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THOOPMALIMHA CUCTEMA JJIsI OUUIIIEHHSA BOJIU HA
CYAHAXMOPCBKOI'O I PIYKOBOI'O @JIOTY

Becnanosa A. B., Xorin C. }0.2, Konosasos C. M.?

Y0o0ecvra deparcasna axademisn 6ydienuymea ma apximexmypu
200ecvruii HayionanbHUl MOPCLKULL yHIGEpCUmem

AHoTanis: 3a0e3eueHHs MOPChKHX 1 PIYKOBUX CYJCH OYMIIECHOO MPICHOIOBOOK € 3aBJaHHIM
MEPIIOPSAHOT Baru, OCKUIBKU BiJl IIbOTO 3aJIKHUTH 3a0e3IcUeHHS HAMBAKIIMBIIINX KUTTEBUX MOTPEO
YIEHIB eKimaxy 1 nacaxxupis cyaHa CTidHi BOJIU 3 CYJCH TaKOX HEOOXIHO OYMIIATH MEPE] BUKUIOM
B joBKiuIA. KpiM TOro BozoouucHe oOJIaJHAHHS € OJHIEI 3 KJIIOYOBHUX CHCTEM CIIEIlialli30BaHHX
CyJeH eHepro- i xwurre3abesnedeHHs. Ha cydacHuUX cyqHax BOJIOOYMCHI CHCTEMH MPAIlOKTh B
ABTOMATHYHOMY DPEXKHMI IIiJi YIPaBIiHHAM KOMITIOTEpiB, CTaOLIBHICTH POOOTH SKUX 3abe3rnedye
Kepyroda iHpopMaliiiHa cucrema.

Hana pobota mpucssiueHa po3poOiri iHopMmarliifHoi cucTeMu Jisi YIPABIIHHAS i KOHTPOIIO HaJ|
TEXHOJIOTTYHUMH TPOIIECAaMHU OYHIIECHHS BOJH, IPH I[bOMY B Hiif OyJI0 BUPIIICHO PsJl HEPIIOPSIHUX
MPUKIIAIHUX 3aBaHb.

Po3ristHyTO OCHOBHI acniekTd po3poOku iHGOPMAITiiTHOT CHCTEMU JUTS OYHINSHHS BOJU HA CYIHAX
MOPCBKOTO 1 PIY4KOBOro (IOTY PI3HOIO MNPU3HAYCHHS, BKIIOYAIOUYH BHMOIM JIO CHUCTEMH, Il
apXITEKTypy, TEXHIYHI pIIICHHS, 0 BHUKOPHUCTOBYBAIMCh, a TAKOXX METOAM aHai3y JaHHX Ta
IHTErpaIliio 3 IHIMMH cUcTeMaMu cyaHa. OmucaHi OCHOBHI BUMOTH JI0 CHCTEM IOIOHOTO THIY, iX
apxiTekTypa. by po3poOieHuil AeTanbHul MakeT iHTepdeicy KOpUCTyBaya, SIKAM y MOBHOMY 00Cs31
orucye po0OoTy iHpopMalliiiHoi cucteMu. Po3risHyTo (GopMysH, sKi BUKOPHCTOBYIOTHCSA B JaHIii
CHCTEMI, 3aBJIKH SIKHM BHUKOHYIOTHCSI PO3PaxXyHKH MO0 OYMINEHHS BOIH, a TAKOX EIEKTPOEHEprii,
10 CHOOXKMBa€ cucTeMa. HapemeHi mnpukiagd poOOTH CHCTEMH Ha OCHOBI PO3PaxyHKIB 3a
PO3MISIHYTUMH (POpMaMHM, a TaKOX MHPUKIaAA BUKOHAHHS 1H(POPMAIHOK cHcTeMO IpadikiB, sKi
MOKa3yloTh e(EKTHBHICTh OYMINECHHS BOAM Ta CIIOKHBYOI €JIEeKTpoeHeprii 3a med dac. Takox
HaBeZleHa TaONWIl, SKy TEHepye CHCTeMa, IO TOKa3ye IMapaMerph SKOCTI BOAW IO Ta IICHA
ounineHHs. Bee 1e mokazye po06oTy iHGOpMAIIiitHOT CHCTeMH ISl OYUIIEHHS BOAW Ha Cy[IHAX PI3HOTO
MpU3HAYEHHS, BKIIOYAIOYM CHEMiadbHI CyIOHAa s eHepro3abe3ledeHHs] BEUKAX OymiBeTbHUX
00'eKTiB 1 HaceleHNX MYyHKTIB IPH HAJ3BHYAHUX CHUTYAIlisIX PIZHOTO XapakKTepy, fKa AOoNoMarae
Bi3yari3yBaTH Ta aHali3yBaTH [aHi, IO JO3BOJIIE BYACHO BXKMBATH HEOOXITHWX 3aXOMIB I
MIATPUMKH BUCOKOI SIKOCT1 BOAH, a IIe, B CBOIO Uepry, 3a0e3meuye Oe3meKy, KoM(QOopT Ta eKOJIOTI9HICTh
CYTHOIUIABCTBA, CHPHUSE BHUKOHAHHIO MUDKHAapOIHHWX CTaHAApPTIB Ta TMOKPAIMIEHHIO 3aralbHoi
€KOJIOTTYHOI CUTYAIlil Y CBITOBOMY OKEaHi.

Onucana B crarTi iH(opMalliiiHa cucTeMa MOXKE 3HAWTH IIHPOKE 3aCTOCYBaHHS B SKOCTI
MIPOrpaMHOro 3a0e3neueHHs] poOOTH aBTOMAaTH30BAHOTO BOJOOYHCHOTO KOMILIEKCY Ha CYAHAX Pi3HOTO
MpU3HAYCHHS.

Kuarouogi ciioBa: indopmariiiiHa cucrtema, OUUIIEHHS BOIU, CyJJHAa MOPCEKOro (JIoTy, iHTepdeiic
KOpHCTyBada, Bizyali3allis.
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INFORMATION SYSTEM FOR WATER PURIFICATION ON
MARINE AND RIVER FLEET VESSELS

A. Bespaloval, S. Khotin?, S. Konovalov?
!Odesa State Academy of Civil Engineering and Architecture
2Odesa National Maritime University

Abstract: Providing sea and river vessels with purified fresh water is a task of primary
importance, as it depends on providing the most important vital needs of the crew members and
passengers of the vessel. Waste water from vessels must also be purified before being released into the
environment. In addition, water purification equipment is one of the key systems of specialized energy
and life support vessels. On modern ships, water purification systems work in automatic mode under
the control of computers, the stability of which is ensured by the control information system.

This work is devoted to the development of an information system for the management and
control of technological processes of water purification, while a number of primary applied tasks were
solved in it.

The main aspects of the development of an information system for water treatment on ships of the
sea and river fleet of various purposes are considered, including the requirements for the system, its
composition, the technical solutions that were used, as well as the methods of data analysis and
integration with other systems of the ship. The main requirements for systems of this type and their
architecture are described. A detailed layout of the user interface was developed, which fully describes
the operation of the information system. The formulas used in this system are considered, thanks to
which calculations are performed regarding water purification, as well as the electricity consumed by
the system. Examples of the system's operation based on calculations based on the considered forms,
as well as examples of the execution of graphs by the information system, which show the efficiency
of water purification and consumer electricity during this time, are given. Also shown is a table
generated by the system showing water quality parameters before and after treatment. All this shows
the operation of the information system for water purification on vessels of various purposes,
including special vessels for the energy supply of large construction objects and settlements in
emergency situations of various nature, which helps to visualize and analyze data, which allows you to
take the necessary measures in time to maintain high quality water, and this, in turn, ensures the
safety, comfort and environmental friendliness of shipping, contributes to the fulfillment of
international standards and the improvement of the general ecological situation in the world ocean.

The information system described in the article can be widely used as software for the operation
of an automated water treatment complex on ships of various purposes.

Keywords: information system, water treatment, sea vessels, user interface, visualization.

Becnanopa A. B., Xorin C. }O., Konosasnos C. M.
https://doi.org/10.31650/2618-0650-2025-7-1-66-77 67




MexaHika Ta MaremMaTHuHi meromu / VI11/1/2025
Mechanics and mathematical methods - Crop. 66-77/ Page 66-77

1 BCTYIl

Excrutyaraiiiss cyzniB HeMUHydYe NOB'I3aHa 3 BUHHKHEHHSM Ta BUPIMICHHAM MpoOiIeM
OXOpPOHHM HABKOJUIIIHBOTO CEpPEAOBHINA Ta i3 3a0E3MEYCHHSM BiINOBIIHOCTI BHKHUIIB Ta
CKUIIB 3a0pYJHIOIOYMX PEUYOBHUH Cy4aCHHMM HOPMATHBHUM BUMoraM. B manwii wac Ha QuioTi
MEePEBAKHO 3aCTOCOBYIOTHCS JIBA CITIOCOOM BUPIIICHHS MPOOJIEMU CYTHOBHX BinxoiB [1].

1. Po3niibHEe HAKOMTMYCHHSI BCIX BUJIIB BIIXOJIIB JUTSI 37aBaHHS Ha Oeper.

[lepeBaroro 1pOrO € BHUCOKHHA CTYNIHb OYMIICHHS Ta pEyTWIi3amii BIIXOAIB MpH
nepepoOIIi Ha BEIMKUX OeperoBuX mianpueMcTBax. Kpim Toro, Ha cyaHi MOTPiOHUN MIHIMYM
CrermiabHOTO 00NajaHaHHA. HemoslikoM € HeOOXIIHICTP MaTH €MHOCTI, IO MOTpedye
JOJIATKOBUX MPUMIIIEHb Ta 3MEHIIY€E MPOBI3HY 3AaTHICTh. Llei crmocid 3acToCOByeThCS Ha
MaNMX Cydax 3 HETPUBAIMMU MapIIPYyTaMH Ta YaCTHMH 3y[UHKaMH, ane aOCOJIOTHO
HENPUIHITHAM JJTs1 BETUKAX TPAHCTIOPTHUX CYICH.

2. Tlepepobka BiAXOAIB Ha OOPTy CyAHa 3a JIOMOMOTOIO CIEHIATBbHUX CHUCTEM IS
ounmieHHs criyHux (CB) ta HadToBMicHux (HB) Boga, a Takox iHcuHepartopiB. IlepeBaramu
IIBOTO €:

— BEJIMKA aBTOHOMHICTG TIJIaBaHHS,

—  CKOPOYEHHs TPOCTOiB, MIHIMAJIbHI HAKOMUYYBaJlbHI €MHOCTI Ta, SK HACIIJIOK,
€(EeKTUBHICTh TaKUX CY/CH.

Jlo HemoJIKIB BIHOCATHCS: CKJIAIHICTh Ta JOPOKHEUA 3a3HAYCHUX CHUCTEM, a TaKOX
CHeIiabHOTO 00CIyroBYBaHHS, HEOOXIJHICTh JI0JaTKOBUX BUTpaT eHeprii. JlaHe pimeHHs
MOIUPUIIOCS TIEPEBAKHO HAa MOPCHKHX CYyJax Ta CyAax piuka-mope ruraBaHHs. OHaK HasBHE
o0OyaHaHHS TIEPEPOOKH OKPEMHX BHIIIB BIIXOJIB Y OUIBIIOCTI BUMAAKIB BXKE€ MOPAJIBLHO Ta
($h1BUYHO 3a CcTapino, HE 3aBXaAM 3a0e3leuye BUKOHAHHS BHUMOT CYYacHOI JOKYMEHTAIll, 110
periiaMeHTye, HOBE X € JOPOTMM IPU BCTAHOBJEHHI Ta B OOCIYrOBYBaHHI, Ma€ BHCOKY
E€HEePTOEMHICTIO 1 B IUIIHA HU3I PIYKOBUX CYJIEH 3 PI3HUX MPUYMH BCTAHOBIICHHS 3a3HAYCHHUX
MPUCTPOIB HEMOKJIUBE.

AHaniz cuTyalii TWUTaHHS TIOKa3ye, IO OCTaTOYHUN BHOIp Cmoco0y BHUAATCHHS
3a0pyIHEHD 13 CYJICH 3aJICKHUTh Bl 0araThoX (hakTopis.

2 AHAJI3 JITEPATYPHUX JAHUX TA IIOCTAHOBKA INPOBJIEMH

Uepes MDKHApOJHUN XapakTep MOPCHKUX II€pEeBE3€Hb BXKE IIOHAJ MIBCTOJITTS
(YHKIIOHYIOTh MDKHApPOJHI MpaBujia, 10 PEryIIOI0Th iX caHITapHI acrekTH. MbkHapoIHi
canitapHi mpaswia 1951 p. 3amiHeHi MDKHapOJHUMHU MEAMKO-CaHITAPHUMH IpaBUIaMHU
(MMCII), npuitastumu BO3 y 1969 p. ¥V 2005 poui Ha 58-if cecii BeecBiTHboi acambiei
oxopon# 3710poB's MMCII O6ynu neperiasHyTi Ta TONOBHEHI.

KepiBHuurBo 3 cyaHoBOi caHiTapii crtamo oQiiiiHUM 3arajibHOCBITOBUM 3BEICHHSIM
CaHITapHUX BUMOT A0 OyIIBHMIITBA Ta €KCIUTyaTallii cyleH. BUXiIHOI0O METO IhOro
JOKyMeHTa OyJlia CTaHJapTU3allisd CaHITApPHUX 3aXOJIB, IO 3AIMCHIOIOTHCS HA CyJaX 3 METOI0
OXOpOHH 370pOB'S MacaXHUpiB Ta NMpAIiBHUKIB Ta 3amoOiraHHs mnepenadi iHdekuii 3 omHiel
KpaiHu 10 iHIoi [2].

B ocranHi poku Tema eKOJIOTIYHOI Oe3MeKM Ha MOPCHKUX CyAHax CTae jaenani
akTyanbHimow. OAHUM 13 KIIOYOBUX acleKTiB, M0 NOTpeOyloTh OCOONMBOI yBaru, €
oumniieHHs Bogu [3, 4]. 3a0pynHEeHHS BOJM Ha CyIHAaX MOXeE IPHU3BECTH JO CEpHO3HHUX
€KOJIOTTYHUX HACTIJKIB Ta HETaTUBHO TMO3HAYUTHCS Ha 3JI0POB'T €KiMaxy Ta Maca)HupiB.
Po3poOka Ta BOpPOBaKEHHA CydacHUX IHQOpPMAIIMHUX CHUCTEM [UIS OYHUIIEHHS BOJU
JI03BOJIAIOTH HE JIMIIE TOKPAIIUTH SKICTh BOJAW Ha OOPTY, a i 3a0e3MeYuTH BiANOBIAHICTH
CYBOPHUM MUDKHApPOJHUM €KOJIOTIUHMM cTaHfapTaM. KpiM TOro BHUIEBKa3aHi CHUCTEMH,
CIOPUATUMYTH PO3pOOI Ta CTBOPEHHIO BHUCOKOTPOAYKTUBHUX BOJOOTPICHIOBAEHUX
YCTaHOBOK JJISl CY/IEH €HeproXKuTTe3ade3nedeHns. [5, 6].
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IadopmarriitHa cucteMa JIsi OYUIICHHS BOAM HA CyHAX BKJIFOYA€ KOMILUIEKC arapaTHUX 1
MPOrPaMHHX PIlIEHb, CIIPIMOBAHUX HA MOHITOPHUHI SKOCTI BOJM, aBTOMAaTH3allil0 MPOIECIB
OUMILIEHHS 1 CBOEYACHE pearyBaHHs Ha BIAXHICHHS Bl HOpM. Taka cuctema J03BOJIsIE 3HAYHO
MIIBUIMUTH  €(EKTUBHICTh eKCIUTyaTalii Cy[eH, MiHIMI3yBaTH pHU3UKUA 3a0pyaHEHHS
HABKOJIMIIHBOTO CEPEAOBHUINA Ta 3a0e3meynTH KOM(OPTHI YMOBHU JUISI BCIX, XTO 3HAXOIUTHCS
Ha 6opty [7, 8].

Mera 11i€1 CTaTTi — PO3TISHYTH OCHOBHI aCIeKTH PO3pOOKH iHPOPMAIIHHOT CUCTEMH IS
OYUILEHHS BOJYU HA CyIHAX MOPCHKOTO 1 pIYKOBOTO (PJIOTY, BKIFOYAFOUYM BUMOTH JI0 CUCTEMH,
il apXiTeKTypy, TEXHIYHI PIIICHHs, 110 BUKOPUCTOBYIOTHCS, a TAaKOX METOJH aHANI3Y JaHUX
Ta IHTETpaIliio 3 IHITUMH CUCTEMaMH CyIHA.

3 HIWIb TA 3AJAYI JOCJIIKEHHSA

[ndopmariitna cucremMa Juis OYMILEHHS BOJAM JOCHUTh CKJIaJHAa B TEXHIYHOMY Ta
1HpOpMaLIITHOMY acleKTl, TOMy Mae€ 3aJ0BOJIbHATH O0aratboM BUMOTram, 30kpema [9]:

— MOHITOPHHI SKOCTI BOJM: CUCTEMa IMOBUHHA BUMIPIOBAaTH OCHOBHI NMOKAa3HUKHU SKOCTI
BoaM, Takl sk pH (BoaHEeBUI NOKa3HUK — Mipa KUCJIOTHOCTI BOJHHMX PO3UYHHIB), PIBEHb
3a0pyHEHb, BMICT B&KKUX METAJIIB Ta MIKPOOPraHi3MiB;

— aBTOMAaTH3allisl NpOLEeciB OYMIIEHHA: iH(opmaliliHa cucTeMa IOBUHHA KepyBaTH
oOnasHaHHSAM Ui OYMILEHHS BOJM B aBTOMATUYHOMY PEXHUMI, MIHIMI3yIOUM BTpYyYaHHs
JIIOJIHM;

— aHaJi3 Ta 3BITHICTb: CHCTEMa MOBUHHA 30MpaTH J1aHi, aHAJII3yBaTH iX Ta reHepyBaTH
3BITH JUIS IPUAHATTS YIPABIIHCHKUX PILICHb;

— iHTerparlis 3 IHIITUMHA CHUCTEMaMH: MOXJIMBICTH IHTETpallii 3 CHCTeMaMu KepyBaHHS
CYTHOM Ta €KOJIOTTYHOTO MOHITOPHUHTY.

ApxiTekTypa iHGOpMAIIHHOI CHUCTEMH [UUII OYHIIEHHS BOJIW BKIIOYAE JCKLTbKA
KIIOYOBUX KOMIIOHEHTIB:JaTYMKM Ta CEHCOPU; LEHTPAIbHUNH KOHTpPOJIEP; OYHCHE
o0yaHaHHS, cepBEepHA YacTHHA; IHTep(eiic KopucTyBaya; CHCTEMHU CY/IHA.

B3aemoiro iux KOMIOHEHTIB MK CO00I0 CXeMaTHYHO MOKa3aHo Ha puc. 1.

Jlaturkuy Ta Lentpansumii OunchHe
CeHCcopH KOHTpoOJEp oOaHaHH
y
Cucremu InTepdeiic | CepsepHa
CyJHa KOpHCTyBaua YacTHHA

Puc. 1. Cxema ouniieHHS BOIU Ha CYIHI

JlaT4vKK Ta CEHCOPU BCTAHOBJIIOIOTHCS B PI3HUX TOUYKAX CUCTEMH OYHMIICHHS, BOHU
BHUMIPIOIOTH MapameTpu sKocTi Boau (pH, TypOiaHicTh (KamaMyTHICTE), BMICT XJIOPY 1 T.1T.).

IentpanbHuii KoHTpoJiep 30upae gaHi 3 JaTYUKIB Ta Kepye pPOOOTOI0 OYHCHOTO
oOnaHaHHS.

OuncHe o6nasHaHHS CKJIAJAETHCSA 3 PI3HUX MPUCTPOIB Ui OUYMILIEHHS BOJIU: (QUIBTPH,
HacocH, yiabTpadioneToBi JaMnu Ta iH. Takox BiH 31iiCHIOE (Qi3WYHE Ta XIMIYHE OYHUIICHHS
Boau. CepBepHa yacTuHa 30epirae Ta 00poOisie qaHi. Moxe OyTH peasnizoBaHa K Ha 6OpTYy
CyJHa, TaK 1y XMapi.

InTepdeiic xopucTyBaua — MaHelb KEpyBaHHA, 110 HAJa€ JIOCTYI JIO0 MOHITOPUHTY
CHCTEMH Ta KEpyBaHHs HEo, MoXke OyTM JOCTYMHMHA 3 KoMI'toTepa abo MOOUIBHOTO
MIPUCTPOIO.
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Hani #ipe iHTerpamis 3 IHIIMMHM CHCTEMaMH CyJIHA: CHCTEMa YIPABIIHHS CYIHOM
(mepenava gaHUX MPO SKICTh BOJM 10 CHCTEMH YIPABIIHHS CYTHOM ISl IPUHHSATTS PIllICHb
KaIliTAaHOM Ta KOMaHI010), €KOJIOTTYHII MOHITOPUHT (IHTETpaLis i3 CUCTEMOIO €KOJOTIYHOTO
MOHITOPUHTY ISl JOTPUMAHH MDKHAPOIHUX CTaHIAPTIB Ta HOPM) TOLIO.

s po3poOku iHTEepdeicy mporpaMu 3 OYMIICHHS BOJHM HAa CyJHAX MOPCHKOTO (ioty
BAXJINBO 3a0€3MEUUTH 3PYYHICTh BHUKOPHCTAHHS, 1HPOPMATHUBHICTD Ta (DyHKIIOHAJIBHICTS.
Hwkue HaBeneHO NpUKIAN Makery iHTepdeicy iHPOpMamiiHOI CUCTeMH, SKUH BKIIOYAE
OCHOBHI €JIEMEHTH YIPABIIIHHS Ta MOHITOPUHTY (pHC. 2):

—TOJIOBHA MTaHEIIb;

—MOHITOPHHT SKOCTi BOJIU;
—KepyBaHHs OYHCHUM 00JIaIHAHHSIM;
—aHaji3 JaHUX Ta 3BITH;
—HaJIAIITyBaHHS CHCTEMU;
—IIOBIJOMJIEHHS Ta OIOBIII[EHHS.

I'0j10BHA NaHe b MOHITOPHHL SIKOCTi BOAM

IudopMariiina cucTeMa OUHICHHS BOAK Pisens pH:  [7.0
Typ6ianicts: [0.5 NTU
Xnop: 0.5 ppm
PiBenb pH: [7.0 Temneparypa: |25°C Mikpoopranismu: |1 CFU/M1
Typ6inmicts: [0.5NTU | Xnop: [0.5ppm | [Tpadiku ta Tpenau: |

Mixkpoopranizmu: |1 CFU/m1 Tpadix pisas pH

T'padik TypbinHOCTI

1. MOHiTOpHHT SIKOCTi BOJIH

2. KepyBaHHsI 0O4UCHHM 00JIa[HAHHIM

I'padix edexruBHOCTI DinbTpanii

I |
I l
| I'padyik samMIKOBOro X10pY ]
I I

l

I I'padix crioxkuBaHHS IEKTPOCHEPTii

4. HamamryBaHHs CHCTEMH

5. TIoBiZOMIICHHS Ta OMOBIIEHHS

[
l
l 3. AHani3 JaHuX Ta 3BITH
l
l

a) b)
Bubip nepioxy:

Hacocn: © Veimk/Buvk  @inprpu:  © Vaimk/Bumk

OcranHi 24 roguau ]

V®-namnu:  © Yeimk/Bumk

OcranHi 7 gHiB ‘

Ximikati:  © YsiMx/Bumk

OcranHiit Micsip J

l ABTOMaTHYHHMIA ] BiTH
I Cran BoaH ‘
[ e ] [ EdexruBHicTh ounIeHHs ]
c) m
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HanauiryBaHHs 1aT4HKiB: S
TToTOYHi MOBiIOMJICHHS:
[ PiBens pH ]
[ Tyooiami ] «YBara: PiBenb pH Hmkue HOpME» £
ML R «ITonepe/KeHHs: BUCOKA TypOiHICTE»
[ Xiop l

Mikpoopranizmu

. IcTopist HOBIIOMIICHB:
3araJibHi HaJIAlITyBAHHS:

. . -
] «PiBenb pH BigHOBIECHO»

i Kani6pyBasHs o6nagHaHHs " 1
«TypbignicTh HOpMaTi30BaHa»

i HanamryBanHs Mepexi I

i Onosnenns [10 ] v

e) f)

Puc. 2. OcHoBHi enemeHTH iHTEpdETiCY:
a) TOJIOBHA MaHelb; b) MOHITOPHHT SIKOCTI BOIH; C) YIPABTiHHS OYUCHUM 00naaHaHHsM; d)
aHaJi3 JAaHWX Ta 3BiTH; €) HaNaITyBaHHs crucTeMu; ) MOBITOMIICHHS Ta OMOBIIIICHHS

l'onoBHa maHens Hajae 3arajibHUM OIJISA CTaHy CHUCTEMHM Ta OCHOBHMX IapaMeTpiB
SKOCT1 BoAu. EKpaH MOHITOPUHTY SIKOCTI BOJM HaJa€ JAeTalbHY 1H(OPMAILII0 MPO MOTOYHUMN
cTad Boau. EkpaH KepyBaHHS J103BOJIsi€E KOHTPOJIIOBATH Ta KEPYBAaTH OYMCHHUM OOJIaTHAHHSIM.
Expan ananizy naHux Haja€e MOKJIMBICTh MEPEIJISIaTH Ta TeHepyBaTH 3BITH IIPO CTaH BOIM.
Expan HanmamryBaHb J03BOJII€ 3MIHIOBAaTH MapaMeTpU CHUCTEMH Ta KOH(MIryparito JaTYUKIB.
Expan noBinomiieHb MoKa3ye NOTOYHI Ta MUHYJI1 OMOBIIIEHHS CUCTEMHU.

MarematnuHna Mojenb omnpicHoBanbHO1 yctaHoBku 3 MCII po3pobnena B [10, 11] 1
3aCHOBaHa Ha PIBHAHHIX 30epeKeHHs MacHu i eHeprii. OlHaK HaBelIeHa TaM CUCTEMa PIBHSHb
€ TIEPEBU3HAYCHOI0, Y PE3YNIbTaTl YOTO ITEPAIIHHUN MPOIIEC PO3PAXYHKIB HE MPUBOIUTH 10
BHPIIICHHS.

[IpuBenemMo Kinbka BaXIUBUX (OpMyJ, sIKI BHUKOPHUCTOBYIOTHCS 1H(OPMAIIITHOIO
CUCTEMOIO ISl OYUILEHHS BOJIU:

1. ®opmyna mia pospaxynky pH. PiBenp pH Boau € BaXJIMBUM TapameTpoM, SKUH
BUMIPIOETHCSL y TIpolieci oOuuiieHHS. BiH BHU3Ha4yaeThCs SK HETaTUBHUM Jorapudm
KOHIICHTpAIIii 10HIB BOJIHIO

pH =—Iog[H+]
ne |:H +}— KOHIICHTpAIlis 10HIB BOJHIO B MOJISIX Ha JITP (MOJIB/J).

2. ®opmyia A1 po3paxyHKy TypOiaHOCTi (kanamyTHOCTi). TypOinHicTh (KaJaMyTHICTD)
Boau Bumiproerscst B NTU (Nephelometric Turbidity Units), i moxe Oytu mpencraBieHa
yepes KoeilieHT po3CitoBaHHs CBITIIa YaCTUHKAMH, 10 3HAXOIATHCA Y BOI1

|
T=-2,
|
ne T — typbianicTs (kanamytHicTs) (NTU);
| ,— IHTEHCHUBHICTH CBiTJIa, 10 IPOXOUTH Yepe3 YUCTY BOJY;
| — iHTeHCHBHICTB CBiTJIA, IO IPOXOUTH Yepe3 3pa30K BOJIH.

3. @opmyna Ui PO3paXyHKY 3aJIMIIKOBOIO XJOPY. 3aJULIKOBHM XJIOp Y BOJII
BHU3HAYAETHCS SIK PI3HULSI MK BBEJIEHUM XJIOPOM 1 XJIOPOM, IO pearyBas i3 3a0pyaHIoBauyaMu

cl, =cl_,~Cl

res react ’

ne Cl,— 3amumikoBuit xiop (ppm);
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Cl

Clreact_
4. ®opmyna ans po3paxyHKy edektuBHOCTI QinbTparii. EdexTuBHICTh ¢inpTpalii Moxe
OyTH OlliHEHa 32 TaKOI0 (OPMYIIOI0

:Cin_icoutxloo%,

total — 3ATAJILHAI BBEIECHHUH XJI0p (ppm);

XJIOp, IO pearyBaB i3 3a0pyHioBauamu (ppm).

in
ne 17— edextuBHIcTh inbTpamii (%);
C,,— KOHIEeHTpauis 3a0pyaHIOBauiB Ha BXOA1 (MI/1);
C,,— KOHIIEHTpaIlis 3a0pyAHIOBaYiB Ha BUXOMI (MI/1).
5. ®opmyna st pO3paxyHKy CIOKUBaHHSA elekTpoeHeprii. CroKUBaHHS €JIEKTPOEHEePTil
CHCTEMOIO OUMIIEHHS BOJIM MOKHA pO3paxyBaTh TaKUM YUHOM

E =Pxt,

ne E — cmoskuBanus enexrpoeneprii (kBT ron);
P — motyxHicTh 001aaHanHs (kBT);
t—gac poGoTu 065maaHaHHA (TOAUHH).

Buxopucranns ngaHux ¢opmyn J03BOJislE HE TUIBKM aBTOMAaTH3yBaTU IPOIECH
MOHITOPUHTY Ta YIPaBIiHHSA CHUCTEMOIO OYMILIEHHS BOJM HA CyJIHAX, a W MPOBOJIUTH
aHATITHYHY pOOOTY 3 ONTHUMI3aIlli MUX TpoleciB. BmpoBamkeHHS TakuxX MaTeMaTHYHHUX
MIAXOAIB CIpHUs€ MIIBUIIEHHIO 3arajibHOi €(eKTUBHOCTI Ta HaAIMHOCTI pOOOTH CUCTEMH,
3a0e3mevyroun cTa0lIbHY SIKICTh BOJIM Ha OOPTY Cy/CH.

Posrisinemo mpukiiagy po3paxyHKy NpeICTaBICHUX BUIE (POpMyIL:

Ipuknax 1: Pospaxyrok piBHa pH. SIKIIO KOHIEHTpalis iOHIB BOJHIO y BOI [H +]

ctaHoBUTH 1x1077 MoJIB/11, TO piBeHs PH mopiBHIOBaTHME

pH =—log[1x107 |=7.

[Tpuknan 2: Po3paxyHOK TypOigHOCTI (KalamMyTHOCTI). SIKIIO iIHTEHCHUBHICTH CBITJIA, IO
IpoXouTh uepe3 uucty Boay |, cranoButh 100 onuHMIB, a IHTEHCHUBHICTH CBiTJa, IO

MPOXOIUTh Yepe3 3pa3ok Boau | — 5 oauHuip, T0 TypOiIHICTh | MOYKHA PO3paxyBaTH TaK

5
T= 100 = 0.05NTU.

Ile cmpolieHuit mpuKiIam, MO MOKa3ye MPUHIMIT PO3PaXyHKY TypOimHOCTI. Y pealbHii
MPaKTUI[l TOYHICTH BUMIPIOBAaHb Ta pO3PAXyHKYy MOXE 3aJekaTd Bi KaniOpyBaHHS
o0J1aJHaHHs, YMOB BUMIPIOBAHHS Ta XapaKTEPUCTHK YACTHHOK Y BOII.

[Mpuknan 3: Po3paxyHOok 3aiaumikoBoro xmaopy. Skiio 3aransauii Beeaenuid xiop Cl,,,,,

cranoButh 2.0 ppm, a xyop, mo pearyBaB i3 3abpynuioBauamu Cl. ., — 1.5 ppm, TO

sanuinkoBuii xaop Cl, . nopiBHroBaTHMe
Cl. =2.0ppm—1.5ppm=0.5ppm

ITpuknan 4: Po3paxyHok edexkTuBHOCTI (hinbTpanii. Ko KOHIeHTpalis 3a0py/IHIOBaviB
Ha Bxoxi ¢imprpa C,, cranoButrs 10 mr/m, a Ha Buxoai C,, — 1 mr/a, To epeKTUBHICTh

¢unpTpauii 7 Oyne

in

_10-1

= 046 =900
=5 x100% = 90%.
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[Mpuknazn 5: Po3paxyHOK CIIOKHMBaHHS €JIEKTPOCHEPrii. SIKII0 NOTYXHICTh 001aHaHHs P
CTaHOBUTH 2.5 kBT, a yac poboTtn obOnagHanus t — 8 rouH, TO CIIOKUBAHHS €JIEKTPOEHEPTii
E moxHna po3paxyBaTu Tak

E = 2.5kBmx8200un = 20xBm - 200.

Kpim nporo, HaBeseHO MPUKIAAX Bizyaiizaii iHpopMaIiiHOIO cHUCTEMOIO TpadiKiB, sKi
HAOYHO MOKA3YIOTh BAXKIIMBI ACTMIEKTH CHCTEMH OYHMIIEHHS BOIH, 30KpeMa rpadikiB piBas pH
(puc. 3), piBHa TypOimHOCTI (puc. 4), 3MiHM pIBHS 3aJIMIIKOBOrO xjopy (puc. 5),
epexTuBHOCTI ¢uTbTpanii 3a0pyaHIoBadiB (puc. 6) Ta pO3paxyHKY CIIOKMBAaHHS €HEprii B
cUcTeMi ouuIneHHs Boau (puc. 7).

IMired pansa pH Y CHCTEMI OUMILEHHE BOAW

i
§ eoo
&

575 ‘H

550 E'““ﬁ_

525 R\“‘M

.
z 4 & 8 1
Wt {rogHmEH)
Puc. 3. 3mina piBus pH y cucremi ouuineHHs Boau
IMiria piokA TYPBIAHOCTI B CHETEMI QUMILIENHA BOM

51

4
5
E
23
¥
g
g
& 21

1

o H 4 & 8 10

“ar {rogHmH)

Puc. 4. 3mina piBHS TypOiZHOCTI B CHCTEMi OYHIICHHS BOIU
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3MiHA PIBHA JDNHILKOBOMD XROPY ¥ CHCTEMI OUHILEHHA BAOW

b

Q%1

o4

034

FJANHSEORRA Kesp [ppem)

ol

an

Wat |rogmen)

Puc. 5. 3miHa piBHS 3aJIMIIKOBOTO XJIOPY Y CUCTEMI OUHIIIEHHS BOIU

EpexTHBHICTD inbTRauii 3aBpyAHIOBI4IE Y CHITEMI GUHLLLEHHA BOGW

B0

Echer THEHICTE SLALTRALI (%)

&0 4

a 2 4 & 8 b 1]
Wl {romHEH]

Puc. 6. EdexruBHicTh QinbTpanii 3a0pyaHIOBaYiB Y CUCTEMI OUUIIIEHHS BOJH

POIPAXYHOK CNOMHBIHHA EREKTROSHERMT i CHETEMI CUHLIEHHA BOAM

23 1

20 4

CnosHABaMiS ENerTRoeHEnr (KB T-roml
]

2 4 L] & ple]
Wat {rogHHH)

Puc. 7. Po3paxyHOK CLIO)KUBAHHS €ICKTPOSHEPTIT y CUCTEMI OUHII[CHHSI BOJU

Ha nux rpagikax BuaHo, sik piBHI pH 1 TypOinHOCTI (KajJaMyTHOCTI) BOJM MOCTYIIOBO
3HWXKYIOTBCSI B MIpy NPOXOJUKEHHsI MpPOIecy OYMIeHHS mpoTaroM 10 roauH, Ipu IbOMY,
PiBEHb 3AJIMIIKOBOTO XJIOPY, €HeKTUBHICTD (PiIbTpallii 3a0pyIHIOBAaYiB, a TAKOXK CIIO’KUBAHHS
eHeprii, 3a mi > 10 TroaWH, HaBMAKW, MIABUINYIOThCS. Taki Tpadiku JOMOMAararoTh
Bi3yalli3yBaTH €(EKTHUBHICTb CHCTEMH OYMIIEHHS BOJAM Ta NpUHAMATH pIilMIeHHSA I i
ONTUMI3allii, a TAKOX MJIaHyBaTH €HEPrOCHOKUBAHHS Ta KEPYBaHHS pecypcaMu.

Indopmaniitna cuctema 103BoJIsIE 30MpaTH 1aH1 PO POOOTY CUCTEMH OYMILEHHS BOAU Ta
aHaJi3yBaTH iX 3a JJOIOMOTOI0 pi3HUX MeToiB. Lle Bkmouae B cebe:

— aHaji3 TPeH]liB — BUABIICHHS JOBFOCTPOKOBHX 3MiH y MapaMeTpax sSKOCTI BOJH;
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— TOPIBHAIBHUI aHaJIi3 — MOPIBHAHHS €(EKTUBHOCTI PI3HUX METO/IB OUUIIICHHS;

— 3BITM Ta TIOBIIOMJIGHHS — aBTOMAaTHYHE CTBOPCHHS 3BITIB Ta TOBIIOMIICHHS
BIJINOBITATbHUX OCI0 PO BUHUKHEHHS MTPOOJIEM.

30kpeMa, 110 3BITY TPO EQPEKTUBHICTh OYMINEHHS BXOJUTH MOAIOHA TaOIULS TIPO
napaMeTpH SIKOCTI BOJI JIO Ta IICHs OunIeHHs (Tadu. 1).

Tadoauus 1
[Tapamerpu sIKOCTI BOJIM JIO Ta MICJIs OUUIIICHHS
ITapameTp J1o ounieHHst Iicast ounmeHHs
Piens pH 6.0 7.0
Typ6inaicte (NTU) 5.0 0.5
Xnop (ppm) 0.0 0.5
MikpoopraHizmMu 1000 CFU/mlI 1 CFU/ml

Tabnuis 1 n1eMOHCTpye MOKpAIIEHHs SIKOCTI BOJAM MICHIS MPOXOJ/KEHHS Yepe3 CHUCTEMY
OUUIIICHHS.

4 OBI'OBOPEHHS PE3YJIBTATIB JOCJIIKEHHSA

CyuacHi TeXHOJIOT1i MOHITOPUHTY Ta aBTOMAaTH3allll MPOLECIB OYHUILEHHS BOJIU 3HAYHO
MIABUILYIOTh TOYHICTh KOHTPOJIIO Ta ONEPATUBHICTh pearyBaHHs Ha 3MIHM IapaMeTpiB BOJIU.
[nTerpamis iHdopmariiiHoi cucTeMH 3 IHIIMMU CHCTEMaMU CyJHA, TaKMMH SK CHCTEMa
VOpaBIIHHSA CYJAHOM Ta CKOJIOTIYHMNW MOHITOPHUHT CHOPUSE CTBOPEHHIO  €IUHOTO
1H(OPMAITIITHOTO MTPOCTOPY, IO MIABUIINYE 3arajibHy €()eKTUBHICTH YIPABIIHHS CYTHOM.

Ha mnpuknani anamizy 3miHu piBHS pH, TypOigHOCTI, PIBHSA 3aJIHIIKOBOTO XJIODY,
edekTuBHOCTI (iUIbTparii 3a0pyaHIOBaYiB, a TaKOX pPO3PaxyHKY CIIOKHWBaHHsS CHEprii B
CHUCTEM1 OYMIICHHS BOAM OY/IO TMOKa3aHO, SK BUKOPHUCTaHHS 1HGOPMAIIHHOT CHUCTEMU
JOTIOMAarae Bi3yalli3yBaTH Ta aHATI3yBaTH JaHi, IO J03BOJISIE BYACHO BXKMBATH HEOOXITHHX
3aXOMIB JJIS IMATPUMKH BUCOKOT SIKOCT1 BOJIH.

5 BUCHOBKH

Po3poOka Ta BrpoBapkeHHs iH(GOPMAIIHHOT CHCTEMHU JJIs OYMINECHHS BOJW HAa CyJIHAX
MOPCBKOTO 1 pIYKOBOTO (DJIOTY € BaXJIMBUMH KPOKAaMH Ha IIIISAXY JIO HiJBHIIECHHS €KOJIOTTYHOT
Oe3rnekn Ta e(PeKTUBHOCTI CYJHOIUIABCTBA. Taka cHCTeMa JI03BOJISIE 3a0€3MEUUTH CTAOUIBbHY
SKICTh BOJAM, HEOOXINHY JUIsl 3J0pOB’Sl €KIMaxky Ta MacaXKupiB, a TaKOXK MIHIMI3ZyBaTH
HETaTUBHMM BIUIMB Ha JOBKULIA. Kpim 1poro, BumeonucaHa iHdopmalliiiHa cucrema
3a0be3neunTh e(ekTUBHE  (PYHKI[IOHYBaHHS  BOJOOYHCHHUX YCTAaHOBOK CYACH  JUIs
eHepro3abe3neueHHs BeIUKUX OyIiBelbHUX 00'€KTIB 1 MPUOEPEKHUX HACETICHUX MMYHKTIB.

Takum uynmHOM, iH(OpMAaIiHA CHCTeMa JUIsl OYWIICHHS BOJAM Ha MOPCBHKHUX 1 PIYKOBUX
CyIHAaX PpI3HOrO TMPHU3HAYEHHS € HEBII'EMHHUM  €JIEMEHTOM Cy4acHOi MOPCBHKOT
iHpacTpykTypH, mo 3abe3nedye Oe3neky, KOMGOPT Ta €KOJOTTYHICTh CYAHOIUIABCTBA, a
TaKOX JO03BOJUTH BUPIIIUTH MPOOIEMYy BOJOTOCTAaYaHHS MPUOEPEKHUX HACEICHHUX MYHKTIB
Ta 00'€KTIB €KOHOMIKM. BHpoBapkeHHS TakUX CHUCTEM CHpUS€ HE TUIbKM BUKOHAHHIO
MDKHAapOJHHUX CTaHAAPTIB, a ¥ MOKpAIEHHIO 3arajlbHOi €KOJIOTIYHOI CUTyalii y CBITOBOMY
OKeaHi, a KpiM TOTO, BOHH JIOTIOMOKYTh 3a0€3MEeUUTH MOJIMIICHHS YMOB XHUTTS 1 poOOTH
TMOJeH, SKI MPOXXMBAIOTh B NpUOEpeKHUX paiioHaX, B TOMY YHMCIi 1 MPU HAA3BUYANHUX
CHUTYallisX.
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6 ETWYHI JEKJIAPAIII

[TyGmikytoun craTTio, ii aBTOpH HE MEPeCcHiAyloTh HIAKUX (HIHAHCOBO-KOMEPUIHHUX
iHTEepeciB 1 J03BOJISIOTH O€30IUIATHO BUKOPUCTOBYBATH 1i Marepiaii iHIIMM Oco0aM st
[UTYBaHHS B HAayKOBHX JOCII/UKCHHSX, 32 YMOBM BKa3iBKH IIOCHJIaHb Ha Hei B CBOIX
HAayKOBUX pO0OTaX, SIKIIO BOHM HE € JISUTHHICTIO KOMEPIIIMHOTO XapakTepy 3 METOIO
oco0ucToro 30arayeHHs.
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