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KOrHUTUBHbIU AHATIU3 N YUCITIEHHO-
AHAITUTUYECKOE
MOAENMPOBAHUE ONTUMAIIBHOIO
CTALUMOHAPHOI'O MNABOAKOBOIO rMAPOIrPA®A
COLMONMPUPOAOXO3ANCTBEHHOW CUCTEMBI
«BOJIXXCKASl F3C-BOJITO-AXTYBEMHCKAS MOUMA»

IMogmmnkosa 1O. E!
(Boneoepaockuti eocyoapemeennniil ynueepcumen, Boieoepao)

B pesyremame xoenumuenozo anaiuza coyuonpupoooxo3saicmeet-
Hoti cucmemsl «Bonowcckaa [DC — Boneo-Axmybunckas notimay
chopmyauposana 3a0a4a YCiO8HOU MHOLOKPUMEPUATLHOU ONMUMU-
3ayuu nagooxkosoeo euopoepaga Bonsccxon T'DC Ha muoxcecmee
cmayuorapuevlx  euopozpagos. Pazpaboman u peanuzosan aneo-
pumm yucieHHo2o nocmpoenus llapemo-onmumaibHo20 MHOMCEC-
6a peutenust IMoU 3a0ayu ¢ UCHOTb308AHUEM AHATUTNUYECKUX 38U~
cumocmetli, ORUCHIBAIOWUX NABOOKOBbIL 2UOPONOSUHECKULL DPedCcUM
Bonzo-Axmybunckoii notimul. JlanHas mooenb MOJCEm CLYHCUMb
OCHOB01 peulenust 3a0adu IKOI020-IKOHOMUUECKO20 YNPABeHUsl 8
coyuonpupoooxossiicmeennoi cucmeme «Bomicckas 1'9C — Boneo-
Axmybunckas noumay.

KnroueBble cnoBa:  COLMONPUPOJIOXO3IUCTBEHHAS] CHCTEMA,
MaBOJKOBEIN rujaporpad, MHOTOKpUTEpUATbHAS ONTUMHU3AINS,
KOTHUTHUBHBIN aHANuU3.

1. BeedeHue

Bousro-AxtyOuHckas moiiMa — 3TO YHHKaJbHOE MPUPOAHOE 00-
o 2
pasoBanue oOmeil mnomaasio Gomee 2000 KM°, TeppUTOPHATIBLHO

! Tloowunxosa FOnua FEecenvesna, cmyoenm,
(podschipkoval993@mail.ru).
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orpaHHYeHHOe pekoil Bonroit m ee pykaBoM AXTy0o#, OTiIM4aro-
mieecsi OPHUTOJIOTMYECKMM MEXIYHapOIHBIM 3HaueHHeM (MecTta
THE370BaHUS M OTHAbIXa MTHUL, 3aJUBHBIE Jyra ¢ MaKCHUMaJbHOU
MIPOJYKTUBHOCTHIO, HEPECTUIIMILA, IUIOJOPOIHbIE NMONMEHHbIE 3€M-
71, BOAHO-00JI0THBIE yrops). B HacTosIiee BpeMs 3KOJIOrH4ecKas
oOctaHoBKa ¢ Bonro-AxTyOWHCKO# moiiMol o4deHb HempocTas. B
nocjeqHle TOIAbl B pe3ylbTaTe HECOOMIONECHHUS 3KOJIOTHYECKOTO
pexxuma copoca BoAbl BomKCKUM I'HAPOY310M HUMEIOTCS OCHOBAaHUS
TOBOPHTH O KatacTpodudeckoit curyannu. B 2006 r. u3-3a MaioBo-
Ibsi 0e3 Biaru octaiauchk 90 % o3ep ¥ epUKOB, YPOBCHB MOJA3EMHBIX
BOJI CYILIECTBEHHO CHU3MICA. BMecTo HeoOxoaumbIx 120 MIJITHOHOB
KyOOMETpOB BOJIbI B MABOJIOK Y€pe3 MJIOTHHY COPOCHIIM ITOYTH B /IBA
pa3a menbie [1]. TloiiMa Kkak I€TOCTHAs JKOJIOTHYECKAs CHCTEMa
MOJKET MOBTOPUTH CYAB0Y ApanbCKoro MOpsi.

Hannast mpobnema BBI3BaHa XO3HCTBEHHO-OPHEHTHPOBAHHOM
OUHAMHUKOW TIOCTYIUICHHS BOJbBl Ha TEPPUTOPHIO MOWMBI 4epes3
wiotuHy Bomxkckoit 'DC. I'paduk u3MeHeHHs BO BpEMEHHU pacxoja
BOZBI B BOJOTOKE HaspiBaeTcs ruaporpadom. Kak npasuiio, rumpo-
rpag xapakTepu3yeTcsi MEeXEHHBIMHU IepHoAaMH (OOBIYHO C HIOJIS 110
MapT) ¥ THEePUOJIOM BECEHHETO MOJOBOAbS (ampenb — HioHb). Ila-
BOJIKOBBII XapakTep 00yCJIOBJICH TassHUEM CHETa B BEPXOBBsX Bourn
U, COOTBETCTBEHHO, IIOBBIIIEHHBIM KOJUYECTBOM TaJOd BOJBI.
HNMeHHO B 3TO BpeMsi MPOUCXOAUT HAIOJHEHHE OOJIBIIMHCTBA BO-
HbIX 00BeKTOB MOWMBI. C COOpyXeHHeM KacKada THAPOIIEKTPO-
crannuid Ha Bonre u, B ocobennoctn Bomkckoit 'DC, copoc BobI
CTaJl PeryJIMpOBaHHBIM, TO €CTh 3aBUCSILIUM OT pabOThI THAPOTEXHU-
YECKHUX COOPYKEHUM.

I'maBHas mpobiiema BeIOOpa pekrMa MOIyCKa BOIBI (TTEPHOIH-
4eckoro coOpoca BOIBl M3 BOJOXpAaHWIHMILA IJISI PErYIMPOBAHUS
YPOBHSI BOJABI B HEM) — COTJIACOBaHHWE TPeOOBaHM Pa3IMIHBIX
3aMHTEPECOBAHHBIX OTpacieil HapoaHoro xossiictea Hikueil Boui-
TH—3HEPreTHKOB, PHIOHOTO U CENbCKOTO XO3AHCTBa, BOJHOTO TpaHC-
MOPTa, KOMMYHAJIBHBIX CIYX0, peKpeallMOHHOM JeITeIbHOCTH U JIP.

CoBpeMEHHBIH THAPOIOTHICCKUN PEKUM COIHOIIPUPOIOX 03~
ctBeHHOH cuctembl «Bomkckas ['DC — Bonro-AxtyOuHCKas morimay
(CIIXC  «BI'SC-BAIly), ONpeAesieMbld  XO3SIMCTBEHHO-
SKOHOMMYECKHMHU IPUOPUTETAMH, BEIET K IPOrPEecCUpYIOLIEMY
obe3BokmBanui0 Bonro-Axryounckoit moiimel [1]. KapmuaamsHO
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W3MEHHUTh HeTaTHBHYIO HpupoaHyro anHamMuky CIIXC HEeBO3MOXHO
0e3 co3maHMs W peanu3alud MOAEIH YIPAaBJICHUS IaBOAKOBBIM
THIIPOJIOTHYECKUM pexkuMoM Bounro-AxTyounckoii noiimMel (BAII), B
KOTOPOH KIIIOUEBOE MECTO 3aHHMMAeT ONTHUMH3aLUUs IAaBOIAKOBOIO
ruaporpada Bomkckoit 'DC.

2. KoeHumuseHbili aHanu3 CIXC «BIr3C-BArll»

Ha ocHoBe KOrHMTHBHOTO aHanu3a [3] OBUIM BbIAEIEHBI Clle-
OyIOIIUEe TIOACHCTEMBI (COIMANIbHAS, TPUPOAHASA, XO3SHCTBEHHAS
(xoTopasi, B CBOIO oOYepelb, MOJPA3NEISICTCI Ha TEXHUUYECKYIO WU
9KOHOMHUYECKY10)) U cyOowsekthl (BI'DC, xutenmu BAII, skurenu
r.Bonrorpan u r.Bomxckuit, skonomuuyeckue areHtsl (JA) BAII u
r.Bonrorpaxg ) CIIXC «BI'DC-BAIl». Kaxaoro cyobekra CIIXC
«BI'DC-BAIl», B cBolo ouepeab, MOXKHO OTHECTH K OJHOM WIH
HECKOJILKHM TOJCUCTEMAaM:

1) npupoanas (kutenun BAII);

2)cormaneHas  (kutenmm  BAII, okwrenm rt.Bomrorpam w
r.Bomxckwuii);

3)xozsiictBeHHas: TexHuueckass(BIDC) wu  sxoHOMHUeckas
(BI'2C, xo3siicTByromue cyobektsl BAII u r.Bonrorpan, cynoxon-
CTBO).

AHanmu3 comuanbHO-3KOHOMHUeckor cutyammum B CIIXC
«BI'DC-BAID» mno3BosigeT MOCTPOUTh HEPAPXUIO0 €€ THUAPOJIOrHYe-
CKHX TPUOPUTETOB — KPUTEPHUEB YIIPABJICHHUS THAPOJIOTHUECKUM
PEXKUMOM IIJIST KAXKIOTO CYOBEKTa CHCTEMBL.

[Ipuopurers CyOBEKTOB:

— 0€e301acHOCTh (Yrpo3a 3aTOTUICHNS U 00€3BOKUBAHIS);
—3KOHOMHYECKHE (NIPUPOJHBIE YCIOBUS SKOHOMHUYECKOW [es-
TEJILHOCTH);
— DKOJIOTMYECKHE (COXpaHEHHE IPUPOJIBI);
— colHasbHbIe (YCIOBHUS KHU3HH).

Ha ocnoBanuu ananuza npuopuretoB cyobpektoB CIIXC 6putn

BBISIBIICHBI KpuTepun (TpedoBanus k cocrosamio CIIXC «BI'DC-
BAII») cy0beKTOB, KaXKIblii U3 KOTOPHIX MOYKHO ONPENETUTh B OXHY
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W3 CIEAYIONINX TPYIIL SKOJIOTHYECKHe, SJKOHOMHUYECKHE, COIHalb-
HbIE KPUTEPHUH, a TAK)Ke KpUTeprit 0€30MacHOCTH.

AHanu3 TO3BOJIMJ BBIJICIUTH CJEAYIOLUIME OCHOBHBIC MapameTphI:

S3am (t)(smin ' S max)

— TCKYylIad (MI/IHI/IMaJ'II)HO, MaKCUMAJIbHO JOITyC-

t .
THMasl) TUIOMIA/b MMaBOAKOBOTO 3aTOILICHHSI, QU Qrar) TEKYIIHI
(MaKcUMaJBHBIN) PACX0/1 BOJIbI, V—00BEM MaBOAKOBOrO rHAPOrpada,
S Smin Smax Sopt
e (Sp Sp s Spc) peanbHas (MUHHMAIBHO, MAaKCHMAaJbHO,
ONTUMABEHO JOITyCTHMAs ) TUTOIIA/Th HEPECTUITHIII,

TpX(Tmm -I-max Topt)_

peanbHBIl  (MUHHMalIbHO, MAaKCHMAIBHO,

opt (S opt S opt )

ONTUMAIBHO JIOMYCTUMBIN) TIEpHOJl HepecTa, ”P“P oKt Zeoy
9KOJIOTHUYECKH (IKOHOMUYECKH, COLMATIBHO) ONTUMAaIbHAs IJIOAAb
3aTOIUIeHus, THIponorndeckas Oe3zomacHocth BI'DC, permona. B
ClleAyIoIed TabIuIle MPUBEACHBI THIPOJIOTUYECKUE MPUOPUTETHI
cyobekToB CIIXC «BI'DC—BAII».

Tabnuya 1. Kpumepuu cyovexmos CIIXC «BI'DC-BAIly

KpI/ITepPII\/’I 3KOJIOTUICCKUI 3KOHOMHUYECKHI 0€e301acHOCTD COLIPIaIIBHBIﬁ

CyOBeKT

I—leHTp max S;am ( ) SV(I)]':;F Smm S maX SM”’( ) Smax EeSOHaCHOCTL maX SJ(IW( ) SLO‘E:
(peruoH. BIOC

denepan. max Q) <Qp

BJIACTD) maX S, < S

S <8 (<8

[

TpTin <T <Tmax

=

DA BI'DC HET V - min BbesonacHocTth HET
BI'SC

Q(t) < Qe
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DA BAIT max SW( ) S:;ip max SW ( ) S ;)kpt BesonacHocTh max S;um( ) SLO(S:
(cenbckoe, BI'DC
JIECHOC Smm < max Smm( ) Smax
XO035CTBO)
DA BAII t Bezonacnocts opt
iam (t) 2 S pr = S;E mtax Smm( ) Swu
(pbIOHOE BI'DC
XO3SHCTBO — Toet min max
) T, =T | spes,oss;
Tmln <Tpx STmaX
Kurenu max Q(t) < Qux S < max S,.(<S, | besomacHocTs max S, ()= Sff:
BAII ! BI3C
mtaX Ssam (t) = Snpup
opt
max$,,, (1) =S,y
DA BAIT max SW( )= S;,:lq) T — T opt Bezomacnocts max Smm( )= S:JUD;
(pexpeanu- px X BI'2C
OHHLIe SNIH < max Smm( ) Smax mtax Q(t) S Qmax
00BEKTHI)
maX Smm( ) Smax
Kurenu S goPt | Her BesonacHocTh S =g
max zam( ) npup mtax 3am (t) coy
r.Bonrorpa BI'SC
H " SKGWI (t) - SpX
r.Bomkckn
I\/‘I Smm - maXSMm( ) S max
DA HET HET BesonacHocTh max S;am( ) S:ﬁ
r.Bonrorpa BI'DC
bi "
r.Bomxcku
i

PaccmoTpuM KpuTepun KaxI0ro CyonseKTa moapobHee.
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Ilentp: Kputepuii 6e301macHOCTH IS IICHTPA CKIAIBIBACTCS
W3 COBOKYMHOCTH BCEX KPHUTEpHEB OE30MACHOCTH ISl KaKIOTrO
cyobexta BAIL LlenTp 3anHTEpecoBaH B JOCTHKEHHH KOIOTUIECKU
ONTUMANBHOTO 3HaueHHus Iiomaau 3atomienus BAIIL Taxxe nen-
TPy HEBBITOJHO 3aTOIUVICHHE, IPEBBIIAIONIEE HEKOTOPOE KPUTHYE-
CKO€ 3Hay€HUE, NMPU KOTOPOM HAYMHAETCS NOATOIUICHUE >KHIIBIX
JIOMOB, HO, B TOXE BpEMs JKeJaTeJIbHO YYUTHIBATh MHUHHMAJIBHO
JIOIyCTUMOE 3HAauYeHHe IUIONIaan 3aTOIDICHHA, HEeOOXOAMMOE IS
HOPMATBHOTO (PYHKIIMOHUPOBAHUS HA TEPPUTOPUH TTOHMBL.

Oxonomuueckuit areHT BI'OC: Jlnsa pykoBoactea BI'DC oc-
HOBHBIM SBJISIETCSI 3KOHOMHUYECKUH KpUTEpUH — MaKCUMH3AIU
CYMMapHOTO pacxojia Boabl uepe3 Typounsl BI'DC, uto nocturaercs
MUHUMH3AIMEeH o0beMa mnaBojkoBoro ruzaporpada. K kpurepuro
0e30IacHOCTH MOYKHO OTHECTH YCIIOBHE Ha MaKCHMAaIIbHOE 3HauCHHE
momycka Boabl Q(t). DKOMOTWYecKWid KpUTepUid He TMpeACTaBiseT
WHTepeca IS TaHHOTO CyOheKTa.

OxoHommuecknii areHT BAII (cenbckoe M JIECHOE XO3SHCT-
Ba): Jlnsg maHHBIX CYOBEKTOB O€30MAaCHBIM KPHUTEPHUEM SIBIISIETCS
coOroieHre 0e30macHoro (MHHUMAIBHO HEOOXOAMMOTO) 3HAYCHUS
TUTOIIAAM 3aTOIUIEHUS Spin < MAXS,,(t) < Spax € HETBIO CO3TAHUSA
ONTUMAJBHBIX YCIOBHUN JJISl CYIIIECTBOBAaHUS pacTuTeiabHocTH BAIIL.
DKOJOTHYECKUM KPUTEPHEM JAHHOTO CYOBEKTa SBISIETCS B JIOCTH-
KEHUH SKOJIOTUYECKH ONTHMAJIHHOTO 3HAYEHUS IUIOMIAAM 3aToIlIe-
Hus BAIL DxoHOMUYECKHI KPUTEPH 3aKIIIOYaeTcs B JOCTHKEHUH
SKOHOMHUYECKM OINTUMAJIBHOTO 3HAYEHHs IUIOWAAU 3aTOIUICHUS
BAIIL

Oxonommueckuii areHT BAII (ppiOHOE X0351HiCTBO): st pBI-
00XO03SCTB IKOJIOTHYECKUN KPUTEPHUH COCTOMT B HEOOXOIMMOCTH
3aTOIICHUS] HepecTwn (Tomany Spx) B TeueHHe Nepruoa Hepec-
Ta TpX. DKOHOMHYECKUN KPUTEPUN TAHHOTO CYyObEKTa 3aKIF0YaeTCs
B JOCTH)KEHWH ONTHUMAJBHBIX 3HAYEHUH TUTOMIAIN HEPECTHIIHI H
nepuoja Hepecta. Kpurepuii 6e30macHOCTH B JaHHOM Cilydae IMmpen-
CTaBJIAETCS PACIIUPEHUEM 3KOHOMHYECKOTO KPHUTEPHs C Y4YETOM
MaKCHMaJIbHO 1 MUHUMAJIBHO JIOMYCTUMBIX 3HadeHu! Tpx u Spx .

Kurenmn BAIT: [{ns sxuteneit BAIT HeoOxoauma peanu3aius
THIPOJIOTHYECKOW  0€30MacHOCTH, ompenenseMoll  0e30MmacHbIM
pexkuMoM 3aroruieHus maxQ(t)<Qmax u mpeaenbHO JOITyCTUMBIM
3HAYCHHUEM €€ 3aToIusieMol romanu. C apyroil CTOPOHBI, KUTE-
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nsiMm BAIIl HeBBITOZHO 3aTOIUIEHHE, MPEBBIIIAIONIEE KPUTHUECKYIO
OTMETKY, BCJIEJCTBHE YETO BO3MOKHO 3aTOILICHHME XHJIOW 30HBL. B
TOXKE BpeMsi HEOOXOJMMO YYHMTBIBATH MHHHUMAIBHO JOMYCTHMOE
3HAYEHHUE TUIOIAAN 3aTOIUICHHS, HE0OXO0AUMOe IUIsi HOPMalbHOTO
CYIIECTBOBAaHMUS Ha TEPPUTOPUU MOWMBI. DKOIOTUIECKHIA KpUTEPUN
COBIAJAET C KpUTEpHEM O€30ITaCHOCTH JAHHOTO CYOhEeKTa.

OxoHomuueckuii areHT BAIIl (pekpeannoHHbie OOBEKTHI):
Juia BmajenpleB peKkpearmoHHBIX 00BeKTOB (0as3pl OTHBIXa, TypH-
cThdeckre 0a3pl, CAaHATOPHH) KPHUTEPHH OE30IMacHOCTH TaKOW JKe,
Kak u y xuteneid BAIl — HemomyiieHne 3aTOIUIEHUS TEPPUTOPHUU
MOWMBIL. DKOHOMHUYECKUI KPUTEPHUl TIpECTaBIsET cO00i 00beanHe-
HUE 3KOHOMUYECKUX KPUTEPHEB CEJIHCKOI'O U PBHIOOJIOBHOTO XO35H-
CTBa. DKOJIOTHYECKUM KPUTCPHUEM SABJIACTCA OOCTHUKCHUC OINITUMAJIb-
HOTO 3Ha4eHMs IUIOLIAAM C LENbI0 CO3/IaHUS MPUTOJHBIX YCIOBHUH
11t pactutenbHoctd BATLL

Kurenu r. Boarorpang m r. Bomkckuii: DKOJIOTHYECKHM
KpUTepueM i xutened r.Bonrorpaga v r.Boipkckoro sBisieTcs
coxpaHeHue OmopaznooOpasuss BAII(uis BO3MOXXHOCTH OTIbIXa Ha
TEPPUTOPHH MOMMBI, @ TaKXKe JUIsl YJIy4IISHUs] KauecTBa aTMocdep-
HOTro Bo3xayxa r.Bomrorpana u r.Bomxckoro), KoOTopoe AOCTHTaeTCs

. opt
BBITIONMHEHHEM creyfoutnx yemosmii: MaxS,, (t)=S" , S,.> Spxi
t

npup!

Smin < MaxS,.(t) < Spax. K 5KOHOMHUYECKOMY KPUTEPHIO U KPUTEPHIO
0€30MMacCHOCTH MOXKHO OTHECTH YCJIOBUE IMOJJICPYKAHUE ONTHMAIBLHO-
T0 YpOBHS BOJIBI B p. Bonre, KoTOpoe B HacTOAIIEE BpeMs YHCICHHO
HE MOXET OBITh OIMCAHO.

OKxoHOMMYECKHE areHTHI T. Bonrorpan u r. Bomkcekwuit: s
CyOBEKTOB XO3SHCTBEHHO-YKOHOMUYECKOH JesTenpHOCTH T. Bonro-
rpazga u r. Bomkckoro He cymiecTByeT 3Kojorudeckoro kpurepus. K
SKOHOMHUYECKOMY KPHUTEPHI0 M KPUTEPUIO OE30MMaCHOCTH MOXKHO
OTHECTH YCJIOBHE MOJCpKaHWE ONTHMAILHOTO YPOBHS BOJIBI B .
Boure.

OCHOBHBIM KpHUTEpHEM 0€30MacHOCTH AJIs KaKIOro cyObekTa
CIIXC «BI'DC-BAIl» smusercs OezomacHocts BI'DC: B ciydae
MPEBBIIICHNS] KPUTUYECKON OTMETKHU YpOBHs Bosrorpaackoro Bomo-
XPaHWIKIIA OTKPBIBAIOTCS BCE CTBOPHI U OCTANbHBIC OTPAHUYCHUS U
Kputepuu urHopupyrorcs. ColMaNbHBIA KpUTEPUM NpeacTaBiseT
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co0OM MOCTIKEHHNE COLHAIBHO ONTHUMAJIBHOIO 3HAYEHUS ILIOIIAIN
3aTOIICHUS.

3. lMocmaHoeka 3ada4yu noucka onmMumMasibHo20
audpoezpadha

[Ipu yciioBuH BBIOTHEHUS] OTPAHUYCHUI 0E€30MaCHOCTH, TOJTY-
YUM ONTHMHU3AIMOHHYIO 3a]la4y YCIOBHOW ONTHMH3AIMU MaBOJIKO-
BOTO rujporpada:

H S opt opt qopt opt min opt max
Vv —>mG|n, S, =min(S® S S*), T, T2 T <T7<T™,

npup? “ox ' Zcoy

D, s

X

SlTXin < Sopt < Smax Q(t) < Qmax’ Sxam < Smax’

px — Ypx !
rae G={Q, 1} xapakrepusyer ruaporpad (Q — pacxom BOIBI, T —

MIEPHO/ ITaBOIKOBOTO 3aTOTUICHHU).

Ha pI/IC.l NpEeACTAaBJICHBI 3aBUCUMOCTHU TJIOINAAN 3aTOIJICHUA OT
BPCEMCHHU UIA IJIAHOBBIX U PEAJIbHBIX FI/I,Z[pOrpa(I)OB.

- 2005
- 2006 (nnaH)
- 2006
- 2007 (nnaH)
- 2007

AR W=

0o 14 28 42 56 70 84

Puc. 1. Peanvnuie u nnanoswie cuopozpagvr 2005-200722.

3amaun ympasnenus CIIXC «BI'DC-BAIl» knaccuduuupyrot
Ha KpPaTKOCPOYHBIC, CPEIHECPOYHBIE W Joirocpounsie [2]. 3amaua
MONCKa ONTHMAJIBHOrO TUaporpada OTHOCUTCS K KPaTKOCPOUYHBIM
3amagaM ynpasieHus. K cpenHecpouHBIM 3amadaM  yIpaBICHUS
MOXXHO OTHECTH 337ady ONTUMH3ALUH THIPOTEXHUUECKUX TTPOCKTOB
yIAYYIIEHHUs THAPOJIOTUYECKOTO PeKUMa, a JONTOCPOYHON 3amadeit
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YIpaBJICHUS SBJISETCS CO3JIAHUE CHCTEMbI DKOJIOT0-2KOHOMHYECKOTO
ynpasnerus CIIXC «BI'OC-BAIT».

Haunbonbmas npodnema CIIXC «BI'DC-BAID» 3aknrodaeTcs B
OTCYTCTBHU JOCTOBEPHOW MPOTHO3HOW WH(POPMALUH MO Pa3BUTUIO
BECCHHETO IMOJIOBOIbsI. DaKTHYECKHUE CPOKH U OOBEMBI TTOJIOBOIbS
YacTO HE COBMAJAIOT C MPOTHO3UPYEMBIMHU, YTO TPUBOJMUT K HEOI-
TUMaJbHBIM YIPaBICHYECKUM peleHusM. [Ipu obcykaeHun 3Toro
BOIIPOCa CIEHAINCTHl YKa3bIBalOT Ha (opMy ero rpaduka, MakCH-
MaJbHO TPUOIMKEHHYI0 K €CTECTBEHHOMY (0 3aperyIrpOBaHIS)
[1]. Onmnako, peann3oBaTh €ro B YCIAOBHAX 3aperyHpOBAHHOCTH
NpEaACTAaBIIACTCA MaJIOBECPOATHBIM, HO MAaKCHUMaJbHO HpI/I6JII/I3I/ITI),
HAYMHAsI ¢ MAKCUMAJTBHBIX PACXOI0B, BO3MOXHO.

[Nonck onTuManbpHOrO ruAporpada 3aKiIryYaeTcss B HOCTPOCHUH
MTAHOBOTO TUAporpada, yaIoBISTBOPSIONIEro ycaoBusam 3amaaqn (1).
PaccmoTpuM 3amady moucka ONTHMAJIBHOrO ruaporpada Ha mpuMe-
pax OJJHOCTYIEHYATOr0 U JIBYXCTYMEHYATOrO THAPOrpadoB.

Ha pwuc.2 npencrtaBieHsl MOJEIBHBIC OJHOCTYIICHUYATHIA U
JIBYXCTYIEHYATBIN THIApOrpadbl.

Q

o1

o1

G2} | <mepat s s

Puc. 2. Mooenvubie oOnocmynenuamolii (66epxy) u 08yxcmynenua-
mblil (6HU3y) 2udpocpagul.

3nech Qi, Qr- cpemHeCyTOUHBIN pacXod BOIbI (Ms/C), Ti- IEPH-
ol 3aroruieHus (c¢), To- mepuoy ciusa (c), T - mepuoa HaOMOACHUS

(c).
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Ha ocHOBe ruipoMHAMIYECKOTO MOJICTUPOBAHUS OBLTH CO3/1a-
HBI TPEX30HHAsI MoIeh peibeda ceBepHOM yacTu BAIIL, cocrosmias
Y3 HU3MEHHOCTEH, MJIOCKUX CKJIOHOB M XOJIMOB C YACIbHBIMU BecCa-
MU TIIomIane 300 coorBercTBeHHo W=0,6, 1,=0,3, ps;=0,1 u BEICO-
Tol XomMoB H=4 M, a Taxke ABE MOACIH THAPOCUCTEMEI (puc. 4):
rokazatenbHast (1) u crenenHas (2).

Q0

Puc. 4. Iloxazamenvnas u cmenenuas mooenu euopocucmemol BAIT

YTouHeHHass MOJIENb IO 3aTOIUICHUS ¢ KO3 UIMCHTa-
MH, TIPUBEJICHHBIMU B cTathe [3], BhIparkaeTcs KBaapatypHoil dop-
MYJIOH:

h/a

S,un(N,0) = 5,,,(0,0)+ [ B(x)clx,
) 0
rae ¢yHkums 0O(X) xapakTepu3yeT MOJAENb THUAPOCUCTEMBI. Jlis
nokazarenbHoi Mojieny QyHkus 0(X) nMeeT BUIL:
My + 1 (L%)dy}

h—ax
0(x) = Nle™ |:ul +'[0T
©)
mpu  y=0,001gIn2 (g— cpenHee uMciIO BETBICHHUH, g~2,25), a st
crereHHol Mozenn 0(x) BeIpaxkaercst HopMyIIoOH:

m(m +1) y
0(x) =Nl —— |: +J. Ky + g (1= -=)dy
4
(4) :

rjae Mm=3 — cpelHee YHCIIO BETBICHHH, COOTBETCTBYIOIIEE AMITHPH-
geckuM oreHkam, N=32 —uucno mokanbHbIX ruapocucteM, 1=1000 m
— MakcMMajJbHas JAIBHOCTH pa3imBa Boa w3 epuka, a=0,0006 —
yKIIOH 1Ha, S,,:(0,0)=2,1*10° M° — m1omans epukoB u 03ep.

h—ax
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@®opmynbl  3atomieHuss BAIL aByxkackagHbIM CTallMOHAPHBIM
rugporpadpom Q()=Q; (t0<t<t;— ¢aza mompema Bozel) u Q(t)=Q2
(T:<t<t— aza ciycka Bojibl):
(5) S(t, Q1) = Suun(h(Q1).)*0(Qu,b), T p(Qu ) = 1-67Y,

S(T) = Smax, S(t' QZ: Smax) = Smax - SBaT(h(é)l 9) <P(@ t— T).

OpHOCTyNeHYaThIi THApOrpad) SABISETCS YaCTHBIM CIydaeM
NByXcTyneHuaToro npu Q,=0.

t
Dukcupys przsgf‘ u T, =Tp(;p , 3aMCHSIEM ONTHMH3AIMOH-

HYIO0 3aJady KpaeBoW (Tak kak Juis (GopMynbl 3aToruieHus V t w3
yeroBust Sy (t, Q1)> S.u(t, Qo) cumemyer, uro Q:>Q,, aHATIOrHYHO,
JUTs (GOPMYITBI CITUBA M3 YCIOBHS S,i:(t, Q, T1)> S.ui(t, Q, T2) cnenyer,
4TO T1>Tp, & TAKKE OTKIOHCHHE OT ONTHMANBHBIX 3HAYCHUH SpxX H
Tpx compoBoXIaeTcsi Ype3MEpHBIM 3aTOTUICHHEM WU, HA00OPOT,
HEXBATKOH 3aTOIICHHOMN TEPPUTOPHUH).

3amady moucka onTUManbHOrO ruaporpada (1) B obuiem Bue
3aITUCHIBACTCS CIIETYIOIUM 00pa3oM:

max S, (t) — max
(6) G
ITpu orpannyeHusx:
(7) V= Qi1 + (12 — 71)Q2 < Vinax
(8) Ssam(t) =Spx, tc[ty,to] 1 (1) >t
(9) maxs,,, (t) < Sy,
(10) Q < Q.. ,pr > Sg;'”, TpX =T’fxpt
IMTapameTps! Qmaxs Spxs Loxs Smax CUUTAIOTCSA U3BECTHBIMHU.
B cnyuae omHocTyneH4yaroro ruaporpada 3HaueHHUE T, COBIA-
JIaeT CO 3HaYCHUEM Ieproaa HaboaeHus T.

4. Pe3ynbmamsl YucsieHHbIX 3KCNepuMeHmos

Jns perieHus 3agaud UCHOJB30BAIUCH MPENICTABICHHBIE B [2]
AHAJIMTUYECKHUE aIllIPOKCUMAIMK pejibeda, THAPOCHCTEMBI, Iepe-
XOJIHBIX JUHAMHYECKHX XapaKTEPUCTHK MABOJAKOBOTO 3aTOIUICHUS
BAII, nmocTpoeHHbIE Ha OCHOBE PE3yJIbTAaTOB TUAPOIMHAMUYECKOTO
MOJIEINPOBAHMS, OIIICAHHOTO B [4].
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PesynbraThl, momydeHHsle uisl tp,=451Hel, Qunax=30000 M/ u
Spx, m3Mensromerocs ot 1 1o 10% ot momanu teppuropun BAITI,
MPEACTaBJICHBI Ha CICAYIONINX rpaduKax:

3aBMCUMMOCTb Smax oT Q

3HayeHWe Smax/Ssan
o
&
t

14 16 18 20 22 24 26 28 30 32
3Ha4eHue Q (m3/c) (1043)

Puc. 5. 3asucumocmv MakcumanrbHoeo 3Havenus niowaou 3amonie-
HUs OM pacxood 600bl NPU QUKCUPOSAHHOM Spy

AHaMM3Upysl MOJIyYeHHOE U300pakeHHE, MOKHO 3aMETUTh, YTO
pu Q=Qmax TOCTUTACTCA MAKCUMATBHOE 3HAYEHUE TIIOMIAN 3aTOI-
JIEHUs, a TAKKe YBEIMUYEHUE Spy CIOCOOCTBYET BO3PACTAHUIO ATOTO
3HAYCHUS.

Saeucumocts Smax otV
50 ; ; ; ! ; ! *
1
& ; i
o A
D020 F i T LT
: ) -
= :
cg 0.15 : 0 Spret0 %
2 ] S pxegn PO 3
z : 2 Spxsb o SPXT % w4
z 040 Tozeswwsiaiiaiia ey §b>;?;1'"7n‘px>5%" SRRt
= :
T
0.00 t t } } } } } t
0 10 20 30 40 50 60 70 80 90
3Havenne V (m3) (1019)

Puc. 6. 3asucumocms MakcumanibHo20 3Ha4enus NIOWaoU 3amonie-
HUs om 00vema 2udpozpada npu GuKCUpoBarHoM Spy
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Puc. 6 roBopur o TOM, 4TO yBenIW4eHHE O0BEMa IMABOAKOBOTO
ruaporpada Bieder 3a cobol yBeIHMYeHnEe MaKCHMAIIBHOTO 3HAYCHUS
TUTOINAAH 3aTOIUICHUSI TP PUKCHPOBAHHOM Q.

3aeucumoctb V o1 Q

Spel1% % Sp2% o Bpd % Sl % ST %
g S Socks = soche Sox=10%
T . : T :

80 T

S5 % o Sprb %

70+
60 £
50 £
40t
0
20+

3Hauenme V (m3 ) (10~9)

14 16 18 20 2 24 26 28 30 32
3Havenve Q (m3ic) (1073)

Puc. 7. 3asucumocmov 0ob6vema cuopoepagpa om cpednecymounoco
pacxooa 600bl npu GUKCUPOBAHHOM Spy
W3 3aBucumocTel, mpeacTaBleHHbIX Ha puc. 3.1.8, MOXHO cle-
JaTh BHIBOJ, YTO YBEIIMYEHHUE Pacxojia BOJABI BEJET K YMEHBIIECHHUIO
o0beMa MaBoAKOBOIO rujporpada.

3aBUCMMOCTb Smax oT Spx

0,30

025 1+

020 +

015 +

0,10

3HaveHne Smax/Sean

OO0 oo K T P

0,00 i i i i ;
0.00 0,04 0,06 0,08
3Havenune Spx/Sean

Puc. 8. 3asucumocms MakcumanbHo20 3Ha¥eHus niowaou 3amonie-
HUsL Om nAOWAoU Hepecmunuwy npu uxcuposaniom Q

0,12
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3aencumocTe V ot Spx

90 T T T

Q=30000

Q=26400

3HaueHune V (1049)

t t t } t
0,00 0,02 0,04 0,06 0,08 0,10 0,12
3Hayenue Spx/Sean

Puc. 9. 3asucumocmsv 0b6vema nasookosozo sudpozpaga om niowa-
ou Hepecmuauwy npu guxcuposarnom Q

W3 3aBrcuMocCTei, pe/ICTaBICHHBIX HA PUCYHKAaX 8 U 9, MOX-
HO cIeNaTh BBIBOJ, YTO YMEHbBIICHHUE IUIOMAAN HEPECTWIINIL BEET K
YMEHBIIIEHUIO 00beMa MaBOAKOBOTO rujporpada M K yMEHBIIECHHIO
IUIOILAAN 3aTOILICHHUS.

Taxoke B xo/1e paboThI OBUIM HOCTPOEHBI 3aBUCUMOCTH IIJIOLIA TN
3aTOILIEHUS. OT BPEMEHU IIPpU (PUKCUPOBAHHBIX 3HAuUeHUsAX Q H Spy,
npencrasieHHble Ha puc. 10 u puc. 11.

3aBUMCUMOCTb NroLwaaun 3aTonsieHus ot BpeMeHu

Q=15600 —— Q=19200 —— Q=22800 Q=26400 Q=30000 |
T T T T T T

[— S px
0,30 2

T

0,25 I . I — sy s e shene = sni]

020 I ,grz‘z’*‘*k : ]

p

0,10

3Ha4yeHue S_3at/S_va
o
%
(&)
t

0,05 +

0,00 t t t t + I I I

3HaueHue t(cyTkm)

Puc. 10.3asucumocmov nnowaou samonnenus om epemenu,Sp=10%
Spam, Tpx=45
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3aBucuMoOCTb nnowanu satonrieHusa oT BpeMeHun

[— S_px Q=15600 —— Q=19200 —— Q=22800 Q=26400 Q=30000 |
0,16 T T

_vap
o
5
Y
;
t
i

0,08 }-
006 I

0.04 +

3HayeHue S_3at/S_va

0,02

0.00 += } } | f t

3Ha4eHme t(cyTku)

Puc. 11. 3asucumocms niowaou 3amonnenust om epemenu, Sp=2%
Spam, Tpx=45

Taxoke OblIa MOCTPOCHA 3aBHCUMOCTB IIEpHOJa 3aTOIUIEHHS OT
CPeIHECYTOYHOTO Pacxo/ia BOJBI, IpeACTaBlIeHHast Ha puc. 12.

3aBucumocTs TOT Q

60 T T T T T T T

Spx=10 %
50 Ispx=9% SN, 1

Spx=7 % 3
40 Ispx-6 %ﬁk ]
30 Ispx=4% :
przsoo:\\ ———
Spx=2 %JN\
Spx=1 “o\

10 -

3HaYeHue T (CyTku)

14 16 18 20 22 24 26 28 30 32
3HaveHue Q (m3/c) (1073)

Puc. 12. 3asucumocms épemenu 3amonienust om pacxood 600l npu
@urcuposannom Spy

BrIBOJI: B 0fHOCTYIIEHYaTOM THIIporpade 3ajaHne nepeMeHHBIX
Q. Spxs Tpx Smax 0HO3HAaUHO onpenenser runporpap G={Qy, 1:}, a
TaKxke 3HaYeHus1 V U S,,,. Takke BUIHO, UTO MapaMeTpaMmu 3afadu
ABJIAIOTCS. BENMYUHBI Spy MV, a 3Ha4eHHE S,,; PacCUUTHIBACTCS
aBTOMAaTUYECKU B 3aBUCUMOCTH OT HUX.

AHanu3upys MoyuyeHHbIE pe3yabTaThl, MOXHO TOCTpouTh [la-
pETO-ONTUMAJIEHOE MHOKECTBO PEIICHUH 3a1auH [6].
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03 /

025
& 02
2

0.15 A

’ =
x10" E - 0.06
2 e 0.04
002

W dl 30 SpuiSvap
Puc. 13.Ilapemo-onmumanvroe mHodxicecmso peweHus 3adayu 6-10

B peanbHOl XH3HM OJHOCTYIIEHYATHIC TUAPOTPadbl UCTIONB3Y-
IOTCSl JIOBOJIBHO PEIKO B CHIIy PE3KO H3MEHSIOIIMXCS IOTOAHBIX
YCJIOBHH, MOATOMY HEOOXOAMMO PAcCMOTPEHHE IBYXCTYIEHYATHIX
ruporpados.

[Torck ONTUMAIIBHOTO JBYXCTYIIEHYATOro Truaporpada mpoBo-
JNTCSL aHAJIOTUYHO TIOMCKY OJHOCTYHEeHdYaTroro ruaporpada. Msme-
Hs1 Tq OT MAKCHUMAJIBHOTO 10 MHHUMAJIBHOT'O 3HAYCHHUA C HEKOTO-
pbIM  IIAroM, MOJy4aeM MHOXECTBO BO3MOXHBIX map Qi To.
MmuoxectBo G={Q;, Q,,11,T2} sBIsAETCS pelIeHHeM 3a/1audl MMOUCKa
ONTHUMAJIBHOT'O JIBYXCTYIIEHYATOr0 TUporpada.

3aBUCMMOCTb Nnoujaam 3aTonneHus oT BpemMeHu

511,267

p

o
[N
o
L
t

3HayeHue S_3at/S_va
o
&
t

0.00 + t + + +
0 10 20 30 40 50 60
3HaueHue t(cyTkn)

Puc. 14. 3asucumocmo nnowaou samonnenus om épemenu, Sp=10%
Spam, Tix=45 npu ¢uxcuposannom 1,
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[Ipu Q,=0 3Ha"eHnEe T; MOTyYaeTCI MAaKCHUMAaJIbHBIM U 3HAUCHHE
1,=T, TO ecTh ONTUMAIIbHBIA ABYXCTYNEHUYATHIH TUApOTpad coBma-
JaeT C ONTHMAaJbHBIM OJHOCTYIEHUYAThIM THAporpadomM. B ocrais-
HBIX CIIy4asiX, 10 CPaBHEHHUIO C OJHOCTYICHYATHIM THIPOrpadom,
rpaduk 3aBUCUMOCTH IUIOIMIAAM 3aTOIUICHHS OT BpPEMEHH HMEET
H3JI0M B TOuke T, (puc. 3.15) .

3aBUCUMMOCTb NIouwanm 3aTonneHus oT BpeMeHun
—— S px
0.30 T T
0.25 WY
= \"“E;:;’l»{‘LO»;_*i
s R iy S
' 020 + e .
%3 it L
5 \Qj"ﬁ- Byt
% ous SN
» 015 + i g 1
e s A
z
g o0 - oy
z
£
0,05 + —
0,00 | + + + +
o 10 20 30 40 50 60
3HaueHue t(cyTkm)

Puc. 15. 3asucumocms niowadu 3amonenus om epemeHtu,
Spx=10% SBAII, Tpx=45, t11=11,267, 12=45,39,34,29 (cnu3y esepx)

B XO0J¢€ PCUICHUA OBLIH MOCTPOCHKI CIACAYIOIINEC 3aBUCUMOCTHU:

3aBucuMocTb Smax oT Spx

0,30 : 3 T i : i T

Ty . N

[P SR

3HaYyeHue Smax/SBan

t t t t
0,03 0,04 0,05 0,06 0,07 0,08 0,09 0.10 0,11
3HaveHWe Spx/Sean

Puc. 16. 3asucumocms niowadu 3amonienus om niowaou Hepec-
munuuy

W3 ananu3a u3oOpaxkenuit 16 m 17 ciemyer, 4To yBEIMYCHHE
IUIOINA/H 3aTOIICHUS] CONPOBOXKIAETCS YBEIIMUCHUEM 3HAUCHHH Spy
uVv.
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3aeucumocTe V OT Spx

3Havenme V (1049)
N
S
t

+ + + + + t t
0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,10 011
3HaveHne Spx/Svap

Puc.17. 3asucumocmov ob6vema nasooxosoeo sudpoepagpa om nio-
waou Hepecmunuuy

MoxHO CACJIaTh BBIBOM, YTO IIPHU YBCIIMUCHHUHU IIJIOHIAA HEPEC-
T 00BeM TABOAKOBOTO ruaporpada Bo3pacTaeT (OH TakKe
BO3pacTaeT MPH YBEINYCHHUH NTEPUOA 3aTOTUICHUS).

Saeucumocts V ot 12

3Havenune V (1049)

t + +
25 30 35 40 45 50 55
3HaueHue 12

Puc. 18. 3asucumocmo V om v, npu Spx=10%Sean

Ananmu3 m300paxeHus 18 IPHUBOIUT K CIEIYIONIEMY BBIBOIY:
YBETTUUCHHE TTEPUO/Ia CIINBA CIYKUT MPUINHOW BO3pACTaHUS pacxo-
na Boasl Q, 1 00beMa MaBoIKOBOTO rujporpada V.

BriBoa: eciiu OCHOBHBIM KPUTEPUEM CUUTATh BEIUUHMHY ILIOLIA-
JIU 3aTOIICHHS, TO JBYXCTYIIEHUATBIA ruaporpad 0osee onThuMaiib-
HBII PU TPUOIIMKEHUH K OJJTHOCTyIeHYaToMy. B ciryuae HEBO3MOX-
HOCTH UCTIOJIH30BAHMS OJHOCTYIIEHUATOTO rUaporpada, Heo0X0 1Mo
HCIIONTH30BaTh MAKCUMAIBHBIA TIEPHOJ] 3aTOIICHUS (T1) TIPU OJHO-
BPEMCHHOM YBEJHMYCHUHU TEpUOaa CliBa. Eciu kpuTepuii MUHUMU-
3anuu 00beMa TTaBOJIKOBOTO ruporpada cuutaTh 00Jiee BaXKHBIM IO
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CPaBHEHHIO ¢ KpUTEPHEM MaKCUMH3AIUH TUIONIAH 3aTOTUICHHS, TO
ONTUMAJIbHOE 3HAUEHHE ruiporpada JOCTUTASTCS NPH YMEHbIICHHN
neproaa 3aTOIUICHUS TNPH (UKCUPOBAHHBIX PHIOOXO03AHCTBECHHBIX
napamerpax. YBeJIWYCHUE TUTOIIA/IU 3aTOIICHUS [Tl IBYXCTyTIeHYa-
TOTO THAporpada COMpPOBOXKIAETCS MPHONMMKEHHEM K OJHOCTYIICH-
4aToMy, B TpEACTbHOM cilydae (IDIOIIa[b 3aTOTUICHHS OJMHAKOBA
Uit 000X TUApPOrpadoB) MBYXCTYIEHYATHIA W OAHOCTYIEHYATHIH
ruaporpadbl COBMAAYT.

5. 3aknroyeHue

Pe3ynbrarsel yuCIEHHOrO HCCIeOBaHMUs MOJEEe MaBOJKOBOTO
rugporpada nmokaszanu, 4To OTKIOHEHHE OT Qmax MPUBOAMUT K MEHEE
a¢dhexkTrBHOMY 3aTOoIIeHHIO Tepputopun BAIL

[Mpumenenune ruaporpadoB, OMUCAHHBIX B HacTosIel padorte,
MOTJIO OBl CYIIECTBEHHO CHU3UTh HETaTHBHBIC TEHACHIMH K pa3BU-
tiio Bonro-AxTyOuHCKO# moiimbl. B nmanpHelnieM mocTtpoeHHas
MoJzesib OyleT HCHONb30BaHa Ml YTOYHEHHs KoadduuueHtos
KOTHUTHBHOM NWHAMHUKU U JAJI MaTeMaTHYECKOT'O MOJEIHPOBAHUS
MEXaHU3MOB YIPABJICHUS THIPOJIOTHYECKUM yIIepOOM B COLIMONPU-
ponoxo3siicTBeHHOM  cucreme «Bomkckas I9C —  Bouro-
AXxTyOHMHCKas moitmMay.
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COGNITIVE ANALYSIS AND NUMERICAL RESEARCH
THE MODELING OF OPTIMAL STATIONARY FLOOD
HYDROGRAPH SOCIAL NATURAL MANAGEMENT OF
SYSTEM "VOLGA HPP-VOLGA-AKHTUBA FLOODPLAIN"

Podschipkova Julia, VVolgograd State University, VVolgograd,
student (podschipkoval993@mail.ru).

As a result, cognitive analysis social natural management of system
"Volga HPP - Volga-Akhtuba floodplain™ problem is formulated
conditional multiobjective optimization flood hydrograph Volga
hydroelectric power station on the set of stationary hydrograph.
Developed and implemented a numerical algorithm for constructing
a Pareto-optimal set of solutions to this problem using the analytical
relationships describing the flood hydrology of the Volga-Akhtuba
floodplain. This model can serve as a basis for solving the problem
of environmental-economic management social natural management
of system "Volga HPP - Volga-Akhtuba floodplain."

Keywords: social natural management of system, flood hydro-
graph, multicriteria optimization, cognitive analysis.
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