMIKAY
(arrm. Colorful fluid dynamics ) mpUCBOEHO TEXHONOTII B 3B'SI3KY 3 IIHPOKUMHU
MOXITMBOCTSIMH BizyaJi3amii po3paxyHKOBHX JaHUX.

OCHOBHi NpUHIMIH

OCHOBOO OYyIb-SIKOTO TOCTI/IKEHHS B Taiy3i 00YMCIIIOBAIBHOI TiAPOIUHAMIKH
€ GopMyITIIOBaHHS OCHOBHUX PiBHSHB TiJpo- a00 ra30IMHAMIKH ITOTOKIB, a came:

* PIBHSHHSA HEPO3PHUBHOCTI;

* piBHSIHHA 30epeKeHHS IMITYIIBCY;

* pIBHSIHHS 30€pEXEHHS €HepTii;

* piBHSIHHA CTaHy (IS rasiB).

PiBHsIHHS 30epeXeHHs IMITyJIbCY MOXE MaTH Pi3HUH BUTJISI B 3aJI€XKHOCTI Bif
HasBHOCTI a0o BipcyTHOCTI TepTs. PiBHsHHS HaB'e - CTokca 3acToCcOBYeThCS [UIst
MOTOKIB IPH HAasIBHOCTI TepTsl, a piBHsHHSA Einepa - mis morokis 6e3 tepts. 3aie-
JKHO BiJl YMOB 3aBJIaHHSI, CEPEIOBHIIE MOXE PO3IIISIATUCS, K TaKe 10 CTHCKY€ETh-
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cs1, ad0 Take 10 He CTUCKYEThCS. B ocTaHHBOMY BHIAJKy PiBHSHHS 3HaYHO CIIPO-
IIYIOTBCSI.

BumenasBani piBHSHHS ONMUCYIOTH MOJENb TEUil cepeloBHINA. 3aJeKHO Bix
0COOIMBOCTEH PO3B'SI3yBaHOI 3a7adi MOJENs MOXKe OYTH JONOBHEHA PiBHAHHIMH
U BpaxyBaHHs TypOyJIE€HTHOCTI, IEPEHECCHHS PEYOBHHH, XIMIYHHAX peakiii, O6a-
rato¢a3HOCTi, eIeKTPOMATHITHIX B3aEMOIN TOIIIO.

3 BUIIE3raJaHUX PIBHSAHD CKIANAETHCA CHCTEMAa HETIHIMHUX IU(EepeHIiaTbHIX
piBHSIHB Ipyroro nopsaky. Cucrema Mae aHaNIITUYHE PIICHHS JIMIIE B TyXKe MPOoC-
THUX BHIIAJIKaX, KOJIM Ynciio PeliHonb/ca 1 3aBAaHHs Majle, a FeOMEeTpisl pocTa.

J1st IMpOKOTo CreKTpa MPUPOIHHUX 1 TEXHOJIOTIYHUX IMIPOLIECIB 33a4y MOXKHA
BUPIIINTH YUCEIHHO B TOMY BHUIAJIKY, SKIIO MOXIiHI, sIKI CTOSTh B PIBHSHHSX, 3a-
MIHUTH Ha KIiHIEBI Pi3HUII, CTBOPEHI Ha MaJlMX IPOCTOPOBUX 1 YaCOBHX iHTEpBa-
nax. Y pasi MOJENIOBaHHS PEAIbHOTO TPOIECy MPOBOJUTHCS TaK 3BaHa AUCKPETH-
3amis MpoCcTopy 1 Yacy, TAaKUM YHMHOM, IO TE€OMETPis MpoIecy po30MBAETHCSA Ha
PO3paxyHKOBI ocepenkH, 00paHi 0COOIMBUM YHHOM, a 4ac MPOLECY - Ha PO3paxy-
HKOBI THMYAaCOBI1 iHTEpBaJIH.

[cHYIOTH pi3HI METOAM BUPIMICHHS CUCTEMH PiBHSAHB, HAIIPUKIIAA: METO KiHIIe-
BUX PIi3HUIb; METOJ KIiHIIEBUX OOCATIB; METOJ KIHIIEBHX CIIEMEHTIB; METO] 3riia-
JUKEHUX YaCTHHOK; METO]l 3 BUKOPUCTaHHAM (DyHKLIT po3moainy HMOBIPHOCTI.

IIpouec po3B’si3ky

Jlis BUpIlICHHS 3aBJaHb OOYHCIIOBAIBLHOI TiIPOJAWHAMIKH CICIiajJbHE MPO-
rpaMHe 3a0e3nedeHHs MOCIIiIOBHO BUKOHYE Jiil, pO3/IiJIEH] Ha HACTYITHI eTaIu:

* migroroBunii eran. Ha nanomy erari ¢popmyeThbes reomerpis Mojedi, hopmy-
JIFOFOTHCSI HEOOXiHI (i3u4HI YMOBH, r€OMETpisl TUCKPETU3YEThCS, 3aIAl0ThCS T10-
YaTKOBI i TpaHUYHI YMOBH TU(EpeHIiaTbHAX PIBHIHD;

* po3paxyHok. Ha maHoMmy erami MamMHa, HiAKOPSIOYWCH 33JaHUM ajrOpPHT-
MOM, YHCEIBHO BHPINIYe OCHOBHI PIBHAHHS 3 TOYKH 30py (YHIAMEHTAIBHHUX (i-
3WYHHUX TapaMmeTpiB (IIBHIKICTh, TUCK, HIITBHICTD, TEMIEpATypa...), a TAKOXK 3a-
MIHCY€ Pe3yIbTaTH PO3B’A3KY B MaM'sTh;

* aHami3. PesynbTaTi po3B’s3Ky BiJOOpaKatOTHCS y BUTIAAL TpadikiB, TaOIHIb,
a TaKOX KOHTYPHHX 1/ a00 BEKTOPHUX CXEM, IPHB'SA3aHKUX JI0 BUXIJIHOI reoMeTpii.

ANSYS, Inc. 3i mrad-kBapruporo B M. Ceuin, wrar [lencineBanis, CILA, po3-
poOsie mporpaMu iHXEHEPHOTO aHali3y 3 LIJOT0 PSAY AUCHUIUTIH, BKIOYAIOYH
aHaJli3 METO/IOM KiHIIEBHX €JIEMEHTIB, CTPYKTYpHHH aHaNi3, 00YHCITIOBAIBHOI T1/1-
pOIVHAMIKH, SIBHI 1 HEIBHI MeTOH, 1 mepeaady termna. ANSYS Fluent, CFD, CFX,
1 BignoBinHe nporpamue 3ade3nedenss Computational Fluid Dynamics, mo BuKo-
PHCTOBYIOThCS IH)KEHEpPaMH JUISl TMPOSKTYBAaHHS 1 aHaJ3y, MOXYTh MOJICIIOBATH
MOTOKHM PiJMHU B BIpTyaJIbHOMY CEPEJOBUIII - HAIPHUKJIAJ, T1ipOJHHAMIKa KOPITYy-
CiB cyJeH, ra3oTypOiHHI JABUTYHH (BKJIIOYAIOUYM KOMIIPDECOPH, KaMEpH 3TOPSHHS,
TypOiHM 1 Popcax), aepoarHaMiKa JIITaKiB, HACOCH, BEHTHIISITOPH. ...

OpenFOAM (anra. Open Source Field Operation And Manipulation CFD
ToolBox) - BimkpuTa iHTerpoBaHa uaTdopma Ui YUCETLHOTO MOJETIOBAHHS 3a-
ad MexaHiku cymineHux cepenosum. OpenFOAM - BUIBHO MOIMMpIOBaHUH 1H-
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CTpyMEHTapiii 004MCIIIOBAIILHOT TiIPOANHAMIKY JUIsl ONepauiil 3 NoJIsiMu (CKasip-
HUMH, BEKTOPHAMH i TCH30pHUMH). Ha ChOTOAHI € OHUM 3 «3aKiHUYCHHX» 1 BiO-
MUX J0JaTKiB, mpu3HaueHuX s FVM -O0uncieHHs.

Koxg OpenFOAM, mouaB po3pobnsarucs y BenmmukoOpuraHii KoMIaHi€ro
OpenCFD, Limited, B naanii 9ac migTPpUMYETHCA i PO3BUBAETHCS 3YCHILUIIMU He-
koMmepuiitHoi opranizanii The OpenFOAM Foundation, 3acHOBHHKaMH SIKOi €
Henry Weller (3acnoBHuk BuxinHoro koxy FOAM), Chris Greenshields i Cristel de
Rouvray. CBoro Ha3By Ta ifeosorito mo0OyoBu Koz Oepe Bix momnepenauka FOAM
(Field Operation And Manipulation).

CrnovaTtky mporpaMa npu3Hauanacs JUls po3paxyHKIB Ha MIIHICTb, ane B pe-
3yJbTaTi 0AaraTOpiYHOro aKaJeMiyHOTO i MPOMHUCIIOBOIO PO3BHTKY Ha ChOT'OJHIII-
Hif MOMEHT [03BOJISiE BUPIIIYBAaTH O€3JiU pi3HUX 3aBJaHb MEXaHIKH CYLIbHHX
cepenoBuII (He 0OMEXYIOUH HEH0), 30KpeMa:

* PO3paxXyHKH Ha MilIHICTb;

* TiApoaMHaMiKa HBIOTOHIBCHKUX 1 HE HBPIOTOHIBCHKHX B'SI3KHX PIiIWH SK B HE-
CTHCJIMBOMY, TaK 1 B CTUCIMBOMY HaOJIMDKEHHI 3 YPaxyBaHHSIM KOHBEKTHBHOTO Te-
IUIOOOMIHY 1 Hi€ro cwi rpaBitamii. s MonmenroBaHHs TypOyJIeHTHUX TeUill MOX-
mBe BukopuctaHHs RANS -mozeneit, LES - i DNS-metoznis. MoxxnuBo BupinieH-
Hsl JI03BYKOBUX, HABKOJIO3BYKOBUX 1 HA/I3BYKOBUX 3aBJIaHb;

* 3aBJIaHHSI TEMJIONPOBIIHOCTI B TBEPAOMY TiJi;

* GararodasHi 3aBAaHHs, B TOMY YMCJIi 3 OITUCOM XIMIYHUX pPEaKLiii KOMIIOHEH-
TiB IOTOKY;

* 3aBJIaHHsI, TIOB's3aH1 3 AehOpMAIli€r0 PO3PaXyHKOBOI CITKH;

* 3B'93aHi 3a1a4i;

* IesKi 1HIII 3aBIAaHHS, IPU MaTeMaTHIHIA TTOCTAHOBII SKUX MOTPiOHO pilIeH-
Hs AndepeHIialIbHUX PiBHIHD B YACTKOBHX IOXIAHUX B YMOBax CKJIaJHOI reoMeT-
pii cepenopwua;

* po3mapasenioBaHHs PO3PaxXyHKY AJISI 3aIlyCKy Ha 0araToIlpoIleCOPHUX CHCTE-
Max (B T.4. KIIACTCPHUX).

B ocHOBI Koy JexuTh Habip 0i0TIOTEK, M0 HAJAIOTh IHCTPYMEHTH UIS BUPi-
IICHHS CHCTEM JU(EepeHIliabHAX PIBHSHb B YaCTKOBHMX IMOXIJIHHX SIK B IIPOCTOPI,
Tax i B yaci.

Po6ouoro moBoio xoxy € OOIT C++. V TepMiHax JaHOi MOBH OUNIBINICTH MaTe-
MaTUYHHUX TU(EpPEHITIAIbHAX 1 TEH30PHUX OMEPATOpPiB B MPOTPAMHOMY KOIi (710
TpaHCIALii B BUKOHYBaHHUH (ailsr) piBHAHb MOXKe OYTH MPEICTABICHO B 3pO3yMIJIiit
¢dopmi, a MeToJ AMCKpeTH3alil 1 PO3B’A3KY ISl KOXKHOTO omeparopa Moxke OyTh
00paHHii KOPUCTYBaYeM BiKE B ITPOLIECI PO3PAXYHKY.

PazoM 3 KO/IOM HOCTaBIISETHCS HAOip MpOrpaM-«BUPILIYBayiBy», B SKUX peai-
30BaHi pi3HI MaTeMaTH4YHI MOJENI MEXaHIKM CyHIJIbHUX cepenoBuml. [Iporpama
Moxe mparoBatd 1mijg Windows depe3 BipTyalbHy MallMHY; € TaKOX peasizaii,
SKi HE BUKOPHCTOBYIOTh JOAATKOBHUX HaJ 0y 10B.

ParaView - Bigkputuii rpadigamii kpoc-miathopMHUNA MaKeT A iHTepaKTHB-
HOT Bi3yaJji3allii B HOCHITHUIBKHUX IIJISIX, 0 po3podisteThess HamionansHoro Jla-



12

6opatopieto Canni, kommnanieto Kitware i Hauionansnoro Jlaboparopiero Jloc-
Anamoca. [Taker miaTpuMy€e KIIi€HT-CEpBEpHY apXiTeKTypy AJs opraHizalii Bigma-
JIeHo1 Bi3yaizamii MacHBiB JaHWX 1 BUKOPHCTOBYE MeToA piBHA Aertamizamii (level
of detail, LOD) mns migTpuMKH Bizyaitizallil BETHKIX 0OCATIB JaHUX B IHTEPAKTH-
BHOMY pexwuMi. [Taker ParaView peamizoBanmii Ha 0a3i 6i0mioTexn Visualization
Toolkit (VTK). [Taker ParaView po3poOusiBcst i 3AiiCHEHHS HapaieiizMy na-
HUX Ha KOMITIOTepax i3 3araibHOI0, PO3MOJiNIeHOI maM'aTTio i KmactepiB. [lpm
npoMy ParaView Moke BHKOPHCTOBYBATHCS 1 Ha HEPCOHAIBHUX KOMII'FOTEpax.
[Maker ParaView Hajiae KOpHUCTYBa4eBi MOKJIMBOCTI IHTEpaKTHBHOI Bi3yasi3amii Ta
JIOCIIIJPKEHHS BEJIMKUX MAaCUBIB JJaHUX JJISI SIKICHOTO 1 KUIbKiCHOTO aHami3y. Pobora
3 [IAKETOM MOJKE 3/1IHCHIOBATHCS SIK B IHTEPAKTHBHOMY, TaK i TAKETHOMY PEXKHMI.

B nanuii yac maketr Moxe OyTH BUKOPUCTaHHH Ha KOMI'IOTEpax 3 oIepawiiiHu-
mu cuctemMamu Windows, Linux, Mac OS X. Ilpu po3poO11i aBTOpH TOTPUMYIOTh-
Csl HACTYITHHX LTeH:

* BiIKPHTICTh, KPOC-TIAT(GPOPMEHHICTD - B MAaKETi BUKOPUCTOBYIOTHCS TITBKU
BiJIKPHTi, MyJIbTH-IDIAT(HOPMHI TEXHOJIOTIT AT Bi3yaJi3arlil TaHmx

* MiATPUMKA Pi3HUX, B TOMY YHCIIi, FETEPOTEHHUX OOYHCITIOBANTBHIX CUCTEM

* CTBOPSHHS THYYKOTO, IHTYITHBHOTO iHTEpeiicy.

Takum uuHOM, makeT ParaView 0arato B YoMy € CKOpillie TEXHOJIOTi€0 00po0-
KU, HDXK BCHOT'O JIMIIIC IIPOTPAMHUM 3aCO00M.

OCHOBHI MOXJIMBOCTI

B 3amayax MexaHiKM CyIIIBHUX CEPEJOBHI HACTYITHI MOXKJIMBOCTI MaKeTa Mo-
KYTh OyTH KOPHCHUMHU IIPH aHANi3i HACTYITHUX PE3yJIbTaTIB!

* Bi3yaJri3allisi pO3paxyHKOBHUX CITOK (IIOBEPXHi, CITKOBI JIiHi1, BepIINHH, 00'€M-
Ha Bi3yaJi3arlis)

* Bi3yasizamis moJiB (THUCK, IIBUIKICTE, TEMIIEpaTypa, 3MIIIEeHHS i iH.)

* moOyToBa 3pi3iB TEOMETPIl - IUTOMUHOIO a00 33 JOMIOMOTOF0 3aaHO1 (PYHKIIIT

* o0y T0Ba 130-TIOBEPXOHB

* Bi3yasi3amis BEKTOPHUX IIOJIB 1 JiHIH CTpyMy

* KUTBKICHUI aHalli3 JaHWX - IHTErpyBaHHs, MOOYIOBA aMILTITYJHO-4aCTOTHHX
XapaKTepUCTUK

* CTBOpEHHS (iJIbMIB, SIKI JEMOHCTPYIOTh PO3BUTOK Iporiecy B 3D

* anrebpaiuHi IepeTBOPEHHS HaJ| TOJIIMH.

Jlireparypa: 2, 14, 16, 17.

Tema 3. IlporpaMHe 3a6e3nedeHHs 1JIs1 aHAJI3y PiYKOBHX cHCTEM

OpmHUM 3i CBITOBHX LIEHTPIB TiIPOJNOTIYHHUX JOCIiIKEHb, IIporpaMHe 3abe3re-
YCHHS SKUX MOXKHAa BHKOPHUCTOBYBATH OE3KOIITOBHO, € TiAPOJIOTIYHUI iHXKEHEp-
Huid nentp (CEIWR-HEC) imxenepHoro xopmycy mpu apmii CIHA (The U.S.
Army Corps of Engineers - USACE), sixuii 0yB yrBopeHuii B 1964 poui juis TexHi-
YHOI €KCIIEPTHU3H, SKa 3r0JIOM CTaja BifioMma, sK TiiposoriuyHa imkeHepis. Kanpu
imkenepis, ki npuitnum 1o USACE micns pyroi cBiToBoi BiitHu Oynu nepenme-
HCiHHOTO BiKYy, 1 OyJI0 BUCIOBJIEHO TTOOOIOBAHHS, IO 1X AOCBIJ B TaJIy3i pO3BHTKY
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Bonuux pecypciB USACE Oyne posmopoiieHuii i Horo Oyae BaXXKO BiTHOBHTH.
CEIWR-HEC 6ymna ctBopena B USACE oxpyry CakpaMeHTO B BiImisi iHxKeHepil.
ParniMu nporpamanvu nakeramu 0ymu HEC-1 (tigposoris), HEC-2 (rigpaBmika
piuok), HEC-3 (anani3 Bomocxoswum), i HEC-4 (cToxacTudHa mporpama reHeparii
PYCIOBOTO CTOKY). IIpOoTATOM NecsTH POKIB IICIS CTBOPEHHS, IITAT BHPIC IO TPH-
IISTH iHKeHepiB 1 KoMIm'toTepHuX (axiBIiB. 3apa3 cepenHiil Bik MOCTiifHOTO mTa-
Ty CEIWR-HEC cTaHOBUTH OIM3BKO TPUALSATH IT'SATH POKIB.

VY cgoiii ictopii, CEIWR-HEC npoiinios yepe3 cepito opratizamiiHux nepeoy-
JIOB, CIMEICTBO MPOrpaMHOro 3a0e3MedeHHs 3pOCiIo O OUIBII HiXK ABAALSTH OC-
HOBHHMX YacTHH IPOIPaMHOrO 3a0e3NeyeHHs, sKi MiATPUMYIOThCS 0i07110TEeKOr0
CEpPBICHOTO MPOrpamMHOro 3adesmedcHHs, Bkarouaroun minTpumky ['IC. CEIWR-
HEC, ma0ytp, HaiiBigomila cepel iHXEHEPHHX MPOrpaM BOJOTOCIONAPCHKOTO
npu3HaueHHs . CEIWR-HEC wmae Tpu Bigminau: TiZpoJyorii Ta TigpaBIiKH, CHCTEM
BUKOPHCTAHHS BOIHUX PECYPCIB, CHCTEM YNPaBIiHHSI BOJHUMH pecypcamu. Hema-
BHI JIOCATHEHHS BKJIIOYAIOTh B ce0e: PO3BUTOK HACTYITHOTO ITOKOJIHHS IPOTrpam-
voro 3abesncuenHss CEIWR-HEC (HEC-RAS, HEC-HMS, HEC-FDA, i HEC-
ResSim); anamni3 pu3uKiB A 3MEHIICHHS IIKOAH BiJl TOBEHEH; po3po0Ka Ta BIIPO-
Ba/DKEHHS CHCTEMH YNpaBIiHHA BogHUMH pecypcamu (CWMS), cucremu nporHo-
3yBaHHS 1 MIATPUMKHU NPUUAHATTS pilllEeHb B PEXKHUMI peajbHOTO 4acy, SIKHH BUKO-
PHUCTOBYETHCSL B pexxuMi 24/7 npu BUKOHAHHI Micii BOJHOTO KOHTPOJIIO Ta yIpaB-
ninHi Boguumu pecypcamu USACE.

Ocuora mera CEIWR-HEC € nmiarpumka Hauii B ynpaBiiiHHI BOIHHUMH pecyp-
caM¥ 3a paxyHOK 30inbiineHHs TexHiuHUX MoxuBocTer USACE. Oguum 3i cro-
co0iB JOCSITHEHHSI Li€] METH € TIPOBE/ICHHSI HallCyyacHIINX HAYKOBUX JAOCIIIKEHb
1 po3po0oK, sxi mpoBoauts CEIWR-HEC.

Ipouenypu moctymri mis USACE i mpodecioHaliB o BChOMY CBITy uepes
e(eKTHBHY MporpaMy mepeaadi TEXHOJOTil TeXHIYHOi JOIOMOTH, IMyOikamiid Ta
HaBYaHHSI.

IIporpamue 3a0e3nevyeHHs Aas aHauaizy piuxkoBux cucrem Hydrologic
Engineering Center River Analysis System (HEC-RAS).

HEC-RAS npusHaueHuil uisi 0JHO- 1 JIBOMIPHUX TiZpaBJiduHUX PO3PaxyHKIB
JUTS MEPEXIi MIPUPOIHUX 1 TOOYIOBAHUX KaHAIIIB.

TigpaBaiunnii aHa i3 KOMIOHEHTIB

Cuctema HEC-RAS MicTHTB KijlbKa KOMIOHEHTIB aHATI3Y PIUKH JIS:

e  oOuncneHs Mpodiao MOBEpxHI BOAN 6€3MepepBHOTO OTOKY;

®  0/IHO- i ABOMIpHE MOJEITIOBAHHS HECTALlIOHAPHUX TEYil;

e  00YMCIICHHS TPAHCIIOPTYBAaHHS HAHOCIB;

° aHaJi3y SKOCTi BOJH.

Bci 90THpH KOMITIOHEHTH BUKOPHCTOBYIOTh 3arajlbHy T€OMETPHYHY MOJEINb Jia-
HUX 1 3arajbHi TeOMETPUYHI Ta TiIpaBIiivHI npoueaypu oduncieHHs. Ha momatok
JIO IIMX KOMIIOHEHTIB aHaJi3y PIY0OK, CHCTEMa MICTHTh KiTbKa TiIpaBIiYHUX KOHC-
TPYKTUBHHUX OCOOJIMBOCTEH, SKi MOXYTh OyTH BHKJIMKAaHI SIK TIIBKA OCHOBHI IIPO-
iy MOBEepXHi BOJIM OOUHCITIOIOTHCS.
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Criiiki npodini noBepxHi noroky Boau

Ileli KOMIOHEHT CUCTEMH MOJEIIOBAHHSA NPU3HAUEHUH ULl PO3PaXyHKY Ipo-
(hiniB moBepxHi BoIM A CTiiiKoro mMoToKy. CrcreMa Moxe 00poOIATH MTOBHY Me-
pPeXy KaHaTiB, OEHIPUTHUX CHCTEM, MUISHOK pidoK. KoMIOHEHT cTiiikuil moTik
3IaTHUHA MOZETIOBATH 3aKPUTHYHI, HATKPUTHUYHI 1 3MilIaHi peXuMu TIpodisiB 1mo-
TOKIB TIOBEPXHi BOJIH.

OcHOBHa 00YHCITIOBAIFHA MPOIIEypa 3aCHOBAaHA Ha PO3B'S3KY OJHOBHMIPHOTO
piBHsiHHS eHepril. OIIHIOIOTHCS BTpaTH €Heprii BiJ TepTs (piBHSAHHSA MeHHiHTa) i
CTHCHEHHSI / po3MMpeHHs (Koe(illieHT MHOXKUTBCS Ha 3MiHY IIBUAKICHOTO HaIo-
py). PiBHSIHHS iMITyIbCIB MOXE OYTH BUKOPHCTAaHO B THX BHIIAAKaX, KOJIU MPOQisib
TOBEPXHI BOJAW HIBHIKO 3MiHIOETHCS. Lli cuTyalii BKiI04aoTh B cede po3paxyHKH
3MILIaHUX PEXUMIB ITOTOKY, I'IPaBIiKy MOCTIB, @ TAKOX OL[IHKH Npo(diTiB Ha MPU-
TOKaX PivYOK.

MopenoBaHHS OAHO- i ABOBUMIPHUX HEeCTALIOHAPHMX Te4il

He#t xommoneHT cuctemu MonemoanHt HEC-RAS moxxe iMiTyBaTH OZHOBH-
MipHHH, ABOBUMIpHUI I KOMOIHOBaHWMI HecTaIliOHApHUI MOTIK Yepe3 MOBHY Me-
PEeXYy BIIKpUTHX KaHAJIB, 3aIUIaB i alfOBiaIbHUX HaHOCIB. KoMImoHEeHT Hecrario-
HapHHH MOTIK MOKe OyTH BHKOPHCTaHMH JUIS BUKOHAHHS 3aKPUTHYHHX, HaJKpH-
TUYHHUX 1 PEKHUMIB 3MIIIIAHOTO MMOTOKY B MOYJIi PO3PaXyHKIB HECTAJIOTO MOTOKY.

ligpaBiniuHi po3paxyHKH I IEPETHHIB, MOCTIB, BIJBOAIB 1 HIIMX TiIPOTEXHI-
YHUX CHOPYI, SKi OyJIu po3po0OJieHi Uil KOMIIOHEHTa CTAJIOr0 MOTOKY OYJIH BKIIIO-
YeHI B MOJIyJIb HECTAJIOTO MOTOKY.

Oco01BOCTI KOMIIOHEHTA HECTAI[IOHAPHHUX Te4ill BKIFOYAIOTh B ce0e: BEJUKi
riIpaBIIivuHI MOXIIMBOCTI aHaNi3y CTPYKTYpH MPOPHBY rpeOiii; MepesuBy; HACOC-
HUX CTaHIII; HAMIPHUX TPYOOIPOBITHIX CUCTEM; aBTOMATH30BaHi (yHKIIT Kami0-
pyBaHHSI.

TpaHcnopTyBaHHSI HAHOCIB

Le#f KOMITOHEHT CHCTEMH MOJEIIOBAHHS NMPU3HAYCHUH IS MOJICITIOBaHHS O
HOBHMIPHOTO TPAaHCIOPTYBAaHHS HAHOCIB B Pe3yNbTaTi PO3MHBY 1 Ocaxy 3a OUTBII
TPHBAJI Mepioan 9acy (SK IpaBUIIO, POKH).

OcajioBHii TPaHCTIOPTHUI MOTEHIia)l 00UYHCIIOETHCS 338 PO3MIPOM 3epeH (ppak-
1ii, TUM CaMHM JO3BOJIAIOYH MOJICIIOBAHHS TiIPaBIiYHOrO copTyBaHH:I. OCHOBHI
(yHKIi{ BKIIOYAIOTh B ce0e MOXIIMBICTh MOJCTIOBATH MOBHY MEPEXY IOTOKIB,
JTHOTIOTJINOJICHHS KaHATY, a TAKOXX BHKOPHCTaHHS JEKITBKOX PI3HUX PIBHSAHB IS
PO3paxyHKy HaHOCIB.

Mozenp npu3HadeHa Julsl iMiTanii JOBrocTpOKOBUX TEHJICHIIH PO3MUBY 1 ocany
B TIOTOIIi KaHaJTy, SKMH MOK€ BUHUKHYTHU B PE3yJbTaTi 3MiHHM 9aCTOTH 1 TPUBAJIOCTI
CKHUJIaHHS BOJH, 200 3MiHM reoMeTpii kaHaiy. {1 cuctema Moxe Oyt BUKOpHCTa-
Ha JIUIS OI[IHKYU OCaJy B pe3epByapax, KaHalaX, sKi HeoOXiTHI s MiITPUMKH HaBi-
TaliifHUX TIUOWH, Mepe0aYeHHs BIUTHBY ITHOIOTIHONMIOBABHUX POOIT HAa MIBH-
KICTh OCajly, OI[IHKM MaKCHMaJIbHO MOXIIMBOTO PO3MHBY IIijl Yac BEJMKHX ITOBE-
HEH, a TAKOXX OLIHKU OCiTaHHA B (PIKCOBaHUX KaHAJaX.
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AHaJI3 IKOCTi BOM

Ieft KOMITOHEHT CHCTEMH MOJICITIOBAHHS NIPU3HAYCHUH /IS aHANi3y SKOCTI pid-
KoBoi Boau. Momyns mo Bxoauts B ckuiaf 1iei Bepcii HEC-RAS, mae moximBicTh
MOJICITIOBATH TemIieparypy Boau. Lleit HoBuit Mmoayns BukopucroBye QUICKEST-
ULTIMATE sBHY 4mcelbHY CXeMY AJIS PO3B'SA3KY OJHOBHMIPHOTO PiBHSHHS a/lBe-
KIii-aucnepcii 3 BUKOPUCTaHHAM 00'€MHOTO KOHTPOJIIO TIOBHICTIO PEai30BaHOTO
OroKeTy TerutoBoi eHeprii. HasgBHI B maHuil 9ac CKIIAHOBI SIKOCTI BOAW: pO3UHHE-
Hui a3oT (NO3-N, N-NO2, NH 4-N, i opr-N); po3uunenuit ®ocdop (PO4-P i opr-
I1); Bomopocri; po3unnenuii kucenb (DO); 1 kapOoHaTHE GioNOriYHE CHOKUBaHHS
kucHio (KBCK).

30epiranHs JaHuX i ynpasJiHHA

30epiraHHs TaHUX JOCATAETHCS 32 PAXYHOK BUKOPHCTAHHS «ILIOCKUX» (ailiiB
(ASCII i 6inapunx), HEC-DSS (cucrema 30epiranas manux), i HDF5 (iepapxiu-
HUH Qopmar naHux, Bepcis 5). BXimHi gaHi KopucTyBada 30epiraloThCs B IIOCKUX
(haiimax 3a OKPEMHUMH KaTETOPIsIMH IPOEKTY, IUIaHy, T€OMETpii, CTANOro MOTOKY,
TypOyJIEHTHOTO TIOTOKY, KBa3iCTalllOHAPHOTO MOTOKY, AaHi ocamry, a Takox iH(op-
MaIlii mpo sAKicTh BoA¥. BUXinHI JaHi epeBakHO 30epiraroThes B OKpeMUX (aiimax
(DSS i HDF5). ani moxyts 0yt nepexani mixk HEC-RAS i iamumMu nporpama-
Mu nuraxoMm Bukopuctanast HEC-DSS.

YrupaBiaiHHS JaHUMH 3[IHCHIOETHCS 3a JOTIOMOIOK MPU3HAYCHOTO I KOPHUC-
TyBada iHTepdelicy. Mojens MpoIoHye BBECTH OAHE IM'sl (aiiny A MPOeKTY
KU po3poOusiersest. Tlicns BBeaeHHs iMeHI (aiiiny npoekTy, pelra ¢aiiiB cTBO-
PIOIOTBHCSI aBTOMATHUYHO IO Mipi HeoOxinHOcCTi. [HTepdeiic 3abe3neuye nepeiiMeny-
BaHHSI, IEPEMIIIICHHS Ta BUAATICHHS (QaiiyIiB MPOSKTY.

I'padika i 3BiTHiCTH

I'pagika Brmrogae XY OUITHKA Pi9KOBOI CHCTEMH, CXEMHU MEPETHHY, MPOQii,
PEUTHHTOBI KpHBi, Timporpadwu, i BimoOpaXeHHs 3aTOIUICHHS. TpUBUMIpHI TiTITHKH
KUTPKOX TOTIEPEYHUX Tepepi3iB Takok ImependadeHi. BimoOpakeHHS 3aTOIICHHS
saitficaroeTsest B HEC-RAS Mapper. Kaptu 3aromieHp TakoX MOXYTh OyTH aHi-
MOBAaHUMH, 1 MICTATh KiTbKa (OHOBHX mIapiB (MICIIEBOCTi, aepooTO3HOMKH...).
Hocrynnuii Tabianununii BuBij. KopucryBaui MoxkyTh BUOpaTu oJHy i3 nependaue-
HUX Tabnuip abo po3poOusiTH cBOT BiacHi iHIUBiMyanbHi Tabnuui. Bei rpadivni i
TabJIMYHI pe3yNbTaTH MOXYTh OyTH BimoOpakeHI Ha €KpaHi, pO3APYKOBYBATHCH
abo mepenaBatuck yepes Oydep ooMiny Windows iHImomy mporpamMHoMy 3abesre-
YEHHIO, TAKOMY SIK TEKCTOBHH MPOIIecop ado eIeKTPOHHA TaOJIHIIA.

HEC-RAS Mapper

HEC-RAS mae MoxnuBicTb BijoOpaxkaTu pe3yiabraTh 3aToruieHHs yepe3 HEC-
RAS Mapper. 11106 BuxopucroByBatn HEC-RAS Mapper, norpioHo MaTu pactpo-
By MOJIeNb MicieBocTi B ¢opmarti 3 miaBatodoro Toukoro (.flt). 'panuni Gaceitny
30epiratorbcs B popmarti Shapefile Bix ESRI miist BUKoprcTaHHsS reonpocTopoBoro
MPOTPaMHOTO 3a0€3MeUeHHSI.

Jlirepatypa: 13, 14.
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Tema 4. IIporpamue 3a6e3nedeHHs I TiIPOJIOTIYHOT0 MOIETHOBAHHS
cucTeM

[Taker Hydrologic Modeling System (HEC-HMS) npu3nadeHuii 1 moBHOL
iMiTamii TigPOJIOTIYHNX TPOIECIB AePEeBOBHIHUX cHUCTeM Bogo30o0py. [Iporpamue
3a0e3medeHHs BKIOYae B ceOe TpaAWIliiiHI MPOIEeIypH TigpOJIOTIYHOTO aHaIi3y,
Taki AK iHQUIBTpamis, Tigporpadwu, rigponorivaa mapmpyrtusamnis. HEC-HMS Tta-
KOXX BKJIIOUa€e B cebe MporexypH, HeoOXimHi 1 Oe3mepepBHOTO MOICTIOBAHHS,
BKITIOYAIOYHM CBAIOTPAHCIIPAIlil0, CHITOTAHEHHs Ta OOJIK BOJIOTOCTI IpyHTY. Po3-
IMIMPEH] MO>KJIMBOCTI MepeadaydaroTh MOZEIIOBaHHS 3 KOOPIMHATHOIO NPHB'SI3KOI0
MOBEPXHEBOTO CTOKY 3 BHKOPUCTaHHSM JIHIHHOTO IIEPETBOPEHHS KBasi-
posnoainenoro croky (ModClark). JlomaTkoBi iHCTPYMEHTH aHai3y MpPU3HAYCHI
JUIsl ONITHMIi3alii MoJiesti, MPOTHO3YBaHHS PIYKOBOTO CTOKY, 3MEHIICHHS TJTHOUHU
30HH, OLIHKA HEBU3HAYCHOCTI MOJIEINI, epo3il, HAHOCIB 1 IKOCTi BOAH.

[Iporpamue 3abe3neucHHs] Mae MOBHICTIO IHTErpoBaHe poOoue cepemoBHIIe, B
TOMY 4nCTi 0a3u HaHWX, YTWIITH IS BBEICHHS NAaHUX, OJOK OOYUCIICHHSA Ta 1H-
CTpYMEHTH 3BiTHOCTI. ['padiunmii KoprcTyBanbkuil iHTepEic T03BOISE KOPUCTY-
BaveBi Oe3MeperKoaHe MepeMilIeHHs] MK Pi3HUMH YacTHHAMH MIPOTPAMHOTO 3a-
Oesneuenns. Pesymprati MogemoBaHHs 30epiratoteest B HEC-DSS (cucremi 30e-
piraHHsi 1aHUX) 1 MOXKYTh OyTH BHKOPHUCT@HI B IMOEIHAHHI 3 1HIIUM MPOrPAMHHM
3a0e3Me4eHHsIM JUIS IOCTIDKEHb JOCTYITHOCTI BOJHHUX PECcypciB, MICHKOTO JpeHa-
)Y, MPOrHO3YBaHHSI MOBEHEH, MaiOyTHIX HacHiAKiB ypOaHi3auii, MPOEKTyBaHHs
BOJIOCXOBHIII, 3MEHIIIEHHS IIKOJIU BiJl IOBEHEH, 3aIJIABHOTO PETYJIIOBAHHIL. .

Bononin

®dizuyHe MpeacTaBIeHHs BOAOALLY 3IIHCHIOETHCS 3a JIOIOMOrol0 Mojeni 0a-
ceitHy. ['igpornoriuHi ejleMeHTH 3'€IHaHI B NCHIPHUTHIN (IEepeBOBUIHIN) Mepexi
JUIS MOJICJIIOBAHHS TIPOLIECIB MOBEPXHEBOrO CTOKy. JlocTymHi enemeHTH: cy0O06a-
ceiiH, By30J1, pe3epByap, BUKOPUCTaHHS HE 3a IMPU3HAYEHHSM, JUKepeno i cTik. Po-
3paxXyHKOBI BUTPATH BHU3 110 TEYil.

ACOpPTHMEHT Pi3HUX METOJIB AOCTYIHHU JJISI MOJCIIOBaHHS BTpAT iHQIIBTpa-
uii. OgHomapoBuii MeTo MOXe OyTH BUKOPUCTAHHUH JUIS IPOCTOTO Oe3repepBHO-
ro mMozentoBaHHsA. TpHIIapoBUil MeTO/ OOJIIKY BOJIOTOCTI IPYHTY MoOKe OyTH BU-
KOPHCTaHUH Ui Oe3MepepBHOTO MOJICNIOBAHHS CKJIaHOI iH(IIBTpalii Ta eBanoT-
pancmipartii. CiM METOJiB BKIIIOUEHI JJIS MEPETBOPEHHS HAJIMIIKOBUX OMAIiB B
MoBepxHEBUH cTik. [1'ATh METOIB BKJIFOUEHI JJIT BU3HAYEHHS BKJIQIiB OCHOBHOTO
MOTOKY B BiATIK cy00aceliny. MeTo/ 1a€ eKCTIOHEHIIaIbHO CIaJAardy MEXEeHb Bif
onuiel mozii a00 AEKIIBKOX MOCHINOBHMX IOAINA. [TOCTIMHUN IIOMICIYHMI METOZ
MOXe JoOpe MpaloBaTy i1t 6e31epepBHOro MoJIeIIoBaHHA. MeTo niHiiHOrO pe-
3epByapa 30epirae Macy HUIIXOM MaplipyTu3auii iHQuUIbTpamii omaaiB y KaHai.
Heniniiinnii meton bycinecka 3a0e3nedye BiryK, aHAIOTIYHUI METOLy CIIafy, aje
napaMeTpy MOXYTb OYTH OIIIHEHI 3 BUMIPIOBaHNX XapaKTEPUCTHK BOJIOJILITY.

B miomy micTh TiApOiHAIKATOPIB METOIIB MapIIpyTH3aLii BKIFOYCHI ISl MO-
JISTIOBAHHS MMOTOKY Y BIIKPUTHX KaHalax. MapripyTusaitis 0e3 ocirabiIeHHsS MOXKe
OyTH 3MO/IeTThOBaHA 32 IOTIOMOTOI0 METOTY 3aITi3HIOBAHHS.
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Merteopo.iorist

AHaiti3 METeOpONIOTIYHNX TaHUX BKIIOYAE B ce0e KOPOTKOXBHIHOBE BHUIIPOMi-
HIOBaHHS, OTa/IM, €BAMlOTPAHCIIIpaIlito i cHiroTaHeHHs. He Bci i KOMITOHEHTH He-
00ximHi I Beix Mozpeneit. [Ipocte MomenroBaHHS MONiN BUMAararoTh TUTBKH KiJlb-
KiCTh OTaJiB, B TON Jac K Oe3mepepBHE MOACTIOBAaHHS JOJATKOBO BIMAarae eBaro-
TpaHcHiparito. Sk mpaBmio, CHITOTAaHEHHS MOTPiIOHO TUTBKU TpH poOOTi 3 BOHO3-
OipHIX OaceifHiB B yMOBaX XOJIOJHOTO KIIIMATy.

BkJiroueHi 4oTupy pi3Hi METO/M JUIsl aHANI3Y ICTOPUYHUX ONaIiB.

BkiroueHi m'aTh pi3HUX METOJIB OTPUMAHHS CHHTETUYHUX omaiiB. YacToTHHI
METOJl LITOPMY BHUKOPHCTOBYE CTAaTUCTHUYHI JIaHi JUIs CTBOPEHHS 30alaHCOBaHHMX
IITOPMIB 3 MEBHOIO HMOBIPHICTIO NIepeBHIIeHHA. J[XKepena MiATpUMKHU BKIIOYAI0Th
B cebe craructuuHi naui Jlenapramenty toprieiai CHIA, HamioHanbHOT coryx0u
norogu (NWS) i HamioHanmpHOTO yIpaBIiHHSA OKCaHIYHHX 1 aTMOC(EpHHX JOCIi-
mxeHb (NOAA) Atlas 2 1 Atlas 14.

[NoTenuian BUMapoByBaHHS BOJIOTH MOXKHA OOYHCIINTH 3a JOMOMOTOIO IIIOMICS-
YHHUX CepelHiX 3HaueHb. ICHye Takok peamizanis meroxy Ipictmi-Teitmopa. Bapi-
aHT reorpadiyHoi koopauHATHOI NpHB's3KH MeToxy IIpicTmi-Telnopa Takox goc-
TYTIHUH, e HeoOXiTHI MapaMeTpy TEMIIEPaTypH i COHSIHOT pafiamii BU3HAYAIOTHCS
Ha OCHOBI KOOpAMHATHOI NpuB'si3koto0. Meron IlenmMaH-MOHTEHT BHKOPHCTOBYE
OayaHc eHeprii Ha MoBepxHi 3eMii. MeTo/| 3alaHnil KOPUCTYBauyeM MOXe OYTH BH-
KOpPHUCTaHUH 3 JAHUMHU PO3POOJICHUMH Ha OCHOBI aHaII3y 32 MEXKaMH ITPOTPaMH.

CHITOTaHEeHHST MOXKE OyTH BKJIFOUCHE IS BIJICTSIKCHHS HAKOMMYCHHS 1 TAaHCH-
HS B CHIFOBOMY MOKpUBI. JIOCTYNHUII METOJ TEMIEpaTypHOro iHAEKCY, SIKUH JH-
HAMIYHO OOYMCIIIOE IBHJKICTh TAaHEHHS , IPYHTYIOUMCh Ha MOTOYHHUX aTtMmocdep-
HUX YMOBAaX 1 MUHYJIIIX YMOBaX B CHITOBOMY ITIOKPHBI.

Iigposoriune Moae1I0BaHHSA

IIpoMixok 9acy MOAETIOBAaHHS KOHTPOIIOETHCS CHENH(DIKAMIIMU YIIPABIIHHS.
XapaKTepuCTHKH YIIPABIIHHS BKIIOYAIOTh B ce0Oe MOYaTKOBY JaTy i 4ac, KiHIEBY
JIaTy i 9ac, a TaKOXK iHTepBaJl Jacy.

Y poGouoMy WK MOJENIOBAaHHS CTBOPIOETHhCS HUIIXOM 00'€HAHHS MOJENi
OaceiiHy, METEOpOJIOTIYHUX MoJesel 1 cneuudikanii ynpasiinHs. BukoHyBaHi Ba-
plaHTH BKJIIOYAIOTh OIAJH, TOTOKH, MOXJIMBICTh 30epiraTi BCIO iHPOPMAIIIO PO
cTaH OaceliHy B NMEBHMI MOMEHT Hacy, a TaK0)X MOXKJIHBICTh BiTHOBJICHHS MOJe-
JIIOBaHHS 3 paHilie 30epeXeHoTo CTaHy.

PesynpTat MosiemIOBaHHS MOKHA PO3TIISAAATH 3 KapTH Oaceiny. Bei rpadikm i
Ta0IMI MOXKYTh OYTH HaJpyKOBaHI.

Mogaean onTumMizamii

Binburicte mapameTpiB MeTOAIB, BKIIOYEHNX B CyOOaceitH MOXXyTh OyTH OIliHe-
Hi aBTOMaTWU4YHO 3 JIOTIOMOTOI0 onTuMi3zanii BunpoOyBaHb. [lapameTpn Ha Oynb-
SKOMY €JIEMEHTI BHIIE 3a TEUIi€I0 BiJl MICIS CIIOCTEPEKYBAHOTO MOTOKY MOXKYTb
Oytu omiHeHi. CiM pi3HHX IUTHOBUX (PYHKIIN JOCTYIHI JUIS OI[IHKH CTYTICHS 3TOAH
MK pO3paxOBaHUMH PE3ybTaTaMU i CIOCTEPEKYBAHOTO po3psay. ICHYIOTH Ba
METOJI TIOITYKY, SIKi MOKYTh OyTH BHKOPHCTaHI JJIs MiHIMIi3arlil MiIboBOT QyHK-
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uii. OOMexxeHHs MOXKYTh OyTH HakJaJleHi 0OMEXEHHSIM IIPOCTOPY HapaMeTpiB Me-
TOJY TIOIIYKY.

PycJsioBe nporuozyBaHHst

Monens Oaceliny BKiIrOYae B cebe PyHKIIII, mpr3HadeHi A MOKpaIIeHHs Ipo-
THO31B MalOYTHIX MTOTOKIB B peXXUMi PEaJbHOTO Yacy. 30HH MOXKYTh OYTH CTBOpe-
Hi Ha OCHOBI aHAJOTIYHHX T1IPOJOTIYHUX YMOB 200 PerioHAIBHUX OCOOINBOCTEH.
30HN MOXYTh OyTH IpU3HAYEHI OKPEMO JUIA IIBHIKOCTI BTPATH, IIEPETBOPEHHS,
MEKeHi 1 MapupyTHu3auii kaHany. [IporHo3 anbTepHaTHBOIO € THI MOJICITIOBaHHS,
SKUH BUKOPHCTOBYE MOJENb OaceliHy i METeOpOJIOTiUHI MO/Ieli B TIOEJHAHHI 3 Ta-
paMeTpaMy YIpaBJiHHS Ul IPOTHO3YBaHHS MalOyTHIX MOTOKIB. 3HAUEHHS Mapa-
METPIB MOJKHa PEryJIloBaTH 3a JOIOMOTOI0 30HH 1 3MIIIYBaHHSI MOXYTh OyTH 3a-
CTOCOBaHI B €JIEMEHTaxX 3 JIOCIIPKyBaHHUM MOTOKOM.

I'IC ITigxaouyeHHns

Curia i IIBUAKICTH pOOOTH MPOTPaMH JAI0Th MOKJIMBICTE NPEACTABISATH BOJO-
IUTA 3 COTHSIMH €JIEMCHTIB TimpoiHmikaTtopiB. TpamumiiHO, i eJIeMEHTH OYIyTh
BH3HAYCHI IIISXOM IEpeBipKU TomorpadidHoi KapTH i pyqHOI imeHTH(iKamii rpa-
HUIb. X0Y 1eit MeTox epeKTUBHUM, BIH BUMarae 0araTo dacy, IOKH BOJOILT Oyae
mpecTaBieHU 3 OaraTthma eneMeHTaMu. ['eorpadiuna indopmariiina cucrema
(T'IC) Moe BUKOPHCTOBYBATH BHCOTHI BIIMITKH JJAHUX 1 T€OMETPUYHI aJITOPUTMHU
JUIsl BUKOHAHHS TOTO K 3aBAaHHs HaOarato mBuime. ['IC koMmaHbHOH NpOIYKT
OyB po3poOIieHHH , 11100 JOMOMOTTH B CTBOPEHHI 0aCeiHOBUX MOJENEH Uil TaKHX
npoekrtiB. Leit nonomikuuii npoaykr (HEC-GeoHMS), i Mmoxxe Oyt BuKopHCTa-
HUH I CTBOPEHHS 0aCEHHOBUX Ta METEOPOJIOTIUHUX MOJIEICH Tl BUKOPUCTAHHS
3 IPOrpamoro.

Jlitreparypa: 13, 14.
Tema 5. I'eoindopmauniiini cucremu (I'IC)

TeoindopmamiiiHa clcTeéMa — CydacHa KOMIT'IOTEpHA TEXHOJIOTIS, 110 03BO-
JIsle IOETHATH MOJIEJIbHE 300pakeHHsT TepUTOPIl (eleKTPOHHE BiIOOpaXkeHHS KapT,
cXeM, KOCMO-, aepo300pakeHb 3eMHOT ITOBEPXHi) 3 iHPOPMAIi€l0 TaOIMIHOTO TH-
ny (pi3HOMaHITHI CTaTMCTHYHI JIaHi, CIIMCKH, €KOHOMIYHI MMOKa3HUKHU ToIo). Ta-
KOX, i TeoiHPOPMaIliHHOIO CUCTEMOIO PO3YMIIOTh CUCTEMY YIPAaBIiHHS MPOCTO-
POBHMH JTaHUMH Ta acOIIHOBAaHWMHU 3 HUMH aTpuOyTamu. KoHKpeTHiIe, e KoM-
M'IOTEepHA CHCTEeMa, 10 3a0e3meuye MOKIUBICTh BUKOPUCTAHHS, 30€pEXKEHHS, pe-
JlaryBaHHs, aHali3y Ta BiloOpaxkeHHs reorpadiyHux JaHuX. I'eoinpopmariiini Te-
XHOJIOT1] — TEXHOJIOT1YHAa OCHOBA CTBOPEHHS reorpadiuHux iHPOpMaIiiHUX CHC-
TeM, 10 JI03BOJISIFOTH peaidyBaTy ixHi QyHKIioHaNBHI MOXIHMBOCTI. [H(OpMariii-
HO-00YHCITIOBaIbHA CHCTEMa, NMpHU3HadeHa Juisl (ikcauii, 30epexenHs, Moudika-
1ii, KepyBaHHsI, aHATI3Y 1 BijoOpaskeHHs ycix GpopM reorpadiynoi inpopmanii. ['1C
BUKOPHCTOBYETHCSI OaraTbMa JOCHTIJHUKaMH B Taly3i BUBYEHHS NPOOJEM HaBKO-
JIMITHBOTO CePeIOBUINA, IS BU3HAUCHHS Pi3HUX MMOKA3HHUKIB Ha reorpadidHii cit-
1.
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3a teputopiansaum noaiutom ['IC moninsrorbes Ha rinodaneHi ['IC, cyOkoHTH-
uHertanpHi ['1C, HamionansHi ['IC gacTimme MaioTh CTaTyC AEp>KaBHUX, pETrioHAb-
uux 'IC, cybperionansanx I'IC Ta nokanpanx abo micueBux ['IC.

I'IC po3pi3HAIOTE 32 MPEAMETHOIO0 O0JNACTIO iH(GOPMAIITHOTO MOIETIOBAHHS,
Hanpukian, miceki I'IC, abo myninunansai ['IC, mpupomooxoponsni I'IC. Haiimo-
nmpenimumu [IC — 3emensHO-iHpOpManiiiHi cuctemu. IIpobrema opieHTarmii
I'IC Bu3Ha9aeThCs pO3B'SI3yBAaHMMH 3a/la4aMd B Hill, cepel] HUX iHBEHTapHU3aIlisd
pecypciB (B TOMy YHCIII KajacTp), aHali3, OlliHKa, MOHITOPHHT, YIIPaBIIiHHSA 1 Il1a-
HYBaHHS, MIATPUMKA NpUHAHATTA piwenb. InTerposani I'IC, IT'IC (integrated GIS,
IGIS) nmoennytors ynkuionanpHi MoxiauBocti I'IC 1 cucrem 1 poBoi 06podKu
300paXkeHp (IaHUX AMCTAHIIIHHOTO 30HIYBaHHS) B €JMHOMY IHTETPOBaHOMY Cepe-
JIOBHILI.

TTomimacmradbni, a6o Macmrrabuo-ueszanexui 'IC 3acHoBaHI Ha MHOXKHHHHUX,
a00 moyiMacmTa0HNX YSABICHHIX IMPOCTOPOBUX 00'€KTiB, 3a0e3medyroun rpadidae
abo xaprorpadidHe BiITBOPEHHS HaHUX Ha OyAb-AKOMY 3 OOpaHHX pIBHIB MacIi-
TaOHOTO psAY Ha OCHOBI €JMHOTO HaOOpY MaHWX 3 HAHOIIBIIOK IMPOCTOPOBOIO PO-
3I1JIBHOIO 3JATHICTIO.

IIpoctopoBo-gyacosi I'IC onepytoTs IpoCTOPOBO-9aCOBHMHU JTAHIMH.

Peanizauis reoinpopmaniiiHux npoekris, ctBopeHHs ['IC B mmpoxomy ceHci
CIIOBa, BKJIIOYAE €TAIlU:

* NEepeINPOCKTHUX JOCIIKEHb Y TOMY YHCI BUBYEHHSI BUMOI KOPHCTyBaua i
(yHKI[IOHATIBHUX MOKJIMBOCTEH BUKOPHCTOBYBaHHUX Hporpamuux 3aco6is I'IC, Te-
XHIKO-€KOHOMIYHE OOIPYHTYBaHHSI, OLIHKY CITiBBIJHOILIEHHS «BUTpatu / mpuoy-
TOKY;

* cuctemHe npoektyBaHHs ['IC, BKIo9aoun craito MuIOT-MpOeKTy, po3poOKy
I'G;

* TECTyBaHHS Ha HEBEIUKOMY TEPUTOpiaTbHOMY (hparMeHTi, abo TecTOBill mi-
JISTHII, TPOTOTHUITYBaHH:, 200 CTBOPEHHS JIOCTITHOTO 3pa3Ka, a00 MPOTOTHILY;

* BapoBakeHHs I'IC;

* EKCIUTyaTallilo Ta BUKOPUCTaHHSI.

HaykoBi, TeXHI4HI, TEXHOJIOTIUHI Ta MPUKJIAIHI aCleKTH MPOEKTYBaHHS, CTBO-
pennst Ta BukopucranHs ['IC BuBuaroThcs reoiHdopmMaTuKoro.

OcobmuBocTi:

* Bi3yauizamis iHpopMamii y BUTTIA1 €IeKTPOHHUX KapT.

* aBTOMAaTUYHA 3MiHa 300pakeHOT0 00pa3y 00'eKTa B 3aJIEIKHOCTI BiJl 3MiHH HO-
IO XapaKTEePHUCTHK.

* 3MiHa MaciiTady Ta feranizanis kaprorpadiunoi iHpopmariii.

3actocyBanns I'IC € edeKTHUBHUM B pi3HOMAHITHHX MPEAMETHUX 00IACTAX, /1€
BA)XJIMBI 3HAHHS IIPO B3a€EMHE PO3TaIIyBaHH: Ta GopMy 00'eKTiB y pocTopi (eKo-
JIOTisI, CLIBCHKE TOCIIOIAPCTBO, YIPABIIiHHS NPUPOAHUMH pECypcaMu, 3eMeJIbHI Ta
MaifHOBI KaJacTpH, KOMYHIKallii, MicToOOyayBaHHS Ta JaHIMAPTHE IPOSKTYBaH-
HA).

Jani B I'IC moainstoThCs Ha MO3UINIHHI Ta aTPUOYTHBHI.
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[No3uuiiiHi 1aHi ONKCYIOTH MTPOCTOPOBI XapaKTEPUCTUKU Pi3HHUX O0'eKTIB, Ta-
KHX 5K JIOpOTH, OymiBIi, BOJOMMH, JTicOBI MacuBHU. PeaisHi 00'€eKTH MOXXHA PO31i-
JUTHA Ha IBi aOCTpakTHI KaTeropii: AMCKpeTHi (OyIWHKH, TEPHUTOpiadbHI 30HH) 1
HeTiepepBHi (penbed, piBeHB OMaiB, CepeHFOPITHA TEMIIEPATYpPa).

ATpuOyTHBHA iHpOpMAIis

VY T'IC 1o BekTOpHHX 00'€KTiB MOKYTh OyTH NpHB'sI3aHiI CEeMaHTH4HI naHi. Ha-
MPUKIaA, HAa KapTi TEPUTOPIabHOTO 30HYBAHHS II0 MPOCTOPOBHX OO'€KTIB, SKi
CTaHOBJIATH 30HU, MOXKE OyTH NpHB's3aHa XapaKTepUCTHKa TUILY 30HU. CTPYKTypy
1 THIK JaHUX BU3Ha4Yae KopucTyBad. Ha ocHOBI aTpuOyTHBHHX 3HaY€Hb, IIPHCBOE-
HHUX BEKTOPHHUM O0'€KTaM Ha KapTi, Moxe OyayBaTHCsS TeMaTH4YHa KapTa, Ha sIKii
Il 3HAYCHHS MO3HAYCHI KOJbOPAMHU BiJIIOBITHO JIO IIKAJIXA KOJBOPIiB ab0 Pi3HOTO
poay IITPUXOBKaMU 4K KpamoMm. Haifuacrime arpuOyTHBHI naHi 30epiratotbes y
TaONMUILIX pessiiHOi 6a3n NaHWUX Ta € IPHUB'SI3aHUMH 0 IEBHUX BEKTOPHUX 00'€K-
TiB. Y BHUNAAKY BUKOPHCTaHHS PAacTPOBOTO cIOcoOy IMO3WIiiHA Ta aTpuOyTHBHA
iH(pOpMaIig TOETHYIOThCS — KOJIp MiKCeNs Mepeaae 0MHOYACHO 1 pO3TalTyBaHHS i
XapaKTEePUCTHUKY.

Bbazosa kapra (anri. Base map) — kxapra, o MiCTUTE OCHOBHY (0a30By) TOIIO-
rpa¢iuay iHpOopMaLito B NP POBOMY BUIIISAII B OMHOMY YU KITBKOX mapax. Buko-
PHUCTOBYETHCS SIK CTaHJApTHA CTPYKTYpa, Ha Ky HaKJIaJaloThCs JOAATKOBI KOHK-
PETHI JaHi Ta U1 KOHTPOJIIO 1HIIKX JPKEPE MPOCTOPOBUX JAaHUX.

QGIS (panimre Bizommii sk «Quantum GIS») — BinbHa kpoc-ruaTgopmoBa
reoindopmariiina cucrema (I'IC). QGIS e oxniero 3 HalOUIbIT (HYHKIIIOHATBHHX 1
3pYYHUX HACTUILHUX T€0iH(OPMAIIITHUX CHCTEM Ta JTUHAMIYHO PO3BUBAIOTHCS.

OCHOBHUM TNpHU3HAYEHHSIM CUCTEMH € 00poOKa i aHal3 MPOCTOPOBUX AAHHX,
miaroToBka pizHoi Kaprorpadiunoi npoxykii. [arepdetic QGIS modynoBanuii Ha
0a3i 6ibmiorexn Qt. [TakeT Mae THYYKY CHCTEMY PO3IIUPEHb, SIKi MOKHA CTBOPIO-
BaTH Ha MoBax C++ i Python. IlinTpumyroTbCs pi3HOMaHITHI BEKTOpHI 1 pacTpoBi
tdopmatn, Brmrouaroun ESRI Shapefile i GeoTIFF. GIS QGIS no3Bosie kopucry-
BayaM CTBOPIOBATH KapTH 3 OE3IIYUI0 IIapiB, BHKOPUCTOBYIOUH Pi3HI KapTorpadi-
yHi npoekii. Kapti MoxyTh OyTH 3i0paHi B pi3Hi GopMaTH i BHKOPUCTOBYBATHUCS
Uit pizHuEX 1ited. Y cucremi QGIS xapT MOXYTh CKJIAZATUCS 3 PACTPOBHUX a0
BEKTOPHUX 1IapiB. THIOBUMH Ul TAKOTO POJY MPOTPaMHOT0 3a0e3eueHHs, BEeK-
TOPHI JaHi 30epiraroThCs SIK TOYKA, JIiHisl, TOJITOH.

Pi3Hi Buam pacTpoBuX 300pakeHb MiATPUMYIOTECS 1 IporpaMHe 3a0e3MeUeHHS
MOY€ BUKOHYBATH T€OTPUB'SI3KY 300pakKeHb.

QGIS 3abe3neuye inTerpauito 3 iHWUMHA Bigkputumu ['IC-makeTamu, B TOMY
gucni PostGIS, GRASS i MapServer, mo6 natu xopucTyBadaM MIHPOKi QYHKITO-
HaJIbHI MOXJIMBOCTI. [Inarinu, HanmucaHi Ha Python, C++, po3mmpIol0Th MOKINBO-
cti QGIS. € mrariam U reokoayBaHHs 3a mormomoror Google I'eokomyBaHHS
API, BukonanHHs reooOpoOku (fTools) cxoxumu Ha cTaHIApTHI IHCTPYMEHTH
ArcGIS, inTepdeiic 3 PostgreSQL/PostGIS, SpatiaLite i MySQL 6a3 nanunx, i Bu-
KOpHCTOBYBaHHSA Mapnik sk KapTy Bizyaii3arii.
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Iapi Illepman noyas po3podky Quantum GIS na nowarky 2002 poky, i ue cra-
10 inKybaTopom npoekty Open Source Geospatial Foundation B 2007 pomi. Bepcis
1.0 Oyna Bunymena B cigdi 2009 poky. QGIS mupoko BukopucToBye 610Mi0TEKH
Qt. QGIS nmo3Bonse iHTerpamito MIaAriHiB, BUKOpucToBytoun C++ abo Python. Ha
nmonatok 10 Qt, HeooxinHi 3anexxnocTi QGIS Brimouators GEOS i1 SQLite. GDAL,
GRASS GIS, PostGIS i PostgreSQL, Tak sk BOHM 3a0€3M€UyIOTh JOCTYII IO T01a-
TKOBHUX ()OPMATiB JaHUX.

QGIS mpamroe mig ynpaBIiHHAM Pi3HUX OMNEPALiHUX CHCTEM, BKIIOYArOUU
Mac OS X, Linux, UNIX ta Windows. [{is kopuctyBauiB Mac, nepeara QGIS
Hax GRASS GIS y Tomy, mo BoHa He BuMarae BikoHHOI cuctemu X11 ms Toro,
o0 nepemimaruncs, a cam intepdeiic HabaraTo YUCTIIIUH 1 BUIINIA.

QGIS morxe Takok BUKOPUCTOBYBATHUCS sIK TpadidHuil iHTepdelic kopuctyBaya
y GRASS. QGIS mae veBenukuii po3wmip datiny mopisasiHo 3 Komepuiaumu ['1C 1
BUMarae MeHIIIE ITaM'sATi 1 HOTYKHOCTI IpoIiecopa; OTKe, HOro MOKHA BUKOPHCTO-
BYBaTH Ha CTapHX KOMITTOTepax abo mapajesbHO 3 IHIIUMH J0JaTKaMH, /¢ MOTY-
JKHOCTI IpOIiecopa MOXKYTh OyTH OOMEKEHi.

QGIS Bene akTuBHA rpyma T0OPOBOIBIIB-PO3POOHUKIB, SIKI PETYISIPHO BHITYC-
Ka€ OHOBJICHHS Ta BuIpaBieHHA. CtaHoM Ha 2012 pik, po3poOHUKH TepeBeH
QGIS na 48 MOB i 1eit 101aTOK BUKOPUCTOBYEThCS HAa MIXXKHApPOJHOMY PiBHI B aKa-
JeMiuHOMY a00 TpodeciiiHOMY CepeIOBHIII.

Sk BinbHE mporpamue 3ade3neueHHs BifmnosinHo no Jinensii GNU GPL, QGIS
Moe OyTH BUIBHO 3MiHEHA JUIs BHKOHAHHs PI3HUX abo OUIbII cCHeliali3oBaHUX
3aBJaHb.

€ nBa npuknanu: QGIS bpaysep i QGIS cepBepHUX 10AaTKIB, SIKI BUKOPHCTO-
BYIOTH OJTMH 1 TOH K€ KOJI TS JOCTYIY IO AaHWX 1 Bi3yai3alii, aje mpeacTaBis-
I0Th pi3Hi iHTepdeiicn. Takox € 0e3id MIIariHiB, M0 PO3MIMPIOIOTE 0a30BY HYHK-
LIOHAJIBHICTH MPOTPAMHOTO 3a0€3MeYeHHSI.

QGIS nmoszBonsie Bukopuctanas DXF, mein ¢aiimm, TOKPUTTS 1 IepCOHANBHI
6a3u reoganux. Maplnfo, PostGIS i psin inmmx ¢popmartis migrpumyrotses B QGIS.
Beb-cepricu, B Tomy uncimi Web Map Service Ta Web Feature Service, Takox mij-
TPUMYIOThCS, 100 JO3BOJIMTH BUKOPHCTAHHS JAHUX 13 30BHIMIHIX JKEpell.

Psin nepxaBHux i npuBatHuX opranizaunii B3suin QGIS. Cepen iHmuX, 1e npo-
rpamHe 3a0e3nedeHHs € B ABcTpilicekoMy mTati @opapnsbdepr, i B [lIBelinapii, B
KanTtoni 3o10TypH.

Jlitreparypa: 3,7, 8,9, 10, 11, 12, 18.

Tema 6. BekTopunii i pacTpoBuii popmMaTu 1aHuX

IcHye nBa crocoOu mpezcTaBiIeHHs MO3MLIHHOT iH(OpMalii — BEKTOpHUH Ta
pacTpoBuil.

Pacrposnii crioci0: pacTpoBi faHi 30epiraroTbesi y BUTIISIII HAOOPIB BEITHYHH,
YIOpSAKOBaHUX y (opMi NMpsIMOKYTHOI ciTKH. Ocepenky i€l CiTKH Ha3MBaIOTHCS
nikcemsiMu. HalimommpeHinmM cnoco0oM OTpUMaHHs pacTpOBHX JAHHX IPO IO0-
BEPXHIO 3eMIIi € TUCTAHIIiHE 30HIyBaHHS, IPOBEICHE 3a JJOMTOMOTOIO CYIIyTHHKIB.
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30epiraHHs pacTpOBUX AaHUX MOXKE 3JiHCHIOBAaTHCS B rpadiunux ¢opmarax, Ha-
npukian TIF a6o JPEG, abo B OimapHOMy BuTIsiAi B 0a3ax manmx. Haifgacrimme
pacTp BHKOPHCTOBYIOTH I O€3MepepBHUX 00'€KTIB.

BexTopuuii crioci0: auckpeTHi 00'eKTH Ta Oe3MepepBHi MO BETUYUH Tpe.-
CTaBIIAIOTH 32 JOTIOMOTOI0 CYKYITHOCTiI T€OMETPHYHHX (Iiryp — BEKTOPHHUX 00'€k-
TiB. HalimommpeHImuMy THIIaMHA BEKTOPHHUX 00'€KTIB €:

Touku - BUKOPHUCTOBYIOTHCS ISl TIO3HAYEHHS TeorpadidHuX 00'€KTiB, s
KX BaXKJIMBO PO3TAIllyBaHHS, a He IXHs opMa abo po3Mipu. MoXKITHBICTh ITO3HA-
YeHHs 00'€KTa TOUKOIO 3aJIS)KUTh BiJl MaciuTaby KapTH. Y TOif yac sk Ha KapTi CBi-
Ty MicTa JIOLIFHO TI03HAYaTH TOYKOBUMH 00'€KTaMHM, TO Ha Malll MicTa came MiCTO
Npe/ICTaBIsIEThCs y BUTIISAL Oe3nivi 00'ekTiB. Y I'IC ToukoBHi 00'€KT 300paXKy€eTh-
Csl Yy BUIIISL JIESIKOT TeOMETPUYHOT Pirypy HEBEIMKUX PO3MIpIiB (KBaIpaTHK, Xpec-
THK), a00 MKTOTPaMoIo, 10 Tepeae THII pearbHOro 00'€KTa.

IMouininii - ciry>xaTh 1 300paskeHHs MiHIHHAUX 00'ekTiB. [lominiHia — mamana
JiHis, CKJIaZeHa 3 Biapi3kiB npsmux. [lomimiHiero 300pakyOThCS TOPOTH, 3aITi3HH-
YHI KOJil, piuKH, BYJUI, BOXOIPOBiN. JomycTUMIicTh 300pakeHHsT 00'€KTIB IOIi-
JIHIEI0 TaKOX 3aJEXKUTH Bil MacmTady kaptu. Hanpukian, Bennka piuka B MacI-
Tabax KOHTHHEHTY LIJIKOM MOXE 300pakyBaTHCS JIHIHHAM 00'€KTOM, TOMI SIK B
Macmrabax MicTa notpibHo 1 300pakaT MPOCTOPOBUM 00'€KTOM. XapaKTEepPUCTH-
KOIO JIIHIHHOTO 00'€KTa € JOBXXUHA.

BaratokyTHHKHM (MHOTOKYTHUKH YH TIOJIITOHM) — CIIy>KaTh JJIsl TIO3HAYCHHS
MPOCTOPOBHX 00'€KTIB 3 YITKUMHU KOpJOHAMH. [IpHKiiaiaMu MOXKYTb CITy>)KUTH 03¢e-
pa, mapku, OymiBii, KpaiHA, KOHTHHEHTH. XapaKTePU3YIOTHCS IUIOIICIO 1 JOBXKH-
HOIO TIepUMETpA.

BekTopHi nani mo0pe miaxoasTs A mepeaadi iHpopMarii mpo TUCKPETHI reo-
rpadigHi 00'€KTH, alie MOXKYTh OIHCYBATH TaKOXK Oe3mepepBHi Mo BennduH. [1o-
ISl IPY [EOMY 300paKyFOTBCS Y BUTILSIL 1307iHIH a00 KOHTYpHUX JiHIA. OZHAM 13
cnoco0iB moaHHs penbedy € HeperyisapHa TpiaHTYIiiHa ciTka. Taka citka ¢o-
pMye€eThbCs O€31TIU4I0 TOYOK 3 PHUB'I3aHUMHU 3HAYCHHSIMH (B TaHOMY BHIIQJIKY BHCO-
Ta). 3HAUYCHHs B JOBUTBHIA TOYI BCEpEeIUHI CITKH 3HAXOIATH IIIIXOM iHTepnon;[-
Uil 3Ha4YeHb y By3JlaX TPUKYTHHKA, B SIKMI MOTpAIUIsIE s TouKa. BekTtopHi naHi 3a-
3BUYaif MaloTh HabaraTo MEHIIMi Po3Mip, Hixk pacTposi. Ix nerko Tpanchopmysa-
TH 1 IPOBOJMTH HaJl HUMHM OiHapHi oniepailii. BeKTOpHI JaHi JIerko NepeTBOPUTH Ha
pacTpoBi B TOW dac sk oOepHEHa omepailis HabaraTo ckiaaHima. BekropHi gaxi
JIO3BOJISTIOTh TIPOBOAMTH Pi3HI THUIHM HPOCTOPOBOTO aHANI3y, HAMPHUKIAJ IONIYK
HaWKOPOTIIOro NUIIXY B JOPOXKHIH Mepexi. IIpoTe 3 pacTpom mpocTilie IpoBOIH-
TH OBEPJICHHUI aHai3.

Anaredpa kapT € anreOpa sl MaHIMyJIIOBaHHS TeorpadiyHUMU JaHUMH, 3a-
nporoHoBaHi nokTopoM Jlana TomimH Ha nouatky 1980 - x pokiB. Bin sBise co-
6010 Habip MPUMITHBHUX orepaliil B reorpadiuHoi iHpopmauiiinoi cucremu (I'IC),
KW J03BOJISIE 3 IBOX 200 Oinblie pacTpoBuX mapiB ("kapT") aHAIOTIYHUX pPO3Mi-
PiB CTBOPIOBATH HOBHH PAacTpOBHH IIap (KapTy) 3a JOTIOMOTOI0 airedpaidHux ore-
pariii, Takux SK OJaBaHHA, BiTHIMAHHSI 1 T.I. B 3aJieXHOCTI Bifl MPOCTOPOBOTO
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oroueHHs, ['IC - mepeTBOpeHHS IUISATHCS HA YOTHPH KJIACH: JIOKAJIbHI, IIEHTPaJIbHI,
rio0anbHi 1 30HaTBHI.

JlokaabHi omepamii mpamoTh Ha IHIUBIAyalIbHUX KIITHHAX pacTpa, ado Mmik-
cemsix. LlenTpanbHi omeparii mpamrorOTh Ha KIITHHAX 1 IX Cycigax, B TOH 4ac SK
rjo6aabHi oneparii IpaIrol0Th Ha Bech map. 30HAJbHI oreparii MpamoTs Ha
MHOKHHAaX KJIITHH, SKi MAIOTh OJHAKOBY BEJIMYHHY.

BxomoM 1 BUX0/10M AJIs1 KOKHOTO onieparopa € kaptu. OnepaTtopy MOXyTh OyTH
o0'eqHaHi B mpolieiypy abo creHapii, Ui BAKOHAHHS CKJIaJHUX 3aB/aHb.

Koy anrebpa xapT BUKOHY€E JIOKaIbHI ONeparii, MOXyTb OyTH BHKOPHUCTaHI
Pi3HI THIIK omepariii:

apuMeTHyHi orepalii BAKOPUCTOBYIOTh OCHOBHI MareMaTW4Hi (YHKII, Taki
SIK TOJABaHHsA, BIAHIMAHHS, MHOKEHHS 1 JIIEHHS.

CTaTUCTHYHI OTepariii BHKOPHUCTOBYIOTh CTATHCTHYHI OTIeparlii, Taki K MiHIiMa-
JbHE, MaKCHMaJIbHE, CEPEIHE 1 MeIiaHa.

BiTHOCHI orIteparii MOpiBHIOTh KIITHHH 3 BUKOPUCTAHHSAM TaKuX (QYHKIIH, SK
OinmpIre, MeHIIe a00 TOPIBHIOE.

TPUTOHOMETPHUYHI oreparii BUKOPUCTOBYIOTh CHHYC, KOCHHYC, TaHI'€HC, apK-
CHUHYC MiX IBOMa a00 OibIIie paCTPOBUMH IIAPaAMHU.

eKCIIOHEHIIIabHi 1 JJorapudMivHi oneparii BAKOPUCTOBYIOTh €KCIIOHEHTY 1 JI0-
rapudm QyHKuii.

Kinbka ocHoBHUX cucTeM ['IC BUKOPHCTOBYIOTh MOHATTS ajire0pu KapT, BKIFO-
yatoun ERDAS Imagine i ArcGIS. ArcGIS 10 peainizye anredbpu kapt B Python;
¢yHkuil iMnopryoTh Metoau Python i MoxkimBocti MoBu Python BukopucTOBY-
I0ThCs JUT omeparopiB. Hampukian, pacTpy MOXyTb OyTH MOMHOXEHI 3 JJOIIOMO-
ror "*" apuMeTHIHHIA orrepaTop.

Jliteparypa: 3,7, 8,9, 10, 11, 12.
Tema 7. luctranniiine 3onayBanns 3emi (133)

Jucranuiiine 3onayBanns 3emai (JI33) — criocTepexeHHs MOBepXHi 3emi
aBlaIfiifHUMU 1 KOCMIYHHUMH 3ac00aMu, OCHAIICHUMH PI3HOMAHITHUMH BHIAMH
3HIMaJIBbHOI amapaTypu. Y CBiTI HapaxOBYETHCS IOHAJ JABA AECATKH KOCMIYHHX
amapariB JUCTAHIIMHOTO 30HIyBaHHS 3emili, a B Oe3MocepeHiid peanisamii mpo-
rpaM CYIIyTHHKOBHX CIIOCTE€pEeXeHb OepyTh ydacTh 25 kpain. Kocmiuni amapatu
JUCTAHIIIHOTO 30HIYBaHHS MOXYTh BUKOPHUCTOBYBATUCH UIS IIMBUTHHUX 3aBJaHb
1 s 3mificHeHHsT po3Biaku. KocMiyHi TeXHOJOTIT 3HIMaHHS 3€MHOi MTOBEPXHI J0-
3BOJISIIOTH CYTTEBO MIJBHIIUTH €(DEKTHBHICTD JOCHIIKEHb y PI3HUX Tally3siX Ieo-
JIOTii: Te0JIOTIYHIN 3HOMIIl Ta MOIIYK KOPUCHHUX KOIAJIWH, HEOTEKTOHIYHUX JIOCIHi-
JUKEHHSIX, Teoekosorii Tomo. CyJyacHi MaTepiaan KOCMIYHMX 3HOMOK MalOTh pPO3-
JUTBHY 3IaTHICTH HAa MICIEBOCTI BiJ JECATKIB KUIOMETPIB IO NECATKIB CAaHTUMET-
piB. OTpuMyBaTH Taki AaHi 3apa3 Habarato mpocTimre, HiX KijdbKka pokiB ToMmy. Ki-
JBKICTh CHIEKTPATBHUX Jiana30HiB, B AKX MOXE 3IMCHIOBATUCH 3HIOMKa 3 KOCMi-
YHUX anapariB, MOCTIHHO 3pocTae. 3apa3 iCHYIOTh 3HIMAIIbHI CUCTEMH, SKi 31k c-
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HIOIOTH 3HIMaHHA Yy 7, 20, 220 pianazonax. CTpiMKe 3pOCTaHHS HayKOBO-
TEXHIYHOTO KOCMIYHO-3HIMAJIBHOTO apCeHAITy, BIIPOBA/KCHHS TEXHOJIOTIH Tirmepc-
MEKTPaIbHNUX 3HOMOK 3 BUCOKHM PIBHEM PO3Pi3HEHHS BUMAarae aJeKBaTHUX TEXHO-
JIOTi# IXHBOI iIHTEpIIpeTalil A7 moTped yKpaiHChKOi reonorii. OCHOBOIO CydacHHX
TUCTAHIIMHAX NOCHiKeHb € mudpoBa o0podka, AemmdpyBaHHS Ta TeOJOTidHA
iHTepIpeTamnis MaTepianiB kocMigHnx 3ioMok (MK3) 3amexHo Bixg ocobmmBocTei
3HIMaJBHOI amapaTypw, JAHAMAPTHAX Ta TEOJIOTIYHHX yMOB TEPHUTOpii, IO BH-
BYAIOTHCS.

3aranom nasi J133 mpu reosIOriYHMX TOCHTIPKEHHSIX JO3BOJISIIOTH BUPILIYBaTH
TaKi MUTaHHSL:

YTOYHEHHS TEKTOHIYHOI OyJIOBH TEpUTOpIii, 30KpeMa BHIUICHHS CKJIaq4acTuX i
KIJIBLIEBUX CTPYKTYP;

YTOYHEHHS KOHTYPIB (T€OJIOTIYHUX TPaHUIIb) TEOJOTIYHUX T 3 ypaXyBaHHAIM
TIPUPOAHOT TeHepaizarii;

OTpPUMAaHHS JOAAaTKOBOI iH(OpPMAIi PO 3aKOHOMIPHOCTI PO3MIIIEHHS KOPHC-
HHX KOTIaJIVH;

reoMop(OJIOTIUHUIA aHalli3, M0 BKI0YAE 3aralbHO-TeOMOPQOIOTIYHE i CTPYK-
TypHO-TeoMopdooridae kKapTorpadyBaHHs, CTBOPSHHS 00'eMHIX MOJelNel Miciie-
BocTi (Texuooris 3D);

OLliHKa HEOTEKTOHIYHOT aKTHBHOCTI TEPUTOPIT;

Te0eKOJIOTIUHI JOCIIKEHHS, 1[0 BKIIOYAI0Th:

OLIIHKY JIaHIIIA(THO-€KOJIOTTYHUX YMOB;

BUSIBJICHHS [COJIOTIYHHX IPOIIECIB 1 SBUIL, TOTCHIIHHO HEOC3MCUHUX IS KUT-
TS 1 JISTIBHOCTI JIFOJJMHH, 1 TIPOTHO3 TXHHOTO PO3BHUTKY; BHSBJICHHS TEXHOTEHHUX
KOMILIEKCIB 1 00'€KTiB, [0 BIUITMBAIOTh HA T€OJIOTIYHE CEPEIOBHIIIE;

MOHITOPHHT CTaHy T'€0CHCTEM;

BripoBaKeHHS [ IC-TeXHOMOTIH y Teosoro-kapTorpadiuHuii mporec.

Opnieto 3 BuMor 10 1auux /133 € onepaTHBHICTD 0JIepKaHHs aKTyaJIbHOI IIpoc-
TOpOBOI iHpOpMamii mpo 3emMHy moBepxHto. Jlani /[33 3 ycmixoM BHKOPHUCTOBY-
I0TBCS JUTS:

MPOTHO3Y TOTOJIY 1 MOHITOPHHTY HEOe3MeUHUX MPUPOTHUX SBHIIL;

MPOTHO3Y 1 KOHTPOIIO PO3BUTKY MOBEHEH Ta MaBOKiB, OIIHKHU 3aBIAHOTO HHU-
MU 30UTKY;

OILIIHKH 30MTKIB BiJ] JTICOBHX IOKEX 1 IXHIX HACIIIIKIB;

KOHTPOJIIO CTaHy TiPOTEXHIYHUX CIOPY/ Ha KacKaJaX BOJAOMMHUIIL;

MPUPOJOOXOPOHHOT'O MOHITOPHHTY;

CIIOCTEPEXKEHHS 32 Jb0/I0BOI0 0OCTAaHOBKOIO B paifloHaX MOPCHKUX IIUISAXIB H B
aKBaTOpisiX BUIOOYTKY HaTH Ha menbdi;

MOHITOPHHTY po3JiBiB HadTH 1 pyxy HaTOBOT IUIIMHU;

peaNbHOTro MiCIE3HAXO0/UKEHHSI MOPCHKUX CY/IEH y Till UM iHIIiH akBaTopii;

BIZICTEKEHHS IMHAMIKH 1 CTaHy BUPYOKH JIICY;

MIPOTHO3Y BPOXKaWHOCTI CIIBCHKOTOCHONAPCHKUX KYIBTYD;
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BIZTHOBJICHHS TONOTpa(iyHUX KapT, IO BiIOOpaKaloTh peaJbHUI CTaH TEPUTO-
pii;

JOTPUMaHHSI JIIEH31HHNUX YTOJI IPH OCBOEHHI POIOBHIL KOPUCHUX KOTIAJIHH;

KOHTPOJIO HECAaHKI[IOHOBAHOTO OYIiBHHIITBA;

[TacuBHI maT4nKu 30MPaAIOTh BUIIPOMIHIOBAHHS, SIKE BHITYCKAae€ThCS abo BimOu-
BAa€ThCA 00'€KTOM a00 HABKOJIMIITHIMH 00JacTsIMHU. BigOuTe COHAYHE CBITIIO € HaM-
OUTBII TOMIMPEHNUM JHKEPETIOM BHUIIPOMIHIOBAaHHS BUMIPIOETHCS 3a JOTIOMOTOIO I1a-
CHBHHUX JaT4vKiB. [IpUKJIa M NaCHBHUX TUCTAHLIHHKUX JATYMKIB BKJIIOYAIOTh B Ce-
6e uiBkH ororpadii, mpuIaaiB 3 3apsI0BUM 3B'SI3KOM 1 paJioMeTpH.

AxTHBHUI1 30ip BUIIPOMIHIOE €HEPTito Il CKaHyBaHHS 00'€KTIB 1 oOnacTel, mi-
CJISl YOT'O IATYHK MOTIM BUSIBIISIE 1 BUMIPIOE BiIOMTE BUIIPOMIHIOBAaHHSL.

RADAR i LiDAR € npukiagaMu akTHBHOTO JWUCTaHLIHHOTO 30HAYBaHHI, 1€
BUMIPIOETHCS Yac 3aTPUMKH MK BUIIPOMIHIOBAHHSM 1 MTOBEPHEHHSM, BCTAHOBJIIO-
IOTh MiCIIe pO3TallyBaHH:, IIBHIKICTh 1 HANPSMOK 00'e€KTa.

JucraHiiitHe 30HAyBaHHS IO3BOJIA€E 30UpaTh NaHi y HeOe3meyHnx abo BaXKKO-
JOCTYNMHUX paioHax. /lucTaHIiiiHe 30HAYBaHHS BKIIOYAalOTh B ce0€ MOHITOPHHT
BUPYOKH JICIB B TakMX 00JacTsX, K OaceH piyku AMAa30HKH, JIHOJOBHKOBUX
0coOIMBOCTEN B apKTUYHUX 1 aHTAPKTHIHNX paliOHAaX, 30HIyBaHHS MPUOEPEKHUX
YaCTHH OKEaHy.

JucraHniiiHe 30H1yBaHHs TaKOX 3aMiHIO€ JOPOTHH 1 IIOBUILHUHI 30ip TaHUX Ha
MICI[SIX, TIPH [[BOMY IUISTHKH a00 00'€KTH HE OPYIIYIOThCSL.

OpbGiTtanpHi wiaTGopMu 30UparOTh 1 MEPEIAIOTh MaHl 3 PI3HUX YACTHH EJICKT-
POMAarHiTHOTO CHEKTpa, SIKi B MO€JHAHHI 3 MOBITPIHUM a00 HA3€MHUM 30H/yBaH-
HSIM Ta aHaJIi30M, HaJal0Th JOCIIIHUKAM JOCHTh 1H(pOpMAaIii JIsT MOHITOPUHTY Te-
HCHIH, TakuX K Enp - HiHRO 1 1HIIMX NPUPOTHUX TOBrOCTPOKOBHX i KOPOTKO-
CTPOKOBHX SIBHIII.

[HImIi Tamysi 3acToCcyBaHHS BKJIFOUAIOTH Pi3HI HAYKH PO 3eMITI0, TaKi K pamio-
HaJlbHE BUKOPHCTaHHS INPUPOJHHUX PECYPCiB, CLIBCHKOTOCIIONAPCHKUX MOJIB, BH-
KOPHCTaHHS 1 OXOPOHY 3€Mellb, BAKOPUCTaHHS 1 OXOPOHY BOAHUX PECYPCIB.

Iarepdepomerpuuni PJIC 3 cuHTE30BaHOIO anepTypor0 BUKOPUCTOBYETHCS IS
OTPUMaHHS TOUYHUX U(POBUX MoJejel peibedy BEIUKOMACIITAOHUX MICIEBOC-
teit (muB RADARSAT, TerraSAR-X, Magellan).

JlazepHi 1 pamgionokamniifHi BHCOTOMIpH Ha CYMyTHHKaX 3a0€3MEUIIIN ITHPOKHHA
CIEKTp JaHHMX IUISXOM BHUMIPIOBaHHS OMYKIJIOCTI BOJH, BUKIMKAHOTO JI€I0 CHIIA
TSOKIHHS, BOHH BiZOOpa)kaloTh OCOONMBOCTI Ha JHI MOpPS 3 JI03BOJIOM M abo
GJIM3BKO TOTO.

Caimiio nokaTopa iHdpauepBonoro aianasoHy (LiDAR) BukopucToByeThes A
BUSIBJICHHS 1 BUMIPIOBAHHS KOHIEHTpAI] Pi3HUX XIMIYHMX PedOBUH B aTMocdepi,
BUCOTH O0'€KTIiB TOYHINIE, HIXK MU pajionokamii. JucTaHmiiine 30HAyBaHHS POC-
JIMHHOCTI € OCHOBHUM 3actocyBaHHs LIDAR.

Pagiomerpu Ta hoTOMETpH € HAMOUIBII NOMIMPEHUM IHCTPYMEHTOM, SIKMH 30H-
pae BinOuTe BUIIPOMIHIOBaHHS B IIMPOKOMY Jiana30Hi 9acToT.
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Haii6inp1 momupeHnMy JaTYMKaMy €: BUJUMI Ta iH(payepBOHi, JaTYHKH Mi-
KPOXBIJTFOBOTO BUIIPOMIHIOBAaHHS, TaMMa - IIPOMEHIB 1 pifKo, yiabTpadionery. Bo-
HHU TaKOX MOXYTh OyTH BHKOPHCTaHI JUIA BUSBJICHHS €MiCIHHMX CIIEKTPIiB Pi3HUX
XIMIYHUX PEUOBHH, HAAIOYH JaHI PO KOHIEHTPAIIII0 XiMiTHOI PEYOBHHHU B aTMO-
coepi.

Crepeorpadiuna mapu 3 aepo(OTO3HIMKIB YaCTO BUKOPHUCTOBYETHCS IUISI BUTO-
TOBIJICHHSI TOTOTpaiTHUX KapT MO 3HIMKAaX, MOJEIFOBaHHSI HA3eMHHUX OCOOIMBOC-
TEeH cepelOBHUINA TPOKUBAHHSI.

Bararocnekrpanbhi miuardopmu, Taki sk Landsat Oymu B ekcruryatanii 3 1970
poky. Lli TemarnuHi kKapTOOyNIBHUKH NPUIMAIOTh 300paKeHHs B JEKUIBKOX JOB-
JKMHAX XBHWJIb €JEKTPOMAarHiTHOIO BHUIIPOMIHIOBAHHS (MYJBTHCIEKTPaJIbHOTO) 1
3a3BMYail 3HAXOJSATHCS Ha CYMYTHUKAX CIIOCTEPEIKEHHS 3eMili, BAKOPUCTOBYIOTHCS
JUTs TOOYIOBH KapT POCIMHHOTO IMOKPUBY, TEMAaTHYHUX KapT 3€MJIEKOPUCTYBaHHS,
PO3BIZIKM KOPUCHUX KOIAJIWH, MOHITOPHHTY BUKOPHCTAHHS 3€MEINb, BUSBICHHS iH-
Ba3WBHOI POCITMHHOCTI, BUPYOKH JIiCY, CTaHy POCIHH 1 KyIbTYp IUTNX CUTBCHKOTO-
CHOJAapCHKUX PErioHiB abo Jicy.

MeTeopoIorivuHi CyITyTHUKA BUKOPHUCTOBYIOTHCS B METEOPOJIOTiI 1 KIIiMaToIIo-
rii. ['inepcnexrpansHe 300paxkeHHss GopMye 300paskeHHs, ¢ KOXKCH IMIKCEIh Mae
MOBHY CIEKTPabHY 1H()OPMAIIIO 3 BiJOOPaKEHHSAM BY3bKHX CIICKTPAIbHHX CMYT
HaJl IPUWIETJIO 00JacTio crekTpa. ['inepcrekTpanbHi TEmI0oBI30pH BUKOPHCTOBY-
I0ThCSl B PI3HHUX JOAATKaX, B TOMY YMCIi MiHepaorii, 0ionorii, 060poHi Ta BUMi-
pIOBaHb NapaMeTpiB HABKOJIMIIHBOTO cepelloBuina. B pamkax 60poTsdu 3 omycre-
JIFOBAHHSIM, TUCTAHIIfIHE 30HIYBAaHHS J03BOJISE BiICTE)KYBATH 1 KOHTPOJIOBATH
30HH PH3MKY B JOBTOCTPOKOBIil I€pPCHEKTHBI, 11100 BU3HAYMTH YNHHUKH OIyCTe-
JIOBaHHS, JJIS MATPUMKH 0Ci0, SKi MPUAMAIOTh PillieHHS y BU3HAYCHHI BiAIMOBIA-
HHX 3aXO0/1iB €KOJOTIYHOT0 MEHEKMEHTY, a TaKOX JJISl OLIHKH X BIUINBY.

l'eonesnune nucraHiiiiHe 30HIYBaHHA MOKe OyTH TpaBiMETpHYHHMM abo Teo-
merpudHnM. Kosekiist rpaBiMeTpuyHMX JaHWX Oyia BIiepIle BHKOpPHCTaHa ISt
BUSBJICHHS ITiIBOAHUX YOBHIB 3 MOBiTps. Li qani moka3amnu, apiOHI 30ypeHHS B 3e-
MHOMY TpaBiTallifHOMY TIOJi, SIKi MOXYTh OYTH BUKOPUCTAHI JJIs1 BU3HAUCHHS 3MiH
B PO3MOALII MacH 3eMili, 1110, B CBOIO Uepry, Moxe OyTH BUKOPUCTAHHUHN /It reodi-
3UYHUX JOCHiKeHb, 5K 1 B GRACE (cynyTHHKOBe TenebaueHHs).

Jlnst koopauHAIIT psAAY BEIMKOMACIITAOHUX CIIOCTEPEKEHb, OUIBIIICTh CUCTEM
30HAYBaHHA 3aJIS)KUTH BiJl HACTYNTHUX (paKTOpiB: po3TalryBaHHs miardopmu i opi-
€HTaIlil JaT9nKa. BHCOKOSKICHI IHCTPYMEHTH B AaHUI Yac 9acTO BUKOPHUCTOBYIOTh
MO3UIiHHY iHpOopMaNilo Bil CYIIyTHUKOBHX HaBiramiiHUX CUCTEM.

Jucranniiine 30HIyBaHHS BHUKOHYETHCS 32 IPHHIUIIOM OOEpHEHOI 3anmaui. Y
TOH 4ac Ak 00'ekT abo sABHIIEC HE MOXKe OyTH BUMIpsHE, ICHYE SIKach iHIIA 3MiHHA,
sKa MO)Ke OyTH BUSIBJICHA 1 BUMIpsiHA, SIKY MOJKHA TOB'SI3aTH 3 00'€KTOM iHTEpecy
yepe3 004MCIIeHHs. 3arajbHa aHAJIOTIs - BU3HAYNUTH THIT TBAPUHU 4epe3 ii ciinu.

Hanpuknan, B Tol yac sIK HEMOXJIMBO O€3M0CepeIHbO BUMIPSTH TEMIIEPATypy
y BEpXHIX Iapax aTMoc(epH, MOXKHAa BHUMIPATH CHEKTPAIbHY €MiCiio 3 BiZOMHX
BHJiB XIMIYHHUX PEYOBHH (TaKHUX , SIK JIOKCH]I BYTJICIIO) B [IbOMY PETiOHi.
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SIKiCTh J@aHUX QUCTAHLIIHOTO 30HIyBaHHS CKJIaJa€Thcs 3 IPOCTOPOBOI, CIIEKT-
pasbHOi, pagioMEeTPUYHOI i 9aCOBOI PO3IUTFHOI 3MaTHOCTI.

IIpocTopoBa po3ainbHa 30aTHiCTH. Po3Mip mikcens, SKUH 3aIUCY€EThCSA B pac-
TPOBOMY 300pakeHHI - SIK MPaBHIIO, MIKCENi MOXYTh BIANOBINAaTH IUIONIi 00JacTi,
MOYMHAIOYH 3 TOBKUHOIO cTopoHH Bif 1 1o 1000 metpis.

CroexTpajbHa po3ainbHa 31aTHicTh. [Ilnpraa moBXHMHA XBUII Pi3HUX YacTo-
THUX Jlialla30HIB 3aIHCaHi - IK MPaBUIIO, 1€ MOB'I3aHO 3 YHUCIOM CMYT YacTOT, 3a-
nucaHux Ha riatdopmi. [lorouna Landsat Konekiist CKJIagaeTbcs 3 CEMU CMYT, B
TOMY YHMCHI KiJbKa B iH(pauepBOHOMY CIIeKTpi, nounHarouu Bix 0,07 mo 2,1 MKM.
Harunk Ha ['inepion cnocrepexenHs 3emui-1 no3sossie 220 cmyr Bin 0,4 no 2,5
MKM, 31 ClIeKTpajgbHuM 103B0JIoM Bif 0,10 mo 0,11 MkM Ha cMmyTy.

Pagiomerpuuna po3minbHa 3aaTHicTh. Yucino pi3HUX IHTEHCHMBHOCTEH BU-
MPOMIHIOBAHHS SIKi JaTYMK 31aTHAH PO3PI3HATH. SIK MpaBmIlo, e CTAaHOBUTH Bix §
no 14 6iT, mo BixnmoBigae 256 piBHIB cipoi mkamu i 10 16384 inTeHCHBHOCTEH 200
"BIITIHKIB" KOJBOPY, B KOXHIH Tpyti. [{e Takok 3aJeKUTh BiJl MPHUIAIOBOTO IIY-
My.

YacoBa po3aisibHa 31aTHiCTE. YacTOTa MOBTOPIB 3 CYNMyTHHKA a0 JIiTaka, Ma€e
3HA4YEHHS TUIBKU B JOCIIKEHHIX YaCOBUX PAMIB, AKi BUMararoTb ycepeaHeHe abo
Mo3ai4He 300pa)KeHHsI, SIK MOHITOPUHT BUPYOKH. XMapHHUH MOKPHUB HaJ 00’ €KTOM
BUMarae oBTOPHOTO 300py iH(popMalLlil 3 BKa3aHOTO MICII.

JlJiss CTBOpEHHS KapT Ha OCHOBI JMATYHUKIB, OUTBIIICTE CHCTEM IHCTAHIIHHOTO
30HJlyBaHHS OYIKYIOTh €KCTPAIOJIOBATH J[aHi JaT4MKa 1O BiJHOIIEHHIO J0 KOHT-
POJIbHOT TOYKH, BKIIOYAIOUYH BiJICTaHI MiXK BiJOMHMH TOYKaMH Ha 3emui. [le 3ae-
JKUTB BiJ| TUITy BUKOPUCTOBYBAHOTO AaTuuka. Hanpuknan, B 3BuuaitHux ¢otorpa-
(hisix, BiICTaHI TOYHI B EHTPi 300paXKeHHs, CIOTBOPIOIOTHCS Jaji Bix meHTpy. Bu-
pimreHHs i€l mpoOiieMa Ha3UBaeThcs reopedepeHiloBaHHAM, i BKIFOYae B cede
KOMIT'FOTEpPHE Y3TOJPKEHHS TOYOK Ha 300pakeHHi (3a3Buuail 30 abo OinbIne TOYOK
Ha KO’KHE 300pa)kKeHHS).

Pagiomerpuuna kopekuis. /[03Boisie YHUKHYTH TIOMHJIOK 1 paiOMETPUIHUX
crotBopeHb. OCBITICHHS 00'€KTiB Ha MOBEpXHI 3eMiIi HEpiBHOMIipHE depe3 pi3Hi
BJIacTHBOCTI penbedy. Lleit GakTop BpaxoByeThCsI B METOI palioOMETPHYHOT KOpe-
KIIii CIIOTBOPCHb.

TonorpagiuHa Kopekilisi (TaKoX 3BaHA KOPEKIisl MiCIIEBOCTi). ¥ BUCOKHX TO-
pax eQeKTHBHE OCBITJIIEHHS MIKCETiB 3HAYHO 3MIHIOEThCA. B AucTaHIiitHOTO 30-
OpakeHH:I, MKCeIh Ha TIHBOBOMY CXHJIl OTPUMYE€ CTaOKe OCBITJIICHHS i Ma€ HU3bKE
3HAYCHHS BUIIPOMIHIOBAHHS, MIKCEJb HA COHSYHOMY CXWJIi OTPUMYE CHIIBHE OCBIT-
JICHHSI 1 Ma€ BHCOKE 3Ha4yeHHs sickpaBocTi. [list Toro >k 00'ekra, 3HaUeHHS SICKpa-
BOCTI MiKCeNsl HAa TIHUCTOMY CXWii OyJie BiJpI3HATHCS BiJl TOTO, Ha COHAYHOMY
cxwii. Kpim Toro, pi3Hi 00'€eKTH MOXYTh MaTH O/IHaKOBI 3HAYEHHS SICKPABOCTI.

ATMocdepHa Kopekmisi. YCyHeHHS aTMoc(epHOi TUMKH JI0 repemacirady-
BaHHS KOJKHOI CMYTH 4acTOT TaKUM YMHOM, 11100 ii MiHIMaibHe 3Ha4eHHs (K Ipa-
BIJIO, peajli3yeThCs B BOIOIIMAaXx) BiAOBIAaI0 3HaYeHHIO Tikcess 0.

[aTepnperartist € KpUTUYHUM MPOLIECOM OCMHUCIICHHS JaHUX.
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JucraHiiiiHe 30HIyBaHHS Ma€ 3pOCTA0Yy aKTyaJbHICTh B Cy4acHOMY iH(Op-
MAaIifHOMY CyCiibCTBi. BOHO € KIIFOYOBOIO TEXHOJIOTI€I0 B paMKax aBiaIliifHO -
KOCMIYHOI IPOMHCIIOBOCTI 1 Ma€ MmigBUIIEHE eKOHOMIYHE 3HaueHHs. JucraHmiiiHe
30HAYBaHHA HA/J3BUYAHO BIUIMBAE HAa MOBCAKICHHE JKUTTS, MOYMHAIOYH BiJ] IIPO-
THO31B TTOTOIH JIO 3BiTiB O 3MiHi KJIiMAaTy a00 CTHXIHHUX JIHX.

Jani mucTaHIITHOTO 30HIYBaHHS OOPOOISIOTHCS 1 aHANI3YIOTHCS KOMITIOTEp-
HUM TMIPOTPaAMHHUM 3a0€3IEYCHHSAM, BiIOMHM SK MONATKH TUCTAHIIIITHOTO 30HIY-
BanHsa. Jlo mux BimHocsaThcsi: ERDAS IMAGINE, PCI Geomatica, TacitView,
TNTmips, IDRISI, eCognition, RemoteView, Dragon/ips, ENVI, Opticks, Orfeo
toolbox, GRASS GIS, ILWIS, QGIS, TerralLook.

3rigHo 3 pocaikeHHIMH NOAA, cepen a3ificbkuX akaaeMi4HUX IpyIl, Halva-
CTillle BUKOPUCTOBYIOTHCSI B rajy3i QucTaHuiiiHoro 3oHnyBaHHs: ERDAS 36%;
ESRI 30%; ITT Visual Information Solutions ENVI 17%; MapInfo 17%.

Cepen 3axiganx akamemiunux rpym: ESRI 39%, ERDAS IMAGINE 27%,
Maplnfo 9% i AutoDesk 7%.

Jliteparypa: 7, 14.

Tema 8. Cucrema miaTpumMKku aHaJi3y reorpadgiyaux pecypcis -
Geographic Resources Analysis Support System (GRASS GIS)

GRASS (anrn. Geographic Resources Analysis Support System — Cucrtema
[Mintpumku Ananizy ['eorpadiunnx PecypciB) — 1ie Oe3ruiaTHa reoinpopmariiiina
cucrema (I'IC) 3 BiZKpUTHUM KOIOM, MPH3HAYCHA JUIsI TE€OMOJICNIOBAHHS, yIIPaBIiH-
HS TIPOCTOPOBHUMH PAacTPOBHMH, BEKTOPHUMH JaHUMH Ta KOMIT'IOTEpHOT Tpadiky,
00pOOKHM CYNyTHHKOBHX 3HIMKIB, CTBOPEHHSI KapT, IIPOCTOPOBOTO MOJIEIIOBAHHS 1
Bisyamizanii. GRASS GIS mictuts monan 350 MoaymiB ISl PEHACPHHTY KapT; Ma-
HIITyJIIOBaHHS PACTPOBUMH 1 BEKTOPHUMH JaHUMH, B TOMY YHCII BEKTOPHHMH Me-
pexkaMu; 0OpoOISATH 1aHI MYJIBTUCTIEKTPAIFHUX 300pa’keHb; a TAKOX CTBOPIOBATH,
VIpaBIATH 1 30epiraT MPOCTOPOBi JaHi. BoHa Mae JineH3ito i BUITyIeHa O0€3KOTI-
TOBHO, 3 BIIKPUTUM BUXigHIM KojoM mix minen3iero GNU General Public License
(GPL). GRASS GIS mparmtoe Ha AEKITPKOX ONEpaifHUX CHCTEMaX, BKIIOYAIOUN
OS X, Windows i Linux. KopucryBadi MOXyTh B3a€EMOMIATH 3 (QYHKIIISIMA TIPO-
rpaMHOrO 3a0e3MeueHHs 3a J0MOMOrow rpadiuHoro intepdeiicy KopucTyBaua
(GUI) abo msxom miaxmodeHHs 10 GRASS 3a momomororo iHIIOro mporpaMHOro
3abe3neueHHs, Takoro Sk QGIS. BoHn MOXyTh TaKoX B3a€EMOJISATH 3 MOIYISIMHU
Oe3mocepeHbO Yepe3 3po0JIeHI Ha 3aMOBJICHHSI 000JIOHKH, SIKi 3aITyCKaIOTh J0a-
TOK 200 MUISIXOM BUKJIMKY OKPEeMHX MOJIYJIB 0e3MocepeHbo 3i cTaHaapTHOI 000-
noHku. OcranHs Bepcig ctadbinmpauit peniz (LTS) € GRASS GIS 7, skuit nocryn-
Hui 3 2015 poky. Komanna pozpo6nukie GRASS e 6araronanioHansHOIO TPyHoIo,
sKa CKJIAZA€ThCS 3 PO3pOOHUKIB y Oaratbox Micisix. GRASS € ogauMm 3 BockMu
BUXIJIHUX TIporpaMHux 1poekTiB B Geospatial Foundation Open Source.

GRASS miarpumye 00poOKy pacTpoBHX i BEKTOPHHX JaHUX B JBOX Ta TPHOX
BuUMipax. Mojieslb BEKTOPHUX J@aHUX IPYHTYETHCSI Ha TOIOJIOTI], 0 O3HAYaE, 10
0071acTi BUBHAYAIOTHCS TPAHUIIMH Ta IIEHTPOiIaMH; TPAHUIlI HE MOXKYTh IEPEKPH-
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BaTHUCh Ha OAHOMY Iuapi. Takuil miaxin nporunexHuit cranaapry Simple Features
koHcopuiymy OpenGIS, skuii BuU3Hauae BEeKTOpU HabaraTo BiIbHIIIE, MOTIOHO 1O
CHCTEM BEKTOPHOI rpa)iku 3arajIbHOTO MPU3HAYCHHS.

GRASS po3po0iieHo sk cepeoBHUIle, B IKOMY BUKOHYIOTHCS Pi3HI iHCTpyMEH-
TH, IpU3HadeHi 1t BukoHaHHA crierudivanx mist ['1C ¢yskmiin. Ha BiaMiny Bix
3BHYAITHOTO MPHKIAJIHOTO MPOTrpamMHOTO 3ade3medeHHs, micis 3amycky GRASS
KOPHCTYBady BifoOpaxkaeTbcs Moau(ikoBaHMA KoMaHAHWH mpomecop UNIX mms
BUKIHKY kKoMaH] GRASS (Takox Mae Ha3By MOJYIIIB).

Binbmicts i3 Moaynie GRASS Ta MOXIMBOCTEH CHCTEMH JOCTYIIHI Yepes rpa-
¢iunmii iHTEpdeiic kopuctyBaya (skuil peanizoBano B Mmoayni GRASS). B 6a3oBy
noctaBky GRASS Bxmoveno npudianzao 350 ocHOBHUX MOAyIiB, i moHax 100 mo-
nyniB goctynHi Ha caiiti GRASS. bibmiorekn GRASS Ta 0ocHOBHI MOYJIi HamKca-
HO MOBOIO TporpamyBanHs C; iHmn Momyni Hammcano Ha C, C++, Python, UNIX
shell, Tcl Ta iHmMMUX MOBax MpOTrpaMyBaHHSI.

Monyni GRASS crBoproBanmucs BinnoBigHo 10 ¢inocodii UNIX, i, Tomy, Mo-
KYTh KOMOIHYBaTHCh B CKPHIITax I CTBOPEHHS HOBUX MOJYIIB, 1[0 PO3B'S3yIOTh
cnennivHi 3371349l KOPUCTYBadiB. [CHye MOAyIb miATPUMKH B3aeMomii 3 Quantum
GIS (QGIS). OctanHi Bepcii QGIS MoxyTh BuKOHYBaTHCE B cepenoBuini GRASS,
neperBopioroun QGIS Ha npyxHil rpadiunuii iHTEpdeiic, OUTbII CX0XKUil Ha Tpa-
¢iuni inTepdeiicn Tunosux I'IC. Takox icHye mpoekrt, peanizauii GRASS Ha ma-
Thopmi Java, Binomuii sik JGRASS.

GRASS € onnieto i3 Haiicrapimmx ['IC i O6epe moyartok 3 po3pobok Apmii
CIIA, mo mpoBoguiucs Ha nodyatky 1980-x pokis. Pospobka GRASS posmoua-
nack B 1982 pori, B Hili Opana y4acTh BeJUKa KiIbKicTh DenepanbHUX arceHIini
CIIA, HaBuaJbHMX 3aKJIajliB, NPUBATHUX MiANpHeMCTB. OCHOBHI KOMIIOHEHTH
GRASS i koopauHamis 3ycuiib ydyacHHKiB mpoekTy GRASS 3Haxoqummce y BigoM-
CTBI IOCHIMHUIBKOI Tabopartopii 30poiiamx cuin CIIA (USA-CERL). USA-CERL
3aBepmmiia cBiif ocranHiid Bumyck GRASS sk Bepceiro 4.1 B 1992 porii, i 3a0e3rie-
YuIIa I'STh OHOBJIICHB 1 BUIIPABJICHB IO MBOTO BUIYCKY 10 1995 poky. USA-CERL
TaKOX po3pobmia ocHOBHI komnoHeHTH GRASS 5.

Buxignuit kon npoekry OyB Bimkputuid B 1995 poui mig minensiero GPL. ¥V
2005 poui Bumyck GRASS 6 nonas nintpumky HoBux 2D/3D TomosoriyHuX JaHuX
Ta aHaJli3 BEKTOPHUX MepexX. ATpuOyTH manux 36epiratotscs B .dbf daitnax abo B
ocHoBannx Ha SQL CVYBJl sk, mampukinan MySQL, PostgreSQL/PostGIS, i
SQLite. Cuctema MOXe 3aCTOCOBYBAaTHCH Ui Bisyauisamnii 3D BeKTOpHOI Ta BOK-
cenbHOI rpadiku. GRASS miaTpuMye mmpokui iana3oH pacTpOBUX I BEKTOPHHUX
¢opmariB yepe3 Bukopucranus 6ibmiorekn GDAL/OGR. V Bumycky 7, mo Bu-
imoB y motomy 2015, Ha 3MiHYy cTapomy rpadidHoMy iHTepdeiicy, HanmucaHoMy 3
BukopuctanusiM Tcl/Tk, npuiiimoB HoBuMiT MOOiLNbHUHA iHTepdeiic Ha 6a3i Cairo i
wxPython. V inrepdeiici MakCUManbHO CIPOIIEHO BHKOHaHHA ckiaaHux [1C-
omepaniii. lonannii HoBuit Python API anms moctymy mo (yHKIiH HamucaHOTO Ha
MmoBi Ci simpa GRASS, 1o 3Ha4HO crpoinye ctBopeHHst MoayiiB GIS — Python.
Vi momyni Ha MOBi bash mepeTBopeni B Moy Ha MoBi Python. Sk mpaiisep BJ]
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3a ymoBuaHHsAM 3amicTh DBF 3amisauit SQLite. 3HauHO po3mmMpeHi MOKIUBOCTI
BEKTOPHOI 016JTioTeKH 1 MprcKkopeHa 00poOka BEKTOPHUX NaHWUX (HATIPUKIA, IPO-
IOYKTHBHICTD JCSKMX BEKTOPHUX MOIYJIB 3pociia B TUCAYY pa3iB. [lomaHa BelHKa
migbipka HOBHX MOXYJIB Il 0OpoOKH 1 Kiacuikarii 300paxeHb, OI[iHKH HapoC-
TaHHs 0ioMacH i CyMapHOTO BUIIApOBYBaHHS, BU3HAUCHHS XMap Ha 3HIMKax, mepe-
BIpKHM CTaHy KOHTPOJBHHUX TOYOK 1 Take iHmre. JlomaHa MOXIMBICTh BUBEICHHS B
CTaHIAPTHHUX pacTpoBUX (opMmarax. PeamizoBani Momymi s poOOTH 3 TPUBUMIp-
HHMH PacTpOBUMH JaHUMH.
Jlireparypa: 18.

Tema 9. R - MoBa mporpamMmyBaHHs i mporpamMHe cepeIoBHUIIE /LIS
CTATUCTUYHHUX 00YMCIIeHb, AHAJII3Y Ta NMPeICTABJIEHHS JaHUX B rpagiuHomy
BULJIAAL

Po3poOka R BimOyBamace mia icTOTHUM BIUIMBOM [IBOX HAasBHHX MOB IIpPOTpa-
MYBaHHS: MOBHU TPOTpaMyBaHHS S 3 CEMaHTHKOIO yCIaJKOBaHOIO Bix Scheme. R
Ha3BaHa 3a MEepIIOIO JiTeporo iMeH ii 3acHoBHHKIB Poca Ixaku (Ross Thaka) ta Po-
oepta Jxentnmena (Robert Gentleman) npariBauKiB OKICHICHKOTO Y HIBEpPCUTE-
Ty B HoBiif 3emanmii.

HesBaxxaroun Ha [esKi MPUHIUIIOBI BIAIMIHHOCTI, OUTBINICTE MPOTpaM, Haluca-
HHUX MOBOIO ITPOTPaMyBaHHA S 3aMycKaloThes B cepenoBuili R. R po3noscromkye-
Tcs1 6e3komToBHO 3a ninen3iero GNU General Public License y Burisiai BiIbHO0-
CTYIOT0 BHMXIJHOTO KOAy ab0 BiJKOMIILOBaHMX OIHAPHHUX BepCii OUIBIIOCTI OIe-
pamiitaux cuctem: Linux, FreeBSD, Microsoft Windows, Mac OS X, Solaris. R
BUKOPHCTOBYE TEKCTOBHI iHTEpdelc, OHaK ICHYIOTh pi3Hi rpadiuHi iHTepdeiicu
opucTtyBada. R Mae 3HaYHI MOXJIMBOCTI JUIs 3MIHCHCHHS CTATHCTHYHUX aHANi3iB,
BKITIOYAIOYH JIIHIHHY 1 HeNiHIHHY perpecito, KIaCHYHI CTaTUCTUYHI TECTH, aHAIIi3
4acoBUX PsAAiB (cepiif), KIacTepHHU aHaii3 i 6araTo iHmoro. R yerko posmmpro-
€THCS 3aBITK BUKOPUCTAHHIO JIOJAaTKOBHUX (DYHKIIIH 1 MAKeTiB JOCTYITHUX Ha caiTi
Comprehensive R Archive Network (CRAN). binpma wactuaa crannapTHuX QpyH-
kuid R, Hammcana MoBoro R, omHaK icHYe MOMIIMBICTH IiJKIFOYATH KOJ HAIHCA-
Huit C, C++, a6o @oprtpanoM. Takox 3a JOMOMOTOIO IporpamMHOro koay Ha C,
C++, Java , NET a6o Python moxHa 6e3mocepeinbo MaHimnmymoBatu R 06'ekramu.

3aBasiku cBoiit S cmammuHi, R Mae OibIn cuibHEe 00'€KTHO-OPiEHTOBAHE MPO-
rpaMyBaHHs 00'€KTiB , HiXK OIJBIICTh CTATUCTHYHUX MOB 00YHCIIEHb. Po3mmpeHHs
R Takox mosernryeTses 3aBASKH 11 JIEKCHYHIA 007acTi BUAUMOCTI TpaBuil. [HIIO0
cwtoro R e cratmuni rpadiku, ski MOXYTh BHpPOOIATH Tpadiku THIOrpadchKoi
SKOCTI, B TOMY YMCJIi MaTeMaTH4Hi CUMBOJIH. J[MHaMivHi Ta iHTepaKTHBHI rpadiku
JIOCTYIHI 4epe3 JoxaTkoBi naketu. R mae Rd, cBiit Bnacuuit LaTeX ¢opmar noky-
MeHTalii, s’ka BUKOPHCTOBYETHCS JUIsl 3a0e3NeYeHHs] BUUEPITHOI JTOKYMEHTalii, K
OHJIAlH B pi3HUX opMarTax , TaK i B IpyKOBAHOMY BHUIJISII.

R HanexuTh 10 IHTEPIPETOBaHMX MOB NPOTpaMyBaHHS 1 sl pOOOTH BUKOPHC-
TOBY€EThCS KOMAH/IHUH 1HTEpIPETATOP.
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R migTpumye KOHIENII 00'eKTHO-OpieHTOBaHOTO mporpamyBanHs (OOII)
BKITIOYAI0YH generic GpyHKIil, pe3ybTaT BUKOHAHHS SIKMX 3aJIS)KUTh BiJ] apryMeH-
TiB (THOY 00'€KTiB), IO TepenaroThes generic GyHkii. B MoBi mporpamyBanHsS R
BCl 3MiHHI € 00'eKTaMu, KO’KeH 00'€KT HaJEKUTH 10 IeBHOTO Kiacy. [Ipu mpomy R
Mae 71Bi kimacoBi mozeni: S3 ta S4. Ilepma Oyma peanmizoBaHa Bif MOYAaTKy iCHY-
BaHHA R, npyra Oyma momana y Bepcii 1.7.0 3 makerom methods. S3 He € cnpaBxk-
HBOIO KJIACOBOIO CHICTEMOI0, Kiach S3-00'ekTa BU3HAYAIOTHCS IIPOCTUM aTpHOyTOM
— BEKTOPOM CHMBOJBbHUX psAKiB. [Ipn npoMy, npu BUKOHaHHI generic (yHKIIH,
Takux sK plot() un summary(), qUCHeT4ep METO/IB IIyKae B TAOJHUII METOMIB Me-
TOJI, IKUH y3TO/DKYETHCS 3 IMEHEM IIEPIIOTo apryMeHTa.

Xoua R opieHTroBaHa Ha PO3B'SI30K 1 aHAI3 CTATHCTHYHHX 3a/1a4, BOHA MOXE
BUKOPHCTOBYBATHCS AJISl MATPUYHUX O0YMCIICHO 3 MOPIBHSIBHOIO IIBHIKOIIEIO 10
matematnuHuX maketriB GNU Octave abo MATLAB. CTtBopeHO 0araTo makeTiB
JUTA CTAaTUCTUYHUX OOYHCIIeHB, OioiH(pOpMaTuKH, onTuMizalii Tomo. CepenoBuie
R mictuTh 3acobu 1uis Bizyauizamii pe3ynbTaTiB 004HCIIeHb (IBOBIMIipHI, TPHBHMIi-
pHi rpadiku, miarpamu, ricrorpamu, miarpamu (cxemu) ['anta Tomo). I'padiuni
MOJKJIMBOCTI R JTO3BOIIIOTH CTBOPIOBATH BHCOKOSAKICHI Ipaikd 3 Pi3HUMH aTpH-
OyTamm, 30KpemMa MaTeMaTH4IHi (OPMYIH i CHMBONH. [HIIOO 0cOONHBICTIO € QYH-
Kiliss Sweave sika T03BOJISIE IHTErPaIlilo i BUKOHAHHS KOAY R B JOKyMeHTax Hammu-
canmx 3a qormomororo LaTeX 3 Meroro cTBOpeHHs AuHamiuHuX 3BiTiB. R de-facto
CTaB CTAaHIAPTOM y MDKHApPOMHIN CHINBHOTI CHEI[aICTIB B rajiy3i CTaTUCTHKH, i
HIMPOKO BHKOPUCTOBYETHCSI B PO3POOKAX CTATHCTHYHHMX MPOrpaM Ta aHami3i jaa-
HUX. 3rifiHO MmopiuHOrO onuTyBaHHIO Rexer's Annual Data Miner Survey B 2010
potii, 6UTbIIICTh (43%) cepell OMUTaHUX CHEIIATICTIB 3 aHAJI3Y JaHUX BUKOPUCTO-
BYIOTB Y CBOI# po0OTi cepemopuiie R.

MosknuBocTi R 3HaYHO pO3MUPIOOTHECS JOAATKOBUMHE Makeramu (0i0mioTeka-
mu). [laketn po3poOmsitoThes Oe3mocepenHbo KopucTyBauamu R. IcHye monan
12000 makeriB, qoctymHux Ha caitti Comprehensive R Archive Network (CRAN)),
Omegahat , Bioconductor, R-Forge. Ha ctopinami "Task View" Be0-caiitry CRAN
po3mimerHo ciimcok HanpsaMkiB (Dinancw, ['eneTrnka, Xemiometpis i MaTeMaTinaHa
®izuka, HaBkonuuine cepenosume, CycniibHI HayKH) B SIKUX BUKOPHCTOBYETHCS
R i 7151 IKMX MOCTYIHI TAKSTH Ha CaMTi.

s pobotr 3 R icHye kinbka rpadiuamnx inrepdeiicis (GUI). I'padiuna obo-
nonka RGui pasom 3 komaHzaHOIO 060noHKOI0 (TepMmiHanoMm) R Console BxonsaTh
1o 6azoBoro makety R y Bepcii ayiss Windows.

RStudio — 3pyuHe kpocmiaardopMHe cepesoBHILe PO3POOKH 3 BIIKPUTHM KO-
JoM (iCHye MOXKIIMBICTB 3aIlyCKy Ha BipgajneHoMy linux cepsepi).

RKward — pozmmproBane cepenosuie po3podku IDE

RapidMiner i po3mmpenns RapidMiner R — cepenoBuie po3poOku ais aHa-
73y 1 00poOKHM TaHKX 3 BUKOPHCTaHHIM R.

WEKA Java Gui for R (JGR) — kpocruatdopmuuii Tepminan i pegakrop R
HanmcaHuit Ha Java Deducer — rpadiunnii inTepdeiic 1y aHai3iB TaHUX 3 BUKO-
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pHUCTaHHIM cUcTeMH MeHIo (onionuii 1o SPSS). Po3pobienuii aist BUKOpHCTaHHS
pa3om 3 JGR Ta RGui.

Rattle GUI — xpocmuiatdopmuanii rpadiuauii iHTEpdeiic, po3poOieHuid s
nmoOyBaHHS NaHUX (300py Ta aHANI3Y TaHUX).

R Commander — xpocrmmatdopmanii GUI 3 cucreMoro MEHIO i JOCTYIHUMH
JIonaTkoBuUMH oiariHamu (6azyerscs Tcel/Tk).

RExcel — monmatok o Microsoft Excel, sikuit 103B0IIsIE BUKOPUCTOBYBATH MO-
sxiuBocTi R.

Sage — cepenoBuile 11 MaTeMaTHYHAX PO3PaxyHKIB 3 BUKOPUCTaHHSM iHTE-
pdeticy BeO-Opaysepa, 6i0mioTek R 1 miaTpumKoro rpy.

Red-R — inTepdeiic anst anamnizy, mo BukopuctoBye R.

Tinn-R — rpadiunnii intepdeiic.

TekcToBi pemakTopu Ta cepenopumia po3podku (IDE) 3 wacTkoBOIO MiATPHM-
koo R: gedit, Bluefish, IDE Eclipse, Kate, Vim, Emacs (Emacs Speaks Statistics ),
Crimson Editor, ConTEXT, Tinn-R[15], Geany, jEdit, Syn, TextMate — The
Missing Editor for Mac OS X, SciTE, WinEdt (R Package RWinEdt), WPE,
notepad++ i SciViews.

R nocrynHa s BUKOpUCTaHHS y MOBaX IporpamyBaHHsx Python (3a momomo-
roto makera RPy), Perl (3a momomororo momysst Statistics::R) i Ruby (3a gomomo-
roro RSRuby).

Jeski mponpieTapHi nporpaMHi IPOAYKTH NMPHU3HAYEHI JUIsl aHAII3y CTaTUCTHY-
Hux ganux (Hamp. SPSS, STATISTICA, SAS) MaroTe po3iupeHHs, po3poleHi
JUTs iHTerpaiii y ¢Boi cTpykTypu (yHkiioHany R. 3acaoBana 2007 poKy KOMIIaHist
Revolution Analytics po3mouana koMepuiiiHy miaTpuMky Bepcii R mixg Has3Boro
ParallelR, po3pobneroi cremiaabHO AT KiacTepiB podounx cranmiit. B 2011 3'ss-
WITacsl MOXKJIMBICTH 34YMTYBATH 1 3aIMCYBATH JIaHi y ¢popmar ¢aiiniB SAS 3a mormo-
Mororo mponpierapHoro Enterprise R.

Jliteparypa: 4, §, 15.



