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BiTaro yuacHukiB KOH(epeHii, KoJer Ta rocreii!

Coorogui  posmnounHae pobory V' MikHapogHa  HAyKOBO-TIPAaKTHYHA
koH(pepenmisa «llepcnekTuBn MalOyTHHOrO Ta pealii ChbOTOJICHHS B TEXHOJOTIAX
BOJIOMIATOTOBKM» Ha 0a3i HalloHanbHOrO yHIBEPCHTETY XapuOBHX TEXHOJIOTIH Ta
cnuibHO 3 [HCTHUTYTOM KOJIOiAHOI XiMii Ta XiMii Boau iM. A.B. Jlymancbkoro
HartionanbHoi akajgeMii Hayk YKpaiHu Ta AcoIfiaii€ro BUPOOHUKIB MIHEPAIbHUX Ta
MMUTHUX BOJ Y KpaiHU.

Opranzamis  OO6’ennanux Hamiiik (OOH) BusHana Boay oAHUM 3
HAWBaXJIMBIIINX PECYpCIB Ha IUIAHETi, 0€3 SKOro HEMOXJIMBE JKHUTTS SIK Take, a
TOCTYN 10 pKepen uuctoi Boau 3rimHo HOpM OOH € omHuM 3 HaWBaXIMBIIITHX
MOKA3HMKIB CTAJIOr0 PO3BUTKY HAIlll, Iep KaBH.

[Mutanus 3a0e3neyeHHs] HACEJICHHS MUTHOK BOJOK0 HAJICKHOI SKOCTI Ta B
JOCTaTHIX 00’eMax 3aBXau Oya0 OJHUM 3 MpiopuTeTHUX ans Ykpainu. Hapasi
BIMCBKOB1 i Ta 1X HACHIJKH MNPU3BOJATH JO IMOTIPIICHHS CUTYyaIlli 3 BOJAHUMU
pecypcamu, 110 MOB’S13aHO 13 BIUIMBOM LI1JIOT HU3KM YMHHUKIB.

Came TOMY, CbOTOIHIIIHS KOH(PEPEHIIS € HAA3BUYANHO aKTyaJIbHOIO HE TUIbKU
3 TOYKHM 30py PO3BUTKY HayKM Ta IHHOBallWd, aje W Ma€ HAA3BUYalHO BEJIMKE
MPAKTUYHE 3HAYCHHS JIJII €KOHOMIKM JIep)KaBM Ta 3a0€3MEYeHHS HalllOHAIbHOI
O€3MeKHN B KOHTEKCTI MUTHOI BOIH.

[Ilnpoke KOIO HAYKOBIB, HI0 € YyYaCHUKAMU CHOTOAHIIIHBOTO 3aXO.y,
MIATBEPKYE HOr0 aKTYaJIbHICTh Ta BAXKJIMBICTh. Tak, B KOH(]epeHIii mpuitMaroTh
y4dacTh Ousi 58 ydacHHKIB, cepel HUX MpEJCTaBieHl JOMOBifAl, T€3U Ta MOCTEpU
KOJIET 3 PI3HUX KyTOouKiB YKpainu Ta €Bponericbkoro Corosy (Ilonbmia, CroBauydynHa,
Icnanis, Pecniyomika MomnnoBa, @panris, [lopryranis, Benmuka Bputanis, CILIA).
Te3u momoBimel mpenacTaBUiu HayKoBIll Ourbiiie 40 BUIMUX HAaBYAIBHHUX 3aKJIaJliB,
HAyKOBUX YCTaHOB Ta OpraHi3alii.

[acTuTyT KONMOiAHOT Ximii Ta ximii Boau iM. A.B. Jlymancekoro HAH VYkpainu,
AKUH € €IMHOI0 B YKpaiHi akajgeMIvyHOIO YCTaHOBOIO, MISIILHICTH SIKOT ITIJTKOM 1
MOBHICTIO TMOB’s13aHa 3 KOMIIJICKCHUM BHUPIIIEHHSAM YCiX aCHEKTiB XiMii Ta TEXHOJOT11
BOJIM, KOJIOiJTHOI Ta aHAJITUYHOI XiMii. BueHi IHCTUTYTY 3po0WIM 3HAYHUI BHECOK B
CKapOHHUIIIO CBITOBOi Ta BITYM3HAHOI Hayku. B IHcTuUTyTI pO3pobiieHo
BUCOKOE()EKTUBHI YHIKAJIbHI TEXHOJIOTl OYMIIEHHS PI3HUX THUIIB MNPUPOJHUX Ta
CTIYHUX BOJI, TEXHOJIOT1l OJIep>KaHHS BHUCOKOSIKICHOI MHUTHOI BOJHU, PO3POOJICHO
Jlep>kaBHI CTaHIapTH YKpaiHM HIOJI0 SKOCTI MUTHOI BOAM Ta JHKEpEd MHUTHOIO
BOJIONIOCTAaYaHHs, 4 TAKOXK METOIAUK 11 KOHTPOJIIO.

B HauioHanbHOMY YHIBEPCHUTETI XapuOBUX TEXHOJOTIM MUTAHHSIM HAyKOBUX
JIOCITIJDKCHb Ta PO3POOOK B rajly3i TEXHOJIOTi MUTHOI BOJM Ta BOJM JUIS Xap4OBUX
MIIIPUEMCTB TIPUIUISETBCSA JOCTaTHRO BenMka yBara. Kpim Toro, Ha kadeapi
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TEXHOJIOT1i I[yKpy 1 MiATOTOBKM Boau HaBuaibHO-HAyKOBOTO 1HCTHUTYTY XapyOBHX
TEXHOJIOTIH 3MIMCHIOEThCS MIATOTOBKA 3700yBayiB 3a OCBITHHOK IPOrPaMor0
«TexHomorii IyKpiB, MOJICaXapuaiB 1 TMIATOTOBKM BOJUY IPOMUCIOBUX Ta
KpadTOBUX BUPOOHMUIITBAX» — MaOyTHIX (haxiBIlIB IS MIAIPUEMCTB 3 BUPOOHUIITBA
dbacoBaHOi BOAM, BOJOKAHATIB, Ja0OpAaTOPi KOHTPOJIO SKOCTI BOJU Ta XapuyOBUX
BUPOOHUIITB.

Bapro 3a3zHaumTH, 10 MICISIBOEHHA BiJOya0Ba Ta PO3KBIT HAIIOI JIEPYKABH
MO>XKJIMBUM 32 YMOBHM HEBIMHHOI KPOMITKOI Mpalll BUKJIa/1ayiB Ta HAYKOBIIIB B rajys3i
BOJIOMIATOTOBKY, BOJOOYHIIIEHHS Ta MOIIYKY HOBUX HAIXOKEHb, MOXKIMBOCTEH Ta
3100 yTKIB.

Mu BasiuH1 KO)KHOMY 32 ChOTOJTHINIHIM BHECOK B MPOBEACHHS KOH(EPEHIIii Ta
Oa)kaeMO HaCHaru Ta CMUIMBOCTI B PO3BUTKY HayKH Ta OCBITH YKpaiHu!

3 moBaroro, pekrop HY XT Oaekcanap HIEBUEHKO
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CEKIA 1

AKTYAJIBHI IUTAHHS BIIJIUBY
®I3UKO-XIMIYHUX
BJIACTUBOCTEHN BOJIU HA
MPOLIECHU BOAOHIAIOTOBKHA
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YK 543.3:543.4:
Buznauenns OiogocTtynHux popM aJarOMiHIiI0 Y IUTHHUX | MOBEPXHEBUX
NPUPOIHUX BOIAX
ICepriii Cyxapes, 'Oxcana Cyxapesa, “Pyciian Mapiiiuyk
YIBH3 « YarceopoOocwruil nayionanvhutl ynieepcumemy, m. Yoceopoo, Yepaina
2Vuisepcumem 6 Ilpewoei, m. Ipewos, Crosauyuna

Beryn. AnoMiHIE € TOMIMPEHUM XIMIYHUM €JIEMEHTOM, IpoTe 010J0CTYIHI
Horo GpopmMu € TOKCUYHI IS JTFOAUHU, pociuH 1 TBapuH. CaMe 3 BKUBAHHSAM MUTHOT
Bomu [1], skxa mictuTh OiomocTymHi (OPMHU aIOMiHIIO, TOB’SI3YIOTh XBOpPOOH
Anbrreiimepa Ta [apkincona [2, 3]. [Ipu mboMy, BaXIIMBIIIMMH JDKEPEIAMU TATHOT
BOJIU IS JIFOJIMHU € TIOBEPXHEBI Ta KOJOAA3HI Boau [4], siKi MOXKYTh HE MPOXOIUTH
BOJIOIMIATOTOBKY, ajie MPU IbOMY MICTUTH O0100CTymHI (opmu amomiHiio. Tomy
BU3HA4YEHHS 0100CTYMHUX (POpPM aTOMIHIIO Y MUTHHUX 1 MOBEPXHEBUX MPUPOIHHUX
BOJIaX € aKTyaJIbHUM.

[IpoGnema mnpoBeleHHS TaKUX JOCHIJKEHb MOJArae y BHOOpI MpoLEnypH
BU3HAUCHHS AQIOMIiHIIO, a/pKe OUIBIIICTh METOMIB Ta METOAWK IependadaroTh
BU3HAYEHHS BajoOBOro BMicTy amoMmiHilo. CpOrogHi 1eil MOKa3HUK €
MajoinpopMaTBHUM. BusHadueHHs OiogocTynmHuUX (oOpM alllOMIHIIO Yy BOJaX
nepeadavae 3aCTOCYBaHHS METOJIB PO3JIUICHHSI Ta KOHIICHTPYBAHHSI, ajieé KUIbKICTh
edeKTUBHUX METOANK oOMexkeHa. Cepel METOIMK BU3HAYEHHsI 01040CTYMHUX (Hopm
ATIOMIHIIO y BOJIaX 3aCIyTOBYE YBaru METOJIMKa aTOMHO-a0COPOIiITHOrO BUBHAYCHHS
y MOEMHAHHI 3 MIKPOSKCTPAKIIHHUM KOHIICHTPYBaHHSM 1 po3aiteHHsM [5]. Bona
BHCOKOYYTJIMBA, EKCIIPECHA Ta MPOCTa y BUKOHAHHI, TOMY came ii BUKOPUCTAIH Y
JAHOMY JTOCII1JIPKEHHI.

Metoro naHoi poOOTH € CKPUHIHT BMICTY O10J0CTYMHHX (POpPM aIOMIHIIO Y
MOBEPXHEBUX (PIYKOBUX) BOojAax OacelHy piuku Tuca, a TAKOXX MUTHUX BOJI OKPEMHX
HaceJeHUX MyHKTIB 3aKaprarchbkoi 00J1acTi, y SKUX BOJOIIATOTOBKA HE mepeadayvae
TJTMOOKOT OYUCTKH IMUTHUX BOJI.

Marepianu i meronu. CKpuUHIHTOBI JOCTIIKEHHS TIPOBeNeHI y BepecHl 2024
poKy ais pidok Yk, Jlaropunsi, bopkasa 1 Tuca (y mexkax 3akapmnaTchbKoi 001acTi), a
TaKOX TMUTHUX BOJA IEHTPAJbHOTO BOJOIOHY JIBOOEPEKHOI YACTUHU MiCTa
Yxkropona.

Y poboTi BHKOPHCTAIH aTOMHO-abcopOIiiinuii crekTtpomerp Shimadzu AA-
7000 ((Shimadzu Co., Japan)) 3 emeKTpPOTEPMIYHUM aTOMI3aTOPOM, BOPTEKC-
smimryBad VM-D Digital Vortex Mixer (Oxford Lab Products, USA), uentpudyry
Premiere XC-2415-220 (Premiere, USA), pH-merp HI-2211 (HANNAInstruments,
USA) Ta mominporijieHoBi rpajayioBaHi KOHYCHI MPOOIPKU 3 TBHHTOBOIO KPHIIKOIO.

Bce Bukopucrani peareHTH Malld aHAIITUYHY YHUCTOTY, 3aCTOCOBYBAIH
OlaMcTHIIbOBaHY BOAy. bazoBumu peareHTamu Juisi Moaudikallii, MOMEpeaIHbOTrO
pPO3AUICHHST Ta KOHIIEHTPYBaHHS €  CaliluIadbAerig-4-miKoIIHTIApa3oH Ta
noenuicyabdar HaTpito, MIKPOEKCTPAKIIIIO MPOBOAWIN 130aminarieratoM (200 Mk,
criBBigHOIICHHS (a3 25:1).

Pesyabratn. BusnauenHs BMicTy O1040CTymHUX (OpM  alIOMIHIIO Y

MOBEPXHEBUX (PIUYKOBHX) BOJIaX MOKA3AJIO:
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- piuka Yx: 6,8-18,4 MKr/m;

- piuka Jlaropuus: 4,3-33,6 MKI/11;

- piuka bopkasa: 3,6-34,6 MKI/1;

-piuka Tuca: 2,1-28,7 Mkr/m.

KonueHnTpariiss 61000CTYyIHUX (GOPM aTIOMIHIKO Y PIUKOBHX BOAAX 3MIHIOETHCS
dbparMeHTapHO, BU3HAYAJIBHUM € TeoxiMis OacedHIB pidok Ta ix wmopdoioris.
[IpocnigkoByeThCcsl Kopendiis (JaHi KiacTepHoro Ta (DaKTOPHOrO aHallizy) MK
BMICTOM 01010CTYNHHX (DOPM AJIFOMIHIIO y PIUKOBIM BOJI Ta PIBHEM X 3aMyJIIOBaHHS.
B wminmomy, BwmicT OilogocTynmHuX (GOpM aJIOMIHIIO Y TOBEPXHEBUX BOAAaX €
HEBCJTMKHM.

BusnaueHHss BMicTy O01040CTyNmHMX (OpM aIIOMIHIIO Yy TMUTHUX BOJAX
MOKa3ajgo, IO BMICT KOJMBaeTbcs y wMexax 1,3-5,5 Mkr/a, mo Biamosimae
MOKa3HUKaM Oe3IeKHu.

BucHoBku. Pe3ynbratu moCmiKeHHs MTOKa3aliu, 10 MOBEPXHEBI (PIUKOBI) Ta
MUTHI BOJW MICTSTh HEBHUCOKY KOHIIEHTPAII0 O010J0CTYymHHX (GOpM ATIOMIHIIO Y
Mexax 1,3-34,6 MK/, 110 BIJITIOBI/Ia€ HOPMATHBaM OE3IEKHU.
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Effect of short chain alcohol on surfactant performance in aqueous solutions and
suspensions
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Most of industrially relevant liquid formulations are multicomponent and their
performance depends considerably on interactions between ingredients. Here we
study one of such interactions, effect of short chain alcohols on surfactant behaviour
in aqueous solutions and suspensions. Surfactants are often included in formulations
to improve wetting, cleaning properties or stabilise multiphase systems, while alco-
hols are included as cosolvents or disinfecting agents.

In this study, surface tension was measured using an Attension Sigma 701 ten-
siometer (Biolin Scientific, Finland) with a platinum ring. Spreading kinetics was ob-
tained from video recordings on a Photron SA3 camera using ImageJ.

45
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Fig. 1. Dependence of the surface tension on the concentration of BREAK-
THRU S278 for different concentrations of 1-propanol in the aqueous solution
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Perfluorooctanoic acid and trisiloxane surfactant BREAK-THRU S 278 have
lower surface tension in aqueous solutions than studied short chain alcohol,
1-propanol. Such combination of alcohol/surfactant was never studied before. It was
found that alcohol deteriorates performance of both surfactants, as shown in Fig. 1 for
BREAK-THRU S 278 solutions. Even at small alcohol concentration, 0.01 molar
fraction, surface activity of BREAK-THRU S 278 in water-alcohol mixture reduces
by one order of magnitude in comparison with solution in pure water. At 1-propanol
concentration of 0.05 molar fraction, activity reduces by another 2 orders of magni-
tude, critical micelle concentration increases 2.5 times, area per molecule increases
by 30 %, and minimum surface tension increases by 2 mM/m.
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Fig. 2. Dependence of the spreading kinetics of BREAK-THRU S 278 aqueous
solutions for different concentrations of 1-propanol in the solution

The BREAK-THRU S 278 is a very good adjuvant used for example in agri-
culture, but addition of alcohol suppresses its performance (Fig. 2). Addition of 0.02
molar fraction of alcohol to solution decreases the spreading rate by 30 % and reduc-
es spread area nearly twice. Surprisingly, the addition of alcohol has no effect on the
deposition pattern formed by polystyrene particles dispersed in surfactant solution.
For all studied suspensions spreading and evaporation resulted in formation a rather
uniform deposit, distinct from dispersion in alcohol only.

This research was funded by EPSRC, UK, through the PREMIERE Programme
Grant EP/T000414/1. We also acknowledge Dr Joachim Venzmer (Evonic) for donat-
ing trisiloxane surfactants.
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2Department of Physical Chemistry, Faculty of Chemistry, Taras Shevchenko Nation-
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Introduction. In recent decades, nanoparticles have emerged as a forefront
topic of research, driven by their unusual physicochemical properties. Silver nanopar-
ticles (AgNPs) have garnered immense interest owing to their exceptional optical,
electrical, and antimicrobial properties. These properties make AgNPs versatile can-
didates for a wide range of applications, including environmental [1].

Green synthesis methods involve the use of natural compounds obtained from
plants or microorganisms as reducing and stabilizing agents for the fabrication of
AgNPs [2]. Other advantages of green synthesized AgNPs are biocompatibility and
reduced cytotoxicity. Natural sources for green synthesis are renewable, abundant,
energy- and cost-effective, enabling scalable production with minimal capital invest-
ment. The green approach also offers control over the size, shape, and surface chem-
istry of AgNPs through management of reaction conditions.

Green-synthesized AgNPs exhibit enhanced antimicrobial activity against a
broad spectrum of pathogens, making them promising candidates for combating an-
timicrobial resistance and infectious diseases, including water treatment [3, 4].

The aim of this study was the application of the green synthesis approach for
the preparation of AgNPs using low-cost and easily available medicinal plants.

Materials and methods. Peppermint leaf extract was prepared according to a
previously published procedure [5]. Namely, 20 g of dry leaves were macerated in
200 ml of distilled water for 1 hour, then filtered and frozen to -18 °C until use in
synthesis experiments. AgNPs were prepared by direct interaction of aqueous solu-
tions: 0.5-1.0 mg/mL extracts and 1 mM HAuCIs with continuous stirring using a
magnetic bar.

The characterization of AuNP nanocolloid solutions was carried out through
UV-Vis spectroscopy using a Shimadzu UV-1800 spectrophotometer (Japan). The
morphology analysis of Au NPs was conducted via transmission electron microscopy
(TEM) using a JEOL JEM-2100F instrument.

Results.

Formation of AgNPs was followed by the monitoring of the surface plasmonic
resonance (SPR) absorption maximum, which is expected to be at 395-430 nm [6].
However, for the obtained nanocolloid solutions, the observed SPR maximum was
surprisingly found at 449 nm (Fig. 1a).
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Figure 1. a) UV-Vis spectra of peppermint extract (black) and nanocolloid solu-
tion of AgNPs (red); b) TEM image of fytosynthesized AgNPs

The position of the SPR peak can be explained by the formation of irregularly
shaped AgNPs, which was confirmed by TEM (Fig. 1 b).

The shape of nanoparticles depends on the nature of surface active compounds
that are present in plant extract. For example, irregularly shaped (nanotriangles) na-
noparticles were observed at the synthesis of gold nanoparticles [5].

Synthesis of AgNPs was carried out at laboratory temperature (23 °C) by direct
interaction of aqueous solutions. The time of reaction was 4 hours. This allows us to
recognize this approach as a green synthesis, as the synthesis is energy- and time-
effective and no toxic substances were used or produced.

Conclusions. We report the synthesis of irregularly shaped AgNPs with a size
of 60-80 nm using an aqueous extract of peppermint. Such an approach ensures time
and price efficiency, is friendly to the environment and the AgNPs obtained do not
contain toxic compounds that make them appropriate for water treatment.

Acknowledgements: This study is supported by the Slovak Research and De-
velopment Agency under the project APVV SK-PL-23-0032: “Microbial response to
phytosynthesized metal nanoparticles”.
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Beryn. Xnopopraniuni necrunuau (XOID), nomixnoposani Oipeninu (ITXB) ta
NOJIIIMKIIYHI apomaTuuHi ByrjieBoAHi (ITAB) xapakrepu3yroThCsi Haa3BHYAHO
BUCOKOIO  TOKCHUYHICTIO, CTIMKICTIO B  HAaBKOJHUIIHBOMY  CEpPEJOBUINI  Ta
010JJOCTYITHICTIO JIJIsl )KMBUX OpraHi3miB. BoHM € HEenmoIsipHUMHU 0OMEKEHO-IETKUMU
riipooOHUMM OpPraHiYHUMH CIOAyKaMHu.B 3B’A3Ky 3 UMM y NPUPOJHUX BOJHUX
cUCTeMaxX BOHU TepeOyBaloTh B Takux (i3MYHUX (OpMax: B POZUMHHOMY CTaHi; B
3B’S3aHOMY CTaHl 13 CYCHEHJOBaHUMHU YaCTUHKaMU; B COpOOBaHOMY Ta
COJMIOOLTI30BAHOMY ~ CTaHaXx 3  OpPraHiYHUMHU  CIOJYKaMH  MPUPOJHOTO  Ta
AHTPONIOTEHHOTO  TMOXO/KeHHS. Di3uuHl (HOpMH  OpPraHivyHMX KCEHOOIOTHKIB
BIIPIBHSIIOTBCA MIXK COOOI0 3a CTymeHeM O0100CTymHOCTi. HalOiabin J0CTYIHOO
dbopmoro i TiApOOIOHTIB € BOJOPO3UMHHA (hpakilisi eKOTOKCUKAHTIB. [[Jis1 OIlIHKHU
eKOJIOTIYHOI 3arpo3u BAXKJIMBO BU3HAYUTU OKPIM IHTETPajbHOI KOHIEHTpAIli
TOKCHKAHTa Yy BOJ1 HOro po3moain Mixk pi3HUMH dopMamu. Pe3ynbTaTu BU3HAYEHHS
nucrepcHo-pazoporo posnonuty XOII, IIXb 1 [TAB mix BogHOO ¢azor (ICTUHHHO
BOJIOPO3YMHHUI CTaH), TOHKOI (PAaKIEI0 CYCIEHIOBAHUX YAaCTHHOK (po3Mip
gacTUHOK > 0,45 1 < 16—24 MkM) Ta rpy0oro ¢pakifi€ro CycrneHI0BaHUX YaCTHHOK (>
16-24 mxM) y moBepxHeBii Boal p. JHimpo cBig4yaTh Mpo Te, MO CHOIYKHA JaHUX
KJIaciB 3HAXOJATHCS TMEPEeBAXHO Yy 3B’SA3aHOMY CTaHi 13 CYCIEHJOBAaHUMU
yacTHHKaMu.MeTa TaHOTO JOCHIIKEHHSI MoJIsrajia y BCTAHOBJICHH] Ta aHaJli31 BIUTUBY
NEeSKUX MapaMeTpiB BOAHOI CHCTEMHM, TAKUX SIK XIMIUHE criokuBaHHs KucHIO (XCK,
OKHCHUK —IIepMaHraHat Kaiiro), Oiomoriune crokuBaHHs kucHio (BCK) ta cyma
Baxkux MeramiB (Cr, Ni, Cu, Mn, Zn, Cd, Pb), na mucnepcHo-(ha3oBuii po3momin
XOIL ITXb 1 ITAB y Boi.

Pesyabraru.lIpoananizoBaHo pe3ynbTaTH BU3HAYEHHS AMCIIEPCHO-(a30BOro
PO3MOJITY OpPraHIYHUX €KOTOKCHUKAHTIB y MOBepXHEBii Boai 11 BogHuX cucrem [1].
Jns  mpuximanmy Ha puc. | HaBeAGHO 3aleXHICTh CEPEIHBOTO 3HAUYCHHS
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Bogopo3unHHoi yactku XOII, IIXb ta IIAB Bim XCK.AHajoriuHi 3aKOHOMIpHOCTI
CIIOCTEPIraloThCs TAKOXK Y BUMAJKY 3anexxHocrel Big BCK Ta cymu Ba)KKHUX METaiB.
[Tokazano, mo 3araneHi Bogopo3unHHI yacTku XOIL, IIXb Ta [TAB 3menmytoThes
npu 3poctanHi 3HaueHHs XCK, BCK ta cymu Baxkkux MmertaniB. Lle MoxkHa mOICHUTH
TUM, IO OpPTaHiYHI €KOTOKCUKAHTU XapaKTEpU3yIOThCS BHCOKOIO CIIOPiTHEHICTIO J0
OpraHiYHUX PEYOBHMH, TOMY Y BOJHUX CHUCTEMAaxX BOHHU aJCOPOYIOTHCS MEPEBaXHO Ha
CYCIICH/IOBaHWX YaCTUHKAaX OpPraHIidYHOi MPUPOAHM, B TOMY YHWCIi Ha KOJOiTHUX Ta
BHCOKOMOJIEKYJIIpHUX 4YacTUHKax. I[Ipy 1boMy B YTBOpPEHHI KOMIUIEKCIB O€pyTh
y4acTh BaXKi MeTaJH. SIKII0 OpraHiuHUX CIIONYK Ta BaXXKHUX METAJIB y BOJ1 Majo, TO
XOII, IIXb Tta ITIAB Hemae 3 yuM 3B’sA3aTUCA 1 BOHU TEpeOyBalOTh NMEPEBAXKHO Y
BOJIOPO3UMHHOMY CTaHi.

BcraHoBieHO BIAMOBIIHI 3aJIEKHOCTI Ta MPOBENICHO iX CTATUCTUYHY 00POOKY.
I3 9 xopenauit 4 € 3HAUMMHUMH, YITKMMH Ta JOCTOBIpHMMHU. B 1ux Bumaakax
3HA4YEeHHsI 3HAYeHHsI KoeilieHTy Kopessaiii (1) 3Haxoaunocs B Mmexax Bia -0,8897 mo
-0,9374, a xpurepii iimoBipHOCTI (p) He mepeunryBaB 0,05. HaiiGinpm wiTka Ta
JIOCTOBIpHA KOpEJSIlisSl BCTAaHOBJIEHA MIDXK BOJOpo3uMHHOIO uacTtkoro [IXb Ta
sHaueHHsaM XCK (r = -0,9374, p = 0,0186). Ogna kopensiisi Mi>k BOJIOPO3YUHHOIO
yactkoro [IAB y npupoaHiif Boai Ta CyMapHOIO KOHIIEHTPAIIE€I0 BAXKKUX METAJiB Ma€e
TaKO>X BHCOKHU KOE(IIEHT KOPEJALil Ta KpUTEepi KMOBIPHOCTI, 110 HAOIMKAETHCS
1o 0,05 (r=-0,8567, p = 0,0637).
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Puc. 1. 3anexHicTb cepeHbOro 3Ha4eHHsI BoAopo3uuHHOI yacTku XOII (a), I = -
0.5735, p =0.2341; IIXb (6), r =-0.9374, p =0.0186; ITAB (B), r =-0.5745, p =
0.3110, Bix XCK, B npupoaHiii Boxi. Bogni cucremu: 1 — 3aroka CsiHimansp, 2 —
aejabpTa p. Auu3u, 3 — geavra p. ynau, 4 — geavra p. [lepaunna, S — piuku B
perioni llanxai, 6 — p. LBinbu3san, 7 — p. Hamaiao, 8 — p. Aninpo, 9 — p. Eanba

BucnoBku. Bucoki 3Hauenns XCK, BCK Ta cymu BaXKMX METaliB CBiA4aTh
npo HU3bKy Boaopo3unHHy 4yactky XOII, IIXb Ta IIAB. Sfkmo Boaa
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XapaKTepU3YEThCA HU3bKUM BMICTOM OPraHIYHMX CHOJYK Ta BAXKKUX METANIB, TO
OpraHiuyHi eKOTOKCHUKAaHTHU NepedyBatOTh, B OCHOBHOMY, Y BOJIOPO3YMHHOMY cTaHl1. L1
pe3yibTaTH MOXYTh OyTH KOPUCHUMH TP po3poO0Ill e(EeKTUBHUX CHUCTEM
BOJOOYHMCTKH, a TaKOX IS OIIIHKK O10J0CTYITHOCTI OpPraHIYHHUX TOKCHKAHTIB Ta
EKOJIOT19HOI 3arpo3H, sIKY BOHH MOXXYTh CTBOPIOBATH.

Iepeaikmxepenindopmanii

1. Milyukin M., Gorban M. Investigation of the dispersed-phase distribution of
organochlorine pesticides, polychlorinated biphenyls and polycyclic aromatic hydro-
carbons in natural water systems. Chem. Chem. Technol., 2023, 17(4), P.
846—-856.https://doi.org/10.23939/chchtl17.04
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CEKLIA 2
IHHOBALIIHUHI NIJIXOJIU 10

BUPIIIEHHA ITPOBJIEM AKOCTI TA
BE3INEYHOCTI IMTHOI BOIH
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HAH Ykpainu, Kuis, Yxpaina

Beryn.  Jlns  peamizamii 6apoMeMOpaHHHUX  TPOIECIB, SAK  IPABUIIO,
BUKOPUCTOBYIOTh ~ MOJiiMepHI MemOpanu. OnHakK, BHUPOOHUUTBO  OLIBIIOCTI
KOMEPIIIHHO TOCTYITHUX MEMOpaH MOB’si3aHe 3 BUCOKMMU BUTpPaTaMu, TOMY OCTaHHIM
4acoM BeJMKa yBara MNPUAUIIETbCS po3poOlll adbTEpHATUBHUX MeMOpaH 3
IPUPOJHUX MaTepiaiiB. 3 METOI 3MEHIIECHHS BUTpAaT Ha BUTOTOBJIEHHS MeMOpaH B
IKXXB im. A. B. Hdymancekoro HAH Vkpainu Bnepmie B Ykpaini po3pobiieHi
HOBITHI TpyO4acTi MiKpodiabTpaIiiiHi MeMOpaHH 3 MPUPOJTHOTO €KOJOTTYHO YHCTOTO
Ta JOCTYINHOTO Marepiaily — JEpPEBUHHU [JIsl OYMIIEHHS BOJU BiJ PI3HOMAHITHUX
3a0pynHeHb. MeMOpaHu 3 IepeBUHHM MOKHA 3aCTOCOBYBATH Il OYHUIIICHHS BOJU BiJ
MEXaHIYHMX 1 KOJOITHUX JOMIIIOK, OapBHUKIB, T'JIPOKCUIB METAIB, a TAKOX JJIs 1i
3He3apaxeHHs [1,2].

Marepianu i wmeronu. ExcrepuMmeHTH TPOBOAWIM HA  JOCTIAHIN
OapoMeMOpaHHIM  YCTAHOBIII B  MPOTOYHO-PEHUPKYISIIIAHOMY  peXUMI 3
BUKOPUCTaHHSAM pO3pOOJICHMX HAaMU MeMOpaH, sIKI BUTOTOBJIEHI 3 MOBITPSIHO-CYXOi
3a00J10HEBOI AepeBuHu (Bojoricts 17 — 18 %).

Bubip koHmenTpaiii ioHiB F'y MoaenpbHUX po34MHAx BIAMOBIIAB iX BMICTY B
NpUPOAHUX BoAax. SK A00aBKY-MOAM(IKATOP B JIOCHIKEHHSAX BUKOPHCTOBYBAJIU
TUCTIepcHUM TiapodimbHuil aepocusn A-300 3 BEIMYMHOK ITMTOMOI ITOBEPXHI
300 m%r. Kouuenrpaniro ionis F~ y BuximHoMy po3uuHi Ta mepmeaTi BH3HAYaIM
noreHiomeTpuaauM  MetogoM  [3].  KamamyTHicTe  po3uMHY — BHMIipIOBaIH
(GOTOMETPHUYHIM METOJIOM 3a CTaHAApTHOIO MeTonukor [4]. 3a pesyiabTaTamu
€KCIIEPUMEHTIB PO3PaXOBYBaId MUTOMY HIPOAYKTUBHICTE (Jv, M%/(M?T01)) MeMOpaHu
[5].

Pesyabratu.  MonudikyBanHs — nepeBHOi ~ MeMOpaHM — 3A1MCHIOBAIU
dbopMyBaHHSIM Ha ii 30BHILIHIA MOBEPXHI JOJATKOBOI'O 3aTPUMYBAIBHOIO APy Y
BUTJISIII AuHaMiuHOi MemOpanu (/M) 3 aepocuily, SIKMil BITHOCHUTBCS JI0 CIOJIYK
kpemHito (konoigauii SiO2), € HEmKiJJIMBUM Ta MPOSBISAE afCcOpOIidHY Jif0 10
PI3HUX PEYOBHH.

BcHoBeno,  miomikpodinbTpamiiiHa — gepeBHa  MeMOpaHa — e(pEeKTHBHO
sarpuMyBany yactuaku SiOz npu ix Buxigmii xornentpanii 200 — 900 mr/mam, pH
6,5— 6,7, pobouomy tucky 1,0 MIla ta TpuBanocrti npouecy 2 roxa. Ilpu mpomy
KaJJaMyTHICTh nepmeaty (puc. 1, kpuBa 2) He nepeBuiyBana HopMmy ii I'IK s
nutaoi Bomu (0,3 mr/nm3) [6]. Bpesynsrari MmomudikyBanns tpybuacToi MeMOpaHu
BiZIOyBasiocs 3aKynoproBaHHs ii mop yactuHkamu SiO2 3 moganbmuM GopMyBaHHIM
Ha MOBEPXH1 JEPEBUHMU 1Iapy 3 aepocuiay y Burisal JAM. Tpusanicte MoauGiKyBaHHS
oOMeXyBayiacsi TOCATHEHHSIM MEMOPAHOIO CTAI[lOHAPHOT MUTOMOI PO TYKTUBHOCTI.

Ha puc. 1, kpuBa 1 mnokazaHo, 1O B TMpoieci 3HEPTOPEHHS PO3UUHY
MOAU(DIKOBAHOIO JEPEBHOIO MEMOpaHOI 31 30UIBIICHHSIM Y MOJIU(PIKYIOUOMY
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(MemMOpaHO(hOpMYIOUOMY) PO3UMHI BUXiAHOI KoHIEeHTpawii SIO2 pi3ko 3HMKyBaIacs
KOHIIEHTpallis 10HIB F~ y mepmeari. B nomanemiomy nei npouec ynoBiIbHIOBaBCs, a B
mexax Co aepocway 500 — 900 wmr/mmPkonuentpanis F~ y mnepmearinabysana
MPAKTUYHO TOCTIMHOrO 3HAYEHHS Ta BIJANOBIJIajla HOPMATUBHUM 3HAUYECHHSIM HOTO
FIK y nwrmii Bomi  (0,7-1,5 mr/mm®)  [6] npu  BuUXigHii  KOHIEHTpamii
Si0O2> 400 mr/nm®y Mmogudikyrouomy po3unHi. IIpy HbOMy NUTOMA MPOAYKTHBHICTE
MeMOpanu (KprBa 3) 3HMKyBanacs Aemo nosinsHime — 3 0,04 10 0,03 M3/ (Mm% Tox).

Krep.,Mr/am®

Crep.F~,Mmriom® Jv,m3/(M2rog)
18 r L 006
12 ¢ 1 004
3
06 | 1 0.02
——— —s2
0 L 1 I 0

200 400 600 800 1000

C0Sio2,mr/am3

CoF~ — 4,9 mr/mm3; pH — 6,7; P — 1,0; MIIa; T — 120 xB
Puc. 1. 3amexnictb koHueHntpamii F~ y mepmeari (Cuep) (1), Horo
KaJdaMyTHOCTI (Kuep.) (2) i muToMoi npoxykruBHocTi (Jv) nepeBHoi MemoOpanu (3)
Bi BUXiHOI kKoHIeHTpauii aepocuiy (Co) SiO2y moaudikyrouomy po3uuni

OTpumaHi 3aJIeKHOCTI MO>KHA MOSICHUTH (POPMYBAHHSIM Ha MOBEPXHI JE€PEBHOI
MeMOpaHU JIOJaTKOBOTO 3aTpUMYBaJIbHOTO Iapy y Burisai JIM i3 wacturok SiO,
sKa 1 3aTpuMyBajia 10HM F~ 3aBASKM €JIeKTPOCTaTUYHOMY MEXaHI3MYy iX B3a€MOIi.
Bigomo [7], mo wuactmHkm SiO2 MarOTh HEraTHBHUH 3aps] TOBEPXHI, TOMY
chopmoBana 3 HuXx JIM BiZIITOBXYyBaJia OJAHOIMEHHO 3apsjkeHl aHioHuW F .Ilpu
IIbOMY CYTTEBY POJIb JJIsl peamizaiii 3aTpuMyBaiibHOI 31aTHOCTI JIM MaB po3mip ii
nop.OTxe, I MONAJIBIIONO JOCTIHKEHHS XapaKTEpUCTHK Ipoliecy 3He(TOpeHHS
posuuHiB JIM ¢dopMyBaiM TpH KOHIEHTpaIii aepocusny y MOAUPIKYIOUOMY
po3unniSiOz— 500 mr/mm3, pH 6,7 Ta 1,0 MIIa. Crix BigMITHTH, IO JOCTiIKEHHS
IPOBEACHO O€3 10/1aBaHHA 1O PO3UUHY MEMOPAHONIATPUM Y040l JOOABKH.

Jns miarpumkd noctiiHoro (QyHkuioHyBaHHsS JM micns i popmyBaHHS
HEOOX1IHO J0 BuXigHOro po3uumHy NaF, 1o mianirae OYHWIIEHHIO, MOCTIMHO
J0/IaBaTH MEMOPAHOIIATPUMYIOUY T00aBKY aepocuiy, y sKid kouieHrtpamis SiO:
MOXke OyTH y JIeKUIbKa pa3iB HUKYOK, HIXK MOro KOHLIEHTpalld Y MOAU(DIKYIOUOMY
po3uuHi. J{uHaMiuHO OHOBJICHMM akTHUBHUU mmap JIM 3abe3nedye epeKTHUBHICTH 1
TPUBAIICTH i1 pOOOTH.

3 MeTo BHU3HAYEHHS HEOOXIAHOI KOHIIEHTpalli MeMOpaHOMiATPUMYHOYOI

nobaBku micas ¢GopmyBanHs [IM 10 po3uuHy, SKuW 3HEPTOPIOBAIM 32 BUXIITHOI
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xouuentpanii F~ 4,9 mr/am3, nomasanu 100aBky 3 KoHueHTpanieroSiOz 25, 50 Ta
100 mr/mm®.

BcranoBieHno, mio 3a J0mMOMOror Moau(diKOBaHOI JepeBHOI MeMOpaHU
BIIpo10BK 180 xB 00poOKku HOpMmaTuBHI 3HaueHHs ['JIK dropy y nmuTHIi Bo/i MOKHA
nocartu npy koruentpaiii SiOzy MmeMOpanomiaTpumyrouiii qo6asmi 50 — 100mr/am3,
[Ipu iboMy TMUTOMA MPOIYKTUBHICTH 3a3HAYEHOI MEMOpaHu OyJa HUKYOI — Ha PIBHI
0,026 — 0,02m%/(M?*rom), MO0 MOXHA TOSICHUTH CYTTEBUM 3aKyIOPIOBAHHSIM IOD
MeMOpanu aepocwsioM. Crif TakoXX 3a3HAYUTH, L0 TUIBKK MPU KOHLEHTpalii
MeMOpaHomiaTpuMyoo4oi no6asku 100mr/am® xonuenrpauis F~ y mepmeari Oyna
HUKYOI0 3a BepxHIo Mexxy Hopmu ['IK F~y nutHi# Boai.

BucnoBku. Iloka3zaHa Bucoka €(peKTHBHICTh 3HE(PTOPEHHS BOJU JEPEBHOIO
MeMOpaHowo, MOJU(DIKOBAHOK aCPOCHIIOM, 3aBMSIKHA EJICKTPOCTATUYHIA B3a€MOJIIi
yactuHOK SIO2 3 ionamu F~. Busnaueni ymoBu 11 (opMyBaHHS: KOHIICHTpAIlis
Monu(ikyrouoi Ta MeMOpaHOMIATPUMYIOUOi J00aBOK aepocuiy CTaHOBHIIA
BianoBiano 500 ta 100Mr/am3, TpuBaticts GpopMyBanHs quHaMiuyHOi MemOpanu 100—
120 xB. MoaudikoBana MemOpana mMoxxe 3HedToproBatu Boay A0 Hopmu ['JIK ioHiB
F~ y nuTHIN BoAi 3 iX BUXiJHOK KOHLEHTPALIEO 10 7,5 Mr/aM® pu poGo4OMY THCKY
1,0MIL
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Introduction.Contamination of aquatic ecosystems by pharmaceutical resi-
dues, particularly antibiotics, is a global concern that threatens not only human health
but also ecosystem resilience. The tetracycline antibiotic doxycycline, widely used in
recent years for the treatment of COVID-19, has been reported to be present in the
environment, with significant amounts entering from hospitals and private house-
holds [1]. This results in antibiotic residues in food products such as meat, eggs, and
milk, potentially causing severe side effects in hypersensitive individuals [2, 3]. Fur-
thermore, tetracyclines are characterized by a complex, stable conjugated benzene
ring structure, which is resistant to degradation in natural environments [4]. Thus,
developing methods for detecting doxycycline in water is of great importance.

One of the most promising methods for antibiotic detection is fluorescence-
based sensing using lanthanide-based sensors due to their simplicity, speed, high sen-
sitivity, and cost-effectiveness [5]. Europium, terbium, and samarium are widely used
among lanthanides, as they exhibit narrow emission bands and large Stokes shifts,
ensuring the accuracy and quality of fluorescence measurements. It is known that tet-
racycline antibiotics have a strong affinity for europium ions, forming complexes in
which tetracyclines transfer absorbed energy to europium ions via the "antenna ef-
fect,” thereby enhancing fluorescence [6-8]. Based on this, europium has been select-
ed for the development of a sensor to detect doxycycline.

Highly efficient fluorescent sensors often consist of rare-earth ions combined
with various nanomaterials, such as carbon quantum dots [9], silica nanoparticles [7],
and metal-organic frameworks [10]. Silica-containing nanoparticles, as a class of
photoluminescent nanomaterials, are increasingly used due to their exceptional opti-
cal properties, biocompatibility, cost-effectiveness, and ease of synthesis. It has been
demonstrated that incorporating luminescent lanthanide complexes into mesoporous
matrices can enhance fluorescence intensity by preventing quenching from -OH and -
NH: groups [11, 12]. Another important characteristic of silica nanoparticles is their
ability to be surface-functionalized, allowing the attachment of ligands aimed at spe-
cific metal cations or pollutants. Amine groups, for instance, are excellent candidates
for adsorbing lanthanide ions [13-15]. In this study, a silica-based adsorbent with sur-
face amine groups is synthesized for targeted europium ion adsorption from solu-
tions, with the adsorbent then being used as a sensor for doxycycline detection. Addi-
tionally, it is hypothesized that rare-earth ions such as lanthanum and cerium, present
in spent Ni-MH batteries, could enhance the fluorescent properties of europium-
doped silica material, thereby improving the sensitivity and selectivity of the sensor

for doxycycline. This approach represents the novelty of the present research.The use
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of recycled metals is an environmentally friendly approach, not only reducing materi-
al costs but also contributing to solving hazardous waste disposal problems.

This study aims to develop an efficient, eco-friendly sensor for monitoring
doxycycline in aquatic environments, based on a silica-based adsorbent with europi-
um ions. To enhance the sensor's signal and increase its sensitivity for detecting anti-
biotics, cerium and lanthanum ions from spent batteries were also adsorbed.

Results.We developed a bifunctional adsorbent, designated as SiO2/N-N/Ph,
based on silica nanoparticles modified with silanes containing diamine and phenyl
groups. Using analytical techniques such as SEM, EDXS, CNHS, IR, nitrogen ad-
sorption-desorption, and zeta potential measurement via electrophoretic light scatter-
ing, we confirmed that the functionalized silica particles have an average size of 50—
60 nm, exhibit a non-porous structure (Ss, = 67 m?/g) yet possess a high adsorption
volume (Vi = 0.513 cm?/g) due to the uniform packing of particles. The particles
contain amino groups (1.24 mmol/g based on elemental analysis) and phenyl groups
on their surface, and show a positive {-potential across the pH range of 2—10, with an
isoelectric point at pH 10.4. This characteristic suggests high adsorption potential for
rare-earth ions.

The adsorption properties of the SiO2/N-N/Ph sample for La(lll), Ce(lll), and
Eu(lll) were investigated in individual solutions, with results fitting the Langmuir
adsorption model, indicating monolayer formation and chemisorption. Adsorbent sat-
uration was observed at an initial concentration of 2 mmol/L. When rare-earth metals
were adsorbed from binary and ternary mixtures, the total static sorption capacity for
ions from binary mixtures was 0.72-0.74 mmol/g, whereas with all three ions pre-
sent, the capacity decreased to 0.66 mmol/g. In individual solutions, the adsorption
sequence for lanthanoid ions was Eu(lll) < Ce(lll) < La(lll). However, in binary and
ternary systems, the sequence shifted to La(lll) < Ce(lll) < Eu(lll), which can be ex-
plained by the relative cation sizes (107 pm for Eu** < 114 pm for Ce** <and 116 pm
for La*") and competitive behavior in solution.
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—— SiO,/N-N/Ph suspension
3 —— Si0,/N-N/Ph+La+Ce+Eu suspension
q—o 20 — doxycycline

;i —— SiO,/N-N/Ph+La+Ce+Eu suspension + doxycycline
5 g 24 8i0,/N-N/Ph+Eu suspension + doxycycline
a SiO,/N-N/Ph+La+Eu suspension + doxycycline
N 15 14 SiO,/N-N/Ph+Ce+Eu suspension + doxycycline
= =
n o S »«&%_
QC) 0 T T T T
= 10 — 575 600 625 650 675
— -
o

5 —

——
- .-«ﬂé:j L\ /,\,_A
0 T Ta T | 1
500 600 700

Emission wavelength, nm
Figure 1. Photoluminescence spectra of silica nanoparticle suspensions SiO2/N-
N/Ph with various lanthanide combinations (suspension concentration 0.1 g/L in
0.1 M KClI, doxycycline concentration 10 puM)
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The presence of lanthanoid ions on the sample surface after adsorption was
verified using EDXS analysis, IR spectroscopy, and XPS. Considering the solution
pH of 6.5 during adsorption, at which lanthanoids remain ionic, it is concluded that
lanthanoids are adsorbed in their trivalent ionic form through complexation with the
amino groups of the adsorbent.

Following lanthanoids adsorption, photoluminescence spectra of the samples in
suspension with doxycycline were recorded (Figure 1). Spectra were also recorded
for doxycycline alone, as well as for the initial SiO2/N-N/Ph sample and the lantha-
noid-loaded sample SiO2/N-N/Ph-Ln-Ce-Eu without doxycycline. These spectra
were acquired with an excitation wavelength of A = 396 nm, suitable for Eu(III)
ions. Notably, La(lll) exhibited no photoluminescence due to the absence of f-f tran-
sitions. Additionally, no enhancement in photoluminescence was observed at the typ-
ical excitation wavelength for cerium ions, Aex = 264 nm.

At an excitation wavelength of A« = 396 nm, characteristic of Eu(lll) ions, nei-
ther doxycycline, nor the suspensions of the initial sample SiO2/N-N/Ph, nor the
sample with adsorbed lanthanoids without doxycycline (SiO2/N-N/Ph-Ln-Ce-Eu)
exhibited inherent fluorescence. Analysing the photoluminescence spectra of samples
containing various combinations of lanthanoids in the presence of doxycycline led to
the following conclusions. For the suspension of SiO2/N-N/Ph-Ln-Ce-Eu, contain-
ing all three adsorbed lanthanoids, narrow, intense bands were observed, with maxi-
mum photoluminescence intensity reaching 250562 arbitrary units at an emission
wavelength of Acm = 616 nm. The lowest photoluminescence intensity occurred in the
system with Eu(lll) ions only, where the addition of La had a minimal effect, and
Ce(I11) only slightly increased the intensity. This indicates that the combination of all
three ions on the silica matrix significantly enhances system sensitization in the pres-
ence of doxycycline, establishing SiO2/N-N/Ph-Ln-Ce-Eu as an effective sensor for
doxycycline detection.

The high fluorescence intensity of this sensor results from the "antenna effect":
doxycycline binds with metal ions, absorbing light energy and boosting the photolu-
minescence efficiency of Eu(lll) ions. In this system, La(lll) and Ce(lll), which do
not exhibit intrinsic luminescence, act as energy donors in the silica matrix, likely
serving as enhancing chelates that demonstrate co-luminescence. Excitation energy
absorbed by the La(lll)-silica complex accumulates and transfers to neighbouring
Eu(ll1), Ce(l1l) ions, or doxycycline. Additionally, Ce(lll) sensitization is facilitated
by the silica matrix, similar to La(lll) ions. Furthermore, the phenyl groups on the
synthesized functionalized silica nanoparticles enhance photoluminescence due to
their m-conjugated ring structures. The amino and phenyl functional groups work
synergistically as lanthanoid ion carriers and photo-harvesters, selectively enhancing
the sensitization of La(lll) and Ce(lll) ions.

An indicator of the system's photoluminescence efficiency — and thus its opti-
mal design for sensor applications — is the quantum yield. For SiO2/N-N/Ph-Eu and
SiO2/N-N/Ph-Ln-Ce-Eu suspensions in the presence of doxycycline, the quantum
yields were measured as 40.3% and 82.4%, respectively, indicating that the SiO2/N-
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N/Ph-Ln-Ce-Eu sensor provides more intense Eu** ion emission due to high energy
transfer efficiency and complex stability.

The study determined optimal conditions for maximizing photoluminescence
intensity in a suspension-based sensor for doxycycline detection. This included set-
ting the pH to 8-9 (the natural pH of the suspension), achieving ionic strength with
0.05 M KClI, limiting contact time to 3 hours, and using a suspension concentration of
0.1 g/L. Under these conditions, the sensor exhibited a linear photoluminescence re-
sponse to doxycycline concentrations ranging from 0.005 to 10.0 uM, with an im-
pressive correlation coefficient (R2 = 0.9993). The detection limit was found to be
0.15 uM/L (0.07 mg/L), and the quantification limit was 0.44 uM/L (0.2 mg/L), high-
lighting the suspension’s high sensitivity for doxycycline in water. Selectivity tests,
conducted in the presence of common substances and ions found in hospital
wastewater, confirmed the sensor’s selective affinity for doxycycline, underscoring
its potential as a targeted, effective tool for monitoring this antibiotic in environmen-
tal and clinical settings.

Conclusion.An efficient and eco-friendly sensor has been developed for moni-
toring trace doxycycline concentrations in aqueous environments, based on a silica-
containing adsorbent functionalized with europium, lanthanum, and cerium ions. The
lanthanides adsorbed onto the silica matrix show high sensitivity in the photolumi-
nescent detection of doxycycline at 616 nm under 396 nm excitation. This detection
occurs due to Eu(Ill)’s luminescent response to doxycycline via the "antenna effect,"
where excitation energy is transferred intermolecularly from La(lll) to nearby Eu(lll)
ions and electron transfer occurs between Ce(l1l) and Eu(lll). Furthermore, the syn-
thesized silica with diamino and phenyl groups serves as a matrix for lanthanide mo-
bilization, preventing Eu(ll1) luminescence quenching and potentially enhancing pho-
toluminescence through the m-conjugation of phenyl groups. The resulting sensor sys-
tem of La, Ce, and Eu ions adsorbed on a silica matrix is marked by high stability,
sensitivity, and selectivity for doxycycline detection in aqueous solutions, presenting
a promising tool for environmental monitoring.
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YK 628.1.
Research on the use of ferrites mfe;0s (m= ni, mn, zn) for the photocatalytic
decomposition of methylene blue in water
Frolova L., Olkhov K., Zavoloka M., Rodin D., Nikitin M.
Ukrainian State University of Science and Technology

Introduction. In recent years, more and more attention has been paid to the
development and use of materials for the catalytic destruction of organic substances
[1]. Today, photocatalysis technologies are considered promising ecological technol-
ogies for water purification, as they are highly efficient and economically beneficial
[2]. The use of magnetic materials enables easy separation of materials from solutions
and is an effective, inexpensive method for the separation of heterogeneous solu-
tion/nanoparticle catalytic systems, which has attracted the attention of researchers.
In particular, ferrite nanomaterials additionally have such advantages as easy separa-
tion under the influence of a magnetic field, the possibility of processing and reuse,
availability, low cost [3]. Spinel structures containing several cations have not been
sufficiently studied. It is the synthesis of composite ferrites that leads to the im-
provement of their physical properties. For example, nickel ferrite is a well-known
material with moderate coercivity and high saturation magnetization. Manganese fer-
rite has a low coercive force, moderate saturation magnetization combined with good
chemical resistance, high mechanical hardness [4]. These properties, together with
high physical and chemical resistance, determine their wide use. The distribution of
Ni%*, Mn?* and Zn?* cations in sites A and B of the crystal latticesignificantly affects
magnetic and optical parameters [5].

Methodology of the experiment. The study of the process of catalytic decom-
position of methylene blue (MB) was carried out in a glass vessel at 25°C with con-
stant shaking. Before adding the catalyst, the maximum absorption of the model solu-
tion was measured using a UV spectrophotometer in the range of 200-900 nm. The
change in the initial optical density was monitored by taking an aliquot of the solu-
tion at regular intervals and subjecting it to spectroscopic analysis. The concentration
of MB was determined spectrophotometrically using a UV 5800 PC spectrometer. To
study the influence of the cation composition on the properties of ferrites, a simplex-
lattice design was used, which requires a minimum number of experiments to study
the influence of factors on the selected response functions. Molar concentrations of

nickel, manganese and zinc were chosen as factors X1, X2, X3, respectively.
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Results. Studies of the photocatalytic activity of ferrites showed that the degree
of MB decomposition in the presence of ferrite photocatalysts was 90-96% within 60
minutes after UV irradiation. The UV-Vis spectrum of MB contains 4 absorption
peaks at 665 nm, 615 nm, 295 nm and 246 nm. A significant peak at 664 nm was in
the visible part of the electromagnetic spectrum with a shoulder at 615 nm, and two
other peaks are observed in the UV region. It was established that the photocatalytic
activity of ferrites increases with an increase in the number of nickel ions. MB degra-
dation increases from 44% for MnFe:Os to 96% for NiozsMnossFe204 and
Nio33ZnoesFe204 after 60-minute exposure to UV light. The results of reactivity of
individual ferrites are significantly lower than double and triple compositions.

Conclusion. For use as photocatalysts, ferrites MFe;O4 (M = Ni, Mn, Zn) were
synthesized by the combined method of coprecipitation and subsequent plasma
treatment. The regularities of changes in the properties of ferrites were studied by the
simplex-lattice method of planning the experiment. The most effective catalysts were
nickel-containing ferrites. The synthesized samples containing nickel and manganese
have high magnetic properties, which ensures easy separation from the aqueous solu-
tion under the action of an external magnetic field.
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YIK 556.531[630.8+66.081.6]
OuuieHHs THINPOBCLKOI BOAM MIiKPO(piIbTpaiHHUMH
MeMOpaHaMM 3 JIepeBUHH
JIrwagmmiaa MeabHuk, Tersana dyabHeBa, Jlrvogmuiaa lepemenixo
Inemumym xonoionoi ximii ma ximii 6oou im. A.B. J[ymancbkoeo
HAH Ykpainu, Kuis, Yxpaina

Beryn. B octanHl poKM 3IHCHIOIOTHCS JOCTIKEHHS 3 BU3HAYCHHS
MIEPCIICKTUB BUKOPHUCTAHHS B MPOIIEcax OYMCTKY Ta 3HE3apaKeHHs BOJAM MEMOpaH Ha
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OCHOBI TMPHUPOJHOI BIJHOBIIOBAHOI CHUPOBUHM — JEPEBUHU SK €(PEKTUBHOI
aTbTEPHATUBY ICHYIOUUM TPAIUIIIHHIM MaTepiaiaMm JUis OTpUMaHHsS MemOpas [1,2].
3a HasBHUMU OI[IHKAMH, BapTiCTh MOOYTOBOr0 (IILTPY OYUCTKHU BOJAU 13 JIEPEBUHU
Moxke Oytd B 10 pa3iB HMXKYOIO BapTOCTI CY4aCHUX KOMEPIIMHUX (DUIbTPYHOUMX
npuctpoiB. Cnig BIAMITHTH, IIO HAa CbOTOJIHI B CBITOBIM MPAaKTHUIl BHUKOPUCTAHHS
3a3HAYCHUX MEeMOpaH JIJisl TPOIIECIB BOJOOYHINICHHS Ta BOJOMIATOTOBKY 3HAXOAUTHCS
Ha MMO4YaTKOBOMY €Tarll.

Marepianu i meronu. [y gociiakeHb 3acTocoByBain po3podseni B IKXXB
iM. A.B. Jlymancekoro HAH VYkpainu tpybOuacti mikpodinbTpaliiitHi MeMOpaHH,
BUTOTOBJICHI 3 TOBITPSIHO-CYXOi 3a00JIOHEBOI  jJepeBuHU.BosokHa  nepeBHOL
MeMOpaHu OynM CHOpSAMOBAaHI NEPNEHIUKYISPHO JO0 oci (UIBTPYBAaHHS, SKE
MPOBOAMIIN 3 OOKY 30BHINIHBOI MOBEPXHI TPYyOUACTOI MEMOpaHHU.

3 METOI HaJlaHHs JEpPEeBHHI OAKTEpULIMIAHOrO ePEeKTy MeMOpaHu 3a3Jajeriib
ButpumyBa 'y po3unHi AGNOs mpotsrom 10 116, micias 4oro MpOMHUBAIHU ITiJT
THUCKOM JMCTUIBLOBAHOIO BOJOIO OJM3bKO FOJUHHU, 1110 TAKOXK CIPHUSIO BUMUBAHHIO 13
MeMOpaH NPUPOTHUX OPTaHIYHUX CIOJYK, SIKI MOXKYTh BIUIUBATH Ha SIKICTh BOJIH.

JocaimkeHHs: 301HCHIOBATM 3 BUKOPHCTaHHAM Boau p. JHinmpo (Bomozabip
JIHIMPOBChKOT  BOMOMPOBIAHOI  cTaHIlii). JIms eKCrmepuMeHTIB  3aCTOCOBYBAJIA
nochmigHy — OapoMeMOpaHHY  YCTaHOBKY, SIka  IpalioBajla B  MPOTOYHO-
PELMPKYISALUIAHOMY PEKUMI.

3aranpHuit BMIiCT Gepymy (Fesar) y BOJI BU3HAYAIM METOIOM KOJOPHMETPIi 3
CyIb(pOCATIIMIOBOI0 KKCI0TOK [3], BMicT MN — aTOMHO-aOCOPOIIHUM METOI0M
[4]. KanamyTHICTh BOJAM BUMIpPIOBAIM (POTOMETPUYHHM METOJIOM 32 CTaHIAPTHOIO
metoaukoro [5]. Tutomy npoaykTusHicTs (Jv, M3/M%T01) MEMOpPaHU PO3PAXOBYBAIH
3rigHo [6]:

PesyabTatn. B Tabn. HaBeaeHO pe3yiabTaTH OYMIIEHHS Boau p. JHinmpo
MIKpOGDUTBTPAIIITHOIO IEPEBHOI0 MEMOPAHOIO B 3AJIEKHOCTI BiJI TPUBAIOCTI OOPOOKH
(7) npu pobouomy trcky 0,2 MITa.

Ax BuaHO 3 Tabn., B mpoleci (QpuUIbTPyBaHHSAKAIAMYTHICTh IepMeaTy pi3Ko
3HIDKYETHCSI BXKE MPOTATOM TEPIINX 2-X TOAWH, TOCATAIOYN MPAKTUYHO MOCTIHHOTO
3HAYEHHS, SIKE € HW)KYMM BiJl HOPMATUBHUX 3HAYEHb I[bOTO MOKA3HUKA JJIi MUTHOI
Boau [7]. IlapanenbHO 31 3HIDKEHHSM KaJaMyTHOCTI IMPOTATOM JBOX TOJWH BiJ
moyatky (UIBTpYBAaHHS BOJIU CIIOCTEPITa€ThCs TAKOXK 3MEHIIEHHS B TiepMeari
KOHIeHTpanii 3amiza mo 0,1 mr/aM3, IO € HWKYAM HiK TPAHUYHO JOIYyCTHMA
xonnenrpauis ([IK) nporo xommomenra y mnwmrHid Bomi (0,2 mr/mm®) [7].
Konnenrpariiss Manrany B mepMeari 3a BKa3aHHIl Tepioj] MOCTYINOBO 3HIKAIach
OpOTAroM mojaibinoi  06podku (mo 0,21 wmr/mm®). Ilpu 1upoMy murTOoMa
POAYKTUBHICTh MEMOpPAaHU B IIpoLeci (PUIbTPYBAHHS Pi3Ke Majaia MpOTAroM Mepuioi
roguuu  o0pobku (3 0,62 mo 025 m¥/M?rTom) Ta B MONANBIIOMY MOBIIBHO
3MEHIIlyBajacs, 0 MOB’s3aHO 3 (OPMYBaHHAM Ha TOBEPXHI TPYOKH 3 J€PEBUHU
JUHAMIYHOI MEeMOpaHH 13 3aBUCIMX PEYOBMH Ta MAJIOPO3YMHHHUX CIOIYK 3aii3za 1
MaHTaHy.
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Tabnuis. — Pe3yabTaTtu ouunieHHsi Boau p. JHinpo mikpodinsTpaniiiHumMn
JepeBHUMHU MeMOpaHaAMHU

.. rox Kaﬂi{hﬁgﬁécm’ Mn, mr/mm® Fésar,, MI/aM° Jv,M% (M?Ton)
1 2 1 2 1 2 1 2
0,017 0,85 0,85 0,28 0,28 0,22 0,22 0,62 1,82
1,0 0,41 0,3 0,24 0,21 0,12 0,12 0,25 0,76
2,0 0,3 0,3 0,24 0,20 <0,1 <0,1 0,23 0,71
3,0 0,3 0,3 0,24 0,14 <0,1 <0,1 0,22 0,70
4,0 0,3 0,3 0,24 0,14 <0,1 <0,1 0,21 0,66
5,0 0,3 0,3 0,24 0,14 <0,1 <0,1 0,21 0,63
6,0 0,3 0,3 0,22 0,14 <0,1 <0,1 0,20 0,61
7,0 0,3 0,3 0,22 0,13 <0,1 <0,1 0,20 0,60
8,0 <0,3 <0,3 0,21 0,13 <0,1 <0,1 0,19 0,59
10,0 <0,3 <0,3 0,21 0,13 <0,1 <0,1 0,19 0,59

IIpumimka: CoAl(II) — 1,18 mr/mv3;, P — 0,2 MIla. 1 i 2 — mnporec
3IiMICHIOBaBCS, BiAMOBiAHO, 0e3 koarymsaty (pH 7,8) i 3 momaBanHsAM cynbghaty
amomisito (pH 7,4)

OpepxaHl pe3ysbTaTh CBIAYATh MPO T€, MO Bojaa p. HINPO MICTUTH NMEBHY
KUIbKICTh MaJIOPO3YMHHUX (OpM 3aili3a Ta MaHTaHy, siKi €PEeKTUBHO 3aTPUMYIOTHCS
MikpoduUIbTpaliiiHor0 MeMOpaHorw. HenocraTHii cTyniHb O4MILeHHs Boau p. JHIIpo
Bix cnonyk wmanrany (I'JIK0,05 wmr/mv3) moB's3anmii, BiporigHo, 3 MHOPIBHIHO
HU3BbKOIO KOHIeHTpamiero y Boai crnonyk Fe(Ill), sxa € HemoctatHbOrO Jist
dbopmyBaHHS €(PEKTUBHOI TUHAMIYHOT MEMOpaHH, 3/1aTHO1 3a0€3MEYUTH KaTaliITUUHE
OKHCHEHHsI po3unHHUX crmoayk Mn (Il) 1o mamopo3unHHUX (HOpM 3 MOAAIBIIOI 1X
3aTPUMKOI0 B mporieci MikpodinbTparii. MoxHa NPUITYCTUTH, 10 BHIIA
KOHIIEHTpAIlisl CHOJYK 3aji3a y BoIl (IO MOXE CIOCTEPIraTucs MPOTSITOM POKY)
cpusiTdMe OuTbIl TIMOOKOMY BHJAAJEHHIO CcHoiayk Mn B mporeci oOpoOku
MIKpO(UIBTPALIIHOIO JEPEBHOI0 MEMOPAHOIO.

JlocnmipkeHHsT BIUIMBY HEBHCOKMX KOHLIGHTpAIld KOArylsiHTY Ha TIpoLec
OYMIIIEHHS JHINPOBCHKOI BOAM JIEPEBHUMH MeMOpaHaMHU 3MA1HCHIOBAM LUIIXOM
nomaBaHHs y Buximny Boxy 7,5 Mr/mmPAlx(SOs)s. Ta 3a yMOB, aHaNIOTiYHHX
JIOCJIIIPKEHHIO MPH MOT0 BIICYTHOCTI (Tadml. ).

Bcranosneno, mo nonasanus Al2(SO4)3 He BIuMBae Ha pe3ylIbTaTH OYHIICHHS
PIYKOBOI BOJIM BiJ] 3aBUCIMX PEYOBUH Ta CIIOIYK 3aii3a. Y TOM K€ yac KOHIEHTpAIlis
MaHraHy B [€pMeari IOCTYIIOBO 3MEHIIYEThCS MPOTATOM BCl€l TPUBAJIOCTI
excriepuMenty (3 0,28 o 0,13 mr/am3), 10 CBIAUMTE PO CYTTEBY POJIb IUHAMIUHOI
MeMOpaHu y BUJAJIEHHI CIIOJIYK BKa3aHOIO €JIEMEHTY 3 BOJAU. B mpHCyTHOCTI
Al>(SO4)3 30epiraeTbcst TAKOK XapaKTep 3MIHU MUTOMOT MPOTYKTUBHOCTI MEMOpaHH.

Onnak, mpu o0poOIi AHINPOBChKOI Boau 3 jgomaBaHHAIM Alx(SOs)s muToma
MPOAYKTUBHICTh JIEPEBHOI MeMOpaHu y ~ 3 pa3u TMEpeBHINYE aAHAIOTIYHY
XapaKTEpUCTUKY IJIsl BUMAAKYy OOpOOKM Yy BIICYTHOCTI KoaryiasiHTy. OueBHIIHO, 3a
3a3HAYEHUX YMOB HE CIOCTEpIraioch 3aKyIMOPIOBaHHS APIOHUX MOp MEMOpPaHHU, 1110
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OOYMOBJICHO YTBOPCHHSM IIOPIBHSAHO BEIMKHX 4YacTOUOK rimpokcocmonyk Al(III).
[Ipu npomMy BinOyBajocs Takok (popMyBaHHS AMHAMIYHOI MEMOpaHU 13 OULIBIIAM
PO3MIPOM MOP, HIK Y BUMIAAKY BIJICYTHOCTI KOAT'yJISTHTY.

TakuM 4YWHOM, OJlep)KaHI HaMHU PE3yJIbTaTH MIATBEPKYIOTh HasBHI B
JiTepaTypl  JaHl  IIOJO0  MNEpPCHEKTHMBHOCTI  BUKOPUCTAHHS  T1OpUAHOTO
(xoarynsiis/MiKpodUIBTpaIlis) MPOIIECY 3 METOIO0 3MEHIIIEHHS 3a0py/THEHHSI MeMOpaH
Ta MONEPEKEHHsI MaJiHHS TPAaHCMEMOPAHHOIO MOTOKY (MiABUIIEHHS pPOOOYOro
TUCKY) B Ipoueci MiKkpoUIbTpaiiHOT OUUCTKH BOJIU.

BucnoBku. Ilokazana MOXIUBICTh €()EKTUBHOI OYHCTKHM PIYKOBOI BOJHU
HUIAXOM 1i (UIBTpYBaHHS 4Yepe3 JIepeBHY MeMOpaHy, 10 OOYMOBJIEHO CTE€PUUYHUM
MEXaHI3MOM 3aTPUMKH JIOMIIIOK MeMOpaHOI0 3 OJHOYACHUM (HOPMYBAHHIM Ha
MOBEPXHI OCTAHHBOI JOJAATKOBOTO 3aTPUMYBAJIBHOTO IIAPY Y BUTISAAI JUHAMIYHOI
MeMOpaHH 13 3aBUCIIMX PEYOBHUH, I'lJIPOKCOCIONYK 3aili3a Ta MAJIOPO3YMHHUX CHOIYK
MaHraHy. [linTBepmkeHO  MEpPCHEKTUBHICTh  BUKOPUCTAHHA  TiOpUAHOTO
(rkoarymsmis/MIKpo(UIBTpaIlisi) TMpolecy 3 METO 3MEHIICHHS 3a0pyaHEHHS
JEpeBHUX MeMOpaH MeMOpaH Ta TMOINEpeHKeHHST NaJiHHA TPAaHCMEMOPAHHOTO
MOTOKY.
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Tuning selectivity for perchlorate determination in water and soil extracts
Yuliya Mazna, Oleg Zuy
A.V. Dumansky Institute of Colloid Chemistry and Water Chemistry
of NAS of Ukraine, Kyiv, Ukraine

Introduction. The detection, identification and quantification of perchlorate in

water and soil is of great importance because this anion can cause problems for hu-
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man health and persists for a long time in the environment. It has been proven that
perchlorate anion (ClOys) interferes with the work of the thyroid gland, especially in
children.In Ukraine, the content of perchlorate in drinking water is regulated at the
level of 0.01 mg/dm? according to Ukrainian State Standard (DSTU) 7525:2014. Per-
chlorate has been found at concentrations of 0.18 uM or higher in lakes, rivers,
springs, and soils in different countries. In Ukraine, the sources of perchlorate enter-
ing natural waters and soils are explosive works and military activities.Due to the fact
that perchlorate ions are inert and do not form stable complexes with metals, it is not
easy to determine them quantitatively. Perchlorate ions may form ion associates with
basic organic dyes, as well as with cationic surfactants and metal chelates — with
components that have large dimensions. Reaction products are sparingly soluble in
water, often soluble in organic solvents. Therefore it is obvious to use ion associates
for quantitative perchlorate determination. However many water constituents may
interfere with the determination and need to be separated.

Materials and methods. Membrane nitrocellulose filters with pore size 0f0.45
uM were used throughout, solid phase extraction (SPE) cartridges Strata SDB-L
(Phenomenex), sorbents Accu Bond C18 (Agilent Technologies), Supelclean ENVI-
Chrom P (Supelco) and cationic surfactants — tetrabutylammonium chloride,
cetyltrimethylammonium bromide, decyl- and dodecyltrimethylammonium bromide,
sodium dodecylsulfate (Fluka), acetone (Reagent Grade), Copper (Il) sulfate, hy-
droxylamine sulfate, acetate buffer 0.2 M as to acetic acid and to sodium acetate, cu-
proin, chloroform (Reagent Grade), luminol (Reagent Grade), KOH of special purity.
The work was carried out with portable luminometer Triathler (Finland), diffuse re-
flection photometer PocketSpec (USA). Diffuse reflection spectra were registered
with Shimadzu UV-2450 spectrophotometer (Japan).

Results. When using the ion associates Co(ll)-phenanthroline-perchlorate,
Co(ll)-bathophenanthroline-perchlorate, Fe(ll)-phenanthroline-perchlorate, Fe(ll)-
bathophenanthroline-perchlorate, the maximum sensitivity of ClO4 determination is
achieved only in the case of using toxic nitrobenzene as an organic solvent.When us-
ing the Cu(l)-cuproine-perchlorate ion associate, twice the sensitivity of ClO4 deter-
mination can be achieved by recording the diffuse reflection spectra of the concen-
trate on a sorbent — a membrane filter using CHCIs as an organic solvent.However,
the reaction of Cu(l) cuproinate with ClO4 is not selective — determination of per-
chlorate is hindered by ClI-, NOs", CNS, Br, I'. In this regard, an attempt was made to
use the preconcentration of ClO4 from the aqueous medium in the form of an ion as-
sociate with a perchlorate-selective cationic surfactant — decyltrimethylammonium,
and then to apply sequential elution from the sorbent to separate interfering spe-
cies.Separation of ClO4 from interfering ions with its simultaneous preconcentration
can be achieved by choosing a sorbent and modifying the latter with an ion-pair rea-
gent selective for perchlorate, as well as by varying the elution conditions. Control of
the completeness of ClO4 elution was carried out by the photometric method with
copper cuproinate. The following sorbents were tested for perchlorate preconcentra-
tion: Accu Bond C18, Supelclean ENVI-Chrom P and Strata SDB-L. Separation of
perchlorate from interfering contaminants with simultaneous preconcentration was
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achieved by choosing a sorbent that had a sufficiently high capacity relative to the
ion-pair reagent, as well as by dynamic modification of the sorbent with an ion-pair
reagent selective for perchlorate and, in addition, by varying the elution conditions.
Tetrabutylammonium chloride, cetyltrimethylammonium bromide, and decyltrime-
thylammonium bromide were investigated as ion-pair reagents. However, the indicat-
ed ion-pair reagents can also form ion associates with a number of other anions,
which interfere with the determination of perchlorate, i.e. not only perchlorate anions,
but also other anions present in water or soil will be preconcentrated on the cartridge
with a sorbent. To elute interfering anions from the sorbent, dilute solutions of the
ion-pair reagent in water or in water with an admixture of an organic solvent can be
used. It was established that decyltrimethylammonium is more selective than tetrabu-
tylammonium and cetyltrimethylammonium in relation to the sorption preconcentra-
tion of ClO4 and at the same time to the elution of other anions present in water, soil
and, accordingly, in the concentrate. Among the sorbents tested, the Accu BOND C18
cartridge retained little ion-pair reagent and did not retainsignificant amounts of Cl104
. The Supelclean ENVI-Chrom P cartridge quantitatively retained decyltrime-
thylammonium bromide and preconcentrated both ClOs and ClO4. The concentration
variation of the ion-pair reagent decyltrimethylammonium bromide was also studied.
It was found that for the modification of the Supelclean ENVI-Chrom P sorbent, it is
optimal to pass 0.5 cm?® of a 5x10-2 M solution of this ion-pair reagent.

When choosing an eluent for the selective elution of perchlorate ions from
sorbents in the form of an ion pair of ClOs with decyltrimethylammonium, we took
into account that the analytical form of perchlorate under study — the ion associate of
decyltrimethylammonium with C1O4— is a large, highly polar molecule, thereforewe
tested as eluents highly polar organic solvents characterized by high values of the
dipole moment — ethanol, acetone, acetonitrile, and others. Thus, the dipole moments
of ethanol and acetone, respectively, are equal to 1.7; 2.95; we used their mixtures
containing the ion of the same kind (cationic surfactant) of various concentrations, as
well as mixtures not containing the latter.When using Accu Bond C18 and Supelclean
ENVI-Chrom P sorbents modified with decyltrimethylammonium, joint sorption of
ClOs and ClOy4 ions, which have close sorption capacities, was observed, as well as
sorption of other interfering anions present in environmental objects. Aqueous etha-
nol solutions of various concentrations were used as eluents. At low concentrations of
ethanol in water, some chlorate remains in the concentrate along with the perchlorate
on the column. When using a 30% solution of ethanol in water, a significant leakage
of perchlorate into the eluate, which contained displaced chlorate, was observed.
Thus, complete separation of ClO3 from ClO4 was not achieved under these condi-
tions.When using a 2x10 M solution of tetrabutylammonium chloride in a mixture
of 80% water and 20% acetonitrile as an eluent, almost quantitative elution of ClOs
was observed, and at the same time about 15-20% CIlO4 was eluted. Perchlorate,
which remained in the amount of ~80%, was completely extracted with 2-3 cm?® of
96% ethanol.

For comparison, the Phenomenex styrene-divinylbenzene sorbent - Strata
SDB-L was studied. A column filled with 3 cm?® of this sorbent had increased reten-

tion characteristics. It turned out that it is capable of quantitatively retaining the ion-
41



pair reagent decyltrimethylammonium bromide. Through it, after modification with
decyltrimethylammonium, it was possible to pass up to 1 dm?® of a water sample
without noticeable leakage of ClOy4".

As a result of comparing the chemical and analytical characteristics of different
sorbents (Accu Bond C18, Supelclean ENVI-Chrom P and Strata SDB-L), we chose
the sorbent Strata SDB-L, which had the highest retention characteristics. For condi-
tioning the sorbent, it was optimal to use 3-4 cm® of 2.5x102 M decyltrime-
thylammonium bromide when passing a sample of 50-400 cm?3.For selective elution
of interfering ions, including C10s", 4-6 cm?® of 2.5x10° M decyltrimethylammonium
bromide in a mixture of 15% acetone — 85% water were used. The CIO4 concentrate,
which remained on the column in the form of an ion associate (ClOg4-
decyltrimethylammonium+), was quantitatively extracted with 3 cm? of acetone.

Anionic surfactants that interfere with the determination of perchlorate may be
present in natural waters and soils. These pollutants can be separated, for example, by
passing water or soil extract through a polymeric reverse-phase sorbent. Experiments
have shown that it is advisable to use an unmodified sorbent for the separation of a
model anionic surface-active substance — sodium dodecyl sulfate; for this purpose, a
cartridge with a Supelclean ENVI-Chrom P sorbent was used, and for comparison, an
unmodified sorbent SDB-L.Known amounts of sodium dodecyl sulfate were added to
the soil extracts that did not contain perchlorates, and these solutions were passed
through the above-mentioned sorbents. Residual amounts of anionic surfactant were
determined by the standard method with the Methylene Blue reagent. In another se-
ries of experiments, both sodium dodecyl sulfate and perchlorate were added to the
soil, and water extracts were again prepared. It was found that sodium dodecyl sulfate
with a concentration of 20 mg/kg was separated on both sorbents quantitatively with
an error of determination of ClO4 6—7% at a perchlorate content of 10 mg/kg of soil.

Conclusions. Using the Strata SDB-L sorbent and the eluent of the optimized
composition, complete separation of perchlorate from most anions that are usually
present in natural waters, as well as from chlorate, which has similar retention charac-
teristics to perchlorate, was achieved. This is a satisfactory result for the waters, as
well as for the soils of the black soil zone of Ukraine.

YK 502.51:502.172
IIporuo3yBaHHs1 3MiHM €KOJIOTiYHOI 0 CTAHY OBEPXHEBUX BOJHHUX 00’ €KTIB 3
YPaxXyBaHHSIM BIUIMBY BHIIIEPO3TAIIOBAHUX NMPHUTOKIB
!Cgitnana Kopanenko, Poman ITonomapenko, 2Esneonopa Japmodan
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Beryn. Ilix wac momepeaHix MOCTIIKEHb SKOCTI BOJM IOBEPXHEBUX BOJTHHUX
00’exTiB OaceitHy J{Himpa BUSBIECHO TEHACHINIO JI0 TMOTIPIICHHS €KOJIOTTYHOTO CTaHy
piuku JlHinpo. [IpuauHOO CIyrye TEXHOTCHHE HABAaHTAKEHHSI, a TaKOX JIOJaTKOBO

BIUIMBAIOTH JIIBI TMPUTOKW. AHaNI3 EKOJOTIYHOrO CTaHy JIBUX MpUTOK JlHimpa
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MOKa3aB, 10 ICHY€ IEBHUI BIUIMB TeOorpaiuHO BUINEPO3TAUIOBAHUX MPUTOK Ha
po3ramioBaHi Huwx4e. Jlisg migTBEpIKEeHHA a00 CHpPOCTYBaHHS L€l TinoTte3u Oynu
noOy/moBaHi 130J1iHII KOHIIEHTpAIlli XJIOpUIIB Ta Cyiab(}ariB 3a JOMOMOIOIO
nporpamMHoro 3a0e3neyeHHs A reoiHQOpMAaliMHUX CUCTEM, K€ 3HAXOAUTHCA Y
BiakputomMy goctymi QGIS (Quantum GIS — https://www.qgis.org/) Ta 3ailiCHEHO
MOIIYK KOPEJAIINHUX 3aJIeKHOCTEH. 3a JOMOMOTO0 OTPUMAaHUX PE3yibTaTiB OyIio
BCTAHOBJICHO, M0 iCHYIOTh BHyTpimHi Tewii [1, 2]. Bim Bmicty Boau B IpyHTI
3aJIeKUTh 1HTEHCUBHICTh MPOTIKaHHS B HIM OIlOJOTIYHUX, XIMIYHHX Ta (I3UKO—
XIMIYHUX TPOIECIB, MEPECYBaHHS PEUYOBUH 1 (HOPMYBaHHS IPYHTOBOTO MHpOdiJio,
BOJHO—TIOBITPSIHUM, TOXUBHUKA 1 TEIJIOBUH pexuMu, 1i  (PI3UKO—MEXaHIuHI
BiacTuBOCTI. i 9ac HaAXOMKEHHS BOM Y TPYHT CIIOYATKY BiZIOYBA€ThCs MTOTJIMHAHHS
1 TIPOXOIKEHHS 11 B OAHOTO IMapy M0 IHIIOro, HeHacWdeHoro Bomoro. [limani i
CYIIIIaH1 IPYHTH OUIBII MPOHKUKHI JJ1s1 BOAU, HIK CYTJIMHHI 1 TJIMHUCTI.

Marepiaan ta MeToau.OCKUTbKU OLIBIIICTh MPUPOIHIX MPOLECIB, TAKUX SK
1H(IBTpalis, po30aBIEHHS BOJ, CAMOOUMILEHHS PIYKU Ta 1HIII, SKI MOXHA OMHCATH
EKCIIOHEHIIaJIbHUM 3aKOHOM, TOMY IPOIIEC BIUIMBY BUIIEPO3TAIIOBAaHUX MPUTOK Ha
pO3TaIIoOBaHi HIKYE JOIUILHO PO3IIISAIaTH Ha OCHOBI CaMe TaKoi MOJETi.

OyHKITIOHATbHA 3QJICKHICTh MAaTUME BUTJISI:

y=a-e”, (1)
ne a — KoedllieHT, KU XapaKTepus3ye BIUIMB T'E€OJIOTIYHOI CKJIaJ0BOi, CTYMIHb
HEJIOOYMIIICHOCTI CKHIIB Yy MICISIX TPOTIKaHHS MNPUTOK; D — koediieHT, sKuit
XapaKTepu3ye TPOIYCKHY 3/IaTHICTh (MPOHUKIUBICTH) TPYHTIB, SIKa 3aJCKUTh BiJ
CKJIay, CTPYKTYPHOCTI, BMICTY OpraHI4HOI pe4OBUHU TOIIO. [[pOHUKIUBICTH rpyHTy
3a0e3neuye TepecyBaHHS BOAM B TIPYHTI, BOJONPOHUKHICTH 1 BOJOMIA €MHY
3MaTHICTh;, X — (haKTUYHE 3HAYCHHS KOHIICHTpAIil 3a0pyAHIOI0YOi PEYOBHUHU Y
BUIIEPO3TALIOBAHIN PUTOL, MI/aM>,

3riiHO 3 TEOPIEr0 UMOBIPHOCTI Ta 3aCTOCYBaHHS KPUTEPIiB MEPEBIPKH TIMOTE3 PO
BUJl CTaTUCTUYHOrO po3moairy Oyimo obpaHo kputepii Kommoroposa-CMmipHOBa
(MOXJIMBO 3aCTOCYBAaTH, y pa3l SKIIO KUIBKICTh CIOCTEpEKEeHh HEoOMexeHa 1
HeBnopsiikoBana) Ta Lllepmana (3acTocyBaHHS MOIIMBE MPHU HEBIOPSIKOBaH1M BHO1pII
Ta IUCTIEPCHUX JaHUX BUOIpKHU) [3].

Sk Mipa po30DKHOCTI MK €MIIPUYHUM 1 TEOPETUYHMM 3aKOHAMH PO3MOALTY
BHOpaHO MakcuMaibHE 3HaueHHS D Momynst pi3HHII MDK EMIIPUYHOI0 (PYHKIIIE0

posmominy F(X) i BUOpaHO TeopeTHdyHO0 (YHKIIEO Po3mominy F'(x) 3a KpuTepiem
KomvoropoBa-CmipHOBa:
D:rmx‘FT (x)—F(x)‘. )

Hezanexuno Big BUTISAY nepeadadyBaHoi (QYHKINT pO3MOALTY HENEepepBHOL
BUIIaJIKOBOI BEJIMUMHU X y pa3i HEOOMEKEHOro 30UIbIIEHHS KUIBKOCTI HE3aJIeKHHUX
BUMIpPIOBaHb N IMOBIPHICTh HEPIBHOCTI HAOIMKAETHCS IO MEXI HMOBIPHOCTI , 1110
JIOPIBHIOE:
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Jie N — KUTBKICTh CIIOCTEPEIKEHbD.
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0,2431\5(1— j

T

ac u=

3a yMOBH Wp<up 3 JOBIpYOKO HMOBIpHiCTIO P rimoTe3a eKCIOHEHI[IHHOCTI
MPUIMAETHCS (Up— TaOIMYHE 3HAYEHHS). BiATBOPIOBAHICTh HOCIIIIB OYII0 NMEPEBIPEHO

3a kputepieM CThrozieHTa [3]

®)

Je s° — JUcrepeisi cepelHiX 3HAa4yeHb, x-y — PI3HHIH CEpEeHIX 3HAYeHb BUOIPKU;

. o . N
40,05; fy )~ TabinyHe 3HaueHHs kputepito CtbiojieHTa npu 5%-My piBHI 3HAYMMOCTI;

fy =n—1 — YHUCJIO CTYIEHIB CBOOOIH.

PesyabTaTn.llpouiec BBaXaeTbCs BIATBOPIOBAHUM 332 YMOBU BHKOHAHHS
HepiBHOCTI (5), Toml K Oyab-sike 3HaueHHs! CThIOJIEHTa, SIKe OTPUMAHO PO3PaAXyHKOBUM
OUISIXOM 32 JaHWMH  EKCIEPUMEHTIB, MEHIIe HOoro TabJMYHOTO 3HAYCHHS

(t(0,0S; fx):1’95996)'

Otpumani pe3ynabTaTd 3a KputepieM Kommoroposa-CwmipnoBa ta Illepmana
BKa3yIOTh Ha T€, IO MOKA3HUKH, IO JOCTIKYIOThCS BIAMOBIIAIOTE HOPMATLHOMY
3aKOHY posnoaury. Pesymbrati pospaxyHky kputepito CTbIOACHTa JO3BOJISIOTH
CTBEP/KYBATH, 1110 T1IIOTE3a €KCIIOHECHIIIMHOCTI HE BIAXUIIAETHCS, TaK SIK pO3paxoBaHi
3HAYCHHS KPHUTEPiiB MeHIui TabaudyHoro. MIMOBIpHICT TOro, MO IPOLEC BILIUBY
PO3TAIIOBAaHMX BHWINE MPUTOKIB HAa HUKYEPO3TAIIOBAHI 32 MOCTAMHU CIIOCTEPEKEHD
MO>XKHA OMUCATH €KCTIOHEHIIIaIbHUM 3aKOHOM CKiajae oinbiie 95%.

BucnoBku. IlobynoBana maremMaTHdHAa MOJENTL JO3BOJIIE TPOTHO3YBATH
BILJIMB BHUIIIEPO3TANIOBAHUX MPHUTOK Ha PO3TamIoBaHi Hk4de. OTpuMaHi pe3ynbTaTh
po3paxyHky kputepito Kommoropoa-CmipnoBa Ta Illepmana m03BOJSIIOTH
CTBEP/KYBaTH, WO JOCIIJKYBaHI JaHl BIANOBIIAIOTh HOPMAJIBHOMY 3aKOHY
posnoainy. Po3pobieHa Moaens MporHO3yBaHHS €KOJOTIYHOTO CTaHy MOBEPXHEBUX
BOJHUX 00’€KTIB cyObOaceiiHiB [[Hinpa € HaaIiHOIO Ta €PEKTUBHOIO, a TAKOXK MOXKE
OyTH BHpOBa/pKEHA IIiJT Yac PO3PAXYHKIB PHU3UKY BUHUKHECHHS HaJI3BUYAMHUX
CUTYalllii TPUPOTHHOTO 1 TEXHOTEHOTO XapaKTepy, OCKUILKH PO3paxoBaHl 3HAYCHHS
kpuTepis CThIOJICHTA MEHIIN 32 HOro Ta0JIMYHE 3HAYCHHS (t(o,os; fx)=1’95996)'
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Beryn. Boja xapakTtepu3yeTbcs  CKJIQAOM Ta  BJIACTUBOCTAMHM, KOTpI
BU3HAYAIOTh 11 MPHUIATHICTh JUII KOHKPETHHUX BHIIB BOJOKOpPUCTYBaHHA. OIliHKa
SKOCTI BOJAM 3MA1MCHIOETHCS 3a O3HAKaMH, SIKI BUOMPAIOTHCA Ta HOPMYIOThCS B
3aJIeKHOCTI BiJl By BOJOKOpUCTYBaHHS. B YkpaiHi 10T HOPMAaTHBHI JOKYMEHTH,
K1 BU3HAYAIOTh IPAHUYHO JOIYCTUMI KOHIIEHTpAIlii TUX YU 1HIIUX KOMITOHEHTIB. Lli
HOPMOBAaHI BMICTH BIIPI3HAIOTHCS AJISl PI3HUX TUMN BOAU (MIUTHI, TOBEPXHEBI, AJIS
prOorocnoaapchKoro KOPUCTYBaHHS, 3pOIIYBalibHI, 37IMBHI BOAU Ta 1H.).

B naniii po60TI 3a1poIIOHOBAHO KOMIUIEKC METOAMK 1010 BU3HAUECHHS IEIKUX
TOKCHYHUX PEYOBUH Y BOJAX.

Marepianu i meroau. Y poOOTI BUKOPHMCTOBYBAJU METOAM MOTEHLIOMETPII,
eKCTpaKIlii, cekTpooTomMeTpii, criekTpotoMiHeclieHii. Bci peakTuBy BiAmoBiiaiu
KkBaTidikalii 4./1.a.

PesyabraTn. Ilokazano, mo 2,4,5-TpuxiiopxjopdeHOKCIONTOBa KHUCIOTa
(2,4,5-T) 3 nmomimeruHoBUM OapBHUKOM actpadiokcun FF (A®D) yrBoproe ioHHUN
acouiatr (IA)[1].0tpumani IA nocuTh 100pe eKCTParyrOThCs PI3HUMHU apPOMATUYHUMU
BYrieBoAHAMU. MakcumanbHe BuiydeHHs [A 3 BoaHoi (pa3u pocsraetscs npu pH
4,5-12,0. BuBueHo BIUIMB KOHLIEHTpaLlii OapBHUKA HA ONTUYHY I'YCTUHY TOJIYOJIbHHUX

eKCTpakTiB 10HHUX acomiatiB 2,4,5-T 3 AD. Exctpakiist A nocsarae MakcuMalibHOTO
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3HAueHHs Opu KoHieHtpaiii Gapsauka (1,5-3,0):10* M. PiBHoBara ekcrpakiii
nocsiraethess 32 50-60 c. Crexiomerpito [A 2,4,5-T 3 A®D BCTaHOBJICHO
CHEKTPO(POTOMETPUYHUMH METOJAMH 130MOJISIPHUX CEpiii Ta 3CyBy pIBHOBAru;
CHIBBIIHOIIICHHS! KOMIIOHEHTIB CKkjaaae 1:1. 3ampornoHOBaHO cXeMy YTBOPEHHS Ta
ekcrpakiii IA. YMoBHHI MomsipHuii KoedimieHT mormuaanss [A cranosuts 1,2-10°.
['panyroBanbHUM Tpadik 3aI€KHOCTI ONTUYHOI TYCTUHU €KCTPAKTIB BiJl KOHIIEHTpAIlil
2,4,5-T omnucyerbcsi piBHsHHsAM Tmipsimoi 4 = 0,012 + 0,062¢ B iHTepBaii
xounentpanii 1,50-58,07 mxr/cm® 2.4,5-T. Mexa Busiienns 2,4,5-T, po3paxoBaHa
3a 3s-kpurepieM (n = 5, P = 0,95), cranoButh 0,8 wMmkr/cm’. OwiHKy
BHYTPIITHbOIA00PATOPHOI PO301KHOCTI MOOYIOBU TpaayroBaIbHOTO Trpadika s
BU3HAUYCHHSI  2,4,5-TpuXJIOPXJIOp(HEHOKCIONTOBOI  KWUCIOTH  TPOBOAWIM i3
3actocyBaHHsIM kputepito Koxpena (G). Po3paxoBane 3Ha4eHHS 1IbOTO KpUTEPito (7
= 5, P = 0,95) menme 3a tabmmuHe 3HAYEHHSA Gpospax = 0,25 <Grasn = 0,64, 1m0
CBIIUUTh TIPO OFHOPIIHICTH Jaucrepcii. Po3pobieHa MeTonuKa eKCTpaKIiiHO-
($boTOMETPpUYHOrO BU3HAYEHHS 2,4,5-TpUXJIOPXIOPPEHOKCIONTOBOI KUCIOTH Y BOJII Ta
JOHHUX BiIKIaaeHHIX[1].

3anponoHOBaHO Ta CHHTEe30BaHO HoBuiixemoceHcop (XC) s BU3HAUYCHHS
Cu(Il).Ycranosneno ontumaibhi ymoBH B3aemoiiCu(Il) i3 XC.

(H.C,HN 0 NH(C,H5)

O 5

MaxkcuMmanbHe 3HAYEHHAAHAITHYHOIO CUTHATY Jocsaraerbes mpu 2107
Moins/1 XC Ta pH 4. BusBiaeHo, 110 BBEICHHS YpeakililiHEe CepeOBUIIEC
allCTOHITPUIIYMIOKpAIILye  BIATBOPIOBAHICTh  CIEKTPAIbHUX  TaMETPOJIOTTUHHMX
xapaktepuctuk. [lokazano, mona anamitnynuid curHan Cu(ll) He BruMBarOTh3HAUHI
kinbkocti  Cs(I), Na(l), Li(I), Mg(Il),Ca(Il), Ba(ll), Mn(II), Ni(Il), Co(II) Ta
1HIT110HU. B onTUMansHUX yMOBaxX B3a€MOIIMOOYA0BaHI TpayloBaIbHI rpadiku, 1m0
miHiHIGO 2 MKr/miu ioHiB Cu(ll) y po3umHi 100MUCYHOTHCS PIBHAHHSAMH:A =
0,0556+0,1214-Ccyaynipu A = 638 am TaA = 0,0018+0,1884 1 Ccyanyipu A = 520 HM.
Po3pobniena meronnka BuznaueHHs Cu(ll) y Bogax [2].

3anponoHOBAHO Ta CUHTE30BaHO HOBHiITXxemMoceHcop 11 BusHaueHHs Fe(IIl).

(C,Ho)N 0 N(C,Hs),
OH

_NN=CH
C‘bo

0,Na
VYcranosneno ontumanbHi ymMoBu B3aemoniiFe(Ill) 13 XC. MakcumanbHe
3HaYEHHAAHAIITUYHOTO CUTHAITY crioctepiraethes npupH 4 Ta (1,0-1,6)%10-4 Monb/n
XC. BusBnieHo,lo BBeACHHS Yy peakiliine cepeposuiie g0 20 %ameToHITpUITY
MOKpAIlye BIJTBOPIOBAHICTHCIIEKTPAIIbHUX Ta METPOJIOTIYHUX XapaKTEPUCTHK.
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[Tokazano, mo Ha aHamiThuHui curHanFe(Ill) He BmaMBaIOTH 3HAYHI KUIBKOCTI
Cs(I),Na(I), Li(I), Mg(II), Ca(II), Ba(II), Mn(II),Ni(II), Co(II) Ta inmIi ioHU.

B onTumanpHuUX ymoOBax B3a€MOAIINOOYIOBaHUN TpajyloBajJbHUN Trpadik,
moniHiauid g0 3,2 mxr/mu Fe(Ill), mo ommcyetscspiBHsHHSIM A = - 0,22545 +
0,19733-mFe(Ill) TaTtect-mikany. Po3pobiena meroguka BuzHaueHHsFe(Ill)y Bomax

[3].
3anponoHOBaHO HOBI xemoceHcopu s BuzHaueHHs [{unky(Il). Omucano
cunre3 PCEO Tta PCT'O.

N
v Loy
- HO M=

[TokazaHo, 110 MOCHIJIKEHI peareHTH € e(EeKTUBHUMU XEMOCEHCOPAMH IS
Bu3HaueHHs [luHKy. VY CHHXpPOHHUX CIEKTpax JIIOMIHECHEHLII MaKCUMYyMHU
JIOMIHECIICHIIIT 3HaXOAAThCs TpH JoBkuHax XBuJib: i1 PCEO npu: 468 uMm; 450 HM,
490 am Ta 532 vm; qua PCI'O mpu: 350 mm; 370 Hm Ta 411 HM. Makcumymu y
CreKkTpax 30yKeHHs JroMiHecueHmii mua komruiekcy Zn(Il) 3 PCEO (PCI'O)
ctanoBuTh 360 HM (380 HM), MakCHUMYM JitoMiHecHeHIlli BianmoBigHo 505 HM (450
HM). BcTaHOBNIEHO KIHETHYHI MapaMeTpu JIFOMIHECUEHLII KOMIUIEKCiB. BecTaHoBeHO,
o0 ONTHUMalbHAa JIFOMIHECUEHIIS KOMIUIEKCIB CIOCTEPIraeTbcs MpU  BMICTI
aneToHiTprny y pozuuni 20-60 % 06. (PCEO) ta 40-50 % 06. (PCI'O). EdexTuBHUit
AQHAIITUYHUA CHTHA CIIOCTEPIra€ThCA TAaKOX Yy BOAHO-TETpariipodypaHoBOMY
cepenoBuii (10 % 006.). MeTogoM 130MOJISIPpHUX Cepiii BCTAaHOBJIEHO CKJIAJl
KoMIutekciB 1:1. 3ampornoHoBaHO HaMOUIBII IMOBIPHY CTPYKTYPY KOMILIEKCIB, fKl
YTBOPIOIOTHCSA Y JIOCIIJIPKEHUX CUCTEMax Ta 3p00JIeHI KBAHTOBO-XIMIUHI PO3PaXyHKH.
Y kommiekci ZnPCEO nentpanbauit atom (Zn(Il)) mae Oulblll 3HAYHHWMA BIUIMB
pO3paxoBaHi mapaMeTpy CEHCIOUTI31F0Y0i YaCTHHU XEMOCEHCOpa HIXK B KOMIUIEKCI 13
ZnPCI'O. Ile moB’s3aHO 13 OUIBII KOPCTKOK CTpykTyporo komiuiekcy ZnPCEO.
[lokazaHo, 1O MdOCHIIKEHI peareHTH € e(OEeKTUBHUMHU XEMOCEHCOpPaMH Jis
Bu3HaueHHs Lluuky. Po3po6ieno MeTonuKy JIOMIHECHIEHTHOTO BHU3HAYEHHS IMHKY,
gKa ampoOoBaHa TP MOro BH3HAYEHHI Yy Bojaax. ['panyroBaibHUN Tpadik
NPAMOIIHIMHUN 10 47 MKI IIMHKY 1 ONMUCYEThCs PiBHAHHAM I = -67,53659+77,63145
Czn.

BucHoBkn. BUKOpUCTOBYIOYM 3ampoOIlOHOBAaHI peareHTH MOKHA HaJIIiHO
BU3Hauatu 2,4,5-rpuxiopxiopdpenokciouroBy kuciory, Cu(ll), Fe(Il) ta Zn(Il) y
pi3HUX poOax BOIU.
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Introduction. The rare-earth elements (REEs), due to their unique electric,
magnetic, and luminous properties are often known as ‘technology metals’, under-
scoring their essential role in modern technology. They are components of permanent
magnets crucial for motors and generators, constituents of alloys used in rechargeable
solid state batteries, phosphors in LEDs and lasers, catalysts in chemical processes,
additives giving ceramics and glasses specific properties and other high-technology
applications [1]. However, the growing production of high-tech systems causes sev-
eral urgent challenges. They include necessity for proper utilization of the broken de-
vices, a search for the alternative (other than mining) sources of REEs, and raising
human and ecological health concerns regarding increased release of REESs in the
environment with mine wastes, industrial wastewaters, or leakages from landfills.
Getting in the aquatic systems, the REEs can be uptaken by the aquatic organisms
and ingested by humans possibly causing different disorders [1]. Therefore,
developing sorbents for the recovery of REEs has become an urgent priority. Hybrid
organic-inorganic materials, combining stable inorganic porous matrics with selective
surface functional groups, offer an ideal solution. Such materials can be designed on
a molecular level via the sol-gel method. Research has shown tha amino groups
exhibit affinity towards the REEs, leading us to synthesize various types of amino-
containing particles as potential sorption materials for the REEs ions.

Materials and methods. The following silanes were used as structuring
agents:tetraethyl orthosilicate; 1,2-bis(triethoxysilyl)ethane;or 1,4-bis (triethoxysilyl)
benzene.Amino-containing silanes used to incorporate functional groups: bis[3-
(trimethoxysilyl)propyl]amine (samples TNH, ENH, and BNH as described in [2]);
3-aminopropyltriethoxysilane (SiAPh, EtbrA, and PhbrA see ref. [3]);N-[3-
(trimethoxysilyl)propyl]ethylenediamine (TNN3, ENN1, and BNN1[4]); and N1-(3-
trimethoxy silylpropyl)diethylenetriamine (S1 and S2 [5]).Phenyltriethoxysilane was
used to affix additional phenyl groups onto SiAPh sample [3]. The syntheses were
conducted in EtOH with the addition of 25 %NH4OH as catalyst of co-condensation
and 1 %NH4sF for pre-hydrolysis of bridging structuring silanes. The prepared sam-
ples were characterized by analysis on the CHNS elements with Vario MACRO cube
(Elementar Analysensysteme GmbH, Germany); low-temperature N> adsorption and

desorption isotherms measurements with a Costech Microanalytical Kelvin-1042 in-
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strument; zeta-potential measurements by a Zetasizer Nano ZS (Malvern, Great Brit-
ain), and REE ions adsorption studies in the static mode by batch method.

Results. The properties of different types of amino-containing particles pre-
pared via co-condensation of structuring and functionalizing silanes are summarized
in Table 1, while the results of REE ions adsorption studies are summarized in Figure
1. All the materials with bridging amino groups appear to possess well-developed
porous structures (Sget> 600 m?/g), high content of functional groups (~ 3mmol/g),
and high sorption capacity towards ions of Nd(lIl) and Dy(lll). Among them, phe-
nylene-bridged sample has potential as selective sorbent for Dy.

Table 1. — Composition and characteristics of the samples

Structurin N, ChN-contfg, | SBET, Vy,
silane ’ mass.% mmol/g;J m?/g cmg/g pl REE | ref
Particles with bridging amino groups—(CH2)sNH(CH.)z—
TNH Si(OCzHs)4 4.29 3.2 607 | 0.52 | 4.7 |Nd, Dy | [2]
ENH | =5i-C,Hs—Si= | 4.28 3.2 759 | 0.62 | 4.0 | Nd, Dy | [2]
BNH | =5i—-C¢Hs—Si= | 3.65 2.7 718 | 0.58 | 2.9 | Nd, Dy | [2]
Particles with amino groups —(CH2)sNH>
SiAPh | Si(OCzHs)4 2.35 1.6 88 0.26 | 9.2 Eu |[3]
EtbrA | =Si-CHs-Si= | 6.10 4.1 64 | 011 | 94 Eu |[3]
PhbrA | =Si-CsHs—Si= | 3.55 2.4 620 | 0.43 | 3.7 Eu |[3]
Particles with ethylenediamino groups —(CH2)sNH(CH>).NH>
TNN3 |  Si(OCoHs)4 7.54 2.91 427 | 051 11014 Eu |[4]
ENN1 | =Si-CoHs-Si= | 8.79 3.40 12 - 4.59 Eu |[4]
BNN1 | =Si-CeHs—Si= | 7.54 2.91 190 | 0.21 | 9.19 Eu | [4]
Particles with diethylenetriamino groups —(CHz)sNH(CH2).NH(CH,).NH>
S1 Si(OCzHs)4 5.99 1.52 294 | 1.08 | 9.81 Tb | [5]
S2 =S5i—CeH4—Si= | 5.98 1.52 397 | 0.34 | 7.90 Tb | [5]

Sample

Regarding hybrid organosilicas with aminopropylgroups attached to the surface
(SIAPh, EtbrA, and PhbrA), there is a direct dependence between the content of
amino groups, and the adsorption capacity towards Eu®*. Moreover, there is also a
direct dependence between the Eu®* loading and the intensity of °Do-'F, EU®*
emission peak in the luminescence spectra, implying that such materials have pro-
spects as sensors [3]. However, the introduction of higher number of N-containing
adsorption sites via longer diethyleneamino functional groups (materials TNN3,
ENN1, and BNN1) did not result in increased uptake of Eu®*. It may be explained
either by high coordination number of Eu, when 1 Eu®*ion can coordinate up to 8
amino groups, or geometrical factors preventing amino groups from interaction.

Further increase in number of N-containing adsorption sites applying
diethylenetriamino functions produces samples (S1 and S2) with well-developed
porous structure(Seet~ 300 m?/g) and high content of functional groups(1.5 mmol/g).
Analyzing the peculiarities of Th adsorption by these samples, polysiloxane S1 has
slightly higher affinity to Tb%, compared to polysilsesquioxane S2, and the
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interaction occurs via chemisorption. As demonstrated in [5], the surface complexes
of Th3 appear to involve amino groups and NO3~ ions. Moreover, due to the presence
of phenylene bridges in the structure of silica matrix, such Th**-loaded materials with
diethylenetriamino groups could be applied as sensors for Ofloxacin [5].
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Figure 1. The REE ions adsorption isotherms for different
amino-containing organosilicas

Conclusions. Hybrid organosilica materials with different amino groups on the
surface can be applied as sorbents for water purification from REEs. Their sorption
capacity depends on the group’s content and porous structure particularities. Such
REE-loaded materials can also find other useful applications.
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YK 681.518.3
AHaJIi3 JliTepaTypy NpH A0CTiIzKeHHI AKOCTI BOIHUX pecypciB i3
BHKOPHUCTAHHAM HaykoMeTpuuHoi 6azu SCOPUS

Map’sina llIsenn, ‘Borgan Cokia,’Cogis Cepceriok, ‘Tanuna I'ymeniok,

2Anzpiii CBepceTIoK

Tepnoninbcokuii nayionanvruil nedazoziunuiiynieepcumem imeni Boiooumupa
T'namioka,m. Tepnoninw
2Teproninbcokutl HayioHanrbhuil meouynuiynicepcumem imeni 1.4, I'opbauescokozo

Beryn. IIpoGnema skocti Bogu HaOyBae jaenaii OUIbIIOI BaXJIMBOCTI yepes
3pOCTAOYMil TIONMUT HA YUCTY BOAY JJI MPOMUCIIOBUX, CUIbCHKOTOCIIOJAPChKUX Ta
noOyTOBUX TMOTPed, OCOOJMBO y pErioHax, CXWIbHUX J0 TOCYX 1 3a0pyaHEHHS
Mi3eMHUX Ta MOBEPXHEBUX BOA. Boma € KIOYOBMM pecypcoM sl 3a0e3NedeHHs
IPOMAJIChKOTO 3/I0pPOB'Sl, TOMY ii MOHITOPMHT Ta VIPABIIHHSI € BaXIUBUMU
3aBJAHHSMHU JJISl CTajloro pO3BUTKY. AKTYalbHICTh JOCHITKCHHS OOyMOBIIEHA
HEOOXITHICTIO BJIOCKOHAJICHHS METOIB OIlIHKK SKOCTI BOAM IJIsi PI3HUX JDKEpE,
30KpeMa CTIYHUX BOJ 1 MIJ3€MHHUX BOJ, 3 METOI 3a0e3neueHHs e(PEeKTUBHOrO
BUKOPHUCTaHHSI BOAHUX PECYPCIB. «Scopus» — 1€ KOPUCHA HAyKOMETpU4Ha 0aza Jyis
JOCJIITHUKIB, SIKI XOUyTh 3pPO3YMITH JMHAMIKy MYOJIKalliil y MEBHUX Tally3sX,
aHaJli3yBaTH BIUIMB OKPEMHX TEPMiHIB a00 TeM Yy HAyKOBIi JiTepaTypi Ta OLIHIOBATH
MONYJIAPHICTh HAMPSAMKIB JIOCIKEHb Yy TJI00AJbHOMY MaciiTabi. AHaTIITHYHUM
OIJISI JITEPATYpPHUX JpKepen Oyae MOMUIBHUM I 1€l TeMu, 00 BiTHAWTH
myOuTiKaIii CTOCOBHO 30€peXeHHS SIKOCT1 BOH.

Marepianu Ta meromm. [ AOCTIIKEHHS BUKOPUCTOBYBAIUCS METOIU
aHaJli3y 4YaCTOTU TE€PMIHIB, aBTOPCHKUX TPEHAIB 1 TEM, PEIEBAHTHUX KIIOYOBHX CIIIB
Ta Qpa3, MeToau CopTyBaHHS Ta OibmiorpadiuHi gaHHI. Scopus IHIEKCYE
pelieH30BaHl HayKOB1 CTaTTI, AucepTallii, MoHorpadii Ta Marepiaan KoHpepeHIii 3
noHaz 24 000 HayKOBUX JKYpHAJIIB.

Merta: mpoBecTH OIS HAYKOMEPUYHOI 0azu «Scopus», 3BEpHYTH yBary Ha
e(EeKTUBHICTh TONIYKY aHATI3y Ta OIIHKKM HAYKOBUX JIAHUX, IO CIPUSIE PO3BUTKY
HOBUX JIOCJIIJKEHb 1 BIAKPUTTIB. TakoX Ha MPUKIIA/Il MMOKa3aTH SIKI CydacHl METOJIU

OILIIHKW SIKOCTI BOAM JUISI TOYHINIOTO MPOTHO3YBAHHS ii SKOCTI Ta MPUIATHOCTI, MU
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3HAMIIIIM 3a JOMOMOTrOI0 OAHIET 3 HaWOLIbIIMX 0a3 JaHUX PElEH30BaHUX HAYKOBUX
CTaTeu.

OcHOBHI pe3yabTaTH: NpU BUBUCHHI SKOCTI Boau Ha 0a3i Scopus Oyio
chopmoBano  3amwmt: https: // www.scopus.com/term/analyzer.uri?sort=plf-
f&src=s&sid=34b05e3a5237f83eb88af2adcclh96ed&sot=a&sdt=a&sI=89&s=TITLE
-ABS-KEY+%28+%22Water+quality+methods%22+%29+OR+TITLE-ABS-
KEY+%28+%22water+evaluation+methods%22+%29&origin=resultslist&count=10
&analyzeResults=Analyze+results

3naitneno 74 crareii 31970 mo 2024 pik ta 35 crareit 3 2014 mo 2023 pik, ski
CTOCYIOTBCS JIOCIIIJPKEHHS sIKkocTi Boau. Ha puc. 1 300paxeHo KigbKICTh MyOJTiKaIlii
B HayKOMeTpUuHii 6a3i Scopus3a 1970-2024 poxu. Haiibisibia KibKICTh MyOJTIKaIlii
npunajae Ha 2024 p.

8
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Puc. 1. KinbkicTs myOsikauiii 3a 1970-2024 poku, siki cTOCYHOThCSI JOCTIIKEHHS
AAKOCTI BOIH

Ha puc. 2 300paxeHo KiIbKICTh MyOJTiKaliili B HAyKOMETpU4Hii 6a31 Scopus 3a
2014-2023 poku. Haitbinbira KiapKICTh myostikaiii npunagae Ha 2023 p.
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Puc. 2. KinbkicTb nyoaikaunii 3a 2014-2023 poku fiKi cTOCYIOTBHCS J10CTiTKEHHS
SIKOCTI BOIHU

Ha puc. 3 naBenmeno 10 aBTOpiB, K1 ONyOJIKyBalu HAMOUIBIIY KIJIBKICTh
nmyOumiKariii, ski MpeacTaBlIeHHI B HAYKOMETPHUYHIM 0a3i SCOPUS 3a pe3ysibTaTaMu
TIOIIYKY JOCIIKCHHS SIKOCTI Boju. 3okpema, 1ie aTopu: Conn. K.E[1], Habteselas-
sie. M.Y[2], Noble. R.T[1], Saha. P.D[3], Abebe. A[4], Acheng. P, Afzal. U[5], Ain.
C[6], Akhila[7]. T.S, Alabaster. J.S[8] iiin.

HaiiGinpiry kinmekicth myOmikamiin omyOmikyBamu Conn. K.E[1], Habteselassie.
M.Y[2], Noble.R.T[1], 30kpema kokeH 3 HUX ONyOJiKyBaB 1Mo 2 myOikarii, 1o
CTOCYIOTHCS MPOOJIEMHU SIKOCT1 BOJIH.

Documents by author

Compare the document counts for up to 15 authors.
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Puc. 3. Haiibiabma kiibKicTh myOmikamii, siki CTOCYIOThCS T0CTiTIKeHHS AKOCTI
BOJU 32 aBTOpPaMU
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Ha pucynky 4 300pakeHO KpaiHu, Je¢ OmyOJiKOBaHO HANOUIBIIY KIJIBKICThH
cTarei 1€l mpobOieMaTuku, 1o TmoaaHi B OiOmiorpadiuniit 6a3i gaHmx SCOPUS 3a
pe3yabTaTaMy MOMIYKY MPH JOCTIKEHHS SKOCT1 BOIH.

HaiiGineiie crarert omybmikoBano y Kurai — 16, mam CIHA — 16, Inmis —7,
bpasunis — 5, ABctpisa — 4, [nnonesis — 4, Anonis — 4, [liBaiuna Adpuxa — 3, €runer
— 2, O®paniisa — 2.

Documents by country or territory

Compare the document counts for up to 15 countries/territories.
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Puc.4. Haii0ijibma KUIbKICTh MyO0JiKamii, AKi CTOCYIOThCS A0CTiIKEHHS SIKOCTI
BOJM 110 KpaiHax

BucnoBku. [Tnargopma Scopus € Haa3BUUallHO KOPUCHUM THCTPYMEHTOM LIS
HAyKOBOI CHUIbHOTH. BoHa 3a0esnedye IMMPOKHI TOCTYN 10 HAyKOBHUX JIaHUX:
Scopus Hamae MOXKIJIMBICTh MIBUJKO 3HAXOJIUTH SKICHI PEIICH30BaH1 JOCTIIHKCHHS 3
pI3HUX rajy3el HayKH, aHaJli3yBaTH HayKOB1 TPEHIH, JO3BOJISIE BUBUATH ITUTOBAHICTh
poOIT, OIIHIOBAaTH BIUIMB TMYOJIKaI(lii Ta BCTAHOBIIOBAaTH HAayKOBI KOHTAaKTH, IO
poOUTH ii HE3aMIHHOIO MIAT(HOPMOIO JIJIs1 HAYKOBOT'O aHAJI3Y Ta CHIBMIpAIll. 3arajoM,
Scopus cropusie MABUINEHHIO SKOCTI HAyKOBOi pOOOTH, TMOJICTIIYIOUM JOCTYI 10
3HaHb Ta JOMOMAaral4u B €eKTUBHOMY BHKOPUCTaHHI iH(pOpMaIli Ui MoAaIbIIux
JTOCJTIJIPKEHb 1 BIIKPUTTIB.

Cnncox BUKOPUCTAHUX JIAKepet

1. Conn, K.E, Habteselassie, M.Y., Denene Blackwood, A., Noble, R.T.
Microbial water quality before and after the repair of a failing onsite wastewater
treatment system adjacent to coastal

URL.: watershttps://www.scopus.com/record/display.uri

2. Habteselassie, M.Y ., Kirs, M., Conn, K.E., Kelly, G., Noble, R.T

Tracking microbial transport through four onsite wastewater treatment systems
to receiving waters in eastern North Carolina.

URL.: https://www.scopus.com/record/display.uri
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3. Saha. P.D. Assessment of water quality index using cluster analysis and
artificial neural network modeling: a case study of the Hooghly River basin, West
Bengal, URL.: https://www.scopus.com/record/display.uri

4.  Abebe. A. Hydrochemical Characterization and Water Quality Assess-
ment for Drinking and Irrigation Purposes Using WQI and GIS Techniques in the
Upper Omo River Basin, Southern Ethiopia

URL.: https://www.scopus.com/record/display.uri

5. Khalil, S. Mahnashi, M.H. Hussain, M. Awais, M. Irfan, M. Exploration
and determination of algal role as Bioindicator to evaluate water quality — Probing
fresh water algae URL.: https://www.scopus.com/record/display.uri

6.  Janarko, A.B.Rudiyanti, S.Ain, C.Analysis suitability of river tubing
tourism based on characteristics and water quality of the Kranji River Semarang

URL.: https://www.scopus.com/record/display.uri?

7. Sajan, R.l.Christopher, V.B.Akhila, T.S.Kavitha, M.JDrinking water
quality detection using genetic neural network. URL.:
https://www.scopus.com/record/display.uri

8. Alabaster. J.S. The water quality aspects of water transfers.

URL.: https://www.scopus.com/record/display.uri

VJIK 330.15:351.778.3:355.018
Po3pobka Mo0iJIbHOI YCTAHOBKH J1JIS OYUILEHHSI TUTHOI BOIH
JAmutpo Crpuxak, Harauia I'yeaTuHcbKa
Hayionanvruii ynisepcumem xapuosux mexuonoziu, Kuis, Ykpaina

Beryn. B ymoBax 3pocrarouoi ypOanizaiii, rio0aJbHMX 3MIH KIiMaTy Ta
EKOJIOTIYHHMX TpoOsieM, 3a0e3medeHHs] HaCeNIeHHS SIKICHOIO THTHOK BOJOK0 CTae
OJTHIEI0 3 HAUTOCTPIIMX TIIO0ATBHUX MpoOsieM. YKpaiHa, K 1 0araro IHIIKUX KpaiH,
CTUKAEThCS 3 HU3KOK BUKIMKIB y cepi Bom03a0€3MeUeHHS, BKIIOYAIOUM CTaApIHHS
1H(ppacTpyKTypH, 3a0pyTHEHHS JKepesl BOAU Ta HEJOCTATHE OYHUILEHHS CTIYHUX BOI.
30poiiHi  KOHGIIKTH  MOXYTh  IO-pI3HOMY  MOPYIIyBaTH  POOOTY  CHUCTEM
BOJIONIOCTaYaHHs, 3 HETaTUBHUMU HACIIJIKaMH, 1110 JIe)KaTh B IUIOLIMHI BiJ 0a30BOro
HaJaHHS TIOCTYT 13 3a0€3MEeUeHHs] BOJOI0 JO BIUIMBY Ha COIaIbHO-CKOHOMIYHHMA
pO3BUTOK perioHy. 3a nanumu CBiToBOro OaHKy, HaceleHHS B KpaiHax, IO
PO3BHUBAIOTHCS, SIK1 MOCTPAXKAAIN BiJi KOH(MIIIKTY, HEMPOIOPIIIHHO CUILHO CTpaXKkaae
BHACJII0K BICYTHOCTI JOCTYITY J10 SIKICHOI MUTHOI BOJM Ta MOT1PIIEHHS CAHITAPHOT O
cTaHy 00’ €KTiB BojornocTadanus [1].

BpaxoBytoun 11 (daktopu, po3poOka MOOUIbHOI YCTAaHOBKH BITUM3HSIHOTO
BUPOOHMIITBA JIsl OYMILIEHHS BOJIU € HarajabHOIO NOTPeOOIo.

Marepiasim i wmeromnm. I[lig dYac eKcepUMEHTAIBHUX JOCHIKEHb
BUKOPUCTOBYBAIMAHAIITUYHI, XIMI4HI, (PI3UKO-XIMIYHI METOAU 3 BHUKOPUCTAHHSIM
MPUIAAIB Ta METOAMK JOCTIKeHb sKocTi Boau 3rigHo J[CanlliH 2.2.4-171-10 ta
JACTY 7525:2014.

PesyabTraTn. Cnig 3a3Ha4uTH, 10 HA CHOTOAHI B OKPEMHX DPETiOHaX KpaiHU

CKJaJlacsi JOCTaTHHO CKJIQJHA CHUTYyallisl 13 3a0e3MEeUeHHSM HaceJeHHs BOOI0
55


https://www.scopus.com/record/display.uri
https://www.scopus.com/record/display.uri?eid=2-s2.0-85168504135&origin=resultslist&sort=plf-f&src=s&sid=363463bc03cc54c775a3bd5a37f88773&sot=a&sdt=cl&cluster=scoprefnameauid%2C%22Abebe%2C+A.%2357216980427%22%2Ct&s=TITLE-ABS-KEY+%28+%22Water+quality+methods%22+%29+OR+TITLE-ABS-KEY+%28+%22water+evaluation+methods%22+%29&sl=89&sessionSearchId=363463bc03cc54c775a3bd5a37f88773&relpos=0
https://www.scopus.com/record/display.uri?eid=2-s2.0-85108836063&origin=resultslist&sort=plf-f&src=s&sid=4c0fd280694f6c1d1131aa427b7b6eb8&sot=a&sdt=cl&cluster=scoprefnameauid%2C%22Afzal%2C+U.%2357193645261%22%2Ct&s=TITLE-ABS-KEY+%28+%22Water+quality+methods%22+%29+OR+TITLE-ABS-KEY+%28+%22water+evaluation+methods%22+%29&sl=89&sessionSearchId=4c0fd280694f6c1d1131aa427b7b6eb8&relpos=0
https://www.scopus.com/record/display.uri?eid=2-s2.0-85160859683&origin=resultslist&sort=plf-f&src=s&sid=d37c9f0535a17e8ba4f14f0744d2e0c3&sot=a&sdt=cl&cluster=scoprefnameauid%2C%22Ain%2C+C.%2357201186575%22%2Ct&s=TITLE-ABS-KEY+%28+%22Water+quality+methods%22+%29+OR+TITLE-ABS-KEY+%28+%22water+evaluation+methods%22+%29&sl=89&sessionSearchId=d37c9f0535a17e8ba4f14f0744d2e0c3&relpos=0
https://www.scopus.com/record/display.uri?eid=2-s2.0-85184572066&origin=resultslist&sort=plf-f&src=s&sid=19d6a5623b0ffb7c59d3b9eaaefd45a4&sot=a&sdt=cl&cluster=scoprefnameauid%2C%22Akhila%2C+T.S.%2357457977300%22%2Ct&s=TITLE-ABS-KEY+%28+%22Water+quality+methods%22+%29+OR+TITLE-ABS-KEY+%28+%22water+evaluation+methods%22+%29&sl=89&sessionSearchId=19d6a5623b0ffb7c59d3b9eaaefd45a4&relpos=0
https://www.scopus.com/record/display.uri?eid=2-s2.0-0017104027&origin=resultslist&sort=plf-f&src=s&sid=c17f91316976dd2be2ef08a892dfe365&sot=a&sdt=cl&cluster=scoprefnameauid%2C%22Alabaster%2C+J.S.%236602815449%22%2Ct&s=TITLE-ABS-KEY+%28+%22Water+quality+methods%22+%29+OR+TITLE-ABS-KEY+%28+%22water+evaluation+methods%22+%29&sl=89&sessionSearchId=c17f91316976dd2be2ef08a892dfe365&relpos=0

MUTHOTO TaTyHKY, IO MOB’S3aHO 3 PSAJAOM MPUYUH, 3yMOBJICHHX BOEHHUMH JIISIMU B
VYkpaiHni, 30KkpemMa BHACTIOK pPyHHYBaHHSI OYMCHUX CIOPYI, 1aMO, BUBEACHHS 3 JIATy
oprasizailiif, siki 3a0e3nedyyBajii BOJIONIOCTAYaHHS Ta OYHUIICHHS CTIYHUX BO/I.
CriocTepiraeThcsi MOTIPUICHHS SKOCTI BOJIU Y TIOBEPXHEBUX Ta MiA3EMHHUX JpHKepernax
BHACIIIJIOK iX 3a0pYyAHEHHS XIMIYHUMHU PEUOBHHAMH Ta MIKpOOpraHizMaMu, [0 MOXe
CIOPUYMHHUTH SIK TIOTIPIICHHS SKOCT1 XHUTTS, TaK 1 3arpo3y emigemMii 1HheKIinHux
3axBoproBaHb[2]. Kpim Toro, moripuieHHs SKOCTi MUTHOT BOJHM MOXKE CIIOCTEpiraTucs,
30KpeMa, Yy BIAJaJICHUX HACEICHHMX MYyHKTaX Ta IiJ 4ac HaI3BUYAMHMX CHUTYaIIii,
TaKUX SK T[aBOJKH, TEXHOTeHHI KatacTpodu. B 1mux ymoBax HEOOXITHICTH Yy
MOOUTBLHUX PIICHHSX JJISI OYUIIEHHS BOJM CTa€ OCOOJIMBO aKTyalbHOIO.

Hapasi Ha puHKY BOJOMIATOTOBKU MPOMOHYETHCS s MOOUTHBHUX YCTaHOBOK
T ouMIeHHs nmuTHOI Boau:Membrane Solutions WS02 Survival Emergency Straw
Water Filter (4- ctyneneBa ycraHoBka (iabTpallii, sika moeaHye GUIbTp Tpyooi
OYUCTKH, TMOJIMPOMIJICHOBY KapTpuDK, AaKTHBOBaHE BYTULIS 31 IIKapalxynu
KOKOCOBOTO TOpiXa Ta ynbTpaduIbTpariifdHi MeMOpaHH 3 TOPOKHHCTHX BOJIOKOH)
[3];WTC 700 — mo0inbHa ycTaHOBKA, sIKa MOYKE OUHMIIATH TPICHY, COJIOHY a00 HaBiTh
ximiyHo 3a0pyaneny Boay [4];WTC 8000/15000 RO/UF C (ribpugna MoOinpHa
CHCTEMa OUYWIICHHS BOAM 3 BUKOPUCTAHHAM SIK yIbTpadiibTparlii, Tak 1 3BOPOTHOTO
ocMmocy) [5].

Cepen mepeBar MOOUTHHUX YCTAaHOBOK JIJIsl OYMINCHHS BOAHM CJiJ BU3HAYHUTH
TaKi:THYYKICTb, KOMIIAKTHICTh, = €KOHOMIYHICTb, aBTOHOMHICTb, = MOXJIHMBICTb
IIBUKOTO TPAHCIIOPTYBAHHS.

B TOB «CMAPT BOTEP IPYII»po3po6ieHO MOAYJIbHY YCTaHOBKY
(puc.1)ouunieHHs: BOAM 3 BIAKPUTHUX JKepen (piuka, BOJIOCXOBHUIIE, 03€PO TOIIIO) JJIs
3a0€3MeUeHHs] HACENEHHS TUTHOK BOJIO0 B PEriOHAaX, SKI TMOCTPAXKIAIA BiJ
HEJIOCTaTHHOTO BOJIONIOCTAYaHHS.

Pucynok 1 — MonyJsibHa yCTAHOBKA BOJA00YMIICHHSA

B Tabmum 1.1 HaBeaeHl MOKa3sHUKK SKOCT1 BUXIIHOI BOJM Ta OYHUIIEHOI BOIU
3a JIONOMOrOK0 MOJYJBHOI YCTaHOBKM. BuxigHa Boaa BiaOupaizach Ha TepUTOpIi
CHITYpiBChKOI MICHKOI TE€pUTOPIAJIbHOI rpoMai MUKOIaiBChKOT 00J1aCTI.

56



Tabmuust 1.1 — Tloka3HUKK SKOCT1 BOAM JI0 Ta MICIA OYHUIICHHS HA MOMYJIbHIN

YCTaHOBIII

Ioka3Huk OnuHuui Buxigna Bona Ouniiena Hopma

SIKOCTI BHUMIipY BOJA A CanlliH2.2.4-
171-10

Hirparu Mmr/ M3 35,00 0,01 <50
3arasibHa MT-€KB/IM3 31,00 1,10 <7
YKOPCTKICTh
Cyxwii 3aJIHIIIOK mr/am® 2931,00 150,00 <1000
Xnopuau mr/om® 804,00 85,45 <250
Cynbdaru mr/am® 1088,00 100,60 <250

3 HaBeJeHOl TaOaWI[l BUIHO, IO BOJA IICIAA OYMCTKH BOJA BIAIIOBIIAE
Bumoram JICanlliH2.2.4-171-10 Ta roTOBa IJI1 CIIOKMBAaHHS B SKOCTI MHUTHHX
1ineit. Po3pobiiena cucremMa BOJOMIATOTOBKY 3/IIMCHIOE TIOBHY OYHUCTKY BOAH (TOHKY
OUYHCTKY, MEXaHIYHY OYHCTKY, JeMIHEepalli3allito, 3He3apakeHHs) Ta 3a0e3rnedye
BOJIONIOCTA4YaHHS B aBTOMAaTUYHOMY PEXHMI. Y CTaHOBKA CKJIAJa€ThCs 13 TOJIOBHOIO
MOJyJii TOTOBOI OYAIBEIbHOI KOHCTPYKLIi, 3 PO3MIIIEHUM BCEpPEAUHI YCIM
HEOOX1THMM TE€XHOJIOTTYHUM YCTaTKYBaHHSIM Ta By3J1a BOJ103a00pYy BX1HOI BOAH.

BucHoBok. Po3poOka MOOUTbHOT YCTaHOBKM BITYM3HSAHOIO BUPOOHUITBA IS
OYHIIICHHS BOJM € BOXJIMBUM KPOKOM JIJIsl 3a0€3MEeUEHHS HACEJICHHS YUCTOI0 BOJOIO
y OyIb-IKHX YMOBaX, BKJIIOUAIOYU HAJA3BUYAMHI CUTYyaIlli Ta BiajgaiacHl perioHu. lle
pIIIICHHS € €KOHOMIYHO €(eKTUBHUM, C€KOJOTIYHHUM Ta TEXHOJIOTIYHO JOIIILHUM.
BiTun3HsiHe BUPOOHMUTBO TAaKUX YCTAHOBOK HE JIMIIE MIABUIIUTH PIBEHb
BO/03a0e3MeueHHs] B YKpaiHi, ajieé ¥ CIOpUATHME PO3BUTKY IPOMHUCIOBOCTI Ta
M1JIBUIIICHHIO €KCITIOPTHOT'O MOTEHIliany KpaiHHu.

Iepeaik mxepea ingopmamii
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57


https://openknowledge.worldbank.org/handle/10986/4389
https://openknowledge.worldbank.org/handle/10986/4389

water-supply/mobile-water-treatment-plants/mobile-reverse-osmosis-systems/wtc-
8000-15000-ro-uf-c-13431300.html (mara 3BepaeHHs: 22.10.2024).

YK 546
Po3poOka MeTOAMKHN KOHLIEHTPYBAHHS Ta BU3HAYeHHA bicmyTty y Boni
3 BUKOPUCTAHHAM KpayH-eTepiB
!Oner Kponikosenkuii, Hartanis Cragniuyk
‘Hayionanenuti ynisepcumem xapuosux mexmnonozii
2ITIIT « Hayxkosuil yenmp npeeeHmueHoi moKCuKoio2ii, xapuoeoi ma Ximiunoi 6eznexu
imeni akademixa JI. 1. Meoseos Minicmepcmea oxoponu 300pog’s Ykpainuy, m. Kuis

Beryn. bicmyr — wmanonommpenuit enement.®izionoriuna posib bicmyTy
HEJ0CTaTHRO BHBYEHA. Hacboromui moBeneHo, mobicMyT 1HAyKye CHHTE3
HU3bKOMOJICKYJISIPHUX OLIKIB, Oepe ydacTh ymporecax ocudikaiii, yTBOproe€
BHYTPIITHBOKJIITUHHI ~BKJIFOYEHHSI BEMITENi HUPKOBHX KaHaibliB. IlposiBamu
TOKCHYHOT 11ii BicMyTy MOXyTh OyTH 3HM)KEHHS aM’siTi, 0€3COHHS, apUTMis, MOsBa
TEMHOI OOJISIMIBKM HAaBKOJIO SCEH, MITMEHTAIlld CJIA30BOi OOOJOHKH SCEH
IMTOPOKHUHK POTa, OICMYTOBI JEpMaTUT, CTOMATUT, (apUHTIT, YTPYAHCHHS
KOBTaHHA, HYJI0Ta,IMOBIPHICTh MOTPAIUISHHA TOKCUYHUX J03 BICMYTY BOPraHi3m
13BOJI0I0 200 1Keto He3HayHa. [lepeBakHO IIEEMOKIUMBUM MPUIOBIOTPUBATIOMY
CUCTEMHOMY a00 MICLIEBOMY 3aCTOCYBaHHI JIIKAPCHKUX TpernapariB, JOCKIAAy SKUX
BXoauTh bicmyr. VYHopMi KoHueHTpauis bicmMyry BopraHiaMi HemnepeBUILY€e
JEKUIBKOX MIKporpaM HamiTp. YKpoBi <3 Mkr/i, ykictkax <0,2 MKr/T, yHUpKax—
0,440, 1MKr/r. JIOCTI JKEHHIO KOMILIEKCOYTBOPEHHs B cucremi Bi®*— 18-kpayn-6 -
CCI3COOH 3 meTor0 BCTaHOBJICHHST MOKJIMBOCTI BUKOPHCTAHHS 11 IS CEJICKTHBHOTO
eKCTPAKI[IMHOTO BUJIYYEHHS Ta MOCIIAYIOUOTO aTOMHO-a0COPOIIHHOTO BU3HAYCHHS
bicmyTy npucBsiueHa 1laa pooora.

Marepianu i merogu. Poszumnu xpayn-etepiB (“Aldrich”) roryBamu 3a
TOYHOIO HABAXXKOIO, BUXIJHI PO3YMHHU HITPATIB METANIB “X.4.” CTaHAAPTHU3yBAIU
TUTPOMETPUYHO. Po3uMH TpuUXJOpaneTaTHOi KHCIOTH cTaHjgaptusyBaii pH-
METPUYHUM TUTpyBaHHSIM. Bmict bicMyTy B BogHI Ta opraHiuHii (azax BU3HAYAIU
Ha aToMHO-abcopOuiiHoMy criekTpodoromerpl “Carypu-311-1" (monym’s mpomnas-
Oyran — moBiTps). KucnoTtHicTe po3uuHiB KOHTpoioBaiu Ha pH-merpi DB-74 31
CKJISTHUM €JIEKTPOIOM.

PesyabraTn. B miteparypi BiacyTHi maHi Tpo €KCTpakililo KOMILUICKCIB
BicmyTy 3 kpayH-eTepamu. I[Ipu4nHOIO LLOTO €, WMOBipHO, rigponis Bi%, i3-3a skoro
B obmacti pH 3 — 5, onTumanbHOI A1 €KCTPAKLIli KOMIUIEKCIB 3 OpraHiYHUMU
aHloHaMM, bicMyT 3HaXOIUTHCS B BHUTJISAII TiApokcuay. Ham He Bpamocs mimiOpatu
yMOBH Ui eKkctpakiuii Bi®* i3 HiTpaTHMX po34uHIB B BiJCYTHOCTI TPHXJIOpalE€TaT-
fioniB. B Tol xe wac B mpucyrtHocti 18-kpayH-6 i CCIsCOOHbicmyT Moxke Oyru
KUTBKICHO TIEpEBE/ICHHH B OpraHiuHy (asy.
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BuzHaueHi HaMM YMOBH1 KOHCTAHTH CTIMKOCTI TPUXJIOpAIleTaTHUX KOMILICKCIB
bicmyty MaroTh 3HaueHHs: 1 = 5 + 1;B2 =3 + 1. BpaxoBytouu rigponi3z bicmyry npu
pH 1, oTpuMyeMO OIIHOYHI 3HaYEHHS KOHIICHTPAI[IMHUX KOHCTAHT:

Br = 13 = 3;B2 = 8 £ 3. Jlma omHO- Ta ABO3ApSAHUX KaTIOHIB METaliB
KOHCTaHTHU CTIMKOCTI TPUXJIOpALETaTIB, MIMOBIpHO, 1ie HIk4l. Kommieke bicmyty 3
18C6 B BOMI HECTIMKHUIA, MeTaiHAUKATOpHUM MeTo oM 3 KO Branocs nuiine omiHUTH
3HAYeHHs KoHcTaHTH: Igp<1 — 2.

Buxonsiun 3 cka3aHOro, eKCTPakiilo TPUXJIOPALETATIB METAIIB B MPUCYTHOCTI
18C6 MokHa MPEeACTaBUTH CIIITYIOUUM YHHOM:

M™; + 18C6, +nCCI3COO« (M-18C6-(CClzCOQ)n)o.

3aBIAKH JTOCHTh BHCOKOMY 3HaueHHIO Kere KommiekcyBi-18C6-(CCIzCOO0)s ta
Horo KuUIbKICHOMY BuIydeHHI0O B obmacti pH 1 — 3 3 BomHOro po3uuny
x0po)OPMOM, IO JO3BOJISIE CENEKTHBHO Bigmiautud Bi** Big psamy karionis
TBO3APSTHUX METANIB, SKI 3aBKAIOTh MOr0 aTOMHO-a0COPOIitHOMY BU3HAYEHHIO
(HanpuKJIaa, HasgBHICTH B KiHleBoMmy 00’emi 1 mr Cu?* (mimis 222,6 HM) 3HA4YHO
3HIDKYE aHaiTHYHUN curHan Bi® 3a miniero 223,1 uM), Hamu po3po0iieHa METOIUKA
eKCTPaKIIHO-aTOMHO-a0CcopO1iitHOro Bu3HadeHHs bicmyry.

B ninunbHy miky npuiuBaioTh 2,5 Mit 5 M po3unayCCIlsCOOH, 2 min 0,25 M
BOJHOTO po3uuHy 18C6 Ta anikBOTHY YaCTUHY JAOCIIHKYBAaHOTO po3yuHy (< 5,5 mi),
mo Mictuth 5 — 100 mxr Bi®*. Po36aBisioTh BoAHY a3y 10 10 Ma AUCTUIHLOBAHOIO
BOJI0I0, MpuOaBisitoTh 10 M1 xjaopodopMy 1 eKCTparyroTh MpoTaroM 1 — 2 XBHIIMH.
Opraniuny ¢azy nepeHocsITh B MIpHY KOJIOY €MHICTIO 25 MJI, po30aBisSiOTh O MITKU
CHOUPTOM (METAHOJ, €TaHOJ, 130MPOMNaHoJI) 1 BU3HAYAIOTh BMICT bicMyTy aTroMHO-
a0bcopOLIHHMM METOIOM TIpH HOBKHMHI XBuii 223,1 M. PesynsraTu BusHauenns Bis
MPUBE/ICHI B TaOJIHIII.

Tabnuya. — Pe3yabTaTn BU3HaYeHHst bicmyty B mpucyTHocTi HiTpaTtiB
meraniB(seeneno 10,5 mxr/mMnBi®*, n =4)
CropoHHIAMETAa Cwme : Cai 3uaiigeno Bi, Mkr/mi S, MKT/MII
- 10,4 0,3
Fe(ll1) 40 9,4 0,4
Cu(ln) 2000 9,9 0,4
Zn 2000 9,4 0,5
Pb(Il) 40 9,2 0,5
Cd 2000 10,1 0,5
Ni(ll) 2000 10,0 0,4
Co(ll) 2000 10,2 0,4

Sk BUIHO 3 TaONUIl, METOJMKA Ja€ pe3yJbTaTH, IO XapaKTepU3yHOThCS
JIOCTaTHLOIO BIJTBOPIOBAHICTIO Ta TOYHICTIO. JlOCUTH BENUKI KOHIIEHTpaIliliHi
HQJJIMIPH psily MeETaliB MPaKTUYHO HE CTBOPIOIOTH (DaKTHMYHOTO BIIMBY Ha
pe3ysbTaty BU3HaYeHHs bicmyTy. MeTtoauka npocta B BUKOHAHHI, €KCITPECHA 1 MOXKE
OyTH YCIIIIHO BUKOPUCTaHa B aHAIITHYHIN MPaKTHII.

BucHoBku. J{ociiKeHOYMOBUM Ta BHUBYEHO MEXaHI3M KOMILJIEKCOYTBOPEHHS
Bi®*" 3 18-kpayn-6 ta CCI3COOH, BCcTaHOBJIEHO CKJIaJ Ta CTIHKICTbh YTBOPHOBAHHMX
KOMIUIEKCIBB BOJIl 1 OpraHiyHuX po3uuHHUKax. [IpoanamizoBaHo ¢akropu, 10
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BIUIMBAIOTh Ha KOMIUIEKCOYTBOpeHHs. [limiOpaHi yMOBHM KIJIBKICHOI 1 pa3oM 3 THM
CEJIEKTUBHOI eKCTpaKIii KOMILIEKCY
Bi-18C6-(CCl3COOQ)szxnopodopmom.3anponoHoBaHa  METOIUKA  EKCTPAKIIHHOTO
BUJTYYEHHS Ta MOCIIAYI0U0ro aTOMHO-a0CcopOIIiiiHOro BUu3HaueHHs bicmyTy y Bojil Ta
1HIIUX 00’ €KTax.

YK 628.16
AJIbTEPHATHUBHI CIOCO0M 3He3apasKeHHs BOAU TEXHOJIOTIYHOr 0 MPU3HAYECHHSA
Bacuias Cupgop
Hayionanvnuti ynisepcumem xapuogux mexuonoziu, Kuis, Yxkpaina

Beryn. 3He3apaskeHHs] BOAM TEXHOJIOTTYHOTO MPU3HAYEHHS BBAXKAETHCS OJHUM
13 OCHOBHHMX e€TamiB 3a0e3nedyeHHs ii MIKpOOIOJOTiYHOI YMCTOTH 1 3MEHILIEHHS
pU3UKIB BHUHUKHEHHS HeOe3meuHux (PAaKTOpiB Ha TEXHOJOTIYHUX  CTaifax
BUPOOHUIITBA XapuyoBOro MpoAykTy. Ha choromHimHiii geHp nepeBakHa OUIBIIICTD
BIJUTIJICHh IMATOTOBKH BOJW IS il 3HE3apa)KEHHS BUKOPHCTOBYIOTH DPIAKUN XJIOP.
OpHak BiAOMO, LIO0 XJIOP MOXKE€ BCTYHAaTH Y PEAKIII0 3 OpPraHIYHUMH pPEYOBHHAMU
BOJIM 1 YTBOPIOBATH HOBI CIIOJIYKHU SIK1 HECYTh PU3HUKHU JUIsI 3J0POB’SI JIFOIUHH.

Marepianu i mMeronu. AJBTEPHATUBOIO 3aCTOCYBaHHSA PIAKOTO XJIOPYAJIS
3HE3apaXEHHS BOAM TEXHOJIOTIYHOTO IPU3HAYCHHSIPONOHYETHCS BUKOPHUCTAaHHS
JIOKCUY XJIOPY. 3 METOI0 BU3HAUYEHHS BIUIMBY 3aJUIIKIB XJIOPY Y BOJ1, 00poOeH1H
TIOKCUJIOM XJIOPY, Ha OpraHiuHl pPE4YOBHUHH,, OYylIM MPOBEIEHI BUMNPOOYBAHHS Ha
MOJIEbHUX 3pa3Kax BOIU

Pesynbratu. Ornepatopy puHKY $K THPaBUIO BHUKOPUCTOBYIOTH BOAY 3
JNEKUIbKOX JKEepeNn BOJONOCTayaHHS, a caMe€ MIChbKI BOJOIPOBIAHI MEpexl 1
apTe3iaHChKI CBEPMJIOBUHU. TOMy TpH 3alpoBapKeHHI Ccroco0y oOpoOKu BOaU
JIIOKCHJIOM XOpY BUHHUKAE MpodJieMa CYMICHOCTI BOJU OOPOOJIEHOI JIOKCHIOM XJIOpY
1 BXKe XJIOPOBaHO! BOJM ILIEHTPATI30BAaHOrO MOcTadaHHs. Pe3ynpTatu mokasaniu, 1o
HAsSBHICTh Y BOJl TEXHOJOTIYHOTO MPHU3HAYCHHS 3aJUIIKIB aKTUBHOTO XJIOPY Y
kinbkocti 0,2-0.8 mr/mm® mpu 00pobienni ii miokcuzmom xiopy y kinmbkocri 0,4
mr/am3 He TPHM3BOAMTL [0 MEPEBUILECHHS IOMYCTUMMX KOHIIEHTpALIN XJIOPHTIB.
OpepkaHi pe3ynbTaTH MIATBEPIKYIOTh, L0 BUKOPUCTAHHS MIOKCHAY XJIOPY IS
3HE3apAKEHHS BOAM TEXHOJOTIYHOTO TMPU3HAYEHHS € TIOBHICTIO CYMICHUM 3
TPaTUIIHHUMU CIIOCO0AMU XJIOPYBaHHS.

KpiM TEXHONOTIYHMX AaCMEKTIB BUKOPHCTAHHS JIOKCHUAY XJIOpY IS
00e33apaXeHHS BOJU TEXHOJOTIYHOIO IMPU3HAYEHHS, TAKOX ICHYIOTh IpPOOIEeMHU
€KOHOMIYHOI'O Ta TEXHIYHOro XapakTepy. BoHM BUKIMKaHI THM, IO JIOKCUJ XJIOPY
ne razomoaiOHa  peyoBWHA,  (PI3UYHI  BIACTHBOCTI  SIKOTO  JIO3BOJISIIOTH
BUKOPUCTOBYBATH HOTO Yy 3pIKEHOMY a00 CTUCHEHOMY cTaHi. KpiM 11boro J1iokcun
XJIOPY € HECTiKa peyoBHHA, TOMY BHHUKAIOTh TPYIHOII HpuU KHOro 30epiraHHi. 3
I[I€}0 METOI0 PO3POOJICHI TEHEPATOPH, SIKI BUPOOJISIOTH MOTO Ha MICIIl BUKOPUCTAHHS.
[Iporiec rTeHeparii MIOKCHIY XJIOpPY TPYHTYEThCS Ha peakilii JBOX pIOUH 3a
dbopmyIioro

4HCI +5 NaClO. = 4CIO; + 5NaCl +2 H,O
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B pesynbTaTi peakiiii yTBOPIOETHCS TIOKCUJ XJIOPY, SIKAW 3aIUIIA€THCS
PO3YMHEHUM Y BOJIi, IO JO3BOJISIE 3pYYHO 1 TPUBAIMK Yac BUKOPUCTOBYBATH HOTO 3a
IOPU3HAYEHHSAM. 3a JIOOMOTOK0 CIIELIAJbHOIO TE€HEpaTopa AIOKCHI XJIOpY MOXKe
Oe3nocepeITHLO Ha Micill 1 0e3 BEJIMKUX 3aTpaT BUTOTOBIISITHCS 3 IHIPEIEHTIB Ha
OCHOBI COJISIHOI KUCJIOTH Ta XJIOpUIy HaTpito. KigbKiCTh BUTOTOBJIEHOIO JIOKCHUIY
XJIOPY MO’KHA JIETKO 3a JIOTIOMOI'OI0 COJIEHOITHUX J03YIHOUMX HAacOCIB, SKUMH MOXKHA
VIIPAaBIATH SK B PYYHOMY TaK 1 B aBTOMATHYHOMY PEXHUMI IPOIOPIIHHO
BUKOPHUCTAaHHIO BOJU TEXHOJOTTYHOTO PU3HAYCHHSI.

HeoOxigHO Bi3HAYMTH, MO IIUPOKE 3aCTOCYBAHHS BUKOPHUCTAHHS 1OKCUIY
XJopy Amst 00e33apaykeHHsT BOAM TEXHOJIOTIYHOTO MPU3HAYCHHS, HEMUHYYE TIPU3BE/IC
70 BIIPOBA/DKCHHS BITYM3HSIHUX BHUPOOHUKIB XJIOPUTY HATPitO 1 3HWKCHHS HOTO
BapTOCTI.

BucnoBku. TakuM 4MHOM, JOBEJICHO, 1110 33 YMOBU TEXHIYHO OOTPYHTOBAHOI'O
mig0opy  TEXHOJOTIYHMX  MPUHOMIB  3HE3apaXCHHS BOAM  TEXHOJIOTTYHOTO
MpU3HAYEHHS, BUKOPUCTAHHS aJbTEPHATUBHUX IO BITHOMICHHIO IO PIIKOTO XJIOPY
KOMITOHEHTIB BHUT1/IHE HE JIMIIIE 3 TEXHOJIOTIYHOI, ajie 1 3 eKOHOMIYHO1 TOUKHU 30Dy .

Po3poOka ycTaHOBKM OYMILEHHSI BOAM JJIS iIHIUBIYaJIbHOr 0 KOPUCTYBAHHS B
eKCTPeMAJIbLHUX YMOBAaX
Maxkcum baxan , Onena Kymnip, Tersina Kyuma, Pivapa Mapiita
Henpubymrkoea opeanizayis UN4Good, CIIIA, Yuxaeo

JlocTynn 10 YUCTOI MUTHOI BOAM € OJHUM 3 OCHOBHHMX HEBIJI'€MHHUX IpaB
moaunu. IcHye Oararo (dakTopiB, uepe3 sKi 1€ TPaBO MOPYIIYETbCA: BIWHH,
TEXHOT€HHI Ta NPUPOAHI KaTacTpodu, mnepedyBaHHS Y BIJJAJCHUX paloHaX
(HampuKIIan, Typu3M, eKCHeauIlii) Tomo. BiiiHa, mo TpuBae B YKpaiHi, 3pyiiHyBana i
MIPOJIOBXKYE PYHHYBATH BOJOIPOBIJIHI Ta €JIEKTPOMEpEXKI, IO M030aBiisg€ MITbHOHU
MUPHUX KUTENIB JOCTyNy A0 NUTHOI BoaM Ta esekTpoeHeprii. Ilocrauanus
OYMIIIEHOT BOJM, 30KpeMa OYyTWJIbOBAaHOI, YTPYIHEHO 4Yepe3 BeNWKl IUIOMI
NOCTPAXKAAIUX TEPUTOPIN Ta 3pYyHHOBAHI IUISXH CHOJNydeHHs. JIroau, 10 MelKaoTh
y TOCTpaxAaluX paloHax, HaWYacTille BHUMYIIEHI KOPUCTYBaTHCS BOJOI0 3
BIIKPUTHX JDKEpENl Ha KINTAIT 03€p, PIYOK, CTPYMKIB, CTapUX KOJOAS31B 1 HaBITh
CTIYHOIO JIOIIIOBOIO BOJOK0. AJIe Taka BOJa MOE MICTUTH MEXAHIYHI JOMIIIKA
(micoK, TPYHT, JHCTA, 1pKY), 3a0pyIHEHHS XIMIYHOTO 1 OPraHiYHOTO TMOXOJKEHHS,
NaTOreHHI MIKPOOPTaHi3MH TOIIO.

IcHyIOUl yCTaHOBKM Ta 3acO0M OUYMIICHHS BOJIU € a0 3aHAATO MPOCTUMH 1
Hee(PeKTUBHUMH, a00 TEXHIYHO CKJIAJHHUMH, SIKI BUMAararoTb HasBHOCT1 JIOCUTH
HOTY)KHOTO €JIEKTPOIIOCTauyaHHsI Ta CIEeUU(PIUHUX KOMIIOHEHTIB, BHACHIJIOK 4YOIO
HUMHU HEMOKJIMBO KOPHCTYBATHCS B 1HJIMBIyaJbHOMY HOPSAKY B €KCTPEMAIbHUX 1
noxigHUX ymoBax. KpiM Toro, nnsi sikicHoro mig0opy oOJaiHaHHS AJIi OYMILEHHS
BOJIM HEOOXI1JHO, SIK Bi1JIOMO, MPOBECTU TOPIBHSUIBHUI aHAJ3 BOAM — K XIMIYHUH,
TaKk 1 MIKpOOIOJOTTYHHM. AJle 3a3BHYail HEMOXJIMBO 3pOOUTH Taki aHali3d B
HA/I3BUYAMHUX CUTYAIlisX.
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Ha mincraBi 1iporo MokHa c(hOpMyIIOBaTH OCHOBHI MPUHIMUIIA CTBOPEHHS
1HIMB1AYyaTbHOT MOO1IFHOT YCTAHOBKH OUYHUILIEHHS BOAM B EKCTPEMaIbHUX YMOBAX:

- InauBiayansHe BUKOPUCTAHHS: JIJIST OKPEMHX OCi0, rpymnu abo ciM’i

-  MOoOIIBHICTB: YCTAaHOBKY MOKE IEPEHOCUTH OJIHA JOPOCa JIF0JUHA

- EHepronesanexHiCTh/€HEPrOyHIBEPCANBHICTh:  MOXJIUBICTh  MIAKIIOYEHHS
AKD, naBepbanka, reHepaTopa, 3apsHOI CTaHIII] Ta 3BUYaHOT MEepexi;

- Hwuspke eHeprocrnoXWBaHHS: MiHIMAIbHE CIOXKHUBAHHS JJII  MEHIIOI
3aJIe)KHOCT1 Bl HAaABHUX MOTYKHOCTEH 1 MaKCHUMAaJIbHOI TPUBAJIOCTI poOOTH
YCTaHOBKH

- IlponyKTHUBHICTh: yCTaHOBKA Ma€ OYHMIIYBATH BOAY B HEOOXIAHIN KIJIBKOCTI
(xoua Ou KiJIbKa JIITPIB HA JIEHb) 32 KOPOTKUM MpoMixkok vacy (1-2 ronunn)

- YHiBepcaJbHICTh: MaKCUMaJIbHE OYHWIIEHHS 1 3HE3apaKEeHHs BOAU 3 OyIb-
SIKOTO JKEpesia 3a BIICYTHOCTI XIMIYHOT'O Ta MiKpOO10JIOT14HOTO aHaJIi31B.

- JlocTymHiCcTh 3ammyacTUH: 3MIiHHI €IEMEHTH Ta OCHOBHI KOMIIOHEHTH MAalOTh
OyTH HaIIWHUMH, HEBUOATTMBUMH, JOCTYTHUMH Ha MICIICBOMY pPHHKY, 3
TPUBAJIUM TEPMIHOM Jii.

Jlnst poboTH Haa MPOEKTOM OYIIO 3apeecTpOBaHO HEMPHOYTKOBY OpraHi3alliro
UV4Goody rpymani 2023 poky. Byno BigkpuTo KamIiaHito 300py MOKEPTB, a TaKOX
orpumano rpant Seedna possutok Bin IFT(InstituteofFoodTechnologists, Chicago,
USA).

Ha orpumani kot B Ykpaini 0ysno po3po06sieHO NUIOTHI MOOUIbHI YCTaHOBKH
OYHUIIEHHS BOAM, B SIKHX BOJa MPOXOJUTh MEXaHIYHE OYMINEHHA B QUIBTPI Ta
yIbTpaiabTpl 1  3HE3APAXKYETHCS B CBITVIOAIOAHOMY  YIBTPadioIeTOBOMY
onpominioBaui UVCKIlaran 3 noexuHo XBuii 265 HM. [l MOCHICHHS €(PEKTY
OUYHUIIEHHSI 1 3HE3apakeHHs, 0 OpyAHOi Boau Tiepen ii oOpoOKOI J0JaBaBCs
ne3ruH@ikyrounili  koaryiasHT ~ AkBatoH-10  BiJ ~ yKpaiHCBKOrO  BHUPOOHHKA.
[TpoxauyBanHss Boxu 3AiliCHIOBajocs y JBOX BapiaHTtax: (1) - 3a gomomMororo
CaJioBOr0 OINpHUCKyBadya 1 (2) — 3 BUKOPUCTAHHSIM e€JEKTpUYHOro Hacoca 12 B
nocTiitHoro ctpymy. IIpoAyKTHBHICTH YCTaHOBKHM CKJIaga€e 10 2 JI/XB, HOMIHAJIbHA
noTyxHictb 12 Bt y BapianTi 3 py4HUM ompuckyBaueM 1 36 Bt y momem 3
esieKTpoHacocoM. JKHBJIEHHsSI 3MIIMCHIOETBCS BijJ BJIacHOro akymysstopa 12 B 3
MOXKJIMBICTIO TIKJIFOUEHHS JI0 €IEKTPOMEPEK1, TeHepaTopa, aBepOaHKa Ta O0pTOBOI
Mepexi aTomo0ist 12 B.

TecryBaHHS ~ yCTaHOBKM MPOBOAMWIJIOCS 3  BHUKOPUCTAHHAM  BOIU 3
Haii3a0pynHeHimmux xepen bydancbkoro padiony: piuok Ipminb 1 Byuanka, ozepa
Kap’ep 1 wmicmeBoro O6osiota. Mikpo0OioJOTiuHI aHAMI3M IMOKA3add 3MEHIICHHS
3araJbHOro MikpoOHOro uKcia B 3paskax Boay Ha 103-10° KYO/em®,

JI1st mormMOaeHOro OYMILEHHS BOAM 3aCTOCOBYBAJIMCS Pi3HI KOMOIHALIl KapTPHIXKIB
3 aKTUBOBAHUM BYTULJISIM, I 3HE3aI13HEHHS, BUIAJICHHS! OPTraHIYHUX CIOJYK Ta 1H.

[IpoBeneHi AOCHIKEHHSI TOKa3aJid BHUCOKY €(EKTUBHICTh 1 TEPCHEKTUBHICTh
3alPOMOHOBAHOT MOJIENII YCTAaHOBKHU JJISi OYMIIICHHSI BOAM B €KCTPEMAIbHUX YMOBaX.
TpuBaroTh OAATKOBI BHUMPOOYBaHHS JUIsi BU3HAYEHHS HAMOUIbII e(EeKTUBHOTO
TEXHIYHOTO PIMIEHHS MI0JI0 JOCSITHEHHSI MOKAa3HUKIB SIKOCT1 MUTHOI BOJIU BiJIIOBITHO
HOPMYKpPATHCBKOTO 3aKOHOAaBcTBa. Lle 1HHOBalliliHe pIllIEeHHS Ja€ HAAII0 TUM, XTO

notpedye AOCTymy A0 Oe3MeyHOl MUTHOI BOAM, 1 MOXKE 3HAYHO NMPUHECTH KOPUCTH
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rpoMajiaM, sIKi MOCTPakAaJId BiJl BITHU Ta TEXHOTEHHUX aBapiil Sk B YKpaiHi, Tak 1 B
YCbOMY CBITI.

YK 628.1+579.22
BnuimB XiMIiYHMX Ta MiKPOOio/I0TiYHMX MOKA3HUKIB NPHUPOIHMUX BOJ
Ha epexkTHBHiCTD 3He3apaxkennsi Escherichiacolita Candida albicansexosoriuno
0e3MeYHUMHM peareHTaMu
Jlionmuiia MeiabHuK, Osiena boarosa, I'anna YabsiHoBa
Inemumym xonoionoi ximii i ximii 6oou im. A.B. /[ymancokoeo HAH Ykpainu,
m. Kuis, Ykpaina

Beryn. 3He3apakeHHs € GyHIaMEHTaIbHUM €TallOoM OYHUINEHHS MUTHOI BOAM,
KU 3a0e3meuye 1HaKTUBALIIO MPUCYTHIX Y BOJ1 MATOTeHHUX opraHi3MiB. OAHI€O 13
CEepHO3HUX MPOOJIEM 3HE3aPAKEHHS 3 BUKOPUCTAHHSAM CIIOJIYK XJIOPY, € YTBOPEHHS
HEOE3MEeYHUX ISl  370pPOB’S  JIIOAWMHU  TOOIYHUX MPOAYKTIB  OOpoOKMm —
tpuranoreameraniB (TI'M), ramorenonroBux kuciaot (I'OK) Tomio, sSki CIpUYUHSIOTH
IIUTOTOKCUYHY, MyTareHHy, TepaTOreHHY 1 KaHueporeHuny aii [1, 2]. iokcua xiaopy
Oe3nmocepeITHb0 HE TPHU3BOAWTH JI0 YTBOPCHHS XJIOPOBAHUX OpPTaHIYHUX CITONYK,
OJIHAK, HEIIOJAaBHO OYyJI0 IOKa3aHO, IO BiH YTBOPIOE XJIOp in Situ, SKUH, y CBOIO
4yepry, MOK€ YTBOPIOBATH XJIOPOBaHI MOOIYHI MPOAYKTH 3HE3apPAKEHHS, Xo4ya 1 B
3HQYHO MEHIIKH KigbKocTi, HiX mpu BukopuctanHi Cly [2, 3]. YV Bumamky
BUKOPHUCTAHHS 3HE3apaXKYIOUMX areHTiB, 10 HE MICTATH XJiopy (030H — Os, deppaT —
Fe(VI), nepmanranar — Mn(VII)) 3a HasgBHOCT1 y BOJII OPOMI/IiB MOXJIMBE YTBOPEHHS
OpOMOBaHUX MOOIYHUX MPOAYKTIB 3HE3APAKECHHS, 1110 3HAYHO MIJBUIIYE TOKCUYHICTh
00po6ienol Boau[2].

BpaxoByroun  BuUIlleCKa3aHe, HAJI3BUYAMHO  aKTyalbHUM €  TIOMIYK
QTHTEPHATUBHUX  €KOJIOTIYHO-OE3MEUHUX  CHOCOOIB  1HAKTHBAIli  MATOTCHHUX
MIKpPOOpraHi3MiB y THTHIM Boxi.Hamu Bmepmie BCTaHOBIIEHA MOMKJIMBICTH
sue3apakenusEscherichiacoli(E.coli) y Boai 3 BukopucranusM'"3eneHoro" pearenra
—COonpu Hu3bkomy THCKY (0,05-0,20 MIIa) B miama3zoni Temmepatyp 14-42°C[4].
[Tokazano, mio iHaktuBaulis E.coliB muctunpoBaniii Bomi mocsrae 4,0-5,5-log
HopsAaKiB (mo4aTkoBe OakTepianbHe HaBanTaxeHHs 1,3-10%-9,0-10°KYO/cm3) uepes 5
116 3 MOMEHTY 00pOOKH Ta BUTPUMKH IPU 3aJIaHOMY THUCKY MIPH BCiX JOCTIIKYBaHUX
3HAYEHHSAX TUCKY Ta TEMIIepaTypu

OnHak, sk OyJI0 IMOKa3aHO HAMH Jai B JociimkenHi [5], 3ue3apaxenus E.coli
B Ipolieci 00poOKM TPHUPOAHOI BOJAU TIAPOKAPOOHATHOrO THUITY BYIVIEKMCIMM Ta3oM
Hu3bkoro Tucky (0,2 MIla) npu temmneparypax 14-37°C € meHm epekTUBHUM Yy
MOPIBHSIHHI 31 3HE3apaKeHHSIM Y JUCTHIIbOBaH1M BoJli. BusiBneHo, 1110 Mpy BUXITHOMY
HaBaHTaxeHi KymsTypu 1,3:10%-9,0-10°KYO/cm® 'y Bomi  OroBeTy  CTyIiHB
suezapakenns E.coli ma 6 mo0y crmocrepekeHHs cTaHOBUTH jmme 1,2; 2,3 ta 2,7
jJorapuMIYHUX TOPSIAKKM TIpH TeMmIieparypi, BignosiaHo, 14, 22 ta 37° C.nsa
migBumieHHss  eekTuBHOCTI  3He3apakenHs  E.coli 'y  npuponmniii  Bomi
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ripoKapOOHATHOTO TUIY BYIJIEKUCIMM T'a30M HU3bKOIO THCKY HAMU 3alPOIIOHOBAHO
BUKOpHUCTaHHs cymicHoi n1ii CO2 Ta XiTo3aHy.

Meroro paHoipoOoTH € pociikeHHs edektuBHocTi cymicHoi mii CO2 Ta
XiTo3aHy B mporeci 3He3apakeHHs E.coli ta Candida albicans(C. Albicans) B
peaIbHUX BOJAX PI3HOrO XIMIYHOIO CKJIAAy 3 METOK CTBOPEHHSI HAYKOBUX 3acajl s
IIMPOKOTO MPAKTUYHOTO BUKOPUCTAHHS 3alpOIOHOBAHOIO METOY 3HE3apaKeHHS
BOJM €KOJOTTYHO-0€3EYHUMHU peareHTaMH.

Marepianu Ta Meromm. B  10CHIIKEHHIBUKOPUCTOBYBAIM MPUPOAHI
BOJIM3MIIIIAHOTO  XJIOPUIHO-CYIh(AaTHOTO-T1IApOKapOOHAaTHOTO TUIy (OIOBETH M.
Kuesa, depBeHb-x0BTeHD 2023 p.), CKJIQJ SIKUX HABEACHO Y TaOHII 1, a TAKOXK BOIY
piuku [Himpo.

Tabmunsgs 1 — OcHoBHiI XiMiYHI MOKa3HMKM NPUPOIHUX BOJ (0r0BeTH M.
KueBa), BUKOpUCTAHUX Yy HOCiIKEHHI

XiMIYHUN MOKa3HUK Byn. I'epois Byn. Kypuniscbka, | By banbszaka,
Huimpa, 22a 99 65/63
bB1 BB2 BB3
pH 7,7 7,6 7,8
3arajbHUH COJIEBMICT, 612,2 515,0 978,2
mr/om3
XKopcrkicts, Mr-eks/am® 2,8 3,9 1,8
JIyxHicTb, Mr-ekB/am® 55 5,4 5,7
Iigpokap6onat, mr/om® 336,0 329,0 348,0
Cynbsgar, mr/om? 16,8 16,8 50
Xnopua, mr/am® 80,5 18,5 300,0
Kamiit, mr/mom3 17,3 15,6 19,0
Hatpiii, mr/om® 112,0 450 275,0

Kpim Ttoro, MikpoOiojoriuHMi aHayli3 TMOKa3aB HAsSBHICTh Yy TMEpHIOMY 13
Bkazanux kepen (bB1) 3HauHy KiUIbKicTh TeTepOTPO(GHUX MIKPOOPraHi3MiB:
saranbHe MikpobHe uuciao (3MY) npu t = 22°C ckmamano 0,8-10° - 7,0-103
KVO/cm3 Ilepen mo4aTkoM €KCIIEPUMEHTIB y IMPUPOAHY BOAY OIOBETIB BHOCHIIM
HEoOXiHy amikBOTy cycreHsii Mikpooprani3miBE.coli abo C. albicans.Cxemy
YCTaHOBKH Il OOpOOKH BOAM BYIJICKMCIMM Ta30M Ta METOAUKY IPOBEICHHS
CKCIICpUMEHTIB  HaBeAeHo y [4, 5].B  mocmimkeHHI  BHKOPHUCTOBYBAIU
BHCOKOMOJICKYJISIpHUN  XiTo3aH (MonekymsipHa wmaca (Mw) 300x/la, cTymiab
neaneTroBaHHsa 95%).Bony p. IHINIpo BUKOPHCTOBYBAIM O€3 J0JaBaHHS CYCIICH3I1
MIKpOOpPraHi3MiB.

Pe3yabTaTu. Bceranomieno, mo moBHe 3He3zapaxeHHs E.coli(mouarkosa
Harpyska KyusTypu y Boxi 1,0-10° -4,3-10° KYO/em®) nocaraerses npu cymicHiii il
CO; (0,2 MIla) ta XT3 (1 Mr/aM®) Ta TPUBAIOCTI BUTPUMKH 0OpOOIeH0i Boau 6-14
ni6 mpu Temmeparypi 20-23°C. AHami3 OJep)KaHUX PE3yNbTaTiB, a TaKOX IX
NOPIBHSHHS 3 OTPUMAHMMHU paHillle JaHUMHU IO 3He3apaxkeHH:o E.COliB OroBeTHii
BOJA1 T1APOKApPOOHATHOIO THUITYCBIAYUTH TPO T, IO 3arajbHUN COJEBMICT BOJU
MPAKTUYHO HE BIUIMBAE HA MPOIIEC 3HE3APAKEHHS, TO/Il K HASBHICTh y BOJA1 3HAYHOI
KUIBKOCTI TeTepOTPO(PHUX MIKpOOpraHi3MiB BUMarae OimbIl TpuBajioi (> 6 mi0)
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o0OpoOKHM  JyIi  JOCSITHEHHS  IOBHOI  1HaKTHBaIlli  CaHITapPHO-TIOKa30BOIO
mikpoopranisMmy. [lokazano, mo moBHe 3He3apakeHHs C. albicans (mowarkosa
Harpyska KyisTypd y Bomi 2,3-10% - 1,1-10° KYO/cm®) pocsraerbes mpu cymicHii
1iiCO; (0,2 MIIa) ta XT3 (1 mr/am®) Ta TpuBanocTi BUTpUMKU 00po6IIeHoi Boau 24
roauau (1 mo6a) mpu Temmneparypi 13-16 °C.

TpHuBamicTh KOHTAKTY, TOMHHHA

&

4 192 240 288 336
2 1
=

~3

No= 1,1-10°KVO/cm®;t=10-13°C; P=0,2 MIIa; Cxr= 1,0 mr/om®

Pucynok. Kineruka 3He3apaskeHHsi Mikpockoniunoro rpu6a C. albicanss
npuponaHii Boai bB3 (Tadimus) B KOHTPoJIbLHOMY ekcniepumenTi (1) Ta npu aii:
CO2 (2), Bucoxkomouiekyasspaoro XT3 (3), CO2 ta Bucokomonekyasapaoro XT3

(4)

[Ipu iHAMBIAYyanpHINA Al Byrjaekuciaoro razy 4u XT3 mMoBHE 3HE3apa’keHHS
C. albicansne cmocrepiraetbcst HaBiTh uepe3 14 mi0 BUTpUMKH OOpOOIJICHOI BOIH.
OpepxaHl pe3ysIbTaTd MiATBEPKYIOTh BHUSIBICHHN HamMu paHimie (Tpu TOCTIIKEH]
peasibHUX BOJ TigpokapOoHatHoro Tuiy) cuHepriunuit edexrt aii CO2 ta XT3 B
nporieci 3ue3apakenns E.colitaC. albicans. JlocmimkeHHs mpoliecy 3He3apakeHHs
Boau p. Huimpo (Bmicr C. albicans— 24 KYO/em®, 3MY npu t = 37°C — 120
KVO/cm®) mnoxkazano, mo mnosHe 3He3apaxenns C. albicansopu cymichiii aii
BYIJICKHCJIOTO Ta3y Ta XiTO3aHy BiIOyBaeThCs 4depe3 24 TOAuHU, TPU IBOMY TaKOX
smenmnyetbea3MY (no 60 KYO/em®), mo Bimnosigac BuMoram a0 SKOCTi IHMTHOI
BOJIU.

BucnoBok. Otpumani B 1aHiii poOOTI pe3ysbTaTh MOXYTh OyTH BHKOPUCTaHI
IIPH PO3BUTKY HOBHUX CTpATEridl MATOTOBKM MUTHOI BOJAW 3 MPUPOTHUX JKEpEN 3
METOI0 YHMKHEHHS YTBOPEHHS MOOIYHUX TOKCHYHHUX IPOJYKTIB B Ipolieci 00poOKH
Ta TapaHTyBaHHS BUCOKOI SKOCTI 1 6€3MEeKH MUTHOI BOJIU.
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Application of laser-induced breakdown spectroscopy (LIBS) for water quality
monitoring
Iryna Goncharoval?, DominiqueGuichaoua?, BouchtaSahraouit
University of Angers, UMR CNRS, Angers, France
State University of Trade and Economics, Kyiv, Ukraine

Introduction. Water from natural sources is a complex dispersed system
containing many various elements, organic and inorganic compounds, the
composition and ratio of which are determined by the conditions of its formation. The
quality of water is defined by the chemical, physical-chemical, biological properties
that determine water suitability for certain uses[1].

Providing the population with clean drinking water is a priority task around the
world. The problems with the supply of safe water are caused both by its ever-
increasing consumption and high requirements for water quality against the back-
ground of the growing level of water pollution according to WHO [2].

This problem is most acute today during the hostilities in Ukraine. Missile
strikes not only affect people, animals, and infrastructure but also the environ-
ment.First, the level of heavy metal ions, organic and inorganic contaminants in natu-
ral resources increases significantly. Therefore, during martial law and post-war re-
covery in Ukraine, the systematic and comprehensive monitoring of natural water
quality is a critical part for environmental management and protection.

For water quality evaluation, the general focus is on the detection of the levels
of heavy metals ions, total phosphorus, total nitrogen, chemical oxygen demand, total
organic carbon, and permanganate salt presented in a water sample. It is known that
most of the current detection techniques are based on the traditional optical and mass
spectroscopy measurements require long detection cycle, and some of them need the
use of specific chemicals which may cause secondary pollutions [3].

Laser-induced breakdown spectroscopy (LIBS) is a novel atomic emission
spectroscopic technique used to determine the elemental composition of a sample by

analyzing the spectrum of light emitted by a laser-induced plasma. This method is
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used in ecology, medicine, pharmacology, agriculture, commodity science etc. LIB-
Shas several advantages, including no need or a little sample pre-treatment, fast and
easy operation, chemicals free during the process and can identify multi-state sub-
stances simultaneously, rapidly and remotely[4].

Materials and methods. Experimental LIBS system includes five main com-
ponents. These are the sample holder, the laser source, the optical path, the spectrom-
eter, and the data analysis unit. For the first series of experiments, we built setup for
the single-pulse LIBS consists of Q-switched Nd:YAG high-power laser Continuum
Minilite with a pulse duration of 10-15 ns, a repetition rate of 10 Hz, a maximum
pulse energy of 850 mJ, and output at the wavelength of 1064 nm with the USB 4000
Ocean Optics Spectrometer. To improve the detection sensitivity, it was conducted
CR-SENLIBS for the detection of heavy metal ions (Pb?*, Cu?*, Cd?*, and Cr®) in
aqueous solutions on aluminum alloy as the substrate.

For LIBS experiments we focused on the application of LIBS for the detection
of heavy metals in water and used of500 pg/mL NaCl as a reference solution.

A series of experiments was prepared using LIBS for the determination of Pb,
Cu, Cd, and Cr in model solutions. Unitary solutions (500 pg/mL Pb(NO3)2, CuCly,
CdCly, and CrCls) were prepared by dissolving the given amounts of each analytical
reagent in distilled water, respectively. To compare with the LODs of unitary solu-
tions, a mixed solution which contains the 500pug/mL Pb(NO3z)., CuCl,, CdCl,, and
CrCls was prepared. Seven standard solutions were prepared by diluting the above
solutions with distilled water, respectively. The overall concentrations of Pb(NO3),
CuCly, CdCly, and CrCls in the standard solutions, as well as their mixture, were 2.5,
5, 10, 20, 30, 40, and 50 ug/mL. Standard solutions of Pb(NQOz3)2, CuCl,, CdCl,, and
CrCls were dropped into Al alloy plates and dried on aluminum foils.

Results. LIBS spectra containing information on all elements were collected
after microplasma generation. On the basis of LIBS spectra for model solutions of
Pb(NOz3)2, CuCl,, CdCly, and CrCls the values of the wavelength were selected and
the calibration curves were constructed. LIBS spectra were compared with theoretical
LIBS database NIST of American National Institute of Standard and Technology.The
content of heavy metals, such as Pb, Cu, Cd, and Cr in natural water samples of An-
gers (the rivers Loire and Maine, the lake Maine) was calculated.

Conclusions. Therefore, by investing in water quality monitoring and using
advanced technology, as LIBS, it is possible better manage and protect the water re-
sources, which are essential for public health, agriculture, and economic develop-
ment. Our main goal is to help in creation of environmental sensors to assess and im-
prove the availability and quality of natural water, which are necessary and crucial
for health and wellbeing in general around the world and particularly for Ukraine in
this especially difficult period of war.
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CEKIIIA 3

NIIBUINEHHA EOEKTUBHOCTI
MMPOLECIB NIIrOTOBKU NUTHOI
BOJIU. ®I3UKO-XIMIYHI TA
BIOJIOI'TYHI ACIIEKTH OUYULIIEHHS
MMUTHOI BOIU
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V]IK:546.4 + 502.656
Komno3utHuii cOpOEHT HA OCHOBI KJIMHONTHWIIOJITY TA MATHETUTY JJISt
suaydenns ¥Cs ta ©Sr 3 poxnunx posunnis
Ceitiiana Kobeub, Onexcanap KocopykoB, I'anmna IImunko
Incmumym xonoiownoi ximii ma ximii 600u im. A.B. /[ymancoxoco HAH Ykpainu, Kuis,
Yrkpaina

Beryn. Tlomyk, po3poOka HOBHX 1 BIOCKOHAJEHHS ICHYIOUMX METOJIB Ta
copOmiitHuX MartepiaiiB g BuydeHHs pamgionykmiaiB (PH) mesiro Ta crponmito 3
BOJHHMX CCPCIOBUI € aKTyaIbHHMM Ta TMPIOPUTETHUM HANPSIMKOM HAyKOBHX
JOCIIIJPKEHb Y 3B'SI3KY 3 3arOCTPEHHSIM PaJIIOCKOJIOTTYHUX TPOOJIeM, BUKIUKAHUX
HAKOMWYEHHSM 1 MOMIMPEHHSM PaJi0aKTUBHOTO 3a0pyaHEHHs B MOBKULI. OCTaHHIM
4acoM OCOOJIMBa yBara BUE€HHMX MPUIUIIETbCS PO3POOIIl Mar”HiTHUX COpPOEHTIB,
OCHOBHOIO TIEPEBArol0 SKUX € CIPOILEHA TEXHOJOTIS 1X BIIOKPEMJICHHS BiJl PO3UHHY
METOJOM MarHiTHOi cenapauii.Buganennss PH 3 BomHux cepemoBuil Bce 1ie
3aJIMIIAE€THCS  MPIOPUTETHUM 3aBJIaHHSAM €KOJOr1yHOi Oesneku. Bigomo, mo s
137Cs ta OSr (T12 =301 29 p., BiAnOBiAHO) BIacTUMBA BUCOKA MirpaiiiiHa 34aTHICT,
IHTEHCHBHA O10aKyMYJSIis 3a Yy4acTIO TPAHCIOPTHUX CHUCTEM KallbLiI0 Ta KaJjilo,
BIIMOBIIHO  (MarOTh OJM3bK1  paJilyCl TiApaTOBaHUX 10HIB, HM:lcs = [k=
0.23;rs*" = rca?* = 0,42, 1m0 crpuse iX JErKoMy 3aCBOCHHIO )KHBMMH OpraHi3MaMy.

Hamu 3anpornoHoBaHo BUCOKOE(hEKTHBHI Ta BUCOKOCEJIIEKTUBHI COPOCHTH Ha
OCHOBI NIapyBaTUX TMOJBIMHUX TIAPOKCHIB, 1HTEPKAIbOBAHUX OPraHIYHUMHU Ta
HEOpraHiYHUMHU JlirangamMu (KapOokcuiaT- Ta TekcaliaHodepar-ioHamu), ix
MarHiTHUX KOMIIO3HTIB, SIKI Ha ChOTOJIHI BUSBHJIMCS OJHUMH 3 Hale()EKTHUBHIIINX
COPOCHTIB JIi BUJIYYEHHS IIUPOKOTO CIEKTPY HEOPraHIYHUX EKOTOKCHUKAHTIB
KaTiOHHOT Ta aHIOHHOI TPHPOAM 3 BOJHUX CEPEJOBHIN MYIHTHKOMIIOHEHTHOTO
CKJIaay, 30KpeMa HHU3bKOAKTUBHUX PIAKUX pamioaktuBHUX BinxoniB (PPB) 3
1BUILLIEHUM coneBMmicToM[1].3anpononoBano TaK0XkK KA -IIUHKOBU I
rexcarianoepar 3 MarHiTHUMU BiIacTuBocTsaMu st Buirydenns U(VI), ¥7Cs, *Sr ta
Cu(ll), Co(l1), Cd(I1), Ni(Il). OcobmnBO BUCOKOS(PEKTUBHUM Ta CCIICKTUBHUM BiH
BusABUBCA 040 'Cs npu mBuaKii kinetuui copouii — Kg = (0,5+2,5)-10° em®/r, mo
BIJIIIOB11a€ PIBHIO KPAIIUX CBITOBUX aHAIOTIB[2].

Bapro 3azHauuTtH, 1110 MpU CTBOPEHHI MArHiTHUX COPOEHTIB BHOIp PEUOBUHM -
MaTpuili (OCHOBHMH KOMIIOHEHT, 3B’S3aHMM 3 MAarHiTOAKTUBHOI CKJIaJI0BOIO)
BU3HAYAETHCS HE JIMIIE MapaMeTpaMu copoOIlii, a TAKOK BPaXOBYETHCS €KOHOMIYHUN
aCreKT, OCOOJIMBO KOJU PO3IJISAAETHCS MOXIIMBICTh 3aCTOCYBaHHSI COpPOIIHHOTO
Marepiany s Je3aKTUBAIlll BEIMKUX 00’€MIB pajlOaKTUBHO 3a0pyJHEHUX BOA. Y
[[bOMY BHUIAJKY JOLLIBHINIE BUKOPUCTOBYBATH MPUPOAHI COPOIiitHI MaTepiaau
(TIMHUCTI MIHEpaaH, IEOJIITU Ta 1H.), SIKi, 3aBJSKH HASBHOCTI BEJIHUKUX OCBOEHHUX
POJIOBHUILL, € BIIHOCHO HEJJOPOTUMH 1 TOCTYITHUMH.

Marepianu i meroau. Y pganiii poOOTI 3amporOHOBAHO COPOEHT HA OCHOBI
knuHonTHIoMTY Ta MarHeTuTy (Fes04/Ki). Kommosuthuii copOeHT 6yB oTpuMaHuii
Ha OCHOBI OYMIIEHOTO 1 nepeBeeHoro BNa-hopmy KIMHONTUIN011Ta COKUPHUIBKOTO
pPOJIOBHINA 1 MarHeTuTa(0OMIHHA €MHICTh OTpUMaHOi Na-(hopMu 11€0JIITOBOI TOPOIH
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cranoBuia 1,07 mMr-exs/r).BusHauenns xounentpanii ionis Cs* ta Sr?* mposoauiy Ha
aToMHO-abcopomiitHoMy criekTpodoromerpi C-115-M1 mpu nosxkuni xBuii A = 852,1
i 460,7 um, BiamosinHo, a npu BukopucTanui MiTok¥'Cs Ta %Sr— pagiomerprunum
METOJIOM 3a cyMapHOIP-akTuBHICTIO Ha B-pagiomerpi KPK-1-01A.

Pe3yabTaTn. Pentrenoga3oBuil aHani3 nmokasas, III0 OCHOBHUM MIHEPAJIOM Y
CKJIa/Il JJOCIIKYBAHOI 1[E0JIITOBOT MOPOJU € KIMHONTHIIONIT 13 JOMIIIKaMU KBapIty 1
cmonu ~10 12 %, BignosigHo.Ha pertrenorpami copoeHTty nopsij 3 AudpakiiiiHuMH
JIHIAMHA  KJIMHONTUIIONITY, KBapily, TIAPOCHIOA 3’ SIBUJIMCA JIiHII, XapakTepHi s
margeruty (d = 4,86; 2,973; 2,526 A).

JlocmipKeHHs npolecis copbuii Ha npuknani Sr mokasanu, Mo MakcHMalbHi
3HaueHHs1 Ky JocsiraioThesi B obsiacti pH 6+9, mo Bkazye Ha JOMIHYIOUY pOJIb
MOBEPXHEBUX COPOLIMHNX 1EeHTpiB Kommo3uTy. Jns FesOs/Kn 3nauenns Ky gemio
HWKYl, HDK a1 Kni, 1mo 3yMoBiieHO, WMOBIPHO, YaCTKOBUM OJIOKYBaHHSIM
COpOIIMHUX IIEHTPIB AIFOMOCHIIIKATHOI MaTPHIll Y PE3YJIbTaTl OCAPKCHHSI MAarHETUTY
Ha noBepxHi Ki.

= VY Tabn. mpencraBieHO pe3yiIbTaTH
S 700 f BIUIUBY TPHUBAJOCTI  CcOpOIii Ha
K¢®¥'Cs ta %Sr. BcraHoBiieHO, 110
JUTSL TOCSITHEHHSI PIBHOBarv B CUCTEMi
3  BUKOPUCTaHHSM  JOCIHIJKEHHUX
COpOEHTIB HEoOXiTHa JIOCUTh
300 * TpUBaja copOIris (mpotsirom
JNEeKUIbKOX 1110), sKa JIMITYEThCH,
100 , , , ﬁMOBipHO, BHYTPIIIHHOIO I[I/I(I)YB%GIO y

> 4 6 3 MIKPOMIOPUCTY CTPYKTYpPY ILEOTITy —

pH, Tmycrotm 1 KaHamu, YTBOpeHI IX

Puc. 1. Bniiue pH BoanHoro po3umny Ha TETpacApHUIHUMU KiHBHﬂMH (S,
cop6mito *°Sr (Asr-00= 5-10° Br/IM®, teops. = 1 ADOs. Came mopucra  Binkputa

rox., |NaCI — 0’01) o _ K.]]; .- Fe304/KJI ‘IYHKPOTCKCTypa ]_FeOHITlB BHU3HaA4yac
1XH1 TakK 3BAaH1 «MOJICKYJIAAPHO-

CUTOBI» aJICOPOIIIHI BIACTUBOCTI.

Tab6uys. Buuus Tpusasocti copouii na Kq'¥’'Csta®Sr kommosurom FesOs/Ka
(PHo6, Asr-90, cs-137= 5-10°Br/mm°)

S
X
500 -

Yac copbuii, rox Kg, cM3/r
137Cg 0gy
0,5 1100 900
1 2550 1600
6 3960 3560
12 6150 4740
24 8970 5600

VY BHYTPIIIHbOKPUCTATIYHOMY MPOCTOP]1 LEOJITIB ICHYE CHUCTEMA CIIOIYYEHHUX
MDK CO00I0 MIKPOMOPOKHUH, Y SKMX 3HAXOASATHCS OOMIHHI KaTiOHU 1 MOJIEKYJH
KpPUCTAJIOT1IPAaTHOI («UEOMITHOI») BOJIM. BpaxoByrouu BHIIEONHCaHl JaHi, MOXHa
NPUIYCTUTH, WIO OCHOBHUM MexaHizMoMm copOmii PH i3 BogHux po3uuHiB
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KOMIIO3UTOM €, UMOBIPHO, TU(]Yy3is Y BHYTPIIIHBOKPUCTATIYHUN MPOCTIP KapKacHOi
MaTpHIll LUEOJITY, a MarHETUT, OCA/P)KEHUI Ha MOBEPXHI KJIMHONTHIIONITY, BUCTYIAE
JMILE y poJil MarHITOAKTUBHOI CKJIaJ0BOI, 10 JO3BOJISIE€ BUAAIATH BiANpallbOBaHUN
copOLiitHUN Marepiayl 3 po34MHY METOJOM MarHiTHOI cemnapariii. [linTBepaKEeHHIM
LIbOMY CJIYI'YIOTh PE3YJbTaTh €KCIIEPHUMEHTAILHUX JA0CiKeRb copbuiit®’Cs ta®Sr 3
BOJIHMX PpO3YMHIB Ha 3pa3kax MarHeTuTy. BcTaHOBI€HO, 10 TNpH TPUBAJIOCTI
KOHTaKkTy TBepaoi 1 piakoi ¢a3 1 roxg FesOsmpaktuuno He copOye i0HM 1e3i0 Ta
CTPOHIIIIO 3 MOJIETHHOTO BOAHOTO PO3YMHY, a BHUCTYMa€ JMIIE Yy PO
MarHiTOAKTUBHOI CKJIaJ0BOI.

Copb6uiro pagionykmifis Ha npukiaani Sr?* na FesO4/Ki MoxHa IPEACTaBUTH Yy
BUIJISIZII CXEMHU, 3T1IHO SIKOi HaOUIbI MMOBIPHUM € HATPIEBO-CTPOHLIEBHI OOMIH,
ockinbku Tipu cuHTe31 Fe304/Ki y sikocTi peuoBUHU-MATPUIll BUKopucToByBayiu Na-

dhopMy KIMHONTHIIONITY.
Fe O,

Puc. 2. Cxema copouii Sr’* komnosuTom Fe;Os/Ka

Bucnosku.Bcranosneno, mo epexTuBHICTE copOuiiinoro sunydenns ¥'Cs ta
Sr HoCHiKyBaHUMHM TPUPOJHUMH Ta MOAM(IKOBAHUMM MiHEpalaMy 3HAYHOKO
MIpOIO 3aJICKHUTh BIl MAaKpPOKOMIIOHEHTHOTO CKJaJy BOJHOTO CEpEeIOBHIIIA.
Pesynbratn mocnimxenb mokazanu, mo Fes04/Kn € epextuBHUM copOeHTOM IS
BUIydeHHS °Sr i3 BOAHMX CEpENOBMIN IPH HE3HAYHOMY BMICTI KOHKYPYIOUHX
ioHIB.CamMe TOMY TOIIYK CEIEKTHBHUX Ta €KOHOMIYHO JOIUTBHUX COPOCHTIB IS
JIe3aKTUBAIlli BETUKUX O00’€MIB MPUPOJHUX BOJA 13 MIJABUIICHUM COJEBMICTOM
3aJTUIIAETHCS AKTYAIbHHM.

Iepednik pxepen ingopmanii

1. [Tmmnako .M., Ily3upna JL.M. [lomdyHKuioHaNbHI BUCOKOCEIEKTHUBHI
COpOEHTH [IJI1 OYHUINEHHS BOJ BiJ PAJIOHYKIIAIB Ta IHIIUX HEOpPraHIYHUX
exoTokcukanTiB. K.: HaykoBa gymka. 2023. — 284 c.

2. [Tmmmukol . H.ITy3sipuas JI.H., KoGenr C.A.,denopoa B.M., Kocopykon
A.A., lemuenko B.S.Cnoucterit aBoiiHOM ruapokcua Zn u Al, mHTepKaaupoBaHHbIH
rekcannanodeppar(ll)-nonamu — COpOSHT JIsi U3BJICUCHUS 1I€3KsI U3 BOIHBIX CPE/I.
Pamgnoxumus. 2015. T.57, Ne3. C. 221-226.
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YK 628.16.094.3: 547.992
I'nuboka necTpykiisi ryMiHOBOI KHCJI0TH B HEUTPAJIbHOMY BOAHOMY
cepeaoBHUILI B TOMOreHHIi porokaTaaiTHYHINA cucTeMi
Bipa Bakyuaenko, Ipuna CroasipoBa, IOuisa llIBaguuna, Baaguciaas I'onuapyk
Incmumym xonoiownoi ximii ma ximii 6oou im. A.B. [[ymancexoco HAH Yxpainu, Kuis,
Ykpaina

Beryn. Brockonaneni mpouecu okucHeHHs (Advanced oxidation processes
(AOPs)) pemanmi mwMpiie 3aCTOCOBYIOTHCS Ui OYMINEHHS NPUPOJHUX BOJ BIJ
npupoaaux opraniuaux pedoBuH (I[IOP) Ta MikpomoOMImIOK pi3HUX €KOTOKCHMKAHTIB
[1]. B mporeci okucHeHHS 3MiHIOIOTBCA cTpykrypa IIOP 1 iX BiIacTMBOCTI, IO
BIUIMBA€ HA TUIH Ta KOHLEHTpAlli YTBOPEHUX MOOIYHMX MPOIYKTIB OKHUCHEHHS B
OUYUIIEHIA BOMI TICIS 3aKIIOYHOTO 3HE3apaKeHHs. ToMy ayxe OaxaHuM €
JIOCSITHEHHSI MakcuMalibHOTO cryneHs MiHepaniizauii [IOP (moBHoro poskiagy a0
CO2, H20O 1 HeopraniyHUX 10HIB) B TIPOIECI OKUCHEHHS.

Bucokuii crymine MiHepamizaimii opraHiyHux aomimok (>80 % 3a BMicTOM
3arajibHOr0 opra"iyHoro Byrielo (30B)) 3abe3neuyroTh PoToOKaTaTITUYHI MPOLIECH,
OJTHUM 3 SIKHX € TOMOTeHHE (DOTOKATaTITHUHE OKUCHEHHS TIEPOKCUIIOM BOIHIO ((poTo-
®enton) [2]. [Ipomec (oro-DeHTOHA CYTTEBO IMIJIBUINYE IIBUIAKICTH Ta CTYIIHb
JECTPYKIIII OpraHIYHUX JOMINIOK MPH MEHIIHUX J103aX Karaji3aTopa Ta OKHUCHUKA,
MOPIBHAHO 3 TeMHOBUM mporecoM @DeHToHa, 3a paxyHOK MOAATKOBHX MUIAXIB
YTBOPEHHS TiJAPOKCUIILHUX PaguKailiB ((POTOMTUUHOrO BiIHOBIEHHS KaTioHiB Fe’'y
KucioMy cepenoBuiii (ontumansie pH 3—4) mig BrutuBoM Y ®-BUITPOMiHIOBaHHS 200
BUJIMMOTO CBiTIa Ta ¢oTomiThaHOro poskmany H>Oz), mo mokpamrye ekosoro-
CeKOHOMIYHI TIOKa3HUKH TpOIleCy OuMIleHHS BoAu. Haa3BuyailHO BaXIMBO
3a0e3MeuynT MakKCUMalbHUI cTymiHb naectpykiii [IOP npu pamioHanbHiil 1031
OKMCHUKA Ta MIHIMaJIbHIA KOHIIEHTpAllli Karajizaropa, o0 YHUKHYTH YTBOPEHHS
HeOaKaHUX MPOMDKHUX MPOAYKTIB Ta HEpAIlOHATbHUX E€HEPreTUYHUX BUTpaT [2].
[ToTeHIIMHUM CITOCOOOM MPUCKOPEHHS (POTOKATATITUYHOI ACCTPYKII OpraHidyHUX
CHOJYK Y HEUTpaIbHOMY BOJHOMY CEPENOBUIII € XeJIaTHO-MOJIM(IKOBAHUN MpoLEeC
¢doro-Denrona [2, 3].IIpote 3acrocyBanHs 1bOro miaxony st aecTpykuii [TOP uu
OYMILICHHSI peabHUX MPUPOTHUX BOJI HA TAaHWI Yac 3yCTpidaeThes piako [4].

Merta po6otu. BusHaueHHs paiioHaqbHOI KOHLIEHTpAIil MEePOKCUAY BOJHIO Ta
MiHIMaIbHOI KOHIEHTpalii ioHiB Fe3* nus NocArHEHHSs MakCHMalbHOIO CTYIEHS
Mminepam3aiii ryminoBoi kuciotu (I'K) y HeWTpanbHOMY BOJHOMY CEpEOBHUIII B
npoueci ¢porokaramiTuaroro (Fe**/H,0,/Y D) okucuenns npu Y O-C-ompoMiHeHHi Ta
OLIIHKA JIOIIJIbHOCTI BUKOPUCTAHHSI KOMIUIEKCHUX CIIONYK 3aii3a JAJisl iHTeHCudiKalii
nporiecy ii AecTpykiii B XxenarHo-mMoaudikoBaHoMy mpoiieci poro-denrona.

Marepianu i meroau. Ak 00'€KT AOCHIIKEHHS BUKOPUCTAIN HEUTPaTbHI
BOHI po3unnu rymiHOBOI Kucinotu ¢ipmu “Fluka” (30Bo = 9-10 mr/am®, pHo 6,4—
6,9, kombopoBicTh — 160+5 rpan). Kineruky ¢orokaramituunoro (Fe**/H,0./Y®D)
OKHCHEHHA po3unHiB ['K mepokcuaoM BOAHIO BHBUAIM TpPU  TeMIEpaTypi

HaBKOJIMIIHBEOIO CcepenoBriia y ckiasuomy peakropi (V = 0,5 nm®) npu onpominenni
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3aHYPEHOI0 PTYTHO-KBapIoBoro sammow JIPb-8 (A = 254 HM) 1 mepemilryBaHHI
MarHiTHOIO MIIIAIKOI0 TPOTsIroM 3 rof. byrno omineno BB konuentpamin H20: 1
Fe®*, macosux crisBignomens [H202]/[30B] ta no6asok asox yiragis (L) —
okcanatry Hatpito (NaxC204) 1 cammumioBoi kuciaotu (C7HsO3) mpu momsipHUX
criBBignomennax [L]:[Fe*] simmosimmo 3:1 i 1:1 Ha KiHETUKY 1 CTYyIIiHb
minepanizanii ['K. IIpy BKa3aHuX CIHiBBiIHOLIEHHsX Jiranais ta Fe3* yreoprororses
CTIMKI KOMIUIEKCM B HeUTpaibHOMY cepenoBuili [2]. B mpoueci 00poOku
KOHTPOJIIOBaJIM 3MiHY KoOHIeHTpaliii 30B (cTymiHb MiHepamizailii) aHaii3aTopoM
Shimadzu TOC-Vsn Ta epoKCcHIy BOAHIO 3a PEAKIII€l0 3 CYIb(aTOM THTAHLTY.

PesyabraTnn. BcranoBneno, mo go3a H2026,8 MM, ska Biamosinae
[H202]o/[30B]o = 25 mr/mr, npu MminimaneHii [Fe3*]o = 0,02 MM 3abe3neuysana
HaWBUIIMU CTYMiHB qecTpykTuBHOI MiHepamizaiii ['K (89% 3a 3 ron) (puc. 1, a). [Ipu
MEHIIM 7031 OkMcHUKa (21 w™r/mr) anajoriyHuii cTymiHb MiHepamzamii 'K
JOCSTaBCS JIMIE SK pPe3yiabTaT JBOX MPOIECIB (IECTPYKINS + OCaHKeHHs), HOTo
JNECTPYKTHBHA CKJIaJoBa cTaHoBuiaa 69 %, 4acTKOBO uepe3 MIBUIAKHM pPO3KIIA
okucHuka (puc. 1, 0). Ilomanemie migBumieHHs no3u H2O» mounHano rajabMyBaTH
nporiec aecTpykTuBHOI MiHepaiizaiii 'K ta po3kian camoro okucHuka (puc. 1), sk i
migBuIIeHHs konuentpanii Fe* 1o 0,1 MM (puc. 2, 0).

30B,/30B, [H,0,],/[H,0,],

1,0
0,8
0,6
0,4
0,2

0,0 - - )
0 1 2 t,I‘O,Z[ 3 0 1 2 t, ron 3

Pucynok 1. Kinernka ¢orokaraniruunoi minepasizauii I'K (a) Ta
poskiaxy H>O; (6) mpu pi3Hiii konnenrpanii H-O:
30B) = 9,3-9,6 mr/am3, [H2.02]o =5,9 (1), 6,8 (2) Ta 10,5 MM (3), [Fe®*]o =
0,02 MM, pHp 6,8+0,1

3Bakaro4y HA MOMITHO BUINMI noyaTtkoBuil BMicT 30B BHACHIIOK qOoxaBaHHSA
opraniynux jgiragaiB (Bix ~20 mo ~80%), MOPIBHSIBHI JOCTIDKEHHS KIHETUKU
necTpykTuBHOiI MiHepamizamii 'K B HelTpaabHOMY cepeloBUIIl B XeJaTHO-
MoauQikoBaHUX npouecax poro-DeHToHa 0ys0 NPOBEAEHO MPU BUILII TUTOMIH 1031
okucHuka (3543 wmr HxOx/mr 30Bg). Crymiab JeCTpYKTUBHOI MiHepami3allii
opraniynux aomimok (I'K + mirann) y xenatHo-moaudikoBaHUX Tpoiiecax (oTo-
®enrona npu [Fe¥*] = 0,02 mMM3spocras n0 92-93% 3a 3 roa, HOpIBHSAHO 3
KJIACHYHHMM HOTO0 BapiaHToM 0e3 KoMIIeKkcoyTBoproBauiB (87% 3a 3 rox) (puc. 2, a).

[Tpu ananoriyniii 1031 OKUCHUKA Ta BHUIIiM KOHLEHTpaii ioHiB 3ami3a ([Fe3'] =
0,1 MM) ctyninp nectpykTuBHOI MiHepamizaiii ['K B HellTpanbHOMY cepenoBuil y
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KJacugyHoMy Tiporeci poro-denrona 3HmkyBaBcs a0 64% 3a 3 rox (puc. 2, 0), a
CyMapHa €(EeKTUBHICTb OYMILEHHS (OKMCHEHHs + KoaryJjsuisg) ctaHoBwia 82% 3a
30B. B o1 yac, gk Mpu BKa3aHUX J103aX PEAreHTIB Y MPUCYTHOCTI OKCAJIaTy HATPiIO
CTYIIHb JIECTPYKTHUBHOI MiHepamizalii opraniynux npomimok ('K + miranmg) B
HEUTpaIbHOMY cepeaoBuIlll 3pocTaB 10 89% 3a 3 roa, a cymapHa e(EeKTHUBHICTh
OUHIIeHHS (OKUCHEHHS + Koarymsiis) — 10 91% 3a 30B.

30B/30B, 30B,/30B,

1.0 1.0

0.8 0.8

0.6 0.6

0.4 0.4

0.2 0.2

o0 bmvn— o
0 1 2 t, rox 3 0 1 2 tron 3

Pucynok 2. IlopiBHsiHHS KiHeTHKH oTokaTaniTuaHoi MiHepaJizamii 'K B
kjaacuuHomy (1, 1') ta xenarno-monudikosanux (2, 3, 2') npouecax ¢oro-
deHToHA
30B, =9,3-9,6 (1,1"), 10,8-10,9 (2, 3) i 17,5 mr/am?® (2'),[H202]o = 10,7+0,2
MM (a), 10,2 + 0,4 MM (0), [Fe**]o = 0,02 (a) Ta 0,1 MM (6), L = Na,C,0s4 (2, 2"),
C7H6Os (3), [Fe**]o:[L]o =1:3 (2,2") i 1:1 (3), pHo 6,4-6,7

BucHoBku. BuznaueHo parionansHy mutoMy 03y HoO2 (25 mr/mr 30Bo), sxa
npy MiHiManbHIA KoHueHTpanii iowis Fe®* (0,02 MM) 3a0esnedye MakCUMalbHUMI
CTYIiHb JCCTPYKTUBHOI MiHepami3aiii TyMIHOBOI KHCIOTH TIpU TMOYATKOBIN
xounentpanii 30Bg ~10 mMr/nm® B HelitpansHoMy BogHOMY cepenosumni (89% 3a 3
rog) y romorenHomy mporeci ¢oro-®entona (Fe*'/H,0/YD) mpu VO-C-
orpoMmiHeHH1. [loka3aHo AOIIIBHICTH 3aCTOCYBaHHS MESKUX JIraHiuiB (OKcajary
HATPIilO0, CATIIUIOBOI KHUCJOTH) IS IIJBUIICHHS CTYNEHS JCCTPYKTHBHOI
MiHepam3aii opraniyaux gomimok (I'K + miranm) B HEUTpaTbHOMY CEPEIOBUIII 10
91-93 % 3a 30B.

Iepeaik pxepen ingopmanii
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review. J. Environ. Manage. 2018. V. 208. P. 56-76.

2. Clarizia L., Russo D., Di Somma |., Marotta R., Andreozzi R. Homogeneous
photo-Fenton processes at near neutral pH: A review.Appl. Catal. B: Environ. 2017.
V. 209. P. 358-371.

3. Zhang Y., ZhouM.A critical review of the application of chelating agents to
enable Fenton and Fenton-like reactions at high pH values. J. Hazard. Mater. 2019.
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YK 628.16.094.3: 574.64:595.324
Oninka TokcuuHocti 1 daphnia magna peakuiitHux cymimeii micJis
(poToxiMivHOro T2 GOTOKATAJTITUYHOI 0 OKHUCHEHHSI BOAHUX PO3YUHIB I'yMiHOBOI
KHCJI0TH IIEPOKCUAOM BOJIHIO
Amnapii I'onoBkos, Ipuna CrossipoBa, Bipa Bakysenko
Incmumym xonoiownoi ximii ma ximii 6oou im. A.B. /[ymancvkoeco HAH Ykpainu, Kuis,
Ykpaina

Beryn. Y nockonaneni nporecu okucieHHs (AOPs) cTany 3araibHOBU3HAHOIO
TEXHOJIOTI€I0 OYHUIICHHS BOAM B OCTaHHI AecaTwiiTTsa. [Ipore, He3Bakaroum Ha
BUCOKY edekTuBHICT, AOPs 11 BUaneHHs IIJIbOBUX OPraHIgHUX JOMIIIOK, TOBHOI
MiHepami3allii OUIBIIOCTI 3 HUX 3a3BUYAll JIETKO MOCATTH HE BAAEThCs. [[OBHUN ITUKIT
XIMIYHHUX TEPETBOPEHb BiJ BUJAIECHHS BUXITHOI CIIOMYKH 0 MTOBHOI MiHepami3alii 3
OI[IHKOIO MOXJIMBUX O10JIOTTYHUX €(EeKTIB 3aJUIIAEThCA PIAKO JOCKOHAIBHO
BUBYCHUM. BojHOuYac KIHIIEBOIO METOI BCIX JCCTPYKTUBHUX TEXHOJOTIA €
JIETOKCUKAIIISl yCIX JIOMIIIOK, a HE JIMIIE BHUAAJEHHS IUIbOBUX CIONYK. Tomy
BunpoOyBanHs Ha Daphnia magna e Haa3BMuYaliHO BaXIUBUMH SIK OJHA 3
MOXKJIMBOCTEH Hecneur(iuHoi OLIHKK 1HT10Yyr04oi Ta O10JIOT1YHOI Jii cyMilIend ycix
BIJIOMHX, a TaKOXX HEBIJIOMHX IPOJIYKTIB PO3KIANy IIJILOBUX 3a0PYyTHIOIOUHX
peuoBuH [1]. Lle#t migxig ocoOJMBO KOPUCHUW MpU BUBYEHHI YK€ CKIIATHUX
OpPraHiYHMX JOMIIIOK, TaKUX SAK TyMIHOBI KHCJIOTH, YWi NPOMDKHI Ta MOOIYHI
MPOJYKTH JECTPYKIIii BaXXKKO MOBHICTIO 1IeHTU(IKYBAaTH aHATITHUHUMH METO/IaMu. Y
nesKuX BUmagkax 3actocyBaHHs AOPs Oylio BCTaHOBICHO YTBOPEHHS OiIbII
TOKCUYHUX MPOAYKTIB MOPIBHAHO 3 MOYATKOBUM OpraHIYHUM 3a0pyAHIOBaueM [2].

Mera Hamoro mOCTIDKEHHS Ha TOYAaTKOBOMY €Tali TMoJjisiraia B
€KOTOKCUKOJIOTIYHIM  OLIHI[l  peakIiiHuX cyMmimed  Oe3rocepeHb0  MIcHs
doroximiunoro (H202/Y®) ta romorennoro ¢orokarazituunoro (Fe¥*/H0./Y D)
okucHeHHs1 (mporiec ¢oro-Dentona) ryminoBoi kucimotu (['K) mpm HeBHCOKHX
CTyMeHsX 11 XiMiuHoi MiHepam3allii (po3knany 10 CO2, H2O Ta HeopranidyHuX 10HIB).

Marepianau i MeToau. Sk 00'eKT MOCIIHKEHHSI BUKOPUCTOBYBAIN HEUTpalIbHI
BOJIHI po3uuHU KomepiiiiHoi ryminoBoi kuciotu (I'K) ¢ipmu “Fluka” neBucokoi
xounentpanii (30Bo = 8,5-9,7 mr/nM3, konsoposicTs — 160+5 rpax.). DoroximMiune
(H202/Y®) ta ¢orokaramitnune (Fe3*/H,02/Y®) oxucuenns posumnis 'K
npoBoauId B ckisiHOMYy peakropi (V = 0,5 aM°) 3 3aHYpPEHO0 PTYTHO-KBApLIOBOKO
namnowo J[Pb-8 (A = 254 uM) npu nepeminryBaHHI MarHiTHOIO MIIIAIKOK MPOTSITOM
3 roa. ITapameTpu 0OpPOOKH 1 XapaKTEPUCTUKH MOYATKOBOI'O Ta OKUCHEHUX PO3UMHIB
'K naBeneni B Tabmuii 1.

EKOTOKCHYHICTh OIIIHIOBAIM MUIAXOM TECTyBaHHs JeranbHOCcTi Daphnia
magna mpotsrom 96 roj. BiINOBITHO IO CTAHIAPTHOTO MPOTOKOJIY, OMUCAHOro B [3].

Tectn Ha TOCTPY TOKCHUYHICTH MPOBOAWIM 13 MOYaTKOBUMH po3unHamu ['K B
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nuctuiboBaniil (pHo 6,3-7,1) Ta MogenbHiil (myxHicTh — 2,5 MMNaHCOs, pHo 7,9—
8,0) Bogax 10 06po6kw i micas 06podku HyOn/Y® Ta knacuunum (Fe3*/H,On/Y D) un
dbepiokcanarao moaudikoBanum (0,06-0,12 MM NaxC204) niporiecom porto-PenToHa
(trabn. 1).Meton OioTecTyBaHHS Ha AadHIAX 3aCHOBAaHUN HAa BU3HAYEHHI CTYIEHS
BIDKMBAHHS PAKOMOAIOHUX TIPU TOKCUYHOMY BIUIMBI XIMIYHMX PEYOBHH, IO
MICTATBCS y BO1, 1 IOPIBHSAHHSA iX 3 KOHTposbHUMH TokazHukamu (KH).Kpurepiem
rocTpoi TOKCMYHOCTI € 3arudenb 50 % 1 Outbie 0coOMH, a XpOHIYHOI TOKCUYHOCTI —
3arubens Big 20 % nmo 40 % nmadmiii 3a mepiox A0 96 roa y TecTOBaHIM BO/II
MOPIBHSHO 3 KOHTPOJIEM.

Tabmuus 1. — IapameTpu 0o0poOKH i XapaKTePpUCTHKH MOYATKOBOI0 Ta
OKHCHeHHuX po3umHiB I'K

O6pob6- | Ne J1o 06poOku ITicis 06poOKH
Ka 1/ o 30B, Fed*, H202, | Na2C20q, o 30B, H20-,
m| P mr/mm® | MM | mr/mom® MM p mr/om® | mr/mm®
_ 168 | 85 0 0 0 68| 85 0
Doro- | 21 641 g3 002 | 306 0 54 | 29 54
dentoH
@oto- |31 6o 118 | 002 | 308 012 |55 38 53
denToH
MOmA- | 4 | s 998 | 002 | 329 012 | 56| 32 62
¢bikoBa-
mmit | 5 | 6,3 | 10,7 | 0,02 | 323 006 | 55| 38 65
H.OJ | 6| 71| 96 0 330 0 60 | 30 94
vo | 7]79%] 97 0 319 0 73%| 27 38

Ipumimxka: * Jlyxnicts — 2,5 MM NaHCO:s.

Pesyabratu. CrnoctepexeHHsI MPOTATOM MEpIIUuX 9 roIuH MOoKa3ajlu 3HAYHE
MPUCKOPEHHS BiAMUpPaHHS AaHIA B 4aCTHHI OKMCHEHUX po3uuHiB ['K mopiBHSIHO 3
noyatkoBuM (puc. 1). Ix neranmpHicTh 3pocTana HamBuame y 3pasky Ne 6 3
MaKCHMAaJbHOIO 3alUIIKOBOIO KoHuUeHTpauiero H20.. Bognouac y anamoriuyxo
o0pobsenoMy 3pasky Ne 7, 3 MiHIMaJIbHUMU KoHIeHTparieo H>O2 1 BMicTOM
3arajgbHOro opra"iyxnoro Byrierio (30OB) Ta melitpansauM pH, K 1 B MOYaTKOBOMY
posuuHi ['K (3pazok Ne 1), ne 6yno BusiBneHo 3arubnux nadHii 3a BKazaHHi yac.
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Pucynok 1. Kineruka 3aru6esti Daphniamagna B mouarkoBomy po3unni I'K (1);
PO3UMHAX, OKUCHEHHUX B npoueci ¢goro-Penrona 6e3 (2) ta y npucyrnocri 0,12
MM (3, 4) uu 0,06 MM okcasnaty HATpiI0 (5); po3UMHAX, OKHCHEHHUX B MPoOLECi

H>O./Y ®-06pooxu Ge3 (6) Ta y npucyrHocti 2,5 MMNaHCO3 (7)

Pazom 3 TuMm, mpu igeHTHYHHX Mapamerpax oOpoOku 3pas3kiB No 3 1 Ne 4,
JeTanbHICTh AadHIM 3pocTana mBuane y 3pa3ky Ne 3 3 nemnjo Bumum BMmictom 30B 1
MEHIIUM 3aJIMIIKOM OKHCHUKA, MOPIBHAHO 13 3paskoM No 4. Takox TOBIIMH
JATeHTHHUI mepioa Oynio BiaMideHO Ui 3pa3ka Ne 5 3 MEHIIOK KOHIIEHTPAIIl €0
nonanoro Na;C>04 nopiBHSHO 13 3pazkoM Ne 3.

[Ipore, mpotsirom 24 roxa neranbHiCTh Aadui gocsrama 100 % B ycix
okucHeHux po3umHax ['K, Ha BiamiHy Big moudatrkoBoro poszumHy (10 %) um
KoHTposibHOro cepeaoBuia (0 %). Takum 4MHOM, B LIJIOMY, FOCTpa TOKCUYHICTb
Gyna XapakTepHa IS YCiX okucHeHHX posumuie I'K (Ne 2 — Ne 7). Mmosipsi ii
OpUYMHY: 3HA4Hi 3aamMmkoBi konuenrtpamii HoO2 (38-94 wmr/am®); memocraTHil
cryninb MiHepamzamii ['K 1 mpoMiKHUX TpoaykTiB ii gectpykuii (~68-73%) Ta
BHCOKA TOKCUYIHICTh JESKHUX 3 OCTaHHIX.

Daphnia magna ngyxe wuynmBi 1o mnpucytHocti H20»> B HH3BKHX
xouuenrpamigx (LCso < 7,3 mr/mm®) [4]), kpim toro, I'JIK H2O2 y muTHii Boxi
cradoBuTh 0,1 mr/mm®. ToMy HOro 3aiMIIKd HEOOXIIHO PETENBHO J€3aKTHBYBATH
nepesl BUMIPIOBAaHHSIM TOKCHYHOCTI Ta BiIKOpUTyBatu pH 10 HENTpadbHUX 3HAYECHb.
L1 3aBmaHHs € METOIO MOAAIBIIUX JOCTIIKEeHb. [IpoTe HaBITh MOYATKOBUN PO3YMH
'K “Fluka” nposiBuB xpoH1uyHy TOKcHuHICTh (40 % 3a48—72 rox).

BucnoBkn. Takum ymHOM, 3actrocyBaHHs AOPs, mnor’d3aHux 3
BUKOPUCTaHHSAM Tiepokcuay BoaHio s gectpykiii 'K, morpedye perenbHOro
OOIpYHTYBaHHS HEOOX1JHOI 03U OKHCHHMKA Ta TPUBAJIOCTI MPOLECY JJIS TOCSITHEHHS
MaKCHMaJbHOTO CTYNEHs X MiHepami3alii npu moBHOMY BUKOpHUcTaHHI H202, 1mo0
YHUKHYTU HEOOXITHOCTI JOJIaTKOBOI CTaJlli Je3aKTHBAIlli OKUCHUKA JIJIT OTPUMaHHSI
€KOJIOTTYHO O€3MEYHOI OYUIIEHOI BOJIH.
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4. Guerrero-Romero C.L., Revelo D., Caicedo A., Botina M., Garcia-Mora
A.M., Torres-Palma R.A., Galeano L.-A., Sanchez-Ortiza |.A. Evaluation of the acute
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Cop0OeHTH HA OCHOBI KJIMHONTHWIOJNITY 3 10AATKOBUMHU
(GyHKIiOHAJIBHUMH BJIACTUBOCTAMU
3enoBiii 3nak, Mapra IHupir, Map’san Manbkis, Tapac MartsiiB
Hayionanvnuii ynisepcumem «JIvgiscoka nonimexuika», m. Jlvsie

Beryn. Ipuponni marepianu, y TOMY YUCHi, KIMHONTUIIONIT, 32CTOCOBYIOTh Y
0araTb0X TEXHOJOTISIX MIJATOTOBKH MNPUPOJHOI Ta KOHAMIIIOBAHHS CTIYHUX BOJI.
[lepeBara KJIMHONTUIONITY Y HOTO HU3BKIN BapTOCTI, AY>KE€ BEJIMKI 3aMacu MOKJIA/IB
y 3akaprarcbkiii 005acTi, 1 TOJOBHE — BIH Mae€ JOMYCK 10 3aCTOCYBAHHS Y
TEXHOJIOTISIX Xap4YOBUX MPOJAYKTIB 1 MIATOTOBKM MNUTHOI BOJW. KiaumHOOTHIOMT
3aCTOCOBYIOTh T'OJIOBHO SIK COPOEHT, HAINPUKIIAJ, 100 HOHIB BaXKKUX METAlIB Ta
HU3KM OpTaHIYHMX CHOJYK, Ta, pIaIie, MOpUpOAHOro 10HooOMiHHHMKA. OmgHAK
MPUPOJIHI BOAM YHM CTOKH YACTO MICTATh CIIOJIYKH, K1 JJOBOJI JIETKO OKHCHIOIOTHCS 32
IPUCYTHOCTI KaTali3aTopiB, Ta OakTepiaibHi 3a0pyaHeHHS. ToMy pO3LIUPEHHS
(GYHKIIIOHAIBbHUX  BIACTUBOCTEH  KIMHONTHIIONITY, 30KpeMa, HaJaHHA HOMY
KAaTaTITUYHO-OKUCHUX YHW/Ta aHTUOAKTEpIaIbHUX BJIACTHUBOCTEH Jano O 3Mory
e(EeKTUBHIIIE 3aCTOCOBYBAaTH HMOT0O y TEXHOJOTISX BOJOMIATOTOBICHHS 1, pa3oM 3
THM, TIOKPAIIIUTH SAKICTh, MEPEAYCiM, MUTHOI BOAM. BigTak mpoBOAMIN JOCTIIKEHHS
3 MOAMGIKyBaHHS II€OJITY HOHAMU Ta BHUCOKO JHUCIIEPCHUMH YaCTMHKAMH cpidia,
OKCHJIaMH MaHTaHy, Miji, 3aji3a.

Marepianu i merogm. Y JOCHIUKEHHSX BHKOPUCTOBYBAIW MPHUPOIHUIMA
kimHonTIIIONT COKMPHUIIBKOTO pojoBuila (3akaprnarcbka o6 ). [lonepeanrso oro
30arayyBajd 3a OCHOBHMM MIHEpAJIOM I 4YaC MEXaHIYHOrO TMOJAPIOHEHHS 1
BIJICIBAaHHS TJIMHUCTHUX MaTepiajiB 3 MOJANbIIUM ii BiAMUBaHHSAM. JlocmimkeHHs
IIPOBOJIAIIN 3 IIEOITOM 03 MOMePeIHhOI MIATOTOBKH, a TAKOXK 3Pa3KH, SK1 ITiIIaBaIvd
TepMooOpobsienHo 3a temmneparypu Binx 10015 °C nmo 400+£10 °C, a Ttakox
3HEBOJHEHUX T i€l  HajaBucokoudactotHoro (HBY)BunpomiHioBaHHS /10
JIOCATHEHHsI CTajoi Macu. SIK mpekypcopu i MOAM(DIKYBaHHS KIMHONTUIIOMITY
BUKOPUCTOBYBJIM PO3YMHU Cpi0dia HITpaTy (SK BIJHOBHUK BUKOPHCTOBYBAIHU
ripa3uH), MaHTaHy HITpaT, MiJi Ta 3aii3a XJopuau Ta cyiabdatu. MoaudikyBaHHs
KJIMHONTWIONITY TPOBOAMIM 32 MEXaHIYHOro TMEpeMilllyBaHHS Ta MiA i€l
yIBTPa3BYKOBOTO BHUIPOMIHIOBaHHA. BwmicT cpiOna, MaHra"y, 3amiza Ta Mijl
BH3HAYaJId METOJIOM eHeproaucrepciinoro ananizy (EDX), a mopdoorito moBepxHi
MOJM(IKOBAHOTO  KJIMHONTUJIONMITY — METOAOM EJIEKTPOHHOI  CKaHyBaJbHOI
MIKPOCKOTIIi.

3MiHYy KOHIEHTpaliii HOHIB cpidna B 4Yaci MoauiKyBaHHS BU3HAYAIH
MOTEHIIIOMETPUYHO, a IHIIUX HOHIB — TPUIIOHOMETPUYHO.

Pe3yabTaTn. BcTraHoBieHo, mo ympoJoBxk mepmux 3...5 XB copOyeThcs
omseko 90...95 % Bim 3aragbHOl KUIBKOCTI HWOHIB HE 3aJeKHO BIJT YMOB
nonepeHporo  TepmooOpobsieHHs.  [Ipore  3HaueHHS  COpOIIMHOI  €MHOCTI
KIMHONTHIONITY 3aJIeXUTh BiJ caMe BIJ yMOB TepMooOpoOsieHHs. Haiinmkua
copOLiiiHa  €MHICTh  MpUTaMaHHAa  KJIMHONTWJIONITY  ©0€3  MOoNepeaHbOro
TepMooOpobsieHHs. 3a Temmeparypu oOpoOienus 10015 °C y Bcix BHMaaKax
copOIriiiHa €EMHICTh 3pocTac y 3...4 pa3u. [Ipu 3011b11eHH] TeMnepaTypu 00poOIeHHS
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1o 15015 °C croctepiraeThest mpupicT copOmiHoi emHocTi Ha 25...30 %. OnHak 3a
nojxaneioro 30uTemeHHs Temmeparypu g0 40015 °C  cyrreBoro 30iMbIICHHS
COpOIIIHOI EMHOCT1 HE BiJIMIYEHO.

BcranoBineHo, 110 KJIMHOOTWIONIT, akKTUBOBaHuWi 1min giero  HBY-
BUIIPOMIHIOBAHHSI, XapaKTEPU3YETHCA COPOLIIIHOIO EMHICTIO, IO TOPIBHIOE TaKIM IS
IIEOJIITY akTUBOBaHOTO 3a Temreparypu 15045 °C. [Ipore 3a eHepreTHYHUMH
nokazHukamu aktuaiiss HBYU-BUNpomiHIOBaHHSM € 3HAYHO €(PEKTHBHIIIA, OCKIJIbKH
caM KJIMHOMNTHJIOMIT €JEKTPOMAarHiTHE BUIIPOMIHIOBaHHS HE TorauHae. Biarax
CHEprisli BUTPAYaEThCS JHINE HA 3HEBOAHEHHs Ta PO3KJIad COpOOBaHUX COJEH,
HaIpUKJIa/a, HITPaTIB.

301IbIICHHS TEeMIIepaTypyd HE3HAYHO BIUIMBA€ HA MIBHJKICTH COpOIli Ta
COpOIIHY 3MaTHICTh KIMHOMTHIIOMNITY.

3acTocyBaHHS yJIBTPAa3BYKOBOI'O BHUIIPOMIHIOBAHHS CHpUs€ 301IbIIECHHIO
COpOLIHHOT €MHOCT] KJIMHONTUJIONITY LIOJ0 BKa3aHUX MpeKkypcopiB. OTxe, mporec
MOAU(DIKyBaHHS BKa3aHUMM PO3YMHAMH BiOYBA€THCS Yy BHYTPIIIHBO-IUQY31HHIN
o6acti. HaitOimpIuii mpupicT COpOIIHOT EMHOCTI CIIOCTEPITAETHCS 31 301TBIIICHHSIM
GpakIiiHOTO CKJIany KIMHONTUIOMTY. Tak, skmo st (pakmii 0,63...0,1 mm
MPUPICT COPOIINHOT €EMHOCTI Mif Ji€r0 Y3-BUIIPOMIHIOBaHHA A0piBHIOE 5...10 %, TO
utst pakii 2,5...3,0 mm BiH ctaHoButh 30...40 %.

AHami3 eNeKTPOHHUX 3HIMKIB MOAM(IKOBAHUX 3pa3KiB KIMHOMTHIIONITY JaB
3MOT'y BCTQHOBHUTH, III0 BUCOKOJIUCIIEPCHI YACTUHKH CpibJia, OKCUJIB MaHTaHy, Miji
Ta 31132 MNPAKTHYHO HE OJIOKYIOTh MOBEPXHIO KIMHONTHIIONITY, TOOTO 3AaTHICTh
copOyBaTH OpraHiuHi CIOMYKH 1]l YaC OYUIIEHHS BOJ MPAKTUYHO HE 3MEHIITYEThHCS.

BucnoBkn. 1. PamioHanbHa  TemmepaTypd — akTUBalli  MPUPOJHOTrO
KJIMHONTWIONITY, SIKa 3a0e3nedye CYTTEBHM MNPUPICT COPOLIMHOI €MHOCTI MO0
PO34HMHIB coJiel cpibia, MaHTaHy, M1l Ta 3ami3a, JopiBHioe 15015 °C.

2. AxmmBamis nmpupoaHoro kinuHomTmionity HBY-BumpomiHtoBaHHSM
3a0e3neuye 3HAYCHHS COPOINIHHOT €MHOCTI MO0 BKa3aHWX COJICH, IO JOPIBHIOE
TakOMy JJii LeoJiTy, akTuBoBaHoro 3a 15015 °C, ogHak € eHepreTuyHo
€(EeKTUBHIIIOLO.

3. 3nilicHeHHs MoaudiKyBaHHS MiA Ji€l0 Y3-BUIIPOMIHIOBAHHS CHPUUMHSIE
301IbIIEHHST COPOIITHOI €MHOCTI KJIMHONTWIJIONITY, MpH dYOoMy Led edekT
MIPOSIBIISIETHCS O1TbIIIE 31 30UIBIIEHHSIM PO3MIPIB YaCTHHOK KIIMHOIITHIIOMITY.
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YK 66.06
BuzHaueHHs BMicTy akpuiamMiay y (pJiokyJIsiHTI Ta BOAI NUTHIM
'Haranis Cragniuyk, 'Onbra Makaposa, >Oaer KponikoBebKuii
YUTIT « Haykoesuil yenmp npeeenmuenoi mokcukonozii, xapuoeoi ma ximiunoioesnexu
imeni akademixa JI.I. Meoseos Minicmepcmea oxoponu 300po8’st Ykpainuy, Kuis,
Ykpaina
2« HayionanvHuii ynisepcumem xapyuosux mexnonoziiy, Kuis, Yxpaina

Beryn. Yenmixu Haykd TiATBEPIXKYIOTh pEalbHY MOXJIMBICTH PEryTIOBaHHS
KOHTPOJIIO Ta BMICTY PEUYOBMH Ta JOBEACHHS iX KOHIICHTpAIlii B HABKOJHUIITHHOMY
cepeloBUINl 70 Oe3leyHuX MeX. HasgBHICTh CydacHMX aHaJITUYHUX TMPUJIaiB
JI03BOJISIE KOHTPOJIIOBATH BMICT akpwiaminy y (GIOKYISHTI, SKUM 0OpoOiseThes
BO/Ia, Ta y BOJII MUTHIH.

Merta poGoTu. AHani3 HayKOBOI JITEpaTypy Ta MIKHAPOJHUX HOPMATHBHUX
JIOKYMEHTIB IIOAO OLIHKH PU3UKY BUKOPUCTAHHS (PIIOKYJISHTIB AJI1 OYUIICHHS BOAU
Ta BOJ OUTHIM.

AKpuiaMii BHUKOPUCTOBYETHCS JJII CHHTE3Y TMOJIaKpHIaMioy Ta ACIKUX
KOIOJIIMEPIB, IO 3aCTOCOBYIOTHCS SK (PIOKYJISHTH, OTBEP/KYyBadl Ta MaTepiaiu
MOKPUTTS.

Axpimamin — amigakpuioBoi kuciaotn  ckmagy CH2CHCONH: (2-
npornienamii, CH=CHC(O)NH2), 6ina, TBepaa pedoBHHA, JOOPE PO3UYMHAETHCS Y
BOJll, ciupTax. IposiBisie CHilbHI HEHPOTOKCUYHI BIacTUBOCTI. MonekyinsipHa Maca -
71,078 r/moms, ryctuna - 1,122 r/em® (30 °C), CASRN79-06-1.

Marepianu i meroau. AHai3 €BPOMEHCHKUX JTOKYMEHTIB, B TOMY YHCIHI
crangapry EN 1410:2008 «Chemical susedfortreatmentofwaterintendedforhuman-
consumption  —  Cationicpolyacrylamides»  («XimiuHi  pe4yoBHHH,  SKi
BUKOPUCTOBYIOTHCS JIJIsl OUMIIICHHS BOAM, IPU3HAUYEHOT JJISl CLIO’KUBAHHS JIIOJUHOIO —
KarionHi nomiakpuinamian»). 3aBIsSKH [li HUX PEYOBUH MOKHA 3HAYHO MPUCKOPUTHU
npoiiec ouyuiieHHs Boau. ist ¢piokysiHTa MpoxoauTh B ABa etanu. [lepimuii eram —
3MEHIICHHS eIEKTPUYHOTO MOTEHI1aTy Ha MOBEPXHI YaCTKU, B PE3ylbTaTi YOro BiH
MOYMHAE AKTUBHO 00’ €HYBAaTHUCh 3 IHIIMMM 4YacTKaMu. Jpyruil eram — 4YacTKu
00’€THYIOTbCSI B KPYIHI YTBOpeHHS ((PJIOKysHM), sSKi 3HAYHO JIETIIE BUJAJIUTH 3a
JIOTIOMOTOI0 (PUTBTPIB.

Hupextuoto (€C) 2020/2184 €spomneiickkoro Ilapnamenty ta Pagu Big 16
rpynnsa 2020 poky mpo sSIKICTh BOJAU, MPU3HAUEHOI AJISI CIIOKUBAHHS JIOJAMHOIO (TaK
camo sK 1 B monepeaHboMy BapianTi JupextuBu Pagu 98/83/€C Bing 3 nucromana
1998 poky mpo SKICTh BOAM, TMPU3HAYEHOI [IJIi CHOXKUBAHHS JIFOJMHOIO),
KOHTPOJIIOEThCA akpuiaamia Ha piBHi 0,10 mkr/n. [Tapamerpuune 3HaueHHs 0,10 Mxr/n
BITHOCUTHCSA [0 3@JIMIIKOBOI KOHLIEHTpalli MOHOMEpPY Y BOJI, pPO3paxoBaHOl
BIMOBIAHO 70 crenudikamii MaKCHUMaJbHOTO BHBUIBHEHHS 3  BIJAIOBIIHOIO
NOJIIMEPY MPHU KOHTAKTI 3 BOJIOIO.

JoxymenToMm, skuii pgi€ Ha choromHimHii uac, JCaulliH 2.2.4-171-10
“Jlep>xaBHi caHITapHi HOpMHU Ta TmpaBuia «['iri€eHiYHI BUMOTH IO BOJM TMHTHOI,
NpU3HAYEHOI MJIi CHOXKMBaHHS JIIOJUHOIO», TMependadyeHO BUKOPUCTAHHS TiIbKU

noJliakpuaMiy 3aauimkoBoro (pedoBuHa 1 kimacy Hebesnekn), 1o BU3HAYAETHCA Ha
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piBHi < 2,0 Mr/n. BusHaueHHs nojiakpuiaMiay y TUTHIA BoAl (pacoBaHiii, 3 MyHKTIB
pPO3JIMBY Ta OIOBETIB MPOBOJAUTHCSA Y pa3l BUKOPHCTAHHS B MPOLECI BOJOMIATOTOBKU
BOJIONPOBIAHOI MUTHOI BOAM 3 IIOBEPXHEBOT'O JIXKEPESia MUTHOTO BOJIONOCTAYaHHS .

Pe3yabTaTu. JlociiTHUIIBKO-BUPOO yBAIbHUIMA TOKCUKOJIOT1YHUN LIEHTP
(ABTL) nepxaBHoro nianpueMcrBa «HaykoBuil LIEHTp NPEBEHTUBHOI TOKCUKOJIOT],
XapuoBOi Ta XiMiuHOi Oe3meku imeHi akanemika JI.I. Mensens MiHicTepcTBa
OXOPOHU 3JI0pPOB’sl YKpaiHu», akpeauToBaHui BianoBinHo jao Bumor JICTY EN
ISO/IEC 17025:2019 (Atecrar npo axpeautamiro Ne 20375 Bim 03.09.2024 p.)
IIPOBOJIUTH JOCTIKCHHS ITOKa3HUKIB OE3MEYHOCTI BOAW IMHUTHOI, a TaKOX BMICT
HIKIJIJIMBUX PEYOBUH Y TUTHINA BOJI Ta Y (DJIOKYJISHTI.

JocmipkeHHst 3pa3kiB BOAM MUTHOI Ha BMICT akpwiiamigy HpPOBOASTHCS 3
BUKOPUCTaHHSIM MeToniB, po3podnmenux B JBTI[, a came: MIL7.2.01-144
«Bu3HaueHHs akpuiiaMiay y QJIOKYJISIHTaX METOJ0M PiAMHHOI XpoMaTtorpadii 3 Yd-
nerektopom» Ta M1.7.2.01-119 (ICTY EN 15662:2023) «BuznaueHHs akpuiaminy y
XapYOBUX MPOIYKTAX, KaBl, KABOBUX MPOAYKTaX Ta MATHIN BOJI».

Uyrnusicte Metony MI.7.2.01-144 no3Bosisie 3aJI0BUIBHUTH BUMOTaM, IO
BUCYBAIOTHCS JI0 IAHOTO MPOJYKTY, a came: akpunamig — >20 mr/kr (BEPX-Y®]I).

Mexa KITbKICHOTO BH3HAUEHHS aKpujaMmigy y BOJI NHUTHIM 3a MeETOaA0M
M1.7.2.01-119 cranoButs 0,02 mr/n (BEPX-MC/MC).

BucHOBKHU. AKTyallbHICTh BU3HAYEHHS aKpHJIaMily Ma€ BEJMKE 3HAUCHHS B
3B’S3Ky BUKOPUCTAaHHSAM (IIOKYJISHTY Ta, BIAMOBIJHO, BUKOPUCTAHHSM KIHIIEBOTO
MPOAYKTY: Boau TMTHOI. Po3poOmeni meromu JIBTIL[ 3abe3rneuyroTh KOHTPOJIb
BCTAHOBJICHMX MEJIMKO-CaHITAPHUX HOPMATHUBIB.

VK 544.7
Biosynthesized Magnetic Nanoparticles: Eco-friendly Adsorbents for Effective
Water Purification

'Samuel Garcia Garcia, 2Tetiana Hubetska, ?Natalia Kobylinska, !Santiago Gar-

cia-Granda
tUniversity of Oviedo - CINN(CSIC), Oviedo, Spain
2A.V. Dumansky Institute of Colloid and Water Chemistry, National Academy of Sci-
ences of Ukraine, Kyiv, Ukraine

Water is vital to our health, playing a key role in many of body's functions. Ac-
cording to the World Health Organization (WHQO) and UNICEF it is estimated that
663 million people do not have access to safe drinking water. The regions that most
suffer from this problem are Sub-Saharan Africa (48%), South Asia (20%) and East
Asia (10%). To prevent public health problems, it is necessary disinfected and puri-
fied water sources.

Magnetic nanoparticles are made up of specific metals, like iron, cobalt, nickel,
and zinc [1]. These metals give excellent magnetic properties. They can be separated
out by using an external magnetic field. Then, they can be reused for the next treat-
ment process. These materials are nontoxic, and their smaller size allows them to be

specifically used in many different biochemical functions. They offer a highly effec-
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tive means of removing various contaminants from water sources. One of the primary
uses is the removal of heavy metals such as Pb(Il), Cd(ll),Hg(ll) ions, etc. They also
help in carrying out different wastewater treatment processes such as flocculation,
adsorption, filtration, photocatalysis, and many more methods.

Chemical co-precipitation is a popular chemical method where different chem-
icals are presipiteted in basic solution to break down particles into smaller sizes. In
contrast, sol-gel, hydrothermal, thermal decomposition methods are the renowned
chemical methods. In these methods, various chemicals containing metals like iron,
nickel, and cobalt undergo chemical reactions under higher temperature or pressure to
form magnetic nanoparticles.Nevertheless, the above techniques require specialized
equipment, toxic chemicals, energy-consuming operating conditions, and thus are
very costly. Also, the toxic byproducts generated from the chemical methods lead to
environmental pollutions. Under biological or “green” methods, either microbes, en-
zymes, or different parts of plants help in forming magnetic nanoparticles [']. “Green”
nanotechnological chemistry is a simple and eco-friendly technique that avoids the
usage and release of harmful chemicals.

In this study, magnetic iron oxide nanoparticles (FesOsNPs) were obtained by
easy ‘green’ synthesis methodusing extract of Oliveleaves from Spain. The extract
moieties, especially, the phenolic compounds were acted as reducing as well as stabi-
lizing agents during formation of magnetite nanoparticles.The structural and proper-
ties of the FesO4-NPs were investigated by X-ray diffraction (XRD), Fourier trans-
form infrared spectroscopy (FTIR), vibrating sample magnetometry (VSM), Energy
dispersive X-ray analysis (EDS), Scanning electron microscopy (SEM) and transmis-
sion electron microscopy (TEM).

Figure 1. TEM images of

The seven distinct diffraction peaks of XRD patterns of obtained FezOsNPs at
18.21, 30.11 35.41, 43.34, 53.65, 57,30 and 62.85 could be assigned for (111), (220),
(311), (400), (422), (511), and (440) planes, respectively. The observed diffraction
peaks were fairly matched with the standard magnetite XRD patterns (JCPDS card:
19-0629), which declared the crystalline nature of the biosynthesized Fe3OsNPs. The
crystallite size of Fe3OsNPs was estimated to be 14,26 + 6,28 nm according to Scher-
rer equation.These results were good correlated with average particles size in the
TEM images (Fig. 1).

Also, the obtained FesOsNPspossessed a spherical form with a “core-shell”
structure, where the FesOsNPswas wrapped in a thin layer of mash-like, organic mat
derived from extract biomolecules. Such bioactive compounds are well known to acts
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as a coating agent that increases the antioxidant capacity and reduces the agglomera-
tion of iron nanoparticles. The presence of functional groups of the organic moieties
that exist in the leaf extract of olive was confirms by FTIR analysis.Thestrong addi-
tional peak at 570 cm™ ascertained the stretching vibrationof v(Fe-O) present in
FesOsNPs. The magnetic characteristics of obtained magnetic nanoparticles were
characterized high magnetisation with zeromagnetic remanence and coercivi-
ty. Therefore, the magnetic materials were showed superparamagnetic behavior.

So, we have demonstrated that olive extract can be effectively used to biosyn-
thesis of FesOsNPs, with promising characteristics for various water purification
treatments including photocatalysis. It is expected that the synthesized FesOsNPs
could be a promising material to treat industrial wastewater via a profitable, sustaina-
ble, and eco-friendly approach.
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Testing of modified activated carbons for removal of sulphide and nitrite ions
from water
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Introduction. Hydrogen sulphide, nitrite, ammonium and fluoride ions in
drinking water are a problem of considerable importance in Republic of Moldova,
especially in small communities that have no alternative sources of available water
[1,2].Among various methods used to remove pollutants in reduced form (hydrogen
sulphide, nitrite ions) adsorption/oxidation on activated carbons is considered as a
very efficient and cost-effective approach.Activated carbons are ideal carriers for
catalytic metals or are used as catalysts alone. The aim of this work was to develop
catalysts on the basis of activated carbons by oxidation and/or impregnation with
catalytic metals (Cu, Fe, Ni, Cr, Mn) for removal of sulphide and nitrite ions from
water.

Materials and methods. For studies, activated carbons of vegetal origin from
peach stones (CAP), plum stones (CAPr) and walnut shells (CAN) were used, as well
as, commercially available (Centaur, SCN, AG-5). The catalysts were developed by
oxidation of activated carbons with concentrated nitric acid and impregnation with
catalytic metals (ions or oxides(Cu, Fe, Ni, Cr, Mn, Zr, Co, Zn)) [3,4]. The obtained
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catalysts general characteristics were determined by standard methods (BET surface,
SEM-EDX, XRD etc.) and the catalytic activity was evaluated by chemiluminescence
in luminol/H>O; system and ABTS cation-radical method [4,5].

Batch adsorption experiments were performed at different conditions (pollutant
concentration, pH and temperature) in order to chouse the most efficient
adsorbents/catalysts. The tests of sulphide and nitrite ions oxidation were carried out
in a semi-pilot installation, equipped with an air bubbler and a container with
analkaline solution, to capture aerated SOx and NOx gases (Figure 1). As samples of
natural waters were used water from village Isacova (district Orhei), village Bubueci
(district Anenii Noi) and city Hincesti from Republic of Moldova.

-,

Figure 1. Schematic diagram of the semi-pilot plant for the removal of sulphide
and nitrite ions from water. 1- Reactor; 2- stirrer; 3- air pump; 4- air mete; 5-
gas capture vessel; 6- multi-parameters
Results. The capacity of carbonaceous catalysts for the oxidation of sulphide
and nitrite ions in the presence of oxygen depends on several factors: the nature of the
carbon support and the method of activated carbon production (physical method with
water vapor, chemical method with phosphoric acid, microwave-assisted method);
modification of the carbon support surface through oxidation and impregnation with
metals; the type of metal impregnated on the surface of the activated carbon.
Comparative analysis of the developed catalysts with that of commercial ones
(Centaur, FAS, SCN and AG-5) to remove sulphide ions from water highlight sam-
ples Centaur (USA) and FAS (Russia), and samples modified with nickel, manganese
and copper ions (Figure 2).
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Figure 2. Relative capacity (RC, %) of activated carbons to remove sul-
phide ions fromwater

Testing of catalysts to remove nitrite ions from water (by adsorption and oxida-
tion) highlighted the samples modified with copper oxides and manganese oxides
having a removal capacity for nitrite ions of 90% and, being in agreement with the
redox activity evaluated via the chemiluminescence method (Figure 3).

The best samples were tested for removal of sulphide and nitrite ions from
water
by adsorption/oxidation processes using semi-plant in field conditions. The semi-
plantconsistedof 3columnsbeing connected consecutively: (i) first column contains
modifiedmineraladsorbent; (ii) the second column - quartz sand; (iii) the third column
- modified carbonaceous adsorbent. The third column was equippedwitha device for-
bubblingair. Theraw water has been passed thought installation with a flow at a rateof
50to 80mL/min, the initial concentration ofhydrogensulphide varied in the range
from6 to9 mg/L. Waterquality parameters achieved after treatment were as following:
lack of hydrogensulphide, pH of the medium from 8.3 to 8.5, turbiditybetween 0+
2NTU, thesulphateion concentrationranged from80 t0120 mg/L, redox potential
ranged between +4 + +140mV.Nitriteand nitrateionswere notdetected inwater sam-
ples. Studies proved that the implementation ofrecommendedprocessen-
sures100%efficiency for theremoval of hydrogensulphidefrom underground water.

Conclusions. The research results demonstrate the importance of using activat-
ed carbons in the process of removing nitrite ions from water under oxic conditions,
increasing the removal rate of nitrite ions from 0.5% to 70% under the same experi-
mental conditions. Additionally, the proportion of nitrite ions oxidized to nitrate ions
IS 20-30%. In the case of removing nitrite ions from natural water (with high concen-
trations of nitrate ions, sodium, and a pH value of 8.1), the contribution of activated
carbons is 9.5-15.5%, while the proportion of nitrite ions oxidized to nitrate ions is 6-
10%.

Field experiments/tests of copper impregnated carbonaceous adsorbents for
removal of hydrogen sulphide from underground waters showed that the recommend-
edprocessensures100%efficiency.
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Figure 3. Relative capacity (RC, %) of activated carbons to remove nitrite ions
fromwater
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Providing military formations and the affected population with good quality
water in the field is one of the most important factors in maintaining the health and
combat capability of the personnel of the Armed Forces of Ukraine, the efficiency of
disaster responders and the population, which requires its extraction and delivery to
military units and population groups in large quantities [1]. Water in a field camp, in
military field conditions is used for drinking and household needs (washing
personnel, sanitizing and washing clothes, disinfecting, decontaminating and
decontaminating uniforms, weapons and equipment, etc.) However, the ways to
achieve the regulatory requirements for the required amount of water in peacetime
and during military operations are significantly different. The problem of finding and
improving technologies for treating water used for drinking and sanitary needs in
military field conditions is relevant. The purpose of this work was to briefly analyze
the existing modern technologies for water treatment in the field and the
developments on this issue, carried out with our participation in previous years.

Timely supply of water to the troops in the required quantity is possible as a
result of a set of organizational, engineering and technical measures, including
engineering exploration of water sources, its extraction and purification, equipment
of field water supply points and water supply to units. Existing equipment - mobile
military filtering stations VFS 2.5 and FVS-10 using calcium hypochlorite, mobile
water purification devices, and even a fabric-carbon filter TUF-200 - are not able to
provide effective disinfection of water from available water sources. Modern
autonomous mobile water purification systems that use microfiltration and reverse
osmosis technologies, which are available in the armies of the United States, the
United Kingdom, and NATO countries, are not available in the Armed Forces, and
re-equipping the latter will take time. The experience of the ATO in Donetsk and
Luhansk oblasts has shown the need to provide units performing tasks independently
with medical tablet preparations such as Aquasept, Aquasan, NeoAquasept, Dutrion,
and individual and portable filters similar to NF-10 and NF-50, which are designed
for life support and survival in extreme situations. However, due to the degree of
purification and limited use (only for drinking water), they do not meet modern
requirements [1]. The delivery of packaged drinking water to units is quite
problematic for known reasons and cannot be an alternative to other means of
providing drinking water to military personnel.

With the participation of the authors, a set of scientific and practical studies
(since 1997) has been carried out on the use of the complex action reagent "Aquaton-
10" (active ingredient PHMG-gchwith a low content of residual monomers,
developed by the Scientific and Technical Center "Ukrvodbezpeka"”, Kyiv; positive
sanitary, hygienic and toxicological conclusions of the Ministry of Health

examination [2]). The complexity of the action of this representative of guanidine
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polymers lies in the proven ability to purify treated water from natural sources from
suspended inorganic impurities and even organic compounds, reliably disinfect water
from bacteria, viruses and fungi, and be an environmentally safe reagent [2-5].

The set and procedure for solving a specific problem, for the use of “Aquaton-
10” reagent in water treatment in military field conditions included the development
of 3 areas: (1) treatment of water from an unknown source for direct drinking, (2) use
of the reagent as part of water treatment devices used to prepare drinking water, and
(3) treatment of table surfaces, etc. for cooking in military field conditions.

Regarding the solution of the first of these areas, it should be noted that the
mechanism of biocidal action of PHMG-gch is polyfactorial and membranotropic in
nature [2], and such cationic polyelectrolytes cause flocculation of dispersed systems
mainly by the mechanism of charge neutralization. At the same time, due to the
adsorption of polyions on the surface of an oppositely charged particle, an effective
decrease in surface charge occurs and at the point of zero charge, the colloidal
dispersion loses aggregation stability. And excessive adsorption of the polymer on
the particle surface recharges the particle surface and stabilizes the dispersed system,
which provides a fairly clear distribution of the formed sediment and disinfected
supernatant water, which can be safely consumed for drinking The relevant
Methodological Guidelines have been developed and approved by the Ministry of
Health of Ukraine, as well as the Instruction for such use of the “Aquaton-10”
complex action reagent, and the packaged dosed reagent (based on a certain amount
of water) is produced and supplied to the troops by the STC “Ukrvodbezpeka”.

As part of water treatment devices (portable, individual, on vehicles), Aquaton-
10 reagent is used to treat water intake hoses, filter media and tanks for storing
purified water. These procedures and the procedure for their implementation are
specified in the relevant methodological documents developed by the STC
"Ukrvodbezpeka" and approved by the Ministry of Health of Ukraine.

When treating surfaces in military field conditions, “Aquaton-10" and other
reagents with PHMG as an active ingredient are used for wiping or irrigation. The
positive experience of such use of the surface treatment reagent was gained back in
2020 from Antonov Airlines, whose aircraft flew cargo delivery flights to fight the
coronavirus from China to different countries of the world. The advantages over
alcohol-based antiseptics are the absence of corrosive activity of the reagent, its
safety for humans and the environment, and its prolonged effect [2-5]. The developed
Methodological Guidelines of the Ministry of Health of Ukraine and the Instruction
for the use of the complex action reagent "Aquaton-10" are currently used by the
relevant structures in the field to provide food for the military.

Thus, the organization and conduct of water supply for military units of the
Armed Forces of Ukraine in the field is a complex and urgent problem. The analysis
of existing methods and engineering measures for the preparation of water for
drinking and some sanitary measures in military field conditions shows that a number
of tasks are not solved. In previous years, with the participation of the authors, the
STC "Ukrvodbezpeka", NTUU "KPI" and ONTU conducted a set of scientific and
practical studies of the complex action reagent "Aquaton-10" (active ingredient
PHMG-gch, developed by STC "Ukrvodbezpeka", Kyiv), which can be used and is

91



being implemented to optimize drinking and sanitary water supply in the Armed
Forces.
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Study of filtering properties of obsidian and flint in water conditioning
Iryna Samchenko, Inna Karpovych
National University of Food Technologies

Introduction. When conditioning water for the production of beverages, the
filtering method is mandatory, during which it is cleaned of mechanical impurities,
colloidal suspension, sediment flakes.

Currently, it is important to improve the method of mechanical filtering of wa-
ter with the use of new effective filter materials.

Materials and methods. The use of a complex of filter materials for water fil-
tration, which consists of obsidian and flint, was investigated. The complex has opti-
mal properties as a filter loading material, is chemically resistant, has bactericidal
properties. Thanks to this, the complex is able to purify water from organic and inor-
ganic substances, as well as organochlorine substances.

The optimal technological mode for obtaining water has been determined,
which in terms of quality meets the requirements of DSanPiN 2.2.4-171-10 "Hygien-
ic requirements for drinking water intended for human consumption”.

The results. Filtration speed 25 cm3/min.

The loading material is a complex consisting of two minerals: obsidian and
flint.

Obsidian is a highly effective filter material that is used for water dechlorina-
tion, cleaning from mechanical suspensions, organic impurities, taste and smell cor-
rection. Flint is a dark gray mineral that forms silicic acid in water, which, when it
enters the human body, dissolves slags and salt deposits in organs.

Regeneration of the filter, which consists of two equal parts of obsidian and
flint, is carried out by backwashing with a regeneration solution, namely, a weak acid
solution that is not toxic and does not form toxic substances. As a result, micropores
open on the surface of the coal, due to which the contact surface between the material
and the liquid increases significantly.

It was established that the amount of hydrochloric acid solution for processing
a mixture of minerals is reduced by 1.6 times, compared to the processing of flint.

Thanks to the complex use of obsidian with flint in water conditioning, it is
possible to improve the main organoleptic and physicochemical indicators, namely:
removal of free chlorine - up to 80%; removal of organic pollutants - up to 90%; im-
provement of the pH indicator (the indicator changes from 7.6 to 6.7); improvement
of smell and taste - up to 95%

Conclusions. On the basis of the given data, a conclusion can be drawn regard-
ing the effectiveness of the use of a complex of obsidian and flint minerals as an ef-
fective filter material during water conditioning for the production of beverages.
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YK 628.16
Jocainxenns GuUIbTPYBaAHHS BOAH 32 J0IOMOI0K0 KOKOCOBOI'0 AKTUBOBAHOI 0
BYILJLIISt
Ipuna Camuenko, Citiiana OuniiHUK
Hayionanvnuii ynigeepcumem xapuogux mexuonoziu

Beryn. Bixg Boau miAroToBieHOi, sIKY 3aCTOCOBYIOTh Y BHPOOHHUIITBI HAIoOiB
3aJIeKUTh BHCOKAa SIKICTh Ta CTIMKICTh TOTOBOIO HAroko, TOMY OJHUM 13
HAWBXJIMBIIINX €TaliB TEXHOJOTIYHOTO TMPOIECYy BUPOOHHUIITBA MPOIYKIT €
BoAoMmiAroToBKa. OMHUM 3 Haie(eKTUBHIMIMX pIIIEHb MPU MATOTOBII BOAMU € Ti
MEXaHIYHE OYHUIIIEHHS 3a JOTIOMOI0I0 PI3HUX (PUIBTPYBATILHUX MaTepiaiB.

Marepianu i meronu. JlocmimkeHo ¢iabTpyBabHUNM MaTtepiaj, BH3HAYEHO
ONTUMAJIbHUM TEXHOJIOTTYHUM pEeXUM JUIsi OTPUMaHHS BOAM, SKa 3a SKICTIO
BignoBigae Bumoram J[CanlliH 2.2.4-171-10 «['irieHi4Hl BUMOTH 0 BOAU ITHTHOI,
MPU3HAYEHOT JIJIS1 CIIO’KUBAHHS JTFOAMHOIO.

[IpoananizoBaHO 3pa30K BOJU, OYUIICHUH 3a JAOMOMOTOK CUCTEMHU BYTiJIbHOL
biapTpalii, sKa CKIAAAEThCA 3 4 3aBaHTAXKYBAIBHUX (PUIBTPIB 3 PI3HUM J1aMETPOM
nop (Bix 10 mo 40 MkM), po3TalIoBaHUX MOCIIiJOBHO.

PesyabraTn. lIBuakicts diasTpaliii yepes map GuIsTpyBaJIbHOIO MaTepiaiy -
20 cm3/xs.

3aBaHTaXyBAJIILHUM Martepial — IIe¢ KOKOCOBE AaKTHBOBAHE BYTILIS, SKE
BUTOTOBJIEHE 31 IIKApaTylu KOKOCOBOTO TOpiXa JJis JAEXJOPYBAaHHS BOJIM, OUUIIECHHS
BiJl OpraHiYHUX 3a0py/IHEHb, MEXAaHIYHHX CYCIEH31H PI3ZHOTO TOXO/KEHHS,
KOPUI'YBaHHS CMaKy 1 3amaxy.

OaHUMU 3 OCHOBHUX XapaKTEPUCTUK KOKOCOBOT'O AaKTHMBOBAHOTO BYTIUIA €:
BY3bKUI T'paHyJOMETPUYHUNA PO3MOJILI, BEIUKA aJcopOLiiHa €MHICTh, BHUCOKA
IIIbHICTh, MIITHICTh HA MEXaHIYHE 1 JUHAMIYHE CTUPAHHS.

Koucrpykmiss  ¢inbTpy mnepemdadae MOXIUBICTb HOTo  JIEMIEBOTO  Ta
BHUCOKOTEXHOJIOTTYHOT'O OYHUIIIEHHS, pereHeparlii Ta BiIHOBJICHHS.

Pereneparitisi ByruibHOro (GinbTpy 3A1MCHIOETBCS 3BOPOTHOK IMPOMHUBKOIO
CIaOKUM pO3UMHOM KHCIIOTH, fIKa YTBOPIOE B PE3yNbTaTl peakiii i3 KOKOCOBUM
aKTMBOBAaHUM BYTLISIM Ta aJCOPOOBAaHMMH 3 PO3UYMHIB 10HAMHM BaXKUX METAJIB Ta
PalOHYKIIIIB PO3YMHHI COJIl; HE € TOKCUYHOIO 1 HE YTBOPIOE TOKCHUHUX pEeYOBUH. B
pe3ynbTaTi Ha TMOBEPXHI BYTUUIA BIJAKPUBAIOTHCA MIKPOMOPH, 32 PAXYHOK SIKHUX
3HAYHO 30UIBIIYETHCS MOBEPXHS KOHTAKTY M1 MaTepiajoM Ta PiAUNHOIO.

3aBASKM  MEXaHIYHOMY OYHMINCHHIO 3  BUKOPHUCTaHHSIM  KOKOCOBOTO
aKTMBOBAHOT'O BYTUJUIS 3 PI3HUM J1aME€TPOM IOp, MOXHA JIOCSATHYTH TOKPAIICHHS
OCHOBHHUX OPraHOJIEITUYHUX Ta (PI3UKO-XIMIYHMX MOKA3HUKIB, a caMe: BHUIAJICHHS
BUILHOTO XJIOpY — 10 90 %; BUJaneHHs OpraHIYHUX 3a0pyAHUKIB — 10 93 %;
MOKpalleHHs noka3Huka pH (moka3Huk 3MiHIOEThCA B 7,5 10 6,8); MOKpaleHHs
3amaxy Ta cMaky — 10 90 %

BucnoBku. OTxe, 3aBASKY MEXaHIYHOMY (PIIBTPYBAHHIO BOJU Y€pe3 CUCTEMY
KOKOCOBOi BYT'UIbHOI (iJIbTparlii, MOJKHA JIOCATHYTH MOKPAIIEHUX MMOKA3HHUKIB SIKOCTI
Ta 6€3MEeYHOCTI.
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Y1K628.3
3acTocyBaHHs QLILTPYIOYHUX MaTePialiB I1JIs1 OYUIICHHS BOIHU
BiJI 3aJ1i32 | Maprasmio y BUpOOHHMIUTBI aJIKOr0JIbHUX HAIOIB
Ceitiana OuiliHuk, 3axapii [Maniituyk
Hayionanvnuii ynisepcumem xapuoeux mexuonozciu, Kuis, Yxpaina

Beryn. ¥V cydacHHX ymMOBax akTyallbHHM € 3aCTOCYBaHHSI HOBUX €()EKTUBHUX
MarepiaiiB, 00 3a0e3Meuyl0Th SKICHE OYHUIIEHHS BOJIU. 3TiAHO 3 BUMOramu
JCanlliH 2.2.4-171-10 BwmicT 3amiza y BoJl MUTHINA He TOBUHEH TniepeBuinyBatu 0,2
mr/nm3, mapranmo 0,05 mr/am®. JIis BOOY MiATOTOBIEHOI, IKY BUKOPHCTOBYIOTh JIJIsI
BUPOOHUIITBA AJIKOTOJIBHUX HAIoOiB, BMICT 3ajli3a Ta MAapraHill0 HE TMOBUHEH
nepesuinysatu 0,05 mMr/am3. ¥V neskux perioHax KpaiHu BMICT y BOAI NUTHIN 3ai3a,
Mapratiip Ta CIPKOBOJIHIO IEPEBUIIYE TPAaHUYHO JOMYCTI HOpMH B 5-20 pasis.
Hapasi a5 KoHIUIIIOBaHHS BOAM 32 BMICTOM 3alli3a Ta MapraHIl0 BUKOPHUCTOBYIOTh
IMIIOPTOBaHI Marepiaiu, sIKI € JOpPOTrOBapTICHUMHU Ta HE 3aBXKIU MOBHOIO MIpOIO
BIJIMOB1IAIOTH PIIICHHSIM MTOCTABJIECHUX 3aB/aHb.

Pesyabratu. Qiunbrpytoue cepemoBuiie  Manganese  Greensand < —
TJIAYKOHITOBUHM 3€NIEHUI MICOK, IO € MPUPOAHUM MaTepiaioM, Ha MOBEPXHIO SKOTO
HAHECEHi CIIONYKHM Maprafijo. Mloro BHKOPHCTOBYIOTH K KaTalli3aTop B IpOLECi
BUJIQJICHHS] PO3UMHEHHUX Y BOA1 3'€THaHb Maprasifto 1 3ami3a. OCHOBHUM HENOIIKOM
BUKOpUCTaHHS Manganese Greensand € Te, 0 B Ipolieci eKCIUTyararii HeoOXiIHa
foro mnomepenHs oOpoOka pO3UMHOM IepMaHraHary kamo. llepex nouaTkom
eKCIUTyaTalii [Jsi OTpUMaHHS Ha TMOBEpXHI (uibTpyrodoro Marepiany (DPM)
Manganese Greensand 1mapy BUIIMX OKCHIIB MapraHill0 3aBaHTKEHHS MOMEPEIHBO
O0OpOoOJIAIOTE PO3YMHOM TEpMaHTaHaTy Kallio, abo Horo HEOOXiTHO ITOCTIHHO
JI03yBaTH y BOAY 3a JOMOMOTOI0 CHCTEMH MPOTNOPIIIIHOTO J03yBaHHS.

®dinprpytoue 3aBaHTakeHHs Quantum DMI-65, ske sBmasie co0oro
KaTali3allifHUHN MICOK, MPU3HAYEHO JJI BUAAJICHHS 13 BOJU 3alli3a Ta MapraHito, 6e3
Horo pereHepailii po3uruHOM IepmaHranary kaiuito. [lpunuun nii Quantum DMI-65,
0a3yeThCsl Ha OKMCHEHHI PO3UYMHEHUX 3aji3a Ta MapraHiio 1 OCa»KeHHI OKCHJIIB Y
TOBIII 3aBaHTAXEHHS. 3aBASKU MIKPOIOPUCTIM CTPYKTYp1, 3aBAHTAKEHHS J1a€ 3MOT'Y
epeKTMBHO 3HMKYBATU y BOAi BMicT 3aii3a g0 0,005 mr/mm3, mapranmo — g0 0,001
mr/nm3. Omnak, Quantum DMI-65 BHKOPUCTOBYIOTH 3 OJHOYACHUM J03yBaHHIM
rinoxjaopuTy Harpiro y kounentpamii 0,1-0,3 wmr/mM3, mo e HeratuBHUM Y
BUPOOHMIIT] aJIKOTOJIbHUX HAIOiB.

3actocoBytoTe ®M M®O 47, 1o MICTUTh K OCHOBY 3€pHUCTUN Martepial
IPUPOJHOTO MOXOKEHHS — ropijia Mopoja BYrUIBHOIO POJOBMINA, HA OBEPXHOCTI
AKOI YTBOPEHO KaTAJITUYHO AKTUBHUM 1IAp, IO CKIAIAE€ThCA 3 CyMill OKcu 1B MnO,
Mn2Os Ta MnO,. 3epHuctuii Marepiad MOiAAAIOTh  O0pOOIll  PO3UUHOM
MOAU(IKYIOUOTO PeareHTy, o MiCTUTh cojii Maprauir. ®M M®O 47 ouuiiae Bogy
BIJl PO3UYMHEHHUX Yy HIM CONel MapraHIfio 3aji3a, ajie He BUAANIAE CIPKOBOACHb.

Pyrolox Regular — rpanynboBaHe 3aBaHTaKEHHS, SKE€ € MIHEPATILHUM
MaTepiajioM TMPUPOTHOTO TMOXOKEHHS 31 CIEIMIAIbHUM TOKPUTTSIM Ha OCHOBI
niokcuay Mapranirp. Mexanizm nii @M Pyrolox Regular: 3a momomororo miokcuay

Maprafifo BiIOyBa€ThCS KaTaliTUYHA pEaKIlisi OKWCHEHHS 3aji3a, Maprasiio,
96



CIpKOBOJIHIO. Hepo3umHHI CHONYyKH, 110 YTBOPIOIOTHCA B pe3yJbTaTi OKUCHEHHS,
BUTIQJAIOTh B 0OCaj, 3aTPUMYIOTHCS B 3aBaHTAXYBAILHOMY IHapi 1 3rofoM
BUJIAJISIIOTHCS B MPOIIECi 3BOPOTHOTO MTPOMUBAHHS.

Jns BigHOBIEHHA (uIbTpyrodoi 3matHOcTi Matepiany Pyrolox Regular
BIJICYTHS 1MOTpeda y AOJATKOBHX XIMIYHUX peareHTax. Perenepaiiro 3A1HCHIOIOTh
IIUISIXOM 3BOPOTHOI IMPOMHUBKH, IIIO € TOJIOBHOK BIJIMIHHICTIO JAHOTO 3aBaHTAKCHHS
B1JI 1HIIIMX 3aBaHTAKEHb KaTAJITUYHOTO TUITY, HAaNIpuKIIaa, Birm.

Hns epextuBHoi podotn @M Pyrolox Regular HeoOxigHO DOTpUMYBaTHCH
NEBHUX BUMOI JI0 BMICTY y BOJI JOMIIIOK Ta HE MEPEBUILYBAaTH AJIS: 3araibHOTO
samiza (abo maprasio) 6 mr/am3;  BinbHOro xsmopy — 0,5 mr/mm3; xmopunis i
cynb(haTiB BJIBi4l MEHILIUM 32 JIY>)KHICTh. BoJIHEBHI TOKAa3HUK BOJAU MOBUHEH OYyTH Y
mexax 7,0-8,5, BiacytHi mnomidocdaTi, HAGTOMPOAYKTH 1 KPYMHOIUCIIEPCHI
YaCTUHKHU.

Karamituune Byrimiss GAC PLUS — rpanynboBaHe akTHBHE BYTLUISA, IIO
BUKOPUCTOBYETHCS VISl OYUIIICHHS BOJIU BiJl CIPKOBOJHIO, TOMIIIOK BaKKMX METaiB
Ta 3ai3a, HaQTOMPOAYKTIB, KOHJHUIIIOBAHHS 32 OPraHOJENTHYHUMH MOKa3HUKAMU
PO30POCTI, 3amaxy Ta cMaKy, BUKOpUCTOBYEThCS [UIsl BUJAJICHHS 3 BOAM 3aji3a B
KOHLIEHTpawii 10 5 Mr/iam3 Ta cipkoBoaHio 10 4 mMr/oMe,

Marepian BUTOTOBISETBCS MIIAXOM  arjiomepariii  ApiOHMX  YacCTHHOK
O0iTymiHo3Horo Byriuist. 3aBaHTaxkeHH GAC PLUS moxxe BUKOpPHCTOBYBaTuCS B
MOE/IHAHHI 3 aepalli€l0, O30HYBaHHSIM, XJIOPYBaHHSIM ab0 I1HIIMMU METOJIaMHU
ounteHHs1 Boau. Karamituune Byriuis GAC PLUS Mae BUCOKY aKTUBHICTb, BEJIUKY
a7ICOpOIIHY EMHICTD 32 BUJAISTHHAM OPraHIYHUX JOMIIIIOK.

Hocmimxeno @M, skl MICTUTH SIK OCHOBY 3€pHUCTHI MaTepiall IPUPOTHOT O
MOXOJ/IPKEHHS, Ha MOBEPXHI SKOTO KaTATITUYHUN aKTUBHUU IIap, 10 MICTUTH CYMIIII
rigpokcuay wmapranio Mn(ON)2 Tta okcuam wmapraduo Mn20Os3 ta MnOo.
Konnenrpariisi CipkoBOmHIO Ticast copOiii Ha IOCHIIKYBAaHOMY (UIBTPYIOUOMY
Marepiajli MeHlIe, HDK micia copOiii matepianom M®O B 5-20 pazi. Cratuyna
OOMiIHHa €MHICTh € Ounbiow y 2,0-2,7 pa3u HIX IJs BIAMNOBIIHOTO TMOKa3HUKA
marepiary M®O. Moaudikaris martepiay A03BOJsiE 03 MOMEepeaHboi 00pOOKHU
GIIBTPYIOUOro Matepially po34MHOM IE€pPMaHTaHaTy Kalilo BUIAIATH 3 BOAM HE
TUTBKM 31130 Ta MapraHell, a i CIpKOBOJI€Hb, 1110 € NIEPEBArol0 MO BiIHOMIEHHIO J0
1HIMX (QUIBTPYIOUYMX MaTepiaiB.

BucnoBkun. O@inpTpyroui  Marepiamu  Birm, Manganese Greensand,
QUANTUM DMI 65, M®O, Pyrolox Regular BHKOpHUCTOBYIOTH B cHCTEMax
BOJIOMIITOTOBKH 32 PI3HUX MOKA3HUKIB SKOCTI BOJH, CIOCOOIB MPEAMIATOTOBKH Ta
OCHOBHOT'O OUUIICHHS.

Iepeaik mkeped ingopmanii

1. CyyacHi NUIIXH JO0 YKHCTOI BOJMU: KOJEKTHBHa MoHorpadis /
LM.Aunpycumuna, B.C. Bypmakosa, C.J.Bacumtok Ta iHm. EjexkTpoHHI TEKCTOBI
naui (1 daitn: 59,0 Mo6aiit). Kuis: KIII im. Irops Cikopebkoro, 2024. 376 c.
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Y1K628.3
DijbTPYBAHHA BOAH Y JIKEPO-ropi;TYaHOMY BUPOOHMUTBI i3 32CTOCYBAHHAM
AHTPAMTOBUX (PiILTPAHTIB
Ceitiiana OJiiinuk, boraan /lem’sinoB
Hayionanvnuui ynieepcumem xapuogux mexuonoziu, Kuis, Yxkpaina

Beryn. Y TeXHONOTIUHHMX CXeMaxX BOJOIIATOTOBKH TiEpes] OCHOBHUMH
CTaJisIMU MOM’SIKILIEHHS, COPOLIMHOIO OYMIIEHHS NOTPIOHO MO30yTHCS KOJOITHUX 1
3BOKECHUX YacTOK. J[7s 11i€i 1yl BUKOPUCTOBYIOTH Pi3HI CHUCTEMHU MOMEPETHBOT
00pOoOKH BOJIM 3 HACTYIMHOK (hUIBTPALII€TO.

OinbTpyBaHHS — (I3UKO-XIMIYHHMI TpOLIEC, 3aCHOBAHUI Ha ajaresii 3BaKEHHX
Ta KOJIOIHUX JOMIIIOK BOAM JO 3epeH (PuibTpyrouoro marepiany. DiabTpyBaibHI
CUCTEMHU 3aCTOCOBYIOTHCSI Il 3HIKEHHSI KUIBKOCTI 3BaKEHHUX YACTUHOK Ta
KaJaMyTHOCTI BoAH. SIK (iabTpyrodl mMarepiaii BUKOPHCTOBYIOTh XIMIYHO 1HEpPTHI
MaTepianu (KBapLOBUHM MICOK, MOAPIOHEHUN aHTPALUT, MAPMYPOBY KPHUXTY TOIIO)
[1]. AuTparuToBi (iIBTPAaHTH HE MAIOTh IIKIAJUBUX IS JIFOJUHU BIACTHBOCTCH, HE
YTBOPIOIOTH Y BOII Ta TIOBITPSTHOMY CEPEIOBHIII TOKCUIHUX CIOJYK, XIMIYHO CTIHKI,
HEPO3UYMHHI B HEUTPATbHUX, TY)KHUX Ta KUCIOTHUX BOJHHUX CEPEIOBHINAX

PesyabraTn.  JlocnipkeHOPUIBTPYIOUUMH  Marepial —  MIATOTOBJICHUM
aHTPAIIUTOBUN (PIIBTPAHT, IO BUTOTOBIISIETHCA 3 BHCOKOSIKICHMX, BHUCOKOMIIIHUX,
HU3bKO30JIbHUX, HU3bKOCIPKOBMICHUX COPTIB aHTPAITUTY.

[Ip BUKOpPUCTAaHHI AHTPALUTIB K (PUIBTPYIOUMX MaTepialliB BEIUKY POJIb
BIJIIFPAIOTh iX (PI3MKO-MEXaHIYHI BJIACTUBOCTI: MIUHICTb, TBEPAICTh; MPYXKHICTD,
KPUXKICTD 1 MOAPIOHIOBAHICTb.

[ligroToBNeHUI aHTpAIUT Ma€ BHCOKY MEXaHIYHY MIIHICTh, JOCTaTHIO
XIMIYHY CTIAKICTB: BMICT cipku — 10 1 %; 30mpHICTB — MeHme Hix 4 %;
oApiOHIOBAHICT — 110 2,5 %; MiIHICTh Ha cTupaHHs — 10 0,5 %.

Jns  miaTpuMyro4oro - mapy — OCBITIIOBIbHUX — (QUIBTPIB Yy  CHUCTEMI
BOJIOOYHIIIEHHS 3aCTOCOBYIOTh 3€pHa MiJATOTOBJICHOr0 aHTpauuTy ¢pakmii: 1,5 — 3,0
mM; 1,6 — 4,0 mm; 2,0 — 5,0 mMm. SIk ocHOBHe (GUIBTPYIOYE 3aBAaHTAKCHHS
3aCTOCOBYIOTh (hpakiiii MiAroTOBIEHOIO aHTpanuToBoro ¢uibrpanty: 0,5 — 1,5 mwm;
0,6-1,6 MmmTa0,8—2,0MM.

BucHoBku. BukopucrtanHs creialbHO MiATOTOBICHOTO AHTPALUTY BKa3ye
Ha €ro MPHUAATHICTh IO 3aCTOCYBaHHS y QIbTpax MomnepeaHb0Oi MEXaHIYHOT OYUCTKU
BOM. BUKOpHCTaHHS MiATOTOBIEHOTO aHTPAIUTOBOTO (BiIbTPAHTA, SK MaTepialy s
nonepeankoi  gimbTparii, B T.4. 13 3aCTOCYBAaHHSIM TIOM'SKIICHHS 3HUXKYE
HABaHTAXEHHS Ha 10HOOOMIHHI (unbTpu. lle m03BoONsE 3HU3UTH 3a0pyAHEHHS
10HOOOMIHHUX CMOJI 1 TAKUM YHHOM 30UIBIIUTH TEPMiH 1X CIIyKOU.

Ilepeaik mkepen ingpopmanii

1. CyyacHl UUISAXM JI0 YHUCTOI BOJIU: KOJEKTUBHA MoOHorpadis /
LM.Aunapycumuna, B.C. Bypnakosa, C.JI.Bacuntok Ta iHm. EJeKTpoHHI TEKCTOBI
naui (1 daitn: 59,0 M6aiit). Kuis: KIII im. Irops Cikopcbkoro, 2024. 376 c.
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YK 664.1.031
BoaHe rocnoaapcTBo YKpOBOIro 3aBOY Ta HANPSIMH #0r0 BJOCKOHAJIEHHSI HA
nisxy Ykpainu 10 €sponeiicbkoro Corw3sy
'Bonogumup Kyxap, *Onexcanap Yepusisebkuii, ‘Bitaniit Canoscbkuii,
2Ouexcanap Kyxap,Jliogmuna YepHsaBcbka
'TOB « KOMIIAHIA «TMA», m.Kuis
2SIeomuHCLKUT MEXAHTYHULL 30600
3Inemumym npodosonvuux pecypcie HAAH Yipainu

Beryn. bBypsikonykpoBe BUPOOHUIITBO B YKpaiHi B CBOiIM T'OCHOIAPCHKIMA
JISTBHOCTI BUKOPUCTOBYE BEJIMKY KUIbKICTh BoAu — Omm3bko 1000 % mo macu
nepepoOmoBaHux OypskiB. OCHOBHa KUIBKICTh BOJAM BHUKOPUCTOBYETHCS ISt
TPaHCIIOPTYBaHHS OYpsIKIiB Ha IMepepoOKy Ta iX BIAMHUBAHHS BiJ| MPUIMILION 3EMJIL.
[lepen mepepoOKorO KOpEHEIIOAIB HeoOXiqHE iX OYHUIIEHHS BiJ JITKUX Ta BAXKKHUX
JIOMIIIIOK, a TaKOoXK BIJ 3eMJIl. SIKIO JOMIIIKHA BHJAJEHI HEIOCTaTHBO SKICHO, TO
3HAYH1 KUJIBKOCTI 3aJIMIIKOBUX 3a0PyTHEHb HAJIXOIATh HA BUPOOHHUIITBO HA ITYKPOBUI
3aBOJI, BUKJIMKAIOYM MIJBHUILEHY BUTPATy OYypSAKOPI3abHUX HOXIB, J10JaTKOBE
3HOIIYBaHHS 00JIaJIHaHHA B OypsAKONEepepoOHOMY BIIIIIEHH], PO3BUTOK MAaTOT€HHOI
MIKpOQUIOpH MpU €KCTPaKIIii caxapo3u, MIJBHUIICHI BTPATH caxapo3u, MPoOdJIeMH Mpr
¢1apTpaLii coKiB 1 BUCOKUU BMICT Hepo3unHHOI B HC1 305mm B OypsikoBomy sxomi [1,
2]. Bci Buau o6naiHaHHS, 1110 BUKOPUCTOBYIOTHCSI B MUMHMX BIIIUIEHHAX LIYKPOBUX
3aBOJIiB, BUMArarTh JUIsl CBOE€1 HOpMaIbHOI poOOTH Oararo MmiJiroTOBJIEHOT 000POTHOT
TPaHCIIOPTEPHO-MUITHOI BoAM. Lli MUTaHHS BUPINIYIOTHCS IIISXOM BIPOBADKEHHS y
BUPOOHHUIITBO CYYaCHMX MHUHHUX KOMIUIEKCIB Ta €(EeKTUBHO IMPAIIOI0UYHNX
BIZICTIHHUKIB TPaHCIIOPTEPHO-MHITHOT BojwM [ 1, 2].

CrewianizoBaHi HayKOBl oOpradizamii Ta I1HXHUHIPUHIOBlI KOMMaHii mpu
pO3pOO0JIEHHI KOHIEMIl Cy4aCHUX MHUHHUX KOMIUIEKCIB I[yKpOBHX 3aBOJI Ta
TEOPETUYHUX OCHOB Ta Habopy oOJaaHaHHS JJIs BUAAQJICHHS JIETKUX 1 BaXKHUX
JIOMIIIOK Ta BIJIMUBaHHS OypsIKiB y MUMHOMY KOMIUIEKCI, Ha MiACTaBl aHaI3y CKJIaly
OypsIKiB, III0 HAAXOMATH 3 TMOJMIB, POTISAAIOTH 3a0€3MEYEHHS SIKICHOTO BiJIMHBAHHS
KOPEHEIJIOAIB Y KIJIbKa eTalliB:

Etan 1. BigauieHHs Jlerkux He3B'I3aHUX JIOMIIIOK: BUKOHYETHCS 32 PaXxyHOK
criuBaHHA  ((roTtamii) JErkuxX JOMIIMIOK y BOAHO-OYpSKOBOMY TOTOII 3 iX
MOJIAJILIIIUM BUHECEHHSM Ta BIAOKPEMJICHHSIM BiJl BOJU IpH ii (GUITPYBaHHI;

Etan 2. MexaniuHa Muiika: 311HCHIOETHCS CAMOOYHILIEHHS OYPSKIB 32 PaxyHOK
TepTss Ta obOepTaHHs KopeHeraoniB. [loBHe BuaaneHHs 3a0pyIHEHb OOMEKEHO
OOpO3eHKaMM, B SIKHX MOXE 3HAXOAWUTHUCS MPUIHUIUIA 3€MJIS, @ TAKOX 3B'I3aHOI0
TMYKOK, 10 3ajMIIWiacd Ha TOJIBII  KOPEHEIioAa micisd  30MpaHHSA
IMYKO30MPATIbHOI0 MAILUHOIO;

Etam 3. Murrtsa ctpymeHeBoro Muiikoro. BunaneHnHs 3a0pyaHeHb 3 60pO3eHOK
OypsIKIB 1 3 TOBEPXHI KOPEHEIUIOAIB CTPYMEHSIMH BUCOKOI'O THCKY Ta OMOJIICKYBaHHS
IX YHUCTOK BOJOIO.

Marepianu i metoau. B sxocti maTepiany Asisi TOCHIKEHb BUKOPUCTOBYBAIH
TPAHCIIOPTEPHO-MUMHY BOAY 3 METOI CTBOPEHHSA 3aMKHYTOI CUCTEMHM 11 OUMIICHHS
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Ta TOBTOPHOrOo ©0araTopa3oBOro BUKOPUCTAaHHS B CXeMI Ta E€KOHOMHOIO
BUKOPHUCTaHHS TPHUPOJTHHUX BOTHUX PECYPCIB.

SxicTh TpaHCHIOPTEPHO-MUMHOI BOJAM BU3HAYAETHCS [3]: HASBHICTIO CyCHEH31H
y BUTJISIAI TBEPAUX 1 IPIOHOUCIIEPCHUX YACTOK, IMICKY, CYIICKY, TIMHU, YOPHO3EMY,
KUIBKICTh iX cTaHoBUTH BiA 10 mo 30% 3aranbHOro oOCsry BOAM, MiJABUILYIOYH, Y
CBOIO Yepry, ii TYCTHHY; KUJIBKICTIO TUTABAIOYUX JIOMIIIOK, IO MPOWIIUIA Yyepe3 CUTa
JIOMIIIKOYJIOBJIIOBAUIB: JpIOHUX MmIMaToukiB (5-0,5 Mm) 0o OypsKiB, HacCiHHS,
JYIIMAHAS, OMaJlOT0 CYXOr'o JIMCTSA, PI3HUX TpaB; HEBHUCOKOIO TEMIIEpaTyporo (He
Buiie 20°C), mo0 He BHUKJIMKATH IHTEHCUBHOTO BHMMBAHHSA IIYKpPY, PO3BUTKY
TepMoiibHUX OakTepiid Ta iHTeHCcHIKallli npoieciB OpoAiHHsA. TpaHcmopTepHO-
MUWHI BOAM TOBUHHI MaTu JykHY peakiito (pH>8,5, Halibiibm edexTuBHa
koaryssimis npu pH=9,25-11,5) 3 meToro ocnabieHHs OpOAIHHA Ta TOJIMIICHHS
KOaryJisilii; Boja TakoX He TTOBMHHA OYyTH JHKepesioM 1H(]EeKIii, ToMy 110 IPH IbOMY
MOPYIIYETHCS HOPMAJIbHUN TEXHOJOTIYHUN PEKUM Ha 3aBOJI1, 301IBIIYIOTHCS BTPATH
LyKpY.

TOB «KOMIIAHIEIO «TMA» 1iug oOcHalleHHS MHUHHHUX BIIJIUIEHD
PEKOHCTPYHOBAaHMX I[YKPOBUX 3aBOMAIB Oylo po3poOJIEHO HHU3KY CY4acHOTO
o0JiafHaHHS BEIMKOiI BUPOOHMYOI MOTYKHOCTI: COTOMOOOTBOYJIOBIIIOBAY CTPIYKOBHIA
Mapkun TMA-CBT-900, BogoBiiiiII0Bay TUCKOBUM 12-TH BaJIKOBUM 3 TIPUBOJOM Ha
KOXeH BaJlok okpemo -B/I®-900, ymosnroBay jerkux aomimok mapku TMA-VYIIII-
10 B KOMIUIEKTI 31 IIHEKOBUMH KOHBEEPAMH, CUTYACTHUM KOHBEEPOM, BAHHOIO
OTOJIICKyBaya, KOpPUTHa MHiika aABoBaibHa koMmOiHOBaHa TMA-TIMJI-10, dinimma
ponuko-popcynkoBa muiika TMA-MP-10 st ouuiieHHs KOpeHEBUX OOPO3EHOK Ta
BUJIAJICHHS] TPWIMIUIOTO TPYHTY BiJl KOPEHEIUIOAIB ILISXOM Oararopa3oBoro ix
oOepTaHHS Ha BaJIKax 13 3aCTOCYBaHHSM BOJM BHCOKOro THUCKY (Big 7 mo 10 Gap),
0apaban copryBanbhuii micis YJIIT TMA- BC-41 ajist octaTo4HOro Moy TOBapHOL
Oypsikomacu Ta JOMIMIOK Ta iX BujaneHds, cnapeHi ¢inbtpu DCII-500 s
OUMUIIICHHS OCBITJICHOI OOOPOTHOI BOJAM Ha mepill 6 pslliB POJUKO-(HOPCYHOUHOTO
MUTTH.

JI71s1 BUpIiIICHHS] MUTaHb MATOTOBKHU, OYUIIICHHS Ta EKOHOMHOT'O BUKOPUCTAHHS
BOJIM KOXKEH IIYKPOBHUH 3aBOJi TOBMHEH MAaTH Cy4acHl1 CIOPYIU JUlsl ouMineHHs Boa 11
kareropii [2]. BiACTIMHUKM THUIIOBUX KOHCTPYKIIM OyBalwTh MEPIOAUYHOT,
HamiBOe3nepepBHOi Ta Oe3mepepBHOi nii. Jlo BIACTIMHUKIB MEpIOJUYHOI Ta
HaIiBOE3MEepEePBHOI /i1 HaJleXKaTh BIACTIMHUKUA 3acTapiiuX THUIIB - 3€MJISTHI KapTH,
IPOTOYHI 3eMJIsIHI, CeKIiiHi (Tumy Yekypau) Ta pagiaibHi BiICTIHHUKH, K1 MAlOTh
CYTT€BI HEJOJIKH: HU3bKUH €PEKT OUYHUIIECHHS Ta MWW CTYIiHb 3TYIICHHS OCamy,
3B1JICH - BeJTUKA KUIbKICTh cTiuHuX Boj Il kaTeropii, BiACYTHICTH hakTOpa pO3MOALTY
3a pakiisiMu (JI€TK1, BaXKK1, 3BaXKEH1 YaCTKH ); BeJIMKa 3aliMaHa 1J1011a (B OCHOBHOMY
pPOJIFOYl IPYHTH); BIJACYTHICTh MOMKJIMBOCTI PETYNIIOBATH MPOAYKTHBHICTH, KIJIbKICTh
BOJIM Y BIAICTITHUKY, Yac Ta MIBUAKICTh OCAJP)KCHHS Ta KOHIIEHTPYBAHHSI CYCIICH31i; B
3UMOBHM dYac - HHU3bKa TEMIIeparypa OCBITJICHOI BOJW, IO MPHU3BOAUTH 1O
oOMep3aHHs, 3aMep3aHHs Ta IOraHoi Mojadi OypsKiB Ha 3aBOJ; BIJICYTHICTh
MOXJIMBOCTI perymoBatd pH Ta noTpumyBatucs 3aJaHUX TMapaMeTpiB OO
MOKa3HUKA; BIJCYTHICTh €(EKTUBHOIO 3aCTOCYBaHHS Je31H(eKIli BOAU, 0OPOOKH

KOoaryJastHTaMu Ta (DIOKyJIsSSHTaMH TIOBHOTO 00’€My; 3HA4Ha BTpara Macu BOJIU B
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pe3yabTaTi BUNAPOBYBAaHHS 3 MOBEpXHi, 1H(UIbTpallii B T'PYHT, PO3KIAJIaHHS Ta
THUTTS B 00'€eMi OYHIIYBAHOI BOJIM, BIJICYTHICTh MOKJIMBOCTI aBTOMATH3alll1; BEIUKI
¢dbiHaHCOBI BUTpaTM HAa PEMOHTHO-BIJIHOBIIOBAJIbHI  poOOTH, TMOB’A3aHI 3
TPYJIOMICTKICTIO OYMIIICHHS BIJACTIMHUKIB BiJl OCaay, 10 HAKOMUYUBCS, 3MIITHEHHSIM
OOBAJIOBOK 1 J1aM0; €KOJIOTi4HI TpoOjeMu: 3a0pyAHEHHS MiA3€MHUX BOJ,
MOBITPSIHOTO OacelHy, JOBKOJUIIIHIX BOJIONM.

CydacHi BITYM3HSIHI OYMCHI CIIOPYAM — BEPTUKAIbHI BIJICTIMHUKU-3TyLIyBayl,
mozepHizoBani Mapku [1-ITOC-3 Ta BOVY-1 BurortoBmsitorbcs SroTMHCHKUM
MEXaHIYHUM 3aBOAIOM. BOHM mpu3HaueHi JUisi OYUIICHHS TPaHCIOPTEPHO-MHUIHUX
BOJI BiJl JOMIIIIOK OypsSIKOMAacH.

Pesyabratn. KoHuenmis peanizoBaHa Ha 2 IYKPOBUX 3aBOjax YKpaiHM:
[aticuracbkomMy (2007 p.) ta CanusinkiBcbkomy (2018 p.).

VY mporeci ekcruiyaTtanii 3MOHTOBAHOI'O OOJIaJHAHHS 3HAYHO MMOKPAIIMINCS
MOKAa3HUKUA SIKOCTI TPAHCIOPTEPHO-MHUMHOI BOAM. Y KiJIbKa pa3iB 3HU3MUIACS
HAsBHICTh 3BKEHUX YAaCTOK y BHUIJISIAI TBEpAUX Ta IpiOHOAMCIEPCHUX YACTHUHOK,
MICKY, CYIICKY, TVIMHU. BHUJalleHO BEJMKY KUIbKICTh IUIABAIOUMX JOMIIIOK, IO HE
OPOMIILIIN Yepe3 CUTa JOMIMIOKYJIOBIIOBAYIB, APIOHMX mMaToukiB (5—0,5MM) 6010
KOPEHEIUIOAIB OYpsIKiB, HACIHHS, JIYIIIHHHS, ONAJIOT0 CYyXOro JIUCTS PI3HUX TPaB.

BucnoBku. Sk pe3ynpTaT SAKICHOTO OYHUIIEHHS BOJM Ha BEPTHKAIBHUX
BIJICTIHHMKAX — 3rymyBadyax BOVY-1, MOXIMBICTP HpHU BENHUKIA 3a0pyIHEHOCTI
OypsIKiB Ta po3Mipax JIOTKIB TiIPOTpaHCIOpPTEpa Ha MPONYKTHBHICTH 3 THC. T.
OypsikiB Ha 100y, O€3IepernIKoIHO 3I1MCHIOBATH Toja4dy OypsKiB Ha 3aBOJ| MOHAT 7
TUCSY TOHH OypskiB Ha A00y. Edekr ouunmenns Bomu cranoBuB 88-92 %. 3a
paxyHOK 30UIbIICHHS TYCTHMHHM OCajy, IO BUIAIAETHCS 3 BiAcTiiHUKIB, Ha 30 %
3HM3WIACA KIJIBKICTh BOJIH, 0 BUJAISIETHCS HA TOJs (DUTBTpaIlii.

3actocyBaHHs ocBiTmoBauiB TMA-II1-ITIOE nano MOXIUBICTE 3HUZUTH
BUTpATH CBDXKOI PIYKOBOI BOAM HAa MHUTTS 1 TpaHcmopTyBaHHs OypsikiB Ha 40-50 %.
MutTs Ta omodicKyBaHHs OypsiKiB Ha 3aBOJ1 MPOBOAUTHCS TUIbKKM OCBITJIEHUMHU
BOJIaMH ITICJISI JOOUYHUINEHHS 1X Ha OCBITIIOBavax [2].

BukopucranHs BepTHUKaJbHUX BIACTIHHUKIB-3rymryBadyie TMA-BOVY-1 vy
KoMIuiekcl 3 joocBiTiatoBadamu Bogau Il karteropii TMA-III1-IIOE no3onuiio
JOCSITTU 3arajibHOro ePeKTy:

- 3HU3UTH BTPATU LYKPY Y TpaHcnopTepHo-muiiHii Boai Ha 0,01-0,015%;

- 3MeHIIUTH eHeprocnoxuBanus 3 0,02 kT Ha M3 10 0,005 kBT Ha M3,

- BHU3WUTHU BOJOCIIOKMBAHHS Y 2 pas3u;

- BHUPIIIUTH EKOJIOTIYHI MPOoOJSeMU: 3HU3UTH 3a0pyIHEHHS MiI3eMHUX
BO/JI, MMOBITPSTHOTO O0aCeHY, PUIIECTIIUX BOJIONM.
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UDC 621.039.5:628.16
Ways to improve the design and operating parameters of the desalination
freezing plant
Bogdan Vasyliv, Volodymyr Doroshenko, Oleh Vasyliv
Odesa National Technological University, Ukraine

Water desalination is considered one of the most effective ways to increase wa-
ter supply and provide water to millions of people in regions with a shortage of fresh
water. The gross global operating capacity of desalination plants is 95.37 million
m3/day of fresh water. Seawater desalination accounts for 59%, followed by brackish
water (23%), river water (7%), wastewater (5%) and other sources (6%) [4].

The known desalination methods are classified into two categories: (1) includ-
ing phase change of salt water (evaporation and freezing), (2) excluding phase change
of salt water.

The authors of [4] summarised experimental data on plant capacity, energy
consumption, cost, operating temperature, environmental impact and CO, emissions
for different desalination methods. According to this analysis, energy consumption
and the cost of producing drinking water are lower for desalination methods that do
not change the phase state of the water. Similar trends were found for drinking water
production capacity and CO; emissions. The authors note that traditional desalination
methods (multi-efficiency distillation, multi-stage flash distillation, mechanical va-
pour compression, membrane distillation, reverse osmosis) have a serious impact on
the environment. After all, the discharge of brines with high temperature and salt
concentration increases the temperature and salinity of seawater.

Freeze-drying desalination has advantages over evaporation and membrane de-
salination methods. Thermodynamically, the latent heat of freezing and vapourisation
of water is 330 kJ/kg and 2256 kJ/Kg, respectively. This means that this process re-
quires approximately 1/7 of the latent heat required for evaporation-based desalina-
tion processes. The use of sub-zero temperatures reduces the risk of corrosion and
scale formation. The insensitivity to fouling is another important advantage of
freeze-drying compared to membrane-based desalination processes, which are gener-
ally prone to fouling and require frequent maintenance. In the event of excessive
fouling, cleaning the membranes is very difficult. Here, too, there is no need for in-
tensive pre-treatment of salt water.

Importantly, freeze-drying desalination can process concentrated brine with
close to zero liquid discharge, either alone or in combination with membrane distilla-
tion and crystallisation [4].
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It is known that direct contact and indirect heat transfer methods are used to
carry out this process. In indirect methods, the wall of the crystalliser separates sea-
water and refrigerant (coolant). Here, water desalination can be carried out by crystal-
lisation in the form of a suspension with subsequent separation (SFC) or by directed
crystallisation with the formation of ice layers of a certain thickness on the surface of
the crystalliser.

The main stages of the SFC process are the nucleation of crystals, their growth,
separation of ice crystals from the concentrated liquid and further processing of ice
crystals to improve their purity. The method is characterised by the formation of
many small ice crystals suspended in a solution from which water is frozen under
constant stirring. The ice crystals grow according to the Ostwald ripening mecha-
nism. A separate heat exchanger is required to obtain the ice seed for crystal nuclea-
tion.Consequently, SFC requires a complex system with special controls, which
makes it the most expensive of the other freeze-dried brine desalination methods.

The process of layered freezing results in the formation of a single and large
ice crystal on the cooling surface. This process is carried out by progressive freeze-
drying, freeze-drying from a falling film of solution and block freeze-drying.

A review in [4] shows that freeze-drying desalination methods can produce
fresh water from seawater and brackish water. The parameters that need to be opti-
mised are the rate of salt extraction from the ice into the liquid phase, the growth rate
of ice crystals, the amount of supercooling of the liquid, the technology of water pre-
treatment, and the technology and modes of ice separation.

All desalination methods by freezing have a lower drinking water production
capacity than desalination methods based on membranes and steam generation [2, 3].

Today, research teams both in the world and in Ukraine, including those at
Odesa National University of Technology, are engaged in the development of equip-
ment for desalination technologies based on the principle of freezing water from sa-
line solution [1-6].

Papers [2, 3] provide a comparative analysis of traditional methods of water
demineralisation and outline the prospects for low-temperature desalination methods,
and propose the idea of improving block freezing apparatus by converting them to a
continuous mode of operation. To achieve this goal, a universal design of the appa-
ratus was proposed, in which the processes of crystallisation, separation and melting
of ice are sequentially implemented. A module for a continuous seawater desalination
plant has been developed. The time of the ice block formation process is justified in
terms of minimising energy consumption.

At the same time, the issues of energy efficiency of the process, the degree of
water desalination, the technical design of the plants and the technology of desalina-
tion using this method remain relevant.

In order to intensify the processes of heat and mass transfer, it is proposed to
use a structure of finned tubular crystallisers, which will increase the efficiency of ice
freezing and its subsequent separation.

To implement this approach, it is necessary to develop a methodology for cal-
culating the crystalliser, study the crystallisation modes depending on salinity and
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solution composition, and optimise the separation process and the design parameters
of the plant as a whole.
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CEKIIISA 5

BIIPOBAJI’KEHHS MEMBPAHHUX
TEXHOJIOTIN AJ1 NOJINIIEHHSA
SIKOCTI IUTHOI BOJIU TA
HAHNIBIOPOJAYKTIB XAPYOBUX
BUPOGHUIITB
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YK 66.628.314.2+544.77
Buayyenns CU 3i njiamy rajibBaHiuHOro BUpOOHUITBA Ta eJIEKTPOO0CAZKEHHS
HA eJIEKTPOoai
Poman Kiimenko, Paica YUeoorapsoBa, Cepriii Pemes
Incmumym konoionoi ximii ma ximii 6oou im. A.B. /[ymancekoeo HayionanvHoi
Axaodemii Hayx Vrpainu, m. Kuig

Beryn. [lpu ouwMilleHHI CTIYHHMX BOJ MIANPUEMCTB €JIEKTPOHHOI, Pajilo- Ta
CJICKTPOTEXHIYHOI TMPOMHUCIIOBOCTI YTBOPIOIOTHCA TBEPJl BIAXOMIU, BIAMIHHOIO
0COOJIMBICTIO SIKHMX € HassBHICTH BeNMKOI KibkocTi CU (3—15 %), 10 60 % cnonyk Fe,
NPUCYTHI 1HIIN BaXXKU MeETali, a Takok Om3bko 10 % BaKKOPO3YMHHMX CIIONIYK S,
Cr, Ca, ta 1o 10 % opraniunux pedoBuH [1, 2 ]|. BuydeHHs I[IHHMX KOJIbOPOBHX
METaJIiB 13 IIJIaMiB rajbBaHIYHUX BUPOOHHUIITB € BAXKIMBOIO MPOOJIEMOIO.

Binomi cocoOu ABOXCTYNMEHEBOTO BHIIYYEHHSI KYMPyMY 31 HUIAMIB MIIIXOM
T1APOMETaTypriiHOr0 PO3YMHEHHS MIIbBMICTHOI (Ppakiiii y KUCIOTHOMY PO3YHHI Ha
NepIIMid CTafll 3 MOAATBIINM EICKTPOOCAIKEHHSIM METaly 3 PO3UMHY Ha €JIEeKTPOIl
Ha apyroi crazii [3]. Hemomikamu crmoco0iB IBOCTYIEHEBOTO onepxkaHHs ynctoi Cu 3
TaIbBAHOIIJIAMY € BUTpPATH BEJIMKOI KUTBKOCTI pPEareHTiB Ta eJIeKTPOCHEPTii.
Ockinbku A1 3a0e3nedeHHs ToBHOTH BuaaiieHHs Cu 31 nuiamy (>99 %) HeoOXiTHUM
€ He MCHIN HiX 5-KpaTHUA HAJIAIIOK PO3YMHY KHCJIOTH IO BiJIHOIICHHIO JI0 MacH
[laMy, Ta BUTpPAaTa BEJIMKOI KUIBKOCTI €JIEKTPOeHeprii Ha enekTpoocamkenHs CuU 3
po3BesieHOro po3unHy [4]. Bimomi Takoxk BapiaHTH JABOCTYIEHEBOro BuiydeHHs Cu
[IUTAXOM  TIONEPEIHBOTO0 KOHIIGHTPYBAaHHA MeETaly B TPUKATOMHIA  Kamepi
SJICKTPOAIATI3HOTO anapary 3 NOJAIbIINM ii eIEKTPOOCAIIKEHHIM Y BUTJISI/II YUCTOTO
Metany Ha enektponi [5]. Cranis BuiiyroByBanHs CU moTpe0ye JOCUTH TPUBAIOTO
Yyacy Ta 3HAYHUX BUTPAT PEarcHTIB-BUIYTOBYBaviB 1 JOJaTKOBOTO YCTaTKyBaHHSI.

Meroro  nmanoi pobotm Oyma  po3poOka  OMHOCTAAIMHOTO  MPOIECY
eIeKTpOXiIMIiYHOTO  BuiayropyBanHs CU 3 Bojororo rajibBaHONIaMy  Ta
€JICKTPOOCAPKEHHS 1i Ha KaTOl.

Marepiaam Ta Metonu. B poOOTIBUKOPHUCTOBYBaIM IIjlaM 3 BHUXIJHIO
BosioricTio 34,7 %, sxuii mictuB 9 — 10 % Cu y Burmsaai okcuxnopuay Cu, Ta
omseko 30 % Fe, y Bumsial TiIpOKCOKOMIUIEKCIB 3MIHHOTO ckiany. llporec
BuitydeHHss CU 3 rajgbpbBaHIYHOTO HUIaMy MPOBOIWIM B 3-KaMEpHINA eNeKTPOXIMIUHIM
KOMIpII, TPUHIIMIIOBA CXeMa SIKOi MoKa3aHa Ha puc. 1.

106



AN

Puc. 1. Komipka ckiagaerbes 3 kopuycy 1, kamepu AJ1s1 3aBaHTAKeHHA
BOJIOr0ro nuiamy 2, karionoooMinunx memopan MK-40 3, erekrpoanux kamep 4
3 IJIACTMHYACTUMH eJIEKTPOAAMHU S i ra3oBiiBiiHuMH TpyOKamu 6

Enextponni xamepu 4 3anoBHioBamu 0,1 M pozumnom NapSOs, s
3a0e3meueHHs enekTporpoBigHocTi cuctemu. [lpouec enexrpomirpaiii Cusenu B
MOTEHI[IOCTATUYHOMY peXHMI Tpu Hampy3l Ha enektpomax 25, 30 1 35 B
6e3nepepBHO npotsirom 24 — 28 roxa. npu temmnepatypi 18 —25°C. Minp, y BUTIIsII
Cu?*-ioHy Mirpye 10 KaTomHOi KaMepH, A€ BinOyBaeThCs il OCAIKEHHS y BHITISLI
KOMIIaKTHOTO METaJIeBOr0 0Caly Ha MiTHOMY KaTOJIi.

Pesyabratu. Ilpy HakmagaHHi  €IEKTPUYHOTO CTPYMYy  TOYHHAETHCS
€JIEKTPOMITpalLlisl KaTIOHIB B HaNPSIMKY KaTOAHOI KaMepu, HacaMmIiepe 10HIB BOJAHIO,
K1 MalOTh HAMOUIbIIY PYXJIUBICTh MOPIBHSHO 3 IHIIUMH 10HaMHu. TakoX Ha aHO/II
TeHEPYIOThCS 10HU BOJIHIO, K1 MITPYIOTh /10 KaT0/1a, MPOXOS4H Kpi3b 00'eM mLIamy i
po3unHsoun mpu npomy cronyku Cu. Ilepexim okcuxiopuay Kynmpymy B BOIHHIMA
pO3uuH BiAOyBaeThCs y miama3oni 3HadeHb pH 2,5 — 5,03a peakiiero:

CuzCl(OH)s+3H*=2Cu?*+3H,0+CI-

OnnouacHo3 CU MOXYTh PO3ZYMHSATUCATIIPOOKCUANFE, ane iX po3uMHEHHS
NOYMHAETHCS MpH 3HaueHHIX pH < 2,6 [2]. Tomy, 11 oOMexeHHs OTpaIuisiHHA Fe y
KaTOIHY KaMmepy, SKe TMepemiko/pkae  elekTpoocamkennio  Cu,  mporec
esiekTpoTpancnopTyCUperyioBail HUISIXOM 3MIHM Halpyrd Ha EJIEKTPOJIaxB
mianasoni Big 10 go 35 B. Ha puc. 2 npeacraBieHo 3MiHH CTYIEHS BHJIYTOBYBaHHS
Cu Ta pH po3unny y eneKkTpoaHiii KaMepi 3aJeKHO BiJ] HAIPYTW Ha eleKTpoaax. Sk
6aunmo 3 puc. 2 pH po3unHy B kamepi 2 Npu MiABUIICHH] HANpPYrd Ha €JIEKTPOoIax
3MEHILYEThCS, a CTYMIHb BHiIydeHHs1 CU 3pocTae.

[TinBuIIeHHS MPOJTYKTUBHOCTI BWJIYYCHHSKYIIPYMY 00yMOBJICHO
IHTeHCU((DIKAIlIEI0  MaCOMEpPEeHOCY 3aBASKH TMOCHICHHIO  eJeKTpoMirpamii Ta
€JIEKTPOOCMOCY y TMOpax TralbBaHIYHOTO IIaMy 31 3pOCTaHHAM HANpyrd Ha

CIIEKTPOIax.
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Puc.2. 3anexunicts pH po3unny (4uepBoHa KpuBa) Ta cTyneHi Buiaydyenus Cu
(3eJieHa KpUBA) Bil HAIPYIM HA €JIEKTPOAAX eJIeKTPOXiMiYHOI KOMipKHU

BucnoBku. Takum YUHOM, 6YJIO IIOKa3aHO, IO BHIYYCHH:A Cu 3 BoJsiororo
TaIbBAaHIYHOTO NUIAMY B OJIHY CTajif0 3abasmedye cTymiHbs BurydeHHs Cu 97,8 —
99,1 %, npu BUTpaTi eneKkTpoeHeprii Ha enekTpoocamkenns 1 kxr Cu mo 2,1 — 2,4
kBTron.

BukoprcTaHHS HOBOrO TEXHOJOTIYHOTO MPUHOMY, a caMe€ CYMIIIEHHS JIBOX
MPOIIECIB — BUJIYTOBYBAHHS KYIIPYMY 3 IIUIaMy Ta €JIEKTPOOCAKEHHS Ha €JIeKTPO,
3a0e3neuye JOCUTh BUCOKUH CTyMiHb BuiydeHHd CU 3 nuiamy, Ta 3MEHIIEHHS 4acy
BuiydeHHs: CU y MOpIBHSHHI 3 ABOCTaJAIMHUM CHOCOOOM 3A1MCHEHHS Tpolecy 1, K
HACJIIOK, 3MCHIIICHHS €HEProBUTPAT.
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YK 634.2
AHaJIi3 BITHOBJICHOI 0 I0JTy4HOI 0 COKA METOIOM SI/IEPHOI 0
MArHiTHOI 0 PE30HAHCY
Auaia Koanb, Mapis I'pedennb, Tersina €srymenko, Taminia Anamuyk
epoicasne nionpuemcmeso « Haykosuii yenmp npesenmusHoi moxkcuxkoocii,
xapuoeoi ma ximiunoi 6esnexu imeni akademixa JI.1.Meoseos Minicmepcmea
0XopoHU 300po8 s YVipainuy, m. Kuis, Yrpaina

AGnydHuil CiKk € OAHMM 13 MONYJSIPHUX 1 MOUIMPEHUX COKIB B YKpaiHi.
BiamosinmHo mo 3arampHOro cranmapty mis ¢GpykToBUX cokiB Ta HekrtapiB (CO-
DEXSTAN 247-2005), npuitaaroro Kowmiciero Konekc AniMeHTapiyc, BiIHOBJICHHI
CIK — II€ CIK, OTPUMaHHUIl HUIAXOM 3MIIIyBaHHS KOHIIEHTPOBAHOI'O COKY 3 MUTHOIO
BOJIOIO.

Mera nochaigeHHsi. AHam3 BITHOBICHUX SOJYYHMX COKIB  PI3HHX
TOPTiBeJIbHUX MAapOK BITYM3HAHOTO BHPOOHHUIITBA HA BIAMOBIAHICTH MpaBUIaM
€poneiicbkoi Acomiamii @pykroBux CokiB (A.l.J.N) 3 BHKOpPHCTaHHSIM METOOY
AJEPHOr0 MarHiTHOro pesonancy s saep ‘H (SIMP).

Marepiaau i Meroau. Meronx SAMP 103BONsi€E OIHOYACHO MPOBOJIUTH
BU3HAYEHHS CHOJYK pI3HUX KiaciB. [IpMHIMO 1bOrO METOQY IPYHTYEThCS Ha
B3a€MOJIIi €NEKTPOMArHITHUX XBWJIb 3 SIpaMU  aToOMiB, SKI 3HAXOIATHCS B
MarHiTHoMy nom. B HaykoBomy LeHTpI JOCHIJKEHHS MPOBOJWINCH Ha
ciekrpomeTpi AVANCE — 400 (Bruker) npu gacroti 400 MI'1, remneparypi 300 K
y crannaptHux AMP-mipo0Gipkax.

PesyabraTnn. J[lochimkenus weronom SAMP nonuiserbcss Ha 2 cramii:
MIITOTOBKA 3pa3KiB Ta iX BumiproBaHHA. CrTajis MATOTOBKH 3pa3KiB BKIIOUYAE
JToJaBaHHA J0 3pa3ky jaeWtepoBaHoi Bogu D.0O, OydepHoro po3uumHy Ta
BHYTPILIHBOIO CTAHJAPTy — HATPIEBOI COJIl TPUMETUJICHIILINPOIIOHOBOI KUCIOTH
(TSP). BumiproBaHHsI Ta OINpPAIIOBaHHS EKCICPUMEHTAIBHUX JaHHUX MPOBOIMIHA 32
noromororo makery nporpam Bruker (TopSpin, Bepcis 4.0).

3a pe3yabTaTaMH JOCHIKEHb MIATBEP/KEHA HATYPAJIbHICTh BiIJIHOBICHUX
COKIB Ta X KinmbkicHui ckman (Tabm. 1). Orpumani gaHi CBig4aTh, MO0 OCHOBHUM
BYTJIEBOJIOM Y 3pa3Kkax sI0JydHOro COKy € (pykTo3a. BusiBieHO BenMKY KUIBKICTb
PI3HUX OpPraHIYHUX KHUCIOT, SIKI BaXKJIMBI Ui OpraHi3My JIIOJMHU Ta BIUIMBAIOTh Ha
3HWKEHHS JIMOIMPOTEIAIB HU3bKOI HIUIBHOCTI XOJECTEPHUHY Yy CHpOBATIl KpOBI,
COPUSIIOTh TPUIIBHUAIICHHIO METa0o0i3My, aKTHBI3allll IMYHITETY, 3amo0iraroTh
CEepLEBO-CYIMHHUM 3aXBOPIOBAaHHSAM Ta XxBopoOam AunblrerimMepa 1 [lapkincona.

Tabmuns 1

IHoxa3uuk Hopmartus | 3pasok 1 | 3pa3ok 2 | 3pasoxk 3 | 3pasok 4 3pa3ok S
(A.1.J.N.)

Eranom, mr/n <3000 145 37 51 43 <10
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MoiouHa KHciora, <500 49 342 168 74 123
M/

THUTP.KUCTIOTHICTh 35-117 75 83 73 55 72
pH 8,1, MexB/n

Turp. KucnotHicth 2,2-1,5 48 51 45 35 4.4
(pH 8,1, mimonHa

KHCJIOTA), T/1T

DopMOIbHE YUCIIO 3,0-10,0 4.8 54 4.6 43 45
JIMMOHHA KHCIIOTA, <0,1 <0,5 <0,5 2.4 <0,5 2,6
AN

S16my4yHa KUCIoTA, >3.0 5,6 59 34 42 3,3
r/n

T'moko3a, r/n 15,0-35,0 229 274 26,6 274 23,6
®pykTo3a, r/n 45,0-85,0 58,7 57,3 60,5 58,6 57,7
I'moko3a/dppykrosza 0,30-0,50 0,39 0,48 0,44 0,47 0,41
Caxaposa, /1 5,0-30,0 111 7,2 11,6 11,8 16,2
AnaHiH, Mr/I1 1-50 16 21 13 11 9
XnoporeHoBa - 91 114 47 81 43
KHCJIOTa, MI/JT

[urpamanosa - 47 43 <10 43 <10
KHCJIOTa, MI/JI

lNanmakryponoBa - 1282 114 312 364 377
KHCJIOTa, MI/JI

XinHa Kucaora, Mr/i - 668 845 341 410 314
Byputunosa - 24 43 33 19 23
KHCJIOTA, MI/JI

Aneranbaeria, Mr/iu - <5 <5 <5 <5 <5
Aneroin,Mr/a - <10 <10 <10 <10 <10
Bewmsansaerig, Mr/in - <5 <5 <5 <5 <5
Bemsoiina kuciora, - <10 <10 <10 <10 <10
MT/T

Cop0binoBa kucora, - <10 <10 <10 <10 <10

MI/1
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BusiBreHo, mo AocaiKeH! 3pa3ku HE MICTATh HITYYHHX apoOMaTH3aTOpiB Ta
KOHCEPBAHTIB. BUKIIIOUEHHSI CTAHOBIIATH 2 3pa3KH COKIB, B SIKUX MEPEBUILIEHO BMICT
JMMOHHOI KHCJIOTH, 110 HATJISAHO LIIOCTPYE pHC. 2.

3.05

N

u

0,

.

e ‘—A
3

2.95

2.9

UL

2.85

2.75

Puc 1. 3pa3ok coky, 3 BMicTOM JTUMOHHOI KHCJI0TH < 0,5 1/71

Puc 2. 3pa3ok coky 3 nepeBHIIEHHSIM JUMOHHOI KUCJI0TH (2,6 1/0)

BucHoskm.

SIMP-anani3

N

BITHOBJICHUX SOJTYyYHUX COKIB BITUYHM3HSIHOTO

BUPOOHMIITBA IIOKa3aB, IO CHEKTP TMOKa3HHUKIB YCIX JOCTIIKYBAaHUX 3pa3KiB
aHAJIOTTYHHM 1 CYTTEBI PO3OIKHOCTI Y iX KUIBKICHOMY CKJIAJ(l BIJICYTHI.
Hoseneno, mo meron SIMP € mepcrneKTMBHUM CKPUHITOBUM HAamNpaBlICHHSM JJis

BUABJICHHA Qasibcuikallii Ta MmATBEpIHPKEHHS ayTeHTUYHOCTI MPOAYKIIIi.
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YJIK 628.1 (063)
3acTocyBaHHS €JICKTPOJII3HO-MeMOPAHHUX TEXHOJIOTIH /151 OYMIIEHHS
CJ1a00AKTUBHHUX PAliOAKTUBHUX BOJ
Cepriii I'ysiit!, Biraaina Jlyk’sinosal, Bikrop Hikonenko!, Onexcanap Iyrau?,
Aprem Bosuumuk!, Ipuna Mamkina?, Terana Hocenko?
Ulepacasna yecmanoea Incmumym 2eoximii naekonuwnvozo cepedosuuja HAH
Ykpainu, Kuis, Yxpaina
2Kuiscokuti cmonuunuti yuisepcumem im. b. Ipinuenxa, Kuis, Yxpaina

Beryn. Bojga — oauH 3 HaMIIHHIIIMX pecypciB Ha Hamii miaHeTi. Bona
HeoOXiHa IS MIATPUMAHHS KUTTS HE TUIBKHU JIIOJIeH, ane i ekocuctem. OpHak, 31
301IbIIEHHSAM 3a0pyIHEHHS Ta 3POCTaHHSIM TIOMUTY Ha BOJY, BaXJIMUBICTh
e()eKTUBHOI'O OUYHUILCHHS paaialliiiHO 3a0pyIHEHUX BOJI HEMOXKJIMBO TepeoriHuTi. Ha
ChOTOJIHI aKTyaJIbHHM 3aBJaHHSIM BOJO IIJTOTOBKH € BHUPIMICHHS MpoOIeM
BWIYYEHHS 3QIMIIKOBUX KOHIEHTpawii pamioaktusHoro ¥’Cs i3 ci1a00akTHBHMX
BOJHUX PO3UMHIB. BijloMo Garato MeToJiB BUJIYYCHHS 10HIB 11€3110, ajie sIK MOKazye
MpaKkTUKa, HaWOUIbII [1€BUM € KOMOIHAIllg KIJIbKOX METOMIB IS JIOCATHEHHS
cenekTuBHOro BuiayueHHs °'Cs. CaMUMH  PO3HOBCIOIKEHUMH METONAMH  €:
ajcopOIlisa, 10HHUK OOMIH, XIMIUYHE OCaKEHHS, XIMIYHE BIJHOBJICHHS, MEMOpaHHI
TEXHOJIOT1i, KOAryJisilisi, €eKCTpakKiis, 10HHa (uoTalis. AncopOuiiHI METOAU HAOYIH
HaWOUIBIIIOrO PO3MOBCIOJKCHHS B TEXHOJOTISX OYHIIEHHS PIIKUX PagiOaKTHUBHUX
BIZIXOIB 3aBISKH IIUPOKOMY CHEKTpY azacopOentiB [1-4]. Anme ui wmeroau
po3ranyskeHi 1 He 00’ €JHaHl B OJAMH TEXHOJOTTYHUM UK. [lepe1oBor0 TEXHOIIOTIE 0
OYUIIIEHHS PaJI0AKTUBHUX B MOBHOMY Ik € TexHojoris [Inasma-Copb (po3poOka
Y ITHC HAHY) [5] y sikiii, okpiM BHIIle HABSJACHUX METOJIB, BHKOPHUCTOBYETHCS
M1a3MO-XIMisl, TUIa3MOBHMH €JIEKTPOJi3, TOumo, a y (iHaIbHIA 4YacTUHI yIbTpa
MeMOpanHe (QuibTpyBaHHA. KOHTpOIb 3a 4YEproBiCTIO MPOXOHKEHHS MPOLECIB
BUKOHYE IITY4YHHUM 1HTENeKT. B naniii poOoTi Oyne pO3TJIIHYTO €JIEKTPOJII3HO-
MeMOpaHHUH CIIOCIO OYMINEHHS BOJM, SK CKJIQJOBUNM YMHHUK TexHosorii Ilira3zma-
Cop0.

Marepianu i merogu. B poOOTI BHUKOpUCTaIM IITYYHO MPUTOTOBIICHY
cmaboakTHBHY paiioakTuBHY Boxy i3 rpyHty AEC ®ykycimu [2], mamip
iHAnKaTopHui yHiBepcaabHuil pH 0-12 Ta GinbTpyBabHUN «CUHS CTpIUKa», KOJIOU
koHlyHl (V=2000m11), crakanu ximiuyHi Tepmoctiiiki (V=2000mi1), BOpOHKa
¢inprpyBasibHa  (D=150mM) i pH-merp (3 enektpogom 9651-10D) HORIBA
LAQUA-PH1500-SS. OuunmieHHss  BoaH OpPOBOJAMIM 332  JTIONOMOTOIO
enekTpoakThBaropa «ExoBon-3» [6], 3amipu aKkTHMBHOCTI BOIM BHM3HAYaJld Ha
pamiomerpi  FoodLight 3  mporpamuum  3a0esmeueHHsm  TeeChart  pro
v2012.06.120613 (po3podka Y I'HC HAHY).
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[lepen Oe3mocepenHiM BUIYYEHHSM 10HIB T1€3il0 3 BOJHUX PO3YMHIB
IIPOBOAUTHCS AKTUBALllSl €JIEKTPOAKTHUBATOpPA 3rigHO [HCTPYKIIi MO BHUKOPHUCTAaHHIO
npuiamy.

Pe3yabTaTn. Po60Ty BUKOHYBaJIM B HACTYITHOMY TOPSIZIKY, a caMe: OJHOYaCHO
3alOBHIOBAJIM €MKOCTI €JIEKTpOoaKkTuBaropa. B mepiiry, 3 HEp:KaBilOUUM €JIEKTPOJOM,
BJIMBAJIM TONIEPEIHBO MMiITOTOBJICHY BOJOMPOBIIHY BOAY HIDKUE HA 2 CM BiJl BEpXY
HaIIBIPOHUKHOI MeMOpaHu. B apyry, 3 KpeMHIEBUM €JIEKTPOAOM, BIMBAIU
panioakTuBHYy Boay. IIporec aktuBariiii tpuae 60-70 xB 3 migiioMOM TeMmepaTypu
no 80-85 °C. Ilicist ¥Woro 3akiHYEHHsI Ta OXOJOMKEHHS MpoO BOJAM, BiIMOBIIHO,
Karomity Ta AHOmiTYy, ipoBenu (iabTpyBaHHS 3 3amipoM akTuBHOcTed. e mepra
akTuBaiisa. [pyry Ta TpeTi0 akTWUBAIlil0 TPOBOJWIM B TIH KE IOCHIIOBHOCTI.
Pe3ynbratu excriepuMeHTy HaBeieH1 B TaOJIuIII.

Tabmuis — CopOuiiiHa CIPOM0KHICTD €JIEKTP 0JIi3HO-MeMOpaHHUX

TEXHOJIOTiH

Ne | TIpobu BOAM AKTHUBHICTB, CPS | % Buiydenns “'Cs
1 Buximuna PB 15,575 -

2 don 8,225 -

3 KaromiT, mepra aktuBaitist 5,703 17

4 AHOJIT, TIepIIa aKTUBAIIS 0,04 100

5 Karomit, npyra aktuBaris 4.664 63

6 AHOJIT, Ipyra akTHUBaIlis 0 100

7 Karomit, TpeTs akTuBartis 0 100

9 AHOJIT, TPETS aKTUBAIIIs 0 100

BucHoBok. [3 HaBelneHUX MAaHWUX BUIAHO, IO TICIS TEPIIOi EJIEKTPOJI3ZHO-
MeMOpaHHOI OYMCTKH BOAM, 11 aKTUBHICTH 3MeHIMIacs B 1,29 pa3u 3 BUITydEHHSAM J10
77% iownis *¥'Cs; micns apyroi — B 1,59 pasu 3 BunydeHnsm 10 63% iouis ¥'Cs; micis
TPEThOI — MoBHA ouyKcTKa Boau Ta 100% Buitydenns ioniB ¥'Cs. Ilepmoi Ta apyroi
craaii ounmeHHs PB wmemoctatHho (rmo Bumoram JICTY 4808:2007) moka3HHKH
aKTUBHOCTI MEPEBUILYIOTh BUMOru 10 4 knacy. Ilicns TpeTpoi cTamii enexTposi3Ho-
MeMOpaHHOI OYMCTKH OTPUMYEMO JaHi, 110 3HAYHO MEHIII BiJi BUMOT CTaHAAPTY J10
1-4 xnaciB TeXHIYHOI BOJM. 3amMpONOHOBAHA TEXHOJOTis € TMEPCIEeKTUBHOIO SIK
ckiagoBa texnosorii [IIJTASMA-COPB.

Iepeik mxeped
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YIK 628.161.2:66.081.63
BruiuB mapamerpiB 00po0xku Ha eQeKTUBHICTH BUIAJeHHA (papMaleBTHYHHX
npenaparis pi3HOI XiMiYHOI IPUPOIHU 3 BOAU B npoieci HAaHOPiIbTpauii
JIrogmuiia Meabnauk, Osnena Xmenbauubka, Oubra Cemincoka, Maprapura
Bbanakina
Inemumym xonoionoi ximii ma ximii 6oou im. A.B. /[ymancexkoeco HAH Ykpainu,
M. Kuis, Ykpaina

Beryn. B ocranHHi gecsaTumiTTs npoOsiema BUAANEHHS (hapMaleBTUYHUX
npenapaTiB 13 BOJHUX CEpEAOBHIN HaOyjaa OCOOJMBOI TOCTPOTH, IO OOYMOBIIEHO
BCTaHOBJICHUMH BUITaJIKAMH X JICTEKTYBaHHS HaBITh y 3pa3kax MUTHOI Bomu [1].
Bussnenns cmigiB ¢apmaneBTuuHo akTuBHUX crnonyk (DAC) y nuTHiA Boal
BUKJIUKA€ TNIMOOKE 3aHEMOKOEHHS, OCKUIBKH X HEKOHTPOJIbOBAHE CIIOKUBAHHS MOXKE
CTAaHOBUTH CEpPHO3HY 3arpo3y 370pOB’I0 JIOACH 1 TBapuH depe3 crenudidi
¢i3iosoriunl Ta Oiosoriudi edextu [2, 3]. Xoua, sk 3a3HayvaeTbes B [4], muckycii
I0JI0 BIUTUBY cIifoBuX KutbkocTeh PAC y MUTHIN BOMI HA 37A0POB’Sl JTIOJWHU IIE
TPUBAIOTH, TBEPKEHHS MPO T€, 110 KPAIUM BapiaHTOM JJIsl JIFOJICTBA € BIACYTHICTD
[UX JIOMIIIOK Y BO/I1 MUTHOTO MPU3HAYEHHS, € 3arajlbHOBU3HAHUM.

Bupimenns okpecineHoi Bulle NpoOJIeMH BUMarae po3poOku e(peKTHBHUX
AIbTEPHATUBHUX TEXHOJOTTYHUX CXEM MIATOTOBKM MUTHOI BOJM, & TAKOX CTBOPEHHS
Ta MIKUPOKOTO BIPOBAHKEHHS TEXHOJOT1M OUMCTKU CTIYHHMX BOJI 3 METOI0 YHHUKHEHHS
NOTparvisiHHS ~ (apMalleBTUYHUX TpenapaTiB  y moBepxHeBi Boau. OcobnuBo
NEPCIEKTUBHUM Y LIbOMY IJIaH1 € BUKOPUCTaHHS MEMOpPaHHUX TEXHOJIOT1H, 30Kpema,
HaHO(IbTpallli, sIKa Ma€ 3HAUHY TepeBary nepejl 3BOpOTHOOCMOTHYHOIO 00POOKOIO
3aBJISIKM BUKOPHCTAHHIO MEHIII BUCOKOT'0 POOOYOTr0 THUCKY.

Mera paHoi poOOTHM ToNIATaNa B JOCHIIKEHHI €(PEKTUBHOCTI BHUIAJICHHS
(dapMalleBTUYHUX TMpernapariB pi3HOT XIMIYHOI Mpupoau (AMKIOPEHAK HATPIIO,
napaneraMmosi, CTPENTOLM, CaTIUIoBa KHUCIOTa) B Tpoiieci HaHODUIbTpalii B
3aJIeKHOCTI B1JI (PI3UKO-XIMIYHUX YMOB 0OpPOOKH.
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Marepiasqum Ta Metonu. JlociiUKeHHsS 3A1MCHIOBAIM 3 BUKOPUCTaHHSIM
HENPOTOYHOI  («TYIHKOBOI») IMIIHAPUYHOI KoMipku  emuicTio 200 o3
Konnenrpariiss gapmaneBTHUHUX MpenapaTiB y MOJEIbHUX PO3UYMHAX CKJajalia
5 mr/am3, konuenTpauis porosoro enekrpoairy (NaHCO3) — 3,5 mmons/am® (Mozens
Boau p. JHinpo). B skocTi MeMOpaHu BHUKOPHUCTOBYBAJIM MEMOpaHyY MOJ1aMiIHOTO
TUIy 3 BIJCIKaHHAM 3a MonekyisipHoro wmacoro (MWCO) 300 (koedimieHT
3aTpUMaHHs Ccaxapo3u Ta TJIIOKO3W, BiAMOBIAHO, 98,9 Ta 89,8 % (mpu cryneHro
BinOopy nepmeary (CBII) — 25%).

BwmicT ¢gapmainieBTHUHHX TperapaTiB y MOYaTKOBUX PO3UMHAX, NIEpMearax Ta
KOHIICHTpaTaxX BHU3HAYAIM CIHEKTPOPOTOMETPUYHO 32 MAKCHUMyMOM TOTJIMHAHHS B
Y® obnacti crnekrpa. ChnekTpu TNOIMIMHAHHS PEECTPYBAIM 32 JONOMOIOIO
cnekrpodoromerpa Schimadzu 2450. [loBxuHa XBWII, NpU SKiA 3I1HCHIOBAIH
PO3paxyHKH JUIsl KOKHOTO peareHTra, HaBesieHa y Tadmauni 1.

Koedimient 3arpumanns (R, %) BIiAMOBIIHOTO KOMIOHEHTa MEMOpPaHOIO
po3paxoByBain 3a HopmMymoro:

R= (1 —@J -100%
Co
ne Co — KOHIIGHTpaIlisi KOMIIOHEHTa B BUXIIHOMY pO3uhHi; Crepw. — KOHIICHTpALIiS
KOMIIOHEHTA B IIepMeari.

Tabmuusg 1. — OcHOBHI XapakTepucTHKH (papManeBTHYHMX Npenaparis,

BUKOPUCTAHUX Y JOCJiKECHHI

Hazga Monekynsapnaa MonekynapHa pPKa A, HM
dbopmyia Maca, I/MoJib
Huknodenax C14H10CI2NO2Na 318,13 4,15 275
HaTPIIO
[Tapaneramon CsHgNO2 151,17 9,7 244
Cynbdaninamiz CsHsN202S 172,20 10,5 258
(CtpenTormn)
CaninmioBa C7HeO3 138,12 2,97, 296
KHCJIOTa 13,8

PesyabraTn. SIk BuaHO 13 Ta0iuil 2, €PEeKTHBHICTh BHUIAJICHHS PI3HUX
dapMalleBTHYHUX  MpemapaTiB  HaHODUIBTpaliiiHOIO  MEeMOpaHOI0  CYTTEBO
BIJIPI3HSAETHCS.

Tabmuusa 2. — KoegiumieHT 3arpuMaHHs (apManeBTHYHMX Mpenaparis
HAHO(LIbTPaNLiiiHOK MeMOPAaHOI0 B 3AJI€5KHOCTI BiJI CTYNEHIO Bii0Opy nmepmeary
CBII, R, %

% Huknodenak | ITapaneramon, mr/mm3 | Crpenrorma, mr/am® | Caminuiosa
HaTpIIO, pH pH KHUCJIOTa
mr/am3 (pH = 8,8)
(pH = 8.8) 3,9 8,8 11,3 38 | 88 11,1
25 100 285 | 226 | 749 | 198 | 188 | 22,6 70,0
50 98,1 182 | 165 | 732 | 114 | 119 | 155 71,7
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.75 | 981 | 136 | 130 658 | 80 | 94 | 103 | 672

Ipumimxa: P=1,0 MIla, T=20-22°C.

B Toii yac, sik pu cTyneHio Bigoopy nepmeatry 75 % KoeiluieHT 3aTpUMaHHs
TuKIopeHaKy Harpito HaHO(UIbTpaliiHOIO MeMOpaHoto jgocsarae 98,1 %,
camuiaoBoi Kucinotu — 67,2 %, aHaloOriuHM{ TMOKa3HWK [JIs Tapameramony Ta
ctpentouuny (0e3 koperyBanHs pH po3uuny) cknagae, BianosigHo, 13,0 ta 9,4 %.
CriBCTaBJICHHS OJIEpKaHUX PE3YJIbTATIB 13 1H(POpMaIli€r0, HABEEHO Yy Tadymii 1,
CBIJUUTh TIPO CYTTEBUW BIUIMB €JIEKTPOCTATUYHOIO (hakTopa Ha ePEeKTUBHICTh
BUJQJICHHS  OpraHiyHUX  3a0pyAHIOBAYIB  HAHO(PUIbTPALINHOI  MeMOpaHOIO.
JlomaTkoBUM TMiATBEPIKEHHSIM IIHOTO € TAKOXK CYTTEBUU BIUIMB pH Ha mporec y
BUMAJIKy OOpOOKH PO3YHHIB MapaleTaMolly Ta CTpenTonuay (Tabauis 2, pucyHok 1).
Tak, 30kpema, migBuiieHHs pH MopenpHOro po3umHy mapaneramony go 11,3
OpU3BOIUTH A0 30UTbIIEHHS KOe(IIieHTYy #Ooro 3aTpuMaHHsS B  MpOILECI
HaHoQinbTpauii 3 13,0 mo 65,8 %, mo oOymosieno mnepexonom DAC vy
JUCoIiiioBany Gopmy.

Hamu BcTaHOBIEHO TakoX, IO MiABUINEHHS pododoro tucky Big 0,5 mo 1,5
MIla npu3zBoAuTH 10 301IbIIEHHS KOE(IIIEHTY 3aTpUMaHHS AUKIO(DEHAKY HATPIIO
npu HaHo(UIbTpaIiiiHii 06poo1i Bix 96,3 mo 100 %, a cammuiIoBoi KUCIOTH — Bif
66,7 no 79,8 %, mo 0OyMOBIIEHO 3MEHIIEHHSM BIUIMBY BHYTPIIIHbO-TU(Y31HHOT
KiHeTHKU Ha mporuec. [linBumennst temmneparypu 10 27—-29 °C He Mano BIJIUMBY Ha
Koe(ILIEHT 3aTpUMaHHs AUKIO(PEHAKY HATPIKO JOCHIIKEHOK HaHO(UIbTpaIliHOK
MeMOpPaHOI0.

A, , CM"
SR AN of
------ CBII 25% b
0.8 ’ 08 ¢ --- CBI
— — CBII 50% 0.6 50%
0.6 S —---CBII
--=- CBII 75% ol 75%
0.4 04 0%\ e Box
02 02 Komm
0 | 0 WIAoTTs . | |
200 250 300 3503, R0 200 250 300 350, ;400

Pucynok. 1. Y®-cnekTpy NOrJMHAHHS BUXIIHOT0 PO3YMHY NapaneTamosy
(Ceux =5 mr/am®), onep:kanux nmepmearis Ta KOHIEHTPATY B Ipoleci
Ha”HodibTpaniiiHoi 06pooxu npu pH 8,8 (a) Ta 11,3 (6). P=1,0 MIla. T=20-22°C.

BucnoBok. OpnepkaHi pe3ysibTaTH CBIAYaTh MPO CYTTEBUM BIUIUB XIMIYHOL
npupoau  (papMaleBTUYHUX MpenapaTiB, a TakoX (PI3UKO-XIMIYHMX yMOB
HaHO(IBTPAIIHOI O00pOOKH Ha €(PEKTUBHICTh BUJIAJICHHS BKAa3aHMX OPTraHIYHHUX
MIKPOTOKCUKAHTIB 3 BOJHUX PO3YMHIB, IO CIiJ] BpPaxOoBYBaTH MpU po3poOiii
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TEXHOJIOTIYHUX CXEM Hi,ZIFOTOBKI/I IMATHO1 BOAX Ta OYUIICHHA CTIYHUX BO.
KoedimienTn 3aTpruMaHHs HE TUCOL[IMOBAaHUX Y BOJIHOMY PO34YMHI (PapMalieBTHUHHUX
CIIOJIYK 3 HHU3BbKOIO MOJICKYJLIPHOIO MACOIO (HapaHeTaMOJ], CTpCHTOHI/II[) B Hpoueci
HaHO(UIbTpallli € JOCUTh HHU3bKUMH, IIO0 BHUMAarae KOMOIHYBaHHS MeMOpaHHOI
00poOKu 3 iHmUMHU mporecamu, 3okpeMa Y D/TiO2-00poOKoto, s JTOCSITHEHHS
HEOOX1HOTO CTYNEHIO BUIaJIEHH 3a0pyIHIOBAYiB.
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YJIK 628.16[66.081.63+628.345]
Ouuienns Boau p. {ninpo merogom yasrpadginbrpanii
Ouabra Cemincbka, Maprapura banakina, Jlroommwia Meabauk, OJsiena
XMeJbHHUIIbKA
Inemumym xonoionoi ximii ma ximii 6oou im. A.B. /[ymancekoeo HAH Ykpainu,
Kuis, Ykpaina

Beryn. Oco0nuBICTIO CKJIAAy JHIMPOBCHKOI BOAW € IMIABUIICHUNA BMICT
npupogHux opra"iuaux cnoiyk (I10C), nepeBakHIM KOMIIOHEHTOM SIKUX € CTIOYKH
ryMmycoBoi npupou. Lle cTBoproe cepiiozHy mpoOsieMy, OCKUTBKH TIPH 3HE3apaKeHHI
TaKOi BOJM XJIOPOBMICHHUMH CIOJYKaMHU YTBOPIOIOTHCS XJIOPOPraHivyHi MOXiJHI, IO
MalTh TOKCHYHY, MYTareHHY Ta KaHIEPOTeHHY [if0. TakuM dYHWHOM, TIHMOOKE
BunaneHds [IOC 13 AHINPOBCHKOI BOAM /O CTajlii MOCTXJIOPYBAaHHS € HaJA3BUYANHO
aKTyaJIbHUM 3aBIaHHSIM, BUPIMICHHS SKOTO JI03BOJIUTH OJICP)KYBaTH MHUTHY BOJIY
BHUCOKOI SIKOCTI.

VY poborti [1] 6yno gociimkeHo epekTuBHICTh yibTpadiabTpariiinoro (Y®) ta
HanodinbTpaniitnoro (H®) suganenns [IOC 3 guinpoBckkoi Boau. byno mokasano,
1110 BUKOpUCTaHHS Y ® MeMOpaH 3 BiJCiKaHHSAM 3a MoJyiekyssipHoto Macoro (MWCO)

20000 [Jla HEe M03BOJSIE NOCSITTH AOMYCTUMOTO BMICTY 3arajbHOrO OpPraHI4HOIO
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syraeigo (30B) s Boau neHTtpanizoBadoro soponocradanus (< 8mr C/nm®), toxi
K BHKOPUCTAaHHA HAHOPIIbTPALIIHOI MeMOpaHM Jajo MOIMBICTb OTPUMATHU
nepmear i3 Bmicrom 30B 1,1-1,7 mrC/nm® (pu crynenro Bigbopy mepmeary g0 90
%). OnHaK, B OCTaHHLOMY BMIIAIKy OYMIIEHa Boga Mictuia yuine 23,0 mr/am® ioHis
Kaibliro ta 3,0 mr/am® ioHiB Maruiro npu isionoriuno oOrpyHTOBaHii ix HOpMi Y
NWTHIM Boxi, BiamosigHo, 25-75 i 10-50 mr/mm3, mo Bumarac pemiHepamizarii
nepMeary.

VY 3anponoHOBaHUX T€3aX HABOASTHCS PE3YNbTATH JAOCHIIKEHHS €()eKTUBHOCTI
Y® ounnienHs THIMpoBchKkoi Boau MmeMOpanoro 3 MWCO 10000 /la.

Marepianu i meTonu. ExcriepyMeHTH 341MCHIOBAIA B MPOTOYHINA KOMIPII M1
tuckom 0,4 MIlla 3 Bukopucranusm wMemOpanu UPO10 (MICRODYN-
NADIRGmbH, Germany). Ilpo6u Bomu Oyio BimiOpaHo B paiioHi OOOIOHCHKOT
HabepexHoi (M.KuiB) y nmunHi-BepecHi 2024 poky. B okpemMux ekcriepuMeHTax nepen
V® 06pobkoro 10 Boam momaBamu koaryisaT Aly(SOs)s(7,5 mr/am®). Mexanism
yiapTpadinbTpanii BU3HAYAIM 13 3aJydEHHSM YSBJICHb, PO3POOJIEHUX HAa OCHOBI
aHamizy piBHsAHb Jlapci Tta Xarena-Ilyazeins st GiabTpyBaHHS NMPU MOCTIHHOMY
TUCKY [2].

BwmicT po3uMHEHOTO OpraHiYHOTO BYIJCII0 Y BOAI  KOHTPOJIIOBAIH
BUMipIoBaHHsAM mapameTpiB 30B i3 BukopuctanHsMm anaiizatropa ShimadzuTOC-
Vesn (Amonist). Ipu BuszHaueHHi UVass, UVizes 1 SUVA peectpyBamu cnekTpu
NOTJIMHAHHS 32 JIOMOMOror crekrpodoromerpa SchimadzuUV-2450. 3naueHHS
SUVA pospaxoByBaiin 3a (opmynoro SUVA=(UV2s4-100)/30B. 3a cyuacHuMu
VSBJICHHSAMH, 3MEHIIECHHS ToKa3sHruka SUVA CBIAUHMTH MIPO 3HMIKEHHS MOTCHIIHHOT
MOJKJIMBOCTI YTBOPEHHSI BTOPUHHUX TPOJYKTIB XJIOPYBaHHS MPH MiJATOTOBI MUTHOI
Bou [3].

PesyabraTnn. AHanmiz nepebiry mpoiiecy IMokasaB, mo npu Y® o6polii
JTHITIPOBCHKOT BOAW B meprri 1,54ron crmocTepiraigach CTajis 3aKylMOPIOBAaHHS TOP
MemOpanu (puc.l,a), Ky Hagam 3MiHWIa niepexigHa cramais (puc.1,6). Uepes 3,41ron
Gb1IbTpYBaHHS BIAOYBAJIOCH 3 BIAKJIAJICHHSIM OCaly Ha MOBEpXHI MemMOpanu (puc. 1,
6) P IUTOMiH mpoaykTuBHOCTI MeMOpanu (Jw) =0,0305 m%/(M? Tox) npu BHXimHii
nuromiit mpoxyktuBHocTi 0,0525 mM3/(M? Tox).
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Pucynok 1. YasTpaginsrpaniiine piibTpyBaHHs JHINPOBCHKOI BOAU: @ — CTAis
3aKyNypIOBAHHS NOP MeMOpaHu, § — nmepexiHa cTajgis, ¢ — CTaJid BiAK/IaJeHHSA
0CajJly HA NMOBEPXHi MeMOpPaHu; JHINPOBCHKOI BOAM, 10 IKOI BBeIeHU I
AMIOMiHi€BHI KOATyJISIHT, KOHIEHTPaLis SKOro JopiBHIOBaIa 7,5 mMr/am>: 2 —
CTaJis 3aKYNYPIOBAHHA 1OP MeMOpaHu, I— NepexigHa cTajais, 0 — cTajais
BIIKJIaJIECHHSI 0CA/ly HA MMOBEPXHi MeMOpaHu

[lin wac Y® 00poOku AHIIPOBCHKOI BOAW 3 JIOJABAaHHSIM KOATyJISTHTY
CKpaHYBaHHS TIOBEpXHI MeMOpaHU TIAPOKCOCIOIYKAMU aIIOMIHIIO YacCTKOBO
3aBakKaJ0 3aBUCIUM PEYOBHHAM MOTPAIUIATH B TOPH, 1 CTajis 3aKylmOpIOBaHHS
OCTaHHIX TpuBaia aosiie — 1,86ron (puc.l,e). [lepexinna craais NpoaoOBKYyBaIach 10
5,69ron (puc.1l,7), micigs dyoro mepedIir QiAbTpyBaHHS 3IIWCHIOBaBCS 3
BIJIKJIJICHHSIM OcCaAy Ha IMoBepxHi MmeMOpanu (puc.l,0). Ilpm BuxigHid Jw=
~0,056Mm%/(M? Tox) muTOMa NPOAYKTUBHICTL cTanoBuna ~0,032m%/(M? o).

PesynpTati ynbrpadineTpariiiitnoi oOpoOKM AHIMPOBCHKOI BOAM HaBEACHI B
Tabmuisx 11 2.
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Tabmuus 1. — 3mina Bmicty IIOC y nepmeari npu Y® 00po0ui JHINpoBcbKOI
BOIAM

Tpusanicte YO, rox 0 0,23 | 0,95 | 1,82 | 2,89 | 3,82 | 4,83 | 5,60
CrymniHb BUITy4YEHHS

I1OC 3a Azs4 HM, % 57,8 | 60,1 | 635 | 644 | 64,8 | 653 | 66,6
CrymiHb BUTyYEHHS

ITIOC 3a Az HM, % 64,1 | 654 | 66,7 | 679 | 67,9 | 69,2 | 70,5
30B, mrC/am® 159 | 8,69 | 7,32 7,32 6,80 | 6,43
SUVA, nm3/(m-mr) 356 | 295 | 2,86 2,84 2,715 | 2,69

Tabmuns 2. — 3mina Bmicty IIOC y nepmeari npu Y® 00po6ui JHiNpoBcbKOL
BO/AM 3 I0IABAHHAM AJIOMIHI€BOr0 KOATYJSIHTY

Tpuanicte YO, roa 0 051 | 153 | 2,18 | 291 | 3,70 | 4,83 | 4,49
CryniHb BUITy4ECHHS

ITOC 3a A2s4 HM, % 53,9 | 586 | 608 | 61,3 | 640 | 66,4 | 66,8
CrymiHb BUITyYEHHS

ITOC 3a Aszss HM, %0 576 | 619 | 739 | 750 | 76,1 | 79,3 | 80,4
30B, mrC/om® 20,15 725 | 7,3 8,0 8,4
SUVA, nm%/(m-Mr) 3,15 2,9 2,96

BucHoBku. OrtpumaHi pe3yiapTaTH  CBiAY4aTh [P0  MEPCHEKTUBHICTH
BUKOpUCTaHHS ynbTpadiiasTpamiiitnoi memOopanu UPO10 3 MWCO 10000 [la s
OYUIIEHHSI BOAU P. JHINPO BiJl MPUPOIHUX OpraHivyHUX crnonyk. [Ipu mpboMy BMICT
10HIB KaJIBIIII0O Ta MAarHil0 B OJIEpP)KAHOMY TiepMeari BIAMOBigae (Hi310J0TTUHO
OOIpYHTOBaHI HOpPMI IIMX KOMIIOHEHTIB y MUTHIA BoAl. IlmacTiBii riapokcocnomnyx,
K1 YTBOPWJIKCH TpPH J0JIaBaHHI B JHINPOBCHKY BOJY aJlIOMIHIEBOIO KOAryJSHTY,

CKpaHYIOTh ~ TIOpM  MeMOpaHW;  TOKpallyloud  OUYMINEHHS  BOAW  Bif
BHCOKOMOJIEKYJISIDHUX OpraHiuHux cnosyk (ctyminb BuiydeHHs [IOC 3a Azss HM).
KpiMm Toro, B mNpUCYTHOCTI KOaryiasHTy Ha ~ 5 % MiJBUIIYETHCS MUTOMA

MPOJIYKTUBHICTh MEMOpaHHU.

Iepeik q:xepes ingopmamii.

1. Balakina M.M. Capabilitiesof Ultra- and Nano filtrationin the Purificationof
Dnieper Water from Natural Organic Compounds / M.M. Balakina, O.0. Seminska,
S.V. Remez et al. Journal of Water Chemistry and Technology. 2021. V. 43, Ne 4. P.
342-347.

2. bpeik M.T., Hamtok E.A. Yuerpadunsrpanus. Kues: Hayk. Jymka, 1989.
288 c.

3. Hua G., Reckhow D.A., Abusallout I. Correlation between SUVA and DBP
formation during chlorination and chloramination of NOM fraction from diferent
sources. Chemosphere. 2015. V. 130. P. 82-89.

120




121



CEKIIIS 6

BYTUJIBOBAHI BOJIU: HOBI BUIU
NPOAYKIII, TEXHOJIOI'I, AKICTb,
BE3MNEYHICTD, ®I1310JIOT'TYHA
MOBHOLIHHICTH
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YK 346:366.6:641.1:613.31
Pery/oBanHs IKOCTI OyTHJILOBAHOI IMTHOI BOAU B Y KpaiHi
Jliza JInukyn, Japia Jlynna, Terana YopHa
epatcasnuii nooamkosuti ynigepcumem, Ipnins, Yrpaina

Beryn. ByruiboBaHa Boja IMOCTYHNOBO NEPETBOPIOETHCS Ha TOBAap MEPIIOi
HEOOX1JHOCTI — CIOKUBa4l OOMPAIOTH 11 HE JIUILIE JIs1 UTTS, & ¥ JUIsl IPUTOTYBaHHS
k1. Tak, Hanpuknan, skuo y 2011 pomi jume 30% MNOKYIIIB BUKOPUCTOBYBAIH
TaKy BOIY JUIs NMPUTOTYBaHHs Tki, To y 2021 ix wactka 3pocna no 70% [5]. Iicus
CYTTEBOTO CKOPOYEHHS BHACHIJIOK MOYaTKy pPOCIHCHKOr0 MOBHOMACIITAOHOTO
BTOPTHEHHS, YKpAiHCbKMH pUHOK OyTuiboBaHoi Boau y 2023 poui mnovas
BiTHOBJICHHS — Y 2023 potri oOcar puHKY CTaHOBUB 1,9 Minbsipia JiTpiB.

Marepianiu i wmeromm. B mpoueci  OCHIKEHHS  BHUKOPUCTAHO
3araJlbHOHayKOBI MeToau — 30ip iH(bopMaui'i il aHamiTU4YHE OMpAIIOBaHHS Ta
TEOPETUYHE y3araJbHEHHS; Ta CTaTUCTH4YHI MeToAu. [HdopmariiiHoo 6a3or0 cranu
HAayKoBa 1 CIeliajibHA JiTepaTypa, BIANOBIJHI 3aKOHOJABUl aKTH, a TaKOX
MDKHApOJHI Ta HAI[lOHAaJbHI HOPMAaTHUBHI JOKYMEHTH, a MoOHorpadii Ta crarTi
BITYM3HSHUX 1 3apyO1’KHUX aBTOPIB, MaTepiaiv NepIOAUYHUX BUJIaHb Ta 1H.

PesyabTraTin. MixkHapogHa acorriamis 0yrunsoBaHoi Bogu (IBWA) BuzHauae
OYTHUJILOBaHY BOMY SIK TaKy, sika «BiJMOBIJIA€ IEPKABHUM CTaHJapTaM Ta Tri€HIYHUM
BUMOTaM JI0 TIMTHOI BOJIM, a TAKOXK BMIIIICHA B TIr€HIYHUN KOHTEHHEP 1 MPOJAETHCS
Ui puadaHHs MoauHo0. [Ipu 1boMy BOHA HE IOBUHHA MICTHTH M1ACOJIOKYBauiB
9l 100aBOK IITYYHOTO TIOXOMKEHHSA. ApOMaTH3aTOpu, EKCTPAKTH Ta ECEHIIil
OPUPOJHOTO TOXOJKEHHS MOXYTh JOJaBaTHCS B KUIBKOCTI, 110 HE MEpPEBULIYE
OIHOrO BaroBOro BIACOTKA. SIKIIO > BOJAa MICTUTH OUIBIIHWM BIJICOTOK, TO BOHA
HAJIEKUTH 10 0€3a/IKOrOJIbHUX HamoiBy [3].

3pocTaHHsl TOMUTY CIIOXKUBAa4iB Ha OYTWIbOBaHY IUTHY BOJYy BHUMAarae
CYBOPOI'0 KOHTPOJIIO ii sikocTi. Lle moB’s3aH0 3 HU3KOI0 BaroMux NpuyuH: 1) TypOoTa
PO 370pPOB’Sl HACENEHHS, OCKUIbKM CIHOYXMBAaHHS HHU3BKOSKICHOI a00 3a0pyaHEHOi
BOJIM MOXE MPHU3BECTH [0 BUHHMKHEHHS TOCTpUX a00 XPOHIYHUX 3aXBOPIOBAHb,
aﬂeprquHX peakIliii Ta iH.; 2) Momnepe/HKEHHS MOSBU Ha PUHKY MiIpoOOK — y pasi
BIJICYTHOCTI HQJIEXKHOTO KOHTPOJIIO HA PUHOK MOXKYTh MOTPANMUTH MiAPOOKHU BIIOMUX
OpeHiB, 10 HE BIAMOBIJAIOTH CAHITAPHUM HOPMaM 1 CTBOPIOIOTH 3arpo3y 310POB’I0
CHOXKMBauiB; 3) 30€pe’KeHHsS MPUPOJHUX PECYpPCIB — JesKi BUPOOHUKH MOXKYTh
HEXTYyBaTH HAJICKHUM OUMIIEHHSIM ab0 HaBiTh 3a0MpaTH BOIY 3 HEMEPEBIPEHUX
mxepen. KoHTponms  sikocTi  OyTHJIBOBaHOI  BOAM  CTUMYIIIOE  BHUPOOHUKIB
BIJIMOBIAIBHO MIIXOAUTH JO BUKOPHUCTAHHS BOJHUX pECypciB; 4) BIJAMOBIIHICTH
CTaHJapTaM Ta OYIKYBaHHSM CIOXHMBa4iB — BOJa T[IOBMHHA BIJNOBIIATH
BCTaHOBJICHUM JIEP’KaBHUM Ta MDKHApOJHUM CTaHJapTaM, I00 YKpaiHIll MOIJIN
JIOBIPSATU MPONYKTY, SKUHM CIIOKUBAIOTh IOAHS. BUCOKHI piBEHb KOHTPOJIO CIIPUSIE
TIOKpAIIIEHHIO pernyTallii BUPOOHUKIB 1 3pOCTaHHIO JIOBIpH 3 OOKY CIIOKMBAadYiB; 5)
€KOJIOT1YHA CUTYaIlisl — SKICTh OYTHJIbOBAHOI BOAM TAaKOX IOB’s3aHa 3 KOHTPOJEM
NaKyBaHHs, L0 € YaCTUHOK 3arajlbHOr0 BIUIMBY Ha JOBKIUIA. KOHTposb sikOCTi
MOXK€ BKJIIOUATH PETYJIIOBaHHS BHKOPUCTAHHS MaTepiamiB, NpUAATHUX IS

BTOPHMHHOI TIEPEPOOKH, IO 3MEHIITYE HETATUBHUI BIUIMB HA TOBKLIIIS.
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B Vkpaini siKicTh OyTHJILOBAHOT BOJIM PETYIIOETHCS JEKIIBKOMa KIIOUOBUMHU
JTOKyMEeHTamu, cepell akux JlepxkaBHl caHiTapHi Hopmu Ta mnpasuia (JCanlliH),
3akoHu Ykpainu «IIpo 3abe3nedyeHHs] CaHITAPHOTO Ta €MiJEMIYHOrO OJIaronoay4ys
HaceseHHs», «IIpo muTHY Boay, MUTHE BOJIOMOCTAYaHHS Ta BOJOBIABEAEHH», «IIpo
OCHOBHI MPUHUMUIIK Ta BUMOTU JO OE3MEYHOCTI Ta SKOCTI Xap4OBHX HPOIYKTIBY,
TexHIuyHUN perjaMeHT II0A0 TMpaBUJ MapKyBaHHS XapyoBOi MPOIYKIIi, a TaKOX
€BPONEHCHKI CTaHAAPTH. Y KOMIUIEKCI 3a3Ha4yeHi JOKYMEHTH Ta CTaHAapTu
PETYyJII0I0Th BUMOTH 10 OyTHJILOBAHOI BOAM B YKpaiHi, 3a0e3neuyroun Oe3NeUHICTh
Ta BIANOBIAHICT, WOpoAyKIii. Bumorm mns  BUpPOOHUKIB  TUTHOI  BOAM
BCTAQHOBJIIOIOTHCSI Y HOPMATHBHO-TEXHIYHOMY JOKYMEHTI BHpPOOHMITBA. TakuMwu
JOKYMEHTaMU MOXYTh Oyt abo JlepkaBHl cTaHgaptv, abo po3polIieH1
nianpueMcTBoM TexHiuHi yMOBH [4].

JepxaBHi caHiTapH1 HOPMHU Ta mpaBmia «['1ri€eHIYHI BUMOTH J0 BOJM MHUTHOI,
npu3HaueHoi s criokuBaHHs JroauHoo» ([CanlliH 2.2.4-171-10) — ocHOBHWMIA
JIOKYMEHT, 10 BCTAHOBIIIOE BUMOTHU JI0 SKOCTI BOJW JIJISi MMUTHOTO BHKOPWUCTAHHSI,
BKJIFOYarOuM ¥ OyTuiaboBaHy. BiH BHM3Ha4ae XiMiuH1, MIKpOO1OJIOTIYHI, PaaioJIOTiuHI
MOKA3HMKH, sIKI MAlOTh BIJIMOBIATH OE3MEYHUM JIJIs 310pOB’ st HopMaMm. [IuTtHa Boja,
IpU3HAYEHA JJIs CIIOKUBAHHS JIIOJJUHOIO0, TOBUHHA OyTH O€3MEYHOI0 B €MiIEMIYHOMY
Ta paaialifHOMYy BIJHOIIEHHI, MaTH CHPHUATIMBI OPraHOJCNTHYHI BJIACTUBOCTI Ta
HEIIKIJINBUHM XIMIYHUN CKJIAI.

3akoH «[Ipo 3abe3neyeHHsT CaHITAPHOTO Ta EMIAEMIYHOrO OJaronoaydys
HACEJICHHSI» PETryJIIo€ TUTaHHA CaHITapHOI Ta emiJeMIOJIOriYyHOI  Oe3IeKkH,
BKJIFOUAIOYM KOHTPOJIb 32 AKICTIO BOJIM, IO PEai3yeThCs, Ta BAMOTH JO BUPOOHUKIB
I0JI0 CcaHiTapHUX HOpM. 3akoH «[Ipo MUTHY BOAY, NMUTHE BOJOMOCTAYaHHS Ta
BOJOBIJBE/ICHHSA» BH3HA4Ya€ 3arajlbHi BHMOTH JIO SIKOCTI BOJH, JOKEpeEn
BOJONOCTAaYaHHS Ta YMOB BHPOOHHUIITBA TUTHOI BOAM, IO 3a0€3MEUyrOTh il
0e3nmevHICTh Ta BIAMOBIAHICTH cTaHAapTaM. BimmosigHo o 3akony «IIpo skicte Ta
O€3IeKy Xap4yoBUX MPOJYKTIB», KOXHE MIAMPUEMCTBO Xap4yOBOi MPOMUCIOBOCTI, B
TOMY YHUCJIl 1 BUPOOHMIITBA OYTHJILOBAHOI BOAM, NMOBUHHO BIPOBAIUTH y ceOe Ha
BupooHunTBI cucteMmy HACCP, sika 3a0e3neduye KOHTPOJIb IPOAYKLIT Ha BCIX eTamax
il BUpPOOHMIITBA, IMOYMHAKOYM BIJI KOHTPOJII BHUXIAHUX MarepiaiiB, OOpOOKH,
yIaKOBKH, 30€piraHHsl 1 3aKIHUYIOYH KOHTPOJIEM peastizallii TOTOBOI MPOaYKIIi.

TexHiuHMI perJaMeHT IIOAO0 TPaBWJI MapKyBaHHS XapyoBOi MPOMYKIIIi
BKJIIOYA€E TIOJIOKEHHS PO MapKyBaHHs (€TUKETYBaHHs) po3(acoBaHUX MPOAYKTIB
XapuyBaHHA (B TOMY 4YHCIi, NUTHOI OYyTWUJIHOBAHOI BOMW), WLIO PEATI3YIOTHCS
KIHIIEBOMY CIOXHBady yepe3 ONTOBY a00 po3/piOHY TOProBelbHY MEPEKY, a TAKOK
3aKJIaJlaM pECTOPaHHOIr'0 TocrojapcTBa (pecrtopaHam, inambHsIM, JIKApHIM Ta 1HITUM
aHAJIOTTYHUM 3aKjIagaM).

Bumororo 0Gararbox KpaiH CBITY ISl 3aXUCTy 370pOB’S CIIOXKHMBada €
ceprudikaiis Mpoaykiii, 1mo BupoOmserbcsi. B VYkpaini ceprudikaiis Bogu €
JTOOPOBLIILHOIO TTPOLIEAYPOIO, 110 JEMOHCTPYE CIIOXKMBavYaM BiAMOBIAHICTh TPOTYKIIIT
3aKOHOJIaBYO  BCTaHOBJCHUM BuMoram. Ceptudikaiis Boau  Iepegdadae
JOCIIJKEHHS 3pa3KiB MPOAYKIIT HA BIMOBIIHICTb BUMOTaM, sIKi O perjiaMeHTyBaJn
Oe3neky 1i cCHOXXMBaHHS (OPraHOJNENTUYHUX, (I3UKO-XIMIYHUX Ta CaHITapHO-

eMieMI0JIOTIYHUX TTOKA3HUKIB). Pe3ynbTaTomM MpoBeneHoi mporeaypu € ceprudikar
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BIJIMOBITHOCT1, BUJAHUM aKpeIUTOBAaHUM OpraHoM YKpaiHW Ha IMiACTaBl MPOTOKOJIIB
BUIIPOOYBaHb Jadb0paTopii, M0 311MCHUIIA BIAMOBIHI JOCTIIKEHHS.

3aranoM, mpu BUOOpl MocTadyalibHUKA (acoBaHOI BOJU BapTO OOOB’SI3KOBO
3BEPTATH yBary Ha BHpoBa/KeHHsS Ha BUpoOHMITBI cucteMu HACCP [2]. ETukerka
Ha MPOAYKTI TaKOX MOXKE CKa3zaTH OaraTo mpo 1o SK Mpo BUPOOHHKA, TAaK 1 MPO cam
MPOJIYKT: BUJI 1 TOXOKCHHS BOJIM, PO3TAIIyBaHHs CBEPUIOBHH a00 JuKEpel, ajapeca i
KOHTaKTH MOTY>KHOCTE BUPOOHHUIITBA, OCHOBHI XIMIYH1 TOKAa3HUKH, YMOBH 1 TEpPMIHU
30epiranns [1]. KpiM ychoro BuileBKa3aHOro OUIBIIICTh BAPOOHHKIB TaKOX HaIal0Th
OCHOBHI JOKYMEHTH Ha CBOIO MPOAYKII0O — BHCHOBKM Ha BOAY, cepTu(dikaTu
BIJIMOBIJTHOCTI, BUCHOBKM Ha OyTii, MpoOKM Ta 1HIIE (MAaKeT JOKYMEHTIB, SIKUU
M1JITBEPKYE SIKICTh MIPOTYKIIIT).

[[lomo MapkyBaHHS TMTHOI BOJW, TO ETUKETII OOOB’S3KOBO Ma€ OyTH
3a3HayeHa HacTynHa iHdopmalisa: «Boma mnutHa», 1 Ha3Ba, BuUiI (00poOieHa,
HeoOpoOseHa (MpUpoAHa), MTYIHO-MIHEpaTi30BaHa, IMTYYHO-(PTOpOBaHA, MITYYHO-
Ho/moBaHa, 3 ONTHMAJIBLHUM BMICTOM MIHEPAIBHUX DPEYOBWH, Ta3oBaHa (CHUIBHO-,
CepeIHbO-, CJIa00- UM HEera3oBaHa TOIINO); CKJIaJ («BOJa MMMTHA» Ta MEPEIIiK YBEICHUX
PEUOBHH, 30KpeMa KOHCEPBAHTIB, MAaKpO- Ta MIKPOEJIEMEHTIB); (DaKTUUIHI 3HAYCHHS
MOKa3HUKIB (i310JI0TTYHOI MOBHOLIHHOCTI MiHEPAJILHOTO CKJIaly MUTHOI BOJH 3T1AHO
3 nomatkoM 4 no JCaulliH 2.2.4-171-10; ymoBu 306epiranssi; o0’eM Tapu; aara
BUTOTOBJICHHS Ta JaTa 3aKiHYeHHS CTPOKY MPHAATHOCTI JIO0 CHOKWBAHHS;
HallMEHYBaHHs, MICIIE3HAXO/KEHHsI Ta Telie(OHU BUPOOHUKA; MICII€ BUTOTOBJICHHS
BOJM; BHJI BUXIJIHOI BOJIM, MICIIE3HAXO/HKEHHS MIJA3EMHOT0 JpKepeiaa MUTHOTO
BOJIOTIOCTAYaHHSI Ta HOMEp 1 IIMOMHA CBEPIJIOBUHU;, HOMEp MapTii BUPOOHUIITBA;
Ha3Ba HOPMATHUBHOTO JOKYMEHTA, SIKUH BU3HAUYA€ BUMOTH IIO0 SKOCTI MUTHOI BOJM.

BucnoBku. CyBopHil KOHTPOJIb SIKOCTI OYTHJIHOBAaHOI BOJIU € 3allOPyKOIO
3a0e3neueHHsd 3/J0poB’sd Hamii Ta 30epexeHHs JoBKUuiL. B VYkpaini Ha
3aKOHOJABYOMY PIBHI KOHTPOJb SIKOCTI OyTHILOBAHOI BOAM 3IHCHIOETHCS Ha
nijgctaBl JlepKaBHUX CaHITapHUX HOPM, a TaKOX BIAMOBIIHUX €BPONEUCHKUX
CTaHJAPTIB, SKI Halla Jep)kaBa BIPOBAIKYE B paMKax €BpOIHTErparii.
JlepKIpoIcTIOKUBCTY)K0a YKpaiHH € TOJOBHHM OpPraHOM, SIKHA TPOBOAWTH Ta
KOHTPOJIIOE MEPEBIPKY SKOCTI BOJU HA PUHKY, 3AIMCHIOIOUYH PETYISIPHUN MOHITOPUHT
MIINPUEMCTB 1 TPOTYKIIII.
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Po3po0ka TexHoJ10ril HANOIB HA OCHOBI KpeMHIMBMICHUX MiHEPAJIbHUX BO/
Ousena Koasienko, Poman bepeseubkuii
Ooecvkuii HayioHanbHuti mexuono2iunull Yrisepcumem, Ooeca, Ykpaina

CporogHi crnoxuBadi Bce OUIbIIE BIAAAIOTH MEpeBary XapuoBUM MPOAYKTaM 1
HaMosIM, Kl HE JIWIIE 33JI0BOJIbHSIOTH IIOJACHHY MOTpe0y OpraHi3My B MOXHWBHHUX
pEUYOBHHAX, a 1 YHUHATH MEBHUM JiKyBambHO-TIpodinakTuuHuil edekr. Tomy B
CErMEHTI HAmoOiB 3pOCTAa€ MOMUT HAa  HU3bKOKAJIOPIMHI Hamoi, TpaguliiHI YU
apoMaTH30BaHI MPUPOIHI MiHEpaIbHI BOJIW, MiHEpaIbHI BOJIM 1 HAIOI 3 ITiABUIIICHUM
BMICTOM KPEMHIIO Ta 1HIIII.

KpemHuiit — npyruii 3a HOIIMPEHICTIO XIMIYHUI €1eMEHT 3€MHOi MoBepxHi. B
ckimani kpemHeseMy (SiO2), cuimikaTiB Ta aIFOMOCWIIKATIB BiH TPHCYTHIH B
MiHepajiaXx 1 TIPChKUX IMopojax. BHacHiqoK KOHTAKTy KpEMHE3eMy 3 BOAOK B Hi
3’SIBISIIOTBCS.  KPEMHI€B1 KHUCIOTH, TiIpaTOBaHl CUJIIKareil, KOJOiIHI JHCIepCii
KpeMHe3eMy, pi3Hi TiapaTu. Takok y BOJAlI MPUCYTHI CHITIKAT-I0HM SIK TPOAYKTH
TAPOII3Yy CUIIIKATIB HATPIKO YM Kajito. Mexa po3dMHHOCTI KpeMHE3eMY Y BOJI MpHU
25 °C — 120 mr/mm®. JKuBi opranisMu 3acBOIOIOTH KPEMHIH y (GopMi pO3YMHHUX
CHOJIYK KpeMHe3eMmy [1, 2].

MexaHi3M yTBOpPEHHS PO3YMHHOI y BOIi OpTOKpeMmHieBoi kmcinotu Si(OH)4
(MOHOMEpA) MOSICHIOIOTHh PYWHAIIEI TIPU TiIpoIIi3i KpeMHe3emMy 3B’s3kiB Si - O- Si
Ta yTBOpeHHsM KiHieBux rpyn Si — OH. Po3unHHa y BOJI METaKpeMHi€Ba KHCIIOTA
(IuMep) YTBOPIOETHCS BHACIIOK TOJIIMEpi3allii OpTOKpeMHI€BOI KHCIOTH. OpTo- 1
METaKpEeMHI€BA KHCJIOTH B MOJEKYJISIPHOMY 1 JUCOLIIHOBAHOMY CTaHl CKJIaJal0Th
OCHOBY pPO34YMHHOI (pakilii MPUCYTHIX Yy BOMI KpeMHieBUX KucioT. Lli kucmotu €
C1a0KMMH i BOHM TUCOLHIOKOTEL 3 yTBOpeHHsM cuiikaT-ioHiB (HSiOz, SixOs%, SiOs*
ta 1H). [lomiMmepizaiiss 3a MEBHUX YMOB MOHOMEpa 1 JAUMEpa MPU3BOAUTH IO
YTBOPEHHS Y BOJIl KPEMHIEBUX KHUCIOT B KOJOigHINA ¢dopmi. Takum 4nHOM, y BOI1
KPEMHI€B1 KUCIIOTH 3HAXOASThCA B PO3YMHHIN 1 B KOJIOiaH1NA opmi [1, 2].

Xoya B piIMHAX 1 TKAHUHAX JIFOJICBKOTO OpraHi3aMy po34HMHHI (JOPMHU KPEMHIIO
IPUCYTHI B CIIIJOBHX KOHueHTpauiﬂx CUCTEMAaTH4Ha HOro HecTaya CTae€ MPUYUHOIO
PO3BUTKY 3aXBOPIOBaHb, MOB’SI3aHUX 13 BTPATOIO CHOJNYYHOI TKAaHUHH, 3HUKEHHSIM
MIIHOCTI 1 MIIJIBHOCTI KICTOK, HOFlpHIeHHﬂM IUTICHOCT1 1 MIITHOCTI HITTIB, IIKIpU Ta
Bojiocca. Takok Hecraya KpPEMHII0 B OpraHi3Mi YIOBIUIBHIOE CHHTE3 KOJareHy,
IPOILIECH PO3BUTKY 1 pereHeparlii KICTKOBOI TKaHWHU, HETaTUBHO BIUIMBA€E HA IMyHHY
CUCTEMY. 3 BIKOM Y JIFOJIE BMICT KPEMHIIO B OpraHi3Mi 3MIHIOEThCS. 3HUKEHHS MO0
BMICTY BUSIBJIEHO NPU OHKOJIOTIYHHUX Ta CEPLEBO-CYAMHHMX 3aXBOPIOBAHHAX, IpU
3HWKEHHI TOPMOHAJIbHOI aKTHUBHOCTI, @ TaKOX MPU 3aXBOPIOBAHHSX, OB A3aHUX 3
MOPYIIEHHSAM OOMiHY PEYOBHH, MpHU XBOpoO1 AJjblreiiMepa Tomo. MexaHi3Mu, sKi
MOSICHIOIOTH 111 B3a€MO3B’SI3KH, JIO KIHIIM I1le HE BUBUEHI. AJie BUCHI BBAXKAIOTh, 110 1X
BCTAQHOBJICHHS  JIO3BOJIUTh ©(EKTUBHIINIC 3/IMCHIOBATH MPOPUIAKTUKY TaKUX
3aXBOPIOBaHb, B TOMY YHCII 1 4epe3 KOPEKTYBAHHS palllOHy XapuyBaHHS JIOAUHU.

Haiibinbiie kpemMHi0 JTI0MHA 3aCBOIOE, CIIOKUBAIOYU XapUuOBl MPOIAYKTH, BUPOOJICH]
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13 3epHa Ta pucy. Takoxx J100pe 3aCBOIOIOTHCS 1IeH 010JI0T1YHO aKTHUBHUN KOMITOHEHT
13 BOJAM, 30KpeMa 3 MpUPOIHOI MiHEepaibHOi [1, 3].

VYkpaina mae ynumasio pojoBuIl MiHepadbHUX BoA. Cepenm HUX € 1 Takli, IO
MIiCTSATh PO3UMHHI KPEMHIEBI KMCIIOTU B KOHIIEHTpalii Bume 50 mr/ame, Ix BimHOCSTD
70 JIKYBaJLHUX MIiHEpPAIbHUX BOJ, TOMY JUIS IIOJACHHWX IHTHUX TOTped YH
BUPOOHUIITBA HAMOIB X HE BUKOPUCTOBYIOTh. A OCh MIHEpajbHI BOJIU 3 MEHIIUM
BMICTOM pO3YMHHUX KPEMHIEBUX KHCIOT MOXYTh CIYyTyBaTH CHPOBHHOIO ISt
BUPOOHUIITBA HAIOIB 3 IOAATKOBUMH KOPUCHUMHU BIIACTUBOCTSIMU.

Oco0MBICTIO BUPOOHUIITBA HAIOIB Ha OCHOBI MIHEpaJIbHUX BOJI, IO MICTSTh
PO3YMHHI CIIOIYKM KPEMHII0, € 1X 30epekeHHS B TMiJ Yac TEXHOJOTIYHOIO
00pob6sienHsi. HeoOXiIHO Tak MPOBECTH BC1 TEXHOJOTIYHI onepallii, 100 B TOTOBOMY
MPOIYKTI 30€pITancs KPEMHIEBI KUCIOTH B PO3UMHEHOMY, & HE TMOJIIMEPU30BAHOMY
ctanl. OcoOMuMBO BaXJIMBO 30€pertv sSKHaWOUIbIIE B HE3MIHHOMY CTaHI
OPTOKPEMHIEBY KHUCIIOTY. AJIXKe cepell pO3UMHEHHUX Y BOJII KPEMHIEBUX KHUCIIOT JIUIIIE
BOHAa € O10JOCTYMHOI I >KMBOro opranizmy. Came B Takiii ¢dopmi KpemHii
BUSIBJICHO B KPOBI 1 CE€Ul JIFOIMHHU.

BimoMo, 1m0 CHIBBIZHOMIEHHS MK PO3YMHHOI 1 KOJOITHOK (GopMaMu
KPEMHIEBUX KHUCJIOT, a TakOXX BMICTOM Yy BOJl CHJIKaT-10HIB 3aleXHTh BiJ pH,
TeMIlepaTypy, 10HHOrO ckjaay Boau. Hampuxnan, 3 miaBumieHHsMm pH 3pocrae
yacTKa 10HI30BaHUX (OPM KPEMHIEBOI KHCJIOTU. BiAMOBIAHO 3MIHIOETHCS THII
XIMIYHUX PEaKIlif, B sIKI MOXXYTh BCTYNAaTH PO3YUHEHI y BOJII CIOJYKH KpPEMHIIO.
JlonaBanHs mpy BUPOOHUIITBI HAIOIB J0 BOJAM IIE 1HIIMX KOMIIOHEHTIB TaKOX MOXKE
BIUJIMHYTH Ha BMICT KPEMHIEBUX KHCIOT, CIIBBIJHOMIEHHS MDK iX PO3YMHHOIO 1
KojoigHor ¢dopmamu. ToMy mpu po3poOIi TexHOJOTi BUPOOHHIITBA HAMOIB Ha
OCHOBI KPEMHI€BUX MIHEpaJbHUX BOJ BaXJIMBO BUPIIIUTH HHU3KY 3aB/aHb,
CIpSMOBaHMX Ha OTPUMAaHHA SK CMA4HOrO, TaK 1 KOPUCHOTO TPOAYKTY 3
MaKCHUMaJIbHIM BMICTOM PO3UYMHEHOI KPEMHIE€BOI KHCIOTH B 01010CTYyIHIN (hopmi.

Ha nepmiomy ertami HaykoBOi poOOTH OyJI0 BUKOHAHO JOCHIKEHHS BMICTY
KPEMHIEBUX KUCJIOT B PO3YMHEHIN 1 KOJOiAHIN popmMax B MPUPOAHUX MIHEPATbHUX
Bomax. Ha npyromy erami JOOCHIPKEHHS BHU3HAYald BIUIMB 10HHOTO CKJIany
MPUPOHOT MIHEpAIbHOT BOJM HA BMICT B Hill KPEMHIEBUX KHUCJIOT 1 CITIBBITHOIIICHHS
il hopM.

Hna pocmimxenHs Oynu Bukopuctani ¢acoBani B IIET-tapy mnpupoani
MiHEpaJIbHI Ta CTOJIOBI BOJM BiJ BITYM3HSHUX BUPOOHMKIB («TpyckaBerpkay,
«/lepeBincbka Kyminby, «MopmuHcbkay, «Muproponaceka», «KpuBooszepchkay,
«Kysnpauk», «lasuaceka») [5,6]. 3 BUKOPUCTaHHAM CydaCHUX METOJIB, MPHIIAIIB 1
oOnasHaHHs OynM BHU3HAYEHI y BOJI KOHIEHTpAIll KaTiOHIB KaJbllil0, MAarHiio,
HATPIIO 1 KaJlil0, COJIEBMICT BOJIM, & TAKOX KOHIEHTpALlisl Y BOAI KPEMHIEBUX KUCIIOT
B PO3YMHEHIN 1 KOJoimHii Qopmax. 30kpema, AJs BU3HAUCHHS BMICTY Yy BOJII
PO3UMHHUX KPEMHIEBUX KHUCJIOT 3acTOCyBajdu (HOTOMETpUYHUN MeToj. MeTtoauka
BU3HA4YeHHS Oa3yBajacsi Ha iX 3JaTHOCTI B KHCIOMY CEpPEOBHINI pearyBaTH 3
MOJTIOICHOBOKHCIIMM aMOHIEM Ta YTBOPIOBAaTH KOMIUIEKCHY KPEMHEMOIIOACHOBY
TeTEepPOIOJIKUCIIOTY, 3a0apBJeHY B )KOBTUHN KOJip [4].

Ha ocHOBIi ekcieprMeHTANbHUX JaHUX BU3HAYEHO, 1[0 COJIEBMICT Y B3ATUX IS

JOCIIUKEHH 3pa3kax BOAY 3HaxomuBcs B Mexax Big 100 mo 5000 mr/mme,
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KoHienTpaiiii kaTioHiB B 3pa3kax BoAu Oyiu B Mexax: Kanbllid — Big 5,0 mo 180
mr/nm3, marmiii — Big 15 mo 100 mr/oM3, cymapHuii BMicT Hatpiro i kamito — Big 5,0
10 1300 mr/am3. CymapHuii BMiCT KpeMHi€BHX KHMCIOT (B PO3YHMHHIN 1 KOJIOTIHIN
dopmax) B 3pa3kax BOAHM, B3ATUX JJIs aHAJI3y, 3HAXOMUBCSA B Mexkax Bix 13,67 mr/om3
no 73,78 mr/mm®. A CHiBBiZHOIIEHHS MiX PO3YMHEHOI0 1 KOJIOIAHOI (pakIlisaMu
KPEMHIEBHUX KHCIIOT y 3pa3kax Boju Oyno B Mexax Bix 2,3:1 go 15,5:1.3

AHani3 Ta y3arajJbHEHHS OTPUMaHUX PE3yJbTaTIB J03BOJUIMN C(HOpMYItOBaTH
HACTYIIHI 3aKOHOMIPHOCTI:

— JIJIS TIepeBaXkKHOI OUThITOCTI (a 11e O1bIe 85 %) B3SITHX JJIS aHAJ3Y 3pa3KiB
NPUPOJHUX MIHEpAIbHUX BOJ 13 3POCTAHHSAM COJEBMICTY BOJAM 3arajlbHUil BMICT
KPEMHIEBUX KHCIIOT 3MEHIITYBaBCS;

— TIpU CyMapHii KOHIIEHTpaIlii KaTioHiB HATpito 1 Kaiito Buiie 200 mr/a ta npu
BMICTI KaT1OHIB MarHito 1 KajbIlio 70 100 mr/n (KoXHOTro KaTiOHY) 3arajibHUNA BMICT
KPEeMHIEBUX KUCIOT Yy Boai OyB B 1,5 — 2,3 pa3u MeHIIUM, HIX B 3pa3Kax BOIH, B
AKX CyMapHUN BMICT KaTIOHIB HaTpito 1 Kamiio OyB HmwkuuMm 200 mr/n npu
aHAJIOTIYHOMY 3 MEePIITUM BUIIAKOM BMICT1 KaT10HIB KaJIbIIiIO 1 MarHio;

— JacTKa KPEMHIE€BUX KUCIOT B KOJIOTAHIN Gopmi Oyra BHUILOIO B 3pa3kax BOJAM,
JIe CyMapHUN BMICT HaTpiIO 1 KaJiito cTaHOBUB Oijbire 200 mr/.

Hapami nnanyeTbcsi BUKOHAHHSI JOCIIJKEHb, CIPSIMOBAaHUX Ha BU3HAUYCHHS
BIUIMBY CHOCOOIB 1 peXUMIB OOpOOJEHHS MiHEpadbHOI BOAM, a TAKOX BHUAY 1
KOHIIEHTpAIlll 1HIIMX PEYOBHH B CKJIAJl pEUENTYPHUX KOMIIOHEHTIB HAMOiB HA 3MIHY
BMICTY PO3UMHHHUX KPEMHIEBUX KUCIOT Y TOTOBOMY MPOAYKTi. OTpuMaHi 3a1€KHOCTI
JIO3BOJIATh PO3POOUTH TEXHOJIOTIYHY CXEMY BUPOOHHMITBA HAIOIB 3 MIJBUIIEHUM
BMICTOM KpPEMHIIO.
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YK 663.646:553.7
CeHcopHMIi aHAJI3 MiHEPAJIbHUX BOJ SIK iIHHOBALI MAPKETHHIY
(acoBaHnx MiHepaJIbLHUX BO/
Tersina CTpikajieHKO
Ooecvkuil HayioHALHUL mexHo02iuHul yHieepcumem, Odeca, Ykpaina

OnuTyBaHHS, K1 MIOPOKY MPOBOAATh MiKHApOAHA MOCITITHHUIIbKA KOMIIaH1s
IPSOS Group Ta [HCTUTYT coliaabHUX JOCIIKEHb 1 cTaTucTuuHOro anainizy FORSA
Institute (HimeyuwmHna), H03BOJISIIOTH CTBEP/KYBATH, 1m0 i 64% TMOKYMIIB CMakK
dacoBanoi HaTypaimbHOI MiHepaiabHOi Boaum (PMB) € KIIOYOBUM MOMEHTOM
npuadanb Ta mnOpoaaxiB. I[Ipore, BOHM K KOHCTATYyIOTh, IO KOMeEpIiiHA
mudepeniamis PMB  mie € pinkicauMm sBuimeM, a BupoOHnkn ®MB Ha etukeTi
3a3BMYail MOCUJIAIOTHCS Ha reorpadiuHe MOXOMKEHHS Ta/abo 1CTOpUYHI MPUHAIU
MiHepalibHOiI BoAM. OJHAK 1 BUPOOHUKH, 1 CIOXKHMBadl MiHEpPaJIbHOI BOJU J00pE
3HAIOTh, M0 BAKJIMBUMH IS OIIHKA MIiHEpaJbHOI BOAM MAarOTh OyTH HE JIHIIE
JeKibKa CiB Ta mu@p Mpo MiHEpalbHI CKIAJ0BI BOAM, aie W iHdopMmallis mpo
MO>KMBHO-(D1310JIOTIYHY I[IHHICTh, CMaK Ta OCOOJMBOCTI B3a€EMOJIl BIAMOBIIHUX
CCHCOPHHUX XapaKTEPUCTUK 3 TIEBHUMH CTpaBaMH, BUHOM, KaBOIO, IHIIMMHU HAIOSMU
TOIIO. AJDKEe caMe BIAMIHHOCTI B SIKICHOMY MiHEpaJIbHOMY CKJajJi Ta BIJIOBIJIHI
CMaKOBl BpaXEHHS BIIKPUBAIOTH O€3i4 TPUBAOIMBUX MOMIMUBOCTEH ISt
no3unionyBanHss ®MB Ta mapkerunry. Take po3yMiHHS LIHHOCTI, KOPUCHOCTI Ta
pUBaOJIMBOCTI MIHEPAJIbHUX BOJI IPUTAMAHHO OUIBIIIOCT] CIIOXKHBAYIB 1 BUPOOHUKIB
®MB, a dopmanizoBaHo BOHO Yy cTaTyTiAcomiamii cepTu(iKOBaHUX COMEIbE
MmiHepanbHOiBoan — «Cminku BogHux comenbe» (Water Sommelier Union -
Wassersommelier Union e.V.- WSU).B VkpaiHi ceHCOpHH# aHai3 MiHEpaIbHUX BOJI
MPAKTUYHO HE TPOBOAUTHLCSA, a TOMY BHUCBITICHHS PO3BHTKY TaKOIO HAMPSIMKY
MapKETUHTY B JAESKUX KpaiHax cBiTy, 3a7ad WSU 1 nepcrnekTUB CTBOPEHHS B Halllli
KpaiHi noa10HOI CHIKU OYJI0 METOIO 1€l pOOOTH.

PoGora BuKOHaHa Ha OCHOBI aHaji3y MarepialiB JOCTYIMHUX JDKepel
indopmariii [1-3] Ta BracHUX 1OCITIIKEHb.

Y 2024 poui, 18—19 xoBTHs, BigOynacs Bxke 13 miopiyHa 3ycTpiu WiIEHIB
MixkHapoaHoi [IpodeciitHoi Acomialii «CHUJIKM BOIHUX COMENbEy», sika Hamiuye 204
JTIACHUX YJieHH, Y ToMy uncii 40 opraHizamiii mocTifHUX 1 5 acoIiiioBaHUX YJIEHIB 3
HacTtymanx kpaid: Asctpii, CHIA, Kanmamm, Yexii, Kurtato, ®panmii, AHTHII,
Typeuunnu, JlomiHikaHcbkoi pecnyOsiku, [uaii, ['onkonry, Ilopryrami, PymyHii,
JlutBu, Pocii, Icmanii, IBeinapii, TaiiBanto, Taimannmy, Jlatsii, Ci"ramypy Ta
Himeuuunu (Tyt mrad-kBaptupa Criinku).Bei psgosi wienn [IpodeciitHoi Acorriartii
€ cepTu(IKOBAaHUMHU COMENbE BOJHU, SKI YCIIIIHO MPOWIUIA CYBOPY JBOTHKHEBY
HaByalbHy nporpamy B Axanemii Doemens y wmicti ['paedensdinr, Himeuunna.
Mertoro Acoriamnii € mpocyBaHHs BCiX MHUTaHb, II0 CTOCYIOTHCS BOJHHMX COMEINbE, 1
HaJlaHHS MOXJIMBOCTEH JJIs1 TOCTiMHOTO mpodeciitHoro po3ButKy. Perymsipao WSU
MPOMOHYE 3ax0AM Ta CeMiHapu 3 TPOoQeciiHOro PO3BUTKY HIMEIBKOIW Ta

aHTIIACHKOI0 MOBaMH, TPOBOJIUTH 3aXOAU Ui OOMIHY iAesiMU, JOCBIIOM Ta
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MOXJIMBOCTSMH 3 WwieHamu Acorarnii. CeaTkyBanHs “Mineral Water Day”, 3aranbHi
300pu, cepid JIEKIId Ha I[IKaBl akTyaJdbHI TEMH 3 CEKTOPY MIHEpaJIbHUX BO/I,
JIEMOHCTpALlsl CBOIX CEHCOPHUX 3/10HOCTEH — Takow Oyna mporpaMa 4eproBoi
mjopiuHoi 3yctpiui wieniB WSU-2024. AxTyanbHa 1 BaXJIMBa TeMa, BUCBITJICHA Ha
3yCTpiul - MIKpO- Ta HAaHOIUIACTMKM Yy MiHEpallbHIM (acoBaHii BOMl: aHaii3
CKJIQJIHUM, a/Ke BMICT, AK 1 IHINUX 3a0pYyJHIOIYHMX PEYOBHH, MIHIMAIBHUN Y
MOPIBHSIHHI 3 TOBEPXHEBMMHU BOJAMH, a BIUIMB Ha 3J0pOB’Sl HEIOCTaTHHO
JocipKeHni. €Bporneiicbka acomiamist KypoptiB (EAR), mo criBnparrioe i3 Criyikoro
BOJIHUX COMEJIbE, Ha MikHapoaHoMmy ¢ectuBam Boau «Bled Water Festival-2024»
(13-14 geprus, CrioBeHis) miarpuMana iHiriatuBy «lliroma Bogay, miaKpeCcIOdH
BOKJIUBICTh PO3YMIHHS MIHEpAIbHUX BOJ, JOCHIDKEHb 1X O€3MeKu Ta SKOCTI,
TEXHOJIOTIYHUX 1HHOBAIIH TOIIO

[IpoBeneHi 3a Hamioi ydacTi onutyBaHHsA croxkuBadiB ®MB (y pecropanax,
TOPTiBEeJIbHUX 3aKJafax 1 Ha KypopTi) y rpynaHi 2023 poky, TaKoX 3acBIIYMIIH, IO
Maiike MoJIoBUHa pecrioHIeHTiB (47 %) BiaaaloTh epeBary cMaky MiHEpalbHOI BOIU
(ymMOBa JIOSJIBHOCTI: 3a OJHAKoOBOi IiHM). B nmesxux pectopanax JIbBoBa, Kuena,
Onecu coMenbe MPOMOHYIOTH BiABIAyBauaM KapTy BUH 1 KapTy MIHEpaJbHUX BOJ.
[lepcrieKTUBHICTh BIPOBAKEHHS TAKOTO 1HHOBAIITHOTO MapKETUHTOBOTO KPOKY HE
MOXX€ BUKJIMKAaTH CYMHIBU B YKpaiHi, 110 Ma€ BEIMYE3HI 3amacu YHIKaJIbHHUX
MIHEpAJILHUX BOJ. AJK€ BOJHI COMENbE - 1€ J00pe MiATOTOBJICHI, KOMIIETCHTHI
KOHCYJIbTAHTH, SIK1 MiJABUIIYIOTH I[IHHICTh MPUPOAHUX MIHEPATBHUX Ta MPUPOJHUX
JIKyBaJbHUX BOJA. B Ha3BaHux Bullle KpaiHax €BpOMM BOJHHUX COMEIbE MOXKHA
3HaTH B Oarathox Micisx, sk B HORECA, Tak 1 B TOpriBii HamosiMu, Ha po3JIMBax
MIHEpaJIbHOI BOJIM 1 MiJl Yac Pi3HOMAaHITHUX 3aXOJIB, aJke CepPTU]PIKOBAHI COMEIHE
HE OOMEXYIOTBbCS Cc(hEepor0 pPEecTOpaHHOro rocrojapcTBa. Y cdepl ekcruryarari
JDKepenl MiHepalbHOi BOAM (CBEPAJIOBHHHM, IMEpeKauyBaHHS Ta PO3JHMBY) BOIHUU
COMEIIbE MOXKE€ TMPAIIOBATH SK EKCIEepT 3 MAapKETUHIOBUX KaMIMaHid 3 J0/1aHOI0
BapTICTIO, a TaKOX 3AIMCHIOBAaTH MpsAMI MPOAAXKI HAMOIB Ta TacCTPOHOMIYHMX
MPOJIYKTIB - 3aBSKH CBOIM TJIMOOKUM 3HAHHSM, BiH/BOHA 1H(OpPMYy€E Ta KOHCYJIbTYE
KIIEHTIB Y cpepi rpOMaJCHKOr0 XapuyBaHHS Ta MOCTAYaHHSI HAIOIB 11010 OCOOIUBUX
XapaKTepUCTUK Ta IrepeBar OpeHAIB MiHEpPaJbHUX BOJI, SIKI BOHU MPEACTABISIOTH,
TaKUM YHMHOM IIIJIBUIIYIOUYM BU3HAHHS Ta OOIr MPOAYKTY B TOPriBIi, B Xap4yoBid
IIPOMUCIIOBOCTI Ta BUPOOHUIITBI HAIMOIB.

BucHoBku. BukoHaHo orisa  cTaHy 1 PO3BUTKY CEHCOPHOTO —aHamizy
MIHEpaJbHUX BOJ AK 1HHOBAIlIHHOTO HAMPSMKY MAapKETUHTY MIHEPAJIbHUX, Y TOMY
yucii  (acoBaHMX MiHEpaIbHUX, BOJA B JEAKHX KpaiHax €Bpomu 1 CBITY.
AKTyaJbHICTh TOMTMOJIECHUX JOCTIIKEHb CEHCOPHUX XApaKTEPUCTUK MIHEpaIbHUX
BOJ B Halllil KpaiHI Ta BIPOB3HKEHHS TAKOrO IHHOBALIMHOTO MapKETHHIOBOI'O
KPOKY BB2KAEMO MEPCIEKTUBHUM HAIPSIMKOM pO3BUTKY Trany3i ®MB.

Ilepeaik mkepea ingopmamii

1. Sensory Assessment for Water — URL.: https://www.wassersommelier-
union.com/wp-content/uploads/2019/12/WSU_Flyer_Sensory-Assessment.pdf

2. Water Sommelier Union. - URL.: https://www.watersommelier-
union.com/

3. Bled Water Forum.- URL:https://www.bledwf.com/forum/
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YK 167.001.8+663.6
MeT010/10Ti4HI aCNeKTH MPO0dJIeMH TeXHOJI0rii acoBaHUX BOJ
Tersina CrpikajieHKO
Ooecvkuii HayioHabHUL mexHoio2iuHuu yHigepcumem, Qoeca, Yxpaina

Posrasimaroun METO10J10T110 SIK 3aci0 BUBUCHHS Ta aHAI3y CIOCOOIB 1 METOMIB
Mi3HAHHS, PO3BUTKY 3HAHb IMOAO0 OOTPYHTYBaHHS TMEBHUX TBEPIKECHb, BBAKAEMO
aKTyaJbHUM 1 HEOOXITHUM PO3TJISA] OKPEMHUX METOOJIOTTYHUX aCIEKTIB TEXHOJIOT1l
dacoBanux muTHUX BoJ 1 HamoiB (DB). Ile oO0ymoBIeHO KiTbKOMa MPUYMHAMH,
OJTHAK TIOIITOBXOM € CHUTYaIlisi ChbOT'OJICHHS, TOOTO HASBHICTH B KpaiHI  JIOCHTH
CKJIQIHOI CUTYallii 3 BOJ03a0€3MeUeHHSIM BEIMKUX TPYIl HACEJICHHS Yyepe3 BOEHHI il
Ha BENWKiH Teputopii. JIOCUTh BaXIMBOIO € TaKOX IOCTiHHA KPUTHUKA Ta 3aKUIU
MO0 IIKOAWMISA JOBKULIA, sikoi 3aBmae I[IET-tapa, BHKOpPHCTOBYBaHAa MJis
nakyBaHHsg ®B. Metoo pobotn OyB NMOPIBHSJIbHUN aHai3 BIUIMBIB Ha JOBKILIS
pi3HUX BUAIB MakyBaHHS ®B (CyMHIBM IIOJ0 Ba)KJIMBOCTI Ta HEOOXIJHOCTI CAMHX
@B K COLIATLHOTO 3aMUTY KUTEIB KPaiHUBXKE MPAKTUYHO 3HUKAIOTH) Ta METOJUK
BUKOHAHHSI BIJIMOBIAHUX JOCIIKEHb Tapy, BUKOPUCTOBYBaHOi 1t @B, Toro.

PoGora BuKOHaHa Ha OCHOBI aHaji3y MaTepialiB JOCTYIHUX JKEpe
inpopmaii [1-3].

PesynpTaTi OCHIIKEHHS, TPEACTABICHI Y TaOJMIl,CTOCYIOThCIOCHOBHHUX
HaIPsIMKIB, 110 OOTOBOPIOIOTHCS MPH aHaji31l BIUIMBY Martepiany makyBanHs OB Ha
JTOBKLJIISL.

Tabmuus
Bupoouuurso 1 mun HET- AmwominieBa | Kapron/0y- | Ckuasina | IIET-Ttapa nusa
0/1. TApH, EMHICTIO Tapa Tapa MajKHa Tapa Tapa razopanux ®B
0.541, noTpedye
CepenHs Bara, r 8.3 19.7 21.8 300.6 22.2
Bukopucranus Boau,
MJTH JI 17.434 28.425 51.923 109.531 47.375
Bukopucranss
BUKOITHOI'O I1aJIMBA, 958 1342 1056 4320 2639
rirapkoyib (GJ)
Bukuan napHUKOBHX
rasis, T CO? 50 155 75 383 141
MouBICTB
nepepooku, % ~100 ~70 ~100 ~100 ~100
Tepmin posnany y
OPUPOTi, POKU 100-500 80-500 5 500-1000 100-500

AHaJI3 MPakKTUIHO KOXKHOTO 3 TOJIOKEHB I11€1 TaOIUIl CBIIYUTH PO MepeBaru
BukopuctanHsi misg BurotoBieHHss OB came IIET tapu. Tak, 100 % peanbhe
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noBTOpHEe BuUKOpucTaHHs Matepiany I[IET (y ckmaal Tapu, ojasry, NpeaMeTiB
IIOJIEHHOTO BJKUTKY TOIIO) pOOUTH MPaKTUYHO O€3MiICTAaBHUM OOrOBOPEHHS
TEPMIHIB HOro po3naay y NpupogHoMy cepeaoBuilli. [IpocTi ekOHOMIUHI pO3paxXyHKU
cBimuath, 1o npu BukopuctanHi IIET, sk BugHOo 3 Tabmui, (a) MOXIMBUM €
3MCHIIICHHS BHKOPWCTAHHS BHKOITHOTO TMMajlMBa Ta BHKHWIIB JIOKCHUAY BYTJICIIIO,
«IMTAPHUKOBOT'O Ta3y», IO TaK HEOOXITHO JJIsS CTajJoro PO3BUTKY 1, OJHOYACHO, TaK
MOBUILHO JIOCATAETHCS B YCiX 0€3 BUKIIOUEHHS KpaiHax; (O0)MOXIHUBO CYTTEBO
ckopoTuTH y BUpoOHuLTBI [IET-Tapu BUTpaTH mpicHOI BOAH, 1€(ILUT SKOi BXKE CTaB
IPOOJIEMOIO JIJIsl BCHOT'O JIFOJICTBA.

JlocuTh BaXIJIMBOIO, HA HaIl TOTJSAM, METOAOJOTIYHOK MPOOIEMOI0 €
BIJICYTHICTh aJIEKBATHOTO HAYKOBOT'O 1 METOJAMYHOTO CYPOBOAY POOOTH BUPOOHUKIB
®B. dynmameHTalbHI PO3POOKH 1 METOAWYHI JTOKYMEHTH, IO OyaM BHUKOHaHI
BITYM3HSHUMHU JOCHIJHUKAMHM Yy TIOMepeAHl Poku 1 cranu Oa30BUMHM  Jis
HaIpAIFOBaHHS HU3KW PETJIAMEHTIB €BPOMEHCHKOI Ta 1HIIMX acoliaimiii BUPOOHHKIB
®B, mamo Bimomi cborogHi sk BUpoOHWMKaM DB, Tak 1 OEIKUM TOCIHITHUKAM
texHosorii @B, nmakyBanHs ®B Tomo. BukopuctanHs cydacHUX METOJIB aHATI3y
MOKAa3HUKIB SIKOCTI BOAM Ta 3a0pYyIHIOIOYUX BOJY PEUOBUH, AKTyaTbHUX TEXHOJOTIH 1
Cy4JacHOro OOJiaJIHaHHS, HOBUX MaTepiaiiB 1 MaKyBaHHS MOTPEOYIOTh OCMHCICHHS
MOXJIMBOCTEH iX BHUKOPUCTaHHS, HAaBYAaHHS Ta OBOJIOJIHHS  BiJAMOBITHUMU
HaBUYKaMHU. A I UbOr0 HAJABAXKIMBOIO € MOIMMOJIEHA MiArOTOBKANPO(UIbHUX
daxiBiiB y cniBpoOITHUITBI 3 BUpoOHUKamMu DB, mocTiiiHe HaBYaHHS Ta aJ[EKBAaTHE
iHpopMalriitHe 3abe3neyeHHs, Po3poOKa, JTOOMpaIfOBaHHS Ta BHUJAHHSI METOIUYHOI
JiTeparypu s rany3i BupoOHunrea @B Toro.

OTxe, METONOJIOTIUHI TPOOJeMH TEXHOJOTiA ¢acoBaHUX BOA OOYMOBIEHI,
MEPEeBAKHO, HEJAOCTATHHOIO YBarol sK HAyKOBIIB, Tak 1 BupoOHUKIB ®B no
CUCTEMHHX MOIH(POPMOBAHOCTI Ta BIAMOBIJATBLHOCTI 3a SKICTh 1 O€3MEYHICTH IIi€i
MPOYKIii, TaKOi HEOOX1THOT IJIst KUTTS HABITH B CKJIAIHUX YMOBAX ChOTOJICHHS.

Iepeaik mxeped ingopmamii

1. Progress Report. IBWA. Alexandria, VA, USA.2023.
URL:https://issuu.com/ibwa/docs/2023_progress_report_final

2. Bottled Water. Code of Practice. Effective January 1, 2021.Alexandria,
VA, USA.2021. URL:https://bottledwater.org/wp-content/uploads/2023/02/IBWA-
MODEL-CODE-2020-Rev-2020-FINAL102822.pdf

3. Crpikanenko T. B. YmpapiniHHS pusukaMu y BUPOOHMIITBI (hacoBaHUX
nuTHUX Bofd.- «Pecypcu mpupomuux Box Kapmarcbkoro periony»: XX MiKHAp.
HayKOBO-TpakT. KoH}.(JIpBiB, 26-27 TpaBHs, 2022) 36. HaykoBuX crareit - JIbBiB: HY
«JIpBiBCchKa momiTexHikay. 2022. C.195-198.
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CEKIIISA 7

BOJIOOGOPOTHI CUCTEMMU B

MPOMUCJIOBOCTI TA EHEPTETHIIL.

OUUIIEHHS MPOMUCJIOBUX
CTIYHUX BOJI
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Jocainxennsa ¢piibTpyodoro Mmarepiaaxy afm B npomeci KOHTaKTHOI KoaryJsimii
npu ginbTpauii BOAH 3 MOBEPXHEBOI0 JAxKepesia
IBan Iloramuyk, Harauisa I'ycsaTuHCBKA
Hayionanvnuii ynieepcumem xapuosux mexnonociu, Kuis, Yxkpaina

Beryn. V' cBITI NOCTIHHO 3pOCTaE MOMUT HA BOAY, OCKIJIbKHA CTYIIHb
3a0e3MeUeHOCT]1 HACEJICHHS YHCTOI0 MUTHOIO 1 TEXHIYHOIO BOJIOI0 MAa€ 3HAYHUM BILTUB
HAa TEMMH €KOHOMIYHOTO Ta COIAJIbHOTO PO3BUTKY AepxaB. CiiJl 3a3HAYUTH, IO
AKICTh BOJHHMX PECYPCIB CYTTE€BO BIUIMBA€ Ha CTaH 3A0pPOB’S Ta Onaromoiydys
HaceneHHs. Tak, 3a manumu BOO3, mopoky y cBiTi Onu3pko 25% HaceneHHs
MIJITA€ThCSl PU3UKY CIIOKUBAHHS HESKICHOI MUTHOI Boau, a moHaa 80% ycix
3aXBOPIOBaHb JIIOJAMHU 0€3MOCEPEIHHO MOB’sI3aHl 13 BXXUBAHHSIM HESIKICHOI BOJH, J10
CKJIaAy SIKO1 BXOMSITh PEUYOBHHHU, 110 MOXKYTh BUKIUKATH TOKCHUYHI €PEKTH, B TOMY
YHCJll MyTareHHl Ta kaHmeporeHHi [1]. Hapasi B Ykpaini ckjianacs 3arpo3ivBa
CUTYallisl IOJI0 AHTPOIIOT€HHOT0 3a0PYHEHHS IOBEPXHEBUX JIXKEPEJT B MIBJACHHUX Ta
CXITHUX paiioHaxX B pe3yJbTaTi BOEHHOI arpecii.

TakuM 4YWMHOM, TOIIYK HOBUX Ta ONTHUMAIbHUX TEXHOJIOTIYHHUX pIIIEHb Ta
3aCTOCYBaHHSI HOBITHIX MarepiajiB I OYMINCHHS BOIM 3 MOBEPXHEBUX JDKEPEN €
aKTyaJIbHUM TTUTaHHSIM.

Marepianu i wMerogm. Ilinx dac ekcrnepuMEHTATbHUX  JOCITIIKCHb
BUKOPUCTOBYBAIMAHAIITUYHI, XIMIYHI, (PI3UKO-XIMIYHI METOAU 3 BUKOPUCTAHHSIM
MpUIAIIB Ta METOAMK JOCTIKeHb sKocTi Boau 3rigHo J[CanlliH 2.2.4-171-10 ta
JNCTY 7525:2014. ®inpTpyBanbuuii Marepian AFM® — e iHepTHuil amopduwmii
ATIOMOCHUJTIKAT (CKJIO), II0 BHKOPHUCTOBYETHCS SIK (PUIBTPYIOUE CEpPEOBHILE MPHU
OJTHO- 200 BOKOMIMOHEHTHIH (inbTpamii ax y Biakputux (RGF), Tak 1 B 3akpuTux
(HamipHuX) (PUIBTpaxX JJISI OUUILEHHS PI3HUX JHKEPeNl BOJIU, TAKUX SK IPYHTOBI BOJM,
MOBEPXHEBI BOAM, MOPChKA BoAa Ta cTiyHl Boau. AFM® mae ontumizoBany Gopmy
Ta po3Mipu 4acTHHOK JJisi dimbTpariii. Takoxk AFM® He € macuBHUM QiIBTPYIOUYUM
CepeIOBUIIIEM — HOro MOBEPXHS aKTUBYETHCS 3a JIOMOMOIOI0 XIMIYHOI Ta TEPMIYHOI
0o0poOKHK B TMpoIleci, MOAIOHOMY JI0 COJIBTENI0, JI€ CTPYKTypa IOBEPXHI KOXKHOI'O
3epHa Marepiay 3MIHIOEThCS, 10 TPU3BOAUTH /10 MOSBU CTIHKOT MMOBEPXHI MaTepiary
70 06103apoCTaHHs, a TaKOXK 301IBIIEHHS aKTUBHOI muIonl QuibTparii marepiany [2].
OO6'ekTOM AOCITIIKEHHSI € 3aCTOCYBAHHSI B TEXHOJIOT1i OUMILIEHHS MOBEPXHEBUX BOJI
¢dinbTpyrouoro marepianmy AFM BupoOuuntea Dryden Aqua B komOiHamii i3
TIIOXJIOPUTOM HATPiI0 Ta KOAryJsSHTaMHU TiIPOKCXJIOPHUAY allfOMiHII0 abo XJIOpUay
3ai3a.

Pe3yabTaTn. MeToJ KOHTAKTHOT KOAryJisiiii B 3M031 3a0€3M1€UYUTH BUCOKHUH 1
CTiikMil e(eKT MPOSCHEHHs BOAM TMpPH PIZHUX (PI3UKO-XIMIYHMX YMOBaX, IO
3MIHIOIOTBCS 32 CE30HAMH POKY, 3 MEHIITUMH JI03aMU KOATyJSHTY, HUK y 3BUYANHIN
CXeMI OYHMIIICHHS BOJH 3 BiJICTOIOBaHHSM Ta ¢ijbTpariero [3].

s mpoBeneHHs JOCIIKEHh HaMHM PO3po0sieHa MPUHITMIIOBA TEXHOJIOTIUHA
cxema, 10 BKJIIOYA€E Taki CTaail OYMIIEHHS BOJAMU: 1) OKHCICHS TiMOXJIOPUTOM
HaTpito; 2) rpyda dinbrpanis 130 mkwm; 3) koarynsiis npu HamipHid GiabTpaiii Ha
pi3HO-dpakmiiiHomy marepiaai AFM (puc. 1).
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Bxidra
Boda

Puc. 1. Cxema ycTaHOBKM /i1 BUNIPOOYBaHHs: 1- cTaHIIfA 103YBAHHA
rinox;J10puTy HaTpir 2- nuckoBui GiabTp 130 Mmxm; 3- cTaHUiss 103yBaHHS
KOATYJSAHTY; 4 — MyJbTUMeAIHIHA PIIbTP 3aBaHTaKeHM 3-Ma ppakuisMu
AFM

Tabmuis 2. — YcepeaHeHi pe3yJibTaTH aHAJI3Y OYUIIIEHOI BOAY HA MOAYJIbHiii
YCTAHOBIILI JJIS BUNIPOOYBaHb 32 PI3HUX BAPIAHTIB OUMIIEHHS

3Ha4YeHHSA
HalimenyBaHHs Bxign| I'imoxnoput [[Mnoxnopu|3a ICAHITIH2.2.
IIOKa3HUKA a BOJIa] HATpIlO 3 |T HATPIIO 3 4-171-10
MOJTIXJIOPHU/IO| XJIOPUIOM
M aJIOMIHIIO| 3aji3a
pH 7,46 7,66 6,93 6,5-8,5
3abapBieHICTh,Ipajl. 79,00 21,00 21,00 <20
KanamytHicTh,Mr/mm? 17,30 0,20 0,20 <0,58(1,5)
’Kopctkicte3aranpHa,mr-eks/am* | 7,350 6,400 6,720 <7
JlyxxHicTh3arajibHa,Mr-eKB/am> 6,720 5,360 3,600 HEeperJl.
Mapranenp, mr/om? 0,632 0,010 0,010 <0,05
Hitpatu,mr/nm? 15,00 15,00 15,00 <50
r/fI[I;IE)MaHraHaTHaOKI/ICHIOBachTb,M 17,60 8,10 5,30 <5

BucnoBok. OTxe, 3a pe3yJbTaTaMy MPOMUCIOBUX BUIIPOOYBaHb BCTAHOBJICHO,
110 3aCTOCYBAHHS 3aIPOTIOHOBAHOI TEXHOJIOTIi OYUIIICHHS BOJIA 3 BUKOPUCTAHHS
YCTAaHOBKHM KOHTaKTHOI KoaryJssiii Ha 6a3i guibTpyrodoro matepiany AFM, sxuii
3a0e3mneuye KOHTaKTHY KOaryJsIliio Ta MeXaHluyHy (puIbTpallito MoXke 3a0e3neuyBaTu
CTaOUTbHUI pe3yNIbTAT MPU BUKOPUCTAH1 KOMOIHALI peareHTIB: TIIOXJIOPHUT i
KOAryJysiHT, a TaKOXK JOTPUMaH1 MIBUAKOCTI (utbTpariii He Oubine 8-10 m/ro.

Iepenik pxepen inpopmanii
1. Ilutha Boma [EnexrponHuir pecypc]. — Pexum  pocrymy:
http://www.ukrcsm.kiev.ua/media/umtst_doc/pres_conf/water.pdf ].
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2. QinpTpyrouni Marepian AFMS. Pexum JIOCTYITY:
https://nerex.ua/catalog/filtruyuchiy-material-afms-3-20-40mm-pak1000kg-kg

3. C.C. Oyukin , I''l. bnaromapua , C.C. Hymkin , T.O. IlleBuenko.
KoHTakTHi mposicHIOBaul B Tpolecax MHiATOTOBKM NUTHOI Boau. KomyHanbHe
rocrnojapctBo Mict, 2021, Tom 1, Bunyck 161

OTpuMaHHs peareHTiB OYMILEHHS CTiYHUX BOJ BiA (ocdariB npu yruiizanii
NPOMHUCJIOBHMX BiIXOIIB, 10 MiCTATH CIOJYKH 3aJ1i3a
Koxypa Ouer, HHu0yas €Bren, fApomenko Bikropis, Jaxman Mapis
HHI « Ykpaincoxuu /lepocasnuti Ximixko-Texnono2iunuu Yuieepcumem»

Beryn. OnHuM 13 OCHOBHMX IUISIXIB HaAXOMKEeHHs (ocdaTiB y HABKOJMIIIHE
CepeloBHUIIE € MOOYTOBI Ta MPOMUCIOBI CTOKM. Ha BiiMiHY Bij IHIIMX JKepen, 13
CTIUHUX BOJ (pocdaTu MOXKYTh OyTH €PEeKTUBHO BUAAJIEHI, LI0 TO3BOJISIE CYTTEBO
nocnabutu sBuiia eprpodikarii. Ocamxkenns docdarie comsamu  pepymy(Ill) €
HAMOUIBII JAOCTYIHUM CHocoOOM iX BWJIYYEHHS, THM HE MEHIIE, caMe BHCOKa
BapTICTh PEArcHTIB € OJHIEI0 13 OCHOBHUX IIEPEIIKOA Ha INUIAXY JO0 IIHPOKOTO
BIIPOBA/IPKEHHSI TAKO1 TEXHOJIOT1i OYUIIICHHSI.

TutaHoBa MNPOMUCIOBICTh JUIsi OTPUMAaHHSA TUTAHOBHX MITMEHTIB YH
METaTIYHOr0 TUTaHy BUKOPUCTOBYE LJIbMEHITOBI KOHIIEHTPATH, TP 30araueHH1 SIKUX
HEOJMIHHO YTBOPIOIOThHCS 0araTroTOHHAXHI BIJIXOJIM 3a130BMICHUX CIIOJYK. YacTuHa
TaKMX CHOJYK, SIK HallpuKJaj 3aii3Hui Kynopoc BupoOHuuTBa [TIAT Cymuximmpom,
BUKOPUCTOBYIOTHCSI TIPOMHUCIIOBICTIO, 1HIII HE TEPEPOOISIOTHCS Ta CTBOPIOIOTH THUCK
Ha gaoBkuUUI. Tutbku omudn TOB "3anmopi3pkuit TUTaHO-MarHi€eBUid KoMOiHAT"
HAKOIMMYUB HA CBOIX XBOCTOCXOBHUINAX OJM3bKO | MIJIH. T BIAXOMdIB COJIHOBOTO IJIABY
xmopatopiB 3 BMicTroM FeClymno 25%. YTumizamii Takux BiAXO0/iB KpiM 1HIIIOIO MOYKE
OyTH OIO/PKETHUM J[XKEPEJIOM PEareHTIB BOJOOYHUIIICHHS.

Marepiamu i meroau. [TnaBu xmoparopie TOB "3TMK" ckmamy: NaCl -
36,8%, KCI - 1,6%, MgCl; — 2,1%, TiO; — 3,6%, C — 4,1%, CI - 49,1%, AICls -1,3
%, FeCls — 2,8%, FeCl, — 23,1%, MnCl>- 2,1%, CaCl> -1,5%, SiO, — 7,1%,
HEpO3uMHHUM 3anmumok 15,8% pozuunsimm y Boai mpu T:P = 1:2. Onepxany
cycrieHsito ¢GinpTpyBanu, GUIBTpaTH MiAIaBaIl OKHUCHEHHIO KHMCHEM Y MPHCYTHOCTI
cnoiiyk 3B’si3aHoro azory npu 70-90°C mporsrom 3-5 rox. [Ins OKUCHEHHS
BUKOPHUCTOBYBAJIM TE€PMETHUYHUN TEPMOCTATOBAHUHN Ta30piIAMHHHUI peakTop 00’ eMoM
750 MJ1 3 HUKHBOTIPUBOIHOIO MpoMesiepHor0 Mimankow (270006/XB) BCTaHOBJICHOIO
B IUPKYJiLiHOMY KOHTYpi. KoHCTpyKIlisi MacooOMiHHOTO 0OJiafHAHHS J03BOJIsIA
OTpUMATH Ta30piAUHHY cyMmiml 3 o0’eMHHMM BMicToM ra3zy ao 20%. Y mnpoueci
OKHCHEHHSI OTpuMyBaiu cycnensito ocany ¢epym(Ill) rigpokcuay y po3duHi
xsopuiiB Hatpito, pepymy(Ill) Ta qomimkoBUX KaTiOHIB:

12FeCl; +30; + 2H,0= 4FeOOH{ + 8FeClz+ 1900 k/Ix/Moib
Opepxany cycnensito QuibrpyBanu, ocan (epym(lll) rimpokcuay mpomuBamu Ta
Bucymrysamunpu 105°C npotsrom 3 roauH.
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| imnic

Pe3yabTaTm. Bonani
PO3YMHU  COJBOBOIO  IUIABY 1000 Co-K, BUNpOMiHIOBaHHS
XJIOPATOPIB  MICTATh  CKJIAJHY
CYMIIIl XJIOPUJIIB KaTIOHIB PI3HUX
MeTaliB. B mpoiieci OKMCHEHHS B
YyMOBax BHUCOKOI TeMIeparypu
BIIOyBa€ThCS ~ yTBOPEHHS  Ta 400 |
TepMoriapoi3 ioHiB Gpepymy(Ill),
KHUCIIOTHICTh ~ PO3YHMHY3POCTAETO 200 4
pH<1. Yepes BUCOKY KUCIOTHICTh
y ocag He TepeXOiiTh iOHH 010 20 30 40 50 60 70 80 90
JIOMIIIIOK, BIIOYBA€THCS
CEJICKTUBHE OCaJKEHHSI CIOJIYK

800 - B- FeO[OH)

600 A

3,3 FeO[OH)

2,79 FeO(OH)

7.4 FeO(OH)

5,23 FeO{OH)
2,29 FeO[OH)

1,64 FeO(OH)

1,51 FeO{OH)
1,45 FeO{OH)
1,37 FeO{OH)

1,95 FeO(OH)
1,75 FeO{OH)

2,05 FeO(OH)

Puc.1 PenTreniBcoka qudpaxkrorpama
MPOAYKTY OKHCHEHHS KHCHEM PO34HHIB

bepymy(1ID). BIJIYTOBYBAHHS ILUIABY COJILOBUX
Ha puc.1 MoKa3aHa XJ10paTopiB
pEHTreHorpaMa MPOJIYKTY

okucHeHHA po3unHy Gdepym(Il)

XJIOpuly KucHeM. Pediiekcu peHTreHorpamMu BKa3ylOThb Ha OTPUMAaHHSOCAIB [3-
FeOOH.Opnepxani ocaau 1o0pe GiabTPYIOTHCS Ta TPOMUBAIOTHCS Bia moMimiok. [Tpu
ix posumHeHHi y 30% comsHilt kucnoti oxaepxkano 40% pozunau Qepym (1)
XJIOPUIY, SIKI XapaKTepU3yIOThCSI BUCOKOI YHUCTOTOI Ta MOXYTh OyTH BUKOPHUCTaHI
y SIKOCTI KOAryJISTHTY 3aBUCIHMX JIOMIIIOK Ta ocapkyBada ¢ocdariB 13 CTIYHUX BO/I.
Benuuuna exzorepmiuHoro edekty mnporecy okucHeHHs depym(I]) xmopuny kucHem
J03BOJISIE, B TPOMHKCIIOBHX yMOBax, INIHATTS Ta WATPUMAHHS TEMIEpaTypu
pEaKIiiHNX PO3YMHIB 3A1MCHIOBATH 0€3 IMiIBEICHHS €HEeprii 330BHI.

Kucnmi ¢inpTparu, 3 SKUX OcaJKeHO OUIS TPETHHU BiJ 3arajibHOI KIJIBKOCTI
CTIIONYK 3aJii3a, MpH iX BUIAPEHI MO3BOJISIIOTH OCAIUTH Ta TOBEPHYTH B POOOTY
COJIBOBUX XJIOPATOpiB MPUOIM3HO TMOJIOBHHY BMICTY Hartpito xjopuay. Opepikani
michs boro (UIBTpaTH MiJaBald €JEKTPOXIMIYHOMY pEereHepyBaHHIO XJIOPY Ta
depym(Il) xmopuny B posaiieHux giapparMoro enekTpoiizepax 3 rpadiTOBUMU

aHOJlaMU TakaTtofgamMu. BHCOKI KaTOTHWUN TMOTCHITIAT (pgeg+ , =+40,771B 1
Fe2t

€JIEKTPOIIPOBIIHICTh KHUCJIONO HACHYEHOTO PO3UYMHY XJIOPUIY HATPIIO JI03BOJIAIOTH
INPOBOJAUTH PErEHEpallilo XJOpy 3 HU3BKUMHU BHTpaTaMu CTpyMy, a OOOpPOTHI
po3unnu Qepym(ll) xmopuay mnoBepraTM Ha CTafil0 OKHUCHEHHS Ta OCAJKCHHS
depym(I1l) rizpoxcuny.

BucnoBok. KaramiTuuHe OKHMCHEHHS pO3YMHIB BWJIYTOBYBaHHS  IIJIaBiB
COJILOBUX XJOpaTopiB 103Bojsie ocaauTu ¢pepyMm(IIl) rinzpokcn BUCOKOI YUCTOTH Ta
orpumatu 13 Hboro 40% pozuunu depym(Ill) xmopuay npuaatHi 11 BUKOPUCTAHHS
y SIKOCTI KOAryjisiHTIB Ta peareHTiB ocakyBadiB (ocdariB mpu oOpoOIi CTIUHUX
BoA. 3 QuibTpatiB ocamxkeHHs depym(Ill) rimpokcuay 3pydHO pereHepyBaTd Ta
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MOBEPHYTH Y BUPOOHUIITBO TETPAXIOPUAY TUTAHY XJIOPUJ HATPIIO Ta XJIOp 3B’ A3aHUN
y ¢epym(ILIII) xmopuau. 3anpomoHOBaHI MPOLECH XAPAKTEPU3YIOTHCS BHUCOKOIO
eHEeproePeKTUBHICTIO.

YK 628.16.094.3-926.214:544.526.5
OuiHkaBIIMBY NONEPEAHBOr0 ()OTO030HYBAHHS HA CTYNIHb GOTOKATATITHYHOL
AECTPYKIUil HIIAp Y BOXONPOBIAHINA BOAI
IOais lIBaguuna, Bipa Bakyinenko
Incmumym xonoiownoi ximii ma ximii 6oou im. A.B. /[ymancexkoco HAH Ykpainu, Kuis,
Ykpaina

Beryn. T'ereporenne (QortokaTamiTHuHE OKHCHEHHS HeloHoreHHux [IAP
(HITAP) 3a BicyTHOCTI CHUIBHMX OKHCHHKIB 3a3BHYail IPOXOIUTH YK€ MOBLIHHO 1
Hernuooko. [liaBumenus cryneniB poskiany HIIAP ta minepamizanmii peakiiiHoi
CyMilni 3/1aTHe 3a0e3neuuTH (OTOXIMIYHE OKHCHEHHS HOro po34YMHY CHIIBHUM
OKHCHHUKOM, Hampukiaa ¢oroo3onyBaHHs (O3z/YD), ame BoHO mnorpeOye HAATO
BEJIMKUX 7103 030HY, IO ICTOTHO MiABUIIYE CHEPTEeTUYHY CKJIAIOBY Y BapTOCTI I[LOTO
croco0y 1 poOuTh HOro €KOHOMIYHO HempuBaOiuBuM [1]. BukopucraHHs pi3HHUX
KOMO1HaI1i (OTOKATATITUYHUX METOJIIB OKUCHEHHS EKOTOKCHKAHTIB 3a YYacTIO
O30HY TPOIMOHYETHCS AOCTITHUKAMU JJIs TIABUIICHHS CTYMEHs iX pO3KJIaay y BO/I,
aJie €JMHOTO ONTUMAJILHOTO PIIIEHHS JI0C1 He 1CHYE [2].

Ha mBuakicTh 1 CTyMmiHb (POTOKATAIITUYHOTO PO3KIAAY OPTraHIYHUX CIONYK Y
BOJIl CYTT€BO BIUTMBAE MUK CIEKTP MapamMeTpiB: XiMIYHA MPUPOAA 1 KOHIEHTpPAIIisd
IIJTbOBOi CIOJIYKH, OKHMCHHKA, Karaji3aTopa Ta CYIMYTHIX JIOMIIIOK; CHEKTp Ta
IHTeHCUBHICTh Y D-BUNIPOMIHIOBAaHHS; TeMieparypa; pH cepenopuiia Toio.

Meta po60TH — BU3HAYEHHS MOXJIMBOCTI MIABUIICHHS CTYMEHS IECTPYKIIii
HeloHoreHHuX [TAP nuisixoM mOCHIIOBHOTO OKHCHEHHS HOro pO3YHUHIB Y
BOJIOTIPOBIIHINA BOJI y JIBl CTajli: 3a JOMOMOIOIO IMOINEPeIHbOI KOPOTKOTPUBAIOI
O3/Y ®-00p0oOKH HEBEIMKUMHU, EKOHOMIYHO JOIIIBHUMHU 103aMHU 030HY 3 HACTYITHUM
dbotokatamiTuaHuM gookucHEeHHIM Ti02/Y ® npotsirom 120 XxB.

Marepianu i  merogu. OO’exTOM  JOCHDKEHHS  OyB  PO3UMH
Houingpenonerokcunary (OI1-10) y Bogonposianiit Boai (Co=50 mr/am3, pH 7,8). B
skocTi (orokaraiizaTopa BukopuctoByBasm TiO2Aldrich (powder) (>99,8 % TiO;
>90 % amarazy, <10 % pyruny; Sget — 8,75 M%/T), npu Kouuenrpauii 1,0 r/mme,

dorokaraniTuuae okucHeHHs po3unHiB OII-10 mpoBomumm y nBa eramu. Ha
nepiomMy — ¢oroo3onyBaHHs po3unHiB OIl-10 pi3HUMHU 103aMU 030HY MPOBOJUIIU
Ha JIaDOpaTOpPHIM YCTAHOBII, OCHAIIEHI KOMII IOTEPHOIO CHCTEMOIO peecTparlii
TEXHOJIOTIYHUX MapaMeTpiB MPOIeCy 030HYBaHHs, y KBapiioBomy peaktopi (V = 0,44
am®) mpu 3oBHimHBEOMY Y®-ompominenni (A = 254 mm) [1]. Ilmixom 3miHn
KOHIIEHTpAILIii 030HY B 030HO-TIOBITpsAHiM cymimn (6+1 Ta 17+2 mr/aM®) npu cramii
mBuaKocTi ii mogaui (~0,07 nM%/xB) mocsarany HEOOXiOHUX AJIS JOCITiIKEHHS MATUX
(2,5-9) mr/nm® Ta cepennix (40-50) mr/mm3 103 mormuaeHoro 0308y (duors. O3). Ha
apyroMmy etami (oTtokatamitruuHe nookucHeHHs po3unHiB OIl-10 y mpucyrHocTi 1,0
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r/amM® TiO2 mpoBOAMIM B CKISHOMY BiIKPMTOMY pE€akTopi 3 30BHIimHIM Y-
onpomineHHsAM (A = 200—400 um) cycnensii (V — 70 cm®, Topmmnaa mapy (1) — 1 cm)
3ropu Ha BiJcTaHl 24 cM BijJ MOBEPXHI PO3YMHY NPHU TEPEMIIIyBaHHI MarHiTHOIO
MIMIATKOI0 MPOTIroM 2 roa. AHanoriudo npoenu TiO2/Y ®-00poOky mouyaTkoBOro
po3unny OII-10, BuKITFOYarOUM NEPIINK €Tarl.

Konnenrpamito OII-10 y mnouarkoBoMy po3uuHi, B mpo0ax micis
¢doroo3zonyBaHHss Ta 00poOku TiO2/Y®D (micias BIJOKPEMIIEHHS KaTaii3aTopa
ueHTpudyryBanHsam (8000 06/xB)) BU3HaYaIH 32 MAKCUMYMOM (A 224) CIIEKTPIB MO0
MOTJIMHAHHS 3a JomoMoror cnekrpodoromerpa Shimadzu UV-2450. Ximiune
cnoxkuBaHHs KucHIO (XCK) BKkazaHux mpo0 BU3HAYAIM 3a CTAHJIaPTHOK METOAUKOIO.

Pesyabratn. dorokaranitnuyne okucHeHHs TiO2/Y® modyarkoBOro po3yuHy
OI1-10 mpotsiroM 2 ToauH 3HU3UIO Horo koHueHTparlito Ta XCK peakiiitHoi cymiri
Ha 65 ta 17,5% BinnosigHo. Kopotkorpusane (1-3 xB) (poTO030HYBaHHS PO3UMHY
OI1-10, sxe 3a0e3meuyBajno IOMVIMHAHHSA O30HY B [03aX MEHIIMX 3a 5 Mmr/mme
sam3mnokoHteHTpaiito OIl-10 na <52%. Bumuii cryniae nepBuaHOi AecTpykitii AC
= 70,4-85,6 % y nopiBusHHI 3 Ti02/Y ®-00p0o6KOI0 JA0CATaBCs 3a 103 MOTJIUHEHOT'O

o3ony (8-50) mr/mm® mpu ¢oroosonyBanni posuuny OII-10 mporsirom 7-25 xB
(Tabmn.1).

Tabmus 1. — Xapakrepucruka po3uuniB OII-10 (mouarkoBoro Ta
okucHeHUX okpeMo TiO/Y® i Oz/Y D)
HPOHeC t06p, CosB OHC, I[norn. COH-lO, XCK:
00pOOKH XB mr/am3 Oszmr/mm® | mr/am® | MrO/om®
— — — — 50,0 126
Ti0/Y® 120 — — 17,5 104
O3z/YO 2-3 6+1 3,51 35,7 103
1-2 1742 5+0,5 24 102
7-8 1742 8,5+0,5 14,8 100
25 1742 4515 7,2 94

B Toii xe yac O3/Y®-06pobka npu BCiX J03aX MOTJIMHEHOTO 030HY HECYTTEBO
smennryBaja XCK peakuiitaux cymimeit y nopiBasHHI 3 Ti02/Y ®-00po0OKoi0, HaBITh
npy 3Ha9HUX porn O3 (40-50 mr/om®) crymins pecrpykuii 3a XCK (AXCK,%) e
nepeBuIyBaB 25 %.

e cBiAuUTH, 3 OTHOTO OOKY, PO HEJOCTATHIO €(hEeKTUBHICTH (DOTOO30HYBAHHS
Ipyd  TPUBAJIOCTI OOpPOOKM Ta Jo03aX O30HY, OOMEKEHMX paMKaMH JIaHOTO
nocnipkeHHs. 3 1Hmoi cropoHu, 3MmeHmieHHss XCK cymimi micias Oz/Y @-06poOku
TOBOPUTH MPO MMOBIPHE MOJIETHICHHS YMOB Jisi moaanbiioro TiOy/Y ®-okucHEHHS
npoaykTiB aectpykiii OI1-10, yrBopeHuX Ha nmonepeaniil crauii.

[Ipu nBocraaiiinomy (O3z/Y®+TiO2/Y®) OKHUCHEHHI CTyMNiHb HEPBHUHHOL
nectpykiii OIT-10 (AC,%) moctymnoBo 3pocTaB 31 301IbIIEHHIM Hnors. O3z. [Ipuuomy
HanOnbima pizHuld B AC = 42% y mnopiBHsiHHI 3 O3/YD-00pobkoro Oyna mpu
MeHIIH dnors. O3, a Haiimenma AC ~1% — npu 3Ha4Hil Juors. O3 (40-50 Mr/om3). V
nopiBHsHHI 3 Ti02/Y ® HaBnaku MakcumanbHy pizHuiio B AC =21% nemoHcTpyBanu
PO3UMHH, K1 IOTTUHYIN HalOLibiry 103y O3 (puc. 1a).
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Crymins pectpykiii OIl-10 3a XCK npu asocramiiinomy (O3/Y D+TiO2/Y D)
OKMCHEHH1 HOro po34uHy Y BOAOIPOBIAHIN BoAl 3pocTaB B 1,9—3 pa3u y nopiBHSHHI 3
TiO2/Y® ta O3/YD npu Beix 103ax MOTJIMHEHOT0 030HY (pHc. 10).

AC,%  O1-TiO2/V® a AXCK.% @1 - Tio2/ve 6
O3 - O3/VO+TiO2/ VD == O3 - O3/VO+TiO2/VD

80 A/ F 80

60 i 60

40 40

20 20 E d

0 T — T — T — T — |7 0 T T T T 1
- 3.5 5 8.5 45 - 3.5 5 8.5 45
JTo3, Mr/omm> JTo3, Mr/omm>

Pucynok 1. Crynins aecrpykuii OII-10 3a 3Hm:kenHssmM koHuenrpauii (a) ta XCK
(0) npu oxMcHeHHI fioro po34uHiB y BogonpoBigHii Boxi: 1 — okpemo TiQ2/Y D
nporsarom 120 xB.; 2 — okpemo O3/Y® 3a pi3Hux pexumiB GoT0030HYBAHHS
nporsirom 1-25 xB; 3 — mpu MOCJIiIOBHOMY OKHCHEHHI i10ro po3uuHiB Oz/Y ®
(1-25 xB) + TiO2/Y® (120 xB)

Hait6inpmnii crymins poskiany cymimi 3a XCK 53,2% Tta makcumanbHe
3outbiienHss AXCK (32,6 1 35,7)% nopiBasiHO 3 O3/Y® Ta TiO2/Y®, BiaNOBIIHO,
JOCSITATIUCh TIPU TPUBAIOCTI MOMEPEeTHBOT0 (GoT0030HYBaHHS 7—8 XB 1 [jors. O3 =8,5
mr/nm3.  Tpeba Big3HauumTH, 100 0OpH OGN TPUBAJIOCTI  IONEPEIHBOTO
doroozonyBanHs 25 XB i [Mporn Oz 40-50 Mr/am3,posrisHyTi MOKasHUKM Oy
MeHmuMu. Biporigno, npu rmmbmid aectpykiii OIl-10 na momepenniit cranii, B
pEaKIliifHIi CyMiIlll yTBOPIOEThCA (pakilisi HU3LKOMOJCKYJISPHUX TPOAYKTIB, SIKi
ripie copOyrOThCS Ha MOBEPXHI Karajii3aTopa, TAM CaMUM TajJbMYIOUYU MOAATBIIUN
poIIec ASCTPYKIIii (OTOKATATI30M 1 3MEHITYIOUN HOTO €(hEeKTUBHICTb.

Cryniap pectpykmii 3a XCK mnpu  nBocrapiitHomy (Osz/Y®+TiO2/Y D)
okucHeHHi OIT-10 i Muorn. O3 > 5 mr/am® (AXCKs, %) OyB BUIIMM, Hi)K CyMapHHI B
okpemux nporecax (AXCK2+AXCKi, %), ToOOTO criocTepiraBcsi CHHEPTriiHUMA edexT,
HaiOiIbI BUpasHuil pd Tuors. O3 = 8,5 mr/nm3 (53% > (20,6+17,5)%).

BucnoBkn. TakuM YWHOM, MOKa3aHO MOXJIMBICTh MiJABUINEHHA Yy 3 pa3u
cryneds gorokatamituyHoi (TiO2/Y®) mectpykuii 3a XCK exorokcukanty OII-10
HUIIXOM MONEPEAHBOr0 KOPOTKOTPUBANIOTO (7—8 XB) OTOO30HYBaHHS HOTO pO3UHHY
y BomonposimHiii Bomi MamuMM norm. Os (8,5 mr/aM°). Bmims momepemnboro
¢oroozonyBanus Mpuluors. O3 >5 mr/nm3 Ha cTyminb GoTOKATATITHYHOT JECTPYKIIT
OI1-10 y BogonpoBiaHiii Bogiza XCK HOCUTh CHHEPTIHHUM XapaKTep.

Iepeuaik mkeped ingopmauii

1. HIBamuuna HO.O., Bakynenko B.®D., CoBa A.M. I'muboka necTpykiis
HeionorenHoro ITAP Tputony X-100 y Boal yIOCKOHaJE€HHUMH IMpollecaMu
OKHCHEHHS 3a y4acTio 030HY. Ximigimexnonoeiaeoou. 2023. T. 45, Ne 2. C. 131-142.
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YK 66.084
IlepcnekTMBH BUKOPUCTAHHS IiIPOAMHAMIYHOI KaBiTauil 1y HedTpasizanil
CTOKIiB MOJIOYHOI IIPOMMCJIOBOCTI
bozoan Ilenens, Onexcanop Qoo0oeuu, Anna Heoobaiino, /Io6oe I oricenko,
Hamania Paduenko
Incmumym mexniunoi mennoghizsuxu HAH Ykpainu, m. Kuis, Ykpaina

Beryn. 3pocraHHss BHPOOHMYMX TOTYKHOCTEH MIANPUEMCTB MOJIOYHOL
MIPOMHUCIIOBOCTI Bene A0 30IIbIICHHS OOCATIB CTIYHUX BOJ, SIKI TMPEACTABISIOTH
3Ha4YHY 3arpo3y s AOBKULI. [IpudanHO0 IbOMY € BUCOKa OpraHiuHa 3a0pyIHEHICTh
Kupamu, OUIKaMHd Ta  JIaKTO3010, AKTUBHHMM  PO3BUTOK  PI3HOMAaHITHHX
MIKpOOpPraHi3MiB Ta BHCOKHWA BMICT XIMIYHUX PEUOBHH 4Y€pe3 3aJIMIIKH MHIOUYHX
3aco0iB. Ilpm BubOOpi TexHoyorii HeWTpamizamii HEOOXITHO BpPaxOBYBaTH
KOMIUJIEKCHICTh MIAXOMY, sIKa Tependadae BUKOPUCTAHHS PI3HUX METO/AIB OYHCTKH.
OCKUIbKM CTIYHI BOJM MOJIOYHOI MPOMUCIIOBOCTI € CKJIQJHOIO 1 HECTaOUIHHOIO 3a
CKJIaJOM  MOJIJAUCIEPCHOI0  CHCTEMOIO  Ta HaJeXKaTh JIO  KaTeropii
BHCOKOKOHIIEHTpOBaHUX (opraniune 3a0pymaHenHsi) 1 IV kijmacy HeOesnekwu.
[ToTpanyisiHHSL y BOJOMMM CTOKIB, SIKI HE BIAMNOBIIAIOTH HOPMAaM MOKE CHPUYUHATH
aKTUBHUU PICT BOJOPOCTEH Ta 3HIKCHHS KHUCHIO Y BOJII, IO BEAC N0 Jerpaaartii
exocucTeM. ToMy NOCHIDKEHHSI Y HanpsMKY iHTeHCH(iIKaIli 1CHyIOUMX CIOCOO0IB i
PO3pPOOKHU HOBHUX, a TAKOXk O0OJIaIHAHHS HA TX OCHOBI € aKTYaJbHUM.

VY nmaHiit pobOTI aBTOpamMu PO3TJIIHYTO KOHIIEMIII0 1HTeHcUuikaii mporecy
OYHUIICHHS CTIYHUX BOJ MOJIOYHOI IMPOMMCIIOBOCTI 3 BHUKOPHCTAaHHSM KEpOBAHOI
TApOAMHAMIYHOT KaBiTaIlii.

Marepiaam i meroau. Jns TpoBeACHHS JOCHIIPKEHb BHKOPUCTAHO
KaBITallMHUNA NpUCTPIA IS TOAPIOHEHHS BOJOKHUCTUX MatepianmiB. [Ipuctpiit
CKJIAIa€ThCcsl 3 KpuWibyaTKU (KaBiTaropa), HAcaJKeHOI Ha Bally €JEKTPOJIBUIYHA,
OCHAIIIEHOTO YaCTOTHUM IEPETBOPIOBAYEM, CTaHJAPTHOTO KOH(Y30pa, TOPIOBUHU 3
JaiaMeTpoM 55 MM, goBxkuHOO 67,5 MM Ta nudysopa. Ilpunmun ioro pobotu
noOyOBaHU Ha TEpPETBOPEHHI MEXaHIYHOi €Heprii B TiApaBIiYHYy 3a paxyHOK
CTBOpEHHsI KaBiTallli Ha Jonarsx. ['1IpoguHaMiuHa KaBiTallisl CTBOPIOE€ 1HTEHCUBHUMN
JUCKPETHO-IMIYJIbCHUNA ~ JUHAMIYHUW BIUIMB HA JIUCIEPCHY CHCTEMY, IO
00pobsieThCcsl. TakuM YMHOM Yy TPHUCTPOi peani3yeThCsl CIPSIMOBAaHHM BIUIMB Ha
MIKpO- 1 HaHOplBHl Ha cy6MoneKmepH1 CTPYKTYPH, KIITUHU MleOOpI‘aHIBMlB
KEpYIOUM KIHETHUKOIO TIPOIECIB TEMjao- 1 MacooOMiHy, mepebiroM XiMIYHHX 1
O10XIMIYHHX peaKIliil y pO3UyMHAX, a TAKOK O10XIMIYHHMX PEaKIliil y pO3UMHAX.

JlocmipkeHHsT TPOBOAMIIA TIPU  TpuBajiocTi o0pobku 60-90c 1 pi3HUX
3Ha4YeHHAX yncia kapitamii — 1,8; 0,6 1 0,3 Ha nBox Tumax piauH. [lepma - MomouHa
CUpOBATKa 3 MOKA3HUKAMH XIMIYHOT'O CIIOKUBAaHHA KUCHIO 75 Mr/n. [pyra — cTiuHi

BOJAM MOJIOKO03aBOAy (0€3 TOoCmomapchKO-MOOYTOBUX, [OIMIOBUX Ta JIPEHAKHHUX
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CTOKIB) 3 XIMIYHUM CIOKMBaHHSIM KHCHIO 1440 Mr/n. ExcriepuMeHTH TIPOBOIUIIN TIPU
temrepatypl piauau 20°C. Y 10ciiKeHHI BUKOPUCTOBYBAJIM CTAaHJIAPTHI METOIH
OLIIHKMA TEXHOJOTIYHUX TMapaMeTpiB MOJOYHOI CHpPOBATKM Ta CTIYHHX BOJI.
PesynbpTaTi eKCcnepuMEeHTAIbHUX JOCHIKEHb 0OpOOJISIN METoJaMu MaTeMaTH4HOI
CTaTUCTHUKHU.

Pe3yabTaTn. BuBdueHO BIUIMB TpUBAIOCTI OOpOOKM B yMOBax KaBiTailli Ha
JTUCIIEPCHICTh KUPOBOI (pa3y MOJIOYHOI CUPOBATKH 3 BMicTOM xupy 0,2 %, Ha edekT
OYUIIICHHS MOJIOYHOI CHpPOBATKU BiJl )KHPY, 32 3aBUCIMMH PEUOBHHAMH, XIMIYHUM
CTIO’KMBAHHSIM KHUCHIO.

Binomo, mo aucnepryBaHHs >KUpOBOi (pa3u BIAOYBA€ThCA MPOTSITOM MEPLINX
CEKYH/JI 0OpOOKH ITICJIsl 4OT0 BCTAaHOBJIIOETHCS PiBHOBAra.

AHami3 oTpuMaHoOro (PpakiiitHOro po3MOAUTY po3Mipy (IiaMeTpa) >KUPOBHX
Kpamneib MOJOYHOI CHpOBATKM TOKa3aB, IO MPH TpuBajocTi o0pobku 90 c Ta
3Ha4YeHHI1 yncia KaBiTamii 0,3, cepenHiii JiaMmeTp KUPOBUX Kparesb CKIaaaB 2,6 MKM.
[Tpu upomy, nepeBakHy OUIBLIICTH CTAHOBWJIM JKUPOBI Kparuii 1iaMeTpoM MEHIIIe 2
MKM.

BuBueHo BIUIMB TPHUBAJIOCTI KaBiTamliiiHOT OOpOOKM (IpU 3HAYEHHI YHUCIa
kaBiTarlii 0,3) Ha eEeKTUBHICTh OYUIIEHHS MOJIOYHOI CHPOBATKH Ta BCTAHOBIICHO, 1110
pu 301IbIIIEHIM Yacy 0OpOOKM KOHILIEHTpAIis KUPY 3MEHIIMIACh Ha 22 %, 3BaKEHUX
pedoBuH Ha 15+18%, XimMiuHe criokuBaHHS KUCHIO Ha 8+10 %.

JlocmipkeHHsT TOKAa3HUKIB  OYMINEHHS CTIYHUX BOJ[ TOKa3aldH, IO MpHU
TPUBAJIOCTI KaBiTaIriiHoi 00poOku 60+90 ¢ 3 kapiTamiiauMm yuciaom 0,6+0,3
KOHIICHTpAIlisl XKUpY 3MeHlyBanachk Ha 2025 %, 3aBuciaux pedoBuH Ha 22 %,
XIMIYHE CIIO’KUBaHHS KUCHIO Ha 12+15 %.

BucHoBku. Pe3ynbraTé NpoBeNEHUX EKCIIEPUMEHTAIBHUX JOCHIIKEHb 3
BUBYCHHS 3aKOHOMIPHOCTEH OUMWIICHHS MOJIOYHOI CHPOBATKH Ta CTIYHUX BOX Y
KaBITAI[IHHOMY TOTOIl TOKa3ajaM, MO e(PEeKT OUMINEeHHS MPU KaBiTallii Moxe OyTh
JOCSITHYTHH 3a OLIbII KOPOTKMU 4ac, aHK MpU TYpOYJIEHTHOMY IEpPEMIIIyBaHHI.
HaBeneni Bule pe3ynbTaTd JOCTIKEHHS Ta METOIWKA MOXYTh PO3TISAATHCS SIK
OCHOBA JJIsl IOJANBIIIOTO BUBYCHHS KaBITA[IHHOTO METOAY OUUIIEHHS CTIYHHUX BOJ,
SKWA TIOTEHIIIHHO MOX€ BHKOPHCTOBYBAaTHUCS SK CaMOCTIMHUN MeTon abo B
KOMILJIEKCI 3 IHIIMMU METOJJaMU OYMILICHHSI.

YK 546
CoHoxiMiuHHI1 CMHTE3 KOMNO3UTY “HaHOYACTHHKH CU2O-KIMHONTHIOMIT” Ta
HOro BUKOPMCTAHHS ISl AaKTUBAILII MepiiofaTiB B OKUCHIOBAJIbHIN Aerpaaauii
MoOHOa300apBHUKa Acid red 14
KOpiii Cyxaubkuii, Poman Munx, Bonogumup Hnmoanmoxk,
Maptun Co3zaHcbkuii
Hayionanvnuii ynisepcumem “Jlvsiecoka nonimexuika”, Jlvsis, Yxpaina

Beryn. CenexktuBHi 32 GOpMOIO 1 PO3MIPOM HAHOYACTUHKH METATOOKCHUTHUX
MmaTepianiB Ha ocHoBi Miai (CuU), 3 BJIacTHBOIO T MPHUPOIOIO MEPEXiTHOTO METaly,

XOPOIIIOK KaTAITUYHOK AaKTHUBHICTIO, HASBHICTIO KUIBKOX CTYNEHIB OKHWCHEHHS,
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BEJIMKOIO TOIIMPEHICTIO Ta TOPIBHIHO HEBHCOKOI BapTICTIO, 3HAXOASATh OaraTo
3aCTOCYBaHb: y Ta30BUX CEHcopax, Ol10CeHCOpax, eJIEKTPOXIMIYHUX CEHCcopax;
MIPUCTPOSX TIEPETBOPEHHS COHSYHOI €HEPrii Ta MarHITHUX HOCISAX 1H(OpMaIii, JITii-
10HHUX Oarapesix, CyNepKOHJIEHCATOpax; IJIsi TeHEepyBaHHS BOJHIO; y (hOTOKaTami3l;
OloMenuuMHI (MPOTUMIKPOOHI, MPOTUTPUOKOBI 3aco0M, aHTHUOIOTHMKH, 3aco0u 13
AHTUKAHIIEPOTEHHUMH W aHTUOKCHUJAHTHUMHU BIACTHBOCTAMM); SK KaTali3aTOpU B
OpraHi4yHUX CHUHTE3ax 1 sl €(EeKTUBHOIO IreHepyBaHHS akTUBHUX (opMm KucHio y
NepeIoBUX Mpollecax OKUCHEHHS IS IeTpajialii OpraHiyHUX MMOJIFOTAHTIB Yy BOAHUX
cepeoBUIIaX.

181 dopmu okcuaiB Mial (CuO 1 Cuz0) maroTh CTpYKTYpy HamiBIPOBIAHUKIB
p-tuny. HaHnouacTuHkr 0OMJIBOX OKCHIIIB Mifl, KPIM iX OCOOJMBUX €JIIEKTPUYHUX Ta
ONTUYHUX BJIACTUBOCTEH, BOJIOJIIOTh TAKOX I W IHIIUMH TEpeBaraMu, a came:
XOpOIIOK CTaOUIBHICTIO B PO3YMHAX 1 HIDKYOK BapTICTIO, TMOPIBHSAHO 13
HAHOYACTUHKAMHU OKCHJIB IHIMX mepexigHux wmeTtamB. Di3udHi BIaCTUBOCTI
HAHOYACTMHOK OKCHJIB MiJl 3aJIeXkaTh Bij iX po3aMipy, hopmu Ta MOpdoIorii.

Mu 3aiiCHWIM ABOCTAAIMHUM CHHTE3 KOMIIO3UTY ‘‘HaHO4YacTHHKH Cu20-
KJIMHONTUJIONIT” 13 BUKOPUCTAHHSAM YIIbTpa3ByKoBoi (Y 3) KaBiTallii Ha mepirii craii
(cranii #ioHHOro 0OMiHY) Ta rigpasuHy SK BigHOBHMKA oHIB CU?* 10 HAHOYACTHHOK
Cu20 y KIMHOOTWIONITI Ha Jpyrikd cramii. Takox Aocmiawid e(QeKTUBHICTD
OJTHOYACHOI ~aKTWBalli Kalilo mepioaary Y3-kaBITall€el0 1 CHUHTE30BaHUM
KOMITO3UTOM ‘“‘HaHOYacTHHKUA CU2O-KIMHONTUIIONIT JIJIi OKMCHIOBAJIBHOI JIerpajari
monoa3o0apsuuka Acidred 14 sik 3a0pyaHIOBa4a BOAHUX CEPEIOBHIIL.

Marepianu i meTonu. /1151 COHOXIMIYHOTO CUHTE3YKOMIIO3UTY “HAaHOYACTUHKHU
Cu20-KIMHONTUIOMT BUKOPUCTOBYBAUTU(PAKIT MPUPOAHOTO KIMHONTUIIONITY
CokupHuiibkoro pojaonuina (3akapnarcbka 001acTh, YKpaiHa) 13 po3MipoM 3€peH y
nianmasoni (y mm): 0,063-0,1; 0,1-0,25; 0,25-0,5; 1,0-1,5 (exBiBaJIeHTHUI JiaMeTp
YAaCTUHOK KJIMHOINTHUJIONITY JOpiBHIOBaB, BiamosinHo, 0,082; 0,175; 0,375 1 1,250

CuHTe3 KOMIO3UTY BiIOyBaBCh y ABI cTajii: 1) akTuBoBaHMi Y 3-KaBiTalli€ro
HOHHMI OOMIiH KarTioHIB y Kapkaci KIMHONTWIONITY Ha Homum Cu?' i3 BomHux
po3unHiB npekypcopa (CuSO4-5H,0); 2) Binnosnenns ionis Cu?* 10 HaHOYACTUHOK
Cu20 y meouiTi TiaApa3uHOM y JY>KHOMY cepenoBuili. OCoOIMBICTIO MEPIIOi CTafli
Oyno gomaBamHs mo kpamasx 200 cm® BomHOro posumHy Impekypcopa 3
koHueHtpamietro CuSOs 10 % wmac. 1o cycnensii kiauHonTwionmity (20 r
xuHonTHiIomTy B 100 cM® muctunboBanoi Bomu). Ilix wac mogaBaHHs IpeKypcopa
JI0 CyCIIeH31i KIIMHONTHIIOMNITY 110 TeTEPOreHHY CHCTeMY BIpooBx 10 XB. migaBaiu
Ji1 aKyCTMYHHUX KoJMBaHb Y 3-mianmasony (reHepatop Y3 — Bandelin Sonopuls HD
2200.2; yactora Y3 — 20 xl'm; muTomMa MOTYKHICTh KaBITal[IMHOTO 0OOpOOJICHHS
peakuiiinoro cepenosuima — 200 Br/nm®). Jlns 3a0e3nedeHHs MOBHOTO OOMIHY
KaTiOHIB y KapKaci KJIMHONTUIONTY Ha ¥Houu Cu?* i3 BOAHMX PO3YMHIB IpeKypcopa
MIPOBOJIAIIN TIOCTIMHE TiepeMiiyBaHHs (dactora — 300 00./XB.) reTeporeHHO1 CUCTEMU
3a KIMHATHOI TeMIiepaTypu yrpojaoBx 2 roxa. llepen nomaBaHHSM y cUCTEMY
BIJIHOBHUKA (TiApa3uHy) KoperyBaiau pH no ~ 7,5 BoguuM po3unHoMm amiaky. [licms
JOJIaBaHHs ~ BIAHOBHMKA (y 2-KpaTHOMY HAJUIMIIKY) pEaKLiiiHy CHUCTEMY

YepPBOHYBATO-KOPHYHEBOr0 KOJILOPY Takox mepemimryBaau (qacrora — 300 00./xB.)
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YIIPOAOBIK 2 TOJ. 32 KIMHATHOI TeMIIepaTypH, a MOTIM 3aJIMIIAIA Ha HIY JJIs1 OC1IaHHS
YaCTUHOK KoMmo3uTy. CylepHaTaHT 3JWBaf, OTPUMAHUNA MPOAYKT (KOMITO3HT
“HanoyacTUHKU CU2O-KIMHONTWIONIT ) MPOMUBAIM 5 pa3iB JUCTUIHLOBAHOI BOJIOIO
1 ey 3a Temmeparypu 60 °C 1o nmocTiiHOT MacHu.

SIKicHUI Ta KITBKICHUM €JIeMEHTHUN CKJIaJl KOMITO3UTY OYJIO OI[IHEHO METOJIOM
eHeproaucriepciinoro pentreHiecbkoro anamizy (EDX) ma INCA Energy 350
(Oxford Instruments).Mopdormorito Ta cepeaniii po3mip HaHo4dacTHHOK Cu20
JIOCJIIJIPKYBAJIM METOJIOM CKaHIBHOI €JIeKTPOHHOI Mikpockomii (SEM) 3a monmomororo
mikpockona ZEISS EVO 40X VP.

JocmipkeHHsT  OKMCHIOBaIbHOI — gerpananii  OapBHuka Acid red 14
(KOHLIEHTpalliss BOAHOro posunny Oapsauka — 30 mr/mm® a6o 59,8-10° mons/am3;
00’em posumny — 200 cm°) i3 BHKOpPUCTaHHSAM CcHCTEMHU ““Y3/KOMIIO3HUT
“nanovactuHku CU2O-kmuHOnTHIOMT /KIO4 3 1iCHIOBAIM Yy CKISTHOMY PEaKTopi
06’emom 300 cm®. OxucnennsAcid red 14 ininiroBanu nosyBanasM okucHuka (KIO4)
1 KarajizaTopa Horo po3kyiaay (KOMITO3uTy “HaHOYaCTHHKH CUO-KIMHONTHIONIT )
y BOJHUM pO34uMH a300apBHUKA 3a IOCTIHHOro mepemimyBaHHs (dactota — 500
00./xB.). Ilix 4ac pocmimxeHs 3a0esnedyBanupH=3, MoibHE CITiBBIIHOIICHHS
capeuuk:K104=1:40, Bmict karamizatopa — 4 r/nm3, remneparypy — 65 °C. 3HaueHHs
pH cepenoBuinia peryimoBaiyd A0aBaHHIM BOJAHOTO PO3YUHY XJIOPUIHOT KUCIOTH 3
xounentrpamicio 0,1 mons/nm3. OgHOYACHO 13 MO3YBaHHAM OKMCHMKA i KaTamizaTopa
HOro po3kiany 3 YTBOpEeHHSM akTHUBHUX ¢opM KucHio 3ilicHIOBaIu 00poOJieHHS
PEaKiiifHOro cepeIoBUIa aKyCTUYHUMH KOJMBAaHHSAMH Y 3-/iana3ony (dacrora Y3 —
22 kI'm; rycruna mortyxHocTi Y3-06pobnenns — 51 Br/nm3). Teneparopom VY 3-
KaBiTallii OyB Mar"itTocTpukiiitnuii BunpomidioBauy “Ultrasonic Disintegrator” UD-
20.Konmnenrpariito OapBamka Acid red 14 BusHauanm CrHeKTpohOTOMETPUIHO 3
BukopuctanusiMm crekrpodoromerpa UV-3100PC  (MakcuMyM TIOTJIMHAHHS 32
JIOBKUHH XBHJIL 516 HM).

Pesyabratn. EDX-cniektp (puc. 1) migTBepauB HasBHICTH HAaHOYACTUHOK
Cu0 y xapkaci kmuHomTwiomity. Kpim mikiB Al, Si ta O, xapakTtepHux s
KIIMHONTIIIONITY, 3’ siBuiauch HoBi miku 3al,0 Tta 8,05 keB, saxi BiamoBimamm Mmifi.

Bwmict Cu y CHHTE30BaHOMY KOMITO3UTI CTaHOBUB 56,71 % Mmac.
Element Weight%  Atomic%o

O 27.29 53.77
Al 261 3.05
Si 13.39 15.04
Cu 56.71 28.14

Totals 100.00 100.00

0 2 4 6 8 10 12 14
keV

Puc. 1. EDX-cniekTp komno3ury “HanoyacTuHkd CU;O-KIMHONTHIONIT”

3a BUKOPUCTAHHS 3€peH KIMHONTUIIONITY 13 aiamerpom Yy miamazoni 1,0...1,5
MM OTPUMYBQJIM KOMIIO3HUT, TIOBEPXHsS SIKOrO Oyla piBHOMIPHO 3allOBHEHA
gactuHkamMu Cu20 i3 cepeHb03BaXXKeHUM AiameTpom 60,5 HM.
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CrymiHb OKMCHIOBAJILHOI Jerpajaiii MmoHoazobapBHuka Acid red 14ycucremi
“V3/komnozur “HanodacTHHKH CU0-xkmuHOnTHIONT /KIO4” ympomorxk 30 xB.
nocsiraB 90,6 %. lle miATBEpKEHO CYTTEBUM 3MEHIIEHHSM 1HTEHCUBHOCTI
MOTJIMHAHHS 32 TOBXUHU XBUIIL 516 HM (puc. 2).

'a
f
r

\

Puc. 2. UV/Vis-ciekTpu OKI/ICHIOBaJIJI;I:INO'l' nerpananii oapsauka Acid red 14

BucHoBku. BuKOHaHO [ABOCTaAIMHHI COHOXIMIYHHMA CHHTE3KOMITO3UTY
“nanovactuiku CuO-knmunonTunomt” (Bmict Cu — 56,71 % wmac.). Kommosur
BUSIBJISIB BUCOKY aKTUBHICTH i1 9ac po3kiany KIO4 mis okucHIOBaIBHOT Jerpaartii
MoHoa3o0apBHuka Acid red 14 — 3a0pynHOBavYa aKBacepEIOBHIIL.

Y1K628.33
Bruius pyiinyBanns kaxoBcbkoi 'EC Ha miznpuemrtcBa
Ta UWJISAXH IX BUPilIEHHSA
'Hanis Knumosa, FOpiii I'op6auoB, ManabueB boraan,
2Quexciit Xaonuubkuii, Irop Kosanenko, Haranis Makap4enko
YHHI « Vkpaincokuil 0eparcagHutl Ximiko-mexHoro2iuHuil YHiéepcumeny,
2VKpaincoKkutl 0epicasHull yHieepcumem Hayku i mexnonozit, Juinpo

KaxoBcbke BOAOCXOBHUIIE — JApyre 3a IUIOMICI0 BOJOCXOBHINE B YKpaiHi
(uromma — 2155 km?) ta mepme 3a 06’emom Bomu (oOcsar Bomm — 18,19 kwm?),
po3TaiioBaHe B TpboX oOnacTsx Ykpainu (3anopi3bka, JlHimpomeTrpoBchbka Ta
XepcoHcbka) 1 Mae gopxuny 240 kM. CrniopynaMu T1ApoBY3Jia JOBKHUHOK Maiike 4
KM piBeHb p. JHinpo Oymo miguaTo Ha 16 M. Tomy HeratuBHI HAaCHiAKU IHOTO
00’ €KTY Jy’)KE CYTTEBI.

Hacnigku minpuBy rpebm Kaxoscekoi 'EC 3Hauni He nwmmme mis JUAKOT
IPUPOIM aJle 1 HE MEHII BaXJIMBI JJIs1 EKOHOMIKH, €eHEPr€THKH, HACEJIEHHS 1 BPEIIT] —
sayepHoi Oe3reku YKpaiHu, SKI MalOTh OIIHIOBAaTHCS BIAMOBIIHUMHU CIICIIaTICTaMHU.
Posrnsin miei katactpodu 3 IHIIMX pakypciB (30Kpema, BIUIMB Ha 3a0€3MeYeHHS
BO/IoI0 HacenieHHs1 B paiioHi KaxoBcekoi I'EC, BIMB Ha CLIbChKE TOCIOAAPCTBO
TOIII0) BXKE 3/A1MCHEHUN B 1HIUX IMyOJIIKAIISIX HU3KOI0 HAYKOBI[IB Ta KYPHATICTIB.

3 Hamoi TOYKHM 30py 3HAYHO CYTTEBI HACHIAKK OTPUMAIIM MiANPUEMCTBA Ta
CHepreTUKa TUX PETIOHIB, SKI TaK 4YM iHaKmie Oynu mpuB’s3aHi 10 KaxoBCHKOTO
BojocxoBuma. Oco0nMMBO 1€ CTOCYEThCS MIANPUEMCTB KpuBOpi3bKOro Ta
HikononbchbKoro paiioHiB, a TaKOX OKYIOBAaHOI YaCTHMHU 3amnopi3bkoi odsacti. Bei i
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HIAIPUEMCTBA CIIOKMBAJIM BOJY Yy 3HAUHMX KIUIBKOCTSX, SIK JJIs BUPOOHHUIITBA
OpPOAYKIIi Tak 1 JJs CBOro cCTajoro icHyBaHHs. KijgbkicTh BoaM — sika
BUKOPUCTOBYBAJIaCs paxyBajlacs COTHAMM TUCAY KyOOMETPIB.

Ha nanuit yac mianpuemctBa Hikononscbkoro ta KpuBopizbkoro paiioHiB
CTHUKHYJHCSI 13 CHTYyaIli€lo, KOJIM HecTaya BOAU NPU3BOJUTH JO TOPYIICHHS
TEXHOJIOTIYHOTO TPOIIECY ajie 1 1HOAl JO KOPOTKOYaCHOI 3yNMMHKHA BUPOOHUIITB, IO
Jy’K€ KPUTUYHO BIJUYBAETHCS, OCOOJUBO SIKIIO 1€ BUPOOHMUIITBO E€HEPreTUYHOIO
cekTopy. Ha OuIbIIOCTI MIANPUEMCTB UUX PAMOHIB ICHYIOTh TakK 3BaHl
«UUIaMOHAKOINIUYYBau1», sIKI MalOTh 3HAYHI 3allacl BOAM ajié HE BUKOPUCTOBYIOTHCS
30BCIM JJII TEXHOJOTIYHOTO TIpolecy. BmpoBaikeHHS Ha MiANMPUEMCTBAX
CHEpPreTUYHOr0o Ta  METANypridHOrO0  KOMIUIEKCIB ~ TEXHOJIOTIA  MOBTOPHOTO
BUKOPHUCTAHHS BOJW, HAACTh UM IIAMPUEMCTBAM O1IbIIIOI aBTOHOMHOCTI, MEHIIIO]
3aJIEKHOCTI BiJI TEPBUHHOrO 3a00py BOAM 13 PIUOK, KaHAJIIB Ta BOJOCXOBHIIL.
TexHomorii MOBTOPHOTO BHMKOPHCTAHHA BOJIM PI3HATHCA MO MIANPUEMCTBAM B
3aJI€KHOCTI BIJ iX coenugiku BUPOOHUIITBA, OTXKE OJAHIE] TexHOoNorii sika O
niaxonuaa JUisl TNPUKIAAy EHEPreTMYHOMY Ta METalIypriiHoMy BHPOOHMIITBY,
HaXanb Hemae. Bce 1me [ga€ MOXIMBICTD 3aMHUCIUTHCS HE TUIBKM CaMUM
HiAIPUEMCTBAM a W TEPUTOPIAIbHUM TpoMajJaM Ha SKMX BOHHU PO3TallOBaHi, SIK M
ICHyBaTu Jiajii 1 B3aeMoJisITH. Jjsi BUpilIeHHs 1€l poOjeMHu MOTPIOHO 3aIyduTH
npogecioHa B MPaKTHUKIB, HAYKOBI(IB Ta JOJATKOBI iIHBECTHULIII 3 OOKY JepKaBH.
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CEKIIIS 8
EKOJIOTO-EKOHOMIYHI ACIIEKTH

PAIIIOHAJIBHOI'O
BOJOKOPUCTYBAHHAA
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YK 504.453
Exosoriyna ouinka sikocti Boau daceiiny piuku Crpui
JlIroomunia Poman, Cepriii Cyxapesn
JIBH3 « Yaiceopoocwvkuti HayionanvHuil yrisepcumemy, Yoceopoo, Yrpaina

Beryn. Piuku KapnaTchkoro perioHy € OCHOBHUM JIXKEPETIOM TPICHOI BOJU Ta
3JaBHA BUKOPHUCTOBYBAJIWCH JUI TOCIOAAPCHKOI MISUTBHOCTI JIFOAWHU: 3POIICHHS
CUIbCHKOTOCIIOJIAPCHKUX  YTifb, PHOHE TrOCHOJAapCTBO, TOHIO. 3a0pyAHEHHS
MOBEPXHEBUX BOJOTOKIB BHACIHIOK HAIMIPHOTO AHTPOIOTCHHOTO BIIJIMBY MOXKE
NPU3BECTU 1O 3MEHLIEHHS iX 00’e€My 4YM MOripiIeHHS AKOCTi. SIK pe3ynbTar -
MOPYIIECHHS TIPOCKOJOTIYHIO OajlaHCy Ta 3MEHIIEHHS O10J0T1YHOTrO PI3HOMAHITTS
Kapnarcrekoro periony.

Piuka Crtpuii npotikae y mexax JIbBIBCbKOI 00jacTi YKpaiHM 1 € THIIOBOIO
ripcskoro piukoro [1]. Il mporsxmicTs cknanae 232 kv, a mioero 6aceitny 3060 kvm2,
baceitn piuku Ctpuil TepuTOpiadbHO PO3MOATICHUN B3JO0BX HACEIEHUX MYHKTIB Ta
MIPOMUCIIOBUX IIEHTPIB, MISUIBHICTh AKHUX OE3MOCEepPEeHBO BIIUBAE HA TAPOXIMIYHUM
PEKUM BOJIOTOKY.

Metoto poboTu € omiHka skocTi Boau piuku CTpuil 3a JIeSAKUMHU
riapodi3MYHUMU Ta T1APOXIMIYHUMH MOKA3HUKAMH SKOCT1 BOJIH.

Marepianu i Meromu. EKoNOriuHy OLIHKY $IKOCTI Boau piuku Crpuii
npoBeaeHo BecHo 2024 poky. Mg nmochimkeHHs Oyino o0paHo 3 TOYKH
npoOoBIAOOPY Y MICISX, /e BIICYTHI cTaiioHapHi cTBopu: Nel - Hux4e rupnia p.
3aBazaka; No2 - Hukue rupna p. S6myHpka; No3 - Hukue rupia p.Omip.

AHaMITUYHI JOCIIKEHHSATPOBEICHO BUKOPUCTOBYIOUM HACTYIMHI TEXHIYHI
npwiagu:  crnekTpodoTomerp aromHo-abcopOmiitHuit  ContrAA  300;dbotomerp
doroenexktpuunnii KOK-3-01; anamizarop pinunu dmroopar 02-3M; pH wmetp;
kouaykTromerp OK 117.

PesyabTatn. Amnanizpes3ynbTaTiB Tiapodi3UYHUX JOCHIIKEHb BKa3zye Ha
KaTeropito Bou «4ucta» (Tadmn.1.). Bci BU3HauyBaHi MOKa3HUKHA B HOPMI.

Tabnuis 1. — Pe3yabTaTu riapogizsmuyHux gociaiakenb ikocTi Boau piuku Ctpuid

Touku npo6oBio0opy | HopmoBana Benmunna

Nel | Ne2 | Ne3 [2]

: 32 32 35

[Ipo3opicTh, cM +1 +9 +1 >30
10 12 13

KonsopoBicTs, rpagycu +9 +1 +1 <20

3amax, 0anu 1,0 1,0 2,0 <2

HazBa noka3nuka

PesynpTaTi  rigpoXiMIYHUXAOCTIIKEHb  3acBimuyrorbrnepeBuieHHs [JIK
(rpaHUYHO-AOMYCTUMI KOHLEHTpAIlli) 32 OKPEMUMH IMOKa3HUKAMH SIKOCT1 BOJW JJIs
BOJI pUOOTOCIIOMAPCHKOTO MPU3HAYCHHS: 3aBUCINX PEYOBUH, HITPUT-10HIB, aMOHIM-
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ioniB Ta XCK (ximMiuHe cro)kvBaHHA KHCHIO).Tak, KOHIIEHTpaIlisl 3aBUCIUX PEYOBUH
nepesumrye Hopmy Ha 1-1,4 mr/mv3(puc. 1, a.), XCK Bignosigno Ha 1-2 mr/am3(puc.
1, 6.), amouiii-ioniB — wa 0,5-0,8 mr/mm3(puc. 1, B.)Ta HiTpuT-ioHiB — Ha 0,2
mr/om3(puc. 1, 1.).

C (2aeumc peu.), mr/mn’ XCK. mrO2/ma’

16,5 161 652 18 166 158
16 16 15

15,5 14

15 12 +

14,5

14 81
6 1
135
4
13
2 |
12,5 .
04

el Ne2 N3 T (pr)

nel No2 No3 oK (pr)

C (NHz, mr/ma’) C (NO2, mr/am®)

1,6 0,12

0,104
14 0,102

1,35
01
1.2 0,08 0,08
0,08
1
08 0,06
s 057
. 0,45 e 0,04 -
04 -
0,02
0,32 -
o 4 . . . [ ; ; ;

Ne1 Ne2 Ne3 TAIK (pr)

Nel Ne2 Ne3 K (pr)

B r

Puc. 1. Pe3yabTaTn OKpeMHUX TiApoXiMiyHMX J0CIiIKeHb BoAM piuku CTpuid 3a
BecHsiHUM nepioa 2024poky

OCHOBHUM JIXKEPEIOM HAIXOMKEHHS aMOHIN-IOHIB y JOCHIIKYBaHY pIUKY €
CTOKH KOMYHQJIBHOTO TOCIIOJIapCTBA Ta ClIbChKOrocmoaapchbka aisuibHICTH.I1[0o Bke
ChOTOMHI TPHU3BOAWTH JIO0 TIOTIPIICHHS SKOCTI BOAM 1 CTBOPIOE 3arpo3y
TIAPOXIMIYHOTO PEKUMY OCHOBHOTO 3 BOJOTOKIB JIbBIBITUHU.

BucnoBkmn.[IpyurHamMu mMOripiieHHs €KOJIOriyHOro crany piukd Crpuit €
HEJOCTaTHRO OYMINECHI a00  HEOUYMINEHI CTIYHI BOAHM KUTIOBO-KOMYHAIBHOTO
CEKTOPY, PEKpeariitHuX KOMIUIEKCIB Ta CTOKH CLUTbCHKOTOCITOAAPCHKOI TISITBHOCTI.

3’s1COBaHO TPAHCKOPAOHHUM Xapaktep 3a0pyaHeHHs p.CTpuid, BHaCIHIIOK
HAKOMWYEHHS MIKIJIMBUX PEYOBHH BHU3 32 TEUI€I0 BOJTHOTO 00’ €KTY.

Iepeaik mkepea ingopmamii

1.Exonoriynuit macnopt JIbBiBchbkoi oOnacti 3a mganumu 2022 poky. JIbBIB.
2023. C. 204.

2. I'irieHiyHl HOpPMATHBH SKOCTI BOJAW BOJHUX OO0’ €KTIB JUIS 33 0BOJICHHS

MUTHUX, TOCHOJMAPChKO-MOOYTOBMX Ta IHIMMX MOTpeOd Hacenenns. Haxkaz MO3
VYkpainu Ne 721 Bix 02.05.2022 p.
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YIK 614.777:628.193(477)
SAkicTb, 0e3meYHicTh T (Pi3ioT0riYyHa MOBHOUIHHICTH MMTHOI BOAU B peaJstisix
CbOIr'OICHHS B YKPaiHU
Anapycumuna Ipuna
Y «Inemumym meouyunu npayi imeni FO.I. Kynoiesa HAMH», Kuis, Ykpaina

Beryn. AHTpoOnOreHHUi BIUIMB HA JIOBKULISA, BIMCHKOBI /i1 B YKpaiHi BEAYyTh
70 3pOCTAaHHSI KUIBKOCTI KCEHOOIOTHKIB y MPUPOJHUX Ta NMHUTHUX BOAaX. YBara
JOCITITHUKIB OCTAaHHIM 4aCcOM CKOHIIEHTPOBaHA Ha MpobieMax 3a0pyIHEHHsI BOJIHOTO
CepeIoBUINA BAKKMMHU METalaMH, MECTUIUAaMH, (papMIipemnapaTaMy, YUCICHHUMHU
BIJIXOJJaMU TUIACTUKOBUX BUPOOIB, €IIEKTPOHHOrO 00JIaIHAHHS, MUWHUX 3aco0iB, a
takok 30poi [1,2]. B VYkpaini 3apa3 nifotb 89 HOpMATHBHHUX TOKYMEHTIB MO0
OIIIHKKM (DI3UKO-XIMIUHMX TMOKA3HHMKIB SKOCTI BOJU. 3POCTaHHS KUIBKOCTI HOBHX
3a0pyIHIOBAYIB JIXKEpes MUTHOI BOJU MOTPeOye PO3IIUPEHHS NEPETIKY PEUOBUH, K1
MAalOTh KOHTPOJIIOBATHUCS, a 1ie Oibine HiX y airouomy J[CanlliH 2.2.4-171-10.

Marepianu i Meroau. JlociipKeHHS 1TOOY0BaHO Ha aHaIi31 BITYM3HSIHUX Ta
3apyODKHHMX BHJAHb IIOAO CYYaCHOTO CTaHy 3a0pyIHEHHS BOJHOTO CEpeIOBHINA
KCEHOO10THKaMH1, HEOOXITHOCTI TPOBECTH aHami3 iX HeOe3MeK: ISl 3I0pOB’s
JIOJUHU Ta OILIHUTU TMEPCHEKTHBU BIPOBAHKEHHS €BPONEHCHKUX HOPMATHUBIB Ta
KEpIBHUX JIOKYMEHTIB MDKHAPOJHHMX Oprasizauii B YKpaiHli BIEpPCHEKTHUBI
PO3LIMPEHHSI TOKA3HUKIB Ta METOIB KOHTPOJIIO, BpaXOBYIOUYH peaiii CbOroJeHHS, 1110
MOB’s13aH1 31 3pOCTaHHSM KUTBKOCTI HOBUX 3a0py/IHIOBAaY1B MTUTHOI BOJIU.

Pe3yabTaTn. BcTaHoBieHo, mo Oulble MOJIOBUHU JIKAPCHKUX MpenapaTiB
BUBOJISITECSA 3 OPraHi3My JIIOJWHU B O10JIOT1YHO aKTUBHIA (OpMi 1 MPAKTHYHO HE
BTPayaroTh CBOiX BJacTUBOCTEH. BOHM B KOJIOCAIBHUX KUIBKOCTSAX MOTPAIUISIIOTH 10
CTIYHMX BOJ, a 3BIATH — B JDKEpesia MUTHOI BoAu. AJsie KpiM (apMaleBTHUHHUX
IpernapariB ICHYIOTh 1 1HIII JyKepena 3a0pyJHIOI0UNX PEYOBUH — iXka, 3yOHa macTa,
IMITY4HI MiACOJIOMKYBavi, KodeiH, BiTaMiHH, a TaKOXX KOCMETHKA, JIOChHOHH,
COHIIE3aXHCHI KpeMHu, mappymu, Ie30J0paHTH — CIHCOK MOKHA MPOJOBKYBATH 1
POIOBXKYBATH.

Bigxonu mikapchkux 1 (apmarieBTUUYHHX 3ac00iB OTpUMAaId Ha3BY OpraHiuHi
Mikpo3adpyauioBadi (OM3) [2].Bonu BrIr0o4aroTh (hapMalieBTHUHI MpenapaT, 3aco0u
0cOOMCTOI TIri€HH, a TaKOX TMEeCTULUUAN 1 BXOJATh B TEPENIK MPIOPUTETHUX
3a0pyIHIOIYNX PEUOBUH YTpaBiiHHS 3 oxopoHH noBkiuia CHIA Ta €Bponeiicbkoro
areHTcTBa 3 JOBKULIL. OM3 MOXyTh OyTH SIK MPUPOAHOTO, TaK 1 AHTPOIIOTEHHOTO
noxomkeHHs. Hanpukian, mxepenamu OM3 B llentpanbhiit €Bpomi €: ()
npomuciosi ctiuni Boau; (1) - croku cinbebkoro rocnoaapctea i TBapuHHUITBA; (1)
— 3BayMIIa MoOyTroBuX BiaxoniB; (IV) — moOyTOBi Ta JiKapHSHI CTiYHI BOAM, 3 SKUX
OM3 MOXyTbh MOTPAIUISITH B Pi3HI JPKEpeia BOJIU.

OpHi€ero 13 HaWOUIBIIMX EKOJOTTYHUX MPOoOJeM CydacHOro ypOaHi30BaHOTO
CBITY, II0 NOTPeOYIOTh BHUpPILIEHHS, € 3a0pyJHEHHSA IUIACTUKOM IPYHTY 1 BOJ

CaiToBOTO OKE€aHy. Jo  HalmkijymBimmx  3a0pyAHIOBAYiB  HaJeXaTh
OpoMoBaHIaHTUIIpeHH, (TanaTu Ta CBUHIEBI TepMocTabimizaTopu. Cepes IHIIUX
BIJIOMHUX IIKIJJIMBUX XIMIKaTiB, SIKI BUMHBAIOTHCSA 3 IJIACTUYHHUX TOJIMEPIB — II€

anTuokcuaanTu, Y d-crabimizaTopu Ta HOHUIpEeHON. Bakki MeTany MOTpaIisioTh B
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MOJIMEPHI Marepiaau 3 pI3HUMH Jlo0aBKaMu: cTabuIi3aTopamMu, aHTHUOKCHIAHTaAMU,
HAIOBHIOBAYaMHU, iHIIIaTopamMHu moJriMepu3aiii i inmmmu [2,7].

Cripn 3rajaty, 1o BoJa 3 IIACTUKOBUX TUIAIIOK MOXKE MICTUTH MIKPOYaCTHHKU
IUIACTUKY, SIKI SK 1 TIUJIACTUK MICTATh psig  TokcuuHux pedoBuH — [IXbB
(momixsnopoBaHiOidenin), BOA (Oichenon A), ITIAB (momiuukiiuyHi apoMaTHU4HI
BYIJICBOJIHI), BaKKi MeTayM Ta iHm crnonyku [2,3]. dranmaru, sk 1 momiOpomiaHi
Tu(peHUToBl epipy Ta MECTUUUIU, BXOASATh A0 MEpPeNiKy XIMIYHHUX PEYOBHH, SKi
PYHHYIOTh €HJOKPUHHY CHUCTEMY IUISXOM IMITalil MOJEKYJIU JEIKUX TOPMOHIB,
HAMpPUKJIad, CTAaTeBHX CTEPOiMHMX. EHIOKPWUHHI IU3panTOPpU MOXKYTh CIPHUSATH
BUHUKHCHHIO BPO/DKEHUX Ae(EKTiB cTaTeBOi cucTeMu [7].

Bce Ounplie HAyKOBHX JaHUX JIEMOHCTPYE, IO 30podHI KOHQIIKTA Ta
BIMICHKOBA JISUTbHICTh 3HAYHO CHPHUSIOTH 3a0pPYyTHCHHIO HABKOJMIITHHOTO CEPEIOBUIIIA.
[Topsim 3 BUKMJAMU OpraHiuHUX 3a0pPYyAHIOBAYiB, BKJIIOYAIOUM TOJ1apOMATHYHI
ByrineBogui  ([IAB), mom  xjopoBani  Oipenimu  (IIXB), a  Takox
TeKCAXJIOPLHUKIOTeKCaH (I'XT), TUXIIOpAU(EHUTTPUXIIOPETaH (JIAT) 1
rekcaxyjopoenson (HCB) y AoBKIULIS MOTparuisie Iijla HU3Ka TOKCUYHHMX METajiB -
Pb,Cu, Cd, Sb, Cr, Ni, Zn Ta i.[ 4-9] 3 mogampmuM HaJIXODKCHHSIM iX Yy BOJY, IO
3017IbIIIye PU3UK HETAaTUBHOTO BIUIMBY HAa OPTaHi3M JIIOJIUHHU.

[ligxonu 10 MOHITOPHUHTY BCIX BHIE 3ragaHuXx (akTopiB 3a0pyaHEHHS
BOJIHOTO CEpEIOBHINA MOTPEOYIOTh BHKOPUCTAHHS CYYaCHHX UYTJIMBUX METOIIB
KOHTPOJIIO 3a 3a0pyJHEHHSM, pPErIaMEHTYBaHHS LUX HOBUX 3a0pyIHIOBadiB Ta
MOIIYKY CIIOCOO1B OUUILEHHS MUTHOI BOJH.

BucHoBku. B eBponeiicbkoMy 1 YKpaiHCbKOMY BOJHOMY 3aKOHOAABCTBI
nepkaBa 0epe Ha cebe 3000B’s13aHHS 3a0€3MeuyBaTH CBOiX IPOMaIsiH O€3MEeUHOI0 TS
3I0pOB’ST TUTHOK BOMAOK. OCHOBHI MPUHIMIK Takoi Oe3neku (HOpMYyBaHHS
MOKa3HUKIB 0€3MEeKU MOETaHO BiJ] JpKepelia 10 CIIoKMBaya MUTHOI BOJIM) 301TratoThCs
B €BpOINEHCHKOMY U YKpaiHCBKOMY BOJHOMY 3aKOHOAABCTBI 1 BHUKIAACHI y HU3LI
creriaibHUX 3aKkoHIB. Jlitoua B YKpaiHi 3akoHo/1aBua 0a3a y cepl OXOpPOHU MUTHUX
BOJI 3arajoM MiaTpuMye €BpOMEChbKE BOJIHE 3aKOHOJABCTBO, ajieé Oarato B 4OMY
3acTapijia, He JOCUTH JI€TalbHa, BUKOPUCTOBYE 3acTapijii METOAM KOHTPOIIOBAHHS,
K1 HE BIJMOBIIAIOTh €BPONECUCHKUM KpHUTEpisiM Oe3leku NMUTHUX Boj. B Ykpaini
numie canitapHi Hopmu 1 npaBuia JCanlliH 2.2.4-171-10 ¢gakTuuHO € ramy3eBUMU
JIOKyMEHTaMH, 110 OOOB'SI3KOB1 70 BUKOHAHHS yciMa BUPOOHUKAMH MUTHOI BOJIU Y
BIJIMOBITHOCTI 3 BOJHHMM 3aKOHOJABCTBOM YKpaiHW.ToXX BOJHE 3aKOHOAABCTBO
Ykpainu Moxe OyTH TOJIMIIeHE MPH BUKOPUCTaHHI €BPOMEHCHKOTO JOCBIAY 3
BIIPOBA/DKCHHSI TIIXO/IB Ta METOMIB 3 peadimiTallii BOMHUX 00’ €KTIB 1 MOJIIMIIECHHS
SKOCTI NMPUPOAHBOI Ta MHUTHOI BOJ 30Kpema. TakuM YUHOM, CJiJ BIJI3HAYUTH, LIO
3pocTarya KUIbKICTh 3a0pyJIHIOBAYiB BOJHOTO CEPENOBHUINLA, IO MOTPEOYye MOUIYKY
HOBUX MIJXOIB 10 OYUIIICHHS MUTHOI BOJII Ta BIPOBAKEHHS 3MiH Ta JOTMIOBHEHD J0
JIF0Y01 3aKOHOAaBYO01 0a3u Y KpaiHu.

IHepeaikmxepenindopmanii
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Monitoring and innovative methods in water treatment. Their role in ensuring
the environmental stability of natural ecosystems
Mykhailo Tertychnyi, Svitlana Shulga
National University of Food Technologies, Kyiv, Ukraine

Introduction. Ensuring clean water is crucial for public health and
environmental stability. Traditional water treatment methods require replacement
with safer technologies. Monitoring programs and innovations play a key role in
achieving sustainable development in the water treatment sector.

Materials and Methods. The study material consists of water samples from
various sources (rivers, lakes, tap water). The primary research method is a
comprehensive analysis of literary sources.

Results. Effective water treatment methods are essential for preserving water
quality, ensuring public health, and maintaining the ecological stability of water
ecosystems. With increasing urbanization, industrialization, and global population

growth, the demand for clean water becomes ever more critical. Water pollution
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causes serious problems for natural ecosystems and human health, especially in
regions with limited access to clean water.

The use of effective water quality monitoring programs is a vital tool for
preventing pollution and ensuring compliance with water quality standards. These
programs should be based on clearly defined goals, include planning for sampling
locations and frequency, and consider available resources for analyses and data
processing. It is essential to identify pollution impacts and trends in water quality
changes.

The application of innovative methods in water treatment is crucial for
sustainable development in the sector. For example, replacing health-hazardous
aluminum-based coagulants with safer and more efficient iron-based coagulants
ensures high-quality water without health risks. This is part of international initiatives
to improve water treatment standards.

It is also important to develop public policies promoting conscious water
consumption, which plays a significant role in preserving water resources for future
generations, contributing to sustainable development and improving the quality of
life.

Conclusions. The development and implementation of effective water
treatment methods are critical for providing drinking water, which is the foundation
of public health and the ecological stability of natural ecosystems. Water monitoring
programs help detect pollution and assess the impact of human activities on water
resources. Achieving sustainable development requires a combination of innovations
in water treatment, effective government regulation, and increasing environmental
awareness among the population.
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1. Guidelines for drinking-water quality: fourth edition incorporating the first
and second addenda. Geneva: World Health Organization; 2022.

YK 628.16
Henrono3unii GuibTp MoAU(IKOBAHUI OPTraHO-HEOPTrAHIYHMM KOMIIO3UTOM Ha
OCHOBI ByrIJIeleBUX COPOEHTIB Ta OKCHY 3aJ1i3a
Konomienn €.0. 1, Po:kaecreenceka JI.M. 1, Kyneako K.O. !, Sluenko T.B.?
v.1. Vernadskiilnstitute of General and Inorganic Chemistry of the NAS of Ukraine,
Kyiv, Ukraine

Beryn.@unbTpyBasibHi  Marepiaii Ha  OCHOBI  LIETIOJIO3M  3aBJSIKU
BIJIHOBJIFOBAHOCTI Ta 3JIaTHOCTI JI0 O10JIOTIYHOTO PO3KJIAaJaHHS JIEMOHCTPYIOTh
BHCOKMW TIOTCHIIAN JUIS 3aCTOCYBAaHHS B TPOIECaX OYMINCHHS €MYJIbIOBaHHUX
MacCJISIHUCTUX CTIYHUX BOJ, po3auIeHHs HapTu 1 Boau Ttoulo. IlepeBaroro
BUKOPHUCTAHHS IIEJIF0JIO3HOI OCHOBH € BHCOKA MOPHUCTICTh, THYYKICTh, €KOJIOTTUHICTh
Ta JOCTYIHICTh cupoBHHHM [1]. JI0 OCHOBHMX HEIOJIKIB CIiJl BIJHECTH HHU3BKY
MEXaHIYHY MIIHICTh B BOJOTOMY CTaHI Ta HU3bKI PO3JAUIbHI BIACTHUBOCTI. Tomy
CTBOPEHHS KOMIO3UIIHHUX (DUTLTPIB HA OCHOBI LIETIOJI03H 3 3aJaHUMHU TapaMeTpamMu
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CTPYKTYpu Ta (GYHKIIOHAJBHUMU BIACTUBOCTSIMHU € TEPCHEKTUBHUM HANPSIMKOM
HaYKOBUX JIOCJII/IKCHb.

Marepianu i Meronm.Y naHiii poOOTI BUPINIYETHCS 3aBJaHHS OTPUMAHHS
KOMITO3ULIIMHOTO PUIbTPY 3 051€0(hOOHUMH BIACTUBOCTSAMH Ha OCHOBI ILIETIOJIO3HOTO
namnepy JUisl OYMILEHHS MACISHUCTUX PO3YMHIB Ta BUIAICHHS Ha(QTONPOAYKTIB,
BmicT skux mnepesuinye I'JIK (0,3 mr/mv®). IocrapieHe 3aBaaHHs BHUPIIIYETHCS
MOAU(DIKYBAHHIM 1IEJF0JIO3HOI OCHOBH (ManepoBoro GuibTpy) KOMIO3UTHUM OpPraHo-
HEOpraHiyHUM MOAU(IKaTOpOM, SIKMM BKIItOYae ByrieueBuit Mmarepian (BM) Ta
Fe.O3. Bubip koMmoHeHTiB 00YMOBJICHHI JTOCTYIHICTIO Ta JCIICBU3HOK BUXITHHUX
KOMIIOHEHTIB, a TaKoX MOXJIMBICTIO KepyBaTu TiapoduibHuMHu (Fe2O3) Ta
rigpopoOHumMu BracTuBocTsIMU (BM). JIBokOMIIOHEHTHUH MOIU(IKATOP 3alIOBHIOE
nopyu B 00’€MI IIETIOJI03HOI OCHOBU Ta (OpMYye IIap KOMMO3UTY Ha ii MOBEpXHI.
Takum yuHOM, (QOPMYETHCS BTOPMHHA MOPUCTICTh, SKa  MIJBUIINYE PO3AIIOBI
BJIACTUBOCTI (QUIBTPY 1 JO3BOJISIE 3aTPUMYBATH MOJEKYIU HadTONpOnyKTiB. OKpim
TOrO, JO/laBaHHA HEOPraHIYHOl CKJIAJO0BOi 10 LETIOJ03M 3/aTHE MiABUIIUTH
MEXaHIUYHy MIIHICT, PiUIbTpy. BapitoBaHHS BMICTY KOMIIOHEHTIB B KOMIIO3HUTI JIa€
MOJIMBICTh PETyJIOBaTH CTYMiHb TiApoOOHOCTI TOBEPXHI 1 TaKUM YHHOM,
3MIHIOBATH PO3AUIOBY 3AaTHICT QIIBTPY.

B poGoti mocmikeHo BIUIMB TiApoGoOHOr0 KOMIIOHEHTY KOMIIO3UTY Ha
BJIACTHBOCTI OTpuMaHoro ¢GuipTpy. ng 1uporo orpumyBaiv (QuUIBTPYBaJIbHI
Marepiaiu, B SIKOCTI BYIJICIIEBOTO KOMIIOHEHTY KOMIIO3UTY BHUKOPHCTAHO
npoMucioBe aktuBoBane Byriuisi (BAY) Ta OioByruuisg, oTpuMaHe 3 3aJUIIKIB
POCIIMHHOI ~ cUpOBUHM. Llenrono3Hy OCHOBY MOAM(IKYBAIA KOMIIO3UTOM 32
JIOTIOMOTO0 30JIb-TeJIb MEeTOAY. PO3unHM momnepeHbo MiJAaBaau yIbTPa3ByKOBOMY
BIUTUBY i OUIbIl piBHOMIpHOTO po3noainy BM B 3om Fe2O3. CEM mikpockomito
BUKOPUCTOBYBAIM  JIJIA JTOCTKEHHST ~ MOP(OJOTIYHUX  OCOOIMBOCTEH
MoudikoBaHux GimbTpiB (puc. 1).

> 100pm > Electron Image 1

Puc. 1. CEM 300pa:keHHs nepepizy 1ea0a03H0ro GuibTpy MoaugikoBaHoro
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oioByrisiaM Ta FexOs
Tabmuus 1 — Po3momiji OCHOBHMX eJIeMEHTIB 10 mepepisy LeJi0J103HOr 0
¢inbTpy MmogudikoBanoro dioByrinisim ta Fe2O3 Barosi %

Spectrum C 0] Cl Fe
Spectrum 1 41.96 17.24 6.78 22.07
Spectrum 2 36.35 25.97 8.47 29.21
Spectrum 3 53.87 38.66 3.48 3.99

Spectrum 4 55.13 36.55 5.04 3.28

Spectrum 5 32.13 24.31 6.49 23.30

3 nanux CEM ananizy norepedyHoro nepepizy KOMIO3UTHOTO (PUILTPY BUITHO,
[0 HIDKHI IIapu SIBJISIIOTH COOOI0 BOJIOKHA IIENIFOJIO3W, a BEPXHINH Imap OibImd
HIIJIBHUAM 1 CKJIAJIAE€ThCS 3 BOJIOKOH IIEJIIOJIO3U Ta YaCTMHOK MOAU(DIKAaTOpy. 3TiIHO
JAHUX EHEeProJUCIIePITHOrO aHai3y, HAaHOYACTKW 3alli3a OUIbII  pPO3MOJUICHI Ha
MOBEPXHI Ta BEPXHIX mapax QuIbTpy 3 O10BYrULIsIM, a HAa MOBEPXHI 3pa3ky 3 BAY
Outbll MOMITHI Kpuctamitdi BM po3mipom 2-3 MKM, $KI BKPHUTI JyCOYKaMU
Heopra"igHoro okcuay po3mipom 100-500 am (puc. 2 a, 6). 3pa3ok 3 TPOMUCIOBUM
BM xapaktepusyeTbcsi OUTbII PIBHOMIPHUMH YacTOYKaMU MOJU(DIKATOPY, BOYEBUIb
BiH NpeJCTaBlIeHU B ocHOBHOMY BM. (puc. 2 B)

]

JSM-6700F LEI 200KV %5000 Ium_. WD 8.1mm JSM-6700F LEI 200KV %5000 M:m_ WD 8.1mm

a §) B

Puc. 2. CEM 300pa:;eHHsI MOBEPXHi HeJII0J03HOr0 piibTpy 3 kKommo3utom Fe;03
Ta OiorenHe Byrijuis ( a, 0) Ta 1eJ10J103HOr0 GiabTpy KoMmo3urom Fe;0s3 Ta
NMPOMHUCJIOBE AKTUBOBAaHE BYILJLJIA

Po3ninoBi BiaacTUBOCTI 3pas3KiB Oyja0 TECTOBAHO MPU PO3AUICHHI BOJHO-
HadToBOi emyinbcii, sika mictiia 0.1% wadtu. Ilepen dinmbTpyBaHHSM €MYIbCitO
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CTpPYIIYBaJIM y HIEeHKepl mpoTarom 3 roauH npu Temneparypi 15 °C. Bwmict nadtu
BU3HAYAIM 3a JaHUMU XIMIYHOTO crnoxkuBaHHS KucHIO (XCK) 3rigHo 4YuHHOI
cTa"aapTHoi MeToauk [2]. Bmict BM B koMno3utHoMy moudikaropi ckianas 2 %,
a HeopraniuHoro okcuay — 10 35 %. XCK BuxigHoro po3unny ckiagam 0.0045 mr/m.

PesyabraTn. Ilicns QinerpyBanHss HadToBOi emyinbeii 3HaueHHs XCK s
3pa3ka 3 npomuciaoBuMm ByrumisiM Oyno 0,001 mr/n, a 3paska 3 GioByruwisim 0 mr/i.
TakuM YMHOM, TICHS MPOXOMKEHHS BOAHO-HA(TOBOI eMYJIbCli Yepe3 KOMIO3ULIAHUMA
GUIBTp CTYNiHb PO3AUICHHS A QUIbTPY 3 npomucioBumM BM ckmagana 80...82 %,
s BM 3 OioByriusim — 98...100 %. Lle moxke OyTu moB’si3aHO 3 PI3HUMU
PO3MOJITIOM KOMIIOHEHTIB MOAM(IKATOpy B KOMMO3UTI Ta B (UIbTpi. OCKUIBKH
3pa3okK 3 O10BYTLIISIM XapaKTepU3yeEThCs MEPEBaKHO T1ApodhOOHUMH BIACTUBOCTSIMHU
(xkyt 3mouyBaHHs 112°), a 3pasok 3 mpomwucioBuM BAY — rigpodineHuME (KyT
3MouyBaHH: 48°).

BucnoBku. Llemonosni ¢umbtpu 3 komnozutom FeO3 Ta ByriusiM MaroTh
BHCOKI PO3JIUIOBI BJIACTHBOCTI IO BIJHOMICHHIO N0 €MyibCii HadTH y BOmI.
JocmipkeHHsT  BIUIMBY  BMICTY MoaudikaTopiB  Ha  TiapodoOHO-TiApodiIbHI
BJIACTUBOCTEH € IPEIMETOM MOAAJBIINX TOCIIIKEHb.

Iepedik mxepes inpopmanii

1. Recent advances on cellulose-based nanofiltration membranes and their
applications in drinking water purification: A review.
https://doi.org/10.1016/j.jclepro.2021.130171

2. Hamionanpuuii cranmapt Ykpainu «Bopa mutHay. Bumornm ta mMetomu
KoHTpoitoBaHHs sikocTi ACTY 7525:2014.

Y JIK556.502/504
II{o nacnpasai BigOyaocs y Ceiimi y cepmnni 2024 p.: 4yyTKH i peajIbHICTh
Haragais Ocagua, Anapiii Opemenko, Ipuna IaasBann
Yrpaincokuii ciopomemeoponociunui incmumym JJCHC Yxpainu ma HAH Ykpainu,
Kuis, Ykpaina

Beryn. V xoni BUpOOHHMIITBA MPOMHUCIOBOT MPOAYKIII YTBOPIOETHCS 3HAYHA
KUIBKICTh CTIYHUX BOJI, BIJIBEJICHHS SIKUX Y BOJIHI OO0 €KTH CTBOPIOE 3arpo3y s
iXHIX eKOCHCTeM Ta 3710poB’s aroauHu. llle O61mpiy HeGe3neKy CTBOPIOIOThH aBapiiiHi
CHUTYaIlii, B X0/l IKUX BEJIMKUH 0OCAT CTIYHUX BOJ HAJAXOAUTH OJHOYACHO.

14 ceprias 2024 p. Ha noprani Exozarpo3a MingoBkuLIs YKpaiHH 3’ SIBUJIIOCH
MOBIIOMJICHHSI TIPO HENPUEMHHUU 3amaxX, MOMYTHIHHS Ta TEMHHHM KOJIp BOAH pP.
Celim. Bixe nHactynmHoro nHsa mno4yaBcs Mop puOu. TepMiHOBO OyB pO3ropHYTHH
NOCUJIEHUI MOHITOPUHT Bosu p. CeiiM Ta moiyk Jpkepena 3a0pyTHEHHS.

Mertoro naHoi poboTH € aHani3 aBapiiiHoro 3a0pynHeHHs p. Ceiim, sike Majo
Micle y ceprHi- BepecHi 2024 p. 1 mpuU3BeNo A0 BAXKKUX €KOJOTTYHUX HACIIAKIB.

Marepianu i meronu. iuka Celim — 11e 7iBa 1 HaiOUIbIIA TTpUTOKA p. JlecHH.
Bona Oepe mouarok Ha Teputopii pd, B OCTaHHIM TPETHHI pycia MEPEXOAUTh Ha
TepuTopito YKpainu 1 Brnanae y p. Jecny Henoganik cMT COCHUIIS.

B miit po6oTi y3araJibHEHO pe3yJIbTaTh BUMIPIOBaHb OCHOBHHUX T1IPOXIMIYHUX
nokazHukiB p. Ceiim Ta p. JlecHH, OTpUMaHUMH PETIOHATBHUMH I1IPO3ALIaMU

157


https://doi.org/10.1016/j.jclepro.2021.130171

Jlep>kaBHOrO areHTcTBa BOJHUX pecypciB  Ykpainu, [lepxkekoincnekuii, Y
«CyMCbKU 00JIACHUI LIEHTP KOHTPOIIIO Ta NpodutakTuku xBopod MO3 Vkpainmy, a
TaKOX BIACHUX JOCIIKEHb MIPOTATOM CEpIHS-KOBTHS 2024 p.

Bci ananiTHyHI BU3HAUYCHHS BUKOHAH1 CTaHJIAPTHUMHM MeToaamu [1].

Jyis aHAi3y BUKOPHCTOBYBAJMCS 3HIMKH, OTPUMaHi 3 cymyTHuka Sentinel-2A,
3 MaKCHUMAaJIbHOIO PO3MUIbHOI 3aatHicTio 10 M/mikcens. Jlkepemom naHux €
mtaropma Copernicus Open Access Hub [2].

Pe3yabTaTn Ta ix 00roBopeHHsi. Bxke HaCTYNMHOro JHS MiC/sS TOBIJOMIJICHHS
PO TIOTIPIICHHS OPraHOJENTUYHUX MOKa3HUKIB p. CeliM 3a 9 kM Bij KopAoHY 3 pd
(c. MaHyxiBKa), BMICT pO3YMHEHOr'0 y BOJII KUCHIO PI3KO 3HU3UBCS A0 PiBHS MeHILe |
Mr/am3. be3kucHeBl yMOBHM MIBHUAKO MOIIMPIOBAIMCH BHU3 32 TEUl€l0 pPiuku. 17
CepITHS BIJICYTHICTh KUCHIO Yy BOA1 Oyia 3adikcoBaHa Ha AUISHIT 44 KM BiJl KOPJIOHY,
a 24 cepnus — 119 kM Big kopzioHy. Pazom 3 mocyBanHsIM 1€l wsimu y Boal CeliMmy
BiJ[3HAYABCSI HEMPUEMHHMA THWIICHUN 3amaxX, BeJIMKa KaJaMyTHICTh BOJIW Ta
HAsIBHICTh BEJIMKOI KIJIBKOCTI YOPHHUX 3aBUCEH PI3HOI IUCHEPCHOCTI. 27 cepmHs s
3a0py/HeHa BOAHA Maca jocsria p. JlecHu, a BiACYTHICTh HaJIC)KHOI 1H(GOpMAIIHHOT
KOMYHIKaIlil ClIPOBOKYBaJjia MaHiKy HACEICHHS.

Sxi >k HACTIAKY BUKJIMKAJIO 1€ aBapiitHe 3a0pyTHCHHS ?

BifacyTHICTP KHCHIO TpH3BENa J0 MacoBOl 3aAyXu puOH, 5Ky Y BEIUKIN
KUTBKOCTI 30Mpaiu B310BXK O€periB piuKHu.

Benuuuna BomHeBoro nokasHuka pH cyrreBo He 3MiHMIacs 1 nepedyBayia y
MeXaxX HEeUTPaAIbHOTO J[1alla30Hy.

Ha Qoni 3MeHHmIEHHS BMICTY KHUCHIO Y BOJl PIYKH CHOCTEPIrajioch
HEXapaKTepHO BHUCOKE 3HAYCHHS IMOKa3HHMKA XiIMiuHOro criokuBaHHs KucHIO (XCK),
10 XapaKTEePU3ye CYMapHy KUIBKICTh OPraHIYHUX PEUOBUH. Tak, Bl 3BUYANHUX JIJIs
bOTO TIepioay 3HaueHb nopsaka 20 MrO/nm3 Bonu nepernyau mexy 100 mrO/mm3, a
MaKCUMaJIbHE 3HaY€HHs csArHy0 180 MrO/ame.

3adisiHl  JOAATKOBI BUMIPIOBaHHS HEOE3MEYHUX PEYOBUH TOKCHUYHOI il
MOKA3aJIM 1XHIO BIICYTHICTb.

CTtpiMKe BUCHAKEHHSI BMICTY KHCHIO Y BOJA1 MOIJIO OyTH CIPOBOKOBAHE JIUILIE
HAJIXO/PKEHHSIM BEJIMKOT KIJIbKOCTI OPraHIdYHOT PEYOBUHU. Y MPAKTHUII T1APOXIMIYHUX
JIOCJIIJPKEHh BUKOPUCTOBYIOTh OKpeMi J1arHOCTHYHI CITIBBIJHOIIEHHS Ha IIiJCTaBi
YOro MOKHa CyIUTH Mpo ii mpupoay. 30KkpeMa HaMu BUKOPHUCTAHO CITiBBIIHOIIECHHS
XCKwun/XCKcr. ¥V npaHoMy BUMAIKy BOHO CTaHOBUIO 12%, 10 TOBOPUTH PO
JIOMIHYBaHHS JIETKOOKMCHIOBAHOI OpPraHiyHOi pPEYOBMHU. 3a3BU4Yail, 1€ BIACTUBO
CTIYHHUM BOJIaM Xap4yOBOi MMPOMHUCIOBOCTI, Cepel AKUX MOOIN3y KOPAOHY 3 YKpaiHOIO
3HAXOJIATHCS IIYKPOBUM, CIIUPTOBUM Ta APIKI>KOBUM 3aBOIH.

Ha ocHOBI aHaii3y XIMIYHOIO CKJIaJy CTIYHHMX BOJ BKa3aHUX IIANPUEMCTB Ta
xapakTepy 3a0pyaHeHHs p. Ceilm Oyao BHUCIOBJIEHE MPUIYIIEHHS, IO HOro
JDKEpEJIOM CTalli  BIOXOQU came IykpoBoro 3aBoay. JlogarkoBo Hamu Oyna
IpoBeJeHa sIKICHA peakwis TpoMmmepa, sika MIATBEpAWIIA HASBHICTh 3AJIMILIKIB
ITYKPHU/IIB.

Mu 3BepHymuCs A0 CYNYTHUKOBUX 3HIMKIB TepuTOpii ThHOTKIHCHKOTO
IyKpOBOIro 3aBony (pd), po3TalIOBAHOI'O HEMOAANIK KOpAOHY 3 YkpaiHoto. [los

binpTparii, 1e BiAOYBa€ThCA TOOYHUIIIEHHS CTIYHHMX BOJ, 3HAXOAATHCS 3a 6,5 KM BiJ
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3aBojly y Oik TeputTopii pd, a or 2 KOMHI SMH po3TalioBaHi y Oe3nocepeaHii
Omu3bKocTi A0 piuku. Ha 3HiMKy 12 nunHa ogHa 3 siM Oyna MIIJIBHO BKpUTA
(bITOTIAaHKTOHOM, KWW PO3BUHYBCS U€pe3 BEJIMKY KUIbKICTh HYTPI€HTIB. A Bxke 21 1
26 cepriua 2024 p. piakux BIAXOIB y OaceiiHl Bi3yalibHO HE (PiKCyBajocs, pa3oMm 3
TUM BUJIUMUX TOPYIIEHb IUIICHOCTI HE MPOCTEXYyBaloch. Ha cymyTHHKOBOMY
3HIMKY OynM BH3HA4Y€HI TE€OMETPUYHI MapaMeTpu >KOMHOI SMH Ta PO3paxoBaHa
KUIBKICTh pemTok, ski norpanuin y p. Ceiim. Beworo Haxiiinuio 5700 m3 Bigxonis
IIYKPOBOT'O BUPOOHUIITBA.

VY cknani OypskoBOro >kxoMy Bim3HadaeTbest 70 80% Boau 1 pa3oM 3 THM BiH
MICTHTh BEIMKY KUIBKICTh OpraHidHOI pEUYOBMHM. Il KOMIIOHEHTHHH CKJaj
IPEACTaBICHUI TaKUMHU ByrjiieBoaaMu sk nekTuH (20-30% ), 3anumiikoBuit mykop (5-
10%), a Ttakox OinkoBuMu crnoiaykamu (8-10%). Bennka KUTbKICTh OpraHigHOL
PEUYOBUHM CIIPUSIE PO3BUTKY MIKPOQJIOPH 1 CHOPUUYMHSE THWIICHE Ta CHUPTOBE
Oponinnsa. lle Hamae THUIOYMM pEHITKAaM TEMHOTO KOJbOpY 1 CHelipigyHOro
HEMPUEMHOTO 3aMaxy.

OcoOaMBICTIO TOCIHIIKYBAHOTO aBapiiiHoro 3a0pyanenss p. Ceitm 0yno Te, 110
3a noBxuHOIO piukn BenmumHa XCK y Bomi 3MiHIoBamacs ayxke mano. OmHiero 3
OpUYUH Morjia OyTH HEAOCTaTHs po30aBiiOloua 37aTHICTh BOAHOTO CTOKY. Y mepion
MEKEHI1 piuka nepeOyBae Ha I1I3€MHOMY JKHBJICHHI 1 Ma€ MIHIMaJIbHI 3a PiK BUTPATH
Boau. Y 2024 p. ckianucs ocoOJUBO MOCYIUIMBI YMOBH 1 MIHIMaJIbHI BUTpaTH Oyiau
MEHIITUMU 3a 1XH1 cepefHl OararopiuHi 3HadeHHs. Tak, 3a ganumu [inpomeTHeHTpy
Vkpainu y myskTi p. Celim, ¢. MyTHHO BUTpATH y CEPENHLOMY cKaamamu 31 m¥/c.

3 npyroro OOKy oOpraHiyHa pedoBMHA mepeOyBajia y BOJIl KOJOiIHO-
JTUCTIEPCHOMY CTaHi, MO0 CTa01Ii3yBajo CUCTEMY 1 CHPHUSIO OLIBININ MirpariiHii
3natHocTi. HaiiBiporimnimie, 1e OyiaM TEKTUHH, MOJIEKYJsipHA Maca SKUX
KonuBaeTbes y Mexax 20-40 K Ja.

BiacyTHICTh y BOJII PO3UMHEHOTO KHCHIO OJIOKYBaJa JIif0 TIPOIIECY OKUCHEHHS
opraniuHoi pedoBuHu. Ilicns BmnaginHsa y p. JecHa, BUTpaTu sKOi OUIbIlE, HIXK
yrpuul mnepeBunryBanu Butpatu Celimy (132 Mm3/c), BCTynuB y cCuily mpolec
pos6asnenns. [linBumenns pH Boau 10 8 ox. cnpusiio KOMIEHcaIii 3aps Ly KOJIOiniB
1 iX HaAcCTYNMHOMY TMEpeXOoJy VY 3aBUCIMI CTaH 1 MOJAJBIIOMY OCa/HKEHHIO. A
HasBHICTH Y BO1 p. JIeCHM pO3UMHEHOT0 KUCHIO Crpusiia IHTeHCU(IKallil OKUCHEHHS.
VY crtBOpi p. JlecHa, m. YUepHIiriB cTaH BOJHOI €KOCHUCTEMHU 3HAYHO TOKPAITUBCA,
KOMITIOHEHTHUN CTaH OPraHiYHUX PEYOBUH IOBEPHYBCS 10 MPHUPOJHOIO CTaHy 3
JIOMIHYBaHHSIM BUCOKOMOJIEKYJISIPHOI CKJIQJ0BOI.

Bce ne cayryBamo egpeKTHBHOMY CAaMOOYHMIICHHIO BOJAM, BHACTIOK YOrO
Bojo3abopu Mict IlojeciHHS 3MOIJM 3a0€3MEUYUTH HACEICHHS SKICHOIO IMHUTHOIO
BOJIOIO.

BucnoBkn. He nuBisiunch Ha MNpUPOJIHE MOXOKEHHS BIAXOMIB IYKPOBHX
KOMOIHATIB TXHE aBapiiiHe HAJIXOJKEHHS y MMOBEPXHEB]1 BOJHI 00 €KTH HECE BEIUKY
3arpo3y sl BOJHHUX €KocucTeM. B mepiny uepry, BIIOyBaeThCcsl 3aru0enb BOJIHUX
OiopecypciB. 3 apyroro OOKy y NPUPOJHOMY OO0’€KTI HEMOXJIMBO 3aIisiTH JI€BI
METO/M OYMIIEHHS 13 3aCTOCYBAaHHSAM KOAryJSHTIB 1 (IOKYJISIHTIB, B TOM Yac sK
MPUPOIHI TIPOIIECH CAMOOYHIIICHHS PO3BUBAIOTHCS TOCUTH TTOBUTBHO.

Ilepeaik m:kepea ingopmamii
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YAK 330.15:351.778.3:355.018
IIuTHe BogONOCTAYaHHSA B YKPAiHi: Cy4YacHi BUKJIUKH HA LVISAXY HOCATHCHHA
uijieil CTajaoro po3BUTKY
'Harania I'ycatuncbka, Terana Yopna, *AgnieszkaDziubinska
‘Hayionanenuii ynisepcumem xapuosux mexnonoziu, Kuis, Yipaina
2[leparcasnuii nooamxosuil ynieepcumem, Ipnine, Ykpaina
3Uniwersytet Ekonomiczny w Katowicach, Ioavswa

Beryn. Iliatpumyroun rno0anbHI LI CTAlOro pO3BUTKY, MPOTOJIOLIEHI
pesomoriieto ['enepanbaoi Acambnei Opranizanii O0’ennannx Harriii Big 25 BepecHs
2015 poky Ne 70/1, Ta pe3ynbTatu ix ajamnrtauii 3 ypaxyBaHHSM HalllOHAJIbHOI
cnerudiKd PO3BUTKY, Hala Jep)KaBa B3ssla Ha cebe 3000B’s3aHHS IMIOM0 iX
norpumanss [1]. Opramnizamnis O6’ennanux Harmii (OOH) Bu3Hanma BOAY OJHUM 3
HAaWBaXJIMBIIINX PECypCIB Ha IUIaHETi, 0€3 SKOro HEMOXJIHMBE KUTTS AK Take, a
JOCTYI JI0 JpKepen uucToi Boau 3rigHo HOpM OOH € omHuM 3 HaWBaKIMBIIIMX
MOKA3HUKIB CTAJIOT0 PO3BUTKY HAIlll, IepKaBH.

Marepianu i meronm. Il yac mpoBeneHHs AOCTIIKEHb BHUKOPUCTAHO JIaHi
JepxaBHO1 CITyKOU CTATUCTUKU YKpaiHU MO0 OOCATIB CIOXXWBAHHS BOAU PI3HUX
Kareropii, iHpopmaiito MiHicTepcTBa PO3BUTKY TpOMajJ Ta TEpPUTOPi YKpaiHu
1010 SIKOCTI TUTHOI BOJIM Ta CTaHY MUTHOTO BOJOIMOCTAa4aHHS, HOPMATHUBHO-TIPABOBI
JIOKYMEHTH Ta iH.

Pe3synbraTtu. AKTyasJbHICTh TNHTaHb, T[OB’SI3aHUX 13  3a0€3MEUEHHSIM
HaJISKHOTO (PYHKIIOHYBaHHS CHCTEMHM IMTHOTO BOJOMNOCTa4aHHsS B YKpaiHi
MIATBEPIKYETHCS TMUJIBHOIO YBarow JEp>KaBHUX OpraHiB Ta pO3POOJICHHSIM 1
BBEJICHHSM B JII0 HU3KH BAaXJIMBUX JOKYMEHTIB. Tak, OIHI€I0 3 IJIEH CTaaoro
po3BUTKY Ykpainu Ha mepioa 10 2030 Bu3HAUEHO «3a0e3MEeUeHHs TOCTYIHOCTI Ta
CTQJIOrO YIpaBJiHHSA BOAHUMU pecypcamu Ta canitapiero» (LICP 6. Yucra Boma Ta
HaJICXKHI caHiTapHi yMOBH) [2]. BaJMBHMH 3aBJaHHSMHU Ha ILISAXY JOCSTHEHHS
3a3HAYEHOT 1T JyIs Y KpaiHu €:

o 3a0e3MeUYeHHs] TOCTYMHOCTI SKICHUX IOCHYT 3 IOCTayaHHS Oe3medHol
MUTHOT BOAM, OYAIBHUIITBO Ta PEKOHCTPYKIIiS CUCTEM IEHTPaIi30BaHOTO MUTHOTO
BOJIOTIOCTAYaHHS 13 3aCTOCYBAaHHSM HOBITHIX TEXHOJIOT1H Ta 00JIaIHAHHS;

o 3a0€3MEeUeHHs]  JIOCTYIMHOCTI Cy4aCHHUX CHCTEM  BOJIOBIJBE/ICHHS,
OyAIBHULITBO Ta PEKOHCTPYKLISI BOA03a0IpHUX Ta KaHAII3AUIMHUX OYMCHUX CHOPY.
13 3aCTOCYBaHHSIM HOBITHIX TEXHOJIOT1H Ta 00JIaTHAHHS;

o 3MEHIIEHHS 00CSTIB CKUJAHHS HEOUMIIICHUX CTIYHUX BOJI, HacamIiepes 3
BUKOPUCTAHHSAM 1HHOBAIIMHUX TEXHOJIOT1M BOJOOYHUIIEHHS Ha JIepKaBHOMY Ta
1HUBITyaJIbHOMY Pi1BHSIX;

) 1BUIIEHHS €(DEKTUBHOCTI BOJIOKOPUCTYBAHHS;
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o 3a0€3MeUYeHHs] BIPOBAKEHHS 1HTETPOBAHOIO YIPABIIHHSI BOJHUMHU
pecypcamu.

B Vkpaini cxBaineno Konmeniiiro 3aranbHOAEpPKaBHOI IIJILOBOI COIIAIbLHOL
nporpamu «IIntHa Boma Ykpaimm» Ha 2022-2026 poku, ne mopsa 3 BU3HAYCHHSIM
CydyacHUX mpoOJyieM, TOB’Si3aHUX 13  (PYHKI[IOHYBaHHS CHUCTEMHU  IUTHOTO
BOJIONIOCTaYaHHS B YKpaiHi, 3a3Ha4CHI MOKJIMBI BapiaHTH TOKpaIeHHs cuTyarii [3] .

3 2003 p. Ykpaina € croponoto [Iporokony mpo Boay Ta 310poB’st (3akoH
VYkpaiau B1109 aumas 2003 p. Ne 1066-IV «IIpo parudikariito [Iporokony mpo Boay
Ta 310poB’ss AoKOHBEHIII TpPO OXOPOHY Ta BHUKOPUCTAaHHS TPAHCKOPIAOHHHUX
BOJIOTOKIB Ta MiKHaponHux 03epl992 poky»)[4]. OnoBneni HamioHasbHI MiJTbOBI
nokazHuku 10 [Iporokomny mpo Boay Ta 3a0poB’st sik Linel «3abe3neuenHs piBHOTO
JOCTYIY 10 SIKICHOT 1 O€3MeuHOol I 370pOB’Sl JIFOJMHU THUTHOI BOJWI HAJIGKHHUX
CaHITapHO-PO(DITAKTUYHUX 3aXO/AIB» YBIMIIUIM A0 MEPENiKy CTPAaTeriuHux IijieiTa
MOKA3HMKIB iX MocsSTHeHHS Bomuoi ctparerii Ykpaiau Ha mepiog mo 2050 poky Ta
OmneparriitHoro miany peanmizaiii y 2022 — 2024 pokax 3a3HaueHoi BogHoicTparerii,
K1 OyJ710 CXBaJIeHO Ta 3aTBep/aKeHO posnopskeHHsIM Kabinety MinictpiB Ykpainu
Big 09 rpyans 2022 p. Ne 1134 [5].

VYV 2020 pori 6yna neperisiHyTa JlupekTuBa mpo NUTHY BoAY (HaOyJia YMHHOCTI B
€C y ciuni 2021 p.)3 MeTor TrapaHTyBaHHS O€3MEYHOr0 JOCTYMYy 10 BOAU B
€BporiHA OCHOBI OHOBJICHMX BHCOKHX CTaHIapTiB muTHOI Bomu [6]. Cepen nurtaHb
3a3HAYEHOI JUPEKTUBU BHOKPEMJIEHO 28 OCHOBHMX IYHKTIB, a TaKOXX HABEIECHO
MIHIMaJIbHI BUMOTM J0 3HAY€Hb MOKA3HHKIB, SKI BUKOPHCTOBYIOTHCA MJI OLIIHKH
SAKOCT1 BOJIM, TMPU3HAYEHOI JUIsl CTIIOKMBAHHS JIIOAMHOIO (MIKpOOIOJIOTiUHI, XIMIYHI,
IHIUKATOPHI TOKA3HUKIB, TMOKA3HUKHU [UJISl OLIHKK PHU3HMKIB BHYTPIIIHIX CHCTEM
pO3MOALTY); 3arajbHl Il Ta MNpPOrpaMyd MOHITOPHHTY BOJW, NPU3HAYEHOI MJIs
CTMIOKMBAHHSI JIFOJIMHOIO; TEXHIYHI BUMOTH JUIsl aHAJII3Y apaMeTpiB Ta iH.

Hapasi 70 0CHOBHUX BUKJIMKIB Y HAIPSIMKY JOCSITHEHHSI I[JIEH CTajIoro
PO3BUTKY B YKpaiHi MOXKHA BIJHECTH, 30KpeMa TakKi: HEeJIOCTaTHS KIJIbKICTh BOJTHUX
pecypciB;3ade3eyueHHs piBHOTO MpaBa JOCTYTHOCTI MHUTHOI BOJM Ta CaHITapii,
3a0e3IeYeHHs BIJAMOBIIHOI IKOCTI 1 0€3II€YHOCTI MUTHOI BOJIM; €KOHOMIYHA
JOCTYIIHICTb MOCIIYT BOAONOCTaYaHHS Ta BOAOBIIBEICHHS.

B To# ke wyac cai 3a3HAYMTH, IO SKICTb IIMTHOI BOJHM 13 CHCTEM
LEHTPAJI30BAHOI'0 BOJIONOCTAYaHHS HE BIJNOBIAA€ BCTAHOBJIEHHUM HOPMATHBAM Y
OaraTbOX HaceleHUX MyHKTax YKpainu. [loripiieHHs SKOCTI TUTHOI BOAM, OB’ A3aHE
3 PSOM MPUYUH: HU3BKOIO SKICTIO BOAM B MPHUPOIHUX JDKEperIax;3acTapiinMH
TEXHOJOTISIMU  BOJOMIATOTOBKM Ta BOJOOYHUIICHHS; HE3aJOBUILHUM CTaHOM
BOJIOIIPOBIAHMX MEPEXkK, 30KpeMa BHYTPIIHbOOYAMHKOBHUX, 3HOILIEHICTh SIKHX
cTaHOBUTH O5n3bko 80 %.B cydacHuMX ymoBax, OKpiM 3a3HadeHUX (paKkTopiB, HA CTaH
MOBEPXHEBUX Ta IMIJ3EMHUX BOJI CYTTEBO BIUIMBAIOTH OOWOB1 Aii Ha TEpUTOPIl
VYkpainu.30kpema, MoBa Kae Npo 3a0pyAHEHHS MOBEPXHEBUX Ta MIA3€MHHX BO,
YCKJIAJTHEHHS JIOCTYIy HaceJIeHHS /10 BOAM 4epe3 pyHMHYBaHHS 00’ €KTIB KPUTUYHOI
1H(pacTpyKTypH, 3arpo3a MomupeHHs 1HPEKIIHHIX 3aXBOPIOBaHb TOIIIO.

BucHoBok. B uuiomy BupilleHHS NOpoOJieM IUTHOTO BOJOIMOCTAYaHHS B
VYkpaini norpedye KOMIUIEKCHOTO MixoAy. B mepmry uepry, cuctema 3abe3nedeHHs
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HACEJICHHS TMUTHOIO BOJIOI0 TapaHTOBAHOI SIKOCTI TIOBHMHHa Oa3yBaTucs Ha
BIIPOBA/PKEHHI  CYYaCHUX TEXHOJIOTI  BOJOMIATOTOBKH, CIIOPYZ, pEarcHTIB,
MarepiajiiB Ta OOJlaJHaHHS, a TAKOXK BIJTHOBJICHHI MEPEKEBUX CHUCTEM PO3MOALTY
nuTHOT Boau. OcoOiuBOi yBaru morpedye mUTaHHS PO3POOKH HOBUX €(PEKTUBHHX
METO/[IB OYHUILEHHS MPUPOJHUX BOJ Ta YJOCKOHAJIEHHS ICHYIOUHMX TEXHOJIOTTUHHX
MPOIECIB  MIATOTOBKM TMHTHOI BOJAU. AJIbTEpHATUBHUMH NUISXaMU BHUPIIIECHHS
npoOsieMu 3a0e3MEUYeHHs] HACEJIEHHS SKICHOIO MUTHOK BOJAOK € 3aCTOCYBAHHS
CUCTEM JIOKAJIHHOTO JIOOYMIICHHS BOJOIPOBIIHOI BOAM, OIOBETIB, BUPOOHUIITBO
(dhacoBaHUX MUTHUX BOJI.

KpiM Toro, BaXXJIMBUM € CTBOPEHHS CHPUATIMBOIO 1HBECTULIIMTHOrO KJIIMATy B
KpaiHi, YJIOCKOHAJICHHS CUCTEMH (PICKaJIbHOTO PETYIIOBaHHS BOJAOKOPUCTYBAHHS 3
MeTOI0 3a0e3MeueHHs] BUPIIIEHHSI HaraJlbHUX MpoOJieM Yy Taimy3i BOJOKOPUCTYBAHHS,
TEXHIYHOI'0 TEPEeOCHAIlICHHs, MOJIEpHI3allil KUTIOBO-KOMYHAIbHUX MIAMNPUEMCTB Ta
PO3BUTKY KOMYHAJIBHOI 1H(PACTPYKTypH, CTHUMYIIOBaHHS MPOIECIB OIIAATUBOTO
OCBOEHHS BOJTHO-PECYPCHOTO MOTEHIIIATY.
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Inemumym konoionoi ximii ma ximii 60ou im. A.B. [ymancexoeo HAH Ykpainu, Kuis,
Ykpaina

Beryn.  Ilporsirom  1994-2021 pp. Oyno mNOpoBEACHO  MOHITOPUHT
IHIUBIIYAJIbHUX CIIOJYK TPbOX KJACIB OpraHiuHUX EKOTOKCHMKAHTIB, a came
xyiopopraniuanx nectuuuaiB  (XOII), nomixmopoBanux OideniniBe (IIXB) Ta
NOJIUMKIIYHUX apoMatnyHux ByriaeBoaHiB (IIAB), B mnoBepxHeBiii Boai p.
Juinpo.Mera paHoi poOoTH TmoNisirae B Yy3arajbHEHHI OTPUMAHHUX pPE3YyJIbTaTiB,
BCTaHOBJICHH1 TeHAeHII1} 1o 3MmiH1 KoHueHTpatiil XOIl, I1Xb ta [TAB y noBepxHeBii
BOJIl, a TAKOX B OIIHII CTYMEHIO HEOE3MEKHU, Ky CTAaHOBISATH 111 TOKCUKAHTHU JJIS P.
Huinpo [1-3].

Pe3yabTaTtu. 3aransna konuentparis XOII (a-, B-, y-I'XUI, 4,4'-1/E, 4,4'-
A0, 4,4'-1T, renraxnop, aneapuH, ['Xb) 3naxonunacs B mexax Big 6,1 g0 20,8
ur/am3.  CepenHs KoHUeHTpawis ckiamana 12,1944,73 wur/nm3. 3a  nepion
JOCIIKEHHST CIIOCTEPITaIOCs HE3HAYHE 3POCTAHHS BMICTY MECTHIMAIB Y BOII, IO
noB’si3ano 3 TuM, Mmo XOII xapakTepus3ylOTbCS BHCOKOIO CTIMKICTIO [0
Oiomerpanartii. 3okpema, nepion HamiBposnany /T y Boxi mocsirae 10 pokiB. Takox
HMOBIPHOIO € HAsBHICTh HOBHMX JDKEPEN eMiCii MECTUIIM/IIB, 10 3aJICKUTh BiJ PI3HUX
dakTopiB, 30KpeMa, BiJl TPaHCKOPIOHHOIO NepeHeceHHs. LleBukimkae HaKOMMYEHHS
XOII y BomHOMY CepeIOBUIII Ta OCTYOBE 3pOCTaHHA iX KOHLUEHTpALIi.

[Ipu anami3i cniBBiAHOWEHHS 1HAMBIAYanbHUX XOII y BogHHX cHcTeMax y
BO/1 p. JIHIMIPO BCTaHOBJIEHI HACTYIHI 3akoHOMipHOCTI.Bimomo, mo JJIT 3 wacom
nepetBoproetbest B JIJIE B aepobonux 1 B JIJIJI B aHaepoOHUX ymoBax. 3Biicu
BurumBae, mo 3a croiBBigHomeHHsM (JJAE+JII)/AAT MoXIMBO OIIHUTH dYac
HAJXO/KCHHSI  TEeCTUIUY B  TNPUPOJHE  CEPENOBHINE. 3HAYEHHS  IHOTO
cniBBigHOIIEHHsT > 0,5 cBimuuTh mpo AaBHe 3a0pyaHenHs JJT; 3nauenus < 0,5,
HaBIaKHd, € O3HaKoKw HemaBHbO1 emicii JIJIT.Jlms OumbmIocTi 3paskiB BOAU 13 P.
Huinpo cmiignomenns (JAJIE+IJIA)/ AT > 0,5, mo Bka3ye Ha Te€, 110 3 MOMEHTY
NOTPAIUISIHHS IECTULMY Y BOAY MPOMIIOB ocTaTHIN yac. Takox ciiij BIAMITUTH, 1O
Bucoke 3HaueHHs criBBigHomeHHs o-I' XUI['/y-I'’XHI" cBiguuTe mpo BUKOPHUCTAHHS
texHiyHoro ['XII[', Hu3bKE — TPO BUKOPUCTAHHS JiHAaHY. Y Boal p. JHIIpo
BU3HAyeH1 BHCOKI KoHueHTpamii Yy-I'XI[" ymopiBasHHIZ o-I' XL, mo Moxe
BKa3yBaTH Ha HEJIABHIO EMICIIO came JIIHIaHY B IaHYy BOAHY CUCTEMY.

3aranpauit BMicT [IXb B moBepxHeBiit Boji p. JIHINPO 3HaXOAUBCS B ME¥Kax BiJl
4,8 10 49,6 ur/mm3. Cepenns KoHLEeHTpanis ckiaanana 23,134+20,64 ur/ame. 3a nepion
TOCIiKeHHST BigOymnocst 3poctanHs kouuerpamii [1Xb, mo mokHa moscHHTH i1X
HAJXO/KEHHSIM Y JIOBKULIA pa3oM 3 TpaHCHOPMATOPHUMHU 1 KOHJACHCATOPHUMU
piAMHaAMU Ta TPAHCKOPJIOHHUM nepeHeceHHsM. Bukopucrtanus [1Xb y enekrpuunux
npwiagax € CYTTEBUM JDKEpENIoM 3a0pyIHEHHS HaBKOJHUIITHBROTO CEPEIOBUIIA
Vkpainu. Ewmicigs [IXb BigOyBaeTrbcst Ha TepuTopii Bcle€i YKpaiHM 1 BHUKIIHKAE
MIJBUILIEHHS iX KOHIEHTpalli Yy BOJHHUX CHUCTEMaxX.AHall3 130MEpHO-CIEUU(PIIHOro
ckiaany [IXb cBiguuth mpo Te, MO0 y MOBEpXHEBiM Bol p. JHINpo mepeBaxkaiu
KOHTEHEPH 3 YUCIIOM aToMiB xJiopy Bia 4 no 6. Ha ix wactky npunagasno ousiie 80%
B1JI 3araJibHOI KOHIIeHTpallii. YacTku nu-, Tpu-, renta-11Xb € He3HauHUMU.
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Cepennst 3aranbHa KoHueHtpailisi [IABB mnoBepxueBiit Boxi p. JHimpo
ckiananal 81,76£111,42ur/nm3. Bracmigok Toro, mo y 2010 p., 2011 p., 2014 p.
BIJIOIp 3pa3KiB BOJW BIAOyBaBCs B Cyxui mepioj, piBHi BmicTy [IAB BusiBuimcs
aHOMaJIbHO HU3bKUMH (< 25 Hr/mm®). 3a BUKIIIOUEHHAM IUX POKIB CEpENHs cyma
[TAB cknamana 243,22+43,37ur/am3. MakcumanbHa 3aranbHa KoHueHTpanis [TAB
Bcranosiena y 2020 p., mocknmagana 303,9 wr/mm. B uinomy, 3a mepion
JOCIIKEHHS crocTepiranocs 3pocranHs BMicty I[TAB y Bogi.

Y Bomi p. JHIpo mepeBakaroTh JIETKI JBOX-, TPbOX-Ta YOTHUPbOXIIUKIIIYHI
[TAB, 1m0 XapakTepu3yrThCsl BUIIOI0 PO3UYMHHICTIO Y BOJI Ta € MEHIII TOKCUYHUMU
crioJyKaMu. Y OLTbIIOCTI 3pa3KiB BOJM HAWBHUII KOHIIEHTpalli OyJIu BCTAHOBJIEHI AJIs
Ha(TaniHy, (eHaHTpPeHY Ta (yopaHTeHy. [3 MapKepHHMX CIHIBBIIHOIIEHb MOXXHa
CTBEp/KYBaTH, MO s p. [[HIMpo XapakTepHUM € TMepeBakKaHHS TEXHOTEHHOI
CKJIa/10BOi B cTpyKTypi [TAB, BUKIMKAaHOI ITpoliecaMy TOPIHHS OPTaHIYHUX PEYOBUH .

I3 mpoBeneHoOro aHami3zy piBHIB BMICTY €KOTOKCHKAHTIB Y IHIIUX PO3TJISTHYTUX
BOJIHMX CHCTEMaX MOKHA 3pOOWTH psiJi BUCHOBOKIB./[71s1 BogHux cuctem Kuraro Ta
Iaaii criocTepiraeTbecs MOMITHA TEHACHINS OO0 3HMIKEHHS 3arajibHOi KOHIICHTpAIIil
XOII ta [TAB. He3Baxaroun Ha 1i€ piBHI BMICTY IIMX €KOTOKCHUKAHTIB 3aJIUIIAIOTHCS
JI0CTaTHRO BHCOKoMH. Hampukiman, cepenne 3HaueHHs cymu XOII y Bomi theGan-
gaRiver, theHuaiRiver, theYangtzeRiver, thePearlRiverDelta cxnamano BiamoBigHO
317,85+380,13; 34,37+£32,25; 21,27421,77; 69,93£105,95 wur/nm®. Cymapsi
xonmentpaiii [TAB y Bozi theGangaRiver, theYangtzeRiver, thePearlRiverDelta tex
BUSIBHJIMCS JOCHUTh BUCOKMMM Ta CKJagaiu BiamosimHo 6911+4068; 173,51+145,85
ta 132,87+74,69 ur/nm3.Pieui [1XB y npupoaHux BoAax € BiJHOCHO CTabiIbHUMH Ta
HE TepeBUIYIOTH 50 Hr/aMe,

BucnoBku. PiBHI BMICTY OpraHiyHUX €KOTOKCHUKAHTIB B IMOBEPXHEBINA BOII P.
JIHIpo nemo 3pociu 3a OCTaHHI JAECATHIITTA. TOMYy BaKJIMBHM 3aBJAHHIM €
IIPOJIOBXKEHHSI MOHITOPHMHTOBUX JIOCIIKEHb MO BH3HA4YeHHIO KOHIeHTpariin XOII,
[IXb Ta [TAB y mnoBepxHEBMX BOJaxX Ta KOHTPOIIO iX eMicli y HaBKOJMIIHE
cepenoBumle. Lli crnonyku € O10JOCTYIHMMH, TOMY MOXYTh CTAHOBUTH 3HAYHY
3arpo3y JUI1 BChOTO TBAPUHHOTO Ta POCIUHHOTO CBITY, B TOMY YHCIIl JIOUHHU.
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Environmental and economic aspects of rainwater collection and use
Olena Kovalenko
Odesa National Universityof Technology, Odesa, Ukraine

In the modern world, humanity increasingly faces problems of access to water
resources and increasingly experiences a shortage of high-quality and safe drinking
water. This is due to demographic, economic, social reasons, environmental degrada-
tion, climate change and man-made impacts on a global scale. According to experts'
forecasts, the current rates of production development and population growth will
only exacerbate these problems. The agrarian sector feels it very much. Because the
most fresh water is spent on irrigation of agricultural crops. Most countries are trying
to expand access to water through groundwater. But they also run out. Therefore, the
implementation of technologies for the rational use of water resources, state regula-
tion and control of groundwater extraction, the use of more effective water treatment
technologies, the development and implementation of water use technologies, includ-
ing water supply from alternative sources, are urgent tasks today [1].

Traditional sources of water supply for the population and industry are fresh
surface and underground waters. Alternative sources of water include desalinated
seawater or water from underground sources with high mineralization, treated sew-
age, rainwater, condensates of atmospheric moisture, water from glaciers, condensed
vapors from the soil, and condensed water formed during plant transpiration. It is
clear that such technologies will not be able to completely replace traditional water
supply. But it is realistic to meet individual water needs both in the private sector and
in industry [1].The purpose of the work was to evaluate the social, ecological and
economic aspects of the use of rainwater as an additional source for water use.

Not so long ago, rainwater was considered an unnecessary runoff that had to be
quickly disposed of with the help of drainage and sewage systems. Today, the ap-
proach has changed. In modern conditions, rainwater is a valuable natural resource
that needs to be treated with care. Compared to water from other alternative sources,
rainwater has a minimal impact on the environment and, in the case of collection
from the roofs of buildings, requires a less complex treatment technology before fur-
ther use. In addition, collecting rainwater and using it after treatment reduces the vol-
ume of stormwater flowing into the drainage system. Accordingly, the risks of flood-
ing territories, the costs of sewerage and wastewater treatment, and the pressure on
natural water resources are reduced.

In recent decades, more and more countries around the world have begun to
support a return to the technology of collecting and using rainwater. In a number of
countries around the world, relevant legislation has been developed and is already in
effect. Modern practice has already proven that the installation of systems for collect-
ing, reserving and using rainwater from the roofs of residential and office buildings is
promising for water use. And economic calculations performed by experts from dif-
ferent countries of the world show that it is more rational to clean and reuse rainwater
than to clean it up to standards for discharge into surface water bodies [1 - 4].The

chemical composition of rainwater depends on the place of its formation and the con-
165



ditions of collection. The concentration of impurities can vary in wide ranges. Ac-
cordingly, the technologies for processing such waters will also be different [4].

Modern rainwater collection and use systems consist of gutters and downspouts
for draining water from roofs, a metal mesh or filter for removing leaves and stones, a
water storage tank, a pumping station for supplying water to the consumer, and, if
necessary, a deeper water purification system. With their use in the rainy season, it is
possible to reduce water consumption from centralized water supply systems by up to
50%.Purified rainwater can be used for household needs: washing, cleaning, flushing
toilets, taking a shower, watering decorative and agricultural crops. It can also be
used to cool air intended for air conditioning in buildings. Rainwater can become a
source of drinking water if, after purification, its indicators meet the requirements for
the quality and safety of drinking water [1-4].

ONTU conducted studies on the possibility of organizing an additional source
of water use at the expense of purified rainwater previously collected from the roofs
of buildings. The objects of the study were a food enterprise and an educational insti-
tution. The areas of roofs for water collection were determined, the amount of rain-
water that can be collected from these roofs was calculated, and the quality indicators
of collected water samples were studied. Taking into account the obtained results,
technological schemes for the treatment of rainwater collected from the roofs of the
enterprise and educational institution are proposed. The necessary equipment was
also selected, the need for reagents was calculated, and the economic efficiency of the
proposed technical solutions was evaluated [1, 4]. It is planned to use the prepared
water for the economic needs of the enterprise and educational institution. It has been
established that the use of collected and prepared rainwater for the enterprises' own
needs will allow to reduce their costs for centralized water supply and drainage,
which have significantly increased with the increase in tariffs for such services.
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YK 628.1
HigBuneHHs epeKTUBHOCTI 3HE3AJi3HEHHS MiA3eMHUX BOJ 3 BUKOPUCTAHHAM
Cy4YacHMX (iIbTPYHOUHMX MaTepiajiB
Tapac KY3VYb
Hayionanvnuui ynieepcumem xapuogux mexuonoziu, Kuis, Yxkpaina

Beryn. Bucokuii BMICT 3ami3a y MiA3€MHUX BOJAaX € 3HAYHOK MPOOJIEMOIO
BOJIONIJTOTOBKHM, OCKUIbKM CIPUYMHSIE YTBOPEHHS BIAKJIAIE€Hb y TpyOOmpoBOAax,
3HUKEHHSA POAYKTUBHOCTI 001a HaHHS, MOT1PIICHHS CMaKOBHUX Ta
OPTaHOJICITUYHUX BIIACTHBOCTEH BOJM, a TAKOX MPHUIIBUIIIYE KOPO3iF0 METAJICBUX
KOHCTpYKIii. HakonmuueHHs 3ai1i3a Cripusie po3BUTKY 3a11300aKTEpii, 110 YCKIIAIHIOE
eKCILTyaTallio BOJAOMOCTAYAIbHUX CUCTEM.

CydacHi TexHOJOrli BOJOIIATOTOBKH IIPOIMOHYIOTh HOBITHI PIIIEHHS JJIS
3HE3aJI3HEHHS, 30KpeMa 13 3aCTOCYBaHHSIM (DUIBTPYIOUMX MarepialliB 3 BHCOKOIO
Karami3yrouoro 3maTHicTio. OmmH i3 Takmx Marepiamie — Katalox Light, swmii
e(eKTUBHO BUJAJISIE 3a1130, MapraHelb Ta 1HII 3a0py/IHIOBaYl 3aBIsIKH aKTUBOBAHIN
MOBEPXHI Ta BUCOKIN MOPUCTOCTI, IO JO3BOJISIE AOCSATATH BUCOKHX PE3yJbTaTiB 0e3
JOJJaTKOBUX PEarcHTIB.

Marepianu i merogu. s mpoBeneHHS MOCHIKEHb OyJIO BHKOPUCTAaHO
Katalox Light — me ¢impTpyrounii marepian, mo 0a3yeTbCsi Ha TPAHYJIHOBAHOMY
Marepiajii 3 BHCOKOI OKCHJalIiHOW 3aaTHICTI0. CKIIagaeThCsi 3 MarHe3i€BOro
JIOKCUY, 10 3a0e3Meuye Karaji3 OKMCJICHHS 3aji3a Ta MapraHillo, MepeTBOPIOIOYU
iX y HEepo3uHuHHY (hOpMYy, sIKa JIETKO BUAAIAETHCS 3 Boau [1].

Jns Bu3HaueHHA e(PEeKTUBHOCTI (GUIBTPAIIMHOTO TMPOIECY IMPOBOIUINCS
1abopaTopHi TECTH, y SAKMX MiJ3eMHA BOJa 3 BMIiCTOM 3aiiza Ha piBHI 5 mr/mm®
ounmanacs uepe3 map Katalox Light. BukopucroByBamuch craHmapTHi METOAH
aHaJTi3y KOHIIEHTpaIlii 3ami3a 70 1 micas GiabTpallii 3a JOMOMOrorw (POTOMETPUYIHHUX
TecTiB. OKpIM 1ILOTO, MPOBOJIUBCS PO3PAXYHOK MPOAYKTUBHOCTI (DUIBTPY 3 OIJISIAY Ha
MIBUJIKICTh PibTparlii, 3Miny pH Boau Ta pecypc pobotu matepiany.

Pe3yabTaTu. PesynbraTé mociipkeHb MOKa3aiu, mo BukopucTanHs Katalox
Light no3Bojse 3HM3MTU KOHIEHTpaLilo 3adiza 3 5 Mr/aM® 10 HOPMAaTUBHOIO
nokasauka 0,2 mr/am3. Tponec ¢inprpanii BinOysascs npu Butpati Bogu 8,00 M>/rox
Ha QUIbTpax 3 aBTOMATUYHUMU KJIallaHAMH KEPyBaHHS.

EdextuBHicTh BHIAJICHHS 3amiza 3a gornomororo Katalox Light BusHauanm 3a
dbopMmyIor0:

C — Cy
E = ( no. KlHu.) % 100%
. Cl.m‘*' . . .
1e Croq. — TOYAaTKOBA KOHIEHTpAIis 3ai1i3a, Cyiny, — KIHIIEBa KOHLIEHTpALIS 3aitiza [2].

Ha ocHOBI pocmigkeHb B cepeAHbOMY €(EKTHBHICTh BHUAAICHHS 3ajli3a
CTAHOBUTH NMOPAAKY 96 %.
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Bukopucranus Katalox Light mo3Bossie 3MEHITMTH BUTpATH HAa pearcHTH IS
okucienus Fe (II) ta oOcnyroByBaHHs OO0JIaJHAHHS, OCKUIBKM Marepiaji, Mo
BUKOPUCTAHO SIK 3aBaHTa)XXEHHsI, 3a0e3meuye poOoTy Oe3 [oJaBaHHS JOAATKOBUX
XIMIYHUX pEareHTiB 1 MOXE BIJHOBIIOBATHCH NUIIXOM MNPOMHUBAHHS Bojoro. lle
3a0e3neuye TpUBAJIUN pecypc BHUKOPHUCTaHHS Marepiany (10 3 pOKiB 3aJekKHO BiJl
sxocti Boau). IIpu 3MiHI MOYaTKOBOI KOHIEHTpauii 3amiza Big 3 mo 7 mr/ ame,
¢(EeKTUBHICTh 3HE3aTI3HCHHS BOJM 3aJHUINANIACh CTA0IILHOI 1 CTAHOBUJIA HE MEHIIIC
90 %. Lle cBiAYMTH MPO MOXKIMBICTH BUKOPUCTAHHS MaTepiaqy y BOJOOYHUCHHUX
YCTaHOBKaX 13 BUCOKMMH BUMOTaMH JIO SIKOCTI OUMIIICHHS BOIH.

Y TOpiBHSHHI 3 TPAAWUIIIMHUMHU METOJAMH, SIKI BHKOPHUCTOBYIOTH XJIOp a00
KaJgiii mepMaHraHat I OKHMCIeHHs 3amiza, Katalox Light e exomoriunimmm i
Oe3meyHImuM JUId KIHLIEBOTO crokuBaya. JIOCHIDKEHHS TMOKaszai, IO MpH
oqHaKoBMX ymoBax Qinbrparis 3 Katalox Light mae xpamii pe3ynbratu Ta morpedye
MEHIIOTO OOCIYrOBYBaHHSI CUCTEMH, IO CKOPOUYE EKCIUTyaTaliitHi BuTpatu Ha 20—
30%.

BucnoBok. Orpumani pe3yibratd cBiguath, 1o Katalox Light e
BUCOKOE(EKTUBHUM (DIIBTPYIOUMM MaTepiajioM JIJIsl 3HE3aJI3HEHHS MiI3€MHUX BOJI.
Bin 3a0e3neuye crabiibHe BUAAICHHS 3aj1i3a Ta IHIIKMX 3a0py/IHIOBaY1B (Mapratifo 1
CIPKOBOJIHIO) TIpH MIATPUMaHHI ONTUMAIbHUX YMOB ekcrutyaramii (pH 7-8). lle
poOUTh HOro MepCcrneKTUBHUM BUOOPOM JUIsl MIPOMHCIOBUX Ta MOOYTOBUX CHUCTEM
BOJOMIATOTOBKH, J€ BAaXJMBI SK SKICTh, TaK 1 JOBTFOBIUHICTh (PUIBTPYHOUMX
MarepiaiB.

Iepeuaik mxepeda ingpmanii

1. ImcTpykmis mo ¢inmerpyrodoro Mmarepiany Katalox Light [Enexkrponnuii
pecypc]. — Pexxum mocrymy: https://example-filter-material.com
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2. Ilutha Boma [EnextponHuii  pecypc]. — Pexum  goctymy:
http://www.ukrcsm.kiev.ua/media/umtst_doc/pres_conf/water.pdf ].

HiagroroBka ¢axiBuiB Apyroro (MaricTepcbKoro) piBHs BUINOI OCBIiTH 32
cneniajgbHicTIO 181 «Xap4yoBi TexXHOJ0Tii» Ta OCBITHBO-TIPO(eciiiHOI0
nporpamoro «TexHouorii HyKpiB, mojgicaxapuaiB i NiATOTOBKH BOAH Y

NMPOMMCJOBUX Ta KPaPTOBUX BUPOOHUITBAX»
Inna KapnoBuu
B.0. 3aBlAyBayua Kadeapu TEXHOJIOTII LIYKpY 1 MIATOTOBKU BOAM, K.T.H., 011,
Harauisa I'ycsaiTuHCBKA
rapant OII, a.1.H., npod.

JIOCSITHEHHSI TUJIEH CTaJIorTO PO3BUTKY B YKpaiHI HEMOXJIUBE 0€3 SKICHOI
ocBiTH MaitOyTHIX (axiBii. Hapasi chepa BUpoOHUIITBA MPOAYKTIB XapuyBaHHS
3a3HA€ CYTTEBUX 3MiH, IO TOB’S3aHO 3 PIBHEM BUPOOHUIITBA, ACOPTUMEHTOM Ta
AKICTIO TIPOAYKIIii. BiAmoBiqHO 10 1IHOTO, CydacHI BUPOOHUKH XapuyoBOI MPOMYKIIIT
BUKOPUCTOBYIOTh PI3HI BUIW ILYKPIB Ta IMOJicaxapuiiB, sKi BIIITPalOTh POJb HE
TIIBKY M1ICOJIOJKYIOUUX areHTIB, a i CIIPUSIIOTh CTPYKTYPOYTBOPEHHIO, CTa01Ti3a1ii
tomo. [lepCeKTHBHMM HAMpsSMKOM PO3IIUPEHHS AaCOPTHUMEHTY IYKpy Ta
IYKPOIIPOJIYKTIB € CTBOPEHHSI IMPOMMCIOBUX Ta KpadTOBUX TEXHOJIOTIH HOBUX
IyKPUCTHX PEYOBMH Ta TIOJICAaXapuIiB 31 CIOPSIMOBAHOK 3MIHOK iX XIMIYHOTO
CKJaay, IIiIBUIIEHOI Xapq01301 1 Oionoriynoi uiHHocTi. Ile HOBI BuamM
IYKPOIIPOAYKTIB 13 TPAJULIMHUX BHUAIB CUPOBHUHU 3 BUKOPUCTAHHSIM XapuyOBUX
n00aBOK, a TakK0oX HOBI BHJAM ILIYKPOIPOAYKTIB MOJIMIIEHOI SIKOCTI, OpraHiyHi
IYKPOTIPOJYKTH,  30arayeHi  KOPUCHUMH  MIKpO- Ta  MaKpOEJIEMEHTaMH,
IYKPOIIPOAYKTHU 13 HETPAAUIIIMHUX BUJIIB CAPOBUHH TIPUPOTHOTO TTOXOKEHHS; PiJIKi
IyKPOITPOIYKTH TOIIIO.

BaxxnuBy ponib y xapdyBaHHI JIFOAWHU Ta BUPOOHUIITBI XapyOBUX MPOJYKTIB
BiJIirpae sIKiCTh BOAU. B TOM ke yac, HeCTaOlIbHICTh CKJIaay Ta SKOCTI MUTHOI BOJU
CTBOPIOE TEPEAYMOBH [IJII PO3BUTKY TEXHOJOTIH JOJATKOBOTO OYMIICHHS JIJIS
BUTOTOBJICHHSI ()acOBaHWX TMHTHUX BOJA, a TaKOX XapuyoBHX NPOAYKTIB Y
IPOMHUCTIOBOMY Ta Kpa(pTOBOMy BUPOOHHUIITBAX.

Ha chorogni TeHjeHI€l0 cydacHOi OCBITHM € 00’enHanHsi cymixkHux OII 3
METOI0 HaJaHHS OIIbII MIMPOKOTO CHEKTPYy 3HAHb Ta KOMIIETEHIlH, SKI B
MalOyTHHOMY (paxiBellb 3MOXKE BUKOPUCTATH y CBOIN MpodeciiHiil NisTbHOCTI.

[le akryami3ye HEOOXIAHICTh MIATOTOBKM CYYacHHX KBaJi(hiKOBaHUX
CITEI[IAJTICTIB, SIKI MAlOTh BOJOJITH KOMIIJIEKCOM 3HAaHb T4 HABHYOK IIOJ0 TEHIACHIIN
BIIPOBA/DKECHHS SKICHO HOBHX TEXHOJIOTIH ITyKpiB, IOJIICAaXapuJiB Ta IIJATOTOBKH
BOAW JUISI PI3HUX TPYI CHOXKUBAYiB 3 METOI0 3a0€3MEUCHHS AaCOPTUMEHTY Ta
CTaO1IBbHOT SAKOCT1 MPOAYKITIT:

. IPOMHUCITIOBOTO BUPOOHUIITBA IYKPIB Ta MOJIiCaXapuiB, B TOMY YHUCII,
LyKpy O110r0, PIAKOro I[YKPY, IHBEPTHOTO IIYKPOBOI'O CUPOITY, KPOXMAJIIO,
KpOXMaJIbHUX MAaTOK, CUPOIY 3 TTFOKO3H, TIIFOKO3U KPUCTAIIYHOI, TEKTUHY Ta 1H.

. KpaTOBOro BUPOOHHUIITBA LIYKPIB Ta LIYKPONPOAYKTIB, 30KpeMa
XapuyOBUX CUPOMIB PI3HOTO KOMITO3UIIIHHOTO CKJIay IIYKPIB, KapaMesli30BaHOTO
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IYKPY, IIYKPOBOI MyapH (IyKOP JJIsi OOCUIIKH), ITyKPY IIPECOBAHOT0 (KOJIOTOTO) 3
JOIaBaHHAM apOMAaTHUYHUX 100aBOK YM OapBHUKIB Ta 1H.

. BOJIOMIITOTOBKH JIJIsl TIIITTPUEMCTB Xap4yoOBOi Tally3i, BAPOOHUIITBA
dacoBaHOi MUTHOI BOJH, Kpah)TOBOTO BUPOOHHUIITBA XapuOBUX MPOAYKTIB.

OcaitHpO-IipodeciitHa mporpama «TexHosorii mykpiB, moaicaxapuuiB i
MiATOTOBKH BOAW y NMPOMHUCJIOBHX Ta KPa@TOBHX BHPOOHHITBAX» CIPSIMOBAHA
Ha MIATOTOBKY MaricTpa, SKWid BOJOAITUME (PyHAAMEHTAIbHUMHU Ta MpodeciiiHo-
OpPIEHTOBAaHUMU 3HAHHSIMH 3 TEXHOJIOT1H IIYKPIB, MOJIICAXapH/IiB 1 MIATOTOBKU BOIAU Y
MIPOMHUCTIOBUX Ta KpadTOBUX BUPOOHUIITBAX Ta Mepeadadae moriaudaeHy TEOPETHIHY
Ta MPaKTUYHY MiJTOTOBKY JII TPOBEACHHS MPOEKTHO-TEXHOJIOTIYHUX, BUPOOHHYO-
TEXHOJOTIYHUX, HAYKOBO-IOCIIIHUX pOOIT 3 po3poOJEHHS Ta BIPOBAIKECHHS
TEXHIYHUX 1 TEXHOJIOTIYHMX 1HHOBAI[Id Ta BUKOHAHHSA 1 3aXHUCTy KBaji(ikariiHol
poOOTH 3 BUKOPUCTAHHSIM HOBITHIX JOCATHEHb HAYKH Ta MPOMHUCIOBOCTI, CY4aCHHUX
1H(pOopMaIIHHUX Ta KOMI IOTEPHUX 3aCO01B.

[IpakTuHa MIATOTOBKAa MAricTpiB MPOBOAMTHCS HA MPOMUCIOBUX Ta
KpadTOBUX MIANPUEMCTBAX YKpaiHM 3 BUPOOHHUIITBA IIYKPIB, TOJICAaXapuiB 1
MiTOTOBKHA BOJHW JUIsl XapuoBUX NMPoaykTiB. Takoxk kadeapa Mae T0OCBia AyarbHOI
ocBITWU  MaricTpiB, 3o0okpema Ha IlpaT «OOomnonsy, YKnmaHiBcbkoMy Ta
HoBOOpXKUIIbKOMY IIYKPOBUX 3aBOJIAX.

Bunyckuuku — ocBiTHbO-TipodeciitHoi  mporpamu  «TexHosorii  Iykpis,
NoJIicaxapyIiB 1 MIATOTOBKM BOJAU y NMPOMUCIOBUX Ta Kpa(TOBUX BUPOOHHIITBAX)
MOXYTh BUKOHYBAaTH HAyKOBY, OCBITHIO, aHAJIITHUHY, €KCIEPTHY, KOHCYJIbTATUBHY,
VIIPABIIHCbKY AISUIBHICTE Yy cdepl XapyoBHX TexHojoriid. HaBuambHuUM miiaHOM
MiTOTOBKM MAariCTpiB 32 HOBOKI PEAAKIIIEI0 OCBITHBO-TIpOodeciiiHoi mporpaMu
«TexHonorii WyKpiB, MojicaxapuAiB 1 MIATOTOBKM BOAU Yy MPOMHUCIOBUX Ta
kpadToBUX BUpOOHMITBaX» (2024 p.) mepenOayeHO HOPMATHMBHI JUCHUIUIIHU Ta
JUCLUMILTIHYU 32 BUOOPOM 3/100yBaya:

HOPMAmMUGHI OUCUUNITHU:
[HTEneKTyanpHa Ta IPOMHUCIOBA BIACHICTb
[HO3eMHa MOBa: MPaKTUYHI HABUYKU HAYKOBOi KOMYHIKaIlli
Ontumizaliisi Ta CTAaTUCTUYHI METO/IM aHATI3y B XapUOBUX TEXHOJIOT1SX

Monayns 1. OnTumizanis TEXHOJIOTTYHUX MPOLIECIB BUPOOHUIITBA LIYKPIB,
MoJTicaxapu/IiB 1 MiJAITOTOBKU BOJU

Monynb 2. CtatucTuuHO-rpadigyHl METOAM aHAJ3Y €KCIIEPUMEHTATbHUX JAHUX
VYpaBiiHHS 1HHOBAI[IHHUMU TTPOSKTaMU
HayxoBo-10CHi THUIIbKUAN PAKTUKYM

[HHOBAIIIT B TEXHOIOTIAX I[YKPIB, MOJICAXapU/IiB Ta MiATOTOBKU BOIM: POMHUCIIOBE
Ta KpadToBE BUPOOHUIITBO, B T.4U. KYPCOBUHN MPOEKT

MeHepKMEHT SIKOCTI Ta 0€3MEYHOCTI IYKPIB, MOJicaxapu/IiB Ta (PACOBAHUX MUTHUX
BOJ, Y T.4. KypcoBa poOoTa

[Ipodeciitna mpakTuka
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[lepenauniuoMHa mpakTHKa
KBamiikaniitna podota

oucyuninu 3a sudOOpom 3000ysaua:
JucuuruiiHa 13 3arajibHOYHIBEPCUTETCHKOI 0 KATAJIOT'Y
Jucnuriniza 3 karajaory cneniaabHocti 181 "Xapuoi Texnosorii"
Excnieptu3za Ta excripec-iaeHTu(IKalis XapuyoBUX MPOTYKTIB
InenTudikamist NpoayKIilii Ta METOAU BUABIIEHHS Qaiibcudikariii
bioakTHBHI Xap4OB1 KOMIIOHEHTH 1 37J0POB’ s
bi070r14HO aKTHBHI PEUOBMHU B XapUOBUX TEXHOJIOTISAX
OcHoBHI TpUHIMIHY (HAPMaKOHYTPHUIIOJIOTIT B CUCTEMI 3I0POBOT0 XapyyBaHHS
JIMCIMIUTIHY 13 KATAJI0ry OCBiTHBLOI MpOrpaMu:
TeopeTnyHi 1 IpaKTUYHI ACIEKTH BUPOOHUIITBA T1IPOKOJIOI/IB BYTJIEBOJHOI IPUPOAH
TexHomorii MeMOpaHHOTO OYUIIIEHHS BOAM Y IPOMUCTIOBHUX Ta Kpa(TOBUX
BUPOOHUIITBAX
HaykoBi OCHOBU TE€XHOJIOT'1l BAPOOHUIITBA IYKPUCTUX PEUOBUH
TeopeTrnyHi aCIEKTH MiATOTOBKY MUTHOI BOAM Ta BOJU I XapuOBUX BUPOOHHUIITB
MeTtozo0oris HayKOBUX JTOCIHIIKEHb Ta akaJeMidHa T0OpOYECHICTh
OdopmiieHHs pe3yJIbTaTiB EKCIIEPUMEHTY Ta HAyKOBa Mpe3eHTallis
VYrpaBniHHS pU3MKaMH MANPUEMHULIBKOL TISUIBHOCTI B Cy4aCHUX YMOBaXx
rOCHOJapIOBaHHS

Mikpo6iooriyHi Ta CaHITapHO-TIT1€EHIYHI ACTIEKTH BUPOOHUIITBA IIYKPIB,
noJiicaxapuiiB, pacoBaHUX MUTHUX BOJL

[TpomucnoBi Ta KpadTOBI TEXHOJIOT1i Y BUPOOHHUIITBI I[yKPUCTUX PEYOBHH.

HaBuanHs CTyIeHTIB 3IIHCHIOETBCS Y HAYKOBO-IOCHIIHUX JabopaTopisix
kKadenpu, OCHAIIEHUMX HEOOXIMHUX OOJNIATHAHHIM JIi TPOBEACHHS JIAOOPATOPHUX
poOIT Ta HayKOBUX JociiKeHb. HaykoBa poOoTa 3700yBauiB MPOBOAMTHCSA 3a
HarnpsiMKaMH: po0OoTa CTyleHTIB y ryprkax “llykop”, “Boma”; ydacTb y HayKOBUX
KOH(EpEeHIIAX; BUMPOOYBaHHS HAyKOBHX PO3POOOK CTYACHTIB Ta MOJOAMX BUCHUX Y
MIPOMHUCIIOBUX YMOBAX.

Hamni creiikxonnepu Oxcana bamOypa, FOpiit Auapees, Spocnas bapamioselp,
Poman Kupuk, mutpo Crpukak NpuiiMarOTh aKTUBHY YYacTh B OCHAIIEHHI
nabopatopiii, TPOBEIEHHI TOCTHOBUX JIEKIlH, MaicTep-KiaciB, pO3pOOJIEHHI Ta
neperssial Oll, 110 € BaXXITMBUM KPOKOM Y CTAHOBJIEHHI MallOyTHIX (axiBIIiB.

3a niepion 2023-2024 pp. m1st 3m100yBaviB Kageapu MpOBEACHO Psii TOCTHOBUX
JIEKII1 Ta MaicTep-KJIaciB:

- InHOBariitH1 KpadTOBI TEXHOJIOT1i BUPOOHHUIITBA I[YKPIB, IYKPOBUX CHUPOIIIB Ta
HanoiB (I'pinenko Ipuna I'puropiBna, m.T.H., cT. Hayk. cmiBp. ['pymenpkuii Poman

[BaHOBMY, J.T.H., CT. HAYK. CIiBp. [HCTUTYT TpooBobunX pecypciB HAAH);
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- IHHOBamifiHI  TEXHOJOrIl: MEKTUHOBMICHI TMOPOLIKA y  BHUPOOHMIITBI
eaTepocopOeHTiB (Boiitko Onekcanap BacumboBuu, 3act. gupekropa TOB "HBII
"Texuouorika");

- BnpoBamkeHHs 1HHOBalIMHUX METOMIB OYHMCTKM BOJIM Ha MiINPUEMCTBAX
xapuoBoi ramy3i (Crpmxak JImutpo BonogumupoBuu nupextop «Smart Water
Group»);

- Crpareriude yrpaBJiHHS MIIMPUEMCTBOM B KOHTEKCTI PO3BUTKY Ta
MIJBUIIICHHS SKOCTI MpoayKiii. Strategia w warunkach niepewnosci ([{-p Arnemika
J3r00iHchka Kadenpa ympasminas mianpuemctBoM Uniwersytet Ekonomiczny w
atowicach, Ilombmia);

- Oco0nMBOCTI ynpaBiHHS SKICTIO MPOAYKIII OYpSKOLYKPOBOI'O BUPOOHHUIITBA
Ha ocHOB1 cucteMu HACCP (AnapeeBa AnHa FOpiiBHa ArpOonpoOMHUCIOBUN XOIIUHT
«Actapra-Kuiy, TOB «HOBOOPKHUIIbKUH IIYKPOBHI 3aBOY», IHKEHED 3 SIKOCTI);

- @inpTpamiss BOAM: AUCKOBI (MIIBTPU Ta IHEPTHUU aMOPPHHUI aTIOMOCHIIKAT
(ckio0) (Jupexrop TOB «Meradmoy» Poman Kupuk);

- I'enepanbauit qupextop CSW bapamosens SIpocnaB OnexcanapoBuy NpoBiB
MaicTep-kimac Ha TemH: “MemOpanHi Meroam ouumieHHs Boaw® Ta «CydacHi
3aBaHTAXCHHS ISl OYMILIEHHS BOJIN

sl

HaBuansHo-HayKoBa 1abopaTopist BOAOMIATOTOBKU
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Hupexrop TOB «Meradmnoy» Poman Kupuk npoBogUTh rOCTbOBY JIEKIIIIO B
naboparopii kadenpu (2024 p.)

MpuHUMN Ta TexHonoria 6

WATER

DinbTpyloumi ene
HakeceHi KaHaBKi NEBHOT MGMHM Ta LMPHHM, WO 3a6e3NEuYIOTh BHCOKY TOHKICTb Ta TONHICTS

dinsrpawii (sin 5 A 0 MIKPOH).
n; CTMCKaHHi AMCKIB YTBOPIOETLCA 06'EMHa CITYaCTa CTPYKTYPA, WO € GiNbTPYIONMM /
UM enemeHTom

PMEHT - NAKET CrIeLia/bHUX AMCKIB i3 MILHUX NONIMEepHUX maTepianis

DinvTpyBanna
 Blevoms
i yeepeauny

insrpoenementy ig

Oumuennn

3 cepeaMHM HazoBHI  —,

INocThoBY OH-MaitH sekIlito 11 3700yBaviB kadenpu TLIIB npoBoauts nupexTop
TOB «Meradmnoy» Poman Kupuk (2024 p.)
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SYRACHI TEXHONO!

B
(=

B ma6oparopii kapenpu ren. gupekrop CSW bapamosens Spocias OnekcanapoBud
MIPOBOJIUTH MalcTep-kiac “MemOpaHH1 MeToau ounIeHHs Boau” Ta «CydacHi
3aBaHTAXEHHS JJI1 OYuIieHHs Boau» (2024 p.)
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Q% Crada-woy PowerPoint = LYKOP_2024(1): Pav.Point:= =] X

ACTAPTA-KUIB

ArpoONPOMXONAWNHT

‘& BWUPOBHULITBO LIYKPY -
= AKICTb TA BE3MEYHICTb
XAPYOBOI MPOAYKLII

AHHa AHApeeBa : Anna bocak
IHXeHep 3 AKocTi
TOB «HOBOOPXMLIbKWI LlYKPOBWUI 3ABOA»

= PR

I'octhoBa nekinis creiikxonaepiB Bil TOB «HoBoOpKUIIBKUM ITYKPOBHI 3aBOT»:
iHKeHep 3 sskocti AHHa Anapeesa (Bunmyckauusg HY XT 2022 p.) (2024 p.)

zo0m

Workplace

q‘ HAYKOBO-NPAKTUYHWIA UEHTP GAS SECURITY a
UGAR UYKPOEYPAIKOBOIO BUPOEHWUTBA SERVICE |

IHCTUTYT NPOAOBONBYMX pecypciB ey g IHCTHTYT
HAAH Ykpainn NICNAZUNIOMHOT OCBITU
HYXT

InHOBaUii B TexHonorii BUpo6HMUTBa
UYKPY: OTPMMAHHA BanHa;
€KONoriyHa ouiHKa KOMMOHEeHTIB
BUMKMAIB caTypaLliliHoro rasy

HAdonoeipau: c.H.c. INMP HAAH YkpaiHn,
aoueHdT INAO HYXT,
K.T.H., CT. pocniaumk Ceprii Tkavenko

)

G o $€ o006 @
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e 1325
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["ocTroBa nekirist HaykoBliB: c.H.c. [[IP HAAH VYkpainu, nonent IO HYXT
Cepriit Tkauenxo (2024 p.)
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Crpmwxkax /Imurpo Bonogmvmposma
TOB "CMAPT BOTEP I'PYIT"

FycatuHcbkaHa...

Cralia w32 *ToTox | Pyconel (Poccum)

“(‘\‘ucud)‘ 28 Q rouc 20 o0 € _@ ~| C ? '? , -? a Ag o rae 000

I'ocTroBa nekuis 1 3100yBaviB: reH. gupekrop TOB "CMAPT BOTEP I'PVYIT"
Jmutpo Crpuxkak (2023 p.)

There is nothing mo
practical than a goo( &«
theory.

Research streams
in social sciences

dr Agnieszka Dziubirisk
University of Economics in Katowic
Polan®

['ocThoBa JieKIIis 3a y4acTi JokTopa ArHemku J[3r00uHChko1 (dr Agnieszka
Dziubinska) 3 ExonomiuHoro yHiBepcutety M. Karosine, [Tosbina
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HaYKOBe BUAAaHHA

V MIZ’KHAPOJJHA HAYKOBO-ITPAKTUYHA KOH®EPEHIIIA

«IIEPCIHEKTUBU MAMBYTHHOI'O TA PEAJIIT CbOT'OJEHHSI
B TEXHOJIOT'IAX BOJOHIAI'OTOBKH»

14 — 15 mucromama 2024 p.

BignosinanpHa 3a Bunyck Inna KapnoBuu

Komm’torepHa Bepctka Caitsiana IlounnkoBa

HVYXT.01601 Kuis-33, Byn. Bonogumupceka, 68
CeigontBo npo peectparito cepist JIK Ne 1786 Big 18.05.04 p.
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