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PE3IOME

EKOMOMMYHMST MOHUTOPMHT BKIIOYBa fieiHOCTUTE HabntofeHne, aHanua 1 koHTpon. LienTa Ha aoknaaa e aa Npeanoxu cucteMa 3a HabmniofieHe Ha ecTeCTBEH BOAOEM, B
rpaHULMTE Ha edHo HaceneHo mscTo. Lle ce cnepsT KONMYECTBOTO M KAYeCTBOTO Ha BPEAHWUTE eMucuu Criopen NpoM3BOAUTENHOCTTa Ha MeCTHUTE MpedanpusTus u
npomsiHaTa Ha KNMMaTU4YHUTE yCroBusi. PasrnexpaHmaT 06eKT e MHOrO(hakTOpeH U CToXacTudeH. 3a LenTta ca W3nonasaHu MHOTOaKTOPHU MOrMKO-BEPOSTHOCTHM

OYHKLMM.

BBbBEAEHME

EKONOrMYHNAT MOHUTOPUHT € cucTema 3a HabniogeHve, aHanus
W KOHTPOM Ha €OMH WM NOoBEeYe 3aMbpCUTENs BbpXY
CbCTOSHMETO, KauecTBaTa W W3MEHEHWsATa Ha napameTpuTe Ha
Broccepata. BaxHO € Oa ce w3MepBaT KOMMYECTBEHUTE U
KOHTPONWpaT KaYecTBEHUTE MOKasaTenn, XapakTepusmpaLup
KOMMOHEHTUTE Ha OKOMHaTa Cpefa: BOAA, Bb3AYX, MN0OYBA,
nangwadT, dnopa n dayHa. Tesn KOMMOHEHTU ca B OCHOBaTa
Ha MOACUCTEMUTE Ha EKOMOMMYHUS MOHUTOPUHT — BOAM, MOYBM,
paguaLMoHHO 3amMbpcsiBaHe, LUyM 1 BUBpaLmMu, HENOHU3UpaLLm
ITBYEHUS, TOPCKU MOACUCTEMM, 3aLLMTEHW NPUPOAHU OBeKTH,
Bb3aYyX W Apyru.

B cenuwata c passuTa npoMULLIIEHOCT € COBEHO BaXHO fa ce
CNegsaT Te3u napameTp M [a Ce onpedens CBOEBPEMEHHO
HMBOTO Ha 3ambpcsBaHe. CblUECBYBa iepapxuyHa cucTema 3a
€KOMOTYEH MOHUTOPWHT, MPU KOSATO AaHHMTE3a 3aMbpCABAHETO
Ha okonHaTa cpega ce npegasat ot PUOMC kem MOCB u
LeHTpanHuaT aucneyepcku nyHKT [3]. Bce ouwle cbliectBysart
Hskon npobnemu u Te ca:

- HUCKa CTerneH Ha aBTOMaTM3auws npu KOHTpona
Ha napameTpuTe Ha okonHaTa cpefa [4]

- TEXHWYECKUTe CpeacTBa 3a U3MepBaHe Tpsbea aa
CTaHaT C eANHHWN METPONOTUYHI XapaKkTepuCTUKK [4]

- HWCKO HWMBO Ha KOMYHMKALMOHHATa cucTema [4]

- nMnca Ha CUCTEMHOCT B W3CMEABAHETO Ha
ekonornyHuTe o0bekTy [4]

- 3aNnnoBO  WM3XBbLPMSIHE Ha  3ambpcuTenn  OT
NPOMULLIIEHNTE NPEANPUATUS

Beuuku chaktopu M3bpoeHn ga Tyk onpefensT npolecuTe Ha
3amMbpcsiBaHe Ha OKOMHaTa cpefa Kato CTOXacTUYHU U
HenmuHenHu. OCBEH TOBa B €4MH PETMOH WMa NOBEYe OT €OHO
NPeanpuATAE, KOETO M3XBLPNA 3ambpcutens. Toea Boau [0
MHroaKkTopHOCT Ha 3ajadyara 3a MPOrHo3upaHe Ha Bb3MOXHOTO
3amMbpcsBaHe.

Mpn nokanHWs eKonorMyeH MOHUTOPWHI Ce pasrnexpaa
CTEMeHTa Ha 3ambpcsBaHe Ha BoguTe B edHO cenmvue. [lpu
3agageHu, npomeHswm ce BxogHM X(f) u cmywasawm z(f)
Bb3OENCTBIS, LLe Ce NPOrHo3upa HMBOTO Ha uaxoda y(t). Bendkn
T€ Ca C HEW3BECTHM BEPOSTHOCTHN XapaKTepPUCTUKM.

Llenta e nga ce onpedensT norudyeckute QYHKUMKA Ha
3aBUCMMOCT MeXay BXOAHUTE M U3XOOHUTE MapameTpy, KaTo ce
B3EMaT MOA BHUMaHWe CMylieHWsiTa. Taka 4pes Tasu
3aBUCMMOCT LLiE CE MPOrHO3Mpa NMoBEeAEHNETO Ha 00ekTa, KoiiTo B

cny4aa e 3aMbpcABAHETO Ha BOAUTE HA  €CTECTBEH
BOZIOM3TOYHMK B HACENEHO MACTO.
OMUCAHME HA NPOBJIEMA

ObobleHaTa TexXHOMOrMYHa CxemMa Ha npouecute Ha
N3XBbPNSIHE Ha BPedHW BellecTBa BbB pekata € [afeHa Ha

cur.1.

BxogHuTe dhaktopu ca: x:(t) pasnuyHn BUOOBE OpPraHWUYHM
3aMbpcuTenu OT MbPBO MPEANpUATUE AafeHO B MI/M, Xoff)
PasnnMyHUTE BUOOBE HEOPraHW4YHU 3aMbPCUTENM OT MbPBO
NPeAnpuUsTUE CbLUO JadeHn B Mr/, Xs(t) pebut Ha BoguTe OT
TOBa NpeanpusTue, Xq(t) opraHMyHMTE 3amMbpcuTeEnM OT Apyra
cupma- Mmrin, xs(t)  HeopraHndHW 3ambpeuTeni, Xe(t) aedwr.
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N36poeHuTe No-rope dakTopyu 3aBUCAT OT MPOU3BOAUTENHOCTTA
Ha dMpMaTa W OT KayecTBeHaTa MPOMSHA Ha M3MON3BaHuTe
CYPOBWHW. Hampumep B Ko3MeTM4YHaTa W XUMMUYECKaTa
MPOMMLLNIEHOCT KayecTBEHATa XapaKTepucTUka Ha OTAENsHUTE
BPeOHM BellecTBa 3aBMCM OT BWAA HA MPOM3BEXOAHUTE B
MOMEHTa MPOAYKTU.

Pa3bupa ce BXoaHUTe MaTepuanH1 notoum MoraT Aa 6baar ot
noBeye NPeanpuaTAS ako B M3CNeBaHWs PETVOH CbLecTByBaT
Takuea. OcBeH ToBa TpsibBa [a ce OTYETe BEPOATHOCTTA OT
P/IOOC pa He ce cbbupaT AaHHM 3a 3aMbPCUTENNUTE OT HSIKOM
ronemMn Wiu Manku npeanpusTus. B Takuea cryuna e gobpe fa
ce Mpoyuyn JerHocTTa Ha MankuTe dupMM W LIEXOBE M Ja ce
YCTaHOBW NpUBNNU3MTENEH Ka4eCTBEH U KONMMYECTBEH CbCTAB Ha
U3XBBPNSHATE 3aMbpCUTENN.

BaxeH hakTop, KONTO ChLLECTBEHO BMMSie Ha pa3paboTBaHNs
MOZeNn e oOnpedensHe Ha MACTOTO, KbAeTo ce BhuBar
3ambpceHuTe BOAM B pekata. B noeevyeTto Gbnrapcku rpagose
MUMa  M3rpafeHN  MPOMMILMEHM  30HM,  KbAETO  BCUYKM
NPOM3BOACTBEHW  MPEAnpUATMS  ca  CbCPELOTOYEHM  Ha
onpegenexa Teputopusi. Ha apyru Mecta Te ca pasmnonoxeHu u3
UAMOTO  HaceneHo  MscTo.  AKO  KONEeKkTopuTe  Ha
NPEaNpUATUATUSITA Ca Ha PasfNyHN MECTa, B HAKOW Cly4an He
Cce JocTura Aa npesuLIaBaHe Ha NpegenHo AoMmyCTUMITE HOPMMK.

CobLyo Taka TpsibBa ga ce OT4YETE M BPEMETO Ha U3XBBPIISHE Ha
oTnagbuuTe. Mpu LMKAMYHUTE TEXHOMOMMYHM NPOLIECH B Kpasi Ha
BCEKM LMKbN Ce U3XBBPNAT noBeye BpeaHW BeLlecTBa. Taka e
BbB (bapamauequHaTa M KO3MeTM4HaTa npPOMMULLUNEHOCT,
KoraTo B kpas Ha CMeHWTe Ce M3MMBAT CbaoBeTe. B TakuBa
cnyyan B NpeanpusaTMsTa, Ha YMIATO U3XOL UMa NpeYncTBaTenHa
CTaHLUMs TOBa BpeMe Ce 3Hae W aBTOMaTW4HO Ce Mopasart no-
FoNsiMo KONMNYECTBO peareHTH.

CwmyLuaBallm haktopy BbpXy 3aMbpCABaHETO Ha EKOMOTMYHUS
obekT - peka ce okasBaT: zi(f) konmyecTBO Ha BanexuTe 3a
nepuoga Ha B3eMaHe Ha npobute, Zzy(t) TemnepaTtypa Ha
BOAMTE, Z3(t) CKOPOCT Ha ABWXEHME Ha BOAMTE B pekata. Teau
akTopy ca CTOXaCTU4HW M BRMSST B ronsMa CTeneH Ha
usxogHuTe napametpu. lNpu Banexu gebuTbT Ha pekata ce
MOBWLLUABA 1 HUBOTO HA BPEOHUTE KOMMOHEHTM, U3MEPEHN B MI/N
cnaga. Ot apyra cTpaHa TpsibBa fa ce B3eMe npeasua, ye oT
MHOTO (hMpMM Ce W3XBBLPNAT 3aMbpCEHW BOAM, KOrato Banm
ObXO, 3aloTO  3acMYaHeTo OT  MHCMeKuMUTe €  MouTH
HEBB3MOXHO. TemnepaTyparta € CbLieCTBEH NAapamMeTbp, 3aLloTo
MpV NOBMLLABAHETO i HAKOW BELLECTBA CE pa3rpaxaar no-6upao.
Mo ChLLUMS HAYWH BNWSIE N CKOPOCTTA Ha [BWKEHWE Ha BOAUTE —
Te Ca C MO-BMCOKO KWCMOPOLHO CbAbPXaHWe W NeTnuBuTE
BELLECTBa ce pasrpaxgat no-6bp3o.

/3xopHM hakTopu, KOMTO Lie ce nporHoaupar ca: yi(t) nebut
Ha BOaWTE B pekaTa, Y(t) KoNMYecTBO Ha BPEAHUTE KOMMOHEHTH
BbB BOANTE, Ys(t) MBTHOCT Ha BoauTe.

Ha dwurypa 1 ca nokasaHn W OCHOBHUTE BPbB3KM Mexmy
BXOOHUTE W M3X0aHWUTE noToun. HapoyHo He e mMokasaHo
BMUSIHMETO Ha CMyLUaBaluTe (haKTOpW, Tbil KaTo Te BRMUSAT
BbPXY BCUYKM U3XOAM.

Queypa 1

BB3MOXHOCTUTE HA MHOTO3HAYHATA JIOTMYECKA
OYHKLNA MNP PELLABAHE HA MOCTABEHATA 3AJAYA

OT n3bpoeHnTe No-rope NapameTpu ce BUXAA, Ye Te Ca MHOMO
M e TPyAHO Oa Ce HanpaBW TOYEH MaTemaTudeH MoAen Ha
3aMbPCSBAHETO Ha peka npu paboTa Ha HSKOMKO NpeanpusTus
NPy  NOMOXEHWE, Y€  HEMPEKbCHATO  Ce  U3MEHSsIT
NPOWU3BOLACTBEHUTE W KNMUMATUYHWUTE YCnoBusi T.e ODEKTbT ce
XapakTepuanpa CbC CTOXAaCTMYHOCT W MHOro(akTOPHOCT.

Bb3MOXHM Cca HAKOMKO MbTHLLA 3a pellaBaHe Ha 3ajavara.

1. MpunaraHeTo Ha MaTeMaTUYECKN METOAM Ha
MoZenvpaHe Ha npoLecuTe No 3aMbpcsBaHETo Ha obekTa. [pu
M3MON3BaHETO UM Ce [OCTUra fAa CHOXHWM CUCTEMU OT
YPaBHEHMS, KOWTO B HSAKOW Cryyau He u3passBaT Bpb3KUTE
Mexay BCWYKM (pakTopn. ToBa € T. Hap. MNpuHUMN Ha
HECbBMECTUMOCTTA  MeXy CROXHOCTTa Ha obekta w
Bb3MOXHOCTTA Ha BWCOKA TOYHOCT B MartemMaTU4eckoTo My
onucaHxue.

2. CucraBsHeTo Ha JIBM koraTto ca M3BecTeH
ronsiMm Habop OT BxogoBe U u3xoau Ha obekTa. Mo To3n HauMH B
JIBM ca nokasaHu nOMMYecKUTE BPbL3KM Mexgy OTAENHWUTE
BENMUMHW. He e ycTaHoBeHa obaye KOnMYeCTBEHO CTeneHTa Ha
B3aVIMO,E|,eI7ICTBI/Ie mexay Tax. an MHOXeCTBO WU3MEHEeHuUd Ha
4YacT unn Ha BCUYKW OT M3MepBaHUTE BENUYMHKU, KOraTo He ca
M3BECTHN BCUYKM BB3MOXHW WU3XO0OW € BB3MOXHO da Cce
13MNON3BaT CUCTEMM 3a 0OYUEHNE (HEBPOHHW MPEXM).

3. CbCTaBsHETO  OTHOBO Ha  JIBM  #
M3MNON3BaHETO Ha CUMynaumoHHUAT npoaykt MATLAB e gpyr
Bb3MOXeEH METOZ 3@ reHepMpaHe Ha BEPOSTHUTE M3XOaN.

4. 3a cbxaneHue B pasrnexnaHns ekonormyeH
00eKkT e TPyBHO fAa Ce OTKPUAT HSKOW OT  JIOTUYECKUTE
3aBUCUMOCTTU MexXay chakTopuTe. ToBa € Taka, 3aLl0TO HAKOM OT
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chakTopuTe He ce BNIMSAT B3aumHo. ETO 3awo moxe ga ce
0000wy, Ye pasrnexaaHnaT 0bekT ce xapakTepusupa ¢ pasmuTa
W CTOXaCTW4Ha HeomnpedeneHocT. 3atoBa He MoraT da ce
NpUNoXaT CaMoCTOSTENHO METOAMTE Ha pas3MmuTaTta forvka unm
Ha BEPOATHOCTHUTE pasnpegenequs.[2]

B 3alinTa Ha HanncaHOoTO NO-rope KaTo NpuUMep ca NnpUnoXeHu
AaHHUTE OT HeOpraHW4YHUTE 3aMbpCUTENN OT ABa PYAHUKA:
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Tabnuyal.
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Ha rpadhukuTe sicHo ce Bixga, ye B MbpBaTa rpaduka Ha aBe
OT CTOMHOCTUTE MMa MWKOBE, KOUTO HE 3aBUCAT OT OCTaHanuTe
CTOMHOCTTH. TMPUYMHITE MOXE [ia Ca HSKOJTKO: NOpaiM CE30HHMU

BamNeX| KONMMYECTBOTO Ha BOAWTE, KOUTO PUNTpMpaT € no-
ronsMo M KOHLEHTpaLUWATa Ha NPUMEecUTe € Mo-Hicka, rpeLuka
Mpu BaUMaHe 1 KOHCepBMpaHe Ha npo6ata, HempaBuneH MeTog
3a aHamm3 WnK HeWsNpaBHOCT Ha arapaTa, HeBOIHO CMecBaHe
Ha npoGata C fJpyra M T.H. BbamoxHo e npu apyru
HEenpenBUAMMM YCMOBUSI BIUSHAETO Ja € U3paseHo Mmpu Apyru
KOMMOHEHTY W MY BCUYKITE 4HOBPEMEHHO.

Ha BToparta rpacdwuka ce Buxaa, 4e CTOMHOCTUTE Ha
3aMbpCUTENUTE MMaT OMpederneHa 3akOHOMEPHOCT M He ce
BNUSASAT OT CIyYaiHn Bb3OeNCTBUS.

B TtaksBa cnyyau e uenecbobpasHo ga ce u3nonssat
KOMMMEKCHM  MeToaM  Mexgy rnocoyeHute. TakuBa  ca
MHOTO3HAYHUTE NIOrNYECKN BEepOSTHOCTHU pyHKUumm (MJIBO).
Mpu TAX BCEKU NapameTbp NpUema No HAKOMOKO OMpeaeneHu
TIMHTBUCTMYHU CTOWHOCTTU CIOPed TOYHOCTTA, KOATO Ce Lenu.
CTOWHOCTATE HA NOTMYECKUTE apryMeHTW MMaT KavyecTBeH
XapaKkTep Hanpumep: MHOTO HUCKa, HUCKa, CpeaHa, BMCOKa U
MHOTO BMCOKa CTOWHOCT T.e. k=5 TOBa e CTeneHHWs nokasaTen Ha
Bb3MOXHWUTE pelleHns 3a 3agavata. B k-3HauHaTa norudecka
cucTeMa BCekM enemMeHT OoT obnactTa Ha aprymeHTuTe ce
CbMocTaBs ¢ k Ha Gpon enemenTy oT Y, j=1+k, npu Y=f(X,W).

Mpw onpepensiHe Ha NOrMYECKUTE CTOMHOCTTU Ha apryMeHTUTe
BMHArW ce B3UMAT MOA BHWMaHWe pearHWTe rpaHnun Ha
W3MEHEHME Ha CbOTBETHUTE BenuynHW. Cnoped Tesu rpaHuum ce
npegnonarat Ham-BeposITHUTE CTAHOCTTM, KOWTO MOXe fa
npugobue obekta NpW KOHKPETHW ycrioBus. B Hakow crnyyawm,
KoraTo pearHuTe YCroBusi HamnaraT TOBa, Ce No3sonsiea Te Aa
NpeBuLLABaT WM TpaHM4aT C MakcUMarHo JomycTUMKTE.
Cropef, TaX Ce yCTaHOBsIBA CTeMeHTa Ha MPWHAANEXHOCT Ha
BCAKA  NMHMBMCTMYHA  npomeHnuea.  OnpedensHeTo  Ha
B3aWMHOTO BINSHWE Ha OTAENHWTE NapaMeTpy NPy CbCTaBSHETO
Ha MJIB® BuHar gaBaT ekcrepTHO CTaHOBWLLE W CheLuanucTm
TEXHOMO3n B CbOTBETHaTa obnact. [peacTaBeHa e mpumepHa
Tabrmua ¢ NOTMKO-NMHIBUCTUYHM CTOMHOCTTU Ha MPOMEHNMBUTE
— aprymeHTuTe W (yHkumsta (Tabmuua 1). B Tabnuuata e
npescTaBeHa Manka Yact OT Bb3MOXHUTE KOMOUHaLMMN.
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MHOXeCTBOTO Ha aprymeHTute X;, npu i=1+n, W, npu s=1+l un
MHOXXECTBOTO Ha (oyHKUMsTa Y, Npu j=1+K MMaT CTOHOCTTH B k-
€ITeMEHTHOTO MHOXECTBO OT FOTMYeck CTOMHOCTTM Ak (a1, a2,
ad ....a).[1]

Upes matpuua Ha BeposTHocTuTe P=[py] ce 3apasa
BEPOSTHOCTHOTO CBLOTBETCTBME MEXAy aprymeHTute X, npu
i=1+n,W;,npn s=1+I u cToiHoCTUTE Ha dyHKUMATa Yj,npu j=1-+k,
kboeTo s=1+M e Homep Ha Habopa. BposT Ha Bb3MOXHUTE
Habopyn e M=k". ®yHKuusiTa Npgobvea Buga:

Tabnuuya 2.

y=FX W)PLX W)

Mo To3n HaumH B MJIB® ca nokasaHu Bpb3kuTE Mexay
OTAENHUTEe BXOAHW, CMYyLLABALLM U U3XOBHU BEMUYMHWA 1 4ype3
Hes Lle Cce YCTaHOBM norMyeckata Bpb3ka Mexgy TsX.
Matpuuata P{F(X,W)} e npeactaBeHa B TabnuyeH BuUg
( Tabnmua 2). CroiHocTuTe B Tabnuuata ca Bb3 OCHOBa Ha
BapuaHTuTe B Tabnuual.
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Ot Tabnuua 2 ce u3Bexaat 3aBUCUMOCTUTE Ha dyHKumsTa oT aprymentute Y=f(X,W) T.e. TabruuHaTa copma ce npeobpasysa B
aHanuTuyHa. Monyyasa ce cMCTeMa OT 3aBUCUMOCTTU:

|1 fi(XM X2 X3 Xn,W1 W2 W3 WI
|2— fa(X1, Xo Xa Xo Wy Wo W3 W,
Yi=fa(Xa, Xo Xa. Xo Wy W W3 Wi
Y.u f (X1, X2 X3 Xn,W1 WZ W3 W

OT (pyHKLMOHAMHNTE 3aBUCUMOCTTW MOXE fla Ce HanpaBW OLEeHKa Ha BEPOSITHOCTUTE Ha peanusaupsita M Cnopes CTOMHOCTUTE Ha
aprymeHTuTe. Taka cropes 3akOHUTE Ha BEPOSITHOCTUTE NOrMYeckaTa BEPOSITHOCTHA (hyHKLMS MpupoGMBa BUA Ha NIOTMYecKa (yHKLMS.
[lafeH e cneHUSIT NpUMep 3a Bb3MOXHA (hYHKLMOHAmMHa 3aBUCUMOCT:

Y, = XX, D ,)0 X, 0 X,

Or Ta6nmuaTa C MHOXECTBOTO Ha aprymeHTute ce onpeaenAatr MUHUManHuTe WU MakCUMmanHuTe Bb3MOXHU BEPOATHOCTHU. (o))
n3BegeHuTe nornyeckun (*)yHKLU/II/I Ce aHanu3npa Kora Te ca MakchmanHo unu MUHUManHoO BEPOATHMU.

n3BOON

Mo onucaHns MeToa MOXe Aa Ce MPOrHo3upa MOoBEAEHMETO Ha MHOrO(aKTOpeH 0BEKT, XapakTepuanpally Ce C HeOMpeaeneHoCT 1
cToXacTunyHoct. B Ccnyyasa cnoped NPOW3BOAUTENHOCTTa Ha NpeanpuatuaTa B pa|7|0Ha M KNMMatu4yHMTE YyCnoBua Ce nporHosupa
3aMbPCSBAHETO Ha NoKanHIs 0GeKT — pexarta.

MINB® 3anucaH B TabnuyeH Bua 3agaBa npegnara ONekoTeH BapuaHT Ha TbpPCEHE Ha 3aBUCUMOCTUTE MEXAY BXoda WU m3xoda u
HamupaHe Ha BB3MOXHWU YynpaBnaBally Bb3AENCTBUSA BbpXYy npoueca. 3a onuceaHns obekT ToBa € 3adbpXaHeTo Ha BOAMTE C
HagHOPMEHU NpuUMecK 1 Npe4ynUcTBaHETO UM B NPEYUCTBATENHM CTaHUUK, KAaTO NpeaBapuUTENHO Ce 3HAAT HYXHUTE peareHTu. Moxe pa ce
Hanpasu CMCTeEMa 3a B3MaHe Ha onpeaeneH B3anMHOBITUAELLN CE npo6|/|, KOETO LLie 3ackiim AOCTOBEPHOCTTA Ha MIBo.

Ha GasaTa Ha rpadkuTe e MOOXOAALIO Aa Ce MPOrHO3Mpa eKONOMMYHUST MOHUTOPUHT B OMPEefeneHo HaceneHo Mscto. Hait-
edextreH e MJIB noaxod, Thil KaTo Ype3 Hero Lie ce 06XBaHaT LANOCTHO BCuKkM (hakTopW, BIMSIELM BbpXy cpeaaTta. Upes Hero Moxe
[ia Ce NMOCTUrHe TOYHA W CPABHUTENHO AbArOCPOYHA MPOrHO3a.
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Mpenopvyaxa 3a nybnukysaHe om
kamedpa “Asmomamusayus Ha MmuHume ", MEM®
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APPLYING MULTIFACTOR LOGICO-PROBABILISTIC FUNCTIONS IN LOCAL
ECOLOGICAL MONITORING

Teodora Kissiova
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Sofia 1700, Bulgaria
E-mail: teodora@mgu.bg

ABSTRACT

The ecological monitoring involves the activities of observing, analyzing, and controlling. The purpose of the present report is to propose a system for observing a natural
water reservoir within the boundaries of a settiement. The quantity and quality of hazardous emissions according to the productivity of local enterprises and changes in
atmospheric conditions will be monitored. The plant considered is a multifactor and stochastic one. For this purpose multifactor logico-probabilistic functions have been
used.

INTRODUCTION

The ecological monitoring is a system of observing, analyzing,
and controlling the impact of one or more pollutants on the state,
properties, and modifications of biosphere parameters. It is
important to measure the quantitative values and control the
qualitative indicators that characterize the environment
components: water, air, soil, landscape, flora, and fauna. These
components are basic for the subsystems of ecological
monitoring — water, soils, radioactive pollution, noise and
vibrations, non-ionizing emissions, forest subsystems, preserved
natural sites, air, etc.

In settlements with developed industry it is
especially important to monitor these parameters
and to define in time the level of pollution. There
exists a hierarchical system for ecological
monitoring, in which the environment pollution
data are forwarded by the Regional Inspection
for Natural Environment Protection (RINEP) to
the Ministry of Environment and Water (MEW)
and the Central Dispatching Station [3]. There
are still some problems that are as follows:

- Low level of automation in
monitoring the environment parameters [4];
- All technical devices for measurement should
have unified metrological characteristics [4];
- Low level of the communication system [4];
- Lack of system approach to the investigation of
ecological plants [4];

- Sudden large-volume release of pollutants
performed by industrial enterprises.

All factors listed so far define the processes of
polluting the environment as stochastic and non-
linear. Furthermore, in a given region there are more
than one enterprises releasing pollutant substances.

This leads to multifactorness of the problem for
forecasting the possible pollution.

The local ecological monitoring involves considering
the extent of water pollution in a settlement. The
output level y(t) will be forecasted for preset varying
input or disturbing actions, x(t) or z(t) respectively. Al
these have unknown probabilistic characteristics.

The objective consists in determining the logic
functions of the relationship between input and output
parameters, taking into account the disturbances. In
such a way this relationship will allow forecasting the
behavior of the plant, which in this case is the water
pollution of a natural water source in a settlement.

PROBLEM DESCRIPTION

The generalized technological diagram of the
processes of releasing hazardous substances into the
river is shown in Fig. 1.

The input factors are: x(t) representing various
types of organic pollutants from the first enterprise,
given in mg/l, Xa(t) representing varies types of
inorganic pollutants from the first enterprise, also
given in mg/l, xs(t) being the water flow rate from this
enterprise, x4(t) the organic pollutants from another
company in mg/l, xs(t) inorganic pollutants, xs(t) being
the flow rate. The factors listed above depend on the
company’s productivity rate as well as on the
qualitative change of the raw materials being used.
For instance, in the cosmetics and chemical industries
the qualitative characteristic of released hazardous



substances depends on the type of products being
manufactured at the corresponding point.

Of course, the input flows of materials can be
generated by several enterprises if there are such in
the region of investigation. Moreover, the probability
that RINEP does not acquire data for pollutants from
any large or small enterprises should be also taken
into consideration. In such cases it will be useful to
examine the activities of small companies and
workshops in order to find out the approximate
qualitative and quantitative compositions of released
pollutants.

An important factor affecting essentially the model
being developed is the detection of the place where
polluted water is poured out into the river. In most
Bulgarian cities there are separated industrial zones
where all manufacturing enterprises are located on a
territory appointed for these purposes. There are also
places where these are located all over the
settlement. When there are industrial collectors at
different locations, in some cases exceeding the
acceptable limit values will be prevented.

Besides, the time point of waste release should be
taken into account as well. In cyclic technological
processes more hazardous substances are released
at the end of each cycle. This is the case with the
pharmaceutical and cosmetics companies where
various containers are washed at the end of shifts.
Respectively, in enterprises having a waste water
treatment station the occurrence of this event is well
known and an increased amount of reagents is added
at that moment.

Disturbing factors acting upon the pollution of the
ecological plant, i. e. the river, turn out to be: z(t)
being the amount of precipitation during the period of
sampling, z(t) the water temperature, and zs(t) the
water speed in the river. These factors are of
stochastic nature and influence to a great extent the
output parameters. Precipitations increase the river
flow rate, and level of hazardous component content,
measured in mg/l. becomes lower. On the other hand,
it should be taken in mind that in time of raining many
companies discharge polluted water for then it is
almost impossible for the inspections to corner such
offenders. The temperature is an essential parameter
because some substances decompose more quickly
with its increase. The speed of water movement

exerts the same effect: rapid waters have a higher
content of oxygen and volatile substances decompose
faster.

Output factors to be forecasted are: yi(t) being the
water flow rate in the river, y,(t) the quantity of
hazardous components in the river, and ys(t) the water
turbidity.

The main links between input and output flows are
also shown in Fig. 1. The effect exerted by disturbing
factors has not been added intentionally because
these influence all the outputs.

Figure 1

POSSIBILITIES PROVIDED BY THE
MULTIVALUED LOGICAL PROBABILISTIC FUN

Analyzing the parameters listed above shows that
they are multiple and that it is difficult to elaborate a
precise mathematical model of river pollution resulting
from the operation of several enterprises, provided
that production and climate conditions are changing
incessantly, i. e. the plant is characterized by
stochasticity and multifactorness. There are some
possible ways of solving this problem:

1. Applying mathematical models to modeling
the processes of plant pollution. Using these
models leads to complex sets of equations,
which, in some cases, do not express all the links
existing between the factors. This is the so-called
principle of non-compatibility between the
plant’s complexity and the possibility of



achieving high accuracy in its mathematical
description.
2. Composing a logico-probabilistic model
(LPM) when a large set of plant’s inputs and
outputs is known. In such a LPM will
demonstrate the logical links between the
individual variables. However, the extent of
interaction between them will not be expressed
quantitatively. For multiple changes of a part of
the quantities measured or of all of them, when
not all feasible possible outputs are known, it is
possible to use learning systems (neuron nets).
3. Composing a LPM again and using the
simulation product MATLAB represent another
possible method of generating the probable
outputs.
4. Unfortunately, it is difficult to find out some
of the logical relations between factors in the
ecological o6ekt considered. This is due to the
fact that some of the factors do not influence one
another. That is why it can be generalized that
the object considered is characterized by fuzzy
and stochastic non-determination. As a result it is
not possible to apply autonomously methods of
the fuzzy logic or those of the probabilistic
distributions. [2]

In supporting the above statements data for the
inorganic pollutants from two mines are
presented as an example:

1400 -
1200 !
‘Eﬂ: s‘v B~ |

1000 i
800 |
L e N,

600 ~— TN—— ———~—
——— N e S /‘\‘i

400 ]
|

200 !

1 4 7 10 13 16 19 22 25 28

700
600 _/’\\II\’\/\ I(\\/'-/\\’A
500 4

400 1A '\'
METATMAN  ATATS
200 \'H’I\’MJ
100 M
0 %ﬁiﬁ%

1 4 7 1013 16 19 22 25 28

The plotted graphs clearly demonstrate that in
the first graph there are peaks on two of the
values that do not depend on the rest of the
values. There could be several causes for this
phenomenon: due to season precipitations the
quantity of filtrated water is higher and the
concentration of ingredients is lower; an error in
taking and preserving the sample; incorrect
method of analysis or device failure;
unintentional mixing of samples, etc. Under
other unpredictable conditions it is possible that
this influence will be expressed in other
components or in all of them at the same time.

On the second graph it can be seen that the
values of pollutants exhibit certain regularity and
are not affected by random influences.

In such cases it is expedient to apply complex
methods combining features of the methods
mentioned above. Such are the multivalued
logical probabilistic functions (MLPF). In these
fu
ctions, each parameter assumes several definite
linguistic values depending on the accuracy
required. The values of the logical arguments are
of qualitative character, for instance: very low,
low, medium, high, and very high values, i.e.
k=15, which is the exponent of the possible
solutions of this problem. In the k-value logical
system each element of the argument domain is
associated with k elements from Yj, j =1 + k, for
Y = f(X,W).



Determining the logical values of arguments
always takes into consideration the real variation
limits of the corresponding quantities. These
limits are related to the supposed most probable
values that can be assumed by the plant under
specific conditions. In some cases, when this is
imposed by the real conditions, it is allowed that
they exceed the maximal acceptable values or are
very close to these values. The degree of
membership of each linguistic variable is
Table 1.

The set of arguments X;, for i=1+n, W, for
npu s=1+1 and the set of function Y;, for
j=1+k have values in the k-element set of
logical values Ak (al, a2, a3 .....a,). [1]

Using  probability matrix P =[pg] the
probabilistic correspondence between arguments
X;, for i=1+n, W, for s=1+1 and the values
of function Yj, for j=1+k, where s=1+M is
the number of the set, is preset. The number of
possible sets is M = k". The function assumes the

form:
y=f(X,W)/P{X,W}

In such a way the MLPF expresses the links between individual
input, disturbing and output variables, and it will help establishing
the logical connection between them. Matrix P{F(X,W)} is

assumed in accordance with these probable
values. Furthermore, when MLPF are formed,
technological specialists in the respective area
always take part with their expert statement in
determining the mutual influence of individual
parameters. Table 1 is an exemplary table
containing logico-linguistic values of the
variables, i.e. of the arguments and function.
Only a small part of the feasible combinations is
shown in this table.

represented in the form of a table (Table 2). The table values are
based on the variants in Table 1.

2. The relationships between the functions and arguments
Y=f(X,W) are derived from Table2, i.e. the table form is
transformed into analytical one. A set of relationships is obtained:

Yir=fi(Xs, X2 X Xo Wi W2 W3 W)
Yi=fa(Xs, Xo X Xo Wi W2 W3 W)
Yi3=f3(X1, Xo Xa.. Xo Wi W, W Wl)
Yiu:fn(x1, X2 X5 Xn,W1 W, W, Wl)

The functional relationships can be used for making an
evaluation of the probabilities of its realization according to the
argument values. In such a way, in accordance with the
probability laws the logical probabilistic function assumes the
form of a logical function. Here follows an example for a possible
functional relationship:



Y, = (XX, 0WW,)0 X, 0 X

The minimal and maximal feasible probabilities are determined
from the table with the set of arguments. Based on derived
logical functions it is analyzed when they are minimally or
maximally probable.

CONCLUSIONS

The method described can be used for forecasting the behavior
of a multifactor plant characterized by non-determination and
stochasticity. In the case considered the pollution of a local plant,
namely the river, is forecasted in accordance with the productivity
rate of enterprises in that region and the local climate conditions.

The MLPF written in table form provides a lighter variant of
searching for the relationships between the input and output as
well as of finding possible controlling actions upon the process.
For the plant described these are the stoppage of water with
norm-exceeding ingredients and its purification in water treatment
stations, knowing in advance the necessary amounts of reagents.
It is possible to design a system of taking determinate samples

Recommended for publication by Department of
Mine Automation, Faculty of Mining Electromechanics

that influence one another, which will enhance the reliability of
MLPF.

It is appropriate to use the graphs as a basis for forecasting the
ecological monitoring in a given settlement. The most effective
approach is the MLP one as it permits embracing completely all
the factors influencing the environment. Using this approach an
accurate and relatively long-term forecast can be achieved.
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