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CTATUCTHUECKHA MOIX0/I K AHAJIM3Y PEUHBLIX CTOKOB
B OTBET HA H3MEHEHHUE KIMMATA U COKPAIEHHUE JEIHUKOB

K. III. Kanraes, A. A. Kanapioaes, A. K. budocnnon

ATOO «HucTuTyT HOHOC(hephy AO «HarmoHATEHBIH HSHTP KOCMHMCCKHX UCCIICIOBAHAN H TCXHOJIOTHIT?,
Ammatsl, Kazaxcran

Kmouerbie ¢/10Ba; peyHON CTOK, H3MCHCHHC KIMMATA, COKPAMICHHUC JICTHHKOB, OacceiH pexm Kaparam,
Mamnn-Kengann tect.

Annotanmusi. OCHOBBIBAICH HA TAHHBIX PEYHOTO CTOKA, TEMIICPATYPHI BO3AYXa M 0cagkoB ¢ 1960 mo 2012 rox,
ObUIH WCCIIETOBAHBI TIOCJCACTBHS M3MCHEHMS KIIMMATa M COKPALICHHUC JICTHUKOB HA BOJHBIC PECYPCHI B 3alaIHOH
yactu JKerpicyckoro Amaray. /loarocpouHble TPEHABl THAPOKIMMATHYCCKUX KOJNCOAHMI OBUIM HM3YUCHBI C MO-
Momplo Tecta ManHa-KeHmamna. AHanm3upys KIMMATHYCCKHE JAHHbBIC, MBI OOHAPYXHMIM 3HAYHTCIHHOC IOBHI-
IICHUE TEMIICPATYPhl M JOCTATOUHO CTAOWJIBHBIX TCHIACHIMH OCAAKOB B MEPHOJ MCCICTOBAHUS. [10TI0KHUTEIBHBIC
TPEHABI B TOOOBOM CTOKE ObLIH 06Hapy>1<eH1>1 TIOYTH BO BCCX OJCACHCHHBIX MPUTOKAX PECKH KapaTan. TloBenmeHme
PEYHOTO CTOKA, CKOPEE BCETO, CBS3AHO C OOIIEH TEHACHUMCH MOBBIMCHUS TEMIIEPATYPhl H HHTCHCHBHOTO TasSHI
JneaHUKOB TsHb-1aHs.
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Abstract. The paper shows the efficiency of GIS and remote sensing data to identify and analyze modern
geodynamics. For the territory of Almaty new data about the modern deformations of crustare are received. On the
territory of Almaty, we identified tectonic faults, which are the boundaries of crustal blocks and can move even
during small earthquakes. Today, the problem of tectonic faults and their zones of influence on the territory of city
become very important due to intensive development of the city with high-rise buildings. They are located irre-
gularly within the territory of city, and such kind of distribution of buildings can make different strain on the ground,
what can increase the possible seismic hazard. GIS analysis of modern geodynamic processes of the Earth's surface,
buildings and structures are the crucial and important topic on the background of the rapid growing urban
infrastructure.
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TEOMH®OPMAIIMOHHBII AHAJIN3 COBPEMEHHBIX
I'EOAMHAMMNYECKHUX IMTPOOECCOB HA TEPPUTOPHUU r. AJIMATBI

K. 111. ’Kanraeg, A. 7K. bubocunos, A. A. Kananioaes,
B. E. Jxxynucoexosa, C. M. HypakbiHoB

ATOO «HucTuTyT HOHOC(hEeph» AQO «HarmoHABHBIH HSHTP KOCMHYICCKHX HCCIICIOBAHII U TCXHOJIOTHID,
Ammatsl, Kazaxcran

Kiouesnie cioBa: reorpadiieckas HHPOPMAIHOHHAS CHCTEMA, THCTAHIIMOHHOE 30HAMPOBAHUC 3EMIH, Pa-
JapHas HHTep(hepOMETPIHS, CMEIICHHUS 36MHON MOBEPXHOCTH, KIACTCPHbIH aHAH?.

Annoranua. B padote moka3ana 3((QCSKTHBHOCTh MPHMCHCHHS TCOMH(POPMATMOHHBIX TCXHOJOTHI U TAHHBIX
J33 ama BRLBICHUSA W AHAJTH3A MPOSIBICHHH COBPCMCHHOH TCOTMHAMHKH. [1OYUCHBI HOBBIC CBEIACHHA O COBpC-
MCHHBIX A¢(OpMAIHAX 3¢MHOH KOPHI HA TCPPHUTOPHH T.ATMAThL. [TOCTPOCHBI KapThl TCKTOHHYCCKHX PA3IOMOB Ha
TCPPUTOPHH T. ATIMATHIL, KOTOPHIC SBJIAFOTCSA TPAHHIAMHE OJIOKOB 3¢MHOM KOPHI H MOTYT MPHHTH B IBHKCHHC TAKC
TIPH HE OYCHB CHIIBHBIX 3eMiIeTpsiceHIsIX. CeromHsa mpoOneMa YTOUHCHHUS TOIOKEHIST TEKTOHHIECKUX PA3IOMOB HA
TEPPUTOPHU ANIMATBHI U MX 30H BIWSHHS SBILIIOTCA aKTYaIbHOH B CBS3HM C MHTCHCHUBHOM 3aCTPOHKOM TEppPHTOPHH
TOpoJa C BBICOTHBIMH 3AaHUAMH. OHH PACIOJIOKCHbI HEPABHOMEPHO IO TEPPHTOPHU TOPOJA M, COOTBETCTBEHHO,
CO3AA0T HEPABHOMEPHYIO HATPY3KY HA TPYHT, YTO B CBOKO OHYEPEb, MOKET YCHIMBATH BO3MOYKHOE CEHCMHYECKOE
BO3ACHCTBHE. | HC-aHATH3 COBPEMEHHBIX T'€OAHNHAMHYCCKUX MPOLIECCOB 36MHOM MOBEPXHOCTH, 3JAHUH H COOPYIKe-
HUH TPEICTABISIETCS HAMOO0JICE aKTYAIbHBIM U 3HAYMMBIM B PAMKaX OBICTPOTO POCTA TOPOJACKOH HHPPACTPYKTYPHI.

Beeaenune. B nacrosinee BpeMs JaHHBIC AMCTAHIMOHHOTO 3oHaupoBanus (I1/13) sBisroTcs cambiM
OMEPATHBHBIM HUCTOYHHKOM MONYYCHHUS T'eOMH(POPMALMOHHEIX AaHHbIX. CleI0BaTeNbHO, OHH SBISIOTCS
OCHOBHBIM MCTOYHHMKOM 11 moaaepkanus uagopmarmu [ YUC B akTyanbHOM COCTOSIHAM, OCOOCHHO €CH
(akTop AKTYaJbHOCTH WUIPACT PCUIAIOINYIO POJb (KOHTPOJb CTUXHMHUHBIX OCICTBHH, IC¢OIUHAMHUCCKUN
MOHHUTOPHHT, pa3Beika MPHPOIHBIX PECYpcoB W T.A.). M3-3a BakHOCTH reoMH(POPMALMOHHBIX TEXHO-
aoruii qus oopaborku /I3 caeayeT KOHCTATHPOBATH TCHACHIHMIO B3AUMHOIO COMMIKCHUS TEXHOJOTHH
I'MC u o6paboTku naHHBIX AuCTAHIHOHHOTO 30HaupoBanus (JJ13) 3emumu.

MeToapl oOHapyKEHHS W H3YYCHHS TCOTUHAMHUYCCKUX MPOLICCCOB HA MPAKTUKE BEChbMa Pa3HO-
obpazubl. [loMrIMO TpaaMITHOHHBIX WM XOPOLIO ONPOOOBAHHBIX METOOWUK W HHCTPYMCHTOB HCCTIC-
JOBaHUS COBPEMEHHBIX AcopMariuii 3eMHON KOPHI, B HACTOAIICE BPEMS MBI HMEEM MOIIHBIC CPEACTBA
oOpaboTku mpocTpaHcTBeHHOM uH(pOpMarmu [3-5]. Peus uaetr o reorpaduueckux HHPOPMALMOHHBIX
cucremax (I'MC), noTeHUHan KOTOPBIX B TEOPUH U HPAKTHKE TCOTHHAMHUYCCKUX HCCIICAOBAHUNA PACKPBIT
JAJCKO HE TOHOCTHIO.

CornacHo TpaIUIIMOHHOHN TOUKE 3PCHHS COBPEMEHHBIC NBH)KCHUS 3¢MHON MOBEPXHOCTH PABHHHHO-
m1aTOPMECHHBIX aCCHCMHUYHBIX 001aCTCH XapaKTEPU3YIOTCA OTHOCUTEIBHO CIa0BIMH CKOPOCTSIMU, A0 S5-
10 MM/roa, B OTIHYHME OT OPOTCHHBIX CCHCMOAKTHUBHBIX PETHOHOB, TAE CKOPOCTH MOTYT JOCTHUTATh
BEJIHYMH CYIIECTBEHHO Gosbinux, 50 mm/rox u Gonee [9]. IlomoOHbiil BBIBOA BHOJHE OOOCHOBAHHO
CTCAYET U3 aHANMN3a KapT COBPEMCHHBIX BEPTHKATBHBIX ABIKCHUH 3¢MHOM MOBEPXHOCTH MOCTPOCHHBIX
MO JAHHBEIM PaJapHbIX HHTepGEPOMETPUN HA TEPPUTOPHH T'. ATIMaTHI (PUCYHOK 2).

B pabote mpeacTaBicHB NpUMEPH PEATH3ALNN PA3TIHYHBIX MOJXOA0B K U3YUCHHIO TEX WM WHBIX
MPOSBICHHH COBPEMECHHOW I€OJUHAMUKH HA TCPPUTOPHUH T. AIMaThl C HCHOJIb30BAHHEM HHCTPYMCHTOB
I'MC. Ha pa3muuHbIX 3Tanax HCCICAOBAHUS TAKKE HCHONB30BANIHCH. IporpamMma oOpaboTKH JaHHBIX
puctaHponHoro 3oHxuposanus SARscape (ExelisVIS, CILA), nporpamva o6paboTKH CTATUCTHYECCKUX
manubix SpatialStatistics (ArcGIS).

PesyabTaThl 00paboTKH JaHHBIX pagapHoii cbémixu. BxogHeiMu maHHbIMEH AJis1 00pal0OTKH B
CICIIMATA3UPOBAHHBIX TMPOTPAMMHEIX KOMIUIEKCAX SBILIIOTCS HHTepdepomerpuueckas mnapa (mubo
MHOTOIPOXOJHAS CEPHUs) PAJapHBIX CHUMKOB [1].

Hocneoosamenwvuas unmepghepomempus nocmosunvixpacceueameneii (PS) paoapnoeo cuenana.
JTOT BapHaHT pagapHOU HHTCPHEPOMETPUH XaAPAKTCPHU3VETC TOUHOCTHEO OLICHKH CMEIICHHH 2-4 MM 1O
BBICOTC. BXOAHRIMU NaHHBIMH A TAPAHTUPOBAHHO YCICITHOH 0OpabOTKH JOIKHBI SBIATHCA HE MEHEE
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30 cHUMKOB OJHOM W TOH K& TEPPUTOPHH 3a Pas3HBIE JAThI, CACIAHHBIE B OAHON M TOW K€ T€OMETPHH
CBEMKH CIyTHHKOBOrO pazapa [1, 2]. B cayuae cremok ropoga Ammarel ObuT HaOpaH MaccCHB u3 45
caumkoB 3a 2003-2010 rr. noayyennsiec cnytHukoM ENVISAT ASAR, noaxoasimux Ajist 00paboTKu 110
texnonorun PS. Pesynmprupyrommii npoaykr obpabotku mo mertony PersistentScatterers mocTosHHBIC
orpaxkatenu PS (pucyHok 1) oTHOCHTCS K H3MEPECHHIO JTHHCHHBIX CMEIICHUH U JACT BBIXOJHbBIC 3HAUCHHUS
BBICOTBI OTACTBHBIX OTpaxareiach (TOUYEK), KOTOPBIC OOBIYHO XapaKTCPU3YIOTCS BBICOKOH KOTEPEHT-
HOCTBIO. [l KaKIoW TOYKHM BBIMUCICHBI BEIUYMHBI CMCIICHUH B MWIIMMETPaxX MO COCTOSHHIO HA
KOKAYIO ATy ChEMKH. JIOTIOTHHUTENBHO PACCUMUTAHBI CPEAHETOAOBAS CKOPOCTh CMCINCHHNH B MUJLIH-
METpax B FOJ, a TAK:KE BHICOTA B METpax Haja dumncouaom WGS-84[13-16].

Pesymprar Bu3yanbHO BBIITSIAUT KA4YCCTBCHHO, 3aIIYMICHHOCTh HHU3KAas, YETKO OTACIIIOTCS
CTAaOWNIBHBIC TOYKH OT CMCIIAIOMIMXCH. Bech BEKTOpHBIH (aiil TOYEK — MOCTOSHHBIX PacceHBaTCICH
pazapHoro cursana, coacpkurca B udposoMm Buae B dopmartax *shp u *kmz (tabmmma 1). UmenHO
peayabTar odpaboTku PS wmcmonb30BaH A8 JanbHEHINETO aHAINW3a CMEIICHUHM U aedopMaiiuil 3eMHOM
MMOBEPXHOCTH T'. ATMaThI.

TaGmumia 1 — BekTopHbIit (aiiil ToUeK — IOCTOSHHBIX paccerBaTellell paJapHOTro CUrHaua

£ 01. 420 almaty _75_ps B2 Bl

Velocity [Coherence  Lon Lat Z  |Velocity PHeight coil Tot Displ |D_20030423D_20030702 ) 2003080/ D_20031015 03 D_20031224 | D_200 "

23199 1.248021) 0.797341 76.872087 43.256011| 720172677 0.223637| -6.353083) 08.076076  5.905185 5763841 -1.196954 3.346665 25 0.498026
23200 1228159 0.796419 76.872980 43.256012| 727.291888) 0.224159| -4.431521) 85.761877  13.525579| 13.977281 1.414549 13.947692 04 3.540435
23201 -0.305062| 0.874035 76.835788 43.261707) V06428607 0.174041) 0.413113) 108.383766  3.089765  -4.464011  1.548307 20120417 3.757336
23202 -0.377392| 0.892161 76.835769 43.261710) 702.840861 0.161175 4.135933 -153.019790 -10.097975| 11.900266) 7.008786 -2.449351 04 10.472560
23203 -0.523720| 0.760335 76.962116 | 43.242272| 826.783190| 0243900 5743984 -03.024416) -4.731414)  -4.056777 7448363 4.381604 30 8.507679
23204 0.038634) 0.760073 76.950750|43.244022 807088054 0.239280 8.038338)  0.041602) 12.571442  -4.763086 -11.836682 030524925  -13.996275
23205 -0.186706| 0.850988 76.921887 43.248466) 760.268119 0189990 4.510334 -42.881994  -B.504874|  -7.543884 4.425506 -4.506121 92 3.897893
23206 |-0.117799)  0.777967 76906557 43250822 756.154032 0.232349 -5.514103  55.714213 5167668 1.953643| -9.022792 -3.23445788  -10.262506
23207 -0.037888| 0.792928 76.906534 43.250825) T52.736164) 0.223732| -2.003884  -162.322524) -7.683592| -10.129744) -5.222194 13.562919 69 -4.236957
23208 0.394893| 0851141 76.876257 43.235472| 739631524 0.190637-11.644038 85.043092 4312288 5.731349| 12.833137 10.403339 07 7406352
23209 0.647910  0.907752 76.876203 43.255481| 733.149764| 0.130768| -5.550330) 01.676348  4.650745 6207713 -5.606494 -6.353827 30 -8.320976
23210 0.744638  0.914813 76.876188 43.255483| 731.554264) 0.145224) -4.067987 -37.137634) 11.527372] 13507746 -3.210389 2.946630 84 -4.810262 11.

23211 -0.000554| 0.835489 76.860160 43.257939| 719.353523| 0.198863| -4.775554) -101.660008  0.714313 8.738061  -5.514962 -1.772522 20 -0.529279 12,

23212 -0.250233| 0.85278176.860137 43.257943| 715947156/ 0.187750| -1.397197 -105.777987 -4.363443| -3.201644| 0.031327 -8.167603 06 -0.056614 -0.

23213 -0.234554|  0.798208 76.860111/43.257947| 710493064 0222008/ 4.0383671 -25.351987/ -0.878666  -5.702633/ 8.473861 -6.359522 79 3.837456 )6 h
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Pucynok 1 — IIpumep oToGpakeHHs pe3yIbTaTOB MOHUTOPUHIa CMEITICHHUH ITOCTOSHHBIX OTpaskarereit
Ha TEPPUTOPHUIO a3pOIIopTa I'. AJIIMaThI

Kapruposanue pesyabtatoB. Tepputopuss r. Amnmarsel pacmosioxenHa B Mnuiickod BHaguHe,
KOTOpas B CBOIO OYCPCAb HA FOre OrpaHHYCHA CKIaguaTod CHCTEMOH Xp. Jaunumiickuid Anmartay, a Ha
cesepe [Dxynrapckum Anaray. 9ToT y4acTOK AJMATHHCKON ACTIPECCHH SIBIICTCS HAWOOICE MOrpy-
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JKCHHOH YacThio IpeAropHoro nporuda. @yHIaMeHT CIOKEH MOPOJAMH CPEIHETO, BEPXHETO Manco3os U
m1aTQOPMCHHBIM YEXJIOM, MPEACTABICHHBIM ME30KAWHO30HCKUMH OTIOKCHHAMH. DYHIAMEHT CIOXKCH
Pa3THYHON CTENECHH METaMOP(U30BAaHHBIMH W JUCIOLHMPOBAHHBIMHA MOPOAAMHU NIEPMH U KapOOHa, B
COCTaBE KOTOPBIX 0CANOYHO-BYIKAHOTCHHBIC 00Pa30BaHHUI.

Jns modaydeHHs TEKTOHHYECKUX Pa3iOMOB A TCPPUTOPUHU T. AnMMaTel B KadecTBE HCXOTHBIX
MaTepHaIoB Obla HCIMOJb30BaHA KApTa COBPCMEHHOW TCKTOHHYCCKOW OOCTAHOBKH HAa TECPPUTOPHH T.
Anmarst o Kymukosckomy K.T. [8].

HauGospinyo CeHCMHYSCKYIO OMAcHOCTh IS TOPOJAA MPSACTABICT 3AUIHUCKHAN pa3ioM (Iuaro-
HAJIbHBIN), MPOXOIAIIMNA BAOIb V. anb-Dapabu, uepe3 aHTCHHOS moJjIe, mwi. PecnyOnuku, nepeceucHue
vi. Abas u Kynaesa, no yn. Kazeibex-bu, uepes [lapk kymeTypsl Ha BOCTOK.

[TonyuyeHHEIe MaTEpHATE TIO Pa3IOMaM MO3BOMAIOT TOBOPHTE O TOM, YTO, HECMOTPS HA Pa3IHYUs B
HCTOPUH Pa3BUTHSA U YCIOBUAX PCATH3ALMH TCKTOHHYCCKUX MPOLIECCOB, CKA3BIBAIOIIMXCS Ha crieruduke
dbopMUpOBaHUs PA3TOMOB, BCE OHU 00gaAaroT psaoM odmux uept [6, 7]. Kpome Ttoro, yuureiBas
BBICOKHH YPOBCHb Pa3BUTHS SKOHOMHKH, HATUYHE OOIBIIOrO YHCNIA MOTCHIUAIBHO OMACHBIX 00BEKTOB,
3HAYHTENBHYIO KOHIICHTPALMIO HACCIICHHUS, B HACTOSIIECE BPEMsl YIPO3y TOPOAY MPEACTABIAIOT HE TOIBKO
CHJIBHBIE, HO M 3eMJICTPACCHMS cpeHel naTeHcusHOCTH [10, 11].

Jns uHTEpOpeTaly MOMYYCHHEIX PE3yIbTaToB 00pabOTKH HANOKCHB! PAa3OMBl HA TCPPHTOPHH T.
Anmvatel. HanoxxeHust paznoMoB CHOCOOCTBYIOT BH3YAJIBHOH OLICHKE IONYUCHHBIX PE3yIbTAaTOB
00paloTkH pagapHeIX CHUMKOB. OCHOBHBIC 3aKOHOMCPHOCTH PAaCHPEICICHHS CMCIICHHH CBA3aHBI C
pasnoMaMu, KOTOPbIC MPONIETAIOT 10 TCPPUTOPUH T'. AIMAaThI.

Kak BuaHO Ha puCyHKe 2, BEICOKAs IUIOTHOCTh MOCTOSHHBIX OTPaXKaTeiacH pagapHOrO CHrHAlIa B
OCHOBHOM PAacrlOJIO’KEHA Ha TOPOACKOH TECPPUTOPHH, B MECTaxX IUIOTHOW 3aCTPOWKH, a TaKXkKe B Hace-
neHHbeix nyHKTax Kackenen, bypeiHmait u apyrux. HecMoTps Ha BBHICOKHI VPOBCHb HCKQXCHHUU B
OTIEIBHBIX TOUKAX, O0YCIOBICHHBIX CE30HHOCTBIO, HU3KHM MPOCTPAHCTBEHHBIM Pa3pEIICHHEM CHCTEMBI
M HEAOCTATOYHOH ILIOTHOCTBIO BPEMCHHOH Oasbl, OUCBHIHO, YTO B ICHTPAIBHOW YaCTH HCCICAYEMOM
TCPPUTOPUHN NPEOOIANAIOT MOAHATHSI, 4 B KPACBBIX BOCTOYHBIX 0OnacTax omyckanus. [Ipuuém momo-
JKUTCTIbHBIC BCPTHKANBHBIC ABHKCHUS COMPSKCHBI C 30HOH PacHpOCTPaHCHHUS Pa3noMOB, Xapakre-
PHU3YIOLINXCS KaK HAHOO0JICe aKTHBHEIC.
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Pucynok 2 —

Kapra cmerienuii 3emHOM
TIOBEPXHOCTH TOPoia AJIMaThl
T10 JIAHHBIM paJlapHOM
nHTEepHEPOMETPHL.

OT XenToro 1Bera K KpacCHOMY —
BO3PACTAOIIUE OCENaHUSL,
JKEITHIN 1IBET —
CTaOWIbHBIE YUACTKH,
3CIIEHBIN ITBET — 10 THSATHUS,
KOPHYHEBBIE CIUIOIIHbIC JIMHUN —
Pa3IoMbl
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I'eonndopmanuonnbiii aHanu3. B 3aBHCHMOCTH OT TOCTABICHHOW 33Ja9d MOXKHO TICPCHTH K
CACAYIOIIEMY ATamly, K KIACTCPHOMY AHAIM3Y WM aHamu3y rpymrn. KnacTepHbiii aHamu3 — 3TO METOA
KJIACCU(HUKAIMOHHOTO AHAN3A, €r0 OCHOBHOC HA3HAUCHHEC — Pa3OMCHHEC MHOMKECTBA HCCICIYCMbIX
0OBCKTOB M MPU3HAKOB HA OJHOPOAHBIC B HEKOTOPOM CMBICIIC TPYIIIBI, WIH KJIACTCPBI. ITO MHOTO-
MCPHBIH CTATUCTHYCCKUN METOJ, MOITOMY MPCANONAracTCs, YTO HCXOJHBIC JAHHBIC MOTYT OBITh 3HA-
YUTEIBHOTO 00BhEMA, T.€. CYLICCTBCHHO OOJIBIINM MOXKET OBITh KaK KOJHYSCTBO OOBCKTOB UCC/ICIOBAHUS
(HaGmroaeHUH), TaKk U MPU3HAKOB, XaPaKTCPU3YIOIUX 3TH OOBEKTH. BoIbInoe JOCTOMHCTBO KIaCTEPHOTO
AHAJIM3a B TOM, YTO OH JACT BO3MOXKHOCTH IMPOU3BOANTE Pa30HCHUE OOBCKTOB HE MO OJHOMY MPH3HAKY, &
mo psiay npuszHakoB. Kpome TOro, kmactepHeiii aHaiu3, B OTIHYKME OT OOJBIIUHCTBA MAaTCMATUKO-
CTATUCTUYCCKUX MCTOAOB, HC HAKIAABIBACT HUKAKUX OTPAHHYCHUH HA BUJA PAaCcCMATPHBACMBIX OOBEKTOB
U TIO3BOJISICT MCCIICAOBATE MHOXKECTBO MCXOJHBIX JAHHBIX MPAKTHUCCKH MPOU3BOIBHONM mpupoisl. Tak
KaK KJIaCTCPhl — 3TO TPYIIIBI OAHOPOAHOCTH, TO 337a4a KJIACTCPHOrO AHAIN3A 3AKTFOUACTCH B TOM, YTOObBI
HA OCHOBAaHHH MPU3HAKOB O0BEKTOB PA30UTh MX MHOKECTBO Ha M (M — LEI0C) KIACTCPOB TaK, 4TOOBI
KK OOBEKT MPUHAICKAT TOJABKO OMHOU rpymme pasoucHust. [Ipu 3ToM 00BEKTHI, MPUHAICKAIINS
OJHOMY KJIAaCTePy, JOKHBI OBITH OJHOPOAHBIMH (CXOAHBIMH), & OOBEKTHI, MPHUHAIICHKAINUC PA3HBIM
KJacTepaMm, — pasHopoaHbiMu. EcCin OOBEKTHl KIACTCPU3ALMU IPCACTABUTh KAK TOYKA B N-MEPHOM
MPOCTPAHCTBE NPHU3HAKOB (N — KOJWYCCTBO MPH3HAKOB, XaPAKTCPH3YIOIIUX OOBCKTHI), TO CXOACTBO
MEXAYy OOBCKTAMH ONMPSACICTCS UYCPE3 MOHATHUE PACCTOSHHS MEXKIY TOYKAMH, TaK KAaK HHTYUTHBHO
MIOHSATHO, YTO YEM MCHBIIIC PACCTOSHHE MEKIY OOBEKTAMH, TEM OHH 0oJjiee cxoxH [ 16].

His a>ddextuBHOM paboThl ¢ MPOCTPAHCTBCHHBIMH OOBCKTAMH LIEJICCOOOPA3HO HCIMOIb30BATh
texHoI0ruI0 [ YC ¥ npe10CTaBIIEMBIC €10 TeOCTATUCTHUCCKUES METOABI. [t 00paboTKH HCTONB30BATUCH
m3BecTHeIe aHanmTmdeckne amropurmel  Getis-OrdGeneral G u  AverageNearestNeighborDistance.
Beucreme ArcGIS onu peanmzoBaHbl 4epe3 HHCTPYMEHTHI TPOCTpaHCTBeHHOH craructuku High/Low
Clustering: Getis-Ord General G (Spatial Statistics) u Average Nearest Neighbor Distance (Spatial
Statistics) [17, 18].

B o0mem caygae pasaudarT CIy49aHHOE M CTPYHIHPOBAaHHOE (KIACTEPHOE) PpACIPEACIICHHC
o0bekroB. [logassromee GOMBIIMHCTBO CTATUCTHYCCKUX TECTOB OCHOBAHO HA TAK HA3BIBACMOM HYJICBOM
THIOTE3E, ISl HAIICTO CIydas OHA TIACUT, YTO pacnpedcicHue — cayuyaiinoe. He yrnyOmssiace B Teopuro
CTATUCTUYCCKUX MCTOJOB, MPHUMEM KaK AlPHOPHOC 3HAHHEC, YTO CYLICCTBYIOT KPUTHUCCKHUC 3HAYCHHUS
CTATUYCCKOTO KPHUTCPHS, U MPHU HUX MPCBBIIICHHA Mbl HE MOKEM MPUHATH HYJICBYIO THUIOTE3y — OHA
JOJKHA OBITh OTBEPTHYTA. B Ka4eCTBE TAKOTO CTATHCTHYICCKOTO KPUTSPHS MBI UCIIOIb3YeM 3HAUCHHS 7.

ClusterlD EHements X

14538 -2817969
31500 -1.561686
17452 -1.533683
2579 -1.317601
28684 0670014
36681 -0 A78068
40727 0.004577
30808 0.062353
15936 0.707068
11995 1.214719
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Class 7
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Class 0

s ur|xg
&~ o ™

QX UM O &
i=]

0

O

W e o O

O
F
c
w

O

QN

on

L1140

JO0NCC MR

Pucynok 3 — KnnactepHsliit aHanmu3 BepTUKAIbHBIX JBUKCHUN TEPPUTOPUU I. ATIMATHL




H3zeecmua Hayuonanvroti akademuu Hayk Pecny6nuxu Kasaxcman

Taxkum oOpazom, I'uc aHamu3 pagapHBIX CIHEH TEXHOTCHHO HATPY:KCHHBIX TCPPUTOPHH, a TAKKE
TCPPUTOPHUE C BBICOKOU ILIOTHOCTBHIO 3ACTPOUKH MPOMBIIIJICHHBIMA U TPAKIAHCKUMH OOBCKTAMH JACT
OUYCHb BAXKHBIC M MPAKTHUCCKUC PEIYIbTAThl 00 AKTUBHOCTH Acopmanuii U UX MPOCTPAHCTBEHHOM
pacnpenencHun. [IpuMeHeHHE TOUEYHOro aHanmM3a MO3BOJSICT MONYYHTh HHGPOPMALIUIO HE TOJBKO O
MPOCTPAHCTBCHHOM PACIpeACICHHN Ae(opMaLiil, HO BO BPEMCHH.

Peayaprarel mOAOOHBIX HCCACAOBAHUM YHUKAAbHBI, TaK KaK JAIOT KOJHYCCTBCHHBIC OLICHKH
CKOpOCTEH MPOTEKAHUs I'COIUHAMHYICCKUX MPOLIECCOB B MPOCTPAHCTBEHHBIX MAcCIITabaX OT JSCATKOB IO
HCCKOJIBKHUX COT KBAAPATHBIX KHJIOMCTPOB.

BuiBogbl. C ucnoas3oBanuem coBpeMeHHbX | MC-TexHOMOrHIT MOCTPOSHBI KAPTHI JOJTOBPEMEHHBIX
cMeIICHHI Ha ypOaHu3upoBaHHbIX Teppuropusx. [Ipu yueTe BenMuuH CE30HHBIX CMEIICHHN YAAIOCH
BBIICAUTh TMOJABHKKH 3¢MHOW TMOBCPXHOCTH, CBSA3AHHBIC ¢ TCXHOTCHHBIMH (hakTopamMu (PUCYHOK 3).
OueBUAHO, UTO TEXHOIOTHH 00PaOOTKH MPOCTPAHCTBCHHBIX JAHHBIX (F¢OMH(POPMAIHOHHBIC CHCTEMBI U
KOMITICKCHI 00paboTku JaHHBIX J13) SBISFOTCS KIOUYCBRIMU KOMIIOHCHTAMH HPESAIOKECHHON METOUKH

Paboma evinomnena no PBII 076 «Paszpabomams Memoobl MameMamuiecko2o Mooenuposanis oegpopma-
YUOHHBIX NPOYECCO8 GepXHell Yacmil paspesd 3eMHO KOpbl YPOAHUIUPOSAHHIX MeppUumopuil Ha OCHO8e OaHHbIX
OUCMAHYUOHHO20 30HOUPOBAHUS 3eMAu».
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AJIMATEI K. AHMAFBIHBIH KA3IPTI TEOHHAMHKAJEBIK YPAICTEPTH
TEOAKIIAPATTEIK TAJTJAAY

7K. III. ZKanraes, A. K. budocinos, A. A. Kaninioaes,
B. E. Kynicoexosa, C. M. HypaksiHon

EXIIC «HMonochepa nHCTUTYTH» AK «FaphliThIK 3epTTEyIep MEH TEXHOIOTHSUIAP YITTHIK OPTAIBIFBD?,
Amvarsl, Kazakcran

Tipek co3aep: reorpadUAIbIK aKIAPATTHIP JKYHEC1, KEPAi APAKAMIBIKTHIKTAH 3CPACICY,PamapiblK HHTCP(C-
poMeTpus, JKep OCACPiHIH Ay BITKY TAPHL, KJIACTCPIIK TAaIaay.

Anaranmst. JKyMpICTa Ka3ipri reOJMHAMHKAHBI Tajaya skoHe aHbsIkrayaa A texnonormsacer meH JKA3
MOJIIMETTEPiHIH THIMAUTTIH kepcetineni. COHbIMEH Karap, AlaMaThl K. JKep KBIPTHICBIHBIH Ka3ipri KO3FaJbICTAPBI
JKaWIIBI KaHA MAFIyMATTap aJIbIHFAH.

ANMATBHI K. YKep KbIPTHICH! OJOKTAPBIHBIH MEKAPACH OO TAOBIIATHIH TEXTOHUKAIBIK KAPBUIBIMAAP KapTachl
KYPaCTHIPBLIABL. ByiT sKapeIibIMIap ImaMachl a3 Kep CUIKiHICI Ke3iHae Ko3Faiaysl MyMKiH. OCBIFaH opal Kasipri
TaHTA AJMATHl K. KYPJBICHI KAPKBIHAAI CAJBIHBIIN >KATKAH Ke31¢ Oy TEKTOHHKANBIK >KAPBLIBIMAAP KOKEeH KecTi
MoceneHiH Oipi 6oxpm oTep. KapputmeiMaap Oip KaibINThl OpHANACHAYHI JKEp CUIKIHIC KAyIiH apTThIpa TYCIpyl
MYMKIH.

Kanamsik wHQpacTpyKTYpaHBIH KAPKBIHIAT JAMBIT TYPFaH KC3iHIC Kep OCTiHIH TCOTMHAMHUKATIBIK YPIICTCPiH
FAX TexHONOTHICHIMEH TANAAY MKAHAIIBLT dAICTEPAiIH Oipi 60IbIT TAOBLIAIEL.

Hocmynuna 03.11.2015 2.




