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Abstract. Assessment of water quality and classification of water object plays significant role in an
environmental and ecology study. Water quality evaluation by hydrochemical parameters is fairly difficult and
required a long period of time. Automatic expert system was created to solve this problem. Automatization of
objects classification and quality assessment for humus zone based on Karelian water bodies research data are
presented in this study. Automation algorithms of the surface water geochemical classification based on the
principal chemical transactions was obtained during research. Classification based on implicit scaling data by
classification parameter. Alkalinity, pH, huminity, Fec, and total phosphorous were chosen as the main
classification parameters. For classification by alkalinity were used alkalinity and pH, for huminity classification
were used coefficient of huminity — yym_ /Color-cop,, and Fecom, for trophic state were used huminity class and

total phosphorous concentration. The water objects distribution by huminity, alkalinity and trophic state was
obtained and basic geochemical classes were picked out. Natural water quality was assessed as combination of
geochemical classes. Results of research presented as maps and trends of geochemical classes and natural water
quality distribution over the area of Republic of Karelia.

Keywords: automatic data processing, alkalinity, huminity, trophic state, water quality assessment, water
objects classification.

Beeaenne
B Hacrosiiiee Bpemsi B CBS3M € 3arpsA3HEHHEM OKPYIKarollel cpeibl BCE OOMBIIYIO aKTyadbHOCTD
npuoOpeTaeT BOMPOC OIEHKH KadecTBa MPUPOIHON BOJBI M BO3MOXKHOCTH €€ MPUMEHEHUS st
KOHKPETHBIX BHJOB BOJOIOJb30BAHMS, @ TAKXKE BBIABICHUS AHTPONOT€HHOIO BIMSHUSA Ha
BOJHBIE 00BEKTHI. OTHAKO, B CBS3H C TEM, UTO 3Ta OLIEHKA MPOBOJUTCS MO HECKOJIBKUM JIECATKAM
XUMHUYECKUX TapaMeTpoB, JaHHBIA aHANIMU3 MPEACTaBIAeT CO00il JOCTATOYHO TPYAOEMKHHA H
JUTUTEIbHBIN MTPOIECC.

MarepuaJjbl 1 MEeTOAbI
Jns »TuX 1eneil aBTopoM Obula pa3paboTaHa aBTOMATHU3MPOBAaHHAs cCHUCTEMa OOpabOTKH
THIPOXUMHUYECKON HH(POPMAIIUU U OLIEHKU COCTOSIHUS BOJHBIX 00BEKTOB (pHC.1).
WNudopmanronHas cucreMa o0pabOTKU THAPOXUMHUUECKOM HH(OPMAIIMK COCTOUT U3 IPOTPaAMMBI
yIpaBJCHUs, HAMMCAHHOW Ha s3bike mporpammupoBanus Delphi u 6a3wsl maHHbBIX B (opmate
Paradox, pa30uToli Ha HECKOJIBKO B3aUMOCBS3aHHBIX TaOmui. [lepBas Tabnuia MCXOIHBIX
JTAHHBIX BKJIIOYAET B ce0s 0o0myro MHpOpMaUio O MecTe OTOOpa MpoObI: Ha3BaHWE OOBEKTA,
HOMEp CTaHIIMHU, Teorpaduyeckre KOOpAUHATHI, TOPU30HT, HOMEp MpoObI, 1aTa oTOopa. Bropas
rpynna Tabiul COAEP>KUT TUAPOIOrHYecKy0 HHGopMaluioo 00 u3ydaeMbiX oObeKTax. Tperbsa —
HEOOXO/AMMBIE U PacyeToB CIpaBOYHBIE JaHHbIE. B dyerBepToil Tpymme Tabiauil XpaHATCS
pe3yabTaThl BbluMciIeHUH. Bce Tabmuipl cBomsTcst B oOmiyro 0a3y MAaHHBIX MpPOrpaMMoin
yImpasieHus nocpeacTsoM SQL-3ampocoB U MHAEKCHBIX MOJICH.
Pe3ynpTaTthl aHasn3a MOryT OBITh NpPEACTaBJIEHbl B MEYATHOM BUJAE WIH 3KCIIOPTUPOBAHBI B
JpyTUe CUCTEMBI JUIs JanbHeimeil 00paboTKu.
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[Ipu Hamuuum reorpaUvYecKOll NPUBA3KHM K KOOPAMHATHOM CETKE WM TOCPEICTBOM
YHUKaJIbHBIX KaJacTPOBBIX HOMEPOB IO pe3ysbTaTaM aHainu3a ¢ ucnosb3oBanueM I'MIC moryt
OBITh MOCTPOEHBI TEMATUUECKUE KAPThl pacIpeeNICHHs pa3InYHbIX OKa3aTeeH.

Cucrtema npuMeHseTCsl Ul pelIeHUs] KaK KJIACCMYECKMX 3a/ad IMAPOXMMUH, (pacdera CyMMBI
HMOHOB, 3JIEKTPONpoBOAHOCTH, (opmynsl KyprnoBa, knaccudukamuss Bojg 1Mo  AJCKUHY,
OIIpE/ICJICHUE CTENEeHM HAaCBIIEHUS BOJbl KHUCIOPOAOM) Tak, M Ul OoJjiee CIOXKHBIX
HCCJIEIOBATENbCKUX 3aJau: OLIEHKHM 3arps3HEHHOCTH M KaudecTBa BOJ, MX TI'€OXMMHYECKOU
Ki1accu(UKaLUK, a TAKXKE BBISIBICHUS IPUPO/IbI OPraHMIECKOro BemecTsa [4].

OO0bIYHO KITacCU(UKALUS BOIHBIX OOBEKTOB MPOBOIUTELCS Pa30HEHUEM OOIIEro MacCHBa JaHHBIX
Ha 00JacTH ¢ OJHOPONHBIMU mMapaMeTpamu. OJHAKO, B CBA3M C TEM, YTO M3MEHEHHUS TaKUX
[IapaMeTpoB M0 OJHOMY IIOKA3aTENI0 SBJSAIOTCS HENPEPBhIBHBIMU, BCE AMANA30HBI OKAa3bIBAIOTCS
pPa3MbITBIMU U YCTaHaBIMBAIOTCA IepexoAHble oOnacth. Hamu mnpennokeH HOBBIM crocod
KJaccu(uKanuyu 0OBEKTOB IO JBYM CBSA3aHHBIM IIapaMeTpaM, IpU 3TOM IEepeXOAHble 00JIacTH
MEXJ1Yy HHUMHU JOJDKHBI OBITh coryiacoBaHbl. Takum 00pa3oM, B JBYXMEPHOM IPOCTPAHCTBE
KOOpJMHAT 3THUX IapaMeTpoOB 00pa3yroTcs YyeTKue o0IacTH, Kaxaas U3 KOTOPbIX COOTBETCTBYET
KJIacCy BOJI. DTOT MOAXO0/ MO3BOJISET OAHO3HAYHO KiIacCU(PUIMPOBATh KaXAbld BOJHBIA OOBEKT,
He npuderas K 4eTKOMY pa3rpaHUdeHHUIO 0 KaX10My M3 [1apaMeTPOB.

OCHOBHBIC TIOJIO)KEHUSI TEOXMMHUYECKOW KiIacCUpUKau BOA ObuM cHopMyTupoBaHBl H
uznoxensl JlozoBukom IILA. [2], KoTopble ObUIM HCHOJB30BaHbI IS Pa3pabOTKU
aBTOMATH3MPOBAHHOM CUCTEMBI KJIaCCH(DUKALIMU U OIIEHKH Ka4eCcTBa BOJHBIX 0OBEKTOB [6].
PacueTsl OCHOBHBIX T'MIPOXMMHYECKMX IIapaMETpPOB JOCTaTOYHO IPOCThl U OIHUCAHbI B
COOTBETCTBYIOILIEH JHTEparype, MO3TOMy Ooyiee MMOApPOOHEE OCTAaHOBHMCS Ha METOE
reoXUMHUYECKOH Kilaccudukanuu BoJI.

Pe3yabTaTsl U 00CyKICHTE

IIpn knaccudukanuu BOJHBIX OOBEKTOB IO IIETOYHOCTH, T'YMYCHOCTH U YPOBHIO Tpoduu
UCMOJb30BaHbl METOJbl HEYETKOTrO0 IIKAJIMPOBAHHUSA C NPUMEHEHHEM JIMHIBHCTUYECKHUX
nepeMeHHbIX [1]. 3HaueHUsT JTUHTBUCTUYECKUX TEPEMEHHBIX BO BCEX CIydyasx 3alaloTcs C
MOMOIIBIO (DYHKIIMOHAJIBHBIX 3aBUCUMOCTEH.

Knaccudpukanus BOJHBIX OOBEKTOB MO IIEJIOYHOCTH OCHOBBIBAETCS Ha JMIMPHUUECKON
3aBucuMocTH PH Boasl OoT e€ menouHoctd (puc.2), KOTOpas HMMeeT YETKO BBIPaKEHHBIN
OKCIIOHEHIMANBHBIM  XapakTep. CpenHue 3HaueHUs [ OLEHKM Kiacca IIEIOYHOCTH
PacCYUTHIBAIUCH C UCIIOIb30BAHUEM 3TOM 3aBUCUMOCTH, MOJIydeHHOH 1o 60siee ueM 800 BOIHBIM
o0bekTaM Kapenbckoro ruaporpapuueckoro paiioHa ¢ y4yéToM TEOPETHYECKHM OOOCHOBAHHOTO
pa3buenus mkais PH ¢ marom 0,6:

—6 ~2.34pH
Alk=2-10"°g?%? (1)
B pE3yiIbTaTC BBIACICHO 7 Ki1accoB BOJ IO YPOBHIO HICJIOYHOCTH: 6C3IJ_ICJIO‘{HOCTHBIC KHCJIBIC,
HHU3KOIICJIOYHOCTHBIC KHCIIBIC, CJ'Ia60HleJ'IO‘—IHOCTHI>Ie KHCJIBIC CJIa60KPICJIBIe,

CJ'Ia6OH.ICJ'IOLIH0CTHLIC CJ'I3.6OKI/ICJ'ILIC, CPCAHCIICIIOYHOCTHLIC CIa0OKHUCIIBIC HeﬁTpaHLHLIC,
CpEAHCIICIIOUYHOCTHBIC HefITpaJIBHI)Ie cna6omenquLIe, BBICOKOIICITIOYHOCTHBIC CH&6OHI€J'IO‘IHBI€.
HpI/I KJIaCCI/I(bI/IKaLII/I}I BOJHBIX 00BEKTOB 11O TYMYCHOCTH HCIIOJIB30BAJICA KaK I10Ka3aTeCib

rymycaoctd  HUM=,/I[B-IIOtax wu coxepxanue oOmero xenesa (puc.3). CormacHo

HCCTIEIOBAaHUSIM TOBEPXHOCTHBIX Boj Kapemuwu [5], ycraHoBiIeHO, 4TO OoJiblliee ConepKaHUE
JKelle3a COOTBETCTBYET Oonbleil rymycHocTd Boia. C ydeToM ATOro OBUTHM YCTaHOBIIEHBI
YpaBHEHHUS JUIsI IIKAJIbl TMHTBUCTUYECKUX IEPEMEHHBIX (2a).

Hum™" =2.32.e%84 n=Hu 1.5
mn rrblass (28.)

Hum™ =2.95-e°%*" n=Hum,:1..5
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ConeprxaHue Keje3a pacCUUTHIBAIOCH C MCTIOJIb30BAaHUEM YPaBHEHHUH KpaeBbIX MPAMBIX (20):

i HU min .
[Feom]n = Tn’;z n=Hum,,:1.5
. (26)
max _ HUMY'™ .
[Fe06m:|n = m n= Hunkmss . 1 5
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[IpsiMble, TpOBECHHBIE MEXK/Y IMOJYYEHHBIMH TOYKaMH, pa30MBAIOT MPOCTPAHCTBO KOOPAMHAT
Hum — Fe,y Ha 5 WHTEpBaJIOB, KOTOPHIE COOTBETCTBYIOT 3HAUCHHUSM JIMHTBHCTHYCCKOU
NEPEMEHHON «T'YMYCHOCTB». B pe3ynbrare BBIICICHBI CICIYIOUIME IISATh KJIACCOB BOJ:
HOJIMTYMYCHBIC, ME30IOJIUI'YMYCHBIC, ME30TYMYCHBIC, OJIUTOIYMYCHBIC, YJIBTPAOIUTOrYMYCHBIC
KOTOPBIM IIPUCBAUBACTCS] COOTBETCTBYIOLINN ITOPSIAKOBBII HOMED.

Kiaccudukanysi BOOHBIX OOBEKTOB 10 YPOBHIO TOPO(UHU MPOM3BOAUTCS C HMCHOJIB30BAHHEM
HEYETKOT0 HIKAIIMPOBAaHU KJIacca TYMYCHOCTH M KOHIIEHTpanuu oob1ero gocgopa (puc.4).
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Puc. 4. Knaccudukanusi BOAHbIX 00bEKTOB 110 YPOBHIO Tpoduu

Kak u B mpeaplaynmx ciydasx, KJIacchl BOAHBIX OOBEKTOB ONPENENSIIOTCS IOCPEICTBOM
MOCTPOSHMSI KOOPIMHATHOM TIOCKOCTH O KJIacCUPHUIMPYEMBbIM MapaMeTpaM. B nanHOM ciyyae
KOOPJMHATHAsI OCh KJIACCA TYMYCHOCTH SIBJIIETCS JUCKPETHOM, a IIITBIA M IIECTOM KJIACChI
I'YMYCHOCTH PacCMaTpHBAIOTCS KaK OJUH B CBSI3U C HE3HAYUTEIBHOMN pa3HUIEH B TpopuU 0IUTO-
U YJIBTPAOJIUIOTYMYCHBIX 00bekTOB [6]. [T09TOMYy Ha KOOpJMHATHOH OCH Ki1acca TYMYCHOCTH
UMeeTCsl TOJIBKO YEThIpe AUCKPETHBIX 3HAYEHHUs, B TO BpeMs Kak ocb o01ero ¢ocdopa spiseTcs
HEIMPEPBIBHOM.

[Tonmy4yens! cnenyromue QGOpMyNbl JUIs HIKAIWPOBAHUS JIMHTBUCTHUYECKOW MEpEeMEHHOMN
«tpodrOCTHY (3):

Hu%lass — 5,6 Pn(:ﬁm — 1,473 e0.916m’ m= l 6
Hun’kIaSS =4 pn«:au; =1123. 0.938m m=1.6 (3)
Hum. =3 Pniﬁ‘“ =0,999.e%9%™ m=1.6

Hum. =2 Pp?“=0,766-*°", m=1.6
B pesynbpraTe MpPOCTPAHCTBO TMEPEMEHHBIX Pogy — KIAacC TyMyCHOCTH pa30OuBaeTcs Ha 6
HHTCPBAJIOB, COOTBCTCTBYIOIIUX CIICAYIOIIUM 3HAYCHUAM JIMHTBUCTHUYECKOM HepeMeHHOﬁ
«TpO(HOCTH)» B MOPS/IKE YBEIMUYCHUSI HOMEpa KJiacca 1o Mepe yMEHBIICHUS COAEpKaHUs Kee3a
obmero u ¢ochopa obuiero: runepTpodHbIe, BHICOKOIBTPOPHBIE, 3BTPOdHBIE, ME30TPOHbIE,
OJIUTOTPO(HBIE, YIBTPAOTUTOTPOPHBIE.
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OrneHka MPUPOIHOTO KauecTBa BOJ MPOBOJHUTCSA IMYTEM I'€OMETPHYECKOTO yCpeIHEHHs OallsioB
KauecTBa F€OXMMUYECKOro Kiacca BoA. IIpu 3TOM moOpsaKOBBIM HOMEp Kilacca COOTBETCTBYET
0ayiaM KadecTBa BOJ, YTO B OINPENEICHHOW CTENEHM COTJAacyeTcs C MPUTOJHOCTBIO BOJBI JIJIS
MUTHEBOTO BOJOCHAOKEHUS U PbI00X03siicTBeHHBIX 1iesiel. COOTBETCTBYIOLINE KAXIOMY KilacCy
Oaymiel KadecTBa: 1- OE3MIETOYHOCTHBIE KHCIBIE, TUMEPTPO(dHBIC; 2- HU3KOUIETOYHOCTHBIE
KHCIIbIe, TOJUTYMYCHBIE, BBICOKOEBTPO(HBIE; 3- c1a0O0IIeI0YHOCTHBIE KHCIbIe ClIabOKUCIbIE,
ME30TIOJIUTYMYCHBIE, €BTpO(dHBIe; 4- Ccnabo-1eN0OYHOCTHBIE CIa00KHUCIbIe, ME30IyMYCHBIE,
Me30Tpo(HbIe;, 5- CpeIHEIIeTOYHOCTHBIE CIa0OKUCIble HEWTpallbHble, OJIUTOIYMYCHBIE,
OJUTOTPO(HBIE; 6- CpeAHEUIeTOYHOCTHBIE HEHTpasbHbIC cl1aboIIeTI0YHbIE,
YIBTPAOIUTOTYMYCHBIC, YIBTPAOIUTOTPO(HEIE; 7- BBICOKO-IIECIOYHOCTHBIE ClIaboIIeaoyHbe. B
uTore OBbLIM BBLIETEHBI MSTh OCHOBHBIX KJIACCOB KadecTBa: 6-7 oTnuyHoe, 5-6 BbIcOkoe, 4-5
xopouuee, 3-4 y10BJIETBOPUTEIBHOE, 2-3 HU3KOE.

Oo6pabotka uHpopmanuu mo 650 oobekram Kapenbckoro ruaporpadudeckoro paiiona [3,5,6],
[0Ka3zaja, 4YTO IO YPOBHIO WIEJIOYHOCTH HamOoJiee pacHpoCTpaHEHHBIM SIBJISETCS Kjacc
CPEIHEIIETIOYHOCTHBIX CIAa0OKHUCIBIX HEUTpalbHBIX BOJ. Bcero Obuto BhIsBIEHO 283 00BEKTOB
3TOro Kijacca, u3 Hux 194 Bogoema u 89 BozmotokoB. Ilo rymycHOCTH BOJ cpeau BOJOTOKOB
PecniyOnuku Hambosiee HIMPOKO MPEACTABICHBI BOJABI ME30MOIMTYMycHOro kiacca (86
00BekToB). Cpen BOJJOEMOB HanOoJIee pacpoCTpaHeH ME30TYMYCHBIN KJIacC, K HEMY OTHECEHO
246 BomHbIX 00bekTOB, cpenu Hux 190 BomoemoB. Ilo ypoBHIO Tpoduu Haubonee
MPEJICTaBUTEILHBIM SIBIIIETCSI ME30TPO(HBINA Kilace BOA, K HeMy oTHeceHo 179 BogoemoB m 73
BOJOTOKa. B menmom, mpupoaHoe KadyecTBO OONBIIMHCTBA BOJHBIX OOBEKTOB PecmyOnuku
Kapenuu cpencrBamu sxcriepTHOM HHGOPMAIIMOHHONW CHUCTEMBI OIEHHMBAETCS KaK BBICOKOE W
XOpollee, pe3ylbTaThl OIIEHKH KayecTBa BOJ| MPEACTABIEHBI HA pUC. 5.

[ToyueHHbIE pe3ysbTaThl COTIACYIOTCSI C SKCHEPTHBIMU OLICHKAMHU [2] TOJyYeHHBIMHU TI0 TOMY
K€ MaCCUBY JIaHHBIX.

3akiouenune
Ha ocHoBanum mnpemyiokeHHON — kiaccuukauuy  pa3paboTaHa  aBTOMATHU3MpPOBaHHAas
MH(pOpPMAIMOHHAs CUCTEMa OLIEHKM KadecTBa BOAHBIX OOBEKTOB, pe3ylbTaThl pabOThl KOTOPOil
COTJIaCYIOTCA C SKCIEPTHBIMHU OLCHKAMH, YTO IO3BOJIACT UCIOJb30BATH OINMMCAHHBIN METOH AJIst
pelIeHHs] IIMPOKOIo CHEKTpa MPaKTHUYECKUX 3a7ad B OO0JACTH YIpaBJIEHUS pecypcamMu |
OKOJIOTMH TOBEPXHOCTHBIX BO/JI FYMHHHOfI 30HBI.
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Knaccel kayecTBa BOJ
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Puc. 5. Kapra kayecTBa NoBepXHOCTHBIX BoA Kapenun
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Summary
Assessment of water quality and classification of water object plays significant role in an
environmental and ecology study. Water quality evaluation by hydrochemical parameters is fairly
difficult and required a long period of time. Automatic expert system was created to solve this
problem. Automatization of objects classification and quality assessment for humus zone based
on Karelian water bodies research data are presented in this study. Automation algorithms of the
surface water geochemical classification based on the principal chemical transactions was
obtained during research. Classification based on implicit scaling data by classification
parameter. Alkalinity, pH, huminity, Fe,,m and total phosphorous were chosen as the main
classification parameters. For classification by alkalinity were used alkalinity and pH, for
huminity classification were used coefficient of huminity -

Hum=/Color- permangande_oxidation and Fecom, for tropic state were used huminity class

and total phosphorous concentration. The water objects distribution by huminity, alkalinity and
tropic state was obtained and basic geochemical classes were picked out. Natural water quality
was assessed as combination of geochemical classes. Results of research presented as maps and
trends of geochemical classes and natural water quality distribution over the area of Republic of
Karelia.
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