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MATEMATHYECKHUE MOJEJIA YIIPABJIEHUS
KAYECTBOM ITPUPOJHBIX BO/{

O06cyxaaeTcs METOAOJIOTH TIOCTPOCHUS MOZIeTIel BEIOOpa cocTaBa MEPOIPHUATHI
10 OXpaHe BOJHBIX PECYPCOB, 0a3UPYyIONIAsCs Ha CHCTEMAaX IOACP)KKU IPUHSTHS
pemennit (CIIIIP). Takne cucTeMbl paccMaTpHUBarOT BOIHBIH OOBEKT KaK €HHOE
LIEJIOe CO BCEMH TEXHHYECKHMH, YKOHOMUYECKHMH W JIPYTHMH, CBSI3aHHBIMHU C
HUMH, ipobnemMamy. OHM IPENICTABIISIOT COOOM ammapar Ul aHaInu3a pa3IHIHbIX
npobJieM KayecTBa BOJ, IPHHUMAs BO BHUMaHHe Bce GopmaibHble 1 HehopMaib-
HBIE PAaCCMOTPEHHs, BXOJSIINE B COCTaB IIJAHUPOBAHUS, MPOEKTHPOBAHHS H
yHOpaBleHHs cucTeMaMH BOIHBIX pecypcoB. CIIIIP ympaBieHHs KaueCTBOM BOJ
COCTOHT U3 JIBYX HOJACHCTEM: KPYIHBIX BOIHBIX OOBEKTOB M MAaJbIX PEK HIIH OT-
JIeTBHBIX TpeanpusaTii. [Iorck ONTUMAaNbHBIX pelIeHHH CBOJUTCS K BBEIOOPY CO-
CTaBa MEPONPHATHH, 00eCIeUNBAIONINX 33JaHHOE Ka4eCTBO BOJ IIPY MHHUMAIIb-
HBIX 3aTpaTax

KioueBble cji0Ba: moodeaupogatue, cucmemvl NOOOEPAHCKU NPUHATUA peuleHUl,
Meponpusimusi no 0Xpame 800, peuHoll baccelin, Kauecmeo 800, YnpasieHue 600-
HBIMU Pecypcamu, ONMUMU3Ayusl, 3azpasHenue, niametci, SKOHOMU4eCKull mexa-
HU3BM.

MoienupoBaHie KOJOr0-3KOHOMUYCCKAX B3aMMOJICHCTBHI B 3a7a4aX MHTEIPUPO-
BaHHOTO YIPABJICHUS BOIHBIMH PECypcaMM MPEIIojaracT pPacCMOTPCHHE IOBEICHHUS
BCEX YYaCTHUKOB ITOr0 Mpoliecca. B kadyecTBe TaKOBBIX PacCMATPUBAIOTCS IMPEIIPH-
STHS U CTPYKTYPHI YIPaBICHHS, KOTOPHIM JCJICTUPOBAHO MPEICTABICHHUE HHTEPECOB
HaceneHus. [1o cymiecTBy MOJIENN YIIpaBICHUS BOJOIONB30BaHIUEM — 3TO MOJICIH O/~
JIEPKKHU TIPUHATHS PEIICHUH BIACTHBIMHU CTPYKTYPaMH B YCIIOBHSX NCHCTBUS MEXaHU3-
Ma TUTaTeXKeH ¢ DIEMEHTAaMH €r0 perjaMeHTaIHH.

Jlns moHMMaHMS TpeneoB BO3MOXKHOCTEH pa3padaThIiBaeéMBIX MOJeNeil HEoOX0 -
MO OTMETHUTh, YTO BKJIFOUEHHE B HUX 3KOHOMHYECKHX XapaKTEPUCTHK CKa3bIBaeTCS Ha
Ka4CCTBC I/IH(bOpMa[H/IOHHOFO 06eCHe‘ICHI/Iﬂ, HOCKOHBKy TAKHUC ITOKA3aTCIIu, BXOAJAIIUC B
1ICJIICBBIC (l)yHKLH/II/I, nu OFpaHI/IquI/Iﬂ 6OJ'IBH_II/IHCTBa 3a1a4 OIITUMHU3AIIMU OKa3bIBAKOTCS
3aBeIOMO HamOollee HETOYHOW W HeompenesieHHOW MHpopManuei, naxe Ha Qone He-
JTIOCTaTKa WM HEaJICKBATHOCTH JIPYTUX JaHHBIX.

K nauganmy XXI B. B METOOJIOTUHU BBIPAOOTKH CTPATETHUCCKUX BOJOXO3IHCTBCHHBIX
PEIICHNIA MPOU3ONUIH CYIECTBEHHBIC N3MeHEeHNsI. OHU KOCHYJIHCH MPAKTUICCKH BCEX
CTOPOH 3TOH JEATEIBHOCTH, HAUWHAS OT MEPEOICHKH MPUOPHUTETOB B BOJIOXO3SCTBEH-
HOW TMPaKTHKE W 3aKaHYMBAs TCXHOJIOTUYCCKAMH CPEICTBAMH T'CHEpAIlMd BapHAHTOB
pa3BuTHs Bogoxo3sicTBeHHBIX cucTeM (BXC) m MX TEXHUKO->KOHOMHYECKON OIIEHKH.
OmHUM W3 COBPEMEHHBIX HHCTPYMEHTOB OOOCHOBAHHMS JOJITOCPOYHON TTOJUTHKU U BBI-
pabOTKM panMoOHANBHBIX PEHICHUH B OacceifHax peK SBISIOTCS CHCTEMBI TOIIEPKKH
npunsatus pemenuii (CIIIIP), koTopsie co3aai0Tcs B TOMOIIB CIEMAINCTaM TI0 yIpaB-
JICHUKO BOAHBIM XOSHﬁCTBOM " JINILaM, HpI/IHI/IMaIOI_HI/IM pemeHI/m.

Moenu yrpaBiIeHUs] BOJOIOIB30BAHHEM U OLICHKH YKOJIOTO-9KOHOMHUYCCKHX B3aH-
MOJICHCTBHI B 3ajjauaX MHTECIPUPOBAHHOTO YIPABICHHS BOIHBIMH PECypCcaMu, BKIIIO-
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gaemble B CIIIIP, mo/KHBI MMETh OJHO3HAYHYIO MHTEPIPETALNI0 U KOJIUYECTBEHHOE
BBIPaKEHUE, ONUPATHCS HA CHCTEMY HAIlMOHATBHON CTATUCTHKHU M HE TpeOOBATh 3HAUH-
TEJBHBIX 3aTPAT Ha cOOp MH(OPMAIHK M PacUCThl, a TAKXKE 1aBATh BO3MOKHOCTD OIICH-
KM 9KOJIOT0-d)KOHOMUYECKHUX MOKa3aTeeil BO BpeMEHHON JUHAMUKE.

BXC sBISIFOTCS CIOXHBIMH TEXHHYCCKHUMH cucTeMaMd. OHHM (YHKIMOHUPYIOT B
CJIO)KHOM TIPUPOIHOM, OOIIECTBEHHOW M 3KOHOMHYECKOH Ccpejie, M TO3TOMY OIUCHI-
Baromuid BXC komIuiekc MaTeMaTHUECKUX MOJENIEH U X KOMIBIOTEPHBIX pean3aluit
B 00J77aCTH BOJIOXO3SICTBEHHOM JEATEIFHOCTH 00pa3yeT CI0XKHYIO IPOTrpaMMHO-KHOEp-
HETUYECKYIO cucremy [1, 2].

CrnemyeT IOQYepKHYTh, YTO MPOTPAMMHPOBAHHBIC NEHCTBUS TOHUMAIOTCS HE TOJb-
KO B y3KOM KOMIBIOTEPHOM CMBICIIE, HO TaK)K€ U B TOM, YTO Pa3IMYHBIC IPUEMBI BEIpa-
OOTKM pelIeHui AJisl He MOJIHOCThIO (DOPMAaTU3yeMbIX 3a7ad OCYIIECTBIISIOTCS BCE JKe
no onpeneneHubM “mipaBuiiam’. CIIIIP B BOg0X03MHCTBEHHOW OTpaciu CO3MAIOTCS U
Pa3BHUBAIOTCS KaK IEIOCTHBIC CTPYKTYPHUPOBaHHBIC cucTeMbl. OHM 0a3UpPYIOTCS HA CHC-
TEMHBIX MPEJCTABICHUSAX, KOTOPhIC BKIFOYAIOT: OPraHU3alMOHHOE, PAaBOBOC (FOPUIU-
4yeckoe), (PMHAHCOBO-PKOHOMHUECKOE, TEXHOJOTHYECKOe, MH()OPMAIIMOHHOE, MaTeMa-
TUYECKOE, MPorpaMMHoe, pobiieMHoe odecnieucHue. [lepeyrcieHHbIC BIIBI 0Oeceye-
HUS KIACCU(QHUIUPYIOTCS IO TAKAM HAIIPABICHUSM, KaK:

- oTpaciieBoe (OpraHM3alMOHHAs, IOpUINYeCcKas, (PUHAHCOBO-3KOHOMUYECKAs, KaJ-
pOBast KOMITOHCHTHI);

- MaTepHaIbHO-TEXHNUECKOE U MPOOIIeMHO-MeToInIeckoe obecnieueHne (TipodieM-
Hasi, MaTeMaTHIeCKasi, IPOrpaMMHAst KOMITOHECHTHI);

- (pyHKIIOHATBEHO-TEXHOIOTHYECKOE (TEXHOJOTHYECKasl, METOANYecKast, HHPopMa-
[IMOHHASI KOMITOHEHTHI).

OrtpacneBble KOMIIOHEHTHI BKIIIOUAIOT CHCTEMY OpPTaHH3aIlfi, IKCIUTYaTHPYIOIIHX
CIIIIP m ocHameHHBIX IJIS 3TOT0 HEOOXOMUMBIMH TEXHUYECKHMMH CPEIACTBAMH, IPO-
TPaMMHBIM O0OCCIICUCHHEM M METOJIUYECKAMHU MaTepuaiamu. TeXHHYecKoe obecreue-
HHUC TPEICTABIACT COOOW COBOKYIMHOCTh B3aWMOCBSI3aHHBIX M B3aUMOJICHCTBYIOIIUX
TEXHUYCCKUX CPEICTB, MPEAHA3HAYCHHBIX s BbimonHeHus (ynkrwmii CIIIIP. IIpo-
OJIeMHO-METOTMYEeCKHE KOMIIOHEHTHI — 3TO KOHIIENTYAJILHOE ONKCaHHue MpoliIeM U 3a-
Jlady, MaTeMaTUYECKUE METOJIbl UX PEUIEHUH M COOTBETCTBYIOIKE pealu3ally B BHUIIE
MPOTPAMMHBIX KOMIUIEKCOB. DYHKIIMOHANEHO-TEXHOJOTHYECKHE KOMIIOHEHTHI (hHUKCH-
PYIOT CHCTEMY TEXHOJIOTHHA C TIOMOIIBIO Pa3IMYHBIX BHUIOB JOKYMEHTOB, PETIAMEHTH-
PYIOIINX TMOPSIOK IKCILTyaTalluy CUCTEMBI, a TAK)KE METO/IOB, OMHCAHMUH, CITOCOOOB TI0-
TydeHusi, mepepaboTku U oomMeHa mHpopmanued. B otaensubix kommoHeHtax CIITTP
OTPaXAIOTCS HOPMATUBHO — IIPABOBBIC ACIMCKTHI M TPEOOBAHHS CHUCTEMbI YIIPaBICHHS
BOJIHBIM XO3SIMCTBOM.

[pu dopmanm3anuu KOMILICKCHBIX BOJOXO3SHCTBEHHBIX 3a/ad MX PAa3HBIC YacTU
ONMCHIBAIOTCS C PA3IMYHOMN JI€TATbHOCTHIO. B COOTBETCTBUM C 3TUM MPUHIIUIIOM TJIaB-
HBIC CUCTEMHBIC CBSI3H JIOJDKHBI ObITh OMHMCAHBI JOCTATOYHO TIOJHO COTJIACHO UCPaAPXUH
paccMaTpuBaeMO# MOJACHUCTEMBI, a HETJaBHbIE, BTOPOCTENEHHBIE CBSI3U MOTYT OIUCHI-
BaTbCs C MEHbIIEH AeTanbHOCThI0. Hanpumep, B 3ajauax pacuera IMCIETYEPCKUX Mpa-
BUJI YPaBJIEHUS BOAOXPAHWIMILAMHY, a TAKXKE MPOITYyCKa MOJIOBOAUN U MABOJKOB BOJO-
XO3SICTBEHHBIN YIaCTOK paCCMaTPHUBACTCSI COCTOSIIINM M3 OCHOBHOTO CTBOJIA PEKH, TTIE
PAacCIIOIOKEHB! pacCYNTHIBACMbIC BOIOXPAaHUIINIIA, U BOZOCOOpHOTO OacceiHa KaXKIoTro
yJacTKa, Ha KOTOPOM, B CBOIO OYEpeb, MOTYT OBITH PACIOJIOXKECHBI BOJOXPAHWIIHIIA
MEHBIIIETO pa3Mepa. [IpaBuiia yrnpaBicHHs I TAKHX BOIHBIX OOBEKTOB B YKa3aHHBIX
3amavax He paccMmarpuBarorcs. OIHAKO BIMSHHUC BHYTPEHHHX BOJOSMOB OacceiiHa Ha
OOKOBOM MPUTOK K OCHOBHOMY CTBOJIY PEKU OTCIICKUBAETCS MyTEM HCIIOIB30BAHUS YTI-
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POIIEHHBIX aITOPUTMOB, TIOCKOJIBKY ObUIO Obl HEBEPHBIM KaK UTHOPUPOBATH 3TO BIIMS-
HUE, TaK ¥ YPE3MEPHO €ro JAeTAIN3UPOBATh.

[Ipu yBsI3KE U COTJIACOBAHUH PEIICHHH OTIENBHBIX TOACUCTEM YUYUTBIBAETCS MHOTO-
KpPUTEpUATILHBIH XapakTep BbIOOpa KOMIUIEKCHBIX PELIEHHH, MOCKOJIbKY PELICHUs OJ-
HOW M3 MOACUCTEM, B NPHHIMIE, BIMSIOT HA pemeHus apyroid. Hampumep, BeiOOp Bo-
JIOXPaHWINIIA JUIS PEryJIUpOBaHUS PEUYHOTO CTOKA M3MEHSIET TaKXKe M 3KOIOTHYECKOoe
cocTosiHne ydacTtka peku. [Toaromy s Beeit BXC, ocoOeHHO Takoit KpymHO#H, Kak, Ha-
npumep, 6acceiin p. Bonru, Henmb3st roBopUTH 00 00IIEM ONTHMaNbHOM pemeHun. Jlo-
MYCTMMO TOBOPHTH JIMIIb O MPUEMJIEMOM pEHICHHH JIMOO O COBOKYIHOCTH YacTHBIX
pemIeHuii 1 pallOHMPOBAaHHBIX YacTel OacceliHa, KOTOpPEIC, B CBOIO O4Yepedb, MOTYT
OBITH HE ONTHMAIBHBIMH, & TONBKO NMPHEMIEMBIMU. DTH MPHUEMIIEMbIE CPEIN YacTHBIX
OTPaHUYECHHO-ONTUMANIBHBIX PEIICHUH MOXHO Ha3BaTh PAllMOHANBHBIMU PEIICHUSMHU.

Bech KOMIUIEKC OMHMCAaHHBIX MPOLEAYpP, HANPABICHHBIX HA BHIOOP MOCIEIOBATENb-
HOCTH pEIIECHUH Pa3IUYHBIX YaCTHBIX 3a]1a4 M BBHIOOP PAIlMOHAIBHBIX PEIICHUH B paM-
Kax Bcel cucTembl, o0pasyeT riaodanbHyto Monens ¢ynkunonuposanus CIITIP, Ha ko-
TOpPOM OCHOBaHA TEXHOJIOTHS MPUHATHS pelleHuil. MaTemMaTudeckue MOJCIN U METOABI
BHIOOpa KOMILJIEKCHBIX BOJOXO3SIMCTBEHHBIX PEIICHUI B MOJHOM HX 00bEMe BCe elle
SIBIIIIOTCSL TIPEIMETOM HCCIIEAOBAHUM, XOTA CYHIECTBYIOT METOABI YBSA3KH OTIEIBHBIX
KOMILJIEKCOB Mojenel [2].

OpHUM U3 OCHOBHBIX CHCTEMHBIX TpeOOBaHMH K IOJCHCTEMaM M 3ajadaM BceX
YpOBHEH BOZOXO3SIHCTBEHHBIX OOBEKTOB SBISIETCSI HEOOXOIMMOCTh T€HEpPAUH IPOU3-
BOJICTBEHHBIX (pyHKIMHA B moacuctemax [3]. Ocoboro BHUMaHUS TPeOYIOT MPOU3BOJCT-
BeHHbIe pyHKIIH ([ID) B yCIOBHIX HEONPENeIeHHOCTH, XapaKTePHOH I CHCTEM BO-
JIOTIONIB30BAHMS, a TakXKe MpH 00OCHOBAHMU JEATEIFHOCTH 0 OXpaHe BoA. Bua Bomo-
oxpaHHbIX [1® 3aBHCHT Kak OT Tuma 3arps3Hsioniero BemecTtsa (3B), Tak u oT Tuna
OYHCTHOTO COOPY’KEHHUS, €r0 MOIIHOCTH M T.A. DTH TPOIECCH TPYIHO MOATAIOTCS
(hopmanmzanyy B pernOHAIILHOM MaciuTade IMpH MOJHOM Habope BIMSIOMUX (PaKTOPOB.
Kak npaBusio, B Takol CUTyallMX UCTIONB3YIOTCSI UIMEIOIINECs JUCKPETHbIE CBEJCHHUS IO
TUIUYHBIM TEXHOJIOTUAM OUYHCTKH C TIOCJEAYIOUIEH X HHTEPIONALUeil HeMpepbIBHBIMU
¢ynkmusiMu. LenecoobpasHbIM cileyeT MPU3HATh TaKOH ITyTh TOCTPOCHUS TIPOU3BO/I-
CTBEHHBIX (YHKIMH, KOTOpHIH obecneuns Obl JJIsl MOJCHCTEM M 3ahad IOJy4eHHE
6OJIBIIIOro YHCIa BAPHAHTOB PELICHHH B COOTBETCTBHU C NMOTEHIMAIBHBIMU TpeOOBa-
Husimu JIIIP, KoTOphle oTpakaloT pa3NIHdYHBIE HeQOpMalbHBIC JJIEMEHTH B IIPOIIECCE
MTONCKa KOMITICKCHBIX perieHuit [4].

Tak kak mosiHas (popMayM3anysi BCeX BOJAOXO3SIMCTBEHHBIX 33/1a4 B PaMKaX KOMITb-
IOTEPHBIX TEXHOJOTMH HEIOCTHKHMMA, TO HEOOXOIUMO OYEpTUTH T€, KOTOphIe HE MOJ-
JmaroTcst hopManu3ai Wid (OPMANTU3YIOTCS JIHIIh YacTHYHO, W BKIOUnTh B CIIIIP
IBPUCTUYECKHE MTPUEMBI, SKCIIEPTHBIE OLlIeHKH M T.1. Takum obpasom, CIITIP B BogHOM
X03siicTBE (POPMUPYETCST KaK OTKpBITasi CUCTEMa, JIOMyCKalolasi BKIIOYCHUE B €€ CO-
CTaB HOBBIX 3aJ[ay, YTOUHEHHE COCTaBa U METOJOB PEICHMs CTaphIX 3a]ad, KOPPEKTH-
POBKY CTPYKTYpBI CHCTEMBI B 1I€JIOM WJIM J1I000H ee yactu. Kpome Toro, cucrema 10mx-
Ha OBITh TMHAMHYECKOHW aanTHBHOW CHCTEMOM, ITO3BOJISIONICH OTCICKUBATH U3MEHE-
HUSI IPUPOAHOTO M XO3SAHCTBEHHOIO XapakTepa M MoKa3aTeldd COCTOSHMS BOJHBIX pe-
CYPCOB, HCIIOIb30BaTh PAllMOHAIBHBIC METOMBI YIPABICHUA IPH (HOPMHUPOBAHUH CTpa-
TETUH PA3BUTHSI BOJHOTO XO35ICTBa.

Jlanee oOCyXIat0TCsl MaTEMaTHYECKHE MOZAETH OXPaHbl BOJ Kak ISl pedHoro Oac-
ceifHa B 1EJIOM, TaK M Ui OTAEIbHBIX ero yacteil. [Ipobnema o6ocHOBaHUS BOJOOX-
pPaHHBIX MEPONPHITHI aKTyajbHa Oosiee 3-X JACCATUIIETHH U €€ pelIeHUe MHOTUMHU HC-
cleoBaTeNIIMH 0a3MpOBaIOCh HAa MPUMEHEHWH METOJOB JIMHEHHOTO, HENHWHEIHOTO,
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JUHAMHUYECKOIO ITPOrpaMMUPOBaHUs, METOAA JOCTHKUMBIX LEIIEH, armapara MOTOKO-
BbIX Mojeneil. OCHOBHas TPYIHOCTh PEIISHUS COOTBETCTBYIOUINX 33124 3aKII0UaeTCs B
TOM, YTO B MaTEMaTHKE 3a4acTyI0 Ha3bIBACTCS «IPOKIIATHEM OOJIBIION pa3MEepHOCTI —
KOJIMYECTBO MHIPEANCHTOB 3arps3HsAomuX BemecTB (3B) naMepsiercsi COTHAMH, Kak U
YHCIIO0 BAPUAHTOB BO3MOMKHBIX OUHCTHBIX COOPYXEHUH ¢ UX MapaMeTpaMu, YHCJIO pac-
CMaTpPUBAEMbIX CTBOPOB Ha peKe — JeCATKaMU, KOJUUECTBO MPEANPHUITUH, CeTbCKOXO0-
3IHCTBEHHBIX YrOAWH W APYTHX MCTOYHHMKOB, COPachIBAIOIINX 3arpsi3HECHHBIC CTOYHBIC
BOJIBI, — O'POMHO. Bopb0a ¢ pasMepHOCThIO CBOMIIACH K PA3JIMYHBIM IIPHEMaM arperu-
POBaHMS, YIPOIIAIOIINM 337a4H; OHU IPUMCEHSIOTCS M B HACTOSILEH padoTe.

[Ipunstne pemenunii Oasupyercs Ha arperupoBaHHBIX ONTHMH3ALUOHHBIX 0000-
IIEHHBIX MOJEISX, B KOTOPHIX YHHU(DHUIIMPOBAHBI OTPAaHWICHUS (TT0 KauecTBY BOIBI) H
nenesble QyHKOUHU. [IpobaeMsl 0XpaHbl BOJ 37€Ch HEM30EKHO OIMCHIBAIOTCS 3a/1a9aMHy
3HAYUTEIBHON Pa3MEPHOCTH MPH OOJIBIIOM YIIPOIICHUH OTMCAHUS MOJCHCTEM CIIOXKHON
9KOJIOTO-?KOHOMHYECKON CHCTEMBI. [103TOMy MPUMEHSIOTCS yKpyITHEHHBIE MTOKa3aTeIH
KayecTBa BOJBI, a TalkKe 3aTpaT HAa BOJOOXpaHHBIE MepompusaTus. CaMoCTOSTENbHOM
mpobiemMoit mpu GOpPMHUPOBAHUM 0a3bl JAHHBIX SBIAIOTCS BONPOCHI aJeKBAaTHOTO OC-
penHeHus 1oKa3areliei, BhleJIeHns] yacTeil OacceiiHa, J0MycKalonuX Takoe OCpeaHe-
HUE, a TaKKe yueT HEOJHOPOJHOCTH KIMMATUYECKHUX, THAPOIOIHYECKHUX, X035 CTBEH-
HBIX ¥ MHBIX ycioBui. OO0OIIEHHBIMH TTOJTy4YalOTCs U pE3YJIbTaThl PacueToB.

TexHomOrnMuecKkas cCXemMa pac4eToB COCTOUT U3 HECKONBKHX 3TAIOB:

- Ka4eCTBEHHOTO aHaln3a MpoOJIeMbl M OOOCHOBAHUSI TIOJICHCTEM, OIMCAHUE KOTO-
PBIX JTOJDKHO OBITH BKJIIOYEHO B MaTEMAaTHIECKYIO MOJIETIb;

- CXeMaTH3alX PEYHOI CeTH U BOJOCOOPHOI TeppUTOPHH;

- OIICHKH aHTPOIIOTEHHOI HAarpy3KH Ha BOTHBIN O0BEKT;

- ompeieNieHus]  (PU3UYUECKHUX, THUAPOJIOTHYECKHX, TUAPOXUMHYECKUX, TEXHUKO-
9KOHOMHUUYECKHUX MMOKAa3aTeICH;

- mocTpoeHus (WM ajanTalnuy paHee pa3pabOTaHHBIX) MAaTEeMaTHYECKUX MOJeei
OILIEHKH Ka4eCTBa MPUPOIHBIX BOJ.

B xauecTBe KpUTEpHEB ONTUMAIBHOCTU MPUMEHSIOTCS MUHUMH3AIMS KalUTalIbHbIX
W DKCIUTyaTallMOHHBIX 3aTpar (IpH 33/laHHBIX OTPAaHMYEHHSIX Ha CyMMapHBIE MacChl
cOpaceiBaeMbIX 3B 1100 WX KOHIEHTpAIMK B BBIJECICHHBIX CTBOpax) JM00 MUHHMH3a-
U Macchl cOpackiBaeMbIX 3B MM X KOHLEHTpAMi B BBIAEICHHBIX CTBOPAX HPH OT-
PaHWYEHHBIX MHBECTHINAX Ha OYUCTKY COPOCHBIX BOJI.

ABTOMaTH3MpPOBaHHAS CHCTEMa MOANECP)KKH MOMCKA 3(GQPEKTUBHBIX DPEMICHHH MO
000CHOBaHHIO BOJIOOXPAHHBIX MEPONPHUATUI COAEPKHUT CIIEAYIONINE MOJEIBHBIE KOM-
MOHEHTBHI:

- TEPPUTOPUATIBLHO-BOAOX035IIICTBEHHOE pallOHUPOBAHMUE;

- IOATOTOBKY HEOOXOAUMOMN TEXHUKO-DKOHOMUYECKOM UCXOIHON nHpopMaiuu (To-
CTPOCHHUE MPOU3BOACTBEHHBIX (DYHKITHI);

- KaTMOpPOBKY MOJIEJel OIEHKH KauyecTBa BOJ C YYETOM TOYEYHBIX M MH((Y3HBIX
UCTOYHUKOB 3aTrpsI3HEHHUS;

- aHaJIN3 TEKYILIEro COCTOSIHUA KayecTBa BOJ (pacueT KOHIEHTpaLUil 3arpsA3HAIOMINX
BEIIECTB B BBIICIICHHBIX CTBOPAX) M €r0 M3MEHEHHE IT0CTIE Pean3ali BOAOOXPaHHBIX
MepoIpUsATHI (TOCTPOSCHUE MATPHIIBI BIHSHUSA);

- 000CHOBaHME CTPATETHH BOAOOXPAHHOH JIESITENIFHOCTH B OacceiHe peKH;

- IPEUIOKEHUS TI0 Pa3MEUICHUIO MHBECTULUI B MEPOIPHATHUS MO OXPaHE MPUPOJI-
HBIX BOJ.

BHyTpeHHSS CTpyKTypa CHCTEMBI MaTeMAaTHYECKUX MOJEJeH 0 BEIOOpY ONTHMAb-
HOHM cTpaTeruu BOAOOXPaHHOW NEATEIbHOCTH B OacceiiHe (permoHe) MOKET BapbUpO-
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BaTbCsl B ONPENENICHHBIX Mpe/enax B 3aBUCHMOCTH OT INPUMEHSEMBIX TEXHUYECKUX U
MPOTrPaMMHBIX CPEJICTB HAKOILUICHUS, Mepeiiaud M 00paboTKH WH(OpMAIWH, CTEIeHH
M3YYCHHOCTH TEPPUTOPHH, CrieHU(UKH BOJIOTIOIB30BAHUS H T.I1.

Ha puc. 1. npencrasieH 0a30Bblii BapuaHT CTPYKTYpPBI Takoi cucteMbl. biok 1 00b-
eauHsieT MH(GOPMAIHMIO MO COCTaBy, o0beMaM M pexumam copocoB 3B. BozmoxHbie
MEpOIpUATHS 0 00paboTKe ITHX COPOCOB cucTeMaTru3upoBaHbl B Osioke 2. [Ipu sTom
JUISL KaXK/I0TO Cc11oco0a OYMCTKN CTOYHBIX BOJ (MEXaHWYECKOT0, OMOJIOrHYecKoro, O1o-
XMUMHYECKOTO | T.II.) B pa3pe3e yuuThIBaeMbIX 3B mim ux rpymm 3apaHee COCTaBISIOTCS
npousBojacTBeHHble GyHknuu (I1d), xapakrepusyronme, B 4aCTHOCTH, CBA3b MEXKIY 3a-
TpaTaM¥ Ha TPOBENICHIE COOTBETCTBYIOIIIX MEPOTIPHUITHH 1 cTereHblo ourncTku 3B. He
ocraHaBiMBasich Ha cnenuduke moctpoeHus 1D, orommem duTaTenss K M3BECTHBIM
nyOIUKanusM, 0030p KOTOPBIX PE/ICTABIICH, B YaCTHOCTH, B [1].

oo et [T 5|
5
Cpennuii 1M KpHTHYECKHIT HeoGpaGoTanusie 1 .
NEPUO CTOKA copocsi 3B

I'napaBanyeckue DoHOBBIE
Harpy3ku 3B Harpysku 3B

Y Y
[ 4] |i

YnpouenHas XapaKkTepuCTUKH
<
OIIEHKA KayecTBa CIOCO00B OYUCTKHU
> NPUPOIHBIX BOA H
K03 punneHTon A
TpaHchopmanuu 3B
3arparsl Bri6pannsie
CHOCOOBI
KagectBo CranmapTs C6pocs OUHCTKH
MIPUPOAHBIX KauecTBa 3B
BOX BOJZ
y \ 2 v

— OueHovHast MOJIeJIb ONITHMHU3ALM U Bo;[ooxpa}moﬁ ACATCIbHOCTH 3

HOJICUCTEMA NOAJAEPKKHA NNPUHSATHUA PENEHUIA
O ONTUMHM3ALIUHA BOJOXPAHHBIX MEPOIIPASTUIA

PacueTHoe KauecTBO TloTokwu,
NIPUPOIHBIX BOJ, (oHOBBIE HATPY3KH BriGpannsie
copocsl 3B Y UHbIe (QYHKIHH TEXHONIOTUH,
UX CTOMMOCTH
KaimopoBka 7 > YTouHeHHBIC 6
K03 dpuumenTon (1uHaAMuYecKue, HeJIMHeiiHbIe)
Tpanchopmanuu 3B < MOJIEJIN KAYEeCTBA BOIbI

v

OKOHYATEJIBHASA OIITUMU3ALIUSL

Puc. 1. Cucrema moneneit 1uist BIOOpa CTpaTETHH OXPAHbI BOAHBIX PECYpPCOB
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OmueHka KauecTBa NMPUPOJHBIX BOX AJIsI HEKOHCEPBATHBHBIX IpuUMecel Oasupyercs
Ha arperupoBaHHbIX YPABHEHUSX MEPEHOCa U TPAHCHOPMALINY 3arps3HSIONINX BEIIECTB
u ko3 duIreHTax TpaHCHOpPMAIUK THX MPUMECceH. YUHUTHIBACTCS CyMMAapHBIH CTOK
3B u ycpeaHeHHas aHTPOIIOTEHHAs HAarpy3ka 3a KpUTHYECKUi (0OOBIYHO MalIOBOJIHBI)
nepuos BpeMeHHu. [ 'eHepupyrorcst oneHouHble koaddunmentsl Tpancdopmanun 3B Ha
y4acTKaxX PeKH M OLIEHMBAETCS KaueCTBO NMPHUPOAHBIX BOJ (0JIOK 4 cXeMBbl, IPUBEACHHOM
Ha puc. 1). 3Has KayecTBO NMPHPOIHBIX BOJX B CTBOPaX PACUETHBIX yYacTKOB, MOXKHO
MIPOBECTH COTIOCTABJIICHHE €r0 C TPEOOBAHMSMH COOTBETCTBYIOIIMX CTAaHIAPTOB, HC-
TOJIB3YSl OLIEHOYHYIO MOJIENb ONTHMH3AIMN BOJOOXPAHHOW JIesTenbHOCTH (670K 3).
Urorosas uH(pOpMAaIusg 3Toro 0JI0Ka COAEPIKUT MOKa3aTeId KauecTBa BOIBI B (PUKCHPO-
BaHHBIX CTBOpax, PEKOMEHyEMbIE TEXHOJIOTHH OYHCTKH, JIOMTyCTHMBIE 00BEMBI COpO-
coB 3B 1 3aTpaThl Ha pearTu3aIio MEPOIPUATHIHA.

COBOKYIMHOCTh MATEMaTUICCKUX MOJIEJICH, MPEeACTaBICHHbIX O0Kkamu 1 — 4 (010K 5),
u o0pa3yeT cucTeMy MOANCPKKH MPUHATHS PELICHUH 10 ONTUMHU3AINH BOJIOOXPAHHOM
JesiTelbHOCTH. [IoNCK ONTUMAabHBIX PelIeHH 31eCh CBOJUTCS K BBIOOPY COCTaBa Me-
porpuaTuil, 00eCeunBaroIUX 3aJaHHOE KaYeCTBO BOJ IPY MUHUMAJbHBIX 3aTpaTax.

Mexay TeM IMojyyaeMble PELICHUs JaJIeKO He BCerja MOXKHO CUMTATh OKOHYATENb-
HBIMH, TIOCKOJIbKY OHH IOJYyY€HBI Ha OCHOBE NPHOJIMKEHHBIX METOAWK W HEMOJIHOW
nHdopmanuu. Bo MHOTHX ciaydasx TpeOyeTcsi yTOUHHUTb 3TH PELICHHS C IIOMOIIbI0 00-
nee “TOHKMX Mojenel n MeTonuK (070K 6), yYUTHIBAIOIINX HETMHEHHOCTh 3aBHCHMO-
CTEH, XapaKTEPHU3YIOINX KaueCTBO BOJ, AMHAMHUYECKHE CBSI3M MEXIy MHOTHMHM Tapa-
MeTpamu ¥ mp. Kak npaBuio, IpuxoaAnTCs ONEpUPOBATh BPEMEHHBIMH PSIIaMH PETHOTO
cToKa u cOpocoB 3B, a MporHo3 KadecTBa BOABI MOCTYNACT B 3TH MOAEIH U3 PE3YibTa-
TOB PacueToB IO OLIEHOYHOH MOJAETH oNTUMHU3au. Pabota ¢ mogoOHBIMHU I€TaTEHBIMU
MOJICTISIMU TTO3BOJISIET YTOUYHUTh M caMH KOd(QUIMeHThl TpaHchopMauy pa3iuuHbIX
BEIIECTB MO y4yacTkaM pekd (00k 7). IIpm BOZHUKHOBEHMH CYIIECTBEHHBIX HEBS30K
MEX1y HUMH M OIIEHOYHBIMHU 3HaYECHUSIMH KO3()(HUIIMEHTOB, MOTY4YEHHBIMU NIPU peasi-
3al[M YIPOIIECHHBIX MoJesiel 0J0koB 4 U 5, 11e71ecoo0pa3Ho BEPHYTHCS K OLIEHOYHOM
MOJIETI ONTUMH3ALUK C HOBBIMH (YTOYHEHHBIMHU) TIOKA3aTEIsIMH KauecTBa MPUPOIHBIX
BoJl. MiHa4ye ToBOps, BO3HUKAET UTEPATHBHBIN IPOIECC MPUMEHEHHS OIEHOYHBIX U 00-
Jee AeTalbHBIX Mozeneil. CXOANMOCTh Takoro Iporiecca TpeOyeT MpOBEIeHUs CIenH-
aNBbHBIX MCCIEI0BAHUI.

[TpunsTne pemeHuit Ha ypOBHE NPEANPHUSITHSA-BOAONOIB30BATESI MPEICTABICHO
MOJIETSIMA APYTOf TPYNIBI, B KOTOPBIX NPH PAa3JIMYHBIX OTPAHMUYCHUSIX B YCIIOBHSAX
JIEHCTBUS PKOHOMHYECKOT0 MEXaHU3Ma IUIATHI 32 3arpsS3HEHNEe U MOTUBOM UX IPUHSATHUS
ONTUMU3UpYETC IeneBast (PyHKIHA, BKIIOYAIOIIas He TOJIBKO 3aTpaThl Ha MPOBEICHHE
MEPOTPHUATHS, HO ¥ U3MEHSIOIINECS IIPU 3TOM IUIATEXKH 3a 3arpsi3HEHNUE.

Jlist ormMcaHus MOJENT ONTUMM3AIUH BOJIOOXPAHHOM JIEsITeIbHOCTH BBEAEM HeoO-
XoauMble 00o3HaueHus1. OCHOBHasI peKa pa30oMBaeTCsl Ha YYaCTKH C IOCIIeI0BaTEeIbHON
WX HyMepaIuen 1mo TedeHuo: » € R u j € J — Hymepanus BunoB 3B, a i € I — Hym™me-
pauusi uctoyHHKOB cOpocoB 3B (mpeampustuii mmm BXYVY), npuuem B mpespenax oT
(r—1)-ro mo r-ro cTBOpa (T.€. HA r-M y4acTKe) pacloOXKEHO MOJMHOXKecTBO [, < [

UCTOYHUKOB cOpocoB. IIpeamnonaraercs, 4ro npeaBapUTEIsHO NMPOBECHA ClICIHAIbHAS
MOJIrOTOBUTENbHAS BEIUUCIIUTENbHAS NPOLEAYPa, B pe3yabTaTe KOTOPOH BCe MpeanpH-
ATHA W3 NOAMHOMKECTBAa [, CTAHOBATCA “NPHUBA3aHHBIMU’ K CTBOPY 7 — 1, KOTOpBIH
CIy’)KUT HadajoM 7-ro ydactka. O003HaumMM Tarke 4depe3 f €7 HyMepauuio BCEBO3-
MOXHBIX TE€XHOJOTHYECKHX CIOCO00B OYMCTKH. [Ipm sTOM mpenmonaraercs, 4yTo Uis
kaxaoro npeanpustus uid BXY i e/ usBecTHsl monMHokecTBa T, — T JOITyCTUMBIX
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TEXHOJIOTHI OYHCTKU CTOYHBIX BOJ|, CPEIU KOTOPBIX BCETAa MPUCYTCTBYET “HyleBas’,
COOTBETCTBYIONIAS CYIIECTBYIOLIEMY YPOBHIO OYHCTKHU HITH €0 OTCYTCTBHIO.
B dopmynupoBkax pemraeMbIxX 3a/1a4 UCIIOJIB3YIOTCS CIEAYIONINE TUIIBI KOHIICHTpa-

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

J-¥ KOMIIOHEHTBI, KOTOpoe HAaOJII0JaeTcsl B CTBOPE ¥ IPH OTCYTCTBHH COPOCOB M3 IIPHBS-
3aHHBIX K 3TOMY CTBOPY MCTOYHUKOB 3arpssHeHus. [Ipum sToM umeercs B BUIY He
“ecrecTBeHHas” (OHOBas KOHLEHTPALMS, a HEKOTOpasi BAPbUPYEMasi B MOJICIIN BEJTUYU-
Ha, MPUBSA3aHHAsl K yYacTKaM ¢ HOMEpaMHU, MEHBIIUMH 7, T.€. PACHOJIOKEHHBIMH BBIIIIE
HEro 110 TeyeHuto. B mpocreiiniell paccMarpuBaeMoii laniee JIMHEHHOI cxeme peku 0e3

IIPUTOKOB CQ =C;

i =€y A BeeX r> 0, a B BepxoBbe peku (mpu 7 = 0) U3BeCTHA ecTecT-

BeHHas (poHOBas KoHIeHTpanus; C ; — HPECIBHO JOMyCTUMAast KOHLCHTPALUs (ITOK)

J-# xommnonentsl b0 C; — BPEMEHHO COIIACOBAHHOE €€ 3HAYEHHE B CTBOPE 7,

O0BIYHO Ha3HayaeMoe (B CHIy (PMHAHCOBBIX M TEXHOJOTHYECKUX OIPaHMYCHHUH) Kak
C,>C;.

OyHKIIMOHAIBHAS CBI3b MEXKAY MaccaMH (KI/CyTKH) cOpachiBaeMbIX 3B M BX KOH-
LEHTPALUSIMU (r/M3) BBIPAXKAETCS Yepe3 Pacxoibl (M3/CyT) PEYHOTO CTOKa U COpOCHBIC
pacxoisl OT UCTOYHMKOB MOCTYIJIEHUS CTOYHBIX BoA. IIpu 3TOoM mcmonb3yrores cie-
JIYFOIIUEe 0003HAUCHMYS:

- . — pe4HOM CTOK B CTBOpE ¥; ¢; — COPOCHOH pacxoJ OT I-ro UcTouHHKa 3B;

- ¢, — CyMMapHBIil IOTOK COPOCHBIX BOJ OT UCTOUHHKOB 3B B cTBOpE 7, IpUYeM Be-

JIMYHUHAa qr = Z q; OoHpeAcsACTCs yACIbHBIMU paCcXoJaMH BOJbI B IIPOU3BOACTBCHHbBIX
iel,

Iponeccax u MmaccaMu C6pOCEI BCIIICCTB,

-my, — Macca j-ro 3B, cOpacbiBacMast i-M NPEINPHUIATHEM B BOIAHBIA OOBEKT HPH
MIPUMEHEHUH -1 TEXHOIOTUH OYUCTKHU CTOKOB;
- my; =minmg; — Macca MHHMMAIBHO BO3MOXHOTO cOpoca j-ro 3B u3 i-ro ncrod-
tel; ~

HUKa, COOTBCTCTBYIOIIAA TEXHOJOIMU OYUCTKM C MAaKCHUMaJbHBIMU 3aTpaTaMu
£
S

; =maxJsS,, , rae S;, — IPUBEJECHHBIE 3aTPAThl HA PEANU3ALUIO /-i TEXHOIOTHH OYUCT-
teT;

i

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

MUTAITBHBIE M AKCIUTyaTallMOHHBIE 3aTPaThl, ¢ — HOPMAaTHBHBIN K03 dHuuueHT s¢dex-
TUBHOCTH KaITUTATBbHBIX BIO>KECHHH.

Bozpeiictue 3B Ha kauecTBO BOABI B BOJHOM OOBEKTE HA 7-M YYACTKE OMpPEIeIseT-
csl BEIMYMHAMHU COPOCOB MPEANPUATHHA, “NPHUBA3aHHBIX” K 3TOMY y4acTKy, T.€. Mpe.-
HOpUATHR [ € ], , a TakKe BO3MOXKHOCTSIMH CaMOOYMIICHHUS PEKH Ha NaHHOM YYacTKe,

KOTOpBIC XapakTepusyrTcs koddduiueHramu © i tpanchopmarmu 3B. st BIIK,
(hocopa, pacTBOPEHHOTO KHCIOPOJa U HEKOTOPBIX APYTHX MPUMECEH PELICHUs ypaB-
Henuii Tina Crpurepa — Denrca UMEIOT BUA eXp(—k; -T,), a BEMHYUHBI O ;. BBIYHC-
JISIFOTCS. U3 COOTHOIIEHUS

_ ek, T, L

T, =L, (1)

Jr ~ ’
0, +4, v,
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rae k; (cyT ") — ckopocTh pasnoxkeHus j-ro 3B; T, (cyT) — BpeMs JBHKEHUS PEUHOIO

IOTOKA Ha 7-M y4acTke; L. (KM) — IPOTSHKEHHOCTb 7-TO y4acTKa peKu; v, (KM/CyT) —

CpEeIHssl CKOPOCTh TEUEHHsI Ha 7-M y4acTKe.
Ha xakioM 13 OTIEBbHBIX NPEIIPHUITHI MOKET OBITh pealn30BaHa Kakas-110o of-
Ha U3 JOIyCTUMBIX TexXHooruil ounctku ¢ € I;. OTpaxeHue 3Toro ¢axra B OIHUCHIBAE-

MBIX MOJCIIAX IMPOUCXOOUT MOCPEACTBOM BBEACHUSA LEJIOUYNCICHHBIX HE3ABUCUMO Baph-

UPYEMBIX NIEPEMEHHBIX X;,, 1€, teT;,Tne
. 0,
Ansi Beex i e/ intzl, X =4 )
tel; .

ITpn 3TOM cymMapHBIe Macchl cOpocoB j-ro 3B B mpezenax 7-ro yqacTka COCTaBsIT

M, =3 % (myx ).

iel, tel;
a B IIpesienax Bcero dacceiina

M;=)M, <M, jeJ,reR.

Ecnmu Ha KaXIOM NpPEANPHUSATHH WM TPYMIE OJHOTHITHBIX HPEANPHATHH MOXKET
OBITH peaTu30BaHa JIydllas JOCTYIHAs TEXHOJOTHS OYUCTKH CTOYHBIX BOJ, TO JIJIS Ta-
KOH cTpaTeruu

_.0 * ~
cj,—cj,+z<mij-®l-,), jed, reR, 3)
iel,

. *
rac IJis1 BCCX 1 € Ir 3aJlaHa HaWJTydlllasi TeXHOJIOTHA ¢ € Tl OYHMCTKHU CTOYHBIX BO/, IpHU

o *
KOTOPOU AOCTHUTAKOTCSI MUHHUMAJIbHBIC C6pOCI>I 3B m[jt = mij . HpI/I 9TOM CyMMAapHBIC 3a-

TpaThl Ha BOJOOXPAHHYIO AEATENBHOCTh S = ZSl* JIOCTHTAIOT MaKCUMyMa (TIOCKOJIBKY
iel

OHU TIPEJICTABIAIOT COO0H MOHOTOHHO BO3pPACTAaIOIyI0 (PYHKLHMIO OT TITyOWHBI OYHCT-

K1), a cyMMapHble cOpocbkl 3B — MuHnMyMma:
Mjr=2m;, M./.:Zm;., jedJ, reR. @)

iel, iel

Takum 00pazoM, KCIIOJNB30BAaHHE JYYIIHMX JOCTYIHBIX TEXHOJOTHH OYHCTKH IIPH
MaKCUMAaJIbHONH MX CTOMMOCTH T'apaHTUPYyeT JOCTH)KEHHE HAMIy4IlIero KauecTBa IpH-
poaHbix Box. Crlenyer OTMETUTb, YTO MOJOOHAsi CTpaTerds MpocTa JUls peallu3alvy,
MIOCKOJIbKY Bce, 4To HeoOxonumo caenats JIIIP — 310 nmpokoHTpoiaupoBath, YTOOH! Ka-
JKIBIH MCTOYHUK cOpocoB 3B peannzoBan peKoMEeHAOBaHHBIN T nX 00padoTku. Tem
He MEHee, Takasi CTpaTerus BpI0Opa «caMoi JIydIei» TeXHOJIOTHH OOBIYHO CTOUT 3Ha-
YUTEJIFHO JOPOXKE, YEM HHBIC, MEHEe TITyOOKHe crocoObl ouncTku. Ilpu 3ToM Her ra-
pPaHTHH TOTO, YTO B PE3yJbTaTe OyAET JOCTUTHYTO HMPHEMIIEMOE Ka4ECTBO IPHPOIHBIX

BOJ, T.¢. MOTYT HE BBIIONHATECS OrpaHHieHus Buaa c;. <C;, mm c¢;, <C, . 3necs,

OJTHAKO, 3aBEJIOMO SICHO, YTO B TAaKOH CHTyal[MM HUKaKash WHas TEXHOJOTHS OYHCTKH
CTOYHBIX BOJl HE CHIMAET NPOOJIEMy OIpaHUYEHHH 0 Ka4€CTBY BOJBI B BOJHOM OOBEK-
Te. IToaToMy COOTBETCTBYyIOIIEE PELICHUE CIEMYET UCKATh YK€ BHE MOJEIHN ITOCPEICT-
BOM JIMKBHIAIMU WIM HEepenpo(IIMPOBaHUS HEKOTOPBIX IPEANPUATHI JHOO0 IyTeM
U3MEHEHHS TEXHOJIOTMYECKUX IIUKIIOB BOAOIOJIb30BAHMS.
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IIpu moucke myTeit coxpameHus: copocoB 3B MpeanpuaTHIMU 10 JOCTHXEHUS UMHU
WHAWBUIYaJIbHO 3aJaHHBIX nokasarejiell kauecTBa MMPpUPOJIHBIX BOJ CTPATCTHA OXPAHbBI
BoJ (opMynIHpyeTcs B BUJAE 3a/Ja4M ONTHUMM3ALNUN C KPUTEPUEM MHUHUMH3AIHUU CyM-
MapHBIX TMPUBEACHHBIX 3aTPAT HAa BOJOOXPAHHYIO NEATCIBHOCTh MPH YCIOBHAX TOCTH-
JKCHHMSI KOMIUIEKCa 3aJ]aHHBIX CTAHIApTOB KauyecTBa BOABL B (GopMynupoBKy 3amauu
MpU HEOOXOJMMOCTH TAaK)KE BBOMAATCSA OTPAHMYCHUS HAa KOHICHTPAIIMM M HAa MAacChI
copocor 3B. Toraa ¢ yueTom yCIIOBHIA IISIIOYUCICHHOCTH (2) 3a/1a4a UMEeT BUJT

S=>>(S; x,) > min; (3)

iel tel;
Cp = 3r+22(mw'®ir'xi,)SC_jr, jedJ, reR; (6)
iel, tel;
M, = (myx, ) <M, :ZZ( myx, ) <M, jed,reR. (1)
iel, teT; iel tel;

OTMeTHM, YTO JUIsl PACTBOPEHHOIO KHCIOpoaa HepaBeHCTBa (6) u (7) uMeroT oopat-
HBII 3HaK.

Ecnu 3amaua niuaHupoBaHWs BOJOOXPAHHOM NESATENBHOCTH pelaeTcs He IS OT-
JIENBHBIX Tpeanpuatuil, a st BXY wnn aAMUHUCTPATHBHBIX eIUHUI (HampuMep, 00-
Jacrtell B 6acceifHe KPYNHOHM pPeKH), TO MOCIe HECYIIECTBEHHON MOAU(UKAIINN MOXET
HCToNB30BaThCs chopmynupoBanHas monens (1) — (7). Ilpu atom i Oymer 0obo3HaYaTh
BXY unu aaMUHUCTPaTUBHYIO €AUHUILY, I0KA3aTeNIb X;, — JOJIIO CTEIIEHU OYUCTKU TH-
Ta ¢, a He KOHKPETHBIA BUJI OYUCTHOTO COOPY)KEHHS U, CJIEIOBATEIbHO, OYAYT OTCYTCT-
BOBaTh YCJIOBUs LIEIOUYUCIEHHOCTH X;, . B pe3yibTare M3MeHSETCA THII MOJEIM ONTH-
MU3aIIH: OHa CTaHOBUTCS 0ObraHOM 3amaueit JII1. s Gaccelina p. Bonru peannsoBana
MMEHHO Takasi MOCTaHOBKA 3aJla4uM C COOTBETCTBYIOILIEH JeTaan3ainei.

AnprepHatuBoit 3amade (1) — (7) MoXeT ciaykuTh ee MOIUGHUKAIMA C SKOJIOTHYe-
ckuM kputepueM. IIpu sToMm BMecTo yHkunoHana (5) crpoutcs 1eneBas GpyHKIus Ha
0a3e JIeBbIX YacTell HepaBeHCTB (6) BUIa

0 .
S Y+ 3 X (0, 5, | - min ®
jeJ reR Jr iel, tel;
OrpaHudeHusIMA CITy>KaT cooTHomreHus (1), (2) u ycinoBusS Ha CyMMapHBIE KaIlH-
TaJbHBIE 3aTPaThl S, II0 y4acTKaM U S B IIEJIOM II0 OacceiiHy peKu:

=>'>'5,<8,, reR  S=Y>5,5S8. ©)

iel, tel; iel tel;
Ecnu nns Pa3InIHbIX BUIOB 3B u nns pa3H1,1x Y4aCTKOB HCOJWHAKOBA 3HAYMMOCThH

HapyUICHHs MPEACTbHBIX KOHIIEHTPALUH C,

» » TO B opMyuie (8) BMECTO COMHOXKHUTE-

Jen C; uenec006pa3H0 HCIIOJIb30BaTh COMHOXHUTCIN BHIA & , TJC (X.]-r — CIeLu-
Jr N

AJIbHbIM 06p330M Ha3Ha4dYacMbIC KO3(1)(1)I/IIII/IGHTI>I 3HA4YUMOCTHU. HGHO‘H/ICHGHHOCTL nepe-

MCHHBIX Xis 06yCHOBHI/IBaeT HCO6XOI[I/IMOCTI) MPUBJICUCHUA CIICHHUAIBHBIX METOI0B

JUCKPETHOU JIMHEHHON onTtuMu3auu. Ecii (MHaHCHpOBaHUE BOJOOXPAHHOM JEATENb-
HOCTH 0a3MpyeTCsl Ha MCIOJIb30BAaHUM IJIATEXKEH 32 BOJHBIC PECYpChl U COPOCHI CTOY-
HBIX BOJ, @ TaKXe APYTUX SKOHOMHYECKHX M aJIMUHUCTPATUBHBIX MEXaHHU3MaX, TO
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MPaKTHYECKU 3TO TPeOyeT COBEPIIEHCTBOBAHMS TapU(OB IUIATHI 32 BOAY U MJIaTeKEH 3a
3arpsA3HCHUEC, a TaK)KE METOJOB OKOHOMHYCCKOTO CTUMYJIIMPOBAHUA. HpI/IMeHeHI/Ie JKO-
HOMHUYECKUX MCXaHU3MOB MOXCT 3HAYUTCIIbHO YMCHBIIUTH 3aTpaTbl HA JOCTHKCHUC
OTIpEJICTICHHBIX CTaHAApPTOB KayecTBa MPUPOAHBIX BoJ. Kpome Toro, mepexos OT 1eH-
TPaJIM30BaHHOTO IJIAHUPOBAaHHS K CBOOOJHOMY PBIHKY YBEIMYHMBAET 3HAYUMOCThH KO-
HOMHYECKHX METOJOB M BaXHO yMETh WX OLEHWBATh U MPUMEHATH B HPAKTHYECKOU
nesirenbHOCTH. Hakonen, JITTP 1 mpaBUTENbCTBEHHBIE OPraHbl PACCMaTPUBAIOT pa3iind-
HBIE Tapu(]bl, MIATEKH U IWTpadbl KaK BAXXHBINA MOTCHIMAIBHBIA HCTOYHUK 10X0Ja T0-
CyJapcTBa, KOTOPHIH MOXKET OBITh MCIOJIB30BAaH KaK JJIsl peau3allii MPOEKTOB yIIyd-
IIEHUSI OKPY’KAIOIIEH Cpenpl, TaK M Ul OOMMX HyXXZ. YIydIIeHHE KauecTBa BOJBI SIB-
JsieTcst caeaCcTBUEM (TIPSIMBIM WJIM KOCBEHHBIM) TIPABUTEIHCTBCHHON MOJIHUTHKH IIPHU OTI-
pelesieHny COOTHOLICHUS 3aTpaT Ha OXpaHy MPUPOAHON CPeJibl U IPOUYHE HYKIbI.

B 1enom, He cyliecTByeT 0COObIX rapaHTHil MOBBIIICHUS d(PPEKTUBHOCTHA BOJOOX-
paHHOﬁ JACATCIBbHOCTHU 3a CUCT HCIIOJIB30BAHUA TOJIBKO 3KOHOMHWYCCKHX MCXAaHHU3MOB.
bonee Toro, mocienHue He HMCKIIOYAIOT TPAJUIHOHHOTO IUIAaHUPOBAHMS CTPaTEeruu
YIIy4IIeHUs] Ka4eCTBa MPUPOAHBIX BOJ. DKOHOMHUYECKHE MEXaHU3MbI MOTYT OBITh BaXK-
HBIM KOMITOHEHTOM TaKWX IIJIAHOB, MO3BOJISAS MOBBICHTh PEHTA0EIBHOCTh BOJIOOXPaH-
HBIX MEpPONpUsATHIA [2].

[Mpocreiimmii cnoco® oTpakeHUs: B MAaTEMaTHUECKUX MOEIISIX SKOHOMHUYECKHX Me-
XaHU3MOB — 3TO BBEJCHHUE B IENEBYI0 QYHKIMIO IITpadHbIX miarexeil. Toraa 3amada
ONITUMU3AIMN BOJAOOXPAHHOH NIESITEILHOCTH (POPMYIIMPYETCS B BUIE

§=ZZ(Siz‘xit)+ZZ(Aer‘pj,)—>min (10)

iel tel; reR jeJ
npu orpannueHusix (1), (2), (7), (9), a Taxxe npu
Cp = c?r + Z Z(mijt -Q,, -xi,), Ac;, =max<0; Cjpr —Cj); jedJ, reR; (1)
iel, tel;

¢ t+Ac, <Cj (12)

gr =
rae Ac; — Bo3MOxHoe Hapyurenne Hopmarusa [1IJIK (Bemmaunsr C; ) no j-my 3B B

CTBOpC 7. Taxoe HapyHICHUC AOIMYCTUMO TOJIBKO B MpPEACIaX BPEMEHHO COIIaCOBAaHHBIX

sHayeHnit C;, ¥ 3a TaKOe HAPYLICHHE B3MMACTCS WITPAd), NPONOPLHOHATIBHBIN BEIIH-
unHe Ac;, HapyUICHHs 3aJaHHOTO HOPMAaTHBa KauecTBa BOABI CO WITpapHbIM K0d(hu-
LIACHTOM D, .

3aMeTI/IM, YTO B HACTOAIIEM KOHTECKCTE 3TH YCIIOBHBIC H.ITpaCI)LI HC SABJIAIIOTCA JKO-
HOMHNYCCKHUMH HIIN CI)I/IHaHCOBBIMI/I nokaszareiasMu. OHu MOTYyT HUMETH pCFHOHaHBHBIﬁ
XapakTep, Ha3HAYATbCA I Ka)KI0l BBIICTICHHON 30HBI U YBEINYNUBATHECA IO MEPE OT-
KIIOHCHUA OT CTaHAapTa. 3HaueHMA pjr OIIPCALCIIAIOTCA, CKOPEC BCCTO, OMIIUPUICCKU, B

cootBeTcTBUU ¢ npeanoureHussmMu JIIIP u pesynbraramu pacueroB mo mojnensiM. B ya-
CTHOCTH, WX 3HAYCHHS MOTYT YBSI3bIBATHCSA C OFOJKCTHBIMH OTPaHUYCHHSIMH, ITOOBI
HANTH KOMIPOMHCC MEXJY KauyeCTBOM IPUPOJHBIX BOJ M PACXOAaMH HA MPOBCICHHEC
COOTBETCTBYIOIIMX MEPOINPUATHI. Bce mpuBeneHHbIe BBILIE MOJIEIH JIOMYCKAIOT Pa3Ho-
00pa3Hble MOAU(MDUKAIINH U PACIIAPCHUS.

AHam3 npecTaBICHHBIX MOJICNICH MMOKA3hIBACT, YTO 0A30BBI BapHaHT BHYTPCHHEH
CTPYKTYPBI CHCTEMbI MATEMAaTHICCKUX MOJICTICH IO BEIOOPY ONTHMAIBLHON CTPAaTETHH BO-
JIOOXPaHOH NEeATEFHOCTH B OacceiiHe pekd B 00IIeM cIydae MOXKET BKIIOYATh B CeOs:
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- MOJIEII MEXaHU3MOB YIIPaBJICHUS BOJONOIb30BaHUEM;

- esneBble QYHKIUH CTOPOH — YYaCTHUKOB TIpolLecca;

- IPOM3BOJICTBEHHbIC (DYHKIIMM pa3NUYHBIX BHIOB BOJOOXPAHON JEATENbHOCTH,
YUUTHIBAIOLIME CBS3b 3aTPaT Ha OYMCTKY CO CTENEHbIO OYMCTKH 3B.

TexHONOTHsT KOHCTPYUPOBAaHHUS M aHAJIM3a MOAOOHOTO THIA MOJENEH XOpOIIO H3-
BECTHA M MHOT'OKPAaTHO NMPHUMEHSJIACh NPU aHaJIM3€ MCIOJIB30BaHUS IPUPOJHBIX PECyp-
coB. Ha mpaxTrke noporocrosieil 4acTbio MPUMEHSEMBIX MaTeMaTH4eCKHX Mojelel
SBISIETCSI HE TOJIBKO MX pa3paboTKa M IMporpaMMHasl peaan3aliysi, Ho ¥ cOop ¥ OpraHu-
3a1si HeOOXOANMBIX UCXOAHBIX JaHHBIX. TeM He MeHee, 5KOHOMHMS CPEIICTB Ha BOJIO-
OXpPaHHYIO JEATEIBHOCTh 32 CUET ONTHMH3AINH PACIPEACICHHS KalUTAIbHBIX BIIOXKE-
HHUH BO BPEMEHHU M MEX/Ly BOJOIOIB30BATEIAMI MOXKET OBITh 3HAUNTEIHLHOM.

CdopMynupoBaHHbIE MOJIEIH IO ONTUMH3AIIUN CIIOCOOOB OYMCTKH CTOYHBIX BOJ OT
TOYCYHBIX MCTOYHUKOB 3arpsi3HEHMs anpoOupoBaHbl i Oacceitna p. Boxru [5]. Bo
MHOTHX Topogax Bomxckoro 6acceﬁHa 3HAYUTCIIbHAA 4aCTh CTOYHBIX BOJ C6paCI:.IBaeT-
cs1 0€3 OYHMCTKH M3-32 HEJOCTaTOYHON MOIIHOCTH OOIIErOPOACKUX M JIOKAIBHBIX OYHCT-
HBIX COOPYXKCHUH, MX Meperpy3kd M HU3KOH d¢dexTnBHOCTH. [IpoBeneHHbIE elie B
1990-x rogax uccieoBaHUS MOKA3alH, YTO HU OJHO M3 HKCIUTYaTUPYEMBIX TOPOJICKUX
COOpYXXEHUH ¥ HH OHA W3 JIOKAJBHBIX CTAHIIMH OYMCTKU HE B COCTOSIHUM 00OECIICUUTh
MIPE/ICIIBHO AOIYCTUMBIE WIIM BPEMEHHO COTIIacOBaHHbIE COPOCHI CTOYHBIX BOA. MHOTHE
MIPEATIPUSTHS UMEIOT OTCTANTYI0, 3aTPaTHYIO MO pecypcaM, HeIKOHOMUYHYIO U KOJIOTH-
YECKH BPEIHYIO TEXHOJIOTHIO MPOM3BOJCTBA, YTO BBI3BIBAECT 00pa30BAHHE 3HAYMTEIb-
HBIX 00BEMOB Ta3000pa3HBIX, TBEPABIX U XKUAKHX OTX0J0B. bacceiiHoBoe MoaennpoBa-
HHE SBIIETCS Ba)XKHBIM MHCTPYMEHTOM ISl OIIEHKH KadecTBa BOJ M YIPABICHUS BOJ-
HBIMH PeCypcamH.

Jlnst Gacceitna Boarun npuMeHUM BeCh KOMIUIEKC CPOPMYITHPOBAHHBIX paHEEe MOJIC-
neil. OHAKO Ha Pa3HBIX YPOBHAX NPUHATHSA PEIICHUH HWCHOJIB3YIOTCS Pa3IM4HbIC Ma-
TeMaTHueckue Mozein. Tak, /s 6acceiiHa B LIEIOM paccMaTpuBalIoch 29 KPYIHBIX BO-
JIOXO3STICTBEHHBIX Y4acTKOB. bblna pa3paboTaHa W peaiv30BaHa MOJENb JIMHEHHOTO
NpOrpaMMHUpPOBaHus. Pe3ysbTaTsl pacyeToB MO3BOJIMIN YCTAHOBUTH NPUOPUTETHI HHBE-
CTHPOBaHUS BOJOOXPAHHON AEATEIBHOCTH HA OTACIBHBIX BOJOXO3IHCTBEHHBIX YJacT-
kax (BXY) B bacceiine, KOTOpbIE COOTBETCTBOBAIIM KAYECTBEHHOMY aHAIM3y (HOpPMHUpO-
BaHMS aHTPOIOTEHHOM Harpy3KH, MOCTYMAloOmed B BOJOTOKK p. Bonrm ot oTmensHBIX
cyOBekToB PD Ha COOTBETCTBYIOMINX yIaCTKaX.

Jns cpaBanTENnsHO HEOOMBIMX TPUTOKOB 11-ro, I1I-r0 mopsiaka Ha pedHO# ceTH BhI-
JIEISIIOTCSL OJJHOPOHBIE TMPOJIOr0-BOJIOX03HCTBEHHBIE YYaCTKH, & B ONTHMHU3AIIMOH-
HYIO MOJECJIb BKIIFOYAIOTCA XaPAKTCPUCTUKU KPYITHBIX 3arpsA3HAIONIUX ITPOU3BOACTB, UX
COpOCHBIX BOA U €ocoOoB ouncTkU. OOOCHOBaHME THUIIOB OYHMCTHBIX COOPYXKEHHMH Ha
9TUX MPEINPHUATHIX 0a3UpyeTcs Ha MOJENSIX YaCTHYHO-IIEIOYUCICHHOTO IIPOrpaMMHU-
poBanus. ITonoOHas Mozens ObLla peanu3oBaHa Ul yClloBuid Oacceifna p. Ilponu (mpa-
Bl npuTOK p. Okn) [6].
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