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TUHCTUTYT reoxumMmm uM. A. I. BuHorpagoBa

Cubupckoro otaeneHmsa Poccuinckolt akageMmn Hayk, MpkyTck, Poccus,
s.baranova@igc.irk.ru®=

2 \pKYTCKMIM HALLMOHAsbHbIN MCCea0BaTENbCKUN

TexHUYeckuit yHusepcuTeT, MpkyTtck, Poccus

AHHOTaumA. B cTaTbe nMpeactaBneHa pa3paboTka MporpammHoro mopyns “Geo-
chemistry processes’, UHTErPUPOBAaHHOIO B cpeay reonHGOPMaLMOHHOM CUCTEMbI
QGIS. laHHbI MOAynb NO3BOJIAET pean30BaTh NMOMHbIN LUK 06paboTKy reoxmumu-
YecKMx AaHHbIX, BK/OYas onepaLuu no nepBnYHON obpaboTke, oLeHKe KayecTBa
aHanMTMYeCcKon MHpopMaumy, CTaTUCTUYECKOMY aHann3y U UTOrOBOW BU3yanu3a-
Lun C aBTOMaTU3UPOBaHHbIM MOCTPOEHEM PUCYHKOB U KapT. Anpobaumna moayns
noaTeepauna ero 3¢PpeKTNBHOCTL: JOKa3aHO COKPaLLEHME BPEMEHHbIX U TPYAOBbIX
3aTpat, MUHMMM3aUUs KOJIMYECTBA OLIMOOK, NCKMOUYEHME M3ObITOUHBIX onepauui
1 obecneyeHne LENOCTHOCTU pabouero npouecca. MpeanoXKeHHoe peLleHne 06a-
[aeT BbICOKOWN NPaKTNYECKOWN 3HaUMMOCTbIO, BHOCUT BKaZ B pa3Butme LndpoBbix
METOZO0B B r€0NIONMN U TOTOBO K BHEAPEHMIO B MPOM3BOACTBEHHbIE MPOLECCHI Feo-
NoropasBefoUHbIX OpraHM3aLuii.

Computer-assisted processing
and visualizing
of geochemical exploration results
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Abstract. The paper presents development of the “Geochemistry processes” soft-
ware module integrated in the QGIS geographic information system environment.
This module enables the full cycle of geochemical data processing, including
pre-processing, analytical data quality assessment, statistical analysis, and final
visualization, with figures and maps automatically generated. The module field
testing confirmed its effectiveness: it was proven to reduce time and labor costs,
minimize errors, prevent from duplicated operations, and ensure workflow integ-
rity. The solution proposed is of high practical value, contributes to development
of digital methods in geology, and is ready to be integrated in geological exploration
organizations’ operational processes.
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BBEAEHUE

MonckoBas reoxumma WrpaeT KIUYEBYO pPOJb
B COBpeMeHHOW reonoropassegke. OHa no3sonsaet
BbIAIBNATb CKPbITble pyAHble 0O6BEKTbl MO BTOPUYHBIM
opeonam 1 MNOTOKaM paccesHua Aaxe Npu HU3KOW
nnoTHoCcTn onpoboBaHua (bnnHoB u gp., 2021; Eppe-
MOB 1 Ap., 2021). Pe3ynbtaTom Takux paboT sasnsioTcA
MacCVBbl JaHHbIX C COAePKaHMAMM XUMUYECKUX dne-
MEHTOB, TOYHOCTb M MOMIHOTa MHTePNPEeTaLUN KOTOPbIX
HanpAMYI0 3aBUCAT OT KauecTBa UndpoBoi 06paboTku.

MpakTnueckaa peanusaumsa 3TanoB 06paboTKu
XVIMUKO-aHaNIMTUYECKMX [aHHbIX He obecneyvBaeT
LleflocTHOCTY paboyero npolecca, HECMOTPA Ha YeT-
Kyl0 pernameHTauuio B AENCTBYIOLNX METOANYECKMX
pekomeHpauunax (MHcmpykyus, 1983; Mopo3os 1 ap.,
2023; CokonoB u ap., 2005, 2025; Conosos, 1985).
Kaxpgbll 3Tan — oOT co3fjaHuA nepBuYHon 6a3bl
AHANIUTUYECKNX [OaHHbIX A0 MOCTPOEHUA OTYETHbIX
KapT — TPagWLUVMOHHO BbIMOJIHAETCA B OTAENbHbIX
NporpamMmmHbIX MpoAyKTax: TabnuuHbiX pepakTopax,
cneumanm3npoBaHHbIX CTaTUCTUYECKUX MaKeTax, rpa-
dryecKmx pefakTopax U reoMHPOPMALNOHHBIX CUCTE-
max (panee — T[WC). Takon nogxop ysenuumBaeT
TPYAOEMKOCTb PaboT, CO34aeT PUCKM MOTEPb AaHHbBIX,
JyO6nvMpoBaHus onepauuin 1 BO3HUKHOBEHUA OWNOOK
npu pydvyHoMm nepeHoce WHPopmMaLun mexpgy npo-
rPaMMHbIMK CpeaCcTBaMM.

Llenbto faHHOro MCCnefoBaHMsA ABAAETCA NHTErpa-
LuA BCex 3TanoB o6paboTku B eAVHYI0 NPOrpaMMHyio
cpefay C NOBbILEHMEM aBTOMATM3aLMM N COXPaHEHNEM
MeTOA0JSIONMYeCKON CTporoctn. [na peweHna 3Tomn
3afaumn 6bIn paspabotaH moaynb “Geochemistry pro-
cesses” aniAa QGIS. Bbibop pgaHHol TMC obycnoeH ee
MOLUHbIM GYHKLMOHaNoM Ans paboTbl C reojaHHbIMY,
Pa3BUTLIMU BO3MOXHOCTAMM KapTorpaduyeckoi Bu3sy-
ann3auun 1 OTKPbITON apXUTEKTYPOU, NO3BOSAIOLLEN
co3aaBaTh CNeuUrann3MpoBaHHblE PACLUMPEHUS.

MATEPUAJIbl U METO[bI

MeTogonornyeckyto 0CHOBY UCCNeAoBaHNA COCTaB-
NAT OeNCTBYOWME WHCTPYKUUU U METOAUYEecKue
pekomMeHAaumy no 06paboTKe XMMUKO-aHAIUTUYECKNX
JAHHbIX NPU NPOBELEHMM MIOLWAAHbBIX FEOXUMUYECKUX
pabot (MHcmpykyusa, 1983; Mopo3sos u pp. 2023;
Cokonos u ap., 2005, 2025; Conoos, 1985'). Tpaau-
LUMOHHBIA LMKN 06paboTKM aHAaNUTUYECKMX AaHHbIX
BKJTIOYaET psif 06A3aTeNbHbIX MOC/Ie0BATENIbHbIX MPO-
Leayp, Kakaasa U3 KOTOpbIX UMeeT CTPOro onpefeneH-
HOe Ha3HaueHue:

1. NepBryHan obpaboTka. MogpasymeBaeT KOHCO-
nupgaumnio nabopaTopHbIX MPOTOKONIOB U MOATOTOBKY
OCHOBHOW 6a3bl JaHHBbIX.

2. OueHKa KayecTBa MEPBUYHON aHANUTUYECKON
uHpopmaumn. BkniouvaeT pacueT cucTematuyeckom
1 CNyYanHoOW NorpeLHOCTeN No napam «PARoBasA—KOH-
TponbHas NPoba», a TaKXKe YUET 1 CHATME BIMAHUSA aHa-
NNTUYECKOro Apenda U cucteMaTUUecKnX pacxoxpe-
HUN MeXAYy pe3ynbTaTaMu PasfiNyHbIX CepUii aHanmsa
npo6. [laHHble onepauuy HeoOXoAMMbI /st MPOBEPKY
KOHAWLMOHHOCTU MOMYYEHHbIX AaHHbIX U MOBbILEHNA
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HaJeXXHOCTW BblAeneHnA aHOMaJIbHOrO reoxMmMmyec-
Koro nons.

3. Cratuctuueckana ob6paboTka pesynbTaToB aHanu-
TUYECKMX nccneaoBaHui. BoinonHsaeTcA ana oueHKku
MapameTpoB reoXVMuyeckoro ¢oHa, YCTaHOBIEHUS
annpoKCMMPYIOLLEro 3akoHa pacnpefeneHus, CTaH-
JapTU3aLMmM AaHHbIX, BbIABEHUA CTaTUCTUYECKNX 3aBU-
CMOCTEN.

4. KapTtorpaduryeckoe npefictaBneHne XMmmnKo-aHa-
NNTUYECKMX HdaHHbIX. [TOCTpOeHne MOHO- 1 nonuane-
MEHTHbIX KapT C YY4ETOM CTaTUCTMYECKIMX NMOKa3aTesnen.

PeweHne, npepgnaraemoe B paboTe, OCHOBaHO
He Ha CO3[aHUN HOBbIX METOAMK, a Ha pa3paboTke
KOMIMJIEKCHOIO NOAX0Aa C NCMOJb30BaHUEM CYLLECTBY-
IOLLMX METOLOB.

B KauecTBe WCXOAHbIX MaTepuanoB BbICTyMaloT
MacCCKBbl aHANUTUYECKUX JaHHbIX, MOJlyYeHHble aBTO-
pamu B xofie NpoBeeHNA NIOLWaAHbIX FreOXNMUYECKNX
pabot (byask n gp., 2022, 2025; Eppemos un gp., 2021).
Pe3ynbTaTbl XUMMKO-aHaNUTUYECKUX WCCIIe[oBaHUN
npuHagnexaT pasnuuHbiM nabopatopmsaMm ”U UMetT
COBCTBEHHYIO BHYTPEHHIOK CTPYKTYPY, YTO NMO3BOSINIIO
NPOBEPUTb YHUBEPCANIbHOCTb Pa3paboTaHHOIo MoayIs
“Geochemistry processes” Ha npakTuke. ABTomaTtu3a-
LUMs NPOLECCOB 0OPabOTKN XMMUKO-aHAIUTUYECKNX
[aHHbIX B eAVHON cpefie NO3BOJIAET UCKIIIYNTD 130bI-
TOYHbIe onepaumm, obecneunTb LLefoCTHOCTb paboyero
npouecca 1 NepPeHecT! akUeHT cneumnanncta ¢ TeXHU-
YeCcKuxX npoLeslyp Ha CofiepKaTesibHYI0 reonornyeckyio
WHTepnpeTaymio.

MporpaMMHaa peanusauuns BbINOSIHEHA HA A3blKe
nporpammupoBaHusa Python B Buge mogyns gna reovH-
dopmaumoHHom cuctembl QGIS (Bepcna 3.40 1 Bblwwe),
yto obecrneuynBaeT COBMECTUMOCTb C pacnpocTpa-
HEeHHbIMM ¢dopMaTamn AaHHbIX (¥.txt, *xlsx, *.shp)
1 JOCTYMHOCTb MHCTPYMEHTA [/1A1 FeosIoropa3BefoUHbIX
opraHusauui.

Ha Tekywen ctagum pa3paboTky NporpammHbii
MoZynb npepactaBnseT coboli cneunanvanpoBaHHoe
peLleHune, XeCTKO peanusytoLLee anroputmMbl U npoue-
Zypbl, AeTaNIbHO OMNMCaHHbIE B 1. «Pe3ynbraTbl 1 06CyX-
fAeHne». MexaHU3Mbl aganTaumm nog YacTHble Tpebo-
BaHMA NMosib3oBaTeNa B AaHHOW BEPCUN He npedycMo-
TpeHbl. OHAKO apXMTEKTYpa MOAYNA 3aKIafblBaeTcA
C yyeToMm OyayLLero co3faHna y3kocneunanmsnpoBaH-
HbIX MHCTPYMEHTOB, YTO MO3BONUT MMOKO HacTpanBaTb
¢dyHKUMOHan 6e3 rnybokol nepepaboTKu.

PE3YJNIbTATbl N OBCYKAEHWUE

Pa3paboTaHHbI MOAyNb peanu3yeT MOMHbIA LMK
06pabOTKM reOXMMNYECKUX AAHHBIX U COCTOUT U3 TPeX
dyHKUMOHanbHbIX 6110KoB: Processing, Statistics v Lay-
outs (puc. 1).

Bbrnok Processing (puc. 2) oTBeyaeT 3a NepBUYHYIO
06paboTKy AaHHbIX M BKNoYaeT B ceba npouenypy
o6beMHEHNA MNPOTOKONOB C pe3ynbTaTamy XUMU-
KO-aHanUTUYeCKnX WCCnefoBaHUn W nocnegyiowen
OLIEHKOW KauecTBa NepBrYHON UHPOpMaL K.

" Conogos A. I1. [eoxvMmnyeckme MeToabl MOUCKOB MECTOPOXAEHNI
nonesHbIx Nckonaembix: yueb. M. : Hegpa, 1985. 294 c.
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Puc. 2. Bnok nepBuyHoi 06paboTku AaHHbIX “Processing”
VicTounurk: no TepewkuHy 1 ap. (2024)°

Fig. 2. Data pre-processing unit “Processing”

Source: from Tereshkin et al. (2024)™

*TepewkuH C. A, bnnHos A. B. CBMAETENBCTBO O FOCYAapPCTBEHHOW perncTpauun nporpammbl Ana 3BM Ne 2024688676 : Nporpamma ansa nep-
BUYHOI 06paboTKM aHaNUTNYECKNX AAHHBIX NPV NPOBEAEHUN FeoIoro-NMoNCKoBbIX paboT. 3aaBka N2 2024686905. 29.11.2024 / npaBoobnapatenu:
(MepepanbHoe rocyfapCcTBeHHOE biofKeTHOE 06pa3oBaTeNbHOE YUpEXAeHE BbICLIEro 06pa3oBaHusa «MPKyTCKUIA HaLMOHabHbIN NCCNeaoBaTeNb-
CKUIA TEXHUYECKNI YHUBepcuTeT», DefilepanbHoe rocygapcTBEHHOE BlogKeTHoe yupexaeHue Haykn VIHCTuTyT reoxumun um. A. T. BuHorpagosa
Cunbupckoro otaeneHns Poccinckon akagemmn Hayk.

“Tereshkin S. A., Blinov A. V. (2024, Nov. 29). Software registration certificate no. 2024688676: Software for pre-processing analytical data during
geological exploration. Application no. 2024686905 / copyright holders: Federal State Budget Institution of Higher Education “Irkutsk National
Research Technical University”, Vinogradov Institute of Geochemistry, Siberian Branch of the Russian Academy of Sciences.
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BaHO OTMETWUTb, UTO [AaHHbIA MOAynb ABMAET-
CA YacCTblo KOMMJIEKCHOTO noaxoda K 06paboTke,
a He camocToATeNIbHbIM CPEACTBOM, U OPUEHTUPOBaH
KOHKPETHO Ha 06paboTKy AaHHbIX B CBA3KE C ornepaTto-
pom-o6paboTurkom. [MpegnonaraeTcs, UTo BCe UCXOA-
Hble faHHble MPOXOAAT PyUHYto NpeaobpaboTKy crnewu-
aNIMCTOM, KOTOPbIV MPUBOAUT VX K PeriaMeHT/POBaH-
HoMy dopmaTy. ITO NO3BONMIIO CPOKYCUPOBATL MOAYIb
Ha BbIUMCIUTENbHBIX Mpoueaypax, UCKIIUMB PUCKA
HEKOPPEKTHOIO NPVHATUA PELLUEHWIN MPU HEOAHO3HAY-
HbIX MCXOAHbIX AAHHbIX.

DOyHKUMA 06beaUHEHNA MPOTOKONOB OCYLLeCTBAET
KOHCONIMAALMIO AlaHHBIX XMMWKO-aHANUTUYECKOMN Nabo-
paTopuun C aBTOMAaTMYECKM MPUBEAEHUEM K HEOOXO-
OuMoW cTpyKType, dopmupys rotoByio 6asy AaHHbIX,
NPUroaHyto Ana AarnbHeilwen obpabotku. Mpu 3ToM
3HauYeHMs, BbIXOAALME 3a Npesesibl YyBCTBUTENIbHOCTA
aHaNUTUYECKOro MeTofa, KOPPEKTUPYIOTCA MO NPUHSA-
TbIM METOANKaM: COAEPKAHNA HUXKE HVKHETO npegena
06HapyxeHun (nanee — HIO) 3ameHATCA Ha noso-
BMHY 3TOro npegena (0,5 x HIMO), cogepaHuna Bbiwwe
BEpXHero npepena obHapyxeHus (ganee — BMNO) —
Ha 1,2 X BMO (Mopo3os u gp. 2023; HecmeaHoBa
n ap. 2023). B TpagnunmoHHOM NpakTuMKe 3Ta onepa-
LM BbIMOJSHAETCA BPYYHYIO B TabNNYHBIX pefakTopax
M npu GONbLIOM KONMYecTBe NIabopaTopHbIX MPOTO-
KONOB 3aHMMaeT 3HauuTesibHoe Bpems U3-3a o6bema
HJaHHbIx (bapaHoBa u ap. 2024). B pa3paboTtaHHOM
MoZyrne AaHHas 3aava PEeLIaeTcs 38 HECKOJIbKO CEKYH]
1 NCKINOYaEeT PUCK OWMOOK, CBA3AHHbBIX C YeNIOBEYECKUM
¢dakTopom. CBoAHaA Tabnunua XMMUKO-aHAIMTUYECKNX
JaHHbIX popMMpYeTCs B CTaHAAPTU3MPOBAHHOM BUZE,
npurogHom ans 3arpy3skm B ’MC-npoekT, uto no3sonsaer
6e3 NPOMEXYTOUYHbIX 3TAroB U CMeHbl MPOTrPaMMHbIX
CpPencTB nepenT K cCriefylolwemMy 3Tany — OLEHKe
KauecTBa nepBuYHON MHPOpMaL K.

OueHKa KayecTBa NepBrYHbIX aHANUTUYECKUX JaH-
HbIX, COMMACHO OOLWENPUHATON NPAKTUKE, OObIYHO
BbIMOJIHAETCA B YHVBEPCANibHbIX MpOrpaMmax, Takux
Kak Excel, Golden Software Grapher wnm SciDAVis.
OfHako 3TOT NMOAXOL COMPSXEH CO 3HAYMTENbHLIMU
BPEMEHHbIMM U TPYAOBbIMU 3aTpaTamuy, MOCKONbKY
BbIMOJ/IHEHVE BCEX MAaTeMaTMYeCKMX pacyeToB B 6ONb-
el CTerneHn 3aBUCUT OT KBanuuKaLmy UCMONHUTENS
W ero BNafieHUs WMHCTPYMeHTaMu BblOpaHHbIX Mpo-
rpaMMmHbIX cpefcTB. Mcnonb3oBaHme pa3paboTaHHOro
mogayns “Geochemistry processes” no3sonseT aBToma-
TU3MPOBATb BECb MPOLIECC OLIEHKM KauecTBa, YTo Cylle-
CTBEHHO COKpallaeT Bpems 06paboTKKM, ocCTaBnssA
3a Nonb30BaTeNeM JMLb MPOLECC MPUHATUS PELLEHNIA.

PacueT cuctematnyeckom n cnyyariHOM NOrpeLHo-
CTeil BbIMOJIHAETCA B Mapax «psAfoBas—KOHTPOJbHas
npoba». [MporpamMma COMoOCTaBNsAeT COOTBETCTBYIO-
wue npobbl, NpomsBoaUT HeobxoduMble BbluKCe-
HUS U BbIBOAUT MTOrOBYIO Tabnuuy C pesynbraTamu,
Ha OCHOBE KOTOPOU MPUHUMAETCA pPELUeHVE O Mpu-
roflHOCTU AaHHbIX ANA AanbHeNLwen nHTepnpeTauun.

Mpu ypoBneTBOpPUTENbHBIX pe3yfibTaTax KOHTPO-
N KayecTBa BbIMOJIHAETCA Y4YeT CMCTeMATUYECKUX
pacxoXAeHnin 1 NnaBHOro aHanutmMyeckoro ppelida
MeXay cepuaMM aHanu3oB npob. Mpoueagypa OCHO-
BaHa Ha MOCTPOEHUWN 1 aHanm3e rpadukos norapud-
MOB COfePKaHUM Kax[oro XUMWUYECKOro 3feMeHTa
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B nopAfKe NpoBefeHNA XMMUKO-aHAJIMTUYECKNX Uccre-
JOBaHWI. B ciiyyae ob6HapyXeHUA pacxoXaeHWUin ocy-
LecTBNAETCA BbIOOP 31EMEHTOB 11 MPOTOKONOB (pUc. 3),
KOTopble MOABEpPralTcA KoppekuMum no 3adaHHbIM
B MPOTOKOJaxX Cepusim Npob B COOTBETCTBUU C AENCTBY-
lowmnmm metogmkamm (Makaposa u gp., 2008; Mopo3os
n gp. 2023). MNpu cucTeMaTMyeCKUX pPacxXxoXAeHUAX
MeXAay pe3ynbraTamMu PasfinyHbIX CepUIA aHanm3a ycra-
HaBNIMBaETCA «HYNEeBOW» NOPAAOK NONMHOMa (cpeaHee
3HaueHMe cofepaHua B naptin). na KomneHcauum
MNaBHOrO aHaNUTUYECKOro pApenda unCnonb3yercs
NOANHOM NMepBOro NN BTOPOro nopagka. B pegkux cny-
Yanx, NpU BblpaKeHHON HENNHENHOCTW, MOTYT UCMOJb-
30BaTbCA MOMHOMbI O NATOro nopsgka. Ha rpaduke
copeprkaHnn BaHaguA (puc. 4) npeancraBneH npumep
CKOPPEKTUPOBAHHbIX AaHHbIX. TakXe CTOUT OTMETUTD,
YTO B pacCcMaTpMBAEMOM MPOrpamMMHOM Grioke npeg-
YCMOTpeHa BO3MO>KHOCTb aBTOMaTUUYeCKOM reHepauum
UTOroBbIX rpadrkoB, 0GOPMINIEHHbIX B COOTBETCTBMU
¢ TpeboBaHMAMM K OTYETHOW NPOAYKLIMM.

Kak n3BecTHo, OCHOBHas 3afjlaya NONCKOBOWN reoxu-
MU — He NPOCTO onpefeneHne coaepKaHnii anemeH-
TOB, a BblIfIBJIEH/E reOXVIMUYECKIMX MONeN, OTBEYALLMX
CKPbITbIM PYAHbIM 06beKTaM M 30HaMm MOBbILLEHHOW
PYAOHOCHOCTU. [171A 3TOro NPUMEHAIOTCA KONNYeCTBeH-
Has OLleHKa reoxvMuyeckoro ¢oHa, BblerieHne CTa-
TUCTMYECKN 3HAUYMMbIX OTK/IOHEHWUN W YCTaHOBJMieHWe
B3aMMOCBA3eN MexAay dnemeHTamy, GopmrpyowmnmMm
reoxmmmyeckme accoumaumn. bnok“Statistics” conepxmt
Habop HeOBXOAUMBIX MHCTPYMEHTOB AJ1A PELUEeHWA STUX
3afay. B HacToAwee Bpema peanun3oBaHbl GyHKLUM
BbIBOZA OCHOBHbIX CTaTUCTMYECKUX NOKa3aTtenen (cpes-
Hee, MelaHa, CTaHJAaPTHOE OTKJIOHeHWe, Ko3bdnLmeHT
Bapvauum 1 Aap.) AnA KaXKAoro anemeHTa U NocTpoeHne
rpaduKoB, MO3BONALMX OLEHWUTb 3aKOH pacnpepe-
neHuA. PesynbTaTbl 3TUX onepauuii CnyaT OCHOBOW
ANA nocnenyioLler cTaHAapTU3auumM AaHHbIX.

B 6noke peanv3oBaHO MOCTPOEHME TOUYEYHbIX
amarpamm (scatter plots), nossonsawwWmMX BK3yanbHO
N KOJIMYECTBEHHO OLIeHNBaTb KOPPENALMOHHbIE 3aBU-
CMMOCTM MeXZy 3dneMeHTamu. Takow aHanu3 Bbinon-
HAETCA ONA OLEHKWU AaHHbIX B NEPBOM MPUGIMMKEHNN
1 MO3BOJIAET reosioram-reoXrMmKam nonyyaTtb copep-
aTenbHble CBeAeHMA O FeOXUMMNYECKNX accoLmaLmnax
elle Ao 3aBepLUeHUNA NOSTHOMO LKiia MHOrOMEpPHOM CTa-
TUCTNYECKOWN 06PabOTKYM, UTO CYLLECTBEHHO YCKOpAET
MPOLECC NPUHATUAA PELLEHMNI B X0 NMOVCKOBbIX PaboT.

B HacToAee BpemAa aBTOpaMun BeAeTCA aKTUBHaA
fopaboTtka 6noka “Statistics” ¢ Lenbto paclwmpeHna Bo3-
MOXXHOCTEeN reoCcTaTMCTMYECKOro aHanmsa 1 nepeesoaa
npouecca CTaTUCTUYECKOW 06paboTKM XMMUKO-aHa-
NINTUYECKMX JaHHbIX B efMHYl0 CpeAy, YTO MO3BONT
UCKIIOUYNTb HEOOXOAVMOCTb SKCMOPTA NMPOMEXKYTOUHbIX
pe3ynbTaToB B CTOPOHHME MaKeTbl K TeM CaMbIM MUHU-
MM3UPOBATb PUCKU NOTEPU AaHHBIX 1 OLUIMGOK PYUYHOTO
nepeHoca.

3aBepliarowm 3tanom o6paboTKM XMMMKO-aHa-
NNTMYECKUX [aHHbIX ABAATCA KapTorpadpuueckne
MOCTPOEHNA, oToOpaxawlyue pacrnpenesieHie Xvmu-
YeCKMX SNeMeHTOB Ha KM3yyaeMblX TeppuTopuax
1 MO3BOJIAIOLWMNE BbIAENATb MEePCrNeKTUBHbIE YYaCTKU
OnA JanbHeNIero U3yyeHna 1 MOCTAHOBKM AeTasib-
HbIX re0JI0ro-reoXMMNYECKX 1 ropHo-BypoBbix paboT.
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Bbnok “Layouts” o6beguHaeT npoueaypbl opopmieHns
1 NMpeacTaBieHns UTOroBbIX KapTorpaduyecknx marte-
pvanos.

Mpu nocTpoeHnMn KapT codepKaHWA 3SNeMeHTOB
MNCNONb3yeTCA C/ION, COAEPKALLNN NCXOAHbIE W CTaH-
[apTU30BaHHble aHanUTMYecKue faHHble. [nsa npep-
CTaB/IeHMA BCEX DNIEMEHTOB B MPOEKTEe NMPOU3BOANTCA
KOMMpPOBaHME 3TOr0 Clos C nocsefywwyMm nepeu-
MEHOBaHWEM B COOTBETCTBUU C Ha3BaHWEM 3JIEMEHTa
(pwnc. 4). Mpn 3TOM MCTOYHUK AaHHbIX OCTaeTca efu-
HbIM, YTO WCK/OYaeT [ybnvpoBaHue uHbopmauum
M ynpoulaeT ynpaBfieHWe npoekToMm. Jlormka Bepe-
HuAa [UC-npoeKkTa npegnonaraet HaamMume YeTKOn
CTPYKTYpbl: Ha3BaHWE Ka)KAoro /oA AO/MKHO OTpa-
XaTb MHPOPMaLMIO O XPAHALWMXCA B HEM [HaHHbIX.
Hanpumep, OnA KapT TOYEYHO-CMMBOJSILHOMO BMAA
C NCXOAHBIMU pe3ynbTaTaMu aHANIMTUKA MO KaXKaomy
3nemMeHTy ncnonbayetca cTpykTypa «CopeprkaHue Ele-
ment (ef. N3MepeHus)», a AS1A KapT N30KOHLEHTpaT —
«M3onuHum Element (en. nsmepeHuns)». PaspaboTaHHbIN
MoZynb MoO3BOJSIAET MacCOBO MepenMeHOBbIBaTb Clou
Nno 3aflaHHOMY LWAGJMIOHY, YTO 3HAUYUTESIBHO YCKOpseT
NMOAroTOBKY MPOEKTa K MOCTPOEHMI0 KapTtorpaduye-
CKNX maTepuanos (puc. 4).

MoHO351eMEHTHbIE TEOXMUYECKME KapTbl B 60Jb-
LUIMHCTBE C/TyYaeB CTPOATCA B IBYX BUAAX: TOYEUHO-CUM-
BOJIbHbIN (KapTbl-pa3HOCKN) U B U30AUHUAX (KapTbl
N30KOHLeHTpaT). [Mpn BM3yanmn3aumm B TOYEYHO-CUM-
BOJIbHOM BMJi€ 3a4acTyio MPUMEHSAITCA MHOTOLBETHbIE
nanuTpPbl OAHOBPEMEHHO C U3MEHEHNEM Pa3MePOB CUM-
BOJla B 3aBMCUMOCTU OT CTaTUCTUYECKMX NMapaMeTpoB.
Takoe coueTaHMe CMMBOMOB MOBbIWAET BM3yasibHOE

BOCNPUATNE pacnpefeneHna 3NeMeHTOB Mo niowaan
paboT. B HacTosLlee Bpems CTaHZAPTHbBIE MHCTPYMEHTDI
QGIS no3BonAT aBTOMaTMYECKN NMPUMEHNUTb FPasynpo-
BaHHYI0 KlaccudrKaLmio N1b K OAHOMY CJ0k0 3a pas,
npryem METOA BM3yaNv3auuy MOXHO 3afaTb TONbKO
ogvH (nnbo no uBety, NM6O NO pasmepy CMMBOSA).
Monb3oBaTtento AOCTYMHO B PYYHOM pexume nocie-
[OBaTeNbHO HAaCTPOUTDL U LIBET, N pa3Mep, HO 3Ta orne-
pauma CTaHOBUTCA KpaliHe TpynoemKoln npu pabote
C AecATKaMM 3/1IEMEHTOB, TaK KaK TpebyeT NoBTOpeHus
OOHOTUMHBIX AENCTBUIN AN1A KaXXAOro CJ1I0f OTAENbHO.

Pa3paboTaHHbIN MOZyNb peLlaeT 3Ty 3afayy 3a cyet
rPYNMnoBon Knaccudukaumm «pasmep—LBeT», U KaxKabli
CnoVi MonyyYyaeT WHAMBUAYaNbHbIA CTWMb, afanTupo-
BaHHbIN MoJ onucaTefibHble CTaTUCTUKN KOHKPETHOro
anemeHTa (puc. 5). 310 obecneymBaeT CONOCTaBMMOCTb
KapT mexgy cobol 1 MOBbIWAET MHGOPMATUBHOCTD
npeacTaBneHus.

MocTpoeHme cxem W30KOHLEHTPaT Ha [JaHHbIN
MOMEHT OCYLLIEeCTB/ISIETCA Ha OCHOBE PACTPOBbLIX CJIO-
€B, MOJIYYEeHHbIX MyTeM WHTEPNONALMM BO BHELUHEeN
cneymnanmsnpoBaHHo nporpamme — Golden Software
Surfer. BoinonHAeTca faHHas npoueaypa nocpeicTBoM
cneunanv3npoBaHHOro CKpMnTa (MakpoKoMaHAbl), no-
3BONIAIOLLENO BbINOJHATL Mpoueaypy WMHTepnonauuun
ABTOMATUYECKUN MO BCEM dJIEMEHTaM eUHOBPEMEHHO,
C COXpaHEeHMEeM BO3MOXXHOCTU Bblbopa BXOAHbIX Napa-
MeTpPOB.

Wcnonb3oBaHme Surfer 06ycnoBneHo TeMm, 4TO
BCTPOEHHble UHCTPYyMeHTbl QGIS He obecneumsatot
[OCTAaTOYHON TMOKOCTU U TOYHOCTU AN pelleHus
reOXVIMMYECKMX 3afay, MOCKONbKY OHU W3HAyalbHO
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Fig. 5. Visual presentation and design of analytical data
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Fig. 6. Template layout and final graphic application

co3fjaBanucb AnA nonyyeHma UNPPOBLIX Moaenen
penbeda, a He ONA UHTEPNONAUMM [aHHbIX, XapakK-
TEPU3YIOLNXCA MHTEHCMBHOWM MPOCTPaHCTBEHHO-Bpe-
MEHHOW M3MeHUYMBOCTbl0. [opa3go Gonee WMPOKoe
npuMeHeHne HaxopAT BHewHue mogynu QGIS, Takme
kak GRASS-reoanroputmbl 1 SAGA-reoanropuTmel,
roe B KayecTBe MHTEPMONATOPOB NpefcTaBfieHbl pas-
JINYHbIE BapWaHTbl CMJIANHOB (paguanbHbix 6a3uc-
HbIX OYHKUMI) 1 KpuruHra (Hosukosa u gp. 2016).
B 6nwkanwmnx nnaHax — peanvsaums CoOCTBEHHOro
MOAYNA UHTEPNONALMM HEMOCPeACTBEHHO B Mopyne
“Geochemistry processes” (c MCnofnb3oBaHMUEM NHCTPY-
MEHTapuA BHELWHUX WHTEPMONALUNOHHBIX MOZYNEN),
YTO MO3BOJIUT MOSIHOCTBIO 3aMKHYTb LMK 06paboTKuy
B eguHon NMC-cpege.

Mpu umnopTe pe3ynbTaToB UHTEPMONAUMK B NPO-
€KT NoJlyyeHHble PacTpbl aBTOMATUYECKU CTUIM3YIOT-
CA MO rpafyMpoBaHHbIM 3HAYEHUAM, COracoBaHHbIM
C TOYEYHO-CMMBOJIbHbIM MpPEeACTaBEHNEM KaXKAoro
anemMeHTa (C yYeTom ero CTaTUCTUYECKMX NapameTpoB)
ONA VUCXOAHbIX AaHHbIX M MO PaBHbIM WHTEpBanam
ANA HOPMMpOBaHHbIX. Takoi nogxod obecrneyvBaet
BM3YalNbHYI0 M METOAONOMMYECKY0 COrnacoBaHHOCTb
MeXJy pa3HbIMK TMMaMKn KapT.

Wtorosow npoueaypoi B NpegcTaBieHnn KapTorpa-
duryecKmx maTepuasnoB ABAETCA aBTOMATU3MPOBaHHOE
NMOCTPOEHME U BbIrPy3Ka MaKETOB KapT, OTParkatoLmx

reoXnMMmMYecKylo 06CTaHOBKY Ha M3y4YaeMol TeppuUTo-
pun. Bce makeTbl B OTYETHOW OKYMEHTALMN OJHOTMN-
Hbl, @ UX cofep)kaHne pPas3fNyYaeTca WUCKIIYUTENbHO
oTo6paXKaeMbiM XUMUUYECKUM df1eMeHTOM. B cTaHzapT-
Hol npakTnke QGIS nocTpoeHMe KaXKaoro MakeTa Tpe-
6yeT pyuHoro fybnmpoBaHus NCXofHOro WaboHa, ero
nepervMeHoBaHWA 1 NocsiegoBaTe/IbHON 3aMeHbl CII0eB.

Pa3paboTaHHbI MOAYNb NONHOCTbIO YCTPAHAET 3T
TUnoBble onepaumu. Mpoueadypa peanmsyeTca Ha OCHO-
Be WABMNOHHbBIX MAaKETOB, MO KOTOPbIM aBTOMATUYECKN
reHepupyeTca Bca cepura KapT (puc. 6). [ina sToro nonb-
30BaTeso HeobxoAMMO yKa3aTb Ha3BaHue LWabnoHHOro
MaKeTa, TN KapT (KapTbl-pa3sHOCKU WAU W3OANHUN),
CNUCOK CNI0EB, NOAJNIeXaLUMX UTepaumu, a Takxe onpe-
Lenutb cnocob nepeknoyeHNa MakeToB (Mo oTaenb-
HbIM MPUIOKEHUAM WX NO ANCTaM). [JonoNHUTENbHO
npefycCMOTPEHO OKHO-KOHCTPYKTOP ANA HaCTPOWKM
WwTamna nNpunoxeHnin. Bce maketbl B npouecce co3pa-
HUA aBTOMATUYECKN BbIFPY>KAOTCA B MarKy C NPOEKTOM
B pacTpoBOM ¢opmaTe C KenaeMbiM PaspeLLEHMEM.
OJTOT 3Tan 3aBepluaeT MOSHbIA UMKN 06paboTkm —
OT UCXOAHBIX XMUMUKO-aHANIUTUYECKNX AaHHbIX [0 FOTO-
BOrO KOMMJIEKTa OTUYETHbIX rpadMuecKmx NPUIoKeHNI,
0¢bopMIeHHOro B COOTBETCTBUM C TPEGOBAHNAMM K Kap-
Torpadmyeckon NpoayKunn 1 NPUrogHoro ansa nocne-
Jylolen reonormyeckon MHTepnpeTaunn, BKNIoYeHus
B OTYeTbl 1 neyaTtu (puc. 6).
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3AKJTIOMEHUE

B xofe npoBefeHHOro nccnefoBaHua paspabotaH
WU VWHTErpUpPOBaH B TeOMHPOPMALMOHHYIO CUCTEMY
QGIS cneuranM3npoBaHHbIA NMPOrPaMMHbBIA  MOAYSb
“Geochemistry processes’, no3sonfAwWUA peanunso-
BaTb LIENTOCTHBIA NMoAxoA K KamepasibHoli 06paboTtke
reoXVIMMYECKKX AaHHbIX. B oTnvume oT TpagnuuoHHON
NpakTyKyY, NpefnonaraoLlei NCnonb3oBaHne pas3pos-
HEHHbIX MPOrPAaMMHbBIX CPEACTB, NPeANoXKeHHOE peLue-
HUWe peanusyeT B e4UHOM MPOCTPAHCTBE KOMIMIEKCHYIO
aBTOMaTM3aLMio MOMHOro LUMKna o6paboTku: oT obbe-
OVNHEHUA NabopaTOPHbIX MPOTOKOSIOB U OLEHKM aHANN-
TUYECKOW MOrPELIHOCTY A0 CTaTMCTMYeCcKon obpaboT-
KN 1 KapTorpadpuueckoro opopmneHuns pesynbTaTos.
Mopynb npepocTaBiseT NpeaMeTHO-OPUEHTMPOBAH-
HbIl HAOOP WHCTPYMEHTOB M MOBBILIAET HAAEXHOCTb
06paboTKM 3a CYET UCKMIUYEHUA PYYHbIX PacyeToB
1 onepauuin ¢ AaHHbIMK, YTO MUHVMU3VPYET OLINOKY,
BbI3BaHHble YesioBeyecKm GpakTopom.

MpakTnyeckas anpobauva B pamkax o6paboT-
KW [OaHHbIX reoxummnyeckmx nouckosB (byask u ap.,
2025; EdpemoB n gp. 2024; TapacoBa u ap. 2023)
nogTeepanna onepauroHHy 3bdeKTMBHOCTbL pelue-
HUSA: AOCTUTHYTO 3HAYUTENIbHOE COKPALLEHNE BPEMEH-
HbIX U TPYLOBbIX 3aTPaT, a TaKXKe Co3[daHbl yCnoBUs
ana cMelleHna GoKyca CneurannucToB C TEXHUUYECKUX
3aflay Ha cofepKaTenbHyl MHTEpnpeTauuto pesysb-
TaToB.

PaspaboTaHHbIli noaxon obnapaer yHuMBepcasnb-
HOCTblO, MPeACTaBNAeT COOON rOTOBbIA MHCTPYMEHT
AN ONTUMM3ALMM MPOU3BOLACTBEHHbBIX MPOLIECCOB
B reonoropasBejoyHbIX OpraHn3aLmax 1 BHOCUT BKNag
B pa3BuUTUE LMPPOBLIX METOAOB 0OPabOTKN reoxXmm-
yeckoln nHpopmaumm.
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