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PE®EPAT

Beimycknas kBanmdukanuonHas padora mo teme «HMcmonwszoBanue ['MC-
TEXHOJOTMIA JJIi OLICHKH JIECUCTOCTH W JIAHAWAPTHBIX XaPAKTEPUCTUK PEUYHBIX
OacceiiHoB» coaepkuT 40 CTpaHul] TEKCTOBOIO JMOKYMEHTA, 13 WCHIONIB30BAHHBIX
MUCTOYHUKOB.

MODIS, MCDI2QI, IIMP, PEJLE®, JIECHOM IIOKPOB,
TTOBEPXHOCTHBIN CTOK, KJIIMMAT, TUC.

B ¢opmupoBaHun BOIHBIX PECYPCOB M COXPAHEHUM KayeCcTBa BOJbI B Oacceiine
CeepHoro JlenoBuToro okeana ocodast pojb NPUHAIIEKUT OOPEaTbHBIM JIECAM.

AKTyaJibHa 33/1a4a UCCIICIOBAHNI U3MEHEHHSI CTOKA PEK B CBSA3H C M3MEHEHUEM
JIECHOTO TOKPOBA, KJIMMATA, B PA3JIMYHBIX MO CBOWUM JIAHAWA(PTHBIM U 30HAJIBHBIM
XapaKTEPUCTHKAM.

Llens mummomHoi pabotel — cozpanue ['MC-npoekTa st TUAPOJOrHYECKOTO
MOJICTIMPOBAHUS U AHAIA3A 3aBUCUMOCTEH BEJIMUMHBI MOBEPXHOCTHOTO CTOKA PEK B
3aBUCUMOCTH OT AQHTPOTIOICHHBIX, KJIMMATUYECKUX (DAKTOPOB, JaHAMAPTHBIX
ocoOeHHOCTel OacceliHa. JlecHCTOCTh BakHA AJIE OLEHKH IepexBara OCaaKOB W
OLICHKH BEJIMYMHBI HCITAPEHUS BJIATH PACTUTEIbHOCTBIO.

JUT TOCTHKEHUS UENH HEOOXOAMMO PELIUTh CIICAYIOIINE 3a1a9l. ONPEICIATh
rpaHulbl OacceiiHa I KaXA0H PEKH; MOCTPOUTh CUHTETHYECKYHO CETh BOJOTOKOB B
npenaenax 0acceifHa; onpeneanuTb napaMeTpsl pesbeda; ONPEACTUTh XapaKTEPUCTHKY
JIECHOTO TOKPOBA Ui TPEX JIET, co3aaTh mpoekT QGIS, Bxmroyaroias B ¢e0s CIoi
OTpEACTIEHHBIX 0AaCCEHHOB, 4 TAKKE BCE BBIYMCICHHBIC TAPAMETPBIL.

B pesynabrare OakanaBpckod paOOTHI JOCTUTHYTA II€b PAOOTHI, a TaKKE
BBITIOJTHEHBI BCE 3a7a4M JJIs1 JOCTHKEHHUSI TOCTABJICHHOM LIETH.

[ToCTpOEHBI CUHTETHYECKUE CETH BOJOTOKOB B Mpeaesiax 0acCeitHOB,

Onpenenenbl XapakTEePUCTUKU JIECHOTO TOKPOBA Ml TPEX Pa3IUYHBIX KapT.
[Ipy BBIYMCIICHMM XAPaKTCPUCTHK OOHAPY>KCHA IWHAMMKA W3MEHCHUS IUJIOLIAAN
JIECHOTO TOKPOBA.

Cozpman mpoext QGIS, Brkmtovarommii B ceOs cnoii GacceiHOB, TU(POBYIO
MOJIETb penbeda B nmpeaenax 0acCeHOB, a TAKKE BCE BBIYACICHHBIC TAPAMETPBI.
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BBEJAEHUE

B dopMupoBaHUM BOJHBIX PECYPCOB M COXPAHCHUM KA4eCTBA BOJBI B OacceiiHe
CeepHoro JlenoBuToro okeana oco0asi posib MPUHAMNIEKAT OOPEAIBHBIM JIECaM.
Bompoc 0 ruaponoruueckoil ponm jeca 10 HACTOSALIETO BPEMEHH OCTAacTCs
JUCKYCCUOHHBIM. HEOMHO3HAYHOCTh PE3YJbTATOB, TOJYYCHHBIX Ha OOBEKTaX,
HaXOJAIIUXCS B PA3NIMYHBIX  (PU3UKO-TEOrpaPUUYECKUX YCIOBUSX, MOCTYKUJIH
OCHOBOM AJI CO3aHUsl Pa3IMYAOMIMXCS MEXKAY COOOW (M JaKe MPOTHBOPECYMBBIX)
KOHLETIUNA TUAPOJIOTMYECKOM POJIM JIECOB B YACTU WX BIIMSHUS HA 00BEM TOJI0BOTO
cToka. B Hacrosimiee Bpemsi 3Ta Hay4yHas npodiemMa NMpuoOpETACT aKTYaIbHOCTh B
CBSI3M C YBEIMUYCHUEM OBPEIKICHUIN JIECHOTO MOKPOBA MO BO3JCHCTBAEM MPUPOTHBIX
Y QHTPOMOTCHHBIX (PAKTOPOB, YTO OKA3bIBAET BIIMSIHUE HA MPOLECCHl (POPMUPOBAHUS
BOJHBIX PECYPCOB M W3MCHCHHE YCTAHOBHMBIIMXCS THAPOJIOTMYECKHX IIMKIOB B
peUHBIX OacceiHax.

[IpeanonaraeTcsi MPOBEACHUE WCCICIOBAHWIA B JMANA30HE TeorpaduyecKkux
30H: JIECOCTEMb-0KHAS Tallra-CeBEpPHAs TAUTa-IECOTYHAPA, UCKIIFOYAst TOPHYIO 4acTh
Bo0cOOpHOrO OacceitHa pekn Ennceid. [IpotsskeHHOCT « EHMCEHCKOTO MepuaaHay
¢ rora Ha ceBep (0T ropoja KpacHosipcka 1o ropoaa [lynaunka) coctaisiet oonee 2000
KM.

Llenpro TUAPONIOrMYECKOr0 MOJECIMPOBAHUS SIBJISICTCS BBISBICHAE MIMPOTHO-
30HAJIBHBIX M PErHOHAIBHBIX OCOOCHHOCTEH BIMSHHMS OOpEalbHBIX JIECOB Ha
TUAPOJIOTMYECKUI 1UKIT peuHbix BojocOopoB Cpenneit Cubupu. B pabote
paccMaTpUBAIOTCS TAKUE PEKU, Kak AJuiel, bosbimas peuka, bonsmoii Kac, ['paBuiika,
Epaunmo, Wns, [lecuanas, Ceim, TemOenun, Tykynanna, Typyxan, Yapeim, Kemb,
Kan, Taitmypa, Kayva.

BriOop pek o00ycioBiaeH uX reorpauyeckuM MOJOKEHUEM, a WMEHHO
MPUHAJIEKHOCTh K PA3JIMYHBIM KIIMMATUYECKUM 30HAM.

[M'maponornveckuii UK ONPEAEISIETCS KIMMAaTHYCCKUMU U SHEPTrEeTUUYCCKUMU

INCPCMCHHBIMHY, TAaKMMH KaK CYTOYHOC KOJHMYCCTBO OCAAKOB, MHHHMAJIbHAd M



MakCHMaJbHas TEMIEparypa BO3[yxa, COJIHEYHAs paauanusi, CKOpPOCTb BETPA,
OTHOCHUTEJIbHAS BJIAKHOCTH Bo3ayxa [1].

OcoOenHocTn penbeda, TaKMe Kak BBICOTA HAJ YPOBHEM MOpPS, KPyTH3HA
CKJIOHOB, UX 3KCIMO3ULUS U KPUBU3HA, PACUIICHEHHOCTh pelibe(a TakKe ONMpeacstoT
0COOEHHOCTH THIPOJIOTHYECKOT0 IUKJIIA, TOCKOJbKY ONPEAEIISIFOT YCIOBHS COTHEYHOMN
OCBEIEHHOCTH, CKOPOCTH M HANPABIICHUSI BETPOB, MUKPOKIMMAT OTIAEJIBHBIX YacTEH
Oacceiina.

H3yueHne cToka peK sSBISCTCS BOXHOW 33Ja4ei M3y4YCHUS THAPOJOTHYECKOTO
LUKJI4, BAKHOM KAK C TOYKH 3PEHUS HAYKU (MPOTHO3bI PAa3BUTHUsI COCTOSIHHSI BOJHOM
Cpelpl), TaK W TPAKTHKKM — I PAUUOHAIBHOTO BEACHHS CEIIbCKOrO, JIECHOTO
XO34MCTBA, PA3BUTHS PEKPEALNil, OXPaHbI IPUPOIHON CPEIBL.

Ilens aumuiomHol padoTel — co3ganue mnpoekra B Quantum GIS and
THIPOJIOTHYECKOr0  MOJCIIMPOBAHAS W aHAIM3a 3aBUCHUMOCTEH  BEJIMYMHBI
NOBEPXHOCTHOIO CTOKA PEK B 3aBUCUMOCTH OT

— @HTPONOTEHHBIX (PAKTOPOB (M3MEHEHHE JIECUCTOCTH B TPOLEHTAX OT MJIOIIAAM
Oacceiina u3-3a BeIpyOOK, OKAPOB U APYTUX MPUYKH),

— KIIMMATHYeCKUX (PAKTOPOB (CPEAHEMECSUYHBIE TEMIEpaTypsl (Ipaaychbl) |
KOJIMYECTBO OCAJKOB (MM ); CPEIHETOA0BbIE TEMITEPATYPBl M CyMMa OCaIKOB),

— nanamadTHEIX ocoOeHHOCTel OacceliHa (BbICOTa HAl y.M. (M), KPYTHU3HA
CKJIOHOB (I'PayChl), SKCIO3UIINS CKIOHOB (TPayChl), KpUBU3HA CKJIOHOB (OTH. €]1.),
PACUIEHEHHOCTD penbeda rOPU3OHTAILHAS M BEPTHKAIbHAsA (M™1)).

JlecucTOCTh Ba)KHA AJIE OLICHKHM MEpexBara OCaakoOB (OCOOECHHO TBEPHABIX —
CHEra) M OLICHKM BEJIMYMHBI HCITAPEHUS BJIArM PACTUTEIBHOCTBIO (BJara UCMapseTCs
€I U C MOYBHI).

JUT TOCTKEHHS LIETN HEOOXOAMMO PELIMTH CIEAYIOLINE 3a1a4H:

— 1o nu@poBoit Moaeu penbeda ONpeaeUTh TPaHUIbl OacceiiHa I KaK a0
PEKH;

— MOCTPOUTh CHHTETUYECKYIO CETh BOJAOTOKOB B MpeAeiax 0acceina,

— ONPEIENIATh MapamMeTpsl penbeda ¢ KCMOIB30BAHUEM MPOCTPAHCTBEHHOTO

aHamn3a;



— OTNPEACINTh XapaKTEPUCTHKY JIECHOTO MOKPOBA TSl TPEX JIET;
— cozaarhk npoekT QGIS, Bxiroyaronias B ce0s 1ol onpeneneHHbIX OaCCEHHOB,

a TaKoKC BCC BBIYHUCIICHHLIC ITAPaAMCTPHIL.



1 O030p aurepaTypsbl

1.1 3aga4um ruapo/IOrud U AKTYAJIBHOCTH Pa00THI B 00/1aCTH T'HAPOJIOTHH

CnocoOHOCTH Jieca HAKAMIUBATh TBEPABIC OCATKHA U 00JIee MPOAOIKATENBHOE
BpEMS 3aJE€PYKUBATh MX BO BPEMsI CHETOTASIHUAS CHUYKAET MOBEPXHOCTHBIN CTOK TaJbIX
BOJA W CHOCOOCTBYET WX TMEPEBOAY BO BHYTPHUIIOYBEHHBIA CTOK, OKAa3bIBas
CYLIECTBEHHOE BIUSHUE HA BOAHOCTH OCTOSIHHBIX BOJOTOKOB.

Uccnenoranusmu MmHorux gecopoaoB (Hukomaenko, 1970; Monyanos, 1973;
[ToGenuuckuii, 1973 u Ap.) yCTAHOBIEHO, YTO OT pa3MELICHUs JIECOB B OacceiiHe
BO MHOIOM 3aBHCHUT BOJIOHOCHOCTb PEKH. YCIEIIHOCTh PEIICHUS 3THUX 3a1a4 B
3HAYUTETBHONH MEpPE 3aBUCUT OT PAllMOHAIBHOIO Pa3MEIICHUS JECOB B IPAHUIAX
KakK70r0 BOAOCOOPHOro 0acceiiHa peK, a B €ro mpeaesiaax Ha OTACIbHBIX MEJKUX
3leMEHTaxX BoAocOOpa, Ha KOTOPBIX (POPMUPYIOTCS KJIFOUU, PYyYbHM M BPEMEHHBIE
BOJOTOKH.

['maponorus — Hayka, M3yvaromas MpUPOIHbIE BOABI U TPOUCXOAAIIME B HUX
ABJICHUSI W mpouecchl. Hauano ¢popmMupoBaHUs TMAPOJIOTMM OTHOCUTCA K 17 B.,
OJIHAKO, KaK Hayka OHa OKOHYaTeabHO oopmmiiace juuib B Had. 20 B. Ileproe
Hay4yHoe omnpeaeneHue ruaposiorun aan B. I'. 'mymkxo (1915). I'maponorus
OPUHAUIEKUT K YUCIYy HAyK O 3emiie (4acTO PacCMaTpUBAETCSd KaK YacTh
¢usnveckoii reorpadgum). llpeamMeroM H3ydYeHHS THUIPOJOTHM B IHUPOKOM €&
NOHUMAHWM SIBJISIFOTCS BCE BUJBI BOJA TMAPOCHEPBI: OKEaHBI, MOPS, PEKH, 03€pa,
BOJOXPAaHWININA, OO0J0Ta, MOYBEHHBIE M TOA3CMHBIC BOABI, a TaKXE BOJbI
aTMoc(hepbl, COCPEIOTOUYEHHBIE B Mapax.

B cBsa3u co cnenupuuecKkuMu OCOOEHHOCTAMM OOBEKTOB W METOJ0B MX
U3YUYEHHS THUAPOJIOTUS PA3ACISIETCSs HA TPH CAMOCTOSTENbHBIE JUCIUIUINHBIL
OKEAHOJIOTHIO (THIPOJIOTUIO MOPS ), THAPOJIOTHIO CYIIN (U3y4aeT BOJHBIE OOBEKTHI
CYIIIH); TUAPOTEOJIOTUIO (THAPOJIOTUIO TOA3EMHBIX BOJ).

['maponoruto cymu 0OBIYHO PA3AECHSAIOT HA THAPOJIOTHUIO PEK, TUMHOIOTHIO

(THAPOJIOTUIO 03€P), THAPOJIOTHIO OOJIOT U MISLHOIOTHIO (THIAPOJIOTHIO JIEAHUKOB).
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B 3aBHCMMOCTH OT HAINpPaBJIECHHOCTH THUIPOJIOTHYECKUX HMCCIECIOBAHUA WHOTAA
BBIACISIOT O0JIe€ YaCTHbIE PA3JEibl, TAKUE, KaK THAPOJOTHS MOYB, THAPOIOTHS
jeca, ¢.-X. TUAPOJIOTHS U Ap. B pe3ynbrare TECHOro B3aUMOACHCTBY I TUAPOJIOTUN
¢ reo(u3uMKO W TEeOXMMHEH TMOSABUIUCH HOBBIE HAYKM — TUAPOPU3MKA U
TUAPOXUMMUSL.

OcHoOBHast 001aCTh UCCIEAOBAHNNA THAPOJIOTAHA — BOJHBINA PEXKUM M BOJHBIN
Oasanc (TUAPOJOTHYECKUNA IUKII), M3YYEHHUE KPYroBOPOTAa BOJABI B MPHUPOJE,
NPOCTPAHCTBEHHO-BPEMEHHBIX KOJIEOAHUW W M3MEHEHWHA €ro S3JIEMEHTOB MOJ
BIMSHUEM TPHUPOAHBIX M AHTPONOTEHHBIX (AKTOPOB. B  mpakTuueckom
NPWIOKEHUHM TUAPOJIOTHSL TECHO CBSI3aHA C BOJHBIM XO3SHCTBOM M MPOOIEMaMu
PALMOHAIBHOTO MCIOJB30BAHKUS U OXPAHBI MOBEPXHOCTHBIX U NMOA3EMHBIX BOJ OT
3arpsi3HCHMS U UCTOLCHHUS, C Pa3pad0TKON METOAOB TMAPOJIOTHYECKUX PACUETOB U
NPOrHO30B. B mocnennne roael BCE OosblIee Pa3BUTHE MONYUYAET SKOJIOTHYECKOE
HAIPABJICHUE B TUAPOJIOTHH [2].

[To pmaHHBIM CTOKa, ONPEACIICHHBIX HAa THUIAPOJIOTMYECKAX IOCTaX,
ompeAcieHa IWHAMUKA W3MEHEHUs CTOKa. Ha CTOK BAMAOT MHOKECTBO
XAPaKTEPUCTHK, TAKMX KAK TEMIEPATYpa, OCAAKH, PEIIbe() MECTHOCTH, JIECUCTOCTb.
B nanHo#i pabote paccMarpuBarOTCS B YaCTHOCTH BIIMSIHUE JIECA HA JTWUHAMHUKY
WU3MEHEHHS CTOKA, & TAK)KE BBICUMTHIBAIOTCS PSJ FreOrpaPpuiyecKrX XapaKTEPUCTUK
penbeda. B crarbe [3] Takke NPUBEACH NPUMEP PACUETA TAKUX TUAPOJIOTHUYECCKHAX
XapaKTEPUCTUK PEYHBIX OacceiHOB, Kak IUIOMAAb BOAOCOOpa, MJIMHA PEKH,
CyMMapHas JJIMHA BOAOTOKOB, YMCJIO NMPUTOKOB, I'YyCTOTA PEYHOU CETH, CPEAHUI
VKJIOH PEKH, CPEAHMH YKIOH OacceiHa CpeaHsiss BbICOTa BOAOCOOpA, IUIOMIAAb
JIECOB IS Ka)KA0T0 THUIA JIECOB, KOOPAMHATHI NPEAEIIOB OacceiHa; MpeaCTaBICHEBI
METOJbl TOCTPOCHHS CHHTETUYECKOW CETH MPUTOKOB PEKH (NMEPEUUCTUTD).
[TpoueHT pacxoKACHUS MEKIY ONPEACICHHBIMUA XaPAKTEPUCTUKAMH C ITOMOIIBIO
['MC TexHONOTHIA ¥ peaibHBIMU ONYOJMKOBAHHBIMU HE mpeBbiman 5,8% [3].

JlaHHBIE XapPAKTEPUCTUKH MPUHATO CUYUTATh OCHOBHBIMH, B AaHHOU padote

6YI[YT HCII0JIB30BATLCA 4aCTh XapPaKTCPUCTHUK.



1.2 O030p 6a3 naHHBIX

baza ngaHHbBIX - HA0Op CBEACHMIA, XPaHSALIMXCA HEKOTOPHIM YHOPSI0YEHHBIM
cnocobom. CucteMa ynpapiieHHs 0a3aMu JAHHBIX - 3TO COBOKYIHOCTb SI3bIKOBBIX U
OPOrPaMMHBIX CPENICTB, KOTOpas OCYIIECTBISET AOCTYN K JAHHBIM, MO3BOJSET MX
CO3/71aBaTh, MCHATh U YAAJISITh, 00eceunBacT 0€30MaCHOCTh JaHHBIX U T.J. B 0o0mem
CVYB/] - 310 cuctema, mO3BOJIAIOIIAS CO3/AaBaTh 0a3bl JAHHBIX U MAHWUNYJIUPOBATH
ceeaeHusaMA nM3 HUX. Jloctynm k maHHeiM CYBJ[ OCYIIECTBISAETCS MOCPENACTBOM
CHEeNMAIBHOTO si3bika — SQL (Kak pacmm@poBbIBAETCs?).

Tepmun 6a3a reomannbix (BI'J[) - pensumonHas 0aza JaHHBIX, COAEpIKallas
reorpapuyeckyro uHpopmanuro. BI'JI B oOmem ciiydae SBISETCS PEMO3UTapUEM
IPOCTPAHCTBEHHBIX AaHHBIX BHYTPH CYB/l 1 CONEP)KUT BCE BEKTOPHBIE M PACTPOBBIC
JNaHHbIE, TAOIMALBI U apyrue 00bekThl [ UC.

BI'JI MOryT IMETh caMble Pa3HBIE PA3MEPBI U JTHOO0E YU CIIO OJIb30BaTeNnei. OHM
MOTYT U3MEHATHCA OT MAJIEHBKUX, OJTHOTIONB30BATENICKUX 0a3 JAHHBIX A0 OOJbLIMX
padourx rpynn v NpOM3BOACTBEHHBIX 0a3 F€0JaHHBIX, UCIIOJIB3YEMBIX OJHOBPEMEHHO
MHOTUMU MOJIb30BATEIISIMHA. ArcSDE MO3BOJISAET peanu3oBarh
MHOTOIOJIB30BATENBCKY0 0a3y reoaaHHblx Jirodoro pasmepa B CVYBJl: Oracle,
Microsoft SQL Server, IBM DB2 u Informix.

Moaene BI'Jl momnepskuBacT OOBEKTHO-PESILMOHHYI0 MOJETb BEKTOPHBIX
JaHHBIX. B 3TOI Momenu CymHOCTH NPEACTaBICHBI KaK OOBEKTHI CO CBOMCTBAMH,
NOBEICHUEM U OTHOLIEHUSIMHU.

[TpoctpancTBenHbie 00BEKTHI (I10), B TOM BHJIE KaK OHH MPEACTABIEHBI B 0a3e
reOJaHHbIX, OONAJar0T MHOTMMH KAueCTBaAMM, TAaKMMH Kak (opma, arpuOyThl,
OTHOILICHUST M TOBEACHHE. OTHU KAayeCTBA COBMECTHO BBIPAKAKOT TOT OOraThlid
KOHTEKCT, B KOTOPOM NPeOBIBAOT reorpapuueckue 0ObEKTHI.

Jliist MHOTHX mpujioskeHuid HekoTopkle [1O sBasitoTcs camoii yaoOHo# popmoid
NPEICTABICHUS TeorpauuecKux AaHHbIX. JTa (¢opma Hauboliee MPUTOAHA JUIs
reorpauueckux OOBEKTOB C UYECTKMMH W YCTOHYMBBIMM TrpaHuuIamu. Jlpyrue

reorpauueckue OOBEKTHI, KOTOPBIE MOXXHO OTHECTH CKOpPEE K HENPEPBIBHO
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pacrpeacneHHbIM SBJICHUSIM, JTy4le MOACIMPOBATh MOCPEACTBOM pacTpoB uiau TIN
[4].

SQLite — xoMnakTHasi BCTpauBacMmasl peisiMoHHas 0a3a JaHHbIX. MICXOOHBIN
KO OMONMMOTEKH Nepenan B 001EeCTBeHHOE qocTosiHuE. B 2005 roay mpoekT noayyu
Harpany Google-O’Reilly Open Source Awards.

CnoBo «BcTpamBaemblit»y (embedded) o3nauaer, uro SQLite HE WCMONB3YET
napajurMy KIHUEHT-CEPBEP, TO €CThb JBWKOK SQLite He SBISETCS OTACIBHO
PadOoTArOIIMM MPOLIECCOM, C KOTOPBIM B3aUMOICHCTBYET MPOrpaMMa, a Mpea0CTaBIIsSIET
OMOIMOTEKY, C KOTOPOH MPOrpaMMa KOMITIOHYETCS, U IBUKOK CTAHOBUTCSI COCTABHOM
YAaCThIO TPOrpammbl. TakuM 00pa3oM, B Ka4€CTBE MPOTOKOIA OOMEHA MCHOJIB3YOTCS
BbI30BbI PyHKImiA (API) Gubnuorexn SQLite. Takoi mOAX0 YMEHBIIAET HAKIAIHBIC
pacxo/ibl, BpeMs OTKJIMKA M yIpowaeT nporpammy. SQLite XpaHuT BCro 0a3y JaHHBIX
(BKIrOYAs onpencneHus, TaOMuObl, WHACKCHI W JAHHBIE) B ECAMHCTBEHHOM
CTaHJApPTHOM (paiijie HA TOM KOMIBKOTEPE, HA KOTOPOM HKCIOJHSAETCS MPOrpaMma.
[TpocToTa peanm3anyiv JOCTUTAETCS 3a CYET TOTO, YTO MEPE] HAYAJIOM HCIIOJHCHUS
TpPaH3aKUMU 3amucH Bech (aiin, xpansmmii 6a3y naHHbIX, Onokupyercs; ACID-
()YHKLIMH TOCTUTAOTCS B TOM YHCIIE 34 CUET co3/1anus (paiina sKypHaa.

Heckonpko mpoueccoB WM MOTOKOB MOTYT OJHOBPEMEHHO 0€3 KakuX-1udo
npoOJieM YATATh JAHHBIE U3 OAHOM 0a3bl. 3anuchk B 0a3y MOYKHO OCYLIECTBUTH TOJIBKO
B TOM CJIy4ae, €CIM HUKAKUX JPYTUX 3alPOCOB B TAHHBIA MOMEHT HE OOCITY)KHBAETCS,
B MPOTHBHOM CJIy4ac MOMbITKA 3alMCA OKAHYMBACTCS HEyAAQued, U B MPOrpammy
BO3BpallAcTCd KOJA OMMUOKW. JI[pyrMM BapHaHTOM pPa3BUTUSL COOBITHI SBISETCS
ABTOMATUYECKOE TMOBTOPECHUE TMOMBITOK 3alMCH B TECYEHHME 33JaHHOTO WHTEpBaja
BPEMEHHM.

B xommuiekTe noctaBku MAET Takke QyHKIMOHATIbHAS KIIMEHTCKAS YACTh B BUAC
ucnonHsemoro (aiina sqlite3, ¢ TOMOIIBIO KOTOPOro AEMOHCTPUPYETCS Peati3anust
(yHKUMIA OCHOBHOI OnOnnoTekn. KitmeHTckas yacte paboTaeT 3 KOMAaHIHOM CTPOKH,

no3BoJisieT oOpawmarscs K (ainy b/ Ha ocHoBe TunoBbIX QpyHKIMiA OC.



brnaronapss apxuTekType sapa BO3MOXKHO HCHoib30Bath SQLite kak Ha
BCTPaMBACMbIX CHCTEMaxX, TaK M Ha BBUICJICHHBIX MalllMHAX C TUradalTHBIMU
MAaCCUBAMH JAHHBIX [5].

SpatialLite ©MeeT CBOKO COOCTBEHHYIO pealn3alliio MHIAEKCOB (R-aepeBbs) u
reOMETPUUECKUX TUTOB, KOTOPBIE MO3BOJISIIOT JIE1aTh TPOCTPAHCTBEHHBIE 3aMPOCHI.

Spatialite, moctynen mis Linux u Windows, B Bujie OMOIMOTEKH. B KOMITIEKTE
UIYT BaKHbIE YyTUIUTHI, BKItoyas GUI gy manunyupoBanus Spatialite [5].

Spatialite — pacumpenne SQLite s OPOCTPAHCTBEHHBIX —JAHHBIX.
[Ipenocrapnsier PyHKIMOHATBLHOCTE Ajisi PAa0OTHI ¢ reodaHHbIMU, Kak PostGIS wmm
Oracle Spatial. Ho B oTyinunie OT MOCIEIHUX HE MCIOJB3YET KIMEHT-CEPBEPHYIO
apXUTEKTYPY, TO ECTh BCE OIMEPALIMU BBIOJHIET caMo mpuiioxkenue. [lpuaepxupasich
apxutektypbl SQLite, 0a3a JaHHBIX MPEACTABASET COOOW OMuH (hail, B KOTOPOM
XPaHATCS BCE JaHHbIC (MCKITIOUEHUEM SIBJISIETCS HE MOHOMOJBHBIN PEXXUM, KOTAA elié
coznaercs (paii sKypHasia), KOTOPbId MOKET ObITh CBOOOTHO CKOMMPOBAH, UJTH Y AAJICH.

Hcxons w3 3ana4 paboThl U 0030pa JIMTEPATyPhl, B CO3AABAEMYIO 0a3y JTaHHbIX
TUPOJIOTMYECKOTO MOJCTUPOBaHUS Oy YT A0OABJIEHBI CAEAYIONIME TAOIMIIBI U CIIOHU:

— mudposas moaens penaseda, GeoTIFF, 3 arcsec, 1 arcsec;

— cyof-Macka rpaHuil BOJOCOOPHBIX OacceiHOB, shape-daiin, onpeneneH
uHctpymeHTaMmu ArcToolbox Spatial Analyst, conepxut HazBaHus peku OacceiiHa,
IOIA/Ib, a Takke uacHtudukarop (ID);

— BbIPE3aHHBIE 110 Macke (aiinsl [[MP

— PacTpOBBIE CJION YKJIOHA U DKCIO3ULIUU

— aTpuOyTUBHBIE TAOUIIBL;

— 30HaJIbHAs cTatucTuka [IMP;

— 30HaJIbHAs TUCTOTpaMMa YKJIOHA,

— 30HAJIbHAs TUCTOrPaMMa SKCIO3UIINH;

- 30HaJIbHAS TUCTOrpaMMa JIECHOTO TIOKPOBA, AJIsl TPEX BPEMEHHBIX
YUYaCTKOB;

— 30HaJIbHad CTaTUCTHKA YKJIOHA M SKCIIO3HUIIHUH.
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2 Ucxoanble JaHHBIE H IPOrpaMMHOe o0ecnedenue

2.1 lIporpammHuoe obecneuenue ArcGIS

HUcnonrzoBano nporpamMmmHoe odecrneuenue ArcGIS 10.0. ArcGIS sBnsercs
KOMIUIEKCOM T€OMH(POPMALMOHHBIX MPOrPAMMHBIX TMPOAYKTOB aMEPUKAHCKOM
komnanuu ESRI.  TlpumensroTcs s 3€MENBHBIX  KAgacTpoB, B 3ajaayax
3eMJICYCTPOMCTBA, y4éra OOBEKTOB HEABM)KHMOCTH, CHCTEM  MH)KEHEPHBIX
KOMMYHHKAIWA, T€OIC3MA W HEIPOIOJIb30BAHUS M JAPYrux obmactsax. B maHHOM
padote ucnonb3oBasics Moayiab ArcGIS Spatial Analyst, KOTOpBI HMEET MUPOKHIA
BbIOOP MHCTPYMEHTOB PaCTPOBOTO MOACTMPOBAHUS M aHAIN3a OOBEKTOB, MO3BOJISET
CO3/1aBaTh, CTPOMTH 3AMPOCHl, KapTorpaupoBaTh M AHATU3WPOBATH PACTPOBBIE
nannbie. JlomonHutenbHbli Moaynb ArcGIS Spatial Analyst Taxke no3BonsieT
BBINIOJIHATh ~ MHTEIPUPOBAHHBI  BEKTOPHO-PACTPOBBIM  aHanu3, B  KOTOPOM
UCHOJB3YKOTCS HMHCTPYMEHTHI «l Maponorusy Juis aHaim3a LOU(pPOBOA MOIEHH
penbeda, a Takke «30HAIbHAS CTATUCTUKAY» ONMPEACTEHUS MIIOMAACH, 3aHUMAEMBbIX

Pa3HBIMH BUIAMU PACTUTEIILHOCTH HA TEPPUTOPUH [7].

2.2 lIporpammuoe o6ecnedyenue Quantum GIS

Quantum GIS (QGIS) sBnsieTcst KOMIIEKCHOM reOMH(POPMALUOHHONW CUCTEMOM
C OTKPBITBIM UCXOJHBIM KOJIOM JiJ1s1 00paOOTKH MPOCTPAHCTBEHHBIX TAHHBIX.

Patora nan QGIS Oblna HauaTta B Mae 2002 rojia, a B MFOHE TOTO YK€ T0J1a CO3/1aH
npoekT Ha momanke SourceForge. llenbto cozmanus QGIS Obuto caenarthb
UCIOJIb30BAHUE TCOMH(POPMAIMOHHBIX CUCTEM JIETKUM W TOHSATHBIM  JIJIst
noJib3oBatens, yero cozaarenu QGIS ortuactu pobwnuck: uaTepdeiic Quantum GIS
HAMHOT'O TOHSATHEE JUIsl HEMCKYIICHHOTO MOJIb30BaTeNsl, 4eM WHTepehc Toi ke
GRASS (na koropom QGIS BO MHOTOM OCHOBaHa), @ B HEKOTOPBIX aCMEKTaX JaXKe

MPEBOCXOUT MKUPOKO pacnpoctpanénnbie ['MC.
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Hurtepdeiic Quantum GIS Obi1 co3maH ¢ MOMOIIbK HHCTpyMeHTapus Qf.
HmeeTcs BO3MOKHOCTh MPOCMATPUBATh U HAKIIAABIBATH APYT HA JAPyra BEKTOPHBIC U
pPacTpoBbIC aHHBIE B Pa3IMUHBIX (hopMarax U MPOEKUUsx Oe3 mpeoOpazoBaHUs BO
BHYTpEeHHUI wian oO0wmmii  Qopmar. llogaepKuBaroTCs CIEAYIOIIUE OCHOBHBIE
(opmarsi:

— mpocTpaHCcTBeHHbIE TaOmuubl PostgreSQL ¢ wmcnonb3oBanmem PostGIS,
BEKTOPHBIE (POpMaTHI, MOJJCPKABACMbIE YCTAaHOBICHHOH OumOmmotekoii OGR,
BKirodas GeoJSON, shape-gaitnet ESRI, Maplnfo, SDTS (Spatial Data Transfer
Standard) u GML (Geography Markup Language) u np.;

— (opmatel pacTpoB M rpaduku, nojacpxuBacMbie Oudmuotexkodr GDAL
(Geospatial Data Abstraction Library), takue, kak GeoTIFF, Erdas IMG, Arclnfo
ASCII Grid, JPEG, PNG u np.

— (opmarel World-daiina BMecTe ¢ MOAACPKUBAEMBIMA TUIIAMH PACTPOBBIX
U300 pKECHUN

— 0a3bl gaHHbIX Spatialite (cm. Paznen 3.3)

— PacTPOBBIM U BEKTOPHBIH (hopMarthl (001aCTh/HAOOP JAHHBIX) [8].

2.3 Hudposbie mogeu peabeda

[ndpossie Monenn penbeda HeOOXOAMMBI JUTS BBIACIICHUST OACCEHHOB PEK.

Cnoit penbeda cozmaércs u3 Qaitnos 1udporoil moaenu penbeda (LIMP)
¢dopmara SRTM (Shuttle Radar Topography Mission) 3 arcsec. C 11 mo 22 ¢eppans
2000 roma Ha Gopty KocMudeckoro denHoka «Endeavoury Obuia mepegaHa MHCCHS
tonorpaduu pakeroHocutens marmia (SRTM). HaumonaneHOE ynpaeiaeHwe 1O
QOPOHABTHKE M  HMCCIEAOBaHWIO Kocmuueckoro mnpoctpanctBa (HACA) wn
HanmoHnanbHO€ areHTCTBO reonpoCcTpaHCTBEHHOM pa3Beaku (NGA ) NpUHSIIN yYacTHE
B MEXKIYHApPOJAHOM MPOEKTE MO NPUOOPETEHUIO PAIMOJIOKAMOHHBIX JAHHBIX,
KOTOpBIC OBUIM MCHOJB30BaHbl U CO3AAHMS NMEPBOrO MOYTH rN00aIBHOTO Hadopa

Ha3€MHBIX BBICOT.
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Panmapel, ucnonsdyembie BO Bpemst muccun SRTM, Obutn  (pakTruecku
pa3padoTaHbl ¥ BHIMOIHUIACH B ABYX Muccusix Endeavour B 1994 rony. B anpene na
O0pPTY KOCMHYECKOTO YETHOKA UCTIOJB30BATIMCH PAJaphl A1l KOCMUYECKOH CheMKH C-
JMara3oHa U PEHTTEHOBCKOE PAJaPHOE PEHTIEHOBCKOE M3NyUeHUE X-auanazona (X-
SAR) Oktsa6pe 1994 roma nns cOopa JMaHHBIX O OKpyKaroulei cpeae 3emiu.
TexHonorus Obl1a u3mMeHeHa s muccu SRTM ajig coopa HHTEpPEpOMETPUUECKOTO
panapa (pagap, OCHOBAHHBIN Ha SBIECHUM MHTEP(PEPEHIIMN ), KOTOPBII CpaBHUBAI JBA
PAIMOJIOKAMOHHBIX W300paXEHHsI WM CUTHAJIbI, MPUHAMACMBIE TMOJA Pa3HbIMU
yrinamu. B 3T0il MuccMM ucCnosb30Banach OJHOMPOXOAHAs HMHTEPHEpOMETpHS,
KOTOpasi OJAHOBPEMEHHO MpuoOpeTala [BAa CHTHAIA, WCIONb3YysS JBE Pa3HbIC
PAIMOJIOKAMOHHBIE AHTEHHBI. AHTEHHA, PacHoOJIO’KEHHAss HA OOPTY KOCMHYECKOIO
YeJIHOKa, coOpajia oJuH HAOOp JaHHBIX, a JAPyroi HaOOp JaHHBIX ObLT coOpaH
AHTCHHOM, PACIIOI0KEHHON B KOHIIE 60-METPOBOM MAUThI, KOTOpasi MPOCTUPaAIach OT
YyenHoKa. Pa3nuuust Meay JByMsl CHTHAJIAMH MO3BOJIAIM PACCUMTATh BBICOTY
MTOBEPXHOCTH.

Bo Bpems muccun SRTM ycnemno co6panbl paauoIoKalMOHHBIE TaHHBIE HA
80% mnoBepxHocTH 3emau Mexay 60° ceBEpHOM MMPOTHI U 56° KOXKHON IUPOTHI €
TOYKAMH JIAHHBIX, Pa3MEINAEMbIMU KaKable 1 apk-cekyHay (mpuOmmsurensHo 30
MeTpoB) [9]. Kaknpeiit ¢aiin umeer gpopmar TIFF.

[udposas Moaens penbeda ckayvBaigach Uil TEPPUTOPUU AJITACKOTO H
Kpacnosipckoro «kpas. JlanHeie ckauuBatoress ¢ cadra USGS [10]. [laHHbIC
pacnpocTpaHsitoTcs B reorpadguyeckoit cucreme koopauHatr WGS84 (BcemupHas
reoJIE3NYECKasi CUCTEMA).

HsnavanbHO mpeanonaranock uenons3osars [IMP SRTM 1 arcsec. Ho ¢ eé
NPUMEHEHUEM HE YABalIOCh MOCTPOUTH CIIOW HAMPaBIEHUS CTOKA, B Pe3yibTare Obuia
ucnoabp3oBaHa Oomnee rpydas moaenb naHHeix SRTM 3 arcsec, 06paboTKy KOTOpOi
ArcGIS BBITIOJIHSIT TOJIHOCTBIO.

Omnako IIMP SRTM OTCYTCTBYET [UIsi CEBEPHBIX PETMOHOB, I HUX
ucnone3oBanack moaenb ASTER Global Digital Elevation (GDEM), kortopas

OXBATBIBACT CEBEPHBIC MIUPOTEHL.
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ASTER GDEM (ASTGTM) 0XBaTbIBacT 3€MHYI MOBEPXHOCTH MEXIy 83°
CEBEPHOM MMUPOTHI U 83° FOKHOW MMUPOTHI U COCTOUT U3 22,702 «rmmutok». [IMP
ASTER GDEM pacnpoctpansiercss B (opmare GeoTIFF ¢ reorpagpuueckumu
KOOpAMHATaMHU: IMpoTa, Aonrora. [IpoctpaHcTBeHHOE paspemeHue — 1 yrioBas
cexyHaa (mpudau3uTesibHO 30 M HA SKBATOPE) BO BCceMUpPHOIi reoe3nyeckoii cucreme
(WGS84) [11].

MUHUCTEPCTBO S3KOHOMUKH, TOProBiv U npoMeitieHHOCTH (METT) Sinonnn n
HaumonaneHOE ympaBIeHHE 10 A3POHABTUKE W MCCIECIOBAHUIO KOCMHYECKOTO
npoctpanctBa CIIIA (HACA) coBMECTHO OOBSIBUIM O BBIMYCKE HOBOM BEPCHH
r100anbHON HU(POBOM MOJEIN BEICOTOOE30MACHOCTH M OTPAYKATEIIBHOTO PAAMOMETPA
(ASTER) Bepcun 2 (GDEM) V2) 17 okrs16ps 2011 roaa.

[lepBas Bepcus ASTER GDEM, BeinymieHnas B utone 2009 roma, Obuia
CT€HEPUPOBAHA C UCIIOJB30BAHNEM H300PAKEHMI CTEpeonapbl, COOpaHHBIX MPUOOPOM
ASTER Ha 6opty Terra. [Tokpeitue ASTER GDEM oxBateiBacT 0T 83 rpaaycos
CEBEPHOM MMPOTHI 10 83 TPaAyCOB K KTy, OXBATBIBAs 99 MPOIIEHTOB 36MHOM CYIIIH.

Ynyumennsiik GDEM V2 noGaensier 260 000 AOMOSHUTENBHBIX CTEpeonap,
ylydlmiass TOKPBITHE M YMEHbIIAs  TOSBJICHUE  apTeakToB.  ANTOPHTM
YCOBEPILIEHCTBOBAHHOTO ITPOU3BOACTBA obecneuynBacT VIJIyYIIEHHOE
MPOCTPAHCTBEHHOE PA3PELICHKE, MOBBILICHHYI0 TOPU3OHTAIIBHYIO U BEPTUKAIBHYIO
TOYHOCTh M MPEBOCXOJHOE MOKPBITHE, W OOHapyxeHue BoasHOro Tema. ASTER
GDEM V2 noanepxkupaet popmar GeoTIFF u Ty e CTPYKTYPy CETKH U IIUTKH, YTO
u V1, ¢ 30-mMeTpoBeiMU poBOAKaMU U 1 X 1 rpamyCHOM IUTUTKHY.

Bepcust 2 1noOKa3blBaCT 3HAYMTEINBHBIE YIYUYIIEHUS [0 CPABHEHUIO C
npeapiaymeid Bepcucii. Tem He MeHee, MONb30BaTeNsIM COOOINAETCS, YTO JAHHBIC
COJIEPKAT aHOMAJIMK U apTe(akThl, KOTOPbIE OYAYT MPENITCTBOBATh 3(P(PEKTUBHOCTH
JUTSI UICTTOJIB30BAHUS B ONTPEACIICHHBIX TPUIIOKEHUSAX. J[aHHBIE IPETOCTABISAIOTCS «KaK
ectby», M HU HACA, nu METI / Japan Space Systems (J-spacesystems) He OyayT HECTH
OTBETCTBEHHOCTh 3a JItOObIC YOBITKM, BO3HUKIIME B PE3YJBTATE HWCHOJb30BAHUS

JTAHHBIX.
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B kauectBe Bkimaga METI u NASA B [700anbHyr0 CHCTEMY CHCTEM
HaomoaeHus 3emin (GEOSS) mannbie ASTER GDEM V2 noctynHel OecriiaTHO Ajist
NOJIb30BATENCH O BCeMy MUPY M3 LleHTpa pacnpeneneHHbIX aKTUBHBIX apPXWBHBIX
ueHTpoB (LP DAAC) n J-npoCTpaHCTBEHHBIX CUCTEM.

Ecmu peka Haxomutcs B HECKONBKUMX cueHax LIMP, mnpensapurtensHO
HEOOX0MMO cOOpaTh MO3aMKy U3 HA0Opa TaHHBIX PACTPOB:

- co3aaTh HaOOp pacTPOBBIX JAHHBIX, Ui 4ero Ha maHemm ArcToolbox
BbIOMpaem: «YmpaeneHue AaHHbIMUY / «Pactp» / «Habop pacTpoBbIX HaHHBIX» /
«Co31are Ha0OP PaCTPOBBIX JAHHBIXY;

- IpUMEHUTH «MOo3auKy» At 10OaBIEHMSI JAHHBIX B PAHHEE CO3AAHHBIN «HA0Op
pPacTpPOBBIX JaHHBIX», Ui 4ero Ha naHenm ArcToolbox B pasaene «YmpaBieHue
naHHbIMUY / «Pactpy / «Habop pacTpoBbIX naHHBIX» / « Mo3ankay.

Hanee npu padoTe UCnoab30BaTh 00beaUHECHHAs [ [MP.

2.4 TIpoayxr MODIS MCD12Q1

JUts onpeneneHus JIECUCTOCTH OacCEHHOB MCMOJB30BAIMCh HECKOJBKO KapT
PACTUTENBHOTO TOKPOBA.

[Tpoxykr MODIS Land Cover Type (MCD12Q1) cOmep>KUT HECKOJIBKO CXEM
KJacCU(UKalMK, KOTOPBIC OMUCHIBAKOT THUMBI TMOACTUNAKOLICH MOBEPXHOCTH,
NOJTyYEHHBIE U3 TOAOBBIX HaOMoAeHui npudopos miargopm Terra u Aqua MODIS.
Cxema  knaccupukaumu — MOACTHJIAKOMICH ~ MOBEPXHOCTH,  ONPEACIICHHBIX
MesxxnynapoaHoi nporpammoii o reocdepe u oduochepe (MII'E), onpenensier 17
KJIACCOB 3€MENIbHOTO MOKPOBA, KOTOPAst BKIOUYAET B ce0sl 11 €CTECTBEHHBIX KITACCOB
PACTUTENBHOCTH, 3 AaHTPOMOTEHHBIX U MO3AMYHBIX 3€MEJIbHBIX KJIACCOB U TPH Kilacca
HE OTHOCALMXCA K pacTuTenbHOoCcTH. Kpome TOoro, OHa NOKa3bIBacT CTENCHb
JOCTOBEPHOCTH JAHHOTO THIIA PACTUTEIBHOIO MOKPOBA HA JAHHON TEPPUTOPHH, a
TaK>Ke MHPOPMALMIO KOHTPOJIA KauecTsa [12].

MODIS MCD12Q1 pacnpocTpaHseTcsl B CHHYCOMAATbHON KapTorpaduueckoi

npoekuuu ¢ pazpemenreM 500 m. [TpoaykT BKJIHOYAET B ¢€0s MATh PAa3IMYHBIX CXEM
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KJacCU(pUKauy  MOACTHJIAKONICH TMOBEPXHOCTH, TOMYYEHHBIX C  MOMOIIBIO
KOHTPOJIMPYEMBIX METOI0B KIACCH(PUKALIN

— pacTuTenbHBIA TOKpPOB Tun 1. mmobampHas cxeMma Kiaccu(pukanmu
pactutensaocTr IGBP;

— pacTUTENbHBINA NOKPOB THI 2: YHUBepcuteT wrata Mapunena (UMD) cxema,

— pactutenbHblid mokpos tun 3: MODIS-npoussoanas LAI/fPAR cxema,

— pacTuTenbHbli mokpoB Tun 4: Yucras nepeuunas npoaykuus (NPP);

— pacTUTeNbHbIA MOKpoB TUM 5: Pactenus no pynkumonameHomy tumy (PFT).
B tabnuue 1 npuBoauTCs COCTaB OJHOTO MAaKeTa JAHHBIX, & B TAOIULE 2 MPUBOAUTCS

Kjlaccu(pukanus KiaccoB, coaepxanmxcs B makere MODIS.

Tabmuna 1 — V051 MODIS Land Cover Type HDF, ciou makeTa 1aHHbIX

HaGop 1anabix Eanannen Tun nanueix IIpenen Jomyctimbri
3HaYeHHI JHaNa3oH
Land Cover Type 1 IGBP)* Class # 8-OuTHBIN O0C33HAKOBHIH 255 0—254
Land Cover Type 2 (UMD)* Class # 8-OuTHBIN O0C33HAKOBHIH 255 0—254
Land Cover Type 3 (LAI/fPAR)* | Class # 8-OuTHBIN O0C33HAKOBBIH 255 0—254
Land Cover Type 4 NPP/BGC)* | Class # 8-OuTHBIN O0C33HAKOBBIH 255 0—254
Land Cover Type 5 (PFT)** Class # 8-OuTHBIN O0C33HAKOBBIH 255 0—254
Land Cover Type 1 Assessment % Integer 8-OuTHBIN O0C33HAKOBHIH 255 0—254
Land Cover Type 2 Assessment Not populated 8-OuTHBIN O0C33HAKOBHIH 255 0—254
Land Cover Type 3 Assessment Not populated 8-OuTHBIN O0C33HAKOBHIH 255 0—254
Land Cover Type 4 Assessment Not populated 8-OuTHBIN O0C33HAKOBHIH 255 0—254
Land Cover Type 5 Assessment Not populated 8-OuTHBIN O0C33HAKOBHIH 255 0—254
Land Cover QC Concatenated Flags | 8-OutHb1i 6¢33HAKOBBIH 255 0—254
Land Cover Type 1 Secondary Class # 8-OuTHBIN O0C33HAKOBHIH 255 0—254
Land Cover Type 1 Secondary % | Not populated 8-OuTHBIN O0C33HAKOBHIH 255 0—254
Land Cover Property 1 Not populated 8-OuTHBIN O0C33HAKOBHIH 255 0—254
Land Cover Property 2 Not populated 8-OuTHBIN O0C33HAKOBBIH 255 0—254
Land Cover Property 3 Not populated 8-OuTHBIN O0C33HAKOBBIH 255 0—254

Tabnuna 2 — PacTUTENbHBII MOKPOB, OMUCAHUE, TUITHI

Knacc  [IGBP (Tum 1) UMD (tun 2) LAIAPAR (Tun 3) NPP (Tum 4) PKT (Tun 5)
1 2 3 4 5 6

0 Boma Boma Bona Bona Bona

1 BeunoseneHsle XBoliHble |BeunoseneHbie Tpassr / 3eproBblic|BeuHozeneHble XBoiiHbIe|BeuHo3eneHble XBOWHBIC
Jeca XBOUHEIE Jleca KYJBTYPBI pacTeHHs JIepeBbs

2 BeunosenéHsie BeunosenéHsie Kycter Beunozenénsle Beunosenensle
MITPOKOIUCTBEHHbIC MITPOKOIIMCTBCHHBIS MIAPOKOJIMCTBEHHBIE MIAPOKOJIMCTBEHHBIE
Jeca Jeca pacTeHHs JIepeBbs

3 JluctBeHnble  xBoifHble|JlHcTBeHHBIe XBONHBIC|IIIUPOKOIMCTBEHHBIX JluctBeHHBble  XBoOMHbIe|J[HCTBeHHBIe — XBOIfHBIC
Teca Teca KYJBTYPBI pacTeHHs JIepeBbs

16



ITponomkenue Tadauibl 2

1 2 3 4 5 6
4 JlucrBeHHBIC JIucTBeHHBIC CaBaHHa JlucrBeHHBIS JlucTBeHHBIC
HIMPOKOIUCTBEHHBIX HIAPOKOIUCTBEHHBIX [TupokonucTBeHHbIS HIMPOKOJIMCTBEHHBIS
neca neca pacTeHus JIepeBbst
5 CMelaHHBIH Jiec CmMeraHHBIN Jec Beunosenensle OnnonerHue Kycrapuauk
HIMPOKOJMCTBEHHBIC JIeca  |[ITMPOKONTHCTBEHHBIS
pacTeHus
6 CoMKHYTBIe KycTapHUKH [COMKHYThIE JIncreennsle OnHoneTHS TpaBa Tpasa
KYCTAPHUKH HIHPOKOJMCTBEHHBIC JIeca
7 PazpsprkeHHbBIC PazpspxenHbIe Beunoszenenele  xBoiiHble [ IycThie 3emun 3epHOBBIC KYJIBTYPBI
KyCTapHHKU KyCTAPHUKH neca
8 JlpeBecHble caBaHHbBI JlpeBechblie capanHbl  |JIucTBeHHbIC xBoliHble| HaceneHHbIe TyHKTHI ITHpOKOIUCTBEHHBIX
neca KYJIBTYPBI
9 CaBaHHBI CaBaHHBI bes pacTuTeNbHBIC 3€MIN I"oponckue u
3aCTPOCHHbIC
TEPPUTOPHHU
10 TTacT6uma TTacT6uma HaceneHHbIe MYHKTHI CHer u jex
11 Tlocrosmubie BOJHO- becnunofnas wiam peaxoi
GOJIOTHBIS YT OIS PacTUTEILHOCTBIO
12 IlaxoTHBIE 3eMJIH IlaxoTHBIE 3eMJIH beckiaccopas
13 l'oponckue u|loponckue u [IpenensHOe 3HaUCHUE
3aCTPOCHHBIS 3aCTPOCHHbIC
14 INaxorHbie /
EcrecTBennas
PacTUTEIBLHOCTD
MO3AHKA
15 Cuer 4 jaen
16 becrninoanas nim pezxoit |becrnoanas WiIn
PacTUTEIHLHOCTHIO penkoit
PaCTUTEILHOCTBIO
254 JHpyrue Tunsl | {pyrue Tunsl | [pyrue Tunsl|pyrue THIIBI
MIOBEPXHOCTH MIOBEPXHOCTH IOBEPXHOCTH MIOBEPXHOCTH
255 IIpenenpHoe 3HaueHune  |[IpenensHoe 3HaueHue |[IpenenpHoe 3HaUCHNE [IpenenpHOe 3HAUCHUE

B nanHoit pabore wucmonb3yercs TepBas  KiacCU(PMKALMsS ~ JAHHBIX

MesxnyHnapoanoi reocepro-ouochepnoii mporpammsl (IGBP).
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3 IlocTpoenue 0acceiiHOB U ONpeeIeHHe XapAKTePUCTHK pesibeda B HUX

Jlns onpenenenus 6acceiiHa peku UCMOb30BAJICs arOPUTM, PEACTABICHHbIH

HIKE (PUCYHOK 1).

3arpy31<a HUCXOJHBIX JaHHBIX

| I
| I
I | Hudposas Mozemn i
! pexibeda (SRTM MCDI12Q1 CRU (Kamumar) I
I ASTGDEM) :
L SToo oo Tt __ I _____ _J
4 y Y
Cosnanue Cosnanne
MO3AHMKH JIAHHBIX MO3AUKH JIAHHBIX Pacnakoeka
: I
Onpenenenvie
yeizizint GaCCCI/IHVOB Onpenenenvie VepeareHue o roay
(BozocOOpHO# CETH BOJIOTOKOB
06acTh)
¢ Y A 4
Boruicnenue Ornpenenenye Bbl4ucneHne
XAPAKTEPHCTHE JIECUCTOCTH AMHAMUKMN KnumaTa
penseda
v ,

Mpoekr QGIS -y

Pucynok 1 — Cxema paboTsl

Jlns onpenenenus OacceliHa PEKM UCTIONB3YeTCsl MHCTPYMEHT ArcToolbox
«BomocOopHast 00nacTe», TaHHBIA WHCTPYMEHT MPUHATO OBLIO PEIIEHUE BBIOPATH,
BBHJly TOrO, 4YTO HHCTpyMeHT «bacceiin» onpenenser OacceilH AN KaXa0ro

MaJICHINErO BOJOTOKA, a HE JUIsl BCE BOJOCOOPHOM 00/1aCTH HEOOXOAUMOI PEKH.

3.1 OnpenesieHue OacceiiHa peKu ¢ HCNOJb30BaHHEM cpeactB ArcGIS

Spatial Analyst

Hwke mpencraBneHa cxema ompeseicHus OacceiiHa pPEKW, BCE OMEpaIiu

BBITIOJTHSFOTCS TTOCJIEI0BATENBHO (PUCYHOK 2).
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3arpy3ka ganusix [IMP

Cosnanne HaGopa pacTpPOBLIX

Mo3zanka [—
JAHHBIX
3anonHeHune
Ornpenenenue cios Onpeznenenue cios
«HanpaBnenue croka» «CyMMapHBI# CTOK»

A

Co3anue TOUEUHOTO CIIOS TOUEK
YCTBEB PEKH

/ / y

Ompe/ie/ileHne TpannIl Cozganne cjI0s CeTH
dacceiina (BogocoopHoii - CHHTEeTHYECKHX
o0J1acTH) BOJOTOKOB

PucyHok 2 — Onpenenenue 0acceitHa peku U CETH BOAOTOKOB

JUTs onpeneeHns MOJIOXKEHHST PEKH MCTIONIB30BAIMCh BEKTOPHBINA CIIOW pEK U
pacTpoBbIii ciioit 1udpoBoii Moaenu penbeda (LIMP) ans nyduieit opueHTarmu.

J1Jisl aBTOMATU3UPOBAHHOTO MOCTPOCHUS OacceitHa peku B ArcGIS cymecTByeT
WHCTPYMEHT TMOCTPOEHUS BOAOCOOpPHON oOmactu. Omnepanusi BBINOTHSAETCS 34
HECKOJIBKO I1aroB:

- HWCHOJIb30BAaTh OMNEpalyio «3alodHEHHUE», 4YTO 3alloJHACT JIOKAIbHBIC
NOHWKEHUSI B PACTpPe MOBEPXHOCTH JUId yAAJICHHS HEOOJbIIMX OMMOOK W
HETOYHOCTEH, MPUCYINUX JAHHBIM,

-  TPUMEHUTh  HMHCTPYMEHT  «HampaBneHue  CTOKa»,  BBIMOJIHACTCS

ABTOMAaTn4CCKH, UCITOJIb3Y cJIoH ((3aHOJ'IHeHI/Ie>);
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- HUCIIOJIB30BaTh HMHCTPYMEHT «CyMMAapHBIA CTOK», MCXOJHBIMU JAHHBIMHU
spisieTcs cnoi «Hanpaenenue cToka», it HAMOOJIEE TOYHOW MOCTAHOBKH YKA3aTesl
HA YCThE PEKH, B MPOTUBHOM CJTydae MOJYyYUM OIMO0YHbII OacceiiH;

- co3aarb shape-cioli ¢ ToukaMu yCThEB, UTO OYIET SBIATHCSA YKA3ATEIEM YCThS
PEKM. «KOHTEKCTHOE MEHKO paboueid mankwy/ «Hosblity/ «Shape-daitn», rae Bo
BCIUTBIBAIOIIEM OKHE BbIOpaTh TOUYCUHBINA CIOH. B pexuMe pelakTHpOBaHUsI CTaBUM
TOYKH B YCThE PEKM (B MECTE, TI€ PEKa BOAAACT B APYyryro). [ns Oosee TOUHOrO
OMPEHCIICHUS. PyClia PEKH HMCIOJB3YETCS PAHHEE CO3MaHHBIA €0l «CyMMapHBIiA
CTOKY;

- IOcIe HEOOXOIMMOI MOArOTOBKM MCIOJIb30BATh HHCTPYMEHT «BoaocOopHas
00acThy, re nocjiae oOpadoTKH MOy4aeM PacTPOBBIN CJloil OacceiiHa peku;

- CKOHBEPTHPOBATH PACTPOBBIA CIIOW B BEKTOPHBIN, UL YETO MCIIOJIB30BATH
uHcTpyMeHT ArcToolbox «Koueeprammsy / «M3 pactpa» / «Pactp B mOMUTrOHBY U
N00aBUTH B padOUyI0 KOJUICKIHUIO.

OmHUM U3 KITHOUYEH NOTYYEHUS TUAPOIOTHYECKUX XaPAKTEPUCTUK MOBEPXHOCTH
SBJIIETCS BO3MOKHOCTD ONPEAEIUTE HANPABIICHUAE MTOTOKA U3 KOKIOW SYECHKHM pacTpa.
210 AenaetTcs ¢ noMoupo nHeTpymeHnTa Hanpasnenue croka (Flow Direction).

OTOT UHCTPYMEHT OEPET MOBEPXHOCTh B KAYECTBE BXOAHBIX JAHHBIX M BBIIAET
pacTp, MOKA3bIBAIOIIMI HAMPABICHUE CTOKA KaXAoW sueiiku. Eciu BeiOpaHa onius
BeIxoaHoit pacTp naaeHus, co31a€Tcs BBIXOAHONW pacTp, MOKA3bIBAKOIIMNA OTHOLIECHUE
MAaKCUMAJIBHOTO U3MEHEHUS 110 BBICOTE U3 KOKIOW AUYEHKH BAOJb HANPABIICHUS CTOKA
K PacCTOSIHUIO MEXKIY LICHTPAMU SYECK, BBIPAKEHHOE B MpoUeHTax. Ecim BeIOpaHa
onuums [TOTOK KpaiiHUX STYEEK HAPABIIEH HAPYIKY, CTOK U3 BCEX SYEEK HA KPAKO pacTpa
MOBEPXHOCTU OYJET OCYUICCTBIATHCS "HAPYKY'"', 3a Kpast pacTpa.

EcTb 8 KOPPEKTHBIX BBIXOIHBIX HATPABJICHUI OTHOCUTEIIBHO 8 CMEKHBIX STUYEEK,
B KOTOpPBIE MOXKET NEPEHTH MOTOK. DTOT MOAXOJ OOBIYHO HA3BIBACTCS MOMACTBIO
BOCBMHUHANPABICHHOTO cToka (D8), oH cneayer mpuHOmnam noaxonaa B Jenson and

Domingue (1988).
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HanpasnieHue croka onpeaenseTcs HarmpaBlIeHUEM Hanbosee KpyToro Crycka,
WIA MaKCUMAJIBHOTO MaAeHUs, U3 KKA0M suehiku. OHO BBIUMCISETCS CIEAYHOLIUM

oOpazom:

maximum_drop = change in z-value / distance * 100

PaccrosiHie BBIUMCIIIETCS MEXKAY LEHTpaMu sideek. CleoBaTeNnbHO, €CIH
pa3Mep SYCHKH NPHUHATH 32 €IMHULYY, PACCTOSIHUE MEXKIY ABYMS OPTOTOHAJIBHBIMHU
sueiikamu OyJeT paBHO 1, a pacCTOSHHE MEXAY AMArOHAIbHBIMU suciikamu - 1,414
(KBapaTHBIA KOPEeHb U3 2). ECIi MaKCUMAaJIbHOE CHUKEHUE BBICOTHI A0 OnvbKalImmx
AYEEK OJIMHAKOBO B HECKOJIBKUX HAMPABICHUAX, 00JACTh COCEACTBA PACIUMPSIETCS JI0
TEX MOP, NOKa He OYJIET HAWIEH caMblii KPYTOM CITyCK.

Eciu HaiiieHO HampaBjICHUE CaMOTr0 KPYTOrO CKIIOHA, BBIXOAHOW sSYECHKE
NPUCBAUBACTCA 3HAUYEHUE, COOTBETCTBYIOIIEE STOMY HAPABIEHUIO.

Ecnu Bce coceHue sueiku BhILIE, 4eM oOpadarbiBacMas suciika, Takas ssuciika
OyAeT paccMaTpuBaThCsl KAk OMIMOKAa B JAHHBIX, OHA JOJKHA OBITH 3allOJIHEHA A0
MUHUMAIBHOTO 3HAYEHUS BBICOTHI COCEAHMX siueeK. CTOK OyJIET OCYIIECTBISATHCS B
3Ty sueiiky. OIHAKO B TOM ClIydae, €CJIM JOKAJIbHOE MOHMKEHUE PA3MEPOM B OJIHY
AUYEHKY PACTIONONKEHO HA (PU3UUECKOM KPArO pacTpa, Wil B €€ OKPECTHOCTSX €CTh XOTs
OBl 0/1HA siuekika co 3HaueHueM NoData (HeT TaHHBIX ), 3aMTOJTHEHUS] HE MPOUCXOIUT W3-
3a HEIOCTATOYHOH WH(pOPMAIMK MO COCEAHUM suciikaM. YToObl sueiika Moria
paccMaTpuBaThCS KaK MCTMHHOE JIOKAJIBHOE NMOHMKEHUE PAa3MEPOM B OJIHY SYCHKY,
HY>KHO MMETh UH(OPMALIMIO MO BCEM COCETHUM STYCHKaAM.

Ecnu cTok u3 IBYX sU€EK OCYLIECTBISIETCS OPYr B APYra, OHH SIBIISKOTCS
JOKJTbHBIMH TMOHWKCHUSIMHA C HEOTIPECIICHHBIM HAMPABICHUEM CTOKA. Takoi MeTon
OIPEACTIEHUS HANIPABJIEHUS CTOKA MO LH(PPOBOIA MOJENHN penbeda paCCMOTPEH B KHUIE
Jlxencona n Jlomunuka (Jenson and Domingue, 1988).

SI4eiikn, KOTOpbIE SBISOTCS JOKAJIBHBIMH MOHWKEHUSIMH, OMPENCISAIOTCS C

NOMOIIBK MHCTpyMeHTA JIokanbHOEe moHmxkeHue (Sink). UToOBI MOSyYMTh TOYHOE
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npefcTaBneHe HanpaB/ieHNs MOTOKa N0 MOBEPXHOCTUN, HY>XHO 3aM0/IHUTh JIOKa/IbHble
MOHMXXEHNA 40 UCMO/Ib30BAHUA pacTpa HanpaBIeHUSA CTOKaA.

NHcTpymeHT CymmapHbiid cToK (Flow Accumulation) BblYMCNSET CyMMapHbIiA
CTOK KaK O06uWMiA Bec siYeek, CTOK M3 KOTOPbIX MOMNajaetT B KaXAyl W3 AYeeK
BbIXOLHOr0 pacTpa, HaxoAdAWYyCa HMXKe N0 CKMOoHY. Ecnu pacTp BeCOB He 3ajaH,
KaXX[0i fuelike npuceanBaeTcs BeC 1, a 3HaYUEHUAMU AYeeK BbIXOAHOro pacTtpa byger
KO/MIMYeCTBO AYeeK, CTOK U3 KOTOPbIX HanpaB/ieH B JaHHYIO AYeliKy.

AYenkn ¢ BbICOKUM CYMMAPHbIM CTOKOM - 3TO YYacTKM KOHLEHTPUPOBAHHOIO
CTOKa; OHM MOTYT OblTb MCMOMb30BaHbl A1 ONpeAeneHuUs pycen BOLOTOKOB. 3TO
onucaHo B pasgene OnpegeneHne ceTeil BOLOTOKOB. AYeiKy C CyMMapHbIM CTOKOM,
paBHbIM HY/O, - 3TO JIOKaNbHble TOMorpaguyeckne MUKW, OHU MOryT ObITb
MCNOMb30BaHbl AN1A BblAeNeHNsa XpebToB uan NnMHUIA Bogopasgena [7]. Ha pucyHke 3

NpeACTaB/IEHO PacrosioXeHne 6acceliHoB.

55°0'0"8. A 6CCYCTs. 65'0'0'8. 4.  7070'0'8. 4. 75°0'0". 4. 80700”s. 4. 85°0°0"s. 4. 90°0°0"e. 4. 95°0°0"B. 4. 100°0'0"s. 4. 105°0°0"B. 4. 110°0'0"s. 4. 115°0°0"8. . 120°00"s. . 125°0'07s. A.

YcnoBHble 0603HaueHNs
HassaHusa pek
3] Anneit
| Anyit
' bapHaynka
Bonbluas peuka V
Ll  Bonbwoii Mt -
Ll Bonbluoii kac . i
Fop6uaumH
L lpasuiika
L Enoryii
| Epauumo
KaH
| Kava
H  Kemuyr
L Kemb
| MecuaHas
| Cyxoii Mut
Cbim
Taiimypa
Tem6eHun
Tea
| TykynaHga
| TypyxaH
TbiM I )I(
| Yconka
B YapoGel
| Yapbiw

PUCYHOK 3 - PacnonoxeHue 6accerHoB
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3.2 llocTpoiika nepBUYHBIX PUTOKOB PeKH

BxoaHbIe naHHBIC: pacTPbl, UCMIOIB3YEMBIC IS BBIACICHUS OacceiHa, MOIUIOH
OacceliHa peKH.

Jiist Havyasa HeoOXOoMMO BhIpe3aTh pacTp mo macke Oacceiina: ArcToolbox =
HucTpymenTsl Spatial Analyst => M3Bneuenne => M3Bnedsb Mo Macke.

— MCXOIHBIN pacTp

— macka ([Tonuron Gacceiina)

— IMYTh ¥ UMsI BBIXOJTHOTO pacTpa

B pesynbrare nomyuaercs pactp Oacceiina.

Hcnonb3oBark nHCTpyMeHT ArcToolbox => MucTpymenTsl Spatial Analyst =>
IM'apponorus => HanpasineHue cTOKa,

UcnonwszoBark nHCTpyMEHT ArcToolbox == UHcTpymenThl Spatial Analyst =
I'upponorust => CyMMapHBIi CTOK;

HcnonwszoBark uHcTpyMeHT ArcToolbox => MHcTpymenTsl Spatial Analyst =>
VYcnoBus => YCTaHOBUTH HOJIb. BXOJHBIMY JAHHBIMU SIBJISIETCS CYMMAPHBIA CTOK, B
KOTOPOM HEOOXOAMMO HUACHTH(PUIIMPOBATE 3HAYEHUE PEK, TIOCTIE YETO BBECTH YCIIOBUE
B MHCTpyMeHT «Value <X», rae X ecTh MACHTU(PUIMPOBAHHOE 3HAYECHUE, 3HAUCHHE
«JI05KbY, IUIsl TAHHOTO MHCTPYMEHTA BBIOpATh « 1»;

B pe3ynerare pacTpoBbIii IO CETH BOAOTOKOB, KOTOPBI KOHBEPTUPYETCS B

BEKTOPHBIN ¢ 00BEKTAMU NOJUJIMHUNA. Pe3yabTaT NpeIcTaBieH Ha PUCYHKE 4.
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PucyHok 4 - CeTb BOAOTOKOB

Ha pucyHKe 4 nokKasaHbl pasHbIMI LIBETAMU CETU PEK BHYTPU KaXkAoro 6acceiHa.
B nocneaylowmnm no aTUM AaHHbIM 6YAYyT BbIYNCAATLCA XapaKTEPUCTUKU, TakMe Kak

KO/MMYeCTBO NeEpBMUYHbLIX BOAOTOKOB, AJ/IMHA PEK.

3.3 BbluncneHmne xapakTepucTuk pesnbeda 6accemHOB

ANs BbIUMNCNEHUA YKNOHA MECTHOCTM Heob6XOAMMO WCMNOMb30BaTb CUCTEMY
KOOPAMHAT KapTorpatuyeckoin npoekumun. Mpoekuus BbibpaHa paBHONIOLAAHAS
KoHMuueckast Anbbepca.

[Nns NOCTPOeHNS YK/IOHA NOBEPXHOCTU HEOBXOANMO UCMOb30BaTh UHCTPYMEHT

«ArcToolbox»/ «3D Analyst»/ «PacTpoBasd MO4e/b NOBEPXHOCTU» / «Y KNOH»
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YKNOH onpegenser CTeneHb W3MEHEHMS MOBEPXHOCTU B TOPU3OHTa/IbHOM
(dz/dx) n BepTukansHoM (dz/dy) HanpaBneHUAX U3 LEHTPaNbHON A4Yelikn. OCHOBHOW

aJ/iropnT™M Agng BblHNCNEHNA YKOHa.

slope degrees =ATAN (v ([dz/dx] 2 + [dz/dy] 2)) *57.29578

BX0oAHbIMU AaHHbIMUW AN JAHHOTO MHCTPYMeHTa aBnsetcs LUMP, o6pe3aHHbil
Mo mMacke 6acceiiHa peku, cO3faHHOl paHHee. Pe3ynbTaToM npoueaypbl sBNSETCS
PacTPOBbIVA CMOWA, Ffie 3HAYEHNE MUKCENS eCThb YTON YKOHA MECTHOCTU B JaHHON TOUKe

(pncyHOK 5).

PUCYHOK 5 - KpyTn3Ha CKN0OHOB

Ona  BblYMCMIEHMA 3KCNO3ULUM  MEeCTHOCTM Heob6XOAMMO MCMO/b30BaTh
CNpoeumpoBaHHYO CUCTEMY KoopauHat. [lpoekumsa BbibpaHa paBHOMIOWAAHASA
KOHMYeckas Anbbepca.

[Ons  nocTpoeHuMs 3KCMO3UUMM  MOBEPXHOCTUM HEO6XOAMMO UCMOAb30BaTh
NHCTpyMeHT «ArcToolbox»/ «3D Analyst»/ «PacTtpoBasg Mofeflb MOBEPXHOCTU» [/

«QKCnosnynsa»
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AJITOPUTM HHCTPYMEHTA JKCIO3HLIUS

CKosp3siiee OKHO pa3MepoM 3 X 3 SiUECHKH MPOXOAUT YEPE3 KLKAYHO SUEHKY HA
BXOJHOM pacTpe, W UId KaOKIOH AYEWKH, PACIOIOKEHHOW B IIEHTPE OKHA, C
OPUMEHECHUEM AJITOPUTMA, YUMTHIBAIOLICTO 3HAUYECHUS BOCBMHM COCEIHUX SUEEK,
BBIYKCIIICTCS 3HAUYECHUE DKCMO3UIMK. Sueliku 0003Ha4aroTCsl OyKBaMU OT a JI0 1, pU
3TOM OYKBO# € 0003HaYCHA AUEiKa, 11 KOTOPOH BBIUMCIISIETCS SKCIIO3ULUSI.

CreneHp WM3MEHEHHsI O HAMPABICHUIO X Ui SYEHKH € BBIYMCIIACTCS C

MNOMOIIbIO CICAYIOHUICTO aJllrOprUTMa.

[dz/dx] = ((c + 2f +i)-(a+2d+g))/8

CreneHb M3MEHEHHUS TI0 HalpaBJICHUIO Yy JIA SYCHKU € BBIUYMUCILCTCI C

IMOMOLIGIO CIICAYIOLICTO aJlllrOprUTMaA.

[dzidy] = ((g +2h +i)-(a+2b+¢))/8

C y4eToM CTENEHU U3MEHEHUH MO 00OUM HAMPABJICHUSM, X U Y, IJIs SUYCHKH e,

OKCIO3UIMA BEIMUCIIACTCA ¢ UCIIOJIL30BAHKUCM CIICAYIOIICTO YPABHCHU !

aspect = 57.29578 * atan2 ([dz/dy], -[dz/dx])

BxoaHbIMU JaHHBIMU AJI1 JAHHOTO MHCTPYMEHTA siBiisieTcst LIMP, oOpe3annbiii
no Macke OacceiiHa peku, CO3JaHHON paHHee. Pe3ynpTaToM Mpoueaypsl SBISETCS
pPacTpOBBIA CIIOW, i€ 3HAYEHUE MHUKCENS €CTh IPAaayC HAIpPaBJIEHUA CKIOHA Ha

CTOPOHY CBeTa (CEBEP, 0T U T.J1.) B TAHHOH TOYKE (PUCYHOK 6).
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PUCYHOK 6 - OKCNo3uumnsa CK/I0HOB

Mocne Yero BbIMOMHUTL UHCTPYMEHT «30Ha/bHaA CTaTUCTUKa» AN YK/IOHA W
ANS 3KCMo3nuuKn, B pesynbTaTe 4Yero MmeeTcs Tabnuua co 3HAYEHUSAMU YKIOHA W
3KCMO3MLUKN, KOTOPYI B MOCNEACTBMM 06paboTaTbh, KakK 3/IEKTPOHHYH Tabnuuy,
[06aBUTb MAEHTUDMKATOP.

[106aBNTb AaHHble B 06LLYI0 Ta6nMLy NO XapakKTepucTukam penbeda.
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4 OnpenesieHne XapaKTePUCTHKH pPeJibeda H JIeCHCTOCTH 0aCCeilHOB peK

4.1 OnpenesieHne XapakTepuCTUKH pesibeda dacceiiHoB

JInst  BBIUMCIIEHUS CTaTUCTMUYECKUX JAHHBIX  pefibeda  MCMOJIb3YIOTCS
UHCTPYMEHTHI «30HAJIbHASL CTATUCTUKA» U «30HAJIbHAS TUCTOTPAMMA

3oHanbHas THUCTOrpaMma Cco34aét Tadnuiy W rpaguKk TUCTOrPAMMBI,
MOKA3bIBAIOLIME MJIOTHOCTh PACHPECIICHUS 3HAUCHUM SUeEK Ha BXOTHBIX JAHHBIX
3HAUEHHUE VIS KOKIOW YHUKAJIBHON 30HBI.

30HaJIbHAs TUCTOTPAMMa TMO3BOJSIET HMCCIEN0BATH PACHPENECICHUE YacTOTHI
3HAYeHUH B OJJHOM HAOOPE MAHHBIX B KJIACCHI IPYroro Habopa JaHHbIX.

30Ha ompeAensieTcs Kak Bce 00JacTM BXOAHBIX JaHHBIX, MUMEHOIIUME OJHO
3HaueHue. OOnacTh He 00s3aTeNIbHO MOJDKHBL OBbITh HEMpepbIBHBIMEA. HaGopsl
PacTPOBBIX JAHHBIX U HAOOPHI KJIACCOB OOBEKTOB MOTYT UCTIOJIb30BATHCS AJIsl BXOTHBIX
JQHHBIX 30HBI.

[Tosie 30HbI JOMKHO OBITh LETOYUCIEHHOTO WM CTPOKOBOTO THIIA.

30HaJibHAs CTATHCTUKA CYMMUPYET 3HAUECHUS pacTpa B Mpejesax 30H IPyroro
Ha0Opa JaHHBIX U 3aMUCHIBAET PE3YJIbTAThI B TAOJIHUILY.

30Ha onpeaenseTcs Kak Bce 00JIacTH BXOHBIX JaHHBIX, UMEIOIINE OJIMHAKOBBIE
3HaueHue. O6nactu He 00s3aTeNbHO JO/DKHBI ObITh HENPEPBIBHBIMU. B KadecTBe
BXO/JIHBIX IaHHBIX 30HBI MOTYT UCIOb30BaThCs HAOOPHI PACTPOBBIX TAHHBIX U HAOOPHI
KJIACCOB OOBEKTOB.

Korna BXOIHBIE NAaHHBIE 30H W BXOJHBIC JAHHBIC 3HAUCHWH MpPEACTABICHBI
pacTpamu C OIMHAKOBBIM PA3pPEIICHUEM, OHU OYAYT UCMOIB30BATHCS HAMPAMYIO.

Ecnu paspelieHus pacTpoB OTJIMYAKOTCS, 10 BHIMOJIHEHUS 30HAJILHOM onepaiuu
OPUMEHSETCS BHYTPEHHSS TMEPEIUCKPETU3alMsl JUis TMPUBEACHUS pacTpoB B

COOTBETCTBHE IPYT IPYTY.
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Ecim  BO BXOAHBIX JAHHBIX €CTh sA4YeMkM ¢ 3HadeHueM NoData,
NEPEAUCKPETH3AIUS MOKET MTPUBECTH K TOMY, YTO B BBIXOJIHBIX JAHHBIX YYaCTKH C
3HaueHueM NoData MoryT okazarbcs OoJbllie, 4eM Bbl OkuaacTe. YToObl n30exkarh
3TOro, MO0 BBIMOJHUATE Uil pacTpa ¢ OOJIeE HU3KUM Pa3PELICHUEM ONEPALUIO
«U3mennth paspemieHue» (Resample), 4roObl yBENIMUUTh €ro A0 00JIee BBICOKOIO
paspelieHus APYroro BXOHOro pactpa, 1mdo ycraHoBute Pazmep siueiiku (Cell size)
Ha MuHuMasbHbIN 13 Beex BXOAHbIX (Minimum Of Inputs) B mapaMeTpax cpebl.

Ecnu BXOOHBIE TaHHBIC 30H MPEACTABICHB HAOOPOM PaCTPOBBIX NAHHBIX, OH
JOJDKEH UMETh TaOiuiyy aTtpuOyToB. TaOnuna arpuOyTOB OOBIYHO CO3JAETCS SIS
LEJIOYUCIIEHHBIX PACTPOB aBTOMATUYECKH, HO IPH OMPEIEICHHBIX 00CTOATENBCTBAX
ATOTO MOYKET HE MPOM30UTH. Bbl MOXKeT€ MCIONB30BaTh MHCTPYMEHT «IlocTponTh
Tabnuily aTpuOyTOB pacTpa» JJisi CO3aHUs ITOU TaOJMIIBI.

Ecnu BxonHbBIE JaHHBIC 30H MPEACTABACHB HAOOPOM BEKTOPHBIX JAHHBIX, K
HeMY OyJeT NPUMEHEHO MPeOoOPa30BAHUE «BEKTOP B pacTp». UToObI yOEAUTHCS, YTO
pe3yabpTaTel MpeoOpa3oBaHus OyIyT BEPHO COBMEIIEHBI ¢ BXOJHBIMH PacTPOBBIMHU
JAQHHBIMU KJIACCOB, PEKOMEHIyE€TCS TPOBEPHUTH, 3a[aHbl JIX B MAPAMETPaxX CPEabl U B
napaMeTpax aHajlu3a pacTpPOB KOPPEKTHBIC NAPAMETPBI SKCTEHTA U MPUBSA3KH PacTpa.

BHyTpeHHHi pacTp AOJDKEH MMETh Tabnuiy arpuOyToB. Ecnam B mporecce
npeoOpa3oBaHus OHA HE co3jaHa, OyAeT BbIIaHO cooOuieHue o0 ommodke. Ecmu 310
NPOUCXOANT, KOHBEPTHPYHTE HAOOP KJIAacCOB OOBEKTOB HAMPAMYK) € HOMOLIBIO
«O0bekThl B pactpy, «[lonuron B pactpy», «Touka B pactp» wim «l[lonunuHusy B
pactp. Co3pmaiite Tabmuiyy arpuOyTOB HIJsi pacTpa, Kak OMKMCAHO B MPEIbIAYIICH
NOJICKA3KE, U UCMOJIB3YHTE MOJYUEHHBINA PACTP KaK BXOAHbIE TaHHBIC 30HHBI (Zone).

Ecnun BXxoaHBIE JaHHBIC 30HBI SBJISIFOTCS HA0OpPOM KIJIACCOB OOBEKTOB C
HEOOJBIIUMU  MPOCTPAHCTBCHHBIMU ~ OOBEKTAMHU, TOMHHUTE, UYTO Pa3pELICHUE
uHdopmaim, HEoOXOAUMONW JJIi COOTBETCTBUS, CXOJHO C Pa3pelICHUEM pacTpa
3HaueHus. Eclin muomaan aBTOHOMHBIX MPOCTPAHCTBEHHBIX OOBEKTOB TAKUE KE WA
MEHBIIIE, YEM IJIOMIAAb ABTOHOMHBIX SUEEK B PACTPE 3HAYCHHUS, TP MPEOOPA3OBaHAN
OPOCTPAHCTBEHHOTO OOBEKTA B PACTP HEKOTOPBIE M3 3THX 30H MOTYT OBITh HE

NPEACTABIIEHBI.
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Ecnu BXOQHBIE BEKTOPHBIE JAHHBIE 30H UMEIOT MEPEKPBIBAFOIIMECS MTOJIUTOHBI,
TO ISl K&XKAOrO OTACIBHOIO MOJIMTOHA 30HAIBHBINA aHAJIN3 BBIMOJIHITHCS HE OyNET.
[TocKONIbKY BEKTOPHBIE BXOJHBIE JAHHBIC KOHBEPTUPYIOTCS B PACTP, KaKIOEC
MECTOIOJIOKEHHE MOYKET UMETH TOJIBKO OJHO 3HAYCHHE.

AJBTEPHATUBHBIA METOJ 3aKJIIOYACTCd B 00pabOTKE 30HAIBHON CTATHCTHKH
UTEPATUBHO JUISl KOKIOW M3 MOJTMTOHABHBIX 30H C MOCIECAYIOIIAM COMOCTABICHUEM
PE3YBTATOB.

B kadecTBe BXOJHBIX JAHHBIX 30H PEKOMEHIYETCS HCIOJIB30BATH TOJBKO
pacTpel, TMOCKOJIIBKY 3TO OOecreunmBacT OOJbLIIMI KOHTPOJIb 3a BBIMOJIHEHUEM
npeoOpa3oBaHUil «BEKTOP B PacTp». OTO MO3BOJUT BaM MONYUYHTh OKHIAEMBIC
PE3YBTATHI.

BxongHoii pacTp 3HaUY€HHMA MOXKET OBbITh JUOO NEIOYMCICHHBIM, JUOO
3HAUEHUSMHU C I1aBarouIei Toukoi. OIHAKO, €CITM THIT JAHHBIX - YHCTIA C TJIaBarOLICH
TOYKOH, HE OYyT BBIUYMCIICHBI TAKHE 30HAIBHBIE XaPAKTEPUCTUKH, KaK OOJIBILIMHCTBO,
MEIMaHa, MEHBITMHCTBO M Pa3HOOOpA3HE.

JUis BBIYMCIICHWH OOJIbLIMHCTBA M MEHBIIMHCTBA, €CIU €CTh MPHUBS3KAa,
BBIXOJIHBIE JAHHBIC JJ1s1 30HbI OCHOBAHbI HA HAMMEHBILIEM U3 3HAUEHUM MTPUBSI3KH.

B BbIXOAHON Tabnuue OyneT co3aaHo Mojie WK psj MOJIEH, B 3aBUCUMOCTH OT
napamerpa Tun craructuku. Ecnm Bxomnoe 3Hauenue (Value) - nenoe umcno, s
BBIYMCJICHHS TOCTYIHBI Bee TUMBI cTaTUCTUKH (I momane (Area), « Muaumym» (Min),
Makcumym (Max), Inanason (Range), Cpeanee (Mean), CTaHIapTHOE OTKIOHEHUE
(STD), Cymma (Sum), PazHooOpazue (Variety), bomemmucTBo (Majority),
MenpmmncTBO (Minority) u Mennana (Median)). Ecnu BxogHoe 3navyenune (Value) -
C IUIABAIOUIECH TOYKOH, TUNBI CTaTUCTUKKA bosnbmmHCTBO (Majority), MEeHbIIMHCTBO
(Minority), Meaunana (Median) u PaznooOpa3sue (Variety) He OyIyT BEIYHCTSTECS.

Yucrio CTpoK B BBIXOAHOHM Ta0UIE paBHO unciy 30H [1]. B pesynbrare umeercs

Tabmmua ¢ HabOPOM JTAHHBIX MO KAKAOMY OacceiiHy.
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4.2 XapaKkTepuCTHKH PACTUTEILHOI0 MOKPOBA

OrneHka JecucToro moKpoBa oneHuBaeTcs mo manHeiM MODIS MCD12Q)1,
«Kapre necop CCCP» 1990 roma, a taxke Kapre pacTMTENIBHOro nmokposa Poccum
TerraNorte 2010 roaa [13], ocHoBaHHOM Takxke HA maHHbIXx MODIS. Hcnone3yercs
WHCTPYMEHT «3O0HajbHas rucrorpamma» u3 Habopa Spatial Analyst. Ha Bbexoxe
JAQHHOTO HMHCTPYMEHTA WMEETCs Tadnauia TAE MMOKAa3aHO KOJIMYECTBO MHKCENCH,
COOTBETCTBYIOIUE OMPEACITICHHOMY KJIACCy. OTW JaHHBIE COMOCTABIISIOTCS JIMOO €
aTpuOyTUBHON Tabmuuel, 1Md0 ¢ TOKYMEHTAUMEH K KOKIOW KIacCH(PUKALMH, 3aTEM
OPOU3BOJUTCS MOACYET MPOLUEHTHOIO COOTHOWIECHUS Jieca, TO €CTh B KaXIOM
KJacCU(PUKALMK CYMMHPYIOTCS TIOJISI, OTHOCSALIMECS K JIECY, TTOCIIE YETO OTHOCUTCS K

o01IeMy KOJIMYECTBY NUKCETEH B TaHHOM OacceiiHe (pUCyHOK 7).

3arpysKa gaHHbIX
KnaccudmKaumm

'

30HanbHaA CTaTUCTMKA

A 4

O6paboTtKka aTpubyTUBHON
Tabauupl

Y
Jo6aBneHne aaHHbIX B
06wy Tabanuy
ANHAMUKU U3MEHEHNA
NEecoB

CospaHue obuwein
aTpubyTUBHOI
Tabauubl No necy

Y

3arpysKka tabauubl B 6asy
reoaaHH bix

PucyHok 7 — CxeMa BBIYMCIEHUS XaPAKTEPUCTUK JIECHOTO TIOKPOBA

Ha tepputopusix 0acCeHOB MOSBISIETCS BO3MOKHOCTh OLECHUTH JUHAMHUKY
WU3MEHEHUS TIOIIAIM JIECOB, YTO MOKET BJIMSITh HA U3MEHEHUE CTOKA PEKU (PUCYHOK
8).
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JvHamunka nnoLuaay necos, %
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| |

0,0 .
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Map USSR90 19, 77, 13, 64, 89, 82, 29, 68, 57, 64, 86, 76, 35, 86, 0,0 65, 95, 57, 96, 99, 100 81, 99, 68, 14, 28,
TerraNorte201( 23, 68, 0,2 53, 92, 69, 39, 74, 48, 59, 67, 49, 36, 76, 0,0 67, 91, 14, 89, 90, 92, 92, 94, 52, 23, 19,
iIGBP 2015 23, 8,8 0,0 1,0 74, 73, 39, 91, 59, 66, 2,8 11, 29, 85, 0,0 68, 63, 2,4 97, 92, 99, 97, 98, 75, 22, 19,

IMap USSR90 mTerraNorte2010 mIGBP 2015

PucyHoK 8 - [inarpamma AMHaMUKKN NAOLWAAN Neca, NPOLEHTbI

Tabnuua 3 - [AuHaMUKa W3MEHEHWUS M/OLWAAN NIECHOFO MOKPOBa, MPOLEHTLI OT
nnoutagm 6acceiiHa

HasBaHue ID IGBP 2015 roga TerraNorte 2010 roga  Kapta necoe CCCP 1990 ropga
Yapbiww 1 24% 24% 20%
TypyxaH 2 09% 68% 77%
TykynaHga 3 00% 00% 14%
TembeHuw 4 01% 53% 65%
Talimypa 5 75% 93% 89%
CbiM 6 73% 70% 83%
MecyaHas 7 40% 39% 30%
Kemb 8 91% 5% 68%
Kaua 9 60% 48% 57%
KaH 10 67% 60% 64%
Epaunvo u 03% 68% 86%
I"paBuiika 12 12% 49% 76%
Bonbiias peuka 13 30% 36% 35%
BonbLioin Kac 14 86% 76% 87%
Anneii 15 00% 00% 00%
TbiM 16 69% 67% 65%
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Haspanue ID (IGBP 2015 roga| TerraNorte 2010 roga | Kapra necos CCCP 1990 roga
Enoryit 17 64% 91% 96%
lopOuaunn 18 02% 15% 57%
Bonbmoii [Tur 19 97% 89% 96%
Tes 20 93% 90% 99%
Cyxoii [Tur 21 100% 93% 100%
Kemuyr 22 97% 92% 81%
Yanoben 23 99% 95% 99%
Vcorka 24 76% 52% 69%
Anyit 25 23% 23% 15%
Bapraynka 26 19% 20% 29%

I[aHHBIe B Ta6n1/1ue NNpCacCTaBJICHbl KaK ITPOOCHTHOC COOTHOLICHHUC JICCA K

o0uIel mIomaay Uit TPEX Pa3InyHbIX Kiaccupukanmii (Tabmuna 3).

S IIpoexr QGIS

5.1 Co3nanue npoexkra

H3HauanbHO MIaHUPOBAIOCH CO3/1ATh MPOCTPAHCTBEHHYIO 0a3y r€0JaHHbIX, HO
BBUJY TPYJAHOCTEH peajiM3allii U CJIOKHOCTh UCMOJIb30BAHUS, PEIICHO BBITIOIHUTH
paboty Ha 06aze nmpoekrta QGIS.

Coznanue npoexra QGIS HauMHaAeTCs € 3amycka NPOrpaMMbl, MOCIE YEro
n00aBuUTh B TAOIUIYY coaepkanus shape-daiin BogocOOpHbIX OacCEHHOB.

JlobGaButhk pactpsl LIMP, skcnozuiuu, ykiiona penbeda.

JloOaBuTh  aTpuOYTHUBHBIC TAONMIBI MO  JIECUCTOCTH, JIaHAMA(THBIM
XapaKTEPUCTHKAM, a TAKOKE MO KIIMMATY.

CTpyKTypa mpoeKTa npeacTapieHa rpagpuuecku (PUCyHOK 9).
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Mpoekt QGIS

CpeaHaa sKcnosnuma
MaKcumanbHas BbicoTa penbeda

Tabnuua xapaKTepuUcTUK penbeda Tabnuua, AMHamuKa naowaam
e ID NecHOro NOKposa B NpoueHTax
e [lnvHa peku e ID
e PacuneHeHHOCTb e MODIS 2015
e KpuBu3Ha ¢ MODIS 2010(KapTa baprtanésa)
o CpeaHuWit yKIOH e KapTa necos CCCP 1990
[ ]
[ ]
[ ]

MuHKUMaNbHan BbicoTa penbeda

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I Shape-®aiin
: BoAocbopHbIX bacceiiHoB
: e ID
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

e Name(Pyc.)
¢ Name(Lat.)
e [sowaab

Tabnuua, AMHaAMUKa U3MEHEHUA Tabauuya, AMHaAMMKa U3MEHeHUA Tabnuua, CTOK peku
CpeAHeroAoBbIX 0CaAKOB CpeAHerofoBoi Temneparypbl ID

e ID e ID loa (3HaveHUe cToKa)

e Topa (3HaueHKWe KonnuyecTBa 0caaKoB) e Topa (3HaueHue Temnepatypbl)

Pucynok 9 — CtpykTypa npoekra

Hwxe npuBeieH CIUCOK BCEX CNOEB U TaOMUL, MPEACTABICHHBIX B TPOEKTE:
— Croli-macka rpaHdll BOJOCOOPHBIX OacceiHOB, shape-Qaiin, coaepKuT
Ha3BaHUs PEKU OacceitHa, miomaab, a Takke uaecHtugukarop (ID);
— Bpeipe3annbie no macke ¢aitiel LIMP
— PactpoBbie €10M YKITOHA B 3KCITO3UIUU
— ATpuOyTUBHBIE TAOJIALBI:
— Tabnuua, coaepskaias XapaKTepUCTHUKU penbeda,
— 3O0HanpHas TUCTOrpaMMa YKIOHA U SKCIO3ULHH;
— 3oHanpHAs THCTOTpaMMa JIECHOTO TOKPOBA, IS TPEX BPEMEHHBIX

YYaCTKOB;
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5.2 PYKOBO/ACTBO MO MCMO/1b30BaHMIO0 NPoeKTa

O6nacTbio NpuMeHeHns gaHHoro npoekTta MMNC sBnseTca rmaponorus. [aHHbli
MPOeKT MO03BONSET, ANS BblAeNeHHbIX 6acCeMHOB pekK, Yy3HaTb CTaTUCTMYECKUE
XapaKTEPUCTUKN NO penbeqdy, a TakxXe NPon3BoANTb CTaTUCTUYECKUIA aHaNn3, fAaBaTtb
OLIeHKY BNNSIHUA KNMMaTa, a TakXKe IECHOro NoKpoBa Ha BOAHbIA CTOK PeKu.

Monb3oBaTenb AO/MKEH UMETb YPOBEHb MOArOTOBKWU, HE HUXE creyunanmcra B
06nacT reonHopMaLMOHHbIX TEXHONOTUA.

- 3HaTb COOTBETCTBYIOLLYIO NpeAMETHY 061acTb;

- ymeTb pa6botats ¢ MO Quantum GIS.

MpoeKT coaepXXnUT B cebe (hailn NpoekTa, a Takxke shape-thaiin BOAOCOOPHbLIX
6acceitHoB, cnon LUMP, Tabnuubl ¢ gaHHbIMW MO penbedy, NECUCTOCTU U KAUMaTy,

CBsi3aHHbIX ¢ shape-haiinom. MpoeKT npeacTaBneH Ha pucyHke 10.

/ QGis2.189
Mpoekrei Mpaske Bug Cnoii  Ycraxoekw Mogynu Bektop Pactp  Basefasix  VHTepHeT —Awamusfadb»*  Cripaska

BBOY ef Bbb" e B
o ®<
Mawens nopaKa croes Bx
V,, Boe Gac
- relef
M
A .
\V4
i —— * Uwn
Mawens cnoes & x i * C \
fl vi».T -*uno '
VR W opce oo
rgkf 1.
forest . I
4
F
e

PucyHok 10 - OKHO npoekKTa

[ns no6aBneHns HOBbIX AaHHbIX HEOOXO0AMMO:

- obpaboTaHHyto Tabnmyy XLSX c ngeHTnugpumkaTtopamu, COXpaH1TbL B popmate
CSV;

- HaXkaTtb Ha KHonky B QGIS «[1o6aBuTb cnoin CSV»;

- 3a0aTb H€06XO,CI|VIMbIe napaMeTpbl I£||O6aBI'IeHI/IF| HOBOI'O C/o4;
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- OTKpbITb CBOKMCTBa shape-thaitna ¢ BoAOCOOPHbIMK HacceilHamu, B pasfene

CBA3N I£I|O68.BI/ITI3 CBA3b C HOBbIMW AaHHbLIMW.

PaboToCNOCO6GHOCTL NPOBEPSIETCA OTKPbITUEM aTpPUOYTMBHOW Tabnuue shape-

(hainna (pucyHok 11).

Id Name Mnowaab Name_Lat

2|TypyxaH 1339478 Turuhan

3 TykynaHpa 56192 Tukulanda
4 TembeHun 2168012 Tembenchi
5 Taiimypa 3251602 Taimura

6 Cbim 3087865 Sym

7 NMecuaHas 565907 Peschanaya
8 Kemb 900753 Kem

9 Kaua 127249 Kacha

10 KaH 3699111 Kan

11 Epauumo 806125 Erachimo

12 TlpaBuiika 36388 Graviyka

PucyHok 11 - ATpubyTtmnsHasa Tabnuua shape-gaiina BogocbopHbIX 6acCeNHOB pek

ATpnbyTrBHAA Tabnuua npu ao6aBneHN HOBbIMU JaHHbIMWU OYyAeT MeHSAThCS,

TO €CTb 6y,u,yT ,D,O68.BI'IFITI:>CFI HOBbIE M0/14, C HOBbIMW AaHHbLIMW.
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SAKVIIOYEHUE

B pesynerare OakanaBpckoid pabOTBl JOCTUTHYTA ILEJb. CO3JAHUE MPOEKTA
QGIS myist TMAPONOTHYECKOTO MOJCIMPOBAHUS W aHAIN3A 3aBUCUMOCTCH BEJIMYUHBI
NOBEPXHOCTHOIO CTOKA PEK OT:

— QHTPOMOTEHHBIX (PAKTOPOB (M3MEHEHHE JIECUCTOCTH U3-3a BBIPYOOK, OKapOB
U IPYyTUX TPUYHH ),

— KIIMMATHYECKUX (PAKTOPOB (CPEAHEMECSUYHBIE TEMITEPATYPhl U KOJIMYECTBO
0CaJIKOB; CPEIHETOJOBBIE TEMIIEPATYPBI U CYMMa OCaKOB);

— JaHAMmAPTHBIX 0COOEHHOCTEM OacceitHa (BbICOTa HA/l Y. M., KPyTU3HA CKJIOHOB,
JKCMO3UIMSl CKJIOHOB, KPHUBH3HA CKJIOHOB (OTH. €].), PAaCWICHEHHOCTb pelbeda
TOPU30HTAIbHAS U BEPTUKAJIbHAS ).

[To muporoit Mmogenu penveda onpeaeacHbl rpaHulbl 0acceiHa Juisl Kaxaon
PEKM; ONPEIENCHbl MapaMmeTpbl penbeda ¢ UCHOJB30BAHUEM IMPOCTPAHCTBEHHOIO
aHanM3a, TAKUE KaK KpUBU3HA penbeda, dKCNo3uius penbeda, YKIOH penbeda,
PACUIEHEHHOCTh, KPYTH3HA penbeda.

[ToCTpOEHBI CHHTETHYECKUE CETH BOJOTOKOB B Mpeaeiax 0acCEeHHOB,;

OnpeneneHbl XapakTEPUCTUKH JIECHOTO MOKPOBA Il TPEX Pa3IMYHbIX KapT,
pa3HbIX JIET, Takux KapT kak knaccudukanuss IGBP 2015 roma, kapra bapranésa
MODIS 2010 rona, xkapra iecoB CCCP 1990 roaa. I1py BEIUMCIICHUHA XapAKTEPUCTHK,
OoOHapy>KeHa JMHAMUKA U3MEHEHUS IUIOIIAAN JIECHOTO MOKpoBa. bosbmias pasHuna
BUJHA HA TEPPUTOPHM BOMOCOOPHBIX OaccelHOB pek: TypyxaH, miomags JeCOB
m3BUHHANIACE C 77% 10 9 %; TemOeHuH, mIomaas jJecoB u3MeHmiIachk ¢ 65% no 0%;
Epaunmo, mnomane necoB m3meHunachk ¢ 86% 1m0 3%; ['paBuiika, iomane JeCOB
m3MeHmIach ¢ 76% no 12%; Emoryi, miomanaes 1€coB u3MeHmwIach ¢ 96% no 64%;
Kewmp, mmomane necoB m3menmnach ¢ 68% no 91%. B pesynsrarax BO3MOXKHBI
OLIMOKH, TAK KaK JUIsl pa3HbIX TOJ0B U KapT ObUTA NPUMEHEHBI PA3TUYHBIC TOAXOIbI K
BBIYMCJICHHUIO TUTOIIA/H JIECOB.

Coznan npoekt QGIS, Brmtouarommii B cedst cioli OacceitHoB, 1UuppPOBYHO

Mojelb penbeda B mpeaenax 0acCeHOB, a TAKKE BCE BBIUYMCICHHBIC MapaMeTphl,
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TaKME€ KaKk KpUBU3HA peibeda, DOKCIO3UIMS penbeda, YKIOH  penbeda,
PaCUJIEHEHHOCTb, KpPYTU3HA penbeda, JECUCTOCTb, CPETHEro/0Bas BIIAKHOCTD,

CPEIHEr0I0Bas TEMIIEPATYPA, a TAKKE CTOK PEKH.
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