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CTpykTypa MOHITOPUHTY Ta 1JIeHTU(IKAIIT HAPTOBUX
3a0pyJHECHD

B crarTi 3amponoHOBaHO CXEeMy CTPYKTYpH 3arajbHOro aHaiizy HaTOBHX 3a0pyIHEHb y pPEXHMI
peanbHOro 4Yacy. B jaHOMy BUNAJKy NpONOHYETbCS ISl OYMCTKM BOJ BiJg HaTOBHX 3a0pyIHEHB
BUKOPHCTOBYBATH 010JIOTUHI CHOCOOM OYHCTKH.

Ha(TOBi 3a0pyAHeHHs, iteHTHiKkaLis, NPUITHATTA pilieHb, 6a3a 3HAHb, 0a3a TaHUX
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CTpyKTypa MOHMTOPHHIA M HACHTH(PUKAINN HePTAHBIX 3arpA3HeHUI

B cratbe MNpeayiolKCHa CXEMa CTPYKTYPbI O6H161"O aHaJIn3a HC(I)THHLIX 3al"p5[3HeHPII71 B PCIKHUMEC
PCAJILHOIO BPCEMCHHU. B JaHHOM CJIydac MNPCAJIOKCHO Jid OYUCTKHA BOJAbI OT HG(I)THHBIX 3al"pﬂ3H€HHﬁ
HCIOJIB30BaTh OMOJIOTHUECKHE METOAbI OUUCTKH.
He(l)THH])Ie 3arpsi3HECHUs, I/I}ICHTI/I(I)I/[KaIIl/Iﬂ, NpUHATHE pGMEHHﬁ, 0a3a 3HaHI/Iﬁ, 0a3a JAHHBbIX

IMocTranoBka mnpo6jemu. B [1] Oyino oOrpyHTOBaHO MOIUIBHICTH aBTOMATH3aIli
KOMIT FOTEPHO-IHTETpOBAaHO1 ~ TeXHoJjorii  igeHTH(dikamii Ta MOHITOPUHTY  Ha(pTOBHUX
3a0pyHEeHb. ABTOpaMH 3a3HAY€HO, IO JUI TOTO 100 po3poOHUTH poOOTa, KU MOBHHEH B
peaqbHOMY Yaci BUKOHYBATH (yHKIIIT MOHITOPHHTY, 1A€HTU(IKAIlT Ta OYUCTKH MOPCHKUX BO/T
BiZl HAQTOBUX 3a0pyaHEHB, HEOOXITHO BOJIOAITH iH(OPMAIII€I0 PO BUIU PO3IUBIB HAPTH, 1X
XIMIYHUHA CKJIa[ Ta MeToau 1 3aco0um O4MCTKHA. OCKUIBKM HACHiIKH 3a0pyaHEHb
HAaQTONPOAYKTAMH MOXKYTh IIBHJAKO 3pOCTaTd, TO NOTPiOHO 100 Taki pobotu Oynu
po3TanioBaHi 0e3MocepeTHbO Ha MOPCHKOMY TPAHCITOPTI.

JUnst KUBJIEHHS TakuX poOOTIB JIOUUIFHO BHKOPHCTOBYBAaTH COHSYHY eHeprito. B
poGoti [2 Oyna0 3ampoOMOHOBAHO METOAMKY MOIETIOBAHHS IMOBIPHOCTI HAaIXOKCHHS
COHSIYHOT pajiawii Ayl CHCTEM OYMIICHHS BiJl HAQTOBUX 3a0pyIHEHb.

B po6orti [3] aBTOpamu Oyi10 MPOBEACHO MOMIYK ONTUMAIBHUX PIIlICHD 1100 BUOOPY
METO/[IB OYMILEHHS BOJHHUX pecypciB BiJl HapTOBUX 3a0pyJHEHb Ta OyJI0 BHU3HAYEHO, IO
ONTUMAIBHUM PIIIEHHSM IIOAO0 BHOOPY METOMY OYHCTKHA BOJHHUX PECYpPCIB Bil HAPTOBHUX
3a0pyIHEHB € O10JOTIYHUI METOI OYHUCTKH.

Takum 4YMHOM METOIO AaHOi POOOTH € MOCHIIKEHHS O10JOTIYHHUX METOJIB OYHCTKU
BOJI BiJl HAQTOBUX 3a0PYIHECHbD.

AHaji3 ocraHHiXx JgocaimkeHb i myOuaikamii. [lns  aBromaTtumsaiii  mporecis
010JIOTIYHOI OYMCTKM CTIYHMX BOJ MiINPUEMCTB HA()TOBOI MPOMUCIOBOCTI B podoTi [4]
aBTOpaMM 3alpOIIOHOBAHO BUKOPUCTOBYBaTH HEWPOHHY MeEpeXy B 3adadl KepyBaHHS
KOMILJIEKCOM OYMCHUX cropy. [lana HelipoHHa Mepeka J103BOJISIE MPOTHO3YBATH 3HAYCHHS
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MOKA3HUKIB SKOCTI OYHINEHOI BOJM, 3TiIHO BUMIPSHUX HAa BXOJl MOKA3HUKAX HEOUHIIECHOI
Bou. OnmHaK po3poOiieHa HEHpPOHHA MepeXa HE € YHIBepCaIbHOK, OCKIIBKM BOHA HaBYCHA
JUIs yMOB poOOTH KOHKPETHOTO MiAMPUEMCTBA HA(TOBOT IPOMHUCIIOBOCTI.

B poGorax [5, 7] aBropamu 3a3Ha4yeHO, IO CEpPeA METOMIB, SKi YCIIIIIHO
BUKOPUCTOBYIOTBbCS ISl JKBifalii HachmiakiB 3a0pyaHeHb HadTOIO Ta HAPTONPOAYKTaMH,
copOI1iiiHEe OYHMIIEHHS BOJM € OJHUM 3 eeKTUBHHUX Croco0iB. byio nmpoBeneHo mabopaTopHi
JIOCIIJKEHHSI B Pe3yJbTaTi SKUX, JaHy TiloTe3y OyJio MiITBEPPKEHO €KCIIEPUMEHTAIbHUMHU
nanuMu. OpHak po3poOJeHUN aBTOpaMH MeToj TiepedyBae y cramii BUIPOOyBaHb Ta
pPO3pOOKH.

ABTOpamMH 3ampOIIOHOBAHO COPOEHT Ha OCHOBI TiAPOOKCHIIB 3aTi3a Ta antoMiHio [6].
JlocmiKeHHsT TIOKa3aiy, 10 OTPUMAaHUM COPOEHT /J03BOJII€E BUKOHYBAaTH OYUCTKY CTIUHHUX
BO/JI TaJIHBAHOIIEXY JI0 IPUHHITHX HOPM.

[lepcrieKTUBHUM € BUKOPUCTaHHS TEXHOJOTIl MepepoOKH HAapTH BYTJICBOIAHIMH, SIKi
BOJIOJIIFOTH BUCOKOIO MiHEpaIi3alli€io, MEHIIOK CEIEKTUBHICTIO Ta ToKcHuHicTIO [8]. Onnak
BUKOPUCTAHHS  JIaHOI  TEXHOJOTIl  YCKJIAJHIOETBCS  HASABHICTIO  CKJIAHOI  MaTpHIl
HaQTOBMICHMX BOJ, IO MPU3BOAWTH JO OUIBIIONO0 EHEPrOCIOKMWBAHHSI Ta TMOMAIBIIOL
00pOoOKH.

B pobGori [9] aBropamm noBeneHO €(PEKTUBHICTh OYHMCTKH HA(PTOBMICHHUX BOJ 3
BUKOPHCTAHHAM KOMIUIEKCHOI (pOTO KaramiThuuHOi Ta OiojoriyHoi ouuctku. OOpoOky Oyio
IPOBEJICHO B MEPIOJUYHUX peakTopax 3 BUKopHucTaHHSAM T10; B sKOCTI (oToKaTaizaTopa.
[Tpu oMy OyJi0 AOCATHYTO OouMiIeHHs BiA HadTonmpoaykTiB Ha 90% 3a 30 xBuiIMH yacy
peakuii mpu pH=5,0. J{ns Giomoriunoi ourcTkU Oysno BHKOpUcTaHO OakTepii Pseudomonas
aeruginosa y oiormtiBkax. 3a 45 xBuinH 4acy 0yio ouumnieHo 66,5% nadToBHX 3a0pyAHCHB.
Jnis minBUIIEHHS €(QEeKTHBHOCTI MPOIECY OYMCTKH aBTOPAaMHU 3alpOIOHOBAHO OO€IHATH
XiMiyHe Ta O10JIOTIYHE OYMIIEHHS, 3a0€3MEeUnBIIN TaKUM YMHOM O4YUCTKY Ha 99% nadrtu Ta
78,6% 3aranpbHOTO OPraHigHOTO BYTJICIIIO.

B [10] HaBeneHo pe3ysbraTu 610JIOTIYHOT OUUCTKH CHHTETUYHOT BOJIH, 1110 JOOYBArOTh
Ha POJIOBHUIII B aKTUBHOMY MYJIi 3 METOIO BUAAJICHHS OPTaHIYHHUX CIIOJIYK 3 BUKOPUCTAHHSAM
eHJOTeHHUX OakTepiii. byno oTpumano OioKiHeTHYHI KOe(]iIlieHTH, SKiI MOKa3adud HHU3bKY
CIOPITHEHICTH 0 CyOCTpary.

BBaxaeTrscs, mo OiosioriyHi OOpOOKM [Mar0Th HaWKpaUAd KOMIIPOMIC —MIX
e(peKTUBHICTIO BUJAJICHHSI HAPTOBHX IUISIM Ta eKCIUTyaTanidHuMu Butpatamu [11]. Tiopunni
MPOIIECH TIOKAa3yIoTh 0araTooOIlsovy MNPOAYKTHBHICTh, ajié IOBUHHI OYyTH J0JaTKOBO
BUBYEHI.

Hapasi BueHuMu BXe pO3pOOJICHO [esKi TpemnaparH, IO MICTITh KOHCOPIIYM
MiKpoopraHi3miB (Hampukiaa, mnpenaparu Jlenoitn Ta JleBopoitn). Jlo ckimamy Takmx
npemnaparis, SIK IpaBWIIO, BXOIATh Mikpoopranizmu Bacillius brevis ta Arthrobacter, ski
3/1aTHI aJanTyBaTUCS 10 BUCOKUX 103 HaPTH, €PEKTUBHO YTHIII3yBaTH CyOCTpaT HE3aJIeKHO
BiJl THITy IPYHTY Ta 0COOJIMBOCTE} 3a0pyIHIOBaYA. [X MOKHA BUKOPUCTOBYBATH JUISl OUMCTKH:
B’s13k01 HadTh, mapadinoBoi HapTH, HAPTH 3 BUCOKHUM BMICTOM CIPKH, Ha(TONPOAYKTIB
(mMa3yT, mu3enbHE NaibHe, OCH3MH Ta 1HIIE), APOMATUIHUX PeUOBHH (PEHO, KPE30JI TOIIIO).

B pesynbrari 6iosoriunoi 00poOku HaTOBOrO 3a0pyJHEHHS Mpenaparamu JeBopoiin
ta JleHoin [12] B HaBKOJMIIHROMY CEpPEIOBHIII 3AMINAIOTHCS OakTepiaabHUN Oiok (HE
norpedye MOAaIbINOl yTHIII3allii) Ta HETOKCHYHI MpOAyKTH posmamxy Hadtu. IIpoaykru
KUTTETISUTBHOCTI OaKTepid Ta BIAacHE caMi OakTepii JIETKO 3aCBOIOIOTHCS a0OPUTEHHOIO
MIKpO(}IIOpOt0, ar4u OCHOBY il (popMyBaHHS TymMycy a00 yTBOPIOIOYH JOHHUN MYy
EdexTuBHICTD OKHCICHHS BYTIeBOAHIB HahTH nocsarae 99%.
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[Ipenaparu leBopoiiT Ta JIeHOWT MpencTaBisaioTh cOO00 MOPOIIKH, SIKI CKIIAJal0ThCS
3 KIITUH MIKpPOOPraHi3MiB, II0 BOJIOAIIOTH BYIJIEBOJHEOKHCISIOUOI aKTHBHICTIO Ta
KoHIeHTpauiero He MeHme 109 kinituH y rpami npenapaty [12].

IlocTanoBka 3aBIaHHs. AHaji3 OCTaHHIX JIOCIIPKEHb MMOKAa3aB, 110 BUKOPHUCTAHHS
came OIOJIOTIYHMX METOJIB OYMCTKH BOJ Bifl Ha(TOBHX 3a0pyAHEHb € MEPCIEKTUBHHM.
Mertoro n1aHoi poOOTH € IOCHIKEHHST POOOTH YCTAaHOBOK IS O10JI0TIYHOTO OYMIIECHHS BOJ]
BiJl HahTU Ta HAPTOMPOIYKTIB 1 po3poOKa CTPYKTypH aHalizy Ha(TOBHX 3a0pyIHEHb IS
0a3u nqaHux Ta 0a3u 3HAHb IHTEJEKTYaJIbHOI CUCTEMH MIATPUMKH MTPUHHATTS PIllICHb.

OcHoBHuii Matepian. [Ipu 6i010T1YHIN OYMCTIII BUKOPUCTOBYIOTH MIKPOOPIaHi3MH,
ki «3’imaroTe» HadTy. Ha choroani icaye Ginpmie 1000 mpoctux opranismiB (HampwKkiIai,
apikmpki Candida xapuyrorees HadroBumu napadinamu). Iliciast 4oro yTBOPIOETHCS BEJNUKA
KUIBKICTh O10MacH 3 BEJTMKOI0 KOHIICHTPAIIIEI0 BITAMIHIB Ta OLIIKY.

s po3poOku 0azu 3HaHb Ta 0a3w JaHUX O10JOTIYHOI OYMCTKU BOJ BiJl HAPTOBHX
3a0pyIHEHb HEOOX1THO BOJIOIITH 1HGopMaliero mpo (i310J0ri0 MiKpoopraHismis. Bei BoHn
MAaIOTh CBiii OOMIH PEYOBHH: MOKUBHI PEYOBHHHU 3aCBOIOIOTHCS, a MPOYKTH YKUTTEAISUTBHOCT1
BUIUISIIOTHCSI. MIKpOOpraHi3Mu >KUBYTh 33 PAXYHOK JTUXaHHS 1 XapuyBaHHS.

OpnHuM i3 BUIB 0i0J0TIYHOT 0uKCcTKH € Oiopemenanis. B [13] HaBeneHo cxemy KpokiB
OiopemMemarii mpu 3a0pyaHeHHI HaQTOBUMHM IUISIMAMH, TIOKa3aHa Ha puc. 1 (cxema mokasaHa B
opuriHagpHOMy BHTIIAL [13]).

[ Contaminated Mangrove ]

Diagnosis
[ Biotic Factors J ‘ Abiotic Factors ‘
Fauna and Flora; Contaminant gquantity and quality:
Microbial diversity; Nutrient availability;
When possible, microbial function. Salinity;

Sediment temperature;
Percolation of the contaminant;

ELDLhers...

Determining Bioremediation Strategy

Microbial Indicators ﬂ

(Including conventional and/or molecular <—Monitorinog—» Contaminant conteart
approach l

' Flora and Fauna ]

Pucynox 1 — Cxema mporecy 6iopeMenartii A7l O4UCTKH BOJ BiJl HAPTOBHUX IUISIM
Joicepeno: [13]

ABTOpPY BUKOPHUCTAIM JIJaHy CXEMY MPHU JOCIIIKEHHI €KOCUCTEMHU MAHTPOBHX JIICIB.
OCHOBHUM B JaHiii cxeMi € BHU3HAu€HHs piBHS 3a0pyAHEHHS. 3a3BHYail BUKOPUCTOBYIOTHCS
XIMIYHI TapaMeTpu piBHIB 3a0pyJHEHHs, ajieé SIK MPaBWIO, II€ apOMATH4YHI BYTJEBOIHI
PEUOBHMHH, K1 HIBUIKO PO3UMHSIOTHCS B MOBITPI. 3TiTHO AaHOI CXeMH, MO-TIepIie HeOOXiIHO
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BU3HAYUTH KIJTBKICTh 3a0py/IHIOBaYa, 3HANICHOTO Ha JUISHII, Ta HOro KOHIIEHTpaIifo. Januit
I1IX1] MOYKHA BUKOPUCTATH 1 JJIsI OYUIICHHS BOJ Bl HAPTOBUX 3a0pyAHEHB.

B [14] 3anpornoHOBaHO TOEIHATH MOHITOPHHT PO3JIMBY HA()TH Ta MOICIIOBAHHS, SIK
CUMOIOTHYHY CHCTEMYy YMpaBIiHHS 3BOPOTHIM 3B’S3KOM, 3aCHOBaHy Ha TEOpii CHCTEMH
3acTocyBaHHs JauHamidHoro mnpuBoay nanux (Dynamic Data Drive Application System
(DDDAYS)).

Ha puc. 2 naBeneno 610k-cxemy DDDAS 115t KOHTPOJITIO pO3JIHBIB HAQTH B MOPCHKHUX
aKBaTOPISX.

Knowledge base
for multiple source
remote sensing
monitoring

Multiple source remote
»  sensing monitoring
scheme constretion

¥ ¥

Optimal monitoring scheme construction
base on inference machine

Oil spill information extraction

¥

Oil spill dynamic New oil spill
processes simulation knowledge supplement

Y

Modify remote sensing
monitoring scheme

Qil spill information
evaluation

NO

Satisfied?

Pucynoxk 2 — Cxema nipotiecy Giopemenarii st O4MCTKH BOJ Biji HAQTOBUX IUISIM
Jlocepeno: [14]

3riiHO pHc. 2 HAa CXeMy MOHITOPMHTY Ha OCHOBI MAaIIMHHOTO BHUCHOBKY HAJXOJUTh
iHdopmarttis 3 6a3u 3HaHB 1T MOHITOPUHTY JTUCTAHIIMHOTO 30HyBaHHS JIEKUIBKOX JKEpe.
[Ticna doro BinOyBaeTbes BUIydeHHs iHGopmauii npo posnus HadTH. IloTiM BinOyBaeTbes
CUMYJISILIIS MTPOLIECY pO3MBY HaTH B JUHAMII Ta OLIHIOBaHHA 1H(OpMaIii 11010 PO3TUBY
HaTH. SIKIIO pe3ysibTaTH OIIHIOBaHHA BKa3ylOThb Ha HASBHICTb pO3JIMBY Ha(TH, TO
BiIOYBA€ThCS BHECEHHS JAaHUX J0 0a3u 3HaHb PO HOBI po3iauBU HapTH. SAKmio iHpopmaris
HE MIATBEPKY€ETHCS, TO MPOLEC 30HAyBaHHS TIOBTOPIOIOTH 3HOBY.

Buxonsun 3 BHIe HABEJACHOTO MPOMOHYETHCS HACTYITHA CXEMa 3arallbHOTO aHallizy
Ha(TOBUX 3a0py/IHEHb Y BOJHHUX peCypcax, HaBe/IleHa Ha puc. 3.
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/ K7HTponL napaMeTsi \

Hlpoda | Kamepa Inenrudikanis Bubip Ckuo
. KLTBKOCTI1 [< A '
> 3pa3KiB 3a0py/AHEeHHs 0YHCHOTO O4HCT

npenapary

Pucynok 3 — Cxema 3arajibHOro aHaiizy HadToBUX 3a0py/iHEHb
Lowcepeno: pospobaeno agmopom

3rizHo 3ampornoHoBaHuX B [1] eTamiB po3poOKH iHTEIEKTYadIbHOT CUCTEMH IATPUMKH
NPUHHATTS pillleHb Uisi poOOoTa 3 OYUCTKA BOA Bia Ha(TOBUX 3a0pyJaHEHBb, 3arajibHa
CTPYKTypa aHasizy HahTOBHX 3a0pyJHEHb MaTHUME BUTJI, TIOKAa3aHUH Ha puc. 4.

A 4

30ip
po6

PesepByap

HI (zzepesuyerna

HOpMUL)

Ouucrtka

ICIIIIP — InTenekryanbHa cucTeMa MiITPUMKH IPUHHATTS pitneHb; BIT — Gok nmopiBHSHHS;
BBK3 — 6110k BU3HauUCHHSI KiTbKOCTI 3a0pynHeHHS; BBB3 — G510k BH3HA4YCHHS BUY 3a0pYIHEHHS,
OP — 06po06ka pesynbraTis; BCO — BU3HaUeHHS CIOCOOY OYHMCTKH;

BKOII — Bu3Ha4YeHHS KITBKOCTI OYMCHOTO TIpenapaTy

Pucynox 4 — Ctpykrypa aHanizy HahTOBHX 3a0pyIHEHb BOJHHUX PECYpPCiB
Lowcepeno: pospobaeno agmopom
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B Onoui mopiBHAHHS BinOyBaeThcs OLiHKa 3a0pyIaHeHHS. B pesepByap HaaxoIsTh
3pazku npo6 Boau. Ilicms woro B BIl BU3HauaeThcs uyM BIAMOBiAA€ 3pa3oK HOpMaMm HeE
3a0pyaHEeHOI BoAM. SIKIIO 3pa30K BOAM 3HAXOJIUTHCS B MEXaX HOPMH, TO Jajli BiOYBa€eThCsS
30ip HOBUX mpo0. Skmio BusABISIEThCS 10 Boga 3abpyaHeHa, To B bBK3 ta BBB3
BUKOHYETHCS BHM3HAYCHHS KUIBKOCTI Ta BHIYy 3a0pyaHenHs. Ilicis oOpoOku pesyibTariB
BiJI0yBA€THCSI BU3HAYCHHS CITIOCOOY OYMCTKH Ta KUIBKOCTI OUYMCHHUX TPEraparis.

B mopmanpmmx jociuipkeHHsX gaHy cxemy (puc. 4) Oyne wmoaudikoBaHO Ta
cuHTe30BaHoO. binbiie yBaru Oyae nmpuaiieHo po3poOiii 6a3u qaHux Ta 0a3u 3HaHb IS OJIOKY
MOPIBHSHHS.

BucnoBku. B pganiii poO0OTI Ha OCHOBI aHai3y NOMEPEIHIX IOCHIKEHBb, OYyIJIO
3alpONOHOBAHO CXEMY 3arajibHOro aHayizy Ha(ToBUX 3a0pyaHeHb. [laHa cxema 103BOIIsE B
pEeXUMI peaJbHOTO Yacy MPOBOJIUTH MOHITOPHHT Ta iAeHTH}IKAIII0 HAPTOBUX 3a0py/IHEHb.
3acTocyBaHHSA JaHOT CXEMH Ul aHalizy Ha(TOBUX 3a0pylHEHb MOXJIHMBE HE JIMIIE IS
BU3HAYEHHS HAPTOBUX 3a0pyAHEHb Y BOJHUX pecypcax.
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The Structure of Monitoring and Identification by Oil Pollution

In different countries, scientists pay attention the method of monitoring, identification and water
purification from oil pollutions. The problem of oil pollution is not only relevant for oil producing countries. Qil
spills can occur anywhere in the world. The authors of this article propose to develop the robot with artificial
intelligence that would monitor, identify and purify water resources from oil pollution in the mode of real time.
Previous studies have shown that it is advisable to use biological methods to water purification from oil
pollution. To date, scientists have already developed preparations containing a consortium of microorganisms to
purify water resources from oil and petroleum products. Microorganisms are able to adapt to large doses of oil.
As a result of the biological treatment of petroleum contamination, such microorganisms in the environment
remain bacterial protein (which does not require further disposal) and non-toxic oil decay products. The products
of the activity of bacteria and the bacteria themselves are easily absorbed by the native microflora, giving the
basis for the formation of humus or forming bottom silt.

The purpose of this work is to investigate installations for the biological treatment of water resources
from oil and petroleum products. In order to achieve this goal, the structure of the scheme of general analysis of
oil pollution is proposed in the article. This scheme contains blocks of comparison, determination of the type and
amount of contamination. The results are processed using statistical and mathematical analysis methods. The
following algorithm is proposed. The robot has a special container for collecting water samples. This container
has special sensors that determine the condition of the sample and transmit information to the comparison unit.
The comparison unit, based on the knowledge base, determines the conformity of the water sample to the
standards. If the amount of pollutants is exceeded, the information goes to the units for determining the amount
and type of pollutants. In the results processing unit, decisions are made regarding the method of purification and
the amount of purification preparation.

In the future, this scheme will be modified and synthesized. More attention should be paid to
developing a database and knowledge that is part of an intelligent decision support system. The application of
this scheme to the analysis of oil pollution is possible not only for the determination of oil pollution in water
resources.
oil pollutions, identification, decision-making, knowledge data base
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