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rEOHH<DOPMAII;IIOHHbIE TEXHOJIOrHH KOHTPOJI.SI 3A COCTO.SIHHEM 
3ArP.SI3HEHHbIX yqACTKOB HE<DT.SIHbIX MECTOPO.IK)l;EHHH 

T. A. llIMeJieBa, )1,. H. BaxoB 

JfHcmumym Kpuocrj!epbl 3eMJZU CO PAH, 625000, T10Melib, a/Ji 1230, PoccuR 

CTaTbSI TIOCBHll\eHa pa3BYlTYllO npHKJia,!IHblX BOnpOCOB KOHCTPYYlPOBaHY!SI CYlCTeMbl CJieMeirnSI 3a COCTOIHIYleM 
3arpSI3HeHHblX y<JaCTKOB Hec:jJTS!HblX MeCTOpOM,!lemtH Ha OCHOBe TeOpY!Yl Ha6JIIO,!leirnSI c YlCTIOJib30BaHY£eM 
reOY!Hc:jJOpMal.\YlOHHblX TeXHOJIOrY!H. 

CTpoaHaJIYl3YlponaH COBpeMeHHblH pem aMeHT :3KOJIOrw1eCKOro KOHTPOJISI 3a asapY!HHblMYl CY!Tyal.\Y!SIM Yl B 
paHOHax Hec:jJTe,!I06bltJYl. PaCCMOTpeHa 3a,!la<Ja TIOCTpOeHYlSI MaTeMaTY!<JeCKOH MO,!leJIY! :3BOJIIOl.\YlH COCTOSIHY!Sl 
3arpSI3HeHHOCTH TeppY!TOpY!H, nopa>KeHHblX ,!leHCTBYlSIMYl aeapHHHblX pa3JIY!BOB Ha Hec:jJTec6opHblX JimleHHblX 
coopyMeHYLSix . 

B pa6oTe npHBe,!leH anropYLTM CJieJKeHHSI 3a ,!IYlHaMYlKOH COCTOSIHY!SI BbI,!leJieHHblX 30H 3arpSI3HeHYlSI c y<JeTOM 
pa3JIYl4HblX nepHO,!IOB YlHCneKTYlponaHY!SI . 

3azpR31ieliltblii yrtacmoK, cucmeMa CJZe>."eliUR, zeouHrj!opfitaU,UOflliaR mexliOJZOZUR, auftaMwca cocmoRflUR, 
301ta 3azpR3fleliuR, a13apuiiliblii pa3JZUl3 

GEOINFORMATION TECHNOLOGIES FOR CONTROLLING THE STATE OF POLLUTED SITES OF OIL FIELDS 

T. A. Shmeleva, D. N. Vakhov 

E arth Cryosphere Institute SB RA S, 625000, Tyumen, 1230, Russia 

The article is devoted to development of applied problems of designing a system for controlling the state of 
polluted sites of oil fields on the basis of observation theory with the use geoinformation technologies. 

A modern rule of the ecological control of emergencies in oil production regions is analyzed. The problem of 
construction of mathematical model for the evolution of pollution state of territories with damaged oil pipelines is 
considered. 

An algorithm of tracking the dynamics of state of allocated pollution zones wi th due account of various 
inspection periods is reported. 
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BBE,ll,EHIIE 

OcHOBHhIMM HCTOIIHHKaMM 3arpSI3HeHHSI Tep­

pHTOpHii HecpTSIHhIX MecTOpo:>K,n:eHHii Cpe,n:Hero 

IlpHo6bSI 6b1JIH H ocTaIOTCSI aBapHH Ha BHyTpHnpo­

MhICJIOBhIX HecpTec6opHblX KOJIJieKTOpax H BO,U:OBO­

.n:ax. MacrrITa6HoCTh B03,n:eikTBHii (no ocpm,i:HaJib­

HhIM ,n:aHHhIM 3a 1996 r . Ha Tepp11Top1rn HH:>KHeBap­

TOBCKoro paiioHa 6bIJIO 3aperHCTpHpOBaHO 

1543 cJiyIIaSI aBapHii Ha BHyTpMnpoMhICJIOBhIX Tpy-

6onpoBo,n:ax , B pe3yJihT3Te IIero 2311,8 T HecpTH H 

BbICOKOMHHepaJIH30BaHHbIX IIJiaCTOBbIX BO,U: 6bIJIO 

c6pomeHO Ha peJibecp H B BO,U:OeMbI) B COIIeTaHHH c 

HH3KOH yCTOHIIHBOCTbIO JiaH,n:macpTOB o6ycJIOBJIHBa­

IOT 3H31IHTeJihHYIO, BO MHOrHX CJIY1I35IX Heo6pa­

THMYIO, .n:erpa.n:aIJ:HIO COCTOSIHHSI OKpy:>KaIOUieii cpe­

,U:bl. Qfo,eM 3KOJIOro-3KOHOMH1IeCKHX IIOTepb, nyra­

lOUIHe oi.i:eHKH YIIIep6a BbIBeJIH npo6JieMy KOHTpo­

JISI, npe,n:ynpe:>K,n:eHHSI H JIHKBH,U:aI.i:HH IIOCJie,n:CTBHH 

3arpSI3HeHM5I TeppMTOptt:ii MeCTopo:>K,n:eHMll Ha O,U:HO 

H3 nepBbIX MeCT B pa6oTe 3KOJIOrHIIeCKHX H pecyp­

CHbIX KOMHTeTOB XaHTb1-MaHCHHCKoro aBTOHOMHO­

ro oKpy ra [,l(oJZuHzep, 1997]. CoBpeMeHHhiii pema-

MeHT KOHTPOJISI H p eryJIHpoBaHHSI npHpo,n:onoJih30-

BaHHeM B 1!3CTH aBaptt:ii y,n:o6Ho HJIJIIOCTpHpOBaTh 

6JioK-cxeMoii (pHc. 1). B perJiaMeHTe CJie:>Kemrn 

BbI,n:em1eTCSI TPH THIIa co6hITHii: co6CTBeHHO aBa­

pHH; IIJI3HOBbie o6cJie,n:oBaHH5I 3arpSI3HeHHbIX yqa­

CTKOB (3Y) (HHBeHT3PH331.J:H5I 3Y); peKyJihTHBai.i:1rn 

MeCT 3arpSI3HeHHll. 

Ilo K3:>K,U:OMY H3 Ha3BaHHbIX co6bITHH Be,n:eTCSI 

conpOBO,U:J.iTeJihHaSI ,n:oKyMeHT31.J:MSI, B COOTBeTCTBHH 

c 3aKOHOM 06 oxpaHe OKpy:>KaIOUieii cpe,n:bI BbICT3B­

JI5IIOTC5I mTpacpbI, ocyIIIeCTBJISIIOTCSI H31IHCJieHH5I 

nJiaTbI 3a 3arpSI3HeHHSI. B .n:eiicTBHTeJihHOCTH, CHC­

TeMa B3aHMOOTHOmeHHll Me:>K,n:y npe,n:npmITHSIMH H 

BCe B03p3CT3IOillHM KOJIHIIeCTBOM KOHTPOJIHpyro­

UIIlX opraHOB OKa3hIB3eTC5I 6011ee CJIO:>KHOH H BKJIIO­

qaeT' IIOMilMO npoqero, mHpOKilll cneKTP ,n:eiiCTBHll 

110 IIJiaHHpOBaHHIO H peaJIH3aIJ:HH 33UIHTHO-BOCCTa­

HOBHTeJibHbIX MeponpHSITHH. 

0TMeIIaSI cpyHKIJ:HOH3JlbHYIO IIOJIHOTY CJIO:>KHB­

meiiCSI CHCTeMbI KOHTpOJISI H peryJIHpOBaHHSI CJie,n:y­

eT 110,n:qepKHYTb, 1ITO npaKTH1IeCK35I peaJIH331.J:H5I 

(CJ T. A. llIMeJJeea, ,n:. H. Baxon, 1998 
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Pwc. I. liJIOK-cxeMa cospeMettttoro perJiaMettTa JKOJiorw1ecKoro KOHTPOJIR 3a asapHHHbIMH CHTyaQHRMH 
Ha TeppHTOpHH tte<PTRHbIX MeCTOpO)l{)l.em1I1. 
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yKa3aHHOro p erJiaMeHTa CyIIIeCTBeHHO He::i¢¢eK­

THBHa. 3Hal.JHTeJihHa5I TeppHTOpHaJibHaSI paccpe.n:o­

T Ol.JeHHOCTb TeXHoreHa, BbICOKa5I HHTeHCHBHOCTb 

aBapHHHbIX co6hITHH H orpaHIIl.JeHHbie B03MO)KHOC­

TH HHCIIeKTOpCKHX CJiy)K6 3KOJIOrHl.JeCKOro KOHTpO­

JI5I He II03BOJI5IIOT c Tpe6yeMOH IIOJIHOTOH OTCJie­

)KHBaTb COCT05IHHe CTapbIX 3Y H perHCTpHpOBaTb 

HOBbre. CyIIIeCTBeHHOe rroBhrmeHHe ::i¢¢eKTHBHOCTH 

cPYHKIIHH yrrpaBJieHH5I rrpHpo.n:orrOJib30BaHHeM BII­

):(HTC5I B rrep exo.n:e H a aBTOMaTH3HpOBaHHhle TeXHO­

JIOrHH perHCTpaIIHM, Be,n:eHH5I H aHaJIH3a ,n:aHHbIX 0 

COCT05IHHII MeCT 3arp5I3HeHIIH c HCIIOJib30BaHHeM 

COBpeMeHHbIX reorpa¢Hl.JeCKHX IIHcPOpMaIIHOHHbIX 

CHCTeM. BHe,n:peHHe ,,::iJieKTPOHHhix rrpoTOKOJIOB" 

perHCTpaIIIIl1 , Be,n:eHH5I 11 corJiaCOBaHH5I ,n:aHHbIX 06 

aBapIIHHhIX pa3JIHBaX II 3Y .[HCMGZUJlOB U 8p., 
1998] co3,n:aeT peaJihHYIO ocHoBy rrepexo.n:a K 6oJiee 

COBepmeHHbIM TeXHOJIOrl1SIM aHaJIH3a II rrporH0-

3HpOBaHH5I COCT05IHH5I OKpy)KaIOIIIeH cpe,n:hI Ha oc­

HOBe MeTO):(OB MaTeMaTIIl.JeCKoro MO):(eJIHpOBaHII5I. 

Co,n:ep)KaHHe HaCTOSIIIIeii pa6oThI rroCB5IIIIeHo 

pa3BHTl110 rrpHKJia):(HbIX BOIIpOCOB KOHCTpyHpoBa­

HM5I CHCTeMbI CJie)KeHM5I 3a COCT05IHl1eM 3Y Ha 

OCHOBe TeOpHH H a6mo,n:eHl15I [BopOHOB, 1985] c 

HCIIOJib30BaHHeM reorpa¢11l.JeCKHX HH¢opMaIIl10H­

HbIX TeXHOJIOrHH [lvfapmblHeHKO u ap., 1995; Tom­
lin, 1990 ]. 

BEKTOP COCT051Hlf51 3ArP513HEHHOrO 
yqACTKA If ,[l,IIHAMIIKA MACCOOB­

MEHHbIX ITPOII,ECCOB 

B coBpeMeHHbI X ITPOTOKOJiax cJie)KeH115I pe­

rIICTp11py10T 60JibllOe KOJIH l.JeCTBO ,n:aHHbIX 06 aBa­

pII5IX 11 COCT05IHMM 3Y. lfaCTb TaKIIX ,n:aHHbIX HMeeT 

Ol.JeBH):(HbIH CMbICJI, O):(H 03Hal.JHO TpaKTyeTC5I 11 BOC­

ITpOH3BO):(HMa Ha Mo,n:eJibHbIX yl.JaCTKax. 3TO ¢aK­

TYPHbie ,n:aHHhle o KOJIHl.JeCTBe c6poca , oT6opa, CTo­

Ka B BO):(OeMbI , 0 ITJIOIIIa).:(5IX 3arp5I3HeHH5I H T. II. B 

TO )Ke BpeM5I CBe,n:eHM5I 0 CTeITeHH H xapaKTepe 

3arp5I3HeHH5I TeppIITOpHII , a TaK)Ke 0 CTeITeHH pa3-

pymeHII5I 6110IIeH030B HOC5IT 6oJiee Kal.JeCTBeHHbIH 

xapaKTep . 0,n:HaKo rrepexo.n: ua CTporHe KOJIHl.JeCT­

BeHHhie OIIeHKH CylileCTBeHHO o6oraIIIaeT TeXHO­

JIOrmo· KOHTPOJI5I H IIJiaHIIpOBaHl15I, OITpe,n:eJI5I5I 

peaJibHbre pa3MepbI rrJiolila.n:eii o65I3aTeJihHOH pe­

KYJihTHBaIIHH H ITJIOIIIa.n:eii c coxpaHHBIDHMHCSI 

CBOllCTBaMH caMOBOCCTaHOBJieHH5I. 

Ll,ocTaTOl.JHO CITOpHO 0IIeHHBaeTC51 OCTaTOl.JHOe 

co.n:ep)KaHHe IIOBepxHOCTHOro 3arp5I3HHTeJI5I rrpH 

HHBeHTapH3aIIl1H yl.JaCTKa. Ll,aHHaSI OIIeHKa CJIY)KHT 

6a3oii: ITpn Hal.JHCJieHHH mTpa¢a ITO cxeMe ,,3a 

BpeMeHHOe pa3MeIIIeHHe oTxo.n:oB". CooTBeTCTBy­

IOIIIIIe ITJiaTe)KH ITO CTapbIM 3arp5I3HeHHbIM yl.JaCT­

KaM ITpOH3B0).:(5ITC51, KaK ITpaBHJIO, Ka)K):(bIH ro.n: .n:o 

MOMeHTa peKyJibTHBaIIHH, JIH6o ITOJIHOro caMOBOC­

CTaHOBJieHH51. 

I1pe,n:MeTOM cepbe3HbIX pa3HOrJiaCHH BbICTyITa­

IOT yl.JaCTKH, o6pa30BaHHbie BCJie~CTBHe ITOBepxH0-
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CTHOro CTOKa, TaK Ha3bIBaeMbie IIPOIIeCChI pa3MbI­

Bamur HJill BTOplilIHOro 3arpSI3HeHH5I. 

Iif3JIO)KeHHa5I HH)Ke aBTOMaTH3HpOBaHHa5I Tex­

HOJIOrHSI Ha6mo,n:eHH5I 3a COCT05IHHeM 3arp5I3HeH ­

HOCTH yqacTKOB Yl.JHThrnaeT BhimeHa3BaHHhie o6cTo­

SITeJihCTBa H TeM caMbIM crJia)KHBaeT' a BO MHOrOM 

CHHMaeT rrpo6JieMHYIO CTopoHy OIIeHHBaHH5I. 

ITepeii:,n:eM K 3a,n:al.Je rrocTpoeHHSI MaTeMan1l.Je ­

cKoi'1 MO,n:eJIH 3BOJIIOIIHH COCT05IHH5I 3arp5I3HeHHOCTH 

TeppHTOpHH, rropa)KeHHbIX .n:eii:CTBH5IMH aBa pHHHbI X 

pa3JIHBOB Ha Heq)Tec6opHbIX JIHHeHHbIX coopy)Ke­

HH5IX. 

I1pe,n:cTaBHM o6IIIHH yl.JaCTOK rropa)KeHH5I IIJIO­

IIIa):(blO s (t) B BH,n:e COBOKYIIHOCTH 30H c pa3JIHl.JHOH 

CTeIIeHbIO 3arp5I3HeHH5I. I1yCTh c (x, y, t) - Macca 

3arp5I3HHTeJI5I, rrpHXOA5IIIIa5ICSI Ha 3JieMeHTa pHhIH 

IIJIOIIIa.n:Hoii cerMeHT c Koop,n:HHaTaMII (x, y) (rrJio­

IIIa.n:Ha5I KOHIIeHTPaIIII5I) . B e 3 rrOTepH o6IIIHOCTH 

BBe,n:eM pa3,n:eJiemi:e Ha l.JeThrpe 30HbI 

i = 1, 2, 3, 4. 
3oHa CHJibHoro rropa)KeHII5I: 

C (-, ·, t) > C, i = 1. 

3oHa cpe,n:ttero rropa)KeHH5I: 

g :S C ( · , · , t) :S C, i = 2. 

3otta CJia6oro B03,n:eiicTBHSI 

c _ < c ( ·, ·, t) < g, i = 3. 

3oHa c HopMaJihHO-BoccTaHoBJieHHbIMH cBolicT­

BaMH (ITOCJie caMOBOCCTaHOBJieHHSI HJIH (H) peKy Jib­

THBaIIHH): 

C (-, -, t) :SC_, i = 4, 

r.n:e c_, C, g - aITpHOpHO Ha3Hal.JeHHhie rrapaMeT­

pbI. 
B Ka)K,n:hril: MOMeHT BpeMeHH t 3arpSI3HeHHbIH 

yl.JaCTOK 6y,n:eM xapaKTepn3oBaTh rpyrrITott .n:mra­

MHl.JeCKHX ITapaMeTpOB - BeKTOpOM COCT05IHH51 3Y: 

3Y(t) = <MV(i, t), MS (i, t ), 

s (i, t ), i = l, 2, 3, 4 >, (1 ) 

r.n:e M (i, t) = MV (i , t) + MS (i, t) - Macca 3a­

rp513HHTeJI5I, co,n:ep)KaIIIerocSI B i-n 30He ITJIOIIIa.U:hIO 

S (i, t ), rrpH'-IeM MS (i, t) - l.JaCTh 3arpsr3HHTeJISI, 

CB5I3aHHa5I CKeJieTOM ITOl.JBOrpyHTOB, Heyl.JaCTByIO­

IIIaSI B MHrpaIIHH, a MV (i, t) - Macca rro,n:BH)KHOH 

l.JaCTH 3arp513HHTeJI51, crroco6HOH MHrpHpOBaTb c IIO­

BepxHOCTHOH BJiaroii:. B rrpnBe,n:eHHhIX o6o3Hal.Je­

HH5IX HMeeM 

C (i, t) = M (i, t )Is (i, t ), i = 1, 2, 3, 4. 

Iif3 orrpe,n:eJieHH5I 30H cJie,n:yeT 

4 

s (t) = 2: s (i, t ), s (t) 2': o, 
1 

l.JTO 03Hal.JaeT: pa3MepbI 30H s (i, t) MoryT yBe­

JIHl.JHBaTbC5I .l1 yMeHhllaTbC5I; o6IIIa51 IIJIOIIIa.U:b rropa-
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Pwc. 2. CxeMa Maccoo6MeHHhIX npmwccoB Ha 3arp.si:3HeHHOM y1taCTKe tte<f>T.si:Horo MecTopo)l{,!1,eHtt.si:. 

)KCHH5I no orrpeAeJieHHIO 5IBJI5IeTC5I Hey6hrnaIOm:eil: 

¢yHKIJ;IieH BpeMeHM. 

ByAeM BhIAeJI5ITh ABe rrptt1IHHhI B03MO:tKHoro 

pOCTa s (t ): BTOpH1IHOe pa3MhIBaHtt:e IIOBepXHOCT­

HbIM BOAOCTOKOM; IIOBTOpHbie aBaptt:H, rrptt:ypo11eH­

Hhie K CTapOMY 3Y. 
PaccMoTptt:M 3Y B MOMeHT BpeMeHtt: t. CxeMa 

Maccoo6MeHHhIX rrpo11,eccoB 3Y tt:3o6pa)[(etta Ha 

ptt:c. 2. BeKTop cocTo5IHH5I y11acTKa BKJII011aeT ABe­

HaAIJ,aTh rrepeMeHHbIX (1) . feOMeTpH5I BhIAeJieHHbIX 

30H c IIJIOll!aA5IMH S (i, t) orrpeAeJI5ICTC5I CTPYKTY­

poii peJibe¢a, IIO)'.(CTHJIOM H B o6m:eM CJiy11ae He 

MO):(eJitt:pyeTC5I, a ycTaHaBJIHBaeTC5I B pe3yJihTaTe 

o6CJieAOBaHHH, <f>tt:Kett:pyeTC5I BbIKOIIHpOBKOH (ptt:­

cyHKOM) ' Jitt:6o Aemmpptt:pyeTC5I no AaHHbIM AHC­

TaHIJ,HOHHOfO 30HAHPOBamrn [MameMamu'leC­
KUe .. . , 1992; Ce8blX, 1991; Xa.nycuH. u ap., 1992 ]. 
TiyCTb COCT05IHHe i-Il: 30Hbl xapaKTeptt:3yeTC5I 3Ha-

1IeHH5IMH [MV; (t ), MS; (t ), S; (t)] tt: B MOMeHT 

BpeMeHtt: tk rrpott:30IIIJia aBaptt:5I co c6pocoM Ha 

penhe¢. B COOTBeTCTBHH c AaHHhIMH o6cJieAOBaHtt:.sr 

o6m:ee KOJIH1IeCTBO c6pomeHHOro 3arp5I3HHTCJI5I 

mL(t) MO:tKHO rrpeACTaBHTb CJieAyIOll!HM o6pa30M: 

m'l:.(tk) = m• (tk) +mt (tk) + mt (tk) + m~(tk), 

rAe m • ( tk ) - rrorraJio Ha peJihe¢, mt ( tk ) -
tt:crraptt:JIOCh, mt (tk) - co6patto, m~ (tk) - rrorra­

JIO B BOAOeM. 

3aMeTtt:M, 11To c T01IHOCThIO AO tt:crrapeHtt:Il:, 

AaHHbIM THII HHcPOpMaIJ,HH TpaAHil,HOHHO cPllKCH­

pyeTC5I rrptt:pOAOOxpaHHbIMH opraHaMH H B HaCT05I­

IIIee BpeM.sr BKJII01IeH B ,,3JieKTpOHHhie rrpOTOKOJibI" 

pertt:cTpall,HH AaHHbIX 06 aBaptt:5IX. c APYfOH CTOpo­

HhI, y11tt:ThIBa5I pacrrpeAeJieHtt:e 3arp5I3Htt:TeJI.sr, rro­

rraBmero Ha peJibe¢, no BhIAeJieHHhIM 30HaM, MO:tK­

HO 3arrtt:caTh: 

rAe mi (tk) - KOJitt:11ecTBO 3arp5I3Htt:TeJI5I, rrorraBme­

ro B i-IO 30HY Ha peJibe¢e. TorAa, BCJieACTBtt:e 

aBaptt:H, COCTO.IIHHe Ka:tKAOM H3 BhI.n;eJieHHbIX 30H 

H3MeHHTC5I CJieAYIOll!HM o6pa30M: 

MV; (tk +) = M~ (tk -) + mvi (tk ), 

MS; (tk +)==MS; (tk -) +ms; (tk ), (2) 

fAe tk - ' tk + - MOMeHTbI BpeMeHH AO H IIOCJie 

aBapHH COOTBeTCTBeHHO, 

rrpH1IeM mvi (tk) - KOJIH1IeCTBO IIOCTynaIOm:ero 3a­

rp5I3HHTeJI.sr, HaXOA5Ill!efOC5I B ,,IIOABH:tKHOM COCT0-

5IHHH"' crroco6ttoM Mtt:rpHpoBaTb c IIOBepXHOCTHOM 

BJiaroiI, msi (tk) - KOJIH1IeCTBO IIOCTyrraIOm:ero 3a­

rp5I3HHTeJI5I, rrepeXOA5Ill!ero B CB.H3aHHOe COCT05IHHe. 

MexaHH3M rrepexoAa 3arp5I3HHTeJI5I B ,,CB5I3aH­

HOe COCTO.l!Htt:e" o6ycJIOBJieH ABYM5I ¢aKTOpaMtt:: 

CB5I3hIBaHtt:e 3a C1IeT cop6HpOBaHH5I Ha IIOBepXHOCTH 

peJibe¢a; IIOCJieAOBaTeJihHOe rrpeBpam:eHHe :tKH.U:KOM 

¢a3hI B TBepAyIO, AJI5I He¢TerrpOAYKTOB - 3TO 

rrpo11,ecc 6tt:TyMH3aIJ,MH tte¢nt. 

Ha eAMHOBpeMeHHhIM aKT anapniittoro c6poca 

KOJitt:11ecTno cop6tt:pyeMoro 3arp5I3Htt:TeJI.sr ou;eHHBa­

eTC5I CJieAYIOll!HM o6pa30M 

ms; (tk) =A.• (tk) · mi (tk ), (3) 

( ( 
HV (tk )) ) 

A.• (tk) =sat 1, 1, 1 - ~P+ + · v(tk), 

rAe A• ( tk ) - AOJI5I 3arp5I3HHTeJI5I, HaxoA5Ill!eroc.sr B 

CB.H3aHHOM COCTO.IIHHH; sat ( ... ) - MYJibTHIIJIHKa­

THBHbIH MHO:tKHTeJih HaChill!eHH5I (pnc. 3); 
HY; ( t ) - yCJIOBHa5I BbICOTa CTOJI6a IIOABH:tKHOro 

(:tKHAKOro) 3arp5I3HHTeJI5I: 

H~ (t) = M~ (t )/(S; (t) · pv(t )), 
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sat(a,b ,x) 

x 

-b 

Pttc. 3. BttJJ, rpa¢11Ka QJYHKU.HH sat (a, b, x ). 

3)1,eCb pv(t) - TIJIOTHOCTb TIOJJ,BH:>KHOrO 3arp513HH­

TeJI5I; v(t) E ] 0, v + [, v + < 1 - TiapaMeTp cMa­

q1rnaeMOCTH (COBMeCTHOe CBOHCTBO TIOBepxHOCTH H 

:>KH}J,KOro 3arp513HHTeJI51)' 3aBHC51II(HH OT ypOBH51 

BJia:>KHOCTH TIOBepXHOCTH: 

vl - TiapaMeTp HaCTpOHKH; h2(tk) - ycJIOBHa51 

BbICOTa CTOJI6a TIOBepXHOCTHOH BJiarH, h; - ee 

MaKCHMaJibHOe 3HaqeHHe; hp+ - MaKCHMaJihHbIH 

yposettb ,,cop6Hpyroll(ero pe3epsyapa". 

113 COOTHOIIIeHH51 (3) CJieJJ,yeT ' qTo eCJIH 

HVi (tk) ~hp+, TO A.• (tk) = 0, T. e., ecJIH yposeub 

TIO}J,BH:>KHOH ¢paKIJ.HH 3arp513HHTeJI51 BbICOK (HaTiptt­

Mep, ecntt asapH51 ua paccMaTpHsaeMoM yqacTKe 

TipOHCXO}J,HT IIOBTOpHO)' TO pa30BOe cop6HpoBaHHe 

HOBOH JJ,o6aBKH 3arp513HHTeJI51 B JJ,aHHOH 30He He 

TipOHCXOJJ,HT H m; (tk ) = mv; (tk ). B cnyqae, ecJIH 

HV; (tk) = 0 (T. e. pa3JIHB TIPOH3orne11 Ha 

,, qJicTyIO" TIOBepxHOCTb), cop6HposaHHe peaJIH3y­

eTC51 B MaKCHMaJibHO B03MO:>KHOM ofueMe 

A. l ( tk ) = v( tk ) s v + < 1. Ko1rnqecTBo cop6u.1rn 3a­

BHCHT OT CMaqHsaeMOCTH v(tk ), TipHqeM CMaqHsae­

MOCTb OTipeJJ,eJrneTC51 CBOHCTBOM TIO}J,CTHJia v + (TIO­

TeHu.HaJihHa51 cMaqHsaeMOCTb ,,cyxoro" penhe¢a) H 

ypOBHeM IIOBepxHOCTHOH BJiam - hi(tk ). JJ:1151 

HeQJTH TiapaMeTp v(tk) yMeHbrnaeTC51 c TIOBbIIIIe­

HHeM BJia:>KHOCTH hi(tk ). 
Ha OCHOBe BBeJJ,eHHblX o6o3HaqeHHH }1,JI51 BeK­

TOpa cDCT051HH51 3arp513HeHHOro yqacTKa TIO 30HaM 

(1)' 3aTIHIIIeM ypaBHeHH51, xap aKTepH3YIOII(He 

}1,HHaMHKy COCT05IHH51 ofo,eKTa tta6JIIOJJ,eHH51 B Me)K­

asapHHHbie TiepHO):(hl : 

dMVi (t) 
dt = - av6 x(t, MV, (t )) - as (t) · 

· MV; (t) - mi ... (t) - mil (t) + mi ... (t ), 
(4) 

dMS; (t) 
dt = - as6x(t, MSi (t )) + 

+as (t) · MV; (t) +A. l (t) ·mil (t ), 

rJJ,e i = 1, 2, 3, 4; av6x(t, M~ (t )), as6x(t, 
MSi (t )) - TiapaMeTpbI 6HoXHMHqecKoro pacnaJJ,a 

)KH):IKOH H CB513aHHOH (BKJllO'Ja51 • TBepJJ,yIO) ¢a3bl 
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3arp513HHTeJrn COOTBeTCTBeHHO; as (t) - CKOpOCTb 

TpaHCQJOpMaIJ.HH :>KH}J,KOH ¢a3bl B TBepJJ,yIO (He­

TIO}J,BH:>KHyro) - Tipou.ecc 6HTYMH3au.1m; m; ... (t) --
Macca 3arp513HHTeJrn, yqacTsyrolI(ero B TiosepxHocT­

HOM CTOKe c i-n 30Hhl; mil (t) - Macca 3arp513-

HHTe1rn, yqacTByIOII(ero B rpyHTOBOM CTOKe i-n 
30RhI; A. l ( t ) - TiapaMeTp cop6HpyeMOCTH 3arp513-

HHTeJrn B rpyHTOBOM CTOKe i-n 30Hhr; m; ... (t) -
TIPHTOK 3arp513HHTemr H3 COTipeJJ,eJihHbIX 30H B i-IO 
30Hy. 

PaccMOTpHM TIOJJ,po6Hee sseJJ,eHHhie BhIIIIe coc­

TaBJISIIOII(He TipasoH: qacTH ypasHeHHH. CKopocTH 

6HOXHMHqecKoro pacTiaJJ,a :>KH}J,KOH H CB513aHHOH 

¢a3bl c yqeTOM HeJIHHeHHOro 3QJQJeKTa THTia ,,Ha­

CbIII(eHH51" ou.eHHBaIOTC51 TIO CJieJJ,ylOII(HM Bbrpa:>Ke­

HH51M: 

av6x(t, M~ (t )) = av6x(t ) · 

( 
HVi (t )) 

Si (t). HV· sat 1, 1, HV ' 

as6 x(t, MS; (t )) = as6 x(t) · 

· Si(t) ·HS· sat (1, 1, H~~t)), 
r.t1e avEX(t ), asEX(t) - K03QJQJHIJ.HeHTbl 6HOXH­

MHqecKoro pacTia):(a 3arp513HHTeJISI; HVi (t) = 
= M~ (t )/(S; (t) · pv), HS; (t) = MSi (t )/ 
I (Si ( t ) · ps ) - ycJIOBHbie BhICOTbI CTOJI6os 3a­

rp513HHTeJI51 B :>KH):(KOH H CB513aHHOH ¢a3e COOT ­

BeTCTBeHHO, HV, HS - Hx KOHTpOJihHhle 3uaqeHH5I 

c JIHHeHHOH MO):\eJiblO TpaHCQJOpMaU.HH; pv, ps -
COOTBeTCTBYIOII(He IIJIOTHOCTH 3arp513HHTeJI51 TIO 

¢a3aM. 

KoJIHqecTso 3arp513HHTeJI51, MHrpHpyrolI(ero c 

TIOBepxHOCTHblM CTOKOM c TeppHTOplrn, ou.eHHBaeT ­

C51 CJie):lyIOII(HM o6pa30M: 

mi .. (t) = v ... · Q21i (t) · H~ (t ), 

rJJ,e Q2li (t) - paCXO):( TIOBepXHOCTHOro CTOKa c i -H 

30HhI; v ... - uaCTpoeqH bIH TiapaMeTp, 011pe.t1eJI5l­

IOII(HH ):(HHaMHKY MHrpau.HH 3arp513HHTeJI51 (3aBH­

CHT OT THTia IIOBepxHOCTH H 3arp513HHTeJI51). 

A1rnnorttqHo MO:>KHO 3arn1caTb Bbipa:>KeHH51 JJ,JI51 

rpyHTOBOro CTOKa mil (t ) H IIPHTOKa H3 co11peJJ,eJih­

HbIX 30H mi ... (t ): 

m i l (t) = (vu · Q23i (t) + v2l S; (t) · 

( 1, ) , ( j - -E -+-;!-! S-~-(:-~:-th-~/+_h3~+)-,) 
+ 

) J · HV, (t ), sat 

mi ... (t) = L v;1 · (Q21;1 (t )\ · H~ (t ), 
j,. i 

rJJ,e Q23; (t) - pacxoJJ, rpyHTosoro CTOKa c i-li 30HhI ; 

Q2lij ( t ) - o6II(a51 qaCTb IIOBepXHOCTHOro CTOKa }1,JI51 
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1 
M;(t)= MV; (t )+MS; (t), S;(t) 

ga 

H8T 

ga 

H8T 

ga 

H8T 

3 3 

IS; (tk) -2.:S;(tk-1) > O 
1 1 

-BTOpi.14H08 pacTeKaHl-18, 

-c0Kpb1rne pa3n1-1sos. 

M;(tk+)=M;(td -8M;(tk), 

S;(tk+)= S;(td -8 S;(tk), 

i = 1, 2, 3. 

3 
S4{tk+)=S4 {tk-)+ I 8 S; (tk) 

I 

7 ------------~ 

MV;(tk+) = MV;(tk-) +mv;(tk), 

MS; (tk+) = MS;(td + ms;(tk), 

S;(tk+) =S;(td +oS;(tk), 

i= 1,2,3. 

Y1-1cneHHoe 1-1HTerp1-1posaH1-1e 

Ci.1CT8Mbl 

ypaBH8Hl-1iii (4) 

napaMeTpbl MOA8Ili.1. 

l1-1gp0Mernoycnos1-15l s 

MOM8HT speM8Hi.1 tk. 

YC110Bi.15l OKOH4a~i.15l 
npo4ecca c11e*eH1t15l 

OCTaHOB 

PHc. 4. BJIOK-CXeMa aJirOpHTMa CJie)KeHH.SI 3a COCTOSIHHeM 3arpsi:3ueuuoro yqaCTKa ueqnsi:uoro MeCTO­
pO)l{)J,eHHSI. 

i-il: H j-il: 30H, vH, v 2•, v;1 - uacTpoetIHhie rrapa­

MeTphI, orrpei::i:emIIOI11He Jl:HHaMHKY MHrpau;HH 3a­
rp5I3HHTe;rn; e - MaJihIH rrapaMeTp; hit) -
ypoBeHb rpyttTOBOH BJiarH; h; - IIOTettu;HaJihHa5I 

eMKOCTb ,,rpyttTOBOro pe3epByapa". 
CJiaraeMoe c ¢yuKu;Heil: uachIIu;emrn sat( ... ) 

(CM. pHC. 3) OTpa)KaeT MexaHH3M caMorrpOH3BOJib-

uoil: rpyttToBoil: HHcPHJihTpau;HH, BeJIHtIHtta hg+ xa­
paKTepn3yeT IIOTettu;HaJihHYIO eMKOCTb HHcPHJibT­
pau;HOHHOro rrpocTpaHCTBa AJI5I 3arp5I3HHTeJI5I, KO­
TOpoe MO)KeT yMeHbIIIaTbC5I no Mepe 3aIIOJIHeHH5I 
IIOl!BOrpyttTOB BJiaroil:, B rrpei::i:eJie caMorrpOH3BOJib­
Ha5I HHcPHJibTpau;H5I IIOA i::i:eil:CTBHeM HY; ( t ) OTCyT­

CTByeT. 
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J1.1rnaMHKa cop611pyeMOCTH rpyHTOBOro 3arp5I3-

HHTeJrn orrpe):(em1eTC5I rrapaMeTpOM A.• (t) < l, MeTOA 

3a):(aHH5I KoToporo aHaJiorwieH A.• ( t ) (3): 

HSi (t) 
A. •(t) =sat (1, 1, (1 - ---;;g+) +) · v•(t ), 

v•(t) =(I + vl. h3(t)/h;) 

- ¢YHKIJ;H5I CMa'-IHBaeMOCTH rpyHTOB. 

CJie):(yeT 3aMeTHTh, '-ITO J:IHHaMHKa MHrpau;11li 

(rrapaMeTpbI v __, , vu, v2i, vii' Q21i (t ), Q21if (t ), 
Q23i (t )) II TpaHccfiopMaIJ;HH (av 6x(t ), as6 x(t ), 
as(t)) 3aBHC5IT OT rH):(pOMeTeOpOJIOrHqecKHX ce-

30HHbIX ycJIOBHH. B qacTHOCTH, 3HMOH rroqTn OTCyT­

CTBYJOT MHrpau;HOHHbie H TpaHccfiopMaIJ;HOHHhie 

rrpou;ecchI - Q21i (t) = 0. BeCHoli yrnJieHhI MHr­

pau;noHHbie rrpou;eCCbI (yBeJIH'-IHBaJOTC5I 3Ha'-leHH5I 

Q 21(t ), JieTOM - TpaHccfiopMaIJ;HOHHhie (BblCOKHe 

3HaqeHH5I av6 x(t ), as6 x(t ), as (t )) . OceHh ofueAH­

H5IeT CBOHCTBa BeCHbI H JieTa, HO c IIOHH)KeHHOH 

lIHTeHCHBHOCTblO. 

TEXHOJIOnrn: HABJIIOJJ.EHlUI 

IT pe):(JIO)KeHHa5I AlrnaMnqecKa5I MO):(eJih (1 )­
( 4) BbICTyrraeT COCTaBHOH qacTblO TeXHOJIOrHH CJie­

)KeHH5I 3a COCT05IHHeM 3arp5I3HeHHbIX yqaCTKOB 

ttecfiT5IHhrx MeCTopO)K):(eHHtt. B paMKax BBe):(eHHhrx 

Bhlllle o603HaqeHHH o6ru;HH perJiaMeHT CJie)KeHH5I 

lIJIJllOCTpHpyeTC5I aJiropHTMOM, H3o6pa)KeHHOM Ha 

p11c . 4. 
BeKTop cocT05IHH5I 3arp5I3HeHHOCTH y'-laCTKa Ha 

rrpOH3BOJlbHbIH MOMeHT BpeMeHH t ou;eHHBaeTC5I Ha 

OCHOBe MO):(eJIHpOBaHH5I (qncJieHHOro HHTerpnpo­

BaHH5I) ClICTeMbI ypaBHeHHH (4) (CM. pnc. 4, 
6JioK 1). IT pe):(rroJiaraeTC5I, '-ITO BH3yaJibHbitt o6pa3 

3Y B BH):(e BbIKOIIHpOBKH 3JleKTPOHHOH KapTbI-CXe­

Mbl (pHC. 5,a)' a3pocfioTO- HJIH KOCMOH306pa)KeHHH 

c 30HaMH S1(t ), . .. , Sit) arrpnopHo H3BeCTeH. Per­

JiaMeHT nHcrreKTopcKHx rrpoBepoK ¢11KcttpyeT TPH 

THITa co6bITHH. 3TO: lIHBeHTapH3aIJ;H5I 3Y (ciJHK­

cau;H5I TeKyru;ero COCT05IHH5I IlJIOIIJ;a):(eH rropa)KeHH5I 

c u;eJibJO ou;eHKH rrpou;eccoB BTOpH'-IHoro pacTe­

KaHH5I, caMOBOCCTaHOBJieHH5I HJIH Bb151BJieHH5I o6'he­

MOB COKpbITblX aBdpHH - CM. pHC. 4, 6JIOKH 2, 3); 
peKyJihTHBaIJ;H5I 3Y (CM. pHC. 4, 6JIOKH 4, 5); o6CJie­

):(OBaHHe HOBbIX o6'h5IBJieHHblX aBapHH (CM. pnc. 4, 
6JIOKH 6, 7). 

Ka)K):(Oe H3 o6'h5IBJieHHhIX co6bITHH rrpe):(rrOJia -

raeT o6HOBJieHHe TeKyru;nx 3Ha'-leHHH BeKTOpa co­

CT05IHH5I Ha OCHOBe cfiaKTYPH~X H3MepeHHH Be­

JIHqHH Si (tk ), a B03MO)KHO, H Mi (t ). 
Ha p11c. 5,6 11306pa)KeHbI KOHTYPhI 30H 3arp5I3-

HeHnli B rrepHO):( BeCeHHett HHBeHTap113au;HH tk }:(JI5I 

aBapHH, 3acfiHKCHpOBaHHOH B Ha'-laJie oceHH 

tk _ 1 (tk > tk _ 1). YBeJitt'-leHHe rrJioru;aAH rropa)KeHH5I 

BCJie):(CTBHe Beceff:Hero rraBO):(Ka He CB5I3aHO c yBe­

JIHqeHHeM KOJIHqecTBa pa3MeIIJ;yHHOro 3arp5I3HH-
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a 

6 

B 

Asap11151 1 

..>. 
li1HBeHrnp1113aU11151 1 

Pttc. 5. ITpttMephr BhIKOmt po BOK aJieKTpOHHhtx 

KapT-CXeM c o6pa3aMH 3arpSI3HeHHbIX y'-laCTKOB. 

a - BO BpeMS1 oce1rnei1 aBap1.rn; 6 - KOHTYPbI 30H 3arpS13He1rni1 

e nep1101-1 eecem~ei1 11HeeHrnp113au1111; 6 - BO BpeMS1 nJiaHOBOH 

11HBeHTap113au1111 <Iepe3 5 i 1eT. l - 30Ha CHJibHOro nopa>KeH11S1; 

2 - 30Ha cpe1-1Hero nopa)J(eH11S1; 3 - 30Ha cna6oro B031-1ei1crn1151; 

4 - 30Ha c HOpMaJibHO-BOCCTaHOBJieHHblMH CBOHCTBaMH (nOCJie 

caMonoccrnHOBJiemrn); 5 - yBen11qem1e nJ10 ll.\a1-111 3arpS13HeH11S1 

BCJie/_ICTBHe BTOp114HOro pa3MblBaHH51 noeepxHOCTHblM CTOKOM . 

TeJI5I. 0TCJOAa rnroru;a):(Ha5I KOHu;eHTpau;115I 3arp5I3-

HHTeJI5I B BbI):(eJieHHbIX 30Hax B u;eJIOM He yBe­

JlliqHJiaCh, T. e . 

3 3 

C~(tk) = L Mi (tk )IL Si (tk) :s C~(tk - 1), 
1 1 

XOT5I rrepepacrrpe):(eJieHne KOHIJ;eHTpau;nli OT):(eJihHO 

B BbI):(eJieHHbIX 30Hax MO)KeT 6hITb HepaBHOMepHbIM. 

ITpneMKa 3Y IIOCJie peKyJihTHBall;lIH CB5!3aHa c 

rrpeo6pa30BaHH5IMH BeKTOpa COCT05IHH5I rropa)KeH­

HblX 30H B CTOpoHy yMeHhIIIeHH5I (CM. pHC. 4, 
6JIOK 5). 

ABap11liHoe co6hrTne (rroBTOpHa5I aBap115I), Ha­

rrpoTHB' CB5I3aHO c KOppeKTHpOBKOH BeKTOpa COCT0-

5IHH5I 3Y B CTOpOHY yBeJinqeHH5I COrJiaCHO (2) c 

IIOCJie):(yJOru;HM pa3):(eJieHHeM KOMIIOHeHT BeKTOpa 

COCT05IHH5I Ha ¢a3hI - IlO):(BII)KHYIO H CB5I3aHHyJO. 

ll;HKJIHqecKa5I rrpou;e):(ypa lIMHTaIJ;HOHHOrO 

CJie)KeHH5I 3a COCT05IHHeM 3Y rrp0):(0JI)KaeTC5I ):(0 

BbIIIOJIHeHH5I ycJIOBH5I ,,OCTaHOBa"' HarrpHMep 
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3 

2: si (tk) :s oso, 
1 

T. e. IIOLITH IIOJIHOro BOCCTaHOBJieHH5I IIJIOIIJ,aAH 

rropa)KeHtt5I. 

3AKJUOqEHHE 

PaccMoTpeHHaSI TexHoJioruSI cJie)KeHtt5I 3a coc­

T05IHtteM 3arp513HeHHOCTH TeppHTOpHH He¢T5IHblX 

MeCTopO)KAeHHM IIOJIHOCTblO HaCJieAyeT THIIOBOM 

per JiaMeHT 1rncrreKTHPOBaHH5I, cyIIJ,eCTBeHHO yJiyLI­

rna5I ero Ka11ecTBO. 

MacrnTa6HoCTh aBapuii:Hhrx co6hrTttii: u ofo,eM 

IIOAKOHTpOJibHOM AOKyMeHTaU:HH CTOJib BeJIHKH, LITO 

CJiy)K6hr 3KOJIOrHLieCKOro HaA30pa He B COCT05IHHH B 

IIOJIHOM o6'heMe H c AOJI)KHOM orrepaTHBHOCTblO ¢ttK­

CHpOBaTh , OTCJie)KHBaTh, a TeM 6oJiee aHaJIH3H­

poBaTh IIOJIHOe MHO)KeCTBO aBapHMHbIX CHTyau:nii:. 

I1peACTaBJieHHa5I TeXHOJIOrttsr CJie)KeHH5I ClICTe­

MaTH3HpyeT perJiaMeHT HHcrreKTHpoBaHH5I B eAH­

HYIO cxeMy aHaJin3a c rroJIHhIM B3anMocorJiacoBaH­

HhIM MHO)KeCTBOM AaHHbIX. 

Y11eT MHoro¢aKTOpHhIX 5IBJieHnii: MOAeJiupo­

BaHH5I COCT05IHH5I 3Y AOCTaBJI5IeT HOBhie IIOJie3Hhre 

ou;eHKH, TaKHe KaK o6'heMhI HaKOIIJieHHbIX (6n­

TYMH3HpoBaHHbIX) He¢TerrpOAYKTOB B BepxHeM 

IIOLIBOrpyHTOBOM CJioe; ofo,eMhI 6HOXHMH1leCKOro 

pacrraAa H CTerreHh 3apa)KeHH5I 6HOThI; o6'heMhl CTO­

Ka 3arp513HHTeJisr B corrpeAeJihHhre TeppnTopmI. 

.IJ,a)Ke B ycJIOBH5IX peAKHX rrpoBepoK CHCTeMa 

II03BOJI5IeT ou;eHHBaTh TeKyIIJ,ee COCT05IHHe ypOBH5! 

3arp513HeHHOCTH TeppIITOpHH MeCTOpO)KAeHHM, CTe­

rreHb HepaBHOMepHOCTH pacrrpeAeJieHH5I 3arp513HH­

TeJI5I, y11IIThrna51 pa3Mephr 30H, crroco6HhIX caMoBoc-

CTaHaBmrnaTbC5I (CM. pIIC. 5,e)' II IIOTpe6Hbie o6'he­

MbI peKyJihTIIBaU:HOHHbIX pa6oT. 
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