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C uenbio NONONHeHUs HegocTatka BoAbl ANA YenabuHcka v OpyrMx HaceneHHbIX MyHKTOB, MO-
Tpebnsowmx BoAy M3 cucTeMbl «AprasmHckoe BogoxpaHunuue — peka Muacc — LepiHéckoe Bo-
OOXpaHunuLLEe», Hame4vaeTcs OCyLLEeCTBUTbL Nepebpocky vacTu cTtoka p. Yoda m3 Jonrobpoackoro Bo-
AoxpaHunuwa B AprasmHckoe no crneunanbHO BbICTPOEHHOMY KaHarny (PEKOHCTPYKLMSA NpoekTa KoHua
70—x rr. XX Beka). B cBA3n ¢ aTum BO3HMKIIa npobrnema nporHo3npoBaHnst N3MEHEHUS Ka4yecTBa BOAbI
Kak B AprasumHckom, Tak n LLleplwHEBCKOM BOAOXpaHunuMLax B pedynbtate nogobHbIX rugpoTexHuye-
Cckux meponpuatui. B ocobeHHocTn B LLlepluHEBCKOM BOOOXpaHUNULLE, A€ BECbMa BbIPaXXeHO Mpo-
siBNeHve 3BTpohmpoBaHMa Bogoema.

OQHMM 13 MEeTOAOB MCCNeaoBaHUSA MPOLLECCOB, MPOUCXOASALLINX B €CTECTBEHHbIX BOAHbLIX CUCTe-
Max, ABMSIETCA NpoBeAEeHNE HaTYPHbIX SKCNEPUMEHTOB (MOHUTOPWHIA), YTO NPaKTUYEeCKn BeCcbMa 3a-
TPYAHEHO M TpebyeT CyLleCTBEHHbIX KanuTanbHbIX 3aTpat. [IpuMeHeHne XOpoLwo OTNaXeHHbIX UMU-
TaLMOHHbIX MOAenen MHTepecyloLen Hac IKOCUCTEMbI, NO3BONUT UHTEPNPETMPOBATL U NpeackasaTb
peakuuMio nokasaTenen Kkayectsa BoAbl B OTBET, Kak Ha NpMpoaHble (PeHOMEHbI, Tak U Ha BO34ENCT-
BMS, 0OyCrnoBneHHble AeATENbHOCTbIO YenoBeka, U NOMOXeT NPUHUMAaTh pelleHus B obnactu ynpas-
neHnsa 3arpas3HeHNAMN BOAHbBIX PeCypcoB Hallero pervoHa. K Hactosemy BpeMeHU COTpyAHMKamu
kadenpbl «O0LWan 1 MHXeHepHas IKONOrns» Npu NoadepXkke cneumanmcToB kadeapbl «ABToMaTuka
n ynpasneHue» KOYpl'Y HapaboTaH HEKOTOPLIN ONbIT B CO34aHUN UMUTALMOHHBIX MOAENEN, Kak ecTe-
CTBEHHbIX BOAHbIX CMUCTEM, TaK CMCTEM OYMCTKM CTOYHbIX BOA. MogenupoBaHue OCyLeCTBRANOCh
B [ManoroBo—Bu3yarnbHon obonouke Visible Simulation (VisSim®). Bce BbllieckasaHHOe SBMMOCH
NPeanochbINKon K pas3paboTke MMUTaALMOHHO-yNpaBnsawowen mogenu (T. €. mogenu, obnagaroLlen
CBOMCTBaMW OTpaxaTb pearibHyl0 CUTyauuio, NpeackasbiBaTb M3MEHEHUA B CUCTEME M NpefocTas-
NATb pekoMeHAauuu K OCyLLeCTBMEeHUIO 3a4ad ynpasneHus) (hoOpMMpPOBaHNS KadyecTBa BOAbl 3KOCU-
ctembl «Aprasm — Mwnacc — LepwHn». Jta pabota BeaeTca coBMecTHO ¢ HOXHO—YpanbCckum dou-
nuanom HAWM BoaHoro xo3dancrea.

MpoBeAeHHbIN HaMn MHTepHET—0630p MO OLEHKE MUPOBOTO OMbiTa B pelleHun npobnem moaenu-
pOBaHUA KayecTBa BOAbl B pekax, 03epax, BOAOXpaHMnMLax n Apyrux nogobHbIX akocucTeMax noka-
3an, YTo nogobHble paboTbl A4aBHO M C ycnexoMm peanusytotca. Cpeamn 3apybexHbix pa3paboTynkos
MO>XHO BbIAENUTb CNEeAYOLMX:

1) US EPA, Centre for Assessment Modeling (CEAM) / AreHTCTBO MO 3aLMTe OKpYXXatoLen cpeapl,
CWA, UeHTp oueHkn mogenuposaHus (nporpammbl: WASP, QUAL2E v ap.) [1];

2) US Army Corp of Engineers, Waterways Experiment Station, Environmental Laboratory / Kopno-
pauusa uHxeHepoB Apmumn CLUA, OkcnepumeHTarnbHas cTtaHumsa BOAHbIX nyTew, Jlabopatopus
npobnem okpyxatwen cpegbl (nporpammbl: CE-QUAL-RIV1, CE-QUAL-W2, CE-QUAL-R1
v ap.) [2];



90 E.O. KOnaesa, K.O. PasHononos, KO./. Cyxapes

3) BOSS International / Kopnopauus cneuyuanuctoB no npotnemam sogbl «6OCC VHTEpHENLLNOH»

(nporpammbl: SMS, BOSS RiverCAD u gp.) [3].

Cpean oTeyecTBEHHbIX aBTOPOB OCOOEHHO 3Ha4YMMbl, HA HalW B3rns4, paspaboTku nNpeacTaBuTenemn

crneayLwmx NHCTUTYTOB:

1) WHctutyT rmgpoguHammkm CO PAH nm. M.A. IlaBpeHTbeBa, HoBocubupck;

2) Poccuincknii rocyaapCTBEHHbIV TMApoOMeTeoponornyecknii yHnsepceutet, Cankt—lletepbypr;

3) PoctoBckui rocygapcTBeHHbIN yHUBepenteT, PoctoB—Ha—-[JoHy (nabopaTtopunsi CUCTEMHOrO aHa-
nnsa npobnem ncnonb3oBaHUS BOOHbIX PECYPCOB).

B uenom mogenun kavectBa BOAbl MOXHO KnaccudpuumpoBaTb MO CROXHOCTW, NO TUNY uccrepye-
Moro obbekTa 1 no Tem napameTpam KayecTBa BOAbl, KOTOPble MOXeT npeackasbliBatb mogernb. He-
0bxoaumMocTb B Bbibope bonee CrioxHowm (a 3Ha4ynuT — n Gonee TpyaHOW B HACTPOWKE, U 4OPOrow) Mo-
Aenn onpegensieTcd B KaXAOM  KOHKPETHOM  Crnyyae MHOMBMAOyanbHO W OrpaHu4MBaeTcs
BO3MOXXHOCTSIMM NONb30BaTENSt OCHACTUTb €€ HEOOXOAUMBIMU NCXOLHBIMU AAHHBIMMU.

Mo Hawemy MHeHUIO ANa peanusaumm UMUTALMOHHON MOAENW KayecTBa BOAbl B cucteme «Apra-
31 — Munacc — LepwHny uenecoodbpasHO BOCNOSb30BATLCS BO3MOXHOCTSMU CNeLnann3npoBaHHOM
OuHamuyeckon mogenupytowen cpeabl WASPG6 [1] (Water Quality Analysis Simulation Program, Ver-
sion 6.0 — MimntaunoHHasa nporpammMma aHanuaa kadecTtea Bodpbl. Bepcus 6.0), npeaHasHauyeHHoM ons
aHanusa n NporHO3MpoOBaHUSA KayecTBa BOAbl B Pa3fMyHbIX NMOBEPXHOCTHbLIX BOAHbLIX UCTOYHMKAX BO-
JocHabXeHnst (B TOM 4ducrne pekax M BogoxpaHunuwiax). Takon Bblbop oBycrnoBreH Tem, 4To npo-
rpamma WASP6 cBobogHo (GecnnaTHO) pacnpocTpaHsieTcs cpefu nonb3oBaTenewn, ABNSAETCs YHU-
BepcanbHON MO BCEM OCHOBHbIM KPUTEPUAM CpaBHEHUA C OPYrMMU MNoAoBGHbIMM MnporpaMmamu,
HeogHoOKpaTHO anpobupoBaHa 3a pybexom K, YTo Haubornee BaHO, ANsi Hee nmeeTcs nogpobHas
TexHu4eckas u metoamyeckass JOKyMeHTaums. [onbiTka NPUMMEHUTb HACTOSILLYK MOAENb OCYLLECTB-
nsetcs B Poccun Bnepeble.

WASP — 310 nporpamma OUMHaMM4eckoro MOLEnMpoBaHUs BOAHbLIX CUCTEM, MOCTPOEHHas Mo
MOAYSbHOMY MPUHLMMY, BKOYaloLass B pacCMOTPEHWE, Kak TOmLWy BOAbl, Tak U MPUAOHHbLIA CIOW
beHToca. B WASPG6 BCTpoeHbl ABa Tvna creumarnbHbIX KMHeTUdecknx nognporpamm — TOXI (moge-
nMpoBaHMe C y4eToM BnMsiHMA Tokcudeckux BewecTB) n EUTRO (mogenupoBaHne no ctaHgapTHbIM
nHgmkaTopam). MNporpamma WASP cTpykTypupoBaHa TakuMm obpas3om, 4ToObl hopMmnpoBaThb U3 3TUX
noanporpamMmm 3akOHYEHHble NaKeTbl ANA NOCTPOEHMS crneumanbHbiX NPOo6IeMHO—OPUEHTUPOBAHHBIX
mMozernen, UMMTUPYIOLLMX NPOLLEeCC M3MEHEHUS KayecTBa BOAbl B KOHKPETHOM BOAOEME UIM CUCTEME
BOOOEMOB.

YpaBHeHUs, Ha KOTOpbIX BasmpyeTca mMoaeNnb, OCHOBbLIBAOTCSA HA MPUHLUMNE COXPaHEHWUs Macc.
OTOT NPUHUMN yCTaHaBNMBAET, YTO Kagas COCTaBnsloWasa KadecTBa BOAbl, HA4YMHAA OT HavarbHOW
TOYKM MPOCTPAHCTBEHHOIO UMW BPEMEHHOIO BXOAA, U 3akaH4MBas BbIXOAOM, COXpaHAeT Maccy B nNpo-
cTpaHcTBe N BpemeHn. OCHOBHOE YypaBHeHMe MaTtepuanbHoro 6anaHca ana 6eckoHe4yHO Mmarnoro
ob6bema XnakocTu onucbiBaeTcsa criegyowmm obpasom:

oC 0 0 0 0 oC 0 oC 0 oC
—~=——(U,C u,C U,C)+—~—| E, == |+—~—| E, == |[+=| E, == |+S, +Sg + Sk,

roe C — KOHUEHTpauus nHamkatopa kadectsa Bodbl, Mr/n;t — Bpewms, cyT; U,, Uy, U, — ckopocTb
afBeKuun B NpoAonbHOM, GOKOBOM HanpasrieHUu 1 Mo BbICOTe, COOTBETCTBEHHO, MICYT; E,, E,, E, —
k03D ULIMEHTBI MPOAOILHON, BOKOBOI M BepTUKaNbHONM AMddY3nmn, COOTBETCTBEHHO, M /CyT;, S, —

CKOPOCTb HanpaBrfeHHON Wnu pacnpeneneHHoi sarpysku, r/(m*-cyT); Sg — MaccoBas CKOpPOCTb
3anonHeHUs NorpaHNYHoOro cnos, r/(M>-cyT); Sy — CKOPOCTb MOMHOMO KMHETUYECKOro NpeBpaLLeHus,
r/(m>-cyT).

B WASP 3710 ypaBHeHue paclumpsieTcst 4o 60onbluero KOHTponbHoro oovema (1. e. o6bema pac-
yeTHOro cermeHTa). B ntore mogenb npencraesnset cobon Habop (CeTb) paclUMPEHHbIX KOHTPOMbHbIX
06BbEMOB (CErMEHTOB), KOTOPbIE BMECTE COCTaBNAT PUINYECKYHO KOHUrypaunto obbekTa.

Taknm obpasom, 6a3oBass Mogenb, ONUcaHHasi ypaBHEHMEM MaTepuanbHoro 6anaHca (1), oTpa-
XaeT crneayoLme HecTaunoHapHble Npoueccehbi:

1) agsekuusa n gucnepcus,
2) TOo4YeuHbI 1 AndPy3nNOHHbIN COpOC (3arpsa3HUTENen) BOAHBIX Macc U3BHE,
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3) npeBpalleHne BelecTBa, a Takke
4) oOMeHHbIe NpoLecChl B MOrpaHMYHbIX CRosx («TonLa Boabl — BeHTOCY ).

WTak, nepea Tem, Kak npuctynuTb K mogenupoBaHuio B WASP, nccnegyembli 06beKT YCNOBHO
pa3buBaeTca Ha cerMeHTbl MO OAHOMY, ABYM WM TPEM HanpasBneHusiM B npocTpaHcTee (puc. 1).
Paamepbl 1 4YMCNO CErMEHTOB CTPOro HacTpauBalOTCs, U B KaXKAOM KOHKPETHOM criyvyae 6yayT 3aBu-
CeTb: OT TMNa BOOAHOro 0ObEKTa, XapakTepa TEYEHUIN, HANM4Msa U MEeCT pPacrosfioXXeHus NyHKTOB 3abo-
pa BoAbl U cOpoca 3arpsisHUTENen, YpoBHS AeTannsaumm noCcTaBfeHHOW 3agayu, wara mogenuposa-
HUS M gpyrux ycrosui. PasbueHne MoXeT NpoumsBOOUTBCH KakK «BPYYHYHO», Tak U MpyM MOMOLUM
cneumanbHbIX NporpaMm MOAeNUPoBaHNA rmapoauHamMuku. 970, Hanpumep, nporpammbl: DYNHYDS,
RIVMOD, EFDS wunu TpaHcnopTHeI Moaynb nporpammbl SWMM. MNporpamma DYNHYD5 Hanbonee
coBmectuma ¢ WASP6.

Mocne TOro, kak ceTb OpraHM3oBaHa, paboTa ¢ MOAenbl NPOAOMKAETCA B CreayloLWwmx YeTblpex
HanpaBneHnsX: rMapoanuHaMmnka, macconepeHoc, npeobpasoBaHne KavyecTBa BoAbl U BIUSIHUE TOKCU-
YeCKMX BEeLLeCTB Ha BOAHbIN 06beKT.

Ha nepsom ware onpeaensieM: rge npotekaeTt Boga? 370 BbISCHAETCA B pe3ynbTate rmapomet-
pU4ecKknx CbLeMOK, crelmanbHbIX UCCNefoBaHUN U rmapoauHaMmmyeckoro mogenuposaHus. Cyuiect-
BYylOLLME B BOAOEMAX M BOOOTOKAX TEYEHUSI MOTYT MHTEPNONNPOBATLCS M AKCTPANonMpoBaTbCA Ha OC-
HOBE MpuHLUMNA HenpepbiBHOCTU. 34eCb MOXHO WCNONb30BaTh Kak camble MPUMUTUBHbIE MOAENN
TpacCUMpPOBKM NOTOKA, Tak U CIIOXHbIE MHOTOMEPHbIE ANHAMUYECKME MOAENWN MPU YCINOBUM KOPPEKTHO-
ro ycpeaHeHus B nNpocTpaHcTBe 1 BpeMeHu (Hanpumep, DYNHYDS).

Puc. 1. OpFaHI/I3aLI,l/IFI CEeTU CErMeHTOB MOAESbHOro obbekTa

Ha BTOpOM Luare Hy>XHO OTBETUTb Ha BOMPOC: r4e B TOMLWe BOAbl NEPEHOCATCS BellecTBa? Ha
3TOT BOMPOC MOXHO OTBETUTb, UCCMEAOBaB ABWXKEHNE XMMUYECKUX METOK U OTKannbposaB Mo 3TUM
AaHHbIM Moaenb. B kayecTBe MeTOK OObIYHO MCMOMb3YHTCA KpAaCcUTENN U CONU.

TpeTun war oTBeyaeT Ha BOMPOC: Kak npeobpasyloTca BewecTBa B BoAe U 0CAgoOYHOM Croe,
N KaKOB 3TOT XW3HEHHbIW UMKN? 3TO OCHOBHOW BOMPOC MHOMMX uccrnegoBaHuin. OTBeT CTPOUTCHA Ha
KomMOMHaumm nabopaTopHbIX MCcreaoBaHUA, NOMEBOr0 MOHUTOPMHIA, OLEHKN napaMeTpoB MoAenu,
KannbpoBKM M TecTMpoBaHus pe3ynbtatoB. COBOKYMHbIA pe3ynbTaT 3TOro Lwara MHOr4a HasbiBatoT
Banugaumen unu sepuukaumen mogenu.

Ha nocnegHem Lware uvweTcss OTBET Ha BOMPOC O BO3MOXHOM BIIMSIHUM BeLLECTBA Ha UHTepe-
cylowme obbeKTbl, Takue Kak Nioau, XMBOTHbIE, BOOHbI MUP WM 3KONMOTMYECKuin GanaHc B LEeNoMm.
OyeHb YacTo NpeAckasaHHble KOHLEeHTpauuMM NpoCTO CPaBHUBAKOTCA C KPUTEPUSIMU KavyecTBa BOAbI
(MABB), NpUHATEIMK pernMoHasnbHbIMM KOHTPONMPYIOWMMM OpraHM3aumaMm s 3awmnTbl OpyKatoLen
cpeabl.

O «kadvecTBe BOAbl B MOAENbHOM OObEKTe CygAaT MO KOHUEHTpauusM B BOAE BeLecTB—
NMHOWKATOPOB, KOTOpble BbicuuTbiBatoTCA nporpammor WASP gnst kaxgoro cermeHTta. [lockonbky
peanusoBaHHad B WASP mogenb sBnseTcs AMHaMnU4eckon, OOMKHbl BbiTb NPUHATBI HavyarbHble yC-
noBus ONg KaXaon nepemMeHon B KaXOOM M3 CerMEeHTOB, XapakKTepusylLlux B 3aBUCMMOCTU OT Ha-
CTPOVKM nonb3oBatens (paspaboTumka MOAENN KOHKPETHOro 00beKkTa) NOBEPXHOCTHbLIN CIoK, Nogno-
BEPXHOCTHbIN CrOW, BEPXHUI cron 6eHToca, HWKHUI cron 6eHToca. HavyanbHble YCroBUS BKIIOYAKOT
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B cebs XMMM4eckme KOHLUEHTpaumMm KOMMOHEHT (MHAMKaTOPOB KadecTBa BOAbI) HA Ha4Yano MoAenvpo-
BaHWs.

YpaBHeHUus, cocTtaBngawlimMe mMaTeMaTMyeckylo modernb kadectBa Boabl B WASP, onuckiBaloT
npoLecchl 1 ABNEHUS NPeACTaBNEHHbIE HMXE.

1. lNMepeHOC XMMUYECKMX METOK (OCYLLEeCTBRSEeTCS ANS HaCTPOWMKM rmapoauMHamMukm obbekTa).
B 14-tn anrebpo-anddepeHumanbHbiX ypaBHEHUSIX OMUCBLIBAKOTCA: rmapoanHaMmmyeckas B3avMo-
CBSA3b MeXOy CerMeHTamu, rmapaBriMyeckasl reoMeTpus CErMeHTOB, BHYTPEHHAS BOOHAsA afBeKuus,
BHYTPEHHAS BoAHas Anddy3ns, norpaHuyHbIe Npouecchl (Mexay cerMeHTamun, Mexagy cerMmeHTamu u
OKPYXXaloLLMMN BHELLHUMM hakTopamu), NPOLECChl 3arpy3kn BOAHOr0 obbekTa HOBbIMUM TOYEYHbIMU
nnun pacnpeaeneHHbIMU NOTOKaMM.

2. MNepemelyeHne otnoxeHuin. B 10—tu anrebpo—anddepeHumnanbHbiX ypaBHEHUSIX ONMUCHIBAKOT-
CS1: MpoLecc nepemMeLLeHns OTNOXEHWIA, MPUAOHHbIE NPOLECCHI B TBEPAOM CTOKE.

3. Tlpoueccbl C BOBMEYEHMEM PacTBOPEHHOro kucnopoga. B 16-tm  anrebpo-
anddepeHUmanbHbIX ypaBHEHUSX, BKIOYAs CTEXMOMETPUYECKUe, OMUChIBAKOTCS: peaspauus, yrne-
pOAHOE OKUCIEeHUe, HUTpUdUKaLMS, OeHUTPUMUKaALMS, ocaxaeHne, passutne u rmbens ouTonnaHk-
TOHa, noTpebHoCTb
B KMCNoOpoAe B NPUAOHHOM Croe.

4. OTpodmkaums. B 44—x anrebpo—anddepeHumanbHbiX YpaBHEHUNAX, BKIIOYAs CTEXMOMETPU-
yeckue, onucbiBaloTCA: (PocdhopHbIN LMKN (pa3sutne n rmbenb UTONNAHKTOHA, MUHEepanu3aums,
copbumsa, ocaxaeHue), a3oTHbIN UMK (pa3sutne n rmbenb uTonnaHkToHa, MUHepanu3aums, copob-
ums, ocaxaeHue, HUTpudmnkaumsa, geHmtpudurkauus), B3anMogencTeme Mmexgy 6eHTocoM 1 Tonwen
BOAObl Ha4 HUM, KMHETUKA NPOCTON U NPOMEXYTOYHOW 3BTpodmkauun. C TOUKM 3peHnsa mogennpoBa-
HWUS1 KayecTBa BoAbl B cucteme «Aprasm — Muacc — WepwHn» Hanbonee MHTEpPECHbI NPoLecChl,
CBsi3aHHble C 3BTOMMKAUMEN, MOCKONbKY BecbMa BblpaxeHbl B LeplHEBCKOM BOOOXPaHUMULLE.
B WASP6 ob6oraiieHve nutaTesnbHbIMU BELLECTBaAMU, IBTPOUKALMA N MPOLIECC YMEHBLUEHUS KOH-
ueHTpaumm PK (pacTBOpeHHOro Kucriopoga) MOAENUPYHTCA C MCNOb30BaHMEM BCTPOEHHOW Mpo-
rpammbl EUTRO. Ha puc. 2 npeacraBneHa npuHumnuanbHas cxeMa KMHETUYECKOro B3aMOOENCTBIS
ANA NUTaTenNbHOrO UMKNa U pacTBOPEHHOrO KMCNopoda (34ecChb e npeacTaBreHbl NepeMeHHble Co-
CTOsIHMS Mogenu, peanusoBaHHou B nognporpamme EUTRO). EUTRO mogenupyeT peakumm TpaHc-
nopTa U XMMMUYECKOro NpeBpaLLeHns BnIoTb 4O BOCbMU NEPEMEHHBLIX COCTOSAHUS, N306paXKEHHbIX Ha
puc. 2. OcHoBHOe ypaBHeHMe maccoBoro 6anaHca WASPG6 peluaeTca Ons Kaxaon NepeMeHHOn co-
CTOsiHMSA. B 3TOM OCHOBHOM ypaBHeHun nognporpamma EUTRO pobGasnsieT k obuiemy maccoBomy
GanaHcy npouecchbl cneumpuyecknx BMOXMMNYECKNX NPEBPALLEHUIA BCEX BOCbMU MEPEMEHHbIX CO-
CTOSIHUSI 3BTPOhMKaLMM Kak B TONLLEe BOAbI, TaK U B cnoe 6eHToca.

5. [lenctBue NpocTbIX TOKCUYECKMX BellecTB. B 11—Tu anrebpo—anddepeHumanbHbiX ypaBHEHN-
SIX OMUCBLIBAOTCA: KMHETUKA NOSTHOro pacnaga nepBoro nopsigka, YacTHble XMMMYeckne npespalleHns
nepBoro nopsaka, copbums.

6. [enctBne opraHMYecknx XMmmkaToB. B 76—Tn ypaBHEHNAX N BbIPAXKEHUSAX XUMUYECKON KUHETU-
KM OMUCbIBAIOTCH: MOHU3aUMs, copbumsi, neTyuyme opraHuveckne BellecTBa, rmgponus, doTonus,
oKucneHune, Guonornyeckun pacnag, pyrme BHeLWHMEe peakLmu.
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Puc. 2. MpuHumMnuanbHas cxema KMHETUYECKOrO B3auMOAENCTBMS BELLECTB Npu 3BTpodmrKaumm

B uenom matematuveckoe onucaHne WASP-mogenn coctaensieT cuctemy 171 ypaBHeHUn (an-
rebpandecknx, guddepeHumnanbHbiX OBbIYHBIX M B YACTHbIX NPOWU3BOAHbIX, CTEXMOMETPUYECKUX, U
YPaBHEHUI XMMUYECKOW KMHETUKM). [porpamma npegnonaraeT NOAKMYEHME, KaK BCEX YPaBHEHMUMN,
TaK MU YacTu U3 HMUX B 3aBMCUMOCTM OT peLLaeMon 3agayun, HasHavyaeMblx AOMyLEeHUA U Npeanonoxe-
HUA, U OCHALLEHHOCTU WUCXOAHbIMW AaHHbIMWU. BxoaHble aaHHble BMecTe ¢ OCHOBHbiMM WASP-—
ypaBHEHsIMU MaccoBOro 6anaHca v ypaBHEHVUSIMU cleumanbHOW XMMNYECKON KUHETUKM eQUHCTBEH-
HbIM 06pa3om onpeaenstoT Habop ypaBHEHUN KayecTBa BOAbl KOHKPETHOTro obbekTa. AT ypaBHEHUS
noaBepratTcs YMCIIEHHOMY MHTErpupoBaHuto nporpammon WASP6, nokasbiBasi, kak NpoxXxoauTt uMu-
Taums Bo BpemeHu [4].

3aknoveHue

MepBbIM WIArom B MNPUMEHEHUN MOAENU SIBNSIETCS aHanu3 peluaemon 3agadn. Kakve Bonpochl
nognexar paspelweHntio? Kak umMmtaumoHHasi Mogenb MOXET MOMOYb NpU OTBETE Ha 3TU BOMPOCHI?
MpuHUMNManbHO MoAernb Ka4yecTBa BoAbl NoApa3yMeBaET PELLEHNE TPEX OCHOBHLIX TUMOB 3a4au:

1) onucbiBaTb CyLLECTBYIOLLIEE COCTOSIHNE Ka4yeCcTBa BOAbI;

2) ocyuwecTBnaTb obuee npeackasaHue;

3) ocyLlecTBnATb NoKanbHble NpeAcKka3aHns Anst KOHKPETHbLIX YCIOBUA B KOHKPETHOM BogOEME.

MepBas, onncaTenbHasa 3agada No3BOMSET B HEKOTOPOM CMbICHE PacCLUMPUTL OrpaHUYEHHbIe NOo-
KanbHbl€ 3HAHWSI, OCHOBAHHbIE HA MECTHbIX M3MepeHusX. MNMoCcKoNbKy MOHUTOPUHI 06XOAUTCA OYEeHb
[oporo, HeobxoauMbl AaHHbIE TAKOrO MPOCTPAHCTBEHHOIO N BPEMEHHOIO pa3peLleHunsi, KOTopble, Mo
KpamHen mepe, MMHMMAarnbHO MO3BONAKT OnNucaTb BOAHLIN 00bekT. OnucaTtesnbHble MOAENN MOXHO
NCnonb3oBaTb AN NIaHUPOBAHUA Npoueayp MOHUTOPUHIA W M3MEPEHUIN. DTN MOOENN MOTYT Takke
ObITb MCNoONb30oBaHbl ANSA BbISBNEHMS Hanbonee BaXHbIX NpoueccoB, obycnaBnuBaloLWMX TeKyLlee
Ka4yecTBO BOAbI.

Ob6ecneveHne obWKNX NpedckasaHnin — 3TO BTopas 3agada MoenupoBaHud. Het Heobxogmmo-
CTM UMETb NoapobHbIE NOKanbHblE AaHHble AN TOro, YToObl MpeackasaTb NOCNeACTBMS BO3OENCTBUS
KaKoro—nmMbo xmmukaTta (3arpsisHUTENs) Ansa KOHKPETHOroO TMna BogoeMa (BOAOXPaHUNULLA, PEKN U T. 4.).
HocTtaTtoyHo umeTb rpybbii Habop AaHHbLIX ANSA OLEHKU NOTEHUMAaNbHOrO pUcka HexenaTenbHOro Bo3-
aencteusa. ObLWme npeackasaHnsa MOryT MCMOMb30BaTbCH Takke ANt PELUEeHNss OpraHM3auNoHHbIX 3a-
[ad unu B kKa4ecTBe NpeaBapuTenbLHOro 3aTana ans oonee aeTanbHbIX UCCNEeaOoBaHUNA.

Ob6ecneyeHne nokanbHbIX NpeackasaHnin — 3To Hanbornee cTporad 3agava mogenMpoBanus. Ons
nonyyeHnsa npaBoonoAobHbIX NpeackasaHnin HeobxogmMma kanmbpoBka MOAENN HA OCHOBE «XOpOLLe-
ro» Habopa gaHHbIX MOHUTOpUHra. [ockonbKy Mpeacka3aHusa 4YacTo NPUBOAAT K 3KCTpanonsumu 3a
npegensl cyllecTBytowero Habopa AaHHbIX, MOAeNb OOMkHA obnagatb AOCTaTOYHOM BHYTPEHHEW
LLeNOCTHOCTLI0. B kKayecTBe NpuMepoB 3aaa4y NokanbHbIX NpeackasaHuini MOXXHO paccMaTpuBaTh:

1) 3apgavy pacnpeaeneHust ToYeYHbIX 3arpsisHUTENen Npu ycroBun cobnoaeHnus CTaHaapToB Kaye-
CcTBa BOAbI;

2) 3apady aHanmMsa BO3MOXHbIX BOCCTAHOBUTENbHbLIX MEPONPUATUN, TakuX, KaKk AOOYMCTKA CTOYHbIX
BOJ, 3anpeLleHne Bbinycka gocdaToB B OKpYXatoLLyto cpeny unv Hambonee acpekTuBHbIE arpo-
KyNbTYpHbIE MEPOMPUATUS NO MUHUMU3ALIMM BO3OENCTBMSA HA OKPYXKaoLLYIO cpeay.

Mporpamma WASP cnocobHa Busyanuanposatb Nobyto N3 NoCTaBneHHbIX 3a4ay B 3aBUCUMOCTH
OT CTeneHn aetanusauun MMerLMXCcs MCXOAHbIX AaHHbiX. WASP6 daktnveckn 3akntodaeTt B cebe
OBe nporpammMbl — MOAENMPOBaHUE rmapoanHammukn BogHoro obvekta (DYNHYDS5S) n mogenupoBa-
HWe Ka4yecTBa BOAbl MO OCHOBHbLIM MHAnkatopam (cobcteeHHo WASP6: EUTRO n TOXI). CoveTaHue
MCMonb30BaHNA pasHbiX BUOOB MNOAMNPOrpamMm, BKITIOYEHME B PACCMOTPEHUE Pa3fMYHbIX KOHCTaHT
N NePEMEHHbIX COCTOSAHMS, BO3MOXHOCTb y4eTa NOBEPXHOCTHOIO PacCpeaoTOYEHHOro CToKa Mnum no-
KanbHOro copoca CTOYHbIX BOJ, MPAaMOTHOE MOCTPOEHME CETU CErMEHTOB M HasHayYeHue Lara Moae-
NMpOoBaHus, U apyrue cneumguyeckme BO3MOXHOCTM MOLENVN — BCE 3TO NPV AOSMKHOM aHanuae no-
CTaBfIEHHOM 3adayn no3BONUT Haumbonee adeKkBaTHO OTpa3anTb MOAENbI pearbHble MNpoLecchl
B paccMaTpvMBaeMOM OObekTe M gaBaTb BeCbMa TOYHbIE MPOrHO3bl U3MEHEHUSI COCTOSIHUSA OObekTa
npu pasnuyHbIX BUOaxX BHELHUX BO3dencTBuin. bedycnoBHo, Hanboree CylwecTBEHHbIN aTan B dop-
MWPOBaHUN KOHKPETHOM MoOenn — 3TO Bepudmkaums, kotopasi cnaraeTcst M3 kombuHauum nadopa-
TOPHbIX UCCMeAoBaHWA, NONEBOr0 MOHUTOPUHIA, OLIEHKN KOHCTAHT, KannbpoBKM U TECTUPOBAHUSA MO-
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aenn. Ycnex aToro wara 3aBuUCUT OT KBaJ'IVId)VIKaLI,I/II/I nonb3oBaTensa (paspa60TqMKa KOHerTHOVI MO-
,u,enm), BbIHY>XOEHHOIo KOM6VIHMpOBaTb cneunanbHble 3HAaHUA CO 30paBblM CMbICITOM U CKENTUYECKN
OTHOCUTbCA K MeTo40JI0OrM4eCKOMY MNnpoLeccy.
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