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AHHOTanus. B crarbe mpeactaBieH MOAXOA K NOCTPOEHUIO KapT KadecTBa
BOJBI BJOJIb pycia peku AMyJapbsi C MCIOJb30BAHHUEM T€OMH(POPMAIIMOHHBIX
texnosioruii ('MC). Onucanbl KitoYeBbIE ATabl 00paOOTKH MPOCTPAHCTBEHHBIX
JaHHBIX: reorpaguyeckas MpUBS3Ka HaOJIIOICHUH, MOJrOTOBKA
Kaprorpaduyeckoil 0a3bpl W BbIOOp MeToJa WMHTepHojsuuud. B Xxome anamumsa
OBbUIM TMPOTECTHPOBAHbI pasziuuHble MeToabl, BkItoyas Kriging (Kpurunr),
Spline (Cnnaiin), Natural Neighbor (EctecTBenHbiii okpectHocTh) U IDW
(Ob6patHOro B3BEILIEHHOTO paccTosiHUs). Ha OCHOBE CpaBHUTENBHOIO aHaiM3a
nokazaHo, yro wmetoj IDW oOecneunBaer HaWIy4llyl0 JIOCTOBEPHOCTD
pEe3yJbTaTOB B YCJIOBHUSX JMHEHHOTO pa3MeElIeHHs TOYEK BIOJb PEKU U
HEJI0OCTaTOYHOCTU JaHHBIX. [IpeacTaBieHHbIN MOAX0A TO3BOJIMI CO3aTh KApPThI,
OTpakarolue MPOCTPAHCTBEHHOE pacIipesielieHne MoKa3aTenell KauecTBa BOABI
U JUHAMUKY UX U3MEHEHUS.

BBenenue

I['MC npeacraBisitoT coOOW YHUBEpPCAIbHBI HMHCTPYMEHT s cOopa,
XpaHEHHUs, aHaJlM3a M BU3yaJU3allud MPOCTPAHCTBEHHBIX AaHHBIX. B oOmactu
BoAHBIX pecypcoB ['MC TexHonorum Haxonar Bcé 0oliee MHUPOKOE MPUMEHEHHE,
MO3BOJISII CUCTEMATU3UPOBATh PA3HOPOJHYI0 HHPopMauui0 U 3PEHEKTUBHO
MpeACTaBIATh €€ B BUJEe KapTorpaduueckux moaeneil. OcoOeHHO aKTyaabHBIM
apisieTcss ucnons3oBanue ['MIC mpu aHanm3e KayeCTBEHHBIX XAPAKTEPUCTUK
BOJHBIX OOBEKTOB, I€ MPOCTPAHCTBEHHAs AETAM3alUsl UIPAET KIIOUEBYIO
pOJIb JUI OLIEHKM TEKYIIETO COCTOSIHUSI Y BBIABIICHUS TEHIACHLUN W3MEHEHMS
COCTaBa M paclpeiesICHus MoKas3aTeaen kauecTBa BobI [1].

Ongnum u3 HauOonee 3(ddexTuBHbIX HampasieHuil npumenenus ['MC
SABJIAETCS IOCTPOCHUE TEMAaTUUYECKUX KapT KadyecTBa BOJbI, OCHOBAHHBIX Ha
JAHHBIX TMOJEBbIX HaOmogeHuil. Takue KapTbl MO3BOJIAIOT HE TOJIBKO
BU3YaJIM3UPOBATH PACIPEACIICHUE XUMUYECKUX ITOKA3aTelen BAOJIb Pycia peKH,
HO W  IPOBOAWUTH  IPOCTPAHCTBEHHO-BPEMEHHOM  aHAIMW3,  BBIABISS
3aKOHOMEPHOCTHU U YYaCTKU C AHOMAJIbHBIMU XapaKTEPUCTUKAMU 110 CPABHEHUIO
¢ HaOmonaembiMu JaHHbIMU. Hcnons3oBanne I'MC nns mpocTpaHCTBEHHOIO



aHanuza obecreuynBaeT (HPeKTHBHOE OOBEAMHEHHE M CPAaBHECHHE JaHHBIX 3a
pa3Hble TEPHOIBI, YTO TO3BOJSET OTCICKWBATh JIUHAMHKY W3MCHCHH,
BBISIBIISITh YCTOWYMBBIC TEHICHIIMM W TOJACPKUBATH TPUHATHEC HAYIHO
000CHOBaHHBIX PEIICHUN B 00JIACTH BOJHBIX PECYPCOB BOJAHBIMU PECYPCAMH.

KntoueBpim  3Tanmom npu  noctpoenun kapt B [UC gBusercs
WHTEPNOJAIMA — TOPOLECC ONPEACNICHUs 3HAYEHWW IOKa3aTeled B
MPOMEKYTOUYHBIX TOUYKAX Ha OCHOBE M3BECTHBIX 3HAUEHUN B HAOIIOAATEIBHBIX
MyHKTaX. OTO OCOOCHHO BaXHO TMpH paboTe C HEPEeryIsipHOM WIH
OTpaHUYEHHOW ceTbio HaOmogeHuil. Cpean Haubolee pacHpoCTpaHEHHBIX
METOJIOB MHTEPINOJALMU B 33Ja4ax aHAIN3a KAdyeCTBa BOJABI SIBIISIIOTCS METOJ
IDW [2] u Kpurunara [3], KOTOpbi€ MO3BOJSIOT IOJYYUTh HEIPEPHIBHBIC
MMOBEPXHOCTHU 3HAYEHUM C BBICOKOM CTEMEHBIO JOCTOBEPHOCTH.

[IpuMepbl yCHENIHOTO HWCMOJIb30BaHUS HHTEPIOSLUN BCTPEYAIOTCS B
pslle peruoHaNbHBIX HccienoBaHuM. Tak, mpu aHanmuze peku Turp B depre
ropoga bargag ObuIO  BBIMOJIHEHO MOPOCTPAHCTBEHHOE  MOJICIUPOBAHUE
pacrpesielieHuss OCHOBHBIX (DU3UKO-XMMHUYECKUX IOKa3aTeleid Ha OCHOBE
naHHbIX U3 96 mpo6. B pesynbpraTe yaanoch BH3yaldbHO OTPa3UTh YYaCTKU C
pa3IUYHbIM YpOBHEM KOHIICHTpAI[UU PacTBOPEHHBIX BEILIECTB,
ANEKTPONPOBOJHOCTA M Apyrux  mnapameTpoB.  IlomoOHble  paboOThI
JEMOHCTPUPYIOT BBICOKYIO 3()(PEKTUBHOCTh T'€OMH(OPMALMOHHOIO MOJX0J1a
MpU aHaIW3€ THAPOXUMHUYECKUX HaHHbIX [4]. B paGote [5] s moctpoeHus
KapThl KayecTBa BOJbl JIeHMHTpaJckoil o001acTH ObUT HKCHOJIB30BaH METOJ
Kpurunra, mno3BOJSIOMINI BBINOJHATH MPOCTPAHCTBEHHYID HWHTEPIOJISINIO
3HAUEHUI 3arpsA3HSAIOMMNX BellecTB. B pe3ynbraTe aHanm3a ObUIM BBISIBICHBI
oyard aHTPOIIOTEHHOTO 3arpsi3HEHHs, COCPEAOTOYCHHBIE MPEUMYIIECTBEHHO B
okpecTHOCTsAX U Ha Tepputopuu Cankrt-IlerepOypra. CorimacHo pe3ynbTaTaM
mpo0, B O3TUX 30HAX OTMEYCHO TMPEBBINICHUE TMPEACIBHO TOMYCTUMBIX
KOHIIEHTPAINi TSHKETBIX METAJIIOB U HEPTEMPOTYKTOB, YTO CBUIETEIBCTBYET O
3HAYUTEIbHOM TEXHOT€HHOM BIIMSIHUU HA BOJIHBIE OOBEKTHI PETMOHA.

JlanHoe uccienoBanue nocesiieHo npuMmeHenuto ['MC texHomorui s
MOCTPOEHUSI MTPOCTPAHCTBEHHO-BPEMEHHBIX KapT KadecTBa BOJIbI BJOJIb pycia
pekun Amygnapes (tepputopun TypkmeHucTaHa U Y30ekuctaHa). OCHOBHOE
BHUMaHHE yJIEJICHO BBIOOpY U  peajdu3alldd METOoJla HMHTEPHOJISAINH,
OpraHu3allid BXOJHBIX JIAaHHBIX, a TaKXe€ CO3/IaHUI0 KapT, OTPAKAIOIMIMNX
CE30HHYI0O  JMHAMHMKY  XHMHYECKOro  coctaBa  Bojabl.  [lojmyueHHbIE
KapTorpaguyeckue MaTepHalIbl MOTYT OBITh MCIIOJIB30BAHBI JUIS ITOCIEAYIOIIETO
MPOCTPAHCTBEHHOTO aHaju3a, CPAaBHEHHUS BPEMEHHBIX U TEPPUTOPUATHHBIX
W3MEHEHHUM, a TaK)Ke MPOBEJCHUS HaYYHBIX U MPUKIAIHBIX UCCIICIOBAHUM.



Oo0aacThb HCCJICA0BAaHHUA U BXOJAHbIC JaHHBIC

AMynapbs — KpynHeimas peka B OacceiiHe Apanbckoro mopsa. B
MPUPOJIHBIX YCIOBUSX €€ BOJbl OTHOCWIHCH K THIPOKAPOOHATHOMY KJIacCy C
muHepamzanueit 0,3-0,5 r/om’. OxHAKO ¢ POCTOM aHTPONOT€HHOM HArpy3KH,
yBEIIMYEHUEM BOJ103a00pa U cOPOCOB, HEOUHUIIIEHHBIX KOJUIEKTOPHO-IPEHAKHBIX
BOJI KaU4e€CTBO PEYHON BOJbI 3HAUMUTENBHO YXYAIIWIOCh. B HacTosiee Bpems
XUMUYECKUIl cocTaB BOJAbl B AMyJappeé BO MHOIOM  OIpEIeNsieTcs
3arps3HEHUEM, TMOCTYMAIONIUM C  CEIbCKOXO3SMCTBEHHBIMU CTOKAMH C
tepputopun TypkMmeHuctana u Y30ekucrana [6].

JIns 1aHHOTrO HCciieoBaHUsl ObLIM MCIOJIb30BaHbl MOKA3aTEIN KayecTBa
BOJIbI, BKJIIOYAas KOHIEHTPALIMU CIEAYIOIUX XHUMHYECKHX DJJIEMEHTOB U
coenunenun: HCO;, Cl, SO, Ca, Mg, Na+K, kotopeie mnomydeHsl C
TUAPOIIOCTOB, PACIOIOKEHHBIX BAONb pycia Amynapeu: Kemud, Artamypar,
Typkmenana0, Jlapran-Arta, Kunuak, Caman06ait u Taxuartam (puc. 1). Ilepuon
00pabOTKM JaHHBIX OXBaThIBACT €XKeMmecsuHble AaHHbie 1991-2022 rr., 4TO
MO3BOJISIET MPOBECTU  JOJITOBPEMEHHBIM AHAIN3 JUHAMUKA W3MEHEHUSA
XUMHYECKOr0 COCTaBa BOJbl B AMyaapsbe.
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Puc. 1. Obracmos uccredosanus



MeTtoa uccjaenoBaHud

[IpocTpaHcTBEeHHAs IPUBSI3KAa MMYHKTOB HAOJI0/ICHHI ObLiIa BHINOJIHEHA 10
reorpauuecKuM KOOpJMHATAM C UCTOJb30BaHUEM KapTOrpaduuecKoil OCHOBHI.
O6paboTka ¥ BHU3yanM3alus JaHHBIX MpoBoauiack B cpene ArcGIS. Jlns
MIOCTPOEHUSI HEMPEPBIBHBIX IMOBEPXHOCTEM pacHpeAcCHUs] TMOKas3aTelei
HCIOJIB30BAIACH MTPOLIEIypa MPOCTPAHCTBEHHON MHTEPHIOJIAIUN.

Ha mnpensapurenbHOM »5Tame ObUIM PACCMOTPEHBI YEThIPE METOJIA
WHTEPIOJIALMHA, TOCTYIIHbIE B CTAaHAAPTHBIX HHCTpyMeHTax ArcGIS [7]:

1. Meton KpuruHra — reocTaTUCTHYECKHA METOJ, YYWUTHIBAKOIIHU
MPOCTPAHCTBEHHYIO aBTOKOPPESLUI0 U OOECHEeUYMBAIOIINN  CIrIIaKMBaHUE
naHHbIX. [logxonuTt mist ClOXKHBIX MOjeNeil, HO TpeOyeT TOYHOM HACTPOMKU
BAPHOTPAMMbl W 4YAaCTO IMEPEYCPENHSET 3HAUYCHUS NpPU PEOKOM CeTH
HaOJI0/ICHHI.

2. Meton CnnaiiHOB [8] — METOJ CrIIaKMBAIOIIEH HHTEPIOSAIINH,
CO3JIAIOIIUM HETPEPhIBHBIE TUIaBHBIE MOBEpXHOCTH. OOecneunBaeT BU3YyaJlbHO-
MOHSATHBIC PE3yJIbTaThl, OJHAKO MOXKET BBOAUTH apTe(akThl IPH HAIWYNH
PE3KUX TPaIUCHTOB B IAHHBIX.

3. Meronq IDW (Inverse Distance Weighting) - wmeTon,
MpEANOoIaraloinii, 4YTO BJMUSHUE HW3BECTHBIX TOYEK HAa HWHTEPIOIUPYEMOE
3HauYe€HHWE OOPaTHO MPOMOPIMOHATILHO PACCTOSIHUIO 10 3TUX TOYeK. [IpocT B
MPUMEHEHUH, CTA0WJIEH NpHU JMHEHHOW CTPYKTYpE HNAHHBIX M 0OecreyuBaeT
peaTucTUYHOE OTOOpaKEeHUE pacipeeeHrs 3HaYCHUN.

4. Meton EctecTBEeHHOM OKPECTHOCTH [9] — METOJ WHTEpPHOJISINH,
OCHOBAaHHBIN Ha anroputMe BOpOHOTO M y4YMTHIBAIOIIMKI Onmkalux cocenen
no miuomaan. OH [naér Tiajgkue, JIOKaJlbHO aJlallTUBHBIE IMOBEPXHOCTU H
MUHUMU3UPYET MEPEOIICHKY M HEJIOOIEHKY 3HAYCHH, OCOOCHHO B 00JaCTsIX C
HEpAaBHOMEpPHBIM pacrpeneneHneM Touek. OAHaKo €ero HCIoJIb30BaHUE
OTPaHUYEHO HEBO3MOXXHOCTBIO JKCTPAIlOJSALMU 33 MpPEAeiIaMU BHEIIHETO
KOHTYpa TOYEK.

ITocne cpaBHUTENBHOTO aHAIM3a pPe3yJbTAaTOB (IO  BU3YaJIbHOMU
YUTaEMOCTH, OTCYTCTBHUIO PE3KUX apTe(akToB, BOCIPOU3BOAUMOCTH TCHICHIIUM
U COOTHOWIEHHWID C pEAIbHBIMU JIaHHBIMHU) OBLIO MPHUHITO pELICHHE
ucrnonb3oBaTh Meton IDW. OH mpoaeMoHCTpupoBan Ooyiee CTaOWIbHYIO |
MHTEPIPETUPYEMYIO KapTUHY paclpeliesieHHs] 3HAYEHUN, OCOOEHHO C Y4ETOM
OTPaHMYECHHOTO  KOJWYECTBA  HAONIOMATENbHBIX  TOYEK W JIMHEWHOMU
MNPOTS)KEHHOCTH.



PesyabraTsl

Pe3ynpTarel  JaHHOTO  WCCIENOBaHWS  MOATBEPKIAIOT  BBICOKYIO
s dexktuBHOCT, uUcnonb3oBaHuss [MC namg  mpocTpaHCTBEHHOrO — aHaIM3a
MOKa3aTeJel KadyecTBAa BOJBI BIOJb pycia pek. B dacTHOCTHM, MpUMEHEHHBIE
uHCTpyMeHThl ArcGIS mo3Bosiiid HE TOJBKO CTPYKTYpPUPOBATH U OTOOPA3UTH
MHOTOJIETHAE JAHHbIC, HO W BBINOJHUTh CPABHEHHE PA3JIMYHBIX METOJO0B
MHTEPNOJIAIMA  JUISI  TIOCTPOCHHMS  HENPEPBIBHBIX  MPOCTPAHCTBEHHBIX
MTOBEPXHOCTEM.

T'eoepaghuueckas npussaska dannvix. Bce TUAPONOCTHI, T€ MPOBOIUIUCH
3amephl, ObUIM TOYHO MpUBS3aHbl K KoopauHatam B cucteme WGS 84. Ha
OCHOBE 3THX TO4YEK OblJa cO3JaHa IPOCTPAHCTBEHHas 0asza, B KOTOPYIO
WHTETPUPOBAHbl JaHHbIC [0 ToJaM, Ce30HaM H MecanaM. Mcnosb3oBaHue
nHcTpymeHToB XY Table to Point [10] u Join by Attributes [11] mo3Boimio
aBTOMAaTHYECKU 00bEINMHUTH JaHHbIE B equnyto [ MC-monens.

Ananuz memooog ummepnonayuu. Jns TeHepauuu HENPEPBIBHBIX
MPOCTPAHCTBEHHBIX  MOBEPXHOCTEM MO  JUCKPETHBIM  JAaHHBIM  ObUIH
anpoOUpPOBaHbI CIAEAYIONIUE METOAbI HHTEPIIOJISIIUU:

1. Memoo Kpuecunea. HecMOTpsi Ha IIUPOKYIO PacCIpOCTPaHEHHOCTh B
r€OCTaTUCTUKE, METOJ T0Ka3aj HEYJOBJIECTBOPUTEIIbHBIE pPE3yJIbTaThl B
YCIOBHSIX JIMHEMHOTO pa3MEUICHHsS TOYEK BJOJIb pycia peku. Meron okazaics
YyBCTBUTEIIBHBIM K IapaMeTpaM MOJAENH M TpeOOBaJl CIIOXKHOW HACTPOMKH
(GYHKIIMM TPOCTPAHCTBEHHOTO CIUIAXKMBAHUS, a TaKXKe TOKa3all HHU3KYIO
YCTOMYHMBOCTh MPHU HEAOCTATOYHON TIUJIOTHOCTH HAONIOJATENIbHBIX TOYeK. B
pe3ynbTaTe Ha HEKOTOPHIX Y4YacTKax MoJAeNd (HOPMHUPOBAIUCH CIIIAKEHHBIC
MMOBEPXHOCTH, HE OTPAXKAIOIINE PEATbHBIX KOJIEOaHHIA.

2. Memoo Cnaauinos. Merton (opmupyer upe3MepHO CIIIa’KeHHBIE
NOBEPXHOCTH M JIEMOHCTPUPYET BBICOKYK) YYBCTBUTEJIBHOCTh K AHOMAaJIbHO
BBICOKMM WJIM HU3KUM 3HA4YEHUSIM B BBIOOpPKE, YTO MOXKET NPHUBOJIUTH K
UCKOKEHUIO MHTEPIOJAIMOHHOTO pe3yibTaTa B HX OKpecTHocTH. B
UHTEPIIOIMPOBAHHBIX ~ TOBEPXHOCTAX  MEXKAY  yNaNEHHBIMH  TOYKAMH
HAOJIIOICHNs] BOSHUKAIN apTedaKkThl — HCKYCCTBEHHBIC Iepenajbl 3HAYCHHMH,
BBIp@OKEHHbIE B BHUJAE JIOKAJbHBIX MAaKCUMyMOB ¥ MHHHUMYMOB, HE
MOJTBEPKAEHHBIX (PAaKTHUECKUMU U3MEPEHUSIMHU.

3. Memoo Ecmecmeennoii oxpecmnocmu. ITOT METOJ ITOKa3aj
naydmue pe3yiabrarbl, yeM Kpuruar u CruraitH ocoO€HHO B 30HaX IUIOTHOTO
pacrionoxkenuss TuapornoctoB. OH oOecnedywBan aKKypaTHYIO JIOKaJBbHYIO
MHTEPIOJIAIIUIO M HE CO3/IaBall pe3KHUX MepenaaoB 3HaueHnd. OqHAKO OCHOBHOM
HEJIOCTATOK ATOTO METOJIa 3aKJIF0YaeTCs B TOM, YTO OH HE MOXET IMpeJCcKa3aTh
3HAYCHHS 3a MpejaenaMu 00JIaCTH, OXBAYCHHOW MCXOJHBIMM TOYKaMH. TO eCTh



MHTEPNOIAU paboTaeT TOJBKO BHYTPH KOHTYpa, OOpa30BaHHOIO TOYKaAMH
HaOJIIOICHUS, U HE TAa€T Pe3yJIbTaTOB BHE ATOIl.

4.  Memoo IDW. Metong  NOpoOAEMOHCTPUPOBANT  HAWJIYUYLIYIO
MPUTOJIHOCTh JJIsl YCIOBUM aHaliW3a PEUHbIX CHCTEM, rJe HaOJtoJaTesbHbIC
TOYKHU paclpeseNieHbl BIOJb OJHOM ocHu. AJNroput™ Oazupyercss Ha
MNPEANOJIOKEHUN, YTO BIHUSHUE KaXJOM TOYKM M3MEpPEHHs O0OpaTHO
MPOMOPIUMOHANIBHO PACCTOSHUIO A0 TOYKM WHTEPNOJALMU: 4YeM OJIKe
W3MEPEHHE, TEM BBIIIE €ro Bec [2]. DTO MO3BOJISIET COXPaHATH JIOKAJIbHBIC
O0COOCHHOCTHU JIAHHBIX, HE JIOMYCKAasl YpE3MEPHOIO CTIIaKUBAHUS WU MOSBICHUS
HEECTECTBEHHBIX MepenanoB 3HaueHui. Oco0eHHo BakHO, uTo IDW cTabunbHO
paboTaeT mpW HEryCcTOM M HEPEryJsspHONM ceTH HaOJIOAEHUMN, KOorja Jpyrue
METOJbl TEPSAIT TOYHOCTh WM (GopMupyroT apredaktel. OH XOpOIIOo
aJanTUPYyeTCs K JUHEHMHBIM CTPYKTypaM, TaKUM Kak pycio peku. Kpome Toro,
METOJ] HE TpeOyeT CI0XHOM HACTPOWKHU MapamMeTpoB MOJIENIH, B OTIWYUE OT
Kpurunra, W He 4YyBCTBUTEJEH K AaHOMAaJbHBIM 3HAYEHUSIM, KakK 3TO
HaOmogaercs y CrmaiiHa. 3910 Jenaer ero HauOojee HaAEKHBIM IS
MPOCTPAHCTBEHHOTO aHajdW3a W BU3yaJIW3alldd JaHHBIX KauyecTBa BOJbI,
OCOOCHHO B YCJIOBHUSIX OrPaHUYEHHOTO KOJMYECTBa U3MepeHuil. Takum
oOpazom, IDW oOecnieuuBaer cOalaHCUPOBAaHHOE COOTHOUIEHHUE MEXIY
TOYHOCTBIO, BU3YaJIbHOM HHTEPHNPETUPYEMOCTHIO U MPOCTOTONW NPUMEHEHHS,
YTO JIeJIae€T €ro HamoOoJiee MOAXOIAIIUM JJIsI HOCTPOEHUS TeMaTUYECKHX KapT
pacrpeeseHus BEMIECTB B PYCIOBBIX CUCTEMAX.

llocmpoenue memamuuecxkux cnoés. Ha ocHoBe merona IDW Obuin
MOCTPOCHBI KapThl PACOPENCICHUS IO KaXJIOMy XUMHYECKOMY IMapaMeTpy:
MUHEpaIu3aius, cyiabhaThl, XJOPUIbI, KaJlbliuil U Ap. KapTel oToOpakaiuce ¢
WCTOJIb30BAHUEM TPAJUEHTHOM IIBETOBOM IIKaIbl: OT 3el€HOro (JIydiive
3HAQYEHUsI TOKazaTessi) K OHKENTOMY, OpaHXEBOMY W KpacHOMY (XyIIIue
3HAYEHUsI), YTO TO3BOJISIET UHTYUTUBHO BOCIPUHHUMATh YPOBHU 3arpsi3HEHUS U
aHOMaJu{ B paclpelesieHud NapaMeTrpoB KaydecTBa Boabl (puc. 2,3). s
KOKJIOW KapThl IKaja (OPMUPYETCS HWHIWBHAYAIBHO C YYE€TOM BXOIHBIX
JAHHBIX, MCIIOJb30BAHHBIX MPU UHTEpHoasuuu merogoMm IDW. Takon moaxon
obecrieunBaeT OTOOpaKEHWE W3MCHEHUS 3HAUYCHWM MUHEpaIW3alid  OT
MHUHUMQJIBHBIX K MakCHMaJbHBIM B paMKaX HMMEHHO TOTO HaboOpa HCXOIHBIX
HM3MEPEHUM, KOTOPBIM OB UCITOJIB30BAH JIJIS IIOCTPOCHUS KOHKPETHOM KapTHI.

Ha ocHoBanuu mnpencraBieHHBIX JaHHBIX IIkaibl IDW 3a okTg0pb
2021 r., MOXXHO OTMETUTb, 4TO B cTBOpax Kemud, Aramypar m Taxumaram
3a)UKCUPOBaHbl MUHHMMAaJIbHbIE 3HAUCHUS MUHEpaiau3anuu. B paiioHe cTtBOpa
JHlapran-Ata Ha0ar01aeTCs 3aMETHOE YBEIIMYCHUE MHUHEpATU3alllK, a B CTBOPE
Camanbaii TOKazaTelMW JIOCTUTAIOT MAaKCUMAJIbHBIX 3HAYCHHH, OTpaxkas
HauOoOJIbIIIEE COJIEP)KAHUE PACTBOPEHHBIX COJIEM TIO paccMaTpPUBAEMOMY
YYaCTKY PEKH.
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Puc. 2. Kapma uzmenenus munepanuzayuu no OaHHbIM UHMEPNOIAYUU

memoodom IDW, okmsabps 2021

ITo pesynpraTam mkansl IDW 3a okTs6pb 2022 1. 0OTMEHaeTcs yaydlieHue
CUTyallud, Ha ydacTke peku ot cTtBopa Kemud no crBopa J[lapran-Ara
3a(uKCUpOBaHbl MHUHMMAaJIbHbIE 3HaU€HUS MHUHepanu3zauud. OgHako B pailoHe
ctBopa CamaHOail COXpaHSIOTCS TaKHWE >K€ BBICOKHE IMOKa3aTeld, KakK H IO
JNaHHbIM Kapt 3a 2021 r.
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Puc. 3. Kapma usmenenus munepaiuzayuy no OGHHbIM UHMEPNOTAYUU
memooom IDW, okmsabps 2022

B pa6ore [12] uccnenoBad rHIpOXUMHUYECKHI COCTAaB BOJBI P. AMyJaphbsl.
[lokazaHo, uTO B BepXx0BbsiX y cTBopa Kenud nmpu yBenuueHnn MUuHepaiu3anuu
¢ 0,42 no 0,75 r/n conepxkanue cynbdpar-uoHoB Bo3pactaet ¢ 0,04 no 0,09 r/n, a
noHoB marauss — ¢ 0,16 mo 0,27 r1/;m; Boma uUMeeT XJIOPUAHO-CYIb(ATHBIM
KaybliieBo-maruueBblii coctaB (XC-KM). B Hu3oBbsix, y ctBopa CamanOai,
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npu pocte muHepanuzauuu ¢ 1,71 no 2,3 r/a cynbdaT-uoHBl YBEIUUUBAIOTCS C
0,37 mo 0,49 t/n, a wonwsl Kampiua — c¢ 0,08 mo 0,14 r/m; mpeoGnamaet
XJIOPUAHO-CYIb(aTHBIN HATpHUEBO-MarHueBo-KanbiueBsblil cocta (XC-HMK).

Takum oOpa3om, o Mepe TEUEHUSI PEKU XUMUYECKUIN TUIT BOJIbI MEHSIETCS
¢ XC-KM na XC-HMK, a mHoronetHue HaOmoaeHus (GUKCUPYIOT YCTOMYUBBIM
POCT MHUHEpalu3alvy, CBA3AHHBIA C OOJBIIMMH BOJI03a00OpaMU, CHUKEHUEM
BOJJOHOCHOCTH ¥ MAaCCOBBIM COPOCOM KOJUJIEKTOPHBIX BOJ BJ0JIb BCErO pycia.

JakjaouyeHue

[IpoBenénHoe ucciaeaoBaHUE MOJATBEPKIAET BBICOKYIO 3(PGHEKTUBHOCTD
npuMmenenuss ['MIC ayisi mpocTpaHCTBEHHOTO aHajiu3a U KapTorpapupoBaHUs
KAUeCTBEHHBIX XapaKTepUCTHK BOAHBIX o0O0bekTOB. HMcmnonb3oBanue [MC
MO3BOJISIET  HE  TOJIBKO  HAIVIIAHO  OPEACTABUTH  IPOCTPAHCTBEHHOE
pacnpeneneHne XMMHUYECKUX IOKa3aTeneld, HO U NPOBOJUTH CPaBHUTEIIbHBIN
AHAJIN3 W3MEHEHUW BO BPEMEHH, BBISBIATH YYACTKM C AHOMAJIbHBIMHU
3HAYEHUSIMH U OTCIIEXKMBATH JTHUHAMHKY 3KOJOTHYECKOTO COCTOSIHUS BOJIHOM
CHCTEMBI.

Ocoboe BHUMaHHME€ B WCCIEJOBAaHUU VYACISUIM BBIOOPY MeEToJa
WHTEPNOJIALMH, MOCKOJIbKY MMEHHO OT HETO 3aBHCUT CTEIEHb TOYHOCTH H
JOCTOBEPHOCTH TMOJy4YaeMbIX KapT. M3 Bcex NpPOTECTUPOBAHHBIX MOAXOJIOB
HaWjlydlllue pe3ysbTaThl mnpoaeMoHcTpupoBan wmeron IDW. On okazaincs
HanOosee yCTOMYUBBIM K OTPAaHUUYEHUSM, CBSI3aHHBIM C JIMHEHHON CTPYKTYpPOil
HCCIIETyeMOT0 0O0OBEKTa U HEPETYISIPHBIM PACTIOIOKEHUEM TOUYEK HAOIIOJICHHI.
Meron IDW oOecnieurBaeT peaaucTUYHOE OTOOpaKEHHE MPOCTPAHCTBEHHBIX
IpagueHTOB 0€3 UCKYCCTBEHHOTO CTVIAKMBAHMS WIIM MCKAKECHUS 3HAYCHHM, YTO
0COOEHHO Ba)KHO JIJISI aHAIIM3a IAHHBIX.

CpaBHutenbHbll aHanu3 kapT IDW ©  maHHBIX THIPOXMMHYECKOTO
nuccieaoBanus [12] moka3pIBaeT UX COrIaCOBAHHOCTh, MUHUMAJIbHBIC 3HAUCHUS
MHHEpAJIM3aIlid OTMEYAIOTCS B BEpXoBbsAxX (cTBOphl Kenmud, Atamypar), Torma
Kak B Hm30BBAX (ctBop CamanOail) QUKCHPYIOTCS  MaKCHUMaJbHBIC
KOHIIEHTpAIlMN pacTBOPEHHBIX cojeil. Takum oOpa3zom, 00a MCTOYHUKA JTAHHBIX
MOATBEPKAAIOT  OOIIYI0 3aKOHOMEPHOCTh HHU3KYID MHHEpaIu3aluio B
BEPXOBBAX, PE3KUN POCT MO MEPE TEYEHUS K HU30BbSIM U YCTOMUYMBO BBICOKHE
nokasarenu B pailone CamanOasl.

Takum  00pa3oMm,  MNPeIIOKEHHBIM  IMMOIXO/, OCHOBaHHBIM  Ha
ucrionbzoBanuu ['MIC u meroma IDW, mnpencraBiser coboii HaA&KHBIN |
BOCTIPOU3BOJIMMBIA HMHCTPYMEHT ISl MPOCTPAHCTBEHHOTO aHalu3a KadecTBa
BOJIbI B PYCJIOBBIX cucTeMax. OH MOXET ObITh PEKOMEHOBAH JJIsI IPUMEHEHUS
B DKOJIOTUYECKOM MOHUTOPHUHIE, YIPABJICHUU BOJHBIMU PECYpCaMu U JIPYTUX
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CMEXHBIX 007acTsAX, TpeOyIIMUX BBICOKOM CTENEHU MPOCTPAHCTBEHHOU
JNeTAIN3alNU U BU3yaJu3allui JaHHbIX.
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