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MATEMATHqECKHE M0,[1,EJIH H CHCTEMbl HABJIIO,Il,EHH51 
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PaCCMOTpeHa 3a):la cia KOHTPOJI51 3arp513HeHHOCTl1 Tepp11TOp11i1 BCJie):ICTBl1e np51MbIX 11 KOCBeHHblX c6pocOB B 
nO):IOTOK11 11 Ha peJihecjJ. Dpe):IJIO)KeHHa51 MaTeMaT114eCKa51 MO):leJih yq11ThrnaeT BJI115!H11e o6'heMa pa3Jil1BOB, 
cTpyKTYPhI peJihecjJa, paCCT051Hl1Sl OT MeCTa asap1111 ):10 BO):IHOro o6'heKTa, oco6eHHOCT11 Maccoo6MeHa 3arp1!3H11TeJI5! 
B cpe):lax ,,6eper-BO):IOTOK-):IHO". IlpoaHaJil1311pOBaHbl BOnpOCbl Teop1111 KOHCTpy11ponaHl1Sl MO):leJil1 M11rpal(l111 
3arpS13H11TeJiei1. 

Boaoc6op , Maccoo6MeH., Muzpau,uH 3azp513numeJ1.5!, noBepxH.ocmH.btii cmo1c 

.MATHEMATICAL MODELS AND SUPERVISION SYSTEMS FOR MONITORING WATER STREAM 
POLLUTION LEVEL IN AREAS OF PETROLEUM DEPOSITS 

D. N. Vakbov, E. V. Vlasov 

Earth Cryosphere Institute SB RAS, 625000, Tyumen, 1230, Russia 

The problem of territories pollution owing to direct and indirect dumps in water course and on a relief is 
considered. The offered mathematical model takes into account of the influence of flood volume, structure of a 
relief, distance from a place of failure to water object, features of mass pollutant exchange within the environments 
,,coast-water stream-bed". The problems of the theory of designing pollutant migration model are analyzed. 

Columbine, exchange of mass, migration of dirty, superficial drain 

BBE,rI:EHME 

ITpaKTHKa cJTe:>KeHH5I 3a cocT05IHHeM 3arp5I3-

HeHHOCTH He¢T5IHbIX MeCTOpO:>KJI,eHHM OCJIO:>KHeHa 

p5IJI.OM o6cT05ITeJibCTB H B TOM qifCJie: 

- HHTeHCHBHOM TeXHOreHHOM Harpy:>KeHHO­

CTb.EO rrpOH3BO)l,CTBeHHbIX IIJIOIIJaJI,eli; 

- 3HaqHTeJibHbIMH pa3MepaMH H CHJibHOM 

paccpeJI,oToqeHHOCTb.EO He¢T5IHbIX o6beKTOB; 

- TeXHOreHHbie o6beKTbI, KaK rrpaBHJIO, pac­

IIOJiara.EOTC5I B TPYJI.HOJI.OCTYIIHbrx JI.JI5I Ha6JI.EOJI,eHH5I 

H o6cJiy:>KHBaHH5I MeCTax. 

Ko BCeMy cJieJI,yeT JI,o6aBHTh, qTo [/{oJLuHzep, 
1997]: 

...._ B CHJIY CTapeHH5I o6opyJI,OBaHH5I Ha rrpOMbIC­

Jiax CpeJI,Hero I1pHo6h5I BbICOKHM ypoBeHh asa­

pHHHOCTH; 

- IIOpbIBbI HOC5IT CKpbITbIM xapaKTep H HX 

TPYAHO o6Hapy:>KHTb JI,a:>Ke BH3yaJihHO rrpH o6JieTe 

TeppHTOpHH; 

- peaJibHO pa6oTa.EOIIJa5I ceTb He¢TerrpOMbIC­

JIOBbIX KOJIJieKTOpOB H BOJI,OBOJI,OB B CHJIY MHO­

roqHCJieHHbIX peMOHTOB He COOTBeTCTByeT rrpoeK­

TaM o6ycTpOMCTBa, a IIOTOMY 6hrcTpoe o6Hapy)Ke­

HHe, a TO H peaKU:H5I Ha aBapHHHOe co6bITHe He 

BcerJI,a JI.OCTHraeTc5I; 

© ,n:. H. Baxon, E. B. BJiaCOB, 1998 

28 

qJ1CJIO IIOJI,KOHTpOJibHbIX JIHHeMHbIX o6beK -

TOB BeJIHKO H IIOCT05IHHO yBeJIHl·IHBaeTC5I, B TO 

BpeM5I KaK KOJIHqeCTBO HHCIIeKTOpOB fOCHaJI,30pa H 

MOIIJHOCTH CJiy:>K6 3KOJIOrHqecKoro KOHTPOJI5I IIOlITH 

He B03paCTa.EOT. 

B CHJIY Ha3BaHHhrx o6cT05ITeJibCTB 3aJI,atia KOH­

TPOJI5I, rrpeJI,yrrpe)KJI,eHH5I H JIHKBHJI.aU:HH rrocJieJI,cT­

BHM asapHH Ha He¢TerrpOMbICJiax HOCHT rrpo6JieM­

HbIM xapaKTep. PemeHHe rrocTaBJieHHoli 3aJI,alIH 

CJieJI,yeT HCKaTb Ha OCHOBe rrepexoJI,a K HOBbIM BbI­

COKOHH¢opMaTHBHbIM aBTOMaTH3HpOBaHHbIM Tex­

HOJIOrH5IM CJie:>KeHH5I 3a COCT05IHHeM 3arp5I3HeH­

HOCTH TeppHTOpHM MeCTOpO:>KJI,eHHM c HCIIOJib30-

BaHHeM COBpeMeHHbIX cpeJI,CTB KOMIIb.EOTepHOM Kap­

TOrpa¢HH [/{a<3bl81.f.yK u ap. , 1988; Tpo</JUMOB, II a-
1-WCIOK, 1984 ]. 

HacT05IID;a5I pa6oTa rroCB5IID;eHa TeopeTHliec­

KHM BOIIpocaM IIOCTpoeHH5I Ha6JI.EOJI,aTeJieli COCT0-

5IHH5I KatieCTBa BO)l,bl B peKax , rrpHypotieHHbIX K 

TeppHTOpH5IM He¢T5IHblX MeCTopO:>KJI,eHHM. 

3A,n:A qrr AHAnM3A 

BoJI,oTOKH, KaK aKKYMYJI5ITOphl rroBepxHOCTHOli 

BJiarH, peaJIH3Y.EOT ¢YHKU:H.EO OlIHIIJeHH5I rrpHJiera­

.EOIIJHX IIOBepXHOCTell: OT 3arp5I3HeHHM' c ITOCJieJI,y-
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P11c. 1. 3Tanht C03)J,att11.sr reo11mpopMau,11otttth1x 

HHCTpyMeHTaJibHblX cpe)J,CTB. 

KlID;IIM BbIHOCOM 11aCTII 3arpSI3H5UOID;IIX sern;eCTB 3a 

npe.n;eJibl paccMaTpIIBaeMOH TeppttTOpIIII. 0TcKJ.n:a 

no KOHIJeHTpaIJIIII rrpIIMece:iI B so.n:e MO:>KHO cy.n;IITb 

06 ypoBHe 3arpSI3HeHIISI TeppIITOpIIii. IlpII1IeM no.a: 

KOHTpOJib nona.n;aKlT KaK o6'hSIBJieHHbie, TaK II arr­

pIIOpHO Heo6Hapy:>r<:eHHhie asapIIII. 

CyTh HII:>r<:eII3Jio:>r<:eHHoro CBSI3aHa c o6ocHo­

BattIIeM MeTo.n:a nOCTpOeHIISI MaTeMaTII'IeCKOM MO­

.n:en11 MttrpaIJHl1 3arpSI3HIITeJieii B BO.Jl:OTOKax [Ap­
mFOUlOK u ap., 1993 ]. CTpyKTypa ypaBHeHl1H 113Y­

Y:aeMbIX rrpoIJeCCOB 11 rrpHHSITbie .n:orryrn;eHl15I npe­

.n:onpe.n:emIKlT TOlIHOCTb aHaJil133. IlonhITKa nocT­

poeH11SI BbICOKOTOlIHblX MO.n;eneii rrpecne.n:yeT 11arn;e 

Hay11Hbie IJeJil1. Ha npaKTl1Ke 11MeKJrn;aSICSI B KOHT­

pOJibHbIX opraHax tttt¢opMau:irn II pernaMeHT o6cne­

.n:osaHIIii He no3BOJISIKlT CTpOHTb TaKHe MO.n;eJIII. 

KpoMe Toro, 11ttcJiettHhie cxeMhI pacY:eTOB no To11-

HhIM Mo.n;eJISIM lI CIJeHapMII attaJIH3a CTOJib CJIO:>KHbI, 

'ITO Cl1CTeMbl no.n:o6Horo Tttna MOryT 3¢¢eKTl1BHO 

cPYHKIJMOH11pOBaTb JIHIIIb B cpe.n:e cneIJl1aJIIICTOB­

lI306peTaTeJieii .n;aHHbIX TeXHOJIOrHii . 3KCnJiyaTa­

IJlIOHHO··IIpIIro.n;Hhie MO.n;em1 OIIHpaIOTCSI rJiaBHbIM 

o6pa30M Ha .n:oCTynHyIO no pernaMeHTY 11tt¢op­

MaIJHIO 11 rro.n:.n:ep:>r<:rrBaIOT CJIO:>KHBIIIYIOCSI MeTO.Jl:HKY 
o6cne.n:osaHrr:iI. 

BcSIKaSI Mo.n;eJih CJIO:>r<:Horo npttpo.n;Horo o6pa3o­
BaHrrSI - eCTb Y:aCTHbIH ,,cpe3" peaJihHOM .n:e:iICT­
BHTeJibHOCTH B HHTepecy10rn;ttx Hae acneKTax. Kap­

Ta MJIH KapTa-cxeMa, KaK cnoco6 OnHCaHHSI Tep­

PlITOpIIlI TaK:>r<:e SIBJISieTCSI Bl13yaJibHOM MO.n;eJibIO 
0Kpy:>r<:a10rn;eii cpe.n;hI. KapTbI y.n:o6Ho ttcnOJih30BaTb 
.Jl:JISI attaJIH3a KalieCTBeHHbIX KBa3IICTaTHY:eCKHX CII­

TyaIJIIM. 0.n;HaKo peaJibHhiii perJiaMeHT nnaTHoro 

npIIpo.n:onOJib30BaHIISI rrpe.n;'bSIBJI5IeT :>r<:eCTKHe Tpe6o­
BaHII5I K KOJIII'IeCTBeHHbIM OIJeHKaM COCTOSIHII5I OK­

py:>r<:a10rn;e:iI cpe.n;hI, KOTOpbie nOCTOSIHHO II3MeH51IOT­
CSI. CospeMeHHbie reottH¢opMaIJIIOHHhie cttcTeMbI 

n03BOJISIIOT BOCIIpOII3BO.Jl:lITb .Jl:IIHaMHY:eCKH MeH5I­

IOID;HeC5I o6pa3bl KapT-CXeM c npIIB5I33HHOH K II306-

pa:>r<:aeMbIM o6neKTaM CTporo onpe.n:eneHHO:iI Y:HCJio­

so:iI 1rn¢opMaIJrrrr. TexttOJIOrII5I co3.n;aHH5I no.n:o6Ho­

ro TIIna IIHCTpyMeHTaJibHbIX cpe.n;CTB 11JIJIIOCTprr­
pyeTC5I Ha pIIC. 1. 

IlepBblH 3Tan - C03.n;aHrre KapTOrpa¢ttY:eCKOM 

Mo.n;eJIH TeppHTOpHII c TIInOBblM paiiOHIIpoBaHHeM II 

THnOBhIMH o6pa3aMH 3KOJioro-reorpa¢n11ecKHX 

o6'beKTOB. 

BTopoii: JTan - BTopwrnoe paiioHttposaHtte, 

a.n:anTIIpOBaHHOe rro.n: cxeMbl lIHCJieHHOI'O .Jl:HHaMII­

Y:eCKOro attaJIII3a. 

CyTh rroCTpoeHHSI: B rrepexo.n:e OT npocTpaHCT­

BeHHO pacnpe.n:eneHHhIX o6pa30B K cxeMe KOHeY:HhIX 

3JieMeHTOB, xapaKTepII3yIOrn;IIx ocpe.n;tteHHbie cso:iI­

CTBa o6neKTOB aHaJIH3a; B pa3rpy3Ke (ocso6o:>r<:­

.n:eHHH) HCXO.Jl:HOH KapTOrpa¢II11ecKOH HHcPOpMaIJIIlI 

OT o6'beKTOB, He y11aCTBYIOID;lIX B cxeMe lIHCJieHHOro 

Mo.n;eJIIIpOBaHH5I. 

TpeTttii: JTan - MaTeMaTII11ecKoe orrttcaHIIe 

aHaJIII3ttpyeMbIX .Jl:lIH3MII1IeCKHX npou,eccoB, pa3pa-

6oTKa Y:IICJieHHOM cxeMbI aHaJIII3a II co6CTBeHHO 

peaJIH3aIJHSI lIHCJieHHOro CY:eTa. 

qeTBepTbIH 3Tan - KapTOrpa¢II11ecKa5I BH3y­

aJIH3aIJHSI pe3yJihTaTOB lIHCJieHHOI'O ClieTa. 

TEPPMTOPMAnhHOEPAMOHMPOBAHME 

3a.n:a Y:a TepplITOpIIaJibHOro paiiOHHpOBaHHSI 3a -

KJII01IaeTC5I B Ha3Ha1IeHHH Ha3BaHHbIX y11aCTKOB II 

BhI.Jl:eJieHIIII rrpttJieramrn;ttx K HeMy nnorn;a.n:eii B 

npe.n;eJiax 30H 3cPcPeKTIIBHOro so.n:oc6opa (pttc. 2) . 
MMeHHO Ha .n;attttoii cTa.n;tttt 3aKJia):(hIBaIOTCSI noKa-

3aTeJIH noTeHIJIIaJibHO )J,OCTil:>KIIMOH TO'IHOCTH aHa­

JIH3a. TaK, eCJIII yY:aCTKOB MHOrO II pa3Mepb1 HX 

BeJIIIKH, TO MO)J,eJib BOCnpOH3BO)J,HT 6oJiee TOY:HYIO 
I 

KapTHHY TeKyrn;ero COCT05IHil5I 3arpSI3HeHHOCTH BO-

6 

P11c. 2. Bap11aHT paii:ott11posatt115I Tepp11Top1111 Mec­

TopmK)J,ettm1, np11ypo1IeHHbIH K CHCTeMe BO)J,HbIX 

o6'heKTOB. 

1 - rro311111111 KOHTPOIIbHbIX crnopoB, 2 - 03epno-60JJoTHbie 

KOMITJJeKCbI, 3 - y•rnCTKl1 aBap11i1HbIX pa3JJl1BOB 3arp5!3Hl1TeJJei1, 

4 - narrpaBJJeHl15! B0)1Hb!X ITOTOKOB, 5 - 11CTO'lHl1K11 c6pocoB B 

B0)10TOKl1, 6 - 30Hbl BTOp11LIHh!X 3arp5!3HeH11i1 BCJJe)1CTBl1e ITOBepx­

HOCTl1 CTOKa . 
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/f,. H . BAXOB, E.B. BJJACOB 

AOTOKa. YKpyn H eHHe K aMep nopO)KJJ;aeT 6oJiee 

,,CrJia)KeHHYIO JJ;H HaMHKy" ocpeJJ:HeHHbIX COCT051HHH. 

B JJ;aJih H eilmeM M hI 6 yJJ;eM npHJJ;ep)KHBaThC51 

cxeMaTH3aU:HH BOJJ:OTOKa BJJ;OJib p y cJia c ITOCJieJJ;yJO­

IIIeH JJ:HCKp eTH3au;Heil rrpocTpattcrneHHoil rrepeMeH­

Hoil Ha yqacTKH-KaMepbI [I'ypMaH, 1982 ]. IlonhITKa 

IlOBbl CHTb TO'lHOCTb a HaJIH3a 3a C'IeT COKpa1IIeHH51 

AJIHH KaMep H ecocT051TeJibHa n o JJ:B YM rrpHllHHaM. 

I1epBa51 - eCJIH JJ;JIHHa y 'IaCTKa OKa3bIBaeTC51 COH 3-

MepHMa c mHpHHOH, TO H a pymaeTC51 HCXOJJ;Ha51 KOH­

u:enu:mr OJJ:HOMep ttoCTH a HaJIR3a. B TaKHX ycJIOBH 51X 

Heo6xo)J;HM O nepeXOJJ;HTb K npocTpaHCTBeHHbIM 

TpexMepHhIM c x eM a M aHaJIR3a . BTopoe - y BeJin­

lleHRe KOJIH'IeCTBa y qacTKOB , B paBHOH CTeneHH KaK 

H nepeXOA K npOCTpaHCTBeHHhlM M OJJ;eJI51M , Cy1IIeCT­

BeHHO yBeJIH'IHBaeT IIOTpe6HhIH o6'beM HCXOJJ:Hb!X 

JJ;aHHbIX, 'ITO Ha npaKTHKe H e MO)KeT 6hITb o6ecne­

'IeHO [Bop06Ul.f., 1981 ]. 
Ilpn pa:HoHn poBaHHH cJieJJ;yeT y 'IHThIBaTh: 

p eaJJhHYJO TonoJiorH JO BOJJ:OTOKa, np11TOK OB 11 APY­

rnx BOJJ:H bIX o6'heKTOB, pacnOJIO)KeHHbIX B npeJJ;eJiax 

30H 3¢¢eKTllBHOro B OJJ;OC6opa; II03HU:HJI p eaJibHbIX 

JI IIOTeHu;MaJihHbIX a BapHHH hIX y'IaCTKOB, a TaK)K e 

HCTO'IH H KOB c6pocoB, BX OJJ:511IIH X B 30HY BOJJ;OC6opa 

aHaJIH3H p y eMoro o6'beKTa ; II03HU:HH IIOCTOB JI KOH­

TPOJihH bI X CTBOpOB Ha BOJJ;OTOKe; IIOTpe6HyJO TO'I­

HOCTb a ttamrna ( c yqeTOM pattee oroBopeHH hI X or­

pam 1llettttil.). 

H a p ttc . 2 1rno6pa)KeH BapH aHT pailoHnpoBaHM51 

TeppMTOpMM MeCTOp0 )KJJ;eHH51 , npn ypo'IeHHhIH K 

CMCTeM e BOJJ:HhIX o6'beKTOB . OcttoBH o:H BOJJ:OTOK MMe­

eT TPM npHTOKa. B 30He BOJJ;oc6opa p acnoJIO)KeHhI 

TPH CKJIOHOBhIX 0 3epo-60JIOTHhIX K OMnJieKca. Ha 

cxeMe H306pa)KeHhl II51Tb 3arp513HeHHhIX y qaCTKOB , 

BbIJJ;eJieHhI IIYTH IIOBepxHOCTHOH MMrpa u;MM rp513H, 

yKa3aHbI meCTb KOHTPOJibHbIX IIOCTOB - lleTbipe 

BXOJJ:HbIX , OJJ;MH Ha BbIXOJJ;e (rJiaBHhIH HHJJ;HKaTop) H 

OJJ;llH H a TeppH TOpllH MeCTOpmKJJ;eHmI. B COOTBeT ­

CTBHH c ecT eCTBeHHOH TOIIOJiorneil BOJJ:HbIX o6'heK -

TOB Tepp HTOpH51 MeCTOp0)K)J;eHH51 pa3JJ;eJieHa Ha JJ;e ­

C51Tb y 'IaCTKOB, TPH H3 K OTOpbIX 3aMhIKaJOT 03epa 

(8, 9, 10) , JJ;py m e TPH (1, 3, 6) n pMypolleHbl K 

n p HTOKaM. Ha OCHOBHOM BOJJ;OTOK e BbIJJ;eJieHbl q e ­

Tbipe KaMephl (2, 4, 5, 7). Ka pTorpa¢tt'IeCKa51 

H HcPOpMall;H 51 MHOrOKpaTHO HCIIOJih3yeTC51 JJ;JI51 na­

p a M eTp H 'IeCKOH HaCTpOHKll HCKOMOH MO)J;eJill. 

MO,lJ.EJib M.11TPAI.1,IIII 3ArP513HIITEJI51 

P e3yJihTaThI p em eHH51 3aJJ;a'IH Tepp11TopttaJih­

ttoro pailoHttpoBaHH51 YA06Ho o¢opMJI51Th B BHJJ:e 

CTp y KTYPHO- TOIIOJIOrH'leCK OH cxeMbI CHHTe3npye­

MOH MOJJ;eJI11 (pttc. 3). Ha3BaHHa51 cxeMa tteceT HH­

¢opMaU:H JO 0 KOJIH'leCTBe ocpeJJ;HeHHblX o6'heKTOB 

Ha6JIJOJJ;eH H M, CB51351X Me)KJJ:Y co6oi1. , BH ellHllX B03-

JJ;eMCTBH51X ll KOHTpOJIMpyeMbIX COCT051HH51X CHCTe­

MbI. 

CTpyKTYPHO-Tono JiomqecKa51 M OJJ;eJJh y JJ;o6tta 

rrp H o6ocHOBaHHH n porpaMM o6cJieJJ;OBaHHM , rrpH 

pem emrn o6paTHhrx 3aJJ;all JJ:Hl}"aM HKll, KOr JJ;a no 
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COCT051HHIO BbIXOJJ;a MbI IIbITaeMC51 ou:eHHTb ypoBHH 

BXOJJ:Hhix B03JJ;eilcTBHH. TorroJiorn51 OJJ:H03HallHO yc­

TaHaBJIHBaeT rrpttllHHHO-cJieJJ;CTBeHHhie CB513H Ha-

6 JIJOJJ;aeMhIX 51BJieHHH, HCKJ1JO'la51 HeCOCT051TeJibHb!H 

Bb!BOJJ: rrpH IIOHCKe H o6ocHOBaHHH HOBbIX, pattee 

Heo6Hapy)KeHHbIX aBapHH. 

CoBpeMettHa51 MeTOJJ:MKa KOHTpo1151 ypoBH51 3a­

Ma3ylleHHOCTH rroil.MeHHhIX yqacTKOB BOJJ:OTOKOB 

CB513aHa c ou:eHKaMH o6'beMOB pa3Mern;aeMhIX He¢­

TerrpOJJ:YKTOB B Tpex 30Hax: Ml (i, t) - Macca 

tte¢TerrpOJJ:YKTOB B BOJJ:HOH cpeJJ;e i-H KaMe pbI, 

ME (i, t) - Macca tte¢Teil, cop6HpyeMhIX 6epero­

BOH rro11ocoil BJJ:OJJh i-il KaMepbI, M 4 (i, t ) - Macca 

He¢TeH B AOHHbIX OTJIO)Kemrnx. 

IlpnlleM, MaCCbI cop6HpyeMhIX (oceBllHX) 

He¢Teil JJ; eJI51TC51 Ha JJ;Be llaCTn: ME (i, t) = 
= ME1(i, t) + ME2(i, t ), M4 (i, t )=M41(i, t) + 
+ M4i(i, t ), rJJ;e ME1(i, t ), M41(i, t) - MaCCbl 

,,IIOJJ:BM)KHbIX He¢Teil", crroco6HbIX MHrpHpOBaTh H 

yqacTBOBaTb B npou:eccax BTOpHllHOro 3arp513HeHH51 

(KOr)J;a JJ;OHHbie H 6eperoBhie OTJIO)KeHH51 3arp513H51-

IOT '-!HCTYIO IlpOTO'IHYIO BOJJ;y), ME2(i, t ), 
M42(i, t) - Macca 3arp513HHTeJrn )KeCTKO CB513aH­

Horo co CKeJieTOM ITO'IBOrpyHTOB H He y'IaCTBYI01IIa51 

BO BTOPH'IHbIX 3arp513HeHH51X. 

Crreu:n¢nKa 3aJJ;allH KOHTpOJI51 3arp513HeHHOCTH 

TeppMTOPHH BCJieJJ;CTBHe rrp51MbIX H KOCBeHHbIX 

c6pocoB B BOJJ:OTOKH - B CJiyllaHHOM H HMITYJibCHOM 

x apaKTepe JJ;eilcTBH51 aBapnttHhIX co6hITHH. B 3a­

BHCHMOCTH OT o6'beMOB pa3JIHBOB CTPYKTYPhI peJih­

e¢a, paCCT051HH51 OT MeCTa aBapm1 AO BOJJ:HOro 

o6'heKTa, JJ:HHaMHKa CTOKa MO)KeT HMeTb KaK 3aT51)K­

Hhie, TaK H HMIIYJihCHbie npo51BJieHH51 . KoppeKTHOe 

c.::=J 1 I -- I 2 

Pttc. 3. CTpyKTYPHO-TorroJJomqecKaR cxeMa CttH­

Te3ttpyeMoi1 MOAeJIH. 

I - nJIOl1.\a):J.Hb1e 11CT04H11K11 3arpS13HeH11i1, 2 - HanpanJieH11e 

CBSI3 11 M e)l{):J.y Bb I):\eJieHH bIMl1 y4a CTKaMJ1 BO):\HbIX 061,eKTOB . 
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MO)l.em1p0Bam1e )l.aHHblX 5IBJieHHH Tpe6yeT BBe)l.e­

HH5I B o6:w;yro cxeMy aHaJIH3a nepeMeHHOH, xapaK­

TepH3yro:w;ei1 OCTaTfflIHOe CO)l.ep)l(aHHe 3arp5I3HH­

TeJI5I B MeCTaX aBapHH: M3 (i, j, t ), r)l.e j - HOMep 

3arp5I3HeHHoro yqacTKa, rrpHXO)l.5Irn;eroc5I Ha i-10 
TeppHTopmo. McKoMasr cHCTeMa ypaBHeHHH 

)l.HHaMHKH Maccoo6MeHa B BbI)l.eJieHHbIX cpe]J;ax i-ro 
cerMeHTa HMeeT BHA : 

dM1(i,t) . . . 
-d-t - =-a1(8, M 1(z,t))+m (z1, t-r(z))+ ... 

.. . +m (in, t-r(i)) - m (i,t) - mE (i,t)-
- ml((i,t)+mp1(i,t) + mu1(i,t), 
dMB1(i,t) . . 

dt -aE1(8, ME1(z,t)) + mE (z,t) -

- mp/i,t) + mpi(o,1,t) + ... 
.. . +mp/i,k (i), t) - mE/i,t) + mu/i,t), (1) 
dMB2(i,t) 

dt -aE/8, ME/i,t)) + mE/i,t)-mp/i,t), 
dM/f.

1
(i,t) 

dt -al(1(8, Ml(1(i,t))+ml( (i,t)-ml(/i,t), 

dM/f.i(i,t) . . . 
dt - a /(2(8, Ml(/z,t))+ml(/z,t) + mp/z,t), 

dM3 (i,l,t) = - 3(8M3( ' 1 t)) -dt a , l, ' 

- mpi(i, l ,t) + U3 (i, l ,t), 

dM3 (d;(i), t) = - a3 (8, M3 (i,k(i), t)) -

- mp2(i, k(i), t) + U3 (i,k (i) , t). 

CxeMa Maccoo6MeHHbIX rrpoueccoB rroKa3aHa 

Ha pHc. 4. 
TiepeH)l.eM K OilHCaHHIO CJiaraeMbIX rrpaBOH 

'laCTH CHCTeMbI. 3)1.eCb t - rrapaMeTp BpeMeHH 

(e)l.HHCTBeHHa5I He3aBHCHMa5I rrepeMeHHa5I) , 8 -
3Ha'leHHe TeMnepaTyphr cpeiJ:bI. 

BHeIIIHHe B03)1.ei1cTBH5I (BXO}J;bI) i-ro cerMeHTa 

o6pa3yIOTC5I np5IMbIMH c6pocaMH B BO)l.OeM 

(rrpH6pe)l(HYIO rroi1MeHHYIO l!aCTb): 

mu (i, t) = mu1(i , t) + mu2(i, t ), 

H Ha peJibe<P ('larn;e BCJie)l.CTBHe aBapHH): 

U3 (i, 1, t ), ... , U3 (i, k (i ), t ), 

r)l.e k (i) - KOJIH'leCTBO HCTO'IHHKOB c6poCOB Ha 

peJibe<iJ i-ro cerMeHTa. 

3arp5I3HHTeJib IIOCTyrraeT B i-IO KaMepy c BXO)l.­

HbIMH IlOTOKaMH BO)l.bl - Ql(i1' t.), ... , Ql(in, t) OT 

COIIp5I)l(eHHbIX c i -y'laCTKOM BXO)l.HbIX KaMep: 

m (il' t - r(i )) = Q1(i1, t - r(i ))C1(i1, t - r(i )) , 

m (in , t - r(i )) = Q1(in, t - r(i ))C1(in, t - r(i )) , 

3)1.eCb I (i) = {il' ... , in } - HH)l.eKCHOe MHO)l(eCTBO 

HOMepoB BXO)l.HbIX IIOTOKOB (KaMep) )l.JI5I i-ro cer­

MeHTa (corJiaCHO pHC. 3 HMeeM: 1(4) = {l, 2}, 
I (5) = {4, 3}, I (7) = {5, 6}, r(i) - BpeM5I TpaHc-

Pttc. 4. CxeMa Maccoo6MettttbIX npou,eccoB B ceK -

Tope, rrpHypotieHHa5I K i-ii: KaMepe. 

I - ttanpaenemrn Maccoo6MeHHbIX npou.eccoe, 2 - yKa3aTeJI11 
TeKyll\el'O COCTO!IHH!I aHaJIH311pyeMblX cpe;i, 3 - y'laCTKl1 aea­
pHHHblX pa3JIHBOB 3arp!!3Hl1TeJieH. 

IIOpTHOro 3ana3)1.bIBaHH5I MHrpau:HH 3arp5I3HHTeJI5I B 

i-5I'lei1Ke KaMepbI, C 1(i, t) - KOHU:eHTpaUH5I 3a­

rp5I3HHTeJI5I B i-:11: KaMepe: 

C1(i, t) = M 1(i, t )IV
1
(i, t ), (2) 

r)J;e V1(i, t) - o6'heM BOAbI B i-KaMepe. 

B CHJIY BBe)l.eHHbIX o6o3Ha'leHHH BbIXOiJ.HOH 

paCXO)l. 3arp5I3HHTeJI5I c OCHOBHbIMH IIOTOKaMH BO)l.bI 

orrpe)l.eJI5IeTC5I cJieAyIOI1IHM o6pa3oM: 

m (i, t) = Q1(i, t) C
1
(i, t ). (3) 

TiepBbie 'lJieHbI cyMMbI rrpaBOH 'laCTU CHCTeMbI 

ypaBHeHHH OTpa)l(aIOT CKOpOCTb 6ttOXHMff'leCKOro 

pacna)l.a (TpaHc<iJopMaUHH) 3arp5I3H5IIO:w;ero Bern;e­

CTBa. 

.[(JI5I rrepBoro ypaBHeHH5I HMeeM: 

a 1(8, M/i, t )) = 
= a 1(8) V1(i, t) sat (1, C 1+, C 1(i, t )), (4) 

3)1.eCb <i>YHKUH5I HaCbIIIIeHH5I no KOHU:eHTpaUHH )1.0 

3Ha'leHH5I C 1+ HMeeT BH)l. (pHC. 5): 

{

-b, eCJIHC:::; - bla, 
sat (a, b, c) = ac, ecJIH c E ]-bl a [, 

b, ecJIH c 2': bl a. 

AttaJiorH'lHbie Bhlpa)l(eHH5I 3anHChlBaIOTC5I )l.JI5I 

OCTaBIIIHXC5I ypaBHeHHH: 

aE.(8, ME.(i,t )) = aE .(8) SE (i) 
sat(l, CE.+' CE (i, t )), 
al(.(8, Ml(.(i,t )) = al(.(8) SI( (i) 
sat(l,Cl(.+,Cl(.(i, t )), 
a3 (8, M3 (i, j, t)) = a3 (8) S3 (i,J) 
sat(l,C3+, C3 (i, j, t)), 

(5) 
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sat (a,b,c) 
b i-~-----

a 
--------+-~~---->-c 

----~-........ -b 

Pttc. 5. rpacpttK cpyttKQtttt sat (a, b, c ). 

r.r1e SE (i) - rrJIOll\a.Llh 6eperoBoM: rroJIOChI i-ro 
cerMeHTa, S/l, (i) - IIJIOll\a.Llh ropn30HTaJihHOM 

rrpoeKJ.JJHI .r1Ha, S3 (i, t) - IIJIOll\a.Llh 3arp5I3HeHHO­

ro j-ro y'IaCTKa B i-M ceKTope, CE.(i, t) = 

= ME.(i, t )I SE (i ), C/f, (i, t )=M/l, (i, t )I S/f, (i ), 
C3 (i, j, t )=M3 (i, j, t )I S3 (i, j) - rroBepxHocT­

Hhie (nJIOll(a,Z:\Hbie) KOHI.J;eHTpal1Hll 3arp5I3HUTeJI5I ll 

ux ypoBHU Hachill\eHu5I: CE·+' C/l,·+' C3+. 
(< . >={1,2}). 

l1HTeHCllBHOCTb Maccoo6MeHa 3arp5I3H5IIOll\ero 

Bell(eCTBa Me)K,Z:\y BO,Z:\HOM cpe.r10M: pycJia ll 6eperoBOH 

IIOJIOCOM onpe.r1eJI5IeTC5I KpUBbIMll paBHOBeCHbIX coc­

T05IHUM H 3aBUCUT OT ypoBH5I BO,Z:\bl B pycJie 

h1 (i, t ). Do cxeMe BhI,Z:\eJieHHhIX 30H (pnc. 6) rrpo­

IIecc Maccoo6MeHa na'InHaeTC5I OT ypoBH5I h_(i) u 

HapaCTaeT .LIO y poBH5I h+ (i ) ' IIOCJie 'Iero ,Z:\UHaMnKa 

orrpe.r1eJI5IeTC5I Jlllillb pa3HOCTblO KOHI1eHTpaQHM B 

3onax: 

mE (i, t) = vE (8) l (i) (C1(i, t) -

. . ( (hl(i, t) - h_(i)) l 
- xE (l) CEl(l, t)) sat 1, I, h+(i)- h_(i) + ,(6) 

r.r1e rrpuH5ITO: 

(X) = {x, ecJiu x ;::: O, 
+ 0, ernn X < 0. 

XE (i) - K03cPcPll1IlleHT paBHOBeCHOCTll KOHI1eHT­

pa1IHM, vE (8) - HaCTpauBaeMhIM K03cPcPll1IlleHT, 

rrpOIIOPI1llOHaJibHbIM CKOpOCTll Maccoo6MeHa. 

B · cJiy'Iae, Kor.r1a ypoBenh BO.Lib! B pycJie 

h1(i, t) ~ h_(i) MeHbme KOHTpOJibHOro 3Ha'IeHU5I 

h_(i ), TO rroCTyrrJienne ,,rp5I3tt" B Bo.r1oeM c 6epera 

B03M0)KH0 Jlllillb BCJie,Z:\CTBHe CMhIBa IIOTOKaMn 

IIOBepxHOCTHOM BJiarll Qz1(i, t) (cneroTaHll5I, ,Z:\0-

)K,Z:\eBoro CTOKa) : 

( ( (hl(i , t) - h_(i )) 
xll-sat 1,1, h/i)-h_(i) + ]) (7) 

YpoBeHh n .r1uttaMnKa 3arp5I3HeHn5I 6eperoBoM: 

IIOJIOCbI BCJie,Z:\CTBlle aBapllMHbIX pa3JillBOB 

mpi(i, j, t) orrpe.r1eJI5IeTC5I MHOrllMll ¢aKTOpaMll, B 
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TOM 'IllCJie: d (i, j) - pacCT05IHHe OT j-ro 3arp5I3-

HeHHOro y'IaCTKa .LIO 6epera no JIUHU5IM CTOKa, 

y(i) - cpe.r1HuM: YKJIOH JinHuM: CToKa i-ro cerMeHTa , 

od (i) - ,Z:\peHUpOBaHHOCTb TeppUTOpllll. 

mpz(i, j, t) = vp2(i, j) (v2/i, j, 8) + 

+ Q21(i, t )) (C3 (i, j, t) - C3_(i, j ))+, (8) 

vp2(i, j) = (a1y(i) + a2od (i) + 

+ (lid( . '))) ~ a3 z, J L (i) ' 

C3_(i, j) = C3o(i, j) + a4d (i, j ). 

B rrpuBe,Z:\eHHOM Bhrpa)KeHnn oTpa)KeHhI 

BJill5IHU5I CJJe,Z:\yIOll(HX ¢aKTOpOB: of (i, j )/ f (i) -
,L\OJJ5I IIHTaIOll(ero cPPOIITa (CM. pnc. 2)' C3_(i, j) -
o6'heMoM neMurpupyIOll(e:ii 'IaCTH 3arp5I3HnTeJI5I , 

'ITO CB5I3ano c eMKOCTblO j-ro 3arp5I3HeHHOro y'IaCT­

Ka C3a( i, j ) ll IIOTep5IMll Ha TpancrropTnpOBKY' KO­

TOpbie rrporropQllOHaJihHbl paCCT05IHlllO .r106eraHll5I 

d (i, j). 
MexaHH3M MnrpaQun y'IttThrnaeT ,Z:\Be cocTaB­

JI5IIOll\He: V21(i, j, 8) - ITO.LI .r1ettCTBHeM CHJibl T5I­

)KeCTll no YKJIOHy, Q2l(i, t) - c IIOTOKaMH IIOBep­

XHOCTHOM BJiarn. 

UnnaMnKa Maccoo6MeHa c ,Z:\OHHhIMH OTJIO­

)KeHH5IMH COOTBeTCTByeT cxeMe (6)' HO He 3aBHCHT 

OT ypOBH5I BO,Z:\bl B pyrne: 

m/l, (i, t) = v/l, (8) S/l, (i) (C1(i, t) -

- x/l, (i) C/f,1(i, t )). (9) 

UnnaMnKa TpaHc¢opMa1IHH cop6npyeMoro 3a­

rp5I3HHTeJI5I B ycJIOBHO neIIO,Z:\BM/KHYIO ¢paKI1HIO 

(,Z:\JI5I tte¢TeM: - 6uTyMn3a1IH5I) 3a.r1aeTC5I MO,Z:\eJihIO 

JIHHeHHOro rrpu6Jill)KeHU5I Bll,Z:\a: 

mEz(i, t) = aE/8) ME1(i, t ), (10) 

m/l,z(i, t) = a/f,2(8) M/f,1(i, t ). 

B TO )Ke BpeM5I MexaHn3Mhl caMOO'IHll\eHU5I 

6eperoBOM IIOJIOCbl ,Z:\OJI)KHbl rrpe.r1ycMaTpnBaTh CMbIB 

B3BemeHHbIX ll rpanyJiupoBaHHbIX 1IaCTlll1 IlOBepx­

HOCTHbIM CTOKOM, 'ITO Y1ITeno COCTaBJI5IIOll\eM MaC­

correpenoca BH,Z:\a: 

M3(i, j, t) 

S3(i,j) 

. h+(i) 
Mi.tJ h_(1) 

Pnc. 6. CxeMa 30H Maccoo6Metta npu cpttKcttpo­

sattHOM 3Hal.(eHllll ypOBHSI BO;:J;bI B pycJie. 



MATEMATWIECK11E M04EJIJ1 J1 Cl1CTEMbl HAEJI104EHJ1JI YPOBHJI 

mp/i, t) = vpii) Q21(i, t) CE2(i, t ). (11) 

CooTHornem1e ( 1) - ( 11) rrpeACTaBJrneT co6oi1 

HCKOMYIO MOAeJib, OITHCbIBaIOrn;yIO rrpou;ecc MHr­
pau;HH 3arp5I3HHTem1 B rrpeAeJiax i-ro cerMeHTa 

o6pa3oBaHHOro KaMepott BOAOTOKa H rrpHMbIKaIO­
rn;ei1 BOAOC6opHOH rroBepxHOCTbIO. 

HACTPOMKA MOAEJUI 

.Il,JI5I lJHCJieHHOro HHTerpHpoBaHH5I rrpHBeAeH­
HOH cncTeMbI ypaBHeHHH (3aMeTHM, lJTO o6rn;Hi1 rro­

P5IAOK cncTeMhI ypaBHeHHH AJI5I paccMaTpnBaeMoro 
ytJaCTKa paBeH: 7 x 5 + 5 = 40, rAe 7 - lJHCJIO 

KaMep, 5 - tJHCJIO KYMYJI5ITHBHhIX cpeA cerMeHTa, 
5 - lJHCJIO 3arp5I3HeHHblX ytJaCTKOB) Heo6XOAHMO 

orrpeAeJIHTb (Ha3HalJHTb) BBeAeHHbie rrapaMeTpbI H 
cPYHKil;HH, T. e. rrpnBeCTH OITHCaHH5I HCXOAHblX AaH­
Hb!X. 

Bee MHO)l(eCTBo ncxoAHhix AaHHhIX AeJIHTC5I Ha 

TPH rpyrrrrhI. 

IlepBa5I rpyrrrra - AaHHhie rHAPOAHHaMHKH. 

3To rrpe)l(Ae Bcero rpacj:JnKn: Q1(i, t ), V1(i, t ), 
h1(i, t ), Q21(i, t ). BTopa5I rpyrrrra - AaHHbie o 

peJibecj:Je, BKJIIOtJa5I rrapaMeTpbI pycJia, T. e. AaHHbie, 

BOCCTaHaBJIHBaeMhie no KapTOrpaqmtJeCKOH HHcj:Jop­

MaD;HH. TpeTh5I rpyrrrra - HacTpoetJHbie K03cj:J­

cj:JHu;HeHThI, xapaKTepn3yIOrn;He CKOpOCTH Maccoo6-

MeHHbIX npou;eccoB. 

CoAep)l(aHne BTopoi1 n TpeTbett rpynrrhI AaH­

HbIX BbrneceHo B rn6Jinu;y. TnnoBoii rpacj:JHK 3aBH­

CHMOCTH napaMeTpOB KHHeMaTHKH OT TeMrrepaTypbl 

8 HJIJIIOCTpHpyeTC5I pHC. 7. 
Han6oJiee eMKOH 5IBJI5IeTC5I nepBa5I rpynrra 

AaHHbIX, KOppeKTHOe BOCCTaHOBJieHHe KOTOpbIX 

Tpe6yeT pa3pa60TKH aAeKBaTHbIX MOAeJieH CJie)l(e­

HH5I [B;iacoa, lliMe;ieaa, 1998 ]. HenpepbrnHoe Ha-

6JIIOAeHHe 3a AHHaMHKOH MHOrDlJHCJieHHb!X BOAOTO­
KOB B pattOHax Hecj:JTeA06bilJH npaKTHlJeCKH Heocy­

rn;eCTBHMO. 

HaCTpoeqHbie napaMeTpb1 M0,11eJI11 

Ha11Me1i0BaH11e 

pa.'llibte Kapmozpat/Ju'lec1cow xapwcmepa 

I1no111agb 6eperoaoi1 no110cb1 

Iln o111aAh rop1130HTaJibHOi1 npoeKl\Hl1 AHa 

Ilno111aAb 3arpll3HeHHbIX y<IaCTKOB j = I, 2, ... , k (i ), n11rn1011111x i-10 KaMepy 

A n11Ha KaMepbr 

KoHTPOJibHbre ypoaH11 BOAbI a KaMepe 

CpeAHee paccTOllH11e OT j-ro 3arps13nemi0ro yqaCTKa AO 6epera no n11H1111 CTOKa 

CpeAHHi1 yK1101-1 no n111-1111-1 CTOKa i-ro cerMeHTa 

Ape~111ponaHHOCTb Tepp11rnp1111 

llll1p11Ha mna10111ero ¢poHTa 

SE (i) 
S4(i) 
S3 (i, j) 
l (i ) 
h_(i ), h+(i) 

d (i, j) 
y(i) 
od (i) 
ot (), i) 

KapmozpatjJu'leCICUe xapaKmepucmu/Cu zuapoawtaM.UICU 

Ilno111aAb 3¢cjJeKTl1BHOro BOAOC6opa, np11ypO'-IeHHall K Bb!XOAY KaMepbl s (i) 
CpeAHllll nno111aAb 3epKana BOAbI a i-i1 KaMepe SV (i) 
y KJIOH BAOJ!b pycna J ( i ) 

rpacjJl1K11 Ce'-leHl1SI 11 CMaq1-1aaeMOro nep11MeTpa ll 3aBHCl1MOCTl1 OT ypomrn BOAbl B pycne w(i, h1), £(i, h
1
) 

CKopoCTb 61-1oxHM11qecKoro pacnaAa: 

- B BOAHOH cpeAe 

- Ha 6eperonoi1 no.uoce 

- B AOHHbIX OTJIO)l(eHl1SIX 

- Ha 3arpll3HeHHOM yqaCTKe 

CKopocTb MacconepeAa'-111: 

- 6eper-BOAOTOK 

- BOAOTOK-AHO 

- 6eper-BOAa co CTOKOM 

- 3arpSI3HeHHbIH yqaCTOK-6eper 

- 6eper-AHO 

Hacmpoe'llibte napaMempbt 1Cu1teM.amu1Cu 

YponeHb aKKYMYJIS1l(11i1 Ha 3arp5!3HeHHOM y<IaCTKe 

I10Tep11 Ha A06era~111e 

IlapaMeTpbl paBHOBeCHOCTl1 KOHl(eHTpal(11i1 : 

- 6eper-BoAa 

- BO,!la-AHO 

YponH11 HaCbI!l1emrn nonepxHOCTHbIX (nno111a,11Hb1X) KOHl\eHTpal(11i1 3arpsi3Hl1Tensi AJISI 
cpeA ,,6eper", ,,AHO", ,,3arpll3HeHHbli1 yqacTOK" 

YpoeeHb Hacb1111eH11si KOHl\eHTpal(1111 (o&beMHOi1) AJISI cpeAhI ,,BOAOTOK" 

KoscjJcjJ11l(11eHT llle311 

a
1
(8) 

aE1(8), aE
2
(8) 

a41(8), a42(8) 

a3 (8) 

vE (8) 
v4(8) 
VP1(8) 

vpi(i, j ), v
21

(i, j, 8), [a
1

, a
2

, a3] 

VP3(8) 

C30(i, j) 

a4 

xE (i) 
x4(i) 
CE·+' C4·+ ' C3+ 

c1+ 

c (i) 
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v:cei 
a:cei 

0 

P11c. 7. 3as11c11MOCT11 napaMeTpos K11tteMaT11K11 

OT TeMnepaTypbl 8. 

p aCCMOTpIIM BbI"IIICJIIITeJihHYIO TeXHOJIOrmo 

npII6JimKeHHoro soccTaHOBJiemrn paHee o6o3Hal.IeH­

Hhix rpacpIIKOB, CBO)l,5IIIJ,YIOC5I K BhI6opy MaJioro 

l.J:IICJia HaCTpOel.J:HbCX napaMeTpOB . 

ITycTh Q1(l, t) - rpacpIIK TIInosoro m,ll,porpa­

cpa, npIIypol.IeHHbIH K KOOp)l,IIHaTe CTBOpa l (l -
paCCT05IHIIe OT yCTb5I BO)l,OTOKa )l,O KOHTpOJibHOro 

CTBOpa)' a s (l) - IlJIOIIJ,a)l,h ::icpcpeKTIIBHOro BO)l,O­

c6opa, npIIypol.IeHHa5I K )l,aHHOMY CTBOpy. 

ITycTh Q1(i, t) - pacxo,ll, BOil.hI Ha BhIXOil.e i-H: 
KaMepbI, s (i) - nJIOIIJ,a)l,h ::icpcpeKTIIBHOro BO)l,OC6o­

pa, npIIypol.IeHHa5I K BbIXOil.Y i-H KaMepbI. 

Ilepsoe npe,!1,nOJIO){{em1e 6a3IIpyeTC5I Ha CJie­

il.YIDIIJ,eM ol.J:eBII,ll,HOM yTsep)J(,ll,eHIIII. 

Pacxo)l,Hhie xapar<TepIICTIIKII CTBOpa nponop­

U:IIOHaJihHhI nJIOIIJ,a)l,II BO)l,OC6opa: 

r)l,e I - IIH)l,eKCHOe MHO)J(eCTBO (HOMepa) KaMep 

paccMaTpIIsaeMott rII)l,poceTII. 

PaccMOTpIIM ypastteHIIe ocpe)l,tteHH OH rII,ll,po­

il.IIHaMIIKII )l,JI5I i-ii KaMephI. B cooTBeTCTBIIe c nep­

BhIM ypaBHeHIIeM CHCTeMhI ( 1) MQ)KHO 3anrrcaTh: 

dV1 (i, t) . '1 . . 
d = - Q1(z, t) + L, Q1(J, t) + Q2/z, t) + 

t j El (i) 

+ Q31(i, t) + E (t) SV (i) eJ < (t ), (13) 

r)l,e I (i) - IIH)l,eKCHOe MHO)J(eCTBO BXO)l,OB B i-Ka-
. Mepy, • Q3l(i, t) BO)l,006MeHhl c rpyttTaMII, 

sv (i) - cpe,ll,H515I nJIOIIJ,a)l,h 3epKaJ1a BO)l,bI KaMephI , 

eJ •(t) - 6aJ1aHC oca)l,KOB II IICIIapeHIIH c BO)l,HOH 

nosepxHOCTM, E (t) - MHil.MKaTopHa5I cpyHKIJ;M5I 

ce30HHOro OTTaMBaHII5I J1 3aMep3aHII5I BJlarM 

(E (t) E [0, 1 ]). 
B npIIKJia,ll,HOH rIIil.POil.IIHaMIIKe nosepxttocT­

HhIX BO)l,OTOKOB IIIIIpOKO IICnOJih3YIOTC5I 3MITIIpII­

l.J:eCKIIe cooTttomeHII5I [illmepewwxm, 1984 ], yCTa­

HaBJIIIBaIOII1IIe )l,Jl5I )l,aHHOrO CTBOpa B3aIIMOO)l,H03-

Hal.J:HYIO CB513b Me)J(,ll,y ypOBH5IMII BOi'(bl - h1(l, t ), 
cpe,ll,Heii CKOpOCTbIO Tel.J:eHII5I - v(l, h1) II nJIO­

IIJ,a)l,hIO CTBOpa - w(l, h1) 

yr;---;;c,1, hl) 
v(l, h1) = c (l) (l ) W, h

1
) , 
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r )l,e C (l) - Ko::>cpcpIIu;IIeHT llie3II, J (l) - yr<JIOH 

B)l,OJlb pycJ1a, ;(l, h1) - CMal.J:IIBaeMhill nepIIMeTp. 

Cpe)l,HIIH pacxo,ll, BO,ll,hI qepe3 CTBop Bhil.J:IIC­

JI5IeTC5I no Bbi pa)J(eHIIIO: 

Q1(l, h1) = v(l, h1) w(l, h1). 

BTopoe npe,!1,rrOJIO:lKettwe 6a3IIpyeTc5I Ha 

nO)l,06Horo THna 3aBIICIIMOCT5IX, BhIIIIICaHHbIX )l,JI5I 

ocpe,ll,HeHHhI X KaMeptthIX seJ1wrnH. ITpIIl.IeM IICKO­

Mhie cpyttKIJ;IIOHaJihHbie CB5I3II Yil.06Hee 3a,ll,aBaTh B 

rpacpIIl.IeCKOM BII)l,e c nocJie,ll,yIOIIJ,eH annpOKCIIMa­

IJ;IIeH rpacpIIKa p5I,ll,OM no yrrpoIIJ,eHHOH CMCTeMe 

cpyttKIJ;IIH. 

I1TaK, rryCTb anpIIOpHO II3BeCTHbI rpacpMKII 

cpyHKIJ;HH: 

!
hl(i, ·.) =:. h (i'. Q (i,, . :), 
V1(t, ) - V (i , Q (i, )) , 
r1(i, ·) = r(i, Q (i, · )) , 

(14) 

r,ll,e V1(i, ·) = w(i , h1) l (i ), l (i) - ,ll,JIHHa KaMepbr, 

rl(i , . ) - BpeM5I ITOJIHOH CMeHhI BO)l,bI B KaMepe, 

rl(i, . ) = l (i )/v(i, . ) - TpaHCIIOpTHoe 3ana3)l,bI­

BaHIIe B MO)l,eJIII MIIrpau;IIII (1) . 

I1 pIIBe)l,eHHhie MO)l,eJIII MIIrpaIJ;HII Il03BOJI5IIOT 

no TIIITOBOMY r II)l,porpacpy BOCCTaHOBIITb Il0l.J:TJ1 BCe 

rII)l,porpacpIIl.IeCKIIe xapaKTepIICTIIKII KaMep. Jl,JI5I 

ou;eHKII )l,IIHaMIIKII ITOBepxHOCTHOro BO)l,OC6opa 

Q21(i, t) o6paTIIMC5I K ypaBHeHIIIO (13)' II3 KOTOpo-

ro cJie,ll,yeT : 

. . . dV1(i,t) 
QuJ i, t) = Q21(t, t) + Q31(i, t) = dt + 

+ oQ1(i, t) - E(t) SV(i) eJ < (t), 

r)l,e oQ1(i, t) = Q1(i, t) - L Q1(j, t ), B 
j El (i) 

BeTCTBIIe (12)' Bbil.J:IICJI5IeTC5I no Bbipa)J(eHIIIO: 

s (i) - :L s u) 
j El (i) oQ/i, t) = --~S-(I~)~- Q1(l, t ). 

(15) 

COOT-

Cor J1acHo (14) , npoII3BO,ll,Ha5I no B peMettII OT 

V1(i , t) - Bhil.J:HCJI5IeMa5I cpyHKIJ;II5I. ECJIII y'-IeCTh 

TOT cpaKT' l.J:TO rpacpIIK 6aJiaHCOB eI • ( t ) Me)J(,ll,y 

oca)l,KaMII II HCrrapeHII5IMII TaK)J(e OTHOCIITC5I K TII­

ITOBbIM rII)l,pOCTaTIIl.J:eCKIIM )l,aHHbIM TeppIITOpIIII, TO 

MO)J(HO 3aKJIIOl.J:IITh, l.J:TO npaBa5I l.J:aCTb Bbipa)J(eHII5I 

(15) BOCCTaHaBJIIIBaeMa B BII)l,e rpacpIIKa •. 

PIIcyttoK 8, 1 IIJIJIIOCTpIIpyeT cooTBeTCTByro­

IIJ,IIe nocTpoeHII5I. Ha pIIc. 8,2 )l,aH npIIMep pa3,ll,e ­

JieHII5I CYMMapHoro rpacpIIKa (15) Ha )],Be COCTaBJI5I­

IOIIJ,IIe Q21 ( i, t ) II Q31 (i, t ) . CyTh ITOCTpoeHIIll o6yc­

JIOBJleHa il.BYM5I npe,ll,ITOCblJIKaMII: nosepXHOCTHblll 

CTOK cyIIJ,eCTByeT B nepIIO)l, OT CHeroTa5IHII5I )l,O 

3aMep3aHII5I, KOr,ll,a E (t) > 0; rpyHTOBoe ITIITaHIIe 

KaMep ocyIIJ,eCTBJI5IeTC5I rJiaBHbIM o6pa30M B 3IIMHee 

speM5I, KOr)l,a E (t) = 0, B TO BpeM5I KaK B JieTHee 

speM5I II)l,eT o6paTHOe nonOJIHeHIIe rpyHTOBOro ,,pe-
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P11c. 8. rpacpHKH rHJJ,po6aJiaHCOB i-ro yqaCTKa no­

sepxHOCTHOro BO)J,OC6opa. 

1 - Q1}: (i, t ); 2 - oQ1(i, t ); 3 - E (t ); 4 

. -It . dV1 (i, t). 
E (t) SV (1) e1 (t ), 5 - dt , 6 Q21(i, t ); 7 

Q21(i, t) Q31(i, t) ; 8 - Q31(i, t ); 9 -E(t) . 

3epsyapa" pycJIOBOM Q31(i , t) 11 nosepXHOCTHOM 

Q2l i, t) (He rroKa3atto) BJiaroii:. 

Y411TbIBa5I rrogo6ue rJiaBHbIX csoii:cTB rpa­

cjJ11KOB Q21 (i, t) M Ql}:(i, t) 11 crreu:ucjJ11Ky 11X o6pa-

30BaHl15I, 

(TpeThe 

Qz1(i, t ): 

BBegeM rrpM6Jil1)KeHHOe Bbipa)KeHMe 

npeJJ,nOJIO)J{ett11e) )J;JI5I Bbl'IHCJieHM5I 

Q2l(i, t) = aq (Q2/i, t) - oq Q7L)+ E (t ), 

rge Q7}: = ·max Q1}: (i, t ), a CXq M Oq - HaCTpOe4Hbie 

rrapaMeTpbr. B rrepsoM rrpu6JI11)Kenu11 MO)KHO peKo­

MengoBaTb: a = 1,26; o = 0,05. 
q q 

PaCCMOTpeHHbie BOIIpOCbI Teop1111 KOHCT-

py11posanm1 MogeJI11 M11rpau:1111 3arp5I3Hl1TeJieii: B 

BO)J;OTOKax o6pa3yIOT OCHOBY )J;JI5I peaJibHOrO IIOCT­

poeHM5I CMCTeM na6JIIO)J;eHM5I 3a 3arp5I3HeHHOCTbIO 

Tepp11Top11n necjJT5IHbIX MecTOpO)K)J;enun. TexHOJio­

r 11qecKMli perJiaMeHT KOHTPOJI5I c MCITOJib30BaHHeM 

MO)J;eJieli CJie)KeHM5I 6ygeT 3aBl1CeTb OT MHOrMX o6-

CT05ITeJibCTB, rJiaBHbie 113 KOTOpbIX: 

1. 3aga1rn perJiaMeHTa: 11nguKau;115I asap11nno­

ro co6hlTH5I; ou:enKa ofo,eMOB HOBhlX 3arp5I3HeIIMM, 

mr6o ou:enKa KoJI11'leCTBa c6pourennhlx 3arp5I3H11Te­

JieM. 3a KOHTpOJibHbrli rrep11og; ou:enKa MecTa aBap11ii: 

H o6'heMOB 3arp5I3HUTeJieli. 

2. MecTOIIOJIO)KeHne H KOJIM4eCTBO KOHTPOJib­

HbIX CTBOpOB, IIaCTOTa u peryJI5IpHOCTb 3aMepoB. 

TipegJio)Kentta5I KOHCTPYKU:H5I MOAeJIH (1)­
(15) BO MHOroM cop11eHTMpOBaHa Ha TUIIOBbie gaH­

Hbie Pocru:gpoMeTa 11 nrnoByro KapTOrpacjJnIO. Og­

HaKo MHO)KeCTBO CB060AHbIX KUHeMaTl14eCKUX 

rrapaMeTpOB Tpe6yeT pa3pa6oTKH ageKBaTHbIX aJI­

rop11TMOB HX 11geHTMcjJMKaU:MM no gaHHbIM peaJib­

HbIX Ha6JIIO)J;eHUll. 
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