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MASIKEVYCH A., MASIKEVYCH Yu. (UKRAINE, CHERNIVTSI)
COLLISIONS REGARDING SURFACE WATER QUALITY MONITORING IN UKRAINE
Bukovynian State Medical University, 58002, Chernivtsi, square Teatralna, 2
E-mail: office@bsmu.edu.ua

Abstract. The main normative legal acts adopted in Ukraine regarding the implementation of state water
monitoring were analyzed. The role of the main entities performing state water monitoring is shown. Attention
is focused on the inconsistency of some regulatory and legal documents in the field of implementation of state
water monitoring in Ukraine and their adaptation to the requirements of the EU Water Directives.

Resolution No. 758 of the Cabinet of Ministers of Ukraine (CMU) dated September 19, 2018
(https://zakon.rada.gov.ua/laws/show/758-2018-n#Text) approved a new procedure for state monitoring of
water, including surface water. In particular, this Resolution states that the objects of state water monitoring
are bodies of surface water, including coastal waters and zones (territories) that are subject to protection. The
subjects of state water monitoring are the Ministry of Environment, the State Water Agency, the State
Geological Survey, and the State Emergency Service. Entities performing state social and hygienic monitoring
provide data obtained as a result of such monitoring to entities of state water monitoring free of charge. General
coordination and organization of state water monitoring is carried out by the Ministry of Environment. The
Ministry of Environment is developing a state water monitoring program, which must necessarily contain:
biological, physicochemical, chemical and hydromorphological indicators. Based on data and information
obtained as a result of state monitoring of surface water bodies, their ecological and chemical condition is
determined.

In accordance with the aforementioned Resolution of the CMU, in May 2020, the website of the State
Water Resources Agency of Ukraine (https://davr.gov.ua/monitoring-poverhnevih-vodl) posted information
about the organization of state water monitoring. In particular, it is noted that since 2019, European approaches
to water monitoring have been introduced in Ukraine in accordance with the requirements of EU Directives.
Appendix 1 to this Resolution of the CMU provides a detailed list of biological indicators of diagnostic
monitoring and states that the State Emergency Service is responsible for these indicators. However, this list
does not include the definition of microbiological indicators, despite the fact that Directive 2006/7/EC of the
European  Parliament and of the Council of 15 February 2006  (https://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2006:064:0037:0051:EN:PDF)  provides  for this
procedure. Moreover, it is not clear why the State Emergency Service is responsible for indicators of this kind,
does this service have the appropriate specialists and equipment?

Besides that, in the previously adopted Resolution of the CMU dated August 20, 2014 No. 393 "On
approval of the Regulation on the State Agency of Water Resources of Ukraine"
(https://zakon.rada.gov.ua/laws/show/393-2014-%D0%BF#Text) it is noted that the State Water Agency, in
accordance with the tasks assigned to them... "conducts the analysis of surface water quality and notifies
executive authorities and local self-government bodies". According to the information posted on the website
of the State Water Agency (https://davr.gov.ua/monitoring-poverhnevih-vod1), the agency is transforming the
existing monitoring system with the distribution of functions between existing laboratories and avoiding their
duplication. To ensure the performance of measurements of priority pollutants in Ukraine, the equipment of 4
basic laboratories - Western, Eastern, Northern and Southern regions. Inconsistency or duplication again? Who
is responsible for the biological indicators of diagnostic monitoring of waters of the State Emergency Service
or the State Water Agency? Should there be microbiological indexes in the list of biological monitoring
indicators?
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WATER SUPPLY AND WASTEWATER DISPOSAL

KPVIIEN K.C., OBEPUYEHKO A.B. (YKPAIHA, 3ATIOPDXOK )
BIOTECTYBAHHS AKOCTI BOIH Y KAXOBCbKOMY MAT'TCTPAJIBHOMY
KAHAJII HA OKYIIOBAHIN YACTHUHI JIIBOBEPEK/KA XEPCOHIIIUHA

3anopizvruii depoicagnuil MeOuKo-ghapmayesmuyHull yHisepcumem
69000, npocn. Masikoscvkozo, 26, 3anopisxcocs, Yrpaina, mail@mphu.edu.ua

Abstract. The authors recommend the use of D. carota subsp. sativus, S. lycopersicum, and C. maxima
in phytotesting, as the water under study had a noticeable oligodynamic effect on the length of roots and sprouts
of these test plants. Seeds of C. pepo reacted equally to the toxicity of samples 1 and 3 and did not germinate
when exposed to water from sample 2, so they cannot be used to assess the toxicity of water in certain areas
of water intake, since a comparative analysis of the impact of such water and these test crops is difficult.

AKTyanbHICTh JOCIHIPKEHHS IOB’s3aHA 3 HEOOXIJHICTIO MOLIYKY NPOCTHX 1 JOCTYMHHMX METOJIB
BU3HAYEHHSI SIKOCTi BOJM Ha TUMYAaCOBO OKYIOBAaHUX TEPUTOPISIX YKpaiHU Ta / ab0 TEPUTOPISX, IO 3a3HAIH
TEXHOTeHHOT KatacTpodu. Mera poOOTH: BU3HAYUTH SIKICTh BOJM KaXxOBCHKOIO MaricTpaibHOTO KaHaITy (Jaii
— KMK) Ha okynoBanomMy siBomMy Oepe3i XepCOHIIMHH 32 JOITOMOTO0 (hiTOTECTYBaHHSI.

Marepianu Ta METOAU AOCHiIKEHHA. TOKCHUHICTD 3pa3KiB BOAM OLIHIOBAIM 33 JOMOMOTOI0 METOIY
«PocToBoro tecty» 3 BusHaueHHSIM (pitoTokcuyHoro edekty (mam — ®E). Tect-kynbrypu: Cucurbita pepo;
Daucus carota subsp. sativus; Solanum lycopersicum; Cucurbita maxima. 3pa3sku Boau BiaOupanu 6 JTUITHS
2023 p. (uepe3 micsiup micas miapuBy pocicekumu okynantamu rpedini Kaxoscekoi [EC). Micue Binbopy —
KMK nosxunoro 130 kM, mo 6epe noyatok 3 KaxoBckkoro BojocxoBuila. 30Ha 3aTOIUICHHS 3HAXOIUTHCS 32
35 kM BiJ JOCHIKYBaHHMX TOYOK, JI¢ BiIOMpanu 3pa3kud Boau. Miclid BimOopy mpo0 po3TalioBaHi B
KaxoBcekomy paiioni Ha Tepuropii c. CodiiBka XepcoHcrkoi obnacti. Touka Binbopy mpobu Bomu Ne 1
posramoBana 3a 60 kM Big micus migpuBy Kaxoscbkoi 'EC; Ne 2 — 3a 59 km; Ne 3 — 3a 58 kM. Konrposns —
KHIT siueHa BiZICTOSIHA BOJIOTiHHA BOJIA.

Pesynpratn pmocmimkenHs. OpraHonenTHuHi Ta JAeski  (i3MKO-XiMIUHI BJIACTHBOCTI BOIU Y
KOHTPOJILHOMY Ta JIOCITITHUX 3pa3kax 34e0i1b1Ioro He nepesuiryBain Hopmy [ICaunlliH Ne 683] (tabm. 1).

Tabauys 1
OpranogentuyHi Ta aeski ¢giznko-ximiuni nokazauku soau 3 KMK
IMoka3Huk Kourpoanb Bapianr 1 Bapianr 2 Bapianr 3
3amax npu T 20 °C, 6amu 0 1 (6onoTsIHMIA) 0 0
3anax npu T 60 °C, 6amu 1 (MeTaeBuii) 3 (rHWIBLHUH) 1 (MeTaneBuii) 0
3abapBiCHICTh, TPAayCH <10 40 20 <10
KanamyTHicTs, Mr/am® <1 2,5 2 1,5
CMak i mpucMak, oaau < 2 (cononwuii npucMak) | 4 (cosoakuii cMaK) 0 0
Boanesuii mokasuuk (pH) 79 6,0 6,5 7,2

@E 3pasky Ne 2 Ha tecT-kynbTypy C. pepo 6yB 100 %. Bona Bapianty Ne 1 Ta Ne 3 mposiBuiia Maibke
OJIHAKOBUI HEraTUBHUI BIUIMB Ha IIi TeCT-pocianHHu. JloBxkuHa KopeHiB Oyna 5,2 ta 4,9 cM, a mapocTkiB — 16,5
ta 15,5 cm, BianosizHo (mpu p < 0,001). JocmimkyBani npodu Boau 3 KMK Oynu Ginbll TOKCHYHUME 1St
napocTkiB D. carota subsp. sativus Hixx kopeni. DEcp. 3pazky Ne 1 gopiBaioBas 51,3 %, Ne 2 — 42,8 %. 3pazok
Boau Ne 3 mposiBUB CTUMYJIIOBaIbHMI eeKT Ha picT KopeHiB D. carota subsp. sativus (mmpu p < 0,01). dns
TecT-HaciHuH S. lycopersicum Haii0inbmuit @F npossuia Boxa 3pazka Ne 1 (81,5 %). Hacinas C. maxima He
npopocio Ha gociimkysaiil Boai Ne 1 (PE — 100 %). Boaa 2-ro ta 3-ro BapianTy nposiBwia y 2,9 1 7,4 pasa,
BiiNOBiIHO, Oinbuii ®E Ha kopeHi Hixk Ha mapoctku C. maxima.

BucHoBku. J[1s OWIHKKM $KOCTI TOBEPXHEBUX BOJX METOAOM (ITOTECTYBaHHS PEKOMEHIOBAHO
BUKOPHUCTOBYBaTH KynbTypu D. carota subsp. sativus, S. lycopersicum, C. maxima, OCKiJIbKH JAOCIiIKyBaHa
BOJIa TIPOSIBMJIA TIOMITHY OJIIFOJJMTHAMIYHY JIF0 Ha JIOBKUHY KOPEHIB Ta MapOCTKiB ITUX TECT-POCIINH.
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AJTAMEHKO 1.0. (YKPAIHA, IBAHO-®PAHKIBCEHK)
MOJAEJIOBAHHA HIVIEMU®Y MYTHOCTI I YAC BUKOHAHHSA BY AIBEJIBHO-
MOHTAKHUX I'TTPOTEXHIYHUX POBIT

lsano-Dpankiecokuil HAYIOHATLHUL MEXHIYHUL YHIgepcumem Hagmu i 2azy
76019, eyn. Kapnamcoka, 15, leano-@pankiscok, Yrpaina, yarad1964@gmail.com

Abstract. During the environmental impact assessment (EIA) procedures, the task will arise to calculate
the impact on the aquatic environment, which may be associated with the preparation and cleaning of the water
part of the construction site by means of mechanization. Numerical modeling of the specified influence was
carried out. As an example, the calculations for the construction of a mini hydroelectric power plant on the
Shopurka River in Zakarpattia are given.

[lizuac mpoBeneHHs OyAiBETbHO-MOHTXXHUX POOIT OCHOBHHMI HETaTMBHMH BIUIMB Ha BOJHE
CEpelIOBUIIE MOKE OYyTH IOB’SI3aHMM 13 MIATOTOBKOK Ta PO3YMCTKOIO BOJHOI YacTUHU OyIiBEIBHOIO
MailaHduKy 3acobamMu MexaHi3allii, 10 MPOSBISIETHCS Y TAMYACOBOMY JIOKAIIbHOMY 3HIDKEHHI MTPO30POCTI
BOJIM Ta 3araJbHOMY IMOTipIIEHHI OPraHOJENTHYHUX XapaKTepPUCTUK BOAU HA IUISHLI MPOBEACHHS POOIT.

VY mporueci po3YHCTKH YTBOPIOETHCS 30HA MiABHILEHOT KaJaMyTHOCTi, B MeXax SKOi 3IMCHIOETbCS
00MiH MiXX CyCIIEH3IEI0 1 BOJHHM CEpEIOBUIIEM 3a0pYAHIOIOUUX PEUOBHH, 3MIHIOETHCS ENIEKTPOIPOBIIHICTh
Ta ONTHYHI BIACTUBOCTI BOJH, NMOTIPIIYETHCS TUXaHH TAPOOIOHTIB Ta YMOBH iX BiATBOpEHHS ToIo. JocBin
CHOCTEPEKEHb ITiJ] 4ac 31ICHEHHS aHAJIOT1YHUX POOIT Ha iHIIKX 00’ €KTax BKa3ye Ha T€, 110 TAKUIN THII BIUIUBY
Ma€ KOPOTKOYACHY JIil0 Ta TPUBAE JEKLUIbKA TOIMH, TOCTYIOBO CIa0IIal0vH.

3rigHo moaatky 7 NpoekTy «METOAMKH OLIIHKHM 30MTKIB, SKi HAHOCSATHCS BOJHUM YKHBHM pecypcam
BHACJIIZIOK TPOBEICHHS TOCHOJAPCHKOI MAiSIIBHOCTI Ha PUOOTOCIIONAPCHKUX BOJHHMX 00’€KTax MOPSIOK
CTSTHEHHS Ta BUKOPUCTAHHS KOMIIEHCAI[ITHUX KOUITIBY» BiJICOTOK BTPAT I'PYHTY MPH PO3POOIIi, B 3aJICIKHOCTI
BiJl HOT'O SIKOCTI Ta MeXaHi3MiB, ckiiaaae 1-3% po3poOaeHOro IpyHTy.

[ mpukiagy npuBe1eMo po3paxyHKH KMOBIPHOTO HIjieH )y MyTHOCTI, AKii MOXKE YyTBOPUTHCS ITiJ] 4ac
BUKOHAHHS OyJIiBEJIbHO-MOHTXXHHX TiApOTeXHIYHUX poOiT 1uig OyaiBaunTea MiHi ['EC Ha piuni [Llomypka.

[lpn BHKOHaHHI TiZpoMeXaHI30BaHMUX pPOOIT JpKepena BHUHUKHEHHsS TiJIBUIIEHOI MYTHOCTI
3HAXOAUTHUMYTbhCS O€3M0CePEeHBO B 30HI BUKOHAHHA POOIT, ane 3aBIsSKU TPAaH3UTHUM TEUisiM MPOBOKYETHCS
PO3MOBCIOJKEHHSI XMap MYTHOCTI BHH3 3a Teuiero. J(oBxkuHa nuieidy MyTHOCTI, 110 BUHUKAE TIPA PO3pOOIIi
JIOHHUX BIJIKJIQ/IiB, PO3PAXOBYETHCS 3a (POPMYJIOH0:

|_=1,18xixH, (1)
W

ne: L — morkuHa MUISXY OCaKeHHS YacTUHOK IpyHTY; 1,18 — koHCcTaHTa; V — cepenus mBuakicts tedii (0,85
Mm/c); W — mBuakicTs ocapkeHHs 3BaxeHnx yactok (0,00193 m/c); H — cepenns rimouna (0,25 m).

3a pe3ysipTaTaMu po3paxyHKy OTPUMY€EMO, 1110 JOBXHHA IUIAXY OCaKCHHS YaCTUHOK IpyHTY (L) Oyne
nopiBHIOBaTH 129,9 MerpiB. Binctanb po3moBCIOKEHHS YacTHHOK IpyHTY (L) B moTomi Bomu mim dac
BUKOHAHHS pOOIT B pycili MpH BiJOMHUX BEJIMYMHAX TiAPaBIiYHOI KPYIMHOCTI YACTHHOK IPYHTY pYCla PiuKu
PO3paxoByeThCs 3a PopMyIIoL0:

L:HXV, (2)
W

ne: H — cepents riubuna pycina, M; V — cepeHs MBUAKICTh Teuil, M/c; W — rifipaBiiiuHa KPYIHICTh YaCTHHOK
IPYHTY, M/C.

3a JaHUMU TOCTiKEHB, TPYHTH, IO CKIAMatoTh pycio Ha 60 % cknaxeni yactuakamu 0,01-0,05 mwm,
110 BiJIIOBiTAa€ TPaHYJIOMETPUIHOMY CKIIAJy CEpEeaHBOTO CYTIIHHKY, IS SIKOTo cepenae 3HadeHHs w=0,0008
m/c. Ilpu mBuakocti teuii 0,85 m/c, cepenniii riubuni p.lllomypka — 0,25 M ITOBKHHA PO3MOBCIOKCHHS
MYTHOCTI CTaHOBHUTH 265,6 M.

TakuMm 4MHOM, MiJ Yac BUKOHAHHA OyAiBEJIbHO-MOHTa)KHUX TiAPOTEXHIYHUX POOIT OUIKYETHCS, IO
nuieii MyTHOCTI Oyze MmpocTAraTucs Ha JOBXKHHY ~266 M 1o BojHIA twiomni 6384 M2 y 00’emi 798 m?
24x266=6384 m>.
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MITRYASOVA O., SMYRNOV V., MATS A. (UKRAINE, MYKOLAIV)
ASSESSMENT OF SURFACE WATER QUALITY OF THE BUZKY
ESTUARY WITHIN THE MYKOLAIV CITY
Petro Mohyla Black Sea National University, Ukraine, Mykolaiv
54029, 68 Desantnykiv, 10, Mykolaiv, Ukraine; eco-terra@ukr.net

Abstract. [IpoBeneHo OLIIHKY CTaHy TIOBEPXHEBHX BOJ Y MeXkax M. MHUKOJIa€Ba 32 yMOB BOEHHOTO 4acy
yrupoaosx 2022 poky. Busnaueno EQI Bignosigno 10 Jupekrusu 2000/60/EC, sxuii ctanoButh <0,20, 1110
BIJINIOBiZIa€ CTAHY «IIOTaHOY». YTIPOJOBXK YChOT0 AOCIIAKYBaHOTO MEPIOAY CIIOCTEPIraeThes CTiKa TEHACHLIS
710 perpecy sSKOCTi MOBEPXHEBHUX BOJ.

Qualitative indicators of water composition are among the determining factors in assessing the state of
water resources, which is especially important during military conflicts that occur throughout the history of
the evolution of human society. The water problem is also relevant for the city of Mykolaiv, a "city on the
wave", which as a result of military operations during the Russian-Ukrainian war on April 12, 2022, was left
without a centralized water supply system. Assessment of the quality of surface water is the basis for the
integrated management of water resources, and is also the basis for establishing environmental standards for
water bodies. The environmental assessment was carried out taking into the integral indicators covering
hydrochemical data.

The purpose of the research: assessment of the surface waters state within the Mykolaiv city under
wartime conditions during 2022.

Method is the methodology of environmental assessment for the relevant categories was developed by
the Ukrainian Research Institute of Environmental Problems of the Ministry of Ecology and Natural Resources
of Ukraine on the basis of the legislation of Ukraine and the Water Code. Monitoring data were processed
using software MS Excel.

In order to assess the state of the surface waters of the Buzky estuary, the available hydrophysical and
hydrochemical data were systematized. The analysis was carried out according to the following parameters:
pH; suspended substances; dissolved oxygen; BSKS5; rigidity; chlorides; sulfates; phosphates; Cuprum; Zinc;
petroleum products.

It was determined that the quality category of species by components of the salt composition during the
pre-war period is 6.1, which is less than in 2022 (6.5); according to tropho-saprobiological indicators
(environmental and sanitary) - the pre-war period is 4.3, which is less compared to 2022 (5.0); according to
specific indicators - in prewar times it is less and is 4.7 compared to 2022, when this index was 5.0. All defined
surface water quality classes correspond to the degree of pollution "dirty" or "very dirty" and the state "poor"
or "very poor".

During the studied period, there is a steady trend toward a gradual increase in hardness, dry residue,
sulfates, and chlorides in surface waters. The level of pH, BODs, and dissolved oxygen fluctuates within the
normal range with minor deviations.

The water of this quality is absolutely not suitable for household use, as it has an active destructive
power to damage the water supply system and all the mechanisms and devices that serve it.

The ecological quality index (EQI) was determined in accordance with the EU Water Framework
Directive 2000/60/EC, which is <0.20, which corresponds to the state of surface water as "poor"; and
throughout the researched period, there is a steady trend towards the regression of surface water quality.

It has been shown that the water in the Buzky estuary is absolutely unsuitable for household needs, let
alone for drinking. All this requires environmental protection institutions and industrial organizations involved
in the field of household water supply to take appropriate measures to improve the situation with the quality
of surface water.

We would great thank the Erasmus+ Programme of the European Union for support the research work
in the framework of the Jean Monnet project based on Petro Mohyla Black Sea National University.
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YBEPMAH B.1.}, BACbKOBEILIb J1.A.2 (YKPATHA, XAPKIB)
OCOBJIMBOCTI YKPAIHCHKOI'O EKOJIOTO-ITIPABOBOI'O BACEMHOBOI'O
PET'YJIIOBAHHSA CKUJIAHHSA 3ABPY/IHIOBAJIBHUX PEHOBUH
! Hayxoso-0ocniona yemanosa « Ypaincoxuii Hayko60-00CHioHUll iHCMUmym exono2iunux
npobnemy, 61166, éyn. baxynina, 6, Xapkie, Ykpaina, vlad.uberman@gmail.com
2 Hayionanvhuii mexuiunuii yuieepcumem «XapKiecoKuii noAimexHivHuil iHcmumymy,
Xapxis, Vkpaina; ludmilavaskovets2@gmail.com

Abstract. The problem of providing management plans for river basins in Ukraine with effective
environmental and legal instruments to control the influence of pollutants from anthropogenic point sources
on surface water bodies is investigated. Fundamental inconsistencies with the legislative requirements of the
current mechanism for calculating and establishing the basin-wide maximum allowable discharges for
pollutants were revealed.

Ha mnsixy rapmoHizanii BoOHOTO 3aKOHOZaBcTBAa YKpaiHu i3 3akoHomaBcTBoM €C Ta mepexomy A0
IHTETPOBAHOTO YIPaBIIHHSI BOJHHMHU pecypcamu 3a OaceiiHoBuM npunnunoM (IYBPBII) y 2024 p. mae
3aBEPIIUTUCS PO3POOJICHHS TOJIOBHUX CTPATETIYHHX JOKYMEHTIB JIJISl JOCSATHEHHS J00pOTO €KOJOTidyHOTO
CTaHy BOJ — IUIAHIB ynpaBiiHHA piukoBumu Oaceiitnamu (IIYPB). Bumoru no crpykrypu ta 3micty [IYPB
BU3Ha4eHO B [1]. ns mormoMoru ykpaiHChKUM (axiBIsIM y PO3YMiHHI €BPOIIEHCHKOTO JIOCBI Ty MiATOTOBICHO
MeToIn4HI «PexoMeHallii o /10 BCTAHOBJICHHS €KOJIOTIYHUX MiJeH Ta po3po0ku nmporpamu 3axoiB [TYPBy,
AKi cTOCYIOThCsl BaxkauBUX po3finiB [TYPB. Uepes nekcuyHi Ta TEpMiHOOTIYHI HEBIINOBIHOCTI MEpeKIagiB
OpHriHaJiaM 3aKOHOAABYMX akTiB €C yKpaiHChKi TOKYMEHTH MarOTh iCTOTHI IPOTauHM, 30KpeMa, B YaCTHHI
YIpaBJIiHHS TOYKOBUMH JKEPENaMU CKUJIIB 3a0pYAHIOBAIHHUX PEYOBUH /IO IOBEPXHEBUX BOJHHUX 00’ €EKTIB.
Haii6inbm BaxuBi Ta CKIaaHI MPoOIeMH BUHUKAIOTH Yepe3 MPUHIUIIOBY HEBIIMOBITHICTh €BPONEHCHKOTO
Ta YKpaiHCBKOTO MPABOBUX IHCTUTYTIB €KOJOTIYHOI Oe3MEeKH BOJOKOPHUCTYBAHHS — PErYJIIOBaHHS CKUIAHHS
3a0pyauioBanbHuX peuoBuH (PC3P), 30kpeMa, 31 3BOPOTHOIO BOJIOK TOUKOBUX JKEPEN Y MOBEPXHEBI BOIH.
VYxpainceke PC3P € BumoM cremiadbHOTO BOJOKOPHUCTYBaHHSA. PO3B’s3aHHS Takux NpoOJIEM BHMAarae
ICTOTHHX 3MiH 3aKOHOJIaBCTBA [2]. AIe Tiepe/ 3MiHaMH y HaITPSIMKY €BPOTIEHCHKOT TapMOHI3aIlil CIIiJ CIOYaTKy
YCYHYTH €KOJIOTiYHI HENOJiKM 4YMHHOro ykpaincbkoro PC3P Tta fioro HeBiAmoBiZHOCTI BHYTPILIHbOMY
3aKOHOJABCTBY. Jl0JIaTKOBI BUMOTH CTOCYIOTHCS ITOBOEHHOTO BiJHOBJICHHS MiSUTBHOCTI 31 CIEMIaJbHOTO
BOJIOKOPHCTYBaHHS.

B Yxpaini HaltO1IbII JOCKOHAIMM METO/IOM JIIMITYBaHHS CKUIaHHS 3a0pyIHIOBaIbHIX pedoBuH (3P) €
T. 3B. «OacerinoBuit npuHImm» (bI1) po3paxynky Hopmartusis ['JIC 3a0pynatoBanbuux pedosuH (BITPT JC3P).
VY nmaHifi JOMOBIAI PO3MIISINAIOTHECSA TEPMIHOJIOrIYHI, 0a30BI €KOJIOTIUHI Ta EKOJIOTO-TIPABOBI OCOOIMBOCTI
BITPT'IC3P, BUSBISIOTHCS MPUHIMIIOBI MTOMWIKH ¥ HEBIAOBITHOCTI 3aKOHOIABCTBY, AKi CBimYaTh IPO
HEOOXiAHICTh BiAMOBH Bijg nogansinoro Bukopuctanus bI1 npu 3niticaenni PC3P. Tepmin BITPT IC3P, skuit
3aCTOCOBYETHCS B YKpaiHi 3 80-X poKiB MUHYJIOTO CTOJITTS JIO JAHOTO Yacy [3], MICTUTh IOHATTEB] TOMIJIKH,
JIe30Pi€HTYE BOJOKOPHCTYBAYiB Ta BUKPUBIISiE HAYKOBHI 3MICT TOJIOBHHX MTOHATH. Yepes aeskuii 30ir ciaiB bI1
MOJK€ TOMHIIKOBO CHpUHAMATHCA 1 pO3yMmiTHcs SK Takuid, mo HaiexuTs [YBPBIL. Ane 3a 3aranpHEM
reorpadiyHIM BU3HAYCHHSIM TEPMiHY «piUKOBUH OaceiH» 6a3010 yIpaBIiHHS CKHAAHHAM € TepuTopis. OTxe,
3a (ynkuionansHo0 o3Hakoi0 BIIPT'JIC3P crocytotscst He BII, a xackamHoro pexumy ckumaHas 3P mo
rigporpadigaoi Mepexi 3 pi3sHHX BHITYCKiB (CKHIIB) 3BOPOTHOI BOJIH, 1 IIJISl HROTO CIIiJ BUKOPHCTOBYBATH
OLTBII KOPEKTHY Ha3By: po3paxyHok HopmatusiB ['JIC ms kackagnoro ckumy(KC).

KC 3P napasi rpyHTy€eThCSl HA BUKOPUCTaHHI acUMIJIALiHHOT cripoMokHOCTI (AC) MacuBy BOIH 337151
€KOJIOT0-eKOHOMIYHUX MiJIed 3MeHIeHHs mKiaIuBocTi 3P, mo ckumaroTeCcs y BOAY, IO PIBHA T'PaHUIHO
nmomyctumux KoHnentpamii (I'IK) y Boai mis pisaux 1inelt BogokopuctyBanHs. [lpu npomy siBume AC mae
PO3TIIAAaTHCS SIK CHIJIbHA KOPHCHA BIACTHBICTh BOJHOTO 00 €KTa B Mexax Kackaay ckuniB 3P, sika mijsrae
po3MOaiTy MK Cy0’€KTaMH TOCMOJApIOBaHHS — CIIEIIaThbHOTO BOJOKOPHUCTYBaHHS. B exojorivHoMy Ta
BOJHOMY 3akoHonmaBcTBax Ykpainu i €C mousatrs AC BiJICyTHE, a BUMOTH O KOPHUCTYBaHHS HEIO HE
BcTaHoBieHi. 3 1982 p. Take «croxuBaibke» ctaBiieHHs 10 AC K 10 0€30IIATHOTO €KOJIOTTYHOTO PEeCypCy
HE CIPUUMAETHCS CBITOBOIO EKOJIOTIYHOIO TIONITUKOIO B3arami W, 30KpeMa, €BPONEHCHKUM BOIHUM
3akoHOAaBcTBOM. IIpore BukopucraHHa AC 3aJMIIA€TbCS TOJIOBHMM METOAOJIOTIYHUM INPHHLUIIOM
ykpaincekoro PC3P. Bumora o0 Bukopuctanss AC HaBiTh MiACHITIOETHCS MOCUIIAHHIM Ha BUT'aJaHe IPaBo
«cy0’€eKkTa BOZOKOPUCTYBaHHS Ha «oTpuMaHHsA KBOTH» AC BogonpuiiMaya 1isl 31iHCHEHHS BOAOBIABEACHHSD)
[3]. V 6a3oBux 3akoHax YKpainu Oyab-sKa 3rajika Ipo 3a3HaueHe MPaBo BiACYTHsA. ABTOpaMu aoBenaecHo [4],
o HacmpaBai AC mae He KackaJHy, a JOKIbHY (TOYKOBY) HAJICKHICTh, 1 TOMY HE MOKE OyTH IOIUICHOIO
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Mix BogokopuctyBadamu KC. Takox AOCTIIKY€ETHCS TOIOBHE PIBHSHHS IS po3paxyHKy KoHueHTpatii Cryc
IIpH CKUJaHHI KOHcepBaTHBHOI 3P 3 moBHuM BukopucTanHsM AC Ha ogHomy 1madii KC (to0To 3 okpemoro
BUNYCKY) y (pi3uuHO AomycTuMili o06nacTi 3Ha4YeHs, K GyHKUiT Cy/Crax Big N 1a Cryc/Crax, ne: Cy — poHOBa
KoHIeHTpauist 3P y mpuiiManbHill BoAi BWILE BHUIYCKY 3BOpOTHOI BOIU; Cryx — TpaHUYHO AOIyCTHMA
KoHmeHtpariis 3P y mpuiiManbHii Bozi; N > 1 — KpaTHICTh 3arajlbHOTO pO30aBiICHHS 3BOPOTHOI BOIH Y
KOHTPOJIBHOMY CTBOPI. JIOCTiKeHH s CBiMIUTh Mpo edekT mepexoy 1o immoro 3uadenns CVrx < Crx) Ha
nonepenupomy mabmi KC Tta kinekicHO #Horo xapaktepusye. Lleit pesymbraT CBIZUUTH NPO 00 €KTHBHO
CIIpUYMHEHE TTOPYIICHHS IpaBa BCiX BomokopucTyBadiB KC Ha BHKOpHUCTAaHHS €IUHUX IS BCi€i TepUTOPIil
Ykpaian HopmatugiB I'JIK 3P, Hagane HUM €KOJIOTO-TIONITUIHOO BUMOTOIO ¥ 4. 4 ¢T. 33 3akoHy YKpainu
«[Ipo 0XOpoHY HaBKOJHMIIHBOTO NPHPOJHOTO CEPEIAOBUINA», a TaKOX CYNEpeYuTh OOOB’SI3KY
BOJIOKOPHCTYBaYiB «HE JOMYCKATH MOPYLICHHS NpaB, HAAAHUX 1HIIUM BOAOKOPUCTYBayam», BCTAHOBICHOMY
B a03. 5 cr. 44 BoamHoro kojekcy YkpaiHu, Ta BUMOraM <«3IIHCHIOBATH TOCIOAAPCHKY MiSUTbHICTH O€3
MOPYIIEHHS MIPaB 1HIIMX BIACHUKIB Ta KOPHCTYBaYiB MPUPOJHUX PECYPCiB», BU3HAUCHNUM B a03. 5 4. 1 cT. 153
I'ociomapcbkoro kopekcy Ykpainu.

VYnpasmiacekuit 3mict KC monsrae y KoopAuHAIIl TOCIOAAPCHKOT AisJIbHOCTI IEBHOI TPYyINH
BOJIOKOpHCTYBaviB nipu ckuaanHi HuMu 3P. 3piiicnenns KC Bumarae 3miH y BomHoMy kozgekcy Ykpaiau aist
CTBOPEHHS 3aKOHOIaBY0T MOXJIMBOCTI CIIIBHOT AISTBHOCTI BOAOKOPUCTYBAUiB 3 METOIO JOCSATHEHHSI 1 CTAJIOT0
icHyBaHHA (TMIATPUMAaHHS) MIX HHMH BIJIIOBITHOTO €KOJIOTO-€KOHOMIYHOTO KOMITPOMICY TPOTSITOM
BHU3HAYEHOI'0 dYacy. 3araJibHi MpaBOBi MiJCTaBM Ta 3aKOHOJABYi 1HCTPYMEHTH Ul peaizaiii Takol
MO>KJIMBOCTI BU3Ha4eHO y rnasi 77 LluBinbHOrO KOJeKcy YKpaiHu, ¢ BU3HAYAIOTHCS JOTOBIPHI CTOCYHKH MIX
CTOpPOHaMHU (y9aCHUKaMH) CIIIBHOI AisUTEHOCTI.

BucnoBku. BuzHaueHo, mo BUMOTH JI0 HaWOuel fieBux iHcTpymeHtiB PC3P, skuMu € HopmaTtuBu
I'IC, micTaTh exonoriuHi MOMUIIKH Ta HE BiANOBiAal0Th 6a30BuM 3akoHaM. Hapasi noustra AC ta ii pecypcHa
IIHHICTH IIi€] BJIACTHBOCTI 3aKOHOIABY0 HE BU3HAYEHI1, TOCIIOAAPChKE KOPUCTYBAHHS HEIO — HE BPETYIIHOBAHO,
a npaBo kBoryBanHs AC He icHye. Peamizamis BIl Bumarae koopmunaimii (Ta CHIBHOT) IiSZIBHOCTI
BOJIOKOPHCTYBAUiB, sfKa HE BIAMOBIJA€ 3aKOHOJABYMM BHMOTraM [0 CIEI[AJIbHOTO BOJOKOPUCTYBaHHSI.
BITPT' IC3P mae nactymHi ocoommBocTi: (1) € HAykoBO XHOHUM 3 IMOYaTKy cBOTO icHyBaHHS (1977 p.) yepes
MMOMIJTKOBE BH3HaueHHS cdepu mii BmactuBocTi AC BomHUX 00’€KTiB; (2) He BIAMOBITAE €KOIOTITHOMY
3akOHOAABCTBY (3 1992 p.) yepe3 mopyieHHss BUMOT A0 ekonoriyaux HopMmatusiB ['JIK; (3) He BiamoBinae
YKpalHCHhKOMY BOJHOMY 3aKOHOMABCTBY (3 1995 p.) uwepe3 Bimcytricte y BKY pexumy croinbHOTO
CIIEI[ia/IbHOTO BOJOKOPHCTYBaHHS B yacTUHI ckupaHHs 3P. YcyHeHHs mpaBoBux ocobmmBocteid (2) — (3)
noTpedye ICTOTHUX 3aKOHOJIABUYMX 3MiH, a BUTIPABICHHs 0co0IMBOCTi (1) Hapasi BUIa€ThCS HEMOXKIMBHM.

[1] IMpo 3atBepmxennst [Topsiiky po3poOaeHHS TUIaHy yIpaBiIiHHsA piukoBuM OaceiinoMm : [ToctanoBa KMV Bin
18 tpaBus 2017 p. Ne 336. URL.: https://zakononline.com.ua/documents/show/ 383915 678642 .

[2] Voepman B.I., BacbkoBeus JI. A. TlpuHIMIN YKpaiHCBKOTO IPAaBOBOTO PETYJIOBAHHS CKHUJIAQHHS
3a0pyIHIOBATPHUX PEYOBHH Ta HOTO afamTallis 0 €KOJOTiYHOTO 3aKOHOJABCTBa €Bpomeiicbkoro Coro3y.
Amparo. 2022. Crenumyck. T. 2. C. 116-122. DOI https://doi.org/10.26661/ 2786-5649-2022-spec-2-17 .
[3] Meroauuni pekoMeHAAIT 3 pO3pO0ICHH HOPMATUBIB T'PAHUYHO JJOIYCTUMOTO CKHIaHHS 3a0pyIHIOIOUNX
pPEYOBHH y BOJHI 00’€KTH 13 3BOPOTHUMH BojamMu. Hakaz MiHicTepcTBa 3aXUCTY JOBKIJUIS Ta MPHUPOTHUAX
pecypciB Ykpainu Ne 173 Bix 05.03.2021. URL: https://zakon.rada.gov.ua/ rada/show/v0173926-21#Text .
[4] Voepman B.I1., BacekoBeunp JI. A. TlpaBoBi HampsiMu # OCOOJHBOCTI OHOBJICHHS YKPaiHCHKOTO
pETyJIOBaHHA CKUAAHHS 3a0pyIHIOBANBHUX pewoBHH. FOpuamunmii Bicamk, 2023/1 C. 106-117. DOI
https://doi.org/10.32782/yuv.v1.2023.14 .
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BOMKO P.4., MAJIbOBAHUI M.C., KOPBYT M.B., TUMUVYK IL.C. (YKPAIHA, JIbBIB)
BUBIP PAIIIOHAJIbHOI CTPATETT YTUJAIZALIIT OPTAHOBMICHUX
(B TOMY UUCJII XAPUYOBHX) BIZIXOJAIB B TEXHOJIOI'TAX
YTUIIBAIIIL OCAJIB CTIYHUX BO/L
Hayionanvnuu ynieepcumem Jlvsiscoka nonimextika
79013, eyn. C.banoepu, 12, Jlveis, Yrpaina, myroslav.s.malovanyy@Ipnu.ua

Abstract. An analysis of possible strategies for organ waste disposal technologies is carried out. The
conditions of application of each strategy, their advantages and problems accompanying the implementation
of each strategy are determined. The article considers laboratory studies of utilisation of sewage sludge from
Lviv sewage treatment plants by using it as a part of the raw material mixture for compost production.

Ocanu ctivanx Boj (OCB) € 6araroToHa)KHUMH OPraHOBMICHHMHM BiIXOJaMH, sIKi y 6araTh0X Kpainax
(B Tomy umcHi i B YKpaiHi) 1e He 3HAHIIIM ONTUMATBLHAX TEXHOJOTIH yTrmizamii. Ha choroHimHii qeHp Ha
TepuTopii YKpaiHH HAKONMYEHO BXKE MOHa[ | MIpA. T ocaliB, A0 AKHX LIOPOKY JOAA€ThCs mie 0au3pko 40—
50 maa. M OCB Bosorictio 97 % a6o 1,2-1,5 MIH. T ocagiB y NepepaxyHKy Ha CyXy pEYOBMHY.
HexontponboBanuii 6iopo3kiaz opraHigHoi ckiazoBoi OCB cTtBopioe 3Ha4HYy eKoyoriuny HebOesmeky. o
HeOE3MEeYHNX OPTaHOBMICHUX BITXOIIB BITHOCATHCS TaKOX OpPTaHIYHI IPOMHUCIIOBI BIIXOIH, OpraHidyHA
YacTUHA TBEpIUX MOOYTOBHUX BiAXOMiB, XapuoBi Biaxoau. Bcei 1i Buau BiAxoaiB y pasi BiICYTHOCTI CUCTEMH
ix 300py Ta yTwmizaiii BHACTIIOK HEKOHTPOJHOBAHOTO OIOPO3KIANy TaKOX MOXKYTh CTBOPHTH 3HAYHY
€KOJIOTIIHY HEOE3IIeKy.

[NoTeHnilHO icHYy€e 3 TUIAXY MOBOJKEHHS 13 OPraHOBMiCHUMH BiJIXOIaMHU:

1. CnamoBanns. [IpoOnema, ska cynmpoBOIXKye pealizalilo Takoi cTparerii - BiAXOOW 13 3HAYHUM
BOJIOI'OBMICTOM TIepej] CHAIFOBAHHSIM IOBHHHI OyTH 00€3BOJHEHI J0 KPUTHUYHOI BOJIOTOCTI, sSIKa J03BOJISIE
pearnizyBaTH NMpoLec CHaatoBaHHS.

2. AnaepoOHuii 6iopo3kiaj i3 oTpuMaHHAM Oiorasy. [IpoOiema, sika CynpoBOIKYe peanizamilo Takoi
cTparerii — BIPOBaKCHHS PalliOHAILHOT TEXHOJIOT1 KOHIICHTPYBaHHS METaHy B Oiorasi JJis TOBSACHHS HOro
MOKa3HMKIB JI0 BUMOT' CHAJIOBAaHHA B KOMYHAJIBHHX Ta MPOMHCIOBUX arperarax, a TaKOX BIIPOBAJKCHHS
paIlioHaTbHUX TEXHOJOTIH yTHi3allii JUrecTary.

3. KommocryBanus. IlpoGnema, sika CympoBOKY€E peamizallifo Takoi crparerii — imeHTHiKaIis
TEXHOJIOT1 BUKOPUCTAaHHS KOMIIOCTY THUIIaM KOMIIOCTY (B 3aJIEXKHOCTI Bijl CKJIaJly CHPOBHHHOI CyMili), Ta
MOJKJIMBUM 3a0pyJHEHHSIM Ba)KKHMH MeTanaMu (y BUMaJKy BUKOPUCTAHHS B CKJIa/li CHPOBHHH OCAiB CTIYHHX
BOJI, SIKi MICTATh 111 3a0pyIHEHHS).

B kiHIIEBOMY y KOXHOMY KOHKPETHOMY BapiaHTi Julsi BUOOpY ONTHUMAaNbBHOI cTparterii yTuiizamii
OpraHOBMICHHUX BiZIXOJiB TIOTPiOHO BPaxOBYBaTH IUMHK psif (aKTOPiB: CKJIAJ CHPOBUHHOI CyMIlll, 3armacu
OKpeMHX KOMIIOHEHTIB CHPOBHHHOI CyMillli, 0 € HEOOXiHOI YMOBOIO 3a0e3ledyeHHs] MEeBHOi CTajoi
MPOAYKTHBHOCTI, aHalli3 Ta TMOPIiBHSHHS €HEPreTHYHHUX, EKOHOMIUYHHMX OalaHCiB Ta OalaHCy BYTJIENIO AJIS
TPhOX PI3HHX BapiaHTiB YTWIIi3allii OPraHOBMICHHMX BiJIXOMIB, aHaji3 ONTHMAJIbHUX MUISXiB BUPILICHHS
mpoOiieM (ki BUAiNEHI BHWINE), MO0 CYMPOBOKYIOTH peai3allifo IMeBHOI CcTpaTerii yTwmisarmii it
aHaJI30BaHOTO KOHKPETHOTO BUTIAJIKY.

Hamu nocmimkyBasest Bapiant yrunizanii OCB JIbBIBCHKHX KaHATI3aIMHUX OYHUCHUX CIIOPY/T IUIIXOM
koMmmoctyBaHHs. Ockinpkn Oyna HeOesleka MOTPAIUITHHS B KOMITOCT Ba)KKHX METAalliB, SIKi B 3HAYHIN
KinpkocTi Mictriuch B OCB, po3risganoch BUKOPUCTAHHS OTPAMAHOTO KOMITOCTY B IIUISIX peKyNbTHBalii. B
ckiaa cupoBuHHOI cymimi Bxomwin OCB, xap4oBi Biaxonu Ta JepeBHa Tpicka. JlOCIHipKEeHHS Ipolecy
KOMITOCTYBaHHS [TPOBOIMIIN B JTA0OPaTOPHUX YMOBAX B CIELIATbHO CTBOPEHIN TEPMOCTATOBaHIM YCTaHOBIII.
Pesynmprat BKa3yloTh Ha mepcHeKTHBHICTh BukopucTtaHHi OCB B ckimami CHPOBHHHOI KOMITO3MIII].
Crnparounch Ha OTPHMAaHi pe3yNbTaTd, MOXHa 3pOOMTH BHCHOBOK, IO AOAaBAaHHS AEPEBHOI TPICKU Ta
AKTHBHOTO KOMIIOCTY CTHMYJIOE 3aCBOEHHS aMmiaky Ta HiTpuikamito MiKpoOiB, MOKpamiye CTPYKTYpY,
MOPUCTICTh KOMIIOCTYIOUOi CyMIlIi Ta BUIBHWUH MOBITPSHWUN MPOCTIp, IO BIUIMBA€ Ha BEHTWIAIIIO Ta
6ioTpanchopMalliro TOKUBHUX peI0BUH. OTpUMaHUHI TAKUM IIUISIXOM KOMITOCT MOKHA BUKOPUCTOBYBATH IS
PEKyIbTUBALIT MOPYLICHUX TEXHOTCHHUX 3€MeJIb CMITTE3BANHNII, BiANPabOBAHUX Kap'epiB, TEPUKOHIB.

17


mailto:myroslav.s.malovanyy@lpnu.ua

WATER SUPPLY AND WASTEWATER DISPOSAL

I'PEYAHUK P.M., MAJIbOBAHUI M.C., )KYK B.M., TUMUVYK I.C., CJIKOCAP B.T.,
MAPAXOBCLEKA A.O. (YKPATHA, JILBIB)
KOMIIVIEKCHA BATATOBAPIAHTHA TEXHOJIOI'TSA OUUIINEHHSA ®1JIBTPATIB
CMITTE3BAJINL
Hayionanvnuu ynieepcumem Jlvsiscoka nonimextika
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Abstract. Optimal multivariate schemes for the treatment of solid waste landfill leachates were
investigated. As the first stage, the treatment under aerobic conditions in an aerated lagoon was proposed. As
the second final stage of treatment, the options of reagent treatment using a modified Fenton reagent, treatment
at municipal sewage treatment plants, at a reverse osmosis plant and at artificially constructed wetlands were
considered.

B ocHOBY nociimkeHb MOKIaZeHa KOHIEIILIIS, sika 0a3y€ThCsl Ha TBEPXKEHHI 1110 I OYMIICHHS TaKol
CKJIaHOT CHUCTEeMH SIK (UIBTPAaTH IMOJNIrOHIB TBEpAMX HOOYTOBMX BiIXOMiB HaWOUIBbII paliOHAIBHUM €
BUKOPUCTAHHS HE OJHI€l TEXHOJOril OYMILEHHA, a KacKaay TEeXHOJOrid (HaiOinpml pamioHadbHO —
JBOCTyIiHYACTOI TexHOOTii). Ha mepuioMy cTyrneHi IpoBOAUTHLCS OYHIICHHS Bijl 3a0pyAHEHb JOCTYITHUM
JICIIEBIM METOJIOM, IUULTIO € AOoCsATHeHHs Xoda 0 50% ouMIIeHHs Bij OCHOBHUX 3a0pynHeHb. Ha npyromy
erami (a00 Ha HACTYMHUX NEKUTBKOX €Tamnax) MpOBOIUTHCA (iHaNbHE AoOYMIIEeHHS. Taka cTpaTeris mae
MOJJIMBICTD TOCATTH HEOOX1THOI CTYIECHI OYHMILCHHS 32 MiHIMAIBHUX KalliTaJbHAX Ta CHEPTETUYHUX 3aTpaT,
30epeskeHHs 00NalHaHHS Ha APYTOMY Y1 TIOCHIYIOUYHMX CTYIIECHIX OYHIICHHSI.

Sk mepia cTymiHb OYHMILIEHHS! HAMH 3alIPOIIOHOBAHO BUKOPHCTAHHS aepOBaHOI JIaryHH, 1€ OYHMILCHHS
pearizyeTbcs 1HaKTUBOBAaHHUM Oi0IIEHO30M B aepoOHMX ymoBaxX. MikpoOHi CHIIBHOTH, sIKI HNPUCYTHI B
BHCOKOKOHIICHTPOBaHUX 3a psAOM 3a0pyqHeHb (inTparax, IHOCHTh A00pe alanTyroThes 10 PyHHYBaHHS
CKJIQJIHUX OPraHIYHUX CIOIYK B MOTOKaX IMIMPOKOTO CIEKTPY THIIB (iIbTpaTiB. Y CHUCTEMaxX OYHIICHHS
¢inpTparti nmomironis TTIB 3 yacom Moke akTUBYBaTHCS aepoOHUIT O101IEHO3, OUUIIEHHS 3 IOTIOMOTOFO SKOTO
Ma€ psijl TepeBar MOpiBHSAHO 3 aHaepoOHMMH cucTeMaMH. Jlo IMX TepeBar HauexaTh: HHU3bKa BapTICTh
OyMiBHUITBA OYHCHUX CHOPY/I, THYYKICTh Y €KCIUTyaTallii, 31aTHICTh IIBH/IKO 3MIHIOBATH PEKUMH OUUIIICHHS,
JIETKUH 3aIlyCK YCTaHOBKH B POOOTY, MPOCTOTA TEXHIYHOTO OOCIYyrOBYBaHHS Ta 3PYYHICTh aBTOMATH3aIlii.
OmHMM 13 TEXHIYHO HAWIPOCTINIUX METOIIB aepoOHOro oumiieHHS (inpTpaTiB Ha nojxiroHax TIIB e
00J1aIHAHHS aepPOBAaHUX JIaryH, JIe aepallis 3JIMCHIOEThCS 3a JOIIOMOTOI0 MEXaHIYHHUX, MHEBMATHYHUX YU
CTpYMHUHHHX aepatopiB. OUuWIeHHS BiIOYBa€Thcs 3a PaxyHOK XIMIYHOTO Ta OiOIOTIYHOTO OKHCIICHHS
3a0pyaHeHb. BigoMi mpukiam 3acTOCyBaHHS METOIY a€POBAHOI JIATYHH ISl OYMIIEHHS (PLIbTPATIB MOJITOHY
Bryn Posteg (Vennc), momirony Bell House (AHrmist), y XOnogHHMX KIiMaTW4HuUX ymoBax Hopgerii.
3acTocyBaHHS METOMy Ha IMX IOJITOHAX MO3BOJIMJIO BHPIMIATH MpobiieMy 3a0pymHeHHs (inbTpaTaMu
rizpocdepu B 30HI BIDTUBY cMiTTe3BaNMII. HammMu nociiKeHHSIME BCTAaHOBJICHO, IO B YMOBaX aepOBaHOL
JaryHd HaWOUIbII OYiKYBaHMMH pe3yJbTaTaMH € OYHMIIEHHS (iIbTPaTiB MOJITOHIB TBEPAMX MOOYTOBHX
BiIXOiB Bix aMoHiiiHOrO a3oTy Ha (60 — 80)% i Big XCK — Ha (40 — 50)%. B nogansmomy ¢inerpatu
moTpeOyIOTh (hiHATBHOTO TIOOYHIIEHHS.

Hamu posrnspmanuck pi3Hi BapiaHTH (iHAIBHOTO AOOYMIIEHHA ¢inbTpaTiB. [lepcnekTHBHUM €
peareHTHUI crioci® qoounieHHs. Ha mepriomMy etami ociiKeHHs CTalii peareHTHOTO OUUIIEeHHs BiIbTpaTy
MIPOBOAMBCA MiAOIp peareHTy, sSKuil 3a0e3neunB Ou MakCHMalnbHY €(QEeKTHBHICTH BiAiNeHHS Bix (imbTpaTy
(hasum 3rymennx 3a0pyaHeHb. [ mboro JOCTiHKYBaTUCh HAHOUTHII MTOMTUPEH] Y IPAKTHUIl OYHIICHHS CTOKIB
peareHTH: KpHUCTaJorifpaTd cyinb(daTiB aJlOMiHII0O Ta 3aii3a, MOJIOKCHXJIOPHI AIIOMIHIIO Ta pPeakTUuB
®denrona. Ha npyromMy erarmi 1ociimpKyBaluch BapiaHTH MOIU(IKyBaHHS CKIIaay peakTuBy MPEeHTOHA 3 ILII0
JOCSITHEHHST MAaKCHUMAaJbHOTO CTYIIEHS OYMIICHHS Ta MaKCHMalbHO MOMJIHMBOTO €(eKTy 3elleBICHHS
KoMmIro3uii. JJisi IbOTo JOCHTIKYBATNCEH PSI BapiaHTIB peami3allli peareHTHOTO OYHINCHHS, B Pe3yJIbTaTi
JOCIIKEHB 3aITPONOHOBAHMI ONTUMAIBHMI PO3Xij peareHTis Ha ounmeHHs (kr/M° ginbrpary): FeSO4-5H,0
— 3,2; Al(S04)3-18H,0 - 1,9; H.0, (60 %) - 1,6; momiakpunamig — 0,1. Posrnsganuck Takox BapiaHTH
¢iHATBPHOTO JMOOYMIIEHHS (QIIBTpaTiB HAa MICBKMX KaHaNi3aliMHUX OYHCHUX CIOpyAax, Ha IITY4HO
MOOYIOBaHUX BOJTHO — OOJOTHUX YTIISIX Ta HA YCTAHOBIT 3BOPOTHOTO OCMOCY.
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Binnuyvxuii depoicasnuii nedazociunuti ynisepcumem imeni Muxatina Koyobuncobkozo,
21000, eyn. Ocmposvkoeo, 32, Binnuys, Yxpaina, sakalova@gmail.com

Abstract. It is proposed to reuse a mixture of spent sorbents from activated carbon and kieselguhr for
wastewater treatment of milk processing enterprises. The results of experimental studies of the dynamics of
ion exchange adsorption of lactic acid and alanine by mixed sorbent and spent sorbent under periodic
conditions are given. According to the results of the study, the difference in cleaning efficiency for the two
options is insignificant and amounts to about 3%, which is within the experimental error. It is shown that the
sorption of polluting components of wastewater from milk processing enterprises with cheap sorbents, which
include regenerated sorbents, is one of the most promising due to their high efficiency, low cost of treatment
and the possibility of further use of spent sorbents. in agriculture.

Xap4oBa MPOMHUCIIOBICTh — OJTHA 3 HAMOUIBIINX BOJOCIIOKUBAUiB. [I[pUTrOTYBaHHS XapUuOBHX MIPOIYKTIB
1 HaroiB HEPO3PUBHO TOB’s3aHE 13 3aIyUYEHHSIM YMCTOI BOAU. SIKICTh BOAHM, SIKa 3aCTOCOBYETHCS B Xap4OBii
MIPOMHUCIIOBOCTI, TiAJISITae PETSILHOMY KOHTPOJIO. AKTyalbHI IS Xap4oBOI MPOMHCIIOBOCTI TEXHOJIOTII
BOJIOITIITOTOBKH: BiJICTOFOBAHHSI, KOATYJISIis, (DIIOKYIAList, proTamiiiHa i 010XiMiYHa OYHCTKA, 3HE3aPAKECHHS,
eslekTpoiani3. Bomomiaroroska B Xxap4oBoMy BUPOOHHUIITBI MOXe IependayaTy Kinbka ctamiid. AacopOiiro
9acTO BUKOPHCTOBYIOTH U BOJOIIATOTOBKH, 30KpEeMa, IIOM SKUICHHS BOAM. Tak Yy BHPOOHMLTBI
0€3aNKOroJbHUX HAIOIB ISl MIATOTOBKH BOJM BHUKOPHCTOBYIOTH (PUIBTPU 3 aKTUBOBAHUM BYTLILISIM, SIKi
MO’KYTh 3MEHIINUTH BMICT OpPraHiuHUX CIOJYK 1 HEOPraHiYHUX COJIeH Y MUTHIN BoAi. Y BUPOOHMLITBI MUBA AJIs
NIOM’SIKIIIEHHSI BOJIM BUKOPUCTOBYIOTB 11 a1COPOIif0 Ha [EOJTITax.

Bararo xap4oBux J00aBOK CHHTETHYHOTO TOXO/DKEHHS CIPUYMHSIIOTH HeOakaHe 3a0apBiieHHs, abo
MYTHICTb MPOAYKTY. He 3aBx/1u TeXHONIOTIYHA cXeMa BUPOOHHIITBA JI03BOJISIE 3aCTOCYBATH KHIT SITIHHS IS
YCYHEHHS IIbOTO HENOJIKY, a/pKe yK€ YacTO TOAI BTPAdaeMO I[IHHICTH Xap4OBOTO NMPOAYKTY. Y IbOMY
BUIAJKy HaiuyacTillle 3aCTOCOBYIOTh aJICOPOIIiI0 Ha aKTUBOBAaHOMY Byriyum. CopOIiiiHi MPOIECH HMIMPOKO
BUKOPHUCTOBYIOTh B XapuoBiii mpomucioBocTi. CopOuiiiHi Marepianu, o0 BUKOPUCTOBYIOTh Y BUPOOHHUIITBI
MPOAYKTIB XapuyBaHHA MalOTh HAWBHUIII IMapamMeTpH SIKOCTi, BMICT JOMIIIOK y HAX MiHIMallbHUH, a TOMY 1
BapTICTh TAKWX MaTepiajiB BUINA, Y TOPiBHAHHI 3 aICOPOCHTaMH, 1[0 BUKOPUCTOBYIOTh B 1HIIIHMX TaTy35X.

B nmanwuii yac jJis OUMIICHHS CTIYHHUX BOJI IIIMPOKO MPOMOHYIOTH aICOPOIIiiiHI METOIU 33 JOTIOMOTOO
MIPUPOJTHUX T CHHTETUIHNX COPOEHTIB, III0 A€ MOXIIMBICTH iX pereHepallii Ta IOBTOPHOTO BUKOPHCTAHHS.
HasBHicTs B HaIoMy perioHi MPUPOTHUX MOPUCTUX MaTepiaiiB, sKi MalOTh (DUTBTPYBalIbHI BIACTHBOCTI Ta
3/1aTHI aJIcOpOYBaTH MOBEPXHEIO TOP 3aBUCII 1 PO3UMHEHI Y BOJI KOMIIOHCHTH, CTBOPIOE MOXIIUBICTh iX
e(eKTHBHOTO BHUKOPUCTAHHS [UIA OYMILEHHS CTIYHMX BOJ| MOJIOKONEpEpOOHUX MiAMPUEMCTB, IO
MiATBEP/DKYE aKTyallbHICTh OKPEMHUX JOCHTIKeHb. [IpM IbOMYy BUKOPWUCTaHHA aKTHBOBAHOTO BYTLIIISA
BBaKa€ThCsl HAMOLIbII e)EeKTUBHUM JJIsl BUAAJICHHS OPraHiYHUX PEYOBHH 13 CTIYHHMX BOJ, OJHAK Yepes
BUCOKY BapTiCTh TAKOTO aJcOpOCHTY, 1OT0 BUKOPUCTAHHS JJIsl OYMIICHHS CTOKIB OOMEKEHe.

3HadHa KIIBKICTH COPOEHTIB, MO0 3aCTOCOBYIOTBCS y XapuyoBili MPOMHCIOBOCTI, IMOBTOPHO He
BHKOPHCTOBYETHCS, IO TIOB’SA3aHO 13 CKIAAHICTIO X pereHepariii Ta CyTTEBUMH MaTepialbHIMHU 3aTpaTaMH.
TakoX TOBTOpHE BUKOPUCTAHHS BiANpPalbOBaHMX COpPOEHTIB mepeadavae iX O10NOTiYHE OUYMILEHHS, IO
3yMOBJICHE cIIeU]iKOI0 aAcOpOOBaHUX PEUOBHH.

Merta pobOTH TOJISIrae y MOCTIIKEHHI MOXKIIMBOCTI ITOBTOPHOTO BHKOPHCTAHHS BiNPabOBaHOI
CyMiIlli COPOCHTIB JIJIsl OYMIIEHHS CTIYHUX BOJI MOJIOKOIIEPEPOOHUX MiAPHUEMCTB.

Perenepartito BinpanboBaHOTO CYMIIIIEBOTO COPOCHTY, IO CKIIAAaBCs i3 akTUBOBaHOTO Byrims (BAY-
A) i kizensrypy (K) mapxu bexoryp 200 B MacoBoMy cImiBBimHOIICHHI 1 : 3, 3MIHCHIOBAIM HACTYITHAM YHHOM:

- Ha mepmi#t crazii pereHepariito CyMiImeBoro COpoeHTY TPOBOIMIH B TiIPOIAHAMITHOMY PEKHIMI
pu MacoBoMy criBBigHomeHHi (copOenT) : HO = 1 : 4, Temneparypi npoiecy 50-60°C nporsarom 45-60 XxB.

- CywmimeBuil copObeHT noctagiitno xkum atiuad B 1 % poszunni NaOH npotsrom 45-60 xB i 4 %
po3uuti HCI npotsirom 45—60 xB 3 HacTynHUM (iIbTPYBaHHSM, IIPOMHBAHHIM IHCTUIHOBAHOK BOJOKO 10
pH = 7 Ta BUCYIIIyBaHHSIM.

EdexTuBHICTS perenepaii BU3HA4Ya M 3a 3JaTHICTIO BiINPalbOBAHOIO COPOCHTY MOTJIMHATHA OCHOBHI
TTOJTFOTAHTH CTIYHUX BOJ MOJIOKOTIEPEPOOHUX TIAIIPHEMCTB: MOJIOYHY KHUCJIOTY ( 0.-OKCIITPOIIIOHOBA KUCIIOTA)
1 MoJyiouHi OukM (TMEepeBa)KHO BOIOPO3UMHHI, anbOyMminu). [l MOCHIHKEHHS BHKOPUCTAIA MOJICIbHI
PO3YMHH, IO MICTATH MOJIOYHY KHCIIOTY, KoHueHtpamiero 0,002 mr/am® i ananin (MOIENIOBaHHS BMICTY
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BOJOPO3YMHHUX OIKiB) KOHIIGHTpAIli€l0 aHaiorigaoi. JlocmipkeHo mporec copOIlii  OKCIMpOITioHOBOT
KHUCJIOTH 1 aJlaHiHy pereHepOBaHUM CYMIIIEBUM COpPOCHTOM (BapiaHT 2), CYMIIIEBUM COpPOCHTOM, IO
ckianascs i3 aktuBoBaHoro Byrimst (BAY-A) i kizensrypy (K) mapku bexoryp 200 (Bapiant 1). JocmimxeHHs
TIpoIIecy copoOIrii o-OKCIMTPOITOHOBOT KHUCIIOTH 1 allaHiHy CYMIIIIEBUM COPOCHTOM B JUHAMIYHUX yMOBax
MPOBOJMINCH B amapaTi KOJIOHHOTO THITy. BuH3HaueHHS BMICTY MOJIOYHOI KHCJIOTH MPOBOJMIN METOAOM
MOTEHIIIOMETPHUYHOTO TUTPYBaHHS, a BMICT aMiHOKUCIIOTH BU3HAYAIH (DOTOKOJIOPUMETPUIHUM METOIOM, 110
0a3yeThcsl Ha 374aTHOCTI menTUaAHUX 3B'13KiB (— CO-NH- ), kapOOKCHIBHUX Ta aMIHOTPYIl yTBOPIOBATH 3
cynb(haToM Mijli B JIy»KHOMY CepeJOBUII 3a0apBiicHI KOMIUIEKCHI CTIOyKU. PO34rHN aMiHOKUCIIOT 1 OiKiB
JIAI0Th CHHBO-(hioneToBe 3a0apBICHHS.

KpuBi copOr11ii MOJIOUHOT KHCTIOTH CYMIIlIeBUM COPOSHTOM MOKa3aHo Ha pHc.1 i 2. 3 mpuBeIeHUX TaHUX
BU/IHO, 1[0 YMOBAax JaHOIO TiAPOAMHAMIYHOIO PEXHMY MPOLECy afcopOIlii oi-OKCITPOOHOBOT KMCIOTH Ha
00paHOMy COpOEHTI Mae Miciie 3Milano-audy3iMHuNA MexaHi3M aacopOiii. Buxin Ha maTo crioctepiraemo B
gacoBoMmy mpoctopi 100-150c. Ilpu npomy edeKTHBHICTH BiANPaLbOBAHOTO 1 PEreHEPOBAHOIO COPOEHTY
MPaKTUYHO HE BIIPI3HIETHCA BiJl CBIXKOI CyMillli aKTHBOBAHOTO BYT1JUIS Ki3€IbIYypy.

Puc. 1. Kpusi copbuii a-okcinponionosoi kucnotu B Puc. 2. Kpusi copOuii anaHiHy B 3a1€XHOCTI Bif

3aJIe)KHOCTI Big copOeHTy: copOeHry:

® — CBiXa CyMilll aKTUBOBAHOTO BYTIILIA 1 Ki3eNbIypy @ — CBDXKA CyMilll aKTHBOBAaHOTO BYTIJIIA 1 Ki3eNbIypy
(Bapianr 1) (Bapiant 1)

m - BignmpampoBaHa 1 pereHepoBaHa cyMim W — BIJNpalboBaHa 1 PEreHEpPOBAHA  CyMIIl
AKTMBOBAHOI'O BYILLIA i Ki3eabrypy (Bapiar 2) AKTHBOBAHOTO BYTJLIA 1 Ki3eIbrypy (BapiaHt 2)

Sk cBimUaTh pe3yNbTaTH JOCIIHKCHHS, 32 BapiaHTOM | MaKcHMallbHA CTYITIHb OUHITICHHS JEII0 BHUIIIA,
cTaHoBUTh 98%, omHaK pi3HULA B €(EKTHBHOCTI OYMILIEHHS 32 JBOMAa BapiaHTaMU HE3HA4YHA, CTAHOBUTD
6mu3bK0 3%, 1110 € B MeXXax IOXUOKHU eKCIEPUMEHTY. MaKkcUMallbHY CTYIiHb OYHMILEHHS 3a BAOMa BapiaHTaMu
JOCATAOTh B OAHOMY 4YacoBOoMy iHTepBami - 3a 200c. ExcriepuMeHTaNbHI JaHl MO0 KIHETUKH afcopOrrii
aJlaHiHy HaBeACHO Ha puc. 3. Buxij Ha mato mpu > 15xB copOIii BKa3ye Ha Iepexil acopOLiHHOrO MpoIecy
y BHYTpIlIHBO AuQy3iiiHy 00JacTh Ta y cTaH piBHOBaru. [Ipu iboMy crioctepiraemo Aero BUILy eheKTUBHICTh
copOIii TpH BHUKOPUCTAHHI CBDKOI CyMIlli aKTHBOBAHOTO BYTULIS 1 Ki3eJbrypy, OJHAK PI3HHIS B
e(eKTHBHOCTI OYHIIICHHS 3a JBOMa BapiaHTamu He3HauHa (99% 3a BapiantoMm 1 i 96% 3a Bapiantom 2),
cTaHoBHUTH 3%, 10 € B MeXaX MOXMOKH eKCIepUMEHTY. MaKkcuMallbHa CTYMiHb OYHUILEHHS JOCATA€ThCS B
OJHAKOBUX YaCOBHX 1HTEpBalax 3a BJOMa BapiaHTaMM, BOHa HacTynae uepe3 175¢c.

Takum 4MHOM, MOXKEMO CTBEPIKYBATH, 110 XIMiYHA pereHepallis BiJnpamnboBaHoi cyMiln copOeHTiB,
IO MIiCTHTB Ki3eJIbryp i aKTHBOBaHE BYT'JLIA JI03BOJIsSIE BUKOPUCTOBYBATH BiANPAIbOBaHI MaTepiaiy Ha CTail
OYMILEHHS CTIYHUX BOJ BUPOOHMUTB IO MepepodLi MoIouHol mpaayKuii i 3a0e3nedye HeoOXiAHy BUITYUEHHS
MOJIFOTAHTIB OPTaHIYHOTO TTOXO/HKCHHSI.
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[IPOCKYPHIH O.A.}, BACUJIEHKO C.J1.2 (YKPATHA, XAPKIB),
JIEM’SIHOBA 0.0.2 (YKPAIHA, XEPCOH)
HEJOJIKU CHPOLIEHUX METOAIB PO3PAXYHKY KPATHOCTI OCHOBHOI'O

PO3BABJIEHHS 3BOPOTHUX BOJI Y BOJOMMMIIII

YHITY «Vrpaincoxuii HI exonozciunux npobremy
61165, eyn.bakynina,6, m.Xapxis, Yxpaina; proskurnin_o@ukr.net
2 KIT «Xapxissodokanany
61000, eyz. Benuka I'onuapiscoka, 28, m. Xapxis, Ykpaina,; office@vodokanal.kharkov.ua

2 @isuuna ocoba-nionpuemeys; olga.demvdem55@gmail.com

73013, eyn. Kpumcoka, 55a, m. Xepcon, Ykpaina

Abstract. The problem associated with calculating the main dilution factor of wastewater when
discharged into a reservoir, which occurs as a result of the diffusion process, is considered. To solve the
problems of determining the limited wastewater discharge, simplified methods for calculating dilution for
concentrated and dispersive discharges have been developed. Both methods lead to a direct dependence of the
calculated dilution factor on the water flow velocity. In addition, in the case of a dissipative discharge, the
method uses an incorrect model for the formation of water quality in a water body. It is concluded that it is
necessary to refine both methods.

3 MeTor0 30epexKeHHs BOIHUX PECYPCiB 3A1MCHIOETHCSI HOPMYBAHHS CKUAAHHS 3a0pYIHIOIOUMX PEYOBUH
y BoaHi 00’ektu (BO) 3i 38opotHUMHE Bosamu (3B) koMyHanbHUX, TIPOMHUCIIOBHX Ta CLILCHKOTOCONAPCHKUX
nianpreMcTs. OJJHUM 3 TOJIOBHUX (aKTOPiB, IO BIUTMBAE Ha PiBEHb EKOJIOT1YHOI 0€3MEKH BOJJOKOPUCTYBAHHS,
€ KpatHicTb po30aBieHHs 3B B kontponpHii Touui (KT) Ha 3amaniii Bigcrani Bif Bumycky. KpatHicTb
po30aBieHHs] 00yMOBIIEHAa KOHCTPYKTUBHIMHU XapaKTEPUCTHKaMK BUIycKy 3B i rizposioriyunnMum ymoBaMu
palioHy po3TalllyBaHHsS BHUIYCKY. Po3rismaroTrbes nBi (a3u: modyaTkoBe, sSKE BiIOYBAaeThCS MiA M€ CHI
inepuii 3B, Ta OCHOBHE, sIKE BiI0YBa€THCS BHACIIIOK IpoIeciB nudy3ii.

[Ipornec nudy3ii onucyeThest piBHIHAAM TYpOYIEHTHOI TUdy3ii:

oC o°C o°C
Uu——-n-= Dy '—2+ DZ —2
OX oy 0z , 1)
ne C — KOHIICHTpAIlisl PEYOBHMHH; X — KOOpJIWHATA B3IOBX IOTOKY; Y, Z — BIANOBIAHO BEPTHKAIbHA Ta
MorepeyHa KOOpAUHATH; U — IBUAKICTh OTOKY Boaw; Dy, D, — xoedimieHTH BIAMOBIIHO BEPTHKANBHOI Ta
TOPHU30HTAIBHOI TypOyneHTHOT Tudy3ii.

AHaniTHUHE Ta 4YMceNnbHE po3B’sa3aHHS piBHAHHA (1) B 3amauax HOpMyBaHHS ckuaaHHs 3B moxe
BHUKJIMKATH TPyAHOII. ToMmy Oyiu po3po0iieHi CIPOIIEHHI METOIU PO3paxyHKY KpaTHOCTI OCHOBHOTO
po30aBieHHs SIK A 30CEpeKEHOro, Tak i Ui poscitoBanbHOro Bumycky 3B. Ilpore iXx BHKOpHCTaHHS
MICTHTh HEBUPIIIEHI TpoOIeMH, Ki MOTPEOYIOTh J0JATKOBUX JOCIiIKEHb.

Y BUMagKy 30CEpeKEHOr0 BHITYCKY Npo0ieMa CTOCYIOThCS 3alIe)KHOCTI KPaTHOCTI OCHOBHOTO
po30aBieHHST Ny Big MIBUAKOCTI Tedii Bogw U. MeTox po3paxyHKy No JOCTaTHBO MPOCTHH 1 TMONSITaE B
MOCTIIOBHOMY PO3PaxyHKy JEKiIbKa BENWYMH. B 3araJpbHOMY BHUIJISIII KPaTHICTH OCHOBHOTO p030aBieHHS
MOJIMBO TIPEICTABUTH K (PYHKITIO

N, =1,(@,n,.u, H Ly 1p's) @

ne q — sutpaTa 3B; N, — kpaTHiCTs TOYaTKOBOTrO po3basieHus 3B; H — rimubuna BO B Micti Bunycky; lxr —
Bizctanp Bix Buiycky a0 KT; lo — Bincranp Big BUIycKy a0 Oepera; S — Koe(illi€HT IOPCTKOCTI pycia.

OpmHak BUSBJICHO HACTYIHY 3aKOHOMIPHICTH (CIOYATKYy EKCIEPHMEHTAIhHO, IMOTIM IiITBEPIKEHO
OLTBIIT JETATBHUMHM TOCITIHKCHHIMH )

on, >0
ou _ (3)
To0To 31 301IbILICHHAM MIBUAKOCTI MOTOKY BOJIU KPAaTHICTh PO30aBIeHHS TaKOX 3011bLIyeThesl. OqHaK
psiMa 3aJIeKHICTh KPATHOCTI pO30aBICHHS BiJl IIIBUAKOCTI BOJM CYIEPEUUTh XapakTepy (Pi3UUHOTO MPOLECY,
10 po3rsimacTbes. lle BHAHO 3 YHCEIBHOTO PIBHSAHHSA TypOyneHTHOI audy3ii (2). 3 METO CIpOIIeHHS
PO3TIISIHEMO BapiaHT «IUIOCKii» 3aaadi, KoMK MepeadadacTbesi PiBHOMIPHICTH KOHLEHTpALiid Mo TIMOWHI
(TobT0 y3moBx oci Y). Toni B KiHIEBO-pi3HULEBiH popMi piBHAHHS (2) HAOyAE BUTIISLY:
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AC D ANC
AX U AZ* (4)
ne D=D; = D,.
SIKImo chiBBiAHOIIEHHS KPOKiB YHCEIBHOTO iHTETpyBaHHS JOPIBHIOE
u-Az°
AX=——
2-D (5)

TO KOHIICHTpAIlisi JOMIIIKM B KOXHIA HACTYNHIM B3JOBXK Tedii KIITHHU iHTErpyBaHHS AXXAz
BH3HAYATHMETHCS SIK CEPeTHbOAPUPMETHIHE CYCITHIX KIITHH Y TOTIEPEAHHOMY PSIIY:
Couj= 075'(Ck,j—1 + Ck,j+1)
1

(6)
ne K, j — ingekcy KIITOK iHTErpyBaHHS BiAMOBIIHO BIIPOJOBIK Ta BITONEPEK Tedii (TOOTO 10 oci X Ta oci Z).
3 (5) BuAHO, IO YMM BUIIE IMIBUIAKICTH U, TUM OiNblIe KPOK iHTErpyBaHHSA AX 1 THM 3MilIaHHS 3a
dhopmyioro (6) BinOymeThCs Ha OLIBIIOMY BHAAJICHHI BiJ BUITYCKYy. TOOTO 3a 3a1aHOi BiZICTaHI Bifl BUITYCKY
3B mo KT kpatricTh po30aBicHHs Oyae MEHIIIOIO.

Poscirosanvruii sunyck
VY BUNAZKY po3citosanbroeo eunycky npodiieMa Mos's3aHa 3 TUM, 1110 METOJ] 3aCHOBAHUH Ha «IPHHITHIT
CYNEpIO3HLii» CTOCOBHO PO3PaxyHKY KOHIIEHTPALil B KOHTPOJIbHIN TOYIIL:

CKT = ici/
/ o (7

ae ' — BHECOK y KoHueHTpauiro B KT moMimok Bif i-ro BHITYCKHOTO OTBOpPY (TOOTO 3 ypaxyBaHHSIM
po30aBieHH); [ — IHACKC JpKepena 3a0pyaHeHHs (Y TaHOMY BHITAIKy — BUITYCKHOTO OTBOPY).

Ane Takwii miaxing (i HaBITH caM TEpMiH B JAHOMY BHITAIIKy) € HEKOPEKTHHUM, OCKITBKH TPUHITHII
CYNepIo3HuLii 3aCTOCOBHUH 10 BEKTOPHHUX, @ HE CKAJSIPHUX MOJIB, KONMK CyOCTaHIIl, IO CKIaJaloThcs, He
MaloTh TeOMETpUYHOTo po3mipy. (Hanpukian, ckinaneHHs eleKTpOMarHiTHUX KOJIMBaHb.) [ maTepianbHUX
peuoBuH Gopmya (8) iMITye «BAaBIIOBaHHS» OAHIET PEUYOBHHH B 1HIITY, 110 PEaJbHO HE BIIOYBAETHCS Y BOJI.
B pesynbTati po3paxoBaHa UM METOJIOM KOHIeHTpallisi pedoBUHHU B KT Moske mepeBrIyBaTH KOHIICHTPAII0
peuoBunu y 3B. A ne, BiznoigHo A0 (1), o3Hauae KpaTHICTH po30aBieHHs, MeHIIy 3a 1, mo ¢izuuno
HeMosknBo. Hanpuknan, npu mapamerpax q = 1 m%/c, H= 2 m, lxr = 250 M, KoopiuHaTaX BUITyCKHUX OTBOPIB
(0,0), (0,10), (0,20), xoopmunuati KT (250, 10), po3paxyHKoBa KpaTHICTh OCHOBHOTO pO30aBJICHHS JOPIBHIOE
no = 0,64.

TakuM YMHOM, METOJ PO3PaxyHKY N, JIsl pO3CIIOBAILHOTO BUITYCKY BUMAara€e yTOYHEHHs SIK MiHIMyM y
JacTUHI BHOOpY OiIBII ajnekBaTHOI Momeli (hOpMyBaHHS SKOCTI BOOW Y BOJHOMY 00'ekTi. SIK BapiaHT,
MOJKJIMBO BUKOPUCTATH YIOCKOHANIEHY (popMyIy:

moC.
Cot Z ngilll
51

1+ ——
=n -1

CKT =

9)

SKmo npu po3paxyHKy BUKOPUCTOBYBaTH (9), pe3ynbrar Oyae ZocToBipHUM: No = 1,33.

BucHoBku:

1. IcHye HEOOXimHICTH MPOBEACHHS NOCTITHULIBKOI pPOOOTH MO YTOYHEHHIO CHPOLICHHX METOIB
PO3paxyHKY KpPaTHOCTI OCHOBHOTO P0O30aBJI€HHS 3BOPOTHUX BOJ B BOZOMMHUIILI.

2. B 3amayax nporHo3yBaHHs SKOCTI BOAM BOJONMHMILI, SIKi MOTPEOYIOTH MiABUIICHUX PIBHIB TOYHOCTI,
JOIIJIBHO BUKOPHUCTOBYBATH YHCENIbHE PO3B’SI3aHHS PIBHAHHS TypOyJneHTHOI nudysii 3amMicTh CHpOIIEHHX
METOAIB PO3paxyHKy KPaTHOCTI OCHOBHOTO PO30aBIICHHSI.
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DYACHOK V., HUHLYCH S. (UKRAINE, LVIV)
THE ADVISABILITY OF USING MICROALGAE BIOMASS AS BIOFUEL
National University ““Lviv Polytechnic™,
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Abstract. The continuous increase in carbon dioxide (CO-) emissions is a common danger that urgently
requires joint action between politicians and scientists. International treaties such as the Paris Agreement
(signed by 196 countries) and the UN Climate Change Conference (or Conference of the Parties, COP 26) in
Glasgow in 2021 reflect the importance of anthropogenic climate change as a truly global public concern. For
climate recovery, the most widely used CO, reduction strategies include carbon capture and storage (CCS);
carbon capture, use and storage (CCUS); carbon capture and utilization (CCU).

Of these methods, CCU shows the greatest potential by processing the captured CO; and using it as a
resource to produce value-neutral or negative value-added products (VAP) and alternative fuels. Within the
CCU methodology, biologically mediated CCU (bio-CCU) by microalgae is a promising biotechnology for
the drastic reduction of CO, emissions.

In order to achieve zero emissions by 2050, the year declared earlier, the obligations of international
forums require significant research on effective capture, as well as the development of methods of storage and
utilization of algae biomass obtained during the purification of industrial gas emissions as a potential
alternative source of energy.

In the works of the authors, describe the mechanisms of obtaining biomass of microalgae by absorbing
greenhouse gases with the involvement of photosynthesis and incorporating them into valuable biomolecules.
Microalgal cells use CO; as precursors to macromolecules, including lipids, proteins, carbohydrates, and
pigments. The biofixation potential of microalgae is clearly demonstrated by the carbon content of the many
VAPs they produce.

This is reasonable given that unicellular microalgae are the smallest form of plants that reproduce at a
higher rate compared to land plants. In addition, microalgae can tolerate extreme environmental conditions
with high reproductive rates, fix CO; into carbohydrates and lipids, and grow in wastewater, thus cleaning up
pollutants. CO- plays a vital role in the growth of microalgae because the biomass produced in microalgae
cells in the form of lipids and proteins can be further converted into valuable fuels, chemicals, biologically
active compounds, nutraceuticals, pharmaceuticals and cosmeceuticals. Biological transformation of CO, with
the help of microalgae is an original way to capture and fix carbon. This mechanism involves the absorption
of CO, microalgae by photosynthesis.

The use of microalgae to absorb greenhouse gases is considered environmentally friendly production.
Cultivation of microalgae can be carried out in open ponds and photobioreactors for the potential production
of biofuels, carbon sequestration and purification and nutraceuticals, wastewater. Microalgae contain
significant levels of lipids or triglycerides that can be converted into biodiesel fuel through a transesterification
process. Biofuel is considered carbon-neutral because the CO; released after its combustion is used by plants
and algae for photosynthesis, which leads to CO; fixation.

The results of previous own research and analysis of the literature of the sources prove that the thermal
effect of burning the biomass of chlorophyll-synthesizing microalgae Chlorella vulgaris is close to, and in
some cases, even greater than the thermal effect of burning wood.

However, fuel combustion products are always contained other oxides, in particular sulfur dioxide
(SOy). Sulfur dioxide and CO, molecules are similar in structure, so it should be assumed that at the stage of
transportation of CO; into the internal volume of microalgae cells, SO, also enters the microalgae cell by the
same mechanism. Having entered the internal volume of the microalgae cell, SO, molecules block the process
of photosynthesis and remain in the internal volume of the cell in the form of chemical compounds of metabolic
products and form biomass. Volumes of such microalgae biomass, as mentioned earlier, are extremely large.

This is precisely what determines the need to create and agree global measures in the direction of
implementing the principles of sustainable development. This state of affairs prompts the search for methods
of using the biomass of chlorophyll-synthesizing microalgae as a potential source of alternative fuel. Therefore,
this issue requires a more detailed study on the possible use of the biomass of microalgae Chlorella vulgaris,
obtained during the purification of industrial gas emissions, as an alternative source of energy.
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Abstract. Studying the environmental risks of water pollution is a critical aspect of environmental
science and management. To address these risks, researchers and policymakers utilize various directions to
assess and mitigate potential harm to ecosystems and human health. Traditional focus and recent attempts to
improve them are highlighted in this study. The conceptual approach and the main stages of risk assessment is
presented, considering previous studies. Furthermore, different ways to integrate other factors such as climate
into the overall risk assessment framework have been identified as the base for further research in this area.

Risk assessment is one of the main mechanisms for making management decisions in most countries
worldwide, from the local level (e.g., individual production facilities or other potential sources of
environmental pollution) to regional and national levels (Barati et al., 2023). The approach provides a basis
for comparing, classifying, and prioritizing risks and enables the identification of environmental impacts
resulting from stresses (e.g., impact on the hydrobiota, etc.) in a river basin.

The scope of this review is focused on the characterizations of multi-risk effects from different pollutant
categories on the hydrosphere (surface water, groundwater, oceanic) in the overall biogeochemical cycle of
the ecosystem. The final aim of the study is to provide a systematization in the field of environmental risk
assessment research on water resources to assess multi-risk on ecosystem components and human health.

The topic is of increasing importance as reflected by the exponential increase in the number of
publications over the past 20 years, with a total of 15354 publications in Scopus database and 9965 publications
in WoS database (May 2023). From the studies reviewed (Hakanson, 1980; Orr et al., 2009; Rybalova &
Artemiev, 2017; Chandellier and Malacain, 2021; Ullah Bhat and Qayoom, 2022; Anthonj et al., 2022; Ullah
et al., 2022; Barati et al., 2023), two main types of environmental risks are considered:

— risk of disrupting the stability of ecosystems due to actual and potential environmental pollution;

— risk to public health, which is the probability of adverse health effects.

There is also the probability of occurring an undesirable event that will cause damage to the ecosystem.
As seen from our analysis, considerable attention is paid to issues related to determining the risk of water
pollution. It is noted that in developed countries, the drivers of water risk assessment is shifting towards
considering new types of emerging substances to identify contaminants of emerging concern (CEC). This is
also noticed in EU policy. For example the Urban Wastewater Treatment Directive (UWWTD) from 1991,
which aim is the protection of the environment from the adverse effects of urban wastewater discharges has
been mainly focused on inorganic pollutants (e.g., nutrients). However, its revision considers the need of a
further treatment of the water with new limit values for micro-pollutants and for the removal of CEC. The goal
is that for 2040 all facilities at risk areas should be equipped with advanced treatments in a new quaternary
treatment.

The conceptual framework of the main stages of risk assessment was defined, taking into account the
existing basis of previous studies (Fig. 1).
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Determining the economic value of
environmental risks for different groups
of recipients

Determining the structure of possible
damage to aquatic ecosystems

Fig. 1. Step-by-step assessment of the ecological risk of pollution of aquatic resources.

Some ways to integrate other factors (e.g. climate) are:

1) using climate scenarios to predict future changes in climate variables, including their influence
on the fate and effects of contaminants in aquatic environments during risk assessment;

2) using modelling to predict the effects of climate change on the concentration, distribution, and
bioavailability of different contaminants;

3) research to study other stressors that affect the susceptibility of aquatic organisms to the
contaminants.

The combination of regulatory and management measures on the use/emission of new pollutants into
the environment as well as on their occurrence in the environment should be fundamental to achieve effective
water resources management.
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Abstract. Collector-pipelines are widely used in systems of water supply and water removal. When
solving the differential equation which describes fluid flow in such pipelines the neglecting of the hydraulic
friction factor leads to considerable errors in collector-pipeline designing. We have obtained mathematical
expressions in differential form for Darci friction factor and for head losses for friction for the chasse of laminal
flow and for three segments of flow in pressure pipelines.

Hamnipui tpyb6onpoBoau-36upaui (T3) mommpeHi y cucTemMax BOIONOCTAadyaHHS, BOJOBiJIBEIEHHS,
rizpomenioparii (ocymeHHs), BEHTHISIIT (BUTSOKHI CUCTeMH), eHepretuii i iH. Touno pospaxyeatu T3
MOXKHa 32 JIONOMOTOI0 JU(EPEHIabHOTO PIBHSHHS HAMMPHOTO PYyXy PIIMHH 31 3MiHHOKI INIISXOBOIO
BuTpaTor0. Moro orpumas npod. 1. T. Hensko y 1937 p. [1, c. 3-4]. s umninapuusux T3 BOHO Take:

a2, (2 —veos p)V +d£p]+sinl//~dx+dhxzo 1)

g A9
ne V — cepeHs MBHIKICTH MMOTOKY yeepeauHi T3; V — MBUAKICTh CTPYMEHsI, KOTPHIA IPHETHYETHCS 0 TIOTOKY
B T3; p — Tuck pimmuu ycepeauti T3; siny-dX — reoMeTpuuHMii TIepena] MO3M0BXHB0I oci T3 Ha minsHIT
nopxuHoto dX; y — Kyt Haxuimy oci T3 mo obpito; dh, — BTpaTu Hamopy Ha TepTs Ho AOBXHUHI T3;

J — KyT MiXk BeKTOpaMu mBHAKOCTeH V Ta V.

AgekBaTHOTO PO3B’s3Ky pIiBHSAHHA (1) HE 3ampoIOHOBAaHO. 3 METOIO CIIPOINCHHS PO3B’SI3yBaHHS
piBHsHHSA (1) KoedilieHT TepTst A,y OepyTh MOCTIHHUM 110 10BXkHUHI T3, 110 He BIANOBIAAE AIHCHOCTI.

Hamu orpumano nudepennianu BrpaT Hamopy dh, /U1 JaMiHApHOTO pyXy Ta TPhOX JIISHOK OHOPY
TypOYJICHTHOTO PEXHUMY Tedii PiIWHH, KOTpi, y AOBTruUX HamipHux T3, po3ramoBaHi mociigoBHO. OTOKX,

x Vi 1 [ 12 jz o .
dh,, =d| 4, = d| Al Quy +DfZydx | X |, me: Z,) - Hamip, MiA Ai€F0 KOTPOTO CTPYMEHI PiIuHU
() [()ng 202°D 00| Q) J( (x) p ™ PYMCHL P

BImBaloTh 'y 13; b=nuw.2g; N- KIIbKICTP BXIJHUX OTBOPIB Ha OJUHULI MJOBXHHH 13;
X
Viy =Qy /2= (Qtr + b(j)Z(lxl)zdx / QJ ; D i Q2 - BHyTpimHiil xiameTp i noma nonepednoro nepepizy T3.

Jnst naminapHoi Teuii pixunn (kpusa a Ha puc. 1), Re(,<2320), koediuient Jlapci oGunCII0ETHCA 3a
(opmyuoro Ilyaseiins A, = 64/ Re(,), a xudepenuian BTpaT HAopy 3a OTPUMAHUM HAMU BUPa3oM:
B’Z—V[Qn +ij”2dx+bZ(1X’2 jdx 2
g2-D

JIist DiISTHKA OIOPY TiApaBIivuHO TNIAAKUX TPyO TypOyJIeHTHOro pexxumy Tedii pimunwm, (kpuBa b Ha
puc. I, xomn Re, Aeq(x) / Dy <10), xoediuient [Hapci 4, obOuncmoerses 3a (opmynoro brasiyca

dh(X) =

Ay = 0.3164/ Re((’f)S , a AudepeHIfiall BTpaT HAMoOpPy 3a BUPa30M, OTPUMaHUM HaMU:

0 15821/0 25 1.75 0.75
dhy, = W[(Qtr ij(lx’)z ) +175[Qtr+bjz(lx’)2 ) Z 57 [dx. ©)
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Puc. 1. 3anexHICTD Ay = f(A; Re(y) : @ — 30Ha TaMiHapHOTO pexuMy Tedii; b, ¢, d - 30Ha TypOyIeHTHOrO
pexuMy Teuil (IUISHKU: b — rigpaBiigHO TIaaKux TpyO, C — nepexiana, d — rigpaBaivHO MOPCTKUX TPYO)

Jns mepeximHoi MiASHKA TypOYJIEHTHOTO PEXHUMy Tedii piamHm (CIMEHCTBO KpPHBHUX ¢ Ha puc. 1,
10 <Re,y Aq, / Dy <500), xoediumienr [lapci obumcmorots 32 popmynoro  A. Jl. Anpriyss

Ay = 0.11[(Aeq / D)+ (68/ Re )})'25 . Bignosizno nudepentian rpar Hanopy dh,, Mae Takuit BUNIIAL:

0,25 X 2
0.25 bjzk2d
011 |4y 680 (Q” 126 Xj X

)T 5 2n|
290°D| D (Qtr+bfz§§§dx)D
0

+
4g 68y (4)
D (QW +bfz(1§§dij

0

X 2 X
- (Qﬂ - bgzgﬁdxj dx +2X- (Qtr + b(j)Z(lgdx) : bz(lgdx}.
JIost MiSISTHKY T1IpaBIIigHO MOPCTKUX TPYO 30HM TypOYJIEHTHOTO peXXHMY Tedii (ciMeicTBO kpuBHX d Ha
puc. 1, Re, 4, - / Dy =500), xoediuient Jlapci obuncmonots 3a Qopmynoto b.JI lludpincona
0.25
Axy = 0.11(Aeq( ) / D(X)] . 32 HE3MIHHUX 3HAYEHb IOPCTKOCTI 4,4 Ta AlameTpa D Ha po3paxyHKOBiH AUISAHII

T3 koedimient A, € noctiiinum, a Horo nudepenuian pipuuii Hymo: d,, =0. Toxi nndepenuian Brpat
HaTopy Ui i€l OUISHKY TiAPaBIiYHOrO OMOpY TPYO € TaKuM:
025 2
011 (4 XS o /
=220 [qu |:(Qt, +b (j} Z(lx)zdx) dx + ZX—(Qtr + ng(lx)zdx bz, Fdx | (5)

Binrak, 3amicts opmynu (5) Moxe BUKOPUCTOBYBAaTHCH BUpas3 (4)

BucnoBok. Jludepenmian BTpaT Hamopy Ha Tepts dh, MO JOBXHWHI TpyOONpOBOaY-30Mpava MU

BHUPA3WIN Y€pe3 JIBOC 3MIHHMX: TOBHMA poOounid Hamip Z(, MOTOKy pimuHM B T3 Ta He3alexHy 3MiHHY

BijicTanb dx . [Ipu po3B’si3yBaHHI qUdepeHiianbHoro piBHIHHSA (1) HAMIPHOrO PyXy PIAMHH 31 MUISXOBUM
MPHUEIHAHHAM MacH Y HOTO HEOOXiHO miacTaBasT otpuMani Bupasu (2)-(5).
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Abstract. This paper presents the results of research on the selection of optimal brands of coagulants
for wastewater treatment in the dairy industry and the determination of the specific consumption of reagents.
The following coagulants were used for the studies: aluminum sulfate Al>(SO4)3, aluminum nitrate AI(NO3)3
and sodium hypochlorite (NaOCI). According to research, the most effective coagulants for wastewater
treatment in the dairy industry can be considered aluminum nitrate and sodium hypochlorite.

VY cywyacHOoMy CBiTi mpoOjemMa 3a0pyJHEHHS HaBKOJHMIIHHOIO CEpPEeNOBHIIA CTIYHUMH BOJAMHU
BHPOOHHIITB CTAHOBUTH JOBOJII MacimTaOHu xapakTep. CTIUHI BOAM MAPUEMCTB Xapu0BOi IPOMHUCIOBOCTI
HaJIeKaTh JI0 KAaTeropii BUCOKOKOHIIEHTPOBAHMX 1 MAlOTh HECTAOUIbHI 3a SKICTIO 1 KIJIBKICTIO MOKAa3HHKH.
BupoOHUIITBO MOJIOKA, SIK 1 IHIIOT MOJIOYHOT CHPOBHHH Ha MiINPUEMCTBAX MOJIOYHOI IPOMHUCIIOBOCTI iCTOTHO
BIUIMBA€ HA CTaH HABKOJHIIHHOTO CEPEAOBUILA; 3a0pyTHIOE aTMOC(EepHE MOBITPSl MPOMHUCIOBUMHU BUKHIAMU,
3a0pynHIOE OACEHHM PIYOK Ta 03€p CTIYHMMH BOAAMH, A€ BEIUKY KiIbKICTh IPOMHCIOBUX BinxomiB. CTOKH
Ha MOJIOYHHUX 3aBOJIaX YTBOPIOIOTHCSI B OCHOBHOMY B PE3YJIbTaTi MUTTA 00nagHaHHs, 30UpaHHs BUPOOHUIHX
LEXiB Ta MPUMIIIEeHb. Y HUX MOTPAIUISIIOTH BiAXOAU BUPOOHUITBA, 3AJIMIIKH (BTPaTH) MOJIOYHHUX MPOIYKTIB 1
MOJIOKA, PEareHTH, 110 BUKOPUCTOBYIOTHCS B IPOIECI MUTTS 00JIaIHAHHS, Pi3HI JOMIIIKH, 110 3MUBAIOTHCS 3
MOBEPXOHb TPAHCIIOPTY, IiJIOT Ta 1H.

CriuHi BOAM TiANPUEMCTB MOJIOYHOI IPOMHUCIIOBOCTI Y pa3i CKHAaHHSA 1X Y BOJOMMH 0e3 monepeIHboro
OYHIIICHHS HEraTHBHO BIUIMBAIOTh Ha 1X cTaH. Ha OiloxXiMiuHe OKHMCICHHS OPraHiYHUX CIIONYK CTIYHHUX BOJ
CIIOYKUBAETHCS BEJIMKA KUIbKICTh KUCHIO, 1[0 MOYE MPHU3BECTH 10 jAerpanaiii Bogoimu. KijibkicTs Ta CKiaj
CTIYHUX BOJ[ 3aJICKUTH BiJl IPOQ IO BUPOOHUIITBA, BUKOPUCTOBYBAHUX TEXHOJIOTiH Ta CTaHOBUTH Bix 1,0 10
7,0 1 Ha 1 1 mepepobnaeHoro Moyioka. 3araJbHUM Ui CTOKIB BCIX MOJIOUHHX 3aBOJIIB €: BiIHOCHO BHCOKa
temneparypa 16-33 °C, MOXKIUBICTh pI3KHX KONWBaHb KHCIOTHOCTI (pH = 6,2-10,5), Benwkuii BMicT
OpraHiyHUX IOMIIIOK, II0 CTAHOBJSATH OCHOBHY YacTWUHY 3aBHCIMX peuoBUH (10 90%). Konnenrparis
3aBHCITUX PEUOBHH KOJMBAETHCA Y MEXKaX 1 3aJI€KUTH, TIEPEBAKHO, BiJl ACOPTUMEHTY MPOIYKIIii, TEXHOIOTI]
BUPOOHUIITBA Ta yCTATKyBaHHS. MakcHMabHa KOHIIGHTPAIIisl 3aBUCIUX YACTHHOK MICTHTBCS y CTIYHUX BOAAX
HiAIIPUEMCTBA, IO BUPoOse Mopo3uBo (10 1741 mr/mm®). Crivni Boay MiANPHEMCTB 3 NEPEPOOKH MOJIOKA
XapaKTepPU3YIOThCSI BUCOKOIO J10OOBOIO HEPIBHOMIPHICTIO iX SIKICHOTO CKJaay Ta BUTPAT, KOJWBaHHAMH
3HAYCHb BOAHEBOTO MOKa3HMKa pH. 3miHa 3HadeHHs pH moB's13aHa 3 pe)KUMOM pOOOTH HIAPUEMCTBA 1 BUIOM
MHIOYHX peareHTiB. [Ipu 1ieHTpanizoBaHoMy MUATTS OOJIaTHAHHS B KaHAJI3aI[i10 CKUIAIOTHCS MPOMHBHI CTIUHI
BOJM 1 mepiognyHo, pa3 Ha 3-5 OHIB, BiANpanbOBaHI MHUIOYI PO3UYMHH KHUCIOT 1 JyriB. pH BignpanpoBaHHX
JyXHHUX PO3YHMHIB KOnuBaeThes Big 10 mo 12.

Meta po6oTu monsATana y JOCHIPKEHHI BUOOPY ONTUMABLHUX MapOK KOAryINSHTIB Ui OYHIICHHS
CTIYHHMX BOJ{ MOJIOYHOI IPOMHCIIOBOCTI 1 BU3HAUEHHI MUTOMHUX BUTPAT PEarcHTIB.

o0 minibpaty HaKWOMBII eEKTUBHUM peareHT 1 BUSBUTH ONTHMajbHy HOro 103y OYB MpOBeNeHUI
PSLI AOCIIPKEHD HA MOJICIIBHUX CTOKaX MOJIOYHOTO BUPOOHUIITBA.

Y BOIONPOBIAHY BOIy, MOMEPEAHBO HArpiTy a0 Temnepatypu 40-60 °C, BHOCHIM 3a0pyqHEHHS Y
BUTJISI/II BEPIIKOBOI'O Macia, i, 3riJHO 3 MEBHUMHU XIMiYHHMH NMOKAa3HUKaMHM Maclla, po3paxoByBasiacs 103a
3a0pynHUKa, 10 BBOAWTHCA. [loTiM MomenbHHE pO3YMH OXONOMXKyBanu 1o Temmeparypu 20-22 °C.
KonrneHrpariiss 3aBUCIMX pPEUYOBMH Y BHXIJHUX CTIYHMX BOJax cTaHoBwia 347,4 wmr/n. 3alHIIKOBY
KOHIICHTPALIi{0 )KUPIB B PO3UHHI BH3HAa4YaIu poTomeTpudHuM mMetonoM. [Ipu Bukopucranti Alx(SOs4)3 epekr
ountueHHs gocsraytuid npu 400 mr /1, AI(NOs)s - 9H,0 - pu 200 mr / 11, NaOCI -250 mr/ 1.

BcTanosneHo, mo cynbdhaT afoMiHII0 € 3HAYHO EMISBIITNM 3a iHII peareHTH, ajie B 3B'I3KY 3 THUM, 1110
peareHT SABISIETHCS IPOMHUCIOBHM (HASBHICTH TIOMIIIOK Y TOBApHOMY BHUTJISAL BapitoeThes Bix 50-80%), Horo
OYUIICHHS 1 TIOJAJIBIIIE 3aCTOCYBAHHS HE OyJIe €KOHOMIYHO BHT1HHM.

JloBeieHO, 110 HAKOLIbIN €PEKTUBHUMH KOAryJISHTaMH IPY OYHMCTII CTIYHUX BOJ MOJIOKOIIEPEPOOHOTO
MIAIPUEMCTBA MOJKHA BBaXKaTH AJTFOMIHIM a30THOKHCIIHM 1 TIIOXJIOPUT HATPIFO.
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Abstract. The effectiveness of computer modeling of wastewater treatment processes during the
implementation of the planned measures is proven on the example of the reconstruction project of waste
treatment facilities of one of the large cities of Ukraine. The gradual decrease in concentration will be ensured
in the process of sequential transferring the operation of the reconstructed facilities according to the new
technological scheme and regulatory requirements for the content of nitrogen nitrates and phosphorus
phosphates in effluent will be achieved.

3HayHa YyacTWHA KaHAi3allifHUX OYMCHUX CIOpPYJ B YKpaiHi nepeOyBae chOro/[HI B HE3aJJ0BIIBHOMY
cTaHi i moTpedye peKOHCTPYKIIIT i3 CYTTEBOIO 3MIHOIO TEXHOJIOTIT OUUIIIEHHSI CTIYHUX BOJ| T2 0OPOOKH OCa/liB.
OnHi€ro 3 OCHOBHUX NMPOOJieM MpH MPOBEIEHHI PEKOHCTPYKLIT AiI0OYMX KaHaTi3aliiHUX OYMCHUX CHOPYI €
HEOOXI/IHICTh TUMYAaCOBOTO BHBEJICHHS 3 eKCIUTyaramii TX abo iHmmMX 00 €KTIB OYMCHOI CTaHIl i
3MIACHEHHS TMOTPiOHMX OYJiBENFHO-MOHTXHHUX pOOIT, NMPH IBOMY CIOPYIH, WO 3alUIIAIOTECS B
eKCIUTyaTalii 1 MpaIolTh Yy PEeXHMi MiABUINEHOTO HABAHTAXKCHHS, TMOBHWHHI 3a0e3NedyBaTH HAICKHUN
CTYIiHb OYHUINEHHS CTIYHUX BO/I.

[Tpu BU3HAUYCHHI palliOHATBHOT TEXHOJIOTTYHOT OCIIOBHOCTI POOIT 3 PEKOHCTPYKITIT AIFOUMX OYHCHUX
CTHOpPY/I 3HAYHOT JONIOMOTH MOXKE HaJaTH KOMIT I0TEpHE MOJICITIOBAHHS MPOIIECiB OUUINEHHS CTIYHUX BOJ| Ha
PI3HHX eTamax peaji3allii 3alIaHOBaHUX 3aXO0/IiB 3 METOO OILIHKH IXHBOTO BIUIMBY Ha €(PEKTUBHICTH POOOTH
ounrcHoi craHiii. Ha npukiaai npoekTy peKOHCTPYKIIT OUUCHUX CIIOPY/l BOJOBIJIBEICHHS OJHOTO 3 BEJIMKHUX
MicT YKpaiHu JOBelieHa JOIIJIbHICTh 3aCTOCYBaHHS KOMIT IOTEPHOTO MOJCIIOBAHHS JUIsl OLIIHKH BIUIMBY
3aIIaHOBAaHUX 3aXOJliB HA €(PEKTUBHICTh OUUIIICHHS CTIYHUX BOJ.

IcHyroua TexHoONOTiYHA CXeMa OYMCHUX CIIOpYyJl Tiependadae OYMIISHHS CTIYHHX BOJ  Bif
rpy0oquciepcHUX 1 MiHepalbHUX JOMIIIOK Ha MEXaHI30BaHMX pEIIiTKaX Ta B TOPU3OHTAIBHHX
MiCKOBJIOBIIOBAaYaxX, IICIS YOTO BifOyBAaeThCS IO CTOKIB Ha ABI HE3aJeXHI TEXHOJOTIUHI HiHIi (ciix
3a3HAYUTH, M0 Yepe3 0COOMUBOCTI penbedy MaiaHYNKa OYMCHOI CTAaHIIll CIIOPYAH APYroi TEXHOJOTidHOI
JiHil po3TalloBaHi A0 BUILE CIIOPYJ MEPIIOi TEXHOJOTIYHOT JiHil; 1 00CTaBUHA € BaYKJIMBOKO i CYTTEBO
BIUTMHYJIa HA IPUUHSATI MPOEKTHI PIillICHHS).

OmauM i3 3aBHaHP PEKOHCTPYKIIi MiFOYMX OYMCHUX CIOPYH € 3MiHa TEeXHOJOrii 0i10J0Ti9HOTrOo
OYUIIICHHS CTIYHUX BOJ| B aCPOTCHKAX 3 METO MiJABHUIIECHHS ¢()EKTUBHOCTI BUIAJICHHS 31 CTOKIB OIOTCHHUX
eneMeHTIB (a3oty 1 ¢ocdopy) 10 HOpMATUBHUX MOKa3HUKIB. lle 3yMOBIIO€ HEOOXIIHICTh MPOBEACHHS
PEKOHCTPYKIIii Py iCHYFOUMX Ta Oy 1iBHUIITBA HU3KM HOBHX TEXHOJIOTTYHUX CIIOPYJ i BHPOOHHYUX KOPITYCiB
31 BCTAaHOBJICHHSIM BiTIOBiTHOTO 00JIaTHAHHS.

VY 3B’S3Ky 3 BHCOKMMH KOHICHTpPALisIMH Yy CTIYHMX BOAax OIOr€HHHMX EJIEMEHTIB 3a IOPiBHSHO
HEBHUCOKOTO BMICTy OpTaHIYHMX pEYOBHH IPOEKTOM PEKOHCTPYKIIi OYHCHHX CIOpyHx TNependadeHe
3aCTOCYBaHHS TaKUX 3aXOIiB:

® 3HIKEHHS €(PEeKTHBHOCTI IEPBUHHOTO MPOSCHEHHS CTIYHUX BOJ 32 PaXyHOK 3MEHIIEHHS KUTHKOCTI
MPAIOIYHUX MIEPBUHHUX BiJICTIHHUKIB 3 IBAHAAISTH 10 BOCEMU;

e 3acTtocyBaHHs anupodikamii (mpedepmenrarii) cuporo ocagy B TEPBHHHUX BiJICTIHHHKAX, IO
CIPUATUME MiJBUIICHHIO BMICTY Y CTIYHUX BOJaX OpPraHiKH, SKa JIETKO OKUCITIOETHCS, HEOOXITHOI s
6iomnoriunoro BunaneHHs ¢pocopy B aepOTEHKAX;

® peairizallis B aepOTEHKaX TEXHOJIOT11 CIUTEHOTO 010JIOTIYHOTO BUAAICHHS a30Ty 1 (hochopy 3a cXeMoro
roranHecOyp3bkoro mporecy JHB;

® TOIaTKOBE XiMiuHE BUAAICHHA (ocopy IUIIXOM pPeareHTHOI 0OpOOKH CTOKIB T1APOKCHXIIOPHIOM
AITFOMIHIIO.

Cepen OCHOBHUX 3aXO/IiB, IEpen0adeHIX UM MacIITaOHUM MTPOEKTOM, BapTO BiI3HAYNTH TaKi:

® PEKOHCTPYKLISl iCHYI04YOi OyIiBil PELITOK 31 BCTAaHOBJIEGHHSIM pELIITOK TpabeibHuX Tpydooro
OuHIIeHHs 3 mpo3opamu 100 MM 3 pydHIM BHIAJICHHSIM BiAXOMIIB Ta PEIIiTOK TPpabeTbHUX TOHKOTO OUHIIICHHS
3 MPo30paMu 6 MM 3 MEXaHI30BaHUM BUJIAJICHHSIM BiJIXOJIiB;

© OYJIBHUIITBO IIECTH HOBUX a€POBAHUX IiCKOBJIOBIOBAYIB 3aMiCTh ICHYFOUUX TOPU30HTAILHUX;

® KOMIUIEKCHA PEKOHCTPYKIliE BOCBMH TIEPBUHHUX Ta IICTHAAUATH BTOPUHHHUX paJiaIbHUX
BIJICTIHHUKIB 13 3aMiHOIO MEXaHI3MiB BUJAJICHHS OCaJy Ta CUCTEM PO3MOALTY 1 300py BOJH;
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® peainizallis B aepOTEHKaxX TEXHOJIOTii 010JI0TiYHOr0 BHAAIEHHS a30Ty 1 ¢ochopy (TEXHOIOTiS HITpHU-
neHiTpudikamii Ta gedocdopartii 3a cxemoro nporiecy JHB), mist goro mependadere BIamTyBaHHs B KOKHIN
CEKIIi1 aepOTEHKIB ABOX aHOKCHIHHX Ta OJHI€] aHaepoOHOI 30H 3 MEXaHIYHIUMH MIITTAIKaMH, aepoOHO1 30HH 13
CHCTEMOIO MTHEBMATUYHO] aepaiii Ta opraHizaris BHyTPiTHbOTO HITPATHOT'O PEUUKITY MYJIOBOI CyMiIlli 3 KiHI[S
aepoOHOI Ha MOYATOK APYroi aHOKCUAHOI 30HH;

® PEKOHCTPYKLISl Ta HOBE OYAIBHUITBO HACOCHUX CTaHLiH, PEKOHCTPYKIIs MOBITPOAYBHOI CTaHMII 31
BCTAQHOBJIEHHSM €HEproe()eKTMBHOTO HACOCHO-TIOBITPOAYBHOIO OONagHAHHA 3 YacCTOTHO-PEryIhOBaHUM
MIPUBOIOM;

© OyIIBHUIITBO PEAareHTHOTO TOCIOJApCTBa (CTaHIIl JO3yBaHHS KOAryJISIHTY Ta pe3epByapiB Ul HOro
30epiranHs);

® BJIAIITYBaHHS aBTOMAaTH30BaHOI CUCTEMH (YHKLIOHATBHOTO KOHTPOJIO TEXHOJOTTYHUX IMPOLECIB i
JUCTAHLIMHOTO YIPABIiHHI TEXHIYHUMH 3aC00aMH, 1110 3a0€3MeUy0Th TaKU KOHTPOJIb;

® KOMIUIEKCHA PEKOHCTPYKILIs CIIOPY X 3 00pOOKH YTBOPIOBAHUX OCAIiB TOLIO.

[IpoexTOM pPEKOHCTPYKIIT OYUCHHUX CHOPYJ IepeadadcHa TEXHOJOTIYHA IMOCIIIOBHICTh BHKOHAHHS
OyZiBeITbHO-MOHTXHUX POOIT Y HOTHPH Yepru. 3 METOIO BU3HAYCHHS €()EKTUBHOCTI 010JIOTTYHOTO OUUIIIEHHS
CTIYHHMX BOJ Ha PI3HHUX €Talax PEeKOHCTPYKILii 0o4nucHOI cTaHuii O0yJ0 BUKOHAHE MOJENIOBaHHS i poOOTH B
KoMIT toTepHil mporpami Hydromantis GPS-X 3a Takux MpoeKTHUX NTapaMeTpiB CTIYHHUX BOJ (3 ypaxyBaHHSIM
BHECKY 3BOPOTHHUX MOTOKIB CTaHIIii): cepenHbponodoBa Butpara — 400 tuc. m*/n00y; XIIK — 330 mr/mm?; BIIKs
— 156 mr/nm?; 3aBucni pedoBuHU — 222 Mr/nm*; a3ot amoHiiHui (N-NHs) — 24 mr/am?; a3ot 3aransauii — 33,1
mr/mm?; dochop docharie (P-POs) — 8,16 mr/am3; docdop sarameumii — 10,2 mr/am?, pospaxyHKOBa
Temriepatypa cTokiB — 12°C.

MogentoBaHHSA TEXHOJOTTYHHUX MPOLECIB OUUIIEHHS CTIYHUX BOJ OYJIO BUKOHAHO JUISI LIECTH PEKUMIB
pOOOTH OYHCHMX CIIOPY/: 33 ICHYIOUYOI TEXHOJIOTIYHOI CXEMOI0; IMiJl Yac pealtizailii YOTHPhOX Yepr IXHbOT
PEKOHCTPYKITIT Ta IMiCIIs 3aBEPIICHHS BCiX pOOIT 3 PEKOHCTPYKITi OYMCHOI CTAHIII 32 HOBOIO TEXHOJIOTIYHOIO
CXEMOIO.

[IpoBeneHi mocmiKeHHS TMOKa3yloTh (Tabm. 1), mo 3a NPUHHATOI y TPOEKTI TEXHOJIOTIYHOI
MOCJIIZIOBHOCTI POOIT 3 PEKOHCTPYKIII OYMUCHOI CTaHII BOHA 31aTHA 3a0E3MEUUTH HOPMATHBHY SKiCTh
OYMIIICHUX CTIYHHMX BOJ] 32 OCHOBHMMH Noka3zHukamu 3a0pyanenHs (XIIK, BIIKs, azoT amoniitHui, 3aBUCITI
PCYOBMHM) Ha BCiX eTamax peajizallii 3alIaHOBaHUX 3aX0J(iB. TakoX MOCTYIIOBO, y MPOIECi TOCTiTIOBHOTO
TIepeBEICHHS POOOTH PEKOHCTPYHOBAHKX CIIOPY/I 32 MMPOEKTHOIO TEXHOJIOTIYHOIO CXEMOI0, Oy/1e 3a0e3mneueHe
3MCHIIICHHSI BMICTY 1 MOCATHYTI HOPMATHBHI BHMOTH JI0 SKOCTI OYHINEHUX CTIYHHX BOJ 32 TaKUMHU
MOKa3HUKaMU, K KOHIIGHTpAIlii a30Ty HiTpaTHOrO i hochopy pocdaris.

Tabauys 1
IMoka3HUKH SIKOCTi OYMINIEHNX CTIYHHUX BOJ 32 pe3yibTaTaMH MO/IEJTIIOBAHHS TEXHOJIOTIYHUX MpoIeciB
Y Pi3HHUX pesKuMax po0OTH CTaHUil Ta BUMOTH 10 CKHIY

3HAUCHHS TOKA3HUKIB, MI/IM°

[Noka3nuku sKOCTI | 3a iCHYIOUOl i gac N-oi gepru peKOHCTPYKITil MiCast | BUMOTH
OYMILIEHHMX CTIYHMX | TEXHONOTIl | mepmioi | Apyroi | TPeThOi | YeTBEpTO | PEKOH- 70

BOJ 1 CIpYKI | CKHIY

i

XIIK 26,5 32,7 30,4 31,2 29,9 28,9 80
BIIKs 3,8 6,7 6,0 6,7 6,3 6,0 15
3aBuCIi PEYOBHHU 10,2 16,0 13,6 13,9 12,4 10,8 15
A30T aMOHINHUHN 0,15 0,27 0,87 1,48 1,47 1,42 2,0
A3OT HITpUTHHIHA 0,14 0,37 0,60 0,91 0,91 0,91 0,91
A3OT HITpaTHHH 19,1 17,7 12,8 9,3 9,3 7,2 10,2
®dochop dhocdaris 7,9 7,6 4,1 1,85 1,85 0,34 1,14
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IOPYEHKO B.0O.!, CMUPHOB 0.B.2 (YKPAIHA, XAPKIB, JIbBIB)

BIIJIUB YTBOPEHHSI CIPKOBO/IHIO B KAHAJIIBAIIIMHUX MEPEKAX HA
EKCILTYATAIIVHY HAJIAHICTDH CIIOPY /] BOJOBIIBEAEHHSA 1 OUNCTKH
CTIYHUX BOJ TA PIBEHb iX EKOJIOT'TYHOI BE3ITEKA
Xapriscoxuil nayionanvnuill ynigepcumem micokozo 2ocnodapemsa im. O. M. Bexemosa, 61002,
eyn. Mapwana baxcanosa, 17, Xapkie, Ykpaina; yurchenko.valentina@gmail.com
2JIMKTI "JTvsisso0okanan’,

79017, eyn. 3enena, 64, Jlvsis, Yrpaina;, ecoman2009@gmail.com

Abstract. The main threats caused by the formation of hydrogen sulfide in sewage networks for the
ecological safety of urban regions due to emissions of hydrogen sulfide into the atmospheric air, the operational
durability of concrete collectors as a result of the initiation of biogenic sulfuric acid corrosion, and the
operational reliability of biological wastewater treatment due to the activation of the development of
filamentous sulfur bacteria, the causative agents of activated sludge bulking, are considered.

Mepexi BOJOBIJIBEJICHHS BHKOHYIOTh BRKJIHMBY TPHPOJOOXOPOHHY (YHKIIIO, 3a0e3nedyroun
€KOJIOT1uHy Oe3MeKy MUTHOTO Ta IPOMHUCIIOBOTO BOJOKOPUCTYBAHHS, ajle SIK MacIiTaOHi IPOMUCIIOBI 00'€KTH
€ (aKTOpoM TEXHOT'C€HHOI'O E€KOJIOT1YHOro pu3uKy. OAHMUM 3 HaWOUIBII 3HAYYHIIMX (AKTOPIB PU3HMKY NPH
eKCIUTyaTallii CropyJl BOJOBIJIBEJICHHST € YTBOPEHHs Ta HAKONMHMYEHHS B EKCIUTyaTalliiHUX CepeoBHIIax
KaHami3alifHUX TpyOONpOBOAIB (CTiUHIA BOJI, MiACKJIECIMHEBOMY NPOCTOPi, KOHIEHCATHIM BONO31i Ha
CKIIETIiHHI) CIpKOBOJHIO, HOTO IMOXiTHUX Ta MPOIYKTIB okucieHHs. Llei cipkoBomeHs, sk i B Oiocdepi, Mae
MiKkpoOionoridyae moxomkeHHs. CaMOTIMBHAN KaHAI3aMiiHUN KOJIEKTOP MOKHA PO3TIISIATH SIK TEXHOTCHHY
EKOCHCTEMY, siKa BKJIIOUAE TpH (asu: piiky (CTiYHI BOAM, IO TPAHCIIOPTYIOTHLCS), ra3onoiony (armocdepy
KOJIEKTOpa) Ta TBepAy (OETOH CKIIeMiHHA), Ta iX MikpoOioneHo3u. ['0oBHIM py1IieM TpaHchopMaLii CHONYK,
OKHCJICHHSI-BIITHOBJICHHSI €JIE€MEHTIB, 1X Mirpauii 3 pigkoi ¢asu B razomnomiOHy, HOTIM y TBepAy i 3 Hel
(4acTKOBO) - BUXIJHY Pi/IKY, € MIKPOOPTaHi3MH.

VY cTiuHMX Boxax (BoIHIM (a3l eKocHCTeMH), IO TPAHCIOPTYIOTHCS, MEPEBAXAIOTh I'eTepOTPOdHi
(hakyIbTaTUBHO i OOIraTHO aHaepOOHI MiKpOOIOIOTiIUHI MPOIIeCH, MO 3/MIHCHIOIOTHCS BUTBHOIUIABAIOUYUMHU Ta
iMMOOLTI30BaHUME MikpoopraHizmMamu. Cepesi HUX OJMH 13 TEPEBOKHHUX IMPOIECIB - MiKpoOiogoriuHa
cynbdarpeaykiisi, sKka MPU3BOJUTH IO YTBOPEHHs TazomoaioHoro HoS.

HakonuuenHst wmi€i cnoiaykd B CTIYHHMX BOJAx, IO TPAHCHOPTYIOTHCS, CTBOPIOE MPOOIEMH ISt
€KOJIOTigHOi O€3MeKH BiABEACHHS CTIYHHX BOJ, CKCIDIyaTaIliifHOI TOBIOBIYHOCTI OCTOHHHX TPYOOTPOBOMIB
BOJIOBIABEACHHS Ta JUIS EKCILTyaTaIliiHOI HAAIMHOCTI Ol0JIOTIYHOTO OYHIINECHHS CTIYHMX BOJ Ha MICBKHX
OYHMCHHUX CIIOpyJax KaHami3zamlil. Bukuam cipkoBOOHIO 3 KaHaIi3aliiHUX MEpEK CTBOPIOIOTH EKOJIOTiYHY
HaNpYXEHICTh Y IPUWIETTNX MICHKHX PETiOHaX, OCKUTBKM KOHLEHTpALlisl B HUX CipkoBoAHIO nepesuirye I'JIK
JUTSL HaceJIeHUX Miciib. KpiM TOro, CipKOBOJIEHb, 1110 HAKOMIUYIYETHCSI B aTMOC(Epl CAMOILIMBHOI'O KOJIEKTOPA,
PO3UMHSAETHCA B KOHACHCATHIH BOJIO31 HA CKJEMiHHI KOJIEKTOpa 1 3a MPUCYTHOCTI B CEPENOBHUINI KHCHIO
OKHCIIIOETHCSl AaBTOTPOQHUMHU Ta MIKCOTPOQHUMH TIOHOBUMH OaKTepissMU 110 cipyaHoi KHCIOTH. Takum
YHHOM, Yy Ta30MOBITPSHOMY CEpPEJOBUINI IMiACKIEIHEBOTO MPOCTOPY, MO MICTHTh CIPKOBOJICHbB,
Oe3rocepeIHIiM arpecMBHUM arcHTOM I10 BIIHOIIEHHIO 10 OETOHY € cipyaHa kucioTa (koposis Il Bumy 3a
knacudikaniero B.M.Mocksina). Taka kopozis € npuunHoro 70-75% aBapiii Ha 3ami300€TOHHHX
TpyOONIPOBO/IaX BOJOBIJIBEJICHHS MICHKHX KaHATI3aiMHUX MEpeX, 3HIDKYIOUM iXHIO JIOBTOBIYHICThH 13
mwiaHoBanux 50 g0 10-15 pokiB. A yacToTa aBapiii Ha 3aJ1i300€TOHHUX TPYOOIPOBOJAX BOIOBIIBEIACHHS
(moBxmHa AKUX CTaHOBUTH 25 % mpoTspkHOcTi Beiel mepexi) 1,8-4,6 kM/pik y 2-4 pasu BUILIA, HIX Ha
kepamiyHux Ta 'y 20-40 pa3iB Buila, HiX Ha HerIIHUX. OCKUIBKHA OSTOH 1 3a11300€TOH 3aCTOCOBYIOTHCS IPU
OyZIBHHUIITBI BEJIMKOMACIITAOHUX CIOPYJ BOJOBIZABEACHHS, TO BiIMOBH B iX po0OOTi, a TUM Oijblie aBapii,
CIIPUYUHSIOTh HE TIIBKM 3HA4YHI €KOHOMIiYHI 30WTKH Ta TOPYIICHHS Y MisIIBHOCTI MiANMPHEMCTB, ane U
IHTEHCHBHE 3a0pyIHEHHS BCiX cepefoBuIl Oiocdepu 3 JOBrOCTPOKOBUMH EKOJIOTIYHUMH HACTiKAMH Ta
3arpo3010 0E3MEeUHIN KUTTENISIIBHOCTI MEIIKAHI[IB MICT.

HasiBHICTh CIPKOBOJIHIO B CTIYHMX BOJaX CTBOPIOE HAJ[3BHYAIHI PU3UKU IS TPOBEICHHS 010J0TIYHOT
OYMCTKH CTIYHUX BOJA B aepoTeHKaxX. CipKOBOJCHP iHIIIIOE€ IHTEHCHBHUN PO3BUTOK B aKTHBHOMY MYIIi
cipyaHux HUTYacTHX Oaktepiit: (pizHux BuAiB Thiotrix, B Tomy uncii Type 021), siki CIpUYUHSIOTH TaK 3BaHE
CIyXaHHS aKTUBHOTO MyJy. BOHO KapJuHAIBHO MOPYIIYE MPOIEC BiIiJIEHHS aKTUBHOTO MYJTY BiJl OYHMIIICHOT
CTiYHOi BOOM y BTOPHMHHHX BiJICTiMHHKaX. PO3BUTOK Takoro akTMBHOTO MYJIY CYTTEBO 3MEHUIYE €(eKT
BUAAJICHHS CIIOJIYK a30TY 3 CTIYHUX BOJ, IPU3BOAUTH 10 3MEHILEHHs 00’ €My HaAMYJI0BOI BOJH, HOTIpIICHHS
LIUTBHOCTI Ta BOJOBIIa4i MyIly, MiIBUIICHHS BMICTY 3aBHCIHMX PEUOBHMH B OUMIIEHIH BOJ1, BAHOCY YaCTOK
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MyJTy pa3oM i3 OYHIIEHOIO BOJOO 1 3HIDKEHHS KOHIIEHTPAIlil aKTHBHOTO MYITy B PEIUPKYISIIHHOMY TTOTOIII
QX JI0 TIOBHOTO BHHOCY 3 CUCTEMH.

PesynpTaTi BU3HaUEHHSA KOHLEHTpALil CIPKOBOJHIO B pi3HUX (a3ax KaHai3alifHUX KOJEKTOPiB B M.
XapkoBi Ta B CTIYHUX BOJAX, 1[0 OOPOOITIOIOTHCS Ha MICBKUX OYHCHUX CIIOPY/IaX, IPECTaBICHO B Ta0II.

Tabauys 1
KonuenTpauis H.S Ta 6akrepiii, 110 nepeTBOPIOIOTH CipKOBMIiCHI cioTyKH,
B Pi3HMX cepeqOoBUIAX HA TUIAHKAX KaHAJi3aliiHoi Mepe:ki i 0UMCHUX CIOPY
Cepenosurie Hinsaka Konnentpartis Konmentpartis 6akrepiit, mo
KOJIGKTOpa CHOJYK CipKH MIEPETBOPIOIOTH CIIOJYKHU CIpKH
Criuni BOJIH, 10 1 15,3-25,5 mr H.S/am® 10° xi/em®
TPAHCIIOPTYIOThCS 2 4,8-5,7 mr H,S/mm3 10° x/em®

cynmbdarpeaykyrounx 6akTepii

AtMmocdepa  TiACKIENiHEBOrO 1 100 -150 mr H.S/m®

pPOCTOPY 2 1-12 mr H,S/m®

BeroH  HamABOAHOI  YaCTHHHU 1 2,95-442 % S 2,9 108 ki1/r GeTony
KOJIEKTOpa 2 1,28-1,50 % S 10%kn/r 6eTOHY TiOHOBHX
IBuakicTe KOpo3ii  OeToHy, 1 6,0 MM/pik OakTtepiit

MM/piK 2 0,1 mm/pik

Criyni BOIM, 110 HAIXOMATH Ha 1,5 -2,0 mr/am® HoS 0,1-0,5 r/am®uuTHacTux
OYNCHI CIIOPYAU Oaxtepiit Type 021N

Jl1st motoTaHHsI HeTaTUBHUX HACHIAKIB HAKOTTMYCHHS CIPKOBOJIHIO B CTIYHMX BOJaX B KaHAJI3aIiitHIX
Meperkax po3po0JICHO LUK PsiI 3aX0iB, SIKI CTOCYIOTHCS MPUAYIICHHS CYIb(paTpeayKIlii, SMECHIIICHHS eMicii
CIDKOBOJHIO 3 CTiYHMX BOJ B MiACKICHIHEBUH MHpOCTip, 3aXUCTy OETOHY HAABOAHOI YaCTHHU CHOPYA
BOJIOBi/IBe/IcHHA. [IpoTe MpakTHYHO BIPOBAKCHHMH (O TOTO X Ha HE3HAYHIH KITBKOCTI 00’€KTIB B
OCHOBHOMY 3a M&XaMU YKpaiHt) € JIWIIEe METO]l IPUIYIICHHS CyJIb(haTpeayKIii 3 TOMOMOTO0 JI0JaBaHHS JI0
CTIYHMX BOJ HITpaTiB abo iHmMmMX peareHTiB mius miaBumieHas OBII, merox 3B’s3yBaHHS YTBOPEHOTO
CIPKOBOJIHIO B HEPO3YMHHI CIIOJIYKH 3 JIOIIOMOTOI0 COJIeH (pepyMy Ta BUKOPUCTAHHS 3aXMCHUX TOKPUTTIB
OCTOHHMX TIOBEPXOHb 3 JIOTIOMOTOO JIUCTOBOTO MOJIIETHUIICHY.

Hapasi B sikocti 3aco0y s 3MEHINIEHHS HETaTUBHUX HACIHiJKIB YTBOPEHHS CIPKOBOJHIO B
KaHaJi3al[iiHIX MepekKax CTa€e JOCTYITHUM METO]] OXOJIOJKSHHS CTIYHUX BOJ, SIKHM KOMIUIEKCHO MPUTHIUYE
Cynb(haTpeayKIIif0, EMICit0 CIPKOBOIHIO 3 BOAHOTO CEPEIOBUINA Ta aKTUBHICTh BUKUAY Ta30IOIOHUX CIIOIYK
3 MepeK. Panile MacitabHe OX0JIOIKEHHS CTIYHIX BOJI B MEpekax OyIIo TEXHIYHO HEMOKIIHBO 1 EKOHOMIYHO
HEJIOLIJIBHO peaji3yBaTH, a Hapa3i BKe MPOMHUCIOBO BHITyCKAaIOTHCS TPYOMW 1 cremiaibHi KOHCTPYKILII A
BiJIBEJICHHs TeIIa BiJl KaHANi3amiMHWUX CTIYHWUX BOJ, IO ycmimHo Brposamxkeni B [lIseitmapii, LlBemii,
BenukooOpuranii, ®innauaii, Kanasmi. [1o3uTHBHMIA BIUIMB BUKOPUCTAHHS TEILUIOBOI'O HACOCY Ha MPOJIYKIIIIO
CIPKOBOJIHIO B CTIYHHMX BOJIaX JOBEJICHO TAKOX IPU SKCIUTyaTallii KaHaTi3alliHiHUX MEPEX B M. XapKOBI.

TakuM YWHOM, TEXHOJOTIs, CIPsSMOBaHa Ha Bi0ip TEIUIOBOI €Hepril 31 CTIYHUX BOJ, HAJA€ HE TLTBKU
aJbTePHATUBHE JKEPEJIO TEIUIONOCTaYaHHS MICTa, ajie W IMiJBUINYE EKCIUTyaTalliiHy JOBIOBIUHICTH Ta
€KOJIOTIUHYy O€3MeKy CHUCTEM BOJIOBIJIBEJICHHS 4Yepe3 3MCHIICHHS YTBOPEHHS Ta BUKWAY CIpKOBOJHIO 1
YCYHEHHS 3arpo3u KOpo3ii 06TOHHUX KOHCTPYKIIiH; iIBUIEHHS HAMIHOCTI OYMCTKH CTIYHMX BOJ] HA MiCBKHX
OYMCHUX CMOPYJaX depe3 3MEHIIICHHS 3arpo31 HUTYACTOTO CITyXaHHS aKTUBHOTO MYITy.
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YUMMUP 1.C., JIIOTA O.B. (YKPAIHA, JILBIB)
BIIJINB BOEHHUX JIIM HA CTAH ATMOC®EPHOT'O ITOBITPSI YKPATHH
Hayionanonuu ynieepcumem «JIvgiscoka nonimexuixay
79013, eynuys Cmenana banoepu, 12, Jlvsis, Yxpaina, irachmir2701@gmail.com

Abstract. Since the Ukrainian cities of Donetsk and Luhansk regions were captured by Russian sabotage
groups, the environmental situation in Ukraine began to deteriorate. It began to acquire critical proportions
after the beginning of a full-scale invasion, because military operations began on the entire territory of Ukraine.
Constant shelling and bombings cause critical damage to the environment. Ukrainian nature is another victim
of Russian aggression. The war affected every component of the environment - animal and plant life, water,
air, soil. The consequences of this negative impact will be long-term and will have not only a local, but also a
global character.

Bin mouatky nmoBHOMacImTabHOro BTOPrHEHHS BiCHKOBI pOCiCBhKOI (enepanii 3aBaanu moHag S Tuc.
pakeTHUX 1 OmM3bKO 3,5 THC. aBialiifiHUX ynapiB Mo 00’ekTax Ha TepuTopii Ykpainu. [lonam 180 Tuc.
KBaJIpaTHUX KIJIOMETPIB YKPAiHChKUX 3€MeJIb, YPAXKEHUX POCIHCHKUMHU OKYIaHTaMH, HEOOXIAHO 00CTEKUTH
Ha MiHHO-BHOYXOBi PEYOBUHHU.

OnHUMH 3 TEePIIUX TOCTpaKAaal HadToOa3m (camMe BOHU B Pi3HHUX PETiOHaX CTall HAWTIONIMPEHIIIO0
KaTeropiero 00'€KTIB TEXHOTeHHOI HeOe3MeKkW, IO MiJAaBauCh IIecpsIMOBaHUM oOcTpiiaM). Bcboro
noctpaxnano He MeHie 60 Hadro0a3 Ta IHIIMX CXOBHUIL NAJTUBHO-MACTHIBHHUX MaTepialiB y 23 oOmacTsix.
AOu ysSBUTH MaclITabu Tpareii, 3TiIHO OI[IHKK €KCIEPTIB, IiJ] Yac O/IHIi€T MoXkeki Ha HadToO0a31 BUALIIETHCS
NPUOJIM3HO CTUTBKK X atMoc(epHOro 3a0pyaHEHHS, CKiIbKH BHPOOIIsie Bech TpaHcHopT Kuesa 3a micsiipb.
Cepen 3a0pyIHUKIB: BYTJIEBOAHI, TIOKCH] a30Ty, CIpUYMCTHH aHTiAPUT, CIpKOBOAEHB, (hopManbaeriz i caxa.
KopoTko kaxxy4n, perienT HaJiitHOrO OHKOKOTEWITIO.

Jpyroro rpymoro mijiecrpsiMOBaHUX OOCTPLTIB CTAJIN CKJIAJH JIETKO3aMUCTUX PEYOBUH (J1akH, (hapOu)
Ta BeJuKi OyniBenbHI cynepmapkeru Mepexi “Eminentp”. lotyxkHa noxkexa oxomnwna 17.03 HaiOinbmui
puHOK €Bporm — bapabamroBo (M. XapkiB). 3a3Hada€eThCs, IO IMiJl Yac TOPIHHS BiMOYJIOCh 3a0pyIHEHHS
aTMOC(EPHOTrO MOBITPS HEOPraHi30BAHMMU BUKHIAMH PEUOBHH, K1 3a0pYIHIOIOTh JTOBKIULIS.

[HI1 06'€KTH, IO CTAH JKEPETIOM 3a0pyAHEHHS aTMOc(epHu BHACIIIIOK OOCTPIIiB, CTAIU I'a30TPOBOIH.
o mpuknagy, 3pyiHHOBaHHH Ta30MpoBix y XapKoBi, IO CIPHYUHHUIO MOTY)KHAN BHOYX Ta yIapHY XBUIIIO,
sIKa MOIITKOAMIA OYIiBIi B KUTIIOBUX palloHax MicTa, y M. CBITJIIOHapCHKY, Jie MaciTaOHa MoXKexka TprBaja
KiJbka roauH. Toro s JIHS aBiallis BOpora 3apjaja yjaapy Io ra3oBii mMarictpam JoHenbk—Mapiymoib, jie
cTaBcs BUOYX 1 IMOXeKa; 110 Ta30MIPOBOAY Ha MiAIPUEMCTBI ABIITBChKHUIT KOKCOXiM , 23.03 — 1o razompoBoy
B M. TpocTaHIIi.

Bepyuu no yBaru, HaBeJeHI BWILE JOKa3M EKOJIOTIYHUX 3JIOUMHIB POCIHChKOI Qenepailii, MOXHA
3pOOUTH BUCHOBOK, IO pPE3yJIbTAT BUOYXYy uu moxkexi — e He mpocto CO; + HyO sk B HIKITBHOMY
niapy4yHuKy. KimbkicTs aTMoc(epHHX 3a0pyAHUKIB 3aJI€KHUTh BiJl TOTO, IO caMe BUOYXa€ 1 K JOBIO TOPUTD.

Komu pakeTn, apTriiepiicbkuii CHapsi 91 MiHa JIETOHYE, YTBOPIOETHCS IITHH P XIMITHHX CIIOTYK —
yanguuii ra3 (CO), Byrmekucnuii ra3z (COp), 3akuc azory (N20), dopmansaerin (CH20), mapu miaHucToi
kucinota (HCN). KpiM HUX TakoX yTBOPIOETHCS TOKCHYHA OpTraHiKa i MOYMHAIOTh OKHUCIIOBATUCS IPYHTH Ta
JepeBUHA y 30HiI ypaxkeHHs. [Ipu BHOyXy BCi peuOBHHU NPOXOIATH MOBHE OKUCHEHHS, a MPOAYKTH XIMIYHOT
peaxiiii BUBLIBHIIOTHCS B aTMocdepy, e MIFPYIOTh CBITOM 1 CIIPUYMHSIOTH TOJAJIbII KUCIIOTHI JOIII.

Cepen HETOKCHYHUX BUKHIIB BiJl 3aCTOCYBAHHS PAKETH BHUIIJICHHS TAPHUKOBHX T'a3iB — BOASHOI Mapu
Ta Byriaeuto. [IpoTe i BOHM BIUIMBAIOTh Ha JOBKUUIA, MPOBOKYIOUM 3MIiHHM Y KiliMaTi. | ToAi 11e BXKe CTOCY€EThCS
He OJHi€l KpaiHu, a BChOTO CBITY.

3araipHa Maca BHKHJIIB Y MOBITPSI IPH PO3PHBI PaKeTH, HANPHUKIIAI Takoi, ik «Touka Y», CTAHOBHTH
npubnm3Ho 60 Kinorpamis. SKIO NPUITYCTUTH, 11O BCi BUITYLLEHI pakeTH pocieto e “Touka Y, To 3arajabHAR
oOcsr BUKUAIB Y oBiTpa ctaHoBUTHME 240 ToHH. IIpn oMy, Y po3paxyHOK BXOJSTH JIUIIE BUKUIH TiTbKH
BiJ] caMoi pakeTH, 0e3 BUKHIIB CIIPHYMHEHNX HEIO PYHHYBaHb Ta TIOXKEK.

Otxe, 3 oIy Ha 30UTKH, SIKi BINCHKOBI Jii CHPUYMHSIOTH HE TUIBKU 1HQPACTPYKTYpi Ta HACEICHHIO
VYkpainu, MO>KHa CTBEPUKYBATH, 110 POCiS YHHUTH €KOLMI Ha HAlTii TepuTopii. Baxkko HaBITh ySIBUTH CKiJIbKH
gacy TOTpiOHO HA OYHWINICHHS Ta BITHOBJIICHHSI HAIUX 3eMeNb Ta MOBITps. [Ipore 3po3ymino Bke 3apa3 —
HACJIAKY ITi€l BIHHN KOXKEH YKpaiHelb BiAUyBaTUME Ha c00i Iy)ke TpuUBajauil dac. Exosorist Ta ii BIDTMB Ha
3IIOPOB’ Sl KOXKHOT'O YKPATHIIS € OJIHI€I0 3 IPOOJIEM MICIIIBOEHHOTO BiIHOBJICHHS B YKpaiHi.

33


mailto:irachmir2701@gmail.com

WATER SUPPLY AND WASTEWATER DISPOSAL

DYBEK B., ANDERS D., HERKOWIAK M., HOLAJ-KRZAK J.T.,
WALOWSKI G. (POLAND, FALENTY)
MANAGEMENT OF AGRICULTURAL WASTE - POLYDISPERSE SUBSTRATE, FOR
THE NEEDS OF A MOBILE MICRO-BIOGAS PLANT
Institute of Technology and Life Sciences - National Research Institute
Falenty, 3 Hrabska Avenue, 05-090 Raszyn, Poland; g.walowski@itp.edu.pl

Abstract. As a result of the litter-free animal husbandry system on farms, slurry is produced which is a
valuable source of fertilizer. However, its use in excess or in inappropriate agrotechnical periods can seriously
pollute the environment. Slurry is a natural liquid manure, a mixture of faeces, urine and water that may be
successfully used in the methane fermentation process in a vast number of agricultural biogas plants. Urine
consists of 96% of water and contains inorganic and organic nitrogen compounds, vitamins, hormones and
enzymes. Faeces comprises feed residues (digested and undigested), body secretions and bacteria and their
metabolic products.

The authors of this study presented a prototype installation for the management of a polydisperse
substance, which includes:

1). Preparation and dosing of biomass feed into the methane fermentation module;

2). Biogas production: - fermenter system, - raw gas tank, - digestate management;

3). Installation for the collection and preparation of treated biogas;

4). Power generator;

5). Auxiliary installations: electrical, thermal and pneumatic installations, control system.

The properties, types and physicochemical aspects of the polydisperse substrate (pig slurry) used in the
fermentation process were presented. A pilot biogas purification installation was presented on the example of
a farm with 1,100 Dan Bred pigs kept in a grate system. The tests were carried out to measure the biogas flow
rate resulting from the reference pressure in the fermenter. An independent assessment of the amount of biogas
and pressure drop in the framework bed was carried out. The basis for assessing the hydrodynamics of gas
flow through the adhesive bed is the flow characteristics resulting from the pressure forcing the flow. The
measurement results indicate the practical use of pig slurry - a substrate in a polydisperse system for the
production of agricultural biogas in the context of renewable energy. The tests were carried out for 49 days,
which shows that it is more advantageous to mix hydrodynamically, obtaining CH, at the level of 80%.

Introduction of digestate (digested polydisperse substrate) to the market as a fertilizer or agent improving
soil properties - the ratio of nitrogen, phosphorus, potassium is similar to slurry. In addition, the digestate also
contains calcium and magnesium as well as organic matter. The digestate is practically homogeneous, so there
is no problem of different nitrogen concentrations, as is the case with slurry.
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BOPHUCOB 1.0., TEBOJ] B.C., KOBAJIEHKO LJI. (YKPAIHA, JHITIPO)
BE3PEAT'EHTHE 3HUKEHHS I''IPOTEHKAPBOHATHO-KAJIBIIEBOI
AKOPCTKOCTI BOAU: PIBHOBAKHI CTAHU TA KIHETUKA
Yrpaincoruil oepoicasruii Ximiko-mexuHoi02iuHull yHigepcumen,

49005, np I'aeapuna, 8,. m. JIninpo, Yrpaina, aquilegya@ua.fm

Abstract. The analysis of equilibrium states and the kinetics of changes in the concentrations of the
components of the carbonate system in water with different calcium hardness was performed, and the
possibility of reducing this indicator by an environmentally friendly method - aeration - was evaluated.
Changes in the concentrations of dissolved carbon dioxide, calcium ions, hydrogen ions (pH), hydrogen
carbonate and carbonate ions in water were monitored depending on the partial pressure of carbon dioxide in
the soil and atmospheric air and the kinetics of the reduction of hydrogen carbonate-calcium hardness of water
during its natural and forced aeration.

B YkpaiHi 1ieHTpaii3oBaHUM BOJOIOCTaYaHHAM 3a0e3nedeHo 23,5% cin. Perra HaceieHHs ClLIbChKHX
TEPUTOPIM BUKOPUCTOBYE BOAY ISl MUTTS Ta FOCHOAAPCHKOI AISUTBHOCTI 3 MiA3eMHUX jkepen. llpu upomy
TOJIOBHOIO BUMOT'OIO 10 BOJH 3 JKEPeJl ACLEHTPai30BaHOr0 BOJOIOCTaYaHHs € i Oe3leka, a TaKoX HajiliHa
po0OTa yCTaTKyBaHHS Ta MPUIIAIIB, 110 KOHTAKTYIOTh 13 BOAOK0. SK IMOKa3aau JOCHIHKSHHS , 3HaUYHa 101 (Bij
14,2% no 45,6%) npo® Boaw, 3 NENEHTPATi30BaHUX JKEpEN, HE BiIOBila€ HOPMAaTHBaM 3a CaHITapHO-
XIMIYHUMHU MOKa3HUKAaMH, Y TOMY YHCIi 33 MOKa3HUKOM >KOPCTKOCTI. OTXKe, He3aJIe)KHO BiJ NMPHU3HAYCHHS
BOJIM, 32 YMOBH BiJIXHJICHHSI TIOKa3HUKIB i1 )KOPCTKOCTI BiJI PETIaMEHTOBAHUX HOPMATHBIB, BOHA IiJJIsTAE
KOHIUIIOHYBaHHIO. JIJisi 3HIDKEHHS »OPCTKOCTI BOJM 3aCTOCOBYIOTh pEareHTHI (BallHyBaHHSI, COJIO-
BallHyBaHHA, 10HHUI 0OMiH) i Oe3peareHTHI (3BOpOTHHH ocMmoc) Meromu. Ilepmm MaroTe mepesary mnpu
HEHTPaJli30BaHii  BOJOMIATOTOBI, a JApYyri TpW JAeneHTpaiizoBaHid. CTpuMmyrounMu QaxTopaMu
BUKOPHUCTAHHS 3BOPOTHOTO OCMOCY 1 iI0HHOTO 00OMiHY € BUCOKI iHBECTHIIiIHI, 1 €KCIUTyaTallii{Hi BUTPATH.

B po60oTi po3kpuTO anbTepHATHBHMI IUISIX 3MEHIIEHHS T1JpOKapOOHATHO KaIbIi€BOT )KOPCTKOCTI BOJIH.
L5t >KOpCTKICTD Y IPUPOIHIM BOAI 1€TEPMIHOBAHO NOEIHAHA 3 KOHLEHTPALISIMH PO3UYMHEHOTO BYTJIEKHCIIOTO
razy Ta 10OHIB TigporeHy. Y BOJOBMICHMX MIapax, BOJa 4YacTO-TYCTO Ma€ BHCOKI KOHIIGHTpaIii
rigporeHkapOOHaT-10HIB, I0HIB BOJIHIO 1 KaTiOHIB KaibIlito. [IIBuaKe 3HIKEHHS KOHIIEHTPAIIi TUX CKIIAJT0BUX
y BOJIi MOXe 3a0e31meuuTH ii MpoayBaHHS IIOTOKOM MiKpOOYyIh0aIIOK aTMOC(EPHOTO MOBITPA.

BukoHaHOo aHaii3 3MiH KOHIIGHTpAIliii pO3YMHEHOI BYTJIEKUCIIOTH, 10HIB Kajblito, 10HIB BoaHIO (pH),
riiporeHKkapOoHaT i KapOOHAT-IOHIB Y BOZ1 B 3aJIeKHOCTI BiJl MapIiajJbHOTO THUCKY BYIJIEKHCIIOrO rasy B
aTMoc(hepHOMY TOBITPi, 1 pO3paxOBaHO KiHETHUKY 3HIDKEHHS TiIpOTeHKapOOHATHO-KaJbII€EBOI KOPCTKOCTI
BOJIM 3a YMOB ii IpUpOIHOI Ta mpuMycoBoi aeparii. [lokazaHo, 110 KOpCTKa BOJA MIBUIKO MOM'SIKIIYETHCS
xopcTrocti B 100 miTpax Boau Bijx 8 Mr-eKB/I 10 1 Mr-eKB/JI MOKHA IOCSTTH MPUOTU3HO 32 20 XBUIINH, SKIIO
il mpoyBaTH MOTOKOM OYITBOAIIOK aTMOC(HEPHOTO TOBITPS 13 cepenHiM paxiycom 50 MM i BuTpaToro 10 1/xB.
[TprBabIUBICTH IIBOTO CHOCOOY MOJIATAE B HOTO €KOHOMIYHOCTI Ta eKoJioriuHocTi. Tlopsia i3 dKOpCTKICTIO 13
BOJIM BUIAJSETHCA 3al1i30, CIPKOBOEHD 1HII 10HI BAXKKMX METAIIB, ajie y CKJIaJi BOAM 3AJIUIIAETHCS MarHii,
BIUIMB SIKOTO Ha 37I0POB'S JIOAWHM Ba)XXKKO TIEPEOI[IHHUTH 1 KW HE 30epiracTbcs y BOML 3a 3aCTOCYBaHHS
3BOPOTHOTO OCMOCY a00 iOHHOTO OOMiHY. AepalidHuil croci0 3MEHIICHHS JKOPCTKOCTI BOAM MOXE OyTH
BUKOPHUCTaHUI sk y mpucTtposix "Point-0f-Use", Tak 1 mans ii monepenHpol MiArOTOBKH Ha MiANPUEMCTBAX
BOJIOKAHAIB.
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TSYTLISHVILI K. (UKRAINE, KHARKIV)

A NOVEL APPROACH FOR DEACTIVATING ANTIBIOTICS FROM WASTEWATER
BY COMBINATION BIOSORPTION METHOD AND ADVANCED OXIDATION
PROCESSES (AOP)

National University of Civil Defence of Ukraine, Kharkiv, soroka.soroka2@gmail.com

Abstract. In this study, it was aimed to develop modern environmentally friendly and highly efficient
methods of antibiotic treatment and disinfection of wastewater generated by domestic activities, food factories
and the pharmaceutical industries. At the same time, constant release of antibiotics in natural waters does not
only cause toxic effects on aquatic organisms but also spread antibiotic resistant genes to the environment,
threatening the future effectiveness of existing antimicrobial drugs.

The novelty of this method lies in the combination of several techniques, which will allow to obtain a
synergistic effect when using oxidizing elements in low doses. In addition, the new method allows disinfection,
deodorization, detoxification and decolorization of wastewater. Environmentally friendly oxidizing agents to
achieve stable operation of activated sludge microbiocenosis community. Advanced biosorption methods
based on the process of water purification by immobilized biocenosis on inert polycarbonate disc carriers,
which in turn ensure the destruction of organic matter, nitrogen and phosphorus compounds, etc. with a
combination of deep oxidative processes (AOP) (Fig. 1). The present invention provides a highly efficient
technology for the decontamination of antibiotics from polydisperse wastewater.
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Fig. 1. Scheme for inactivation of wastewater from antibiotics by biological and AOP methods

This developed method is environmentally safe, since the reactions that occur do not produce toxic gases
and most of the greenhouse gases that would be released into the atmospheric air with traditional cleaning
methods, and no waste is generated that requires removal and subsequent disposal, inactivation, or burial. Have
been evaluated the effectiveness of a combined biological and advanced oxidative processes (AOP) treatment
using O, + H,O2 + UV and combination TiO, + UV for treating water containing various antibiotics. During
the AOP treatment of wastewater, hydroxyl radicals (OH-) are generated in sufficient quantity to remove
refractory organic matters, traceable organic contaminants, or certain inorganic pollutants, or to increase
wastewater biodegradability as a pre-treatment prior to an ensuing biological treatment. Also, the combined
process has higher synergetic effects for biodegradability enhancement and reduces the toxicity, protect the
microorganisms from inhibitory compounds, etc. Optimum pretreatment conditions reduce the cost and energy
consumption of electrochemical treatment. The integration of AOP as pretreatment for biological process
ultimately results in reducing the operation cost and environmental impact.
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SOROKINA K.!, KOBYLIANSKYI1 V.1, TSAPKO N.? (UKRAINE, KHARKIV)
ENSURING MICROBIOLOGICAL SAFETY OF DRINKING WATER
1 0.M. Beketova National University of Urban Economy in Kharkiv
61002, 17, Marshal Bazhanov Street, Kharkiv, Ukraine; kbsorokina@ukr.net
2 Ukrainian Scientific and Research Institute of Ecological Problems,
61165, 6 Bakulina Street, Kharkiv, Ukraine; tsapkonatali@gmail.com

Abstract. The main features of water disinfection using chlorine-containing reagents are considered.
Opportunities and problems of ensuring microbiological safety of water in conditions of a decrease in its
quality in centralized water supply systems, with limited access to water of acceptable quality and the need for
long-term storage for use are highlighted. Reagents have been identified that can be used to organize field
water supply or by civilians to ensure harmlessness and satisfactory organoleptic properties of water in
emergency situations.

The set of technologies, structures and devices that make it possible to bring the quality indicators of
natural water to regulated drinking water standards includes various methods for removing unwanted particles,
dissolved impurities, biological substances and gases. Depending on the principle of operation of cleaning
devices, physical, chemical, biological, physical and mechanical cleaning methods are implemented.

One of the most important stages of water treatment is disinfection - purification of water from
microbiological contamination. Disinfection methods serve to destroy pathogenic microorganisms, viruses and
bacteria. To implement disinfection, chlorination, ozonation, iodination, heat treatment, the use of ultrasonic
units, the use of silver, the combined use of several reagents and a combination of chemical and physical effects
are proposed as the main technological solutions.

The main disinfection technology accepted at most municipal water treatment plants is chlorination.
This demand is due to the relatively low cost of reagents and ease of maintenance. Chlorine and its derived
products have a destructive effect on the substances of bacterial and viral cells. In addition to the advantages,
chlorination of water also has its disadvantages. The main disadvantage is the risk of formation of chlorine
derivatives, which have carcinogenic properties. Boiling chlorinated water only aggravates the situation, since
under the influence of high temperatures new toxic substances can form in it.

The most common reagents for water disinfection are chlorine gas dissolved in water (Clz, HOCI,
ClO") or its oxygen compounds (calcium hypochlorite Ca(ClO)2, sodium hypochlorite NaOCI, bleaching
powder 3Ca(OH),-2Cl,, chlorine dioxide CIOy).

Technological and operational factors that determine the effectiveness of the bactericidal effect of
chlorine-containing reagents are their doses and duration of contact with water. To determine the estimated
amount of reagent for water disinfection, the total chlorine requirement of water is taken into account, the
components of which are chlorine absorption and a regulated excess of chlorine, the task of which is to ensure
a bactericidal effect for a given period of time. This is necessary, since in drinking water supply systems with
surface and underground water sources and a large length of main water pipelines (several tens of kilometers),
a deterioration in the quality of drinking water is observed during operation due to the development of
microorganisms and hydrobionts in fouling and sediments of water pipelines. Surface water, although treated
at water treatment plants, differs from underground water in the abundance and diversity of microflora and
aquatic organisms, a higher content of organic compounds and nutrients and, as a result, more intense
biological processes in transportation systems, leading to deterioration of water quality.

As is known, depending on conditions of the technological process of water purification and its chemical
composition, active chlorine can exist in the form of free or combined (bound). If the water does not contain
ammonium compounds, after the introduction of chlorine, at normal pH ranges in water supply practice,
chlorine can exist in the form of hypochlorous acid (HOCI) and hypochlorite ion (C10°):

Cl, + H20 — HOCI + HCI;
HCIO — H* + CIO..

The totality of these compounds is considered as free active chlorine.

If the water undergoing chlorination contains ammonium and organic compounds containing nitrogen
(proteins, amino acids), free active chlorine, interacting with them, forms chloramines and chlorine derived
products (NH.CI, NHCI,):

HCIO + NH4sOH — NH,CI + H.0:;
HCIO + NH>Cl — NHCl, + H-0.
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This chlorine, present in the form of 30 chemical compounds with ammonia and organic nitrogen
substances, is combined under the concept of “combined active chlorine”.

The study of the chemistry of ongoing processes shows that combined chlorine has a lower redox
potential and is inferior in bactericidal action to free chlorine, as a result of which the process of disinfection
with combined chlorine develops more slowly and lasts longer.

The importance of sanitary water safety increases many times over in conditions of declining water
quality in centralized water supply systems, with limited access to water of acceptable quality and the need for
long-term storage for use. At the same time, we are talking not only about the danger of contracting intestinal
infections and other life-threatening diseases when drinking water. This also applies to process water — used
for hygiene, food preparation, dishwashing, and laundry. Despite the fact that such water is not suitable for
drinking, it should still be safe for people and not contain pathogenic microorganisms.

The use of household filters for post-purification of tap water is one of the available methods that allows
you to improve the quality of the water used and get rid of secondary pollution, as well as adjust its mineral
composition to ensure physiological usefulness. Post-purification of drinking water using household filters
today should be considered as a necessary and equal element of the modern drinking water supply scheme,
which does not replace other elements or compete with them but complements the traditional drinking water
supply scheme.

However, in emergency situations associated with disruption of centralized water supply systems,
household post-treatment systems become useless.

In conditions of increased infectious risk, bottled water is the safest water to drink, but its availability
may be limited.

In decentralized water supply systems, water is often stored in reservoirs. Among the problems of
operating such tanks are:

- accumulation of sediment in tanks;

- leaks around tank fittings, damage of supply or discharge pipelines;

- overturning or subsidence of tanks;

- reproduction of microorganisms and algae;

- contamination getting into open tanks;

- mechanical damage to tanks;

- fire damage to water storage tanks.

The following can be considered as ways to ensure the sanitary safety of drinking water in conditions
of increased infectious danger:

- protection of water storage tanks with insulating coatings;

- treatment of container surfaces with biocidal reagents;

- use of reagents for water treatment that have an antimicrobial effect against bacteria.

Among the reagents that can be used to organize field water supply in emergency situations or for the
civilian population, the following can be mentioned:

- bleaching powder 3CaCl(OCl)-Ca(OH),, containing 30-35 % active chlorine;

- two-tertiary alkaline salt of calcium hypochlorite 3Ca(OCl),-2Ca(OH)-, the content of active chlorine
in which reaches 47-57 %;

- parasulfodichloramide of benzoic acid with soda and salt COOH C¢Has NCly; tablet form, 3.5 mg of
active chlorine per 0.75 | of water;

- isocyanuric acid and its sodium salt, tablet form, 4-4.5 mg of active chlorine per 0.75 | of water.

These reagents are produced in tablet or powder form, convenient for transportation and storage, and
highly effective.

The implementation of these measures will improve epidemiological safety, ensure the harmlessness
and satisfactory organoleptic properties of water in emergency situations.
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TPOXMMEHKO I'.T'., TOCTEBA JI.B. (VKPATHA, MUKOJIAIB)
CBEPAJIOBUHU SAK AJIBTEPHATUBHI J)KEPEJIA BOAOIIOCTAYAHHSA
Y MICTI MUKOJIAIB
Hayionanvnuiil ynisepcumem xopabaedyoysanns imeni aomipanra Maxaposa, 54025, npocnexm
Iepois Vkpainu, 9, Mukonais, Yxpaina, university@nuos.edu.ua

Abstract. After the destruction of the water supply system during the war in Mykolaiv, the possibility
of providing the city's population with drinking water from wells as an alternative source of water supply is
considered. A comparative analysis of the water quality of two wells from different districts of the city was
carried out. The study found that the following indicators were not met the hygiene standards for drinking
water: total salt content, nitrates, sodium, sulphates, dry residue and calcium. After the installation of the
treatment systems, the water met the standards.

Buacmigok ©OoioBux iii, MIBMIJTLHOHHE MicTO MMUKOJAiB JOBrUii dYac 3ajaumiagocs 0Oe3
HEHTPaIi30BAHOTO BOJIONIOCTAYaHHS. BpaxoByloun KpUTHUYHY CUTYAIIF0 B MICTi, 3[1HCHIOETBCS MOIIYK HOTO
aNbTePHATUBHUX JoKepen. KinbKicTh CaHKIIOHOBAaHUX 1 HECAHKI[IOHOBAaHMX CBEP/JIOBHH B MICTI
30iNbIIy€eThCS, OMHAK *)onaHa 3 HuX He Bimmorimae J[CanlliH 2.2.4-171-10 «l'irieHiuHi BUMOTH IO BOAH
IMATHOI. ..» 3a XIMIYHAMH ITOKa3HUKAMHU.

3 MeTOI0 TMoTepePKeHHs] BUHUKHEHHS €KOJIOTIYHIX HeOe3NeK, OB’ A3aHnX i3 BMiCTOM HeOe3lmeyHmnx
JOMIIIIOK Yy THTHIA BOJI Ta 3MEHIICHHS CTYIEHS EKOJOTIYHOTO PHU3WKY, BOJa, IO HAaIXOIUTh 0
LIEHTPATI30BaHKUX Ta HEIIEHTPAII30BaHUX CHCTEM IOCIIOIaPChKO-TTMTHOTO MPU3HAYCHHS, TOBUHHA TIPOXOAUTH
BIJIMOBIHY MiArOTOBKY. Boja He 3aBXIU OYMINYETHCS, SK Y BUMNAAKY MPUBATHUX CBEPIJIOBHH, BOIY 3
OLIBIIOCT] 3 HUX BUKOPHUCTOBYIOTH SIK TEXHIUHY, a00 sIK MUTHY 0€3 momepeaHporo ounieHHs. [lpore, xomm
CBEP/IJIOBHMHU BCTAHOBJICHI HA KOMYHAJIBHUX 00'€KTaX, Ki 00CIyroBYIOTh HE JIUIIIE OJHE TOCIOAAPCTRO, a Il
MIKpOpaHOHHU MICTa, TYT 3aCTOCOBYETHCS JIOKAIbHA CUCTEMa OUYHIIEHHS BOJIH.

Bymnu mocmipkeHi opraHOJIeNTHYHI Ta XiMiYHI TTOKa3HUKH SKOCTi BOJY Ha TIPUKIIA1 JBOX CBEPUIOBUH
3aBoaCchKOTO Ta IHTYyNmBCHKOTO palioHIB, PO3TANIOBAHMX Ha 00’ €KTaX KOMYHAIBHOI BIACHOCTI. 32 TaKMMHU
MOKa3HWKAaMH, sK: KaJaMyTHICThb, 3a0apBieHicTh, 3amax 20°C, 3amax 60°C, cmak Ta mnpucmak, pH,
rizpokapOOHaTHA MOPCTKICTh, 3aii30, KuceHb po3unHHWH, XCK, myXHICTh, aMOHIH, XJOPHUIN, OKHUCHO-
BiTHOBHHMI TMOTEHIiaN, KPEMHii, (EHOJH, XJIOp 3alHWIIKOBUH, Hom, ¢TOp, MapraHelpb, Kajiii, Marfii,
HapTONPOAYKTH — BIAXWIEHb He croctepiramocs. 3a iHmmMu nokazHukamu (Tabmuns 1) BusiBieHi
MEPEBUILICHHSI: 32 3arajJbHUM BMicToM coneil - y 2,3 (C1), 1,8 (C2) p.; Hitparu - 2,2 (C1), 1,6 (C2) p.; HaTpiit
-2,3(C1), 1,9 (C2) p.; cynmpdatu - 4,7 (C1), 4,5 (C2) p.; cyxuit 3anmmmok - 2.3 (C1), 1,8 (C2) p.; xanbmiii — 1.6
(CD), 1,1 (C2) p.

Tabnruys 1
XimiuHi MOKa3HUKM IKOCTI BOM 3i CBePIJIOBHH, AKi He BiIMOBiZaI0Th riricHiYHMM BUMoOram
Ceepmiosuna 1 (C1) CaepmioBuna 2 (C2)
S — (Byn.JIeBaHeBIIiB) (Bys. KocMoHaBTIB) Hopma
Jo ounmienns | Ilicis ounieHHs Jlo ouuIeHHs [Ticas ounieHHs
3arameHui BMICT conef, 2331 99,0 1775 115 <1000
MI/ M
Hirparu, mr/mum’ 112 24,1 79,6 36.3 <50
Harpiif, mr/mm® 468 33.2 384 22.9 <200
Cynbdaru, mr/am® 1170 125 1130 98 <250
Cyxuii 3a1uII0K, Mr/mam3 2312 98,0 1758 117 <1000
Kanpmiit, mr/mv3 150,29 4,01 138,2 10,3 <130

[Ticas BcTaHOBIICHHS CUCTEMHU MEXaHIYHOT (DUThTpaIlii Ta 3BOPOTHHOOCMOTHYHOI YCTAaHOBKH MTOKa3HUKH
BiIMOBIIaTl HOpMaM. BpaxoByroun BHCOKHI piBEHL MiHEpai3allii MIOBEPXHEBUX Ta TIMOWHHUX BOJ, Y MICTI
MHuKoNa€eBi CBEpAJOBUHH MOXYTh OYTH ANbTEPHATUBHOIO CHUCTEMOIO BOJIONIOCTAYaHHS JIMIIEC 32 YMOB
BCTAHOBJICHHS BiATOBITHUX CHCTEM OUYUIICHHS a00 IOOYHIICHHS BOJIH.
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Abstract. In this work, adsorbents were synthesised from submicron iron and lignin powders with and
without oleic acid. The morphology of the samples, structural, magnetic and adsorption properties were
investigated. Adsorption measurements were carried out with differently charged dyes - methylene blue and
conco red. It was found that the addition of oleic acid at the stage of preparing the mixture for pyrolysis
significantly increases the adsorption capacity of the adsorbent for acidic dyes such as congo red.

AJcopOItist € OTHUM 3 YHIBEPCATHHUX METOIB OUHINCHHS Ta JOOYHINEHHS CTIYHAX BOJI BiJl PO3YHMHCHIX
OpTaHiYHUX CHOJYK MPHUPOAHOTO Ta IUTYYHOTO IOXO/PKEHHS Ha Pi3HUX BUPOOHMITBAX. 3HOMICHICTH 1
3acTapili TEXHOJOTI] COPUYMHIOIOTh 3HAYHI TPYIHOII A7 pOOOTH BOJOOYHMCHHX MPOMHCIOBUX CHUCTEM Y
Oaratbox paitonax Ykpainu. L{s mpoGiema poOUTs po3poOKy HOBHX JCHICBHX 1 €(PEKTUBHUX amCOpOITIHHNX
MaTepiajiB aKTyaJabHOIO 3a1aueto. BaxinBe Miclie cepel HUX IMOCIIAal0Th MArHiTOYYT/IMBI alICcOpOCHTH, SIKi
3aBJSIKM MarHiTHIH cenapanii MOKyTh OyTH IIBHIKO BHUITy4eHi i3 po3unHy. OHUM 13 CIIOCO0IB CHHTE3Y TaKHX
copOeHTIB € Jo0maBaHHA (PEPOMArHITHUX UACTUHOK JIO BYIJICIIEBMICHOI CHPOBHHH 13 TIOJAJIBIIIOIO
KapOOHi3aLi€ro i€l CyMillli HMUIAXOM IipoJIizy.

Sk ¢epomMarHiTHHI Martepiad HaMH OyJO BHUKOPHCTAHO 3aJIi3HWH MOPOIIOK MPSIMOTO BiJHOBJICHHS.
dopma i po3Mip YACTHHOK 3aTi3HOTO MOPOLIKY BCTAHOBJIECHA 3 BUKOPUCTAHHIM CKaHYIOUOTO €JIEKTPOHHOTO
mikpockorma Phenom Pro X. Ilokazano, 10 NOPOIIMHKH MAarOTh PO3TaTyKEHY TOPUCTY OyIoBYy i3
MEPEeTUHKAMU-BUCTYIAMH 3 PO3MipaMH OPAAKY 2 MKM. JloCIiIKeHHS eIEMEHTHOTO CKIla Ly Oyio IpoBeaeHO
3 BHKOPUCTaHHSM pPEHTreHo]IroopecieHTHOro aHaiizaropa ElvaX Pro i penrrenodasHoro anamisy.
Bcranosneno, mo ocHOBY nopomiky ctaHoBHTH o-Fe (91,7%), a pemta — okcuau 3aiisa.

I cuHTE3y ByTIIEIEBOl (a3u Oy7I0 BHKOPHUCTAHO BHCYIIICHHH 1 MOAPIOHEHUH TiMPOJi3HUHA JITHIH.
Cunres MEpIIOro 3paska Oymo 3MIHCHEHO 3a CIIBBiTHOIIICHHS JITHIH | TOPOIIOK
3amiza = 60 mac.% : 40 mac.%. OOuzaea mnopomku Oyno TomimeHo y (appopoBy CTYNKYy 1 MepeTepTo.
[ligroToBieHy TakKMM YHMHOM CyMIlll MiJAaBajid Mipoiidy y atmocdepi aprony — temmeparypa 800 °C,
tpuBaiicte 90 xB. IIBuakicte HarpiBy cranoBmia 10 rpag/xs. CunTe3 Apyroro 3paska Oyino 3IiHCHEHO 3
JOJaBaHHSIM OJIETHOBOI KHCJIOTH SIK JOAATKOBOTO JKepesa BYIJIEHIO i JAJs 3MEHIICHHS aire3ii 4acTHHOK
MOPOIIKY 3aii3a y KinmbkocTi 15 mac.% BigHOCHO Macu mopomiky 3aiiza. [lopomku 3 01eTHOBOI0 KHCIIOTOIO
nepeMillyBajiy 3 10JaBaHHAM BOJY 1 BUCYIIYBalIM y cylImibHiM madi 3a Temnepatypu 100 °C. Ilicns nporo
CHPOBHHY MiJIaBaIM MipONi3y IpU THX CaMHUX YMOBAaX, IO 1 onepenHii 3pa3ok. CuHTE30BaHi 3pa3ku Oynu
npoMHuTi 3a jornomoroto rapsuoi (~ 70 °C) muctuinboBaHol BoaM 1 BiADIIBTPOBaHI 32 JOMOMOTOK (QiUIBTPY
«CHHS CTPIYKay.

Ha ocHoBi ananizy 300paxens CEM mnokaszaHo, mo i y ogHOMy, 1 y iHIIOMY BUIAJKy B3a€MOJis
BYIJICLIEBOI OCHOBHU 13 MOPOIIKOM 3aii3a Bif0ynacs He MOBHICTIO, CIOCTEPITaloThCsl OKpPEMi YacTUHKHU
MOPOIIKOBOrO 3aji3a y 000X 3pa3kax. MarHiTHi BJIaCTMBOCTI JOCTIKEHO METOJIOM BiOpaIifiHoi
MAarHiTOMETpii, BCTAHOBIJICHO, L0 0OM/Ba 3pa3Kd MalOTh OJHAKOBI MAarHiTHI XapaKTepUCTUKU. AAcCOpOLiiHi
BJIACTUBOCTI BH3HAYEHO 3a aACOpOLI€I0 pPi3HO3apAMKEHHX OapBHHUKIB — MeTuieHoBoro cuaboro (MC)
(ocHoBHMIA OapBHUK) 1 KoHro dyepBoHoro (KY) (kucinoTHuii OapBHHK). BuMiproBaHHS TpOBEJCHO 3a
JIOTIOMOT'0I0 CIIEKTPO(POTOMETPUYHOI METOIMKKA Ha JOBKUHI XBuii 665 M mis MC 1 505 um s KUY 3
BUKOPHUCTAHHIM OJHONpOMeHeBoro crekrpoporomerpa CP-46. Beranosneno, mo afacopOuiiiHa €éMHICTb IO
MC y 3pasKy, CHHTE30BaHOMY 13 OJIETHOBOIO KHCIIOTOIO, € Ha 15%, a mo KU —y 5 pasiB OinbIo10, HiX y 3paskKy,
CHHTE30BaHOMY 0€3 0J1e{HOBO{ KHCIIOTH.

TakuM 9uHOM, TTPOBEICHE TOCIIKEHHS ITOKa3aJo, 0 13 CyOMIKpOHHOTO MOPOIIKY 3ajliza Ta JITHIHY
MOKHa CHHTE3YBaTH MarHiTOYYTJIMBI aJICOPOCHTH /IS pi3HO3apsHKEeHNX OapBHUKIB. JlofaBaHHS 0JIETHOBOI
KHCJIOTH Ha €Tarli MiJArOTOBKH CyMIllli JI0 MipoJTi3y CYyTTEBO MiABUILYE aJIcOPOLiiHY EMHICTh aJicopOeHTa Io0
KHCIIOTHUX OapBHUKIB.

40



WATER SUPPLY AND WASTEWATER DISPOSAL

IETPYIIKA K.I, [IETPYIIKA LM. (YKPAIHA, JIbBIB)
IMPOTHO3YBAHHS MITPAIIIl OKCHUIIB BAXKKHX METAJIIB 3 TPYHTOBOI'O
CEPEJIOBUIIIA Y BOJHE CEPEJOBHUIIE BHACJIIJIOK BINCBKOBHX JIIH
Hayionanvnuii ynisepcumem «JIvgiscvka nonimexuixay,

79013, syn. C. banoepu, 12, Jlvsis, Yrpaina,; kateryna.i.petrushka@lpnu.ua

Abstract. Heavy metals enter the soil in the form of oxides and salts (both soluble and almost insoluble
in water). It is assumed that heavy metal oxides are primarily fixed in the solid phase of the soil, especially in
a neutral or alkaline pH environment. It should be noted that their toxic effects are fully dependent on factors
such as soil type and pH of the pore solution. The behaviour of heavy metals in soils differs significantly from
that of most macronutrient cations.

BilicbKOBI 37I0YMHU MPOTH HABKOJHUIIHBOTO CEPEJOBUINA CTOCYIOTbCA HE JIMIIE 3aMOAISIHHS IIKOIN
npupoi. BifiHa MoXke CIpUYMHUTH Oarato paHHiX CMepTel y MalOyTHBOMY dYepe3 3a0pyaHEeHY BOAY, 3eMJIIO,
MOBITPsI TOIIO. BHaciToOK BUOYXiB y MOBITPsI BUKUIAIOTHCS IIKIUIMBI PEYOBHHHU, SIKi Yepe3 Te, 110 BOHU He
3aTPUMYIOTHCS B MOBITP1 TPUBAJIHMHA Yac, HAAXOAATh Y BUIVISAII ONaliB 1 HAKONMYYIOTECS B IpyHTIi. Kpim Toro,
TepuTopii, 3a0pynHEeHi BHOYXiBKOIO Ta 3aMiHOBaHI TEpUTOPii, OyAyTh 3arpo30l0 HPOTATOM AECSTHIIIT.
3a0pyaHEHHS POMIOYOTO IPYHTY Ta TIPCHKUX IOPiJl € pe3ysbTaTOM 0aratboX IECTPYKTUBHHUX IPOIIECIB,
BKJTIOYal0YH PO3PUB OOOIOHKH, BUTIK 3a0pYyJHIOIOUMX 1 HeOE3MEeUHUX PEUOBHH 13 MOIIKOHKEHUX pe3epByapiB
Ta BIIXOMAIB YHACHiOK pyHHYBaHHA AaM0 mons ¢inbTpauii, pyHHYBaHHS OYMCHHX a00 TiAPOTEXHIYHHX
cniopya. BHacmiiok MacoBoi 3aru6esi Jroiei 1 TBAprH TPYIHOIO OTPYTOO 3a0pyTHEHI IPYHT 1 MiI3eMHI BOJIH.
VYci mi ekonoriuHi KatacTpodu NPHU3BOJATH 1O MNOTPAIUISIHHS XIMIYHUX pEeYoBUH y IpyHT. OnuH i3
HalfHeOe3MeyHIMKX CIOCO0IB BIUTMBY Ha BIACTHBOCTI IPYHTY € BificbKOBa HisuTbHICTh. [lopyiieHHs IpyHTY,
CIpUYMHEHI OOHOBUMH JisIMH, B OCHOBHOMY OYBaIOTh TPbOX THITIB — Pi3U4Hi, XiMiuHi Ta Oionoriyni. dizuyni
MOPYIICHHS TPYHTY BKJIIOYAIOThH YIIUTBHEHHS BHACTINOK OYyIiBHHIITBA OOOPOHHOI 1H(PACTPYKTYpH, PUTTS
TpaHiei abo TyHeNiB, YIIUIEHEHHS Yepe3 PyX TEXHIKH Ta Bilicbk a0 yTBOpeHHs KpaTepiB Oombamu. Baxxmuso
BIIMITUTH, IO BMICT BaXKUX METAJiB Yy IPYHTI CYTTE€BO BIUIMBAE HA POCIHMHU. XiMiuHE 3a0pyAHEHHS
BHACJIIJIOK BOEHHUX [il Tpeba po3rismatd 3 3-X MO3UIlH: 3a0pyIHEHHS IOTCHIIHHO TOKCUYHHMHU
eJIEMEHTaMH, BUOYXOBUMH PEYOBHHAMH Ta 1HIIMMH €JIeMEHTaMHU. XiMiuHi pe4OBHUHH, 110 BUKOPUCTOBYIOTHCS
B Ooempuriacax i BHOyXOBHUX pPEYOBHHAX, IPEACTABISIOTH COOOI0 JOBTHIl CIIMCOK OPTaHIYHUX 1 HEOPTaHITHUX
PEUOBHH, SIKI MOXKHA PO3IUTUTH Ha: MOoTeHUiiHO TokcuuHi enementd (IITE), eneprernuni cnonyku (EC) i
6otioBi ximiuni pewoBunau (bXP). [ITE 3 moctpaskaanux Bijg BiliHU TepUTOpii — 11e B OCHOBHOMY Pb Ta fioro
CyITyTHIi 3a0pyIHIOBadi, BKItodaroun cypmy (Sb), xpom (Cr), mumn’ gk (As), pryts (Hg), mikens (Ni), uHK
(Zn) i xagmiii (Cd). BubyxoBi pe4oBHUHM MiCTATh BeUUe3HY KibKicTh Pb 1 Hg, 30kpema ¢ynbminat pryTi (11).
Zn, Cu, Ni, Pb i Cr BUKOpHCTOBYIOTBCS IJIsi TOKPUTTS KyJb, PakeT, CTBOJIB rapMmar i BiliCBKOBHX
TpaHcTopTHUX 3aco0iB. Ba, Sb i B € 3apsamaumu criomykamu juts 36poi, a Bonbhpam (W) BUKOPUCTOBYIOTH
IS KineTHuHe GoMOapryBaHHs 4epe3 oro Bucoky rycruny (19,3 r/ cm®). ITicns monagaHHs B HABKOJIMIIHE
cepenosutie 6impmTicTs IITE B Ooenpuiacax OKUCITIOETHCS i1 BIUTMBOM TTOBITPS, PEIITA MMOTPAILISE B IPYHT,
Jie TPOXOIUTH Pi3Hi XiMiuHiI mpouecH. BuOyxu paker i apTuiiepii CTBOPIOIOTH 0e37114 XiMIiYHUX CIIOYK: OKCHJ
i miokcun Byriemto (CO i CO»), okcuam azory (NO Ta NO»), hopmansaeriau, napu mianiny sogato (HCN),
a3oT (N2) 1 HaBaHTaXEHHS TOKCHYHOI OpraHiku. BoHM Tako)X BUKJIMKAIOTh MiAKWUCICHHS IPYHTY, NIEPCBUHH,
KOpo3ii MeTajeBUX KOHCTPYKIIH, TaKWX SK Hampukiaax MocTu. Ilicis BuOyXy Il CHOJYKH ITOBHICTIO
OKHCIIOIOTBCS, @ POIYKTH peakiii BUKUOAIOThCs B atMocdepy. MeTaneBi OCKOJIKU CHApsiAiB TAaKOX HE €
abCcoMOTHO Oe3MeYHUMH U1 HABKOJHUIITHBOTO cepeloBUIIa. YaByH y CyMilli 31 CTAIIIIO € HAUMOIIUpPEHI UM
MarepianaoM I TUTh3 I OOEMPHIIAciB 1 MICTHTh HE TUTHKH 3BHYAHE 3aJ1130 Ta BYTJICIIb, ajle TAKOX CIpKy Ta
Migpb. L{i pe4oBUHM MOTPAIUIAIOTH y IPYHT 1 MOKYTh ApeidyBaTh B MiA3EMHI BOJIH, 3PELITOI0 MPOHUKAIOYN B
XapyoBi JIAaHIIOTH, BIUIMBAIOYX Ha JIIOJEH 1 TBAPUH. Y MEHILIMX MacuTadax 3a0pyJHEHHS TaKOX MOxe OyTH
CIPUYMHEHE TOPIHHSAM BIMCHKOBOI TEXHIKH, TPAHCIOPTY, JITAKIB Ta IHIIOrO BIHCHKOBOTO 0OJa{HAHHSI.
3Bakaroun Ha OaraToYMCeNbHI JOCHIPKEHHS BYSHUX BCHOT'O CBITY MPO BIUTUB BAXKKUX METAJiB HA IPYHTOBUI
MOKPUB 1 HOrO BiTHOBJIEHHS, Ul YKpaiHu, sSika Mae HaHOINbIINIA 3amac YOpHO3EMHUX I'PYHTIB, KA 1 MiJ 4ac
BIfHM TIOCTaya€ 3epHO B KpaiHW, SIKi MOTEPIAIOTh Bijl TOJIOY - OCHOBHA 3a/1a4a I1¢ BiTHOBJICHHS POIIOYOCTI
IPYHTIB uepe3 MaciTadHe BiiiChKOBE BTOPTHEHHs pocii. ToMy MoCHiKeHHS BIUTHBY OKCHJIIB Ba)KKHX METaJIiB
Ha IPYHTOBHUH MOKPUB BHACIJIOK BIICBKOBHX il € aKTyaJbHOIO 3a7a4ero.

Binbip mpo6 rpyHTY NpOBOAMBCS Ha MOCTPaKAAIMX BiJ BiHM TepuTopii Ykpainu. Bigmosimno mo
CTaHJApTIB BiAOOpY Mpo0 IUIs aHami3y 3 METOK BHSBJICHHS iOHIB BaKKMX METaliB MpoOW BiOupanuch
IUTaCTUKOBUM ImnareneM. [Ipodu momimany B miIacTUKOBUHN (HENPO30pHid) repMeTHIHUN KOoHTeiHep. Binbdip
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Mpo0 Ha KOXKHOMY 3 PIBHIB MPOBOIMIN TIO KOHIIEHTPHUYHUX KOJIAX, KUTBKICTh P00, BiMiOpaHUX 3 KOXKHOTO
PiBHS MO KOHIIEHTPUYHUM KoJIaM — 4 TipoOu, [Tt MOKITMBOCTI yCepeaHEeHHS eKCIIepUMEHTATbHIX naHuX. Llei
METOA BiI0Opy Mpod IPyHTY JO3BOJISIE OTPUMATH HACTYNHY iH()OpMALil0: KOHICHTPALII0 PEYOBHH HE TiJIbKH
B ocepelKy BHOYXY, a 1 M0 BUCOTi BUPBH; PO3MO/ALN 3a0pyIHEHHS IPYHTY B 3aJIeKHOCTI BiJ TITMOMHN BOPOHKH

(puc. 1).

npesa-s

Npoda-z

Him

Nposa-1

Puc. 1. Cxema BigOopy npo0 3 BUPBH MiC/Is BHOYXY.

Ilepen nocmimkeHHsIM 0araToeNEMEHTHOTO CKIIaay MpoOHM IPYHTH PiBHOMIpPHO pPO3KIaJalOTh Ha
¢binpTpyBabHOMY MaIepi 1 BUCYLIYIOTH Ha MoBiTpi 1 700y npu kiMHaTHiH TemmepaTypi. [loTiM mpoOu rpyHTy
no/ipiOHI0I0TE B QapdopoBiit CcTymmi 1 MPOCIIOIOTH 4Yepe3 CHUTO 3 OTBOPOM JiamerpoM 250 upm.
[opomkomnoiOHi 3pa3ku IPYHTY MOMILIad B TEPMETHYHMN IUIACTUKOBUN KOHTEHHEp Ui IMOJANIBILIOTO
aHami3zy. XiMIYHMH CKJIa] 3pa3KiB IPYHTY BU3HaYalld METOJIOM AMCIEPCIHOT peHTIeHiBChKOI (piryopecueHmii
(XRF) 3a nmomomororo anamizatopa (Thermo Scientific ARL QUANT'X, Ilseitnapis, mnporpamHOMY
3abe3neyenni WinTrace).

KokHa BiliHa 4M HaBiTh BIHCHKOBI HABYaHHS 3QIMINAIOTL «XIMIYHHE Cclig» Ha rpyHTi. [pyHTH
BTPavyaroTh POJIOYICTh Yepe3 3MiHy (Ppi3HuHMX, XIMIYHUX Ta (Pi3HUKO-XiMIYHUX BIACTUBOCTEH NP MOTPAIUIIHHI
y HHX BaXKHX MeTadiB. 3a AaHuMu (axiBIiB, MiJ Yac AETOHAINl paKeT Ta apTUJICPIACHKUX CHApPSIiB
YTBOPIOIOTHCS YaAHUH a3, BYTJIEKUCIINH ra3, BOAsSHA Mapa, 3aKKUC a30Ty, TIOKCH] a30Ty, (hopMalbAerin, napu
[IaHUCTOI KUCJIOTH, a30T, a TAKOK BENMKA KUIBKICTh TOKCHYHOI OpraHiku. [pyHTO3HABI[ BiJ3HAYAIOTH
CHCTEMAaTHUYHE MEPEBUILECHHS B 6-8 pa3iB MOKa3HUKIB PTYTI, HUHKY Ta Kaamito. Ha Miciiax oOCTpiiiB GikCyOTh
BUCOKHI BMICT MiJIi, HiKeNt0, CBUHINO, hochopy Ta Oapiro. L{i TeHaeHIIiT mOMi4atoTh 11e 3 TOYaTKy BiifHH Ha
Cxoxi Ykpainu y 2014 poui, B micusx OoHOBHMX Ai B COTHI pa3iB MEpeBUILEHI I'PaHUYHO IOITYyCTHUMI
KOHIICHTpAII1 CBUHIO, HAsBHI TAKOXK CTPOHIIIH Ta TUTAH, SIKi HEXapaKTePHi JUTS IPYHTIB Y 3HAYHHUX KiJTBKOCTSIX.
3po3ymino, mo BHUpOLIyBaTH Oyap-II0 HA TaKUX IPyHTax OyJle HEMOXKIUBO MPOTSATOM JIOBrOTO Yacy.
3a0pyIHEHHA BaKKMMH METajJaMU MOXKE BIITYKYBaTHUCh HE OJUH AECATOK pokiB. Hampukiaz, Kyiai MOXyTh
BUBLIBHATH CBUHELDb, SKUH MOTIM MOIJIMHATUMYTH POCIuHH. CBHHELb, PO3NOAUICHUN Yy Pi3HUX (paKmisix
IPYHTY, CIIOYATKy MOXe OyTH iHEpTHHM, ajie TIOTIM CTa€ peakIiifHO3MaTHUM Yepe3 3MiHy YMOB IPYHTY
(manpuknan, pH, Bonoricts). OKpiM CBUHIIIO, 13 3AJIMIIKaMU 30p0i y IPYHT OTPAIUISIOTH TaKi METANIN K XPOM
(Cr), mumr'six (As), pryts (Hg), Hikens (Ni), uuHk (Zn) i kaamiid (Cd). 3Baxaroun Ha BCIO CEpHO3HICTH Ta
HeOe3MeKy CHTyallil, 10 CKjajacsi, B YKpaiHi HAyKOBII B)K€ IIYKAIOTh IUIAXH BHUPILMICHHS HpoOIeMH
3a0pyIHEHHS TPYHTIB BHAcCHigoK BiiHHM. DaxiBmi 3alHATI PO3POOKOI0 IHCTPYMEHTApPiI0 Ta MEXaHI3MiB,
BIIPOBA/XKCHHS SIKUX J03BOJIUTH MiHIMi3yBaTH HACHiKH BOEHHHX il y momanbiii poku. I[IpoBeaeHi Hamu
JOCTIKEHHS P00 IPYHTY IICiIs BUOYXY KPHIIATUX PaKeT CBiAYaTh MPO 3HAYHWH aHTPOIOTCHHHI BIUIMB Ha
I'PYHTOBE CEPEIOBHIIIE, 1[0 BiAMOBIAHO Oy/ie HEraTUBHO BIUTMBATH 1 Ha TOBKIJLIA.
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Abstract.Pollutant emissions from wastewater treatment facilities have become a topic of increased
interest given its significant impact on the overall climate footprint of wastewater treatment plants. This work
assesses the current state of atmospheric air pollution with volatile organic pollutant especially formaldehyde
and on the border of the sanitary protection zone of treatment facilities. The results of the study showed a
significant excess of formaldehyde concentration.

MicbKi OYMCHI CTIOPYIH, IPU3HAYEH] JJIsl OUMIIEHHS, 3HELIKOHDKEHHS Ta 3HE3apaKeHHs CTIYHUX BOJ,
YUHATH IHTEHCHBHE TEXHOTCHHE HABAHTAKCHHS HAa HABKOJMIIHE TPHUPOAHE CEPEHOBHIIE, HEPIIKO CTAIOUH
JUKEPEIIOM 3HAYYIO1 €KOJIOT1YHOT HeOe3MMeKH I MICBKUX perioHiB. binbira yacTiHA HAYKOBUX TOCIIIKEHB
y cthepi BupinieHHs: TpodiieMu 3a0pyJHEHHS aTMOC(EPHOTO TIOBITPSl BUKUIAMH BiJl OYMCHHUX CIIOPYA 3BEPTAE
yBary Ha BUKHUJU caMme MapHUKOBUX ra3iB. AJie HE MEHII BayKIMBUMH Ta €KOJIOT1YHO HEOE3NEeUHNMH € Ta3u —
OpraHi4Hi CIONyKH KapOOHy, sIKi 3HAYHO IMiJBUINYIOTh PYHHYBaHHS O30HOBOTO IIapy TIOPIBHSHO 3
ByriekuciauM razom (CO2).

Jletki opraniuni pedoBunu (JIOC) — me cymim MIMPOKOro Kiacy OpraHidYHHMX CIIOJYK, IO BKIIOYAE
BYIJIEBOMHI, anpierian (30kpema Gopmaibaeria), cuuptd, keronn Ta iH. 1 came JIOC Moxyrh OyTh
BTOPUHHHUM JDKEPEJIOM YTBOpPEHHS (opMajblaeriny B arMocepHOMY IMOBITPI B pe3yibTaTi KOMILICKCY
¢doroximiunux peakuii. Cepen JIOC ocobmuBo ekonoriyHo HeOesmeunum € ¢dopmanpaerin (CH20) —
razomnoi0Ha croiryka 2 ro kiacy Hebesneku. Bignosigao qo Permamenty €C ta MibXkHapOIHOTO areHTCTBA 3
BuBuYeHHS paky BOO3 dopmanbieria € KaHeporeHoM nepiioi rpynu. Taki KaHIEepOreHHI PeYOBUHU YHHSATh
3HAYHUI HETATHUBHUH BIUIMB HA 340POB’S, OCKIIBKH HE MalOTh MOPOTY IIKIUIMBOI Aii, 1 HE3HAYHA KUIBKIiCTh
MOJIEKYJI KaHLIEPOTEHHOT PEYOBHHH MO>KE MPU3BECTHU 10 MOPYIICHHS CTaHy 3/0POB s JIIOJUHH.

[Ipu mifBUIEHOMY BMICTI L€l CHOJIYKH Y TIOBITPI BUHUKA€E XapaKTePHHUM IAKUI 3amax, pO3BUBAETHCS
MOJpPa3HEHHsI CIM30BHX O4YeH, HOCA Ta JUXANbHUX IUIAXiB, & Y XBOPHX aCTMOI0 MOXXYTb HOTipIIyBaTUCS
CHUMIITOMH 3aXBOPIOBaHHs. Y BENMKUX KOHLEHTpaUisix (opManbIeria MoKe 30UIbIIyBaTH PU3UK PO3BUTKY
paxy HocoBoi na3yxu. [Ipu TpuBanoMy BIUIMBI IOMIpHUX KOHIIEHTpaIiil popManberiny (y KOHIEHTpPAIisX,
SK1 TPU3BOJSTH JIO MOJIPa3HEHHS CIIM30BMX) MOXYTh PO3BHBATHUCS PECIIPATOPHI MPOOJIEeMU Ta BUHHKATH
asepriudi nposBu. Jutaunii opradiszm me OiIbII Yy TIUBUMA A0 IIKiUIMBOTO BIUIUBY IIi€i CHOTYKH.

Brume dopmanblieriay Ha OpraHi3M JIOAMHU: HU3BKWI piBeHb (MeHIne 40 MKI/KT) XapaKTepH3YEThCS
BIJICYTHICTIO OYEBHUHHUX MPOSBIB; moMipHUA piBeHb (40-100 MKI/KT) MOKe TPU3BOIUTH JIO PECTiPATOPHHUX
npobieM, HampuKiIal, Kallllo, XPHIB, aJepreHHUX IpOosBiB; BUCOKUH piBeHb (>100 MKI/KT) BUKIHKAE
MOJpPa3HEHHs 04YeH, CIM30BUX HOCA Ta TOpJa Ta OiNbII 3HA4HI TPOOIEMH 3 TUXAIBHOIO CHCTEMOIO.

Bucoki koHIeHTpalii ¢GopManbleriny B TOBITPI BEIMKUX MICT CBITy OCTaHHIM 4YacOM CTalOTh
cepiio3Hoto npobnemoro. B Ykpaini piBeHp 3a0pyaHeHHS aTMOC(EpPHOro MoBiTpsi (GopMasbIeTiioM 3HAYHO
nepesuntye I'JIKc.a. (0,003 mr/m® ).

Ha ouncaux copymax dhopManbIeri He TUTbKH HAAXOINUTh Y CKIIaJi CTIYHUX BOI, ajie i hopMyeThCs
pu (POTOOKUCIICHHI PI3HOMAHITHUX OPTaHIYHHUX CIIONYK Ol0JIOTIYHOTO MOXO/KCHHS, HAIPHKIAI alTKaHIB,
QJIKEHIB, aJIbAET11iB, CIMPTIB, ApOMATUYHUX CHIOTYK, TUMETLICYIb(ina Ta inmmx. ToMmy BMicT hopmanbaerinsy
B aTMOC(epHOMY MOBITpi Oyze 3ay1exaTH BiJl KinbKocTi i pisHoMaHiTTa JIOC.

Bapro 3a3HaumTH, 10 BUKHAW BiJ TIPOIECY OYHWINEHHS CTIYHMX BOJ Ta 0OpoOKM ocamy
XapaKTepU3YIOThCSl BUCOKMM BMICTOM MeTaHy. He3Bakaroum Ha HM3BKY peakliliHy 30aTHICTh METaHy,
BUCOKHMH BMICT B aTMOC(EpHOMY MOBITPi POONATH HOro BaXUIMBOK PYIIIHHOIO CHIIOI B atMoc(epHii
¢doroximii dopmanpaeriny. HaykoBi mkepena BiMidaioTh, IO Taki (akTOpu, SK BHUCOKa TEMIEpaTypa,
IHTCHCHBHICTh COHSYHOI'O BHMIIPOMIHIOBAHHS Ta 30UIBIICHHS KOHIICHTpALlM BIIBHMX paJHMKalliB, OKCHIIB
a30Ty, 030HY, 0IOT€HHUX MPEKYpPCOpiB, BUKIUKAIOTH 30imbiieHHss yTBopeHHS CH>O came B miTHIH ce30H.
TakuM 4uHOM, PiBeHb BMICTY (hopMalIbIeriay B aTMOC(HEPHOMY TOBITPI HaJ OYMCHUMH CIIOPYIaMU MOXKHA
PO3IIISIATH K CYKYIHICTh HOTO YTBOPEHHS 3 NEPBHHHHUX Ta BTOPUHHMX JDKepen. OCHOBHUMHU MEPBHHHIMHU
JpKepenaaMu eMicii opManpaeriny Ta JeTKUX OpPTaHIuHHX CIONYK B aTMoc(epy Ha OYHUCHUX CIOpYAax €
aepaniiini OaceifHn O10MOTiYHOI OYMCTKM CTIYHMX BOJ, KaMmepH IepeMillyBaHHs, Bigkputi OydepHi
pe3epByapH, BIICTIHHUKY, 00JIaTHAHHS JUTsI (PIIOKYIIAIT Ta cemapaTopHy.
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Merta poOoTH — OIliHKa CYy4acHOTO CTaHy 3a0pyAHEHHS aTMOc(hepHOro IMOBITPA Ha MEXi CaHITapHO-
3aXHUCHOI 30HH MICHKHX OYHMCHUX CTIOPY/I ICTKUMHU OPTaHITHUMH CIIOTYKaMH Ta 30KpeMa (popMaibIerigoM.

OO’€eKT NOCHIDKEHHS — BUKWAM Ta30MOJIOHMX OpPraHiYHMX PEYOBHUH B aTMocepHe MOBITPs Bif
MpOMMaliaHIMKa OYMCHUX CIIOPY M.XapKOBa.

Meroau MOCTIKEHHS — €ICKTPOMETpPHYHI BUMiproBaHHsa koumeHtpariii JIOC ta ¢gopmanpaeriga B
aTMoc(epHOMY IOBITPI 3a AOMOMOI'0I0 MYyJIbTU(YHKIIIOHAIBHOTO razoananizatopy FINETIME FT-JQ-002.

HocnimpkyBaHi MiCbKi OYMCHI CHOPYAM BOJAOBIABEACHHS 3AIMCHIOIOTH MPUMOM 1 MOBHY Oi0MOTiYHY
OYHCTKY CTIYHHX BOJI, K1 HAIXOATh BiJl HACEIEHHS 1 BUPOOHUIHX IiAIPUEMCTB, Ta 00pOOKY OCadiB CTITHHX
Boa. CaHiTapHO-3aXMCHA 30Ha BCTaHOBJCHA Big Mexi Maiimanuyuka crnopyi 3rigno m.5.4 JCIT 173-96
po3mipom: 300 M y miBIEHHOMY HampsiMKY; 425 M y MiBIEHHO-3aXiTHOMY HampsMKy; 625 M y 3axigHOMY
HaTpSIMKY.

B xoni po6otu Oynu mpoBesieHi HATYpHI BUMIPIOBaHHS! KOHIIGHTPAITiH JIETKUX OpraHiyHUX CIOIYK Ta
(dbopmanbaeriny Ha Mexi caHiTapHO-3aXMCHOT 30HHU. Touku BigOopy npoO Oynu oOpaHi 3 ypaxyBaHHSAM Pi4HOI
MOBTOPIOBAHOCTI HAINpPSIMKY BITPY Ta HalOUIbIIOI HAOMMXKEHICTIO A0 JKUTIOBOi 3a0ynoBu. Pesynbratn
BHUMIpIOBaHb HaBe/eHi B Ta0. 1.

Tabnuya 1
Konnenrpanisi 3a0py/IHIOI0YHX pe40BHH B aTMOc(epHOMY noBiTpi Ha mexki C33
3abpyaHioroui II8Cx Cx IInCx IIn TIn3x [NAK m.p.,
pEUOBHHU mr/m®
Opraniuni 7.952 7.516 0.057 0.099 0.001 0,1
CIONyKH, Mr/m3
dopmaiberia, 1.017 0.952 0.005 0.009 0.001 0,0035
mr/m®

Sk BUIHO, TMPOBEICHI BUMIPIOBAHHS IMOKa3aM Haa3BuUYaitHe (Maibke B 80 pa3iB) mHepeBHINECHHS
MaKCUMaJIbHO Pa30BOi I'paHUYHO AomycTtuMoi koHnentpanii JIOC B 1Box nmpobax aTMOC(epHOTo MOBITps Ha
KOpIOHi caHiTapHO-3axucHOi 30HM (HampsiMu IIHCx i Cx). B wotuppox 3 m’stm mpod cmoctepiraerscs
niepesutieHss I'JIK B atmochepraomy moBiTpi Ha kopaoni C33 3a popmanbaerigoM. [Iprdomy mo HampsMKax
[THCx 1 Cx 116 IepeBUIICHAS MaKCUMaJbHE 1 nocsrae Maibke 300 pasis.

[lepBuHHE BuaineHHA (HOpPMabACTioy Ta OPraHiYHUX CHOJYK BiOyBaeThCS B Pe3yNbTaTi JeCTPYKUil
OpTraHiYHUX pEYOBHH, TMPHYOMY IEPEeBaXHO HA JUISHKAX aHaepoOHOT O0OpOOKHM CTIYHHX BOJI.
[IpoananizyBaBIiM HasBHI JpKepesa BUKWAIB HA JIOCTIDKYBAHOMY MaiJIaHUYMKy OYMCHHUX CIHOPYJ] MOXKHA
CTBEPAXKYBaTH, IO 10 AUISHOK 3 aHAepOOHMMHM yMOBaMH{ HaJeXaTb TaKi CIIOPYIH, SIK IpUiMalibHa Kamepa,
MiCKOYJIOBIIIOBAY, TIEPBUHHI BiACTIHHUKH Ta MYJIOYLIUILHIOBAYI.

Jlnist yCyHEeHHS! HeraTUBHHUX HACTI/IKiB YTBOPEHHS IIKINTMBHUX T'a3iB HA OYUCHUX CIIOpYyJaX HE0OXiTHO
MPOBECTH HHU3KY 3aXOJiB IOJO OYMIICHHS NOBITpsA. B sikocTi HaileeKTUBHIIIOr0 METOAY BHPIIICHHS
npobaemu 3a0pyAHEHHS aTMOC(HEPHOTO MOBITPS MiCHKUX PEriOHIB €KOJIOTIYHO HEOe3NeYHUMHU BUKHIAMH, 110
YTBOPIOIOTHCS TIPU OYMINEHHI MIiCBKHX CTIYHHX BOJI, TPOIMOHYEThCS TIOBHE IEPEKPUTTS BiJKPUTHX
MOBEPXHEBUX JDKEpeTd BUKUIIB 3 aHAepOOHUMH YMOBaMH OOpPOOKM CTIYHMX BOJA Ta BiJBEICHHSIM
ra3oIMoBITPSIHOI CyMillli Ha Ta3004YMCHI YCTaHOBKHU. Lleif MeToJ MIMPOKO BUKOPHCTOBYETHCS 3aKOPIOHOM i
JIOBIB CBOIO C(CKTUBHICTh B IIJBHILICHHI PIBHS €KOJOTIYHOT OE3MeKH MICBKHUX OYUCHHMX CIOPYA IS
aTMoc(epHOro MoBITPs. 3 ypaxyBaHHSM HAsBHOCTI BHCOKHX KOHIIEHTpAIili 3a0pyJHIOIOYMX PEYOBHUH Ta
BEJIMKUX 00’€MIiB eMicCii, peKOMEHIYETbCS BUKOPHUCTAHHS T'a300YMCHUX YCTAHOBOK KaTaJITUYHOTO THITY
OYHIIICHHS.
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Abstract. The physicochemical features of the synthesis of nanomaterials based on montmorillonite and
organomontmorillonite modified with nZVI1 have been studied. A study of the rheological properties of
dispersions of the obtained materials was carried out. The possibility of their use in groundwater purification
using modern environmental technologies has been demonstrated.

Hanopo3wmipae Hymb-BasieHTe 3a1i30 (nZVI) — me yHiKadpHUN MaTepiall, SKui 3MaTHHN BHIIydYaTH i3
BOJHUX CEPEIOBHUII OPTaHIYHI Ta HEOPTaHIYHI TOKCHKAHTH, Y TOMY YHCII, HaBiTh CIiTOBI KUIBKOCTI 10HIB
Ba)XKUX METaJIiB Ta paliOHyKIIiZiB. Martepian Mae BITHOCHO HU3bKY BapTiCTh, BUCOKY PEAKLIiHHY 31aTHICTh Ta
€ CHWJIbHMM BiJJHOBHHMKOM, L0 3HAYHO PO3LIMPIOE MOXKJIHMBICTH HOTO 3acTOCYBaHHSA. €IMHUM HEIOJIKOM
MaTrepianay € 3[aTHICTh JO arperailii Ta okucHeHHS. HanecenHs nZVI Ha MOBEPXHIO TIIMHUCTHX MiHEpaJiB
JI03BOJIsIE CTAOTi3yBaTH YaCTUHKY 3aJli3a Ta 3HA4YHO MiABUIINTH COpOLilHI BIACTUBOCTI KOMITIO3HTY.

MeToro HaIoro AOCIiIKEHHS € OTPUMAaHHS KOMIIO3UTHUX COPOCHTIB Ha OCHOBI IIIMHUCTOI CHPOBUHH,
0 MICTATh YacTUHKH NZVI, sKi MOXyTh OyTH BUKOPHCTAHI IS BUIYYCHHS 10HIB BKKHX METANliB Ta
PamiOHYKIIIIIB i3 BOAHUX CEPEIOBHII] Ta IPYHTIB METOIOM in Situ.

[loBepxHIO MOHTMOpPWIOHITY MoauQiKyBamu rekcazenunTerpaamonid xjopugom (I'ITMA) y
crniBBiznomenni KOE/TIAP = 0,1. Orpumanuii 3pa3ok nozHaumwim - OMMT. IliarotoBani Takum 4YUHOM
3pa3ku Oe3 BigmuBaHHS [IAP 3mimyBamu 3 pozuudoM FeSO. ta BigHOBaroBaTH Hammuiikom NaBHs mpu
nocTiiHoMy mnepeMinryBanHi. BigHoBiIeHHS 3aiiza Ha MoOAHM(]iKOBaHIM MOBEpXHI OpPraHOMOAM(iIKOBAHOTO
MOHTMOPHJIOHITY BiIOYBAETHCS 32 PEAKIIi€IO:

Fe?* + 2BHs — Fel+ ZB(OH)z +7H> 1

Jl1s1 BUBYCHHS BJIACTHUBOCTEH COpOCHTY OyiM CHHTE30BaHI 3pa3Ké 3 PI3HUM BMICTOM 3ajli3a y SKHX
cuiBBigHomenHss nZVI mo OMMT mo wmaci ckmano: 1:0,01, 1:0,025, 1:0,1 Ta 1:0,2 (3pa3ku mo3HaYeH]
BinnmoBigHo nZVI-OMMT (0,01), nZVI-OMMT (0,025), nZVI-OMMT (0,01) Ta 3pazox nZVI-OMMT(0,2)).

Pentrenorpadiuni mochiKeHHS BUXIAHAX 1 MOAM(IKOBaHMX 3pa3KiB MPOBOJMIN 3a JOIOMOIOI0
mudpaxtomerpa JJPOH-4-07 B miamazoni 1 — 60°(20) i3 BukopuctanHsm CuK o-BunpominroBanHs. Ha
mudpaxrorpamax 3paska nZVI ta nZVI-OMMT ¢ikcyrotbes pednexcu npu 20 Big 44.8 1 35,8¢, mo Bkazye
Ha MpHCYTHICTH B 3paskax nZVI (a—Fe), a Takox oxcuny (FeO) rinpokcuny (FeOOH) 3aniza mpu MeHIIMX
3HaYeHHsIX 20.

IY-criekTpoCKOMiYHI TOCTiKSHHS 3pa3KiB IpoBoIiIH Ha Gyp’e-criekTpomerpi Spectrum-One (Perkin-
Elmer) B obnacti 4000-450 cm-1 mpu mBagustupazoBoMy ckaHyBaHHi. B IY-cmekTtpax 3ami3oBMicHOro
COpOEHTY OKpIM OCHOBHHX XapakTEPUCTUYHUX CMYT MOHTMOPWJIOHITY, 3 SIBJISIFOTHCS HOBI cMyTH mipu 2921
cM-1 12852 cm-1, sxi Binnosigarots rpynam (—~CH2-) ankinpaux nanirorie Monekyn MJIMA HOBi cmyrn
npu 625 cM-1, 1o € XapakTepHUMU 1711 BaJleHTHUX KonuBaHb Fe—O.

TEM pochimkeHHS TOKaszajiu, IO YaCTUHKW 3aii3a OJepKaHi Ha TOBEPXHI MOHTMOPHIIOHITY
YTBOPIOIOTH C(epUYHi arperatu 3 IepBUHHNX HAHOYACTHHOK 1 MalOTh PO3MOJLT PO3MipiB y Mexax 20-80 HM.
NZVI Ha moBepXHI MOHTMOPWIJIOHITY (IKCYETBCS y BHUIIIAJI SK OKPEMHX arperartiB, Tak i 3B’S3YETbCA y
JIAHLIOTH.

PisHoBakHy konueHrtpamito ionie Cr(VI), Co(ll) ta U(VI) BusHayanu crekTpohOTOMETPUIHUM
metogom (UNICO 2100UV). Tlepesipka ehekTHBHOCTI po3po0IeHOro COPOSHTY Ha MOJCIBHHX BOJaX 3
Bmicrom ioniB Co(ll), Cr(VI) ta U(VI) BuxigHoro kourenTpariero 1 mr/am3 npu pH=7 cBiquuTh, 1110 y BCIiX
BUTAJKaX BUIYYCHHS TOKCHKAHTIB nocsirae Hopm ['JIK.

PesynbpTaTi copOIIHHMX AOCIiIKEHb PUBEICH] Ha puc. 1.
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0,1 B nzvi-ommT
TJIK
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Co(IT) cr(VI) u(vI)

BuxinHa KOHIEHTpalis ioHIB 1 mr/am3

Puc. 1. IopiBuanns 3anumkoBux konuentpanii ionis Co(I11),Cr(VI) Ta U(VI) 3 TJK, mr/om®
TTiCJISl OYMINEHHS BOJI CHHTE30BaHUM 3ai1i30BMicHUM copOeHToMm i3 I'JIK

PesynpTaTi peonoriyHux AOCHIiIKeHb NpUBEACH] Ha puc. 2. JIns aHaIi3y oJlepKaHuX pe3ynbTartiB Oyna
BHKOPHCTaHa peojiorigna Mojens [1IBemosa-binrama.
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Puc. 2. Peosoriuni KpuBi Tedii qucriepciii Ha OCHOBI MOHTMOPHIIOHITY:
1 -OMMT; 2 = nZVI-OMMT (0,01); 3 — nZVI-OMMT (0,025); 4 — nZVI-OMMT (0,1); 5 — nZVI-OMMT (0,2)

AHam3 JaHMX MoKasye, 110 sk y aucnepcisx OMMT, tak i B BogHux aucrepcisx NZVI-OMMT
(OPMYIOTBCSI TUKCOTPOIHI KOArymisLiiHO-KOHACHCALIWHI CTPYKTYpH, SIKi XapaKTepPH3YIOThCS TOCTATHHO
BUCOKMMH 3HAYCHHAMH CTPYKTYPHO-MEXaHIYHUMH BIAcTUBOCTSAMH. Taki cycmeHsii 3aluMIiaroThes
NICEBIOIUIACTUYHUMHY, M0 3a0e3medye iX HaJiiiHe 3aKadyBaHHS y CTIHOBI CBEpAJIOBHHU ITPOHUKHHUX
peakuiitHux 0ap’epiB Ta BAKOPUCTOBYBATH TX JUIsl 3HEIIKO/KSHHS 3a0pyIHEHUX ITiJ3eMHUX BOJ IN Situ.

TakuMm 4yMHOM, B pe3yibTaTi NPOBEACHUX TOCTIHKEHb OTPUMAHO 3ai30BMICHI MaTepialii Ha OCHOBI
opranodiji3oBaHOr0 MOHTMOpPWIOHITY, 1o 3aatHi Bwiydatd ionn Cr(VI), Co(Il) ta U(VI) 3 Boauumx
cepenoBuil. JloBeneHo, IO BOJHI JUCHEpCii OJEPKAHOTO Marepialy 3ajHIIal0ThCs arperaTMBHO 1
CeIMMEHTALIiHO CTIHKUMU IIPH BMICTi 3aitiza y TBepAiii ¢pasi 1o 2,4 %, 110 1a€ MOXKIMBICTE BUKOPUCTOBYBATH
HOro y HOBITHIX NPHUPOAOOXOPOHHHMX TEXHOJIOTISIX, OCHOBAaHMX Ha 3aKayyBaHHI BOJHHUX JHCIEpCiit
HaHOMarepiany y 3a0pyJaHeHi mapy IPYHTY.
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Abstract. On the basis of experimental studies, the paper proposes to choose an appropriate process for
processing digestate formed from food waste in order to solve the problem of increasing the amount of
digestate formation at biogas plants. The technology includes several stages of dehydration of the digestate,
its further processing with the help of membranes and obtaining final products that can be sold as a commercial
product.

Anaerobic digestion plants which are used for generation of biogas face a huge problem utilizing the
main byproduct — digestate. Treatment of such sludge is complicated and inefficient, and generation quantities
are high. Anaerobic digestion plants which use food waste as a feedstock suffer the most, as physical and
chemical properties of such digestated make it almost impossible to treat.

The aim of the study is to select an appropriate treatment process for digestate generated from the food
waste to solve the problem of increasing amount of digestate generation at biogas plants.

The studied treatment processes includes:
mechanical pretreatment using screw press,
chemical conditioning (using flocculants and coagulants dosing),

— mechanical dewatering using multi-disc technology (with multi-disc screw press Esmil MDQ),

— two stages of membrane separation (utilising Reverse Osmosis RO membranes, Vibratory Shear
Enhanced Process (VSEP), Zwitterionic membranes).

Sludge was pre-treated with the screw press to remove fibres, straws or any coarse solids which could
interrupt the trial runs by clogging pipes or pumps. Before starting the trial runs, pH and solid content
measurements were carried out (table 1); these parameters were required for presetting equipment and process
before first run.

Table 1
Initial feed parameters
oH Dry solids Total dissolved Total suspended solids Notes
(DS), % solids, (TDS), % (TSS), %
7.72 4.07 3.26 0.810 High Viscosity

The purpose of the technological solution is to separate the solid phase from the sludge and purify the
liquid phase to achieve water quality in accordance with local sanitary standards for discharge. The solid phase
will be a subject to be utilised as a dry fertiliser which is easy to store and transport; part of the liquid phase
will be reused in the treatment process, the other part will be suitable for discharge to the sewage system, water
bodies or reuse in the fermentation process or for other technological or technical purposes.

In order to achieve the goals of the project in the most cost-effective way, a special hybrid process was
developed that combines the methods of physical and chemical concentration and separation of liquid and solid
phases, mechanical dewatering of the solid phase, and two-stage membrane purification of the liquid fraction
(filtrate).

Depending on the need, the process can include only part of the stages of the whole process and be
individually adopted for a specific site.

According to the process, anaerobic digestate is fed to a highly efficient chemical reactor, where it is
flocculated to separate solid and liquid phases by adding small amounts of coagulant and flocculant. The
viscosity of the sludge is excessively high for the conditioning process to take place, so the stream will be
preliminary diluted before the reagents are added.

Next, the flocculated sludge is fed to a multi-disc dewatering press for mechanical separation of the
solid phase from the liquid and its dewatering. The DS content in dewatered solid phase (cake) reaches 10-
35% depending on the quality of the flocculation, digester, and the feedstock. Typically, cake is suitable for
storage, packaging, and transportation as a dry fertilizer (table 2).
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The filtrate (liquid phase) is collected separately and fed to the next stages of membrane separation. The
first stage of separation takes place on either a special zwitterionic (ZI) membranes or vibrating membrane
VSEP, which separate the remaining TSS and some other substances (including TDS for VSEP option) from
the filtrate and make it suitable for further separation on reverse osmosis membranes (RO). RO is capable of
separating and concentrating all DS including TDS (inorganic salts, including ammonia) and organic
compounds. The RO permeate is of high quality and can be recycled and reused for almost any purpose or
simply discharged to a water course or a sewer system. It can contain residual concentrations of ammonium
though it also can be reused for the purpose of diluting the raw material before digestion.

Table 2
Conditioning and dewatering run results
Ne Parameter Value
1. | TSSin the filtrate 1.50 g/l
2. | DS ininitial sludge 4.07 %
3. | DS in the cake 14.7 %
4. | Dilution factor 1:1
5. | Flocculant consumption 14.9 kg/tDS
6. | Coagulant consumption 6.8 | of 40% FeCly/m®
7. | MDQ-201 capacity 16.1 kgDS/h
8. | Hydraulic capacity (by initial sludge) 0.4 m¥h

The concentrate from membrane separation stages can be used as a liquid fertiliser and supplied to
nearby farmers (to reduce transportation costs), while the dry cake can be stored or transported over longer
distances.

Thus, to provide a zero discharge process and achieve sustainable goals, part of the filtrate will be used
to dissolve the original sludge, which will increase the efficiency of conditioning and reduce the consumption
of reagents; RO permeate can be used for the preparation of flocculant and coagulant solutions and for the
digestion process, cleaning purposes on farms, watering, etc. And the cake and concentrates can be reused as
fertilisers.

As a result, the proposed process combines technologies which allow treating sludge in optimal and
economical way to achieve the required quality by adding successive stages of membrane treatment. Study
showed that multi-disc dewatering technology with proper pretreatment using screw press and highly efficient
chemical conditioning can be effectively applied to a digestate generated from the food waste. To avoid using
screw press for pretreatment, roller type multi-disc technology can be applied as an alternative.

The membranes can well reject the contaminants to achieve high specs treated water quality. All the
contaminants/organics/inorganics are separated and concentrated by RO membrane system can be utilized as
the organic fertilizer or soil conditioners (table 3).

Table 3
Treated Water Recovery
Recovery-% (VSEP+RO) Recovery-% (Z1+R0O) Recovery-% (ZI1+RO1+R02)
74 82 77

After each run, the membranes were tested for the clean water flux and rejection efficiencies. The
cleaning regime applied regained the flux and post run rejection tests show no signs of loss of the rejection
characteristics. This suggests the feed didn’t have any adverse effects on the membranes.
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BUKOPUCTAHHSI 3EJIEHUX TEXHOJIOT'TH
JIJIS1 ONTUMIBALIL BOJIOIIOCTAYAHHSA B TYPUCTUYHUX
PAOHAX IBAHO-®PAHKIBbLCKOI OBJIACTI
leano-Dpankiecokuii HAYIOHANLHUL MEeXHIYHUL YHIGepcUumem Hagmu i eazy
76019, m. lIsano-Dpanxkiscwk, syn. Kapnamcewvka, 15

Abstract. With the rise of tourist activity, the importance of sustainable resource management becomes
increasingly relevant. This is especially true for water supply in regions with seasonal visitor peaks. Modern
"green" technologies offer solutions for optimizing water usage, aimed at reducing the environmental impact
of tourist activities while ensuring a steady water supply. This paper examines the use of such technologies as
rainwater harvesting systems, biological purification, and water-saving devices in the context of tourist areas.

VY cydacHHX yMOBax rIoOallbHUX KITIMAaTHYHKUX 3MiH 1 POCTY TYpPUCTUYHOI aKTUBHOCTI OCOOJIMBA yBara
Ma€ NPUAUIATHCS BOJHUM pecypcaM. BonHuil 6anaHc crae KiIO4oBUM (HaKTOPOM, IO BIUIMBAE HA CTANICTh
€KOCHCTEM 1 SKICTh MHUTTS MICIIEBOrO HaCeJeHHs. 3eJieHI TEXHOJIOTii B cdepi BOIOMOCTadaHHS i
BOJIOBI/IBEJICHHS JIEMOHCTPYIOTh IHHOBAILlIMHUHI MiAXi[ 10 30€peKeHHs BOJHUX PECYPCiB, 1X e(PEKTUBHOIO
BUKOPHUCTAHHS T4 3MEHIIICHHS HABAHTAXXCHHS Ha JOBKIJLIS.

TpaguuiiiHe BOZOKOPUCTYBAaHHS, OCOOJNMBO B paiiOHax i3 3pOCTAalOUYOI0 TYPHCTUYHOIO AKTHUBHICTIO,
MOJKE TIPU3BECTH JIO TEPEBaHTAKEHHS MICIICBUX BOJHUX CHUCTEM, 3MEHIICHHS SIKOCTI MMTHOI BOJH, BTPAaTH
010pi3HOMAHITTS Ta 3a0pyJHEHHS MOBEPXHEBHX BOA. lle crac MPUYMHOI0 E€KOJOTIYHOro aucOaliaHcy Ta
HETaTHBHO BIIMBAE HA PEMYTAlLil0 TYPUCTUUYHUX PaHOHiB.

IBano-®pankiBcbka 001acTh 3 11 TIPCHKUMH JTaHAMAPTAMH, JiCaMU Ta MiHEPaJIbHUMH JDKEpelaMH €
MPUBAOIMBOIO ISl TYPUCTIB. 3a JaHuMU [iIpoMeTIEeHTpPY, 00JaCTh OTPUMYE CepeaHbOPIYHO OibIne 800 MM
omafiB, a Ha TepuTopii Kapmarcekux rip iXHS KUTBKICTh 30imblryeTbes i Moxe craHoButua 1400 mwm, mpote
BOHH PO3IO/iJICHI HEPIBHOMIPHO MPOTATOM POKY. Y CIIEKOTHI JITHI MicALl, KOJIM TYPUCTUYHHUM OTIK JOCATAE
MKy, MOXe BUHUKHYTH Ae]inuT Boau. Takox icHye mpoOiema ii SKOCTi B HaceleHUX IMyHKTaX 3 BEJIHUKOIO
KUTBKICTIO TOCTEH.

JuHamika KinbKoCTi onmafiB mo micsisix 3a 2021 pik BimoOpakeHa Ha puc. 1.

Cepenns kijgbKicTh onajais B IBaHo-
dpankiBCbKiii 00aacTi 3a 2021 pik, MM

1686

927 871 920

730

512 592

Puc.1. Cepenns kinbKicTh omajiB B [Bano-®paHKiBChKil 00sacTi 3a Micisamu CKIIaJeHO HA OCHOBI JuKepaia

Orxe, pos3momin omamiB B IBaHO-DpaHKIBCHKIH 007aCTi MIKPECTIOE BAKIUBICTh PETEIHLHOTO
IJIaHYBaHHS BOJOIOCTAadaHHSA. [IpoTAroM 3MMOBOTO TeEpiofy TiAposoriydi ymMoBH IBaHO-DpaHKIBCHKOT
00J1acTi BiI3HAYAIOTHCSI Pi3KOIO 3MiHOIO KUTBKOCTI OMaAiB: y ciuHi QikcyeTbes 212 MM, TOMI SK y JTIOTOMY el
MOKa3HMK 3poctae 10 389 mMm. BecHsHuii nmepion XapakTepu3yeThCsl MKOBUMH MMOKa3HUKAaMH, Jie Oepe3eHb
BUSIBIISIETHCS HAWOLIbI HacuueHuM 3 927 mm. KBiTHeBu# rigporpad memoHcTpye 512 MM omnajiB, i B TpaBHi
s 1udpa gocsrae 871 mm.
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JIiTHIN TIepioJ] MOYMHAETHCS 13 YePBHEBUX 592 MM OI1aliB, IPOTE B JTUITHI IIOKA3HUK CTAHOBHUB 1686 MM,
0 MOKE€ BKa3yBaTH Ha aHOMAJbHI TiAPOMETEOPOJIOTIUHI SBHUINA, TaKi SK 3JUBA YK TPO3H. Y CEpITHI
3a(hikcoBaHO 3HMKEHHS 70 407 MM, IO CBIAYUTH MPO TUMYACOBY CTAOUIBHICTH TiAPOJIOTIUHOTO PEKUMY.
OcinHi Micsimi po3nournHaroThes 3 400 MM onaiiB y )KOBTHI, & BXK€ B JINCTONAI1 KiJIbKICTh OMaiB 301IbIIYETHCS
110 920 MM.

Takwii po3momin omamiB CBITYUTH IPO HASBHICTH BEIHUKOI KIJBKOCTI BOJHUX pecypciB B IBaHO-
@pankiBCcbKiil 06macTi, sKi MOXYTb OyTH €(QEKTHBHO BHKOPUCTaHI AJISI TYPUCTHYHHUX MOTped, 0cOONHBO
BpaxOBYIOUH HOBITHI TEXHOJIOTIi 300py Ta 30epiraHHs JOMIOBOi BOIH.

BpaxoBytoun 11i MOKa3HUKH, PEKOMEHTY€ThCS:

- pPO3poOUTH cUCTEMH 300py AOIIOBOI BOJM JUT BUKOPUCTAHHS MPOTATOM CYXUX MEPiofiB;

- BIIPOBAIUTH Cy4YacHi TEXHOJIOTiH (inbTpaLii Ta OUYMILEHHS BOIU 3 METOIO0 3MEHILICHHS 3a0pyTHEHHS 1
MOBTOPHOTO BUKOPUCTAHHS BOJIU JUIS IOTPEO B TYPUCTHYHIH JISUILHOCTI;

- aJIanTyBaTH MicLeBY 1HQPaACTPYKTYpy 10 MiHJIIMBUX T1IPOJIOTIYHUX YMOB.

JomoBa BoJa, SIKa 4acTO CIPHUMMAETHCS SK 3aBafa, MOXKE CTaTH LIHHUM PECYpPCOM Ui PETiOHIB 3
HecTaOlIbHUM Bojgo3a0e3neueHusM. s IBano-DpaHKIBChKOT 00J1aCTi, 1€ OCHOBHI OMaId KOHIICHTPYIOTHCS B
BECHSHO-JIITHIA TMepioj, CUCTEMH 300py JOHIOBOI BOAM MOXXYThb CIYXKHTH KIIOYOBHM CIEMEHTOM Y
MiIBUIIICHH] €(pEeKTUBHOCTI BUKOPUCTaHHS BOJHHUX PECYPCiB.

Jus peanizamii Takoi cMCTeMHU MOTPIOHO BIPOBAJIUTH HAJEXKHE IUIAHYBAaHHS, SIKE BKIIOYAE B cebe
BCTAHOBJICHHSI CIIEIiali30BaHUX pe3epByapiB, PUIBTPYIOUMX CHUCTEM Ta MEpPEeX po3nofiny. Takoxk BaKIHBO
30CEPeIUTH yBary Ha PO3MIIIeHH] X CUCTEM Y MiCIIfX, e MaKCHMaIIbHA KLUTBKICTh BOJIM MOXKe OyTH 3i0paHa
1 BUKOpHCTaHa e()EeKTHBHO.

SKicTh BOJU € IPIOPUTETOM JIJIs 3/IOPOB'S TYPUCTIB. Y KOHTEKCTI 301IbIIICHHS 00'€EMIB JIONIOBOI BOJIU B
IBaHO-@paHKiBChKili 001acTi, OCOOMMBO BAXKIMBO 3a0e3MednTH, MO0 [ Boja Oyna Oe3NMevHOro s
criokuBaHHs. Cepe; HOBITHIX TEXHOJOTIH MOXHA BHIUIMTA MeMOpaHHI METO/AW, aKTUBOBAHE BYTULISA Ta
OloJioriuHE OYMIINCHHSA. BUKOpPHCTaHHS I[MX TEXHOJIOTIH y KOMOIHAIT 31 300pOM JOIIOBOT BOJIU MOXKE
JIOTIOMOTTH 3a0€3MeYNTH BUCOKUH CTaHAAPT SIKOCTI BOJIH.

BomHi pecypcu - 1e AMHAMIYHUA KOMIIOHEHT, KUl MOKE 3HAYHOIO MIpOIO BIUIMBATH Ha PO3BHTOK
periony. BpaxoByroum rigponoriddi ocoOmmBocTi IBaHO-DpaHKiBCHKOI 007acTi, cCydacHa TypHUCTHYHA
iH(ppacTpyKTypa NOBUHHA OYTH THYYKOIO, 00 aJanTyBaTUCs 10 Pi3HUX TiApoioriyHnX yMoB. Taka aganrariis
MOXK€ BKIIFOYaTH B ce0e BIPOBADKEHHS 3€IIEHWX JaxiB, CHUCTEM IEpepo3MOALTy BOIW Ta IiJ3€MHHUX
pesepByapiB ans 30epiranHs Boad. Lle momomMorke perioHy Kpaile rOTyBaTHCS IO PI3HUX IOTOJHUX YMOB i
3a0e3MeynTy HaliiiHe BOJIOMIOCTAYaHHs.

TakuM YWHOM, BUBYEHHS TiIPOJIOTIYHUX 0coOauBoCcTel IBaHO-DpaHKiBCHKOI 00JIACTI MOKa3aJio, 110
JUTSL TBOTO TYPUCTUYHOTO PETIOHY BAaKIIMBE 3a0e3IeYeHHs HaIifHOTO BOJOMOCTA4YaHHS Ta €(EeKTHBHOTO
BOJIOBi/IBe/IcHHSA. JIJis BUpIIICHHS IMX 3aBJiaHb MOXKHA 3aCTOCYBaTH CydacHi 3eJieHI TexHoJjorii. Bonu
JOTIOMOXKYTh HE TIIBKM ONTHMI3yBaTh BHUKOPUCTAHHS BOJHHUX pecypciB, ane W 30epertu mpupoaHe
CepeIoBHIIE TS MICIIEBOTO HACEIeHHS Ta roctel obmacti. Takmii minxim miakpeciroe cTpaTeriyae OadeHHs
pETioHy MIOA0 €KOJIOTIYHOI BiIOBITABHOCTI Ta CTIHKOTO PO3BHTKY.
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IMMOBILISATION OF MICROORGANISMS AS A KEY SOLUTION FOR
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National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
37, prosp. Peremohy, 03056, Ukraine

Abstract. Today, frequent crisis situations in both cities and industrial enterprises due to military
aggression require new approaches to the operation of wastewater treatment plants, including the shutdown
and re-launch of biological treatment facilities. Shutdowns of treatment plants may also be caused by
seasonality of operation, due to the availability of raw materials only during certain periods of the year (e.g.,
skins in the spring-summer-autumn period at tanneries, or vegetables in the summer-autumn period at
canneries, or periodic operation of resorts, etc.) The problem is exacerbated by military operations (destruction
of energy facilities, interruption of electricity supply, and thus suspension of biological treatment facilities,
death of activated sludge microorganisms, loss of part of the activated sludge due to wastewater discharge,
etc.) If the inflow of contaminated wastewater has stopped, but the treatment plant continues to operate, this
leads to the death of microorganisms in the aerotanks (biofilters), and the re-launch and recovery of the
facilities will require a significant amount of time and cost to reproduce activated sludge (biofilm). In addition,
the minimal amount of biomass is usually not able to oxidise pollution after restarting, which leads to a
decrease in the quality of treated wastewater discharged into water bodies. Therefore, to restore biomass
performance, activated sludge from other efficiently operating treatment plants is often used, which leads to
significant technical and economic costs (to ensure a dose of activated sludge of 3 g/dm?® for a 1000 m? aeration
tank, at least 3 tonnes of activated sludge is required).

The aim of the study is to establish the possibility of recovering the performance of biological
wastewater treatment facilities after a long shutdown without additional activated sludge input.

The goal of a control strategy is to maintain optimal operating conditions to ensure that the desired
microbial communities are maintained and have the necessary metabolic characteristics to ensure optimal
biological oxidation. Even during transient periods of operation, such as system shutdowns and start-ups,
strategies that maintain biomass are considered crucial to restore effective biological wastewater treatment
during system start-up. To solve the problem of maintaining the adapted composition of activated sludge
during plant shutdown, the use of artificial media for biomass immobilisation was investigated. During the two
years of operation of the semi-production plant for biological wastewater treatment using immobilised
microorganisms at the malt plant, two shutdowns were carried out in October-November and start-ups were
carried out after the winter period. The air temperature drop during the winter period reached -10 to -32°C.
During the shutdown period, the plant was freed from wastewater and circulation pumps, but the immobilised
biomass carriers were left open in the bioreactors (for air drying). The plant was restarted for 35 and 48 days,
respectively, until the treated wastewater was produced in accordance with the requirements for discharge into
the river.

The hydrobiological analysis of microorganisms confirmed their ability to periodically work with the
restoration of vital activity under conditions of being in a dry state during the shutdown of the treatment plant
and even after testing at low temperatures (-30 - -32°C). Among the hydrobionts, there were sarcoderma,
variously shaped and abdominal ciliates, circular ciliates, and rotifers, which indicates the presence of
organisms of different trophic levels. The treatment plants with immobilised microorganisms are capable of
intermittent operation, and the formed and preserved biocenosis is resistant to recovery and quick start-up even
at rather low winter temperatures. The objectives of further research will be to establish the technological
modes of operation of facilities with immobilised microorganisms during the period of shutdown, shutdown
and restart and to optimise processes during this period to minimise its duration and save material and financial
costs.
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Abstract. The paper describes the results of developing the design and automated control system of
filter presses for dewatering sludge of various suspensions. The most difficult task is to determine the time
required to fill the filter chamber with filtered sludge. A large number of experiments with different types of
suspensions have been carried out in order to compile an appropriate mathematical model. The regularities of
the filtering area decrease in each chamber in the process of its filling with sludge were determined, which
made it possible to propose a method of determining the filtering time.

Ocay CTIYHUX BOJI IPOMHUCIIOBHX Ta KOMYHAJIbHUX OYMCHUX CIIOPY/] B 3HAYHIH KiIJTBKOCTI BUTIAJIKIB I11e
i 3apa3 chpsMOBYIOTh B TakK 3BaHI NIJAMOHAKONHMYYBadi, YUM HAHOCHTH BEJHKY IIKOJY HaBKOJHUIIHEOMY
CEepeOBUILLY.

JIst 3MEHIIIeHHS IIIKOAX BHKOPUCTOBYIOTh 3HEBOJAHEHHS TAaKMX OCAJliB 3a JOIOMOIOK (ilbTpiB abo
neHTpudyr pisHOMaHITHOT KOHCTpykmii. Cepen IMX MamvH HalOLIbI e()eKTUBHUMHU CJiJl BU3HATH
¢ineTprpecu. Lle moB’sa3anHo ¢ TuM, 0 TBepAa (paza Takux 0caliB Ma€ qyKe BEJIUKY AUCIEPCHICTD 1 CTBOPIOE
NPy 3HEBOJHEHHI OCaJKH 3 HAATO 3HAYHUM TiApaBIiYHUM omopoM. ToMmy mpH 3HEBOAHEHHI MOTpiOHa
JOCTaTHBO BEJIMKa pyIIiifHa cHia Mmpoliecy, TOOTO mepena THCKY Ha QiTbTPYIOUNi TKaHHHI.

CyuacHi QinsTpIpecu MOKyTh BECTH MPOIEC 3HEBOAHEHHSI 1MiJ] THCKOM 0 1,6 MIla ta Ginblue, skmio
e moTpidHo. Kpim Toro, QinmbTprpecu MOKyTh BUKOPUCTOBYBATH (PITBTPYIOUi TKAHWHU TAKO1 IIITBHOCTI, SKa
3a0e3neunTh OTpUMaHHs (inbTpary MOTpiOHOT yrcTOoTH. Takok Ha IMUX MallMHAX MOXIHMBO IPECyBaTH
BiI(IIbTPOBAHUI OCAIOK, 10 3a0e3Meuye MiHIMAIbHO MOXJIUBY JUIS JAHOTO KOHKPETHOTO MPOJYKTY HOro
BOJIOTICTb.

Jocute BaknmuBO U Te, MO Cy4acHi (iIbTPIPECH MOXKYTh MaTH JOCTaTHBO BEIUKY (DiIbTpyrouy
MOBEPXHIO, 1 HEMa MOTPEOH BCTAHOBIIIOBATH OUIBIIT IBOX 200 TPHOX IX OJUHUILb.

Bimomo, mo ¢inbTpyBaibHI BIaCTUBOCTI CYCIEH3iH B 3araji, a OcajliB CTIYHHX BOJ B OCOOJHBOCTI,
3aJekath Bif 11101 HU3BKi ()aKTOPIB, 1 X0U iCHY€E 0e311id MaTeMaTHIHUX MOJEINeH, sKi po3po0IIeH] ISt Onncy
nporecy QUIBTPYBaHHS, UIA X BHUKOPHCTaHHSA TOTpPiOHE MpoBeACHHS (iIbTPYBAIBHUX TECTIB 3 METOIO
BCTaHOBJICHHSI KOHCTAHT, SIKi 10 HUX BXOJSATh.

ToMy B KO)KHOMY KOHKPETHOMY BHIIAIKY JUII OOTPYHTOBAHOTO BHOOPY TEXHIYHHX XapaKTCPHCTHK
¢inpTprpeca HeOOXiAHO BUKOHAHHS BKa3aHHUX TECTiB HA MOJEINIOIUYNK ycTaHOBLI. Lle HallOinbIn akTyanbHO
JUIS OCa/liB CTIYHMX BOJA, TaK sK TyT L€ MOTPiOHO migiOpaTu BiANOBiIHY OOpOOKY ocaia peareHTaMu
(pokynssHTAME 200 KOATyJISTHTAMH).

AJe, SIK 3p03yMiJI0 TUM, XTO 3HallOMU# 3 poOOTOI0 (DimBTpIIpeciB, e 0OIaHAHHS € B TIEBHIN Mipi Tak
3BaHUI «YOPHUH SIUK», TaK SIK M yac poOOTH HIKOMY HE BiIOMO, IO caMe BiIOyBaeThCs B HOro Kamepax,
Ha CKUTFKH BOHH B)KE 3aTIOBHEHI OCAJIKOM 1 KOJIM BJK€ MOKIIMBO 3aKiHIyBaTH QinbTpyBanHs. [loMmika B oMy
MMUTaHHI TPU3BOIUTH B KPAII[OMY BHITAJKy K BTPATi MPOITyKTHBHOCTI, SKIIIO TPUBATICTH (iTBTPyBaHHA OOpaHa
O1npIIIOT0, HIXK TOTPiOHO. B pasi, Ko TpuBaiicTs GieTpyBaHHS 0OpaHa HEAOCTaTHBLOIO, Oy/ie BUBAHTAXCHO
HA/ITO BOJIOTUH 0Ca/IoK, abo B3araui pinkuii mmam. Lle cTBopuTh 3HaYHI TPYAHOILI 1S AUISTHKY (iNbTpyBaHHS.
Tomy BcTaHOBNIEHHS BipHOI TpPHBAJOCTI (PUTFTPYBaHHS B YMOBaxX, KOJIW BIACTUBOCTI MPOAYKTY IO THM YH
IHIIMM TTPUYMHAM 3MIHIOIOTHCS, AyXKe aKTyallbHa.

Hnst Toro, mo6 ¢ineTprpec MpamoBaB B aBTOMAaTHYHOMY PEXHMi, HEIOCTaTHHO OCHACTHUTH HOTO
CHUCTEMOIO aBTOMATHKH, fKa IO 33JaHiid mporpamMi OyJe BMHUKATH Ta BUMHKATH HOTO BY3JIM Ta MEXaHI3MH.
Tpeba BupimmTH 1Ie /ABa 3aBAAHHA: BCTAHOBJIIOBATH BIiAMOBIAHY TPHUBATICTh (PIIBTPyBaHHS B yMOBax
pearbHOro TEXHOJNOTIYHOTO Tpolecy Ta 3abe3mednTH, Mmo0 O0CaJZoK BHUBAaHTAaXYBaBCs 0€3 BTpYYaHHS
orepartopiB. 3aCTOCYBaHHS ICHYIOUMX MaTeMaTUYHUX MOJIEJICH [T YIIPaBIiHHS HUKIOTPaMor0 QiIbTpIpeciB
B TaKUX YMOBaX HEMOXKJIMBO.

Bigomo, mo TpuBamicTh BlacHe (PimbTpYBaHHS 3aJICKUTH Bi KBaapara TOBLIMHH BiAdiIbTPOBAHOTO
ocaaka. ToMy Ijs1 KOXKHOTO KOHKPETHOTO MPOAYKTY iICHY€ TaK 3BaHa ONTHMalbHA TOBIIMHA OcajKa, TOOTO
Taka, sKa 3a0e3ledye MaKCHMalbHO MOXIIMBY B JAHOMY pa3i IPOAYKTHUBHICTH (iabTprpeca, 1 MpH
MIPOEKTYBaHHI (iIbTpIIpeca I KOHKPETHOTO Ocaay Tpeda 3a3[ajerias BCTAHOBUTH Ta BUKOPUCTATH IieH
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rmapamMeTp. 3pOOUTH IIe¢ MOXKJIMBO TUTBKHM TICIS TPOBEIEHHS (DUIBTPYBAIBHMX TECTIB Ha BIAMOBITHOMY
o0JiaHaHHI.

[Tpu npomy Tpeba mam’siTaTh, 1o QIIBTPIPECH - MAIIUHK NEPiIOJUYHOI Aii, TOMY P Po3paxyBaHHi ix
MPOAYKTHBHOCTI Tpeba MpUiiMaTH OO yBard He TUIBKH Mepedir BiacHe (inbTpyBaHHS, a TAKOX TPHUBAIICTh
TaKUX JOMOMDKHHUX ONepamiil sSK MPOCYIIyBaHHS Ta BUBAHTAXKCHHS OcCaika. | YMM MEHIIEe TPHBANICTh IIUX
omepaliii, TuM Oijble Oyae NMPOAYKTUBHICTH (iabTpmpecy. He MeHI BakIMBO MpH MPOBEJCHHI TECTIB
MPaBWIBHO MiAiOpaTH THH QiIBTPYIOY0i TKAHUHH.

«HaykoBo-BupoOHnue mianpueMcTBo - Cxigaa Ykpaina» (mani «HBII-Cxigna Ykpainay), ske Bke Ha
mpoT:3i 24 pokiB BUpoOIIsie aBTOMAaTH30BaH1 pitsTpripecn UM, Mae B CBOEMY CKJIaji AOCTIAHY Ja00paTopio,
OCHaIIeHy HeOOXiTHIMHU MOJIEIIOIOYMMHU YCTaHOBKAaMH, SIKi I03BOJISIFOTH MPOBOIUTH (iIBTPYBaJIbHI TECTH, SIK
mig yac BuOOpy QinpTprpeca, Tak i Uisi BABYEHHS OCOOJIMBOCTEH NPOLECiB QiIbTPYBaHHS.

Came ¢axiBii 1iei mabopartopii 3’sicyBaiiy, IO 10 Mipi 3aITOBHEHHS KaMep (QiabTprpeca 0cakoM Mexi
MK HOro IMOBEPXHEI0 Ta 0CaZoM, LI0 3HEBOJHIOETHCS, 3MEHIIYETHCS BiJl MOYAaTKOBOI'O 3HAYEHHS, SIKE
JOPIBHIOE TIOBEPXHi (PIIBTPYBaHHS, 10 HYJsI, KOJM KaMepH MOBHICTIO 3alOBHEHI. BiamosinHo 3MeHIIyeThCS
3YCHILIS, SIKE po3nupae (inbTPyBaabHI IUIMTH. BiCTE)KEHHS 1[bOTO MapaMeTpy JT03BOJIMIO BH3HAYATH dac
npunuHeHHs QinbTpyBaHHs. Ha 1ie pimeHHst 0yiio oTpuMaHo MaTeHT YKpaiHu Ha BUHAXII.

Takox Oynu 3HaiineHi pilIeHHs AJS CKOPOUCHHS 4acy BUBAHTAXKEHHS OCAIKy Ta 3MEHIICHHs aaresii
foro 10 GUIBTPYIOYOT TKAHUHH.

daxiBui «HBII-Cxigna YkpaiHa» MawoOTh BEIUKHN JOCBiJ, 3a 4Yac ICHYBaHHS IMiIIPUEMCTBA B
nmaboparopii BukoHano Oimpm HiK 300 mocmimiB, Ha 0a3i SKMX NPUAMAIUChH PINIEHHS M0 TEXHIYHUM
XapaKTepUCTUKaM (iIbTPIpeciB I Pi3HUX 3aMOBHUKIB. AJle IPU [bOMY BCTaHOBJICHO, III0 BUKOPHCTAHHS
aHaJIOT1H Mi Yac MPUIHATTS pillieHb y)Ke HEeOE3MeYHO, TaK SIK 0CaJU CXOXKHX BHPOOHHIITB MOXKYTh MaTH
HEOJTHAKOB1 BIIACTUBOCTI.

JloctaTHill piBeHb KOMIIETEHTHOCTI (haXiBIIiB J1abopaTopii, a TaAKOXK KOHCTPYKTOPIB, SIKi PO3pOOISIIH
KpECIICHUKH, TIO3BOJISUIM 3aro0iraTi npobiem mnpu BBeAeHHI ¢inbrprnpeciB UM B poboTy, Ta CKOpOUyBaTH
Mepio/in HaIaroKyBaHHS 1X Ha MiAMPUEMCTBI 3aMOBHHKA.

3a MUHYITI pOKH 3aBJISKH CBOIM TEXHIYHUM OCOOIMBOCTSM, a TAKOXK BIPHUM PIIIEHHSM, SIKi IPUIAMAITUCH
TiCJIs BUKOHAHUX TECTIB, aBTOMaTH30BaHi (inbTprpecn UM yCHminrHO BHPIIIAIN 3aBJaHHS 10 3HEBOAHEHHIO
3rymeHux ocauiB oceiTitoBauiB Posenchkoi AEC, XapkiBebkoi TEIL-5, TEL-1 «/uinpoa3ora», TEL-1 m.
Hapga (EcToHis), mpu bOMY OTPUMYIOTHCS OCaIKH MiHIMAIIbHOI BOJIOTOCTI, IIIO AO3BOJISIE TX yTHUIII3yBaTH, a
TakoX (PUTBTpaT HEOOXITHOI YHCTOTH.

Takox ycnimHo npamorTh GinsTpnpecu UM 3 nosepxuero 150 m? Ha 6inbim, Hixk 10 IyKpoBUX 3aBOJIIB
VYkpainu, 3aMIHUBIINA TUCKOBI (QUIBTPH, IPH pOOOTI IKUX CTBOPIOBAIKMCH 3HAYHI OOCATH CTIYHUX BOI, IO 3a
3BHYaii 3a0pyJHIOBAIIN IPUPOAHE cepenoBulie. [1o Toro x 1e J03BOJIMIO 3HAYHO CKOPOTUTH BTPATH LYKpY 31
BKa3aHUMH OCa/IaMH.

JlokazaHa MOXJIMBICTh 3HEBOAHEHHS Ha (QiabTpnpecax UM maxtHux Boja, Ha «Cximaomy ['TIK» (M.
Kponuerupkuit) npamoe dinstpnpec UM 3 nosepxuero 80 M2,

OdinpTpnpec UM 31aTHI 3HEBOAHIOBATH OCATU MPOMHCIOBUX CTOKIB METAITYPTriMHUX MiJIPUEMCTB
(MOKpe ra3004HIIeHHS JOMEHHUX, MAPTCHIBCHKHX Ta 1HIMNX TICUCH).

Ile oxHiero ramys3310 3acTOCYBaHHA (PiTbTpIpeciB € QiTbTpyBaHHS OCaAiB raJlbBaHIYHUX BUPOOHUIITB,
JUIsL HUX 3aCTOCOBYIOTH (inbTprpecu UM crpoleHoi KOHCTPYKIii 3 TOBEPXHEIO (iNbTpyBaHHS IOYMHAIOYH 3
2 M2

binpmr goxmagay iHGOpMAIIito Mpo po3podIeHe Ta BIPOBaKeHe GiIbTpyBadbHE 00TaHAHHS, a TAKOX
mpo ramy3i 3acTocyBaHHA (iJBTPIpeciB MOXXKHA OTPUMATH Ha BeO-caiiTi KOMIAHII 3a MOCHIaHHSAM
http://www.npk-vu.com.ua/.
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AHNERT M. (GERMANY, DRESDEN)

FROM OPERATIONAL DATA TO A FINAL REPORT - AN (ALMOST) SEAMLESS
DIGITAL APPROACH TO WASTEWATER TREATMENT PLANT DESIGN
Dresden University of Technology
Institute for Urban Water Management
01062 Dresden, Germany; markus.ahnert@tu-dresden.de

Problem description

The design of the biological part of a wastewater treatment plant is an often repetitive task that follows
a predefined calculation procedure. Depending on national standards the following steps are mandatory only
for details:

—Collection of input data or estimation of influent loads

—Verification and evaluation the data

—Execution of the design calculations

—Documentation of the results

—Final presentation and submission to the client

In a typical workflow, these steps were processed using different software tools, usually spreadsheets
for calculations and word processing for reports and final submission.

There are therefore 3 categories of files: Raw data from different sources (also in paper form),
calculation files and report files. The transfer of information or data and visualisations is often done manually
by inserting results from one category into files of the following category. This can have several disadvantages.
For example, there is a risk of incorrect transfer. If changes are made to files in the first two categories, the
steps have to be repeated for subsequent categories. For each new project with a similar procedure, the whole
process starts from scratch. Traceability of calculations is usually difficult.

There are some methods of directly linking e.g. calculation and report files, but this can dramatically
increase file size.

spreadsheet
s —
dat .

word processing im‘;;’t . preparation of data

file or pdf |

re_\p_cfrtOf _| plausibility
Plausiblity eees checks error correction

' legend

adjustments
required

report of design ca]lc(;]la:don User experience
parameters - pgra:_ls‘;%:rs R @ and manual

A 4

design report A131 | design
calculation

4 |nformation and data workflow

@ quarto Adjustmentloop workflow

Fig. 1. Schematic representation of described workflow

Proposal of an alternative procedure

All these drawbacks can be overcome with an alternative method based on open source software tools.
The main idea is to combine data import, calculations and report generation in one document. This can be done
by using the open source programming language R (R Core Team, 2021) with the additional library Quarto
(Allaire et al., 2022) within the R software IDE RStudio. Quarto is based on a markup language where chunks
of code can be combined with formatted text. The final output can be an editable document, a pdf or html file,
and a presentation. The code chunks can be used to perform all calculations and to display figures or tables. If
changes need to be made, only the code of the quarto document needs to be modified and the new version can
be generated.

This procedure is presented using the design methods of the German design guideline DWA A 131
(DWA-A131, 2016) for activated sludge wastewater treatment plants. An international version can be found
in DWA-Topics T4/2016 (2019). Figure 1 shows a schematic representation of the complete workflow with
marked script modules.
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For design calculations, the influent load must first be determined based on routine data from existing
plants or estimated based on per capita specific loads. If routine data is used, it must be checked for plausibility.
For this reason, different methods are available. An additional advantage of the proposed procedure is the
possibility to include additional modules, e.g. for data pre-processing, if required.

User requirements

The application of the procedure described requires a certain affinity with programming. However, the
R language (similar to Python) is relatively easy to learn and use. Often a result can be achieved very quickly
by modifying existing code modules. There is also a large community and tutorials available to help you learn
the language. Such languages are usually taught as part of modern university education.

Advantages of the procedure

There are several advantages to this approach compared to a traditional workflow based on office
software products:

Time saving through: Increase in quality through:

Almost no manual data processing required Reproducibility

Reuse in other projects Transparency of work steps

Easy corrections, extensions and additions Documentation of the methodology
possible

Essential parts of the documentation are Minimisation of errors in the results
generated automatically

Iterative application easily possible Consistent representations and documents
Structured and standardised approach Focus on engineering issues by saving time

Conclusions and Outlook

The use of reproducible procedures for repetitive tasks can be a key factor in modern digital work, both
for consultants and for process engineers in municipal wastewater treatment plants.

In addition, the described procedure can be linked to other software tools, e.g. modelling software. The
extension of the described framework can be found as an example in Ahnert and Hurzlmeier (2022).
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LAGIEWKA J., ZAWIERUCHA I. (POLAND, CZESTOCHOWA)
REMOVAL OF ORGANIC DYES VIA SORPTION/SEPARATIVE
TECHNIQUES BASED ON CYCLODEXTRINS
Jan Dlugosz University
13/15, Armii Krajowej Av., Czestochowa, Poland; j.lagiewkal7@gmail.com

Abstract. Organic dyes as one of emerging contaminants produced by industries and societies, pose a
threat for natural environment. To prevent the spreading of organic dyes to environment, there are
sorption/separative techniques like adsorption on active carbon or separation through permeable membrane
are used. Cyclodextrins can act as binding site in sorption processes or phase carrier in membrane processes.
Herein, novel materials based on cyclodextrins are designed and applied towards effective, rapid and selective
removal of organic dyes from aqueous solutions e.g., methylene blue.

Introduction

One of the organic water pollutants are organic dyes. Dyes are colorful aromatic organic compounds,
produced more than 100 tons annually in the world. Dyes are needed in many industrial fields, e.g. in the
textile. They play a very important role because they give various materials a lasting color. Organic dyes are
toxic compounds that do not biodegrade. They negatively affect the natural environment and result with
mutagenic and carcinogenic effects which influence harmfully on the health of the fauna living in contaminated
water. Thus, the organic dyes make water undrinkable and should be removed from industrial wastewater.

The cyclodextrins (CDs) are macrocyclic oligosaccharides, composed mostly of 6, 7 or 8 glucose units;
it refers to a-CD, B-CD and y-CD. The CDs’ molecules form supramolecular rings, which interior has
hydrophobic character (ether sphere) and exterior has hydrophilic (hydroxyl groups). The cavity shape is
described as toroidal or truncated cone. The CDs are obtained from biotechnological processes, the starch
reaction with specific glycosyltransferase enzyme. The CDs are known for the ability to form inclusion
complex (host-guest system), insertion of organic molecules inside cavity like a finger to a ring. That ability
is significant for pharmaceutical encapsulation and drug delivery. This properties can be applied in removal of
organic pollutans, when CDs’ solubility in water is reversed to non-soluble in water materials.

Fig. 1. CD polymeric network and sorption of dye molecules

Methods

The applied materials were: polymer inclusion membrane (PIM) doped with perbenzylated B-CD
derivative, cross-linked networks based on CD and biphenyl dianhydride or citric acid, impregnated
composites (polystyrene, zerovalent iron) with hydrophobic CD. The studied dyes were methylene blue and
acid orange 7. The sorption tests were performed in batch conditions, where dye solutions was mixed and
shaked with polymeric sorbent. The PIM technology was applied towards removal of dyes via system of
membrane placed between two compartments containing source and receiving phases. The dyes are transported
through membrane from source to receiving phase. The concentration of dyes after sorption and during
membrane separation were evaluated with UV-Vis spectroscopy.
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Results and discussion

The performed studied for polymeric network with CD and biphenyl dianhydride indicated highly
effective removal towards Methylene Blue (MB), where sorption capacity was 96,15 mg/g. The rapid removal
was resulted after 1 minute around 85% and after 5 minutes around 94%. The sorbent was characterized by
selective removal of cationic organic dyes, but lack of binding towards metals or anionic dyes.

The PIM doped with perbenzylated CD derivative showed pH depending separation of Methylene Blue
and Acid Orange 7. These dyes have different chemical character, cationic and anionic charge, respectively.
In Fig. 2 the stability assay of PIM effectiveness during separation of Acid Orange 7 is presented. The process
of separation is very stable during 10 cycle of work ranging around 70-80% of Recovery Factor.

Recovery factor (%)

1 2 3 4 5 6 7 8 9 10

Cycle number

Fig. 2. Stability of PIM effectiveness during separation of Acid Orange 7

Conclusions

The novel cyclodextrin based materials were obtained for removal of cationic and anionic dyes. The
polymeric sorbent are easily designed in one step process without necessity of inert atmosphere or highly
expensive catalyst. The polymeric sorbent can rapidly remove around 80-90% of MB dye from aqueous
solution during 1-5 minutes. The polymeric network based on CD and biphenyl anhydride favors only organic
compounds and does not bind cations of metals. The PIM doped with CD demonstrated pH dependent
mechanism of action, where in case of Methylene Blue feed solution should be basic and strip solution —acidic,
respectively. The membrane system for Acid Orange 7 removal should be prepared with acidic feeding phase
and basic receiving phase. The CD based materials are very interesting, effective and selective class of
sorbents/membranes which can revolutionize (waste)water treatment contaminated with organic dyes.
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IIEPCTIOK JI.M., ULILEHKO T.B. (YKPAIHA, .KUIB)
BUKOPUCTAHHS IIAHOBAKTEPIH SIK BIOJIOTTYHUI MAPKEP B
CYIIYTHUKOBOMY MOHITOPUHI'Y CTAHY BOJAHOI'O CEPEJIOBHIIIA
Inemumym azpoexonocii i npupoooxopucmysanns HAAH
03143, eyn. Memponoeiuna, 12, Kuis, Yxpaina

Abstract. The thesis describes the use of satellite databases for monitoring the state of the aquatic
environment using cyanobacteria (blue-green algae) as a biological marker for the detection of water polluted
in significant quantities by mineral fertilizers, phosphorus-containing and nitrogen-containing wastewater, due
to the biochemical features of cyanobacteria and the very presence of chloroplasts, which gives a characteristic
green color and the process of eutrophication, which colors the water surface.

Using these features through observations in the spectral index, it is possible to determine the places of
the largest concentration and determine the places of significant pollution of water.

VY 3B'3KY 31 3pOCTaHHSAM IO BCHOMY CBITY MPOTATOM OCTaHHIX AECATHIIITh YACTOTH Ta IHTEHCHBHOCTI
POCTY BOJIOPOCTEH, B T. Y. CHHBO-3€JICHUX, CYITyTHUKOBUH MOHITOPHHT 3aBISIKH YHIKQILHUM CIIEKTPaIbHAM
XapakTepuUCTUKaM 1X (OTOCHHTETHYHHUX MITMEHTIB € TapHOK0 aJbTEPHATHBOIO TPAJAUIIHHOMY MOHITOPHHTY
BOJIHOTO CEpEIOBHIIIA.

30ibIIeHHsT TOMYJISMii [iaHOOAKTepii (CHHBO-3€JICHUX BOJIOPOCTEH), MPUCKOPEHHS, PO3BUTKY Ta
PO3IMOBCIOJKCHHS Y BOAHUX 00’ €KTax 00yMOBIICHHI Yepe3 Taki PakTopH SIK:

1) 3aranpHa 3MiHA KJIiMAary — MiABHIICHHS TEMOEPAaTypH, LIO MOAOBXKYE JKUTTEBHH LUK
miaHoOaKTepiil i crpuse iX pO3BUTKY:

2) TMOTpAaIUISHHS Y BOJY MiHEpaJbHUX JT00PUB, a30TOBMICHUX Ta (hoc(haTOBMICHUX CTIYHUX BOJI, SIKi €
YyI0OBUM ITiJPKUBJICHHSM JJIsl pOCTY I[iaHOOAKTEpii Y BOJHOMY CEepEIOBHIIIi;

3) crosva BoJa, sIKa He 3[aTHA 0 CAMOOYHUILCHHS YUM 3a0€3MeUyI0ThCS YyI0Bi YMOBH [UISl PO3BUTKY
Ta 3pOCTaHHsI LiaHOOaKTepil

Binpricts 3 nux (akTopiB € HACTIIKOM aHTPOIOTEeHHOI AISUTBHOCTI JIIOAMHU. 3BUYAalHO KpiM BUILE
3a3HaueHUX (haKTOPiB € 1€ HU3bKA IHINX, IKi TAKOX CIPHUSIIOTH 3POCTAHHIO I[IaHOOAKTEpil aje He B TaKUX
Macmradax.

3a paxyHOK 0COOJIMBOCTI JKUTTEMISITLHOTO NPOIIECy [iaHOOaKTepild BiOyBaeThCs 3MiHA KOJILOPY BOJU
Ha XapakTepHii 3eIeHni BIATIHOK BHACIOK 1X I[BITIHHS 3aBISKH BHIIJICHHIO IIaHOTOKCHHIB.

Kpim Toro B Oy10Bi 11iaHOOaKTEPili HasIBHI XJIOPOILTACTH, SIKi MAIOTh 3eJeHe 3a0apBieHHs. BpaxoBytoun
IO OCOOJIMBICTh, @ TAKOX T€, IO aKTHBHOMY PO3IMOBCIOJDKEHHIO MiaHOOAKTEpid y BOTHOMY CEepeIOBHILI
CTpUsi€ TOTPAIUIIHHS 10 HBOTO CTiYHHX (POCc(aToBMiICHMX 1 a30TOBMICHMX BOJ Ta MiHEpaJbHUX JOOpUB,
mianoOakTepii, 3BaXar04n Ha Il 610XiMiYHI BIACTHBOCTI, MO’KHA 3aCTOCYBATH B CYITyTHUKOBOMY MOHITOPHHTY
SIK O10JIOTTYHUI MapKep YIS BIICTEKEHHS OCEPE/IKIB 3a0PYAHCHHSL.

3a cynmytHukoBuMMH 3HiMkamu Sentinel-2 (puc. la) ta Sentinel-3 (puc. 10) i orpumaHni 3a HUMH
criektpansHuMu inaekcamu NDVI (puc.2a), OTCI (prc.26) MOKHA BU3HAYMTH PiBEHBb XJIOPOQiTy Ha MEBHUX
TUTSTHKaX BOJHOI TIOBEPXHI MPH MPOBEJEHHI MOHITOPUHTY BOIHHX 00’ €KTIB B MPHUKIAN OyJIO B3SITO PiUKY
Huinpo Ha (puc. 1a-16.). Ha puc. 2a BunHO, 1m0 AiIsIHKa BOJOWMH Ma€ 3ejeHe 3a0apBJiCHHS Ta pi3Hy Horo
rpajariro, 1o sKii MOKHA BH3HAYWTH PO3TAITyBaHHS CKYMUEHHS IiaHOOAKTepi Ha BOIHIN MOBEpPXHI y
unianky NDVI. B ciekrpansHomy ingekci OTCI, sikuii Bu3Havae xnopodin, 3a0apBieHHs Ma€e TPaJIaIliio BiJ
3€JICHOTO JI0 YePBOHOTO. 3a UM 1HACKCOM MOYKHA BH3HAYUTH KUTBKICTh XJIOPOQLITY 1 BIAIOBIAHO 10 KOTBOPY
BU3HAYAETHCS TUI MOBEPXHi (IPYHT, Boja, (CHIT, XMapa Ui Oi10T0) POCIMHHHUNA MOKPHUB). 3a JOMOMOTOI0
BU3HAYEHHs THUIy IOBEPXHI Ta 3 JgoxaBaHHAM cucteM /JI33 MOXXHA BHMIUIMTH MICHS 3HAXOIKECHHS
mianoOakTepii BIAMOBIAHO BiA X KiTBKOCTI Ha AUISHIN Kojdip Oyne 3MiHIOBaTHCh. B 000X Bumaakax (puc.2)
BiH CBITJIO 3eneHuil. BukopucroBytoun oco0iuBicTs Oy0BH IiaHOOAKTEPil, a caMe HassBHICTh XJIOPOILJIACTIB
MOXXHA BU3HAYUTH MiCIle HAalOUIBIITIOT0 CKYIYEeHHS IMiaHOO0AKTepiit a OCKUTBKH I iX aKTHBHOTO PO3BUTKY Ta
PO3ITOBCIOKEHHST HEOOXiHA HAsSBHICTh B CTIYHUX BoAax ¢ocdaTiB Ta IHIMMX XIMIYHHX EJIEMEHTIB, SIKi
i PKUBIIOIOTH iaHOOAKTEPil, MO’KHA BU3HAYNTH MICIS CKUAY TaKoi 3a0pyAHEHOT BOAM.

st TOKpaleHHsT Ta MOTIMOJCHOTO aHali3y AaHUX MOXHA 37y4aTH CIeliali3oBaHe T'e0le3UYHe
rporpamMHe 3a0e3MeUeHHs SKEe JOTIOMOXKE OUTBIIT YiTKO TpOoaHaIi3yBaTH 3HIMKH 3 BpaXyBaHHSAM JOJIaTKOBHX
0COOJIMBOCTEH penbedy, MiCIIEBOCTI JIJIS OLTBIIT TOYHOTO BCTAHOBJICHHS PO3IOBCIODKCHHS 1liaHOOaKTepiit Ha
BOJHIN TOBEpXHI KpiM TOro ormepamiiine 3a0e3nedeHHs] TaKoro THITy PO3LIMPUTH MOKJIMBOCTI aHalizy
310paHuX TaHMX 3 CYIyTHUKOBUX CHUCTEM, IO IO3BOJIUTH MiJBUIIUTH TOUYHICTh JAHUX MICIIEBOCTI JJIS KPamioi
opieHTaIlii, 301bIIEHHsT TOYHOCTI PO3PaxXyHKY KiIBKOCTI IiaHOOAKTePii Ha 3HIMKY JUIS BCTAHOBJICHHS MiCIh
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HalOimpIoro ckymueHHs Oakrtepiil. Ll iHdopmariiss momomoxe y BCTaHOBJIEHHI PO3Mipy 3abpyaHEHOi
TEPUTOPIi.

True color Sentinel-2 I2A True color Sentinel-3 OLCI

Ukrainka

Kyiliv

- it Khalepia
Trypillia Khalepia Trypillia

Vytachiv Vytachiv

a 0
Puc. 1. Cynyraukosi 3uiMku Sentinel-2 (a) Ta Sentinel-3(6) (True Color) p. duinpo Kuiscbka oGmacts. Jlata
20.09.2023p. Hxepeno Sentinel Eo Browser (https://apps.sentinel-hub.com/eo-browser/)

Puc. 2. a) Cuexrpansauii ingexc NDVI 31 mikanoro BereratusHoro ingekcy (Sentinel-2).
0) Cnekrpanshuii innexe Criextp OTCI 31 wkanoro piBas xnopodiny (Sentinel-3)
Hata 20.09.2023p. dxepeno Sentinel Eo Browser (https://apps.sentinel-hub.com/eo-browser/)

TakyM YHHOM BUKOPHCTOBYIOUH CYIyTHHKOBI JaHi Ta OCOOJIMBOCTI Oy[I0BHU LiaHOOAKTEPiH, X MOKHA
BUKOPUCTOBYBaTH SIK O10JIOTIYHMH MapKep IS BiICIIJKOBYBaHHS BOAM, Sika Oysia CyTTeBO 3a0pyJdHEHA,
HegoouuIeHa. BignopinHo no 1€l iHdopmaiii, ska Oyjia oTpuMaHa 3aBASKH 0a3l CYIMyTHUKOBUX 3HIMKIB,
MOJKHA IPUHHATH BIAMOBIAHI 3aX0I1 /IS MIOKPAILEHHS CTaHy BOAHOI'O CEPEAOBHUIIA B LIH AUISHI.

BukopucTanHs 1i€i oco0nuMBoCTI HiaHOOAKTEPid 3 AOJABAaHHAM CYMYTHHUKOBUX TEXHOJIOTIH € JOCHTH
YHIBEPCAJIbHOIO, 110 JIO3BOJIHUTH POBECTH MOHITOPUHT Maiike Oy/1b-IKOT0 BOAHOTO 00’ €KTY Ta BIIC/IIAKYBaTH
MPOLIECH eBTPO(DIKAIIITHOTO XapaKTepy.
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COPOKIHA B.1O., AMUPATIETSIH T.C., ICAKIEBA O.I', TAUYYOK O.T'.,
KAIILIMPIH B.A. (YKPATHA, XAPKIB)
MNEPCIEKTUBA BUKOPUCTAHHS TEXHOJIOI'II BAKYYMHOI KAHAJI3AILIT
B HACEJIEHUX ITYHKTAX YKPATHA
Xapxkiscokuil HayioHanvbHUll yHigepcumem micbko2o cocnooapcmea im. O.M. Bexemosa
61002, syn. Mapwana basicanosa, 17, Xapxis, Yrpaina, office@kname.edu.ua

Abstract. Today, there are unsewered areas in Ukraine where it is impossible to use traditional sewerage
networks. This is due to reasons such as complex topography, hydrological and geological conditions; location
of facilities in the protected area, and small volumes of wastewater. Sewage systems for small settlements must
be designed, built, and operated without harming the environment. It is rational to use vacuum sewerage, which
has been successfully used abroad for 50 years, to transport small volumes of wastewater. Vacuum sewage has
proven itself in practice all over the world as a full-fledged alternative to traditional gravity and pressure
sewage.

CyuacHe HUTTSl HE MOXIJIUBO YSIBUTH 0€3 CHCTEM BOAOIOCTaYaHHS Ta BOJOBi/BeAeHH:. B Ykpaini Ha
ChOTOJIHI 3aJHMIIAIOTHCS PAOHM B SIKMX HEMOJIMBO 3aCTOCOBYBATH TPAJUIiHHI CaMOIUIMBHI MeEpexi
BO/IOBI/IBe/IcHHA. Lle moB’sA3aHO 31 CKIaJAHUM peibed)oM a0 TiAPOIOrTUHUMH UM T'€OJIOTTYHUMH YMOBaMHU
PO3TalIyBaHHS HACEJIICHOTO MyHKTY. B Takux BUMazkax BiAMOBIISIFOTHCS B3araii BiJ Mepeski BOJOBiIBEICHHS.

JliteparypHuii aHami3 mokasaB, 0 B OaraThbOX KpaiHax CBITy YacTKa HACENICHHs, siKa MPOXKUBAE B
palioHax Jie BiICyTHsI Mepexa BOJOBIIBEACHHS CKiIanae B Mexxkax 20%. B ocHOBHOMY, 11¢ HEBEJIMKI HaCcEJICHHI
MYHKTH, & TaKOXX YaCTHHU TEPUTOPIH BEIHKHX MICT 3 MaJONOBEpXOBOIO 3a0ynoBoro. HesBakaroum Ha
HEBEJIMKUI BiZICOTOK HACENICHHS, 10 MPOXKMBAE HAa HEKaHAII30BaHMX paloHaX, MacIuTaOM 3a0pyIHEHHS
HaBKOJIMITHBOTO CEPENIOBUINA Ta PU3MKH JUIS 370pPOB'S JIOJEH TOCTATHHO BeNWKi. J[Js1 TpaHCHOPTYBaHHS
MaJMX BHUTPAT CTIYHMX BOJ| HAaWOIUNBIN palliOHATBHO Ta BUTIJHO 3aCTOCOBYBATH BaKyyMHY KaHaJi3allilo
(puc. 1). Taka TeXHOJOTS 3 YCHIXOM BIPOBaKY€ETHCS 3a KopaoHoM. B Amepui, Ascrpaiii, OAE, B kpainax
€C KOpHCTYIOTHCS BAKYYMHOIO TEXHOJIOTIE0 TIPU OpraHi3allii 30BHIITHBOT MEpexki BOJOBIIBEICHHS IIPOTATOM
50 pokiB.
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Puc. 1. Cxema poOoTH BakyyMHOI KaHaji3amii.

[Mpuanun poOOTH BaKyyMHOI KaHami3amii Mojsirae y TOMY, IIO PyX CTIYHHX BOJX IO TpyOax
3a0e3MeuyeThCsl NepenagoM MK aTMOC(EpHHM Ta BaKyyMHHM THcKOM. CHcTeMma BaKyyMHOI KaHasizamii
TIPAITIOE 332 PaXyHOK CTBOPECHHS BAKyYMHHUMH HacOCaMH PO3PIHKEHHS y KaHATI3aIliiHIi MaricTpai Big 25 10
65 xIla i ckmamaeTbes 3 YOTUPHOX OCHOBHUX €JIEMEHTIB: 30ipHOI KaMepu Oiist OyAWHKIB, MEPEXi BAKyyMHHUX
TpyOOIIPOBOMIB, IEHTPATbHOI BAaKyyMHOI CTaHIi Ta CHUCTEMH KOHTPOIIIO 32 POOOTOI 30ipHUX Kamep i
HacocHol cranmii. CTiuHi Boau 3 OyAMHKIB a00 Oy/iBeidb CaMOIUIMBOM HAAXOIATh y 30IpHI KOJOIA3i
BaKyyMHOI KaHaJli3allii, B SKMX BCTAHOBIIOIOTh BaKYyMHI KJIalaHW 3 JaTYMKaMu piBHS HaroBHeHHs. Koim
€MHICTh 3allOBHUTBHCS OO0 3aJaHOrO piBHS, BaKyyMHHH KJIalaH BiKPUBAETHCS 1 MOYMHAETHCS TPOLEC
BCMOKTYBAHHSI CTOKIB y BaKyyMHY Marictpalib, ska 3'€IHye 30ipHi KOJO/s31 Ta HAKOMYYyBaJIbHUHN pe3epByap
LEHTpaabHOI BakyyMHoi HacocHoi ctanmii (BHC). Ilicis HamoBHEHHS pe3epByapy, HacOCH MEPEKadyroTh
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CTOKHM B HaIlipHy CHCTEMY, fKa Belle Ha JIOKaJbHI OYMCHI CIOpyau ab0 B KOJEKTOP CaMOIUIMBHOI MEpexi
BOJIOB1/IBEZICHHSI.

30ipHi KONOAA31 BUTOTOBISIOTH 3 3ali300€TOHHY a00 3 MOJIMEPHHUX MartepiajiB, HampHUKIad, 3
MOJIIETWIICHY CePEeIHBOI MUTBHOCTI. /10 0THOTO 30ipHOTO KOJO/S35 MOXKHA IIKITFOUUTH JIEKiJIbKa aOOHEHTIB.
36ipHi KOMOMA3 MOXKYTH OyTH pO3MIllleHi, K B JOPOXKHIM CMy3i, Tak i Ha NPUBATHUX MiNAHKAaX. IX
PO3TAIIOBYBaHHS IIOBUHHO OyTH PIBHOMIPHE 1 3a0€31e4yBaTUCh HEOOX1THUM MPHUILIUBOM IOBITPs. Y 30ipHUX
KOJIOJISI3X BCTAHOBIIOIOThHCS KiamaHu. Komu 30upaeThcst HEOOXiHA KITBKICTh CTIYHHUX BOJ, a 1e 40-50 i,
KJIallaH aBTOMATHUYHO ITiJ] JIE€F0 IMITYJIbCY BIAKPHBAETHCS HA 5-7 ¢, 00’ €M CTIUHOT BOIU Pa30M 3 10300 MOBITPS
BCMOKTYEThCSI B Mepexy. s edekTuBHOI poOOTH CHCTEMH HeOOXimHo, 1m00 00’eM mOBITpsA OyB Y
CHIBBiAHOLIEHHI 10 00’ €My cTiuHOi Boau sk 5:1. Ilicist BUIMycKy CTiYHMX BOZ 31 30ipHOT0 KOJOJs3s KianaH
3aYMHSAETHCS.

BakyyMHI KOJIGKTOpY 3a3BH4aii BUKOHYIOTBCS 31 3BAPHUX IOJICTHJICHOBUX TPYO B OJIHY TijKy. TpyOu
BUKOPHUCTOBYIOTHCS Manux AiameTpiB Big 90 no 300 mm. ' muOuHy 3aknafanHs BU3HAYAIOTH B 3aJIEKHOCTI BiJ
KiaiMaTnyHuX ymMoB Ha 150-300 MM Hwkuye rUOMHM HpoOMep3aHHs IPYHTY. BakyymHi TpyOum MOKIHMBO
YKJIaJaTy Y BY3bKHX TPAHIIESX Ta PO3MINYBaTH B TPaHIIET MTOPYY 3 BOJOIPOBITHIMH TPYOaMHU.

Bci BakyyMHI KOJIEKTOPH TiIKITIOUEH] 10 BAKYYMHO-HArHITaIbHOI HacocHOI cTaHIii (puc. 2). HacocHa
CTaHILis BKJIIOYAE B ceOc ONMH-IBa HAKONMMYYBAIBHUX PE3epByapa, ACKiJIbKa BaKyyMHHUX 1 KaHali3aLiHUX
HACOCIB, CHUCTeMy YympaBiiHHSA. HakomudyBanbHUWII pe3epByap Moke OyTH BCTAHOBICHHH BCEepeaMHI
BaKyyMHOI HACOCHOi cTaHIii a6o 30BHi mix 3emiero. O6'eM pesepByapis KonmBaeThes Bix 1 no 27 m3. Hacocu
MPaLIOIOTh B ABTOMAaTHYHOMY PEXKMi, L0 103BOJISIE 3MEHILIUTH SKCILTyaTaliiHi BUTPATH.

Puc. 2. BakyyMHa HacOoCHa CTaHIIisl.

BakyyMmHi cucTeMH MarOTh HH3KY TIepeBar:

- HU3bKI BUTPATH Ha 3eMeJIbHI po00TH, 00 BaKyyMHAa KaHaJIi3allis HEBEIMKOIO 3arIn0ICHHS;

- HU3bKi BUTPATH Ha MOHTaX Ta TEXHIYHE 00CIyrOBYBaHHSI,

- MOXKJIUBICTh MPOKJIAJIAHHS MTPH IIIOCKOMY Pelbedi Ta OMHHATH TEPEIIKOIH;

- MEpe’Ka Ja€ MOXKIIMBICTh BEPTUKAJIBLHOIO MIAHOMY 110 5 M;

- HEBEJIMKI AiaMeTpH TPyOOIPOBOIIB;

- BIJICYTHICTh HEOOXiTHOCTI BJIAIITYBaHHS OTJISAIOBUX KOJIOMS3IB;

- BUKJTFOUAIOThCSI IBUIIIA 1HIIBTpalii Ta ekcinbrparrii;

- cUCTeMa HajiiiHa Ta EKOHOMIYHA 3aBISKHA aBTOMATH3aIIil;

- BIICYTHICTb 3aCOPiB, IPOOOK, BiAKJIaAE€Hb B TPyOONIPOBOIi;

- BiJIaJICHUH MOCTiHHUI KOHTPOIb Ta KEPIBHUIITBO CUCTEMOIO;

- JIOBT'OBIYHICTE;

- BIACYTHICTb IIKiJUIMBUX Ta3iB y 30ipHOMY KOJIOAS31;

- BUKJIFOUAIOTHCS aKTH BaHJANI3MY Ta 3aCMiU€HHS MEepeXi Uy KOPiTHUMHU TPeIMETaMHU.

TakuM 4YWMHOM, BaKyyMHa KaHaJi3allil - BIIHOCHO HOBHUH HETPAIUIINAHHA METOH, SKUH MOBHICTIO
3aJIeXHTh BiJ poOOTH HacociB i knanadiB. el MmeTox miaxonuTh A 300py Masoro 06'eMy CTOKIB 3 BEJTHKUX
IUION] TIPU MAJIOTIOBEPXOBOMY OVIiBHHIITBI HACENEHWX ITyHKTIB, JiKapeHb, CAHATOPIiB, a TaKOX MpH
CKJIQJIHOMY pebedi Ta T1IPOreoIOriuHuX yMOBax.
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Xapxkiscokuil HayioHanbHUll YHiBepcumem micbko2o 2ocnodapcmea imeni O.M. Bexemosa
61002, eyn. Mapwana bascanosa, 17, Xapxis, YVkpaina,; office@kname.edu.ua.

Abstract. In the materials of the report, the authors provide an analysis of the problems of operating
existing settling tanks, which are used at drinking water treatment stations. Directions for improving the
operation of such structures are shown. Design of a thin-layer element for horizontal settling tanks has been
proposed, which makes it possible to increase the station's productivity by more than 2 times. This design also
makes it possible to increase the cleaning effect by 23-30% with the same productivity.

Ha croropninmHiii JIeHb B 3B’SI3Ky 3 TOCTIHHO 3pOCTAIOYMM aHTPOIIOTEHHWM BIUIMBOM Ha BOJY
MPUPOAHUX TMOBEPXHEBUX BOAONMMIII, MPOrPECYIOUMM MOTIPHICHHSIM SIKOCTI BOJM JKEpes BOAONOCTaYaHHS,
MiIBUIICHHSM BUMOT JI0 SIKOCTI TUTHOT BOAM, aKTYaJIbHUM CTA€ MUTAHHS IHTEHCU]IKAIll ceIUMEeHTaIlIHHUX
MPOLIECIB Ha CTAHI[ISX BOIOIMIIATOTOBKH.

OnHi€ro 3 HAWOUIBIT TPOCTUX TEXHOJIOTIH € BUITyUEHHS 3aBUCIUX PEYOBHH ITiJl BIULTMBOM CHIJI IpaBiTallii
(MeTooOM BIACTOIOBAaHHS), IO BiAPI3HAETHCS BHCOKOIO €(EKTHBHICTIO Ta BUMAara€ MiHIMaTbHUX
eHepreTHYHUX BUTpaT. [Ipu BiICTOIOBaHHI BiIOYBAETHCS BUITYYEHHS 3 BOJIU JIHIIIE TIOPIBHSHO KPYITHUX YaCTOK
3aBHCJIMX PEYOBHH. 3BUYAMHUM BIJICTOIOBAHHAM JIPIOHOIMCIICPCHI Ta KOJIOIIHI YaCTKU 3a0pyIHEHb BUIIIUTH
Maibke HeMOXIUBO. [ 11b0T0 HEOOXiHE 3aCTOCYBaHHS METOIB (PIOKYIALIi, QIIbTPYBaHHA Ta KOATrYJISLIl.

VY TexHili OYMINEHHS MPUPOJHUX BOJ BEIIMKA yBara MPUAUIAETHCS BIICTIHHUKAM, TOMY IO Big ix
e(EeKTHBHOCTI 3aJeXHUTh PoO0OTa MBHAKKMX (ITBTPIB, OKUCHUX OJIOKIB, amapaTiB 3 YIIUILHEHHS Ta
3HEBOJHEHHS OCaJliB, IO3YIOUUX Ta MEPEMIlIyI0uMX MPHUCTPOIB Ta IHIIMX CIIOPYX BOJOOYHMCHOI CTaHIi. Y
0araTtbOX BHIIQJKaX BIJCTIHHUKH € €IMHOIO CIIOPYIOIO ISl OYHMIIECHHS BOJM, Ha HHUX INpUIanae OJIM3bKO
MOJIOBUHM 3arallbHOTO 00CATY KalliTaIOBKIIaJICHb.

Cepeq iCHYIOUHMX BITYM3HSHHUX 1 3aKOPAOHHHUX HAMpPSIMKIB MOKpAIleHHS poOOTH BiJICTIHHUX CIIOPY[
BOJIOOYMCHUX CTAHIIIN MTOKa3aB MOYKHA BUIUIMTH TaKi: ONTUMI3allist JOpMHU MPOTOYHOI YACTHHHM BiJCTIHHKA,
MiABHUIICHHS CTIHKOCTI MOTOKY BOJIW B CHOPY/i, BUKOPUCTAHHS CyYaCHHUX KOATYISHTIB 1 (IIOKYJISHTIB AJs
MIPUCKOPEHHS MPOIeCy CeTMMEHTaIlii 3a0pyAHeHb, BIOCKOHAJICHHS IPUCTPOIB 300py OCBITIECHOT BOJIH i Ocay,
II0 YTBOPIOETHCA.

EdextuBHiCTs pOOOTHM BIACTIHHHX CIOPYA 3yMOBJIICHA KOHIICHTPAIIEID 3aBHCIUX PEYOBHH,
TiIpaBIiYHOI0 KPYIHICTIO YacTOK 3a0pydHEHb Ti iX TpaHyJIOMETpHYHHM ckiafoM. OnHak, BpaxOBYHOUH
MIHJIMBICTh BUTPATH BOIH, IO OYHIIYETHCA, HEOOXiMHICTh BUKOPHCTAHHS 3HAYHHUX IUTONI 1 BapTiCHUX
peareHTiB, a TakOX Te, IO B OINBIIOCTI BWITAJKIB B BOAAaX NPUPOTHHUX JDKEPEN 3aBUCII PEUYOBHHH
npeacTaBieHi ApIOHOMUCIIEPCHUMH YacTKaMH, TO BHJIYYEHHS IMX YacTOK 3a0pyIHEHb y BiACTIHHHMKax
TPaJULIHHUX KOHCTPYKIIH € HETIOCTATHHO €(DEKTHBHUM.

Ha nam mormisj, nepcrieKTHBHEM B IBOMY CEHCI € 3aCTOCYBAaHHS Ha JII0YMX OYMCHHX YCTaHOBKAX i
cropyznax, SKi TUIbKH TPOEKTYIOTBCS, TOHKOIIAPOBMX MOJIYNiB, BOYIOBAaHMX B KOHCTPYKIIiIO
TOPHU30HTAJIBHOTO BiJICTIHHUKA. TOHKOIAPOBUIA MOYJIb - IPUCTPiH, MPUHIUI POOOTH SIKOT'O 3aCHOBAaHHUH Ha
OCa/HKeHHS CYCIIeH3Ii B IIapax 3 Mol BHCOTOIO. Taki MOIyJi CKIIamaroThCs 3 O€3Mivi MOXWINX KaHaliB,
00'eqHanux B enuHui 00K, Ko)keH moxwimii KaHajd € caMOCTIHHHMM BiICTIMHMKOM riauOuHOI0 50-70 MM,
mwuprHoo Big 100 MM i Ginbiue i goBkuHOKO 10 1,5 M 3 KyroMm Haxwiy KaHamis 15-60° 1o ropusonrani B
3QJIEKHOCT] BiJ BHY TOHKOIIIApPOBOTO BifCTiHWKA. Ha odacTky, 10 3HAXOMUTHCSA HA MOXWIIIH IUIONIHHI,
JII0Th SIK CHJIM 34ETJICHHS, 00yMOBIICH] BaH-/Iep-BaalIbCOBOIO B3aEMOJIEI0, TAK 1 CHJIM TSDKIHHS, B pe3yJIbTaTi
4Oro, NpU YTBOPEHHI IIapy AESKOI0 TOBIIMHH, BiH MOYMHAE CIOB3aTH BHHU3. Y CIOpyJax, OOJagHAHHX
TOHKOITIAQPOBUMH MOYJISIMH, BHCOTAa BIJICTOIOBAHHS 3HAYHO 3MEHIIEHA (y TMOPIBHAHHI 3 TPaguIlidHAMU
KOHCTPYKLiSIMH BiJICTIHHHKIB), 32 PaxyHOK YOro 301NBLIYETHCS TiApaBIiYHA KPYMHICTb, CKOPOUYETHCS
TpPUBAJICTh CEAMMEHTAll, a, OTKe, 1 rabapuTH O4MCHOI crnopyau. Takox, sIK Biomo, HailOinpmmid edext
OCBITJICHHS! JIOCSITAETHCSI TIPU PIBHOMIPHOMY PYCi TIOTOKY, a B JIAHHX CIIOpYJiaX MpU MPOTiKaHHI CyCHeH3ii
4yepe3 TOHKI KaHaJIM Moxe OyTH 3a0e3ledeHuil He TUIBKM TipaBiivuHO CTIHKUH JaMiHapHUH peXuM, aie i
CTBOPIOIOTHCS HAWOIIBIL CIIPUSATIIMBI YMOBH JUISl OCA/KEHHS CyCIIEH311 IpH HEBEJIMKHUX JOBXKHHAX €JIEMEHTIB.
BukopucTaHHsS AaHOI TEXHOJIOTIT J03BOJISIE CKOPOTHTH S(EKTUBHHUI yac BijcTOrOBaHHS 3 3 roauH g0 30
XBHJIMH 1 MEHIIIE, 8 TAKOXK ITIABHIIUTH e(EeKT 3aTpuMaHHs 3a0pyaHeHb 110 80-90%. Y cTaHOBKa TOHKOIIAPOBHX
MOJIYIIIB JTO3BOJISIE€ 30UMBIINTA HABAaHTAKEHHS HA BiJCTIMHHUKH i JJOMOTTHUCS TOJIMIIEHHS SKOCTI OCBITIEHOI
BOJIH.
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B cucremax BojomocTayaHHS 1 BOJOBIABENEHHS NPY OYHWIIEHHI BOJ] BUKOPHCTOBYIOTH TOHKOIIAPOBi
BIICTIHHWKY Pi3HOMAaHITHUX KOHCTPYKIIiii. 3a IPUHIIMIIOM pOOOTH Taki BiJICTIHHUKU OyBalOTh IEpiOAMIHOT
(umksivHOi) Ta Ge3nepepBHOi Aii. B nepmmx KyT Haxuiy cekuiil cranouth 15-30° i ocan, mo HakomHUMBCS
BUAAJSETHCS, SIK IPAaBUIIO, 3BOPOTHIM TOKOM BOIH. BincTiiHuKHM Oe3nepepBHOI i MaloTh JEmIo OiTbIINI KyT
Haxuny (35-60°) i y mopiBHAHHI 3 BiAICTIHMKAMU TIEPIIOTO THITy MafOTh MEHINMI e()eKT OCBITIEHHS, ale ix
TOJIOBHOIO IIEPEBArOI0 € CAaMOCTIMHE CIOB3aHHS OCaly IO IMOBEPXHI €JIeMEHTa OJHOYAaCHO 3 IPOLECOM
OCBITJICHHSI.

B 3anexxHOCTI Bif HampsMKy pyxXy BOAHM 1 ocady, SKHH yTBOPIOETHCS PO3PI3HAIOTH TOHKOIIAPOBI
BIICTIHHHKY MPSMOTOYHI, IPOTUTOYHI 1 TIepexpecHi. B MpAMOTOYHUX BIACTIMHUKAX HANIPSIMU PYXY BOJIH, 11O
BIJICTOIOETBCS, 1 OCady CHiBNAAal0Th, TOMY TaKa KOHCTPYKLisl Oifbll eeKTHBHA [ BUIyYEHHS YaCTOK
3a0pyIHEHb, TYCTHHA SIKUX MEHLIE TYCTUHH BOAW. [IpoTHTOYHI BiACTIHHUKH, HABMAKH, MAIOTh MPOTHIIEKHI
HaNpSMKU pyXy BoAHM 1 ocaxy. Taki KOHCTPYKIII JOIUIFHO BUKOPUCTOBYBATH TPH BHIYYEHHI BiTHOCHO
HEBEJIMKUX KOHLEHTpPAaLill 4acTOK 3a0pyAHEHb, TYCTHHA SIKUX JEmIo Oinblle TYCTUHH BOAHM. TOHKOIIAPOBi
BIJCTIHHUKH 32 MEPEXPECHOI0 CXEMOI0 MAalOTh BXiJHWN MEPETHH NEPHCHIAUKYISAPHUN HANpsIMKY MOTOKY, a
0Cajl CTIOB3a€ 3a PaXyHOK HaXMITy MOJHIb. HalOiTbImoro po3noBClO/PKEHHsI TaKi BiACTIHHUKYA HAOYIU TpH
OUMIIEHHI BUCOKOKOHIICHTPOBAHUX BOJI 3 YaCTKaMH 3a0pyqHEHb, TYCTHHA SKMX SK OlIbIIE, TaK 1 MEHIIE
T'YCTHHH BOJH.

B Bomax moBepxHEBUX JpKepenl YKpaiHH, SKi BHKOPUCTOBYIOTHCS SK JDKEpena IHTHOTO
BOJIOTIOCTAYaHHSI, BHACIIOK 3aperyJIIOBAaHHS CTOKY 1 IHIIUX (haKTOPIB, CHOCTEPITalOTHCS BiTHOCHO HEBHCOKI
KOHIIEHTpaLii 3aBuciIuX pedoBuH — 10 100-150 Mr/n 1 HeBUCOKi 3HaUEHHS T1paBIivyHOI KPYITHOCTI O1BIIOCTI
4acTOK 3a0pyaHeHb. ToMy 1UIsl OYMIICHHS TAaKUX BOJ HA HAIy JyMKY HaiOi1b11 MprBaOIUBIMHU OyIyTh caMme
TOHKONIAPOBI BiICTIHHNUKY Oe3nepepBHOI [ii, SKi MPAIfOI0Th 32 MPOTUTOYHOIO CXEMOIO.

B 3nauHiii Mipi Ha edeKT OUMIIEHHS B TOHKOIIAPOBOMY BiJICTIHHUKY BILTUBAIOTH KOHCTPYKTHBHI 1
TEXHOJIOTIUHI MapaMeTpH, a caMe JOBXKKHA, BUCOTA 1 KyT HaXWIy €JIEMEHTa, a TAKOX MPOITYCKHA 3/1aTHICTh
€JIEMEHTA, TiIpaBIiuHa KPYMHiCTh, KOHLEHTpalisl 3a0pyAHEHb 1 IBUIKICTh PYXY BOAH B TIOJIHIISX EIEMEHTA.

l'onoBHOIO HEOOXiHOI YMOBOIO €(EKTHBHOI pOOOTH BIACTIHHHUX CIOPYJ TOHKOLIAPOBOTO THUIY €
JaMiHapHUN PEXUM PyXy BOIM 1 CTiHKiCTh MOTOKY. SIK BiZOMO, YMOBH XapaKTepPH3YIOTHCS KPUTHUYHHUMU
3HaueHHsAMH uucen Peiinonbacai (Reg)i ®pyna (Fro). Ilpu usomy Reg, < 2800, a Frg, > 10°. Yucnosi
3HAYEHHS [UX OOMEXKYIOUMX KpHUTEpIiB 3ajexarb BiJl PO3MIpiB HONEPEYHOrO MEPETHHY TOHKOIIAPOBOIO
eleMeHTa, TOOTO TiApaBIIYHOrO paaiycy R, MBHUAKOCTI pyXy BOAM B €JIEMEHTI (K HACTIIOK 1 HOTo
MIPOYKTUBHOCTI) 1 KIHEMAaTUIHOI B’S3KOCTI PIAMHMA. 32 MaKCUMaJIbHUMH 3HAUYCHHSMH BKa3aHUX KPUTEPIiB
MO’KHa BU3HAYUTH IPAHUYHO JOIYCTUMY MaKCHMaJIbHY IIBUAKICTH MOTOKY BOJH, IO MiAJsra€ OYULICHHIO.
BoHna 3anexxuTh Nuiie Bij FiipaBiiqHOro pajiycy enemenTa R, ToOTO Bijf BUCOTH i IIMPHUHN TOHKOIIAPOBOTO
€JIEMEHTA JUTSI CIIA0KOKOHIIEHTPOBAHUX BOJ B HOPMAITbHUX YMOBAX.

31 3MEHIICHHSIM MEPeTHHY KaHAIIB JIaMiHADHUM PEeXUM pPyXy Mae Micle npu OifbIl BHCOKHX
LIBUJKOCTSIX MIOTOKY, TOOTO Halie(heKTUBHIIIE OCaKEHHS BiZ0yBaTUMETHCS B KaHAJIaX 3 MAJIUM TiIpaBIliYHUM
paaiycom R. HaiiGiyib1i 4acTo B mpakTHUIl BIACTIHHUX CIIOPY/T BIACTaHb MIXK IJIACTHHAMH KaHAJIIB PUIAMAIOTh
B Mexax 25-100 MM. 3MEHLICHHS MOMEPEYHOro MEPETHHY TOHKOIIAPOBUX EJIEMEHTIB MOXKE CIYXHTH
MPUYMHOIO 1X 3aCMiYeHHs, IO 3HIKYE HaAIWHICTh pOOOTH CIIOpy[ 1 HOTipIIye yMOBH EKCILTyaTawii depes
CKJIQJIHICTh MPOYHUIIICHHS.

[Ile omHMM Ba)KITMBHM TapaMeTpoOM MpPH MPOEKTYBAaHHI TOHKOIIAPOBHX BiJCTIHHHKIB € KYT HaXWIy
TOHKOIIAPOBUX EJIEMEHTIB O TOpH30HTY. UMM MeHmHMM Oyae KyT Haxwiy, THM MeHIIe Oyae BHCOTa
0CaKEeHHS TOMILIOK, i, B pe3ynbTaTi, e(peKTUBHIIIE IpOoLec OCBITICHHS. Y MPOTUTOYHHUX BiACTIHHUKAX KyT
noBuHeH OyTH nemo OinbmmM (45-60°) 171 cTBOPEHHST HOPMAILHUX YMOB CIIOB3aHHS OCaJy.

Hammmu TeopeTHYHUME 1 eKCTIEpUMEHTaTbHUME JTOCIIDKEHHSIMH BCTAaHOBJICHO, 110 ISl BUITYYEHHS 3
NPUPOAHOI BOAM YACTOK 3a0pyOHEHBb TiApPaBIiYHOIO KpymHicTIO Up = 0,4 MMm/c i Oinbine T03BOJHTH
3a0e3MeYNTH KOHIIEHTPAIIII0 3aBUCIIMX PEYOBMH HAa BUXOMAl 3 BiacriiHuka Ha piBHI Cex = 5-8 mr/m. Lle
JIOCSITAETHCSI YCTAHOBKOIO B MPOTOYHY YACTHHY JIIOYOTO TOPHU30HTAIBHOTO BIJICTIHHHMKA IOJIICTUICHOBUX
TOHKOIIAPOBHMX MOYIiB 10B:xHHOK0 1,0-1,15 M 3 BucTOI0 momuips 30-60 MM i kyTom Haxuiry B 60°. [Ipu pomy
IIBUKICTh PyXY BOJIHU B HOJHIIX eleMeHTa Oy/e B miana3oHi 5-10 mm/c.

YcraHOBKa TaKHUX IMAKETIB B MIIF09i TOPU30HTAIBHI BIICTIHHUKH JO3BOJISIE O€3 BTPATH SKOCTI 301IBITATH
MPOAYKTHBHICTh BiACTIHHMKA B 2-2,3 pa3u, abo mpu Tiil e MPOLYKTHBHOCTI 301IBIINTH €()EeKT OUUCTKU Ha
26-30% TUM caMuM 3MEHIIMBIIN, HAIIPUKIIA, 103y KOATYJISHTY, SKMH BBOJAUTHCS B 3MillyBad. B okpemux
BHUITAJIKaX YCTAaHOBKA TAKHUX MAKETIiB T03BOJISIE HABITH 30BCIM BIZIMOBUTHUCH BiJl BUKOPUCTAHHS KOATYIISHTY.
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Abstract. Natural sources are considered sufficiently polluted and the cost of cleaning such water to
drinking quality increases significantly every year. The technological scheme of surface water purification for
drinking water supply remains the two-stage settling tank-filter scheme. In modern conditions, the main
disadvantages of this scheme are low efficiency of retention of finely dispersed particles of suspended
substances and low relative productivity of structures. The application of filtration using the acoustic method
through carbon nanotubes makes it possible effectively removes pollutants.

SxicHult cxmam BoA OUIBIIOCTI IMMOBEPXHEBUX BOAHHX OO0’€KTIB YKpaiHM XapaKTEepH3YIOTHCS
HEBUCOKMMH KOHIICHTPALisIMM 3aBHUCIIMX PEYOBHH, SIKI MpEICTaBieHi ApiOHomucnepcHuMH (pakuisimu (a
came: KOJIOIIHI peYOBHHH, MYJI, MICOK 1 TTiHA). [IpupoaHi Jkepena BBAKAIOTHCS JIOCTATHBO 3a0pyIHEHUMH 1
cOO0IBapTICTh OYHMILEHHS TaKOi BOJH JIO TUTHOI SIKOCTi KOKHOTO POKY CYTTEBO 3pPOCTAE.

TeXHOJOTrYHOI0 CXEMOI0 OYMIICHHS! MOBEPXHEBHX BOJ Ul MUTHOTO BOJAOIIOCTAYaHHS 3aJIUILAETHCS
JIBOCTYTICHEBA CXeMa BIICTIHHUK-QUIBTP, HENONIKM SKOi € HEBUCOKa e(EeKTHUBHICTh 3aTPUMAaHHS
JPiOHOAMCIIEPCHHUX YaCTOK 3aBHCIIHX PEUOBHH.

JliTepatypHuii aHai3 IOKa3aB, 110 OJHUM 3 IEPCIIEKTUBHUX METOA1B OYHILICHHS BOAU JI0 MUTHOT SIKOCTI
€ 3aCTOCYBaHHS MaTepiaiiB Ta METOIB 3aCHOBAaHUX HA HAHOTEXHOJIOT1sIX. BOHM BKITIOYAIOTh KijbKa MiAXOIB
1 TIPOIIECIB 3aCTOCYBAHHS MaTepiajliB HA aTOMHOMY a00 MOJIEKYJIIPHOMY PiBHsX. 3acTocyBaHHS (iIbTpalii 3a
JOTIOMOTOI0 aKyCTHYHOTO METOJy 4Yepe3 BYIJICIeBI HAHOTPYOM 1a€ MOXIIUBICTH €()EKTHBHO BUAAISATH
3a0pyanroBadi. [lopiBHSHO 3 iHIIMMU MIporiecamMu (piTbTpallii, TEXHOIOTiS aKyCTHYHIX HAHOTPYOOK OTpedye
MEHIIIe eHeprii, mo poOuTh il MPUAATHOW JUIs JUCTAHLIMNHOTO KepyBaHHS. KpiM TOro, 3aBasku CBOid
3MATHOCTI CHOKMBAaTH MEHIIEC EHeprii, BapiaHTH COHSYHOI EHEeprii TaKoK MOXKHA PO3IJISIHYTH IS
3abe3redeHHs ii poOouoi motyxHocTi. Lle THydKwif mporiec, OCKITbKY BiH HE 3aJICKUTH BiJl CHUIT TSHKIHHS, IS
nojiadi BoAM 4epe3 cucreMy (pinbTpiB. ToMy B OCHOBHOMY HOTO BHKOPHUCTOBYIOTH Ha KOCMIYHHX CTaHIiSIX.
3anekHo BiJ BUMOT /10 GiIbTpalii, Horo MO>kKHa BUKOPUCTOBYBATH SIK OJJUH (QIIBTp a00 K BEIHKY CHIOPYLY
iHTeTpOBaHUX (PITBTPIB.

[Mpuanun nii monsrae B TOMY, IO BHXiJHA BOJA HOTpAIUIs€ B MPHUCTPiH, CIIOYATKy KOHTAKTYE 3
MaTpuIeto GiNbTpa SIKU BUTOTOBIICHO 3 KepaMikH, osiMepy abo metany. Cxinag MaTpuii GinbTpa 3aJIe)KUTh
BiJl BUMOT KiHIIEBOT'O BHKOPHUCTAHHS 1 Ma€ BYTJIEIEBl HAHOTPYOKH, SIKi MPOITYCKAIOTh JIMIIE MOJIEKYIH BOJH,
OJIOKYFOUM BEITMKI MOJIEKYIH 3a0pyIHeHb. LI TeXHOMOTis € YHIKANbHOIO, OCKLTBKH BUKOPHUCTOBYE aKyCTUKY
JUTSL TPOITYCKaHHS BOAM Yepe3 QUIbTp. AKyCTHYHA BiOpallisl MOIIUPIOETHCS 32 JOMOMOTOI0 OCIIMISTOPA, SKUN
MpUKpiTieHui 10 MaTpulli GineTpa. KonuBaHHs NpU3BOASTE A0 pO3PUBY 3B S3KIB Mi>K MOJIEKYJIaMH BOAM Ta
3a0pyaHEHHS Mij 9ac IXHBOTO PyXy depe3 GiabTp.

Byrieuesi HaHOTPYOKM — 1€ aJIOTPOIHI Monmudikalii Byriemto, sKi MaloTh (OpPMY MOPOKHHCTHX
UWITIHAPUYHUX TpadeHOBUX CTPYKTYP IiaMETpPOM Bifl AECATHX YaCTOK JI0 KiNbKOX HaHOMeTpiB. lle macuBHa
MOJIEKyJla 3 MIiJbHOHAMH AaTOMIB BYIJICIIO, PO3TAlIOBAaHWX Yy BEPIIMHAX IPABWIBHUX MIECTUKYTHHX
CTPYKTYPHHX 4YacTHH. BOHHM MalOoTh Haa3BHYAilHO BHCOKE CIHIiBBIIHOIIEHHS MIITHOCTI [0 MIUTBHOCTI.
I'padenoBa ctpykrypa rigpodoOHna i BiamroBxye Bogy. Ll sikicte poOuth Horo uynoBuMm ¢(imbTpoM, mio
JI03BOJIsIE OJIOKYBATH AOMIIIKK M OJJHOYACHO MPOIYCKaTH O4YHIeHy Boay. KpiM Toro, ockinbku rpaden Takuit
TOHKHUH 1 JIETKU, BiH MOXe (PLIbTPYBAaTH BETUKY KiTBKICTh BOAH, BUKOPHUCTOBYIOUH MiHIMAJIbHY €HEPTifo.

Takum yuHOM, (QiNBTPYBaHHS BOAM aKyCTHYHHM METOJOM 4epe3 BYIJieleBi HAHOTPYOKH HE BHMAarae
MIPOMHBKH CUCTEMH (PIIBTPIB SIK B IHIIMX cucTeMax (uIbTpalii, a 3aCTOCYBaHHA IpadeHy MOXKe JaTH OiIbIry
e(heKTUBHICTh Ta PEHTA0CIBHICTE TpoIiecy. Lle M03BONMHUTh MOKPAITUTH OYUCTKY TIOBEPXHEBUX BOJI O MMATHOT
SIKOCTI TP MIHIMAJTbHUX €KCIUTyaTaIliiHUX BUTPATax.
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Hayionanvnuii ynisepcumem «JIvgiecoka nonimexHika»

Abstract. The paper is devoted to the study of the possibilities of using microalgae in industrial animal
production to reduce wastewater and CO, emissions. The author examines the environmental pollution
problems associated with the growing number of pigs and CO, emissions and proposes the use of microalgae
as an effective tool for wastewater treatment and biodiesel production. The paper explores the possibility of
using the microalgae Chlorella vulgaris MBFJNU-1 and its potential to reduce CO, emissions and create
biodiesel in a cost-effective way.

3pocTatoua HapOMXKYBAHICTh 1 iHAYycTpiami3alis B KpaiHax MPU3BENIH 0 CEpHO3HUX MpoldiieM y cdepi
JOBKUJUIS, TAKUX SIK TMAPHUKOBI Ta3M Ta CTiYHI BOAM TBapHMHHHUUBKHUX (epM. 3rimHo 3i 3BiToM BcecBiTHBOI
METeOpOJIoTigHOI opranizaiii, KoHIeHTpamisi Byriekucioro ray (COz) B atMocdepi mopidHO 3pocTae Ha
6 mpomisie, 1o CYTTEBO BILIUBAE Ha TII00aTbHE CEPEIOBHUIIE Ta COIIATPHO-CKOHOMITHHMA PO3BUTOK.

3 iHmoro 60Ky, B CBITOBill iHAYCTpii CBUHOBUPOLIYBaHHS NPUOIU3HO 1 MUTBAPA CBHHEH IIONEHHO
BUIUISIFOTh BEJIMKY KUIBKICTh CTiUHOI Bomu cBuHOGepM (18 JiTpiB Ha OJHY CBUHIO 3rimHO 3 Maraseni Ta
Maroulis. Bukuau ctiuHol Boau O€3MocepeiHbO B PiUKM Ta OKEaHW CIPUYMHMINA HOBI IIPOOJIEMH, TaKi SK
eKoJioriuHa eyTpodikamis, NOIIMPEHHS MAaTOTEeHiB Ta 3a0pyAHEHHS TpyHTY. MIKpOBOAOPOCTI CTaiu
BRXIUBUMU JUIsI OOpoTHOM 3 UMMM TpoOieMamu, 3aBISKH CBOEMY BHCOKOMY POCTY, €(QEKTHBHOMY
(doTocwHTE3y Ta 3AATHOCTI OYHMIIYBATH CTiuHI BoaW. OTpHMaHi 3 MIKpPOBOIOPOCTEH TN MOXYTh OyTH
MEepeTBOPEHi B 0101M3€b, 0 MOXE 3aMiHUTH TPAAULIHI JKepeia NaJbHOTO.

Hesxi Bumu MikpoBogopocteli, Taki sk Chlorella, Desmodesmus, Scenedesmus i iHII, MOXYTh
BUIAIATH TOKMBHI PEUYOBMHM 3 CTIYHMX BOJ CBHHOGEpM, ajie Lied Mpolec MOoTpedye ONTHMI3arlii.
MikpoBOAOPOCTI MOKYTh OYTH BUKOPUCTAHI JUIsl OUUIIICHHS CTIYHUX BOJ y BITKPUTUX BOJIOMMAaX Ha BYJIHIIL,
oI0 MOXK€ 3MEHIUTH BuTpaTH. OgHaK Opakye NOCTIUKEHb LIOJAO0 BHKOPHUCTAHHS MIKpOBOAOPOCTEH st
OYHIIEHHS CTIYHOI BOJM CBUHO(EpM Ta 3MeHIIeHHS BUKUIiB CO2 y BEIMKOMACIITA0OHUX BOIOMMAX.

biomaca MikpoBOIOpOCTEH, OTprMaHa 3 OYHIIEHHS CTIYHUX BOJ Ta 3MeHIeHHs BUKUAIB CO,, MoXxke
OyTH BUKOpHCTaHa il BUpOOHHMLTBa Giogusento. [Iponec BKiIrouae BUPOIyBaHHS MiKpOBOIOPOCTEM, 30ip,
CYIIKY, €KCTPaKIiIo JIiMiAiB Ta iX TpaHcectepudikawito. J{as 3MEHIIIEHHS! eHeProBUTPAT PO3POOIICHO MpoLeC
MPSIMOI €H3UMATUYHOI TpaHcecTepudiKallii 3 BUKOPUCTAHHIM TiAPONITHYHUX (DEPMEHTIB Ta PiAKOro Jimnasy.
Jist nocsArHEHHsI BUCOKOT KOHBEPCii 010AM3€1I0 B eKOHOMIYHO BUT1THHM c1I0ci0 MOoTpiOHO MPOBECTH HACTYITHI
JOCHIDKEHHS: PO3pPOOMTH TpoLec 3 BHUKOPUCTAHHAM pigkoro Jjinmasy Ta ¢ocdominasy Aias OpsSMOro
MEPETBOPEHHS JIIMIIIB 3 MOKpOi OioMacu MiKpOBOIOpOCTeW B OioAM3enb MpH KIMHATHIA TeMIlepaTypi Ta
OILIIHUTH HOT'0 MOKJIMBICTD ISl BEJIMKOMACIITA0OHOTO BUPOOHMIITBA 01013€I1I0 y OiopeakTopi.

Chlorella vulgaris MBFINU-1, ¢hotoaBTOTpohHHI MiKpOOpraHi3M, € OOIISTHUM /ISl OYMIICHHS CTIYHOT
Boau cBuHOGMepM Ta 3MmeHIIeHHS BUKHAIB CO2, Tak SK Ii MIKpOBOJOPOCTI, 130J50BaHI 31 CTIYHOI BOIH,
e(eKTUBHO BUAJISE ITOKUBHI PEYOBHHHU 31 cTiuHMX BOJ. 11{0 B CBOIO Uepry qae MOXKIHBICTh BUKopucTaHHs C.
vulgaris MBFINU-1 nist ounineHHs ctiuHOT Boau Ta 3MeHmieHHs BUKUAIB CO». Ilicast ueHTpudyryBaHHS
Bosora 6iomaca Chlorella TpancecTepudikyeTbes B 0i0au3enb 32 KIMHATHOT TEMIIEpaTypy 3 BUKOPUCTaHHSIM
piakoro Jinasy, crnoiydeHoro 3 ¢ocdominazoro Al (ITJIA), Ta onTumizaiiero (EPMEHTHOrO IMPOIECY.
Pe3ynpraTu 11i€i poOOTH BKa3yrOTh Ha MOTEHIA] BUKOPUCTAHHSI MIKPOBOIOPOCTEH IJISi OUHIIICHHS CTIYHHX
Boa, 3MmeHmieHHs BukuaiB CO, Ta BUpOOHMIITBA OiOAM3ENI0 B CKOHOMIYHO BHTIJHHNA CIOCIO.
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Abstract. The implementation of a hydrologically correct GIS project to solve a wide range of
hydroecological problems of the «Northern Podillia» NNP is proposed and substantiated. Assessment of the
state of surface and underground waters, modeling of water flow and sediments, pollution transfer processes,
study of the impact of agricultural, transport and industrial load on the hydrological network, substantiation of
the system of water protection and anti-erosion measures, optimization of the ecological network, formation
of hydro-ecological corridors of the researched park is foreseen.

Buxopucranus reoindopmariiinux cucreM (I'IC) € mepCrneKTHBHUM METOAOM IOCIIIKEHHS Ta
yOpaBaiHHS 00’€KTIB HpuUpoAHO-3amoBigHoro ¢ouay (I13®), mpo mo cBigYaTh YMCENbHI pe3yJbTaTH
JIOCITIDKEHB K YKPaiHCHKHX, Tak 1 3apyOiKHUX BUeHHX. | IC TeXHOIOTIT J03BOJISIFOTS CTBOPIOBATH CTATHYHI 1
IWHaAMidHI Momelli reorpadidHux 00’€KTIB Ta €KOCHCTEM, OTPHUMYBATH IaHI PO TEHICHINI PO3BUTKY
KOMITOHEHTIB JOBKUIISA, BUABIIATA MACIITa0M ACTpaIallifHIX MPOIECiB, OOTPYHTOBYBAaTH KOMITICKCHI CXEMHU
ONTHUMI3aIlii CTaHy PivOK, BOAHHUX, 3eMEIBHUX 1 O10J0TIYHIX peCypciB, MOKPAIIEHHS €KOJIOTITHOI CUTYyaIlii B
uinomy. Y 3B’s3Ky 3 1uM, nodynosa I'IC «[igponoriuna mepexa HIIII [liBniune Iloaimisn» € akTyaabHOIO
MPO0JIEMO0, BUPILICHHS $KOI CrpusTHME cTaburizaiii ekojoro-reorpadiyHoi i CcoIialbHO-€KOHOMIYHOI
cuTyauii B perioxi.

00’ exTOM AocriIKeHHS € baceiiHoBa reocucteMa tepuropii Hanionansaoro npupoanoro napky (HITIT)
«[liBniune [Momimist», sIK OJMH 13 HAWBArOMIIIMX YHMHHUKIB, 10 0€3MOCEPEHBO 1 OMOCEPEIKOBAHO BILTUBAE
Ha CTaH HABKOJMIIHBOTO CEPEJOBUINA, PO3MIIEHHS HACEICHHS 1 TOCIOAAPCHKUX 00’ €KTIB, HANPSIMU
BUKOPHUCTaHHS PUPOIHHUX PECYPCIB.

Pe3ynprati BUKOHAaHWX TOCIIIKEHB MOJSTAIOTH Y BIANPAIlbOBaHI aIrOPUTMIB, METO/IB 1 TEXHOJIOTIH
iHdopmariifinoro 3ade3medeHds hopMmyBaHHs 0a3u maHux Tiaposorignoi mepexi HIIII «IliBaiune [Tomimmsy.
OcnHosuuM oporigporpadiuanm enemenTom HIII «Iliaiune [oximss» € I'onoBaA €BpoTedCHKII BOIOIII,
o po3ainste nepudepiitai odxacti croky banriiicekoro 1 HopHoro mopiB. TyT Gepe mxepenpHy eHeprito Ta
Habupae cw pika 3aximHuii byr, Hecyun cBoi Boau B banTifickke Mope 1 BUTIKAIOTh PiKH, SIKi )KUBJIATH YopHE
mope — Ctup, Ceper, IkBa. KirodoBHMH TimpOJIOTIYHHMH OO’ €KTaMH EKOJIOTIYHOI MepexXi IapKy €
[loHWKIBCHKMN TiAPOJOTIYHMN 3aKa3HUK Ta BepxoOy3pKuii 3aka3HHK. [1ApOEKONOTIiYHI KOPHAOpH
¢dopmyroThcst Ha 0asi TiApPONOTiYHOT Mepeki MapKy, fKa CKIAAAEThCs 3 BUTOKIB OCHOBHHX PIUOK Ta iXHIX
MPUTOK, MPUPOJHUX Ta IITYYHUX BOAOUM. [IpakTHYHO BCi AiNSHKK TEPUTOPIi MapKy Ti€IO YM 1HIIOK Mipoio
3a3HalIM BiOXWIEHb BiJ CBOro MpUpoAHOTO craHy. OcoOnmBO 3MiHMIMCA OaceiHH MalMX PiYOK Ta ix
€KOJIOTTUHMI cTaH. Malli BOZOTOKHM MOBHICTIO a00 YacTKOBO 3HUKIIM Yepe3 BILIMB MPUPOJHUX Ta MPHUPOTHO-
AHTPOMOTeHHUX (hakTopiB. [l 3amo0iraHHs MOJANBIIOTO MOTIPIICHHS €KOJOTIYHOrO CTaHy, BUCHAKECHHIO
MaJIUX PIYOK € JOUITBHUM TigpoMOpQOJOTiuHUM, TiIpodi3ndHui, TiApOXiMIYHHN Ta TiApoOioNIOriYHHMI
MOHITOPHHT IOBEPXHEBUX BOJ MapKy. Ha OCHOBi OTpuMaHUX pe3yabTaTiB HEOOXiAHO BU3HAUYUTH €KOJIOT1YHUI
CTaH KOXKHOI PIYKH Ta BUOpATH ONTHMANbHI Ta €EeKTHBHI 3aX0IH BiTHOBIECHHS iX MPUPOJTHOTO CTaHY.

Amnpobariss METOAWYHHUX TIAXOMIB I 1HGOPMAIIMHOTO MOJICIIOBAaHHS OaceHOBOI CHCTEMH
JTO3BONIMJIA OOTPYHTYBATH BIATIOBITHUM aJTOPUTM CTBOPEHHS HU(GPOBOI MOIENI TigpONOTidHOI Mepexi.
[ndopmariitae 3a0e3nedenns nmpornoroBanoro I'IC-mpoekty npusHadene st popMyBaHHS Ta BimoOpakeHHS
TEMaTHYHUX JaHUX, [0 MICTATH Qi3WYHY i aTpuOyTHBHY iHpopMariiro. Kpim Toro, € MOXIHBICTS (hopMyBaTH
€KOJIOTIYHI TeMaTH4IHI KapTH TEPUTOPii — KIFOUOBI 00’ EKTH E€KOJOTIUYHOI Mepeki, BOAHI 00’ €KTH, PiIKiCHI
TBAPUHU Ta POCIHHU, TPUPOJHO-TEPUTOPIANEHUN KOMIUIEKC Ta Horo (yHKIIOHATbHA CTPYKTYpA,
3eMJICKOPUCTYBaHHS, HACEJICH] MMyHKTH, IUISIXH CHIOTyYEHHS.

BucHOBKH Ta MEPCHEKTHBM MOJANBIINX JOCTIKEHb NepeadadaroTh pea.ni3aui10 3aMPONOHOBAHOTO
rigposioriuao kopektHoro I'IC- -TIPOCKTY JULst BUPILICHHS IIHPOKOTO CHIEKTPY T1IPOEKOJIOTTYHUX HpO6J‘I€M
HIIIT «IliBriune Ilomiyuis» - OIIHKK CTaHy MOBEPXHEBUX 1 MiJ3€MHUX BOJ, MOJCIIOBAHHS CTOKY BOJAHM i
HaHOCIB, IPOLIECIB NIepeHEeCeHHS 3a0pyAHEHb, BUBUCHHS BIUIMBY Ha T1IPOJIOTIYHY MEPEXY 3eMIepOOCHKOTO,
TPAHCHOPTHOTO i MPOMHUCIIOBOTO HABAHTAKEHHS, OOTPYHTYBaHHS CUCTEMH BOJJOOXOPOHHHX 1 MPOTHEPO3iHHUX
3axO07iB, ONITUMi3allig eKOJIOTTYHOI MepesKi, POPMyBaHHS TiAPOCKOIOTIYHUX KOPUAOPIB.
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Abstract. The paper presents a critical review of the literature and the results of our own re-search of
the developed portable device, which uses the technology of water treatment from natural sources with the use
of a biocidal polymeric reagent of complex action "Aquaton-10". The prospects of this technology and its
possibility of use in emergency situations are substantiated.

[Ipyn Han3BUYAHHUX CUTYaUisgX MPUPOAHOTO YU TEXHOTCHHOIO XapaKTepy OAHIEIO 3 TOJIOBHUX POOIIeM
€ 3a0e3rneueHHs JoJel SAKICHOIW 1 OEe3MeYHOI NUTHOK Boaok. ChOromHi, B yMOBaxX BiMHH, MaeMO
MOIITKOJKEH1, 3pyHHOBAHI, YaCTKOBO 3HUIICHI CUCTEMH IIEHTPATi30BAHOTO TUTHOTO BOAOTIO-CTAYaHHSI, 2 TOMY
JyKe 0OMEXKEeHi IX MOXKIIMBOCTI 3a0€3MeUnTH HAaceJIeHHS BOIOTO JIuisi TUTTS. L{e 00y-MoBieHO, OKkpiM (piznuHIX
MOLIKO/DKEHb CUCTEMH LIEHTPaJi30BAHOTO MHUTHOI'O BOAONOCTAYaHHSA, CyT-TEBUM IOTiPIIEHHSAM, OCOOJIHMBO
4yepe3 BOEHHI ii, SKOCTi BOAU B JDKEpesax, B po3raiyKeHill cucteMi TpyOOIpoBOiB/BOJOMEDPEK, 8 TAKOK B
BUKOPUCTOBYBaHUX Ha BOJOIPOBIIHUX CHOPYAAX TPAAMIIA-HUX TEXHOJIOTISX 0OpOOICHHS/OUUIEHHS BOIU
JIs NOCSTHEHHS BIAMOBIMHOCTI TaKOi BOAM Tir€HIYHMM BHUMOTaM OO0 SKOCTI BOAM MUTHOI. JIOLINBHICTH
BUKOPUCTAHHS Y TaKUX BHUIAJKaX JIOKAIbHUX CHCTEM OOpOOJICHHsS BOAM, Ha HAIly IYMKY, HE BUKJIHUKAE
cymHiBiB. Ille ogHa mpuuuHa, 10 CBIAYUTH MPO JO-LIJIBHICTH BUKOPHCTAHHS B YMOBax HaJI3BUYAHHUX
CUTYyallill JIOKalbHUX CHUCTEM IIirOTOBJICHHsS BOJM, TMOJSITac B HACTYMHOMY. Bumaratu 3abesnedeHHs
HACEJICHHS BOJIOI0 NMHUTHOI SKOCTI 1 JOCTABKH BOIYM TaKOi X SIKOCTi JUIS TOCIOJAPCHKUX, MOOYTOBHX YH
MPOTUIIOKESKHUX MTOTPEO HE € JOIIBHUM Y1 He-00XIHUM B 30HAX HaJ3BUYAHMUX cuTyaiiid. ToMmy po3poOka
Ta 3aCTOCYBaHHS JIOKAIBHUX CHCTEM ITiJ-TOTOBJICHHSI TMTHOI BOJIW HaOyBae Bce OUTBINOI aKkTyaJ bHOCTI i
HOBOT'O 3HAYEHHS.

Mertoto po6GoTH Oyn0 CTBOPEHHS JOKAIBHHX YCTaHOBOK Uil OOpOOJIEHHS BOJM 3 BHKOPUCTAH-HIM
BUCOKOC(EKTUBHOI 1 MPHUIATHOI Ui IIUX IIJICH CydacHOi TEXHOJIOrii BojoouunicHHs. [IpoBeneHo aHai3
JMaHWX JITEpaTypyd i pe3yibTaTiB BIACHUX JOCHIHKEHb MIOJ0 ICHYIUYMX 1 TEPCIeKTHBHHUX TEX-HOJIOTiH
00pOoO0IeHHST BOJIM B JIOKAJILHUX CHUCTEMax BOJOMIATOTOBKH. KputepismMu po3risay moctaTHs eeKTHBHICTD
TEXHOJIOTil, HaIHHICTh POOOTH, OC3MEYHICTh I JIFOJAUHU Ta O00'€KTIB HABKOJMIIHBOIO CEPEOBHIIA,
KOMITaKTHICTh Ta Heproe(eKTUBHICTh JIOKAJIbHOT CUCTEMH. AHaJli3 BAKOPUCTOBYBAHUX CHOTO/IHI TEXHOJIOTIH
00poOIeHHST BOIM TPOBEACHO 3 TO3WIIIN KOHIIEMINi YIpaBIiHHS PU3UKAMH y BO-AOIMOCTa4daHHi, TOOTO 3
aKIEHTOM Ha 3HE3apa)KyBaHHS BOJIM B TAKUX JIOKATbHUX CHCTEMaX.

[IpakTH4yHO yci 3aCTOCOBYBaHI CHOTOMHI TEXHOJOTii MiATOTOBICHHS BOAM BHKOHYIOTH HE IIUINE
3HE3apaXeHHS BOJIH, alie i, MEBHUM YWHOM, BIUTMBAIOTH HA 11 (izuko-xiMiuHmid ckiaa. [Ipote, sxmo neski
TEXHOJOTI] TMPHU3BOIATH O ONTHMIi3allii TOKa3HUKIB SKOCTI BOAM (HAIPHKIIAJ, KOATYJISHTH OIM-THMi3yIOTh
MPO30PICTh Ta 3a0apBIEHICTb BOJIU, 3MEHIIIYIOUH OJHOYACHO ii MiKpoOHe 3a0pyAHEHHS), TO 1HIII, IEPEBaKHO
3 OKHCITIOBaJIbHIM MEXaHi3MOM Jii (HaIpuKIIaj, XJIOPBMICHI peareHTH, 030H TOIIIO), CIPHUSIOTH MOSIBl y BOII
HaJMIpHOI 3aJTUIIIKOBO1 KOHIIEHTpAIlii peareHTy Ta MOOIYHUX MPOIYyKTIB B3a€-MO/Iii BHKOPUCTAHOTO PEareHTy
3 OpraHiYHUMH UM HEOPTaHiYHUMH KOMIIOHEHTaMH BoAW. Taki mo6iuHi MpoayKTH Ae3iHdeKnii € TOKCHYHUMHU
JUTS JTFOIMHK/G10TH Ta MOKYTDH MiABHIIYBaTH PE3UCTEHTHICTh MIKPOOPTaHi3MiB 0 Ne3iHPEKTaHTIB, Y TOMY
9HCIi — aHTHO10THKIB. T0OTO, CHOTOHI TEXHOJIOT1, IO BAKOPUCTOBYIOTHCS y CUCTEMaX MiATOTOBJICHHS BOJIU
MMUTHOI SIKOCTi, MafOTh, IEPEBAXHO, BITHOCHY €(heKTHBHICTH MIOAO BIUIMBY Ha IOJIOTAHTH BOJIU OPTaHIYHOTO
Yl HEOPraHiYHOTO IMOXO/PKEHHs, HE € eHeproeeKTHBHUMHM, €KOJOTIYHO Oe3NeYHHMMU Ta EKOHOMIYHO
OIIIBHUMH.

3a pe3ynbTaTamMu 0araTopiuHuX JOCIIHKEHL HAMH PO3po0IIeHa IS BOJOKAHATIB 1 CHCTEM JIOKA-TbHOTO
BOJIOTIOCTaYaHHS! e(EeKTUBHA CydacHa TEXHOJOris OOpOOJEeHHS BOAM 3 BHKOPHUCTaHHSM Ol0LK-THOTO
noJjiiMepHoro peareHty «AxBaToH-10» (miroua peuosuna — [II'MI'). Pearent kommiekcHoi nii «AkBaToH-10»
HE € OKHCITIOBAYEM 1 Ma€ BIACTUBOCTI JAe31HPEKTAHTy IIMPOKOTO CIEKTPY Iii (Ha Oak-Tepii, BipycH, rpudn),
(GIOKYNSHTY Ta KOMIUIEKCO-YTBOPIOIOYWOTO peareHTy. Lle no3Boisie 3aMiHMTH B TpagulliiHIA cHCTeMI
BOJIOMIATOTOBKM HAWHOINbII BUKOPUCTOBYBAaHI XJIOPBMICHI peareHTH (LIO 3aCTO-COBYIOTBbCS — JJIS
3HELIKOKCHHS Ol0JOriYHUX 3a0pyaHIOBaviB), (MIOKYISHTH (MiABHINYIOUH €(PEKTHUB-HICTh OCAHKECHHS
3aBUCIIMX PEYOBHH Ta CKOPOUYYIOUHM TOTPeOYy y KOAaryJsHTi), a TaKOX 3B’S3yBaTH Ta BUAAIATH HHU3KY
HeOe3MeYHNX PO3YMHHUX XIMIYHHMX CIIONYK (BaXKKi MeTallu, MEeCTHLUMAX Toulo). Tex-Homoris 6aratopa3oBo
noKasalia CBOIO MPOCTOTY 1 BUCOKY e(DeKTHBHICTh IPH BUKOPUCTAHHI SIK B YK-paiHi, Tak i B eKBaTOpiaibHil
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Adpumi. Tak, mpu TpopwBi OYNCHUX cropya Ha p. Pochk Mg dYac maBOA-Ky BHHHK BEIUKHHA pPiBEHb
OiosroriuHoro 3a0pymHeHHs (KOoi-iHaeKkc gocsras 1 MiH.). [inepxaopyBaH-Hs HE JaJI0 O9iKyBaHOTO €(eKTy,
a BOJIa IiCJIsl HROTO BCE 1€ Majia BUCOKUH PiBeHb OaKTePioIoTiYHOTO 3a0pyJHEHHS, IHTEHCHBHE 3a0apBIIeHHS,
3amax i MpUCMaK 4Yepe3 HasBHICTh B Hil MOOIYHMX NponykTiB nesiHdekuii. [licna mepeBexeHHs po6oTH
BOJIOOYMCHOI CHCTEMH Ha TEXHOJIOTII0 3 BHKOPHUCTAaHHSAM OiOIUIHOTO IOJTIMEPHOTO PEareHTy IOCSTIIN
HEOOXITHUI CTYIiHb Ae3iH(EeKIil Boau, HOpMaIi3allilo MOKa3HHUKIB ii 3a0apBJCHOCTI, MPUCMAKy Ta 3amaxy,
T00TO BinnosigHocTi Bumoram JCanllin 2.2.4.171-10. B naGopaTtopHUX AOCHIKEHHSIX HAMH BCTaHOBJICHO,
10 peareHToM «AKBaTOH-10» H0-CATAETHCS BUTyYCHHS 10HIB IEIKUX BaKKUX METAJIB 3 p030aBICHUX BOJTHHUX
po3unHiB, o Mictan 1-4 I'JIK ix coseit (Tabm. 1).

Tabnuys 1
BusiyyeHHns iioHiB MeTaJIiB 3 MO/1eJIbHUX PO3YHHIB, 00pP0O0JIEHIX peareHTOM «AKBaTOH-10»

JocaimxkyBaHi NOKAa3HUKH, Bwmicr y Boni

01.BUMIpy BUXI/IHiH 00po0JieHiii % BMJIYYEHHA

ImoM6ym, Mr/mm® 0.2 0,001 99,5

Depym, Mr/am° 0.68 0,04 94,1

Kamwmiit, mr/om® 0.01 0,0008 92,0

Hixens, mr/om® 0.02 0,01 50,0

Bepuuniii, Mr/om® 0.002 0,001 50,0

Kynpym, mr/mm® 0.02 0,014 30,0

Mamuras, mr/am® 0.32 0.27 15.6

V3arajpHIOIOUM pPe3yJabTaTH BIACHUX JOCHI[DKEHb Ta JAaHi JITepaTypH WIOA0 ICHYIOUMX 1 Imepc-
MEKTUBHUX 3ac00iB 0OpOONEHHA BOAM B JOKAaJbHUX CHCTEMax BOAOMIATOTOBKH, TEXHOJIOTII0 3 BHKO-
PUCTaHHSM pearcHTy KOMIUIEKCHOI i «AkBaToH-10» aganTyBaid i CTBOPHIM MOPTATHUBHUHN 1 MOOLTH-HUN
NPUCTPIN AT BUKOPUCTAHHS B YMOBaX HaA3BHUYANHUX CHUTyalill, CTUXIHHMX JMX Ta 30H BilICbKO-BHX IiH.
Takuit npuctpiii nmepioguuHOi Aii CKIagaeThcs 3 €MKOCTi, 3amacy peareHTiB, J03aTOpiB, (QiIb-TPYIOUYHX
€JIEMEHTIB Ta Py4YHOI MOMIH, IO KOMIAKTHO YIAaKOBaHI Yy HAIDIIYHUK 1 MOXE IMEPEHOCHUTHCH OJHIEI0
moauHo0. [lns BUmpoOyBaHHS MTPUCTPOIO BHKOPHUCTAIN BOXY 3 MPHUPOJHOTO Kepena (60110-T0), SKy
nonatkoBo koHTamiHyBanu E. Coli, S. Aureus i P. Aeruginosa. Pe3ynbraTi BUnpoOyBaHHS IbOTO PUCTPOIO
HaBeeHi B Ta01. 2.

Tabnuys 2

®@i3zuko-xiMiuHi Ta MiKp00i0oIOriYHi MOKA3HUKHU AKOCTi BOAM /10 Ta micJs il 00po0JIeHHs B

MOPTATHBHOMY NPHUCTPOI 3 BUKOPUCTAHHSIM peareHTy «AKBaTOH-10»

JocaimkyBani NOKa3HHKH, Bwmicr y Boai

0J1.BUMipy BUXITHIH o0po0.aeHiii
3abapBIcHICTh, TPaj. 102 18
KanamyTHicTs, Mr/om® 14.6 0.52
3MUY, KYO/cm® 350 000 HE BUSBIL
E. Coli, KYO/nm® 19 500 HE BUSBIL.
S. Aureus, KYO/am® 32 000 HE BUSBIL.
P. Aeruginosa, KYO/nm® 11 000 HE BUSBIL.

Sk BUAHO 3 TPEJCTABICHUX PE3yJabTaTiB JOCHIPKCHb, TAKWA MPUCTPill 103BOJNIAE ESPEKTUBHO
OYUIIYBaTH B MOJILOBUX YMOBAaX HaBiTh JTy:Ke 3a0pYyJHEHY BOIY JO CTaHY SKiCHOI 1 O€3MeuHO0i MUTHOT BOJIU.
[TpoayKTHBHICT, TOPTATHBHOTO MPHCTPOI CTaHOBHTH a0 30 J/roj OYHMIICHOI BOJH, a JPKEpeIoM
BOJIONIOCTAYaHHS JUISI HHOTO MOXe OyTH BOJa 3 HAsABHUX JDKEPEN — KOJOJS3IB, PIYOK, NPCHAKHHUX Ta
ippiramiifHuX cucTeM, 03ep, OOJIOT TOIIIO.

TakuM YMHOM, TPOBEACHUN KOPOTKUN MOPIBHSIIBHUM aHai3 JO3BOJISE BBAKATH IEPCICKTUB-HUM
3aCTOCYBaHHs O10I[MIHOTO MOJIMEPHOI0 peareHTy KOMIUIEKCHOT i «AkBaToH-10» B TeXHOJIOT1 00pOOIIeHHS
BOJAHM 3 MPHUPOJHUX JpKepes. Po3poOieHuii mMOpTaTUBHUN NPUCTPid HA OCHOBI aJanTOBa-HOI TEXHOJIOTII 3
BUKOPUCTAHHSIM PEareHTy KOMIUIEKCHOI Il «AkBaToH-10» MOe CTaTh B HAroJii He-BEIMKHM MOOITbHUM
miapo3ainamM (po3BijaKa, FPYIH CEiaJbHOr0 MPU3HAYEHHS, OJIOK-ITOCTH, JIS-CaHT), a TAKOX JJIs 3a0€31eYCHHS
MMUTHOIO BOJIOIO CITY>KOOBIIIB Ta IIUBUIBPHUX B YMOBaX HaJ[3BHUYANHOI CUTYyAILil.
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Abstract. The report is devoted to finding out a possible reason for the discrepancy in the
underestimation of the water flow measured by an ultrasonic flow meter on a pipeline with an axial sudden
pipe contraction, which transitions from a vertical plane to a horizontal plane in the form of elbow with a 90°
bend, compared to a straight section of the pipe. It is proposed to consider these two local hydraulic resistances
as a single one in the form of an axial sudden pipe contraction with a curved axis.

HasiBHICTE KOHLIEHTPUYHOTO PIi3KOro 3BY:KEHHsI TPyOu mepen il MoBOpOTOM € cTabii3aTopoM emropu
MIBHJIKOCTEH BOJM Ta 3a0e3MeueHHsIM TOYHOCTI BUMIPIOBaHb yIbTpa3zBykKoBUM BuTparomipom (Y3B). Ilpu
BUMIpIOBaHHI 3a jomoMoror Y3B «/Ininpo-7Y» Ha TpyOompoBoai miamerpom D = 114%X5 wmmM, skuit
3BY)KyBaBcs 110 TpyOu miamerpom d = 75,5%X4 MM, 3 HACTYITHHM IUIABHUM TTIOBOpPOTOM Ha 90° mpu nepexoi 3
BEPTUKAIBHOI IUIOIMHHA B TOPU3OHTAIBHY OTPUMAHO BUTPATY BOJM, MEHIIY HiX Ha NPAMId AiIsSHLI TpyOu
niametpoM 100 MM Ha Bincrani 20D nepen 3By KeHHIM TpyOu [1].

Po30ixHICTh Y 3HAYCHHSAX BUMIPSAHUX BUTPAT MOXIHMBO € Yepe3 HEBPaxXyBaHHA B3a€MHOTO BIUIMBY
KOHIIEHTPUYHOTO Pi3KOr0 3BYKEHHS TPYOHU Ta IIaBHOTO MOBOPOTY Ha 90°. Po3risiHeMo B3aeMHUI BIUTUB JBOX
MICIIEBHX TiIpaBIiYHAX OIOPIB THUIy «apMaTypa — IUIaBHHIA TOBOpPOT Ha 90°» [2, miarpama 12-44].
ExcuieHTprYHOMY pi3KOMY 3BY)KEHHIO TpyOM HAHO1NIBIIE BiAMOBIZAA€ KIIHKEPHA 3aCyBKa, IS SIKOi CTYIiHb
B3a€EMHOT'O BIUIMBY MIiCIIEBHX TimpaBiigaux omopis y = 1,20...1,05 npu Bigcrani mixk aumu L = (0...10)-d.
Moro o6unciero sk [2, ¢.578]:

Cis2
\lj = + 3 (1)
C1+Co
ne (i+2 — cymapHUH Koe]imieHT ABOX MICHEBHX TiApPaBIiYHMX OMNOPIB MHpU IX CyMICHIH poOoTi;

1, & — xoediuieHT KOKHOTO MiCLIEBOTO TiAPABIIYHOTO OMOPY MPH iX 130/1b0BaHil poOOTi.

Biacranp Bim IUTONIMHYU 3MIiHU MiaMeTPiB TPyO Pi3KOTO 3BYKCHHS y BEPTHUKAIBHIM IUTOMIWHI IO OCi
TpyOM TICIIA TOBOPOTY B TOPH3OHTambHIM IuiomuHi cranoBwia 2d. Ilpore, mificHa BigCTaHb MiXK
KOHIIGHTPUYHUM Pi3KHUM 3BYXEHHSAM TpyOM Ta IuiaBHUM moBopoTroM Ha 90° BiacytHsa. Tomy ix MokHa
po3rnagaty ado K €TUHUN MiCHEBHH TiAPaBIIYHAN OMIp y BUIIIAAI KPUBOOCHOTO KOHIGHTPUYHOTO Pi3KOTrO
3BYKEeHHsI TpyOH. Ha KOPHCTP 1[bOT0 CBITYMTh AOBKHHA MEPIIOT JUISHKH CTaOLIi3aIiil i 3By)KEHHS TPyOur
Len = 3,873d. Ti o6uncmrosanu 3a gpopmyioro [3]:

Lops =19-—e06¢).q )

ne {— koedilieHT MICIIEBOrO i PaBIiYHOI0 OIOPY KOHIIEHTPUYHOIO Pi3KOro 3ByxkeHHs Tpyou; { = 0,380 npu
TOBITUHI CTiHKH 0 = 4 MM [2, giarpama 3-1], obuncienuii sk [2, ¢.152]

2 0,75
¢= 0,573{1—%} . )

Jlis 3’scyBaHHS IIOJI0 BUKOPUCTAHHS KPHBOOCHOTO KOHIIECHTPUYHOTO Pi3KOTO 3BYXKCHHS TPYOH 3
IUIABHUM TOBOPOTOM Ha 90° HEOOXiTHO MPOBECTH IOCHIKCHHS, MO0 OTpUMAaTH 3HAYCHHS KoedillieHTa
MICIIEBOTO TiIPABIIIYHOTO OMOPY SK JJIST KPHBOOCHHX auy3opis [2, miarpama 5-22].

[1] Bosak Mykola, Matlai Ivan, Hvozdetskyi Oleksandr, Sydor Taras. The use of an ultrasonic flow meter in
the zone of influence of indirect sections of the water pipeline. Theory and Building Practice. 2022; Vol. 4,
Num. 2: 17-24. DOI: https://doi.org/10.23939/jtbp2022.02.017

[2] Unenbunk U.E. CipaBounuk mo ruapapiamdeckum corpotusienusM / [lox pen. M.O. Il teitnOepra. — M.
: MamuHocTpoenue, 1992. — 672 c.

[3] T'ixxka Onena. Po3paxyHKH KOPOTKHMX TPYOOIIPOBOIIB 3 ypaxyBaHHSIM crabimizarii motoky // IIpobaemu
BOJOTMIOCTAYaHHS, BOJNOBiABeNeHHs Ta  rigpaBmiku. — 2021. - Bwum 37. C.13-17. DOL:
https://doi.org/10.32347/2524-0021.2021.37.13-17.
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Abstract. The approach to the technical and economic substantiation of the management of the granular
filters operation during the iron removal from deep groundwater is considered. The optimization calculations
should be conducted taking into account three criteria. This approach makes it possible to comprehensively
consider the integral impact of capital and operating costs on the cost value of treated water.

B ocTanni poku mepea BOAOMPOBIIHO-KaHAJI3aMIHIM TOCIIOAAPCTBOM Y KpaiHH MOCTAIN aOCOIIOTHO
HOBI1 BUKJIMKH, ITOB’sI3aHi 3 BIpOJIOMHHUM HaraaoM pociiicbkoi deaepauii. [TocTiliHi oOcTpinu Tepuropii Hammoi
JepKaBU TPU3BOMATH 0 pyHHYBaHb HACENIEHUX MYHKTIB, B TOMY YHCII 00 ’€KTIB BOAONOCTaYaHHS Ta
BOJIOBI/IBEJICHHS, SIKI BIJTHOCSTBCS JIO KPUTUYHOI iHpacTpykTypHu. KepiBHHIITBOM KpaiHM 32 MiITPUMKH
3axiHUX MMapTHEPIB BXXMBAIOTHCS HEBIAKIAIHI 3aX0IW JUIS PO3B’SI3aHHS IMX HAJI3BHUYAHHO Ba)KIIMBUX
npobaeM. Po3poOisitoThes Ta BIIPOBAIXKYIOTHCSI IPOrpaMu ISl BIJHOBJIGHHSI MUTHOTO BOJONOCTAYaHHS Y
MIBAECHHO-CXITHUX 00jacTax Ykpainu. OcoOiuBa yBara HMPHIUIETHCSA MOIIYKY aJbTCPHATUBHHUX JHKEPEI
BOJIOTIOCTa4YaHHS. Y I[bOMY HANpsIMKY JOUIJIHHAM € BUKOPHUCTAHHS MiJ3€MHHX BOJI, SIKi XapaKTEPU3YIOThCS,
SK TPaBHUJIO, JOCUTh MOCTIHHUMHU 1 BUCOKUMH JUIS TOCIIOAAPCHKO-TIMTHOTO BOAONOCTaYaHHS (i3MYHUMH Ta
0aKTEpiONIOTIYHUMH MOKAa3HUKAMHU 3 JOCUTH PI3HOMAaHITHUMH XiMIYHHMH IMOKa3HUKAaMH, AKi, B OLIBIIOCTI
BHIIAJIKIB 1 0COOIUBO IS INIMOMHHUX TOPU30HTIB, HE 3aJIe)KaTh BiJl MOTOJIHUX YMOB. Pa3oM TuM, perioHajibHi
MiJ3eMHI BOJIU IOCUTh YaCTO XapPaKTEPU3YIOThCS MMiIBUIIICHUM BMICTOM CIOIYK 3aii3a. [IJis OUMIIeHHS TaKuX
BOJ JUISI TIMTHUX MOTPEO NIMPOKOrO PO3MOBCIO/PKEHHS HA0YB METOJ] KOHTAKTHOTO 3HE3aTi3HCHHS, SKUN
BIIHOCUTHCS 10 (PI3UKO-XIMIYHMX METOJIB. AJie BIJHOCHO BHCOKAa BapTICTh BUJIAJICHHS MOHAJIHOPMOBOL
KUTBKOCTI 3aji3a i3 MiJ3eMHUX BOJ B 0araThboX BHIIQJIKaxX 3yMOBJIEHA Hee(EKTHBHHUM BHKOPHCTAHHSIM
GinpTpyBabHUX MaTepialiB Yy CIemiadi3oBaHUX IIBHAKAX (imTkTpax, sKi pa3oM 3 HUMH YacTo
SKCIUTYyaTyIOThCS HepallioHaTbHO. BU3HAYANBHUM € MPOEKTYBAHHS Ta €KCIUIyaTallis BOJOOYHCHHUX CHOPY
MpY MiHIMI3allii KamiTalbHUX Ta eKCIUTyaTallliHUX 3aTPaTH.

Bimomo, mo ocax, sSkAif HAKOMMAYYETHCSI B 00 €Mi 3aCHNKH 3€PHUCTUX (GUIBTPIB MpPH MiATOTOBII
MOBEPXHEBOI BOJIU, HE KOHCOMITYEThCS. TOMY MPaKTHYHO BECh CBIKOHAKOITUYCHUN 0CaJ] BAAETHCS BUAAISITH
3BOPOTHIM TPOMHMBAHHSM 3aCUIKUA. Y TaKOMY BHUIQJKYy ONTHUMI3allii MiIJIATal0Th JUIIE SKCIUTyaTalliiHi
BUTPATH 1 y BUNIAJIKY POOOTH (BiIBTPIB 3 MOCTIHHOIO MIBUAKICTIO (PUTBTPYBaHHS 3aCTOCOBYIOTHCS J1Ba KpUTEPil
— KpuUTepid AKOCTI BOAM (Yac TOTIpPIIEHHS SIKOCTi (imbTpaTy) Ta KpuTepidd dimpTpariii (4ac mOCSTHEHHS
TPaHUYHUX BTPAT HAIIOPY).

[MpuHIMIIOBO 1iHAKIIE TPOTIKAE TEXHOJOTIUYHUA MpoIec Yy 3HEe3ami3HIOBabHUX (inbTpax, ne
BiZI0OyBa€eThCs Mporpecyroue (Bif GpUIbTPOIHMKITy 10 (iLTBTPONNKITY) HAKOMTUYECHHS 3aIIUIIIKOBUX 3a0py/THEHb.
3pocTaroua CTpYKTypH3aIlisi 0caay 3 YTBOPEHHSIM HOBHUX CTIHKHMX XiMIYHUX 3B'SI3KiB ITiIBUIIIYE HOTO MIIHICTh
(3 TOYKM 30py BUMHBAHHS) 1 Or0 BHJIAJICHHS BUMArae pPi3Koro 30UIbIICHHS iIHTCHCUBHOCTI MPOMUBAHHS Ta
00'eMy IpOMHUBHOI BOX. SIK HACHTIIOK, MPHCKOPEHO 3POCTAIOTH EKCILTyaTAIliifHI BUTPATH, 10 € HEBHUT1THUM 3
CKOHOMIYHOT TOYKH 30py. 3aCTOCYBaHHS CTAaHIAPTHHX MapaMeTpiB MPOMHBAHHS MPU3BOIUTH JIO TOCTYIIOBOTO
3MEHIIEHHsI po0040i OpyIOMICTKOCTI 3aCHUIKH Ta HEOOXigHOCTI 1i mepemuacHOi 3aMiHu. ToMmy HOTpiOHO
aKIEHTYBATH YBary Ha JOBrOTPHUBAIOMY aJITOPUTMI YIIPaBIiHHS, IKWH pealli3yeThCsl BIPOJOBK 3HAYHOTO Yacy
JI0O TIOBHOTO CIIPAIIOBAaHHS OYHCHOTO Pecypcy (QimbTpyrouoro matepiany, M0 HEYXWIBHO 3a0pYIHIOETHCS.
MeToro TEXHOJIOTIYHOTO MOJICNIOBAaHHS MOXKE OYTH BCTAHOBJICHHS TAKOTO alrOpUTMY, SKUH B CTaHi
3a0€e3MeYNTH MaKCHUMANbHUM CTPOK CIyxOW 3acunkd. TakuM YWHOM B TPUHLOUIN MOXKIUBO CYTTEBO
3MEHIIIYBaTH KaIliTalbHI 3aTPaTH, YaCTO OCHOBHI 3aTpaTH, IO B IJIOMY CIPHSIE BiIIYTHOMY CKOPOYEHHIO
co0iBapTocTi ounIeHHs BoAH. ToMy MOTpiOHO MPOBOAUTH ONTHMI3AIliiTHI PO3pAaXyHKH 3 YpaxyBaHHSIM TPHOX
KpHUTEpiiB, a came, IKOCTI BoAH, (inbTpauii, kKoHcomiaanii ocagy. B [1] npeacraBneHa mareMaTndHa MOJETb
(h13MKO-XIMIYHOTO 3HE3aJII3HEHHS BOJIHM Ta PO3POOJICHUI METOI, IKUI JO3BOJISIE MPOBOJIUTH TaKi PO3PAXYHKH.

Jlns1 y3araJlbHEHOTO €KOHOMIYHOTO aHaIi3y 3aTpaT Ha (iIbTPYBaHHS BCTAHOBIIOETHCS KOHTPOJIBHHIMA
Yyac T, SAKUH BKIIOYA€E MPOAYKTUBHUHN 4Yac ((iIbTpyBaHHA) Ta HEIPOAYKTUBHUI (ITpoMuBaHH:;). OCHOBHUM
PIBHSHHSM JIJIS TEXHIKO-€KOHOMIYHOTO aHATi3y €

CC+0C =VTQ,P, , (1)
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ne CC, OC — kamiTajbHi Ta eKcIUTyaTaliiiHi 3aTpaTy (3aTpaTH Ha OyIiBHUITBO, 3aTPAaTH HA EKCILTyaTalilo);
V — IIBHAKICTH QIABTPYBaHHS; Q_ — IJIOLIA HOBEPXHI 3aCUIKHU; P, — BapTiCTh OIMHUYHOIO 00’ €My OYHMIIIEHOT
BOJIIH.
3 KamiTaJbHUX 3aTpaT BUAUISETHCS YaCTHHA, IO BUTPAYA€THCA HA 3EPHUCTY 3aCHUIIKY
CC=Q,LP. T/t +ACC , (2

Ie L — BHcOoTa mapy 3acunku; ACC — iHIII CTaTTi KamiTalbHUX BUTpaT (3aco0M aBTOMAaTwM3allii, HACOCH,

aepaTopy ToOw); P. — BapTICTh OJMHUYHOIO 00’€My 3aCHMIIKM Ta BUTpAT Ha ii 3aMiHy; t, — CTPOK CJIy:KOu
3aCHUIIKH.

Takox y apyroMy KOMIIOHEHTI piBHSHHSA (1) OKpeMO BUIIISIOTECS 3aTpaTH Ha PETyIsIpHE TPOMHUBAHHS

OC =N_P_ +AOC , ©)

T BW

ae N, — kinpKicTh (inpTpOLMKIIB 32 yac T; P, — BapTiCTh OJHOro NpoMuBaHHs; AOC — iHIII CTaTTi
eKCIUTyaTallifHuX 3aTparT.
Bpaxosytouu (2), (3), piBasiHaA (1) Moke OyTH MOAaHO HACTYITHUM YHHOM
LQ.P. T/t + N P, =VTQ_P, - ACC -AOC , 4)

Ta micys AUIEHHS 000X yacTHH Ha VTQ, , OTpEMAEMO

LP. N, P ACC +AOC
Pyt B _p . (5)
Vi, T VQ, VTQ,

Jlyist y3araabHEHHS PO3PaxyHKiB BBOAUTHCS BiTHOCHHIT Yac, Tak 1o t =Vt / ( n, L) T = VT/ ( nOL) (TyT n, -
MOPYBATICTh uncTOi 3acunku). Tomi piBusHHA (5) Habepe BUIIISALY
PN Py _ no(PW ) ACE+AOCJ |
TLQ

F

T T LQ.

(6)

Y BUNaJKy eKCIulyaTanii piibTpa 3 0HaKOBMMH TPUBANOCTAMHU QinbTpormkiis (t, =1, ) piBHanus (6)
TIEPETBOPIOETHCS Y (hOpMY

P

5]
§+¢=DC=n0£PW- [ (@)

T Lot

Ff

ACC +AOC o
— T=Nf =
LO.T

=t

OTxe, IpUBEICH] 3aTpaT Ha OUUIIeHHS Boau ( DC ) 3aJIe)aTh Bij mapameTpis t, 1, i BiAnoBigHO Bif
TpuBajocTi QinpTporukity. JIOriyHo, M0 KiHIIEBOIO METOI0 TEXHIKO-€KOHOMIYHOTO aHali3y € BUOIp Takoro
anropuTMy, IpH skoMy DC = min . @aKTUYHO MOTPIOHO KOHKPETH3YBAaTH TaKi 3HaueHHsd { Ta [, mpu sAKkux

Oyze MOKJIMBUM MiHIMi3yBaTH MpaBi YacTHHU piBHSIHG (0) Ta (7).

BukopucToByloun BHIIE3rafaHi BIAacHi HANpaIlOBaHHS TEOPETHYHHUMU 1 EKCIEPHUMEHTaIbHUMHU
METOJlaM{, BUKOHAHO 3HAYHUI OOCSAT TEXHOJOTIYHHX PO3PaxyHKiB POOOTH THIOBOTO 3HE3aJi3HIOBAIBEHOTO
¢binbTpa BOPOIOBK CTPOKY CIIYXOM oxHi€el 3MiHU (inpTpytouoro marepiany. [Ipu npomy Oynu peanizoBani
TPH aJITOPUTMH JIOBrOTPHUBAJIOrO YIPaBIIiHHS 1 BU3HAYCHI X MapaMeTpH, 3a sIKUX 3a0e31euyeTbcs MiHiMaIbHa
BapTICTh OYHUIIICHHS ITiA3€MHOI BOJIH.

[1] Poliakov Vadim, Martynov Serhii. Mathematical modeling of physicochemical iron removal from

groundwater at rapid filters // Chemical Engineering Science, 2021. Vol. 231, 116318. DOI:
https://doi.org/10.1016/j.ces.2020.116318
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Abstract. In this presentation, preliminary research regarding the new [3-ketoimines was described. The
new B-ketoimines were synthesised and their ability to bind metal ions from water solutions was investigated.

The synthesis procedure consisted of the addition of derivative of a pentane-2,4-dione
to 3-aminopropyltriethoxysilane and subsequent elimination of the water molecules. The structures of the
resulting compounds were confirmed by Nuclear Magnetic Resonance and Fourier Transform Infrared
Spectroscopy-Attenuated Total Reflectance.

Below an example scheme of solvent-free synthesis of -ketoimines was present.

HaC o
> HaC R H,C
O\S'_ o} —N —JCH3
! O\_ + R — HaC Hi\ /0 + H.O
o CHs o S|
HoN < %
CH,

CHj3

3-aminopropyltriethoxysilane B-diketone [B-ketoimine

Fig. 1. Scheme of solvent-free synthesis of B-ketoimines, R = e.g. H, CH3, C2Hs, etc.

The solubility tests of the obtained B-ketoimines confirmed their insolubility in water, which is very
important for their further use as active compounds e.g. for the binding of heavy metal ions from aqueous
solutions.

In the next stage, the affinity of the resulting compounds for metal ions present in water model solutions
using UV-Vis spectrophotometry was investigated. The study confirmed that investigated
[B-ketoimines are able to bind metal ions. Moreover, the stability constants of created in this processes
complexes of new B-ketoimines with selected metal ions (Ag*, Au®*, Cd?*, Co?*, Cr®*, Cu?', Fe®*, Mg?*, Ni?",
Pd?*, Pt?*, Zn?") was determined.

The obtained new water-insoluble ligands may be used in the future to recover noble metal ions or
remove heavy metal ions from agqueous solutions (e.g. post-production wastewater) or to recycle residual waste
(e.g. electronic scrap).

The work was created as a result of the grant ,,Synthesis of new water-insoluble -ketoimines, obtained

from B-diketone derivatives and aminosilanes, capable of binding metal ions from aqueous solutions™, no
2023/07/X/ST4/00361 financed by National Science Centre
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Mapiynonvcokuti depocasnutl yHieepcumem
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Abstract. The Sea of Azov is an inland sea of the Atlantic Ocean basin connected to the Black Sea by
the Kerch Strait. The maximum length of the sea is 343 km, the maximum width is 231 km; the length of the
coastline is 1,472 km; the surface area is 37,605 km2 (this area does not include islands and spits that cover
107.9 km?). In terms of morphology, it belongs to the flat seas and is a shallow body of water with low coastal
slopes. In terms of distance from the ocean, the Azov Sea is the most continental sea on the planet. Among
other things, various enterprises are located on the shore and coastal strip of the sea, which negatively affect
its environmental condition. In addition, there are other negative impact factors, which will be discussed below.

AzoBchke Mope (naBHA HazBa - O3iBCbKe MOpe) - MpHUIATKOBa BoaoiiMa YopHoro Mopsi. AKBaTopis
ABOBCBKOTO MOpSI HAJIEKHTh JI0 eKoperioHy UYopHOro Mopsi TMiBHIYHOATIAHTUYHOI OOpeanbHOT
3ooreorpadiunoi mposimii. 3 YopHuM Mopem A30BCbKE MOpE MOEAHYETHCSA BY3bKOI KepueHChKOIO
MPOTOKOI0. Y MiBHIYHO-3aXiTHIM YacTHHI MOeAHyeThcs i3 CuBameM BY3bKOIO ['€HIYECHKOIO MPOTOKOIO.
A30BCBKE MOPE € MIJIKOIO 130JTbOBaHOIO CHCTEMOIO, 1[0 XapaKTepHO BIUTUBAE HA T1APOIOTIYHHN PEKUM TAHOTO
00’eKTa, a came: MOpe CHIIBHO ONpicHEeHe Y cXiHil yacTuHi piukamu J{oH i Kybanb, 1 0coloHEeHe 32 paXyHOK
BUNIAPOBYBaHHA Yy 3axigHid dactuHi. CymMapHUH HepeciyHui pidHMN CTiK NPICHUX BOA B A30BCHKE MOpE
cknanae 40,7 km®. Piunmii 06’ em atmocdeprux onais i Boau cknaznae 15,5 kv, I1{opiuHe HaaXOKEHHS CTOKY
3 Yoproro Mops cknagac 41 km®. TakuM YMHOM 3arajgbHO-piuHMil 1eOiT Boxu cknagae 97,2 kme. A gepes
KepueHncbky npoToky 3 A30BcbKoro A0 YopHoro Mopst BuTikae 66,2 kM?, mpu [bOMY BUIIAPOBYETHCS 31 KM°.
O6’em MOps cTaHOBUTH 320 KM®. A30BChKE MOPE M€ HU3bKY MPO30PICTh, Yepe3 OypXJIMBHil pO3BUTOK 300- Ta
(hITOTUTAHKTOHY Y TEIUTy TIOPY POKY 1 1€ CIPHUYWHSE SIBUIIE «IIBITIHHD» MOPSI, TAKOXXK MOPE OTPUMYE 3HAUHE
OloreHHe *KHBJICHHS BiJl PiYOK, 1[0 Y HHOI'O BMAAar0Th. 3arajibHa BOJ030ipHa Imuioia O0aceiiHy A30BCHKOIO
Mops ckianae 586 Tuc. Km2.

3HauHe HAIXOPKEHHS 3a0pyIHIOIOUUX PEUOBHH, MEPEBHIYIOUHUX OOCAT aCHMUIALINAHOI 3MaTHOCTI
MOPCBKUX €KOCHCTEM, Y A30BCHKE MOpPE 3yMOBIIIOE HOTO €KOJIOTIYHO HEe3aJOBUIBHHI CTaH, IO i IPU3BOANUTH
10 3HAYHOTO 3a0pyAHEHHS (B TOMY 4YHCII MIKpOOiOJIOTi4YHOT0) MOPCBHKHX BOJ, OYpXJIMBOI'O PO3BHUTKY
eBTpo(ikauiiHUX NpPOLECiB, CKOPOUECHHS 00CIry pHOHUX pecypciB, BTpaTu 010JI0TIYHUX BHUIiB, BHHUKHEHHS
3arpo3u 3JIOPOB'I0 HACEINICHHs, 3HKEHHS SKOCTI pekpeamiiHuX pecypciB. CTiduHI BOIM 3 TOYKOBUX Ta
nudy3HUX OeperoBHx IKepesi, MOPCHbKI TPaHCIOPTHI 3acO0M, CTOKM PIUYOK, € OCHOBHHMMH KEpernaMu
3a0pyIHEHHSI.

Exosoriunuii ctaH A30BCBKOTO MOPSI BUKJIMKAE OCOOIUBE 3aHEIIOKOEHHS. MPOMHUCIIOBI I AMPHUEMCTBA
micta Mapiynosis € OCHOBHUMHM JpKepeldamu 3a0pyaHenHst A3oscbkoro mMops. Illopoky monax 800 mun. M3
3a0pyIHEHUX CTiYHUX BOJX cKuaaeTbcs Mertanypriinumu KomOinatamu "AszoBctans", imeHi lmniua,
KoHIepHOM "A30BMamt", To6TO 10 99% 3aranpHOr0 00CATY CKUAIB Y MOpE.

3a cepeaHIMH PIBHSAMHU MOKA3HUKIB CIIOCTEpiraBcs MiABUINCHUA BMicT opranidHux pedoBuH (I'IKgscxs
1,5), amoniiinoro (I'IK 1,2) ta mitputHoro (I'’IK 1,5) a3oty, 3aniza 3aransaoro (I'/IK 13,7), nadpTonponykris
(CAK 1,9). Haiieumuii BMmicT opraniyanx pedoBuH (I'IKscks 1,8), azory amowniitHoro (I'AK 3,4), 3amiza
saranbHoro (I'JIK 78.4, Bucokuii pieHb 3a0pyaueHns ), HadpronpoaykTie (1K 4,5) BiazHaueHi y paiioni 250M
Bix ckuny BAT MK «A3zoscransy. Makcumanbauid BMicT HiTpuTHoro azory (I'JIK 3,1) cmoctepiraBes y
paiioni ByrinbHoi rasani 11 MMTIL

JudysHi Kepena € CyTTEBUM YHMHHHUKOM 3a0pyJHEHHS MOpPIB, B OCHOBHOMY 3MHB TEPHTOPIi
HaceJICHUX ITyHKTIB Ta 3 CUTHCHKOTOCTIONAPCHKUX YT1/b.

3 aKTHBI3ali€l0 MIXXHAPOAHOTO Ta HALlIOHATBHOTO CY/IHOIIJIABCTBA POCTE PU3UK 3a0pyIHEHHS aKBaTopii
A30BCBHKOTO MOPs, 0COOJIMBO MTPU TPAHCIIOPTYBaHHI HEOE3MEUHUX PEUOBHH.

Jlo 3Ha4yHOro 3a0py/JHEHHS aKBAaTOpid TOPTIB Ta MOPCHKMX aKBATOPid MPH3BOJAATH: BIJCYTHICTh
JOCTaTHBOI KUIBKOCTI HAJIGKHUX MOPTOBUX CIOPYI st 0OpOOKH €KOJIOriuHO HeOe3MeuyHNX BaHTAXIB Ta iX
CKJIaIyBaHHS 1 HU3bKUI piBeHb 3a0€3MeUeHOCT] TPAaHCTIOPTHUX MOPCHKHX 3aC00iB CUCTEM YTHIIi3allii TBEpAUX
BIJIXO/IiB Ta OYHMIIICHHS TOOYTOBUX CTOKIB.

BifncyTHicTh cHCTEMH HArjsily 3a TpPaHCIIOPTYBaHHSIM HEOE3NEYHUX BaHTAXKIB, HE3aJ0BibHE
MaTepianpHe 3a0e3nedeHHs cayx0 MIBUAKOTO pearyBaHHS Ha HaJ3BHYaliHI CUTyawii y MOPCHKHX BOJAX, -
BAMAraroTh CTBOPECHHS CUCTEM IIBUIKOTO PearyBaHHs Ha HHUX SK HAa MKHApPOJHOMY, TaK i Ha HaIlllOHATTBHOMY
PIBHSX Ta PO3pOOJICHHS 3aX0/IiB 3 MONEPEHKCHHS! BAHUKHEHHS aBapiiiHUX CUTYAIliH.
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Ha xopmoni BomooxoponHoi 30H1 YOpHOTO 1 A30BCEKOTO MOPiB HAKOTIMYEHO 3HAYHY KiTbKICTh TBEPANX
TIPOMHUCIIOBUX 1 TTOOYTOBHX BiIXOAiB. 3a0pyaHEHHS IMI36MHUX 1 MTOBEPXHEBUX BOJ BHKJIMKAE TEXHOJIOTIUHA
HEOCKOHAIIICTh O0NAIITYBaHHS 3BAJIMIIL, & TAKOXK CTBOPIOE 3arpo3y MOTIPLICHHS CTaHy 340POB'Sl HACEIEeHHS
Ta CaHITapHO-EIiIeMiOJIOTIYHOTO CTaHy, Jerpajiallii peKpealiiHiux pecypcis.

B niTHi#i mepiox 3HAYHE AHTPONOTEHHE HABAaHTAKCHHS HA MESIKAX ITUISHKAX pEKpeariiiHux 30H
MIPU3BOJUTEL 110 TOPYIIEHHS MPUPOTHOTO CTaHY NMPUOEPEKHUX JICIB, TUBDKIB 1 JYKIB Ta MOHIKECHHS iX
peKpeaniitHo-0310pOBYOT0 TOTCHIIATY.

[lix gac 3mificHEHHS THOOYHMCHHX 1 JHOIOTIHOIOBATHHUX POOIT y MOPCHKHX aKBATOPISX BHUHHUKAE
TIePEMITTIICHHS BEIMKUX 00CSTIB IOHHUX BiJIKIIAiB, 110 IPU3BOIUTE A0 3a0pyIHEHHS MOPCHKOTO CePEIOBHIIA
TOKCHYHHMH Ta 3aBUCIMIMU PEUYOBUHAMH 1 Jerpajaaiii TOHHHX OiorneHo3iB. Y 1998 pomi ckHHYTO OJIHM3BKO
2600Mm® rpyHTIB 10 MiJBOHUX MOPCHKMX 3BAJIHIIL.

J10 3MEHIIICHHS KUIBKOCTI HEPECTOBHII, MiCIIb HAryjily, KOpMOBOI 0a3u, ¥ iCHyBaHHS pUOM Ta IHIIMX
KHUBHX BOJHUX OpraHi3MiB Mpu3Beia He30aJaHCOBaHICTh TOCIOAAPCHKOI TisUIHOCTI y OaceiiHi A30BCHKOTO
Mopsi. HepauionanbHe BuAOOyBaHHS MOPENPOAYKTIB Ta pHOHM, HE33JA0BUIbHE BHUKOHAHHS 3aXOIiB,
CIIPSIMOBAHUX Ha iX PO3BEACHHS 1 BIATBOPCHHS, CIPUYMHIUIO 30i1MHCHHS BHUAOBOTO CKJIQAy Ta 3racaHHs iX
Oiosoriunoi nmpoaykTuBHOCTI. 11]e, T0BOIMI YCKIIaHIOE CUTYAIIII0 Y MOPSIX, HAIUIMB JO €KOCHCTEM €K30THYHHMX
OpTraHi3MiB, sIKi IPUTHIYYIOTh BiATBOPEHHS Ta PO3BUTOK TyBOAHOI (ayHu Ta ¢uiopun YopHOro i A30BCHKOTO
MOpIB.

B ocTaHHI poku KOHIIEHTpallis pajoHigiB B A3oBcbkomy Mopi nepesumrye ['JIK y 12,6 pa3u, BmicT
(eHOoIiB NepeBUILlye HOPMATHBH Y 7 pas3iB.

Cepenniii BMicT (ocdopy y Bogax A30BCEKOTO MOps KonmBaeThes Bing 10 mo 40 mkr/m y paiiosi
niBAeHHOTO y30epexokss Kpumy, i 1ie He3BakaroyW Ha JOBOJI 3HAYHE CKOPOYEHHS O0OCSTY BUKOPHUCTAHHS
NECTULUAIB Ta MiHEpaJbHUX IOOpUB y CLIBCBKOMY TrocmoAapcTBi. Bwmict a3oTy B A30BCBKOMY Mopi
KoJuBa€eThes Big 20MKr/n 1o 400MKr/im.

3a ocTaHHI POKHM 3pOCIO 3a0pyIHEHHs CTIYHUX BOJI Yepe3 YMOBHO IIaTOTEHHY Ta MAaTOTCHHY
Mikpo(Iopy, MO TMPHU3BENO 10 3HAYHHX 3MiH Yy MOPCHKOMY Ta NPHOEPEKHOMY CEpEelIOBHIII, a came:
MIPO30PiCTh BOJIM 3MEHIIIYETHCS OUTBINT HiXk BIIBiYi (710 2-8M); 3pOcia TaKOXK KiJIbKICTh MEy3 i HAUIPOCTIIINX,
KpIM TOTO PiKICHUX HIKIUIMBUX OPTaHi3MiB; IMIMpPHHA MOACY AeiMTHUX BOAHWUX MakpodiTiB Ha Oepesi
3MEHIIYEThCS JI0 3-5M; MOPCBKi O10JIOTIUHI pecypcH 3HaYHO CKOPOYEHi; MOIMYIISIil BHIMX PAKOMOIIOHUX 1
JOHHUX PUO MPAKTUYHO 3HHKIIH, a MOMYJIALI] BEJIUKAX IUIAHKTOHHUX PAKOIOMIOHUX 3HAYHO CKOPOTHIIHCS;
MepiodHa 3a7yxa 1 MacoBe BUMHpaHHS OEHTOCHHUX Oi0IIEHO31B Ha BEIMKUX IUIOMIAX (BTpaTa MOHHOI dayHH
3a octaHHi 20 pokiB gocsrina 60 MIH. T, y TOMY YHCI pUOU - OMIM3bKO 3 MIIH. T); YUCENBHICTh MOPCHKHX
ccaBIIiB cKopoTuiacs Maibke B 20 pa3iB; BUJIOB pubu B A30BCbKOMY Mopi 3a ocTanHi 10 poKiB 3MEHIIUBCS B
5 pasis.

[MoTeHwiiiHi MOXJIMBOCTI BUPOOHHUIITBA MOPEMPOAYKTIB HUISXOM aKBaKyJIbTYPHOI [isSUTBHOCTI
BUKOPUCTOBYIOTHCSI HEJOCTaTHHO 1 IX PO3BUTOK Pa3oM i3 3a0e3MeueHHsIM HACeJCHHS MOPENpPOLyKTaMH
CIPUATUME BIATBOPEHHIO PECYPCHOTO MOTEHIIialy I[bOT0 PETIOHY Ta HOTO CTAIOMY PO3BHTKY.

brmuzbko 2,6 THC. KM OeperoBoi JiHil ypa)keH] iIHTEHCUBHOIO epo3i€to Ta 3MuBamH. Lle poouts Tepuropii
HETPUJATHUMH JJIs1 MiCTOOYyBaHHS Ta PO3BUTKY TYpPH3MY Ta HEraTUBHO BIUIMBAE HA CTaH MPUOEPEKHHUX
eKOCHCTEM.

VYkpaina Brpauae (mpubnmusHo) 1,7 MimbsApAa TpHBEHb Ha PIiK dYepe3 3a0pyTHEHHS MOPCHKOTO
cepe/ioBHILA, HEPIBHOMIpHE BUKOPUCTAHHS MODPCHKHX MPHPOIAHUX PECYpPCiB Ta BIJICYTHICTH iHTETpOBaHOI
CHCTEMH YTIPaBIiHHS BUKOPUCTAHHIM MOPCBHKHX MPUPOJHUX PECYPCIB.

BucHoBKH. A30BChKE MOpE, HE3BA)KAI0UN HA CBOIO MIJIKOBOJHICTH, MA€ IOCUTH BEJIMKE TOCTIOIAPCHKE
3HAYeHHS JJIs1 KpaiHu, HacaMIepe Yyepe3 BeJIUKY KUTBbKICTh IPOMHUCIOBHX 00’ €KTiB. AJle pHU bOMY B MOpi
Ta B Horo OaceliHi HasBHi 1 pPi3HI YEPBOHOKHMKHI BHIHU, BUAOOYTOK SKHX 3a00pPOHEHHUH, a 30epekeHHS 1
BIJTHOBJICHHSI SIKUX € UM HE HAHIIPIOPUTETHUM 3aBIAHHSM.

Takosx, He3BayKarOYM Ha JTOCUTH XOPOITy BUBUCHICTh A30BCHKOTO MOPSI, B JAHUH Yac iCHYE e YMMAaIIO
npobaeM Horo mociiikeHHsA. ['0JOBHA 3 HMX - MPOTrHO3 MalHOyTHROrO 00pa3y MPUPOIU MOPS B YMOBAax
TTOAAIIBIITOTO 3HIKEHHS PIYKOBOTO CTOKY 1 Ha Il OCHOBI po3po0OKa e(heKTHBHUX 3aXOJIB 1O 30€peKEHHIO
OTITEMAJIEHOTO PEXUMY MOps. BH3HadanpHy posih B MPUPOIHUX MPOIIECaX B MOPI BiITPa€ COJIOHICTD, TOMY
OCHOBHA JIaHKa KOMIUJIEKCHOI NMpOOJIeMH - BUBYEHHS PEXHMMY COJIOHOCTI i BHOIp HUISAXiB 3amoOiraHHs
MPOTPECYIOUOT0 OCOJIOHEHHSI MOpsl. B SIKOCTI 0JHOTO 3 LUIAXiB BUBYEHHSI A30BCHKOTO MOpPSI HAMI4a€eThCs 1
3MIHCHIOETHCS PO3POOKA EKOHOMIKO-EKOJIOTTIHOI MOJIEI i€l BOIOMMHU, SIKa MOB'S3Y€ BC1 €IEMEHTH PUPOIH
1 TocTiogapcTBa MOPS 1 THM CaMHM CHPHSIE BHPIMIEHHIO KOMIUIEKCHOI TpobiieMu 11i€i BogoimMu. OKpiM II-OTO
noTpiOHO Kpallle CTEKUTH 38 CKUAaMH 1 BUKUAAMH CTIYHUX BOJ 1 3a0pYJHIOIOUMX PEUOBHH B aKBaTOPil0 MOPH,
KOHTPOJTIOBATH Ta MIBUIKO pearyBaTH P BUHUKHEHHI MOIIOHUX CHTYAITiH.
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Abstract. The problem of wastewater treatment is exacerbated in small settlements with no sewerage
networks and during natural or man-made emergencies. The development of natural low-cost measures to
reduce the discharge of untreated wastewater into water bodies using industrial waste and waste tires is a very
urgent task. The direction of the research work is the scientific substantiation of the need to introduce
phytoremediation facilities using construction waste and waste tires as a filter nozzle for wastewater treatment
in order to improve the ecological condition of surface and groundwater and increase the use of industrial
waste, which is of practical value.

CyuacHi npo0iiemu 3a0pyIHEHHS HABKOJIMIIHLOTO CEPEIOBUIIA Ta MOTIPIICHHS SIKOCTI CTIYHUX BOJ Y
CLIBCBKOMY TOCHOAAPCTBI Ta arponpOMHUCIOBOMY KOMIUIEKCI MOTPeOYIOTh HaOidHMX 1 CTIMKHX METOJIB
OUMILEHHs. bioTeXHOIOrYHI METOAN OYMILEHHS CTIYHUX BOJ CTAIOTh BCE OLIbII MEPCHEKTUBHUMH B LILOMY
KOHTeKCTI. DiTopeMeniallis € OJHIEID 3 KIYOBHX TEXHOJOTIH Yy cdepi eKOoJoriuHoi imKeHepii, ska
BUKOPHUCTOBYE POCIMHU JUI OYUILEHHS CTIYHUX BOJ 1 3a0pyJHEHUX AUISTHOK.

JocmipkeHHsT BYCHUX MiATBEPIUKYIOTh, 10 BUKOPHUCTaHHS METOIIB (QiTopemerniamii Ui OUYHICHHS
CTIYHUX BOJ JO3BOJSIE€ HOCATTA BHUAaleHHS Outbme 80% BaXKMX MeTamiB. 3a manuMd Environmental
Protection Agency (EPA), y 2022 pori 0yii0 BIpoBampKeHO 010TEXHOIOTIYHI METOIN OUYHIIIEHHS CTIYHUX BOJI
y 30% arponpoMHCIOBUX HiANPUEMCTB, L0 IPU3BENO 0 3HIKEHHS 3a0pyIHEHHS BOOHUX pecypciB Ha 15%.

[Ipobnema 3a0pyJHEHHS! TOBEPXHEBUX BOJ CKHJAMH HEOUHIIICHUX CTIYHUX BOJI B HEBEIMKUX MICTax 3
BIJICYTHICTIO KaHaNi3amiHHUX MepeX € HaJ3BUYallHO TOCTPOI 1 MOXE CTaTh MPUYMHOK BUHUKHEHHS
HAJ3BUYAHHUX CHUTYalliil y 3B’A3Ky 3 €HiJeMiONOriyHO HeOe3NmeKow y pas3i 30iUmblieHHsS iHQeKIiiHo
3aXBOPIOBAHOCTI HACEJIEHHS BHACIIIJOK PEKpeauiiHOro BOJOKOPUCTYBAaHHS.

MeToro MpeacTaBIeHOTO AOCTI/KEHHST € 3MCHIICHHS 3a0pyIHEHHS BOJHHUX EKOCHCTEM ILISIXOM
BIIPOBAKEHHS TEXHOJOTI] (iTOpeMeiarii OYHIIeHHs CTIYHAX BOJ] 3 BUKOPUCTAHHSAM OYIiBEIbHUX BiAXOIIB
1 BiAMpaIibOBaHUX aBTOMOOUTHHHX IITHH B SIKOCTI (QiIBTPYIOUO] HACAIKH.

B cenmmiax ans HEBEIMKHX OOCSTIB CTIYHMX BOJl MEPCHEKTHBHUM HAIMPSIMKOM € BHKOPHCTAaHHS
¢itorexHozorii. Lle cydacHuil TUI HEBEIMKHUX OYMCHUX CIOPY, SKi BKIIOYAIOTh B ceOe eIEMEHTH MilllaHo-
rpaBifHUX (QiIBTPIB, MONIB GiNBTpalii, y pa3i HEOOXiAHOCTI CUCTEM IITYYHOTO TIOMOBHEHHS ITiI3€MHUX BOJ
(LITIIB), 1m0 mpUCTOCOBaHI jis MPOXOJKCHHS TOBHOI[IHHOIO OYHINEHHS CTIYHMX BOJ| B YMOBax ix
HEBEJIMKUX OOCSTIB 1 BIICYTHOCTI KaHANi3yBaHHS HACEJICHUX MYHKTIB.

Jiis oumMIimeHHS CTIYHHX BOJ HEBEIMKHX HACEelIEHMX IyHKTIB, cenuml ado OKpeMuxX OyAWHKIB
MIPOTIOHYEMO OOJAIITYBaHHS APEHAKHUX TYHENIB 3 BHKOPUCTAaHHIM BTOPHHHIX MaTepialliB (BiMpanboBaHIX
ABTOMOOUILHUX IIVH, 023aJIbTOBOT KPUXTH, IPABIit0, TOIIO).

Ha mianmpuemcTBax KpaiHu MOPIi9HO YTBOPIOETHCS BENIMKa KUTBKICTh BiIPallbOBaHMUX IIIHH, 1€ pOOUTH
aKTyallbHUM MOXIIUBICTh iX TOBTOPHOTO BHKOPHCTaHHS, 30KpeMa SK OYIIBEIBHOTO Marepianmy, aist
YKPpIIUIEHHS BOAOBIIBITHMX KaHaJiB, 00NaIITyBaHHS CIIOPY]] TAKOTO THUITY.

B naGoparopHux ymoBax NPOBOAWINCH IOCTIKEHHS TOKCHYHOCTI IIMH, $IKi TepeOyBaioTh y
repe3BoiokeHoMYy TpyHTI. OTpuMaHi JaHI CBiAYaTh, MO 3pa3KH IIWH, SKI MICTHIIN MaTepialli pe3WHU Ta
METaJIeBUH KOpJA, HEe OyiaM TOKCHYHUMH [JIsi MIKpOOpPTaHi3MiB, IO MA€ TiACTaBy A iX MOJAIBIIOTO
BTOPMHHOTO BUKOPUCTAHHSI B MiA3eMHUX (iNbTPYIOUMX TpaHIIEsX.

3 (inpTpyrOUNX TpaHIIeH OYMIIeHa BOJIAa MOXKE BIABOJUTHCH a00 y CHCTEMY IITYYHOT'O MOTIOBHEHHS
migzemuaux Box (LLUIIIIB), abo Ha mOOYMIIEHHS Ha CTIOpYAax 3a TEXHOJOTiero (iTopememiamnii mepeBaxxHO 3
YarapHUKOBUMH [TOCAJKaMH 110 TIOBEPXHI.

EdexTuBHICTS OUMILIEHHS CTIYHUX BOJ HAa TaKUX CHOPYAax CTaHOBHUTH: aMoHil 70-90%, nHiTpatn 95—
98%, hocdatu 60-90%, Baxkku metanu 30—-60%, kanbIriil, HaTpiit Ta MarHii 10—15%, opraniuni 3a0pyaHEHHS
(3a XCK Tta BCKs) 85-95%, nadronpoaykru 80-90%, mikpoBomopocti 98—100% Ta 3ue3apakents 80-90%.

BrnpoBamkeHHS aBTOHOMHHMX OYHCHHX CIIOPYA 3 €JIeMEHTaMH (ITOTEXHOJIOTIH JUIl HEBEIHKHX
HACeNeHUX TYHKTIB € ayke akTyanbHuM. OCKIIbKM B IPOEKTI Takoi CHOPYAM BiJICYTHI OymiBdmi,
TEIUIONIOCTaYaHHs, BOJOMPOBiZ, EJIIEKTPOCWIOBE oONanHaHHsA, OyIWHKH A OOCIyroBYIOUOro Ta
J1a0OpaTOPHOTO TEPCOHANy Ta IHIIE — BaPTICTh PO3POOKH MPOEKTY 3MEHIIYETHCS y TIOPIBHSIHHI 3
TpagULiHHUMHA OYUCHUMH CHOPYAaMH 3 aHAJIOTIYHUMH BUXiTHUMHU XapaKTEPUCTUKAMHU.
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Abstract. Ukraine is one of the countries with the lowest water availability. The main source of drinking
water is surface water. The issue of finding promising and alternative sources of drinking water in the country
is very relevant. The paper analyses the main problems of using groundwater as a priority source of domestic
water supply.

Cucrema BOJONOCTaYaHHS — Ii¢ 0a3oBa iHQpaCTpyKTypa, CKIaJ0Ba €KOJIOTIYHOIO YCIMiXy KpaiHHu,
PO3BUTKY HACEJICHHUX NMYHKTIB. Bij BUpIIICHHS NMUTaHHS MOKPAIICHHS CUCTEMU BOJOINOCTAYaHHS Ta SKOCTI
MATHOT BOJH, 3aJICKUTH 3JO0POB’Sl HACEICHHS 1 MIATPUMAHHS TPOIECY >KUTTEMISIILHOCTI BCiX 0a30BHX
CTPYKTYP. AKTyaJIbHICTb i€l po0sieMu OLIbIINE TiACHIIOETHCS B TIEPI0J] BOEHHOI arpecii, ajie He MPUXOBYE 1
TUX TpoOseM, 3 SIKUMH 3IIITOBXYBaJacsi CHCTEMa BOAOINOCTaYaHHSA YKpaiHH 1 A0 MOBHOMAacCIITaOHOIO
BTOPTHEHHS.

3a 3aragpHUMH 00’ €M BOJOCIIOKUBAHHS YKpaiHa BUTIEpeKae 0arato €éBporechkux Kpaid. BogHodac
3a0e3IeUCHICTh SKICHO BOJIOI0 HAaceJICHHs MOpiBHSAHO HeBrcoka (MeHmie 1000 n1/pik). OCHOBHUM JIKepeioM
BOZ03a0e3MeueHHs] BEJIMKUX HACEJICHUX IyHKTIB € TOBEpXHEBI BOAM. SIKicTh MHUTHOI BOAM MOBHHHA
BIIMIOBIIaTH 3araJIbHAM TiTIEHIYHUM BHUMOTAM: OE3IIEYHICTH B €IIiIEMiOJIOTIYHOMY, TOKCHKOJOTIYHOMY,
pamiariiHoMy BiTHOIICHHSX, CIIPUATIMBI OPraHOJICITUYIHI BIIACTUBOCTI, ONTUMAIBHIA MIHEPAIBHUMA CKIIaJ.
ANbTepHATUBHUM IUIIXOM OTPUMAHHS YHCTOT BOJU € TiA3EMHI JKepena.

Meroro maHoi poOOTH € aHa3 MOXKIMBOCTEH Ta TEPCIIEKTUB BHKOPWUCTAHHS III3EMHHX BOJ SIK
MPIOPUTETHOTO JKEPeEJia IMUTHOTO Ta TOCIOIAPCHKOTO BOIOTIOCTAYaHHSI.

Jist GinbLIocTi KpaiH €Bpony BUKOPUCTaHHS IMi3eMHHX BoJ csirae 90 %, mo 3abe3mnedye 3a10BOICHHS
noTped HaceJeHHS BHCOKOSKICHOIO MUTHOIO BOAOI0. 3a naHuMu [lep>kaBHOi cimyOuW reonorii Ta Haap Ha
TepuTopii YKpaiHu 3arajbHi MPOTHO3HI PECYpPCH MiA3eMHUX BOJ CTAHOBJATH 61 689,2 Tuc. M*/100y, Oinble
93 % 3 sxux 3 MiHepamizauiero 10 1,5 r/am®. 3a0e3nedeHicTh MPOrHO3HUMH PECypcaMy MUTHHUX IMiA3EMHUX
BOJI HaceJleHHS YKpaiHu 0 perioHax 3HaXxoauThes B Mexax 0,3-5,5 tuc. m*/no0y, a B cepenapomy — 1,3 THcC.
M3/ 100y Ha omgHy ocoOy. OmHak, mia3eMHI BOAM PO3IOIIJICHI MO PErioHax HEPIBHOMIPHO, IO 3YMOBJICHO
BIIMIHHICTIO TeoJiorii Ta (i3uKo-reorpaivyHUX YMOB Pi3HMX perioHiB. [lepeBakHa YacTHHA MPOTHO3ZHHX
pecypciB 30cepekeHa y MBHIYHHUX Ta 3aXiAHUX 001acTsaX YKpaiHu, pecypcH MiBAEHHOTO PETIOHY OOMEKEHI.

Ha croroanimmHiil eHb, MiCbKE BOJIOTIOCTaYaHHS 3a0€3MeuyeThes B YKpaiHi 32 paxyHOK MMiJ3eMHUX BOJT
mume Ha 25 %. llenTpanizoBane BojornoctadyaHds B YKpaiHi HasBHe nuiie y 22 % CiIbChKOTO HACEIICHHS,
pelTa KOPUCTYETHCS BOAOIO 3 KPUHHIIB.

He3anoBiibHA SIKICTH apTe3iaHCHKUX BOJ| HAHYACTIIIC MPOSBISETHCS IiJBHIICHAM BMICTOM 3ai3a,
MapraHIlio, COJICH YKOPCTKOCTI, 3arajlbHOI MiHepati3allii, XJIOpuaiB, cyiabdaris, Gropy, HiTpaTiB TOmo. Taka
CUTYaIlisl CBIAYXTH PO HEOOXIMHICTh HAAIHHOTO OYHITICHHS Ta 3HE3apaKCHHS Ta JOBEACHHS BHXITHOI BOIH
710 HOpPMaTHBHUX BUMOT Ha MUTHY BoAy. OJHAaK, Ha OLIBIIOCTI apTe3iaHChKUX BOJOIIPOBOJAX OUMCHI CIIOPY U
a00 30BCiM BiACYTHI, a00 MOXKYTh BUIAJISITH 3 BOJIM JIMIIIC 3aJ1130 Ta MapTaHellb.

[IpoOieMHUM MUTAHHSIM Ha CHOTOAHIMIHINA [CHb, 110 BHUKIHMKAHO PYHHYBaHHSIM BO103a00pIB Ta
BOJIOTOHIB BHACNIJOK BO€HHHWI Al B KpaiHi, € HEKOHTPOJbOBaHE OYpiHHS apTe3iaHCHKUX CBEPIJIOBHH Yy
HaceJeHUX IyHKTax. Taki Ail mMpoBOAATHCS Oe3 reoNorivyHol PO3BiOKHM, OLIHKH, AO3BOJIB 1 MOTOMKEHHS 3
BIMOBITHUMH OpraHamu. 3a0MpaHHSIM BOIM 3 IMI36MHHX BOAODKEPEN 3IIHCHIOETHCS 3a BIICYTHICTH 30H
CaHiTapHOI OXOPOHH, HEOOX1THOTO KOMILIEKCY OUUCHHX CIIOPY/, 3HE3apaXYIOUHX YCTaHOBOK.

3 Meroro 30epekeHHs MiA3eMHUX BOZ MIiHICTEpPCTBOM 3aXMCTY AOBKIJUIL Ta NPUPOIHUX PECYPCiB
VYkpainu igimnifioBano [IpaBuia 0XopoHH MiI3eMHUX BOII, 3aTBEPKEHI HakazoM MiHaoBKiUIA Big 10 TpaBHS
2023 poxy Ne 304. IlpaBuia BCTaHOBIIOIOTH BHMOTH Ta 3aXOAW 3 OXOPOHH, 3aXHCTy Bif 3a0pyaHEHHS,
3aCMiueHHS, BUMEPIAHHS, BUCHAKCHHS MiI3eMHUX BoJ. OHAK, IIe HE BUPIMICHUMH 3QJTUINAIOTHCS TTUTAHHS
110 HOPMATHUBHOTO peryJItoBaHH 1 mieBocTi [Ipasw.

BucHoBkn. Ha ocHOBI ITpoBeI€HOTO aHAJI3y BCTAHOBIICHO, 10 30UTBITICHHS BUKOPUCTAHHS ITiI36MHHUX
BOJ IJIsl BOJIOTIOCTAYaHHS y HACEIEHMX IYHKTaX HEMOXIIMBE 4epe3 iXHI0 0OMe)KeHICTh, HEPiBHOMIPHICTh
pO3MONidy, HE3aXWIIEHICTh BiJ 30BHILIHIX BIUIMBIB PI3HOTO XapakTepy Ta 3a0pyAHEHHS, OCOOIMBO B
TEXHOTCHHO TIEPEBaHTAKECHUX perioHax. OO0OB’SI3KOBOI0 YMOBOIO JJISl HXHHOT'O BHKOPHUCTAHHS € peai3allis
3aXO07[iB HAJIIHHOT OXOPOHU JKEPEIT MUTHOTO BOJIOTIOCTAYAHHS, BIPOBAKCHHSI HOBUX CYyYacCHUX TEXHOJOTIH
JOOYHILEHHS BOJIH.
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Abstract. Based on the theory of differential equations in partial derivatives created a mathematical
model of the biosorption process of copper ions by alginates. The aim of this study is to predict the
effectiveness of the process for the planned process temperature values. The study determined the effective
diffusion coefficient De values depending on the process parameters: temperature (T) and pH (P) of copper
solutions and the alginate content (C) in the granules.

The model equation in terms of effective diffusion coefficient is:
De =1.06 +0.31T — 0.18P — 0.18C — 0.05T? + 0.05P? + 0.06C? —0.02T-P — 0.05T-C +0.05P-C (1)

This equation (1) was used to simulate the biosorption process. Assuming T=const, the number of
unknowns in the equation decreases to two, therefore P and C values and the corresponding De' (i.e. maximum
catalase activity) can be calculated using analytical methods. In the first stage of the work, first-order partial
derivatives with respect to P and C were determined.

De/dP =-0.18+0.1P-0.02T+0.05C (2
De/dC =-0.18+0.12C-0.05T+0.05P 3)

Then, the determined derivatives were equalized to zero to create appropriate systems of equations.
Their solution are stationary points with coordinates (P,C) suspected of extremum. The final formulas for
calculating the P and C for biosorption process carried out at a set temperature are given:

P =-0.010T+1.326 (4)
C = 0.947+0.421T (5)

The second-order derivatives were calculated and appropriate determinants were created. The
determinants for stationary points were calculated and on their basis it was checked whether there is an
extremum in the points. Then, based on the values of second-order derivatives at stationary points, the type of
extremum was determined. The condition for the existence of a maximum has been met, i.e. the value of the
determinant is higher than zero and the value of the second-order derivatives is lower than zero). De was then
calculated by substituting the determined P and C values into the proposed mathematical models.

Results. Due to the costs associated with the cooling step, it is often required to conduct processes at a
temperature close to ambient temperature. Based on the above-mentioned equations, De was calculated in the
temperature range of 20+25°C. In order to determine how much the effective diffusion coefficient will decrease
when optimal temperatures are abandoned, the formula for the efficiency of the biosorption process was used:

peT

n= -100% (6)

Deopt

Where: De' - the effective diffusion coefficient at a specific temperature, Deoy - the effective diffusion
coefficient under optimal conditions, 2.42-10° m?/s. The efficiency of the biosorption process was calculated
for the set temperatures and the results are summarized in the Table 1.

Table 1
Summary of De and n values for biosorption at set process temperatures
Temperature [°C] De™-10°[m?/s] n [%]
20 0.55 23
21 0.58 24
22 0.61 25
23 0.62 26
24 0.65 27
25 0.67 28

Conclusion. The estimated effective diffusion coefficient at a specific temperature close to ambient
temperature, form a narrow range of values. The lowest value (0.55-10°m?/s) is four times smaller than Degp.
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Abstract. Based on the known methods of sewage sludge treatment, a typical example of zero discharge
of sewage sludge has been established. The main components of wastewater sludge treatment processes with
maximum recovery of resources such as energy and nutrients while minimizing environmental impact are
identified. The research is part of the introduction of sewage sludge stabilization technology.

A typical example of a zero discharge of sewage sludge process is a wastewater treatment method that
aims to eliminate the discharge of treated sludge into the environment, ensuring that no liquid or solid waste
is released from the treatment facility. Achieving zero discharge of sewage sludge often involves advanced
treatment technologies and resource recovery.

First, the solids are separated from the treated wastewater. This can be achieved through sedimentation
or mechanical separation processes like centrifugation or belt filter presses.

Then, the separated sludge undergoes treatment to achieve a zero effluent discharge.

Common methods include:

a. Anaerobic Digestion: Sludge is digested anaerobically to stabilize organic matter and produce biogas,
which can be used for energy generation. A conversion occurs of complex organic compounds in sludge into
simpler compounds, biogas (mainly methane), and stabilized solids. For anaerobic digestion, Biogas Potential
(BGP) can be calculated using the formula: BGP = VS_in x Biogas Yield, where VS_in is the volatile solids
in the influent sludge, and Biogas Yield is the specific methane yield of the sludge.

b. Aerobic Digestion: In aerobic digestion, sludge is treated with oxygen to support the growth of aerobic
microorganisms. This process reduces the organic content and pathogens in sludge. The oxygen demand in
aerobic digestion can be estimated using Oxygen Demand = COD_in - COD_out, where COD _in is the
chemical oxygen demand of influent sludge, and COD_out is the chemical oxygen demand of effluent sludge.

c. Alkaline Stabilization: Alkaline stabilization involves adding alkaline agents like lime to the sludge.
This raises the pH, reduces pathogens, and controls odors. It also enhances the dewatering characteristics of
the sludge. The pH adjustment is done based on target pH levels suitable for pathogen reduction.

Stabilization reduces the number of harmful pathogens in the sludge, making it safer for handling and
potential reuse. Stabilization processes can significantly reduce the foul odors associated with untreated sludge.
Stabilization processes often lead to a decrease in the volume and weight of sludge, which can reduce disposal
costs. Anaerobic digestion and composting can produce biogas or nutrient-rich compost, which can be
beneficially reused. Many environmental regulations require sludge stabilization to ensure safe disposal or
land application.

Overall, the choice of sludge stabilization method depends on factors such as the characteristics of the
sludge, regulatory requirements, available resources, and the desired end use of the treated sludge. Proper
stabilization is essential to minimize environmental risks and maximize resource recovery from sewage sludge.

d. Thermal Treatment (Incineration): Sludge is incinerated at high temperatures to reduce its volume
and destroy pathogens. Energy is often recovered from the combustion process. The power generated from
incineration can be calculated as Energy (kwh) = Mass of Sludge (kg) x Heating Value of Sludge (kJ/kg).

e. Composting: Sludge is composted to produce a stable, nutrient-rich soil conditioner. It involves
maintaining specific conditions (e.g., temperature, moisture, C/N ratio) to facilitate the breakdown of organic
materials into stable humus-like compounds. While there are no exact formulas for composting, monitoring
parameters such as temperature, moisture content, and C/N ratio are crucial to ensure proper composting.

Composting involves monitoring parameters such as temperature, moisture content, and C/N (carbon-
to-nitrogen) ratio to ensure efficient decomposition. The C/N ratio should be maintained in an optimal range
(around 25-30) for efficient composting.

The nutrient content in the sludge, especially nitrogen (N) and phosphorus (P), should be guantified
through laboratory analysis. Rates for land application can be calculated based on crop nutrient requirements
and the nutrient content of the sludge.

Combining these treatment steps and technologies allows a zero discharge of sewage sludge process to
be designed and operated effectively. The focus is maximizing resource recovery, such as energy and nutrients
while minimizing environmental impacts through carefully managing and treating the sludge generated during
wastewater treatment.
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Abstract. The information on the consequences of the destruction of engineering communications of
the city utility, water supply and drainage, infrastructure of Mariupol as a result of the temporary occupation
was analyzed. The manifestation of environmental risks and threats to people and the environment is
systematized. It is proposed to form an information base of a full-fledged environmental audit after the de-
occupation of Mariupol, which will become the actual evidence base of the war crimes of the Russian invaders
against the people of Mariupol and Ukraine.

Mapiymnons — BEJTHKE MPOMHUCIOBE MICTO, SIKE 1 JI0 BIfHM Mallo iCTOTHI €KOJIOTiYHI MmpoOjeMu, Mo
HaKOMMYYBAIIUCh pOKaMu, Oyno Maibke BIIGHT 3pyiHOBaHe pocissHamu HaBecHi 2022 p. Li pyiiHyBaHHS
MO3HAYMJIKCh 1 Ha €KOJIOriYHOMY cTaHi Micta. [Toku Mapiynonb THMYacOBO OKYIOBaHHMH, OLIHUTH MaciuTad
Tpareii 6e3 300py Mpo0 IPYHTIB, BOJIH, MaiyKe HEMOXKITUBO.

Merta ociiKeHHs — aHali3 iHdopMallii Ipo HacliIKK pyHHYBaHb iH)KEHEPHUX KOMYHIKaIiil MiCHbKOTO
KOMYHaJIFHOTO TOCIIOAAPCTBA Ta iHppacTpyKTypu MapiynoJist BHACIiTOK TAMYACOBOI OKYMaLlii, 3 OJABIIO0
CHUCTEMAaTH3AIlI€I0 TIPOSBIB EKOJIOTIYHUX PU3MKIB i 3arpo3 IS JFOJEH i JOBKIIIIS.

Pe3ynbrati BUKOHAHMX JOCHIIKCHb MOJIATAIOTh y MONEPEIHIM, MPUOIU3HINA OLIHII HACTIIKIB JJIs
JTOBKIJUTSI BOEHHUX Ji¥ Ta 3I04MHIB pocissH B MapiynoJii, BUKOHaHi# 32 MaTepianaMu iHGOpMAIiHIX Kepert
y BUTBHOMY JOCTYIi. Mapiymonb ChOTOIHI — 1€ PYiHW KUTIOBUX OYIMHKIB, MOTHJIH MUPHHX MEIIKAHIIIB,
po3dura iHGpAacTPyKTypa, TMepeOWTi TPyOM BOJOINOCTA4YaHHS Ta Ta30MO0CTA4YaHHs, 3pYHHOBaHI
TpaHchOpPMATOpHI MijCTaHIlii, HACOCH, 00ipBaHi APOTH JNiHIK ejekTpornepenad. Lle micto, B sikoMy Hemae
HOPMAaJILHOTO BOIOIIOCTaYaHHSI, €JIEKTPONIOCTaYaHHS Ta Ta30II0CTaYaHHs, HE IPalO€ KaHai3aLis.

Jlo BiitHE TOIOBHOIO MPOOIEMOIO MiCTa, 3 TOYKH 30PY €KOJIOTii, OYJIM BHUKUAM JIBOX METAIYpPTilHUX
koMmOiHatiB. [licns Maike TOBHOTO 3HHMIICHHS MiChKOI iH(QPACTPYKTYpU Ta MPOMHUCIOBOCTI POCIHCHKHMH
O0oMOamu, Ha TOPW3OHTI 3'IBWIIMCA OUTBIN 3arpo3nuBi Tpobiemu. SKmo y cuTyarii 3 NPOMHUCIOBUMH
BUKUAAMU HILIOCS MPO AOBrOCTPOKOBHH BIUIMB BUKU/IB HA 30POB'SI Ta XKUTTS MELIKAHLIB MIiCTa, TO 3apa3 €
3arpo3a KOpOTKOCTPOKOBOTO HeOe3meyHoro BIumBy. OnmHa 3 mpoOseM, e MOTParuisiHHS TPYMHOI OTpPYTH,
OakTepiii, MiKOOAaKTepii TYOepPKYIb03y Ta IHIINX 30yIHUKIB 3aXBOPIOBAHb Y BOAOTIPOBITHY CHCTEMY MicCTa.

Binprricts HacocHWX cTaHMmii mepekadyBaHHS kaHamizaniitHux crokiB (KHC) Oyna minecnpsimoBano
3pyHHOBaHa OKYyMaHTaM{ 3 MEPIINX AHIB OTO4eHHs Mapiymoss. BifcyTHicTh enekTpoeHeprii He naBana
MOJKJIMBOCTI MPAIIOBATH TUM HacOcCaM, SIKi 3aTUILIMIINCS HETIOMIKOXKEHUMH. 3apa3 YaCTHHA CTOKIB 3aTOILTIOE
HIDKHI TOYKH, KyAWM HOTpamuisie camoruimBoM. lle wmicus, ne 3HaxXomsAThCs CTaHLIW IepeKadyBaHHS
KaHami3aniiaux crokiB. 3aromieHHs KHC cipuarHNUTS HEMOXKIIMBICTS PEMOHTY Ta BiTHOBIEHHS 00J1aTHAHHS.
3i cipobaMu OKYTaHTiB BiTHOBUTH BOJONOCTauYaHHS BOAA Yepe3 MOIIKOHKEHHS Y TpyOax MmovHe 3MilIyBaTuCs
3 (heKaTbHUMH CTOKaMH, a TOJIi BXKE 3apakKeHOI0 PyXaTHUMEThCS naii 1o roned. Curyarist 3 O9UICHASIM BOIN
mpo0iieMHa. bibmricTs CTOKIB B3araii He AiayTh 10 cTaHmii 6ionoriunoro ounmeHas cTokiB (CbOC), 60 He
npamotoTh KHC, siki mpokadyBaiu CTOKY Bropy JIo Ii€i cTaHiiii. | HaBiTh Ti CTOKH, SKi CAMOIUITMBOM JIOXOJATh
1o CBOC, iMoBipHO, HE 3MOXKYTh OYTH OUMIIICHI, OCKLJILKY HE BiJIOMO, YU BIILILNIA 115 CTAHIIISI TTICJIT OOCTPLIIB.

BucHOBKY Ta mepCrneKTHBY MOJANBIINX AOCITiHKeHb epeadadaroTs GopMyBaHHs iHGOpMaIiiifHOT 6a3u
MOBHOILIHHOTO €KOJIOTIYHOTO ayIUTy Micis AeoKynamii MapiymnoJs, 1o cTane pakTHIHOI0 JOKa30BOI0 0623010
BICBPKOBHX 3JI0YMHIB POCIHCHKMX 3arapOHUKIB MPOTH MapiymoibliB Ta Ykpainu. Haite mpubmusHi
Ppe3yiIbTaTH MOIEPEAHBOI0 JOCIIDKEHHS TOBOPSITH, 1110 IIEPIIOYEPrOBOIO CIIPABOIO JEPKABHU ITICIIA JEOKYyIaLlil
MicTa Ma€ OyTH KOMIUIEKCHHMI aHali3 Ta CTBOPEHHS OE3MEYHOTO CepeoBHUINa IS )KUTTS JIto/IeH. Y CIilIHa
BigOynoBa Mapiynosst Ta BiZHOBJIEHHs HOTO €KOJIOTIYHOTO CTaHy pealibHi, K0 YKpaiHa 3MOKe 3aly4uTH
HE TiNbKH (iHAHCOBY JOMIOMOTY Ta BUILIATU Ha penapauii BiJi KpaiHU-arpecopa, aje i TeXHIUHy Ta eKCIIEPTHY
JIOTIOMOTY BiJI COIO3HHKIB.
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WATER SUPPLY AND WASTEWATER DISPOSAL

KHRUSHCHYK Kh.}?, SEMENIUK M.!, KORDAN V.1 BALIN K.2, HERTSYK 0.},
GOLBA S.2, KAROLUS M.2 BOICHYSHYN L.}, SLYVKA Yu.!
(UKRAINA, LVIV; POLAND, CHORZOW)
EFFECT OF SHORT HEAT TREATMENT OF AMORPHOUS METAL ALLOY
ALs7GDsNIsFE4 ON DECOLORIZATION OF DYES
lvan Franko National University of Lviv, Faculty of Chemistry, Department of Physical and
Colloid Chemistry, 6 Kyryla i Mefodiya Str., Lviv, 79005, Ukraine
2Institute of Materials Engineering, Faculty of Science and Technology, 75 Pulku Piechoty 1A,
Chorzow, 41-500, Poland
khrystyna.khrushchyk@us.edu.pl

Abstract. The authors [1] describes the negative impact of synthetic dyes on the human body (e.g.
negative impacts of textile dyes on human health from dermatitis to central nervous system, digestive system,
renal system, etc.) and flora and fauna in general. Therefore, it is important to use a fast, inexpensive and
reliable way of decomposing dyes in waste.

It was established that the change in the structure of the amorphous metal alloy (AMA) as a result of
heat treatment of the amorphous metal alloy Alg;GdsNisFes at T=645 + 1 K significantly affects the
decolorization of the aniline dye Basic Blue 6/ Mendola Blue (BB6/MB) at pH=2. The BB6 solution with a
concentration of 4.39 uM was decolorized by 99.43-99.55% within 27 hours, in the case of annealed AMAs
for 30, 45, 60 min., which is 1.5 times more effective than in the case of as-cast AMA. Changing in the AMA
structure due to annealing was established by X-ray analisys; kinetic analysis was performed based on
experimental data and the kinetic parameters (Kobs, ti2, Ksa, €tc.) of the BB6 decolorization reaction were
calculated. The surface of AMAs after reaction with aniline dye BB6 and the proposed scheme of
decolorization of dye BB6 using AMAs Alg;GdsNisFes were suggested.

AMAs of the following composition: Als;GdsNisFes, Als7YsGdiNisFes in the form of ribbons with a
thickness and width of 20-25 pm and 3 mm, respectively, which were obtained at the Institute of Metallurgy
of the National Academy of Sciences of Ukraine (Kyiv) by the method of melt-spinning in helium atmosphere
on a copper drum rotating at a speed of ~ 30 m/s. The kinetic of destruction of aniline dye (C1sH1sCIN2O
hereafter named Basic Blue 6, BB6) were carried out in aqueous solutions with concentrations of 4.39 uM
was prepared by dissolving the dye powders with deionized water and pH= 2+0.05 (the pH was adjusted with
1 M HCI).The working area of each AMASs equel to 1cm? with a size of 10 mmx5 mmx0.035 mm with a
specific surface area of about 0.0058(1) m?/g. The solution was not stirred during degradation. 2 mL solution
was extracted each time for ultraviolet-visible absorption spectrophotometer (WPA Bioware I1) test to measure
the concentration decay of solutions.

Before After

—— initial

adsorbance (a.u.)

wavelenght (nm) a. b

Fig. 1. (3) Chemical information, structure characteristics and UV- spectrum of Basic Blue 6 at pH=2;
(b) Changes in the color of BB6 after the decolorization reaction using AMAS during 27 hours.

[1] A critical review on the treatment of dye-containing wastewater: Ecotoxicological and health concerns of
textile dyes and possible remediation approaches for environmental safety/ Al-Tohamy, Sameh S. Ali, Fanghua
Li, Kamal M. Okasha, Yehia A.G. Mahmoud, Tamer Elsamahy, Haixin Jiao, Yinyi Fu, Jianzhong
Sun//Ecotoxicology and Environmental Safety. 2022.-Vol.231-P. 113160.
https://doi.org/10.1016/j.ecoenv.2021.113160
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TJIAMA3/IIH I1.M., TABA K.O. (YKPAIHA, KI/ITB)U
JOCHIKEHHA TEIIJIO®IBUYHUX BJJACTUBOCTEU BO/IY,
MOJIUPIKOBAHOI E®IPAMM )KUPHUX KUCJIOT

Kuiscoxuii nayionanvHutl ynigepcumem 0y0ieHUymea i apximexkmypu
03037, np-m Iosimpogromcoxuii, 31, Kuis, Yxpaina, knuba@edu.ua

Abstract. The technology of processing the raw water of centralized heat supply systems by modifying
it with surface-active substances is being investigated. Experimental studies were conducted to determine the
change in thermophysical properties of water during its modification with fatty acid esters. A study of such
thermophysical properties as density, viscosity, heat capacity, thermal conductivity was carried out. As a result
of the study, data were obtained that allow us to assess the influence of water modification on the heat exchange
process.

Bakke craHoBHIE CUCTeM IeHTpaiizoBaHoro  rtemionocradanns (CLT) B VYkpaini 3myinye
TEIUIONOCTaYaloyi OpraHizamnii NIyKaTH UDISIXJ IOJOJaHHS KpPWU3W MiJBHIIEHHSM eHeproeeKTHBHOCTI
TEXHOJOT1H, 1o BUKOprcTOBYI0ThCA B CLIT. OnHiero 3 BaXKIMBUX MMiJICUCTEM, IO BXOAUTH 1o ckiany CLT e
CUCTEMH MiArOTyBaHHS BOAU. TpanuIliiiHi CHCTEMH I0HHOTO OOMiHY 3a/1J1s IOM’SIKIIIEHHST BOJIY Ta TEPMIYHOIO
neaepallii y BUTJIAAI BaKYyMHOI TeXHOJIoTiT a0 arMocdepHoi aeaepallii € Ha ChOTOJIHI 3aHAATO PECYpPCo Ta
CHEPrOBUTPATHUMH.

ExcrutyaTaniifiHuKy HamoJerJuBO BUIPOOYIOTH Pi3HI HOBITHI TEXHOJOTil 0OpOOKH BHXiAHOI «CHPOi»
BoJH. Jlesiki 3 HUX € [IIIKOM NPUIHATHI 3 TOUKH 30py HaAIHHOI eKcIuTyaraliii, aje 3aHaTo opori. [Hii MaioTh
HECTIPUMHATIINBI €KOJIOTIYHI HACIIIKH MPH 1X eKCILTyaTallii.

Cepen HOBUX MpPOMNO3ULIM yinbHEe Micue 3aliMae JOAaBaHHS Y BUXiOHY BOJY PI3HHUX IMOBEPXHEBO-
axtuBHUX pedoBuH (ITAP). Meron moctaTHb0 IpoCTHii B pearizalii, ane i BiH Mae Heponiku. Cepell HUX € TOH
¢dakr, mo Bxe anpodosani s Moaudikanii Bogu [TAP maroTh, X04a i HEBEJIMKHA, ajie BIUIUB HA BOJHE
cepenosuie - I1I crynine exonoridHoi Oe3meK.

Aprtopu 3Haiinum iHmy [IAP, ska no3Bomsie BUpIMMTH NMpoOieMHu HEHTpamizarlii Kopo3idHoi mii
PO3YMHEHHUX y BOJi arpecMBHUX Ta3iB Ta MOSBH BiJKIAJCHb Ha poOOYMX MOBEPXHIX HArpiBy B KOTJIAX Ta
terutooOMinaukax CL[T. [Ipu iipoMy 3amporoHOBaHU# edip KUPHAX KUCIOT — TpHeTaHoIaMiH Mae [V cTymiHb
eKOoJIOTiuHOi Oe3neku, TOOTO HOro BUKOPHCTaHHS HE Hece HisKOi 3arpo3u BoJHOMY cepenoBuiuly. OgHax
BUHHMKA€E MUTAHHS BiTHOCHO BIUTMBY MO (iKOBaHOI BOAM Ha MEepedir TeII000OMIHHUX MPOLIECIB B €IEMEHTax
CHUCTEM Yepe3 3MIHM y CKJIaJi BOJH SIK TEIJIOHOCISI.

Ha inTeHcuBHicTE TeruiooOMiHy B ememeHTax CLT mpm BuMyIIeHIH KOHBEKIIi SIK MeXaHi3My
TEINIOOOMiIHY B OCHOBHOMY BIUIMBAIOTh YOTHPW TIOKAa3HUKM TEIUIOHOCIS: TYCTHHA, B’SI3KIiCTh,
TEIUIONPOBIHICTh Ta TEIUIOEMHICTb, 110 BUTIKAE 3 OCHOBHOTO PiBHSHHS TEIUIOOOMiHY

Pr (1)
Nu=c-Re" Pr,"(—%)"%
Pr.,,
ne Nu, Re, Pry, Pr., — 6e3po3mipHi unciia moaioHocTi; C,M,N — koedillieHTy, SKi 3aJIe)KaTh BiJl yMOB IPOTIKaHHS

MpoIecy TemI000MiHYy.

3 METOI0 BU3HAYCHHS BIUIMBY Ha TETUIO0OMIH Ha3BaHMUX MOKA3HHKIB aBTOpaMH OYJI0 MPOBEACHO CEPito
eKCTICpUMCHTAIbHUX OCHIMKEHb I BH3HAYCHHS 3MIHM ITOKAa3HWKIB BOAW TpH i1  Momudikariii
TpuetaHonamiHoMm. [Ipu npoMy nOCHimKeHHS NPOBOAMJIMCHB Jiama3oHi TeMIeparyp, sIKi XapakTepHi Uit
po0OTH TEIIOOOMIHHOIO 00JIaiHAHHS B ccTeMax Teruionoctadants — 60 - 95°C. B pe3ybTati JOCTIIKSHHS
OyJ10 OTPMaHO HACTYIIHI JaHi, 110 JO3BOJISIFOTh OI[IHMTH BIUTMB MOAU(IKAIll BOIM HA HPOIEC TEIIOOOMIHY.

BaxxnuBi st JaHOTO JOCHIHKEHHS TEIUIO(i3UYHI BIACTUBOCTI 3MIHIOIOTHCS HACTYIHHM YHUHOM IIPH
nonasanHi [TAP y kinbkocti Big 5 10 20 mr/m3: ryctiHa (akTHYHO He 3MIiHIOETHCS, 3aIMIIACTLCS Y MEkKAX
MOXHMOKH BHUMIPIOBaHHS, TEIIOEMHICTh 3MIiHIOETbCS Ha 8 %, TeIUIONpoBiAHICT, Ha 5%, 1 HaOLIbIIe
3MIHIOETBCS B sA3KicTh — Ha 20% 1 6inbiue. [Ipy migBHIEHH] KOHIEHTpALil y MeKaxX JOCIiIKEHOTO Aiala3oHy
HaiiOinplIe 3pocTae B’A3KICTh. 3aJeXHICTh BiJl TEMIEpPaTypy MOBTOPIOETHCS AJSL BCiX BIACTHBOCTEH KpiM
B’s3Kk0CTi. OcTaHHs MpH 30epeKeHHI 3araTbHOT0 X0y 3aJICKHOCTI BHSIBIISIE 3MEHITICHHS BITUBY KOHIIEHTpPAIIi1
TEA npu 3pocTaHHI TeMIepaTypHu.

BusBrneni 3aje:KHOCTI TMOKa3anu HEOOXIMHICTh JOCHIPKCHHS BIUIMBY 3MIHHA TETUTO(i3UIHIX
BJIaCTUBOCTEH MOAM(IKOBAHOI BOJY HA IHTEHCUBHICTH TemIoo0OMiHy B enemenTax LICT.
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BIIJIMB NOIKO/KEHUX I'TIPOTEXHIYHUX CITIOPY /I TPAHCIIOPTHOI'O
BYAIBHUILTBA 3 TOPOKHIX BOJAOIMPOITYCKHUX TPYb HA HABKOJINIIIHE
CEPEJIOBHUIIIE
Hayionanonuu mpancnopmuuii ynisepcumem
01010, syn. M. Omensnosuua-Ilasnenxa, 1, Kuis, Yxpaina, mykola.harkusha@ntu.edu.ua

Abstract. Hydraulic structures of transport construction from road culverts are used to pass water under
roadways and other structures. Metal corrosion, as well as operational strength, has a great influence on the
durability of hydraulic structures of transport construction from road culverts. The paper analyzes the
destruction of road culverts and measures to prevent the destruction.

laporexHiuyHi CHOPYAM TPAHCIOPTHOrO OYyMIBHUITBA 3 JOPOXKHIX BOIOMPOMYCKHUX TPYO
BUKOPUCTOBYIOTHCSl JIISl TIPONYCKAaHHS BOJMW TiJ MPOI3HUMH 4YacTHHAMH Ta IHIIUMH CIIOPYJaMH.
lNapoTexHiuHi copyau TPaHCIIOPTHOTO OyIiBHUIITBA 3 IOPOKHIX BOJOIPOIYCKHHUX TPYO € HaliMacOBIIIMMHU
LWITYYHUMH CIIOPYJaMHU Ta OAHUMH 3 HAWBaXKIUBIIINX KOHCTPYKTUBHUX €JIEMEHTIB aBTOMOOIBHUX 1 3a1i3HUX
nopir. Bix ix Hajne)xHOTO (YHKIIOHYBAaHHS 3aJIC)KUTh 3arajibHUN CTaH JOPOTH 1 3a0e3reucHHs 0e3MmeyHoro
PyXy 10 Hiii TpaHcopTy. B Ykpaini He3a0BibHUE a00 aBapiitHuii cTaH MaroTh oHax 40 % BCiX TOPOKHIX
BOJOMPOIYCKHUX TpyO. I3 siTepaTypHOTO aHamizy BCTAHOBJEHO, IIO JOPOXHI BOJONPOITYCKHI TpyOH
nepedyBaroTh y CKIIaTHIX YMOBAX €KCIUTyaTallii, o € MPUYUHOIO X epeIdacHOro pyHHyBaHHS.

lgpoTexHiuHi CHOPYIM TpPaHCIOPTHOTO OYAIBHHUITBA 3 JOPOXKHIX BOJONPOIYCKHHX TpYyO, IO
BUTOTOBJICHI 3 METAy € MEPCHEKTUBHUMH BHIAMH CHOPYA, AJS 3BEACHHS SIKMX HEOOXiIHO MiHIMyM uacy,
MarepialiB Ta BHUTpAT JIIOJACHKOI Ipami, Marodi NpH IbOMY BEJIWKI TepeBarn 3 ajJbTepPHATUBHUMHU
KOHCTPYKIISIMH Ta HEPiJIKO 3aCTOCOBYIOTBCS SIK MaJli Ta CepellHi MOCTH.

OpHi€r0 3 MPUYHH MEPeTIaCHOTO PYHHYBAHHS TOPOKHBOI BOAOIPOIYCKHOT TpyOH € KOpo3is MeTaly, a
TaKOX BIZICYTHICTh Cy4aCHHX ITiIXO/IiB aHANI3y Ta BpaXyBaHHsS KOPO31HHOTO MOMIKO/KEHHS BOJJONPOITYCKHOT
TpyOu Ha ii moAanbIly HaiHHICTh Ta JOBIOBIYHICTb.

ExoHOMIUHI po3paxyHKH HACIHIAKIB KOPO3ii IOPOXKHIX BOJOMPOITYCKHUX TPYO CBig4aTh, IO BOHA €
CHPaBXHBOIO CKOHOMIYHOIO Ta eKoJIoriuHoro mpobiiemu. ocmimkeHHs nposeaeHi B 1949 pomi B CHIA
CBIJUaTh, 10 BUTPATH Ha OOpPOTHOY Ta HACHigKM KOpo3ii ekBiBajieHTHI 2,5 % BBII CILIA. B 2016 pori
HarionaneHa acomiaitis imkeHepis 3 kopo3ii (NACE) omy0iikyBana JOKyMEHT PO BUTPATH Ha OOpOTHOY 3
KOpO3i€ro Ta 11 HACHi K|, OIiHUBINY, 10 Y 2013 porli cBiTOBI BUTpaTH Ha KOPO3iI0 METaIly CKJIald 2,5 TPIH
nonapiB CILA, mo exsiBanentHo 3,4 % cBitoBoro BBIL. B po6oti [1] 3a3HauaeTbes, 0 BUKOPUCTAHHS
METOAIB OOPOTHOM 3 KOPO3i€r0 MOKe 3a0maauTy Big 15 % 10 35 % BapTOCTI KOHCTPYKIII.

Koposist meTany, sk i eKcIuryaTtaiiiifHa MillHICTh, Ma€ BEIMKHIA BIUIMB Ha JOBTOBIYHICTb T1IPOTEXHIYHIX
CHOPYJ TPAHCTIOPTHOTO OyMiBHUIITBA 3 JOPOKHIX BOJIOTPOITYCKHUX TPYO.

Tax, Hanpuknaza, B 2013 poui B micti Kenmopi, Ansbepra (Kanaga) BHACHiOK TPUBAIMX CHIIBHUX
JIONIIB CTayacs BeJMKa MOBiHb Ta OyNo 3pyHHOBAHO MPAaKTUYHO BCi Malli MOCTH Ta BOAONPOITYCKHI TpyOw,
Oyno 3aBmaHo 30WTKIB, IMOHAWMEHIIe Ha 6 MUTBHOHIB KaHaAChKuX moinapiB (puc. 1). Ilpm amamizi Ta
JOCIHIPKEH] BOJOMPOIYCKHHUX TPYO OyJi0 BHABICHO HEIOJIKHM 3 MPOEKTYBAHHS, 3HAYHOIO KOPO3i€I0 OKPEMHX
CJIEMEHTIB, a TAKOX HEee()EKTUBHICTh TACHUKIB €HEPTii, B TOMY YHMCII 33 paXyHOK TipaBIivHOTO CTpUOKa, 10
CTIPHYHMHIIIO PyHHYBaHHS.

KpiM Toro mpu aHai3i IpUYHMH TaKUX PYHHYBaHb BCTAHOBIIEHO, IO O/IHI€IO0 3 IPUYHH PYHHYBaHb TAKOXK
€ HEJIOCTaTHS BUBYCHICTh MICIICBOTO CTOKY 200 Helloo0JIiK ioro ocobiuBocteil. Lle Bexe mo Hey3romkeHoCTi
BOJIHOTO PEXXHUMY Ta MPOMYCKHOI CHPOMOKHOCTI X TiAPOTEXHIYHUMH CHIOPYAaMHU.

[loTik, mO BHUXOAWTH 13 TIAPOTEXHIYHUX CIOPYJ TPAHCHOPTHOTO OYHIBHHUITBA 3 JIOPOXKHIX
BOJIOTIPOITYCKHUX TPYO y HMKHIH 0'e) BOJIOIi€ MIBUAKOCTSIMH, IO B KiJIbKa pa3iB MEPEBULIYIOTh HEPO3MHUBHY
LIBUJIKICTH JUIsl TPYHTIB BiBiAHOTO pycina. [l 3anobiranHs po3MUBY cOpyAx 3 00Ky HHKHBOTO 0'edy, 110
TIPAITIOE B TAKMX YMOBAaX, Iepen0ayacThbCs BIAMTYBAaHHS TACHUKIB HAUTHIITKOBOI KIHETHYHOT €HEPTii MMOTOKY.
Po3paxyHOK KOHCTPYKTHBHHX €JIEMEHTIB FACHHKIB, SIK ITPABUJIO, BEJETHCS Ha MPOIYCK O/HIET po3paxyHKOBOI
BUTPaTH BOAM, IO BHU3HAYAETHCS 3a JNAHUMHU TigPOJOTIYHUX CHOCTEPEKEHb. [igpoNIOTiuHI PO3paxyHKH
0a3yI0ThCA Ha IMOBIpHICHOMY ITiIXO/Ii, TOMY € HAOJIKEHUMH, & 3HAYUTh, ICHY€E 1 UMOBIPHICTD ITEPEBUIIICHHS
BUTPAT, L0 NMPOITYCKAETHCS HaJl PO3PAXyHKOBUM.
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Puc. 1. Pesynpratu noBeHi B kaHaacbkoMy Micti Kenmopi (a, 0)

AHai3 KOHCTPYKI[H BOJOMPOIYCKHUX CIIOPY/J ITOKa3aB, M0 B OLIBIIOCTI BUMAJKIB IIMPUHA pycia B
HIDKHBOMY O'epi B Kinbka pasiB Oubla IIMPUHU BOAONPOBITHOIO TPAKTy, MIO 3YMOBIIOE IPOCTOPOBHUIL
XapakTep pyxy IOTOKY B HBOMY 1 KpaiHIO HEpIBHOMIPHICTh PO3MOJiIY MUTOMHX BHTpAaT. XapakTep
MPOCTOPOBOTO PYXY BOJHOTO MOTOKY B HIDKHBOMY 0'€(i, IO pO3IIUPIOETHCS, 3aJICXKHUTh, B TIEPIIY YEePTy, BiJ
rTMOVHU BOJW B HHOMY 1 TipaBIiYHUX XapaKTEPUCTHK MOTOKY Y BUXIIHOMY Iepepisi 31 copynu. 3anexHo
BiJ moOyTOBOI (IPUPOAHBOT) IMHUOMHH MOTOKY Y BiIBITHOMY pycii MOKIHBI TpH (YOPMH CHOTYUEHHS TOTOKY,
1[0 BUXOUTH 13 CIIOPY/IM 3 IOOYTOBHM ITOTOKOM Y IIHPOKOMY HHKHBOMY 0'ei:

— CIIPSDKEHHS 32 TUTIOM 3aTOIUICHOTO CTPYMEHS;

— CHpsDKEHHS 3a THIOM 301iHO1 Teuii;

— C IPsDKEHHS 3a TUIIOM BUIBHOTO PO3TIKAHHSI.

Oco0iMBa CKIIaJHICTh B €KCIUTyaTallii TAKHX CIIOPY]l MOJSITae B TOMY, IO MOTIK, HIO MiJIXOJHUTH JO
KOCOTipHOi TpyOu, aBapiiHOrO BOJOCKHIY CHCTEMHU JOPOXKHBHOTO BOJOBIIBEICHHA a00 aHAIOTIYHHUM iM,
HACHYEHHWH HAHOCAMH Ta CMITTSIM, III0 HETATUBHO BIUIMBAE HE JIMIIE Ha €KCIUTYaTaIli0 Ta yTPUMaHHS CIIOPYAH,
aJie i Ha Oe3MeKy Ta XKHUTTENISUIBHICTD JIFOJICH B TOMY YHCIT 1 HA €KOJIOTIYHY CHTYAITiIo B perioHi. Lle BuKiIMKkae
HEOOXIAHICTh NepeA0aunuTH 3aX0IU OO0 3aXUCTY KOHCTPYKTHBHUX €JIEMEHTIB Y HIDKHbOMY O'epi criopynu
BiJ abpa3suBHOrO 3HOCY, 3aHECEHHS BEJIIMKOYJIaMKOBHM MaTepiajioM, 3a0e3MeYUTH NMEePEMyCTKY IUIaBal0YHX
TiJL

[1] Koch, G.; Varney, J.; Thompson, N.; Moghissi, O.; Gould, M.; Payer, J. International Measures of

Prevention, Application, and Economics of Corrosion Technologies Study; National Association of Corrosion
Engineers (NACE) International: Houston, TX, USA, 2016.
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MAKOBCBKUI €.C., )KYK B.M. (YKPAIHA, JIbBIB)

BUJIA 3ABAHTAKEHb COPBIIMHUX ®LIHTPIB, MIPUSHAUYEHUX JJIS
JOOYMIIEHHS MOBEPXHEBUX CTIYHUX BO/
Hayionanvnuii ynisepcumem "Jlvsiscoka nonimexuixa”

79013, eyn. C. banoepu, 12, Jlvsis, Yrpaina; makovskyy@gmail.com

Abstract. Sorption filters are the most widespread method of tertiary treatment of the surface runoff
from urbanized catchments. The most environmentally hazardous in the surface runoff are oil products and
heavy metal ions, which are strong toxicants and whose content in natural water bodies is strictly limited by
both Ukrainian and European environmental regulations. Sorption filters are characterized by a number of
parameters, including the specific hydraulic resistance, the rate of pollutant sorption, and specific mass
exchange capacity, mainly by the suspended solids and oil products. These parameters depend mainly on the
type, composition, spatial and surface structure of sorption material, which are the subject of analysis in this
study.

IToBepxHeBHiA CTiK 3 ypOaHi30BaHUX TEPUTOPIN CTAHOBHUTH CYTTEBY 3arpo3y 3a0pyIHEHHS IOBEPXHEBUX
Ta mig3eMHHX BojJ. HaiiOinemry HeOe3meky ais MOBKUUIS B CKJIalli MOBEPXHEBOTO CTOKY CTaHOBISTH
HaTONPOIYKTH Ta I0HN BOKKUX METAJIB, SIKi € CWIIbBHUMH TOKCUKAHTaMH Ta BMICT SIKUX Y IPUPOTHUX BOJAX
CTPOr0 OOMEKYETHCS SIK YKPATHCHKHUM, TaK i €BPONIEHCHKUM MPUPOIOOXOPOHHUM 3aKOHOJABCTBOM. 30KpeMa,
B YKpaiHi 3rizHo 3 "MeToguuyHUMH PEKOMEHIALisIMU 3 pO3pOOJICHHS HOPMATHBIB IPAHUYHO JOMYCTHMOTO
CKWJIaHHS 3a0pyIHIOIOYMX PEUOBHH Y BOJHI 00’€KTH 13 3BOPOTHMMH Bojamu" TPaHUYHO JOIyCTHMA
kouueHrpaiis (I'/IK) Hadpronpoaykris ctaHoBuTh 0,3 MI/J1 IS TOCIIOAAPCHKO-TIOOYTOBUX BOJHUX 00’ €KTIB
ta 0,05 mr/n mis puborocmomapcekux; y kpainax €C srimHo Bumor "Council Directive 74/440/EEC
concerning the quality required of surface water intended for the abstraction of drinking water" TIK
PO3YMHHUX YU €MYJICOBAHUX BYTJICBOJHIB (IMicisl €KCTpaKIii nerposeiHuM edipom) cTaHOBUTH | MI/I st
BojoiM Kateropii A3, 0,2 mr/m mia kareropii A2 ta 0,05 mr/n ans kareropii Al. BpaxoByroun ocoOiauBO
BHCOKI BUMOTH JI0 e(heKTy OUHIIEeHHS 32 Ha()TOMPOIyKTaMH, a TAKOX iX BHCOKI MTOYATKOBI KOHIIEHTpAIlii y
MOBEPXHEBHUX CTIYHUX BOA 13 3a0yJOBaHUX TEPUTOPIH, y OUIBIIOCTI BHIAAKIB BUHHKAE HEOOXiTHICTH Y
rTHOOKOMY JTOOYHIICHHI MOBEPXHEBUX CTIYHMX BoJ. Haifyacrimie y KOHBEHIIIHHUX CXeMaX OYHIICHHS
Ha()TOBMICHHX CTOKIB TaKe JJOOYHUIIEHHS peani3yeThCsl METOIaMy copoIii a00 030HyBaHHS.

CopOuiiiHe TOOYHMIICHHS 3IIMCHIOIOTH (UIBTPYBAaHHSAM MOIMEPEIHBO MEXaHIYHO Ta (i3UKO-XiMIYHO
OYMILIEHOTO MOBEPXHEBOTO CTOKY uepe3 COpOmiiiHi (imbTpH pi3HUX THIMIB 3 PIZHOMAHITHUMH BHUIAMH
COpOIIfHOTO 3aBaHTaXeHHS. BHOIp ONTHMAaNBHOTO MaTepiamy 3aBaHTaXKEHHS COpOLIHHUX (iIbTPiB, HOTO
Ppo00Y0i IIITBHOCTI, crT0cO0y KOMIIOHYBaHHS y (iNbTPyBalibHI OJOKH 3aJIMINAETHCS MPEIMETOM 1HTEHCHBHUX
HAYKOBO-TIPAaKTHYHHX IOIIYKiB Ta gociimkeHb. CopOLiiiHi 3aBaHTa)KEHHS XapaKTePU3YIOThCS KOMILIEKCOM
TEXHOJIOTIYHUX TapaMeTpiB, cepel SKUX MUTOMa MIBHIKICTE copOIlii 3a0pyJHeHp Ha OMWHUINO IUIOMNLY YU
00’emy copOeHTa 3a OJUHHMIIIO Yacy, MUTOMHA T1ApaBIigyHIHA OMip, OPYIOMICTKICTD 3a PI3HUMH ITOKa3HUKAMHU
3a0pyAHEHHS, y TIEPIILY Yepry, 3a 3aBUCIMMHU PEYOBHHAMU Ta HA()TOMPOYKTaMHU. Y Ci 11i TapaMeTpH 3aJiexkKaTh,
TOJIOBHHM YHHOM, BiJl BHIy, CKIIa/y, IIPOCTOPOBOI Ta TOBEPXHEBOI CTPYKTYPH COPOIIIfHOTO 3aBaHTaXKEHHS, 1
€ TIPeIMETOM aHai3y B IIiit poOoTi.

Haii0inpm 3aranpHa knacudikaris copOuiiHuX (QinbTPiB sl JOOUUILEHHS TOBEPXHEBUX CTIYHUX BOJ
MoJIsirae B iX MOXAUT 32 MOXOMKEHHAM (UIBTPYBAJBHOTO 3aBaHTAKEHHS: 3 MPHUPOJHOTO, MITYYHOTO YU
CHHTETUYHOTO MaTepiamy. Y TaOi. 1 HaBeJeHI OCHOBHI TEXHOJIOTIYHI TMapaMeTpy HANMOMHMPEeHImnX Ta
HalleeKTUBHIIIX COPOEHTIB HAPTOIPOTYKTIB.

Jo mpupogHux copOUifiHMX MarTepialiB  HalleXaTh  PI3HOMaHITHI MaTepiai POCIMHHOTO Ta
TBapHUHHOTO TOXOMKeHHA. OcoOnmBe po3MaiTTs MaTepiaiiB Ifi€l Tpynmu 3yMOBJICHE MOIIWPEHHSM THX UH
IHITUX POCIMH Y PI3HUX KIIMaTUYHUX 30HAX, a TAKOX IHTCHINEI0 0 BUKOPHUCTAHHS HAWITOITHUPEHIIINX
MICIIeBHX MaTepiaiB, AKi € BiAX0JaMH arpapHOro BUPOOHHUITBA Ta MAKCUMAJILHO JIOCTYIIHI MPOTSATOM POKY.
[Tutoma copOuiiiHa 30aTHICTh MPUPOAHUX COPOEHTIB 3HAXOAUTHCS B Mexkax 1,7-14,8 r HadTonpoaykTiB Ha 1
T COpOCHTY, 3 JOCHUTH YITKOIO KOPEIIAIIEI0 MibK €EeKTHBHICTIO Ta BapTICTIO COPOIIIHHOTO MaTepiairy.

Cepen WTY4YHUX 1 CHHTETHYHHUX COPOCHTIB, SIKI Ha CHOTOJAHI OTPUMAlld HAWIIMpIIE 3aCTOCYBaHHS,
MaKCUMaJbHy IMHUTOMY COpOLiHHY 3IaTHICTH MalOTh IpecoBaHe 0a3ajJbTOBE BOJIOKHO, MIHOMOJIYpETaHH, a
TakoX moJinporniienoBl ta mnomieruieHrepedranatai (IIET) Bomokna. Ilutoma copOuiliHa 34aTHICTH
OUIBIIOCTI IITYYHUX T4 CHHTETHYHUX COPOEHTIB € CYTTEBO BUIIOI0, HIK Y IPUPOJIHUX MaTepialiB, JOCATAI0UN
noka3HukiB y 35—40 r HadrompoaykTiB Ha 1 T copOenty (tadm. 1).

84


mailto:volodymyr.m.zhuk@lpnu.ua

WATER SUPPLY AND WASTEWATER DISPOSAL

Tabauys 1

IIapameTpn BOJIOKOHHHX COpPOEHTIB NPH OYHMIEHHI CTIYHUX BOJ Bix HadTOnpoayKTIiB

CopOeHT Bun 06pobku copOeHTy BononorimHeHHs, CopOriiiiHa 34aTHICTD, T
r Boju Ha 1 T copOeHTy | HadTOmpomyKTiB Ha | T cOpOEeHTY
[puponHi copbenTn

JlepeBHa Tupca CYIIIHHS 43 1,7-6,0

JIucts ouepery CYIIiHHS 4,6 6,1

CoJjioMa IIIeHnYHa CYLIIHHS 4,3 4,1

Conoma SYMEHI0 CYIIiHHS 3 7-8,5
kapOonizamis mpu 400 °C 1,9-3,5 8,59

Iepcts (Bimxomn) CYIIIHHS 45 5,6-14,8

CUHTETHYHI Ta IITY4YHI COPOCHTH

BbazanpToBE BOJOKHO SKCTPY3is 0,5 37

JlaBcan (IIET), BosiokHO EKCTPY3ist 4,3-13,9 4,7-141

ITiHOMOJTICTHPOJI, BOJIOKHO SKCTPY3ist 6-11,5 7-12

[Tinomoniypetan CIIIHIOBAaHHS 1,3-25,9 14,5-35,2

[ToninpomnisieH, BOJIOKHO EKCTPY3ist 2-8 12-40

Iuau moapidHEHI MexaHiyHa 7,2 3,6

3a 1omoMorow copOmiHHUX (IABTPIB 31 IITyYHHUMH COpOEHTaMH, SKi MalOTh BHUCOKHH Koe(ilieHT
azgcopOuii 10 rizpohoOHNX pEUOBHH, TAKUX AK Ha(Ta, IU3ENbHE MaJUBO Ta MACTHIIA, MOYKHA J1€BO BUAAISTH
Ha(TOMPOIYKTH 3 TOBEPXHEBHUX CTIYHUX BOJI.

[ToTpiOHO 3a3HAYNTH, 1110 €DEKTHUBHICTh BUAAJICHHS PI3HUX BU/IIB HAPTONPOAYKTIB OJHHM 1 THM CAMUM
copOeHTOM 3a3BHYail CyTTEBO BiApi3HSAeThCSA. BapiaTMBHICTD MOBEPXHEBOTO CTOKY 3a CKIaJOM Ta 3a
KOHIIEHTPALI€I0 Pi3HUX BUAIB HAQTONPOLYKTIB YCKIaJHIOE TPpobaeMy BHOOPY (idbTpyBaIbHOIO COPOLIIHOTO
3aBaHTKEHHS, sIKe Oyno O MaKcHMallbHO €(QEeKTHBHUM IMPOTSATOM BCHOTO TEPMiHY EKCIUTyaTarii st
KOHKpETHOTo ypOanizoBaHoro OaceifHa croky. ®axiBui Kommanii "Axanomimep [mxunipuar" (M. JIbBiB,
VYkpaina) y TicHiit cniBmpani 3 HaykoBisMu HY "JIbBiBcbKa MmoJiTexHika" BUKOHYIOTh CUCTEMaTHYHI HATYypH1
JOCHIHKEHHSI €peKTHUBHOCTI COpOLIHHIX 3aBaHTaKE€Hb, BATOTOBJICHUX 13 Cy4aCHUX CHHTETUYHHUX MaTepialis,
30KpeMa pi3HUX BUIIB MOJIieipHUX BOJIOKOH Ta MHONOIICTHPOY. KITFouoBUMH MOKa3HUKaMK €(hEeKTUBHOCTI
OKpiM mHTOMOI HadTOMICTKOCTI COpOEHTa MPHUUHATO TEXHOJIOTiYHI TapameTpu, 30KpeMma 3pYUHICTh,
MBUJKICTh Ta €QEeKTUBHICTh pereHepaiii copOIiiiHux OnokiB. [imoreza monsirae B CTBOPEHHI HOBUX
KOMOIHOBaHUX BHJiB 3aBaHTA)XKEHHS, SIKi TOEAHYIOTh SIK Pi3HI CHHTETHYHI MaTepiaid, TaK i BKIFOYAIOTh
JN00aBKH IITYYHUX Ta MiCIIEBUX MPUPOJHUX COPOIIIHNX MaTepialliB, HOEAHYIOUH IIepEeBark Pi3HUX CKIAI0OBHX
Ta 3a0e3Meuy0ur HAJISKHUN e(eKT OUMIICHHS 32 HATOIMPEHIIINMH y TIOBEPXHEBUX CTIYHHX BOJAX BUIAMU
Ha(TOMPOTYKTIB.

OntumaneHuii BUOIp copOeHTa € KII0YOBMM (aKTOPOM; BiH MOBHHEH MAaTH JOCTaTHBO BUCOKHH
KoeilieHT copOuii [ BCiX TUIIB HAQTONPOIYKTIB, SIKi, 32 CTATHCTUKOIO, TIEPEBAXKAIOTH Y TIOBEPXHEBOMY
CTOIII 3 KOHKPETHOTO BUAY ypOaHi30BaHUX OaceifHiB cToKy. Bubip onTuManpHOTO BapiaHTy KOHCTPYKIIHHOT
CXeMH COpOIHHNX (INBTPIB OKPIM XapaKTePUCTHK IOBEPXHI CTOKY IOBHHEH 0a3yBaTHCS TaKOX Ha
PO3paxyHKOBiH BUTPATi Ta HEPIBHOMIPHOCTI MPUTOKY CTIYHHUX BOA y Yaci.

OCHOBHHMM eKCIUTyaTalliiHUM MapaMeTpoM CcOpOLidHMX (iABTPIB € NEepiOJUYHICTD OYHIIECHHS
(perenepariii) copOMIHHNX MOJYIIIB, @ TAKOXK TEPMIHH 1X 3aMiHHU 3 METOIO SIK MiATPUMAHHS CTabITFHO BUCOKOI
e(eKTUBHOCTI IOOYHIIEHHS IIOBEPXHEBOTO CTOKY, TaK 1 7Sl HEIOMYIIIEHHS HaAMIpHOI KOJIbMaTalii GpinbTpiB
Ta, BiAMOBIAHO, MOPYLICHHS TiAPaBIiuyHUX PEXHUMIB poOOTH QinbTpiB. ['igpaBiiyHa cucTeMa MOHITOPHHTY
JI03BOJISIE 32 PI3HUILICIO PiBHIB 0 Ta Micisl COpPOLiHOrO (inbTpa KOHTPOIIOBATH HOT0 TiIpaBIiuHUMA Omip Ta
3armo6iraT MEPEeNnoBHEHHIO BXITHOI KaMepu 3a HOPMAalbHUX, MEHIIMX 33 HOMIHAJIBbHY, BUTPAT MPHUTOKY.
HemnepepBHauii oHIaitH-KOHTPOJIb COPOYIOUOT 3MaTHOCTI (BibTpa HabaraTo CKIAIHIIINN B peajizamii Ta OTbII
3aTpaTHUH, OCKUTBKM BUMAara€ BCTAaHOBJICHHS aBTOMAaTHYHHUX MPOOOBIAOIPHUKIB Ta aHaNi3aTopiB Mpood, II0
JIOLIIJTFHE JIMIE Ha BEIMKHX Ta OCOOJIMBO BiMMoBimaidpbHHX 00’€kTax. Ha mepeBakHil OLTBIIOCTI MajkX
YCTAaHOBOK 3 OYHIICHHS ITOBEPXHEBOT'O CTOKY JOIUIbHINIE HOPMATUBHUU TEPMIH pereHepartii copOmiitHux
MOJYyJIiB BCTAaHOBJIIOBAaTH 3 BPaxyBaHHM BiAIOBIJHOTO HayKOBO-OOIPYHTOBAHOTO KoedillieHTa 3amacy, 1o €
(yHKLI€IO SK HEpiBHOMIPHOCTI B 4aci 00’€MiB MOBEPXHEBOTO CTOKY, TaK i BMICTY B HbOMY OCHOBHHUX
MOKa3HMKIB 3a0pynHeHHs. [IpoBeeHHs perenepailii COpOIifHUX (ITBTPIB 3aJEKHUTh BT BUIY 3aTPHUMAHHIX
3a0py/IHeHb, 1 MEXaHiuYHe BUJAICHHs 3a0pyJHEHb 3 TOBEPXHi, PO3KPHUTTS copOIiitHoro Moayns abo ioro
MPOMHBKY, SIKy HOpPOBOASATH ab0 YHCTOI BOAOIO, a00 CHeLiaIbHUMK pPEreHepaliiiHIMU pO3UYMHAMHU.
Perenepanito y npoMy BUIAJIKy BUKOHYIOTH METOZOM 3aHYpEHHS (inbTpa y pereHepauidfHui po3yHH, LI0
CIPUYMHSE JOJATKOBI €KCIUTyaTalliiiHi 3aTpaTH, 1 TaKoK Mae OYTH BpaxOBaHE B TEXHIKO-€KOHOMIYHOMY
0OTpyHTYBaHHI IPH BUOOP1 THITY 3aBaHTKEHHsI COPOLIHHUX QUIBTPIB.
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Abstract. Based on the theory of differential equations in partial derivatives (unsteady Navier-Stokes
equations for compressed gas) created a mathematical model of the generation and application of multiphase
dispersed structures to ensure an acceptable level of technogenic and ecological safety for broad spectrum of
certain natural and anthropogenic danger factors. The numerical modeling of these processes is carried out.
The research is part of the creation and implementation of an appropriate environmental safety management
system.

[ToOymoBa CTPYKTYpPOBAaHOI'O CepeIOBHINA, SK€ O BH3HAYAJIO YiTKI MEXaHI3MH CTajoro PO3BUTKY
VYkpaiHu € OHUM 13 KIFOYOBUX MPIOPHTETIB. Y TMpOIeci TOCIONaPChKOl AiSIIBHOCTI Cy4acHe CYCHITBCTBO
CHOXXKMBAa€E YMMala KUIBKICTh BOJM, Olnblla dYacTWHA $KOI B pe3ynbTaTi cTae 3a0pyOHEHOI pPi3HUMH
peuoBuHamu. [Ipu iX nonasaHHi B HABKOJMIIHE CEPEIOBHILE EKOJIOTI] 3aBAA€ThCSA BETMUE3HUX 30UTKIB, 1 TOMY
BOHH IiJISATal0Th 000B'I3KOBOMY ouuieHH0. 1100 1i 3a0e3meunTH, HEOOXiIHO BUKOPHCTATH CIICIliabHE
o0laHaHHS Ta TEXHOJOTIYHI KOMIUIEKCH, 3a IONOMOTOI0 SIKHX JOCSTaloTbCs BCTAaHOBJICHI HOPMATHUBH
3a0pyJHEHHS CTOKIB, BU3HAYEH| B BiAIOBITHIX JOKYMEHTIB.

JxepenoM 6araTthb0X €KOJOTIYHHX MPOOJIEM, MOB'SI3aHUX 13 YTHIII3AIEI0 CTIYHUX BOJ € MPOMHCIIOBI
mianprueMcTBa. TeXHONOTIYHI MPOIECH BHPOOHMITBA MPAKTHYHO BCIX Taly3ei MPHUITyCKAIOTh YTBOPEHHS
CTOKIB, 3a0pyTHEHUX Pi3HUMH pedoBHHAMU. Ha cbOTOAHINIHIN IeHb MPOMHUCIOBE 3a0pYAHEHHS CTIYHUX BOJ
€ OJIHIE€I0 3 HAHCYTTEBIIINX 3arP03 EKOJIOTIYHOMY CTaHy.

[IpoMucioBi  mianpUEMCTBA, 3TiJHO 3 UYWHHUM  3aKOHOJIABCTBOM, TIIOBHHHI  OOOB'SI3KOBO
BUKOPHCTOBYBATH OYMCHI CHOPY/H, IO JO3BOJSIOTH HEHTpasi3yBaTH HETaTHBHUH BIUIMB CTOKIB, IPOTE 1€
BUMOTA, Ha Kb, TAJICKO HE 3aBKIN BUKOHYETHCS Y TIOBHOMY 00CSI31.

[Noka3uuku 3a0pyIHEHb CKHIIB TIPOMHUCIOBHX O0'€KTiB HaifuacTtilie 3HAYHO TICPEBHIYIOTh
BCTaHOBJIEHI HOpMaTuBH. lle 31e0inbIIOro BHMAIKIB, SK IOKa3ye MpPAKTHKA, CIHPUYMHEHO THUM, IO
BUKOPHUCTOBYIOTBCS 3aCTapijii MOpPaIbHO, Ta (i3MYHO, OYMCHI CIIOPYIH, IO IiUISTAIOTh PEKOHCTPYKII Ta
MOJIepHi3ariii.

Ha choromHimHiii JeHb TPOMHUCIIOBI MIiANPUEMCTBA 3HAXOMATHCSA Yy TOIIYKY TEXHOJOTIH, IO
J03BOJISIIOTH 3HU3UTH HABAaHTA)KEHHS Ha HABKOJIMIITHE CEPEIOBHUIIE T MOKPAITUTH SKICTh CTIYHUX BOJI.

Haii6inbin eeKTHBHUMHU METOJaMH OYHIICHHS BBAXKAIOTHCA XIMIYHI Ta (i3ukoximiuHi. XiMiuHi
METO/H, SIK TIPABHJIO, 3aCHOBaHI Ha PeaklisiX HeUTpaisallii Ta OKUCICHHS-BITHOBIICHHS. Y TIEPIIOMY BUTIAJIKY
JUTSL OYMIIIEHHS! BUKOPHCTOBYIOTh TaKi PEUOBHHH, SIK aMiaK, BaIlHO Ta iH. Y pa3i OKHCHO-BITHOBHHUX METO/IiB
3aCTOCOBYIOTh CHIThHI OKHCITIOBaYi (XJIOp, 030H, IIEPMAHTaHAT KaJifo Ta iH.) 3 BHCOKUMHE 3HAYEHHSIMHU OKHCHO-
BiTHOBHUX mMOTeHUianiB. [Ipy IbOMYy MOMIIIKK, MIO MICTATBCS Y BOZAI MEPEXOAATh Y HETOKCHYHI YU
MaJIOTOKCHYHI CHOJXYKH. MeTOJJOM OKHCIICHHS BiTHOBIICHHS 3 BOJM MOYKHA BUJQIATH JOMIIIKH BaXKKHX
METAJIB — PTYTi, MUII'AKY, XpoMy. CepliO3HUM HEOJIIKOM LIbOTO € BEJIMKA BUTpaTa peareHTiB. Pi3nko-ximiuHi
METOA¥ OYMWINICHHS 3aCHOBAaHI Ha Iporecax Koaryismii, copOrii, dmotamii. IIpu koarymsarii B cTiuHi BOIU
BBOJIATH KOATYJISIHTH, 110 YTBOPIOIOTH INIACTIBIIHI OMAIH 13 JOMIITKaMHE; COpOIlis 3aCHOBaHA Ha ITOTJIMHAHHI
JesIKMX pedoBHH (COpOEHTIB) MoravHaTH AoMimku. DnoTalis nepeadadae NpoIyCcKaHHs Yyepe3 CTIYHI BOIU
MOBITPSI, SIKUH 3aXOIUTIOE TIPH PYCl BrOpYy Taki 3a0pyJHIOBadyi, K HadTa, Oii, HOBEPXHEBO-aKTUBHI PEUOBUHHI
Ta iH. TspkKi MeTanu (IIMHK, Migb, XpOM, KaAMil, CBHHEIb) Ta iH. MOYKHA BUTSTYBATH 31 CTIYHHX BOJ METOJIOM
10HHOTO OOMiHY, 3TiJTHO 3 SKHM BOJa, IO OYHUILAETHCS, MPOMYCKAETHCS Yepe3 KOJIOHKY 3 10HITOM, 3AaTHUM
OOMIHIOBATH BJAaCHi iOHM Ha 10HHW, IO MICTATbCA Yy PO3uMHi. s OYMIIEHHS CTIYHUX BOJ 3a3BHYAi
BHKOPHUCTOBYIOTh OpTaHIYHI 10HITH 13 BUCOKOMOJICKYJISIPHUX CTIOIYK.

Bucokoe(eKTHBHEM € eIeKTPOXiMIYHMHA METO] OYMINEHHA. B IboMy BHIAAKy uYepe3 BOIY, IO
OYMILAETHCS, TIPOITYCKAIOTh MOCTIHHUN €1eKTPUYHUNA CTPYM, MPOLECH OKUCIICHHS BiIHOBIICHHS MPOTIKAIOTh
Ha eJIeKTpoax. Y Takuil crocid MOXKHa BUIAIATH 3 BOJM BaXKKI MeTand (CBUHEIb, KaJIMiii, pTYTh, XpOM Ta
iH.), I0HU SIKHMX BIJHOBJIFOIOTHCS Ha KaTOII.

Jleski MeTanu, HanpyuKIag XpoM, MOKHA BUJAISITH 3 BOJIHU 3a IOTIOMOT'OI0 €JIEKTPOAiani3y, 3aCHOBAHOTO
HAa TIOJILTi KaTiOHIB Ta aHIOHIB IIiJ] II€I0 EIEKTPOPYUIIHOI CHIIH.

OCHOBHUM HEJIOJIIKOM €JICKTPOXIMIYHMX METO/IIB OUHMIIICHHS € BEJIMKA BUTPATa eJICKTPOSHEPrii.
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EneprosbepexeHHs y CBITI aKTHBHO PO3BHBAETHCS, 3'SIBIAIOTHCS HOBI TEXHOJIOTIT €HEepro3oepeKeHHs,
PO3po0IIeHO Ta BUSABIEHO OCHOBHI HANIPSIMKHU €HEPro30epeKeHHs, BEACThCS BIPOBAHKEHHS Ta BCTAHOBJICHHS
HOBOTO eHeprozoepirarodyoro obiagHanHs. CBITOBI KOMIIaHii MPOMOHYIOTh Cy4acHi iHHOBaLiliHI €KOJIOT1UH1
pilIeHHS U1l OYMIICHHS CTIYHUX BOJ MPOMHUCIIOBHX IiJIPUEMCTB, SIKi JO3BOJISIOTH!

- aBTOMATHYHO Ta TOYHO PETYJIIOBATH MO3YBaHHSA XIMIYHHMX pEarcHTiB y BIATOBIIHO OO0 YMOB
eKCIUTyaTarii;

- ONTUMI3yBaTH e()eKTUBHICTh OUYMIICHHS Ta EKCIUTyaTaliiHi BUTPATH;

- CKOpodyBaTH 00cAT POOIT 3 MOHITOPHUHTY Ha OUYHUCHUX CIIOPYIaX;

- MABUIYBATH €KCIUTyaTaIliiHy HaAIHHICTh 32 paXyHOK KOHTPOJIIO Ha BXO1 Ta BUXO/II 3a JTOITIOMOTOI0
MOTOKOBOT'O aHaJi3aTOPa, a TAKOX MOHITOPUHTY MaTepiajbHUX MOTOKIB HA OYMCHHUX CIIOPYIax;

- 30iHCHIOBAaTH Ol (pYBaHHS MIPOLIECY YNPaBIiHHS MPOMHCIOBUMH CTIYHUMH BOJAMH;

- BUKOPHCTOBYBATH HOBI aJCOPOLiHHI MaTepiaid Ta METOAU pereHeparii A BUAAJICHHS IIKIITUBUX
MIKpPOAOMIIIOK Ha MYHIIMIIAJIEHUX Ta TPOMHCIOBUX OYHCHHUX CIIOPY/I;

- 3HAXO/AUTH €KOJIOT1YHO Oe3MeyHi crocoOH BiTHOBJICHHS COJIi Ta BOJH 13 MPOMHUCIOBUX CTIYHUX BOZ;

- BUBYATH MOXKJIMBOCTI 3aMUKaHHS BOJHOTO IMKJY B IHAYCTPiaJbHUX MapKax Ta iHIII.

Ha OaratboX NpOMMCIOBHX MiJMPHUEMCTBAX JJIA OYMIICHHS CTIYHHUX BOJ OI0JOriYHUH METO/I,
3aCHOBAaHUH Ha 3[aTHOCTI JESIKMX MIKpOOPIaHi3MiB Xap4yBaTHUCS TOKCHYHHMHU CIOJTYKaMH, IO MICTATHCS y
CTOKaX. bioJyoriune OKHUCIICHHS MPOBOJATH 3a JOMOMOTOI0 aKTHBHOTO MYJY (CYKYIHOCTI MIKpOOpTaHi3MiB,
HANMpOCTIMMUX 1 OUTBII BHCOKOOPTaHI30BAaHUX OPraHi3MiB — BOJOPOCTEH, POCIUH, TPHOIB), Yepe3 SKUii
MOBUTBHO TIPOIYCKAIOTHCS CTIYHI BOJHM. BHACIIOK Takoi mepepoOKH TOKCHYHI CIIOIYKH EPETBOPIOIOTHCS HA
HetokcuuHi. [Iporecu, Mo MpoOTiKarOTh MPHU OIOJOTIYHOMY OYHINEHHI, CXOXe Ha mpupoaHe. J[ocTOiHCTBO
BOTO METOAY - abconoTHa Oe3leKa, MOXKJIMBICTh BUKOPHCTAHHS BOJAW B OOOPOTHOMY BOJIOTIOCTAaYaHHI,
BiJICYTHICTh 3HAYHUX (DIHAHCOBUX BUTpAT.

Jlo cyJacHMX METOJIB OUMWINEHHS BIiJHOCUTHCA OIOJIOTIYHE OYMINEHHS CTOKIB, 3aCHOBaHE Ha
BUKOPHUCTAaHHI KOPEHEBUX CHCTEM TaKUX POCIIHH SIK OYEPET, POT03, OUEPET Ta EUXOPHisl.

KopinHs mepepaxoBaHUX POCIWH BiAMHpA€E IO KIiHIM BEreTallii, aje MPOJOBKYE XKHUTTEMISUIbHICTS,
BUKOHYIOUM Halpi3HOMaHITHIIN (yHKmii. PocnuHM BHUIy9aroTh i3 BOAM Ta TPYHTY HE TiIbKHA HEOOXimHI
OioreHw, /10 KX BITHOCATHCS a30T, Gochop, KaNbIliH i1 iH, aje i Coli BaXKUX MeTalliB (3aJi30, Mijib, IUHK,
CBHHEIb, HIKENb, KOOAIBT), OTPYTOXIMIKATH, MECTUIMIN. 32 PaxyHOK KOPEHEBOI CHCTEMH BiOYBA€ThCS
OCiZIaHHS 3BAXXCHUX PEYOBHH, TOMY JUIS 3a0€3ME€UeHHsS IMMOBHOTO OYMIICHHS INPOBOAMTHCS 3apHOJICHHS
0O0TaHIYHMX MalIaHYMKIB POCIMHOITHUMHU pUOaMU, SKi JOMIOMAararoTh SKICHO 3a0€3MeYUTH OYUIICHHS BOIU
710 HOPMATHBHUX MTOKAa3HHUKIB.

kignmvBi pe4OBUHH, IO TOTPAIUISIOTH Y BOJHI 00'€KTH, paluKaIbHO 3MiHIOIOTh BOJSIHY €KOCHUCTEMY.
BrnpoBakeHHS HOBUX CYYacHHX TEXHOJIOTIM OYMINEHHS CTIYHHMX BOJ JJO3BOJISIE CKOPOYYBATH CKHIAHHS
o0csry 3a0pyAHEHUX CTIYHUX BOJ MPOMHCIIOBHUX MiATIPHEMCTB, OKPAILYBaTH SKICTh CTIYHUX BOJ, 3HIKYBaTH
HETaTUBHUH BIUIMB HA TOBKLILIS.
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Abstract. Today it is more important to pay attention to the structures of water that otherwise enter the
human body. There is no doubt that this is connected with the different energy values of water. Firstly, the
high energy level of rich-phase water should lead to a completely high absorption of water by the body of
biological substances and, naturally, humans. Intuitively, we are aware of the ordering of water structures,
such as, for example, melted ice water, magnetic water, or electrolytic water. It is worth noting that the
energetically shaped structure of water must take an important place among the indicators of the acidity of
water in which humans live.

[Ipobnemu sIKOCTI MUTHOT BOJIM, B HOPMAaTHBHOMY aCIEKTi, HE 30BCIM TOUHO OTOTOXHIOKOTBCS TUTBKH 3
il YUCTOTOIO IIOJI0 POUYMHEHUX 1 3BaXKEHUX B Hill pedoBuH. [Ipu npoMy iHII 1 BIACTHBOCTI, BKpail BaXJIUB1
JUIs1 AHO1 P1AMHM B pa3i BXXMBAHHS JIIOJUHOIO, B3arajii He BpaxoBYIOTHCS. 30KpeMa, Boza, 010J0T1YHO cyMicHa
3 OpraHi3MOM JIIOJIMHH, [TOBHHHA MAaTd TEBHI CTPYKTYpHI Ta €HEPreTHYHI BJIACTHBOCTI, SKi ONHWCaHI B
miteparypi. Ciig OyTu BIeBHEHHMM, LIO Ti SIKOCTI BOJM, SIKi aKTMBHO MOB'3aHi 3 ii CTPYKTYPHUMH 3MiHaMH,
MUTTEBUMH 3a YacOM, MO3HAYEHUMH SK KJIacTepHi abo iHIN KOHIJIOMEPAaTHI CHCTEMH, IO3BOJISIOTH
PO3TIIAATH IX K OJIHY 3 aKTYaIbHUX CKJIJIOBUX, SIKA BILUTUBAE HE TIIBKHM Ha OE3MeKy CIOXKUBAHHS BOJH, aJle
1 Ha SIKICTh JKMTTS JIFOAMHH, 11 JOBIOJITTS, MPOLECH CTAapiHHSI, MPOLECH MeTaboji3My. besymoBHO, mo3a
YMOTJIIAHUMH TEOPIsIMU TIPO HE3BMYAHHICTh BOAM Ta 1i TaK 3BaHY «IIaM'sITh.

VHikankHa CTPYKTypa BOAM Npu (a3oBoMy Iepexoi ii 3 TBepaoro (TipchKi JIbOJOBUKH) B PiIKUH
cTaH(BOJa TIPCHKUX CTPYMKIB 1 PIYOK) J03BOJISIE MATH B CHCTEMAaTUYHOMY BXKMBaHHI BOJY, K OCOOJIMBUIA
010JIOT1YHO aKTUBHUI €IIEMEHT, SKUI BIUIMBa€e Ha 6araTo 010JIOTIYHUX MPOIECIB K HAa KIIITHHHOMY, TaK i Ha
MaKpOpiBHI B OpraHi3Mi JIOANHH, 3a0€31eUy0Ur BUBEICHHS BiIXO/IiB )KUTTENISIIHHOCTI 3 OpraHi3My i KOXKHOI
HOro KIITHHH, TPUCKOPIOIOYM MeTabomiuHi mporecu 1 Oarato iHmoro. Tamy Boay, sK NpUKIaj
CTPYKTYPOBaHOI CHCTEMH, TAaKOXK MOYKHA OTPHUMATH IITYYHO, X0U 1 HE MPOMHCIIOBUM IIISXOM, Ha KaJb.

[Ipo cTpyKTypOBaHICTh NMUTHOI BOAM, 3a3BHYail 3aMOBUYIOTH, KOJIHM MOBA 3aXOAWTH PO TpaBmia ii
HOpPMYBaHHS JJIsl KOPHCTYBadiB.

JaBHO BigOMO, IO YKCTOTa BOIU - LIe BIMHOCHWI cTaH. Hampuwkian, mikapi BHCTyHarOTh TPOTH
MOCTIHHOTO BUKOPHUCTAHHS AUCTUIHOBAHOI BOJIU, SIKa HE MICTHUTD HISIKUX TOJaTKOBUX PEYOBHH a00 MiHEpAaIiB.
70 SIKUX JIFOJTUHA 3BUKAE 1 sIKi OTPiOHI opraHizMy. Ta i aGCOIIOTHO YMCTOT BOAM B MPUPO/Ii HE iCHYE.

Bionoriyna kiniTHHHA MeMOpaHa 37]aTHa MPOITYCKATH B KJIITKY HE MPOCTO BiTHOCHO YKCTY, a CIENiaJbHO
MiTOTOBIIEHY CTPYKTYPOBaHYy BOAY. T1MbKHM B IIbOMY BHITaIKy 010XiMidHI MPOIECH B KITITII TOCHITIOIOTHCS, 1
Taka BOJa 3/IaTHA BUBECTH 3 KIITHHH HEMOTPiOHI eleMeHTH O10JI0TIHHOTO po3namy.

Bopa B mpupoai icHye, sk OaraTokOMIOHeHTHeTa OarartodasHe cepefoBuine. Toil dakr, mo Boaa
PO3YHHSE IPAKTUYIHO BCE, pOOUTH ii HE IPOCTO YHIBEPCATHFHOIO PEYOBUHOIO B Tpupoi. PozunHeHHs y BOi -
1€ OKpeMHUI TepMOIMHAMIYHHIM MPOIEC, B OCHOBI SKOTO JIe)KaTh yMOBHU (a3oBoi piBHOBaru. Pimka Boma, a
TOYHiIlle, BOJHI PO3YMHH, BKpail JajieKi BiJ HAaCHUEHHS, SBJSIIOTH COOOI0 TEPMOAMHAMIUYHO HEPiBHOBAKHY
cUCcTeMy 31 CTIHKICTIO, IIO 3MIHIOETHCSI B Tpoleci po3unHeHHA. B Takii BOXi MOCTIHHO 3MiHIOIOTBHCA
CTPYKTYPHi €leMEHTH HaHpi3sHOMaHITHIIINX CKIIAAIB, MO0 OYyJIO BXKE JOCHTH BHBYEHO. Y BOJi BiAOyBaeThCs
MOCTIHHWHN EHEPreTHIHUI 00MiH, B IKOMY O€pyTh y4acTh aTOMH BOJHIO 1 KHCHIO, K1 32 JOTIOMOT'O0 BOJTHEBUX
3B'A3KIB TPAH3UTYIOTh KOJHMBaJbHY EHEPril0 aTOMiB OAHI€l MOJEKYJIM B €HEprilo ii 3B'A3KYy 3 IHIIMMHU
MoJteKynaMu. B mpomy oOMiHi Oepe ydacTh eHeprisi pe30HaHCHHUX KOJMBaHb. [Ipn 11b0My BiziOyBa€eThCs OOMIH
KBaHTaMHU eHeprii (Tak 3Banmid V —V 0OMIH) IIITXOM BHUIPOMIHIOBAaHHS (POTOHA CBITIAa aTOMaMH OJHI€l
MOJIEKYJIOI0 1 TIOTJIMHAHHS Horo atomMamu iHImOI Monekynu. Ilo cyTi, mi mpomecd Taki X MHTTEBI i
KOPOTKOYACHi, SIK 1 TPHUBAJICTb JKUTTA OCHOBHHMX CTPYKTYpPHUX €JEMEHTIB BOIM 1 3alexaTh Big il
CHEPreTUYHOTO CTaHy.

Bopa 3 po3unHeHHM B Hilf pe4OBHHOIO HaOyBae Jesiki MPOMIXHI, SIK MiHIMyM JBo(a3Hi, a Haifuacrimie,
OararodasHi sikocTi. [Ipuaomy B 3anexHocTi BiJ cTany iHIMX a3 (piakoi, TBeproi abo razomnoaioHo1) po3unH
BIK€ arpiopi OTPUMYE Pi3HUH €HEPTETUIHHHA 3MICT.

Bbyno mpencraBieHo mnpupoaHy Boxy fAK Oararoda3Hy pedoBHHY, B SAKii OCHOBHOIO (ha30i0 €
Oe3mnocepeIHbO IyKaHa PiJiHa - BOAA. A y BUIIIALI iHIIKX a3 MU MOKEMO MaTu PO3YMHEHHH ra3 (pPo3urHeHi
y BOZI MiKpo OyibOamiku Oyab-sKoro rasy), TBepie (Oynb-sKuid ApiOHUH KOMITOHEHT, BKIIOYAIOYH JIiJI, SIK
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€JIeMEHT ITBOKOMITOHEHTHOI PiIMHU), PiWHA y BUTIIAMI SKHXOCH CIIOPIMHCHUX MOJICKYJISIPHHUX acoIliaIlii,
CTPYKTYPOBaHHX OCOOJIMBIM YHWHOM B CKJIafi Boaw, a0o iHIIy piguHy, po3unHeHy y Bogi. OcoOmauBo
BiJI3HAYMMO, 1[0 BOJIA B UBIH KIIITHHI — 1€ TEK PO3YUH, TiIJIbKU 010JIOTIYHO T4 CHEPTETUYHO BIIOPSTKOBAHUIA.
Enepris mporo po3dymHy 3aJIeKHUTh BiJl CTYINEHs CHIB Opradizamii 0i0JOriyHOi KIJIITHHH, i, 30KpeMa, Bif
MIBUIKOCTI POCTY SHTPOITii CEPEOBHINA, KA OTOUYE IF0 KIITHHY.

Ille omne mpumymenHs. Jpyra daza, He3aIexKHO Bix ii 3MicTy, Oyae po3TIIAIaTUCS SK UYXKOPiTHA,
MPUCYTHS Y BUTIISAA1 TIEBHOTO (aKTOPy MOTCHLIHHOTO BIATOPIHEHHS MO BiAHOIIEHHIO 10 aOCOMIOTHO YUCTOI
H,O0.

Tomi MoXKHa MOPIBHIOBATH PO3PAXyHKOBE 3HAUEHHS CHEPTil aOCOIFOTHO YHUCTOI BOIH 10 BITHOIICHHIO
70 eHeprii (pakTH4IHO «3a0pyAHEHOTO», 38 PaXyHOK JesIKOi APYyroi ¢a3u, po3yHHy.

Eneprito Takoi 3mimaHoi BOAHOI cuCTeMH (PO3YMHY) MOKHA BH3HAYUTH y BUTJISIAI €HEPTETHYHOTO
¢yukuionanyF (e X v), Je & —HieNeKTpu4YHa  MPOHHWKHICTH  BOJAHM; V —4acToTa  30BHIIIHBOTO
€JIEKTPOMAarHITHOTO TIOJIS.

Pinka Boma ngae Ham IIe OAHY NPAKTUYHO HEAOCSDKHY MapaMeTpUUHy MEXY y BUIJIIII IIKAIA
MIiHIMaJIbHO MOXIJIMBOI s Hel eHrpomii. [lizcTaBoro s BOro TBEPDKEHHS €, KpIM YChOTO IHIIOrO,
HEJOCSKHICTh a0COJIIOTHO YUCTOI'O CTaHy BOJIH, 1110 MOB'SI3aHO 3 (PI3UKO-XIMIYHOO aKTHBHICTIO Ii€1 pEUOBHUHHU.
SKmmo ne Tak, To MOXKHA CKa3aTH, L0 BIIOPSAAKOBAHICTH clelM()iIYHOT CTPYKTYpOBaHOi BOJM 1 OiIbII HU3BKE
3HA4YeHHsS 1 eHTpomii B HOPIBHAHHI 31 3BHYAHMUM BOJHHMM DPO3YMHOM MOKE CIYKHUTH MOKAa3HUKOM Il
MIBUIIIEHOTr0 010JIOTIYHOIO MOTEHIliaTy, 110, B CBOIO Yepry, poOUTh TaKy BOAY KOPHUCHOI JUIS JFOACHKOIO
OpTraHi3my.

YnopsakoBaHicTh 0COOJIMBHX THIIIB BOAM Ta OUIBII HU3bKE, Y MOPIBHSIHHI 3 3BHYAWHOIO BOJOIO,
3HAYEHHS 1X CHTPOMIi, MOXKYTh CIIY’)KUTH MTOKa3HUKAMHU TX ITiJBUILEHOTO 0i0JIOT1YHOTO MOTEHITiaIy.

3 TOYKHM 30py TEPMOJIWHAMIKH OY/Ab-SIKYy HPUPOIHY BOJIY MOKHA TIPEACTABUTH Y BHUIIISAI OiHapHOT
CUCTEMHM THUITY « H,O - ...», JIe APYTHM KOMIIOHEHTOM MO’Ke OYTH JeSKUH ra3, pO34MHEHUH y BOJI, iHINA piinHa

abo 11 po3uuH y BOAi, TBepAl yacTUHKHU abo jin. Bci mi OiHapHI cMCTEeMU MOXYTb B3a€MHO IE€pPETUHATHUCS,
CKJIaJIal0uH 6araTOKOMIIOHEHTHY CyMilll, IKa Ma€ Ha3BY<IPHPOIHA BOJAa». II 0cOGIMBOCTI, 10 HAC TiKABIIATS,
MOJISITAIOTh B HACTYITHOMY.

Eneprernuni ocoOMMBOCTI, SIKi B TEPMOJMHAMIYHOMY CEHCI Ma€ Taka CTPYKTYpOBaHa CHCTEMa,
TIOB’ I3aHIHE TUTHKHU 3 CAMOIO CTPYKTYPOIO MOJIEKYJI BOJIH, a TIEPIIT 3a BCE, 3 B3aEMOJIIEI0 KOMIIOHEHTIB O1HApHOT
cucremn " H,O— 4y)KepoaHe Tino,". Bimomo, mo eHtporis (QyHKIIOHAIBHOI OIHAPHOI CHCTEMHU 3aBXKIM

OlnpILe, HiXK EHTPOITiSl OKPEeMUX il KOMIIOHEHTIB.

Le o3Hauae, mo Oyap-sKa BIOPSIAKOBAHICTh CTPYKTYPH BOJH, 30KpEMa IPUTOTOBICHOT IEBHUM YHHOM
(Tanmoi, KOHAEHCATHOI, HAMarHiueHoi, EJCKTPOIITUYHO OOpOoOJIeHOI 1 T. 1.), MAa€ CBOI IIJIKOM IICBHI
TEPMOIMHAMIYHI XapaKTEPUCTUKHU, KOHTPOIIb 32 IKUMH MO>KE AATH JIFOJMHI IHCTPYMEHTH AJIs1 KOHTPOJIIO CTaHy
MUTHOI BO/IM, aJaiTOBaHOI HAMKpAIlMM YUHOM 10 OTped 010JI0TiYHOT0 OpraHizMy.

MacoBe BUPOOHHIITBO 1 CIIOYKHBAHHS TAKOi CTPYKTYPOBAaHOI BOJIM B OpraHi3aliifHO-TeXHIYHOMY TUIaHi
Oyne yrpynHeHno. Taka BoJia MOBHHHA MaTH BUIJISLT TOBAPHOT MPOAYKIIT 31 CBOEIO BapTICTIO. AJie BOHA Mae
MpaBo Ha iCHyBaHHSI.

ChOro/THI € MiICTABH YBAXKHIIIE IPUUBUTHUCS A0 CTPYKTYP BOJH, SIKa TUM YH 1HITHM YAHOM MOTPATUISE
B Oprasi3m Jitouau. Hemae cyMHIBIB, 110 1€ TIOB'SI3aHO 3 PI3HOK0 CHEPTETHUKOIO Ii€1 BOAU. 3BUYANHO, pI3HUN
CHEepreTHYHUN cTaH OaratodaszHoi BOAM NPU3BOIUTH 0 aOCOIIOTHO PI3HOrO CIIPUHHSTTS BOAU OPraHi3MOM
010JIOT1YHMX iCTOT i, 30KpeMa, JIOAUHH. [HTYITHBHO MU MparHeMoO A0 BIOPSAKOBAHHX BOJHHUX CTPYKTYD,
TaKUM, HAMPHUKIAJ, K Taja BoJa JhOJOBHKA, MAarHIYeHa BOJA, 200 CIEKTPOIITHYHIUM METOJI0OM 00po0IIeHa.
3anumaerscs (GaKToM, IO CHEPreTUYHO BUBIpEHa CTPYKTYpa BOAM MOBHHHA 3aliMaTH BaXIIMBE MicCIle cepen
MOKa3HHKIB SIKOCTI BOJIH, SIKY CIIOYKHBAE JFOIMHA.
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Abstract. "Our goal is to return a person's love for nature, for the Earth, for God, in order to fill it with
positivity anew. Because by destroying nature, we will be the first to die from it" - Garafina Makovii.

Among the most urgent problems of the ecological state of water bodies within Lviv region, we can
highlight: excessive anthropogenic load, pollution of water bodies, deterioration of the quality of drinking
water, inefficiency of the existing management system for the protection and use of water resources.

Therefore, it is necessary to clean water sources as soon as possible, without waiting for someone to do
it for us, for someone to develop projects and invest the appropriate funds. It is necessary for everyone together
and for each individual to feel and, without wasting a minute, change this dangerous situation.

Boma — me HaWmommpeHImuil NPUPOTHUN pecypc, TOMY YacTO BHHHKAE XHWOHA IyMKa IIPO
HEBHUYEPITHICTE 1 3arajIbHOMOCTYITHICTh BOAHUX pecypciB. OMHAK MPUIATHOL TSI CIIOKMBAHHS HACCIICHHSM Ta
Ui QYHKIIOHYBaHHS OiNBIIOCTI 3eMHHMX €KOCHCTEM HpiCHOI BOJAHM 30BCiM Hebarato, ii 4acTka y 3arajJbHHX
BOJIHHX 3aIlacaxX CTaHOBHTH JHie 2,53%. BignosiaHo 10 He3alleKHHX OoliHOK 40% HaceaeHHs 3eMini BXKe 10
2030 poky 31TKHETbCS 13 rI100aIbHUM AedIilUTOM BOIH , a Bike B mepiog 2035-2045 pp. 00’eM mpicHOI BOaH,
SIKHI CII0>KHUBAE JIFOACTBO, 3PiBHAETHCSA 3 11 pecypcamu

Kpim Toro, maife Ha BCiii INIaHETi CIOCTEPiracThCsi HOCHICHHS HETATUBHOTO BIUIMBY Ha KiJIbKICHHUI Ta
SKICHAH CTaH BOJHUX PECypciB yepe3 TaKi YMHHUKU SIK 3eMJICKOPHCTYBaHHs, 30UIBIIEHHS KiJILKOCTI
HACEJICHHs, 3a0py/THEHHS BOAM Ta 3MiHA KJIIMaTy.

3MiHa KniMaTy He oMuHYyna i JIbBiBIIKMHY, 110 BiZoOpa3suaock Ha MiHIMBOCTI TEMIIEPATYPHOTO PEKUMY
1 HEpIBHOMIPHOT'O PO3MOALUTY OMa/IiB MO HAIIiil TepUTOPii.

Pigna cyma kinmbkocTi omaniB B 00JlacTi 3MIHWJIACh HE CYTTEBO, aje BIAOYBCS i MEepepo3MOIi Mix
ce3oHamu Ta MicsuaMu. Jng JIbBiBIIMHYE XapaKTepHO 301IbLICHHS KiJIBKOCTI ONaiB B 3MMOBHIA MEPioa Ta, B
OKpeMi pOKM, B TpaBHi, JUMHI 1 BepecHi. KinbKicTp MOUIOBMX IHIB y pOLi 3MEHIIWIACH, 3aTe 3pocia
IHTEHCHUBHICTb 1 JIOKaIbHICTh BUIIA/IIHHS ONaiB. | 0Cb BUCHOBOK:

- 3pOcTa€ YKMCIIO0 BUMAIKIB ONAAiB 3IMBOBOTO XapaKTepy, SKi IPU3BOIATH 10 MABOJKIB 10 HAOMPAIOTh
pYWHIBHUX MaciuTabiB, YaCTIIAIOTh SIBUIIA TIATOIUICHHS Ta 3aTOIUICHHS HACEICHUX IIYHKTIB,
MIPUIIBUANIYETHCS PO3BUTOK MPOIIECIB BOJHOI €pO3il IPYHTIB, 3CYBiB, CENiB, pyHHYBaHHS O€periB pivok;

- 3pOCTa€ KUTBKICTh 0€3I0IIOBHUX MEPiOiB, SKi MPU3BOIATE 1O 3MEHIIICHHS BOJTHOCTI PidOK.

BuxoauTs sik B HapOIIHill MpHKa3Li «TO MYCTO, TO TYCTO».

B3aeM03B’ 30K JTIOUHU Ta PUPOJIN € CHOKOHBIYHHM, a ITPOOJIEMOI0 BiH CTaB Yepe3 MOUTYKH JIFOTHHOIO
«HOBOTO CEHCY Ta HOBOTO 3MicTy». L{g Tema myxe O6araTorpaHHa Ta BUCHOBKM BUEHUX MOXKHA y3arajibHHUTH
cioBaMu: «MHu pyHHYEMO OCHOBH CBO€1 eKOHOMIKH, 3ac00iB 10 iCHYBaHHsI, IPOIOBOJIBYOI O€3MeKH, 300POB’ s
1 SIKOCTI JKUTTS TI0 BCbOMY CBITY». I, 3BiCHO, TPOPaxoBYIOThCsI O€3I1i4 CLIEHAPiiB PO3BUTKY CUTYALIH. ...

Ta Buxiza i3 JaOIpUHTY YCIX HUX IPOOJEM MOXKHA MMOOAYUTH JIMIIE MOJUBUBIIMCH Ha HUX Boxumu
Ounma.

ToMy HEOOXiHO B3SITH 3a OCHOBY CKapOHHUII0 HAPOAHOI MYAPOCTi — HABYUTUCH KUTU HE PYHHYIOUH, a
mobuTr pigHy 3emimro 3 i1 piukamM# 1 CTpyMOYKaMH, SIKi SIK KUBOTBOPHA CHCTEMa OpPTraHi3My OXKHUBIIIE,
HATIOBHIOE CHIIOI0 KOKHY KIIITHHOYKY TBOpeHoi borom mpupoau i 6epertu i B uncToTi i momaniBky, sk 1ie
PpOOHIN HaIIl PEAKH, SIKi Ty’Ke T00pe po3yMUIHCh Ha TPUUYMHHO-HACIIJKOBHX 3B’ s3KaX.

A 1110 10 BJIACTHBOCTEH BOJIH, 30KpeMa 37aTHICTh 3adoTorpadoByBatu Ta 30epiratu iHGopmallito, sKi
BJKE HaM TETep BiIOMI 4epe3 HAyKOBi EKCTICPUMEHTH, BOHU TEXK 3HATH: «SIK My s 10 KPpUHUIL, TO BOSpyCs
B KOJU (CTPiuKH), 100 HE 3HATH B LM TiMi BiZ BOAWLI MKoAM». IIpo 11e cBiqunTh MpakTUKa IXHBOTO KHUTT,
a TakoK QonbkiopHi TekcTu. 3 kaur ['apadinn MakoBiii Ai3HaeMOCS, 10 BOAY MPeIKH BBaxanu [ ociogHiMu
OunmMa, HIXTO HE HaBa)KyBaBCsI I IIMNTH IO BOJW HEOXAHHO BASTHEHUM, HE Te, IO 3aCMITyBaTH ii.

«3aKo4yiMO pyKaBH 1 MPOUYMINANHMO BOIOWMH, A€ juml Oaunmmo, mo Tpeba me 3podutu. o6
OYMILANIACH 1 BOJIOTICTH MOBITPSI, KOJIHM BOAU BUIIAPOBYIOTHCS Y XMapH, 100 Ha 3€MITIO TOBEPHYJIUCH 3/10POBi
HaIrTyBaroui yce mormi. Ta it HapoaHe: «3HEBaKHIII BOY — HAKIMYETI IITKOTY, IIOMOJKEII BOI — 3apauii O11i»
— 13 TOT0, IO JOBOJUTKLCS OAYNTH Ha KOHKPETHUX JIOJIAX, HAI3BUYAWHO Mi€Be. Y HAC TAKHid e BIJICOTOK BOJIH
B OpraHi3mi fiK 1 Ha 3eMHil Kyii. | Koau MH 3acMiuyeMO BOAY — 3aCMiuyeMO 1 Haml BOAHHWE OanaHc, IO
CTaHOBHUTBH OCHOBY OpraHi3my. 3’sBISIOTHCS Pi3Hi-IIpepi3Hi BiJl Toro cMitTTs xBopoobu. [Ipounimaemo Boxy —
aHAJIOTIYHO OYMINAETHCS HAIll BOAHUI OanmaHc 1 unMano HemyT 3aukae» (I'apadina Makogiit, «Komo ciM’i»).

Tomooicew 800i — 3apaduw 6i0i i mooi 60CKpecHe eko02is 3emii.
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