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EM-TEXHOJIOI'TH SIK BIOJIOI'TYHU 3ACI5 OUMIIEHHS BOJIU TA
MOJIIIIEHHSA AKOCTI IPYHTY

Onena KOCOBYUBKA, KOais YECTHHUX, N'anna TPOXUMEHKO
Hayionanvnuii ynisepcumem xopabnedyoyeanns imeni aomipana Makaposa
up. I'epoiB Ykpainu, 9, M. Muxonais, 54007,Ykpaina
e-mail: olena.kosobutska@nuos.edu.ua

Anomauin

Hocniooxceno icuyroui na pumky Yrpainu npenapamu ua ocnosi EM-mexuonoecit, wo
BUKOPUCMOBYIOMbCA AK Y Npoyecax B0000YUWEHHs, MAaK i 3 Memolo 0300POGIeHHS IPYHMY.
IIposedeno ananiz epexmusnocmi 3acmocyeanns npenapamy «baiikan EM-1» 0ns ouucmxu cmiuHux
600.

Knrwwuoei cnosa: EM-mexnonocii, EM-npenapamu, ouucmka cmidHux 600, KOPUCHI
MIKpoopeanizmu, MiKpoOiol02iuHi npenapamu.

Ha croropHimHii AeHb rocTPO CTOITh MUTAHHS 3a0pYyAHEHHS BOJHHUX Ta 3€MEJIbHHUX PECYPCIB.
31e01IbIIOr0 MPUYHHOK 3a0pyJHEHHS BOJOWM € YacTKOBE BIIBEICHHS CTIYHUX BOJ MicT 0e3
HaJIEKHOTO OuMIleHHS. Sk 3a3HavaeThes y poOoTi [1], 6mu3bko 15 % BiICOTKIB CTIYHUX BOJ B3araii
HE MiAJaroThes ouuiieHHo. OJHUM 3 aKTyallbHUX BapiaHTIB BUPINICHHA JaHOi MpoOieMu €
OYMIIIEHHS CTIYHUX BOJ 13 3acTocyBaHHsIM EM-TexHooriil.

3a octanHi 30 poKiB y pi3HUX KpaiHaX CBITY BUHUKIM M YCHIIIHO PO3BUBAIOTHCS LTI Tamy3i
IPOMHUCIIOBOTO BUPOOHHUITBA MIKPOOIOJOTIYHUX MpemnapaTiB Al CUIbCHKOTO TOCHOJapCTBA.
HaykoBo-TexHIYH1 JOCATHEHHS Yy Tajy3i BUPOOHMLTB MIKPOOHHX IpenapariB XapaKTepHU3yHOTbCs
PO3LIMPEHHAM IXHbOTr0 acopTuMeHTy. Lli npenaparu 3acHoBaHi1 1 po3pobieni y 1970-x pokax Tepyo
Xira, AIIOHCHKUM CaJ{iIBHUKOM 1 HaykoBIieM. EM-nipenaparaMu Ha3uBarOTh MiKpOOH1 1HOKYJISIHTH, SIK1
MICTSTh HIMPOKUHN CHEKTP KOPUCHUX 1 HEMATOT€HHUX aepOOHUX Ta aHAEpPOOHHX MIKPOOPIaHi3MIB.
BoHM 0X0MII010Th Taki BEIHMKI IPYNH MIKPOOPTaHi3MiB sIK (POTOCHMHTE3Y 041 OaKTepii, MOJTOYHOKHUCITI
OaxTepii, IP1KIXK1, AKTHHOMILIETH Ta 1HII MIKpOOPraHi3MH, sIK1 3a3BUYail, JOCTYIIHI Y BUTJISAL P1IKOT
CycreHsii, OTpUMaHoi B pe3yJIbTaTi MIPUPOJHOTo mpotecy dhepmenTaii [2,3].

EM-npenapatu Aar0Th 3HAYHMA TO3UTUBHUN e(eKT y IUIOAIBHUITBI, NTaXiBHUIITBI,
TBAapUHHUITBI, IPUTOTYBaHHI KOPMIB, a OCOOJMBO Ui peKyjabTUBaLii 3eMenb. Came IpyHTOBHM
MOKPHUB HaOUIbIIE MIAJAETHCS HETAaTUBHOMY BIUIMBY Y 3B’SI3KY 3 1HTEHCH(]IKAIIEI CUILCHKOTO
rocrnojapcTBa — 0€3KOHTPOJILHUM BUKOPHCTAHHIM XIMIYHUX PEYOBHUH.

Voxe moHaa TPUALUATUPIYHUN JOCBIJ 3aCTOCYBAaHHS Y PI3HUX KpaiHax cBiTy npenapary EM-1 (a
iX KUIBKICTh yXe Hajiuye Oinbine, HDK 160), CBIAUMTH Mpo Te, IO PEKyJIbTHBAllid, a came
M1JBUIICHHS BPOXKalHOCTI IPYHTY HaBITh 13 HAO1IHIIINM CKJIaJIOM, 332 IPABUJIBHOTO BUKOPHUCTAaHH S
EM-TexHomorii MOXHa BiJpoauTH 3a 4—5 pokiB [4,5,6]. B Ykpaini Haii6uibm nomyisipaumu EM-
npenaparamu € «baitkan EM-1», «CsitBo», «kEM-06okami», a takoxx npenapat «IpayHadike» —
po3pobka mMikpoOionoriB ykpaiHchkoi kommanii BTY-IIEHTP.
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[Tix yac MONBLOBUX AOCHIPKEHb B YMOBaX BUPOOHMITBA YCTAaHOBJICHO, IO TaKHH IMperapar sk
['paynndikc momiminye >KMBJIEHHS POCIMH Ha YCIX eTamax iXHbOTO POCTY 1 PO3BUTKY 3aBISIKU
Tpanc(OpMYyBaHHIO MIIHO 3B’s3aHuX (GopM docdopy, Kajiro y JOCTyIHI pociarHaM (GopMH Ta
¢ikcarii MoJeKyJasIpHOro aszory arMocdepu. MikpoopraHizmMu, sKki OyJud BKJIIOUYEHI Yy JaHUN
npenapar, MaJid MO3WTHBHUNA BIUIMB, IO MiATBEPIKYETHCS TEHACHIUEIO 10 30UIBIICHHS CTYIMEHS
pyxoMocTi Kajito. BeranoBieno, 1mo BHeceHHs mpemnapary ['payHadikc CIpHUsIO MOKpPAIEHHIO
pexxumy skuBlieHHs. Lle, y cBoro depry, 3a0e3meunsio 3pocTaHHs Bpokaro Ha 15,8 %. Y migcymky
MPUPICT YPOKAIO JJO KOHTPOJIIO MPU I[bOMY CTAHOBHUB:

1) y mociBax consmHuKy — 19,1 %);

2) vy mociBax pimaky o3umoro — 15,8 %.

[TixBumenHs eekTHBHOCTI Aii mpenapaty I'payHadikc B arpoueHo3ax MOKHA JIOCATTH 32 YMOBU
BHECEHHS OPraHiYHMX Ta MiHEpPaJIbHUX JOOPHB, JO3BOJIEHUX B OpraHigHOMY 3eMiiepo0OcTBi [7,8].

EM-texHororii, a00 epeKkTUBHI MiKpOOPTaHi3MH, TaKOX MPEACTABISAIOTh IHHOBAIIMHIM ITiIX1/1
110 ouuIIeHHs Boau. Lleil MeTo IpyHTYeThCSl HA BUKOPUCTaHHI KOPHUCHUX MIKPOOPTaHi3MiB, TaAKUX
SIK MIKpOOH, OakTepii Ta TprlH, 3 METOO MOKPAIIEHHS SIKOCTI BOJM IUITXOM BHIAJICHHS 3a0py/THEHb
Ta BIJIHOBJICHHS €KOJIOTIYHOI piBHOBaru. BoHu cHpusitoTh pO3KJIaJaHHIO OPraHIYHUX 3a0pyaHEHb,
HEUTPai3yl0Th TOKCHHH, IMiBUIIYIOTh PIBEHb KUCHIO, 3SMEHIIYIOTh 3arax Ta KOJIp BOJH, a TAKOXK
CHPUSIIOTH 30UIbIIEHHIO Ol10PI3HOMAHITTS y BOJHOMY CEPEIOBHII, OCKUIBKH BOHHU CTBOPIOIOTH
CHPUSATIIMBI YMOBH JUIsl 3pOCTaHHS KOPHUCHUX MIKPOOPTaHi3MiB, SIKi € B)KIIMBOIO JIAHKOIO Y XapUOBHX
JIAHIFOrax Ta eKOCUCTEeMHUX mporiecax [9,10].

Lli TexHoOrii 3acTOCOBY€ETHCS 31e0impIIOoro B SmnoHii. 3a JIOMOMOrO0 TaKMX IPEmapariB y
Ixedepcon-Citi mrary Miceypi, CLLIA, smoncbka EM-TexHoOTisI 03BOJMIA 3HAYHO CKOPOTHUTH
BMICT aMiaKy y CTIYHHX BOJax.

EdextuBnicth 3acrocyBanHs EM-texHomoriii mepeBipsiacs HeogHoOpa3oBo. Tak, y po0Oorti
[11,12] aBTOp 3a3Hauae, MO 3a JAOMOMOTOK MIKPOOIONIOTIYHKMX IpernapariB He OYJI0 JOCATHYTO
MaKCHUMaJIbHOI OYMCTKH KOMYHaIbHUX CTiUHUX BOJ. IIpoTe HMMu Oyno noBeneHO, 10 iX MOXKHA
3aCTOCOBYBATH JAJIsl 3HWKEHHS BMICTY a30Ty aMOHIIHOTO /1O Pi1BHS HOPMaTUBHUX BUMOT.

[TpoBoaunucst mocmimkeHHs nAii koHueHTpaty «baiikan EM-1» Ha ouuIeHHS CTIYHUX BOJ.
Pesynbratu BKkazani B Tabsumi 1.

Tabauus 1. — YcepeaHeHi pe3ybTaTy JOCTIHKEHHSI BUKOPUCTAHHS MiKPOO10JI0TI4HOTO
npenapary «baiikan EM-1» 151 O4UCTKH CTIYHUX BOJ

IMouaTkoBi EM-Baiikaxa Ta cTiuni Aomycrumi
IToxa3znukn .. BeJIHYHHU
3 NMOKA3HUKM (CTIiYHI | BOAW B KOHLEHTPAaMil . .
(mMr/am°) . NMOKA3HUKIB AKOCTI
BO/IH) 1:1000 .
BOJM BOJOHM
A30T aMOHIHUH 52,23 35,26 2,0
A3OT HITpUTHUHT 0,028 0,028 3,3
A3OT HITpaTHUH 1,15 0,718 45,0
docdaru 22,67 18,02 35
3aiizo 0,848 0,670 0,3
OpranonenTuy4Hi I'octpuit Jlerxuii He
MMOKa3HUKH (3amax) HEMPUEMHUI HENPUEMHUI perjIaMeHTOBaHUM
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3rigHo 3 tabnumero 1.1, mpemapar «baiikan EM-1» momoMir 3HH3UTH BMICT 10HIB aMOHIO.
BinOynocs He3HauHe 3HIKEeHHs pocdopy Ta ouncTka 3aiiza Big0yIach 3a paxXyHOK HOTO OCaPKEHHS
1 3B’s13yBaHH.

VY mpormeci gocaimkeHo OyJio MOKa3aHO, IO OYHUIIEHHS CTIYHOT BOAM TUIBKH 3a JIOIOMOTOIO
MiKpOO10JI0TiYHUX IpenapaTiB HEMOKIIHBE.

Takum unHOM, EM-TEXHOJIOTIT MarOTh IMIUPOKE 3aCTOCYBaHHS K Yy BOJOOYHIICHHI, TaK 1 y
CTUMYJIALIT O1OJIOTIYHOTO PO3KJIAAAHHS Ta MOJIMIIEHHIO POJIOYOCTI IPYHTY Yy CUIBCBKOMY
rocrogapcTBi. EM-mpenapatd BHKOPHCTOBYIOTHCS SIK JONMIOMDKHHUH Tpermapar Ui OYHIICHHS
noOyTOBUX CTIYHUX BOJ, MPOMHCIOBUX, CLIBCHKOTOCIOAAPCHKUX. Tak0oX MOXKYTh IOCHIUTH
npoiiecu 010po3KIagaHHs 3a0pyIHIOIOYMX PEYOBHH Y BOJII aKBapiyMiB, CTaBKIB, 3aKPUTHUX BOJIOKM.
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Abstract

The article examines the preparations based on EM technologies available on the Ukrainian market, which
are used both in water purification and soil rehabilitation processes. An analysis of the effectiveness of
the Baikal EM-1 preparation for wastewater treatment was carried out.
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Anomauin

B pobomi npedcmaeneni pesyromamu MOHIMOPUH2OBUX OOCHIOJHCEHb, CNPAMOBAHUX HA
BCMAHOBIIEHHA (DOHOBUX NOKA3HUKIE (0A308020 CMaHy) AKOCMI NOBEPXHEGUX MA NIO3EMHUX 600
Iligoennoi oinanxu banaxiscokoco pooosuwa epagimy. Hamypwi euwiykyeanus exnouanu 6iodip
3pasKié 600U 3 KONOOA3I6 Ma NOBEPXHEeBUX B000MOKI6 1 B8000UM. AKmyanvHicmb nposedeHux
00CNI0JICEHb NOIACAE 8 HEOOXIOHOCMI BCMAHOBeHHSL (DOHOBUX 3HAUEHb OCHOBHUX NOKAZHUKIB XIMIUHO20
CKa0y NPUpPOOHUX 800 HA MepPUmMOopii NOMEHYIUHO20 BNIAUBY IPHUYUX NIONPUEMCME. 3 OMPUMAHUX
pe3ynbmamie npob 600U MONCHA KOHCMAMY8amu, Wo AKiCmb 800U 8 YLIoMY 2ipuila y 00CHIOHCEHUX
ceeponosunax 6 c. Onexcanopisxa, c. [lycmenvnuxose, cmm banaxieka ma c. Hosuii Cmapooy6, nixc
vy p. Ineyneyw i p. Bignanxa ii, Hagimv, y 6inbulocmi 6000UM — K 8 Kap '€EPHUX 03epax, Max i CMmagkax-
sanpyoax. 3aghikcoeano nepesuwjenHs cpaHuyHO OONYCMUMUX KOHYEHMPpAayiu y NOGEpXHesux ma
niozemnux 6ooax 3a maxumu noxaswuxamu ax Ca’*, Mg’*, SO+, Na*, K* ma Mn*". Oyinka sxocmi
noKasana, wo oobcmediceHi NpupoOoHi 600U 3a ONOKOM 3A2AlbHOCAHIMAPHUX NOKA3ZHUKIE MOXNCHA
oxapakmepusygamu K «000piy, uucmi 600U NpuuHAmMHOI Akocmi. Bcmanoenena nooibnicme
00CNIOMNHCEHUX 800 3A KAMIOHHUM CKIAOOM, HAMOMICMb Y AHIOHHOMY CKAAOI € GIOMIHHOCMI: y
NOBEPXHEBUX 800aX nepesaddcac 2iopokapbonam, y nio3emMHux 600ax — cyivgam-ion. Y nooanvuiomy
HeoOXIOHO NPOBOOUMU MOHIMOPUH2OBI CHOCMEPENCEHHSL 3d SMIHAMU XIMIUHO20 CKAAOY NOBEPXHEBUX
ma niozemuux 600 Iliedennoi Odinanxku banaxiecbkoeo pooosuwa epaghimy npu pobomi 2ipHUYO-
8UO00YE8HO20 NIONPUEMCMEA.

Knrwouosi cnosa: niozemni 600u, nosepxuesi 600U, 2iOpoXiMiuHi 00CIIOHCEHHS, XIMIYHUL CKAAO,
pooosuuje epagimy.

BceranoBnenHs 0a30BOro  €KOJIOTIYHOTO CTaHy KIIIOYOBHX KOMIIOHEHTIB HABKOJIMIIHBOTO
CEpeNoBUINa y 30HI BIUIMBY TIPHUYUX MiANPUEMCTB € BKpail BaXJIMBUM HAyKOBUM 3aBIaHHSM.
I'pacditoBa mpomykiis MIOPUEMCTB YKpaiHM 3a SKICTIO BIAINOBIJA€ CBITOBOMY CTaHAAPTYy 1
eKkcropTyeTbcsi B 1HII kpaiHu. Came ToMy po3poOka rpadiToBOi CHPOBHHH [a€ MOKJIHMBICTh
3a0€e3MeUUTH €KOHOMIUHY CTaOlIbHICTh JIepKaBU. Y TOH ke 4ac Mpu po3poOili KOPUCHUX KOMAJIMH
MOX€ TOTIpPIIyBaTUCS €KOJOTIYHUI CTaH HaBKOJIUIIHBOTO cepenoBuia. OcoOaMBO Bpa3iMBUMU €
BOJHI pecypcH — TOBEPXHEBI BOIOTOKHM 1 BOMOWMH, a TaKOX TMiA3eMHI Boad. SIK BimoMo, Hapasi
nepeBakHa OLIBIIICTh BOIOCHOXKUBAYIB YKpaiHH JUIsl 3a0€3MeUeHHs roColapChbKo-MUTHUX TOTped
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BUKOPHCTOBYE MOBEpXHEBI ukepena. Hacenenns 40 % Teputopii HaIOl 1epKaBu CIIOKUBAE BOLLY, SIKa
HE BIINOBI]a€ BUMOTaM BITUYM3HSHUX HOPMAaTUBHUX JTIOKyMeHTiB. 3a nanumu OOH, cranom Ha 2022 pik
3a IKICTIO MUTHOI BOoAM YKpaiHa 3aiiMae 66 psnok B peiitunry i3 180 kpain cBity. [Ipu nbomy mopiuHo
B OaceliHn yKpaiHCHKHMX PiYOK CKUIAEThCS OJIM3bKO 9,6 MJIpI M® HEOCTATHBO OYMINEHMX CTIYHHX
BOJI, 3 HUX 2,9-4,0 Mip1 M° MalOTh TIepEBHUINEHHS JOMYCTHMUX KOHIIEHTPAIliil TOKCHYHUX CIIOMYK Y
CBOEMY CKJajl. Bapro BiAMITHTH, IO JIEBOBA YAaCTHMHA LUX CTOKIB HAJIEKUTh MiANPUEMCTBAM
ripHU4O-MeTanypriiiHoi ramysi [1].

MOHITOPUHTOBI TONBOBI JOCTIIPKEHHS TPOBOIMINCSA CHIBPOOITHHKaMHU Jlep>kaBHOI yCTaHOBH
«IHCTUTYT Teoximii HaBKOJIMIIHBOTO cepenoBHia HarioHanpHOI akazemii Hayk YKpaiHW» BOCEHHU
2022 p., B3umMKky 2022-2023 pp, HaBecHi Ta BimiTky 2023 p. [2]. Ilim 4ac mompboBUX OOCTEKEHb
BiZIOMpanucs 1 aHaizyBagucs IpoOu BOIH 3 MOBEPXHEBUX (PIUKH) 1 MiI3eMHUX (KOJOAA31) JKeped.
JIi1st HaTypHUX T1APOXIMIYHUX BUMIPIOBaHb P00 BOIU BUKOPUCTOBYBAIIUCH MOPTATUBHI npuiaau: pH-
meTp Hach Senslon-3, konaykromerp Hach Senslon-5 i okcumerp Hach Senslon-6. Busnadeno Bmict
Makpo- 1 MIKpPOKOMIIOHEHTIB Yy IMpo0ax Boau. Bci MOKa3HHKM BUMIPIOBAIKNCH 3a AIIOUMMU
mikHaponuumu crangaptamu (ISO). KucnoTHicTs, 3arainbHy )KOPCTKIiCTh (BMICTH KaJIbLIiO 1 MATHIIO),
BMICT XJIOPH/IIB BU3HAYEHO THUTPYBAHHAM, PEIITY MOKa3HUKIB crnekTpodoTomerpom DR 2800 Hach
Lange. Bumict marpiro Ta xamito (Na“ + K') BCTaHOBIEHO PO3paxyHKOM, BPaxOBYIOUM MOJIAPHI
CITIBBITHOIIICHHS KaTiOHIB 1 aH10HIB. [[j1s1 my>kHOCTI (TipoKapOOHaTH ), TBEPAOCTI (KaNbIlii 1 MarHii),
cynbdariB, XJIOPUIIB, CIIONYK a30Ty 1 hochopy BiiHOCHA MOXKUOKa & cTaHOBUTH 15-20 %, amns peurtu
noka3HukiB 10-15 %. MikpoeleMeHTHUH aHaTi3 3pa3KiB BOIU OYII0 31HICHEHO 32 JIOTIOMOTOF0 METOY
Mac-CIeKTPOMETPii 3 IHAYKTUBHO 3B’ s13aH010 1mazmoro (ICP-MS) Ha mac-ciekTpoMeTpi 3 MOABIMHUM
¢dokycyBanusm ionaoro npomenss K ELEMENT-2» ¢ipmu «Thermo Scientific» (kopropartist Thermo
Electron GmbH (bpemen)), mo ¢ynkmionye Ha 06a3i IHctuTyTy reoximii, MiHepajorii Ta
pynoytBopenns iM. MLIT. Cemenenka HAH Vkpainaw.

B apminicTpatuBHOMY BifgHomieHH1 [liBnenHa minsHka bamaxiBcbkoro pomosuina rpadity (micie
peasizaiii MJaHOBaHOI JISUIBHOCTI) po3TamoBaHa B OmnekcaHjpiiicbkkoMy paiioHi KipoBorpaicbkoi
obnacti, mobmu3y c. bamaxiBka — Ha Tepurtopii bamaxiBchkoi cenMiiHOi pagu. 3 TOYKH 30pYy
T1IPOTE€0JIOTIYHOTO pallOHyBaHHS TEPUTOPIS HATEKHTH JI0 BOJOHOCHOT CUCTEMH YKPaTHCHKOTO IITUTA.
B mexxax pocmiJpkyBaHiil TepuTOpil MOIIMpPEHI TPU BOMOHOCHI TOPU30HTH, SIKI NepeOyBaloTh Y
TICHOMY T1IpOJJMHAMIYHOMY 3B’SI3Ky MK COOOI0: BOZOHOCHHI TOPU30HT Y BIAKIAAAaX YETBEPTUHHOL
cucreMu (Q), BOJOHOCHUN TOPH30HT y BiJIKJIa/JaX CapMaTChbKOTO PEriosipycy BEPXHBOTO MiOLEHY
(Nis), BOJOHOCHUH FOPU30HT Y 30H1 TPILIIUHYBATOCTI KPUCTAIIIYHUX MOPIA 1 X KOpU BUBITPIOBAaHHS
(PR1). J)KuBneHHs Mig3eMHUX BOJOHOCHUX TOPU3OHTIB BiIOyBaeThCs HMUISIXOM 1H(LIBTpalii onaiiB
0CaJIOBUMHU TOpU30HTaMU. Po3BaHTa)keHHsS B1IOyBa€eThCsl B TiApoMepexy — p. IHrymeup 1 Horo
HNPUTOKH, TYCTY SIPY’KHO-0AJIKOBY MEPEXKY 3 THMYACOBUMHM BOJIOTOKAMH, ajle, O4EBUHO, 32 00CSITOM
HalOUIblle — Yy YHCIEHHI IITy4HI BONOMMM (Kap’e€pHI CTaBKM Ta 3amlpydu), 30Kpema — Y
BiJIIpaliboBaHuii 1 3aToruieHnit banaxiscekuit kap’ep, ae 1o 2004 p. BunoOyBanocs Oype Byriuis.

['igporeosoriydi yMOBU TEpUTOPIli CHIPUSTIUBI JUIS BIIKPUTOI PO3POOKH POIOBHIL KOPUCHHUX
KOTaliuH, 30KpemMa — rpadity. besnocepennro B Mexax mineH3iHoi riomni [liBaeHHOT MinsHKA
banaxiBcpkoro popoBuimia rpadiTy BHAUICHI JBa BOJOHOCHHX TOPHU30HTH, SIKI € TOTEHIIHHUM
JDKEpEJIOM BOJIONIPUILIMBY /IO Kap’€py: HEHaNmipHUA B HEOT€HOBHMX IICKax Ta HaIipHUH B
TPIIIMHYBATIH 30H1 KPUCTAIIYHUX MOPiJ (BeIUYrHA Hanopy 110 20 m).

Jnis yTouHeHHs paHime oTpuMaHoi iH(OpMAaIii Mpo EKOJIOro-reoyioriyHi Ta TiApOXiMiuH1
MOKa3HUKNA HaBKOJHMIITHHOTO CEPEOBHINA HA TEPUTOPIi MIIAHOBAHOI MISUTBHOCTI 1 MOOIM3y Hel, y
nepion 3 oceHi 2022 poky no mita 2023 poky OyJ0 MPOBEAECHO KOMILIEKC IMOJBOBHX HATYypHHX
BUIIYKYBaHb JJi BU3HAYEHHs] (JOHOBUX MMOKA3HUKIB (0a30BOT0 CTaHy) SKOCTI JTOBKUJLIS.
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Ha mnonepennboMy erami JOCHI/DKEHHS aBTOPW JOCHIAWIM 3arajlbHUN XIMIYHHUN CKIIaJ
JIOCJTIDKYBaHUX BOJ T4 BUKOHAJIM MOPIBHSUIBHUM aHai3. 3 METOIO Bi3yasri3allii 3arajJsHOro XiMIYHOTO
CKJIaay JOCTIKyBaHUX Box Oyno moOynoBaHo miarpamy llaitnepa (puc. 1) Ta ckiameHo gopmyiry
Kypmosa (Ta6m. 1).

Ta6auus 1. ®opmyna Kyprosa, ckianeHa ajist 10CIiKyBaHUX BOJT

IloBepxHeBi Boau ITixzemui Boau
o HCOI38550737cI245 | . SOF414HCO3"383CI203
P Na* + KH)46,7 Ca?*27,3 Mg?+26 L 0" | “"“(Na* + K*)38 Ca?*35 Mg?+27 P "

5

Byno BcraHOBJIEGHO, IO 3a CBOIM XIMIYHMM CKJIQJIOM TIOBEPXHEBI BOIU € Cyib(daTHO-
riIpokapOOHATHUMH  MarHi€BO-KaJbIli€BO-HATPIH-KAIEBUMH, TMiA3E€MHI — TigpOoKapOOHATHO-
Cynb(paTHUMHU MarHi€BO-Kalblli€BO-HATPIH-Kami€BUMH. TaKuM YMHOM, CIIOCTEPIra€ThCs MOAIOHICTh
3a KaTIOHHUM CKJIAJIOM, HATOMICTb 32 CITiBBiTHOIIICHHS aHIOHIB BOJH BIJPI3HAIOTHCS. Y TTOBEPXHEBUX
BOJIaX MepeBaXkae TiIpoKapOOoHaT, y MiA3eMHUX — CyNb(daT-10H.

3a HOpMaTHBHUMHU JJOKYMEHTaMH y IOBEPXHEBUX BO/IaX 3a()iKCOBaHE MEPEBUIICHHS IOy CTUMUX
3nadens 3a Ca?*, Mg?*, SO4%", Na* ta K, y mizzemnux — 3a Ca?’, SO+, minepanizauiero, Na* ta K.

o” \ %
% / / / \\\% A
4 A \\
/ O \
< )
A / /\
/ /

Ca2* Cl-

Puc. 2. Jliarpama I1aiinepa, 1mo BigoOpakae MaKpOKOMIIOHEHTHUN CKJIaJ JOCIIPKYBaHUX BOJ:
O — MIOBEPXHEB1 BO/IM, A — IMiJJ3€MHI BOJIH.

3a JICTY 4808:2007 Oyna ormiHeHa SKICTh JOCHTIKEHUX BOA. 3a OJOKOM 3arajibHOCaHITapHUX
XIMIYHUX MOKa3HUKIB [TOBEPXHEBI BOJM 33 CEpeAHIMU 3HaYeHHAMU OnokoBoro iHaekcy (I cep.=2,1,
KJ1ac 2, MiIKJIac 2) MOYKHA OXapaKTepU3yBaTH K «I00p1», YNCTI BOAU MPUHHATHOL SKOCTI.

BianosigHo, mig3zeMHi Boau 3a cepeqHiMu 3HaueHHsIMU O10koBoro iHAEKCY (I cep.=2,3, Kiac 2,
miJKiac 2) Tak caMo MOXKHa 0XapaKTepU3yBaTu K «100pi», YUCTI BOAU MPUIHATHOI SKOCTI.

Ha HacTynHOMYy eTari TOCHiPKEHHsSI aBTOpaMu OyJI0 BUBYEHO MIKpPOEIEMEHTHHH CKIIaj] 3pa3KiB
JOCIIPKYBaHUX MM1I36MHHUX BOJI. 3arajioMm Oylio ImpoaHaii3oBaHo 9 MikpoeneMeHTiB (Tabm. 2). Bubip
JMaHUX XIMIYHUX €JIeMEHTIB 00yMOBJIEHHN THM, 110 BCECBITHBROIO OpraHi3aiicl0 OXOPOHU 310POB’S
JUIST HUX BCTAHOBIIEHA OiojioriuHa poib. lle mae 3Mory OIIHWUTH TiA3€MHI BOAW 3 TOYKH 30Dy
NOTEHIIMHUX PU3MKIB JJS 37I0pOB’Sl HACENEeHHs, 10 iX CHOXHBaIOTh. I €KOJIO0ro-reoxiMivyHoi
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OLIIHKM SIKOCTI JOCHIDKCHUX MiJA3€MHHUX BOJ OYyJ0 3aCTOCOBAHO KpUTEpid 010J0TIUHO 3HAYMMOI
koHneHTpamii (b3K) [3]. 3a BiamoBigHOW METOAMKOI OyJ0 PO3paxOBaHO OIOJIOTIYHO 3HAYMMI
KOHIICHTpAIII] [IUX CIEMEHTIB.

Byno 3’sicoBaHo, 110 17151 0OCTEKEHUX MOBEPXHEBHUX Ta mia3eMHux Boj 3a ['JIK mepeBuienp He
bikcyerbes. HaTomicTh At MiA3eMHUX BOJ KOHIEHTpAIliS MaHTaHy 3HAXOAMTHCS Ha Mexi
nomyctumoro 3HadeHHs. Lllo cTocyeThes 61070TIYHO 3HAUMMMX KOHIICHTpAIlid, TO B OOCTEKEHHUX
MiZ3eMHUX BOZaX 3adikcoBaHa HecTaya Takux enemenTiB sk V2, Cr?, Co, Ni?*, Cu’, Zn*", Cd*" ta
Pb>".

TakuM 4MHOM, Yy pe3ysbTaTi IPOBEeICHIX MOHITOPUHTOBHUX J0CIIPKEHb OyJIM OTpUMaHi HAaCTYIIHI
pe3yJbTaTH:

[ToBepxHeBi Ta mig3eMHI BoJu banaxiBChKO1 JUISTHKH MalOTh IEPEBAYKHO BUCOKY MiHEpaIi3allito, 1o
BiJIMIOBITa€ PETIOHATILHUM JIAHUM.

B nmocmimkeHnx Bogax JOMIHYIOTH Cyiab(haTi ado riapokapOOHATH.

3a KaTiOHHUM CKJIAJIOM BOJIU € ITEPEBAKHO KAJIBIIEBO-HATPIEBI UM MarHi€BO-HATPIEBI.

3a OJOKOM 3arajJlbHOCaHITAPHMX XIMIYHUX TIOKa3HUKIB TIOBEPXHEBI Ta IiJ3€MHI BOIU
XapaKTepPU3YIOThCA K «I00p1», YACTI BOIU MPUHHATHOL IKOCTI.

Tabauus 2. MikpoeneMeHTHHI CKIaj] 3pa3KiB JOCIIKYBaHUX BOJ.

ei/[el;:g{);, IloBepxHeBi ITixzemui B3K* F,Zilf I'’1IK
M/ BOIU BOIU 3a 3a BOO3
\VZas 0,002394 0,0019 0,025 0,1 HE HOPMYEThHCS
Cr* 0,0004315 0,000152 0,00175 0,5 0,05
Mn?* 0,034549 0,083247 0,05 0,1 0,08
Co 0,000189 0,000131 0,0075 0,1 HE HOPMYEThCS
Ni?* 0,002067 0,000351 0,0075 0,1 0,07
Cu* 0,001447 0,000849 0,025 1 2
Zn** 0,009122 0,00728 0,3 1 3
Cd?* 0,000456 0,000439 0,0025 0,001 0,003
Pb?* 0,000193 0,000048 0,01 0,03 0,01
Hpumimku:

*Bb3K — 6ionoriyHO 3HauMMa KOHLIEHTPALis
** T'irieHi4HI HOPMATUBH SKOCTI BOIU BOAHHUX 00’€KTIB [T 3aJ0BOJICHHS MUTHUX, TOCIOIAPCHKO-TIO0YTOBHX Ta IHIIHAX
notpe6 HaceneHHs (2022 p.)

SIkicTh BoaM B p. [Hrynens Ha MOMEHT Bi1OOpY ITpoO He3a10B1IbHA 32 BMICTOM HITpaTiB 1 OU3bKa
JIO0 HE3aJOBLIIBHOT 32 BMICTOM KHCHIO 1 MOTO XIMIYHUM CIOKMBaHHSIM. BakIuBO BIIMITUTH, 11O HA
oOCTeXeHil MINSHIII BHU3 32 TEUi€l SKICTh BOJM HE 3a3HAE€ CYTTEBUX 3MiH, IO J[03BOJISIE
KOHCTaTyBaTH, 1110 3a0pyIHeHH piukH BifOyBaeThes Buiie c. HoBuit Ctapoy0 i Boiu, SIKi HAIXOAATh
CIOIM, YK€ MalOTh Y CBOEMY CKJIAJl IIKIIJIWBI JOMIIIKHA 1 € JOCUTh MiHEpaTi30BaHUMHU, a MICIIEBI
CKUJM Ha SIKICTh BOJY B [HTYJIbIIl MOMITHO HE BILTUBAIOTb.

3 oTpUMaHUX Pe3yNbTaTiB MPoO BOAM MOKHA KOHCTATyBaTH, 110 AKICTh BOAU B LIJIOMY Tiplia y
JOCTIKEeHUX cBepaioBuHax B ¢. OnekcanjpiBka, c. [lyctenpHukoBe, cMT banaxiBka Ta ¢. HoBuit
Crapony0, Hix y p. [nrynens 1 p. BiBHsIHKa I, HaBiTh, y OUTBIIOCTI BOJOWM — SIK B Kap €pHHUX 03epax,
TakK 1 CTaBKax-3anpyjax.
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3a HOpMATUBHUMH JIOKYMEHTAMH y TIOBEPXHEBUX BOAaX 3a(iKCOBaHE MEPEBHUILCHHS IOy CTUMUX
3HadeHb 3a Ca>", Mg?*, SO4*, Na* ta K*, y mimzemunx — 3a Ca**, SO4>, minepanizauiero, Na*, K™ ta
Mn?*, 3a Benuuunoro b3K 3adikcoBaHo HecTauy y Mif3eMHHX BOJAX TAaKUX ejleMeHTiB sk V¥, Cr*,
Co-, Ni**, Cu”, Zn?*, Cd*" ta Pb*". BapTro 3ayBakuTH, 1110 OCHOBHI IiApOXiMiuHi MOKa3HUKHU, TaKi 5K
MiHepai3aiis, TyXKHiCTb, Y)KOPCTKICTh, BMICT TOJIOBHHX 10HIB — aHiOHiB (Cynb(}aTiB, TigpokapOOHaTiB,
XJIOPUIIB) Ta KaTiOHIB (KaJbllif0, MarHito, HaTPil0 Ta KaJlil0), MAlOTh MPUPOIHE MOXOHKCHHS 1 HE
HAJIeKaTh 10 3a0pyAHIOIOYMX PEYOBHH; iX KUIBKICHI MapaMeTpu BH3HAYAIOTHCS T'€OXIMIYHUMH
0COOJIMBOCTSIMH MICIIEBOCTI Ta FEOJIOTITYHUMH YMOBAMH 3aJISITAHHS BOJIOHOCHUX TOPU3OHTIB.

JIyist mofanbIImx TOCHIKSHb CTaHy Ta SIKOCTI MI3¢MHUX BOJ HA TEPUTOPIi MOTEHIIITHOTO BILTUBY
MIAPUEMCTBA 3 BUI0OyBaHHS IpadiTy Ha bamaxiBCbKOMY pOOBHII, SIKE TUIAHYETHCS CTBOPHTH,
HEOOXiHE yJAIITyBaHHS CIIOCTEPEKHIX CBEP/UIOBUH Ha ITOHAWMEHIIIE JIBa BOIOHOCHI TOPH30HTH 32
MEXaMH1 HaceJICHUX MYHKTIB Ha JIICH31MHIN 1101, a00 Y MiCIIsIX HaOIMKEHUX 10 Hed.

[TpoBeneHi eKOIOTO-TiAPOXIMIUHI JOCHIPKEHHS Jald 3MOTY BCTaHOBHTH (DOHOBI MOKA3HUKH
0a30BOr0 CTaHy SKOCTI AOBKULISA oOcCTexeHol TepuTopii. Takok y MomanbIIoMy HEOOX1THO
MIPOBOJIUTH CIIOCTEPEIKCHHS 3a 3MiIHAMH XIMIYHOTO CKJIQQy ITOBEPXHEBUX Ta TMIA3EMHHUX BOJI
[TiBnennoi minsuku banaxiBcekoro popoBuina rpadity mpu OesmocepenHid poOOTI TipHUYO-
BUJJ00YBHOTO ITiITPHEMCTBA.
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Abstract

The publication contains the results of monitoring studies aimed at establishing background indicators
(base state) of the quality of surface and underground waters of the Southern section of the Balakhiv
graphite deposit. On-site searches included water sampling from wells and surface watercourses and
reservoirs. The relevance of the conducted research lies in the need to establish the background values
of the main indicators of the chemical composition of natural waters in the territory of the potential
influence of mining enterprises. From the obtained results of water samples, it can be stated that the
quality of water in general is worse in the studied wells in the village. Oleksandrivka, village
Pustelnikove, village of Balakhivka and village Novy Starodub than in the Ingulets River and the
Vivnyanka River and, even, in most water bodies — both in quarry lakes and ponds-dams. Exceeding
the maximum allowable concentrations in surface and underground waters for such indicators as Ca,
Mg, SO4, Na, K and Mn was recorded. The quality assessment showed that the tested natural waters
can be characterized as "good", clean waters of acceptable quality according to the block of general
sanitary indicators. The similarity of the studied waters in terms of cationic composition was
established, but there are differences in the anionic composition: hydrocarbonate prevails in surface
waters, and sulfate ion in underground waters. In the future, it is necessary to conduct monitoring
observations of changes in the chemical composition of surface and underground waters of the
Southern section of the Balakhiv graphite deposit during the operation of the mining enterprise.
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PO3NIOALI @TOPY Y CUCTEMI (I'PYHT-POCJIMHA» KAPITATCBKOI'O
BIOC®EPHOI'O 3ANOBIJHUKA (YPOUHULIE IIILT)

Haranis KPFOUEHKO!, Exyapn JKOBUHCBKHI, Ietpo ITATIAPHAT A2
L Incmumym zeoximii, minepanozii ma pyooymeopenns im. M.I1. Cemenenxa HAH Ypainu
npoct. Akaz. [Mannanina, 34, m. Kuis, 03142, Ykpaina
2 Kapnamcoxuii 6iocgepnuii 3ano6ionux
Minicmepcmea 3axucmy 008K ma NpupooOHUX pecypcie Ykpainu,
Byn1. Kpacue [Ineco, 77, m. Paxis, 90600, Ykpaina
e-mail: nataliya.kryuchenko@gmail.com

Anomauin

Ilpeocmasneno pezynomamu 81aCHUX OOCHIONHCEHb 8MICMY 8000PO3UUHHO20 ()MOpY y IPYHmMAX
ma pocaunnocmi ypouuwa 11iodin (Kapnamcwruii 6iocghepruil 3ano6ionux). Bcmanoesneno po3znooin
@mopy y cucmemi «2pyHm-pociuHay (3a xoeghiyicnmom 0ionociuno2o noz2iuHauHs, Ax) oes’smu
8U0I68 POCIUH. XBOUHI 8IUHO3€eNeH] (WnuibKy ma 2inku) — muc aeionut (Taxus baccata L.) (Ax 15,5),
mys (Thuja) (Ax 5), anuys 6ina (Abies alba) (Ax 5); poounu bepezosux (2inku ma aucmiu) — imuna
(Corylus avellana L.) (Ax 6,1), sinbxa wopua (Alnus glutinosa (L.) P. Gaertn) (Ax 2,8);, mpasu
(nucmxu ma keimu) — oykeuys (Betonica officinalis L.) (Ax 4,6), eéonowxka (Centaurea) (Ax 6),
arcosmooinnsn (Senecio, L.) (Ax 4,6), masonea (Filipendula ulmaria) (Ax 3,9). Busnaueno, wo
KOHYEHMpamopom pmopy € wnuivku ma 2inku muca acionozo (Taxus baccata L.).

Knwuoei cnosa: ¢pmop, tpynm, pocaunu, xoeghiyicnm oionoziunozo noenunanns, Kapnamcoxui
Oiocgheprnuii 3ano6ioHUK.

3aranpHa KOHIIEMIliS CTAJOTO PO3BHUTKY IIOJI0 HEOOXITHOCTI BCTAHOBJICHHS OallaHCy MIXK
3aJI0BOJICHHSIM CY4YacCHUX MOTPeO JIFOJCTBA 1 3aXUCTOM 1HTEpeCiB MaHOYyTHIX MOKOJIiHb, BKJIIOYAIOUU
ix moTpeby B Oe3meyHOMYy 1 3/0POBOMY JOBKULII, BKJIIOYAa€ HEOOXIAHICTH MOHITOPHUHIOBHUX
JIOCITIJKEeHb 3aroBiAHNUX 30H. Came B MeXax 3alloB1IHUX 30H € MOXKJIMBICTb TPOBOAUTH CUCTEMHUI
MIIX11 70 BU3HAUYCHHS PIBHOBArd XiMIYHUX €JIEMEHTIB B CHCTEMI «IPYHT-POCIUHAY, IO JO3BOJIHUTH
IIBUJIKO MOJICJIIOBATH Pi3HI BapiaHTU HAPSIMKIB PO3BUTKY, IPOTHO3YBATH iX pe3yJIbTaTH Ta BUOpaTH
HANOUIbII ONTUMANBHUN ISl YCYHEHHsSI HETaTUBHUX yMoB. HaBiTh HeBelnKa KUIbKICHA 3MiHA y
XIMIYHOMY CKJIaJli IPYHTY Y POCJIMH CBITYUTH PO MOPYIIEHHS OalaHCy Y IPUPOTHOMY CepeI10BHILI
1 HeOOXiTHOCTI IPUIHATTS PillIeHb, II010 30epekeHHsI 010pi3HOMaHITTs TepuTtopii [1].

3Bakarouu, Mo GTOp € IHAUKATOPOM TEXHOTCHHOI AISIIHOCTI, OTpUMaHi J1aHi (POHOBOTO BMICTY
B PI3HUX TUIAX IPYHTIB 1 POCIMHHOCTI CTaHYThb OCHOBOIO ISl MOJAAJBIINX €KOJOT0-Te0XIMIYHUX
MOHITOPHUHTOBHX JIOCIIPKEHb.

T'onosna mema pobOTH ToJsArajga B OTPUMAaHHI JAHUX MPO BMICT BOJAOPO3YMHHOTO (PTOPY Yy
IpyHTax 1 pocinuHax ypouuma Iliggimi Kapnarcekoro 6iocdepnoro 3amnosignuka (KB3),
JOCITIJIKSHHST CTYIICHsI HOTO HAKOTIMYEHHS B CHCTEMI «IPYHT—POCIHHAY.

Hayxosa mnoeusna HOCHIJDKEHHS TIOJIATa€ B TOMY, IO BIEpIIe BCTAHOBJIEHO BMICT
BOJIOPO3UMHHOTO PTOpY y IpyHTaXx Ta pociauHHocTi Kb3.
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Mamepianu ma memoou docniodxicents. Y X0Ji AOCIIIKEHb BUKOPHCTAHO PE3yJIbTAaTH BIACHUX
noyiboBHX (2023 pik) 1 aHAMTHYHKUX TOCTiKeHb rpyHTIB (0-10 cM) Ta pocnuanOCTI ypouuna [immin
(KB3). Ypouume [ligain 3HaX0AUTHCS y CX1AHINM yacTUHI cxumty Topu Paxisepka (1159 m), y BepxHiit
YaCTUHI JIEHIpoIapKy neHtpaiabHoi caquou Kb3, Ha Bimcrani 200-230 M 3axigHime Bij IpaBoro
Oepera piuku Tuca ta aBrogoporn MykadeBo — Porartun. JlociipkyBanu Ha3eMHI YacTUHU 9 BUIIB
pociuH (Bchoro 45 mpo6): XBoiiHI BiuHO3eIeH] (IIMUIBKH Ta TiIKK): ThC srigaui (Taxus baccata L.),
tys (Thuja), smaus Oina (Abies alba) poaunu GepezoBux (rimku i juctku) — inaa (Corylus
avellana L.), Binbxa wopna (Alnus glutinosa (L.) P. Gaertn); TpaBu (IMCTKH 1 KBiTH) — OYKBHIIS
(Betonica officinalis L.), Bomomka (Centaurea), sxoBtomimist (Senecio, L.), raBonra (Filipendula
ulmaria).

Busnauennss ¢pmopy. IlpoOomiaroroBka — o30JeHHS 3MoueHOl po3unHoM NaOH HaBaxku
noApiOHEeHO1 MpoOu B CKIIOBYTIICLIEBOMY TUTJII B MydenbHiit neui ipu t 550° C. BumiproBanHs —
ICJIsI BUIyTOBYBAaHHS rapsuol0 BOJOIO Ta BUNAPIOBAHHS 13 KapOOHATOM aMOHiI0, (POTOMETPUIHUM
METOJIOM 3 aJi3apUHKOMILIEKCOHOM Ta HITpaToM JaHTaHy. BmicT ¢rTopy HamaHo — Ha Cyxy
peuoBuHy. Bumipu mnposeneno ceprudikoBaHoro lLlenTpansHoio mabopatopiero JlepikaBHOTO
MiAPHEMCTBA YKpaiHChKa reoJioriyHa Kommnanis. s XxapakTepucTUKu O10reHHO1T Mirparii BaXKKUX
METaJIiB 1 OIOreoXiMiYHUX OCOOJMBOCTEH POCIWH pPO3paxoBaHO Koe(ilmieHT Oi10J0TIYHOTO
normuHaHHs Ax (Ax=1/n), 10 TOPiBHIOE BiJHOIICHHIO BMICTY eleMeHTa B 301 pociud (l) 1o BMicTy
IILOTO X eJIeMeHTa B IpyHTax (n). CTaTHCTUYHI 1aHi pO3paxoBaHO Mporpamoro Statistica.

Ilpupooni ymosu mepumopii OocniodceHb. Y TeOJOTiuHii OyqoBI TepUTOPii TOCTIIKEHb
nepeBakae  KpeWJOBO-TAJICOTCHOBUI  (pITilI, TPAIUIAIOTECS BUXOAM  IOPCHKUX — BaIHSKIB,
MANe030MChKUX KPHUCTATIYHUX CiaHLiB. HeoreHoBi ByJIKaHOTEHHI YTBOPEHHS MpeACTaBleHI
anjie3uTamMu, GasanbramMu Ta ixHiMu Typamu [2]. [pyHTOYTBOpPEHHS BiaOYyBa€EThCs MEPEBAKHO 3a
Oypo3eMHHM THIOM. [ipChKO-JicOBI Oypi IPYHTH MalOTh XapakTepHe 3a0apBIICHHA, 3aBASKU
HasIBHOCTI BOJOHENPOHUKHUX CHOJYK 3aii3a, SKi OCIZar0Th Ha MOBEPXHI MiHEPATbHUX YAaCTHHOK
rpyHTy. Cepen Oypux IPYHTIB TE€pUTOpii JAOCHIPKEHb NMEpeBaKaroTh CYTJIMHMUCTI PI3HOBHUIHOCTI.
JlerkocyrnMHUCTI PI3HOBUIHOCTI TPAIUIAIOTHCA HA BCIX BUCOTHUX PIBHSX, A€ TPYHTOTBIPHUMU
HOPOJaMH € MICKOBUKHU.

Pezynomamu ma ob6206openns. Konnenrpaiiist GTopy B pOCIUHI 3aJIEKUTH B1Jl TPHOX MPOIIECIB —
NOTJIMHAHHS, po3noalry Ta BuBeaeHHsA. Pocnuau KbB3 mepeOyBaroTh B yMoBax Maiike YHCTOTO
CKJIaay aTMOC(epHOro MOBITPS, TOMYy HAKONMMUYEHHS HUMH 3aJE€KUTh BiJl BMICTY HOro pyXoMHX
CHOJYK y I'PYHTI Ta iX 1HAMBITyaJIbHUX OCOOINBOCTEH.

Jl1s BU3HAUEHHS CTYyINEHs MOTJMHAHHS GTOpy 3 IPYyHTIB Hamu OyJio o6paHo ypouwuie [ligin Ha
BrcoTi 396 M Ha piBHeM Mops (MapMapochkuii MacuB), KpyTusHa cxuny 8—10°, tun rpynty — 6ypuit
JIETKOCYTTIMHKOBHH epHOBo-iia3oauctuit (pH 5,4-5,9). Bmict Bogopo3unHHOro propy y rpyHrax
IUISHKR — 1,2—1,6 MI/KT.

Xeouini éiunoszeneni oepesa. Tuc srigauii (Taxus baccata L.). JIuctku (XBost) 3aBIOBKKH 10 30—
50 MM, 3aBIIUPIIKA 2,5 MM, 3BepXy TEMHO-3€JIeHi, OJIMCKydYi, 3HHU3Yy CBITIO-MaTOBi, 0e3 OLIHMX
NPOXKUJIOK, M'SIKI, KiHIII 3arocTpeHi. Bmict ¢ropy y mmuibkax Ta riikax cTaHOBUTH 16—23 mr/kr
(cepenniii — 21,9 mr/kr).

Tys ( Thuja). depeBo Bucortoro m0 20 M abo Kynl 3 mipamiJadbHOI KPOHOKO B MOJOIOCTI i
KOPOTKMMHU FOPU30HTAIbHUMU T'UIKaMH, Mi3HilIe KpoHa HaOyBae sifiienoionoi popmu. ¥ Monoaux
POCIIMH JIUCTS M'SIKE TOJTYacTe, Y JOPOCIUX — JIyCKOINOAI0OHe, HaBXpeCT cynpoTuBHe. BMicT ¢pTopy
y IIMIJIBKAX Ta T1IKax CTaHOBUTH 7—10 Mr/KT (cepenHiit — 8 MI/kr).

Smuug Gina (Abies alba). depeso 3aBBumiku 25—40(60) M. CToBOYp IHIIHAPUYHUHN 3 TOHKOIO,
TEMHO-CIPOIO, JIEII0 JTyCKaTo Koporo. IlaroHu moBri, rinaaeHbKi, cipi 3 JBOPSIHO PO3MIIIEHOIO
xBo€r. XBos miocka (20-30 mm 3aBnoBxkkH, 1,5-1,8 MM 3aBIIMPIIKH), Tyma, 3 ABOMa OUTHMH
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CMYTaMH 3iCIOJy, TPUMAETHCS MPOTATOM 3—5 pokiB. BmicT ¢pTOpy y mINMMIBKax Ta riikax CTaHOBHUTH
7,5-10 mr/kr (cepenniit — 8,1 mMr/kr).

Jlucmsani depesa cimeticmea 6epesosux. Jlimuua 3suuaiina (Corylus avellana L.). Kopa —
TEMHO—Cipa 3 XapaKTepHUMHU COUYECBHYKaMU. JINCTKM — 4epro.i, 00epHEHONUIIeTION10H1, UPOKi (7—
16 cM 3aBIOBXKKM Ta 4—8 CM 3aBIIUPIIKK), IPU OCHOBI CKOIIEHOCEPLENOiOHI, HEPiBHOMIPHO
3y04acTi, Ha KOPOTKHX 4epenikax. Bmict ¢Topy y riikax Ta JUCTKaX CTaHOBHUTH 7,8—11,2 mr/kr
(cepenHiii — 8,6 Mr/kr).

Binbxa wopnHa (Alnus glutinosa (L.) P. Gaertn). [IepeBo 10 35 M 3aBBHIIKH, 3 TEMHO—OYPOIO
TPIIIMHYBAaTOI0 Koporo. ['imku ayromomiOHO pO3XOASATbCS B pi3HI  OOKM, YTBOPIOIOYHU
00epHEHOKOHYCOMOIIOHY KpoHY. JIMCTKM — 4eproBi, oOepHEeHosMIenoniOH1, mupoki (7—16 cm
3aBJIOBXKKH 1 4—8 CM 3aBIIMPIIKH), IPH OCHOBI CKOILIEHOCEPLENOi0HI, HEPIBHOMIPHO 3y0uacTi, Ha
KOPOTKHUX 4epenikax. BMicT ¢propy y riuikax Ta JHUCTSIX cTaHOBHUTH 2,7—4,5 Mmr/kr (cepenniit — 3,9
MI/KT).

Tpas'anucmi pocrunu. byksuns nikapceka (Betonica officinalis L.) — 6araTopiuna Tpas'saucra
pocirHa BHCOTOIO 30—60 cM 3 KOPOTKUM KOPEHEBUIIEM, SIKE MIIOPOKY JIA€ MyYOK JUCTKIB 3 JJOBTUMHU
yepemkamu. Ctebia BUCXiTHI, MPSIMOCTOSYI, MajJopO3raily>KeHi, YOTUpUrpaHHi. JIMCTKU Benuki,
SARENOA10HO—BUIOBKEHI, 110 Kpato 3apyodyacti. BmicT ¢pTopy y TUCTAX Ta KBiTaX CTAaHOBUTH 5,8—7,2
MI/KT (cepenHii — 6,5 Mr/kr).

Bosomika (Centaurea.) — oaHopiuHa TpaB'sHUCTA pociuHa BucoToro 30—60 cm. Ctebito npsime,
riuscre, 30—70 cM 3aBBUIIKK. JIMCTKW LITICHI JiHINMHI. [[BiTe B YepBHI—IUIHI, 1HOAI BIIPOIOBK
ycboro Jita. Bmict propy y nucTkax Ta KBitax cTraHOBUTH 7,4—9,3 MI/KT (cepenHiit — 8,5 mMr/kr).

Xosrosims (Senecio, L.) — 6Gararopiuna Tpas'sHuCcTa pociauHa. JIMCTKHM eTNTHYHI, pO3CideHi.
KBiTKHM XKOBTi, JIMCTOUYKK OOrOpTKH. BMicT (TOpy y JNHCTSIX Ta KBiTax cTaHOBUTH 4,9—6,5 Mr/KT
(cepenHiii — 6 MI/Kr).

TaBonra B's3omucta (Filipendula ulmaria) — 6araropiuna Tpas'sHucta pociuna. Crtedio
npsMocTosiue, riusicte, peopucre. Kopinb MuukyBaTuii, no3yumii. JIucrs, 3arocrpesne 3 m'astbMa
yacTkamu. BmicT Qropy y aucTkax Ta KBiTax cTaHOBUTH 4,9—6,3 MI/KT (cepenHiit — 5,5 MI/kr).

Bynp-sike KonMBaHHA y BMICTI Makpo- Ta MIKPOEJIEMEHTIB y HaBKOJHUIIHBOMY CEpEIOBMILI,
30KpeMa y IPyHTi, MOX€ BUKJIUKAaTH 3MIHY B XIMIYHOMY CKjajail pociuH. Okpemi BUIM POCIHH
MOXYTb BUSIBJISITH BUOIPKOBY 3/IaTHICTh HAKONIMYEHHS OJJHOTO a00 JIEKIJIBKOX 010JIOTTYHO aKTUBHHUX
€JIEMEHTIB. [HTEHCUBHICTH 010J0TTYHOTO MOTIMHAHHS (TOPY 3 IPYHTIB MU IIPOBOJINIIH 32 JOTIOMOT'OF0
eMITIpUYHOro O10reoXiMiyHOro mokasHuka — AX. Po3paxyBaBmM Iedl NOKa3HMK MOOYAOBaHO
niarpamy (puc. 1).

BcraHoBieHo, 1110 IIMUIBKY Ta TJIKK THCA ST1AHOTO € KOHLEeHTpaTopaMu gropy (Ax 15,5), mo B
y 2,7 pa3a BUIIIE 32 TYIO Ta SUIMLIO Oy, AX SKMX CTAaHOBUTH 5,7. 3 TUCTAHUX AEPEB — FJIKH Ta JIUCTS
mimuHy (Ax 6,1) BMIily1oTh y 2,2 pa3a 6uiblie GTopy, HiXK BUIbXH YOPHOI. 3 TpaB’SIHUCTUX POCIHMH
— JIUCTKH Ta KBITH BOJIOIIKU (AX 6) BMIIIyIOTh Yy 1,5 pa3a 6inblie ¢pTopy, Hi>K OyKBHUIS, AKOBTO3LILIA,
TaBOJITA.

Pann HakonmuueHHS BOJOPO3YMHHOTO (TOpYy (BiA OLIBIIOTO JO MEHIIOr0) POCIUHHICTIO
HACTYIIHI: TPaB SIHUCTI POCIIMHU: BOJIOIIKA — OYKBHUIIS — KOBTO3ULJIS — TaBOJITA.

BpaxoBytoun Bci TUIIM POCIUH (Ha3eMHY YaCTHHY) MOXHA MOOYAyBaTH pAau (Bia OLIbIIOTO /10
MEHIIOro) 3a 610reoXiMiYHUM MOKa3HUKOM (AX): tuc sriguuit (15,5) — mimuna (6,1) — Bojomka
(6) — smuns Oina Ta Tys (5) — OykBui (4,6) — xoBTo3uws (4,3) — TaBosra (3,9) — Biibxa yopHa (2,8).
ToOTo, Ha ocHiKeH1H TepuTopli HAMOLIBIIMM KOHLIEHTPATOPOM (PTOPY € LIMMIBKY Ta TUIKH THCY
AT1AHOTO, @ HaliMEHIIIe HAKOMTMYYIOTh T'JIKH Ta JIUCTA BIJIbXU YOPHOT (PI3HUISA CTAHOBUTSH 5,5 pasa.

TakuM 4MHOM, HPOBEACHI JTOCIIHKEHHSI CB1IYaTh MPO CTYMHiHb HAKOIMYEHHS BOJIOPO3YMHHOIO
¢TOpy 13 TIpPYHTIB Ha3eMHMMH 4YacTUHAMM pI3HUX TUMIB pociuH. lle BH3Haua€e MOXKIUBICTDH

30 Handbook of the XXI1V International Science Conference
«Ecology. Human. Society» (June 5, 2024, Kyiv, Ukraine)



Marepianun XXIV MizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(pepeHuil
«Exouoris. lroguna. CycniiibcTBoy» (5 yepBHs 2024 p., m. KuiB, Ykpaina)

IPOTHO3YBATH MOXJIMBE 3a0pyJHEHHS IPYHTIB 3a I1HAWKAaTOPHUMH BHJIAMH pOCIHH. Tak,
BCTAHOBJICHO, 1110 KOHIIEHTPATOPOM (TOPY € IIIMWIBKH Ta TUIKK THCA SAT1THOTO.

Ax
[ tasonra [N 39
I
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5 A
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Puc. 1. Jliarpama iHTEHCUBHOCTI MOTTMHAHHS (TOPY POCIMHHICTIO 3 IPYHTY (AX)

BucHoBku. Briepiie BU3Ha4eHO BMICT BOJAOPO3YMHHOTO (TOPY y IPYHTaX Ta POCIMHHOCTI Ha
teputopii Kapmatcekoro OiocdepHoro 3anosimauka (KB3). BusnadeHo BMicT BOJOPO3UYMHHOTO
¢dTopy y rpyHTax Ha aiunsHui — ypouute [ligain (1,2—1,6 mr/kr). BussineHo BIIIMB BOJJOPO3UNHHOTO
dTopy y IpyHTI Ha HAKONMUYEHHS MOTO B JIEB’ATH BUJAX POCIUH (3a KoediieHToM O10JI0T1YHOTO
NOTJIMHAHHS, AX): XBOWHI BiuHO3eJeHI (IIMWIBKK Ta TUIKK) — Tuc sArigauii (Taxus baccata L.) (Ax
15,5), tys (Thuja) (Ax 5), suuns 6ia (Abies alba) (Ax 5); poautu 6epe3oBux (TIJIKU Ta JUCTKH) —
minaa (Corylus avellana L.) (Ax 6,1), Binbxa dopHa (Alnus glutinosa (L.) P. Gaertn) (Ax 2,8);
TpaBu (JIUCTKH Ta KBiTH) — OykBuILs (Betonica officinalis L.) (Ax 4,6), Bonomka (Centaurea) (Ax 6),
xoBToaiuis (Senecio, L.) (Ax 4,6), taBonra (Filipendula ulmaria) (Ax 3,9). Kourentpatopom
BOJIOPO3YMHHOTO (TOPY € MIMUIBKHU Ta TUIKK THca srigHoro.(Taxus baccata L.).

[TpoBeneHi NOCHIKEHHS BMICTY BOJOPO3YMHHOTO (GTOpYy y IpyHTax Ta pociauHHocTi KB3
JIO3BOJIFJTM BU3HAYUTH POCIWHU-IHIUKATOPH HAKONMYEHHS (TOpPY Ta CTaHYTh OCHOBOIO ISt
MPOBEJICHHS MOHITOPUHTOBHUX €KOJIOTO-T€OXIMIYHUX JTOCIKEHb.

JlitrepaTtypa

1. Minghan Wang, Haoyang Wang, Ge Lei, Biao Yang, Teng Hu, Yingying Ye, Wei Li, Yaoyu
Zhou, Xiao Yang, Huagin Xu. Current progress on fluoride occurrence in the soil environment:
Sources, transformation, regulations and remediation. Chemosphere. 2023. Vol. 341, p. 139901

2. Cymuk, YOS, I'eoxumus 30nvl eunepeenesa Yrpaunckux Kapnam. Kues: HaykoBa. Jlymka.
1978. 210c.

Handbook of the XXIV International Science Conference 31
«Ecology. Human. Society» (June 5 2024, Kyiv, Ukraine)



Marepianun XXIV MizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(pepeHuil
«ExoJoris. Jloanna. CycniibeTrBoy» (5 yepBusi 2024 p., m. KuiB, Ykpaina)

DISTRIBUTION OF FLUORINE IN THE "SOIL-PLANT" SYSTEM OF THE
CARPATIAN BIOSPHERE RESERVE (TRACT PIDDIL)

Natalilia KRYUCHENKO

M.P. Semenenko Institute of Geochemistry, Mineralogy and Ore Formation of NAS of Ukraine,
Ukraine

https://orcid.org/0000-0001-8774-9089

Eduard ZHOVINSKY]

M.P. Semenenko Institute of Geochemistry, Mineralogy and Ore Formation of NAS of Ukraine,
Ukraine

https://orcid.org/0000-0003-1601-5998

Petro PAPARYGA

Carpathian Biosphere Reserve of Ministry of Environmental Protection and Natural Resources of
Ukraine , Ukraine

https://orcid.org/0000-0002-4021-0809

DOI: https://doi.org/10.20535/EHS2710-3315.2024.304399
Keywords: Fluoride, soil, plants, biological absorption coefficient, Carpathian Biosphere Reserve.

Abstract

The results of own research on the content of water-soluble fluorine in soils and vegetation of the
Piddil tract (Carpathian Biosphere Reserve) are presented. The distribution of fluoride in the "soil-
plant" system (according to the biological absorption coefficient, Ax) of nine types of plants was
established: coniferous evergreens (pins and branches) - Taxus baccata L. (Ax 15.5), Thuja (Ax 5),
Abies alba (Ax 5); birch families (branches and leaves) — Corylus avellana L. (Ax 6.1), Alnus
glutinosa (L.) R. Gaertn (Ax 2.8); herbs (leaves and flowers) — Betonica officinalis L. (Ax 4.6),
Centaurea (Ax 6), Senecio, L. (Ax 4.6), Filipendula ulmaria ( Ax 3,9). Pins and branches of the berry
yew (Taxus baccata L.) were found to be a concentrator of fluoride.
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ANALYSIS OF THE ECOLOGICAL STATE OF THE SOIL MICROBIOME
IN THE KYIV REGION
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Abstract. The agricultural soils are under constant anthropogenic impact, and therefore it is
important to know how human actions affect the intensity and direction of microbiological processes
that are the basis for soil fertility. The aim of the study was to demonstrate the state of the soil
microbial ecosystem in Kyiv region using an integrated approach. The study revealed distinct
differences between the two systems under research. In the mineral system, the total microbial
biomass and most groups of microorganisms were correlated with humus carbon and the carbon
pools associated with it.

Keywords: soil microorganisms, microbial ecosystems, organic farming, soil fertility,
CO3 emission.

Due to the growing human impact on the soil ecosystem, attention to the greening of the
agricultural sector is also increasing, which is why there is a growing need to improve the
understanding of the concept of ecology in soil microbiology. Knowledge of the laws of soil
microbiota functioning in a natural ecosystem allows us to quickly identify and understand the causes
of changes that occur in it and find ways to regulate them in the direction we are looking for. The
most significant focus is usually on studies of the structure of bacterial communities at the taxonomic
level. Agricultural soils are under constant anthropogenic influence, and therefore it is important to
know how human actions affect the intensity and direction of microbiological processes that are the
basis for soil fertility [1].

However, as is well known, the potential capabilities of microorganisms found on nutrient media
often do not allow us to observe a full picture of all soil processes, which is largely due to the
multifunctionality and taxonomic heterogeneity of the microbial world. Determination of soil
biochemical and agrochemical indicators in many cases gives a more complete idea of the functioning
of the microbial community in specific conditions [2].

The combination of microbiological parameters along with chemical, physical, etc., and their
integration using mathematical analysis will allow us to demonstrate the microbial ecosystems of a
particular landscape depending on various specified factors - fertilisation systems, applied
agrotechnical methods and, on this basis, to assess the specifics of soil microbiological processes in
each case [3]. Therefore, we took a comprehensive approach to soil analysis, which included an
analysis of the number and activity of ecological and trophic groups of soil microorganisms, the pool
of organic carbon, and used carbon and nitrogen of the total microbial biomass as integral microbial
indicators, as well as CO2 emission.
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Therefore, the aim of the study was to demonstrate the state of the soil microbial ecosystem in
Kyiv region using a comprehensive approach to soil analysis.

The soil of Kyiv region with the following characteristics was used for the study: typical
chernozem with a humus content of 4.3%, hydrolysable nitrogen — 110 mg/Kkg,
mobile phosphorus — 240, exchangeable potassium — 85 mg/kg of soil, pH of the salt extract — 6.5.
The samples were taken in the spring before the agricultural activities. In previous years, corn was
grown and NooPsoKoo (mineral fertiliser system) and N7oP40K7o + humus (organic-mineral fertiliser
system) was applied. The studies showed that the microbial community of the used soil under the
influence of both fertilisation systems showed different effects on the formation of microbial
populations. Bacterial forms of microorganisms capable of ammonification, amylolytic,
oligonitrophilic and oligocarbophilic microorganisms predominate in both the mineral and mixed
systems, but their higher numbers were found in the first fertilisation system. The use of mineral
fertilisers also contributes to an increase in the number of diazotrophs in the soil. Under the mixed
fertiliser system, a high number of cellulose-degrading microorganisms, micromycetes and
ammonifiers were observed. The use of additional organic fertilisers has a positive effect on the
development of nitrogen fixers: their number increases by 5-6 times. It is well known that the number
of ammonifying microorganisms and their significant development is determined by the presence of
organic matter in the soil. The high number of ammonifiers found under the conditions of mineral
fertilisers may indicate mineralisation of complex organic compounds, in particular humus, due to
the lack of fresh organic matter in the soil.

Both soil variants, regardless of the differences in the number of microorganisms, were
characterised by almost the same indicator of total microbial biomass. This is most likely due to the
fact that in the presence of humus in the soil, most of the biomass is introduced by mycelial fungi,
representatives of the cellulose-degrading group of microorganisms. Indirect evidence of the latter is
the soil's CO2 emission («respiration»), which is higher than with a mineral fertilisation system. It is
known that bacteria have a higher ratio of body surface to volume (as in smaller organisms) and,
accordingly, a higher metabolic rate, i.e., energy requirements per unit body weight.

A direct and correlated relationship between the abundance of a particular ecological and trophic
group and the total microbial biomass may indicate that this particular group of microorganisms is
involved in changes in the total biomass. An inverse relationship may indicate a decrease in the
number of a particular group with an increase in total biomass, which is possible both due to the
depletion of certain nutrients and its active consumption by competitive microorganisms. The absence
of a significant connection between these indicators (the number of microorganisms and total
biomass) most likely indicates a less active state of microorganisms. If we consider both of the
systems we studied, the mixed-type variant, the groups of microorganisms found there and the other
indicators (biomass, soil CO») associated with them, is the system that is in a state of relative calm.
However, it should be noted that soil microorganisms are engaged in active physiological processes
not only during growth and reproduction, but also in the process of maintaining cell viability, which
also consumes a large amount of organic matter.

The analysis of correlations between the detected groups of microorganisms and different carbon
pools helps to assess the biological significance of the latter as a source that provides structural and
energy costs of microorganisms under specific conditions. For example, we found distinct differences
between the two systems used in the research. Under the mineral system, the total microbial biomass
and most microbial groups correlated with humus carbon and the carbon pools associated with it. The
high content of copiotrophs, microorganisms that prefer high concentrations of nutrients, may be an
indirect confirmation of soil enrichment with monomeric compounds. These compounds are
signalling metabolites of enzymatic hydrolysis of polymers and contribute to the inhibition of
hydrolytic and oligotrophic growth. This is demonstrated by the inverse relationship between the
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number of cellulose-degrading and oligocarbophilic microorganisms and those carbon pools with
which their competitors had close positive connections. A lack of structural and energy materials for
the above-mentioned microorganisms leads to an inverse relationship with all integral indicators. The
mixed fertilisation system showed the closest positive correlation of most groups of microorganisms
with plant residues.

That is, the previously noted imbalance between the stock of total microbial biomass and the
number of microorganisms is associated with different ways of using soil organic matter. This is what
determined the different structure of the microbial community in the soils tested under different
fertilisation systems. All this indirectly indicates that the mineral system has a higher mobility of soil
organic matter, which was confirmed by biochemical analysis.

Therefore, using an integrated approach to soil analysis, it was shown that under the mineral
fertilisation system, a mobile balance between the synthesis and decomposition of humus is observed
in the soil, which is moved towards decomposition. Probably, this is the reason for the «preservation»
of plant residues in this variant, as the microbial community prefers humus as a substrate (due to its
availability) to plant residues. Distinct differences were found between the two systems tested. In the
mineral system, the total microbial biomass and most microbial groups were correlated with humus
carbon and the carbon pools associated with it.
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AHoTaWist

CiTbCBKOTOCTIONIAPCHKI TPYHTH TIepeOyBarOTh TIiJ] MOCTIMHUM aHTPOIIOTEHHUM BIUIMBOM, a TOMY BRXKJTBO
3HATH, K il JIIOJIMHA BIUTMBAIOTH HA IHTEHCHBHICTb 1 CIIPSMOBAHICTh MIKPOOIOIOTIYHHUX TIPOIIECIB, IO €
OCHOBOIO POJIFOYOCTI IPYHTY. MeToro 0CIikeH st OyII0 MPOIeMOHCTPYBATH CTaH MIKPOOHOT KOCHCTEMH
1pyHTiB KniBchKOT 0671aCTi 33 10MOMOTOF0 KOMILICKCHOIO MAXOAY. JIOCIIKCHHS BUSBHIIO YiTKi BIIMIHHOCTI
MI>K IBOMA JI0CITIKYBAHUMH CHCTEMaMH. Y MiHepasTbHii CHCTEMI 3aralbHa MikpoOHa Giomaca Ta OUTbIITCTh
TPy MIKPOOPTaHi3MiB KOPETIOBAIH 3 BYTJICIIEM TYMYCY Ta MOB'SI3aHUMH 3 HAM ITyJIaMH BYTJIEITIO.
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Anomauin

envma /[ynaio — ye ouHamiyna i cKiaoua 2iopoexocucmema, wo 8iOHOCUMbC 00 HAUOLILULUX
eKOmoHie muny «piuka-mopey. Taxi 600HI 00’€kmu 0coOMUB0 B8pA3IUBI 00 3MIH I BUKIUKIG
HABKOIUWHBO20 Cepedosulyd, OKpiM Mo20 60HU Nnepedy8aiomsb ni0 NOCMIUHUM AHMPONOSEHHUM
Hasanmadicenusam. Mownimopune i  Oocniddcents — OiopisHomanimms  2iOpobionmie ma  ix
Xapakmepucmux € HeoOXiOHUM OJisl HOPMANbHO20 (DYHKYIOHYBAHHS [ HCUMMEILIbHOCMI DIOYEHO3Y.

Taxk, docnioxcenHs himoniaHKmoHy Pi3HOMUNHUX BOOHUX 00 €Kmie noHu33s J{ynaio 6cmanosuo,
wo 8u008e PisHOMAHIMmMs NPeoOCmasieHo HEPIBHOMIPHO: V 8eIUKUX NPUOYHAUCLKux ozepax 188 eudis
(191 eHympiunbo 8U008UX MAKCOHIB BKIIOUAIOYU HOMEHKIAMYPHUL Mun eudy, 0ali - 6.6.m.); y
PIBHOMUNHUX 8000UMAX i 6000mokax nonu3sss [yunarw (pykaea ma s3amoxu) 156 eudis (158 6.6.m.); a
y eiopoexocucmeni p. /[ynaii — kanan /Jynaii-Cacux — Cacuybke 6o0ocxosuuje 87 8.6.m.

Y pobomi euxopucmanuii memoo 6ioinouxayii, a came memoo IHOUKAMOPHUX OP2AHIZMIB
canpoonocmi. Ananizyouu iHOU8I0yanbHi NOKA3HUKU CanpoOHOCmi (himonianKmoHy, 6CImaHo81eHo,
wo Haubinbuwe NPeoCmasHuKis - f-mezocanpobHoi 30HU, Wo & ce0to uepey gionogioae Il knacy
AKOCMI 800U , AKI OXAPAKMEPUZ0BAHT AK «NOMIPHO 3A0PYOHEHI.

Knwuosi cnosa: o6ioinoukayis, canpobuicms, nonussa [lyumaio, eiopoexocucmema, [-
me3zocanpobHa 30Ha, AKICMb 600U.

B ymoBax m1o6anbHOI 3MiHM KJIIMary 1 3pOCTaHHS aHTPOIOT€HHOTO HAaBAHTAXKEHHS Ha BOJHI
€KOCHUCTEMH aKTyaJIbHUM € JIOCIIIKEHHS 1 MOHITOPUHT CTaHy T'iJpOEKOCUCTEM.

[Tonuz3s [lyHaro — siBsie cOO00 CKJIaIHY TUTAaBHEBO-JIITOPAIBHY €KOCUCTEMY THITY «PIUKa-MOpPEe»
1 BII3HAYAETHCS BEJIMKOIO PI3HOMAHITHICTIO JaHIA(TIB, CHOPMOBAHUX CKIIAHOIO TiPOJIOTIYHOO
MEpEekKer. YHIKANbHICTh LMX OIOTOMIB MOJSITrae y BEIUKOMY OIOpI3HOMAHITTI 1 MiJBHUILEHIN
IPOIYKTUBHOCTI eKocUcTeM. B yMoBax rmo6anbHOI 3MIHHM KJIIMaTy 1 iHTeHCHU(IKallii aHTPOIOT€HHOTO
TUCKY Ha BOJIHI €KOCHCTEMHU, TOCIIKEHHSI Ta MOHITOPUHT CTaHYy TJPOEKOCHCTEM € aKTyaJlIbHUM 1
HeoOximHuM. CTaH BOAHMX €KOCHCTEM Ta 3MiHHM, IO BHHHUKIM MOXKHA OIHUTU 32 PI3HUMHU
MOKa3HUKaMHU 3aBJsKH OloiHAMKAaIlli. bioiHIUKaIlis TO3BOJISIE OIIHUTH HASBHICTh 3a0pyIHEHHS 4H
pe3yJIbTaT Horo /il Ha BUIOBOMY, MOMYJISALIHHOMY PiBHI, @ TAKOK Ha PiBHI yTpyNOBaHb Ta €EKOCUCTEM
[1,2]. Tak, onHa 13 XapaKTEpPHUCTHUK, SIKa [MOKA3y€e PIBEHb 3a0pyAHEHHS OPraHIYHUMH PEYOBHMHAMHU Ta
HPOIYKTaMH IXHBOTO po3naay — 1ie canpobricms [1].

bionoriuHi METO/M OIIHKHK SKOCTI BOJIM MOOY/IOBaHI HA MPHUHIIMII TOTO, 10 a0ioTH4HI ((i3uko-
XIMi4Hi, TiAPOJOriuHi, TiPOoMOPQOIOriyHi YMOBHU), BIUIMBAIOTh HA CIEKTP BUIIB, L0 3/1aTHI TYT
MEITKaTH, Ha X KIJTBKICHI Ta AKICHI TOKa3HUKH [ 1]. OmHUM 13 3pydHHUX 00’ €KTIB JJIs TOCITIKEHHS €
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(iTOIUIaHKTOH, OCKUJIBKM BiH 3/1aT€H IIBHJKO pearyBaTd Ha 3MiHHM y BOTHOMY CepeloBHIi. Takox
(bITOTUTAHKTOH Bijirpae GyHAaMEHTAIbHY POJIb Y T1IAPOEKOCUCTEMI, OCKIIBLKH (DOPMYy€E OCHOBY YCiX
TpohiYHMX 3aB’sA3KiB. 3arajibHi NPUHIMIN 1HIUKALIl CTYNEeHs 3a0pyaHEHHS BOJOMM Ta BOJAOTOKIB
OpraHIYHUMHU PEYOBMHAMH 3a TiapoOioHTamu po3podbmmm P Kombpksitir 1 M. Mapccon (1908), y
MOJANBIIOMY TIeH minaxin Oy po3BuHyTHi y poborax P. [Tantne ta I. Bykk (BBemeHui KinbKiCHUN
iHaeke campoOHocti), M. 3eninkoro i 1. MapBanoM (Hajganu TOHATTS CanmpoOHOI BAJIGHTHOCTI),
X. Jliomannom, B. Crnanedexkom (3ampomoOHYBalIM CIHUCKH BOJHUX OpPraHi3MiB-iHIUKATOPIiB
carpoOHocrTi) [2,3,4].

3aB/sIKM BU3HAYEHHS CTYIIEHS CanpOOHOCTI, MO>KHA BUSHAYUTH KJIAC SIKOCTI BOAM, SIKUI BU3HAYAE
MPUIATHICTh BOJM JJI1 KOHKPETHOTO CHOCOOY ii BUKOPUCTAHHS Y KUTTI JIFOAUHH 1 TOCMOAAPCHKOT
TiSUTBHOCTI, @ TAKOXK CTaH TiIPOEKOCUCTEMH B IIJIOMY.

Meta po6oTH: BCTAHOBUTH SIKICTh BOJHOTO CEPEIOBUIIA PI3HOTUITHUX T'1IPOEKOCUCTEM MTOHU33S
JlyHato METOZOM iHIUKAaTOPHUX OPTaHi3MiB CarpoOHOCTI.

Marepiajau Ta MeToau. BpaxoByioun AMHAMIUHICTh T1IPOJOTIYHOTO PEXUMY AYHANHCHKUX BOJ
iCHY€ HEOOX1AHICTh TOCIIKEHHS (DITOIUTAHKTOHY 3 PI3HUX TOPU30HTIB BOAHOI TOBIII (TOBEPXHEBUX,
CEepeIMHHUX Ta NPUIOHHUX). ToMy MJii OTPUMAaHHS pENpe3eHTAaTUBHUX JaHUX, Y POOOTI
BUKOPHCTOBYBABCS METOJl 1HTErpaibHOI mpodu. Binbip 3paskiB (iTOMIaHKTOHY MPOBOIUBCS Ha
PIZHOTHIHUX TiIpoekocucremax moHu33s Jynato 2019-2021pp, mist 3pydHOCTI aHanmizy Oyiu
MOJTIICHI HA HACTYIHI TPYIIH:

1. 10 pi3HOTMIHHX BOIOWM 1 BoAoTOKIB moHu33sa [lyHato (pykaB binroponcekuii, (cepeanna);
3aroka Comnonuii kyT (cepenuna); Kiniiicbkuii pykaB 6ist micta BuiikoBe; 3aroka ComoHuit KyT (BXi1
1o pykaBa binroponcekuit); pykas OuakiBebkuii (17 km); Kinilicekuii pykaB (HHXK4e MOPBOK3AIY);
p. Aynaii (mopt Peni); Bxin no pykaBa OuvakiBcbkuii (AHKYIIHOBE THUPIIO); BHXIZ Y MOpE 3 pyKaBa
OuakiBchkHi (MOpChKa JTiHIs); 0115 MHCY 3aTOKU baauk;

2. Axsaropii rizpoexocucremu p. yHaii — kanan /{ynaii-Cacuk — Cacuiibke BOZOCXOBHIIIE;

3. Benuki npunynaiiceki o3epa (Karyn, Kapran, Katnabyx, Kyrypnyii, Kurait, Snmyr).

3riJIHO 3 TUIAHOM YTMPAaBIIHHS PIYKOBUM cyOOaceiHOM HWXHBOTO JlyHaro, yci BOAHI 00’€KTH
HaJIeXaTh JI0 OIHOTO cyb0aceiiny [5].

BunoBy npuHanexHIicTh (ITOMIAHKTOHY HAaBEJEHO 3a MIKHAPOJHUM E€JIEKTPOHHUM KaTaJoroM
AlgaeBase (Guiry & Guiry, 2020) [6]. Y poGoTi npuBeaeHi pe3yabTaTd canpoOioNoriqHOT OLIHKU
AKOCTI BOIM METOJIOM iHAMKAaTopHUx opraHizMmiB Ilantie 1 bykk B momudikauii Cnaneueka [7,8]:
[HnuBinyanbHi iHAEKCH canpoOHOCTI BUAIB-IHAUKATOPIB Opanu 3 Tadmuus [9]. J{ns BogHuX 00’ €KTIB
BU3HAYEHO KJAac SKOCTI BOAW BIANOBIZHO JIO CampoOHOCTI I1HAMKAaTOPHUX OpraHi3MiB,
knacudikoBaHuX 3a JaHuMu [10].

Pesyabratn Ta 00roBopeHHsi. BcraHoBieHO, 110 (DITOIUIAHKTOH PI3HUX TiIPOEKOCHUCTEM
cyO0aceliHy HIDKHBbOTO JlyHai0 mpencTaBieHO HE pIBHOMIpHO. Tak HaiOuIblIe pi3HOMAHITTA
(hITOIUIAHKTOHY CIIOCTEpIrajJoch Yy BEIMKUX MPHIyHAHCBKUX o3epaX, 1 Oyno mpeacTaBieHe
188 Bumamu (191 BHYTpINTHROBUIOBUX TAKCOHIB, BKJIIOYAIOUM HOMEHKJIATYpPHUHN THN BUAY (B.B.T.))
aKi Hanexartb 10 7 BiaauniB: Cyanobacteria (21), Bacillariophyta (97), Cryptophyta (3), Ochrophyta
(9), Charophyta (1), Chlorophyta (51), Euglenozoa (9).

Amnanizytoun anbrouopy BoJOHM 1 BOJOTOKIB MOHM33s [lyHato, BCTAaHOBJIECHO 1110 BOHA HAJIUy€
156 Bunis (158 (B. B. T.) 3 8 BigminiB: Cyanobacteria (20), Bacillariophyta (52), Cryptophyta (4),
Miozoa (6), Ochrophyta (12), Charophyta (4), Chlorophyta (45), Euglenozoa (15).

Anbroduopa rigpoekocucremu p. yHnait — xanan Jlynaii-Cacuk — Cacuilbke BOJOCXOBHUIIE
HaJliyyBaja JEIl0 MEHIIy KUIbKICTh TakcoHiB, a came 87 B.B.T. 3 BimmuniB: Cyanobacteria (19),
Bacillariophyta (26), Cryptophyta (1), Miozoa (1), Ochrophyta (2), Chlorophyta (34),
Euglenozoa (4).
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Po3rismaroun OkpeMo KOXHY TPYyMy BOAHMX OO0’€KTiB, MOXKHA 3a3HAYUTH, IO KUIBKICTh
BUIIIB-IHAM(EPEHTIB — HEPIBHOMIpPHA, ajlé B YCIX JOCHIDKYBAaHUX T1IPOEKOCHCTEMAax
CHIBBIIHOIICHHS 1HAU(EPESHTHUX BUAIB CampoOHOCTI JOCUTh BHcOke (Bim 58 % mo 94 %), mio
JI03BOJISIE OTPUMATH PENPE3EHTATUBHI JaHi MPOBEJACHHS CampoO0IOIOTIYHOI OIIHKUA SKOCTI BOJ 1
CBIIYUTH MPO BUCOKY €KOJIOTIUHY €MHICTh O10TOMIB.

Canpobunicmo.  JlocnmipkeHHS — 1HAMKAaTOPHUX OPraHi3MiB  campoOHOCTI  (ITOTUIAHKTOHY
PI3HOTUIIHMX BOAOHM Ta BOAOTOKIB MNOHW33s JlyHaio, BCTAaHOBIIEHO, IO BUIH-IHIUKATOPU
canpoOHOCTI cKIaAaTh 94 % 3araabHOi KUIBKOCTI IPEICTABICHOTO PI3HOMAHITTA (PITOIUIAHKTOHY 1
HasliyytoTh 148 B.B.T. SIKk BuaHO 3 Tabmumi 1 B ycCiX JOCTIIKYBaHUX aKBAaTOPIX IEPEBaKAIOTh
OpraHi3Mu [-mezocanpobHoi 30HH.

Ta6auus 1. XapakTepucTHKa SKOCTI BOAM PI3HOTUITHUX BOIOMM Ta BOIOTOKIB OHM33s JlyHaro
3a BOJOPOCTIMH-IHANKATOPAMHU CAPpOOHOCTI

I'inpoexocucrema
o e Bl
]
? 2 R o l:[/-\ E 5 §
& % = = e | & = 2
= = \© > X2 | = > QB | — 2 =
~ ~ A /M < 4 Ao =
o= ~ > Q - ~— A ~~ = i ol
30Hu = = R | BEa |l os | Do | R s | B 2| =gN=
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= EQ| o s |m@°| 9in = S|l axn| 7 a3
> i= & Q ¥ = < = T = =
; B > O > o o < . H
~ K ~ A g e © He| g =
y-0-canpobmi 4 5 2 3 8 7 2 7 3 7
B-mesocanpobui 15 23 16 19 24 16 12 13 17 11
a—p-canpobni | 10 7 6 3 6 4 7 7 5 3

BusiBneno, 1mo opranizmu, siki € iIHAUKATOpaMu y-0-canpoOHoi 30HU - 28 B.B.T, f-me30canpoonoi
—102 B.B.T., a—p-canpodonoi — 18 B.B.T.

B cBow uepry, 3rigHo kiacudikamii campoobnocti [10], S-me3ocanpobna 30HA BIANOBITAE
III knacy siIKOCTi BOJH, 1 BIIOBITHO «IIOMiIpHO-3a0pyITHEHUM BOJOHMAaM».

HeoOxigHo BigmiTuTH, 110 aneromnpoda 3i ctanuii p. JlyHail, micro Peni (mopT) Big3HaYaeThCs
BUCOKHMM CIHIBBIJHOIIEHHSAM 1HJUKAaTOPHUX OPraHI3MIB a—p-canpobHoi 30HHU, IO BIANOBIIA€
«3a0pyIHEHUM» Ta «JIyXe 3a0pyaHeHuM» Bojoumam. lle moke OyTH HACTIAKOM ITiIBHIIIEHOTO
AQHTPOIIOT€HHOTO HABaHTAXEHHS 4Yepe3 pO3TallyBaHHS DPIYKOBOI'O IMPALIOIOUYOro MOpTy Y Ui
aKBaTopii.

Bcranosneno, o cepen ycix i1eHTH()IKOBaHUX BUIB (PITOMIIAHKTOHY ILi€i TPyIH, iIHAUKATOpaMu
1o canpoOHocTi € 129 B.B.T. (68 %). )11 HAOYHOCTI aHi MpeACTaBiIeH] y Taduuii 2.

B ycix pocnimkyBaHHX 03epax CIOCTEPIracThcsl MEBHA 3aKOHOMIpHICTh: 77 B.B.T. (59%) ycix
BU/IIB-1HANKATOPIB BIHOCUIIUCS A0 f-Me30canpobroi 30HU, 0 B cBorO uepry Biamosigae I1I kmacy
SKOCTI BOAM — «IOMIpHO 3a0pynHeHi» Bomu. Takok HEoOXiTHO BiAMITUTH, 1m0 y o03. Kurtaii 3a
MOKa3HUKAaMHU BU/IIB-1HIUKATOPIB CIIOCTEPITAETHCS OUTBINA KUIBKICTh OpraHi3MiB 3a0py/IHEHUX 30H,
HIK y 1HIIHX.
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CampoGionoriyHa oIfiHka rigpoexocucremu p. JyHait — kxanan Jlynaii-Cacuk — Cacwuiibke
BOJIOCXOBHIIIE TIOKa3aja, MO 3 1IeHTU(]IKOBAaHMX BHUIIB (DITOIJIAHKTOHY BHIAMHU-1HIUKATOPAMHM
canpoOHocTi y kanani [lynaii-Cacuk € 29 B.B.T, a y BogocxoBuiii — 46 B.B.T. (Tabmuiist 3), 110 B CBOIO
yepry cTaHoBUTh 58 % Ta 68 % BIAMOBIIHO.

Tabauus 2. XapakTepuCcTHKA SKOCTI BOAH MPUIYHANCHKHUX 03€P 3a BOIOPOCTIMH-
1HAMKATOpaMu canpoOHOCTI

Buau-inaukaropu rpj;y;::);[gf; p. JIvotuii-rpyaens 2020 p.
canpodrocti Kurait | Karyn | Kurait | Snmyr | Kapran | Kyrypunyii | Karyn | Katnabyx
X—0-canpodbu 3 7 1 9 3 4 2 1
[-mezocanpobu 17 18 15 33 4 12 17 12
o—p-canpoobu 5 2 4 3 1 2 — 1

Tabauus 3. XapakTepucTHka sIKOCTi BOIu Tiapoekocuctemu p. yHait — kanan J{ynaii-Cacuk —
CacuipKe BOJIOCXOBHIIE 32 BOJAOPOCTAMHU-IHAUKATOPAMHU CarmpoOHOCTI

. I'inpoexocucrema
3oHu canpoOHOCTI —
Kanau Jlynaii-Cacuk Cacuinbke BOI0CX0OBHIIE
X—0-canpobHa 8 8
[-mezocanpobra 19 34
a—p-canpobuna 2 4

BcranosieHo, 10 B JIOTUYHO-JIEHTUYHIHA CHCTEMI KaHAJI-BOJAOCXOBHIIE, HAaMOIIbIIE BHUIIB
p-me30canpobnoi 308U, 1110 B cBOIO uepry Bignosiaae Il kmacy sikocTi Boau («IOMIpHO 3a0pyAHEH1
BOJIN»).

BucnoBku. JlocnipkeHHST BUIOBOTO PI3HOMAHITTS (DITOTUIAHKTOHY TiIPOCKOCHUCTEM TMOHU33S
JlyHato MpojieMOHCTPYBaJIO, 1110 BOHO NPEACTABICHE JOCUTh LIMPOKUM CIIEKTPOM BH[IB, IO €, B
CBOIO Yepry, MIATBEP/KEHHSM YHIKaJIBHOCTI 010TOMy «piuka-Mope». BcTaHOBIEHO, IO BHUIO0BE
PI3HOMAHITTA (PITOIIAHKTOHY PI3HUX I'PYI BOAHUX 00’€KTIB MPEACTABIECHO HIMPOKUM CIIEKTPOM: Y
BEJIMKUX IpuayHaiicbkux o3epax 188 Bunais (191 B.B.T.); y BogoiiMax 1 BogoTOKaxX MOHM334 JyHato
(pyxaBa Ta 3aroku) 156 BuaiB (158 B.B.T.); a y rigpoekocucreMi p. [lynaii — kanan Jlynaii-Cacuk —
Cacuupke Bonocxosuie 87 B.B.T.

[Tokazano, 10 yci JOCHTIKYBaHI T1IAPOEKOCUCTEMHU TOHMU33s JlyHat0 MaloTh BUCOKHI MOKa3HUK
IHAMKATOPHUX OpraHi3MiB campoOHocTi. Haiibinbiie npencTaBHUKIB [-mesocanpobHoi 30HU, 110
CBITUUTH MPO HASABHICTH MOMIPHOTO OpraHiyHOro 3a0pynHeHHs Boau Ta Bignosigae III kmacy sikocti
BOJIH.
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PHYTOPLANKTON AS A BIOINDICATOR OF WATER QUALITY IN DIFFERENT
TYPES OF HYDROECOSYSTEMS OF THE LOWER DANUBE
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Abstract

The Danube Delta is a dynamic and complex hydroecosystem that belongs to the largest transitional river-
sea ecotones. Such water bodies are particularly vulnerable to environmental changes and challenges, and
are also under constant anthropogenic pressure. Monitoring and researching the biodiversity of aquatic
organisms and their characteristics is essential for the normal functioning and vital activity of the
biocenosis.

Thus, a study of phytoplankton in various water bodies of the Danube lower reaches found that species
diversity is not evenly represented: in the large Danube lakes 188 species (represented by 191 intraspecific
taxon (ssp)); in various reservoirs and watercourses of the Danube lower reaches (arms and bays) 156
species (158 ssp); and in the Danube River hydroecosystem - Danube-Sasyk Canal - Sasyk Reservoir 87
species.

The method of bioindication, namely the method of indicator organisms of saprobicity, was used in the
study. Analyzing the individual indicators of phytoplankton saprobility, it was found that the majority of
representatives belong to the B-mesosaprobic zone, which in turn corresponds to the 111 class of water
quality, which is characterized as "moderately polluted".
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CYKIECII KAP’EPHO-BIJIBAJIbHUX KOMILJIEKCIB IICJISA IPOBEJAEHHSA
TTPHUYOTEXHIYHOI'O ETAITY PEKYJIbTUBAIIIL

Oaekcanap MYJIPAK 1, Anna MATJIIMYYK 2
L K3BO “Binnuyvka axademis 6esnepepsnoi oceimu”,
ByIL. ['pymeBcrkoro, 13, M. Binauis, 21050, Ykpaina
2 Inemumym azpoexonoeii i npupoodoxkopucmysanns HAAH
ByJ. MeTponoriuna, 12, M. Kuis, 03143, Ykpaina
e-mail: mahdiichuk@gmail.com

Anomauia. B 3anpononosaniti nyonikayii npedcmaeneni pe3yibmamu npoedeH s 00CHI0HCEeHH s
BNIUBY BHECEHHSL CANOHIMOBOI 2NUHU 8 AKOCMI MEeNIOPAHMY NPU PEeKyIbmusayii niyano2o Kkap '€pHo-
8i06a1bHO20 Komnaekcy IN SitU. /Josedeno, wjo eénecennss canonimosoi enunu Ha OOCHiOHI OUISIHKU 6
Medcax Kap'epy Cnpusiio weuowlii nosei pOCIUHHOZO0 NOKPUBY V NOPIGHSHHI 13 KOHMPOIbHUMU
oinsanKamu 6e3 000amKosuUx mamepiauis.

Knrwouoei cnoea: «xap’epu, 6ioHo6neHHs, penamypanizayis, canonimoea 2auna, Ilooinns,
biopiznomanimms.

B ymoBax IlpaBobepesxxHoro Jlicocteny Ykpainu, B MiCISIX IPSIMOTO BUAOOYTKY chopmyBanucs
Kap’€pHO-B1/IBaJIbHI KOMILJIEKCH, sIKi HA0YJIM pUC TaK 3BaHUX «O€JIEHA1BY», TOMY 1CHY€ HEOOX1HICTb
y NMPOBEJCHHI PEKYyJIbTHBALli MOPYIIEHUX Ta BIANPAIbOBAHUX TIPHUYO-TIPOMUCIOBOIO IiSJIBHICTIO
3eMenb. [lomryk onTHMadbHUX HUIAXIB Ui TMOKPAIICHHS €KOJOTiuHOI CHTyamii Ha JerpagoBaHUX
JUISHKAaX TipHAYO-TIPOMUCIOBUX JaHAmAPTIB 1 iX mHojanblle 30aJlaHCOBaHE BUKOPUCTAHHS €
sadicnusum numanuam y Mexax IIpaBoOepexxnoro Jlicocteny, akmyanvHum BOHO € 1 I TEPUTOPIT
IMomims.

InnukaTopoM epeKTUBHOCTI NPOBEACHUX PEKYIbTUBAIITHUX 3aX0/11B € PIBEHb O10p13HOMAHITTS,
SKMA MOKE€ CBIAUUTH TNPO HENpaBWIbHO OOpaHi METOAMKHM 1 cTparterii peHarypamizamii. Lle
HIATBEPKYIOTh Pe3yibTaTh JOCIIKEHb: Y TOCIIPKeHHI pocinHHocTi M. Lane ta iH. (2019) Oyno
BUSIBJICHO MOIIMPEHHA ME30TPO(HUX TpaB HAa PI3HOBIKOBUX BIJHOBJIEHUX AUISHKAX, B TOW yac K
TUTIOBUMHU JIJIsl TEPUTOPIi € HU3WHHI BEPECOB1 BUAM: TaKy TEHICHIIIO MOB’SA3YIOTh 13 HIDKYUMH 32
NOPUPOJIHI 3HAYEHHS MOKAa3HUKAMM KHUCJIOTHOCTI 1 BMICTY OpPTaHIYHMX PEUYOBUH, OTXKE MPOBEACHI
BIJIHOBHI 3aXx0/H € 6e3pe3ynpTaTHuMU. [Ipu mociimkeHH] BITHOBHUX TporieciB, M. Sampaio Ta iH.
(2021) BUABMIIM 3MEHIIEHHS YUCETBHOCTI NTaXiB, SIKi € Ay>Ke UyTIUBUMH J0 NMOPYIIEHb EKOCHCTEM 3
OTJISATy Ha iX B3a€MOJIIIO 3 POCITMHAMH, Xap4OBOIO MOBEIIHKOO Ta MPOCTOPOBO-YACOBUM PO3ITOIITIOM;
3MIHU YMCENBHOCTI OyJM TOB’s3aHi i3 BUKOPUCTAHHSAM Y PeKyJbTUBaLii anenchkoi cocHu (Pinus
halepensis Mill), mo miATBEp/KYE BaXIUBICTh BUKOPUCTAHHS IS BIIHOBICHHS POCIMHHOTO
NOKPUBY 30HAJIHUX BUAIB [1,2].

[ToTenian 30epexeHHs] Kap €piB y SIKOCTI CEPENOBUIN ICHYBAaHHS BHJIB PO3TJISAABCA B
YHCIIEHHUX JOCHIDKEHHSX MaBYKiB, 0a00K, MPSIMOKPHUIINX, TBEPIOKPHINX, METETTUKIB, TUKUX 0K,
Mypax, am(i0iii, nTaxis, IpiOHUX ccaBIiB Touo: JocaimkeHHsaM R. Gentili ta iH. (2020) Bu3HaueHo,
mo 6ararcTBO (UIOPU Ta JIyCKOKPWIJIMX 3AJIEKHUTh BiJl MOKa3HUKIB HOBOYTBOPEHOI'O IPYHTY, a
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BUKOPUCTAHHSI HACIHHEBUX CyMilllel € Hee()eKTUBHUM, OCKUIBKH 1i BUIM 3a JEKUIbKa POKiB Oyiu
BUTICHEH] BHJAMU 3 CYMDKHUX TEPUTOPIi; B JOCHIKEHHI >XAJIKUX NEPEeTUHUYACTOKPHINX M.
Hendrychova Ta in. (2016) Big3Ha4ywiM, 0 Ha HEPEKYJIBTUBOBAHUX AUISHKAX MEIIKAIO BJBiUi
OlbIIIe PIAKICHUX BUIIB 13 yU4ETBEPO OLIBIIOI YHUCEIBHICTIO, @ TAKOXK JCSIKI PerioHaaIbHO-BUMEPIIi
BUJIY; 3TiAHO 31 cioctepexeHHsmu L. Twerd ta in. (2021), mommpeHHs BUIB y MIIAHUX Kap’ €pax,
SK1 HE IMiIaBaIucs peadlmTarlii, CHIHbHO BIUIMBAJIO HA CIIUIBHOTH KAIKUX TEPETUHYACTOKPHIIUX Ta
Ha JIMHAMIKy 3MiH Tpo(iyHHUX TUIBIIHA 1 CTBOPIOBaja YMOBH Ui 1X KOJIOHI3alii HOBUMH BHIaMH. 3a
nmanumu C. Kerbiriou ta iH. (2018), kap’epu € CIPUSTIMBUM CEPEIOBUIIEM ISl ICHYBaHHS KaXKaH1B,
OJTHAK X YHMCENBHICTh 1 SAKICTh ICHYBaHHS 3aJIEXKHTbH Bil 3A1MCHEHHX 3aXOJiB 3 PEKYyJIbTHBALIi,
PO3MIpiB Kap’€py Ta HASIBHOCTI JIJISTHOK 3 MOTAJIBIINM BUIYYEHHIM KOPUCHUX KomayiuH [3-6].

JleBacToBaHi 3eMJIli XapaKTEPH3YIOTbCSA BIJCYTHICTIO POJIOYOTO INApy, PI3KMMHU 3MiHAMHU
penbedy, HU3BKOI MPOIYKTUBHICTIO, 1[0 CBOEI YEPror0 MPU3BOAMTH J0 MOPYIICHHS CaHITapHO-
Tiri€HIYHUX Ta €KOJIOTIYHUX YMOB perioHy 3aranoMm. [TokpamieHHst BOJHO-(I3UYHUX BIACTHBOCTEH
Ta €JIEMEHTHOI CKJIaZI0BOI MOPYIIEHUX CyOCTpaTiB MOXKIIMBE 32 BHECEHHS INIMHUCTUX MaTepiaiB, sKi
gyepe3 cBoi (i3WuHi 1 XIMIUHI BJIACTHBOCTI BIUIMBAIOTh HA POMIOYICTH IPYHTY, KOHTPOIIOIOYU
HAJIXOJKEHHS Ta IOCTYMHICTh MOKUBHUX PEUOBUH IUISIXOM CEKBecTpallii i cradiiizalii opraniyHoi
pedoBHHHM TPYyHTY. [Ipy IbOMY BOHM KOHTPOJIOIOTH (Di3HMUYHI BIACTUBOCTI IPYHTY 4epe3 YTBOPECHHS
MiKpoarperaTiB, BIUIMBAalOYM HAa KUCJIOTHICTh I'PYHTY Ta KOHTPOJIOIOYM YUCEIbHICTH 1 aKTUBHICTh
IPYHTOBUX MIKpOOprasi3mis [7,8].

Tomy memoro nawioi po6omu € BU3HAUCHHSI €()EKTUBHOCTI BHECEHHs CAIOHITOBOI IJIMHU SIK
MENIOpaHTy [UIs TpUIIBHAMIEHHS (opMyBaHHS (ITOIEHO3IB AHIPIHKOBEIBKOTO Kap €pHO-
BIJIBAJILHOTO KOMIIJIEKCY B MEKaX I'pHUYO-TIPOMHUCIIOBUX JIaHAA(TIB.

JlocnimpkeHHsT TPOBOAMIIN HA MPHUKIAAI AHIAPINKOBEIEKOTO Kap’ €PHO-BIABAILHOTO KOMILIEKCY,
SIKMH JTIoKali30BaHUH 1o0am3y cena AHApiliKiBLl Po3comaHchkoi ciibChbKOi TEPUTOPiaJIbHOT TpOMan
XMEIBHUIIBKOTO paiioHy XMeNbHUIBKOI oOsacti (reorpadiuni koopauHate 49°18'21.1"N
26°48'10.7"E) B mexax Lentpansnoro Iloninns B ymoBax IlpaBobepexknoro Jlicocreny. Kap’ep
PO3TalIoOBaHUl MOCepeN CLITbCHKOTOCTIONAPCHKUX YTifb, /1€ BUPOIIYIOTh KYKypyI3y Ta COHSIITHHK.
3aranpHU BUIIIA] Kap’epy 300pakeHuit Ha PucyHky 1.

Puc. 1. 3aranbuuit BUrIIsT AHIPIHKOBEIBKOTO Kap’ €pHO-BiABAILHOI'O KOMILJIEKCY
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[lepBuHHE 3aceNeHHS POCIHH MPSAMO 3aJCKUTh BiJI MEXaHIYHHX Ta (I3UYHUX BIIACTHBOCTEH
MOBEPXHEBOr0 IIapy MOPiJ, €KCIO3MWIlli BiABaJIB, TOOTO BiJl OCHOBHUX e):[aqanHx YMOB, 11O
BU3HAYAIOTh 3aKpIIJICHHS 1 NPOPOCTaHHS HACiHHA. AHIPIHKOBEIBKUI Kap’ €pHO-BiIBaIbHHUN
KOMIUIEKC XapaKTePHU3y€eThCS 3HAUHUMU MOPYIICHHSIMHU CTPYKTYPH IIOKPUBY Ta PI3KUMU MIEperagaMu
BHCOT, a HECTIMKI CXMJIOBl JUISHKW Mi/UIATal0Th YaCTUM IIpoliecaM BOJIHOI 1 BITPOBOI €po3ii, 1o
YHEMOJJIMBIIIOE TEpedir MEepBUHHHUX CYKIECIHHUX IMEepeTBOpeHb. Taki HecnpusTIuBI enadiuHi
YMOBU CIPHSUIM IIBUAKOMY TIONIMPEHHIO Ha OKPEMHUX JUISHKaX CereTajlbHO-pyAepaibHOL
POCIMHHOCTI, CTYHiHb CHHAHTPOMIi3allii CTAHOBUTH MOHAA 56 %, MO0 CTAaHOBUTH 3arpo3y s
npupoaHoi ¢utopu [9].

BB camnoHity sk MeTiopanTy Ha pOpMYBaHHS POCIMHHOTO MMOKPUBY BUBYAIIU O€3110CEpEIHBO
Ha TepUTOPii mimanoro kap’epy (in situ). Jlas 1poro B cXiaHii yacTuHi Kap’epy 0ya0 chopMOBaHO
YOTHPH JOCIITHI JUISTHKH, po3MipoM 2 M X 2 M KokHA. Ha JBOX HOCTIIHUX AUISHKAX BHOCHIIU IIap
CamoHITy, JABI 1HII AUISHKH KOHTpoibHI. KoopauHatu po3TamryBaHHS IJOCTHIAHMX TUISHOK 1
KOHTPOJIbHHX ILIONT HaBEACHO B Tabmui 1.

Ta6auuns 1. 'eorpadivni KOOpaAUHATH TOCIITHUX TUITHOK

Ne 3/m Jinsinka Koopaunaru
1 Canomir 1 49°18'20.79" I1n 26°48'15.13" Cx
2 KonTposns 1 49°18'21.04" I1n 26°48'15.16" Cx
3 CanoHir 2 49°18'20.57" I1n 26°48'14.98 Cx
4 KonTposns 2 49°18'20.32" I1n 26°48'14.90" Cx

Ha BU3HAYEHHX [IISHKAX CAMOHIT BHOCHIIM B A03yBanHi 5 1/ra (0,5 xr/m?).

Jlo moyaTky eKCHnepuMeHTY, BU3HA4YEHI JAUISHKUA XapaKTepU3yBaJIUCh BIJICYTHICTIO POCIMHHOTO
MOKPUBY, OCKUIBKH PO3TAIlIOBYBAJINCH O1JI MICI[b HECAHKI[IOHOBAHOT'O BUAOOYTKY IICKY.

3a yac TprOXPIUHOIO EKCIIEPUMEHTY, 3arajibHa IJIOIIA JUISHOK 3 BIICYTHIM Ta Maiike BiACYTHIM
POCIIMHHUM TIOKPHUBOM 3MEHIIUJIACh Ha JUISHKAX 13 canmoHiToBOIO riuHOoI0. Ha aursai Camonir 1
JIOJJAaTKOBO B10YJIOCH 3acCENeHHS TaKUX MOHOKApMIYHMX BUJIB K YKOBTYIIHHK JIaK(ioneBUIHUH
(Erysimum cheiranthoides L.), mupurs 3arayra (Amaranthus retroflexus L.) i monikaprmiuaux TpaB
— xontormHa mos3y4a (Trifolium repens L.), 3omorapuuk kanaacekuit (Solidago canadensis L.).

Ha nminguuni Camonit 2 3adikcoBano mosBy BuiiB onepHa mociaa (Medicago sativa L.),
rpsicruns 360ipua (Dactylis glomerata L.). TlosiBa mpexncraBHukiB poxy Fabaceae 3abesmeuye
HacH4eHHs 301JHEHUX CyOCTpaTiB a30TOM, L0 CHPUSIE MOAAIBIINM IIPOLIecaM IPyHTOYTBOPEHHS.

Jinsuku 6€3 poCIMHHOTO MOKPUBY Ta JUISHKH, HA SIKUX BIJOYJIOCHh IEPBUHHE 3aCEJICHHS POCIUH
IICJIsl BHECEHHS CAallOHITOBOT IJIMHU 300pa)kK€HO Ha PUCYHKY 2.

[Ticns 3aBepiueHHs BUAOOYBaHHS KOPUCHMX KOMAIMH, Ui cTaOumi3alii eKOJOTiYHUX YMOB
HEOOX1/THO MPOBOJUTH KOMIUIEKC peHaTypai3aliifHUX 3aX0AiB. 3MEHILIEHHS BIUIMBY JIMITYIOUHX
YUHHUKIB eNaiqHoOro cepeloBHIla 3a0e3neunTh (HOpPMYyBaHHS 30HAIBHOI MPUPOAHOI GuiopH.
BiacyTHicTh Takux 3aX0/iB B M&XaxX 00’ €KTY MOCHIKEHHS JOBOJUTH, IO AudepeHItiaiis BUI0BOI
CTPYKTYpHU BiIOYBAETHCS caMe Yepe3 BITUB aHTPOIIOTEHHOT JTisSUTbHOCTI Ta cpOpMOBaHI €KOTOMIYHI
YMOBH.

3a pesynbTaTaMH MPOBEACHOTO AOCIIKEHHs IN SitU BU3HAUSHO, 10 BHECEHHS CAIOHITY Ha
JOCTIAHI JUISTHKY B MEKax Kap’ €pHO-B1IBAJIbHOTO KOMILJIEKCY CIPHUSIIO MBI MOSBI POCIUHHOTO
NOKpPUBY, y TOPIBHSHHI 13 KOHTPOJBHUMM JUISHKaMU Oe3 J0AaTKoBUX MartepianiB. Tomy s
MPUILBU/IICHHS MPOIECIB BIJHOBIEHHS Kap’€piB PEKOMEHJIOBAHO BUKOPHUCTOBYBATH CAlOHITOBY
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TJIMHY SIK JDKEPEeNo KOMIUIEKCY MiHEpasiB Ta €JEMEHTIB, sIKi MOXKYTh HE JIUIIE MOKPAIUTH BOJIHO-
(hi3uuH1 BIacTUBOCTI 301JHEHOT0 CyOCTpaty, aje i MiABUIIUTU e(heKTUBHICTh (hiToMeniopanii.

Puc. 2. Bursisag niastHok 6€3 poCIMHHOTO NOKPUBY (A) Ta 3 IEPBUHHO

BHECEHHS carnoHiToBoi riuuu (b)
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Abstract

In this proposed article presents the results of a study of the impact of the introduction of saponite
clay as an ameliorant during the reclamation of a sand quarry-dump complex in situ. It was prowed,
that the application of saponite clay to experimental plots within the limits of quarry contributed to
the faster appearance of plant cover, compared to control plots without additional materials.
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Abstract

Metcalfa pruinosa (Say, 1830) is a new invasive pest of Humulus lupulus L., which infests 130
plant species in Kyiv. In addition, it is a vector of Candidatus Phytoplasma asteris, which infects H.
lupulus. Given the above, we reviewed and compared the literature on the hosts of M. pruinosa in
Kyiv and Ca. P. asteris generally. As a result, we found 13 of their shared plant hosts: Acer negundo
L., Citrus limon (L.) Osbeck, Corylus avellana L., Fraxinus excelsior L., H. lupulus, Musa acuminata
Colla, Prunus cerasus L., Prunus domestica L., Rosa canina L., Sonchus oleraceus L., Tilia cordata
Mill., Trifolium pratense L., Vitis vinifera L. In further study, the incidence of Ca. P. asteris infection
in these hosts must be assessed.

Keywords: Metcalfa pruinosa, Candidatus Phytoplasma asteris, Kyiv, host.

Metcalfa pruinosa (Say, 1830), known as the citrus flatid planthopper, is an invasive
polyphagous sap-sucking insect spreading rapidly through Ukraine. In previous studies, we
showed that the citrus flatid planthopper is present in all districts of Kyiv and infests 130
plant species. We also revealed that M. pruinosa most frequently damages Humulus lupulus
L., Juglans regia L., and species of the genus Acer L. [1]. The leaves and stems of H.
lupulus, infested by the citrus flatid planthopper, were contaminated with a whitish, sticky,
woolly coating, and its leaves exhibited interveinal chlorosis and necrosis, as well as
chlorotic and necrotic spots. In addition, M. pruinosa excreted honeydew, predisposing the
appearance of sooty mould [2]. However, the harm caused by M. pruinosa to hop plants is
not limited to the above. The citrus flatid planthopper was also a vector of Candidatus
Phytoplasma asteris (aster yellows phytoplasma, group 16SrI-B), one of the hosts of which
is H. lupulus [3, 4]. Therefore, this study aims to select hosts of M. pruinosa in Kyiv, which
Ca. P. asteris can infect to reveal all the vector-host-pathogen interactions. To do this, we
searched for data on infection by Ca. P. asteris for each of the 130 species infected by M.
pruinosa in Kyiv. As a result, we found 12 species, excluding H. lupulus, which are shared
hosts of Ca. P. asteris and M. pruinosa. Table 1 presents these hosts and the symptoms of
Ca. P. asteris infection they show.
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Table 1. Common hosts of Candidatus Phytoplasma asteris and Metcalfa pruinosa (Say, 1830)

(Kyiv population)

Host Symptoms of Ca. P. asteris infection Reference
Acer negundo L. LC, LM, LN, LRe, SD, SI, SP 5
Citrus limon (L.) Osbeck LC, LY 6
Corylus avellana L. LC 7
Fraxinus excelsior L. LM, LRo, SP 8
Musa acuminata Colla SP 9
Prunus cerasus L. LC, LSR, SI 10
Prunus domestica L. ABG, LSR, SI, SP 11
Rosa canina L. LC, SD 12
Sonchus oleraceus L. FV, LC, LRe, PH, SI, SP 13
Tilia cordata Mill. LC, LRol, LBP 14
Trifolium pratense L. PH, FV, SP 15
Vitis vinifera L. LS, LRe 16

Notes: shortened internodes (SI); axillary bud growth (ABG); flower virescence (FV); late bud proliferation (LBP); leaf
chlorosis (LC); leaf malformation (LM); leaf necrosis (LN); leaf reddening (LRe); leaf rolling (LRol); leaf rosetting
(LRo); leaf size reducing (LSR); phyllody (PH); shoot dieback (SD); shoot proliferation (SP); vein yellowing (VY).

In conclusion, we found 13 plant species, including H. lupulus, that are infested by M. pruinosa
in Kyiv and can be infected by Ca. P. asteris. In further research, the incidence of Ca. P. asteris
infection among them should be assessed.
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AHoTanisa

Metcalfa pruinosa (Say, 1830) - HoBuii iHBa3uBHuI mKigHUK Humulus lupulus L., sxwuii 3acensie 130
BuAiB pociauH y Kuesi. Kpim Toro, Bin € mepenHocHukom Candidatus Phytoplasma asteris, sikuit
iH(ikye H. lupulus. 3 ornsiny Ha 1ie, MU MpoaHaIi3yBaly Ta OPIBHSJIM JIITEpaTypHi JaH1 00 Xa3siiB
M. pruinosa y Kuesi Ta Ca. P. asteris 3aranom. B pe3yabrari Mu BUsBIIIM 13 IXHIX CHUIBHUX POCIUH-
xa3siB: Acer negundo L., Citrus limon (L.) Osbeck, Corylus avellana L., Fraxinus excelsior L., H.
lupulus, Musa acuminata Colla, Prunus cerasus L., Prunus domestica L., Rosa canina L., Sonchus
oleraceus L., Tilia cordata Mill., Trifolium pratense L., Vitis vinifera L. YV mogansmmx g0CipKeHHIX
ciin omiHuTH iH(piKOBaHICTh X xa3diB Ca. P. asteris.
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USE OF CHARKOR AND KAMETHUR FOR IMPROVING GROWTH AND
PHYTOREMEDIATION PROCESSES OF MISCANTHUS X GIGANTEUS ON SOILS
CONTAMINATED WITH TRACE ELEMENTS

Valentina PIDLISNYUK?, Victoria TSYGANKOVA?, Tatyana STEFANOVSKA?,
Artem MEDKOV*, Stepan PILYQO?, Volodymyr BROVARETS?
YJan Evangelista Purkyn e University
400 96 Usti nad Labem, Czech Republic
2 Kukhar Institute of Bioorganic Chemistry and Petrochemistry
National Academy of Sciences of Ukraine
Academician Kukhar Str. 1, Kyiv, 02094, Ukraine
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Abstract. The effect of polycomponent biostimulant Charkor and synthetic plant growth regulator
Kamethur on the growth of Miscanthus % giganteus on the contaminated with trace elements (TEs)
soils was studied. When cultivating M xg in the more contaminated Vseborice soil, Kamethur
contributed to higher leaf and stem biomass (57.1 and 126%, respectively), while Charkor only
increased leaf biomass (49.5%) in the contaminated soil. In the Chomutov soil, Charkor increased
the accumulation of elements essential for plant development (EES) and potentially toxic (PTES)
elements in leaves by 12.4 and 21.2%, respectively; Kamethur resulted in a much greater
accumulation of both groups’ elements in the leaves by 93.1 and 69.5%, respectively. Accumulation
in stems had a different tendency: Charkor reduced the accumulation of EEs and PTEs elements in
the stem, by 33.3 and 11.4%, respectively; Kamethur reduced the accumulation of EEs by 11.4% and
increased the accumulation of PTEs by 23.3% in the stem. The obtained results confirmed the
prospects of using Kamethur and Charkor to improve the growth and phytoremediation processes of
Miscanthus % giganteus on soils contaminated with trace elements (TEs).

Keywords: Miscanthus giganteus, trace elements, soil, Kamethur, Charkor.

Miscanthus < giganteus (M xg) is a popular C4 energy crop showing a high biomass yield and
immense lignocellulose content; its cultivation requires less input compared to other energy crops
and promotes carbon sequestration potential [1]. Furthermore, having a good tolerance to nutrient
deficiency, a wide temperature range, and a good ability to cultivate in marginal and contaminated
soils, M =g has become effective in phytoremediation processes [2]. The crop has been successfully
utilised as a phytoagent in soil contaminated with trace elements (TES), oil products, pesticides, and
a mixture of chemicals [2, 3]. Growing M xg as a non-food crop in contaminated soils is not in conflict
with food security and limits contaminant entry into the food chain [1, 2, 3]. Miscanthus biomass can
be converted to bio-solid, bio-liquid, and bio-gaseous fuels using thermo-chemical or biological
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methods. It can be processed for use in construction materials, geotextiles, pulp, and paper via
mechanical or chemical-mechanical pulping [1, 2, 3].

Soil contamination with trace elements (TEs) is a pressing problem limiting the cultivation of
agricultural crops; however, the non-food energy crop (M xg) showing a high biomass yield and
immense lignocellulose content can be grown on such soil. The effect of polycomponent biostimulant
Charkor and synthetic plant growth regulator Kamethur was studied when M xg was cultivated in TE-
contaminated soils from Vseborice (former mining) and Chomutov (former military), in the Northern
Czech Republic [3].

Polycomponent biostimulant Charkor is a complex composition which consists of synthetic plant
growth regulator Ivin (2,6-Dimethylpyridine-N-oxide), natural plant growth regulator Emistim C and
synthetic auxin NAA (1-naphthylacetic acid) [4]. Emistim C is unique biostimulator of plant growth
with a broad spectrum of action - a product of biotechnological cultivation of epiphytic fungi from
the root system of ginseng and sea buckthorn, transparent colorless water-alcohol solution [4].The
active substance of Emistim C: complex of biologically active compounds - metabolism products of
fungi-micromycetes (saturated and unsaturated fatty acids (C14-C28), polysaccharides, 15 amino
acids, analogues of phytohormones of cytokinin and auxin nature). Emistim C is recommended for
use for pre-sowing seed treatment by soaking or inlaying and spraying vegetative plants at all stages
of ontogenesis, increasing yield and quality of such crops: wheat, barley, peas, rapeseed, rice,
soybeans, buckwheat, watermelons, melons, sugar beets, alfalfa, clover, corn, sunflower, vegetables,
potatoes, vineyards, strawberries, mushrooms [4].

The synthetic plant growth regulator Kamethur (6-methyl-2-mercapto-4-hydroxypyrimidine)
potassium salt is low molecular weight heterocyclic compound, derivative of plant growth regulator
Methyur (6-methyl-2-mercapto-4-hydroxypyrimidine sodium salt. Field and laboratory studies of
Kametur and Methyur showed [5] their stimulating effect on the growth and development of major
agricultural crops (corn, wheat, barley, sunflower, sorghum, peas, chickpeas, beans, soybeans,
rapeseed and flax). Moreover, the use of these compounds has increased yields and improved
adaptation to stressors of abiotic origin.

The main advantage of using Kamethur and Methyur is the broad specificity of their action on the
growth of different plant species and varieties during ontogenesis in low concentrations from 10°M
to 10°M, which do not have toxic effects for humans, animals and the environment.

The chemical structures of the synthetic plant growth regulators Ivin, Kamethur and Methyur are
shown in Fig. 1.

OH OH

X
| , /ffl\m =7 M
HaC” N CH . < M

o- HC™ N8 ke H,C ™ N7 8 Nas
lvin (MW=125.17)  Kamethur (MW=181.28) Methyur (MW=165.17)

Figure 1. The chemical structures of the synthetic plant growth regulators lvin (2,6-
Dimethylpyridine-N-oxide), Kamethur (6-methyl-2-mercapto-4-hydroxypyrimidine potassium salt)
and Methyur (6-methyl-2-mercapto-4-hydroxypyrimidine sodium salt)

The obtained results showed that the soil contamination did not influence M xg yield, whereas the
cumulative effect of soil contamination and PGR was statistically significant. The leaves and stems
dry weight (DW) was dependent on soil contamination; lower stem DW was observed for the plant
in Vseborice soil. Charkor increased the leaf DW in Vseborice soil, while Kamethur increased the
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stem’s DW in both soils. Charkor increased leaf DW in the Vseborice soil, while Kamethur increased
leaf DW in both soils and stem DW in the more contaminated Vseborice soil.

It was found that Kamethur contributed to an increase in the biomass of leaves and stems (by
57.1% and 125%, respectively), while Charkor only increased the biomass of leaves (by 49.5%) when
M xg was cultivated in the more contaminated Vseborice soil.

Analysis of the comprehensive bio-concentration index (a predictable indicator to access the
ability of phytoagent to accumulate multiple TEs) it was revealed that when cultivating M xg in the
Chomutov soil, the control plant accumulated EEs and PTES mainly in the stems. Charkor increased
the accumulation of EEs and PTEs in leaves by 12.4 and 21.2%, respectively; Kamethur resulted in
a much greater accumulation of both groups’ elements in the leaves by 93.1 and 69.5%, respectively.
Accumulation in stems had a different tendency: Charkor decreased EEs’ accumulation in stems by
33.3 and 11.4%, respectively; Kamethur decreased the accumulation of EEs by 11.4% and increased
the accumulation of PTEs by 23.3%.

In the more contaminated Vseborice soil, the control plant accumulated EES mainly in leaves,
while the PTEs mainly accumulated in the stems. Charkor reduced the accumulation of EEs and
PTEs’ in leaves by 31.4 and 4.1%, respectively; and in stems by 17.6 and 43.4%, respectively.
Kamethur showed a different effect: it increased EEs’ accumulation in stems by 12.0% and reduced
it in leaves by 29%. Kamethur also decreased PTEs’ accumulation in stems by 21.7% and increased
their accumulation in leaves by 40.6%.

Statistical evaluation of the current results illustrated the ability of Charkor to reduce the uptake
of PTEs, which is critical for converting clean biomass to bioproducts. It can be recommended for
the reduction of PTEs uptake to biomass when the crop is cultivated in varied contaminated soils.
Kamethur can be recommended to increase the biomass of leaves and stems when cultivating M xg
on various polluted soils. Further research should confirm the influence of Kamethur and Charkor on
the growth and phytoremediation processes of M xg at the field plantation level.

The use of Charkor and Kamethur for Miscanthus cultivation is an important component of
sustainable crop production under climate change and will help of crop adaptation in response to
global warming and pollution.
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AHoTanisa

JlocniakeHo BIUIMB IMOJIIKOMIIOHEHTHOTO OlocTUMyJisiTopa Yapkop Ta CMHTETHYHOIO PETyJsiTopa
pocty pocnuH KameTyp Ha picT MickaHTycy rirantcbkoro (Miscanthusx giganteus) Ha 3a0pyAHEHUX
mikpoenementamu (ME) rpynrax. Ilpu BupomtyBanHi Mxg Ha Ouibil 3a0pyJHEHOMY IPYHTI
Bcebopurie Kameryp crpusiB 36ibmieHHI0 6iomacu aucts 1 crebna (57,1 1 126%, BinmosigHO), TOI1
sk Yapkop 3011b11yBaB juiie 6iomacy aucts (49,5%) Ha 3a0pyaHeHoMy IpyHTI. Y IpyHTI XOMyTOBa
Yapkop 301bllyBaB HAKONMYEHHS €JIEMEHTIB, HEOOXiTHUX A po3BUTKY pociauH (EPP) Ta
noteHuiHo Tokcuyaux enemeHTiB (IITE) y mmcrtkax wa 12,4 ta 21,2% Bignosigno; Kameryp
MIPU3BOJIMB JI0 3HAYHO OUTHIIIOT0 HAKOMTUYCHHS €JIEMEHTIB 000X Tpyn y JHCTKax - Ha 93,1 Tta 69,5%
BinoBigHO. HakonuueHHs B crebiax Majo iHINY TeHJeHIio: Yapkop 3MEHIIyBaB HAKONHWYECHHS
enemenTiB EE 1 I1TE B cre6ni Ha 33,3 1 11,4%, BinnoBigHo; Kameryp 3meHiyBaB HakonuueHHs EE
Ha 11,4% 1 36inpiryBaB HakonuueHHs [ITE Ha 23,3% B crebni. OTpuMani pe3yibTaTH MiITBEPIHIN
NEPCIEeKTUBHICTh BHKOpHUCTaHHS Kamerypy ta Yapkopy Ui MOKpamieHHsS IPOIECiB POCTY Ta
diTopemenianii Miscanthusx giganteus Ha rpyHTax, 3a0pyaHeHux Mikpoenementamu (ME).
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LAND SURFACE TEMPERATURE AND FORESTED LAND COVERS:
FASTIV REGION CASE STUDY
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Abstract

This study presents the characterization and classification of landscape cover using the example
of Fastiv region of Kyiv oblast using Sentinel-5 images. The percentage of forest massif coverage of
the territory of Fastiv region for the period 2016-2022 is shown. And the average air temperature for
the summer period (July) on the territory of the same region, during 2016-2022. The graphs are
interdependent, the smaller the area of forests, the higher the average temperature in summer. This
deserves attention for the future management of the territories of the united territorial communities.
This type of codependency should be done for each UTC in Ukraine, as it will help in managing their
territories, assessing the impact on human health, and taking measures to preserve forest areas.

Keywords: land surface temperature, landscape cover classification, united territorial
community’s management.

The relationship between vegetation cover and the thermodynamics of the earth's surface is a
critically important aspect, especially in the context of urbanization and climate change. Grass and
forest cover play an important role in regulating Earth's surface temperature through processes such
as shading, evaporation, and absorption and reflection of solar radiation. As urban areas expand,
natural landscapes are often replaced by impervious surfaces, such as concrete and asphalt, that
absorb and retain heat more effectively [1]. This transformation leads to the formation of urban heat
islands (UHIs), where temperatures in urban areas are significantly higher than in rural areas.

Studying how grassy and forested areas influence surface heating and contribute to or mitigate
the heat island effect is critical to developing strategies to improve urban sustainability and resilience.
Vegetation not only provides shade, but also contributes to the cooling process through evaporation,
when water is transferred from the soil and plants into the atmosphere. Forests, with their dense
canopies, are particularly effective at reducing surface temperature, while grasslands, although less
dense, still offer significant cooling advantages compared to built environments.

The Fastiv region will help us see the interdependence between the area covered by the forest and
the average temperature in summer. Having a map of landscape cover classification for the Fastiv
region, we can calculate the area of forests in this area during 2016-2022 [2].
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Fig. 1 Fastiv region: landscape cover classification (a) and surface temperature (b)

Also, with the temperature map, we can calculate the average summer temperature from 2016-
2022 (table 1). Each pixel represents a different temperature indicator. Having received this data, we
can convert it into a table of interdependence.

Table 1. The area covered by forest and the value of the average temperature

Years 2016 2017 2018 2019 2020 2021 2022
Temperatures | 28.7 30.8 29.5 30.9 28.4 27.5 29.5
Trees 67394.81 | 60799.7 | 69619.39 | 63237.76 | 62396.66 | 63203.16 | 62460.69

At first glance, it is difficult to notice the co-dependence of the area covered by forests and the
average temperature (Fig. 2 and 3).

Temperature (C9)
32
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Fig. 2. Heating temperature of the earth's surface for the period 2016-2022
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Fig. 3. Forest coverage area for the period 2016-2022

The interdependence between the two graphs becomes apparent when we compare the decrease
in forest cover with the increase in summer temperatures. The inverse relationship indicates that
average summer temperatures increase as forested areas decrease. This relationship can be explained
by several key factors:

1. Loss of shading and cooling effects: forests provide significant shading and cooling through
evaporation, when water is transferred from the soil and plants into the atmosphere, reducing surface
temperatures. With fewer forests, there is less natural cooling, leading to higher temperatures.

2. Increased absorption of solar radiation: deforested areas are often inferior to surfaces that
absorb more solar radiation, such as urban environments or agricultural fields, which do not reflect
sunlight as effectively as forest canopies. This leads to better heat preservation and an increase in
surface temperature.

3. Formation of heat islands: reduction of forest cover, especially in towns (settlements),
contributes to the formation of urban heat islands (UHI). These are areas where the temperature is
significantly higher than in the surrounding areas due to the concentration of buildings, roads and
other heat-absorbing structures. The lack of cooling forest cover increases this effect.

In conclusion, analysis of the two graphs highlights a clear and troubling interdependence between
declining forest cover and rising average summer temperatures. When forests disappear, the Earth's
surface loses an important cooling mechanism, leading to higher temperatures and more intense heat
waves. This highlights the importance of preserving and restoring forested areas as a strategy to
mitigate rising temperatures and combat the negative effects of climate change. Reforestation and
sustainable land management practices are essential to reversing these trends and ensuring a more
stable and cooler climate in the future.
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Abstract

Species checklists of various communities are used as datasets in numerous ecological,
phytopathological, and bioinformatic research studies. However, notwithstanding that Ukraine is a
traditional hop-growing country, no checklist of insect species recorded on the common hop
(Humulus lupulus L.) in Ukraine has been compiled until now. Therefore, the study aimed to compile
a checklist of insect species found on hop plants in Ukraine. As a result, 150 insect species recorded
on H. lupulus, belonging to 115 genera, 41 families, and 8 orders are listed. Of these species, 12 have
been determined as main pests of in Ukraine, and 14 species are also main hop pests worldwide. The
compiled checklist can be used in further studies on putative vectors of hop pathogens, species
diversity, and richness in communities associated with hop plants, as well as in the development of
more effective hop pest control measures.

Key words: Humulus lupulus, insect, pest, dataset.

In the framework on a broader study on hop viruses and their (possible) insect vectors found on
hop (as commensals, transients, occasional or common pest) a checklist on all insects recorded on
hop is of obvious importance [1-3]. Moreover, it is important to compare reports worldwide on insect
pests of hop with the insects that were recorded as true and recurrent pests in Ukraine. Therefore, a
checklist on insects found on hop in Ukraine over the last 60 years was prepared where the main pests
found in Ukraine [4] are indicated with an * and those occurring as important, recurrent pest
worldwide but not reported from Ukraine with a B. When they are both mentioned worldwide and in
Ukraine with B, This time frame included the years where Ukraine belonged to the former USSR.
The list was filtered to remove species that were reported from the former USSR but absent in
Ukraine. The presence of the insect species in Ukraine was checked using, the GBIF, iNaturalist, and
UkrBIN websites. Nomenclature including the Latin binomials has been updated according to [5].
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CheckKklist of insect species (including pests and potential virus transmitters) recorded from
hop (Humulus lupulus) in Ukraine

1. Order Coleoptera Linnaeus, 1758 (7 families, 24 genera, 33 species):

1.1. Family Cerambycidae Latreille, 1802 (1 genus, 1 species): Lamia textor (Linnaeus, 1758)
[5-8];

1.2. Family Chrysomelidae Latreille, 1802 (4 genera, 4 species): Cassida vittata Villiers, 1789
[5-7, 9-10], Chaetocnema concinna® (Marsham, 1802) [11-12], Galeruca tanaceti (Linnaeus, 1758)
[5-7, 11, 13], Psylliodes attenuata™® (Koch, 1803) [5, 8, 10-12, 14-16];

1.3. Family Curculionidae Latreille, 1802 (3 genera, 4 species): Neoplinthus porculus
(J.C.Fabricius, 1802) [12], Otiorhynchus ligustici*® (Linnaeus, 1758) [5-7, 10-12, 16], O. tristis®
(Scopoli, 1763) [5-7, 15], Phyllobius pomaceus Gyllenhal, 1834 [5-7, 10];

1.4. Family Elateridae Leach, 1815 (3 genera, 6 species): Agriotes lineatus*® (Linnaeus, 1767)
[5-8], A. obscurus®® (Linnaeus, 1758) [5-8], 4. sputator® (Linnaeus, 1758) [5-8], Hemicrepidius
niger (Linnaeus, 1758) [5-8], Selatosomus aeneus (Linnaeus, 1758) [5-8], S. latus (Fabricius, 1801)
[5-8];

1.5. Family Geotrupidae Latreille, 1802 (1 genus, 1 species): Lethrus apterus (Laxmann, 1770)
[5-7, 10, 12];

1.6. Family Scarabaeidae Latreille, 1802 (9 genera, 12 species): Amphimallon solstitiale
(Linnaeus, 1758) [5-8, 10, 12, 17], Anomala dubia (Scopoli, 1763) [5-7, 12], A. errans (Fabricius,
1775) [5-7, 12], Holochelus aequinoctialis (Herbst, 1790) [5-7, 12, 17], H. vernus (Germar, 1823) [7,
12], Maladera holosericea (Scopoli, 1772) [5-7, 10, 12, 14], Melolontha hippocastani Fabricius,
1801 [5-7, 12, 14, 17], M. melolontha® (Linnaeus, 1758) [5-7, 8, 10, 16], Pentodon idiota (Herbst,
1789) [5-7, 12, 17], Phyllopertha horticola (Linnaeus, 1758) [5-7, 12, 14, 17], Polyphylla fullo
(Linnaeus, 1758) [5-7, 8, 10], Rhizotrogus aestivus (Olivier, 1789) [5-7, 12]

1.7. Family Tenebrionidae Latreille, 1802 (3 genera, 5 species): Blaps halophila® Fischer de
Waldheim, 1820 [5-8], B. lethifera Marsham, 1802 [5-8], Crypticus quisquilius® (Linneus 1760) [4-
71, Opatrum sabulosum (Linnaeus, 1761) [5-8], Pedinus femoralis® (Linnaeus, 1767) [5-8]

2. Order Dermaptera De Geer, 1773 (1 family, 1 genus, 2 species):

2.1. Family Forficulidae Latreille, 1810 (1 genus, 2 species): Forficula auricularia Linnaeus,
1758 [5-7, 14, 17], F. tomis (Kolenati, 1846) [5-7, 10].

3. Order Diptera Linnaeus, 1758 (4 families, 8 genera, 14 species):

3.1. Family Agromyzidae Fallén, 1823 (3 genera, 6 species): Agromyza flaviceps Fallén, 1823 [6,
8, 10-11, 14, 16, 18-19], 4. igniceps Hendel, 1920 [5-6, 8, 10-11, 14, 16, 18-19], A. reptans Fallén,
1823 [5, 10, 14, 18], Liriomyza strigata (Meigen, 1830) [5-6, 10], Phytomyza atricornis (Meigen,
1838) [6, 8, 11], P. horticola Goureau, 1851 [5-7, 14];

3.2. Family Bibionidae Fleming, 1821 (2 genera, 4 species): Bibio hortulanus (Linnaeus, 1758)
[5-8], B. johannis (Linnaeus, 1767) [5, 7, 11, 14, 18], Dilophus febrilis (Linnaeus, 1758) [5-7, 11, 14,
18], D. femoratus Meigen, 1804 [14, 18];

3.3. Family Cecidomyiidae Newman, 1835 (1 genus, 1 species): Contarinia humuli (Theobald,
1909) [10, 14];

3.4. Family Tipulidae Latreille, 1802 (2 genera, 3 species): Nephrotoma appendiculata subsp.
appendiculata (Pierre, 1919) [6-7, 10], N. scalaris (Meigen, 1818) [6-7, 10], Tipula paludosa Meigen,
18305, 710-11, 14, 18, 20].

4. Order Hemiptera Linnaeus, 1758 (9 families, 20 genera, 24 species):
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4.1. Family Aphididae Latreille, 1802 (2 genera, 3 species): Aphis craccivora Koch, 1854 [6, 7,
10], A. fabae® Scopoli, 1763 [6, 7, 10], Phorodon humuli*® (Schrank, 1801) [5, 7, 8, 10, 14, 16, 21-
22];

4.2. Family Cercopidae Leach, 1815 (1 genus, 1 species): Cercopis vulnerata Rossi, 1807 [5-7,
21];

4.3. Family Cicadellidae Latreille, 1802 (7 genera, 8 species): Cicadella viridis (Linnaeus, 1758)
[5-7, 8, 10, 16], Eupteryx atropunctata (Goeze, 1778) [21], Evacanthus interruptus (Linnaeus, 1758)
[6-7, 10, 16-17, 21], Hebata solani (Curtis, 1846) [10, 16-17], H. vitis (Gothe, 1875) [6, 10, 17],
Kyboasca bipunctata (Oshanin, 1871) [17], Macrosteles laevis (Ribaut, 1927) [8, 21], Ziczacella
heptapotamica (Kusnezov, 1928) [10, 14, 21, 24];

4.4. Family Coreidae Leach, 1815 (1 genus, 1 species): Coreus marginatus (Linnaeus, 1758) [5-
8, 16];

4.5. Family Flatidae Spinola, 1839 (1 genus, 1 species): Metcalfa pruinosa (Say, 1830) [5-7, 25-
26];

4.6. Family Miridae Hahn, 1831 (5 genera, 7 species): Adelphocoris lineolatus (Goeze, 1778) [5-
8], 4. vandalicus (Rossi, 1790) [5-7, 16], Apolygus spinolae (H.Meyer-Dur, 1841) [6-7, 21],
Closterotomus fulvomaculatus (De Geer, 1773) [5-8, 16, 21], Lygus pratensis (Linnaeus, 1758) [5-8],
Polymerus cognatus (Fieber, 1858) [5-6, 8], P. vulneratus (Panzer, 1805) [5-8];

4.7. Family Ortheziidae Amyot & Serville, 1843 (1 genus, 1 species): Orthezia urticae (Linnaeus,
1758) [5-7, 10];

4.8. Family Pentatomidae Leach, 1815 (1 genus, 1 species): Dolycoris baccarum (Linnaeus,
1758) [5-8]

4.9. Family Tingidae Laporte, 1832 (1 genus, 1 species): Tingis pilosa Hommel, 1825 [5-7, 27].

5. Order Hymenoptera Linnaeus, 1758 (1 family, 1 genus, 1 species):

5.1. Family Tenthredinidae Latreille, 1802 (1 genus, 1 species): Caliroa annulipes (Klug, 1816)
[5,7-8,10-11, 14, 16, 18, 28].

6. Order Lepidoptera Linnaeus, 1758 (14 families, 53 genera, 65 species):

6.1. Family Cosmopterigidae Heinemann & Wocke, 1876 (1 genus, 1 species): Cosmopterix
zieglerella (Hiibner, 1810) [5-8, 10, 29-30];

6.2. Family Crambidae Latreille, 1810 (4 genera, 4 species): Loxostege sticticalis Linnaeus, 1761
[5-8, 10, 14], Ostrinia nubilalis*® Hiibner, 1796 [5-8, 10-11, 14, 16, 31], Pleuroptya ruralis Scopoli,
1763 [5-6, 8, 11, 31], Udea olivalis (Denis & Schiffermuller, 1775) [5, 7, 11, 31];

6.3. Family Erebidae (Leach, [1815]) (5 genera, 6 species): Calliteara pudibunda Linnaeus, 1758
[5-8, 10], Euproctis similis (Fuessly, 1775) [5-8, 10], Hypena proboscidalis (Linnaeus, 1758) [5-7,
10, 32-33], H. rostralis (Linnaeus, 1758) [5-8, 10-11, 31-33], Hyphantria cunea® (Drury, 1773) [5-7,
34], Orgyia antiqua (Linnaeus, 1758) [5-8, 10];

6.4. Family Geometridae Leach, 1815 (4 genera, 4 species): Abraxas grossulariata (Linnaeus,
1758) [5-8], Biston betularia (Linnaeus, 1758) [5-8], Eupithecia assimilata Doubleday, 1856 [5-8,
10, 311, Lycia hirtaria (Clerck, 1759) [5-8, 10, 31]

6.5. Family Gracillariidae Stainton, 1854 (1 genus, 1 species): Caloptilia fidella (Reutti, 1853)
[5-7,30-31];

6.6. Family Hepialidae Stephens, 1829 (2 genera, 2 species): Hepialus humuli (Linnaeus, 1758)
[5-6, 8, 10-11, 35-36], Korscheltellus lupulina (Linnaeus, 1758) [5-6, 8, 11, 35-36];

6.7. Family Lasiocampidae Harris, 1841 (1 genus, 1 species): Trichiura crataegi (Linnaeus,
1758) [5-7; 31];

6.8. Family Lyonetiidae Stainton, 1854 (1 genus, 1 species): Lyonetia clerkella (Linnaeus, 1758)
[5-7, 30, 35].
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6.9. Family Noctuidae Latreille, 1809 (21 genera, 25 species): Abrostola triplasia (Linnaeus,
1758) [5-7, 32-33], Acronicta psi (Linnaeus, 1758) [5-8, 10], A. rumicis Linnaeus, 1758 [5-8, 10-11,
31], Agrotis exclamationis (Linnaeus, 1758) [5-8], 4. ipsilon (Hufnagel, 1766) [5-8], A. segetum
(Denis & Schiffermiiller) 1775 [5-8, 16], Anarta trifolii Hufnagel, 1766 [5-8], Anorthoa munda
(Denis & Schiffermiiller) 1775 [5-7, 11, 31, 33], Autographa gamma (Linnaeus, 1758) [5-8, 10],
Ceramica pisi Linnaeus, 1758 [5-8], Euxoa tritici Linnaeus, 1761 [5-8], Gortyna flavago (Denis &
Schiffermiiller) 1775 [5-7, 10], Heliothis viriplaca (Hufnagel, 1766) [5-8], Hydraecia micacea®
Esper, 1789 [5-8, 10-11, 16, 31, 33], Lacanobia oleracea Linnaeus, 1758 [5-8], L. suasa (Denis &
Schiffermiiller), 1775 [5-8, 33], Mamestra brassicae Linnaeus, 1758 [5-8], Melanchra persicariae
Linnaeus, 1761 [5-8, 11, 31, 33], Naenia typica Linnaeus, 1758 [5, 8, 11, 31], Ochropleura plecta
Linnaeus, 1761 [5-7, 11, 31, 33], Orthosia incerta Hufnagel, 1766 [5-7, 11, 31], Phlogophora
meticulosa (Linnaeus, 1758) [5-8, 10, 11], Trachea atriplicis (Linnaeus, 1758) [5-8], Xestia c-
nigrum™® (Linnaeus, 1758) [5-8], Xylena exsoleta Linnaeus, 1758 [5-8, 10, 31, 33];

6.10. Family Nymphalidae Rafinesque, 1815 (3 genera, 6 species): Aglais io (Linnaeus, 1758)
[5-8, 10-11, 31], A. urticae (Linnaeus, 1758) [5-8, 10, 31], Polygonia c-album (Linnaeus, 1758) [5-
8, 10-11, 31], P. vaualbum (Denis & Schiffermiiller), 1775 [5, 31], Vanessa atalanta® (Linnaeus,
1758) [5-7, 31], V. cardui (Linnaeus, 1758) [5-8];

6.11. Family Pieridae Swainson, 1820 (1 genus, 2 species): Pieris brassicae (Linnaeus, 1758) [5-
8], P. rapae (Linnaeus, 1758) [5-8];

6.12. Family Pyralidae Latreille, 1809 (1 genus, 1 species): Aphomia zelleri de Joannis, 1932 [5-
7,11, 31];

6.13. Family Sphingidae Latreille, 1802 (1 genus, 1 species): Smerinthus planus Walker, 1856
[10, 37];

6.14. Family Tortricidae Latreille, 1803 (7 genera, 10 species): Adoxophyes orana (Fischer von
Roslerstamm, 1834) [5-7, 10-11, 35, 38], Clepsis spectrana (Treitschke, 1830) [5-7, 35, 38],
Cnephasia asseclana (Denis & Schiffermiiller, 1775) [5-6, 35], C. pasiuana (Hiibner, 1796-1799) |5,
35], Grapholita delineana Walker, 1863 [5-7, 11, 14, 35], G. discretana (Wocke, 1861) [6-8],
Pandemis cerasana (Hiibner, 1786) [5-8], P. heparana (Denis & Schiffermueller, 1775) [5-7, 11, 35,
38], Sparganothis pilleriana (Denis & Schiffermiiller, 1775) [5-8, 35, 38], Tortrix viridana (Linnaeus,
1758) [5-6, 38].

7. Order Orthoptera Latreille, 1793 (3 families, 4 genera, 4 species):

7.1. Family Acrididae MacLeay, 1819 (2 genera, 2 species): Dociostaurus brevicollis
(Eversmann, 1848) [5-6, 14, 21], Locusta migratoria (Linnaeus, 1758) [5-7, 21];

7.2. Family Gryllotalpidae Saussure, 1870 (1 genus, 1 species): Gryllotalpa gryllotalpa
(Linnaeus, 1758) [5-8, 10, 16];

7.3. Family Tettigoniidae Krauss, 1902 (1 genus, 1 species): Tettigonia viridissima (Linnaeus,
1758) [5-7, 10, 14].

8. Order Thysanoptera Haliday, 1836 (2 families, 3 genera, 7 species):

8.1. Family Phlaeothripidae Uzel, 1895 (1 genus, 1 species): Haplothrips subtilissimus (Haliday,
1852) [10, 14];

8.2. Family Thripidae Stephens, 1829 (2 genera, 6 species): Oxythrips cannabensis Knechtel,
1923 [10, 16-17], Thrips albopilosus Uzel, 1895 [10, 14, 16-17, 21, 39], T. alni Uzel, 1895 [10, 14,
16-17, 39], T. angusticeps Uzel, 1895 [14, 17], T. physapus Linnaeus, 1758 [10, 14, 17], T. tabaci
Lindeman, 1889 [5, 7-8, 10, 14, 16-17].

In conclusion, 150 insect species belonging to 115 genera, 41 families, and 8 orders were found
on hop in Ukraine. Of these species 12 were recorded so far as important and recurrent pests in
Ukraine, of which 8 are also found worldwide [40-42]. In this checklist, the most represented order,
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family, and genus were the order Lepidoptera Linnaeus, 1758, the family Noctuidae Latreille, 1809,
and the genus Thrips Linnaeus, 1758, respectively. The compiled checklist can be used as a dataset
for various phytopathological and ecological studies, or as supplementary information for the
identification of hop pests.
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BUIN KOMAX (BKJIIOUHO 31 INKTHAKAMHY TA IOTEHIIMHUMM
NMEPEHOCHUKAMM BIPYCIB), BASIBJIEHI HA XMEJII (HUMULUS LUPULUS)
B YKPATHI: KOHTPOJILHUI CHUCOK

Haszapiu CYC

[HCTHTYT arpoekororii i mpupoaoKOpUcTyBaHHs HaltioHambHOI akajieMii arpapHUX HayK YKpaiHu, YKpaiHa
https://orcid.org/0000-0001-6919-0920

JMinia AHCE

Harmionanpha akaaemist arpapHiX HayK YKpaiau, Ykpaina

https://orcid.org/0000-0002-2567-5907

Anamoniit OP/TOBChKHH

[ncTHTyT caniBaMITBA HarioHanmbHOT akaaemii arpapHuX HayK YKpainu, YkpaiHa
https://orcid.org/0000-0002-0100-5765

DOI: https://doi.org/10.20535/EHS2710-3315.2024.304939
Krouogi cnoBa: Humulus lupulus, komaxa, wikionux, Haoip OaHux.

AHoTauis

KoHTposnbHI CHHMCKM BHAIB PI3HUX YIPYNOBaHb BHUKOPUCTOBYIOTBCS SIK HAO0OpM JAaHMX Y YHCIEHHHX
€KOJIOTIYHUX, (PITOMATONOrIYHUX Ta 0101HGOPMATUUHUX JOCIHLKEeHHAX. OJHaK, Mompu Te, M0 YKpaiHa €
OJTHIETO 3 TPAIUIIIMHIX XMEAPCHKHX JIepyKaB, I0Ci He OyJI0 CKIIaeHO KOIHOTO KOHTPOJIHHOTO CITMCKY BHIIIB
KOMax, BUABJIEHUX Ha xmei 3Budaiinomy (Humulus lupulus L.) B Ykpaini. Tomy meToro nociipkeHHs: 0yIio
CKJIACTH KOHTPOJIbHUH CITHCOK BHIIB KOMAaXx, 10 TPAIULTIOTHCS HA POCIMHAX XMENo B YKpaiHi. B pesynbrari
150 BuniB xomax, BusiBneHux Ha H. lupulus, sxi nanexxats mo 115 poni, 41 pomunu ta 8 psigiB Oyno
HapaxoBaHO. 3 MX BU/IB 12 OyJi OCHOBHUMH IIIKITHIKaMH XMEJIO B YKpaiHi, a 14 - OCHOBHIMU IIKiTHUKAMHU
y cBiti. CknaieHnit KOHTPOJIBHUM CITUCOK MOe OyTH BUKOPUCTAHUH y TIOAAIBIIUX JOCTIHKEHHIX MOXKITUBUX
NEPEHOCHUKIB 30yHUKIB XBOPOO XMENI0, BUIOBOTO PI3HOMAHITTS Ta OaraTtcTBa yrpynoBaHb, IOB'S3aHUX 3
POCIMHAMU XMEIIO, & TAKOX /171 po3p0o0IeHHs €(PEeKTUBHILIMX 3aXO0/IB 3 YIPABIIHHS YACEIbHICTIO IKITHUKIB
XMEJTIO.
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THERMODYNAMIC PROGNOSIS FOR THE CREATION OF UNIVERSAL BIOENERGY
AND ENVIRONMENTAL BIOTECHNOLOGIES
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17abolotny Institute of Microbiology and Virology of the National Academy of Sciences of Ukraine
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Abstract:

The work describes the creation on the basis of thermodynamic calculations of the complex
approach for the simultaneous treatment of solid and liquid organic waste, obtaining of molecular
hydrogen and removal of metals based of the spatial succession of microorganisms in direct flow
installation. A complex system consisting of an anaerobic bioreactor for the degradation of solid
organic waste, an aeration tank for the oxidation of dissolved organic compounds and the reduction
of the concentration of microorganisms and an aquarium for the final purification of the filtrate was
created. Such installation provided simultaneous and accelerated waste treatment. Thus, the
proposed approach based on the thermodynamic calculations and spatial succession of
microorganisms provided simultaneous effective treatment of the wide range of hazardous
compounds such as solid and liquid organic waste, toxic metals as well as obtaining of green energy
molecular hydrogen.

Key words: spatial succession, organic waste, toxic metals, biotechnologies, hydrogen.

There are three worldwide problems requiring urgent effective solution. The first one is the
production of millions of tons of organic waste, causing landfill growth and environment pollution
by toxic products of waste decay [1, 2]. The second problem is obtaining of ecofriendly energy carrier
hydrogen for the development of Carbon free alternative energy [3]. The third problem is the removal
of toxic waste from industrial sewage to avoid the pollution of natural ecosystems [4].

In this regard, the goal of the work was to develop the complex approach for the simultaneous
treatment of solid and liquid organic waste, obtaining of molecular hydrogen and removal of metals
based of the spatial succession of microorganisms in direct flow installation.

Spatial succession is a gradual change of the physiological groups of microorganisms in space
under the condition of their simultaneous syntrophic functioning. As a result, a complex system
consisting of an anaerobic bioreactor for the degradation of solid organic waste, an aeration tank for
the oxidation of dissolved organic compounds and the reduction of the concentration of
microorganisms and an aquarium for the final purification of the filtrate was created. Such installation
provided simultaneous and accelerated waste treatment.
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At the first stage, the anaerobic bioreactor provided effective hydrogen fermentation of solid
organic waste. The effect took place due to the maintenance of optimal conditions pH = 7.0 and Eh
=-350...-250 mV established according thermodynamic calculations. Thus, the weight of waste 90-
fold decreased (Kd) during 4 days (T). Hydrogen yield (VH) reached 80-90 L/kg of waste. Moreover,
hydrogen-synthesizing microorganisms create the lowest redox potential (Eo' = - 414 mV) in the
environment providing the reduction of high potential toxic metals such as CrO4% (Eo' = +555 mV)
to insoluble non-toxic Cr(OH)a.

At the second stage, the filtrate was purified from dissolved organic compounds in the aeration
tank. Along the length of the installation, a change of the dominant groups of bacteria from
copeotrophic to oligocarbotrophic, protozoa, etc. was observed. The concentration of dissolved
organic compounds 100-fold decreased from 500 mg/L to 5 mg/L counting to total Carbon.

At the third stage, the purified filtrate was fed to the model natural ecosystem of the aquarium,
where it was finally purified and did not reveal a negative impact on aquatic organisms.

Thus, the proposed approach based on the thermodynamic calculations and spatial succession of
microorganisms provided simultaneous effective treatment of the wide range of hazardous
compounds such as solid and liquid organic waste, toxic metals as well as obtaining of green energy
molecular hydrogen. This approach is promising for further improvement and industrial
implementation for environment protection and alternative energy development.
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AHoTauis

Pobora onucye cTBOpeHHS HA OCHOBI TEPMOJAMHAMIUYHUX PO3paxyHKIB KOMIUIEKCHOTO MIAXOAY 0
0JTHOYACHOT 0OPOOKH TBEPIUX 1 PIIKUX OPraHIYHUX BIJIXO/11B, OTPUMAaHHS MOJIEKYJISIPHOTO BOJIHIO Ta
BUJAJICHHS METAJIiB Ha OCHOBI MPOCTOPOBOI CYKIECIT MIKPOOPraHi3MiB y MPSIMOTOYHIM yCTaHOBIII.
CTBOpeHa KOMIUIEKCHA CUCTEMA, L0 CKJIAJaeThesl 3 aHaepoOHOro Giopeakropa Juist 30poIKyBaHHS
TBEPJIUX OpPraHiuHUX BIIXOIB, a€pOTEHKA I OKUCIEHHS PO3YMHEHUX OpraHiuHUX CIOJYK 1
3HIKEHHS KOHIEHTpalii MIKpOOpraHi3MiB 1 akBapiyma JUIs OCTaTOYHOTO OYMIIEHHS (LIbTpary.
TakuM YMHOM, 3alpONOHOBAHMM MiAXiJ, 3aCHOBAHWN Ha TEPMOJAMHAMIUYHUX pO3paxyHKax 1
IPOCTOPOBIHM CyKIecii MIKpOOpraHi3MiB, 3a0€3MEUNB OJHOYACHY €(PEKTHBHY OUYHCTKY HIMPOKOIO
CHEKTpy HeOe3MeuyHUX CHOJYK, TAaKUX SK TBEP/l Ta PiJKi OpraHidHi BiIXOAM, TOKCUYHI METaJH, a
TaKOK OTPUMAaHHS 3€JIEHOI €HepTii MOJIEKYISIPHOTO BOAHIO.
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Anomauin

Asemopamu  npoauanizoeano npobremy 3a0pyOHeHHsA Hagmonpooykmamu IpYHmMIi8 Ha
mepumopisx MpaHcnopmuux nionpuemcms. Jocniodxceno 6niué pizHoi KoHyeHmpayii y IpyHmis
asiayiiinoco nanuea mapku [ocem A-1 ma npoyecy ¢himopemediayii Ha nonigheHONKCUOAHy
akxmuericms IpyHmy. Busnavweno cmumyniorouy 0ito npoyecy ghimopemediayii Ha noaigheHONKCUOa3Hy
AKMUBHICIb IPYHMY, 3A0PYOHEH020 ABIAYTUHUM NATTUBOM.

Knwuoei cnosa: nagpmonpooykmu, 3abpyonenHs ipynmy, oeepaoayis IPYHMY, GiOHOGNEHMHS
nopyuleHux Ipynmis, gpimopemeoiayis.

CydacHuii cTaH PO3BHTKY TPAaHCIIOPTHOI Taly3i CyMpPOBOKYETHCS 3POCTAHHAM TEXHOTEHHOTO
HaBaHTAXXEHHs Ha JOBKULIA. [ TpaHCHOPTHOI Traiy3i, 3aJeXHO BiJl BHUJIB TPAaHCHOPTY, IO
eKCIUTYaTyIThCS I71s 3111CHEHHS MTepeBe3€Hb, XapaKTEpPHUMU € MEBHI BUM BIUIMBIB Ha JOBKULIS.
Cepen OCHOBHMX BUJIB BIUIMBY — (i3W4HE Ta XiMiuHe 3a0pyaHeHHs AoBkuuid. I{o crocyerbes
aBlalliiHOT raiys3i, TO Npu 3a0e3MeUYeHH] aBlaTPAHCIOPTHUX IPOLECIB AOBKULISA 3a3HA€ 3HAYHOTO
HaBaHTAXXEHHS BHACHINOK (i3UUHOro 3a0pyJHEHHS, 30KpeMa IIyMy Ta eJIeKTPOMAarHiTHOTO
HaBaHTa)XKCHHA Ta XIMIYHOTO 3a0py/IHEHHS, IO0B’S3aHOTO 3 BUKOPUCTAHHSAM PI3HUX BHJIIB XIMIYHHUX
pPEUYOBMH /s 3a0e3MeueHHs eKcIuTyaTalii aBianiiHol Ta Ha3€MHOI TEXHIKM Ta BUKOHAHHS 1HIIMX
TEXHOJIOTIYHUX Omepalliii B aepornoprax. Jlo0 OCHOBHHX 3a0pyIHIOIOUYHX PEYOBHH, 110 TOTPATISIOTH
JI0 HaBKOJMIIHBOIO CEPEJOBMINA MPU 3AIMCHEHHI IUIAHOBOI JiSUIBHOCTI aepoNOpTiB HalleXaTh
HadTonponykTu. [IpnunHamu 3a0pyiHEHHS TOBKU/LIL HATOMPOIyKTaMHU HAa TEPUTOPISX aepONOPTIB
€ BUIIAPOBYBAHHS Ta BUTOKM NaJIMB MpH 30epiraHHi, TpaHCIOPTYBaHHI, BAKOHAHHI TEXHOJIOTTYHUX
oTiepalliii nepexadyBaHHs MMajMBa Ta 3alpaBJIeHHs TPAHCIIOPTHHX 3ac00iB. Y pe3ysbTari aTMOCepHe
HOBITPs, CTIYHI BOAM Ta IPYHTH Ha TEPHUTOPIi aepomopTiB 3a3HAIOTh XIMIYHOTO 3a0pyAHEHHS
HaTOBUMH BYTJIEBOAHAMU. Bigomo, mo Hadra Ta HadTONMPOAYKTH MAIOTh HETaTHMBHUI BIUIMB Ha
CTaH IPYHTIB, NPU3BOASYU JIO0 BUTICHEHHS KHCHIO, 3HIKEHHS BOJONPOHUKHOCTI, MOPYIIEHHS
MiKpo0i0J0TiuHi Ta 610XIMIYHI MPOLIECH, 3HIKY€ETHCS 3AaTHICTh IPYHTIB 10 camoouunuieHHs. o, y
CBOIO Uepry MPHU3BOIUTH JO TIOTIpIICHHS TOBITPSIHOTO Ta BOJHOTO DPEXHMIB W MOPYIICHHS
KOPEHEBOI'0 KHUBJIEHHS POCIUH, HACHIIJKOM YOT0 € TaJbMyeThCs iX pocTy 1 po3BUTOK. Hacminkom
YOro € HETraTUBHUM BIUIMB Ha O10pI3HOMAHITTS Ha TEPUTOPIAX, 3a0pynHeHuX Hadronpoaykramu [1-
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3]. OTxe, 17151 TEXHOT€HHO HABaHTAXXCHUX TEPUTOPiil TPAHCIOPTHUX MiIPUEMCTB, /1€ BiIOyBa€ThCSA
IHTEHCUBHE 3a0pyJTHEHHS IPYHTIB HaQTONPOAYKTaMH, aKTyaIbHUM € MUTAHHS JOCIIIKEHHS BIUIUBY
3a0pyAHEHHS IPYHTIB Ha 1X (pepMEeHTAaTHBHY 3/1aTHICTh Ta MOIIYK CIIOCO01B BiTHOBICHHS MPUPOIHBOL
(dbepMEeHTATUBHOI 3/IaTHOCTI IPYHTIB, 3a0pyAHEHUX HA(PTOMPOTYKTaMH.

bioTnuna perpagauis rpyHTy 3a0pyAHeHOro HahTONMPOyKTaMu, Bi0OyBa€ThCSI B OCHOBHOMY, 3a
ydyacTio rpubiB 1 Oakrtepiit. Ilpm nerpanmamii HadTOBHX BYIVIEBOJHIB BiJIOyBalOTHCS 3MIHH Yy
MIKpOOHOMY YIrpyIOBaHHI, [0 Ma€ BigoOpakeHHs Ha (epMeHTHOMY myJii IpyHTY [4]. I[loyatkoBUM
€TaroM JCCTPYKINI OpraHiYHUX 3a0pyJIHIOBAYiB € OKCHUIATUBHUM MPOIEC, SKUH KaTali3ylTh
depMeHTH K1acy oKcuaopeaykTas. Kiito4oBUMEU IpyHTOBUMHU OKCHIIOPEIYKTa3aMH € JIeT1IporeHasa,
Karasasa, noiideHonokcumasa [4].

MeToro Hamoro J0CHiKeHHs: OyJ10 BU3HAUCHHs BIUIMBY aBialliiiHoro nanmBa Mapku Jxer A-1
ta (itopememialii 3a yuacti BiBca (Avena sativa L.) Ha momideHOIKCHIa3Hy aKTHBHICTH IPYHTY,
MITYYHO 3a0pyIHEHOro aBiamiiHuM nanmuBoM. O0’€KTOM JOCHiIKeHHS Oyia moiieHONIKCHIa3Ha
aKTUBHICTh IpYyHTY. I[Ipenmer mocmikeHHS — MTY4YHO 3a0pyJHEHHI aBiallifHUM MaJWBOM MapKu
Jlxer A-1 rpyHT.

Mertonuka qocnipKeHHs nependaydana maroToBKy I siTi npo0 IpyHTY y KijgbkocTi 100 1, akumu
Oynu 3amoBHeHi yamku [lerpi: mpo6a 4ucToro rpyHTy (KOHTpOJIb 0€3 J0aBaHHs HAPTOIPOAYKTY),
po6 rpyHT 3 gogaBanHsaM 1 OJIK AsiamiitHoro nanuBa mapku J[xet A-1, rpyHT 3 gogaBanHsM 10
OJIK nmanuBa mapku ket A-1, mpo0 rpyHT 3 nogaBanusM 1 OZIK AianiitHoro nanusa mapku Jxer
A-1 Tta BuciBanHs 50-TH HaCIHUH BiBca 3BHYaiHOTrO, IpyHT 3 AonaBaHHsM 10 OJIK manuBa mapku
Jlxer A-1 Ta BuciBanHs 50-TM HaciHWH BiBca 3BUYAWHOTO. [licis miArOTOBKH MpoOU IPYyHTY OyiH
3BOJIOKEH1 BIZICTOSIHOIO BOJIOIO Y KUTBKOCTI 10 M1 Ta po3MmillieHi y TepMocTaT 3a Temmnepatypu 22 °C
JUTSL JOCIIKEHHS 3MiHU (pepMEHTAaTUBHOI 31aTHOCTI Ha nipoTs3i 10 ni6. Ha necsaty 100y 3 KOXKHOT 3
I’ SITH 1Ipo0 IPyHTY OyI10 BifgiOpaHO MpoOU Ta BU3HAYEHO MOJi(hEHONKCUAa3HY aKTUBHICTh IPYHTY 32
crangaptHoo mMeronukoro (JICTY 7928:2015 Skicte rpyHTy. BU3HAaYeHHS aKTUBHOCTI TPYHTOBOTO
depmenty  moiieHOTOKCUAA3H  (OTOENEKTPOKOJOPUMETPUUHUM  METooM).  PesynbraTi
EKCIIEPUMEHTAIILHOTO JTOCIIIJKEHHS MPEeACTaBIeH] Ha puc. 1.
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Puc. 1. 3anexxHicTh Moih)eHOIKCHAA3HOT AKTUBHOCTI IPYHTY BiJI KOHIIEHTpaIlii HAQTOMPOIyKTY
Ta HasIBHOCTI Ipoliecy (itopemesianii
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VY pe3yibTari aHaii3y OTPUMaHUX JaHUX MOXEMO 3pOOUTH BUCHOBOK IO BIUIUB 3a0pYIHECHHS
aBiallilHUM TIAJIMBOM HA TMONI(EHONKCUIAa3Hy AaKTUBHICTh IpyHTY. IIpm doMy 3HIDKEHHS
noTi)eHOJIKCUAa3Hy aKTHUBHOCTI croctepiraeTbess st konmeHtpamin 1 OJIK ta 10 OAK y
NOPIBHSAHHI 3 KOHTpOJIeM. Y TOM ke 4ac, 3aCTOCyBaHHS mpolecy (iropemMeniallii 3 BUKOPUCTAHHAM
BiBCa 3BMYAWHOTO TIO3UTHUBHO BIUIMBA€ HA TIPU3BEIO JO MiABHINEHHS IOMi()EHOIKCHIa3HOT
AKTUBHOCTI IPYHTY.

BucHoBok. OTke, B pe3yibTaTi €KCIEPUMEHTAJIbHHUX JIOCIIIKEHh BCTAHOBIICHO 3aJIC)KHICTD
noJi)eHONKCHIa3HO1 aKTUBHOCTI TPYHTY, BiJl KOHIEHTpauii aBianiiHoro maiausa Mapku [xer A-1.
Ha 10-ty mo0y mociipKeHHsI CIOCTEepIrajgoch 3HMKEHHS M0J1(PeHOIKCH1a3HO1 aKTUBHOCTI TPYHTY,
3a0pyAHEHOr0 aBialiiHUM maauBoM Mapku J[xet A-1, y mopiBHsSHHI 3 KOHTpoJeM. [l npol rpyHTy,
3a0pyIHEHNX TAJIMBOM BCTAaHOBJICHO CTUMYJIIOIOUY 0 BiBCa HA 3pOCTaHHS IMOJIi()EHOIKCHIA3HOT
AKTUBHOCTI IPYHTY, IIOPiBHAHO 3 KOHTpoJieM. OTxe, miABUIIEeHHS ()epMEHTATUBHOI 3AaTHOCTI IPYHTY
3a0pyIHEHOr0 HAPTOMPOAYKTaMH MpHU 3aCTOCYBaHHI mpolecy ¢itopemeniailii BIBCOM 3BHYaHHUM
CBIIYUTH PO NEPCIEKTHBHICTh HOTO BUKOPUCTAHHS Y TPOLIECaX BiTHOBJICHHS IPYHTIB, 3a0pyIHEHIX
HaTONPOTYKTaAMH.
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Abstract

The authors analyzed the problem of soil pollution by oil products in the territories of transport
enterprises. The effect of different concentrations of Jet A-1 aviation fuel in soils and the
phytoremediation process on soil polyphenol oxidase activity was studied. The stimulating effect of
the phytoremediation process on polyphenol oxidase activity of soil contaminated with aviation fuel
was determined.
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SnO2 IK YYTJIMBUM IIAP Y TA30BUX CEHCOPAX JIJISI MEJJUYHUX IIJIEA

€srenis IO3YIIKIHA, Tersina IOHIIOBA
Kuiscokuii nonimexniunuii incmumym imeni leopsa Cikopcbko2o
bepectericbkuii npocnekt, 37, Kuis, 03056, Ykpaina
e-mail: yuzupkina.yevhenia@gmail.com

Anomauin

Y po6omi npedcmasneni 0ocniodicents ujo0o 30ab-2eaw cunmesy nopowkis cmanymy (1V) okcuoy
07151 BUKOpUCMANHA iX y 2eazosux cencopax. llpodcaproeanns ooeporcanux nicis 301b-2e1b Memooy
ocaodig nposoounu 3a memnepamyp 250 °C, 400 °C, 550 °C, sxi aunanisysaiu 3a 00nomo2or
PPeHmeeHI8CbKOI Ougbpakyii ma memooom HU3bKOmemMnepamypHoi aocopoyii-decopoyii azomy.

Knrwuoei cnosa: cmanym (IV) okcuo, nanouacmuHnxu, 301b-2€jb, 2a308Ull CEHCOP, PEHCHEHIBCLKA
ougpaxyis, nNOpucmi Xapakmepucmuxu.

["a30Bi ceHcoOpH, IO BU3HAYAIOTHh HAJIMIIIKOBUM BMICT ra30BUX OloMapKepiB XBOPOO, € OJHUM 13
NEePCIEeKTUBHUX HEIHBAa3MBHUX METOJIB IHJAUKAIlli 3aXBOPIOBaHHS B OpraHizmi jroauHu. Lle
OB 513aHO 3 THM, 1110 TaKi IPUCTPOI MOKYTh BU3HAUUTH HEBEIMKI KOHIIEHTpALlil JIETKUX OpraHIYHUX
CTOJYK 31 HIBUJIKOIO PEAKIIIEI0 Ta BUCOKOIO Uy TNMBicTIO. [IpH boMy ceHCOpH MarOTh KOMITAKTHHA
po3Mip, HU3bKY BapTiCTh Ta HU3bKY MOTYXKHICTh pOOOTH 3a KIMHATHOT TeMmeparypu [1].

OCHOBHUMH CKJIAJIOBUMH XEMOPE3UCTHBHHUX CEHCOPIB U BH3HAUCHHS Ta3y Y BHIUXYBAaHOMY
noBiTpi € [2]: miakaaaKa, 9yTIAUBUIA Iap, eNEKTPOIN, MIKPOHATPiBaY i 3aXUCHUH 1map (pHUCYHOK 1).
[Migxmanky 3a3Buuail BUpOOIsitOTh 3 KepamiuHux MatepianiB (Al2Os abo SiOz) ans cTBOpeHHS
cTabimpHOI Ta 130JIF0FOY0T OCHOBHM [UIsl AaTyuka. [lnmaTuHOBI, HikeneBi abo 30I0TI E€NEeKTPOaAH
HeoOX1/IH1 s mepejadi 3MIHUM B €JIEeKTPUYHOMY CHUTHAJIl, KU YTBOPIOETHCS UYepe3 B3a€EMOJII0
YyTJIMBOTO IIapy 3 LUIbOBUM ra3zoM. HarpiBajabHMII elleMEHT HiATpUMYye pobody TeMmepaTypy
CeHcopy. Bci KOMITOHEHTH € BaYKJIMBUMU CKJIIQJIOBUMH i1 €(EeKTHBHOT pOOOTH ra30BOro CEHCOPY,
Jie Yy TJIMBUH I1ap Ma€ BUpilIabHE 3HAUEHHS, Yy TJINBICTh Ta CEJIEKTUBHICTD SKOTO BCTAHOBIIOETHCS
eKCTIEPUMEHTATHHUM IIISIXOM.

Hanopo3mipHi OKCHAM METajiB 4aCcTO BUKOPUCTOBYIOThCS Y Ta30BUX ceHcopax. Hanpuknan, ams
IHIMKALIi Takoi XBOpoOH, K AiadeT, y BUANXYBAHOMY JIFOJMHOIO MOBITP1 BU3HAYAIOTh HAJIUIIKOBI
KOHIIEHTpallii aneTroHy. BHCOKy 4yTiMBICTH HpW aHaji3l OCTAaHHBOTO JAIOTh HACTYIHI OKCUAU
metaiiB [4]: WOs3, TiO2, In203, ZnO, SnO». ¥V npomMy gociipkeHHi yBara npuaiserses ctanym (1V)
OKCHJly, OCKIJIbKM YyTJMBHUI IIap Ha OCHOBI JaHOTO HaHOMAaTepially € BHCOKOCEJIEKTHBHHUM IIO
BIJHOIICHHIO JO ameToHy. Po3pi3Hsrore [S5] HacTymHi mommpeHi Mertoaw cuHTE3y SnO::
riipoTepManbHU, BUIIAPOBYBAHHS, 30Jb-T€Nb, XIMIYHE OcCa/pKeHHs 3 mapoBoi ¢a3u (CVD) rta
€JIEKTPOCIIIHIHT.

Merorw naHoi poOOTH € 30Jb-Teb CHHTE3 HaHo4acTHHOK craHyM (IV) okcumy, a Takox ix
XapaKkTepu3arlis.
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Puc. 1. ByoBa XeMOPE3UCTUBHOTO ra30BOTr0 ceHcopy [3]

Hagaxky SnCls-5SH20 macoro 3,51 r posuranmm B 50 cM® IUCTHIE0BAaHOT BOJM B CKIIAHII, 10 SKO
nomamu 50 cM® TOJTie THIICHTITIKOITIO. OTtpuMany CyMill epeMilllyBalld Ha MarHiTHIN Milamii i npu
IIbOMY TYJIH JTOAaBaJIH 110 Kparusix 25 % BOAHUN pO3UUH amiaky 31 IBHIKICTIO 10 Kparenb/XBUINHY.
[Ticns pomaBanHs mpubiau3HO 70 Kpamenb BOJHOTO amiaky 30Jb-T€Ib yYTBOPIOBABCS MPUOIHM3HO
npoTsiroM 7 XBuiuH. OTpuMaHuii Teib (QiIbTPYBaIH, a MOTIM MPOMHUBAIHN JUCTUIHOBAHOIO BOJIOIO
JUTSL BUJIAJICHHSI HAJUIUIIKY amiaky. [ToTim BMicT pimbTpyBaabHOTrO namnepy o0epeKHO MepeHOCHIH B
turenb. Ocan cymmwmm npu 100 °C npotsarom 4 roavH, a OTPUMaHUM MOPOIIOK MPOKAPHOBAIU
npotsrom | rogunu 3a temneparyp 250 °C, 400 °C, 550 °C.

Pentrenicrka audpaximiss Oyna BUKOpUCTaHA IJsi OTpUMaHHsS iH(opMarii mpo ckiax Ta
CTYKTYpHI BJIACTUBOCTI OTPUMAHUX HaHOMOpouIKiB. OTpuMaHi JUQPpPaKTOrpaMu CBiI4aTh, IO IS
KOXKHOI TeMIlepaTypu MpoXKaproBaHHS YTBOPIOEThca (aza SnOz (kacutepur). Jleski CTPYKTypHI
XapaKTepUCTUKH OTPUMAaHMX 3pa3KiB HaBeAeHi y Tabmumi 1, 3 skoi MoxHa OauuTH, MO i3
H1JBUIICHHAM TEMIIEPATYPU 3pOCTA€ PO3MIP KPUCTAJITIB Ta 301UIBIIY€ETHCS CTYIIHb KPUCTAIIYHOCTI,
110 Y3TO/UKYEThCS 3 JTITEPaTypHUMHU JaHUMHU [6].

Taoauus 1. CtpykrypHi napamerp 3paskis SnO;

TemnepaTtypa 20 (hkl) dA Po3mip IMapameTpu pemiTku
NPOXKAPIOBAHHS, KPHUCTAJITIB,
°C A a b c
26,60° (110) 3,349
250 33,58° (101) 2,666 23 4,759 4,759 3,202
51,72° (211) 1,766
26,94° (110) 3,306 42
400 33,86° (101) 2,645 4,742 4,742 3,195
51,95° (211) 1.759
26,895° | (110) 3,312
550 34,12° (101) 2,625 101 4,731 4,722 3,181
51,99° (211) 2,356
[Mopucricth Ta mTHMTOMY IUIONIY TIOBEPXHIO OTPUMAaHUX TMOpomKiB SNO2 BU3HAYAIH

HU3BKOTEMIIEPATYpPHOIO ajcopoIriero/necopOitieto azoty. Ha pucyHky 2 300pakeHO 130TepMHU
ancop6buii N2 wactunkamu ctranyMm (V) okcuay 3 pi3HHMH TeMIepaTypaMmu MpOKaprOBaHHS.
[3oTrepma aacopOii-gecopOirii 3pasky SnO2 3 Temmnepatyporo nposkaproBants 250 °C mae tum 1(b)
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BianosigHo 1o knacudikanii IUPAC 2015 poky [7]. Tun I(b) 3ycTpivaerbest y MaTepialis, 10 MalOTh
PO3IOALT PO3MIPIB MOP Y MHUPIIOMY JAiana3oH1, BKIOYAOYN MIMPIIT MIKpPOIIOPH Ta BY3bKi ME30IIOPH.
3a temneparypu npoxaproBanus 400 °C 3pasok cranym (IV) okcupy mae IV(a) tum i3orepmu
ajicopOIii a30Ty, sfKa NMpUTaMaHa ME3OMOPUCTHM ajcopOeHTaM. [IposkapeHui 3a TemIieparypu
550 °C 3pazok SnO; mae i30TepMy copOirii Tumy V, sika CBIAYUTH PO BITHOCHO CIAOKi B3aeMOii
azicopOoeHT—amcopoar.
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Puc. 2. [3orepmu agcopOiii-necopOirii a3oty yactuakamu SNO2, OTpEMaHUX 32 PI3HUX TEMIEPaTyp

V¥ Tabnuui 2 HaBeieH1 OCHOBHI MMOPUCTI XapaKTEPUCTUKH — MUTOMA IUIOLIA OBEPXHI, 00’ €M MOp
Ta CepelHiil po3Mip Mop A KOXKHOIO 3pa3Ky. 31 30UIbIIEHHSM TeMIepaTypu NpOKaprOBaHHS
MUATOMA TUIOIIA TOBEPXHS 3MEHIIYETHCS, IO TOB’S3aHO 13 30LIBIICHHSM PO3MIPY YaCTUHOK Ta
CTyHeHs arjoMepailii. 301bIIEeHHS CePeAHbOTO AiaMeTpa Mop BiAOyBa€eThCS 3a paXyHOK arjaoMepartii
MK YaCTMHKaMH, IO MPU3BOJIUTH JI0 CIIKAHHS MHOpP 13 3MEHIIEHHSM OJHOPITHOCTI PO3MIpIB 1
KUTbKOCTI TTop [8].

Tabauus 2. ITnoma noBepxHi, 00’ €M mop Ta cepeHiil po3mip nop yactuHok SnO;

Temneparypa Iloma noBepxHi 3aranbHuii 00’ em CepenHniii po3mip
npo:kapoBanns, °C (BET), M*/r nop, em®/r nop, HM
250 198,075 0,123 2,490
400 108,241 0,155 5,723
550 31,310 0,166 21,158
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Takum umHOM, HaHomopomkyu cranyM (IV) okcumy Gyiu CHHTE30BaHi 301b-Tedh METOIOM. IX
XapakTepu3allis 3a JIOMOMOIOI0 PEHTIEeHIBChKOT MUdpaKkimii MmiATBepAnia, MO 3a JaHUX YMOB
yTBOprOeThesl uucta ¢aza SnO2 (kacuTepuTy) i3 TETparoHalIbHOK CTPYyKTyporo. llinBuienHs
TEMIIEpaTypu TMPOXKAPIOBAHHS TPH CHHTE31 MPU3BOAWTH JO 30UIBIICHHS KPUCTATITIB. AHamI3
MOPUCTOI CTPYKTYPH MOPOIIIKIB MMOKA3aB, 10 B YCiX 3pa3kax MepPeBaKalOTh ME3OMOPH, PO3MIP SKHX
3pOCTAa€E BiAMOBIIHO JIO MiABUIICHHS TEMIIEPATypH IIPH CHHTE3I.

Y Mali0yTHbOMY TUIAHY€ETHCS IeTANBHIIIE TOCIIHPKCHHS BIUTMBY TEMIIEPATypH POKAPIOBAHHS HA
1HIIT XapaKTepUCTHUKH, a TAKOK aHaJIi3 BIUTMBY MOAU(IKAHTIB Ha BIACTUBOCTI UyTJIMBOTO MaTepiaiy,
a TaKOK BU3HAUCHHS CIEKTPUYHUX 1 CCHCOPHUX XapaKTEPUCTUK JIO TTEBHUX Tra3iB.
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Abstract

The paper presents research on the sol-gel synthesis of tin (IVV) oxide powders for gas sensors. The
precipitates obtained after the sol-gel method were calcined at temperatures of 250 °C, 400 °C, 550
°C, which were analyzed using X-ray diffraction and the method of low-temperature nitrogen

adsorption-desorption.
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Anomauin

Hocniooceno sionocnuii emicm 6oou (RWC) y mxanunax aucmxie pociun KyKypyosu 2iopudy
Tpicman @AO 270, supowenux 3a ymos cmpecy 8i0 noCyxXu 8 ymosax 00ciioHoi cmanyii lncmumymy
cinbcvkoeo eocnooapcmea Ilisniunoco Cxody HAAH VYkpainu (Cymcwvka obnracms). [ocniona
OIIAAHKA 3A3HABANA 80OHO20 CMpeCy yepe3 00MedCeHy KilbKicmb onadig nio yac KpumuyHux ¢asz
pocmy 6 mpaeHi ma 4epeHi.

Memor nawio2o 0ocniodxcenus OYI0 OyiHUMU 8NAUE MIKPODIOIOSIYHUX Npenapamié Ha OCHOBI
bakmepitl, wo cmumynioroms picm pocaur (PGPB), ma ix memabonimis, i0omux c60€to 30amuicmio
nom'akulysamu 600HULL cmpec, Ha 8iIOHOCHUL 6MICI 800U ) TUCIKAX POCAUH KYKYPYO3U, UPOUEHOT
3a YyMO8 NOCYX08020 CMpecy.

Bcmanoeneno cymmesi 8iOMiHHOCMI Midc KOHMPOAbHUMU BAPIAHMAMU 3 POCIUHAMU KYKYPYO3U
ma obpoonenumu 6ionpenapamamu TOB "TJ BTY-IIEHTP": Aszomogim®, Jlunocam® ma
komniexcom STOP-Cmpec (Opeanik-Bananc® 0,5 n/za + Azomoghim ® 0,3 n/ea + Jlunocam® 0,25
n/ea). Pocaunu Kykypyosu, obpobaeni Opeanik-bananc® 0,5 n/ea + Aszomogim ® 0,3 n/ea +
"TTunocam®" 0,25 n/ea, manu naveuwuti 6ioHocHull emicm 600u (97,3%) nopieuano 3 KOHmMpoaem
(86,7%).

Knrouoegi cnosa: 6ionocruil émicm 600u, 1UCMKU KYKYPYO3U, OI0102i4Hi npenapamu, nocyxa.

I'moGanbHi 3MiHM KJIiMaTy B HalOLIBIIOMY CTYNEHI BIUIMBAIOTh HAa POCIMHHUIITBO, 3T1JTHO 3
NPOTHO3aMH €KCIIEPTiB, TIOCyXa CIPHUYMHUTH 3HAYHI BTPATH CITHCHKOTOCIOJIAPCHKUX POCIHH Ha
61 Hixk 50% opHuUX 3eMenb cBiTy 10 2050 poky [1]. Pocounau kykypyasu (Zea mays L.) maroThb
BHUCOKHUH MOTEHII1a]l BpOKaHOCTI, SIKUM MOTpedye T0CTaTHLOTO BOAOINOCTaYaHHs. BTpatu Bpoxaro
KYKypyI3d MOXyThb cTaHoBUTH Big 30 mo 90% 3anmexHO Bif IHTEHCHMBHOCTI ab0 TPUBAIOCTI
MOCYXOBOTO CTpecy Ta (a3 pO3BUTKY KyJIbTypH, OCOOIMBO HA €Tarax IBITIHHS Ta HAJMBY 3€pHA.
OnHMMH 3 MeEXaHI3MIB IOCYXOCTIMKOCTI POCIHH, OINOCEPEAKOBAHOI PICTCTUMYIIOBATBHUMU
oaxtepisimu PGPB (Plant-Grows Promotion Bacteria), sx ocHOBHM OlompemnapariB, € MiJABHILEHHS
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aktuBHOCTI ACC-zme3amiHa3u, HAaKOMUYECHHS OCMOJITIB, yTBOpeHHs ek3omnoumicaxapunis (EIIC),
JETKUX CHOJYK, 3MiHa ()iTOrOPMOHAJIBHOI AaKTHBHOCTI, AKTHBAIlisi aHTHOKCHIAHTHOTO 3aXHUCTY,
TPAaHCKPHILIHHA AKTUBHICTH T€HIB MOCYXOCTIMKOCTI.

Efthimiadou et al. (2020) mocimKyBaau BB Oi0OCTUMYJISATOPIB POCIIMH Ha ocHOBI Azotobacter
chroococcum, Bacillus subtilis, Bacillus megatherium Ta ix komOiHamiii Ha KyKypyI3y B
CepeI3eMHOMOPCHKUX KIIMAaTHYHUX YMOBaX (CHEKOTHE CyX€ JITO Ta MPOXOJIOJHA BOJIOTa 3UMa)
IIISIXOM TPYHTOBOTO Ta TI03aKOpeHeBoro BHeceHHs. OOpoOka A. chroococcum 36imbimyBana
MIBUIKICTh (POTOCHHTE3Y, BMICT XJIOpo(dily Ta IHTEHCHBHICTh TpaHcmipanii. Haikpamn Bpokai
KyKypy/A3u Oyiu BifiMideHi y pociiuH, o0pobienux B. megatherium ra cymimmiro A. chroococcum i
B. subtilis (1:1) mpu 3onansHOMy 3actocyBanni [2]. Abd El-Daim et al. (2019) BusiBuiu 3HauHi
MeTa0oIIuHI Ta MOJISKYJIApHI 3MiHM, TOB's3aHi 3i 3matHicTio Bacillus velezensis migsuiryBatu
CTIMiKiCTh 70 abioTmyHoro crpecy y mmenuiii [3]. OO6pobka pocaun murenuri Azotobacter
chrocoocum Ta Pseudomonas sp. mom'sikiiyBajia CTpec BiJl IIOCYXHU 332 PaXyHOK aHATOMIYHHX 3MiH,
TaKUX SK 30UIbIIEHHS TOBIIMHHU eMiiepMicy, Me30(isly Ta TKaHUH (HIoeMH, TiaMeTpy CyIUH KCHUIIEMHU
Ta PO3Mipy CyJIMHHUX IYYKiB y KOpEHEBii cuctemi [4].

AmnanoriuHo, iHokysist PGPR Pseudomonas putida GAP-P45 nokpariyBaiia 0iomMacy pociiuH,
BiJTHOCHHI BMICT BOJIM Ta BOJHHM MTOTEHIIIaJ JTUCTKIB 32 paXyHOK HAKOIMTUYCHHS TIPOJIIHY B POCITHHAX
KyKypyJ34, 110 3a3Hainu mnocyxosoro crpecy (Sandhya et al., 2010). Inokynsauis pociun PGPR
30UTBIIy€E JOCTYITHI KOHIEHTpAIlii MPOJIiHY; 3Ha4YHA KUTBKICTH MPOJIHY 3pOCTalia, KOJU POCITHHU
KyKypya3u Oysu iHoKysiboBaHi P. fluorescens mix gac mocyxosoro crpecy [8].

MeToro Hamoro AOCHIHKEHHSI OyJIO0 OI[IHUTH BIUTMB MIiKpPOOIOJOTIYHUX TMpernapariB Ha OCHOBI
OakTepiii, Mo cTUMYIOITH picT pociuH (PGPB), Ta ix mMeTaboiTiB, BIIOMUX CBO€IO 3/IaTHICTIO
IOM'SIKITYBAaTH BOJHUI CTpeC, HAa BITHOCHUI BMICT BOAM Yy TKAaHWHAX JIMCTKIB KyKypy[I3H,
BUPOIIEHOI 32 YMOB ITOCYXOBOTO CTPECY.

JocmimkenHs Oyiin IpoBeeH] MPOoTAToM BeretaniHoro nepioxy 2021-2023 pp. Ha nocminHii
cranuii IHctuTyTy cineebkoro rocmonaperBa IliBHiunoro Cxomy HAAH Vkpainm (Cymchka
o0nactb, CyMchkHii paiioH, c. Cax). Y noinboBUX YMOBaX BUPOILYBalIM KyKypya3y riopuny Tpictan
®AO 270. JocniaHa AiITHKA 3a3HaBajIa BOJHOTO CTPECY 4yepe3 0OMexeHy KUIbKICTh OMaiB il 4ac
KpUTUYHUX (pa3 pocTy B TpaBHI Ta yepBHI. Pocnuuu kykypym3u oopoosum 6ionpenapatamu TOB
"TABTY-UEHTP". A30T0diT-p® MICTHTb KUBI KIIITHHU a30TPIKCYBaTBHUX OaKTepiil Ta 610J0TYHO
aKTHUBHI METa0OJITH, 110 CTUMYJIIOIOTh PICT, MIBUILYIOTh CTIMKICTH A0 CTpPECiB Ta 30UIbIIYIOThH
BPOXKAWHICTh  CUIBCBKOTOCIONAPCHKUX — KyJbTyp. JlumocamM® MICTUTH  OJIro/mosicaxapyuiu
MIKpOOHOTO TOXO/DKEHHA, € e(EeKTHUBHUM IpUIIUIAYeM, I1JIBUIIYE MOCYXOCTIHKICTh POCIIHH.
Opranik-bananc® wmicTuTh a3o0TdikcyBaibHi, (ocdop- 1 kamiiiMoOLTI3yBalIbHI OakTepii, MLI0
CTHMYJIIOIOTH PICT POCIINH, 010JIOTIYHO aKTUBHI MIKPOOHI CHIOJIYKH, Ma€ (DYHTIIM/IHI BIaCTHBOCTI 3a
paxyHOK y cKJaai MikpoopranizmiB-antaronictis Bacillus subtilis, Paenibacillus polymyxa ta in.,
tutp 13108 — 1x10° KYO/em®,

O6pobky mpoBoguu y ¢aszi 3-5 muctkie (BBCH 13-15). Bapiantamu gocmigy Oymm: 1 -
KonTpons, 2 — Opranik 6ananc 0,5 n/ra, 3 — Azotodir 0,3 n/ra, 4 - Jlumocam 0,5 n/ra, 5 — Opranik-
bananc 0,5 n/ra + Azotodir 0,3 si/ra Jlunocam 0,25 n/ra (kommieke STOP-Crpec). Busznauenus
BIJTHOCHOT'O BMICTY BOJIM IIPOBOAMIIN BaroBUM MeToAoM [5] B ymoBax TOB «IHcTUTYyTY npuKiIagHOi
010TE€XHOJIOTI1».

3aTHICTh CUIBCBKOTOCIIONAPCHKUX KYJBTYp MIATPUMYBAaTH JAOCTAaTHI BOAHMH cTaTyc Ta
e(EeKTUBHO BUKOPUCTOBYBATH HASBHI PECYpCH € JKUTTEBO BAKIMBOIO IS iXHBOTO pPOCTY Ta
BIKMBAHHS B yMOBax JeiuTy Boau. BMmicT Boau B opraHax pociiuH BifoOpaxae iX MeTaOonidHy
aKTUBHICTh. PO3MO/IIT BOAM MK BEr€TAaTUBHUMHU Ta PENPOAYKTUBHHUMH OpraHaMH € BUPIIIAJIbHUM
acCIeKTOM pO3IOJALTY PecypciB y KylbTypax, L0 Oe3roceperHbo BioOpakae iXHIO MOJENb
OTPHMAaHHS Ta BUKOPUCTAaHHS BoH. [1i7 4ac MocyXxoBOro CTpecy BiJTHOCHHI BMIiCT BOJM B TKAHWHAX
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JMCTKIB 3HIDKY€EThCS 3 Maiixke 98% y MOBHICTIO TyprecueHTHUX JucTkax a0 30-40% y BUCYyIIEHUX 1
BIJIMHPAIOYUX JIUCTKAX [6].

Jedinut BoaM HEraTMBHO BIUTMBAE HA PICT 1 PO3BHTOK POCIHH, BHUKJIMKAIOYM HU3KY 3MIH Ha
MOJICKYJIIPHOMY Ta KIITHHHOMY PIBHSIX, IO NMPHU3BOJIUTH A0 3MiH y ¢izionorii tTa mopdororii
pocnuH. i1 9ac MOCyX0BOTO CTpeCy POCIMHHU CIPUIMAIOTh CUTHAIN CTPECY Yepe3 PelenTopH Ta
CEHCOpH, IO 3aIyCKAa€E 3arajibHUH NUISX TPAHCIYKIN CUTHATY, SIKAH MPU3BOJUTH JIO0 BUPOOHHIITBA
BTOPHMHHUX MECEH/DKEPIB 1 aKTHBAaLlii Kackary ¢pochopriroBaHHs, CIPSIMOBAHOTO HA OIKH, 3aJTy4eH1
B PETYJIAIII0 TeHIB 3aXUCTy BiJ cTpecy. PerynboBaHi cTpecoM I'eHU Ta iXHI IPOIYKTH BITITParOTh
KIIFOYOBY pOJIb Y PEAaKIisX Ha CTpPeC 1 TOJEPAaHTHOCTI JO TOCYXH, PETYJIOIYM KIITHHHI Ta
¢bi3i0JIOTI4HI 3MiHH, TaKl K HAKOMUYCHHS OCMOJITIB, 3aXUCT MeMOpaH, HEUTpasi3allisi aKTHBHHX
dopm kucHiO (ADK) 1 3aKpUTTS NPOJKMXIB LIIAXOM iX TpaHcwsuii y ¢yHkionansHi 6inku. [porte
NPUPOJIHA PEaKIlis POCIUH Ha CTPEC Bijl MOCYXU HE 3aBXK/IU JOCTATHS [T 3a0€3TICUCHHSI BHXKHUBAHHS
POCIIMH B YMOBaXx CTpecy BiJ mocyxu [6].

J1J1s1 11o/10J1aHHS 1[LOTO OCTAHHIM YacOM YBary MPUBEPHYTO JO BUKOPUCTAHHS 010CTUMYJISTOPIB
SIK CTaJIoi cTpaterii.

PesynbpTatu gociiKeHb MOKa3aly, 10 32 YMOB BIJICYTHOCTI JIOIIiB Y TPaBHI B YMOBaX JOCTIAHO1
cranuii [HCTHTYTY CcinmbehKoro rocmogapcetsa IliBHiuHOTO CXOMy pOCITUHH KYKYpyA3Hu, 00poOIeHi
Opranik 6ananc 0,5 n/ra + Azotodit 0,3 n1/ra + JIumocam 0,25 n1/ra Maau HaWBUIIHWA BITHOCHUIH BMICT
Bonu (97,3%) nmopiBHsAHO 3 KOHTpOJeM (86,7%). Y pemtu BapiaHTIiB Leil MOKa3HUK KOJIMBABCS BiJ
91,2 no 95,1%. Takoxx BCTaHOBIEHO, 110 HANOUIBII CYyTTEBI BIAMIHHOCTI PIBHIB €KCHpecii reHiB,
OB ’SI3aHUX 3 TOCYXOI0, MK KOHTPOJBHMMH POCIMHAMH KyKypya3u Ta 3a Jii OlompenapariB
criocTepiraiaucs micist 00pooku A3zoTodiTom okpemo, JInmocamom okpemMo Ta KomiuiekcoM (Oprasik
6amanc 0,5 n/ra + Azotodir 0,3 n/ra + Jlunocam 0,25 n/ra): y Bunaaky ZmMNHL1 BigminHOCTI
nocsranu 5 ta 4 pazis, a ZMVPP1 —y 7 pasis [7].

Taxum unHOM, 3acTOCyBaHHs OionpenapariB Opranik- bamanc, Azorodit Ta JIumocam Mosxe Oyt
e(eKTUBHUM IHCTPYMEHTOM Y MOM'AKIIEHHI BOJHOTO CTpecy Ta MiABHMIIEHHI MOCYXOCTIMKOCTI
POCIHH KyKypy/I3H.
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Abstract

The relative water content (RWC) in the leaf tissues of maize hybrid Tristan FAO 270 plants grown
under drought stress at the experimental station of the Institute of Agriculture of the North-East of
NAAS of Ukraine (Sumy region) was studied. The experimental site was under water stress due to
limited precipitation during the critical growth phases in May and June.

The aim of our study was to evaluate the effect of microbiological preparations based on plant growth-
promoting bacteria (PGPB) and their metabolites, known for their ability to mitigate water stress, on
the relative water content in the leaves of maize plants grown under drought stress.

Significant differences were found between the control variants and those treated with biological
products of LLC «TH BTU-CENTER»: “Azotofit®”, “Liposam®” and the STOP-Stress complex
(“Organic-Balance®” 0.5 I/ha + “Azotofit®” 0.3 I/ha + “Liposam®” 0.25 1/ha). Maize plants treated
with “Organic-Balance®” 0.5 I/ha + “Azotofit®” 0.3 1/ha + “Liposam®” 0.25 1/ha had the highest
relative water content (97.3%) compared to the control (86.7%).
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TEXHOJIOI'TA OYMIIEHHA BOAU MEMBPAHHUMHU METOJAMM

Karepuna BAWJIYP, Anna CTEIIOK, Hikita KOJIOMAIIBKAM
Kuiscoxuit nonimexuiunuti incmumym im. leops Cikopcokoeo
bepecrelicbkuit nip., 37, Kuis, 03057, Ykpaina
e-mail: catherinebaidur@gmail.com

Anomauin

Poboma onucye 3acmocysamna b6apomemOpanHux npoyecie  360pOMHO20  OCMOCY Ma
yaempaginempayii onsa ouuwgenus 6oou. Ilpoananizosano nedoniku ma nepesacu 0Jisi HOMuUpbox 8Uie
anapamie MemMOpaHHOi OuUCMKU 3 PIZHUM Ccnocobom yKiaoawus memoépau. Ilokasamo, wo
eekmueHicms OUUCMKU 600U 8 PI3HUX ANAPAmax 3alejicums 6i0 iX KOHCMpYKyii ma muny
YACMUHOK, 8I0 AKUX HEOOXIOHO OYUCTIUMU 800).

Knwouogi cnosa: membpanu, 360pomHuiii 0cmMoc, ouuwjeHHs 600U, yibmpagitempayis, nepmean,
Ginempyroui enemenmu, KOHYEeHMpPam.

JIroncTBO aKTUBHO BUKOPHCTOBYE BOAHI PECYPCH, 1 MU PETYIISIPHO OTPUMYEMO BEIHMKY KUIBKICTh
1H(popMallii mpo pi3Hi NpoOiIeMy HaBKOJIHUIIHBOTO CEPEIOBUINIA UePE3 MAcOBI Mejlia Ta 1HIII1 JKepena.
I[i mpoGnemu BapilOIOTBCA 3a CTYHNEHEM CEpHO3HOCTI, reorpadiyHUM PpO3MOBCIOMKEHHAM Ta
TpuBanicTo. J[piOHi mpobiemMu AIMCHO MOXKYTh OyTH BUPILLIEHI OKPEMUMH 0COOaMHU, TOJI SIK OLIbII
CKJIaJ(HI Ta MOLIMPeH] MOTpeOyIoTh cTpareriii Beinukoro macmTaly [1].

Tak, HanpuKIIaJl, 3arOCTPIOETHCS MpoliIeMa A0CTYIy 10 NUTHOI Boau. Hacenenns 3emii cTpiMko
3pOCTae, a OTXKe 1 CBITOBI MOTPeOU y BOJI Takoxk. ToMy nependadaeTbes, 10 NPOTAToM HaOMmKunx
JECATUIIITH PoOIeMa BOAOOUUCTKHY 3aroCTpUThCA. OIHUM 13 MOKIIMBUX PIlLIEHb i€l Tpobiemu Oyinu
NpEeACTaBICHI TEeXHOJOorii MeMOpaHHOTro po3fauleHHs [2]. BBeaeHHS 1HMX TEXHOJOTIH Yy
MIMPOKOMAcCIITaOHE 3aCTOCYBAaHHS MOKE TIO3UTHBHO BIUIMHYTH Ha BiJTHOBJIEHHS BOJHUX PECYpPCIB Ta
3MEHIIIEHHS I00aIbHOT KPU3H.

TexHozOris OYUIIEHHS BOAM B 3Ha4YHIN Mipl BU3HAYA€ThCSA (PI3UKO-XIMIYHUMH 1 O10J0TTYHUMHU
MOKAa3HUKAMU 11 SIKOCTI H HEOOXiIHUM cTyrneHeM ii mominmenHs. [Ipu onpicHeHHI BOAU CONEBMICT
MOBUHEH OyTH 3HM)KEHUHN 10 BEJIMYMHMU, 1110 pOOUTH BOAY MPUAATHOO A nuTHUX miei (P < 1000
mr/n) [3].

3acTocyBaHHsS MeMOpaHW /ISl OUYMIICHHS TIOBEPXHEBHX BOJA 3a0e3nedye Oarato mepesar
MOPIBHSHO 3 1HIIUMH CIIOCOOAMHU OYHMIIEHHS. Y BUPOOHHUITBI MUTHOI BOAM MEMOpaHU 3aMiHIOIOTh
TpaAULIifHI TEXHOJIOTI] pO3/ILJIEHHS 3aB/SKN XOPOIIOMY BiTHOBJIEHHIO PECYPCIB 3 TOUKHU 30pY SIKOCTI
OYMIIEHOI BOAM, €(PEKTHBHOTO BIJHOBJIECHHS IOXKMBHUX PEUYOBHH 1 CTaJoOro (QyHKI[IOHYBaHHS,
0COOJIMBO B THIX BHUMAJKaX, KOJIM 1HII CITOCOOM OYMIIEHHS HEMOXUIHBI [2, 4].

Jlo MeMOpaHHMX METOMIB PpO3AUICHHS HaleXaTh yibTpadiiabTpalis, 3BOPOTHIM ocMoc,
TiepBanopalisi Ta J1iaji3 i eneKTpoIialii3 1 TepMOMEMOpPaHHI MPOIECH.

B nmonosini 3ocepemkeHa yBara Ha OapoMeMOpaHHMX IpoIiecax 3BOPOTHOIO OCMOCY Ta
yaeTpadinasTpalii. B iX 0CHOBI JIEXUTH SBUIIE OCMOCY — CaMOBIJIBHOTO MPOHUKHEHHSI PO3YMHHHIKA
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yepe3 MeMOpaHy 10 BCTaHOBJICHHS piBHOBaru [5]. Ha pwuc.l mnpeacraBmeHo amaparypHoO-
TE3HOJIOTIYHY CXEMY YCTaHOBKH 3BOPOTHOTO ocMocy «ExocodT 2500 MO-F3A».

L¥H)

Fald b —— '],I rﬁ—r—ﬁ—m—' 8 ™ | nepmear
(2]

4H— 13 10
Bxiz sozm M&-q—l—v—m' KOHUEHTPAT
1

Puc.1. AnapatypHO-TEXHOJIOTIYHA CXeMa
yCTaHOBKH 3BOpoTHOr0 ocMocy «Exocodt 2500 MO-F3Ax.

Crnemmdikamis: 1 — BXiTHAN eNEKTPOXIINIAK; 2 — BX1THUH MIKPOIIOPUCTHH TOMIIIPONLUICHOBHN (DiIBTP;
3 — MaHOMETp Ha BHUXOJ MOJIMPOMIIJICHOBOTO (iNbTpa; 4 — MaTYMK TUCKY HAa BUXO[I IOJIITPOMLIIEHOBOTO (iTBTpa;
5 — Hacoc BUCOKOTO THCKY; 6 — MOIYJIb 3BOPOTHOOCMOTHYHOI (piNbTparii; 7 — poTaMeTp Ha MaricTpaii BiaIBeICHHSI
nepMeary; 8 — NiYMIBHUK BUTPATH TIepMeary; 9 — BEeHTHIIb PEryJIOBaHHs BUTPaTH KOHLEHTpaTy; 10 — porameTp
BUTpaTH KOHIEHTpaTy; 11 — BEeHTWIIb peUUKIIiHTY; 12 — poTamMeTp peluKiIinry; 13 — MaHoMeTp po60o4Ooro THCKY i
KEPYIOUHil JaTYMK aBapiifHOTO BIAKITFOUCHHS

3a cnocoOoM ykJlafjaHHs MeMOpaH amapaTH i 6apoMeMOpaHHUX IPOLECIB MOALISIOTHCS Ha
YOTHPU OCHOBHHMX THUIIM: arapard 3 IJacKOKaMEepHUMHU (DIIBTPYIOUMMH €JIeMEHTAaMH; amapaTtH 3
TpyOuacTUMH (IIBTPYIOUMMH €1€MEHTAaMU; alapaTy 3 pyJOHHUMU a00 CHipaJbHUMU (PUIBTPYIOUUMU
€JIEMEHTAaMU Ta anapaTy 3 MeMOpaHaMu Y BUIIISA/II TIOPOKHUCTUX BOJIOKOH [6].

1. Anapatu 3 mIacKOKaMepHUMH (iNbTPYIOYMMH ejleMeHTaMH. AmnapaTu TUIy «(iabTp-
mpec» 13 MIaCKOKaMEepHUMHU (DUIBTPYIOUUMU €JIEMEHTaMH € OJJHUMHU 3 HAaUTIPOCTIIINX MEMOPaHHUX
amapariB. 3aCTOCOBYIOThCS IIPU MOPIBHSAHO HEBUCOKINA MPOAYKTUBHOCTI YCTAaHOBOK, aJie Il MOAYJIL €
JIOPOTMMU TIOPIBHSHO 3 aJIbTepHAaTUBHUMM [3, 7].

OCHOBOIO IIMX anapariB € (QUIBTPYIOUMHA €NEeMEHT, SKHHM CKIagaeTbes 3 JBOX MeMOpaH, II0
yKJa/eHl MO0 OOWJIBI CTOPOHM ILIACKOTO IOPHUCTOrO MaTepialy — JApeHaxka. J[peHakHi JUCTH
PO3MIIIIEHI Ha HaBeNMKiH BifcTaHi oguH BiJ ogHoro (0.5 — 5 MKM), yTBOPIOIOUYI MiKMEMOpaHHHHA
MpOCTIp il TPOXOKEHHSI PO3YUHY, IO po3ainseTbesa. [laker QiapTpyrounx eJIeMEeHTIB
3aTUCKY€ETHCS MK JIBOMa (IIAHISIMU 1 CTATYEThCs OonTamu. Po3unH, 1110 po3ALIsS€ThCS, TOCTII0BHO
MIPOXOJUTH Yepe3 BCl (PUIBTPYIOUl eIeMEHTH, KOHIIEHTPY€EThCA 1 BUAANSAETHCS 13 amapara. [lepmiar
(imprpar), Axiii mpoHIIOB uyepe3 MeMOpaHy, BUXOIUTH uepe3 JPEHaXHI IIapu B PaaialbHOMY
HanpsaMKy [8].

Amnapar  BUPI3HA€ETHCS MPOCTOTOI0 BHUTOTOBJIECHHS, 3pPYYHICTIO MOHTa)xa 1 eKCIUTyTallii,
MOJIMBICTIO MIBHJAKOI 3MiHM MeMOpaH. Takoxk Taki amapatd OCOOJMBO MEPCIEKTUBHI s
NpOBENEHHS yAbTpa(iIbTpallifHUX TpoLECciB, OCKUIBKU IMpOLEC PO3AUICHHA BiAOYBa€Tbcs NpU
BiTHOCHO BHCOKHMX IIBUIKOCTSIX PO3UMHY, IO J03BOJISIE€ 3HAYHO 3MEHIIIUTH BIUTMB KOHIIEHTPAIIHHOT
nonsipu3artii [3].
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Henonikamu Takux anapariB € HasBHICTh LIEHTPAJIbHHUX IEPETOKIB, SKI 3HWKYIOTh KOPHCHY Ta
MATOMY TUIONTY MEMOpaH 1 MOXyTh OyTH HPHYHMHOIO MICIIEBOI po3repMeTH3allii Ta MOIaIaHHs
po3uuHy B mepmiar. biibie Toro, ApeHaXkHi IIACTHHU 1 TypOy1i3aTopu KOHCTPYKTHBHO CKJIAIHI 1
HOTpeOyIOTh BUCOKOI TOUHOCTI BUTOTOBJICHHS. TakoX BapTO 3rajiaTv PO BHCOKY METAJIOEMHICTb.

2. Anapatu 3 Tpy04acTUMH PijIbTPYyBAJILHUMH eJIeMeHTaAMH. ATTapaT 3 TPYOHUMHU MOIYJISIMH
(TpyO4yactumMu  (QiIBTPYBaJIbHUMH €JIEMEHTAMH) B OCHOBHOMY OOMEXYIOTHCS 3aCTOCYBaHHSIM B
yaeTpadiabTpanii, a8 SKUX IiepeBara B ONOpy A0 3a0pyaHeHHs MeMmOpaH uyepe3 mo0pi
TiIpoAMHAMIYHI YMOBH IEepeBaxkae ix BapricTh [3].

TpyOuactuit ¢insrpyBansuuii enemeHT (TDE) mnpeacrarmse coboro 3MiHHUN 1 3a3BHYal
HEpO3’€MHUI By30J amapariB AJisi MPOBEICHHA 3BOPOTHHOTO OCMOCY 1 ynbTpadinbTparii, Mo
CKJIA/IA€ThCS 3 HAMIBIPOHUKHOT MEMOpaHu 1 ApeHa)KHOro Kapkacy. J[peHaxHui kapkac BUKOHY€EThCS
3 TpyOKH, sika 3a0e31euye MIIHICTh €JIeMEHTa 1 BIIBIZICHHS TePMiaTy, 1 MIJIKOTIOPHCTOT ITi TOKKH, 110
BKJII0YAa€ BTUCHEHHS MEMOPaHU B IPEHAXHI1 KaHAIHU TPYOKH Mij Ji€r0 poO0Yoro TUCKy cyMimii.[9]

3a xoHcTpykuiero TOE AinaThCs Ha TPU THNH: 3 HANIBIPOHUKHOIO MEMOPaHOIO Ha BHYTPIIIHI
MOBEPXHI TPYOKH; 3 HATIBIPOHUKHOIO MEMOPAHOIO Ha 30BHIIIHIM MOBEPXHI TPYyOKH; 3 KOMOIHOBAaHUM
PO3MIIIICHHSM HaIliBIPOHUKHOT MeMOpaHu Ha TpyOi [§].

T®E 3 HaniBIpOHUKHOIO MEMOPAHOIO HAa BHYTPIIIHIM OBEPXHI TPYOKH Mae 3arajibHi AJisi JaHOTO
TUIy TIepeBaru: Majla TeIUIOEMHICTh, HE3HAYHWU TiApaBIiuHUI Omip TOTOKY TepMiaTy, TapHi
riApoauHaAMIYHI YMOBU poOOTH MeMOpaHH, 3MOTa MEXaHIYHOI OYMCTKH €JIeMEHTIB BiJ ocamy 0e3 ix
pO30ipKH, 3aXUIICHICT, MEMOpaHU BiJl TOIIKOKEHHS i1 9ac ycraHoBku TDE B amaparu. Hemoniku
TaKoi KOHCTPYKLI{ IPOSIBIAIOTHCS B Maiil TUTOMil poOodiil moBepxHi MeMOpaH, IiABUILEHOT BUMOTH
JI0 TOYHOCTI (pOPMYBaHHS BHYTPIIIHBOTO AiaMeTpa Kapkaca(Tpyoku). Koncrpykuii 3 MmemOpaHoro,
PO3MIILIEHOIO Ha 30BHIIIHINA MOBEPXHI TPYOKH, Ae-(PaKTO € yAOCKOHAIEHOIO BEPCI€I0 MEPIIOTo THITY,
OCKIJIbKH BC1 HEJIOJIKH ITEPETBOPUIIH Ha TICPEBarH.

KombiHOoBaHe po3MillleHHS HAIiBIPOHUKHOI MEMOpaHH MiJBUIILYE THUTOMY pPOOOTY MOBEPXHI B
1,6-1,8 pa3u OiibIne, HXK B OMUCAHIN BUIIE KOHCTPYKITl. AJie B TAKMX KOHCTPYKIIISX YTBOPIOIOTHCS
3Ha4HI TipaBiiyHi omopu. BHacmigok mepeniyeHux BHIE HENONIKIB Ii KoHCTpykuii TOE He
3HAUTILTN ITUPOKOTO MTPOMHCIOBOTO 3aCTOCYBaHHSI.

3. Anaparu 3 QUIBTPYIOYMMH eJieMeHTaMH PYJIOHHOrO (cnipajbHoro) tumy. CripasnbHi (a0o
PYJIOHOBaHI, PYJIOHHI, CyBiliH1) MeMOpaHHI MOAY/i Ui 3BOPOTHOTO OCMOCY HaOyiy HaiOiabIIoro
MOUTMPEHHSI B CHCTEMAX IMTiATOTOBKH BOJW Y€pPe3 BUCOKY MTUTOMY MOBEPXHIO, MaITy MaTepiaJOEMHICTB,
BIZTHOCHY IIPOCTOTY B ekciutyarauii [10].

B ocHOBHOMY BOHM CKJaJalOThcs 3 MeMOpaHM 3 000JIOHKO0, IepMeaTHoOi TPyOKH, epMeaTHol
MPOKJIAJKHU Ta )KUBUIIBHOI IPOKJIAAKH [6].

B poGounx ymoBax, pO3AUTIOBAaHMI PpO3UMH TONAETHCS UEpe3 TOpEelb B HaMipHI KaHaIU
PYJIOHOBAHOTO MOJYJIsl, YaCTHHA PO3YMHY IIPOXOJUTH Kpi3b MeMOpaHy, yTBOPIOIOYHM IIepMear,
HOTpAIUIsiE€ B IEHTpaIbHy TpyOy 1 BIIBOAUTHCA 3 arapary. [HIa yacTuHa pO3YHHY PyXa€eThCsl B3IOBXK
MeMOpaHu 1 BUBOAUTHCA 3 1HIIOTO TOPLS MOAIYJS, YTBOPIOIOUM peTeHTar. B mporeci memMOpaHHOTrO
PO3/IUIEHHS KOHIIEHTpALlisl pO3UMHEHHUX PEYOBUH B MepMeari 3MEHIIY€EThCS, a B PETEHTATi 3pOCTae.
Kananu memMOpaHHOTO MOMIYJISI YTBOPIOKOTHCSI CITKOIO-CETapaTopa, sKa 3HaXOAUTHCS MK BUTKAMH
pynony [11].

PO3pi3HAIOTE YOTHPHU THIH amapaTiB 3 PYJIOHHUMH MEMOpDaHHUMH €JIeMEHTaMU: 3 PYJIOHHHUMHA
MeMOpaHHUMH €JIEMEHTaMHU 3 JEKUIbKOMa MakeTaMu Ta OJHIEI0 MEepMeaToBi/IBITHOIO TPyOKOIO; 31
CHUIbHO HaBUTHUMH pPYJIOHHUMH MEMOpaHHUMH €JeMEHTaMH;, 3 pYJIOHHHMHA MeMOpaHHUMHU
€JIEMEHTaMH 3 KIJIbKOMa IIepMeaToBiIBITHUMU TPYOKaMH; 3 pyIOHHUMH MEMOPaHHUMHU €JIEMEHTaMH,
10 MalOTh KaHaJK JJig 300py nepmeary.
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Xou MeMOpaHHi armapaty pyJIOHHOTO THITY 1 € HaliCy4acHIIINM METOJOM OYMCTKHU BOJIU, BCE WIE
3aIMIIAIOTHCSA ACTEKTH, AKi MOTPEeOyIOTh YIOCKOHAJIEHHS: BHCOKAa YyTIMBICTIO 10 3a0pyaHEHb,
notpebda y 3HaYHIN KITBKOCTI €HEprii, a TAKO)K 0OMEKEHHS B CEJICKTHBHOCTI Ta MPOHUKHOCTI [12].

4. Anaparu Ha ocHoBi ®EB 3 napajeibHMM po3MilleHHSIM BOJIOKOH. Ilepmuii amapar 3
MOPOKHUCTUMHU BOJIOKHaMH, po3poonenuid pipmoro “Dow Chemical” (CIIIA) OyB BUKOHaHUH Yy
BUIIIAZII KOXYXOTpyO4dacToro tertooOMinnuka. Takuii amapar 3a0esredyBaB MOMKJIHMBICTH IOJadi
PO3ILISIEMOTO PO3UMHY SIK 30BHI TaK 1 BCEpEIUHY Kalijisipa BOJOKOH. Amapar Mae KOpIyc 3i
HITYLIEpaMU JIJIs1 BXO/Y Ta BUXOAY PO3ALIAEMO HOTO PO3UYHHY 13 (prIaHLsIMU [T KPITUIEHHS 301pHUKIB
nepmeara i TpyoHux penriTok. [IopoKHUCTI BOJIOKHA y BUIJISII ITyYKiB PO3MIIIICHI B KOPITYyCi anapara
napajieabHO HOTo Oci, a B KiHIII BOJIOKOH 32 JJOTIOMOTO0 €MOKCHIHOI CMOJH 3aKpiIuieHi B TPyOHHUX
pemnitkax. Po3ainsiemMuii po3urH mocTynae yepes MTYyLep 1 PyXaeThesl B3IOBK 30BHIIIHHOI TOBEPXHI
BOJIOKOH. [lix Mi€ro THCKy YacTHHA PiITUHH MPOXOAMTH Yepe3 CTIHKH BOJIOKOH 1 MO iX BHYTPIIIHIX
Karijsipax BiIBOAUTHCA B 30ipHUKH, yTBOpIOtoUH (inbrpar. KoHIleHTpoBaHUM po3unH Oe3nepepBHO
BUBOJUTKCS 3 anapata. [13, 14, 15]

PosrsinyTuii anapaT Mae CyTTeB1 HEIOJIIKH, HAITPUKIIA]I, BITHOCHO HEBUCOKY IIIIBHICTh YITAKOBKH
MeMOpaH, CKIaJHICTh KPIIUICHHS 1 TepMeTH3alii My4KiB BOJIOKOH. TOMy B MPOMHCIOBOCTI Takui
arnapar Maiike He BUKOPUCTOBYETHCS.

Takux HemoumiKiB Hemae B anaparax 3 ®EB y Bursai omHoro mydka. BomokHa 310paHi B Iy4oK 3a
JIOTIOMOTOI0 HABUTOI HHUTKH, fKa OJHOYACHO 3abe3neuye HEOOXiTHUM 3a30p MK OKPEeMUMHU
BOJIOKHAMH, M0 TOKPAIy€E€ PO3MOALT BHUXITHOTO PO3YMHY BCEPEIWHI ITy4yKa BOJIOKOH. JlaHa
KOHCTPYKIIiSl JO3BOJIsiE€ 3a0e3MeuyBaTH pyX pO3AUIL€MOI PIAMHU HE TUIBKH 1O 30BHIIIHINM MOBEPXHI,
ayie i Mo KamiisipaM BOJIOKOH. B oMy Bumanky HEOOXiTHO 3MIHMTH MiJABOJ BHXIJHOTO PO3UUHY,
BiBON (hinmbTpaTa i1 KOHIEHTpaTa. | MiJBUIICHHS 1HTEHCHBHOCTI MEPEMILIyBaHHS BHXITHOTO
PO3UYMHY B amapat MOHTYIOTh PO3IMOALIEIY TPYOy, sIKa Ma€ B IEHTPAIbHINA YaCTHHI OTBOPH JJIs oAl
BUXI1JTHOTO pO34YMHY BCEPEAMHY IydKa BOJIOKOH [16, 17, 18, 19, 20].

Amnaparu 3 ®EB y Bumisi1i oqHOro my4yka BOJIOKOH MalOTh BUCOKY IIUIBHICTh YKJIAJKU MeMOpaH 1
HU3bKY MaTepiaIoOEMKICTh, OJIHAK HENOCTaTHS I1HTEHCHBHICTh MEPEeMIIlyBaHHSI PO3ALISLEMOTO
PO3YUHY 1 JKOPCTKE KpIIJICHHS BOJOKOH B TIEPETHHKAX, HE JIO3BOJSIOTh BUKOPHCTOBYBATH MaHi
KOHCTPYKIIi1 17151 0OpOOKH PO3YHHIB 1 OYUCTKH CTIYHHUX BOJI, 1[0 MAIOTh 3BaYKEH1 YaCTUHKHU.

BucHOBKH. AmnapaTv 3 IUIACKOKAMEPHUMH (QUIBTPYIOUYMMH €JIEMEHTaMH € IMPOCTUMH IS
BUTOTOBJICHHS, 3pyYHUMH JJI1 MOHTa)ka 1 €KCIUTyTallii, € MOXJIMBICTh IIBUAKOI 3MIHU MeMOpaH.
[TpoTre HeOMIKM TaKMX amapariB — 1€ LIEHTPaJbHI NEPeTOKH, SKI 3HWKYIOTh KOPUCHY Ta MUTOMY
oIy MeMOpaH 1 MOXXYTh OyTH MPUYMHOIO MICIIEBOi po3repMeTH3allii Ta MonajaaHHs pO3YHHY B
nepmiar. Aniapatv 3 TpyOHUMH MOJIYJISIMA MatOTh HEBUCOKY TEINIOEMHICTh, HE3HAYHUH T'1paBIIuHANA
OIlip MOTOKY IepMiary, rapHi I'JIpoAnHaMiuHi YMOBH poOOTH MeMOpPaHH, 3MOT'Y MEXaHIYHOT OUUCTKHU
eJIeMEeHTIB BiJ ocamxy 0e3 iXx po3Oipku. Hemomiku: mama mutomMa poOoda TOBEpPXHS MEMOpaH,
HiJBUIIEHa BUMOra  JI0 TOYHOCTI (opmyBaHHA TpyOku. CmipanbHi MeMOpaHHI MOAYNi -
HaliCy4yacHIINNA METOJ] OYMCTKH BOJH, ajie TaKl arapaTd MaroTh BUCOKY YyTJIUBICTh 10 3a0pYy/IHEHb,
notpely y 3HauHiil KiIbKOCTI €Heprii i OOMEXEeHHS B CEJIEKTUBHOCTI Ta MPOHUKHOCTI. AmnapaTu 3
MOPO’KHUCTUMH BOJIOKHAMHM MAalOTh CYTT€BI HEJOJIKU: BIIHOCHO HEBUCOKY UIUIBHICTH YIMAKOBKHU
MeMOpaH, CKJIQJHICTh KPIIUIEHHS 1 TepMeTH3allii My4yKiB BOJOKOH. BiIMiueHUX HEIOdIKiB 3HAYHO
MEHIIIe B amaparax Yy BHUIJIAAl OJHOrO myuka. Taki amapaTé MarOThb BHCOKY HIUIBHICTH YKIAAKU
MeMOpaH 1 HU3bKY MaTepiajJOeMKICTh, OTHAK HEIOCTATHs IHTEHCUBHICTh NEPEMIIlyBaHHS PO3YHHY 1
KOPCTKE KPITUICHHS BOJIOKOH B IMIEPETUHKAX HE JTO3BOJISIFOTH BUKOPHCTOBYBATH JTaH1 KOHCTPYKIIIT JJIst
00pOOKH PO3YMHIB 1 OUUCTKH CTIYHUX BOJI, 1[0 MAIOTh 3BaYKEH1 YACTUHKHU.
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Abstract

The paper describes the application of baromembrane method based on reverse osmosis (RO) process
and ultrafiltration processes for water purification. The advantages and disadvantages of four types
of membrane purification devices with different membrane layouts are analyzed. It is shown that the
efficiency of water purification in different devices depends on their structure and the type of
contaminants from which water must be purified.
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HNEPIOJAUYHA MOJAYA BYTJIEKUCJIOI'O I'A3Y J1JIS1 KYJIbTUBYBAHHSI
MIKPOBOJIOPOCTEM 3 METOIO IOI'O IEPEPOBKHA

Aabona BAJOBUYEHKO
Kuiscorkuu nonimexniunuu incmumym im. leops Cikopcbko2o
np. bepecreiicbkuit, 37, M. Kuis, 03056, Ykpaina
e-mail: vdovychenko.alona@lll.kpi.ua

Anomauin

Hocniooiceno uepaysanns enaugy 2azoeoi cymiwi, wo micmumo 5% gyanexucnozo eazy ma 95%
nosimps i 100% nosimps 3 pi3HOIO nepioouyHicmIo, 3 MemoI0 SUSHAUEHHS ONMUMATLHO20
CNiBBIOHOUIEHHS PedHCUMi8 Ol MakcumanvbHozo 3aceocHus CO2 Mikpogoodopocmamu 3a0is 1020
ymunizayii. Ilokazano, wo eapianm 2:2 200unu 0a€ HAUBUWY NUMOMY WBUOKICMb NPUPOCMY
biomacu.

Knrwouoei cnoea: oxopora HABKOMUWHBLO2O Cepedosulyd, eKOa02iuHi OI0mexHON02ll, 2a3086i
BUKUOU, BY2IEeKUCIUL 2a3, MIKDOBOOOPOCHII.

[Ipobrema BiIXOJIB TMOCTA€, BIAKOJM TPUBAE PO3BUTOK JIFOJICTBA, 1 B Haml 4acu HalOyBae
HebaueHnX macmTabiB. MikHapo/Ha CHUTFHOTA CHOAIBAETHCS, 1m0 Bukuau CO2 BiA CramtOBaHHA
BHUKOITHOTO TajinBa (6e3rnepeyHo HanOUIbIIe HKEPEIO BCIX BUKUIB) JOCATHYTH MIKY 10 HACTYITHOTO
poky. VY 3Biti Ilporpamu OOH 3 noBKUIIS 32 MMHYJIMH pIK 3a3HaueHO, L0 BiAMNOBIAHO A0
3aIJJAaHOBAHMX 3aXOJliB 31 CKOPOYCHHS BUKHUJIB IIMPOKE 3aCTOCYBAHHS BUAAJICHHS BYTJIEKHCIIOTO
ra3y (carbon dioxide removal) HeMHHYydYe, SIKIIO AKTyaJbHOIO JIMIIAETHCSA JIOBIOCTPOKOBA IIJIb
[Tapu3sbkoi yroau moao temneparypu [1].

3 METOI0 3HEIIKOKEHHsI BYIJVIEKHUCIIOTO Ta3y TPHUBA€ MOILIYK PILIEHb 1 3aCTOCYBaHHS PI3HHUX
MIIXO/IB, KOXKEH 3 SKUX Ma€ CBOi MepeBard 1 HeAodiku. TpuBae po3poOka OI0TEXHOJOTIH, M0
JI03BOJISITh BUKOPUCTOBYBATH MIKPOBOAOPOCTI /JIsl HOTJIMHAHHSL BYTJIEKHUCIIOT0 ra3y IUIIXOM BJIACHOT
KUTTETISIBHOCTI y IPOMHUCIOBUX MaclTadax.

Binomo, mo CO2 1o6pe po3uuHsETHCS y BOJI, HIBUJIKO 3aKUCITIOI0YM CEPEIOBHILE I HeaanToBaHi
KYJIbTYpH MIKPOBOZOPOCTEH MOXKYTh 3a3HaBaTH TAKMM YHHOM HOTO TOKCHYHOI ii. ToMy omHUM 3
HMOBIpHHUX crI0c00iB BUpIIIEHHS I1i€l MpoOsieMu € nepiojuyuHa nojaya razy. OCHOBHUM 3aBJaHHSAM
i€l poGoTH OyJIO JOCTIIKEHHS i MEepIOAMYHOI Mo/1a4ul BYTIEKHUCIOTO Ta3y 0 KyJbTypaJbHOTO
cepe/loBUINa 1 3’ICyBaHHA ONTHUMAIBHOTO PEXHUMY, 3 OISy Ha T€, 110 paHille IbOMY MUTAHHIO HE
npuaLIsIocs 6arato yBaru. Panime Oyno Bu3HayeHoO, MO 5% I0KCHIY KapOOHY € ONTHMAaiIbHOIO
KOHIICHTPAIIIEIO JIUIsl BUPOIYBaHHs MikpoBojopocteir Chlorella vulgaris [2].

JocniaxeHHs TpOBOAWIIOCHh B BEPTUKAIBHUX TpyOuaTux GorodiopeakTopax 3 podboyum o0’eMoM
2 1, 3 aeparmiero 0,5 n/xB. {7 1bOro BUKOPUCTOBYBAIM KYyIbTypy MikpoBogopocteir Chlorella
vulgaris, 3 moyaTKOBOIO KOHIIEHTpamiero 2,67 Mr/m (3a 3araabHUM XJIOPO(IIOM, METOI0M
cnekTpodyopuMeTpii), 10 MifJaBanack MOYEproBOMYy MEpiOJUYHOMY BIUIMBY Ta30BOi CyMilli
(Byriekucinoro ra3y 5% 3 moBiTpsIM) 1 OBITPS B PI3HUX YaCOBUX MpOHopuisx Bignosiaxo: 1:1, 2:1,
1:2, 2:2 roa:ron, a TaKOX BapiaHT 3 MOCTIHHOO MOIaY€er0 JIUIIIE Ta30BOi CyMillli, 3 HIYHOIO IEPEPBOIO
10 roguH. 3a TakOoro peXUMy IMOJavi 3araJbHOA000BE HAIXO/KEHHSI BYIJIEKHCIOTO ra3y OyIio
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pi3HUM B KOkHOMY Bumaaky: 7, 10, 5, 8, 14 roqun/no0y BiamosinHo (tabmuist 1). He3pakatouu Ha
BIJICYTHICTh 3HAYHHX KOJIMBaHb KUCIOTHOCTI, SIKa BapitoBaiach BiJ 5,6 Ha MOYaTKy €KCIIEPUMEHTY 1
1o 6,3-6,5 Ha W’ATHH JIeHb, MUTOMA IIBUIKICTH HPUPOCTY 3HAYHO pi3HMIACA, 1 Oyjia HaMBHIIOKO
MIPOTSATOM BChOTO Tepioay y BapianTi 2:2 — Big 0,027 no 0,018 mxr/n-roa. Tpoxu MOBUIBHIIION, aje
CXO0O00 OyJ1a MBUIKICTH MPUPOCTY Yy BapiaHTIB 2:1 Ta 3 MOCTIHOIO moaauero ra3oBoi cymimri — 0,017
MKT/JI'TOJl, HAUTIPIIMK Pe3yJIbTaT BUSABUBCA y nepmomy 3pazky 1:1 — 0,013 mkr/m-ron (MaeTbes Ha
yBa3l OCTaHHIN JIeHb KYJbTUBYBaHHS, IIPOTHO30BAHO MOCTYIOBE ii 3HMKEHHS B MPOIECI IPUPOCTY
6iomacu) (pucCyHOK 1).

Ta6auus 1. [lepiognyHicTs moJaui ra3oBOi CyMilIi Ta MOBITPs. 3araabHOA000BUIl yac mojadi
ra3oBoi cymimii, mo Mictutb 5% CO2 1 95% noBiTps.
Mepioqu CO2 : moBiTpss, 3araasnmii yac mogayui CO2 (5%0),

Ne 3pazka roj : roj roa/nooy
1 1:1 7
2 2:1 10
3 o0 14
4 1:2 5
5 2:2 8
0.03
=4
=]
£0,025
iz
2
-~
. 0.02
] 3 —3
£ 0.015 —
=
5
20,01
=
% 0.005
= 0 :
0 6 18 28 42 53 66 76 Q0 100 114

ac. TOIHH
Puc. 1. 3anexHicTh MUTOMOI IIBUAKOCTI MPUPOCTY OIOMAcH BiJl 4acy KyJIbTUBYBAHH 3a Pi3HOT

NEePiOUYHOCTI MoAayi ra30Boi cymirii, o MIcTUTh 5% CO2 1 95% noBiTps.

Takum 4MHOM OYJI0 3°5ICOBAHO, IO 32 JIAHUX YMOB JUIsS ONTHUMAJIbHOIO 3aCBOEHHS IMOJIABaHOI
cymiti rasiB 3 5% CO2, HallkpaluM pexXxuMoM OyJie YepryBaHHs FOJIUH «TOJYBaHHS» Ta «CIIOKOIO»
2:2, OCKIJIbKM B TAKOMY pa3i MIBUIKICTh MPUPOCTY OiOMacH, a OT)KE 1 3aCBOEHHS BYTJIEKHUCIIOTO Ta3y
Oyzae HaiiBumoro. Kpim Toro, 3a nepeHacMYeHHs KyJIbTYPaJbHOI'O CEPEIOBHUIIA, HEBUKOPUCTAHUI
MIKPOBOJIOPOCTSIMU BYTJIEKUCIMHA Ta3 TMOTparuisie y HaBKOJMIIHE CEpeAoBUINEe 1 TMOTpedye
BJIOBJIIOBaHHSI Ta MOBTOPHOT'O MPOMYCKAaHHS B KyJbTypallbHE CEPEOBHUIIE A OUIBII MOBHOI HOro
yrumizanii. Tomy 3a/u11 yHUKHEHHS JOJATKOBUX BUTPAT 1 JIOCSITHEHHS IOCTABJICHOT METH JOLIJIBHO
BUKOPHUCTOBYBaTH nepioanyny noaayy COo.
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Abstract

Investigation describes the alternation effects of a gas mixture containing 5% carbon dioxide and 95%
air and 100% air with different periodicity, with the aim of determining the optimal ratio of modes
for the maximum assimilation of CO2 by microalgae for its utilization. It is shown that the option 2:2
hours gives the highest specific rate of biomass growth.
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Anomauin

Hana poboma npucesuena oyinyi egexmueHOCmi 3aCMOCY8anHs eiekmpodhiomayii i3
BUKOPUCMAHHAM AIIOMIHIEB020 AHOOY OJis BUNYYEHHS HAGMU 3 MOOENbHUX 00HOHADMOBUX PO3UUHIE
PpizHOI Minepanizayii (conboeozo emicmy). Enexmpogpromayitina 0opobxa 600HoHaAhmosux emynvcii
3abe3neyye 00CUMb BUCOKULL CMYNIHb 6uoaienHs Hagmu, wo € Ha pieui 98,6-99,9 % 3
3ACMOCYBAHHAM ANIOMIHIEBO20 eleKmpody npu anoOuill winbocmi cmpymy 1,65—-7,39 A/om? ons
Mmooenvrux cononux 600 ma 0,07-0,50 A/Om? 0na modenvrux npichux nagpmoemicuux 600. Haiikpauyi
pe3yrbmamu 00CA2AI0MbC NPOMALOM neputux 15 xeunun 00pooKu 600HUX HADMOBMICHUX POZUUHIS.
Hocniooicenns noxazye, wo eghekmugHicmo ULY4eHHs Haghmu 3 600U 3aiedcums 6i0 il Minepanizayii
(emicmy NaCl): 6 cononiii 600i npoyec ouuwenns npoxooums epexmueniwe. Pasom 3 mum,
cnocmepieaemvcs 3MeHUuleHHs: KOHyeHmpayii Xnopud-ionie ma 3pocmanHs pH cepedosuwa 6
00pob.enux enekmpoghromayicro 600ax.

Knrwouoei cnoea: nagpmosmicni 600u, ouuujeHHs: 600U, JIAIbHI 600U, eleKmpogiomayis,
AIOMIHIEBULL AHOO.

[TpoGnema 3a0pyaHeHHsS Tigpochepu MOCTae Bce OUIBII TOCTPO 3 3POCTAHHSIM CBITOBOTO
cynHoraBcTBa. OHUM 3 OCHOBHUX JIKepen 3a0pyIHEHb BOAHOTO CepeIoBUIIA € HA)TOBMICHI BOJIH,
10 YTBOPIOIOTKCS B MPOIIECI EKCIUTyaTallii BOJHOTO TPAHCIIOPTY. 3a0pyIHEHHS TOBKILIS HA(TOIO Ta
HaTONMPOAYKTaMHU MPU3BOJIUTH A0 MOPYLIEHHS €KOJIOTIYHOi pIBHOBaru Ta MPUPOJHOro OanaHCy
exocucrem [1-3].

[cHYIOTH TIpaBOBI BUMOTH MIOAO IOBO/DKEHHS 3 CTIYHMMH BOJAMH 3 CYJACH, IO BHU3HAYEHI
HAI[IOHATFHUMH Ta MIXKHAPOJHUMU JOKyMEHTaMH. JJOKyMeHTaMu JIep)KaBHOTO PiBHI IIO/I0 3aXUCTY
BOJIHOTO CEepeOBHINA TiepeadadeHa MoBHa 3a00pOHa MO0 CKUIAHHS 3a0pyTHEHHUX, B TOMY YHCIi
Ha(TOBMICHUX, BOJ y BoJHI 00’ekTh. Ille omuum 3 nokymeHTIB € MixkHapoJHa KOHBEHIIIS MO0
3amobiranns 3a0pyaHeHHi0o Mops 3 cydaeH (MAPIIOJI-73/78) [4], 3rimHO 3 sAKOI J03BOJSETHCS
CKUJATU y MDKHAPOJHUX BOJaX 3a OOPT OUMILEH] JUTSUTbHI BOAM 3 KOHIEHTpPALi€l0 HaPTOMPOAYKTIB
e 6inpmre 15 ppm (15 mr/mv®).

OaHUM 3 OCHOBHUX BHUIIB Ha(TOBMICHUX BOJ CYICH € JUISJIBHI BOJH, IO XapaKTePU3YIOThCS
pi3HOMaHITHUM MopdosoriunuM ckiagoM. Hadronpoayktu B JaHUX BoAax mepeOyBaroTh y pPi3HUX
CTaHaX HEPO3UYMHEHOMY, €MYJbrOBAaHOMY, KOJOITHOMY Ta pPO3UYMHEHOMY CTaHax. BwicT
HaQTOMPOIYKTiB cknamae y cepemxapomy 2000-3000 ppm (2-3 r/mm°). pH nammx Box mepeGyBac B
Mmexax 5,9-8,5. Came 11i MOKa3HUKY 1 BU3HAYAIOTh HAMO1IBIT e(heKTUBHI METOIU iX OUHIIICHHS.
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OCHOBHI METOJIM OYMILEHHS HAPTOBMICHUX BOJ PO3MOAUIAIOTH Ha (i3WyHi, XiMi4YHi, O10JI0TI4HI
MeToaM Ta ix koMOiHamii [5]. Bci MmeTonu MaroTh SIK psi IepeBar, Tak i HeIOMiKiB.

Cepen Cy4acHUX METOJIB OYMILEHHS BOJ JOCHTh NEPCHEKTUBHUMHU € €NEKTPOXIMIYHI METO.H,
30Kpema enekTpodoTais, U0 BiA3HAYAIOTHCS BUCOKUM CTYIEHEM BUIIYYEHHsS 3a0pyIHIOBAYiB,
MIBUJKICTIO OOpOOKM Ta KOMIIAKTHICTIO YCTAaTKyBaHHs. Pa3oMm 3 TuM, s e(eKTUBHOro ix
3aCTOCYBaHHS JIOIIIbHO BPaXxOBYBaTH SKCILIyaTalliiiH1 TapaMeTpH eJEKTPOXIMIYHHUX MPOIIECIB.

Metoro naHoi poGotu Oyma omiHKa e(QEeKTUBHOCTI eNeKTPOQIIOTAIHOTO OYHUIICHHS
Ha(TOBMICHUX MOJICIIFHUX BOJI BiJl TOJIFOTAHTY — HA()TH 3 IOIOMOTOI0 AJTFOMIHIEBOTO €JICKTPOIY

B naniii po60Ti 6y10 BUKOPUCTAHO OJHOKAMEPHUIA eneTpoizep 06’emom 500 cm® Ta miomamu
KaToy Ta enekTpoay Sa=Sk=0,26 M. Mik miacTHHAMHE BiicTaHb Oyna BcTaHoByieHa 6,5 cm. Katon
MPEJICTABICHUI METAJICBOI0 IUTACTUHOIO 3 JieroBaHoi crami 12X18HI10T, anom — amoMiHieBa
miacTuHa. Y po0oTi Oy10 BUKOPHUCTAHO MOJICIbHI BOJAHO-HA(TOBI pO3YMHU pi3HOTO cojieBMicTy (1 —
100 mr/am® HadTu, 200 Mr/am® xnopuy Hatpito; 2 — 100 mr/am® madtr, 30 r/am3 Xmopuy HaTpiio).
Enextpoiz 6yo poBeaeHo 3a aHoaHoi minsHocTi crpymy 0,07 — 7,39 A/am? Ta manpysi 10 — 20 B.
EnekrpoduioTariito mpoBoAUIN MPOTIroM | TOAMHH, BiOMparoyu KoXKHI 15 XBHIMH mpodu Ta
BU3HAUAIOYM Yy BiA(DIIBTPOBAHUX MpoOaxX 3aJMIIKOBY KOHILEHTpalilo HapTtu y Boal (CTymiHb
OYMIICHHS ), KOHIICHTPAIIiI0 XJIOpUI-ioHiB Ta pH cepemoBumia.

Ha pucynky 1 npencrasneno rpadiku 3MiHH KOHLIEHTpalii HaQTH y IOCIIIKyBaHUX BOJaX Ta
3MiHHU CTYIIEHIO OYHIIEHHS Ha()TOBMICHUX BOJ] 32CTOCOBYIOUH €JIEKTPO(DIIOTAIIIO 3 BUKOPUCTAHHAM
AITFOMIHIEBOTO €JICKTPOJTY.

5 - - 100,5
4,5 - L 100
4 1 L 99,5
35 1 L 99
s 37 98,5
T 25 - TR
= [ 98 N
S 2
o i
15 97,5
1 L 97
05 - - 96,5
0 96

15 30 45 60 T, x8

——-1 —A3 -4--5 -=--7 —@—2 —A—-A4 -4--6 --8--8

Puc.1. 3umxenns koHueHTpauii HadTu y Boai (1, 3, 5, 7) Ta niABUILIEHHS CTYTEHIO OYHUILEHHS
Bozu (2, 4, 6, 8) 3 yacom enekTpodoTanii BogHoHaGTOBUX posunHiB (100 mr/am® HadTu, 30 T/aM°
NaCl (1, 2, 3, 4);100 mr/nm® madTh, 200 mr/am® NaCl (5, 6, 7, 8)) B onHOKaMepHOMY eeKTpoITi3epi
(U=10B (1, 2, 5,6); 15B (7, 8); 20 B (3, 4); j=1,65 Almm? (1, 2); 6,69 A/nm? (3, 4); 0,37 A/nm? (5,

6); 0,36 A/nm? (7, 8)) IpH BUKOPHCTAaHHI aTIOMiHIEBOTO aHOTY

Ak BinoOpakaloThb pe3yJbTaTH TOCTIIKEHHS €JIeKTpOQIIOTAallisl T03BOJISIE JOCATTH BHCOKOTO
CTYNEHIO BHJIyYeHHs HaTH.
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EnextpoduoTaniss cuIbHOCOIBOBUX BOJHOHA(PTOBUX poO3uMHIB 3a (hikcoBaHoi Hanpyru 10 B
J03BOJISE 3MEHIIUTH KOHIIGHTPAILifo 3a0py HIoBaYa (HadTh) 3a 15 mepmux XBuanH 110 2,52 Mr/maMe,
CTYHiHb OYMIICHHS BOIU NpH LboMmy ckiamae 97,48 %. IlponosxenHs vacy enekrtpodiorartii
3Menmye BmicT HadTH 10 0,51 Mr/ame (cTyminp BumaneHas — 99,49 %). [Tixpumenns Hanpyru 10 20
B 3a0e3mneuytoTh 30iIbIIeHHS €(PEKTUBHOCTI BWIy4YeHHS Ha(TH 3 BOAM BABIYI, IO BiAIMOBiNAIO
CTYNEHIO OYMILEHHS Yyepe3 roauny npouecy 99,49%.

3acTocyBaHHS TPOIECIB eleKTpodoTallii aas OYMIIeHHS C1ab0COIBOBHX BOJHO-HA(PTOBUX
PO34YMHIB BiA3HAYAETHCS Kpallol e(eKTUBHICTh MOPIBHSIHO 3 CHJIBHOCOJIHOBUMU PO3YMHAMU. 3a
¢ikcosanoi Harpyru (U=10) mpoTsrom mepimux 15 XBHIUH IOCATA€THCS 3HUKEHHS KOHLIEHTpAIi]
HadTu 1o 1,67 mr/mm® ( crymins oummenns — 98,33 %), 3 IPONOBKEHHAM 4acy exekpodoTarii
BiZIOyBa€ThCS NOJAIIBIIE BUIYYECHHS 3a0pynHIOBava (HaQTH) 10 3HAUYEHb 3IMIIKOBOT KOHIIEHTpAIi]
uepe3 1 roauny — 0,15 mr/am® (cTymiab ounmenns — 99,85 %). IlinBUIIEHHS HAIPYTH B HpPOIIECi
eseKTpo(hIoTaIiiftHOT 00POOKH MOIEIbHOT HAPTOBMICHOI MPICHOT BOJH HE TiABULIIIIO €PEKTHBHICTH
OuuIIeHHs BoAM. Pa3oM 3 TuM, B JaHUX PO3UMHAX PO3YMHAX Bi0OYBaBCS 3HAUHUU OIIp B CUCTEMI.
Cuna crpymy y nbomy Bumanky ckianana 0,07-0,1 A npu manpysi 10—15 B.

Takox, mija yac enekTpoduIoTaliitHoi 00poOKH BOIU 3 BAKOPUCTAHHSIM aJIOMiHIEBOTO €JIEKTPOIY
B JOCHIDKYBaHHX Tpo0Oax OyJ0 BCTAaHOBJICHO 3AJIMIIKOBY KOHIIEHTpAIl0 XJopHI-ioHiB Ta pH
CepeoBHINLA, Pe3yIbTaTH MIPEAICTABICH]I HA PUCYHKY 2.

25 - - 9

20 4 - 8,5
mE B 8
§ 15 -
— B 715 :5_
)
= 10 -

- 7
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0 — e s VR a— - 6

15 30 45 60
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Puc.2. 3mina konnenTpariii xmopuai y Boai (1, 3, 5, 7) Ta pH cepenosuma (2, 4, 6, 8) 3 vacom
enextpodoTarii BogHoHahToBHX posunHis (100 Mr/am® maptr, 30 r/am® NaCl (1, 2, 3, 4);100
mr/nm Hadn, 200 mr/mv® NaCl (5, 6, 7, 8)) B onqrokamepHOMY enextporizepi (U=10 B (1, 2, 5, 6);
15B (7, 8); 20 B (3, 4); j=1,65 A/nm? (1, 2); 6,69 A/mm? (3, 4); 0,37 A/mm? (5, 6); 0,36 A/nm? (7, 8))
IIPY BUKOPUCTAHHI aJIFOMIHIEBOTO aHOY

JlanHi nOCHiIKeHHs, 10 IpeACTaBieHl Ha rpadiky, BifoOpakaloTh pe3yJbTaTH 3MEHLICHHS
KOHIIGHTpallil  XJIOPUA-IOHIB, 1[0  OOYMOBJEHO  ENEKTPOXIMIYHHUMH  PEAKIisIMH, IO
CYNIPOBOJIKYIOThCSI yTBOPEHHSIM KHCHIO Ta/a00 aKTUBHOTO XJIOPY:
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2H,0 — 4e = O, + 4H* 1)
2CI"— 2e = Clt 2)

[Tpu 06poOIi cOMpOBUX BOAHOHA(TOBHX MOJENBHUX pPO34MHIB, 3a Hampyru 10 ta 20 B Ta
HIUTBHOCTI cTpyMy 1,65 A/nm? Ta 6,69 A/nm® HaiOLIbIIE 3HIKCHHS KOHIICHTpaIlii XJIOpHI-10HIB 13
30,0 r/am® mo 20,1 t/am® Ta 21,5 r/om® BiIOYJIOCH TPOTATOM Mepiioi uBepTi roguuu. [lomambima
00poOka Boau enerpoduioTalicro He BigoOpaswia 3HAYHOTO IMOKpaIleHHs pe3ynbTaTiB. OO0poOka
NpPICHUX BOAHOHA(TOBUX MOJICIBHUX PO3YMHIB enerpoduioTauieto, 3a Hanpyrd 10 B 1 15 B Tta
miineHOCTI cTpyMy 0,36 A/nM? 3abesrneumna 3HIKEHHS KOHIEHTpAIi XJIOPUI-iOHIB IPOTATOM
rogunu i3 200 mr/am® 10 100—113 mr/am® 3HmKeHHs KOHIEHTpALii XI0pUI-ioHiB

Enextpoduorartiina 00poOka HadTOBMICHOI BOIM TaKOX CHpHsUla TMiaBHINeHHIO pH
Cepe/IOBUINA, IO OIMCYETHCS ENEKTPOXIMIYHMMHU pEaKILisAMHU, SKi BiIOYBalOThCS HAa KaToOIi 3
YTBOPEHHSM BOJIHIO Ta T1POKCH/I-aHIOHIB:

2H* +2e — Hat ?)
2H,0 + 2e — Hat + 20H" @)

3a nanpyru 10-20 B npu enexrpoduoranii pH 3a nepmri 15 xBunun 36inemminocs 3 6,25 ta 6,65
1o 8,1 3a roauHy JUIS CUJIbHOMIHEpati30BaHoi BoAM, Ta 3a Hanpyrul0—15 B pH 3 8,5 Ta 8,6 (nepmui
15 xB) 1o 8,65 Ta 8,75 3a roguHy I c1aboMiHepaTi30BaHUX BOJ.

Otrxe, 4k BigoOpakaloTb pe3yibTaTd  JOCHKEHHS  elekTpoduoramiiiHa  oOpoOka
BOJHOHA()TOBHX DPO3YHMHIB Pi3HOI MiHEpasizalii 3 3aCTOCYBaHHSIM AaJTIOMIHIEBHX EJIEKTPOMIIB 3a
aHOJIHOT IIIIBHOCTI cTpyMmy 1,65-7,39 A/nm? Ta nanpyru 10 B 1 20 B ans cononux Box ta 0,07-0,50
A/mv? Ta manpyru 10 B i 15 B 114 npicHux Boj 3a0e3medye J0CHTh BUCOKHIA CTYMiHb OUHIIEHHS
IaHUX BOJ Skuii cknagae 98,6-99,9 %.
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Abstract

This work is devoted to evaluating the effectiveness of electroflotation using aluminum anode to
extract oil from model water-oil emulsion of different mineralization (salt content). Electroflotation
treatment of water-oil emulsions provides a fairly high degree of oil removal, which is at the level of
98.6-99.9% using an aluminum electrode with an anode current density of 1.65-7.39 A/dm2 for model
salt waters and 0.07-0.50 A/dm2 for model fresh oil-containing waters. The best results are achieved
during the first 15 minutes of treatment of aqueous oily solutions. The study shows that the efficiency
of oil extraction from water depends on its mineralization (NaCl content): in salt water, the
purification process is more efficient. At the same time, there is a decrease in the concentration of

chloride ions and an increase in the pH in the waters treated with electroflotation.
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BIIIMB EPEKTUBHOCTI POBOTH OBOPOTHUX CUCTEM OXOJIO’KEHHSI
TEIIVIOEJIEKTPOCTAHIIN HA BEJIMYUHY BUKUAIB TBEPAUX YACTHUHOK

Baxepiii TA€BCbKHM, Biktop ®PUJTAITUYYK
Hayionanvuuil ynisepcumem 800H020 20cnodapcmea ma npupoooKopUCcmy8aHHs;
Byn. CobopHna, 11, m. PiBue, 33000, Ykpaina
e-mail: v.r.haievskyi@nuwm.edu.ua

Anomauin

Y pobomi okpecneno ocnosHi ekxonociuHi npobremu 8y2ilbHOI Mennogoi enepeemuxu, SKi
NoJA2a0OMb y 3HAYHIU KiTbKOCMI WKIONUBUX BUKUOIE 8I0 CNANIIOBAHHSL 8Y2LLIsL MA Y ENUKIU KIIbKOCMI
BUKOPUCMAHHSA 800HUX pecypcis. Ha ochosi banancosux cnisgionouieHb nOpaxo8ano piuHy KilbKicms
BUKUOI8 MBEPOUX YACMUHOK 0151 mennoeoi erekmpocmanyii (TEC), nomyacuicmio 2500 MBm ma
000amKo8y KiIbKicmb BUKUOI8, NO8’A3aHy 3 HeegheKmugHowo pobomorw o0b6opomHoi cucmemu

oxon00xcenns (OCO).

Knrwouoei cnoea: mexnoekonoeis, 8y2ilbHi Meniosi enekmpocmanyii, po3paxyHox WKIOIUGUX
BUKUOIB, KOHOEHCamopu naposux mypoin, 000pOmMHi CUCIEMU OXONOO0HCEHHSL.

Crparerist €KoJIOTIYHOTO po3BUTKY Ykpainu 0 2030 poky mepenbauae MiJBUILEHHS I1HIEKCA
exosoriunoi edexruBHocti (Environmental Performance Index, EPI) Ta 3MeHIIeHHS eHEProeMHOCTI
BBII 3 0.286 xr (2020 pik) g0 0,186 kr (2030 pix) ymoBHOro nanusa (y.m.) Ha oaun goxap CIIA [1].
OCKUIbKH OJHIEIO 13 HAUOLIBIIT €HEPrOEMHUX Tally3ed MPOMHUCIOBOCTI € €HepreTuka, TO 3ajada
eHepro- i pecypco3bepekeHHs 0e3MocepeIHhO0 CTOCYEThCS IIi€T Taly3i 1 BUPIIICHHS [UX MpodiieM
HEOJMIHHO MPUBOAUTH JI0 3MEHIIECHHS €KOJIOTTYHUX PU3UKIB. 3 TOUKH 30py €KOJOTIUHUX MPOOIieM
€JIGKTPUYHI CTaHLIi MOBHHHI BIAMOBIIATH EKOJOTIYHUM HOpMaTuBaM [2], NOTPUMaHHS SKHX
HEOJAMIHHO OyJie MPUBOJIUTU JIO pecypco- 1 eHeprozoepexeHHs. JJisi BUPOOHHUIITBA €IEKTPUYHOT
eHeprii BUKOPUCTOBYIOTh Pi3HI TUIHM €HEPrOr€HEPYIUnX CUCTEM, OCHOBHUMH 3 SIKUX B YKpaiHi 3a
ocTaHHi poku Oyo [3]:

- aromHEX enekrpocranuiid (AEC) — 53,90%;

- TEIUIOBHX eJleKTpocTaHIlii Ta TerioenektporenTpaiei (TEC i TEL]) — 36,20%;

- rigpoenektpocraniiii ('EC i TAEC) — 5,10%;

3aranbHa kumbkicth TEC 1 AEC B Vkpaini Omuspko 50. SIKmio po3risgaTH  TeIUIoBi
€JIEKTPOCTAaHIii, TO BUPOOHHYA MOTYXHICTh OKpeMux eHepro6sokiB TEC pi3Ha i1 3HaxoauThes y
mexax Big 150 MBt no 3600 MBT. /{5t poO0oTH €1eKTpUYHUX CTAaHIIA OCHOBHUMH MPUPOTHUMHU
pecypcamu € nanuso i Bojaa. EgextuHa podora TEC morpedye mocTiiHOro BiiBEJEHHS TeIUIa B
HABKOJIUIITHE CEPEIOBHUIIE, KUIBKICTh SKOTO CTaHOBUTH mpuOmm3Ho 1 JIk BigBeAeHOI TETIIOBOI
e”eprii Ha 1 JI>x BUpoOJieHOi enekTpoeneprii. Taka Benuka KUTbKICTh BiZIBEIEHOTO TeIlIa 0€3 CyMHIBY
CYTTEBO BIUIMBAE HA €KOJIOTIYHUH CTaH HABKOJIMIITHBOTO cepenoBuia. OCKiIbKY B cepeTHhOMY Ha |
JIx BUpoOIeHOT eneKTpoeHeprii BUTpavaeTbes O0nu3bko 2,5 JIk eHeprii 3ropsiHHS HajluBa TO L@
MPU3BOIUTSH /10 BUKUIB B aTMOC(EpPy BEINYE3HOT KUIBKOCTI MIKIJIMBUX BUKUAIB Y BUTJIS1 TBEPIUX
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BiIXOiB 1 raziB. OCHOBHA YaCTHHA BUKHIIB MKiUTUBHX pedoBrH TEC BITHOCUTHCS 10 MAPOCUIIOBOI
YacTUHU (IUB. pucC.). Y iX CKIaal TBEpAl YaCTUHKH (30J1a), JIOKCUJ a30TY, JIOKCH CIPKH, OKCHJI Ta
JTIOKCHJ BYTJICILIO T4 BUKUAM TeIuia. BOHM PO3MOBCIOIKYIOTChSI HA BEJMKI BIICTaHi, 110 CKJIAAAI0Th
JIECSATKH, COTHI 1 HaBITh TUCSAYl KUTOMETPIB, 110 B CBOIO YEPr'y CYTTEBO IMOPYIIYE SK pEriOHATIbHUM
TaK 1 3araJbHUN EKOJIOTIYHMUA OanaHC MOBKUUIA. YacTMHKOBE 3a0pyJHEHHS HAaBKOJIHUIIHBOTO
CEpe/IOBUINA € OAHUM 13 HAWBIUIMBOBIMIMX HeraTWBHUX (akTopiB. Tak, Oym3bko 30-40% macwu
CHATIOBAIBHOTO BYTUILJIS BUKUIAETHCS Y HABKOJIUIITHE CEPEIOBUIIC Y BUTJISIII 30JIM Ta IHIITNX TBEPAUX
YaCTHHOK.

B ocranni poku TEC Ykpainu Bupobnsm 6insiie 39 mua. MBrroa enekrpoeneprii [3]. dost
pizaux tuniB TEC B cepenqabomy Ha 1 MBTTO1 BUp0oOGieHoi enexkTpoeHeprii Butpadaerbes 150 - 300
M3 BOZIH i Iie PU3BOUIIO 0 PiYHOTO BUKOPUCTAHHS BOJHHUX pecypcis Gimbmie 5,9 mupa M3 Bou 3
SIKOT KUIBKICTH CBIXKOI Boau ckiamae Omu3pko 10-20%. OcHoBHa udactuHa cooxutoi Bogu TEC
(6mu3bko  85-90%) BuUKOpUCTOBYETHCS 00OpoTHHUMH cuctemamu oxosiomkeHHs (OCO). OCO
BUKOPHUCTOBYIOThH OJU3BKO 5,3 MIIpA M° BOJIH 1 IIOHAMEHIIIE 0,6-0,8 mup. M° CBIYKOI BOJIH 32 pik. 3
TOYKH 30py 3arajlbHOTO 1 30aJIaHCOBAHOTO MPUPOJOKOPUCTYBAHHS BHUKOPUCTAHHS TAKOi BEJIMKOI
KUTBKOCTI BOJIHUX PECypCiB CyTTEBO BIUIMBAE HA CTAH HABKOJMIIHLOTO CEPEIOBHUIIA. 3BIICH CIIIYE,
mo eexTrBHA i eKoHOMiYHa poboTa OCO MpU3BOAUTH 0 3HAYHOTO 30€PEKEHHS BOAHUX PECYPCIB
1 30a1aHCOBY€ EKOJIOTIUHY SIK PETiOHANBHY TaK 1 TNI00aIbHy CUTYAIIIO.
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Puc.1. Cxema ekonoriyHoro BIUIMBY napocuiioBoi yactuu TEC.
AT — numoBa Tpy6a; 3B — cucrema 3onoBnosmoBanHs; KA — kornoarperat; XKH —kuBuibHUH Hacoc;
TA — typ6oarperat; I' — renepatop; KT — konaencarop typ6iau; OB — oxonomkyroda Boja
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Opnum i3 HeratuBHUX (akTopiB podotu TEC € HemooxonoIKeHHS KOHJIEHcaTy (HemorpiB
0XO0JIO/KYBaIbHOI BoaM). HemorpiB oxomnomkyrouoi Bogu OCO 30u1blIye THCK B KOHJEHCATOPI
TypOiHHU 1 TAKUM YMHOM 3HIDKY€E KoedimieHT KopucHOi Aii sik camoi TypOinu Tak i Beiei TEC, mo npu
CTaJIOMy BUPOOITKY €JIEKTPOSHEPTIi Ha CTIIBKH K 301IbIIY€E CIOKMBaHHS nanuBa. [Ipu 3011bIIeHH]
BUKOPUCTAHHS TMaJluBa 30UIBIIYETHCS KUIBKICTh BUKHUIIB TBEPIUX UYACTHHOK, IIO B CBOIO YEpry
NPUHOCUTH CYTTEBUH HETATUBHUH BILUIUB HE HABKOJIUIIHE CEPEIOBHIIIE.

Takum uyuHOM, npu HeedekTuBHi podoTi TEC, BUKMAaeThcs 30iiblIeHa KUIBKICTh TBEPIMX
YAaCTUHOK Yy HaBKOJIMIIIHE CEPEJOBUIIE 1 PO3PaXyHOK Ta KOHTPOJb i€l 301IbIICHOI KUJIBKOCTI €
Ba)XJIMBOIO €KOJIOTIYHOIO 33/1a4€CH0.

MeTtoro naHoi poOOTH € po3paxyHOK KiUTBKOCTI BUKHIIB TBEpAUX YacTUHOK Ha mpukiani TEC,
notyxHicTio 2500 MBT 1 o1iHKa BIUIMBY HEIOCTaTHRO ePekTuBHOI pobotn OCO Ha mapocuiIoBy
yactuny TEC (nuB. puc.) 1 3011bII€HY KUIBKICTh TAKMX BUKHUJIIB.

MacoBa KiJIbKiCTh BUKHIIB TBEPAUX YACTHHOK BU3HAYAETHCS 3a CITIBBITHOIICHHSIM [4]:

p
M_=107-B- AP+ Qe (1-m.), 1
TB O'BK q4 32,682 ( T]B) ()

ne B — Butpara nanusa, (oa.Macu)/(011.4acy); O — J0JI 30JIM Y BUKHI; AP — 30JBHICTE Ha poOouy
Macy, %; q4 — BTpaTH TCIUIOTH BiJ] MEXaHIYHOT HETIOBHOTH 3ropsiHHS; Q4P — HMKYa TeII0Ta 3TOPSHHS,
M/Ix/xr; 13 — KK/ 30;m0B110BIIOBaHHs. BTpaT Bin MeXaHI4YHOT HEMOBHOTH 3TOPSIHHS (4 BU3HAYAIOTh
3a creliaTbHIMH HOMOTpaMaMu a0o0 3a CIiBBIIHOMICHHSM [S]:

A".C -a,

- 32,862 , 2
q, o 006 ) 2)

ne Cr — BMICT TOPIOYHX Y JIeTIOUii 3071, % [6] 3 BpaxyBanHaM (1) i (2) 3anumemo:

C
M_=107Ba A°|1+K.|—= ||1-n.), 3
. . wo-c )|t ©

ne K — KkoHcTaHTa, 110 3aIeXUTh BiJl OAWHUIL BUMIPIOBaHHS TEIJIOTH 3ropsHH. 13 (3) BUaHO, 110
KUTBKICTh BUKH[IB TBEPAMX YACTHMHOK 3aleXuTh Bin xapaktepuctuk mnammBa (AP, C. K),
TEXHOJIOTTYHHUX PEKUMIB KOTJIoarperara (Osx,) Ta BiJl TEXHOJOTIYHHUX 3aX0/11B €KOJIOTTYHOT Oe3MeKku
(Ms). BusHaunmo Macy BHKM[IB TBepAMX 4acTUHOK 3a pik ;g TEC, motyxHicTio 2,5 MiH. KBT 3
PiIKMM IITAKOBUAANEHHSM, TITO CHAITIOE 3a PiK Y cepenaboMy 6-10° kr JJOHEIBKOTro aHTpauTy MapKH
ACIII i oniHUMO 301TBIIEHHS BUKHIIB IPU 3MEHIIEHH] eekTuBHOCTI podotu OCO, 110 npuBesno 10
HiBUILEHHS TEMIIEpaTypu KOHJAeHcaTy B KoHJeHcaropi TypOiH Ha 1 °C. OcKiIbKH JUIsl BOJHOTO
NUIaKOBUJAIEHHS o = 0,85, must Byrims mapku ACHI AP = 22,9% ta C; = 4% [6], BpaxoByouu,
mo K = 1, orpumaemo My, = 1.048:10° kr TBepaux BHMKMIIB, MO OyAyTh CKIAJAaTHUCh i3 307IH Ta
HEJOMAJIeHUX 4YacTHMHOK. BkaszaHi BukuIu B MeBHIM Mipi OyayTh 30MpaTucs cuUCTEMaMHu
30JI0BJIOBIIOBaHHA. [lopaxoBaHa KiIbKICTh TBEPAUX YACTUHOK CTAaHOBUTH 17,5% Bij 3arainbHOi Macu
CHaJIEHOTo 3a pik manuBa. Jlyig epexkTuBHOCTI 30510BIOBMIOBaHHA 95% (1; = 0,95) Maca TBepaux
YaCTHHOK, 110 BUKUJAETHCS B aTMOcdepy Oy1e CTaHOBUTH 52 THC.TOH 32 piK, 1110 craHoButuMe 0,87%
BiJ] 3araJIbHOI MacH CHaJIEHOTo 3a pik nanuBa. OCKIIbKY TEIUIOTA 3rOPSIHHSA NaiuBa i JloHebKoro
Byriuis Mmapku ACII cranoButsb 20,89 MIK/KT, TO KOHTaMiHALIHHUN KOS(IIi€HT (TUTOMI BUKHIH)
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TBEPANX YACTHUHOK B arMocdepy OyayTh BU3HAYATHCH BigHomeHHsAM 8,7-10°/20,89 i craHOBIATH
0,416 xr/I’Ix. Take 3HauenHs Omm3bke 10 3HaueHHs 0,437xr/'Jlx, HaBenene y [7]. Ilpm
HesocTaTHhO edexTuBHid podori OCO, mo mpuBena 10 MiABHILEHHS TEMIIEpaTypu KOHICHCATY,
Hanpukiag, 3 30 °C no 31 °C tuck y konaencatopi 30umbmutbes Ha 0,25 xIla. I[Tpu poboti ’stu
napoBux TypOid mo 500 MBT Take 3HM>KEHHS BaKyyMy MpH3BEJIE 110 MaJiHHS MOTYXHOCTI KOXKHOT
TypOian Ha AN = 0,97 MBT (Bciei TEC na 4,85 MBT) 1 TakuM YUHOM 301JIBIIIUTH BUTPATY NAIHBa, a
3HaYUTh 1 KOHTaMiHauiiHuil koedimient Ha 0.194%. 3 BpaXyBaHHAM HoTepeHiX 00paxyHKIB,
HenocTaTHhO edekTuBHa pobora OCO, 1O NPU3BOAUTH [0 WiABHIICHHA TEMIIEpaTypu Yy
KoHZeHcaTopi Bchoro Ha 1 °C mpusBene 10 HAAIUIIKOBUX BUKUIIB TBEPAUX YACTUHOK MpHU
B1JICYTHOCTI 30J10BJIOBJItOBaHHS 2,033 THC. TOH B PIK 1 B IPUCYTHOCTI 30JI0BJIFOBIIOBAaHHS BUKHUJIIB B
atmocdepy oyae 102 1/pik.

Takum 4MHOM, pe3yJbTaT JOCHIKEHb MOKa3ye, mo epextuBHa podota OCO cyTTEBO BILIMBAE
Ha €KOJIOTTYHHMI CTaH HABKOJIMUIHHOTO CEPEOBHIIA 1 € HEOOX1ITHO YMOBOIO MPHUPOI00XOPOHHOTO
pexxumy pobotu Beiei TEC.
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Abstract

The paper identifies the main environmental problems of coal-fired power generation, which consist of a
significant amount of harmful emissions from burning coal and the greatest use of water resources. On the
basis of the balance relationships, the annual amount of emissions of solid particles for a thermal power plant
(TPP) with a capacity of 2500 MW and the additional amount of emissions associated with the inefficient
operation of the circulating cooling system (CCS) were calculated.
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BU3HAYEHHS ®PAKIIAHOTO CKJIAIY
OYEPETSIHOI OPTAHOCOJILBEHTHOI LEJIIOJI03U

Muxaiino TAJIHIIL, Ipuna JEMKYH
Kuiscoxuit nonimexuiunuti incmumym imeni lcopsi Cikopcovkoeo
bepecreiicbkuii npocnekrt, 37, Ykpaina, m. Kuis 03056, Ykpaina
e-mail: i.deikun@kpi.ua

Anomauin

Y pobomi odeporcano ouepemsamny yenron03y opeaHoOCONIbEEHMHUM CNOCOOOM 3 BUKOPUCTNAHHAM
BAPUNLHHO20 DPO3YUHY, WO MICIUE KOHYEHMPOBAHY OYMOSY KUCIOMY, NePOKCUO BOOHIO |
KAmanizamop 6apinHs - CIpYAHY KUCTIOMY, 8UBHAYEHO NOKAZHUKU i1 AKOCMI ma MIKpOCKOniuHy 6y008y.
Hocnioaceno gpaxyitinuii ck1ao yenronosu no 80J10KHY mMa GUHAYEHO CePeOHI0 008ICUHY B0IOKHA.

Knrouosi cnosa: ouepem, opeanoconbeeHmHa yenonosd, 60J10KHO, PpakyitiHull CK1ao.

Jlicu y cBITI 3aliMalOTh 3arajbHy IUIOLLY OHAJ 4 MJIpJ. I'a, a 3a1acu JePEeBUHU TOPIBHIOIOTH 527
mipa. M°. 1i pecypcu posmojineHi M0 BChOMY CBITY i 30cepeskeHi mepeBaxkno y IliBHiuHil Ta
[TiBaenniit Amepuui, €Bpomni Ta A3ii. XBOIHI 1 IUCTAHI HOPOAU € OCHOBHUMH JKEpETaMu I€PEeBUHU
JUTSL pI3HUX TIPOMUCIIOBHUX MOTPEO, BKIIFOUAOYU BUPOOHUIITBO LIEITIOJI03HU PI3HOTO Mpu3HaueHHs [1].

3araipHa TEHJEHLIS B HAyKOBUX JOCHIUKEHHSX OCTaHHIX POKIB CBIIYMTH MPO 30UIbLICHHS
iHTEepeCcy /0 BUKOPHCTAaHHS HEIEPEBHOI POCIMHHOI CHPOBUHH SIK aJIbTEPHATHBHOTO JDKEpera s
oZiepKaHHs Lenronao3u. CBITOBUII pecypc HEAEpPEeBHOI POCIMHHOT CHPOBHHM MEpEeBUILYe 1Mipa.
TOHH. CTBOpPEHHSI HOBHUX TEXHOJIOTI NepepoOIeHHS HENEPEBHOI POCIMHHOI CHUPOBUHHM MOXE
3a0e3MeunTH MOCTIIHO 3pocTardy NoTpedy y LENon03i, 0 BUKOPUCTOBYETHCS SIK J11 BAPOOHHIITBA
nanepy, Tak 1 s XIMIYHOTO NepepoOIeHHs, CIPUSATH ONTUMI3alli €HEeproBUTPaT Ha BUPOOHUIITBO
LENIONI03U Ta 3HIKEHHIO 1i co0iBapToCTi [2].

HenepeBHi onHoOpiuHi Ta OaraTopiuHl POCIMHU MalOTh BUCOKY IIBUAKICTH POCTY 1 BUCOKY
BPOXKalHICTh, IO JO3BOJIIE€ 3a0€3MEUUTH TMOCTiiiHE Ta CcTalOlabHE JKEpEeIo CUPOBUHHU IS
BUPOOHMIITBA IETIONI03H. BUKOpHCTaHHS HEIEPEBHUX POCIIUH JIJIs1 BUPOOHUIITBA TIEITFOJIO3U € OLTBIII
€KOJIOTTYHHUM Y MOPIBHAHHI 3 BUKOPUCTAHHM JIEPEBUHH, OCKIJIbKU HE CIPUUYHMHSE BUPYOyBaHHs JIiCIB
Ta pyiiHyBaHHA ekocucTeM [1].

Buxopucranns creben ouepeTy Ui BUPOOHMIITBA IENIONO3U MPEICTABIsE COOOI0 IIKaBUI
HaMNpsSIMOK B PO3BUTKY €KOJIOTTYHO Oe3MeYHOro Ta €(peKTUBHOTO BUKOPUCTAHHS MPUPOAHUX PECYPCIB.
Oueper BiAPI3HAETHCA IIBUIKAM POCTOM, 1€ JO3BOJISIE OTPUMYBATH BHCOKHM mpupicT Oiomacu
MPOTATOM KOPOTKOTO TEPioy Yacy, 1o Moke 3a0e3redyBary cTabiIbHe TTOCTavYaHHsI CUPOBUHHM IS
BUPOOHHUIITBA LIENIONI03U. BiTHOCHO BUCOKHIA BMICT IIENIOJIO3U B CTEOJI OUepeTy Ja€ MOXKIUBICTD
OTPUMYBATH IIEJTF0JI03H1 HaMiBGaOpUKaATH 3 TOCTATHIM BUXOIOM T10 BiTHOIICHHIO JI0 TIOYaTKOBOI MacH
crebna. B Toif e yac, BUKOpHCTAaHHS OuepeTy AJIsi BUPOOHUIITBA LENI0I031 OTpedye HeoOX1AHOCTI
BJIOCKOHAJICHHSI ICHYIOUMX TEXHOJIOTIH BHPOOHUIITBA IICNIOJNIO3U 3 BPaXyBaHHSIM OCOOIHMBOCTEH
Mopdo0riuHOi OyJ0BU Ta XIMIYHOTO CKJIaJy CUPOBHHHU.
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BuxkopucranHs odepeTy A BUPOOHMIITBA IEIIONO03H, PU3HAYCHOT ISl BUTOTOBJICHHS TArepy
Ta KAapTOHY, a TAaKO)X HAHOIICTIOJNIO3M BUBYAEThCS B paMKax HH3KU JOCHiKeHb [3,4], omHak
BJIACTUBOCTI IEJTFONIO3H, a BIITaK 1 HAMPSIMU BUKOPUCTAHHS, BU3HAYAIOTHCS CIIOCOOOM ii OfiepyKaHHs
Ta OT0 TEXHOJOTIYHUMHU MapaMeTpaMHu.

Lenronozy B naboparopHUX yMOBaxX OJCpXKaJd BapiHHAM Cidkd cTeOen  odepery
OpraHOCOJIbBEHTHUM BapHJIBHUM PO3YMHOM, 1110 MiCTHB KOHIICHTPOBaHY OIITOBY KHUCIIOTY 1 IEPOKCH]T
BONHIO. SIK KaramizaTtop BapiHHS JOJAaBAJIA CipyaHy KHCIOTY. TeMrieparypa BapiHHsS JOpiBHIOBAJa
102+2°C, TPUBAJICTh BapiHHA - 60 xB, Tiapomonynb — 9:1. [Ticis BapiHHS BUXiJ LIETIOI03U CKIagaB
62,1% Bix Macu abc. CyxX CUpPOBHHHU, 3TMIIIKOBHI BMICT JiTHIHY - 3,87%, 305bHICTB - 2,19%, BMicT
a-uenonosu - 82,3% Ta cepenHiil ctymine noximepusanii - 430. Llentono3a micns BapiHHA Maina

BUCOKY OumicTh (puc.1).
N ’ ﬂ
‘
\ :
:

Puc. 1. OpranoconbBeHTHa OYEpETSHA LIET0I03a

Binomo, mo 3a Oy10oBOIO OAHOpPIUHI Ta OararopiyHl POCIMHM BIAPI3HSAIOTHCS Bl JI€PEBUHU
HasIBHICTIO OUIBINOT KUTBKOCTI aHATOMIYHMX eleMeHTiB. HailO1ibiry yacTKy y crebnax HuX pociuH
CKJIa/Ial0Th JIOBI1 BOJIOKHA 13 3arOCTPEHUMH KIHISIMM, $IKI MOXYTb MATH Pi3HY TOBILKHY Ta pO3Mip
HNOPOXKHUH. Takok € 3HauHa KUIBKICTh CY[IUH, MapeHXIMHUX Ta eMiTeNiaJbHUX KIITHH, KIITHH
enigepmicy, pi3HUX 3a (HOPMOIO, BEIMYUHOIO Ta CTPYKTYPHUMHU OCOOIUBOCTIMH [5].

[Tiz yac MiKpOCKOMIYHOTO AOCTIIKEHHS BCTAHOBJICHO (PHUC.2), III0 0OYepeTsIHA OpPTraHOCOIbBEHTHA
LENI0NI03a CKJIAZAE€ThCs 3 BEJIMKOI KUIBKOCTI TapHO JeNirHi(iKoBaHUX JIyO'SHUX BOJIOKOH PI3HOI
JIOBXKHMHU 1 IIUPHUHU, TOBTUX 1 KOPOTKUX MapEeHXIMHUX KIITHH Ta CyIMH — MEPEBa’KHO MOPUCTHUX i
MOOIMHOKUX CIipajbHUX Ta KulbdacTuX. KIiTHHU eniepMicy BUSBICHO Y BUIVISAL JBOCTOPOHHIX
KOPOTKUX MUJIOK, OKPEMHUX Ta 3’ €THAHUX MIXK COOOIO.

JloBuHa BOJIOKHA II€JIFOJI03M Ma€ 3HAYHHUM BIUIMB Ha MOKa3HUKU MIIIHOCTI Narepy Ta KapToHY,
BUTOTOBJICHUX 13 LIENI0J03U. UM JOBIIIE BOJIOKHA, TUM BHIIE CTIMKICTh Marepiaidy 10 PO3pHBY Ta
po3TsaryBaHHs. JloBri BOJOKHa 3a0e3MedyloTh CTiMKl 3B'S3KM B apKylll, 1[0 POOUTH Marepiaj
MIIHIIIAM 1 CTIHKIIIAM OO0 MeXaHIYHMX BIUIMBIB. BogHodac, HasBHICThP HEBEIMKOI KIIBKOCTI
KOPOTKHUX BOJIOKOH CIpHsie (OopMyBaHHIO OUTBIN HIIIBHOI CTPYKTYpH apkymia. JoBKWHA BOJOKOH
IEJIF0JI03H BIUTUBAE TAKOXK 1 HAa BIACTUBOCTI MPOIYKTiB, OTPUMAHHUX BHACHIJOK XiMiuHOI Mot pikarii
LEJTIONIO3U Ta BIACTUBOCTI iX PO3YHHIB.
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Jlisi BU3HAYEHHS CEpPeIHIX PO3MIpIB METIOJIO3HUX BOJIOKOH Ta (pakIiiHOTO CcKkiamxy Oys
MIPOBE/ICHUI aHalli3 OYEepPETSHOI IEI0N03M 3 BHKOpUCTaHHsM mpuiamxy Kajaani FS-200. 3a
pe3yapTaraMu JOCHTIKEHh BCTAHOBJICHO, IO CEPEIHs JOBKHHA BOJIOKHA OUYEPETSHOI IEIOI03H
ckianae 0,78 Mm.

Puc. 2. MikpodoTtorpadist conomu ouepery

BusnavenHst GppakmiiHOTO CKJIaMy MOKA3asio, M0 Ha JOBKUHY BOJOKOH 0 | MM NPUXOAMTHCS
99,18% BonokoH 1 0,82% ckiagaroTh BOJOKHA 3 JAOBXHMHOIO Outbmie 1 mm. HaiiGinbiry yactky -
33,69% wmae dpakirist BosiokoH 3 goxkuHo0 0,40 - 0,60 mMm (puc.3).

W
(4}

30
25
20
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10

YacTKka BoI0KHA, %
o (4]
—_—
—_—
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—_

40

0,40-0,60
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0,20-0,

JIOB:KHHA BOJIOKHA, MM

Puc. 3. Opakiiiinuii ckiiag 0O4epeTsHOI IETI0NI03H 3a JOBKHWHOIO BOJIOKHA
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[TpoBeneHi AOCTiKEHHST MOKa3al, 10 OPraHOCOJBBEHTHUH croci0 aemirHigikamii creben
O4epeTy 3a OHY CTaJit0 0OPOOKH J03BOJISIE OTPUMATH BUOIIECHY IENIOI03Y 3 BACOKUM BUXOJIOM Ta
JOCTaTHHO HU3HKUM BMICTOM JIITHIHY 32 HEBUCOKOI TEMIIEpaTypH BapiHHS Ta TPUBAJIOCTI mporiecy |
TOI.

Cepennsi TOBXHHA BOJIOKHA OYEpETsHOI 1etono3u ckianae 0,78 mm. Jlosxkuny 10 1 MM MaioTh
99,18% BonokoH. HaiiGu1b1ma yactka y KibkocTi 33,69% npumnanae Ha noxuny 0,40 - 0,60 mm.

Buxonsum 3 opepskaHUX pe3yibTaTiB JOCIIIKEHb MOKHA CTBEPIKYBATH, 1110 OPTaHOCOJIbBEHTHA
IEITI0JI03a 3 OYepeTy MOXe OyTH BUKOPUCTAHA SIK JUIs BUPOOHUIITBA Tallepy Ta KapTOHY, TaK i JJIs
XIMIYHOT Mo diKaIlii.
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Abstract

In this work, reed cellulose was obtained by an organosolv method using a cooking solution
containing concentrated acetic acid, hydrogen peroxide and sulfuric acid as a catalist, and its quality
indicators and microscopic structure were determined. The fractional composition of cellulose by
fiber was studied and the average length of the fiber was determined.
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MEASURED PERFORMANCE ANALYSIS OF A 5.04 KW GRID CONNECTED SOLAR
PHOTOVOLTAIC POWER PLANT

Krasimir G. GEORGIEV
Institute of Mechanics,
Acad. G. Bontchev St., bl. 4, 1113 Sofia, Bulgaria
e-mail: krasimir.georgiev@imbm.bas.bg

Abstract

This article analysis the performance of the 5.04 kW grid connected solar PV power plant
mounted on the roof of the demonstrational pavilion. The facility is located on Sofia, Bulgaria. The
aim of this study is to show the amount of energy produced by the PV power plant in different seasons
and conditions. This PV power plant was mounted and grid-coonected to the National grid and
monitored since October 2019. In this article we are going to show the total annual amount of energy
produced in 2022 and we are going to show the performance of the PV plant during different seasons
and weather conditions. This report was prepared using the data available thanks to the InDeWaG
Project documentation.

Keywords: renewable sources, solar energy, PV systems, PV performance, data analysis.

1. Introduction

The ambitious plan for carbon-neutrality by 2050, set out in the European Green Deal require
large-scale action in all economic sectors: investment in new environmentally friendly technologies;
innovations in industry; cleaner and cheaper transport; decarbonization of the energy sector;
renovation of the building stock. Improving existing buildings and striving for smart solutions and
energy efficient materials can reduce energy losses.

Producing energy using fossil fuels is becoming harder and also it has a negative effect on the
environment. Recent studies show that these resources are coming to an end and we have to keep
them as long as possible. Therefore, scientists and business must focus on developing renewable
energy sources (RES) and find a way to store the energy produced by them so it can be used when
needed.

RES such as solar PV, wind and water power plants must be projected to cover more and more of
the future energy need not only in Bulgaria, but also worldwide [1]. Not only PV plants are capable
of producing free energy from the sun, they are also responsible for the decreasing of the CO:
emissions. It is known that 1 kWh of the electrical energy generated by a solar PV plant decreases the
emission of 0.6 kg CO; into the atmosphere [2].

The usage of solar power generators has been encouraged in recent years owing to various
environmental benefits [3]. PV Solar energy is concerned as the most efficient renewable energy for
buildings and homes. Next images show the annual average radiation in Bulgaria. The installed solar
capacities in our country are already 1.72 gigawatts and in 2022 they have produced a total of 2
terawatt hours of electricity [4]. It is expected that Bulgaria will double is production from PV plants
during the next 5 years.
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Figure 1. Global solar radiation and PV potential for Bulgaria. [5]

Bulgaria is now one of the most renewable energy countries in EU. During the last 3 years our
country has tripled the energy produced from solar power plants, and now they produce over 20% of
the energy in the energy mix of the country.

According to the Institute of Hydrology and Meteorology (IHM) of the Bulgarian Academy of
Sciences (BAS) and its data for solar radiation Bulgaria is divided in 3 zones depending on the amount
of the fallen solar radiation on 1 m? horizontal space. Sofia (the capital of Bulgaria and also where
the described PV plant is situated) is situated in zone with average solar radiation approximately Sofia
1s situated on the South-West region of Bulgaria (zone 1), where the average theoretical solar radiation
is < 1450 kWh/m?/year. [6].

2. Analyzed system configuration

2.1. PV plant description

The plant is located in Sofia, Bulgaria. It was built to cover the energy needs of the experimental
building called demonstrational Pavilion, as a part of the InDeWaG project [7].

On the roof of the pavilion are installed 18 photovoltaic (PV) modules URECO F6E280H3A
connected to solar inverter Huawei sun-2000 ktl. Power output of the solar generator is 5.04 kWp
with an area of 29.3 m2. PV modules are mounted with a tilt angle of 10 degrees facing south. (fig.
2.). The pavilion is connected to the grid and the excess energy from the solar generator is being
exported to the local electric grid. When electricity from PV panels is more than the consumption of
the Pavilion, this amount of energy is delivered to the electric grid and when the pavilion needs more
electricity, it is taken from the electric grid. In order to monitor power consumption of the pavilion
smart meters have been mounted in the main electrical box. This gives us a chance to collect and
analyze data for all electrical consummators. All data is stored in a cloud and can be accessed via web
browser and mobile application [8].

3. Data analysis

Monitoring, and researching of the pavilion during its operation helps to improve the work of PV
system and create a complete analysis on its work. With the help of this analyst, we can create a
complete view on the work of the PV under different weather conditions and in different seasons.
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The data logger collects data from different measurement sensors and inverters through and
transfers it to the cloud from where it can be exported in different files, so it can be easily analyzed.
Data logger records solar irradiance, voltage, current and power at input and output of each inverter
as well as wind speed and module temperature at an interval of every 5 min.

PV module data:

Model - STC FOE280H3A :
Maximum Rating Power (Pmax) [W]: 280 A g
Module Efficiency [%]:17.2 \

Figure 2.PV system on the roof of the
innovative demonstrational pavilion in Sofia
with installed capacity 5.04 kWp
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Figure 3. Energy production and solar radiation on 21.01.2022
Average solar radiation (solar radiation during active hours) — 405, 82 W/m’K, produced energy on
22.01.2022 — 0.16 kW, energy produced on January, 2022 - 216,82 kWh

Solar radiation - 17.05.2022 PV Yield (kWh) - 17.05.2022
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Figure 4. Energy production and solar radiation on 17.05.2022.
Average solar radiation (solar radiation during active hours) — 681, 24 W/m°K, produced
energy on 17.05.2022 — 32,4 kW, energy produced on May, 2022 - 866,530 kWh
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Figure 5. Energy production and solar radiation on 17.08.2022
Average solar radiation (solar radiation during active hours) — 594,08 W/m’K, produced energy on
17.05.2022 — 29,02 kWh, energy produced on August, 2022 - 714,80 kWh
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Figure 6. Energy production and solar radiation on 21.11.2022
Average solar radiation (solar radiation during active hours) — 109,22 W/m’K, produced energy
on 21.11.2022, energy produced on November, 2022 - 3,05 kWh
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Figure 7. Energy produced during the whole 2022 — 6378,46 kWh

Conclusions

A detailed performance analysis based on monitored data and operating experience of PV systems
is required for large scale integration of grid PV systems in future.
During the monitored year 2022 this PV plant produced 6, 38 MWh
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In this paper, the performance analysis of 5.04 kW PV system mounted on the roof of the
demonstrational Pavilion was performed. After analyzing the data from the PV power plant, we can
state that:

e Bulgaria with its situation has a great potential for developing renewable source section.

e These small PV power plants are suitable for covering the electricity need for households and
small residential buildings.

e These PV plants can deliver over 5000 kW and they can be useful when there is solar radiation
during the daylight.

e This energy should be stored and used during the rest time of the day to meet the need from
electricity.

e Even though there is enough solar radiation not always the PV plant manages to produce
enough energy to fulfil the needs of the pavilion. This is due to the angle the solar panels are mounted
on the roof.

It must also be stated that photovoltaic systems are a source of clean energy, since they do not
contribute to carbon gas emissions and are accessible by many households and countries.
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AHoTanisa

VY 1iii cTaTTi MpoaHaai30BaHO MPOAYKTHBHICTh MITKIIOYEHOT 10 MEPEXKi COHAYHOT (POTOCTECKTPUIHOL
eJIEKTpOCTaHIil moTyxkHicTI0 5,04 kBT, BCTaHOBIEHOT Ha Jaxy JIEMOHCTPAIIHHOTO IaBUIBHOHY.
O06'ext posramoanuii y Codii, bonrapis. Mera 1poro J0ciipkeHHs - TOKa3aTy KUTbKICTh €HEeprii,
BUPOOJICHOT (DOTOCICKTPUYHOIO CTAHIIEID B Pi3HI MOPU POKY Ta 3a pi3HUX YMOB. Ll coHsuyHa
eJIeKTpOoCTaHIlisA Oy’a 3MOHTOBaHA 1 IMJIKJIIOYEHA JI0 HAIlIOHAJIBHOI EJIEKTPOMEpEXki, a MOHITOPHHT
npoBoaUBCs 3 KOBTHS 2019 poky.

VY wiif ctarTi MU MOKa)XeMO 3arajibHHUil piuHuil obcar eneprii, Bupobnenoi y 2022 porii, a Takox
MOK2XEMO MPOAYKTUBHICTD (DOTOCNEKTPUIHOI CTAHIIIT B Pi3HI CE30HM Ta IMOTOAHI YMOBH.

Handbook of the XXIV International Science Conference 109
«Ecology. Human. Society» (June 5 2024, Kyiv, Ukraine)



Martepiaan XXIV MikHapoaHoi HAYKOBO-NIPAKTUYHOI KOH(pepeH il
«Exonoris. Jlivoquna. CycninbeTrBoy (5 yepBHsi 2024 p., m. KuiB, Ykpaina)

s
ISSN (Online) 2710-3315
https://doi.org/10.20535/EHS2710-3315.2024.303277

Handbook of the XXIV International Science Conference
«Ecology. Human. Society» (June 5, 2024, Kyiv, Ukraine)

ABTOMATHU30BAHA CUCTEMA MOHITOPHUHI'Y TA YIIPABJIIHHA
ITAPAMETPAMU BUPOBHUIITBA IIET IVIAIIOK

Boaogumup 'MUPS, I0piii CAMAPLIEB
Kuiscorkuu nonimexniunuu incmumym imeni I2ops Cikopcbkoeo
bepecteiicbkuii npocnekt, 37, Ykpaina, M. Kuis 03056, Ykpaina
e-mail: vova.gmyria@gmail.com

Anomauin

Y ecmammi pozenadaemoca easxcnugicmo nepexody Ha Oinbul eKON02IYHO CIMIUKI Mamepianu 0/
8UPOOHUYMEA NAKY8aANbHOI NPodyKyii, 30kpema noniemunrenmepedpmanam (IIET). Haconouryemocs
Ha nepeeazax IIET niasawox nopisHAHO 3 MpaouyidHumMu UOaMu YnaKoeKu, makumu 5K MeHuUl
gyeneyesull cio ma 3a0080J1eHHs 3aNUMIi CROACUBAYIE w000 eKkonociunocmi. Onucyiomvcs OCHOGHI
emanu eupoonuymea IIET niswox ma nHeoOXiOHICMb 4imKo2o KOHMPOTIO napamempie npoyecy,
ocobnuso memnepamypu. Ilpedcmagneno KOMRNIEKCHY cucmemy 6UMIPIOBAHHSA MeMnepamypu 3
HAbOPOM OAMYUKIB, KOMYMAMOPOM, MIKpOCXeMamu 00poOKU OAHUX Ma eKPaAHOM 05l MOHIMOPUHS).
Obrpynmosano easicaugicms po3paxyHky @izuunux eeauyun IIET npegopmu, 30xpema mosujuru
CMIHKU, neped HACPi6aHHAM OJisl 3a0e3nedeHHsi HANeHCHOI aKocmi Kinyesoeo eupoby. Haesedeno
CMPYKMYPHY CXeMy CUcmemu SUMIPIOBAHHA YUX NApamMempis 3 6i0N0BIOHUMU KOMNOHEHMAMU.
Lliokpecnroemobcs, wo 8nposaddCenHs makux Cy4dacHUX asmomMamu308aHux CUCmemM MOHIMOPUH2Y
CMBOPIOE HAOIIHY OCHOBY 0I5l BUCOKOSAKICHO20 eKONI02IYHO be3neunoco supoonuymea IIET naiauox.

Knrouogi cnosa: noniemunenmepegpmanam, I[IET naswku, exonoeiuna cmiukicms, KOHMPOIb
memnepamypu, GUMIPIOBAHHA napamempis, MOSUWUHA CMIHKU npepopmu, asmomamus08and
cucmema MOHIMOPUH2Y, BUPOOHUYMEBO YNAKOBKU.

BCTYII

B ymoBax 3pocraroyoi €KOJOri4HOI CBIAOMOCTI Ta KIIMAaTUYHUX BUKIUKIB BHPOOHUKU
NaKyBaJbHUX MaTepiajiiB BCE YACTillIe 3BEPTAIOThCS /10 AIbTEPHATUBHUX PillleHb, OUIBII APYKHIX 10
HaBKOJIMILHBOTO cepeoBuina. OqHuMm 3 Takux Matepiaiis € nonierunentepedranar (IIET) [1], skuit
BUTICHSI€ TPAIWIIAHI BUIU YMAKOBKM HA OCHOBI METaliB, CKJa YW MEHII EKOJIOT1YHUX BHUJIIB
wiactuky. [lepexin va IET muisinky 103Bosisi€ CyTTEBO 3MEHIIUTH BYTJIEIIEBHUI CT1/1 MIANPUEMCTB Ta
3aJI0BOJIbHUTH 3alUTH CIIOKMUBAYIB 00 €KOJOTTYHOCTI IPOAYKILI.

B uinoMy icHye nekiibka OCHOBHUX THIIB IOJIMEPHUX MarepiaiiB Al BUPOOHMIITBA
IUIACTUKOBOI TapH, KOXKEH 3 SAKMX Ma€ CBOI XapaKTepUCTUKH Ta c(epu 3acTOCyBaHHS.
[Homierunenrepedranar (IIET) BHUpI3HSAETbCS BUCOKOIO MIIHICTIO, MPO30PICTIO, CTIMKICTIO [0
NPOHUKHEHHS Ta3iB Ta XIMIYHUX peyoBUH. CamMe TOMY BiH € ONITUMAJILHUM PIIIEHHSIM JUI YIIaKOBKU
Xap4yoBHX MPOJAYKTIB, HAMOIB Ta AESIKUX IHIIMX BHUIIB IpomucioBoi npoaykuii. [IET 3a0esneuye
HaJIHHUI 3aXUCT BMICTY BijJ BIUIMBY 30BHIIIHIX (paKTOPIB Ta XiIMiYHY iHEPTHICTh MpPHU KOHTAKTI 3
>Kero, TapaHTyIouH ii Oe3MEeUHICTb.

Honisininxnopun (IIBX) [2] Takox MiHMUN MaTepiall, IpOTe MEHII MPO30pUi 1 OUIBII THYUYKHI
y nopiBHsaHHI 3 IIET. BiH mupoko 3acTOCOBYETHCS sl BUTOTOBJICHHS >KOPCTKUX KOHTEHHEpIB,
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wiiBok Tomo. [lominpominen (ITII) [3] XapakTepu3yeTbCcsi JIETKICTIO Ta BUTPUMYE BHCOKI
TEeMIIepaTypu, TOMY TiIXoauTh i Tapsuux piauH. [lomietunen (I1E) [4] BUKOpUCTOBY€ETHCS IS
BUPOOHHUIITBA THYYKO] IJTIBKOBOI YIIAKOBKHU Ta MAKETIB.

Takum uwmHOM, cepen ycix BuaiB miactuky IIET Bupi3HSE€TbCS ONTUMATBHUM OanaHCOM
(bi3MYHKUX XapaKTEPUCTUK, OE3MEYHOCT] Ta €KOJIOTTYHOCTI, [0 pOOUTH HOTO i1eaTbHUM MaTepiaioM
JUTISL Xap4yoBOi Ta MallTMHOOY TIBHUX ITPOMHCIIOBOCTI.

OCHOBHI ITOJIO)KEHHSA

[lepeBenennss BupoOHuuTBa Ha [IET musmku 103BOJISE 3HU3UTH EKOJIOTIYHUN BIUIMB
MIPUEMCTB Ta BIIMOBIATH BUMOT'aM CIIOKHMBaYiB CTOCOBHO €KOJIOTIYHOI cTasoCTi [5].

Bupobuunrso IIET mnsmok cknamaetbess 3 Kimbkox eramiB. Crouatky IIET rpanymm
eKCTPYAYIOThCS 3a BHUCOKHMX TEMIlepaTyp Yy BUIIANI TpyOku - mpedopmu. Ilotim mpedopma
HA/IyBa€ThCSl CTUCHEHUM TIOBITPSIM 200 1HEPTHUM Ta30M 110 MOTPiOHOT (pOpMHU IUIAMIKK YK IHIIOTO
KoHTeitHepa. Ha 3aBepianbHiii ctafii BigOyBaeThcs OXONOMKEHHS Ta 3aTBEPIiHHA BUPOOy [6].

Jns 3abe3nedeHHs BUCOKOI SKOCTI  Ta CTaOLIBHOCTI BHPOOHHUITBA HEOOXITHO YITKO
KOHTPOJIIOBATH BCi MapaMeTpH MPOLeCy - TUCK, TEMIEepaTypy, MIBUAKICTb, YaCOBI IHTEPBAIN TOIIO
[7].

3 METOI CTBOpPEHHS HaAIMHOI CHCTEMH KOHTpoiro mnapamerpiB BupoOuunrtsa I[IET Tapu
pO3p00JICHO KOMIUIEKCHY CHCTEMY BHUMIPIOBaHHS TEMIIEpaTypd B Tporeci 300py HaHUX Ta
YOPaBIiHHS IPOLECOM.

CtpyKTypHa cxema CUCTEMHU BUMIPIOBaHHS TeMIlepaTypu HaBeaeHa Ha Puc. 1.

E

Puc. 1. CtpykTypHa cxema CUCTEMH BUMIPIOBaHHS TeMIlepaTypHu
HJIT — nabip oamuuxie memnepamypu, KM — komymamop kananie umipro8anHs
memnepamypu, MOB/] — mixpocxema 06podKu 6xiOHux Oanux,
MKO — mikpocxema kodyeanns ma oopooxu;, EKP — expan

Y
Y
Y

HAT KM = MOBI MKO

CtpykTypHa cxeMa Takoi cuCTeMH MICTHTh Halip gatuukiB Temnepatypu (HAT) - marumku
PO3MIIIEH] y BIAMOBIAHUX MICHSAX BUMIPIOBaHHS TeMIepaTypu Ajis 3a0e3NedeHHs pPO3MoJiTy
TEMIIEPaTypHOTO TOJISl 3TiTHO BHUMOI TEXHOJOTIYHOTO Tpolecy. BoOHH TepeTBOPIOIOTH TEIUIOBY
€Heprifo Ha ejeKkTpuuHi curHanu. IloTiM KomyTaTtop KaHaiiB BuUMiptoBaHHs Temreparypu (KM)
3a0e3neuye MocIiIOBHE MIAKIIOUEHHS KOXHoro natuuka 3 Habopy H/IT no HactynmHux cxem ans
3YUTYBaHHS MOKa3HUKiB. Mikpocxema o0poOku BxigHux naHux (MOBJI) - npuiimae enexTpuyHi
CHUTHQJIM BiJl JMaTYUKIB 4epe3 komyrtarop KM 1 BukoHye iX mepBuHHY 0OpoOKy. Mikpocxema
KoayBaHHs Ta 00pobku (MKO) - orpumye nonepeaubo o0pobineni curnanu Bix MOB/I 1 3xiiicHIoe
ix KoayBaHHs (TIepeTBOpeHHs B HdpoBy hopmy) Ta nogansiry nudpoBy oOpoOKy AJisi BU3HAUEHHS
(bakTHUHUX 3HAUYEHb TeMIiepatypH. Bes nmorouna iHdopmartis Hagxoautume Ha ekpad (EKP).

3roIoM BUXOSIYM 3 PE3YNbTATIB IMX JaHUX, ONEPaTOp KOPETye TeMIlepaTypHe Toje medi s
piBHOMipHOTO HarpiBy. IIpaBuibHMI TemmepaTypHUN peXUM HarpiBaHHs NpedopM € KPUTHYHO
BOKJIMBUM TSI 3a0€3MEUYCHHS] HAIEKHUX (PI3UKO-MEXaHIYHUX BJIIACTMBOCTEHW KIHIIEBOTO BHUPOOY.
Hanmipauii abo HepiBHOMIpHUI HarpiB Moke NMPHU3BECTH /0 JECTPYKILIi MOITIMepY, MOSIBU TPILIHH,
HepiBHOMIpHOi Aedopmariii mij yac po3nyBy. HemocratHe HarpiBaHHs, HAaBMakKu, HE JO3BOJIUTh
Mmarepiany HaOyTH HeoOXi1/1HOT B'A3KOCTI Ta €IaCTUYHOCTI A OPMYBaHHS 3aJaHOi T€OMETii.

Pozpaxynok ¢iznunux BenmuuuH IIET mpedpopmu mepen ii HarpiBaHHAM Mae BHUpIlIANbHE
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3HAYEeHHS JUIs 3a0€3MeUeHHS SIKICHOTO BUPOOHHIITBA IJIACTUKOBUX IUISIIIOK METOJIOM BHTyBaHH [8§].
Lle moB's13aHO 3 TUM, 10 (Pi3UYHI XapaKTEPUCTUKH MpedopMu Oe3rmocepeIHbO BIUIMBAIOTH HA MPOIIEC
ii po3TsAryBaHHs Ta GOPMYBaHHS KiHIIEBOTO BHPOOY.

OnHi€e0 3 KIIOYOBUX (DI3MYHHUX BEIUYWH, KA PETEIBHO PO3PaXOBYETHCS, € TOBIIMHA CTiHKU
npedopmu. Bin Hei 3amexuTh PIBHOMIPHICTH PO3MOALTY Marepialy B IMpOLECi BUIYBaHHS, IO
rapaHTy€e OJHOPIAHICT, TOBIIMHH CTIHOK TOTOBOI IUIAIIKKA. HepiBHOMIpHA TOBIIMHA CTIHKH
HOPU3BOJMTH A0 11 1edopmarii Yu HaBITh PO3PUBY ITiJ] YAC PO3TATYBAHHSI.

BumiproBanns mapamerpiB [IET mnpedopmu miast po3paxyHKy TeMIIEpaTypHOTO TOJIS,
HEOOX1THOTO IS IPOIECY BUYBa, MPOBOJUTHCS 32 CXEMOI0, HaBeleHOw Ha Puc. 2.

M 4'J‘ MEKOY

Y
Y

HIDB MHT

Puc. 2. CtpykTypHa cxema cucremu BuMiproBanHs ¢iznunoi Bennunau [IET npedopmu:
HJ[®B — nabip oamuuxis ¢izuunoi eeruuunu, KM — komymamop, MKOY — mikpocxema
KepygaHnHus, 0opooxu ma ynpaeninua; MHT — monimop

Habip nmarumkiB BuMiproBaHHs mapameTpiB ¢i3nuanx BenuuuH (HJIPB) Bumiproe mnesHi
napamMeTpu (i3MYHHX BEIWYHH, a caMe€ TOBIIMHY CTiHOK, BucoTy Ta mmpuny IIET mpedopmmn.
Buwmipsni 3HaueHHs i1 gaTyukiB yepe3 komytaropa (KM) HagxoasTh 10 MIKpOCXeMH KepyBaHHS,
00po6ku Ta ympasiinaa (MKOY). MKOY Bukonye po3paxynku mapametpiB IIET mpedopmu ta
dbopMye HeOOXiaHY TeMmeparypy Ajs Tiel uu iHmoi npedopmu. Pe3ynbratu po3paxyHKiB Ta CTaH
CUCTEeMH BitoOpaxaroThcs Ha MOoHITOpI (MHT) mist koHTpOITIO 3 O0KY Omeparopa.

Taxkum unHOM, cucteMa 30upae fasi mpo notounuit cran IIET npedopmu, o6podisie i aaHi,
po3paxoBye HEOOX1/IHI TapaMeTpH Ta TOTY€e MpeopMy 0 HACTYIIHOTO €Tally - HarpiBaHHs,
3a0e3Mneuyrour Ipy [IbOMY MOHITOPUHT TPOLIECY Ul OllepaTopa.

BUCHOBOK

B crarti npeacraBieHudl  OOIpYHTOBAaHMHM MIAXIA II0AO0 BIOPOBAKEHHS  Cy4YyacHHUX
aBTOMATH30BAHUX CHUCTEM MOHITOPHUHTY, CTBOPIOE HAJiiiHy OCHOBY [UIl BHCOKOSIKICHOTO
BupoOHunTBa [IET musmok. [le He numie 3a0e3nednTh €KOoNOoriuHy Oe3MeKy Ta BUCOKI CTaHAapTH
SKOCTI HpPOAYKIii, aje ¥ 3HAYHO MiJBUIIUTH PIBEHb KOHTPOJIIO Ta KEPOBAHOCTI BUPOOHUYUM
IIPOLIECOM, CIPUSIOUU €(DEKTUBHOCTI MIANPUEMCTBA.
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Abstract

The article discusses the importance of transitioning to more environmentally sustainable materials
for packaging production, particularly polyethylene terephthalate (PET). It emphasizes the
advantages of PET bottles over traditional packaging types, such as a lower carbon footprint and
meeting consumer demands for eco-friendliness. The main stages of PET bottle production are
described, along with the necessity for precise control of process parameters, especially temperature.
A comprehensive temperature measurement system with a set of sensors, a switching unit, data
processing microchips, and a monitoring screen is presented. The importance of calculating the
physical properties of the PET preform, particularly wall thickness, before heating is justified to
ensure the proper quality of the final product. A structural scheme of the system for measuring these
parameters with corresponding components is provided. The article highlights that the
implementation of such modern automated monitoring systems creates a reliable foundation for high-
quality and environmentally safe PET bottle production.
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BUKOPUCTAHHSA CUJIIKATY HATPIIO B TEXHOJIOI'TAX IOM'SIKINEHHA BOJIMU:
OIIHKA E®OEKTUBHOCTI

Karepnna I'OPAI€HKO, SIpocias PAJIOBEHYUK
Kuiscoxuit nonimexuiunuti incmumym im. leops Cikopcokoeo
np. bepecreiicekuii, 37, M. Kuis, 03056, Ykpaina
e-mail: dey85@ukr.net

Anomauin

3 o0ensdy Ha 3HUICEHHST SAKOCMI NPUPOOHUX 600, HASABHA NOMpedba 6 Nepedosux Memooax
NOM'SKWEeHHS NUMHUX Ma NpomMuciosux 600 3pocmae. OcHosHa ysaza 6 yiti cghepi npudiniemocs
Memooam 8UOaieHHs i0Hi8 MacHito ma Kanvyiro. [Ipuyomy, maeHit eadxcue suoanamu uepes 1020
meHOeHYito opmysamu MeHu pOo3YUHHI CNOAYKU. 3a2anbHUll YCHiX NOM'SIKUIeHHs 3aiedcums 8i0
MOJACIUBOCTT  NOBHO2O BUOANEHHS YUX KamioHié 3 600u. Yeaca Hawux O0ocniodxceHb 0Oyna
30cepediiceHa Ha CUNIKami HAmpiro K NOMeHYIUHOMY peazeHmi O/ NOM SAKueHHs 800u. Ak Oyno
BCTAHOBIEHO, BUCOKA eqheKMUBHICMb Y BUOATEHHT KAMIOHI8 HCOPCMKOCMI 3abe3neywyemucs auule npu
BUCOKUX 3HaueHHAX pH, wo eumacae 000amKo8020 pe2yit08aHHs B0OHEB020 NOKA3HUKA NICIsA
nom sAKuieHHs. B nelimpansrnomy cepedosuwyi cunikam Hampiro NoKa3as HedoCmamHio eqoeKmugHicme
07151 npoyecie nom sikuienHs numuux 600. He 3aghikcosano 3naunozo noxpawjents (6 nopieHAHHI i3
MpaAouyitiHuMuy peazenmamu — Kapoonamu, 2iOpokcuou, ¢ocgamu) i 8 npoyecax 6i00iNeHHs.
ymeopenoi meepooi gazu. Oceimnennsi obpobIeHux po3uunie 6i06y8acmvcsi HAOMO NOGLILHO, A
Ginempysanns xapakmepuzyemocs WBUOKOI0 KalbMamayiclo nop @Qitbmpy ma cymmesum
3HUICEHHAM weuoKocmi Qinompysants. Epexmusnicmo giocmorosants ma QinempysanHs icmomuo
He 3MIHIOEMbCA NPU 3MIHI BUXIOHOI HcoOpcmKocmi 600u abo nponopyiu curikamy Hampito. B okpemux
BUNAOKAX NPU HUSLKUX SHAUEHHSX HCOPCMKOCHI YIMBOPEHHSL 813 ANbHO NOMIMHO20 0cady 63a2aili Ha
Qikcyemoves. 3acanom, GUKOPUCMAHHA CUNIKAMY HAMPIl0 He CYNPOBOONHCYEMbCA OCOOIUBUMU
B1ACMUBOCMAMU 8 NOPIGHAHHI 3 MPAOUYIUHUM  peazeHmamu momy He Modice 3dabe3neyumu
BIONOBIOHUX BUMO2 OJIsL 3ACMOCYBAHHA Y CUCMEMAX MAN0I Ma cepeOHbOoi NPOOYKMUBHOCHII.

Knrouoei cnosa: cunikam nampiio, kanvyuu, MazHii, NOM SKUeHHs, 8UO0AeHHs, pe2yntosants pH.

Knimarnuui 3MiHM Ta aHTPOINOTCHHWH BIUIMB 3HAYHO 3MIHIOIOTH SKICTh MPUPOIHUX BOJ,
BUMararouu ii oOpoOKu Tepe] BUKOPUCTaHHSIM. Boma 4acTo MICTHTHh BHCOKI KOHIIEHTpAIlii 10HIB
KaJbI[IF0 Ta MAarHifo, poOJsyu i HENPHUJATHOI ISl MHUTTS Ta MPOMUCIOBOTO BUKOPHCTAHHS.
Oco06nMBO 1€ MOMITHO y CXIJHMX Ta MIiBJIEHHHMX pErioHax YKpaiHM depe3 3a0pyIHEHHs BOJIOWM.
[Tig3eMHI BOAM TaKOX MOTEPIAIOTH B MiABUINCHOI MiHepamizalii. Crio)XKuBaHHS TaKoi BOAW MOXKE
CIPUYUHUTH CepHO3HI TPOoOIeMH IS 3A0POB'Sl TIOAUHUA Ta 3HU3UTH €(PEKTUBHICTh MPOMUCIOBOTO
obnagHaHHs. BiaTak, mociipkeHHs 3HIDKEHHS MiHepai3allii Ta KOPCTKOCTI BOAM € Haa3BHUYAIHO
BA)KJIUBHUMH.

Homyctumuii piBeHb 10HIB KaJbI[iI0 Ta MAarito, 10 BU3HAYAE JKOPCTKICTH BOIH, BapilOETHCA
3aJIeXHO BiJ criokrBada. B Ykpaini Hopma ®KOPCTKOCTI JIsl MUTHOI BOJIM BCTAHOBJICHA HA PiBHI 7 MT-
exs/nm° [1]. XapuoBa MPOMHMCIIOBICTh Ta €HEPreTHYHi YCTAHOBKM MOTPEOYIOTh 3HAYHO MEHMION
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xopcTKocTi — 10 0,2 Ta 0,05 Mr-exs/am° BiamosinHo [2]. Tpamuiiitai MeToaM MOM’SIKIIEHHS, TaKi K
COMIOBO-BamHsHA 00poOKa [3], eeKTUBHI IIPU NMEBHUX YMOBAaX, aj¢ MAalOTh OOMEKEHHS B MEHIIHMX
YCTaHOBKAaX Yepe3 BHUCOKY BApTICTh pearcHTiB. lOHOOOMiHHI yCTaHOBKH, Xo4a i €()eKTHBHI,
OPU3BOAATH [JO 3HAYHOTO BHUKUAY B JIOBKULIS pEreHepauliiHuX pO3UMHIB, IIJABULIYIOUH
MiHepaizamio BogoiM. Lle 3aroctproe mpobiemy 3axucty rigpochepu Big aHTPOIIOTEHHOTO BILTHBY
Ta BUMAarae KapJUHaJIbHUX PIIICHb.

Cuikar Harpiro, BIIOMUH TaKOXK SIK PIJKE CKJIO, PEKOMEHIOBAHO SIK PEarcHT s 3HIKCHHS
KOPCTKOCTI NPUPOIHUX BOJ [4]. Llelt peareHT Bxke 1aBHO BUKOPUCTOBYETHCS B TEXHOJIOTISIX 00pOoOKH
BOOM SIK HEOpPraHiyHUM (IOKYASHT Ha OCHOBI aKTUBOBAaHOI KpeMHi€BOi Kuciotu. B skocti
AKTUBYIOYMX areHTIB 3aCTOCOBYIOTH KHCJIOTH, XJIOP, aJIFOMIHIEBI CIIONYKH Ta iHII peareHTH. Sk
AQHIOHHUH TMOJIIENIEKTPOIIT, CHJIKAT HATPil0 B3a€MOIE€ 3 TMO3UTHBHO 3apsAHKEHUMH YacTKaMH,
YTBOPIOIOYM HEPO3UMHHI CIIOIYKH 3 10HAMU KaJbllif0. Y 3B'A3KYy 3 00MEXEHOI0 HASIBHICTIO IeTaJIbHUX
JOCTI/DKeHb Y HAYKOBIH JIiTEpaTypi, MH JTOCIIIMIN €()EeKTUBHICTh CHIIIKAaTy HATPIIO SIK OCa/KyBada
cojiel KOPCTKOCTI Ta HOro MpUAATHICTb AJS CUCTEM IIOM SKLIEHHS BOJM Majoi Ta CepeaHbOl
IPOIyKTUBHOCTI.

JocnimpKeHHs BKITI0YaI0 IPUTOTYBaHHS MOAEIBHUX PO3YHHIB 13 3MiHHUM BMICTOM 10HIB KaJIbIIi0
(Ca®") ta marsiro (Mg?") Ta ix 06poOKy BapiaTHBHUMM n03aMu cuiikaTy Harpito (Na2SiOs) 3a pisHux
piBHIB pH, Temnepatyp Ta crmiBBiIHOIIEHb KOMIOHEHTIB. ChopMoBaHUil 0caj BIIOKPEMITIOBAIN 32
JIOTIOMOT 010 (PiTBTpYBaHHS Yepe3 QUIBTP «CHUHS CTPIYKa» BiApasy IMicisl 3MIITyBaHHS KOMIIOHEHTIB,
a 3aJIMILIKOBY >KOPCTKICTh BU3HAYAJIM METOIOM TUTPYBaHHs 3 BUKOPUCTAHHAM epixpomy yopHoro T
ta TpuiaoHy b. Takoxk Oyno 3IiCHEHO IOCIIPKEHHS IHTCHCHBHOCTI OCBITICHHS Ta (uUIBTpamii
00poOIEHNUX PO3YMHIB /ISl BU3HAUEHHS ONTUMAJIbHUX YMOB (POPMYyBaHHS KOMIIAKTHOTO OCajay Ta
MOTEHIIay TX BUKOPHCTAHHS Y CUCTEMaX 3 MaJIOI0 Ta CEPETHBOIO MPOAYKTHBHICTIO. [1J11 BUBYEHHS
IHTEHCUBHOCTI (1IBTPYBaHHS YTBOPEHOI CyCIIeH31i BUKOPHCTOBYBAJIH JIa0 OpaTOpHY JiHKY AlaMeTpoM
5,5 cM i3 dinbTpoM «Oina crpiukay miamerpoM 110 MM, BUKOHYIOUM (DiTBTpario MpH TMOBHOMY ii
3anoBHeHH1. OTpUMaHi pe3yabTaTi NOPIBHIOBAIN 3 JAHUMHU JUIS JUCTUIIHOBAHOT BOAM.

Ha nmouarkoBoMy erani JOCHiI)KeHb OCHOBHY yBary OyJI0 IPUJIIIEHO 10HAM MarHito, OCKUIbKH
BOHM (OPMYIOTh HEPO3YMHHI CHOJNYKH, L0 YCKIAQJHIOE iX BUAAJEHHA 3 BoAM. MM BapiroBau
CIIBBIHOIICHHS] MIXK CHJIIKaT-loHAaMHW Ta 10HaMM MarHilo, aHaji3ylo4d SK 1€ BIUIMBAaE Ha
e(eKTUBHICTh TOM'SKIICHHS BOJHM, OCBITJICHICTh CYCIEH31M Ta MIBHAKICTh iX 3HEBOJHEHHS uepe3
¢ibTpanito. 3Ha4H1 TPYIHOILLI BUHUKAJIU Yepe3 BIICYTHICTD JIeTalbHOI 1HPOopMalii Ipo GopMyBaHHS
TBepaoi (ha3u mpu BUCOKIM MarHieBiif )KOPCTKOCTi, 0COOIMBO Ipu 00pob1i cuimikatoM Harpiro. Lle
CTaJI0 OJIHIEIO 3 IPUYMH JIJISl TTOJIAIBIIIOTO JTOCIIPKEHHSI MPOIECIB BUAAICHHS 10HIB MarHilo.

3a pe3ynbTaTaMy eKCIIEPUMEHTIB 3'sCyBasIoCs], 10 €()EeKTUBHICTb MPOLIECIB OM'SIKIIIEHHS BOAHUX
PO3YMHIB CHJIIKaTOM HAaTPIIO 3aJIEXKHTh BiJl Oaratbox (hakTopis, 30kpema Bif pH cepenosuiia ta Bix
CIIBBIJIHOIIIEHHS MK CHIIIKaT-10HaMH Ta 10HaMHU MarHito. BusBsieHo, 1110 B HeTpaJlbHOMY Jlarna3oHi
pH dopmyBanHs TBepAoi pa3u € JOCUTH MPOOIEMaTUYHUM ISl Bi3yaJlbHOTO CIIOCTEPEXKEHHS, X0ua
micist GUIbTPYBaHHS HE3HAYHE 3HM)KEHHS JKOPCTKOCTI Bce X (pikcyeThbes. 30utbimenHs pH crnpusie
3HIKEHHIO 3aJIMIIKOBOI KOpcTKOCTi. Haitbinpiia epekTuBHICTh TOM'SIKIIIEHHS JlocsiTaeThest pu pH
Butie 10, 10 BUKJIMKAE TIEBHI TPYAHOIII JJISt 3aCTOCYBAaHHSI IbOTO METOY B CHCTEMax 3 0OMEXEHOIO
NPOJyKTUBHICTIO Yepe3 MoTpedy B HACTyMHOMY KoperyBaHHi pH.

[Ilomo pe3ynbTaTiB BUBUEHHS MPOIIECIB BiICTOIOBaHHS Ta QpuibTpallii cpopmoBanoi TBeproi dasu,
TO BapTO 3a3HAYMTH, LIO0 BOHM TAaKOX He OylIM ONTHUMICTUYHUMH. J[OCHIKEHHS MOKa3asd, L0
CyCIeH31i MICJIsl TOM'AKIIEHHSI OCBITJIIOIOTHCS Ty’K€ MOBLIBHO, 1 BEJIMKA YAaCTHHA TBEPIUX YaCTOK
3QJIMIIAETBCA Y PO3YMHI HABITh TMICAS TOMMHHOTO BijcToroBaHHS. CIIBBIIHOIICHHS MiX
KOMITOHEHTaMH He BIUIMBA€E Ha SIKICTh OCBITJIEHHS, 1110 CBIIYUTH MPO HU3bKY €PEKTUBHICTh CUITIKATY
HaTpilo B IbOMY KOHTEKCTI.
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Oxpim TOrO, BUBUCHHS (PIIBTpYBaHHS PO3UMHIB uepe3 ¢iIbTp «Oija cTpiukay MoKaszayo, L0
KOpETr'yBaHHS J03H 0CaPKyBaya Ta BOJHEBOIO IMOKa3HUWKA HE BIUIMBAE HA MIBUAKICTh (iIBTpAIlil, siKa
3QJIMIIAETECA TIOPIBHSHO HU3BKOIO Ta JIOCUTHh JAJEKOK BiJl aHAJIOTIYHMX IOKA3HHKIB IS
JTUCTUIRLOBaHOI Boau. Lle mogaTkoBO MiATBEPIKYE, IO CHITIKAT HATPilO0 HE € OuIbIN ePEeKTUBHUM
peareHToM B TIOPIBHSHHI 3 TPAIUIIHHUMH pearceHTaMH I MacIiTabOBaHOTO 3aCTOCYBaHHS B
CHUCTEMax MOM'SKIICHHS BOJM 3 BHCOKOIO MAarHi€BOO YKOPCTKICTIO, OCOOJIMBO B CUCTEMax MaJiol Ta
CepeAHbOT MPOAYKTUBHOCTI.

BucnoBku

[IpoBeneHH1 JOCHIKEHHS BHUSBWIM, IO CUJIIKAT HATPil0 MOKe OyTH BUKOPHUCTAHHMM MJIs
MOM'SIKIIICHHST BOJIM, XO4a Il MpOoIeC BUMArae ImiJITpUMaHHs BHCOKOTO piBHS pH mis gocsarHeHHS
3aJIMIIKOBO] KOPCTKOCTI BoaM Ha piBHI 0,6 — 2,5 Mr-ex/am°. EQeKTHBHICTh CHITIKaTy HATpiko
CIIOCTEPITAETHCS IPH CTEXIOMETPUYHUX UM BUINUX CITiBBIAHOIICHHIX KOMIIOHCHTIB. THM HE MEHIIIE,
dbinpTpaliiiHi XapaKTepUCTUKH YTBOPEHOI TBepaoi ¢a3u B MOPIBHAHHI 3 aHAJIOTTYHUM CIIOTyKaMHU
kapOoHaTiB, ¢ocdariB, i TIAPOKCHUIIB HE BUAUISIOTHCS 3HAYHUM MOKpAIIEHHSIM, IO OOMEXye
3aCTOCYBAaHHS CHJIIKaTy HaTpil0 B CHCTEMaX HHU3bKOI 1 cepelHbOl MPOJYKTUBHOCTI, /16 OCHOBHUM
METOJIOM pO3UIeHHs (a3 € GUIBTpYBaHHSA. Y KOHTEKCTI MPOIIECIB BiJICTOIOBAHHS, CHUJIIKAT HATPIIO
3a0e3mnevyye HeJJOCTAaTHRO BUCOKY SIKICTh OUMIICHHS BOJIM, BUILISIOUUCH BEIUKUM 00’ €MOM TBEPI0i
dazu.

Y 3B'A3Ky 3 HE3aJOBUIBHHMHU MapaMeTpaMy THPOIECYy OCBITIEHHS O00poOieHoi BOOH, B
MOAANBIIOMY IIJIAHYEMO TPOBECTH JIOJATKOBI JOCTIKCHHS €(PEKTHBHOCTI LOTO PEAreHTy IpU
OJTHOYACHIM HASBHOCTI 10HIB MarHil0 Ta Kalbllil0 y po34yuHi. Takox MiIaHyeMO JOCIITUTH BILTUB
pi3HUX (IIOKYISHTIB Ha YTBOPEHHS TBEpAO1 (asm.
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Abstract

Due to the declining quality of natural water sources, the demand for advanced methods of softening
drinking and industrial water is growing. The primary focus in this field is on removing magnesium
and calcium ions. Magnesium is particularly challenging to eliminate due to its tendency to form less
soluble compounds. The overall success of water softening relies on the ability to completely remove
these cations from the water. Our research focused on sodium silicate as a potential reagent for water
softening. It was found that high efficiency in removing hardness cations is achieved only at high pH
levels, necessitating additional pH adjustments after softening. In a neutral environment, sodium
silicate demonstrated insufficient effectiveness for drinking water softening. No significant
improvement was observed in comparison to traditional reagents like carbonates, hydroxides, and
phosphates in the separation processes of the formed solid phase. The clarification of treated solutions
1s too slow, and filtration is characterized by rapid clogging of filter pores and a significant reduction
in filtration rate. The efficiency of sedimentation and filtration does not significantly change with
varying initial water hardness or sodium silicate proportions. In some cases, where water hardness is
low, a visually noticeable sediment may not form at all. Overall, the use of sodium silicate does not
exhibit unique properties compared to traditional reagents, so it cannot meet the requirements for use
in small and medium-capacity systems.
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A0 IMTAHHA BUSHAYEHHA TOKCHUYHOCTI HIOBEPXHEBHUX BO/I

Hocun I'PUBL, Cepriiit KOBAJIBUYYK?, Auapiii KAJIBKO!2
! Hayionanvnuii ynisepcumem 600Ho20 2ocnodapcmea ma npupoooKopucmyeaHHs.
ByJa. CobopHna, 11, m. Piue, 33003, Ykpaina
2 Pignencoxutl mexuiunuti gpaxosuii xonedoc HYBITT
Bys1. BummuBanka 35, m. PiBae, 33027, Ykpaina
e-mail: s.v.kovalchuk@nuwm.edu.ua

Anomauin

B pobomi npononyemoca sk 00un i3 eapianmis eupiuienHs npooiem 8USHAYEHHS MOKCUYHOCI
NOBEPXHEBUX 800 Uepe3 BUKOPUCMAHHA NOKA3HUKIE HYUCENIbHOCMI OOMIUWOK ma GeluduHuU
Minepanizayii (000ymKy po3uunHocmi coeti).

Knrwouoei cnoea: moxcuunicmsv, nosepxmesi 600u, OOMIWKU, KOHYEHMpayis, Minepanizayis,
CAMOOYUWEHHS.

[Ipobnema BH3HAYEHHS TOKCHYHOCTI TOBEPXHEBMX BOJ 3AJMIIAETHCS AKTYyaJbHOIO 1
JUCKYCIMHOI, OCKUTBKM 3aJICKUTHh BIJ 0ararbOX YMHHUKIB — PI3HOMAHITHOCTI JIOMIIIOK Ta ix
KOHIEHTpaIlli, IX TOKCHYHOCTI 1 KOMOIHOBaHO1 Jii, TBEPAOCTI BOAM Ta ii MiHepami3allii, ra30BOro
pexXUMY, peIOKC-TIOTCHITIATY

Ha cborogni 3rifHo 3 MNPUHHATUMH HOPMATUBHUMM JIOKYMEHTaMH [UIl BHM3HAYEHHS
puborocnoaapchKoi IKOCTI BOAM MpHiiMaeThes piBeHb nepeBuiieHHs ['JIK ognoro 3 nepeBaxkaroumnx
TOKCHUYHHUX JIOMIIIOK (1OHIB JESIKMX MeTaliB, (heHomiB, oTpyToximikari, CITAP, HadTompoaykTiB
TOIIO) 32 IKUMH BU3HAYAEThCS 1HAEKC TOKCHYHOCTI [T [1, 2].

Ha namry aymky, 3 TOCBiAy MpakTHYHOI TAPOXiMii, e MiAXiJ X04 1 € MPaKTUYHUM, OJJHAK HE
y’)K€ BJIaIMM, OCKUIbKM piBEHb (OpMYyBaHHS TOKCHYHOI CHUTYyallli BH3HA4a€ CyMapHUN BIUIMB
JIOMIIIOK 1 YUHHUKIB, ITPU LIbOMY HE JA€THCS OLIIHKA MPOIIECY JTOOUYMIIEHHS 010TOIO BiJl OpraHiyHUX
JIOMIIIOK, O10CUHTE3Y (PITOIUIAHKTOHY Ta 300IJIAHKTOHY.

JUJ1s OLIHKM TOKCUYHOCTI BOJIHOTO CEPEI0OBUIIIA MOKHA BUKOopHcTaTH hopmydy (1):

= [(Z2) /nl- ey @

ne (Z CC—') — BIIHOILIEHHS IIEPEBUIIIEHb CYMH JIOMIIIIOK JI0 PETIaMEHTOBAaHUX BEJINYHH;
io

N — YUCENbHICTDH JOMIIIIOK;

a1 — KOeIIIEHT CaMOOYHILIEHHSI BOJAHOIO CEPEOBHILA BiJl OPTaHIYHUX JTOMIIIOK PO3paxOBaHUN
3a BIJTHOIIEHHSM Macu OpPraHi4HOTro Byriemnto 10 BenuuuHu HCKs;

Q, — BIUIMB BEJIMYMHU MiHEpami3alii Ha TOKCUYHICTh CepeJoBHINA (OIIHIOETHCS 3a JOOYTKOM
PO3UMHHOCTI coJieit).

B noganpimoMy He0OXiTHO 3BEpHYTH yBary Ha MpOIEC 3aKUCIEHHS BOAHOTO cepenoBuma. [Ipu
OLIIHIII Pe3yJbTaTIB JOCTIKEHb COJIbOBOIO CKJIaJy MiHepasli3allii BOAM J1aBaJlach OLIHKA 3arajabHOl
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MacH, P [[LOMY HE 3BepTajach yBara Ha mpolecu 3akucieHHs. KoedilieHT 3aKuciIeHHs MOXKIINBO
BHpaxyBaTH 3a BIIHOIICHHSIM CYMH XJIOPHJIHUX 1 CyJIb(DaTHUX 10HIB, BU3HAYCHUX MTPH T1APOXIMIYHUX
3MOMKax, J10 X KOHIeHTpallii [3].

Takum YMHOM MO>KHA 3aHAYUTH, 110

(cr+so%‘)¢
@2 = m

@)

SIK mpuKIIaa HaBEIEMO yCepeIHEHY OIIHKY €KOJIOTIYHOI CHTYallii y BOJHOMY CEpEIOBHII PIUKU
3axinauii byr y crBopi Huxk4e M. Cokanb (BJIACHI J1aH1) 32 BMICTOM TOKCHYHHX JOMIIIOK (Tad:. 1).

TaoJ. 1. TokcuuHicTh Boau B p. 3axigHuii byr 3a nomimkamu Hik4de M. Cokalib, MKT/ M3

Ne, Buu 1OMilIoK PernamentoBani dakTHUHE IMepeBuieHHS
n/n BEJIMYNHU 3HAYEHHS I'’IK
1 PryTh 0,02 - 0,05 HE BU3H. 0
2 Kaamiit 0,1 HE BU3H. 0
3 Mizns 1,0 54,0 54
4 Huak 10,0 - 15,0 8,0 2
5 CBuHelb 20-50 11,0 2
6 Xpowm 3ar. 20-3,0 4.0 1,3
7 Hikenb 1,0-5,0 2,0 0,5
8 Munr’ sk 1,0-3,0 HE BU3H. 0
9 3airi3o 3ar. 50,0 - 70,0 100,0 2

10 Maprasenpb 1,0-3,0 5,0 2
11 dTopuau 100,0 - 125,0 20,0 0
12 Hianigu 1,0-5,0 HE BU3H. 0
13 Hadronpoayktu 10,0 - 25,0 20,0 0
14 denonn neTki menme 1,0 2,0 2
15 CIIAP menme 10,0 20,0 2
CyMma nepeBuIleHb 32 I0HaMH MeTalliB 67,8

[Haexc TOKCHYHOCTI 3a I0HAMH METaJIiB cKkiagac 67,8.

KoeoilieHT caMoOYMIlEHHS 3a BiJHOIIEHHSM MAacH OPIraHIYHOTO BYIJIEIIO 10 BEJIWYUHU
010XIMIYHOTO CIIO’KMBAHHS KUCHIO 3a T’ Th 1110 28,0/4,0 = 7,0. Toxi piBeHb TOKCHYHOCTI 32 CTBOPOM
CIIOCTEPEIKEHDb Oy/I€ CKJIaIaTH:

Ip =13,0 -7 =91

OTOX MM MaTHMEMO y CTBOpI CIIOCTEPEKEHb CTaH BOJIHOTO CEPEJOBHUINA 3a II'SITUM KJIaCOM
SKOCTI1, TOOTO BOJH € Ayxe OpynHumH [4].

3a JaHUMU TOCTiKEHh BYUCHUMH 3 TIOJBCHKOI CTOPOHH y CTBOPI ceia JINTOBEXK CIoCTepiraeThes
NEPEeBUIIIEHHS 32 BMICTOM 10HIB MiJli, IMHKY, XpOMY, 3alli3a, Hadgronpoxykris, CITAP (tabin. 2).

VY3romkeHi MOKa3HUKHU Y BOJI CTBOPY piuku 3aximHuil byr 6u1d cena JIMToBeX N1EMOHCTPYIOThH
3HaYHI EPEBUIICHHS PIBHIB TOKCHYHOCTI 32 OAMHAALUATEMA MMO3UIISIMH, 1110 YCEPEIHEHO:
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KoedimienT camoouumieHHs ckiagaTuMe:

Iy = 163,0 / 10 = 16,3

aq

= Copr /BCKs =30/18 = 1,6

Takum YMHOM, TOKCHYHICTh BOJIM piuku 3axigHuii byr y cTtBopi cena JINTOBEX CTAHOBUTD:

Ir =163,0 - 1,6 = 22,1

3a nepeBakarOYMMH BHIAMH TOKCUYHUX JOMIIIOK (KoedirieHT OibIe 10,0) exooriayauii iHaeKe
TOKCHYHOCTI CKJIQJaTUME:

ToOTo BOaM MOKHA BiTHECTH JI0 I’ SITOTO KJIACY TOKCUYHOCTI.

It = 30,0 - 1,6 = 48,0

Tab.1. 2. ToxcuuHicTs BoAU y p. 3axignuii Byr 3a qomimkamu y cTBopi ¢. JIUTOBEXK, MKI/AM®

Ne, Buau nominiok PernamenroBani | ®akTuuHe Koedinient
n/n BEeJIMYHHH 3HAYEHHsSI | MepeBHINEeHHS
1 PryTh 0,02 - 0,05 0,2 4.4
2 Kagmiit 0,1 50 50,0
3 Mine 1,0 18,0 18,0
4 Huak 10,0 - 15,0 487,0 32,0
5 CBuHEIb 2,0-50 30,0 6,0
6 Xpow 3ar. 2,0-3,0 10,0 3,3
7 Hikens 1,0-5,0 30,0 6,0
8 Munr’ s 1,0-3,0 HE BU3H. 0
9 3aii3o 3ar. 50,0 - 70,0 522,0 10,0
10 | Mapranuens 1,0-3,0 0,17 0
11 | AmromiHii 10,0 HE BU3H. 0
12 | ConpoBwuii QoH, XJTOPUTH mr/ame 50,0 116,0 2,3
13 | HadronmpoaykTu 10,0 - 25,0 60,0 2,0
14 | denomnu metki menme 1,0 3,0 3,0
15 | CIIAP mentre 10,0 209,0 21,0
16 | Cynwbatu 10,0 128,0 13,0
17 | Opraniuna pedoBuHa, Copr. 7,0 30,0 4.3
CymapHe nepeBHILEeHHS 32 10HaMH METaliB 165,4

IIpum. 3a eTangoH NpUITHATI periTaMeHTOBaHi JaHi. 3 MOJBCHKOTo OOKY 3a €TaIOH NMPHHHATI AaHI JPyroro KJIacy sSKOCTi

BO/JI.

3a JaHMMM HAIIUX CIOCTEPEKEHb, TOKCUYHICTh BUIBHUX 10HIB BaXKKHX METajiB OibIle
MIPOSIBIISIETBCSL Y M SIKIM cllaboMiHepai30BaHiid Bo/l. ¥ BHCOKOMIHEpaTi30BaHId BOJII TOKCHYHICTh
3HIDKYETHCS 32 PAXyHOK KOMIUIEKCOYTBOPEHHS, 30KpeMa 3a paxyHOK 3aKHcIuX (opM i0HIB 3ai3a Ta
Mmaprasifio. [Ipu rmianoBiit MOXIMBOCTI MiKUBIEHHS piuku [Ipun’siTh BoJo0 3 piuku 3axinHuit byr
CTaHEThCS TMIIBHILEHHS PIBHS TOKCHUYHOCTI 1, 3HMKEHHSI MPOJYKTUBHOCTI 32 KOPMOBOIO 0a3010 Ta
ixtiohayHo10.
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BucHoBkH

1. 3a icHywo40i MeTOAOJIOTIYHOi 0a3W BapTO Y3TOAUTH IMOKA3HUKU IEBHUX KOHIIEHTpALii
JOMIIIOK, 110 POPMYIOTh TOKCHYHICTh BOJHOTO CEPEOBHUIIIA.

2. BaxnmBo IOOMpAIlOBaTH METOJOJOrIT €KOJOTiYyHOi OLIHKM SKOCTI BOJAU 3 BPaxyBaHHSIM
KOMILJIEKCHOTO BIUIMBY JOMIIIOK 1 CAaMOOYMCHOI 3JaTHOCTI BOJHOTO CEPEIOBHUINA Ta BIUTUBY
MiHepati3alii Ha TOKCHYHICTh JJOMIIIOK.
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Abstract

The work proposes as one of the options for solving the problems of determining the toxicity of

surface waters through the use of indicators of the number of impurities and the amount of
mineralization (the solubility product of salts).
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EVALUATION OF THE EFFICIENCY OF THE ROTATIONAL MODE
OF THE PROCESS OF GRINDING SOLID WASTE IN A DRUM MILL
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Abstract

A mathematical model of the grinding mechanism by breaking under shock load in a drum mill,
which is implemented mainly when grinding solid waste, was built. The method of numerical
modeling based on experimental visualization through a transparent wall of the behavior of granular
loading in the cross section of a rotating chamber is applied. The initial characteristic of the shock
is the averaged vertical component of the speed of loading movement in the flight zone at the
boundary of contact with the shear layer. The formalization of the model revealed the impact on the
energy intensity of the process of the mass fraction of the flight zone, loading reversibility and rotation
speed. A rational condition for impact grinding at a relative speed of rotation y»=0.75-0.9 has been
established.

Keywords: solid waste, drum mill, intrachamber loading, impact action, energy consumption of
grinding.

Fine grinding of solid waste is carried out in various disintegrators. The optimal type of shredder
device is a drum mill [1]. It has a low specific grinding work of 151 kWh/t, compared to 3490 kWh/t
for the planetary and 1110 kWh/t for the vibratory mill. At the same time, the drum mill provides a
relatively high specific product surface of 11,300 cm?/g. In the case of grinding industrial volumes of
solid waste, such a mill has a much higher productivity.

However, grinding is a high-energy-intensive process due to significant frictional energy
dissipation during the circulation of the intra-chamber load. Reducing the energy intensity of the
working processes of drum mills remains a rather urgent problem [2].

A significant proportion of drum mills carry out high-performance coarse grinding by breaking
due to the mainly impact action of internal mill grinding loading. Instead, the quantitative results of
impact impact on the energy intensity of the grinding process are still unknown, which significantly
limits the functionality of such equipment.

The aim of the work is to create a mathematical model of the impact action of grinding bodies of
intra-chamber loading on particles of the material that is crushed in a drum mill. This will make it
possible to establish the dynamic characteristics of the impact action of the grinding load and predict
the parameters of the grinding process by implementing the impact interaction mechanism.

The loading of the drum mill carries out circulation movement in the cross-section of the chamber
mainly in the three-phase flow mode [3] (picture 1).
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7

l/
Picture 1. Movement zones of the drum mill chamber loading:
1 —solid zone, 2 — flight zone, 3 — shear layer zone

At low rotation speed, the mass fraction of solid zone 1 prevails. As the speed increases, the
fractions of flight zones 2 and shear layer 3 increase at the expense of solid zone 1. As the speed
approaches the critical value, the fraction of flight zone 2 reaches its maximum value, and the fraction
of shear layer zone 3 goes straight to zero At a high speed of rotation, a mode of motion occurs in the
form of a wall layer consisting only of solid zone 1.

The duration of the shock interaction is very short. Since the shock impulse has a finite value, the
force modulus of the grinding body can be quite large, which ensures the implementation of the
grinding process by shock action. Impact interaction of loading elements can be considered
completely inelastic. On the considered contact surface, which is the transition of loading movement
zones, the influence of non-impact interaction forces on the grinding process can be neglected.

The dynamic impact effect of molar loading can be estimated by the impulse, work and power of
the impact forces. Impulse characterizes the intensity of impact interaction, and work - the energy of
crushing by impact action. The technological effect of the impact action is determined by the energy
intensity of the impact crushing process, the value of which can be estimated by the power of the
impact force.

Specific and absolute relative analogues of the dynamic parameters of impact interaction were
used for the approximate implementation of such an assessment. The initial data for the determination
of such parameters were obtained in a simplified way by means of visualization of loading movement
patterns.

An approximate mathematical model of the impact grinding mechanism in a drum mill is built on
the basis of data visualization. The power of impact forces was taken as an analogue of the energy
intensity of grinding. The expression for the relative energy intensity of impact crushing E, which
corresponds to the relative power of the vertical component forces of the impact interaction:

hfr
8nR

E—

Kfrnto\vm’

hf is the vertical distance from the highest to the lowest point on the free surface of the loading
flight area in the movement pattern,

R is the radius of the mill drum chamber,

Kir=1—(Fsr+Fsi/vs)/(TR?k) is mass fraction of the loading flight area,

Fsr is the area of the solid zone in the picture of loading movement,

Fs is the area of the shear layer zone in the picture of loading movement,

vsl IS the dilatancy of the shear layer,

k=w/(nR2L) is the volume degree of filling the chamber with loading,
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w is the volume of the loading portion of the camera at rest,

| is the length of the drum chamber,

Nw=[1—(Rc/R)?]/k is the reversibility of the load movement, which corresponds to the number of
periods of circulation of the load in the chamber during one revolution of the drum,

R is the radial coordinate of the load circulation center relative to the axis of rotation in the
movement pattern,

yo=w/(g/R)% is the relative speed of rotation of the drum chamber,

o is the angular speed of rotation of the drum,

g is the gravitational acceleration.

The values of hs, Fsr, Fsi, vsi and Rc were approximately determined by the method of computer
numerical modeling based on experimental visualization of the loading behavior in the chamber of a
rotating drum by fixing through a transparent end wall and subsequent computer processing of
movement patterns in the cross section of the chamber (picture 2 ).

1 2
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Picture 2. Computer visualization of data:
1 — unit of drive and measuring devices, 2 — drum with removable chamber,
3 —granular loading, 4 — transparent end wall of the chamber, 5 — illuminator,
6 — videorecording of pictures of loading motion, 7 — video camera,
8 — information transmission channel, 9 — a computer for visualizing pictures of loading motion

The algorithm for implementing data visualization consists in the following stages:

1) filling the chamber of the loading drum with the degree of filling «;

2) achievement of a stable mode of movement of the load during stationary rotation of the drum
with the value of the relative speed yo;

3) performing video recording of the loading movement in the cross-section of the rotating
chamber, which has a transparent end wall;

4) obtaining a picture of the loading movement;

5) selection of flat geometric shapes on the picture corresponding to the zones of movement -
solid, flight and shear layer;

6) measurements on the picture R, hs, Re, Fsr, Fsi;

7) calculation of the values of loading interaction parameters.
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Separate obtained pictures of the steady motion of loading in the chamber of a stationary rotating

drum with the relative size of particles y4=0.0104 and the degree of filling of the chamber k=0.45 are
shown in Fig. 3.

abcde
Picture 3. Visualized data of individual loading motion pictures:
a—ye,=0.1; b —y,=0.3; ¢ — y,=0.5; d — y,=0.7; € — y,=0.9

The graph of the obtained change in the analogue of the relative impact crushing energy E from
Ve IS shown in picture 4.

It was established that the energy of grinding by impact acquires half or more of the maximum
values at the value of the relative speed vy, from 0.75-0.8 to 1.2. Instead, it was found that when
y®>0.9, the loading flight zone makes unproductive contact with the cylindrical surface of the
chamber (picture 3d), which reduces the effectiveness of the impact grinding process.

0.3
0.25
0.2
2005

0.1

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Vo

Picture 4. Experimental dependence of the change in E on .

It was established that the energy of grinding by impact acquires half or more of the maximum
values at the value of the relative speed vy, from 0.75-0.8 to 1.2. Instead, it was found that when
V»>0.9, the loading flight zone makes unproductive contact with the cylindrical surface of the
chamber (picture 3d), which reduces the effectiveness of the impact grinding process.

The test proved the effectiveness of using computer visualization of data to evaluate dynamic and
technological analogues of the impact interaction of the elements of the internal chamber loading of
the drum mill. Verification of modeling results is implemented by comparison with numerical data
of technical standards [4,5].
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Therefore, the factor of impact loading of the drum mill is the averaged value of the vertical
component of the speed of the flight zone before the interaction. The speed and mass fraction of the
flight zone, the reversibility of the charge circulation in the chamber and its rotation speed are the
determining parameters of the influence on the energy intensity of crushing by impact action. The
rational range of the relative speed of rotation when crushing in a mill with an impact is 0.75-0.9.
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AHoTanisa

[ToOynoBaHo MaTeMaTH4HY MOJENIb MEXaHI3My MOJpIOHEHHS pO30OMBAaHHAM NPHU YyAapHOMY
HaBaHTaXXCHH1 B 6apabaHHOMY MIIMHI, KU peai3yeThes IePEeBaXKHO MPH TIOMEITi TBEPANX BIIXOIIB.
3aCTOCOBAaHO METOJI YHMCEITBHOTO MOJICTIOBaHHS, 3aCHOBAaHUN HAa €KCTIIEPUMEHTAJIbHIN Bizyami3alii
yepe3 Mpo30py CTIHKY MOBEIIHKM 3€PHUCTOrO HaBaHTAXXEHHS B IMOINEPEYHOMY Iepepisi 00epToBoi
KaMepu. BUXiTHOIO XapaKTEPUCTHKOIO yIapy € ycepeTHeHa BepTHKAIbHA CKIIQI0Ba IIBUIKOCTI PyXy
HaBaHTAXXCHHS B 30HI MMOJILOTY HAa MEX1 KOHTAaKTY 3 mapoM 3cyBy. Popmaitizailis Moiesi BUSBUIIA
BIUTMB Ha €HEPrOEMHICTH MPOIECY MAaCOBOI YaCTKH 30HU TOJHOTY, OOOPOTHOCTI HaBaHTAKEHHS Ta
MIBUJKOCTI 00epTaHHs. BCcTaHOBJIEHO palliOHAIBHUNA PEXUM yJIApPHOTO IUTI(PYBAaHHS MPU BiTHOCHIH
mBHAKOCTI o0epTanHs ym=0,75-0,9.
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MOJAEJIIOBAHHA NUKJIOHIB JJIAA BJIOBJIIOBAHHA
BUCOKOJAUCIHEPCHUX YACTHHOK

Anapiii IMUTPYK, Auapiit CTEITAHIOK
Kuiscokuu nonimexniunuit incmumym imeni leops Cikopcbko2o
npoci. bepecreiicbkui, 37, M. Kuis, 03056, Ykpaina
e-mail: arstepaniuk@gmail.com

Anomauin

Poszenanymo ¢hizuuny mooens, 0ns 6invuu egpexmusrnoi pobomu ooparno dsa yuxionu L[H-11 ma
CK-1[H-33, axi 6yoyms po3miweHi nociioo8rHo ma 30ilicHI08amMUMyms 080CMyneHese 04UuLyeHHsl 8i0
meepoux uacmok. Pozpaxoeano snauenus eghexmusHocmi YyukioHy 0ist meepoux 4acmuHoK i 600HOL
napu. Mooeni cmeopeni 6 cepedosuwi SolidWorks. IIposedeno imimayiiine docnioxcenHs pobomu
OQHUX YUKTIOHIB.

Knrwouoei cnosa: yuxiown, mooentosanis, ekcnepumenm, imimayis.

VYV cydacHuxX Impolecax BUPOOHHMIITBA OpraHO-MIHEpaJbHUX JOOpUB TEHEPYETHCS 3HAYHA
KUTbKicTh (0 10%) TBepauX BUKHUAIB, SKI MICTSTh TaKOX 1 mapy BoAH. [[si BIOBIIOBaHHS TaKHX
BUKH/IIB, 110 CKJIaJal0ThCs 3 BOJOPO3YMHHUX Ta HEBOJOPO3YMHHUX TBEPAMX KOMIIOHEHTIB Ta
BOJSHOI Mapu NPONOHYEThCS BHMKOPHCTOBYBAaTHM LHMKIOHHI amapatu [1]. IcHyroua cxema
BJIOBJIFOBaHHSI MICTUTh LIMKJIOHHUH anapart Ta ckpyOep [2, 3]. Bonu 3a6e3neuyroTsh sIKICHUH IpoLec
BJIOBJIIOBaHHSI BUKU/IIB, ajle, B CBOIO Uepry, CKpyOep reHepye 3HauHy KUIbKICTh BOJSHUX PO3YMHIB 3
MO0 KOHIICHTPAILI€l0 KOMIIOHCHTIB [OOpHB 3 CYCICHIOBaHMMH B HBOMY HEPO3UYMHHHMH
KOMIIOHEHTAaMH. IX Hajajii HeoOXiaHo, ounniyBaTH. Lle IPU3BOUTH 0 3HAYHOTO POCTY LIiHM HA
BUPOOHUITBO OpraHo-MiHepaJbHUX A00puB. [IponoHyeThcss 3MIHUTH CKpyOep BBEAECHHSIM CTaJli
OXOJIOJDKEHHS Ta KOHJIeHCallli BOJHUX MapiB 3 iX HACTYITHUM BIIOBJIIOBAaHHSIM B IIUKIOHHOMY arapari.
Pozrnsiaemo ¢izuuHy MoAemb sl IPOLECY OYHMILEHHS TBEPANX YaCTHHOK, 300pa’keHO Ha PUCYHKY 1.

TTT Fluid + fine particle

F

0 .
X —
§ al, olo2
N Y. f
Fluid + particle % ::
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°
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Coarse particJe
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V UHUKJIOH Ha BXOi MOJA€ThCS T'a30BHM MOTIK KU HAa Mae TBepHi BKIo4YeHHsS. [IpoBeneHo
CUMYJISIIHHUN SKCIIEPUMEHT OYMIICHHS Ta30BOro moTtoky B mporpami SolidWorks, pesymnbratu
SIKOTO 300pa)KCHO HA PUCYHKY 2.
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Puc. 2. MogentoBaHHS ra30BOT0O TIOTOKY B IIMKJIOHI
ITH-11 (a) Ta CK-IIH-33 (0)

3 pUCYHKY 2 MOXHa 3pOOMTH BHUCHOBOK, IO MBUAKICTH B mukiaoHi [[H-11 menma Hik B
CK-IIH-33, omxe edextuBHicTh BioBmoBaHHs B CK-IIH-33 Ounpmia, ockinbku Tam OiibIna
MIBUJKICTh. TOOTO BCTAHOBJICHHS IBOX IIUKIJIOHIB JI03BOJHUTH MiIBULITUTH €(DEKTHBHICTH X pOOOTH.

BucHOBKH: BCTaHOBJICHHS ABOX IMKJIOHIB JO3BOJIUTh MIABUIIUTH €(EKTHBHICTH MPOIECY
BJIOBIIFOBAHHSI BUCOKOMCIIEPCHUX TBEPAUX YACTUHOK Y TOJI BIIIEHTPOBUX CHIL.
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SIMULATION OF THE PROCESS OF CAPTURE OF HIGHLY DISPERSED PARTICLES
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Igor Sikorsky Kyiv Polytechnic Institute, Ukraine
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Abstract

The physical model was considered, for more efficient work two cyclones ITH-11 and SK-I1TH-33
were chosen, which will be placed in series and perform two-stage cleaning of solid particles. The
value of cyclone efficiency for solid particles and water vapor is calculated. Models were created in
the SolidWorks environment. A simulation study of the operation of the given cyclones was carried
out.
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VJIOCKOHAJIEHHS TEXHOJIOI'TI OJIEPYKAHHA MOTOPHOI'O IMMAJIMBA
I3 OPTAHIYHHUX BIJIXO/IIB

Oaena IBAHEHKO!, Anapiiit TPUIIOJIbCBKHIAZ, Januno PATEECB!
' Kuiscoruti nonimexuiynuil incmumym imeni Ieops Cikopcorozo
bepecreiicbkuii npocnekrt, 37, m. Kuis, 03056, Ykpaina
2Inemumym ¢hizsuunoi ximii im. JI1.B. Iucapocescorozeo HAH Vipainu,
npocnekt Hayku, 31, m. Kuis, 03028, Ykpaina
Email: danchikgwe@ukr.net

AHoTanisg

B pobomi posensoaromvcs modxcaugocmi yYOOCKOHANIEHHS NpoOYecy O0O0EepHCAHH MOMOPHO20
namea i3 8yeleyesMicHux 6i0xo0is, po32nia0aomvCs OCHOBHI MUNU CUPOBUHU, CMAOIi, OCHOGHI
cmaoii npoyecy BTL, obrpynmosyemuvcs doyinvuicme suxopucmanus 6io2azo6oi ycmanosku ma 0i-
pedopminzy O ompumanusa cummes-2azy. B npoyeci odepowcanns cunmes-2azy amanizyromscs
OCHOBHI UXIOHI napamempu KOH8epcCii Mematy, wo enauearoms Cni6BIOHOULEHHS 8)Y2aeyt0 00 800HIO
¥ 8uxionomy npooykmi. Onucyromscsi 0CHO8HI meopemuyHi acnekmu npoyecy aHaepobHo2o OpoOiHHs
ma cunmesy @Diwepa-Tponwa. IIposodumwscs awnaniz npooykmise peaxyii Diwepa-Tponwa ma
nooanvuLe N0BOONHCEHHS i3 NOOIYHUMU NPOOYKMAMU.

Knwuoei cnoea: oOiomaca, Oionanuseo, anaepobne Opoldinns, easugikayisa, Oi-peghopmine,
0i02az08a ycmaHoeKka, MemaHoz2enes, 2iopoizomepusayis.

3 ormsiy Ha Cy4acHi €KOJIOT1YH1 BUKIIMKH Ta HEOOX1THICTh 3MEHIIIEHHS 3a7I€KHOCTI BiJ] BAKOTTHUX
BU/IIB [TAJIMBA, PO3pO0Ka TEXHOJIOT1H OTPUMaHHs MOTOPHOTI'O MaJMBa 3 OPraHiYHUX BiAX0JiB HA0yBa€e
0COOJIMBOI BAXKIIMBOCTI [T YKPIMJICHHS TATMBHO-€HEPT€TUYHOTO KOMIUIEKCY YKpaiHu, 110 BIUTHBAE
Ha ii 3araJbHUN eKOHOMIYHMI cTaH. PO3po0ieHHs anbTepHATUBHUX IIISAXIB OJIEPKAHHSA MOTOPHUX
NAJIUB € BU3HAYAIbHUM BEKTOPOM PO3BUTKY €HEPI€TUKH, OCKLUIbKY TPAIUIIIIHI Kepena eHeprii, Ha
SKMX MOOY/JJ0BaHA Cy4acHa IMPOMMCIIOBICTh, € BUUEPITHUMH Ta 3IHCHIOIOTH IIKIJIMBHHA BIUIMB Ha
HABKOJIMIITHE CEPEIOBHIIIE.

Meta po0OOTH — BIOCKOHAJICHHS TEXHOJIOTIi OJEp)KaHHS MOTOPHOIO MalMBa 3 OPraHIYHUX
BIJIXOJIB IUISXOM BHUKOpPHUCTaHHs 010Ta30BOi ycTaHOBKH. lle mependauae onTumizailiio MpoIeciB
300py, oOpoOKM Ta mMepepoOKH OpraHiyHUX BIAXOMIB, a TAKOX IMIJBUIICHHS €(PEKTUBHOCTI Ta
€KOHOMIYHOT IOIITFHOCTI BUPOOHHUIITBA Oiorasy.

HaykxoBa HOBHM3Ha IBOTO JOCTIKEHHS TMOJSATaE y po3poOIli Ta BIPOBAHKEHHI 1HHOBAIIHHUX
MIIXOIB J0 TEXHOJOTIi MepepoOKH OpraHIYHUX BIAXOMIB y MOTopHe manuBo. lle Bkirodae
BUKOPHUCTAHHSA 3aJi3HO-BMICHOTO KaTali3aTopy, IO MiABUIIYE BUXiJ Ta SKICTh MOTOPHOTO TalliBa,
TaKOXX BJOCKOHAJICHHS TMPOIECIB aHAEPOOHOTO 30poKyBaHHS. JOCTIDKEHHS TaKOX OXOTLTIOE
OINITUMI3aIli10 TapaMeTpiB Mapo-ByTJIeleBoi KoHBepcii Ta mporecy Pimepa-Tpormnia 11st MiABULLIEHHS
e(eKTUBHOCTI BUPOOHMIITBA Ta MiHIMI3allli eHEPreTUYHMX 3aTpaT.
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B 3anexxHocTi BiJf Ty CHPOBHHH iICHY€ YOTUPU NOKOMIHHS Oionanus [1].

[lepuie mokomniHHSA OlomanMBa CHUHTE3Y€ThCS 32 BUKOPHUCTAHHS TPATUIIMHUX TEXHOJIOTTYHUX
IPOIIECiB, 10 BUKOPUCTOBYIOTh XapyOBi POCIMHHI BIIXOAM - KyKypyI3y, NMIICHUIS, KPOXMalb Ta
I[yKOp, a TAKOX TBApUHHI )KUPH.

CHUpOBMHOIO /Il JIpPYroro MOKOJIHHS  OloMajdwB  BUCTYMAKOTh HE  MPOJOBOJIBYI
CLIIbCBKOTOCTIOIAPCHKI Ta JIICOBI BIAXOIH, O SKUX BITHOCSTH JYIIITUHHS, JIUCTS JEPEB, 3aJUIIKHA
POCIIMHHOI CHPOBWHH, JIepeBHE KOpIHHS Ta iHII. B maHiii CMpOBHHI NMPHCYTHIA 3HAYHHWNA BMICT
JIITHOLIEJTFOJIO3H.

Jis TpeThOoro MOKOJIIHHS OlOMaNuB SIK BiTHOBIIOBAIBHY CHPOBHHY BUKOPHUCTOBYIOTH MOPCBHKI
BOJIOPOCTI, B CKJIaJ1l SIKUX MPUCYTHI OJIi1, K1 MOAI0H1 32 BIACTUBOCTSAMHU A0 HadTH, ajie HE MICTATH
JITHIHY Ta eT0031. B pe3ynbrati GOTOCMHTE3y BOAOPOCTI yTBOPIOIOTH 3HAYHY OioMacy.

YeTBepTe MOKOIIHHS OlomaiiBa BUKOPHUCTOBYE TEHHY 1HXKEHEPIIO ISl OTpUMaHHS OlomainBa 3a
JIOTIOMOTOI0 MIKpPOOPTaHi3MiB, SIKi MiJ] YaC BU3HAYEHHUX IHKIIB (DOTOCHHTE3y YTBOPIOIOTH (OTO-
OioJioriuHe coHsiuHe OiomanuBo [2].

[Ilo crocyeTbesi TEXHOJOTII, MMPOKOTO HomMpeHHs B Hadroximii HaOyB mporec Dimepa-
Tpomuia, 110 BUKOPUCTOBYIOTh AJISi OTPUMAHHS CUHTETHYHOTO O6eH3uHy i3 Oyporo Byruuis (CTL),
oiomacu (BTL), mpupomnoro razy (GTL). Jlns nepepoOiaeHHS OpraHiuHUX BiIXOMIB B CHHTE3-Ta3
(H2:CO) BUKOpHCTOBYIOTHCS Taki METOAM 5K Tasudikaiis abo mipoii3, aHaepoOHE OpoIiHHS,
(depMenTaltis, eKCTpaKIis Ta craaroBaHHs [3].

[Tpu MexaHI4HIN eKCTpakilii OTPUMYIOTh O107HM3eNb 13 €HEePreTUYHHX POCIMHHHUX KYJIBTYD,
HaNpUKIa] pilak, JIbOH, COs, apaxic, B pe3yJIbTaTi Mpolecy nepeecrepudikaiii METHIOBOTO CIIUPTY
13 pocnuHHUMHU Maciamu. ['asudikanis 6iomacu BimOyBaeThes mpu TemmepaTypi 800-1000 °C ta
MOJISATAE y TICPETBOPEHHI OPTaHIYHUX JITHIHO-IEIIOJIO3HUX 3JIMIIKIB Yy CcHUHTEe3 ra3 (cymim Hp ta
CO), meran CHgy, Byriekucnuii ras, a3oT, 300y Ta JoMmilku. ['inporepmainbHe 3pimKkeHHs: 6ioMacu
BinOyBaeTbcss pu Temmeparypi 280-370 °C Tta tucky 4-22 Mlla, Boja 3MiHIOE CBOIO TYCTHHY,
JIieNIeKTPUYHY NPOHUKHICTD, MOJISPHICTD, 1110 CHOPUSE MiABUILEHHIO PO3YMHHOCTI B HIlf OpraHiuHUX
crionyk. L{e B CBOIO Uepry mpu3BOIHUTH 10 EPETBOPEHHS O10CMPOBUHH y CHHTETUYHE MaiuBo [4].

MonepHnizoBanuii nporiec BTL BiiOyBaeThcs 32 HACTYIHUMHU CTaliIMU: OAPIOHEHHS, CYILIIHHS,
norepeHe OUnIIeHHs OloMacH, aHaepoOHe OpOiHHS AJisl yTBOPEHHs 010MeTaHy, MapoBa KOHBEPCis
OioMeTaHy J10 CHHTE3 Ta3y i3 napaieiabHUM OUHUINEHHSIM Ta 30araueHHsM, npouec dimepa-Tpomnmia,
TIAPOKPEKIHT JUIsl MepeTBOpeHHs mapadiHiB y piAki ByriaeBojHi. [IpuHIMIOBY cxemy mpouecy
NepeTBOPEHHs 610MacH y CHHTETUYHMI OEH3MH HaBeJCHO Ha PUCYHKY 1.

Biomaca .
———| TloapiGHenns
Y
ITonepe/Hs
OUMCTKa
EnexTpoeHepris
Y Teepauii :
Bakrepii|  BiorasoBa |30k HGKOHBF’?TOBa(tlI :
e yoranosks [ nanueHi rasm Ci-Cs
l Bioras CO: l H.O CuHHTeTUYHa
Hadra (rasm, BeHsuH Ta
Ycranoska | Biomeran 0 onii, BOCKM) : u3enb
° Al s y | Oummennsi ta Peaktop i, Hadronepepo6ri| A
g e N Rommepcla Cupuii OXOJIO/PKEHHS Mimepa-Tpona 3O/ [ =
36araueHHs s
CwuHTe3 ra3 QuuiieHuit
l CuHTe3 ras
Jumosi
ras
Puc.1. brok-cxema oTpuMaHHsI MOTOPHOTO MajuBa 3a TexHosoriero BTL
Handbook of the XXIV International Science Conference 131

«Ecology. Human. Society» (June 5 2024, Kyiv, Ukraine)



Marepianun XXIV MizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(pepeHuil
«ExoJoris. Jloanna. CycniiberBoy» (5 uepBus 2024 p., m. KuiB, Ykpaina)

B TpamumiiiHiii TEXHOJOTIYHIA CcXemi IS OTpPUMaHHSA CHHTE3-Ta3y BUKOPUCTOBYETHCS
razu(ikaTop, ajge BUKOPHUCTAHHS I[LOTO amapaTy Mae CYTTEBI HEMONIKH, 30KpeMa HEBH3HAUYCHUU
BMICT KapOOHY y OioMaci, 10 € pe3ybTaToM ii pi3HOMaHITHOTO XiMiYHOTO ckiamy. Ha ceoromni
ICHY€ MOXJIMBICTh YHUKHYTH JAHOTO HEJOJIKY, IUISIXOM BUKOPHCTaHHs 010ra30BOi YCTaHOBKH, SIKa
JI03BOJISIE BUKOPUCTOBYBAaTH OioMacy pI3HOTO XIMIYHOTO CKJIaay O€3 CyTTEBOTO BIUIMBY Ha
pe3ynbTar. CyTT€BUM HEIOJIKOM aHaepoOHOro OpOAiIHHSA € TPUBAIICTH OTPUMaHHsS Oiorasy, 110
CTAHOBUTH MPUONM3HO 2 MICHAIll, IO TIOB’A3aHO 13 IHMKJIOM POCTYy MIKPOOPraHi3MiB, TOMY
BUPOOHUNTBO OiomeraHy Mae OyTu nukimiyHuM. lle peamizyeThcsi B pe3ysbraTi aHaepoOHOTO
OpoainHs BigxoAiB Oiomacu y Oioras, mo Mictuth 60 % Merany Ta 40 % Byriekucioro raszy Tta
JOMIIIIKA HAIIPUKIIA]] CipKOBOJCHb. HeoOXiqHOW yMOBOIO € aHAepOOHE CEpeOBUINE Ta HASBHICTh
TIAPOTITUYHUX, allEHTOTCHHHX, allJOTEHHUX Ta METAHOTEHHUX OaKTepii.

Jnsi 3a0e3meyeHHs BUCOKOTO BUXOAy Oiora3y micist 0iora3oBOi yCTaHOBKH, Iepea0adaroTh
norepeaHo o0poOKy 6ioMacu A 3MEHILIEHHS PO3MIpiB Ta BUAAJICHHSIM 3 Hei gomimok. Ilix yac
nornepeHpoi 00poOKM GiomMacu 3aCTOCOBYIOTH MEXaHI4Hi, TepPMi4yHi, XiMiuHi, (i3MKO-XIMiuHI Ta
OioJstoriuni Metou [5].

[Tpu mexaniuHiit 00poOIi OiomMacu 3iMCHIOIOTH MOAPIOHEHHS Ta PO3METIOBAaHHS OioMacH, IJis
301IbIIeHHS 11 aKTUBHOI TUIOIII TOBEPXH1, 00'€MHOT LIIIBHOCTI, BIacTUBOCTEN MOTOKY. [TonpiOHeHHs
OiomacH 31MCHIOIOTH 32 JOTIOMOTOI0 KYJIbOBUX, CTPUKHEBHX, BIILIEHTPOBHUX, MOJIOTKOBHX MIIMHIB,
eKCTpyJepiB Ta iHmoro obmaaHanus. J{o Gpi3uko-XiMiuHOTO OUMILEHHS HAJIEKUTh METO]] TapOBOTO
BUOYXy Ta MIKpPOXBHJIbOBE OINpOMiHeHHs. [inpoTepmanbHuii BUOYX Maporo 3IiHCHIOETHCS TPHU
temneparypi 160-250 °C ta tucky 5-50 atm. Ilpomec ximiuHOoi 0OpoOku Oiomacu mojsrae y
BUKOPUCTAaHHI KHCJIOT, JIyTiB, OpPTaHIYHUX COJBBEHTIB, IOBEPXHEBO-aKTHBHUX PEYOBHH IS
pYHHYBaHHSI KpPUCTANIUHOI CTPYKTYypU Ta 30UbleHHS e()eKTUBHOI IOl MOBEepXHi OiomacH, aie
TaKUH METOJI yTBOPIOE BTOPUHHI 3aJIUIIKH, 1110 MTOTPeOYIOTh BiiHOBIEHHS. [Ipy kuciaoMy ouninenHi
oiomacu BukopucToBytoTh H2SO4, H202, HCI, HNO3 Ta inmi kucnoru. [Ipu nyxHOMY od4wMIleHi
3acrtocoByeThcst NAOH, NaxCOgs, BarHO, amiak [uist pyiHYBaHHS 3B’ SI3KY JIICHIHY Ta BYTJICBO/HIB, a
IPU OPTaHO-COJILBEHTHOMY — CYMIII €TaHOIIy Ta CyJIb(paTHOT KUCIOTH [6].

AHaepoOHe OpOJIIHHS MICTMTh YOTHUPH OCHOBHI CTajii - T1IpOJi3, al[MJI0re€HEe3, aleTOreHes,
METaHOTeHe3, SIKUI MPOBOAUTHCS Yy OE€3KHCHEBOMY CEPEIOBHUIL Ta B IPUCYTHOCTI MIKPOOPTaHi3MiB.
Ha cranii rigponizy rifponiTuuHi Oakrtepii, sKi BUAUIAIOTh (PEPMEHTH, PO3UMHSAIOTH KOMIUIEKCHI
6ionosiMepu — OLIKH, >KUPH, BYTJEBOJAM Ha OLIBII MPOCTI BYIJIEBOJIU — aMiHOKUCIOTH, MOHO- Ta
OJIIFOMEPH, >KUPHI KHUCIOTH, MIPUAMHM, 110 JAOCTYIHI MiKpoopraHizMaM. Ha npyriil cranii 3a
JIOTIOMOT00 KMCJIOTO-yTBOPIOIOUUX OakTepii BiOYBa€ThCs PO3IIEIUIEHHS MPOAYKTIB TiApOJi3y 13
YTBOPEHHSAM MYPALIMHOI, OLITOBO1, MACISIHOI, TPOMIOHOBOI KUCJIOTH, HU3bKOMOJIEKYJIIPHUX CITUPTIB
Ta MOOIYHUX MPOJIYKTIB, IEPEBAXKHO Ta31B — BOJACHB, CIPKOBOJIEHb, aMmiak Ta iHim. Ha Tpertiii cTaaii
JeTIOU1 XKHUPH1 KMUCJIOTH Ta CIIUPTH PO3KIIAAI0THCS 32 TOTIOMOI'OF0 allUOTeHHUX MIKPOOPIaHi3MiB Ha
BOJICHb OLITOBY KHCJIOTY Ta aneratu. Ctajiis MeTaHOTeHe3y Inependadae nepeTBopeHHs cymini, Hp,
¢dopmiatiB Ta aneTaTiB B MeTaH, BYTJICKUCIIUHI ra3 Ta JOMIIIKH B aBTOKJIABHUX YMOBax. Takox micis
010ra30BHUX YCTAHOBOK YTBOPIOETHCS TBEPIUH 3aIIUIIL, SKHI MO’KHA BUKOPHUCTOBYBATH SIK OpTaHIdHE
no6puso [7].

[Ticnst anaepoOGHOrO OpOMAIHHS YTBOPEHHM 0lora3 OYMIIAIOTH BiJl JOMIIIOK CIpYaHOI KHCIIOTH,
BYIJIEKHCIIOTO Ta3y, aMmiaky, Micis 4Oro MOAal0Th HAa YCTAaHOBKHM, IO 3a0e3MedyloTh MO€IHAHHS
BYIJICKUCIIOTHOI Ta MapoBOi KOHBepCii, 1o Mae Ha3By Oi-pedopminr [8]. B pesynbrari KoHBepcii
OioMeTaHy YTBOPIOETBCS CHUHTE3-Ta3, 110 Mae criBBifHomeHHs H2/CO Binnosinno 2/1. Leit nporec
3ailicHIoeThed 3a TeMiieparypu 800-900 °C Ha HikeneBOMY, pyTeHIEBOMY KaTaii3aTopi, PU TUCKY 2-
4 MIla 3a peaxkiii€to:
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3CHs + CO2 + 2H20 — 4CO + 8H2 AH208 = +220 xJI>x/MOJIB Q)
AGoeg=+151 kJIx/M01b

Januii mporiec € 10cUTh eHEKTUBHUM, OCKUIBKH 010ra3 MiCTHTh 3HAYHY KUIBKICTh BYTJIEKHCIIOTO
ra3y, SIKHi TaKOX MOKHa IEPETBOPIOETLCS Y CUHTE3-Ta3, 3a00iralouu OKUCIICHHIO KaTari3aTopy y
nporeci @imepa-Tpornmra. CuHTE3 Ta3 BHKOPUCTOBYIOTHCS OTPHUMAHHS MOTOPHHMX MaJIMB 3a
peakiieto @imepa-Tporia, o0 Mae TaKuil 3araabHUN BUTIIS;

CO + 2Hz — [-CHy-] + H20, AHag7 = -165,0 kT )

Jnis rinpyBaHHS MOHOOKCHIY BYIJICHIO 13 BiIXoaiB OioMacu MAOIIBHO BHKOPHCTOBYBATH
3aJ1i30BMICTHI Katajizaropu npu Temmneparypi 250-350 °C ta tucky 2-4 Mlla, ocKiJIbKM BOHH MalOTh
Bucokmii Buxia onediniB (Bix 80 mo 90 %) Ta ekOHOMIYHY AOLUIBHICTh. B pesynbraTi peaxiii
YTBOPIOIOThCS Taki ByraeBoAHi sk 6eH3uH Cs-Ci1, auzens Ci1-Ciga kepocuH, Cio-Ci4, MacTuia Cis-
Cso Ta Bocku Czoi Oinbie. Takoxk sik TOOIYHI TPOIYKTH YTBOPIOIOTHCS HIDKYI AJIKAHU Bl METaHy 10
OyTaHy, sIKi MOKYTh BUKOPUCTOBYBATHCS JIJIsl TeHEpaIlil eHeprii abo /i KouBepcii y cuntes-ras [9].

Ha ocranapomy erami cymim piakoi HadTH, JUCTWIATY Ta BOCKY OYMIIAIOTH 1 MOJAIOTh Ha
HadTonepepoOHi 3aBOJM, /Ul OTPUMAHHS Ju3esbHOro abo OeH3MHOBOro naiusa. [lanuil mpouec
peartizyeTbesl 3a JIOTIOMOTOI0 MPOIECIB TiapoizoMepH3allii, TIAPOKPEKIHTY BOCKIB IS TOCATHEHHS
HEOOX1THOrO OKTAHOBOT'O YHCJIA.

OTXe I OTPUMAHHS SIKICHOTO JM3EIBHOT0 Ta OCH3MHOBOTO MAJIMBA 13 OPraHIYHUX BIAXOIIB 13
CTAJIUM SIKICHUM CKJIaZIOM JIOL1IbHO BUKOPUCTOBYBAaTH 0i0ora3oBi yCTaHOBKM. B 1mux ycraHoBka B
pe3ybTaTi aHaepoOHOro OpoaiHHS OyJie YTBOPIOBATHCS METaH, SIKHH MOXKHA 3a JIOTIOMOTO0 Mapo-
BYIJIELIEBOI KOHBEPCIi NEPEeBOJUTH Y CHHTE3-Ta3, 10 BUKOPUCTOBYEThCA JUISl CUHTE3y MOTOPHOIO
nanuBa 3a peakuielo Pimepa-Tpornma. [lomanbini mepcrneKTHBH B AaHIA Taly3i MONATAIOTh Y
BCTAHOBJICHH1 ONTHUMAaJbHHUX MapaMeTpiB MPOLECY Ha BCIX CTaisIX BUPOOHHUIITBA, MPOEKTYBAHHS
TEXHOJIOTTYHOI CXeMH, TIPOMHUCIIOBE PO3POOJICHHS HOBUX KaTali3aTOPiB Ta JOBEICHHS €KOHOMIYHOT
JOLIIBHOCTI MpoeKkTy. Lle moB’s3aHO ¢ THUM, 110 BUKOpPUCTAaHHS 010ra3oBoi YCTaHOBKM Ta Oi-
pedopmiHTy TiABUIYE BapTICTh BUPOOHHUIITBA CUHTETHYHOTO OCH3WHY, OJIHAK JaHa TEXHOJOTIs
JI03BOJISIE  KOMIUIEKCHO BUKOPUCTOBYBATH  BIJIXOAM  CUIBCBKOTO  TOCHOJAPCTBA,  XapyoOBOi
IIPOMUCIIOBOCTI1, POCIMHHI BIAXO/IM Ta OCaJAH CTIYHUX BOJ.
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Abstract

The paper discusses the possibilities of improving the process of obtaining motor fuel from carbon-
containing waste, examines the main types of raw materials, stages, and key stages of the BTL
process, and justifies the feasibility of using a biogas plant and bi-reforming for producing synthesis
gas. In the process of obtaining synthesis gas, the main initial parameters of methane conversion that
affect the carbon-to-hydrogen ratio in the output product are analyzed. The main theoretical aspects
of the anaerobic digestion process and Fischer-Tropsch synthesis are described. The analysis of
Fischer-Tropsch reaction products and the further handling of by-products is conducted.
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OCOBJIMBOCTI BYT'JIbHUX KAPTPUJI)KIB TA MOKJIUBOCTI iX IEPEPOBKHU

Maprapura KAPITEHKO Bsiueciia PAJJOBEHYHUK
Kuiscokuii nonimexwniunuii incmumym imeni leopsa Cikopcbko2o
bepecrelicbkuii npocnekT, 37, M. KuiB 03056, Ykpaina
e-mail: history1991@ukr.net

Anomauin

Ilonepeous obpobxa 600u neped 360pOMHOOCMOMUYHUMU MEMOPAHAMU 3ACMOCOBYEMbCA OISl
3anobicanns 3a6pyonenHs ma 6ioobpocmanns eapmichoi memopanu. Tomy nonepeous ginempayis
0ioN02IYHUM AKMUBOBAHUM BV2ILIAM eheKMUBHO 3HUICYE KOHYEHMPAYito NOMEHYIUHUX 3a0pYOHEHD.
Oonax yst nonepedHs 06podKa 4acmo He 30amHA NOGHICMIO BUOAIUMU OP2AHIKY, MOOMO PO3ZYUHHI
NO3AKIIMUHHI NOJLIMEPHT peuosunl | 2yMiHON00IOHT peuosunu. Hatikpawe 3 maxumu 3a0pyoHeHHAMU
nPayiooms 8y2LIbHI KApMpUOIci y cucmemax 360pomro2o ocmocy. Ilpome yi kapmpuoici nompiono
3aMIHI08AMU KOJCHI 3-6 Micayie, wo npuzeooums 00 HAKONUYEHHS 3HAYHOI KilbKOCMI 8I0X00i8 8
npoyeci KOpucmyaHus nOOYMOBUMU YCMAHOBKAMU 360POMHO20 OCMOCY. 360pOMHA MEXAHIYHA
npomMueKka He 0ae egexm noeHoi peceHepayii, a XiMiuHi Memoou He 00380JAI0Mb AHYIEAMU
pe3yiomamu adcopoyii i 3pobumu epamyiu aKkmueo8aHo20 8y2ilisi NPUOAMHUM 00 HOBMOPHO20
suxopucmanns. Tomy diesum cnocobu nepepodoKU OaGHUX KAPMPUOICI8, 8 368 A3KY 3 HEMONCTUBICIIO
ix pecenepayii, € po3pooxa po30ipHuUx Mooenel 3 MONCIUBICIIO BUKOPUCMOBYBAMU 8Y2INbHY 3ACUNKY
8 AKOCMI NATUBHUX OPUKEMI8.

Knwuoei cnosa: ouuwenns 6o0u, 360pOmMHili OCMOC, 8Y2ilbHI Kapmpuoici, 3a0pyoHIosayi,
aKmueoeame Y2, NaiueHi Opuxkemu.

Beryn. 3a nanumu OOH 1 BOO3, 6:113bK0 1'ITOT YaCTUHU HACEJIEHHS CBITY ITPOYKUBAE B PET10HAX
3 ne¢inuTom Boau . [IpoGiema HecTadi BOJM CIPUUMHEHA HE JIMIIE 3POCTAl0YMM ITOIUTOM Ha BOAY
B pe3yJbTaTl HIBUAKOTO 3pOCTaHHS HacelleHHs. Y 0araThboX BUMaJKax Ae(ilUT BOAU MOB'sI3aHUM 3
BIJICYTHICTIO YHCTOI BOAM uepe3 ii 3HauHe 3a0pyAHEHHS 1 HEMOXKJIMBICTIO CTaHI[iil BOAOMIATOTOBKI
MOJaBaTH SKICHY NMHUTHY BOJAY B CHCTEMH IIEHTPATi30BaHOTO BOJOIOCTAa4YaHHS HaceleHHA. Kpim
«KJIACUYHUX» 3a0pyJHIOBauiB , B OCTaHHI POKH 3pOCTA€ yBara J0 HOBUX TPyl OpPraHIdYHHUX
MiKp03a0py/AHIOBaUiB , TAKUX sIK hapManeBTUYH1 3anuuiky, [IAP, mikpornactuk, Tomo. Baxxaerscs
, IO TI0sIBa IIMX HOBUX 3a0pyJHIOBAYiB CTAHOBUTH CEPHO3HY HEOE3NeKy JUIsl 310pOB’s JIOJUHH Ta
HaBKOJIMIIIHBOTO cepeloBHIa. [[eBHI peHOBHHHI MOXKYTh YTPHUMYBATHCS B OYHIICHIH BOJI, a B JESKIX
BUMAJKaX PO3MAJaTHCS Ha OUTBII MIKIAJIMBI METa0OMITH, SKi HEOOXiTHO BUIAIUTH. Tomy
BUKOPUCTaHHA MOOYTOBMX YCTaHOBOK 3BOPOTHOTO OCMOCY JO3BOJSIE BHAATUTH 10 99%
3a0py/IHIOBAaYiB BOJIONPOBIIHOI BOAM 1 3pOOMTH ii MOBHICTIO OE3MEYHOI0 Ta MPHUAATHOIO [0
CTIOXKMBAHHS JTFOTNHOIO.

[Tonepenus oOpoOka BoaM mepesl 3BOPOTHOOCMOTHUYHHUMHM MEMOpaHaMH 3aCTOCOBYETHCS JUIS
3arobiranHs 3a0pynHeHHs Ta 61000pocTaHHs BapTicHOI MeMOpanu. Tomy momnepenHs QuibTparis
010JI0T1YHUM aKTUBOBAaHUM BYTULISAM €(DEKTHBHO 3HMKY€ KOHLIEHTPAIII0 MOTEHIIHHUX 3a0py/THEHb.
Opmnak 1 momnepenHs 0OpoOKka 4acTo HE 37aTHA MOBHICTIO BHUIAIWTH OPraHiKy, TOOTO pO3YMHHI
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NO3aKJIITUHHI TOJIMEpPHI PEYOBHUHHU 1 TyMIHOMOAIOHI PEUOBHHU. Y CHUCTEMax IIEHTPaJi30BaHOTO
BOJIONIOCTAYaHHs TaKka OpraHika iHO/Il IepeBUIIly€ HOPMATHUBHU, OCOOJIMBO BIIITKY B HEBEIMKUX MIiCTax
Ha MiBJIHI YKpaiHH.

OKpiM CE30HHOCTI, JJIA OaceiiHy OCHOBHOI BOJHOI aprepii Ykpainu, p. JHimpo XxapakTepHi
perioHanbHi acmekTH (OpPMYBaHHS SIKOCTI BOJIM, SIKa BHKOPHCTOBYETbCS IS TOAAIBIIOTO
BOJIOTIOCTaYaHHs HacelieHHs. Boau y BepxHiit Teuii [[Hinpa XapakTepu3ylThCsi BACOKAM BMICTOM
NPUPOJHUX TYMIHOBHUX 1 QYIBBOKHCIOTHHX CHOIYK, CHOIYK 3aJ1i3a 1 Mapraio. [lokasHukoMm BMicTy
WX CIIOJIYK € KOJIp BOJU. 3 IBOTO MPUBOJY HAHOLIbIIEe MpUpOAHOTo (O010reHHOr0) 3a0pyIHEHHS
cepen ycix BogocxoBull JJHIMPOBCHKOTO Kackamy crocTepirascs came B KHiBCbKOMy BOJZOCXOBHIII],
AK€ TMoka3zaHo Hwwkue (puc. 1), chopmoBanomy Ha ocHoBi HamioHanmbHOT JOMOBIAI MPO CTaH
HaBKOJIMIIIHBOTO MPUPOJHOTO cepenoBuma B Ykpainiy 2021 pomi [1].
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Puc. 1. /lunamika 3MiHU cepeJHbOPIYHUX 3HAYEHb KOJIBOPOBOCTI
o pyciy Jquinpa B 2020-2021 pokax

Haiikparie 3 Takumu 3a0pyTHEHHSIMU MPALIOIOTh BYT'UIbHI KapTPUIKI Y CUCTEMAX 3BOPOTHOTO
ocMocy. SIKIIo paHille MU TOCTIIKYBaJIH pereHepariito MeXaHYHUX MOJINPOIiICHOBUX KAPTPUIXKIB,
TO JUTS BYT1JIbHHX, SIK BUSBUJIOCH, IIPOBECTH IMTOBHY PETCHEPAIIi0 HE MOXJINBO. AKTHUBOBAHE BYT1JUIS
OTPUMYIOTh 3 OpPraHiuYHUX BYTJIELIEBUX MaTepiajiB, a came: IEPeBHOrO BYTULISA, KaM'sTHOBYT1IbHOTO
KOKCY 4M BYT'ULISl 3 KOKOCOBUX ropixiB. JIOMIIIKHY K1 MICTSTBCS Y BOJI (XJI0p, KUCEHB, PTOpP Ta 1H.)
POXOJATh uYepe3 MOBEPXHIO (UIBTpa MiJ THUCKOM BOAM, BCTYNAlOTh y pPEaKIii0 3 BYTUUIsAM, B
HACJIIJIOK Yoro Bi0yBaeThcs abcopOuis [2, 3]. 3a paxyHOK 3BOPOTHOI IPOMHUBKH MOMJIMBO BHITYUYUTH
JMIIe JeAKi HeopraHiyHi 3a0pyIHIoBaui, a OpraHika, NPOHUKAIOYM B TPaHyId BYIJIELIO 1
aacopOyerbcst HUM. OKpiM mepeqMeMOpaHHUX BYTUIBHUX KapTpUUKIB y OaraTbox po3poOkax
No0YTOBUX CHCTEM 3BOPOTHOI'O OCMOCY BHKOPUCTOBYIOTH 1 MicIsiMeMOpaHHi, TaKk 3BaHi BYTUIbHI
noctdineTpu. OcHOBHI iX QyHKIIT [4]:
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- perynroBaHHs piBHS pH: MeMOpaHa 3BOPOTHOTO OCMOCY MOKE 3HIKYBaTu piBeHb pH Bomu
MICIs  OYMIICHHS, OCOOJMBO TPH BHUIAICHHI MiHEpaIbHUX cojiell. ByrinpHuil mocTdiasTp
BUKOPUCTOBYEThCS I HEWTpami3alii KHCIOTHOCTI Ta MIiJBUIICHHS pIBHSA JYXKHOCTI BOJH,
3a0e3nevyroun Okl 30aancoBanuii pH 11 crioskuBaHHS.

- BUJAJICHHA XJIOPY Ta XJOPOMOIIOHUX PEUOBHH : BYTUIbHHIA MOCTHIABTP €PEKTUBHO BUIAIISIE
3QJIMIIKOBHA XJIOP Ta XJIOPOMOAIOHI PEYOBHHH, SKI MOXYTh OyTH MPUCYTHIMH Yy BOAl MCIA
IIPOXO/KEHHS Yepe3 OCHOBHY MeMOpaHy 3BOPOTHOTrO ocMocy. Lle mokpamrye cMak Ta 3amax BOJH,
3a0e3Meyyrour NPUEMHUN CMaK JJisl COKUBaHHS.

- BUJAJICHHSA OPTaHIYHUX PEYOBMH: BYTUIBHUH (QUIBTP MA€ BUCOKY MOTIMHAIBHY 3AaTHICTh 10
OpraHIYHUX CIOJIYK, TaKUX K XIMIYHI PEUYOBHMHHU, MECTULIHUIM Ta (HapMaleBTHYHI 3aIUIIKU. BiH
JI0TIOMarae 3MEHIIUTH KOHLEHTpAII0 X PEYOBMH Yy BOJI, 3a0e3meuyroud JOAATKOBUI eTarl
OUUIICHHS.

- TOJINIIEHHS CMaKy Ta 3araxy BOAHM : BYT'UIbHUH MOCTOIIBTP eheKTUBHO BUAAIISE HEMPUEMHI
3amaxy Ta CMakW, fKi MOXYTh OyTH HPUCYTHIMH Yy BOJl MiCIs HPOXOKEHHS Yepe3 OCHOBHY
MeMOpaHy 3BOPOTHOTO OCMOCY. B pe3yibrari BHXOIWTH CBDKA 4YHCTa Ta CMadHa BOJa IS
CIIO’KMBAHHS.

Panime Oyno pocmipkeHo, 1mo Mapranenps (Mn) Hakomu4yyBaBCS HAa pPOOOYMX Tpymax
aKTHBOBAHOTO BYTI/UIS BYTUIBHUX KapTPUUKiB. Mn 3a3BHUYail BKIIOUEHUH y OIOTUTIBKH, 11O OyIi0
MIATBEPHKCHO aHAII30M ONTHYHOI MIKpOCKomii, 1 mo Mn, TakuMm YWHOM, OYB 31€0LIBIIOTO
BUJAJICHUN IiJ] 4ac 3BOPOTHOrO MpoMHUBaHHS. BupanenHs Mn 31 3MIHHUX €JIEMEHTIB CHUCTEM
3BOPOTHOTO OCMOCY, TMOB'SI3aHE 3 JISJIBHICTIO OakTepidf, sIKi OKHCHIOIOTH MapraHenp 1 sKi
nepeTBoproioTh Mn (II) Ha Hepo3umHHI okcuan Mapraito (MnOXx) Ha TOBEpXHI I'paHyd. Y TaKHX
cucreMax Oinplna yactuHa ocapkeHoro MnOx OyJie mOTiM BUMHTa Pa3oM 13 O10TUTIBKOIO MiJ| Yac
3BOPOTHOTO IPOMUBAHHA [5].

EnemenTHuit aHami3 Takox mokasaB HakornmueHHS Ca ta Fe, ane, iMoBipHO, depe3 afcopOIiro B
rpaHyjaXx aKTMBOBAHOI'O BYTULISA, 3BOPOTHA NPOMMBKA Maif’ke He BHJalWia iX 13 3pasKiB.
Hakonuuenns metanis, Hanpukiag Ca ta Fe, yacto crioctepiranocs B TOBIII BYyTUIbHUX KapTPUIKIB,
1 3BOpPOTHAa NpPOMMBKAa HE NpuU3BeNa 10 BUJaleHHS Lux MeTaniB. Ca 3a3Buyail BiAKIagaBcs y
BUrisiai kapoonary kanbiito (CaCO 3) a0 y BUMISAI KOMIUIGKCY 3 TYMIHOBHMH PEUOBHHAMHU .
Binknanenns CaCO 3 abo Ca-ryMiHOBUX KOMIUIEKCIB y MOpax MOXe CHpPUATH X 3aTpUMaHHIO B
KapTPHUKi 1 HEMOXKJIMBOCTI 1X OYHUCTUTH XIMIYHUMHU Y1 MEXaHIYHUMH METOJIaMHU.

OTtox, OyJi0 BUSBJIECHO, 110 Ha BIAMIHY BiJl MOJIIPOMiIIEHOBUX (IIBTPIB, BYTUIbHI KapTPUDKI
BIJTHOBJIIOBAaTH HEMOKJIUBO 4Yepe3 (P13MKO-XIMIYHY IPUPOJY 3aCUIIKH 3 aKTUBOBAHOTO BYTruLis. Tomy
€IMHUM BapiaHTOM 3MEHILIEHHsS HaBAaHTAKEHHsS Ha JOBKUUIA MPONOHYETHCS PO3pOOUTH po30ipHIi
KapTpUKi 3 MOJJIMBICTIO BIJJIUIATH TPaHYJIU BiJ KOPIYCYy Ta BUKOPHCTOBYBATH iX B SIKOCTI
NMaJUBHUX OpHKETIB Ha MIANPHUEMCTBAX TICHS CIEHIabHOI 00pOoOKM (TeMIiepaTyporo Ta
NPeCcyBaHHAM) 3a0pyAHEHUX I'paHy.
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AHoTanis

[Toriepennst oOpoOka BOAM Tepea 3BOPOTHOOCMOTHYHMMH MeMOpaHaMM 3aCTOCOBYETbCS IS
3amo0iraHHg 3a0pyaHeHHs Ta 0100pocTaHHs jaoporoBapTicHoi MeOpanu. Tomy mnonepenHs
¢inbTpanis 610JI0TTYHUM aKTUBOBAHUM BYTIJUIAM €(PEKTHBHO 3HMXKY€ KOHIEHTpPAIIiI0 MOTEHIIHUX
3a0pyaHeHb. OHaK 115 mornepeaHs 00poOKa YacTo He 37aTHA MOBHICTIO BUIAJIUTH OPTaHiKy, TOOTO
PO3YMHHI MO3aKJIITHHHI IMOJIIMEPHI PEYOBHMHM 1 TyMIHOMOJIOHI pedyoBuHM. Haiikpamie 3 Takumu
3a0pyIHEHHSIMU TPALIOIOTh BYTUIbHI KapTpUIXKI y cHUCTeMax 3BOPOTHOro ocmocy. [Ipore mi
KapTpUKl MOTPIOHO 3aMiHIOBATH KOXKHI 3-6 MICSIIB, IO MPU3BOJIUTH 10 HAKOMUYEHHS 3HAYHOI
KUIBKOCTI BIIXOJIIB B MpOIECI KOPUCTYBaHHS MOOYTOBHMMM YCTAaHOBKAaMHU 3BOPOTHOIO OCMOCY.
3BOpOTHA MeXaHiuHa IPOMUBKA He J1a€ e(eKT MOBHOI pereHepailii, a XiMiuHi METO/IU HE 103BOJISIOTh
aHyJIIOBaTH pe3yJIbTaTH ajcopOuii 1 3poOMTH TpaHyslId aKTHBOBAHOTO BYTUUIA NPUAATHUM 0
MOBTOPHOT'O BUKOpUCTaHHS. ToMy Ni€BUM crocoOM nepepoOKH JaHUX KapTPUIXKIB, B 3B 53Ky 3
HEMOXJIUBICTIO 1X pereHepailii, € po3poOka po30ipHUX MoJieNel 3 MOXKIIUBICTIO BUKOPHUCTOBYBATH
BYTUIbHY 3aCHUIIKY B SIKOCTI AJIMBHUX OPUKETIB.
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JOCJIIPKEHHSA IMTPOLECIB 3BHEKMCHEHHA BOJAH ITPHU PI3BHUX
TEMIIEPATYPAX TA 3 BUKOPUCTAHHAM PEATEHTY I'IIPASUHY

Muxkoaa KOCMUHA, K0aias HOCAYOBA
Kuiscoxuit nonimexuiynuii incmumym imeni leops Cikopcvko2o
npocnekT bepecreiicekuit, 37, m. Kuis, 03056, Ykpaina
e-mail:_kosmynaeco@gmail.com

Anomauis.

B oOawnii me3i docnidocyemovca npobremamuxa excniyamayii meniogux mepejic ma o6’ exmis
mennoenepeemuxu. Kopositini npoyecu uunsame Ko10caibHUull 6N1UE HA NPAYE30aAMHICIb K Mepedc,
Max i niOnpueEMcmea 6 YoMy, OCKLIbKU 3a80A€ GeNUKUX 30UmKI8. AKwo 3MeHuumuy emMicm KUCHIO y
6001, IKA NOMPANJISE Y MEPEAHCY 3 800010 OJi5l NIONHCUBTICHHS, MO MONCHA 3MEHUUMU 8NIIUE KOPOZTUHUX
npoyecis. B daniti pobomi docniodceno 6niug 2iopasuniopamy Ha 3MeHuleHHs KUCHIO y 8001 npu
PI3HUX meMnepamypHux ymosax. Bukopucmanns ciopazunciopamy y 600i € eghekmusHum nuuie 3a
niosuweroi memnepamypu. 30i1buieHHs memnepamypu 600U NOCUTIOE eqheKm 3MeHULeHHsT BMICTY
KUCHIO, a4 cam 2i0pa3un sIK peazeHm He CMEOPIOE NOOIYHUX eekmis, wo 6niueaoms Ha nepedie
eKCnepuUMeHmy.

Knwuoei cnosa: cziopazum, Koposia, KucHemip, eneKmpoOXimMiyHi Memoou 3HeKUCHEHHs,
3MeHWeHHs BMICMY KUCHIO.

OnHi€ro 3 TOJOBHUX MPOOJIEM MPU €KCIUTyaTallii TeIIOBUX MEPEX Ta 00'€KTIB TEIJIOCHEPTETHKU
€ KOpO3iifHi mpouecH. Y TEmIOBUX Mepexkax MOXKYTh peali3yBaTUCs SK BHYTPIIIHA, TaK 1 30BHIIIHS
Kopo3ii. [IpyunHO0 BHYTPIIHBOT KOPO31i YaCTIIIE 33 BCE € IPUCYTHICTH Y BOJI1 PO3YUHEHOT0 KUCHIO.
YuMm Oinblie BMICT KMCHIO y BOJIl 1 BHUIIE TeMIlepaTypa TEIUIOHOCIS, TUM aKTHUBHIIIE MPOXOJIUThH
KOpo3iiHuii nporec. OCHOBHA KUIBKICTh KMUCHIO TIOTPAIUISE TEIJIOBY MEPEXKY 3 MIIKHUBIIIOBAILHOIO
B0J1010. 1100 3HM3UTH PO3BUTOK BHYTPIIHBOI KOPO3ii MiKUBIIIOBAIbHA BOJA Mepe]l moaayero ii B
000pOTHY JIHIIO TEIIJIOBOT MEPEkK1 Ma€e OYTHU 3HEKUCHEHA.

Jlis oTpUMaHHS BOJAM BIJIBHOI BiJi KUCHIO 3aCTOCOBYIOTBHCSI PI3HI XIMIUHI Ta €JIEKTPOXIMIYHI
METOAM 3HEKHUCHEHHS. Y BOJIY JOAAIOTH KOMITOHEHTH, SIKi aKTHBHO BCTYNAIOTh B PEAKII0 3
pO3uMHEHUM KucHeM. YacTto Ha cTajii MiArOTOBKM BOAM B SIKOCTI poOOY0Oi PEYOBMHM  Ha
TEIUIOEIEKTPOLEHTPAISAX K XIMIYHUNA 3HEKUCHIOIOUUIN peareHT BUKOPHCTOBYIOTH T'iJIpa3uHTipaT.
[Ipu poMy BiIOYBa€eThCS 3B’ A3yBaHHS KHCHIO 3 BUUIEHHSIM 1HEPTHOTO a30Ty (1):

N2Hs + O2 — 2H20 + N2 (1)

MeTo10 HAaIIOro J0CaiIzKeHHs OYJI0 BU3HAaYeHHS €(DEeKTUBHOCTI MPOLIeCy 3HEKUCHEHHS BOM Bij
TEMIEpaTypu NpU BUKOPUCTAHHI TiApa3suHTiapaty. B Xoal IOCHiPKeHHS BHUKOPHCTOBYBAIU
repMEeTUYHY YCTaHOBKY Ta KHUCHeMip. Temmeparypa miarpumyBanacs BOJASHOIO OaHEI0 MPOTATroM
BCHOT'0 Yacy JOCIIKeHHs. B saKxocTi po60o4yoi peuoBHHN BUKOPUCTOBYBAIU JUCTUIILOBAHY BOAY.

PesynbraTi nociikeHb npeacTaBieHi Ha puc. 1 — 4.
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3 OTpUMaHUX pe3yJbTaTiB BUIHO, II0 BUKOPHCTAHHS TiAPa3uHTIApaTy y BOAl € e(eKTUBHUM
JIUIIIE 32 ITIBHINEHOI TeMIlepaTypu. 30UIBIICHHS TeMIIEpaTypu BOIU MOCHITIOE e(DEeKT 3MEHIIICHHS
BMICTY KHCHIO, a CaM T1JIpa3uH K peareHT He CTBOPIOE MOOIYHUX e(eKTiB, 110 BIUTMBAIOTH Ha epeoir
excriepuMenTy. [IpoTe mpu 3HEKMCHEHHI MiPKUBIIOBAILHOI BOJIM, BOHA HE MIMITPIBAETHCS 1 TOMY
3pOCTa€ BIPOT1IHICTh MOTPAIUISHHS KHCHIO B CUCTEMY.

B mopanpmomy 1iaHy€eThCs TIPOBOJUTH JOCTIKEHHS KaTaTITUYHOTO TIABUIICHHS IIBUIKOCTI
peaKiii riipa3uHrigpaTy 3 KUCHEM ITPH HU3bKUX TEMIIEpaTypax.
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RESEARCH OF WATER DEOXIDATION PROCESSES AT DIFFERENT
TEMPERATURES AND USING HYDRAZINE REAGENT
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of oxygen content.

Abstract

This thesis examines the problems of operation of thermal networks and thermal power facilities.
Corrosion processes have a colossal impact on the performance of both the network and the enterprise
as a whole, as it causes great losses. If you reduce the oxygen content in the water that enters the
make-up water network, you can reduce the impact of corrosion processes. In this work, the influence
of hydrazine hydrate on the reduction of oxygen in water under different temperature conditions was
investigated. The use of hydrazine hydrate in water is effective only at elevated temperatures. An
increase in water temperature increases the effect of reducing the oxygen content, and hydrazine itself
as a reagent does not create side effects affecting the course of the experiment.
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BIIVIUB I'TAPOAUHAMIYHUX ITPOLHECIB HA EKOCUCTEMUA
Y KOHTEKCTI EKCILTYATAIII TEC

Codia KOYII, Onena HOBUK
Kuiscokuii nonimexuiunut incmumym imeni I2ops Cikopcokoeo
npocnekT bepecreticbkuid, 37, M. Kuis, 03056, Ykpaina
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Anomauin

Y pobomi pozensnymi 2iopoounamiuni npoyecu, wo 8i00ysaiomuvcs nid uac podoomu
eiopoenekmpocmanyii ma ixui nacnioku. Ilpoananizoeano ma oyineno 6niu QYHKYioHy8aHHsa ma
koncmpykyii I'EC na exocucmemy HABKOIUWNHLO20 cepedosunyd. 3poOieHo UCHOBOK, WO, X0oud
2i0poenekmpocmanyii € KomepyiuHo npueabIUSUMU BIOHOBIIOBAHUMU ONHCEPENLAMU eeKMPOoeHep2ii
ma Maroms HU3bKi GUKUOU 3AOPYOHEHb, IOPOOUHAMIYHI Npoyecu 8 HUX CRpusoms eempogikayii
80001UMU, epO3ii IPYHMY Ma 3HUNCYIOMb AKICTb 800U

Knrwowuosi cnosa: ciopoenekmpocmanyis, exocucmemu piukogux 0Oacelinis, 2i0poOuHamiuHi
npoyecu, 8i0HOBII08ANILHA eHeP2is, epo3is IPYHMY, 3a0pYOHEeHHs 800U.

BukopucTOBYIOYM TPUPOTHUIA TMOTEHINA BOAHUX PECYpPCIB y TOEAHAHHS 3 aHTPOIOTCHHUM
BIUIMBOM, HHUHI JIIOCTBO Ma€ HEBIUAUIBHY YacTUHY CHUCTEMU €HEpronocTayaHHsi -
rigpoenekrpoctaniii (I'EC). IlopiBHIOIOUM TiApOEHEPreTUKY 3 IHIIMMH Haipo3MOBCIOIKEHIIINMU
BUJIAMH €JIEKTPOEHEPrii, BOHA Ma€ psiji epeBar, MOYMHAIOYH B/l KOMEPLIHHUX: HU3bKa COO1BAPTICTh
eJIeKTpoeHeprii Ta OyAiBHUITBA CTAHI[IN, 3aKIHUYIOUM CHPUSTIMBUMH €KOJIOTTYHUMHU (aKTOpamu:
BIJTHOBJIIOBAHICTh JKepelia eHeprii Ta BIICYTHICTh MIKIITMBUX BUKUAIB B aTMocdepy. OnHak, monpu
nepeBard exoJioriyHoi yuctotd (yHkuionyBanHs ['EC, naHa eHepreTvka TakoXK Mae€ 3HAuHUI
HEraTMBHUI BIUIMB Ha HAaBKOJIMIIHE CEPEAOBUIIIE Ta €KOCUCTEMU PIUKOBUX OaceiHiB.

s poGora po3misaae riApoJuHaMIuHI MPOLECH, 10 B1IOyBalOThCsA MiA 4yac (PyHKLIOHYBAHHS
TiAPOENeKTPOCTAaHIII1, Ta aHAII3y€E TXHI €KOIOT14HI HacTHiAKU. OIliHKa TaKUX BILTUBIB € BAKITUBOIO IS
po3po0KK 30aNaHCOBaHMX pIllIEHb, L0 MOEJHYIOTh EHEPreTUYHI MOTpedM 3 HEOOX1IHICTIO
30epeKEeHHs IPUPOTHIX EKOCHUCTEM.

['ppoenexTpocranili MoXHa KilacH(piKyBaTh 3a PIZHUMHU KPUTEPIsIMHU, ajie IXHIM HpUHLHUI
pobOTH CyTTEBO He Biapi3HseThcs. lloduaTok BCchOro mpolecy 3BOIUTHCA 10 JPKEpena BOAU -
MPUPOTHUH MOTIK a00 MITYYHO CTBOPEHA KOHCTPYKLIS AJis Hhoro. Boga € poGounm Tij0M 17151 BCHOTO
IpOIIeCy, B KOTPOMY TipaBIiuHUI THUCK 3alycKae poOOTy TigpoTypOiH, o0epTalbHUIl pyX KOTPHX,
CBOEI0 UEProl0, AaKTHUBYE TEHEPATOpH, SIKIi BUPOONSIOTH €JIEKTPOCHEprifo. TakuM YHUHOM,
NEePIIOYEProBOI0 YMOBOIO Ul pOOOTH TiPOENEKTPOCTaHIIl € HasBHICTh TiAPOCTATUYHOTO THCKY
BOJIM. Y HalMOLIMPEHIIIOMY THUII T1IpOENeKTpOoCTaHlii, rpedenbHux, Hanip Ha 'EC cTBoproeThes
HIJISXOM MIJNOPY PiBHS PiKK rpediiero 3 YTBOPEHHSIM BOJOWMH, KOTpa TaKOXK JOAATKOBO Ja€ 3MOTY
MpaloBaTy TiAPOENIeKTPOCTaHIii y Oyib-skuii yac. I pebinst cTBOproe HEOOX1IHY BUCOTY, KOTpa KpiM
Haropy BOAM, e 3abe3redye MOTEHIIaJbHY €Hepriio, CKJIaJ0BOI0 SKOi € TaKoX € Mmaca Tijia.
301IbIIICHHS] BUCOTH TPpebiIi MPU3BOIUTE A0 301IBIICHHS MOTEHIIATBLHOT €Heprii BOIU. 3HAIOYH, 110
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MOTEHIlIaJIbHA CHEPrisl € YacTHHOK MEXaHIYHOI eHeprii, KoTpa 3a JOMOMOIOK TeHepaTopy
NIEPETBOPIOETHCS B ICKTPUYHY, BUIUIMBAE METOJ] IPUMHOKEHHS BUpoOieHoi enekrpoeneprii ['EC -
30inpmIeHHss BUCOTU Tpedmi. [licns migBUIIEHHS piBHA BOJOCTOKY, BIiANOBIAHO 30UIBIIYETHCS
IMOUHA.

3rigHo 3 knacudikamiero B. Hikopu Ta iH., 32 TOCTaTHBbOI IIMOWHU BOMOMMH, MOTIK MOXKHA
PO3AUIMTH Ha JACKUJIbKA MIapiB, KOTP1 3MIHIOIOTHCS, 3aJI€KHO Bl 3arIMONeHH: (1) TOBEPXHEBUH 111ap,
Ha KOTPHi BIUIMBAIOTh CTOPOHHI YMHHUKY; (11) CepeaHiii map, KOTpHii HaHMEHI MiJIA€ThCS BIUIUBY
MOBEpXHI 4M 1aHa; (iil) jorapuMivyHUN IIap, KOTPHHA BIIPIZHAETHCSA BiJ IMONEPEIHBOTO IIAPY
XapaKTepHOIO MBUAKICTIO; (1V) MIOPCTKHIA mIap, KOTPUI NMOAUIAETbCS HA: (a) MIAJOHHUNA Iiamiap,
KOTPHI KOHTAKTY€ 3 BEPXHIM PIBHEM YaCTHHOK, III0 BUCTHJIAIOTH JTHO, T 32 PaXyHOK CHJIM OIIOpPY Ma€e
HIDKYY IIBHJKICTH, Ta (b) MikdazHuil miamap, KOTpUil MPOXOJUTh MiXK YaCTUHKAMU JHA, Ta Ma€ I
BHUIILY CHJTY OIIOPY, BIATIOBIIHO, HU)KYY IIBHUJIKICTh; HAUTIIMOIIIE TPOXOIUTS (V) MiOBEPXHEBHH MIap
(cxema 1) [1].

NOBEPXHA BO,[I.OIHMM

N N N L

(1) noBepxHeBUiA Wap

(@) mAAoOHHWIA MmigWap
= === (iv) WOpCTKMI Wap @y~ — === — — - — — — = — — —
(b) MmpkdazHuM nigwap

(v) mignoBepxHeBUU Lwap

Cxema 1. [Ilapu notoky 3a knacudikariero B. Hikopu Ta iH. [1]

[IIBUIKICTP TOTOKY Ma€ BEIMKE 3HAY€HHS Yy BOJHUX €KocHcTeMax. 3a IIBHUIKOI Teuii
1HTeHCU(DIKY€EThCS TIEPEMIIIyBaHHS BOAM, IO CHPUSE TPAHCIOPTY MOKUBHUX PEUOBHMH Ta KHCHIO,
Malouy MO3UTUBHUM epeKT Ha BUAM, Ta CHJIa OMOpPY, KOTpa po30MBae CKyMUYEHHS OpraHi3MiB Ta
HEpeIIKO/PKAE 1X MOCENeHHI0. 3 1HIIOro OOKy, 3a HHM3bKOI IIBHAKOCTH Tedii BOJa MOBIIBHO
MEePEMIIITY€EThCS, M0 CIPHUSE 3HIKCHHIO PIBHSA KHUCHIO, HAKOMWYEHHIO OMAJiB Ta CIOBUILHEHOMY
TpaHCHOPTY HYTpieHTiB. IIpoTe B TakoMy BHIIQJKy CHJIa OMOPY TEX 3HUKYETHCS, HE CTBOPIOIOYU
MIEPEIKO/ JJIS pyXy UM PO3CETICHHS OpraHi3MiB. TakuM UMHOM, ICHY€ TTIE€BHA ONITUMAaJIbHA BUJIKICTD,
3a KOTpOi MepeMilllyBaHHs Ta CHIIa oropy 30anaHncoBani (cxema 1) [2].
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ﬂ CunbHe nepeMillyBaHHS
CunbHWA onip

. V\/l

OnTManbHa WBUAKICTb

J o\ e

Cnabkuu onip
Cnabke nepemiwyBaHHS

>

LLIBnAKICTL MOTOKY

Yac

Cxema 2. 3B’430K MK IIBUAKICTIO Teuii, IepeMilllyBaHHIM, CUIIO0 OIIOpY
Ta ONTUMAaJILHOIO MBUAKICTIO [2].

Tak sik y BepXxHbOMY OaceiiHl IIBUAKICT TOTOKY BOIM Mailke HyJIbOBA, TeUis 3/JaTHA IEPEHOCUTH
aume JApiOHI YaCTMHKHU IO JHY BOJOCXOBHIIA, TOMY BOHO CTa€ MYJIUCTMM Ta MIHJIUBUM, IO
BTPYYa€eTbCs B PO3BUTOK OeHTOcy [3, 4]. Myn MICTUTh SK HIKIJUIMBI XIMIYHI PEYOBUHM, TaK 1
HYTPIEHTH, 32 HAJUTMIIKY KOTPUX BUHUKae eBTpUdikauis [5]. [lepemimryBaHHs BoAM HE3HAUHE, a OTHKE
TPaAHCIOPT KUCHIO HEPIBHOMIpHHUH [6]. 3a paxyHOK 301IbII€HHS NIMOMHU Yy BOJOCXOBHILI, TIOPIBHSIHO
3 HOPMaJILHUM PiBHEM BOJIU B pidlli OEHTOC HE OTPUMYE MOTPIOHUX KIUIBKOCTEN COHAYHOI eHeprii. Y
BEpPXHIX IIapaXx BOAM TaKOX HPUCYTHsS MpoOieMa MepeMilllyBaHHS BOAM: 3a HEPIBHOMIPHOTO
pO3MONTYy KHCHIO Ta HaJUIMIIKY HYTpPIEHTIB LiaHOOaKTepii, 3eJeHi BOAOPOCTI Ta JiaTOMOBI
BOJIOPOCTI, L0 PO3TALIOBYIOTHCS Yy BEPXHIX IIapax BOJAM, IMIBUJIKO 30UIBIIYIOTH CBOIO Olomacy,
BUKJIMKAIOYM LBITIHHSA BOAW, BUAUIAIOYM TOKCHMHU Ta MONIMOMIOIOYM MpoOsieMy NPOHUKHEHHS
COHSIYHOTO CBITJIa Ta KUCHIO B IO mapu Boau [5]. Takum 4rMHOM, BiOyBaeThCs po3LIapyBaHHs
OaceifHy 3a TYCTHHOIO, cTparudikalisi, e TIMOMIMHIOH € HAaWTIMOIMM Ta, BIAMOBIIHO, HAWMEHIII
HAaCMYEHUM KHCHeM mapoM (cxema 3). 3a OKHCHEHHS 3a0pydHIOBauiB, NPHUCYTHIX y MyIIl,
KOHIICHTpAIIisl KUCHIO Majae mie ounbie [6, 7]. Boma 3 rimoniMHIOHY Maiike He CKUIAEThCs TPedero.
Cepen 1HIIOrO, KOHCTPYKIIisl rpe0Oenb BTPY4YAeThCs B MiIrpamiiHi nuisixu pulu, KapAWHaIbHO
3MEHIIYIOUH PsIJI MOMyJIALiH, KOTpl TakoK OW MaiM peryatoBaTd HaAMiIpHE PO3MHOKEHHS JEKOTPHX
BHIB [8].

Hwoxue rpe6ii, HaBIaKy, MIBUAKICTb BOJM 3aBUCOKA, 110 CIIPUYMHAE PO3MHUBAHHSA JHA Ta €pPO3iI0
TPYHTY, aJUKe YTBOPEHHS BOPOHKH KOMIIEHCYETHCS CXO/DKEHHSM IPYHTY 3 OeperiB. TakuMm 4mHOM,
3a0pyIHIOBaYi 3 TPYHTIB MOTPAIUIAIOTH Y Boay [3]. LlianHoGakTepii, 3emeHi Ta 1iaTOMOB1 BOJOPOCTI Ta
iX TOKCHHH CKHJIAlOThCS 3 0aceiHy /1ajil 3a TeU1€I0 PIuKu. A 0T)Ke, HE3Ba)Kal0IH Ha Te, 10 IIIBUIKICTh
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Tedii Mmicas CKuIy 3 rpedlli € 3HAYHO BUIIOK, & TOMY i 3 aJICKBAaTHUM TEPEMIITyBaHHSIM Ta CHIIOIO
orIopYy, 11 AIKICTh 3HAYHO 3HIKCHA 33 PaXyHOK 3a0pyIHIOBaUiB 3 BOJJOCXOBHIIA TA IPYHTIB.

h

eniNIMHIOH
(MeHLwa ryctuHa)

— — — — — — — — — — —

rINOAIMHIOH
(6inbLia ryctuHa)

TILL I S LLES S LSS LSS ACL S S S/ 270 Ve,

Cxema 3. Crparudikarlisi 3 yTBOPEHHSM TPHOX MIAPIB: €MiIIMHIOHA, III0 PO3TAIIOBYETHCS
HaOIMK4e 10 TOBEPXHi, OTPUMY€ HAMOUIbIIE COHAYHOTO CBIT/IA TAa KUCHIO, Ma€ MEHIITY TYCTHHY;
ME30JIIMHIOHA, 1110 BUCTYIA€ CBOEPiTHUM OydepoM; Ta TirmomiMHIOHA, 10 Ma€ OUIbIITY I'YCTUHY,
OTPHUMY€E MEHIIIE €HEPTii BiJ] COHSIYHOTO CBiTa Ta KUCHIO.

Otrxe, T'EC mnopymyroTh (yHKIIOHYBaHHS €KOCHUCTEM 3a pPaxXyHOK 3aTpUMKHU BOAM Y
BOJIOCXOBHIII1, IO MiAAI0TH 11 poliecaM eBTpudiKallii Ta CIPUSIOTH 3HIKEHHIO SKOCT1 BOIHU. Y MiCI
CKHJTy BOAHM 3 Tpe0JIi 4acTO BUHUKAIOTH €pO3ii Ta, K HACII0K, HAJIXOHKSHHS 3a0py/IHIOBaYiB y TEUIIO.
MaiibyTHi JOCHiIKeHHST MaloTh (POKYCyBaTHCsS HA JAETaJbHIIIOMY AOCTIKEHHI 1HIUBITyaTbHUX
€KOCHCTEM, Ha KOTpl BIUIMBAE Tpedis sl Kpaloro po3yMiHHsI 3B S3KIB MDK BHJIaMH, BILIUB
TiApOIMHAMIYHHX MPOIECIB HA HUX. A Jali — IX MOJIEIIOBaHHs, a0u 3HAWTH CUCTEMHE PO3B’I3aHHS
npobnemu. BonHouac st pemenuariii MOkHa BHUKOPHCTOBYBAaTH XIMI4HI Ta O10JOTI1YHI METOAH,
MIKpOOIOMHY Ta €KOCUCTEMHY 1H)KeHeplii.
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Abstract

This work examines the hydrodynamic processes that occur during the operation of a hydropower
plant and their consequences. The impact of hydropower plant performance and design on the
surrounding ecosystem were analyzed and evaluated. It was found that, although hydropower plants
are commercially attractive renewable sources of electricity and have low emissions, hydrodynamic
processes in them contribute to eutrophication of the reservoir, soil erosion, and reduced water
quality.
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INIABUINEHHA ECPEKTUBHOCTI BJIOBJIIOBAHHA TOHKOJAUCIIEPCHOI'O
HEMEHTHOTI'O IWJIY IIPU BUKOPAUCTAHHI
JABOCTYIIEHEBOI CUCTEMH OYUIIIEHHSA

Haranis JIAIIUK, Irop IETPYIHIKA
Hayionanvnuii ynisepcumem “‘Jlvgiecoka nonimexuixa”
Byn. Crenana banzaepu, 12, m. JIbBiB, 79000, Ykpaina
e-mail: nataliia.v.latsyk@Ipnu.ua

Anomauin. 3abpyounennss ammocgheproco nogimps € npobaemol uepe3 HeegheKMueHi
MEeXHONO02IYHI npoyecu, No8'sA3aHi 3 00pPOOKOW mMEepOuUx mamepianié y pi3HUX 2any3sX
APOMUCTIOBOCTI, BKIIOUAIOYU MEeMAI000pOOKY ma 0epegoobpoOKy, 8y2ne30a2ayeHHs, ChAI08aHHsA
Kam sIH020 8Y2iIsl HA MENJIOBUX eJleKMPOCMAHYIAX, Memaiypito ma nionpueMcmed RpoOMUCiI080Cmi
OyoisenvHux mamepianie. [lpobnema axmyanvha 0nsi 348008 3 BUPOOHUYMEA YeMeHMY, OCKLIbKU
0esKi 3 HUX BUKOPUCMOBYIOMb 3acmapiie 001ao0uanHs. ToHKoOuchepcHull nui y YyboMy KOHmMeKcmi
cmae 0coOIUBO BANCIUBUM, OCKIIbKU PO3MID HYACMUHOK YbO20 NULY 6NIUBAE HA AKICMb [ MAPKY
supobienozo bemony. OnmumanrbHUM pilUleHHAM NpoOiemMu OYUWeHHs NUNe2a308ux NOmoKig y
YeMeHmMHIU NPOMUCIOBOCMI € BUKOPUCMAHHSA O0B0CMYNEHe80i NUN0BNLOGIII0H0I CUucCmeMu, sKd
KOMOIHYE 8 OOl 800CKOHANeHUN YUKIIOH Ma PYKAGHUI (inbmp. 3a80aKU cneyiaibHo po3podieHoMy
Mexauizmy OJisi nepiooudHo20 CMpPYULy8aHHs, NPONOHOBAHA CUCMeEMA O00380JA€ eQeKmUsHo
61106711086aMU | KOHMPONI08AMU MOHKOOUCNEPCHI YACMUHKU MUY, 3a6e3neyyiouu 6UCOKY AKICMb
BUPOOIEHO20 YeMeHM) Ma SHUNCYBAMU MEeXHOLeHHUL 6NIUG HA O0BKLILIA.

Knrouoegi cnosa: nosimps, yemeHmuuii nui, YOOCKOHANIEHHs 00JIA0OHAHHS, OYUUeHHS, NU1e2a308i
NOMoKU.

HemenTHuil mwi Ta HOro CKJIAagoBl CHOMYKH (OKCHIOM JAESIKUX METaliB) € LIKIJJIMBUMHU
NOJpPa3HUKAMU JUXAIbHUX MUISIXiB, HOr0 HA/UIMIIOK B IMOBITPI HAaceNEHHX IMyHKTIB Ta B MOBITpPI
po0ou0i 30HM BUKIUKAE MOJPa3HEHHS BEPXHIX BIAJAUIEHb JIETE€Hb, B PE3YyJbTaTi YOTO MOXKYTb
BUHUKAIOTh XpOHIYHi [ 1] 3axBoproBaHHs (OpOHXITH, TPAX€iTH), a IHKOJIM TaKi MPOLECH PUBOIATH 10
OHKOJIOT1YHHMX 3aXBOPIOBAHb.

OOnanHaHHs U1 BIOBIIOBaHHS MIITY, 3T1IHO HOPMATUBHUX JIOKYMEHTIB (30KpeMma JepKaBHUN
craugapt CCBII — T'OCT 12.2.043-82), knacugikyeTbCcsi MO NPUHLUUIY (DI3UYHUX SBHIL, SKI
IPOTIKAIOTh B MpoIleci iX poOOTH, Ta MOAUIAIOTECS [2] Ha rpaBiTaliiiHi, iHepIiiiHi, GUIbTpyIOUl Ta
eJeKTPUYHI. BisbIn 3aranpHUM MiAX1d, 3apONOHOBAaHUN B po0OOTI [3], moaIsie BCl BUAM CIIOPY 1
oOagHaHHA U1 3aXUCTY 6i0cdepu BiJ MIITy Ha JIBI IPYIH — CyXi Ta MOKpP1 THJIOBJIOBIIIOIOU] allapaTH.

Bci nunoBnoBiioroul NpUCTpOi Ta amapaTH, B SIKUX peali3yeTbCs CyXUH METOJ| OYHIIEHHS
pPO3IUISIIOTH [3] HA TPU TPYIHU: MHJICOCAIKYBaJIbHI KaMepH, MPUHIUIT POOOTH SIKUX MOJATae y Iii
CWJIM Baru (rpaBiTallifHUI METOJ); 1HEpIiiHI MUIOBJIOBIIOBAaYl — B OCHOBI POOOTH JieXkKaTh CHIIU
1Hepii; HUKIOHM (6aTapeiiHi IMKIOHN) B AKUX IEPEBaXKatOTh BIIEHTPOBI CUIIH.

EdexTuBHICTF poOOTH OMUCAHUX BHUINE NUKJIOHIB 3BHYAWHUX JISKUTh Ha piBHI 60-
80%,0atapeitnux nukioHiB — 97-99 %, pykaBHux ¢uibTpiB — 99.5 — 99.7 %, ane uepe3 HEBENUKY
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terocTidkicte TkaHuH cuHTeTHYHHX(1300 °C) 1 cximorkanun (2300 °C) yepe3 3abuBaHHS
GITBTPYIOYOTO0 eJIeMEHTa iX €()EKTHBHICTD 3 YaCOM TTOHMIKYEThCSI.

[neasbHUM  BUpIMICHHAM MpOOJEMH OYMIICHHS MWJIETa30BHX MOTOKIB I HEMEHTHOL
IIPOMMCIIOBOCTI € JIBOCTYIIEHEBA IMJIOBJIOBIIIOIOYA CUCTEMA, sKa 00’€/IHy€ B cOO1 BIOCKOHAJIEHUN
IUKJIOH 13 pyKaBHUM (UIBTPOM, KOTPUH HpPU TOMOMO31 CIELialbHO PO3POOJIECHOTO MEXaHIi3MYy
MEePIOIMYHO CTPYIITY€EThCS [7].

IcHytoui cuctemu a7t 300py MIITY 3a4aCTy € TPOMI3IKUMH Ta HE 3aBX/I1 €()EKTUBHO BIIOPAIOTHCS
3 BIIOBJIIOBAHHSM IHMITY, 0COOIMBO KOJIM BiH Ma€ IMPOKHUIA Jiara3oH po3MipiB yacTHHOK Bijg 107- 107
“M [1]. Lis npo6iema HabyBae 0COOIMBOrO 3HAYEHHS B [IEMEHTHi MPOMHCIIOBOCTI, I¢ BUPOOHHIITBO
CYIIPOBOJIKY€ETHCSI BEJMKOIO PI3HOMAHITHICTIO AUCIEPCHOTO CKJIaLy MUIy.

3HavymIolo € i Ta 06cTaBUHA, 1110 BUPOOHULITBO IIEMEHTY Ma€ BUCOKUHN CTYIHb BIUIMBY Ha SKICTb
OcTOHY, a IIe, B CBOI 4Yepry, 0e3mocepeqHbO BIUIMBAE Ha OYIIBEIIbHY 1HAYCTPIIO Ta E€KOJIOTIIO.
ToHkoAWMCHIEPCHUI THJI, SKICHO BJIOBJICHHH Ta KOHTPOJIbOBAHHWW, MOXKE TMO3UTHBHO BILUTUHYTH HE
JMILIEe Ha JOBKULIA, aje 1 Ha €eKOHOMIYHHMM CTaH BUPOOHMIITBA LIEMEHTY, OCKIJIbKM BHCOKA MapKa
0ETOHY TNPHU3BOAUTH [0 30UIBIICHHS TONMUTY Ha NPOAYKIif0. TakuM YWHOM, BIIOCKOHAJICHI
HWIOBJIOBJIIOIOYl CUCTEMM CTalOTh KJIIOUOBUMM JJIsi JIOCATHEHHS IOKpallleHHs e(EeKTUBHOCTI
BUPOOHHUIITBA Ta 3HWKEHHS HOTO BIUTUBY Ha JTIOBKIJLIS.

3anponoHOBaHa HaMHU IWJIOBJIOBIIIOIOYA cHcTeMa 3abe3neuye MiABMIIEHHS e(QeKTUBHOCTI
MWIOOYHINEHHS, a TAKOK PO3JUJIbHE MUIIOBJIOBIIOBAHHS APIOHOAMCIIEPCHOTO MUTy. B po3po0ieHiit
KOHCTPYKLIIi TMJIOBJIOBJIIOIOUO] CUCTEMH TPALIOIOTh HACTYIIHI CTYIIE€H1 OYMIICHHS :

- MiJ Ji€l0 BIIIEHTPOBUX CHJI B KUIBLIEBOMY IPOCTOPI MK TIOJIBIHHOIO CTIHKOIO KOPITYCY
LUKJIOHA JU(Y30pPHOTO THUILY,

- Wi Ji€ro CUII iHepIii B TOMY X IMPOCTOP1, OCKUIBKH MOTIK 3aMMJICHOI THJICTIOBITPSIHOT CyMiIii
HOJAETHCS Y BY)KUY YaCTHHY Tudy30pa,

- TIiJ Ti€10 TPaBITAIMHUX CHJI HA YACTHHKH MIINHOK,

- WA Ji€r0 BIAUEHTPOBUX CHJI B MPOCTOPI MK BHYTPILIHBOK CTIHKOIO KOPIYCY LIUKJIOHY Ta
0JI0KOM pyKaBHUX (PUIBTPIB,

- WA €0 CUI iHepuii B HpOCTOpi MiX NephOpOBAHOIO CTIHKOIO Ta OJOKOM pyKaBHHUX
b1IbTPIB,

- HiA A€o0 CHJI aKyCTHYHOTO TOJIS U1l KOPOTKOYACHOT KOAryJIsLii ApiOHO- JUCTIEPCHOTO MUY,

- MiJ J1€10 JUHAMIYHUX CHJT OTIOPY, IO MPOITYCKAIOTh YePe3 IIap MOPUCTOro MaTepiay TIIbKU
YACTUHKH MUJIMHOK MEHIIOTo po3Mipy[4].

3aBIsKM BUIIE3a3HAUCHUM €TariaM OYHWIIECHHS, ITJIOBJIOBIIOI0YA CUCTEMA, SIKY MH IPOIIOHYEMO,
JI0CATa€ 3HAYHOTO IIJIBUIIEHHS CBO€i edexkTuBHOCTI. Lle mocsraerbcst 3aBASKH KOMIUIEKCHOMY
HiAX0y Ta ONTUMAaJIbHOMY MO€IHAHHIO PI3HUX TIFOYMX CHUJI HAa YaCTKU MUIMHOK MPOTITOM MIPOLECY
OYUIIICHHSI.

Ocob6nuBy posib y MiABHUIIEHHI €(EeKTHBHOCTI Ipae KOMOIHAIisl IMKIOHA, aKyCTHYHOTO
Koarynaropa Ta 010Ky pykaBHUX ¢iabTpiB. Lleit 0610k pykaBHUX (PiIBTPIB TOJATKOBO OCHAIICHHMA
MEXaHI3MOM TEPIOAMYHOIO CTPYIIYBaHHS, IO CIPHUsSE 30UIbIIEHHIO TPUBAIOCTI HOTO ePEeKTHBHOT
po6otu [5].

TakoX BaXJIMBO BIJI3HAYMTH KOHCTPYIOBAHHS JOMOBHEHHS J0O CHUCTEMH JJIS MHJIOBIIOBJICHHS -
30ipHOT BOPOHKH JIJIsl TOHKOHCIIEPCHOTO TvuTy. Lle 103BoIsie cucTeMi po3IIATH BIOBICHUH MU HA
nBi ¢pakmii. [lepma ¢pakiis, ska MICTUTh TOHKOAMCIIEPCHUHN MHJI, MOXe OyTH BUKOPUCTaHA JUIS
BUPOOHHMIITBA IIEMEHTY BHCOKOi MapKH, IIO0 B CBOIO HYepry € MPOAYKTOM BHCOKOi BapTOCTi B
LEMEHTHi! npomMucioBocTi. [Ipyra ¢pakiis moBepTaeThcsi B OCHOBHUN TEXHOJIOTIYHHUM IMpoIec Ha
foro QiHIMHINA cTajali, ONTUMI3yI0Ud BUKOPUCTAHHS PECYpCiB Ta 3a0e3Meuyroun OuIbll e(peKTUBHUMA
BUPOOHWYMIA 1MKI. Takuii iIHTerpoBaHui MiAXiJ] AO3BOJISE JOCATTH ONTUMAIBHUX PE3YJIbTaTIB 5K 3
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TOYKU 30py BHUPOOHHUIITBA BHCOKOSKICHOTO IIEMEHTY, TaK 1 3 MOMIALY CTaJoro Ta e(eKTUBHOIO
YIpaBIiHHS TUIOBUIAICHHAM[6].

Ha puc. 1 300pakeHa NpUHIIMIIOBA CXeMa MUJIOBJIOBIIOI0YO01 cucTeMu. [InnoBnosiooya cucrema
MpaIoe HacTymHUM 4uHOM. [IoTiK 3ammieHoro moBiTps, BimgiOpaHuii 13 poOodoi 30HHM, abo i3
TEXHOJIOTIYHOTO amapaTty IiJ JUHAMIYHUM HaropoM, HANpPAaBISIETHCS B HIDKHIO (BYXKUY) YaCTHHY
nukioHa 1 mudys3opHoro Tumy 4depes BXITHUN Horo maTtpyOok 4, Ta momagae y MpOCTIp MiX
CYUIIBHOIO HOTO CTIHKOIO 2 1 BHYTPIIIHBOIO 3 Tep(OpPOBAHOIO CTIHKOKW. B mboMy KilbIIEBOMY
IIPOCTOP1 pO3TAIIOBaHA Ta XKOPCTKO MPHUKPIMIIEHA JO BHYTPIIIHBOI CTIHKH 3 CHipajbHa HalpaBlifgoya
6, 3 JOTIOMOTOI0 KOTPOi MOTIK 3aKPY4yeEThCS Ta MiIHIMAEThCS BBEpX. I'py0o IucrepcHI YaCTUHKU
Wy 110 XOAY MUJICHOBITPSHOTO MOTOKY (CIOYaTKy BaXKdi, a MOTIM BCE JIETIIN) MPOHUKAIOTH ITiJT
J€r0 TpaBITAllifHUX Ta BIAEHTPOBUX CUJ uepe3 mepdopoBaHi OTBOPH BHYTPIIIHBOI CTIHKH 3 Ta
OITyCKaIOThCsl 4Yepe3 MaTpyOok 9 BIOBIEHOTO MUy y HAKONUYYyBaJbHUN OyHKep (Ha cxemi He
MOKA3aHWH, OCKUTLKH HE BXOJUTH CKJIA]] TIFJIOBJIOBIIIOIOUO0] cucTeMu) [4].
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Puc.1. KoHcTpyKTHBHA cXeMa IMHAJIOBIIOBIIOIOY0I CHCTEMH Ha 0a3i BIIOCKOHAIIEHOTO ITUKJIOHA,
aKyCTUYHOTO BUITPOMiIHIOBA4a-KOAryJIsATOPa Ta aepOAMHAMIYHOIO BCTABKOIO Y BUIJISA/I pyKaBHOTO
¢b1IbTpa 3 MEXaHI3MOM MEPIOJUYHOTO CTPYIIyBaHHS
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[TuenoBiTpsiHUNA MOTIK 13 ApiOHIMIMMU YaCTUHKAMHM NMHJIMHOK y BEPXHIM WL YacTHHII
UKJIOHA | TU(Yy30pHOTo TUITY IPOHUKAE B HOr0 BHYTPILLIHIO MOPOKHUHY. TyT Ha 11e# MOTIK HOYMHAE
BIUIMBATH aKyCTHUYHE II0JIE, SIKE CTBOPIOETHCS aKYCTHUYHUM BHIIPOMiHIOBaYeM 7, SIKUH BUKOHAHUH Y
BUTJISAI KUTbIIEBOTO Judy3opa. BiH mpukpirieHud 10 BHYTPINIHBOI YaCTUHH KOH(DY30pY, SKHUMA
3aKpUBaE MIMPIIY YaCTHHY LIMKIIOHA, Ta CHOpPUsE KOAryysilii (YKpYMHEHHIO) IpiOHUX MHIMHOK Y 1X
Oinpmm pakmii. TIoTiK yKpymHEHUX YaCTHHOK MIJIY I JI€I0 TPaBITAIMHUX CHJI  CIOHTAHHO
PO3IUISIETHCS Ha IBa TIOTOKM: OB (TPpyOilli) MUIMHKY OITyCKAaIOThCS BHU3 Y CTOPOHY maTpyOka 9,
a nani y OyHKep, a 1HIIII Ie JIen0 MEeHI, BiAOUBIIKMCH B/l BiJ/IiIIOBaYa 8, TAKOXK MOMAIAl0Th, SK 1
nonepeani, y OyHkep. Ale fesika iX 4acTuHa, 3aBISKH CBOid Majiil TOHWHI, MONAJA0Th Yy 30ipHY
BOPOHKY 24 [4].

A cami HaiimMeHIIl (TOHKO AWCHEPCHI NMUJIMHKH, SKI HE MiJAaIHCi aKyCTUYHIM KoaryJsiii)
IOMaJal0Th B 30HY BiAJUIIOBaya §, CIEiaIbHO CKOHCTPYHOBAHOTO Yy BUIVIAZAL OJlOKa pyKaBHHUX
¢inbTpiB.

XapakTepHOI0 0COOIUBICTIO IXHBOT KOHCTPYKIII € Te, 110 pyKaBH1 (iIbTPH, SIKI BUTOTOBIISIOTHCS
13 KOMOiHaIi HATYpaJbHUX Ta CHHTETUYHUX BOJOKHUCTHX MaTepiajiB, B OCHOBHOMY i3 OpraHigyHHX
BUCOKOMOJIEKYJISIpPHUX crioyyK. KOHKpeTHUI XHIN CKi1aJ BUOMPAEThCA 3 BpaXyBaHHIM Jl1alla3oHy
poboUHX TeMIepaTyp MUICTIOBITPSHOI CyMilTi. B 3a51e:KHOCTI BiJl MPOTyKTUBHOCTI MIJIOBJIOBITIOI0YOT
CUCTEMH, sKa IOB’A3aHa 3 MOTYKHICTIO JUKEpesl YTBOPEHHS Ta BUKUAY MUJIENOBITPSIHOI CyMilll,
pEeKOMEHJOBaHA HAMH  HAaWMEHINA KUIBKICTh KOHIEHTPUYHHUX KUI, Ha TPAEKTOPIAX SKHUX
PO3TAIIOBYIOThCA TPHU 200 YOTHPH PyKaBH.

TakuM YMHOM, BIIOBJICHI TOHKOMCIICPCHI MUJIUHKY B MIEPIIHA MOMEHT Yacy BiJI TOYaTKy poOOTH
HWIOBJIOBJIIOIOUO] CHUCTEMHU, HAKONIUYYIOThCS HA MOBEPXHI (PUIBTPYBaJBHOIO MaTepialy pyKaBHHX
¢inbTpiB, a MpH MEBHIN 1X TOBMIKHI €PEKTHBHICT, pOOOTH (UIBTPYBAIBHOTO MaTepially pyKaBHHUX
Gb1IBTPIB MOYMHAE 3HMKYBATHUCS.

B 3ampomoHoBaHiii THIOBIOBIIOIOYi CcHCTEMI 3 METOI0 YHHKHEHHS BKa3aHOTO HEIOJIKY
(bYHKIII0HY€ MEXaHi3M MEP10AUYHOTO CTPYIIYBaHHs, po3poOiieHuii aBTopamu. Bin yTBopeHuit qsoma
BYy3JIaMH, SIK1 BKJIIOUAIOTh BEPXHIO YACTUHY KOpIYCy HUKIOHA((DaaHens 15, ik HepyXoMuil eJIeMeHT)
Ta BepXHiil auck 12 Gioka pykaBHHUX (QUIBTPIB 3 ONIOPHUMH KyJldauykamu 14 Ha HUKHIN HOro yacTHHI.
MexaHi3M MEpioJUYHOrO CTPYIIyBAaHHS JUIsl OYMILICHHS (UIBTPYBaJbHOI MOBEPXHI PYKaBHHUX
(b1NbTPIB MpALIOE 32 HACTYITHUM aIrOpUTMOM. OUHIIIEHE Bijl MUITY MOBITPS BUXOIUTH 13 BHYTPIIIHBOT
YaCTUHU PYKaBHUX (DUIBTPIB, BEPXHS CTOPOHA SKUX JEII0 BUCTYIAE 3a Kpail BEpXHbOro JucKa 12
O50ka pykaBHUX (iIbTpiB, Ta nomajgae y kamepy 19 uymcroro mosiTps, sika yTBOpPEHAa BEPXHIM
¢nanueM 15 3 HUKHBOI CTOPOHM Ta CYLIJIBHOIO Nieperopokoro 16 3sepxy. I3 kamepu 19 nosiTps no
noBiTporpoBony 23 y kamepy 20,MeHIIOro Jiamerpa 3a kamepy 19 uncroro nositps, B kamepi 20 Ha
BepxHiil yacTuHi Bana 10 Goka pykaBHMX (UIBTPIB )KOPCTKO 3aKpiIuieHa nopiTpsiHa Typ6Oina 21. Ha
PIBHI BEPXHBOTO KpParo MOBITPSAHOI TypOiHU 21 BOPUTYI MIIXOIUTH COIUIO 22, SIKE TAaKOX KOPCTKO
NpPUKpIIUIEHE A0 BHYTPIIHBOI cTOpoHM kamepu 20, Ta mix’exHaHe 10 moBiTponposoay 23. Ilpu
bOMY, M1J] 1€10 PEaKTUBHOI CHJIM MOBITPSIHOTO CTpyMeHs1 TypOiHa 21 o0epTaeThes, a 3 HElO 1 BECh
650k pykaBHUX (inbTpiB. OMOpHI KyJauku 14, 1m0 po3TalioBaHi Ha HUXKHIA MOBEpXHI TUCKY 12,
pYyXaroTbCs IO KUIbLEBIH BHaAWHI BEpXHbOro (QuaHusg 15, sSkuil 3akpuBae MIMPIIY YaCTHHY
KIUJIBIIEBOT'O 3a30py KOPIyCY LMKIOHA 1. 3aBAsku creniaabHOMY Npo(diio KilbleBOI BIAJAWHU HA
BepXHil noBepxHi (uani 15 610k pykaBHUX (IIBTPIB COYATKY PyXY [TOBOJII MiTHIMAETHCS, a TOTIM
PI3KO MiJ Ji€l0 BJIACHOI BarW OMYCKA€ThCS BHU3, MIPHU LIbOMY CTPYLIYETHCS MUJ, HAKOMMYCHUNA Ha
MOBEpXHI (PUIBTPYBAJILHOTO MaTepiainy. 3aBIsSKH YOMY BIJIHOBIIOETHCS (UIBTpyIOYa 3/1aTHICTh
BKa3aHOTO Martepially, a y HaCTyIHHI 1epioj o0epTaHHs Hpolieypa HOBTOPIOEThCA. TaKuX IMKIIIB
3a 4ac OJJHOTO MIOBHOTO KoJIa MOke OyTH Tpu a00 YOTHUPH, B 3aJIEKHOCTI BiJl 0COOIMBOCTEN BUOpaHOi
KOHCTPYKIIi MHJIOBJIOBIIOIOUO] CHUCTEMH, Ta BU3HAYAETHCS L KIUJIBKICTh HA MICHSA JAEKUIBKOX
armpo0artiiif po3po0eHoT CUCTEMHU 3 BpaxXyBaHHSIM TEXHOJIOTIYHUX BUMOT. L{i BUMOTH y3arajibHEHO
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BXOSTh y MapaMETPUYHUN Ta KOHCTPYKTUBHHM KOMILIEKCH, II0 MOXE BUKOPUCTOBYBATHUCS IPHU
PO3paxyHKy IMUJIOBJIOBIIIOIOUYOI cucTemu [4].

[ToGy10Ba MUIJIOBIIOBIIIOIOUO] CUCTEMH 3 JOTPUMAHHSAM BCiX ONKCAHHUX BHILIE YMOB 3a0e3meuye
MOKpaIieHHss ii  eKCIUTyaTalliiHUX  XapaKTEePUCTHK, 30Kpema 30uiblnye  e()eKTUBHICTH
MWJIOBJIOBJICHHS, @ TAKOX 3a0€31e4y€eThCsl BIAIIIICHHS TOHKOAUCIIEPCHOI (paKiii.

BucHoBku. BripoBajkeHHSI 3alIpOIIOHOBAHOI CHUCTEMH, SKa BKIOYae B ceOe JBa €IEMEHTH —
IIUKJIOH Ta pyKaBHUI QUIbTP, 30yA0BaHi B €IUHIM KOHCTPYKIIIT YM CKIaJHOMY KOPITyCi, BUSBUTHCS
BeJIbMH €(DEKTUBHUM JUJIsl aBTOMAaTHYHOTO CTPYILIYBaHHS BJIOBJIEHOTO TOHKOAMCIIEPCHOIO MUY Y
crneniajgbHy 30ipHY BOPOHKY. BakmuBO Bi3HAYMTH, IO TEpe] IIMM IPOLECOM CTPYIIyBaHHS B
MDKKOPITYCHOMY TPOCTOpI IHMKJIOHY, 3aBISAKH CHIpaJbHINA HalpaBisAiodii, 3TiAHO ONHUCAHUM
0COOJMBOCTSIM HOTO KOHCTPYKIil, €EeKTHBHICTh MUJICOUUIICHHS 3HAYHO MiABHILYETHCS 1 MOXKE
CKJIaJIaTH KOHKYPEHIIII0 iICHYtoUnM pyKaBHUM (inbTpam cepii GAL-GLk komnanii « Arpikony, cepii
DLMYV kommawnii Donaldson ta ®PIP ( ctyminb ounctku 95 - 99,8%).

EdexTuBHICTh 1€l cHUCTEMU MHUIOBIOBICHHS, 30KpeMa B KOHTEKCTI BUPOOHHIITBA ILIEMEHTY,
BU3HAYa€ TIIOKPAIICHHS €KOJIOTIYHOI CHUTyalii B caHITapHO-3aXMCHI 30HI. OTpuUMaHHA
TOHKOJAUCIIEPCHOI (Ppakiii 03BoJsie BUPOOHUKY OTPUMATH BHCOKOBapTiCHMI 1leMeHT. [Ipu npomy,
y TEXHOJIOT1YHOMY TIPOIIECi BUTOTOBJICHHS OSTOHHHUX BUPOOIB, iX MIIHICTh, @ TAKOXX BapTICTh, Oyae
3HauHO BUIIO0. Takuil iIHTErpoBaHuii MiAX1 HE TUIIe crpusie e(peKTUBHOMY 3MEHILIEHHIO BIUIMBY Ha
HABKOJIMIITHE CEPEIOBUIIE, alie i 3a0e3neuye MiANMPUEMCTBY KOHKYPEHTHI IepeBary, MOKpaIlydn
AKICTh MPOJYKIIi Ta EKOHOMIYHI MOKa3HUKH BUPOOHUIITBA.
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Abstract

Atmospheric air pollution is a problem due to ineffective technological processes related to solid
material processing in various industrial sectors, including metalworking and woodworking, coal
enrichment, coal burning at thermal power plants, metallurgy, and building materials companies. This
problem is relevant for cement factories, as some of them use outdated equipment. Fine dust becomes
particularly important in this context, as the particle size of this dust affects the quality and grade of
the manufactured concrete. Considering the specifics of cement production and the aims of our study,
which are focused on the effective collection of fine particles, it is important to mention that wet
methods of cement production are not the best solution. The ideal solution for the issue of dust-gas
streams cleaning in the cement industry is to use a two-stage dust collection system that combines a
refined cyclone and a bag filter. This system, thanks to a specially designed mechanism for periodic
shaking, allows for efficient capture and control of fine dust particles, ensuring high quality of
produced cement and reducing environmental impact.
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Anomauin

Y pobomi oaemwvcsa supiwienns axmyanbHo2o 3a80aHHA U000 3aOe3nedeHHs 3aXuuyeHocmi
NPUPOOHO20 CEPeO0BUA MA HCUMMEBD BANCIUBUX [HMEPECi8 NIOOUHU 8I0 He2amueHUX GNaueie
NUNOBUX BUKUOIB, WO VMBOPIOIOMbCS NPU BUPOOHUYMBI 2a300emOoHHUX 0Y0i8ebHUX BUPODIE.
Bcmanoeneno, wo npu suxopucmanui mpaouyiinux cucmem O4uweHHs NUL0BUX BUKUOIE YUKIOHAMU
6 ammocgepHe nosimps eukuoacmvcs nui, 0o 100 % macu axkoeo npunadae Ha 4ACMUHKU 3
posmipamu 00 20 mxm. Ilpu yvomy ixuiii mediannuti diamemp 0opientoe 12 Mkm, 8i0COMOK 4aCMUHOK
3 posmipamu merue 10 mxm (PMig) cmanosums 40 %, 6iocomok uacmunox 3 poamipamu menuie 2,5
mrm (PMag) — 0,5%. Biocomoxk wacmunok 6 ammocghepromy nosimpi Oiisi npOMMAOAHYUKA GIIMKY
konusaromuvcs: 01 PMio— 6i0 12 % 00 40 %, ons PM>2s5— 6i0 0,3 % 0o 0,5 %. Ha mesci canimapmo-
3axucHoi 30Hu yi sHavenus cmarnosiams 80% ma 0,5% 6ionosiono.

Knrwouoei cnosa: ouucmku nunosux uKuois, mexHoao2ii 3axucmy ammocgepu, mexHoexKoio2is,
ypbaHizoeaHi mepumopii.

['a300eTOH € yHIBepCaJbHUM CyYaCHMM OyJiBEIbHUM MartepiajioM, HOro BHPOOHHIITBO
3HaXOJIUTh Yy HalIlll KpaiHi BCe MIMpIIE 3aCTOCYBaHHA. Pa3om 3 TMM, MiANpUEMCTBA 3 BUPOOHUIITBA
ra3o0eTOHHUX OyJIBEIbHUX KOHCTPYKIH, SIK 1 MIANPUEMCTBA 3 BUPOOHUIITBA 1HIIUX OYIiBEIbHUX
MaTepiajiB, pO3TalOBYIOThCS B MEXaX HACEJIEHUX ITYHKTIB 1 XapaKTepU3yIOThCsl BETUKUMU, 3HAYHO
nepeBuIyroYuMu Hopmatusu ['JIB, Bukugamu nuiny B TOBKULISA ypOaHI30BaHUX TEPUTOPIH.

Oco065MBO 11€ BIIHOCUTHCS 10 ApiOHOMUCTIEpCHUX 4YacTUHOK PMig ta PM2s, BMICT sSKuUX B
aTMOC(epHOMY MOBITP1 HACEJIEHUX MYHKTIB Ha JIaHUH Yac periaMeHTYEThCs IOCUTh CyBOpO. ToMy
aKTYyaJIbHUMHU € JIOCHI/DKEHHsI, CIIPSIMOBaH1 Ha PO3pOOKY pillIeHb, 110 3a0e3MeUyl0Th CKOPOUYEHHS
HA/XO/DKEHb MMy B arMoc(epHe IMOBITpA NpU BUPOOHUITBI Tra300€TOHHUX OyAiBETbHHX
KOHCTPYKIIH.

[MuTaHHAMYU 3aXUCTY HABKOJIMIIHBOIO CEPEJOBUIIA BiJ] HETATUBHOIO BIUIMBY MUJIOBUX BUKUJIIB
3aitmanocs Oararo nmochigHukiB — [agak FO.P., batnyk B.A. Jlsmenuk A.B., Knmumens B.B.,
Kosziit I.C., Bypo 0.0., Kapamymko A.B., 'amxue E.H. Ta iami [1-8]. V mesxux i3 poOiT mux
aBTOpiB [9-11] HaBOJSTHCS CXEMH KOMIIOHYBAaHHS CHCTEM 3HEMWIIOBAHHS BUKHIIB BiJ
OpraHi3oBaHMX JDKepell, AKi nepeoayaroTb BUKOPUCTAHHS MPAKTHYHO BCiX THITIB MHJIOBJIOBIIIOBAYIB
(cyxHx Ta MOKpHUX LIUKJIOHIB, CKpyOepiB, pyKaBHUX (1IbTPIB Ta IEKTPOPUILTPIB).

JUis ouMIeHHS NHUJIOBMX BHUKMIIB Y ILI€Xax 3 BUPOOHMIITBA ra300€TOHY 3aCTOCOBYIOThCS CyXi
METO/IM OYMIIICHHSI, TOMY IIIO II€ 3yMOBJIEHO TEXHOJIOT1EI0 BUPOOHUIITBA, 1 IS II€] METH HalJacTile
BUKOPUCTOBYIOThCS IIMKJIOHH. OJTHAK, HE3BAKAIOUM Ha MPOCTOTY KOHCTPYKIIil, HaIIHHICTh poOOTH,
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MaJti rabapuTHI po3MipH, HU3bKI €HEPrOBUTPATH Ta EKCIUTyaTalliiiHi BUTPATH, 11i arapatu, HaBiTh IpU
JIBOCTYMIHYACTIN YCTAaHOBIN, HE 3a0€3Me4YyrTh HEOOXITHOTO CTYNEHS CKOPOYCHHS BHKHIIB B
atMochepy TuITy, IO YTBOPIOETHCS MiJ 4ac BUPOOHUIITBA OyIiBeTbHUX MaTepianiB. Y Oararbox
BUITQJIKaX II€ MPU3BOJMWTH JI0 TEPEBHUIICHHS TIT€HIYHMX HOPMATHBIB BMICTY B aTMOC(HEPHOMY
NOBITP1 HaCEJIEHUX MYHKTIB YAaCTHHOK 3 po3Mipamu MeHme 10 MkM Ta 2,5 MKM.

Buknanene Buile MOCIyXHJIO MiACTaBOIO ISl MPOBEACHHS €KCHEPUMEHTATbHUX JOCIIIKEHb
II0/10 OLIIHKH BIUTUBY NMAJIOBUX BUKHUJIB BiJl JUKEpeEI LeXy 3 BUPOOHHUIITBA ra300€TOHHUX OJIOKIB Ha
SIKICTB TTOBITPSI HOPMOBAHUX TEPUTOPIMH.

Metoo faHOro JOCHiAAKeHHS] € 3a0e3ledyeHHs eKOJIOTIYHOI Oe3leKd BUPOOHHUITBA
ra3o0eTOHHUX OYIBEIBHUX KOHCTPYKIIHA JUIsI 3aXHCTY MICHKOTO TOBITPSHOTO CEpEOBHINA Bij
3a0pyAHEHHS MUJIOBUMH BUKHIAMH.

Jlis nocArHEeHHS OCTaBICHOI METH BUPILITYBAIIMCS TaKl 3aBIaHHS:

— aHaJi3 KPYMHOCTI MUY, IO BHIUISETHCS BiJl TEXHOJOTIYHOTO OO HAHHS TPU BUPOOHHIITBI
ra3o0eTOHHHUX OJIOKiB;

— aHami3 (pakmiifHOrO CKIamy MWy, [I0 YTBOPIOETHCS TNPH BHUPOOHMILTBI Ta300eTOHY Ta
ra300eTOHHUX OJIOKIB, 110 HAAXOIUTh y CHCTEMY OYHUIICHHS MUJIOBHUX BHUKHUIIB Ta JO MICHKOTO
aTMOC(EepHOTO MOBITPS;

— OIliHKA PiBHS 3a0pyIHEHHS MICHKOTO TIOBITPSHOTO CepeoBuIla YacTUHKaMu PM1o Ta PM2s.

Marepiasqum Ta MeToAH IOCTiAKeHHA. METOMU IOCHIDKCHHS BKIIOYAIH: aHATITUYHE
y3arajlbHEHHSI BIIOMHX HAyKOBHX Ta TEXHIYHUX pe3yNbTaTiB; IJIaHYBaHHA (PI3UYHOTO
EKCIIEpUMEHTY; IMPOBEACHHS JIAOOPATOPHUX, HATYPHHUX Ta JOCIITHO-TIPOMHUCIOBUX JOCIHIIKEHB;
00pOoOKy eKCIepUMEHTaIbHUX JAHUX METOJaMH MaTeMaTUYHOI CTATHCTUKH.

JlO0CTOBIpHICTh HAYKOBHX ITOJIO’KEHB, BACHOBKIB Ta PEKOMEH/IAIlii1 00TpyHTOBaHA 3aCTOCYBaHHIM
KJIACUYHHUX TOJ0XKEHb TEOPETUYHOTO aHaNi3y, IUIAHYBAaHHSAM HEOOX1IHOTO OOCSTY €KCIEPUMEHTIB,
HiATBEP/KEHA  33JJ0BOJILHSIOYOIO KpUTEpisIM  30DKHICTIO OTPUMaHUX  PEe3yJbTaTiB
eKCIepUMEHTAIbHUX JIOCHI)KEHb, BUKOHAaHMX Yy Ja0OpaTOpHUX Ta MPOMMCIOBUX YyMOBax, 3
pe3yibTaTaMu IHIIUX aBTOPIB.

PesyabTaTi nocaimkens. [Ipu po3poOui 3axoniB MO0 3HM)KEHHS HWJIOBMX BHMKHJIIB B
atMocdepHe MoBITpst 0yJI0 MPOBEEHO aHAJII3 KPYITHOCTI MIITY, 1110 BUIAUTSETHCS Bl TEXHOJIOTTYHOTO
oOaJHaHHA IPU BUPOOHUITBI ra300eTOHHUX OJI0KiB. Pe3ynbraT HaBeeHo Ha puc. 1.
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Puc. 1. [arerpanshi ¢pyHkiii ppakiitHoro po3noily Macu YaCTUHOK MUJTY, 1[0 HAJAXOIUTh Ha
CHCTeMy acmipallii BiJl TpaHCIIOpTEpa BUXIJHUX MaTepiaiB:
1, 2 — npu TpaHCIOPTYBaHHI BalHa J0 IIUKJIOHY 1 MiCJs LUKIJIOHY BiJINOBITHO;
3, 4, 5 — ipu TpaHCIIOPTYBaHHI MICKY, TINICOBOTO KaMEHIO, IIEMEHTY BiIIOBITHO
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OtpuMaHi JaHi TOKa3ald, 10 MICIs CUCTEMHU OOE3MIIOBaHHS BHKHIIB IukioHnamu [[H-11 B
aTMOC(epHe TOBITPS HAJAXOIUTh, HANPUKIAJ, MW BalHA, YACTHMHKH SKOTO MAlOTh MeEIiaHHUM
niamerp 5,5 MKM 1 1iana3oH 3MiHu KpynHOCTI Bix 1,5 1o 15 Mxkm. Bin mocra apoGienns B armochepHe
TIOBITPS TICJISL OYMIIICHHS HAJXOSATh YaCTKH MIJTY 3 MEIiaHHUM JliaMeTpoM 12 MKM Ta Jiara30HOM
3MiHM po3MipiB Bix 1,8 m0 18 MxMm.

Ha puc. 2 HaBeieHO pe3yibTaTH OIHKH (PAKIIMHOTO CKJIAMy IHIY, [0 MICTUTHCS B
aTMoc(epHOMYy TIOBITpI HA TepUTOpPIi MPOMMalJaHUYMKA Ta Ha MEXI CaHITApPHO-3aXHCHOI 30HU Y
TETUIMH TIepio/l pOKY. AHAJI3 OTPHUMAaHUX JIaHUX MMOKA3y€ HASBHICTh YAaCTUHOK JAPIOHOAUCIIEPCHOTO
ity po3mipoM Merme 10 MkM.
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Puc. 2. PesynpTaTil O1iHKH (HpakIiiftHOTO CKJIaay MUY B aTMOC(hEepHOMY TOBITPI HA:
a — TepuTOpii MpoMMaiiTaHuuKa; 6 — MeXi caHITapHO-3aXMCHOI 30HU

[IpencraBneni pe3ynbTaTH CBiAYaTh, 110 Y aTMOC(hEpPHOMY MOBITP1 011 MpoMMaiilaHYKKa YacTKa
YaCTHHOK KonuBaeThes it PMio — Big 12 % no 40 %, nius PMas — Bix 0,3 % 10 0,5 %. Meniananii
JiamMeTp 4acTok ctaHoBUTh 11-15 mMkM. Po3mipn yacTuHOK 3MiHIOIOTHCS He Outbmie Bix 1,5 mo 20
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MKM. Y aTMoc(hepHOMY MOBITPi HAa MEX1 CaHITAPHO-3aXUCHOT 30HM Ha YaCTKy 4acTOK PM1o mpumnazmae
80 % macu nmuity, Ha yacTky 9actok PMas — 0,5 %. I1uoBi YacTMHKM MarOTh MEIiaHHUHN JiaMeTp
8,2 MKM Ta MeXi 3MiHU po3Mipy Bia 2 MKM a0 12 MKM. 3a pe3ysbTaTaMyd BUMIPIOBaHb 3arajbHOL
KOHILIEHTpalii Nuiy B arMoc(epHOMY IMOBITPI Ta 3a JaHMMU NPO HOrO AWCHEPCHUI CKIan
BCTaHOBJICHO, IO TPU BUPOOHUITBI OyIiBeNbHUX OJIOKIB 3 Ta300€TOHY BHACIIIOK HEIOCTATHHOTO
CTYTICHS 3HETIWJICHHS BUKHU/IIB MOXKE BiJI3HAYaTHCS IEPEBHUIICHHS BMICTY YaCTUHOK PM1o, rpaHn4HO
JOTyCTUMA KOHIIEHTpAllil AKMX JUIs IIOBiTpS HACENEHHX MYyHKTiB BcTaHoBmeHa 0,3 mr/m’.
[lepeBuiieHHsT BCTaHOBJICHWX HOPMAaTHBIB IOJO KOHIEHTpalii 4acTHHOK PM2s He BHABIECHO
(tabm. 1).

Tabauus 1. Konnenrpauis yactuHok PM1o Ta PM25 B aTMOcdepHOMY MOBITPI

3arajbHa PMyo PM; s
Micue Binoopy npo6 KOHUEHTPAaWisA, | BMIiCT, | KOHIEHTPAaMisi, | BMIiCT, [KOHIEHTPAIis,
mr/m?3 % mr/m?3 % mr/m?3
Tepurtopis mpoMmaiigaHInKa 0,8 12 40| 0,096 -0,32 |0,3-0,5| 0,002 -0,004
Meska caHITapHO-3aXHCHOI 30HU 0,44 80 0,32 0,5 0,0022

BucHoBku

3a pe3ynbTaTaMM BUKOHAHUX JIOCIIKEHb MOKHA 3pOOUTH TaKi BUCHOBKH.

1. BcraHoBneHO, M0 MPU BUKOPHCTAaHHI TPAJAMIIHHUX CHUCTEM OYMIICHHS MUIOBUX BHKH]IIB
LUKJIOHAaMU B aTMOc(epHe MOBITPps BUKUAAETbes i1, 10 100 % macu sikoro npumnajae Ha YaCTUHKU
3 po3mipamu 10 20 MxMm. [Ipu ipoMy ixHilt MeiaHHAN AiaMeTp TOpPiBHIOE 12 MKM, YacTKa YaCTHHOK
3 po3mipamu MeHie 10 mxm (PMio) cranoButs 40 %, yacTka YaCTHHOK 3 PO3MipaMu MEHIIE 2,5 MKM
(PM25) — 0,5 %. 3HaYeHHs 4aCTKH YaCTUHOK B aTMOC(EpHOMY TMOBITPi OIS pOMMaiiJaHYHKa BIITKY
KouBaroThes: Ansg PMio — Bin 12 % no 40 %; nns PM2s— Bin 0,3 % 1o 0,5 %. Ha mexi canitapHo-
3aXHMCHOT 30HU 11 3Ha4YeHHs cTaHOBIATE 80 % Ta 0,5 % BiAMOBIAHO.

2. Ha ocHOBI 1aHUX, OTPUMaHMX y HATYPHUX YMOBAaX, 3a3HaYCHO NEPEBUIIIEHHS BMICTY YACTUHOK
PM10 B atMocepHOMY NOBITP1 Ha TEPUTOPIT MPOMMaiiJaHYMKa Ta Ha MEK1 CaHITAPHO-3aXUCHOI 30HU
Haj ['JIK, BCTaHOBIEHOIO AJIsl TAKMX YACTMHOK JIJIsl TOBITPSHOTO CEPEOBUINA HACETICHUX MyHKTIB.
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ASSESSMENTS OF THE INFLUENCE OF DUST EMISSIONS IN THE PRODUCTION
OF AERATED CONCRETE ON THE AIR QUALITY OF REGULATED TERRITORIES

Maria MADANI
Odesa National University of Technology, Ukraine
https://orcid.org/0000-0001-9386-7364

DOI: https://doi.org/10.20535/EHS2710-3315.2024.304285
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Abstract

The work provides a solution to the urgent task of ensuring the protection of the natural environment
and vital human interests from the negative effects of dust emissions generated during the production
of aerated concrete construction products. It has been established that when using traditional dust
emission cleaning systems with cyclones, dust is emitted into the atmospheric air, up to 100 % of the
mass of which is accounted for by particles up to 20 microns in size.

At the same time, their median diameter is equal to 12 microns, the percentage of particles smaller
than 10 microns (PM10) is 40 %, the percentage of particles smaller than 2,5 microns (PM2,5) is 0,5
%. The percentage of particles in the atmospheric air near the industrial site in the summer varies: for
PM10 — from 12 % to 40 %; for PM2,5 — from 0,3 % to 0,5 %. At the border of the sanitary protection
zone, these values are 80 % and 0,5 %, respectively.
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NTOCJILIKEHHSI MOKJIMBOCTI OTPUMAHHS HITPOLIEJIIOJIO3U
3 MOPCBKOI TPABHA

Kipa MAJIMIIOK?!, Okcana ITABJIEHKO?,
Bapsapa IIIUT'OT?, Oasra KPYTOBA-OHUKIEHKO?
L Illocmuuncoxuii incmumym Cymcwrozo Jlepocagnozo Yuisepcumemy
By Jleonina Kanenroka, 1, m. llloctka, 41100, Ykpaina
2[Ilocmxuncoka cneyianizoéana wixona I-III cmynenie Nel
By YepHirisebka, 10, M. Hloctka, 41100, Ykpaina
e-mail: kiramalyalexandrovna@gmail.com

Anomauin

Pobomy npuceaueno oocniosxcennio mooiciueocmi ymunizayii Oepe2ogux nokiadie MopcbKoi
mpaeu Zostera Marina 3 ompumMaHHAM ~AKMYAIbHO20 EHEeP2OHACUYEeHO20 Mamepiary —
Himpoyentono3u. B pobomi nposedeno nimepamypHuil noulyk 3a HANPAMKOM — GUKOPUCHAHHS
HempaouyitiHol pOCIUHHOI CUPOBUHU y BUPOOHUYMET HIMPOYentoN03U. [ OMPUMAHHSL Yentol03U 3
MOpCcbKoi mpasu 6y10 00paHO 0pP2aHO-CONIbEEHMHUL MemMOoO, AK MAKULl, Wo MAE MIHIMANbHUL NIUE
HA HABKOIUWHE cepedosuuie 8 Npoyeci GUKOPUCMAHHA. YV AKOCmI CUPOBUHU BUKOPUCMOBYBAUCH
npomumi 3pa3ku NOK1adié cyxoi mopcvkoi mpasu 3 ysdepeocoics Kapkinimcvkoi 3amoxu. Obpanum
Memooom 0yIa ompumMaHa yeaoao3d, ma O0CHIOHCeHA HA 8MICM O-Yearono3u, aKuti cknas 75 %.
Himpysanns yenionosu nposoounocs 6 1abopamopHux ymoeax 3 6UKOPUCMAHHAM HOMPIUHOT
HIMPYIOYOoiL cymiwi.

Ompumani  3pasku  HIMpoyenrono3u  OOCHIONCeHi 3  GUKOPUCMAHHAM — XIMIYHUX — ma
IHCmMpYMeHManoHux mMemoois. Bmicm mnimpoceny 6 3paskax cknas 11.95%. 3a pezynomamamu
pobomu 008e0eHO MONCIUBICIb BUKOPUCMAHHA Oepe208Uux NoK1adie Mopcbkoi mpasu Zostera
Marina y sakocmi anemepHamueHoi cupo8uHU 01 6U2OMOBIIeHHs Himpoyentonosu. Lle cnpusmume
oyuweHHI0 Oepe208oi NiHii 8i0 HAKONUYEHUX NOKIAOI8 MOPCHLKOI mpasu ma 600HOYAC CMBOPIOE
0ofcepeno anbmepHamueHoOi CUpoBUHU OISl OMPUMAHHSL HIMPOYENION03U, KA € 8ANCTUBOIO CKIAAO0BOIO
8UOYX08UX PEUOBUH, HEODXIOHUX 8 Nepiod GIliHU.

Knwuoei cnosa: mopcvka mpasa, Zostera Marina, yenronosa, opeano-colb8eHmMHUL Memoo,
HIMpoyenon03a.

beperoBi mokiagu MOpPCHKOi TpaBU B3IOBX y30epexoks YopHoro Ta A30BCHKOTO MOpIB
HOTIPUIYIOTh 30BHIIIHIN BUIJISI TUISDKIB Ta YCKJIaJHIOIOTH JOCTYIN 10 BOAM. Bennki HaKOMUYeHHS
noTpedyIoTh MOCTIHHOTO BUAAJEHHS 3 TEpUTOpli IUISHKIB Ta MOAANBINOI yTwmizamii. OgHuM 3
HaNpsMKIB Takoi yTHIIi3alii Moxke OyTH BHUKOPUCTAHHS MOKJIaiB MOPCHKOT TPaBU JJIsl OTPUMAHHS
EJTI0I03U a TAaKOXK MPOAYKTIB ii XIMIYHOT IEPepOOKH, 30KpeMa, HITPOIIEIIOJIO3H, K01 TaK OTpedye
cy4acHa XiMi4Ha Ta 000pOHHAa HPOMHCIIOBICTb.

Icuytoua mpoGiemMa CHPOBUHHOTO 3a0€3Me4YeHHs] BUPOOHUITBA 3aTpeOyBaHUX MPOMHCIIOBICTIO
MapoK HITPOILENIOJI03M  BUMAara€e IOUIYKY HOBHMX CHPOBHHHHX JDKEpend s iX OTPUMAaHHS.
TpaguuiiHO HITPOLEINION03y OTPUMYIOTH 3 OaBOBHSHOI LENIOJIO3U, BUPOILYBAaHHS SIKOI MOTpedye
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3HaYHHUX pecypciB. OKkpiM OaBOBHH, JUIsI BUTOTOBJICHHS HITPOIIETIONO03U TaKOXX BUKOPHUCTOBYETHCS
JIEpeBUHA, 10 MPHU3BOIUTH JI0 BUPYOKHM JIICIB Ta IIKOIWTH JOBKULIO. B manuii yac GaBOBHa €
JIOPOTOI0 IMIOPTHOIO CUPOBUHOIO, @ BAPOOHHUIITBO JIEPEBHOI LIETIOJIO3H TOCATIIO KPUTHYHOTO PiBHS.

OpHMM 3 HEeCcTaHAAPTHHUX JUKEpell CUPOBHMHM € MOpPCbKa TpaBa. BOHa € BiJHOBIIIOBAJIbHUM
pecypcoM, He MOTpedye BEIMKUX IUIONI JJISi BHPOIILYBAHHS, POCTE Y BEIMKHX KUIBKOCTSIX, HE
KOHKYPY€ 3 IPOJOBOJIbYMUMH KYJIbTYPAMH 1 Ma€ JOCTATHIO KIJIbKICTh LIEIIOJIO3H, KA € OCHOBOIO JJIsI
BUPOOHHUIITBA HITPOLENIONO3H. BHUKOPUCTaHHS MOPCHKOI TpaBU y XiMiUHIH MPOMHUCIOBOCTI IS
BUPOOHHUIITBA HITPOLEIIOJIO3HU € aKTyaJlbHUM HAIpsSMOM JOCHIDKEHb Yy 3B'SI3Ky 3 MOTIMOJIEHHAM
npoOJeM eKOJIOTiYyHOro 3a0pyAHEHHS Ta IMOIIYKY aJbTePHATUBHUX, E€KOJOTIYHO YHUCTHX KEpes
CHUPOBHHHU.

YMoBH BiffHM NOTpeOyIOTh MiABHINEHHS OOOPOHO3MAaTHOCTI YKpaiHu, ayie BiJICYTHICTb
OoemnpuriaciB Ta BJIACHOTO BHPOOHHUIITBA 30pOi YCKJIQJHIOE CHUTYyallilo. BiiacHe BHUPOOHHMIITBO
OoemnpwuIracie, 30KkpemMa Mmopoxy, MOKe 3HAYHO TiABUIIUTH TOTEHITIAT apMil.

MeToro JaHHOTO JOCHIIKEHHS OyJI0 OIIHUTH MOTEHIial BUKOPHCTAHHS OCPEeroBUX ITOKJIAJIIB
MOpCBhKOi TpaBM Zostera marina y SKOCTI aJIbTEPHATHBHOI CHPOBUMHH IS OTPHUMAHHS
HiTpouentono33u. lle  Moke 3HAuyHO 3JEIIEBUTH IPOLECH BHUPOOHMIITBA HITPOLIETIOJIO3N 3
NOJAIBIIMM i BUKOPUCTAHHSM SIK €HEPreTHYHOI OCHOBU HITPOIEIIONIO3HUX IOPOXiB, PaKETHUX
HaJluB, KOMIIOHEHTY J1akopapOoBOi MPOAYKLIii, i BUTOTOBJIEHHS ONTHYHUX MPO30PUX ILIIBOK,
010JIOTIYHUX I1HAWKATOPiB, HAIMIBIPOHUKHUX MEMOpaH, CEJNEKTUBHUX COPOEHTIB, HITPOJIAKIB
CHeLiaIbHOI0 PU3HAUCHHS.

Kawmka - Zostera marina - 3pocrae Ha MUJIKOBOJII 110 y30epesxokto binmbinocti kpain cBity. Bona
IIOPOKY BHHOCHUTBCSI Ha Oeper XBWISAMH 1 Y BEJIMKIA KITBKOCTI CKYNMYY€ThCS MIIJIBHUM IIApOM Ha
Oeperosiii miHil. 3a pe3yapTaTaMu aHaji3y BHYTPIIIHBOI CTPYKTYpH BOJOKOH MOPCHKOI TpaBH B
po6ori [1] BoHU ckianarTbes 3 ~57% 1entono3u, ~38% HelenoI03HUX Molicaxapu/IiB (IepeBaxHO
KCHIIaH) 1 ~5 % 3aJHMIIKOBOi PEYOBUHHU.

3Bakaroud Ha BHIIE IEpepaxoBaHi OCOOIMBOCTI OCOONMBY YyBary NpUBEPTAaE MOMKIMBICThH
BUKOPHUCTaHHSA OeperoBuX MOKJIaAIB Zostera marina JUisi OTPUMaHHs LENI0JI03U Ta MPOAYKTIB 1i
XiMiuHOT epepoOKH, 30KpeMa HiTPOLETI0JIO3H.

B TenepimHiil yac y SIKOCTI aJbT€PHATHBHOI CUPOBUHHU JUIsl OTPUMAHHS MOXIJHUX LIETIOI03U
pO3MIIAAINCS PUCOBOI JIymimaiiku, Oarac, OaBOBHA, JKYT, IEHbKa, JIbOH, 0aMOykK, CH3alb,
MaHUIbChKa [IEHBKA, COJIOMA, CTEPAKHI KYKYPYI3IHOT0 KauaHa, KOKOCOB1 HUTKH, BOJOPOCTI, MIKpOOHI
Mmarepianu, Ta ixXHi cymimi [2].

B nonepennix nocmimkenusx [3] 6ymao po3po0IeHO TEXHOJIOTII0 OTPUMAaHHS ManepoBUX BUPOOIB
3 BUKOPUCTAHHSM Y SIKOCTI CUPOBHHH ITOKJIA{iB MOPChKOi TpaBu. LIst TexHO0TIg Oy1a 3anaTeHTOBaHa
[4]. BpaxoByrouu cydacHuil cTaH XiMiuHOi Ta OOOpPOHHOI NPOMHUCIOBOCTI, 30Kpema Ae]iuT
CUPOBUHU JUIsl BUPOOHUIITBA O€3MOCEpeHbO LIETI0I03H Ta ii MoxXifHuX, Ha 0a31 LllocTkuHChKOTrO
IHCTUTYTY OpPraHO-COJIbBEHTHUM METO/I0OM OyJI0 OTPUMAHO 3pa3KH LETH0I03HOI CHPOBUHH 3 METOIO
il momanbIIol XiMiuyHOI nepepoOku [S]. 3a pe3yiabTaTaMy XIMIYHOTO aHAJi3y BMICTh O-LIE€TIOJI03H B
OTPUMAaHUX 3pa3Kax CKJaB OMu3bKO 75%. 3pas3ku 1eTo1031 3 MOPCHKOi TpaBu Oyin oOpoOiieHi
HITPYIOUOIO CYMIIIIO 32 OJTHIEIO 3 METOJIMK OTPUMAaHHS HITPaTIB LET0I03H [6].

HitpyBaHHsS MpOBOAUTHCS MOTPIHHOIO CYMIMINIIO: HITpaTHa KHUCIOTa - Cylb(paTHa KHCIOTa —
Boja. [Ipouiec HITpyBaHHS - 3BOPOTHUM, TOMY, YUM MEHILIE BOAM Y CyMillli, THM MOBHIILIE 1 IIBUALLIE
ime peakuig. Skmo BMIicT Boau Oinbine 25%, peakiiss He ¥ae 30BciMm. s 3B'si3yBaHHS BOIU
BUKOPHUCTOBYEThCS CyJb(paTHa KucioTa. [liIBUIIEHHS KUIBKOCTI Cylb(aTHOI KUCIOTH 3HMKYE 1
B'SI3KICTh HITpaTiB, OCOOJMBO 3 MiJABHILEHHIM Temreparypu mnpouecy. KoHueHTpalis HiTpaTHOT Ta
cynb(haTHOI KUCIOTU Ui NMPUTOTYBaHHS HITPYrO4Oi cymimn ckiaganu 65 ta 90 % BiamoBigHO.
HitpyBanus BinOyBanocs y BUTKHIH magi npotsrom 60 xB 3a Temneparypu 20 °C 3 moaanbLior
ctabunizaniero 1%-umM po3urHOM COJU T1IpokapOoHaTy HaTpito npoTsarom 10-15 xsunun [7].
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BusHaueHHs BMICTY HITpPOTE€HY B HITPOLENIOI031 MPOBOJMIN IUISXOM OMMJICHHS HITPaTiB
LIEJIFOJIO3M  KOHIIEHTPOBAHOK CYJIb(aTHOK KHCIOTOH 1 BIJHOBJIEHHS HITPAaTHOI KHUCIOTH, sKa
yTBOpHJIacs, po3uyMHOM cyibdary 3amiza (1) 1o okucy HITporeHy, sika 3 HaJUIMIIKOM OCTaHHBOTO
yTBOpIo€e KoMIieKCHY crosiyky Fe(NO)SOa, 3a0apBiioroun po34rH y dKOBTO-pOKEBHUH Komip [2]. 3a
pe3yJbTaTaMy XiMI4HOTO aHalli3y BMICT HiTporeHy ckias 11,95 %.

OTtpuMmaHi 3pa3Ky LEN0JI03U Ta HITPOLEIOI03U JOCHIKYBAIUCA 3 BUKOPUCTAHHAM METOJOM
iH(ppadyepBoHOi ciekTpockomii Pyp’e. [lapanensHo Oyno otpumano [Y-criektp Konokcuiiny (puc. 1).

EChomseagans! | (@ smostng | GEiNomatze EINCem |GRINC dy-208m1 WINCan-2082 | (i) Smocthng | () Nommatze | (5] Mutport Baseine Comection |

4200 4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000

4200 4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 500

NUM

Puc. 1. IY criekTp HITPOILEITIOI03HU 3 MOPCHKOi TpaBu Zostera Marina (1opHa JiHis),
[Y criexTp KonOKCcHUIiHY (4epBOHA JTTiH1s)

B pe3ynbTari MOpPIBHAHHS CHEKTPIB LIETIOI03UM 3 MOPCHKOI TpaBM Ta OaBOBHSAHOI IIEIOJI03U
BUSBIIEHO HASBHICTH (DyHKIIOHATBHUX TPYI (XapaKTepuCcTHUHi yacToT 3570-3125 cm, 2940-2860
em 11650 em?, 1430 em?, 1370 em?, 1340 em?t, 1160 em?, 1110 emt, 1060 cm™ BigmosigHO),
XapakTEePHUX JUIS 1EII0JIO3U SIK Y JOCIIAHOTO 3pa3Ky, TaK 1 y OaBOBHSHOI 1et0s1031. [opiBHSAHHS
OTPUMAHUX CIEKTPIB 3pa3Ky HITPOLETIOJIO3U 31 CIIEKTPOM IITATHOrO KoJokcuiliHy H moka3sye 36ir
OCHOBHHUX XapakTepucTHdHUX dacTtoT: 1660-1630, 1280-1270, 823-817, 745-738, 689-680 em, o
BI/ITIOBIJJAIOTh 33 KOJIMBAHHS HITPOTPYII.

JlomaTkoBO 3pa3Ku HITPOIIEIOJIO3H OYIIH JOCITIIKEHI METOJAOM TEPMOTPABIMETPHUYHOTO aHAITI3Y
(puc. 2).

Ha TepMorpami MokHa croctepiratu €k30TepMIuHUN eeKT MOB'A3aHHi 3 aKTUBHOIO BTPATOIO
MacH 3a Temreparypu ~165°C, 1o BiAnoBijae TemMreparypi cnajaxy HipoKCHIIIHY Ta CBITYUTH PO
BHCOKHH BIJICOTOK BMICTYy HITPOT€HY Y 3pa3Ky.

OTxe, OTpUMaHi MJaHI MIATBEP/UKYIOTh MOTEHIiall MOpChbKOi TpaBu Zostera Marina sk
aIbTEPHATUBHOTO JIXKEpelia CHPOBUHU JJI XIMIYHOT IPOMHUCIOBOCTI.

Bucora mikiB Y4 crnekTpiB Ta eK30TepMiuHUI ePeKT Ha TepMorpami CBiI4aTh MPO AOCTATHHO
BHUCOKHI BMICT HITPOTEHY y 3pa3Kax HiTpouemoiao3u. OqHak 3a pe3yibTaTaMyi XiMIYHOTO aHali3y
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BMICTh O-I[ETIOJIO3M B OTPUMAHUX 3pa3Kax I[eNoJI0O3d € HEJOCTATHIM [JIs  OJepiKaHHS
BHUCOKOSAKICHOTO POAYKTY. T0X TEXHOJIOT1s NOTpedye MOAAIBIIOTO BAOCKOHAICHHS.
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Puc. 2. Tepmorpama HITpOLETIOI03U 3 MOPChKOT TpaBu Zostera Marina

MoxnuBi TMojAaibIli JOCHIDKEHHS Yy I[bOMY HaIpsIMKy CHpPSIMOBaHI Ha BCTAaHOBJIEHHS
ONTUMAJIbHUX IapaMeTpiB IpPOIECiB NepepoOKH MOPCHKOI TpaBH Ha HITpPATH IEJIOJIO3 3a1JId
OTPUMaHHs NPOAYKLIi BHCOKOI fKocCTi. Pe3ynbrarom poOOTH MOXe cTaTu po3poOka HOBOI
TEXHOJIOT1i OTpUMaHHS HEOOX1JHUX Y BOEHHH Yac HITPATIB LEII0I03H, 110 OJTHOYACHO CIPUSITHME
3MEHILIEHHIO EKOJIOTIYHOTrO HaBaHTAKEHHS Ha y30epex ks MOpIB BiJ] HAKOMMUYEHUX IOKJIA/IB
MOPCBKOI TPaBHU.
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Abstract

The research is dedicated to exploring the possibility of utilizing coastal deposits of sea grass Zostera
Marina for obtaining a relevant energy-rich material - nitrocellulose. The literature search was
conducted on the topic of using unconventional plant raw materials in nitrocellulose production. The
organo-solvent method was chosen for cellulose extraction from sea grass, which has minimal
environmental impact during its use. Washed samples of dry sea grass deposits from the coast of the
Karkinitska Bay were used as raw material. Cellulose was obtained using the selected method and
analyzed for the content of a-cellulose, which amounted to 75%. Nitration of cellulose was carried
out in laboratory conditions using a triple nitrating mixture. The obtained samples of nitrocellulose
were analyzed using chemical and instrumental methods. The nitrogen content in the samples was
11.95%. The results of the study have demonstrated the possibility of using coastal deposits of sea
grass Zostera Marina as an alternative raw material for nitrocellulose production. This will contribute
to the cleaning of the coastline from accumulated sea grass deposits and, at the same time, create a
source of alternative raw materials for obtaining nitrocellulose, which is an important component of
explosives needed during wartime.
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CYYACHI NIJIXOJ1 10 CXEM HIJIrOTOBKHU MUTHOI BOJU 1151 HACEJIEHHSA

BikTopis MACJIIOK, SIpocias PAJIOBEHUYUK
Kuiscokuii nonimexniunuii incmumym im. leopa Cikopcbko2o
bepecrelicbkuii npocnekt, 37, Kuis, 03056, Ykpaina
e-mail: 28belka09@gmail.com

Pozenanymo ocnoeni cyuacni memoou niocomosku numuoi 600u. Bcmanoeneno, wo icHyoui
cxemMu niO20MOBKU, AKI HApAsi BUKOPUCMOBYIOMbCA 6 YKpaini eionogioaroms GuMo2amu, SKi
BUKOPUCMOBYBANUCH 0ECAMKU POKI6 HA3A0. 3 pO36UMKOM MEXHOI02ii ma 30L1bueHHAM 3a0pyOHEeHb
HABKOJIUUHBO20 CepedosUa BUMOU WOOO OYUCTNKU NUMHOL 800U CYMMEBO 3MIHUNUCH, WO BUMALAE
HOBIMHIX MEXHONO2IUHUX NIOX00I8 00 CMBOPEHHS 80000YUCHUX chnopyd. Cxemu 6000ni020MO6KU
NOBUHHI Kpawje oduwyamu ma 3He3apadxcysamu 600y 011 nompeb HacelewHs Kpainu. 3a
Pe3VIbmamam npoeeoeHo20 ananizy 3anponoHO8aHi HANPAMKU W0O00 MOOepHi3ayii iCHyIouuUx Ha
Cb020OHI cucmem nid20moeKuU 800U OJisl YEHMPALI308AHO20 NOCMAYAHHSL.

Knrouoegi cnosa: numna 600a, ouuuenHs, 030Hy8auHs, MeMOpaHui memoou, yiompaghionem.

ITocTanoBka npodsemu. SIKicTb MUTHOI BOAM B YKpaiHi moTpeOye MOKpalieHHs. 3acTapiii
TEXHOJIOT11 OYHIIIEHHS HE CIIPABIISIOTHCS 3 3pOCTAIOYMM PiBHEM 3a0pyIHEHHSI BOJIH, IO TPU3BOIUTH
JI0 TIJIBUIIICHHS PU3MKIB AJIs 3M0pOB's Mtoei. [l BupimeHHs 1iel mpo0ieMu HeoO0XiIHO JOCTiIUTH
CyyacHI METOJM OYMIIEHHA BOJM Ta 3alpONOHYBAaTH KOMIUIEKC 3aXOAIB 3 MOJEpHi3alii
TEXHOJIOTIYHUX CXEM, II0 BHUKOPHUCTOBYIOTHCSI Ha KOMYHAQJbHUX CTAHISIX BOJO IiJrOTOBKH.
BripoBapkeHHST HOBHX TEXHOJIOTIH JTO3BOJUTH OTPUMATH O€3MeuHy Ta SIKICHY TMHTHY BOJIY, IO €
KJIFOYOBUM (DAKTOPOM JUIs 3/I0POB'sl HACEJIEHHsI Ta €KOJIOT1UHOT Oe3MeKH KpaiHu.

3a nganumu cratuctuku 3a 2021 pik [1], Boma, sika momaBajiach HAceJICHHIO YKpaiHu, Oyia
3He3apakeHa Ha 100% nume y 3akapnarcekiif, IBano-®pankiBcbkiid, Onecbkiif, JIbBIBChKIN Ta
UepHiBenpkiit 001acTsax, a Takok y M. Kuesi. 3He3apakeHHsI BOJIM Ha CTAHIIISAX BOJOMIATOTOBKH 3
epextuBHicTIO Big 91,5% mo 99% BigOyBasoch juiie y ciMOX 0O0JacTsiX, 3 €(PEKTHUBHICTIO
3He3apaxeHHs Bia 59,7% no 89,3% - y m’satu obnactsx, 3 epexktuBHIcTIO Bi 59,8% 1o 63,5% -y
TpboX obOnactax. Takox Bimomo, 1m0 0e3 3He3apaKeHHs IMUTHA BOJa I0JaBajach HACEJIEHHIO
Uepniriecpkoi Ta CyMcbKkoi obsacteid. s cratuctrka mokasye, 1o TeXHOJIOTIYHI CXEMH OYHUIIICHHS
Ta MIATOTOBKM MUTHOI BOJM JUIS HaceJIeHHs, sIKi Hapas3l BUKOPUCTOBYIOThCS B YKpaiHi, BXKe HE €
aKTyaJIbHUMHU Ta MOTPeOYyIOTh MOJAEpHI3allii 3a/1s MOKpAIIeHHs pe3yJbTaTiB OYHMIIEHHS BOAM Ta
MOKJTMBOCTI MIO/IaBaTH HACEJIEHHIO MUTHY BOAY, IO BiNOBiZa€ BCTAHOBICHHUM HOpMaTHBaM [2].

Merta po60TH mojsTae y JOCHIKEHHI Cy4aCHUX METOJIIB TMiATOTOBKH MUTHOT BOJAM Ta BUBUYCHHS
BapiaHTIB HOBUX CXEM, SIKI MOKYThb OyTH BIPOBAJKEHI 33Ul MOKPAIIEHHS SIKOCTI MUTHOI BOJIH B
VYkpaini. Y 3B’513Ky 3 PO3BUTKOM 0ararbox BUPOOHMUYMX Tajy3eil 301IbLIY€ThCS BUKOPUCTAHHS BOIN
JUIs  TPOMMCIOBOCTI. SIKIIO Ha MiANPUEMCTBI HE BUKOPUCTOBYIOTH 3aMKHYTY CHUCTEMY
BOJIOKOPUCTYBAHHS, TO TICIIsSI BUKOPUCTAHHS 11 CKU/IAI0Th Ha3a/l y BOAOKMY, 3BIJIKH BOJa MOXKE Jaji
HOTPANUTH A0 BOA03a0IpHUX CIOPYJl MEBHOI CTAHII MiArOTOBKM MUTHOI BOAU. ToMy, 3 pOKamH,
CTyMiHb 3a0pyIHEHHS BOAM 30UIBIIYETHCS, IO BUMArae BiJ MAMPUEMCTB, IO MOCTAYAIOTh MUTHY

164


mailto:28belka09@gmail.com

Marepianun XXIV MizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(pepeHuil
«Exouoris. lroguna. CycniiibcTBoy» (5 yepBHs 2024 p., m. KuiB, Ykpaina)

BOJy JUIA HACENeHHs, MOKpalleHHS e(eKTUBHOCTI BUAAJICHHSA AOMIIIOK 1 3a0pyAHEHb 3 BOJ
MIOBEPXHEBUX JKEPEI.

Knacuyna TexHOJIOTIYHA cXeMa MiATOTOBKM MUTHOI BOJIM BKJIOYae B ceOe KoaryJioBaHHS,
¢ItoKyIIOBaHHS, BijicTOOBaHHS, (iabTpamiio Ta 3He3apakeHHs Boau [3]. Lo cxemy (puc. 1) me
HA3UBAIOTh PEAreHTHOIO, OCKUJIBKU JJIsl BHJAJICHHS 3 BOJIU JOMIIIOK BUKOPHUCTOBYIOTH PEareHTH
(koarynsHTH Ta GJIOKYJISHTH).

m 11 12
— 6 8
4 5 L 9
3 - 2 7 v
: ) 1 [}
- 15
P> Vi
2
16
AL 43— 14
VIl

Puc. 1. TexHonoriyna cxema IMiArOTOBKH MUTHOT BOIH:
1 — 60003a6ipHi cnopyou, 2 — nacocna cmanyis I-20 niotiomy, 3 — smiwysau; 4 — kamepa niacmisyeymeopenis; 5
— glocmitiHuk, 6 — 010K hinbmpis; 7 — KOHmaxkmuuil pesepsyap, 8 — pesepgyap oceimienoi 60ou, 9 — nacocna cmanyis

1I-20 niowiomy, 10 - pozuunnuii 6ax xoazynaumy; 11 — eumpamnuil 6ax koazyaaumy, 12 — eumpamuuii 6ax
dnokynaumy, 13 — ycmarnoska no ywjinonennro ocaoy; 14 —wnamocxosuwe, 15 — 8iocmitiHuk-ycepeoniosay npoMUGHUX
600, 16 — xnopamopna ycmarnogka, I — nooaua koaeyisumy, Il — nooaua 600u Ha pozeedernns peacenmie; 11l — nodaua
@nokynsaumy,; IV — nooaua 6éoou 0o cnosicusaua,; N — mpancnopmyearnHs 3He600HEH020 WIIAMY HA 3X0POHEHHS,
VI - dpyea cmaois xnopysauns,; VII — nepwa cmaodis xnopysanms

Ha cranii 3He3apakxeHHs 3a3BUYail BUKOPUCTOBYIOTh XIMIKaTH, Taki K TiOXJOPUT HATPIIO YU
niokeun xyopy. Ilpu BUCOKiH 3HE3apaxyBabHil J1ii, XJIOPBMICHI CIIOIYKH MalOTh CYTTEBUN HEOIIK
— 31aTHICTD /10 YTBOPEHHS TOKCUYHUX XJIOPOPTaHiuHUX CHONYK. Takoxk, AesiKi (pOPMU CIIOTYK XJIOpY
€ HeOe3MeYHUMHU JIJIsl BUKOPUCTAHHA, OCKUIBKHM XJIOp — JIeTKa PeYOBHMHA Ta JIOCUTh OTpYHHA, II0
poOUTH 11 BUKOPUCTAHHS 3arpo30t0 ISl MPaIliBHUKIB BOJOOYMCHUX CTAHINM a TaKOX JUIsl )KUTEIIIB
HACEJICHUX MyHKTIB, SIK1 3HAXOAATHCS MOPSJ 31 CTAHIII€I0 BOJIO MIATOTOBKU. CamMe TOMY Ha CydacHHX
BOJIOOYHCHUX CTAHIIIAX BCE YACTIIIe BUKOPUCTOBYIOTh 030HYBAHHS SIK METOJI 3HE3apakeHHS BOTH.

O30HyBaHHS Hapasi € OJJHUM 13 HaHMEepCIEeKTUBHILINX METO/IB 3HE3apaKEHHS BOAM - 32 CBOEIO
e(eKTUBHICTIO 3HEIIKO/DKEHHsS] OJHOKIITUHHUX Mapa3uTiB Maibke y 80 pasiB edekTuBHIlIE 3a
XJIOPBMICHI CHONTYKH. Tako OJIHIEIO 13 BIACTUBOCTEN 030HY € HOT0 IIBUKA PO3YUHHICTD Y BOAL —
TaKUM YUHOM, BKe uepe3 20-30 XBUIUH MMiCIIs 030HYBaHHSI, OUMIIEHY BOJY MOKHA BUKOPHUCTOBYBATH
y moOyToBux 1isax. [lepeBaroro 030HyBaHHS € Te, IO MICIsT OOPOOKH MOKPAIIYIOTHCS HE TITBKU

Handbook of the XXIV International Science Conference 165
«Ecology. Human. Society» (June 5 2024, Kyiv, Ukraine)



Marepianun XXIV MizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(pepeHuil
«ExoJoris. Jloanna. CycniiberBoy» (5 uepBus 2024 p., m. KuiB, Ykpaina)

(bi13uKO-XIMIYHI TIOKa3HUKU SKOCTI BOJA, & 1 OPraHOJENTUYHI — MOKPAIYEThCS BOJH, 3HUKYETHCS
KaJIaMyTHICTb Ta 3a0apBJICHICTb, 1 IPH IIbOMY Y BOJIi BIJICYTHIH 3amax XJopy, SK IIe 3a3Bu4ail OyBae
HiCJIsL XJIOPYBaHHS.

[le oqHUM NEPCIEKTHBHUM METOIOM 3HE3apaXCHHS TPUPOIHHUX, CTIYHUX 1 TPOMHUCIOBHX BOJI €
TEXHOJIOTisl 3 BUKOPUCTAHHSAM YJIbTPagioieToBoro BUnpoMiHioBanHs [4]. L{s TexHoI0TisS AMHAMIYHO
PO3BHBAETHCS B OCTaHHI JCCATWIIITTS, 3HAYHO BUIICPE/DKAIOYN 1HINI METOAM 3HE3apaKCHHS BOJIH.
OnpomiHeHHs! BOJH yIbTpadionieToM cripusie eeKTUBHOMY 3HHUIICHHIO BCiX OakTepiii, BipyciB, Ta
IHITUX OPTaHIYHHUX JOMIIIIOK, IO MICTSTBCS y BO/II.

Ha cporomni omHuMM i3 HAWNEPCHNEKTHUBHINIMX METOJIB OYMIIEHHS Ta MiATOTOBKH BOIU €
BUKOPUCTAHHS TOHKOIIAPOBHUX OaraTospycHUX BiAcTiHHMKIB. Lli mpuCTpoi 3HAYHO MPUCKOPIOOTH
OCiJJTaHHS 3aBUCIIMX PEUOBHH Y BOJI 3aBJISKH PO3MOIIICHHIO 30HU BIICTOIOBAHHS Ha JEKIJIbKA IIapiB.
[TpuHIMI POOOTH TAKWX BiJCTIHHUKIB IOCUThH MPOCTHI: TIACTUHH, SIKI € OCHOBHUMH €JI€MEHTaMHU
KOHCTPYKIIii, 3'€THaHI B MOAYJI 3 TOHKUM mapoM. Boma pyxaeTbcst TOpH30HTANBHO i OJ0KaMHu,
MiHIMA€ETbCA Ta MPOXOAUTH Yepe3 TOHKOIIapoBi Moaymi. OcinanHs BiIOYBA€THCSA MiXK IIIACTHHAMH,
po3TamoBaHUMU i KyToM 45-60°. Ha gac ocilaHHs BIUIMBAE Te, IO MIXK TJIACTUHAMU MOTIK BOIH
3HAYHO MEHII TypOYJICHTHUIA.

Takox cepel Cy4acHHX METOMIB IMiJATOTOBKH BOJAHM MOJIHA BUIUIATH TaKOX MEMOpaHHI METOIU
OYKMCTKH BOAM — HAHO(DLIbTpaLlis, MiKpohinbTpallis, yapTpadiapTpalis Ta 380pOTHii ocmoc [5].

Taéauus 1 — Tunu TeXHOIOTiH Ta yCTAHOBOK AJIsS OUUIIICHHS, OMPICHEHHS Ta 3HE3apa)KeHHs BOJIU

MexarivHi MeTem Pizro-ximiuni | Copduifini metonn | Meuﬁpil.u:i meromm | lmini mevopm | “.'-\-1':Tr-n:m
L METOIH ICIAPAKEHUA BOM |
WinETPYBAHHA Yepes Koarymiuis Copbuis Ha MikpodinsTpysania Enexrpoximiuna | Yd-onpoMidenns
ICPHUCT]  LIADH NIPHPRIHAX
{nicok, KBapu, cx0, copbenTax
| myraenesi Ta MeTaniumi | (UeOniTH, TIHHK)
MOPOLIKH] 1 I I
DinbTPYBAHHA HEpes Onoxynauia | Copbuis na Vb TpadinLTPYBaHIA MarsiTo- OnoHyBanHA
BOMOKHHET AKTHBOBAHOMY EHEPreTHYHA
HETKAHWHHI | BYriAI
THAHHHHI Marepianw | B , —
QinsTpyBanng yepes hiiorauia Copbuia Ha HanodinsTpysasns X1opyBaHHA
nopueTi LOHOODMIH KX
HEOPraHi4iil CMOTax
| MaTepiany I N B
JBOPOTHHR DCMOC BakTepHuHaHi
nogiMeps |
Enextponianis
| Membpasna auetinania |
R [lepranopatis

HanodinpTpariito 3a3Buuyaii He BUKOPHCTOBYIOTh SK IOBHOLIHHMI METOJ OYMILIEHHS abo
HiATOTOBKU BOJM, OCKUIBKH LIell MeToJl Mae oOMexeHe BUKOpUCTaHHsS. YacTilie 3a Bce B CXeMax
BUKOPHUCTOBYIOTh  OJIHOYACHO HaHOQUIbTpAIll0, 3BOPOTHIH oOCMOC Ta yibTpadioneToBe
ONIPOMIHEHHSI, 110 POOUTH 00pOOJIeHY BOJY NMPHUIATHOIO 10 CIOXHMBAaHHSA, a TAKOXK BoJa HaOyBae
BUCOKO] AIKOCTI (pHC. 2). AJle JaHa CXeMa Ma€ KUIbKa CyTTEBUX HEAOMIKIB — BapTiCTh MEMOpPaHHUX
€JIEMEHTIB JIOCUTh BHCOKa Ta BOJA IICJIS OYMILIEHHS 3BOPOTHIM OCMOCOM MOTpelye J10JJaTKOBOTO
KOPETYBaHHSI COJIEBMICTY.

BucnoBku. Krnacuuna cxemMa MmiAroTOBKM MHUTHOI BOJIWM Ma€ pPsiJ HEJOJIKIB, HE BIAMOBIIAcE
Cy4aCHUM BHMOTaM JI0 SIKOCTI BOJU JJIsi CTIOKUBAHHS HACEJICHHSIM, 1[0 CTBOPIOE CEpHO3HI PUBHKHU
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Jutst 30poB's. CydacHi MeToau € OuTbin eheKTHBHUMH 1 Oe3neyHnMH. BoHM 3a0€31edytoTh BUCOKY
SKICTh OYHIIEHOT BOAM. JIJIsT TOKpaIIeHHS SKOCTI MUTHOT BOJW HE MOTPiOHO OyMyBaTH HOBI CTaHIII{
BOJIO ITiJITOTOBKH, a IOCTATHHO BBOJIUTH JI0 CTAPUX TEXHOJIOTIYHUX CXEM HOBI TEXHOJIOT14HI POIIECH,
K1 € eeKTUBHUMH TIPU OYHUIIEHHI BOJM HE TUJILKH BiJl 3aBUCIIMX PEYOBUH Ta MIKpOOpraHi3MiB, a i
BiJl (pepMEHTIB Ta IHIIMX HU3BKOMOJEKYJSpHUX cronyK. [loemqHaHHS TpaauLiHHUX 1 CydacHHX
TEXHOJIOTIH JTO3BOJISIE OTPUMATH OE3MEYHYy 1 SKICHY HMHUTHY BOXY, SIKA € KIIFOYOBOIO JUIS 370POB's
HACEJICHHS Ta €KOJIOTIYHO1 Oe3neku aep:kaBu. OCKUTBKY BOJIA € OJHUM 3 HAMIIHHIIIMX PECypciB Iis
JIIOJIMHU, TTOTPIOHO MIKJIYBAaTHCh PO Te, 00 BOJOMPOBIIHA BO/A, SIKA MOTPAIUISE A0 CIIOKHUBAYIB,
Oyia HaJeXHOI SKOCTi, OCKUIBKH HEIOCTaTHHO OYMIIIEHA BOAA MOXE OyTH JKepesoM 1H(EKIIHHIX
3aXBOPIOBaHb, 30yTHUKIB PI3HUX XBOPOO Ta MPOBOKYBATH HABITH OHKOJIOT1UHI 3aXBOPIOBAHHS.

HaHoinbTpauis Ta/abo ~ IBOPOTHIN Y&O
ynbTpa/MmikpodginbTpauis ocMocC

\ , -
oO o) I ~'Q 3 e =

. o -
CTIHHa ‘ e

Boaa = BoAa

LA

=
-
3
o

Puc. 2. Cxema ouuIieHHs BOJAW 3 BUKOPHUCTAHHIM MEMOpPaHHUX METO/IIB
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Abstract

The main modern methods of drinking water purification ware examined. It was established that the
existing water purification schemes which are currently used in Ukraine cant provide quality drinking
water. The technologies development and environmental pollution increasing, the requirements for
drinking water purification processes have changed significantly, which requires the latest
technological approaches to creation of water treatment facilities. Water treatment schemes should
better purify and disinfect drinking water. Based on results of the analysis, main directions for the
modernization of the existing water purification systems for centralized supply are proposed.
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Abstract

Waste Printed Circuit Boards (WPCBs) are integral components of virtually all electrical and
electronic equipment (EEE), forming the structural backbone of the electronics industry. Classified
into single-sided, double-sided, multilayer, rigid, and flexible boards, WPCBs are composed of
various electronic components including semiconductors, transistors, and capacitors, which
complicates their recycling due to diverse material compositions. Approximately 40% of PCB mass
is metallic, 30% plastic, and 30% organic material, with metals predominantly constituted by copper.
The recycling process involves multiple stages, including shredding and separation to extract
valuable metals and electronic components. Shredding, employing technologies like hammer mills,
is critical for effective metal recovery. Advanced methods, such as infrared heater-based automatic
removal systems, have been developed for efficient electronic component separation, ensuring
minimal environmental impact.

Mechanical and physical processing techniques focus on the extraction of valuable metals like
gold, silver, palladium, and copper while recognizing the potential of the non-metallic fraction.
Chemical processing using inorganic acids, such as nitric and sulfuric acid, along with oxidative
leaching agents, has proven effective for metal recovery. Innovative methods, including the use of
aqua regia for gold leaching, have demonstrated high recovery rates. This comprehensive approach
to WPCB recycling underscores the importance of integrating mechanical, physical, and chemical
processes to achieve sustainable, efficient, and environmentally friendly recycling outcomes.

Keywords: recycling, WPCB, mechanical treatment, chemical treatment, circular economy.

General characteristics of WPCB

WPCBs (Waste Printed Circuit Boards) are found in virtually all electrical and electronic
equipment (EEE), forming the backbone of the electronics industry. Printed circuit boards can be
classified in various ways based on their different characteristics: single-sided, double-sided,
multilayer, rigid, and flexible boards [11].

Electronic components form the circuit structure (Picture 1); these are the components that are
part of any interconnected electrical or electronic circuit. The electronic components on the board
depend on its application, which may include semiconductors (integrated circuit chips), transistors,
diodes, capacitors, resistors, connectors, etc. [2]. Various configurations of integrated circuits are
possible; changing the encapsulation mode alters their assembly. Different components have different
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material compositions, which complicates WPCB recycling [2]. Approximately 40% of the PCB mass
is composed of metals, 30% plastics, and 30% organic material [4].

Picture 1. EC structure. (source: Marques et al., 2013)

The composition of WPCBSs, excluding electronic mounting component materials, is about 28%
by mass metal (mostly copper) and 72% by mass non-metallic materials [10]. There is an acceptable
degree of imperfection in specific characteristics of printed circuit boards that can be determined
based on the intended final use. For this reason, three general classes have been established based on
functional reliability and performance:

Class 1: General electronic products such as computers and peripherals.

Class 2: Electronic products intended for servicing, such as mobile phones.

Class 3: High-reliability electronic products, including equipment and products where continuous
operation or operation on demand is critical.

Primary WPCB Processing

The recycling process of waste printed circuit boards (WPCBSs) involves several stages (Picture
2), including shredding and separation, to extract valuable metals and electronic components (EC)
from the baseboards and substrates. These steps are crucial for achieving efficient recycling and
environmental sustainability.

Shredding is a critical step in removing metals from the baseboards of PCB waste. The choice of
shredding technology impacts both the energy consumption of the equipment and the efficiency of
selective metal recovery. WPCBs consist of resin and metal parts, such as copper wires and
connectors, which are hard and resistant. A hammer mill, which applies shear force, is suitable for
shredding PCB waste. A two-stage shredding method is employed to achieve optimal fragmentation.
A high-speed cutting machine is used as a rough crusher, where the rotor and stator cutters generate
a cutting action to break down PCB boards into small pieces. Subsequently, a specially designed
hammer mill with high-speed hammer heads is used to scrape and mill the materials. This shredding
process ensures the removal of metals from the baseboards and reduces wire wrapping around tool
tips [9]. The hammer mill screen hole diameter was 1 mm to achieve a high level of metal removal.
The parameters of the cutting machine were: circular speed diameter of 1440 rpm and rotor radius of
0.25 m, while the hammer mill crusher parameters were: circular speed diameter of 2000 rpm and
rotor radius of 0.2 m [9].

Beyond shredding, the removal of EC from PCB substrates is a vital stage in the recycling process.
Traditional methods such as thermal melting and manual separations are used, but they are not
suitable for large-scale recycling and cause environmental pollution. To address this, researchers have
developed innovative methods. For instance, an automatic removal production line, heated using an
infrared heater, achieves a high EC separation efficiency of 94% [12]. In this process, WPCBs are
fed into a separation module, and the solders are heated to melting temperature using an infrared
heater. Then, rotating steel brush rods are used to remove the EC from the WPCBs. Another method
involves using a mill, but its separation efficiency is about 75% [8]. An environmentally friendly and
automatic EC separation system has been developed, using electric heating pipes (EHPS) custom-
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made for an EC automatic disassembly machine (ECs-ADM). This system also includes exhaust gas
purification equipment, allowing for zero pollutant emissions. It has been shown that heating solders
with an infrared heater increases separation efficiency but also produces toxic substances, thus
necessitating the use of exhaust gas purification equipment for safety. The use of heat for EC
disassembly has been proven to be more effective compared to mechanical methods, while also
ensuring safety [15].

(Seperation,

Preparation
disassembly, etc.)
/ |

d Size
reduction

_________ e s s e s

Organic part I Physical seperation/enrichment
(fiberglass, resin, (Magnetic, electrostatic,
plastic, etc.) : eddy-current sep., etc.)

4 ‘ ‘ 4

Hydrometallugical methodsj [ Pyrometallurgical

(leaching and methods
solution purification) (Melting)

——

Electrometallurgical methods
(Electrolytic recovery/
refining)

Base and Precious Metals

= = Lg_;
Cu Av, Aq, Pd
Picture 2. E-waste recycling flowchart using various methods (source: Akcil et al., 2015 [1])

Chemical Processing

Nowadays, significant attention is given to efforts to extract valuable metals (gold, silver,
palladium, and copper) from waste printed circuit boards (PCBs). Various extraction processes, such
as leaching, mechanical processing, and hydrometallurgical methods, have been studied for metal
recovery [6]. There are also many review articles focusing on metal recovery and reuse [5]. While
the emphasis is on metal recovery, the non-metallic fraction (NMF) constitutes about 70% of the total
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weight of PCB waste. Recognizing the value-added potential of the NMF, recent separation
technologies have begun to consider this significant portion in their designs and operations [3].

Chemical Processing Numerous alternative solvents, including inorganic acids/oxidizing reactive
systems, have been extensively studied in the investigation of metal leaching from E-waste.
Examining the use of various inorganic acids and oxidants for metal recovery, it was found that nitrate
and chloride solutions ensure the highest recovery of copper (Cu) and gold (Au). A pyrolysis stage
before leaching is also recommended to enhance metal regeneration [13]. An accelerated leaching of
gold from computer circuit boards was observed, using a combination of nitric acid (HNO3) and
hydrochloric acid (HCI) as a leaching solution [14]. Gold leaching in the studies is carried out in three
stages. Initially, nitric acid leaching was performed on separate computer chips from PCBs, carefully
examining the acid concentration, temperature, fiber density, and leaching time. Later, computer
chips and granulated epoxy resins are mechanically crushed and rinsed using optimal parameters. The
remaining computer chips obtained after the second leaching stage are processed in the third stage
with aqua regia to recover gold and silver [14]. Chemical reactions of gold leaching using Aqua Regia
are described in equations (1) - (3):

2HNO; + 6HCl - 2NO + 4H,0 + 3Cl, (1)
2Au + 9HCl + 3HNO; — 2AuCl; + 3NOCl+ 6H,0 (2)
3HCl + HNO; - Cl, + NOCl+ 2H,0  (3)

One of the processes of precious metal recovery from electronic waste containing plastic involves
burning E-waste at 400-500 °C for 8-12 hours, followed by washing with hydrochloric acid (HCI)
and sulfuric acid (H2SOg4) at 90 °C to extract the metal. The washing mass is then separated by
liquid/solid particle separation and analyzed. The amount of silver in the obtained semi-solid ratios
is dissolved in diluted nitric acid (HNO3) at 60 °C, and the amount of gold and palladium is extracted
using HCI and NaClQs, thus the recovery of precious metals reaches 92% [16]. Kinoshita et al. [7]
investigated the dissolution of copper (Cu) and nickel (Ni) from waste circuit boards using nitric acid
(HNOz), with regeneration exceeding 90%. They purified the solution by the solvent extraction
method. Although nitric acid exhibited oxidative properties that facilitated the recovery of metals
soluble in a nitrate medium, such as copper (Cu) and silver (Ag), it is considered an expensive process
compared to other acids. On the other hand, sulfuric acid (H2SO4) is considered a more economical
alternative, especially when used in conjunction with additive reagents such as hydrogen peroxide
(H20), oxygen (O2), and iron ions (Fe*"). Birloaga et al., (2014) investigated two chemical leaching
systems for the recovery of non-precious and precious metals from waste printed circuit boards
(WPCB). Sulfuric acid (H2SO4) with hydrogen peroxide (H202) was used for the first group of metals,
and thiourea (CS(NH2),) with iron ions (Fe®") in a sulfuric acid medium for the second group. The
effect of hydrogen peroxide volume on sulfuric acid concentration and temperature was evaluated in
the oxidative leaching process. The selected optimal conditions for copper (Cu) extraction were 2M
H2S04 (98% m / t), 5% H20., 25 °C, 1/10 (S / L) ratio and 200 rpm. Thiourea acid leaching was
performed with solid filtrate obtained after three oxidative leaching stages, using 20 g/L CS(NH>).,
6 g/L Fe*" and 0.5 M H2SO4. The resulting solution contained 40 g/l of zinc (Zn), representing 95%
of the metal, with impurities consisting of aluminum (Al) (4%) and small amounts of iron (Fe), nickel
(Ni) and tin (Sn). The resulting cement contained mostly copper (Cu), with a purity of about 87%.

Scope of application and implementation:

1. wPCB preparation and separation for size reduction (milling) for different types of wPCBs.

2. WPCB content analysis in different fractions.

3. Optimization of wPCB size for chemical treatment.
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4. Chemical processing optimization.
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Picture 3. wPCB preparation and size reduction by milling

Conclusions:

Waste printed circuit boards (WPCBs) are an integral part of electronic and electrical equipment,
characterized by a diverse range of materials and components. The recycling process of WPCBs
involves several critical stages, from shredding to the chemical extraction of valuable metals. The
composition of WPCBs poses both challenges and opportunities for recycling efforts. Effective
shredding and separation techniques are essential for the efficient recovery of metals and electronic
components, with advanced methods such as infrared heating and environmentally friendly
disassembly systems enhancing the process.

Chemical processing plays a crucial role in recovering precious metals from WPCBs. Various
leaching processes, involving inorganic acids and oxidizing agents, have demonstrated significant
efficacy in metal recovery.

The ongoing development and implementation of efficient recycling technologies highlight the
potential for significant advancements in the management of electronic waste. By optimizing
processes such as size reduction, chemical treatment, and separation, the recycling industry can
effectively address the environmental and economic challenges posed by WPCBs. This
comprehensive approach not only mitigates the environmental impact of electronic waste but also
maximizes the recovery of valuable resources, fostering a more sustainable future for the electronics
industry.
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AHoTanig

BinnmpansoBani apykosani miata (WPCB) € HeBig'€eMHMMH KOMITOHEHTaMH IMPAKTHUYHO BCHOTO
€JIEKTPUYHOrO Ta enekTpoHHoro obnaaHanHs (EEO), hopMyroun cTpyKTypHY OCHOBY €IEKTPOHHOT
npomucioBocTi. KrmacudikyroTbcss Ha OJHOCTOPOHHI, JABOCTOPOHHI, OararomapoBi, >KOPCTKI Ta
IHYYKi IUIaTH, APYKOBaHI MJaTHU CKJIAAAIOTHCA 3 PI3HUX €JIEKTPOHHUX KOMIIOHEHTIB, BKIIIOYAIOYU
HAIIBIPOBIIHUKH, TPAH3UCTOPU Ta KOHACHCATOPH, WO YCKJIAJHIOE IXHIO IMEepepoOKy depe3
pizHOMaHITHHI ckian MatepianiB. [Ipubnuzno 40% Macu qpykoBaHUX MIIAT CKIAAa0Th MeTanu, 30%
- mactuk i 30% - opraHiuHi Marepiaiid, IPHUUOMY Cepell MeTaliB MepeBaxkae Minb. [Iporec
nepepoOKH BKJIIOYA€E KUTbKA €TaliB, 30KpeMa MOAPIOHEHHS Ta PO3AUICHHS AJsl BUIYUYCHHS IIHHUX
METaJiB Ta €JIEKTPOHHUX KOMITOHEHTIB. [lonpiOHEHHS i3 3acTOCYBaHHAM TaKMX TEXHOJIOTIH, SIK
MOJIOTKOBI MJIMHM, Ma€ BHUpIlIalbHE 3HAYCHHS s €(EeKTUBHOrO BHIydYeHHs MertamiB. s
e()eKTUBHOI'O BIJIOKPEMJIEHHS €JIEKTPOHHUX KOMIIOHEHTIB OyJH po3po0IieH! epeoBl METOAM, TaKl
K aBTOMAaTH4HI CHCTEMH BUJAJECHHS Ha OCHOBI 1H(payepBOHOIO HarpiBaua, IO 3a0€3MEeUyIOTh
MIHIMQJIBHUI BIUIMB HA HABKOJHUIITHE CEPEIOBUIIIE.

MexaniuHi Ta Qi3U4HI METOAM NMEPEepOOKU 30CEepe/KeHl Ha BUIIyUYEHHI I[IHHUX METajiB, TAKUX SIK
30J10TO, Ccpi0JI0, ManaAiil 1 Miib, BU3HAIOUM NP I[bOMY NOTEHILIa] HeMeTanaeBoi gpakiii. XimMiuHa
0o0poOKka 3 BHUKOPHUCTaHHSAM HEOPraHIYHUX KHCJIOT, TaKMX SK a30THa Ta cipyaHa, pa3oM 3
OKHCITIOBAJIBHUMH BWJIYTOBYBayaMH JIOBeJla CBOKO €(EKTHBHICTh Ui BHJIYYCHHS METAiB.
IHHOBaMiHI METOAM, 30KpeMa BHUKOPUCTAHHS akBapedl Juidl BWIYTOBYBAaHHS — 30JI0Ta,
IPOJEMOHCTPYBAJIM BHCOKI NMOKAa3HUKU BUJIY4YeHHS. Takuil KOMIUIEKCHUM MiAXiA 10 mepepoOKu
WPCB mnigkpeciioe BaxJIMBICTh IHTErpamnii MeXaHIYHMX, (PI3UYHMX 1 XIMIYHHUX MPOLECIB JJIs
JIOCATHEHHS CTIMKMX, €()eKTUBHUX 1 €KOJIOTTYHO YMCTUX PE3YIIbTaTiB HepEePOOKH.
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JOCIIIKEHHSA AKICHUX XAPAKTEPUCTHUK
MACKYBAJIBHUX 3ACOBIB BUTOTOBJIEHUX 3 IIPUPOJHOI CHPOBUHHA

Baagucaasa MIIMAHYYK!, Mapuna MEUYHUK?, Oxcana IABJIEHKO?
Yllocmxuncoka cneyianizosana wixona I-III cmynenie Nel
Llocmxuncoroi micokoi paou Cymcvroi obracmi
ByI1. Yepnirisebka, 10, M. [lloctka, 41100, Ykpaina
2[Iocmuncoruii incmumym Cymcorozo Jlepocagnozo Vuisepcumemy
By Jleonina Kanentoka, 1, m. llloctka, 41100, Ykpaina
e-mail: mishchanchukvladyslava@gmail.com

Anomauin

Pobomy npucesueno 0o0cnioxicenHio MONCIUBOCMI BUKOPUCMAHHA Y AKOCMI MACKY8AIbHO20
3acoby cmabinizoeanoco mpas’sHo2o0 KUIuUMy Ha cimuacmiil ocHoei. B pobomi pospobnena
MemoouKa OMpUMAaHHs MACK)Y8AILHUX 3AC00i6 3 2a30HHOI MPAU WLISAXOM BUPOULY8AHHA HA CIMYaHIl
nion0JICcYi ma 0OPOOKU KOHCEPEYIOUUMU 3ACoDamu 01 30i1bUleHHs. CMPOKY 30epieanHs.

3acanvha KoHyenyis 30epediceHHs 0I0N02iYHO20 Mamepianry CMOCYEMbCA THAKMUBAYii 800U.
L[boco mooicna docsiemu wnaxom QizuuHo20 8UOANEHHS 800U 3 POCIUHHOI MKAHUHU A0 ULIAXOM
BKIIIOUEHHSL CNONYK, AKI 36 ’A3yI0mbcs 3 800010. Ilpomscom 6azamvox pokie 6y10 3anponoHo8aHo
bazamo cymiwell i npoyedyp 0Jis 30epedceHtsi meKCmypu ma HyYKOCHI WISAXOM 3aMIUeHHsl 80J102U
POCTUH HA KOHCEPBYIOUU a2eHmU.

Texnonozciss OMpuMaHHs MACKY8ANbHUX 3AC00I8 3 NPUPOOHOI CUPOBUHU BKTIIOUAE CMAOIT BUCIBAHHS
2a30HHOI Mpasu Oe3[PYHMOBUM CNOCOOOM HA OCHOBY 3 3AMIHAIYOI cimKu, 00pOOKY po3uuHamu
KOHCEPB8AHMIB, WO MAOMb Y CKIA0T 000 3AMICHI peYOBUHU, 30KpeMa, OlemunieH2iKolb ma niyepun,
ma UCYULY8AHHS MPA IHOI CIMKU HA NOBIMPI.

Ompumani  3pasku  MAcky8aivHoi cimku nicis 00poOKU KOHCepeaHmamu y  PI3HUX
CNiBBIOHOUIEHHAX OOCNIONCeHI 3a OCHOBHUMU eKCNIYAmAayiuHUMU HNOKA3HUKAMY, MAKUMU 5K
cmitKicms 00 3HOCY (KpUXKicmb), 6000N02TUHEHHS, 30ePedCeH s 1acmU8OCmell NiC1s 360J10HCEHH L.
Ha ocnosi yux docniosxcens 00pano onmumanbHuil CKiad KOHCEp8yuoi cymiuli, a came 800HULL
po3uuH, wjo micmumo 15 % oiemunenenixonio ma 5 % eniyepumy.

Knrwouoei cnosa: mackysanvHuti 3acio, eazonHa mpasa, cmaobinizayis, KOHCepeayis, eliyepuH,
OlemuneHeikonb.

[Tig gac GoifoBuX n1iif 0COOIMBOI aKTyaJbHOCTI HAOyBalOTh 3aCO0M MacKyBaHHS, OCKUIBKU caMe
iX BUKOPHCTAaHHS J0TOMarae 30epertu 0CoOO0BUI CKJIaJl Ta TEXHIKY BiJl 04ei Bopora. . BiitHa Takox
nepeznbayvae 30ip nomnepenHpoi iHpopMallii mpo pyx BOpory abo IIMUTYHCTBO 3 METOIO OTPHUMAHHS
roro tutadiB. J{7is 11500 MOTPIOHE PO3YMHE CITOCTEPEIKEHHS. SHUIIUTH BOPOTa HE BUSBUBIIHU ceOe €
KJIFOUOBOIO CTpaTeri€to uist Oyib-SKuX BiichbK. Kamy sk - 11e crocib mpuxoBatu neBHUM 00’ €KT 4n
JTIOJMHY, 3poOUTH HemoMiTHO A iHmuX. KoHuenuisa kamyisbky HaBisiHa pupoaoio. Bona mae
YUCJICHHI MPUKIAAW, KOJIU IMOEJHAHHS MaTepiaiy, 3a0apBlE€HHS Ta MAIIOHKY MPUPOJHOTO BUIY
3JIMBAETHCS 3 HABKOJIMIIIHIM cepefoBuiiem [1].
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Cepen BUMOT, SIKHM TIOBHHEH BIAMOBITaTH KamMy(IIsHKHUI 3aci0, OCHOBHUMH € - aJamnTallis 0
OTOYEHHS, TEKCTypHa IMPaBIOMNOiOHICTh, JIETKICTh, CTIMKICTh /10 3HOCY, MIHIMQJbHHHA BILUIMB Ha
JOBKULIS, BIACYTHICTH 3amaxy, eQeKTHBHICTh y OyAb-iKy Mopy a00u, e(eKTUBHICTb HA PI3HHUX
BIJICTAaHSIX, CTIHKICTh JI0 TPUPOHIX SIBUII, MOOIJTLHICTD.

TakuM, 1m0 HAWOLTBII BIANOBIJae BUMOTraM MPaBJONOIOHOCTI Ta MIHIMAJIBHOTO BIUIMBY Ha
HaBKOJIMIIIHE CEPEJOBUIIE — € KaMy(IIsK 3 IPUPOJHOI CUPOBUHU. JI0 TaKUX MaTepialliB Halle)XaTh
T'UIKH, JIUCTS, KAMiHHS, TOJIKA XBOWHHX JI€PEB, KOPa, MOX Ta JIMIIAWHUKHU, Oy Ta MHUPOKUN CIIEKTP
IHIIUX MarepianiB, KOPUCHUX JyUIsi MacKyBaHHSA. Hemomikom mpupogHOro Kamy(QuuspKy €
HEJOBrOBIYHICTh Ta MaJO MOOUIBHICTh, HEOOXITHICTP HAa HOBOMY MICTI IIyKaTH BIATMOBIIHI
Mmartepiaau sl HOro CTBOPEHHs.

Mertoro poboTH OyJ10 MO€IHAHHS IITYYHOTO Ta IPUPOJAHOTO KaMyGIIsKY HIIIXOM BUPOLTYBaHHS
HaTypaJbHOI Fa30HHOI TPaBH Ha IUITYYHIH ciTyaHii OCHOBI. Ajie ra30HHA TpaBa Ta Oy/ib SIKa POCIMHHA
CHPOBHHA IICJsI BUCYIIYBAaHHS CTa€ KPUXKOIO Ta IIBUIKO PYHHYETHCS, TOMY OCHOBHOIO 3aaucio
pobotu OyB migdip KOHCEPBYIOUMX PEUYOBHH MJIsi MOAOBXKEHHS CTPOKY E€KCIUTyartalii NMpUpOoAHOI
MaCKyBaJIBHOI CITKH.

JlroncTBO 3/1aBHA BUKOPUCTOBYE 3ac00M 30epexeHHs pociauH. Yacrilie 3a Bce 1€ CTOCYEThCS
30epexeHHs JEKOPATUBHUX POCIWH Ta KBITIB 3 METOI CTBOPEHHS KOMIIO3UI TPHUBAJIOrO
BukopuctanHs. Ille y 1900 poui 6ys0 3anaTeHTOBaHO CHOCIO 30€pEKEHHS POCIUH 3 JEKOPATUBHOIO
MeToIo [2]. MeTon monsras y BUJAJIEHH] KIIITHHHOI BOJY Ta 3aMIIIEHH] KIITHHHOTO COKY CITUPTOM i
riinepuHoM. B poGorti [3] 30epekeHHs 3pi3aHOro JMCTA, KyIIiB abo JepeB BiOYBa€ThCS ILISTXOM
3aMOYyBaHHS 3pi3aHUX POCIHMH y BOAHOMY PO3UYHHI TITIIEPHUHY, SIKUH TOCTATHHO PO3BEIACHUM IS
IPOCOYyBaHHs cTeden.

e crocyeThCs He TUTbKH 30epiraHHs IEKOPAaTUBHUX POCIUH. B po6oTi [4] mpomoHyeThCs crocio
KOHCEPBYBAHHS Ta30HY JJIs1 BAKOPUCTAHHS MOT0 y CyBEHIpH1N MPOIyKIIii.

Opnak mpoOiiemMa mTpu 30€epeKeHHI POCIMHHOTO Marepially 3 BHKOPHUCTAHHSM PO3YHHIB
[JIILEPUHY MOJSATae B TOMY, IO YacTO BiAOYBAa€ThCS CTIKAHHS PO3YMHY TJILIEpUHY 3 MOBEPXOHb
pociuHHOrO Matepiany. OcoOauMBO 1€ TOMITHO B yMOBaX BHCOKOI BIJHOCHOi BOJIOTOCTI.
HamucTuHKY pO3UuHY ITILEPUHY YTBOPIOIOTHCS HA MTOBEPXHI 1 MOXKYTh HaBITh KalaTu 3 POCIMHHOTO
MmaTepiaiy. Jlo TOro > IIilepuH Ma€e BEIUKY TIPOCKOMIYHICTh Ta MOMJIMHAE BOJIOTY O€310CepeIHbO
3 moBiTps. bynu 3pobGsieHi pizHi cnpoOu 3MIHMTH a00 MOKPAIIUTH 30€pEeKEHHS POCIUHHOTO
MaTepiajay 3a JOMOMOIO0 IIIilepuHy. Xoda IVILEPUH 3aJIMIIA€ThCcs KOHCEPBAHTOM BHOOpY IS
CBI)KOT'O POCIIMHHOTO MaTepiajy, CyTTEBI HEAOMIKH TIILEpUHY CIIOHYKAIN JISIKUX MPAL[iBHUKIB Y L1
rajiy3i IIyKaTu ajJlbTepHATHBHI KOHcepBaHTU. Hanpukiaza, pobora [5] onucye crnocid oOpoOku aist
30epexeHHs 3pi3aHuX KBITiB, AKUH BKIIIOYA€ €TAllU BUCYIIyBaHHS KBITIB 3 MOAAIBIINM 3aHYPEHHSIM
y PO34MH 3ac00y, 1110 Ma€ 3BOJOXKYIOUH BIACTHUBOCTI, B3ITUM 3 I'PYIIH, 10 CKJIAJAE€THCS 3 MOMIOJIB,
110 BKJIIOYAIOTh MIIIIEPUH, €TUIICHIIIIKOJIb, 11€TUJICHIIIKOJIb, TPUETHIICHTIIIKOIbL a00 X cymimi. Taki
areHTH, NOTJIMHAIOYHCh POCIMHHUM MPOIYKTOM, HE CyIIaTh HOTO 1 103BOJIIOTH MIATPUMYBATH HOTO
B CTaHl, SIKUA MO CyTI € HOro MPUPOJHUM CTAaHOM 1 3 OYIKYBAaHUMH XapaKTEpPUCTUKAMH, SIK1
3aJIMIIAIOTHCS CTAOUTbHUMHU.

3 ornsy Ha BUIIEBKAa3aHE y SKOCTI KOHCEPBYIOUMX areHTIB s 30€peKeHHS THYYKOCTI
pociIMHHOrOo MaTtepiany Oynu oOpaHi TJilepuH Ta MIETIICHIVIKOIAb SK Taki L0 MOBHICTIO
BIJIMOB1/Iaf0Th BUMOTAM Ta HAWMEHIII IIKIIJTUBI U OPraHi3My JIFOJIeH 32 YMOB TPUBAJIOTO KOHTAKTY.

BurorosieHHs1 MacKyBaJIbHOTO 3ac00y BKJIFOYAJIO Taki eTamnu [6]:

1. BuciBanHg cymilli Ta30HHHX TpaB «YHiBepcalbHa», fKa IMpPU3HAY€Ha JJIi CTBOPEHHS
TE€XHIYHOTO, IIBUAKOTO, TaK 3BaHOIO YHIBEPCAJIbHOTO 3€JEHOr0 TPaB'SHUCTOI TMOKPHUTTS
0e3rpyHTOBHM METOJIOM Ha 3aTiHSAIOUU CITKY, PO3TAIIOBaHy y MIACTUKOBIN €MHOCTI.

2. Ilicnst MOCATHEHHS BHCOTH TpPaB SHOTO MOKPUTTS OJIM3BKO 15 CM MOJMB HPUIIMHSABCA 1
npoBoamiacs oOOpoOKa Ta30HHOTO KHIUMY pO3YMHAMH KOHCEPBYIOUHM PEUOBHH  Pi3HOI
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KOHIIEHTpaIii, 3 MeTOI BHOOpPY ONTHMAJIBHOTO CHIBBIJIHOIIEHHS SKOCTI Ta BapTOCTI
MacKyBaJlbHOTO 3aco0y. OOpoOka mnpoBoamiIacs mHapajiebHO CHOCOOOM TMOJIMBY TpaB’SHOTO
MOKPUTTS Ta 3pOITyBaHHS sl BHOOPY ONTUMATBHOT METOTUKH.

3. Ilicns o0pobku mpotarom 3-5 nHiB, Koiu BinOyBajocs 3aMilleHHS BOJIOTM Ha
KOHCEPBYIOUHUH areHT — TpaB’ THUH KUIIUM BHUCYIIYBaBCs Ha MOBITPI.

Bech nukn 3aiimMaB npuOIU3HO TPHU THIXKHI, 11O JTOBIIE, HIK IUIETIHHA MAacKyBaJlbHUX CITOK Ta
KIKIMOp BpY4YHY, ajie¢ 3Ba)Xar04uM Ha Te, 110 OJHOYACHO MOXXHA BHUPOIIYBATH TPaBYy Ha BEIUKIH
IO, HE IOKJIaal0uu JOJaTKOBUX 3YCUJIIb — 1€l METOI MOe OyTH OUIBII BUT1AHUM.

Ha pucynky | mpencraBiieHi eTanmu BHUPOLIYBAaHHS 3Pa3KiB MAacKyBaJbHOI CITKM 3 Ta30HHOL
TpaBH.

Puc. 1. Cranii pocty TpaBu

VY Tabaumi 1 nmpepcTaBieHi CriBBIJHOIICHHS] KOHCEPBAHTIB Y PO3YHHAX JIJIsl 0OpOOKH 3pa3kiB. 3
OTJIsI1y Ha JiTepaTypHi JpKepesla MaKCUMallbHa KOHIIEHTpaIlisl BOJ03aMillyr040i 100aBKH B pO3UHHI
ckimamae 40 %. 3 MeTor 3JemIeBICHHS TPOIECy Yy HACTYIMHHX 3pa3kaX BIJICOTOK peareHTy
3MEHIIY€ETHCS.

[Ticas 0OpoOKM KOHCepBaHTAMU Ta BUCYIIYBaHHS OyJM OTPUMaHI 3pa3Ku TpaB’sHOI CITKH, SIKi
OyJIM BUKOPHCTAHI [T JIOCIiJUKEHHS SKiCHUX XapakTeprcTik. Cepeas Maca 10 cM? 3pa3Ky cKiiana
2,5T.

Ha >xanp B miTepaTypHHX JpKepenax BIJICYTHI METOAM aHaTi3y BIAMOBITHOCTI 10 OCHOBHHUX
BUMOT MacKyBaJbHOI'O MaTepiajly Ha OCHOBI ra3oHHOi TpaBu. ToMy B po6oTi Oyiu po3polieHi
METOJIU BHUIPOOYBaHb, AKI JEMOHCTPYIOTh SKICHI XapaKTEPUCTHKU TPaB’sHOI CITKH, SIK TO —
CTIHKICTB 710 3HOCY (KpUXKICTb), BOJOTIOTIMHEHHS, 30€PEKEHHSI BIACTHBOCTEH MICIIsI 3BOJIOKEHHS
Ta BUCYIITyBaHHS.
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Puc. 2. 3pa3ku MacKyBaJIbHOI CITKH MICJIs CYLITHHS

BusznaueHHs CTIHKOCTI 10 3HOCY (KPUXKOCTI)

Metox BH3HAUEHHS CTIMKOCTI /0 3HOCY pPO3pOOJICHHH 3 BHUKOPUCTAHHAM MEXaHIYHOTO
MOLIKO/DKEHHS 3pa3KiB (TepTs), 110 MPHU3BOAUTH 0 PYWHYBaHHS cTe0ell TpaB’SHOTO MOKPUTTH.
3pa3ku CITKH TOIMEPEeTHbO 3BAKYBAINCSA, a TOTIM IMOIIKOKYBAIUCS MHUIIXOM TEPTS, IMITYIOUH
aKTUBHY eKcIuTyaTalii mpotaroM 2 xB. Ilicias mporo 3pasku oOTpyIlIyBajducs Bif oOJiaMaHHMX
TPaBHHOK Ta 3HOBY 3BaXXyBajJHcCA. BTpaTa Macu mTiJ BIUIMBOM MEXaHIYHOTO MOIIKOJKECHHS
po3paxoByBajacs 3a (OpMyJIOk0.

Jie Mp— IoYaTKOBa Maca 3pa3Ky
My — KiHIIeBa Maca 3pa3Ky Micisl MEXaHIYHOTO TOIIKOHKEHHSI.
PesynbraTi BU3HAueHb NpEACTaBIEHI y BUIMIAAL Jailarpamu Ha pucyHKy 3. Ilo oci abcruc
HABOJHUTHCS HOMEP JOCITITy 3 MO3HAYEHHSIM clI0c00y 00pOOKHM — I — OJIHB, 6 — OONIPHCKYBaHHS.
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Puc. 3. Brpara macu 3pa3kiB BHACIIiJOK MEXaHIYHOTO BIUIMBY, MAaCOBa YacTKa

BusnaueHHs 37aTHOCTI 10 BOJIOTOTJIMHEHHS BHMBYAJIOCS IIJISIXOM BU3HAYEHHS KOE(ILIEHTY
BoZoIOTJIHHEHHS [7]. 3pa30K CITKH MOMEPEIHBO 3BAKYBAIN 1 3AJIMBAIA YUCTOIO BOJIOIO /IO TIOBHOTO
3anypeHHs. Jlocnian npoBoamiucs 3a temmneparypu 15° C npotsrom 30 xB. Ilicns mporo 3pazok
BiJIpa3y 3BaKyBaiau. Boja, 1o BUTIKana 31 3pa3Ky B MpPOIIECi 3BaKyBaHHs BXOJWJIA /IO 3arajbHOI
MacH.
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KoedimieHT BOIONOTIMHEHHS BU3HAYABCS 32 (DOPMYIIOHO:

mg —Mme
K, = ———
me

Je Mz — Maca BOJIOTOTO 3pa3Ky
M — Maca cyxoro 3pasKy

PesynbTaT BU3HAYEHB MIPEICTABIICHI Y BUTIISAL liarpaMy HA PUCYHKY 4.

Ww & 0 O N W

M

O T T T T T T T T T T T T T T T T T T T T 1

in 16 2n 26 32n 36 4n 46 5n 56 6n 66 7n 76 8n 86 9n 96 10n 106

Puc. 4. BogonoriauHeHHs 3pa3KiB, KOEQIIIEHT BOAOOTIUHEHHS

[onoBHUMY IPHPOTHUMH SIBHIIIAMH, K1 BILTABATUMYTh Ha TPaB’sHY CITKY € Jom Ta cHIir. Tomy

JUIs aHalli3y BIUIMBY MPHUPOJHUX sABMUI Oyld BUKOPUCTAaHI 3pa3Kd, Ha SAKUX BUBYAJIOCA
BOJIOTIOTTIMHEHHsT TpaB’siHOi CiTkH. Lli 3pa3ku OynuM BUCYIIEHI HA TOBITPI MPOTATOM 5 IHIB Ta
IpoaHaji30BaHi Ha CTIHKICTh J10 3HOCY 3a MONEPEaHIM METOO0M.

PesynbTaT BU3HAUEHB MIPEICTABIICHI Y BUTJISL JliarpaMy Ha PUCYHKY 5.
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Puc. 5. Brpara macu 3pa3kiB BHACIIiJJOK MEXaHIYHOTO BIUIUBY MiCJIsI HAMOYYBaHHS
npotsiroM 30 XB Ta BUCYITYBaHHS
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3a pe3yabTaTaMu IPOBEIEHUX EKCIIEPUMEHTIB MOXKHA CTBEPKYBATH, 1110 BUKOPUCTAHHS Y SIKOCTI
KOHCEPBYIOUM arcHTIB JJI BUTOTOBJICHHS 3aCO0IB MacKyBaHHS TJIILEPUHY Ta JTI€THUJICHTIIKOIIO
MOYKJIMBE Ta €KOHOMIYHO JIOIIIJIBHE.

Sk MOXxHa 100aunTH, 3HAYHY BTPATy MACHU IICJIs MEXAHIYHOTO BIUIMBY (pHC.3) MoKa3alu 3pa3Ku
0e3 10/1aBaHHs TIIIEPUHY Y SKOCTI TOM’sIKITyto4uoro 3aco0y (3pasku 1,3,5,7,10). BincoTkoBuii BMicT
JEI B iux 3pa3kax NpakTHYHO HE BIUIMBAE Ha 3HAUEHHs BTpaTu MacK. Ha npeicraBieHOMy pUCYHKY
TaKOK CIIOCTEPIraeThecs 3aJICKHICTh CTIMKOCTI 710 3HOCY Bij crtocody oOpoOku 3paskiB. [IpakTuyHO
JUTS BCIX 3paskiB mosmtuid BapiaHT (I1) 7eMOHCTpye Kpalili XapaKTepUCTHKH.

MiHimaneHy BTpaTy Macu JAEMOHCTPYE 3pa3oK, SKUH 00poOIeHHN PO3YMHOM, 10 MicUTh 20%
JTieTWIeHTiKomo Ta 5 % rainepuny (Ne4). bnuspki 3HaueHHS MatoTh 3pa3ku Ne 2, Ne 6 ta Ne 9. A
ot Ne 8, skuii 00pobneHuii po3uynHOM, 1m0 MicTuTh 10% nieTuneHraikomo Ta 5% riminepuHy —
HEOYIKyBaHO Ma€ TipIMi pe3ynbTaT. MOXIMBO 1€ OB S3aHO 3 HEOJHOPIIHICTIO TpaB’sIHOIO
HOKPUTTS 3pa3KiB.

3 pucyHky 4 MOXHa 3pOOMTH BHUCHOBOK, L0 BCl 3pa3Kd MarOTh JOCTaTHbO BHCOKE 3HAYEHHs
BOJIOTIOTTIMHEHHS. J[esKi 3 HUX 301IbIIYIOTh Macy B 6-7 pa3iB Miciisi HAMOKaHHS. AJie 3BayKaro4d Ha
HEBEJIMKY I10YaTKOBY Macy 3pa3Ky, Take BOJIOINOITIMHEHHS HE € KPUTHUHUM B IIPOLEC] eKCILTyaTallii.
J1o TOrO X 3pa3Ku Jy’ke MIBUIKO BTPAYAIOTh BOAY IUISIXOM 3BHYAHOTO CYIIIHHS HA MOBITPI.

3a pe3ynpTaTMU JOCTIUKEHHS HaMKpalll NOKa3HUKM Mae 3pa3ok Ne 6, skuil oOpoOieHui
PO3YMHOM, IO MICTUTH 15 % mieTuneHriikomo Ta 5 % riinepuny.

Ha pucynky 7 npezacraBieHi pe3yJjbTaTH BU3HAUEHHS BIUIMBY HABKOJIMIIHBOTO CEPEOBMILA.
Byno mociikeHo MOKa3HUK CTIMKOCTI O 3HOCY 3pasKiB, siKi Oy BUTpUMaHi y BOJI Ta MOTIM
BUCYLIEHI. SIK MM MOXXEMO CIIOCTEpiraTH, 3arajibHa BTpaTa Macu BHACIiJOK MEXaHIYHOI'O BIUIMBY
micis 06pPOGKHU BOIOI0 TPOXH 3piBHsIAcs. FIMOBIPHO yepe3 4acTKOBE PO3UMHEHHS IIILEPUHY Y BOJ
BTpaTa MacH MapHUX 3pa3KiB 3pocia. A HENMApHUX — HABIAKU 3HU3WIACS. 3arajbHa >k BTpaTa Macu
BCiX 3pa3KiB 3MEHIIMIACS, HMOBIPHO Yepe3 3aJMIIKOBHI BMICT BOJIOTH Y 3pa3Kax MIiCHs CYIIiHHS.
Kpari pe3ynbraTi 32 UM JOCTIIOM 3HOBY Mae 3pa3ok Ne 6.

BpaxoByrouu pe3yabTaTi TOCTIKEHb ONITUMAIIbHUI PO3YHMH IJ1s1 00pOOKH POCITHMHHOT CHPOBUHH
MicTuTh 15 % nietunenriikonto Ta 5 % rainepuny. Lsg cymim nae MiHiManbHI TOKa3HUKHU 3a BCiMa
METOJaMH BUITPOOYBaHb Ta € HAMO1IbIII EKOHOMIYHOI 3 OIJISIIY HA BapTiCTh peakTHBiB. ONTUMAaNbHUN
croci0 BBEJICHHSI KOHCEPBAHTY — IIJISIXOM IOJIUBY HBOi POCIMHHOI CUPOBHHHU.

Takum yuHOM B X011 poOOTH OYJI0 JOCIIIKEHO AKICHI XapaKTEePUCTUKH 3pa3KiB MaCKyBaJIbHUX
3ac001B 3 Ta30HHOI TpaBH, TaKi CTIMKICTb /10 3HOCY (KPUXKICTh), BOJOTOTJIMHEHHS, 30epexKeHHs
BJIACTHBOCTEH ICIIsI 3BOJIOKEHHS Ta BUCYIIyBaHHS.

3a pesynbTaraMu HOpoOBeJeHOi poOoTH Oysio OOIPYHTOBAHO MOKJIMBICTH BUKOPHUCTAHHS
ra30HHOI TPaBM HAa OCHOBI 3 3aTIHSIOYOI CITKH y SIKOCTI MAacKyBaJIbHOTO MaTepiany HMpHUpPOJIHOTO
noxo/DKeHHs. BoHa Habararo jermia 3a TKaHWHHI aHAJIOTH, MEHIIE MTOTIMHAE BOJIOTY Ta MIBHJIKO
BUCHUXAE.

AHani3 OTpUMAaHHUX 3pa3KiB MACKyBaJbHOI CITKM CBIIYUTH MPO MEPCIEKTHUBHICTb PO3BUTKY
[bOT'0 HANPSIMY 3 METOI0 BUTOTOBJICHHS OJIHOYACHO BEJIMKUX IUIOLIMH MAacKyBaJIbHUX MaTepialiB
Ha BIJIKpUTOMY MOBITpi a00, HANPUKIIAJI, Y CIOPTUBHUX 3ajaxX LIKIJI.

Pesynbraramu nanoi poboTH € po3poOka epeKTUBHOI TEXHOJIOTII OJepKaHHS MAcCKyBaJIbHHUX
MaTepiaiiB 3 IPUPOJHOT CUPOBUHU.

OnTuManbHUR pO3UuH i1 0OPOOKH POCIMHHOI CUPOBUHU MICTHTH 15 % Mi€THIIEHTIIIKOIIO Ta
5 % rninepuny. 3pa3ku, MOJIUTI I[IM PO3UUHOM, TIOKa3yIOTh HAWMEHIIIE 3HAYCHHS BOAOTIOTIMHEHHS,
OTNTUMAJIbHI 3HAYEHHS CTIHKOCTI 10 3HOCY.

MosknuB1 moAanblli AOCTIIKEHHS Y IbOMY HaNpsSMKY CIPSMOBaHI MPHUILBUALIEHHS TPOLECIB
00pOOKH Ta CYIIIHHS TOTOBUX CITOK IIJISIXOM CTBOPEHHS CIIELiaJIbHUX YMOB.
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Abstract

The work is dedicated to the investigation of the possibility of using stabilized grass mats on a mesh base as a
camouflage material. The methodology for obtaining camouflage materials from lawn grass by growing it on
a mesh substrate and treating it with preservatives to extend its shelf life has been developed.

The general concept of preserving biological material involves water inactivation. This can be achieved either
by physically removing water from the plant tissue or by incorporating compounds that bind to water. Over
the years, many mixtures and procedures have been proposed to preserve the texture and flexibility by
replacing the plant's moisture with preserving agents.

The technology for obtaining camouflage materials from natural raw materials includes the stages of sowing
lawn grass hydroponically on a shading mesh base, treating it with preservative solutions containing water-
replacing substances, such as diethylene glycol and glycerin, and air-drying the grass mat.

The obtained samples of the camouflage mesh, after treatment with preservatives in various proportions, were
studied for key performance indicators such as wear resistance (brittleness), water absorption, and retention of
properties after wetting. Based on these studies, the optimal composition of the preservative solution was
selected, specifically an aqueous solution containing 15% diethylene glycol and 5% glycerin.
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IHHOPUCTI I TPAHCIIOPTHI XAPAKTEPUCTUKU KEPAMIYHUX MEMBPAH
HA OCHOBI SIC

IOuis MOJIYAH!, Tersna JOHITOBA'
Kuiscoxuii nonimexuiynuil incmumym imeni Ieops Cikopcoko2o
bepecreiicbkuii mpocnekT, 37, m. Kuis, 03056, Ykpaina
e-mail: molchan.ylia@lll kpi.ua

Anomauin

Poboma npucesauena 00cniodxcenHio nNOpucmux ma mpancnopmHux XapaKkmepucmux KepamidHux
membpan Ha ocuosi SiC. Ompumani SiC kepamiuni memOpaHu XapaxkmepuzyiomvCs 3MEHULeHy
memnepamypy CHikamus 3a paxyHoK 000a8anHs PIOK020 CKId ma 30L1buieHi NOpucmi, Mexamiumi
xapaxmepucmuxu. Ilokasano, wo SiC kepamiuni memopanu € nepcneKmueHUMU )y 3ACMOCY8AHHI )
MeMOPAaHHI MexXHON02I] OYULEHHSL BOOU.

Knrwowuosi cnosa: SiC xepamiuni memoOpanu, nopucmicme, mMpaHCHOPMHI XAPaKMepucmuxu,
MIYHICMD.

Kepamiuni MemOpanu Bce Oinblie 1 Oinblie HaOyBalOTh MOMYJISIPHOCTI Y TEXHOJOTIT OUUIIEHHS
BOJM, OCKUIBKM MAalOTh TaKl IepeBaru: JOBIMIl TepMiH eKCIulyaTallii, CTIMKICTb 10 BHCOKHX
TeMIIeparyp, arpeCUBHUX XIMIYHUX CEpPelOBHIL, 3a0pyAHEHb, BUCOKY MEXaHIYHY MILIHICTh. 3aBJISKH
CBOIM BJIACTUBOCTSIM KepaMiuHi MeMOpaHHM TaKO)X 3aCTOCOBYIOTH B MEIWYHIN, HAPTOXIMIYHIMN,
Oiomoriyniil ramy3sx [1]. Cumimiit kap6ig (SiC) € omHUM 13 HaWOIBII TIEPCIIEKTUBHUX MaTepiaiiB
JUIS KepaMiuHUX MeMOpaH cepejl IHIIUX TaKuX SK OKCHJ aJFOMiHIIO, OKCHJ TUTaHy, J1OKCH]
upkoHito. SiC kepamiuHi MEMOpaHU MalOTh HAWKpallli XIMI4Hi, TEpMi4HI Ta MEXaHI4HI BIaCTUBOCTI
cepeq HILIKX B arpeCHBHOMY CEpEeIOBUIIII Ta IIBUJIKOMY MOTOLIl PIAMHHU Ta MOpUCTICTh OublTy 40%.
SiC xepamiyHi MeMOpaHM 3aCTOCOBYIOTH JJISl OUMIIIEHHS CTIYHUX, MMiI3eMHUX, TJIACTOBUX BOJI.

CrpykTtypa SiC kepaMidyHMX MEMOpaH, sIK MPaBUIIO, CKJIAAAEThCA 3 MIATPUMYIOUOT0, IPOMIKHOTO
Ta CeJIeKTUBHOIO mapiB. HaHeceHuil ceneKTUBHUIM 11ap Ha MOPUCTY MIAKIAAKY 3a0e3nedye BUCOKY
MIIHICTh Ta NpomyckHy 3aaTtHicTh SiC memOpanu. Iliarpumyrounii mapom s SiC kepamMiqHOi
MeMOpaHU MOJKe CITyTyBaTH IMiJKIaaKa 3 CUIILINA KapOiay 1 e 3a0e3neunTh 3BECHHS JO MIHIMyMY
BUHWKHEHHS TPIIIUH i Yac OTpUMaHHs [2].

Bucoxka temneparypa crikaHHs € OJHUM 13 (aKTOpiB, KU IIIMBAE Ha COOIBAPTICTh 1 CTBOPIOE
BHUCOKY IiHYy SiC kepamiuanx memOpan. Cumiiii kap06ia BiMOMHUI CBOIMH MIITHUMH KOBaJIGHTHUMH
3B’A3KaMH, IKI BUMararoTh BUCOKOi Temneparypu cmikanHs g0 2000 °C mns ix po3pusy. Ilix gac
npouecy crikanHs 3a3Budaid SiC kepaMiuyH1 MeMOpaHHU pEeKPUCTaII3YIOThCS B /11alla30H1 TEMIEPaTyp
1900-2200 °C. OueBuaHO, 110 OTPUMAHHS KepaMiyHMX MeMOpaH € BapTiICHUM mpouecoM. Jlms
3HIDKEHHS TEMIEepaTypu CIIIKaHHS MeMOpaH B JiTepaTypl PEKOMEHAYETbCS BUKOPHCTAHHS
HACTYMHUX DPEYOBUH: MYJIT, OKCHJ IIMPKOHIIO, 30Jy, TJIMHO3EM, IEONIT, PiKe CKJIO, OOKCHT.
Bnacnigok noaBanHs IMX peYOBUH TeMIiepaTypa ciiikanHs Moxke OyTH 3HmkeHa SiC go 1350-1500
°C. 30KkpemMa J10/1aBaHHs PIAKOrO CKJIa Jajio 3MOTY 3HM3MTH TeMrepaTypy crmikanas 10 1000°C ta
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orpumaru SiC KepamiuHi MeMOpaHH, SKi XapaKTepU3YIOTbCA XIMIYHOIO CTIMKICTIO 10 CHIIBHO
KUCJIOTHUX Ta JIy)KHUX YMOB [3].

Mertoro pobotu € cunrted SiC kepamiuHux MeMmOpaH 3 Ta 0€3 JOAAaBaHHSAM PiAKOrO CKIa,
JOCTIIKEHHS CTPYKTYPHUX, MOPUCTUX 1 TPAHCIIOPTHUX XaPAKTEPUCTHK.

Byno orpumano nBi kepamiuni MemOpanu Ha ocHOBI SiC 3 Ta 0e3 1oJaBaHHSIM PiAKOTO CKJa 3a
temriepatypu 950 °C 3a J0MOMOIOK METOJy IpEeCcyBaHHS IONEPEIHBO 3MIINIYBAHHX CYXHUX
KOMIIOHEHTIB (CHJIIIiH KapOia, amoMiHIi OKCHJI, aMOHIM AuKapOOHAT, HATpiil TeTpadopar). Doro
orpumanoi SiC kepamiuHOT MeMOpaHH NMpeACTaBICHO HA PUCYHKY 1 a.

Jist mocnipKeHHs CTPYKTYpU KepaMidyHOi MeMOpaHu OyJio BUKOPHCTAHO CKaHYIOUy €JIEKTPOHHY
mikpockoriio (CEM). Ha puc. 2 306paxeno CEM-300pakeHHs OTprMaHO1 KepamMidyHOi MeMOpaHHU.

Puc. 1. ®oro ra CEM-300paxenns orpuManoi SiC kepamiuHoi MeMOpaHu
3 IOJaBaHHSM PI1JKOTO CKJIa

3 pucyHky 1 BuaHo, mo orpumana SiC kKepaMidyHa MeMOpaHa Ma€ 3€pHHUCTY CTPYKTYpY, a
MIKpPOCKOMIYHI JTOCIIIPKeHHs BKa3yIOTh Ha MaKpOMOPUCTICTh 3pa3ka.SiC kepamiuHa MeMOpaHa 0e3
JI0JTaBaHHS CKJIa MaJla aHAJIOTI4YHY CTPYKTYPY.

MinHicTh Ha 3TMH U1 OTpUMaHUX KepaMiyHUX MeMOpaH ctaHoBuia: 16,3 Mlla nns kepamiuHoi
MeMOpaHu 0e3 gonaBanHs ckia, 46,8 MIla — 3 nonaBannsm. Lle miaTBepIKye X BUCOKI MEXaHIUHI
BJIACTUBOCTI Ta CBIAYUTH MPO NEPCHEKTHBH 3aCTOCYBaHHS y MEMOpPaHHUX TEXHOJIOTISIX.

Tako>x OyJi0 IPOBEJEHO BU3HAUYEHHS ITOPUCTUX 1 TPAHCHIOPTHUX BiacTuBocTer SiC KepamMiuHUX
meMmOpaH. OTpuMaHi pe3yibTaTH HaBeeHl B Ta0umi 1.

Tabuus 1. [TopucTi i TpaHcnopTHi BaactuBocTi SiC kepamMiyHUX MeMOpaH

3pa3zok SiC-H SiC-H-LG
3aranbHa MOPUCTICTH, %o 17,9 44,5
Binkpura nopucricts, % 17,7 443
IIponyckHa 30aTHICTh YUCTOT BOIH, M /(XB-CM?) 18,66 10,84

Sk BuaHO 13 Tab. 1, pifke CKJIO Ma€ BIUIMB HA MOPUCTICTh Ta MPOMYCKHY 3/1aTHICTh OTPUMAHUX
SiC kepamiyaux MeMOpaH. 301JIblIIeHa MOPUCTICT Y 3pa3Ky 13 PIIKUM CKJIOM MOKe OyTH MOsiCHEHa
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THUM, IO PiIKE CKIIO KOATYJII0€ YACTUHKU MEMOpPaHU i/l Yac MpeCcyBaHHA 1 MOJAIBIIOMY CITIKaHHIO.
Bucoki 3HaueHHS NPOMYCKHOi 3aTHOCTI CBiAYaTh MPO BHCOKI TPAHCIIOPTHI XapaKTEPUCTUKU
orpumanux SiC kepamiuHUX MeMOpaH.

Orxe, mokaszano, mo SiC kepaMiuHi MeMOpaHH MarOTh BHUCOKI IOPHCTI, TPAHCIOPTHI Ta
MEXaHI4HI BJIACTUBOCTI. BCTaHOBIEHO, IO [OJAaBaHHIM PIAKOrO CKJIa 30UIbLIyE MeXaHiuHi
BJIACTHBOCTI, IOPUCTICTH Ta 3MEHILY€ MPOIYCKHY 37aTHICTb.

B nopanemomy miaHyeTbes 30UIBIIMTH BMICT PIAKOTO CKJIA Ta TOCTIAUTH WOTO BIUIMB Ta THITY
KapOOHATy Ha MOPUCTI, TPAHCIIOPTHI Ta MEXaHIYH1 BJACTUBOCTI.
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Abstract

The work describes the study of porous and transport characteristics of SiC-based ceramic
membranes. The obtained SiC ceramic membranes are characterized by a reduced sintering
temperature due to the addition of liquid glass and increased porous, mechanical characteristics. It is
shown that SiC ceramic membranes are promising for use in membrane technology for water
purification.
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OBMEXEHHS BIAXOAIB METAJIIB TA CIVIABIB Y EKCIIEPUMEHTAJIBHOMY
MAJIOCEPIHHOMY NPUJIATOBY 1YBAHHI

Bitaniit HECIH, Cepriii IAXTAJIUP, Muxaiijio MAETHHUMH, Oaer KATJITMHCBKH,
Cepriii JOCEHKO, Ouexciii KY3HEIOB, Ilerpo BIJIEBCHbKHM, BikTopis IIABJJEHKO
Ykpaincokuii Haykoso-0ocnionutl incmumym cneyianbHoi mexHiku ma cy0o8ux eKcnepmus
Cnyorcou 6esnexu Yxpainu
ByJ1. Muxosu Bacunenka, 3, m. Kuis, 03113, Ykpaina
e-mail: witnes@ukr.net

Anomauin

Poboma onucye cmeopenns cnocoby 3MeHWleHHs eumpam Memaunié ma CHhiasie  y
eKCNepUMEHMANIbHOMY MALOCePIUHOMY Npunadobyoysanti. B cnocobi sacmocoeéanuti KOMNIeKCHULL
nioxio 00 opeaHizayii pi3HUX 6udie CcnNpaMo8anoi OisnbHocmi. B pobomi npoananizosama
NOCIO0BHICMb HAYKOBOI, MEOPUOI, GUULYKYBATILHOI, eKOHOMIYHOT OISIbHOCII NO CIMEOPEHHIO HOBUX
npunadie. Biosnauenuti éniue Ha KiHyesull pe3yibmam 360POMHO20 38 S3KY MIHC BUKOHABYAMU
nOCI008HUX pOOIm.

Knwuoei cnosa: 3menwenns 6ioxodie mamepianie, npunadody0yeamHs, eKcnepumeHmaibHe
BUPOOHUYMEBO.

Curyarlis 0JHOYACHOT HassBHOCTI MaJjoi KiJIbKOCTI BIXOIB MarepiaiiB 1 BUCOKOI €(peKTUBHOCTI
BUPOOHHUIITBA CKJIAZA€ThCs HEe yacTo. [IparneHHs 1o i1 TocArHeHHs iICHYBaJIO 3aBxAu. YacTime Taki
XapaKTepUCTHKH  BUPOOHMIITBA €  MPOTWISKHUMH. JlocSTHEHHS  e€(EeKTUBHOCTI  MOXe
CYIIPOBOJIXKYBATHUCs 30UIBIIEHHAM BiX0/1iB BUpoOHULTBA. [loetHaHHS epeKTUBHOCTI BUPOOHULITBA
13 3MEHIICHHSIM 3aJIMIIKIB MaTepialliB, M0 MPOBEJCHE B JTAHOMY JOCIIKEHHI, € aKMyaibHUM Ha
eTarli mepexo/ly Bijl 3aCTOCYBaHHS yHIBEpCaJIbHUX TEXHOJIOT1H 0OpOOKHU 10 BUCOKOIHTEIEKTYaIbHUX.

Memoro NOCTIIKEHHsSI € po3poOKa MPUHIMITIB OOMEXEHHSI BUTpAT MarepiajiiB Ta CIUIaBiB B
IpoIieci eKCIEePUMEHTAIBHOI0 MAJIOCEPIHHOT0 BUPOOHUIITBA B MIPHIIAA00YAyBaHHI.

Hoesusna poOoTH mosiirae B NpOBEJAEHHI KOMILJIEKCHOTO aHali3y pi3HUX 3a (PI3MYHOI0 OCHOBOIO
TEXHOJIOTIYHHUX TIPOLECIB, EKOHOMIUYHUX PH3HMKIB BIPOBA/KEHHS HOBOI TEXHIKM Ta BIUIMBY
JIOJICHKOTO (PaKTOpy Ha ii 3aCTOCYBaHHS Ta CUHTE3y YMOB JOCSATHEHHS €()eKTUBHOCTI BUPOOHUIITBA,
30KpeMa CKOPOYCHHS 4acy BUKOHAHHS OCHOBHUX oOreparliii, 6e3 301IbIIIeHHS B1IX0/IB MaTepiaiB.

HaykoBi  po3poOkm, 110  BTUIIOIOTHCS B  KOHKPETHUX  NpWIagax, IMOTpeOyIoTh
€KCIIepUMEHTAIbHOTO BUPOOHMIITBA MAKETIB, 3pa3KiB Ta JOCIIJHMX MapTid BUpoOiB. Pe3ynbraTtu
KOHCTPYIOBaHHSI PEANi3yIOThCS B KPECICHHKAaX KOHKPETHHX JeTalled, CKIAJalbHHUX OJMHHII,
KpECIeHUKaxX 3araJlbHOTO BUAY BHPOOiB. TeXHOJOTIYHE OMpAIIOBAHHS 3aBEPIIYETHCS PO3POOKOIO
MOCIIJOBHOCTI BUTOTOBJIEHHS BUp0oOiB. [Ipy 11bOMy BpaxoBY€eThCsI TapK HAssBHOTO Ta 3aIlJIAaHOBAHOTO
70 TpUIOaHHS OCHOBHOTO OOJIaAHAaHHS. AHa3i3yeThCsl MaTepial, TEXHOJOTIYHICTh KOHCTPYKLIi
JeTanel Ta CKJIaJdallbHUX OJIMHUIb, POOOTOCIPOMOXKHICTh po3pobieHoro BupoOy. Po3poliserses
crieniajJbHe TEeXHOJOriyHe ocHamieHHs. IligOuparoThcs IHCTPYMEHTHM Ta BHTpPATHI MaTepialu.
CTBOpPIOIOTBCS  KOMIT'IOTEpHI MporpamMu KepyBaHHS. Po3paxoByloTbcs BUTpaTH MaTepiaiiB.
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['oTytoTecs creniamizoBani po6odi Micis. Po3paxoByroTbCsi HOPMH 4acy BHUKOHAHHS OIEparii.
3aMOBJISIIOTHCS OCHOBHI Ta BUTPATHI MaTepiaiu, IHCTPYMEHTH, TOCIyTu. IIpoBOASTECS MapKETHHIOBI
JOCIIJKSHHS, MOIIYK MOCTadyalbHUKIB, MPUAOAHHS 3aMOBJICHHX TOBApiB Ta MOCIYT. 3a MOTpeoH,
IPOBOJATHCS. TEHJEPHI TOPrd, BUHAMMaHHS Ta HAaBYaHHsS IIEPCOHAy, PEMOHT HPUMIIIEHB,
OHOBJICHHSI KOMYHiKailii, Tomo. CrpoieHa cxema BUTOTOBJICHHS. HOBOTO BHPOOY Ipe/IcTaBiIeHa Ha
Puc. 1.

[ToTpiOHuii s onpaloBaHHs Ta peaiizalii HOBHOTO IUKIY pO3pOOKH Ta BUTOTOBICHHS HOBUX
BUPOOIB MacuB iHGOpMAIIil TOCTIHHO OHOBIIOETHCA. KokeH HacTynmHUI BUKOHABEI (32 CXEMOIO Ha
Puc. 1.) B mMexax cBOix (pyHKIIi CTBOpIOE OKpeMHi iHTENEKTyalbHUH Ta (a00) MarepialbHUM
npoaykT. 1InaxoM 3BOpOTHBOIO 3B’ 43Ky BIUIMBA€E HA ITOIIEPEIHUKIB, BHOCUTh KOPEKTUBH B IPOMIXKH1
Ta OCTATOYHI MPOJIYKTH CIIJIbHOI poOoTH. Taka mocriiiHa meTis SIKOCTi, siIka ONMCaHa B CTaHAapTax
cepii I1ISO 9000, six 3amobixua (. 3.12.1) ta xoperyBanmpHa (1. 3.12.2) mist [1], mekingbpka pasiB
pearizyeTbesl Bii IOYATKy MOCIHIKEHHS IO MOMEHTY OTPHUMAHHS TOTOBOTO TPOAYKTY Yy BHUIJISII
MakeTy BHpoOy. Ha muisxy g0 BUpOOHHIITBA 3pa3ka BUPOOY 1 Masioi JOCHITHOI MapTil Takoxk
peartizyeTbest 6araTopa3oBuid 3BOpOTHiH 38’5130k (Puc. 1.) Mik po3poOHHKOM 1 KOHCTPYKTOpOM (33K),
texHoiorom (33T), ¢daxiBuem 13 3akymiBenb (333), AOCIHIAHMKOM PHHKY Ta IMOCTaYalIbHUKOM
o0aHaHHA IHCTPYMEHTIB Ta MarepiaiiB (33m), BupoOHuKamu (33B) Ta KopuctyBadamu (33m).

pO3pUl§KO

KOHCTpUFUBOHHQ

33k

TOXHONOT INHP UﬂpOUﬁJBOHHQ

337

NORYBORAY  30KYMIBOMD

333

UTpUIVIOHHQ 0bNAAHOHHS
IHCTpUMQHTIB TQ MOTQpICH\IB

33m

BUKOHOHHS MOCNAOBHUX
Oﬂ@pOLﬁI U

338

BUMYCK MPOAIKUT

30A0B0NCHHS 0TPe5
KODUCTYBOYIB

Puc. 1. Cxema po3poOKu Ta BUTOTOBJIEHHS HOBUX BUPOOIB

33n

Handbook of the XXIV International Science Conference 187
«Ecology. Human. Society» (June 5 2024, Kyiv, Ukraine)



Marepianun XXIV MizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(pepeHuil
«ExoJoris. Jloanna. CycniiberBoy» (5 uepBus 2024 p., m. KuiB, Ykpaina)

OOMexeHHs BIIXO/IIB BUPOOHHIITBA O€3MOCEpeIHBO BIUTMBAE HAa €(EKTHBHICTh BUTOTOBJICHHS
IPOAYKIIT 1 3aJ0BOJICHHSI TOTped KOpHUCTyBayiB. MeToro 0OMEKeHHs BiAXOJIB Ta PalioOHAIBLHOTO
BUKOPHUCTAHHA PECYPCIB MepeiMaEThCs BECh 3a/11sTHUIM B ITPOLIEC] BUTOTOBJICHHS MPOIYKIIiT MEeCHAIL.

Minimizali€ero BUiB 3aCTOCOBYBAaHHX MaTepiaiB 10 00CATIB JOCTATHIX s 337J0BOJICHHS IOTPEO
Ta 3a0e3neveHHs (PYHKIIOHAILHOCTI HOBUX BHPOOIB OIMKYIOTHCS PO3POOHUKH Ta KOHCTPYKTOPH.
TexHONOTM BU3HAYAIOTh MOTPIOHUHA COpTaMeHT MaTepiairy, (GOpMYIOTh €PEKTHBHY CXEMy HOTO
po3kporoBaHHs. [Ipoliec miuaHyBaHHS 3aKkyMiBellb BKIIOYA€ aHaNI3 MPOMO3MIIA PUHKY IS
3a0e3neueHHs] pi3HUX HampsMKiB BUPOOHUITBA. MiHIMadbHa MOXJIMBA ISl TMPOKY MapTis
MaTepiany, KOMIIOHEHTIB, IHCTPYMEHTIB, 00JIaTHAHHS Ta MOCIYT CTOPOHHIX MOCTaYaJIbHUKIB TaAKOX
BIUTMBAIOThH Ha KUTBKICTh 3aJIHIIKIB.

BukoHaHHS TEXHOJOTIYHOI TOCIITOBHOCTI PO3MOYMHAETHCS Ha 3aroTIBENIbHIN JUISHIN ITiCIs
OoTpuMaHHs MarepiamiB. PamioHanbHO BUOpaHe 3aroTiBenbHE 00JaqHAHHS OOMEKY€E 3aiiBi BUTPATH
MeTaJiB Ta CIUIaBiB HA CTaJlii PO3KPOIO.

TexHOoJIOT11 pi3aHHSI METAIB 32 KUTBKICTIO BUTPAT AOLIIBLHO PO3MIITHYTH Ha IpHUKIIai. i pizans
amominieBoro cruapy /[16, a 3a mixkHapoaHoto kiacudikaiiero Matepian 2024, ToBumHo©0 20 MM,
MOXYTh OyTH 3aTOCOBaHMMHU JICKUJIbKA PI3HUX TEXHOJIOTIH. 3a BTpaTaMu MaTtepiaiy MpH pi3aHHi (Bix
OUIBIIUX 10 MEHIIUX BTPAT), Il XapaKTepH1 MPOIECH MOCTIAOBHO MOKHA PO3TAIlyBaTH HACTYITHUM
YUHOM:

|. Enextpoayrose pizaHHs.

I1. [Tna3moBe pizaHHs.

I1l. MexaHniyHe pi3aHHS MUJIKOIO HAa BEPCTATax 3 MOCTYNalbHO-3BOPOTHIM MPOCYBaHHS.

IV. Pi3aHHS CTPIYKOBUMH IMHIIKAMH.

V. EnexTpokopo3iitHe iCKpOBe pi3aHHS IPOTOBUMH €JIEKTPOIAMH.

[Iupuna pizaHHS 3a3HAYEHUMU CIIOCOOaMU TIpeicTaieHa Ha HoMorpami (Puc. 2).

BinmoBigHo mo Puc. 2, mmpuHa pi3aHHS MNpU 3acCTOCYyBaHHI JIPOTOBOTO E€JEKTPOAY B
€JIEKTPOICKPOBOMY KOPO31HHOMY MpoIeci CTaHOBUTH OnMu3bko 1 mM. IIpoTe MBUAKICTH TaKoro
pi3aHHs Mania. A BUTpaTH €NEeKTPOTHOTO APOTY Ta CIEianbHOI pIIUHHN 3Ha4yHI. B maHOMy BHUMagky
JIOBOJUTHCS Ha/laaT MpeBary TEXHOJIOT] pi3aHHs CIIJIaBy CTPIUKOBOIO MUJIKOIO.

NI

10

I I II v v "

Puc. 2. [TopiBHSHHS TEXHOJIOTIH 32 MAKCUMAJIBHOIO IIUPUHOIO Pi3aHHs
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3aroToBieHi wmatepiain  (GOpPMYIOTbCS Yy BHUPIO MOCTIJOBHUM 3aCTOCYBaHSIM TOKApPHUX,
dpe3epHUx, CIIOCAPHUX, 3BapIOBAIBHUX, AJWTHBHX, TaJbBaHIYHHX, XIMIYHUX, MOHTAKHUX
(bapOyBaIbHKX, TPAaBIFOBAJILHUX Ta 1HIIMX Oomneparii oOpOKu.

MiHimanbeHi BUTpaTH MaTepiaxy Hpu TKapHid o0poOui Ta ¢pesepyBaHHI HPOSIBISIOTHECS B pasi
3aCTOCYBaHHSI Cy4YaCHUX OOpPOOHUX TOKapHHUX Ta (hpe3epHUX EHTPiB. BUKOPUCTHHS 32 POrpaMoro
KEepyBaHHS DPI3HUX IHCTPYMEHTIB Yy BH3HAUECHIM NOCTITOBHOCTI OOPOOHMMH LEHTpAaMH 3HAYHO
CKOpOUy€ dYac MeXaHi4Hoi OOpOKHM IOPIBHSHO 13 3aCTOCYBaHHSM YHIBEPCAJIbHUX TKapHUX 1
(bpe3epHHUX BepCTaTiB.

KepyBanHs oOpoOHMMH IEHTpaMH 3IIHCHIOIOTH omneparopu. KpamidikiiiiHi BUMOTH 10
OIepaTopiB HIDKYI 32 BUMOU 110 (DaxiBIlB, sSKi CTBOPIOIOTH NPOTpaMH KEPIBAaHHS BEPCTaTaAMHU.
OrnepaTop 3MIHIOE JeTalll B OCHATIII 1 3aIlyCKae TpIiec 00poOKH. 3aBEpIIHHS MPOIIeCy BiAOyBaeThCs
aTMaTUYHO 0€3 MaHIMmyJsLild omeparopa. AHAJIOTIYHA CUTYallis iCHye B aBTOMaTHYHHUX IPOLEcax
3BapIOBaHHSI, aJINTUBHUX TPOIIECaX Ta IHITNX CYYaCHUX TEXHOJOTIYHUX OTEpaIlisiX.

VY miacyMKy 3a3HauMMO, IO 3MEHIIEHHS BiXO/iB METAJIB Ta CIUIaBIB Y €KCIIEPUMEHTAIIEHOMY
MaJoCepifHOMY BHUPOOHHMITBI MOXJIMBO 3HIMCHTH KOMILJIEKCHUM BJIMBOM B TEXIYHOMY,
€KOHOMIYHOMY 1 COIialTbOMy HAIPSMKY.

TexHiYHUI BIUIMB TOJSATa€ B ONTUMAJIbHMY MiOOpI BapiaHTIB 3aCTOCOBYBHX TEXHOJIOTIYUX
orepariii Ha yciX eranax MapipyTy oOpoOKH.

ExoHOMIuHUII HampsMOK BIUIUBY TMOJSTae y 3aMiHi yHIBepcalbHOro OOJaJHAaHHA Ha
BHCOKOICHTEIIEKTyaIbHE.

ComianpHuii BIUIMB mepeAdayae MiABHUILEHHS KyJIbTYpH BUPOOHUIITBA, BIPOBADKEHHS 11ei
YIPaBITiHHSA SKICTIO 1, 30KpeMa i1ei MOCTIHHOTO MiIBUIIEHHS SKOCTI. Tak 3BaHOI MeTJi SAKOCTI.

Jliteparypa
1. ACTY ISO 9001:2015 (ISO 9001:2015, IDT) Cucremu ynpapninHs sikicTio. OCHOBHI
noJyioxeHHs Ta cioBHUK TepmiHiB. Kuis, AI1 « YkpHIHLI». 2016. 45 c.
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Abstract

The work describes the creation of a method of reducing the consumption of metals and alloys in
experimental small-scale instrument manufacturing. The method uses a comprehensive approach to the
organization of various types of targeted activities. The work analyzes the sequence of scientific, creative,
searching, economic activities for the creation of new devices. The impact on the final result of feedback
between the performers of successive works is noted.
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OLIHKA ®ITOTOKCUYHOI'O E®EKTY INIPU OYUIIEHHI IPYHTIB
BYIVIEHEBUMHW COPBEHTAMU

IOais HOCAYOBA, Bajepis BEMBEP, bornan T”ABPUJIBYEHKO
Kuiscoxuii nonimexuiunut incmumym im. leops Cikopcbko2o
up. [lepemoru, 37, m. Kuis, 03056, Ykpaina
e-mail: ykr.net67@gmail.com

Anomauin

Y pobomi nposedeno oocniocenns pisHux napamempis gimomokcuunoi 0ii npu 3a6pyoHenHi
IDYHmMY  Ccuporo  Hagmoi, a mMakoxc OYIHeHA MOMNCIUBICMb  3HUINCEHHS  MOKCUYHOCH
Hagmo3abpyOHeHUX IPYHMIB 3a pAXYHOK 3ACMOCYS8AHHA cOpOeHmis. 3a copOenmu 6UKOPUCIMOBY8AIU
akmueosame 8y2inna ma mepmoposuupenuli epagim. Ompumani pesyrbmamu cio4ams npo
nepCneKmusHiCmeb  3aCMOCY8AHHA COPOYIUHO20 Memody npu pesimanizayii HagpmozabpyoHeHux
mepumopiti. IIpu suxopucmauti 8 AKOCMi copoenmy mepmoposUUpeno2o pagimy GimomoxcudHul
epexm ne nepesuwyysas 20%.

Knrwouosi cnoesa: tpynm, pimomoxcuuna 0is, nagpma, copoyis.

Ha cporomni, 3a0pyiHeHHS IPYyHTIB HAPTOIO € CEpHO3HOI0 EKOJIOTIYHOI MPOOIEMOI0 B 0ararbox
perioHax cBiTy. TexHoJOr14HI Mpouecy BUAOOYTKY Ta BUPOOHUIITBA HAPTONPOLYKTIB, X 30epiraHHs
Ta TPAHCIOPTYBaHHS Mailke 3aBX/IU MOB’sA3aHe 3 BTparaMu. Henockonanicth cuctem 30MpaHHs Ta
TpaHCHOPTy Ha(TH; HECTIpaBHICTh 00JIaJHAHHS CBEP/AJIOBHH Ta MEepeKauyBaJIbHUX HACOCIB; HU3bKUN
CTYIIHb T€pPMETHU3allli CHPOBUHHUX Ta TOBApPHUX Pe3epByapiB Ta 6araro iHINX (HaKTOPiB MPU3BOIATH
JI0 TIOTPAIUIIHHA cUpoi HaTH y I'PyHTOBHM NokpuB. B VYkpaiHi BHachinok 00HOBUX Al PU3MKH
3a0pyaHeHHsT Ha(TOI 3HAYHO 3POCTAIOTh.

TokcuyHa 1isi BYIIEBOAHIB HA()TH HEraTMBHO BIUIMBA€ HA IPYHTOBHMH INOKPUB, 3MIHIOE HOTO
CTPYKTYpY (i3UyHI Ta XIMI4HI BJIAacTUBOCTI IPyHTIB. Pi3H1 ¢ppakuii HadTH, Oarati napadinamu,
CMOJIaMH Ta acaabTeHaMH, 3aKOPKOBYIOTb ITOPH Ta KaHAIU IPYHTY, B pe3yJIbTaTi 4Or0 CTBOPIOIOTHCS
aHaepoOH1 YMOBH, L0 IPU3BOJAUTH 10 MOPYIIEHHS BOJOTOOOMIHY Ta OKHMCIIOBAJIbHO-BIIHOBHUX
IPOIIECIB y IPYHTOBUX MPOMIAPKAX 3 PI3HOMAHITHOIO TJIMOWHOIO 3aJIsIraHHs.

B naboparopHux ymMoBax 3HayHe 3HM)KEHHS LIBUIKOCTI MOTJIMHAHHS BOJIOTU MOBITPSIHO-CYXUM
I'PYHTOM BHUABJIEHO IIpH 103ax Hadtu Bumie 10 em’/kr [1].

OneparuBHy iH(MopMalil0o Tpo (QITOTOKCHYHICTh 3a0pyIHEHOr0 IPYHTY MOXHA OTpUMATH,
BUKOPHCTOBYIOUM TECT-00’€KTH (HACIHHS 1 MPOPOCTKU POCIUH) 1 PI3HOMAaHITHI TECT-TIOKAa3HUKU
(IMHaMiKa MPOPOCTaHHS HACIHHS, BIICOTOK CXOXOCT1, JIOBKHMHA FOJIOBHOTO 1 01YHUX KOPEH1B, BUCOTA
naroHa Toio). [lpoBeieHHs eKCIEpUMEHTIB 3 BIUIMBY Pi3HUX TEXHOTCHHUX CyOCTpaTiB Ha POCIMHHI
00’€KTH B KOHTPOJOBAaHUX YMOBAaX J03BOJISIE€ BUPILTYBaTH 0ararto 3aBJaHb: BCTAHOBUTH IMPUYUHU
PI3HOI CTIMKOCTI POCIIMH 1 TEHIEHIIT IPUCTOCYBAaHHS A0 TOKCUKAHTIB, BUSIBUTH BILUIUB KOHKPETHOTO
(axTopa cepeJoBHUIIA, BUKIIIOUUTH /110 IHIINX YUHHHUKIB, 3’ CyBaTH JIETAIbHY J103Y MTOJIOTAHTY TOIIO
[1-4].
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Po3ymiHHS TOro, SIK pOCIMHH pearyoTh Ha HadTOBEe 3a0pyAHEHHS Ta YH MOXYTh BOHH
BUKOPHUCTOBYBATHCSl B OYHMIICHHI 3a0pyJHEHUX I'PYHTIB, MOXKE MaTH Ba)KJIUB1 MPAKTUYHI HACIIIKH
JUTSI BITHOBJICHHS €KOJIOTIYHOI CTIHKOCTI MOCTPAXAATUX TEPUTOPIH.

Metor0o po6oTH € OIliHKa METOIOM  (DITOIHAMKAIIHHOTO TECTYBaHHS  MOXJIMBOTO
crabinizamiitHoro edekry Ha 3a0pyJHEHUH CHPOI0 HAPTOIO IPYHT MIiCIs BUKOPUCTAHHS COPOEHTIB:
tepmoposmupeHoro rpadity (TPI') Ta aktuBoBanoro Byrimuisa (AB).

B sxocTi Tect-00’exTy Oyno obpano kpec-canar (Lepidium sativum L.) — OTHOPIYHY TpaB'sTHUCTY
pociuny ponuan Kamyctsiaux abo Xpecrouitux (Brassicaceae). Kpec-canar € KylbTyporo, JIyxkKe
YYTIMBOIO /10 3a0pyJHEHHS HABKOJHUIIIHBOTO CEPEOBHINA PI3HOMAHITHUMH MONIOTaHTaMu. J[aHa
TeCT-KyJIbTypa iHpopMaTHBHA B pa3i 3a0pyHEHHS I'PYHTIB BAXKKUMHU MeTajlaMy, HaQTOPOAYKTaMH,
panioaKTUBHUMU PEYOBUHAMH Ta MPH KOMIUIEKCHOMY 3a0pyaHenHi [5]. ITix BrnmuBoM 3a0pyaHIoBadiB
MOXYTh 3MIHIOBATHCS KOPCHI Ta IMaroHH Ii€i POCIHMHHU, MOPYUIYEThCS CXOXKICTh HaciHHS. Yepes
MPOCTOTY BHPOIIYBAaHHS T4 BUCOKY IIBHJKICTH POCTOBHX IPOIECIB Kpec-cajlaT MOXKE BUCTYIATH
IyKe 3py4HUM 00'ekToM OioiHAMKallii Ta G10MOHITOPUHTY.

JList po3paxyHKy (piTOTOKCUYHOTO €PEKTy Ha POCTUHH Kpec-callaTy BUKOPUCTOBYBAIH HACTYITHY

popmyuy:

Lo—Lyx
Lo

®E = x 100% (1)

ne Lo — cepeHst cX0XiCTb POCJIMHU, BUPOLIEHOT HA KOHTPOJIBHOMY CEepelOBHILL,
LX — cepenHst cX0KICTh POCIMHM, BUPOLLEHOI 111/ BIVINBOM TOKCHYHOTO (paKTopa.

OuiHKy ¢iTOKCHYHOCTI Ha(hTO3a0pYAHEHUX IPYHTIB IPOBOJMIIN 32 IIKAJIOK PIBHIB TOKCUYHOCTI,
HaBeJeH1H y Tabmui 1.

Taoauns 1 - I1lkana piBHIB TOKCHYHOCTI IPYHTIB

PiBHi npurniyeHns
IIpoueciB cxoxocTi PiBenb TOKCHYHOCTI
(pitoroxkcuunuii edekr), %
0-20 BincyTHicTh 260 ciabkuii piBeHb TOKCHYHOCTI
20,1 —40 CepenHiii piBeHb
40,1 — 60 Buie cepeHporo piBHs
60,1 —80 Bucokwuii piBeHb
80,1 — 100 MaxkcumanbHHUN piBEHb

Ha nepmoMy erani npoBoAMIIN JJAOOPATOPHI JOCIIAN JUI BUBYEHHS PI3HOMAHITHUX MapaMeTpiB
¢iToTokcuuHOTO e(heKTy MpH 3a0pyIHEHH] IPYHTY CUPOI0 HadTOI0. Y €MHOCTI, 1110 MicTiin 1o 500 r
IPYHTOBOI cymilni BHOCHIM cupy HadTy y konmenrpamisx 0; 10; 30 ta 40 cm®/kr. Ha mryuno
3a0pyqHEHOMY TPYHTI BHICIBAJIM JOCHTIJHI POCIMHH, CTIIOCTEPIralodd 3a CXOXKICTIO, MOKa3HUKaMU
pOCTY 1 PO3BUTKY Ha paHHiX (hazax Beretauii. KOHTposibHY rpymy CKiIaau IPOPOCTKH, BUPOIIEHI Ha
YUCTOMY IpYHTI. Peakuis pocivH Ha 3a0pyqHEHHs IPyHTY Ha(TOIO OIliHIOBasacs Bi3yaJbHO Y
npoiieci BereTaii, pikcyBajau HACTYITHI TapaMEeTPH: BIICOTOK CXOKOCTI (%), TOBKHUHY BCI€T pOCIMHU
(cM), TOBXHHY KOpeHs (CM), JOBXKHUHY JUCTKA (CM), JOBXHHY JIMCTOBOI IJIACTHHH (CM), KIIBKICTh
01uHUX KOpiHIIB. B KOXXHY €MHICTh BHca/pKyBayiu 1o 10 HaciHMH. 3HaUeHHS KOXKHOTO MapameTpa
00YHCITIOBAJIM SIK CEpeHE apupMETHUHE Cepe]l BIAMOBIIHUX MMOKa3HUKIB IPOPOCINX HACIHUH.

Pesynbratu 1oCiiKeHb 11010 BIUTUBY KOHLIEHTpAIil HATH Y YOPHO3EMHOMY I'PYHTI Ha CXOXKICTh
Ta MOP(OJIOTIUHI TTOKA3HUKHU Kpec-cajaTy MpeacTaBieHo Ha puc. 1, 2. Bike 3a KoHIeHTpalii cupoi
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naptu 10 cM’/kr B 3paskax IpyHTy crocTepiraBcs ¢itoTokcuunuii edext Ha pisHi 20 %, a npu
30uTbImeHHi BMicTy Hadtu g0 40 cM’/kr BiH mocsraB 60 %, 110 BimoBimae BHCOKOMY DPIBHIO
TOKCUYHOCTI (Tadi. 1).

70%
60%

ditoToxkcnuHni edekT,%
[l 78] = %3] [=A]

2

=)
ES

0 10 30 0
Konnenrpams vadri, cm*/Kr

Puc. 1. 3anexHicTh PITOTOKCHYHOTO €(PEKTy BiJl KOHIIEHTpalii cupoi HadhTH y TpyHTI

Brecenns y rpyHT 10 cM?/Kr HaTH NPU3BOAMIO 0 3HMYKEHHS >KUTTE3IATHOCTI POCIUH Kpec-
caJarty, 110 CyIPOBOIXKYBAJIOCS 3HUKEHHSAM YCIX J0CHIHKEHUX MOP(HOIOTIYHUX MOKA3HUKIB Maibke
B 2 pa3u MOpiBHSAHO 3 KoHTpojeMm. [linBumeHHs xoHueHTtpamii Hagtu y 1pyHTI 10 piBHA 30 Ta
40 cM*/Kr BUKIIMKANO Pi3HOCHPAMOBaHI 3MiHH POCTOBHX IPOIECIB KPEC-CanaTy Ta JeMOHCTPYBAIIO
BIJICYTHICTB JIIHIHHOT 3aJI€KHOCTI MK 03010 BHECEHOI Y IPYHT Ha(pTH 1 OUIBLIICTIO JOCIIIKEHUX
MOp$OJIOTriuHUX MOKa3HUKIB. HaltOibIn cTab1IbHUM MMOKa3HUKOM, SIKMH 3a3HaBaB HAlIMEHIIMX 3MIH
npu 3a0pyIHEHHI IPYHTY CHUPOIO HaTOH BUSBUIACH JOBKMHA KOPEHsI Kpec-cajary, a HahOlibIl
YYTJIMBUM — KUIBKICTh O1YHUX KOPIHIIB, SIKI Maike 3HUKAJIM ITPU BHECEHHI B I'PYHT HaWBUIIOI J03U
HadTH 3 TOCTIHKEHOTO KOHIIEHTPAIIHHOTO /iana3ony (puc. 2).

10

Tecr-mtapaMeTpu
»

‘|

Koumenrpartist HadTir, cM*/Kr

M 3ara/ibHa [J0BMKNHA POCAMHM, CM M [lOBIKWHA KOPEHA, CM M [IOBJKMHA IUCTKA, CM 1 [IOBKMHA INCTOBOT MNACTUHK, v B BiuHi KopiHLj, wT

Puc. 2. Peaxuiis pocnuH Ha 3a0pyIHEHHS IPYHTY CUPOIO HAPTOO
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Ha HactynmHoMYy eTarri JOCIIKEHb OIIHIOBAIN MOKIIUBICTh 3HI)KEHHS TOKCUYHOCTI 3a0pyTHEHUX
HAQTOI TPYHTIB 32 pPaxyHOK BHUKOPUCTAHHS COpOEHTIB. MOKIMBOCTI BUAaleHHs HapTH 13
3a0pyIHEHUX TEPUTOPIM MIIAXOM aJcopOIii MPeICTaBIeHI IHUPOKUM aCOPTUMEHTOM MPUPOIHHUX
OpTraHiYHUX, HEOPTaHIYHUX Ta CUHTETUYHUX COPOEHTIB. BHUCOKMM MOTEHIIAOM BiIPI3HSIIOTHCS
COpOCHTH HAa OCHOBI BYyIJIELIEBUX MaTepiajiiB, OCKIJIbKM BOHHM MalOTh BEJIMKY IUIOLLYy MHUTOMOI
MOBEPXHI, HU3bKY IIUIbHICTh, BIJIMIHHI MEXaHI4HI BJIACTHBOCTI, rapHy XiMiuHYy CTaOUIbHICTB,
€KOJIOT14HICTh, BEIMKUI 00’ €M TOp Ta T1apodhoOHI BIACTHBOCTI.

Jis moanpIux T0CIipKeHb Oyiu BiliOpaHi 2 THIH ByIJIELIEBUX COPOSHTIB: aKTUBOBAHE BYT1JLIS
(AB) ta Tepmoposmmpennii rpadit (TPI), sxi momaBamu 10 IpyHTIB, 3a0pYyITHEHUX HAWBHUIIOK 13
JOoCTiKeHUX 103 cupoi HapTu. Y mocynuuu 3 500 T IpyHTY BHOCHIHN cupy HadTy y KiabKocTi 40
CM>/KT Ta 10aBajn copbenTH y Kinbkocti 20, 40, 80 Mr/Kr.

Pesynbratu copOuiiHOro oOuMIIeHHS HAPTO3a0PYAHEHHOTO IPYHTY 32 JIOTIOMOTOI0 aKTHBOBAHOTO
Byriuis (AB) npencrasieni Ha puc. 3, 4.

SIx MokHA 1M00aunTH 3 HaBeneHoro rpadika (puc. 3), BHECEHHS B IPYHT aKTHBOBAHOTO BYTLILIS
JO3BOJISUIO 3HM3UTH TOKCHYHICTH Hadro3abpyaHeHux rpyHTiB 3 60 % (puc. 1) mo 20-30 %, mro
BIJIMIOBIZJa€ CepeTHHOMY PIBHIO TOKCHMYHOCTI. [Ipy oMy Mmaiike BCi TOCIHIPKEHI TeCT-MapaMeTpu
MOBEPTAIKCS JO KOHTPOJIbHUX PIBHIB, a HAOUIBII Yy TIHMBI — 3a3HABAJIM HE3HAYHOT CTUMYJISAIIT (pHC.
4).

50

-
L

=y
=]

93]
%]

30%

78]
=]

20% 20%

(]
=]

ditorokcmuHunii edext,%
I N
u %]

s
=]

40/20 40/40 40/80
Konmenrparris nadgtu, cv’/kr/KoHienTpaliis ByTiIII MI/KD

Puc. 3. 3anexHicTh HITOTOKCUYHOTO €PeKTy IpH 3a0pyIHEH] IPYHTIB CUPOIO HA(PTOIO B
KOHIIEHTpaii 40 cM>/KT Bijl KOHLIEHTpAIlil AKTMBOBAHOTO BYTilIs
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Tecr-napametpu
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[

M 3aranbHa J0BMUHa, cm B JlOBXKMHA KopeHs, cM M [LOBXWHa IMCTKa, CM JoBxuHa NMCTOBOT naacTuHy, cm B BiuHi KopiHui, wT
Puc. 4. Peakuist pocius Ha 3a0pyIHeHHsS IpyHTY cupoio HadToro (40 cM’/kr) B mpucyTHOCTI

AKTMBOBAHOTO BYT'JUIS B PI3HUX KOHIIEHTPALIfX

[Ipn BukopucTaHHI B SKOCTI copOeHTa TepMopo3impeHoro rpadita ¢GiTOTOKCUYHUN edekT
Brayiocss 3HM3UTH 10 0 %, SKIIO KOHIIEHTpaIisi copOeHTa BJBiiUI MEPEBHIyBaJIa KOHIICHTPAIIIIO
BHECEHOI y I'pyHT HadTH (puc. 5).
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20% e 20%
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[Sal

40/20 40/40 40/80
Konuenrpams vadgTu, cm’/kr/Konrenrparisa
TEPMOPO3MIIPEHHOTO TPaiTy MI/KT
Puc. 5. 3anexHicTh PITOTOKCUYHOTO €QeKTy NMpH 3a0pyaHEH] IPYHTIB CUPOIO HA(TOIO B
KoHIeHTpalii 40 cM’/KT BiJl KOHIIEHTpAIlil TEPMOPO3IIHPEHOTO rpadiTy
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> = ‘
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0
0 20 40

Josa TPT, Mr/kr

Tecr-mapamerpn
=)

5

80

M 3aranbHa A0BKMHAE, CM M [loBXWMHa KOPEHA, M o [loBKHHA NIUCTKa, CM [oBHK1Ha IMCTOBOI NNacTHUHK, CM W BiyHi KopiHui, wT

Puc. 6. Peaxuist pociun Ha 3a0pyJHEHHs IPYHTY cHporo HadToo (40 cM>/Kr) B IIpHCYTHOCTI
TEPMOPO3IIUPEHOTO TpadiTy B pi3HUX KOHIEHTPAIISX

BucHoBku. OTpuMaHi pe3ynbTatd Oy peleBaHTHUMHU Ta J00pe ONMCYBaJIM BIJIMB TOKCUYHUX
dakropiB Ha mapaMmeTpu pociuH. [Ipu BUKOpUCTaHHI B SKOCTI copOIiiHux marepianis AB ta TPT'
CJIiJ BIAMITUTH, 110 €(PEKTUBHILINM cebe MOKa3aB TePMOPO3IIUPEHUH rpadit, 3 HUIM HaM BIAJIOCS
JOCSITTU KPAIIOro PiBHS CXOXKOCTI POCIHH, HIK IPU BUKOPUCTAHHI aKTUBOBAHOTO BYT1JUIA B 3pa3Kax
IpyHTy 3a6pyaHeHux HapToo Ha piBHI 40 cM’/kr. DITOTOKCUYHMIA e()eKT 3 AKTMBOBAHUM BYTLLISAM
CIoCTepiraBcsi Ha piBHI HU3BKO — CepeHil, MakcUMalbHUN % (DITOTOKCMYHOTO €(EeKTy CTaHOBHUB
30%. VY 3paskax 3 TepMOpO3MUpeHUM rpadiToM (iToTokcuyHUi edekt OyB He Bulle no3Hauku 20
%, T00TO cinaOKkuil piBeHb (PITOTOKCUYHOCTI, @ B OAHOMY 3pa3Ky 3 KoHueHTpauieo TPT — 80 mr/kr
B/AJIOCS JOCATTH MTOBHOI BIZICYTHOCTI (piToTOKCMUHOTO edekTy. CepeiHi 3HaUe€HHs TeCcT-apaMeTpiB
3pa3KiB 3 BHECEHUM TEPMOPO3LIMPEHNUM TpadiTOM BUIIIl, HIX Yy 3pa3Kkax 3 BHECEHUM aKTHMBOBAHUM
BYT'ULIISIM, 30KpeMa Il Taki MapaMeTpu sK 3arajbHa JOBXKHHA POCIMHH, JOBKHWHA KOPEHs, IUIOIA
JIMCTOBOI IJIACTUHU Ta HAsIBHICTh O1YHUX KOPIHIIIB.

OTtpumaHi pe3yibTaTd CBiAYaTh MPO TE, 0 COPOLINHUI MeTo MOXKke OyTH MEPCHEeKTUBHUM MPU
pesBiTanizaiii HadhTo3a0pyIHEHUX TEPUTOPIH.
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Abstract

In this work, a study was conducted to study various parameters of the phytotoxic effect in case of
soil contamination with crude oil, as well as the possibility of reducing the toxicity of oil-
contaminated soils due to the use of sorbents was evaluated. Activated carbon and thermally expanded
graphite were used as sorbents. The obtained results indicate that the sorption method can be
promising in the revitalization of oil-polluted areas. When thermally expanded graphite was used as
a sorbent, the phytotoxic effect did not exceed 20%.
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KATAJITAYHUI KPEKIHI IIOJICTUPOJY HA HIEOJIITHUX KATAJIIBATOPAX

Mapuna CAKAPA, Baaauciaas IBAHEHKO, Bikrop KYPUJIEHKO,
Oaena AHYIHIEBCBKA, Terana JOHIIOBA
Kuiscorkuu nonimexniunuu incmumym imeni I2ops Cikopcbkoeo
Bbepecteiicbkuii npocnekt, 37, m. Kuis, Ykpaina
e-mail: ivanenko.vladislav@lll.kpi.ua

Anomauin

Memoio 0anoi pobomu € 00CHiONCEHHS epheKMUBHOCMI KAMANIMUYH020 KPeKiHey K Memooy
nepepooOKU NIACMUKOBUX BI0X00i8, 30KpeMma NONICMUpONY, 3 SUKOPUCAHHAM Kamanizamopie Ha
OCHO8I npupoonozo yeoaimy. Ilpoyec Kamanimuuno2co KpeKiHey NONICMUPOLY BUBYAIU 3d
memnepamypu 170-185 °C, nicis yoco eusnauanu euxio piokoi gpakyii, axy docnioxcyeanu [4-
cnekmpockoniero. Pesynemamu ananizy cgiowams npo Oiibuly KAMAIimuuHy aKmuHicmb
NPUPOOHO20 YeONim)y.

Knrwouosi cnoea: niacmuxogi 6i0xXoou, NOLICMUPON, KAMANIMUYHUL KPeKiHe, NpupooHi ma
CUHMEeMUYHI YEeOoNimHI Kamaiizamopu.

[InacTuk cTaB HEBi €MHOIO YaCTHHOK HAIIOrO MOBCAKAECHHOIO YKUTTS 4Yepe3 CBOIO MIIHICTB,
JIETKICTh Ta BIJHOCHY JemieBu3Hy. OHak Horo HaaMipHe BUKOPUCTAaHHS Ta HEJOCTATHBO JIOCKOHAII
TEXHOJIOT1] MepepoOKH CTBOPIOIOTH CEPHO3HY E€KOJIOTIYHY 3arpo3y, IIKOISYU 370POB’I0 JIIOJEH,
TBapHH 1 pOCIHH. 3aranoM y cBiTi 46% MIACTUKOBUX BiJIXO/iB BIAMPABISETHCS Ha CMITTE3BAIMILA, A
22% B3arajii He OXOIUICHI CHCTEMOIO0 TTOBO/KEHHS 13 BIIXOJaMH Ta MEPETBOPIOIOTHCSA 3 YaCOM Y
cMmiTTs. Ha BimMiHHY BiJl IHIIMX MaTepialiB, MIACTUK MPAKTUYHO HE MiAJAEThes Oioferpaaaiii i Ha
Horo pyiHyBaHHS, 3a pI3HUMHU €KCIIEPTHUMHU OILIIHKaMH, Moxke 3Hagooutuck 1o 1000 pokis, uepes
1110 HAKOMTMYEHHS MJIACTUKOBUX BIJXOJIB y JOBKULII BUKJIMKAIOTh II100ajbHE 3aHENOKOeHHS [1].

[Momictupon (PS), BiACOTOK SIKOTO y 3araJbHOMY OOCs31 MJIACTUKOBHUX BiAXO0AiB ckianae 20%,
Jy’e MOBUIBHO MiAJIA€ThCsl 010JI0TTYHOMY PO3KJIaIaHHIO B IPUPOTHOMY CepeioBHUli [2], came ToMy
PS 306epiraerbcst mpoTsATOM TpPUBAJIOro 4Yacy y MOBKULIL. Y Toi ke vac PS e mpencraBHHKOM
HOJIIMEpiB, IO BIAHOCATH O TEPMOIUIACTIB, SIKI 32 HArpiBaHHS JI0 NEBHOI TeMIepaTypH 37aTHi
000pOTHO MEPEXOIUTH Y B A3KOTEKYUYUH CTaH, 1 3aBISKH [IbOMY PS yCHillIHO MiAa€THCS KPEKIHTY 3
YTBOPEHHSM OUIbIIT HU3KOMOJIEKYJISIPHUX CTIONyK. KaTaniTHYHUN KPEKIHT € OJJTHUM 3 IEPCIIEeKTUBHUX
METO/IIB XIMIYHOI NepepoOKH MIACTUKOBUX BIIXOJIB y PIIKE MaJIMBO, SKE MOXKE PO3IIAIATHCH SIK
KoMepiiHuii TpoAykT [3, 4]. ¥ gociimkeHHi [5] moBiIOMISE€TECS PO KaTaliTUYHY AeCTpyKIio PS
Ha TBEPAUX KHUCIOTHO-OCHOBHUX KaTaiizaTopax, B CHHTE31 SIKHX YaCTKOBO KOMOIHYBaJlld KUCJIOTH 1
OCHOBH JUIs TOKPAIIEHHS X CEJIEKTUBHOCTI MO BiTHOLIEHHIO JI0 P1IKUX NMPOAYKTiB. Byno BusBieHo,
1o TBepauii ocHoBHui KaTanizatop (KFe/y-Al203) BusiBUB e(peKTUBHICTH B IPOLIECI PO3KIIAAaHHS
PS, cenexTuBHICTh BUXOAY CTUPOIY cKiajgana 83,2 % mnpu 3aralbHOMY BUXOJY PIJIKUX MPOJIYKTIB ~
83%. Karamnizarop nmokaszaB MpoJIOHTOBaHY aKTHUBHICTh 1 CTaOUIbHICTH B poOOTI, BiH HE MOTpeOyBaB
pereHepariii MpoTAroM KiIBKOX LHMKIIB, IO € O3HAKOI HOro NMepCreKTUBHOTO BUKOPHCTAHHS B
mporiecax JemnoJiiMepizaili MmiacTukiB. Y poOoTi [6] JOCTHITKEHO KaTaTiTUYHE TMEPETBOPEHHS
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MOJIICTUPOITY Ha IeoNiTHUX KaTtamizaTopax: HZSM-5, HB, HY, and USY. Haii6inbIry cenekTuBHICTh
mo/10 O€H30JTy Ta eTUIOCH30JIy MoKa3aB yibTpacTtadiapHui 11eoiT Y (USY) 3 Benukum po3Mipom
nop — 5,6 aM. Y po6oTi [7] IOCHIIKEHO MpoLec KaTaliTUYHOro mipodizy PS 3 BukopucTaHHAM
KaTaJi3aTopiB MPUPOJHOTO IICOJITY Ta CHHTETHYHOTO IIEOJITIB. Y KATANITUYHUX TMIPOJI3ZHUX
IPOAYKTaX 3 BUKOPUCTAHHSAM IMPUPOIHOTO IIE0JIITYy, OCHOBHUMH CHOIyKaMu Oynu: ctupod (60,8%),
metmiictupoda (10,7%), Toni K y KaTadiTUHYHOMY MipOJIi3i 3 CUHTETUYHUM II€0JIiITOM, OCHOBHHUMH
cnonykamu Oynu: anmbha-metrmictupon (38.4%), crupon (15.8%), Genzon (16.3%), eTminOeH30I
(9,9%), 13ompominbenson (8,1%). BcranoBneHo, 10 cepeaHe 3HAUEHHS BUIIOI TEIUIOTBOPHOI
3natHocTi (HHV) pigkux mpogyKTiB KaTaliTHYHOTO MipOJIizy 3 BAKOPHUCTAHHIM IMPUPOIHUX IIEOTITIB
1 CHHTETUYHHUX IIE0JTITiB CTaHOBUTH 41,7 1 40,6 MJx/KT BianoBigHo. [le CBITUUTS, 110 OTpUMaHi pijaKi
Macia MOXYThb OyTH TpHIATHI A OMAJeHHS Ta BHPOOHMIITBA €HEprii, IO JIEMOHCTPYE
NEPCICKTUBHICTh BUKOPHCTAHHS IEOJITIB SK MPUPOIHOTO, TaK I CHHTETHMYHOTO TOXOJDKEHHS B
nporecax TEPMOKATATITHYHUX IEPETBOPEHD TUIACTHKIB, 30KpeMa, MOJTICTUPOITY Y PiJIKi IPOIYKTH.

MeToro poOOTH € TOCTIHKEHHS KaTaTiTHYHOI aKTUBHOCTI KaTajai3aTopiB Ha OCHOBI YKpPaiHCHKO1
CHUPOBHHH JJIs1 HU3BKOTEMIIEPATYPHOTO KaTaJITHYHOTO KPEKHHTY MOJICTUPOIY.

Sk xaTanizaTopy BUKOPUCTOBYBaIU Mpupoauuii neonit CokupHuiibkoro poaosuiia (Ze0-0) ta
foro kucinoro-aktuBoBaHa opma (Ze0-1). 3a XiMIYHUM CKJIAJIOM MPUPOIHHNA IEOJIT MICTUB 65-
71% oxcuny kpemHiro (SiO2) ta 11-13% okcuny amominio (Al203), 3 MOJISPHUM CITIBB1IHOIIEHHSIM
Si/Al B giama3owi Bix 4,8 1o 5,4. [Ipouec akTuBaii NpUPOAHOTO LEOIITY IPOBOIIIN 00poOKor0 2M
po3unHoM HNO3 1151 301UIbIIIEHHS HOTO MUTOMOI TII01i moBepxHi. [Tutoma muroma nosepxHi ZeO-0
cranoBmia 12 m?/r, a ZeO-1 — 39 m?/r.

KataniTH4HU# KPEeKUHT MOJICTHPOJIY MPOBOJMIN HACTYITHUM YHHOM. Y KPYIJIOJIOHHY KOJOY
3aCHITA]IM HABAXKKY 3paskiB modictupony (25 r) ta BignosimHoro karamizatopy (5 r). Ilpomec
BinOyBaBcs 3a Temnepatypu T = 170-185 °C. Temnepatypa napiB mija yac KOHACHcallid piakoi ¢asu
cranoBmwia T =115-125 °C. Buxizg pigkoi ¢pakiii 3a 3acrocyBanns ZeO-0 cranosmia 61,4%, a 3a
3actocyBaHHd Ze0-1 — 52,3%. Pinky ¢a3y anamizyBanu [Y-crekTpockomiero, pe3yabTaTd sIKOL
HaBEJCHO Ha PUCYHKY | (CHEKTpHM Malld OJHAKOBHMM XapakTep). AHami3 iH(pauepBOHHUX CIIEKTPIB
BKa3y€ Ha NPUCYTHICTb TUIBKH CTUPOJTY B PIIKUX MPOJYKTAX KPEKIHTY A7l 000X KaTali3aTopis.

. [ STYRENE. 9% —]
100 V
%T | H
50 |
4000 3500 3000 2500 2000 1500 1000 500
STYRENE, 99 % cm-1

Puc. 1. [U-criekTp piIKOro NpoAyKTY BHACIHIIOK KPEKIHTY MOIICTUPOITY
13 3acrocyBanHsaM ZeO-0 ta ZeO-1

OTxe, IK MOXKHA OaYUTHU 3 OTPUMAHUX JaHHMX, HAWOUIbLI MEPCIEKTHUBHUM KaTali3aTOpoOM €
MPUPOJHUIN LEOJIIT, e BUX1J piAKoi ¢a3u cTaHOBUTH Ha pubnu3HO 10 % Olnblie, aHDK Y BUMTAIKy
BUKOPUCTAHHA KHCJIOTO-aKTUBOBAHOIO I€ONITY. B mojanbmioMy IUlaHyeTbes JOCTIIKEHHS
KaTaJIiTHYHOTO0 KPEKUHTY B CEPEOBHUII BOAHIO.
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Abstract

The aim of this study is to investigate the efficiency of catalytic cracking as a method of processing
plastic waste, in particular polystyrene, using catalysts based on natural zeolite. The process of
catalytic cracking of polystyrene was studied at a temperature of 170-185 °C, after which the yield of
the liquid fraction was determined and analysed by infrared spectroscopy. The results of the analysis
indicate a higher catalytic activity of natural zeolite.
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ANALYSIS OF WAYS TO REDUCE ENVIRONMENTAL POLLUTION FROM COKE
PRODUCTION IN CHINA
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Abstract

The work considers environmental pollution by coke production using traditional technology in
China. The features of emissions and discharges treatment, which are introduced into the practice of
treatment systems in industrial production, are determined. The directions of reducing pollutant
emissions into the air and natural waters, which provide for an integrated approach that combines
regulatory and legal regulation, technical innovations in methods of cleaning polluted streams,
introduction of technological methods of coke production, etc. are analyzed and systematized.

Key words: coke production, pollutants, treatment methods, regulation, innovations,
technological methods.

China is a leading producer, consumer and exporter of coke in the world. At the same time, there
is an urgent need to address the high emissions of pollutants and carbon dioxide associated with
traditional coke production in the country [1]. Pollution from volatile organic compounds generated
in the coke industry alone accounts for about 7.8-20% of total historical industrial emissions of these
substances in China. It is proposed to take stricter and more effective measures for the coke industry
regarding coking and gas treatment processes [2]. Considering this situation, an analysis of
publications on current trends in reducing environmental pollution may be appropriate when
implementing activities to prevent the negative environmental impact of coke production.

Emissions from coke production contain a range of pollutants: particulate matter (PM10 and
PM2.5), sulphur dioxide, soot, benzene-soluble substances, benzopyrene, NOx, H2S, CO2, CO and
NHs. The coking process releases volatile organic compounds such as alkanes and alkenes, aromatic
compounds, and benzene, which is a Group 1 carcinogen.

To solve the air pollution problems related to the coke industry in China, the Chinese government
has issued a number of policy documents [3]. These include regulations on issuing permits for
pollutant emissions for the coke industry, monitoring coke ovens, etc.

A special attention is paid to the formation of coke oven gas that needs to be treated. Currently,
the following methods are widely used to treat coke oven exhaust gas: absorption, adsorption,
condensation, combustion, negative pressure recovery, rotary molecular sieve adsorption
concentration technology, RCO, RTO, nitrogen cycle desorption adsorption recovery technology, and
biological treatment [4]. To solve the problem of carbon neutrality, China is implementing new ways
to utilize coke oven gas, which involves the production of hydrogen, methanol and other "green”
alternatives to coke oven gas utilization [1]. Considering that the hydrogen content of coke oven gas
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positions it as a promising source on the way to a hydrogen economy [5], it is important for the
country to develop this area.

The volume of wastewater generated in the production of coke in China is quite significant and
reaches 60 % of the world's volume and contains a large number of various pollutants, including only
300 organic compounds [6]. Coke wastewater contains insoluble (suspended and colloidal) particles,
but the main pollutants are phenolic substances and a number of other organic compounds, such as
benzene and its derivatives, monocyclic, polycyclic and heterocyclic compounds, petroleum
products, fatty acids, etc. [7]. An integrated approach is usually used for wastewater treatment:
pretreatment, physical and chemical treatment, and biological treatment [8]. The traditional
technology of physical and chemical treatment of coking wastewater mainly includes such methods
as adsorption, coagulation precipitation, extraction, etc. After the primary physical and chemical
treatment, biological treatment stages are usually applied in bioreactors with activated sludge.

Due to the low biodegradability of coke oven wastewater, the required degree of treatment can be
achieved by combining new technologies and bioreactors [7]. There are six different variants of
biological treatment processes, classified according to the high (A/A/O, O/A/O, oxic/hydrolytic/oxic
(O/H/0)) or low organic load of coking wastewater (A/O, A/O/O, A/A/O, AIA/O/O), and which are
applied in real systems in China [7-9]. The integration of anaerobic, anoxic and oxidative processes
is promising and can replace traditional biological treatment [10]. It is also advisable to use the SBR
process, which is a sequential batch aerobic biological treatment process similar to the oxygenation
method, to treat coke oven wastewater [11].

Thus, in order to minimize the negative environmental impact of coke production and comply
with the principles of sustainable development, it is necessary to introduce new and improve existing
environmentally friendly and energy-saving production technologies and to consider activities in the
circular economy.

The analysis of information sources has revealed that the reduction of environmental pollution
from coke production in China can be achieved through a comprehensive approach that includes:

- regulatory policy to regulate environmental pollution in the technological sphere of product
manufacturing and environmental limitation;

- implementing the most modern methods of treatment of polluted emissions and discharges, as
well as conducting research to improve the efficiency of emissions and discharge treatment systems;

- development of scientific research on the development of new and improvement of existing coke
production technologies (coal pretreatment and mixing, pyrolysis process, coke quenching processes,
fluidized bed coking, impact of environmental standards on coke production, etc.);

- investing in technological innovations to reduce pollutant emissions, save energy and implement
the latest emission and discharge treatment technologies.
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AHoTanis

Y po6oTi po3rissHyTO 3a0pyIHEHHS! HABKOJIHIIHBEOTO CEpeOBHINA TPH BUPOOHUITBI KOokcy B Kutai
3a TPaaWIIMHOI TEXHOJOTi€. Bu3HaueHO OCOOMMBOCTI OYMINEHHS BUKHUIIB 1 CKHUIIB, SIKI
BITPOBAKYIOTHCS Y MPAKTUKY OYHUCHUX CHUCTEM IPOMHCIOBOrO BUpOOHUITBA. [IpoaHaizoBaHO Ta
CHUCTEMAaTHU30BaHO HAMPSMHU 3MEHIIICHHS] BUKUAIB 3a0pyIHIOIOUYUX PEYOBHH B aTMOC(EpHE MOBITPs
Ta TPUPOJIHI BOJH, SIKI MependavyaroTh KOMIUIEKCHUH MiAX1J, M0 MOEAHYE HOPMATHBHO-TIPAaBOBE
peryJItoBaHHS, TEXHIYHI IHHOBAIil B METOJaX OYHINEHHS 3a0pyIHEHUX TMOTOKIB, BIPOBAIKEHHS
TEXHOJOTTYHUX METOIB BUPOOHHIITBA KOKCY TOIIIO.
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Abstract

Evaporation is the phase transition process playing a significant role in many spheres of life and
science. Volatilization of hazardous materials, pesticides, petroleum spills, etc., impacts the
environment and biosphere. Predicting evaporation fluxes in specific environmental conditions is
challenging from theoretical and empirical points of view. A new practical method for estimating
fluxes is proposed based on our experimental results and previously published data. It is
demonstrated that some parameters in theoretical equations for near-equilibrium evaporation can be
estimated from experiments, and these formulas can be exploited to predict steady-state evaporation
fluxes in the air in a range of eight orders of magnitude based on a single experiment carried out for
nontoxic volatile compounds.

Key words: evaporation into the air, evaporation kinetics, vapor pressure, hazardous materials,
pesticides.

Evaporation is a liquid-gas phase transfer process commonly occurring in nature. It has multiple
applications in the industry and is vital for environmental science. The evaporation of crude oil and
petroleum products in industrial storage tanks has not only large economic significance [1], but also
contaminates the environment [2]. Air and soil pollution by herbicides impacts human health [3].
Using hazardous compounds in agriculture, chemical plants or laboratories, and even dwellings
creates risks to the health and safety of people and animals. For example, one of the critical parameters
is the volatilization time of solid or liquid pesticides from crops, plants, and soil [4,5]. These are
challenges for environmental science, stimulating the development of methods for predicting the time
scale of evaporative loss from chemical spills or estimating the concentrations of hazardous materials
in the air.

The molecular mechanisms of evaporation are still not elucidated in most cases. Theoretical
investigations of fluid kinetics are limited due to the complexity of the tasks [6]. The two most popular
theories of evaporation are Hertz-Knudsen (HK) [7,8] and statistical rate theory (SRT) [9,10].
However, their application is restricted by near-equilibrium and low vapor pressure cases. Under non-
equilibrium conditions, evaporation and condensation are coupled. Evaporation depends on the
properties of the liquid surface, while condensation depends on the liquid's and the vapor's properties
[11]. As a result, the evaporation and condensation coefficients used in the HK theory are different
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and extremely hard to measure [8]. The coefficients depend on liquid and vapor temperatures, heat
flux, and interface geometry [12].

The SRT provides an alternative expression for the evaporation flux and does not contain fitting
parameters. For some systems, calculated fluxes correspond to measured values [8]. The theory has
been used to solve a reverse task. Using experimental fluxes, vapor pressures above the interface were
calculated and compared with experimental ones [11]. However, the calculations can be done for
particular experimental conditions, and compounds' thermodynamic and spectroscopic properties
(vibrational frequencies) must be known.

Generally, the evaporation flux depends on actual temperatures above and below the liquid-vapor
interface, vapor pressure, and interface contamination. Even the size and shape of liquid samples
affect evaporation. The theories of millimeter or micron-sized drop evaporation and evaporation from
thin films are discussed in review articles [13,14]. Atomistic computer simulations are possible only
for nanoscale systems whose properties significantly differ from macro systems [9,15,16].

For many practical applications and environmental science, predicting evaporation rates in the
air from planar surfaces of large areas under different conditions, including airflow or wind, is
necessary. Neglecting the high accuracy, based on accurately determined thermodynamic properties
of the liquid-vapor systems measured for pure liquids, we have attempted to exploit the functional
form of statistical theory equations to fit experimentally obtained evaporation fluxes, substituting
unknown parameters with empirical coefficients depending on environmental. The present work aims
to establish the relationship between evaporation fluxes and properties of volatile compounds, which
hold in different environmental conditions, and propose a method for predicting evaporation fluxes
based on minimal experimental measurements. For this purpose, we measured evaporation fluxes
from planar surfaces of several liquids using a weight loss method at two temperatures with and
without airflow. The obtained correlations are applied to previously published [4,17] experimental
data to test the method and generalize the results.

Our experimental data were plotted and linearly fitted according to Eq HK. The results are
presented in Figure 1a. If evaporation fluxes differ by several orders of magnitude, the coefficient of
determination R? mostly depends on highly volatile liquids.
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Figure 1. Experimental evaporation fluxes from planar liquid surfaces measured at 293 K and
windless conditions (procedure 1) are linearly fitted according to Eq 6 (a) or Eq 7 (b)

The rate of evaporation of liquids poured into glasses can be regulated not only by the temperature
and speed of air flow, but also by their volume. Measurements performed under real ambient
conditions for reference fluids can be supplemented with results obtained in the laboratory for a larger
set of compounds. This will increase the accuracy of forecasts. Reference systems can be non-toxic
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volatile liquids. The generalized statistical physics equations were used to calculate evaporation
fluxes for the near-equilibrium states.

Based on our experiments and published data, we demonstrated that only one adjustable parameter
is enough to estimate the evaporation fluxes of compounds in a broad range, covering several orders
of magnitude. This parameter strongly depends on environmental conditions and weakly on the
material's properties. The reference and evaluated pure compounds’ molar masses and saturation
pressures must be known for the estimation. For dissolved compounds, one must know solubility and
the Henry volatility.

A simple method for evaporation flux measurements has been proposed. It will increase the
accuracy of predictions. Nontoxic, highly volatile liquids can be the reference systems.

Prediction of evaporation flows in specific environmental conditions is a difficult task from a
theoretical and empirical point of view. A new practical flow estimation method is proposed based
on the obtained experimental results and previously published data. It has been demonstrated that
some parameters in the theoretical equations for near-equilibrium evaporation can be estimated from
experiments, and these formulas can be used to predict steady-state evaporation fluxes in air in the
range of eight orders of magnitude based on one experimented with non-toxic volatile compounds.
Based on the obtained results, it is possible to propose a new method of estimating the evaporation
rate for actual environmental conditions. For this, the conditions for the liquids selected for
experimental measurements must be the same. According to the HK or SRT equations, only one
adjustable parameter is needed to estimate other compounds' flux and evaporation rate. Thus, when
conducting an experiment, instead of measuring the rate of hazardous or low-volatility materials, the
evaporation parameters for non-toxic compounds with high volatility can be used. It can be any
reference liquid, even water, but in this case, the humidity of the air will affect the accuracy of the
prediction. Only molecular weight and saturation pressure of air are required for calculations.
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Abstract

The utilization of a modifier with active centers allows obtaining new biodegradable cellulose
polymers with improved mechanical characteristics. A mixture of epichlorohydrin and
triethanolamine was used as the modifier at different consumption rates for treating sulfite bleached
softwood fibers. The influence of the modifier consumption on the strength indicators of cellulose was
demonstrated. A full factorial experiment was applied as a mathematical processing method to
determine the optimal conditions for cellulose fiber modification.

Key words: cellulose, epichlorohydrin, triethanolamine, modifier, full factorial experiment,
mechanical indicators.

The utilisation of biopolymers as alternatives to synthetic materials represents a pivotal strategy
in the context of the concept of sustainable development. Consequently, the investigation of novel
chemical agents (modifiers) for the treatment of cellulose fibres with the objective of enhancing their
properties represents a significant area of scientific inquiry [1-3].

Cellulose is regarded as one of the most prevalent renewable natural biopolymers. It is
distinguished by low toxicity and favourable conditions for biological degradation, as well as being
readily amenable to modification processes. In its purest form, cellulose fibres are insoluble in both
water and organic solvents, however, their mechanical characteristics do not reach the level of
synthetic materials. The utilisation of such a natural polymer to supplant synthetic materials with
enhanced mechanical properties enables the reduction of the detrimental impact on the environment
and the establishment of an efficacious waste management system [2].

The modification of cellulose fibres was achieved by the use of a modifier, obtained by mixing
triethanolamine and epichlorohydrin. The triethanolamine served as the donor of ammonium groups,
while the epichlorohydrin acted as a crosslinking agent. The utilisation of such a modifier enables the
enhancement of the mechanical characteristics of cellulose fibres and the expansion of their range of
applications [4].

The objective of this study is to examine the impact of modifier consumption rates on cellulose
fiber properties.

The preparation method of the modifier involved the mixing of epichlorohydrin and
triethanolamine in an equimolar ratio of 1:1 in the presence of 1 N hydrochloric acid, followed by an
exposure time at 40 °C for varying durations. The chemical reagents interact in a manner illustrated
in Fig. 1.
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Figure 1 — The mechanism of interaction between epichlorohydrin and triethanolamine

In order to ascertain the active groups that have been formed as a consequence of the interaction
between epichlorohydrin and triethanolamine, the IR spectrum of the obtained modifier was subjected
to investigation (Fig. 2).

In the IR spectrum of the modifier, absorption bands at 1361 cm™ and 1446 cm™ are attributed to
the vibrations of the -CH.- groups, respectively, which are present in the fragment of
2-hydroxypropyltriethylammonium chloride formed as a result of the interaction between
triethanolamine and epichlorohydrin. The band at 1045 cm™ is attributed to the -CH2-N group. The
bands at 2885 cm™ are indicative of the stretching vibrations of -OH groups, while the band at
3261 cm is attributed to the stretching of C-N bonds.

The investigated sample exhibits bands in the intensity range from 1250 to 1020 cm™, which
indicates the presence of aliphatic amines C-N. The sample exhibits intensity in the vibration range
from 840 to 870 cm™*, which characterizes the presence of valence vibrations of C-N bonds.
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Figure 2 - IR spectrum of the modifier

In order to assess the influence of modifier consumption on the strength indicators of cellulose
fibre samples, samples with a mass of 80 g/m? were prepared from sulfate bleached softwood
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cellulose of grade HB-5. The Schopper-Riegler degree of cellulose beating was found to be
91 + 2 °SR. The rates of modifier consumption exhibited a range of values between 20 and 50% of
the absolute dry fibre mass. The prepared fibrous mass was thoroughly mixed and placed in a
thermostat at 40°C for varying durations, ranging from 30 to 120 minutes. The mixing process was
conducted at regular intervals of 10 minutes to ensure uniform distribution of the modifier within the
cellulose mass.

The strength indicators for the cellulose samples were determined according to the regulatory
documents [5-7]: compression resistance, tensile strength, and moisture resistance. The sample
testing was conducted in the accredited laboratory of the Institute of Paper LLC. The results of the
research are presented in Figure 3.
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The data presented indicates that an increase in modifier consumption and the duration of the
cellulose fibre treatment process is associated with a 60 % increase in compression resistance. An
increase in modifier consumption has a positive effect on this indicator, due to the active interaction
of the OH-groups of cellulose with the active groups of the modifier. Nevertheless, when the modifier
consumption reaches 50 % of the absolute dry fiber mass, a reduction in this indicator is observed.
At such consumption rates, the OH-groups of cellulose react maximally with the active groups of the
modifier, thereby creating obstacles for further cationisation.

With regard to the tensile strength indicator, its alteration is analogous to that observed in
compression resistance, thereby substantiating the inefficacy of employing a modifier in excess of
50 % of the absolute dry fibre mass.

In Figure 3(c), the change in the moisture resistance of cellulose samples is demonstrated in
relation to modifier consumption. The research has demonstrated that this indicator decreases with
increasing modifier consumption. This is due to the reduction of free OH-groups in the cellulose
molecule and the disruption of hydrogen bonds between water molecules.

In order to ascertain the optimal conditions for the modification process, a full factorial
experiment (FFD) of type 2n was employed as the mathematical planning method.

The selected quality indicators of the modified cellulose sample are as follows: compression
resistance, kPa (Y1); tensile strength, m (Y2); moisture resistance, % (Y3). The initial factors
influencing the modification process are chosen as the modifier consumption, % (x1), and the duration
of modification, min (x2).

The result of the mathematical processing of the modified cellulose fibre production process
yielded regression equations that adequately describe the dependencies of the output variables Yi on
the factors x;:

a) The mathematical model for the physical-mechanical indicator of compression resistance, kPa

Y1= + 372,29 + 16,0691 + 10,031x> - 5,0468X1 * X - 70,186x1% - 0,18281x.?

b) The mathematical model for the physical-mechanical indicator of tensile strength, m

Y2 = +6557,2 + 398,93x; + 559,05x, - 381,15X; * X2 - 303,75X1° - 156,37x2?

¢) The mathematical model for the physical-mechanical indicator of moisture resistance, %

Y3= +1,7594 - 0,5175x1 - 0,45%, + 0,2745x1 . X2 + 0,14062x:2 - 0,1125x%,?

The regression equations indicate that modifier consumption exerts a more pronounced influence
on the compression resistance indicator. An increase in consumption results in an increase in the
indicator. In contrast, modification duration exerts a more pronounced effect on the tensile strength
indicator. Its enhancement is accompanied by a corresponding rise in this indicator.

The modification process parameters exert opposing effects on the moisture resistance indicator.
An increase in these parameters results in a reduction in the quality indicator of the cellulose material.

The optimal point is identified when the factor values of x1 and x2 assume the following values:
modifier consumption x1 = 40 %, modification duration x> = 60 min. The quality indicators of the
cellulose material obtained at the optimum point are as follows: compression resistance — 368,1 kPa,
tensile strength — 6680 m, moisture resistance — 1,7 %.

The statistical regression equations Y1 — Y3z were employed in a multi-criteria optimisation process
utilising the Gauss-Seidel method. This enabled the determination of the compromise region for the
production of modified cellulose material, contingent on the primary technological parameters (xi),
as illustrated in Fig. 4. The region is situated on the plane x1 — xo.
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Figure 4 - Compromise region for the modification of sulfate bleached softwood cellulose: Y1 -
compression resistance, kPa; Y2 - tensile strength, m; Y3 - moisture resistance, %

Conclusions. The use of a modifier with an ammonium complex allows obtaining cellulose
material with improved mechanical properties and expands its application range. Such modified
material is more attractive for use as a biodegradable material and can be employed for water
purification purposes.
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AHoTanisa

Bukopucranus MoaudikaTopa 3 akTHBHUMH LIEHTPaMU JI03BOJIsIE OTpUMATH HOBI OioaerpagadenbHi
IEITFOJI03H1 TOJIIMEpH 3 MOKPALNICHUMH MEXaHIYHUMH XapakTepucTukaMmu. B skocTi Mmonugikaropa
CyIb(paTHUX XBOWHUX BUO1IEHNX BOJIOKOH. [Toka3aHO BIUIMB BUTpAaTH MOAM(]IKATOpa HA MOKA3HUKU
MIITHOCT] LENIOJNIO3U. 3aCTOCOBAHO IMOBHUN (DaKTOPHUN EKCHEPUMEHT B SIKOCTI MaTeMaTH4HOI
00pOOKM [Tt BU3HAYECHHS ONTUMAIBHIX YMOB MOAM(DiKaIlii [ETF0I03HOTO BOJIOKHA.
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AHoTanig

Y pobomi pozensoacmuvca npobrema ymeopenHs HaKuny 8 RPOMUCIOBUX CUCTNEMAX OXON00HCEHHSL
800U ma memoou ii 3anobicants. Onucyromscsi OCHO8HI Munu XIMIYHUX aHMUCKALanmis: ghocghamu,
Gocgonamu ma nonikapookcuramu. Auanizyromecs iXHi nepesacu ma HeOONIKU, A MAKONHC
exonociuni acnekmu. ITiOkpeciroemvcs 6anHCIUBICMb PO3POOKU HOBUX MA €KONOIYHO Oe3neuHux
Memo0ie 3anobieants ymeopenHio Hakuny. Posersoaromscs nepcnekmueni Hanpamku 00Cai0#CeHs Y
yiu eanysi. Busnaueno cmabinizayiunuti ma npomunakunuuii epexmu peazenmy PT-110 y sodax 3
PI3HOIO JHCOPCMKICMIO.

KurouoBi caoBa: waxun, awmuckanawm, @ocam, Gocghonam, nonikapookcunram,
cmabinizayiunul eghexm.

VY 3B’3Ky 31 3pOCTaHHSM HACEJIEHHS Ta PO3BUTKOM IPOMHCIIOBOCTI, OCOOJMBO 3a OCTaHHI
JECSATHIITTS, MIABULIMINCS MOTPeOU B JOCTYNHUX BOJAHMUX pecypcax, 0 MOCUIIIOE ICHYI0UY KpU3Y
nedinury Boau. Jlns momonaHHs Ae(diUUTY BOJHUX PECYpPCiB Yy MNPOMHCIOBOCTI ILIMPOKO
BUKOPHCTOBYIOTHCSI BOJAOIMPKYJISIIAHI CHCTEMH OXOJIOpKEeHHS Bomu. [Ipore mpu Ge3nepepBHOMY
BUKOPUCTaHHI 0XO0JIO/IKYBaIbHOT BO/IM Oy/1€ 301IbLITYBaTHCh KOHLIEHTPALlis 10HIB, LII0 TPU3BOJIATH 10
yTBOpeHHs Hakumy — Ca?*, HCO3™, COs> Tta SO4>". Binknmanenns Heopraniuamx coneit CaCOs i
CaS0O4 Ha nmoBepxHi TPyOONPOBOIIB 0013 HAHHS TPU3BOIUTH 10 3HIDKEHHS e(DeKTUBHOCTI Nepeiadi
TEeIUla Ta MiJBUILIEHHS BUTPAT HA E€KCIUTyaTallilo Ta OOCIyroByBaHHS OOJIaJHAHHS, a TAKOX MOXE
BUKJIMKaTH KOPO3il0 00JaJHaHHS BHACIIJOK YOro 3MEHUIYETbCA TepMiH Horo cimyxou. Tomy
BaXUIMBHUM € 3aCTOCYBaHHS €()EKTUBHUX METO/IB 3a1100iraHHs abo yCyHEHHsI HaKHITIB.

BBeneHHst XIMIYHUX AaHTHCKAJAHTIB B BOJOLMPKYJSALINHY CHCTEMY OXOJIO/DKEHHS € OJHUM 3
HaWO1IBIIT eKOHOMIYHMX 1 €()eKTUBHUX METO/IIB 3aMI00ITaHHS HAKUIIOYTBOPEHHIO.

KomepiitHo nocTynHi 3aco0u MPOTH HAKHUIy MOXHa PO3AUIUTH HAa TPU OCHOBHI KaTeropii:
docdaru, hochonatu Ta MoikapOOKCHUIIATH.

[Monidocdaru, ocodnmBo rekcameradochat Hatpito (NaPO3)s (TM®PH), Oynu nepimm 3acodom
MIPOTH HAKUITY, KOMEPIIMHO JOCTYITHUM JUTsl BUKOpUCTaHHS [1]. AHTHCKamaHTHA (QYHKIIIOHATBHICTh
y docdarax 3ymoBnena 3B’si3koM 0—P—(0)3, oTpuMannM y peakmisx KoHaeHcarii oprodocdopHoi
KUCIIOTH, Yy JiHIMHIN abo nukmiynii ¢opmi [2]. IMomidochatn BuKOHYIOTH OaraTto (QyHKIIIH,
BKJIIOYAIOYM TOTJIMHAHHS 3aJ1i3a, MapraHiio Ta JYXKHO3EMEJIbHUX METalliB, TAaKUX SK KaJbIliil Ta
marHiit [2]. [Tomidocdaru Takox Ai0Th K KpUCTaNIiuHI MOAU(DIKATOPU KaJbI[IEBUX Ta MarHi€BUX
BIJIKJIAJICHb Y CyOCTeX1OMETpUYHUX KiIbKOCTsAX. OcHoBHMM HenoiikoM I'M®H e rigponituune
posuierieHHs: akTuBHOI rpynu O—P—P no oprodocdary, 1o Moxke NOCUIUTH YTBOPEHHSI HAKUITY
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dochary xanpmito [1]. HesBakaroum Ha 1e, [M®H Bce 1me BHKOPUCTOBYETHCS, aje OLIBII
MOIIMPEHUM Ha ycTaHoBKax 30, K1 MPaIlOI0Th 3 TEMIIEPATYPOIO KUBUILHOT Boau HIbkue 45 °C [3].

®ochonatn — e comi ta ckianHi epipu pochonoroi kucnmoru, HPO(OH),, no6pe po3uuHHi y
Bomi. DocdoHaTHI 3acO00M MPOTH HAKUIY BaXJIUBI JJII OYUIIEHHS BOJH, OCKUIBKH BOHH
3a0e3neuyroTh onHy abo Kimbka (ochoHOBHX Tpym, siKi 3B’s3aHi 3B’s3kamMu C—P 3 opraHiuyHHM
kapkacoM. 3B’si3ku C—P € Outbm cTabUIbBHUMH MPU BUIUX TEMIIEpaTypax, HiXkK MOJIMEPHI 3B’ SI3KH
O-P-0, Busineni B momidocdarax [2]. CTiiiKicTh KOMIUIEKCIB MiBUIITYETHCS 31 30UTBIICHHSIM YHCIIa
rpyn ¢ochoHoBOI KucioTu. BimmiueHno, mo ¢ochoHaTH mpamroroTh Kpaile, HibK moidocdar,
0co0rBO 11010 iHTi0yBaHHs Biakmaaenb CaCO3, Mg(OH)2 ta BaSO4. Kpim Toro, inridyroua jis
docdonatiB moa0 CaCO3 € 3HaYHO BUIIOIO MOPiBHAHO 31 mKaigorw CaSO4 [2]. Ak 1 momidocdarw,
dochonaTn TaKOK MOXKYTh YTBOPIOBATH BiJKiIaaeHHA (hocdary KanbIlito [4].

[TomikapOokcumati  XapakTepusyroThcs  (yHkmioHanmbHuMH  Tpymamu  —  COOH.
[onmikapOoKcHIaTHI AHTHCKAJAHTH € AaHIOHHUMU HHU3BKOMOJICKYJISIPHHMH TIOJiE€JIEKTPOIiTAMH.
3aBASKU aHIOHHIA MPHPOJI MOMIKApPOOKCUIIATIB 111 AHTUCKAJIAHTH € XOPOILIUMHU XelaTopamH s
0araToBaJICHTHHX KATiOHIB, 110 MPU3BOAMTH JI0 AUCIEPCii OcaiB Ta CHOTBOpeHHs peuritku. [Ipore
e(eKTUBHICTh MONIKApOOKCHIIATy MPOTH HAKUILY 3aJE€KUTh BiJl MOJEKYJISIPHOI MacH, KUTbKOCTI
KapOOKCHJIPHUX TPYIl Ta MPOCTOPOBOTO pO3TallyBaHHS (PpyHKIiOHaNbHUX rpyn. [lomiakpuiatu 3
MOJIEKYJIsIpHOIO Macoro B aiana3oHi 5000—-6000 r/monb € HalOUIbII IMPOKO BUKOPHUCTOBYBAHUMU
3aBISKA I1X BHUCOKIH TIOTYXHOCTI iHTiOyBaHHA MacmTaly Ta eKOJIOTIYHii cymicHocTi [5].
[Tonmiakpunatu € BHCOKOC(EKTUBHHMHU Y 3amoOiraHHiI 3apoJDKEHHS Ta KpHcTamizaiii 0araThbox
MiHepaiB, 0 YTBOPIOIOTh HAKHUI, IUISIXOM acOpOIii MmoliakpuiaTiB Ha sApax, M0 PO3BUBAIOTHCS
[5,6,7]. Bubip onTumalibHOI KOHILIEHTpAIii MOJIIaKpUJIaTIB € AyKe Ba)JIMBUM, OCKUIbKH HHXK4Ya
KOHIICHTpAILIisl TOJTIaKpHIIaTiB He Oy/1e e(heKTUBHO MPUTHITYBATH YyTBOPEHHS HAKUITY, TO/I SIK BHCOKA
KOHIICHTpAIlisl € HECKOHOMIYHOIO Ta MOXKE JOJIaTKOBO MAaTH 1HII HECHPUATINBI €(PEeKTH, Taki sK
resieyTBopeHHs [S].

Sk BKe 3a3Hayajocs BUINE, TPAJAULIAHMUMM KOMEpLIMHMMHU 3aco0amMM NpPOTH HAKUIY €
nomidocdaru, nomipochonatn Ta momakpwiaTh. 3 OMJISAY Ha CXWIBHICTH TomidocdaTiB 10
ripoii3y 3 yTBOpeHHSM opTodocdariB, 10 MOXe NMPU3BECTH 0 TMOSBU JI0JATKOBUX OCaIiB Ha
NOBEpXHI MeMOpaHM Ta €KOJOTIYHI pPHU3UKHM, MOB’S3aHI 3 BUKOPHCTAHHSAM LBOTO Kjacy
AaHTHUCKAJIAHTIB, OCTaHHIMHM pPOKaMH iX 3acTocyBaHHs Oyno obmexeHne. Cepen ¢ochoHaTIB sK
AQHTHCKAJIAHTH HalOUIbIIe BUSHAHHS OTPUMAIH HITpuiIoTpuMeTpuil pocponosa kuciora (HTMOK)
ta okcuerusieH nuchocdonona kuciora (OEJDK) 3 ix moximaumu [8]. @ochonatn ehekTHBHO
3anmo0iraroTh OCaPKCHHIO HE JIMIIEe KapOOHATIB Ta Cysib(aTiB Kalbllito, a i ¢ocdaTiB Kabliio, 110
3a3BUYall HE JIOCATAETHCS MPHU BUKOpUCTaHHI nojidocdatiB sk iHriditopis. [Ipu npomy BennduHa
noporoBoi il GocdoHaTIB 3aNeXUTh Bil MPUPOAU BIIKIAJAEHb Ta 3aCTOCOBAHOI'O AHTUCKAJIAHTY.
[opiBasHo 3 OEJI®K, HTM®K Ta ii moxigHi € OuIbIl aKTUBHUMH 3 TOYKH 30py NPUTHIUYEHHS
YTBOPEHHS KapOOHATHO-CY/Ib(PAaTHUX OCaiB KaJIbIiI0 Ha MOBEPXHI MEMOpaHU, HMOBIPHO, 3aBJSKU
HAsIBHOCT1 aMiHOTpyHn Yy cTpykTypi Mosnekyad HTM® Ta crnpusitoTh 3HMKEHHIO MUTOMOI BUTPATH
aHTucKananty. OcobnuBuil iHTepec npenctasisie Bukopuctanus cymimi HTM®OK-OE/®K, ska €
HabaraTo e(eKTUBHIIIO, HIK KOXKEH KOMIIOHEHT OKPEMO, 3aBJISIKH CUHEPTiyHOMY edeKTy, TOOTO
B3a€MHIM aKTHBallli aHTHMHAKUIIHUX KOMIIOHEHTIB 13 pe3yJIbTaTOM MOKpAlIeHHS iX aJUTHBHOIO
1HT10yr0490T0 e(peKTy.

EdextuBHicTh QochoHATIB 3HAUHO 3HUKYETHCS NMPH BUCOKOMY BMICTI CIIOJYK KPEMHIIO y BOJI
[8, 9]. Lle moB’s13aHO 3 TUM, 110 (PocOHATH MEPEUIKOAKAIOTh HacaMIlepe/l YTBOPEHHIO Ta POCTY
KpHUCTaNiB, TOJI SK BIJKJIAJAEHHS CIOIYK KpPEMHII0 MaioTh amopdHy mpuponay [8]. Bbimbm
MEePCIEKTUBHUMU JIJIs1 3a00ITaHHS BIAKIAJACHHIO CIIOTYK KPEMHIIO € MOTIMEPH aKpUIOBOI KUCIOTH
Ta 11 HOXIIHUX, SKi, K MPaBUJIO, BUABISAIOTH AUcHepciiiHuiA edekT (mopsia 3 epekToM KpucTalidyHol
nedopwmartii Ta moporosuM edexkrom) [8]. Mosekynn qucnepraropiB Takox e(heKTUBHO 3amo0iraroTh
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BIJIKJIQJICHHIO BaXXKOPO3YMHHUX CIIONYK 3alli3a Ta MapraHiio Ha ToBepxHi MemOpan [8].
JocnimkeHHs BIUIMBY aKpUJIaTHUX Ta METAKpUJIATHUX TMOJIMEpPIB pIi3HOI CTPYKTypu Ta
MoJeKyisipHoi Macu Ha ocamkeHHs CaSOs 2H,0O [10] moka3aio BUCOKY iHTIOyIOYY aKTHBHICTh
AaKpWJIaTIB TOPIBHSHO 3 EKBIBAJICHTHUMH MeETaKpujaTaMH 3a PaxyHOK MaKCHUMallbHOI T'YCTUHU
MOBEPXHEBOTO 3apsy Ha YACTUHKAX TilCy Y MEPIIOMY BUIIAAKY Yepe3 aIcopOIIio moiMepy.

B ocranHi poku CKuAaHHS XIMIYHHUX PEUOBUH Y HABKOJMIIHE CEPEAOBUILIE CYBOPO
PETJIaMEHTYEThCS, Y 3B'SI3KY 3 UUM BUMOTH JI0 PEareHTiB CTOCYIOTHCS HE TUIBKH iX €(DeKTUBHOCTI, aie
i ekoJtoriuHoi 6e3neku. Y po6oTi [11] moka3zaHo rocTpy TOKCHYHICTh KOHIICHTPATY, OTPUMAHOTO TIPH
3BOPOTHHOOCMOTHYHOMY OIPICHEHHI PEANbHUX IMiJ3eMHUX BOJ 3 BUKOPHCTAHHSM JBOX THIIIB
TPaAMIIIHHUX aHTUHAKUIHUX 3aco0iB: ¢docdoHaTiB, mnojikapOOKcUIaTiB abo MOJiaKpUIoBOi
kucnotu. dochoHaTn Ta MOTIAKPWIATH Maibke HE MiATaroThes Oiogerpanarnii, a ¢ocdop Ta
A30TOBMICHI @aHTUCKAJIAHTH €BTPO(IKYIOTh BOJHI OaceiiHU, 3MIHIOIOYH MPUPOIHI O10JI0TIUHI IIUKIIH,
10 TPU3BOAWTH JO 3POCTaHHs OioMacw Ta 3aruOelli BOJAHUX OpPTraHi3MiB uYepe3 J€30KCHTEHAIIII0
Boau [12].

JlocuTh aKkTyallbHOIO € POo3poOKa HOBUX e(DEKTHBHUX, HECTOKCHYHUX, HEO10HAKOTTMIYBATBHHIX Ta
Oloferpayrounux aHTUCKAJIAHTIB /Uil YHUKHEHHS €KOJIOTTYHUX PU3MKIB MPU BUKHUIAX KOHIIEHTPATIB
y HaBKOJIMIIHE cepenoBuine. Y poOoti [13] po3rissHyTo HalOUIBII MEPCIICKTUBHI HA CHOTOIHIITHIH
JI€Hb BUIIU «3€JICHUX» 1HT101TOPIB HAKUIIOYTBOpPEeHHs. HaBeneHo pe3ynbTaTH JOCTIIKEHHS i sK
TPAOUIIMHNX, TaK 1 «3€JCHHX» AaHTHCKAJIAHTIB CY4YaCHUMH METOJaMHU aHaizy (CKaHy4oi
€JICKTPOHHOI MIKPOCKOITi, PEHTreHIBChKOI audpakiiii, IWHAMIYHOTO PO3CIIOBaHHS CBITIA,
(ryopecieHTHOTO MiYeHHS) ISl MiATBEPIKEHHS «IIOPOTOBOTO ePeKTy» Ta Jedopmallii KprCTaliB
Ta AUCTIEPCiiiHI eeKTH B mpoiieci iHri0yBaHHA HAKUIIOYTBOPEHHS.

Mertoro naHoi poOoTH € oOmiHKa eQeKTHBHOCTI BUKOpUCTaHHs peareHTy PT-110 B sxocti
AHTHUCKAIAHTY AJI1 000POTHUX CUCTEM BojonocTadanHs. [[is mporo Bu3Havamu crabimizaliiHui Ta
MPOTUHAKUITHUHN €PEKTH TAHOTO PEAreHTy Y BOJAX 3 Pi3HOO KOPCTKICTIO.

B po6oTi BUKOpHUCTOBYBalM MOJENbHI PO3YMHH 3 TMOKAa3HUKOM >KOPCTKOCTI Boau 7,33 Ta
14,65 Mr-exB/aM° 3a pi3sHEX 103 aHTHCKaNaHTy. JIaa mociimkenHs cTabinizaniinoi 06poOKu BoaH
BUKOPHCTOBYBAJIM aHTHUCKAJIAHT, 1110 MA€ TaKi XapaKTePUCTHKU: 30BHILTHIN BUTIIA — PiAMHA CBITIIO
’KOBTYBaTOro Koipopy; I'yctuna mpu 20 °C — 1,28 r/cm®; Bognesuii mokasnuk pearenty pH = 8,30;
PO3YMHHICTB Y BOJI — MoBHA. KoMITJIeKCHMI peareHT MICTUTh 1HT101TOpH KOpo3ii, qucnepreHT, ITAP,
KOMIUIEKCOyTBOpIoBau. JlaHWil peareHT Npu3HAuYeHUN Uis XIMIYHOTO OOpOOJIEHHS BOJAM, IO
MOJIA€ThCS 0 MAPOBUX Ta BOJAOTPIMHUX KOTIIB, TEMJIOOOMIHHOTO OONagHAHHS IJIs 3aroOiraHHs
KapOOHATHUX Ta 3ali3ucTuX BiakmaaeHsb. Crabunizauiiinuii edpexr (CE) Ta npoTuHakunHUi edextu
(ITE) pospaxoByBanmu 3a Qopmynamiu [14]. JocmimkeHHs TPOBOAUIN MPOTATOM 2 TOAUH TPU
temneparypi 80 °C, 1 4oro BHUKOPUCTOBYBalM TepMmocTtar. O6’eM mnpoO mpu NpOBEJEHHI
mociimkens cranoBus 100 ey, JJo3u AHTUCKAJIAaHTy 3MiHIOBaJIM B Mexkax 2,50 — 10,0 mr/mv®. Tlicas
OXOJIO/KEHHS TpoOH (PibTpyBaIl Ta BU3HAYAIH B HUX 3AIHMIIKOBY KOPCTKICTh.

[Tpu migBumenHi 103 Bix 2,5 mo 10,0 mr/am° MPOTHHAKUITHUN eeKT 301biryerhes Bix 73,31 o
78,77 % Ta Bix 67,78 mo 75,43 % nns Box 3 xopcTkicTio 7,33 (puc. la) ta 14,65 Mr-eKB/IM° (puc.
10) BiMIOBITHO.

Crabinizauiiianit edpext npu 103i 10,0 mr/mm? cranosuts 21,27 % (puc. 1a) ta 24,21 % (puc. 16).
OueBuHO, IO TPH JTAHUX J103aX €(hEeKTUBHICTH CTa01Ti3aiitHOT 0OPOOKH BOJIU € TOCUTH HU3BKOIO.

MoXnIuBO TpU MIABUIICHHI 03U AHTHCKAJIAHTy €(EeKTUBHICTh BIAACTHCS IiIBUIIUTH, TOMY
TIOIAJTBIIN JTOCIIPKEHHS BAPTO MPOBOJUTH TIPH BUIIHMX J03aX aHTHCKAIAHTY.
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Puc. 1. Binus 1o3u antrckananty PT-110 Ha cTabiIbHICT PO3YMHIB 3 BUX1IHOIO KOPCTKICTIO 7,33
mr-exB/nM° (a) Ta 14,65 mr-exs/nm° (6) (T = 80°C, t = 2 ToxuHM)

BucHoBku

BukopucranHs BoJu B MPOMHUCIOBOCTI, OCOOIMBO B CHCTEMax OXOJOKEHHS, MPU3BOJUTD JI0
YTBOPEHHSI HAaKUIy Ha MOBEPXHI TpyO Ta oOmamHaHHs. Lle 3HMKye epeKTUBHICTH Terionepeaayi,
3011bIIIy€ BUTPATH Ha EKCIUTyaTalilo Ta 00CIyroByBaHH:I, a TAKOXK MOXKE MPU3BECTH 10 KOpPO3ii Ta
3MEHIIICHHS TEPMIHY CITy>KOU 00J1a THAHHS.

JIns 3amo6iraHHsl YTBOPEHHIO HAKMITy BHKOPHMCTOBYIOTHCS XiMiuHi aHTHCKAJIAHTH. IX MOXHA
MIOIUTUTH Ha TpH Kateropii: ¢pocdatu, hochonatu ta momikapookcunaru. Gocharu, xoua i nemesi
Ta e()eKTUBHI, MAIOTh €KOJIOTIYHI PU3UKH Ta CXWJIbHI A0 rifpoiizy. @ocdoHaTH OB €KOJIOTYHI Ta
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CTIHKIi 10 rigpodmizy, ane it nopoxui. [lomikapOokcunaTu eKooriyHi Ta epeKTUBHI IPOTH HIMPOKOTO
CIIEKTPY OCalliB, ajie MOXKYTh OyTH IOpOTrUMH. BHOip ONTHMaIILHOTO aHTHCKAJIAHTY 3aJICKHUTh BiJl
Oaratbox (haKTOpiB, TAKHX SIK CKJIAJ BOAM, TEMIIEPATypa, TUCK Ta THUI 0OJIaHAHHS.

JlocnipkeHHs HOBUX Ta €KOJIOTIYHO OE3MEeYHHUX METOMIB 3amoOiraHHs yTBOPEHHIO HAKHUIy €
BOXIMBUM HAMPSIMKOM PO3BUTKY IIPOMHCIOBUX CHUCTEM OXOJIOJUKeHHA Boau. IlpoBeneHi
JIOCJTIJDKEHHS CTabTi3a1iiHoT 00pOOKH BOAM 3 )KOPCTKICTIO 7,33 — 14,65 Mr-€KB/JIM°® aHTHCKAIAHTOM
PT-110 npu z03i 10,0 mMr/am® 103BOMMIN OTPUMATH NPOTUHAKMIIHUI edeKT Ha piBHi 75 — 78 % Ta
crabimizaniianit epext — 21 % — 24 %.
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Abstract

The paper considers the problem of scale formation in industrial water cooling systems and methods
of its prevention. The main types of chemical antiscalants are described: phosphates, phosphonates
and polycarboxylates. Their advantages and disadvantages, as well as ecological aspects, are
analyzed. The importance of developing new and environmentally safe methods of preventing scale
formation is emphasized. Prospective directions of research in this field are considered. The
stabilization and anti-scale effects of PT-110 reagent in waters with different hardness were
determined.
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MEMBRANES FROM RENEWABLE MODIFIED RAW MATERIALS
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Abstract

The work describes the result of the investigation of the effect of monoethanolamine and
epichlorohydrin on the properties of membrane from modified cellulosic fibers. The consumption of
modifiers and the duration of cellulose fiber modification have a significant impact on the structure
of the obtained membranes and their properties. The applied chemical reagents act as plasticizers.
The obtained membranes are characterized by high strength and elasticity. A simultaneous increase
in the consumption of monoethanolamine and epichlorohydrin, as well as the temperature of the
process, leads to a decrease in the productivity of the membranes.

Keyword: membrane, cellulose, modification, filtration, productivity.

In connection with the constant increase in the pollution of natural water, there is a need to ensure
access to high-quality drinking water. This can be achieved by thorough wastewater treatment, in
particular by filtering through highly selective materials. To date, the creation of new membranes for
use in water treatment to remove harmful compounds from water is still an important task for
researchers in the field of ecology. Membrane technologies are considered quite effective in removing
various pollutants from water, providing effective wastewater treatment. The use of plant-based
natural polymers is well known in the wastewater treatment [1, 2]. Cellulose application in the
manufacture of membranes is necessary and promising, but their widespread use is limited by
mechanical parameters and unsatisfactory selectivity. To solve this problem, it is possible to give the
cellulose fiber the necessary characteristics by modifying it.

The paper presented the result of the investigation of the influence of monoethanolamine and
epichlorohydrin on the properties of membrane from modified cellulose fibers. As a raw material,
sulfated coniferous bleached cellulose was used. Cellulose was cut to the size of 1 x 1 cm and soaked
in a desiccator with distilled water for 20 minutes for swelling. Then the mass was grinded to the
degree of grinding 92 + 2 °SR. Modification of the prepared cellulose was carried out at a mass
concentration of 4%. The consumption of modifying substances was 5-15% of the mass of cellulose
fiber. The ratio of monoethanolamine:epichlorohydrin was 1:1. Duration of modification was 2-6
hours. Temperature was 120-240 min. After the end of the modification process, the suspension was
diluted with water to achieve a fiber concentration of 0.4% and membranes were formed. In
laboratory conditions membranes were formed using laboratory sheet-casting apparatus and Buchner
funnel. Membrane sheets were prepared with a weight of 80 g/m?2. The results of the study indicate
that the process of forming cellulose membranes significantly affects their structural properties (Fig
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1). The process of membranes formationn on a laboratory sheet-casting apparatus is accompanied by
significant fiber losses, as a result of which sheets were obtained with the weight that did not
correspond to the calculated mass. Fiber losses are quite strongly dependent on the content of
modifying substances in the fiber suspension. When the content of monoethenolamine and
epichlorohydrin increased from 5 to 15%, the turbidity of sub-net waters visually decreased. In
general, fiber losses were 35-20%. Moreover, the greater the consumption of modifiers, the smaller
the fiber loss.

Figure 1. The results of the formation of cellulose membranes: a) with modifiers consumption
of 5%; b) with a modifier consumption of 10%; ¢) with modifiers consumption of 15%

It is obvious that the modifier acts as a binding agent. Research results indicate that with an
increase in modifier consumption from 5 to 15%, the thickness of membrane increases from 6.4 to
9.6 microns.

It is also worth noting that the drying temperature significantly affects the structure of the
membranes. It is obvious that the increased drying temperature contributes to significant
plasticization of the modifier on the surface of the cellulose fiber, as a result of which the finished
samples become significantly stiffer. Membrane samples dried at room temperature are characterized
by high plasticity and elasticity

Modifier content affects performance, as does cellulose fiber modification temperature. In the
case of an increase in the content of the modifier, a decrease in the performance of the membranes is
observed.
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The obtained results can be used as a basis for further research related to the optimization of the
parameters of obtaining and using membranes from modified cellulose fiber.
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AHoTanisa

VY poboTi onmMcaHO pe3yabTaTd AOCHIIKEHHS BIUIMBY MOHOETAHOJAMIHY Ta EMIXJIOPTiApUHY Ha
BJIACTUBOCTI MeMOpaHM 3 MOJIM(IKOBaHUX ILEIIOJIO3HUX BOJIOKOH. Butpara monugikatopi i
TPUBANICTh MOAM(DIKAIl IEeTI0JI03HUX BOJIOKOH CYTTEBO BIUIMBAIOTh HAa CTPYKTYpYy OTPHUMaHMX
MeMOpaH Ta iX BIacTUBOCTI. BukopHcTaHI XIMIYHI peareHTH BUKOHYIOTh POJb IUIACTHU(IKATOPIB.
OtpumaHi MeMOpaHM XapakTepU3yIOThCS BHUCOKOIO MIIHICTIO Ta enacTUyHicTio. OpHouacHe
3011bIIEHHS] BUTPAaTH MOHOETAHOJAMiHy Ta eMIXJIOPTiIPHHY, a TaKoX TeMIepaTypu Mpolecy
MPU3BOUTH JI0 3HIKEHHS IPOTYKTUBHOCTI MEMOpaH.
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JOCJIII)KEHHA ®AKTOPIB CTIMKOCTI CHPOBATKOBUX BLJIKIB Y CUCTEMAX
OYHMIIEHHSA CTITYHUX BOJA MOJIOYHUX ITIAITPUEMCTB

Muxkoaa AIKOB2, Haraxis KOPUUK!2 Boaoauvup BECEIIOK?Z 3axap MAJIEIIbKHIA®
 BCIT " Pisnencoxuii mexuiunuii ¢paxoeuii konedc HYBIIT
Bynuist BummBanka, 35, m. PiBue, 33027, Vkpaina
2Hayionansnuii ynisepcumem 600H020 20CR00APCMEd ma npupoOOKOPUCIY8AHHS
Bymuist Cobopna, 11, M. PiBae, 33000, Ykpaina
3Hopeesvruii ynisepcumem nayx npo scummsi
Elizabeth Stephansens v. 15, As, 1433, Hopaeris
e-mail: v.y.besediuk@nuwm.edu.ua

Anomauyia: B pobomi  Oocniddiceno  3miHu  npomoaimuunoi  0ii 6  nmpoyecax
decmabinizayii/cmadinizayii cupo8amkosux OLIKI8 Y CUCMeMAX OYUUJeHHS CIIYHUX 800 MOJIOYHUX
RIOPUEMCING ULIAXOM 3MIHU KOHYEeHMpayitl ioHie cmabinizamopie Ca?* ma PO4*>. Bcmanosneno, wo
a-naxkmoanvbymin (0-La) € uymaueum 0o eucokux xouyewmpayiii ionie Ca’t, a Pe- ma
fe-naxmoznobyninu (f-Lg) 0o npucymuocmi ionie POs> 3acanom. Jns 3abe3neuenus eunyueHHs
yinvosux gpaxyiii a-La ma B-Lg neobxiono eunyuamu ionu Ca®* ma PO4*> sionogiono. Ompumani
Pe3VIbmamu. MOMCIUBO SUKOPUCIOBY8AMU OJisl HACMYNHO20 OOCNIONCEHHs. Npoyecieé pakyitiHozo
BUNYYEHHS CUPOBAMKOBUX OLIKI8 V cUCmeMax OYUWEeHHS CMIYHUX 600, 3 MEmol iX HACMYNHOL
ymunizayii y upooHuymaei 6iikoeux npooyKmie ma aoumueis.

Knwuoei cnosa: monouna cuposamka, cupogamrosi 6inku, ionu cmaoinizamopu, 6ygepna 0is,
Oygepna inmencusHicms, cucmemu OUUWEHHS. CIMIYHUX 800.

Bigomo, mo mosioyHa cupoBaTtka Moxke ckiamatéd a0 90 % Bin 3araJibHOro 00CSTY PIAKUX
BIZIXO/IIB MOJIOYHHMX HIANPUEMCTB Ta MOTPAIUISIOYM Y CHUCTEMH OYMIIEHHS CTIYHHUX BOJ MOXKE
BUKJIMKATH MOPYIIEHHS iX poO0TH. 30KpeMa, JOCIIIKEHHS CBI4aTh, 10 HE3aperyJIbOBaHE OKHUCHO-
BIJTHOBHE CE€PEIOBHILE CHPOBATKU MOXKE IIPU3BECTH JI0 3HWKEHHS €(PEKTY OUMILEHHS K B aepOOHUX
Tak 1 B aHaepoOHuMX ymoBax [l]. Takox, BiomMl pe3ylbTaTH TOCHIPKEHb, SIKI CBIAYaTh IPO
HEraTUBHUHA BIUJIMB BMICTY CHPOBAaTKHM Ha CTYMiHb (PI3UKO-XIMIYHOTO OYMIIEHHS CTIYHUX BOJI.
30kpema, CTymiHb OOpPOOKM BHCOKOKOHIIEHTPOBAHUX CTOKIB, IO MICTATh CHPOBATKY, TIpPIIMHA Ha
50 % mopiBHSAHO 3 pe3yibTaTaMH, OTPUMAHUMU JJIs1 HU3bKOKOHIIEHTPOBAHUX CTOKIB [2]. 3HauHOMO
MIpOIO TPYAHOIIl OYHUIIEHHS CTIYHUX BOJI, K1 MICTSTh CHPOBATKY, MOB’sI3aH1 13 BUCOKUM PIBHEM
OpPraHiYHOTO HAaBaHTAKEHH, 30KpeMa 13 BUCOKUM BMICTOM O1TKOBUX KOMIIOHEHTIB. 3aCTOCYBaHHS
e(heKTUBHUX MEMOpaHHUX METO/IIB y CUCTEMAX OUUIIEHHS CTIYHUX BOJI 3/I€01TIBIIIOTO € HEJOCTYITHUM
JUISL BITYU3HSAHUX MIIPUEMCTB. TaKuM YMHOM, IPUCYTHICTh CUPOBATKHU Y CTIYHUX BOJIaX BILIUBAE 5K
Ha O10JIOT1YHI, TaK 1 Ha ()I3UKO-XIMIYHI MPOLIECH OYMILEHHS, 110 MOXKE BUKIUKATH 3a0pyIHEHHS
MOBEPXHEBUX BOJOKM Ta HABKOJIMIIHBOTO CEPEIOBUIIIA 3araioM.

Boanouac 3 po3BUTKOM MpoOJieMH OYMILIEHHS Ta NEepepoOKH CHUpoBaTKH OyB copmoBaHMIA
HOBMH MiAXiA, 3TiIHO 3 SIKUM CHPOBaTKa BBAKAETHCS MEPCIEKTUBHUM IIOKUBHUM PECYpPCOM
MaiOyTHBOTO. JlOoCHiPKeHH TOKa3ayd, MO0 OOpoOKa BHCOKOKOHIIEHTPOBAHMX CTIYHUX BOJ, IIO
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MICTSTh CHUPOBATKy, MOTpeOye 3HAYHMX BUTpAT, 0 OOYMOBWIJIO TEHJICHIIIO 10 BaJOpH3aIlil
CHUPOBATKU — CTIHKOi OOpOOKM Ta BHIIyYEeHHS ii IIHHMX KOMIOHEHTIB [3]. ¥ IIbOMy KOHTEKCTI
BOXJIMBO TaKOXX BPAaXOBYBaTH BHCOKY XapyoBY IIHHICTh CHUpPOBATKH 3a yciMa ii CKJIagOBUMHU
(eHepreTM4yHa IIHHICTh, OIlOJIOT1YHA IIHHICTh, (Hi310JIOTIYHA I[IHHICTHP Ta (i3i0J0TiuHa
aKkTUBHICTD) [4]. Haii0inpm mNOmMpeHHM HAmpsSMOM BaJIOpU3allii CHPOBATKH € BHPOOHHUIITBO
O1TKOBUX MPOAYKTIB Ta 1HIIMX aJIUTHBIB 13 BUIYUYEHUX O1JTKOBUX KOMIIOHEHTIB MOJIOYHOT CHPOBATKH.
Oxpemoi yBaru noTpedyIoTh Taki raiysi, Sk BAPOOHUIITBO MPOIYKTIB JUTAYOTO XapuyBaHHs, M’ sICHA
MIPOMHMCIIOBICTh Ta BUPOOHHUIITBO MPOAYKTIB (hi310JI0TTUHO-(DYHKIIIOHAILHOTO Tpu3HadeHHs. [le
00yMOBJIEHO THM, 1[0 MOJOYHA CHPOBAaTKa MICTUTh Taki OiMKOBI ¢pakuii sk B-nakrornodyminu (B-
Lg) ta a-makroansOyminu (o-La). B-Lg HE MICTUTBCS y KIHOYOMY MOJIOLI 1 € allepreHOM IS
HEMOBIIAT, BOAHOYAC JAaHWH OUIOK MIMPOKO BUKOPHCTOBYETHCS Y M SICHIA MPOMKCIOBOCTI, a 0O-
JAKTOANBbOYMiH, HAaBIAKH, € IEPBUHHUM O1JIKOM >KIHOYOT'O MOJIOKA Ta IIMPOKO BUKOPUCTOBYETHCS Y
BUPOOHHUIITBI TPOMYKTIB IUTSIYOTO XapyyBaHHS Ta MPOAYKTIB (i3i00TiHY0-(YHKIIOHAIEHOTO
npu3HaueHHs [5,6]. 3 orsaay Ha e, akmyanrbHuM € JOCTIIKEHHS MPOLECiB BIIIyUYEeHHS OLTKOBUX
KOMITOHEHTIB CHPOBATKH, 30KpeMa Takux ¢pakiiii sik B-Lg Ta a-La.

[Topsin 13 MM, BUIy4deHHsI OUIKIB MOB’s3aHE 13 MOPYIIEHHSAM iX arperaTUBHOI CTIHKOCTI, 10
CKJIAJIOBHX SIKOi BXOJATH i cTabimizaTopy, 30kpema iorn Ca?* ta POs%. Binomo, mo B3aeMomist Mixk
MiHEpaJTbHUMU KOMIIOHEHTaMH Ta OlIKaMH BU3HAYA€ €IEKTPOCTATUYHUI, T1ApaTO-CONbBATUBHUI Ta
CTPYKTYypHUH (haKTOpU arperaTUBHOI CTIMKOCTI OCTaHHIX. BogHOYAc arperatuBHa CTIHKICTh OUIKIB €
TICHO TIOB’S3aHOI0 13 TMpolLleCaMU TMPOTOHYBAHHS-IEMPOTOHYBAHHSA, IO XapaKTePU3YEThCS
IPOTONITUYHOIO Ji€t0. Bigomo, mo ioHamu cTadiizaTopaMu 3yMOBIIOETHCS 10 65 % mpoTomiTHIHOT
nii cMpoBaTKOBUX OiNKiB, a cralumi3amis OUIKIB Bil JAMHAMIYHOI PIBHOBAard MPOTOHYBAHHS-
JETPOTOHYBAHHS 3aJIeKUTh BiJ pH 1 TICHO 1MOB’s13aHa 3 IEPEHOCOM €JICKTPOHA, a OTXKE 1 BiI OKUCHO-
BiHOBHOTrO moTeHIiany cepenosuina (Eh). Takum unHOM, OdoyinbHum € MPOBENEHHS TOCITIIKEHb
1T0/I0 BIUTHBY 3MiH KOHIeHTpalliii ioHiB Ca?* Ta PO4> Ha mpOTONIITHYHY [Iif0 CHPOBATKOBHX OiNKiB, 3
Memolo BU3HAUYEHHS OCHOBHHMX 3aKOHOMIPHOCTEW MOpYIIEHHsS (akTOpiB arperaTMBHOI CTIMKOCTI
OUIKIB JJI1 HACTYITHOTO OYMILEHHS Y CUCTEMaX OYMIIEHHS CTIYHUX BOJ.

3MIHM TMPOTOJITUYHOI il JOCTIJKYBalM Ha OCHOBI KpUBUX Oy(epHOi IHTEHCHBHOCTI, fKa
BiloOpakae 3aJexHICTh 3MiHU OydepHoi eMHocTi Bia 3MiHUM pH cepemoBuima. JlocnipkyBanuch
3pa3kl CYINEpPHATaHTIB MOJIOYHOI CHpPOBATKM OTPHMaHI METOJOM YIJbTpaleHTpU(YTyBaHHA. Y
Tabnuiui 1 HaBeJeHI OCHOBHI XapaKTEPUCTUKU OTPUMAaHMX 3pa3KiB JUIsl aHaJi3y KpuBUX OydepHOi
inTencuBHOCTI 3a iomamu Ca®" Ta POs>. Ha puc. 1 Ta 2 HaBelieHO OTpMMAaHHi KpuBi 6ydepHOi
inTencuBHOCTI 3a iomamu Ca?* Ta PO+ BigmosiaHo.

Tabauns 1. Konnenrpanii ionis crabinizaropis Ca?* Ta PO+ y 3pa3skax, Mo J0CITiIKyBaIHCh

JlomaHa KoHIIEHTpaIlifA iOHiB
Kpusa CTaﬁini:’.aTopiB,pr/IOO cm®
3pa3Kku cHPOBATKH 3 10/1aBaHHsM ioHiB Ca’
KonTtpoms 0
Kpuga 1 0,05
Kpusa 2 0,12
3pa3Ku CHPOBATKH 3 JI0JaBaHHsM ioHiB POs*>
KoHTpoib 0
Kpwuga 1 0,05
Kpusa 2 0,15
Kpusa 3 0,2
Kpusa 4 0,25
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Amnaunizyoun AaHi 3 puc. 1, BCTAaHOBIIEHO, 110 IPOTONITHYHA Jis OiIKiB B nianasoni pH 6,5-4,5
HE3HAaYHO 3MIHIOETHCA Il KOHTPOJILHOTO 3pa3ka (3MeHinyeTbes Ha 10 %), 30umbiryeThes Ha 92 %
7S 3paska micns gonasanHs Ca?" B konnentpanii 0,05 1/100cm® Ta 36inbmyerses Ha 580 % micns
nomasanus Ca?t 3 koHueHtpanieo 0,12 /100 em®. OTke, ITiBUIICHHS KOHIICHTpaIlii 10HIB Ca%
BUKIIMKA€E CIIOYATKY MaiHHS mpoToiiTiaHoi aii 1 pH = 6,5 Bix 45 no 80 %, a motim 3abe3mneuye ii
cTpimMkmii pict 10 580 % mist 3pazka 3 BHUILOK KOHIICHTPAIIIEI0 Ca®*. Bognouvac st MPOTOTITUIHOT
Ji1 y IOCTiIKyBaHOMY Jiana3oHi XapakTepPHUM € KOJIMBAJIBHHUIA XapakTep i3 BiAMOBIAHUMHU TOYKaMU
neperuny. lisi KOHTPOJIBHOTO 3pa3ka XapakTepHi JBI Touku neperuHy: pH =5,9 3 HacTynHum
30inpmeHassM, pH =4,9 3 nHactynHuM 3MeHmeHHsM. Jlns 3paska Ne | xapakTepHi IBi TOUYKH
neperuny: pH = 6,1 3 HactynmHuMm 30imbmieHHSM Ta pH =4,9 6e3 moMiTHHX 3MiH naii (3MiHa
JMHAMIKH y TIOPiBHSHHI 3 KOHTpoJeM). J[ist 3pa3ka Ne 2 xapakrtepHi Bi Touku neperuny: pH = 5,9 3
HAaCTyITHUM 3MEHIICHHSM (JMHaMiKa 3MIHHUJIACh y TOPIBHSHHI 3 KOHTpoJieM Ta 3pa3koMm Ne 1) Ta
pH =5,5 3 HacTynmHuM 301IbIICHHAM (3MIHMJIOCH 3Ha4eHHs pH TOYKM meperuHy Ta TUHAMIKa y
MOPIBHSIHHI 3 MonepAeHIMH 3pa3kamu). Touku neperuny pH = 5,9 Tta 6,1 mns ycix Tppox 3paskiB
CHIBIAJAIOTh 13 3HAYEHHSAMH i30eieKTpuuHoro crany (pl) mms imynornoOyminiB (pl =5,5-8,3).
Touku neperuny pH = 4,9 my1st KOHTpOJIBEHOTO 3pa3Ka Ta 3pa3ka Ne 1 cmiBmanaroTh 13 3HaUeHHAMU pl
it a-nakroansoyminy (pl = 4,2-4,8) ta cupoBarkoBoro ans0yminy (pl =4,8). Jlns 3pazka Ne 2 3
BHCOKOIO KOHIeHTpaniero Ca?’, apyra Touka meperuHy Jemo 3MicThaach J0 5,5, o cHiBmazae i3
3HayeHHsMU pl g P-makrormoOyminiB (pl =4,9-5,4) Ta meBHMX Trpyn iMyHOINIOOYIiHIB
(pI = 5,5-8,3).

0,9
0,8

0,7

) \/,/'

0,3

dp/dpH

0,2
0,1
pH
4 4,5 5 5,5 6 6,5 7

—— KoHTpO/Ib —e— Kpusa Nel Kpunea Ne2

Puc. 1. Kpusi 6ydepHoi inTencuBHOCTI 32 ioHamu Ca?*

TakuM 4MHOM, JOCTiIKeHHS KpUBHX OydepHOi iHTeHcHBHOCTI 3a iomamm Ca®" mosBomsioTh
IIEHTU(IKYBATH YITKY 3QJI€KHICTh 3MIHM MPOTOJITHYHOI Jii MpHU 3pOCTaHHI KOHIETpalli 10HIB
cTabinmizaropiB Ca®*, a TakoX 3aICKHICTh 3MiHU JAUHAMIKU OPOTOJITUYHOI i MpU JOCSATHEHHI
3HaueHb pl OuikoBuX (pakuiid. Takoxk, MOXHa CTBEpIKYBaTH NP0 BIUIUB KOHUEHTpaLli
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crabinizaropa Ca?* Ha 3MiHE CTPYKTYpH GiTKOBHX MOJIEKYJI, aJke HPH il 3MiHi 3MiHIOIOTECS i FPyHH
OinKiB, 1m0 HAOYBAarOTh 130€JIEKTPUYHOTO CTaHy. 30KpeMa, BCTAHOBJIEHO, IO I YCIX 3pa3KiB
XapakTepHUM € HaOyTTd 130€JEKTPUYHOrO CTaHy JJs Takux OLIKiB, SK IMYHOIJIOOYNIiHK
(pl = 5,5-8,3). BogHOuYAC 1151 KOHTPOIBHOTO 3pa3Ka Ta 3pa3ka 3 MEHIIOK KoHneHTparieto CaZ* (0,05
1/100cM®) XapakTepHuM € HAOYTT i30€IeKTPUIHOTO CTAHY THMH (PaKIisiMu, sKi He HabyBaIOTh HOTO
y 3pa3Ky 3 HaiiBumow KonueHTpamiero Ca?t (0,12 1/100 cm®), 30kpema Iie a-nakToanbOyMiH
(pl = 4,2-4,8) ta CupoBarkoBuii ansOymin (pl = 4,8). Lle cBiquuTh Npo Te, MO o-ITAKTOATBEOYMIH €
YYTIWBUM JO BHUCOKHUX KOHIICHTpAIlii 10HIB Ca®*, mo Moxe OyTH TOB’S3aHUM 13 TMpoIecaMu
3B’A3yBaHHs OUIKaMH 10HIB, IO SIK HACIIAOK YHEMOXKIIUBIIIOE TIOCATHEHHS 130€JEKTPHYHOTO CTaHy,
3a SIKOTO PiBEHb arperaTUBHOI CTINKOCTI OUTKIB € HAMHKUNM.

AHaNi3y04u 1aHi 3 puc. 2, BCTAHOBJICHO, 10 OUTBII CKJIa/IHA 3aJIS)KHICTh MPOTONITHYHOT il Bij
BMicTy ioHiB POs%> mosicHIoeThCs B3aeMogieto ioHiB PO4> i3 Monekymamu 6ika Ta 3 ioHi30BaHUM
KaJbIlieM. BcTaHoBneHo, 110 TpoToiTHYHA Jist OUIkiB B miana3zoni pH 7,0-4,5 it KOHTPOIBHOTO
3paszka 30umbiryeThess Ha 500 %, s 3pazka Nel 30imbrryetsest Ha 760 %, s 3pazka Ne 2
30uTBIITy€eThCS HA 257 %, st 3pa3ka Ne 3 30umbinyeThes Ha 122 %, aiis 3pa3ka Ne 4 3011b11y€eThCS HA
108 %. Orxke, MABUIICHHS KOHIICHTpAIl 10HIB PO4* Bukimkae MOCTYNOBHI CHag poCTy
MPOTOJIITUYHOI [Tii. BogHOYAC I POTONITHYHOI il y JOCIIKYBAaHOMY JTialla30Hi XapaKTePHUM €
KOJIMBAJIbHUH XapakKTep 13 BIANOBIAHUMHI TOUYKaMU MEperuny. Jls KOHTPOJIBHOIO 3pa3Ka XapaKkTepHi
Tpu Touku neperuny: pH = 5,9 3 HactynHuM 3MeHmeHHsM, pH = 5,5 3 HacTymHUM 30UTbIICHHSM,
pH = 5,1 3 HactrynHuMm 3meHmeHHsM. [ 3pa3ka Nel xapakTepHa onHa Touka neperuny: pH=5.9 3
HACTYITHUM 3MeHIeHHAM. J111s 3pa3ka Ne 2 xapaktepHa ojiHa Touka nneperuty: pH = 5,1 3 HacTynHuUM
3MeHIIeHHsAM. [l 3pa3ska Ne 3 xapakrepHa oaHa Touka neperuHy: pH =5,1 3 HacTynHum
3MmeHmeHHsaM. Jlis 3pazka Ne 4 xapaktepHi Tpu Touku neperuny: pH = 6,4 0e3 HacTynmHUX 3MiH,
pH = 6,1 3 nactynHuM 36inbmeHHsM, pH = 5,1 3 HactynHuMm 3meHIIeHHsAM. Touka neperuny pH =
5,9 xapakTepHa JIsi KOHTPOJIBHOTO 3pa3ka Ta 3paska Nel, mio cmiBnamae i3 3HaueHHSAMH pl 1uis
iMmyHorio0ymiHiB (pl = 5,5-8,3), 11e cBi1UMTSH, 110 AaH1 IPyHH OUIKIB HE JOCATAIOTh 130€JIEKTPUYHOTO
cTany npu 6impmmx KorneHTpanisx PO4>. Touka neperuny pH = 5,5 xapakTepHa /1 KOHTPOIHHOTO
3pa3ka Ta CHiBHaJae i3 3HaueHHAMHU pl 11t BB- Ta Pe-nakTornolyniHiB (pl = 5,2-5,4) Ta neBHUX rpyn
iMyHOr100y:iHIB (pl = 5,5-8,3), 1€ CBITUUTH NIPO T€, 110 IPEICTABHUKHU IIUX IPYIl OTKOBUX (ppakiiiit
HE JI0CATAlOTh i30€MeKTPUYHOTO CTaHy B TpHCyTHOCTi ioHiB POs*. Touka meperunmy pH =5,1
XapakTepHa Uil yciX 3pas3kiB OkpiM 3pa3ka Ne 1 Ta cmiBmagae i3 3HaueHHsMu pl mis o-
nakToansOyminy (4,2-4,8) ta cupoBatkoBoro anbOyminy (pl =4,8). Ilpu BUCOKHMX KOHLETparisx
PO.*, nns 3paska Ne 4 criocTepiraroTsest HOBi Touku neperuny: pH = 6,4 Ta pH = 6,1, 1o criBmagae
i3 3HaYeHHsAMHE pl neskux rpyn imyHorioOyminiB (pl = 5,5-8,3).

TakuM YMHOM, JOCTiIKEHHS KpUBMX Oy(hepHoi iHTeHCHBHOCTI 3a ionamu PO+ 103BONAIOTH
BCTAHOBUTH 1JIEHTMYHI 3aKOHOMIPHOCTI, 1110 CIIOCTEPIratOThCS MPHU JOCHIHKEHHI KpUBUX OyQepHol
inTencuBHOCTI 32 ionamu Ca?*, 30kpeMa: 3MiHH IIPOTOTITHYHOT il IPH 3pOCTAaHHI KOHIIEHTpAIIii i0HiB
crabinizaTopiB PO+, 3anexHicTs 3MiHM AMHAMIKM TIPOTONITHYHOI i HPH JOCATHEHHi 3Ha4eHb pl
6inkoBuX (pakuiif. Tak camo, CIIOCTePiracThes BILTHB KOHIEHTpallili crabinizatopis PO4> Ha 3MiHN
rpyn OUIKIB, 110 HAOYBaIOTh 130€JEKTPUYHOrO CTaHy. 30KpeMa, BCTAHOBJIEHO, 1[0 MPAKTUYHO IS
YCiX 3pa3KiB XapaKTepHUM € HAOYTTS 130€JIeKTPHUYHOIO CTaHy JUIsSl TAKMX OUIKIB SIK . -TaKTOATb0yMiH
(4,2-4,8) ta CuposarkoBuii ansOymin (pl =4,8). Iopsa i3 mum, imyHornoOyminu (pl=5,5-8,3)
HaOyBarOTh 130€JEKTPHUYHOrO CTaHy SIK Y KOHTPOJBHOMY 3pa3Ky, Tak 1 B 3pa3Ky 3 HaHOUIBIIOI
xounerTpamiero POs> (0,25 r/100 cm®). Bogrouac Taki rpynu GinkiB sk B- Ta Pc-1akTornobymiam
(pI =5,2-5,4) naOyBaroTh 130€NEKTPUYHOIO CTaHy TIJIBKU y BUXIJHOMY 3pa3ky. Lle cBimuuTh mpo
9yTIHBicTh PB- Ta Pc-MaKkTOrMoOYTiHIB A0 TpHCYTHOCTI ioHiB POs* 3aramoM i, SIK HacmisoK,
HEMOXJIMBOCTI HAOYyTTS JMaHUMM (PAKIisIMU 130€EKTPUYHOTO CTaHy Ta HAMHWKYMX pPIBHIB
arperaTUBHOI CTIMKOCTI BIATIOBIAHO.
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Puc. 2. Kpusi 6yeproi inTeHcHBHOCTI 32 ioHamu PO4*

OTxe, MOXKHA 3pOOUTH HACTYIIHI BUCHOBKU:

1. BwryueHHs cHpOBaTKOBHX OLIKIB MOB's3aHE 31 3MiHOIO KOHIIGHTpAIliil 10HIB cTadii3aTopiB
Ca?* ta PO4*, ki 3HAYHOIO MipOIO BU3HAYAIOTH MPOTONITHYHY Ji0 CHPOBAaTKOBHX OiJIKiB.

2. Buicr ionie Ca®" BIMBac Ha IPOTONITHYHY Jil0 0-JTAKTOATLOYMiHIB, a BMicT ioHiB PO4*
3HAYHO BIUIMBAE HA MPOTONITUYHY Jit0 B-TaKTOTJI00YiHIB.

3. Otpumani pe3yibTaTH MOXYTb OYTH BHKOPUCTaHI i (PaKkUiHHOTO BHIIyYEHHS
CHUPOBATKOBUX OIJKIB y CHCTEMax OYHINEHHS CTIYHUX BOJ 3 METOI0 iX HACTYNMHOI yTHiizauii y
BUPOOHUIITBI OTKOBUX MPOJIYKTIB Ta aIUTUBIB.
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Abstract

The study demonstrates the changes in protolytic activity in the destabilisation/stabilisation processes
of whey proteins in dairy wastewater treatment systems by changing the concentrations of Ca+2 and
PO43- stabiliser ions. It was found that A-lactoalbumin (a-La) is sensitive to high concentrations of
Ca+2 ions, and Bb- and Pc-lactoglobulins (B-Lg) to the presence of PO43- ions in general. To ensure
the individual extraction of the target a-La and B-Lg fractions, it is necessary to remove Ca+2 and
PO43- ions accordingly. The results obtained can be used for further study of the fractional extraction
of whey proteins processes in wastewater treatment systems for their subsequent utilisation in the
production of protein products and additives.
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BU3HAYEHHSA IAPAMETPIB PETEHEPAIIIL PO3UUHIB TPABJIEHHSA 3 METOIO
OTPUMAHHSA OCAAY 3AJAHOI'O CKIIAAY AJIA YTUJII3AIIT

Muxkoaa SIIKOB'2, Haraais KOPUYUK!, Hagis BYJIEHKOBA!, Oxcana MUCIHA'
! Hayionanvnuii ynigepcumem 600H020 20Cno0apcmea ma npupoOOKOPUCHTY8aAHHSL
Byn. CobopHa,11, M. PiBne, 33028, Ykpaina
’BCII «Pignencokuti mexuiunuti paxoeuii xonedxc HYBITI»

ByJ1. BummBanka,35, m. PiBae, 33028, Ykpaina
e-mail: o.i.mysina@nuwm.edu.ua

Anomauin

Ilpeocmasneni pesynomamu 00CHIOHCEHb WOOO MONCIUBOCHI OMPUMAHHA 0CAOI8 3A0AHO20
CKIA0Yy Ma 3MEeHWIeHHS GUMPAm XiMIYHUX pedaceHmi8 y NOPIGHAHHI 3 MpAOUYiUHUMU CXeMaMU
ouuwgenns. Illokasano cucmemamuszayiro enemMeHmié MeXHONO2IYHOI cxeMu, wo nepeodbauae
OYUUeHHS] KOHYEHMPOBAHUX CMIYHUX 800 OLIAHKU MPAGIeHHS 6 KOMOIHOBAHUX CUCMeMAaX 3
OMPUMAHHAM 0Cadi8 3a0aH020 CKAAdY I € OCHOBOI0 0lsl peanizayii pecypcosbepiearouoi mexHon02ii.
Bcmanoeneni napamempu cmawny (pH=3-4, Eh=+0,3-+0,33 B i rH»=16,3-19,38 B) ma
MexHOoNo02IuHl napamempu (cmyninv eunyyenus ¢epymy w=0,8, eumpama peacenmy (8i0
cmexiomempuyroi nopmu) B=0,8). Taxi napamempu 3abe3neuyromov HANEHCHI YMOBU OKUCHEHHS
OpP2aHIYHUX CHOJYK MaA IX CNiBOCAOMCEHHSI 3 HEPOZYUHHUMU 2IOPOKCOCNONYKAMU  hepyMmy
(MakcumManoHuti CMyniHb GUIYYEHHS Op2aHiYHUX Oomiuok cknadae 86 %). B pesynomami
00C0JHCEHb OUUUeHHS KOHYEHMPOBAHUX (hepYMOBMICHUX CMIYHUX 800 OMPUMAHUL 0CAO, 20MOBULL
0ns nodanvuioi ymunizayii wiasixom nepepooxu. Lleii ocad 3a cknadom 8ionogioae npupooOHOMy
minepany aimonimy FeOOH (Fe2O3nH20) i ymeopioemovces npu 3uavennsix pH 6io 3,5 0o 7,5 i3
3HauenHam rHz 6io 26 B 0o 21 B ma npu mexuonoziunux napamempax pecenepayii pH=4,0-4,6; rH>

=23,34-32,25 B.
Knrouoegi cnosa: posuunu mpaenenns, pecenepayis, napamempu, ocao 3a0aH020 cK1aoy.

['anpBaHIvHI Ta iHIII BUCOKOKOHIIEHTPOBAHI METAIOBMICHI BIAXOIM Mij JII€F0 30BHIMIHIX (i3UKO-
XIMIYHUX (aKTOPIB MEPEXOIATh Y PO3YMHHI (POPMH 1 MPOHUKAIOTH y IPYHTH Ta APEHAXHI1 BOAH,
3a0pyIHIOIOYN HABKOIMIITHE MPUPOAHE cepenonuie [1]. YV Oinbmiocti KpaiH BUCOKOKOHIICHTPOBaHI
METaJIOBMICH1 BIAX0AU y (hOpMi OCaIiB MiIATal0Th 3aXOPOHEHHIO Ha TEPUTOPIT MIANPUEMCTBA YU HA
CreliaIbHUX MOJIrOHaX Micist iX MiAroToB4oi oOpoOku st TpaHcmopryBanHs [2]. Cucrema
MOTIEPEIHBOI  MIATOTOBKH JIO TPAHCIIOPTYBaHHS BHMAarae psay Jd0JAaTKOBOTO TEXHOJOTIYHOTO
oOnasiHaHHA JJi1 YUIUTbHEHHS, 3HEBOJAHEHHS, CYIIiHHS ocafiB Toulo. [Iporec € 6araTocraaiitHum Ta
noTpeOye JTOAATKOBUX BUTPAT Ha PEarcHTH.

Binmomo, 110 B HalOUIBII MOMIMPEHUX TEXHOJOTISAX OUYUIICHHS KOHIICHTPOBAHHUX CTIYHUX BOJI
JUISTHKY TPaBJICHHS BiJl HOHIB (hepyMy HEMae XapaKTepUCTUKU OTPUMAHUX OcaJliB Ta ix ckinany. [Ipu
IOMY BCi peKOMeHMalii JUisi OTPUMAHHS OCaJiB HOCSThH JIMIIE 3aralbHU  XapakTep Ta He
BpPaxOBYIOTh OCHOBHI TEXHOJIOTIYHI TapaMeTpW JIA OJEpKaHHS OCaJiB 3aJaHOTO CKIamTy 1
HEOOX1THUX BJIIACTUBOCTEH. Y mpoIleci XiMIYHOTO OCAKEHHSI HOHIB BaKKUX METANIB 13 CTIYHUX BOJI
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TaJIbBaHIYHOTO BHUPOOHUIITBA, YTBOPIOIOTHCS OCaIHM, XIMIYHHUN CKJIQJ SKHUX 3aJCKUTh BiJ
CIIIBBITHOIIICHHSI pEareHTiB, TOOTO HAUIMIIKY YH iX CTEXIOMETpUYHOI KUIbKOCTI. JloHMHI
PEKOMEH/IYIOTh PO3PAaX0OBYBAaTH BUTPATY PEAreHTIB 332 CTEXIOMETPUYHOI HOPMOIO 3 BUKOPUCTaHHIM
Ha MPaKTHUII iX HAUIMIIKY. AJle OcaJ YacTO CKJIAJA€ThCS HE JIUIIE 13 HEPO3UUHHOTO TiAPOKCUAY
MeTajy, a 13 KOMIUIEKCHUX OCHOBHHUX COJieH Ta Haminumky peareHTy. OT)ke, Ha OCHOBI aHai3y
JITEpaTypHUX [Kepel  MOXKHAa 3pOOMTH BHCHOBKHM, IO HE JOCTIIPKEHUMH 3aIMIIAIOTHCS
TEXHOJIOT14HI TapaMeTpH pereHepallii KOHIEHTPOBAHUX PO3YHMHIB TPABJICHHS IS OJICPKAHHS OCaliB
PEKOMEHI0BAHOTO CKIIALYy.

TakuM 4YMHOM, aKTyaJbHHM € BHUPIIIEHHS MPOOJIEMH OTPUMaHHS OCaliB 3a/JlaHOTO CKJIALy Ta
3HIDKEHHS BUTpPAT XIMIYHUX DPEareHTIB MpPU OYHILEHI KOHIIEHTPOBAHMX CTIYHUX BOJ ITUISTHKU
TpaBJICHHA B KOMOIHOBaHUX CUCTEMaX.

O0’exkTOM JOCHIIKEHHS OyiadM MOJEIbHI PO3YMHH, BiANpaboBaHl Cyab()ATHOKUCTI Ta
XJIOPUAHOKHUCITI PO3YMHU TPABJICHHS, 3HESKUPEHHS craned mianpueMmctBa T30B «3aBox MeTH3HHX
BUpoOiB» (YkpaiHa). MopgenbHi pO3YMHH MICTATh HOHM ¢depyMy 13 KOHIICHTPAIIEO
Bix 0,02 momnw/n 1o 0,7 MOJIB/ Ta KHCTIOTH CYIb(ATHY 1 XJIOPUIHY 3 KOHIIEHTPAII€I0 BiJl 5,5 MOJIB/JT
a0 2 Moaw/n BiamoBimHo. Ili  MomenpHI  pO3YMHM €  aHaJoraMM  TEXHOJOTIYHUX
BUCOKOKOHIICHTPOBAHMX PO3YMHIB Ta CTIYHUX BOJX JAUISHKK TpaBieHHs. JlocimimkeHHs
TEPMOJIMHAMIYHOI CTIMKOCTI CHONYK (epyMy B yMOBax XIMIYHOTO OCaKCHHS, KIHETUYHHUX
napaMeTpiB OYMINEHHS Ta OCHOBHHUX TEXHOJIOTIYHMX NapaMeTpiB OTPHUMAHHS OCaiB 3aaHOTO
CKJIaJly TMPOBOJAWIM Y JlaboparopHUx ymoBax. [loka3HMKM OKHMCHO-BIJTHOBHOI pIBHOBaru 3a
noka3HukoM rH» Ta mocimipkeHHs CKiIaxy pO3YMHIB TPaBIICHHS JIY>)KHUM PEAareHTOM IMPOBOIWIN Y
JOCIITHO-TIPOMUCIOBUX ~ yMOBaX. KHCIOTHO-OCHOBHI ~Ta  OKHCHO-BIJTHOBHI  BJIACTHBOCTI
KOHI[CHTPOBAHUX CTIYHUX BOJ JUISHKH TPaBICHHS Ta YMOBH iX OOpOOKH 3 METOI OYHIICHHS,
pereHepaiiii, yTHiizamii, BUBYAIM METOJaMU MOTEHLIOMETPUYHOTO TUTPYBAHHA Ta XIMIYHOTO
OCa/KEHHS B PEaKTopi MepioguvHOI Jii MpHU IHTECHCUBHOMY IEpEMIlllyBaHHI pearyrouuX PeuOBHH.
KinbKicHI m0CHi)KeHHsI Ha BMICT HOHIB (epyMy MPOBOIAMIN Y J1aOOPaTOPHUX YMOBaX METOJOM
(hOTOMETPUYHOTO BU3HAYCHHS 3 CYIH(OCATIIIIOBOI0 KUCIOTO. [loTeHIlIOMEeTpUYHE TUTPYBAaHHS
MPOBOAMIIN y JIaDOpaTOPHUX YMOBaX Ha moTeHmioMeTpi mapku EB 74 Ta y nmpomucioBo-a0cIigHIX
yMOBax 3 BUKOpUCTaHHSIM nopTatuBHoro pH-metpy pH 602 (Ykpaina).

Ta6auns 1. [TokasHUKN OKMCHO-BIJHOBHOI PIBHOBAru MpOLECY pereHepallii po3unHiB TPaBJIECHHS

Butpara 20% NaOH, ma pH Eh 6e3 H2O2, B Eh 3 H202, MB
125 0 - -
250 0,35 0,500 -
300 0,7 - 0,500
325 2,4 - 0,720
350 4.4 -0,110 0,680
400 4.6 - 0,410
450 4,9 — —
550 53 —0,120 —
650 9 -0,460 0,110
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Puc. 1. Binus rigpores nepokcuay Ha OKUCHO-BIIHOBHY PiBHOBAry
B TIPOIIECi pereHeparii po3uynHy TpaBJICHHS

Ha miacraBi mnpoBeeHHX paHillle TOCHIKEeHb, K1 anpoOoBaHi B myOmikamisx [3, 4-6] ta B
IPOMHUCIIOBUX YMOBAX CUCTEMAaTH30BaH1 €JIEMEHTH TEXHOJIOTIYHOT CXEMH, 1110 NIepeadayae OUnIIeHHs
KOHIIEHTPOBAHUX CTIYHUX BOJI AUISHKH TPABJICHHS B KOMOIHOBaHMX CHUCTEMax 3 OTPUMAaHHSIM OCaiB
3aJaHoro ckiagy B poGoTi mpoBeneHi AOCHIKEHHS 3 BHU3HAYEHHS OCHOBHUX KIHETMYHUX Ta
TEPMOJMHAMIYHUX IapaMeTpiB XIMIYHOro ocajkeHHs, a came: pH, Eh, ctyninp meperBopeHHs
(BumyueHHs), mBHUAKICTh (B iHTepBaii pH Big —1 no 10,2). /s BU3HaUSHHS YMOB MaKCUMAaJbHOTO
BuiayueHHs: HoHIB Qepymy(Ill) Ta mnporHo3yBaHHS OCHOBHOTrO ckiagy ocany Kkpim pH
JOCITIKYBaIacsi OKUCHO-BiTHOBHA piBHOBara 3a nmokaznukom rHz (tabmurs 1, pucyHok 1).

BinnoBigHO 10 OTpUMaHMX JaHUX, MOXKHA 3pOOMTH BHCHOBKH, [0 JaHI YMOBH pereHeparii
po3uuHiB TpasneHHs (pH=4,0-4,6; rH»=23,34-32,25 B) [103BOJISIIOTE OTPUMATH OCAJ
PEKOMEH/I0BAHOTO CKJIay Ui yTWJi3auli, SKUN BIANOBIAa€ MPUPOJHOMY MIHEpaly JIMOHITY
FeOOH (Fe203nH:0).

VY tabnuui 2 npeacTaBieHi €JIeMEHTH TEXHOJIOTTYHOT CXeMH pereHepallii po3unHiB TPaBICHHS 3
OTPUMAHHSM 0Ca/ly TOTOBOTO JJIS MOAAJIBINOT YyTHITI3aIli]l IISIXOM MEepepoOKH.
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Ta6auus 2. ExeMeHTH TEXHOIOTIYHOT CXeMH pereHepaii po3uuHiB TPaBJIeHHS 3 OTPUMAHHIM
0Ca/ly TOTOBOTO JJIsl TOJABINO] yTHITI3ALi]l IUITXOM NepepoOKu

., DyHKIisA
Tun TunoBuit y .
Ne eJIeMeHTa I'padiune 300paxxenns
YCTAHOBKH npoiec
(Tvn OynoBH)
1 | Peakrop nns XiMiqHUAN YTBOpeHH: Cmiuni 600u
MePETBOPCHH KOHJICHCAIIHHU
s B CUCTEMI X OcaiiB P Cycnensis ng
«pinTuHA— (mmamiB) ipu ’ po3ionenns
ocaa» OYHCTII IInaw ma
CTIYHHX BOJI. . pinompam nq
0004UUeHHS
2 | Peaktop musa | I'impomexaHiu- Posninenns 2
PO3AUICHHS 130701 CyCITeH3i1 Ta £
. =]
(pinbTpyBaHHs | 3HEBOTHEHHS = Kondencayiiiguii
P ocao
) ocaxy = ' '
Dinempam Ha Kopexkyiro
cK1ady 00 HOpM
MEXHON02TUHO20 PO3YUHY
3 | Peakrtop nmus XiIMIYHAN BinOyBaeTncs Posuun
OKHCJICHHS B J03yBaHH:A P (pinempam) N08ePMAEMbCs
CUCTEM1 XIMIYHOI'O 35% -nuit HCL,| Y eanmy mpasienni
pinuHa- pearenty HCI \/
piauHa

JUis CTBOpEHHsS TEXHOJIOTIYHOI CXEMH OTpPHMaHHS ocady Ui YTUJi3alii peKOMEHJO0BAaHO
HaIpaBJIsTH Ha JIOKaJIbHI IHUKJIM pereHepaiii y kiabkocti 50 % Bif 3araapbHOTO 00’€MY PO3UHMHY
TpaBiieHHs. Perenepariisi po3unHiB BiJ] onepariil TpaBaeHHs 31HCHIOETbCS CIIOCOOOM 00pOOIeHHS
JYXHAM pEareHTOM Ta TiJpOTe€H MEPOKCHIOM B KHCIOTHO-OKHCHOMY CEpPEIOBHUIII 3 METOI
oca/KeHHsT HoHIB Qepymy y dopmi rigpokcocmonyk [5]. Cxemarnuno meil mporec MOXKHA
NPEJCTaBUTH HACTYITHUM YHHOM:

— okucHeHHsa HoHiB ¢epymy(Il) no ioniB depymy(Ill), mo mocsraerbcs mpu 3acTOCyBaHHI
T1APOTeH NEPOKCUTY;

— YTBOpEHHs HEPO3UMHHHX TiApokcocmonyk Fe®* mpu jgonaBaHHi Jy’KHOTO peareHty o
pH=4 [3, 5].

B pesynbrari gochijykeHb BCTAHOBJIEHI TEXHOJIOTIYHI MHapaMeTpd pereHeparii po34YHHIB
tpaBnenus (pH=4,0-4,6; rH,=23,34-32,25 B), 0 103BOISAIOTE OTPUMATH OCAJ] PEKOMEHIOBAHOTO
CKJIay /Ui yTUIIi3auii, sKuil BiAnosigae npupogHomy minepany jiMoHity FeOOH (Fe:O3nH20).
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Abstract

The results of research on the possibility of obtaining sediments of a given composition and reducing the
consumption of chemical reagents in comparison with traditional cleaning schemes are presented. Treatment
of concentrated wastewater of the etching area in combined systems with obtaining sediments of a given
composition and is the basis for the implementation of resource-saving technology. The parameters of the state
(pH=3-4, Eh=+0.3—+0.33 V and rH,=16.3-19.38 V) and technological parameters (degree of ferrum
extraction y=0.8, reagent consumption (from the stoichiometric norm) B=0.8). Such parameters provide the
proper conditions for the oxidation of organic compounds and their co-precipitation with insoluble
hydroxocompounds of ferrum (the maximum degree of extraction of organic impurities is 86%). As a result of
studies on the treatment of concentrated ferrum-containing wastewater, the obtained sludge is ready for further
utilization by processing. The composition of this sediment corresponds to the natural mineral limonite FeOOH
(Fe203.nH,0) and is formed at pH values from 3.5 to 7.5 with an rH; value from 26 V to 21 V and at
technological regeneration parameters of pH=4.0-4.6; rH,=23,34-32,25 B.

234 Handbook of the XXI1V International Science Conference
«Ecology. Human. Society» (June 5, 2024, Kyiv, Ukraine)


https://doi.org/10.1007/s11356-022-18643-y
https://doi.org/10.15587/2706-5448.2021.247550
https://doi.org/10.31713/vt220239
https://doi.org/10.21303/2504-5695.2021.001883
https://doi.org/10.15587/1729-4061.2022.267949
https://doi.org/10.15587/1729-4061.2022.267949

Marepianun XXIV Mmmapouﬂo'l' HAYKOBO-II -IPAKTHYHO 1 KOHq)epeHui'l'
«Exounoris. JIroguna. CycninbcTBo» (5 yepBHs 2024 p., m. KuiB, Ykpaina)

CTPATEI'IA

CTAJIOI'O PO3BUTKY

Y KOHTEKCTI
EKOJIOI'TYHOI BE3IIEKU
Cekig Ne 3

SUSTAINABLE
DEVELOPMENT STRATEGY
IN THE CONTEXT OF
ENVIRONMENTAL SAFETY
Section Ne 3

Handbook of the XXIV International Science Conference 235
«Ecology. Human. Society» (June 5 2024, Kyiv, Ukraine)



Martepiaan XXIV MikHapoaHoi HAYKOBO-NIPAKTUYHOI KOH(pepeH il
«Exonoris. Jlivoquna. CycninbeTrBoy (5 yepBHsi 2024 p., m. KuiB, Ykpaina)

A

v

ISSN (Online) 2710-3315
https://doi.org/10.20535/EHS2710-3315.2024.303595

Handbook of the XXIV International Science Conference
«Ecology. Human. Society» (June 5, 2024, Kyiv, Ukraine)

1O/J10 MUTAHB 3ABE3NEYEHHSA BJIACHOI BE3INEKHU PATYBAJIbHUKIB ITPU
HAJAHHI JOITOMOI'M NOTEPHIJIUM B HACJILIOK TEXHOI'EHHUX KATACTPO®
1] YAC POCIMCHKO-YKPATHCHKOI BIHHU

Magao IUBA!, Oier ATUMOB!, Biraxiii TIPUCSIKHUM-)KAJIKO!,
Jlapuca CUMOHOBA!, Tanuio BEHATOB!?,01ena JEPEBSIHKO!,
Map’sasna CTOJAPUYK!, I'ennagiiit CTOJISAPUYK!

! Beeyxkpaincvka 2pomadcvka opeanizayia « Ykpaincoka cysxchba nopamyHky»
Bya. B. Uepunins, 90, m. Kuis, 02094, Ykpaina
e-mail: police911_ukraine@ukr.net
? Kuiscokuti nonimexuivnuii incmumym im. Izopsa Cikopcoko2o
np. bepecreiicekuii, 37, M. Kui, 03056, Ykpaina

Anomauin

Poboma onucye docsio BI'O «YCII» 3 0onomozu yusinbHoMy HACENEHHIO, Wo NOCMPAad#coalo 6io
HACNIOKI6 MEXHOEHHUX Kamacmpo@, CnpuyuHeHux pocilicbKolo azpeciclo npomu Yxpainu.
Pospobneno pexomenoayii 0na niosuwjenns pisHs 61acHoi 6e3nexu ma 3MeHueH s PU3UKY 8Naugy Ha
cman ma 300pos s Paxieysa-psamyeanbHUKa nio 4ac 6UKOHAHHS PAMYSANbHUX MICIIL.

Knrouosi cnoea: 3acoou inousioyanbHo2o 3axucmy, mexHo2eHHi Kamacmpogu, psmyeanibHi Micii.

Vkpainceka Ciayx6a [TopsaTyHKy po3mnodania CBOIO AisUTBHICTE Y 1996 porri. OgHUM 13 TOJTOBHUX
HanpaMmkiB nismbHOCTI YCII € HamaHHS [OOMOMOTH MOTEPHUIMM BHACHIJOK MPUPOAHUX Ta
texHoreHHux karactpod [1]. V cBoiit mistibHOCTI BI'O «YCII» KEepyeThCs HU3KOIO MIKHAPOJHUX Ta
HalllOHAIbHUX HOPMATHUBHO-NPABOBMX AaKTiB, II0 PENIAMEHTYIOTh IISUIbHICTh PATYBAJIbHUKIB Ta
pATyBanbHUX cayk0 [2, 3, 4], amke Oe3neKa KUTTA PATYBaJIbHUKA € TOJOBHOIO 3allOPYKOI0 YCIHIXY
Oyab-KOi pATYBaJIbHOI MICii.

[Ticns moyarky moBHOMAcCIITaOHOTO POCIMCHKOrO BTOPTHEHHS B YKpaiHy (axiBLsSIMM OpraHizaiii
Oyn0 po3poOIeHO METOMYHI peKOMEHAIlii CIIPSMOBaHI Ha MOCUJICHHs 0e3MeKH PATYBaIbHHKIB Ta
MOCTPaXJAAJUX M1/l YaCc BUKOHAHHS PATYBAJbHUX omepaiiil. Bkazani pexomenaanii Oynu ycHimHo
anpoOoBaHi Ha TEPUTOPIsIX MUKOIAIBCBKOI Ta XepCOHChKOT 00acTei, 10 MOCTpa)/1ail BHACTIIOK
HiJpUBY pociiickKkoro apmiero rpedni KaxoBebkoi rigpoenexkrpocTaniiii y yepsHi 2023 p.

HaBeneMo 0CHOBHI T€3H HAIIOi METOJUKH.

1. Bawa 6esnexa — ye éawt npiopumem i eauia nepuioiepeosa 30Ha GiON0BIOAIbHOCMI nepeo
coboro ma inwumu. ToOTo, Halimepine, MO HEOOXITHO 3POOUTH PATYBAIBHUKY, IIe yOe3neunTu cebe
BiJl BIUIMBY CTOPOHHIX UYMHHUKIB. CHpUATH B IOMY Ma€ IMIJIBUIEHA YBaXHICTh Ta 3aco0u
1HAMBITyaJIbHOTO 3aXUCTy. PATyBambHUK Mae OyTH BIEBHEHHH IO BiH, MO-TepIle, MOBEPHETHCS
JIOJIOMY IUIMM Ta HEYIIKOJKEHUM 1 HEe CTaHe JUIsl CBO€1 KOMaHIM JOJATKOBUM IOTEPIUINM, SKHUH
notpelye yBaru i I0oMory, a, no-Japyre, He MpuBe3e J00My HeOe3NeuHi Marepiaii, peUOBHHU Ta
MPUCTPOI, 3HANIEH] M1/ Yac r'yMaHITapHOi/pATYBaJIbHOI/BOIOHTEPCHKOI MICIi.

2. Bawa obaunicme — ye Halinepuie, Wo 8U Macme aKmugyeamu nio 4ac HAOAHHA OONOMO2U
nomepninum. 3BepTaiTe yBary Ha BCl OOCTaBUHH, IO MOXYTh HAIIKOAWTH BaMm Ta/a00 BamIii
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koMaHzi. Hampukmnan, miamutuii Geper, M0 MOXKE OCHIIATUCH Tij BAIIOI0 Baror, abo HasBHICTH
HABKOJIO Bac HAJIKAHWUX CBIHCHKUX TBapWH, IO MOXYTh TpaBMyBaTh JroAuHY. Ha ceimaunax,
BiI3HATHX Yy uepBHI 2023 poky B MukomnaiBcbkiii o0macTi, MOXXHa MOOAYUTH BPATOBAHOTO
JIOMAIITHBOTO KOTa, 3BEPHITh yBary, 0 HABITh HAWMEHIIIA MOJPSITNHA BiJ] TRAPUHHU, 110 MaJia KOHTAKT
3 3a0py/HEHOI0 BOJOI0, MOXKE MPHU3BECTH JI0 HEMepen0aqyBaHUX HACIHIIKIB, HAIPUKIIA] 3apPaKCHHS
KPOBI.

3. Bawa nepconanvua anmeyka — ye wum, wjo nio2omosienuti ma 3iopanui éamu ocooucmo. B
anTedlll MaloTh OyTH KPOBOCIHMHHI 3ac00M, OMHTH, 3HE3apakyBalibHI 3acoOM Ta Ti JIKU, SKUMHU
KOPHUCTYETECh 0coOMCTO BU. B omHOMY pasi He JaBaiiTe MOTEPHIMM JIiKH 3 Bamioi antedku. Jliku
MOXYTh BHUKJIWKATH y JIOMUHH QJEPTidHy peakiito, B pe3ylbTaTi SKOi MOXYTh PO3BHTHCH
YCKJIAJIHEHHS, @ B HAUTIPIIOMY BUITJIKy — cMepTh. B pe3ynbraTi HekBani(hikoBaHUX A1l pATYBaTbHUK
/ BOJIOHTEP MOKE TTOHECTH KPUMIHAIBHY BiIMOBIIAIbHICTH 3@ 3aB/IaHHSI IIKOJINA KUTTIO Ta 370POB 10
JIIOIMHU 3 HEOOEPEIKHOCTI.
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4. Cneyianvna anmeuxa 3a824cou e y KOMnieKmi i3 3HAHHAMU 3 HAOAHHS OOMeOUUHOI 00NOMO2U.
VY koxxHoro ceprudikoBanoro ¢axisist BI'O «YCII» € cnerianbHa anTeuka, po3paxoBaHa Ha BUITAJI0K
JTII, aBapiii, MacoBOTO TpaBMYBaHHS Jonel. Axkujo 6u ne macme meouyHoi keanigixayii, 6u macme
npaso Ha HAOAHHA, auwe nepuioi, HeiOKIaoHoi, domeouunoi donomoeu! CrerianbHa anTedka
MOBUHHA MICTHTH OWHTH, TUIACTHUPI, 3aCO0M 11 00pOOKH ¥ 3HE3apakeHHS paH, MPOTHOIIKOBI 3ac00u,
TEPMOKOBIPH, a-TpaBMaTu4Hi Houlli. [IpodeciitHi MeaudHi MpamiBHUKA MOXYTh JIOMOBHUTH
anTeyKy 1HIIUMH MIperapaTaMy Ta IHCTPYMEHTaMHU.

3acobu ocobucmoeo 3axucmy — 3anopyka eexmusHoco Hadanus donomocu nomepniium. Ilpu
KOHTAKT1 3 TPABMOBaHUMH JIFOJIbMH, BUKOPUCTOBYITE MEANYHI pyKaBHUYKH, a 32 HEOOX1THOCTI, MAaCKH.
SK110 BU MaeTe rnepecyBaTUCh BOJHUMHU LUISIXaMU, T00aiTe PO HASBHICTh PATYBAIbHOTO JKUJIETA,
OKYJISIiB, BOJIOTO3aXMCTHOTO OISTY, TOMIO.

5. «lopooicns kapmay - 3anopyka ycnixy micii. ToTylTech 0 KOXHOi MiCii BpaxoBYIOYH
cnenudiky: ypakeHUH TIPyHT, BOJAA, MOBITPS, TOM[O. PsATyBambHUK Mae moabaTH Mmpo 3acodu
1HIMBIIYaIbHOTO 3aXKUCTy 3 YPaxXyBaHHAM Ili€i CIeH(IiKU.

6. Booa — cmpameziunuii KOMRNOHeHm pAmMy8aivbHoi micii. 3aBKIU MalTe Mpu coOi JOCTaTHIN
3arac MUTHOI BoAK. BoHa He TIIbKY Bramye crpary pATyBaJIbHUKA Ta MOTEPIINX, alie 1 i J03BOIUTh
IIPOMUTH PAHU Ta MOIPSIIUHU, YUM 3HAYHO MOJIETIIUTH MOJAIBITY POOOTY KBasTi(hikoBaHMX (haxiBIIiB.
BaxxnuBo mam’siTaTH, AKIIO €KOJOriuHa KatacTpoda moB’s3aHa 3 XIMIYHUMU PEYOBHMHAMH, IO
AaKTUBHO pearyroTh 3 BOJIOIO, i1 BAKOPUCTAHHS KAaTETOPUYHO 3a00POHSETHCA.

7. 3acobu xomyHixkayii. Y MUPHHIA 4ac MU 3BUKJIH JI0 TOTO, 110 Maibke 95% teputopii Ykpainu
MaroTh MOKPUTTSI MOOITHHUM 3B’SI3KOM. Ha TepuTopisix, 1o 3a3Haiu eKoJoriuHoi karactpodu abo
CTUXIMHOTO JHXxa 3B’sI30K Moxke OyTu BiacyTHiMm. [logbaii mpo pamioctanmii ta Starlink, mus
KOMYHIKaIlii Mi>k COOOFO Ta 3 «BEJHKOIO 3EMIICIO).

8. He 6yo» cmankepom, ne bepu He3po3ymini npeomemu 6 pyku. Hail IpOTUBHUK MiACTYIHUH,
PYHHYIOUH TTPOMHECIIOBY Ta >KATIOBY 1H(QPACTPYKTYpy BiH He 3a0yBa€ 3aIMIIATH «CIOPIPU3NY IS
PATYBaJIbHUKIB. SIKIIO € MiHIMaJbHUM CyMHIB LIOAO HPEAMETIB, 110 TH Oayuil nepea cobor —
3ynuHUCH 1 BUKIukai qonomory JICHC, HI" a6o 3CY.

9. He 3abysaii npo Odxcepena ocuenenns. Mail pu cobi maBepOaHKW Ta HIOKOJdAJ, II00U y
NOTpiIOHUI MOMEHT y Tebe OyJu CBITIIO Ta €HEpPTisl.

10. Buuce i, basicaro, He HA C80IX NOMUIKAX.
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ON THE ISSUES OF ENSURING THE PERSONAL SAFETY OF RESCUERS WHEN
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Abstract

The paper describes the experience of the USP NGO in assisting civilians affected by the
consequences of man-made disasters caused by the Russian aggression against Ukraine.
Recommendations have been developed to increase the level of personal safety and reduce the risk
of impact on the health and well-being of rescue specialists during rescue missions.
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EKOJIOI'TYHI ACTIEKTH YTBOPEHHSA BIAXOAIB JIEPEBUHH
HA I AITPUEMCTBAX

Ipuna EPMAKOBUY
Cxionoykpaincokuti HayionanbHull yHigepcumem im. Bonooumupa /lansa
ByJ. loanna Ilasna II, 17, m. Kuis, 01042, Ykpaina
e-mail: i.ermakovich@snu.edu.ua

Anomauin

3 nionucannam ma pamugpixayiero y 2014 poyi Yrpainorw Yeoou npo acoyiayiro mioc Yrpainoro,
3anywjeHo Mexamizm pe@opmysanHs 0epiHcasHoi noaimuku y eanysi 6i0xo0dis. [na Yxpainu ye
O3HAMEHYBAI0 Nepexio 00 YUPKYIAPHOI eKOHOMIKU ma cmanozo po3sumky. B Vkpaini 3 nabymmsam
yunnocmi 09.07.2023 poky 3axony «IIpo ynpaeéninnsa gioxooamuy 8io6yeacmuvcs npoyec nepexooy 0o
€BPONENCHKOL cucmemu YnpasuiHHsa 8i0X00am, GKIIOYAIOYU €8PONEUChKULL Ni0Xi0 00 Kiacugixayii
8I0X00i8, 3ACMOCY8AHHA N AMUCMYNEHe8ol Iepapxii yNpaeniHHA 8i0X00amu, 6NpPO8AOI’CEHHs
NPUHYUNIE POZUWUPEHOI 8I0N0BI0ANbHOCII 8UPOOHUKA MaA 3a0pYyOHI08aY niamums. 32i0HO OAHUX
0epIHCaABHUX CMAMUCMUYHUX cnocmepediceHb 6 Ykpaini nuwe 25,51% npomucnosux 6i0xodis
Ymunizyemovcs. 3 Memor 00CHi0HCeHHsT 0epesooOPOOHO20 BUPOOHUYMBA K 0xcepena YMeEOpPeHHS
8I0X00i8 NPOBEOEHO AHANI3 YCMAMKY8AHHS, SKe BUKOPUCMOBYEMbCA Ol 00pOONIeHHs. OepesuHl,
BU3HAYEHT XapaAKmMepuCmuKy 0epesHoi CUPOBUHU, NUIOMaAmepianis.

Y pobomi eusnaueno, ski 6i0X00u ymeopoiomucsa npu Mexaniutiti 06poodyi 0epeeroi cuposuHu,
3A3HAYEHO, WO N0 4ac 30iUCHEHHI MEeXHON02TYHUX Onepayill 3 MexaHiuHo2o 0OpobieHHs OepesuHU
VMBOPIOIOMbCs U, OPIOHA Ma KPYNHA CMPYXHCKA, mupca, KycKogi 6i0xoou oepegunu. 30iticHeHO
PO3PAXYHKU YMBOPEHHS 8i0X00i68 0epesooOpob.IenHs Nid 4ac 8UpoOHUYmMei meo.is.

13 300 000M* na pix nunomamepianie ymeopioemuca. Kyckogux 6ioxodie depesunu 79,515 m®/pix,
cmpyaicku — 4,950 m>/pix, mupcu — 6,300 m*/pix. 3aeanvnuii 06¢se Oepesnux 6i0x00i6 no 6IOHOUEHHIO
00 00°emy 6xionoi cuposunu cmanosums 30,26%. Po3paxoeana KinbKicmb 0epeguHHUX 8i0X00i6, o
BUOANILEMBCA ACNIPAYITIHOIO CUCMEMOIO NPU HASIBHOCMI NUO 8NI0BTII08AHO20 YCMAMKYEAHHSL.

Pospobneni pexomenoayii wjo0o ynpaeninua gioxooamu oepego obpobnenns. Pexomenoosani
HanpsiMKu nepepooKu 8i0xo0die 0epesooOpPoOHOI NPOMUCIOBOCMI, a came: 8UPOOHUYMBO nejiem,
biomacosa eHepeemuxa, GUPOOHUYMBO OEPEBHUX NAUM, BUPOOHUYMBO OI0eNeKMPOXIMIYHUX
NPOOYKMI8, Yent0I03H0-nanepose GUPOOHUYMEO ma OIONanued, peyuxkio8anHs ma NOEMOpHe
BUKOPUCTNAHHSL, 2I0POILI3 OepesUutU, GUPOOHUYMEO KOMHOCHY.

Knrouesi cnosa: nasxonuwine npupooHe cepedosuuye, 8i0Xo0u 0epesuHu, 0xcepena YmeopeHHs
8i0X0018, 0epes00OPOOKA, YNPABIIHHA 8I0X00AMU, ACNIPAYINIHI CUCTeMU, NUTOBLOBTI08AYI.

AKTyaJabHicTh npodaemu. [licns nianucannsa Yroau npo acomiaitito 3 €ponericbkkum Coro30M
B YKpaiHi po3MoyaBcsi MPOLEC MEpexoay Ha PEHKH LUPKYISIPHOI €KOHOMIKH, IO CHPUYUHHUIIO
Ipolec IMIUIEMEHTAllll €BPONENHChKOro €KOJIOTIYHOTO 3aKOHOJAaBCTBA B HAIllOHAJbHE, y T.4. IO
Bimxomax [1].
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B Vkpaini 3 #aGyrrsim umHHOCTI 09.07.2023 poky 3akony «Ilpo ympaBiiHHS Bimxxomamm»
BIJIOYBAa€THCS MPOLEC MEPEXOAY 10 €BPONEHCHKOT CUCTEMHU YIPABIIHHS BIIXO0JaM, BKIIOYAIOUU
€BPOMENUCHKUN MiAXig a0 Kiacugikamii BiIXOAiB, 3aCTOCYBaHHsS II'SITUCTYIEHEBOI iepapxii
yIpaBIiHHSA Biaxoaamu [2].

VY 3B’s13Ky 3 TUM, IO JiconepepoOHa Ta AepeBO0OpOOHa ramy3i BITHOCATHCS 0 Ty’KE BAXKITHBUX
rajgy3eil eKOHOMIKM YKpaiHM, MUTaHHSA BIPOBA/DKEHHS €KOJIOTIYHUX HPUHLMIIB Ta €(hEeKTUBHUX
METOMIB KepyBaHHS IEPEBUHHUMH BiJX0JaMHU HA0YBalOTh BCE OUIBIIOI aKTYalbHOCTI.

Mera po6oTM — BHM3HAYCHHS EKOJIOTIYHMX acCHeKTiB YTBOPEHHS BIIXOIIB JAEPEBHHHU Ha
HiANPHEMCTBAX Ta PO3POOJICHHS pEKOMEH AN 00 YIPaBIiHHS IUMHU BiIXOJaMH.

OO0’ekT J0CHiIKEeHHSI - YTBOPCHHS BIIXOMIB JEPEBMHHM B TEXHOJOTIYHUX IIpoIlecax
JEpEeBOOOPOOKH.

IIpeamer pocaizkeHHs - [UKepena yTBOPEHHS BIAXO/IB JIEPEBUHHU B TEXHOJOTIYHUX Ipolecax
JEepEeBOOOPOOKH.

AHai3 0co0MMBOCTI yNpaBIiHHS BiAXoAamMu B YKpaiHi B Cy4aCHMX yMOBax IMOKa3aB, 110 BEIUKI
o0CsiTM YTBOPEHHS BIAXOIIB MpH MainMX 00’eMax iX mepepoOJeHHs Ta BiJIHOBICHHS CHPHUSIOTh
HAKOIHWYEHHIO IPOMHUCIIOBUX Ta KOMYHAJIbHUX B1JIXO/1B B MICISIX BUJaJICHHsI IPOMUCIIOBUX B1IXO/[1B
Ta Ha 3BAJIMINIAX. 3a JaHUMU JiepxkcTaTy 3a 2021 pik y Miclsx BUAAJICHHS BIIXOIB OyJI0 HAKOITMYEHO
noHaza 15,6 Mapa. TOHH HenepepoOaeHux BiaxoniB. TakuMm yuMHOM, Ha 1 KB.KM TepuTopii KpaiHu
npumagae 27.1 Tvc. TOHH Bigxomdis [3].

3a nmaHUMHU JIep’KaBHUX CTaTHCTUYHUX crocTepexenb mnporsaroM 2020 poky B VYkpaiHi
yrBopuiiocst 750.1 THC. TOHH I€pEBUHHUX BIIXOIIB.

[IpoBenenuii anamiz 1epeBOOOPOOHOrO  yCTaTKyBaHHS, IIOKa3aB IO e(hEeKTUBHICTh
JepeBOOOPOOKH, SIKICTh IPOAYKIIil, IKa BUTOTOBJISETHCS 13 MAaCUBY JICPCBHHH, HAHOUTBIIIE 3aJIC)KHUTh
BiJl IPaBUJIBLHOTO BUOOPY ycTaTKyBaHHs. Bubip BepcraTiB /g oOpoOKU AepeBa, IXHs MOTYKHICTh
BHU3HAYAIOTHCS CIEIiaTi3alliero AepeBOOOPOOHOr0 BHPOOHHUIITBA, OO0 BHPOOHUYOI MPOTPaAMOI0,
HOMEHKJIATypOI0 Ta aCOPTUMEHTOM MPOAYKLIi 13 JEpEeBUHM, CKIAJHICTIO OOpOOJIEHHS 3aroTiBOK,
XapaKTepUCTUKAaMU JIEPEBUHHU, sIKa BUKOPUCTOBY€ETHCSA AJi11 00poOIeHHs, Touo[4].

B pe3ynbrati MexaHiuHiil 00poO11i 1epeBHOI CUPOBUHU YTBOPIOIOTHCS HACTYIIHI BUJIU BIIXOJIB:
nui, ApiOHa Ta KpyINHa CTPYKKa, TUPCA, KyCKOBI BIIXOAM IE€PEBUHH [S].

3 METOI0 OIIHKHU 00CATIB yTBOPEHHS B1IXOAIB JepeBOOOPOOIICHHS ITPU BUTOTOBIIEHI MeOIIiB Oynn
IIPOBEJICH] pO3paxyHKH 13 3aCTOCYBaHHAM BIJIOBIAHUX METOJUK [6].

PesynbTaTi po3paxyHKiB HaBeeH1 y Tabmaumi 1.

3 MeTor HEIOMyUIeHHs 3a0pyJIHEHHS JOBKULIS BiIXOJaMHU J€peBOOOPOOHE yCTaTKyBaHHS
o0MagHyeTbCS aclipallifHUMHM CHCTEMaMM 3 amapaTaMd OYMCTKU Ta30-MOBITPSAHOI cyMilli
[7].IIpoBeneHi po3paxyHKH MOKa3aly, 0 KUTBKOCTI AEPEBHOI CTPY>KKHU 1 TUPCH, KA BUIOBIIOETHCS
nukiaoHamu tuny L[ - 730 «[imponpeBnpomay, cTaHoBUTH 22 % BiJ KUIBKOCTI BUTPauy€HHUX
nujIoMaTepiais.

OaHUM 13 €KOJIOTIYHMX acHeKTiB (PYHKIIIOHYBaHHS MIANPUEMCTBA € OpraHizallis YIpaBJIiHHA
BiIXOJaMH BIAMOBIIHO [0 TI'SITUCTYNEHEBOi iepapxii 3 HaJaHHSAM TMepeBard 3amodiraHHio ix
YTBOPEHHIO Ta MepepolieHHI0. Bixoau AepeBUHU € IIHHOI CHPOBMHOIO JJIS IHIIMX ramysen
ekoHoMiku. Ha nepeBooOpOOHMX MHiANPHEMCTBAX HANOUIBII MOIIMPEHUM € YTUIIi3alis BiAXOMIB
JIEpPEBUHH [IUISTXOM 3aCTOCYBaHHS CHCTEMH aBTOMAaTHYHOTO CIaIOBaHHS [§].

3a 2020 pik KiIbKICTh CHAIEHUX IEPEBHUX BIiAXO0/iB CTAHOBUTH 34.1% 3aranbHOi MacH BCiX BUIIB
BIIXO/IB.3 METOI0 YTHJI3aIil BIAXOAHW JEPEBOOOPOOHOT MPOMHMCIOBOCTI BHUKOPHUCTOBYIOTHCS: Y
BUPOOHHUIITBI TeJuIeT, 010MacoBiif eHepreTulli, BAPOOHUITBI IEPEBHUX IUIUT, 010€MEKTPOXIMIUHUX
MPOAYKTIB, Ol0ManuBa 1ei0JI03HO-TIalepOBOMY BUPOOHUIITBO, Y T1pOi3l JepeBUHU, BUPOOHUIITBI
KoMIocTy[9].
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Tabauus 1. Kinbkicte Ta 00’ €M BiIX01iB AepeBO0OPOOIICHHS PH BUPOOHHUIITBI MeOIiB

IHoka3Huk \ Oa. Bumipy | 3Ha4yeHHHA
Bxioui oani
OOcsT BUTPATHOI CUPOBUHU M3 300.000
KinpkicTh BUTOTOBJIEHUX CTLIBIIIB THC. IIIT. 28.000
Ymeopeno sioxoois
Kyckosi 8ioxoou
KisbKiCTh KYCKOBHUX JAEPEBHHX BIIXOIiB T/piK 97.650
006’eM KYCKOBHUX BIJXOJIIB IEPEBUHU M3/pi1< 79.515
Crpyxka
KistbKiCTh JIepEBHOI CTPYKKH T/piK 31.500
O06’eM CTPYKKH JCPEBUHU M3/pik 4.950
Tupca
Kinpkicte THpCH T/piK 15.750
O0’eM THUpPCH IepPEBUHU M3/pik 6.300
Y3acanvneni nokaznuxku ymeopenns 6i0xo0i¢ no nionpuemcmaey
3aranpHi 00CIrd BIAXOIIB T/piK 144.900
0O0’eM BIIXOIiB MS/piK 90.765
KinpkicTh BigX0IiB O BIIHOILIEHHIO 10 % 30.26
00’eMy BXiTHOT CHPOBHHHU

BucHoBku

OaHuM 13 €KONOTIYHMX acCHeKTiB (PYHKI[IOHYBAaHHS MiAIPUEMCTBA € OpraHi3ailis yIpaBliHHS
BIJIXOJIaMH BIJMOBITHO JO IT'ATUCTYIEHEBOI i€papXii 3 HaJaHHIM TepeBard 3amoOiraHHIo iX
YTBOPEHHIO Ta  nepepobieHH0. B 1epeBooOpoOHIM MPOMHUCIOBOCTI IMpaBUIBHHM BHOIp
YCTaTKyBaHHS Ui JepeBOOOPOOJIEHHS, BX1IHOI CHPOBHHM, NMHJIOMATEPLIIB CIPHUSE 3MEHIIECHHIO
YTBOPEHHS BIIXOIB. 3aCTOCYBaHHS aclipallifiHUX cucTeM, BUOIp €(EeKTUBHUX anapariB OYMCTKU
acmipaliifHOro MOBITPS BiJ I€PEBHOI CTPYKKH, TUPCU Ta MUY JEPEBUHU 3ar100irae 3a0py IHEHHIO
UMM BIJXOJaMHU JIOBKULIA. Binxoam aepeBooOpoOsieHHs, BUIANCHI B amapaTax OYHCTKH,
HAINPaBJISIOTHCS HA PEIMKIIIHT.
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Abstract

With the signing and ratification of the Association Agreement by Ukraine in 2014, the mechanism for
reforming state policy in the field of waste management was launched. This marked the transition for Ukraine
towards a circular economy and sustainable development. The entry into force of the Law "On Waste
Management" on July 9, 2023, initiated the transition to the European waste management system in Ukraine.
This includes adopting the European approach to waste classification, applying the five-level hierarchy of
waste management, and implementing the principles of extended producer responsibility and the polluter pays
principle.

According to state statistical data, only 25.51% of industrial waste in Ukraine is disposed of properly. To
examine woodworking production as a source of waste generation, an analysis was conducted on the
equipment used for wood processing and the characteristics of wood raw materials and lumber.

The paper identifies the types of waste generated during the mechanical processing of wood raw materials,
which include dust, small and large shavings, sawdust, and lumpy wood waste. Calculations of woodworking
waste generation during furniture production were also conducted.

From an annual processing volume of 300000 m? of lumber, the following waste volumes are produced: Piece
wood waste: 79.515 m?*/year; Shavings: 4.950 m*/year; Sawdust: 6.300 m*/year.

The total volume of wood waste, in relation to the input raw materials, is 30.26%. The amount of wood waste
removed by the aspiration system, which includes dust-capturing equipment, was also calculated.
Recommendations for managing wood processing waste were developed. The recommended areas for
processing woodworking industry waste include: Production of pellets, Biomass energy, Production of wood
panels, Production of bio-electrochemical products, Pulp and paper production, Biofuels, Recycling and reuse,
Hydrolysis of wood, Production of compost.
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OIIHKA PU3UKIB 310POB’IO HACEJIEHHS, IO MEIIIKA€ B 30HI BIVIUBY
BUKUAIB 3ABPYJTHIOIOYNX PEHOBUH B ATMOC®EPHE IIOBITPA BI/{
AIHOYOI'O IHIAITPUEMCTBA «YKPI'PA®IT» B MICTI 3AITIOPIKIKA

Ogaena IBAHEHKO, Okcana TEPEIHIEHKO, €Bren IAHOB
Kuiscokuti nonimexniunuii incmumym imeni leops Cikopcbko2o
bepecrelicbkuii npocnekT, 37, M. Kuis, 03056, Ykpaina
e-mail: Okter789@gmail.com

Anomauisn. 3a poxu nHezanexcHocmi 6 Ykpaini cknanacsa cucmema ynpasiinHs SAKiCmioo 008K,
AKa He Modice yoe3neuumu 300p08’s HACeNleHHs ma NpasuibHe BU3HAYEHHS npiopumemis y Oisax ,
CHPAMOBAHUX HA NOKPAUWEHHS eKOJI02IYHOT cumyayii K y Macumaobax Kpaiiu, max i y KOHKpemHomy
pecioni. YV 383Ky 3 uuM, 6paAXo8yIOUU BUCOKE MEXHO2EHHEe HABAHMAICEHHS HA HABKOIUUHE
cepedoguie ma HacenenHs, Oyio UpiueHo anpobysamu WuUpoko 3acmocosany 6 kpainax €C ma
CLIA memo0onozito oyiHKU pU3UKY 300p08°10 HACENeHHs, W0 MewKae 8 micmi 3anopixncocs Ha
npuxnadi ditouoeo nionpuemcmea « Yxpepagimy.

Knrouoegi cnosa: ammocgepre nosimps, ananiz 6niugy 3a0pyOHIO0YUX PEYOBUH, KAHYEPOLEeHHUL
i HeKaHYepOo2eHHUU PUSUKU, OYIHKA PUSUKY.

OcHoBHUMH 3a0pyJHIOBaYaMU aTMOC(HEPHOro TOBITpsS MicTa 3amopiiks Ta o00yacTi €
HiANPUEMCTBA METaTypriiHOi, MaJMBHO-EHEPreTUYHOI Ta XIMIYHOI MPOMMCIOBOCTI. 3a0pyJHEHHS
aTMoc(epHOro MOBITPS MicTa XIMIYHMMHU PEYOBHMHAMM BHMKJIMKA€ HECHPUSTIMBI 3MIHU Yy CTaHI
30pOB’sl JIOJIeH, fKI y TEBHUX BHUIAJAKaX MOXYTb CIPOBOKYBAaTH MOAAJBIINI PO3BUTOK
NATOJIOTIYHUX CTaHIB 1 YCKJIaJHEHHS XPOHIYHUX 3aXBOPIOBAHb .

BusBneHHsI OCHOBHUX ITPUYHMH HE1H(EKL1HHOT 1 HeTpaBMaTHYHOI 3aXBOPIOBAHOCTI Ta CMEPTHOCTI
HACEeJIEHH, 1110 3aJIeKUTh BiJ] 3a0py/IHEHHS AOBKULIS, OLIHKA €KOHOMIYHOI IIKOJM Bl LIbOTO, J1a€
MOYJINBICTh 00’ €KTUBHO OLIIHUTH BUTPATH HA MPUPOJOOXOPOHHI 3aX0/M MO 3HM)KEHHIO HACHIJKIB
B1J1 3a0py/THEHHS HABKOJUIITHHOTO CEPEIOBHUIIIA.

im0 pobotu Oyna OIiHKAa PU3UKIB JUIS 37J0POB’S HACENEHHS, IO MEIIKA€ B 30HI BIUIMBY
BUKH/IIB 3a0pyIHIOIOUHX PEYOBHH B aTMOC(EpHE MOBITPS BiJ A1F0UOT0 MiANPUEMCTBA «YKprpadit»
B MicTi 3amopioKs, y3arajlbHEHHI JIOCBiJly 3aCTOCYBAaHHS MPOLEAYPH OLIHKM PU3HKIB Ta IIKOJIU
3/10pOB’I0 HACEJIEHHS Yy CUCTEMI1 HOBUX MEXaH13MiB MOHITOPUHTY 1 YIIPaBIiHHS SIKICTIO MOBITPA.

BukoHaHHS OLIIHKM PHU3MKY BIUIMBY HAa HABKOJIMIIHE CEPEOBHILE BijJ CTAalliOHAPHUX JKEpPe
BUKH/IIB 3a0pyJHIOIOYMX pPEYOBMH B aTMocepHe TOBITpsA Airoyoro mianpuemctsa I[IpAT
«Ykprpadit» BigOyBaJloch y BIANOBIAHOCTI MO ICHYIOYMX Ha 4Yac pO3PaxyHKy CHUPOBHUHHHUMHM Ta
€HEPreTUIHUMH PECypCaMu, TEXHOJIOTIYHUMH TpoIiecaMyl BUPOOHHUIITBA, ACOPTHMEHTOM i 00’ €MOM
IPOAYKIIT; SKICHOTO 1 KIIbKICHOTO CKJIa/ly BUKH/IIB 3a0pY/JHIOIOUHUX PEYOBUH B aTMOC(I)epHe MOBITPS;
MOTEHIIIHHOTO BIUTMBY iHIIMX (DaKTOPIB BIUIMBY Ha HABKOJIMIIIHE CEPEIOBHUIIIEC 1 3I0POB’sT HACEICHHS;
3 ypaxyBaHHIM ICHYIOUO] IUTaHyBalbHOI IHYPACTPYKTYPH MIPOMHUCIOBHUX Ta CEMUIIHUX TEPUTOPIH.

OuiHka pU3HMKY BIUIMBY IUIAHOBOI IISUIBHOCTI Ha 370pOB’S HaceleHHS BiA 3a0pyAHEHHA
aTMOC(EepHOro MOBITPS MPOBOJMIIACS 32 PO3PAXyHKaMH PU3HMKY PO3BUTKY HEKAHIEPOTEHHHX 1
KaHLeporeHHuX egekTis [1; 2].
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XapakTepucTUKa pU3HKY PO3BUTKY HEKAHIIEPOTEHHUX €(EKTIB MPU KOMOTHOBAHIM 1 KOMIUIEKCHIH
Jii XIMIYHHUX CIIOJIYK TPOBOJMJIACSA HAa OCHOBI po3paxyHKy iHnmekcy HeOesmeku (HI). Inmekc
HeOE3MeKn NJIsi YMOB OJHOYACHOTO HAIXOKEHHS KIJTbKOX PEYOBHH OJIHUM 1 TUM K€ MUISIXOM
(HampuKIaa IHTAIAIIHHUM a00 MEpOpPAIbHIM) PO3pax0oBYBaJlacs 3a TaAKO (HOPMYJIIOHO:

HI =Y HQ;,
ne HQi — koedirieHTH HEOE3MEeKH I OKPEMUX PEUYOBHH, K1 BU3HAYAIOTHCS 3T1HO:
HQ = C; / RfC;,

e Ci — po3paxyHKOBa cepeHbOPidHa KOHIICHTPAIlisl i-01 PeYOBHHM, MI/M>,

RfCi — pedepenTHa (6esmedyna) KOHIEHTpamis i-oi pedoBMHHM, Mr/M> (ypasi BimcyTHOCTI
pedepeHTHUX J03/KOHIIEHTpaIlill (3a IepeikoM) K eKBIBaJCHT MOKHA BUKOPUCTOBYBATH IPAHUYHO
noryctumi kornentpanii (I'1K);

HQi=1 — rpaHryHa BeITMYMHA IPHUIUHATOTO PU3HKY.

KoedimienTn HeOe3nekn po3paxoBYBAIUCA OKPEMO [0 KOXHIA pPEYOBHHI B  KOXKHIN
PO3paxyHKOBIH TOUII Ta qU(EPEHITIFOBAINCH IS PI3HUX YMOB (TocTpa Ta XpoHivHa Jist). KoedimieHt
HEOE3MeKH — I1€ KPaTHICTh peepeHTHOI KOHIIEHTpallii JI1 TOCTpOro abo XPOHIYHOTO BIUIMBY BiJ
MaKCUMaJIbHOI a00 CepelHbOPIYHOI PO3PaXyHKOBOI KOHIIEHTpAllli TOKCHMYHOI pPEUYOBUHU B
MIPU3EMHOMY Iapi MoBiTps. [HAEKC HeOE3MeKH € CYMOIO MUX KOS(IIIEHTIB HEOS3MEKH Bl OKPEMHX
3a0pyIHIOIOUUX PEUOBHUH.

VY 3B’s3Ky 3 TUM, 110 Ha JIOCIIDKYBAaHUX TEPUTOPISX aHATI3yBaI0Cs 0araTOKOMIIOHEHTHE XiMIYHE
3a0pyAHEHHST 00’€KTiB HABKOJHUIIHBOTO CEPEIOBHINA, OLIHIOBAIH CyMapHi pU3WKH, 00yMOBIIEHI
OJTHOYACHOIO JII€I0 KUTBKOX XIMIYHUX CHOJYK.

Po3paxyHOK KJIIMaTOJOTIYHUX, METEOPOJIOTIYHHUX KOE(PIIIEHTIB 1 MOKAa3HUKIB PO3CIIOBAHHSA
3a0py/IHIOIOUMX PEYOBMH B arMocepl MPOBOAMIMCA 3 YpaXyBaHHAM MAaKCHUMaJIbHHMX 1
CepeIHBOPIYHUX KOHIIEHTpAIllil 3 JONOMOro0 YHi(piKOBaHOI MporpamMu po3paxyHKy 3a0pyIHEHHS
atmocdepu «EOJI 2000», sxa n03BoJsie po3paxyBaTH NMPHU3EMHI KOHIEHTpauii 3a0pyIHIOI0UYNX
pedoBHH B arMocdepi BIANOBIAHO A0 «MeETOANKM pO3paxyHKYy KOHIEHTpaliil B aTMOC(HEpHOMY
HOBITP1 IIKI[UIMBUX PEUYOBUH, IO MICTATbCS Yy BUKUAAX MPOMUCIOBUX Mignpuemcts», OHJI-86,
npuBesieH1 B Tabmaumi 1.

Po3paxyHok po3citoBaHHsS 3a0pyAHIOIOUMX PEUOBHH IMPOBOJAMBCS 0€3 ypaxyBaHHS (POHOBHX
KOHIEHTpalli 3 METOI BHM3HAuU€HHs Oe3MOoCepeqHhOro BIUIMBY BUKH[IB MIANPUEMCTBA HA CTaH
HOBITPSIHOTO CEepeIOBUIIIA.

Jlns noTpuMaHHS Ha BCTAaHOBJIIOBAHUX MEXKaX TIr€HIYHUX HOPMATHBIB BMICTY 3a0pyIHIOIOUUX
pPEYOBHMH B aTMOC(EpHOMY IOBITPI — BCTAaHOBJIEHI PO3PaxyHKOBI KOHTpOJbHI Touku Ne 1 — 11.
KoOHTpobHI TOYKM XapaKTepHU3yIOTh PO3PAaXYHKOBY SIKICTh aTMOC(EPHOTO MOBITPS B KUTJIOBIN
3a0y/10BI.

[Ipu wmammHHOMY pO3paxyHKy 3a0pymHEHOCTI aTtMochepu Ha KapTax pO3CIIOBaHHSA
3a0py/IHIOIOUMX PEYOBHMH B arMoc(epHOMy TMOBITpi OyiaM BH3HAUEHI 3HAYEHHS NPU3EMHHUX
KOHIEHTpalli Ha MeXI HalOJIMKYO01 KUTIOBOI 3a0y/I0OBU B 3aJaHiil To4Ill, ska Oyya NpUiHITA K
petentopHa (Tadm. 2).

[Ipy mpoBeneHHI OIIHKM PHU3UKY PO3BUTKY HEKAHIIEPOT€HHUX €(EeKTIB BUKOPHCTOBYBAIU
pedepeHTHI piBHI BIUIMBY (pedepeHTHI 103U 1 KOHIEHTpalii) XiMiYHuUX pedoBHH. [[ng ouiHKM
HEKaHLEPOreHHUX e(eKTiB Ha eTani 1IeHTH(iKallii 3arpo3u MPOBOJUBCS aHaI3 HAsIBHOCTI JaHUX O
pedepeHTHUX KOHIEHTPALiiX MPU FOCTPUX 1 XPOHIYHUX BIUIMBAX XIMIYHMX PEYOBUH Ha OpraHizM
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moauHu. bynu Bu3HauyeHi opraHd, cHcTeMH 1 e(eKTH, sKi BiAMOBIAAIOTb BCTAaHOBJICHUM
pedepeHTHNM KOHLIEHTPALisSM LIKiIJIMBUX PEYOBHH, a CaMe OpraHH 30py, IMyHHA CUCTEMa, KICTKOBa
cucTeMa, HepBOBa CHCTEMa, OPTaHU JMXaHHS, PEHpPOJYyKTHBHA CHCTEMa, IMAPEHXIMATO3HI OpraHH,
CepIIeBO-CyIMHHA CHUCTEMa, IICHTpalbHa HEPBOBA CHCTEMa, KaHLIEPOTeHHI e(eKTH, BPOIKEeHI Bau
PO3BUTKY, TEYiHKa, HUPKH, HOCOBA MOPOKHUHA, KPOB, AeMorpadiuHi MOKa3HUKH — ITiBUIICHHS
PiBHSI CMEPTHOCTI.

Tabauus 1. MeTeoposioriuHi XapaKTepUCTUKH 1 KOe(iIi€HTH, 110 BU3HAYAIOTh YMOBH
pO3CitoBaHHS 3a0pYyIHIOIOUUX PEUOBUH B aTMOchepi MicTa 3amopixxoks

HaiiMeHyBaHHS XapaKTePUCTHKH Beauyuna
KoedirmienT, mo 3anexuTh Big TeMIepaTypHoi cTpatudikarii atmochepu 200
Cepennst MakcuMalibHa TeMIIepaTypa 30BHIINIHBOTO TMOBITPS HAHOUIBII - 4.2
XOJIOJHOTO MicsIs poky, °C
CepenHst MakcuMalibHa TeMIIepaTypa 30BHIINIHBOTO MOBITPS HAHOUIBII + 33,2

KapKoro Micsus poky, °C
CepenHbopiuHa po3a BIiTpiB, %

[1iBH. 17,2
ITiBH.-CxigH. 14,0
CxigH. 11,7
ITiBnen.-Cxi. 12,5
IliBneH. 12,0
ITiBneH.-3axiaH. 10,4
3axigH. 11,2
ITiBH.-3axizm. 11,0
[IBunkicTh BITPY (W), HOBTOPIOBAHICTh MEPEBUIICHHS SIKOT CTAHOBUTH 5 %o, 10-11
M/C

Tabanns 2. KoopanHaTi KOHTPOJIBHUX TOUOK

Touka Ne 1 X =13934; V=17232;
Touxa No 2 X =14008; V=17230;
Touka No 3 X=14112; V=17224;
Touxka Ne 4 X =14202; YV=17174;
Touka Ne 5 X =12514; V=15220;
Touka No 6 X =12020; V= 15480;
Touka Ne 7 X =12098; V=16430;
Touxa Ne 8 X =12156; V=16496;
Touxa Ne 9 X =12478; V=16768;
Touxka Ne 10 X =12800; V=16906;
Touxa Ne 11 X =13480; V=16820.

Ha ocHOBi po3paxoBaHHMX pIBHIB €KCIO3UIIl OyJM BCTaHOBIJIEHI XapaKTEPUCTUKU PU3MKY BiJ
3a0pyAHEHHS aTMOC(EpHOTro TOBITPS, OOYMOBIICHOTO BHUKHAAMH Jirodoro mianpuemctsa [IpAT
«YKprpadit», Ki BKIIOYAIA PO3PaXyHKH KaHIIEpOreHHUX iHauBIAyanbHuX pusukis ICR (Tabm. 3) ta
1HJIeKCiB HeOe3meku it okpeMux pedoBuH HQ (HekaHIleporeHH1 pU3uK1) Ta Mpu KOMOIHOBaHIN i1
IIT (Tabm. 4).
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[Ipu anamizi piBHIB 3a0pyAHEHHS aTMOC(HEPHOrO MOBITPS XIMIYHUMH KaHIIEPOTCHAMH, SIKi
BUKHUJAIOTbCS B arMocdepHe moBiTps mkepenamu mignpuemctBa [IpAT «Ykprpadit», a came:
6en3(a)mipen, 6eH30J1, CBUHEIb Ta OO CIIOMYKH B IIEPEPaxXyHKY HA CBUHEIIb, XPOM Ta HOTO CIIOTyKH
B IEpEpaxyHKy Ha TPUOKCUA XpOMYy, OYJIO BCTAHOBJIEHO, IO BEIUYMHM I1HAMUBIIYalIbHOTO
KanneporeHHoro pu3uky ICR mpotsirom Bchoro nepedyBaHHS JIIOJWHH HAa TEPUTOPii HAHOIMKIOT
JKUTJIOBOI 3a0yI0BU JTOPIBHIOE JIJIS:

- 6en3(a)mipen ICR = 5,69-10°°;

- Gemson ICR=4,91-10%;

- CBHHEI[b Ta HOTO CIIONYKH B TlepepaxyHKy Ha cBuHens ICR =4,50-1071;

- XpOM Ta HOro CIIONYKH B IepepaxyHKy Ha Tpuokcun xpomy ICR =3,03-107%,

[ToniOHI pU3UKHK HE MOTPEOYIOTh TOAATKOBUX 3aXOIB 100 X 3HIKCHHS.

Tabaununsa 3. Pusuku po3BUTKY KaHIIEPOT€HHUX €(EKTIB

Kanue- Oaunou- Pusux
poreUH ) HUI Ycepeanena . | PO3BHUTKY
Mexa HU . Kpurnuni . . .

. KaHLUepo- piyHA KOH- IHAUBI- PiBenn
AHTIOBOL pHsHK TeHHU I HeHTpaIllist opranu / AyaJIbHUX PU3UKY
3a0y10BH 3P . 3 cHCTeMH .

SF. mr/ pusuk 3P Ci, Mr/m edexTiB
’ UR, mr/m® ICR
(kr-m06a)
benzanipen
50-32-8 3,1 0,002214 0,00000257 | - 5,69E-9 NPUIHAT-
HUM
benson
71-43-2 0,027 1,93E-5 0,00025415 | BBP, K, |4,91E-9 MIPUKAHST-
IHC HUH
CBuHelb Ta HOro CHOJYKU B IEpEPaxyHKy Ha CBUHEIb
7439-92-1 0,042 3,0E-5 0,00000015 | IIHC, 4,50E-12 TIPHIAHST-
BBP, K HUH
XpOM Ta HOro CHOJIYKH B IIEpEPaXyHKY HAa TPUOKCHUI XPOMY
18540-29-9 | 42 0,03 0,00000101 | OnX 3,03E-8 IIPUKAHST-
1505071
Ta6auus 4. Pusuku po3BUTKY HEKaHIIEPOTEHHUX €(EeKTiB
Mexa Pedepenrna YCep.eHHeHa Kputuuni | Koedinient
. | (0e3meuyHa) piuHa Kpurepii
AHTI0BOL KOHIIEHTPAIlisl | KOHIIEHTPAaIlis opranu/ | nebesnexu HEKAHIEPOTeHHOT'0 PU3HKY
3a0y10BH (RECi), mr/m® (Ci), Mr/m? cUCTEeMH (HQ)
3BakeHI peYOBHHU
TSP 0,1 0,05859362 on 0,5859362 <1 | Pusux BUHUKHEHHS
IIK1IJTHBHUX e(eKTiB
BKpail Manui
PTyTb Ta il CIIOJYKH B IEpepaxyHKy Ha PTYTh
7439-97-6 | 0,003 3,712E-10 HHC 1,24E-7 <1 | Pusux BUHUKHEHHS
IK1IJTHBHUX e(eKTiB
BKpail Manui
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Mexa Pegepenrua Ycep'euHeHa Kputuuni | Koedinient
. | (0Oe3meuna) piuHa Kpurepii
KHTIOBOL KOHIIEHTPAalisi | KOHIeHTPAaIlist opranu /| nebesnexu HEKAHIIEPOTeHHOT 0 PU3HKY
3a0y10BH (RECi), mr/n® (Ci), Mr/m° cHCTEeMU (HQ)
Amiak
7664-41-7 | 0,1 0,00000003 o 3,00E-7 <1 | Pusuk BUHUKHEHHS
LK JIMBUX eexTiB
BKpail MaJui
®dTop Ta #ioro naponoAiOHi Ta ra30noAi0HI CIIOTYKH Y NepepaxyHKy Ha (TOPUCTHI BOJICHB
7664-39-3 | 0,03 0,00001477 KC, 01 0,00049233 | <1 | Pusuk BUHUKHEHHS
LK1 UTMBUX eexTiB
BKpail MaJIui
Crupon
100-42-5 | 1,0 0,00017315 HHC 0,00017315 | <1 | Pusux BUHUKHEHHS
LK UTMBUX edexTiB
BKpail Masui
deHon
108-95-2 | 0,006 0,00046636 CCC, T1I, | 0,07772667 | <1 | Pusuk BUHUKHEHHS
H, IHC LK JIMBUX edexTiB

BKpail Masui

Oxkcuam a30Ty (OKCHJI Ta IIOKCHJI a30TY) V MepepaxyHKy Ha JIOKCHJI a30Ty

10102-44- | 0,04 0,00330166 o1 0,0825415 <1 | Pusux BUHUKHEHHS
0 LK UTMBUX edexTiB
BKpail Masui
MoOHOOKCH]I BYTJIELIO
630-08-0 | 3,0 0,01295109 IHHC, 0,00431703 | <1 | Pusux BUHUKHEHHS
CCC,K MIK1JIABUX edeKTiB

BKpail Masui

Cipku giokeun (TIOKCH]T Ta T

MOKCHJI) B MEPEPaxyHKy Ha JIIOKCH]] CIPKH

7446-09-5 | 0,08 0,07545244 ol 0,9431555 <1 | Pusuk BUHUKHCHHS
LK UTUBUX edeKTiB
BKpail MasIui

CipKoBOJIcHb

- 0,008 0,00120000 - 0,15 <1 | Pusux BUHUKHEHHS
LK UTUBUX edeKTiB
BKpail Masiui

Jumeruncynbdin

- 0,08 0,00320000 - 0,04 <1 | Pusux BUHUKHEHHS
HIKIITTABHX edeKTiB
BKpail Masui

3aitizo Ta Horo crosyku ( y mepepaxyHKy Ha 3ai1i30)

- 0,04 0,00000100 - 0,000025 <1 | Pusuk BUHUKHECHHS
IIK1JIJTHBHUX e(eKTiB

BKpail Masui

OruiHKka JTOBrOCTPOKOBUX BIUIMBIB (Ha PiBHI yCepeIHEHOi pIuHOi KOHIIEHTpallii) Ha 370pOB’d
JIOAVHYU JOCTIKYBAaHUX PEYOBUH, IO JO3BOJSIOTH OIIHUTH XPOHIYHUHM 1HTANSAIIAHUN BILTUB
BUHUKHEHHS HETAaTHBHUX €(EKTIB y 370pPOB’iI €KCIIOHOBAHOTO HACENICHHS MPOTSTOM JKUTTS IS
OLIIHKH Ta XapaKTepUCTUKH MYJIbTHCTAAIMHOTO PU3MKY MOKa3aJH, 10 iHjekcu Hebesneku (HQ) — ne
NEPEBUIIYIOTH HOPMH.
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AHaIi3yl0uH BUILEBUKIACHE, HEOOXITHO 3a3HaYNTH, 110 ouinka BUKUIIB [TAT «Ykprpadir», 3
ypaxyBaHHSIM IX TOKCUYHOCTI, SIKa BUKOPUCTOBYETHCS Y METOIOJIOTIT OIIHKUA PU3UKY JJISl 31I0POB’sI
HACEJICHHA, JO03BOJISIE BU3HAYMUTH EKOJIOTIYHY CHTYallif0o, HaJaTH JOCTaTHHO OOIPYHTOBaHY ,
00’€KTHBHY OIIHKY IIKIJUTMBOCTI BUKHIIB B arMochepy, BUPOOWUTH pallioHATbHUH, HAYKOBO-
OOIpYHTOBaHMI MiAXiXA [0 TOM SIKIICHHS BIUIMBY BHKHIIB Ha 3J0pPOB’S HACENEHHS II0A0
NEPUIOYEPTPBPCTI Ta HAraJlbHOCTI BUKOHAHHS IMPHUPOJOOXOPOHHUX 3aB/iaHb, IO CTOSTH IEpen
HiANPHEMCTBOM Ta MICIIEBOIO BIIAJIO0 MicCTa.
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Abstract

During the years of independence, a system of environmental quality management has developed in
Ukraine, which cannot ensure the health of the population and the correct determination of priorities
in actions aimed at improving the environmental situation both on the scale of the country and in a
specific region. In this regard, taking into account the high man-made burden on the environment and
the population, it was decided to test the methodology of assessing the health risk of the population
living in the city of Zaporizhia, which is widely used in the EU and the USA, using the example of
the operating enterprise "Ukrgrafit".
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OCOBJIMBOCTI CTBOPEHHSI IHTEJIEKTYAJBHOI CUCTEMMU NIJITPUMKH
NPUUHATTA EKOJOTTYHUX PINIEHD

Ouster MALLIKOBY?, Karepuna MYXIHA?,
Tamapa OBOJIEHKO?, Bosoaumup IIPUCS)KHUI?,

Y Meporcasna exonoziuna axademis niciadunnomuoi oceimu ma ynpaeninms
ByJ. Mutpononuta Bacuns Jlunkiscekoro, 35, kopm. 2, M. Kuis, 03035, Ykpaina
2 Kuiscokuil nonimexuiunuii incmumym imeni Ieops Cikopcbkozo
bepecreticbkuii npocnekr, 37, M. Kuis, 03056, Ykpaina
8 Hayionanvnuii yenmp ynpaeninus ma eunpobyeans KOCMIiUHUX 3ac06i6
By Kus3iB Octposbkux, 8, M. Kuis, 02000, Ykpaina
e-mail: mashkov_oleg_52@ukr.net

Anomauia. Po3zensoaromscsi ocobaugocmi cmeopeHHs: ma 3acmoCy8anHs THMENeKmyanbHol
iH(hopmayiinoi cucmemu 018 NIOMPUMKU NPULHAMMA pIUeHb 6 2any3i eKoN02iuHoi be3neku Ha
OCHOBI 3ACMOCYBAHHA ANApamy WMyYHUXx IHmMeNeKmyaibHux mepedc. Busnaueno, wo cunmes
MoOenel 00pobKku iHgopmayii 6 iHmenekmyanvHiti cucmemi NIOMPUMKU NPULHAMMSA DIUEHb 8
YMOBAX pPO3BUMK) €KOJNO2IYHUX Npoyecié ma 6NIUSY 306HIUHBLO2O CEepeoosUUla HA eKOoCUCmemy
00360151€ BUPIWIUMU NPOOIEeMU CMBOPEHHs 0a3 3HAHb, WO eBONIOYIUHO-CAMOOP2AHI3YIOMbCs, a
MAKoHC cucmem a0anmueHo20 CUHme3y iHpopmMayitiHo-o0YUCTIOBAILHUX KOHIZYpayiti eKocucmeM.
Ananiz  3a60amb, po38'A3Y6AHUX  IHMENEKMYANbHOIO — CUCMEMOI0  RIOMPUMKU — NPUUHAMMA
VNPABNIHCOKUX — eKONO2IYHUX pilleHb, 00360J5€ BUOLIUMU PO  0COOIUBOCMEN: CKIAOHICMb
aneopummie ma GeauKda KilbKiCmb GUXIOHUX OAHUX I3 CYMMEBO PIZHOI0 CMPYKMYPOIO, HASAGHICMb
AHCOPCMKUX BUMO2 U000 NPOOYKMUBHOCMI 0OUUCTIOBAILHOI CUCeMU, HeOOXIOHICMb 00YUCTEHb Y
pedcumi peanvbHo2o dacy, nompeba peanizayii onepayiti. MidHc 8eluUKow KilbKiCmIO PIiZHOPIOHUX
00'exmie, eKkaouaouu onepayii 30ypeHHs OUHAMIYHUX 00'ckmie, 3 Ypaxy8aHHAM CKIAOHOL
cmpykmypu  6iOHOCUH ~ Midxc Kiacamu o06'ekmie. Konyenyis inmenekmyanvHoi  cucmemu
chopmynbosana K Y3a2anbHeHHs ma pPO36UMKY MpAouyiuHux mooenet oOpodbku ingopmayii 3
VPAaxy8auHAM BUCOKONPOOYKMUBHUX 3aco0i6é obyuciens. Ilpu po3pobyi koHyenmyanvHoi mooeni
cpopmynbosarno npuHyunu no6y008u ma 0cobIUBOCMI 3ACMOCYBANHSL IHMENEKMYANbHUX CUCTNEM Ni0
yac 30ilCHIOBAHHA  EKOJO2IYHO20 MOHIMOPUHRY, NPOSHO3Y8AHHS PO3GUMKY  HAO36UUAUHUX
eKoNo2iuHUX cumyayii ma inmepnpemayii exonoeiunoi ingopmayii. Ceped yux npunyunie ciio
BUBHAYUMU HACMYNHI. A0ANMUEHICMb, 0a2amonpoyecopHicms ma MAaKCUMAIbHY WEUOKOOII0,
8iOKpumicms, be3nepepsHicmov QYHKYIOHYBAHHSA MA HCUBYYICHIb.

Knrwouoei cnosa: exonociuna besnexa, MOHIMoOpuHe, iHMeNEKMYaibHa iHopmayitina cucmema,
EKO0JI02TYHI PIULEHHA, WMYYHA IHMeNeKmyalbHa Mepedica.

AxtyanpHicTh TeMu. [TopiBHSHO HOBI HayKOBI HAmpsSMHU JOCITIJDKEHb - €KOJOriyHa Oe3rmeka,
TEXHOJIOTisl 3aXHUCTY HAaBKOJMIITHROTO CEPEOBUIIIA BUBYAIOTH B3aEMO/III0 CYCITIIBCTBA 3 TIPUPOTHUM
Cepe/IoBUILEM Yy MpoLeci cranoro po3BuTKy. PaxiBli y I ramy3i BBaXaroTb, IO MPABUIBHO
OpraHizoBaHa IUIAHOBA JAISJIBHICTH MIANPUEMCTB Ta OpraHi3alliif, y TOMy 4HCIl YCHIIIHO BHOpaHi
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CHUCTEMH 3axXHCTy HaBKOJIMIIHBOTO CEpeAOoBUINAa a00 MPUPOAOOXOPOHHI 3aXOIH, HTO3BOJIUTH
BHUPIIIUTH TPOOJIEMy rapMOHINHOT B3a€MO/I1 JIFOAMHY (CYCIUILCTBA) Ta pupoau [1].

Y 1npoMy HampsMKy € e()eKTHBHUM BHKOPUCTAHHS IHTEICKTYadbHOI TEXHOJIOTil €KCIepTHOL
OI[IHKK Ta MIATPUMKH TPUUHATTS PIIIEHb 3 METOK 1i 3aCTOCYBaHHsS TIPH PO3POOI cCHUCTEM
IPOTHO3YBAHHS KPUTHMYHHUX CUTYAIlii, SMEHIIICHHSI BUTPAT, NOB'SI3aHUX 3 JIKBIJAIli€l0 TX HACIIKIB.
[IpoBeneHunit aHami3 ICHYIOUMX y CYCHUIBCTBI YMOB, IMOTPEOYIOTh PO3B'S3aHHS HOBHX CKJIATHHUX
npobjeM yINpaBlliHHS TEXHIYHMMH CHCTEMaMu TNpH Jedinuti yacy, (axiBIiB Ta MiJBUIIEHHS
BIJIMOBIIAJIbHOCTI KEPIBHUKIB 32 NPUUHATTS €()EKTUBHHUX pIlIeHb, CBIIYUTH MPO HEOOXITHICTH
CTBOPEHHS BIJINOBITHUX HOBUX METO/IB Ta IHTEJICKTYaIbHUX 3aCO01B.

Merta JAOCHi/DKEHHS TOJATae y OOrpyHTYBaHHI KOHIEMII CTBOPEHHS I1HTEICKTyaJIbHOL
iHpOpManiiHOT cCHCTEMH JUIS IATPUMKH IPHHHATTS PILLICHb B TaTy31 €KOJIOTriuHOi Oe3MeKr Ha OCHOBI
3aCTOCYBAHHS alapary MTYYHHX IHTEICKTYaIbHUX MEPEXK.

HaykoBa HOBH3HA TOJISTa€e y BU3HAYCHHI OCOOIMBOCTEH CTBOPEHHS IITYYHHUX 1HTEIEKTYaTbHUX
CHUCTEM MIATPUMKH TPUUHATTSA EKOJOTIUYHUX pillleHb I 3a0e3leUeHHs €KOJOTiYyHOI Oe3neKH
€KOCHCTEM Ha OCHOBI (DOpMyBaHHS IHTENEKTYaJbHOTO SApa CHUCTEMH MIATPUMKH TPUHHSITTS
YOPaBIiHCHKUX €KOJIOTTYHUX PIlIEHb.

CvyTb JOCIIHKEHHS.

Y poOoTi pO3rAsAaroThCsl KOHIENTyalbHI NUTaHHSA TOOYA0BU 1H(OPMALIHHUX CHCTEM,
OpPIEHTOBAHHMX HA MIATPUMKY MPUUHATTS E€KOJOTIYHUX pimeHb. CTBOPEHO KOHIENTYaIbHY CXEMY
iHQOopMaLiifHUX TMOTOKIB, B pPE3yJbTaTli 4YOTO 3alMpoOINOHOBAaHA CTPYKTypa CUCTEMH IMiITPUMKHU
OPUKAHATTS YIPaBIiHCHKUX €KOJOTIYHUX pIillleHb 3 BUKOPUCTAHHSAM INTYYHOTO IHTENEKTY.
3anponoHoBaHO BUKOpucToBYBaTH TexHoJorii GRID, siki € ogqHUM 13 MEpPCIEeKTUBHUX HAMPSMKIB
PO3BUTKY IPOTPAMHOTO 3a0e3NeueHHs 0araTOKpUTEPialIbHOTO aHaJli3y ajJbTEPHATUB Ta ONTUMI3aIlil.
[lim TepMiHOM cHcTeMa IMIATPUMKH NTPHAHATTS ekosoriuaux pimenb (CIIIIEP) 3a3puuaii
PO3yMI€ThCS IHCTPYMEHTApii BUPOOJICHHS PEeKOMEH A J1sl ocoOwu, sika npuiimae pimnenns (OI1P),

Ha HECKIHYEHHIM MHOXXHHI.

CIIIIEP nomnomaratoTh BUpIlIyBaTH 3aBJaHHS, SKI TPAAULIHHO BBaXKAIOTh «IHTEIEKTYaIbHUMM.
Ile miarHOocTHKa MPOOJIEMHHMX €KOJIOTTYHUX CUTYallll 13 pI3HUX Taiy3el, GopMyBaHHS, TPUHHATTS
YIOPaBIIHCBKUX pillleHb. Taki 3aBJaHHS ICHYBaJIM 3aBXJU, ajleé ChOTOJHI 3aBISKU PO3BHUTKY
KOMIT'FOTEPHHUX CUCTEM iX BUPILIEHHS CTAJIO MPAKTUYHO MOXKJIMBUM Ha OCHOBI (POPMaJIbHUX METO/IIB.
OcCHOBHI TpyJHOIII TOB'S3aHI 3 HEOOXITHICTIO OJHOYACHOTO OONIKY Oe3midi B3aeMO3aleKHHX
YMHHUKIB, SIKI BIUIMBAIOTh BHUPILIEHHS 3aBJaHHA, 10 NPHU3BOAMIIO JO BEJIMKHUX 1HPOpMAIiHUX
MacHBiB, fKI HE MOYKHA aHali3yBaTH «BpY4YHy». KpiM TOro, mmpoke mnpakTHUHE BIPOBAJKEHHS
CIIIIEP cTpumyBanocs TUM, L0 HE BC1 opraHizallii, IKi XOT11M O BUKOPUCTOBYBATH LI CUCTEMHU, Ml
JocTaTHI 1HpopMaliiHO-00UNCITIOBaIbHI PECYPCH.

3/e1IeBIeHHS anapaTHOTO 3a0e3MeUeH s, BUHUKHEHHS MOTYKHUX CHUCTEM YIpaBIlliHHA 0a3amu
JAaHUX Ta 1HCTPYMEHTAJIbHUX 3aC001B pO3pOOKH TMporpam 3MIHWJIO CHUTYallio. 3apa3 3aMOBHUKH
NOJIIOHUX CHUCTEM 3/1e0UIbIIOr0 MarTh a00 BXKe icHyrouy iH(opmaliiiHy 6a3y, 1o 30epiraeTbcs B
EOM, a6o nmoctatHiMu (hiHAHCOBUMHU pecypcamu Jyist 1 cTBopeHHs [2], [6]. XapakTepHOIO pHCOI0
cnabo CTPYKTYpOBaHUX 3aBJaHb (EKOJIOTIYHUX PIllleHb), SKi HAWOUIbIIe BUMAraroTh 3alyuyeHHS
CIIIIEP, € GaraTokpuTepialibHICTh [ 3], SIKa MOJISATAaE B TOMY, IO SIKOCTI MPUHHATHX PIllIeHb HE MOXKHA
OLIIHUTH 3a JIOTIOMOT'0I0 €IMHOTO CKAISAPHOTO MOKa3HUKA 1 JOBOJIUTHCS BIABATHUCS 0 BEKTOPHOTO
KpuTepito. s BUpIIEHHS TPYAHOLIIB paHKyBaHHS 1 ONITUMI3aIli] aJIbTepHATHUB, 110 BAHUKAIOTh PU
I[bOMY, ITPONOHY€ETHCS BUKOPUCTOBYBATH He(POpMaibHI METOIM CKalsipu3allii, 110 CIIHPAIOThCS Ha
cymxenns OIIP.

V3aranbHeHa 6a3a 1aHuX (GOpMYyeThCs BIAMOBITHO JI0 3arajibHUX MPUHLUIIB MOOYI0BH CXOBHUII
JMaHUX Ta 3HaHb. JIJIS TpEACTaBICHHS CTPYKTypH VIPABIIHHSA MPOTPAMHHMHU CHCTEMaMHU
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BUKOPUCTOBYIOTBCS Pi3HI opmaiizmu, 30kpeMa it mepexi [lerpi [4],[7]. PopmanbHuii anapaT mux
MepexK MpU3HAuYCHUH I MOJICIIOBAHHS BIOPSIKYBAaHHS MO/ Ta MOTOKY 1H(hOpMaIlii.
OyHKUIOHATBPHUN aHai3 NPUKIAJAHUX CHUCTEM, IO IPYHTYIOTBCS Ha 3HAHHIX, 3a3BUYAl
3MIMCHIOETHCS B paMkax MikHapogHoro cranaapty IDEFO[5],[8][9]. Taka meTromosoris 03BOJISIE
ySBUTH (hOpMaJIbHY MOJIENb IHTETPOBAHOI CUCTEMH IHTEJIEKTYaIbHOI MiATPUMKH MOJAETIOBAHHS Ta
Bi3yaumi3aiii B HoTatii crangapty IDEFO y Burisini HacTymHoi y3arajJibHeHOI CTpyKTypH (puc. 1).

Appo cucremn

Mogyni Anroputmm
> NPHKAagHMX NOLWYyKy =
cHMcTem 3HaHb

(indopmauyiiina mogens)

Il

o

YsaranbHeHa 6asa gaHux

|

Kepyroumit nporpamHui KoMmniekc

Puc. 1. ApxiTekTypa CUCTEMHU IHTEIEKTYaJbHOI MIATPUMKH €KOJIOTIYHUX PIILIEHb

Cunre3 mojneneil oOpoOku i1HGopMalii B IHTENEKTyaldbHINM cUCTEMI MIATPUMKH HPUUHSITTA
pillleHb B yMOBaX PO3BUTKY €KOJOIIYHMX IpPOIECIB Ta BIUIMBY 30BHILIIHBOIO CEpelOBHUINA Ha
€KOCHUCTEMY JO3BOJISIE BHUPIMIUTA TPOOJEeMHU CTBOpPEHHs ©0a3 3HaHb, IO EBOJIIOIIAHO-
CaMOOPTaHI3yIOThCSI, @ TaKOX CHCTEM aJaNTHBHOIO CHHTE3y iH(OpMaIiitHO-00YHCIIOBAIbEHUX
KOH(QIrypariii ekocucrem.

[IporpaMHUi KOMIUIEKC 1HTEIEKTyaJIbHOI MIATPUMKHA NPUHHATTA pilleHb Yy 3ajadax
MOJIEIIOBAaHHS Ta Bi3yauli3allil B IHTEJIEKTyalIbHIA CUCTEMI NPEACTAaBIECHUI Ha pucC. 2.

Kommuekc cyTTeBOo  po3mivproe  (YHKLIOHAJIbHI  MOXIIMBOCTI  3arajlbHOi  CTPYKTYpH,
MIPE/ICTABJICHOI Ha PHUC.1, Ta € CHCTEMOIO PO3MOIJICHOTO IITYYHOTO 1HTEJIEKTY.

IHTenekTyanpHa cucTeMa noeinye GopMaabHi METOAM aHaJli3y Ta iHTepIpeTalii iHdopMariii npu
BUpIIIIEHH] 3aBJaHb JUHAMIKH CKJIQJHOTO 00'€KTa 3 €BPUCTMYHUMH METOJaMU Ta €KOJOTIYHUMH
MOJIENIIMU, 110 0a3ylOThCS HA JOCATHEHHSX KOMITIOTEPHOI MaTeMaTHKH, 3HAaHHSIX EKCIEpTiB,
IMITAIITHUX MOJIEJISX, HAKOMMMYeHOMY J0cBiail. CucTteMa BKIIOYAE PsJT MOAYJIB, IO B3a€EMOIIIOThH
MK c00010, BUKOHYIOTh NIEBHI (DYHKIIIi BIAMOBIAHO /10 3arajbHOi cTparerii GpyHKionyBaHHs. Kpim
TpaAULIHHUX JJIS CUCTEM IHTENEeKTYaJbHOI MATPUMKH MOAYJIB, CUCTEMA MICTUTh MOJYJII IMiTalli,
aHaJIi3y Ta NporHo3y NpoOiIeMHoi cuTyallii (MOIeIOBaH ), OpraHi3allii pi3HuX BUAIB iHTEpdeHcCy.

[Torix 1HpOpMaIlii, M0 peanizye KOHUENII0 CUCTEMH MIATPUMKH pIlIeHb B 1HTEJIEKTyallbHIN
cucreMi, HaBesieHo Ha puc.2. [Ipu oMy 3acToCcOBYIOTHCS HacTymHI mifcucrtemu: ISC — iHTerpoBana
nificucreMa ynpasiaiHHS oounciaeHHsmu; WDO - migcuctema opranizauii gauux. SAI — nouryk ta
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3abe3meueHHs noctyny a0 iHopmarii; Q&S — koHTpoIb sikocTi pimeHb; T&L — TecTyBaHHS Ta
HaBuaHHA;, DSS — npuifHATTS pilieHsb.

[Momani y Burmani mnpaBuin TpaHchopmamii 3HAHHS (CXeMHI MpaBWia) TPO METOAU
pO3MapaliellioBaHHsl MPOrpaM MOXKHA HAKONMUYyBaTH Ta BUKOPUCTOBYBATH 3a JIOTIOMOTOIO
MiJICUCTeMHU OpraHi3allii JaHUX 1HTEeJIEeKTyaIbHOT CHCTEMHU.

BuximHi gaHi mpo TOTOYHY CHUTyalilo TpH (PYHKIIOHYBaHHI I1HTEJIEKTYaJbHOI CHCTEMHU
OTPUMYIOTh IIUIAXOM 00poOKH anpiopHoi iHdopMmarii (puc. 3).

O6po0ka miel iHdopmarltii peanizyeTbess B peKUMI peaTbHOTO Yacy Ta JI03BOJISE «HAJIAIITYBATH
IHTENEeKTyaJ bHy CUCTEMY Ha BUPIIICHHS 3aBJlaHb IHTEPIIPETallii IOTOYHOI CHTYaIlii.

ANTopuUTMH aHaJi3y Ta MPOTHO3Y CHTYAIlii JI03BOJISIOTH BiIHOBIIIOBATH MTOTOYHI XapaKTEPUCTHKU
30BHIIIHIX 30ypeHb Ta MapaMeTPH SKOJOTIYHOTO 00’ €KTa, a TaKOK MoOyayBaTH (aKTUYHI 3HAYCHHS
(GYHKIN MPUHAICKHOCTI, 1110 BU3HAYAIOTh JIOTIKY (DYHKIIIOHYBAaHHS JUHAMIYHOT 0a3u 3HaHb (OLIHKY
HeOe3nekn cuTyarii Ta IporHo3 ii pO3BUTKY) Ha OCHOBI (PaKTHUYHHUX JAHHUX MPO CTaH 30BHIIIHHOTO
Cepe/IOBUINA Ta EKOJIOTIYHOTO 00’ €KTa.

Cucrema iHTENEKTYaIbHOT M ATPUMKN TPUHHSTTS YIIPABIiHCHKUX €KOJIOTIYHUX PIillIeHb Ma€ TaKi
BIIMiHHI BJIACTUBOCTI:CKJIaJIHICTh PO3IOAICHOIO CTPYKTYpOIO (cTpykTypHa
CKJIaJTHICTB );0araToiIbOBHMA Xapakrtep NIEPETBOPEHHS iHpOopMmaii (pyHKIiOHANTBHA
CKJIQ/IHICTh);He00X1AHICTh 00Ky Ta dopManizanii HeBU3HaUeHOCTI (iH(popMalliliHa CKIAJHICTD);
BpaxyBaHHS 0COOJIUBOCTEH PO3POOKH (IMPOCKTHA CKIIAIHICTB).

™ - ]
,‘ Axanis indopmayifinmx norpeb. Mo#IMBOCT
- Bubip neobxigmol Indopmayi €D Yexrduni
l Oprasaay iiini,
. Exomonabumi
MNnanysauua:
3abesneverna indopmavino, MACKCTEMM ‘
mopmdlayla cucremm va il le—s3! '
Gasosmux KOMNOHENT
ISC
J oo |
‘ | wDO |
KepysaHHA: )
InrenexTyanshi Mogyai: | SAl
® - rpagnuinnmi, —3
® - mitayli va npornoay, &S
® . oprawisauii intepdeicy L]
T&L
Indopmanin ] <
NN orrews DSS
Buxig

Puc.2. TToTix iHpOpMaLii, 10 peaizye KOHIEMIII0 CHCTEMH MIATPUMKH PillIeHb
B IHTEJIEKTYyaJbHIN cucTeMi
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| IHPOPMALLIA CUCTEMU MOHITOPUHTY |

1l |} 1l

OuiHKa napamerpis O“'ﬂKa OuiHKa KOMNOHEHT
30BHilWHbOIO AVHAMIYHUX noriyHnx mogenen
XapaKTepUCTuK
cepefoBULLA 06’exTa
06po6ka curHanis Ha CratuctuuHa BugineHHs iHpopmauii
OCHOBI MeTogiB 06po6ka curHanis 3 Ana nobyaosu
iaeHTMdiKauii MEeTOI0 BUAINEHHA NOTOYHUX DYHKLiN
HeNiHinHNX penesaHTHOI HaNEXHOCTI
iHpopmauii
HanawrTtyBaHHA
HeniHiiHoi moaeni 06po6ka macusy MNobypoBa pyHKLiN
OLiHKM NapameTpis BUgineHoi HaneXHocTi HeviTKol
30BHILWHbOrO iHpopmauii npo cuctemun
cepepoBuLLa NOTOYHMIA CTaH
No6yposa B1po6aeHHA NPaKTUUHUX Nobyposa
cueHapiis pekomeHaau;ii: cueHapiis
30BHiLUHBOTO aHani3 anbTepHaTMB Ta ANHaMIKK
cepeposuwa NPUIHATTA pilleHb cucremu

I il I}

MATEMATUYHE MOLENOBAHHA NOTOYHOI CUTYALLIT

il li i

MopgentoBaHHA MopgentoBaHHA Bisyanisauin
enemeHTiB AUHAMIKK pesynbratis
BUXigHOT B3aemogii MoZAeNoBaHHA
cuctemm

Puc. 3. ITotik iHdopMmarii y 3aBAaHHAX MOJIEITIOBAaHHA Ta Bi3yaiizallii

Indopmarniitnuii mpocTip, 10 HAZAE€THCS CUCTEMOIO IHTENEKTYyalbHOI MIATPUMKH (pHc. 4),
3a0e3reyye MOXIIMBICTh B3a€MO/I1i €KOJIOTTUHUX €KCIEPTIB M1J] Yac BUPILIEHHS 3aBAaHb aHAII3y Ta
1HTepIpeTalii exoJoriynoi iHpopmalii Ha BCiX CTaligX BUKOHAHHS E€KOJOTIYHMX PO3paxyHKIB Ta
MOJIETIOBaHHSI €KOCHCTEM IpH 3I1MCHEHHI €KOJOrIYHOIO0 MOHITOPUHTY Ha PO3pOOKH TEXHOJOTIN
3aXHMCTy HaBKOJIMIIHBOTO CEPEOBUIIIA.

DyHKyioHani BnoKK IHdopmayiitne cepegosuwe
aHanisy Ta inTepnperayil
pilieHb
AHanizatop

i

IuTepnperatop KoMnoHeHTH iHTenekTyanbHoi
: niATPHMKK
Ontumizatop
MogenroBaHHA Basa Moayne
3HaHb | aganTauji

Bizyanizayin

Puc. 4. [npopmariituuii mpocTip cCUCTEMH 1HTENEKTyalTbHOI HIATPUMKH MPUHHATTS
YIPaBIIHCHKUX €KOJIOTTYHUX PIIIEHb

[ndopmariiitna Moenb IHTENEKTYaNbHOI MIATPUMKHA MOJIEITIOBAHHS Ta Bi3yaui3allil eKOJOTi14HOl
iH(hopMalii MpeCTaBIAETHCS K 0€3J114 eKOJTOTTYHUX MOJIEIEH, 10 CKIaIal0ThCs 3 OKPEMHX Harepe,
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BU3HAYCHUX 1H(POPMALIHHUX MOJETeH EKOJOTriYHUX 00'€KTiB. AJanTHBHA KOMIOHEHTa (MOJIYyJb
ajanTaiii), mo 3abe3neuye (yHKIIIOHYBaHHS CHUCTEMH Ha 0a3i iH(popMamiifHOi Mojueni, mepeaae
3Haizene cucremoro pimenHs OINP s nmoganeimoro anamizy ta inteprperanii. [Iporno3zyBanns
iHpopManiifHIX MOTPed Ta IHTEIEKTYaIbHOT MIATPUMKH MOJIATAE Y BU3HAYCHH] €KOJIOT1YHOIT CHTYaIlil
(HemTaTHi, aBapiifHi, KaTacTpo(ivHi EKOJIOTIUHI cuTyalii, popMyBaHHI Ta mepeTBOpeHHi1 iH(opMartii
3 ypaxyBaHHsM ocoosmBocteit OIIP Ta piBHs Horo npodeciitHoi MaiiCTepHOCTI.

Konuemnisi iHTeNneKTyaqpHOI CHCTEMH C(HOpMYyITbOBaHA SIK Yy3arajJbHEHHS Ta pPO3BUTKY
TpaAMIliiHUX Mojeneld oO0poOku iHpopmalii 3 ypaxyBaHHSIM BHCOKONPOAYKTHBHUX 3ac00iB
obuncinensb. [Ipu po3pobui KOHLENTyalnbHOI Mojeni chopMyTbOBaHO MPUHIUINHM TOOYIOBU Ta
0COOJIMBOCTI 3aCTOCYBAaHHS IHTEJNEKTyaJbHHX CHUCTEM IIiJl 4ac 3/1MCHIOBaAHHS €KOJOTIYHOIO
MOHITOPUHTY, TIPOTHO3YBAaHHS PO3BUTKY HA/J3BHUYAHMX EKOJOTIYHUX CHTYyalid Ta iHTeprpeTarii
ekojoriuynoi iHopmarii. Cepen uX TPUHIUIIB CJIiJT BUAUTMTH aAalTHBHICTh, 0araTompoIeCOPHICTh
Ta MaKCUMAJIbHY IIBUAKOJIIIO, BIIKPUTICTh, O€3MepepBHICTh (PYHKIIIOHYBAaHHS T )KUBYiCTh.

InTenekTyanbHa cucTeMa Mae MOKIIMBICTh €BOJIOLIIMHOTO HAPOLTyBaHHS B yMOBax Oe3rnepepBHOi
3MIHM TWHAMiKH 00'€KTa Ta 30BHIIIHBOTO CEPEIOBUINA, TIPUKIIA]] HABESICHUH Ha puC. 5.

BucHoBKku.

[Tportec po3poOKM KOHIICMIIi CTBOPEHHS IHTENEKTyaldbHOI i1H(MOPMAIIHHOT CHUCTEMH IS
OIATPUMKH TPUAHATTS YOPaBIIHCHKUX pIlIeHb B Taldy3l €KOJOriyHOi Oe3neku mnependadae
dbopMaizaiito HACTYITHUX IPOIECIiB: BH3HAYEHHS OCOOJMBOCTEH aBTOMATH3AIlil CKCIEPTHOL
00poOKM Ta MpoIecy NPUUHATTS pIlIEHh B CHCTEMax EKOJOTIYHOTO YHpaBNiHHS; (OpMyBaHHS
apXITEKTYpH CHCTEMH IHTEJIEKTYaJIbHOI I ITPUMKHU PUHHSATTS YIPABIIHCHKUX €KOJIOTTYHHUX PIIIeHb
Ta BU3HAYEHHS MOTOKIB BiNMOBiAHMUX iH(popMalii B cuctemi. OOrpyHTOBaHa apXiTeKTypa CHUCTEMHU
IHTENEKTYa bHOI MIATPUMKH MPHUHATTS YHPABIIHCHKHX EKOJIOTIYHUX pilleHb. Bu3HadeHo, M0
CUCTeMa IHTEJEeKTYalbHOI MiATPUMKH Ma€ TakKi BiIMIHHI BJIACTHBOCTI:CKIAIHICTh PO3MOILICHOI
CTPYKTYpH (CTPYKTypHA CKIIQJHICTh); OaraTOLiIbOBHH XapakTep IepeTBOpeHHs iHdopmarrii
(pyHKIIOHANBHA  CKJIAHICTh); HEOOXiAHICTH OOmKy Ta (QopMmamizamii HEBU3HAYEHOCTI
(iHpopmarliiiHa CKIaAHICTh); HEOOXIJIHICTh BpPaxyBaHHA OCOOJMBOCTEH pPO3pOOKH (IPOEKTHA
CKJIQJTHICTB ).
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Abstract

The peculiarities of the creation and application of an intelligent information system to support
decision-making in the field of environmental safety based on the application of artificial intelligent
networks are considered. It was determined that the synthesis of information processing models in
the intelligent decision support system in the conditions of the development of ecological processes
and the influence of the external environment on the ecosystem allows to solve the problems of
creating evolutionary self-organizing knowledge bases, as well as systems of adaptive synthesis of
information and computing configurations of ecosystems. The analysis of the tasks solved by the
intelligent support system for making managerial environmental decisions allows us to highlight a
number of features: the complexity of the algorithms and a large amount of raw data with a
significantly different structure; the presence of strict requirements for the performance of the
computer system, the need for real-time calculations; the need to implement operations between a
large number of disparate objects, including operations of perturbing dynamic objects, taking into
account the complex structure of relations between classes of objects. The concept of an intelligent
system is formulated as a generalization and development of traditional models of information
processing, taking into account high-performance computing tools. During the development of the
conceptual model, the principles of construction and features of the application of intelligent systems
during environmental monitoring, forecasting the development of emergency environmental
situations and interpretation of environmental information were formulated. Among these principles,
the following should be identified: adaptability, multiprocessing and maximum speed, openness,
continuity of operation and survivability.
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AHAJII3 TPOBJIEM YTUJII3ALILI TBEPAUX BIJIXOIIB B MICTAX YKPATHA

Ipuna OHUIIYK, Onsra KHWYKHUPYK, Anacracis MAMBPOJICBKA
JKumomupcokuii Oeparcasnuil ynigepcumem im. leana @panka,
ByJ1. Benuka bepauuisceka, 40, M. XKutomup, 10008, Ykpaina
e-mail: irinashpin@gmail.com

Anomauin

B pobomi npedocmasnenni pesyromamu aumanizy npooiemu ymuaizayii meepoux 6i0xo0ié 6
Hacenenux nynkmax Yxpainu. Jocniodxcena npobdnrema opeauizayii ma excniyamayii cmMimmeeux
NONI2OHIB, 3AXOPOHEHHST MOKCUYHUX MBepoux 8i0X00i8, eKONO2IUHI pU3UKu OJisi HACEeNeHHs mda
HeOOCKOHANICMb Pe2ynio8anHsl NOBOOICEHHS 3 8I0X00aMUu HA 3aKoOH00asyoMy pisHi. Ocobnusa ysaea
npuodinena ymunizayii 8i0xo0is, wo Micmsames pmyms ma po3Kpumo NpUHYunu, HanpsamKu pooomu
CMIMMmMenepepodII08aIbHO20 34600y 8 M. Kumomup.

Kniouoei cnosa: meepoi 8i0xoou, mokcuuti 8ioxoou, 3a0pyOHeH s O08KLIA, CMIMME3BAIUWA,
cmimmenepepooHi MexHON02Il.

CyuacHe CyCHUIbCTBO CTHKA€THCS 13 CKJIAJHMMHU EKOJIOTIYHMMHU BHUKJIMKAaMH, SKi HEraTUBHO
BIUTMBAIOTH HA HAIlle OTOYEHHS 1 3710poB's. OfHIEI0 3 HAMOUTBI aKTyaJIbHUX MPOOJIeM € HaJMIpHE
HarpoMaJuKEeHHs TBEpAMX BIIXOJIB, 110 Ma€ CEpHO3HI HACHIIKU JJIS IPUPOIU, €KOCUCTEM 1 3710pOB's
rpoMajsH. Bimxomu, siki yTBOPIOIOTBCS IMiJI Yac BUPOOHMIITBA, CIIOKMBAHHS Ta IOBCSIKIECHHOT
JISUTBHOCTI JIIONMHM, CTAlOTh JKEpesoM 3a0pyIHEHHs IPYHTY, Bopoiim 1 moBitps [1]. Bukumum 3
CMITTECTIAJIIOBAJILHUX 3aBOJIIB MPHU3BOJATH /10 3a0pyIHEHHS aTMOC(EpPHOro MOBITPS IIKIIJIUBUMHU
razamu. 3a0pyIHEHHs IPYHTY MOXe OyTH MEXaHIYHUM, XIMIYHUM 200 O10JIOTIYHHM, a I0I10Ba (Taja)
BOJIa, sIKa MPOCOYYETHCS Yepe3 3aXOPOHEHI BIIXOU, MOXKE 3a0pYIHUTH BOJAOHOCHI TOPU30HTH.

Tema yTumizanii BiXoaiB, X nepepoOKu, MOUTYK NUISIXiB 301IbIIEHHS pecypcoe(eKTUBHOCTI Ta
KOHILIETILIS PELMKIIHTY B OCTaHH1 AECATHIIITTS HaOysa BayKIIMBOTO 3HaYeHHA. [IuTaHHS NOBOMIKEHHS
3 BIJXO/IaMU aKTUBHO JIOCIIDKYIOTbCA B pOOOTaX yKpaiHCBKHUX Ta 3apyOl’KHUX BUYEHHX. YKpaiHCHKI
BueHi [. A. Binenpka, I'. I1. Burosceka, O. O. Beknuu [1-2] po3misigatoTh MUTaHHS B3a€EMO3B'SI3KY
iHHOBaIlill Ta mepepoOKM CMITTS, a TaKOXX METOAM MOTHUBAlii CyO0'€KTiB TOCHOAAPIOBaHHSA J0
BIIPOBA/KEHHSI PeCcypcoe(eKTUBHOI MIANPUEMHUIIBKOT JISIBHOCTI, 30CEPEDKYIOUM yBary Ha
HEOOX1THOCTI BIPOBA/KCHHSI €(PEKTUBHUX TEXHOJIOTIH YNpPaBIiHHA BUPOOHHUIITBOM, BKIIIOUAIOUU
nepepoOKy BIAXOAIB, /IS palllOHAIbHOTO BUKOPUCTAaHHS IPUPOJTHUX PECYPCIB.

Bonnouac, HeoOXiTHO BHpPIMIUTH IMpoOieMy 3ale3neueHHs e(EeKTUBHOCTI 1ICHYIOYOi CHCTEMH
MOBOJDKCHHSI 3 BIIXOJAaMHM 3 YpaxyBaHHSAM BUMOT IUPKYJISIPHOI EKOHOMIKH, ITiIBUIIICHHS
KOHKYPEHTOCIPOMOKHOCTI HalllOHAJIbHOT €EKOHOMIKH Ha CBITOBOMY PUHKY Ta 3a0€3ME€UYeHHs CTaJIoro
€KOHOMIYHOTo 3pocTaHHs. Taki BUMOrm moTpedyroThb (OpPMYyBaHHS HOBUX E€KOHOMIKO-TIPABOBHUX
MEXaHi3MiB MOBOJKEHHS 3 BIIXOJaMH, CIPSMOBAHUX HA NMPUHLIMIHN OE3BIAXOIHOCTI Ta CTAJIOro
PO3BUTKY [2].

3aKOHONIAaBCTBO YKpPaiHM MICTUTh HOPMAaTUBHI aKTH, 110 BU3HAYAIOTh BUIU MOOYTOBOIO CMITTS,
Taki sk 3akoHW Ykpainu «[Ipo Bimxomm», «Ilpo 3araipHOIEp’KaBHY IMpOrpamMy MOBOIKECHHS 3
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TOKCHYHHMHU BIIXOaMu», a Takox pimeHHs KaGinery MinicTpiB Ykpainu Ta psja noctanoB. OnHak
KOJIEH 3 IIMX JOKYMEHTIB HE MICTUTh BU3HAY€Hb TEPMIHIB «PELMKIIHI» Ta «PUHOK BTOPUHHOI
cupoBuHM» [3-4]. YV 3akoHOmaBcTBI YKpaiHu y cdepi oOpoOKHM BiAXOAIB TEPMiH «Iepepodka
BIJIXO/IB» TIIYMa4UHUThCS JIUIIE K 1X 0OpOOJICHHS «3 METOIO IMIJATOTOBKHU J0 €KOJOTIYHO O€31eYHOTr0
30epiraHHs, MepeBe3eHHs, YTHIII3allii Ui BUJAICHHD. TakuM YHHOM, MOKHA 3pOOUTH BUCHOBOK, 1110
TepMiH «1mepepobka (00poOIeHHs) BIIXOAIB» Y HOPMAaTUBHUX JIOKYMEHTAX HE OXOTUTIOE TIOBTOPHY iX
nepepoOKy il TOJANBIIOT0 BHKOPHUCTAHHS y BHPOOHHUIITBI, & CTOCY€EThCS JIMINE iX OOpOOKH SIK
MIITOTOBYOTO €TaITy J0 YTHIi3allii.

Y 2017 pomi B VYkpaini Oymo cdopmoBano 366,1 MUTBHOHW TOH BiIXOMIB, IO Mi3HIIIE
sMeHImuIIocs 10 352,3 minbitoHiB ToH y 2018 pori. ITpore y 2019 porii cioctepiraeTbesi MOMITHHA
pict yTBOpeHHS BiaxoniB 1o 441,5 MinbiOHIB TOH, IO MOXKE OyTH OOYMOBIIEHO pPi3HOMAaHITHHUMHU
(dakTopamMu, TaKUMH SIK €KOHOMIYHI YMOBH, TeXHOJoOriuHi 3MiHu Tomo. 3 2020 mo 2022 pik
BiZI0yBa€THCS MOANbIIE 301IbIICHHS 00CATY YyTBOPEHHS BiAXO/iB, 3 462,4 MinbiioHIB TOH y 2020 pori
10 479,3 minbiioHiB ToH y 2022 poui. OueBUIHO, 10 00CATH yTUIi3alii BIAXOAIB TaKOXK 3pOCTAIOTh
3 gacoM. Y 2017 pomi Oyio yrmmizoano 100,1 MiabiioHIB TOH Bixo/iB, a B 2022 porli e MOKa3HUK
ckiaB 99,8 MiIBHOHIB TOH.

Hebe3neuni Biixoau, Ki MiCTATHCS Y TOOYTOBOMY CMITTi, BAHHKAIOTh BHACIIIOK ITOBCSKACHHOL
TiSUTBHOCTI  JIIOAEH Yy JKUTIOBUX 1 KOMepHiHMX OymiBiax. BoHHM Takok MaioTh PU3HKOBI
XapaKTePUCTUKH, IO MOXKYTh NMPHU3BECTH JI0 3HAYHUX HETAaTUBHHUX HACIIJIKIB JJIs1 HABKOJIHUIIHBOTO
cepenoBHINa Ta 310poB's. Taki BIIXOQU BHUMAaraloTh CIIELIaJbHOTO YMPaBIiHHS Ta 00poOKH, 100
YHUKHYTH 3a0pyIHEHHS MOBITps, BOIU Ta IpyHTY [5]. Hanmpukian, mapu, siki yTBOPIOIOTHCS ITiJ] 4ac
po3najy PTyTHUX JIaMIl, € JyXe TOKCUYHUMHU 1 MOXKYTb 3aBJIaTH LIKOJM SIK 3/10pOB't0 JIFOJIMHHU, TaK 1
HABKOJIMIITHBOMY cepenoBuIlly. HaBiTh HeBemMKa KUIBKICTh PTYTi, IO MOTPAIUIIE 10 CEPEIOBHINA,
MOXe€ TMPHU3BECTH /10 CepHO3HOro 3abpynHeHHs. ToMy BiAXOIH, IO MICTATh PTYTh, HOTPEOYIOTH
0Cco0IMBHX YMOB 30epiranas Ta 0OpoOKkH, 00 YHUKHYTH HeraTMBHUX HacihiakiB. 11106 yHuknHyTH
TaKUX PU3MKIB, ICHYIOTh Pi3HI METOAM 00poOKM pTYTHHX BinxoniB. Hampukian, BiOpo-MexaHIuYHHHA
METO/I repedadae MexaHiqHe MOIPIOHEHHS Ta OIAJIBIIE PO3AUICHHS CKIIAOBUX YACTHH, TTICIIS YOTO
PTyTHI Tapu BHUBOIATBCS Ta 3HEMIKOJUKYIOTbCS. TakoX ICHYIOTh TepMO-BaKyyMHUH Ta
TIApOMETaNypriiHuii MeToAM, SKI JO3BOJSAIOTH NEpepoONsATH BIAXOAM Ta HaBiTh I[OBTOPHO
BUKOPHUCTOBYBAaTH PTYTh y AEAKUX BHUIIaIKax [6].

BpaxoByroun HeOe3mneky, sKy MpeICTaBIsIOTh BIAXOAW 3 BMICTOM BaXKUX METalIB, Ba)KJIUBO
NPaBUJIBHO YIIPABIIATH IX 00OPOOKOIO Ta YTHIII3ALIET0, 11100 3MEHIIMTH HETraTUBHUIM BILUTUB Ha 37J0POB's
Ta HABKOJIUIIHE CepeloBUIlle. AHAIII3 TaHUX HAJaHUM KOMyHAJIbHUMU CITy’KO0aMH p13HUX HacEeIeHUX
NYHKTIB BKa3ye Ha TEHJCHIII0 30UIbIICHHS OOCATIB YTBOPEHHS BIAXOMIB B YKpaiHi MPOTArOM
OCTaHHIX pOKIB, IO MOX€ CBIAYUTH NPO HEOOXIAHICTH MOJANBLIOIO IOCHJICHHS 3aXOliB 3
YOpaBIiHHSA BIAXOJaMU Ta peajizauii e(peKTHBHHUX MporpaMm yTWJli3aulii Ta nepepoOKH B1IXO[IB
pizHoro tuny. Excrutyaraliiss CMiTTEBUX HOJITOHIB, SIK HAlOLIbII MOMIMPEHHUH cr1oco0iB 30epiranHs
Ta yTWJIi3amii TBepAUX BIIXOJIB, Hapa3l CTAHOBUTH 3HAYHHUM BiJICOTOK aHTPOIOTEHHOTO THUCKY Ha
Cepe/IoBUILE B IIJIOMY Ta HETaTMBHO BIUIMBAE HA CTaH 3/10pOB’sl HACENCHHs PI3HUX BIKOBUX TpYII.
OCHOBHI pU3UKHU AJIs1 37J0POB’ sl HACETICHHS OB’ s13aH1 3 TAKUMH (DaKTOpaMH: TOTPAIUISIHHS B IPYHTOBI
BOJIM 3HAYHUX KUIBKOCTEH TOKCHYHUX PEUOBHH y CKIaAl (QiIbTpaTy, B TOMY YHCII COJIEH Ba)KKHUX
MeTaJliB CBUHIIIO, KaMiI0, PTYTi, XpOMY TOILl0; TOTPAIUIIHHA B aTMOC(epy 1 IPYHTOBI BOJH JIETKUX
crionyk (JIOC-3a0pynHIoBaui) pisHOTo XiMI4HOTO CKJIaly: apOMaTH4Hi BYTJIeBOAHI (O€H30I1, TOIyod,
eTUIOCH30J 1 KCHJIONH), TETPaXJOPETHICH, TPUXJIOPETHICH 1 BIHUIXJIOPWA, NOMIIUKIIYHI
apomatuyHi ByrieBojaHi (ITAB): nadramin, OenszamipeH Ta NoOiYHI NMPOAYKTH B pe3yJbTarTi
HEMOBHOI'O 3TOPSIHHS OPraHIYHUX PEYOBMH); YTBOPEHHS 3BAJUIIHUX ra3iB 3 BHUCOKHM BMICTOM
METaHy, JETKUX aJIbJET1/liB, OKCUIB a30Ty Ta CipKu ToIIo [7].
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B cykynHOCTI Bei nepepaxoBaHi (pakTopy € MpUYUHAMY 301IbIIEHHS KUTBKOCTI BUIAKIB TOCTPHUX
pECIipaTOPHUX 3aXBOPIOBaHb JUXAJTBHUX NUIIXIB (3HMKCHHS IMYHITETY Ta PE3HCTEHTHOCTI
OpraHiaMy), 3arOCTpEHHs NMPOTIKaHHS XPOHIYHUX 3aXBOPIOBAaHb JUXAJIBHOI Ta CEpPIEBO-CYIWHHOI
CHUCTEM, JEPMATHUTIB, aJCPriYHUX CTaHIB, IiJBHUINCHHS 30YyIJUBOCTI HEPBOBOI CHUCTEMH Yy PI3HHX
BIKOBHX TPYH HaceJeHHs. B rpymi pusuky nepeOyBaioTh HE TIJIBKH CHIBPOOITHUKH IOJITOHIB, a i
MEIIKAHIll HAaBKOJMIIHIX HACEJICHUX IYHKTIB, OCKUIBKM Ha IMOJIIFOHAX YacTUMH € BHIIaJKH
camMo3aiiMaHHs BIAXONIB 3 TOAAJBIIUM TIIHHAM 1 SIK HACHIJOK IOTPAIUIIHHS B MOBITPSA Ta
PO3IMOBCIO/DKCHHS TIPOAYKTIB TOPIHHS T'a BEJIMKI BiJICTaHI (CaHITapHA 30HA HABKOJIO TIOJITOHIB Mae
CTAaHOBMUTU HE MeHIIEe 15 kMm). 3 omsiy Ha BULIE CKa3aHE, MOYKHA CTBEPIKYBATH, 110 CTBOPEHHS
HOBUX Ta TPOJOBXKEHHS EKCILUTyaTallii y»e ICHYFOUMX CMITTEBHUX IOJIITOHIB 301IbIIYy€E €KOJIOT14HI
PU3UKU A1l TEPUTOPIN Ta MOCHIIOE AHTPOIOJOTIYHUN THCK Ha JOBKULIA. B 6araTbox KpaiHax
€BpONM CMITTEBI MOJIroHM 3a60pOHEHi Ha 3aKOHOJABYOMY PpiBHIi. IX a/JbTepHATHBOIO €
OyAiBHUITBO CMITTENEPEpPOOHUX 3aBOAIB Ta MOIIMPEHHS TeHJEeHIii 11040 3MeHILEeHHS
NpOAyKyBaHHS MNOOYTOBUX Bi/IXO/liB HaceJIeHHSIM.

Ha Teputopii micta Kutomupa y 2024 poiii po3nodaB cBOIO poOOTy CMITTeNepepoOHUii 3aBO Y
TecToBoMy pexumi [8]. 3aBon, 3BeNeHWI Ta OCHAIIEHWH 3a KOIITH TMPUBATHOTO 1HBECTOPA,
CHeliani3y€eTbCsl Ha OYMILEHHI, COPTYBaHHI Ta mepepoOIll BiaxoniB y OiomanuBo. [linmpuemcTBo
Hapasi MpaIroe y TECTOBOMY DPEXHMi, ajie IUIaHy€ N0 KIHIM POKY PO3MIMPHUTH CBOI BUPOOHMYI
MoxHBOCTIL. Y 2023 porii BigOyBaincs MyCKOHAIAroKyBallbHI pOOOTH Ta cepTu(iKallis MPOAYKIIii.
Takmii 3aBox ChOTOAHI HE Mae aHaiuoriB B YkpaiHi. Ha 3aBomi Bigxoaw 3MIIIAHOTO CMITTS
BUCHUIIAIOTHCS Y OYHKeEp 1 IepeKuIar0ThCs 3a JJOTIOMOT0I0 HaBaHTa)KyBaya Ha COPTOBY JIiHIIO, /1€ BOHU
MOJUISIFOTHCSL HA OPraHiyHI Marepiand Ta TBepAi moOyToBi Bimxomu. OcTaHHI HE MIAXOMSTH IS
MOJANBIIIOT0 BUKOPUCTAHHS Ta MPOXOAATh OYMILEHHS Ta mepepoOKy. B pesynbrari nepepolisieTbes
nuie BiniOpaHa BTOpUHHA CHPOBHHA.

Ha copryBanbhiii mdiHii po3ainserscs 10 BUIIB SKICHOI BTOPMHHOI CUPOBHHH, SKa MIAJATae
nofanbiiil nepepodui. [IET-mdmky Tppox BUIIB (TPhOX KOJIBOPIB) BIAOKPEMIIIOIOTHCS, TaK CAMO
SK 1 CKJI001# TpbOX KOJIBOPiB. OKPEMO COPTYETHCS MOIETUICHOBI IIJIIBKA BUCOKOTO THCKY Ta CTpeny-
TUTIBKH, aJIFOMIHI€BI OJIAIIAHKY, @ TAKOXK TUIACTHK JBOX BUIB: MIKCOBAHHUM Ta YUCTUHN TOJIIIPOTIICH.
Ha poraniitHomy 6apa®aHi IpOBOANUTHCS MOJLT OPraHiKM Ta IpiOHOTO HESIKICHOTO CMITTSL.

OT1xe, AOCTIHKEHHS 3 TTPoOJIeM YTUIII3aIlli TBEPAUX BIIXO/IB € JOCTATHBO aKTyaJIbHUM Ta ICHY€
HEOOX1/IHICTh MOAAJBIINX HAYKOBUX Ta MPAKTUYHMX PO3BIIOK Yy WiM oOmacti Juis 3a0e3nedeHHs
CTaJIOTO PO3BHUTKY Ta 30€pEKEHHS €KOJIOT1YHOT PIBHOBATH.
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Abstract

The paper deals with the results of the analysis of the solid waste disposal problem in the settlements
of Ukraine. The article has studied the problem of the organization and operation of landfills, the
disposal of toxic solid waste, environmental risks for the population and the imperfection of the waste
management regulation at the legislative level. The paper pays special attention to the disposal of
mercury-containing waste, and specifies the principles and directions of the waste processing plant
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PO3BUTOK CUCTEMHU MOHITOPHUHI'Y AKOCTI IIOBITPA
B M. KHEBI

Bsiuecias PAJOBEHYMUK, Onena IBAHEHKO,
Tamapa KPUCEHKO, Ogena I''TYLHIKO
Kuiscokuii nonimexniunuii incmumym imeni lzops Cikopcbko2o
np. bepecreiicekui, 37, Kuis, 03056, Ykpaina

e-mail: tavok@ukr.net

AHomauia: 3 KOJCHUM POKOM AHMPONOSEHHU 6NJIUE HA HABKOJIUUWHE cepedosuuye, a 0coOIU80
Ha ammocghepy, 3pocmac. Lle gede 00 nocipuienHs ymMos iCHy8aHHA THOOUHU [ HCUBUX OP2AHI3MIB i, 8
KIHYesoMy pe3ylbmami, Modice npuzgecmu 00 2100anibHoi ekono2iunoi kpuzu. B Ykpainu 3a pienem
3a6pyonenns m. Kuis 3aiimac oone 3 nepwiux micyv. 3 Memaro NOKpAwWjeHHs AKOCMI Nosimps
HeoOXIOHO 80100imu 0emanbHoI0 IHHOPMAYIcio NPo piseHb 3a0pyOHeHH s, 3a0pyOHI08ayi, dxcepena
ix ymeopeHus, 3miHu 6 yaci ma npocmopi i m. i. B 6invwocmi pozeunymux Kpain ceimy yi ¢hyHxyii
BUKOHYIOMb  HAYIOHANbHI  CUCTEeMU MOHIMOPUHEY 3a0pYOHeHHs O0O08KILIA, Kompi 6iOKpumi,
A8MOMAMU308aHI, KOMN TOMepU308ani ma 6i0obpadicaroms iHpopmayilo 6 pearbHOMy Yaci.
Cb0200Hi HayioHabHa cucmema MOHIMOPUHEY 008K 8 YKpaini auwe noyuHac Gopmyeamucs,
MOMY 8ANCIUBO UIHAYUMU HAUOITbUL NPUUHAMHI HANPAMKU T PO3GUMKY.

Cb0200Hi MOHIMOpUHE AKOCMI NOBIMPS 8 CMOAUYI NPOBOOUMbCS KLIbKOMA CYO €Kmamu.
Ilpomszom mpueanoeo uacy yumu numanHamu onikyemocs Llenmpanona ceoghizuuna obcepsamopis.
Cb0200Hi 0Ocepsamopis 80100i€ HAUOINbUWL 0eMAIbHOW THHOPMAYIEID WOOO AKOCMI NOGIMps 8
cmoauyi npomsacom mpueano2o nepiody. Ocmanni KilbKa poKieé Xapaxmepu3ylomuscs iHMeHCUSHUM
PO3BUMKOM HEOEPHCABHUX CUCMEM MOHIMOPUHSY AKOCMI nosimps 6 cmoauyi. binbwicms maxux
cucmem MOHIMOPUHZY HOCAMb, WGUOWe, PpeKIAMHULL Xapakmep OJil OKpemux cyo ekmis
20Cn00aprosants abo po3paxoeami Ha CMEOPEHHSL MEPENHCI CHOCMEPEHCHUX NOCMIB 30 KOULMU CAMUX
epomaodsn. Kinoxka pokie momy KM/[A 6yno nputinamo piuieHHsi npo cm8OpeHHs CY4acHOoi 8iOKpUmoi
ABMOMAMuU308aHOI cucmemu MOHIMOPUHEY AKOCMI nosimps 6 cmoauyi. Ha cboeooni ecmanogneno
ma 3anyweHo 8 pooomy Yomupu cHOCMeEPeHCHUX NYHKMU.

Cucmema mouimopuney AKOCmMi nogimps 8 Cmouyi HAUiMOGIpHiule, PO36UBAMUMEMbC CAME
WLIAXOM 6CIMAHOBIEHHS HOBUX CYUACHUX NOCMIE CNOCEPENCEHH 8 MeNCax Micma 6 00 ’emi npoepamu
KMJJA.

Knrwowuoei cnosa: ammocgepa, mouimopuue, nogimps, 3a0pyOHeHHs, IHOEKC 3a0pYOHEeHHS
ammocghepu.

3 KOXXHHM POKOM B CHJy pi3HUX (DakTOpiB piBeHb 3a0pyAHEHHS MOBKULIA, B TOMY YHCIl U
atMocdepH, 3poctae. OcoOIMBe 3aHETTOKOEHHS BUKJIMKAE OCTAHHIM YaCOM CBITOBHI PEUTHHT HAIIOl
CTOJIMLI cepel MiICT i3 HalbOumbpIn 3abpyaHeHuM mnoBiTpsM. Hanpuknan, 10.09.2021 p. m. Kuis
BBIMILIOB B IT’ATIPKY MICT 13 HailOpynHimmm noBitpsaM [1]. O 9:50 panky iHIekc 3a0pyIHEHHS
atMocdepu B croiuii ckiaB 137 OGaniB npu HopMmi B 50 OamniB. 3a Takoro piBHA 3a0pyIHEHHS
0COOJIMBO TIOTEPIAIOTh JIFOAM 13 3aXBOPIOBAHHSM OpPTaHiB JWXaHHS, KOTPUM TIPOIIOHYIOTh
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KOPUCTYBATHUCS pecripaTopaMu, He BiIKpUBATH BiKHA Ta OOMEXHUTH INepeOyBaHHS HA BiIKPHUTOMY
MOBITPI.

Bukiukae 3aHEIOKOEHHS TOH (akT, m10 NOAIOHUI piBeHb 3a0pyIHEHHS MOBITPs (IKCyeThCS B
CTOJIUIII BCE 4YacTilie, MO0 3MYyIIye OUIbII CEPHO3HO MIAXOAWTH J0 (HOPMYBaHHS CHCTEMH
MOHITOPHUHTY SKOCTI OBITpA. [HAEKC 3a0pyTHEHHS OBITPSI B CTOJIHIII Ta 1HIIMX MIiCTaxX CBITY MOXKHA
BIJICIIIZIKOBYBATH B PEKUMI pealibHOro yacy Ha moprtami lqair [2]. L{inkoM 04eBHIHO, IO CHOTOIHI
CHUCTeMa MOHITOPDUHTY TIIOBMHHA CIIY>)KUTH HE JIMIIE€ OCHOBOIO JUISI MPHUUHATTS BiJNOBITHHX
YIPaBIIHCHKUX PIllIeHb, @ W 3a0e3medyBaTH T'POMAJISH ONEPATUBHOK 1H(GOPMAIIIEI TPO SKICTh
HOBITPS B KOHKPETHIN TOYILlI IPOCTOPY B KOHKPETHUH yac.

Mertoro nanoi poOOTH € BUBYEHHSI CY4acCHOTO CTaHy CUCTEMH MOHITOPUHTY SIKOCTI MOBITPS HA
teputopii M. KnueBa Ta BU3HaAU€HHS MOKIIMBUX HANPSMKIB i1 OJATBIIOTO PO3BUTKY.

JlinepoM B Tairy3i MOHITOPUHTY SIKOCTI ITOBITPSI B CTOJIUII 3anumnaeThes LlenTpanbHa reodiznyuna
oOcepsatopis imeHi bopuca CpesneBcbkoro [3]. Ha repuropii cronuii po3minieHo 16 cramioHapHUX
MIOCTIB CIIOCTEPEXKEHHS 3a 3a0pyaHeHHsIM moBiTps (puc. 1). l{oxenHi pe3ynpTaTH BUMIpIOBaHb (6
JTHIB 32 HE/IUTIO) YOTUPHOX TOCTIB OMIEPATUBHO BUCTABIIIOTHCS HA CAiTi 0OcepBaTopii /s BUTBHOTO

T8 5, G A
4

~ y
(AP ABER S o] S ¥

L1 AP (= W N (T ey AR

3 L A h\ T { ~
P Nk el
1 i T A ) o o B
M\ mapocn. O6ONOHCEKMIA, 14 i
‘</‘:V G, =AW )‘5:- .x.:!,»‘ & - {
3 o t) =

4\

\Byn.fonyapeHka,50
{ /" _',/\"?-

sym. Ach e Pa‘;{? lc 2is ;@B.:‘ “9, éyn’fih)’oce'ueb.a.“: N
. Kaynacexa, 103~
DN AT K

¥ 3
\

YMOBHI NO3HAYEHHA

NYHKTH CNOCTEpeXeHb
3a 3abpyaHeHHAM nosirpa

3a PO3WHPEHOW
nporpamow

A 32 CKOPOYEHOI
nporpamoi

Puc. 1. Mepexa nocTiB crioctepekeHb 3a 3a0pyJHEHHIM MoBITps B M. KueBi

noctymy — moctu Ne3, 5, 7, 20. Bin6ip mpo0 Ta ix aHasi3 MpoOBOAUTHCS YOTUPH pa3u Ha 100y — o 1.00,
7.00, 13.00 Ta 19.00 rogunax. Ha cTopiHII CTBEpKY€EThCS, 10 HAa TIOCTaX BEAEThCS CIIOCTEPEIKEHHS
3a BMICTOM B oBiTpi 20 3a0pyIHIOBaUiB, OJJHAK IPUBOAATHCS pe3ynbTaTu aulie s S — 10 ocHOBHUX
3a0pyAHIOBaYax (3aBUCII PEYOBUHU, AIOKCU CIPKH, OKCHJ BYTJIELIO, TIOKCHU]] a30TY, OKCH]I a30Ty,
deHon, GTOpUCTHI BOJEHB, XJIOPUCTUN BOJICHDb, aMiak, (popmanpzerin). TyT ke npuBeIeHO cepeaHi
i M. KueBa koHIeHTpalii 3a0pynHioounx pedoBuH B kKpatHocTi ['JIK 3a momnepenHiit THxXIeHb.
JaHni cioctepexeHsb 3a 3a0pyIHEHHSM MOBITPS B MONEPEIHI EePioIn MOKHA 3HAUTH Ha BINOBIAHIN

Handbook of the XXIV International Science Conference 263
«Ecology. Human. Society» (June 5 2024, Kyiv, Ukraine)



Marepianun XXIV MizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(pepeHuil
«Exodoris. Jloauna. CycniibecTBoy» (5 yepBusi 2024 p., m. KuiB, Ykpaina)

cropinui caiity [4]. TyT BukiazeHi cepelHi 3a MICAIb MOKAa3HUKU 3a0pyAHEHHS U CTOJIMLI 3a
MomepenHi aBa pokW. bimbm mi3HIO i1HGOpMAIil0O MOXKHA OTPUMATH B apXiBi oOcepBaTopii.
Indopmaris BukianeHa B 1BoX (opmarax — TEKCTOBOMY Ta rpadiuyHomy. B 3aranbHOMY, HagaHOl
iHopMarii mJIKOM OCTaTHRO MJIsi KOHTPOJIO cTaHy aTtMocdepu Ha tepurtopii M. Kuepa. [lemio
HoTiplIye 3arajgbHe BpaKeHHs HaJaHHsA MIOAEeHHOI iH(opmarii sume nmo 4 i3 16 crmocTtepexHux
II0CTaX, OJIHAK, K 3a3HAUEHO Ha CalTi, 3 yCi€l0 HasBHOIO 1H(GOpMALII0 MOKHA O3HAMOMMTHUCS 32
BIJIOBITHUX YMOB B apXiBi MiIPUEMCTBA.

Karactpodiune moripiieHHs1 sSKOCTI TOBITpS Ha TepuTopii M. KueBa mpuBeprae yBary BCiX
KHUTENIB, 0araTbOX TPOMAJCHKMX Opraizamiii Ta NpPHUBATHUX MIiANPUEMCTB, KOTpi HE JIUIIE
BUMAaraloTh BUKOHAHHS 3aKOHOJIABCTBA B I'aly31 OXOPOHM JOBKULIA, a H CIPUSIOTH Ta MPUHMAIOTh
y4acTb B peaii3amii MpOeKTiB II0J0 MOKpalleHHs iH(QOpMyBaHHA HAceJICHHS IpPO pIiBEHb
3a0pyIHEHHS TOBITPS B peanbHOMY 4yaci. OJTHUM 3 TaKHX MPOEKTIB € COLIAJILHUMA MPOEKT KOMMaHii
JIYH mnix nassoro JIYH Micto [5]. Cepen macuBy iHmoi iHdopMmariii Ha caiTi € KibKa CTOPIHOK,
MPUCBSIYEHUX 3MiHI cTaHy MoBiTps B M. Kuesi,
M. Opeci ta M. JIbBOBI B peanibHoMy 4aci. J{ms
IPOBE/IEHHS TaKUX BHMIPIOBaHb KOMAaHJIO0
JIVH Micmo Air BCTaHOBJICHO B Pi3HUX paiioHax
mictra Oiumbmie 80 CEHCOPHUX  JaTYMKIB
Plantower PMS 3003/5003/7003/A003, xotpi
BUMIPIOIOTH CTYIIHb PO3CIIOBAHHS JIA3€PHOTO
BUIIPOMIHIOBaHHA B aTMocdepi 1 Ha OCHOBI
OTPUMAHUX PE3yJbTATIB BU3HAYAIOTH CTYIIHB il
3abpyanennss (puc. 2) [5]. HomatkoBo
BCTAHOBJIEHO  CEHCOpHI  jgaruukd  Bosch
Sensortec BME-280 gans  BuUMiproBaHHS
TeMIIepaTypu, BOJIOTOCTI Ta THCKY. OTpuMaHi
curHamu oOpoOstoTeest  Oiokom  Mediatek
MT7688A Ta uepe3 Wi-Fi nepenarorbes B Mepexy. Takum YMHOM, CTYIIHB 3a0pyAHEHHS aTMochepu
BH3HAYAETHCSI HA OCHOBI BMICTY TBEpAMX yacTok po3Mipom 1.0, 2.5 ta 10 mxm. [lani oTpumMaHi JaHi
KOHBEPTYIOTHCS B 1HJEKC SIKOCTI MOBITpsA AreHuii 3 oxoponu aoBkiuia CIHA — AQI [6]. OgHodacHO
IPOBOAMTHCS BUMIPIOBAHHS TEMIIEPATypH, BOJIOIOCTI MOBITPS 1 arMocdepHoro Tucky. Mam 3
BUKOPUCTAHHSAM IIKaJIM 1HAEKCIB po3paxoBaHi iHAekcH AQI HaHOCATbCS Ha IHTEPAKTUBHY KapTy M.
KueBa mnsg kokHOro crocrtepexxHoro nNyHKTY. [Ipum BcTaHOBIEHHI Kypcopa Ha BIJNOBIAHMN
CTHIOCTEPE)KHUHM MYyHKT PO3KPUBAETHCS CHHUCOK 13 OUIBII JeTaJbHUMHU JAaHUMHU NPO BMICT TBEPAUX
YacTOK B aTMoC(hepHOMY TMOBITPI Ta KJIIMAaTHYHUX MHapamMeTrpax Ajis JIaHOi TOYKH IPOCTOPY.
BianoBigHi 3HaueHHs piBHIB 3a0py/IHEHHS MOBITPSI MO’KHA OTPUMATH y BUTJISAL larpaM 3a 48 roauH
yi 3a 30 1i0. BapTo Takox 3ayBakuTH, 1110 OTpUMaHa iH(pOpMAIlis TPAHCIIIOETHCS Ha BigeoOopau y
Bi3yaJbHO MPUBAOIMBOMY BUIJISAII TIOKU 110 B ceMU paiioHax M. KueBa Ta Ha Baiibep-00T [logimps
NOW (https://chats.viber.com/air-now). He3paxkatoun Ha 3Ha4Hy OOMexeHICTh iH(opmamii s
OLIIHKM piBHA 3a0pyAHeHHs NoBiTps B M. KueBi, gaHa cucrema, Ha Hally IyMKY, € JOCUTh
NEePCIEKTUBHOIO, OCKUIBKHU JI03BOJISIE CTBOPEHHS Ha ii OCHOBI MOBHOIIIHHOT aBTOMAaTHU30BaHO1 CITyK0U
KOHTPOJTIO SIKOCTI TIOBITPsI B hOpMaTi peaabHOTO Yacy IMUITXOM MiIKIIOUEeHHS CYYacHUX JAaTYMKIB Ta
aHaJi3aToOpiB BMICTY MPU3EMHOI0 030HY, OKHUCY BYTJIELI0, JIOKCUIY CIPKU Ta JIOKCUIY a30Ty.

B crommii cboroiHi mparroe Kijbka aHAJOTIYHUX CUCTEM. 3a TaHUMH [7], BCbOTO Ha TePUTOPIi
CTOJIMLII Ha ChOTOJIHI BCTaHOBJIEHO 328 cTaHIi MOHITOPUHTY 3a0pyIHEHHS aTMocdepH, 3 SKHX
npairoe 123 cranmii. [Ipudomy, 111 cTaHIlT HAJIEKATh PI3HUM BJIACHUKAM - JICPYKaBHUM Ta TPUBATHUM
HiANPHEMCTBAM, MiCLIEBUM OpraHaM CaMOBPSITyBaHHsI, MEIIKaHIISIM MicTa a00 CTBOPEHI B pe3yJIbTaTi
BUKOHAHHS PI3HOMAHITHUX MPOEKTiB. KpiM 11b0T0, € CHCTEMH MOHITOPUHTY, 1[0 HAPaXOBYIOTh O

Puc. 2. CeHCOpHI IaTYMKH CUCTEMU KOHTPOJIIO
armoctepu JIYH Micro Air
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COTHI CTaHIIIif MOHITOPUHTY, & € CHCTEMH, 110 JIUIIE MOYNHAIOTH PO3BUBATHUCS 1 HE MAIOTB I11€ 5KOHOT
niro4oi craHiii (tadu. 1).

Cucrema luftdaten.info - rmoGanpHa ceHcopHa Mepeka, KEpOBaHa CaMHMHU YYaCHHKAMH, sKa
CTBOPIOE BIJIKPUTI €KOJIOT1YHI 1aHi. Oxorutroe 69 kpaiH, HapaxoBye 14038 cTaHIliii MOHITOPHHTY TIO
BchoMy cBiTy. AirVisual — mixxHapojgHa KoMmmaHis B raiy3i oOpoOKH MOBITPsi 3 O€3KOIITOBHOIO
iHopMaIiifHO TUIaTGOPMOIO SKOCTI MOBITPS B PEKUMI peaabHOro yacy. CucremMa MOHITOPUHTY
JI03BOJISIE BIJICTEKYBATH SIKICTh MOBITPS 3a TaKMMHU mapamerpamu sk PM2,5, PM10, NO2, CO21 SOz
i3 3HAYHUM TTOKPHTTSM B PI3HUX YacTUHaX CBIiTYy. CrcTeMa JT03BOJISIE 3aTy4aTh 0 MOHITOPUHTY SIK

Tabauus 1- Tlepenik matdopm, MpOEKTIB Ta OpraHiB caMoBpsAyBaHHs M. KueBa, 1110 MaroTh
CTaHLIi AJI1 MOHITOPHHTY PiBHA 3a0pyIHEHHs aTMOC(HEpHOTro MoBiTps [7]

CraHuii MOHITOpHHTY
Ne HajimenyBanns SIKOCTI MOBITPS1 HA TEPUTOPII
n/n M. KueBa
Bceboro Ipamoroyi
1 | JIVH Micro 82 53
2 | luftdaten.info 37 21
3 | SaveDnipro 30 14
4 | AirVisual 11 9
5 [ AirPol 4 1
6 | Kyiv Smart City 3 -
7 | KuiBchkuii HallioHambHUH yHIBepcUTET iMeHi Tapaca 1 1
[lleBueHka
8 KuiBchka mickka neprkaBHa aaminictparis (KMJIA) 4 4
9 | PurpleAir 3 1
Bcroro: 173 101

OKpeMi KpaiHu, Tak 1 okpeMux rpomMazsa. Mepexa PurpleAir cTBOproeThCS KOMITAaHIEIO BUCHHX Ta
rpoMajisiH 3 roloBHUM odicoM B mtaTi FOTta, CIIA. Komnanis crierianizyeTbcsi Ha BUITyCKY TPOCTHX
B YCTAHOBIII JaTYHKIB SKOCTI MOBITPS, U1 poOOTH KOTPUX HEOOXiHa nuiie enekrpomepexa ta Wi-
Fi. JlatTuvku [103BOSIFOTH 30MpaTé AaHi OO SIKICTh MOBITPS B PEKHMI pEalbHOr0 4Yacy Ta
OOMIHIOBaTHCSI HUMH Ha BUIBHIM JUIs JoCcTynmy KapTi. B OCHOBI poOOTHM [NaT4MKIB JIEKUTh
BUMIipIOBaHHS KOHIIeHTpallii PM2,5 B peanbHOoMy 4aci. Y Mmicisx 3 oomexxeHum goctymnom mo Wi-Fi
a0o 6e3 noctymy no Wi-Fi nerekrop BUMiproBaHHs MICTUTh KapTy SD i TOAMHHHK peajbHOTO Yacy,
1110 JI03BOJISIE JATUYMKY 3alMCYBaTU Ta 30epiratu AaHi gokansHo. AirPol — nemoHcTpariiina ciucrtema
MOHITOPHUHTY SIKOCT1 MOBITPsI BUPOOHUKIB muuiomipa 7bit Pollution Monitor. Ilunomip OpieHTOBaHO
SK Ha TepCOHAIbHE BUKOPUCTAHHS, TaK 1 HA OOMIH JaHUMHU B MeXaX HpPOEKTY air-pollution.ml.
Po3BuTok Mepexi nepeadayaeTbes 3a paXyHOK i € AHAHHS 10 CUCTEMH HOBUX BJIACHHUKIB MMUJIOMIpA.
BinbiicTh AaHUX, OTPUMAaHUX B MeXaX OMMCAHUX BHUIIE CUCTEM, 310paHO Ha €MHOMY B YKpaiHi
0e3KOIITOBHOMY eKoJIoTigHOMY YaT-00Ti SaveEcoBot [7]. Cucrema BriTrOUae B cebe Takoxk 4aT-00TH
y Telegram, Rakuten Viber, Facebook Messenger ta mamy 3a0pyaHEHHsS aTMOC(EPHOTO MOBITPSL.
OmikyeTbest po3ButkoM cuctemu 'O “SaveDnipro”, 3acHoBane KOMaH 1010 oHOAyMIIiB y 2017 porri
3 METOIO MOIIYKY IIJISXiB BIUIMBY HA €KOJIOTIYHY CUTYallilo B YKpaiHi Ta cBiTi [§].

Oco0nuBy yBary cepell 3a3HayeHHUX B Ta0:1. | muiardopm BapTo NPUIUIMTHA CUCTEMI MOHITOPUHTY
KMJIA [9]. Cucremy novanu (opMmyBaTH JMIlle B OCTaHHI Kiibka pokiB. Ilpu 1poMy cramioHapHi
MOCTH MOHITOPHUHTY SIKOCTI MOBITPS BIAINOB1/Ial0OTh BUMOTaM YMHHUX €BPONEMCHKUX CTaHAAPTIB Ta
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pexomenaanii BOO3. 3a nosinomnennsm [10], Bce obnannanHs 3i0paHo B crieniaibHOMYy OOKCi i
3natHe (ikcyBaTH Taki mokasHuku: mwt PM2.5 ta PM10; giokcup azoty (NO2); okcup azoty (NO);
nmiokcuna cipku (SO2); okcupa Byrnemio (CO); mpusemuuit 030H (O3); OeH301; (GopManbIeri;
OcH3aImpeH; MeTUIIMEpKaIiTal; Bakki Metand. OHIaiiH — Mara € HaJI3BUYaiHO (PYHKI[IOHAIBHOIO 1
JI03BOJISIE OTPUMYBATU TpadiKu 3MiHU BiMOBIIHUX MAapaMmeTpiB MPOTITOM J0OU, THUKHS, MICSILISL.
OKpiM BOJIOTOCTI TIOBITpsl, TEMIIEpAaTypH Ta THCKY, HANPSMKY Ta IIBUIAKOCTI BITPY HaBEICHI
3HAYCHHs 3arajbHOro iHAekcy skocti moBiTps (Common Air Quality Index, CAQI). be3nepeuno, y
BUIIAJIKY IOCTATHBOT'O MOKPUTTS TEPUTOPIi CTOIUII CIIOCTEPEKHUMH IMOCTAMH TaKOT'O TUITY caMe 115
cucreMa craHe 0a30BOIO JJISl OLIHKHU SIKOCTI OBITPS B PI3HUX pallOHAX CTOJMIIL.

Takum YMHOM, HaBITh B CTOJIUIII ChOTO/IHI BIJICYTHS TTOBHOIIIHHA BIIKPUTA CHCTEMa MOHITOPUHTY
SKOCT1 MOBITPA. [cHYI04I pO3pi3HEH] MOCTH MOHITOPUHTY SIKOCTI MOBITPS Pi3HOT MiAMOPSAKOBAHOCTI
a00 JHIle BCTAaHOBIIOIOTHCS, IPUUOMY, JOCUTH YACTO 33 KOIITH OKPEMHX TPOMaJIsiH, a00 06a3yroThes
Ha BUKOPHCTaHHI jume 1 — 2 mapaMeTpiB MOBITPs, HaifyacTime — BMICTI yacTok po3mipom 1 — 10
MKM, IO JaJIeKO HEIOCTATHHO SIK 3 TOYKU 30pY YMHHUX HOPMATHBHHX JOKYMEHTIB, TaK 1 3 TOUKHU
30py CY4acHOTO TIepeiKy 3a0pyIHEHb, 110 BUKUIAIOTHCS B TIOBITPS HA TEPUTOPIii cToywili. B miomy
MO>KHA BU3HAYUTU TPU OCHOBHI MO>KJIHMBI HaIllPSIMKU MOAANIBIIOTO PO3BUTKY CUCTEMHU MOHITOPUHTY
SKOCTI MOBITps B M. Kuesi:

- MOJIepHi3allisl iICHYI0u4O01 cucTeMu MOHITOpuHTY Ha 0a3i L{I'O i3 3amiHol0 0OsnagHaHHS Ha OUTBII
Cyd4acHe i3 3a0e3NeueHHsIM aBTOMAaTHYHOTO BUMIPIOBAHHSI ITapaMeTPiB MOBITPS B pealbHOMY 4aci Ta
OTICPaTHUBHUM IPEICTABJICHHAM 1H(OpMaIlii Ha caiTi;

- IOAAJIbIIIE PO3IIUPEHHS OKPUTTS Ta IEPEIiKy KOHTPOIHOBAHUX 3a0pyIHIOBAYIB IPOMAICBKUMH Ta
MPUBATHUMU CUCTEMaMH MOHITOPUHTY Ta CTBOPEHHS Ha iX 0a3i €JMHOI 00’ €IHAHOT CUCTEMU;

- MOJANBIINI PO3BUTOK 3 METOKO 30UIBIICHHS TMOKPUTTS TEPUTOPil CTONHMIN Cy4acHOI Mepexi
CIOCTEPEKHUX MyHKTiB MOHITOpUHTY KMJIA.

Ha >xanp, OUIBIIICTH ONMWUCAHMX BUIIE CHUCTEM MOHITOPUHTY HOCSATH, IIBUAIIEC, PEKIAMHUN
XapakTep JUId OKpeMHX Cy0’ €KTiB IOCIIOIapChKOi JisIbHOCTI, KOMEpIIiali30BaHi, 1110 3MYIy€e pOOUTH
JOCTYIIHOIO JJIs TNEepEecIYHUX TpOMajsH JMIIE YBEpTh OTpuUMaHoi i1H¢opMmarii, abo B3araii
pO3paxoBaHi Ha CTBOPEHHS MEpEXi CIIOCTEPEXHMX IOCTIB 3a KOIITH CaMHUX rpomajsH. | B Takii
cuTyauii MokHa juie BitaTu HamaraHHs KMJIA cTtBopuTH cydacHy BIIKPUTY aBTOMAaTH30BaHY
CHCTEMY MOHITOPHMHTY SIKOCT1 OBITPSI B CTOJIMIII, CIIOJIIBAIOYMCH 1110 BOHA He Oy 1€ KoMeplliani3oBaHa
YH [IpUBaTU30BaHa B MaOyTHbOMY 1 cTaHe 1H(HOPMaLIHHUM MIAIPYHTAM JUIsl IPUHHATTS HEOOX1THIX
YNPaBIIHCBKUX PIllIEHb.
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Abstract

Every year, the anthropogenic impact on the environment, and especially on the atmosphere, is increasing.
This leads to the deterioration of the conditions of existence of humans and living organisms and, as a
final result, may lead to a global ecological crisis. In Ukraine, the city of Kyiv is one of the first places in
terms of pollution. In order to improve air quality, it is necessary to have detailed information about the
level of pollution, pollutants, sources of their formation, changes in time and space, etc. In most of the
developed countries of the world, these functions are performed by national environmental pollution
monitoring systems, which are open, automated, computerized and display information in real time.
Today, the national environmental monitoring system in Ukraine is just beginning to take shape, so it is
important to determine the most appropriate directions for its development.

Today, monitoring of air quality in the capital is carried out by several entities. For a long time, these
issues have been taken care of by the Central Geophysical Observatory. Today, the observatory has the
most detailed information on air quality in the capital over a long period. The last few years have been
characterized by intensive development of non-state air quality monitoring systems in the capital. Most
of such monitoring systems are, rather, of an advertising nature for individual business entities or are
designed to create a network of observation posts at the expense of citizens themselves. A few years ago,
the KMDA decided to create a modern, open, automated air quality monitoring system in the capital. To
date, four observation points have been installed and put into operation.

The air quality monitoring system in the capital will most likely develop precisely through the installation
of new modern observation posts within the city within the scope of the KMDA program.
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EKOJIOI'TYHI PU3UKHU TA YITPABJIIHHA ITPUPOJOOXOPHHOIO JIAJBHICTIO
HA IMIAIMTPUEMCTBAX TPAHCIIOPTHOI T'AJTY31

Oaena COPOUUHCBKA
lepoicasnuii ynisepcumem iHghpacmpykmypu ma mexrHonoeiu
Byl. Kupunnisceka, 19, m. Kuis, 04071, Ykpaina
e-mail: ellena06.84@ukr.net

Anomauin: Y pobomi nioiimacmvcsi NUMAHHA CYYACHO20 YAPABIIHHA NPUPOOOOXOPOHHOIO
OIANbHICMIO 5K HA NIONPUEMCMBAX MPAHCNOPMHOL 2ay3i mak i 3aeanom 6 Ykpaiui. [lane numanns €
0COOIUBO AKMYANTLHUM 8 38 A3KY 3 MAUOYMHIM 8IOHOGNEHHAM YKpainu niciisi 3aKiHUeHHs GIiCbKOBUX
Oitl, aoddce y 00820CMPOKOGI NEPCNEeKMUBl npoyec MNiCIA80€EHHO20 PO3GUMKY MAE CMamu
@yHoamenmanvuum nepexooom Vkpainu 0o 3enenoi ma uucmoi exoHomiku. Hxwjo 0o
NOBHOMACWMAOHOI  BIIHU 86AXCANOCA, WO CMPIMKe NepeseoeHHss CUcmemu YNpaeninHa Ha
€BPONENCLKI CMAHOAPMU € HEMONCIUBUM, MO piBeHb DYVIUHYBAHb V IHGpacmpykmypHil ma
iHOycmpianeHill cghepax 6Kazyioms HA WAHC maxku 3pobumu yeu cmpubok. [na moeo, abu
3abe3neyumu 3eneny 8i00y008y nicia60€HHOI YKpainu, axa nokpawums ekonociuny cumyayii ma
O0OHOUYACHO 00360JUMb 0epAHCcABl THMe2pY8amucs y €6PONeUcvKki puHku, Yxpaini HeoOXione
ehexmuene YnNpagninHsa, wo 0acmv 3M02y 2apaHmysamu nepexio 00 €8ponelicbKux cmaHoapmie
NPOMUCTIOBOCTI, THULO20 KOPUCHYBAHHS NPUPOOHUMU PECYPCAMU MA OXOPOHU O0BKILIA.

Knrouoegi cnosa: ekonoiuni puzuxu, ynpasiiHHsa npupoo000XoOPOHHOI0 OISIbHICMIO, MPAHCNOPMHA
2anys3b.

Croroani B YKpaiHi JOCUTh TOCTPO CTOSATH PpOoOIeMu 3a0pyJHEHHSI TOBKIJUISI BiJ TPAHCIIOPTHOI
iHppacTpykTypH. lle Oe3mocepenHbO BIUIMB aBTOMOOUIBHOTO, 3ali3HUYHOIO, aBiallifHOrO Ta
BOJIHOTO TPAHCIIOPTY, @ TAaKOXX aHTPOTOTCHHWH BIUIMB HAa HABKOJMIIHE CEPEIOBHINE I Yac
NPOEKTYBaHHS, Oy IIBHUIITBA Ta €KCIUTyaTallii JIIHIHHUX TPAaHCIIOPTHUX 00'eKTIB. [IJI1 TpaHCTIOPTHUX
3ac001B BUKOPUCTOBYIOTh NAJIbHE 3 PI3HUX BUJIIB HAPTOMPOIYKTIB 1 MACTHII, JIETKI (PPaKI] IKUX Y
CKJaJi BIAMpAIbOBAaHUX TIa3iB AM3EIbHUX Ta OEH3MHOBMX JBHUIYHIB BHYTPIIIHBOTO 3TOPSHHS
3a0pyAHIOIOTH MPAKTUYHO BC1 00'€KTH JOBKULIS.

Cepen ycix TpaHCHOPTHHUX 3aco0iB aBTOTPAHCIOPT 3AJIMIIAETHCS OCHOBHUM JDKEPEIOM
3a0pyAHEHHST aTMOC(EPHOr0 TOBITPS Ta TMOPYIIEHHS EKOJOTIYHOI pIBHOBAru. 3ali3HUYHUN
TPAHCHOPT € OUIBbII EKOJIOTIYHUM Ta €Heproe()eKTUBHUM, HIK aBTOMOOUIBHUM, ane 3aii3HULS €
JOKEepeJoM LIyMy, BiOpallii Ta eJIeKTpOMAarHiTHUX KOJIMBaHb. 3aJi3HUYHUN TPaHCIOPT Mae Oarato
JDKEpeNl BUKUAIB B arMoc(epy, BKIIOYAIOUM JIOKOMOTHBH, BaroHHi J€Mo, BaroHHi AUISHKU Ta
peMonTH1 MaiictepHi. [Ipu nbomy 90% BHKHIIB IpUTIaac Ha KOTEIbHI Ta Ky3Hi. 3aTI3HUYHI 1T i3H1
KOJIii YacTo 3a0pyJHEHI MUJIOM BijJ CHIy4dMX BaHTaXiB, HapTONMpoAyKTiB Ta iHme. Kpim Toro,
3aTI3HUYHUN TPAaHCHOPT € OJHUM 3 OCHOBHHUX CIIO)KMBaYiB MAJMBHO-CHEPTETHYHUX PECYPCIB Y
rOCHOJapChKOMY KOMILIEKCI KpaiHM. 3ali3HUYHUI TPaHCIOPT CHOXHBae NoHaa 9% BupobiIeHOol
enekTpoeHeprii. Bece 1e cBIAUNMTH NMpo 3HAYHUM BIUIMB €KOJOTIYHUX (DaKTOpIB Ha JISJIBHICTh
3aJI3HUYHUX KOMIIaHil Ta HEOOXIAHICTh MIABUILEHHS e(QEKTUBHOCTI IX NPUPOJIOOXOPOHHOI
JISUTBHOCTI SIK CKJIQJIOBOI CTAJIOTO PO3BUTKY [1].
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Exonoriuni pu3ukd MOXyTh OyTHM BUKIHMKAaHI MPUPOJAHUMHU Ta TEXHOTCHHUMH HEOE3MEKaMH.
[IpuponHi pu3nKy OB’ 13aHi 3 Henepe10adyBaHUMU IPHUPOJHUMHU SIBUIIIAMU, TAKUMH SIK 36MJICTPYCH,
MIOBEHI, BUBEPKCHHSI BYJIKaHIB. TE€XHOTeHHI BUHUKAIOTh B Pe3yJIbTATi TOCIOAAPCHKOI AiSITBHOCTI
monuan. Knacudikariis o3Hak €KOJOTIYHHUX PU3HMKIB B KOHTEKCTI €KOJIOT1UHOI O€3MeKH MPUBEIECHO
Ha pucyHKy 1 [2].

EKOJIOTTYHI PU3MKH
|
* *
[TpupoaHi pU3HKH TexHOreHHI PI3UKI

| I
» 3a eudom Oxcepena puznKy: — 30BHIIIHI; — BHVTPIIIHI.
» 3a eenuuunor 30UmMKy: — JOIVCTIMI: — TPaHITYHI; — xkaTacTpodivHi.
» 3a uacom 0ii: — KOPOTKOCTPOKOBI; — CePeTHBOCTPOKOBI; — JIOBIOCTPOKOBI.
» 3a uacmomor 6nNEY: — PA3OBI; — TIOCTIITHI; — TIEPIOIMTHI.
» 3a pierem GHANGY: — JIOKAIILHI; — rIIo0aIbHI.
»| 3a cnpuiitnammam puziuxy 1r00UH00: — JOOPOBLIBHI: — IIPIMYVCOBI.

Puc. 1. — Knacudikaifiss 03HaK €KOJOTIYHUX PU3HUKIB [2]

3a TakKUMH XapaKTEPUCTHKAMU €KOJIOTIYHI PU3HKH BIAPI3HIIOTHCS BiJl IHIIUX BUJIIB PU3UKIB:

1) AQHTPOIIOIICHTPUYHA CIIPSIMOBAHICTh EKOJIOTIYHOTO PU3HKY, $Ka BHXOTUTH 13 TOTO
MOJIOKEHHS, 1110 €KOJIOTTYHUM PU3HK €, B IEPILy Yepry, pU3UKOM 3HHKEHHS IKOCT1 HaBKOJIMIIHBOTO
MPUPOHOTO CEPEIOBHIIA, YePe3 110 HEraTUBHO BIUTMBAE HA KHUTTS Ta 3/I0POB’S JIIOIUHH;

2) HOJIiBapiaHTHICTh (POPM MOXOJKEHHS E€KOJOTIYHOIO PHU3HUKY, L0 BH3HAYa€ MOXKIUBICTb
HOro NnposiBy BHACTIAOK MPUPOAHO-CTUXIHHUX YNHHUKIB 1 TEXHOT'€HHO-AHTPOIIOT'€HHUX 3arpo3;

3) 00OMEXEHICTh MOXKIIMBOCTI aOCONIOTHOTO BHU3HAYEHHS €KOJOTIYHOTO PU3HKY, Yepe3 II0
HEMOJKJIMBO MTOBHICTIO Ta 3aBYaCHO BUBYMTHU BCI ITPOSBU €KOJOTIYHHX 3arpo3;

4) KyMYJISITUBHICTh €KOJIOTIYHOI'O PHU3MKY BHACHiIOK NpPOSIBY TaK 3BaHOro «edekry
JAHITIOTOBO1 peakilii» Ta «edeKTy TOMIHO», Yepe3 IO OJAMH KOHKPETHUH YMHHUK E€KOJIOTTYHOTO
PHU3UKY MOX€ NPUYMHUTH 31MCHEHHS HU3KU IHIIMX E€KOJIOTIYHMX PH3HKIB, L0 MOXYTh MOHECTH
BEJIMKI HETaTUBHU1 HACIIIKHU KUTTIO Ta 3JJ0POB’I0 JIIOJIMHU 1 IKOCTI TOBKUILJIS;

5) CYOIHCTUTYLIHHICTh €KOJOTIYHOTO PU3UKY, SIKA MOB’s3aHa 3 MOXIIUBICTIO HOTO MpOsBY
4yepe3 IHON PU3WKHA MPHUPOJHOTO Ta TEXHOTEHHOTO ITOXOJDKEHHS, IO 3yMOBIIOE HACTAaHHS
€KOJIOTIYHUX 1HLUICHTIB 3 HACHIAKaMH TE€XHOJIOTIYHHUX, TEXHIYHUX MOPYIIEHb, IPABONOPYIIEHb Y
rajxy3i oXopoHu mparii Tomro [3].

OcCHOBHI TeHJAEHLI PO3BUTKY TPAHCIOPTHOI raimy3i B YKpaiHi JUIs 3MEHIIEHHS MpOsBiB
€KOJIOTIYHUX PHU3UKIB [4]:

v BUKOPUCTaHHS BUCOKOTEXHOJIOTIYHUX Ta EpProHOMIYHHMX TPAHCIOPTHUX 3aco0iB,
CYNyTHUKOBOI HaBiraiii, IHTeJIeKTyalIbHUX TPAHCIOPTHUX CUCTEM, 1HHOPMALIIHHUX TEXHOJIOT1H;

v 3aCTOCYBaHHS KOMITO3UTHHUX MarepiaiiB, 3HMW)KEHHS METalOEMHOCTI, IOKpaIlleHHs
aepoAMHAMIKHU Ta 0€3MEeYHOCTI TPAHCIOPTHUX 3aC001B;

v BUKOPUCTaHHS MAJIMBHO-€KOHOMIYHHMX Ta €KOJIOTIYHHMX TPAHCIOPTHUX 3aco0iB,
3aCTOCYBaHHS AIbTEPHATHBHUX BHUJIIB MAJINBA, TOIIO;

v NPUCKOPEHHS 1 3a0e3MeYeHHs CBOE€YACHOI JOCTABKHU IMACaKUPIB Ta BAHTAXIB 3aBISKU
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IIBUIKICHUM BHJIaM TPAHCIIOPTY Ta PO3BHUTKY JIOTICTHKH;

v 3a0€3Me4YeHHS TPAHCIOPTHOI JIOCTYNMHOCTI JUIsl HACEJIGHHs, BHCOKOI MOOIIBLHOCTI
TPYAOBUX PECYpPCiB, 301IbIICHHS TATBHOCTI Ta CKOPOUYCHHS Yacy MOI3IKU MMacCaKUpPiB y Meramnoicax;
v HACHYCHHS aBTOMOOLTI3aIli€l0 B PO3BUHEHUX KpaiHax, ii MOjajbllle CTPUMYBAHHS Y

MICTax 3aBJASKH PO3BUTKY I'POMa/ICEKOTO Ta MYHIIUIAIBHOTO TPAHCTIOPTY.

| Mixxsapogauii piBeHb I I JeprxaBHuii piBeHb | | PerionaseHuUit piBeHb

W L7 ¥ |

I Meromu i GopMu 3aKOHOZABYO-HOPMATHBHOIO PEryJIIOBAHHSI |

| Martepianpno-Texuide |—1  [HdopMamitHo-KoMy HiKamiiine |
Brympiwnit xonmyp 3a6e3nevenns ynpasninHa eKOnoiYHo0 OLANbHICTIO

Iinvoea niocucmema
. P 1JIBHO- ”
Exororiuna Exosorigsa eE:rlxlomim{g KorxypenTo- Cranmii
TeK KTHBHICTH : — TIAKICTB = BHUTOK
Gesnexa ede Tl ede i s C pPO3BHTO! -I
I I I I
BSSg;gﬁgfﬁmo? Pecypco- Ox0OpoHa HaBKOJMIIHBEOTO Exoioriasa
36epexeHHs TIPUPOIHOTO CEPENOBHINA MOJIepHizalis
Oe3mexu
[ I
B [ I | [ I
AHTaXKHI e . .
acaHUpPCHKi BupoGuurso i
TIEPEBE3EHHA T: Tudpacrpykrypa THr: .
Cpenest a TepeBe3eHHA bpacTpyKTyy a cepsic
JIOTICTHKA
. o
= | Exo/I0riuga HOJITAKA 3aJi3HAYHOT0 TPAHCHOPTY | S
g | EX0JIOriYHA CTPATEris 3aJi3HAYHOr0 TPAHCHOPTY | g
B = L] g
=4 N - . =]
% = ITiocucmema mexnonozii ynpaeninua e | B
- . . v . | (<)
& Texuonoris Texuonoris T o Texuosoris = | |©
_g' = YIIPaBITiHHS VTIPaBITiHHS 16““{0”01”,[ YTIDABILIMEIL YIIPaBITiHHA = | (8
5 A i L o et H OXOPOHOIO HABKOJIUIIHLOTO H K s cmiminiel 3
2= i o 1 cepe, o
E 3 6e3meKoro 30epesKeH M TIPEPOJEOLO CCDE/IOBHITA MOJIePHI3aIETO = | @
2|z v v v L4 | (2
= _ ; ; InenTudiamis Omninxa B = | =
Sl|e SIUTABY
Sl |e o@emgmm - Onirxa %‘:ﬁ’m HPUPOXOOXOPOHHIX eKoJIoTiTHOT = | 18
2| = ]l,l;gxa s m:‘ p wpzawmw ACTIeKTIR; BU3HAUSHHS BUMOT , AUILHOCTI HAa S 5
HK1B arpos; > aKTiB iHTENeKTYaTbHAK =]
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g Bubip HaW6LIBI PO3pobneHHs TWIEBIY 1 IAHORAR Tparcopmariit;
TIPUHHSTHOTO cHOco6y opragizamiifHo- DOKASHIKIB T8 KpATepith IDIAHYBAHHS 3AR0ALS =
BIUTABY HA PH3HK TEXHITHMX 3aX0AiB e HOCT; poapoﬁxa' €KOJIOriTHO{ é
Y Ha p TPYPOJOOXOPOHHMX 3aXOJiB MOZAEpHizanil S
v v v v &
‘ DopMyBaHHS KOMIDIEKCY 3aXOJiB Ta HOro BIPOBa/DKEHHS |
A 4
A 4
‘ Oninka eeKTHBHOCTI peamizamii 3axozis I
A 4
| MOEITOPHET Ta KOHTPOJIb |
OpranizaniifHo-kanpoBe

| MeToam MOpPaTEHO-TICHXOJIOTiUHi

Puc. 2. Cucrema ynpaBiiHHS €KOJOTIYHOO AisUTHbHICTIO MiNPHEMCTB 3aTi3HUYHOTO TpaHcnopty [4]

MerToto ynpaBiIiHHS pU3HKaMH € MiIBUILEHHS BIPOT1AHOCTI BUHUKHEHHS 1 BIUIUBY CHPUSITIUBUX
Ta 3HIDKEHHS HECHPUSATIMBUX JUISL MPOEKTY MOJINA. AHali3 1 OI[iHKa PU3UKIB IiJ] Yac po3poOKH Ta
BIPOBA/DKCHHST I[UX TMPOEKTIB JO3BOJISE IMABUIIMTH pPIBEHb iX Oe€3meku, e(pEeKTUBHICTh Ta
pe3yJIbTaTUBHICTH [2].
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3arajioM CHCTEMy YINpaBIiHHS €KOJIOTIYHHMHU PH3UKAMH Ha 3aJI3HUYHOMY TPAHCHOPTI MOXKHA
NPEJCTAaBUTH Y BUIIAAI YOTHUPHOX IMIJCHCTEM: LLIbOBOi, KOHTPOJIbHOI, KEpOBaHOi Ta
3a0e3neuyBaibHOl, OOMEXEHMX KOHTYpPaMH MDKHApOJIHOI, HAaI[lOHAIBHOI Ta PEriOHAJIBHOI
€KOJIOTTYHOT MOJITHKY, SIK TOKa3aHO HA PUCYHKY 2.

[ToM'SKITUTH €KOJIOTIYHI PHU3UKH MOXKIMBO BUKOHYIOYHM Taki Jii: YHMKHEHHS pPH3HKIB,
3MEHIIIEHHS PU3HKIB, BIJHOBJIEHHS €KOCHCTEM 1 KOMIIEHCaIlist 30uTKiB [5].

3MiCT IPUPOJOOXOPOHHOT AISTFHOCTI HA 3aTI3HUYHOMY TPAHCIIOPTI BU3HAYAEMO SIK JiSUTbHICTB,
HAIpaBJieHy Ha paliOHAaJbHE BHUKOPUCTAHHS MPUPOAHUX PECYpCiB, 3MEHIICHHS HETaTUBHOTO
HAaBaHTAXXCHHS Ha HABKOJMIIHE TIPUPOJHE CEPEIOBHUINE, 3HIDKEHHS BHUKUIIB Ta CKHIIB
3a0pyIHIOIOUMX PEYOBHMH B arMochepHe TOBITpS 1 BOAHI JDKEpesa, YTHJI3AIlilo BiIXOIIB,
HiABUIIEHHS €()EeKTUBHOCTI MPUPOTOOXOPOHHHX 3aX0/IiB.

Cepen mepuioyeproBHX 3aBAaHb SKICHOTO YIPAaBIIHHS MPUPOJIOOXOPOHHOIO ISIBHICTIO Ha
3aJI3HUYHOMY TPAHCIIOPTI MOKHAa BUOKPEMHTH 3aMo0iraHHsl HETAaTUBHOMY BIUIMBY T'OCIOJAPCHKOT
TUSUTBHOCTI MIAIPUEMCTB 1 00’ €KTIB Tady3l Ha HaBKOJIMIIHE MPUPOTHE CEPEAOBUIIE Ta CTBOPEHHS
YMOB JUTSI IIOJAITBINOT €KOJIOT13allii 3aJ1i3HUYHOTO TPAHCIIOPTY .

JInst moJinieHHs: eKOJIOTIYHOT CUTYaIlil Y 3alli3HUYHIN Tairy31 He0OX1IHO:

* CTBOPHUTH CUCTeMH 0a3 JaHUX 3 METOK OOpoOKHM iHdopMallii 3 eKOJIOTIYHOi cUTyamii Ha
HiAIPUEMCTBAX 3aJII3HUYHOTO TPAHCTIOPTY;

* po3pobuTH OE3BIIXOMHI PECypCOOIIaJHI TEXHOJIOTII 1 €KOJIOTIYHY TEXHIKY JJIs OYHIICHHS
BCHTWIALIIMHUX BHUKUJIIB TMIANPUEMCTB 3aJi3HHYHOTO TPAHCIOPTY BiJi TOKCHYHUX 3a0pyIHEHb
(opraHiuHi PO3YMHHMKH, a€PO30JIi IIISTHOK HAHECCHHSI aHTUKOPO3IHUX MOKPHUTTIB) 3 OJCPKaHHIM
13 3a0pyIHUKIB TOBApPHUX MIPOYKTIB;

* MIPOBECTH KOMIUIEKCHY OIIIHKY €KOJIOTIYHOI CHUTYyallii B MICISAX PO3TAIIyBaHHS 3ali3HHYHUX
HiAIPUEMCTB, TPOTHO3 i 3MiHU, pO3pOOKY 1 MOETANHY peani3alilo MOHITOPUHTY ¥ 0310POBICHHS
HaBKOJIMIIHBOTO CEPEIOBHIIIA;

* OpraHi3yBaTy MOHITOPHHT 1 po3poOKy 3ac001B MOJIMIIEHHS YMOB Mpalli i eKOJOT1YHOTO CTaHy
Ha 3a713HULSX;

* MOCUJIUTH eJIeKTpHU(DiKallito 3 METO0 JeKkopOaHizallii TpaHCIIOPTHOT raiy3i.

* BIIOPSIIKOBYBATH 3€JICH] 30HU Y3JIOBX 3aJTi3HHIIb.
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Abstract

The work raises the question of modern management of environmental protection activities both at
enterprises of the transport industry and in Ukraine in general. This issue is especially relevant in
connection with the future recovery of Ukraine after the end of hostilities, because in the long term,
the process of post-war development should become Ukraine's fundamental transition to a green and
clean economy. If before the full-scale war it was believed that the rapid transfer of the management
system to European standards was impossible, the level of destruction in the infrastructural and
industrial spheres indicates a chance to make this leap.
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Anomauin

Poszenanymo npobnemamuxy nosoennoi 8i06yoosu Kaxoscvkozo 2iopogysna, 3pyunHoeano2o
pociticokumu okynayiunumu givicokamu 6 2022 poyi. I[Ipoananizosano pizui eapianmu 6i0HOGIEHHS
Kaxoscwkoi ciopoenexkmpocmanyii ma Kaxoscvkozo sodocxosuwa. 3anponoHo8ano aibmepHamusy
gionoenenns Kaxoscvrkozco 2iopoeysna, sika mooice IpyHmysamucs Ha payioHaibHOMY 8UKOPUCTAHHI
B00HUX pecypcie ma 2i0poeHepeemuyH020 NOMeHYiany HUNCHb020 [[Hinpa 6 medcax iHmezpo8ano2o
VIPABIIHHA OOHUMU pecypcamu, OUBepcu@ikayii pusukie ma npupooo-opieHmoBanux piuleHb.

Knrwouoei cnosa: anvmepnamusea, 6IOHOGNEHHS, B000CX08uwe, OusepcuiKayis pusuxy,
iHmezposane ynpaeniHHsa 00HuUMU pecypcamu, Kaxosecwvkuii 2ioposyson, npupodo-opienmosani
PileHHsl.

[Migpus y uepBHi 2023 poKy pOCIMCHKUMH OKyHallMHUMM BiiCbKaMM OETOHHHUX T1pOCHOpY]
KaxoBcbKkOro rifipoBy3ia 3 MNPaKTUYHO MUTTEBUM, HPOTITOM KIJIBKOX [HIB, CHOPOXXHEHHSIM
KaxoBchkoro BojiocxoBuila, COpUYMHUB TEXHOTEHHY KaTacTpody, BCl HACHIKU KO I JOBKIIIIS
1 COLIaNbHO-€KOHOMIYHOTO pO3BUTKY YKpaiHH, OCOOJMBO B JOBIOCTPOKOBIM IepCleKTHUBi,
JIOCTOBIPHO BCTAHOBUTH 1 HAJEKHUM YHHOM OLIHUTH MPAKTUYHO HemoxauBo [1-4]. Ii Bmums
BOJIHOYAC MOXKHA pO3MNIAJAaTH B COLabHO-€KOHOMIYHOMY, €KOJIOTIYHOMY, TI'€OJOTiYHOMY Ta
reorpadiunomy koHTekcTtax [3]. Iloni6Hoi aBapii Ha rpedii, BHACTIAOK 3yMHUCHOTO ii MiIPUBY, 3
3aTOIUIEHHSAM XBUJIEIO HPOPHBY ILUIONII MoHas 640 kM? TepuTOpii, Ha sAKii MPOXKUBANO HACENEHHS, B
MICTax 1 cenax, 3 BUKHJIOM 3a0pyJHEHb B MOpPE, B CBITI IIe He Oyso0. 3HaYHOIO MIPOIO HACIIIKH
katactpopu Ha KaxoBCbKOMY TiIpOBY3Ji BH3HAUYaTUMYThCS 1 THUM, B SAKHH croci0
3MIMCHIOBATUMETHCSI TIOBOEHHE BIJIHOBJIEHHS KpaiHWU, 30KpeMa TEpUTOpid 1 cdep HApOIHOTO
rOCHOJapCTBa, K1 MPSIMO YU OMOCEPEIKOBAHO 3aJIeXkKalH BiJ Horo ¢pyHKuioHyBaHHA [3, 5, 6].

KaxoBcbkuit riipoBy3o:1 y ckiaai 0ynisii rigpoenekrpocraniii (I'EC) noryxnictio 334,8 MBT,
CYMIIIEHOT 3 JIOHHUMH BOJOCKHAAMH, OETOHHOI BOJO3JIMBHOI TIpelii, OJHOKaMEpHOIo
CYJHOIIJIABHOTO IIIIO3Y, Ta 3eMJISTHUX Tpedeb (pycioBoi, rpedni mixk Oynisiero 'EC Ta mumro3om,
TiBOOEpEKHUMHU 3allJIaBHOKO 1 HaJ3arIaBHOI rpebisimu) Oyio mobymoBaHo y 1952-1959 poxkax.
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OCHOBHOIO METOIO HOT0 OyIiBHUITBA OyJI0O CTBOPEHHS BETMKOTO BOJIOCXOBHIIA s 3a0€3MeueHHs
BOJIOO 1HAyCTpiani3alii i pO3BUTKY arpapHOTO BUPOOHHUIITBA HA MiB/IHI YKpaiHu, BKIFOYHO 1 Kpumy.
KaxoBcekuii rimpoBy3on craB apyrum Ha Jwinpi, micns rigpoysma minpoBcbkoi ['EC
(duimporecy), a micis po3oyaoBu B 1960-1970 pokax JIHITPOBCHKOTO KacKaay TipOBY3IiB — HOTO
OCTaHHBOIO IIOCTOIO CXOJUHKOIO BHU3 32 TEUIEIO.

Bcerworo, Ha 2022 p., B Ykpaini HamiuyBanocs 1103 rigpoBy3nu i3 3araibHUM 00’€MOM BOJAH Y
BOJIOCXOBMIIAX 61u3bK0 55,5 kM° [7]. 3 Hux muute 14 rigpoBysiB — 3 BOIOCXOBHIIAMH 00’ €MOM
6impme 100 maa. M3, KaxoBchke BogocxoBuiie 6ys10 HalGiIBIINM B KpaiHi, HOro IOBHUI 00°€M IpH
HOPMaJbLHOMY MifmipHOMy piBHi caraB 18,2 km® (Lle Maif)ke TPEeTHHAa €MHOCTi BCIX BiTUM3HSHHX
BOJOCXOBHIIL), KOopucHuil — 6,8 kM® (10 25% 3aranbHoi iX KOpHCHOI eMHOCTi). EHepreruka,
IPOMHCIIOBICTh, BOJIHE TOCTIOIAPCTBO, CIIILCHKE TOCIIOAAPCTBO, EKOHOMIKA MIB/AHS KPaiHU B LIOMY
3HaYHOIO MIpOI0 3aniexaiu BiJ pyHkuionyBaHHs KaxoBchkoro Bogocxosuina. CymapHa MOTYKHICTh
€JIEKTPOTreHepallii 3 BUKOPUCTAHHSAM BOJHHX pecypciB KaxoBcbkoro BomocxoBumia Ha 2020 p.
(Kaxosceka I'EC, 3anopizpki AEC 1 TEC, 3enenononscbka TEC) cranoBuia maiibke 17% Big Beiel
BCTAHOBJICHOT  TOTYXXHOCTI  BITYM3HSHHX  enekrpoctanuid [3]. Karactpoda 3ynmuamiIa
BojonocrayanHs 31 cucremu 3pomieHHsA. DaktuyHO 0e3 BoaM 3aymmuiaoch 10 30% moniB
HuinponerpoBcekoi, 94% — XepcoHcwkoi, 74% — 3amnopi3pkoi obmactedt [8]. Xoua y ckmanmi
Juinposcbkoro kackany Kaxosebka 'EC mana HaliMeHIIy BCTAHOBIJIEHY ITOTYKHICTb, BTIM i1 4acTka
ckiaaana 1o 8,5% BCTaHOBJICHOT OTYKHOCTI Kackany 1 7,1% Bin Bcix BiTum3HsAHUX ['EC, BKIIOYHO
3 MalluMH, 1O Oyno cyTTeBUM BHeCKOM y OO’€HaHy €HEpProcUCTeMy KpaiHW B SIKOCTI BHUCOKO
MaHEBPOBOTO PETYIATOpa MOTYKHOCTI [9]. [Ipr mboMy cepeHbOpiuHE BUPOOHHUIITBO €IEKTPOCHEPTil
Ha Kaxoscekiit ['EC csarano maibke 15% Big Bcix I'EC kackagy. Ha mepcrektuBy, KoMIaHisi-
oneparop Kaxoscekoi ['EC (IIpAT «VYxprigpoenepro») miaHyBaia ii pO3LMIMPEHHS 3a pPaxyHOK
noOynoBu Kaxoscerkoi 'EC-2 (3a ananorieto po3mmpenns Juinposebkoi 'EC). [lns nporo icHyBanu
Bci HanexxkHi ymoBH [10]. Criixg Takox 3rajaT MOMJIMBOCTI JUII KOMIIPOMICY HIOZ0 OOMEKEHHS
OyaiBHMLITBa ManuXx rigpoenexkrpocraniiii (MI'EC) Ha BiIbHO TEeKy4yuX piukax B YKpaiHi, OCKUIbKU
KaxoBcbka I'EC-2 (mymaHoBaHa MOTYHICTH ouiHioBanack B 200-250 MBT) Morna mnoBHICTIO
3amictutd Bci HOBI MI'EC [9]. Ilicns xartactpodu Ha Kaxoebkiit ['EC mocummmace 3arposa
TOTaJIBHOT HEKOHTPOJILOBAHOT 3a0yT0BH MaiX pidok kpainu uyncneHaEnMyd MI'EC, Ha 110 BKasye sk
aKTHBi3aIlis 3a0yIOBHUKIB, SIKi CTAJIM MAHIMYJIIOBAaTH Ha TeMi JIEeLeHTpali3allii eNeKTpOeHePTreTUKH,
TaK 1 OLIbII JIOSAJIbHE CTaBJICHHS B JEMapTaMEeHTaxX €KOJIOTii 0 BIABEPTO MIKIUIMBUX ISl JOBKIIUIA
npoektiB MI'EC [3].

OO6roBopeHHs MpobIEM MOBOEHHOI B1AOYA0BHU T'JIPOTEXHIUHUX criopya KaxoBchKkoro riipoBysina
3 BigHoBieHHAM KaxoBchkoi 'EC 1 KaxoBchbkoro BOAOCXOBMILA PO3MOYANOCS OJpasy Micis
katactpodu [2, 4-6, 8, 11-15]. Hapasi 31e611b110r0 00rOBOPIOIOTHCS TPU MOXKIIMBI BapiaHTH Aid
(ampTepHatuBn): 1) Bindynosa Kaxoscbkoi ['EC 3 BigHOBIEHHSIM KaxoBCchKOIro BOJI0OCXOBHINA B HOTO
HOIEPEeTHOMY CTaTycl (BITHOBIIOIOTHCS PO3PaxXyHKOBI PiBHI BOJM, 00’ €M BOJOCXOBHINLA, SIKI OyJIn
710 KatacTpo(u) 3TiIHO 3 MPUUHITUM ypsaaoBUM pimeHHsM [8, 11-13, 15]; 2) BigmoBa Bix BiAOy10BH
KaxoBcekoi T'EC Ta BomocxoBuia, sKy 37eOUIBIIOIO BIJICTOIOIOTH HEYPSAIOBI TPOMAACHKI
oprasizarlii mpupoI00XOPOHHOTO CcTIpsiMyBaHHs [8, 14, 15], a Takox AesKi MPOBiAHI BITYUN3HSIHI BUCHI
— TIepeBa)kHO 010JI0TH, €KOJIOTH, ICTOPUKH, MpUpoo3HaBLi [15] (moaibHy TOUKy 30py Ha nmpolieMy
MaloTh TaKOX 1 Jesiki ekoHomicTH [15, 16]); 3) mocsrHeHHS MEBHOTO KOMIIPOMICY B MOJOJIaHHI
HEMHUHYYHUX, 1 JOCUTh CKIIAJHUX, COLaIbHO-€KOHOMIYHHX 1 €KOJIOT1YHUX BUKJIHKIB, MOB’SI3aHUX 3
Bi10ynoBoro Kaxorcrkoi 'EC ta BimHOBIEHHSM BogocxoBuma [6, 11, 17], 30kpema, Hanmpukiam, 3a
paxyHOK BiJICIKaHHS JaMOaMu MIJIKOBOJb [4, 17], po3mupenns ¢pyHkiionanbHux MoxauBocteit [EC
3 OJTHOYACHUM BHPIIIEHHIM IPUPOA00XOPOHHUX MUTAHb TPAIUIIHHUMHE CIIOCOOaMH, HAITPHUKIIAI, 32
paxyHOK moOy10Bu pudboxoy Tomro [18].
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BinpmicTe 3 3ampolOHOBAaHMX pIIIEHb HE MOXYTh Ha pa3l BBaXATHUCS JIOCTATHBO
OOIPYHTOBAaHMMH, B TOMY YMCJ 1 IPUHHATE YPSI0BE PILLICHHS, AK€ IOKH LI0 CJI1J] PO3IJIsAIaTH JIUILE
SK HaMip, IO MOSCHIOETHCS IIJTKOM 3PO3YMITIOI0 MPHYMHOK — OKYIAII€I0 3pYHHOBAHUX CIIOPY
rigpoBy3yia Ta OUIBIIOI YAaCTHHU TEpUTOPii, sKa OynaM 3aToIIeHa BOJOCXOBHIIEM, a TaKOX
HEMOXKJTUBICTIO BITHOBJICHHS HOPMAJIBHOTO TOCTIOIAPIOBAHHS Ha 3BUTBHEHUX TEPUTOPISIX, SKI BCE IIe
nepeOyBarOTh i MOCTIHHOIO 3arpo30l0 OOCTPLIiB 3 OOKY POCIMCHKHUX BiHCBK. TOoMy B CBOEMY
JOCIIJKeHHI MU OUTbIIIe 3BEPTAIM YBary Ha YCHIIIHI IPAaKTUKU TiAPOTEXHIYHOTO OyNiBHUIITBA, /1€
BUKOPHUCTOBYBAJIUCS PI3HI KOMIIPOMICHI pillIeHHS, AKI MOTJIM O OyTHM BUKOPHUCTaHI y BHITQJIKY
BiJTHOBJICHHSI KOMILJIEKCHOT'O BUKOPHCTAHHS BOAHUX PECYpPCiB Ha MUIAHII HIKHBOTO J[HIiMpa, B TOMY
quCIi 1 11 T1IAPOSHEPreTUYHOTO MOTEHITIAITY.

B uinomy, SKII0 BpaxoBYBAaTH MHHYJI IPOPAaXyHKH, JOMyIIeH] npu OyaiBHUITBI KaxoBChKOro
rigpoBysna [3, 5, 6], 1 mpuUTpUMyBaTUCS CTpaTerii MOCATHEHHS IJIEH CTajgoro pO3BHUTKY, TO
KOMITPOMICHI DIIlICHHS TPU BiJJHOBJICHHI BUKOPUCTAHHS BOJHHX PECYpCIB Ha IUISHII HIKHBOTO
Juinpa, B TOMy YHCIIi 1 BTpa4eHOro BHACHIJOK KaTacTpodu riApoeHepreTUHYHOTO MOTEHIliaTy, MAlOTh
IPYHTYBaTHCS Ha TPUHIMIIAX IHTETPOBAHOTO YIPABIIHHS BOJHUMH pecypcamu, JuBepcHdikarii
PU3UKIB Ta 3aCTOCYBaHHs IPUPOJO-OPIEHTOBAHUX PIllIEHb.

HasBHicTh Kackamy BomocxXoBWI Ha JIHIMpi J03BOJISIE CIPOCTHTH 3aBJAHHS IHTETPOBAHOTO
ynpaBiiHHA BoaHuMHU pecypcamu (IYBP). OcoGiuBo Ko 3BakaTW Ha Te, L0 KIHOYOBUM
npuramioM [YBP € craBneHHs 10 Boau K 10 0OMEXEHOro i BUUEpPHHOro pecypcy. B Hamomy
BUNAJIKY, aJbTEPHATUBOIO OJHOMY BEJIMKOMY BOJOCXOBHINY MOXe OYTH JEKUIbKa MEHIINX
BOJIOCXOBHII] PyCJIOBOTO THUITY, HAIIPUKJIA]], TPH-YOTUPU B MEKaX KOJHUIIHBOTO BOJOCXOBHINA 1 30HU
BUKJIMHIOBaHHS IIANOPY, @ TAKOXK NIEBHA KUIBKICTH (3a MOTPe0010) BOJAOCXOBUIL HATMBHOIO TUITY Ha
npaBoMmy i jiBoMy Oeperax Jlninpa. HanuBHI BogocxoBuia 6€3yMOBHO YPi3HOMAHITHATH JKepera
BOJIONIOCTaYaHHs, 30alaHCYIOTh IHTEpeCH pI3HUX BOJOKOPUCTYBAYiB, CIPOCTATh 3aBAAHHS
pamioHaAILHOTO BUKOPUCTAHHS BOJHUX PECYPCiB, B TOMY YHCIIi 1 3aBIaHHs PETyJIIOBaHHS CTOKY, i,
BIJIMOBIAHO, CHPHUATHUMYTh auBepcudikaiii pusukiB. 3amicth onHiei Benukoi ['EC Ha ninmsHI
KOJIMIIHBOTO BOJIOCXOBHINA MOXke OyTu moOynoBaHo Tpu-dyotupu MeHmmx ['EC. Taxuil minxin
JIO3BOJIMTH OUIBII TOBHO BUKOPUCTOBYBATH TiJPOCHEPTeTUUHUM MOTEHLIAN 32 paXyHOK 3MEHIIEHHS
JOUISTHOK TOIIMPEHHS MIANOpY Y BepXiB’AX BojocxoBuil. Hampukiazn, 3amicTs OyJIIBHHULITBA
TUMYACOBOI MiNIPHOT criopyau y HIkHboMY 0’edi Ininposebkoi 'EC, 100 3a6e3neunTy HajlexHe
00BOAHEHHS 0’ €(y 1 3MEHIIUTHU XOJIOCTI CKUIHU BOAU (puc. 1), B Mexkax ocTpoBa XOpTULL MOXKE OyTH
noOynoBaHa mnoBHOILiHHA JepuBaniiina ['EC, ne ans notpe® nepuBalii ciyryBaTuMe HpaBui,
MEHIINN pyKaB, 1110 BiAAUIsIe XOPTHULIO BiJ paBoro 6epera [Hinpa (puc. 2).

[Tonibna xommoHoBka paepuBauiiiHoi I'EC, ne mna nepuBaiii Oyjno BUKOPUCTaHO OAMH 3
NPUPOJHUX PYKaBiB pycia piuku, peanizoBaHo Ha ['EC Poserr-Cenr fIko0 Ha piuwi J[paBa B ABCTpii.
Takuil miaxig 103BOJSIE palliOHaIbHO BUKOPUCTATH T1IPOCHEPTETUYHHUM MOTeHLian AUIsHKA. Kpim
TOTO BIH MOX€ PO3IIISIATHCA K IPUPOJI0-OPIEHTOBAHE PILLICHHS.

ABCTpINCBKUN JTOCBi 3allpOBA/KEHHSI MPUPOJIO-OPIEHTOBAHUX pILIEHb B TiIpPOEHEPTeTHII
MOYKHA 3aJTy4uTH 1 ipu oOnamryBaHHi KoHncekux 1 bazaBnylbkux miaBHIB — 3a paXyHOK CTBOPEHHS
B IX MeXax WITYYHUX pycCel, BIAMNOBIJHO 3 JIBOTO 1 MpaBoro OeperiB, B SKUX MOXXHA CYMICTUTH
(byHKLIT SIK BOAOIPOIYCKHUX CIIOPY — JUIS IiIBEJICHHS BOJU IS CIIO’KMBAYIB Ta HACOCHUX CTaHIIIH,
1 pubOXiIHUX KaHamiB. s UTrocTpallii MOKIMBOCTI MPAKTUYHOI peati3alii moAi0HOro pillieHHs Ha
puc. 3 nokazaHo o0xigHuit puboxinuuit kanan Ha EC Otrencxaiim-Binbrepinr Ha piuni lyHaii.

[TpoexT kanamy (puc. 3) 37aiiicHIOBaBCA 3a MIATPUMKH nporpamu €Bporneiicbkoro Coro3zy LIFE
+78 1 xomryBaB npubau3Ho 8 minbioHiB €Bpo. IToryxuicts ['EC — 179 MBrT, nHamip — 10,5 m.
poTsokHicTs KaHay — 14,2 kM. Cepeias BUTpaTa BOAM B MiCIli BIafiHHs KaHay B JlyHait — 17 m%/c.
Kanan Gyno nobynoBano 3a 14 micsauis [19, 20]. InmroctpatuBHuii npukiIaja riaposysna Ha JHinpi 3
oOnamTyBaHHSIM 00X1IHOTO KaHally B Mexkax Benukoro Jlyry mokaszano Ha puc. 4.
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Puc. 1. Huwxkniii 6’ed Juinposcskoi 'EC Puc. 2. Kaprocxema OSMiIJ.[CHH}I

18.08. 2023 poky. nepusatiiitnoi 'EC B Mexax ocTpoBa
@omo C. [lemepcona/Getty Images Xoprulisg B 3amopixkki

(LrocTpaTUBHUI PUKIIAT)

0) xaHaJ B oro cepenHii Teuii

(a) BepxiB’s KaHATy 3 BHJIOM Ha BOJOCXOBHIIE

Puc. 3. Puboxiguwmii kanan Ha ['EC Otrencxaiim-Binbrepinr (Asctpis) [19, 20
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Puc. 4. Kaptocxema rigpoBy3na Ha J[Hinpi 3 o0namTyBaHHSIM 00XiTHOTO BOJOTPOITYCKHOTO
1 puboxinHoro Kanaiy (inroctparis): (a) 06podsenuii 3uiMok Sentinel-2 L2A, 01.01.2024;
(6) 06pobtenuii 3aiMok Sentinel-2 L2A, 25.02.2024

ITo Tpaci BOJIONPOITYCKHOIO 1 puOOXITHOIO KaHAIy MOXKYTh TaKOK OOJIALITOBYBATUCS PYKaBH,
MIPOTOKH, TUIeCa, MEePEeKaTH, 03ePOINOAiOHI JUISHKHA TOIIO, NEAKi 3 HUX — MPUPOJHUM YHHOM, IO
yPI3HOMaHITHIOBaTUMeE JaHIAadT 1 CTBOPIOBATUME J10IaTKOB1 MOXKIIMBOCTI /1151 BOJOKOPUCTYBAHHS
Ta GOpPMYBaHHS CEPEJOBHII] €KOCUCTEMHOrO (JTaHAmagTHOTr0) OiOpi3HOMAHITTSI.

B Oyab-sikomy pasi, Oyt uu He OyTH BiJHOBIEHHIO KaX0BCHKOIO riIpoBy3ia — 11e MUTaHHA Yacy.
«TepminoBo HamoBHIOBaTH KaxoBcbke BOAOCXOBHIIE, 00 BOHO MOBHICTIO (DYHKIIOHYBAJO», SIK
npornonyBana npodecop Onena Cugopenko [13], Bxke He Buiige. He MoxIHMBO Takox B
HaWOMIMKUYOMy MaWOyTHbOMY «30yAyBaTH THMYACOBI TiIPOCTIOPYaH, aOW TMOJ0JIaTH HACIIIKU
KaTacTpodu», K 3a3Ha4yaB reHaupekTop «Ykprigpoenepro» Irop Cupota [13]. V Hac € yac, skuit
MO’KHa BUKOPUCTATH 3 METOIO HaNpalllOBaHHsI 1 aHaJII3y aJbTEpHATUB, BpaXyBaHHS PI3HUX PU3HKIB,
3 HUMHU TIOB’S3aHUX, BKJIIOYHO 1 PU3HKIB BTPAYEHUX MOXKIMBOCTEH, MOPIBHAHHS albTEPHATHUB 1
BUOOpPY cepell HUX MOIUIbHUX 1 onTUMalibHUX [6]. be3 KOMIpOMICHUX pIlIeHh MPH LOMY HE
oOiiTHeh. L1 pimieHHs MOXyTh OYTH CKJIaJHUMHM 1 iX JOLIJIBHICTh BU3HAYATHUMEThCS 33 PI3HUMHU
KPUTEPISIMU: €KOHOMIYHUMH, COLIIAJIbBHUMU, €KOJIOTTYHUMH.

Tak, neBHOIO MipOr0 MOKHA KOMIIEHCYBaTH BTpadeHi TIpoeHepreTHyH1 noTyxHocTi KaxoBchKoi
I'EC 3a paxyHOK IHIIMX BIJHOBIIIOBAHUX JKepen enekTpoeHeprii [15]. Oxgnak ne norpedyBaTtume
JIOJJATKOBUX 3yCUJIb Ta BUTPAT, 5IKI O KOMIIEHCYBAJIM 1 MOXJIMBOCTI, SIK1 JIa€ TiporeHepariis, a came
— 11 BHCOKI pEryJsTHUBHI 3J1aTHOCTI. B cBO uepry, He BHUpIIIEHHS MpoOJEeMH HaIIHHOTO
BOJIOTIOCTaYaHHs HACEJCHHs 1 arpapiiB MiBAHSA KpaiHU Ta O€3MEeYHOro CyAHOIUIABCTBA 3a YMOBHU
HAsIBHOCTI 1 JJOCTYMHOCTI BOJHUX pecypciB JlHimpa Mo)ke IPU3BECTH 10 XaOTUYHUX JAiH, [K1 JUIIe
HoripHIaTh COLIaJbHO-EKOJIOTIUHY CUTYAIlil0 B PETiOHI 1 B KpaiHi B miomy [6, 8, 11]. 3okpema, 3
4acoM MOCTaHe MUTaHHS Y TOTOB1 MU JI0 3BOPOTHOT MIrpallii CLIbCbKOT0 HaceJIeHHS 3 MIBJIHS KpaiHU
B LEHTpaJIbHI, MiBHIUHI a00 3aXiJHI PErioHH, 1110, B YMOBaxX 3MiH KJIiMarTy, BUCHaXEHHS PeCcypcCiB
MIOBEPXHEBUX 1 TPYHTOBHX BOJ B IIMX PETiOHAX, MOCHJICHHS aHTPOIOTCHHOTO MPECy Ha MPUPOY,
notpedyBaTuMe HEe MEHII CKJIQJIHUX, & MOXKIIMBO 1 OUTBII CKJIaHUX PillIeHb [6].
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Abstract

The issue of the post-war rebuilding of the Kakhovka hydro unit, destroyed by the Russian occupation
troops in 2022, is considered. VVarious options are analysed to restore the Kakhovka hydropower plant and
reservoir. Proposed is an alternative to restore the Kakhovka hydro unit based on the rational use of water
resources and the hydropower potential of the lower Dnieper using integrated water resources
management, risk diversification, and nature-based solutions.
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OIIHKA MAPAMETPIB EKOJIOT'TYHOI'O CTAHY KOBEJIA

Bitanina ®EJOHIOK, Mukoaa ®E/IOHIOK, Apcen TEPELIYK
Jlhyyvkutl HayioHanbHUL MeXHIYHUL YHI8epcumem
By JIbBiBChKa, 75, M. JIynbk, Bonuuchka 00:71., 43018, Ykpaina
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Anomauin

Y pobomi nposedeno ananiz pezynomamis OyiHKu eKo102I4HO20 CIAHRY amMochepHo2o nogimpsi
y micmi Koseni (Bonuncvka obnacmv) Ha OCHO8I GU3HAYEHHS DI6HA 6NIUBY ABMOMOOLIbHO2O
mpancnopmy Ha yei cmawn. byno oyineno emicm y ammocgepromy nogimpi cnoayk (CO)x Ha ochogi
3aCmMOCy8aHHA  PO3PAXYHKOBOI MemOOuKU, 3AdCHOBAHOI HA eMNIpuyHux ¢hopmynax, 8 OCHO8I
PO3DAXYHKY — GCMAHOGIEHHS  IHMEHCUBHOCMI a8MOMPAHCNOPMHO20 mMpadiKy y  pi3Hux
MIKpOpaioHax micma, 1020 00008020 pedicumy, CYNYMHIX YUHHUKIE (ceped AKUX WEUOKICb PYXY
A8MOMpPAHCNOPMHUX  3aCc00Ii8, YacmKa Yy 3a2albHOMY HNOMOYI BAHMANCHO20 MPAHCHOPMY,
aanowagpmui  ocobaueocmi - MIiKpopauoHig). Busnaueno mixkpopaiionu y micmi Koeeni 3
MaxcumanbHumu konyeumpayiamu cnoayk (CO)x y ammocgepromy nogimpi, 3anponoHo08aHoO 3axX00U
0J151 NOKPAUeHHsl eKO02IYHOI cumyayii y micmi.

Knwuoei cnosa: Kosenvb, ammocgepre nogimps, exonociyHuii cmau, OKCuou KapOoHy,
KOHYEeHmMpayis OKCUoie KapooHy.

Exosioriunuii craH aTMOC()EpHOTO MOBITPS y MICTaX 3HAYHOIO MIPOI0 BU3HAYAETHCS BIIMBOM
aBTOTPAHCIOPTY, KUIbKICTh Ta MoAM(ikalii SKOTO IMOCTIMHO 3pocTalTh, a Tpadik — 3a3Hae
iHTeHcudikaiii. Jlana npobiema € akTyanbHOO 1 471 Micta KoBensi, pyroro 3a po3mipaMu micTta y
BonuHcekiit 0651acTi, 10 Ma€ TyCTy MEpeXy aBTOTPAHCIIOPTHUX JOPIT, € HOTYKHUM TPAHCHOPTHUM
BY3JIOM PETIOHY B CHJIy CBOT'O PO3MIIIEHHS Y IPUKOPIOHHI Ta B 30H1 TPAaHCIIOPTHUX aBTOMOOLIBHHUX
1 3aJII3HUYHMX JIOTICTUYHUX LIeHTpiB. L{e BU3HauUMIO akmyanrvricms JAHOTO JOCTIKEHHS.

CyuacHuii exkonoriunuii ctan M. KoBens ta iHmmX Mict BonmHcbkoi o0nacTi, a Takox
IHCTpYMEHTaJIbHI, AMCTAHIIIMHI Ta PO3PaxyHKOBI METOAM HOro OIIHKK OyJ0 IMpoaHali30BaHO Yy
npaiix @ecroka B.O., ®enonrok B.B., Coniva L.I., ®egonroka M.A., Xabmok O.C, [lyraga C.O.,
A.M. Cnamyka A.M., IBanniBa B.B. ta inmux aBtopis [1, 2, 3, 4, 5]. 3okpema, y gociimkeHHi [2]
JTaHO aHaJli3 po3paxyHKOBOI METOIMKH BHU3HaUeHHs BMicTy croiyk (CO)x B atMochepHOMY MOBITPI,
sIKa 3aCTOCOBYBAJIacs y JaHii poOOTi.

Memoro nanoi po6otu OyJia OlliHKa €KOJIOTTYHOTO cTaHy atMochepHoro nositps y M. Koseni Ha
OCHOBI BU3HAYEHHS BMICTY Ta pPO3MOJUTY B ypOOEKOCUCTEMI PSly 3a0pyAHIOIOUUX PEYOBUH (CyMHU
okcuaiB kapoony CO ta COq2, nani — cymu cnonyk (CO)x). JlaHi crioiykud € OJHUMH 13 TUIIOBUX
3a0py/HIOIOUMX PEYOBHH B arMocdepi MicTa, BMICT SKHX B IOBITPI CYTTEBO 3aJE€XKHUTh BiJ
AaBTOTPAHCIIOPTHOTO  HABAaHTAXKEHHS, XapakTepy Ta po3moiaily aBToTpadiky, reorpadii
aBTOTPAHCIOPTHUX MaricTpajei Ta po3B’si30K B HaCEJICHOMY MTyHKTI Ta 1HIINX YMHHUKIB.

B mpormeci peamizaiii mocTaBlieHOI METH aBTOpaMu OyJIO BHUPIMIEHO PNl 3d80aHb: 3IACHEHO
aHaJli3 OCHOBHHX YHHHHKIB, SKi BH3HAYAIOThL €KOJOTIYHUK cTaH M. KoBeias, OLIHEHO BIIHOCHI
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MOKAa3HUKH HANpy>KEHOCTI aBTOTpadiky B Mexkax ypOOEKOCHCTEMH, MPOBEIEHO PO3PAXyHKOBE
Bu3HadYeHHs BMICTy cniodyK (CO)x y KOHTPOJIBHUX TOYKAX, 3J1MCHEHO TpadiuHe MpeacTaBICHHS 1
aHaJIi3 OTPUMAHKUX YHCIIOBHX MTOKA3HUKIB.

Ilpeomemom oocniodcennss OyB BIUTMB aBTOMOOUTBHOT'O TPAHCIIOPTY Ha €KOJIOTIYHUHN CTaH MicTa
Kogernsi, cTpykTypa aBTOTpaHCIIOPTHUX BUKHU/IIB, 30KpeMa po3noAis BUKUAIB cioiyk (CO)x B Mexax
micta. [IpakTuuHe 3HAYEHHS MOJIATAaE y MOXKIMBOCTI 3aCTOCYBAaHHSA PEKOMEHJAlliii, OTpUMaHUX B
pe3yabTaTi JOCIIPKEHHS, I 3MEHIIEHHs LIKiAJIUBOTO BIUIMBY aBTOMOOUIBHOTO TPAaHCIOPTY Ha
tepuTopii micta KoBesst Ta ioro okpeMux MiKpopaioHiB.

Pezynomamu pobomu: Oy TpoBEACHI NOCTIIKEHHS B JIECATH KOHTPOJIHHUX TOYKaX MiCTa
KoBes, BUOpaHux TakuM YUHOM, 11100 perpe3eHTYBaTH aBTOTPAHCIIOPTHE HABAHTAXKEHHS Y PI3HUX
MiKpopaiioHax Ta HOro pi3Hy IHTEHCHBHICTh. MakcuMalibHy KOoHIEeHTpallito crionyk (CO)x Ha TUTsHI
aBTOTpacH B MicTi OyJ0 BH3HA4YEHO PO3paxyHKOBHMM meTojioM [2]. Ilpu mpoMy BpaxoBYBaHCS:
KUTBKICTh aBTOMOOUTIB HAa BHOpaHii JUISHIN TPacH MPOTATOM OJHIET TOJUHU, YaCTKa BaHTAKHHUX
aBTOMOO1TIB Ta aBTOOYCIB (y BiICOTKAX), BUJKICTh pyXy aBTOMOOLJIIB, @ TAKOXK KOSDIIIEHT MOXHITY
Joporu Ta 1o6oBa quHaMiky aBToTpadiky. [Tpu mocmimkenHi Tepuropii KoBemns 1momao 3a0pyaHeHHS
atmoctepHoro moBitpss Bukuaamu (CO)x, SKI HagXoAsSTh BiJ aBTOTPAHCIOPTY, B SKOCTI
KOHTPOJIBHMX TOYOK OyJi0 BHOWMpAHO BYJHWIII 3 BEJIMKOI HAIMpPYXKEHICTIO pyxy. [lepeBaxkHO
JIOCJTIJDKEHHST OXOITMJIO IeTpasibHI Mikpopaiionn wmicta (Bynmimi Hesamexxnocti, Bonomumupcbka,
Caraiigaunoro B Toukax 1 i 2, I'pymescrkoro, llleBuenka). bymo Takox BUOpaHO JUIst JOCIIKEHHS
KiIbKa BiJJIaJIeHUX BiJl LEHTPY MicTa BYyJIWIb, cepel Hux: bpectcbka, fpocrmaBa Mynporo,
Bapmascrka ta O. Onpxuya. Bumipu npoBoanincs Tpudi Ha 700y, y paHKOBHIA, 001 THIH Ta BedipHil
nepioau: Bpanmi (8 — 9 rox.), y 06ix (13 — 14 roxa.), Ta BBeuepi (17 — 18 rox.). B pesynbrari
NPOBEICHUX AOCHTIHKEHBb OyII0 po3po0ieHo Tabmulli, rpadikyu Ta KapTOrpaMu, sIKi HA0UHO MOKa3aJIn
reonpocTopoBuUil po3noain BMicTy cronyk (CO)x y atmocdhepromy noBitpi M. Kosens.

Bucnosku: B pe3ynbTaTi MPOBEACHOTO JOCIDKEHHS Oylo po3poOIIeHO KapTorpaMu
reonpoCTOPOBOro po3noaiay BMicTy cnoiyk (CO)x y aTMocdepHOMY MOBITpI MO MiKpopaioHax
Mmicta KoBensi, BU3HAUEHO K MIKPOpPAHOHH 3 HAWOUIBII HAMPY>KEHOI0 E€KOJIOTIYHOK CHUTYAIlIE€I0
LlenTpanpHuil paifoH Ta paifoH «CiTbrocrnMainizaBo/», 30HOI MiJABHIIEHUX KOHIICHTpAIill BMICTy
criontyk (CO)x Takoxk € pailoH 00’13 HOT TIOPOTH B 30HI TpaHCTIOPTHOI po3B’sa3ku JIynek — KoBens —
KuiB. 3anpornoHoBaHO psij 3aX0/iB 7Sl 3HUKEHHS! HETraTUBHOI'O €KOJIOTTYHOI'O aBTOTPAHCIIOPTHOTO
BIUTMBY Ha ypOoekocuctemy Koensi, cepes sIKHX — TOPH30HTAILHE Ta BEPTHKAIbHE O3EJICHEHHS,
BCTAHOBJICHHS 3aXHCHUX TOJIMEPHUX €KpaHiB Ha AutsHI aBToTpacu KuiB — Kosenb — Aroaun, o
MPOXOJUTH B MEXaX MIBJICHHUX OKOJIHMIIH MICTA.

JlirepaTtypa

1.CyvacHuii eKOJOTIYHMHA CTaH Ta MEPCIEKTHBH €KOJIOTTYHO OE3MEeYHOro CTIMKOro PO3BUTKY
BosmHcbkoi 06macTi: koin.moHorp. / B.O. ®ectok, C.O.Ilyray, A.M. Cnamiyk [ra iH.]; 3a pen.. B.O.
®ecroka. K.: TOB «Ilix-ctBo «Bi En Eii»: 2016. 316 c.

2.®enonrok B.B., IBantis B.B., ®enonrok M.A. BimuB kapaHTUHHUX OOMEKEHb, BUKIHMKAHUX
enigemiero COVID-19, Ha iHTEHCHBHICTh TPAHCIIOPTHOTO PyXy Ta €KOJOTIUHUH CTaH y M. JIyIbKy.
Pozsumox  mpancnopmy. Opeca: OHMY. 2022. Ne 1(12). C. 168-180. DOI
https://doi.org/10.33082/td.2022.1-12.14

3.@enontok B.B., Coniu LI., ®enonrok M.A. JloTpuMaHHs caHITapHO-TIr€HIYHUX HOPMATUBIB Yy
30HAaX MOOIN3y MEIUYHUX 3aKJIaiB M. JIyiieka. besnexa oicumms i OisinibHOCmi JHOOUHU — OC8ima,
Hayka npaxkmuxa: wmarepiann XVIII MixHapoaHoi HayKoBO-METOAMYHOI KOHpepenuii, 23-24
kBiTHA 2020 poky [Enextponne Bumanns|. JIymek : IBB Jlynekoro HTVY, 2020. C. 185 — 188.

4.@enonroxk  B.B., Xaomoxk O.C., Jlinauk J[.A. JlochmijpkeHHS HETaTUBHUX YHMHHHUKIB
AaBTOTPAHCIOPTHOTO BIUIMBY Ha MPUPOJOOXOPOHHUX TepUTOpiax. Cmanuii po36umox: 3axucm

Handbook of the XXIV International Science Conference 281
«Ecology. Human. Society» (June 5 2024, Kyiv, Ukraine)


https://doi.org/10.33082/td.2022.1-12.14

Marepianun XXIV MizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(pepeHuil
«Exodoris. Jloauna. CycniibecTBoy» (5 yepBusi 2024 p., m. KuiB, Ykpaina)

HABKOIUUWHb020 cepedosuwa. Enepeoowaonicme. 30anancoseane npupodoxopucmyseanms. 6-i
MixHapoIHMI MOJOADKHUNA KoHrpec: 30ipHMK MatepiamB. JIpBiB: 09-10 mrororo 2021 poky,
3axigHo-Ykpaincekuii Koncantunr Hentp (3YKL), T30B, 2021. 310 ¢. C.197-198.

5. ®emontok M.A., ®enonrok B.B. Bukopucranns incrpymentiB EOS DATA ANALITICS s
MOHITOPHHTY CUIbCBKOTOCIIONAPCHKUX 3eMelb. Cintbebkococnodapcoki mawunu. JIyupk : Bum. 42,
2019. C. 96 — 104. URL.: http://eforum.Intu.edu.ua/index.php/jurnal32/article/view/182

EVALUATION OF THE PARAMETERS OF THE ECOLOGICAL STATE OF KOVEL

Vitalina FEDONIUK

Lutsk National Technical University
https://orcid.org/0000-0002-1880-6710
Mykola FEDONIUK

Lutsk National Technical University
https://orcid.org/0000-0002-4034-3695
Arsen TERESHCHUK

Lutsk National Technical University

DOI: https://doi.org/10.20535/EHS2710-3315.2024.301479

Keywords: Kovel, atmospheric air, environmental condition, carbon oxides, concentration of carbon
oxides.

Abstract

The paper analyzes the results of the assessment of the ecological state of atmospheric air in the city
of Kovel (Volyn region) based on determining the level of impact of road transport on this state. The
content of compounds (CO)x in the atmospheric air was estimated based on the application of the
calculation method based on empirical formulas, the basis of the calculation was the establishment of
the intensity of motor vehicle traffic in different microdistricts of the city, its daily regime, related
factors (including the speed of motor vehicles , share in the total flow of freight transport, landscape
features of microdistricts). Microdistricts in the city of Kovel with the maximum concentrations of
compounds (CO)x in the atmospheric air were determined, and measures to improve the ecological
situation in the city were proposed.
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AHAJII3 EKOJIOT'TYHUX HACJILJIKIB HIPUBY
I'PEBJII KAXOBCBKOI I'EC
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np. bepecreiicekuii, 37, M. Kuis, 03056, Ykpaina
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Anomauin

Tiopoenexmpozcenepayis € 8axciugorw ckiadosoio enepeocucmemu Yrpainu, ockirneku I'EC, y
eHepeocucmemi 0epicasu, 3a6e3neuyroms MAHe8posi NOMYHICHOCI, WO 00360JI€ KOMNEHCY8amu
Odegiyum mennogoi ma amomuoi eenepayii nio uyac nikosux Haganmadxiceuwv. Y 1970-x poxax
88axCanOCca, Wo 2i0poeNeKmpocmanyii He 3a80ar0ms WKOOU HABKOIUWHBOMY cepedosuwyy i €
€KOI02TYHO HUCMUM BUOOM BU000V8aHHs enekmpoeHepeii. Hacnpagoi, nobyodosani 6e3 oyiHku
exonoeiunux pusuxie, I'EC € cepiiozHoio 3azpo3010 600HUM MA NPUOEPEHCHUM eKOCUCEeMAaM,
OCKIbKU  ix OyO0IBHUYMBO NPU36OOUMb 00 3AMONIEHHS 3HAYHUX MEPUMopil ma 3MeHuye
0I0NPOOYKMUBHICIb 80OOLM.

Iiopue epebni Kaxoscvkoi 'EC € munosum mepopucmuyHum axmom, suunenum Pociticbrkoio
Deodepayicio Ha oKynoganux nero mepumopiax Yxpainu. Keanigixayis ybo2o 3104uny 3a1uuacmscs
3a ropucmamu, a nepeo ekoI02aMU NOBCMAE NUMAHHA NEePCNeKMUE BIOHOGIEHHI MA pPO3GUMK)
mepumopitl, wWo nocmpadicoanu 8i0 mexHozeHHoi kamacmpodgu. Lla nyonixayis € cnpoboio ananizy
Hacniokie niopusy epebni Kaxoscokoi 'EC y konmexcmi exono2iunoi 6e3nexku 0epaicasu.

Kniouoei cnosa: Kaxoscoxa I'EC, epebns, niopus, ekono2iuHi HACIiOKU, MepopusM.

IigpoenekTporenepailiss — € BaXJIMBOIO CKIAZOBOIO eHeprocucreMu Ykpainu. 'EC — me
MaHEBPOBI MOTY>KHOCTI, L0 I03BOJISIOTH «II1JICTPAXOBYBATW» TEIJIOBY T aTOMHY T'€HEPAITiO ITi]] Yac
MIKOBUX HaBaHTaxeHb. Y 1970-Xx pokax BBaxaloCh, IO TIAPOENEKTPOCTAHIi HE MIKOISThH
HaBKOJIMIIIHBOMY CEPEJOBUINY 1 € EKOJOTIYHO YHUCTHM BHJOM BHJIOOYBaHHS €JIEKTPOCHEprii.
Hacnpagnai, 'EC, 10 nobynoBasi y HOpYIIEHHS €KOJIOTIYHUX HOPM, € CEpHO3HOIO 3aTPO30I0 BOJHUM
eKocHCTeMaM. IX GyIiBHUITBO MPU3BOAMTH JO 3aTOMIEHHS 3HAYHUX TEPUTOPiH, BOHM 3MEHIIYIOTH
O10npOIyKTHBHICTH nepeopmoBaHuX BoaoiiM. Tak, BHachinok OyaiBaunTBa KaxoBeskoi ['EC, mo
TpuBaio 3 1952 o 1955 poxwu, 3a pisHUMHU JaHUMU, OyJ10 3aTOIICHO BiJ 27 10 90 HaceNeHUX MyHKTIB
[1], icTopuuHy MicIeBiCTb, 110 Ma€ Ha3By «Benukuit JIyr», mos's3any 3 icropieto 3anopizpkoi Ciui,
JaBHI KypraHu Ta iHIOI maM’STKH 1cTOpii 1 KyJIbTypH, BHBEIEHO 3 OOOpOTY 3HA4YHY KUIbKICTh
IUTOIIOYHMX CLIILCHKOTOCIIOIAPCHKUX 3eMelib. BogHouac OyAiBHUILITBO I[LOTO T'iAPOBY3Ja 3a0€31eUHIIo
BOJIOTNIOCTaYaHHS MOCYLIUIMBUX perioHi miBaHA Ykpainu, B T.4. Kpumy. OO’ekT 103BOJISB
3ICHIOBATH PETYJIOBAHHS 3araciB BOAM, HEOOXIIHUX JJIS ipUrarii cilbCbKOroCIoJapChKuX Yriib
Ha MiBAHI YKpaiHu depe3 ABa Besiuki kaHamu — KaxoBcekuil Ta IliBHIYHO-KpUMCHKHA, a Takox
CHCTEMHU 3pOILeHHS y 3anopi3bKiii Ta JIHImponeTpoBChKiil 00IacTsX.
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Cranuis Oyna mpuifHsaTa 10 excrutyaramii 19 sxoBtHs 1959 poky 3 nmotyxHictio 312 MBT [2] 1
cTala HalmiBaeHHImMMM (3aMukarouuM) 00’ektom JlHimpoBchkoro kackamy ['EC. I'pebns
KaxoBchKkoro rigpoBy3na 3abe3nedyBana HaKomu4deHHs A0 18,2 KM® BOIH Yy BOJIOCXOBHIITI, IO 3a
NMOBHUM 00’ eMoM Oyiio HaiOunbmM B Ykpainu [4]. 3rigHo 3 iHpopmauiero MinicTepcTBa arpapHoi
MOJITUKK Ta TPOJOBOJNbCTBA YKpainu y 2021-My poli, CUCTEMH 3pOIIyBaHHS, TOB’S3aHI 3
BOJIOCXOBHIIEM, TIOKPUBAJIN 584 THCSUI reKTapiB CUIbCHKOTOCIOAAPCHKUX 3eMenb [5]. IIpoTsrom
2021 poky 3 nux 3emelns 0ys0 310paHo 4 MITH. TOH 36pHOBHX Ta OJIIHHUX KyJIBTYp Ha CyMy IPUOITU3HO
1,5 minesipaa nomnapis [6].

Ha mouatky pociiicbko-ykpaincbkoi BikiHH, y 2014 pori, YkpaiHa nepekpuia mojaady BOJIU
[TiBHiYHO-KpUMCHKUM KaHaJIOM, IO CYTTEBO MOTIPIIMJIO CHUTYyalil0 3 TMpPICHOIO BOJOIO B
okynoBanomy Kpumy, came Tomy, okynariiisi M. HoBa Kaxoska Oyna B npioputerti Bropraenus Pocii
y 2022 p. YV uepBHi 2023 p. pociiiceki okymnaniiiHi Biiicbka migipBanu rpebmo Kaxoscokoi I'EC,
CIPUYMHUBIIN 3aTOIUIEHHs MoHaa 80 HaceNeHUX MyHKTIB [3], y TOMy YHCIi KUTBKOX paiiloHIB MicTa
Xepcon. Takox migpuB rpebm Kaxoscbkoi 'EC 3amummus 3amnopizeky AEC 6e3 Boau 1uis
OXOJIO/PKEHHS peakTopiB, a mpuiierii 10 KaxoBChbKOro BOZOCXOBHILA TEPUTOPIi O€3 3pOoIryBaHH.

Mertoro 1bOTO OrjIsiy € Kinacugikalis eKoJOriYHUX HACTIAKIB pyiHYyBaHHS rpebii KaxoBchkoi
I'EC. AxrtyanbHicTh 1i€i TeMH OOyMOBIIEHA CEpHO3HHMMM EKOJOTIYHUMH, COLIaJbHUMHU Ta
C€KOHOMIYHMMH HACJiJIKaMH, 10 BUMAaraloTh HETalHOTO aHami3y Ta pO3pOOKM 3aXOMdiB JUIs
BITHOBJICHHS EKOJIOTIYHOTO CTaHy MOCTPaXJAIUX TEPUTOPi Ta YHEMOXJIMBICHHS IOAIOHMX
KaracTpo(d y MailOyTHboMy. TakoX aKTyaJIbHUM MUTAHHAM 3aJIMIIAETHCS KOHIEMIiST BITHOBICHHS
rpe6mni Kaxosebkoi ['EC micns neokymnaiii 3aX0IuIeHIX pOCIICBKUM arpecopoM TePUTOPIH.

Ha 06a3i anamizy miTepaTypHUX JDKepel MH NPOMOHYEMO TaKy KiIacu(ikalio HACIiIKiB
TepopucTHuHOro akty Ha rpedmni Kaxoscbkoi I'EC.

1. 3aTonieHHs1 TepuTOPIi

XBUJISL IPOPUBY, L0 YTBOPWIIACH TIiJl Yac pyHHYBaHHS MHiAMIPHOT YaCTUHU rpedii mpusBena He
TIJBKU 10 pyHHYBaHb Ta MIATOIUICHb, @ M MpU3BENa O NEPEHOCY CMITTs, HEOE3MEeUHUX XiMIKaTiB,
TPYHiB TBapHH, a TaKoX, IO BaXJMBO, OOEMpPHUIIACIB, OCKUIBKM TEPUTOPIi HABKOJIO Tpedii, 110
KOHTPOJIIOIOTHCSI POCIHCHKUMU Bilicbkamu, OyJiM CHJIBHO 3aMIHOBaHI, Ha 3Ha4Hi BifacTaHi. Bapto
HaroJIOCHTH, 10 BUOYyXOHeOe3NeuHi MpeAMETH, 30KpeMa MPOTUTAHKOBI Ta NMPOTUIIXOTHI MiHH,
Hapasi, 3HaXOAThCS y TIOHHUX ITiIKIaICHHAX, 3aIJIaBaxX Ta Ha TEPUTOPISIX, 1110 3a3HAIH TUMYACOBOTO
niarorieHHs. /1o YopHoro Mopst moTpanuia 3Ha4Ha KUTbKICTh O10r€éHHUX €JIEMEHTIB, 10 MICTSThCS
y nobpuBax, 30kpema ocdaru ta nirpatu. Kpim Toro Oyno 3ahikcoBaHO MiJBUILEHHS KOHIICHTpALi
BaXKUX METAJliB, B T.4. XpoMy, y moHM33siX [IHinpa Ta [Hinpo-by3pkomy numaHi [7]. 3a nanumu
"Vkpaincekoi mpupo0oxopoHHoi rpymu"” [8] uepes pyitHyBaHHs rpelii y BOgy MOTpamnuio 6arato
NAJIMBHO-MAaCTHJIBHUX MarepiajiiB, IO € TOKCHYHHMH JUIsI BOJHUX MemkaHiiB. Kpim Toro,
3aTOIUICHHS (TIATOTUICHHS) HACEICHHUX IMyHKTIB, BKIIOYAIOYM BUTPiIOHI MU, CKOTOMOTHILHUKH,
CUIBCHKOTOCIIOIAPChKI 3€MJIl Ta aBTO3allpaBKH, MPU3BENO 10 MOTPAIUISHHSA Yy MOpE HETHIIOBO
BEITUKOTO O0CATY 3a0pyAHIOBAYiB OPTaHIYHOTO MOXO/KEHHS, 110 HETAaTUBHO BILTMBATUME HA PI3HI
IPYyIH )KUBHUX OPraHi3MiB — BiJ] IJIAHKTOHY J0 KUTOMOIOHUX, 1110 HaceNA0Th HopHe Mope, y T.4. 1y
BiJlTaNIeH1i YacOBil MEPCIIEKTHBI.

2. 3arubeasn ixriopaynun

Ha momeHT pyiinyBanHs rpe6ii B KaxoBChKOMY BOIOCXOBHIL MEIIKaIo He MeHIe 43 BUiB pHo,
3 sikux 20 BUAIB MaloTh IpoMucioBe 3HaueHHs [9]. 3a manumu [10] mix yac karactpodu 3arunysno
O67M3bKO0 95 TUCSY TOH pUOH, 110 CIPUYMHIIIO 30UTKM Ha cyMy noHas 108 minbitoHiB nonapis. Takox
3HAaYHA KUIBKICTh MPICHOBOJIHOI pHOM 3arvHysia MOTPANMBLIM Yy COJIOHI BoAM YOpHOTO MOps.
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BianoBigHO Taka 3HaYHA KUTBKICTh MEPTBOI OPTaHiKU Pi3KO MOHU3HMIO KUTBKICTh PO3UMHHOTO KHCHIO
y BOJI 32 YNOBUJIBHUJIO MPOLIECH MPUPOJIHOTO CAMOOUYHIIIEHHS BOJIH.

OxpeMo BapTo 3rajiaTi 3HUIICHHS BHACIIIOK KaTacTpohu, pudOrocno apchKoro miaAnpueMcTBa
3 BIATBOPEHHs oceTpoBUX BUIIB puo [11], mo mpamtoBano y XepcoHChKiit obmacti 3 1984 poky Ta
3aiiMaJIoCh BIATBOPEHHSM MOMYJIALIl OCETPOBUX BHUIIB PHO, 1110 BTPATUIN MOXKIIUBICTH IPUPOIHOTO
PO3MHOXKEHHS uepe3 OyAiBHUITBO Ha [IHIMPOBCHKOTO Kackaly BOAOCXOBHILL.

3. MacoBa 3aruéeJb ¢yiopu Ta payHH Ha NpuOEpe;KHNX TEPUTOPIAX

3a qanumu [12] B okynoBaniit Hosiit KaxoBii 3aTonuno npuBatHuii 3oonapk "Ka3kosa nidposa',
ne 3aruHyno  Omu3zpko 250  TBapuH. Takok  mocTpaxaand — HallOHAJIBHUM — THapk
«HmxHbOIHINIPOBCHKUIY, e Memkae 120 ninHux BuAiB ¢uiopu ta paynu. [ligTorenHs 3auenusno
TUIOBI Ta PIAKICHI yrpyHOBaHHS 3aIlJIaBHUX JICiB, OOJIT, JIyK 1 CTEMiB Ta MPHU3BEJIO A0 3arudeni
SHJIEMIYHUX TBAPHH Ta POCIIHH.

4. IIpo6JsieMH arpapHoOro ceKTopy

Bracnigok Tepakty Oyio 3aTorsieHo 6;1u3bko 10 THCSY TeKTapiB ClIbChbKOrOCIOAAPCHKUX 3€MENh
Ha TpaBoMy Oepe3i XepcoHchkoi obnacTi Ta 20-30 THCAY reKTapiB Ha OKYIIOBaHOMY JiBOMY Oepe3i.
[Tpunuuene BogonocrayanHs 31 cucreMu 3pouieHHs 1noiiB y JIHIMponeTpoBChKiil, XepcoHChKiil Ta
3anopi3bkiit obnactsax [13], mo ctanom Ha 2023 p. Bke MPU3BENIO 10 KAaTacTPOPiUHOTO 3HUIKEHHS
BPOXaHOCTI CIIILCHKOTOCHOAAPChKUX KyJIbTyp. Ha nanuii MOMEHT ormyOiKoBaHi CTATUCTHYHI AaH1
o BpoxaitHocTi 3a 2023 [15] pik i MOkeMO MOPIBHATH iX 3 aHanmoriyHuMH aanuMu 3a 2021 p. [14]
(1MB. TAOIUIIIO).

Hamosoueno, THc.T. Bpoxaiinictb, 1/ra
C/r kynbTypa

2023 p. 2021 p. 2023 p. 2021 p.
Mmennus 35,05 2121 30,50 42,20
SAuminb 19,29 927,4 22,10 44,23
Pinak o3ummuii 4.4 2394 11 25,12
Kykypynza 0,16 394,6 28,70 67
CoHSIIIHUK 45 676,2 14,30 20
Con 0,3 205,7 15 29,10
T'opox 2,6 44,9 18 24,81

5. IToTo4HUI1 eKOJIOTIYHUI CTaH TEPUTOPIiil MPpUIErINX 10 3pyiiHoBaHoiI rpedJi Kaxoscbkoi
I'EC

Ha nanuii MOMEHT oIiHKa MOTOYHOI cuTyarii 6111 KaxoBChKOTO riipoBy3i1a yCKIaJHEeHa TUM, 1110
mume 32% tepurtopii, MocTpaXkaanoi BHACTIAOK 3aTOIUICHHS B HIKHBOMY 0’€(di, € 1€0KYIIOBaHOIO.
Takox HEMOKJIMBUM € BUBUCHHS CUTYallii Ha 3HEBOJHEHUX AUISHKAX BOAOCXOBUILA, IPHIICTIIUX 10
niBoro Oepery JlHimpa, I10 TaKOX 3aJIHMIIA€THCS Mif OKymali€er. Topik Jeski BYeHI BUCIOBIIOBAIN
npunymeHas, mo KaxoBcbke BOJOCXOBHUINE MiCIS CIOPOKHEHHS 3aJMIIMTHCA 3aMYJICHUM 1
MEPETBOPUTHCS Ha IMMyCTENI0, ajle 3a PIK TaMm BHUpIC Mojoaui yic. Ha miBHOYI KOJUITHBOTO
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BOJIOCXOBHIIA — OLIbIIIE TOIOJb, HA MiBAHI — Oinbie BepO. CtanoM Ha 2024 p. BHCOTa ACAKHX JICPEB
csrae 4,2 metpa [16], [17].

BucHoBkH

PyitnyBanus Kaxoscbkoi I'EC cTano »xaxiamBoro Tparezieto, 1o 3abpana XHUTTS JIojeH, cepen
AKUX OynM 3Haiiomi criBaBTOpKH Iii€l myOmikarii. Ls xatactpoda He nuiie 3pyiiHyBanta JTOMiBKH
YKpaiHCBKUX IPOMaJIsH, aje i 3aBJajia HelonpaBHOi ITKOIU IPUPOAL Ta €KOHOMIII periony. XBuis
MIPOPUBY, 110 3pYyHHYBaIa a00 MiATOMIIA HACEICHI yHKTH, IPUHECTA 3 COO0I0 CMITTsI, HeOe3MeuHi
XiMiKaTH, TPy TBapuH Ta OOEMpHIIacH, 110 HUHI Ta y MaiOyTHhOMY 3arpOXKyBaTUMYThb KUTTIO Ta
3JI0POB’I0 JIIOJICH HA MPUIIETIIUX TEPUTOPISX.

ArpapHi npo0ieMu, COPUYMHEH] 3aTOIJICHHSM TUCSY T€KTapiB CLIbCHKOTOCTIOAAPCHKUX 3E€MEIh
Ta IPUIIMHEHHSM BOJIOIOCTaYaHHs CUCTEM 3pPOLICHHS, MiAPUBAIOTH MPOIOBOIbYY O€3MeKy YKpaiHu
Ta 3aJIeKHHUX BiJ] MOCTABOK CLIbCHKOTOCIIOIAPCHKOT MPOMYKITii KpaiH.

Macoga 3arubenb pubu, a Takox (Giaopu Ta ayHu Ha NMPHUOEPEKHUX TEPUTOPISAX, 3aTOIUICHHS
I[IHHUX €KOCUCTEM, TaKHX, SIK 3aIIaBHi JIicK, O0JI0Ta Ta JTYKH € CBITYEHHSIMHU €KOIMIY OKYIaI[iiHIX
BIMCBK, IO Yy MaiOyTHbOMY OyJe MiAIPYHTSM s MDKHApOJHOTO CYJOBOTrO Mpolecy i
CIpaBeAIMBOI0 IOKAPaHHS arpecopa.

BigHOBNIEHHS TiApOBY3y Ta NPWIETIIMX TEPUTOPI BUMAaraTUMe BEIMUYE3HUX KalliTalOBKIIaICHb
Ta PETEJILHOI0 EKOJIOTO-IH)KEHEPHOTo IUlaHyBaHHA. OjHE 3 MOXIIMBUX pillleHb — BiATBOPEHHS
KaxoBChKOTO BOJOCXOBHIIA y 3HAYHO MEHIIMX MEXaX Ta 3HAYHO MEHIIOro 00’eMy, 3 MiIMipHOIO
niBoOepeKHOI0 1aMO010 (32 pukiIagoM KuiBChbKOro BOJOCXOBHINA).

be3ymMoBHO, 1110 micist AeOKymallii periony, crpareris BiqHOBICHHs KaXxoBChKOro TijpoBy3iia Mae
OyTH cripsIMOBaHa HE JIUIIIE Ha B1I0YI0BY 1H(PACTPYKTYPH 1 BIIHOBICHHS IPUOEPEIKHUX EKOCUCTEM,
aJsie i1 Ha MATPUMKY JIFOJIeH, 10 BTPATHIN CBOIX PIKHUX, OJM3BKUX, JOMIBKU Ta MaifHO.
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Abstracts.

Hydropower generation is an important component of Ukraine's power system, since HPPs in the country's
power grid provide maneuvering capacities that allow compensating for the shortage of thermal and nuclear
generation during peak loads. In the 1970s, it was believed that hydroelectric power plants did not harm the
environment and were an environmentally friendly form of electricity generation. In fact, built without an
environmental risk assessment, hydropower plants pose a serious threat to aquatic and coastal ecosystems, as
their construction leads to the flooding of large areas and reduces the biological productivity of water bodies.
The explosion of the Kakhovka HPP dam is a typical terrorist act committed by the Russian Federation in the
occupied territories of Ukraine. The qualification of this crime is left to lawyers, and environmentalists are
faced with the question of the prospects for the restoration and development of the territories affected by the
man-made disaster. This publication is an attempt to analyze the consequences of the Kakhovka hydroelectric
power station dam explosion in the context of the state's environmental security.
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KA®EJIPA EKOJIOTT
TA TEXHOJIOI'IT POCJIMHHHUX ITOJIIMEPIB
KuiBcbkoro nosiitexHiyHoro incruryry imeni Iropst Cikopcbkoro

JUJ1s TATOTOBKY CHEIialicTiB 3 MPo0IeM 0XOPOHHU HABKOJIMIITHLOTO CepeloBuINa B ceprHi 1988 p.
Ha 0a3l BIIICHHS IIEJI0JI03HO-TIAIIEpPOBOr0 BUPOOHMIITBA Ta JabopaTopii MPOMHCIOBOI €KOJIOTii
XiMiKO-TexHoJoriyHOrO (hakynpTery KHUIBCHKOrO TMONITEXHIYHOTO I1HCTHTYTY Oyna CTBOpEHa
Kadeapa TEXHOJIOTIi IIENMIOI03HO-TIANIEpOBOIO BHPOOHUITBA Ta MPOMHCIOBOI eKkousorii. Jlns
MOJIIIEHHS MiATOTOBKU 1H)KEHEePiB-eKOJIOTIB 3 MUTaHb KOHTPOJIIO 3a0pyAHEHHS TOBKULIS y BEpECH1
1990 p. o Hei npuegHANN TaKOX 1 Kadeapy aHANITUYHOT XiMil.

Benuky poOory y cTtBOpeHHI kadenpu 1 miarotoBui (axiBIiB 3a HOBOIO CHELiaJbHICTIO
«[IpomMuciioBa €KoJIoTis Ta OXOpPOHA HABKOJIMIIHBOTO CEPEIOBMINA» 3MIMCHUB Mpodecop, JOKTOp
texHiuHux Hayk O. I1. lllyTeko, skuit 3 1988 mo 1996 pp. ouomntoBas kadeapy.

3 1993 poky Ha kadenpi BiAKpuTa acmipaHTypa 3 TEXHOJIOTIl LEITI0I03HO-TIaIepPOBOro
BUPOOHMIITBA Ta MPOMHUCIIOBOI €KOJIOTil. ¥ TOMy X pOIli 3 iHiliaTuBH Kadenpu Oyna opraHizoBaHa
nepma B YkpaiHi Buena paga 3 mpuCy/DKEHHS BUEHHMX CTYIEHIB JIOKTOpa Ta KaHAWJAaTa HayK
([ 1.02.01) 3a crieriaTbHOCTSIMU TIETFOJI03HO-TIATIEPOBOI TEXHOJIOT1T Ta MPOMHUCIOBOI €KOJIOT11.

Kpim opranizanii HaBYaJbHOTO WpOILECy IS CHEMialliCTiB-€KOJIOTiB, Kadeapa MpOIOBXKYE
TOTYBAaTH XIMIKiB-TEXHOJIOTIB IIENIOJIO3HO-TIAIIEPOBOTO BHUPOOHMITBA (JIeHHA Ta 3a04Ha (GOopMHU
HaBYaHHS).

OCHOBHI HaIpsIMM HAYKOBOI JiSUTBHOCTI Kadeapu:

* po3poOKa HOBUX BHJIIB PEareHTIiB s MPOILECIB BOJIOOUYHUCTKH, BOAOMIATOTOBKH Ta MEPEPOOKH
BIIXOZIB;

* po3poOKa TEXHOJIOTI OJep>KaHHS BOJOKHUCTUX HamiBPaOpUKaTiB 13 COJIOMH Ta IHIIMX
OJTHOPIYHUX POCIIHH.

VY moromy 2000 p. xadenpa yBiiiIa 10 CTPYKTYypH 1HXEHEpHO-XiMiYHOTO (akyibTery (IXD), a
B smuctonaai 2002 p. Oyma mepeiimMeHoBaHa Ha Kadeapy eKoJorii Ta TEXHOJOTil POCIMHHHUX
MOJIIMEPIB.

Kadenpa axkTuBHO cHiBIpalioe 3 MiANPUEMCTBAMH MANepoBOi Traiys3i, Taly3eBUMU Ta
aKaJIeMIYHUMH 1HCTUTyTaMH. Bci BHIYyCKHUKM 000X CHELiaJbHOCTeH 3a3BUYall OTPUMYIOTh
MIPECTHKHI BaKaHCI1 HAa MANPHEMCTBAX 1 B HAYKOBUX YCTaHOBaX YKpaiHU.

[Tpu xadenpi nparioe acmipaHtypa, a ii BUIyCKHHUKH, SIK MPAaBUIIO, IPOJOBXKYIOTh HAYKOBY Ta
NeIaroriuny JIisUIbHICTh Y CTiHAX Kadeapu.

3aBinyBau kadeapu — 1-p Tex. HayK, npod. ['omenst Mukona JMutpoBuy.
KonTakTHa indopmanis:

np. bepecmeiicokuit 37, kopnyc Ned, m. Kuie 03056, Ykpaina
E-mail: eco-paper@kpi.ua
Tenegon: (+38044) 204-91-40
Dakc: (+38044) 236-60-83
http://www.eco-paper.kpi.ua
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