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AHHOTaumA

B faHHoOI paboTe npeAcTaB/eHa pa3paboTKa CUCTeMbI MOAAEPXKKN NPUHATUA peweHnin (WATER-DSS) ans
OLLeHKM YPOBHSA 3arps3HeHuns BoAabl B peke Turp. JaHHaa CIMP (Decision Support System ,DSS)
npegnaraeT psg cTpaTeruii Ans onpeAeneHus kadectsa BOAbl M Mep MO OYMCTKE BOAbl AN 3aliuTbl
340pOBbA HaceneHus, MyTeM CO34aHUA CUCTEMbl MNOALEPXKM NPUHATUA pellueHuid ans obecneyeHus
CMEeLnanncToB Ha CTaHLMAX BOAOCHaOXeHMA MH(opmaLmeid no kavectsy Boabl. CIMIMP npeaHasHaveHa ans
MCNO/b30BaHMs creunanMcTaMmm B cepe BOAHOrO X03AMCTBa, Npu paboTe C PasIMYHbIMU NPUYUHAMN
3arpsi3HeHns BoAbl B pailoHe ropoja bargag. CucTeMa OLeHUBAeT KavyecTBO BOAbI U YPOBEHb 3arps3HeHUs
BOAbI, MCMOMb3ys UHAEKC kadecTBa BoAbl (WQI). OHa cnocobHa onpeaensTb TUN U UCTOYHUK 3arpsA3HeHNs
BOLbl U NpeanaraTtb Mepbl MO €6 OYUCTKe AN TOro, YTobbl cAenatb BOAY NPUrOAHON ANS UCNONb30BaHUS
nogbmu. Cuctema Mcnonb3yet Habop 13 24 napaMeTpoB 3arps3HEHUN BOAbl, CNELUPUYHBIX ANS KaXA0ro
TUNA 3arpA3HeHNs, C Lenblo NPUHATUA 3PHEeKTUBHBIX Mep MO YCTPAHEHUIO NOCNeACTBUIA 3arps3HeHuid. B
KayecTBe pabouero npumepa Oblna BblbpaHa Bofja B peke Twurp. Pa6ota CIIIMP ocHoBaHa Ha
MaTemMaTU4yecKoil mogenu. Pe3ynbTaTbl OLEHKW, NPOWM3BOAMMON AaHHOW CIMP, MOryT cTaTb BaXHbIM
3M1EMEHTOM MPUHATUA PELUEHNid B Cly4Yae 3KOMOrMYECKMX KPU3UCOB M MOMCKA Haubonee ONTUMabHbIX
METOZ0B M0 OYMCTKE BOAbI.

KntoueBble cnoBa: cuCTeMa MOAAEPXKKN MPUHATUSA peLUeHWiA; [epeBO peLUeHWi; 3arpsisHeHWe BOAbI;
NMPUYUHBI 3arpA3HEeHNs BOLbI; 04NCTKA BOAbI.
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Abstract

This article presents the development of a decision support system for water pollution in Tigris River
(WATER-DSS). This DSS presents several strategies to manage water evaluation and treatment in order to
protect human health by building a decision support system to help the authority of water supply stations to
find information about water management. This DSS is designed to help address and support multiple water
pollution causes and multiple decision makers, in several places in Baghdad. The evaluation of the DSS
discusses the effect of water quality index management on the water pollution. The system detects the
pollution causes and type and suggests a decision for cleaning the water so that it can be used by human.
The application uses a set of (24)water-pollution parameters, specific to the pollution causes, in order to
deal with the water pollution accidents and take emergency measures effectively. Tigris River is selected as
the case study in this paper. The frame of the water pollution DSS is based on a mathematical model. The
results support the primary decision in emergency cases and offer a suggestion to apply a suitable method
for treatment the polluted water.

Keywords: decision support system; decision tree; water pollution; water pollution causes; water pollution
treatment.

BeepgeHune

Mog 3arpsisHeHMEM BOAbI MOHMMAKOT U3MEHEHME (IM3NYECKNX, XUMUYECKUX WU BUONOTMYECKMX CBOMCTB BOAHbLIX
PecypcoB, KOTOpPOE OKa3blBaeT HEraTMBHOE B/MSIHME HA >KMBble OpraHvW3Mbl W AenaeT BOAY HEeNpUrogHon Aans
1cnonb3oBaHusa. Hanbonee ocTpo AaHHas NpobsieMa CTOMT B Pa3BMBALOLLMXCA CTPaHax, rae NPOMbILL/IEHHbIE BbIOPOCHI,
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Hey[I0B/IETBOPUTE/IbHOE CaHWTApHOE COCTOSIHME W HEHAL/IeXxallas YTUamsaums OTXOLOB MPUBOAAT K 3arpsisHEHUIO
BOZHbIX PECYPCOB ¥ aTMOC(epbl, YTO OKa3bIBaeT BPeAHOe BO3AEMCTBYE Ha 340pOoBbe YenoBeka [1].

3arpssHeHvie OKpy>KaroLlei cpefbl (HeTAHble Pa3MBbl, MPOMbILLIEHHbIE BbIGPOCHI U OTXOAbl) - OAWH U3
rNaBHbIX MCTOYHWKOB 3a60/1eBaHNn. OHO MpeLCTaB/seT Yrpo3y 418 XU3HN 1 300P0BbA NOfEN, TaK Kak B pesynbrarte
AVHAMUYHOTO Pa3BUTKA COBPEMEHHBIX TEXHOMOrMIA 06pa3yeTcs 60/bLIOe KO/IMYECTBO TOKCMHOB, KOTOPbIE 3arpA3HAOT
KaDK bl KBafpaTHbIV CaHTUMETP nouBbl. B HOBOM Aokaae [2] areHTCTBA MO OXpaHe OKPYXKatOLLEi cpefbl CO06LLaeTCs,
4TO B OyAyLLEM YPOBEHb 3arpA3HEHUS OKPYXKaKOLLEH cpeabl 1 yLLep6 415 XK1BOI Npupofbl 6yaeT TOMbKO BO3pacTatb, B
pe3ynbTarte Bce 00/iee MaCLUTAOHOTO BO3LENCTBUSA YesloBeKa Ha MPUPOAHYHO cpedy. Takke B [OKMaJe YKasaHo, yTo
[OCTUrHYTOe 3a MOCNefHee [eCATUNETe COKpALLEHWe 3arpsa3HeHus OKpyXaroLleli cpegbl OyAeT MOMHOCTbIO
HVBE/IMPOBAHO BCE BO3PaCcTaOLLIMMKN MacLLTabamn CTPOUTENLCTBA AOPOr, POCTOM KO/IMYECTBa Ha3eMHOIo, MOPCKOro Y
BO3/YLLUHOr0 TpaHCMopTa. MOnbITKV CHA3WNTL KO/IMYECTBO MPOM3BOAWUMbIX OTXOZO0B TaKXKe He NPUHEC/N pesynbTarta, U
KO/IMYeCTBO TOKCUYHbIX OTXOJ0B MPOA0/HKAeT pacTy. Bcé aTo npescTasnseT yrpo3y 15 XXMBOTHBIX U Pbibbl, paspyLuas
NX ECTECTBEHHYIO Cpedy obuTaHus. Hapsagy ¢ paspyLleHVeM MpUpOAHbLIX 3KOCWUCTEM, 3arps3HeHue BOj CTaHOBUTCH
OZHVM 13 PUCKOB /19 3[,0POBbSA Ye/IOBEKA.

3arpsasHeHvie BOAbl MOAPA3feNseTcs Ha [BE KaTeropuu: MPUPOAHOe, KOTOPOE 3aK/HYaeTcs B W3MEHEHUW ee
Temneparypbl, CONEHOCTU UM COAEPXKaHWS B3BELLEHHbIX BELLECTB, M XMMUYECKOe, KOTOPOe MPOUCXOAMUT B pe3y/bTarte
cbpoca CTOYHbIX BOf, Pa3/MBOB He(TW, MPUMEHEHUS CEeNIbCKOXO3ANCTBEHHBIX XMMMKATOB, TakUX Kak NecTuumbl,
VHCEKTULMABI N yA0OpeHus. 3arpsisHeHUe BOAbl MOXET MPUHUMATb pas/inyHble (HOPMbl Y NPUBOAUTL K PasINyHbIM
HeXenare/lbHbIM NOCeCTBUAM.

3arpsasHeHns MOryT 3aTparvBaTb Kak BOLY B pekax, 03epax WM OKeaHax, Tak W JOX[AEBYH BOLY, MOYBEHHbIe
BOAbl W BOJY W3 MPUPOLHBLIX WCTOYHWUKOB, [efias ee HernpurogHon 4 notpebrieHns NiogbMU U XKMBOTHBIMK,
nonMBa pacTeHNiAn 1 06UTaHNA BOHbIX OpraH1u3moB [2].

Llenbto faHHO paboThl ABMISETCA NpeLcTaB/ieHne pa3paboTKy HOBOW CUCTEMbI NPUHATUSA PELLIEHUI 415 KOHTPONS
KayecTBa BOfbl B peke Turp B pavioHe ropoga bargaa. CIMP cnocobHa onpeaensitb TUMN 3arpsisHEHUs U FreHeprpoBaTh
PeLLEHVe NO MOBOAY OMTUMAbHOM CTpaTerMyn o6paboTKM W OYMCTKM BOAbl C LENbHO cAenatb €8 MpUroaHoi ans
noTpebneHns. HacuuTbIBaeTCA 8 OCHOBHbIX TWMOB 3arpA3HEHWs BOAbl, W ANA K&XKOOr0 M3 HUX CYLLECTBYHOT
OnpefesNieHHble TEXHOMOMMN OUUCTKN BOAbI OT 3arpa3HAOLLMX BellecTB. CTPyKTypa paboTbl MOCTPOEHa CriefyHowym
o6pasom. BHavasie npesctasneHa KoHuenuma CIMP g1s KOHTPONA KavecTsa BOAb! U OMMCaHbl OCHOBHbIE MPUYMHBI
3arpsi3HeHuUs BOL,

1. CncTema NofAep>KKN NPUHAT S PELLEHNIA AN OLEHKWN YPOBHA 3arpsisHeHNs BOAbl Bpeke Turp

bargap, KpynHerwmiA ropog B Vipake, pacrnonoxeH Ha Geperax peku Turp (puc. 1). bonbluas 4yacTb HaceneHus
Wpaka npoxusaeT B 3TOM pernoHe. Boga u3 pekn Turp wCnonb3yeTca 418 OPOLIEHWS U ANS CHabGXeHWs
HaceneHns NUTLEBOIM BOAOW, OyAy4yn eAMHCTBEHHbIM MCTOUYHMKOM MUTLEBOW BOAbl B paiioHe ropoga baraap.
MoTpebHOCTb B NUTLEBOV BOAE B ropofe baraan NnoCTOAHHO BO3PacTaeT B CBSA3M C ObICTPbIM POCTOM HaceneHus un
AVHAMUYHBIM Pa3BUTMEM MPOMbILLNEHHOCTU. CenbCKOe XO3ACTBO TaKXKe BeCbMa pasBMTO Ha 060MXx Geperax
pekn. Takum 06pa3om, KpaviHe BaXKHbIM SBSETCA MOCTOSHHbIA KOHTPO/b KayecTBa BOAbl, NPUMEHsieMol Ans
Pa3NNYHbIX Leneid. AN peweHns aTUX nNpobnem, MeCTHble pa3paboTuMKK, MEHemKepbl U Apyrue CneumanvcTbl
3aMHTEpecoBaHbl B CO3[4aHUM  pauMOHaNbHbIX CTpaTerMin - pasBUTMS, KOTOpble MO3BONAT  COBMECTUTb
WHAYCTPUaNbHbIA NPOrpecc ¢ KOHTPOEM KayecTBa BOAbI, YCTPaHEHMEM NPO6IEMbI 3arpsi3HEHUS BOAb! W 3aLLMTON
3[10pOBbSl HaceneHmsi. [Nns [JOCTMXKEHUS 3TUX LENein Heobxoanmo 06pabaTbiBaTb OFPOMHOE  KOMMYECTBO
MH(OpMaLMN N aHaNM3MPOBaTb Pas3nvyHble anbTepHaTMBbLI CTPaTernin pasBuTUs. B HacToswem uccnefoBaHUM
paccMaTpuBarOTCs NPo6/sieMbl, C KOTOPbIMM CTa/IKMBAOTCH MECTHbIE YMpPaBAstoLWmMe OpraHbl U CMEeuuanncTbl B
CBSI3M C BOMPOCaMW BOZOMOMb30BaHUSA, W METOAbl UX PELLEHMS MPW MOMOLLM CUCTEMbI MOAAEPXKKM NPUHATMA
peweHnin (WATER-DSS), npeaHasHayeHHON Ans CcTaHUWiA  BOAOMOMb30BaHWS W CMNOCOGHOI onpefenstb
pasnnyHbIE 3KOMOTUYECKNE KPUTEPUM M OueHMBaTb MX npuopuTeT [3]. Ha puc. 1 nokasaHO pacnosoXeHue
CTaHUWIA, pacCcMaTpyBaeMbIX B JAHHOW CTaTbe. ITU CTaHLMM OXBaTbIBAKOT TaKXXe GOMbLUNMHCTBO BOAOCHA0XAOLLIMX
noAcTaHumin B ropoge bargaa. Mocne BbIGOpa KOHKPETHOM CTaHUMMW, OTKPbIBAETCA HOBOE OKHO [/151 BBEAEHWS
[aHHbIX MO Ka4yeCTBY BOAbl M CTENEHW 3arps3HEHMs BOAbl. Takum 06pa3oM, MOXKHO ONpeaennTb U NPUHATL Mepbl
AN n36eraHns 3arpsisHeHWs BOAbl U YCTPAHEHUS MCTOYHUKOB 3arpsisHEHWSt BOAbl C LieNbHO 3alWTbl 3[40POBbS
HaceneHus.
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Puc. 1. PacnonoxeHune ctaHuuii BOAOCHabXXeHMs B pailoHe peku Turp (bargaa)
Fig. 1. Water Stations locations on the Tigris River

2. MogennposaHue pewieHnii (Decision Modeling)

Llenb fgaHHOW Mogenu - paspaboTka DSS gns KoHTpons kadvectsa Bofbl (WATER-DSS) Ha 0CHOBaHMM YeTbipex
OCHOBOMNO/MararoLwyx KOMMNOHEHTOB (puc. 2) 6a3a faHHbIX, MOZe/b YNpaB/eHNs BOAHbIMI PecypcaMu, OCHOBaHHas Ha
MaTemMaTUYeCKUX MOLENsX 415 OLLEHKM KauecTsa BOAbl, SIOrMYECKUIA KOOPANHALMOHHBIN 6/10K, OTBETCTBEHHbIN 3a CBA3b
C MOAENSAMN KOHTPONS 3a 3arpsasHEHVSIMA BO/bl, 1 NOb30BaTeNNbCKUIA MHTEPENAC, CNOCOOHBI onpeaensTb Tpebyemble
napameTpbl 1 OTOOpaXKaTb NOyYeHHbIE pe3ynbTaTbl NMOCPeACTBOM HacTpavBaeMbIX Tabnmu, 1 rpadvkoB. PasnnyHble
CLEeHapyn OMUCLIBAKOT Pas3/IyHble CTPaTernn WM KOHKPETHbIE MepOnpuATUA MO YCTPaHEHWIO 3arpsisHEHUA BObI;
pe3ynbTaToM SBMSIETCS WHCTPYMEHT MOAAEPXKKM MPUHATWS PeLUeHUid Npy ONpeaeneHuy MpUYMH 3arpsisHeHns 1
ONTUMA/bHbLIX TEXHONIOMMIAOYNCTKI 3arpsi3HEHHO BOAb!.

3. Buabl 3arpsasHeHns Bodbl U UX NOCNeACTBUA

1) Bosbyautenn nHekymnin (Infectious Agents)

Haunbonee onacHbIMU ANa 340P0BbA YeN0BEKA 3arPA3HAOLLMMUN areHTaMmn SBAATCA NaTOreHHble OpraHu3Mbl.
NaBHbIM WX WUCTOYHWMKOM SIBAAKOTCS  HeobpaboTaHHble WAM  HeAOCTaTOMHO  00pabOoTaHHble  OTXOApbI
YN3HELeATeIbHOCTU.

2) CTtouHble Bogbl ¢ BbicokuM BITK (Oxygen-Demanding Wastes)

Buoxmnmmueckast notTpe6bHoCcTb B Kucnopode (BOD) - 3T0 CTaHAapTHbIA aHanM3 KOMMYeCTBa PacTBOPEHHOIO
K1C/opoAa, MOr/oLwaeMoro BOAHLIMU MUKPOOPraH1M3MaMm B TeYeHe MATU CYyTOK. KonmM4yecTBO pacTBOPEHHOro B
BOZEe KWCMopoja  ABNSETCA WHAMKATOPOM KayecTBa BOAbl M TUMOB OPraHWM3MOB, KOTOPble MOFYT B Hei
cywecTtsoBatb. [lpn aHaim3e pacTBOpeHHOro kucnopoga (DO) npoBoAATca MpsMble 3aMepbl  KOMMYecTBa
K1CNopoza npwv NMOMOLLY KUC/IOPOAHOTO 3/1eKTPOAA.

3) HeopraHuyeckue 3arpsasHsatoLme sewectsa (Inorganic Pollutants)

MHorve 3 MeTaifioB, TakMe Kak PTyTb, CBUHEL, KaMWiA, HUKE/b BbICOKO TOKCUYHBI. TsHKenble MeTasllbl
nonagaroT B OKPYXXaloLLyt0 Cpedy B pesy/ibTate AeATe/lbHOCTU YeNOBeKa, a TakKe HaKar/vMBatoTCs B pesysnbrare
rMAPONOTNYECKMX W BMONOrMYecknx npoueccoB. LUaxTHbIA [peHaXk W BblllenaumBaHue OTXOAO0B TFOPHOro
MPOU3BOACTBA ABMAKTCA OCHOBHBIMW UCTOUYHUKAMM 3arpA3HEHNS BOAbI METa/UIaMM.
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Puc. 2. ApxuTeKTypa NpunoXeHus 415 KOHTPO/S KayecTBa BOAbI
Fig. 2. The water pollution application architecture

4) Hemetannuueckue conu (Nonmetallic salts)

MyCTbIHHbIE MOYBbLI YACTO COAEPXKAT BbICOKME KOHLEHTPALMU PacTBOPUMbIX COMeid, B TOM YUCNe AA0BUTLIX
COMeit ceneHa v Mblwbska. Conn, KOTOpble HETOKCMYHbI B MasibIX KOHLEHTpaUMsX, Hanpumep, XI0pug Hatpus,
MOrYT HaKan/neaTtbCs B pe3y/ibTaTte OPOLLEHUS NOMENA, X KOHLEHTPpaLMS NOBbLILIAETCA M0 Mepe MCnapeHns Bogbl 1
[OCTUraeT YPOBHS, TOKCUYHOIO 419 PACTEHWUI Y XKUBOTHBIX.

5) Kucnotbl 1 ocHoBaHuA (Acids and bases)

KucnoTtbl nonajaloT B OKPYXKAtOLLYHO Cpedy B XOAe MPOM3BOACTBEHHbLIX MPOLECCOB (Hamp. BblAeNKa KOXW,
METaNNyprus, TEKCTUIbHaA NPOMbILLIEHHOCTb). CXXMraHve Yris n HethTy Takke NPUBOAUT K (HOPMMUPOBAHUIO CEPHbIX U
a30THbIX KMC/OT B aTMOC(epe, KOTOpble Pa3HOCATCA Ha 60/1bLUME PaCCTOSHMS, HAHOCS BPeL, OKpY>KatoLLel Cpese.

6) Tennosoe 3arpsasHeHune (Thermal pollution)

Mo [aHHbIM BMAOM 3arpssHeHWst NofpasyMeBaeTcA YXyALleHWe KayecTBa BOAbl B pe3ysibTare M3MeHeHWs
Temnepatypbl NPUPOAHbLIX BOAOEMOB. OTK/IOHEHMe TemrepaTypbl BOAbl Bbille WM HUKE HOPMa/bHOrO YPOBHS
MOXEeT HeraTMBHO NOB/NATb HA KAYECTBO BOAbl, @ TAKXKE Ha BOLHbIE OpPraHun3Mbl. TernsoBoe 3arpsi3HeHe BOLOEMOB
BbI3bIBAETCA COPOCOM HArpeToil BOAbl HEMOCPEACTBEHHO B pPeKM W 03epa, 4YTO HeraTMBHO BAWSET Ha
pacTuTeNIbHOCTb. Kpome TOro, Hambosnee AeLeBbIM CMOCOO0OM OXNXKAEHUA Pas3IMUHbIX MPOMbILLIEHHbIX
YCTaHOBOK AB/AETCS NOABELEeHNe BOAbl M3 OKeaHa, PeKu, 03epa WM BOLOHANOpPHOro 6acceliHa; Bofga NMPOXOAWT
yepes TensoobMeHHMK, 3abmpas N30bITOUHOE TEM/Oo, Y CHOBA COpackiBaeTCs B MPUPOAHbIE BOLOEMBI.

7) Ocapok (Sediment)

PeKkun Bcerga Hecv B OKeaH [OHHble 0Caf0uHble OT/IOKEHUS, HO MHTEHCUBHOCTbL 3p03UM BO MHOTMX PervoHax
3HauWTe/IbHO BO3POC/a B pe3y/ibTare AeATeNlbHOCTU Ye/loBeKa. SP03uni0 BbI3bIBAIOT BbIpYOKa /1eCOB, MCMO/Mb30BaHNE
3emefib Nof nacTouwa u pacluMpeHne ropoACKUX TEPPUTOPUIA, YTO B CBOK O4epedb MPUBOAMT K U36bITOUHOMY
06pa3oBaHMI0 ocagka B pekax. OcafouHble OT/I0XKEHUS MOryT MPUHOCUTL U NOMb3y. N, NPUHOCUMbIA PEKOA,
CNYXUT yf06peHneM 415 Nnoseld, pacrnofioXXeHHbIX Ha 3aTOMNAsSeMbIX NoiMax.
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8) OpraHnyeckmne xummnkatbl (Organic Chemicals)

MHorve BeLlecTBa, WCMO/b3yeMble B XMMUYECKOA MNPOMbILLJIEHHOCTU ANS MNPOWM3BOACTBA NECTULMAOB,
nnacTvka, MeLULMHCKMX MpernapaTtoB, MUIMEHTOB W APYruxX MPOAYKTOB, WCMO/b3yeMbIX B ObITy, BbICOKO
TOKCUYHbI. [1BYMSi OCHOBHbIMW WCTOYHUKAMMW 3arpsisHEHWs BOAbl TOKCUYHBLIMU OpPraHUMYeCKUMU XMMUKaTamu
ABNAOTCA HeHafexallas yTuamnsaumsa npoMbILIEHHbIX U ObITOBbIX OTXOAOB M CTOYHble BOAbl, COAepXKallume
nectmumab! [4].

Tabmmua 1
OCHOBHbIE BUAbI 3arps3HAtoWNX BewecTs [4]
Table 1
Main types of water pollutants
Ne Bug Mpumepsl VICTOYHUMKN
1 Bo30yauTenu nHgekuuii BakTtepuu, BupycChl, OTX04bl XUN3HEEeATeNIbHOCTU YeoBeKa 1
napasuTbl YKMBOTHbIX
2. OpraHnyeckne XMMmnKaTsbl MecTuumAabl, NNACTUK, lMpuMeHeHne opraHMyYecKMX XMMNKATOB B
[eTepreHTbl, He(hTb, 6eH3UH 6bITY, MPOMbILLUNEHHOCTN U CENIbCKOM
X039/cTBe
3. HeopraHnyeckune XvMuKarbl Kucnotel, efkure wenoun, MpOMbILLSIEHHbIE CTOYHbIE BOAbI, ObITOBbIE
conun, MeTanbl YUCTALLNE CPEACTBA, MOBEPXHOCTHbLIE CTOKM.
4. PafvoakTuBHbIE BeLLEeCTBa YpaH, TOpWiA, Le3uii, iog, [opHO-060ratuTenbHble KOMOMHATI,
pafoH 3NeKTPOCTaHL MK, BOEHHAs NPOMbILLIEHHOCTb,
NMPUPOAHbIE UCTOUYHUKHN
5. Ocagok ['pasb, un Jpo3usa nous
6. BUOreHHble 3M1EMEHTDI HuTpartsl, hocaTsl, CenbCKOX03AWCTBEHHbIE YA0OPEHUs 1
(NuTaTenbHble BellecTsa ans aMMOHWNA yA06peHNs 415 ropoACKUX HaCaXKAEHWA,
pacTeHwuit) ObITOBbIE CTOKM, XXUBOTHbI/ HaBO3
7. CTou4Hble BOAbI C BbICOKMM BIMK YXMBOTHbI HaBO3 U BbITOBbIE CTOKM, CEIbCKOXO3AACTBEHHbIE
pacTuTesibHble OCTaTKM CTOYHbIE BOAbI, LieNINII0N03HO-6YMaXKHbIe
KOMOWHaTbI, NuLieBas NPOMBbILLIEHHOCTb
8. Tennosoe 3arpsasHeHue Tenno ONeKTPOCTaHUUN, NMPOMBILLIEHHbIE CUCTEMBI
oxXnaaeHus

4. CTaHgapTHble MeTOoAbl 06paboTkuM BoAbl (water treatment)

1) Okcnamsaums nnm nogrotoeka (Oxidation or facilitation)

Korga B BOfe COLEPXKMUTCS CAULIKOM BbICOKAsA KOHLEHTPaUWs OpraHUYeckuMx, XUMUYECKUX WK
MUHepa/IbHbIX BELLeCTB, HarpuMmep, Xesesa, MapraHua Win Kaibuusi, MepBbiM BUAOM 006paboTKM 06bIYHO
ABNAETCA OKcmamsaums. [na aToro B Bofy A06aBNAtOT OnpefeneHHOe KOAMYECTBO X/10pa, 030Ha WM ralleHow
13BECTU, 4/15 Aa/IbHEALLEro OTMY4YMBaHNSA PaCTBOPEHHbIX B BOZE BELLECTB.

2) Ounctka (Clearance)

cnonb3ytoTea KpynHOSYencTble cuta 19 Toro, YTobbl 3afepXkaTb B3BelUEHHble TBepAble BeLLecTBa nepes
CNMBOM BO/lbl B 6ACCEHbI-OTCTOMHUKN.

3) OTtcrtamsaHue (Sedimentation)

B npouecce oTcTanBaHWsA MUCMONb3YETCS CUMa TSHKECTU, MOJ, AeACTBMEM KOTOPOWM B3BELLEHHble YacTULbl M3
MOTOKa BOAbl OCaKAAOTCA Ha [AHO. TOTOK BOAbl MPOXOAWUT HECKONbKO MOCNeA0BaTe/lbHO PacroNOXeHHbIX
pe3epByapoB pasHOi (JOpMbI, B pe3y/ibTaTe Yero NPOUCXOANT OCXKAEHNE B3BELLEHHbIX BELLECTB.

4) ®dunbTpaumsa (Percolation)

dunbTpaumMs NPon3BOAMTCS ANA OTAENEHWS 0CaiKa U OCTaBLUMXCS B3BELLEHHbIX BellecTB. Bofa npy aTom
(hUNbTPYETCA Yepe3 HECKO/IbKO C/I0EB Necka.

5) ®nokynauua (Flocculation)

®nokynsumein Ha3blBaeTCa MeToj [06aBfeHVs B BOLY OMNpefeneHHOro KO/MYecTBa HEKOTOPbIX BELLECTB,
Hanpumep, cynbata aNloMUHUA, XI10pUaa XKenesa, ANs 0CaKAEHUS BOAOPOCNel U 6akTepuii, 4To cnocobeTByeT
60nee 3aPPeKTMBHOMY OTAENEHNIO OCajKka B pesepByapax. Tawkke Ans afcopbumMm MHOrMX BWAOB BeLLECTB
MPUMEHSETCS aKTUBUPOBAHHBIW Yrofb.

6) Mukpodunbtpaumna (Microfiltration)

B paHHOM MeTode MCMo/b3yloTcs MembpaHbl M3 MUKPOBOJSIOKOH, KOTOPble YCTaHaBNMBAOTCA BHYTPU
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CTa/lbHOM TpyObl. B KaX[4OM ©3 BOJIOKOH VMEETC MHOXECTBO MWKPOCKOMUYECKUX OTBepCTWl. Bopa
MPOKauMBaeTCA MOA AaB/IeHNEM CKBO3b MeMOpaHy, ¥ MembpaHa 3afepXXMBaeT YacTULbl PACTBOPEHHbIX BELLECTB
pa3mMepoM KpyrnHee MUKPOOTBEPCTUN, a Takke 6akTepum 1 BUpPYCbl. Mem6paHbl PerynsipHo OUMLLAKTCS.

7) OnpecHeHne mopckoii BoAbl (Seawater desalination)

B HekoTOpbIX CTpaHax TPaAWLUMOHHLIX WCTOYHWKOB BOAblI HEAOCTATOYHO A5 CHAOXeHUs HaceneHus
NMUTLEBOI BOAON; MO 3TOM MPUUMHE PacCMATPUBAOTCS aNbTEPHATUMBHbIE CMOCOObLI A0ObIYM MUTLEBOIN BOfbI, U3
KOTOPbIX MEPCreKTUBHLIM ABNSETCA ONPECHEHWe MOPCKOMN BOAb! 1 CTabOMUHEPa/IN30BaHHbIX FPYHTOBbIX BOA.

8) brnosocctaHoBneHue (Bioremediation)

OnpepieneHHble BUAbI 6aKTepuid y)xe MHOr0 NeT UCNO/Mb3YHTCA 419 OMONOMMYECKO OUYUCTKM CTOUHBIX BOA.
B HeKOTOpbIX CTpaHax 3TOT METOA WCMOMb3YeTcs Takke A1 OYMCTKM MUTHLEBOM BOAbl. [aHHas TexHonorus
BeCcbMa 3(h(heKTVBHA A4N15 OUMLLEHMSA BOAbLI OT OPraHUYeCKNX, MUHEPasIbHbIX N XUMUYECKNX BELLIECTB.

9) O6e33apaxuBaHue nnu gesnHgekumns (Sterilization or disinfection)

[aHHbIA MeTof4 WUCNOMb3yeTca Ha 3ak/uUMTENbHbIX 3Tanax 06paboTKM BOAbl, WM NpeAHasHayeH [A)is
YHUUTOXEHNS B0NE3HETBOPHbLIX GakTepuii M BUpycoB. O6e33apaxkmBaHWe NPOM3BOAWUTCS MYyTEM MPUMEHEHUS
XUMUYECKNX AE3NHPULMPYIOWMX BELLECTB, TaKMX KakK XI0p WM 030H, a Takke Mpy MOMOLUM HarpeBaHus.
Mpouecc Ae3nHpeKLY NPOU3BOANUTCA Ha NPOTSXKEHNUM BCE CETU KaHaoB, M0 KOTOPbIM MPOXOAUT BOAR, YTOObI
6aKTepun UM BUPYChbl He OCTaBA/INChL B KAKOM-IMO0 13 pe3epByapos nnu Tpyo.

B Tab6.1 npuBefeHa vHgopmaums o6 YCNoBMAX KayecTsBa BOAbl M YPOBHAX 3arpsasHeHus, obpabartbiBaemast
CUCTEMOI [ANA pacnpocTpaHeHUs AaHHOW MHMopMauuW Cpeau CreunaIvcToB Ha CTaHUMAX BOLOCHAOXEHMS ©
NpefoCTaBfeHMs  3TOW  WHGOpMauuyM  MNo/b30BaTeNHo. WHdopmaumoHHas  cuctema  MOJHOCTLIO
KOMMbIOTEPU3MPOBaHa, M BCA MH(opMaums 1 AaHHble xpaHaTtca B cucteme WATER-DSS v moryT Bblbupartbes
Monb30BaTe/IeM NpPU HeobXoAMMOCTM. Ha npakTuke, GONbLUMHCTBO MH(OPMALMOHHBLIX CUCTEM NPeACTaBAAT
CO0O0M CcoYeTaHWUs [aHHbIX (YHKLUWIA, NPefoCcTaB/sieMblX AOCTATOYHO MOLUHBIM WM HELOPOrMM MpPOrpamMMHbIM
ob6ecneyeHnem. OCHOBHbIE TUMbI AaHHbIX, KOTOpPbIE TpebyeTcA obpabaTbiBaTh Npu paboTe C 3arpasHEHNAMN BOAbI
B palioHe ropoga bargaa, nokasaHbl B Tabn. 2.

Tabnuua 2
OCHOBHbIe KaTeropmy BUAOB M UCTOYHMKOB 3arpsA3HEHN BOAbI B peKe TUrp u MeTofbl YCTpaHeHUS 3arpsisHeHuni
Table 2
The main categories of causes and treatment of water pollutants in the Tigris River
Ne Bunabl 3arpsasHeHni 3HauyeHune MeTog 06paboTKu
1 Bosbyautenu nHgekLuii
1. Buoxummnyeckas NnoTpe6HOCTbL B KCNOpoAe 3a 5 CyT. >10 1.MembpaHHas unbTpauus
(BOD5) npu temnepaType 20 C 2.06e33apaxunBaHue um
2. Xnumuyeckoe notpebneHune kucnopoga (COD) >60 Ae3nHpeKLMa
3. MyTHOCTb B npegenax 5
2 OpraHnyeckune XMMUKaTbI
1. ObLee cofepxaHue HedpTeNPOLYKTOB (H- >10 1. BuosoccTaHOB/IEHME
reKCcaHOBbIX MaTepuaioB) 2. Kap6oHu3zauus nam
2. beHson >0.005 BOCCTaHOB/IEHME
3. Tonyon >0.002
3 HeopraHuueckue XMMMKaTbI
1. BogopoaHblii nokasaTens (pH) 6>PH>9 1.0npecHeHne MOpCKOW
2. PacTBopeHHoe xene3o (Fe) >1.0 BOAbI
3. O6lLee cofepKaHie Mbilbska (As) >0.01 2.0kcupamnsauys unm
4. O6Lwee cogepxaHue pTyTv (Hg) >0.005 noAroToBka
5. O6uiee cogepxxaHue ymaHnaos (CN-) >0.01
6. Cynbatbl (SO4) >200
7. ObLee cogepxxaHue ocTaTouHoro xnopa(Cl2) >0.2
8.06uiee cogepxarue gpropngos (F-) 15
4 Pafno0aKTWBHble MaTepuansbl
PagnoakTMBHOCTb 1,0
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5 Ocagok
1. O6Lee KONMYeCTBO B3BELLEHHbIX TBEPAbIX BELLECTB >15
(TSS)
2. PacTBOPEHHbII LeCTMBaNEHTHbIR Xpom (Cr6+) >0.05
6  BuoreHHble anemeHTbl (MUTaTeNbHbIE BeLLeCTBa A4
pacTeHWiA)
1. AMmMunak, coegmHeHmns aszota (NH3-N) >0.01
2. O6uwee cogepxxaHue docopa (P) >0.1
3. CoeanHeHuns theHona (eHon) >0.1
7 CTou4Hble BOAbI C BbICOKMM BIMK
1. Copep>xaHune pacTBOpéHHOro kucnopoga (DO) <4
2. bakTepuu rpynmnbl KALWEYHON Nanoyku >100
3 brnoxnmunyeckas notpebHocTb B kucnopoge (BOD5S >10
npu Temnepatype 20 C)
8  TennoBoe 3arps3HeHue MakcumansHoe

OTK/IOHEHVE B Npefenax
30 C oT HOopManbHoiA

1 OTtcTamBaHue
2. dunbTpaums

dokynauus

MeMm6paHHas hunbTpaLms

MogaBeaeHve X0NnogHoi
BOfbl 13 PEKM

B Tabn. 2 nokasaHbl OCHOBHbIE KaTeropuu NCTOYHMKOB 3arpsisHEHWs! BOAbI, YPOBHW 3arpsisHeHUst U MeTofpl
YCTpPaHeHWs 3arps3HeHnii ans peku Turp B ropofe bargad. HacumTbiBaeTCs 8 OCHOBHbIX TUMOB 3arpsi3HEHWUI,
KaXX[blA U3 KOTOPbIX 06YCNI0BEH OnpeaeneHHbIMU NPUUYMHAMK, W, B 3aBUCUMOCTY OT YPOBHSI 3TOTO 3arpsi3HeHus,
OKa3bIBaeT BINSHME Ha Ka4yeCTBO BOfbl. [151 K&XKAOr0 U3 BUAOB 3arpsisHeHNI NpuBeeHbl TEXHONOT I OUUCTKM [5].

5. ANropuTmMm NOKaabHOro noucka

1: N: = KO/IM4ecTBO NOBTOPEHU
napameTpoB 3arpsA3HeHUs BoAbl

2: S:=0

3: A! = (haKTn4yeckas BesiMymnHa
3arpssHeHus

4: Fori:=1toNdo

5: C: = HayanbHas BefM4YKUHa

3arpAa3HeHuns;

6: While A cooTBeTCTBYET UCTOYHUKY
JaHHOro BUja 3arps3HeHus,

BbIMO/THUTb
7: C: = 04uH 13 BUL0B 3arpsa3HeHuns;
8: end while
9: if C Bbille yem S, TO
10: S: =C;
11: End if
12: End for
13: Return S;

Puc. 3. ANropuTm BbIYMCNIEHUS YPOBHSA 3arpsi3HEHUA CUCTEMO MOAAEPXKU NPUHATUSA PeLLeHNiA
Fig. 3. Algorithm for calculating water pollution of water decision support system

6. MpakTuyeckne pesynbTaThl

O6Lmit BUA paboyero npoLecca MOAeNM No aHanmn3y 3arpsasHeHMs Ans 06enx CTaHLMIA NoKasaH Ha puc. 4 u 5.
HopmaTuBHbIe 3Ha4YeHWs NapameTpoB 3arpAsHeHUs 3HauYaIbHO XpaHATcs B Tabnuue DBMS (MySQL server).

NH®POPMAULUWNOHHBIE TEXHONOI NI
INFORMATION TECHNOLOGIES



Kapeii [.K., Canax X.A,, bpyceHues Al'. CucTema noagep>KKu NPUHAT NS peLleHnii gna

I OLeHKMYPOBHA 3arpa3HeHns BoAbl B peke Turp// HayuHsblii pesyabTaT.
3 yn bl A 1 MNHpopmaLnoHHble TexHonoruu. - T.2,Ne1,2017.

Puc. 4. TnaBHOe OKHO BbIYMCNEHUA YPOBHS 3arps3HeHuns cuctemonn (WATER-DSS)
Fig. 4. Main window for calculating water pollution of water decision support system

BBeANTE MapamMeTpbl

-1- Bo3bygutenn MHMeKyni------------ 2- OpraHuyeckue Bewecrtea--—--
1. Buonoruyeckoe notpe6neHve 1. O6uee cogepxaHue HepTecMa3ouHbIX |
kucnopoga 5 cyt. (BMNK5 npu 200C) Marepuanos (M3BIeKaeMbIX M-rekcaHom) |

12.Xumnueckoe notpe6neHve kucnopona(Xrk) 12. BeHson |
3. Tonyon
3- HeopraHuyeckue BeliecTBa 4- PapgunoakTuBHble BelwecTBa

1. BopopoaHbIii nokasatenk (pH)1 1. PagMoakTuBHOE U3nyyeHue!

12. O6uwee cogepxaHue xenesa (Fe)l

3. O6uwee cogepxaHune Mbiwbska (As |
5- O6pa3oBaHue ocajka —
1.06wee cogepxxaHne B3BeLIEHHbIX
5. O6liee cogepxanue | Bellects (TSS)
2. LWecTuBaneHTHbI Xpom
pacTBopeHHbIli (Cré+)

4. Obuwee cogepxaHue ptytn (Hg) 1

7.061Wpii ocTaTouHbIN xnop (B Buae CI2) | 6- YOOOBPEHNA-----mm-mmmmmmmm -

8. O6uiee conepxaHne propnaos (F-) 1 1. AMMUauHbIli a3oT (B Bge MH3-N) |
7- CTOKM Cc BbICOKUM BIMMK----------

3. ®eHoNbHbIEe coeanHeHnA (B Buae eHona
1. CopepxaHune pacTBOPEHHOIO

kncnopoga (DO)

2. BakTepumn rpynbl KLLEYHOW Manouky 1 8- Tennosoe 3arpsa3HeHue -
3. buonorunyeckoe notpebnexHve |
kucnopoga (BMK5 npu 200C) 1. TennoBoe 3arps3HeHune!

3akputb 3€ 1
Puc. 5. OkHoO BBOJa HOBbIX AaHHbIX A4 BbIYNCNEHUA NapaMEeTPOB 3arpA3HeHNA BOAbI

Fig. 5. Interface to insert a new data for calculating the water pollution parameters
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CyuwectByeT 6 napameTpa, OMNpefensowmnx 3arps3HeHve BOAbl, WM A1 KaKAOro M3 HWUX YCTaHOBMEHO
HOpMaTMBHOE 3HaueHue (cM. Tabs. 2). Ha 0CHOBaHUM 3TUX NMapaMeTPOB Mbl MOXEM OMNpefeiuThL TUN 3arps3HeHNS,
a TaKXe COOTBETCTBYIOLUMIA METOL OYMUCTKM, TO eCTb MPUHATbL PeLleHre Mo MOBOLY ONTUMaNbHOrO MeToga
06paboTKM BOAbl A/11 KOHKPETHOro 3arpsasHeHus. [puiodKeHne aBTOMATUYECKM OTCbINAaeT 3/1EKTPOHHOE
coobLleHne cneynanucTy/rpynne CrneumManucToB, CofepXkaliee BCHO WHMOPMAaLMIO O KOHKPETHOM Crydae
3arpsasHeHns. OHO BK/OYAeT B cebs MHOPMAUMIO O NPUYMHE 3arpa3HEHUs, UCTOUHMKE, Yrpo3ax, KOTopble OHO
NpeacTaBseT, ¥ peKOMeHAYyeMbIX MeTOAaX ero ycTpaHeHus. Bes MHpopMaums coxpaHseTcs B MeTabase JaHHbIX.

Ha puc. 6 nokasaH npumep pe3ynbTaTa aHasm3a NporpaMMoin faHHbIX M3 Tabn. 2. Cuctema onpegenset TUn
3arpasHeHns Bofpl. [/18 9TOr0 CHavasia BBOAWUTCS 3HaYeHVe napameTpa, CUCTEMA BbIMOSHAET UHTENNEKTYa bHbIi
aHanu3 fJaHHbIX, W B WUTOre npefnaraeT pelleHWe AN YKa3aHHOro Tuna 3arps3HeHus, MeTofbl O4YMCTKM,
HEKOTOpble NMPUMepPbI U UCTOYHUKKN JaHHOr0 3arpsAsHeHus (puc. 7). HakoHel, nporpamma OTCblIaeT 3/1eKTPOHHOe
coo0LLeHMe cneumanmMcTaM Ha CTaHLMKN BOAOCHA0XeHMS, B KOTOPOM COAEPXUTCSA BCA MHGOpMaLua no gaHHOMY
aHanmay.

BbIYNC/UTE IbHbIE 3arPS3HEHNS BOZbI

Tekyujero nonb3osarens

Wms nonb3osatens: jalal damunus: karwi Ums: jalal

Tun nonbsosatens: admin Cranyusi: 1 ropoa: baghdad

o Sawws Vs wmsno...  Tun fopos ~ Cramuwst  (BMK5).. (XMK)X.. MyTHocts (vsenek.. Bewson  Tomyon  (pH)Bo.. (Fe)06.. (A)O6.. (Hg)O.. (8Byge.. Cymsda. '
1 karwi jalal jalal admin baghdad  resafaa 9 58 4 9 0.004 0.001 5 09 0,001 0,004 0,001 180
karwi jalal jalal admin baghdad  resafaa 15 50 4 8 0.003 0.001 4 0.5 0,005 0,003 0,005 150
3 karwi jalal jalal admin baghdad  resafaa n 50 4 8 0.003 0.001 4 0.5 0,005 0,003 0,005 150
karwi jalal jalal admin baghdad  resafaa 8 .Q.ini_ 0.5 rﬁr 0,003 ‘nyrr? 150
\F |/|'|-LPI IH r H - IlirjoHITTilHe w 17 B
5 karwi jalal jalal admin baghdad resafaa 8 wn 0.001 7 05 0,005 wn 0,005 150
ialal a“min KonkMasi 1 0 Kn A P — mm 7 MK nrvw © nnnk icn 1
Craryc
O6ujee KONMUYECTBO 06Pa3LOB
11. 6uonoruyeckoe notpebnexue 11. Obuee coaepxaHne HehTeCMa3ouHbIX g 11. BogopoaHelii nokasatens (pH)
1 kucnopopa 5 cyT. (BMK5 npu 200C) * | maTepnanos (M3BnekaemblX n-rekcaHom) "
12 Xumnyeckoe nt}ww\gme kucnopoga(XnkK) 50 12. Obuiee copepxanue xenesa (Fe)J
]3 MI'HI:Tb 4 13.Tonyon | 13. O6ujee copgepxaHne mblwbaka (Asd
|4. O6wee cogepxaHue ptytn (Ha)
11.06ujee coaepxaHue B3BELWEHHbIX 15. O6uee cogepxanme
| BewecTts (TSS) CH
11. PagnoakTuBHOE U3NyYeHune o uuaxuaos (8 Buae )
12. WecTMBaneHTHbIt Xpom
| pacTBopeHHbIii (Cr6+) | 6. Cynbdhatel (B BUAE SQ4)
17.06wuii octaTtouHblii xnop (B Buge CI2) 0.1
18. O6ujee cogepxanue prtopuaos (F-)
1. Tennosoe 3arpsisHeHne
oaumnns: karwi I EcTb 3arpsisHeHne B BO4E  PesynbTathl OTNpaBuTL N0 3/1€KTPOHHON NouTe
TONLKO afMUHbI
Cranuyms: resafaa Fopog:  baghdad No6asuTs vV Hasag  3(

. Pepaxktuposatb Ypanutb
[flata vcnsitanua © 14.07.2016 19:07:37 Texyuyee Bpems : 22-02-2017 17:17:21

Puc. 6. TnaBHbIn N0Nb30BaTENbCKUIA MHTePgEec BbIYNCIEHUA YPOBHSA 3arpsa3HeHuns B cucteme WATER-DSS
Fig. 6. Main window for calculating water pollution of WATER-DSS for user

Ha puc. 8 noka3aHO OKHO, [eMOHCTpUpPYIOLLee pe3y/ibTaTbl BCEX aHa/IM30B BOAbl HA BCEX CTaHUWAX;
OTNpaBuTeNb MOXET BblOpaTb HYXHbIA U yKa3aTb WMMs Moay4atens COOOLLeHWUs, KOTOPOMy OyAyT OTOCNaHbl
[aHHble 0 3arpsA3HEHU.

Ha puc. 9 nokasaH CHMMOK 3KpaHa C pe3y/bTaTaMy aHaIM30B 3arpA3HEHWA, NMPOBEAEHHbIX MPOrpamMon c
1CMONb30BaHWEM WH(opMauum 13 Tabn. 2. Ha pucyHke ykasaH Habop onuwit and nevatn (pasmep Gymaru,
KayecTBO M300paXkeHuid, LUBeT 1 (hoH). Kpome Toro, nporpammMa OTMpaB/seT no 3/eKTPOHHON NOYTE B/IOXKEHHbIA
VH(OPMaLMOHHBIV (halin ¢ BapvaHTaMu MPUHATASA PeLLeHnid Ans LaHHOMO Cryyas 3arpsAsHeHus. Takke cuctema
npegycMmaTpuBaeT BO3MOXHOCTb YAa/IeHWS MH(OPMALIMM O KaXXAOM M3 NpoBefAeHHbIX aHanu3oB (puc. 10).

NH®POPMAULUWNOHHBIE TEXHONOI NI
INFORMATION TECHNOLOGIES



J
bl I/I Kapeii [.K., Canax X.A,, bpyceHues Al'. CucTema noagep>KKu NPUHAT NS peLleHnii gna

TAT OLeHKMYPOBHA 3arpa3HeHns BoAbl B peke Turp// HayuHsblii pesyabTaT.
MNHpopmaLnoHHble TexHonoruu. - T.2,Ne1,2017.

Puc. 7. Pe3ynbTaT BbIUMCNEHMS NApaMeTPOB 3arpsisHeHUs BOAbI
Fig. 7. The result for calculating water pollution parameters

Puc. 8. FnaBHOe OKHO OTYETOB O NapameTpax 3arpsi3HeHUs BOAbI Ha CTaHLMAX
Fig. 8. Main window for tests report of water pollution parameter in the stations

NH®POPMAULUWNOHHBIE TEXHONOI NI
INFORMATION TECHNOLOGIES



J
bl I/I Kapeii [.K., Canax X.A,, bpyceHues Al'. CucTema noagep>KKu NPUHAT NS peLleHnii gna

TAT OLeHKMYPOBHA 3arpa3HeHns BoAbl B peke Turp// HayuHsblii pesyabTaT.
MNHpopmaLnoHHble TexHonoruu. - T.2,Ne1,2017.

Puc. 9. CHUMOK 9KpaHa C oT4eTaMun BbIUMCIEHWIA napamMeTpOB 3arpA3HEHNA BOAbI
Fig. 9. Print screen for the input data report for calculating water pollution parameters

Puc. 10. OKHO yaa/neHns pesynbTaToB aHam3a 3arpsasHeHrs Bogbl
Fig. 10. Interface to delete the test for calculating the water pollution

NH®POPMAULUWNOHHBIE TEXHONOI NI
INFORMATION TECHNOLOGIES



J
I I/I Kapeii [.K., Canax X.A,, bpyceHues Al'. CucTema noagep>KKu NPUHAT NS peLleHnii gna

1 OLeHKMYPOBHA 3arpa3HeHns BoAbl B peke Turp// HayuHsblii pesyabTaT.

I .I-I T MNHpopmaLnoHHble TexHonoruu. - T.2,Ne1,2017.

Cnucok nuTepartypsbl

1 Y CumoH, P. bptoremaHH, C. lygeHU. «ACMNeKTbl NOAAEPXKW MPUHATUS pelleHuii B YNpaBfeHUU BOLHbIMU
pecypcamy Ha npumepax bepnuHa u Totcpgama (FepmaHus)). [pocTpaHCTBEHHO-AUM(EpPEHLMPOBAHHAA OLEHKa,
VccneposaHue Bog, 38 7, 1809-1816.(2004).

2. TpoeKkT cTpaTeruv BOAHOFO XO3A/CTBa, pa3paboTka cTpaTernii KOHTPONsS W yNpaBfeHUs BOAHbIMKU pecypcamu K
BofonoTpebneHMss B 3aCyLUNMBLIX  PErmoHax. HayuHo-uccnegoBatenbckas  paborta, EVK1-CT-2001-00098,
http ://environ.chemeng. ntua. gr/wsm/ (2002-05).

3. Kapsu [., bpyceHues A.l'. Pa3paboTKa 3KOMO0rMYECKOW CUCTEMbI MOAAEPKKN MPUHATUA PELLEeHWA AN OLLEHKU KavecTsa
BoAbl // HayuHbiii pe3ynbTar. HhopmaLoHHble TexHonorum. Tom 1, Ne4. 2016. C. 36-43.

4. Moiip Ox.B.B., (2011), O6meH a30Ta B GakTepuax: MonekynspHblii aHanmns. Caister Academic Press. ISBN 978-1-
904455-86-8.

5. Canax X., MapuaHa MokaHy, AanHa ®dnopea, (2014a),K pa3paboTKe KOMMIEKCHOW CUCTEMbI MOAAEPXKKU MPUHATUA
PeLleHNn AN OLEHKM YPOBHA 3arpsisHeHusi B 6acceliHe peku Turp (DSSWAPIT), C6opHuk pgoknagos 10-ii MexayHapogHoi
KOH(hepeHUMN MO MHTENNEKTYalbHOW KOMMbIOTEPHON CBA3N U 06paboTke nHopmauun , ICCP2014, Knyx-Hanoka, PymbIHKS,
C. 391-398.

References

1. U. Simon, R. Brugemann, S. Pudenz. “Aspects of decision support in water management-example Berlin and Potsdam
(Germany) I-spatially differentiated evaluation, Water Research, 38 7, 1809-1816.(2004).

2. The WaterStrategyMan Project,Developing Strategies for Regulating and Managing Water Resources and Demand in
Water Deficient Regions.Eu DGResearch,EVK1-CT-2001-00098,http://environ.chemeng.ntua.gr/wsm/ (2002-05).

3. Karwi J.Q., Brusentsev A.G., Development of an environmental decision support system to calculate water quality //
Research Result. Information Technology. Volume 1, Ne 4. 2016 pp. 36-43.

4. Moir JWB., (2011), Nitrogen Cycling in Bacteria: Molecular Analysis. Caister Academic Press. ISBN 978-1-904455-
86-8.

5. Salah H., Mariana Mocanu, Adina Florea, (2014a), Towards an Integrated Decision Support System for the Evaluation of
Water Pollution in Tigris Basin (DSSWAPIT), Proceedings of thelOth IEEE International Conference on Intelligent computer
communication and Processing, ICCP2014, Cluj-Napoca, Romania, pp. 391-398.

KapBu [ykanan, MaructpaHT Kadefpbl  MPOrpaMMHOr0  06GecrneueHuss  BbIUMCUTENbHOW — TEXHUKU U
aBTOMAaTW3MPOBAHHbIX CUCTEM

Canax XyceliH, cTaplmii npenogaeate/b Kadeapbl KOMMbIOTEPHLIX CUCTEM, TEXHUYECKNIA UHCTUTYT

BpyceHueB AnekcaHap Mpuropbesud, npogeccop Kageapbl NPOrpaMMHOro 06ecrneyeHns BbIYNCIUTENBHON TEXHUKM
1 aBTOMATM3MPOBAHHbIX CUCTEM, JOKTOP (13.-MaT. HayK, Npogeccop

Carvey Jalal, Master Degree Student, Department of Software Computer Technology and Automated Systems

Salah Hussein, Lecturer, Department of Computer Systems, Technical Institute

Brusentsev Alexander Grigoryevich, Professor of Technical Sciences, Associate Professor, Department of Software
Computer Technology and Automated Systems

NH®POPMAULUWNOHHBIE TEXHONOI NI
INFORMATION TECHNOLOGIES


http://environ.chemeng.ntua.gr/wsm/

