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MATEMATHYECKHUE MOJEJIA YIIPABJIEHUS
KAYECTBOM IIPUPOAHBIX BO/I

O0cyxaaeTcss METOIOJIOTHS TIOCTPOCHNUS MOZIETIel BEIOOpa cocTaBa MEPOTIPHUATHI
10 OXPaHe BOJHEIX PECYPCOB, 0a3UPYIOLIAsCS Ha CHCTEMAaX MOCP)KKU IIPUHSTHS
pemennit (CIIIIP). Takne cucTeMBl paccCMaTpHUBAIOT BOIHBIA OOBEKT KaK €IHHOE
LIeJIOE CO BCEMH TEXHHYECKHMH, YKOHOMUYECKHMH U JIPYTHMH, CBSI3aHHBIMHU C
HUMH, IpobseMamu. OHM IPEICTABIIOT COOOM ammapar Julsl aHaJIn3a pa3IHIHbIX
mpo0OJieM KadecTBa BOJ, IPUHUMAsi BO BHUMaHUe Bce popMajbHble 1 Hedopmalb-
HbIE PAaCCMOTPEHHMsS, BXOAALIME B COCTaB IUIAHMPOBAHMs, IPOCKTUPOBAHMSA U
yIOpaBleHUsl cucTeMaMu BOAHBIX pecypcoB. CIIIIP ympaBneHuss kauecTBOM BOJ
COCTOWT M3 JIBYX MOJCHCTEM: KPYIHBIX BOIHBIX OOBEKTOB M MAajbIX PEK MIH OT-
JeTbHBIX Ipeanpusatuil. IIonck onTHMaNbHEIX PEIICHUI CBOAUTCS K BEIOOpY CO-
CTaBa MEPONPHATHH, 00eCIIeUNBAIONINX 33JaHHOE KadeCTBO BOJ IIPH MHHUMAIIb-
HBIX 3aTpaTax

KiroueBble cji0Ba: mooderuposatue, cucmemvl NOOOEPAHCKU NPUHAMUA peuleHUl,
Meponpusmus no oxpane 800, peyHoll baccelin, Kauecmso 800, YnpasieHue 800-
HbIMU pecypcamu, ONMUMU3ayusl, 3azpasHenue, niamemici, SKOHOMU4eCKuil mexa-
HU3M.

MonenupoBaH#e KOJOr0-3KOHOMUYECKHUX B3aMMOJCHCTBHI B 3aJa4aX HHTETPHUPO-
BaHHOTO YIPABJICHUS BOIHBIMH PECypcaMH IMPEIIojaracT pacCMOTPCHHE IMOBEICHHUS
BCEX YYaCTHUKOB ATOT0 Mpoliecca. B kadyecTBe TaKOBBIX PAaCCMATPUBAIOTCS IPEIIPH-
SITAA W CTPYKTYPHI YIIPaBICHHS, KOTOPHIM JCJICTUPOBAHO MPEACTABICHHE WHTEPECOB
HaceneHud. [1o cymecTBy MOJENH YIpaBICHUS BOJOIOIB30BaHIEM — 3TO MOICTH MOI-
JIEPXKKU TIPUHATHUS PEIICHUH BIACTHBIMHU CTPYKTYPaMH B YCIOBHUSX NCHCTBUS MEXaHU3-
Ma IIATEekKEH ¢ DIEMEHTAaMH €r0 perjlaMeHTaIHH.

i MOHMMaHUS TIPENeIOB BO3MOXKHOCTEH pa3pabaThIBaeéMBIX MOJENEH HEoOXOIu-
MO OTMETHTH, YTO BKJIFOUCHHE B HUX YKOHOMHYCCKHX XapaKTEPHCTHK CKa3bIBACTCS Ha
KauecTBe MH(HOPMAIIMOHHOTO 00eCTIeueH s, TIOCKOIbKY TaKUe TIOKa3aTeNn, BXOIAIIUE B
nesneBble (YHKIUN, U OTPAHWYEHUS OONBIIMHCTBA 3a7ad ONTHMHU3AIMUA OKA3bIBAIOTCS
3aBeIOMO HamOollee HETOYHOW W HeompenelieHHOW nHpopManue, naxe Ha (oHe He-
JIOCTaTKa WM HEaJICKBATHOCTH IPYTUX JAHHBIX.

K mavamy XXI B. B METOOJIOTUU BBIPAOOTKH CTPATETHUSCKUX BOJOXO3SIHCTBEHHBIX
PEIICHNUIA MPOU3OILTH CYIEeCTBEHHBIE N3MeHeHUsI. OHM KOCHYJIHCh MPAKTUICCKA BCEX
CTOPOH 3TOH JESITENbHOCTH, HAaUWHAs OT MEPEOICHKH MPHOPHUTETOB B BOJIOXO3SIMCTBEH-
HOW TPaKTHKE W 3aKaHYMBAs TEXHOIOTUYCCKAMH CPEICTBAMH T'€HEpAIlMd BapHAHTOB
pa3BuTH BOoHoX03sHCTBeHHBIX cucTeM (BXC) u MX TEXHHKO-IKOHOMHYECKON OLIEHKH.
OmHUM W3 COBPEMEHHBIX HHCTPYMEHTOB OOOCHOBAHHS JOJITOCPOYHON TTOMUTHKHU U BBI-
paboOTKHM panMOHANBHBIX PEHICHHH B OacceiiHax peK SBISIOTCS CHUCTEMBI IOAICPKKU
npunsatus pemenuii (CIIIIP), koTopeie co3aat0TCs B MOMOIIB CHEMAINCTaM TI0 yIpaB-
JICHUKO BOAHBIM XOSﬂﬁCTBOM u JIM1Lam, l'IpI/IHI/IMaIOHlI/IM pCIJ_IeHI/IH.

Mojenu yIpaBieHUs] BOAOIOIB30BAHUEM M OLICHKH YKOJIOTO-3KOHOMHUYCCKHX B3aH-
MOJICHCTBHI B 337jauaX HHTCIPUPOBAHHOTO YIPABIICHHS BOIHBIMH PECypCaMH, BKIIIO-
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gaemble B CIIIIP, momKHBI UMETh OJHO3HAYHYIO HMHTEPIIPETAIHIO U KOJUYECTBEHHOE
BBIpa)KEHHUE, OIMPATHCA HA CHCTEMY HAI[MOHAJIBHON CTAaTUCTHKH U HE TpeOOBaTh 3HAUU-
TENBHBIX 3aTPaT Ha cOOp MH(OPMAIK U pacyeThl, a TAaKXKe 1aBaTh BO3MOKHOCTD OIICH-
KH 9KOJIOT0-DKOHOMHUYECKHX MOKa3aTeeil BO BpeMEHHOHN TUHAMUKE.

BXC sBustoTCSl CIOXHBIMH TEXHUYECKUMHU cucTeMamMu. OHM (QYHKIMOHUPYIOT B
CJIO)KHOM TPUPOJHOM, OOIIECTBEHHOH M YKOHOMHUYECKOW cpefie, U MOITOMY OIUCHI-
Baroiuid BXC komIuiekc MaTeMaTHUECKUX MOJENIEH U UX KOMIBIOTEPHBIX pealin3aluit
B 00JIACTH BOJOXO3SIMCTBEHHOH JEATENBHOCTH 00pa3yeT CI0XKHYIO TPOrpaMMHO-KHOEp-
HETHYECKYIO cuctemy [1, 2].

Crnenmyer mog4epKHYTh, YTO IPOTPAMMHUPOBAHHEIC ACWCTBUS MMOHUMAIOTCS HE TOJb-
KO B y3KOM KOMIBIOTEPHOM CMBICIIE, HO TaK)Ke U B TOM, YTO Pa3IHMYHBIC IPUEMBI BBIpa-
OOTKH pELICHU Uil HEe MOJHOCThIO (OPMAIU3yEeMbIX 3aiad OCYILECTBISIOTCS BCE XKe
no onpeneneHubiM “nipaBuwiiam’. CIIIIP B BOg0X03SHCTBEHHOW OTpaciu CO3AAIOTCS U
Pa3BUBAIOTCS KaK LIEIOCTHBIE CTPYKTypUpOBaHHbIE cucTeMbl. OHM 0a3upyloTCs Ha CHC-
TEMHBIX MPEJCTaBJICHUAX, KOTOPhIC BKIIOYAIOT: OPraHU3allMOHHOE, NPaBoOBOe (I0pU/IHU-
yeckoe), (pUHaHCOBO-IKOHOMHYECKOE, TEXHOJIOTHUECKOe, MH(POPMAIMOHHOE, MaTema-
THUYECKOE, IporpaMmHoe, rmpobiemHoe odecrieuenue. [lepeurciennbie BUIbI oOecreye-
HUS KJIACCH(QHUIUPYIOTCS 10 TAKUM HAIIPABICHUSM, KaK:

- oTpacieBoe (OpraHM3alMOHHAs], IOpHINYEcKas, (PMHAHCOBO-IKOHOMHYECKas, Kajl-
pOBast KOMIIOHCHTHI);

- MaTepHAIEHO-TEXHNYECKOE U MPOOIIEMHO-METOInIecKkoe obecneueHne (TipodieM-
Hasi, MaTeMaTHIeCKasi, IPOrPaMMHAsT KOMIIOHCHTHI);

- (pyHKIIMOHATBEHO-TEXHOJIOTHYECKOE (TEXHOJIOTHYECKAs, METOANYecKast, HHPOopMa-
[IMOHHAsI KOMITOHEHTHI).

OTpacneBple KOMIOHEHTH! BKIIIOYAIOT CHCTEMY OPTaHU3aIlMi, SKCILTyaTHPYIOIIUX
CIIIIP u ocHameHHBIX U1 ATOTO HEOOXOAMMBIMH TEXHHYECKUMH CPEICTBaMH, IpPO-
rpaMMHBIM OOECIIEYeHHEM M METOJMYECKUMH MaTephaiaMu. TexHHueckoe odecreye-
HHUE TPEICTaBIsIeT COOOH COBOKYITHOCTH B3aHMMOCBSI3aHHBIX M B3aHMOJIEHCTBYIOIINX
TEXHUYCCKUX CPEICTB, MpeIHA3HAYCHHBIX s BbimonHeHus (yHkwin CIIIIP. Ipo-
OJIEMHO-METOYECKHE KOMITOHEHTHI — 3TO KOHIIENTYaJIbHOE ONMMCAHNE IMpoOJieM U 3a-
Jlad, MaTeMaTHYEeCKUe METOIbl MX PEIICHWH M COOTBETCTBYIOIIHE PEaH3aLlH B BHIC
MPOTPaMMHBIX KOMIUIEKCOB. DYHKIIMOHAIEHO-TEXHOJIOTHYECKIE KOMIIOHEHTH (hHKCH-
PYIOT CHCTEMY TEXHOJIOTHH C TIOMOIIBIO Pa3IMYHBIX BHUIOB JOKYMEHTOB, PETIIAMEHTH-
PYIOLINX MOPSIOK IKCINTyaTalluy CUCTEMBI, a TAK)KE METO/IOB, OMICAHMUI, CIIOCOO0B TIO-
JydeHusi, mepepaboTku u ooMeHa mHpopmanued. B otaensHbix kommoHeHtax CIIITP
OTPaKalOTCsl HOPMATUBHO — IIPABOBBIE ACHEKTHl M TPEOOBAHMS CHUCTEMBI YIIPAaBICHUS
BOJHBIM XO3SIICTBOM.

[Mpn dopmanmzanmy KOMIUIEKCHBIX BOJOXO3SIMCTBEHHBIX 33/1a4 WX Pa3HbIE YacTH
ONMCHIBAIOTCA C PA3IUYHON AETANBHOCTRIO. B COOTBETCTBHM C 3THM NPUHIMIIOM IJIaB-
HBIE CHCTEMHBIE CBSI3H JIOJDKHBI OBITH OIHMCAHBI JIOCTATOYHO MOJHO COTJIACHO HEPapXHU
paccMaTprBaeMON IMOJICHCTEMBI, & HETJIABHBIE, BTOPOCTEIICHHBIC CBSI3H MOTYT OIHCHI-
BaThCS C MEHBIIICH JeTaFHOCTRIO. Hampumep, B 3ajauax pacueTa AUCHETYSPCKUX Tpa-
BWJI YIIPABIICHUS BOAOXPAHIJIMIIAMH, & TAKXKE MPOITyCKa ITOJIOBOIMIA U TABOJKOB BOIO-
XO3SCTBEHHBIN Y4aCTOK PACCMaTPUBACTCS COCTOSIIIM U3 OCHOBHOTO CTBOJIA PEKH, TIC
PAacIIoIOKEHBl pacCYNTHIBACMbIC BOJIOXPAaHMIININA, U BOZOCOOpHOTO OacceiiHa KaXKIoTo
y4acTKa, Ha KOTOPOM, B CBOIO OYEpEeb, MOTYT OBITH PACIOJIOXKECHBI BOJOXPAHMIIHIIA
MeHbIIero pasmepa. IlpaBwia ynpaBineHHs Ui TaKHX BOJHBIX OOBEKTOB B YKa3aHHBIX
3amadax He paccMarpuBaioTcs. OnHaKO BIMSHHE BHYTPEHHHX BOJOEMOB OacceifHa Ha
OGOKOBOI MPHUTOK K OCHOBHOMY CTBOJIy PEKH OTCIIEKHBAETCS MyTEM HCIIOJIb30BAHHS YII-
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POUICHHBIX AJITOPUTMOB, IMOCKOJIbKY OBLIO OBI HEBEPHBIM KaK UTHOPUPOBATH 3TO BJIUA-
HUE, TaK U YPE3MEPHO €ro JeTAIN3UPOBATh.

HpI/I YBA3KE U COIIaCOBAHUMN peHIeHI/Iﬁ OTACJIBHBIX MOJACUCTEM YUYUTBIBACTCA MHOI'O-
KpPUTEpUATILHBIH XapakTep BbIOOpa KOMIUIEKCHBIX PELICHHH, MOCKOJbKY PEUIeHUs Of-
HOW M3 MOJCUCTEM, B NPHHIMIE, BIMUSIOT HA pemeHus apyroi. Hampumep, BeIOOp Bo-
JIOXPaHWININIA JUIsl PETYJIMPOBAHUSI PEYHOTO CTOKA M3MEHSET TaKKe M IKOJIOTHYECKOE
coctosiHMe ydacTka peku. [Toaromy s Beeit BXC, ocobeHHO Takoii KpymmHOH, Kak, Ha-
npumep, 6acceliH p. Bonru, Henmb3st roBOpUTH 00 00IEM ONTHMANBEHOM pemeHun. Jlo-
IIyCTMMO TOBOPHTH JIMIIb O MPUEMJIEMOM pEHICHHH JIMOO O COBOKYITHOCTH YacTHBIX
pelIeHuid s pallOHUPOBAaHHBIX YacTel OacceliHa, KOTOpPHIE, B CBOIO O4Yepedb, MOTYT
OBITH HE ONTHMAIBHBIMH, & TOJIBKO NMPUEMJIEMBIMU. DTH MPHUEMIIEMbIE CPEId YacTHBIX
OrpaHMYEHHO-ONTUMAIIbHBIX PEIICHUI MOXHO Ha3BaTh PAllMOHAIBHBIMU PEIICHUSIMHU.

Bech KOMIUIEKC OMHMCAaHHBIX HPOLENYpP, HANPABICHHBIX Ha BBHIOOP MOCIEIOBATEIb-
HOCTH PEICHUI Pa3IHYHbIX YaCTHBIX 3a/1a4 M BHIOOpP PallMOHAIBHBIX PEIICHUIl B paM-
Kax BCeW cucTeMbl, o0pa3yeT riobanbHyto Monens (ynkunonuposanus CIITIP, Ha ko-
TOpOi/II OCHOBAaHa TEXHOJIOTHUS MPUHATUAL peUJeHHi/II. MaremaTtuyeckue MOJCIU U METOAbI
BHIOOpa KOMILIEKCHBIX BOJOXO3SIMCTBEHHBIX PEIICHUI B MOJHOM MX 00BEME Bce elle
SIBJISIFOTCSL TIPEAMETOM HMCCIIEOBAaHMH, XOTS CYIIECTBYIOT METOABI YBSI3KM OTAEIBHBIX
KOMIUIEKCOB Mozeliei [2].

OnmHUM M3 OCHOBHBIX CHCTEMHBIX TPEOOBaHMH K MOACHMCTEMaM M 3a/jadaM BCex
YpOBHEH BOZOXO3SIHCTBEHHBIX OOBEKTOB SBISIETCSI HEOOXOIMMOCTh T'€HEpaluy IPOu3-
BOJICTBEHHBIX (pyHKIMHA B mofcuctemax [3]. Ocoboro BHUMaHUSA TPEOYIOT MPOU3BOCT-
BeHHbIe pyHKIIH (IID) B yCIIOBHIX HEONPENeIeHHOCTH, XapaKTePHOH I CHCTEM BO-
JIOTIOJIb30BaHMUs, a TaKXKe IPH 000CHOBAaHUH JEATENFHOCTU 110 OXpaHe BoJ. Bux Bozo-
oxpaHHbIX [I® 3aBHCHUT Kak OT THHa 3arps3HsAiomero Bemectsa (3B), Tak u oT Tuma
OUYHCTHOTO COOPYXEHUsI, €r0 MOIIHOCTH M T.J. DTH HPOLECCHl TPYJHO IMOJAAITCA
(opManu3ayy B pernOHAILHOM MacIITade MpH HOJHOM Ha0Ope BIUSIOMUX (haKTOPOB.
Kaxk npaBuiio, B Takol CHTyaIlMy UCIIOIb3YIOTCS UMEIOIINECS JUCKPETHBIE CBEICHHS 1O
TUIMYHBIM TEXHOJIOTHSIM OYUCTKH C MOCIEAYIOIEH X HHTEPIOJISIIEN HEeNPEPhIBHBIMU
¢yukmmamu. LlenecooOpa3HEIM clieyeT MpHU3HATh TaKoi IyTh IMMOCTPOEHUS MTPOHM3BOJ-
CTBEHHBIX (YHKIMH, KOTOPHIH obecneuwma OBl AL MOJACHCTEM M 3ahad IOJIy4CHHE
GOJIBIIOro YHCIa BAPHAHTOB PELICHHH B COOTBETCTBHU C NMOTEHIHAIBHBIMU TpeOoBa-
Husmu JIIIP, KoTOphIe OTpakaloT pa3dYHBIE He(QOpMAalbHEIE JJIEMEHTH B IIPOIECCE
MTOMCKa KOMILICKCHBIX perIeHuit [4].

Tak kak momHas Gopmamu3aius BCeX BOAOXO3SIMCTBEHHBIX 3a/1a4 B paMKaxX KOMITb-
IOTEPHBIX TEXHOJIOTHH HCOOCTHXKHUMA, TO HCO6XO}II/IMO OYCPTUTH TC, KOTOPHIC HE IO~
JarTcs GopManu3aiuy Wik GOpMaTu3yIOTCs UMb YacTUYHO, M BKIounuTh B CIIITP
IBPUCTUYECKUE NIPUEMBI, IKCIIEPTHBIE OLeHKH U T.I. TakuM obpazom, CIIIIP B BogHOM
X03sficTBE (POPMUPYETCsT KaK OTKpPHITasi CHCTEMa, JIOMyCKaloIas BKIIOYCHHE B €€ CO-
CTaB HOBBIX 33/1a4, YTOUHEHHE COCTaBa M METOJOB PEUICHUS CTAphIX 3a/lad, KOPPEKTH-
POBKY CTPYKTYpBI CHCTEMBI B II€JIOM WJIH J1I000# ee yactu. Kpome Toro, cucrema J10mk-
Ha OBITh TMHAMHYECKOH aanTHBHOW CHCTEMOM, ITO3BOJISIONICH OTCICKUBATH M3MEHE-
HUSI TIPUPOJHOTO M XO3SIMCTBEHHOTO XapakTepa M IMOKa3aTeNI COCTOSHHS BOJHBIX pe-
CYPCOB, HCIIOIb30BaTh PAIllMOHAIBHBIE METO/BI YIIPABIEHHUS IpH (POPMHUPOBAHUH CTpa-
TETUH PA3BUTHSI BOJHOTO XO35HCTBA.

Jlanee oOCyXIat0TCsl MaTeEMaTHYECKHE MOJEIH OXpaHbl BOJ Kak s pedHoro Oac-
ceifHa B LEJIOM, TaK M Ui OTICIbHBIX ero uyacteil. [IpoGnema 060CHOBaHUS BOJOOX-
PaHHBIX MEPONPUSTUI aKTyanbHa Oojiee 3-X NECATUICTUH U € PellieHHe MHOTUMU KC-
clefioBaTeNisiMi  0a3MpOBAIOCH HA TPUMEHEHHH METOJIOB JIMHEWHOTO, HEIMHEHHOTO,
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JUHAMHUYECKOI'0 MporpaMMUpOBaHuA, METOAA JOCTHUKUMBIX I.IeJ'[CfI, afmapara MmoTOKO-
BbIX Mojienieil. OCHOBHAs TPYIHOCTh PEIICHUSI COOTBETCTBYIONINX 33424 3aKII0UaeTCs B
TOM, YTO B MaTeMaTHKE 3a4acTyl0 Ha3bIBACTCS «IPOKIIATHEM OOJIBIION pa3MEepHOCTI —
KOJIMYECTBO MHTPEMEHTOB 3arpsi3HAIOMMX BellecTB (3B) m3amepsercs coTHAMU, Kak U
YHCIIO0 BAPUAHTOB BO3MOMKHBIX OUUCTHBIX COOPYXEHUH C UX MapaMeTpaMu, YHCIIO pac-
CMaTpUBAEMbIX CTBOPOB Ha peKe — JeCATKaMU, KOJUUECTBO MPEANPHUITUH, CeTbCKOXO0-
3SHCTBEHHBIX YrOAWH M APYTHX MCTOYHHKOB, COPachIBAIOIIMX 3arpsi3HECHHBIC CTOYHBIC
BOJIbI, — OTPOMHO. bopb0a ¢ pasMepHOCTHIO0 CBOMIIACH K PA3JINYHBIM IIPHEMaM arperu-
POBaHMs, YIPOIIAIOIINM 33a4H; OHU IIPUMEHSIOTCS M B HACTOSILEH padoTe.

[Mpunstue pemeHuil GasupyeTcs Ha arperupOBAHHBIX ONTHMHM3ALMOHHBIX 0000-
IIEHHBIX MOJEISIX, B KOTOPBIX YHHU(PUIIMPOBAHBI OTPAaHUYEHUS (110 KauecTBY BOABI) M
nenesble GyHKOUU. [IpobiaeMsl 0XpaHbl BOJ 37€Ch HEU30EKHO OIUCHIBAIOTCS 3a/lauaMy
3HAYUTEIBHON PAa3MEPHOCTH MPH OOJIBIIOM YIIPOLIECHUH ONMCAHUS MOJCUCTEM CIIOKHON
9KOJIOr0-3KOHOMHUUECKOH cucTeMbl. [103TOMY NPUMEHSIOTCS! yKPYITHEHHBIE TTOKA3aTENN
Ka4yecTBa BOJbI, a TAK)KE 3aTpaT Ha BOJOOXpaHHbIE MeponpusaTHs. CaMoCTOSTEIbHON
npobnemoit mpu GopMupoBaHny 0a3bl AAHHBIX SBISIIOTCS BOHPOCH! aAE€KBaTHOTO OC-
pelHeHusl 1oKa3areliei, BblJjeNIeHns] YacTeil OacceiiHa, J0MyCKaloluX TaKoe OCpeaHe-
HUE, a TaKKe y4eT HEOJHOPOJHOCTH KIMMATUYECKHUX, THAPOIOTHYECKHX, X035 CTBEH-
HBIX M UHBIX ycioBHUi. OOOOIIEHHBIMY MOJTyYaOTCS U PE3yJIbTAThl PaCUeTOB.

TexHosornyeckast cxema pacdeToB COCTOUT U3 HECKOJIBKUX 3TAIOB!

- KAYeCTBEHHOT'0 aHain3a MpoOJIeMbl M OOOCHOBAHUSI IIOJICHCTEM, ONMCAHUE KOTO-
PBIX JOJDKHO OBITH BKJIIOYEHO B MaTEMAaTHIECKYIO MOJIETIb;

- CXeMaTHU3allH PEYHOM CeTH U BOJOCOOPHOH TEpPUTOPHH;

- OIICHKH aHTPOIIOTEHHOI Harpy3KH Ha BOTHBIN OOBEKT;

- ompenienieHust (PU3NYECKUX, THAPOJIOTNYECKHUX, T'HMAPOXUMUYECKUX, TEXHHUKO-
9KOHOMHYECKHX ITOKa3aTeNei;

- IOCTpOeHHs (WM aJanTalliyd paHee pa3pabOTaHHBIX) MAaTEMAaTHYECKUX MOZeNei
OIIEHKH Ka4ecTBa MPUPOIHBIX BOJ.

B kauecTBe KpuTEpHEB ONTUMAIBHOCTH MPUMEHSIOTCSI MUHIMHU3AIMs KalTUTAIBHBIX
W DKCIUTyaTallMOHHBIX 3aTpar (IpH 33/JIaHHBIX OTPAaHWYEHHSIX Ha CyMMapHBIE MacChl
cOpacreiBaeMbIX 3B 1100 MX KOHIIEHTpAIlMK B BEIJEJICHHBIX CTBOpax) JNO0 MUHHMH3a-
UL MAacChl cOpackiBaeMbIX 3B Ml MX KOHLEHTpAIi B BBIAEIEHHBIX CTBOPAX IPH OT-
PaHWYEHHBIX HHBECTUINAX Ha OYUCTKY COPOCHBIX BOI.

ABTOMaTH3MPOBAHHAS CHUCTEMa IOJJEPKKH IONCKa 3((PEKTHBHBIX PELICHUH IO
000CHOBaHHIO BOJIOOXPAHHBIX MEPONPHUATUI COAEPKUT CIIEAYIONINE MOJEIHHBIE KOM-
MIOHCHTBI:

- TEPPUTOPUATIBLHO-BOAOX035IICTBEHHOE palilOHUPOBAHMUE;

- IOATOTOBKY HEOOXOIMMON TEXHUKO-IKOHOMHYECKON MCXOAHON HH(popManuu (mo-
CTpOEHHUE TPON3BOACTBEHHBIX (DYHKIINN);

- KaTMOPOBKY MOJIENel OIEHKM KadecTBa BOJ C YYETOM TOYEYHBIX M IH((DY3HBIX
WCTOYHHKOB 3arps3HEHNS;

- aHaJIM3 TEKYILEro COCTOSIHUA KayecTBa BOJ (pacueT KOHIEHTPALUil 3arpsA3HAIOMINX
BEIIECTB B BBIICTIEHHBIX CTBOPAX) M €r0 M3MEHEHHE IT0CTIEC Pean3alii BOAOOXPAHHBIX
MepompusATHH (TOCTPOSHUE MATPHIIBI BIHUSHHSA);

- 000CHOBaHKE CTPATETMH BOAOOXPAHHOM JESITENILHOCTU B OacceiHe peKH;

- IPEAJTIOKEHHS [0 PA3MEIICHNIO0 MHBECTUIMH B MEPONPHUSITHS 110 OXPaHE MPUPOJA-
HBIX BO/I.

BHyTpeHHSS CTpyKTypa CHCTEMBI MaTeMAaTHYECKUX MOJENeH 0 BEIOOPY ONTHMAb-
HOHM cTpaTeruu BOJAOOXPaHHOW NEATEIbHOCTH B OacceiiHe (permoHe) MOXKET BapbUpO-
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BaTbCA B ONPCACICHHBLIX MPEACTIaX B 3aBUCUMOCTH OT NMPUMEHACMBIX TEXHUYCCKUX U
MPOTrPaMMHBIX CPEJICTB HAKOIUICHUS, IMepeiayd M 00paboTKH WH(OpMANUH, CTEIeHH
H3YYEHHOCTH TEPPUTOPHH, CTIEIIU(PUKH BOIOTIONB30BaHUS U T.I1.

Ha puc. 1. npencrasien 06a30BbIif BapuaHT CTPYKTYpPHI Takoi cucteMbl. biok 1 00b-
enuHseT MH(GOPMAIMIO M0 COCTaBy, o0beMaM M pexumam copocoB 3B. BosmoxHbie
MEpOIpUATHS 0 00paboOTKe ITHX COPOCOB cUCTEMAaTU3UpOBaHbI B Oyoke 2. [Ipu aTom
JUISL KaK/I0TO Cc11oco0a OYMCTKU CTOYHBIX BOJ (MEXaHWYECKOT0, OMOJIOrHYecKoro, OHo-
XMMHUYECKOTO H T.II.) B pa3pe3e YUUTHIBAEMbIX 3B Wi uX rpymmn 3apaHee coCTaBISIOTCS
npousBosacTBeHHble GyHkuun (I1D), xapakrepusyromnye, B 4acTHOCTH, CBA3b MEXY 3a-
TpaTaM¥ Ha IPOBEJICHIE COOTBETCTBYIONINX MEPOTIPHATHH | cTereHblo ourncTku 3B. He
ocraHaBiMBasich Ha cnenuduke mnocrpoeHus 1P, oromem uyuTaTenss K M3BECTHBIM
myOHUKaIusaM, 0030p KOTOPBIX IPEACTABIICH, B YaCTHOCTH, B [1].

oot am e ——— T
. 5
CpeaHuii njau KpuTHie cKuii HeobpaGoTanmsie 1
MepHoj CTOKA copocer 3B

I'mapaBamueckue DoHoOBBIE
narpyskua 3B marpysku 3B

Y Y )
|i L

Yupowennas XapakTepucTHKH
OLIEHKA KayecTBa CIOCOOOB OYHCTKH
> NPUPOAHBIX BOA U
K03 punnenTon
Tpanchopmannn 3B
3arparst BriOpannbie
€1noco0b!
KagectBo CranpapTsl C6pocer OHCTKH
HPUPOAHBIX Ka4yecTBa 3B
BOZ BOZ
A v v

— OHCHO‘lHaﬂ MOA€CJIb ONTHMHU3ALUHA BO}IOOXpaHHOﬁ ACATC/IbHOCTH | 3

HOACHCTEMA HNONJAEPKKH IIPUHATHS PEIIEHUIA
O ONTUMHU3ALIMN BOLOXPAHHBIX MEPOIIPUATHUI

PacdyeTHOE Ka4eCTBO IMorokwu,
NPUPOIHBIX BOJ, (hoHOBBIE HATPY3KH Bri6panHble
copocsl 3B U VHbIE QyHKUUY TEXHOJIOT Y,
UX CTOMMOCTH
KannGposka 7 > YTouHeHHBIE 6
K03 punnenTon (AMHAMHYecKHe, HeJIHHeHHbIe)
Tpancdopmanuu 3B MO/eJIH Ka4eCTBA BOAbI

v

OKOHYATEJIbHASA OIITUMU3ALIUA

Puc. 1. Cucrema mozneneit 1uist BBIOOpa CTpAaTETHH OXPAHBI BOAHBIX PECYPCOB
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OreHka KadyecTBa MPUPOAHBIX BOJ JUISI HEKOHCEPBAaTHBHBIX NpHMeEced Oa3upyercs
Ha arperupOBAHHBIX YPABHEHUAX MEPEHOCA U TPAHCPOPMAIIUH 3aTPS3HAIOMINX BEIECTB
1 ko3 duIeHTax TpaHCHOPMAIIUH THX MPUMECEH. YUHUTHIBACTCS CyMMAapHBIH CTOK
3B u ycpeaHeHHas aHTPOIIOTEHHAsI HAarpy3ka 3a KpUTHYECKUi (OOBIYHO MasIOBOJIHBIH)
nepuos BpeMeHH. ['eHepupyrorcest oneHouHble koadduimentsl Tpancdopmanun 3B Ha
y4acTKaxX PeKH M OIIEHMBAETCS Ka4eCTBO NMPHUPOJIHBIX BOJ (OJIOK 4 cXeMBbl, IPUBEACHHOM
Ha puc. 1). 3Has KayecTBO NMPHPOIHBIX BOJ B CTBOPaX PACUETHBIX yYacTKOB, MOXKHO
IIPOBECTH COIOCTABJIEHHE €r0 C TPEOOBAHMSMH COOTBETCTBYIOIIMX CTaHJIAPTOB, HC-
MOJIBb3YSl OLIEHOYHYIO MOJIENb ONTHMH3AIUU BOJOOXPAHHOW JiesiTeNbHOCTH (670K 3).
Wrorosas mHpOpMAaIus 3TOro OJI0Ka COAEPIKUT MOKa3aTeNIn KayecTBa BOJBI B (PUKCHPO-
BaHHBIX CTBOpax, PEKOMEHyeMbI€ TEXHOJIOTHH OYUCTKH, JIOMYyCTHMBIE 00BEMBI cOpO-
coB 3B u 3arpaThl Ha peaan3auio MEPOTIPHUITHIA.

COBOKYITHOCTh MAaTEMATHYECKMX MOJIEIIEH, IPEACTaBICHHBIX OokaMu 1 — 4 (610K 5),
1 00pa3yeT cucTeMy MOJAEPKKH HMPUHATHS PEIICHUH 0 ONTUMH3ALUN BOJOOXPaHHON
nesitesibHOCTH. [IoMCK ONTUMAaJIbHBIX PElIeHH 31eCh CBOJUTCS K BBIOOPY COCTaBa Me-
pOHpHHTHﬁ, 06ecneqMBa}ome 3aJaHHOC Ka4CCTBO BOJ NP MUHUMAJIbHBIX 3aTparax.

Mexny TeM nojydaeMble peleHHUs JaIeKO He BCerjia MOXKHO CYMTATh OKOHYATEIb-
HBIMH, TIOCKOJIbKY OHH IOJYY€HBI Ha OCHOBE NPHOJIMKEHHBIX METOAWK W HEMOJHOW
nHdopmanuu. Bo MHOTHX ciaydasx TpeOyercss yTOUHHUTb 3TH PELICHHS C IIOMOIIbI0 00-
jee “TOHKMX Mojenel n MeTonuK (070K 6), yUUTHIBAIOIINX HEIMHEHHOCTh 3aBHCUMO-
CTEH, XapaKTepPHU3YIOINX KaueCTBO BOJ, AMHAMHYECKHE CBSI3M MEXIy MHOTHMH Iapa-
MeTpamMu u 1p. Kak npaBuiio, IpuxXoAnTCs ONEpPUPOBATh BPEMEHHBIMH PsIIaMi PEIHOTO
cToka u cOpocos 3B, a MporHo3 KadecTBa BOABI IOCTYNACT B 3TH MOAEIHN U3 Pe3yibTa-
TOB PacyeToB I10 OLIEHOYHOI MO/ onTUMH3aIKH. PaboTa ¢ ToNOOHBIMH 1eTAIBHBIMU
MOZEJISIMH II03BOJISI€T YTOUHHTH M caMH KOd()(UIUEHTH TpaHC(HOpPManuy pa3IHdHbIX
BEIECTB 0 ydacTKaM peku (010K 7). IIpy BO3HHKHOBEHHH CYIIECTBEHHBIX HEBS30K
MEXIy HUMH M OIIEHOYHBIMHU 3HaYCHUSIMH K03()(HUIIMEHTOB, MOJy4YEHHBIMU NIPU peasT-
3aIlM YIIPOILEHHBIX MoJesel 0J0koB 4 1 5, 11e71ecoo0pa3Ho BEPHYTHCSI K OLIEHOYHOM
MOJIETI ONTUMH3ALUK C HOBBIMH (YTOYHEHHBIMH) TTOKA3aTeNsIMI KauecTBa MPUPOIHBIX
Box. VlHade ToBOpS, BO3HUKAET UTEPATHBHBIN IPOIECC TPUMEHEHHS OIICHOYHBIX U 00-
Jiee JeTaubHBIX Mopenedl. CXOAUMOCTh Takoro Iporiecca TpeOyeT MpOoBEIeHUs CIenu-
AIBHBIX UCCIIEIOBAHUN.

[IpunsaTne pemeHuit Ha ypOBHE NPENNPHUSITHA-BOAONOIB30BATES IPEICTABICHO
MOJEISIMUA IPYTOf TPYNIBI, B KOTOPHIX NPH Pa3INYHBIX OTPAHMUYCHUSIX B YCIOBHAX
I[eﬁCTBPISI OKOHOMHYECKOI0 MEXaHMU3Ma IUIAThI 3a 3arpA3HCHUEC U MOTUBOM HUX IPUHATUA
ONTHUMU3UPYETCsI 1eNieBasi (PyHKIMS, BKIIOYAOIIAas HEe TOJBKO 3aTpaThl Ha MPOBEICHHE
MEpPONIPUATHS, HO ¥ U3MEHSIOIINECS IIPU 3TOM IUIATEXKH 3a 3arpsi3HEHUE.

Jlist omucaHus MOJIENTM ONTUMM3AIMH BOJOOXPAHHOM JIESITENEHOCTH BBEAEM HeoO-
xonuMble 00o3HaueHus1. OCHOBHasI peKa pa30MBaeTCsl Ha YYAaCTKH C ITOCIIeI0BATEIbHON
UX HyMepaIuen 1mo TedeHno: » € R u j € J — Hymepanus BunoB 3B, a i € I — HyMme-
panust ucTouyHHKOB cOpocoB 3B (mpeampustuit mimm BXYVY), npuuem B mpespenax oT
(r—1)-ro o r-ro cTBOpa (T.€. HA /-M y4YacTKe) PacHOI0KeHO MOAMHOXecTBO [, < [

HUCTOYHUKOB cOpocoB. [Ipemnonaraercs, 4To npeaBapUTEIbHO MPOBECHA CIICIHAIbHAS
[OITOTOBUTENbHASI BHIYUCIUTENbHAS MIPOLIEYpa, B PE3yJIbTaTe KOTOPOW BCE MpPEpH-
ATHA U3 HNOAMHOMKECTBAa [, CTAHOBATCA “NPHMBA3aHHBIMU’ K CTBOPY 7 — 1, KOTOpBIH
CIIY>)KAT HadalioM r-To ydacTka. O003HauMM Takxke yepe3 f €1 HyMepalHi BCEBO3-
MOJKHBIX TEXHOJIOTHYECKUX CIOCOOOB OYMCTKH. [Ipm 3TOM mpeamonaraeTcs, 4To JUIs
kaxaoro npeanpusatus unu BXY i e/ usBecTHsl moaMHokecTBa 7, T JOIYyCTUMBIX
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TEXHOJIOTUH OYUCTKU CTOYHBIX BOJ, CPEId KOTOPBIX BCET/a MPHUCYTCTBYET “HyJseBas’,
COOTBETCTBYIONIAS CYIIECTBYIOLIEMY YPOBHIO OYHCTKHU M €0 OTCYTCTBHIO.
B dbopmynupoBkax pemaeMbix 3a7ad MCIONB3YIOTCS CIEIYIOIINE THITHI KOHIIEHTPa-

umii 3B (kr/M’): ¢ »—J-To 3B B cTBOpE 77 c?r — «(hOHOBOE» 3HAUCHNE KOHIIEHTPALUH

J-¥ KOMIIOHEHTBI, KOTOPOE HaOMI0JaeTCsl B CTBOPE 7 [IPU OTCYTCTBUU COPOCOB U3 IPUBSI-
3aHHBIX K 3TOMY CTBOpPY HCTOYHHUKOB 3arpssHeHus. Ilpum 3Tom mmeeTcs B BUILY HE
“ecrecTBeHHas” (OHOBAs KOHIIEHTPALWS, 8 HEKOTOpasi BAPbUpYEMasi B MOJIEIIN BEJTHYH-
Ha, IPUBA3aHHAs K ydyacTKaM C HOMEpaMH{, MEHBIIUMH 7, T.€. PACIIOJIOKEHHBIMU BBIIIE

HEro 110 TeYeHu1o. B mpocreiiniell paccMaTtpuBaeMoil laniee JIMHEHHOM cxeme peku 0e3

0 _ -
IPUTOKOB C . =¢; .| Wi BCeX r> 0, a B BepxoBbe peku (pu 7 = 0) u3BeCTHa ecTect-

BeHHasi (JOHOBas KOHIICHTPALIHS; C_] — mpeaenbHo pomyctumast koHueHTpauus (I1J1K)

Jj-# xommoHeHtbl 1160 C; — BPEMEHHO COITIACOBAHHOC €€ 3HAYCHHE B CTBOPE 7,

00BIYHO Ha3zHayaeMoe (B CHIy (PMHAHCOBBIX M TEXHOJOTHYECKUX OIPaHMYCHHH) Kak
C,>C;.

OyHKIIMOHAIBHAS CBI3b MEXKAY MaccaMH (KI/CyTKH) cOpachiBaeMbIX 3B M HX KOH-
LeHTpAHsIME (I/M°) BHIPAKAETCS Yepe3 pacxoisl (M/CyT) PEYHOTrO CTOKa M COpOCHEIE
pacxosipl OT MCTOYHHKOB MOCTYIUICHHS CTOYHBIX BOA. [Ipu 3TOM HCHONB3YyIOTCS Clie-
JIYFOIIUEe 0003HAUCHHS:

- . — peyHOi CTOK B CTBOpE #; ¢; — COPOCHOH pacxoj OT i-ro UcTouHHKa 3B;

- §, — CyMMapHbIi IOTOK COPOCHBIX BOZ OT UCTOYHUKOB 3B B cTBOpE 7, IpH4eM Be-

JIHYUHa qr = Z q; OUpenciACTCa yACIbHBIMU pacxXoJaMU BOABI B IIPOU3BOJACTBEHHBIX
iel,
Iporeccax u MmaccaMu c6poca BCIIIECTB,

-my, — macca j-ro 3B, cOpacbiBacMast i-M NPEINPHUITHEM B BOJAHBIA OOBEKT NpH

MIPUMEHCHUN t-¥ TEXHOJIOTHH OYHUCTKH CTOKOB,

=minm
tel;

— Macca MHHHMAJIBHO BO3MOXHOTO cbpoca j-ro 3B u3 i-ro ucrou-

.
-y ijt

HUKaA, COOTBCTCTBYIOIIAA TEXHOJOTMM OYUCTKM C MAKCHUMAJbHBIMU 3aTpaTaMu
*
S,

; =max S, , rae S;, — NPUBEACHHBIE 3aTPAThl HA PEAU3ALMIO /- TEXHOJIOTUH OYHCT-
teT;

i

KU Ha i-M IpeanpuaTuu, npudeMm S, = E;, +e-K;, ,rne K;,, E, — COOTBETCTBEHHO Ka-

MUTATBHBIC W JKCIUTyaTallHOHHBIC 3aTPaThl, ¢ — HOPMATHUBHEIN KOdQQuIueHT IPdek-
THBHOCTH KAITUTAIEHBIX BIIOKCHHH.

Bozpgeiictue 3B Ha kauecTBO BOABI B BOJHOM OOBEKTE Ha 7-M YYACTKE OMpPEIeIsieT-
Cs BEIMYUHAMHU COPOCOB TPEANPUATUN, “TIPUBSA3AHHBIX K 3TOMY YYacTKy, T.C. MPEJ-
IpuATHR [ € [, , a TakKe BO3MOXXHOCTSIMH CaMOOYMIICHUsI PEKH Ha JAHHOM YYacTKe,

KOTOpBIE Xapakrepusyiorcs kodbdurmenramun © ;. tpancpopmarnuu 3B. s BIIK,
¢docdopa, pacTBOPEHHOTO KHUCIOPOAA M HEKOTOPBIX APYTHMX NPUMECEH PEeIIeHHs ypaB-
Hennit tuna Crpurepa — @ennica nMetOT BUI exp(—k; - T,), a BenmM4nHel © ;. BbIYKC-
JISIFOTCSL U3 COOTHOIIEHHUS

_ CXp(—kj .Tr) L

;= )

Jjr ~
Qr +4q, Vy
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rae k; (cyT") — ckOpOCTB pasioKeHHs j-ro 3B; T, (cyT) — BpeMs JIBHXKEHUS PEUHOIO

IOTOKA Ha 7-M y4acTke; L. (KM) — IPOTSKEHHOCTb 7-I'O y4acTKa peKd; v, (KM/CYyT) —

CpEeIHsIsl CKOPOCTh TEUEHHSI Ha 7-M y4acTKe.
Ha xaxioM 13 OTIENbHBIX MPEIIPHUITHI MOKET OBITh pealn30BaHa Kakas-11do of-
Ha U3 JOIlyCTUMBIX TeXHosoruil ounctku ¢ € T;. OTpaxceHue 3Toro (akra B OIMChIBAE-

MBIX MOJEISAX IPOUCXOIUT IOCPENCTBOM BBEICHHUS LIENTOYHUCICHHBIX HE3aBUCUMO Baph-
UPYEMBIX IEPEMEHHEIX X;,, i€/, teT;,rue

0
el =1 D e 2
JUIsl BCEX [ € tEZT:x” , X {1. 2)

ITpu aTOM cymMapHBIe Macchl cOpocoB j-ro 3B B mpezenax 7-ro ygacTka COCTaBsIT

M, = > Z(’”fjtxit)’

iel, teT;
a B TIpe/ienax Bcero dacceiina

M;=M,<M; jelrer.
r
Ecnmn Ha KaXIOM OpPEANPHUSATHN FIIN TPYNIE OTHOTHITHBIX MPEANPHUATHH MOXKET
OBITH peali30BaHa JIydIlasi JOCTYITHAS TEXHOJIOTHSI OYUCTKU CTOYHBIX BOJ, TO AJIS Ta-
KOH CTpaTeruu
_ 0 * .
cjr—cjr+2(mij'®i,), jed, reR, 3)
iel,

. *
Tac IJis1 BCCX 1 € Ir 3aJlaHa HaWJTydIllasi TeXHOJIOTHA ¢ € Tl OYHMCTKHU CTOYHBIX BO/J, IIpH

o *
KOTOPOU AOCTHUTAKOTCSI MUHHUMAJIbHBIC C6pOCBI 3B mijt = mij . HpI/I 9TOM CyMMAapHBIC 3a-

TpaThl Ha BOJOOXPAHHYIO AEATENBHOCTh S = z Sl.* JOCTHTAIOT MAaKCUMyMa (TIOCKOJIBKY
iel
OHH TIPEJICTABISIOT CO00 MOHOTOHHO BO3pACTalOIIyl0 (PYHKIHMIO OT TITyOWHBI OYHCT-
K1), a cyMMapHble cOpockl 3B — MuHMMyMa:
Mjr:Zm;, Mj:Zm;-, jedJ, reR. @)
iel, iel
Takum 00pa3oM, HCIIONB30BaHHME JYYIIHX JOCTYIHBIX TEXHOJOTHH OYHCTKH TIPH
MaKCUMAaJIbHONH MX CTOMMOCTH TapaHTUPYeT NOCTU)KEHUE HAMIy4IlIero KauecTBa IpH-
poxHbIX Box. CleayeT OTMETHTbh, YTO MOJOOHAs CTpaTerHs MpocTa JUIs peallu3aluy,
MIOCKOJIBKY Bce, 4T0 HeoOxoamumo czaenats JITIP — 3To nmpokoHTpoianpoBath, 4TOOB! Ka-
JK/IBIH MCTOYHUK cOpocoB 3B peannzoBan peKOMEHAOBaHHBIN TN nX 00paboTku. Tem
HEe MEHee, Takasi CTpaTerus BrI0Opa «CaMoM JIydIei» TeXHOJIOTHH OOBIYHO CTOUT 3Ha-
YUTEIBHO JIOPOXKE, YEM HMHBIE, MEHEE TIyOOKHEe CrocoObl ouucTku. [Ipu 3TOM HeT ra-
PaHTHH TOTO, YTO B PE3yJbTaTe OyAET JOCTUTHYTO MPHEMIIEMOE KadeCTBO NMPHUPOAHBIX

BOJ, T.€. MOTYT HE BBIMOJHATECS OTPAHIYCHHS BHAA C ), < C s MM Cj, < C - 31ech,

OJTHAKO, 3aBEIOMO SICHO, YTO B TAaKOH CHTyal[M HUKaKas WHAs TEXHOJOTHS OYMCTKH
CTOYHBIX BOJ HE CHIMAET POOJIeMy OrpaHHYEHHH 0 Ka4eCTBY BOJBI B BOJHOM OOBEK-
Te. IloaTOMy COOTBETCTBYyIOIIEE PENICHUE CIIEAYET HCKAaTh YK€ BHE MOJENH ITOCPEICT-
BOM JIMKBHJALUHM WIM NepenpoMINpOBaHUs HEKOTOPHIX MPEANpUATHH THO0 IyTeM
U3MEHEHHS TEXHOJIOTMYECKUX IIUKIIOB BOJOIOJIB30BAHMS.
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IIpu noucke myTe#t cokparieHus: copocoB 3B mpeanpusTHsIMU 10 JOCTHKEHUS UMU
WHIIMBHIYAILHO 3a/IaHHBIX MOKa3aTeliel KauecTBa MPUPOJIHBIX BOJ CTPATETUsl OXPaHBI
BoJ (hopMynupyercst B BHJE 3a/laud ONTUMHU3AIMU C KPUTEPHEM MHHUMH3ALUH CYM-
MapHbBIX MPHUBEJCHHBIX 3aTPaT Ha BOAOOXPAHHYIO JIESTENBHOCTD MPU YCIOBUSX JOCTH-
JKEHUsI KOMIUIeKca 33/IaHHBIX CTaHJApTOB KauecTBa BOJAbl. B QopmymupoBky 3amaun
IIpYU HEOOXOAMMOCTH TaKXXe BBOJSTCS OTPaHUUYCHHS Ha KOHIEHTPAIMM W Ha MacChl
copocos 3B. Torna ¢ yueToMm ycinoBuii eNOYUCIEHHOCTH (2) 3a1a4a HUMEET BH]]

S=>>(8; x,) > min; %)

iel tel;
cjr=c?,+ZZ(mm-®i,-x[,)£C—j,, jeJ, reR; (6)
iel, tel;
Mjr:ZZ(mijtx[t)SM—jr, szz (m[jtxit)SM_j, jed,reR. (1)
iel, tel; iel tel;

OtMeTnM, YTO JIJIsl pACTBOPEHHOTO KHCJIOpoaa HepaBeHcTBa (6) u (7) umeroT odpar-
HBII 3HaK.

Ecnu 3amava muiaHupoBaHMS BOAOOXPAHHOM IESTENbHOCTU pelaeTcs He Ui OT-
JIeNBHBIX MPEeaNpHUITHi, a st BXY uinn aAMUHACTpaTUBHBIX eIUHUL] (Harpumep, 00-
nacteil B 6acceliHe KPYNHOM PEeKH), TO TOCIe HECYIIECTBEHHON MOAU(UKAIINN MOXET
UCTOIB30BaThCA chopmynupoBarHas monens (1) — (7). [Ipu atom i Oymer obo3HaYaTh
BXY wnu agMUHHCTPATUBHYIO €IUHHMILY, IIOKA3aTENb X;, — JOJIO CTEIIEHH OUYUCTKH TH-
Iia f, a He KOHKPETHBIA BUJI OYUCTHOTO COOPY)KEHHS U, CJIEIOBATEIbHO, OYAYT OTCYTCT-
BOBaTh YCJIOBUs LIEIOYUCIEHHOCTH X; . B pe3yibrare M3MeHSAETCS THII MOJEIM ONTHU-
MU3aIIH: OHAa CTAaHOBUTCS 0ObraHOM 3amaueit JII1. s Gaccelina p. Bonru peannsoBana
HMMEHHO TaKasl I0CTaHOBKa 3aJ[a4l C COOTBETCTBYIOIIEH eTanu3arueil.

AnprepHatuBoit 3amade (1) — (7) MOXKeT cayXuTh ee MOIUGHUKAIMA C IKOJIOTHYe-
ckuM kputepueM. IIpu 3Tom BMecTo yHKIMOHaNA (5) cTpoutcs meneBas GyHKIHS Ha
0ase JIeBBIX YacTell HepaBeHCTB (6) BUIa

1 0 .
ZZ: cjr+ZZ(mij,-®ir-xﬁ) — min . ®)
jeJ reR er iel, teT;
OrparnyeHnsAMH ciy)at cooTHomeHus (1), (2) u ycmoBusS Ha CyMMapHBIE Kalld-
TaJbHBIC 3aTPaThl S, IO y4acTKaM U S B IIEJIOM II0 OacceilHy peKH:

S,=Y>8,<S,, reR  S=>YS,<5. )

iel, tel; iel tel;

Ecmm JUIA pas3siindHbIX BUIOB 3B u JJIA pasHbIX YYaCTKOB HEOAMHAKOBA 3HAYUMOCTDH

HapyUICHUsI MIPEACTbHBIX KOHIIEHTPALUH TO B (hopmyiie (8) BMECTO COMHOXKHUTE-

Jr >
1 o,

Jen C: uenecooGpaBHo HUCIIOJIB30BaTh COMHOXKUTCIN BUA =L , TJC G‘jr — crenuu-
Jr Jr

AJIbHBIM 06pa30M Ha3HaA4YacMhbIC KOB(i)(I)I/IL[I/IGHTBI 3HAYHUMOCTH. HCJ'IO‘H/ICJ'ICHHOCTL nepe-

MCHHBIX xl-, 06y0HOBHI/IBaeT HCOGXO,HI/IMOCTL HpI/IBHe‘{eHI/Iﬂ CIICIMAJIBHBIX METOI0B

JMUCKPETHOU JTMHEHHON onTuMu3aiuu. ECiu GUHAHCUpOBaHUE BOJTOOXPAHHOM JEATENb-
HOCTH 0a3MpyeTCsl Ha MUCIOJIb30BaHUM IIATEXKEH 32 BOJHBIC PECYpChl U COPOCHI CTOY-
HBIX BOJ, @ TaKXe APYTUX SKOHOMHYECKHX M aJMUHUCTPATUBHBIX MEXaHHU3MaX, TO
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MIPAKTUYECKH 3TO TpeOyeT COBEPIICHCTBOBAHUS Tapr(OB IUIATHI 32 BOAY U IIaTEXel 3a
3arps3HeHue, a TaKKe METOJI0B YKOHOMHYECKOTO CTUMYIUpoBaHuA. [Ipumenenue sko-
HOMHYECKHX MEXaHH3MOB MOXET 3HAUYHUTEIFHO YMEHBIINTH 3aTpaThl Ha JOCTIDKEHHE
ONpENETICHHBIX CTaHAAPTOB KadecTBa MPUPOAHBIX BoA. Kpome Toro, mepexon OT LieH-
TPAIM30BAHHOTO IJIAHUPOBAHHS K CBOOOJHOMY PBHIHKY YBEIWYHMBAET 3HAUUMOCThH KO-
HOMHYECKHX METOJIOB M BAXKHO yMETh WX OLEHUBATh M NMPUMEHATh B MPAKTHYECKOU
nesirensHOCTH. Hakonen, JITTP n nmpaBUTENnbCTBEHHBIE OpraHbl PaCCMaTPUBAIOT pa3iind-
HbIE Tapu]bl, MIATEKH U MWTpadbl KaK BAXXHBINA MOTCHIMAIBHBIA NCTOYHHUK J0X0/a T0-
CyJlapcTBa, KOTOPHIH MOXKET OBITh MCIOJIB30BAaH KaK JJIsl peau3allid MPOEKTOB yIyd-
IIEHUsI OKPYKaIOIIEeH Cpesibl, TaK M JUIs OOMMX HyXXZ. YIydlIeHHE KauecTBa BOJBI SIB-
JsieTcst clueACTBUEM (TIPSIMBIM MJIM KOCBEHHBIM) TIPABUTEIBCTBEHHON MOJIUTHKH IIPHU OII-
pElEICHNU COOTHOLICHUS 3aTpaT Ha OXpaHy NPUPOAHON CPebl U MPOUHE HYKIbI.

B nenoM, He cymecTByeT 0COOBIX IapaHTHH MOBBILIEHUS 3()(HEKTUBHOCTH BOZOOX-
pPaHHON JEATENPHOCTU 3a CUET HCIOJb30BAHUS TOJIBKO SKOHOMUYECKHX MEXaHH3MOB.
Bonee Toro, mociegHue He HCKIIOYAIOT TPAJULMOHHOTO IUIAHUPOBAHUS CTpPATErHU
YIYYILICHUS] Ka4eCTBa IMPUPOIHBIX BOA. DKOHOMHYECKHE MEXAaHU3Mbl MOTYT OBITH BaX-
HBIM KOMITOHEHTOM TaKWX ILJIAHOB, IO3BOJISSI IOBBICHTh PEHTA0EIBHOCTh BOJIOOXPaH-
HBIX MEpPONpUATHH [2].

[pocreiimmii cnocob oTpakeHHs B MaTEMaTHUYECKUX MOJEIISIX SKOHOMHUYECKHX Me-
XaHU3MOB — 3TO BBEJCHHUE B LEJEBYI0 (YHKIMIO ITpadHbIX miarexeil. Toraa 3anaya
ONITUMU3AIMN BOAOOXPAHHOH JIESITEILHOCTH (POPMYJIIMPYETCS B BUAIE

SZZZ(Sn‘xzt)+ZZ(ACj,‘pj,)—>min (10)

iel tel; reR jeJ

npu orpanuueHusix (1), (2), (7), (9), a Taxxe npu

cj,,=c?,+;ZT:(mw-®[,-x[,), chr:max(O;cjr—C_j); jed, reR; (1)
iel, tel;

¢ +hc;, <C, (12)

rae Ac;, — Bo3MmoOkHOe Hapymenne HopMarusa IIJIK (Bemmuuner C ) mo j-my 3B B

CTBOpC 7. Taxoe HApyHICHUC JOIMYCTUMO TOJIBKO B MPEACTIaX BPEMEHHO COTIACOBAHHBIX

sHauennii C, W 32 Takoe HApyIIEHHE B3UMAETCA WTpad, NPONOPLMOHATBHBIA BeMn-
4nHe Ac;, HapyLICHHs 3aJaHHOTO HOPMAaTHBa KauecTBa BOABI CO WITpapHbIM K03 u-
LHEHTOM P, .

3aMeTI/IM, YTO B HACTOAMIEM KOHTEKCTE 3TH YCIIOBHBIC H.ITpa('l)LI HC SABJIIIOTCSA 3KO-
HOMHNYCCKHUMH HIIN (I)I/IHaHCOBBIMI/I nokaszareasMu. OHU MOTYT HUMETH pCFHOHaHbHBIﬁ
XapaKTep, Ha3HAYaTbCA IJId Ka)KI[Oﬁ BLIHCHCHHOﬁ 30HBI 1 YBEJIMYUBATHCA IO MEPE OT-
KIJIIOHCHUA OT CTaHAapTa. 3HayeHMs pjr OIIPCALIIAIOTCA, CKOPEC BCCTO, OMIIUPUICCKHU, B

cootBeTcTBUU ¢ npeanoyreHusmu JIIIP u pesynbraramu pacyeToB 1o MozaensaM. B ua-
CTHOCTH, WX 3HAYCHHS MOTYT YBSI3bIBATHCS C OFOJDKETHBIMU OTPAHHUYCHUSIMU, YTOOBI
HAWTH KOMIPOMHCC MEXIY KauyeCTBOM MPHUPOIHBIX BOJ M PACXOAaMHU HA MPOBEICHUE
COOTBETCTBYIOIUX MEPONPHUATHIA. Bce MpUBECHHBIC BEINIE MOJICITH AOIMYCKAIOT Pa3HO-
00pa3Hble MOAU(UKAITIH U PACIIAPEHUSI.

AHamm3 TpeICTaBICHHBIX MOJIENICH MMOKA3hIBACT, YTO 0A30BBI BapHaHT BHYTPCHHEH
CTPYKTYPBI CHCTEMBI MATEMATHICCKUX MOJICTICH IO BEIOOPY ONTHMANBHON CTPATETHH BO-
JIOOXPaHOH NEeITENFHOCTH B OacceliHe peKd B 00IIeM CIydae MOXKET BKIIIOYATh B CeOs:
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= MOJECJIM MEXAaHU3MOB YIIPaBJICHU BOJOIIOJIb30BAHUEM

- HelneBble QYHKIUH CTOPOH — YYaCTHUKOB TIPOILECCa;

- IPOM3BOJICTBEHHbIE (DYHKIIMHM pa3NUYHBIX BHJOB BOJOOXPAHON AEATENbHOCTH,
YUUTHIBAIOLIME CBS3b 3aTPaT Ha OYMCTKY CO CTENEHbIO OYMCTKHU 3B.

TexHONOTHsI KOHCTPYHUPOBAaHHS M aHAJIM3a MOAOOHOTO THIA MOJENEH XOpOIIOo H3-
BECTHA M MHOTOKPAaTHO NPHUMEHSJIACH NPU aHAJIHM3€ MCIOJIB30BaHUS IPUPOJHBIX Pecyp-
coB. Ha mpaxTrke JOporocrosieil 4acTbio MPUMEHSEMBIX MaTeMaTH4eCKHX MoJielieh
SIBISIETCSI HE TOJIBKO MX pa3paboTKa M MporpaMMHasl peaan3aliys, Ho 1 cOop ¥ OpraHu-
3aIsi HEOOXOANMBIX UCXOAHBIX JaHHBIX. TeM He MeHee, 3KOHOMHMS CPEJICTB Ha BOJIO-
OXPaHHYIO JEATEIBHOCTh 32 CUET ONTHMHU3ALUH PACIPEACICHHS KalUTaIbHBIX BIIOXKE-
HHUH BO BPEMEHHU U MEX/Ly BOJOIOIB30BATEIIMI MOXET OBITh 3HAYNTEILHOM.

CdopmynupoBaHHbIE MOJIENHN 10 ONTHMHU3ALMH CIIOCOOOB OYHUCTKH CTOYHBIX BOZ OT
TOYCYHBIX MCTOYHUKOB 3arpsi3HEHHs anpoOupoBaHbl i Oacceitna p. Bonru [5]. Bo
MHOTHX ropofax Bomxkckoro 6accelina 3HaunTeIbHAs YaCTh CTOYHBIX BOJI COpachIBaeT-
cs1 0€3 OYHMCTKH M3-32 HEJOCTaTOYHON MOIIHOCTH OOIIErOpOACKUX U JIOKAJIBHBIX OYHCT-
HBIX COOPYXKCHHUH, MX Ieperpy3kd M HU3Koi s¢dexruBHOcTU. [IpoBeneHHbIE elie B
1990-x romax uccie0oBaHUS MOKA3alH, YTO HU OJHO M3 IKCIUTyaTUPYEMBIX TOPOJICKUX
COOPYXXCHHUH ¥ HH OJIHA M3 JIOKAJBHBIX CTAHIIMH OYMUCTKU HE B COCTOSIHUM 0OECIICUUTh
IIPE/EIBHO AOIYCTUMBIE WIIM BPEMEHHO COTIaCOBaHHbBIE COPOCHI CTOYHBIX BOA. MHOTHE
MPEANIPUSATHS UMEIOT OTCTANYI0, 3aTPaTHYIO MO PecypcaM, HESKOHOMUYHYIO U 3KOJIOTH-
YECKH BPEIHYIO TEXHOJIOTHIO IPOW3BOJCTBA, YTO BBI3BIBACT O0Opa30BaHHME 3HAUNTEIIb-
HBIX 00BEMOB Ta3000pa3HBIX, TBEPABIX U XKUAKHX OTX0J0B. bacceiiHoBoe MoaennpoBa-
HHE SBIIETCS Ba)KHBIM MHCTPYMEHTOM ISl OLIEHKH KadecTBa BOJ M YIPABICHUS BOI-
HBIMH PECypCaMH.

s Gacceitna Bosrn npuMeHNM Bech KOMILIEKC C(OPMYJIHMPOBAHHBIX PaHEee MOjIe-
nei. OHAKO Ha Pas3HBIX YPOBHSAX NPUHSTHS PEIICHUN HCIIONB3YIOTCA Pa3IHyYHbIE Ma-
TeMaTHueckue Mojeiu. Tak, /s 6acceiiHa B LIEIOM paccMaTpUBAJIOCh 29 KPYIHBIX BO-
JIOXO3SHICTBEHHBIX Y4acTKOB. bplna pa3paboTaHa M peajii30BaHa MOJENb JIMHEHHOTO
[IPOrpaMMHUpPOBaHuUs. Pe3ysbTaThl pac4eToB MO3BOJIMIIN YCTAHOBHTH NPUOPUTETHI HHBE-
CTHPOBAaHUS BOJOOXPAHHOU AEATEIHHOCTH HA OTAEIBHBIX BOJOXO3AHCTBEHHBIX YJacT-
kax (BXY) B bacceiine, KOTOpbIE COOTBETCTBOBAIIM KaYECTBEHHOMY aHAIM3y (HOpMHUpO-
BaHMS aHTPOIIOTEHHOM HAarpy3KH, MOCTYHAIONmIeH B BOJOTOKU p. Boiaru ot oTmenpHBIX
cy0BekTOB PD Ha COOTBETCTBYIOMNX yIaCTKaX.

s cpapaATENEHO HEOOMBIHX TPUTOKOB 1I-ro, I1I-r0 MopsiaKka Ha pedHOl CeTH BEI-
JIENSIIOTCS. OJJHOPOJTHBIE THJPOJIOr0-BOJIOX03SHCTBEHHBIE YYaCTKH, & B ONTHMH3AINOH-
HYIO MOJIENTb BKJIFOUAIOTCSI XapaKTEPUCTUKU KPYIHBIX 3arPsI3HSIONINX POU3BOJICTB, UX
COpPOCHBIX BOJ M CIIOCOOOB OYMCTKH. OOOCHOBAaHHE THUIIOB OYHMCTHBIX COOPYXXEHHUI Ha
9THX TPEINPHATHIX 0a3upyeTcs Ha MOJENSIX YaCTHYHO-IIENOYUCICHHOTO IIPOrpaMMu-
poBanus. [logoOHas MoJeNb ObLTA pear3oBaHa s YCIoBuil OacceiiHa p. [Tponu (mmpa-
BBIH IpuTOK p. Oknm) [6].
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