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MoHiTOpUHT Ta aHa13 HaQTOBUX 3a0pyTHEHb BOJHUX
pPeCypCiB 3 BUKOPHUCTAHHSIM 1HTEICKTYaJIbHOI CUCTEMHU
MIATPUMKH TPUUHATTS PIIICHb

B crarti mng adamily Ta MOHITOPHHTY HadTOBHX 3a0pyAHEHh BOJHUX DPECYpCIB 3alpONOHOBAHO
PO3pOOUTH IHTENEKTyaJbHY CHCTEMY MIATPUMKHU NPHUIHATTS pillleHb, SKa Ma€ B CBOEMY CKiIadi 6a3y mAaHUX
napameTpiB HaTOBUX 3a0pyIHEHb Ta 0a3y 3HaHb CIIOCOOIB OUYHCTKH.

Ha(TOBi 32a0pyIHEHHS, MOHITOPHHT, NapamMeTpH Ha(TOBHX 3a0pyIHEHb NPUITHATTS pillieHb, 0232 3HAHD,
0a3a JaHuX
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MOHI/ITOpI/IHF H aHAJIN3 He(l)TﬂHbIX 3arpﬂ3ﬂe1m171 BOAHBIX PECYPCOB C UCITOJIL30BAHHEM

HHTEJJIEKTYAJIbHOM CHCTEMBbI NMOA/IEPKKH MPUHATHS PelleHu

B cratbe U1 aHanm3a M MOHHUTOpPMHTa HE(TIHBIX 3arpsA3HEHUH BOJHBIX PECYPCOB MNPEITI0KEHO
pa3paboTaTh MHTEJUIEKTYalbHYIO CHCTEMY TMOIAEPKKH NPHUHATHS PEIICHWH, KOTopas BKIIOYaeT B ceds Oasy
JAHHBIX TApaMeTPOB HEPTAHBIX 3arpsA3HEHHUN 1 0a3y 3HaHUH CITOCOOOB OUHCTKH.
He(TAHBIE 3arpsI3HeHN ], MOHUTOPHHT, IapaMeTPhbl HeTAHBIX 3aTPA3HEHMI, IPUHATHE PelIeHMid, 0a3a
3HAHHMH, 0232 JTaHHBIX

ITocTanoBka mnpodjeMu. AKTyalbHICTh Ta JOLIJIBHICTh MPOBEAECHHS HayKOBUX
JOCIIJKEHb B 00JIACTI OYMCTKH BOJHHUX PECypCiB BiJ HAPTOBUX 3a0pyTHEHb OOTPYHTOBaHA B
[1]. 3a nomomMororw MeTOMiB MPUHUHATTS pillleHb B yYMOBaX HEBU3HA4YeHOCTI B [2] Oyio
BU3HAYEHO, 10 HAWOUIBII MOUITHPHUM CHOCOOOM OYMCTKH BOJHHX PECypciB BiJ Ha(TOBHX
3a0pyaHeHs € Oionoriunuii Meron. IIpomoHyeTbecs po3poOuTH poOoTa 31 IITyYHUM
THTETIEKTOM, SIKHI Oe3mocepeHh0 y MicIli 3a0pyAHEHHS! 3MOYKEe BUKOHYBATH OYHCHI 3aXOJIH.
B [3] Oyno 3anmponoHOBaHO CTPYKTYPHY CXEMY AJISi OUUCTKU BOJHUX PECYpCiB BiJl HAPTOBUX
3a0pyAHEHb, HaBeAeHa Ha puc. 1.

[IponoHy€eThCsl YIOCKOHAJIUTH JlaHy CXeMy Ta OKpPeMO IOCHIAUTH poOOTy OJIOKIB
BU3HAUYCHHS KUTBKOCTI Ta BHIY 3a0pynHeHHs. TakuM YHHOM pO3poOKa OJIOKIB BU3HAYCHHS
KUTBKOCTI Ta BUAY 3a0pyIHEHb Ui aHami3y cTaHy Ha(TOBUX 3a0pyJHEHb Y BOJAHUX pecypcax
€ aKTyaJIbHUM HAayKOBHUM 3aBJIaHHSM.

AHaJji3 ocTtaHHiX [gociigxenb i myOaikauniii. B poGoti [4] 3ampomoHOBaHO
MaTeMaTU4Hy MOJEINb, fKa JO03BOJISE BHKOHATH MHPOTHO3 PO3IUBY HA(PTU Ta JOCHIIUTH
e(EeKTUBHICTh PI3HUX METOAIB OYHCTKA TIOBEpXHI BOJMU BiJ Ha(TOBHX 3a0pyJHEHB.
JlocmikeHHsT TPOBOJMINCH B yMOBax HOBOpOCIHCHKOTO MOpPCHKOTO MOpTy Ha YopHOMY
Mopi. 3anpornoHOBaHa ABOPIBHEBA MaTEMAaTUYHA MOJIENb JI03BOJISIE MOJIETIOBATH PyX HapTH B
Mexxax akBaropii moprty. Ilpm MozjemoBaHHI BHKOPHCTAaHO PiBHAHHS Iudy3ii Ta MeToxn
TUHaAMIKK YacToK. OcOOMMBICTIO TaHOI MOJENI € IMMUPOKUH diama3oH BiAcTaHi Bifg 1 MM 10
10 kM. OxHak 1aHa Mozenb MoTpedye JOAATKOBUX JOCHIKEHb, OCKIJIBKY B Hili HE BpaXxOBaHO
OCHOBHI TapameTpu HaQTOBHUX 3a0pyTHCHB.
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ICIIIIP — iHTenexTyaqbHa CUCTEMA MIATPUMKH MPUHAHSTTS pimeHs; bI1 — 6510k NOpiBHSHHS;
BBK3 — 610k Bu3HaUeHH KibKocTi 3a0pynHeHHs; BBB3 — 6ok Bu3HaueHHS BUIY 3a0pyTHEHHS;
OP — 00po6ka pe3ynbratiB; BCO — Bu3Ha4YeHHS cIT0OCO0Y OYHCTKHY;
BKOII — Bu3Ha4YeHHS KITBKOCTI OYHCHOTO MpenapaTy
Pucynok 1 — Ctpykrypa aHanizy HahTOBUX 3a0pyIHEHb BOAHUX PECYpPCIiB
Hotcepeno:pospobneno asmopamu

3riiHO pe3yJsbTaTiB aHaji3y, HaBeAECHUX y [5], Ha CTyHiHb MOXJIUBOTO 3a0pyAHEHHS
BIUIMBAIOTH TUN HA(QTONPOIYKTY, 00’ €M pO3IHMBY HAPTONPOAYKTY, TeUisl, MIBUIKICTh BITPY Ta
BHCOTA XBWJIi, HAIPSIMOK BITpY. ABTOpOM OyJi0 3alpOINIOHOBAHO METOJIMUKY 3a JOTIOMOTOO
SIKOi MOYKHA OIIIHUTH MapaMeTpu HapTOBOro 3a0pyAHEHHS Ta BUKOHATH MPOTHO3 MOKIMBUX
CIIeHapiiB MojaiblIuX NofAii. JlaHy METOOUKY AOLIIBHO BUKOPUCTOBYBATH Ul CTBOPEHHS
iHpopMaMiifHOT MIATPUMKH TMONEpeHKeHHI Ha()TOBUX PO3JUBIB 3 MOBepxHI Boau. OJHAK B
JaH1d METOAMII HE HAaBOAUTHCS CIIOCOOIB OYMCTKY MTOBEPXHI BOJIU Bl HAPTOBUX 3a0pyAHCHB.

B poGoti [6] aBTOpOM 3ampONOHOBAHO Il PO3PAXyHKY TiIPOAMHAMIYHUX YMOB
po3nMuBIB HAPTH BHUKOPHUCTOBYBAaTH TpUBMMIpHI piBHsHHA Ha’e-Ctokca. Ilpu po3paxyHkax
Oyno BpaxoBaHO yMOBHM Ha piulli Bonra, Pocis. Lle 103Boisie BUKOHATH YUCENIBHY OIIHKY
IIBUIKOCTI Te4li Ta 1HTEHCHUBHOCTI TypOYJIEHTHOCTI BOIM [UJIS JIJISTHKH aBapiidHOCTI
TPAHCHOPTHHUX CyJieH Ha piulli Bosra.

Jlnst aHamizy HaGTH B OTOYYIOYOMY CEpPEOBUII aBTOPOM B po0OoTi [7] y3arajabHEHO
METOJIU B3ATTS Mpob Ta ouncTku. Bukopuctano Meron razoBoi xpomarorpadii. B ocHoBHOMY
poboTa mpUCBsAYEHA aHaJi3y BYTJIEBOJHEBHUX CIIOJIYK Y HA(QTOMPOIyKTaX.

Mertoponorisa OIiHKM Ha(TOBHX pPO3IHMBIB B ApaBiiiChKii 3aTolli NpejacTaBieHa B
po6orti [8]. ABTOpoM OyJi0 TpoBeeHO (GaKTHUHI €KCIIEPUMEHTH B SKUX BPAaXOBYBAJIHCH PI3HI
TUNM Ha(THU, MBUIKICTh Ta HANPAMOK BITPY, TEMIIEpaTypa OTOYYIOUOTO CEpelOBHILA,
BIacTUBOCTI HadTH Ta iH. B pe3ynbrari gochikeHb Oyio pPO3pOOJICHO allfOpUTM Ta
nporpaMHe 3a0e3NedyeHHs1 3a JOMOMOIOI0 SIKOTO MOXHA OLIHUTH 00’€M po31UTOi Ha(TH.
BXximHuMu maHuMH JUIs IPOTPAMHOTO 3a0e3MedeHHs € IUIONIa PO3IMOBCIOKEHHS Ta (hopma
Ha(TOBOI IJIIMU HA MOBEPXHI BOAM, Pi3HI MeTeoposoriuni Ta ¢ororpadiuni ymosu. [lanuit
METOA JOL1IbHO BUKOPHCTOBYBATH JUIsl HEBEIMKUX HA()TOBUX ILISAM.
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B poGotax [9, 10] aBTOpamu 3ampoOmOHOBAHO Ui MPOTHO3YBAHHA 00’€MY PO3JUBY
HaTH BUKOPHCTATH CTOXAaCTHYHY Mojesib MapkoBa. JlociiKeHHs TPOBOAMINCE Ul YMOB
Hirepii. 3a 10moMororo JBOCTOPOHHBOIO CTATUCTUYHOIO IHMCIEPCIHHOro aHamizy Oyio
BUSIBJICHO NPUYUHHU BUTOKY Ha(TH.

IlocTanoBka 3aBaaHHsl. AHaji3 HaBelEHUX BUIIE POOIT MOKa3aB, MO AJS OIIHKU
HaTOBUX 3a0pyJHEHb, SAK TMPABWIO, 3aCTOCOBYIOTH PpIi3HI CTaTHUCTHUYHI METOAM, SKi
JI03BOJISIFOTH NTPOTHO3YBAaTH MapaMeTpu Ha(ToBUX 3a0pynHeHb. OHAK BUMarae J0AaTKOBUX
JOCTIDKeHb TpoOjieMa MOHITOPMHTY, aHali3y Ta OUYUCTKHM HadTOBHX 3a0pyIHEHb
Oe3mocepelHpO y MicIli po3nuBy. HeoOxigHO mo0 Oyja MOXJIMBICTH OJpa3y MICIS BUTOKY
Ha(TH (HaQTOMPOIYKTIB) OLIHUTH MapaMeTpu 3a0pyTHEHHS Ta BiJipa3y 31HCHUTH BiAMOBIIHI
OYMCHI 3aXO0/IH.

Mertoro poboTH € aHani3 HapTOBUX 3a0pYyJHEHb MOBEPXHI BOJM 3 BUKOPUCTAHHSIM
IHTEJIEKTyaTbHUX CUCTEM MATPUMKH MpuiHSTTS pimensb (ICIITIP).

OcHoBHuii matepian. Ha puc. 2 mpencraBineHa cxema aHaiizy Ta MOHITOPUHTY
Ha(TOBUX 3a0py/THEHb HA MIOBEPXHI BOJIH.

Pesepeyap 3

npodaMH EOJH
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ICIIIIP — inTenexTyanpHa cUCTEMa MiATPUMKH NpUHHATTS pimienb; BBKH3 — 610k Bu3HaueHHS
KUTbKOCTI HadTOBUX 3a0pynHeHb; BBBH3 — 6mok Bu3HauenHs Buay HadToBHX 320pyaHens; BBB/I — 6110k
BHUBOAY Ta Bizyamizanii nannx; BKOII — Bu3HaueHHS KUTBKOCTI OYUCHOTO TIperapary

Pucynok 2 — CtpykTypa aHaizy po3/iuBiB HAQTH y BOAHUX pecypcax

Lrcepeno:pospobneno asmopamu
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bnok 06pooku nanux (bOJl) BukoHye ananiz HapToBUX 3a0pyHeHb. [lo Horo ckiamy
BXOZSTH OJIOK BH3HA4YeHHs KUTbKOCTI HadroBoro 3a0pyanenHs (bBKH3), 6ok Bu3HadeHHs
Buay HadToBoro 3abpyaHenHs (BBBH3) ta 6a3za nanux mapamerpiB HaQTOBUX 3a0pyJHEHb
(BAITH3).

BAITH3 wmictute iHpopManito moao0 ¢(akTopiB, sKi BIUIMBAIOTh Ha MapaMeTpu
HadToBOrO 3a0pyaHeHHS. B pesynbrari aHamizy poOiT pizHuX aBTOpIB [4-9] mOA0 OLIHKK
HaTOBUX 3a0pyAHEHb OYJIO BUSBIICHO, II0 HAMOLIBII BIJIMBOBUMH MapaMeTpaMu HapTOBUX
3a0pyIHEHD €:

- 00’eM po3nuBy HapTH (HAPTOMPOIYKTIB);

- Tun Ha)TOTIPOJYKTIB;

- IIBUIKICTH BITPY;

- HampsIMOK BITpY;

- Teyid,;

- IIBHAKICTH XBHIII;

- BHCOTa XBMJII.

Toxni BJAITH3 mo>kHa npecTaBUTH B HACTYITHOMY BUTJIsAL (puc. 3).

06’ em po3HEY HAQTH

-

A A A |

Tun HadTOOpPOIYKTIE

=

IlengkicTe BiTPY

Hanpsamok BiTpy

Tegin

MTeHIKiCTE SEHTL

BrcoTa BRI

BAITH3 — 6a3a nanux napameTpiB HaQTOBUX 3a0pyTHEHB

Pucynok 3 — Ctpykrypa 6a3u TaHuX mapaMmeTpiB HaQTOBHUX 3a0pyAHEHb HA TIOBEPXHI BOAH
Horcepeno:pospobneo asmopamu

Inpopmarnis 3 BAIIH3 nagxomuts Ha BBKH3 ta BBBH3. 3rimHo indopmamii 3
BAITH3 Ga3a 3HaHbP BU3HAYa€ TUI OYMCHOTO TpemapaTry Ta Moro Kiiekicte. basy manmx
JOLIBHO 3alIOBHIOBATH HAa OCHOBI CTATUCTUYHUX JaHUX Ta €KCHEPTHOI OLIHKH.

bnok BU3HaueHHs KITBKOCTI HAPTOBOTO 3a0pYTHEHHSI BUKOHYE PO3PaXyHOK KiJIbKOCTI
Ha(TOBOro 3a0pyAHEHHs 3 ypaxyBaHHsM iH¢popmauii, mo Haginuia 3 BJAIIH3. Anropurm
po6ot BBKH® nacTynHuii.

1. BusHauenHs macu Ha(TH, 1110 3a0pyIHIOE TOBIY Boau [11]:
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Mn=58-10"2 Mp(Cu-C), (1)

ne Mu — maca po3urHeHoi Ta(abo) eMyabcoBaHOi HadTH, IO 3a0pYIHIOE MTOBEPXHIO
BOJH, T.; Mp — Maca HaTH PO3TUTOI Ha IMOBEPXHI BOJHOTO 00’€KTY, T.; CH — KOHIICHTpAIIis
HAaCUYEHHs PO3UMHEHOI Ta(abo) eMynbcoBaHOI HAaQTH y MOBEPXHEBOMY IIapi BOJU BOJHOIO
06’ekta, r/M’; Ch — hOHOBA KOHIIEHTpALS HACHUYCHHS PO3YHHEHOI Ta(abo) eMyIbCOBAHOI
HapTu Ha rubuHi 0,3 M y MOBEpXHEBOMY IIapi BOAU BOJHOTO OO’€KTYy, TaM /i€ HEMae
po3IHBY, T/M.

2. BuzHaueHHs 00’eMy BOIH, B SIKOMY po3unHuiIach Hadta [11]:

V,=03-F,, (2)

nie F; — Iiolia IoBepXHi BOXHOTO 00°€KTa, KA MOKPHTA HAPTO0, M.
3. BusHaveHHS TUTIBKH Ha(TH, 110 3aIUIIIIACH Ha BOIHIN moBepxHi [11]:

MHH =My - FHH > (3)

11e Fy — Tiolia BOAHOT TOBEPXHI, SIKa TIOKPHUTA IUTiBKOI0 HADTH, M*;

Mz — Maca TuriBka HadTtu Ha 1 M TIJIOMII BOJHOT TIOBEPXHI, /M2

Buxopucrtanns ICIIIP gnst ounctku HadTOBUX 3a0pyAHEHb IOLLIBHO, OCKUIBKU
oco0aM, IO MPUINMAIOTh PIMICHHS B JAaHWX yMOBaX, OyJe CKJIaaHO BHACIIIOK HACTYITHUX
OPUYHH:

- CKJIQJHICTh B MMPUHHATTI PIIIICHb;

- HEOOXIiJIHICTb y TOUHIH OIIHII PiI3HUX ANbTEPHATHB,;

- HEeOOXITHICTh (PYHKIIIOHATY JJIsl POTHO3YBAaHHS;

- HEOOXIJIHICTb MYJBTHIIOTOKOBOI'O BXOAY (I HPUHHATTA pilIeHb HEoOXiTH1
BHMBOJIM Ha OCHOBI JIaHHX, €KCTIEPTHI OIIIHKH, B1JIOM1 OOMEKEHHS Ta 1H.).

BucHoBku. Jlns ananmizy HadToBUX 3a0pyaHEHb BOJHUX pECYpCiB JOLLUIBEHO
BukopuctoByBatu ICIIIIP, ski mMOBHHHI MaTH B CBOEMY CKJaai 0a3y maHWX Ta 0a3y 3HaHb.
baza gaHux moBMHHA MICTUTH KJIIOYOBY 1H(OpMAIIiI0 PO napamMeTpu HadhTOBUX 3a0pyIHEHb.
JUist mpUHAHATTS PIISHHS MO0 KUTBKOCTI Ta THUITY OYHMCHOTO Mpenapary HeoOXiHO BOJIOIITH
iH(dopMmaliero nmpo 00’eMu po3NuBY HABTH Ta THUIl POINUBY, HAPSIMOK Ta HMIBUAKICTH BITPY,
TE4il0, BUCOTY Ta IIBUJAKICTH XBWIi. B mojmanbmioMy HaBeleHi BHIIE MapaMeTpu HapTOBUX
3a0pyIHEeHb OYIyTh JETANbHO JOCTIIKEHI 3 METOI0 pO3pOOKU BIAMOBIAHOI 0a3u NaHUX AJs
aHaJIi3y 1 MOHITOPUHTY Ha(TOBHX 3a0pyTHEHb BOJHUX PECYPCIB.
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Monitoring and Analysis of Qil Pollution of Water Resources With Using an Intelligent

Decision Support System

Oil production is increasing. This increases the number of accidents. Oil spills are increasing. Since oil
has special physical and chemical properties and parameters, contamination of water resources by oil and oil
products causes man-made disasters. The authors made the assumption that a robot with artificial intelligence
will be used to purify the water surface from oil (oil products) by biological methods. This robot will be located
directly on the ship and will monitor and analyze oil pollution. In order to carry out clean-up activities at the site
of the accident, it is necessary to have information on the main parameters of oil pollution. The authors of this
article propose a structure for the monitoring and analysis of oil pollution in water resources. According to this
structure, analysis and monitoring must be carried out by an intelligent decision support system. An intelligent
decision support system includes a database of oil pollution parameters and a knowledge base.

The aim of this work is to analyze oil pollution on the water surface using an intelligent decision
support system. In order to achieve this objective, the article proposes the structure of the oil pollution parameter
database, which is part of an intelligent system to support decision-making on oil pollution analysis and
assessment. This scheme includes the main parameters of oil pollution affecting the decision on the choice of
type and quantity of treatment products for the biological treatment method. An algorithm for determining the
capacity of oil spill is proposed. The main elements of the oil pollution parameters database are: type of oil
products, capacity of oil spill, water flow, wave height and velocity, wind direction and speed.

In future, the analysis and monitoring scheme for oil-based water pollution will be expanded to include
special technical, measuring and meteorological instruments that will allow the immediate presence of the oil
(oil products) spill investigate oil contamination parameters.
oil pollutions, monitoring, parameters of oil pollution, decision-making, knowledge data base
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