VYcranoBieH xapakTep M3MEHEHUS BBI-
COTBI U AJIMHBI 00PA3yIONINXCA TPSAL B IIPO-
Iecce MX pPasBUTHUA.

OmpeneneHa CKOPOCTb IIepPeMeIeHus
TPAN U CTeleHb ee CHUIKEHUS IO Mepe pas-
BUTHUSA TPALI.
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I. X. HCMAWBLJIOB, U. B. IIPOIIJAKOB, A. B. IEPMUHOB

DenepasbHOE TOCYAAPCTBEHHOE OI0OZKEeTHOE 00pa3oBaTeIbHOE YUpEKAeHUe BHICIIEr0 IPOodecCuOHATIBHOT0 00pasoBaHU A
«MoCKOBCKUII rocyZapCTBEHHBIN YHUBEPCUTET IPUPOJ000YyCTPOIiCTBA»

MATEMATUYECKAY MOJEJ1b PACIMNPEAOEJIEHUA BOOHbIX
PECYPCOB TPAHCIrPAHU4YHbIX PEK*

IIpednazaemcesa memodurxa nocmpoenus 08YyxXyposHesoil modenu YynpasieHus 600HbLMU

pecypcamu MPAHCZPAHUYHBLX DEK HA OCHO8e UCNOAb308AHUS ONMUMUSAUUOHHLLX U
UMUMAUUOHHbLX cucmeMm. Jlns pewenus 3adaiu pacnpedeseHus 600HbLX Pecypcos mexcdy
CYBEPEHHBLMU 20CYIAPCMBAMU C YULemoM UHMepeco8 NPUPOOHbLX KOMNJILEKCO8 UCTONb3YeMmCs
NPUHYUN 0eKoMNO3UYUU.

TparcepanuyHble peKu, 800HbLE pecypCbl, 800HOPECYPCHAsL cucmema, 08YxXyposHe8as
Mo0esb, UMUMAUUOHHASL M00eb, KacKad 8000XPAHUNULL.

There is proposed a methodology of building a two-level model of water resources
management of transboundary rivers on the basis of optimization and simulation systems.
For the problem decision of distribution of water resources between sovereign states in view
of interests of natural complexes the principle of decomposition is used.

Transboundary rivers, water resources, water resource system, two-level model,

simulation model, cascade of water reservoirs.

IIpomeccsr raobanmsanuu u 00paso-
BaHUA HOBBIX TI'OCYZAapCTB, B TOM UHCJE B
pesyabrare pacmnaga CCCP, 3acTaBisioT

II0-HOBOMY paccMaTpWUBaTh W OI€HUBATH
mpobeMbl, CBA3aHHBIE C WCIIOJb30BAHU-
eM BOJIHBIX PECcypcoB TPAHCTPAHUUYHBIX DPEK
(BPTP), TexyImux B eCTECTBEHHBLIX pYyCJIax
U TUTAOIIUXCA 34 CUET IIOBEPXHOCTHOTO U

@

* PaboTa BbITIOJSIHEHA TPU (PUHAHCOBOI IIOAIEPIKKe
P®DU, rpanr 12 — 05 — 00193a.
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IIOZI3eMHOT'O CTOKOB 0acceiiHOB pek, Iiepece-
KAaIoIUX TEePPUTOPUU ABYX WJIU 0ojiee Tocy-
IapCcTB WU MPOXOAAINNX Ueped UX T'PaHU-
upl. ['ocymapcTBa, pacmoJiaramlinue TaKUMHI
BOOHBIMIU PeCcypcaMu, MOJIMKHBI 9KCILIyaTH-
poBaTh WX Ha ABYX- WJIU MHOTOCTOPOHHEI
OCHOBE C VYUYeTOM KOHKPETHBIX (U3UKO-
reorpauuecKux U SKOJOT0-9KOHOMUYECKUX
YCJIOBUM ITAHHOTO PEUHOTo OacceiiHa.

B w™mupe HacuuThiBaerca oxKoJsio 250
KPYITHEHUIIINX TPAHCTPAHUUYHBIX PEK, BOIBI
KOTOPBIX MCIIOJb3YIOTCSA HECKOJBKUM TOCY-
mapcrBamu. 9rto ymaii, Hum, Hurep, Me-
KOoHT u np. Poccus, pacmosararomias 6Gora-
TeUIMUMU BOOJHBIMHU PECypcaMu, TaKiKe mMe-
eT 0K0J10 70 IOJTHOBOAHBIX TPAHCTPAHUYHBIX
pex. Tax, mo Byokce mpoxoauT rpaHuiia c
Duunaanueit, no Hemany — c¢ Jlursoii, 1mo
Huenpy — ¢ Beisopyccueit u YKpauHOH, 110
3anaguoit [IsuHe — ¢ Bemopyccueir u Jlar-
Bueit, mo Camypy — ¢ AgepbaiimyxaHoM, IIO
Bouare, Ypany, Uprteny — ¢ Kasaxcranom,
mo Cenenre — ¢ Monroaueit, mo Amypy — ¢
KHP, o Tymaunoit — ¢ KHP u KHIIP.

PannmonanpHOe pacmpenpesieHue, UcC-
IMOJIb30BaHWE M OXpaHa BOJHBIX PECYPCOB
TPaHCTPAHUYHBIX PEeK — aKTyaJbHasa 3amauva
COBPEMEHHOCTH, TPebOyIoIiasa pelreHns.

s pelreHus IIOCTABJIEHHOI 3agauu
aBTOPHI MIPENJIaraloT IBYXYPOBHEBYIO CUCTE-
My MaTeMaThuuecKux mopjesnei. Ha Bepxuem
YPOBHE CcO3JaeTcsA HEeKOTOPLIN TaK Ha3bIBae-
mbrii [leHTp, hopmMyaupyoOIuil riaobaabHbIe
3aJlaun pacIpenesieHns, HCIOJb30BaHUA U
OXpaHBI BOAHBLIX PECypcoB Bcero OacceiiHa,
Ha HUKXHEM — IIOJCHUCTEMBI, OTPaKAIOIINe
UHTEPEeChl COCETHUX T'OCYIapCTB, Iae QopMy-
JUPYIOTCA aHAJOTHUYHLIE 3aaUuM, pelrnaeMble
Ha 5ToM ypoBHe. IleHTp fABIAeTCA KOOPIU-
HUPYIOIIUM OPraHOM, KOTOPBLIH BKJIIOYaET
B ceba IpemcTaBuUTes el BCeX TOCyIapCTB U
CTPEMUTCS PACIPENESUTh UMEIONINecs BOI-
HBIE Pecypchl MeKIy rocymapcTBamMu (IOI-
crucTeMaMHu) C YUEeTOM OCOOEHHOCTell OKpY-
JKaoIie cpenbl. B pealbHBIX YCIIOBUSAX
IlenTp pacmosaraer oOImeil KapTUHON HAa
BCEMl TepPUTOPHUU PEUHOro OacceiiHa, HO He
obiamaer uHMoOpMaImmeit 06 HKOJOr0-d9KOHO-
MUYECKHUX MPOoIleccax, KOTOPhbIe XOPOIIO M3-
BECTHBI OTHAEJbHBIM IOJcucTeMaM (Trocymap-
ctBaM). IMEeHHO B TaKO# IIOCTAHOBKe 3ajaya
yIpaBjeHUsA BOAHBIMH pecypcamMu Tpebyer
HUCIOJIb30BAHUSA CHUCTEMBI MAaTEMaTHUUYECKUX
MozeJieli, paboTalIUX B ONTUMU3AIIMOHHO-
UMUTAIOHHOM pexume. IIpu sTom ecim
ONTUMMUBAI[MOHHBIE  MOJEJIN  II03BOJIAIOT

@

OCYIIeCTBJATH IIOMCK OITUMAJbHBIX CTpAa-
TernyecKux (IPOEKTHBIX) IapaMeTpPOB IIOJ-
CcuCTeM, TO MOJeJU, paboTaloliue B MMUTA-
IIUOHHOM peyKUMe, II03BOJIAIOT KOPPEKTH-
poBaThL TaKTHUUeCcKMe (peXUMHBIE) mapaMe-
TPl (QYHKIUMOHUPOBAHUSA BOJHO-PECYPCHOM
cucTeMbl OacceiiHa TPAHCTPAHUYHBIX PeK.
OueBUAHO, UTO CHCTEMa TaKHUX MojeJeil
IOJI’KHA OBITH IIOCTPOEHA W B3aMMHO yBs3a-
Ha II0 NPUHIIAIY ABYXYPOBHEBOUM CHCTEMbI
yIpaBJeHus BONHBIMU PecypcaMu C SAPKO
BBIPDAYKEHHBIMU BEPTUKAJbHLIMU CBA3IMU
(puCyHOK).

2(Va)

Lv) L Lv) ||

O6mas cxemMa JBYXypPOBHEBOI CHCTEMbI
yIIpaBJIeHUSI BOAHBIMH pecypcaMu
peuHoro 6acceiiHa

Kax BugHO M3 puCyHKa, MMEPBBIN TUII
B3aMOCBA3EN — KOOPAMHUPYIOIINE BO3el-
CTBUA V;, MOCTYNAKOU[AE OT BBIMIECTOAIIEH
K HUMKECTOAMNMM YIPABJISAIONINM CHUCTEMaM.
ITox BIMAHWEM KOOPAWMHUPYIOIIUX BO3Ieli-
CTBUM V; CHCTEeMbl HUXXHETO YPOBHSA BBIPA-
0aTHIBAIOT JIOKAJBbHBIE IIJIAHOBBIE PEIeHUs
X; U cur"ajel obpaTHo# cBasu L, . Ilepenaua
HaBepX JTUX CUTHAJOB IIOPOKIAeT BTOPOI
TUII B3aMMOCBSA3€ll MKy VIPaBJISIOIIN-
MU cucTeMamMu. B IBYXypOBHEBOU cucTeMe
yIpaBJeHUA VIPaABJIAIOINEe pelleHne X
BBIPA0aTHIBAETCA KOMIIO3UIUEN JIOKAJbHBIX
pelreHut x ={xi} (i=1,n) oTmeabHBIX CYy-
BEePEHHBIX T'OCYAAPCTB UJIU CYyOBEKTOB 3TUX
TOCyZapCTB, pPAacIOJOKEeHHBIX B 0Oacceiine
peku. BeilmecrodAmias cucreMa HEIOCPE-
CTBEHHO He y4yacTByeT B paspaboTKe peliie-
HUS X;, OHA BJUSET HA HEro C IMOMOIIbIO
KOOPAVHUPYIOIKUX Bo3meucTBuil V,. Takum
o0pasoM, B paccMaTpWBaeMbIX IBYXYPOBHE-
BBIX CHCTEMAaX HAXOXKJAEHUE MJIAHOB UCIOJIb-
30BaHUA BONHBIX DECYDCOB X, U CHUTHAJOB
O0OpaTHO! CBABHM ), KaXKJOW HUKECTOAIIeH
JIOKAJBHOU CHCTEeMO¥ WIPOMBBOAUTCS C IIO-
MOIIBIO PEIIeHNsA HEKOTOPOIH OITHMMU3AIlM-
OHHOII 3amaum L, Vi) , KOTOpyIo OyaeM Ha-
3BLIBATH JIOKAJBHOM ONTUMU3AIMOHHOI 3a1a-
yeii. YCJIOBUMCS TaKiKe, UTO AJsS BBIPAOOT-
KU KOOPAWHUPYIOINX BO3aeiicTBuil V = (V.

1
WCIIOJIb3YEeTCA KOOPAWHUPYIOIAd MOEJNb
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Lo(k) . CruemoBaTenbHO, IJIA YIIPaBJICHUU
BOJIHBIMIU PecypcaMy TPaHCTPAHUYHBIX PEK
IBYXYPOBHEBAs CHCTEMAa MOJEJIEN CTPOUTCS
C IeJbI0 PACUJeHEeHUs CJIOMKHOUN II00abHO
ONTUMUBAIMOHHON 3aJauy Ha PAM JIOKAJb-
HBIX MO[3a7a4, YBA3SKY KOTOPBIX OCYIIECT-
BJIAET KOOPAMHAIIMOHHASI MOmessb [2].
MaremaTnueckas MOCTAHOBKA 3aauu.
XoTs BOOHBIE PECYPChl MOTYT OBITH MCIIOJh-
30BaHBI JIJId PA3JINYHBIX IleJiell, B JaHHOH II0-
CTAHOBKE pacCMaTPUBAETCsS WCIOJb30BaHIE
BOJHBLIX PECYPCOB IIPEMMYIIeCTBEHHO B
CeJIbCKOM X03sicTBe. VIHTEpechl APyTrUX BOOIIO-
Tpebureseii, 0cCOOEHHO HaCeJIeHUs, 3aJal0TCs
B BHUJe OTPAHUYEHUH, T. €. YIOBJIETBOPAIOT-
csd  IIOJTHOCTBIO. 3ajlaya ONTUMAaJbHOTO
pacIipenesieHns BOIHBIX PECYPCOB MEMKIY Cellb-
CKOXO3SAMCTBEHHBIMHU YYaCTHUKAMHU BOJO-
X03AHCTBEHHOII CHUCTeMbI PeuHOTo Oacceiina
B MATPUYHOM 3amucu (popMyJaHpPyeTcsa TakK:

npsaMas 3ajadya —  JIBOMCTBEHHAS 3a1ada —

(C,X) — max; (Y,b) — min;

AX <b; (1)
DX > B; YA > C;

X >0; Y >0,

rae X = (xl,...,xn) —n — MEepHBI BEKTOP-CTOJIOEeIr

(mepeMeHHass NPAMOM 3ajgaum: JubO ILJIOMIAAL BCEX
KaTeropuii opolraeMbIX U OOTapHBIX B3eMejb, J00
00beM BOJBI, II0aBAE€MOIl j-My CEJIBCKOXO3ANCTBEH-
HOMY YYacCTHHKY C j-ro cTBopa pekm); C =(cl,...,cn)
— N — MepHBIII BEeKTOP-CTPOKa (3d(GEeKTUBHOCTE); A
— MaTpuiia ycjoBuii (yIeJbHbIe 3aTpaThl BCeX BUIOB
MIPOMBBOJCTBEHHBIX W MPUPOJHBIX PECYPCOB) pasMep-
HOCTU mXn; b—m — MepHBIH BeKTop-cTosber (mpo-
U3BOJACTBEHHBIE U NIPUPOLHBIE PeCypChl, HEOOXOAMMBIE
IUIST BEJIEHUsI CeJIbCKOXO03AMCTBEHHOTO IIPOU3BO/CTBA);
Y= (yl,...,ym)— m — MepHBIN BEeKTOP-CToJIOel (mepe-
MeHHAasi IBOMCTBEHHON 3a7jauM — CHUCTEMa PACUETHBIX
IeH, T. €. OIeHKA IPOM3BOJCTBEHHBIX U MPUPOJHBIX
pecypcoB); D — marpuiia MHTEHCUBHOCTH (yporKaii-
HOCTH) IPOUSBO/ICTEA, PA3SMEPHOCTBIO My XN b—my —
MEpPHBIA  BeKTOp-cTosber; (00beM  HeoOXOAMMOI
CeJIbCKOXO3SAMCTBEHHO! IPOAYKIINU, KOTOPBINA ITpej-
OPUATHE TIOJYUUT 32 TOX).

B panbumeiiniem 3agmauy (1) Oyzem Ha-
3bIBATh TOJHOU wuHMopmamumonnoii (IIH)
3asavell KOOPAWHUPYIOIIETO IIEHTPa, CO-
Kpamenno — IIM-zamaueii (3agaua BepXHETro
YPOBH).

IIycte Q ,~ MHOKeCTBO JOIYCTHMBIX
IIN-nnanoB; 2 — MHOKECTBO OITHUMAJb-
HeIx IIM-nimaHoB; ¥ — MHOXMECTBO mory-
cruMbix IIM-cuctem pacuerHbIX 1eH; ¥V —
MHOJKeCcTBO ontumMaibHbIXx IIV-cmcTrem pac-
yeTHBIX IeH. Torga sagaua (1) mpuBOAUTCS
K CJIeIYIOIeMy BULY:
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Q={x/AX <b,x >0},

Q ={x /x €Q ,(c,x )=nx1§2x(c,x)}; (2)
v={y/vya>C,y>0};
¥ = yweTﬁhﬂ=ﬁ$ww (3)

IIpenmonosxkum, uro IIM-zamaua pas-
pemmuma, T. e. ontTumManbHbIi IIM-imam cy-
IIIECTBYET, Qi{@} ({@} — IIyCTOE MHOMKeE-
cTBO). VI3BeCTHO, UTO B 9TOM CJIyuae TaKiKe
CYIIECTBYIOT omnTuMaabHble [IM-cuctemsl
pacuernsix men ¥ #{@}. Bomee Toro, co-
TJIACHO IIepBO#l TeopeMe [OBOWCTBEHHOCTH,
MaKCHUMaJibHasA BeJIWYMHA IeJIeBoil (QyHK-
UM TIPAMON 3aJauyM W MHUHHUMAJIbHAsS Be-
JAuYnHA IIeJIeBoll (PYHKI[MU [TBONCTBEHHON
3alauy PaBHBI W UX OOIasg BeJIWUYUHA €CTh
ontumyMm F IIM-zanaun:

F= max(c, x) = min(y,b) =

xeQ ve¥

* % * * * *
=(c,x )=(y ,b),(x eQ ;y e¥ )

Pazob6pem maTpumy A Ha IOAMATPUIILI
A, A »A;, roe mpm Kaxzom jedJ
ManI/ma A UMeeT PpasMepHOCTh mXn,.
Peur uger o ,Z[eJIeHI/II/I OacceiiHa peKu Ha OT-
IeJbHBIE IIOACHUCTEMBEI, KA Iad 13 KOTOPBIX
SABJISIETCA OTHOCHUTEJILHO CAMOCTOSATEJILHOI;
B TO JKe BpeMs OHA B3aMMOCBSI3aHa C HEKO-
TOPBIMU OOIIIUMU pPecypcaMu, MPesKae BCero
C BOJHBIMU. COOTBeTCTBeHHO p3_36I/IB3.IOTCH.

(4)

MaTpuIia D D , BEKTODBI
c=(c,..c Can’§X DX X)),
npuyeM paSMepHOCTB C bid £ ]eJ pas-

HAETCA T, [2]. Torma HI/I 3a,u;aqa npeobpa-
3yeTcs K CJIEeIYIOIIeMY BULY:

Z(C X)—)max (YJ"bj)_>mm

1

5 YA 2C
YAX.<b

1 37 u doee (5)
J YA >C

ZD].XJ. > B n

1 Y,A, >C,
X,20,je[LJ] Y 20,je[LJ]

BBoaum m-MepHBII BEKTOP-CTOJIOEI] U,
je [l,J ] , YAOBJIETBOPAIOIINI YCIOBUIO
J
Su, <b. (6)
1

CKOMIOHOBAHHBLIM IIJIAaH HAa3bIBAETCH

@
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IIN-nnanoM (IeHTPATbLHLIM IJaHOM). Bek-
TOp U; €CTh ILIaH j-TO TOACUCTEMHOTO KOM-
MOHEHTa IleHTpajbHOro miana U . B ganb-
HetimmeMm 3amaum (4) u (5) ¢ orpaHmueHUEM
(6) cBomATCA K 3ajave, IJiA PEIIeHUS KOTO-
POl MOYKHO HCIIOJIB30BATh TEOPETHUKO-UTPO-
ByI0 Mozesab [3]. g 4ucaeHHOTO pellneHus
paccMaTpuBaeMbIX  3a7ad  HWCHOJbB3YeTCA
CUMILJIEKCHBIA AaJITOPUTM JIMHEHHOTO IIPO-
rpaMMUPOBAHUS.

Pemrenue nyxypoBueBoit mogenu (1)...
(6) mo3BOJISIET HOJYUYUTH ONTUMAJIbHBIE ILJIa-
HBI pacupefeJleHus BOJHBIX PECYpPCOB Me:K-
Iy YYaCTHUKAMH BOIHO-PECYPCHBIX CHCTEM
(BPC), ommaxko mpu 9TOM HE YUYUTHIBAETCS
BHYTPUTOIOBOE pacCIpe/ieJieHNe CTOKa, KOTO-
pOMYy CBOMCTBEHHBI MEKTOLOBble U BHYTPHU-
rojgoBblie KojsiebaHus. IlosaTomy HEOOXOIMMO
KOPPEeKTUPOBATh IIOJIyUeHHBIe HaA II€PBOM
aTaie pelreHus ¢ IIOMOIIbI0 MTOCTAHOBKY 3a-
nad (1)...(6) u pacupenesuTh BOAHBLIE PECYp-
Chl MEXKIY YUYaCTHUKAMU BOJHO-PECYPCHBIX
CHCTEM C YUYeTOM AWHAMUKHU BOIHBIX pPecyp-
COB, COTJIACOBaB MX C TPeOOBAaHUAMU BOJO-
norpebureneii. C 3TOH MeJIBbI0 MCIIOJIbB3YETCs
UMUTAIUOHHAS MOAEIb QYHKIITMOHUPOBAHUSA
BOJHO-PECYPCHBIX CHCTEM COBMECTHO C BOJO-
XPaAHUIAIIIAMHA.

Hmumayuonnas modenv QynKyuoHu-
posanusa BPC. O6mas mocTaHOBKA 3akavuu
(GYHKIMOHMPOBAHUA BOJHO-PECYPCHON cu-
CcTeMBI C BOAOXPAHUJIUINAMU (POPMYJIUPY-
eTcdA ciaenymomiuMm oopasom [1].

Paccmorpum BOJIHO-PECYPCHYIO
CHUCTEMY, COCTOAINYIO M3 KackKama N BOJO-
XpaHUIUIl (C THUAPOIIEKTPOCTAHIIUAMIH’),
PacIoJIO}KEeHHBIX Ha TJaBHOU U OOKOBBIX
npuToKax peku. KaKmgoe BOZOXPaHUJIUIIE
nuMeeT yUYaCTHHKOB. B KauecTBe y4acTHU-
KOB NPUHUMANTCA CJEIYIOIIue OTPaCIu
BOZOMOTPEOIeHUA: WPpPUTAIUA, THUIPOI-
HepreTuKa, IPOMBIINIJIeHHOe U KOMMYHAaJIb-
Hoe BomocHab:xkeHue. IIpu 9TOM ydYUTBIBA-
IOTCSI CAaHUTapHBIE MOMYyCKU U TPeOOBaHUS
MPUPOAHBIX KOMILIEeKcoB. Ilepuon perynau-
poBanus pasbuBaeTcsaA Ha N1 PaABHBIX (Uau
HepaBHBIX) OTPE3KOB BpeMeHHu. BriObop pac-
YETHOTI'O0 OTPEe3Ka BPeMeHU 3aBUCHUT OT BUIA
peryimpoBaHUA PEYHOTO CTOKa B IIpefe-
Jlax OJHOTO BOJOXO3SMCTBEHHOTO TOAa C
YBABKOI €ro co CJeAYIOIUM TOJOM, a IIPO-
MOJIYKUTEJbHOCTh PACUETHOTO WHTepBaja
moJiaraeTcs PaBHOM OJHOMY MeCSIly, JeKa-
ne nau neurage. C yueToM 3HAYMMOCTHU BO-
IocHAOKeHUA HaceJeHUA, a TaKyKe MaJjoi
IOJW TPOMBIIIJEHHOTO BOJOCHAOMKEHUSA

@

(ze Gostee 5 % oT 00IIET0 BOAOIIOTPEOIEHMST)
IpPeayCMOTPEHO IIOJIHOe o0ecledueHUe TUX
moTpebuTesieil, a B MOJeJIb UX TPeOOBaHUSI
BKJIIOYEHBI B BUJEe OrPAHUYEHUM.

Ilpeamono:xkum, 4TO Bce mMOTpedUTEIN
BOJBI, PACIOJIOYKEeHHbIe BIOJb PEeKu, (op-
MUPYIOT 3arps3HeHHble cCOpPOCHBIE W BO3-
BpaTHbIe BoAbl. COpoC BTHX BOA B PYCJIO
pPeKu CHUIKaeT MOKAasaTeJn KauecTBa pedu-
HOM BOJIBI, YXYIIIaeT IIOYBEHHO-
MeJINOPATUBHBIE YCJIOBUSA B WUPPUTAITMOHHBIX
crucTeMax permoHa M, Kak CJIeACTBUe, [e-
JIaeT CeJbCKOXO03AMCTBEeHHbIE 3eMJI MeHee
OPOAYKTUBHBIMU.

HomycTum, 4TO KasKgasd UPPUTAIINOH-
HAs CHCTEeMAa Ha BBIXOAE MMeeT HAKOIIUTEeJIH
(MCKyCCTBEHHbBIE WM €CTECTBEHHBIE), II03BOJISAIO-
e B 3aBUCHUMOCTHU OT AaKKyMYJHUPYIO-
el CIIOCOOHOCTM PeKMH IIepepacipenessarTh
BO BpEMEHH U B IPOCTPAHCTBE CTOK BO3BPATHBIX
BOJ U Te€M CAMbIM COXPAHAThL HOPMATHUBHI
TIOKAa3aTeIell KauecTBa peuHOoil BOAbI. OCHOBHBIM
TpeboBaHMEeM K HAKOIUTEJIAM SABJISETCS
MaKCUMAaJIbHOE MX OIIOPOYKHEHIE B KOHIIE BO-
IO0X03ANCTBEHHOTO Trofa (B 3aBUCUMOCTHU
OT BOJHOCTH T'0Jla) IPU COXPaHEHUU B KOH-
TPOJBHBLIX CTBOPAX BOJOTOKA M KOHI[EHTPA-
U1 3aTPA3HAIONINX BEI[eCTB B peUHOIi Boje,
He IIpeBhINIaloIell IpeaelbHO JOMYCTUMOI.

MaremaTuueckas ImocTaHOBKA paccMa-
TpUBaeMoOII 3aJaduu TaKoBa: TpeOyeTcs Mu-
HUMU3UPOBATh (PYHKIIMOHAT —

®V,U,t)=minM| ¥ |——2|; (7
t=0 Y
opt
V = AW + BU; (8)
V<V<V; 9)

U>0 upu ¢=0, T7=T70,
roe V. — BEKTOD HaH_OJIHeHI/IH; U — BEKTOP IIOIIYCKOB
13 BOOOXPAHUJINIIL, Uopt — OIITHUMAaJIbHOE 3HAUYEeHUe II0-
IIYCKOB; w - BEKTOD BOOHBIX PECYpPCOB; t — TeKyIee
BpeMdA; A u B — MaTPUIIBI CUCTEMHBIX YCJIOBUM.
Pemnenue samaum ympaBiaeHUA KacKa-
IOM BOZOXPaAHWJIUIN, B 1mocTtaHoBKe (7)...
(10) TpebyeT ucHOJNIb30BAHUA MPAMBIX Me-
TOZOB CTOXACTHUUYECKOrO IIPOTpaMMUPOBa-
HUA. YUUTBHIBAsA HEIOJHOTY BepPOATHOCTHOM
XapaKTEepUCTUKMW HCXONHON wuH(GOpMAINH,
HCKJIIOUNTEJIbHYI0 TPYJAOEMKOCThL PacueToB
(ocobeHHO TPU AMHAMHUYECKOHN IIOCTAHOB-
Ke 3ajauu), OJIs PelleHus IIOCTAaBJIEHHON

3ajauy TIOCTPOMJIV HMUTAIIMOHHYIO MOIENb
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(GYHKIIMOHUPOBAHUA KaCKaja BOJOXPAHU-
JIUII] MHOTOIleJIeBOTO HasHaueHusa. OrpaHu-
venud (9) u (10) npumenuresnbao ¥ BPC ¢
N B3aMMOCBA3BaHHBIMU BOJOXPAHUJIUIIAMU
¥ HAKOIUTEJISIMU BBICOKOMUHEDPAJIMN30BaAH-
HOTO CTOKAa BO3BPATHBIX BOJ[ OIMCHLIBAOT:
IUHAMUKY BOJBI B BOJOXPAHUJIUIIE B
MOMEHT BpPeMeHU ¢
dv, (1)
— QM) +p)+U; )+ ()=

=0,V,(t,)=V";i=1,N (11)

V,=V,Q,H,), i=1,N

rae ¢t — BpeMsd; Vi(t) — oﬁfberlxl BOJBI B i -M BOJJOXPaHU-
snuire B MOMeHT t; @, () = Zqij (t) — 00beM TIJIaBHBIX
1 GOKOBBIX IIPUTOKOB K ngl,uoxpaﬁnnnmy, BKJIIOUAS
CTOK BO3BPATHBIX BOJ M3 HAKOIUTEJEil B MOMEHT t;
p;(t), U(t), r(t) — cOOTBETCTBEHHO BOZOIOTPeOIeHNE,
MOIyCK M3 BOMOXPAHUJUINA, MOTEPS BOABI HA WC-
napenue, GUIBTPAIIUIO U JieJ000pa3oBaHUe U3 BOJO-

0

XpaHWUJIWIA B MOMEHT t; V,, — HadaJbHBIN 00beM

BOZOXPaHUJININA B MOMEHT t; H — TriybuHa BOJoO-

XPaHUJINIA;
KUHETUKY  IIPOIeCCOB  CMeIlleHUud

cojeili B  BOJAOXPAHUJIUINIE B  MOMEHT

BpeMeHU t:

dMi(t) oy

P Eqij(t)cij(t) —my, () +p,()C,(t) +

U.()C, () +aV,C(H)=0; M(t,)=M"i=1N (12)

rge M,(t)=C,(t)-V,(t) — macca coseil B i-M BOJO-
XPaHUJIUIE B MOMEHT t; Cij — MUHepaJu3aIlusa Ipu-
TOKA; Cl. — MUHepaJU3allus BOABI, BBITEKAaIOIleld us
BOJOXPaHUJININA; mdn(t) — KOJIMYECTBO CoOJieli, IIO-
CTYHaIINX B MOMEHT BPEMEHH! B BOJOXPAaHUJIUIIE
C IIOA3€MHBIM CTOKOM 4Yepe3 JOHHBIe OTJIOXKEHU; O
— mapameTp, yUMTHIBAIOLIME camoounmienue; M, —
Macca coseil B BOZOXPAHUJINUINE B MOMEHT ¢ ;
AMHaAMHNKY BOAbI B HAaAKOIINTEJIE B
MOMEHT { MOYKHO OIIMCaTh CJEeAYIOI[UM

nuddepeHIMaIbHBIM 0aJaHCOBLIM ypPaB-
HeHUeM —

A c c
— ¢, O +U @)+ (D)=

0.V () =V, (13)

i=1,N, V{ =V (¢;.H)),

i=1,N

rae Vi°(t) — 00beM BOJBI B i-M HAKOIKUTEJe B MOMEHT
t; qf(t) — 00beM BO3BPATHBIX BOJ, IOCTYIIAIOIIUX B Ha-
KOMHUTeTb B MOMEHT t; U[(t), 5 (t) — COOTBETCTBEHHO
IIOITYCK UM IIOTePU BOJBLI HA MCHapeHHe U (PUIbTpaIuio
13 HAKONUTEJISI B MOMEHT {; Hf — rIyOuHa HAKOIUTe-
JId; Vf” — HaYyaJbHBIA 00beM HAKOIUTENS B MOMEHT t,.
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NPMPOJOOBYCTPOMNCTBO

VYpasuenusa (11)...(13) sanuceiBaroTCA
B KOHEUHO-Pa3HOCTHOM BHIE.

C yueToM WU3JIO0KEHHBIX THAPOJIOrO-
BOJIOXO3SIHICTBEHHBIX 0COOEHHOCTETH peuroro
Oaccelina 3ajiaua yIIpaBJIeHns 00bEMOM 11 MUHEPaJIU-
saIyiell PeYHONR BOABI (DOPMYJIMPYETCS CJIETYIOIIIM
obpasom. Ilpu samamHOII CTPYKType PYCJIOBOI
YacTH BOJHO-PECYPCHOM CHUCTeMBI U OpOIIlae-
MO arposKOCHCTEMBI TpeOyeTcs HAWTH TaKue
00BEeMBI M PEKUMBI PEUYHOTO W HPPUTAIlOHHO-
BO3BPATHOI'O CTOKA, ITPY KOTOPBIX OOECIIEYMBAIOT-
cd HaJesKHOe CHaOKeHIe BOOH II0JIb30BaTeJIei
U HaJIe)Kalnaa MuHepaimsarusa peuHon (<1
r/J1), opocureabHou (< 1,5 r/i1) 1 X03AUCTBEHHO-
nuTkeBoii (£ 1 1/71) BOAbI TpH COOJIIOACHUN
CIIEITUAJILHBIX TIOMYCKOB (CAHUTAPHBIX, SKOJIOTH-
YeCKUX, SHEPreTMUYEeCKNX) 10 BCel MJINMHE PeKH.

3akaoueHue

Hcmionb3oBanue Ipeio:KeHHON aBTOpaMI
KOHIIENTINY U IPUKJIATHOTO ammapaTa — Mare-
MaTUYEeCKOT'0 MOZETTPOBAHUS TI03BOJIAET
IpoBecT  0Oojiee  YIUIyOJIEHHOE — THIPOJIOTO-
BOJIOXO3SANCTBEHHOEe 00OCHOBAHME PAITMOHATIHLHOTO
pacripe/iesieHrsi, WCIIOJb30BAHMS W OXPAHBI BOJ-
HBIX PecypcoB 0acCeiiHOB TPAHCTPAHWYHBIX PEK.
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