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3a0pyqHEHHS TMOBEPXHEBUX BOJ € OJHICI0 3 HaWHaralpHIMHUX NPOOJIEeM ChOTOJCHHS.
3a0pyqHEHHS BOJM MOKE MATH HACIIKH PI3HOT0 MacmITaly, BKIFOYAIOYH MiABUIIICHHS TOKCHYHOCTI
BO/IM, TIOIIMPEHHS XBOpPOO, BTpaATy Oi1Opi3HOMAHITTS, MOTIpPIIEHHS SKOCTI KHUTTS Ta PYyHHYBaHHS
exkocucteM. HaifnommpeHimumu — 3a0pyJHHUKaMH BOJM € pi3HI Traimy3l IPOMHCIOBOCTI,
CUIBCHKOTOCIIOAAPCHKOT0 CEKTOPY, MIChKI CTOKM, BUKHJM TPAHCIOPTHHUX 3ac00iB, Tommo. CboroaHi
qyepes MisUTbHICTD JIFOIUHU BOJIHI €KOCHCTEMH 3a3HAI0Th CYTTEBOTO THUCKY.

EdexTuBHMI €KOJNOTIYHMH MOHITOPUHT € BaXJIMBUM 1HCTPYMEHTOM OOpOTHOM 3 LHUMH
npobJeMaMy, OCKUIBKH BiH JIO3BOJISIE BUSIBUTH JDKEpeNo 3a0pyIHEHHs BOJM, OLIHUTH pPiBEHb
3a0pyaHEeHHS Ta e(heKTUBHICTH 3aXO0/iB 1010 HOT0 3HIKEHHS. [1]

Opnna 3 mpo6JeM MOHITOPHUHTY TOJIATA€E B TOMY, 110 JIaH1 PO BMICT TOKCUKAHTIB Y BO/II HE HECYTh
iHpopManii mpo iX TOKCHUYHICTH A7 T1IpOOIOHTIB Ta 010OCTYIHICTh, caMe ToMY 3 cepenuHu 70-x
POKIB y HAyKOBO-TIPAaKTUYHHX JOCHIDKCHHSAX HAWOUIbII aKTyaJbHUMHU CTAJIM TOIIYKH EKCIpec-
METOIB aHaJli3y TOKCHMYHOCTI Pi3HUX BOJ 1 BMICTY y HHX XIMIUYHHUX CIIOJIYK, IO TOTPAIUISIOTH Y
HABKOJIUIIIHE CEPEIOBUILIE.

Jlnst iHTerpajbHOI OLIHKM CTYHEHS TOKCHMYHOCTI HaBKOJMIIHBOI'O MPUPOJHOTO CEpeOBUIIA
BUKOPHCTOBYIOThCSI METOIM Ol0iHAMKAIIIT Ta OioTecTyBaHHS [2].

3acTocoByr0uM MeToJ| Ol0iHMKALIl MOYXKHA BUSIBUTH PaHHIHM CTyHiHb TpaHchopMaii XiMiYHOTO
CKJIaJly BOJHOTO CEpEeOBHUIIA, OCKUIbKM 3MiHa BHJIOBOI'O CKJaay BiJOyBaeThCs HaBiTh y pasi
c1abKoro 3a0pyTHEHHS BOJOIM, SIKE HEMOXJIMBO BUSIBUTH 3a JIOTIOMOTO0 XIMIYHHX METOIB [3, 4].

Sk 06’ exTH Ui O10i1HAMKALIT 3aCTOCOBYIOTHCS PI3HOMaHITHI OpraHi3Mu — 06aktepii, BOIOpOCTI,
BUIII pOCIUHM, Oe3XpeOeTHI TBApHHHM, ccaBii. [l rapaHTOBAHOTO BHUSBJICHHS MPHUCYTHOCTI B
MPUPOJHOMY CEPENOBHUIII TOKCHMYHOTO areHTa HEBIJIOMOTO XIMIYHOTO CKIJIATy, SK TIPaBHIIO,
BUKOPUCTOBYETbCS Halip OO0'€KTIB, IO OXOIUIIOIOTH Pi3HI TaKCOHOMIUHI TPyNHU Ta Pi3HI JIAHKU
TpOohiYHUX JAHITIOTIB [5].

OCHOBHUMH TIepeBaraMd MeToay OIOMOHITOPHMHTY B TMOpPIBHSHHI 3  TpaJULiHHUMHU
IHCTpYMEHTAJIbHUMH METOJIaMH € HOT0 3[aTHICTh pearyBaTH Ha iHTErpajJbHUNA piBEHb 3a0pyJHEHHS
Cepe/loBHUINAa Ta BHSBIATH caMe OI0AOCTYNHY YacTHHY KCEHOOIOTHKIB B HABKOJMIIHbOMY
CepeIOBHIL, JOTIOMOTAaTH BUSBJIATH JKEpena 3a0pyTHeHHS Ta KOHTPOJIIOBATH IXHIH BIJIMB HA BOLY.
3acrocyBaHHA 010XIMIYHHUX MOKAa3HUKIB MOKE 3HAYHO IMOJIETIIUTH PO3YMIHHS CTaHY NOBKULISA, OLIIHKH
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piBHA 3a0pyaHEHHS Ta iAeHTU(IKaLii Jukepen 3a0pyIHEHHS MOBEPXHEBUX BOJ|, a TAKOX JOMOMOITH B
3’sCyBaHH1 HACJIIKIB 3a0pyIHEHHS JJIs1 BOJHUX OpraHi3MiB Ta 37J0pOB’s JroAeH [6].

OTxe, MOUIYK HOBHX MiAXOIB /0 MOHITOPHHIY IMOBEPXHEBUX BOJ 3AIMINAETHCS HArajJbHUM Ta
aKTyalbHUM 3aBJaHHsSM choroicHHS. [limbip TecT-00’ekTiB Ta Oarapell TecT-cucTeM mMOTpedye
MOJAIBIIOTO BUBYEHHS Ta BIOCKOHAIECHHA. TecT-00’€KTH MOBUHHI OyTH NpPEJICTaBHUKAMH PI3HUX
CHUCTEMaTUYHHUX Ta €KOJOTIYHMUX TPy, SKI MalOTh Pi3HI aJanTUBHI MPUCTOCYBAHHS Ta YYTJIUBICTH IO
3a0pyaHeHHs. JloTpuMaHHS MOAIOHOrO MiAXOAY 03BOJIMTH OTPUMATHU PENpPe3eHTATUBHY i1H(OpMALi0
PO CTaH BOJHHUX CHUCTEM B LIJIOMY.

Panime Hamu Oyia 3ampolOHOBaHA TECT-CUCTEMa, sIKa 3aJJ0BOJIBHSE HABEAECHUM BHILIE yMOBaM
MPOBEJICHHS €KOJIOTIYHOIO MOHITOPUHTY BOJHHMX 00’€KTiB. BoHa ckilamaeTbes 3 pocianHU-Makpodita —
enojel kaHaachkol (Elodea canadensis MichX.), 110 BIZHOCHTBCS 10 BHAIB-TiZaTO(iTiB, KOHTAKT SKHX 3
BOJHHMM CEPEIOBUIIEM Ta PO3YMHEHUMH B HbOMY PEUOBHMHAMH € OUIbII MOBHUM, HIK Y BUIIUX POCIIUH,
SIKI TITUPOKO BUKOPHCTOBYIOTHCS HUHI JUIs OioTecTyBaHHS (LMOYyIs, Kpec-canat i T.4.) [7]. Kpim Toro,
eJ10/ies € BUJIOM-KOCMOIIOJIITOM, 00JIacTh 11 ICHYBaHHS OXOIUIIOE BETUYE3HI TEPUTOPIi, 10 € BAXKIUBUM
(dakTopoM 1pu 0OpaHHI OpraHi3My B AKOCTI O101HAUKATOPHOTO BUTY.

B sxocti cuctemHoro 6ioMapkepy Ha TOKCMYHHMI BIUIMB TepOilMaiB HaMU OYJI0 3alporOHOBAHO
BUKOpHCTaHHS (pepMEeHTATHBHOI akTHBHOCTI Kartanasu [/]. Karamasza € omgHuUM 3 HAWMOMIMPEHIMINAX
(dbepMeHTIB y TKaHMHAX BCIX aepoOHUX Ta MikpoaepodiIbHUX oOpraHi3miB. Bona BimHOCHTBCS 10
OKCHJIOPEYKTa3 1 pO3KJIa/Ia€ Ha BOAY Ta MOJIEKYJIIPHUN KUCEHb IEPEKUC BOJIHIO, IKUM € TOKCUYHUM JUIS
KIITUHU 1 YTBOPIOETHCS B TPOIECI OKMCHEHHS OpraHiyHuX pedoBuH [8]. OOpaHHS JaHOTO TECTy
IIOB’s13aHE 3 TUM, LII0 OCHOBHOIO (DYHKIII€IO KaTaja3u € 3alo0iraHHs HapOIyBAHHIO OKHCHIOBAJIbHOIO
cTpecy B KJIITHHI, @ OT’)KE BOHA MOKE BUCTYIIATH B SIKOCT1 IHTETPaJIbHOI0 MOKa3HUKA, 1110 Yy TJIMBO pearye
Ha TOKCHYHUU BIUIMB PI3HOMAHITHUX XIMIYHHUX pedoBUH [8, 9]. OxpiMm Toro, cucrema Ol0XIMIYHUX
NIEPETBOPEHD € OHIEI0 3 HANYYTVIMBINIMX JIAHOK MiATPUMaHHS FOMEOCTa3y KIITHHHU.

MeTo010 1TaHOTO AOCTiIKEHHS CTAJIO0 MOPIBHIHHSA €(EKTUBHOCTI BUSABJIEHHS HU3bKUX KOHIIEHTpALIH
NEeCTULUAIB PI3HOIO TUIY Y BOJHOMY CEpEIOBMINI TPAJULIHHUMH Ta OlOXIMIYHMMH METOJaMU
TOCIIIIKEHHSL.

O0’€KTH Ta METOAH AOCJIiIKEHH.

I'epOiruan, 1110 BUKOPUCTOBYBAIIUCH Y POOOTI, XapaKTepU3yIOThCS PI3HUM MEXaHI3MOM JIii.

[Mepmmii - rmidocar (CsHgNOsP) — BimHOCHTBCS 10 pochopopraHiuyHUX KOHTAKTHUX TepOillUuIiB Ta
Mae SICKpaBO BUPaKEHY CUCTEMHY Jit0. B po60Ti BUKOpHUCTOBYBAIMCS pO3YMHH KaJll€BOT coui rimidocaty
— HadmomupeHimoro repOinuay y CBITI 3a 00’emamu BukopucTanHs. Ilpemapatu riidocary,
MPOHUKAIOUM B YClI BEreTaTMBHI OpPraHH, HAKOMHYYIOThCS B MEPUCTEMAaTHUYHHUX TKAaHMHAX, B 30HAX
aKTUBHOTO POCTY, € MOPYUIYIOTh (Pi310J10r0-010XIMIYHI MPOIIECH, IO MPU3BOAUTD JI0 3arudesti poCiIuH.
VY Boai npenapat CTiikuil. 3MEHIIEHHS piBHA r1idocaTy B BOAHINA cuCTeMi BiI0OyBa€eThCs, B OCHOBHOMY,
3a paxyHOK ajacopOrii Ail04Y0i PEUOBHMHU IOHHUMH BIJKJIAJEHHSMH, BIUIMBY BOJHOI MIKpOQuopHu Ta
ynbTpadioneroporo BunpomintoBanns. I'JIK qis Boau Bogoiim — 0,02 mr/mv®.

B sikocTi rep0Oinuay, Mo Mae BiAMIHHHAN MexaHi3M fii, 0yno oopano kieroaum (Ci7H6CINO3S) —
XJIOpOpraHiuHUN repOinuia, sSKui BHCTymnae iHriOiTopoMm OiocuHTe3y >kupiB. Ilicis moTparuisHHA Ha
MOBEPXHIO JIUCTa PEeYOBHMHA abCOpOYeThCS JIMCTOBOI MOBEPXHEIO 1 MepeMiliaerbes Mo ¢uioemi 10
MepucTeMHUX perioHiB. IIpemapar HakOmu4yeThbCsi B TKaHMHAX, MNOpYIIye OIOCHMHTE3 JIiMijiB,
BHUKJIMKaIO4X 3arudenb pociuH. HectabuibHO MiaeThesl po3KiIalaHHIO MPH MiJIBULIEHIN TemmepaTypi,
nig giero YO cBitia, npu ekcrpeManbHux 3HaueHHsAX pH. IlinmaeTbes OKMCIEHHIO 1 PO3KIAAaHHIO B
aepoOHUX yMOBax, repion HamiBpo3mnaay 1-3 aui. Kietonum cTiiikuii pu BiZICYTHOCTI COHSYHOTO CBITIa
y BoaHuX po3unHax 3 pH 7-10. TJIK s Bomu Bogoiiv — 0,002 mr/mve.

B nporieci TecTyBaHHS MiIOCIIIHI POCIUHH €J10/1e1 yTPUMYBAJINCS B PO3UMHAX, BUTOTOBICHUX
[UIAXOM JIOJJaBaHHS J0 €TAJIOHHOI BOJXM TepOIlMIHMX IpernapariB. YMOBH yTPHUMAaHHS IiJ 4ac
nporeypu 0i0TeCTyBaHHS KOHTPOJIBHUX 1 MIUIOCIIHUX TPYI TECT-OPTaHi3MiB He BIAPIZHSIMCS 32
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¢Gi3UKO-XIMIYHUMHU TIapaMeTpaMH 3a BUHSATKOM BIJCYTHOCTI abo HasBHOCTI repOimuay. Yac
eKCTO3ULli enojei B po3uMHax repOINMIIB CTaHOBMB Bix 1-€i noOu (ans BHU3HAYEHHS TOCTPOl
TOKCHYHOCTI) 110 7-MH (XpOHIYHa TOKCHYHicTh) ni0. Jlocmigu mnpoBoaunan B 3-5-kpaTHiid
MIOBTOPIOBAHOCTI.

Jlns BU3HAUCHHS KaTajla3HOi aKTMBHOCTI BUKOPHCTOBYBAIM OE3KIITHHHI €KCTPaKTH enojei
KaHaJICbKOI.

depMeHTaTUBHY aKTUBHICTh eHjoreHHoi katama3u (K@ 1.11.1.6) Bu3HaA4anm 3a 3HUKCHHSIM
eKCTHHKII{ po3unHy, 1m0 MictuB H202 y sikocTi cyOcTpary, npH J1oJlaBaHHi 10 HbOTo OE3KITITUHHOTO
eKCcTpakTy 3a 1 xB. mpu Temmeparypi 25+2°C ta nosxuHi xBuii 240 aum [ 10]. Bumipu npoBoauinu Ha
aBorpoMeHeBoMy criekTpodoromerpi CD-26. KaranazHy akTUBHICTh BUPXAJIH Y IIEPETBOPEHUX 32
1 xB. Mmkmoisix H202, BimHeceHux 0 BMiCcTy OUIKY y peakiiiHii cymimmi. Oxepskani Jani o0poossum
CTaTUCTHYHO 32 JonoMororo nporpamu Microsoft Excel.

Jns  JgoCHiKeHHS BIUIMBY TepOilUaiB Ha pPOCTOBI Ta OIOXIMIYHI IMapaMeTpu pOCIHH
BUKOPHCTOBYBAJIM HACTYIHI KOHIICHTpAITii:

- ana rmigocary: 0,01 mr/mv® — 0,5 TAK, 0,02 mr/mv® — 1 TOK, 0,03 mr/mv® — 1,5 TIK,
0,04 mr/mm® — 2 TIK, 0,05 mr/am® — 2,5 TIIK;

- s kneroaumy: 0,001 mr/ame— 0,5 TAK, 0,002 mr/am® — 1 TAK, 0,003 mr/om® — 1,5 TJIK,
0,004 mr/mv® — 2 TIK, 0,005 mr/am® — 2,5 TIK;.

ExcnepumentanbHa yactuHa. Ha nepmomy erami nociipkeHb HaMH OyJI0 BU3HAYEHO BILIHB
o0paHUX MECTHLHUAIB Ha POCTOBI MapaMeTpH KOpeHeBOi cucteMu Iulyi pimyacroi. Jlanuit tect €
TPaAULIHHUM TIPH TECTyBaHHI BOJM HAa TOKCHYHICTh. Sk MokHa moGaumtu (puc. 1 a), moBKHHA
KOPIHIIB U0y 3HAXOAUTHCS B JMIHIWHIN 3aJI©KHOCTI BiJ KOHIEHTpAIlii riaidocary B Aiana3oHi Bij
1,0 mo 2,5 TJIK, mo 103BoJIsi€ BUSIBIATU JaHUM repOilua B MOBEPXHEBHX BOAAX y MIHIMabHUX
KOHI[EHTpallisX. CIUHUM HEIONIKOM JaHOTO TMIAXOAy € TPUBAIMA dYac, HEOOXimHWUN JyIs
npopoiyBaHHs Oy (7 ai0), a TakoX BHUCOKAa TPYIOEMHICTb peecTpalii eKCIepruMEHTaIbHUX
JaHUX, SIKa HE MOXKe OyTH aBTOMaTHU30BaHa.

Puc. 1. 3anexHicTh TOBXUHU KOPIHIIB MOy BiJl KOHLIIEHTpAIil Y BO1
riidocary (a) Ta keroaumy ()

o cTocyeThbes BIUTMBY KIETOAMMY Ha TaHUH OKa3HUK (puc. 1 0), To MiHIMaTbHA KOHIICHTpAIIis,
SKa TPU3BOAWTH JO CTATUCTHMYHO 3HAYMMHX 3MIiH B JIOBXKHUHI KOPIHIIB HUOYJi (MOPIBHSHO 3
koHTposem) — 2,5 I'JIK.
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Oco0nMBO HEMOKAa30BUM IIOJI0 BHSBJICHHS B3a€MO3B’SI3Ky MIXK JI030I0 TOKCHKAaHTa Ta TECT-
peakili€lo BUSBUBCS TeCT Ha Oiomacy KopiHLiB (puc. 2). binmbiie Toro, BOpoaoBX €KCHEPUMEHTY
CIIOCTEPITajoCch SIBUILE OJHOYACHOTO 3MEHIIECHHS JIOBKWHU KOPIHIIIB Ta 301IbIIEHHS TXHBOI MacH.
Le siBume moTpedye MOAATBIIOrO AOCTIHKEHHS Ta MOXe OyTH MOSICHEHE 301TbIIEHHSM MIITFHOCTI
MEpPUCTEMATUYHUX TKaHUH KOopeHiB uuOymi. [ToniOHa peakilis pOCIMH Ha MPUCYTHICTh B CEPEIOBHII
BUPOIIYBAaHHS TOKCHKaHTa MOK€ OyTH HEOOXiJHOIO il MOTEHIIHOro 3aXMCTy KIITHH, SKi
3HAXOIATHCS B CTaHI aKTUBHOT'O TIOJILITY.

Puc. 2. 3anexnicts 6ioMacu KOpiHIIB IUOYJI BiI KOHLIIEHTpAIil y BOJI
riidocary (a) Ta kierogumy ()

TakuMm YMHOM, TPAAUIIAHO BUKOPUCTOBYBAHI TECT-peakKilii POCIUH HE 3aBXIM MOXYTh
Bi1oOpakaTu moTeHiiiHo HebesneuHe nepeBurieHns ['JIK TOkCUKaHTIB y BOMHOMY CepeIOBHIIIL.

OnHiero 3 HaOUTBII PEAKTUBHUX CUCTEM OPTaHI3My € CUCTeMa aHTUOKHCITIOBATBHUX (DEPMEHTIB,
sKa 4yTJIMBO pearye Ha OyJb-iKi cTpecoBi BIUIMBH. Cepea YMCICHHUX JIAHOK, IO BXOIATH A0 ii
CKJIaJly, HalOUIbIII aKTUBHUM (PEPMEHTOM € KaTalia3a, siKa I03BOJISIE PO3KIIaIaTH EePEKUC BOAHIO, 110
YTBOPIOETHCS B KIIITHHAX B aepoOHMX yMoBax. ToMmy momaineIii JOCTiKEHHsS Oy MPOBEICHI Ha
MOBHICTIO 3aHypEHIN y BOJIHE CEepEeJOBHUINE POCIHUHI - enojaei KaHaiChKiid. B skocTi TecT-peaxirii
BUKOPHUCTOBYBAJIM 3MiHHM KaTalla3HOI aKTHUBHOCTI €l0/ei, sKa 3HaXOAWJach y BOJHOMY pPO3YHHI
NECTULIUIIB BIPoIoBK 1-4 110 (puc. 3-4).

[lepeBaroto maHoro Meroqy OiOTecTyBaHHS B TOPIBHSHHI 3 peeCTpariiero MOp(hOIOTIYHUX
MOKAa3HHUKIB POCJHH, € HASBHICTh IIBUIKOI BIAMOBiAI Ha MPUCYTHICTh TOKCUKAHTA B CEPEIOBUIII.
[Ipore cTaTHCTUYHO 3HAYUMI 3MIHHM KaTajga3HOI aKTHBHOCTI €10Jei KaHaJChKOi B MPUCYTHOCTI
riidocary (puc. 3) peectpyBanack e Ha piBHi 2,5 ['JIK. 3HmwKeHHS akTUBHOCTI (pepMeHTy mpu
JaHIi KOHIIEHTpaIlil ctaHoBuIO Maibke 20 %.

[Io cTocyeThCs KIETOIUMY, TO CTATUCTUYHO 3HAYMME 3HIKEHHS (DepMEHTAaTUBHOI aKTUBHOCTI B
fioro npucytHocTi (puc. 3) peectpyBainucs Bxe Ha piBHi 1,5 I'/IK Ta konuBanocs Ha piBHi 10-14 %
0 BiJHOIICHHIO JI0 KOHTPOITIO.

[Ipy migBUINEHHI TPUBAJIOCTI KOHTAaKTy PpOCIMH 3 NECTUIUAAMU B iXHIX OpraHizmax
BiIOYBaIOTHCS YUCIIEHHI MOpQoIoriuHi Ta 010XiMiuHI epeOy0BH, SKi CIIPHUIIOTH aanTarii KIiTHH
70 TOKCUKaHTYy. ToMy BaXJIMBUM € BU3HAYEHHS TOKCHYHOCTI SIK B TOCTPOMY, TaK 1 B XpPOHIYHOMY
EKCTIEpUMEHTaX.

22 Handbook of the XXIII International Science Conference
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixxkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

Puc. 3. 3anexHicTh KaTana3HOT aKTUBHOCTI €J10/Ie1 KaHA/IChKOI BiJl KOHIIEHTpaIlii y BOI1
riidocary (a) Ta kneroaumy (6). TpuBaicTh KOHTAKTY 3 IeCTUIMAAMU — | 1002

Puc. 4. 3anexHicTh KaTana3HOT aKTUBHOCTI €J10/1e1 KaHA/IChKOI BiJl KOHIIEHTpaIlii y BOI1
riigocary (a) Ta kierogumy (). TpuBagicTh KOHTAKTY 3 ecTUIMIAMU — 4 100U

MoskHa KOHCTaTyBaTH, 10 y BUBUCHOMY Jialla30HI KOHIEHTpAIlill MEeCTUIUIIB, came 4-TeHHa
eKCTO3HULlIsA MpU3BeNa 10 OTPUMAaHHS OUIbII JIIHIHHOTO BIATYKY TECT-CUCTEMH Ha KOHIICHTPALIO
nectunuAiB. OcoOIMBO MOMITHO 1€ Ha MPHKIAAlI Iimidocary: HAMH 3apeecTpOBaHE IOCTYIOBE
3HIDKEHHS KaTaJla3HOi aKTUBHOCTI MPH 30UIBIICHHI KOHIIEHTPAIlli JaHOTO TepOiluay B CepelOBHIILI
BUpOLLYBaHH: 10 19 % B MOpIBHAHHI 3 KOHTPOJIBHUM 3HaUEHHM (puc. 4).

Handbook of the XXIII International Science Conference 23
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

3HWKEHHSI aKTUBHOCTI KaTajla3u B MPUCYTHOCTI KJIETOMUAY CTaTUCTUYHO JIOCTOBIPHO BiOyIOCs
Ha piBHi 2 ['JIK Ta cknano 6ins 14 %.

Taxum ynHOM, O10XIMIYHI TECT-peakiii eno el KaHaIChKOI MPOJEMOHCTPYBAIM HabaraTo Kparry
KOPEJIAIII0 MiXK KOHIICHTPAIIEIO B CEPEIOBUIII ii iCHyBaHHS MECTUIUIIB Ta BiIMOBIIIIO POCTUHU B
MOPIBHSAHHI 3 MOP(OIOTITYHUMH MOKa3HUKAMHU.
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Boenni nii pocii mporu VYkpaiHM 3HAYHO BIUIMHYJIM Ha CTaH JIMMaHHMX aKBaToOpii
MuxkonaiBmunau, 30kpema, miapuB KaxoBcekoi ['EC, BHachiok $KOro 3Ha4yHa KiJTbKIiCTh
3a0pynHEeHUX BoJ Oyia ckuHyTa B JHinpo-by3bkuii nuMaH. AHOMaNIbHA CIIeKa Ta cyxa Ioroja Jita
2023 poky, 3MEHILIEHHS CTOKY MaJIMX PiuOK BioOpa3umiachk Ha cTaHi bepe3aHchbKoro JMMaHy, a TAKOXK
Ha cTaHi TWIIryJlbChKOrO JNHMMaHy, SKUH 3arajoM XapaKTepU3yeThCs SK J00puid. 3MEHIICHHS
€KOJIOT1YHOT CTIMKOCTI JIMMaHHUX aKkBaTopii MHKONAiBIIMHY, 30KpeMa Ienb(POoBOI 30HH BUMarae
HEeraifHUX 3aX0/1iB 3 OXOPOHH HABKOJHUIIHBOI'O CEPEIOBHILA TA BiTHOBJICHHS €KOJIOTIYHOT PIBHOBATH.

Taxk, 3Bakar0ouu Ha 3HAYHUI BIUIMB BiMCHKOBUX Miif HA MOPCHKI €KOCHCTEMH BHACIIJIOK BifHH
pocii mpotu Ykpainu, po3poOka Ta BIPOBaHKCHHS €)EKTUBHUX METO/IiB €KOJIOTTYHOTO MOHITOPHHTY
€ HaJ3BUYaHO BaXJIMBOIO IS BITHOBJICHHSA Ta 30€peKEeHHS PUPOJHOTO CEPEIOBHIIA.

Memoto pobomu € OOTpyHTYBaHHS HEOOXiTHOCTI BUKOPUCTAHHS IITYYHUX PUQIB y JTUMAHHUX
aKkBaTopisix MUKOIAIBIIUHY.

[IpoBeneno mocmimkeHHs eBTpodikamii Bomoiim bepesancekoro, J[IHimpo-by3pkoro Ta
TunirynbCchkoro JIMMaHiB, BUKOPUCTOBYIOUN CYITyTHUKOBI 3HIMKH.

Ha puc. 1. HaBereHO CyMyTHHMKOBI 3HIMKH aKBaTOpii JMMaHIB IiJ] 4ac iX «IBITIHHS». 3HIMKH
Oyno o0pobneno 3a momomorow iHcTpymeHty Ulyssys Water Quality Viewer (ocam Ta BMICT
xnopooiny y Bozi) EO Browser.

3 pPUCYHKY BUIHO IUISHKU «IBITIHHS», K1 croctepiranuch 23 uepBHa 2023 poky, B JHinpo-
Bby3pkomy nmumani Ta bepesancbkomy nmmani, a Takox YopHomy mopi. EBTpodikoBani AiNsHKH
HMOBIpHO OyJM IMOB’s3aHI 3 MOTPAIJITHHSIM B BOJY 3HAYHOI KUJIBKOCTI OPTaHIYHUX PEUOBHH IICIIA
nigpuBy ['EC. [l mopiBHSHHS HaBEICHO 3HIMKH, SIKI 11eHTHQIKYIOTh cTaH KysiapbHHIIBKOTO Ta
Xamxkubeiicekoro nmuMany Opmechkoi obnacti (puc. le), ame mns mMx akBaTopid 3a3Bhuail Taka
KapTHHA «IBITIHHA» XapakrepHa. Ha pwuc. Ir, n, a Takox Ha puc.2 (4.09.23) HaBeneHo
eBTpOQiKOBaHI TUISHKHA THIITYIbCHKOTO JIUMaHY, 1110 HMOBIPHO OB’ s13aHO 31 CHEKOTHOIO Ta CYXOI0
MOTO/I0F0, ajie B I[IJIOMY HE THIIOBO JJis THIIIrylIbChKOTO TUMaHy. B 1eli mepion Ha qaHUX TUTSTHKAX
TaKOXk CIIOCTEPIraBcs MOp puoH.

25


mailto:grubyy@ukr.net

Marepianun XXIII MixkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

Puc. 1. EBtpodikoBani ninguku akaropii, 23.06.23: a — ninpo-by3bkuii numas,
6 — bepezancbkuii muman, B — YopHe Mope, T, 1 — Tuinirynscbkuil muman, e — KysipbHUIbKUN
Ta XaOKUOEHCHKAI IMMaH

a 0
Puc. 2. EBtpodikoBana ginsuka Tunirynscekoro aumany, 4 sepecenst 2023 poky, 0 — mkaina,
SKa MOKa3ye BMICT XJIOpOQisly Ta 3BaKEHUX PEUOBHH 33 KOJILOPOM
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Jlns 30epekeHHsT Ta BiTHOBJCHHS NPUPOJHOro crtany bepesancekoro Ta [IHinpo-By3bkoro
JMMaHIB Ta TOKpAIIEHHS CTaHy eBTPO(IKOBAHMX IUISHOK THIIryIbChKOrO JHMMaHy HEOOX1IHO
BIIPOBA/PKYBaTH KOMIUIEKCHI 3aXOAM 3 MOHITOPUHTY 3a0pyIHEHHS, BIPOBAKEHHS EKOJIOT1YHO
YUCTUX TEXHOJIOTIH Ta CTpaTerii ynpaBiliHHSA BOAHUMH pecypcaMu. OTHUMH 3 TAaKUX 3aXO0/1iB MOXKE
OyTH BCTAHOBJICHHA IITYYHUX pU(iB. PHQOBI Kyl € epeKTUBHUMH IHCTPYMEHTAMU /7151 320X0UYECHHS
MPUPOJHHUX TPOIIECIB CAMOOYHUIICHHS, CTUMYJIIOIOYHA PO3BUTOK MOJIOCKIB-(DIBTPATOPIB Ta HIINX
MOPCBHKUX OpTaHi3MiB.

Puc. 3. Pudosi xyni 3aHypeHi B akBaTopito.

JloCBil BCTAaHOBIICHHS IITYYHUX pU(iB OyB MpoTECTOBaHUI B akBaTOpii YOpHOr0 MOps MOOIU3Y
KinOypHCBKO1 KOCH 1 BUSIBUBCS YCHIIIHAM. 3a MEPIIi IIiCTh MICSIIiB, MIiCJIsl BCTAHOBICHHS ""3€JIEHOT0
pudy", 6ymno 3adikcoBaHO MOSABY TMUMHOK YOPHOMOPCHKOI Mifii Ta MOAAJIBIIY KOJIOHI3aIiI0 00'€KTa
KOJIOHI€I0 IIbOTO BHUAY. 3a pe3yibTaTaMH MOHITOPHHTY, OyJi0O BHUSBJIEHO, IO HOBOCTBOPEHHH
01011eHO3 BiJI3HAYaBCSI 3POCTAHHSAM YHCEIBHOCTI JIBOX BUIB YOPHOMOPCHKHUX KpaOiB, M'ITH BHIIIB
OWYKiB, MOJIOJI KaMOanM Ta II0CH, a TAKOXK TPU BUAM KPEBETOK Ta 1HII BHAM PUO Ta MOJIOCKIB.
OTxe, aHi cBiIYaTh MPO BUCOKWH MOTEHLIAT BUKOPUCTaHHA "3eeHuX pudi" ams 3abesnedeHHs
010pI3HOMAHITTA Ta MiATPUMKH MPOLIECY CAMOOYHILEHHS JIUMAaHHUX aKBaTOpiii MUKOJIAiBITUHH.

[Tpu 1bOMyY BaXKJIMBO BCTAHOBUTH MOHITOPHHT'OBY CUCTEMY JUIS TIOCTIHHOTO KOHTPOJIIO 32 CTAHOM
pudiB Ta ekocucTeMu B IioMy. Lle 103BOINTH BUaCHO BUSBIATU Oy/b-SKi 3MIHM Ta pearyBaTH Ha
HUX, 1100 3a0e3MeunTH YCHIIIHY IMIJIEeMEHTAlil0 Ta eQEeKTHBHICTb MPOEKTY 30epexeHHS
Tunirynscekoro, bepezancokoro Ta /{Hinpo-by3pkoro guMaHiB.

[IpoanamnizoBaHO Ta 3aIPOMOHOBAHO KOHCTPYKIIIO INTYYHUX pU(DiB — pU(POBUX KYIIb.
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PucdoBi kyni BXe YCHIIIHO BCTaHOBJIEHO B 62 KpaiHaX CBIiTy, IIO MiATBEP/DKYE IXHIO
e(peKTUBHICTh Ta HAIMHICTb BHKOpHCTaHHSA. Y YopHOMYy MOpi I iHHOBAlis IUIAHYETHCS 0
BIIPOBa/PKEHHS Brepmie. Lli KOHCTPYKIi BUTOTOBISIOTHCS 3 LEMEHTY, 3a CHelialbHUM
3aMaTeHTOBAaHUM PELETITOM 3 BUKOPHCTAaHHIM MIKpOKpeMHe3eMy (cuiikaTHoro muy). Lleit ckman
3abe3neuye piBeHb pH, anamoriunumii 10 pH MOpCbKOi BOJHM, rapaHTYIOUH CYMICHICTh 3 MOPCHKHM
CEepEeIOBUILEM Ta MiABHILYIOUN MPUBAOIMBICTD KOHCTPYKLIN JJIS1 KOJIOHI3YIOUHMX OpraHi3MiB.

PexoMenpamii BiJ TakuxX aBTOPUTETHHX OpraHizamii, sk MikHapoaHa acomiamis "AIbsSHC
NpUPOIHBOro BiHOBIEHHS yeTpHib' (NORA) ta ®dynnanis pudosux kynb (Reef Ball Foundation),
MiIKPECIIOI0Th BAKJIMBICTh BIPOBA/DKEHHS IITYYHUX PHUQIB s 30€peKeHHS Ta BiTHOBICHHS
€KOCUCTEM, OCOOJIMBO B YMOBAX, KOJIM MPUPOIHI PECYpCH MiJIAl0THCSl 3HAYHOMY aHTPOIOTCHHOMY
BIuMBY [1,2].

3acTocyBaHHS PEKOMEHJIOBAHUX KOHCTPYKLIA puU(OBHX Kyilb y JIMMaHax MOXXE BiAirpaBaTH
KJIIOYOBY POJIb y CTBOPEHHI CIPHUATIMBOTO CEPEIOBHUINA JUISI MOIIOCKIB-(DUIBTPATOPIB Ta 1HIIMX
MOpCBHKUX oOprafizmiB. OJHOYACHO, LI 3aXOJH CIPHUATUMYTH MiJABUILEHHIO OIOpI3HOMAHITTS Ta
MOKPAIEHHIO SKOCTI BOAM B JIMMaHi.

3BakaloyM Ha MO3UTHBHUN JOCBiJ 3aCTOCYBAaHHS DPEKOMEHJIOBAHHUX TEXHOJOTIH y PpI3HHUX
perioHax CBiTY, BXXJIMBO BIIPOBA/DKYBATH X BIAMOBIAHO A0 crienudiyHUX MoTped 1 XapaKTepUCTUK
auMany. J{is 1poro HEOOXiAHO MPOBECTH JOKJIAIHI JOCIIPKEHHS 1 pO3pPOOUTH CTpATETiio, sKa
BpPaXxOBYBaTUME MICIIEBI YMOBH, KIIIMAaTH4HI OCOOJIHBOCTI Ta OCOOJHMBOCTI IPYHTOBOTO IOKPHUBY.
Kpim Toro, BaxxiuBo 3a0e3meunty e(heKTUBHUI MOHITOPUHIOBHIA TJIaH JJIS1 OL[IHKU Pe3yJbTaTiB Ta
BIUIMBY BIIPOBA/DKCHHA IITYYHUX PU(]IB HA EKOCUCTEMY JIUMaHYy.

st ehekTUBHOI IMIUIEMEHTALl LKMX PIIeHb Y JIMMAaHHUX aKBaTOPisAX MOTPIOHO 3a0e3meunTH
HEOOXIiJJHI pecypcH, TeXHIUHY €KCIEepPTHU3y Ta BIAMOBIAHY IH(PACTPYKTYpy JUIs BUPOOHMIITBA Ta
BCTaHOBJCHHA pU(oBUX Kynb. KpiM TOro, MOHITOpMHrOBa CHUCTEMa IOBHHHA OYTH HAaJEKHO
HAJIAIITOBaHA Ul BIJCTEXKEHHS Pe3yJbTaTiB BIUIMBY IIMX KOHCTPYKLIH Ha €KOCHCTEMY JIMMAaHIB
niBHIYHOTO [Ipu4opHOMOp’ St MPOTATOM TPUBAJIOTO MEPIOY.
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The increasing intensity of water pollution in Ukraine each year requires immediate measures to
reduce the impact of anthropogenic pollution on aquatic ecosystems. The implementation of
innovative biotechnological strategies will lead to increased efficiency in wastewater treatment
processes and a reduction in negative environmental impact. Furthermore, ensuring access to clean
water for consumers becomes an increasingly critical task. The development of biotechnologies for
wastewater treatment involves not only reducing wastewater pollution but also ensuring access to
safe drinking water for the population. The growing attention to water quality standards and
environmental norms necessitates the continual improvement and implementation of innovations in
the field of wastewater treatment. The development and implementation of innovative
biotechnological strategies in wastewater treatment are a key element of sustainable development and
the conservation of natural resources.

One of the strategies focuses on addressing the increasing pollution of natural waterbodies by
compounds of nutrients that come from insufficiently treated wastewater as a communal, as well as
industrial origin, leads to an increase of eutrophication processes in water sources. The results are:
the rapid development of aquatic plants and algae, water pollution, reduction of oxygen concentration
in water, deterioration of the waterbodies state, strengthening of saprogenic processes, reduction of
the hydrobionts species diversity, etc.

Municipal and industrial wastewater treatment requires different approaches due to the
qualitative and quantitative composition of wastewater. However, the use of biological methods
prevails in both cases [1-3]. Also, the issue of wastewater treatment quality is not only relevant in
Ukraine, but also globally [4,5]. Technologies such as membrane bioreactors (MBR) and moving bed
biofilm reactors (MBBR) are used worldwide due to their compactness and high efficiency, but their
high cost hinders the widespread use of these methods. The main features and applications of these
processes are the simultaneous removal of organic matter, nitrogen and phosphorus. Given the
importance of removing nitrogen compounds from wastewater, the latest advances in this area,
including new nitrogen removal processes (e.g. Anammox), are also considered [6].

A biological wastewater treatment technology that will allow to achieve the discharge standards
to water bodies and at the same time will not be expensive, both in construction and operation, is the
goal of this study. The recommended and implemented wastewater treatment technology for example
of the meat plant [7] provides high treatment efficiency: up to 98% for COD, up to 99% for
ammonium nitrogen, up to 96% for nitrates, and up to 98% for phosphates. Concentrations of
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pollutants in treated water after the introduction of technologies at treatment plants do not exceed the
maximum allowable discharge into a natural reservoir.

Therefore, the use of immobilized microorganisms for biological treatment of industrial
wastewater can significantly increase the efficiency of treatment of organic compounds, nutrients -
nitrogen and phosphorus compounds. This is due to the growth on the surface of carriers - nylon
fibers, biomass of destructive microorganisms in both anaerobic and aerobic conditions for the
gradual breakdown of complex organic compounds to form minerals and gases. The method of
biological treatment with immobilized microorganisms is characterized by simplicity, reliability, low
energy costs, which determine its viability and cost-effectiveness.

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

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

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

The hydrobiological analysis of microorganisms confirmed their ability to periodically work with
the restoration of vital activity under conditions of being in a dry state during the shutdown of the
treatment plant and even after testing at low temperatures (-30 - -32°C). Among the hydrobionts,
there were sarcoderma, variously shaped and abdominal ciliates, circular ciliates, and rotifers, which
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indicates the presence of organisms of different trophic levels. The treatment plants with immobilised
microorganisms are capable of intermittent operation, and the formed and preserved biocenosis is
resistant to recovery and quick start-up even at rather low winter temperatures. The objectives of
further research will be to establish the technological modes of operation of facilities with
immobilised microorganisms during the period of shutdown, shutdown and restart and to optimise
processes during this period to minimise its duration and save material and financial costs.

The presented strategies are not a complete list of new approaches to biotechnology for
wastewater treatment, but they provide a clear understanding of the benefits of such technologies that
will contribute to the conservation of water resources and ensure sustainable development of society.
In the future, it is planned to further study the carriers of immobilised microorganisms and,
accordingly, the processes and biological agents that ensure wastewater treatment at batch facilities
in accordance with the Ukrainian regulations for discharge into water bodies or the municipal
sewerage network.
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OcTaHHIM YacOM aKTHBHO 3JIHCHIOETHCS TMONIYK MpenapaTiB POCIMHHOTO IMOXO/DKEHHS, SKi
MAaloTh JIKyBaJlbHI BIACTUBOCTI Ta MiHIMaJbHY MOOIYHY [il0 HAa OpraHi3M JIIOJUHU - Ha TPOTHUBArY
CHHTETHYHUM TIpernaparam. Y TIOHIyKaX HOBUX JDKEpel CHPOBUHU 3 (hapMakoJIOTIYHUMU
BJIACTHBOCTSMHU aKTUBHO JIOCITI/DKYIOThCS pociuHu poay Scutellaria L. [1, 2]. OcranHi mmpoko
3aCTOCOBYIOTHCS B HApOJAHIA MEIUIMHI 3aBASKA BHCOKOMY BMICTy (PIaBOHOINIB, TyOMIBHHX
PEUOBMH Ta XapaKTePU3YIOTbCA NPOTHIYXJIMHHUMH, TPOTHUBIPYCHHMH, TNPOTHU3ANATBHUMH,
AHTUOKCHJIAHTHUMH, aHTUOAKTEPi1aJbHUMHU BJIACTUBOCTSMHU.

3Bakalo4M Ha JITEpaTypHi JaHi 1010 BUCOKOTO BMICTY (DIaBOHOIIB Yy KOPEHSIX POCIHMH POAY
Scutellaria L. [3], Hac 3auikaBuiia MOXJIMBICTH OTPUMAaHHS Ta OIOXIMIYHHWI aHai3 EKCTPAKTIiB
KyJIbTYPH TPAHCTEHHUX KOPEHIB IIOJIOMHHUIII, aJKe 11 O T03BOIIIIO 301IBIIUTH 00’ €eMu H6iomMacH, sika
MO>Ke OyTH BUKOPUCTAaHA B SIKOCTI JIIKAPCHKOI CUPOBUHH.

Meroro Hamoi pob6oTu Oyn0 OTpUMaTH KyJIbTYpYy TPaHCI'€HHUX KOpeHiB BUIIB S. albida Ta S.
altissima Ta mpoaHanizyBaTH BMICT ()JIaBOHOIIB Y €KCTPAKTaX OTPUMAHHUX KYJBTYP.

PocnuHu M10JIOMHUII BBOJWIIM B KYJBTYPY i1 Vitro IUIIXOM OBEPXHEBOI cTepuili3allii HaciHHS
nBoX BUIIB ponay Scutellaria L. (S. albida L., S. altissima L.). PocnuHu Ky TbTUBYBaIH IIPH KIMHATHIH
Temrepatypi, 16-roguHHOMY (OTONEpioi Ha KUBWIBHOMY cepenoBuili Mypacire — Ckyra [4]. s
MOJIAJIBIIOT TeHETHYHOI TpaHCchOopMallii BUKOPUCTOBYBAJIM POCIMHH BIKOM Bif 6 10 12 THXKHIB.

Jlns oTpuMaHHsS KyJBTYpH TPAaHCT€HHHX KOPEHIB BHKOPUCTOBYBAJIM arpoMiHOBHH Imram A4
Agrobacterium rhizogenes. Hiuny OakTepianbHy CYCHEH3IHHY KyJIbTypy OTPUMaHy y PiIKOMY
*uBWILHOMY cepenouiili LB [5] Ha Tepmorieiikepi (200006./xB), nentpudyrysanu npotsrom 10 xB
(400006./xB), Hagai ocaja pecycreHayBalld Y piIKOMY KUBHIIBHOMY cepeaoBulli MS 3 nogaBanHsM
100 mMxM anerocupunrona. Pocnunni excrmantu S. albida Tta S. altissima KynbTHBYBaIH 3
OakTepianbHOIO CYCIIeH31€r0 Ha opOiTaibHOMY Mieiikepi (15006./xB), mpoTsarom 48 roxun npu 28 °C.
B nonanpeioMy eKCIuIaHTH epeHOCHIIN Ha arapu30BaHe )XKUBUIIbHE cepefoBuiie MS 3 1o1aBaHHIM
400 wmr/nm antubiotmka nedorakcuma s enimiHamii OakTepiii. Uepe3 TpH TWKHI ICHA
TpaHchopMarlii crocrepiraid yTBOPEHHs KOPEHIB Ha POCIMHHUX €KCIUIaHTax S. altissima, 1m0
xapakTepusyBanucs Ri-peHoTunom (IBUAKHUM POCTOM, BIZICYTHICTIO T€OTPOII3MY Ta XapaKTEPHOIO
omymeHicTio) (puc. 1). Ha ekcrutantax pocnus S. albida kopeHeyTBOpeHHS HE CIIOCTepiraiocs.
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Puc. 1. [nimianis kopeHeyTBOpPEHHS Ha TIMOKOTHWIIBHUX €KCIUTaHTax S. altissima

Jis  mATBEpKEHHS TPAHCTEHHOI MPUPOIM OTPHUMAHMX KOPEHEBHX KYJIBTYP MPOBOIUIIHN
MOJICKYJISIPHO-TEHETUYHUN aHaiz 3a gonomoror meroxy I[LJIP (po3mip dparmenta 780 m.H.,
HYKJICOTHIHA ITOCJTiIOBHICTh mpaimepiB: 5'-atggatcccaaattgctattccttccacga-3', 5'-
ttaggcttctttcttcaggtttactgcagc-3') (puc. 2).

Puc. 2. Enexrpodoperpama IlJIP-ananizy Ha mnpucytHicte rol/B reny: M — Mapkep (1
kbPlusDNALadder, Fermentas), 1 — neratuBHuii kKoHTpoJsib (mpoba 0e3 JIHK), 2 — neratuBHuUI
koHTposb (JIHK HerpancopmoBaHoi pocinHn), 3 — mO3UTUBHUN KOHTPOIb (asMmigHa JJHK (A4)),
4-5 — JIHK anamnizoBaHHX 3pa3KiB KyJIbTYpH ,,00p01aTHX” KOPEHIB

[1JIP-anamni3 103BOJIMB BUSBUTH MPHUCYTHICTh arpoOakTepialbHOTO 70/B reHy, 1o MiATBEPIKYE
TPAHCI'€HHY IIPUPOY OTPUMAHOI KOPEHEBOI KyJIbTYpH.
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Jlnst BU3HAUEHHS BMICTY (PIIaBOHOINIB y KyJIbTYpi TPAHCTEHHUX KOPEHIB Ta KOPEHIB IHTAKTHUX
POCIIMH BUKOPUCTOBYBAIU CIEKTPO(GOTOMETPHUYHHI METOJ 3 MEPEepPaxyHKOM Ha PYTHH, OCHOBOIO
SKOTO € BJIACTHUBICTH (pJIABOHOI/IB YTBOPIOBATH 3a0apBJICHUN KOMIUIEKC 13 CIIUPTOBHUM PO3YHMHOM
XJIOpUy amoMiHio [6] (puc. 3).

MI/T
0,14

0,12 -

0,1

0,08 -

0,06 -

0,04 |

0,02 |

KynbTypa TpaHCTeHHUX KOpEHIB KopeHi Buportesi in vitro

uS. altissima

Puc. 3. BMmicT ¢r1aBOHOIIB B €KCTpaKTax TPAHCTEHHUX KOPEHIB Ta KOPEHIB POCIMH BHPOLICHUX
B YMOBAaXx in VItro

BusiiieHo 10CTOBIpHO OibII BUCOKHH BMICT (pIaBOHOIMIB Uil KYJIbTypH Ri-KOpeHiB, HIXK IUis
KOpPEHIB POCIIMH BUPOIIECHUX B YMOBAX in vitro Buny S. altissima.

TakuM 4YMHOM, OTpUMaHI JaHi JO03BOJISIOTH 3pOOMTH BUCHOBOK, IO (hapMaKoJIOTi4HO
MEPCIEKTUBHOIO MOYKHA BBAXKATH KYJIbTYpPY TPAaHCT€HHUX KOpPEHIB BULY Scutellaria altissima L., mo
XapaKkTepu3yBaIacs BUCOKUM BMIiCTOM ()JIaBOHOI/IB.
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BUKOPUCTAHHS PUB SIK IHJIMKATOPIB CTAHY I'JIPOEKOCUCTEM
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Tpancdopmariis BOIHUX €KOCHCTEM, BUKIMKAaHA aHTPOIIOICHHUMH 3MiHAMH Ha OaceifHOBOMY
piBHI, IpU3BeNa 0 3HAYHOIO IMOTIPIIEHHS CTaHy HOMYJALid pul y OUIBIIOCTI BOAOWM YKpaiHH.
Merta Oyab-KOi PEeKOHCTPYKIIii BOJOWMU - 301IBIIEHHS POYKTUBHOCTI 200 PO3LIMPEHHS CIIEKTPY
HOro BHMKOPHUCTaHHS, aje CTPYKTYpHAa CKJIAaJHICTh €KOCHCTEM He [03BOJSE€ IepeadauuTu BCi
HETraTUBHI 3MIHU Ta MPOIIECH, 5IKi OyyTh PO3BUBATUCS B PE3YJbTaTi AISIILHOCTI JIIOAUHH. Y LBOMY
KOHTEKCTI TOCTPOIO € IpodiieMa BU3HAYEHHS €KOJIOTYHUX PU3HKIB Ta THX 1HAMKATOPHUX MMOKA3HUKIB
Ha OlOLIEHOTUYHOMY Ta MOMYJISILIKHOMY PIBHSX, SIKI JO3BOJIATH Iepel0ayluTH HETraTHBHI 3MiHU B
EKOCHUCTEMAaX.

Ha nganuii MOMEHT piBEeHB IXTIOJOTIYHHUX JOCIHIKCHb HE 3aBXKIU J03BOJSE YITKO BU3HAYUTH 3
SKMMHU TIPOLIECAMH Yy BOJOMMHUIIAX MOB’s3aHI 3MIHM BHJIOBOTO CKJIaTy a00 CTPYKTYPH MOIMYJSIi
pu6. Came TOMY € HEOOXIHICTh PO3POOUTH TEOPETUYHI MTiXOIM BUKOPUCTAHHS PUO SK IHAUKATOPIB
CTaHy TiApOEKOoCHCTEeM. BUKOpPHCTaHHS CTPYKTYPHHUX OCOOJMBOCTEH MOMYJISALIN 1 yrpyrnoBaHb puo
K OIOIHIAMKATOPHUX IIOKa3HHKIB Ma€ sIK MEepeBarv, TaK 1 HEAONIKM IOPIBHSHO 3 BOJHUMHU
0e3xpebeTHUMU, BOJIOPOCTSIMU Ta BUIIMMH BOAHHUMH pociuHaMu. Jlo mepesar 1i€i MEeTOIUKU CIIijT
BITHECTH BIJHOCHO BEJIMKI pO3MIpH OO’€KTiB, BIJHOCHY NPOCTOTY BH3HAUYEHHS BHJIOBOI
MPUHAIEKHOCTI PUO, MOXIIMBICTH TPOBEACHHS JOCHI[DKEHb 3 MIHIMAJIbHUM 3aCTOCYBaHHSIM
n1a0opaTOpHOTO 00IaIHAHHS, SIKE T€XK JOCUTH MIPOCTE ISl BU3HAYCHHS CTPYKTYPHUX XapaKTEPUCTUK
nomyysAnid pu6. HalOimpn CyTT€BUMH HEHONIKAMU € CKJIQAHOCTI BU3HAYEHHS JIOCTOBIPHUX
MOKAa3HHUKIB YHCEIBHOCTI MOMYJIALIN PI3HUX BHJIIB PUO, pyXJIMBICTh MPEACTAaBHUKIB iXTiohayHH, 110
J03BOJISIE 1M YHMKAaTH HECHPUATIMBUX yMOB ICHYBaHHsA, (aKTop BWIy4YeHHS pHO Yy
prOOroCIoapChKUX MIJISX, IO MOPYIIYE CTPYKTYPY MOMYJIALIA Ta yrpyIoOBaHb.

Mertoro po0OTH € po3poOKa TEOPETHUHUX 1 MPAKTUYHUX ACTEKTIB BHUKOPUCTaHHS puO Ha
MOMYJIALIKHOMY Ta IEHOTHYHOMY PIBHAX SIK 1HJIMKATOPIB EKOJOTIYHOTO CTaHy BOJONMH.
MoJenpHOI0 aKBaTOPI€r0 Al PO3KPUTTS IUX MUTaHb Moxke Oyt YopHe Mope, OCKUIbKH y HOro
OaceifHi MPOCTEKYIOThCS Pi3HI 3MIHM SK HMPUPOIHOTO TaK 1 AHTPOIOTEHHOIO MOXO/KeHHS. Kpim
TOr0, iXTio(hayHa 11i€i BOJOWMH TOCUTH JIOKJIAJHO BUBYEHA SIK HA PIBHI CTPYKTYPH 1XTIOIIEHO31B, TaK
1 Ha piBHI OKPEMHUX TOIYJISALIHN.

Martepianin Ta Metoam aAociimkeHHs. OCHOBOIO [aHOiI POOOTH MOCTYXHIM PO3pOOIEHI
TEOPETUYHI MiJXOIU 1HIIMX CUCTEMAaTHYHUX TPpyM TBapHH [1]. DakTu4HI iXTIONOTIYHI MaTepiaiu y
Oaceitni YopHoro mopsi 36mpanu mpotsirom 2019-2023 pokiB. AHami3 yloBiB Ta 0COOMH pHO
3MIACHIOBABCS BIAMOBIMHO 1O CTaHIAPTHHUX ixTiomoriunux MeroniB [2]. Ilim dac pobit Oymo
copmoBaHO 0a3y MaHMX 3 PI3HUX HAIMPSIMIB JOCTIKEHb (CTPYKTYypa yJIOBY, OlOJOTIYHMI aHai3,
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IIPOMUCIIOBI  yJIOBH, TiJpoOJIOTis, TiApoximis Ta iH.). Jlng cratuctuyHoi OOpoOKM JIaHHMX
BUKOPHCTOBYBAIIM MPOTrpaMHuii mpoaykt Statistics 6.0.

PesyabTaTn gociaigxeHb Ta ix o0roBopeHHs. binbmiicte kpain 3axigHoi €Bpormu amis
OioiHAMKaILlli BUKOPHCTOBYIOTH OIOTHMYHI 1HJIEKCH JUIsl CTaHIAPTHOTO KOHTPOJIO SKOCTI Boau. B
octanHe aecatuiitra XX cr. B €Bporni ta CIIA cnocrepiranacst TeHISHIISI PO3BUTKY 010710TTYHUX
METO/IIB OLIIHKM B paMKaX €KOCHCTEMHOI'0 IHTErpOBaHOro Mmiaxoay. B Ykpaini 3apa3 Biq3HauaeThCs
iHTepec JOCHITHUKIB y BUBYECHHI PI3HHUX MiJIXOMAIB 10 BUKOPUCTAHHSA PUO SK 1HJUKATOPIB CTaHy
rigpoexocuctemM [3]. Pazom 3 THUM cCIiJ 3a3HaYUTH TEBHY CKJIQIHICTh BHUKOPUCTaHHS pUO SK
1H/IMKATOPIB, OB’ I3aHUX HacaMIepe]] 13 TAKUMHU HEHOTIKaMU:

1) emmipuyHi JaHi MarOTh NEBHY HEOJHO3HAYHICTB;

2) BIACYTHICTb HaJIIHHUX KPUTEPIIB 151 BUOOPY aOCOTIOTHO aJIeKBaTHUX O10JI0T1TYHUX OKA3HUKIB
3 METOIO OIIIHKM BIUTMBY Ha €KOCHUCTEMH;

3) npobnema BUOOPY «ETaJOHAY MOPIBHSAHHS PE3yIbTATIB OLIIHKH;

4) 6mu3bKo 2/3 GIOTUYHMX 1HJEKCIB 0a3yI0ThCS Ha TOHHUX MaKpoOe3XpeOeTHHX;

5) pubu gk G10IHMKATOPU PO3IIIAAAIOTHCS AYKE PIIKO;

6) MOXXITUBOCTI O101HIMKAIIIT HA OCHOBI CTPYKTYPHUX OCOOIMBOCTEH Mmomy il pud y BomoiiMax
VYKpaiHu AOCIIPKEHO HEAOCTATHRO;

7) mepeBakHa OLIBILICTH NOCTIKEHb 3 MpoOsieMu OloiHauKalii B YKpaiHi 31iHCHIOETbCS Ha
BEITUKUX PivKax 1 BOJOCXOBUIIIAX, HATOMICTh MaJli PIYKH Ta COJIOHYBATi BOJIOMMHUIIA B I[bOMY aCIEKTi
JOCITIIKEH] MaJIo;

8) mpolGIieMu OIIHKHU SKOCTI CepeJOBUIIIA 3 AHTPOIOLEHTPUYHHUX TAa €KOCUCTEMHHUX MO3ULIN Ta
npoOJIeMH BU3HAYEHHS ONITUMAIIBHOTO PiBHS aHTPOIIOT€HHOT'O MEPETBOPEHHS T'1IPOEKOCUCTEM;

9) mOCTIHHO BMHHUKAIOTh HOBI 3arpo3M CTIHKOCTI €KOCHCTEM - II€ BHMara€ pO3LIMPEHHS
MO>KJIUBOCTEH O101HIUKAIIIT;

10) y cdepi Oioinnukarii YkpaiHa CyTTeBO BiJICTa€ BiJl PO3BUHEHUX KpaiH.

Bonnouac HeOOXiTHICTH PO3BUTKY TakKMX poOIT oOdeBHIHA. BUSABICHHA 1XTIOJIOTIYHHUX
1HAMKAaTOpiB HAa OIOIEHOTMYHOMY Ta NOMYJSIMIMHOMY pIBHSAX, IO XapaKTepU3yIOTh CTaH
TiAPOEKOCUCTEM, HAlall MOXYTh OYTH OCHOBOIO JUIS JOCITIKEHb 3 METOI0 MepeA0ayeHHs 3MiH Ta
MIOTIEPE/DKEHHST €KOJIOTIYHUX PU3UKIB y BojoiMax VYkpaiHu. Jleramizamis 3aleXHOCTEH MiX
KUTbKICHUMH MTOKa3HUKaMH, 1110 XapaKTEePU3YIOTh CTPYKTYPY Ta IMHAMIKY 1XTIOIIEHO31B 1 MOMYJISLiN
pu0, 3 ogHOrO OOKY, 1 JiI0 OCHOBHHUX (DaKTOpIB BIUIMBY Ha iXTiodayHy, 3 iHIIOTO, AO3BOJISIOTH
BUSIBUTH OCOOJIMBOCTI CTPYKTYPH IXTIOIICHO3IB 1 KUIBKICHI XapaKTEepUCTHKH PO3MipHO-MacoBOfi,
CTaTeBOi CTPYKTYpPH MOMYJSAii puO, IO BiANOBINAIOTH NEBHOMY pIBHIO HETaTUBHUX 3MIH Y
riIpoeKocUcTEMAX.

AHanizylouH iCHyIO4l MiAXOIU Ta METOAM, A YOpHOro Mops HaHOLIbII NPUHHATHUMHU € 5
MOKA3HUKIB MOMYJISIIHHOIO Ta LIEHOTUYHOTO DIBHIB, SIKi JO3BOJIATH CYIUTH MPO Pi3HI 3MIHH Y
BOJIOMMI:

1. Po3mipna pisHomanimuicms ocooun nonynayii. SIk BigoMo, KO)KHa BIKOBa rpyIia IpecTaBiIeHa
0COOMHAMH PI3HOTO PO3MIpPY, SKHH 3alIeKUTh B SKOCTI CEPENOBUINA, TOMY iX PO3MOILT 3a
pO3MIpHUMH psigaMu Oyjae BiApi3HATHUCA. ISl OIIIHKM Cy4acHOro CTaHy SIKOCTI CepeoBHIIa
HaiO1LIbII iHPOPMATUBHUM Oy/1€ aHaNi3, 31IICHEHII Ha MOJIOJHSKY 1 Ha prOl 3 KOPOTKHM >KUTTEBUM
IIUKJIOM, OCKUIBKM PI3HOMAaHITHICTh PO3MIpIB CTapUIMX BIKOBHX TpPYIN pUO 3 JOBIHM >KUTTEBUM
UKIOM MOXKe OyTH pe3ynbTaToM [iif, 10 Majiu Miclle B MHHYJI mepioau. [HamkaTopHHM
MOKa3HUKOM Y pa3i Moxe OyTu koedimieHnT Bapiauii [2]. Tak, AKII0 eKOJIOriuHI yMOBU CEpeOBUINA
CHIPUSTIIUBI U PO3BUTKY PUO, TO BHIKMBAIOTH 1 CIIBICHYIOTh OCOOMHM OJHOTO BHJY 3 IIMPOKUM
Jiara3oHoM Ol0JIOTIYHUX XapaKTEPUCTHK, HANPHUKIAA, PUOU 3 Pi3HOIO JOBXHUHOIO Ta Macolo Tija.
SIKIIO K EKOJIOTIYHI YMOBHM CEpEIOBHUINA HECHPUSTIMBI Ta BIUIMBAIOTH HEraTUBHI (pakTopu, TO
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CIIOCTEpIraeThCs [Tisi CTabLII3yl04oro BigOOpy, AKHMM BiJCiKae KpaloBi BapiaHTH Ta MIATPUMYE
MeBHUM (EHOTHUII i3 BY3bKHM Jlialla30HOM Bapialiii Mmoka3HHKiB. BiAmoBinHoO i kKoedilieHT Bapiarii
KOKHOTO MOKa3HHUKa Oy/ie HU3bKUM 3a CBOIM 3HaueHHsM [3].

2. Posmipno-macosa cmpykmypa nonyaayii. [Ioka3HUKH CTPYKTYpH TMOMYJISALINA BUIY MOXYTh
OyTH HENpPSIMUM Bi0Opa’KeHHSIM BIUITMBY HETaTHBHUX YMHHMKIB. Tak, 3HaUYHa TUHAMIKa MOKa3HUKIB
y PpO3MIpHO-MAacOBili CTPYKTYpi OCOOMH Ja€ MOXJIMBICTh TOBOPUTH IPO HAasBHICTH (DaKTIiB
HaJIMIPHOT'O BUJIOBY 1 MiJIPUBY YMCEIBHOCTI MOMyJIALii. BUKOpUCTaHHS 1aHOTO TOKa3HUKA MOYKIINBE
IUIsL BUJIIB, 31 CTaTEBUM JUMOP(]I3MOM 32 po3MipamH, SiKi IHTEHCUBHO BUKOPUCTOBYIOTbCS PUOHUM
MIPOMUCIIOM.

Y YopHoMOpcbKoMy OaceifHi sl XapaKTEPUCTHKH I[bOT0 MOKa3HWKAa MO>KHAa BUKOPHCTOBYBATH
ouuka-kpyrisika Neogobius melanostomus (Pallas, 1814). Tak, mocniguBIIU TUHAMIKY 3HAY€HBb
CepeIHbOPIYHUX MOKA3HUKIB JJOBKMHH Ti1a MPOTATOM OCTaHHIX 60 pOKiB, BCTAHOBJICHO, 110 BOHU
3HAXOAATHCS y MPsIMii HETaTUBHIH 3aJI€KHOCTI BiJl IHTEHCUBHOCTI TPOMHUCITY.

3. Cmamesa cmpykmypa 0COOIMBO € BaXJIMBUM IMOKA3HUKOM IJisi pUO, 110 MAIOTh CTaTEBHIA
muMopdizM. Y TMEBHHX YMOBaX MOXYTb ICHYBaTH pi3Ki BIOXWICHHS BiJl «HOPMAaJbHOTO»
CMIBBIJJHOIICHH] cTaTei y pe3ynbpTari Jii pi3HUX NPUPOAHUX Ta/abo AaHTPONMOreHHHX (HaKTOpIB.
CrateBa CTPYKTypa OKpPeMHX BHUIIB pUO 3HAYHO 3MIHIOETHCS, A€ TIEPEBAKHO CITIBBIIHOMICHHS
6mu3pko 1:1 [1]. YV mepiox iHTEHCHMBHOrO MpOMHUCITY OHUKiB y YOpHOMY MOpi BHJIOBIIOIOTHCS
MEPEeBaXHO CcaMIli, sIKi OlIbIIe 32 PO3MIpOM, HDK caMKU. Lle mpu3BOIUTH 10 MEpepo3MoIiTy cTaTen
Ta HakKjIagae cBii BiAOMTOK Ha (popMyBaHHsS BpPOKAHHOCTI MOKOJIHb Y HAcTymHi poku. Tak Ha
noyatky 60-X pOKiB CHiBBIJHOIICHHS cTareil y Ouuka-Kpyriska Oyno yuime Ha piBHi 1:1,6 3
NepeBaKaHHAM CaMOK. Y pe3yJIbTaTi IHTEeHCUBHOTO IIPOMHMCITY BKe HAIPUKIHIII BKa3aHOTO Yacy Len
MOKa3HUK cTaHOBMB 1:1,9, 0 HEraTMBHO MO3HAYMIIOCS HA €(EKTUBHOCTI HEPECTY Ta YUCENbHOCTI
BUJy Y HAaCTYIHI poKU. BpaxoByrouu Taky 3ajJeHICTb, MOJKHA KOHCTAaTyBaTH, IO IepeBara CaMoK
Ha/1 CaMISIMHU MO>Ke OyTH NMOKa3HUKOM PiBHS IPOMUCIOBOTO BHJIYYSHHS Ta CTAHy HOIYJIALI] OndKa-
Kpyriisika y YopHOMY MOpi.

4. Inousioyanvha mopgonociuna miHaugicms OCOOMH Ta HasBHICTh QeHoneniamii. s
BU3HAYCHHS PIBHSA MIHJIMBOCTI IIOAO MPHUPOTHOI MOMYJISAMii SK LITICHOI M€HETHKO-EBOJIIOLIHHOT
CHCTEMH, NEPCHEKTHBHUM € BpaxyBaHHS CTaOLIbHOCTI 1HAMBITYaJIbHOTO PO3BHUTKY 3a TaKHUMHU
O3HaKaMH, SIK piB€Hb (PIYKTYI04O1 acCUMETpii Ta KUIbKICTh (heHoeBiamiii [4]. OcTanHs, IK CBOEpiIHA
rpymna 3MiH, siKa 3aiiMae MpOMDbKHE MOJIOKEHHS MK SIKICHUMH 1 KiJIbKICHUMH O3HaKaMH, 1 BKa3ye Ha
CTaKOB1 BIIXMJICHHS BiJl HOPMH, JTy>K€ MIHJIUBI 1 TPAIUIAIOTHCS 3 PI3HOIO YacTOTOO. SIK mpaBuio, y
NPUPOJHHUX TOMYJISILIAX 3YCTPIYalOThCs PI3HI PiBHI BiAXWIEHb, YaCTOTa SKUX HEBEJIMKA, ajie B
OKpEMHUX BUTAJKaX BHUSBISIETbCS 3HAYHOK. KpiM TOTO0, iCHY€ 1HIINN TiAXi/ 0 OLMIHKU CTa0lIbHOCTI
1H/MBITyaJbHOTO PO3BUTKY pHUO B YMOBaxX AaHTPOIOICHHOrO Ipeca Ha EKOCHCTEeMH - aHali3
MOp(OJIOTIYHUX OlaTepaqbHUX O3HAK [4], IpU SKOMY 3’SICOBYETHCS MIHJIMBICTH IUX O3HAaK Ha
JiBOMY Ta mpaBoMy OOIli Tija.

Y YopHoMmy Mopi Taki poOotu Oyno mHpoBeAeHO Ui KamOanu-KalkaH YOPHOMOPCHKOL
Scophthalmus maeoticus (Pallas, 1814). Cepen xapakTepHHX 1 YiTKO BUPAKEHHUX, TOOTO TaKUX, L0
HE BUMAraroTh Jy’Ke MUIBHOTO OISy pHO, 3yCTpI4aloThCs pi3Hi MOpyIIeHHs y Oy10Bi Ta Tororpadii
opraniB 0iyHOi JiHIi Ta MpaBoCTOpoHHA ¢opma Tina. CiiJ 3BepHYTH yBary Ha Te, IO XapakTep
po3TanryBaHHs Ha TU1i 619HOI JIiHi1, 1 po3TalyBaHHs O4Yel Ha JiBil CTOPOHI TiJla PO3TISAAIOTHCS SK
JIarHOCTUYHI O3HAKH Ha piBHI ciM’1 Scophthalmidae [1].

Amnanizytoun nofioni podbotu y Manomy ApKanuibKoMy JIMMaH1 Ta MpUiIersii yactuai YopHoro
mopst y 2013-2023 pp., Oynu BcraHOBJIEeHI OAiOHI ¢eHomiBianTu st kedani Liza haematocheilus
(Temminck et Schlegel, 1845). OcHoBHUMM THITAMU aHOMAJTI JUTSL BUY B AOCIIIPKYBAaHOMY PErioH1
CITy’KWJIM: BUKPHUBIICHHS XpeOTa, HEJOPO3BUHEHICTh OJHIET 3510pOBOT KPUILIKK, BUKPHUBIICHI TUIABIIL.
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Yacrka ix ctaHoBmwia 1 % 1 OCHOBHOIO NMPUYMHOIO TAKUX 3MiH BBAXKAIOTHCA OMU3BKOCIIOPiIHEHE
CXpEIyBaHHS.

[TincyMoByr04H, CITiJT 3a3HAYUTH, 110 YACTOTA MOSIBH OYAb-IKOT'0 (PeHOICBIAHTY 3HAYHO 3AJICKUTh
BiJl YMOB XUTTS pub. HaiiBaxnuBimuMu (akTopamMu CepeioBHUINA, IO BIUIMBAIOTH HA YaCTOTY,
CTYHiHb NPOSBY LIUX aHOMAJiH, € TemmepaTypa, HagMmipHa a0o nedinuTHa 3a0e3nedyeHicTh puou
KOPMOM, Ta30BUH pexXUM BoaoiMu, pH Bo1u, piBeHb 3a0pyIHEHHS.

HasBHiCTb (heHOeBIaHTIB y MOMYJIALIl MOXKHA PO3TIISIATH K CBOI'O POy MOKA3HUK 3HIKEHHS
TeHETUYHOT0 TOMEOCTa3y Ta TOMEOCTa3y po3BUTKY. ['eHn abo moeHaHHS T'eHIB, 1110 HE BUSABIISIOTHCS
npu o0pe 30a1aHCcOBaHOMY T'€HOTHIII Ta ONTHUMAJIbHMX yMOBAaX ICHYBaHHS, BU3HAYAIOTHCS TpPU
MOPYILICHHI TeHETUYHOT0 OajlaHCy Ta B HECTIPUATIMBOMY cepeoBuii [2].

Benuka KiNbKICTh aCUMETPHUYHHUX MNpPOSBIB y pHUO BKasye Ha 3HIKEHHS JXKUTTE3IATHOCTI iX
NPUPOJHHUX TMOMYNALiid (TPyI) A BIUIMBOM TOTYXXHOTO aHTPOINOIEHHOrO TIpecy, 30KpeMa
3a0pyIHEHHS, 1 MOXXYTh OyTH BUKOPHCTaHI SIK 1HIMKATOPHI MOKAa3HUKU CTaHy HABKOJHIIHBOTO
MPUPOHOTO CePEIOBUILA.

5. Buoosa ma makconomiuna pizHomanimHicmos. lHbOpMAIlliE TPO  TAKCOHOMIYHY
PI3HOMAHITHICTD (PYHKLIOHAJIBHUX TPYII FAPOOIOHTIB - IHIUKATOP YMOB cepenoBuIla. Tak, BUIOBE
Ta TAaKCOHOMIYHE PO3MAITTS MaTUMYyTh MAaKCHUMAaJIbHI 3HAYCHHSI JJIsl JESKUX CEPeHIX MOKAa3HUKIB
SKOCT1 BOJIM Ta 3MEHITYBATUMYThCS y HAMPSIMKY JI0 JIy’K€ YHCTHUX, OJIIFOTPOPHHX, OJIrocarnpoOHUX
Ta ayxe OpynHHX TinmepTpodHux Ta momicanpoOoHux Box [5]. Takox HEOOXiTHO 3a3HAYMTH, IO
PI3HOMAHITHICTH BHUIIB puO 3aNeKuUTh Big 0ararboX TIAPOJOTIYHHUX, TiAPOOIOIOTTYHUX,
TiApOXiMIYHUX Ta 1HIIKX PakTopiB. Jl0 HAWBAXKIIMBIIINX CIi BIIHECTH TaKi SIK CHJIa Te4ii, INTMONHA,
MIPO30PICTh, COJIOHICTh, Ta30BUI peXUM, KOpMOBa 0a3a Tomio. Bci mepepaxoBani Buie (Gaxkropu
BUKITMKAIOTh BIUIUB SIK O€3MOCEPEHbO, TaK 1 OTIOCEPEIKOBAHO SIK HA KOHKPETHI BUJH, TaK 1 B LILIIOMY
Ha CTPYKTYpY IXTIOLEHO3Y.

Binomo, 1110 3B’ 130K MOKAa3HUKIB PI3HOMAHITHOCTI Ta CTIHKOCTI (CTabIIbHOCTI) eKOCUCTEM Ma€ HE
3aBXK/M BIAMOBIAHUH, a iHOAIL 1 cynepeunuBuil xapakrep [4]. [loctiitHicTh OiocucTeM 30UTBIIYETHCS
31 30UIBIICHHSM PI3HOMAHITHOCTI, ajleé Pa3oM 3 TUM 3a3HAYa€ThCs, 110 HE 3aBXKJM PI3HOMAaHITHICTb
dbopMyeTbes 3a paxyHOK cTaOUIBHOCTI ekocucteMm [5]. Crnmpaioyuch Ha BUILEBHUKIAICHE, IS
ixTiopayHun Manoro AmKanuibKoro JJuMaHy OyJi BUSBJICHI HACTYITHI 3aKOHOMIPHOCTI (hOpMyBaHHs
BHJIOBOTO CKJIaay pu0. JIumaH ciuij BiTHECTH O HECTAOUTbHHUX (IMHAMIYHHIX ) €KOCUCTEM Y 3B SI3KY 3
TUM, 110 OJHUM 3 HETaTUBHUX (aKTOPiB, IO BIJIMBAIOTH HA HOro 0i0Ty, MOXKHA HA3BaTH 3HAUHY
¢ykTyarito abioOTHYHUX KOMIIOHEHTIB €KOCUCTEMH, IKi B CBOIO YEPry BUKIIMKAIOTh TaKi 5K 3MiHH 1 B
Oionoriyamx. Jleska HeJOBroTprBaia cTabiibHICTh a0l0TUYHUX MOKAa3HUKIB Bin3Havanacs B 50 - 60-
Ti pp.. XX cr. [lounnatoun 3 1972 p. BojoiimMuIe XapakTepu3yBajaocs BxkKe 3HAUYHOIO JTUHAMIKOIO
T1IPOEKOJIOTIYHUX YMOB, MPHUYMHOIO SIKMX CTald 3MIHH TiJPOJIOTIYHUX 1 TAPOXIMIYHUX PEXKUMIB.
KinpkicTs BUIIB pub y ManoMmy ADKaIHIBKOMY JIMMaHI MPOTATOM YCIX MEPIOJiB 3aJeKUTh Bl
COJIOHOCTI BOJM, MIATBEPUKCHHSM IOTO € KOpPEJSMiiHUN 3B’s30K 1uxX mokasHukis (-0,94).
OnTuManbHUMU 3HAYCHHSIMU MiHEpasizallii, Py SKUX PEeCTPY€EThCsl HAUOUTBIINN BUIOBUH CKIIa, €
13,3 - 17,0 r/am>. 3a TakuX yMOB CHOCTEpPIracThcsi MAKCHMAJIbHA KiIbKICTh MPOMMCIIOBUX BUJIB Ta
BHCOKa pUOONPOTYKTUBHICTh JIMMaHy. 3aTe, PH MOTipIICHHI TPOIYCKHOI CIPOMOMXHOCTI MTPOTOKH 1
MIJBUIICHH] COJIOHOCTI, I[IHHI MPOMHCIOBI BHUIW 3aMIHIOIOTHCS JAPIOHMMH HEMPOMHUCIOBUMHU
IpeJCTaBHUKAaMU iXTiohayHu (KOpesLiiiHa 3aIeXKHICTh COIOHOCTI Ta KUIBKOCT1 IPOMHUCIIOBUX BH/IIB
cranoBuTh 0,84). HaouHuM npukiIagoM 1poro (GpakTy € MOCTYNOBE MaJiHHSI YaCTKH IPOMHUCIOBHX
BuiB: y 50-11 poku XX cT. ixHs yacTka cranoBmia 27 %, y 60-1i pp. XX c1. — 20 %, 1995 p. — 17 %,
2020 p. — 14 %. TakoX MOCHUTH JIOTIYHUM € B3aEMO3B’SI30K COJIOHOCTI 3 KUIBKICTIO MPICHOBOIHHX
pHO, 1110 3yCTpiYaroThCs B JIMMAaHi, Jie MOKa3HUK KOpesiii X GpakTopiB craHOBUTSH 0,86.
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BucHoBku

1. V pesynprari aHamizy pi3HMX MIAXOMIB y Traiy3i OloiHIMKaIii SKOCTI BOIM Ta CTaHy
TiIpOEKOCUCTEM, CITi/l BiI3HAYUTH MEPCIEKTUBHICTh BUKOPMCTAHHS iXTiONOTiYHMX MOKA3HHUKIB. 1X
JOITBHO BUKOPHCTOBYBATH SIK O101HIMKATOPH HA MOMYJISLIMHOMY Ta IEHOTUYHOMY PiBHSX.

2. Ha nmonynsmiifHOMy piBHI NEpCHEKTUBHUMHU Ul OlOIHIMKAI] € Taki MOKAa3HUKU: pO3MipHa
PI3HOMAHITHICTh OCOOMH TOMYJIALIi 3 BUKOPUCTaHHAM IIOKa3HMKa Bapiallii; po3MipHO-MacoBa
CTPYKTypa MOMyJIALii 3 MOKa3HUKAMHU CEpEeIHIX 0araropiuHuX TaHWX JOBKUHH a00 MacH Tina;
cTateBa CTPYKTypa 3 MOKAa3HUKaMU 30ITbIICHHS YU 3MEHIICHHS YacTKH OCOOWH OfHI€l cTari;
1HMBITyanbHa MOP(OJIOTIYHA MIHIUBICTh OCOOMH Ta KUIBKICTh ()eHO/IEBIaIliH.

3. Ha neHOTHUHOMY piBHI SIK IHAMKATOPU JIOLIIHBHO BUKOPHUCTOBYBATH MOKA3HUKHU: KUIBKICThH
BUJIB puO, 1HAEKCH PI3HOMAHITHOCTI Ta PI3HOMAHITHICTH pUO 3 PI3HUM CTYIEHEM CTEHO- Ta
eBpHOIOHTHOCT!I.
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KYJbTUBYBAHHS IN VITRO POCJIUH ACTPATAJTY
IMEPCTUCTOKBITKOBOI'O (ASTRAGALUS DASYANTHUS PALL),
3AHECEHOI'O IO YEPBOHOI KHUT' YKPAIHU

Oaexcanap MAHKYPA, Onena KBACKO
Hayionanvnuii ynisepcumem diopecypcis i npupodoxkopucmyeants Ykpainu
By ['epoiB O6oponwu, 15, Kuis 03041, Ykpaina
e-mail: kvasko.olena@gmail.com

30epexeHHs Ta BIAHOBJICHHS O10pPI3HOMAHITTS € riI00aJbHOI0 MpoOieMor0 B YKpaiHi Ta CBITI
3arajioM, BUPILICHHA K01 MOoTpeOye 3aydeHHs HOBITHIX TeXHOJOTiH. OCTaHHIM 4acoM 0COOIHMBOI
aKTyaJbHOCTI HaOyBa€ BUKOPUCTAHHS METOJIB KYJIbTYPU TKAHUH POCIHH in Vitro Ijsl 3amoOiraHHs
3HIKEHHSI YHCENIbHOCTI BHJIB, 30KpeMa THX, sKi 3aHeceHi 70 YepBOHOI KHMrM YKpaiHW, Ta
3abe3rneuye 30epexeHHs] TeHeTUIHUX pecypceis [1].

Pin Astragalus nanexuts 1o poaunu bo6osux (Fabacae) i naniuye monazn 3000 Buai [2]. Jeski
BUIM ponty Astragalus MaioTh JOCUTbH IIMPOKHHA CHEKTP 3aCTOCYBaHHSA B MEAULIMHI Ta (hapMaKoIorii
K POCIMHH, IO MAaloTh TiMOTEH3UBHY, CEJATUBHY, IMYHOCTHMYJIOIOUY, TeHaTONPOTEKTOPHY
aktuBHOCTI [3]. Jlo UepBonoi kuuru Ykpainu (2009) 3aneceno 18 BumiB pomy Astragalus 3
MIPUPOJJOOXOPOHHUM CTaTyCOM «BPA3IHUBHI», 30KpeMa Astragalus dasyanthus - TpaB'sHUCTa
OaraTropiyHa JiKapchbKa POCJIMHA 13 IIUPOKUM CIIEKTPOM (hapmakooriuHux BiactuBoctei [4]. Tak,
POCIMHU acTparaixy IIEePCTUCOKBITKOBOTO MICTATh TPUTEPICHOBI TIIKO3UIU (Ja31aHTO3HIN),
¢dnaBoHOiM (Kemrepor, KBEpLUETHH, 130paMHETHH Ta acTparaiosin), AyOWiIbHI PpPEYOBUHH,
KyMapuHHU Ta OKCHKYMapHHH, aMiHOKHCIIOTH, BITaMiHM, TOKOo(eposa. AcTparan BiTHOCHUTBCS IO
POCIIMH, IO HAKOMHUYYIOTh CEJIEH Ta PI3HOMAaHITHI Makpo- Ta MIKpOEJIEeMEHTH (KaJbIlil, KpeMHill,
QIOMIHIH, 3ali30, Mar”id, KoOalbT, LUHK, MiJb, MapraHerb, MouiOaeH, xpom). [5]. Ha manwmii
MOMEHT YKpaiHa € HeJOCTaTHhO 3a0e3leueHa JKapChbKOW POCIMHHOI CHPOBHHOIO. OIHIEIO 3
NPUYMH € HU3bKA HACIHHEBA MPOAYKTUBHICTD KYJIbTYpH.

Jlnst GinbIocTi BUIIB pofy Astragalus, siki mOTpeOyrOTh 3aX0iB MO 30€pEeKEHHIO X YHCEIbHOCTI,
KUTBKICTh PO3po0JIeHNX e(EeKTUBHUX MPOTOKOJIB KyJIbTUBYBAHHS in Vitro € HeocTaTHbo0. [1in0ip
Ta ONTHUMI3allisl METOJIB BBEACHHS B AaCENTHYHY KyJIbTypy 3 MOJAIBIIUM MIKPOKIOHAIEHUM
PO3MHOKEHHSIM BUIIB poay Astragalus, o 3aneceHi 10 YepBoHOT KHUTH YKpaiHH, € aKTyaTbHUM
3aBJIaHHSIM, HAIPaBJICHUM Ha 30epeKeHHs 010p13HOMAHITTS IIUX POCIHUH.

Omxe, ™erol0 poOoTH Oylo ONTUMI3YyBaTH CKIQJ JKUBHJIBHOTO CEPEOBHINA  JUIS
MIKPOKJIOHAIBHOTO PO3MHOXKEHHSI pociuH Astragalus dasyanthus Pall. 3 metoro 30epexeHHs Ta
BiJIHOBJICHHSI O10pI3HOMaHITTSI.

Buxinnum MarepiajgoM CcIyryBajio HaciHHA pocnuH A. dasyanthus. AcenTW4HI POCIUHU
acTparajiy IIEPCTUCTOKBITKOBOTO OTPUMYBAJIM IIUISIXOM ITOBEPXHEBOI cTepmulizauii HaciHHs. Jlns
IIbOT'0 HACIHHA MOocHioBHO BUTpuUMYBaiu y 70% eranoni (30 cex), 25%-My po3uuHi THOXJIOPUTY
HaTpito (KoMmepliiiHuii mpenapar «binn3Ha») Ta MPOMHUBAIN CTEPUIBHOIO JUCTUIHOBAHOIO BOOIO
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(tpmui mo 10 xB). HaciHHs He mnigmaBanu monepeaHid ckapugikaii Ta HPOpPOILIyBald Ha
KUBWIBHOMY cepepoBuini  Mypacure Tta Ckyra (MC) [6] 3 pmomaBamnsm 1,0 wmr/n
o6enszunaminonypuny (BAIT). OtpumanHi acenTHYHI MAaroHW KyJbTHBYBAIM Ha IKUBHIBHHX
CepelloBUIAX 3 PpI3HUM BMICTOM MAaKpOEJIEMEHTIB Ta peryiasTopiB pocty. Tak, s
MIKPOKJIOHAJIBHOTO PO3MHOKEHHSI BHUKOPUCTOBYBasiM cepepoBuma MC 3 TMOBHMM BMICTOM
MakpoeneMeHTiB Ta 2 MC 31 3MeHIIeHUM BIBi4i iX BMIicTOM. J[0 KOXKHOTO 3 IHX JOJaBAJIH
perymsitopu pocty 6ersunaminonyput (BAIT) Ta kinetnn y konuenrpaisx 0,1; 0,25; 0,5 mr/n, a
takox iHpominMacisiny kucioty (IMK) y kornentparisx 0,01; 0,025; 0,05; 0,1 mr/m.

PesynbraT AOCHIKEHB MMOKA3alH, 10 32 00paHUX YMOB CTepHUIIi3alii BiICOTOK KUTTE3IATHUX
CTepHJIbHUX HaciHMH ckianaB 70%, 110 € JOCTaTHHO BUCOKHM IOKAa3HUKOM JJISI JOCIHIKYBAHOTO
BUay pociuH (tabm. 1.1). Bapro 3a3HauuTH, IO OTpUMaHa KUIBKICTh CTEPMJIBHUX POCIHMH A.
dasyanthus € TOCUTb BEJIMKOIO, BpaXOBYIOUH T€, 1110 Hi XiMi4Ha, HI MeXaHIuyHa cKapu(iKallis HaCIHHS
HE TMPOBOIUIIACS.

Tadauusa 1.1. EdexTuBHICTH BBEICHHS B KYyJIbTYPY in Vifro POCIHMH acTparajly LIepCTHCTO-
KBITKOBOTO

BigcoTok HaciHuH,
1110 He MPOPOCJIO,
%

Bincorox
Cxema crepuiizamii KUTTE3TATHUX
CTepUJIbHHX, %

Bincorok 3apasxkeHux
HacinuH, %

70% etanon (1xB),
«binmzua» (10 xB), Tpudi
o 10 xB crepunbHa
JIMCTUIIbOBAHA BOJA

70 8 22

JloCHi/DKeHHST ~ BIUIMBY ~ KOMIIOHEHTIB  JKMBHJIBHOTO  CEpeloBHINAa Ha  e(EeKTUBHICTh
MIKPOKJIOHAIBHOTO PO3MHOKEHHSI POCIUH Astragalus dasyanthus Tokazano, MO KOHIEHTPALlis
MaKpOEJIIEMEHTIB CYTTEBO HE BIUIMBAE HA KUIBKICTh YTBOPEHHX IMAroHiB HA OJHY BHUXIHY POCIHHY.
Tax, nmpu KyapTHBYBaHHI Ha cepenoBwuili 2 MC nmanuii moka3Huk ckinagaB 8,83+0,28 maroHiB Ha
OJIHY BUXI/IHYy POCIHHY, TOIi SIK 32 YMOB KyJIbTUBYBaHHI Ha cepenoBuii MC — §8,50+0,25 narouis
Ha OJIHY BUXIJHY POCIHHY.

BnuivB noKMBHOIO cepeloBUINA HA
KUIBKICTh YTBOPEHHMX NAroHIB

25
20

immﬂﬂ

1/2MC MC BAIl0,5mr/n  MC kineTuH
0,5mr/n

KiTbKicTh TIarOHIB Ha POCITHHY,
T

JKuBunbHe cepenoBuiie

Puc. 1.1. BruiuB nNoXHBHOTO CepeIOBHINA HA KIJIBKICTh YTBOPEHUX MaroHiB Ha POCIHUHY
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JlonaBaHHsI B )KMBUJIBHE CEPEIIOBHILE PETYJATOPIB pocty, 30kpema BAII Ta KiHeTHHY 3HAaYHO
BIUIMBA€ HA KUIbKICTh YTBOPEHHMX IMAroHiB Ha OJHY BHUXIOHY pOCIMHY. Tak, Ha >KUBUIBHOMY
cepenoBuili MC 3 nonaBanusam BAII y xonnentpauii 0,5 mr/n mu orpumanu 20,0+1,0 naronis Ha
pociuny (puc. 1.2. A), Tonmi sk Ha >KuBWIbHOMY cepenoBuili MC 3 107aBaHHSAM KIHETHHY Yy
koHneHTpanii 0,5 mr/n orpumano 14,50+0,30 marouniB Ha pocnuny (puc. 1.2. b). OTxe, nonaBaHHs
BAIl € 6inpimn eheKTUBHUM Ui MIKPOKIOHAJIBHOTO PO3MHOXKEHHS B IOPIBHSHHI 3 KIHETHHOM

(puc. 1.1.).

Puc. 1.2. Pocaunu actparainy mIepCTUCTOKBITKOBOTO 32 YMOB KyJbTHBYBAaHHS Ha CEPEIOBHUINAX
pizHoro cknany: A - Astragalus dasyanthus na xxusunsaomy cepenosuuii MC 0,5mr/n BAIT 0,05mr/n
IMK; b - Astragalus dasyanthus Ha sxuBunbHOMY cepenouii MC 0,5mr/n xinetuny 0,05mr/n IMK.

Taxkum unHOM, JUI OTPUMaHHS aCENTHYHUX POCIMH CKapHQiKallisi HaCiHHSA HE € 000B'I3KOBOIO,
IUIsL TIPOPOLICHHS € ONTHUMAaJbHUM BUKOPUCTAHHS JKUBWIIBHOTO cepenoBuina Mypacire i Ckyra 3
nopaBaHHsM 1,0 mr/nm BAIL. OnTumManbHUM CepeOBHINEM Ul MIKPOKIOHATHHOTO PO3MHOXKEHHS €
xuBmIbHE cepenosuiie MC 3 nogaBanusm 0,5mr/nm BAIT.
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BIIVIUB EJIEKTPOMATI'HITHOI'O I10JIS1 YPBOEKOCUCTEMMH HA
ZKHUBI OPI'AHI3MU (HA ITPUKJIAAI MICTA XMEJIBHULIBKOI'O)

Hartaugia MIPOHOBA, Ouanra EOPEMOBA,
Aptyp ®OPOCTOBCBHKHI, Sina T'YPOBCBKA
XmenvruybKutl HaYioHAIbHUL YHiGepcumem
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TexHONMOTIYHMI TpOrpec € MOTY>KHUM (aKTOPOM HETaTUBHOTO BIUIMBY Ha JKMB1 OpraHi3MU.
Haii0inpI1 iHTEHCHBHO Lie MPOSBISETHCS B ypOOEKOCHCTEMax, IO XapaKTEPHU3YIOTHCS 3HAYHOIO
KOHIICHTPALIEIO JPKEPET MapaMEeTPUYHOr0 Ta €HepPreTHYHOro 3a0pyAHeHHs. EnexTpomMarHiTHi moss
(EMII) Bcix 9acToT SBJIAIOTH COOOI0 OJHMH 13 HAWMOIIMPEHIIIMX 1 MIBUIKO 3POCTAIOUMX BILIMBIB
HABKOJIMIIHBOTO CEPEIOBHIIA, IIOA0 SIKOTO MOIIUPIOIOTHCS TPUBOTH Ta MPUITYIICHHS.

CyuacHi TeXHOJOTii CTald TMPUYMHOIO TOBCIOAHOTO EJIEKTPOMArHiTHOrO 3a0pyIHEHHS
(emexTpocMory) uepe3 renepoBani EMII Ta enekTpoMarHiTHe BUIIPOMIHIOBaHHS. AHTpPOIOTEHHI
mxepena EMII BkmouaroTs MeanuHe obnaaHanHs (Hanpukian, MPT), exekrpuuni npuiaam, mo
npamioTh Ha yactotax 50/60 I'm, a Takoxk pizHOMaHITHE O€3qpOTOBE, TEIEKOMYHIKalliliHe Ta
pamiomoBHe obOnmagHaHHs 3 pobounmu dactoTamu 100 k['-300 I'Tm. V OGaraTthox BHmamkax Ii
3a0pyIHEHHS € CHJIBHIIINMHU, HDK Oyab-aki npupoani mxepena EMII [1]. Ilpu upomy neit Brums
OJTHO3HAYHO 3pPOCTaTUME, OCKUIBKM JO MIUIBHOHIB pPaJiO4acTOTHUX TepeJaBaviB, IO BXKe
(YHKI10HYIOTb, 10/1aI0THCSI HOBI TEXHOJIOT1].

3apa3 yci rpymu HaceleHHs miagaroThes BmBy EMIT pisHoi moTyxHOCTi. BcecBiTHs
opravizauis OXopoHH 370poB’ss y 2007 poui mnpeacTaBmia IMiJICYMKOBUH 3BIT MDKHapOIHOT
JOCIITHUIBKOI mporpamu «EnexTpomarHiTHi nons» [2], y skomy Oyia 3a3HaueHa HEOOXITHICTb
00epeXHOT OIIIHKH BIUIMBY €JIEKTPOMArHITHUX MOJIB, 1110 OB’ A3aHO 13 OpakoM HayKoBOi iH(opMmariii
3 MUTaHb iX BIUIMBY Ha HACEJIEHHS, Y TOMY YMCIi 3 OOKY TaKMUX JKEpeN, K CUCTeMH Oe3MEeKH Ta
pO3MarHiuyBaHHs, IHAYKLIHHE MPUTOTYBAaHHS 1Ki, BOJAOHArpiBajJbHI MpUIaId, MOOUTEHHH 3B’ SI30K
tomo. [lpoBemena y 2018 pomi omiHKa OUTBII HDK JABOX THUCSY JIOCHIDKEHb (BKIIIOUHO 3
JOCIIDKEHHSIMU in Vitro Ta in vivo) ToKa3zaja, 10 B OUIbIIOCTI JocmikeHb (68,2 %) Oymu
MIPOJIEMOHCTPOBaHI OioyoriuHi eekTH a0o edeKTH It 3M0pOB’ s JIFOINHH, 110 MOB’I3aH1 3 BIUTMBOM
artpornorenaunx EMIT [3].

Ha renepimmniii yac Bkpail Opakye AOCHIPKEHb IOJO BIUIMBY HAa TBapUHHI Ta POCIMHHI
opranizmu. JlocnimpkeHHs BIuBy aHTpororeHHuX EMII Haii0inblne mpoBOAMIOCH UL KOMaXx,
30KpeMa iX HeraTHBHUIA BIUTHB BU3SHAYSHUH JJTs1 0K, SIKi HAJIEeKaTh /10 BUIIB, III0 BAKOPUCTOBYIOTh
1uis HaBirauii 4yTiuBy 1o anTpornorenHux EMIT marnitopeneniito [4]. BpaxoByroun BakJIMBICTb
KUBHUX OPraHi3MiB 1 iX O10pI3HOMAHITTS Uil ypPOOSKOCUCTEM AKTyaJbHUM 3aJUIIAETHCS BUBUCHHS
BBy EMI, 1110 hopmyroThest y Mexax MicTa, Ha CTaH POCIIHH.

Meroro pobotu € BuzHaueHHs mapamerpiB EMII ypOoekocucremu micta XMenbHHUIBKOTO, a
TaKO’ JOCIII/DKEHHS 1X BIUIMBY Ha POCIMHHI OpraHi3MH.
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VYpb6oekocucrema mMicta XMEJIbHUIIBKOTO BIAHOCUTHCS 10 CEPEAHIX 1 MOLIUPIOETHCS Ha TUIONIL
omuspko 9,3 Tuc. ra 3 HaceneHHsAM 272 tuc. ocid (cranom Ha 01.01.2021 p.). Ypboekocucrema
copMoOBaHa Ha YOTUPHOX BOJOAIIAX B3A0BXK JMoiuHHU p. [liBnennuit byr. Lltyuynumu daxropamu
MOJIUTy TepUuTOpii ypOOEKOCUCTEMH € MariCTpaibHi 3aJIi3HMLI Ta aBTOHUIAXH. JKHUTiIoBa 3a0yq0Ba
NpeJCTaBlIeHa OJHO-TPU- Ta 0araTONMOBEpXOBUMHU OyIMHKAMH, Ha ChOTOJHI IPOJOBXKYE
¢dopmyBatuch. [IpoMUCIIOBHI KOMIUIEKC MNpPEACTAaBICHUN MiANPHUEMCTBAMH, $IKI BHUT'OTOBIISIOTH
IIMPOKHUIA CIEKTp MPOAYKIii, cepen sKoi HaiOuiplne npumagae Ha BUPOOHUITBO TYMOBHX 1
IUTACTMACOBUX BHUPOOIB, BUPOOHHUIITBO XapyOBHUX IPOIYKTIB, OAATY TOIIO. BHacmifok Baamoro
T€ONpPOCTOPOBOTO PO3TAIIYBAHHS MICTO € TOTYXKHMM IIEHTPOM TOPTiBJi, Ma€ pO3BUHYTY
1HPaCTPYKTYpy 3 HalaHHS LIMPOKOTO CIEKTpa IMOCIYT.

OCHOBHI INTY4HI JDKepena eJeKTPOMArHiTHOrO BUIPOMIHIOBAaHHA MicTa BKJIIOYAIOTh:
BHUCOKOBOJITHI ~ JIHII  ellekTpomepenad, TpaHCPOpPMATOpHI  MIACTAHIi;  TeNeBi3iiHI  Ta
panioTpaHCIALINHI CTaHLii; TpUCTpoi, MmO 3a0e3MeuyloTh MOOUIBHUI 3B’430K; HPOMHCIIOBI
YCTaHOBKHM BHCOKOYAaCTOTHOI'O HarpiBaHHs; (i3ioTepaneBTHYHI MpUiIaId; TOOyTOBa Ta MPOMHCIOBA
TeXHiKa. binplla yacTHHa JKEpen PIBHOMIPHO MOIIHUPEHa B YPOOEKOCHCTEMHOMY IPOCTOpPi 3a
BUKITIOYEHHSIM BUCOKOBOJIbTHHX JIiHIH eJeKTpornepeaady, 1o JOKali30BaHi Ha OKOJIUIAX MICTa.

BumiproBanus napametpis EMII y xMenbHUIbKi ypOoekocucTeMi MpoBOAMIN B 34 TOYKaXx,
PIBHOMIPHO PO3MOJUIEHUX IO IJIOMII MiCTa Y Pi3HUX (YHKLIOHAJIBHUX 30HaX, mpuianom TM-190
Multi-Field EMF Meter.

Haiimentni 3HauenHst marnitHoro nois ckianamu 0,01-0,02 pT; moka3HUK, 1m0 XapakTepu3ye
CNEKTPUYHY CKJIQJIOBY TOJIsI (HAIPYXKEHICTh €NEKTPUYHOIO IOJIs) KOJMUBaBCsi y Mexax 3-6 V/m;
HaNOIIBII MOKa3HUKU MarHiTHOI Ta enekTpuyHoi ckinanoBoi EMII mopiBaroBanu Bignosigao 1,00-
1,16 uT ta 1200-1400 V/m. MakcumainbHi 3Ha4eHHs moka3HuKiB EMIT xapakTepHi /Ui OKOJIHIb
MicTa (4 TOUKH), i€ pO3TAIIOBaH1 BUCOKOIIOTY>KHI JIiHIT eJIeKTporepenay. 3 HaOIKEHHIM 10 LEHTPY
micta cuia EMII nmocnabmioerscs. Y KUIMX MIKpOpailOHaX Ta Ha peKpealliiHuX AiIsHKax i3
3eJICHUMHU Haca/KeHHsIMH iHTeHCuBHicTh EMII Haiimenmia. 3rigHo 3 JlepkaBHUMH CaHITapHHUMHU
HOpMaMH 1 TNpaBWJIAMH 3aXUCTY HACEJCHHS BiJl BIUIMBY €JIEKTPOMArHiTHUX BUIIPOMIHIOBaHb,
3arBepukeHnx Hakazom MiHnicTtepcTBa oxopoHH 310poB’s Ykpainum Big 01.08.1996 Ne 239 3a
rpannuHo jormyctumi piBHi (I'/IP) mpuifHATI Taki 3HAUYEHHS HANPYXEHOCTI €JIEKTPUYHOTO ITOJIA:
BcepenuHi xumioBux OyauHkiB — 500 V/m, Ha Tepurtopii 30HH xuTiI0BOI 3a0ynoBu — 1000 V/m, y
HACEJICHIH MiCIIEBOCTI, 1103a 30HOI0 JKUTIIOBOI 3a0ymoBu — 5000 V/m.

Taxkum 4MHOM BUMIpPSIHI TapaMeTpH HAMIPYKEHOCTI eNEKTPUYHOTO TOJISI B YMOBAaX XMEJIbHUIIBKOT
ypboekocucTeMu y pi3HUX (QYHKIIOHAJBHUX 30HaX He mnepesuilytors ['/IP, mpore monainbina
po30yoBa MicTa moTpeOyBaTUMe BUBAXEHUX MiCTOOYIBHUX PillleHb, 0COOINUBO SKIIO PO3LIMPEHHS
ceniTeOHOT 3a0y/TOBH MiCTa IUIAHYBAaTUMETHCS 32 PAXYHOK TEPUTOPIN HOr0 OKOJIHULIG.

[rieniyHa periaMeHTaIliss Ta OCHIIPKCHHS BIUIMBY MArHITHOTO TIOJII HA JIIOJUHY, IO
MIPOBOJIATHCS 32 iHILIaTUBH BcecBiTHROI OopraHizallii 0XOpOHHU 3/10pOB’sl, JOCI TPUBAIOTh. Y AIIOYMX
JTOKYMEHTaX BHKOPUCTOBYEThCS IOKA3HUK HANpPYKEHOCTI MarHitHoro moist (A/m), sKuii
YHOPMOBaHHUIA JIHIIE A1t po0040i 30HU. BiAmoBigHO 10 €BponeiichKuX peKOMeHalliid, HABeICHUX B
JBH B.2.5-24:2012 ([Jonmatox E), maruiTHe moie y MPHUMIIIEHHSAX >KUTIOBOTO Ta TPOMAJCHKOTO
npu3HaueHHs He nmoBuHHO mnepeBuinyBatd 0,1 pT. bnuseko 60 % mpoBeneHWX HAMU BUMipIOBaHb
MatoTh 3Ha4eHHs MeHI, Hik 0,1 uT, npu 1ipomMy 13 3MEHIIEHHIM HANPYXEHOCTI €JIEKTPUYHOTO TTOJIS
3MEHIIY€EThCs 1 MarHiTHe (koedimieHT kopensii cknamae 0,95). B oMy MokHA 3a3HAYUTH, 11O JUIS
OLIBIIIOT YACTHHHU MICTa XapaKTepHHU KOM(POPTHUI HU3BKUI piBEHb MArHITHOTO ITOJIS.

Brmne EMIT Ha pociuHHI OpraHi3aMy BU3HAaYalld METOI0OM 010TECTyBaHHS 3 BUKOPUCTAHHAM K
TecT-00’ekTiB Lepidium sativum L. 1a Allium cepa L. y 5-KpaTHili TOBTOPHOCTI, MIPOPOIIECHUX 3a
HaWOUIBIINX Cepe/HIX 3HAUCHb MArHiTHOTO IOJIsI, BU3HAYECHHMX Ul XMEJIbHHUIIBKOI ypOOEKOCHTEMH, a
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came 1,1 uT. JIy1st KOHTPOJIIO POPOCTKU BUPOIIYBAIIM 32 HAWMEHIIIOTO MoKa3HuKa MarHiTHoro noist (0,01
uT).

[Ipopoctku Lepidium sativum L. 3’SIBUTUCS B TOCTITHUX Ta KOHTPOJIBHUX 3pa3Kax Ha TPETid JCHb.
Piznust cxoxkocTi cknamana BianoBigHo 14 %. Pe3ynbpTatn TecTyBaHHS HaBeACHI Ha puc. 1.

JocninHi 3pa3kd  Kpec-cajiaTy B IIUIOMY IIOKa3aldM Kpalll pe3yJbTaTh 3a A1arHOCTUYHHMHU
napaMerpaMu Oi10TeCTyBaHHS, 30KpeMa CepelHsl JOBXKMHA Ta Maca KOPEHIB Yy MOCHIAHMX 3pa3Kax
BiamosinHo B 1,4 Ta 1,8 pasa Buiia, Hi’Xk B KOHTPOJTi, CepeIHS JOBKMHA Ta Maca MaroHiB — BiAMOBIIHO B
1,4 Ta 1,22 paza BuIa B AOCHITHUX 3pa3KaX, HIXK Y KOHTPOJbHUX. X04a 3pa3Ki KOHTPOJIO Majld MEHIII
pO3MipH, TIPOTE MPH BI3yalbHOMY OTJISA/I, OCOOJMBO TAaroHiB, BOHU OYJW OUIBII IYNIKUMHU Ta
MPYXHIIKUMHU, HDK JOCTIIHI 3pa3KH.

Puc. 1. Pezynbratu 0ioTecTyBaHHS 3 BUKOpPUCTaHHIM Lepidium sativum L.

Ha BoceMuii 1eHb A0CiiIH1 3pa3Ku oYy B ﬂHyTI/I OTtxe, Ha TePIIMX eTarax NPOPOCTAHHSA Ta POCTY
TeCT-00’€KTIB Lepidium sativum L. TOTYXHINMHA €IEKTPOMArHITHHII BIUIMB OOYMOBIIOBAB OUTBII
3HAYCHHS CEPEHBOT NOBXHUHH Ta MACH, IPOTE MOP(OIIOTiYHI XapaKTEPUCTHKNU OyIiu r1pm1 TaKOX MEHII
HacCM4YeHUM OyB 3€JeHMH KOJIip MAapOCTKIB, a HANPHUKIHLI AOCHITy MOYMHAIH 3 SBISATUCS O3HAKU
B’SIHEHHSI.

[licns doTupuaeHHOro mnpopoityBaHHs Allium cepa L. BIAIUISUIM KOPIHII Ta MPOBOIMIN iX
MOp(hOMETPUYHY OLIIHKY, Pe3yIbTaTH K01 MpeCTaBlIeH] Ha puC. 2.
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Puc. 2. Pesynbratu GiotecTyBaHHs 3 BUKOpUCTaHHAM Allium cepa L.
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Cepennst TOBXXKMHA KOPIHINB y gociiai maibke Ha 20 % BuIa, HIX y KOHTPOII, IpOTe iX Maca
Maibke y 6 pa3iB MEHIIAa, OTKE PICT KOPIHLIB JOCHIAHUX 3pa3KiB CTHMYJIOETHCS BHUCOKHMH
3HayeHHssMu EMII i BonHouac Bunepekae HaKOMMYEHHS MacH. SIK 1 B IOCTi/l 3 Kpec-canaTtoM, Iie
NPU3BOIUTH /10 TOTIPIICHHS CTPYKTYpH Ta 30BHIIIHBOIO BHUIJLLY. B oMy 1€ CBITYHMTH NPO
crumymorounii BrumB EMII y mexxax 1,1 pT MarHiTHOTO 1OJIst HA POCIMHU Ha TTOYaTKOBOMY €Tarll,
aJie B OJANBIIOMY II€ PU3BOAUTH 10 Jedopmalii CiBBiAHOIEHHS MOP(OIOTTYHUX MOKA3HUKIB 1
MOTIpIIECHHS CTaHy JOCTIAHUX 3pa3KiB MOPIBHAHO 13 KOHTPOJIEM.

Takum 4YMHOM, BH3HAYEHI PpIBHI EJIEKTPOMArHiTHOIO BHUIIPOMIHIOBAHHS Ha TepUTOPIil
ypboekocucteMn Micta XMEIbHUIBKOTO 32 IMOKAa3HMKAMM MAarHiTHOTO TOJs Ta HAaIpyKEHOCTI
EJIEKTPUYHOTO TIOJISl MIEPEBAXKHO BiAMOBIAAI0OTH HOPMaM M PEKOMEHJAI[ISIM Ta BapilOIOTh 3AJIEKHO
BiJl (pyHKITIOHANBHOTO NpU3HAYeHHS TepuTopii Ta mxepen EMII. Haiibinpini 3HaueHHS XapakTepHi
JUIsL OKOJIMIIb MICTa, JIe Y pa3i po3MHUpeHHs ypOaHi30BaHOTO MPOCTOPY MOXKYTh OYTH IEPEBHUILCHHS,
OCKUIBKH U1 320y TI0BaHUX TEPUTOPiN BUCYBAIOTHCS OLIBII dKOPCTKI BUMOTH, HIXK JI0 TEPUTOPIH 1032
30HOIO JKUTIIOBOI 3a0yZI0BU. 32 MaKCUMAaJIbHUX 3HAUCHb, 3a()iKCOBAHUX HA TEPUTOPIl XMETbHUIIBKOT
ypboekocuctemu, BB EMII Ha pocinHHI OpraHi3Mu MPOSBISETHCS Y BUIIEPEHKEHHI POCTY TECT-
00’€KTiB OPIBHSIHO 13 HAKOMMUYEHHSIM 010MacH, 1110 00YMOBIIIOE MOTIPIIEHHS CTPYKTYPH POCIUHHUX
OpraHi3MiB.
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OTPUMAHHS KYJIbTYPU TPAHCTEHHUX KOPEHIB
ROBINIA PSEUDOACACIA L. IUIIXOM
AGROBACTERIUM-ONNOCEPEJIKOBAHOI TPAHC®OPMAIIII
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Kuiscokuii Ilanay doimeii ma onaymea
By IBana Mazenu, 13, Kuis 01010, Ykpaina
e-mail: sashaporovskyy@gmail.com

Kynbrypa «BOmoXaTux» KOpEHIB — II€ MOLIMpPeHa TpPaHCT€HHAa KyJbTypa, OTPHMaHa 3a
nonomoroto Agrobacterium rhizogenes. KynbTypu TpaHCT€HHHX KOpPEHIB BHUKOPHUCTOBYIOTH Y
dapmakosorii (Vi1 HAKONMHWYCHHS IIHHMX BTOPUHHMX MeTabomiTiB [1], mms  GiocuHTE3y
pPEKOMOIHAHTHUX (papMaleBTUYHUX CIONYK [2] Tomro), ans ditopeMenialii (HampuKiIag, BaKKUAX
metamiB [3]) Tomo. Jlo mepeBar BHKOPHUCTaHHS TPAaHCTEHHUX KOPEHEBUX KYyJIbTYp IS
dapmakonoriyaux abo ¢iropemeniaiiHuX Iijiel BiAHOCATH BiAHOCHO HU3BKY COOIBapTiCTh iX
OTPUMAaHHS Ta KyJbTUBYBaHHS Uepe3 HEBUOArIMBICTh JI0 CKJIQAY CEPEOBHUIIA, TEMIEPATYpPHOTO Ta
CBITJIOBOTO PEXUMY, IUIBUAKHIA MPUPICT Gi0MacH, BiACYTHICTh T€OTPOII3MY TOILO.

s Hamoro nmochipkeHHs Oyina oOpaHa Robinia pseudoacacia L. depe3 Ti 3maTHICTH 10
pememiaiiii IpyHTIB Bil Bakkux MetainiB [4]. Ane B To# ke vac akamiro 3 2023 poky B YkpaiHi
BBRKAIOTh 1HBa3MBHMM BHIOM [5], TOMy IHTpOAyKIlisi akailii Ha TEpUTOpPii HAIIOi KpalHH JJis
pemenianii CTIYHMX BOJ YU IPYHTIB € HEMOXJINBOIO. OTXKe, MU TPOIIOHYEMO BUKOPUCTAHHS KyJIbTYPH
TPAHCTC€HHUX KOPEHIB JUISI OUUILEHHS I'PYHTIB Ta CTIYHUX BOJ BiJl 3a0pYJHEHHS BA)KKMMHU METAJIaMHU,
B TOMY YHCJIl 3yMOBJICHOTO BOEHHUMHU JIiSIMH.

BianoBigHO, METOI0 JaHOTO MAOCHIPKEHHS Oylio OTpUMAaTH KyJbTYpy BOJOXAaTUX KOPEHIB
R. pseudoacacia wmnsxom Agrobacterium rhizogenes-onocepeakoBaHoi TpaHchopMamii s
MOJAJIBIIOTO AOCIIPKEHHS 1X 34aTHOCTI 10 (iTopemeniariii.

Haciana R. pseudoacacia L. npoMuBanu y MHIbHOMY po3uuHi (mpubnusHo 15 xB), motim
crepuiizyBanmu y 70% po3uuni eranony npotsirom 1 xB, Hagam — B 50% po3zunni H202 npotsarom
10 xB Ta KynbTUBYBaIU Ha cepenosuiii Mypacire-Ckpyra (MS) [6], 3a Temneparypu +22-24 °C.

Hns Agrobacterium-onocepeaKoBaHOI TeHETUYHOI TpaHchopMallii BUKOpUCTOBYBau mrtam Ad
Agrobacterium rhizogenes, n100’s13H0 HajaHUM [HCTUTYTOM KIITHHHOI OloJyIOTrii Ta T€HETHYHOI
imkenepii HAH VYkpainu. Hiuny OakTepianbHy KyJnbTypy OTPUMYBAJIH y M SICO-TIEIITOHHOMY
OynbiioHI Ha mieiikep-iHKyOaTtopi mpu Temmneparypi +28 °C ta 200 06./xB. Hamami GaxtepianibHi
KJIITHHY ocaJuKyBaiu eHTpudyryBanssm (4000 00./xB), Ta pecyCrieHayBald Y PiIKOMY CepeIOBHUIII
MS 3 nonmaBanusim 200 MKM areTOoCHpUHTOHY. ArpoOakTepianbHy TpaHchopMaliio cTedI0BUX
eKCIUIAaHTIB TPOBOJIMIM IIJISIXOM CIIBKYJIBTUBYBaHHA 3 OakTepialbHOIO KyJIbTyporo. 3a 100y
1HOKYJIbOBaHI €KCIUIAHTH IepeHecwsn Ha TBepae ceperoBuiie MS i3 nonmaBanusm 400 mr/n
aHTHOlOoTHKA 1eoTakcuMy Juis eniMiHaliil 6akTepii, e OTpUMaHy KyJIbTypy Maca)KyBajl KOXKHI 2
THOKHI.
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Puc.1. Pocunm akanii B ymoBax in vitro

Inimianiro Ri-pizorene3y Ha cepenoBuili MS 3 nonaBanusm 400 mr/n antubioTnka neporakcumy
CIOCTepiraay NpuOIU3HO Ha APYTUil TKIeHb. YacTOTy TeHeTHUHOI TpaHCcopMallii BU3HAYAIN SIK
CHIBBIHOIIECHHS KIJIBKOCTI TOYOK 1HILIAIT #i-pi30reHe3y /0 3arajbHOl KiJIbKOCTI eKCIUIaHTiB. Bona
cknagana 29,6% y Hammx nocmipkeHHsAX. llonmpu Hamii croaiBaHHs, 30UTBIIEHHS TPHBAJIOCTI
KyJIbTUBYBaHHS IIiJI Yyac TpaHcopmalii pOCIUHHUX EKCIUIAHTIB 3 CYCIEH31HHOI0 OaKTepiaabHOIO
KyJbTYPOI TPHU3BOAUIIO IO 3HIKEHHS YacTOTH TpaHcdopmarlii BHACIIIOK MiJBUIICHHS BiJCOTKa
HEKPOTH3allil POCTMHHUX TKAaHUH.

Puc. 2. Ininjanis Ri-kopeHeTBOpeHHS Ha CTEOJIOBHUX EKCILIAHTaX

YTBOpEHI KOpEHI Ha CTCONOBUX CKCILUIAHTAX XapaKTepU3yBalUCs Ri-(peHOTUIIOM (BIACYTHICTIO
TeOTPOII3MY Ta XapaKTEPHOIO OMYIICHICTIO), aJle CIEPILy aKTHBHA IHiLiaLis KOPCHETBOPCHHSI Haai
CIIOBLIBHIOBAJIACS, MPHPICT OioMacu OyB BIZHOCHO HEBHCOKHM, Yepe3 IO iHINIHOBaHY KYJIbTYpY
KOPCHIB [IEPEHOCHIIN Ha cepenoBHuiie I'ambopra (B5) [6] i3 noznasarmsiv 400 mr/i nedorakcumy Ta
BJABATMCA [0 3MIiHH TEMIICPATYPHOTO PEKMMY Ta yMOB OCBITICHH:. IIpoTe oxmi 3MiHE yMOB
KyJbTHBYBaHHS HE MPU3BEIHN JI0 aKTUBI3aIlil TEMITiB HAKOMUYEHHS 0i0MacH, MOYIIMBO, BHACIIIOK
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BHJIOBUX OCOOJIMBOCTEH PO3BUTKY KYJIbTYpU KOpeHiB Robinia pseudoacacia L.

Toraneny pocnunny JIHK excrparysanu 3rigHo Doyle J.L. ta Doyle J.J. [8]. IIpucytnicts rolB
reHy MiATBEpUKYBAIM 3a Jomomororo aHamizy wmeroaom IIJIP (posmip ¢parmenta780 m.H.,
HYKJICOTHIHA ITOCJTiIOBHICTh mpaimepiB: 5'-atggatcccaaattgctattccttccacga-3', 5'-
ttaggcttctttcttcaggtttactgcage- 3"). Iponykru peakuii ¢paxmionyBamu B 1% araposHoMy Temi y
IPUCYTHOCTI OPOMHUCTOro CTHII0 B Tpuc-OopatHiil OyQepHiii cucremi. IIJIP-ananis nossoius
BUSIBUTH MIPHUCYTHICTh arpoGaKTeplaHLHoro rolB reHy y DOCTIJUKYBaHUX 3pa3Kax, IO MiATBEPIKY€
TPaHCTEHHY MPUPOAY OTPUMAHOI KOPEHEBOI KYJIbTYpH.

Puc.3. Enexrpodoperpama [1JIP-anani3y Ha npucyTHICTh rolB reny:
M — Mapxep (2 kb Plus DNA Ladder, Fermentas), 1 — necamugnuii KoHmpoae (npoba 6e3
JIHK); 2,5 — nosumusnuti konmponws (nrazmiona [JHK Agrobacterium rhizogenes A4); 3,4 — JIHK
AHANI308AHUX 3PA3KI6 KYIbIMYPU «BOIOXAMUXY» KOPEHIS.

Takum ynHOM, OYJIO OTPUMAHO KYJIbTYpPY «BOJOXaTHX» KOPEHIB pociuH R. pseudoacacia L. Ta
MiATBEP/KEHO X TpaHCTEHHE IMOXOKEHHA. B mojanblioMy HaMH IUIAHYETHCS TNPOBEICHHS
JOCIIDKEHB (iTopeMeiaiifHoT 3AaTHOCTI OTPUMAHUX KYJIBTYP.
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The term "virus range™ was coined by Christie and Crawford in 1978, by analogy with the term
"host range", to denote all viruses that can infect a particular host species [1]. Studying the virus range
of a particular host species, similar to investigating the host range of a particular virus, plays an
essential role in improving the understanding of virus-host-environment interactions [2]. However,
investigating the virus range of a particular host necessitates employing approaches that do not rely
on a priori information about which viruses might be present in the sample to detect all viruses it
contains. One of these approaches involves the preliminary inspection of samples under the
transmission electron microscope (TEM), followed by identifying the observed viruses using
serological and nucleic acid-based techniques [3]. However, identifying the virus species observed in
a sample under the TEM also requires the development of identification keys, based on the shape and
size of virions.

The viral diseases of the common hop (Humulus lupulus L.) have been studied for centuries.
Numerous authors in different periods have reported various numbers of viral diseases of hop and
virus species infecting this plant. For example, Schmidt and Klinkowski listed 11 viroses of hop in
Europe in 1965 [4]. However, before the implementation of serological techniques, the causative
agents of hop viroses were characterized by diagnostic species and a combination of symptoms of the
disease they cause in those species and the hop themselves. Hence, determining the taxonomic
position of the pathogens that caused diseases described during that period, such as those documented
by Schmidt and Klinkowski, is impossible. For example, Adams and others revealed that arabis
mosaic virus (ArMV) causes hop chlorotic disease in England, whereas Eppler indicates hop mosaic
virus (HMV) as the causative agent of this disease in Germany [5, 6]. Nevertheless, many authors
identified numerous virus species that infect the common hop and can be re-identified by other
researchers by using serological and nucleic acid-based techniques. Thus, Pethybridge and colleagues
performed a meta-analysis of studies on viruses infecting hop plants and listed 15 identifiable virus
species [7].

Therefore, the study aimed to gather information about the virion size and shape of viruses
belonging to the virus range of the common hop and to develop the identification key. To this end,
the author was searching for information about the virion size and shape of viruses listed by
Pethybridge and others [7]. The compiled information is presented in the table.
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Table 1. The virion size and shape of viruses infecting hop

Species Shape Size, nm Reference
Alfalfa mosaic virus, AIMV bacilliform 30-56 x 19" 7
bacilliform 61 x 17.8" 8
American hop latent virus, AHLV filamentous 676 x 14.4 9
Apple mosaic virus, ApMV quasi-isometric 24 x 26 - 28 10
isometric 24 10
isometric 22 10
isometric 25 11
isometric 32 11
guasi-isometric 30 x 30 - 36 11
Arabis mosaic virus, ArMV isometric 25-30" 7
polyhedral 30" 12
Cherry leaf roll virus, CLRV isometric 25 - 30" 7
Cucumber mosaic virus, CMV isometric 25-30" 7
isometric 30" 12
Hop latent virus, HLV filamentous 678 x 15.2 9
filamentous 650 x 13 10
Hop mosaic virus, HMV filamentous 651 x 13.8 13
filamentous 625 x 13 14
filamentous 655 x 13.5 8
filamentous 630 - 680 x 2 15
8
Humulus japonicus latent virus, HILV quasi-isometric 24 - 33 16, 17
Petunia asteroid mosaic virus, PeAMV isometric 32-35 7,18, 19
Prunus necrotic ringspot virus, PNRSV isometric, bacilliform 23, 25, 27" 7
isometric 40 20
isometric 28 - 30 21
quasi-isometric 25" 22
quasi-isometric 31" 22
Raspberry bushy dwarf virus, RBDV isometric 33" 7
Strawberry latent ringspot virus, SLRSV isometric 30" 7
Tobacco mosaic virus, TMV rod-shaped 300 x 18" 7
Tobacco necrosis virus, TNV isometric 28" 7
isometric 26 23
isometric 27 - 28 21
Tobacco ringspot virus, TRSV isometric 25 - 30" 7

Notes: “The size and shape are listed for the virus species in general, not for the strain infecting
hop [7]; "The sizes of virions were measured by the author using the website
https://eleif.net/photomeasure and the micrograph published in the paper by Yu and Liu, as the authors
did not specify the virion sizes [8]. The size is indicated as the average value for 5 virions and was
calculated in relation to the size of the bar; ““The author consistently confuses um with nm in its
publication.
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According to the table, the viruses infecting hop plants can be distinguished by reference to the
following identification key.

Identification key to the virus range of hop plants

1(2). Virions are isometric and / or quasi-isometric and / or bacilliform, with the biggest dimension
being less than 100 nm. — Group of isometric, quasi-isometric, and bacilliform viruses (AIMV, ApMV,
ArMV, CLRV, CMV, HILV, PeAMV, PNRSV, RBDV, SLRSV, TNV and TRSV).

2(3). Virions are rod-shaped, ca. 300 nm in length. - TMV.

3. Virions are filamentous, longer than 500 nm. — Carlavirus compex (AHLV, HLV, and HMV).

The identification results obtained from the key should be confirmed or specified by serological
or nucleic acid-based techniques. In future work, the identification key can be supplemented with
new virus species infecting hop plants if they are discovered.
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Currently, the environment is continuously polluted by organic waste. Solid organic waste is
produced in the greatest volumes, namely multi-component food waste and agricultural waste. In
landfills, this waste rots, releasing huge amounts of toxic volatile and liquid organic waste. Modern
technologies cannot ensure effective processing and detoxification of such waste, which leads to
catastrophic environmental pollution. Hence, the need to create new effective waste treatment
technologies is obvious.

The comprehensive microbial biotechnology for the accelerated treatment of environmentally
hazardous organic waste to obtain valuable products from them was developed by us. Biotechnology
is based on thermodynamic calculation of optimal conditions for the fermentation of organic waste
with the formation of hydrogen. It has been shown that effective fermentation of solid natural
polymers (organic waste) need pH = 7.0 and Eh = - 414 mV (picture 1).

A wide range of organic wastes have been examined: solid organic waste — multicomponent food
and agricultural waste and liquid waste — industrial organics containing wastewater, dumps leachate,
etc. Fermentation was significantly accelerated by the use of Granular Microbial Preparation (GMP),
consisting of concentrated biomass of Hz- or CH4-synthesizing bacteria (picture 2).

We have developed a biofermenter with an optimized design for fast and effective waste
fermentation (picture 3). The following optimized engineering and technological parameters were
obtained during fermentation. The duration of fermentation Td (detention time, days) was from 3 to
7 days. The degradation coefficient Kd (the ratio of the initial and final content of waste) is close to
80 — 110. The yield of gaseous energy carriers was 100-110 L Hz/kg and 50-60 L CHa/kg of solid
waste. At hydrogen fermentation the gas content was 40...50% H> and 50...60% CO-, and at the
methane fermentation - 60% CHs and 40% CO- [1].

Dry unfermented lignin cellulose waste residues are dry solid fuel (30 g/kg of solid waste). After
additional aerobic fermentation, biofertilizer can be produced from unfermented residues (20 g/kg of
solid waste). Biofertilizer obtained from solid organic waste is suitable to optimize the cultivation of
vegetables and other agricultural crops. Due to additional methane fermentation, the content of
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soluble organic compounds in the leachate is reduced from 200 - 220 mg/I C, and the methane yield
is 1 liter/liter of leachate [2]. Purified water after the treatment of liquid organic waste (dump leachate
etc.) is suitable for the irrigation of agricultural fields [3].

Thus, on base of thermodynamic calculations, we have created a universal biotechnology that
provides fast and effective fermentation of environmentally hazardous waste while simultaneously
producing a number of commercially valuable products (picture 4)

Scope of application and implementation of Biotechnology is the next :

1. Adaptation of biotechnology to customer requirements and its further industrial
implementation.

2. Creation of industrial biotechnologies for the production of valuable products from
waste, replication and sale of technologies on international markets.

Picture 1. Thermodynamic calculations: optimal conditions for hydrogen and methane fermentation
- pSh =7.0 and Esh = - 414 mV. Acidification or alkalization leads to a significant shift in the redox
potential away from the optimal value of the redox potential and inhibition of fermentation.

Picture 2. Granular Microbial Preparation (GMP), consisting of concentrated biomass of Hz- or CHs-
synthesizing bacteria.
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Picture 3. Biofermenter for fast and effective waste fermentation with an optimized design.

Picture 4. Producing the number of commercially valuable products from ecologically dangerous
solid organic waste.
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POJIb ®YJbBOBUX TA TYMIHOBUX KUCJIOT Y MMPOLIECAX
BIOJIETPAJALIT 3AJUILKIB TEPBILIAAIB Y ITPYHTI

I'anna TPOXUMEHKO, Oaer KIBAPOB
Hayionanvnuii ynisepcumem xopabiedyoysanns im.aom.Maxaposa
np. Llenrpanbuuii, 3, M. Mukonais 54029, Ykpaina
e- mail: pk_nuk@www.nuos.edu.ua

HenocratHs yBara BUpOOHHKIB CUIBIOCIIIPOIYKIIii 10 BUOOPY repOiluaiB MpU3BOIUTH 10 TOTO,
IO TICJIs KUTBKOX POKIB IIMPOKOTO 3aCTOCYBaHHS MPOSIBIAETHCS 1X MOOIuHA [isl.

Jleski 3 HUX MOXYTh TPUBAJIMW 4ac 30epiraTucs y IPyHTI, BIUIMBAIOYM HA HACTYIHI KyJIbTypH
ciBo3MiHM. 31 3pOCTaHHSM OOCSTIB 3aCTOCYBaHHS Ta ACOPTHUMEHTY TIepOIlHIiB PU3UK MiCIAIil
301IBIITY€THCSI, IO CJIiJ] BpaXOBYBATH Y BUPOOHUIITBI.

@DITOTOKCUYHICTh TepOIlHIiB, 3aTUIIKA SKUX MICTATHCS y IPYHTi, € OJHHUM i3 MPHUKIAIIB
HETaTUBHUX HACTIJIKIB BIUIMBY IECTHIMIIB Ha KyJIbTypHY POCIMHY, JOBKULIS Ta SIK HACIHIiJOK,
3/10pOB'S JIIOAWHM.

Toit (hakT, 110 TicIs 3acTOCYBaHHSA ISSIKUX TepOIIUIiB MOXKITUBA /1is 3JIMIIKOBUX KITBKOCTEH abo
ix MeTalomiTiB Ha KynbTypy, Bimomuil naBHO [3]. OmHak A MOJBOBHUX CIBO3MIH IIe HE Majo
MPAKTUYHOTO 3HAUEHHS, OCKUIBKM YacTKa TaKMX TepOiliIiB y BUPOOHHUIITBI Oyi1a HE3HAUHOIO.

[Ticnsmiro  JOBOAWMIIOCS  BpPaxOBYBaTH, HAMpPUKIAA, B OBOYIBHHIITBI, JI€¢ IHTEHCHUBHO
3aCTOCOBYBAJIMCS TepOIMIN 3 TPUBAIUM 30€PEKEHHSAM Yy IPYHTI 3aJUIIKOBUX KiIbKOcTeH. Taki
repOiLUI MOXKYTh 3aCTOCOBYBATH OJIMH pa3 Ha 5—7 POKiB.

['yMycOBi peyoBHHM MalOTh HPAMY JiI0 Ha MPOIECH POCTY POCIHH, TOOTO 3MIHCHIOIOTH IXHIO
peryisnito. BriimuB ryMiHOBHX TOOpUB Ha POCIMHHM MAa€ CKJIAJHUNA 06araTocTyneHeBUN XapakTep Ta
OXOIUTIOE Bech mepiof Bererauii pocnuH. KokHa QyHKIiOHanbHa Tpyna ¢parMeHTa MOJIEKYJIN
I'YMIHOBOI KHCJIOTH BHKOHYE CBOIO O€3IOCEpEeIHIO pojib, a TaKUX TPyH Ayke Oarato, TOMy Jis
ryMaTiB Ha BOJy, IPYHT Ta BCi CTajlii pOCTYy pOCIHH OaraTorpaHHa.

3 ryMIHOBUMH PEYOBHHAMHM B POCIHMHY MOTpPAIUISIE€ MEBHA KUIBKICTh MIKPOEJIEMEHTIB, a TaKOX
aMIHOKHUCIIOT, BITaMiHIB Ta POCTOBHX PEUOBHH. TaM r'yMiHOBI pE€YOBUHH aKTHUBYIOTh ()EPMEHTATHBHY
aKTHBHICTh BCIX KJIITHH POCIMHHM Ta YTBOPEHHS HEIO CTUMYJIOIOUMX CIONYyK. SIK pe3ynbrar —
3pOCTaHHs KJIITHHH, 3MiHa (i3UKO-XIMIYHUX BIACTUBOCTEH MpOTOIIa3MH, iHTEeHCU(IKallis 0OMiHy
peuoBHH. 30UTBIIYETHCSI MPOHUKHICTH MEMOpaHM KIIITHH KOPEHS, MOKPAIlye€ThCsl MPOHUKHEHHS
€JIEMEHTIB MIHEPAJIbHOTO JKUBJIEHHS 3 I'PYHTOBOTO PO3YMHY JO POCIHMH Y BUIJISAI TYMIHOBUX-
MiHEpaIbHUX cIONyK. Lle mpu3BOANTH 10 MOCUIICHHS OTJIMHAHHS POCIMHOIO MTOKUBHUX PEYOBHH.

AHTHCTpecOBa Jiis TyMaTiB MPOSBISIETHCS TAKOXK y POOOTI 3 MECTHLUUAAMHU. 3aCTOCYBAaHHS iX
pa3oM i3 MpOTpyrOBaYaMH 3MEHIIY€E 1Hr10YI0UHii BIUTUB HA IPOPOCTAHHS 3apO/IKa HACIHHS, ITiIBUIILYE
TEMIIH 3pOCTAaHHS Ta PO3BUTKY POCIIHH.

3acTocyBaHHs I'yMaTiB pa3oM i3 repOiluaaMu 3MeHIIye iX (piTOTOKCHYHUIN BILUTUB Ta CKOPOUYE
nepiosl MPUTHIYEHHST KyJIbTYpHUX pocnuH. IlociBu He BTpayaroTh 3-7 nHIB Beretamii Ha BUXiJ 3i
CTPECOBOI'O CTaHy.
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Mertoro pobOTH € TOCTiIKEHHS BIUTUBY MpernapaTy Ha OCHOBI ()yJIbBOBUX Ta T'YMIHOBHX KHUCJIOT
Ha 3MEHIIeHHS (PITOTOKCUYHOI Aii repOilu/IiB.

Jnst gocnipkeHHsT OyJio BUKOPUCTAHO 5 TrepOilnAiB CENeKTHBHOI Ta CYHUIBHOI 1ii, a TaKox
EKCTIIEpUMEHTAIbHUNA O10CTUMYJIATOP 3 BHCOKUM BMICTOM (DYJIBBOBHUX KHCJOT, SIKUMH OYJ0
00pobIieHo ropiuku 3 3emieto 06’ emom 150 mur.

Taoauus 1. B 6ioctumynaropy «bio®@ynpBo» Ha piCT 1 pO3BUTOK (ITOIHAUKATOPY (CyAaHCHKA
TpaBa)

Bucora giroinaukaropy (y cm)

. Pocaunu, ki mouBaaIucs Pocannu, ki mouBaaucs
Pocaunn, siki momBaamncs o o
JIHIIE BOXOIO BOJ0K0 Ta 5 % po3unHOM B01010 Ta 10 % po3uuHom
" bio®yabBo bio®yabBo
I'opmuk Nel 190 cm I'opmuk Nel 150 cm I'opmuk Nel 137 cm
lopmuk Ne2 | 153 cm lopmuk Ne2 | 147 cm lopmuk Ne2 | 117 cm
lopmuk Ne2 | 138 cm lopmuk Ne3 | 139 cm lopmuk Ne3 | 106 cm

SIK110 aHani3yBaTH BUHATKOBO BIUIMB O10CTUMYJIATOPA HA PICT POCIUHY (mabauys 1) , TO MOXXHA
no0auuTH, o 5 % PO3UMH Mpenapary MPUrHidyBaB PO3BUTOK POCIMHM MpuOIu3HO Ha 16 %, a 10 %
pO3uuH — y miBTOpa pasza. KijabKiCTh 1 SIKICTh MApOCTKIB BapiroBasiacsi MPHOIU3HO OJHAKOBO B YCIX
ropuukax. Lle mosicHioeTscst TUM, 110 11041l KOMIOHEHTH Mpenapary( (yabBOBi, T'yMiHOBI KUCIOTH,
a Takoxx Oakrtepii pony bacillus) TOMITHO MiIBUIIMIN KUCIOTHICTH IPYHTY, @ JUISI HOPMAJIbHOTO
PO3BHUTKY CLIbCHKOTOCIIOIAPCHKHUX KYJIBTYP HE0OXiHAa KMCIOTHICTh IPYHTY Y Mexax 5,5 — 7 pH,

90
80
70
60
50
40
o .
30 - B % CXOKOCTi
20 - B % POC/UNH, WO He 3iAWwam
10 +
0 -
Pocanuum, aki Pocanuum, aki Pocanum, aki
obpobnsanvca nuwe obpobnanuca obpobnanuca
repbiunaamm repbiumpammn ta 5% repbiumaamm Ta 10%
pPO34YNMHOM pPO34YNMHOM
"BiodynbBo" "BiodynbBo"

Puc.1. BincoTok cxoxocTi pociuH, siki Oynu 0O6pobieHi nectuaamu ta npenapatom «bio®ynsBoy»

B nocnimkenHi 3actocoByBaiuch repOinuan ceiaektuBHoi Aii «O06epir» (Xizanodomn-IT-etun 90
r/n ), «dabn — Tpait» (Meronaxnop 960 r/m), « I'ezarapm» (IIpomerpun 500 r/m), a Takox
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HecenektuBHUN «Yparan @opte» (500 r/m kamiiiHoi comi Tmidocary).V pesynbrari Halkparie
Ipopociia TpaBa y TOpIIMKaX, sIKi MOJIUBAIKMCA JIHUIIE BOJOIO Ta TOPIIUKH, SIKI TIOJIUBATIMCS BOIOIO Ta
5% po3unnom «bio®yneBo». Pocnunm, ski Oynu oOpoOJeHI MEeCTUIMIAMH, HE MPOPOCIH, 32
BUHSATKOM JIEKUIBKOX BHIAJKIB, y SKHX POCIMHM 3aruHyiau Ha 12 — 19 genb. 10 % po3umn
«bio®DynpBO» 3aranbMyBaB PO3BHTOK POCIMH Tpubmmu3HO y 1,5 paza. 5% po3umH mpemapary
JI03BOJIMB TIPOPOCTH POCTUHI 3HAYHO BHIIE, HIXK 1HII 00pOOIeHI POCTUHH, OJHAK OLNbIIa YaCTUHA
pociuH, 1o 3iinum, Oyna odpobiena came 10% po3unHOM IMpenapary.

CepeaHa BUCOTa POC/IUH, 06pobneHunx repbiunaamm (y mm)
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20 -

pocnunHa , 06pobeHa TinbKu pocn.,06p. nect Ta 5% posy pocn.,06p.nect. Ta 10% posu.
nectMumaamm dynbBo+ dynbBoO+

Puc.2 Pezynpratn BrummBy npemnapary «bio®@ynbBo» Ha picT pociuH 00poOIeHUX MEeCTHIIUIAMH

OTxe, 3MEHIIUTH PHU3UK PO3BUTKY HETaTUBHHX HACTIAKIB 0araTopivHOro BHKOPHCTAaHHS
repOILKIIB JO3BOJIAE CYBOPE JOTPUMAHHS MPaBWI 3aCTOCYBaHHS OTPYTOXIMIKaTiB Ta 00OOB'S3KOBE
JONOBHEHHSI 3aXOMiB  XIMIYHOrO 3HHIIEHHS Oyp'sHIB MeXaHIYHMMH, OIOJOTiYHUMH Ta
arpoTEeXHIYHUMHU TNPUHOMAMH PETYJIIOBaHHS X KUIBKOCTI. AJie, BPaxOBYIOUM, MOJKJIHMBI 3MiHU
KHCJIOTHO-OCHOBHUX XapakTEPUCTUK IPYHTY, HEOOXITHO IyXe PETeNbHO MiAXOTUTH A0 BHOOPY
HailO1IbII eheKTUBHOT KOHLIEHTpAIlii penapary, sika 0yze, 3 01HOro 00Ky, CTUMYJIIOBATH MPOLECH
010pO3KJIalaHHs TECTUIMIIB, a 3 IHIIOTO — HE IPUTHIYYBATH PICT Ta PO3BUTOK POCIIHH.
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BILJIUB JIOJIABAHHSI PI3HOI KIJIbKOCTI NaCl B CEPEJJOBUILE
KYJbTUBYBAHHS BAKTEPII HA IIBUJIKICTh PO3BUTKY
KOJIOHIN BACILLUS THURINGIENSIS

Anacracis ®OMEHKO!, Oxcana BOHJIAPEHKO??
!Kuiscoxuii Ilanay dimeti ma ronaymea
ByJ. IBana Maszenu, 13, M. KuiB 01010, Ykpaina
2Incmumym ¢hizionoeii pocnun i 2enemuxu HAH Yxpainu
ByJI. BacunbkiBebka, 31/17, m. Kuis 03122, Ykpaina
e-mail: af270707 @gmail.com

CyuacHMI TEXHOJIOTTUHUH MpoIiec MIKpOOiOIOTiUHOTO CUHTE3Y BKIIIOYA€ KUIbKA eTamiB: Mmiaoip
npoayleHTa (KyJIbTypy MIKpOOPTaHi3MiB, 3 HOTPIOHUMH XapaKTepUCTUKAMU), MiA0Ip Ta MiATOTOBKY
MOKMBHOT'O CEPEOBMINA 3 BpaxyBaHHSIM OlOJOTIYHUX MOTPed AAHOTO BHUAY MIKPOOPTaHI3MIB,
JOMIIIOK, 3AaTHUX NPUIIBUIIIYBATH CHHTE3 MOTPIOHUX PEYOBHH, NPH LbOMY HE MPHUTHIYYIOUH, a,
HaBIaKH, 30UTBLIYIOYM MPOJYKTUBHICTH KOJIOHIM, KyJbTHBYBAaHHS KyJbTypHM B NEBHHX YMOBaX,
MOJKJIMBICTh BiJIOKpeMIIIOBaTH OioMacy, BHJUIUICHHS Ta OYHMCTKAa T'OTOBOrO MpoAyKTy. Harmry
JOCTITHULIBKY POOOTY MPHUCBSYCHO MiAOOPY CEPEIOBHINA 32 YMOBH 3MEHIICHHS BUKOPHCTAHHS
JOJJATKOBOTO  €Hepropecypcy (Temmeparypa, OCBITICHHS), IO TOKpallyBalu 3Hi0HICTh
MIKpOOpPraHi3MiB 10 TOCHJIGHHS IIBHJIKOCTI OTPHUMaHHs ©OioMach IMPOMHUCIOBOLIHHUX
MIKpOOpraHi3MiB.

B mpomeci pobotu Oyno mpoBeneHO IOCTIKEHHS BIUIMBY BHECEHHS JOMIIIKH Y IIiJIbHE
cepenouiie (MITA) mns xynsruByBanHs Bacillus thuringiensis - ne oauH 3 BUAIB IPYHTOBHX
OakTepiii, 1110 Ma€e NIMPOKHUH MOMUT y CLIBCHKOTOCIOAAPCHKIM ramy3i, OCKUIBKH BUKOPUCTOBYETHCS
IUIs. BAPOOHUITBA MIpenapaTiB MecTUIMIHOI Aii. J[ng Halkpaoro pe3yiabTaTty po3BUTKY KyJIbTypU
noTpiOHI Taki yMOBH, SK II€BHAa TeMIleparypa Ta OCBITJIEHHS, MIATPUMAHHA KOTPUX € JOCHTH
€HEproBUTPATHUM IpoliecoM. Y Hamiiid poOOTI MU HaMarajiucs 3HAUTH MOXJIHUBICTH 3a0€3MEYHTH
MOLIBUIICHHS PO3BUTKY KOJIOHIN KyJNbTYypH IPU MIHIMAJIbHUX BUTpaTax. BusBIeHy BIacTHBICTb
pearyBaHHs OakTepii Ha JOAaBaHHS COJIi MO>)KHA BUKOPHCTOBYBATH ITPH BUPOOHUIITBI BUIIIE3raAaHUX
nectunmaiB. Takox Bacillus thuringiensis, sik i GibIIICTh IPYHTOBUX OaKTEpiH, 34aTHA IO CHHTE3Y
MIrMEHTIB, Y CBOEMY BHUIIAJIKy — KapOTHHOIIB. Mikpo06ionoriunuii crnoci® oTpuMaHHs MIrMEHTY €
OUTBII MPOTYKTUBHUM, HDK, HAaHOUIBII PO3BHHYTHH Ha ChOTOJHIIIHIA J€Hb, BUIOOYTOK HOro 3
BUIIMX POCJIHH, OCKUIBKM Ma€ 3HAYHO MEHIIUH pAJ HEIONIKIB, TAaKUX SK CE30HHICTbh, MOTpeda y
MaciTabHi TepuTopii BUPOIIYBaHHS Ta JOBIOTPUBAIICTH 3pocTaHHs. lIpore, cHHTE30BaHMIA
MIKpOOpraHisMaMy KapOTHH, Ha BiIMiHY BiJl POCIMHHOTO, HE MOXK€ BHKOHYBATH POJIb XapuOBOi
N00aBKU y pallioHi JIFOIMHHU, OCKUTEKH HOTO O€3MEeYHICTh 7Sl OPraHi3My e TOCTiIKYEThCS.

3 METOI0 JOCIHI/DKEHHS BIUIMBY PI3HOTO PIBHS 3aCOJICHHS CEpElOBHUINA Ha PO3BHTOK KOJOHIHM
MIKpOOpraHi3MiB BUKOPHCTOBYBAJIH JIOMIIIKM B OCHOBHE cepenoBuine KynbTuByBanHs — NaCl
koHneHTpauiii 0,5 % Ta 1,5 %.
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[Neprim eTarnom A0CiKeHb 0YI0 OTPUMaHHS YUCTOI KYJIbTYPU MiKpoopraHi3MiB Buny Bacillus
thuringiensis. J{nst 4oro, 3 BUKOPHCTAHHSAM CTEPHII3AIliiHUX 3aX0MiB, OyJI0 OTPUMAHO CYCHEH31I0
6akrepiii 3 mpenapary «bitokcubaunnin-bTY» TM «Kusa 3emist». IlociB Ha mepeBipKy YMCTOTH
KyJIbTYpH TIPOBOAMIIM 32 CTAHIAPTHUM METOJIOM MOCiBY Ha cepenoBuine MITA meTogom mpuxa.

3a 100y KyJbTHUBYBaHHS OyJI0 OTpUMaHO MiKponpenapar KynbTypu Bacillus thuringiensis. ®oTo
300pakeHHsI OTPUMAHOT0 MIKpOIpenapaTry MpeaCTaBIeHO Ha PUCYHKY 1.

Puc.1. Mikpomnpenapar KynbTypu MikpoopraHi3MmiB Bacillus thuringiensis

Hpyrum eramom poOotu Oyno Oe3mocepenHiii mociB KyibTypu Bacillus thuringiensis Ha
cepenoBuiie MITA 3 nomimkom NaCl piznoi konmentpamii. s 1poro OyJio BHTOTOBICHO 3
BapiaHTU cepeloBHINA: |— KOHTPOJBHHI BapiaHT CTaHJApTHE CEpPElOBUINE JUIS KyJIbTUBYBAHHS
mikpoopranizmiB MITA; 2 — Bapiant cepenosume MIIA 3 nmomaBanusm 0,5 % NaCl; 3 — Bapiant
cepenosuiie MIITA 3 nogaBanusm 1,5 % NaCl. B koxxHy damiky /uist KyJIbTHBYBaHHs OyJIO IOMIIIIEHO
0,2 mi cycrniensii. KynbTHBYBaHHS IPOBOJMIIM B TEMPSBI IpH cepeaniit Temmnepatypi 17 °C. Tpertim
erarioM poOoTu Oyn0 BU3HAYEHHS INBUIKOCTI PO3BUTKY KOJIOHIM MikpoopranizmiB Bacillus
thuringiensis ycix BapiaHTiB cepeloBHIIa KYJIbTUBYBaHHs 3a 7 1110 micist mociBy. J{i1st IIbOTO 3 KOXKHOT
Yaniok OyJ0 BUAAIEHO BCIO 6ioMacy MIKpOOpraHi3MiB, 1110 HApocIia 3a el MpoMixKokK yacy. biomacy
BU3HAYald METOJIOM 3Ba)KyBaHHS 3a JOINOMOTrOI0 TOPCIOHHHMX BariB. Pe3ynbTaté 3BaKyBaHHS
HaBE/ICHO B TAOIUII.
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Tadmmus 1. Pesynpratu 3BakyBaHHs Oiomacu KynbTypu Bacillus thuringiensis, orpumanoi npu
KyJbTHBYBaHHI Ha cepenoBuili MIIA koHTponbHOro BapianTy Ta BapiaHTiB 3 gomimkamu NaCl
PI3HHUX KOHIICHTpAIliit

3pa3ok Bara Giomacu, r
KOHTPOJIIb 0,042 +0,005
0,5% NaCl 0,051+0,002
1,5% NaCl 0,038+0,002

3 mpeacTaBIeHUX Pe3yabTaTiB BUIHO, IO KOJOHIT, KyJbTUBOBAHI HA CEPEOBHIILI 3 TOAaBAHHIM
0,5 % NaCl matorp Oimbiry Giomacy Ha 21 %, HiX Ti, mo pociau y uucromy MIIA, TOOTO
KOHTPOJIbHUM BapiaHT. 3 IbOTO MOXXHAa 3pOOMTH BHCHOBOK, IO JOJABaHHS Yy CEpeIOBUILE
kynpTuBYyBaHHA 0,5% NaCl mo3uTuBHO BIUTMBa€E Ha MIBUIKICTh PO3BUTKY KYJIBTypH OaKTepii BUIY
Bacillus thuringiensis, ane 306inbieHHs BincoTkoBoro BMicty coii (mo 1,5 %) B cepemoBuiie
KyJIbTUBYBaHHS J1a€ 3BOPOTHIN edekT. [lIBuakicTe po3pocTaHHs KOJIOHIHM (HapolyBaHHsS O6iomMacu B
HaIlOMY BUMNAJAKy) 3MeHIryerbcs Ha 10 %. Sk mokaszaHo, crmoci®0 NPUCKOPEHHS PO3BHUTKY
OakrepianpHux KoyoHiM Bacillus thuringiensis meronom ponmaBaHHS MaluX JOJATKOBHX 103
nomimkn NaCl e wminiManbHO BHTpaTHHM, MpOTe, Oe3mepedHo, AirounM. JlaHi JOCHTIKCHD
BJIACTHBOCTI pearyBaHHs KiIiTuHH Oakrepiii Buay Bacillus thuringiensis Ha monaBaHHS HE3HAYHUX
KUJIbKOCTEH COJIi MOYKHA BUKOPUCTOBYBATH 151 301IbIIICHHS BUPOOHHUIITBA G10MacH MPU MiHIMaIbHIX
BUTpATaXx.
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CyuyacHMI CTaH TEXHOT€HHOTO HABaHTAXCHHS Ha JOBKUUIA NPU3BOAUTH JI0 IHTEHCUBHOIO
XIMIYHOTO 3a0pyJHEHHS TIPYHTIB HapTOmpoayKTamH. ToMmy, BaXJIMBUM HayKOBO-TIPAaKTUYHUM
3aBJIaHHSIM € YJOCKOHAJCHHS TEXHOJIOTi BIJIHOBIEHHS SIKOCTI TOpPYIIEHUX IpPYHTIB, 3
BUKOPUCTaHHSM JOCTYITHUX Ta €PEKTHUBHUX METOJIB, II0 BPaxOBYIOTh OCOOIMBOCTI 3a0pyJHEHHS
TEXHOT€HHO HABAaHTAXKEHUX TEPUTOPIH BIAMOBITHO 10 XapakTepy AisUIbHOCTI. 30KpeMa, BaKIMBUM
3aBJIaHHSIM € BiJIHOBJICHHSI €KOJIOT1YHOTO CTaHy I'PYHTIB, Ha TEPUTOPISIX TPAHCIOPTHUX ITiIIPUEMCTB.
Cepen BiIOMHX METOMIB BiJHOBIIEHHS SIKOCTI IPYHTY, BUKOpUCTaHHA (iTopemeniariii, BU3HaHE
NEPCIEKTUBHIUM METOIOM BiTHOBJICHHS BIIACTUBOCTEHN Ta €KOJIOT1YHOI (PYHKI[IOHATBHOCTI IPYHTY [ 1-
2]. Lleit HampsiM MOCTIHHO PO3BUBAETHCS Ta MOEAHYE y coO1 pizHOMaHITHI MeToau. OnuH 3 Takux
MeToiB — (piTocTabinizaris, 1o nepeadadae iMMoO1ITI3aLii0 3a0py THIOBAYiB 3a JOIIOMOTOI0 KOPEHIB
POCIIMH, YacTOYOK IPYHTY UM OCa/UKEHHS B TpUKOpeHeBil 30Hi. lle crpusie mepeTBOpeHHIO
MOJIIOTAHTIB Y HEPO3UMHHI, MaopyXoMi popMH Ta X yTPUMaHHIO B IbOMY CTaHi 3aBJIIKU CIIOJTyKaM,
BUJIUIEHUM KOPEHEBOIO CUCTEMOI0 pociuH. Lleit nporec 3anobirae nepeMinieHHIo 3a0pyAHIOBaYiB B
IPYHT, TPYHTOB1 BOJM YM IMOBITPS, CIPUsiE€ 3MEHILIEHHIO €po3ii, BUHOCY Ta BHJIYTOBYBAaHHS, a TAKOX
CTIpUsi€ BIJHOBJIEHHIO eKOCHUCTeM Ta Oiopo3mairts [3]. Immmit merox, ¢iToekcTpakiis, BKIOYAE
MOTJIMHAHHS 3a0py/IHIOBAYiB KOPEHEBOIO CHCTEMOIO POCIMH Ta iX TPAHCHOPTYBAHHS y HAJ3€MHI
opranu. HayjzeMH1 yaCTUHU POCIIMH MICIIs 3aBEPLICHHS BereTalii maawThes nepepooii. Lleit meron
3aCTOCOBYETHCS JUI OYMILEHHS TIPYHTIB 1 BOMOWM, 3a0pyIHEHMX BaXKMMU METalaMU Ta
panionykiizamu [7]. 1o iHmmx MetoniB diTopeMenianii BXOIATh HiToCTUMYIIALIS, (iToaerpatalis,
¢iTorpanchopmarist, ¢GiToBUNAPOBYBaHHS, pH30QUIbTpalis Ta pusoaerpagauis. Bonu Bci
CTIpSIMOBaHI Ha PO3KJIaJaHHs Ta epeKTHUBHE BIIIyYCHHs 3a0pynHIOBaviB 3 IpyHTY [4, 11]. 3 camoro
MoYaTKy, KOHIemIist QiTopemeniallii, sk 3aco0y Uis OYMINEHHS, BUHHKJIA 3 METO JIIKBimarii
3a0pyJHEHHS BAXKKUMH MeTalaMu. JocTiKeHHs TOKa3aiy, 0 Pi3Hi BUIU POCIMH MAIOTh HE JTUIIIE
3/IaTHICTh BUTPUMYBATH HASBHICTh BAXKKUX METAIIB, TAKHX 5K CBUHELb, IIMHK, PTYTh, aJie i MOXYTb
MOTJIMHATH Ta HArpoMa/pKyBaTH 3HAuHYy KUIbKICTh iXHiX i0oHIB [1]. Ille oaHi€l0 mepCHEeKTHBHOIO
JOCHITHULIBKOIO JISUTHHICTIO, SIKa BXK€ TOKa3aia CBOIO €(PEKTHBHICTh Ta MAa€ BENUKUN MOTEHITiANT
PO3BHUTKY, € BUKOPHCTAHHS POCIIHH Ul OUUILIEHHS BYTJIEBOJHEBUX 3a0pyAHEHb, TAaKUX K HaTa Ta
HadTonpoaykTH [8]. Ha nanuit MOMEHT TexHOIIOrIi (iTopeMenianii MOXyTh 6a3yBaTUCs Ha PI3HUX
METOJIOJIOTIUHUX MinxoAax. EQeKTHBHICTD mpolecy OYHMINEHHS 3a3BHUYail JIOCATAETHCS, KOJIH
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POCIIMHA MOEJHYE 3AaTHICTH A0 (diToBUNapy Ta ¢itoaerpananii [1]. Lle mo3Bossie BUBOAUTH y OBITPS
nuie 6e3neyHi MPOAYKTH po3kiaay HapTonpoaykTiB. OcoOIMBY BaroMicTh Ma€ 31aTHICTh POCIHH
70 pu3oAerpajaalii, KOMM BOHH CIPUAIOTH PO3KJIAJaHHIO 3a0pyAHIOIOUUX BYTJCBOJHIB HE
CaMOCTIMHO, a 3a YYacTI0O MIKpOOpPraHi3MiB, IO >KMBYTh HAaBKOJO KOpPEHEBOi CHUCTeMH, abo B
puzoctepi [5]. KopiHHS ciayXuTh MIKpoOpraHi3aMaM SIK IUIOINA JJIS MPUKPIMJICHHS Ta ITiJIBUIIYE
KOHIIGHTPALII0 OpraHiuHUX peuoBHH Yy puszocdepi. Lle mpu3BOaUTH 10 MOTPAIUIAHHSA y IPYHT
CKJIAJIHOT CyMiIlll OpPraHiYHHUX KHCJIOT, I[yKpiB, BiTaMiHiB, MypUHIB, aMiHOKHCJIOT, HYKJICO3HIB,
(epMeHTIB Ta IHIIUX PEYOBHH 3aBASAKH KOPEHEBUM BHIUIEHHAM pociuH [3]. Ha cboroani mpobnemu
¢iTopemenianii 3a0pyIHEeHMX Ha(TOIO TEPUTOPIH aKTHBHO OOTOBOPIOIOTHCS BUEHUMH. Jleski
JOCITITHUKH PEKOMEHIYIOTh BUKOPUCTOBYBATH TPaB’ SHUCTI POCIHMHH, 30KpeMa 3 poay 31akiB [1, 6].
Bonu BKa3yroTh Ha 3HaYHY BOJOKHHCTY KOPEHEBY CUCTEMY TpaB, sIKa TOPIBHIHO 3 IHIIMMHU BUAAMU
Ma€ BEJIMKY IUIOILY MOBEPXHI KOPEHs Ta MOKE MPOHUKATH Y TPYHT Ha INIMOMHY 110 3-X MeTpiB [5].

[To3uTBHUI BIJIMB 0AaraTOPIYHUX TPAB MOSCHIOETHCS IXHBOIO T0OpEe PO3BHMHEHOI0 KOPEHEBOIO
CHCTEMOIO, $IKa CIIPHUSE€ TMOJIMIICHHIO Ta30MOBITPIHOTO PEXUMY 3a0pyIHEHOro IpPyHTY Ta
HAaCHUYCHHIO HOro 010JIOTIYHO aKTUBHUMH CHOJIYKAaMH, 10 BUIUISIOTHCS KOPEHEBOIO CHUCTEMOIO TIiJT
qac KUTTEAISIIBHOCTI pociuH. Lle cTuMyIoe picT MiKpOOpraHi3MiB Ta CIpuUsie pO3KIalaHHIO HaQTH
ta HadromponykrTiB. YUucneHHi pochipkeHHS [5, 3] miATBEPIXKYIOTH CTiIHKICTH OO0OBHX [0
Ha(pTOBOTO 3a0pyIHEHHS 3aBJSIKHM iXHiM 34aTHOCTI (pikcyBaTH a30T 3 aTMocdepu Ta 3a0e3nedyBaTh
ce0e pKepesioM MiHEpaJbHOIO XKHUBJICHHS B yMOBax Hadro3zabpyaHeHoro rpyHTy [10]. OcobmuBoio
PHCOIO CTIMKOCTI € BJIACTHBOCTI CUMOIOTHYHUX MIKPOOPraHi3MiB, sIKi CHIBIPALIOIOTH 3 6000BUMH,
Malo4M 3JaTHICTh (IKCYyBaTH a30T Ta pPO3KIANaTH BYyIJeBoaHI HadromponykriB. Ilo3utusHi
pe3yabTaTh BUKOPUCTAHHS O0O0BHUX Ta 3TAKOBUX POCIHH MiATBEPIKEH] YUCICHHUMH 3apyOiKHUMHU
nociipkeHusamu [10]. JocaimkeHHs: CBITYUTD, 110 B KOPEHEBUX BHUIUICHHSX 3JIaKiB MEPEBaXaroTh
OpraHiyHi KHCIIOTH, TOJI SK KOPEHEB1 BUAIJICHHSA OOOOBHMX OaraTi aMiHOKMCIOTaMU Ta IHIIMMU
opraniuHuMHU croimykami [1]. YacTto neski JOCHIAHUKH TMPOMOHYIOTh 3aCTOCOBYBATH J0JIATKOBI
3aX0JM JUIA MiJCUJICHHS Ta MPUCKOPEHHS edeKTy ¢iTopeMenianii, Taki SK BHECEHHS MiHEpaJbHUX
n06puB [9] abo iHOKyIsALs pocnuH OakTepisimu [ 10], a0 HaBITh BUCAKEHHS TOPOCIUX POCIUH, SIKi
BUSBIISIIOTH OUTBITY CTIHKICTB 10 HAQTH MOPIBHAHO 3 ipopocTkamu [ 10]. BaxknuBo BpaxoByBartH, 110
pPOCIIMHHU, $IKI BHUKOPHUCTOBYIOTHCS JUIsl (iTopemenianii, MOBUHHI OyTH INPHCTOCOBAHUMH [0
KOHKPETHUX KJIIMaTHYHUX Ta IPYHTOBUX YMOB 3a0pyJHEHUX MAUISHOK 1 B3arajli BUTPUMYBATH
CTpEecOBi YMOBH. 3arajom, misi ¢iropemeniamii BaXXIMBO BHUKOPHUCTOBYBAaTH MiCLIEBI POCIUHH,
30KpeMa Ti, SKi pOCTyTh Ha 3a0pyJHEHUX TEPHUTOPISAX, YHUKATH BUKOPUCTAHHS 1HO3EMHHUX YH
TeHETUYHO MOAW(DIKOBAHMX BUMIB. Y pe3ylbTaTi €KCHEPUMEHTAIbHUX JOCTIKEHb HaMH OyJio
BU3HAYCHO €(QEKTHBHICTh BHUKOPHUCTaHHsS BiBca 3BUYaliHOTO (Avena sativa L), TpencTaBHUKA
37IaKOBHX, Y TEXHOJOTisAX (hiTopemimiarii IpyHTY, IITY4HO 3a0pYyJHEHOTO aBiallitHUM KEPOCHHOM.
VYmict HaTOMpPOAYKTY y AOCHIPKYBaHUX Npobax IpyHTY OyJi0 BHU3HAUYEHO 3 BUKOPUCTAHHAM
rpaBiMeTpuuHUM MeTo10M 32 MBB Ne081/12-0116-03 «I'pynTH. MeTOMMKa BUKOHAHHS BUMipIOBaHb
MacoBOi1 YaCTKM HA(TONPOAYKTIB IpaBIMETPUYHUM METOAOM». Y pe3yNbTaTi MOPIBHSAHHS BMICTY
HaTONPOAYKTIB y AOCITIPKYBaHUX MpoOaxX IPYHTY JI0 MPOPOIILYBaHHS BiBCa Ta MiCIs MPOPOLYBAHHS
npotsirom 10 1i6, Oyno BCTaHOBJIEHO PiBEHb OYMIICHHS IPYHTY Bij aBialfiiiHoro mamusa. PiBeHb
OYMILEHHS 3a0pyJHEHOI aBiallifHUM KepOCHHOM MpoOU IPYHTY cTaHOBUB 86%. OTxe, MOXKEMO
3pOoOMTH BHCHOBOK PO MEPCHEKTHBHICTh BUKOPUCTaHHS BiBca 3BMYAHOrO (Avena sativa L) nns
OYMILIEHHS TPYHTIB, 3a0pyAHEHUX aBIAIlIfHUM KEPOCHMHOM Ha TEPUTOPISAX MiJIPUEMCTB aBialliiiHOi
ramysi.
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INDOOR AIR. VALIDATION OF THERMAL DESORPTION GAS
CHROMATOGRAPHY-MASS SPECTROMETRY METHOD
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The air quality in indoor air, in both homes and workplaces, can affect people's health in different
ways. A source of deteriorating air quality, and thus adverse health effects, is mould that can form in
buildings with insufficient ventilation or exposed to moisture damage. The health effects of living in
mould-damaged houses have been documented in several studies, including effects on the central
nervous system [1] and allergy, asthma and rhinitis [2]. The term Sick Building Syndrome (SBS) is
sometimes used to describe the symptoms mainly of the respiratory tract, mucous membranes and
eyes that can occur during a stay in certain buildings [3].

Since mould has negative health effects on those who stay indoors, it is essential to demonstrate
the presence of mould so that the mould can be removed. There is a method for measuring the mould's
volatile metabolites, so-called microbial volatile organic compounds (mVVOC - microbial volatile
organic compounds). These substances are formed during the metabolism of microorganisms. The
microorganisms can be bacteria or fungi. These substances' characteristics are their volatility, which
means that they evaporate quickly even at low temperatures and their strong odour and effect on
mucous membranes upon exposure. There are some 100's identified substances within the group of
mVOCs, and among these are, above all, various hydrocarbons such as ketones, alcohols, and
aldehydes, but also some sulphur and nitrogen compounds. No mVOCs are specific to
microorganisms, but the substances can also be formed in other ways [4]. Since these substances are
volatile and pass through porous materials, such as many building materials, it is possible to measure
mVOC through air samples and indirectly demonstrate the presence of mould. Then, there is no need
for direct access to the mould, which can be hidden behind walls inside ventilation ducts [4].

Several studies have previously investigated the relationship between the presence of various
irritation symptoms and exposure to mVVOCs. Sahlberg et al. [5] examines the relationship between
SBS and the presence of 16 different mVVOCs in indoor air. The study was able to demonstrate a
significantly increased occurrence of SBS in residents of buildings with elevated levels of some, but
not all 16 investigated, mVVOCs: 2-pentanol, 2-hexanone, 1-octen-3-ol, 2-pentylfuran and 3-
methylfuran.

The relationship between the content of 8 different mVVOCs in indoor air and the occurrence of
SBS has also been investigated by Araki et al. [6]. In the study, residents in single-family houses with
proven moisture problems were asked about SBS symptoms at the same time as mVVOC samples in
indoor air were taken. A relationship between the presence of 2 different m\VVOCs (2-pentanol, 1-
octen-3-ol) and SBS could be demonstrated in the study. In a later follow-up study, Araki et al. also
examined the relationship between mVVOC and the occurrence of allergy. There was a relationship
between allergic rhinitis and conjunctivitis and the presence of 1-octen-3-ol [7].
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In order to find mould in buildings, several different methods can be applied. The method of
measuring the volatile metabolites of mould in the form of mVOC does, however, have several
advantages over other methods. To measure mVVOC, thermal desorption-gas chromatography-mass
spectrometry (TD-GC/MS) is usually used. This work aimed to validate a method used to measure
microbial volatile organic compounds with a TD-GC/MS. The method is used by the Occupational
and Environmental Medicine Laboratory at Linkoping University Hospital. The validation includes
determining the analytical properties of the method, such as precision, accuracy, linearity,
measurement range, detection limit, quantification limit, selectivity, robustness and stability. The
validation includes an analysis package that includes 12 different mVVOCs and three other non-
microbial VOCs. To perform the validation, standard solutions were prepared in different
concentrations which are impregnated onto sorption tubes filled with Tenax TA, which then are
analyzed on a TD-GC/MS unit. In order to compare different sorbents, a smaller number of tubes
filled with Carbograph and Tenax+Carbograph+Carbosieve are also used.

The results show differing values where linearity varies from low (R2=0,550) to high (R2=0,998),
which also the precision (4<CV%<57) and accuracy (34<recovery%<400) does. Limits of detection
and quantification are also, in several cases, above the levels of concentration of mVOC encountered
in indoor air. It is recommended that new sample containers with a different adsorbent of the type
Tenax TA+Carbograph 1 start to be used, which is better adapted to the wide range of boiling points
of the substances included in the analysis package for mVVOC. This would give higher precision,
better accuracy, and possibly lower the calculated LOD and LOQ. As for the substance dimethyl
sulphide, it should either be removed from the analysis package or the method should be revised so
that the substance can be reliably measured, which is not possible with the method in its current form.
The method appears sensitive to changing desorption temperature; this must be high enough for
complete desorption. When changing the sorbent, the appropriate temperature program should be
determined again. The samples are completely storage-stable within three weeks.
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EKOJIOTTYHI NPOBJEMM YTUJII3ALII TBEPAUX MOBYTOBUX
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Teepni moOyrtoBi Bigxomau (TIIB) € omHmM i3 BUIIB TrOCHOAAPCHKO-TIOOYTOBUX BIIXOIB
KHUTTEAISTIBHOCTI JIIOAUHU. 32 MOP(OJIOTIYHUM CKJIAZOM BOHH MOAUISIOTHCS HA KOMIIOHEHTH: TIaIIip,
KapTOH, Xap4oBi BiAXOAHW, JEPEBO, METal, TEKCTWIb, CKIIO, IIKIpy, TyMy, KaMeHi MOJIMEpHi
MaTepianii Ta iHmI. OCHOBHUMH HampsiMaMH y BUPILICHHI NMUTaHb IMOBOJDKEHHS 3 BIAXOJaMHU €
BIIPOBA/KEHHS TEXHOJIOT'1H, 1110 BETyTh 10 CKOPOUYCHHS BIJIXO/IiB, TOBTOPHE BUKOPHUCTAHHS BiIXO/IIB,
3aCTOCYBaHHS BHMCOKOSKICHOT CHpPOBHMHM Ta MarepiaiiB, 3a0e3ledyeHHs IOBHOTIO 30HMpaHHS,
HAJICKHOT0 30epiranHs Ta HEJOMYIICHHS 3HUILEHHS 1 ICYBaHHS BIJXO/IiB, 3[1i{CHEHHS KOHTPOJIIO 32
CTaHOM MICI[b YH 00’€KTiB po3MmimieHHs BinxoniB [1-3]. Mera Hamoi poOOTH — IOCHTIIKEHHS
TexHosoriyHoro mnpornecy yruiaizauii TIIB y micti )Koti Bonu JlHinmponeTpoBcbkoi o0macTi Ta
MOIIYK IUIAXIB HOT0 YJOCKOHAJICHHS.

BuBi3z TBepaux moOyTOBHX BiIXOJIB BiJ JKUTJIOBUX OyJAWHKIB, Oprafi3amiii i MmiJIpUEMCTB y
M. XKoBTi Bonmm 3abe3neuye komyHanbHe mignpueMmctBo (KII) «Yucre micto». BupoOnuua
JiSUTBHICTH MIANPUEMCTBA TIOB’ si3aHa 3 BuBe3eHHsAM T1IB Ha mouiroH i fioro excrutyaraiiero. [lomiron
TIIB po3ramoBanuii y miBHIYHO-CXi1HIN yacTuHi MicTta J)KoBTi Boau, B #ioro mpomuciosiii 30Hi. I3
3axiIHOro OOKY BiJI ITOJIITOHY PO3TAIIOBYETHCS OyAIBETbHUM MaliJaHUYMK JOMOOYIiIBHOI'O KOMOIHATY,
Ha TIBHOYI TMOJIMOH MPUMHUKAE 10 OalKy 1 Jami po3TalloBaHI OpHI 3eMJll  KOJIEKTUBHHX
CUIBCHKOTOCTIOAAPCHKHX 1 (hepMEpPChKHUX MiANMPUEMCTB. 31 CXiTHOTO OOKY PO3TaIlOBYIOTHCS TOPOJIH,
cenuTeOHa 30HA NPHUBATHOTO CEeKTOpy c. Becenma IBaHiBKa, 3 MiBOHS — aBTOMOOiUIBHA A0pOTa
cnonyueHHss Kpusuit Pir — II'stuxatku. Y miBHIYHIA Ta MIBHIYHO-CXIJHIM yacTMHax Micra
3HAaXOAMTHCSA MPOMHUCIOBa 30Ha. TyT po3ramoBaHi TipHUYO-MeTanypriiiHuii 3aBony (I'M3),
xBocTtocxoBuile, cipuanokuciaotHuii 3aBoj (CK3), mickka TEL], peMOHTHO-MeXaHIYHUI 3aBOJ,
aBTOTPAHCIOPTHE TrocrnoaapcTBo. IIpomucioBa 30Ha Mae pO3ralyKeHYy MepeXy aBTOMOOUIBHHX
nuisaxiB. OCHOBHA YaCTHHA HACENICHHS MicTa 3aifHATa Ha MiAMPUEMCTBAX, OB’ I3aHUX 13 IEPEPOOKOIO
ypanoBux pya (I'M3), BupobuuurBom cipyanoi kucnoru (CK3). HaiiGnmkua cenuiiHa 30Ha 1.
Becena IBaniBKa, mpejacTaBieHa OJHONOBEPXOBUMH OyJMHKaMM MpPUBATHOI 3a0yq0BH. Y 30HI
BIUIMBY TIOJIFOHY TaKOX PO3BHHEHE CUIBCHKOTOCHOJNAPChKE BUPOOHHUITBO, IEPEBAKHO
BUPOIIYBaHHS 36pHOBHX KYJIBTYD, OypAKIBHUIITBO.

Teputopist MONIroHy MICTHTh TOCHOAAPCHKY 30HY 1 BUpoOHHMYY. OCHOBHI OyniBii i criopyau
roCHoapchKoi 30HU 3a0e3MeuyoTh HOpMajibHe (DYHKIIOHYBaHHS BUPOOHUYMX MPOIIECIB:

— €JIeKTPOIIOCTaYaHHS MOJITOHY;

— TOCIOJIaPCHKO-TTUTHE BOJAONOCTauYaHH (110/1a4a BOJIU 3 MEPEXi MiCHKOTO BOJAOIIPOBOTY).
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OcHoBHOIO criopyzoro mpu opranizarii nonirony TIIB e Texnonoriuamii koTioBaH. Bennunna
YXWIy 0 JHY KOTJIOBaHY CTaHOBHTH 14 %. YIIUIbHEHHS MiJCTUJIAIOYUX JHO KOTJIOBAaHY I'PYHTIB
cknanae 1,65-1,76 r/em®.

[TpoekToM monirony nependayeHo ckiaayBaHHS HOOYTOBUX BIJIXO/IiB HAa KapTaX, pO3pPiBHIOBAaHHS
1 YIIUIbHEHHS BIAXOJNIB BiJ HU3Y JO BEpPXy METOJOM «HACyBaHHs». TEXHOJOTis YIIUIbHEHHS
OynbI03epoM 3 OaraTopa3zoBOIO MPOXOAKOI Mo mapy nokianernx TIIB Bucororo He Oumbine 2 M
JI03BOJISIE 3MEHIIUTH 00CAT BixomiB B 4 pa3u. Ilicis nocsrHeHHs He0OXiTHOI BUCOTH YIIUIbHEHUX
TIIB 3piliCHIOETbCS 130JIF0BaHHS BIAXOIB MiHEpaJbHUM IPYHTOM a00 iHEpTHUMHU OyIiBEIbHUMHU
BIJIXOJIAMH.

ITo nepumertpy nomirony TIIB BnamroBaHa HaripHa KaHaBa JJIsl BiIBEJACHHS MMOBEPXHEBUX BOJ
rmbuHo0 1,5 M, sIKa 0IHOYACHO BUKOHYE POJIb OTOPOXKI.

B pe3ynbrarti yimigbHeHHS TOOYTOBUX BiJXOJIB 1 MPOHUKHEHHS MMOBEPXHEBUX BOJ BUILISETHCS
pinuHa (¢inbTpar), sfKa MICTUTh HPOIYKTH THWJIBHOTO PO3MAAy OpPraHiYHUX PEUOBHH CMITTS.
@inbTpaT HAKONUYYETHCS B HIKHIM 30HI CKIIaJyBaHHS 1 BIJBOJUTHCA MO JAPCHAXHUM TpyOaM B
eMHICTh (pe3epByap-36ipHuK) MicTkictio 100 M®, a HOTIM BHKOPHUCTOBYEThCS JUIS 3POIIECHHS
poOoUOTo BiIIICHHS.

Po3BaHTa)keHHSI CMITTEBO3IB HAa POOOUIN KapTi 3AIHCHIOETHCA Ha IIapi TBEPIUX MOOYTOBHUX
BIJIXO/IiB, SIKi OYJIO MONIEPETHRO YKIAIEHO Ta 130J1b0BaHO. J{J1s i’ 13y CMITTEBO3A 0 pOOOYHX KapT
nepenbayeHa THMYAacoBa JOpOra 3 3ali300€TOHHMX IUIAT. [PYHT JUiA  i30JII0KOYMX  IIApiB
BUKOPHUCTOBYETHCS 3 BiJIBANIIB HA/UTMIIKOBOTO MIHEPAJILHOTO I'PYHTY IiCIS YTBOPEHHS KOTJIOBAHY.

[Ipu excruryararnii MOMIrOHY 3AIHCHIOETbCS OOOB’S3KOBHH KOHTPOJIb CTaHy HABKOJIMIIHBOTO
CepeIOBHIIA B 30HI BIUIUBY:

— JIO3UMETPUYHUN KOHTPOJIb NpuBe3eHux Ha TIIB Bigxomis;

— KOHTPOIIb PiBHA 1 mUIbHOCTI BincunanHs TTIB;

— KOHTPOIIb HAJXOKEHHS BOJIM y CBEPJIOBUHM (3 MEPIOJUIHICTIO 1 pa3 Ha MicAllb);

— KOHTpOJIb 3a0pyJHEHHS MOBITPs (OKCHUAM a30Ty, OKCHUAU CIPKH, MUJ, CIPKOBOJIEHB, OKCH[
BYTJICIIO, aKPOJIEiH, caXka, CIiu HaQTOMPOIYKTiB);

— KOHTPOJIb 3a0pyTHEHHS BOJIM Y CBEPUIOBUHAX BHILE IOJITOHY 1 HIDKYE MOJIITOHY;

— KOHTPOJIb 3a0pyTHEHHS I'PYHTIB BAXKKUMHU METAIX 1 HAQTONPOIyKTaMu.

[Tnoma 3emenbHOroO BigBOMY miJ mojirod — 8,3 ra. Ilnoma ckinaxyBaHHS TBEPAUX MOOYTOBHUX
Bigxomis — 4,8 ra. [IpoxykTuBHicTs nojirony TIIB B 06cs3i piunoro ckmagysanss — 70,0 Tuc. m>,
Tepmin ekcrutyaTanii monirony — 15 pokis.

BuBi3 TBepanx moOyTOBUX BiXO/IB Ha MOJITOH 3a0€3MeuyI0oTh 7 CMITTE€BO3iB BMicTOM Bix 40 /10
60 m° TIIB (cnewnianizoBanuii aBTOTPAHCIIOPT).

Ha momnironi TTIB n03BoMsieThCsl TOXOBaHHS MPOMUCIOBUX BiaxomniB IV kiacy Hebesmeku. Ha
MIPOMUCIIOB] BiAXOAM TOBMHHI OyTH odopMmileHI eKoioriuxi macrnoptd. llepenik MpoOMHUCIOBHX
BIJIXO/IiB, IO CIIPSIMOBYIOTHCS Ha moJiroH TIIB, moBuHEH OyTH MOTOKEHUH 3 MiCIIEBUMH OpraHAMHU
CaHITapHO-EIIIEMIONIOTIYHOT, EKOJOTIYHOI Ta TOXKEeXHOi chmyxOamu. Ha Ttepuropii momirony
3a00pOHSETHCS BIIKPUTE CIIATIOBAHHS B1IXO/IB Ta 30MpaHHs BTOPUHHOT CHPOBUHU (OpyXTY).

[Ticnsa 3aKpUTTS TOJIrOHY HOTO TEPUTOPIIO MepeadadyaeTbcss BAKOPUCTOBYBATH B JIICOTEXHIYHUX
LUISIX IIJISIXOM MTOCAIKH JIEPEeB 1 YarapHUKIB 3 KOPEHEBOIO CUCTEMOIO, [0 HETITMOOKO POHUKAE.

[Tonironn A CKJIAMyBaHHS BiIXOIIB € 3arajibHONPUHHATAM METOJIOM YMPABIiHHS TBEPAUMHU
BixogamMu B OaraThox Mictax. [loniroHu — 1e Micis, CrlemiaqbHO TpU3HAueHl I Oe3MevHoi Ta
€KOJIOT1YHO BIAMOBIMAIBHOI YTHITI3aIll Ta 30epiranHs BigxoAiB. BaxIuBO BiI3HAYUTH, IO MOJIITOHU
MaloTh OyTH TpPaBUJIBHO OPraHi3oBaHI Ta KEpOBaHI, 100 MiHIMI3yBaTH HEraTUBHHH BIUIMB Ha
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noBkiutd. Ilpu npomy 3a3BHYail 3aCTOCOBYIOTBCS Pi3HI METOIM, Taki SK TepMeTH3allis MOJIrOHY,
BUKOPUCTaHHS TeoMeMOpaH Ta CUCTEMHU 30MpaHHs Ta 0OPOOKH CTIYHHX BOJI.

[IpoTe cmix 3a3HAYUTH, IO CKJIATyBaHHS BiJXOJIIB HA MOJIrOHAX € THMYACOBHM PIILICHHSIM, a HE
ONITUMAJILHUM CIIOCOOOM YTIpaBIIiHHS B1IXOAaMHU Y IOBTOCTPOKOBIH nepcrekTuBi. Bee Oinbine kpain
Ta MICT aKTHBHO PO3BHMBAIOTH METOJM MEpepoOKH Ta yTWiizamii BiAXOiB, Taki sSK COPTYBaHHS Ta
nepepoOKa JuIst MIOBTOPHOT'O BUKOPUCTAHHSI, KOMIIOCTYBaHHSI OpraHiuHUX BiJIXO/iB Ta BUPOOHHUIITBO
e”eprii 3 BiaxoniB. Lli migxoaM MOMOMAararOTh CKOPOTHTH OOCST BiIXOMIB, 3HU3UTH HETATHBHHIA
BIUIMB Ha HABKOJIMIIHE CEPEIOBUINE Ta BHECTH EJIIEMEHTH CTaJOTO PO3BUTKY B YIPaBIIHHSA
BIJIXOJIAMH.

B nanwmii yac B Ykpaini BiAcyTHs 6a3a JaHUX PO TEXHOJIOTII mepepoOKr HeOe3MeUHUX B1IXO/IB
Ta METOAMKA OI[IHKM eKOJIOTiYHOi Ta EeKOHOMIYHOi e(EeKTUBHOCTI pI3HUX TEXHOJOTIYHUX 1
Oprafi3aiifHuX cxeMm yTWii3allii, 1307111 Ta JiKBigamii HeOe3MeuHuX BiAXOMiB. Y Takiil curyarrii
HEMae MOXJIMBOCTI JTaTH OOIpYHTOBaHI peKOMEHMAIlli MO yTHIIi3alii, 130JsIii Ta JTIKBiJAIil JyIs
KOKHOTO KOHKPETHOT'O BHJTY BIJIXO/IIB.

Hesxi Bigxoau B KII «Uucre MicTo» € MOTEHIIHHUMU BTOPUHHUMH PECypCaMH, BUKOPHCTAHHS
AKX MOXe OyTH eKOHOMIYHO e(eKTMBHUM. [HIII BigXOAM € TOKCHYHUMH IPOMHUCIOBUMHU
BIJIX0/IaMHU, fKi, 3 METOIO 3MEHIIEHH 1X IIKI/JTMBOr0 BIUIMBY Ha HABKOJIMIITHE CEPEIOBHILE, TOBHHHI
nepenaBaTuCs Ha YTUJI3aIlilo B CIIeNiali3oBaHi MiANMPUEMCTBA, [0 MAIOThH CIeLiadbHI J03BOIH Ha
TaKy JisUIbHICTb.

3a pesynpTaTaMu npoBeneHoi iHBeHTapu3alii BigxoaiB y KII «Hucte MicTo» peKOMEHIy€eThCs
BUKOHATH HACTYTIHI 3aXOH:

1. [loomparmoBaT 1 BIPOBAJUTH CHUCTEMY TIIOBHOTO OOJIKYy YTBOPEHHS, CKJIaTyBaHHS,
HAKONWYEHHS, PO3MIIIEHHS Ta pyXy BIAXOMIB Ha JUIBHUIMX HIANPUEMCTBA B IJIOMY, IO
3a0e3MeUuTh JOCTOBIPHICTh 3aIIOBHEHHS (DOPM CTaTUCTUYHOI 3BITHOCTI.

2. Po3pobutu TexHiuHi KapTH (IHCTPYKIii) /Ui 3a0e3MeYeHHs] MOBHOTO OOJIKY BIAXOIB, sIKi
YTBOPIOIOTHCS, 30€piratoThbes 1 pO3MIILYIOThCS Ha MiJIMPUEMCTBI, @ TAKOXK YTUITI3YIOTHCS.

3. 3abe3neunTH MOBHUI OyXranrtepchbKuil OOJIK CHPOBMHM 1 MaTepialiB, 10 HAIXOAATH Ha
HiANPUEMCTBO 1 B pe3yJIbTaTi BUKOPUCTAHHS SKUX YTBOPIOIOTHCA BiJIXO/U (3JIMIIOK HA TONEpeaHI N
PiK, HAIXO/KEHHS Ta BUTPAyaHHsI B MOTOYHOMY POILli, 3AJIMIIOK Ha KiHEIlb TOTOYHOT'O POKY).

4. 3a0e3neunTH MOCTIHHUI KOHTPOJIb CTaHy MICIlb TUMYAcOBOI0 30epiraHHs BiJXOIiB.

5. He nmomyckatu 3MilryBaHHS BIAXOJIB Pi3HOrO Kjacy HeOe3IeKH, M 4Oro 3a0e3MeyuTH BCi
MPO3/IUTH i AMPUEMCTBA JOCTATHHOIO KUTHKICTIO KOHTEHHEPIB.
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Introduction. The demand for strategies to reduce global atmospheric concentrations of
greenhouse gases is considered one of the main tasks for 21 century. The capture and sequestration
of carbon dioxide, the predominant greenhouse gas, is a central strategy of these initiatives. Carbon
capture and storage (CCS) schemes embody a group of technologies for the capture of CO, from
power plants, followed by compression, transport, and permanent storage [1]. The main technologies
of CO; capture are based on the processes of absorption-desorption in absorbing solutions, membrane
separation, adsorption, and mineralization [2, 3, 4]. Technology for the use of absorbent solutions, in
particular amines, is common in the industry, while other technologies are in the concept or pilot
stages [5]. Carbon capture and utilization (CCU) is an alternative approach to reducing CO2 emissions
[6]. CCU can be realized by chemical fixation through the conversion of CO. into fuels, commodity
chemicals, construction materials, or mineral carbonates represents another promising alternative for
COg capture. Particularly, CO2 may be considered as feed to produce fuels such as methanol, formic
acid, dimethyl carbonate, methyl formate, and higher hydrocarbons, as well as polymeric materials
and pharmaceutical chemicals [7].

The carbonate cycle is a novel concept for CCU technology that is based on the adsorption of CO>
by metal oxides with further transportation and degassing with the regeneration of initial oxide [8].
In metal carbonate decarboxylation, the reaction conditions, especially the nature of the gas
atmosphere, play a crucial role in the course of the reaction. If carried out in a reducing atmosphere
of hydrogen, the decomposing of carbonate combines with chemical transformations of CO; into
valuable products. The main advantage of the carbonate method is the possibility of the
transformation of carbon dioxide into hydrocarbons using hydrogen [9]. The use of "green™ hydrogen
in the hydrogenation of carbonates predicts a closed carbon cycle. Iron oxides are a leading candidate
for this technology due to the high dissemination and low cost of iron. Iron is an industrial catalyst of
Fisher-Tropsh synthesis, a process of obtaining synthetic fuels from synthesis gas [10]. It could be
expected, that selection of experimental conditions allows obtaining not only methane and carbon
monoxide, as a reaction product, but also higher hydrocarbons. Iron carbonate also can be utilized as
inorganic pigment that provides a brown and red-brownish coloring.

As reported in the literature, only Fe?*, mainly in the form of FeO, applies to CO- capture, while
Fe3* is unsuitable for this approach due to its inability to form carbonates. However, FeO is a quasi-
stable oxide that disproportionates producing Fe and FezO4 [11]. Therefore, iron in the form of Fez0a,
or a mixture of iron oxides/hydroxides is suitable for large-scale adsorption of CO,[12]. Adsorption
capacity and Kinetics can be increased by the use of a water suspension. The commercial products of
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suspension of iron oxides/hydroxides named ferryferrohydrosol (FFH) which is used for purification
of waste water, is also predicted to be a perspective adsorbent for CO,. FFH is a colloidal suspension
of two- and three-valence iron hydrated compounds, used as a reagent for wastewater pollutants
binding. The method of manufacturing FFH is apparently simple and based on the electrolysis of iron
and steel stamping waste. Predicted, that electrolysis of steel leads to a formation of iron-containing
oxide-hydroxide nanoparticles that shows a tendency of coagulation into coarse bunches, and the
formation of agglomerates with a size of several micrometers. Formed FFH characterizes by
enhanced sorption capacity, particularly due to the developed specific surface of iron-containing
particles, that can achieve 400 m2,

The presented work is dedicated to the assessment of the possibility of capturing CO- using the
FFH suspension as a perspective product for cleaning concentrated exhaust gases produced by fossil
fuel-based enterprises.

Methods. Samples of FHH were provided by the manufacturer, the INECO company (Innovation
Ecology), Vilnius, Republic of Lithuania. It was provided 3 samples that contains 40g/l of FFH with
49/l of NaCl (FFH-NaCl), 30g/l of FFH with 4g/l of Na,SO4 (FFH-Na>S0O.), and 40g/l of FFH with
49/l of Na2SO4 and 2 g/l of a compound (FFH-Na>SOas+). Also, commercial magnetite Fes04 325
mesh (= 45 um) from “Thermo scientific” was used as a sample for comparison. The structure of the
samples were characterized by Raman spectroscopy. Raman spectra were performed a HORIBA
Jobin-Yvon T64000 spectrometer using exciting Ar-Kr laser radiation at a wavelength of 488 nm and
a power of 100 mW. Fourier transform infrared (FTIR) spectra were obtained using a Spectrum-One
spectrometer (PerkinElmer). The dynamic light scattering (DLS) measurements were made with a
Malvern Zetasizer Nano S, using a 633 nm HeNe laser at 4 mW. Aqueous suspensions of initial FFH,
and FFH after CO2 adsorption were tested in quartz cuvettes having a 10 mm path length. The analysis
was operated in backscatter mode at an angle of 173°. Samples were equilibrated at 25 °C for 30 min
before measurement. The concentration of FFH in water was 1 mg/ml. The capacity of FFH for CO-
adsorption was determined using a volumetric method. The flask with a sample was connected to a
cuvette filled with dibutylphtalate. The duration of each adsorption experiment was at least 30
minutes.

Results and Discussion. Figure 1 presents FTIR and Raman-spectra of initial FFH samples,
commercial FesOs, and corresponding samples after CO> adsorption. A comparison of spectra of
initial FFH shows that spectra of FFH-NaSO4+ and FFH-Na:SO4 are very similar, while the
spectrum of FFH-NaCl shows a noticeable difference. Bands ad 340 cm, 495 cm™, and a broad band
at 685cm-1 in combination with a band at 1395 cm™ show, that the main phase of FFH-Na2SO4+ and
FFH-Na>SO4 is maghemite - y-Fe;Os [13]. The spectra of FFH-NaCl present the same bands
combined with two intense bands at 220 cm™ and 280 cm™ which are corresponds to hematite - a-
Fe203 [14]. Raman spectra of magnetite contains a weak band at 540 cm™ and strong band at 662 cm”
! which are typical bands of magnetite [15].

A comparison of Raman-spectra of initial FFH samples and FFH after CO- adsorption shows only
a slight decrease of band intensity. The main Raman bands of siderite appear at 190 cm™, 290 cm™,
and the most intense band at 1100 cm™ [16]. Therefore, CO, adsorption does not lead to the
appearance of detectable bands of siderite, which can be caused by a low concentration of formed
siderite. Raman spectra of magnetite after CO, adsorption are almost identical to the initial Fe3Oa.

Bands at 570-580 cm™ in the FTIR spectra correspond to a Fe—O stretching mode of the tetrahedral
and octahedral sites of FesO4 in FesO4, and FFH samples. Weak band 800 cm™ can be attributed to a
—OH stretching vibration of a-FeOOH [17, 18]. Bands with low intensity near 1000 cm™ are the
bending vibration of -OH modes in y-FeOOH and a broad peak at 1100 cm ™! is the bending vibration
of OH modes in §-FeOOH. Peaks at 13001500 cm* could be related to the stretching vibration band
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of the COz group that mainly arises from the contamination of solutions by atmospheric carbon
dioxide [19]. A pronounced band at ~ 1620-1630 cm™* is related to the H-O—H bending of water.
Adsorption of CO; leads to the appearance of the band at 470 cm™ in FFH-NaCI(CO2) and FFH-
Na2S04(CO,) as well as a new band at 440 cm™ in Fe304-CO2, which corresponds to metal-oxygen
vibration modes if maghemite [20]. The spectra of FesO4-CO: contain a doubled band at 520-750
cm™* which is a result of the combination of Fe-O stretching mode of Fe3sO4 and y-Fe,Os. The spectra
of Fe304(CO3) contain two intense bands at 900-1100 cm™ that era attributed to surface OH groups
in magnetite (960 cm™) and maghemite (1080 cm™). There is a significant increase in the intensity of

(a) (b)

() (d)
Figure 1. Raman (a) and FTIR (b) spectra of initial FFH samples, commercial FezO4, and Raman
(c) and FTIR (d) spectra of corresponding samples after CO2 adsorption.

the band at 1100 cm-1 for the FFH-NaCl(CO.) sample in comparison with the initial FFH-NaCl. This
result indicates an increase in the content of the phase of y-FeOOH due to COz adsorption. Adsorption
of CO2 does not lead to significant changes in the FTIR spectra of FFH-Na;S04(CO-) and of FFH-
Na>SO4+(CO2) compared with initial samples.

Table 1. Average particles size of initial FFH samples and FFH after adsorption of CO..
Ne Sample Average particles size, pm
1 FFH-Na>SO4+ 6.5+0.2
2 FFH-Na>SO4 3.4+0.1
3 FFH-NaCl 4.7+0.1
4 FFH-Na>SO4+(CO») 2.8£0.1
5 FFH-Na,S04(CO2) 2.7+0.1
6 FFH-NaCl(CO>) 2.6+0.1
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Table 1 presents the average particles size of initial FFH samples and FFH samples after CO>
adsorption determined by DLS. Obtained results show that FFH contains particles of a size of several
micrometers. The smaller particles of 2.5 micrometers contain FFH-NaCl, while FFH-Na;SO4+
contains the larger particles of 6.5 micrometers. Adsorption of CO, decreases the average particle
size for all samples to a size close to 2.7 micrometers. This result indicates that the adsorption of CO»
leads to breaking the bonds in iron-containing particles, probably hydrogen bonds that result in the
grinding of the particles agglomerates to smaller initial particles. Therefore, analysis shows, that FFH
contains a suspension of iron-containing particles with a size of several micrometers which are a mix
of oxides and hydroxides of Fe?* and Fe®*. The main crystalline phases of these particles are
maghemite, hematite, and magnetite with a significant content of their hydrated forms. It can be
speculated, that the main amount of CO> adsorbs by Fe in amorphous forms, which are the major
phase of Fe in FFH. Adsorption of CO> has a limited effect on the transformation of crystalline phases,
which consists in the transition of the magnetite phase to maghemite. While the amorphous phase of
particles adsorbs CO. by surface OH-groups and oxides forming nanostructures containing
carbonates and hydroxycarbonates that aggregate into particles with sizes near 2.5-3 micrometers.

Table 2 presents experimental results of the adsorption of CO, by FFH samples. At 20 °C FFH
adsorbs 3-4.5 liters or 6-8.5 g of CO.. The ultimate amount of adsorbed CO- by iron oxide/hydroxide
systems can be calculated according to the ratio, where 1 mole of Fe adsorbs 1 mole of CO.. This
proportion follows from the equation FeO+CO.=FeCOs. Therefore, 1 liter of FFH, which contains
40 g of Fe, can adsorb 31.4 g or 16 liters of CO>. Adsorption of CO- by water is negligible due to the
influence of electrolyte and solid particles, which dramatically reduce the adsorption capacity of the
water. Therefore, according to this approach, the adsorption capacity of FFH samples is 8.5-14.5%
of the theoretical value. This indicates that only a limited amount of iron compounds adsorbs COx.
The adsorption capacity determined experimentally is lower than the theoretic value, which can be
caused by the inaccessibility of the inner part of particles to the CO- at 20 °C. The high content of
Fe3* is another reason of the depressed capability of FFH towards the adsorption of CO2. Adsorption
of CO2 by magnetite is negligible, that is a consequence of a very low specific surface due to large
particles size.

Table 2. The density of FFH samples, the amount of adsorbed CO; by FFH samples at 20°C, and the
amount of adsorbed CO: relative to the theoretic value obtained from the proportion of
(1 mole CO2)/(1 mole FeO).

Sample | Density, | liter(CO.)/liter(FFH) | g(CO.)/kg(FFH) | g(CO2)/g(Fe) | % from
g/lem?® theory
FFH- 1.06 3.1 5.8 0.15 8.5
Na>SO4+
FFH- 1.04 3.9 7.4 0.26 145
Na>SO4
FFH- 1.05 4.3 8 0.21 12
NaCl
*Fes04 - <0.01 <0.1 <0.001 <0.001

* Experiment of CO; adsorption by FezO4 was provided using a suspension of 40g FesO4 and 4g
NaCl in 1 liter of water

Comparison of data presented in Table 1 and Table 2 shows, that amount of adsorbed CO>
increases with a decrease of particles size of FFH. This result indicates that the influence of particles
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size on the adsorption capacity is very significant. Therefore, a strategy for the creation of a highly
effective FFH is not only to obtain a FFH with a high content of Fe?* but also with a small size of
iron-containing particles. Also, it can be concluded that the main role of electrolytes is the
determination of particles size of FFH, and the influence of various electrolytes on differences in
phase composition, the ratio of Fe?*/Fe**, and, as a consequence, the adsorption capacity is negligible.

The alternative approach, which is based on the study of model systems of iron oxides, shows that
at room temperature is mainly observed physical adsorption of CO> on all types of iron oxides. It was
shown, that the degree of surface hydroxylation plays a decisive role in the adsorption of COz on the
surface of iron oxides, which leads to the formation of adsorbate forms identified as surface
bicarbonates. Adsorbed CO; over a long period of time can transform into a chemisorbed form with
the formation of carbonates and bicarbonates. However, such a process occurs only in the presence
of Fe?* [21, 22, 23]. According to this, a developed surface of iron oxides is required for an increase
in the absorption capacity. The maximum amount of 3.01*10 gCO2/g of absorbed CO_ was observed
for Fe2Os. The adsorption of COz by a biochar/Fe oxyhydroxide sorbent of 0.16 gCO./g at 25 °C was
achieved [21].

Following this approach obtained values of adsorbed CO> by FFH allow the determination of the
specific surface area (SSA) of iron particles which can be calculated using:

S:q'ao'NA

where, q is the adsorption capacity of CO2 (mol/g), oo is the area claimed by an adsorbed molecule
of CO2 (0.109%x10%8 m?), and Na is Avogadro’s number (6.022x10% mol™?). The obtained result of
the SSA of iron in FFH gives 220-390 m?/g. Comparing the values of SSA and particles size obtained
by DLS confirms that the iron-containing oxide particles in the samples are porous agglomerates of
smaller, mostly amorphous nanoparticles with a highly developed surface.

Conclusions. The possibility of applying FFH for the absorption of CO. from concentrated
exhaust gases was demonstrated. It was shown, that the structure of FFH is a suspension of iron-
containing nanoparticles which are a mix of oxides and hydroxides of Fe?* and Fe®*". These
nanoparticles are agglomerated in larger particles with a size of several micrometers. The main
crystalline phases of these particles are maghemite, hematite, and magnetite with significant content
in their hydrated forms. FFH samples have a developed surface in the range of 200-400 m?/g. The
absorption capacity for CO; of 0.26 g(CO2)/g(Fe) at room temperature was shown. A high absorption
capacity of FFH can be associated with a highly developed surface area of the samples and a high
degree of surface hydroxylation. Therefore, the use of FFH to absorption of CO, from concentrated
exhaust gases has significant advantages over solid sorbents.

Acknowledgments. This work was provided with the support of The EUREKA Network, project
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OKHUCHEHHS € YHIBEpCAIbHUM 1IHCTPYMEHTOM O0OpOOKHM BOJH, IKUI MOKHA BUKOPUCTOBYBATH JUIS
ne3iHgexii, aerpaaamii 3a0pyJHIOI0YMX PEYOBUH 1 JJIS MOKPAIICHHS IHIIMX BapiaHTIB 0OpOOKH.
Je3indikyrounm 3aco00om, SKUi HAHOIBII YacTO BUKOPUCTOBYETHCS, JIJIsl OUUILEHHS ITUTHOI BOJIU €
xyop. OCHOBHUM HEJOJIKOM XJOPYBaHHS € YTBOPEHHS HEOaXaHMX TMOOIYHUX MPOIYKTIB
ne3ingexii. [HIIow amkTepHATHBOIO 3aCTOCYBaHHIO BUILHOTO XJopy € miokcun xyopy (ClO2). Ha
noyatky, ClO2 BUKOpHUCTOBYBABCS ISl MiHIMI3alli yTBOpeHHs XJIOp(EHOTy MiJl Yac XJIOpyBaHHSL.
[lepeBara MiHiMi3allil yTBOPEHHS XJIOPOBAHUX MOOIYHUX MPOAYKTIB Ae31H(EKIi] 3011bIIMIa iHTEpeC
10 ClO2 micist BCTaHOBIICHHS! )KOPCTKUX BUMOT JI0 BMICTY Y IUTHIN BoJii Tpurainometanis (TTM).

MeTor0 JaHOTO TOCIIHKEHHS € aHaJli3 CyYacHHX MOTTISAIB Ha MOOIYH1 MPOTYKTH OYUIIEHHS BOAU
T1OKCHIOM XJIOPY.

Hiokcua xyopy (ClO2) B 0CHOBHOMY 3aCTOCOBYETHCS JIJIsl IEPEJOKUCHEHHSI BOAM ISl IECTPYKIIii
OpPraHiYHMX 1 HEOpraHiYHUX CIIONYK, 3MEHIICHHS MIKpOOiOJOTiYHUX 3a0pyAHEHB 1 MOKpAIIeHHS
cenumenTanii. Kpim Ttoro, 3acrocyBanHs ClO2 i ouMIeHHS BOAM 3amo0irae MOBTOPHOMY
MIKpOOHOMY pOCTYy B cUCTeMi posmopiry. He3Baxkaroun Ha Te, mo aesiHdpikyounii epext ClO:
BIIOMUI NEBHUH Yac, MOTEHIiI{HE BUKOPUCTAHHS ISl OCNIabiIeHHS MIKpo3aOpyIHIOBAdiB i Yac
OKHMCHEHHS IIpu 00po011i CTIYHUX BOJT 00 MOMEPEIHHOI0 OKUCHEHHS TUTHOT BOJIU IIPUBEPHYJIO YBary
JUIIIE B OCTaHHI J1Ba AecaTHIITTS [1].

Xoua ClO2 npurHiuye yTBOpeHHs AeskuX mKiamuBux DBP, ocHoBHIM nipoaykToM peakiiii ClO2
y Boai € xyoput (ClO27). XJIOpUT periaMeHTYeTbcs y MUTHIM BOAI 3 MaKCUMaJbHUM pIBHEM
3a6pymuenns 0,7 mr/am° (10 mkM) BOO3; 1,0 (15 mxM) mr/am® y Cnonydenux Illtarax i0,2
mr/ av® (3 MkM) y Himeuunni. Buxomsuu 3 npunymienss, mo 30-70% ClO, neperBoproeThes Ha
xyoput [2], makcumanbHa 103a ClO2 oomexena Big 1,2 (18 mxM) 1o 1,4 mr/a (21 mxM). Kpim Toro,
YTBOPIOETHCS XJIOPAT K 1HIIWNA HEOpraHiyHUM MOOIYHUI MPOIYKT (CTaHIAAPT XJIOPATy AJIS MUTHOL
BoM cTaHOBUTH 0,7 Mr/ 1M°), ane B HIDKYMX KOHLEHTPALIisAX, Hi’K XJIOPHUT.

YTBOpEHHS XJIOPHUTIB Ta XJIOPATIB Y BOJI MOKE MaTu Miclie BHacHi1ok po3nany ClOz y mykHOMY
cepeloBHIII a0o0 i €0 CBITIIA:

ClO +hn + H20 — HCIO3 + HCI + 20+
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XmopaTd MOXYTh YTBOPIOBATUCS MPH OKUCHEHHI XJIOPUTIB XJIOPHYBATHUCTOK KHCIOTOIO
BIJIMOBIJTHO PEAKIIii:
ClO2 + HCIO —»H" + CIOs + CI

Sx Bimomo, yci ae3iH(eKIiiHI 3aco0M MalTh PEaKIliiiHI MOJEKYyNH, 3[JaTHI 3MIHUTH XIMI4HY
MPUPOJY OPTaHIYHUX PEUYOBUH Y Boi. Tomy mpoOiemMa anbTepHATUBHUX J1€31H()EKTaHTIB MOB’s13aHa
TAaKOXX 3 IHIIMMH acleKTaMd OOpoOKH BOJAM, 30KpeMa 3 MpoOJIeMOI0 BUIAJICHHS OpraHiYHUX
3a0pyHIOBAYiB 3 BOJM 110 Je3iH(eKIIii.

YTBOpEHHS XJIOPUTIB MPOTiKae MpuoIn3Ho 3 BuxonoM 60-70 % y po3paxyHKy Ha BUKOPHUCTaHUI
niokcun xiopy, T00to — 1 mr ClO2 BimHOBIIOETHCs 10 0,6-0,7 Mr ClO2". 3a iHIIUMU JaHUMU BUXIJ
xJI0pUTiB cTaHOoBUTH 50-70 % 3a1ex)HO BiJ] IKOCT1 BOJAH.

YTBOpeHHs XJIOPUTIB pH 3He3apaskeHH1 Boau ClO2 Ta ranoreHnoxiHuX OpraHiqHuX CIIOIYK ITi[
BrBoM Cl2 Moxe OyTH 3BeleHO A0 MIHIMYyMy IPH 3HE3apaXCHHI BOJAM 3 BEIMKUM BMICTOM
OpoMifiB. Pe3ynbpTaTé eKCriepuMEHTIB MOKa3ajH, 0 MBUAKICTb YTBOPEHHS XJIOPUTIB BiZoOpakae
mBUAKiCTh cnoxkuBaHHS ClO2, mpy 1IbOMY KiJIBKICTh XJIOPUTIB, 10 YTBOPIOIOTHCS, CTAaHOBUTH 60 %
Bix noriuHeHoro ClOz. [Tpu 3He3apakyBaHHI BOAM XJIOPYBAaHHIM B pe3yJIbTaTi OKUCHEHHS OpOMiliB
ClO2 ytBoproeThest Brz, sikuii pearye 3 opraHiYyHUMHU CHOJYKaMHU OUIBII 1HTEHCHBHO, HIXK XJIOp, 3
yrBOpeHHsM TpuranometaniB (TT'M) i ranorenopraniyaux cnoiyk (I'OC). 3MeHIIeHHs KiJIbKOCTI
HeOakaHUX MPOAYKTIB crioctepiranocs mpu oopodii Boau ClO2 Ta ioro peaximii 3 opraHiyHUMHU
nomimkamu j10 BeenieHns Clp. [Tonepeans o6po6ka Boau ClO2 y konnentpaii 1 mr/ame 3a 2 rogusu
0 3actocysanns Cl, y xoHmenTpamii 2 mr/am® cnpusiio 3sMeHmensio yreopenas TI'M ma 60 %
MOPIBHSHO 3 iX KIJIBKICTIO, 110 YTBOpIOeThbes Tpu 1ii Tutbku Clz. [Ipu 11boMy yTBOpEHHS XJIOPHTIB
3MeHuryerbes Ha 90 % MOpiBHIHO 3 IX KIJIBKICTIO, 10 YTBOPIOEThCs nipH il Tiibku ClO2.

3MEHIIeHHS HEOpraHiuHUX MOOIYHUX MPOAYKTIB TIOKCUIY XJIOPY Y MUTHIN BOJII — 10HIB XJIOPUTY
Ta XJIOpaTy — aKTyajbHa mpobnema, sikmo posrsigatu ClO2 sk anekBaTHY ajJbTepHATHUBY IPH
00poO11i Boau. BukopucranHs i0HIB cynbdiTy ab0 TIOKCHIY CIpKU JO3BOJISE BUIAIUTH XJIOPUT-10H
10 piBHs Hmkde 0,1 MI/aM® IPOTArOM XBMIIMHH 3 TOAAIBIION O0OPOOKOI0 BIIBHMM XJIOPOM I
BUJANICHHS CyNb(DIT-I0HY Ta Aiokcuay cipku. CTexioMeTpis Ta KiHeTHKa peakiiil omucani ans pH
5,5-8,5 TakuM ynHOM, 11100 pPe3yNbTaTH MOTJIM OYTH 3aCTOCOBaHI 0€3M0CEPEIHBO 10 ICHYIOUUX CXEM
00pOOKHM TUTHOI BOJH.

PesynbraTi 1a60paTOpHUX JOCIHTI/IB, SKi Maji HA METiI BUBUEHHS BIUIMBY OPraHIYHUX JIOMIIIOK
Ha YTBOPEHHA XJIOpHTiB mpu 06pob1i Boau ClO2, mokazanu HacTynHe. [Ipi BUCOKMX KOHIIEHTpAIIisX
OpraHiYHMUX JOMIIIOK Yy BoJi Bukopuctanus ClOz i XinopyBaHHs BOJM MPU3BOIUTH 10 YTBOPEHHS
XJIOPHUTIB, IPU IIbOMY HeoOxiaHa 3anumkoBa n03a ClO2 B 00pobieHiit Boai He gocsraerbes. Tomy
JUIS BOJI 13 BHCOKOIO KOHIICHTPAIII€I0 OpraHivHuX nomimok Bukopuctanas ClOz poniiapHO y pasi,
SKIIO 3IMCHIOETHCS BUJIAIIEHHS 3 BOAM XJIOPHUTIB. [lokazaHo, 10 /Ui BUIAJICHHS XJIOPUTIB MOXKE
OyTH BUKOpHCTaHE aKTUBOBAaHE BYTLLJIS, IPOTE 3 YACOM HOT'0 €EMHICTh 3HAUHO MAJIAE.

BcranoBieHo, 110 MOXJIMBUI HaJUIMIIOK XJOPUTIB JIETKO YCYBAa€Thbesl (DIIBTPYBAHHSAM dYepe3
aKTHBOBAHE BYTi/UIA a00 BIJHOBJICHHSM J0 XJOPHJIB MPH J103yBaHHI y BOJY CYJbQITIB Ta 1HIIMX
BiHOBHUKIB. [IpoBenmeHi MOCHIDKEHHS IIOAO BHUIAJICHHS XJOPUTIB 3a JIOMIOMOrOI0 10HIB
JIBOBAJICHTHOTO 3alli3a, SKi JOJAIOThCS SIK KOATyJSHTH O MPUPOAHOI BOIH, “TIEPEIOKHUCHEHOI”
TIOKCUIOM XJIOPY, ITOKa3aJIy, 110 XJIOPUTH BiTHOBIIIOIOTHCS 10 Oe3neyHux xinopuis. Lleit meton nae
MOJKJIMBICTh JTIOKCHUJY XJIOPY 3QJIMIIMTUCS ONTUMAJIBHOIO aJbTEPHATHUBOIO XJIOPY 0€3 0OMEeXEHHs
KOHIICHTpALlI{ Ta rapaHTyBaTH Oe3MeKy JJIs CIOYKMBaya Ta HABKOJIMIITHBOT 0 cepeoBulia. OcodanBo
BiH e(DeKTUBHUH 115 IEPEIOKUCIICHHS IPUPOIHOT BOM, sIKa 3a0py/THEHAa OpraHIuYHUMH PEYOBUHAMH,
OCKUJIbKM HE 1HIIII0€ YTBOPEHHSI TPUT'aAJIOTEHMETaHIB Ta 1HIIUX XJIOPOPTaHIYHUX PEUOBHH.

Handbook of the XXIII International Science Conference 79
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

VY nocnimkeHHi mpo0 BOIM PI3HOTO MOXOPKEHHS (aJbMiliChKe 03€po, MITYYHE 03€pO Ta Piuka)
MiJyTaBalii KOMIUIEKCHOMY OYHIIECHHIO, 110 BKJIIOYAE MEPEIOKUCHEHHS, KOaryJsiito/QpaoKymsitito,
azicopOLil0 Ha TpaHyJIbOBAHOMY aKTMBOBAaHOMY BYriuli Ta aAe3iH(ekuito. OLiIHIOBaIH BIUIUB
o0podkn Ha ClOz-mornuHanHs Ta ¢opMyBaHHS TOOIYHUX mponykTiB ne3indexuii (TI'M,
ancopboBanmii opraniunuii ramoren (AOI), xmoputr Ta ximopar). Pesympratu mokasanu, IO
KoaryJsis/(hiaokysiis Ta aacopOlis Ha aKTMBOBAHOMY BYTULIl MarOTh HAWOUIBIIMKA BIJIMB Ha
CKOpPOYEHHS CIIOKMBaHHA Jie3iHexTanty. [lepenokucuenns Boau mryuHoro ozepa KMnO4 i NaClO
nokazyBaino HaiBuie ClOz-nornuuannasa. He3anexxHo Bif BOJHOIO JKepena KiIbKICTh XJIOPUTY 32
cxeMoro ClO2 - NaClO 6yna Ha 40-60 % Hmxkuoro, Hixk 3a cxemamu ClO2 - KMnQO4 abo ClO; - CIOx.
I'inmoxnopur Hatpito (NaClO) npuszBoaus 1o ¢popmysanus AOI' i TT'M y Boxi mry4Horo o3epa (110
60 i 20 mxr/mm® BianoBiaHO), y Toit yac sk mpu okucHeHHi C102 hopmysanns TI'M 6y10 MeHIIUM
Ha 98 % mnopiBHsaHO 3 NaClO. Ilopanbma 00poOka 3a1i30BMICHUM KOAryJISTHTOM/(DJIOKYJISIHTOM i
yac IONEPEIHbOr0 OKHCHEHHsA Bujausana XJopuT Ha 90 %, TOJOBHMM 4YHMHOM, 4epe3 Horo
BiHOBIIeHHS 10 xjopundy. [loganeina agcopOiiis Ha akTuBoBaHOMY BYTULT Bunamsuia AOI 1 TTM
BinnmoBigHO Ha 50-60 % Ta 30-98 % i 3akiHuyBasia BUAAJICHHS XJIOPATy Ta XJIOPUTY.

OTpumani JaHi IIOAO YTBOPEHHS XJIOPHUTIB MpuU 0OpoOIi Boau (IPUPOJHOI, OYMIICHOI,
XJIOPOBAHOT) TO3BOJISIFOTh KOHCTATYBATH, 1[0 BUXIJ XJIOPUTIB 3aJIKUTh BiJl HACTYIHUX (PaKTOpIB:

* KOHIICHTpalii PO3YMHEHUX Yy BOJI OpPraHIYHUX Ta HEOPTraHIYHMX PEYOBHMH Ta iX XIMIUHOI
IPUPOJIH;

* pH BOOM;

* piBHIB MiKpOOHOT0 3a0pyAHEHHS BOJIH;

* BBEJICHOI 103U A1I0KCUY XJIOPY;

* TPUBAJIOCTI KOHTAKTY JIOKCHIY XJIOPY 3 BOJIOKO;

* TeMIIepaTypu;

* KOHIICHTpAIIi] 3QIUIITKOBOTO BUIBHOTO XJIOPY.

Buxin XJIopHTiB SIK MOOIYHMX MPOIYKTIB 3HE3apAKEHHS MIOKCHIAOM XJIOPY XapaKTepHUN s
KO)KHOTO KOHKPETHOTrO 3pa3ka Boau 1 Moke craHoBuTd Big 0 mo 70 % Bix BBemeHoro abo
MOTJIMHEHOTO JIOKCHIY Xyopy. KoHIeHTpalist XJIOpUTIB 3MIHIOETBCS y 4aci, OCKUJIBKH XJIOPUTH
BCTYMNAIOTh 13 KOMIIOHEHTaMU BOAM (MiKpOOIOJOTIYHUMU 1 XIMIYHUMHU) B OKHUCIIIOBAILHO-BITHOBHI
peaxiiii, MBUAKOCTI AKUX 3HAYHO HIDKYI HiXK 3 IIOKCUIOM XJIOpY.

Bapro 3a3HaunTH, 1110 BUCOKI Bapiallii BUXOly XJIOPUTY Ta XJIOpaTy Ta BiJICYTHS YacTKa B OajlaHci
XJIOpY 1€ HaBPSI UM 3pO3YMiNi. YTBOPEHHS IHMX HEOPTraHIYHHMX, a TAKOXX OPraHiuHUX MOOIYHUX
MPOAYKTIB MOKE 3MIHIOBATHCS 3AJIKHO BiJl peakIiifHO3JaTHUX (parMeHTIB peakiifHIX NapTHEepiB
ClO2. Takox moBimomisieThbes, mo nonepente okucHenHs ClO2 moxke 3MinuTH yTBOopeHHs DBP y
HACTYIHMX Ipollecax, TaKuX K xjopyBaHHs. Kpim Toro, B octanHix po6otax 3 ClO2 mokaszano, 1o
MEXaHI3MU peakilii Habarato CKIaIHIII, HiXK OYiKyBajIoCs.

Jliokcua XJIopy pearye 3 6araTuMu Ha €JIEKTPOHH (pparMeHTaMH, BKIIOYa0ud (PEHONIH, aHUTIHY,
BIJIHOBJICHY CIPKY, aKTHBOBaHI aMiHH, Ta 3 TAKHMH, [I[0 MAIOTh MOJBIHHI 3B SI3KH, & TAKOXK JIETKUMHU
Heopra"iuHuMu crionykamu, Takumu sk Fe(Il) ta #on. 3 inmoro 6oky, ClO, maiike He pearye 3
MEePBUHHUMH aMiHAMH Ta BCIMa MO3UTUBHO 3apsipkeHnMu aMminamu. [IBuakicts peakmii ClOz 3
pi3HUMH (parMeHTaMH MOXKE 3MiHIOBaThCs OUIbIl HDX Ha 10 MOpSAIKiB, IO BKa3ye HAa BHCOKY
cenekTuBHICTh ClO2 151 MPaKTUKK OYUIIEHHS BOJIH,

Ile MOkHa MPOAEMOHCTPYBATH HA MPUKIIAAL (HEHOIY, IKUH € cTabKOI0 KHCIOTOO 1 TUCOLIIOE Y
BOJi Ha GeHouAT 1 penon. denon maitxe He pearye 3 ClO2, a peHonAaT pearye ayxe mBuako. OTxke,
3a TUIIOBUX YMOB 00po0Oku Bosu (pH > 6) heHonsaT € OCHOBHUM peakiiifHO3IaTHUM KOMIIOHEHTOM i
MIBUJIKICTh pEaKIlii, 10 CHOCTEepIraeThCsi, 3HAYHO 3pocTae 31 3poctaHHsAM pH uepe3 30inbLICHHS
YacTKU (PEHONATY.

80 Handbook of the XXIII International Science Conference
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixxkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

Buxomu xmoputy moxyTth komuBatucs Bin 30 % mo 70 % Ha cnioxutuii ClO». TloBigomieHi
BHUXOJIM XJiopaTy HabaraTo meHIri (< 20 %). Lleit Manuii BUXiJ TAKOXK MOXKE BKJIFOUATH XJIOpaT, IKUMA
yTBOpro€eThes mija yac reHepyBaHHs ClO2, y moOIYHMX peakiisfx 3 iHIIUMHI XIMIYHUMH PEYOBUHAMM,
mucnponopiiionyBants ClO2 ab6o ¢oropeaxkiiii 3anumikoBoro ClO2 y Boji mmij] BILTABOM COHSYHOTO
cBiTna [1].

3a iHmumu ganumi [3], y pasi 06pooku Bogu ClO2 3a3Buyaii 10 60 % 3actocoBanoi 1o3u ClO:
NEPETBOPIOEThCA Ha XJIOpUT-i0H, a 8—10 % mepeTBOproeThCS Ha XJIOpaT-iOH, HA YTBOPEHHS SIKOTO
BILJIMBA€ HASIBHICTh PI3HOMAHITHUX OPTaHIYHUX 1 HEOPTaHIYHUX KOMITOHEHTIB Y JOBKIJUIL.

VY po6orti [4] Oyno mocnimKeHo HAIBHICTh Y MUTHIN BOAI XJIOPUTY Ta XJjiopaty. JIBicTi 1eB’IHOCTO
YOTHPHU 3Pa3KH MUTHOI BoaM Oyiio 3i0paHO 3 ceMU OIpiCHIOBAJIbHHUX ycTaHOBOK (DP), wotupbox
pesepByapiB (R) i Bocbmu meueteit (M), po3TamoBaHUX y Pi3HUX MICISX MIBJAEHHOTO Ta MIBHIYHOTO
Katapy. Pisni konnentpanii C102 xonusanucs Big 0,38 1o <0,02 mr/am° i3 cepeHiMu 3HAYCHHAME
0,17; 0,121 0,04 mr/am® aast DPs, Rs i Ms BianosinHo. PiBHi XJIOPUTY KoJuBamucs Bif 13 MKT/aM°
n0 440 wmkr/am3, i3 cepemnivmu 3HaueHHsAMHM Bin 13 mo 230 mkr/am®, 77-320 mxr/mm® i 85-440
mkr/am° st DPs, Rs i Ms Binmosigno. PiBHi XJIopaTy KoiauBamucs Bif 11 Mxr/ am® 10 280 Mkr/ oM,
cepeHi 3HaYeHHs KonuBaucs Bif 36 1o 280 mMkr/ a3, 11-200 mkr/ qm® i 11-150 mkr/ om® must DPs,
Rs 1 Ms BignoBigHo. Bcei konnentpauii DBP noTpanwim B niama3oH HOpMAaTHBHUX OOMEKEHD,
BCTaHOBJICHUX BcecBiTHROIO opraizailiero oxoponu 310poB’st (BOO3) [5].

VYrBopenns DBP B kontekcti okucHeHHs ClO2 MoxHa MiHIMI3yBaTu IBOMa Pi3HUMH CIIOCOOaMHU.
[Tepmwmii crioci0 nmossirae y BAKOPUCTAHHI BapiaHTIB MOMEPEIHbOT 00pOOKH JUTs MiHIMI3alii MOOIYHIX
NpoAyKTiB, MoB’a3aHuXx 13 ClO2, HanpuKiIaa nmomnepeaHe 030HyBaHHs. J{pyruil — 11e BUKOPUCTAHHS
ClO2 sk momepeqHbOrO OKMCHIOBAaYa JUIs MiHIMi3alii yTBOpEHHs MOOIYHMX MPOIYKTIB IHIINX
ne3iHQiKyounx 3aco0iB (HampHKIag, XJIopy, Xjopaminy). Came meid Meron  OOIpyHTOBAHO
pe3yabTaTaMu JOCIiKeHb B YKpaiHi [6].

ExcnepuMeHTanbHO OOIPYHTOBAHO Ta BIPOBA/HKEHO ONTHMAIbHY CXEMYy IIOCIHiJIOBHOTO
KOMOIHOBAHOT'O 3aCTOCYBaHHS JIOKCUIY XJIOPY Ta XJOpPY (XJIOp-ra3zy 4M TiMOXJOPUTY HATPilo) JUis
3HE3apaKeHHS MUTHOI BOJM: TIOKCHUJ XJOPY BBOAMTHCS Ha CTaii MEPEAOKUCHEHHA, a XJOp — Ha
cTajii mocT3He3apakeHHs. B 3anexHOCTI Bl AKOCT1 BUX1THOT BOJH €(PEKTUBHA J103a AIOKCUIY XIJIOPY
Ha cTajii mepeoKUCHEeHHs cTaHoBuUTh 1,0 — 1,5 Mr/nm®, mo B 3-4 pasu MeHmIe 3a 103y XJIOpY,
JOCTATHIO JJIsl IOCSITHEHHSI TTO10HOTO eeKTy.

3a Tako0 CXeMOI0 BXKe Ha CTaii MepeJOKUCHEHHS MOJIMIIYIOTHCSI OPraHOJIENTHYHI BIACTHBOCTL
BOJIM, TIOTIEPEPKYETHCSI YTBOPEHHS TPUTAJIOr€HMETaHiB, 3a0€3Meuy€eThCsl IEPBUHHE 3HE3apaXKeHHS
BOJIM, y T.4. IIOJI0 BipyciB, BiTOYyBA€THCS YACTKOBE OKMCHEHHS OPTaHIYHUX CIIONYK, 110 BUAAISIOTH
3r0/IOM Y TIPOILIECi KOAryJsIiifHOTO OYHUIIICHHS.

XJ0pyBaHHS MIPUPOTHOT BOM, 10 MPONIIIIA TEPEJOKUCHEHHS JIOKCHIOM XJIOpY, IPU3BOAUTH 10
MOBHOT'O OKMCHEHHSI XJIOPUTIB, SIKI YTBOPHIIUCS, 0 AIOKCUAY XJOPY, IO MiJBHUINY€E e(PEKTHUBHICTD
3HE3apakeHHs Ta 3a0e3rneuye 6aKTepioCTaTUYHUN eeKT (IPOJOHTOBaHY Jii0) Y BOAOPO3MOALIBUNX
Mepexax.

PerpocniekTuBHUN aHami3 e()EeKTUBHOCTI  BIPOBAIKECHHS TEXHOJIOT1i KOMOIHOBaHOTO
3HE3apaKEHHS MHUTHOI BOAM  JIOKCHJIOM XJIOPY Ta TIMOXJOPHUTOM HATPil0 HA KOMYHaJIbHOMY
nianpueMcTBi  «BupoOHMYE  ympaBiiHHS — BOJONPOBIHO-KAaHATI3aLIHHOTO  TOCIOJAPCTBAY
I'opimrHboIIaBHIBCbKOI Micbkoi paau (M. ['opimni IInaBni, Kpemenuynpkuii paiion, IlonraBcbka
00J1aCTh) MIOKa3aB HACTYIIHE: KOMIUIEKCHA MTOCIII0BHA Aisl IIOKCHLY XJIOPY Ta XJIOPY Ma€ TirieHIYHuN
(3HIKY€ETBCS  KUTBKICTh MOOIYHUX TPOJYKTIB) Ta EKOHOMIYHMHA (BUTPaTH OKHMCHIOBAYIB
3MEHUIYIOThCS ) €PEeKTH; pe3yIbTaTH MOHITOPUHTY BMICTY JTIOKCHTY XJIOPY Ta XJIOPHUTIB CBiAYATh PO
BIJIMOBIHICTH SIKOCTI MATHOI BOJAW YHHHUM BUMOTaM IIIOA0 BMICTY XJIOPHUTIB Y TUTHIH BOi [7].
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TexHomnoriuny cxemy KOMOIHYyBaHHS MIOKCHAY XJIOpY 1 XJIOPY CIiJ BBaXaTh HaWOUIbII
ONITUMAJILHOIO Y TOMY YHCIi 3 TOYKH 30py MiHIMI3allii BMICTY MOOIYHUX MPOIYKTIB Je3iHPEKIIT y
MUTHIN BOJII.
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[TigmpueMcTBa pi3HUX Tady3ed MIOPOKY 3IITOBXYIOThCA 3 NPOOIEMOI0 pAaIliOHATBHOTO
CTOXKMBAHHS BOAM B CBOIH AisIbHOCTI. HasiBHA crcTeMa BUKOPUCTAHHS Ta 3aJIy4eHHS BOJI BCE K HE
nae HeoOX1THOTO pe3yJIbTaTy, 00 COCTEPIraeThCsi 3MEHIIEHHS 00CSTIB TOCTYITHUX 10 BUKOPUCTaHHS
SAKICHUX MPICHUX BOJHHUX peCypciB, OOMUTIHHSA OBEPXHEBUX Ta BUYEPIAHHS MiA3€MHUX BOJ TOIIIO.

3a indopmariero [1-3] B Tabnuui 1 3i0paHi 3arainbHi MOKa3HUKK 3a00py Ta BUKOPUCTAHHS BOJ B
VYkpaini 3a 2019 — 2021 poxwu, siki 300pakeHi Ha pucyHky 1. IlokasHuku BkazaHi 0e3 ypaxyBaHHS
JAHUX BOJIOKOPHCTYBAdiB THMYAcOBO OKYIIOBAaHUX TepUTOpil y JloHenpkil, JlyranchKiit o0nacTsx,
ABToHOMHII PecryOmini Kpum.

Taoauusa 1. OcHOBHI 3arajibHi IOKa3HUKU 3a00py Ta BUKOPUCTaHHA BOA B YkpaiHi 3 2019 no 2021
pOKHU

O0csr, MiIH. KY0. M
IToxa3HMK BUKOPMCTAHHS BOAH 2022
2019 pik | 2020 pix | 2021pix | pix
3abpaHo BChOTO 3 PUPOAHMX JUKEPEI 11111 9952 8871,141 | 4883,0
- 3 M 3EMHUX BOJHHX JUKEPEI 1157 972,2 1002,24 787,0
y TOMY YHCII HIaXTHO-Kap’ €PHUX BOJ 318,3 241,6 267,1 H/1
BuKOpHCTaHO NMPicHOi BOJM Ha pi3Hi IOTpedu 6821 6761 5649 3397,0
- 13 HUX MUTHOL 1675 1608,5 1482 753,0
- TEeXHIYHOI 5146 5152,6 4167 2397,0
BHKOPHCTaHO 3BOPOTHHUX BOJ 40306 35432 34122 18988
3aranbHe BOJIOBIBE/IEHHS, B TOMY YHCIIi 5581 5292 4837 3091
- KOJIEKTOPHO—IPEHAKHHUX BOJ 339 266 235 149
- IIAXTHO-Kap €PHMX BOJ 327 191 219 149

Sk BuaHO 3 Tabnuui 1, IOPOKY MOKAa3HUKH 3a00py Ta BUKOPUCTAHHS BOJ IOCTATHHO BHCOKI, X0U
1 criocTepiraerbes iX He3HAUYHE 3MEHIIEHHS. [IpoTe BUKOPUCTAaHHS 3BOPOTHUX BOJ HecTaOUIbHE Ta

SMCHIIYETHCH.
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B ycpomy cBiTI mpomaryeThcsl palioHaJbHE BUKOPHUCTAHHS PECYpCiB Ta 3aMKHEHUH LIUKI
BUpOOHMIITBA. Boma € XHUTTeBEe HEOOXITHHUM pPECYpCOM, TOMY AakTyalbHUM € 11 30epeiKeHHs,
paiioHallbHe BUKOPHCTAHHS, @ OT)KE — BIPOBAPKEHHS 3aMKHYTOT'O ITUKITY HA MiAIPUEMCTBAX.

B Vkpaini 3rigHo 3 ingopmariero Ykperaty [3] mignpueMcTBaMu BUAOOYBHOI TPOMHUCIOBOCTI
mopiuHo 3abupaetbes 194 mmH. M° Ta CKMJaeThCcs B TIOBEPXHEBI BOAHI O0’€KTM HE MEHIIE
149 mnn. M Boj (maui 3a 2022 p., B monepeaHi poKU 3HA4HO Oinbine). YacTka CKHIAHHS MIAXTHO-
Kap’€epHUX BOJI B 3araJbHOMY 00Cs31 CKUIaHHS cKiiagae Bchoro 5%. [Ipote 11i BOaM € miI3eMHUMH i
no cyTi BigOyBaeTbcsi iX 3a0ip, aje 3aMiCTh BHUKOPUCTaHHS IAXTHO-Kap €pHI BOAM IPOCTO
ckualoThes. binbme monoBuHu (maibke 60 %) mux Box € 3a0pyaHeHUMH, 23 % HOPMAaTHUBHO
ounieHux ta 17 % nopmaTuBHO YnuCTHX. Lle MpU3BOIUTH 10 3HAYHUX BUTPAT HA €KOJIOT1YHI TUIATeXKI,
MOTIpIIEHHS CTaHy MOBEPXHEBUX BOJI TAa HE BIANOBINAE €KOJIOTiIYHIM KoHIenuii aep:kaBu. Tox
MOPIBHIOIOYH 00’€MHU BO/I03a00py 13 MOBEPXHEBUX Ta MiA3EMHUX JDKEpEN Ta CKUAAHHS IIaXTHO-
Kap’ €pHUX BOJ OYEBHJIHHUM € Te, 110 BUAOOYBHA Taly3b Mailke MOBHICTIO MOXe OyTH 3abe3rneyeHa
BOJIHUMH pecypcaMu sl BIACHUX MOTped 6e3 3a060py BOJH.

BripoBapkeHHS 3aMKHYTHX CUCTEM BOJOKOPUCTYBAHHS - palliOHaJIbHE PIICHHSIM €(QEeKTUBHOTO
BUKOPUCTaHHS BOJIU B IIPOMHUCIIOBOCTI.

TexHomnoriuHMI KOMIUIEKC 3 BUPOOHHIITBA YUCTOI BOJM BCEPEAMHI MIANPHEMCTBA - HEBIJ €MHA
yacTUHa Oe3BiAXxoaHoro BUpoOHUITBAa. Oprasizamis TakUX CHCTEM MOTpeOye OIHOYACHOTO
OTpAlIOBaHHS BCIX €JIEMEHTIB BOJHOTO TOCHOJAPCTBA Y X B3a€EMO3B 3Ky (YHUCTHX 1 OpyTHHX
00OpPOTHHX IUKJIIB, JIOKATHHUX CIIOPY/ 3 OYHUIIICHHS CTOKIB TOIIIO).

Ha pucynky 1 300pakeHa 3arajgbHa 3aMKHYTa CHCT€Ma BOJOKOPHCTYBaHHS 3 3aly4EHHSIM
JOAAaTKOBUX BOJOKOPHUCTYBayiB, a Ha pPHUCYHKY 2 OuIbII JeTani3oBaHa CXeMa 3aMKHYTOI'O
BOJIOKOPUCTYBAHHSI 32 PaXyHOK IIaXTHO-Kap €PHUX BOJ HA TIPHUYOMY MiANPHEMCTBI.

Puc. 1. 3amkHyTa cucTeMa BOJOKOPUCTYBAHHS 3 3aIyY€HHSIM JI0/1aTKOBHX BOJIOKOPHCTYBaUiB
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Puc. 2. 3aMKHYTHI KK BOJOKOPUCTYBAaHHS HA TIPHUYOMY IiIIPUEMCTB1

3aMKHYTI cuUCTeMHM 3a0e3leuyloTb EKOHOMII0 CBDKOI BOJM 3aBISKM 0OararopazoBOMy
BUKOPHUCTaHHIO TPOMHCIOBUX BOJ. IIpu HasgBHOCTI y MiJNPUEMCTBA HAUIMIIKIB YHCTOI BOAU
MO>KJIMBO HAIPABIISITH ii O MOTEHIIMHUX BOJOKOPHUCTYBAYiB 3a/Ji1 BUKOPUCTAHHS B MOAATIBIIIOMY
s pi3HUX 1oTped (U1 rOCTOAapChKO-NIUTHUX, CLIBCHKOTOCIOAAPCHKUX —(TBApUHHHIITBO,
NTaxXiBHULTBO, 3POIIEHHS ), Ul IHIIOTO IPOMHUCIIOBOI'O BUPOOHHUIITBA - MOTPEO 1HIINX MiANPHEMCTB,
K1 3HAXOAATHCS MOPS/L Ta MOTPEOYIOTh BUKOPUCTAHHS BOJI U1l BAPOOHMYMX, TOCTIOJAPCHKO-TTUTHHUX,
MIPOTHUIIOKEKHUX 111l ) Totmo. L{ei mpoiiec He yHiBepcanbHUA, TOTPeOy€e 1HAUBIAYAITBHOTO I IXOTY
(IeBHOT BOJOMIATOTOBKH, JOCITAal0YM BUMOT YHHHOTO 3aKOHOJIABCTBA, SIKI BUCYBAIOTh JI0 BOJ JUIS
MIEBHOT'O IIPU3HAYEHHS).

[TpoGiiemMa BIpoBaPKEHHSI TIOBHICTIO 3aMKHYTOI CHCTEMU TOJISITae B 3a0€3MeueHHI cTaOlIbHOCT1
BOAM y 3BOPOTHOMY mMKIIi. IIpu 11bOMy HEOOXiTHO 3aCTOCOBYBATH CKJIAQ/JHI TEXHOJOTIYHI CXEMH
OYMILEHHS BOJM HA JIOKAJIbHUX OYHMCHUX CIOpyAax (1[0 MO3HAYA€Thes 1 Ha (piHAHCOBIM CKIIQTOBIH,
00 moTpedye MEeBHUX BUTPAT), YCKIATHIOETHCS €KCILTyaTallis BCi€l CUCTEMH BOJHOTO TOCTIOapCTBA
HiANPUEMCTBA, 30UIBIIYIOTECS O€3MOBOPOTHI BTPATH BOJHM. YTBOPEHHS UIUIBHUX COJBOBUX
BIJIKJIAJICHb 110 TPAKTY PYXY BOJH, KOPO3iiHI MPOIECH — MEPEIKOHKAIOTh TOBHOMY BUKOPUCTAHHIO
3a0pynHeHHX BOJ. bopoTeba 3 MMM TpolecaMH MOXXJIMBA 3aBISKUA 3aJTy4eHHIO (haxiBIIiB,
3aKOPJAOHHOTO JIOCBiY, IHBECTHIIIIl B CHCTEMH BOJOTIOCTAYaHHS HA MiAMPUEMCTBI.

Exonoriyna Oe3neka TipHUYOro BHUPOOHUIITBA HacaMIIepe] OTOTOXKHIOETHCS 13 3MEHIIEHHSIM
BIJIXOJIiB BUPOOHUIITBA, BUKH/IIB Ta CKHUIB. [Ipyu BUKOpHUCTaHHI IMiI36MHUX BOJI, 0 TIOCTYMAOTh B
Kap’€ep, B IKOCTI KOPHCHOT KOTAJMHU (KOMILIEKCE OCBOEHHS HAJIP), @ TAKOXK MOBTOPHE BUKOPUCTAHHS
BOAM B TEXHOJOTIYHHUX Mporecax (IUKIIYHICTh MaTepialbHUX IMOTOKIB) TaKOX 3a0e3MeuyeThes
eKOJIOT14Ha Oe3MeKa yepe3 BiJICYyTHICTb CKUIB.

[ToBHicTIO 0€3BIAXOMHY TEXHOJIOTII0 B TEXHOJIOTIYHOMY IUIaHI PO3POOMTH HEMOXKIIHMBO, aje
MOJKJIMBO BIIPOBAIUTH HAWOUIBII MAJOBIAXOMHI TEXHOJIOTIi, $IKI HE MOpyliaTb HOPMaJbHE
¢byHKLiIOHYBaHHS Trigpochepu. MakcuMalbHO BHITyYalOud Ta BUKOPUCTOBYIOUHU MPOIYKTH, SIKi TIPU
[IbOMY YTBOPIOIOTHCSI (IICJIsI OYMCTKH BOJ| BWJIYYEHHS KOPUCHHX KOMIIOHEHTIB 13 TBEpIUX
COJICHIPOJTYKTIiB, MIKPOOpraHi3Mu [yisi 100puB ToIO) [4].

O06’em BOJI, TUCTIEPCHICTH Ta CKJIA]] TOMIIIIOK Y BOJIaX BILTUBAIOTH Ha 00OpaHuii MeTon. Buxoasun
3 HasBHOI KIJIBKOCTI JOMIIIOK 1 OCOOMMBOCTEH iX CKiaay, BUHUKAE HEOOXITHICTh KOMOIHYyBaHHS
METO/IiB OYHCTKH [5].
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3MEHIICHHS CKU[IB 3HAYHUX 00’ €MIB MiJ3€MHUX BOJ 32 PaXxyHOK iX BHUKOPHUCTaHHS IiJ] 4yac
PO3POOKH POJOBUII] I03BOJTHTH:

— MIBHILIUTH SKICTh JKUTTSA HAceleHHs (po3B’s3aHHS MpoOiemMu 3a0pyTHEHHS BOJOWM uepes
CKHJI);

— 3HM3UTU HETaTUBHUI BIUIMB HA CEPEIOBUILE TA IEPEHTH 10 paIliOHATBHOTO BUKOPUCTAHHS BO/I.
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B ymoBax cboroyieHHs ()yHKIIIOHYBaHHSI BOAHOTO TPAHCIIOPTY € BAXKIMBOIO Ta MEPCIIEKTUBHOIO
CKJIaJIOBOIO TPaHCHOPTHOI ramy3i. bimseko 62% cBiToBOro BaHTa)k000iry ta o0ciyroByBaHHs 4/5
yci€i CBITOBOT TOPriBIi MpHIagae Ha BOAHHUH TpaHcropT [1]. Pazom 3 Tum, came CyJHOIUIaBCTBO
CIpUYMHSE 3HAUYHE 3a0pyIHEHHS TNPHUPOJHUX BOAOHM. 3o0kpema 3a0pyIJHEHHS BiOYyBa€eTbCA
BYTJICBOJHIMHM, 1 B TeEpIIy 4epry, HaQTOMpOIyKTaMH, IO HAAXOIATh IO BOAOHM B pe3yibTarTi
eKCIUTyaTallifH1X Ta aBapiiHUX CKUMIB 3 cyzeH [2, 3].

Jlnst ountieHHs: HAQTOBMICHUX BOJ MMPOIIOHYETHCS MUPOKUN CIIEKTP METO/IB Ta TeXHOJorii. Jlo
OCHOBHHMX METOJIIB OYMIIEHHS BOJHOHA(TOBUX €MYIbCIH BiAHOCATH (i3UyHI, XiMiuHi, (Pi3UKO-
XIMiYHI, eICKTPOXiMidHi, Oionoriuni Metoau [4].

OnHUM 3 IepCTIEeKTUBHUX METO/IiB OUMIIICHHS HATOBMICHUX BOJ € copOuiiiHuii metoa. B obmacti
COpOLIHMX METO/IIB OUUILIEHHS BOJ BUAUISIOTh METOIM 0OPOOKH BOIH AUCHIEPCIHHIUME COPOSHTaMuU
3 MarHiTHUMH BJIACTUBOCTAMHU [5, 6].

Icnye GaraTo HayKOBUX POOIT, MPUCBIYEHUX BUITYUEHHIO BaXKKMX METAIIB 3 BOJAHUX PO3YUHIB 3a
JIONOMOTol0 MarHeTuty. [IpoTe, HaykoBHX pOOIT IOAO MiJBUINEHHS €(PEKTUBHOCTI OYMIICHHS
Ha(TOBMICHUX BOJ 13 BHKOPHCTAHHSM MarHeTUTy BifHOCHO HeOaraTo. I1lo MOXIMBO MOSCHUTH
IUIMHHICTIO CKJIaay JAaHUX CTIYHUX BOJ, 4Yepe3 LI0 BMHUKAE HEOOXIJHICTh MPOBEACHHS BEIHMKOI
KUJIBKOCTI €KCIIEPUMEHTIB /Il BCTAaHOBJICHHS ONTUMAaNbHUX (popM Moaudikamii MarHeTuty, ix
pobouux 103 Ta YMOB 0OPOOKH BOJH.

Mertoro 1aHoi poOOTH € OLiHKa €()eKTUBHOCTI 3aCTOCYBAaHHS MAarHETUTY Ta HOT0 MOJIU(IKOBAaHUX
dopM ans oumineHHs HAapTOBMICHHX BOJ Pi3HOI MiHepaui3auii, B 3aJIe)KHOCTI BiJ cIocoOy
Moudikarii MarHeTury, oro 103u, pH cepenoBuiia Ta yacy 0OpoOKU BOJIH.

B poGoTi BUKOPUCTOBYBAJIM MOETbHI BOJHOHA(TOBI PO3UYMHH JBOX THIIIB: €MYJIbCisl HA OCHOBI1
BOJOMPOBINHOI BOAM Ta eMyjbCis Ha OCHOBi comonoi Bomu (30 r/aM® xjopumy HaTpilo) 3
KoHneHTpanicro Haptu y Bomi 100 mr/am®. B sikocTi copOeHTIB BMKOPUCTOBYBANH 3BUYAMHMIL
(cuHTE30BaHMN 3a KIACHMYHOIO METOAMKOI0) Ta Monau¢ikoBaHi TrifpodoOi3ylounMu areHTaMu
(cynbdononom abo ankiniMiza3zodiHOM 3 MaCOBUMH 4YacTKaMH Tipodobizyrouoro arenra 0,5% Tta
1%) marmetutu B go3ax 50, 100, 150 ta 200 mr/am°. B psaai AociifiB momepeaHbo MpOBOIMIN
koperyBaHHs pH B mexax 3-11.

[Ticns nonmaBaHHS peareHTIB y Ha(TOBMICHI PO3YMHHM YTBOPEHI CYCHEH3il mepeMmilryBaiiu
IPOTAroM 4 TOJIUH 3 BapilOBaHHIM 4acy B yacTuHi gociifiB. [lo 3akiHueHHIO yacy oOpoOku Boau
npobu BiAQUIBTPOBYBAIM Ta BHM3HAYAJIM 3aJMIIKOBY KOHIIEHTpALil0 HApTH EKCTPaKLiiHO-
CEKTPO(OTOMETPUIHUM METO/IOM.
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Ha nepmomy erari po6oTu BU3Ha4anach €(peKTHUBHICTh OUMIICHHS BOAHOHA(TOBUX MPICHUX Ta
COJIOHUX PO3UYMHIB 3 JIOTIOMOTI'OI0 CHHTE30BAHOTO MarHeTUTy. Pe3ynbraTH mokasanu, 1mo odpolka
TIpiCHOT BOIM MAarHETHTOM B Jiana3zoHi 103 50-200 Mr/mv® 3HIKYE KOHIIEHTpAIiI0 HaTH y BOJ 10
2,38-1,39 mr/nM®, mo BiAmoBigae cTyneHio BUIyueHHs HadTH 3 Bomu B Mexkax 97,62-98,01 %. B
pas3i 0OpOOKH COJOHUX BOJ 32 THX K€ CAMUX YMOB JOCSTAIOTHCS Kpallli MOKa3HUKH: BMICT HapTH y
BOJIi 3MeHmIyeThes 10 1,67-0,21 mr/am® (3 MakcuMansHuM edekToM 3a Haituioi (200 mr/am®) 1o3u
MarHeTHry, 1 CTyMiHb BIIIy4eHHS HA()TH 3 BOJAHU, BIAMOBIIHO, TaKOX 3pocTae 10 98,33-99,79 %.

JIns AOCSTHEHHS MAaKCHMalbHOTO e(eKTy BUAalIeHHs HapTH 3 BOJHOHA(DTOBUX PO3UMHIB
YaCTOYKM MArHeTUTy TOBUHHI JOOpe 3ModyBaTHCA HA(TOMPOIYKTaMH, IO MOXKE JOCATaTHUCS
nuIIXoM Moaugikarii ¢pepoMarHeTukiB mija yac ix cuHTe3y. B poboTi B skocTi MoamgikariiHux
areHTIB BHKOPHCTOBYBAJIM CyJb(OHON (IIOBEPXHEBO-aKTUBHA pPEYOBHMHA AaHIOHHOTO THILY) Ta
aJIKUTIM11a30:1iH (TOBEPXHEBO-aKTUBHA PEUOBHHA KaTIOHHOTO THILY).

Puc. 1 3anexHicTh 3aIMIIKOBOI KOHLIEHTpaIlii HaQTH y Bogax pi3HOI MiHepasizaii
([madta]=100 mr/am°) Bin cknagy Boau (comona [NaCl]=30 r/nm® (3, 4, 7, 8); Bogonposina (1, 2,
5, 6)), cocoOy moaudikaiii maraetutiB (cynbdonon (1, 2, 3, 4); ankimimigaszonid (5, 6, 7, 8)),
MacoBoi yacTku riipododizyrodoro arenra B maruerutax (0,5 % (1, 3, 5, 7); 1 % (2, 4, 6, 8)) Ta ix
1034 (=4 rom)

SIk BUIHO 3 pUCYHKY 1, pe3yibTaT Moaugikaiii MarHeTuTy OifbIie MPOSIBUBCS IpU 0OpOOI
npicHoi Boau. s cynbdoHOI-MOIM(pIKOBAHOTO MarHeTUTy 3 MacoBuMu vactkamu 0,5 % ta 1 %
edexT BinzHAYaeThCA 32 OiNBIIMX KOHIEHTpaliil (Ha piBHi 200 Mr/amM>), Ta 10CATAETHCS 3MEHIIEHHS
KoHIeHTpauii HapTu y Boxi mo 0,47 ta 0,62 Mr/aMS, 110 BiAmoBinae CTyneHto ounuctku 99,53 % ta
99,38 % BiAMOBIIHO, MOPIBHSAHO 3 HEMOAU(PIKOBAHUM MAarHeTHUT, IKUH 3MEHIITY€ BMICT Ha()TH JIUIIe
o 1,39 wmr/ove. MonudikoBaHui anKiTIMIZa30JiHOM MArHETUT TMPOSIBUB €(QEKTUBHICTL B
MaJIOMiHepaTi30BaHKX BOJAX i IPH MaluX 103aX NpH 3HaueHHs 50 Mr/am® copGeHTy 3 MacoBHUMU
Bmictamu 0,5 % ta 1 % 3amumnikoBa KoHIEHTpallis HagTu 3MeHITyeThes 10 0,71 mr/move ta 1,2 mr/om®
(Z=9,29 % 1a Z=98,8 %), B IOpIBHAHHI 3 3BUYATHUM MarHeTUTOM Ti€ 5K 1031 3MEHIIIY€ BMICT HapTH
no mume 10 2,38 mr/am®. 36iiblieHHs 1031 pearenty a0 200 mr/am® 3MeHImIye BMicT HadTH [0
0,2 mr/mv® (Z=99,8 %) ta 0,34 mr/am® (Z=99,65 %). Y BHcCOKOMiHepai3oBaHiii BOMi KOIEH 3
MOIU(IKOBAaHUX MArHeTHTIB 3a OyIb-KMX BUKOPUCTAHHUX KOHIIEHTpAIil He TepeBHIlye
eeKTUBHICTh HEOOPOOIEHOT0 MarHETUTY.

Ha npyromy erami poOOTH BU3HAYalM ONTUMAIbHUN Yac KOHTAKTy HA(pTOBMICHOI BOAM 3
copOuiitnum  marepiagoM.  Iloganmpmni  JOCHIKEHHS — NMPOBOAMIM 3 MOJIU(IKOBAHUM
QJIKUTIMI1a301IHOM MarHeTUTOM, OCKITbKHA OyJlo 3’SCOBAHO, IO BIH € OUIbII €PEKTUBHUM B
MOPIBHSHHI 3 3BUMafHUM MarHeTUTOM Ta MarHeTHUTOM, MOJIU(IKOBAaHUM CYIb(POHOIOM (puc. 2).
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a §)

Puc. 2 3anexHocTi 3aJIMIIKOBOT KOHIIEHTpalii HadTH y BOoAax pizHOT MiHepami3arii
([madta]l=100 mr/am°) Bix cknagy Boau (comona [NaCl]=30 r/nm® (5, 6, 7, 8); Bogonposigna (1, 2,
3, 4)), yacy ii 06poOKu MOAM(PIKOBAHUM ATKITIMiJa30J1iIHOM MarHeTUTOM 3 MacoBUMHU yacTkamu 0,5
% (puc. 4 a) Ta 1 % (puc. 4 6)) Ta iforo po6ounx 103 (50 mr/am3 (1, 5); 100 mr/mm® (2, 6); 150
mr/mm® (3, 7); 200 mr/ave (4, 8))

SIK BUJTHO 3 PUCYHKY 2, OITUMAJIbHUM 4ac KOHTAKTY BOJH 3 MOJIU(IKOBAaHUM aNKIJIOMia30JiHOM
MarHeTUTOM OJHAKOBHUH SIK JUIA CIaOKOCOJIOHHMX, TaK 1 JUIS CHJIBHOCOJOHUX BOJ 1 CTAaHOBUTH 3
TOJIMHHU 32 YMOB IEPEMILITYBaHHS CYCIEH3Ii.

Tak, 3a Tpu roguaM 00pOOKM MPiCHOT BOAM MOAM(DIKOBAHUM MarHeTUTOM 3 MAacCOBOIO YaCTKOIO
rigpodobizyrodoro arenra 0,5 % B mozax Bim 50 mr/mm® o 200 mr/am® KOHIIEHTpallis HaTH
3MmeHmyerbes 3 100 mr/am° 1o 0,28-0,44 mr/mm® (Z£=99,72-99,56 %). 30i1bIIICHHS MAaCOBOI YaCTKU
rizpo¢o0izytouoro areHta 10 1 % He MPU3BOUTH 10 CYTTEBOTO 3MEHIICHHS 3aJUIIKOBOTO BMICTY
Haptu 1 € B mexax 0,27-0,68 mr/mm° (Z= 99,73-99,32 %). Takox, MOMITHO, 110 KOHIIEHTpPAIlis
copbenTy 150 mr/mm® 3abe3neuye Halikparli MOKa3HUKH B OyIb-KOMY 3 JOCHiIKYBaHHX HepiofliB
00po0Oku Boau (Bin 30 xBuimuH 10 200 XBWINH).

EdexTuBHICTD OUMIEHHS MIiHEpalTi30BaHOi BOIM JAaHMUM COpPOEHTOM 3arajoM MmojaiOHa
e(EeKTUBHOCTI OYMIICHHS MpPiCHOI BOAM. | TPW TOJMHM KOHTAKTY PIAMHU 3 COPOCHTOM TaKOX
JOCTAaTHBO JUIA JJAHOT BOAM. 32 IIel 4ac KOHTAKTy HAaTOBMICHOI COJIOHOT BO/IM 3 JAHUM MarHeTUTOM
B pobounx KoHueHTpanisx 5—200 mr/am® BmicT HadTH 3MenmyeTbes a0 0,13-0,78 mr/am® (mpu
MacoBiit gactui 0,5 %), i gm0 0,17-0,28 mr/am® (mpu macosiit wacTii 1 %). Ilpu oMy CTyMiHb
OYHIIIEHHSI BOOU CTaHOBUTE 99,89-99,22 % 1 99,83-99,72 % BiAmoOBIIHO.

Ha tperbomy erami JDOCHiJUKeHb BCTaHOBJIIOBaIM BIUIMB pH cepenoBuina Ha e(eKTUBHICTh
BUJIYYCHHS HATH 3 MPICHUX Ta COJIOHUX HA(PTOBMICHHUX BOJ 32 YMOB MPOBEIEHHS TOCIIIKEHb, 110
0a3yBaluCh Ha TMIONMEPEIHBO OTPUMAHMX Kpallux pe3yJbTarax, a came: MoaudikoBaHi
AJIKUTIMI1a30JTIHOM MarHeTUTH 3 MacOBUMH yacTkamu rifpodobizyroyoro arenta 0,5 % ta 1 %,
poboua f03a copbenty 150 Mr/am>, uac KOHTAKTy pO34MHiB 3 copbenToM 3 roauuu. pH cepenosuma
3MIHIOBAJIM B IIUPOKOMY Jiana3oHi: Big 3 o 11.

Pe3ynbpTat mokaszanu, 1o B pa3i 3acTOCyBaHHS MoauQikoBaHoro maruetuty 3 meHmuMm (0,5 %)
BMICTOM Trifpodo0bizyrouoro areHta, npu nepexoai Bix pH 3 go pH 11 B pa3i oOpoOku mpicHOi
Ha(TOBMICHOT BOAM JaHUM MAarHeTUTOM TMPOTATOM 3 TOAWH KOHIEHTpallis 3a0pyaHIOBada
smenmyeTbes 3 1,84 mr/ov® (pH 3) 1o 0,15 mr/am® (pH 11), a B pasi 06po6ku co0HOT BOAM BMiCT
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HadTH 3MeHIIyeThes B 3 2,56 mr/am® (pH 3) 10 0,5 mr/am® (pH 11). 36ibIIenHs MaCOBOT YaCTKH Y
MoaudikoBanoMy maruetuTi 10 1 % 3abe3nedye BiTHOCHO CTAOUTLHUN CTYIIHb OUUIIICHHS BOJH Bij
HadTH NmpH pi3HUX 3HaYeHHS pH B pasi 0OpoOKM mpicHOI BOAM 1 3aJMIIKOBI KOHLEHTpalii HapTH
cknanaots npu pH 3 — 0,48 mr/mv® (Z=99,52 %) ta npu pH 11 — 0,26 mr/mv® (Z=99,74 %). Jns
MiHEepaTi30BaHO1 BOAU NPH BUKOPUCTAHHI IAHOT'O0 MOAN(IKOBAHOTO MarHeTUTY 33 OHAKOBUX 1HIIUX
YMOB CYTT€BE 3MEHIICHHS BMICTY HadTu crocrepiraerbess npu pH Oinbmie 7. 3a menmux pH
3aJIMIIKOBI KOHLIEHTpAIIil 3a0pyaHIOBaya MPaKTHYHO HE 3MiHIOIOTHCS.

Tox, y pe3ynbraTi IpoBeIeHUX IOCTIKEHb MO0 BH3HAYCHHS €(PEKTHBHOCTI 3aCTOCYBAHHS
MarHeTUTIB 3BUYAHOTIO Ta MOIU(IKOBaHUX TiApodoOi3yI0UMMH areHTaMH B MPOIecax OYMIICHHS
HaTOBMICHUX BOJ, TOKa3aHO, IO MOJU(IKOBAHUHN aNKiIiMia30diHOM (TTOBEPXHEBO-aKTHBHOIO
PEUOBHHOIO KaTIOHHOT'O THITY) MAarHETUT 3 MaCOBUMH YacTKaMH Tifpogo0bizytodoro arenra 0,5 % Tta
1 % B goszax 50-200 mr/mm® 3aGesneuye BHMCOKMH CTYMiHb BHAAJIEHHS HadTu 3i ciabko- Ta
CHJIbHOMIHEpai3oBaHuX BoA. CTyIiHb OYMIIEHHS BOXM MpH LboMy nocarae 97,5-99,8 %.
EdexruBHicth MoaugikoBaHoro cyib(poHOJIOM (MIOBEpXHEBO-aKTUBHOI PEUYOBHHOIO aHIOHHOTO
TUIy) MarHeTUTy OubIa 3a e(PeKTUBHICTD 3BUYAIHOTO MarHETUTY JIMIIIE 38 BUCOKMX KOHLIEHTpAIii
(200 MF/,Z[M3) 1 TUIBKH B MPICHIHN BO/II.

JlocTaTtHii 4Yac KOHTAaKTy Jjsi 3a0e3Ne4YeHHs MaKCUMAJIBHOIO CTYNEHIO  OYHUIIEHHS
BOAHOHA(TOBUX PO3YHHIB 3 MOAU(]DIKOBAHUM MAarHETUTOM CTAHOBHUTH 3 TOIWHH JJsi BOJ PIi3HOI
MiHepai3zaiii. Takox, BU3HaYeHO, 110 CTYMiHb BUWIy4YeHHS Ha(TH 13 BOIU CyTTEBO 3aJeKUTh Bil pH
cepenoBuina. IIpore 3MiHa KiAbKOCTI T1podo6i3yrouoro areHTa nmpu Moaudikallii MarHeTuTy Moxe
3MEHIINTH [IeW BIUIMB SIK JUIS PICHUX, TaK 1 IJIs1 MiHEpali30BaHUX BOJI.

TakuM yuHOM, MIATBEPMKYETHCSA, IO 3aCTOCYBaHHS MOAU(DIKOBaHHX 3 METOI Tiapodoobizarrii
MarHeTHTiB B TMpOIECaX OYMIICHHS BOJM pI3HOI MiHepamizalmii Bil HadTH € JOUUILHUM Ta
e(EKTUBHUM.
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As a result of the treatment of wastewater at enterprises of the paper industry, a large amount of
fibrous-inorganic waste of treatment facilities, the so-called sludge, is formed [1]. Depending on the
type of products produced, sludge can consist of 50-80% of the mineral component. On average,
about 50 kg of sludge is produced per ton of paper. Utilization of fibrous waste (sludge) from paper
production, which is generated in water treatment processes, is an important task, for the solution of
which enterprises spend significant funds. One of the main disposal problems is the high-water
content (93-98%), which requires dehydration before burial or incineration. The most popular way of
dealing with sludge is to bury it. However, in the scientific literature, you can find a lot of information
about ways to dispose of skunk, including its use as fertilizer, use of skunk in the production of
building materials, biofuel [2-4]. In any case, an important stage of its processing is dehydration. The
speed and efficiency of the process of dehydration of sludge depends on its properties and
composition and is significantly improved with the use of additional chemicals.

The paper presented the result of the investigation of the influence of flocculants and coagulants
consumption on the efficiency of sludge dehydration. As a starting material, sludge with a dry matter
content of 16.2 g/dm® was used. The results of the research of the investigation of coagulants and
flocculants application on the turbidity of filtrate and sediment moisture during sludge dewatering
are presented on Fig.1-4.
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Fig. 1. The effect of the dose of coagulants on the filtrate turbidity during dewatering of slugde: 1 —
without coagulant; 2 — with A12(SOa)s; 3— with A1>(OH)sC1.
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Fig. 2. The effect of the dose of coagulants on the sediment moisture during dewatering of
slugde: 1 — without coagulant; 2 — with A12(SOa)s; 3 - with A1,(OH)sCl1.
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Fig. 3. The effect of the dose of flocculants on the filtrate turbidity during dewatering of slugde:

1 — without flocculant; 2 — with Polimin CK; 3 — witt Praestol 650BC.
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Fig. 4. The effect of the dose of flocculants on the on the sediment moisture during dewatering
of slugde: 1 —without flocculant; 2 — with Polimin CK; 3 - witt Praestol 650BC.
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As can be seen from the data shown in Fig. 1, coagulants contribute to the improvement of the
process of dehydration of the sludge. The efficiency of dehydration increases with an increase in the
dose of coagulant per gram of dry matter and with the transition from sulfate to aluminum
hydroxochloride. In general, in the case of using flocculants, their higher efficiency should be noted
compared to coagulants. The most effective were cationic flocculants, which provide a significant
reduction in the filtrate turbidity.

Depending on the composition of paper and cardboard, the quality of wastewater entering local
treatment facilities also changes. Under these conditions, the volume of sludge formation as well as
its composition can vary widely from 8 to 30% of wastewater. During the dehydration of the sludge,
a filtrate with a significant content of suspended substances is formed. It is apparent that the leachate
contains residual concentrations of additional chemicals used for water clarification and during sludge
treatment. Taking into account the high turbidity value of the filtrate, it is obvious that it cannot be
reused in the technological process.

To study the process of clarifying the filtrate from the dehydration of the sludge by settling with
the use of coagulants and flocculants, filtrates with a concentration of suspended solids of 4140
mg/dm?® and 1900 mg/dm? were used in the work. During settling of filtrate with an initial content of
suspended solids of 4140 mg/dm?® and 1900 mg/dm? without the use of reagents, the process is quite
efficient and the residual content of suspended solids is 360 mg/dm? and 255 mg/dm?, the volume of
the sediment formed is 540 cm®/dm? and 50 cm®/dm?. Thus, in the first case, the degree of illumination
IS 91.3%, and in the second - 86.6%.

In the case of using reagents for clarification of filtrates, the degree of clarification can be
increased only up to 96%. Under these conditions, coagulants are the most effective. Flocculants,
unlike coagulants, provide an increase in the degree of purification only up to 94%. Obviously, such
a small influence of reagents is due to the fact that during the treatment of scum with flocculants, the
main mass of negatively charged suspended and colloidal substances contained in water and sediment
has already been removed. And the surface charges of the remaining particles are mostly neutral.
Therefore, in this case, cationic and anionic flocculants, as well as coagulants, are close in their
effectiveness.

In the real industrial conditions of operation of local sewage treatment plants, the construction of
separate devices for cleaning filtrates is impractical. From the point of view of resource efficiency,
the best way to dispose of filtrate is to pass it to local treatment plants. There will be some
recirculation of water at the treatment facilities, but this will reduce the load on the biological
treatment of the plant-wide treatment facilities.
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1. Introduction

Energy efficiency in buildings is a key role in achieving the ambitious goal of carbon-neutrality by
2050, set out in the European Green Deal [1]. These intentions require large-scale action in all economic
sectors: investment in new environmentally friendly technologies; innovations in industry; cleaner and
cheaper transport; decarbonisation 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.
In 2020, roughly 75% of the EU building stock is energy inefficient. All buildings in the EU are
responsible for 40% of our energy consumption and 36% of greenhouse gas emissions, which mainly stem
from construction, usage, renovation and demolition [2].

In modern buildings, especially offices, the glazing surface makes up most of the facade, which
increases the impact of windows on the overall energy efficiency. The optimization of the glazing facades
by transforming them into renewable energy sources can significantly improve the building energy profile
and its cost. There have been developments in the use of solar energy in buildings and later ideas for
integrating glazed facades with water flow (WFG). The first step of using sunlight and an absorbent
building facade is a development called the Thrombus Wall. It has functions for cooling, heating or as an
architectural element. Another type of thrombus wall is the water wall, which performs the same functions
[3]. Building envelopes are crucial to reduce energy used for heating and cooling. The Heating, Ventilation
and Air-conditioning (HVAC) system that provides heating, cooling and ventilation is the largest single
end-user in both commercial buildings and residential buildings and is responsible for 33% and 48% of
electricity consumption, respectively [4].

The building envelope has energy saving potential in case of good construction design. The subject of
consideration is the application of innovative facade technology in the construction of a demonstrational
pavilion and the use of a renewable energy source through a PV system. Application of WFG (Water Flow
Glazing) facade is an innovative solution, which combines heating and cooling systems and renewable
technology in one technical solution to achieve nZEB. WFG can fully substitute regular facades with their
mechanical and thermal characteristics. WFG facade elements are working as transparent low temperature
solar collectors. Facade characteristics (g-factor, U-value) may be actively manipulated to achieve the
best energy performance of the facade. WFG elements can be used as vertical walls, partition walls /
ceiling elements or exterior elements. WFG is important part in building and HVAC system with a radiant
heating/cooling element. Because of the high absorption of IR spectra of the facade elements, the peak
loads of the conventional cooling system may be significantly reduced. The amount of energy absorbed
(renewable solar summer excess) may be used directly for Domestic Hot Water (DHW) and for improved
performance of the heat pump.

94


mailto:krasimir.georgiev@imbm.bas.bg

Marepianun XXIII MixxkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

In this paper we present the energy performance for August, 2023 of an innovative demonstrational
pavilion that implements Water Flow Glazing technology. The WFG elements in the pavilion are
connected to a heat pump, which regulates the temperature inside and ensures that the inner space is
properly conditioned. Electricity covering the needs of the equipment inside the pavilion is supplied by a
PV system mounted on the rooftop.

The Water flow glazing elements of the pavilion bear monitoring equipment, recording their
performance and energy utilization. Weather station is mounted on the rooftop and constantly monitors
the outdoor climate conditions. The data from the weather station provides information about the outdoor
environment in which the WFG elements and the PV system operate.

2. Demonstrational pavilion with the innovative design built in the Scientific Campus 11 of the
Bulgarian Academy of Science

2.1. Integration of Water Flow Glazing (WFG) facade

The demonstrational pavilion with an innovative facade system was built in Sofia, Bulgaria, according
to the European project Horizon 2020 - 'Secure, clean and efficient energy" is split into three focus areas:
Energy-efficiency; Low carbon technologies; and Smart Cities & Communities., project ref. 680441
InDeWaG: Industrialized Development of Water Flow Glazing Systems. (fig. 1.). The building is oriented
in clear geographic directions east-west, north-south. The east, west and south facades are transparent and
built with the WFG modules. In addition, there is an internal partition wall. North facade is opaque and
there are the entrance door and technical equipment and installation block.

The interior of the pavilion is single volume space with a partition wall, built with WFG technology.
This allows maximum utilization of daylight, high transparency and optimal indoor comfort. It consists
of triple glazing with two chambers (fluid chamber and argon chamber) and a modular aluminium frame.
The main advantage is that the fluid in the transparent glazing transforms the passive facades into active
solar collectors. The heat from the fluid in the glazing is used for heating and cooling. WFG increases
natural interior lighting. It is a vertical-shaped module with dimensions of 1.3m x 3m, suitable for the
facade element of office buildings. Each module includes its own circulation pump and heat exchanger,
which make the individual elements of the module independent. The circulation pump provides flow rates
in the glazing up to 8.0 I/min. These modules are composed of standardized building elements, they are
fully replaceable and easy to connect to
each other.

The demonstrational pavilion uses
WFG as heating and cooling devices.

The water circulating in the glazing
provides energy for the air conditioning
of the building. The installed air-to-
water heat pump ensures that the water
temperature is maintained within pre-
set limits to achieve comfort in the
pavilion. In summer, excess heat is
captured by the water and the heat
pump provides cooling through the

internal partition walls. The facade Fig. 1. Innovative demonstrative pavilion in the

systtm during the summer months  Bylgarian Academy of Science, Sofia, Bulgaria
works as a radiant cooling device.

One major objective of the pavilion is to show the integration of the WFG technology into heating,
ventilation and air conditioning (HVAC) systems in winter and summer modes.
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2.3. Monitoring of innovative demonstrational pavilion in Sofia

The monitoring of the pavilion is real time and records the measured value every 5 minutes and
ensures the accurate operation of the installations. The control functions of the monitoring system
enhance the management of the WFG installation, lightning and other consumers of electricity. The
goals are to ensure high energy efficiency and maintain living comfort. On each facade - internal and
external are mounted the pyranometers to measure the total incoming irradiance of the fagade. A
pyranometer installed on the southwest facade measures the global solar irradiance. The temperature
sensors over a distance of 0.7 m in height (Pt 1000; class A) are installed on a single WFG module
on every facade. All temperature and irradiance data are collected by data acquisition system Keysight
Technologies 34980A. Meteo Station is mounted on the roof for monitoring Relative Pressure,
Outdoor Humidity, Temperature, Wind, Dewpoint Gust, Rain[10].

3.Data analysis

Monitoring, and researching of the pavilion during its operation helps to improve the work of the
systems and assess the indoor comfort of the building. WFG systems can control temperatures and
provide comfortable indoor environment. The proposed solutions with the use of various technologies
implemented in the pavilion are optimal for the design of an office building with nearly zero energy
consumption. Ongoing monitoring will show different problems and solutions which will provide
more information about the operation of the pavilion and its systems.
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Fig. 1 — External and internal solar radiation on the East and South Water flow glazing and the
temperature achieved in the WFG module for August,2023.
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Fig. 1 is connected with the solar radiation on the South WFG. We can state here that during the
monitored month we have solar radiation on the outside over 650 W/m? almost every day. This is
connected with higher internal temperature in the demonstrational Pavilion. Concerning all of this we
can state that the consumption for heating will be high. This can be seen from the fig. 3 where is
shown the electricity consumption of the Pavilion. We have consumed total energy of almost 700
kWh for cooling the building. We have produced from the PV system over 750 kWh.
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Fig. 2 — Internal and external temperature and humidity for August, 2023

This figure shows the behaviour of the WFG system. This is the most important characteristics of
the Pavilion — the internal temperature connected with the outside temperature [2]. The temperature
outside the Pavilion is over 30 degrees almost every day. The internal temperature is little lower than
the maximum outside temperature. This shows that the system is capable of conserving the solar
energy for further usage.

Handbook of the XXIII International Science Conference 97
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

Fig. 3 — Produced, consumed and imported from the grid electricity.
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Since the discovery of polyethylene and polypropylene during the 1950s, polymers materials have
been become popular and they are widely used for many applications of our daily life [1]. On average,
global plastics production grows by around 9% each year. Just for the period 2018-2021, global
annual plastic production increased from 365.5 million tonnes to 390.7 million tonnes, or around 7%
[2]. Plastic production, as well as demand, is growing rapidly due to the outstanding properties of
plastics and the cheapness of their production. According to the Eurostat data, up to 30 million tonnes
of plastic waste is generated in Europe every year. Looking at the use of plastics by industry, it can
be seen, that the packaging (around 40%) and the building sector (around 20%) are the biggest end-
use markets for plastics. In 2020, the EU generated around 15.5 million tonnes of plastic packaging
waste.

Most common used polymers for package are thermoplastics, which covers almost 85 % of overall
plastic market demand (such as polyethylene terephthalate (PET), high density polyethylene (HDPE),
low density polyethylene (LDPE), polyvinyl chloride (PVC), polypropylene (PP), and polystyrene
(PS)), while the thermosets account for 15% overall plastic market (duroplast, polyurethane (PU),
polyester resin) [3]. Recycling of plastic products made from different polymers is also different, due
to the different physicochemical properties of plastics.

According to the Plastics Europe, in 2020 approximately 17% of the post-consumer plastic
packaging waste went to landfill and 37% were incinerated for energy recovery. Around 46% of the
plastic waste were recycled. However, it found, that the amount of waste exported out or within the
EU isincluded in the recycled rate. Then, a recycling rate possibly up to three time lower is estimated
for the EU when the extra-EU exports are excluded [4]. Insufficient recyclability of plastic packaging
waste leads to increased generation of plastic waste and further use of fossil fuels for the production
of new plastic products, which causes significant negative environmental impacts. In addition, the
EU has set ambitious targets for recycling packaging waste, aiming to recycle 65% of all packaging
waste by 2025 and 70% by 2030. Meanwhile, the recyclability of plastic packaging is expected to
reach at least 50% by 2025 and at least 55% by 2030 [5]. The only solution to achieve these objectives
— is to develop a circular economy to replace the current, linear, economy. In a circular economy,
products and materials are being re-used, refurbished, or recycled according to the waste hierarchy,
instead of being incinerated or disposed.

According to the Eurostat data, the amount of plastic packaging waste generated in the three Baltic
countries (Lithuania, Latvia, and Estonia) in 2020 was around 86, 46.7 and 53.6 thousand tonnes or
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30.8, 24.6 and 40.3 kilograms per capita respectively, while the recycling rates for it were as follows
around 56%, 36% and 41% respectively. Despite the fact that Lithuania has already reached the 2025
recycling rate for plastic packaging waste (according to the Eurostat data), there remains a lot of room
for improvement in the recycling system for plastic packaging waste, in Lithuania as well as in the
other Baltic countries.

To evaluate the possibilities of increase of the package waste recyclability and recovery rates in
the Baltic States and analyze the factors influencing the circularity of plastic packaging waste
recycling, in 2023 was performed a quantitative and qualitative analysis of plastic packaging waste
flow in the municipal waste management systems of Kaunas (Lithuania), Tallinn (Estonia) and
Daugavpils (Latvia) municipalities. The aim of investigation is to analyse the morphological
composition of packaging waste collected separately, also collected from mixed municipal solid waste
(MMSW) flow. The analysis of the mixture of paper, plastic, and metal packaging waste also of the
MMSW was performed in the summer-early autumn of 2023 in the waste management companies:
mechanical biological waste treatment (MBT) facility — VS] “Kauno regiono atlieky tvarkymo
centras” (Lithuania, Kaunas), waste sorting facility — AS “Tallinna Jaitmete Taaskasutuskeskus”
(Estonia, Tallinn) and waste sorting facility — SIA"AADSO" (Latvia, Daugavpils).

A group of students manually sorted a randomly picked pile of packaging waste. First, the waste
was sorted by different morphological fractions — plastics, paper, glass, fine residues etc. After this
the plastic waste fraction was separated into different sub-fractions by the type of polymers according
to the identification marks of international standards on the packaging (1 PET, 5 PP, 6 PS, etc.)
(European Parliament and Council Directive 94/62/EC). Further, each of the waste fractions, as well
as the plastic sub-fractions, were weighed to quantify the amount of waste fractions and sub-fractions.

The results of the morphological analysis in waste management companies in Kaunas, Daugavpils
and Tallinn municipalities are presented in Figure 1.
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Fig 1. The content of plastic (%) in the SCP waste and from the MMSW flow

It is important to note that morphological investigations of separately collected plastic (SCP)
packaging waste (from separate plastic waste collection containers) were performed only in Kaunas
municipality. The reason is that Daugavpils and Tallinn municipal waste management companies did
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not have the possibility to analyse SCP packaging waste, as they did not have a “door-to-door” plastic
packaging waste collection system (packaging waste is not included in organised waste transport) [6].
The results showed that up to 68% of the SCP waste stream contains plastic. Meanwhile, the plastic
content of the MMSW flow was around 39% (for Kaunas), 20% (for Daugavpils) and 41% (for
Tallinn). Figure 2 shows the distribution by sub-fractions in the SCP flow (only for Kaunas). The
results of the morphological analyses show that LDPE polymer packaging accounts for the largest
share of the SCP - around 29%. About one-sixth of SCP waste is metal waste. In the Lithuanian waste
collection system, household plastic packaging and metal waste are collected in one container, so it
is the reason why part of metal was found in the SCP waste. Nevertheless, it is worth mentioning that
ferrous waste is efficiently separated in waste sorting plants (in the case of Kaunas — MBT facility)
by using magnets [7]. Up to 20% of SCP waste is PP packaging.
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40FE N 15,64
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7-19 Other plastic | 2,52
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2 HDPE (jars) I 3,86
Paper and cardboard |GGG 9,19
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Fig 2. The sub-fractional distribution of the SCP fraction (%)

Figure 3 shows the results of the sub-fractional distribution of the MMSW flow (for Kaunas,
Daugavpils, and Tallinn).
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Fig 3. The sub-fractional distribution of MMSW (%)

The data presented in the figure make it possible to compare the morphological composition of
MMSW flow in Tallinn, Daugavpils, and Kaunas municipalities. The largest part of the MMSW (up
to 26% in Latvia and Estonia cases, and up to 46% in Lithuania case) flow consist of the fine fraction
(0-80 mm), as well as green and kitchen waste. It is important to note that the fine fraction
contaminates the entire MMSW flow, including plastic packaging waste. In the case of Lithuania, the
largest part of the MSW stream (excluding the fine fraction) consists to LDPE plastic packaging waste
(approximately 21%). In Estonia and Latvia, the largest part of MMSW is allocated to paper and
cardboard waste, as well as packaging made from these materials (around 15%). It is worth paying
attention to glass waste in the MMSW flow (it can be up to 16%), as it can contaminate plastic
packaging waste, making it difficult (or even impossible) to recycle these components [7].

To clarify the situation, the distribution of sub-fractions (by polymer type) has been recalculated
only for the plastic fraction (from the MMSW flow). In general, the results of the distribution of
plastic packaging by polymer type in the MMSW plastic fraction are shown in Figure 4.
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Fig 4. The sub-fractional distribution of plastic fraction in MMSW (%)

When considering only the share of plastic packaging in the MMSW flow, the results show the
following trends: LDPE and PP polymers make up the largest share of plastic packaging waste. Up
to 54% of LDPE polymer packaging is found in the MMSW flow for Lithuania, up to 38% for Latvia
and up to 18% for Estonia. PP polymer packaging accounts for between 16% and 28% of all cases.
In the case of Latvia, the amount of HDPE polymer packaging waste is abnormally high compared
to the other Baltic states (more than 7 times higher than in Lithuania and Estonia). A certain
percentage (from 3% for Kaunas municipality to almost 16% for Tallinn municipality) is accounted
by other plastics packaging, such as PU, PLA, and other polymers packaging. Combined packaging
(i.e., tetra-packs, blister packs, multilayer films) accounts for a relatively large share of plastic
packaging in Tallinn and Daugavpils municipalities - between 10% and 14%, meanwhile, in the case
of Kaunas municipality, up to 6% of combined packaging was detected. Recycling technologies for
composite packaging are still in a developmental stage, which means that recycling is still very
complicated or impossible [8].

Based on the results obtained from the morphological waste composition investigations, a targeted
literature review was carried out to identify the main factors influencing the recycling circularity of
plastic packaging waste in Lithuania, Latvia, and Estonia. The highlights of study are set out below:

1. Research has shown that personal norms and plastic sorting knowledge significantly influence
citizens’ intention to separate plastic, with intention and perceived behavioral control positively
influencing final separation behaviors. Local authorities should actively campaign for the sorting of
waste (especially plastic packaging waste) [9].
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2. It was found that the different contamination of the waste stream with impurities (plastic
packaging from the SCP flow and from the MMSW flow) leads to the fact, that plastics packaging
waste recycling rates are higher when collected separately compared to mixed waste collection
schemes (may varied around 13-80 times) [2].

3. Due to the different physicochemical properties of plastic polymers, waste from different
plastics (e.g., thermoplastics and thermosets) should be collected separately to increase the potential
recycling rate.

4. The collection of plastic waste in the mixed waste stream leads to contamination of plastic
waste. Recycling of contaminated plastics is problematic, lower quality products are resulting. In both
Latvia and Estonia, there is a high level of plastics detected in the MMSW flow (approximately 40%),
which makes it crucial to improve the efficiency of SCP system. Flexible packaging containing
aluminum (composites packages) (up to 6% in Lithuania, up to 14% in Latvia an up to 10% in Tallinn)
are still not under recycling in the Baltic States. The possibilities of their recycling are currently being
investigated by the Department of Environmental Technology of Kaunas University of Technology.
Generally, implementation of new recycling methods for plastic waste to improve the recycling of
pure and contaminated plastic waste is necessary.

5. Most sorting plants are operated with constant process parameters (e.g., screen cuts, wind sifter
speeds, or settings of sensor-based sorting units), which are often optimized during plant
commissioning but then rarely adjusted during plant operation. This combination of fluctuating input
material flows and constant process parameters can lead to significant performance losses. Therefore,
the continuous improvement of the waste sorting line in waste treatment facilities towards higher
separation efficiency for plastics of different polymers is mandatory [10].

6. The variation in the quantity and composition of plastic packaging waste is dependent on the
seasonality of the year. The seasonality of the year changes not only the amount of plastic packaging
generated, but also the composition of the plastic packaging waste flow. Therefore, in order to
accurately quantify and qualitatively assess the evolution of plastic packaging waste over the year,
morphological investigations of the waste must be carried out at least four times a year ("seasonally")
[11].

Further research is needed to improve the plastic waste management scheme and implement
technical solutions.
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YOPHU IIOJIOK - IITHHUHA BIOPECYPC MPOLIECY JEJITHIDIKAIIL
Anna JIEHUCEHKO, Pomanis YEPbOIIKIHA
Kuiscokuii nonimexniunuii incmumym im. leops Cikopcvkoco

np. bepecreiicekuii, 37, M. KuiB 03056, Ykpaina
e-mail: anna.denysenko.7796@gmail.com

Ilopoky y cBiti BupoOsierbess npuban3zHo 400 MUIBHOHIB TOHH mamepy Ta KapTtony. s
BUPOOHMIITBA SIKOTO BHUKOPHUCTOBYETHCS NEpBHHHA LeNIono3a Ta Makynarypa [1]. 3okpema,
BUPOOHMIITBO MEPBUHHOI IEIION03U cKiIagae nmpuoin3Ho 180 MiNbHOHIB TOHH Ha PIK, 3 SKUX TPH
YBEPTI BUPOOJSETHCS 3a JOMOMOIOI XIMIYHOrO mepepoOsieHHs nepeBuHH [2]. JlomiHyrounm
CIOCOOOM OTPHMAaHHS LIENIONO3M B YChOMY CBITI € Cyib(aTHHH, J0 MepeBar SKOro BiHOCATH
nemnirHidikamniro Oyab-IKUX BUIIB POCIMHHOT CHPOBHUHH, 3aMKHEHHH ITUKII pereHepaiii XiMikaris (J10
96 — 98 %) Ta OoTpUMaHHS LENIONO3H 3 BUCOKMMH MarnepoTBOpHUMH BiacTuBocTsMu [1]. Kpadr-
LEJII0JI03a HUHI 3aiiMae 75 % CBITOBOTO pHHKY BHPOOHHIITBA IEPBUHHOIO BOJOKHA 3aBISKH CBOTH
MIITHOCTI MOPIBHSHO 3 LIEII0JI03010, OTPUMAHOIO 1HITUMH criocobami [2].

[Iporiec BHPOOHUIITBA LETIONO3H OYAb-IKHMM CIOCOOOM BapiHHS 3BOJUTHCS 10 3BUTHHCHHS
ILEJIIOJIO3H BiJI IHIIUX CYMYTHIX YaCTUH POCIMHHOI TKAaHWHU: JIITHIHY, TE€MIIEeNI0I03, CMOJI, JKUPIB,
BOCKiB, MIHEpPaJbHUX PEYOBHUH. Y XOi JYXKHOI XIMIYHOI OOpOOKHM POCIMHHOI CHPOBHUHH [0
BApWJIBHOI'O PO3YMHY CIIOYATKy MEPeXOAATh TEMIENIoN031, SKi JIETKO Tinpomidyrorees. Lle
MPU3BOIUTH JI0 TIOCTA0JIEHHS KIITUHHOI 00OJIOHKH, B pE3yJIbTaTi YOro BOHA CTA€ OLIIbII JOCTYITHOIO
ISl BApHIIbHUX peareHTiB. Ha naniit crazii 3 MosieKy1aMu TeMILeIT0II03 i1 €0 JTY>KHOTO T1pOoTi3y
BiIOYBA€THCS PO3PUB 3B’ SI3KiB BCEPEIHHI Ta 13 JirHiHOM. KOpoTKi 0OpHUBKH JIAHIIIOTiB EPEXOAATh Yy
pO3UMH 1 Jami, 3a paxyHOK peakiii BiIIICIUICHHS Ta TiAPOMNi3y, PpO3KIAAAIOThCS [0
MOHOMOJIEKYJIIPHUX OKCUKHUCIIOT [4].

JIirHiH, mig ai€ro XIMIYHUX PEareHTiB MiJIA€Thes JY>KHOMY Tiapoiizy. TproxXmipHi MOJEKYTH
JITHIHY, 32 paxyHOK IONEpEeNHIX peakliid 3 BYIJIEBOJAMM, XapaKTEPU3YIOTHCS IMOCHAOICHHAM 1
pPO3pUBOM 3B’s3KIB. SIK HACIHiZOK, YTBOPIOIOTHCS ()parMEHTH Pi3HOT MOJIEKYJISIPHOI MacH, SKi
COJIbBATYIOTHCS, TIENITU3YIOThCS JIyTOM, Ha0yXaloTh, YTBOPIOIOUM Tellb 1 MEepeXoIsiTh y PO3UYMH 32
pPaxyHOK KOJIOITHOTO po3unHeHHs [4]. YV pe3ynabTaTi BapWIbHHM PO3UMH TEPETBOPIOETHCS Y
BIIMIPAIIbOBAHUM, KU HA3WBAIOTh «YOPHUM IIOJOKOM», 3 BMICTOM CyXUX pedoBuH 10 15 % [1].
[I{opiuHa KiIBbKICTh YOPHOTO IIOJIOKY MICJIs OTPUMAHHS IENII0JI03U Y BCbOMY CBITI MOXE JOCATaTH
1,3 minbsipaa ToHH [3].

YopHi LIOJOKH, OTPHUMAaHI MIicas cylib(aTHOro abo HATPOHHOTO BapiHHSA JAEPEBHHH MAalOTh
MPAKTUYHO OJHAKOBI (i3uyHi BractuBocTi. OHAK TOpoJa ACPEBHHU, CTYIIHH IPOBAPY, YMOBH
BapiHHH (BUTpaT aKTHBHOT'O JIyry) MOMITHO BIUIMBAIOTh Ha BJIACTUBOCTI YOPHOTO ILIOJOKY. Yci
YOPHI IIOJIOKH SIBJIIIOTH COOOI0 B’SA3Ki JIY>KHI BOAHI PO3YMHHU, TEMHO-YOPHOT'O KOJIBOPY 3 BUCOKUM
BMICTOM Opra”iku. 3a XIMIYHMM CKJIQJOM L€ CKJIagHa CYMIIl OpraHiyHUX 1 HEOpraHiyHHX
peuouH [5]. [lo ckiay opraHiqyHol YaCTUHU CyNIb(paTHOTO HI0JIOKY, sika focsrae 60 — 70 % BXoIUTh
MuiIo y kinekocti 40 — 45 %, myxuuit airain — 30 — 35 %, npoaykTu pylWHYBaHHS BYTJIEBOJIIB
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(reminentonos, nemono3n) — 30 — 35 % Tta opraHiuHi KUCIOTH (aueratHa, (GopmiaHTHA), SKi
YTBOPIOIOTHCS BIIIEIUICHHSIM AlETWIBHUX TPYI BiJ TJIIOKOMaHAaHy XBOWHHX MOpiJ a00 KCHIaHY
JUCTSHUX NOPiA mij yac BapiHHA. YopHuUi m1o70K MicTuTh npubdausHo Bia 30 1o 40 % HeopraniyHUX
peuoBHH, 5Kl Ha 18 — 25 % XiMi4HO 3B’s3aHi 3 OPraHiYHUMH KOMIIOHEHTaMH y BHUIJIAI HATPi€BUX
COJIeW CMOJISIHMX 1 )KUPHUX KHCIOT. OCHOBHUMH CKJIaJJOBUMU MiHEPAJIbHOI YACTUHH € BUTbHHM JIYT Y
KitbKocTi 1 — 2 %, cynbgin Hatpito (Na2S) — 1 — 4 %, cynasdar Harpito (Na2SOs) — 3 — 5 %, kapOoHar
Hatpito (Na2COz) — 4 — 10 % Ta miokcun kpeMmuito (Si02) [4, 6 — 8].

JIirHiH pO3IIEILTIOETHCS HA KOPOTKI YaCTHHHU 3 BMICTOM Cipk# 1 — 2 % 1 BMiCTOM HaTpiro OJIU3bKO
6 % Ha cyxi TBepi peuoBuHH [8].

[enton03a Ta TeMILENIONO3M PO3KIANAIOTHCI Ha MWIa alipaTuyHoi KapOOHOBOI KHCIOTH Ta
¢bparmenTu reminentonos. Musno mictutb 61au3bko 20 % Hatpito [8].

CTOKHM 1EeITI0I03HO-TIATIePOBOi MPOMHUCIIOBOCTI MICTATh HU3KY TOKCHUYHUX apOMaTHYHUX CIOIYK
Ta iX parMeHTiB, Taki AK JYKHHUN JITHIH Ta MPOAYKTH po3nany rnoiicaxapuaiB. CKuJ IUX CTOKIB y
npupogy 0e3 OyIb-sIKOTO MONEPEAHbHOTO OUYMINEHHS 3aBJA€ CEpHO3HOI HIKOIU HABKOJHUIIHbOMY
CEpEeIOBHIIlY Ta CTAHOBHTH 3arpo3y JJs 310poB’s mroaei [2, 9]. loBeneHo, 1m0 AaHi CTOKA MOXYTh
MICTUTH CIIOJIYKH, 3[aTHI HETaTMBHO BIUIMBAaTH HAa CHJIOKPUHHY CHCTEMY >KHBHUX OPIaHI3MIB,
HaNpUKJIaA: CMOJISIHI KHUCIOTH, (praBoHOinm uu QitoecTporeHu. Takox JAeski 3 LUX CHOIYK
HAKOMUYYIOTHCS Y BUTIISAL OCaay Ha THI BOJOWMMUIL, CTAIOYM JOCTYIHUMU [yt pud [10].

SIK oMH 13 MPUKIIAAIB JIIOJICHKOI XaJaTHOCTI, BapTO 3ragatu Tparidfi nofii cepmus 2011 poky,
KOJIN BiIOYBCS MAacOBHI HE3aKOHHHMH CKHJ YOPHOTO IIOJOKY i3 3aBOJly BUPOOHMIITBA Marepy B
Boranyci y piuky Ha niBani Jlyizianu (Cnomyuyeni [lItatu Amepuku). Y pesynbsrati goro B [leprosiit
piuwti 3arunyso nonan 500 tucsy pub, y TOMY YHCII TIOHAJ THUCSYA, KA Halexana HanioHampHOMY
3anoBigHUKY «bor-UutToy». Takox naHa katactpoda Heca 3arpo3y 3/10pOB’ 10 Ta 3ac00aM iICHyBaHHS
mozet y3noBxk piuku. Sk Hachinok Temple-Inland, Inc., nouipHio komnadito International Paper,
OyJi0 BU3HAHO BUHHOIO Y 3a0pyIHEHHI piuku Ta omtpadosano [11].

Bapro 3ayBaxkuty, 110 Taki MbKHApOAHI oprasizauii sk MiKypsaoBa rpyna eKCrepTiB 31 3MiHU
kiaimary (IPCC), i kpainu, ki BUPOOISIOTH KpaT-LENoa03y, KIacCU(piKyIOTh YOPHUN MIOJIOK SK
eHeprito 3 6iomacu abo 010MaIMBO Ta MIATPUMYIOTH iX PI3HUMH CTHUMYJIAMH Ha OCHOBI MOPTQOIII0
npoeKTiB BigHOBMOBaHOT eHepreTuku (RPS). V pesynprari CILA, Kanana, Snonis, HIBeris ta
Bpaszunis knacudikyioTs Horo sk 0iomaianBo, HaAalOYM KiJIbKa EKOHOMIYHUX IEpeBar, 3aCHOBAHUX
Ha BUKOPHCTaHHI I[bOTO ekojoriyHoro manmBa [1]. Hacammepen #oro moTeHmian YCHIITHO
BUKOPHUCTOBYETHCS JUIsI BUPOOHUIITBA TEIJIa Ta €NEKTPOCHEPTrii Ul BHYTPILIHHOIO CIIOKUBAHHS Ha
LEJIIOJIO3HUX 3aBOJIaX Ta Ha MPOJAX IHIIMM Tally3siM MPOMHCIOBOCTI a00 eleKTpOeHepreTUdHii
Mepexi kpain [12].

Cnin 3ayBaXKUTH, 110 JJIs1 HEBEJIMKUX LENIIOJIO3HUX 3aBOJIIB, a TAKOXK TaKUX, L0 MEepepoOIsIIOTh
HE/IEPEBHY CHPOBHHY, YacTO HE MOXJIMBO 3allpOBAJUTH HAJEKHUH MpPOIEC BiTHOBICHHA 3
JOCTaTHBOIO MOTYXHICTIO Ul MEPEepOOJICHHSI BChOTO YOPHOTO IIOJOKY, IO YTBOPIOETHCS IMiJT 4ac
BapiHHA LENIONO3U. Y pEe3yNbTaTi 4YOro 1€ MPU3BOAMTH JO HEEKOJIOTIYHOI YTHJIi3allii YOpHOTro
IIOJIOKY, SIKa CHOPUYHMHSE SIBHY HEOE3NeKy JUisd NMPUPOAM Ta BTpaTh 0araThboX IIHHUX XIMIYHUX
KOMIIOHEHTIB, sIKi MO>KHa OyJ10 O BiIHOBUTH 3 HOro cKjaay OUbII €eKOHOMIYHO, HIX 33 paXyHOK X
MOBTOPHOT'O BUJIYYEHHS 3 JCPEBUHHU (10 MPHUKIIAMY, JIrHIHY Ta reminentonos) [3, 13].

Merta 371liCHEHHSI OTJISILy JIITEpaTypH MOJIATae Yy BUCBITICHHI MPOOIEMaTHKH HEPaIliOHATBHOTO
MOBO/PKEHHS 3 YOPHUM LIOJIOKOM, SIK IIOOIYHUM MPOTYKTOM LIETIOI03HOI0 BUPOOHHIITBA, T MOLITYKY
AIbTePHATHBHUX CIIOCOOIB HOT0 TIepepoOIeHHS.

Bimomo, mo mig 4ac oTpUMaHHS TOHHU IIETIOJIO03H YTBOPIOETHCS MPHUOIH3HO 7 TOHH YOPHOTO
IOJIOKY [2] — MpOMHCIOBUX BiAX0AiB BUpOOHUITBA [1]. YV HaHOMY KOHTEKCTI YOPHUU IIOJIOK
HEOOXIJJTHO PO3TJIsiIaTH SIK KOPUCHUI MOOIYHUEN MPOIYKT, 3 MOJAIBLIMM HOTO MEpepoOIeHHIM Ta
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BUKOPUCTAHHSM SIK IIIHHOTO Oiopecypcey. [lo mpukiany, po3BUHEHI KpaiHu CBITY BBaXKAIOTh YOPHHMA
IIOJIOK HAaWIpPOCTILIO B OTPUMAaHHI Ta HAWOUIBII KOHLIEHTPOBAHOI 0i0MAacolo, JOCTYITHOIO Ha
rraneri [ 1].

[TokazaHo, 1o OUIBIIICTE BCHOTO OTPUMAHOTO YOPHOTO MIOJOKY BHKOPHCTOBYETHCS IS
BUPOOHUIITBA €HEPTii NUISIXOM HOT0 CIamoBaHHs. TakuM YHHOM TPaJULIIMHUN MPOIIeC BaTopu3aii
(Bix ¢p. valorisation — oniHKa) JO3BOJIsIE BUPILIYBATH 0arato €KOJIOTIYHHUX MPOOJIEM 1 OJHOYACHO
OyTH JKeperoM BiHOBIIOBaHOI eHeprii. Jlanuii miaxiJ cupsMOBaHHA Ha OTPUMAHHS BaXXIIMBUX Ta
IIHHUX MPOMHUCIOBUX MPOAYKTIB 3 YOPHOrO MIOJIOKY, €KOHOMIYHO Ta E€KOJOTIYHO Oe3NeYyHHM
nusixoMm [1, 2]. Ane OibIn BaXKIIUBUM € Te, 10 i Yac CHAIIOBAaHHS CIOIYKH 3 BUCOKOIO JIOJIaHOIO
BapTICTIO PYHHYIOTBCS 3aMICTh TOTO, 1100 BiJHOBIIOBATHCS, IO CYNEPEYUTh MOTOYHIN ie€papXii
yIpaBIiHHA BIAXOJAaMH Ta KOHIEMIii UPKYIIPHOiI eKOHOMIKH cTanoro po3Butky [3]. Came Tomy,
0a3yI0UunCh Ha CYpOBOMY €KOJIOTIYHOMY 3aKOHOABCTB1, HA ChOTOIHIIIHIH IeHb BEIeThCs poO0Ta HAl
PO3pOOKOIO ATbTEPHATUBHUX CTPATErii YIPaBIiHHA YOPHUM IIOJIOKOM. 3Ba)KalOUH Ha Te, 10 BiH €
JIETKOIO BiJJHOBJIIOBAJILHOIO CHPOBUHOIO JUIi BUPOOHHUIITBA XIMIYHUX PEUYOBHH, TAa MICTUTh 3HAUHY
KUTBKICTh OPraHIYHUX KHCJIOT Ta APOMaTUYHUX CIOJIYK, palliOHANbHIIIe HOTo MiJ1aBaTH pereHepaii
3 METOIO OTPUMAHHS TaKUX IIHHUX MPOAYKTIB SIK JITHIH, CHHTETUYHUHN ra3, IEpEeBHE BYTUJUISA Ta 1HIIL
Came Tomy mporecu peBanopusamii (p. revalorisation — mepeoriiHka) MaioTh 0a3yBaTucs Ha
JOTPUMaHHI CTaHAAPTIB MPUOYTKOBOCTI, IOBAru 10 HABKOJIHMIITHHOIO CEPEIOBUILA, €(heKTUBHOCTI Ta
BiJTHOBJICHHI PECYpCiB IIJISIXOM IEPETBOPEHHS LIHHUX CHOJIYK YOPHOTO HIOJOKY Ha TaKi MPOIYKTH,
10 MPEICTaBISIOTh IPOMUCIIOBUH iHTEepec [1, 3].

BinnoBigHO, 3 METOI0 HaJaHHS OTJIAY JITepaTypu YiTKOi Ta JAOCTYIHOI CTPYKTYpH, HpPOLIECH
peBasiopu3allii MPONoOHYEThCs KIacu(iKyBaTH BIINOBITHO A0 METOLy 0OpOOKH YOPHOTO IIOJIOKY Ha:
HeoOpoOneHuit (mpsiMe Horo BUKOpUCTaHHA) Ta (izuuHe, XiMiyHe, 610XiMiuyHE, TEPMOXIMIYHE 200
enekTpoxiMiuHe oOpoonenns (Tadmn. 1) [3].

Tadmauus 1. AnbTepHATHBHI METOAM PEBANOPU3ALIii YOPHOTO MIOJIOKY [3]

Metoa 00poOKH JlonomixkHi mponmecn Kinuesi mpoaykTu
o 3aCcO0M 3aXHMCTy POCIHH
HeobpobeHui B J100pHBa 3 MOKPUTTAM
JIEKaHTaIls
MeMOpaHHi Tpolecu TaJl0BE MAcCIo, JIrHIH, TeMILeTI0I03H,
¢biznyHnl KHCIIOTHE OCa)KEHHS OpTraHiuHi KUCIIOTH, HEOPraHiuHi coii,
TMCTHIIALS Oionadyta, apoMaTUYHI CIIOIYKH
PIIMHHO-PIIMHHA SKCTPAaKILis
PR CMYIbIyBaHHA MOPHCTI BYTJICLEB] MaTepiaiu
XIMIHHH CITHIOBAHH 0ioByTJICIb 3 HU3BKUM BMICTOM 3011
IPOTPECUBHI MPOLIECH OKMCHEHHS
OpTraHivH1 KUCIOTH, MOHOMEPHI
OioxiMiYHUH - apOMaTHYHi CIIONYKH, JIaKa3H,
nepokcuaasu, 0100yTaHoI
razugikamis
HAJKpUTHYHA Ta3uQikallis BOIu CHHTETUYHHH Tra3
mipoi3 HEOpraHiuHi eJIeMEeHTH
TEepPMOXiMIUHUI riIpoTepMalbHe 3piIKCHHS Oionanuso
rizpoTepmanbHa KapOOHi3aLis BozHAa (aza
TEepPMIYHHN TipOJIi3 JepEeBHE BYT1ILISA
MOKpE OKHCHEHHS
L. o SIIEKTPOJII3 JITHIH, BogeHb, NaOH, opraniuyni Kuciorwy,
SNEKTPOXIMIUHUI CIICKTPOIANI3 2SO,
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OTxe, nepcreKkTuBa MoAANbIINX MPUKIAIHUX JOCTIIPKEHb 32 JAHOIO MPOOIEMAaTHKOIO TOJISTAE y
BUpIILIEHH] CMOCOO0IB yTHiIi3alii BiINpalbOBAHUX BapUJIBHUX PO3YHMHIB 32 PaXyHOK BHU3HAYCHHS
XapaKTePUCTUK IX XIMIYHOTO CKJIaJy 3 METOI0 MOJAJBIIOr0 BUKOPHCTAHHS YOPHUX IOJIOKIB IS
pereHepaiii XiMiKaris.
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CpOroHilIHIA PO3BUTOK TPOMHUCIIOBOCTI HOTpeGye 3HAYHUX €HEPreTUUHUX Ta JIFOJICBKUX 3yCHUIIb
1 BEIMKUX TPOIIOBUX 3aTPaT HA OUMILEHHS BUKH/IIB, 1110 TEHEPYIOTHCS MIPH BUPOOHUIITBI HEOOX1THIX
CyCHlJIBCTBy HpO,Z[yKTlB Haii0inpme 1me crocyerbcss ~ MPOMHUCIOBHX BHPOOHHITB, SKi B
TEXHOJIOTITYHOMY LIHKJi BHUKOPUCTOBYIOTh TNPOLECH CYUIIHHS. BHKOpPHCTaHHS TaKMX MpPOIECIB
reHepye 3HAa4YHy KUIBKICTh TBEPAMX IPiOHOMCIIEPCHUX BUKUAIB Ta BOJSHOI mapu. Tomy icHye
HEOOXIJHICTh OYMILIEHHSI IOBITPS BiJl BUKHU/IIB 3 OJHOYACHUM PELUKIIHIOM BIOBJICHUX KOMIIOHEHTIB
y TEXHOJIOT1YHHIA TIpoI1Iec.

Mertoro poOoTH € TOHIYK amapaTypHoro oOQOpMIJIEHHS Ta METOJIB  BJIOBIIOBAaHHS
BUCOKOJIUCTIEPCHUX TBEPIIX HACTHHOK 1 BOASHOT mapu 1 aHaii3 OCHOBHUX METOJIB MOJEpHi3alii
3aCTOCOBAHMX arapariB Ta METO/IB X PO3PaxyHKIB.

Haiinpocrimumu — amaparamu, sKi Ha3MBalOThCS [MKIOHHI amapaTH, € amapaTd, II10
BUKOPHUCTOBYIOTh PO3/UIEHHS HEOAHOPITHUX Ta30BUX Ta MOJIAMCHEPCHUX TBEPIUX BKIIOYCHb €
MPOIECH PO3AUICHHS B MOJI BiALIEHTPOBUX cuil. KOHCTPyYKIIiT arapaTiB 1 CyX0i Ta MOKPOi OYMCTKU
BU3HAYAIOThCS KOHKPETHUMH YMOBaMH.

3anpornoHoBaHi MOIEpHi3allii KOHCTPYKIIii HUKIOHIB MOXHA PO3IUINTH HA JEKIJIbKa HAMPsAMIiB:

— MonepHizalis IpUCTPOIB MiIBEACHHS Ta30BO1 CyMIllli.

— MonepHizalis IpUCTPOIB BIOBIIOBAHHS I'a30BO1 CyMiIlli.
— MogepHizailisi IPUCTPOIB BiIBEICHHS OYHUIIICHUX TaiB.
— MogepHizailisi IPUCTPOIB BIOBJICHUX BiIXOIIB.

MopepHi3aniss NpUCTPOIB MiABeIeHHS ra30BOI CyMili.

Hocnigaukamu [ 1-5] 3ampormoHoBaHO AJsl BIAIIEHTPOBOI CHITH 301TBIIEHHS IIIBUIKOCTI HA BXO/Ii B
IIUKJIOH 200 BCTAHOBJICHHs PI3HOMaHITHUX TypOyJi3aTopiB MOTOKY, HaNpHuKiIag Tpyou Benrtypi [4]
(Pucynok 1), siki MOKpanytoTh IPOAyKTHBHICTh anapaTiB. BIIMB TEXHOIOTTYHUX Ta T€OMETPUYHHUX
napameTpiB, IMIBHJKICTh Ha BXOJl, JOBXKHHY Ta JiaMeTp amapary Ha pO3MOALI IIBHIKOCTEH 1
epeKkTuBHICTh Kiacugikamii JpiOHOAMCIEPCHUX MOPOIIKIB Yy IMKIOHHMUX araparax yci aBTOpU
JOCITIDKYBAJIN 32 JOOMOT'OI0 YUCETHbHOIO MOACTIOBAHHS.
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Puc. 1 — BcranoBnenns tpyou Benrypi, sik TypOysizaTopa MmoToKy.

B po6oTi [23] Oynu 3amporiOHOBAHO Ta JAOCIHIKEHO UKIIOH 3 YOTHPMa BXOJIaMU HaBEJCHHUI Ha
PHUCYHKY 2.

Puc. 2 — I{uxioH 3 yoTUpMa BXOJaMu
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MopepHi3anisi NpUCTPOIB BJIOBJIIOBAHHA Ia30B0I CyMilli.

ABTOpU JAoCHiKeHb [6-16] MpONMOHYIOTH pi3HOMAaHITHI KOHCTPYKLIi KOpITyCiB — amaparis,
napameTpiB.

Hanpuknan y po6orti [13] mocaimxyerbcs eeKTHBHICTD 3aIPONOHOBAHUX HOBUX IHUKIJIOHIB 3
BUITYKJINMHU KOHIYHUMH AUTTHKaMH. Po3risaaeTbes m'sSTh pisHUX KOHDIrypaliid IUKIOHIB 3 paalycoM
BUTMHY, 10 popiBaroe 1,5, 1,25, 1,0, 0,75 ta 0,5 m (Pucynok 3). IIpoBeneHo cuMyIsIiiiHMIA
eKCTIIEpUMEHT.

Puc. 3 — 3anexHicTb eeKTUBHOCTI 300py B pO3Mipy BUTHHY
ABtopu [12] mpomoHYIOTH CEKIif0, sIKa CKIAAaeThes 3 ABOX IukioHiB 2D2D rta 1D3D, ski
po3TamoBaHi B MOCHIOBHO. Pe3yibpraramMu  eKCHEpUMEHTIB  HIATBEPKEHO  YHCIOBUM
MozenoBaHHIM (PucyHok 4).

Puc. 4 — Pe3ynbratu 10CIHIKECHHS
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ABTOpH JI0CJHiZKeHb NPONOHYIOTHh Pi3HOMAHITHI KOHCTPYKUIil NMPHUCTPOIB VIS BUBEJICHHSA
ounmmenux raziB [17-20], Hampukiax BIOCKOHAJICHHS IUKIOHHUX CEMapaTropiB MUISXOM
JOCSTHEHHS KPaloi IPOXyKTHBHOCTI 1 €()eKTUBHOCTI cenapartii.

Hanpuxman aBropu [17] mpomoHYIOTH KaMO31MHUN BiJBi/, IO HA iX AYMKY Ja€ MOKPAIICHHS
e(eKTUBHOCTI BJIOBJIIOBAHHS (PHUCYHOK 5).

Puc. 5 — [ukioH 13 Kan031iHUKM BiJIBOJIOM

ABTOpH A0CJHIIKEHb NMPONOHYIOTH Pi3HOMAHITHI KOHCTPYKILiI NPHUCTPOIB I BUBEICHHS
MPOAYKTiB BiOBMIOBaHHsA [21, 22], Hampukiaxm y ctarti [21] mpomoHye BIOCKOHAJICHHS
BCTaHOBJICHHAM BHYTDIIIHHOIO KOHyCa Ta BHUKOPHUCTAHHS UHCEIBHOIO MOJCNIOBAaHHS IS
JOCSITHEHHS KPaIloi MPOIyKTUBHOCTI 1 e(eKTUBHOCTI cenapaii (PucyHok 6).

Puc. 6 —1{uki0H 3 BHYTpILIHIM KOHYCOM
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ABTOpH J10CTiIZKeHb MPONOHYIOTH Pi3HOMAHITHI KOHCTPYKUII MPUCTPOIB A PO3JIUICHHS
TBepAuX abo0 pIOKUX, KpamienomiOHy ¢pakmiii Ta ra3oBuUX MOTOKIB [26-25], HampukiIan
AOCTIHUKAMM [25] MPOMOHYETHCS MiCIIEBE 3HOIIYBAHHS CTIHOK IIUKJIOHY.

JIOCITi THUKH pO3TJISIaIN BIUIMB MiCLIEBOT0 3HOLTYBAHHS CTIHOK IMKJIOHHOT'O cenapaTopa Ha Horo
MPOAYKTUBHICTh, BUKOPUCTOBYIOUHM MaTeMaTU4YHI OOUMCIICHHS JUIs aHAJII3y Ta nependavyeHHs eposii
B LIUKJIOH1

Bucnosku.

CHinbHOIO PUCOIO BCIX IMX CTAaTeil € pO3TJIsLj acleKTiB ONTHMI3allii Ta BAOCKOHAJICHHS POOOTH
IIUKJIOHIB, SIKiI IIMPOKO BUKOPUCTOBYIOTHCS B IIPOMUCIIOBUX MPOIIEcax sl BITOKPEMIICHHS YaCTUHOK
a00 KpaIlUIMH Bij rasy, yci aBTOpU 3aCTOCOBYIOTh YHCEJIbHE MOJICIIOBAHHS Ta €KCIEPUMEHTH IS

[IpoTe Ha CHOTOAHIIIHIA JeHb BIACYTHI JOCTIDKEHHS MO KOHJEHcalii mapiB B IMKIOHHHUX
armaparax 3 MOoAaJbIIUM BJIOBJIIOBAHHSAM CKOHCHCOBAHUX MapiB Ta PO3YMHEHHUX B Iapax COJICH.

Jliteparypa:

1. Multi-objective optimization of a novel vortex finder for performance improvement of
cyclone separator. https://www.sciencedirect.com/science/article/abs/pii/S0032591022007392

2. Performance analysis of the cyclone separator with a novel clean air inlet installed on the roof
surface. https://www.sciencedirect.com/science/article/abs/pii/S0032591023006332

3. Effects of the inlet particle spatial distribution on the performance of a gas-solid cyclone
separator. https://www.sciencedirect.com/science/article/abs/pii/S1674200123000986

4. Effects of operational and geometrical parameters on velocity distribution and micron mineral
powders classification in cyclone separators.
https://www.sciencedirect.com/science/article/abs/pii/S0032591022005034

5. Numerical investigation on the performance and flow pattern of two novel innovative designs
of four-inlet cyclone separator.

6. Performance analysis of a novel cyclone separator using RBFNN and MOPSO algorithms.
https://www.sciencedirect.com/science/article/abs/pii/S0032591023004473

7. Investigating the effects of temperature on the performance of novel cyclone separators using
large-eddy simulation. https://www.sciencedirect.com/science/article/abs/pii/S0032591022010944

8. Unconventional desalination: The use of cyclone separators in HDH desalination to achieve
zero liquid discharge. https://www.sciencedirect.com/science/article/abs/pii/S0011916422003873

9. A brief review on improving materials particulates using cyclone separator by geometrical
and turbulence factors. https://www.sciencedirect.com/science/article/abs/pii/S221478532205341X

10. An overview of novel geometrical modifications and optimizations of gas-particle cyclone
separators. https://www.sciencedirect.com/science/article/abs/pii/S1383586623020440

11. Square Cyclone Separator: Performance Analysis Optimization and Operating Condition
Variations Using CFD-DPM and Taguchi Method.
https://www.sciencedirect.com/science/article/pii/S0032591023005739

12. The effect of inlet velocity, gas temperature and particle size on the performance of double
cyclone separator. https://www.sciencedirect.com/science/article/abs/pii/S0255270123002064

13. Performance analysis of cyclone separators with bulged conical segment using large-eddy
simulation. https://www.sciencedirect.com/science/article/abs/pii/S0032591023003686

14. Numerical analysis on the influence of vortex motion in a reverse Stairmand cyclone separator
by using LES model. https://www.sciencedirect.com/science/article/pii/S1995822621001436

114 Handbook of the XXIII International Science Conference
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)


https://www.sciencedirect.com/science/article/abs/pii/S0032591022007392
https://www.sciencedirect.com/science/article/abs/pii/S0032591023006332
https://www.sciencedirect.com/science/article/abs/pii/S1674200123000986
https://www.sciencedirect.com/science/article/abs/pii/S0032591022005034
https://www.sciencedirect.com/science/article/abs/pii/S0032591023004473
https://www.sciencedirect.com/science/article/abs/pii/S0032591022010944
https://www.sciencedirect.com/science/article/abs/pii/S0011916422003873
https://www.sciencedirect.com/science/article/abs/pii/S221478532205341X
https://www.sciencedirect.com/science/article/abs/pii/S1383586623020440
https://www.sciencedirect.com/science/article/pii/S0032591023005739
https://www.sciencedirect.com/science/article/abs/pii/S0255270123002064
https://www.sciencedirect.com/science/article/abs/pii/S0032591023003686
https://www.sciencedirect.com/science/article/pii/S1995822621001436

Marepianun XXIII MixxkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

15. Numerical study of gas-solid flow in a cyclone separator.
https://www.sciencedirect.com/science/article/pii/S0307904X06000291

16. Numerical study on gas-solid flow characteristics of ultra-light particles in a cyclone
separator.

17. https://www.sciencedirect.com/science/article/abs/pii/S003259101831091X

18. Numerical investigation on the swirling vortical characteristics of a Stairmand cyclone
separator with slotted vortex finder.
https://www.sciencedirect.com/science/article/abs/pii/S0032591023000207

19. Numerical simulation on structure optimization of escape-pipe of cyclone separator with
downward outlet. https://www.sciencedirect.com/science/article/abs/pii/S003259102200482X

20. Parametric analysis and optimization of gas-particle flow through axial cyclone separator: A
numerical study. https://www.sciencedirect.com/science/article/abs/pii/S0921883123000225

21. Improvement of the cyclone separator performance by the wedge-shaped roof: A multi-
objective optimization study.
https://www.sciencedirect.com/science/article/abs/pii/S0009250922009897

22. Numerical investigation of effects of inner cone on flow field, performance and erosion rate
of cyclone separators. https://www.sciencedirect.com/science/article/abs/pii/S1383586617335591

23. An alternative for the collection of small particles in cyclones: Experimental analysis and CFD
modeling.

24. https://lwww.sciencedirect.com/science/article/abs/pii/S1383586616323024

25. Numerical analysis of a novel cascading gas-liquid cyclone separator.
https://www.sciencedirect.com/science/article/abs/pii/S000925092300074X

26. Design and performance study of a two-stage inline gas-liquid cyclone separator with large
range of inlet gas volume fraction.
https://www.sciencedirect.com/science/article/abs/pii/S0920410522010701

27. Effect of local erosion on the flow field and separation performance of the cyclone separator.
https://www.sciencedirect.com/science/article/abs/pii/S0032591022008889

Handbook of the XXIII International Science Conference 115
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)


https://www.sciencedirect.com/science/article/pii/S0307904X06000291
https://www.sciencedirect.com/science/article/abs/pii/S003259101831091X
https://www.sciencedirect.com/science/article/abs/pii/S0032591023000207
https://www.sciencedirect.com/science/article/abs/pii/S003259102200482X
https://www.sciencedirect.com/science/article/abs/pii/S0921883123000225
https://www.sciencedirect.com/science/article/abs/pii/S0009250922009897
https://www.sciencedirect.com/science/article/abs/pii/S1383586617335591
https://www.sciencedirect.com/science/article/abs/pii/S000925092300074X
https://www.sciencedirect.com/science/article/abs/pii/S0920410522010701
https://www.sciencedirect.com/science/article/abs/pii/S0032591022008889

Martepiaan XXIII MixkHAPOAHOI HAYKOBO-TIPAKTUYHOI KOH(epeHuii
«ExoJoris. Jlvnauna. CycninberBo» (M. KuiB, Ykpaina, 7 rpyans2023 p.)

Handbook of the XXIII International Science Conference
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)

ISSN (Online) 2710-3315
DOI: https://doi.org/10.20535/EHS2710-3315.2023.290930

UDC 57.043:044:620.951

PROSPECTS OF PRODUCING BIOBUTANOL USING MICROALGAE
RESIDUE AFTER LIPID EXTRACTION

Anna DUDNIK
Igor Sikorsky Kyiv Polytechnic Institute
Prospect Beresteiskyi 37, Kyiv, 03056, Ukraine
email: dudnik.anna@IIl.kpi.ua

Introduction. Biobutanol is a renewable biofuel chemically similar to gasoline but produced from
biomass rather than fossil fuels. It is typically produced through fermentation, usually using strains
of bacteria from the class Clostridia, which convert sugars derived from biomass into butanol via
acetone-butanol-ethanol (ABE) fermentation [1].

Biobutanol can become a severe competitor to other types of biofuels. For instance, one advantage
of biobutanol over ethanol is its higher energy density, which means it contains more energy per unit
volume. This makes biobutanol a more attractive alternative to gasoline as a transportation fuel. In
addition, biobutanol has a lower vapour pressure than ethanol, which can reduce evaporative
emissions and make it easier to blend with gasoline.

Biobutanol can also be used in existing gasoline engines without significant modifications. It can
be blended with gasoline at higher concentrations than ethanol without causing engine damage or
performance issues [1]. Therefore, it has the potential to be used as a "drop-in" replacement for
gasoline, which would make it easier to integrate into existing fuel infrastructure and vehicle fleets.

Discussion. Several feedstocks can be used for biobutanol production, including agricultural
residues, energy crops, lignocellulosic materials, food waste, and algae [1]. The choice of feedstock
depends on various factors, including availability, cost, and sustainability.

The production of first-generation biobutanol is largely made possible by the fermentation of
primarily hexose sugars, which is a reasonably straightforward process. These sugars are produced
by hydrolysing crops high in starch, like maise, wheat, rice, and cassava. Biobutanol yield for such
raw materials is usually the highest; for example, lyyappan et al. (2022) studied biobutanol production
from black strap molasses using Clostridium acetobutilicum MTCC11274. The results show the
maximum butanol production as 4.15 + 0.48 g/L [2]. These materials are often readily available and
may cost less than other feedstocks. However, they may also face competition from other industries
that use them as feed or fertiliser.

Second-generation biobutanol is represented using agricultural residues such as corn stover, wheat
straw, or energy crops, such as switchgrass and miscanthus. The last ones can be grown on marginal
land, do not compete with food crops, and provide high biomass yields per unit area. These materials
are abundant and widely available, but their high lignin content makes them more challenging to
break down and convert into biofuels than other feedstocks. For instance, Pratto et al. (2020) used
sugarcane straw and C. acetobutylicum NRRL B-527 for biobutanol production. The findings suggest
that the butanol production peaked at 7.6 £ 0.7 g/L [3].
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The third-generation biobutanol uses microalgae as a primary feedstock. Microalgae can be grown
in various environments, including wastewater and brackish water, producing high biomass yields
per unit area. Today algae-based biobutanol production is an area of active research and development,
and several studies have shown that it is possible to convert algal biomass into biobutanol through
fermentation. Melih Onay (2020) studied biobutanol production from microalgae Chlorella
zofingiensis CCALA 944 by C. acetobutylicum. In that article, the results show that maximum butanol
production reaches up to 3.1 + 0.3 g/L [4].

Nevertheless, the primary focus of research on microalgae has been their capacity to accumulate
lipids suitable for producing biodiesel, constituting a significant portion of their dry weight.
Therefore, using microalgae residues after lipid extraction (e.g. after biodiesel production) for butanol
production rather than whole microalgae cells could be more reasonable. Moreover, that strategy has
several advantages.

Firstly, by utilising the residues after lipid extraction, we can potentially use a broader range of
microalgae species for biobutanol production. Secondly, microalgae residues are typically rich in
carbohydrates and proteins, which can be converted into other biofuels, such as biobutanol and
bioethanol, or valuable co-products, such as animal feed, fertiliser, or bioplastics. Finally, utilising
microalgae residues after lipid extraction can help improve microalgae biofuel production's
sustainability. Microalgae are often grown using large quantities of water and nutrients, which can
have negative environmental impacts if not appropriately managed. By utilising the residues, we can
reduce the environmental footprint of microalgae-based biofuel production and move towards a more
sustainable and circular economy [5].

lonic liquid extraction is a solvent extraction that uses ionic liquids as solvents to extract target
compounds (e.g. lipids) from various sources such as plants, microorganisms, or industrial wastes.
This procedure involves treating microalgae with methanol and 1-ethyl-3-methylimidazolium
ethylsulfate (ComimEtSQO4) at a mass ratio of 1:2 for one hour. lonic liquid extraction is characterised
by several advantages, such as high selectivity, good solubility, low toxicity and a sustainable
approach to various compounds, making it an attractive alternative to traditional extraction methods,
such as hexane extraction.

The study compared two types of substrates for direct ABE fermentation (without pre-treatment)
by C. saccharobutylicum: C. vulgaris after ionic extraction and C. vulgaris after hexane/2-propanol
extraction. The study shows that butanol concentration reached 4.99 + 0.2 and 6.63 + 0.3 g/L
retrospective. However, hexane-extracted microalgae also require detoxification, while ionic liquid-
extracted microalgae do not. The study showed that it was possible to produce both butanol and
biodiesel from the same feedstock, which could assist in lowering the cost of feedstock for each
process separately, and that ionic liquid pre-treatment can improve the efficiency of the process [5].

Conclusion. Biobutanol can be produced from various feedstocks, including corn, sugarcane,
wheat, barley, switchgrass, and algae residues. Each feedstock has advantages and challenges
depending on availability, cost, and sustainability.

Corn and sugarcane are currently the most widely used feedstocks for biobutanol production due
to their high sugar content and availability in many parts of the world. However, these feedstocks can
have negative environmental impacts, such as competition with food crops and land use change.

Alternative feedstocks such as switchgrass and algae residues have shown promise for biobutanol
production due to their lower environmental impact and potential for use on marginal lands. However,
further research and development are needed to optimise the production processes and reduce the
costs associated with these feedstocks.

In general, the choice of feedstock for biobutanol production will depend on various factors,
including availability, cost, sustainability, and local regulations. With continued research and
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development, it is possible to produce biobutanol from a range of feedstocks sustainably and cost-
effectively, helping to reduce our dependence on fossil fuels and mitigate the impacts of climate
change.
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HHEPEPOBKA TBEPAUX IIOBYTOBHUX BIIXOIIB 3 METOIO
OTPUMAHHSI HAHOYACTHUHOK BYTJIEIIO JIJIS1 COPBIII BOJHIO
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Byrnenesi Hanomarepiaiu, 30kpema Byrienesi HaHOTpYOku (BHT), BusiBisitoTbCs nepcrieKTUBHUMH
copOeHTaMHu JJIs1 BOJHIO, COPUSIOUYM PO3BUTKY BOAHEBOi eHepreTuku [1]. JocmimkeHHs B o0macTi
azicopOIii BOJHIO Ha BYIJICHEBUX MaTepianiaXx Ma€ BEJIMKE 3HAUEHHs A PO3BUTKY UYUCTOI eHeprii
(REPowerEU), mo npuIIBUAMINTE HEpeXil A0 «3€leHO1» eHepreTHku. /o TOoro ’x, BUKOpPHCTaHHS
Bi/IXO/1iB PI3HOMAaHITHUX BUPOOHUIITB MOXE CTaTH BAXJIMBUM JDKEPEJIOM BYIJICIICBUX MaTepialliB JyIs
BupooHunTea BHT [2, 3].

Bucoka BapTicTh Ta AeiUUT BUKOMHHUX MajHB, y MEpUIy Yepry MPUPOAHOIO Tra3y, YTBOPEHHS
HIKIJIMBUX BUKHJIB 3MYIIYIOTh JIFOJCTBO IIYKAaTH aJbTEPHATUBHI BUIM CHUPOBUHH JJISi €HEPrETHKH,
XIMIYHOT TPOMHUCIIOBOCTI, BUPOOHHIITBA BOAHIO TOLIO. JI0 TakuX BUIIB CUPOBHMHHM HaJIeXaThb BIIXOAU
CLUIBCHKOT'O TOCIIOAAPCTBA, 1ePEeBOOOPOOHOT MPOMUCIOBOCTI, A€SKI MPOMUCIIOBI BiAxoau [4], B OKpeMHx
BUIIaJIKaX HU3bKOBAPTICHI BUKOIHI MMajanBa, Hanpukiaz, Topd. ['asudikaiiis anbTepHaTUBHUX MaJUB Ma€e
SK 1CTOTHI IepeBaru, Tak 1 HeJJOJIIKu.

AnbTepHaTUBHUM BMJIOM cHpoBUHU s orpuMaHHs BHT moxyTs cimyryBatu TBepai 1moOyTOBi
Bimxomu (TIIB), ockinbku BOHM MaroTh psAn nepeBar. [asudikamis takux TIIB sk: mkapamynu
COHAILITHUKOBOTO HACIHHS, AEPEBHI MEJETH, PUC, ITAIIMHUAN MOCI]I 1a€ HACTYITHUMN CKJIaJ TeHepaTOPHOTO
razy: CO — 12-30 %, H, — 10-25 %, CH4 — 0,05-5 %. Cknan 6anacry: N, — 35-55 %, CO, — 8-15 %, H,O
— 2-20 %. Ta3mdikaiis 3a3HAYEHUX MMAJTUB MA€ PsJl MO3UTHBHUX SIKOCTEH: MO MepIe, yCi OpraHivHi
CIOJYKH PO3UICTUTIOIOTHCS Ta ra3u@ikyoThCs BCEpEeIUH1 anaparty; 1o Apyre, a3 He MiCTUTh CMOJUCTHX
pedoBuH. [lo HemomikiB OiomaivBa 3 BIIXOIB MOXXHA BIJHECTH CKJIQJHY IMiJrOTOBKY: PO3JAUIbHE
30upaHHs, COPTYBaHHs, MOAPIOHEHHS, BUTOTOBJICHHS MeneT ado OpUKETIB, a TaKOXK 3MIHY CKIaay Ta
TETIOTBOPHOI 3/IaTHOCTI TeHEpaTOPHOTO T'a3y MpH 3MiHi nayimsa [5].

[[InsxomM miposizy MOXHa TaKOoX yTHJII3yBaTH IIMPOKHHA CHeKTp BiaxomiB [6, 7], mo Toro x
MPOIOHYETHCSI BUKOPUCTOBYBATU CMITTS 3 PI3HUX MarepiajiB, KOJM PO3IUIBHHI 30ip CMITTS HE €
KUTTE3IATHOIO ATbTEPHATUBOIO [7].

BHT 1 ByruyeneBi HaHOBOJIOKHA € HAMMONMYJSPHIIIUMHU LUIIHAPUYHUMU (OpMaMH BYTJIEIIO, SKi
BUKOPUCTOBYIOTBCSI B PI3HMX cdepax 3acTOCyBaHHS. 3aBASKH MOE€JHAHHIO CBOIX YHIKaJbHUX
BJIACTMBOCTEH (BHCOKOI MIIIHOCTI HAa PO3PUB, YYJOBUX TEIJIOBUX 1 €JNEKTPUYHUX BIIACTHUBOCTEH Ta
BHCOKOTO CITIBBIJHOIICHHSI JOBKUHU JIO JllaMeTpa) BOHU € HAaWOUIbII yHIBEpPCAJIbHUM MaTepiajioM JUIs
copOii BogHMO [8, 9].
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IcHye nocTaTHA KUTBKICTB JIITEPATYPHUX JIKEPET

11010 3BUYAaHHUX METOJIB KaTaTITUYHOTO MipOJIi3y
g orpumands BHT [10]. Ogaum 13 icTOTHHX
OoOMEXEHb TPaTUIIHHOrO MIPOJi3y € HarpiBaHHS,
10 HE € Hi peHTabeTbHUM, Hi EKOHOMIYHO BUT1THUM
[9]. 3a mocnimkenusmu [9], 1 mipoi3y BiaXoAiB
MOXKHa 3aCTOCOBYBaTH KaTajli3aTOPH Ha OCHOBI
MEPEexXiIHUX METaliB Ha OKCUAHO-aJIIOMiIHIEBOMY
nocii  (Fe/a-Al,O3, Ni/y-Al,O3, Ni/y-Al,O3) 3
BUKOpUCTaHHsAM  HarpiBanas 1npu  700-900
°C, HikeneBi Ta 3alli3HI Karaji3aTOpd Ha OCHOBI
kpemuesemy [10]. ABropamu [9] noBeneHo, M0
Karaji3aTop Ha OCHOBI 3ajli3a Ha OKCHIHO-
IIOMIHIEBOMY HOCIi € HalOuUThII e(pEeKTUBHUM 1
JemeBruM kataiizaropom. ABtopami [11, 12] Gyno
JOCHIIKEHO MO>KJTUBICTh BUKOPHUCTAHHS
KaramizatopiB  Ha ocHoBi 3amiza  (FeAlOy,
Fe/FeAl,O,) 3a texnomnoriero CBY st otpumanHst
BHT npu BHCOKOYaCTOTHOMY MipoJi3i
noJtioJiehiHiB.

[llono camMoro TEXHOJOTIYHOTO  MPOIECY
orpumanss BHT, To niteparypHi AaHi cBiggaTh Mpo
BUKOPHUCTAHHA Pi3HUX KOHQITypalliil peakTopiB 1is
BUPOOHUIITBA BYTJICLIEBUX HAHOTPYOOK 13 BIIXO/IB.

Haiikpamym MeTogoM € [BOETallHa CHUCTEMa

peakTopiB, Je Ha TepIIoMy eTali Biaxoau

MIPOJI3yIOThCS B KOHTPOJIbOBAaHUX YMOBaX, a

OTpUMaHi MIpOdi3HI Tra3uW MOAAIOTbCA B JIPYTHid

KEpOBaHMM KaTaIITUYHHIA pPEaKkTop, Ji€ BOHHU _

MO3KYTb GyTH BUKOpHCTaHi ju1st Bupobuurea BHT ~ Pue. 1. Texuonoriina cxema Ha60paT0pH91
[13]. YCTaHOBKM U1 JOCHIDKEHHS  IPOIIECiB

OTxe, METOI OaHOi poOOTH € aociipKeHHs — OACPIKaHHA BHT: 1 - reHepaTop
MOJJIMBOCTI OTPHMAaHHS HAHOYACTUHOK Byrjemto  KOHBEPTOBAHOIO rasy, 2 — ropu3OHTAJIbHA MiY 3
pU epepobIi TBEPAMX MOOYTOBHX BIiIXOMIB 3 KaraiizatopoM (Hepkapitoua ctanb X18H10T), 3
nojaibiiuM BuKopucTanHsM BHT mns copOmii ~ — IOTIMHAY BOJIOTH, 4 — OanoH 3 asorom, 5 —
Boauio. BHT orpumyBanuch 3 AepeBHUX TeENET, GaJIoH 3 BOJHEM
a30TOBMICHOI CMOJH, (eHONy, HapTOBOrO MEKY,

JYUNUHHSA KOokcy. st mocmimkenHs mponecis orpuMmanHs BHT BuxopucroByBanace jgaGopaTtopHa
yYCTaHOBKa, CXeMY SIKOi IPEJICTaBIeHO Ha puc. 1.

KonBepcis reHepaTOpHOro razy npoBOAMJIach B pEakTOPI KaTaliTHYHOI KOHBepcli 1 3 KaTanizaTopoM
I'MAII-3-6H. OTpumaHuii KOHBEpTOBAaHUI TIa3 NPOXOJUB dYepe3 By30J OUMIIEHHS 1 MOCTyHaB J0
TOPU30HTAJIBHOI Teui 2, B peakiiiiHy 30HY sKoi OyB 3aBaHTa)XEHUI KaTani3aTop 3 HepxkaBitouoi craii
X18HI10T. Bonens 5 BUKOHYe (QyHKIIIIO aKTUBaTOpa METAJIEBOTO KaTajli3aTopa, Ha SKOMY BiJIOyBaBCs
pict BHT. Pesynpraru nocnimxkens copoOuii Ta necopOuii BoaHto Ha orpuManux BHT naBeneni y Tabmmi 1.

Sk BuAHO, Hailkpamii copOuiiiHi BiaactuBocti Mae BHT, oTpumanuii 3 reHepaTopHOro rasy Inpu
nipostizi JepeBHUX mneseT. [IpuuoMy Juist 3pasKy, OTPUMAaHOIO 3 JIEPEBHMX I€JeT, HalBHIa MUTOMA
emuicTs cknanana 21,9 em(Hy)/r mpu 300 °C. [porte immi 3pasku BHT Bigpi3HMIOTHCS GiTbIl MIBUAKAM
JOCATHEHHSIM pe3yJIbTaTy MpH copOLii BOIHIO.
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Ta6amus 1. [Tokaznuku copOI1ii-necopOiii BOAHIO, 0JiepkKaHi B TPOLEC] eKCIIEPUMEHTY 10 €(PeKTUBHOCTI
BUKOPHUCTAHHS HAHOTPYOOK JUIst COpOIIiT BOJIHIO

V(Hz)/m
Moxoxxenns 3pazky BHT m,r P> 3 Hac, V(H§)' npu 300 °C,

r/cM roj cM en/r

JlepeBHi neneru 4516 0,113 5 99,0 21,9
A30TBMICHA cMOJIa 9,824 0,246 4 78,0 7,9
®denon 7,075 0,177 2 55,0 7,7
HadroBmii mex 8,469 0,212 15 57,0 6,7
JlymnunHs KoKoCy 11,182 0,280 2 86,0 1,7

BoueBunp, BukopucranHs TIIB s orpumanns BHT € nocuTh NEepCHEKTHMBHUM MUISAXOM IS
OTPUMAaHHs MaTepiajiB 3 METOIO 30epiraHHs BOAHIO.
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['anpBaHiuHE BHPOOHMILITBO IIMPOKO BHKOPHCTOBYETHCS B PI3HUX Taly3sX MPOMHUCIOBOCTI,
BKJIIOYAIOYM aBTOMOOUIbHY, €IEKTPOHHY, rairy3i BAPOOHUIITBA MTPUJIA/IiB, IOBENIIPHY CIIpaBy Ta iHIII.
["anpBaHiuHE OCAJHKEHHS 3HAYHO MOKPAILY€E SAKICTh Ta 30BHIIIHIN BUIIISL BUPOOIB, a TAKOXK 3aXHUIIAE
ix BiJ KOpo3ii Ta iHIMX arpecuBHUX (pakTopis. [Ipote, sik Oy1b sKa rady3b BUPOOHUIITBA, FalbBaHIKa
Ma€e CBOT BJIACHI €KOJIOT1UHI MpoOsieMu Ta BUKIHKH [1].

B nporeci ragpBaHiuHOrO BUPOOHHUIITBA YaCTO YTBOPIOIOTHCS CTIYHI BOAM, IO MICTSTH Pi3HI
XIMIYHI CHONMYKH, BKIIOYAIOUYM BaXKKI METaJM Ta METAJIEBUN OCaJ, €JIEKTPOJITH, pPO3UMHHUKHU. Lle
MPU3BOIUTH JI0 3a0pyTHEHHS BOJOIM Ta MiJJ3éMHUX BOJI, 1[0 HEraTUBHO BILUIMBAE HA EKOCUCTEMH Ta
3n0poB's  monei. Jleski mpolecw TajdbBaHIYHOIO BHUPOOHMIITBA MOXYTb OyTH — JyxkKe
CHEPrOBUTPATHUMH, 110 MPU3BOJMUTH J0 BHKHJIB AUCHEPCHUX Ta ra3onoAiOHUX pedoBuH. Bukumn
NAapHUKOBUX Tra3iB, TaKUX SK BYIVIEKUCIMNA Ta3, CHpHUAIOTH 3MiHI KimiMaty. [lokparieHHs
CHEeproeeKTUBHOCTI 1 BUKOPUCTAHHS BiJHOBIIOBAJBLHHUX JDKEPEN €HEeprii MOXXyTb JONOMOITH
3MEHILWTH 1IN BIUIUB.

Binxoau ranpBaHIYHOTO BHPOOHMIITBA — II€ BIAXOAM, SKI BHHUKAIOTH TiJ 9ac MPOIECY
rajJbBaHIYHOTO TOKPUTTS METAJeBUMM IIapaMyd Ha TOBEpXHI pi3Hux MartepiamiB. Lli Bigxomu
BKJIIOYAIOTh Pi3HI PEYOBMHHU, 10 MOXKYTh OyTH HEOE3MEUHUMHU Il HABKOJIMIITHHOIO CEpPEeOBHIIA 1
3JI0POB'SL JIIOZIEH, TOMY BaXKJIMBO HAJISKHUM YMHOM YTIPABIIATH HUMH, 100 3a0e3neuuTH Oe3neKy Ta
30epekeHHsT TOBKULIS. HaBiTh y BUPOOHUIITBAX, /¢ HasSBHA CHCTEMa OUYMIIEHHS CTOKIB, BOHA, SIK
npaBuiIo, (PYHKIIOHYE HE HA BHCOKOMY DiBHI Ta HE BIJNOBiJa€ MDKHAPOAHUM CTaHgapTam [2]. 3-
MOMDXK PI3HOMaHITHUX METOMIB OYHUIICHHS CTIYHMX BOJ TaJbBaHIYHOI'O BHUPOOHHUIITBA, TaKUX SIK
peareHTHi, iI0HOOOMiHH1, COpOIIiitHI, 610XIMIUHI Ta eNEKTPOXIMIYHi, HA BITYM3HIHUX MIANPHUEMCTBAX
HaOLIBIII MOIMPEHUMH € peareHTHI MeTOIu. 3aCTOCYBaHHS IIMX METO/IIB MA€ I1Ty HU3KY HEJOJIKIB.
BinbiricTs BITHOBHUKIB MalOTh HE TUTHKH BiJHOBIIOIOYi BIACTHBOCTI, aJie i KOMIUIEKCOYTBOPIOOUI.
IIpu B3aemomii 3 MeTalaMU YTBOPIOIOTHCS KOMIUIEKCH, IO HE 3JaTHI BUMaJaTH B ocaj abo
B3aEMOJISATH 3 10HHOOMIHHUMH CMOJIAaMU Ta Ba)KKO MIAJAIOTHCS OyJb-KMM METOJIaM OYHILEHHS.
Takoxk 40 HENONIKIB PEareHTHUX METOJMIB MOXKHA BIJHECTH HEOOXITHICTh 3aCTOCYBaHHS
HA/TMIIKOBOI KiJIbKOCTI peareHTiB, 10 MPU3BOIUTH J0 CYTTEBOTO 30UIBIICHHS 3arajbHOTO 00’ €My
rajJbBaHIYHOTO IIJIAMY.

Jns  po3B's3aHHS LUX MpoOjeM TrajdbBaHiYHI BHPOOHUIITBA TIOBHHHI BIIPOBAKYBaTH
pecypcoeeKTUBHI TEXHOJIOTIT Ta IPOIlecH, BAOCKOHAIIOBATH YIPABIIHHS B1JIX0/aMH, 3MEHIIYBaTH
BUKH[IH, MT1JIBUILYBATH €HEPTOCPEKTUBHICTb.

[lepen ranpbBaHIYHUM BHUPOOHMULITBOM CTOITh OJHA 3 HAWCKIATHIMIUX TPoOIEeM - po3poOUTH
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MeTOH €(heKTUBHOI'O OYHILEHHS CTIYHUX BOJ Ta yTUIIi3allii BiAIpallbOBAHUX €IEKTPOiTiB. OfuH i3
Croco0iB BHpIIIEHHS Ii€l MpoOIeMu Moiira€ BTOPUHHOMY BUKOPUCTAaHHI CTIYHHUX BOJ, a came B
CTBOPEHHI PECYpPCOCKOHOMHHUX CHUCTEM IPOMHCIOBOTO BOJOIOCTAYaHHS, SIKI TPYHTYIOTbCS Ha
0araTopa3oBOMY BHUKOPHCTAaHHI OYHIEHUX CTIYHUX BOJ, IO BIAMOBIJAIOTH BHMOTaM SKOCT1
TEXHOJIOTTYHUX BOJ [2].

MeTo10 po00OTH CTaNIO0 € BUBYECHHS 3aKOHOMIPHOCTEH 10HOOOMIHHOI'O BHITyU€HHS 10HIB 3aJ1i3a 3
KHCJIMX PO3YMHIB TPABJICHHS T'aJbBaHIYHOT'O BUPOOHUIITBA.

B xomi mocmipkeHb B AKOCTI copOuiiHOro wmarepiany Oyno 00paHO CHIIBHOKHCIIOTHY
KaTiOHOOOMIHHY cMody (Cynb(oBaHUil cononiMep cTupoiy Ta auBiHinOeH3omy) Dowex HCR S/S B
Na"-dopmi.

[Tpoutecu cop6buii ioniB 3amiza (II) mpoBogwnu B muHamMiuHHX yMmoBax. [Ipu mocmipkeHHi
BUKOPHCTOBYBAJIM PO3YMHH 3ajli3a 3 KOHLEHTpamiclo no iomax Fe** 1; 5 r/mm®. Konuenrpariio
cipuaHOi KMCIIOTH 3MiHIOBaNU B Aiana3oHi Big 0 qo 13 r/mve.

Taoauus 1. 3anexHicTh MOBHOI OOMIHHOT JMHAMIYHOT €MHOCTI Ta CTYIEHs pereHeparii i0HITy BiJ
CKJIaJly BUX1JIHOTO, pEreHepaliifHOro PO3YMHIB Ta MUTOMOI BUTPATH ((n) pEreHepalifHOrO PO3UHHY

CrkJiaj po34uHy, 110 Burpara .
CODGVETCS Ckiag awiii- Cryninb
oY noJae, pereHepaninHoro pererepariu perenepanii
Fe?", SO4%, Mr-eKB/cM° po3uuHy, Horo laorﬂmﬂy, iomiry,
3 3 0 m 0
MI/IM MI/IM C (H2S0.), % enfent® Z, %
1000 0 1,385 5 5 99,0
10 100,0
1000 500 19 5 5 95,5
10 100,0
1000 1200 0,44 5 5 98,0
10 100,0
1000 2 450 0,3 5 5 100,0
1000 3500 0,46 5 5 100,0
5000 500 1,92 10 5 100,0
5000 1300 2,21 10 5 100,0
5000 3000 1,85 10 5 100,0
5000 8 100 1,35 10 5 100,0
5000 13 000 1,35 10 5 100,0

Bubip cuIbHOKHUCIOTHOTO KaTiOHITY 00YMOBJICHUH THM, 1110 OOMiHHA €MHICTb CUJIbHOKUCIIOTHUX
KaTIOHITIB Maibke He 3aynexuTth Big pH. HaBiTh npu Hu3bkMX 3HadeHHsAX pH MoXHa JOcCsATaoTH
IpaHUYHI BEJIMYMHU OOMIHHOT EMHOCTI.

[IpoTe, excriepuMeHTaNIbHI JOCHIHKEHHS MTOKa3alIH, 110 31 30UIbIIEHHSIM KOHIEHTpalii cipyanoi
KHCJIOTH TIOBHAa OOMiHHA JMHAaMi4HAa €MHICTbh KaTIOHITY CYTTE€BO 3MEHIIYETHCS NpU copOuii i0HIB
3amiza (Tabmn. 1). Jlns sanizosMicaux poszuunis IIOJIE sumxkyerbes 3 1,39 r-exs/am® 3a BincyTHOCTI B
II0YaTKOBOMY pO3uMHi cipuaHoi kucnotu, go 0,3 — 0,46 r-exkB/IM® NpU KOHIEHTpalil CipyaHoi
KMCII0TH Ha piBHi 1 — 3 r/mm®. 36inblIeHHs KoHIeHTpalii ionis 3ai3a (II) IpUBOAUTH 10 CYTTEBOTO
36inpmenns [1OJI€, HaBiTh Npu KOHIEHTpaLi cipuanoi kucaotu 8 — 13 r/nm3, [IOJIE€ Gyna Ha piBHi
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1,35 r-exs/nM°, mo BiAmOBizae piBHIO cOpOLii PO3BENCHUMX PO3UMHIB HABITH MPH BiACYTHOCTI
KHCJIOTH.

OCHOBHUM TOKa3HUKOM, Ha SKHHA OpPIEHTYIOTBCS MpH BUOOpPI 10HOOOMIHHOTO METONY, €
MOJJIMBICTh €(EeKTHBHOI pereHeparii KaTioHOOOMiHHOro Matepianry. B poGoTi perenepartito
npoBoauin 5-ti Ta 10 %-TH po3unHaMu cipuyanoi kuciotu. Ilpu Bukopucranti 5 % po3uuHy BKe
TIpY NUTOMIil BUTpaTi perenepaniiinoro posuuny 5 cmM®/cm® Banocs JOCATTH CTYHEHIO pereHepartii
Ha piBHi 95 — 98 %, a npu Bukopucranui 10 % po3unny ctymnine perenepauii csaraia 100%.

B minomy, BUXOIS/UH 3 OTpUMaHUX PE3yIbTaTiB, 3aCTOCYBaHH 1I0HOOMIHHOT'O METO/Ty BHITyUEHHS
10HIB 3aJ1i3a 3 KUCJIUX KOHIICHTPOBAHUX TPABHMIIBHUX PO3YUHIB € JOIIIEHUM.

Jliteparypa:
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3BOPOTHIN 0CMOC OTPUMY€E BCe OUIBILY MOMYJSPHICTH 1 B OOYTOBOMY BUKOPHCTAHHI 3aBISIKU
Ha/AIHHOCTI, KOMIIAKTHOCTI, 3pyYHOCTI B €KCIUTyartarii i, 3BMYaifHO X, CTabIIbHO BUCOKIN SIKOCTI
orpumanoi Boau [1]. [lediuut nmuTHOI BOAM CTaB OJHIEIO 13 HAWOUIBIIMX MPOOJIEM ChOT'OJCHHSI.
HeedexTrBHa BoHA MOJITHKA, HECTIHKE 3pOCTAHHS HACENICHHsS Ta KIIMATUYHI 3MiHU € TOJIOBHUM
dakropom nedinuty Boau [2]. 3araom Ha CbOTOJIHI aKTyalbHA TOCTPA HECTaya MUTHOT BOJH Y CBITi,
SKa CHpPUYMHEHA rI00aJbHUM MOTETUTIHHSAM, 301IbIIEHHSIM YUCEIbHOCTI HACEIEHHS Ta HEraTUBHUM
BIJTMBOM IPOMHUCIIOBOCTI Ha JOBKULIAL. I came TexHosmorii 6apoMeMOpaHHOTO OYHMIIEHHS BOIH €
HAUMONYJSAPHIIMMU 1 HAWAOCTYNHIIIUMH TEXHOJOTISIMA JUIS BHPIMIEHHS I[bOTO MHUTAHHA 1
CTBOPEHHSI MOKJIMBOCTI IOCTayaTH MUTHY BOAY Y KOXKEH OYAMHOK 1 POJMHY 3aBASKH MOOYTOBUM
YCTaHOBKaM 3BOPOTHOTO OocMocy. Metoau oOpoOKU BOAM 1 MPOIECH TOOYHINEHHS BOAOMPOBIIHOT
BOJIM MOXKYTb JTOTIOMOI'TH NO30yTHUCS IIMPOKOTO CIEKTPY 3a0pyAHIOIOUMX PEUOBHH, 110 BXOIATH JI0
il ckiamy, a came, CIIONYK COJIeH, MAaTOreHHUX OpraHi3MiB, xjiopy. Came MeMOpaHHa TEXHOJIOTIS €
OJHIE€I0 3 HAWOUIBII HIMPOKO BIIPOBAPKEHUX IMPOLECIB OUMIIECHHS BoIU. MemOpaHHI mpolecu
BKJIIOYaI0Th MiKkpo¢inbTpanio (M®), yasrpadinsrparnito (YD), Hanodinerparnito (HD) i 3BopoTHMit
ocmoc (30) [3]. MeTo OUYMIIEHHS CTIYHUX BOJI 3aBJSKH BUCOKIH €HEproeeKTUBHOCTI, BHCOKUM
BUPOOHMYMM TOTY>KHOCTSIM Ta BHUCOKMM TeMIIaM BHJAJICHHS 3a0pyIHEHbPOCTOMY B JIaHUH 4Yac
BBQ)KAETHCSl HAMOUTBIIT HAIITHOIO TEXHOJIOTIEIO ONPICHEHHS BOU [4].

3BOpPOTHHUI ocMoc € OapoMeMOpaHHUM IPOLECOM, KU HaWOUIbII YacTO BUKOPUCTOBYETHCS
cepesl MeMOPAHHOTO Po3IiieHHs. Moro mMMpoKo 3aCTOCOBYIOTH ISl 06E3COTIOBAHHS (OIPiCHEHHS)
BCIX THIIB BOJI Ha YCTaHOBKaX BiJl APIOHUX MOOYTOBUX JIO KPYITHUX IPOMHCIOBHX, & 0COOIMBO — JIst
JOOYUCTKH MUTHOI BOJM Ha JIOKaJIbHOMY piBHI. [IpoTe BUKOpHCTaHHS MeMOpaH y ccTeMaX OYUCTKU
BOJM, 30KpeMa i 3BopoTHOro ocmocy (30), mependadae YTBOPEHHsI 3HAYHOI KiJTBKOCTI BiIXOJiB,
30KpeMa, I1e:

- 3MIiHHI KapTPUDKI MEXaHIYHOTO OUUIICHHS;

- MeMmOpaHu Ta MeMOpaHHi OJIOKH;

- mocTdinbTpH;

- KOHIIEHTPAT, HAaCHUYEHHUIl 3a0pyAHIOIOUMMH PpEUYOBHMHAMH, SKi YTBOPWJIUCH BHACIIIOK
OYMILIEHHS BOJIH.

[Ile otTHUM BEKTOPOM HEraTUBHOI'O BIUIMBY CHCTEM MEMOPAHHOTO OYMIIEHHS BOJAM Ha JTOBKUIISA
€ CIHIBBIIHOIIEGHHS OYMILIEHOI BOJM (IepMeaTy) Ta KOHIIEHTpaTy (3a0pyAHEHOi BOIM), SKUN
CKHJIA€ThCA y KaHAII3aliiHy Mepexy. 3a yCepeHEHUMH JJaHUMH, TaKe CIiBBIJHOIICHHS cKiaaae (2-
3)/1, 70670, 3i 100 AM® BOJOMIPOBIAHOT BOMIH, SIKi 3aX0/IATH Y CUCTEMY 3BOPOTHOIO OCMOCY, OUMIIEHOT
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oTpuMyeMo Jjuie 65 - 70 M3, peliTa pazoM 3 IPOAyKTAMU OYMCTKH CKUIAEThCA Y KaHaTizaIiiHy
Mepexy. Take HepallioHalbHE BUKOPHUCTaHHS BOAHHUX PECYpCIB CTaBUThH IiJI MUTaHHSA OE€3MEKy Ta
eKOJIOT1YHY JOUIIBHICTh 3acTocyBaHHs cucteM 30 y moOyTi, X04a 3 TOYKU 30py €(EeKTHBHOCTI Ta
€KOHOMIYHOI JOCTYIHOCTI TaKi CUCTEMH € OJTHUM 3 HalKpaluX pillleHb MpoOJeMH HecTadl sIKiCHOi
MUTHOT BOJH Y CBITI.

MoxUIMBI HUIAXM pereHepariii MexaHiuHuX (IIbTPIB CHUCTEM 3BOPOTHOTO OCMOCY Majoi Ta
CepeHBOI MPOXYKTUBHOCTI MU YK€ PO3TIISIIANH Y HAIIMX MOMEePEAHIX JOCTIKEHHSX [5 - 6]. A och
OYMILIEHHS 1 pereHeparlis MeMOpaH MPOAOBXKYE OyTH aKTyaJbHHM 1 HAHOLIBII JOCIHIIKYBaHUM
NUTAaHHAM B cHCTeMax OapoMeMOpaHHMX YCTaHOBOK. OOpocTtaHHs MeMOpaH 3a0pyIHIOIOYUMU
pPEUOBHMHAMHU MA€ HETATUBHUHN BIUIMB Ha 1X MPOTYyKTHBHICTb, OCKIIBKYA BOHA 3HIIKYE MOTIK (LIbTpaTy,
HiABHILY€E POOOUYMIA TUCK, CKOPOUYE TEPMiH CIykOU MeMmOpaHH. 3aranom, 3a0pyaHEeHHS MeMOpaHu
MOJKHA PO3JUTTUTH Ha YOTUPU BUAU 3a0pyIHEHb:

- KOJIOIJHE;

- OprasiyHe;

- HEOpraHivHe;

- KOMOiIHOBaHe.

[Tomimepu cimyxarb MeMOpaHHUMH (QUIBTPaMU JUIS YCTAHOBOK 3BOPOTHOI'O OCMOCY 3aBISIKH
CBOIM XOPOIIXUM XIMIYHHM BJIACTUBOCTSAM, MEXaHIYHUM 1 TEPMIYHUM BIacTUBOCTAM. Lle cuHTeTHUHI
noJliMepu, a caMe MOJIBIHUIXJIOPH, MOJIaKpUiIoBa KUCIOTA, MOJIBIHUTIACH(TOPIN, MOMiaMif,
MOJIIETHIICHT TIKOJIb, noJiedipcynbhoH, MOJIaKPUIIOHITPHUII, MOJIIBIHITOBUI CIIMPT,
MOJIIMETAKPUIIOBA KUCIIOTA, HAHOYACTUHKY MOJIaHUIIHY, MOMIBIHUIAEHPTOP1A HOTiCynb()OH TOLIO.
Ili momiMepu Kiacu(ikylOTbCSI Ha OCHOBI iX Mopdosorii, cTpykTypHu, Ximii Ta cnocoOiB
BUpOoOHMIITBA. [ToNiMepHi e1eMEeHTH TaKOXK MOIUISIOTHECS Ha OCHOBI pO3Mipy MOp, HAIPUKIIal MiKpO-
, YIIbTpa-, HAaHO(DIIBTPATy Ta 3BOPOTHOTO ocMmocy [7].

3BuuaiiHa ToJiMepHa MeMmOpaHa Mae TIeBHE OOMeXeHHS B OopoTeOi 3 mpoliemamu
6i000pocTanHs. 3arajsiom, MikpoOHe 3a0pyAHEHHSI CIIOYATKy YTBOPIOE Mmap O10MIIiBKY Ha MOJIIMEpHIN
MeMOpaHi.OpaHy 1 YTBOPIOE KOJIOHIENMOAIOHY CTPYKTYpy UUISXOM BHIUICHHS IO3aKIITHHHUX
nojiiMepHuX pedoBHH. Taki 3a0pyAHEHHS MICTATh BEJIUKY KUIBKICTh OPraHIYHHX MOJEKYJISPHHX
CTIOJIYK, 1110 BKJIOYAIOTh OUIKH, JIIiH, HYKJIETHOBI KUCIOTH Ta nosicaxapuau [8]. Otox, memOpana
MOBHHHA OyTH CTiliKo10 10 pH, Temmneparypu, i0HHUX 3apsmdiB, riapoPpoOHOCTI, po3Mipy MEMOpaHH,
IIBUJIKOCTI TOTOKY BOAM, aHTHUMIKPOOHOI aKTHBHOCTI TOIIO. MIKpOOpraHi3aMHU PO3MHOXXYIOTHCS,
POCTYTh, HAKONMUYYIOTHCSI B CEPEJOBUIIl CTPYKTYpH OIOIJIIBKM 1 PO3BHUBAIOTHCS B CKIIAIHI
KOHCTpyKLii [9]. Biomoriune 3a0pyqHeHHs: MeMOpaHU Ma€ HETAaTUBHUMN BIUIMB HA 3JJ0POB'S JIIOIUHH.
JocunipkeHi paHime npodigakTHYHI 3aX01 IPOTH 010J0TTYHOr0 00POCTaHHS, yTBOPEHHS HAKUITY Ta
XIMIYHOTO OCajPKEHHS MeMOpaH, HalpUKJIal MeXaHiuyHa Ta XiMidyHa oOpoOKa, He MyXe YCHILIHO
MiBUIIYIOTh JOBTOBIYHICTH MOJIMEPHUX MEMOpaH.

CrannmaptHa o00poOka MemOpaH 3a3BUYall BUKOHYEThCS JAE3IH(IKYIOUMMH 3aco0aMu 3
¢dbopmyBanHs TBepa0i (pa3u Ha MeMOpaHax BiJOyBa€ThCS MPH KOHIICHTPYBAaHHI HEOPTaHIYHUX COJICH.
L1i coni BUMaaaTh B 0caj i yTBOPIOIOTh CYLIIbHY IUIBKY Ha MOBepXHI MeMOpaHH. o OCHOBHUX
HEOPraHIYHUX PEYOBHUH, SIKI CIIPUAIOTH YTBOPEHHIO OcCajay Ha MeMOpaHax BiIHOCSTbCA Cysb(daTi,
¢bTopumm, 3amizo, kapOoHATH, Kajiblii, mMarHii i kpemHesem [10]. Kpim Toro, memOpana moxe
3a0pyIHIOIOTHCS KOJOITHUMH YaCTUHKAMHU, SIKi 3aBXKIM MPUCYTHI y IPUPOIAHUX Ta MUTHUX BOJAX.
Konoinni 3a0pyIHeHHs BKIIIOYalOTh HEOpraHiuHi 3a0py/HIoBaui i opraniuni monekyu [11]. My,
[JIMHA, KPEMHE3EeM 1 OKCHJIM METaliB CKJIQJaloTh OLMBIIICTh HEOPraHIYHUX KOJOIMIB B MPHPOIHIM
BOJI, TOAI SIK OUIKM, OJIii Ta TyMiHOBI KUCIOTH (OPMYIOTH OUTBLIICTH OpraHi4HUX KoJoimiB [12].
biooGpocTanHs, a00 MPUKPIMIICHHS Ta PO3MHOKEHHS MIKPOOPIaHi3MiB Ha MOBEPXHI MEMOpAHU € 111e
oguiero mpodbiemoro. 11106 ysBUTH Bech IMPOKUN CHEKTp 3a0pyAHIOIOUMX PEYOBMH, SKi
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BUJIAISIFOTHCSI Ha MeMOpaHaxX, 1, BIAMOBITHO, HAKOMUYYIOTHCS HA 1X MOBEPXHI Ta Yy TOBIII
MeMOpaHHUX WIapiB, PO3IVISHEMO MOPIBHAIBHUNA aHali3 pO3MIpiB YACTOK, SIKI BUIANSIOTH Pi3HI
METOJM OYMUCTKU. MeMOpaHH 3BOPOTHOI'O OCMOCY € Hale(eKTUBHIIIUM 1HCTPYMEHTOM OYMIICHHS
BOJIM, TaK K BUIAISAIOTE 98 % ycix icCHyl0uMX 3a0pyAHIOBAaYiB BOJM HA TUIAHETI.

Po3pi3 BUKOpHCTaHOI MEMOpPaHH O3BOJISIE BUSIBUTU THIT 1| IPUYMHU OOPOCTaHHS, CIIPHUSIE TOLTYKY
HaileeKTUBHIIINX METOJIB OYMIIEHHS I 3amoO0iraHHs IIBHJKOTO 3a0pyAHEHHS MeMOpaH B
MaiibyTHboMy. Haiiyacrilie BUKOPUCTOBYIOTH TakKi I1HCTPYMEHTH i JIOCHDKEHHS IIapy
0o0pOoCTaHHS — CKaHyBaHHS 300pakK€HHS EJIEKTPOHHUM MIKPOCKOIIOM, SIK€ BHUKOHYETBHCS IS
BUBYEHHS MOpdosorii oOpoctanHs. J1st BU3HAUEHHS )KOPCTKOCTI 3a0pyJHEHOT MOBEPXHI Ta 3MiHU
11apiB 3a0pyJHEHHS 3aCTOCOBYIOTh CIIEKTPH aTOMHO-CHJIOBOT'O MiKPOCKOTIA.

EneproaucnepciiiHuii peHTreHIBCbKUH CIIEKTPOCKON BHUKOPHUCTOBYIOTh, 1100 BH3HAYUTH
ximMiyamiA ckian obpoctanHs [13]. [HIIMM CIEKTPOCKOMIYHUM IHCTPYMEHTOM € Mikpockon Dyp'e,
KU BUKOPUCTOBYE i1H(pPAYEpPBOHY CHEKTPOCKOIMi0. SIK IMOKa3yloTh YHCICHHI JOCIiIKEHHS,
MeMOpaHU 3 4acoM 3a0py THIOIOTHCS, 3a0MBAIOTHCS Ta 0OPOCTAIOTH TUTIBKOIO, BTPAYal0yu CBOi OYHCHI
BJIacTUBOCTI. TOMy iCHYe€ JIeKiIbKa CItoco0iB MPOJOBKEHHS TEPMiHY eKCIUTyaTalii MeMOpaH.

Jns 3axucty MeMmOpaH BiJl BiIKJIaJEHHS Ha HUX PI3HOMaHITHHX PEYOBMH, B YCTaHOBKAxX
3BOPOTHOTO OCMOCY CEpEeOHBbOI Ta Mauoi MPOAYKTUBHOCTI BHUKOPHUCTOBYIOTH, 3/€OUIBIIOIO,
crieniaJbHUNA PO3UMH MiJ HAa3BOIO aHTHCKaNaHT. /laHa pedoBUHA 10a€ThCsl B 00poOIIOBaHy BOY B
JIOCHTh HeBeNuKiil KinmbkocTi (mpubnusno 5 r Ha 1 M Bojum). [ peyoBHHA yTBOPIOE HA MOBEPXHi
MeMOpaHM TOHEHBKY IUTIBKY, sIKa Ma€ SICKpaBO BUPaXKEeH1 aHTHanAre3iiiHi BractuBocti. [licis yoro
3a0pyJHEHHsI TIOTpAIUise€ Ha If0 TUTIBKY, KOB3a€ MO Hild 1 THM CaMUM HE MOXKE 3aKpiMUTHCS Ha
MeMOpani. [laHa BIacTUBICTD Ja€ MOXKIIMBICTB 3aCTOCOBYBAaTH MEeMOpaHy 3 aHTHCKaJIlaHTaMU JOCHTb
JOBrUil yac 0e3 BHUKOPUCTAHHS XIMIYHOI OYMCTKH. AHTHCKAJIAHT HE € OTPYWHHUM, LI PEUYOBHHA
NPEJCTaBICHa y BUIJIAAI CyMillli 3 BUCOKOMOJICKYJIIPHUX KHCJIOT OpraHiyHOro TUmy. Y Imepmear
JaHUN PO34YMH He moTparvisie. BiH He B 3M031 IpoiiTH Kpi3k MeMOpaHy 3BOPOTHOTO ocMocy [14].

Hamu mpoBeneHi AOCHIPKEHHS MOXIIMBOCTI OYHMIIEHHS MeMOpaH 3a JIOIOMOIOI0 PO3UMHIB
OLITOBOI Ta sI0y4YHOT KUCIOT. 3BiCHO, O10JIOTIYHY ILIIBKY, KOO 00pocTae MeMOpaHa, I1i peYOBUHU
PO3UMHSIOTH OBHICTIO, aJIe OUUCTUTH MOPH 1 CTPYKTYpU MEMOpaHH BiJ yCiX 3a0pyJHIOBaUiB Xap4oBi
KHCJIOTH HE MOXYTh. TOMY BapTo IIyKaTH OUIbII e(h)eKTUBHI CIIOIYKH JJIsl pereHepariii MeMOpaH.

XiMiYHE OYMIICHHS BHKOPHCTAaHMX MEMOpaH 3BOPOTHOI'O OCMOCY CyMILIIIO TpHunomidocdary
HATPII0 — HATPIIO JOACHMIOCH30JICYIb(POHOBOT KUCIOTH, JOJACIMIICYIb()ATOM HATPIIO — FAPOKCUIOM
HaTpil0 ab0 COJSHOI0 KHCJIOTOIO HE MOJKE TMOBHICTIO BIJHOBUTH INPOHUKHICTH MEMOpaHH, IO
CBIAYUTH NP0 HEOOXiAHICTH 3amiHM MeMOpanu. KpemHieBMicHI 3a0pyaHIoBadi HalMeHIIe
MiJTal0ThCS BIUIMBY BCIX OI[IHEHUX XIMIYHUX METO/IIB OYHINEHHS (BKIIOYAOUU T1APOKCHUI HATPIIO) i
3aJIMIIAIOTHCS IOMIHYIOUOI0 IPUYHUHOIO XIMIYHO HE3BOPOTHUX 3a0pyAHEHb, 1110 3MEHIIYIOTh TEPMIH
ciry:x6u MmemOpan. OT)xe, BUKOPUCTaHHS PI3HOMAaHITHUX 3ac00iB OYMCTKU Ta pereHeparii MmeMOpaH
JI03BOJISIE€ 30UTBIIMTH TEPMIH 11 CITy>KOHM Ha JIeKiIbKa MICSIB, aJle BiIHOBIIIOE 1 BIACTUBOCTI JIUILIE HA
30 - 40 % Binx mo4aTKOBHUX. 3BICHO, 1€ BXKE MO3UTHUBHUI pe3ysIbTaT Ha (POHI KITHBKOCTI BUKOPHCTAHUX
MeMOpaH, sIKi BUKUJIAIOThCS y TOBKUILJIA.
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OIIIHKA MEPEBIT'Y KOPO3IMHUX MPOIIECIB Y MIHEPAJII3OBAHUX
BOJHO-HA®TOBUX CEPEJOBHUIIIAX

Muxona KOCMHHA, SIpocaaBa KYIHIHAPEHKO, IOais HOCAYOBA
Kuiscokuii nonimexniunuu incmumym imeni leops Cikopcbko2o
npocnekT bepecrelicbkuit, 37, m. Kui 03056, Ykpaina
e-mail: kosmynaeco@gmail.com

B ycboMy CBIiTI NpUALISETHCS BETHMUE3HE 3HAUEHHS O0pOTHO1 3 KOpO3i€r0 MarepiaiiB y BCix ii
MposiBaX, 3aXMCT METAJIEBOr0 OOJaTHAHHA BiJ KOPO3ii € OJHIEI 3 HalaKTyalbHIMIMX HAyKOBO-
TEeXHIYHUX TMpoOsieM CcBiToBOoro wmacmTalOy. BHacmigok NpUCKOpEHHS KOPO3iMHUX TPOIECIB
BiIOYBAIOThCS BEJMUYE3HI BTPATH METAly, HE3JIYeHHI €KOHOMIUHI BUTpATH BHACIHIJOK aBapiii Ha
TpyOOIpOBOIaX, MPOMUCIOBUX XIMIKO-TEXHOJIOTTYHUX YCTaHOBKAX TOIIO.

[TepeBaxHa OiIBIIICTS BUPOOHUYHX 00'€KTIB XIMIUHUX, HAPTOXIMIUHUX, HAPTOBUIOOYBHUX T
HapTONEpEepOOHUX  MIANPUEMCTB €  CKIQJHUMHU  BEJIMKOMACIITAOHUMH  METAJIOMICTKMMU
komruiekcamu. lle, 30kpema, pi3He HadTONPOMHUCIOBE OONAJHAHHSA, CHCTEMH OOOpPOTHOIO
BOJIOTIOCTayaHHs Ta 06araro iHIIOro.

OnHuM i3 CyTT€BHX (DaKTOPIB, 110 BIUIMBAIOTH HA IUTICHICTH Ta POOOTY HAPTOIIPOMHUCIOBOTIO
o0JiafiHaHHs, € BHYTpIlIHA Kopo3is. CaMe KOpo3isi CTAHOBUTH BEJIUKY HEOE3MEKy Ul pe3epByapis,
TpyOONpOBOIIB Ta IHIIOrO OONAagHAHHA B CHCTEMI TpaHCHOPTY Ta 30epiraHHd Ha(TH UM
HapTONPOAYKTIB. ByrieBoaHi, 1o BXOAATH 10 CKIaay HadTH i MOTOPHUX MaTUB B YUCTOMY BUIJISII
1 TIpu BiJICYTHOCTI BOJM XIMIYHO Ta KOPO31MHO HEAaKTHBHI MO BiJHOIIEHHIO A0 MertamniB. Kopo3sis
MeTalliB B Ha(TOMICHHUX CEpelOBHINAX Mae cBOI crenudiuHi ocoOIMBOCTI 1 B 3HA4HIA Mipi
BHU3HAYAETHCS HASBHICTIO B HUX PO3YMHEHOI 1 BUTHHOI BOAM Ta IHIIMX JOMIIIOK. BuaoOyBaHHs,
30epiraHHs, TPAHCHOPTYBaHHS Ta BUKOPUCTaHHS HA(QTONPOAYKTIB CYNPOBOIKYETHCS MOCTIHHUM
HACUYCHHAM iX BOJOI0 1 KOHJCHCAII€EI0 BOAM HA METaJeBUX IMOBEPXHIX. BMmicT Boaum B
HaTONMPOAYKTaX MOXKe KoIMBaTucs B mupokux Mexax Bix 0,001 1o 0,01 %. Lle 3anexuts Big yMOB
eKCIUTyaTallii TeXHIYHOro oOnamHaHHS 1 Bix KIiMaTHYHUX (akTtopiB. [ONOBHUM pKepenom
HAKOMUYEHHSAM BOJHM B HAQTONPOAYKTaX € HAsBHICTh BUCOKOMIHEpPai30BAHUX HM3bKOKHCIOTHHX
CYIyTHBO-TUTACTOBHUX BOJ Ta aTMoc(epHa BOJIOTa, SIKa MPH 3MiHI TeMIepaTypu HapTONPOAYKTIB 1
CTIHOK pe3epByapiB KOHJCHCY€ETHCS Ha METalIeBUX MOBEpXHsX [1].

VY mnepeBaxHiii OIBIIOCTI BUMAAKIB KOPO3is MPOMHUCIOBOrO OONagHAHHSA MPOTIKAE IO
EJIEKTPOXIMIYHOT'O MEXaHi3My INpPH KOHTAaKTI METally 3 BOJHUM MiHEPaJTi30BaHUM CEpPEIOBUILIEM,
TOMY JOILJIBHO BUKOPUCTOBYBATH caMe 1HTIOITOPHUIN 3aXWCT 0OJaJHAHHS BiJ MPOLECIB KOPO3Ii.
Binomo, mo iHTi0iTOpH KOPO3ii 11e peYOBUHU, BBECHHS SKHX Y BiJIHOCHO HEBETUKUX KUTBKOCTSX B
arpecuBHE CepeoBUINE BUKIMKAE TOMITHE CIIOBUIbHEHHS Kopo3ii MeTaniB. Ilo cyTi e peuoBuHa,
sKa TaJIbMy€ IMPOIEC KOpo3ii 3a paXyHOK KOHKYpYIouoi ajacopOIlii 3 4acTUHKAMHU aKTHBATOPIB i
YTBOPEHHS Ha METAJIeBi IMOBEpXHI 3aXHUCHHUX afcOpOLiMHMX abo (a3oBUX IUIIBOK, iHOAI 3
0ap’e€pHUMU BJIACTUBOCTAMH. [Hri0iTOpH KOpPO3ii BINIMBAIOTh HA KIHETHKY €JIEKTPOIHUX IPOLECIB,
AKI MPOXOJATH MiJ Yac KOpo3ii, a TAKOXX XapaKTepPHU3YIOThCS 3[AaTHICTIO YTBOPIOBATHM Ha MeTall
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OKCH[IHI 1 TIAPOOKCHU/IHI Ta 1HIIL. TUTIBKH 1 IEPEBOJIUTH HOT0 B TAaCUBHUI CTaH.

TpuBane BUKOPUCTAHHS BYTJIEIEBOI CTali B KOPO31MHO arpeCHBHUX CEPEAOBHUINAX BHMAarae
3aCcTOCYBaHHA €(PEKTUBHOTO 1HTI0ITOPY KOpO3ii y ramysi BuaoOyTky Hadtu Ta razy. Ilpu npomy 10
1HT10iTOpPIB KOpO3ii BHUCYBarOTbCcs MEBHI BUMOTH. [HTiOiTOp MOBMHEH 3a0€3MEYUTH HEOOXiAHY
3axXMCHY [0 TIPU TECTYBAaHHI B MOJICTIBHUX CUCTEMax K 32 YMOB BUCOKHX THUCKIB 1 TeMIepaTyp, TaK
1 32 3BU4aiiHUX yMOB - Temreparypu +40 °C 1 HopMalIbHOTO aTMOC(HEPHOTO THUCKY, a TAKOXK 32 YMOB
BHCOKHX IIBUJKOCTEH MOTOKY Ta HasIBHOCTI B HhOMY a0pa3MBHHMX YAaCTHHOK [2].

MeTto10 po6oTH OyJI0 BUBUEHHS 3aKOHOMIPHOCTEH MPOTIKaHHS KOPO3IMHUX MPOIIECIB B PI3HUX
BOJIHUX Ta BOAHO-HA(TOBUX CepeloBHINAX Ul e(EeKTUBHOTO MiIOOpY MeXaHi3My 1HTiOyBaHHS Ta
TUMy iHT10ITOPY KOpO3ii.

B sKOCTiI KOpOAyIOUMX MarepialiiB B JOCITIJDKEHHI Oyl BUKOPHUCTaHI 3pa3Ku METaJliB CTall
C120, HalO1IBII B)KUBAHOI [ BUTOTOBJICHHS HaTONMPOBOIIB Ta HAPTOBUA0OYBHOTO 00T THAHHS.
3miny pH npoBoauau NUISIXOM JOAaBaHHS PO3YUHY OLTOBOI KMCIOTH.

Cryninp KOpo3ii BU3HAYaJId MAaCOMETPUYHUM MeTOIOM. J[71s1 BUTIpOOYBaHb rOTYBaIUCS 3pa3Ku
y BUIJIAI OPSAMOKYTHUX IiacTtuH. [lepen BumpoOyBaHHSM 3pa3ku HUTiQyBald BpYYHY, MOTIM
MOJIIPYBAIM MEXaHIYHO TOHKUM aOpasMBHUM MarepiajoM JIO0 TOBHOTO BUAAJCHHS PHUCOK, IIO0
3aJIMIIAIOTHCS Bl HUTiI(YBaHHS, MapKyBaJld. 3HEKUPEHHS MPOBOJMIN €TUIOBUM CIUPTOM, MOTIM
3BaKyBaJIM HA aHAMITUYHUX Barax 3 TouHicTio +£0,0001 r. ITicis 3aBepuieHHs: BUIPOOyBaHb 3 METATy
OYMILAIH TPOAYKTH KOPO3ii, IUIACTHHN IPOMHBAJIHM, BUCYIITYBAJIH 1 3HOBY 3BaXKyBaJIH.

O6'eM po3uuny 11st BUpoOyBanHs — 150 cm®,

MacoBuii noka3HuK KOpo3ii Bu3Hauam 3a popmyoro:

__ (Mn—Mk)

K
m ST s

r/(M?-Tox) (@8]
ne My — movaTrkoBa Maca 3paska, T;
My — Maca 3pa3ka micis JOCIHiIKSHHS, T;
S — moma 3paska, M
T — TPUBAJICTH JIOCIIKEHb, TO]I.
I'imOouHHMI MOKa3HUK KOPO3ii BU3HAYaIM 32 GOPMYIIOL0:

_ 876K

K. , MM/piK (2)

Me

7ie TOKa3HUK 8,76 BpaxoBye KUIbKICTh FOJUH Ha pik nmoiieHy Ha 1000;
PMe — TyCTUHA MeTany, r/cm® ( pre=7,85 r/emd).

KoedinieHT 3HM:KeHHS IBHAKOCTI (J) po3paxoByeThes 3a GopMyIioro:

. Wx
=z 3
=57 @)
ne Wi - BUAKICTh KOpO3ii 3 iHTri0iTopoM,
Wy - mBUAKICTH KOPO3ii B X0JIOCTii TpoOi.
Cryninp 3axumcTy Bix koposii (Z) po3paxoByBaiu, BHXOASYH i3 KOC(DIIIEHTY 3HIKCHHS
IIBUKOCTI KOPO3ii, 3a popMyIior:

Z= (1— lj -100%; (4)

/
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1e ] — Koe(iIieHT 3HMKCHHS IIBUIKOCTI KOPO3ii.

Taoauusa 1. 3anexHicTh MBUAKOCTI MPOTIKAHHSA KOPO3IMHMX MPOLECIB BiA CKIaxy KOpPO3iHHOIO

CepeIoBHINA Ta TeMIepaTypy JOCHTIHKEHHS

CkJ1aa Kopo3iiiHOro cepeoBuIna Temmnepa- . I'inOonnani

Cxuaan 00’em pH TYypa, °C Macosui MOKA3HUK
3 MOKA3HUK

BOJHOr0 |Ha(TH, cM° | cepegOBHMINA Koposii, r/(m2ron) Koposii,
cepefoBHINa MM/piK
B.s. - 7,7 20 0,0370 0,0414
B.B. - 75" 20 0,0382 0,0428
B.B. 7,5 7,7 20 0,0126 0,01411
3% NaCl - 7,1 20 0,0385 0,0431
3% NaCl 7,5 7,1 20 0,0242 0,0271
3% NaCl 7,5 7,07 20 0,0352 0,0394
3% NaCl 7,5 6,0” 20 0,0458 0,0650
3% NaCl 7,5 55" 20 0,0568 0,0636
3% NaCl 7,5 55" 20 0,0637 0,0713
10% NaCl - 6,9 20 0,0465 0,0521
10% NaCl 7,5 6,9 20 0,0592 0,0663
10% NaCl 7,5 6" 20 0,0694 0,0777
10% NaCl 7,5 55" 20 0,0789 0,0884
10% NacCl 7,5 57 20 0,0825 0,0924

"B.B. — BOJIOIIPOBIi/IHA BOJIA;
*%x ..
- pH moBoAMIN PO3YMHOM OITOBOI KUCIOTH.

SIK BUJTHO 3 pe3yNbTaTiB AOCIIPKEHb CYTTEBO Ha IIBUAKICTh KOPO3ii BIUIMBA€E MiHEpAIbHUHN CKIIa]]
BOJIHOTO po3unHy. HasBHiCTh HaTH AiNCHO 3HMKYE MIBUAKICTD KOPO3ii 32 paXxyHOK K OJIOKYBaHHS
Ha(TOBOIO IUIIBKOIO JOCTYIY KHUCHIO B CHCTEMY, a TaKOX 3a pPaxyHOK KOpPO3iHHOI iHEpTHOCTI
XIMIYHUX KOMIOHEHTIB HaTH. [IpoTe mpu cTyneni minepatizanii BOAHOT KOMIOHEHTH KOPO31HHOTO
cepenosuia Ha piBHi 100 r/am® nasBHiCTH HAQTH HiSKMM YMHOM He BIUIMBAE HA IIBUIKICTH KOPO3ii.

BHCHOBKM: BpaxOBYIOUM pEe3yJbTaTh JIOCTIKEHb 110 BUBUCHHIO 3aKOHOMIPHOCTEH MPOTIKaHHS
KOpO31HHUX TMpOLECiB B BOAHO-HA(TOBUX CEPEAOBHUINAX PI3HUX CTYNEHIB MiHepai3aulii MOXXHa
3alpONOHYBATH SIK IHT1OITOPHHUIA 3aXMCT 3a aJICOPOLIHIM MEXaHI3MOM, TaK i 32 MEXaHi3MOM, 110
JI03BOJIUTH BUBEACHHS KUCHIO 13 CUCTEMH.

JlirepaTypa
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@®1op — HAA3BUYAWHO AKTUBHUI €NEMEHT, BIH YTBOPIOE CIIONYKH 3 OUIBIIICTIO E€JIEMEHTIB.
[upoke po3MOBCIOMKEHHS PO3YMHHUX (PTOPOBMICHUX CIIOIYK y TMOpOJAAX Ta IPyHTaX OOYMOBIIOE
MPUCYTHICTh PTOPY y MPUPOIHUX BOJAX, 10 BUKOPUCTOBYIOTHCS JUISI MIUTHOTO BOAOIOCTaYaHHS.

[TpupoaHi Boau B ASKHUX perioHax YKpaiHM MaiOTh Y CBOEMY CKJIJi MiJBUILEHY KOHIIEHTPAIIIIO
¢dTopy [1]. OcoOnuBO 11€ CTOCYETHCS MiA3EMHUX BOJ, IO IMOB’S3aHO 3 TEOJIOTIYHUMHU, (PI3UIHUMH Ta
XIMIYHUMH (PAKTOPAMH, a TAKOXK 13 KOHCUCTEHLIIEIO IPYHTY, OPHUCTICTIO mopia, pH, Temmeparypoio
Ta IHITUMH XapaKTepucTuKaMu. B Ykpaini BMicT pTOpuaiB y MUTHIHM BOJI perIaMEHTY€EThCS B MEKaX
0,7-1,2 mr/mm° i BiH He Mae nepesuiyBaru 1,5 mr/mve [2].

Ipu BMmicTi y Boai 6inbime 1,5 mr/ave ionis ¢propuny HeoOXimHO medTopyBaTH BOIy, X0ua I€ i
JIOCUTh CKJIanHe 3aBaaHHs. Jlotemep He po3poOiieHi MpocTi i AenieBi METOAW BUAAJCHHS 3 BOAU
HQ/UTUILIKY 10HIB GTOpUY.

Biomo pi3Hi MeTOnM OYUIICHHS BOJAHUX PO3YHMHIB BiJ| 10HIB (PTOPY: OCAKEHHS, MeMOpaHHI
MPOLIECH, EJIEKTPOKOATYIIALIs, aacopOris, ionHuid oOMiH [3]. KokeH i3 IHMX METOMiB Mae CBOi
nepeBary Ta HeJIOIKH.

Haii0inpim nepcrneKTMBHUMHM METOJaMH BHUJAAJICHHS 3 BOOM JOMIIIOK (Topy MOXyTh OyTH
copOriiiHi mpolecH 3 BUKOPUCTAHHSAM MPUPOAHUX 1 CHHTETUYHUX COPOCHTIB: INIMHUCTHX YTBOPEHb;
Byriust; aktuBoBaHOro Al2Oz; i10HOOOMIHHUX cMoJI 00poOIeHHX coisiMU anmoMiHio. CopOriitai
METOM OUMINEHHS BOJAM BHUKIMKAIOTH OCOOMMBHUI 1HTEpEC 3 TOYKH 30py €(EeKTHBHOCTI,
€KOHOMIYHOCTI Ta IPOCTOTH eKcIuTyaranii. Ha choronHimHii 1eHb iCHy€e TOCUTh BENIMKa KUIBKICTh
JOCTIKEHb 13 BUIalICHHS 10HIB TOPY 3 BOJHUX PO3YHHIB 3a JOMOMOTOI0 JaHUX MeTomiB [3].

Sk copOmiifHi Marepianm Ta ix Momudikamii Ui BUIaneHHS (TOpy 3 BOAM BHUKOPUCTOBYIOTH
AKTUBOBAHHM OKCH/I aJIIOMiHII0, XITO3aHOBI KYJIbKH, BYTJICIICBMICHI PEUOBHHH, OKCUIH Ta T1IPOKCHTN
MeTaliB, KOMIO3UTHI COPOSHTH Ta 1 T.J.

BuBuanu ans BumaneHHs ¢Topy Marepiaid Ha OCHOBI (epymy, Tak sK TaKH CIOIYKH MaroTh
KpAIIlfo, HiXK OKCHH ATFOMIHIIO Ta KaJbIIiI0, CIIOPITHEHICTH 10 PTOpHI-i0HY. BibIIicTh ancOpOCHTIB
11l BUAaJdeHHd (GTopuay Oyau MpOTECTOBaHI JJS CTIYHMX BOJ, Y SIKUX pH 3MIHIOETbCS B 3HAUHUX
MeXax Ta HE peryntoerscs [4].

AHaJi3 cyyaCHMX HAyKOBHX ITyOJiKaIliil 3 1€l TEMaTHUKH MMOKa3ye, 10 MOIIYK HOBUX €(heKTHBHUX
cOpOEeHTIB, OTPUMAHUX 3a pecypco30epiralounMu TEXHOJIOTISIMHU, — Ba)KJIMBAa HAayKOBO-TIPAaKTHYHA
3agaqa. [IpencraBnena pobora HampaBiIeHa came Ha MOIIYK Takux copOeHTiB. Bimomo, mo depym
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Ma€ BHCOKY CHOpiTHEHicTh 10 ¢gropy. ToMy B poOOTi 3alpONOHOBAHO BHUKOPUCTOBYBAaTH B SIKOCTI
copOeHTy oOcaay CTaHIiM 3HEe3ali3HeHHs MiA3eMHMX BoA. L{i muamMu yTBOPIOIOTBCS B 3HAYHIN
KUJTBKOCTI Ta CTBOPIOIOTH 3HAYHI €KOJIOT1UHI MPOOIEMH.

Merta pobotu. [ocmimkenHs copOuii ioHIB GTOpy 3 MOAEIBHUX PO3YHMHIB Ha (hepyMBMICHOMY
copOenTi A-06. CopOeHT OTpUMaHO HUISLXOM arjioMepallii MjIaMmy CTaHIii 3He3aTi3HEHHSI.

V KoHi4Hi KoNGM BHOCUIM TOUHY HaBaxkKy copbenty macoro 0,1 r ta 100 cm® posuuny dropumy
Hatpito 3 konuenrpaniero 0,005 monb/am3. Konbu 3akpuBany NpoOKkaMy Ta BCTAHOBIIIOBAIIM B arlapar
s crpyiryBaHHs. [licns 3akiHueHHsT copOrii BMICT kom0 BiA]iIbTpOBYBalu B CyXi KOJIOH Kpi3b
ckinagyacTi GineTpu. I3 orpuManux ¢GinbTpaTiB BiAiOMpanu npodu Ta BU3HAYAIM KOHLIEHTpAIil 10HIB
¢dTopy Ha i0HOMEpi 3 (PTOPCETCKTUBHUM EIEKTPOIOM. 3a pe3yibTaraMu moOyT0BaHO 3aeKHICTh, 3
SIKO1 BU3HAYEHO, 1110 Yac JIOCATHEHHs cOpOLiiHOI piIBHOBAru He MEPEBHIY€E TPHOX roauH (puc. 1).

CopOeHT € akTUBHUM 1 IMIBUJIKO JIOCATA€ MAaKCUMaJIbHOI copOIiitHoi emHOCTI 17 Mr F/r.

a, Mr/r

=
L ]

0 20 40 60 80 100 120 140 160 180 200 220 240

Yac, xB

Puc. 1. Kunernuna xpiBa cop6uii ¢propua-ioHis

Jlnst moOynoBu i30TepMu copOuii HaBaXKH copOeHTy Macoro 0,1 r 3BaXKyBajM Ta 3aBaHTaXKyBaJIl
y KoHiuHi koy16u, nogasamu 100 cm® po3unHy 3 pisHHUM BMICTOM i0HIB ()TOPY Ta CTABUIM KOIOU Y
meiikep ELPAN Water bath shaker 357 3 wacroroto odepranus 150 06/xB. ITicist copOitii BIPOIOBK
TPbOX TOJAMH BMICT KOJIO (DIIBTPOBANM Ta BU3HAYAIM 3AJUIIKOBY KOHILIEHTpALiO (TOPUA-10HIB.
PoGoui xoHnentpanii posunnis NaF mactymsi: 0,1; 0,075; 0,05; 0,025; 0,01; 0,005; 0,001; 10*
mr/ .

[30Tepmy copOuii modynoBaHo B koopanHarax a — C(F’), ne & — KUIbKiCTh OMIMHYTOI COPOSHTOM
peuoBUHHU, MI/T; Csan — KUIBKICTH PEUOBMHH, IO 3aJMIIMIACH Ticis copObuii. [3orepma copOuii
HaBeJIeHa Ha puc. 2.

Bbaunmo, mo gocmipkeHuit pepyMBMICHHNA COPOEHT Mae piBHOBaKHY COpOLiiHY eMHICTh 65
MT/T, 110 € IOCUTh 3HAYHUM TIOPIBHSHO 3 BIIOMUMH 3aIIPOIIOHOBAHUMU copOeHTamu [3].

Takum 9rHOM, TOCIIHKEHO copoIiio hepymBMicHOTO copOeHTy A-06, sIKUil € BIIXOI0M CTaHIIIi
3HE3aJII3HEHHS, 110 BiTHOLICHHIO JI0 GTOPUI-10HIB.

[ToGynoBana kiHeTH4HA KpuBa copOIii hropua-ioHiB Ha copoenTi. Ha mouarkoBomy ertarmi mporiec
copOrii OyB TOCUThH IIBUAKHUM, ITOTIM IIBUAKICTH COpPOIIii OCTYIOBO 3HIDKYBasacs. 3a TpU TOAMHU
BCTAHOBIIIOETHCS PIBHOBAra.

Handbook of the XXIII International Science Conference 133
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

[ToGynoBana i30TepMma copOItii propua-ioHiB Ha copOeHTI. [30TepMa 1eMOHCTPYE 3aTIeKHICTh MK
KOHIICHTpaIli€ero Topua-ioHIB y pO3uMHi Ta iX copOuiero Ha copOeHTi. MakcumanbHa copOliiiHa
3MaTHICTH ckiaaae 65 mr F/n.

Puc. 2. [3orepma copOiiii ioHiB GTopy

Pesynpraty JOOCHIKEHHS JO3BOJIAIOTH 3pPOOMTHM BHUCHOBOK TIPO BHCOKY €(DEKTHUBHICTB
dbepyMBMIiCHOTO cOpOEHTY y mporeci copOmii dTopua-ioHiB. OTpumaHi i3oTepMa copOIlii Ta
KIHeTHYHA KpWBAa HAJAIOTh LIHHY iHQOpMaIiio s onTuMizauii mpouecy copOrii Ta po3poOku
e(eKTUBHUX MeTOAIB 3HedTopeHHs Boau. [lomanbiii AOCHiPKEHHS MOXYTh OyTH CIpsIMOBaHiI Ha
OIITUMI3allil0 YMOB cOpO11ii, BABYUCHHS MEXaHI3MiB B3a€EMO/Ii PTOPUA-10HIB 3 COPOCHTOM Ta OIIHKY
e(eKTUBHOCTI BUAAJICHHS (QTOPY 3 BOAM i1 YaC BUKOPUCTAHHS COPOCHTY.
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1. 3.0. 3nak, ['®. Bunsascbka, JlocmikeHHS poliecy BHIyYeHHs 10HIB Ditoopy 13 MpUpOIHOT
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OcrtanHiM YacoM OUIBIIICTH KpaiH CBITY NPHUAUISIOTH 3HAUYHY YBary CKOPOUYCHHIO BHUKHUJIB
IIKITTMBUX PEYOBMH Yy HABKOJIMIIHE cepenoBHIle. [IpoMuCIIOBI MHiANpHEMCTBa, i OCOOIMBO
rajJpBaHiYHI BUPOOHULTBA € OJHUM 3 HaOUIbII HeOe3NMeUHUX JpKepen 3a0pyTHEHHS B pe3yibTari
YTBOPEHHS 3HAUYHUX OOCSTIB TOKCHYHUX BIJXO/IB, SKi MICTSATh CHOJYKHM BaXKKHX METaJliB, 30KpeMa
3amiza. OOcsATH PO3UYMHIB MICIS OIEparliil TPAaBJIEHHs CTall CKIaAaloTh 85 % BiJ 3aranbHOro 00’ eMy
BHCOKOKOHIICHTPOBAaHUX CTIYHMX BOJI Ha TalbBaHIYHUX BHUPOOHUIITBAX. BiamparoBanwmii
KUACJIIOTHUM TPAaBWJIBHUI PO3YMH B 3QJIEKHOCTI BiJ CKJIAZy 1 yMOB OOpOOKM CTaleBUX JeTainel
mictuth 10 300 r/mm® FeSO,4. B pe3yNbTaTi i3 HEJOCTATHHO OYHINEHUMU TAIbBAHIYHUMU CTIYHUMH
BOJIaMU B BOJIHI 00'€KTH IIOPOKY MOTPAIUISIOTH TUCAYl TOH TOKCHYHUX (epOoBMICHUX cronyk. Kpim
TOT0, TPAaBUJIbHI PO3UMHH BITHOCATHCS 2 — 3 Kilacy HeOesneku, iX HeHTpaizaiis Ta 3aXOpOHEHHS
notpe0ye 3HAUHUX 3aTpar.

B rtenepimHiif yac iCHYIOTH /1B OCHOBHMX HAIPSIMKH MEepepoOKH BiANpPAI[bOBAHUX PO3UMHIB
TpaBJICHHS CTAJICBUX MMOBEPXOHb: PEreHepallisi IMX PO3YUHIB Ta BUIIyYEHHS 10HIB 3alli3a Y BUTIIAIL
TBepIO(A3HUX XIMIYHO CTIMKHMX CIONMYK. SIKIIO Ha BUPOOHHUIITBI BKa3aHi BUILE METOIU NMEPEepOOKH
He repeadadeHi, Il BIAXOIU HAIMpPaBISIIOTh HA CHEiali3oBaHi MiAMPUEMCTBA IS IX MOJAIBIIOTO
3HEUIKO/DKEeHHsT Ta yTtwiizauii. Cepen YHCIEHHHX METOMAIB MepepoOKH TPaBUIBHUX PO3UMHIB
HaNOUIBII MOMMUPEHUM € peareHTHH MeTo/ [ 1]. [oHu 3aii3a 0ca/pKyI0Th Y BUTIIS AL MATIOPO3UHHHOTO
T1IPOKCUIHOTO OCajy MPH J0JaBaHHI JIy>)KHOro peareHTy. [IpoTe mpu 30epiranHi Takoro nuiamy Ha
BIIKpUTUX 3BaJMINAX IiJ] BIUTABOM aTMOC(HEpHHX OMa/aiB 10HH 3aji3a 3 HECTIMKUX TiIPOKCHIIIB
BUJIYTOBYIOTbCS B IPYHT Ta BoxoWmu. OcoOnuBHI iHTEpeC BUKIMKAIOTh METOAM OTPUMAHHS 3
BIIXOJIB XIMIYHO CTIMKHX Ta MaJOTOKCUYHHUX PEUOBHUH, TakuX sk MarHeTuT FezOs Ta maremir y-
Fe20s, siki MOXHa YCIIIIIHO BUKOPUCTOBYIOThCS B PI3HUX Taly3sx BupoOHuuTsa [2, 3]. Kpim Toro,
Il OKCHJHI CHOJYKM MAIOTh KPHUCTAIIYHY CTPYKTypy Ta IIBHUAKO CEAMMEHTYIOTH B IpoIleci
nepepoOku, a iXx 00’e€M Ta BOJIOTICTh 3HAYHO HIDKYI HIK Yy TIAPOKCHUAIB 3amiza. OgHUM i3
NEPCIEKTUBHUX METOJIB Takoi mepepobku € merox ¢eputusauii [4]. Henonmikamu depuruszarii €
BHCOKA EHEPrOBUTPATHICTb, OCKIJIBKU BOHA 3/IIHCHIOETHCS MpH TemnepaTypax Buuie 75 °C. Y pobori
[5] moka3zaHo, IO aJbTEPHATHUBOIO TEpMIidHIA (epuTH3alii € aKTUBallis MpoIecy 3MIHHUMHU
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MarHiTHUMH nosiMu (3MII) mpu kiMHaTHUX TemmnepaTypax. JlOCHiDKeHHS MPOBOIMIIUCH TPH
BHUCOKIN amMIutiTy i MarHiTHOT iHayKii (0,3 Ti), 1o npu3BOAUTE 10 3HAYHUX PO3XOJIIB €ICKTPUUHOL
eHeprii Ut akTUBallli peakUiiHoi cyMili B mpoueci ¢peputusaiii. ToMy akTyalbHUM € MPOBEICHHS
JOCHIDKEHb, SIKI CIOPSMOBAaHI Ha 3HIKCHHS 3HAYCHHS AaMIUNTYAM MAarHiTHOT IHAYKIil 13
3a0e3MeYeHHsIM BUCOKOT SIKOCTI OUHUIIICHHS PO3YMHIB BiJI 10HIB 3ai3a.

Metoro po0OOTH € yHOCKOHAJIEHHS TEXHOJOTil (epuTH3aliifHOl mepepoOKH CipyaHOKUCIHUX
TpaBUJIBHUX pPO34MHIB. Lle macTp MOXIMBICTH MIABUIIMTU i €HEProe(eKTUBHICTH, BCTAHOBUTH
HalKpall TeXHOJIOTI4HI MapaMeTpu MPOBEJCHHS Mpolecy (epuTnsaii Ta OTpUMaTu ocaau, 3JaTHi
70 yTHIII3aIii.

OO0’ exTOM JTOCTIKEHHSIM OYB BiNpaIibOBaHUH CIpYAaHOKUCIOTHUNA PO3YHH TPABJICHHS CTATIEBUX
neraneit. [Tporec pepurusaiii 1ociKyBaBcs Py BUXIAHIM KOHIIeHTparlii 10HiB 3aii3a (1) — 16,6
r/mm3. Kopurysanns pH nposaauu 25 %-MM po34MHOM TiIpOKCHILY HATpiro 10 Beauuuau pH 11,5.
Tpusanicts epurmsanii cranopuia 15 xB. YacTkoBe okucnenns Fe?* B Fe® spilichroBanoch
aeparliero peakiiiiHoi cymil KMcHeM MoBiTps 31 mBuakicTio 0,15 M3/ro.

JlocnipkyBaBcs nporec (pepuTU3aliiiiHoi nepepoOKy BiAMpaibOBaHUX TPABUIBHUX PO3UYMHIB,
SK 3 TPAJULIHHOI0 TEPMIUYHOIO aKTHBAILI€IO0 peakIliiiHoi cymimi mpu Temmepatypi 75 °C , Tak i 3
akTHBaliero peakuinoi cymimi 3MII npu kiMHaTHIM TemnepaTypi. Cxema yCTaHOBKU 3 POOOUYUM
06’emoM peaktopa 1 am® 300paxkena B po6ori [6]. Jns crBopenHs 3MII 6yno po3pobieHo
KEepOBaHUI reHepaTop NpSIMOKYTHHUX IMITYJIbCIB Ha OCHOBI IIaTH MiKpoKOHTpojepa ATmega328p.
Buxinna nampyra imMmynbciB Ha 8 nudpoBHX BHXOJAX IUIATH KOHTpoJiepa cTaHoBWiIa 5 B,
MakcuManbHuil ctpyM 20 MA. 3MiHa aMIUNITyAM MarHiTHOI iHAYKIIl B poOouYiil 30HI yCTaHOBKH
npoBojuiocst 61okom skuBiaeHHs UTP3305C uepes intepdeiic RS-232 B niama3oHax 3Ha4YeHb
0,02...0,1 Tn. Cranmumu OyJH iHIII TapaMeTpu ekcriepuMenTy rerepauii 3MIT: yactoTa imMmynsciB 1
I'u, mepion mix immyabscamu 100 mc, TpuBamicts immynsey 1000 mc.

B pe3ynbTarti npoBeieHNX eKCIEPUMEHTIB 3 BUOOPY ONTUMAIBHUX 3HAUE€Hb aMILTITYIM MarHiTHOT
iHAYKIiT B poOodviii 30HI (hepUTH3AIIIIHOI YCTaHOBKM BCTAHOBJICHO, IO 3arajbHa 3aJUIIKOBA
KOHIIEHTpAIlii 10HIB 3aii3a 3HIKYEThCS 31 30UTBIIICHHSIM 3HAYCHHS aMIUTITYJM MarHiTHOI 1HAYKIIii
(tabn. 1). Lle o4eBUAHO MOB’SA3aHO 3 THM, IO NPU MiABUIICHHI AaMIUTITyAd MarHiTHOI 1HIyKIi
3MEHIIYEThCS €Hepris akTuBalii ¢peputusaiiiftnoro mporecy. Ilpu ammiityai MarnitTHol inaykuii 0,1
Tn crynine BuiydeHHs ioHIB 3amiza ckimagae 99,99 %. BuspieHi 3aKOHOMIPHOCTI 0OpoOKu
BiNpanboBaHux po3unHiB 3MII, 103BONIAIOTH CTBEPPKYBaTH, IO TMOAAJbINE MiABHIICHHS
aMIUTITYJM MarHiTHOT 1HIYKIII CyTTE€BO HE BIUIMBAE HA CTYIIHb BUIIyYEHHS 10HIB 3aii3a. 3aTUIIKOBI
KOHIIEHTpallli WX 10HIB MalTh ONW3bKI BEIMYMHU TpU 000X CrmocoOax akTUBaIlii peakiiiHoi
cymimi: 0,78 i 0,85 mr/am® npu Tepmiuniii Ta 3MII, BianoBimHO.

Taoaunsa 1. EdexTuBHICTh BHUIYYEHHS 10HIB 3alli3a 3 BIANPAalbOBAaHUX TPABUIBHHUX PO3UMHIB
deputuzariiero 3 Bukopuctanusm 3MII akruparii

Cepis Amiitya maraithoi ingyknii, | KoHUeHTpauis ioniB gepymy, mr/ am°
focTiiB Ta Jlo ouMCcTKH Micas ouneTKH
1 0,02 1,38 £ 0,02
2 0,04 1,32 £ 0,03
3 0,06 16600 1,27 £ 0,03
4 0,08 1,22 £ 0,03
5 0,1 0,85+ 0,04
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PesynbraTi mpoBeNeHMX JOCHIAIB CBiq4aTh HpO Te, IO Iicis HpoBeAEHHS (eputuzarii
OTPUMAHO PO3YMHHU, IO 3a/I0BOJBHIIOTH BUMOTaM BOJAU JJISi CKUAY 10 CHUCTEM LEHTPaJIi30BAaHOTO
BOJIOB1JIBEJICHHS 1100 TPAHUIHO JIOTTYCTHMHX KOHueHTpauiﬁ i0HIB pepymy — 3 Mr/mve.

PesynbraTi CTPYKTYpPHHX IOCHIDKEHb OCaiB (epuTH3allii Jo0pe y3ro/LKYIOThCS 3 JaHUMHU
JOCII/DKEHHS 3aIMIIKOBUX KOHILIEHTpAIiil 10HIB 3ai3a B PO3YMHI 1 JO3BOJSIOTH OUTBII TTOBHO
3pO3YMITH IPOIIECH, AKi BiIOYBaIOThCS MpH Hepediry gpepuTusanii. AHami3 JaHUX IUX JOCITIKEHb
CBILAYUTH Mpo Te (Tabu. 2), m10 B 3pa3Kax OCaiiB, AKI OTPHUMaHI MPU aKTUBALii peakuiiHol cymimri
3MII, mictutbes dasza marnetuty FesOs, sika Mae ¢epomarHiThi BractuBocti. CiniJl 3a3HAYUTH, 110
KpiM MarHeTuTy B OCaji, SIKUIl OTPUMAHO MPH aKTUBAIII] CyMillll 3 aMILTITY0I0 MarHiTHOI IHAYKIIi B
mexax Big 0,02 mo 0,06 Ti MicTAThCS TPOMIDKHUM TBepAo (ha3HUi MPOAYKT peakuii ¢pepuTusarii —
depokcurit 0-FeOOH. Ls daza € Mmenmn crabinpHOO B TopiBHIHHI 3 Fe3O4, ane Takox Mae MarHiTHi
BIIACTHBOCTI. Pe3ynbTaT 1OCHiKEHb TAKOXK JEMOHCTPYIOTh, IO MiABUIICHHS aMILTITy 11 MarHiTHOL
iaaykuii 1o 0,1 T nmpu3BoanTh 10 PopMyBaHHS KPUCTATIUHIN CTPYKTYp1 OCajy, SKUU MICTITh TUIBKU
onuy ¢azy — maruetut FezOa.

Taoauns 2. PazoBuii ckinaa GepuTHUX 0CATIB

. o . N Bwmict daszu, %
3pa3ok Croci0 akTuBauii peakuinHoi AMILTITY1a MarHiTHOI 5 -
ocany cymimi B mpouneci ¢pepurusamii inaykuii, Toa FesOs FeOOH
1 Tepmiunuit - 100,0 -
2 0,1 100,0 -
3 3MII 0,06 89,9 10,1
4 0,02 81,0 19,0

OCoOIUBICTIO 3aITPOIIOHOBAHOTO METOTY IEPEPOOKH TPABUIBHOTO PO3YHHY € aKTUBAILIS IPOLIECY
¢depuruzanii 3MII. Lle 3HauHO MiABHILYE HOro eHeproeeKTUBHICTh, OCKUIbKM O1bil HiX Ha 40 %
3MEHIIYEThCS BUTPATa eJEKTPOCHEPTii B HOPIBHAHHI 3 TEPMIYHOIO aKTUBALI€IO Mporecy. Pe3ynpraTu
i€l poOOTH MEPEKOHIMBO CBiIYaTh Mpo Te, mo 3MII akTuBallis He MOTipIIye CTYIIHb BHIYyYCHHS
10HIB 3aji3a 3 peakmiifHOl cyMmilli B MOPIBHSAHHI 3 TpaaMUiiHUM TepMiyHMM. KpiM TOro, taka
SHEeproollaHa aKTUBAIlisl MPU3BOAUTE /IO YTBOPEHHS, TOJOBHUM YMHOM, OCAJy MAarHETUTY, SKUN
JIETKO YTHIII3Y€THCHL.
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Ha croropnimHiii AeHb, sKiCHE 1 Oe3MeuHe BOJOMOCTAYaHHs, OCOONMBO B TEMEpilIHIN dHac,
HaCeJICHHsI HaIllo1 JIep)KaBH € aKTyaJIbHUM Ta 00rounM nuTaHHAM. [Ipobnema Bucokoi MiHepamizamii
MPUPOHUX BOJ HIKYAM HE JIIBA€THCS, a HABMAKHU, B PE3y/IbTaTi aKTUBHUX OOMOBHX Jiif Ha CXOJl Ta
MiBAHI HAIIOi KpaiHW, TUIBKU TMOTIPIIYETHCS Ta MIABUIIYETHCS. [IPUUMHOIO TAaKOXK SBISIOTHCS
MOCTINHI CKUAM 3aCOIEHUX CTIYHMX BOJ MIAMPHEMCTB Ta MIAXT Yy IPUPOAHI BOJOHMHU.

Bci icHytodi Ta 100pe BiOMi METOJM OYMCTKHU € JTOCUTHh HEJOCKOHATMMH, aJKE TICIIST OUUIIICHHS
BOJM YTBOPIOETHCS BEJIMUYE3HA KIJIBKICTh TaK 3BAHUX BIAXOJIB - KOHIIGHTPATIB Ta PereHepauiiHuX
PO3UMHIB, SKIIIO MOBA ¥jie PO 10HOOOMIHHI METOJM OYHIIICHHS.

Tomy, Ha CbOTOHINIHIN J€Hb, TOUIIHHO BUBYATH Ta BUPILIYBAaTH MpoOIeMy 3 HOBOYTBOPEHUMHU
eJII0aTaMH ICHIS OUHMILEHHS BOJAM, 1[0 MICTATh B CBOEMY CKJIaJi KUCIIOTH, JIYTH, XJIOPUIN HATPIIO.
OnHUM 13 TepCIeKTUBHUX HAMPSIMKIB OOPOTHOM 13 HAKOTIMYEHHSM KOHLIEHTPOBAHUX PO3UMHIB COJIEH,
IO € BiJXOJaMH MpH IMpoLecax MiATOTOBKM Ta OYHUILEHHS BOIM, € iX IepepoOKa i3 OTpUMAaHHSAM
KOPUCHUX MPOAYKTiB. CIIiJl BIAMITUTH, 110 peatizallis miaxo1y 1o nepepoOIli BiAX0/iB MomnepeIHboi
OYHMCTKM BOJ, Iependadae 3aCTOCYBaHHS TaK 3BaHUX MAJIOBIIXOJHHMX TEXHOJOTIH Ha TepeHax
cydacHoi Ykpainu. HakonuueHi Bigxoaum He OyIyTh CKJIAIyBaTHCh i HAaKOIMHYyBAaTHUCh, CTBOPIOIOYH
IpU I[bOMY HU3KY peaJbHUX NpoOieM B THUX YW IHIIMX Taly3sX, a ¥ NPUHOCHUTH KOPUCTH Ta
€KOHOMIYHY BUTiTHICTb.

Haii6inbm BUTiAHAM Ta palioHAIBHO JOULTEHUM METOAOM OOpPOTHOM 3 HAKOTTMYEHHSM BiIXO/iB
€ OTPUMaHHS 3 JAHUX B1JIXO/IiB KOPUCHUX MPOAYKTIB, B 1/1€aJi, ACHICBIINX, 32 BXKE ICHYI0Ul Ha pUHKY.
BBaxaeThcsi, 110 MEPCIEKTUBHUM JUIS BIPOBA/KCHHS JAHOTO IIJIXOJY € 3aCTOCYBaHHS INPOLECIB
enekTponianizy. MokHa MiAKPECIUTH Te, IO TaKi PEeareHTH € JOCHTh NeQIUTHUM MPOAYKTOM, €
JOCUTH JOPOTOBAPTICHUMHU - JAHUH METOJ] MOXKHA peaji3yBaTH JUIsl OTPUMaHHS KHUCIOTH 1 JIyTy 3
po3unHiB cyabdary Harpito [1], myry [2], amominieBux [3] Ta 3ami3HuX [4] KOaryasHTIB.

Jlo mpukiamy, A7 yTIi3alii po3urHIB XJIOPUAY HATPil0 JOLIIBHO 3aCTOCOBYBATH TEXHOJOTIl
OTPUMAaHHSI T1IOXJIOPUTY HATPIIO, IKUH € AePIIUTHIM pearecHTOM He JIuIle B YKpaiHi.

Mertoro poOOTH € BU3HAYEHHS YMOB €JEKTPOXIMIYHOI MEpPepoOKH PO3YMHY XJIOPHAY HATpiro
IIIIXOM iX KOHLIEHTPYBaHHSI.

Cnin 3a3HayMTH, WO MiJ Yac EKCIEPUMEHTAJbHUX JOCIIKEHb, 3aCTOCOBYBAJHM TPUKAMEpPHI
enektponizepu (puc.l), B SKHX BUKOPHCTOBYBAJM KaTioHOOOMiHHY MemOpany MK-40 Ta
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aHioHOOOMiHHY MeMOpany MA-41. O6’emM KO)XKHOT KaMepH, a caMme - aHOAHO1, KaToIHOi Ta poOoYoi
kamepu - 100 cm®. Tnoma Karoxy aopiBHioBaina 0,12 .

MK - kamionna memopana;, MA — anionna memobpana, I - Ilooaya pozuuny NaCl (Cacy=20
2/om’); 1I - nodaua posuury NaCl i NaOH (Cnaory~500 me-exe/on’); III - sidsedenns sneconenoi
goou; 1V — giosedenns konyenmposanozo posuuny NaCl (anonim); V - siogedenns
Konyenmposanozo pozuuny NaCl (kamonim)

Puc. 1 — Cxema enekrpomizepa st KoHIleHTpyBaHHs po3unHy NaCl

Sk xatox BUKOpHCTOBYBaiM JieroBaHy craib 12x18HIO0T, aHox - TUTaH, MOKPUTUHA OKCHAOM
pyTeHito. [t BeAeHHS MpOIeCy eJIeKTPOIIi3y BUKOPUCTOBYBAIM JKEpENo MocTiiiHoro crpymy. Ha
TI0YATKY TIPOLIECY BUKOPHCTOBYBANIM PO3UMH XJIOPULY HATpio, 3 KoHIeHTpaiero 21060 mr/am® (360
mmonb/nm®). B amommiii kamepi, kpiMm NaCl xomuentpamiero 360 mmons/am3, Gyno nysxkHe
cepenosue (JI=188 mr-exs/nm®). JlysxnicTh B KaToHiit kKamepi carana 2,5 mr-exs/am°. Cuia cTpymy
- 0,5 A. Asozna ryctuHa ctpymy — 4,17 A/am?. CyTh monsrae B ToMy, IO 4epe3 PiBHi IPOMIKKH
yacy (60 XB) BUMIpIOBAJIM JYXKHICTh Ta KOHIEHTPALiI0 XJIOPUIIB B yCiX Kamepax. Uepe3 5 roaun
MIPOLIEC 3aBEPIIIHIIN, TICIIS 3HIKEHHS JIY’)KHOCT1 B aHO/IHIN 001acTi 10 18 MT-CKB/IIM°.

[Ticns mpoBeeHHS TAKUX MAHIMTYJISIIH, TEPEMICTHIIN KaTo/l B aHOJJHY 00JIaCTh, a aHO/I- B KATOJHY.
3HecoNeHy BOIy, KOTpa YTBOpPHMJAch B pe3yJbTaTi IONEpeaHbOi cepil eKCIepHUMEHTaIbHOTO
JOCIIDKeHHS B poOouiit kamepi, 3aminmnu Ha po3uns NaCl i enexrponiz nosropwu. [anuii mpouec
MOBTOPIOBAJIM JI0 JIOCSITHEHHS! KOHIIEHTpAIll XJIOPHCTOrO HaTpilo B KaTOMITI 3Ha4eHb, BUIIUX 100
/M. B cBOIO 4epry B aHOMITI KOHIIEHTpALlisl XJIOpHAY HaTpito Oyna ime BUIIo0. Buxin peyoBuHu
3a CTPYMOM PO3paxoBYBaJIH AK B poOoTax [3].

Pesynbrartu enexTposi3y npuBeaeHi Ha puc. 2. Ik BUIHO 3 puc. 2 3a 5 TOJMH MPOBEACHHS MEPIIOTo
eTarny KOHIEHTPYBaHHs KOHIIEHTpallis XJIOpHUIiB y pobodiit kamepi 3au3uIach 10 35,5 mr/ame (1 mr-
exs/nm°), a B aHOMHIM 3pocna i3 360 10 600 mr-exs/mam®. JIyxKHICTh B aHO/HIN KaMepi 3HU3HIACK JI0
68 mr-exp/mm3. JlysHiCTh B KaToHil Kamepi 3pocia 10 370 Mr-eks/aM>, a B pobodiit kamepi 10 25
Mr-ekB/aM°. TakuMm 4uHOM, TYXHICTh B aHOJHIHM Kamepi 3Hu3uIach Ha 420 Mr-eKB/IMS, a KaTo/IHi Ta
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pobouiii kamepi 3pocita Ha 310 Mr-exs/mM°. 3 OTPUMaHHX JaHHX, MOXEMO CTBEPIKYBATH, IO
TIPOKCUA-aHIOHH 3 po00Y0i KamMepH YacTKOBO MEPEXOAMJIM B AHOAHY KaMmepy, TUM CaMHM,
CTIOBLJILHIOIOYH MTPOIIEC 3HUKESHHS JTYKHOCTI B aHOIHIM KaMepi. AJie, CIliJ] 3a3HaYUTH, 110 IPU [IbOMY
CIIOBiILHIOBANACH Mirpallis XJOpHIiB B aHOAHY Kamepy. IX KOHIeHTpallis B aHOAHil Kamepi 3pociia
Ha 300 Mr-exs/mM®, Tofi K B po6OUiil KaMepi KOHIIEHTpALlis XIOPU/IiB 3HU3UIACH Ha 359 Mr-ekB/mm>,
MOXIMBO, YaCTHHA XJIOPUIIB OKUCIMIACH, XO4a 3POCTAHHS BMICTYy aKTMBHOTO XJOPY B AHOAHIN
Kamepi He OyIo BiMideHo. B cBOIO uepry, katoaHiil Kamepi BMICT XJIOPHU/IiB HE 3MIHIOBABCH.

Puc. 2 — 3anexnicts ayxHocTi (1, 2, 3) Ta KOHUEHTpaIlil XIopuiB (4, 5, 6) B karomHiii (1, 4),
pobouiii (2, 5) Ta aHoaHiH (3, 6) Kamepax BiJl 4acy eNeKTPOizy pO3UMHY XJIOPHLYy HATPIIO
(Cnaci=20 2/0m’®) B TpuKamMepHOMY eJleKTpostizepi npu ryctudi crpymy 4,17 A/om’® (1=0,5 A),
xouuentpais NaCl -360 me-exe/om’ B kaTomHiii, pobodiil Ta aHOHIlN Kamepax

MoskeMo crocTepiratu, IO 3pOCTaHHS KOHLIEHTpAIlil XJIOpUIIB B KaToJHIM Kamepi He Oyne
301IBIIYBAaTH OMIp CUCTEMH, a HABMAKW, OyJe CHPUATH €JIEKTPONPOBITHOCTI po3uuHy. Omip Oyzne
3pocTaTH TpH TiJIBUIICHHI JY)XHOCTI po3uuHy. lIpore, CyTTe€BO oOmip CHUCTEMH 3pOCTa€ MpHU
MiJABUIIEHH] TyKHOCTI Ginbm six Ha 1000 mr-exs/mv® [6,7]. Ane, Ginblue Ha omip cucTemu Oyne
BILTMBATH KOHIIEHTPAIlisl XJIOPHUIiB B aHOHIi 06macTi mpu myxHOCTI 50-450 Mr-exs/mm>. Jlami Gymo
MIPOBEJICHO CEPil0 EKCIIEPUMEHTY MPH KOHLIEHTPAIIil XJIOpUIiB B KaToAHIi o0nacTi Ha piHi 1200 mr-
eKB/IM°, a B aHOMIHIH o6macTi Ha piBHi 12780 mr-exs/nm° (puc. 3).

B pesynbrari mpoBeNEHHMX EKCIEPHUMEHTANbHUX JIOCHIIKEHb, MOXXEMO CTBEP/DKYBAaTH, IO
3pOCTaHHs KOHIICHTpaLlii XJIOPHUIIB (XJIOpUIY HATpPil0) B KaTOIHIIM kKamepi He Oy/ie 301IbIIyBaTH OMip
CHCTEMH, a HaBIaKu, Oyle CHPUATH eJIEeKTPONpPOBIAHOCTI pozumHy. Omip Oyme 3pocTaTu mpu
MiIBUIICHH] TY>)KHOCT1 PO3YHHY.

Takox, mpoBeAeH1 JOCTIKEHHS MTOKa3ally, 1110 MPH CTBOPEHHI B aHO/HIN KaMepl TPUKaMEepHOTO
eNnekTpoizepa Ha piBHI ~500 Mr-ekB/IM° XJIOPHMIM MOXKYTh KOHLEHTPYBaTHCh B aHOJNITI 0Oe3
MIOMITHOTO YTBOPEHHSI aKTUBHOT'O XJIOPY 33 PaXyHOK OKHCIJICHHS TiJPOKCH] aHIOHIB NMPH 3HUKEHHI
JTysKHOCTI 110 45-100 mr-exs/mm®,

TakuM yMHOM MOXKHA MOOAYUTH, IO MPH KOHIIEHTPYBAHHI XJOPUIY HATPil0 B TPUKAMEPHOMY
eJIEKTPOJIi3epi 3a HAsIBHOCTI JIYTy B KaTOJITI Ta MPH MEPIOJUYHIN 3aMiHI MICISMHU KaTOAy Ta aHOY
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3HecosieHoi Boau Ha po3urH NaCl He mpu3BOAUTH A0 CYTTEBOTO MiJBHIICHHS OMOPY CUCTEMHU Ta
eHeprosarpar 0 konunenrpysanns NaCl 3 20 r/nqv® no 120-150 r/mve.

Puc. 3 - 3anexnicts myxHocti (1, 2, 3) Ta koHUeHTpauii xnopunis (4, 5, 6) B karomHil (1, 4),
po6ouiii(2, 5) Ta aHoAHIM Kamepi (3, 6) B 4acy eNeKTpoizy pO3UuMHY XJIOPHILY HATpiio B
TPUKAMEPHOMY eIIeKTpoIlizepi npu ryctusi ctpymy 4,17 A/om’ (1=0,5 A), KoHLEHTpaLlisl XJIOPULIIB B
KaToHil kamepi 1200 me-exe/om’, B anoaniit — 1260 me-exe/om’®, B pobouiii — 360 me-exs/om’
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One of the urgent problems of environmental protection and water resources is the damage of
liquid wastes from the production of paper, textile, pharmaceutical, food, dye, and plastic industries,
which use organic dyes characterized by non-biodegradability and high toxicity [1]. Photocatalytic
decomposition of dye molecules with the formation of simple chemical substances was found to be a
recognized method of disposal of such waste [2]. Among the variety of photocatalysts, oxide
semiconductors have become widespread. The advantages of titanium and zinc oxides are low cost,
photo corrosion resistance in a dispersion medium, low toxicity, convenient physical and optical
properties, and efficiency in the destruction of organic dyes [3]. At the same time, the use of TiO in
catalysis requires additional exposure to ultraviolet irradiation of the suspension due to the wide band
gap of the semiconductor (~3.2 eV), which prevents the absorption of visible light and the rapid
recombination of photogenerated holes (h*) and electrons (e7) on crystal lattice defects, and leads to
relatively low quantum efficiency [4]. Among the strategies proposed to increase the photocatalytic
activity of titanium dioxide, the modification of titanium oxide nanoparticles with noble metals [5]
or rare earth elements [6] has become widespread.

Noble metals such as Pd, Pt, Au, or Ag localized on the surface of TiO; particles or introduced
into the TiO2 matrix as nanoparticles or nanoclusters exhibit a high Schottky barrier value and thus
act as electron traps. Thus, it enhances the photogenerated separation of electron-hole pairs and
electron transfer in interphase processes [7]. The application of gold to modify titanium dioxide
particles and the formation of metal clusters on the surface of titanium dioxide particles are able to
cause the effect of Surface Plasmon Resonance (SPR) [8]. The positive experience of using particles
of composites based on gold-modified titanium dioxide in the destruction of organic dyes is
highlighted in a number of publications, for example [9]. In general, the doping of titanium dioxide
particles with noble metals and Rare Earth Elements (REE) leads to the extension of the
photocatalytic activity of TiO> to the visible light spectrum, which was shown by us during the
destruction of Malachite Green by particles of binary and ternary nanocomposites based on the
anatase doped with noble metals and nanoceria [10].

The aim of the work is to study the photocatalytic activity of gold-doped anatase particles during
the destruction of anionic and cationic dyes in a neutral medium under the influence of UV irradiation.
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Objects and Methods of the Research

The synthesis of anatase particles modified with gold was carried out by a chemical method in a
weakly alkaline medium using titanium tetraisopropoxide (TTIP) and a solution of gold hydrochloric
acid. The gold content was adjusted to obtain particles with 0.2 and 0.8 wt.% of gold. Hydroxide
precipitates were washed with a water-ethanol solution, lyophilized, and calcined at 600 °C for
2 hours. The particles were characterized by the method of X-ray diffraction phase analysis (XRD),
on the DRON-3.0 device with copper anode (CuKa) radiation. The scanning step was 0.05-0.1 0, the
exposure was 4 s, and the range of 20 angles was from 15 to 90°. The morphology and elemental
composition of the samples were studied by Scanning Electron Microscopy (SEM) on a Tescan Mira
3 LMU scanning electron microscope equipped with an Energy-Dispersive Module for microanalysis.

The photocatalytic activity of the particles was studied through the photodegradation of
Methylene Blue (MB), Rhodamine B (RB), Methyl Orange (MO), and Orange G (OG) with a
concentration of 20 mg/dm?3. To this end, a nanocomposite powder (100 mg) was transferred to a dye
solution (80 ml) and stirred in the dark until the system reached sorption-desorption equilibrium. To
study the photocatalytic activity under the influence of UV irradiation, a portable Xe 15A lamp with
a power of 300 W was used. Sampling was carried out after 20, 40, and 60 min of UV irradiation in
the suspension mixing mode. The optical density of the solutions was measured on a UV-Vis-NIR
Spectrometer (Cary 5000, Agilent) in the range of wavelength from 200 to 800 nm.

The degree of discoloration of the solutions or the efficiency of the dye’s destruction (D, %) was
estimated according to the standard equation:

D, % = (1-C/Co)*100,

Where C is the residual concentration of the dye, and Cq is the initial concentration of the dye.
The concentration of the dyes was found by calibration curves.

Results and Discussion

1. The characteristics of the nanocomposite sample

According to X-ray phase analysis, TiO.&Au nanocomposites, which were subjected to
processing at a temperature of 600 °C, crystallize in an anatase structure (JCPDS file No. 21-1272).
The diffractogram (Fig. 1a) shows the broadening of anatase reflexes and the absence of peaks of low
intensity, which indicates the nanometer size of the particles. The results of the calculation of the
parameters of the anatase crystal lattice are presented in Table 1. The parameter a of a tetragonal
lattice of both composites is almost the same, and the ¢ parameter is smaller for the TiO>&Au
composite (0.2 wt.%). The degree of tetragonality (c/a ratio), which characterizes the deformation of
the crystal lattice, for the TiO.&Au sample (0.8 wt.%) does not differ from this parameter for the
standard anatase sample (JCPDS file No. 21-1272), or slightly exceeds it in sample TiO.&Au
(0.2 wt.%). At the same time, for both samples, there is a shift of the (101) reflex towards larger
angles compared to the standard sample, for which d(101) = 0.35129 nm. The coherent scattering region
(CSR), or the size of primary particles of polycrystalline composite powders, is 8.6-9.2 nm. The
absence of gold reflexes is explained by the sensitivity threshold of the X-ray diffraction method,
which does not allow identifying phases with a content of < 5% in the composition of powders. By
analogy with the TiO>&Ag system, gold can either be distributed in the crystal structure of anatase
(titanium dioxide matrix) in the form of metal atoms or nanoparticles [11] but they can be localized
on the surface of anatase in the form of clusters, preventing the growth of titanium dioxide particles.
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Fig. 1. XRD patterns of gold-doped anatase powders:
a—TiOx&Au (0.2 wt.%); b — TiO2&Au (0.8 wt.%).

Table 1. Crystal lattice parameters and primary particle size (CSR) of gold-doped anatase

The sample Crystal lattice parameters of anatase
a,nm | ¢, nm cla V,nm® | CSR,nm | daoy, Nm
Ti02&Au (0.2 wt.%) 0.3757 | 0.9460 2.52 0.133 9.6 0.34919
Ti0.&Au (0.8 wt.%) 0.3758 | 0.9428 2.51 0.133 8.2 0.34906

Fig. 2a shows the SEM image of nanocomposite TiO-&Au (0.8 wt.%). Anatase phase was
obtained after thermal treatment at T = 600 °C, forms loose aggregates of nanoparticles, which in an
aqueous-dispersion medium easily transition into a highly dispersed state and acquire colloidal
stability upon contact with molecules of organic dyes, which requires the use of a centrifugal field
for their deposition. A typical EDS spectrum of the TiO.&Au sample (0.8 wt.%) is presented in
Fig. 2b. The nanocomposite contains titanium, oxygen, carbon (the main element), sulfur, and gold.
In addition, to fix the highly dispersed anatase powder on the base and obtain high-quality SEM
images, the surface of the sample was coated by gold-palladium alloys, which explains the presence
of corresponding reflections of noble metals in the energy dispersive spectrum.

2. Study of the photocatalytic activity of TiO&Au nanocomposites in the dyes discoloration

The analysis of the dye concentration in the solutions carried out after the suspensions reached
sorption-desorption equilibrium (40 min in the dark) shows that anatase particles doped with gold
show little sorption activity in MB and MO solutions. The maximum degree of discoloration of the
MB solution (28.5%) was recorded in the presence of TiO>&Au particles (0.2 wt.%). At the same
time, the sorption activity of gold-doped anatase powders for the extraction of MO and OG is absent,
with the exception of the TiO2&Au sample (0.8 wt.%) in the MO solution. Under the visible light
action, a slight desorption of dye molecules is observed in all systems. At the same time, no change
in the color of the suspension was observed in any experiment, which indicated the decomposition of
the dye.
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a b
Fig. 2. The electron microscopic study of the TiO>&Au nanocomposite (0.8 wt.%):
a — SEM image, b — EDS spectrum.

The degree of discoloration of dye solutions under the UV irradiation of the suspension for 60 min
(Table 2) indicates that for all dyes, and the TiO>&Au sample (0.8 wt.%) shows the highest activity,
forming the activity series:

Rhodamine B < Methyl Orange < Methylene Blue < Orange G.

At the same time, for the TiO.&Au sample (0.2 wt.%), the series of dye discoloration efficiency
is slightly different:

Rhodamine B < Orange G < Methyl Orange < Methylene Blue.
The likely reason for this difference may be due to the gold content in the anatase structure and
the electrokinetic properties of the composite particles, in particular, ZPC (zero point of charge).

Table 2. Degree of discoloration of organic dye solutions after 60 minutes of UV irradiation of
gold-doped anatase suspension

The sample Discolo_ration degree, %
Methylene Blue | Rhodamine B | Methyl Orange | Orange G
TiO2&AuU (0.2 wt.%) 77.2 31.5 75.8 58.3
TiO2&AuU (0.8 wt.%) 91.0 50.0 81.5 95.2

Fig. 3 shows the Kinetic regularities of discoloration of anionic (Fig. 3a) and cationic (Fig. 3b)
dyes under the UV irradiation. The correlation coefficient indicated the pseudo-first order of the
reaction neitralization of Orange G by both systems of TiO.&Au (R? = 1); the destruction of
Rhodamine B by TiO.&Au particles (0.2 wt.%) and Methylene Blue by TiO.&Au particles
(0.8 wt.%), where R? = 0.99. In other cases, the coefficient of correlation is significantly lower.
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a b
Fig. 3. Kinetic regularities of the dye’s discoloration under UV irradiation of the suspension:
a — anionic dyes, where numbers indicate: 1 — TiO>&Au (0.2 wt.%), MO, 2 — TiO:>&Au
(0.8 wt.%), MO; 3 — TiO>&Au (0.2 wt. %), OG, 4 — TiO2&Au (0.8 wt.%), OG;
b - cationic dyes, where numbers indicate: 1 - TiO>&Au (0.2 wt. %), RB; 2 — TiO2&Au
(0.8 wt. %), RB; 3 — TiO2&Au (0.2 wt.%), MB; 4 — TiO>&Au (0.8 wt.%), MB.

Conclusion

Nanosized particles of anatase with a gold content of 0.2 and 0.8 wt.% were synthesized using the
sol-gel method. Particles of binary composites are characterized by the size of CSR 8.6£9.2 nm and
form loose aggregates that spontaneously disperse in solutions of dyes with the formation of colloid-
resistant sols. Particles of nanocomposites show low sorption activity in cationic dyes and the absence
of sorption for anionic dyes. Such composite particles TiO.&Au have the heterojunction between
TiO. and Au and efficient separation of photo-generated carriers for the initiation photo-catalytic
processes of organic anionic and cationic dyes neitralization and reduce the degree of discoloration
of solutions (20 mg/dm?) of Rhodamine B to 31-50%, Methyl Orange to 75-81%, Methylene Blue to
77-91% and Orange G up to 58-92% depending on the gold content in the composite.
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HanoposmipHi mopomku opTodepuTiB  piIKICHO3EMETbHUX METaliB  XapaKTepU3YIOThCS
MiABUILEHUMH €JIeKTPUYHUMH, MarHITHUMH Ta ONTUYHUMH BIACTUBOCTSIMH [ 1]. BoHu Hanexarsb 110
HaMiBIPOBIIHUKIB 13 BYy3bKOIO 3200POHHOIO 30HOIO 1 IPOSIBIAIOTH (POTO-KATATITHUHY aKTUBHICTD IT1]1
BIUTMBOM BHAMUMOTO CBiTNA [2]. 3aBASKH CYKYIMHOCTI KEpOBaHUX (DI3MKO-XIMIYHHMX BIIACTMBOCTEH
OpTO(EpUTH ITPiIO Ta JAHTAHY BUKOPUCTOBYETHCS Y BUPOOHHIITBI ONTHYHOIO CKIIa, TIOMIHO(DOPIB,
¢dorokaromiB Ta IHIIUX €JEKTPOIHUX MaTepla.lIlB KaTam3aT0p113 CBITJIO-BUIIPOMIHIOIOUHX 1
Ja3epHUX MaTepialiB, y BOJHEBIl €HepreTwil Ta B TeXHOJIOrisx TBepporo namusa [3-5]. Cepen
YHUCICHHUX (I3UYHMX 1 XIMIYHUX METOIB CHHTE3y HAaHOPO3MipHUX MEPOBCHKITIB HAOYJIHM IepeBaru
HU3bKOTEMIIEpAaTypHi, 30KpeMa, TiApOTepPMaJbHUNA CHHTE3, METOJ PEBEPCUBHUX  MIIel
(MIKpOeMyJIbCiii), 30JIb-T€JIb CHHTE3, METOJI CyMICHOTO OCa/DKEHHS I'APOKCUIIB, TEPMIYHHIA PO3KIA]]
reTeposAepHHX [iaHOKOMILIEKCiB MeTalliB (MeToa CN), yIbTpa3ByKOBUH Ta MiKPOXBUIIHOBUI CHHTE3
Ta i [6-8].

Boanouac, cnif 3a3Ha4MTH, 110 BIIPOBAHKEHHS XIMIYHOTO CHHTE3Y JUIsl OTPUMAaHHS OpTO(epuUTiB
YCKIIQHIOEThCS (popMyBaHHAM CymyTHiX (a3 okcufiB Ta rizpokcuiis ¢pepymy a6o P3E [9]. [Insa
BUPIILIEHHS Li€] MPOOJIIEMHU CUHTE3 MMPOBOAATH Yepe3 YTBOPEHHS MPOMIKHUX IIUTPATHUX KOMIUIEKCIB
(metop Ileuini) [10], BBeeHHS B cUCTEMY CEYOBHHU a00 BUKOPHCTAHHS KOMIUIEKCHHX COJIEH, sIKi
BIJIIpatOTh POJIb CHOJYK-TIpekypcopiB, Hampukian Ln[Fe(CN)s]-nH.O (Ln = La, Gd, Lu) [11].
[HIIMMY BaXJIMBUMM YMHHUKAMH, SKI BIUIMBAIOTh Ha CTPYKTYp Ta BIACTUBOCTI HAaHOPO3MIPHHX
MOPOIIIKIB MEPOBCHKITIB, CHHTE30BAHUX XIMIYHUM IUISIXOM, € CKJIaJl BUXIIHUX PO3UMHIB, 3HAUCHHS
pH cepenoBuia, OKMCHO-BIIHOBHI YMOBH, HAasBHICTh 1 CKJaJ JOMOMDKHHUX PEUYOBHH, YMOBH
miogimizarii Ta peKUMH MPOKAPIOBAHHS OCAliB.

MeTo10 10CiIZKeHHS € BU3HAYCHHS BIUIMBY XIMIYHOTO CKJIay BUXITHHUX CIIOJIYK 1 JOMOMDKHHUX
peUOBHH Ha POPMYBaHHS OPTOPEPHUTIB ITPItO 1 TAaHTAHY METOJIOM CYMICHOTO OCaPKEHHS T1JPOKCH/IIB
3 1X OJANTBIIIOI0 TEPMOOOPOOKOIO.

O0’exTu Ta MeToaAM JocaiTxeHHsi. CHHTE3 YaCTMHOK OPTO(EPUTIB MPOBOIMINA XIMIYHUM
meTozoM i3 BukopuctanHsM po3unHiB Ka[Fe(CN)s] i Y2(COs3)s a6o Lax(SOs4)3 Ta momoMi>KHHX
pedoBuH: KOH, NH4OH, cewoBunu Ta nurpatHoi kuciaotu. Ocaaym NpOMUBAIN BOAHO-ETaHOJIBHUM
po3uuHoM, JiodinizyBanu 3a T = 105 °C ta npoxxaproBanu Brpoosx 5 rog3a T = 800 °C.

JlociipKeHHs 3pa3KiB MPOBOIMIIM METOJIaMH peHTreHodaszoBoro anamnizy (PDA), ckanyBanbHOT
enekrporHoi mikpockonii (CEM) Ta enepro-mucnepciitnoi crnekrpockomii (E/IC). Buznauenus
(a30BOro CKJIaAy MOPOLIKIB MPoBOAUIHN MeToioM PO A Ha nudpaxromerpi JJPOH 3M, ocHamienomy
MigauM aHoaoM. Kpok ckanyBanns craHoBuB 0,05-0,1 rpaayciB, excrio3uuis — 4 ¢, Aiana3oH KyTiB
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20 — 25-70°. 3pa3ku BigOupaau Npu cTaHmapTHi Temneparypi. s Bu3Ha4eHHs ()a30BOro CKIIAmy
BUKOPUCTOBYBaIM 0a3y MAaHuX MDKHApOJHOTO KOMITETy cTaHaapriB Ha mnopomku (JSPDS
International Centre for Diffraction Data 1999). Posmip wacTtuHOK (00JaCTh KOT€PEHTHOTO
poscitoBanns, OKP) pospaxoByBanu 3a crangapTHoro ¢opmyroro [lebas-Illeppepa. docmimkenns
MOp(OJIOTii Ta eIEMEHTHOT'O CKJIa/ly 3pa3KiB MMPOBOJIMIIN 32 JIOTIOMOI'0I0 CKaHYIOUOTO €JIEKTPOHHOTO
mikpockony Mira 3 Tescan (Yexis) 3 EJIC momynem (Oxford INCA x-act).

ExcnepumentanbHa yactuHa. Pesynsratn POA npeacrasieni Ha Puc. 1. 3rigHo oTpumanux
nanux, BBeaeHHs B cucreMy Ku[Fe(CN)es] — Lax(SOs)3 po3uuHy ce4OBHHHM TPU3BOIAMUTH [0
dopmyBanHs nBoxdaznux Hanonopoukis La;0O3 (PDF No. 02-0688) i LaFeO3 (PDF No. 25-0148)
(Puc. 1a). PozpaxoBanuii posmip gactuaok LaFeOs ctaHoBUTh 9,2 HM, a cepe/iHii po3Mip YaCTHHOK
La;O3 ckmamae 16,3 um. Beemennst y cucremy Ku[Fe(CN)es] — Laz(SOs)3 posunHy cedoBHHH
NPU3BOIUTH 10 (hOpMyBaHHS TOMOTEHHOTO MOPOIIKY opTodeputy nantany (Puc. 16), ame po3mip
YaCTUHOK 30UIblIyeThcst 10 22,5 HM. BoaHouac, aHami3 MOpOIIKIB, YTBOPEHHUX B CHUCTEMI
Ka[Fe(CN)e] — Y2(CO3)3 B mpuCYTHOCTI CEYOBUHH, BKAa3y€e Ha T€, 110 YACTUHKU OPTOPEPHUTY ITPit0
(PDF No. 39-1489) romorenHi i matoTh po3mip 18,7 um (Puc. 18). Ha Puc. 2 HaBeneHi enekTpoHHI
300paxeHHs] CTPYKTYp, OTPUMAHUX B CHUCTEMaX, sIKI TOCHIKYIOThCS, Ta moka3zaHo tumoBuid EJIC
CIEeKTp TOpomKy. Ha enekTpoHHuX 300pak€HHSX BHUIHO, [I0 YAaCTUHKU OPTO(EpUTIB
XapakTepu3yThes chepuyHoro (popmoro Ta HaHOMeTpoBUMH po3Mmipamu (Puc. 2a, 6). Oxcun
JaHTaHy Mae OUTBIII po3MipH Ta KpUcTamizyerbes y popmi mnariBok (Puc. 2a). Ha EJIC cnextpi (Puc.
2B) KpiM OCHOBHHUX €JIEMEHTIB — JIaHTaHy, (pepyMy Ta OKCUI'€HY, HasiBHI CYMyTHI €JIeMEHTH, SKi
BXOJITh 70 CKJIQJy JONMOMDKHUX CIIONYK — cipka Ta kKaniid. HasBuicts pedruexciB Au i Pd
MOSICHIOETBCSL METOJUKOIO MIArOTOBKM 3pas3KiB aisi oTpuMaHHs skicHux CEM 300paxeHsb, ska
noJisirae y ¢ikcarii HOpoIIKiB Ha OCHOBI IUIIXOM 3alMJICHHS CIUIaBOM OJaropoJHUX METaliB.

a §) B

Puc. 1. ludppakrorpamu nopomrkis, yrBopeHux B cucremax: a — Ks[Fe(CN)s] - La2(SOs)3
(ceuoBuna); 0 — Ka[Fe(CN)s] - La2(SO04)3 ; B — Ka[Fe(CN)s] - Y2(CO3)a.

a 0 B
Puc. 2. Pesynbratu nociimkenns nopouikiB Mmeronom CEM: a — yactunku LaFeOs
ta Laz03; 6 — LaFeOs; B — EJIC criektp opTodeputy i OKCHIYy JaHTaHYy.
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BucHoBok. OtpuMmaHi pe3yiabTaTd CBif4aTh MpO Te, IO Ha CTPYKTYpy, Mopdoiorio i
JHMCTIEPCHICTH MOPOIIKIB OPTO(PEPHUTIB BIUTMBAE HE TUIBKU XIMIYHUN CKJIa]l BUXITHUX METAJIOBMICHUX
CTIOJIYK, a TAaKOX BHOIp TOTIOMDIKHUX PEUOBHH, SIKI Jal0OTh 3MOT'Y PEryJIIOBaTH HMIBHJIKICTh T1IpOIIi3Y,
MIPOIIEC 3aPOIKOYTBOPEHHS Ta OCADKEHHS TIPOKCHIIB. BUKopucTanHs rekcamianogepary Kajito Ta
CEYOBHMHHU IPU CHHTE31 OpTO(EPHTIB ITPiIO Ta JIAHTAHY JIA€ 3MOTY OTpUMATH OJHO(]A3HI MOPOLIKU
MIEPOBCHKITIB 3 po3MipaMu 4YacTUHOK 22,5 Ta 18,7 HM, BIAMIOBITHO.
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HOM’AKIIEHHSA BOJAM B IPOLHECAX BOAOIIIAI'OTOBKHA
BUPOBHUITB KOCMETHYHUX 3ACOBIB

Ipnna MAKAPEHKO, Tamapa KPUCEHKO, Oasra I''IYIIKO
Kuiscokuii nonimexniunuu incmumym imeni leops Cikopcbko2o
npocnekT bepecrelicbkuit, 37, m. Kui 03056, Ykpaina
e-mail: oolga.glushkoo@gmail.com

JKuTTst cydacHOi JIOMMHHM TICHO TOB’S3aHO 13 IIOJAEHHUM BUKOPHCTAHHSIM Y MOOYTI OKpeMoi
IpyIH HENpPOJOBOJBYMX TOBAPIB — KOCMETHYHHUX 3ac00iB. 3-TIOMIX CIIO)KMBHUX BIJIACTMBOCTEH
nappyMepHO-KOCMETHYHUX 3aC001B BHOKPEMITFOETHCS X O€3MEUHICTh, SIKa 0€3M0CePEIHBO 3aNICKHUTh
BiJl CKJIQay, SKOCTI IOYAaTKOBMX KOMIIOHEHTIB, TEXHOJIOTIYHOTO IpoLEeCy, YMOB 30epiraHHs i
MPOAAXy, YMOB CHOXHBaHHA. [ OJIOBHMM HOPMAaTUBHUMH JOKYMEHTOM, III0 PETJIAMEHTY€E Oe3MeKy
KOCMETHUYHUX 3aco0iB B YkpaiHi, Ha manuii yac € JlepxkCanlliH 2.2.9.027-99, sikmii motpedye
BpPETYJIIOBAaHHS 13 E€BPOMEWCHKUM 3aKOHOAABCTBOM. AJie  O€3MepedyHrM 3aIHIIAEThCS  (aKT
HEOOX1THOCTI BUKOPHCTAHHS BOJU BIAMOBIHOI BHUCOKOI SKOCTI B TEXHOJOTISX BHPOOHUIITBA
KOCMETHYHHUX 3aC00iB.

[lepeBaxkHa KUIBKICTh JIKApPCHKUX Ta KOCMETHYHUX 3ac00iB MicTuTh 80-97% BOM, BiJ CTYIIEHS
OUUIICHHS SKOI 3aJIeKUTh SKICTh MPOMYKIlii, IO BUITYCKAETHCS, il 30BHINIHIA BUTISAM, 3amax,
koHcucteHmis [1]. Tak, 30kpema, y TeXHOJIOTiT KOCMETUYHHUX KPEeMiB MiArOTOBKA BOJAM HAIpaBJIeHA
Ha 3HIKEHHS BMICTY HEOPTaHIYHHMX COJICH, OpraHiYHUX JOMIMIOK 1 GakTepianbHOi (uiopu. 3 TOUKH
30py OpraHOJENTHYHUX [OKAa3HUKIB BOJa Ui KOCMETMYHMX IIpernapariB MOBUHHA OyTH
0e3K0JIb0pOBa, a0COJIIOTHO MPO30pa, HE MaTH 3amaxy i Maixke He MaTH cMmaky. Ilicims moBroro
BIJICTOIOBAaHHS BOJa HE MOBHHHA 3AIMINATU KaJaMyTi. 3 TOYKM 30py XIMIYHOT'O CKJIaJy BoJa He
MOBMHHA MICTUTH HEOpraHiuHi coyli y BHUIJIsAlI JoMimok. JKOpCTKy BOAy, sSIKa MICTUTh 3HAYHY
KUTBKICTh COJICH KAaJbI[i0 1 MarHito, HEOOXiIHO JTOJaTKOBO OYMIINYBAaTH, 3 METOK 3MEHIICHHS ii
xopcTrocTi. CIiJ 3a3HaYUTH, IO SKICTh BOJAM MOXKE BIUIMBATH TaKOX 1 HA HAJINHICTH Ta TEPMIiH
POOOTH TEXHOJIOTIYHOTO 00JIaAHAHHS MapPyMEPHO-KOCMETUYHUX BUPOOHUIITB.

OTxe, BOJ1a, KA BUKOPUCTOBYETHCS [ BATOTOBJICHHSI KOCMETHYHUX 3aC001B, Ma€ OyTH TITHOOKO
ounieHa. CiiJ 3a3HaYUTH, IO TOJCKYJH BUKOPUCTOBYIOTH AUCTHIIAT. Taka MiATOTOBKA BOJAU €
JIOCTaTHBO 3aTPaTHOIO, aje IIJIKOM BUIPABIAHOIO, OCKUIBKM BHCOKHH BMICT COJEH MOXe
NPU3BOIUTH 1O YTBOPEHHS Ocady NpU BUPOOHMUUTBI mapdymiB, TyaleTHOI BOJH, OJICKOJIOHIB;
BHCOKHI BMICT OPTaHIYHUX JOMIIIOK BILTUBAE HA 3amaX KOCMETUYHHUX 3aCO0iB BHACIIIOK XIMIYHUX
peakiiif, mo BiOYyBAIOThCS, y HEpIIy Yepry, MK IUMH JOMIIIKaMH Ta aHTHOKCHUIAHTaMH, IO
BBOJATHCS JI0 CKJIAAy KOCMETHYHHX 3ac00iB. Tako >KOPCTKO HOPMYETHCS BMICT Y BOJI BaXXKHX
MeTaJliB, OCKIJIbKM KOCMETHYHO-ap(dymepHa MpOAYKIis Mae Oe3mocepefHii KOHTAKT i3 TUIOM
JIOJIMHU [2].

OcHoBHI XiMiuHI Ta 010JIOT1YHI TOKa3HUKU BOJM MUTHOTO MPU3HAYCHHS 3a/I0BITBHSAIOTH BUMOTH
710 BOJIH, IO BUKOPUCTOBYETHCS Y KOCMETHYHIM npomuciioBocti. [Ipote 3a JICanlliH 2.2.4-171-10
"T'irieHigyHi BUMOTH J0 BOAM MUTHOI, MPU3HAYCHOI JJISi CIIOKUBAHHS JTFOAUHOIO" JKOPCTKICTh BOJU
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HOPMYETBCST Ha piBHI a0 7 MT-eKB/IM°. ToMy akTyanpHUM € MUTaHHS AEeMiHepami3aiii BOJIH,
BpaxoByloUd TOM (pakT, [0 TMOBEpXHEBI BOJOWMH 3HAYHOI YacTUHU TepuTopii  YKpainu
XapaKTepU3yIOThCA MiABUILEHOIO MiHEpaTi3alli€lo.

CyuacHi TeXHOJIOr1i BOJOMIArOTOBKA BHUKOPHUCTOBYIOTH PI3HOMAHITHI METOJM Ta iX KOMOiHAIi1
IUIsL OZIep>KaHHs BOJM BUCOKOI sIKOCTi. Cepell BETUKOr0 pO3MaiTTsl MPOIMOHOBAHUX METO/IIB IITUPOKO
BUKOPUCTOBYIOThCSI W TpaaulliiiHI peareHTHI METOJIU IIOM SKIIEHHS BOJHU, OCKUIBKA BOHHU €
eKOHOMIYHO BUTIIHUMH. [IpoTe e(peKTHUBHICTh IIMX METOJIB € HEAOCTaTHHOIO MPHU BUKOPUCTAHHI
KJIACUYHHMX PEareHTiB — BallHa, COJH, Jyry abo ix kommno3umid. OpHOYacHe BUKOPHUCTAHHS IMX
CTIOJIYK 13 aTIOMIHINMICTKUMH KOAryJIIHTaMH 3011bIIy€ CTYIIHb ITOM SIKIICHHS BOJM Y KiJIbKa pa3iB
[3]. Buxkopucranus ¢ocdaty HaTpito y mporiecax BUAAJICHHS 10HIB KAJIBLIIO Ta MarHito 3 IpUPOIHUX
BOJI € TOCUTH €()eKTUBHUM Yy MMOOYTOBUX Ta oicHUX cucTeMax [4,5 ], ane mupoke BUKOPUCTAHHS Y
nporecax Mmom’ IKIIEHHS BOJIU Y TPOMHCIOBOCTI 0OMEKY€EThCS, 30KpeMa, BUCOKOIO BAPTICTIO IAHOTO
peareHTta. Benuka KibKICTh TBEpAUX BiJX0/11B, HEOOX1AHICTH TOYHOTO I03YBAHHS XIMIKaTiB, a TAKOX
crieniaiizoBaHe oONaJHAHHS Ta CKJIAAM JUIS iX 30epiraHHs € OCHOBHHMH HEJIOJIIKaMHU peareHTHHX
TEXHOJIOT1/ TIOM’ SIKIIIEHHS BOJIH.

JIOIIBbHICTh 3aCTOCYBAaHHS 10HHOTO OOMiHY BH3HAYa€ThCA CKIIAJAOM MiHEpali30BaHUX BOJ 1
ONTUMAILHUMH YMOBaMH IPOBEJICHHs MPOIleciB copOIlii 10HIB, AecopOuii i mepepodku copbOartis.
Hartpiif-kaTioHITOBUII METOJl MOM SKIIEHHS BOJM 3aCTOCOBYIOTH JIsi IOM’ SIKIICHHS MiA3EMHHX 1
TIOBEPXHEBMX BOJ i3 BMICTOM 3aBUCIMX PEYOBMH He Oinbine 5-8 Mr/am° i KoJbOpOBiCTIO He Oinbline
30 rpazn. XKopcTkicTh B MoKe OyTH 3HIKEHA PH OAHOCTyiHYacToMy Na-kaTtioHyBanHi 10 0,03-
0,05, mpu nBocrymiHuacTomy - g0 0,01 mr-exs/mm®. Peremeparlis CUILHOKHCIOTHHX KaTiOHITiB
3IHCHIOETBCS pO3UMHOM XJopuay Hatpito [6]. [lompum 3aranbHi mpoOneMu 10HOOOMIHHHX
TEXHOJIOTIH IIOJI0 BapTOCTI Ta TPOLECIB pereHepaiii 1OHITIB 1 MepepoOKH YTBOPEHHUX
pereHepamiiiHux po34uHiB, BOHU MAIOTh IIUPOKE BUKOPUCTAHHS 1 IIMPOKI MOMIIMBOCTI BHACIHIIOK
3aCTOCYBaHHS PI3HOMAaHITHHX 10HOOOMIHHUX MaTepianiB, (UIBTPIB 3MiIIaHol nii Ta oprasizamii
CTYIIEHEBOTO 10HOOOMIHHOTO OUYHINEHHS BOJIH.

IoHOOOMiHHI TEXHOJIOTIT 103BOJISIOTH BUJIyYaTH HE JIUILE 10HU )KOPCTKOCTI, ajie i I0HW MaHTaHy
(I1), 3amiza (II), BaKKMX MeTalliB Ta OTPUMYBATH TNIMOOKO 3HECOJNIEHY Boxy. ABTopamu [7] Oyio
BHUBYEHO MPOIECH OJHOYACHOTO BWIIYYEHHS 10HIB YKOPCTKOCTI Ta 3ali3a 3a JOIMOMOIOI0 CyMilli
CHJIBHOKHCTIOTHOTO KaTioHiTy KVY-2-8 Ta crmabokucnorHoro katioHity Dowex MAC-3 B pi3HHX
00’ €MHHX CITiBBiJHOIIEHHSAX Ta MOKa3aHo, o KaTionit KY-2-8 nasits B Ca?* - opmi copbye ioHu
3a11i3a; 0OMiHHA JMHAMIYHA €EMHICTb IOHITY J0 HPOCKOKY i0HiB 3aii3a ckianae 172 Mr-exs/mm>.

Cepen cy4acHHUX TEXHOJIOTIH Ofep KaHHs TTMOOKO OYHINEHO! BOAM HAMOLIBII €KOHOMIYHUMH,
€KOJIOT1YHUMH, €HEepPro- Ta MaTepiano30epiralouuMu € MeMOpaHHI TeXHOJOril (3BOPOTHHUI ocMoc,
eJIEKTPOiaii3, yIbTpa- Ta HaHO(PUIBTpyBaHHs, MeMOpaHHa aucTwslis) [8, 9, 10]. 3BopoTHiit ocmoc
€ OJIHUM 3 HalepCHEKTUBHIIINX METO/IB B IPOIlecax MirOTOBKU BOAM BUCOKOI SKOCTI Ta BUMarae
BHCOKOTO CTYIICHs Momepeanboro oumineHHs Bomu [11, 12]. KpiM Toro BaKJIMBUM NHTAHHSIM
HaHO(DIBTPAIIIHOT O Ta 3BOPOTHROOCMOTHYHOT'O OUHUIIIEHHS BO/IM € 11 cTalini3aliiina o0podka nepen
nojauero Ha MeMOpanHi inbTpH. be3 crabinizariitnoi 00poOKH BoAM MEMOpPaHH IIBUKO BTPAYalOTh
cBO1 QiIbTpyBaJIbHI BIACTUBOCTI. YacTi 3aMiHM MEMOpaH HEIOIyCTUMI uepes3 X HaJIBUCOKY BapTICTh.
3acTocyBaHHS AHTHUCKAIAHTIB HeOakaHe depe3 JO0JaTKoBe 3a0pyAHEHHS KOHIIGHTpPATIB, IO
YCKIIQJIHIOE 1X yTHIIi3allilo.

loHOOOMiHHE TOM’SKIIEHHS € OJHUM 13 NMEPCHEKTUBHUX HANPSAMKIB cTalumizamiiHoi 00poOku
BO/IM. 3aCTOCYBaHHs CIAOOKMCIIOTHUX KaTiOHITIB B KUCIii (opmi (Hanpukian, Dowex MAC-3) Ha
cTanii momepeaHboi OOpOOKM BOAM JO3BOJISIE TOCATTH ii MOBHOI CTaOLIBHOCTI 10 KapOOHATHUX
BIJIKJIaJIeHb B OapoMeMOpaHHUX Ipoliecax i OUMIIEHHS 3a PaXyHOK YaCTKOBOTO ITOM’SKILIEHHS BOAN
Ta BUAAJCHHS TiapokapOoHaT aHioHiB [13,14].
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Kom0inyBaHHS METOJIIB peareHTHOro, I0HOOOMIHHOTO MTOM’SIKIIIEHHSI BOAM Ta 6apoMeMOpaHHUX
METOIB JI03BOJIIE OTPUMATH BOJAY BHCOKOI SIKOCTI 1 YHUKHYTH OCHOBHHX HEIOJNIKIB OKpEMHX
TpaIUIIMHUX MeTOMIB JemiHepamizauii Boau. Tak, 3acTOCyBaHHS peareHTiB Ha OCHOBI
TiIpOKCOATIOMIHATY HATPIIO i 4aC pEeareéHTHOr o MOM SKIIECHHS BOJIU JI03BOJISIE€ CYTTE€BO 3MEHIIUTH
il sxopcTKicTh. L{poMy crpusie TakoXX 3aCTOCYBAaHHS CIAOOKUCIOTHUX KaTIOHIB y KHCHiM (opmi Ha
nepmiid cranii karioHyBaHHs [15]. ['muboke mom’sIKIIEHHS BOAW Y JAaHOMY BWIIAJKy I Yac
peareHTHOTo MOM’SIKIIICHHS 3a0e31evyeTbcs 00pOOICHHSIM BOIHM BalTHOM, COJIOO Ta PEareHTOM THITY
PUKC-A B ocBiTimoBaui i3 3aBuciuM mapom ocaay. OcitieHa i BiadinpTpoBana Ha GpuIbTpi BoAa
Mmae xoperkicts 0,1...0,5 Mr-eKB/mM°, Ha BIIMIHY BiJ peaqbHUX BUPOOHUIITB, JI¢ Iel MOKA3HUK
CTaHOBUTS 2,7...4,3 Mr-exs/nm°. 3amumkosa myxkHicTs Bomu — 1,5...2,0 mr-exs/nm°. 1le no3Bonse Ha
THepiriii crajii KaTioHyBaHHs BUKOPUCTOBYBATH crnabokucnotauit karionitr DOWEX MAC-3 y H'-
dopMi , 3aBISKM YOMY KOPCTKICTh BOJM 3MeHITyeThest 10 0,1 Mr-ekB/aM°, MOBHICTIO BHAATIAIOTHCS
HOHM aIOMIHIIO Ta 3aji3a, SKIIO BOHM NPUCYTHI B TOM’skiueHii Boxi. Ha napyriit cranii
KaTiOHYBaHHs 3aCTOCOBYIOTh CHJIBHOKHCIOTHHH KaTioHiT KY-2-8 y kucniii popwmi, mo Buitydae 3
BOJIM 3QJIMIIKH HOHIB )KOPCTKOCTI Ta OJTHO3apsAHI KaTioHH (TIepeBaXKHO HOHM HATpito). XIopuau u
cyiab(aTh BHUIY4YarOThb 3 BOJM Ha aHIOHOOOMIHHOMY (QUIBTP, 3allOBHEHOMY HH3bKOOCHOBHUM
arioHitoM DOWEX Marathon WBA. KarioHooOMiHHI (inbTpy pereHepyoTh po3uMHaAMU CipyaHol
KACIOTH. JlaHa TEeXHOJOris mependayae TaKOX CTAIII0 3HE3apaKEHHs BOAM , IIOBHE MepepoOIeHHs
PLAKMX BiAXOMIB Ta 3a0e3neuye epeKTUBHE 3HECOICHHS BOIH.

BucHoBkHu

HeoOxigHicTh BUKOPUCTaHHA SKICHOI BOAM NpPU BUPOOHHUITBI MapProMepHO-KOCMETHUHOL
MPOAYKIIiT HE BUKIIMKA€E CyMHIBIB. BaxkinBe 3HaYeHHS y mpoliecax MirOTOBKM BOAM Y JaHii ramysi
3aliMalOTh MPOIECH TOM’SIKIIEHHS BOJM, IO MOXYThb OyTH pealli3oBaHi IUISXOM 3aCTOCYBaHHS
peareHTHUX, I0HOOOMIHHMX Ta GapoMeMOpaHHUX MeToaiB. [lo€qHaHHS peareHTHUX, I0HOOOMIHHUX
Ta OapoMeMOpaHHUX METOJIB € OCHOBOIO pPeCypcOe(EeKTHBHHX, MOJIOBIIXOIHUX TEXHOJOT1H
3HECOJICHHSI BOJIH.
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BUKOPUCTAHHSA I'AJIBBAHIYHUX BIAXOIIB AJIAA 3ABAPBJIEHHSA
I'lTICOBUX MATEPIAJIIB TA JIAKOBOI'O IIOKPUTTA

Mapis MACJITHUYK?, Haranis JJOPOI'AHB?, FOais MIPOINTHUYEHKO?
! Tonimexuiunuii niyeii KITI imeni Izopsa Cikopcokozo
Oyn. Bamnasa ["aBena, 41a, M. Kuis, 03065, Ykpaina
’Kuiscvkuil norimexuiunuii incmumym imeni Izopsa Cikopcokozo
np. bepecreiicekuii, 37, M. KuiB 03056, Ykpaina
e-mail: masha.m2311@gmail.com

B VkpaiHni € Benuka KiTbKICTh 3aBO/1iB MAIIMHOOY 1y BaHHS, TOOIYHUMH TPOAYKTAMH POOOTH SIKUX
nepepoOIeHOro uIaMy Ipu BUPOOHMITBI achanbTy, KepaM3UTy, TOIO. Y JaHii HayKoBi poOOTi
MIPONIOHY€ETHCS] BUKOPUCTAHHS TaJIbBAHOILIAMIB 3 BEJIMKMM BMiCTOM OApBHMKIB OKCHIIB SIK IIITMEHTA
B KOMIO3UIIIHHUX CUCTEMAX; TOCIIDKYETHCS e(DeKTHUBHICTh BUKOPUCTAHHS TaTbBaHIYHUX BI1IXOIIB
K OapBHUKIB.

AKTyanpHICTh TEMU BU3HAYAETHCS THM, L0 TAaKUi CHOCIO yTHIi3alii — sK BTOPUHHE PAaKTUYHE
BUKOPHUCTAHHS BiJXOJIIB KOMYHAIBHOT'O TOCIIOIAPCTBA Ta MPOMHUCIOBOCTI — € OJIHUM 13 BOKIIMBUX
croco0iB BHUpIIIEHHS 3a7a4y eKOoJIoTii Ta pecypcoz0epekeHHs. Jlo BiTOMUX MPUKIAIIB e(hEeKTUBHOTO
BUPIIICHHS. TaKUX 3a/1ad BIIHOCATBHCS OCTIIPKEHHS Ta PO3POOKH IO 3aCTOCYBAHHIO BiIXOIiB
MIPOMUCIIOBOCT] SIK TEXHOT'C€HHOI CUPOBHHH B TEXHOJIOTIYHUX MpOIlecaXx BUPOOHUITBA OyIiBEIbHUX
MaTepialiB  PI3HOr0  MpHU3HAYCHHS. 30KpeMa  BUKOPUCTAHHSA  TalbBaHIYHMX  BIJXOJIB
(rampBaHONUIAMIB) K OAapBHHKIB CHpPUSIO O 3MEHIIEHHIO CKJIAMiB 3 IUM THUIIOM BiIXOiB,
BUPIIIEHHIO HM3KM EKOJIOTIYHUX MUTaHb, 3MEHIIEHHIO IIKIJJIMBOrO BIUIMBY Ha JOBKULIA,
MiABUILEHHIO €EKOHOMIYHOI €()eKTUBHOCTI ¥ MiABUIIICHHIO apXiTEKTYPHOI pI3HOMAHITHOCTI CIIOPYI.

MeTor0 JaHOTO MOIIYKOBOI'O iHIIIATUBHOTO JOCIHIIKEHHS CTaJI0 BUBYCHHS PE3YJIbTaTHBHOCTI
3aCTOCYBaHHS BIIIXOIB T'aJbBaHIYHOIO BUPOOHMLTBA MAIIMHOOYIBHUX MIANPHUEMCTB YKpaiHU SK
OapBHHUKIB, 1110 3a0€3MEUyIOTh JAEKOPAaTUBHI BIACTUBOCTI Oy1IBEIbHUX MaTepialliB Ta apXiTEKTYpHY
BHUPA3HICTh CIIOPYI.

["anpBaHIYHUH 11JIaM € TETEPOTeHHUM, CKJIaTHUM 1 HeCTaOLTLHUM 3a CKIIaIoM MaTepianiom. Takuii
TUN BIAXOAy HalyacTille yTBOPIOETHCS Y BiANPAIbOBAHOMY ENEKTPOJIITI Ta OYHUCHHUX BOJAX.
OCKUIbKH TaJIbBaHOIUIAMH YaCTO MICTAThH JOCHTH TOKCHYHI CIIOJTYKH BaXXKUX METAJIB (XpoMy, MiJi,
CBUHIIIO, KaaMilO, HIKEJI0 Ta Maprasuio), ix BIAHOCATH 10 2-4 piBHA HeOe3nmeku, 1 Tpu
HENPaBWIBHOMY IMOBO/DKEHHI Taki BIIXOAM MOXYTh CYTTEBO MOPYIIUTH €KOJOTI4YHYy piBHOBary [1].
Takum uymHOM Tpu 30epiraHHi TajgbBaHOILIAMIB Ha BIJAKPUTOMY IMOBITpPi, BOHM BUCHXAIOTh Ta
PO3HOCHUTBCS BITPOM Yy BOJOMMHU Ta JWXaJbHI HUIAXM, 10 HEMHUHYYE MPU3BOAUTH /0 YPaKCHHS
BHYTPIIIHIX OpraHiB, XBOpoO €HIOKPHHHOI Ta IHIIMX cUCTeM opraHizmy. Ilicis meBHOi 00poOku
rajbBaHIYHUN [UTAM CTAa€ HETOKCHUYHHMM, a HOro HEHTpasli3oBaHi 3aJMIIKH CHPSIMOBYIOTHCS Ha
creniaibHi TMOJIrOHU A moxoBaHHs. [IpoTe mumamocxoBuina, ae 30epiraroTbes 3HEMIKODKEHI
BIJIXO/IM, MOXXYTh CTaTH JUKEPEJIOM aIbTEPHATUBHOI CHPOBUHHU.
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SIK MOXJIMBI TEXHOT'CHHI OapBHUKHU JOCHIKYBAJIHCS JBa THUIM BIAXOMIB: Bigxox A (B3STO 3
HiANPUEMCTB MaIMHOOYTyBaHHA XMEJIbHUIBKOI 00JIacTi), BIH XapaKTepU3yeTbcs Oipro30BHM
KOJIbpOM, Ta Bigxox B (B3sto 3 mignmpuemctB MammHoOynyBaHHsA [lontaBchkoi ob6nacti), BiH
XapaKTepU3y€eThCs KOPUIHYBATUM KOJIbPOM. JocTiKyBaH1 BIIXOIU BiIPI3HSIUCH 32 TIOXOKCHHSM,
KOJIbOPOM, CTYIIEHEM JUCIIEPCHOCTI Ta XIMIYHUM CKIIAJIOM.

OnnakoBa CTENiHb AUCHEPCHOCTI MPo0 mepesa JOCTiHKEHHIM 3a0e3euyBajiach pO3TUPAHHAM Ta
npociBom uepes cuto 10 000 ote/cm®. KoMIIOHEHTH 3rifiHO CKJIady JO3YBalM MO MACi Ta 3MillyBajIu
JUI TOMOTeHi3arfil.

Jlns  BU3HAUEHHS XIMIYHOTO CKJIaay Mpo0 TajdbBaHIUHUX BIAXOJIB  3aCTOCOBYBAJU
peatrenoduryopectenTari anami3 (POA, XRF), mo 6a3yerbes Ha 300pi Ta aHali31 CIEKTPY, SKHA
BUHUKAE NP OMPOMIHEHHI TOCIIKYBaHOTO MaTepialy peHTT€HIBCbKUM BUIIPOMiHIOBAaHHSIM.

Cknan npoou A (Tabmuils) BU3HAYAETbCS 3HAYHOIO KIIBKICTIO CHOJYK BaXHOTO METally Miji
(89,51 %), cyTTEBOIO KIJIBKICTIO IIOKCHY CHIIILIO, JoMilKaMu Gochopy, KalbIliio Ta 3ai3a.

Ximiunuii ckinan BigxoxaiB mpoodu B (Tabmuis 1) Biq3zHa4aeThCs NEPEBAKHOIO KITBKICTIO OKCH/IIB
KanbIfito Ta 3amsa (73 %), CyTTE€BOIO KUIBKICTIO OKCHJIIB MarHiro, XpoMy, IIUHKY, KPEMHII0, Miji,
JOMIIIIKaMH OKCHUJIIB HiKemo, pochopy Ta KaaMmiro.

Taoauna 1. XiMiuHUI CKIIa] TajJbBaHIYHUX BIJIXO/IB

Kox Bwmict oxcngis, %

npodu | SiO2 | CuClz | CuO | Cr20;3 | Fe20s3 | Ni2O3 | CaO | CaSO4 | MgO | ZnO | CdO | SnO2 | P20s
A 8,50 | 46,81 | 42,7 - 0,30 | 0,02 |0,46 - - - - 0,21 | 0,89
B 2,60 - 2,37 | 422 2258|172 5042324 6,82 | 3,64 0,66 | 0,22 | 1,10

SIk MiHepasibHE B’ sDKy4Ye BUKOPUCTOBYBaANU Oy aiBenbHuU rinc mapku I'-5 [2,3]. IIpu Burorosnieni
riIcoOBOro TICTa, IO OTPUMYETHCS LUIIXOM 3MIIIYBaHHS TIiNCy 1 BOAM /10 HOPMAJIbHOI T'yCTHUHH,
MIPOBOJIMIIN JI0/IaTKOBY OIEPaLlifo, 331aHa KUIbKICTh TEXHOT'C€HHOT'O MIrMEHTY 3MIITyBalach 3 BOJOIO,
a MOTIM IIUM PO3UYMHOM 3a4MHSIIU Tirc. e crpusiio roMoreHHOMy po3MoAiTy HIrMEHTY B TOCTiHIN
cymimri. [Ipu BBeaeHH1 AOCHIIKYBaHMX TalIbBaHIYHUX BIJIXOMAIB y TINCOBY CyMill BiOyBajoCh
3abapBiieHHs 3pa3KiB BUPOOiB. [Ipu IboMy CTymMiHb eeKTy 3ajie)XaB BiJ PI3HOBUIY BIAXOMIB Ta iX
KOHIeHTpauii. Tak, Mpu 3acTOCYyBaHHI TEXHOTEHHOTO WIrMEHTY Mpobu A B iHTepBali HoOro
KOHIIEHTpawii 5-25 % KoJIIbopoBa raMa 3pa3KiB 3MIHIOETHCS Bijl OJ11/10 calaTHOTO J0 CBITIIO 3€JIE€HOr0
ToHy (pHuc. 1).

Puc. 1 KonbopoBa rama 3paskiB rincy 3 6apBHUKOM A
IlpoMy edekTy BIiANMOBINAIOTH ONTHYHI XapaKTEPUCTHKH IMOBEPXHI 3pa3KiB BUPOOIB: 13
30UIBIICHHSIM CTYTICHIO 3a0apBieHHs KoeQilieHT BinOUTTS cBiTiia 3MeHmyerbes Bix 0,40 no 0,25
npotu 0,75 s 3pa3kiB 6e3 mirMenry (puc. 2).

Handbook of the XXIII International Science Conference 157
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

0,4

0,2

D T T T T T ]
0 5 10 15 20 25 C

Puc. 2. 3anexHicts KoedillieHTY BIAOUTTS CBITJIA BiJ] KOHIEHTpAIlil TEXHOT€HHOT0 OapBHHUKA A
(BUMIPSIHO 32 JOTTOMOTO0I0 (JOTOCTIEKTPOMETPA)

[Ipu BUKOpHCTaHHI TEXHOT'€HHOr'O MIrMEHTY npobu B B inTepBami ioro xoHueHtpamii 5-15 %
KOJIbOPOBA ramMa 3pa3KiB 3MIHIOETHCS Bif] 01110 O€KEBOTO 10 CBITJIO TOMapaH4eBOro ToHy (puc. 3).

Puc. 3. KonasopoBa rama 3paskiB rimncy 3 6apsaukom B

IlpoMy edekTy BIiAMOBINAIOTH ONTHYHI XapaKTEPUCTHKH IOBEPXHI 3pa3KiB BUPOOIB: 13
30UTBIIEHHSIM CTYTICHIO 3a0apBiIeHHS KOe(illieHT BiIOUTTS cBiTia 3MeHmyeTbes Bin 0,65 mo 0,50
npotu 0,75 s 3pa3kiB 6e3 mirMenty (puc. 4).
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Puc. 4. 3anexHicts koedillieHTY BIZOUTTA CBiTJIa BiJ KOHIIEHTpalii TeXHOTeHHOTo OapBHUKA B
(BUMIpSIHO 32 JONIOMOT 010 (poTOMETpA)

ExcniepuMeHTaIbHO BU3HAYMIIN, 110 ONTHMAaJIbHA KOHIIEHTPALIS 3 TiIICOM MIrMEHTY A CTaHOBUTh
5-25%, a mirmenty B — 5-15%. PoOota 3 OLIbIIOI0 KOHLEHTpAIi€l0 B 000X BUMAAKAX CTa€
HEMOXJIMBOIO, aJKE TiIC TBEPAi€ 3aHAATO MIBUJKO.

SIk momiMepHi B’SpKydi 3aCTOCOBYBAIM OE3KOIBOPOBI BOJHO-TUCIIEPCHI JIAKK Ha OCHOBI aKpHITY
mapok Novoset 3340 ta TRIORA wood [3,4]. Cxiagu IOCHiTHOTO MOKPHUTTS Ha OCHOBI JaKy
XapakTepU3yBaIMCh BapilOBAHHSAM BMICTY rajlbBaHIYHUX BiIXOiB B iHTepBaii 2-20 mac.%.

BcranoBieHo, 1110 aHAJOTI4HO /10 3pa3KiB TiNCy, MPU BBEACHHI JOCTIKYBAHUX TalbBaHIYHUX
BIJIXO/IiB B JIaK JIOCSTA€THCS 3a0apBiIeHHS 3pa3KiB MOKPUTTA. [Ipu oMy CTyMiHb eeKTy 3aIeKUTh
BiJl PI3HOBUJY JIaKy, BIIXOIB Ta iX KOHIEHTpalii. Tak, mpu 3acTOCyBaHHI TEXHOTEHHOTO HMIrMEHTY
npobu A B iHTepBaJIi Horo kKoHueHTparii 2-20 % KoJap0poBa raMa 3pa3KiB HOKPUTTS HA OCHOBI JaKy
Novoset 3340 3miHIOETBCS Bif] CBITIIO OipIO30BOTO 10 TEMHO 0ipI030BOT0 TOHY (pHC. 5).

Puc. 5. KonasopoBa rama 3paskiB Ha ocHOBI J1aky Novoset 3340 € 6apBHuKOoM A
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[Tpu 3acTocyBaHHI TEXHOT€HHOTO HIrMEHTY mpobu A B iHTepBaji Horo koumenrtpauii 2-20 %
KOJIbOpOBa TamMa 3pa3KiB MOKpUTTS Ha ocHOBI Jazypi TRIORA wood 3MiHIOETBCS BifJ CBITIIO
01pr030BOrO 710 OiPIO30BOrO TOHY (pHC. 6).

Puc. 6. KonropoBa rama 3paskiB Ha ocHOBI 1a3ypi TRIORA wood (1) Ta 3 6apBHuKamu A (2) 1
B(3)

[Ipu 3acTocyBaHHI TEXHOTEHHOTO MIrMEHTY mpoOu B B inTepBami #oro konmenrpauii 2-20 %
KOJIbOpOBa rama 3pas3KiB NOKpUTTs Ha ocHOBI JJaky TRIORA wood 3MiHIOETECS BijI CBITIIO OEKEBOTO
710 TIOMapaH4eBoro ToHy (puc. 6).

OntuManbHa X KOHILIEHTpALis 1 MIrMEHTY A, 1 mirMeHty B 3 moniMepHUM B’SOKydUM (JIaKOM)
3HAaXOAUThCS B Mexax 10 20%, B pe3ynbTaTi OTPUMYEMO SICKpaBi Kolbopu. BapTo 3a3Haunty, m1o
yuM OiNbIlIa KOHLEHTpAIlsl MIrMEHTY, THM MEHIIA Mpo30picTh Jaky. [lpu Oinbmriii KoHIeHTpamii
poboTa 3 MaTepiajloM HEMOXKIIUBA, 0O BiH BTpayae CBOI BIACTUBOCTI 1 CTA€ PO3CUITIACTHUM .

TaxkuM YMHOM, BCTaHOBJICHO:

e  BIMIHHOCTI XiMI9HOTO CKJIaJly TBOX PI3HOBHU/IIB raIbBaHIYHHUX B1JXO/IIB;

e 0cOONMMBOCTI 3a0apBJIEHHS TINCOBUX MaTepiasliB B iHTEpBaJli KOHLEHTpALill TEXHOT'CHHUX
6apBHUKIB 5-25 %;

e 0coOnMBOCTI 3a0apBiIEHHS JIAKOBOTO MOKPHUTTSA B IHTEPBAJl KOHIIEHTpAlild TEXHOT'€HHUX
6apBHUKIB 2-20 %.

ExcniepuMeHTaIbHO T0BENICHO, 1110 YTHIII3aIlis ralbBaHIYHUX BIIXOIB SIK OapBHUKIB (3 BUCOKHM
BMicTOM OapBHUX OKCHU[IB) €(EKTUBHO BUPILIYE 3aa4i pecypco30epeskeHHs, EKOJIOorii Ta MiABUIIUTD
e(eKTUBHICTh BUPOOHHIITB, 3MEHIIY€E IJIOMII ralbBaHOCXOBHII Ta OyJe JOCTaTHHO JOCTYITHOIO 32
niHoo. CaMe X BHUKOPHUCTAHHS KOJIbOPOBHMX OyAiBEIbHHX MaTepialliB € 3HAa4HUM (HaKTOpOM
NpUBAOIMBOCTI Ta BUPA3HOCTI CIIOPY/ PI3HOTO MPU3HAUYEHHSI.
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KIHETUYHI XAPAKTEPUCTUKHA NPOLECY AEJITHI®IKALIL
POC/IMHHHUX BIAXOJAIB

Hazapiiit MUXAWJEHKO!, Oxcana OPJIOBA!, Bira FTAJIMIII!?
I Kuiscoruii nonimexuiunuii incmuniym
np. bepecreiicekuii, 37, M. Kuis 03056, Ykpaina
2Iuemumym ximii nogepxui in. O.0. Yyiika Hayionanvroi akademii nayx Yepainu
Byn. ['enepana Haymosa, 17, M. Kuis 03164, Ykpaina
e-mail: v.galysh@gmail.com

CinbCbKOTOCTIONApChKi  POCIMHHI BIIXOAM — MPOAYKTH TEPEepOoOKH CUTBCHKOTOCIIOAAPCHKOL
KyJabTyp. Uepe3 BUCOKHII MOMUT Ha 3€pHOBI Ta OJHHI KYJIBTYpH, CUIbCbKE TOCIOJAPCTBO MOCTIHHO
PO3MIUPSETECS Ta NPOAYKYE YTBOPEHHS BEJIMKOi KUIBKOCTI POCIMHHHUX BigxoxiB.Po3poOka
e(heKTUBHHUX CMOCO0IB TOBOKEHHS 3 POCIMHHUMH BIXOJAMH € BAXKJIMBOIO 33/1a4€l0 €KOJIOTil Ta
XIMI4HO{ TEXHOJIOTil, BUPIIIEHHS SIKOI CIIPHATHME MONEPEHKEHHIO 3a0pyIHEHHS HAaBKOJIUIIHBOTO
cepenopuina [1]. OCKUTbKM Taki BiIXOIW MPEICTABISIIOTH COOOIO JIITHOIICIIOIO3HUA KOMILIEKC, TO
MOXYTb PO3IISAZATUCS SIK MEPCIIEKTUBHA CUPOBUHA ISl XIMIYHOTO MepepoOieHHs Ta 3a0e3eUeHHs
notped pi3HUX Tay3ei MPOMHUCIOBOCTI, 30KpeMa MarnepoBoi, papmMareBTUYHOI, XiMi4HO1 Ta iH. Kpim
TOTO, BapTO 3a3HAYUTH, L0 JIITHOIIEII0I03Ha OioMaca HeJIepeBHOI pOCITMHHOI CUPOBUHH BiTHOCUTHCS
710 BIZIHOBIIIOBAaHUX PECYPCIB, Ta 3yCTPIYAETHCS B MPUPOJIL Y BEIUKIH KIJIBKOCTI, @ OT)KE MOXKE OyTH
aNbTEPHATUBOIO JepeBHI cupoBuHi [2]. OOuparOTh MeTOA OOpOOKH POCIMHHOI CHPOBHHU,
BpPaxXOBYIOUM CKOJIOTIYHI Ta TEXHIKO-eKoHOMiuHi acmektd [3]. OpraHocojbBeHTHE BapiHHS
BBAXAETHCS TMEPCIIEKTUBHUM HAIPSIMOM JIeNlirHiQikanii, OCKUIbKM BiIOyBa€ThCS B M SKUX YMOBaX,
KOMITOHEHTH BapHJIBHOTO PO3UYMHY MOXKHA pereHepyBaTu Ta MOBEPTaTH Ha MMOBTOPHE BUKOPUCTAHHS,
MOXKHA TaKOX €(EeKTHBHO YTWUJII3yBaTH OpraHiyHI KOMIIOHEHTH BIANPALbOBAHUX BAPHIIBHUX
PO3YHHIB 3 OTPUMAHHSM I[IHHUX IPOJYKTIB adi()aTHYHOTO Ta apOMAaTUYHOTO XapakTepy[4].

Mertoto pobGotu Oyino AOCHIIKEHHS KIHETMYHHMX XapaKTePHCTUK HAJOLTOBOI JenmirHigikarii
HE/IEPEBHOT POCIMHHOI CUPOBHUHU. SIK BHUXIJHY CHPOBHHY BUKOPHCTOBYBAJIM COJIOMY TILIEHHII Ta
crebiia pinaky, Ciuky sSIKUX 3 posMupamu 1-2 cM mijaBanu o0poO1i pO3YMHOM HAJJOITOBOT KUCIOTH
koHueHTpauiero 10 % 3a remnepatypu 95 °C npotarom pi3HOI TpHBasIOCTI mpouecy. B pe3ynprari
00pOOKH OJIepKaHO IEIOJI03HUN MPOIYKT 3 PI3HUM BMICTOM JITHIHY.

Ominka edexTHBHOCTI mporeciB aemirHidikamii Oyna mpoBeAeHa 3a JOMOMOrOI0 aHalizy
MOKA3HUKIB ONTUMAJILHOCT1 BUAAJICHHS JIITHIHY Ta ONITUMALHOCTI BUIAJICHHS BYTJIEBO/IIB, 3HAYCHHS
SAKMX Y BUNAJKY JeNirHi¢ikarii coIoMH MIISHUI Ta cTe0eln pirnaky mpejacTaBieHi Ha puc. 1 Ta 2.
BinmoBigHWi aHami3 BUKOHYETHCS, B OCHOBHOMY, 3 METOK OIIIHKH €(QEeKTHBHOCTI MPOIECY
nenirHigikaiii Ta A7 BCTAHOBJICHHSI ONITUMATBHIX YMOB, SIKi 3a0€31e4aTh 01ep KaHHsI [EITF0JI03HOTO
NPOAYKTY NMPUHHATHOTO cKiany. Kpim Toro, 1ie 1a€ MOKJIMBICTD OLIIHUTH BIUIUB JENITHI(PIKYI0OUOTro
peareHTy Ha JITHOIIENIONO3HUI KOMILUIEKC B IIUIOMY 1 JJO3BOJISIE BCTAHOBUTH HAMOLIBIN ITiIXOISIII
TEXHOJIOT1YHI MapaMeTpy BapiHHS JJIs PI3HUX BUIB JIITHOIEIIOIO3HOT CHPOBUHH.
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[Ipencraieni pe3ylbTaTH CBiAYaTh MPO Te, IIO MPOLEC HAIOLUTOBOI JAemirHigikaii mporikae
OZTHAKOBO €(EKTHBHO SIK 1 Y BHIAJKy BapiHHS COJOMH IIICHHUIl, TaK 1 32 BUKOPUCTaHHS CTeOel
pinaxy. 30ibIIEHHS TPUBAJOCTI JenirHidikamii BiAMOBIAHO MPU3BOAUTH 1O 3MEHIICHHS BMICTY
3aJTUIIKOBOTO JIITHIHY B OJIep)KaHOMY LIEIIIONI03HOMY TpoayKTi. IIpote, pa3om 3 TuM, BinOyBaeThes 1
YaCTKOBUH TiAPOII3 MojicaxapuaHoi ckiafoBoi. ONTUMaIbHOCTI BUAANCHHS JIITHIHY Ta BYIJIEBOJIIB
MaroTh XapakTepHi MAKCUMYMY, SIKi BKa3al0Th Ha ONITUMAaJIbHI TPUBAIOCTI BapiHHS.
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Puc. 1. OnTumaneHIiCTh BUJAICHHS JITHIHY Ta BYIJIEBOAHEBOI CKJIAI0BOI 3 COJIOMU MILICHHII
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Puc. 2. OntumaneHIiCTh BUJAJICHH JITHIHY Ta ByIJIEBOAHEBOI CKJIQJI0BOI 3 cTeben pinaky
Jlnist BU3HAYCHHS KIHETUYHUX XapaKTEPUCTHUK JeirHi(iKalii BUKOPUCTOBYBAIM aHAII THUHUI

MeTo/l. KOHCTaHTH MIBHAKOCTI MHpPOIECY pPO3PAaxXOBYBAIM JUII KOHKPETHOTO dYacy BapiHHS 3a
dbopmyIioro:

k—l lC0
=M
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ne Co— BMICT JIITHIHY B BUX1/IHIH cupoBuHi, %; C — BMICT 3aJIMIIIKOBOTO JIITHIHY B IENION031, %0;
— TPUBAJIICTh BapiHHS.

KineTnuHi KpHBI 3aJUIIKOBOTO JITHIHY B KOOpDAWHATAaX pIBHSAHHS MEPIIOTO TMOPSIKY
NpeJCTaBIeHO Ha puc. 3. Pe3ynbpraTu po3paxyHOK KOHCTAHT HIBHAKOCTI MIPEACTABIEHO B Ta0M. 1.

1,2
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TpuBanicts aemiridikarii, XB

Puc. 3. KiHeTnuHi KpUBi 3aJIMIIKOBOTO JIITHIHY B KOOPAMHATAaX PIBHAHHS MEPIIOTO MOPSAKY

Tadmmus 1. KoHCTaHTH MIBUAKOCTI peakiii Mepiioro mopsaKy Aeirxiikarii coroMu MiieHuIi ta
COJIOMHM pinaKy

3Ha4YeHHs, XB '
KoncranTa mBuakocri Henirnigikanis conomu Henirniikanis credes
MIIeHHUIL pinaky
K 4,97 x 103 521x10°

[IpencraBieni pe3ynbTaTd CBiAYaTh MPO MOXKIUBICTH OpraHizamii e(EeKTMBHOIO CIOCO0y
yTUTI3a1i] pOCIMHHUX BIAXO/IB arpOMPOMHUCIOBOTO KOMILJIEKCY BOJIOKHUCTOI CTPYKTYPH IIIISIXOM X
NIEPETBOPEHHS Ha IENION03HI MPOAYKTH Il MOTped MamepoBoi, T1IPOJi3HOT XIMIYHOI Ta 1HIIMX
rajry3eil mpoMHCIOBOCTI.
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MNOEAHAHHS KOMIJIEKCOYTBOPEHHS 3 MEMBPAHHOIO
OUYMCTKOIO BOJIY BIJ] IOHIB KOBAJILTY(II)

Ipuna POMAHIOKIHA!, Jlrioamuna FOPJIOBA!, Baagucaas IBAIIEHKO?
! Inemumym xonoionoi ximii ma ximii 6oou im. A.B. JJymancvrkozo HAH Yipainu
OynbB. Bepaancekoro, 42, M. Kui 03142, Ykpaina
’Kuiscvkuil nonimexuiunuii incmumym im. leops Cikopcokozo
npocn. bepecreiicbkuii, 37, M. KuiB 03056, Ykpaina
e-mail: ir.molekyla@gmail.com

He nmuBnsumch Ha Te, 110 OCTAHHIMHU IECATUITTSIMH SKICTh HAYKOBUX JOCIHIKEHB Ta 1X KUIBKICTh
3pocCTa€, CTaH HABKOJIMIIHBOTO MPHPOTHOTO CEpeIOBHILA Yepe3 HOro aHTPONOreHHEe 3a0pyJHEHHS
JMIIe Toripmyerscsi. He3Bakaroum Ha 3MEHIICHHS MOTYXHOCTEH MPOMMCIOBOTO BHPOOHHUIITBA,
CIIOCTEPITaeThCsl 3pOCTAaHH PiBHS 3a0pyAHEHHS IPUPOTHUX BOJI, K MOBEPXHEBUX, TAK 1 MiI3eMHUX.
Tomy, OesmepeyHo, mpobiemMa OXOPOHM BOAHMUX OO’€KTIB BiJ 3a0pyAHEHHS PI3HUMH THIIAMU
XIMIYHUX PEYOBHH Ta CHOJYK € JIOCUTh TOCTPOIO Ta aKTyaJIbHOIO.

Cepen BeNMKOi KUTBKOCTI OpraHiYHUX Ta HEOPraHIYHUX €KOTOKCHKAHTIB OKPEMY BEIUKY TpYITy
CKJIQJIAal0Th BaXKKI METalH, sIKi 3aBJIIKH CBOil BUCOKIHN 3ATHOCTI JO PO3UYMHEHHS MOXYTh 3aBJaBaTH
MyTareHHy Ta TOKCHYHY [0 Ha yci 00’ektu Oiocepu. IloTpanuBim y >KUBUI OpraHizM, BaxkKi
MeTaly 3JaTHI HAKOMUYYBATHUCA Yy PI3HMX TKAaHWHAX Ta OpraHax, IO MOXE CHPUYMHATH iX
machynkiito [1, 2]. Jxepenamu 3a0pyAHEHHS BOXKMMH METaJlaMH HaBKOJHUIIHBOTO MPHPOIHOTO
CepeIoBHINA B3arajli, a TAKOX BOAHUX 00’ €KTIB 30KpeMa, 3aJIMIIAI0ThCS TaKi rary3i IpOMHUCIOBOCTI,
SK TipHMYA, METAIypriifHa, XiMiuHa, raJlbBaHIYHA Ta 1H. ICHYIOUYl METOAM OYHUCTKU CTIYHUX BOJ LIUX
BUPOOHUIITB BiJl BAKKUX METAJIB HE 3aBXKIM AIOTh OYIKyBaHUH €(eKT Ta MOXKYTh MaTH CKJIaIHOIII
IOpU eKcIUTyaTalii OYMCHUX cHopyd. A Ti METOAM, fKiI 3/1aTHI 3a0€3MEeYUTH BHCOKHI CTYIiHb
BUJAJICHHS BAKKUX METAJIB 31 CTIYHHX BOJI, YaCTO MOTPEOYIOTh BEIMKUX EKCIUTyaTal[iiHUX BUTpAT,
110 3a3BUYAil € EKOHOMIYHO HEAOIIBHUM [3, 4].

Cepen 10HIB BaXKKUX METANIB OAHUM 3 HalOUIbII HeOe3neuHux € kodansT, ['JIK y nmutHil Bomi
akoro cknagae < 0,1 mr/mv®. Hakonmwuenns 1o 50 Mr ko6ambTy B OpraHi3Mi JIIOIMHH MOMKE
BUKJIMKATH PETUKYJIOIMTO3, OUTBIIOI KITBKOCTI — HE3BOPOTHI TOKCUYHI ypakeHHs [5]. B mpupoaanx
BOJIaX CIIOJIYKHM KOOanbTy mepeOyBalOTh y PO3YMHEHOMY 1 y 3BaXEHOMY CTaHaxX, KUIbKICHE
CIIBBIJJHOIICHHS MK SIKUMH BU3Ha4aeThcs pH cepesoBuIna, TeMIepaTyporo Ta XiMiuHHM CKJIIQJI0M
BoaU. B yMoBax, siKi XapakTepHi s MPUPOIHUX TIOBEPXHEBUX BOJI, KOOAILT icHye y Burasami Co?*,
nominyrounmu popmamu Co(Il) mpu pH > 8 3anexkno Bix konuenrpaiii € Co(OH)s , CoOH ta
Co(OH)2 (nuB. puc. 1). Y npucyTHOCTI OKHCHIOBAUiB y BOAHHUX CEPEAOBUINAX MOKIIUBE ICHYBaHHS B
nomitHUX KoHnenTpamisx Co®" [6]. Ionu Co(Il) Bce B GinblIiil KiTbKOCTI IOTPAIISIOTH Y TIPHPOAHI
BOJIHI JDKEpena MUITXOM HEJOCTaTHbO OYMIIEHUX CTIYHUX BOJ MiANPHEMCTB aTOMHOI €HEPreTHKH,
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METanoo0poOKH, rajJbBaHIYHOTO _

BUpOOHMITBA (B TOMy 4YHCH 1 1.0 - ColOH);
BHACIIIJIOK TPOLIECIiB KOOAIbTYBaHHS), i /—\
a TakoX uepe3 (imbTpaTH MOJIrOHIB 08 Iff"
TBEpIUX MOOYTOBUX BiJXOIiB. -

JIo OCHOBHHMX METOMIB OYUCTKHU 0.6 .l'l
BOJM BiJ] 10HIB KOOAJIBTY BiTHOCATHCS
peareHTHi, eJIEKTPOXIMiYHi,
10HOOOMIHHI, cOpOIIiifHI Ta MEMOpaHHI.
Haii0inpir po3noBCIOKeH] peareHTHI
METOOM, MOB’A3aHl 3  XIMIYHHAM
OCa/DKEHHSIM MaJOPO3YMHHUX CIOJYK.
[lepeBara mHuX METOJIB — MPOCTOTA
peamizalii, MpoTe y CTOKH B TaKOMY pH
BHIMAZIKY IIOTPAIULAIOTE HOBL XIMITHI Puc.1 Jlirpama crany ioHiB KOOaJIbTy B pO34MHI B
pPEUYOBUHH, TOOTO BiJIOyBa€ThCSA sanesxHocTi Big pH
BTOpUMHHE 3a0pyIHEHHs, a OTpUMaHi
0CaJy MalTh BeNUKUN 00’eM [7]. EnekTpoximMiuHi METOIM BMIIyYEHHS 10HIB KOOAJIBTy Ta 1HIIMX
BOKKUX METANIB € MEPEeIOBUMHU Ta BUCOKOC(HEKTHBHUMH , BOHU JO3BOJISIOTH BHJAIHWTH IIiHHI
KOMIIOHEHTH 0€3 BUKOPUCTaHHS XIMIYHHUX PEAreHTIB HUIIXOM BIPOBA/KEHHS JOCUTh MPOCTHUX Ta
aBTOMATH30BAHUX IMPOIECIiB. AJI€ TOJOBHHM HENOJIK LUX METOJIB — Jy)X€ BHCOKAa BapTiCTh
eneKkTpoeHeprii. BuKopuCTaHHA TpPOLECIB i0OHHOTO OOMiHY Mae cBOi OOMEKeHHS. IX OimbIn
IHTEHCUBHOMY TOIIMPEHHIO MEPENIKoKae 000B’I3K0Ba MOMepeHs MiAr0TOBKAa BOAM (HAIPUKIIAL,
BUJTYYCHHS 3aBUCIIMX PEUOBHH, HAPTOMPOIYKTIB, 10HIB 3aJ1i3a, TOIIO) [8].

CopOuiiiHuii METOJl € JOCUTHh MOUIMPEHHM Ta JOCTaTHHO €(PEKTHBHUM, OCOOIMBO Ha CTamii
JOOYUCTKH, Ta Ja€ MOXJIUBICTh BUIAJICHHS 10HIB KOOANbTy MO 3HaueHb, MeHIIMX 3a ioro I'JIK.
Haituacrime y sIKOCTi cOpOEHTIB BUKOPUCTOBYIOTh aKTUBOBAHE BYT1/UISA PI3HUX MapoK. AJle 4acTo
BOHH MalOTh BUCOKY BapTiCTh, 1110 Pa30M 3 HEOOX1IHICTIO TPOBEACHHS pereHepariii BianpabOoBaHOro
copOeHTa IPU3BOATH JI0 3A0POKUAHHS OYUCTKH. TOMY OCTaHHI AECATHIIITTS CTPIMKO PO3BUBAETHCS
HOBHMH HAmNpsIMOK B Taly3l OYMCTKH BOJAW — BUKOPHCTAHHS HEJOPOTHX MPHUPOIHUX TIMHUCTHX
MiHepaiiB ab0 BiJIXOAIB MPOMHCIOBOTO Ta CLIbCHKOTOCIOAAPCHKOIO BUPOOHHUITB /ISl CTBOPEHHS
CEJICKTUBHUX COPOCHTIB, B TOMY YHMCIIi 1 JUIsl BUITy4eHHS 10HIB kobanbTy [9, 10].

JIOCUTh TEpCIEeKTUBHUMHU Il BHIIyYEHHs 10HIB KOOAJbTy 13 3a0pyTHEHHMX BOJ € MeMOpaHHI
TEXHOJIOTIi, SIKI OCTAHHIM 4acOM OTPHUMAaJIM IIMPOKE 3aCTOCYBAaHHS B Tally3l BOJIOOUYHUCTKHU. 3 METOIO
MOIIYKY EKOHOMIYHO paIliOHAIBHUX Ta pPecypco30epirarounx METOMIB 1 TEXHOJOTiH OYMCTKU
3a0pyJHCHHX 10HAMU BAXKUX METAIIB (y TOMY YHCIi i KOOANbTy) CTIYHUX BOJ BUCHI BCE YACTIIIIE
BUKOPHUCTOBYIOTh MOXKJIMBOCTI KOMOiHawii 6apoMeMOpaHHOTO PO3MATICHHS 3 IHIIUMH METOAAMU
o0poOku  3abpynmHeHoi  Boau  (copOuiero,  1OHHMUM  OOMIHOM,  MIIEIOYTBOPEHHSM,
KOMILIEKCOYTBOpEeHHIM, Tomo) [11, 12].

Po3pobka 1 BOpOBa/KEHHS HOBUX TEXHOJIOTIH J03BOJIATH MIiHIMI3yBaTH BIUIMB 3a0pyTHEHHUX
CTIYHUX BOJ Ha HaBKOJIMIIHE MMPUPOHE CEPEIOBHIIE, a TX SKICHA OYUCTKA 30UIBIINTH 00’ €MHU BOAU
U1l TOBTOPHOT'O BUKOPUCTAHHS B TEXHOJIOTTUHUX ITHKIIAX.

Mema oanoi po6omu — poO3rISTHYTH MOXJIMBICTh BUKOPUCTAHHS KOMOIHOBaHOI'O METOJY JUIS
edeKkTUBHOT 0UMCTKH 3a0pynHeHux Boj Bij ioHIB Co(Il), mo nmoennye 6apomemMOpaHHe pO3ALICHHS 3
KOMILJIEKCOYTBOPEHHSIM.

Bigpocawii asmicT woHie Co
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3anponoHOBaHUM METOJ TOJsra€e B TOMY, LIO B KOOAIbTBMICHMH pO3YMH BBOJAUTHCS
BHUCOKOMOJICKYJISIPHUN TIOJII€NEKTPOIIT, SIKUM YTBOPIOE 3 10HaMU KOOAJIbTy MillHI KOMIUIEKCHI
3'€ZIHaHHS BEJIIMKOTO PO3MIipy, 110 J03BOJISIE 3aTPUMYBATH iX HA MeMOpaHax.

JlocHiKeHHs TPOBOIMIIMCSA B CTAHJAPTHIM HENPOTOUHIH TymuKoBiH komipmi mictkicTio 1,0 av®
npu pobodomy tucky 0,2 MIla 3 IHTEHCHBHUM IMEpeMIlllyBaHHSM PO3YMHY HaJ MEMOpaHOIO 3a
nonoMoroto MaraiTHoi mimanku (= 300 06/xB) 3 BUKOpUCTaHHAM moiiMepHoi MemOpanu OITAM
(HM3BKOHAIIPHOI 3BOPOTHOI'O OCMOCY) Ta OLIBII MPOIYKTUBHOI yJbTpadinpTpamiitHoi MemOpanu
YIIM-20. diameTp mop BUKOPUCTAHUX MeMOpaHu (3a qanuMu BupoOHuKa) — 10 - 50 HM; TOBIIMHA
MemOpanu ckianae 0,3 MM. MemOpaHna npencTaBiisie cO00I0 MOJIMEpHY IUTIBKY Ha IENIOJIO03HIN
ocHOBi. 3pasku nmepmeary (06’emom 0,04 1m°) BizOupanmmcs 10 JOCATHEHHS CTAGiNBHUX 3HAUECHD
KoeilieHTiB 3aTpuMyBaHHA KoOanbTy. KoOHIEHTpamito MeTany B JOCHIDKYBAaHHX PO3YMHAX
BU3HAYaIU (POTOMETPUYHUM METOAOM 3 BUKOPUCTAHHSAM CTaHAAPTHOT METOJIMKHU aHaJIi3y 3 HITPO30-
R-cimmio [13]. Ilicns oTpuMaHHS €KCHEPUMEHTAIBHUX PE3yJbTaTiB Oylo pO3paxoBaHO OCHOBHI
XapakTepUCTUKHU OapoMeMOpaHHUX mporieciB: koedimient 3arpumyBanHs Co(Il) memOpanoro R ta
00’€MHHUH TOTIK Kpi3b 110 MeMOpany J, [14].

VY sIKOCTI KOMILJIEKCOYTBOPIOBaUiB BUKOpUCTOBYBanu [IAA — moniakpuiamia 3 MOJEKYJISIPHOIO
macoro 1500 Ta 10000; a Takox [1EI — monieTuneHiMiH 3 po3rairy>KeHoro 0y10BOIO Ta MOJIEKYJIIPHOIO
macoro 2000 ta 60000. Bimomo, 1m0 1aHi mojiMepu yTBOPIOIOTh JOCTaTHbO CTiHKI KOMILJIEKCH 3
ionamu kobaneTy [15]. [TomiMepu BukopucToByBanu Mapku «Sigma-Aldrichy, CLLIA.

[Tpu pobori 3 3acrocyBanHsM nosiMepHOi MeMOpanu OITAM mins ounctku Boau Bif ioHIB Co(1l)
OTPHUMAJIH JIOCTaTHHO BUCOKMI KoedimieHT 3atpuManus — 0,930. IIpu BBeneHi y 3a0pyaHeHi 3pa3ku
ITAA ta IIEI 3 pi3HOIO MOJIEKYJIIPHOIO Macor0 Koe(illieHTH 3aTpuMaHHs 3pocTatoTh 10 0,999 (aus.
Tabmn. 1). Ane, 3p03yMiJio, 10 MOKa3HUKU 00’ €MHOTO IMOTOKY Kpi3b 3BOPOTHOOCMAaTHYHY MEMOpaHy
€ HeBUCOKMMHU. [l 3HWKEHHS €HEPrOBHUTPATHOCTI MPOLIECY OYMCTKU MPOBEICHO MOCITIJIKEHHS 3
BUKOPUCTaHHAM  ynbTpadinbrpaniinoi MemOpanu. Tak, Bramocs Aociartd  KoedilieHTa
sarpumysanHs ionis Co(I) 0, 920 mpu 06’ eMHOMY NOTOI, 10 AOPiBHIOE 7,5 M /M2*Toz.

Taoauna 1.

MemoOpana OITAM MemoOpana YIIM-20

R J,, i3 ImM?*rop R J,, i3 ImM?*rop
Co(II) 6e3 no6aBok | 0,930 0,44 0,215 9,0
Co(II)+ITA A1s00 0,970 0,43 0,800 8,5
Co(IT)+ITA A10000 0,999 0,41 0,880 7,6
Co(I1)+ITEI2000 0,980 0,42 0,850 8,0
Co(II)+ITEIs0000 0,999 0,40 0,920 7,5

OTpumaHi pe3ynbTaTH CBiAYaTh MPO MOXIIMBICTH YCIIIIHOTO BHUKOPUCTAHHS IOJIIMEPHUX
KOMILJIEKCOYTBOPIOBAiB B MPOIIeCi MEMOpPAHHOT OYUCTKHU BOM, sika 3a0pynHeHa ionamu Co(1l). Tax,
BUCOKHH CTYIiHb OYMCTKHA oTpuMaiu Juisi [TAAioooo Ta I1EI 3 pi3HOIO MONEKYISIPHOIO MAacolo Mpu
po6oti 3 memOpanoro OITAM; s [1Eleoo00 — 3 memOpanoro YIIM-20. O6’emMHuil MOTIK Kpi3b
yIapTpadiIbTpaniiiHy MeMOpaHy CyTTEBO BHILHH (TIOPIBHSAHO 31 3BOPOTHOOCMATUYHOIO MEMOPAHOI0),
TOMY BapTO MiAKPECIUTH, 110 BUOIp MeMOpaHU 3aleXUTh BijJ 3aBJaHHA, sIKE€ TpeOa BHUPIMIUTH B
KOHKPETHOMY BHITaJKy (OTPUMAaHHS BHCOKOTO CTymneHs ouucTku Bomu Bin ioHIB Co(Il) um Bumioi
MPOYKTHBHOCTI MEMOPaHHOTO PO3/IIICHHS).
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AHAJII3 METOIIB BUPOBHUIITBA BIOYAPY JIJI51 BUKOPUCTAHHS B
AKOCTI IOBABKH J1JI1 KOMIIOCTYBAHHA

Amnacracis TKAYEHKO, Oabsra CATJIEE€BA
Ooecovkutl HAYIOHATLHUL MEXHONOCTYHUL YHIBEpCUmem
Bya. Kanatna, 112, m. Oneca 65039, Ykpaina
e-mail: anastasiafox8@gmail.com

HakonmueHHs opraHiqHUX BiJIXO/IIB € OJIHIEIO 3 EKOJIOTIYHUX Mpo0IsieM, 0COOINUBO /ISl PETIOHIB 3
PO3BHUHEHOIO XapuoOBOK MPOMHUCTOBICTIO.OpraniuHi BiIX0AU, OCOOIMBO POCIHMHHOTO MOXOKCHHSI,
cami 1o co0i HE HEeCyThb HIKOJM HABKOJMIIHBOMY CEPEJOBHUINY, ajie iX HAKOMMYCHHAMOXE OyTH
NPUYMHOIO 3a0pyJHEHHS IPYHTIB 1 IOBEpXHEBUX BOJ TOKCHUYHUMHU TPOAYKTAMH THUTTS 1
MaTOreHHUMHU MIKpOOpPraHi3MaMu, IOMPU3BOIUTh JI0 TOTIPIIEHHS SKOCTI IPYHTIB 1 BOJI, SIKi B CBOIO
Yepry CTalTh HENPUIATHUMM JUI BHUKOPHCTAaHHS, 1 B TOAANBIIOMY HOTPEOYIOTh BEIHKHX
KaIiTaloOBKIA/IeHb JUIsl iX BimHOBIEHHSA. KpiM 1bOro, BHUIAJCHHS BIIXOJIB 3aMICTh yTHIIi3amii
NPIOPUTETHUX 3aBJaHb CHOTO/ICHHS € pO3pOoOKa HOBUX, YIOCKOHAJICHHS Ta BIIPOBADKEHHS BXKE
ICHYIOUMX TE€XHOJIOT1H mepepoOKH BiIXOIiB.

CrtocoBHO yTWii3alii caMe OpraHiyHUX BIJXOAIB POCIMHHOTO TOXOMKEHHS YCIIIIHO
3apeKOMEHyBallo cebe aepoOHEe KOMIIOCTYBaHHS, SK AaKTyaJIbHUW Ta EKOJOTIYHO Oe3MeYHMi
0i0TexXHONMOTIYHUHN MeTo T TepepoOku [ 1, 2, 3]. OcTaHHIME pOKaMH yI0CKOHAJICHHIO Ta ITiIBHIIEHHIO
e(eKTUBHOCTI KOMIIOCTYBaHHS SIK TEXHOJIOTii NMepepoOKH BiJIXOJIB MPHUCBSIUEHO Oarato HayKOBHX
npaib, JOCTIHKEHHS SKUX JOBOJSATH MOLLUIBHICTh 3aCTOCYBAaHHS PI3HOMAHITHUX J100aBOK Pi3HOTO
noxo/ukeHHs [4, 5, 6, 7]. BukopucranHsi MiHepaJbHUX Ta MIKpPOOIOJOTIYHMX J00ABOK 3HAYHO
CKOpOUy€ 4Yac KOMIIOCTYBaHHS, CIpHUS€ HOro MPOAYKTHUBHOCTI Ta 3a0e3meuye OTpUMAaHHS
010TEXHOJIOTIYHOTO TMPOAYKTY BHUCOKOI fKOCTi. OCTaHHIMM pPOKaMH YBary HayKOBOI CIHUIBHOTH
npuBeprae 6iovap, J0AaBaHHs SIKOTO JI03BOJISIE BIUTMBATH HA TapaMeTPH Mpoliecy KOMIOCTYBaHHS |8,
9].

Mertoro pobOTH € JOCHIPKEHHS METONIB BUPOOHHUITBA Oiodapy 3 HOro mOAAIBIIUM
BUKOPUCTAHHSM B SKOCTI J0OAaBKM 1 BH3HAYCHHSM pOJIi Yy TMiJBUIICHHI €(pEKTHBHOCTI IMPOIECY
KOMITOCTYBaHHSI.

biouap, abo x 0i0Byriuii, € BIJHOCHO Cy4acHOIO PO3pPOOKOIO, 1€ OaraTuil ByIJieleM MpOAYKT,
KU OTPUMYIOTH 3 OioMacu METOAOM Mipoi3y, TOOTO HarpiBy y 3aKpHTii €MHOCTI 3 0OMEXEHUM
JOCTYIIOM KHCHIO 1 NP BiJTHOCHO HM3BbKUX Temmeparypax (=700°C) [10]. 3 XiMi4YHOi TOYKH 30pY
BU3HAYaJbHOIO BJIACTHUBICTIO Oioyapy € Te, IO HOro OpraHiyHa 4acTHHA MaXX BEJIHKHH BMiCT
BYIVICLIIO, IKUI B OCHOBHOMY CKJIAJJA€THCS 3 ADOMATHYHUX CIOIYK, [0 XapaKTEPU3YIOTHCS KUTBISIMU
3 MIECTH aTOMIB BYTJIEINIO, 3 €AHAHUX MK CO00K 0e3 aToMiB KHCHIO a00 BOJHIO, SIKi B IHIIUX
BUIIA/IKaX € OUIBII MOITUPEHUMH B OPraHiYHUX PEYOBHHAX.

biouap wmae Oe3miu BIAacCTUBOCTEH, IO OJIAroTBOPHO MOXYTh BIUIMBAaTH Ha KOMIIOCT:
BOJIOTOYTpUMYIO4a Ta KaTiOHOOOMiHHA 3/1aTHICTh, BEIMKHMHA BMICT OpPraHIYHMX DPEUOBUH, MOXKE
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MOKpaIllyBaTy aeparito kommnocty, perymosatd pH. Kpim Toro, 6iodap mMae mopucrty CTPyKTypY,
3apsDKEHY TOBEPXHIO Ta TMOBEPXHEB1 (YHKI[IOHAJBHI TPYNH, IO € BAXKIMBUMH (DaKTOpamH, SKi
BILTMBAIOThH Ha Mirpailito, TpanchopMariito Ta 6i1010CTYIHICTh 3a0pyIHIOIOYUX PEYOBHH Y IPYHTI.

OcCHOBHI XapakTepUCTUKHU Oloyapy 3ajekaTh BiJ| MaTepiany i METOAIB, SIKi BUKOPHCTOBYBAJIUCS
s horo BupoOHHNTBa. 1106 oTpuMaTn MakcuMallbHUHM BUXi Oiodapy, cilifi OOMpaTH Takuii METox
BUPOOHUIITBA, [0 BIAMOBITA€ TUITY O10MAacH, a TAKOXK JTOTPUMYBATUCS ONITUMAJILHIX YMOB TIPOIIECY:
IIBUJKICTh HarpiBaHHs, TeMIlepaTypa, dac mepeOyBaHHS y peakropi Tomo. Lli ymoBu €
BUPILIAIbHUMU, OCKUTBKY BOHH MOXKYTh BIUTUBATH Ha (Pi3H4HI Ta XiMiuHI BIacTHBOCTI Oiodapy [11].

HaiinommpeHinioro TeXHOJIOTI€I0 Ui BAPOOHHUIITBA Oi04apy € TepMOoXimMiuHa KOHBepcis (Tabdm. 1).
Bupo6uuirBo Giogapy CyNmpOBODKYETHCS YTBOPEHHSIM MOOIYHUX MPOAYKTIB, TAKHX SK Oiomacyo i
CHHTE3-Ta3, Kl B MOJAJILIIIOMY MOXXYTh BUKOPUCTOBYBATHCS B €HEPTETHIII 1 Y BUIIIAII MACTHIL.

[Iporiec TepMiYHOTO pPO3KIAJAaHHS OpPraHIYHUX MarepialiiB y O€3KHMCHEBOMY CEpelOBHUINI B
inTepBani remmneparyp Big 300 mo 1000°C nazuBatots mipomizom. ITiposni3 BBaXalOTh TpaauIliitHUM
METO/IOM BUPOOHHUIITBA Oiouapy, OCKIIBKH BiH BUKOPHCTOBYBABCS 111€ 3 IaBHIX 4aciB [12]. B nmpoueci
MipoJIi3y JITHOLENION03HI KOMIIOHEHTH (LIeNI003a, TeMILeNI003a, JIrHiH) MiJIal0ThCs Mpolecam
nenonimepizanii, pparmenTarnii Ta Kpoc-JTiHKIHTY, B pe3ylbTaTi YOro YTBOPIOIOTHCS MPOIYKTHU B
pi3HOMYy arperaTHoMy cTaHi: TBepai (Oiouap), pinki (6iomacno) Tta razomomioni (COz, CO,
H,ByreBonni C1-C2) [13].

Tadmamus 1. Metoau TepMoxiMiuHOT KOHBEpPCii Ta TEXHOJIOTIYHI YMOBH

Merox Temneparypa, Yac Buxin Buxin Cunres-
°C BUTPUMYBaHHs | Oiouapy, % | Oiomacaa, % | ra3, %
Miponis [MoBinpHmit | 300 — 700 <2 cek 35 30 35
IIBuaxuii 500 - 1000 TI'oguna-neun 12 75 13
laporepmarbiia 180-300 | 1-16ron | 50-80 520 2-5
KapOoHi3alis
l"a3udikaris 750 - 900 10 — 20 cex 10 &) 85
Toppedixkartis 290 10 - 60 xB 80 0 20
®rem kapOoHizallis 300 - 600 <30 xB 37 - -

binpmricte GioMacH CKIANA€ThCS 3 IENIONO03H, TEeMILeTono3n Ta JirHiHy. Lli kommoHeHTH
MEPETBOPIOIOTHCS Ha 6iouap 3a JOMOMOTOIO Pi3HUX YMOB 1 MEXaHi3MiB peaxiliii:

- MEXaHi3M PO3KJIaIaHHsI LIEJIONI03H BiI0YBA€THCS IUIXOM 3MEHIIIEHHS CTYTIEHIO MOJTiMepHu3allii,
IO CKJIQJAEThCA 3 JIBOX peakiiif: 1) MIIsIXoM MOBUIBHOTO MipOi3y, IO BKIIOYAE PO3KIIATAHHS
IIEJIIONI03M B PE3yNIbTaTi TPUBAJIOro yacy nepeOyBaHHs OioMacu B peakToOpi Ta MEHIIOI MIBHJIKOCTI
HarpiBaHHs; 2) HMUISXOM HIBUIKOTO IMIpOIi3Yy, 0 BiAOYBAEThCS MPH BUCOKIM IIBUIAKOCTI HarpiBaHHs
4yepe3 IMIBUJKE BHITAPOBYBAHHS, 110 MPHU3BOIUTH J0 yTBOpeHHS jeBormoko3any (CsHi100s), gami B
pesynbrari  ferigpatanii  yTBOoproeTbes  Trigpokcumermiidypoypon  (CsHeOs), skuit  moxe
PO3KJIaZiaTUCST 3 YTBOPEHHSIM pIAKUX 1 Ta30moAi0HMX MpPOAYKTiB, OioMacia Ta CHHTE3-Tazy
BiMoBiAHO; KpiM Toro, CeHsO3 MokHA MPOBOMMTH HYepe3 peakilii apomaru3allii, KOHJCHcAIil Ta
nojiMepu3atii, 100 3HOBY OTpUMaTH Oiodap;

- MEXaHI3M PpO3KJIaJaHHs TeMIIETI0NI03U MOAIOHMHA 10 IIeTI0I03HU; TeMIIENIoNno3a MiJIaeThCs
AenoyiMepu3anii 3 YTBOPEHHSAM OJIrocaxapuiiB, IO BiOyBa€ThCS YEpe3 Cepilo PEeaKIiii:
JeKapOOKCHITIOBAHHS, JICMOIIMEPH3AIIiI0 Ta apOMaTH3aIlil0 3 YTBOPEHHAM abo Giodapy, abo croiayka
PO3KJIaIaeThCs Ha CUHTE3-Ta3 1 6iomacio [14];
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- MeXaHI3M pPO3KIJIaJaHHs JITHIHY, Ha BiJIMIHy BiJ JBOX IOMEPEIHIX, € CKIIQIHIIINM;3B’ I30K
nirHiny B-O-4 po3puBa€eThCS, 110 MPU3BOAUTH J0 YTBOPEHHS BUIBHUX PaJUKaliB, SKi 3aXOIIIOIOTH
1HIII TPOTOHM, SIK HACTIJOK YTBOPIOIOTHCS PO3KIA/IEH] CHONYKH; BUIbHI paUKald MEPEXOasiTh 10
THIIKUX MOJIEKYJ, 31MCHIOI0UN MOLIUPEHHs JaHmora [15].

Buxin 6iouapy B pe3ynbTari Hipoiizy 3aleXHTh BiJ THIy O0iomacu. Temmeparypa € 0CHOBHOIO
YMOBOIO p0oOOYOrO Tmpolecy, sSika BU3Ha4ae €PEeKTUBHICTh MPOAYKTY. SIK mpaBmiio, BuXia Oiodapy
3MEHIIYEThCS, a CUHTE3-Ta3zy 30UIbLIYEThCS, KOJMM TEeMIeparypa MiABUIIYETHCS IIiJ] Yac MPOLECy
niponizy. [lipomi3 Moxe OyTH MIBUAKMM 1 TOBUIBHHM, 3aJIKHO BiJ IIBUAKOCTI HarpiBaHH:,
TeMIeparypu, yacy nepeOyBaHHs 610MacH BPEaKTOPi Ta THCKY.

YMOBaMU IIBUKOTO MIpOMi3y € MIBHJKI TeMNH HarpiBaHHs 6iomacu (>100°C/xB) B moenHaHi 3
KOPOTKUM 4yacoM nepedyBanHs 6iomacu B peakropi (0,5-2 ¢) mpu BUCOKUX TeMIIEpaTypax i MOMIpHHHA
temneparypuuii pexxum  (400-600°C). Cnig 3a3Ha4MTH, O[O IMIBUAKUM MIpoMi3 dYacTimie
BUKOPHUCTOBYETbCS JJIs1 BUpOOHHMITBAa came Oiomacna [16]. Ilpu moBinbHOMY Mipoii3i HIBUAKICTD
HarpiBaHHs AyXe HM3bKa, npubnam3Ho 5-7°C Ha xBwimHY. [lepeBaraMu MOBIIBHOTO MipOJi3y €
Kpamui Buxij 0io4apy HOPIBHSIHO 3 iHIIMMH TUIIAMHU Tipoitizy Ta KapOoHizauii [17]. IIpu noBinbHIN
IIBUKOCTI HArpiBaHHs, BiAMOBITHO 10 3BiTY [18], BHaeThcs oTpumaru 6iodap Kpamioi sKOCTi, HiK
IpU BHUKOPUCTAHHI IIBUJIKMX METOAIB HarpiBaHHs Oiomacu. TpaauuiiiHi MeToau Mipoii3y
noTpeOyIOTh T0JJATKOBUX 3aX0/IiB 1 YCTaTKyBaHb JJIS BiABOLy Oiomacia i CHHTEe3-Ta3y 3 peakTopy, sKi
MalOTh JOCHUTh XOPOIIl XapaKTEPUCTUKU IS IMOJAIBLIOTO iX BHKOPUCTaHHA. ToMy JOLIIBHO
BUKOPUCTOBYBaTH METOAM MIipOJi3y B TUX BHIIAJKaX, KOJH BCl MPOJYKTH PO3KIaJaHHS Oiomacu
(Giouap, 6iomacio i CHHTE3 ra3) B MOJANbIIOMY TUIAHY€ETHCSI BAKOPUCTOBYBATH.

Jlo cyyacHHMX METOIiB BHUPOOHHUIITBa Oiouapy, 1o Oy nociimkeHi 3 moyatky 20 cropivus,
BITHOCATH  (uem-kapOoHi3alilo, BaKyyMHMH 1 MIKPOXBHJIBOBHH Tipomi3, Ta3udikaiiro,
Toppedikarito, TiIpoTepMaIbHy KapOOHI3aLlii0 TOIIO.

biouap, BupoOiIeHnit METOOM T'1IpOTepMaIbHOI KapOOoHi3allii, HA3UBaIOTh TiAPOYaAPOM, OCKIITBKI
B Ipoleci BHPOOHHUITBAa OiomMacy 3MIIIYIOTh 3 BOJOK. BUPOOHMUITBO TiIpoudapy BBaXKAETHCS
EeKOHOMIYHO €(EKTHUBHHMM, OCKUIBKM IPOLEC MOXHA BUKOHYBAaTH 3a HU3bKHUX Temrmepatyp (180-
250°C) B mopiBHSHHI 3 IHIIMMHU MeTOAaMH. [ 17JposTi30BaHUi MPOAYKT MPOXOJUTH Yepe3 psAl peaKilii,
TaKkuX SIK Jerigpararisi, ¢parMeHTallisl Ta i30Mepu3alis 3 YTBOPEHHSIM IMPOMDKHOTO MPOAYKTY -
CeHsO3 Ta itoro moxigaux. KpiMm Toro, peakiis mpoTikae yepe3 KOHJAEHCAIIio, MOJIMEepU3alliio Ta
BHYTPIIIHbOMOJIEKYJISIpHY Jeriaparaiito 3 yrBopeHHsM C. Bucoka monekyssipHa mMaca Ta CKJIajaHa
MPUPOAA JIITHIHY YCKIIAJHIOIOTh MPOIIEC: PO3KIIaIaHHs BiOYBA€THCS PEaKIisIMU JCANKITIOBAaHHS Ta
riIponidy 3 YTBOPEHHSM (EHONBHHX TPOAYKTIB ((eHomu, mipokarexonu, cupinronu) [19].
KoMmmnoHeHTH NirHiHY, fKi He PO3UMHMIMCS B DiAKiil (asi, meperBoproroThes Ha rifpoyap. s
BUKOPHUCTAHHS TaKOTO MPOAYKTY MepepoOKn 610Macu B KOMIIOCTI MOXKYTh IMOTpeOyBaTHCS JOAATKOBI
MPOIIETypH 110 HOTr0 BUCYIITyBaHHIO.

Merton ra3udikailii BUKOPUCTOBYIOTh JJIsi BAPOOHUIITBA CHHTE3-Ta3y, mo MictuTh CO, CO2, Hy,
CHg 1 3a1umIKy BYIJICBO/IHIB y IPUCYTHOCTI areHTiB rasugikarii (KuceHs, mapa), Toai sk 0ioyap, B
JAHOMY BUITAJIKy, € TIOOIYHUM MPOAyKTOM. Tomy, Ieii MeTox He € AOLITBHUM JUIsi BUPOOHUIITBA
0iovapy y BETMKHUX MacliTadax.

@nem-mipomi3 € BiAHOCHO HOBOKO MO (iKaIi€ro MBUAKOTO Tipomidy. Temmneparypu Bix 900 mo
1200°C nmocsratoThCsl MPOTATOM CEKyHA. Taka IIBUAKICTh HarpiBaHHS MPU3BOIUTH 10 BHUCOKOTO
BUPOOHMIITBA GioMacia, aje BUKOPUCTAHHSA IIbOT'O METOJLY € IOCHUTh OOMEKEHUM 4epe3 KOHCTPYKIIIIO
peakTopa, KUl MOBUHEH PAIFOBATH NPU BUCOKHX TEMIIEpaTypa 1 MBHIKOCTAX HarpiBanHs [20].

OCHOBHOI0O TEXHOJIOTi€I0 BHPOOHHMITBA Oioyapy BBaXaroTh TOppedikalio, MNpH SKii
BHUKOPHUCTOBYETHCS HU3bKa IIBHUJIKICTh HarpiBaHHS, TOMY Takuil MpoIleC e Ha3MBaIOTh MOMIPHUM
niponizom. Kucens, Bonora Ta CO2, mpucyTHi B 6iomaci, BUJAIAIOTHCSA 332 JOIIOMOTOI0 1HEPTHOTO
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aTMOC(bepHOFO MOBITPS 32 BlllcyTHICTIO KHCHIO IIpU TeMnepaTypl 300°C 3a nomomoroio pi3HUX
POLECIB PO3KIaaHHs. B pesynbrari 3MiHIOIOTCS BIACTHBOCTI 6ioMacH, TaKi siK p03M1p YaCTUHOK,
BMICT BOJIOTM, IUIOIIA MOBEPXHI, IIBUAKICTh HArpiBaHHsA, IIIIbHICTH eHeprii tomo [18]. Ha
CHOTO/HIIIHII JeHb TOppediKaliio B J1a60paT0pHHx YMOBaX MO)XKHA IIPOBECTH 32 JOMOMOTIOI0 JIBOX
Ccroco0iB: TpaJuuiiiHa TOppedikalis B KOHBEKUIHHI 1edi Ta Toppedikartis B MIKDOXBHIIBOBIiT redi.

Tpanuuiiina Toppedikaiisi IPOBOAUTECS B pr6qaCT1H nedi 3 KBapLOBOIO TPYOKOKO [UIst BI,Z[BO,Z[y
rasiB, SIKa )KUBUTHCS BiJ] €IEKTPUKU. 3aBISIKH perJII:OBaHII/I WIBUIKOCTI HArPiBy TEMIIEPATypy peaKuii
MOXKHa TOYHO KOHTPOJIOBAaTH, aje Jjs CHIbHIMOI KapOoHi3amii moTpiOHa Ouibla TPUBAIICTD
TpOLECy.

Ha BizMiHy Biz IONEPEAHBOTO METOLY,MIPOII3 B MIKPOXBUIIBOBIHA II€4i L[e IPOLIEC MePETBOPEHHS
O6iomMacu 3a JOMOMOTOI0 EJIEKTPOMArHiTHOro ornpomiHeHHs. OcTaHHIM YacoM MiKpOXBHIIbOBUN
MipoJii3 MPUBEPTAE Bce OUIBILY yBary HayKOBOi CIUIBHOTH, SIK aJbTEPHATUBHUN METOJ HarpiBaHHS
6iomacu. Cepea TONOBHHUX IE€peBar TaKOro METOAY BHIUISIOTH: MOXIHUBICTH OE3KOHTAKTHOTO,
LIBUJIKOTO, CENCKTHBHOIO HATPIBAHHS, UIBUIKWUW CTAPT 1 3YIIMHKA HArpiBaHHS, BHCOKUI DIBEHB
Oesrekn mpu BUPOOHMUIITBI 6i04apy i MOXKIIMBICTE HArpiBaHHs O10MaCH 3CCPEIHHH, a HE 330BH, SIK Iie
Bl,[[6yBa€TI>C$I IpH BUKOPHCTaHHI IPAaKTUYHO BCIX IHmMX Merodis. IloBimomisierses, mo Giodap,
BUTOTOBIICHUH 3aBISIKH METOJy MiKDOXBHIBOBOIO MIpOIi3y Ma€ OUIBIIY IUIOLLY IOBEPXHI Ta 00’€M
1op, B MOPIBHSHHI 3 IHIIUMU MeTOIaMH BHpOGHHuTBa 6iouapy [21, 22]. Kpim Toro, Mmikpornopu
6iouapy JOCUTH OAHOPIJHI 1 YKCTI, TOOTO HE € KOHTAMIHOBAaHMMHM 0iOMaciioM, 10 BUIUIAETHCS TpU
poskiazanHi 6iomacu [23]. 3a UMMM JaHMMH MOXHA 3pOOUTH BHUCHOBOK, IO 0l04ap 3 TakuMH
XapaKTepUCTUKaMHU, Ma€ BEJIMKUI MOTEHIal JJis BUKODHCTAHHs HOTO B SIKOCTI 100aBKH  JUIs
KOMIIOCTY. OCKUIBKH, OIHMMH 3 TONIOBHUX BIACTHBOCTEH 0104apy y KOMIIOCTI € 30LIBLICHHS ILIOL
MOBEPXHI Ui IMMOOITI3aIii MIKpOOpPraHi3MiB KOMIIOCTY, 32 PaxyHOK MIKpO- 1 Makpomop, L0
MiABUINYE MIBUAKICTH 1 SKICTh HPOLECY KOMIIOCTYBAHHSL. OKpiM TOTO, MiKPOXBHJIBOBHI IIipOJIi3
MOXXHa TPOBECTH B 3BHYAiiHiil [OOYTOBIH MIKPOXBHIBOBIH Iedi 6e3 NONAaTKOBMX Moimbikariii i
YCTaTKyBaHHS JUIst BIJIBOLy CHHTE3-Ta3y i O6iomacia [24]. Takum 4MHOM, TaKy TEXHOJIOT1I0 MOKHA
Ha3BaTH Maibke O€3BIIXOAHOIO, Y TOMY pPO3yMiHHI, IO MOOI4YHI MPOXYKTU Mipoiizy Oiomacu
BUKOPHUCTOBYIOTbCS B caMOMy Tporieci mipomidy. CuHTe3-Ta3 B MIKPOXBUJIBOBIH ME€Ui CTBOPIOE
OE3KHCHEBE CEPEIOBHIIE, 3ABISKH YOMY HE IIOTPIOHO BUKOPHCTOBYBATH JIOATKOBE JDKEPEIIO a3o0Ty.

AHani3z MeToiB BHpOGHHuTBa biouapy n03BOISE 3pOOMTH BHCHOBOK IPO MEPCICKTHBHICTH
MleOXBI/IJII:OBOFO TIpOIi3y, KM BHUPI3HSETHCS 3-TIOMDK IHIIMX METOAIB BHPOOHHMITBA Giodapy
CBOEIO IHHOBAIIIIHICTIO 1 3aCTOCOBY€ETHCS caMe JUTsl BUPOOHMIITBA Oiovapy, a He MOOIYHUX MPOIYKTIB
nepepobku 6iomMacH, TaKuX sk CHHTe3-Ta3 i 6iomaco. biodap, 10 OTPHMYIOTH TAKHM METOOM, M€
came Ti BJIaCTUBOCTI, 5IKi, P BHECEHHI HOT0 B KOMIIOCT, MOXXYTh TIO3UTHUBHO BIUIMBATH Ha MPOLIECH
KOMITOCTYBaHHSI.

Takox BaXIMBHM AaCICKTOM € IPOCTOTAa BHPOOHHITBA 0i0Yapy METOLOM MIKPOXBHIIBOBOTO
MipOTi3y, OCKLIBKH MPOLEC PO3KIIAIAHHS 6iomMacu MpOTiKae MPH BIJTHOCHO HU3BKUX TeMIepaTypax, B
HOplBHHHHl 3 TPaJMLIHHAMU METO/aMy, 1 Takuii 6iodap He MOTpedye NONATKOBHX MPOLEAYP #oro
aKTHBallii, BUCYIIYBaHHs 1 OYMILEHHS BiJ JOMIIIOK, HaMpUKiIaa, 6iomacia. ToMy BHKOPUCTAaHHS B
IPOIIeCi KOMITIOCTYBaHHs Oiodapy, 1o OyB BUpOOIEHHH! 32 I0OTIOMOT0I0 MiKpPOXBHIILOBOTO MipOIi3Yy, €
JOCUTH TEPCICKTUBHUM 3aBIAaHHSM JUIS MOJAJIBIIOTO JTOCHIHKEHHS Ol0TEXHONOTIYHOI yTHi3arii
OpraHiuYHUX BIIXOJIB.

Jliteparypa:

1. M. Reyes-Torres, E.R. Oviedo-Ocafia, I. Dominguez, D. Komilis, A. Sanchez, A systematic review on
the composting of green waste: Feedstock quality and optimization strategies, Waste Management, \Ol. 77, pp.
486-499, 2018, doi: 10.1016/j.wasman.2018.04.037.

2. Z. Li, H. Lu, L. Ren, L. He, Experimental and modeling approaches for food waste composting: A
review, Chemosphere, Vol. 93, No. 7, pp. 1247-1257, 2013, doi: 10.1016/j.chemosphere.2013.06.064.

3. M. Pilar Bernal, S. G. Sommer, D. Chadwick, C. Qing, L. Guoxue, F. C. Michel Jr., Current
Approaches and Future Trends in Compost Quality Criteria for Agronomic, Environmental, and Human Health
Benefits, Advances in Agronomy, Vol. 144, pp. 143-233, 2017, doi: 10.1016/bs.agron.2017.03.002

172 Handbook of the XXIII International Science Conference
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixxkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

4. Gowe C., Review on Potential Use of Fruit and Vegetables By-Products as A Valuable Source of
Natural Food Additives, Food Science and Quality Management, VoI. 45, pp. 47-61, 2015.

5. W. Chung, J. Shim, S. W. Chang, B. Ravindran, Effect of Biochar Amendments on the Co-Composting
of Food Waste and Livestock Manure, Agronomy. 2023., Vol. 13, No. 35, doi: 10.3390/agronomy13010035.

6. M. Kope¢, A. Baran, M. Mierzwa-Hersztek et al., Effect of the Addition of Biochar and Coffee
Grounds on the Biological Properties and Ecotoxicity of Composts, Waste Biomass Valor, Vol. 9, pp. 1389-
1398, 2018, doi: 10.1007/s12649-017-9916-y.

7. L. Zhang, X. Sun, Effects of bean dregs and crab shell powder additives on the composting of green
waste, Bioresource Technology, Vol. 260, pp. 283-293, 2018, doi: 10.1016/j.biortech.2018.03.126.

8. M. K. Nguyen, C. Lin, H. G. Hoang, P. Sanderson et al., Evaluate the role of biochar during the organic
waste composting process: A critical review, Chemosphere, \ol. 299:134488, 2022, doi:
10.1016/j.chemosphere.2022.134488.

9. H. Wang, T. Shao, Y. Zhou, X. Long et al., The effect of biochar prepared at different pyrolysis
temperatures on microbially driven conversion and retention of nitrogen during composting, Heliyon. \ol. 9,
No. 3, e13698, 2023, doi: https://doi.org/10.1016/j.heliyon.2023.e13698.

10. P. Harris, On charcoal, Interdisciplinary Science Reviews, Vol. 24, No. 4, pp. 301-306, 1999, doi:
10.1179/030801899678966.

11. S. Pang, Advances in thermochemical conversion of woody biomass to energy, fuels and chemicals,
Biotechnology Advances, Vol. 37, No. 4, pp. 589-597, 2019, doi: 10.1016/j.biotechadv.2018.11.004.

12. B. Glaser, L. Haumaier, G. Guggenberger, W. Zech, The 'Terra Preta’ phenomenon: A model for
sustainable agriculture in the humid tropics, The Science of Nature, Vol. 88, No. 1, pp. 37-41, 2001, doi:
10.1007/s001140000193.

13. J. Wei, C. Tu, G. Yuan, Y. Liu et al., Assessing the effect of pyrolysis temperature on the molecular
properties and copper sorption capacity of a halophyte biochar, Environmental Pollution, Vol. 251, No. 1, pp.
56-65, 2019, doi: 10.1016/j.envpol.2019.04.128.

14. W. Mu, H. Ben, A. Ragauskas, Y. Deng, Lignin Pyrolysis Components and Upgrading—Technology
Review, BioEnergy Research, Vol. 6, pp. 1183-1204, 2013, doi: 10.1007/s12155-013-9314-7.

15. J. Fang, L. Zhan, Y. S. Ok, B. Gao, Minireview of potential applications of hydrochar derived from
hydrothermal carbonization of biomass, Journal of Industrial and Engineering Chemistry, Vol. 57, pp. 15-21,
2018, doi: 10.1016/j.jiec.2017.08.026.

16. Y. Wang, R. Yin, R. Liu, Characterization of biochar from fast pyrolysis and its effect on chemical
properties of the tea garden soil, Journal of Analytical and Applied Pyrolysis, Vol. 110, No. 1, pp. 375-381,
2014, doi: 10.1016/j.jaap.2014.10.006.

17. W. J. Liu, H. Jiang, H. Q. Yu, Development of Biochar-Based Functional Materials: Toward a
Sustainable Platform Carbon Material, Chemical Reviews, Vol. 115, No. 22, pp. 12251-12285, 2015, doi:
10.1021/acs.chemrev.5b00195.

18. U. Morali, S. Sensdz, Pyrolysis of hornbeam shell (Carpinus betulus L.) in a fixed bed reactor:
Characterization of bio-oil and biochar, Fuel, Vol. 150, pp. 672-678, 2015, doi: 10.1016/j.fuel.2015.02.095.

19. D. Prabakar, V. T. Manimudi, S. Suvetha K, S. Sampath et al., Advanced biohydrogen production using
pretreated industrial waste: Outlook and prospects, Renewable and Sustainable Energy Reviews, Vol. 96, pp.
306-324, 2018, doi: 10.1016/j.rser.2018.08.006.

20. L. Li, J. Rowbotham, H. C. Greenwell, P. W. Dyer, An Introduction to Pyrolysis and Catalytic
Pyrolysis: Versatile Techniques for Biomass Conversion, New and Future Developments in Catalysis: catalytic
biomass conversion: book, Topic 8, pp. 173-208, 2013, doi: 10.1016/B978-0-444-53878-9.00009-6.

21. S.S. Lam, H. A. Chase, Review on Waste to Energy Processes Using Microwave Pyrolysis, Energies,
\ol. 5, No. 10, pp. 4209-4232, 2012, doi: 10.3390/en5104209.

22. J. A. Menéndez, A. Dominguez, Y. Fernandez, and J. J. Pis, Evidence of Self-Gasification during the
Microwave-Induced Pyrolysis of Coffee Hulls, Energy & Fuels, Vol. 21, No. 1, pp. 373-378, 2007, doi:
10.1021/ef060331i.

23. M. Miura, H. Kaga, A. Sakurai, T. Kakuchi et al., Rapid pyrolysis of wood block by microwave
heating, Journal of Analytical and Applied Pyrolysis, Vol. 71, No. 1, pp. 187-199, 2004, doi: 10.1016/S0165-
2370(03)00087-1.

24, J. C. C. Quillope, R. B. Carpio, K. M. Gatdula, M. C. M. Detras et al., Optimization of process
parameters of self-purging microwave pyrolysis of corn cob for biochar production, Heliyon, Vol. 7, No. 11,
pp. 2405-8440, 2021, doi: 10.1016/j.heliyon.2021.e08417.

Handbook of the XXIII International Science Conference 173
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Martepiaan XXIII MixkHAPOAHOI HAYKOBO-TIPAKTUYHOI KOH(epeHuii
«ExoJoris. Jlvnauna. CycninberBo» (M. KuiB, Ykpaina, 7 rpyans2023 p.)

Handbook of the XXIII International Science Conference
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)

ISSN (Online) 2710-3315
DOI: https://doi.org/10.20535/EHS2710-3315.2023.291329

VIIK 628.16

BUPOBHHULTBO I MOAUPIKALIA AKTUBOBAHOI'O BIOBYTI'IVIJIA 3
JOKAJBHO-JTOCTYIHOI BIOMACH JJIsI OUUILEHHS BOJIU
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e-mail: tomin.oleksii@ukr.net

Konu npo6niemHi 3a0pyHIOBayi, Taki sSIK HyTpi€HTH, NpUpoHi opraHiuni pedosunu (ITIOP) abo
OapBHUKH, 3HAXOMATHCS B MIOBEPXHEBUX BOJAX, 3 SIBISIETHCS HEOOXITHICTh y OJATKOBUX METOAaX
OYMILEHHS BOJM, 1100 3MEHIIUTH IXHIM IIKIJUIMBUN BIUIMB HA 3J0POB’S JIIOJUHHU Ta HABKOJIUIIHE
cepenosuiie [1]. TIOP Ge3nocepenHbO BILUTMBAE HA SIKICTh MPOLECY OYMINEHHS BOJH, CIIPHSIIOYH
3a0pyJHEHHIO MEeMOpaH Ta KOHKYPYIOUHM 3 BHUJQICHHSM IHIIMX 3a0pyAHIOIOYMX pEYoBHH [2].
JlonaTkoBUil eTar, Takuid K afcopOIis, YacTO BUKOHYEThCS SIK METOJl TPETUHHOTO OYHUILECHHS IS
BUJANICHHS Takoro 3a0pyanenHs. [Iporec aacopOrii mIMpOKO BUKOPUCTOBYETHCS sl OLTBII TIOBHOTO
OYMILIEHHS MUTHOI BoJM. TpaauiiifHo afcopOIio 3a3BU4ail MPOBOIATH AKTUBOBAHUM BYT1IAM (AB).
Onnak AB He MOXXKHA BBaKAaTH €KOJIOTIYHO YUCTUM MaTepiaioM. AKTUBOBaHE BYT'ULIS 34€01IBIIOrO
BUTOTOBIISIETbCA 3 KaM STHOTO BYTULIS, BHJIOOYTOK 1 TPAHCIOPTYBAHHS SKOTO JO KIHIEBUX
CMOXHMBaUiB Ma€ 3HaYHMI Byrienesui ciif [3]. Takum unnom, Gionoriune AB (BAB), BupoGiene 3
JIOKaJIbHO-JIOCTYIIHOT, MICIIeBOi 6ioMacH, cTae Bce OUIBII MOMYJISAPHUM SIK 3aMIHHUK TPaAULIHHOTO
AB [4].

[Toni6no no AB, BAB € pe3ynprarom TepMiuHOI 00pOOKH CUPOBHHH B CEPEIOBHILI 3 00MEKEHUM
BMICTOM KHCHIO (mipomi3y), orke BAB € BITHOCHO HPOCTMM 1 €KOHOMIYHO €()EeKTUBHUM Y
BupoOHuITBI. [lepeBaramu BAB, okpiM MicleBOi JOCTYIHOCTI Ta BiJHOBIIOBAHOTO MOXOKCHHS
CHPOBHHH, € BUCOKA TUTOMA IMOBEPXHsI Ta MOPUCTiCTh. KpiM TOrO0, Miciast BAKOPUCTAHHS Y OUUIIICHH1
BO/M, BianpanbsoBaHuii BAB mMoxxe OyTH BUKOpHUCTaHMH SIK BTOPHMHHHUE MaTepiall, HAaIpUKIaf, SK
n06puBo [5]. OnHak HaOLIBIIO, ajie MATIOBUBYCHOO NiepeBaroio bAB € MOXITHBICTD 3a7aBaHHs 1X
KIHIIeBUX BJIACTHBOCTEH i yac BUpoOHUIITBA. [lapameTpu BUpOOHUIITBA, METO aKTHBAIIil 200 THIT
OiomMacH BIUIMBAIOTh Ha KiHIEBI BiacTUBOCTI BAB. TakuM 4MHOM, KOHTPOJIOIOUYHM TEMIEpPaTypy
mipoii3y Ta METOJl aKTHBalii, MOXXHAa CTBOPIOBAaTH cHEIHU(iuHI COpOSHTH il MOKPAIIEHOTrO
BUJIAJICHHS LIJIbOBUX 3a0pyIHIOIOYNX PEYOBUH.

BAB moxHa BuUpoOsTH 3 OaraThbOX THIIB 0i0MacH, TaKUX SIK BOJOPOCTI, PUCOBE JYIINUHHS,
KICTKM TBapuH, Tolmo. Hampukian, ocTaHHI JOCHIKEHHS JEMOHCTPYIOTH e€()eKTUBHE BHIATCHHS
aHTHOloTHKIB [6] a00 Baxkkux merainiB [7] 3a monomoror BAB, BupobOaeHrMY 3 MiclieBOT OioMacH.
Tum He MeHII, HAWNOIIMPEHIIMMHU JpKepenamMu OiomMacu € TOOIYHI TPOAYKTH JIICOBOTO
roCroJapcTBa Ta ciibechbkoro rocrnogapetsa [8]. [{omo BapiatuBHOCTI crioco6iB BupoOHuiTBa BAB,
NOUIMPEHUMH METOJIAaMH € IIBHJIKUI, TOBUIBHUI Ta MikpoxBmiboBHid mipomi3 [9]. Temmeparypa
mipomizy € OJHMM 13 KIIOUYOBMX (akTopiB, 1o Bu3Hayae BiactuBocTi BAB. Tomi sk
HuzbkoTemmneparypuuit (200-300 °C) miposni3 npu3BOAUTE 10 opuctoro bAB 3 HU3BKUM BMicTOM
KHCHIO Ta BOJAHIO, BUCOKI Temreparypu (600-800 °C) mpu3BoaaTh 10 301IbIIECHHS TUIOMNII TTOBEPXHI
ta rigpodooHocTi [10]. BupoOHHIITBO MOXKE BKITIOUATH CTaIiF0 aKTHUBAIlii, sika MOXKe OyTH (i3HUHOI0
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abo ximiunoo. Di3nyHa aKTUBALls 30UIbIIY€E MOPUCTICTH 3a JOMOMOTOI0 BUCOKHX TEMIIEpaTyp B
OKHCHOMY cepenoBHILi. [lepeBa)KHUMHU areHTaMu aKTUBALli, sIKI BUKOPUCTOBYIOTHCS JJISI TaKOT'O
merony, € COz abo BomsnHa mapa [9]. Ilpm ximiuHiii akTuBaiii Oiomaca pearye 3 XiMIYHUM
aKTHBATOPOM - KHCIIOTOIO, JIyroM a0 CULIIO, MiJl 4ac TepMiuyHOi 0OpoOKM. XiMidHa aKTHUBALlis
MoKpaiye BIacTUBOCTI BAB miisixom okuciieHHs WOro MoBEepXHI Ta BBEJACHHS (YHKIIOHAJIBHUX
rpyn y #oro crpykrypy. CTBopeHi (yHKIIOHATBHI TPYMH MOJETIYIOTh crieludidyHi B3aeMO/Iii Ha
MOBEPXHI aJICOPOCHTY, HAPUKIIA T—T B3aEMOII1, MOJSIPHI/€IEKTPOCTATHYHI B3aEMOJIi1, Tomto. Taki
B33a€MO/Iii MOKPAIIYIOTh €hEeKTHBHICTH acopOIii 3a0py THIOI0UMX PEYOBUH i3 Boau [11].

OcTtanHiMHU pokaMH BUPOOHMIITBO Ta akTuBalis BAB mupoko BuBuanacs as 3acrocyBanb bAB
y OuuIleHHI Boau. TUM He MeHIl, J0Ci BiACYTHI (yHAaMEHTalbHI Ta CUCTEMAaTH4YHI 3HAHHS IIPO
BIUIMB TUITy 0iOMacu Ta YMOB aKTHBallii Ha KiHIEBI BIAacTHBOCTI aacopOenty [12]. B mitepatypi
Opaxye 3HaHb 110JI0 CTBOPEHHSI CEJIEKTUBHUX BYTJICLIEBUX aICOPOCHTIB 3a IOTIOMOT0I0 MOTU(iKaIil
BAB i MexaHi3M CTBOpEHHS TaKMX aJICOPOCHTIB HEOCTATHRO MociipkeHui. Lle mocmimkeHnHs mae
Ha METI YaCTKOBO 3alIOBHUTH III0 MPOTAJIMHY B 3HAHHSX.

3a OCHOBY IIHOT'O JIOCII/DKEHHS B3SITO MPHUITYIIEHHS 1110 BiacTuBocTi BAB Mo)kHa 3MiHIOBaTH Ta
MIPOEKTYBATH 3a JOTIOMOT0I0 KOHTPOJIIO TapaMeTpiB BUPOOHUYOTO MpoLecy Juist cTBopeHHst BAB st
KOHKPETHHUX IIbOBUX 3aCTOCYBaHb. LimtocTpallito 1i€i rinoTe3n Mo)kHa 3HaWTH Ha puc. 1. [HmmMun
CJIOBaMH, CTBOPEHHSI IIEBHOT CTPYKTYPH IOp 1 XiMiuHOTO cKiIaxy noBepxHi BAB € mporiecom BuGopy
NPaBUIIBHOI Mpoueaypu BupoOHuuTBa. [IpaBuibHa mpoueaypa BUPOOHULTBA JTO3BOJISIE CTBOPUTH
BAB 3 nokpaiiieHuMHu BIACTUBOCTSIMHU JUTS a/1cOpOLIii MEBHOTO IIILOBOTO 3a0py/IHIOBaYa, 110 POOHUTH
BAB cenekTuBHUM.

Puc.1. IimocTpariis rinote3u, CUHs Ta 3€JI€Ha JIiHIi MPeACTaBIAI0Th MOKIIMBI HUIIXH BUOOPY
napameTpiB BUPOOHHULITBA Ta PE3YJIbTAaTH LIOTO BUOOPY

VY upomy nociikenHi BAB OyB BupoOieHuii 3 THpCH — MPOCTOT Ta IOCTYIHOI IEpEeBHOI OioMacH.
Crmouatky 6iomacy Oyio kapOOHI30BaHO 3a JOMOMOT0K0 HU3bKOTeMIepaTypHoro mipomizy (300 °C).
[Torim oTpumane BAB akTuByBasin JBOMa pi3HUMH XIMIYHHUMHU PEUOBHHAMU — XJIOPHJIOM 3ali3a Ta
Migi  (Mokpe mpocoueHHs). Hapemri, aktuBoBanuii BAB  moBTOpHO  miposizyBanu
BHucOKoTemnepaTypauM mipodizoM (800 °C). Orpumani 3pazku BAB Oyno Ha3BaHO BYTijuIA
aktuBoBaHe 3amizoM (BA3) i Byrums aktuBoBane mimao (BAM). Okpemo Oyno crBopeHo BAB 3a
TI€I0 X cXeMow ane 0e3 J0JaBaHHS AKTUBALIMHOIO areHTy, SK 3pa30K Ui TOPIBHSIHHSA — He
aktuBoBane Byrunis (HAB). [lnsg igentudikarii cenekTHBHOCTI Oylo TPOBEICHO TECT 3
BUKOPUCTaHHSM IPUPOAHOT 03€pHOT BOAM, 3a0pYJHEHOT OpraHiuHUMHU crioiykamu i pocdopom. s
IIbOTO TMEBHY KiJIbKICTh BAB momicTuim y po3uuH 1 3anuMmmim Ha miedikepi Ha aBi roguHu. Ilicms
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IPOXO/KEHHS 3a7aHoro yacy bAB Oyio BinginsTpoBano 3 po3unHy. Tect Oy0 BUKOHAHO 3 TPhOMa
peruTikamu.

PesynbraTi nociiukeHHs TpeacTaBieHi Ha puc. 2a. BA3 Oyno cmpomoxHe Bumamutu 86 %
dochopy i nume 8 % opraHiuHMX pedoBUH. [PYHTYIOUMCH Ha OTPUMAHOMY PE3yJIbTATi MOXKHA
ckazatu mo BA3 mposBuio cenektuBHICTH 10 dochopy. KpiM Toro, oxpemoro mepeBaroro
moaudikarito BAB 3a mormomororo codii 3ajiza € MarHiTHI BJIACTUBOCTI Takoro BYruwis (puc. 20).
MarHiTHi BIaCTUBOCTI CIIPOIIYIOTh BUJAJIECHHS BYTiJIbHOTO OPOMIKY 3 Boau. BA3, o agcopOyBas
¢dochaTi, MOKHA 3roJlOM BTOPMHHO BUKOPHUCTOBYBATH SIK JOOPHBO MOBUIBHOI Aii, THM CaMuUM
pereHepyouu ¢ochop, sIKH € BAUEPITHUM PECYPCOM.

100
86 89 1 docdop
0\080 B OpraniuHi
. 62 PEYOBHHI
260
g 36
240
&
20 8
0,2
0
BA3 BAM HAB
[a] BAB
HAB BA3 IE' BAM

Puc.2. a) cop6ui;1 6iHapHo1 cymimi opraniyaux pedoBuH (XIIK 16 mr/n) i pocdopy (10
Mmr/mn); 6) Maruitai BnactuBocti BA3; B) Jlocmimkenns iHakTuBanii E-coli 6akrepiit Ha HAB, BA3 i
BAM

BAM Bupamuno 1o 90 % opraHiyHHX pedoBHH 3 po3uHHy 1 62 % ¢ocdopy. OTxe pe3ynbraT
NpOTHIICKHUN TOpiBHIHO 3 BA3. BAM Mae ripui nokasHuku aacop6uii gocdopy ane HaTomicTb
CENICKTUBHHI /10 OpraHigyHUX croiykK. /logatkoBoro BiactuBicTio BAM € 3HauHMN aHTUMIKpOOHUI
edeKT, 10 MATBEpUKYE nociikeHHs Ha OakTepisx E-coli (puc. 4).

B cBoro yepry 3pazok HAB moxka3zaB HecripoMoxHICTh y azacopouii pocdopy, ane 3a paxyHOK
MOPUCTOCTI, OTPUMAHOI 32 BHCOKOI TeMIIEpaTypu Mipoii3y, BUAAIHMB 3 PO3UMHY 36% OpraHiuHuX
crionyk. Ilpu nibomy, 3 Tabnuui 1 BugHO, mo nuroma nosepxHs HAB Haiibuba cepes; OTpuMaHuX
3pa3kiB BAB, 3a paxyHOK TOro 1o KpHCTaJIM aKTHBALIWHUX areHTIB 3aliMalOTh MicCIle y MOpax i
3MEHIIYIOTh MUTOMY TOBepxHI0 BA3 i BAM.

OTtpumani pe3yibTaTH HiATBEPUKYIOTH Trinoredy moao Mmonudikanii BAB 1 MoxmmBocTi
BIIPOBA/PKEHHS HEOOX1THUX BIIACTHBOCTEH, TAKUX SIK CENIEKTUBHICTh, Yy BAB B nporieci BUpoOHHUIITBA.
[TopiBusinasa monudikoBannx BAB 3 HAB BusBuio, mo xoua HAB marno 6ipiry roiomy muToMoi
noBepxHi, Hik BA3 1 BAM, BoHO He OyI10 cipoMokHE 10 aacopOrtii. Takum 4nHOM, TII0IA TOBEPXHI
HE € KII0YOBUM (haKTOPOM aJicopOLii IiIbOBUX 3a0py/JHIOBauiB, ajie BAB nmoBuHeH MaTu BiANOBIAHI
(byHKLIOHANBHI TPy (TaKi SK OKCHJ 3aJli3a Y Mifli) Ha CBOIM MOBEPXHI JIsi KOMILIEKCOYTBOPEHHS
3 3a0pyTHIOIOUYUMHU PEUOBUHAMH.
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Taoauus 1. OcHOBHI XapakTepuCTUKH MoBepxHi BAB

3pasox IIuToma I;OBerHﬂ, 06’61\43 nop, Po3mip nop,
M/r cM’/r HM
BA3 101 0.28 12.2
BAM 98 0.11 4.3
HAB 570 0.29 2.3

HaBenenwii Buie npuxiiag moaudikaiii BAB € 9acTHHOI0 BEIUKOTO AOCITIKEHHS 3 CTBOPEHHS,
Monudikanii i Bukopuctanus BAB s koHkpeTHuX mineil. Ha morounoMy erami JOCHIPKEHHS BKe
OyJiI0 TIOPIBHSHO fK 3MIHIOBaTHCS afcopOliifHa 31aTHICTH 1 BiacTuBOCTI BAB, BupoOneHoro 3a
aHAJIOTIYHUX YMOB BHUPOOHMIITBA, ajie 3 Pi3HOI OiomacH, 3a Pi3HUX METOJIB aKTUBAIlil, 3a PI3HUX
Temmeparyp, Touio. Hactynuumu eranamu gociipkeHHs Oyie BUKopucTanHs MoaupikoBannx bAB
y misloTHOMY MacmTa0i 1 ontumizanis nporecy. MonudikoBanuii BAB 3 nepeBHoi Giomacu Oyxe
BUPOOJIATUCS Yy BEIMKUX MAacIITadax y MOBHOMACIITAOHIN Meyi Ta BUKOPUCTOBYBATHUCS B MIUJIOTHIM
KOJIOHI Oe3MepepBHOrO TMOTOKY JUIS OYHINEHHS O3epHOi Boaw. [liMOTHHMN TPOEKT BKIIOYAE
MOPIBHSAHHS €eKTUBHOCTI aacopOuii BupobdiaeHoro bAB 3 kinpkoma iHIIUMH KOHBEHIIHHUMU AB,
AK1 ICHYIOTb Ha pUHKY.
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Noxious weeds are widespread in the countries of Europe, America, and Asia and pose a
significant danger to the environment. The toxic metabolites of invasive plants have a greater impact
on the plants and microorganisms that live in those biogeocenoses. Many of them, for example, the
Ambrosia genus, also pose a danger to human health, causing allergic reactions as well as skin and
respiratory tract irritation. In addition, invasive weeds can rapidly colonize agricultural and urban
lands, inhibit the growth of valuable agricultural crops (allelopathic effect), and reduce the harvest.
Thus, the problem of spreading these plants entails serious economic and social consequences. The
plant Ambrosia artemisiifolia (family Asteraceae) is an especially noxious weed that can cause
significant human health damage [1, 2].

Ragweed biomass is considered as a valuable energy resource. The feedstocks generated from
weed biomass are sustainable sources for the production of biologically active substances (such as
flavonoids, phenolic compounds, vitamins, etc.) or biogas production (methane or hydrogen). This
weed can be used as a source of organic substances, in particular carbohydrates, which will ensure
high efficiency in biogas production. The concentration of cellulose, lignin, and hemicellulose in the
ragweed biomass ranges from 25.3% to 30.9%, 24.2% to 28.3%, and 13.1% to 17.7%, respectively.
Due to the high content of these compounds, ragweed is extremely valuable for the microbial
synthesis of biofuels (H2 and CH4 gases) [3, 4].

This work aimed to confirm experimentally the capability of ragweed degradation, methane
production, and simultaneous detoxification of sewage from toxic compounds of heavy metals
(copper, chromium, and iron) by a diversified microbial community. The objective was to evaluate
the biotechnological potential of ragweed as a new renewable energy source.

Ragweed (4dmbrosia artemisiifolia L.) dried biomass was used as a feedstock for CH4 production
and heavy metal immobilization. Ragweed biomass was collected in September 2022 at Sofiivska
Borshchahivka village (Kyiv region, Ukraine) during active flowering.

Sludge from the sewage treatment plant in Kyiv was used as an inoculum and source of a
diversified microbial community (DMC). It contained a large number of different physiological
groups of microorganisms with cellulolytic activity as well as methane-producing bacteria.
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To determine the patterns of Ambrosia degradation by a diversified microbial community (in
syntrophic association), we performed five variants of the experiment: The first was the control
variant (degradation of the ragweed by the native microbiome of Ambrosia artemisiifolia L. without
using additional inoculum). The second variant was experimental (degradation of Ambrosia
artemisiifolia L. by a diversified microbial community). The diversified microbial community was
also used as an inoculum in the third, fourth, and fifth variants. Copper (I1), chromium (VI), and iron
(1) were inserted into different anaerobic jars in the active phase of degradation (42 days) at a
concentration of 500 mg L. The active phase of fermentation was observed on the 42nd day of
degradation, during which a significant amount of anaerobic biomass was present along with a low
redox potential and active methane synthesis. These conditions were favorable for the microbial
immobilization of metals.

Several metabolic parameters were measured, including cumulative gas production (mL), gas
phase concentration (% of CH4 and CO;), dissolved organic carbon concentration (DOC, mg L ™),
pH, and redox potential (Eh, mV).

Solutions of copper, chromium, and iron were added into the anaerobic jars (bioreactor) with tap
water and Ambrosia artemisiifolia L. dried biomass at the 42nd hour of cultivation to the final
concentrations of 100, 200, 500, and 1000 mg Lt in the active phase of microbial growth. It was
necessary to determine the level of resistance of the microbial community and the concentration at
which maximum heavy metal immobilization would occur. Immobilization occurred in the anaerobic
jars due to the active growth of a diversified microbial community (inoculum). The active phase of
degradation was dominated by methanogenic microorganisms that consumed the hydrolysis products
of ragweed (acetate, glucose, and hydrogen) and synthesized methane (CH4) and carbon dioxide
(CO.). Methanogenic microorganisms actively immobilized copper compounds in the active phase
of growth at concentrations of 100, 200, and 500 mg L (Fig 1)

The efficiency of immobilization in the variants with 100, 200, and 500 mg L™ Cu(ll) was 100%.
As expected, the fastest immobilization occurred in the presence of 100 mg L™ Cu(ll). The duration
of complete immobilization was 6 h. Cu(ll) compounds also precipitated gradually at the other
concentrations. However, the immobilization durations were 12 and 30 h at 200 mg L™* and 500 mg
L%, respectively.

Chromium turned out to be more toxic than copper. Thus, effective immobilization occurred only
in the presence of 100 and 200 mg Lt Cr(VI)

The methanogenic microbial community immobilized iron with the lowest efficiency compared
to copper and chromium immobilization. Methanogens reduced Fe(lll) to Fe(ll), which then
precipitated as insoluble compounds of divalent and trivalent iron (Fig 2).

Intensive degradation of ragweed biomass was confirmed by significant methane synthesis in
experimental variants where the inoculum was DMC from a sewage treatment plant. Cumulative
methane production in the control was only 130 mL in the variant with DMC inoculum and under the
influence of copper, it was 1120 mL and 735 mL. Thus, copper inhibited methane production by 1.5
times. Similar patterns of changes in the concentration and carbon dioxide synthesis were also
observed in both the control and the experimental variants. The cumulative production of CO in the
control was 170 mL, in the variant with DMC inoculum, 1350 mL, and in the variant with copper,
1134 mL (Fig 3).
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Fig 1. The dynamics of Cu(ll) (a) and Cr(V1) (c) immobilization and Eh (b,d) during degradation
of Ambrosia artemisiifolia L. weed in the presence of 100 (black lines), 200 (red lines), 500 (blue
lines), and 1000 (green lines) mg L™t Cu(ll) (a,b) and Cr(VI) (c,d).

Fig 2. The dynamics of the iron (Fe (II) and Fe (I11)) immobilization by the methanogenic
microbial community during degradation of Ambrosia artemisiifolia L. weed at the initial
concentrations of 100 (a), 200 (b), 500 (c), and 1000 (d) mg L™ Fe (111).
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Fig 3. The dynamics of the CHa4 (a) and CO. (b) concentration as well as methane (c) and carbon
dioxide (d) production during the degradation of Ambrosia artemisiifolia L. weed: the degradation in
control conditions with the native microbiome (black lines), the degradation by inoculum (DMC,
green lines), as well as under the influence of 500 mg L™ Cu(ll) (blue lines).

The methane and carbon dioxide yields during the degradation of ragweed biomass were
calculated. This also confirmed the high efficiency of ragweed degradation by a diversified microbial
community (Table 1).

Table 1. The effectiveness of ragweed degradation in the presence of heavy metals

The obtained results demonstrate the high effectiveness of using a diversified microbial
community in sewage treatment plants for the degradation of Ambrosia artemisiifolia L., a noxious
plant. Microorganisms in the syntrophic association have shown promise for the utilization of

Handbook of the XXIII International Science Conference 181
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

ragweed and the synthesis of biogas, as well as the complete immobilization of toxic copper
compounds. Ragweed biomass was effectively degraded with methane production, indicating its
capability as a sustainable feedstock for renewable energy carriers.
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Ha cporogui roctpo ToOcCTae MHUTAaHHS  OPTraHIYHOTO  BHUPOLIYBAaHHS  MPOMYKLIi
CUIBCHKOTOCTIOAAPCHKOTO BUPOOHUIITBA O€3 3aCTOCYBaHHS JOOPUB XIMIYHOTO IOXOJUKEHHS. B
OpraHiYHOMY BUPOOHHMIITBI OCTaHHI KiJbKa POKIB CTald BUKOPHUCTOBYBATH JirectaT — MOOIYHUN
nponykT ¢epMeHTanii 3 BUpoOHUITBA Oiora3y. 3a paxyHOK BMICTY JIETKOJOCTYIHUX (OpM azoTy,
docdopy, Kaito, Cymbpypy Ta MiKPOEIEMEHTIB, JIrecTaT € MOBHOIIIHHAM JOOPHUBOM, SIKE 3aBISKH
CBOIM BJIACTUBOCTSAM MOXKE 3aMIHUTH MiHepasibHi noOpuBa [1]. Yepe3 eKOHOMIUHI CKJIQIHOILI,
MOB’s3aH1 3 MaHAEMI€I0, a MOTIM 1 BOEHHUM CTaHOM, (pepMepu Ta BUPOOHUKM TpaauIiifHOI (HE
OpraHiyHO1) CUIBCHKOTOCIOAAPCHKOI MPOIYKINI B MOLIYKY JOCTYIHIIIOTO J0OpHBAa TAaKOXK CTaJld
pO3MISAaTH Ta BUKOPUCTOBYBATH Jirectar 3 010ra3oBHX CTaHIIHM, SKi PO3TAIIOBYIOTHCS BiJHOCHO
HEMOAAJIK J0 Micls BHECEHHS J00pHBa, YUM TaKOX CKOPOUYIOTh BHTpaTd Ha BapTOCTI
TpaHcnopTyBaHHs 100puBa. OnHak, cepen 0araTboX BUPOOHHMKIB POCIMHHOI ¢/T MPOIYKIIi iICHYIOTh
CYMHIBH 110710 BUKOPHCTAHHS JIrecTary sk J00pHBa yepe3 TpUBaJle HAKOIMYEHHS Ta 30epiraHHs B
CTOpyAax BIJKPUTOTO THUITy Ta BTpaTy B JIrecTari JDKepesa a3oTy, SKUH BUIUIIETbCS B TOBITPS B
nporieci 30epiraHHs.

Tomy MeToro Haroro JociiKeHHs OyIl0 MoKa3aTH BIUIMB Pi3HUX (pakiiii Jirectary Ha pO3BUTOK
MIICHUIIl Ta KyKYPYI3H4, a CaMe Ha eTarax CXOJIiB.

JlirecTaT BUKOPHCTOBYIOTH y CLILCHKOMY TOCIIOJAPCTBI Y JBOX BHIAX: PIIKOMY Ta TBEPIAOMY.
3riJiHO JITEpaTypHUX JAHUX JIrecTaT MICTUTb PsiJI TO)KUBHUX PEUOBUH, TAKUX SK: a30T: 2,3-4,2 Kr/T,
dochop: 2-2,5 kr/t, kami: 1,3-8,8 Kr/T, MIKpOEJIEMEHTH, 110 I'PAIOTh ICTOTHY POJb B PO3BUTKY
kyaeTyp (Ca, Mg, Mn, B, Fe) [2, 3]. OkpiMm 11p0ro, AirecTat MiCTUTh OPraHIYHHUNA BYIJICIb, Y TOMY
YHCIl B CKIIaJl ryMiHOBHX peuoBHH (1-3 % mo maci), Ma€ BUCOKY YacTKy JOCTYITHOTO JUISL POCIIHH
azoty (10...70 % y mnopiBHSHHI 3 HE30pPOIKEHHMMM MaTepiajiaMH), ONTUMAaJbHE IJS TIPYHTY
criBBinHomeHHst C:N, onTumanbHe AJ1sl IpyHTY 3Ha4eHHs rokasHuka pH 6,8-7,5 [2].

183


mailto:malvina.schinkarchuk@gmail.com

Marepianun XXIII MixkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

B nocmijokeHHI BHKOPHCTOBYBANM Jirecrar 3 Aifodoi 6iorasopoi cramiii «Kaminco-bioras».
Jlirectar posALIMIM Ha PIAKYy 1 TBEpAY (paKiliio 3a JOMOMOIOI0 JabOpaToOpHOro cura (Po3Mip
KoMipok 0,5 MM). Pinky (bpalcuuo 366p1raJm npu temreparypi 4 °C B XOIOAUIBHUKY, IPU BHECEHHI
B IPyHT HarpiBajiu 10 KIMHATHOI Temmeparypu. Tsepay (paxiiio Cymmid B TEpPMOCTATi npH
Temneparypi 40 °C, micisi CyIIiHHS MOAPiOHIOBAIN y 3epHOAPOOApIi Ta 30epirany B repMETHYHIH
€MHOCTI [IPH KIMHATHIN TEMIIEPaTypi.

B nocnimkenni BukopucroByBanu crepuiisopanuii rpyHT PLANTAGROW VaiBepcanbHuii
(pH 5,0-7,0, BupobHuk Vkpaina). Jlo HaBaxku IpyHTY (25 r) jofaBaiy JOOPHBO 1 3MILIYBaJIM CYMIL
B 3epH0;[p06apu1 3BIIKM TICPCHOCUIIN Y IUIACTUKOBI €MHOCTI JUIs BUPOIYBAHHs KkyneTyp. Hopmu
BHECEHHS JOOPUB, SKi BKa3aHO B TAOIUIII, MPUIMaIH 32 aHAJIOTIEIO 3 TBEPMM THOEM BEJIMKOT pOraroi
xyno6u (BPX) Ta rHOTBKOIO [Tl KOXKHOI KYIBTYpH OKpeMo [4], HOpMU BHECEHHS IepepaxyBaIn 3 T/Ta
B r/cMm? .

VY SKOCTI POCIHMH JUIs TPOPOLIYBaHHS Oynu 0OpaHi KyNbTypH, SIKi HaHOLIBII MOMYJSpHI JUISA
YKpaiHu: NIIeHUIs Ta Kykypyasa. Ilmennns spa copry Hanpa (HHILT «IHCTHTyT 3eMJIepoOCTBa
HAAH», YxpaiHa) 3a onucoM BHPOOHHMKA HACIHHS JEMOHCTPYE MPEKPACHY CTIHKICTH 10 MOCYXH,
BUJSITAHHSI, OCHIIAHHS, JO IOLIMPCHHMX 3aXBOPIOBaHb, LIKIJHWKIB. PEKOMCHIOBaHI 30HM Ul
BupouryBanHs — Ilomiccs, Jlicocren VYkpainu. Tum copTy — iHTeHCHMBHMU. [pyma ctumiocti —
cepeanbopanHs. Bereramiiinuii nepion — 102-104 nui. [Totenuian BpO)KaI/IHOCTl — 70 i/ra. Kykypynza
nykpoBa [lemikarecHa («Hama rpsaka», YkpaiHa) — paHHbOCTUIVIMI COPT. 3a ONMMCOM BUPOOHHKA
HACiHHSI BETeTAIliiHUI Tepiol BiJ CXONIB O TeXHIYHOI CTHIIOCTI ckiamae 80-90 nuiB. Pocnuna
CepeHbOPOCIIA. TEIUIONI00HA, BUMOIIIMBA JI0 CBIT/a, HE BAHOCUTH 3aTiHEHHS, Uy TIMBA 10 TIOJIUBY.

JInsi IpUCKOPEHHSI MPOPOIIYBaHHS 3€pPHO 3aMouyBajlu y 3BHYaiiHid Bomi Ha 1 nmoOy. Ilocis
MPOBOJMIN JYHKOBHM CHOCOOOM, 3a0e3meuyBajii IOJCHHUN TIIOJIMB, CBITJIOBUM pexum OyB
HaOIMDKCHUH MaKCHMAIIbHO 10 IPUPOJHIX YMOB (KBITCHb-TPABEHB) IPU KIMHATHIN Temneparypi. Ha
KOXXHHI JOCIIDKYBaHHH 3pA30K CyMiLi IpyHT- no6puBo cistimu no 10 3epruH. [locmia npoBoawin
Tpu4i. MakcuManbHHUHI TepMiH ekcro3ulii — 14 mib.

Pesynbratu J0CHiKEHHS HABEICHO B TAOMUII Ta HA PUCYHKY HIDKYE.

Tadomamus 1. Pedynbratu BUpOLyBaHHS MIIEHUII Ta KYKYypYyA3H IiJ JI€I0 JirecTaTy

KyasTypa ®paxuis airecrary, | Bucora pocinn Ha | 30LIbIIEHHsT  NPHPOCTY
KOHLIEHTpaNis 14 no0y, Mm MOPIBHSAHO 3 KOHTPOJIEM,
%
Kontpons (6e3 mirecrary) 194,6+7,01 -
Kykypynsa | Pigka (2 1/ra) 215,5+8,67 10,74
Teepna (15 1/ra) 214,948,56 10,43
Kontpons (6e3 mirecrary) 200,6+8,83 -
[Mennns | Pigka (2 1/ra) 210,1+7,7 4,74
Teepna (35 1/ra) 215,14+411,2 7,23

[Tmenuns, Ky BUPOIIyBaJIM 3 IOAAaBaHHSAM TBepAoi (paxiii y kimpkocTi 35 T/ra, mokaszana
HalKpaluii pe3ynpTar — cepeqHs BHcOoTa cTe0el MIIeHuli ctanoButh 215,1+11,2 MM Ha 14 o0y
BHUpOIIlyBaHHs, mo Ha 7,23% Oinblne, HiXK cepelHsi BHCOTa KOHTPOJIBHOTO 3pa3ka (IpyHT Oe3
nofaBaHHs jirectary). Jms 3paskiB piakoi ¢paxiii HaiOUIBII NPOTYKTUBHOIO KOHIICHTPALI€I0
BUSIBUJIACH 2 T/Ta — BUCOTa pociuH Ha 4,74 % Oinblna, HK cepeqHsl BUCOTa KOHTPOJIBHOTO 3pa3Ka.
OTxe, BUKOPUCTAHHS PiJKOI Ta TBepoi (ppakiii y ssKoCTi 100prBa ISl MIISHHULI CIIPHUSE IBUALIOMY
pUpOCTy 3eeHoi Macu Ha 4,74-7,23 % MOPIBHSHO 3 KOHTPOJIEM.
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Puc. 1. Pe3ynsratu BUpOIIyBaHHs KyKypya3u Ha 5 100y Ta Ha 14 no0y.

PesynsTati BUPOLIYBaHHS KyKypyA3d IpPH 3aCTOCYBaHHI pifkoi Ta TBepfoi dpaxuii airecrary
MOKa3aJy, 10 PaLiOHAIBHUM BMICTOM JJISl TOKPAIIEHHs POCTY POCIUH € 2 T/ra Ta 15 T/ra BiInoBigHO.
Kommenrpartist TBepaoi ppaxuii 25 1/ra mokasaia pesyIbTaTd ACIIO MEHII, HDK KOHLIEHTpais 15 T/ra —
217,248,63 mm, o Besoro Ha 0,36% MeHiie, HDK mpu KOHLEHTpauil 15 T/ra. Pinka ¢pakuis npu
KOHL[CHTpaLll}IX 1115 1/ra TOKa3ye pict pociuH 209,9+6,21 1 210,6+8,9 MM BiamosigHo, mo Ha 3%
MEHIIIe, HIXK IPpU KOHLEeHTpalii 2 T/ra. OTxe, K pijKa, Tak 1 TBepJa Qpakiiis MoxKe BUKOPUCTOBYBAaTUCS
K OpraHiqHe TOOPHBO JUIS BHPOIIYBaHHs KyKypyAsd. PallioHaibHI HOPMH BHECCHHS NOOpHB Ui
OTPUMaHHS POCIUH 3 MNOKpAIlEHUM pOCTOM Ha cTafii 14 116 BUpOLIyBaHHS CTAHOBIAThH 2 T/Ta PLIKOi
¢pakuii Ta 15 T/ra TBepr0i Ppakiii.

3 ypaxyBaHHSIM MOXJIMBOCTI BHUKOPHCTaHHS BIJIXOIIB KyKypyA3H Yy SKOCTI KocyOcTpary s
KoepMeHTalli >KUPOBMICHHUX BIJXOAIB, 3aCTOCYBAaHHs Jirecrary sk J00puBa JUIsl BUPOLILYBaHHS
KyJIBTYPH CIPUsi€ CTBOPCHHIO 3aMKHEHOTO LUKy BUPOOHHIITBA.

OTsKe, BUKOPHUCTAHHs JIrecTary SIK y piIKOMy TaK i B TBEPAOMY BHINISAL Y SIKOCTI TOOPHB UIs
BUPOLIBAHHSI IIICHULL Ta KyKyPY/A3H IO3UTUBHO BIUIMBAE Ha PICT 1 PO3BUTOK POCIHUH. 32 BUKOPHCTAHHS
JUrecTary HpH BHPOIIYBAaHHI MIICHHIN MOXHA IHTCHCH(IKYBaTH POCTOBI MPOLECH POCIHH POCIHH Ha
4,74-7,23 %, a npH BI/IpOI_I_IyBaHHl KyKypPy/A31 MOXHA HOKPAIIUTH IPUpICT pociuH Ha 10% mpu HopMi
BHECEHHs 2 T/ra piaKoi ¢pakiii Ta 15 1/ra TBepaoi dpakuii BiANOBIAHO.
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Climate changes such as extended periods with increased temperatures, intense precipitation in
some areas and severe drought in others are challenges that we must face from now on [1]. In Sweden,
many municipalities have adopted municipal plans for climate change adaptation in which increased
precipitation causing flooding, elevated temperatures, and rise of the sea level among other climate
challenges are included. The plans for climate change adaption must be throughout the built
environment when densifying or developing new housing districts and further in existing buildings
and in the dimensioning of preparedness [2].

The amounts of stormwater are expected to increase when precipitation events such as cloudburst
are expected to be more intense and frequent. Today, our cities consist of paved surfaces, and excess
water that falls as precipitation have nowhere to go since sewer systems are not adapted to these water
volumes. In Sweden, torrential rain events have occurred in recent years, the cities Malmo and Gévle
were hit by cloudbursts in 2014 and 2021, respectively. In both cases, the consequences were
detrimental regarding buildings and the technical infrastructure.

In addition to large stormwater volumes, stormwaters are regarded as polluted. The types of
pollutants differ depending on the land-use in the area where the stormwater is generated [3]. Typical
pollutants present in urban stormwater are sediments, nutrients, e.g., nitrogen (N) and phosphorus
(P), heavy metals and organic compounds. These pollutants are regarded as priority pollutants and
are found on the list of selected stormwater priority pollutants (SSPP) (ibid.). These pollutants must
be removed at the same time as the large water volumes are managed.

There are different options to manage and treat large volumes of stormwater. According to the
Swedish Environmental Protection Agency (SEPA), the urban planning must include methods to
relieve the existing sewers, but also to treat and manage stormwater in a sustainable way. Stormwater
should be regarded as a resource, that it should be treated and managed locally, that cloudbursts are
considered, and that the future management of the stormwater facilities can be maintained in a
sustainable way. Examples of sustainable solutions for treatment and management of stormwater that
fulfil these criteria are for instance constructed wetlands, biofilters of various kinds, green roofs or
facilities based on filter substrates. These methods can be regarded as Low Impact Development
(LID) solutions, or green technologies, since they aim to increase the infiltration and at the same time,
treat the stormwater commonly polluted with nutrients, heavy metals, and organic substances.

LID solutions have been implemented world around. In China, several newly built cities have
been constructed as “sponge cities” with extensive green areas, tree plantations and surface water
ponds and similar [4]. Stormwater facilities based on filter substrates have been implemented as well
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[5]. Constructed wetlands have been built to treat and manage stormwater. In Sweden, sponge cities
have not been constructed, but several other LID-solutions have been implemented. Constructed
wetland systems and filter substrate-based methods have been constructed in different cities. The aim
with the present paper is to provide a range of recent examples of LID-solutions that have been used
to treat and manage large volumes of stormwater in Sweden.

Many Swedish municipalities have adopted municipal plans for climate change adaptation, while
other municipalities are in the process of developing these plans. The climate change adaptation plans
might include different LID-solution facilities to treat and manage stormwater. These facilities look
different depending on local conditions. Below, some examples of LID-solution facilities are
described.

Constructed wetlands

In the city of Vésteras, 90 km west of Stockholm, a constructed wetland was built a few years ago
[6]. The aim was to treat and manage the stormwater, and at the same time, create an area that could
both serve as recreational area and strengthen the biodiversity.

The constructed wetland, the Johannisberg Wetland Park, is a multifunctional park covering 14.5
ha. The Wetland Park receives stormwater (maximum 700 I/s) from a stream originating from the
western parts of Vasteras city. The park consists of four open ponds that are connected, see Figure 1.
In the first pond, the speed of the incoming stormwater from the stream slows down and pollutants
that come with the stormwater settles on the bottom of the pond. The second pond is planted with
aquatic species that filter the stormwater, thus pollutants such as nitrogen (N) and phosphorus (P) are
assimilated by the plants. The third and fourth ponds are sedimentation ponds in which pollutants
settle on the bottom of the ponds. Through the pond system, approximately 40-60% of the incoming
heavy metals and the phosphorus have been removed [7] before the water is released into Lake
Malaren from which raw water is extracted and used for production of drinking water in Vasteras.

Figure 1. Principal design of the Johannisbherg Wetland Park in Vésteras, Sweden

Except for treating and managing stormwater, the Johannisberg Wetland Park also serves as a
recreational area for the citizens in Vasteras. There are resting places along the walkways where
people can stop for a while, watching the scenery. Further, the wetland park contributes to the
biodiversity being the habitat for several bird species [6]. The area is also a habitat for bats.

Filter-based LID-solutions

Filter-based solutions have been used world-over to treat and manage stormwater of diverse kinds
[5]. The filters have been included in several types of facilities and have for instance been used for
treatment of roof runoff or road runoff. Milovanovi¢ et al. [8] investigated the removal capacity of
zeolite regarding copper (Cu) in the first place, but aluminium (Al), sodium (Na) and zinc (Zn) were
measured as well. The investigation was carried out as field experiment in Stockholm, it lasted for 16
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months, and the authors could report that total-Cu was reduced with 52-82% while the corresponding
reduction for dissolved Cu was 48%—-85%. Another experiment based on filter materials have been
carried out as a pilot-investigation located close to a thoroughfare in Stockholm. In the experiment,
stormwater from the thoroughfare was led to a grit-chamber before being fed to sand-filled columns
[9]. The aim with the pilot-test was to investigate the removal of copper and zinc from the road runoff.
After 7 months, it was reported that the removal was 67% for total-Cu and 93% for total-Zn. The
corresponding removal rates were 19% for dissolved Cu and 87% for dissolved Zn, respectively. The
sand in the columns still had capacity to remove both Cu and Zn.

Park areas

Already existing park areas are in some cases transformed to meet torrential rain events. One such
example is the Ralambshov Park located in the central part of Stockholm. The Park has for many
years been a popular place to go for recreational purposes, it is located close to Lake Malaren, thus it
is a popular place to go swimming. Other activities and events are frequently arranged in the park
[10]. Some of the park areas, e.g., lawns in the middle of the park, have been submerged in water at
torrential rain events and at snow-melting periods. In 2017, Stockholm Stad started to adapt the
Ralambshov Park to meet these challenges that the climate changes entail regarding large volumes of
stormwater. The project to transform the Ralambshov Park consists of three parts: the Cloudburst
Pond, the Rain Garden, and the Outlet. The Cloudburst Pond is a low-lying area intended for sports;
precipitation that falls can be collected at the bottom of the area that facilitates infiltration to the
ground to an underground reservoir filled with crushed stones. The areas adjacent to the sports area
have been planted with trees and other vegetation. The Rain Garden receives stormwater from roads
next to the park. The stormwater enters the Rain Garden in a large bed of plants, a biofilter, that is
composed of walls, gutters, water mirrors and vegetation to make this part of the park nice. The Outlet
of the Ralambshov Park is located close to Lake Malaren. The Outlet in formed in a way that makes
it easy for the stormwater to enter the lake. Some pollutants are also treated before the stormwater
enters Lake Malaren. According to [10], the transformation of the Ralambshov Park has been
successful since the sewer system has been relieved from parts of the stormwater at the same time as
there are green solutions that can both treat and manage large volumes of stormwater in a nice-looking
park area.

Climate changes are already here and therefore, it is of uttermost importance to meet the
challenges that they entail. Regarding stormwater, there are several natural based methods that could
be used for treatment and management of large water volumes caused by torrential rain events. Many
of these methods are so called LID-methods indicating they mimic natural processes and in addition,
to a low cost.

The type of LID-solutions presented in the paper could be implemented in the already existing
built environment provided that given conditions allow for this. Large, constructed wetlands can be
built in cities, perhaps not in the centre of the city, but close enough to treat and manage stormwater
from the city.

Constructed wetlands

Natural wetlands are important in the landscape since they fulfil several functions. Water is treated
and can be buffered in the wetlands, and they have high biodiversity. Due to previously extensive
drainage and ditching several decades back to obtain more agricultural land, there is a lack of natural
wetlands in Sweden. Constructed wetlands can therefore serve as substitutes to regain the lacking
functions. The Johannisberg Wetland Park in Vasteras city, can thus be regarded as a (constructed)
wetland that fulfil the functions that a natural wetland can provide. Regarding treatment of water, a
constructed wetland has the advantage that it can be designed to treat specific pollutants. Nutrients
and heavy metals as present in the stormwater reaching the wetland, are removed by processes that
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occur in the ponds. The ponds in the Johannisberg Wetland Park fulfil different purposes, pollutants
can settle in some ponds while vegetation assimilate pollutants in another. The removal of pollutants,
P, and heavy metals in the Johannisberg Wetland Park, has been reported to be 40-60%. It should be
noted that this is a young wetland, when it matures, the removal rates might decrease. A disadvantage
with constructed wetlands is that they demand large land areas, and these might not be available
within or adjacent to all cities as in Vasteras where former agricultural land has been used for the
Johannisberg Wetland Park.

Filter bed solutions

Filter bed solutions are more convenient to install, they do not need as much surface areas as
constructed wetlands. Filter substrates can be incorporated into smaller treatment facilities and
examples of these could be green roofs, biofilters or rain gardens. The filter substrates can be chosen
depending on the targeted pollutants to be removed [5]. Many of these small treatment facilities
remove various pollutants such as nutrients, BOD, COD, heavy metals, and organic compounds, but
it is difficult to compare results due do variations in stormwater content, stormwater loading, design
of the treatment facility and the filter substrate used. Filter substrates should be based on the capacity
of the substrate to remove targeted pollutants, its cost and availability that should be local. Further, it
was concluded that the composition of the stormwater, and potential need for pre-treatment must be
taken into consideration. The filter bed solutions presented in this paper, e.g., the sand columns [9]
and the facility described by [8] are both small-scale pilot studies with advantages and disadvantages.
Hallberg et al. [9] could for instance observe that the sand in the filter columns did remove targeted
pollutants, but that the sand might be saturated within an abbreviated period when in use. This is
normal that the substrate gets saturated, but it is advantageous if the filter substrate could last for
longer periods without need for change since the disposal of the saturated substrate might be a
disadvantage. However, the use of filter substrates should be further investigated since it has potential
as a low-cost solution.

Park areas

Park areas already existing are of uttermost importance in cities, they are green oases in the
otherwise paved environment. Parks, like natural wetlands, offers several functions, they are
advantageous for people’s health, the offer shadow when the sun is shining, they allow precipitation
to infiltrate into the ground and the vegetation can assimilate pollutants. Further, parks can reduce
noise and they offer a space in the city where people can meet and socialize. In the case of the
Ralambshov Park in Stockholm, all of this has been offered for several decades. What is new is that
the park, especially some areas, are transformed to treat and manage stormwater in a way that was
not needed a few decades ago [10]. Measurements have been taken to prevent flooding of the lawns,
otherwise the park is a popular place for the citizens of Stockholm. What could be difficult in an
already existing park is the given conditions regarding possibilities to transform parts of the green
areas into nice looking parts of the park that fulfils the important task to treat and manage stormwater.
Even though it might be difficult to transform an already existing city with paved areas, it is not
impossible as shown in Copenhagen where paved areas are being transformed into green areas that
can treat and manage torrential rain events when large volumes of stormwater need to be taken care
of to prevent destruction of buildings and infrastructure [11]. However, it is costly to transform a
paved city into a city with more green areas, in Copenhagen the transformation is expected to go on
for roughly a decade to a high cost, but the transformation was regarded as necessary due to the costs
that arose during the floodings [11].

As described above, the type of LID-solutions presented in the paper could be implemented in the
already existing built environment provided that given conditions allow for this. Large, constructed
wetlands can be built in cities, perhaps not in the centre of the city, but close enough to treat and
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manage stormwater from the city. Filter bed solutions such as biofilters and rain gardens can easily
be included in the built environment and transformations of park areas to manage stormwater caused
by cloudbursts are also possible to conduct. What type of solutions that should be taken into
consideration depends on the composition of the stormwater, the stormwater load, and the given
conditions. It is advantageous if the treatment and management of stormwater could be carried out
by means of LID-solutions which might be easy to implement in existing parts of the city.

Since we already face the climate conditions, it is necessary that treatment and management of
stormwater are taken seriously to avoid flooding in our cities. From the above described, it is obvious
that different types of LID-solutions could be used. However, the above presented examples cannot
be used to say whether these solutions will work in the long run, there has been no cloudburst in
Stockholm for the measurements taken in the Ralambshov Park, the constructed wetland system in
Vésteras is too young and the research on filter-based substrates for treatment and management of
stormwater is rather limited. Further research on these types of solutions is therefore needed.
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OIIHKA 3bUTKIB, 3ABJAHUX HABKOJIMIIHbOMY CEPEJOBHUIIY B
PE3VJIBTATI NIATOIJIEHHSA TEPUTOPII,
METOJAMMU LITYYHOI'O IHTEJIEKTY

Kapoaina BOPOBHUK, Cepriii TAIIOH
HHI] «Céimoguti yenmp 0aHux 3 2e0iHhoOpMamuKku ma cmanio2o po3sumxy»,
Kuiscokuii nonimexniunuii incmumym im. leops Cikopcvkoco
np. bepecreiicbkuii, 37, M. Kuis 03056, Ykpaina
e-mail: borovyk@wdc.org.ua

[TigTomnyieHHs! TEPUTOPIN B pe3ynibTaTi pyHHaIii TAPOJOTIYHUX CIIOPY.T TPU3BOAUTD 10 BEIUKUX
BTpAT Cepell HACEJIECHHS Ta 3aBa€ 30MTKIB HaBKOJIMIIHbOMY IIPUPOJHOMY CEpPEIOBHINY. YKpaiHa 3a
OCTaHHI POKH 3a3HA€ 3HAYHUX PYyHHYBaHb B pe3yJbTaTi BeZAeHHs 0010oBUX il. Bemunki BogocxoBuia
Kackany JlHimpa, iHII 3HAYHI INTY4YHI BOJHI OO €KTH HECYyThb OCOOJMBI MOTEHIINHHI PUMKU
MPUJIETIINM TEPUTOPISAM B KOHTEKCTI HMOBIpHOI pyHHAIl LITICHOCTI TiPOJIOTIYHUX CIIOPYA: AaMO,
KaHaJIiB, HACOCHUX CTAHIIIi TOIIIO.

JloBosli OOMEXEHHUH JOCTYN OO0 TEepUTOpid micist pyHHamii TiAPOJOTiYHUX CHOPYH JJIs
0e3mocepeTHbOT0 MOHITOPHHTY Ta OIIHKY 30MTKIB YHEMOKITUBITIOETHCS UepPe3 BeICHHS O0MOBUX Mii.
Came TOMY BKpail BAXJIMBO BAKOPUCTOBYBATH Cy4acH1 JaHi AMCTaHLIHHOTO 30HAyBaHHs 3emui (/133)
Ta METOAM IITYYHOTO IHTENEKTY JJsl CTBOPEHHS YHIBEpCAIbHOI CHCTEMH OIUHKH 30UTKIB, SIKi
HaHECEHl pI3KUM 3POCTaHHSAM pIBHA BOJAM, HABKOJHUIIHBOMY CEPEIOBHINY: €KOCHCTEMaM,
CeUTEOHNM TEPUTOPISAM Ta iIHYPACTPYKTYPHUM 00’ €KTaM.

HailimacmraGHimiM BUTIAAKOM pyHHYBaHHS 1aMOM BOAOCXOBHIIA OYB BUIAIOK IiIPUBY AaMOU
Kaxoscrekoi ['EC, B pe3ynbpTati SKOro OyiM MiITOIUICHI COTHI KBAJAPATHUX KUJIOMETPIB TEPUTOPIT Ta
HaHECEeHa IIKOJa HACEIICHHIO, MPUPOJIHUM EKOCUCTEMaM Ta iH(QPACTPYKTYpi perioHy.

Hns imentudikamii 30H MATOIUIGHHS BHAcHiZoK mpopuBy namoOu Kaxocekoi ['EC Oymm
BUKOpucTaHi 3HIMKH Sentinel-1A (3a 09.06.2023), Sentinel-2B (3a 05.06.2023-09.06.2023), Sentinel-
3 (3a 09.06.2023) OLCI [1]. Ha ix ocHOBi 3milicHeHa MaHyaJbHa AENiMiTallis KOPJIOHIB 30HH
3aToImyieHHs. BukopucToByBanuch 3HIMKH Sentinel-2 TOMy [0 BOHM MAalOTh Kpally pO3IUIBHY
3IaTHICTh, MPOTE HA JOCIHIAHMUN Tepio] He 3a0e3NnedyloTh JOCTAaTHIO BUIMMICTb 4Yepe3 BEIHUKY
XMapHicTb. [yis inenTugikarii Mex 30H 3aTOIICHb Ha Ti TEPUTOPIT Jie XMapHICTh CKJIagasa Oibiie
30% Oynu BuKopucTaHi pamapHi 3HiIMKH Sentinel-1A. YactoTa OHOBJIEHHS CYyMYTHHKOBHX 3HIMKIB
Sentinel-3 OLCI Ginbira, TOMy BOHH BUKOPHCTOBYBAJIUCH 33 Ti MEPiOJH, 3a SIKi 3HIMKIB 1HIINX
CYIIyTHUKIB HE OyJI0.

Jns anamizy craHy TpaHchopMarlii THIB Ha3€MHOTO IMOKPUBY Ta OLIHKMU IIKOIU TEPUTOPIT
3arorieHHs micis nigpuBy Kaxoscbkoi ['EC Oynu BUKOpHUCTaH1 AaHi 3 BIIKPUTHUX KaTOJIOT130BaHUX
Jep)KaBHUX Ta MIKHapOAHUX Jpkepen nanux: mapu OpenStreetMap (OSM) [2], Tunu HazeMHOro
nokpuBy ESRI LandCover [3] 3a 2017-2022 poku oTpumaHi Ha ocHOB1 300pakeHb Sentinel-2 L2A 3
pocTopoBUM po3pizHeHHsM 10 M i 3HIMKH cynyTHHKIB Sentinel (3a 09.06.2023) ra Google Satellite.
Oxpim 6a3u nanux OSM, BukopucroByBanuck qani GHSL [4] (Habip mpocTOpOBUX pacTpOBUX TaHUX
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ME)X HaceJIeHUX MYHKTIB 3 3a3HaUeHHIM (PyHKI[IOHATBHOTO BUKOPUCTAHHS 3a0yI0BH 13 pO3AIIEHOIO
3natHicTiO 10 M Ta Habip MPOCTOPOBUX PAcCTPOBUX JTAHMX, SIKUM BimoOpakae po3MOALT IIIIBHICTD
Hacenenns) Ta OCHA [5] (anmiHicTpaTHBHI KOpIOHH YKpaiHM piBeHb 4 — HAceNeHi IMyHKTH) JUis
CTaTUCTHYHOT'O MiAPaxXyHKY 3aTOIUICHUX OyJiBelb Ta MOXIMBOI KUTBKOCTI MOCTPaXAAIUX OCI0 Ha
OCHOBI LIIIBHOCTI HACEJTICHHS .

OmiHka BUCOTH Ta TJIMOMHU MIATOIJICHHS Y CeNUTEOHIH 30H1 OyJin BUKOHAaHA HAa OCHOBI JAHUX
udposoi mozeni penbedy (LIMP) Big SRTM ta Copernicus DEM [6] 3 po3ainbHOIO 31aTHICTIO 30
M 3 BiI(QUITPOBAaHUMHU 3HAYEHHSMH BUCOT Ul OYAWHKIB, CIIOPY/ i J€PEBHOTO TIOKPHUBY.

Yepe3 HEMOBHOTY 0a3u jaHUX 00’ €KTiB 3a0yn0BU Ta iHpacTpykrypu OpenStreetMap Ha naHy
TepuTopito igeHTudikaris 3a0yq0BM B 30HI 3aTOIJICHHS BiAOyBasiach 3a JOIMOMOTOI0 MOJENi
IIMOMHHOTO HaBYaHHS U aBTOMAaTMYHOIO BHSBIEHHS OYyAMHKIB Ta cmopyd. byna crBopeHa
HaBYaJbHAa BUOIpKA JUIS TPEHYBAaHHS MOJEN TTUOMHHOTO HAaBYaHHS [7] Ta BUKOPUCTAHO MOJIENb
tuny Single Shot Detector (SSD), Tak sk BOHa € OJHI€l0 3 HANUIIBUIINX 1 JIOBOJI TOYHUX MOZETCH
Ui 3HaxXoJKeHHS 00’ekriB. [IpuHmun pobGotu moxeni SSD monsirae B monini 300paskeHHS 3a
JIONIOMOTOI0 CiTKH, JI¢ KOXKHA KOMIpKa CITKH BiAIOBifa€e 3a BUSABJICHHS 00’€KTIB y IIilf oOyacTi.
Mopnens SSD € ogHOCTymiHYAaTUM aNrOPUTMOM, TOOTO JaHAa MOJENb BUIUISE 00’ €KTH 3a OJMH
MPOXij, BHACNIIOK YOTO 3a0e3meuyeTbess BUCOKA MIBHIKICTE 00poOku. [Ipore momens tumy SSD
BUSIBIIIACS HE €(PEKTUBHOIO B JJAHOMY BHITAJIKY, TaK SIK BUXITHUMU JAHUMH MOJIEII € 0OMEKyBaJIbHI
paMKH (IPSIMOKYTHHUKH), IKI HE BpPaXxOBYIOTh (popMH OyZiBeNb 1 B pe3yibTaTi 3aXOILTIOIOThH JT0BOJI1
BEIIUKY TEPUTOPIIO, Yepe3 M0 YTBOPIOETHCS BEIMKHH BiJICOTOK HAKIIAaHHS, 0COOIMBO KOJU OyiBIIi
3HAXOIATHCS OIU3BKO OfHA Ol OHOT.

Tomy HactynHoto Oyna oOpana Ta HaBueHa Monenb Thiry MaskRCNN (Object detection) — 1ie
3ropTKOBa HelpoHHa Mepexa Ha ocHoBi Faster R-CNN. Ils HeiipoHHa Mepeka MOXKE BUSIBIISITH
00’€KTH Ta BUKOHYBaTH CEMaHTHYHY cerMeHTauito oxHouyacHo [8]. Apxirekrypa Faster R-CNN
3MiMiCHIOE OOpOOKY B JiBa €Tamu: Ha TMeEpIIOMY eTari Micas oOpoOKM 300pa’KeHHs HaIaroThCs
MPONO3HLIi perioHiB Ha KapTi, sKi MicTATh 00’€kT. Mask R-CNN e posmmpennsm Faster R-CNN 3
J0AATKOBOIO TUIKOIO JJIsl POTHO3YBAaHHS MACOK CErMEHTAIlii 7151 KOXKHOT'O PErioHy iHTepecy.

Hapuanns mozeni tuny MaskRCNN Oyio Bukonano 3 mapamerpamu: Max Epochs — 30, Batch
Size — 4, chip size — 224, Backbone Model RESNET - 50. Po3ni3HaBanHs OyIMHKIB TIPOBOANIOCH
Ha ocHOBI 3HIMKIB Google Satellite 3 po3ainpHOO 31aTHICTIO 30 cM/mikcenb. HacTynmuum etanom st
3HAXOPKEHHS 00 €KTIB Ha 300pa)K€HHI 3 BUKOPUCTAHHSAM IONEPEAHbO HABYEHOI Mojeni OyB
samymenuit moayne Detect Objects Using Deep Learning 3 takumu napamerpamu: padding — 28,
batch_size — 2, threshold - 0,7, tile_size — 224. JInst mokpaleHHs: OTPUMAHHUX PE3YJIbTaTIB, IIJISIXOM
BHUJIAJICHHS TOJITOHIB, IO 1AeHTHU(IKYBalu OIMH 1 TOHW camuii 00’€KT, OyB BHUKOPUCTAHHIA
iHCTpYMEHT noctoo0poOku Non Maximum Suspression 3 formyctuMuM Haknaganusam 10% (puc.1).

Cranom Ha 9 uepBHs 3arajbHa TEPUTOPIS MIATOIIICHHS pa3oM 3 JIHINMPOBChKO-By3bKHM JIMMaHOM,
NpUTOKaMu Ta KaHanamu Jlainpa ckiana 1730,23 km? (puc.2), 3 SKUX: TEPUTOPis MiATOIICHHS
XepcoHcbkoi 06macTi cknanae 1151,98 km?, Mukonaiscbkoi o6nacti — 578,25 xkm?. Ilnoma cyxozoiy,
AKa OMMHMIACH IIijl Bojolo carae 620,69 km?. Ilixromneno 75 nacenenux myHkTiB (40,05 km?), 32
octposH (150,96 km?) Ta paiionn y micTax Xepcon Ta Mukosais 3aranbHoro miomero 91,81 km?,
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Puc.1 Pe3ynpraTu BUsiBiICHHS Oy/IMHKIB 3a JJONOMOT0r0 HaBueHOi Mozeni Ty MaskRCNN

Puc.2 3ona 3aTorseHHs BHAcHiIoK mpopuBy namou Kaxoscekoi ['EC cranom Ha 09.06.2023 pik

3a3Hanu  30UTKIB 00'€KTM BHUPOOHMYOI (IOpOTHM, KaHAJIM, MPHCTaHi, 3aJTi3HUIS TOLIO)
1HPPACTPYKTYpH 3arajbHOIO0 NMPOTSHKHICTIO 2468,72 KM Ta comianbHOI (IIKOJH, JIKapHIi, TUTSUl
CaJI0OYKH, anTeku, 010I10TeKH, TeaTpH, CTaAi0OHH, TOTell, My3ei, 300apKu TOII0) iHPpaCTPYKTypu

194 Handbook of the XXIII International Science Conference
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixxkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

3araabHOIO TWIONIEr0 367,35 KM, TUIIM HA3eMHOTrO TOKPHBY (BOJA, JEPEBHUI MOKPHB, ITiATOIIEHA
POCIIMHHICTB, TOJIs1, ypOaHi30BaHi TEpUTOPii, Troja 3eMJIsl, TpaB’SHUN MMOKPUB) 3arajbHOIO ILJIOMICIO
1730,54 xm?,

Ha ocnoBi manux GHSL Oyna oriHeHa TuIoOmIa 3aTOIJICHOI CeNiTeOHOT TepUTOPil, BOHA CKIIaa€e
25,12 kM2, 3 AKMX: KUTIOBa 3a0y10Ba — 23,84 kM2, He skuTI0Ba 3a0ya0Ba — 1,29 KM?.

Bracninok nmiapuBy qam6u Kaxoscbkoi 'EC onuHmMIacs 111 3aTOMICHHSIM TEPUTOPIS 3 KITBKICTIO
HaceneHHs 87000 oci6. B pe3ynbraTi aBTOMaTHYHOTO BUSBICHHS OYyAMHKIB Ta CHOPYJ Ha 3HIMKax
Teputopii 30HM 3aroruieHHs micna miapuBy Kaxoscbkoi I'EC 3a gomomororo Mmojeni THITY
MaskRCNN 0Oyno BusiBneHo 96541 OyAuHKIB Ta CIOPY.
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®OPMYBAHHS EKOJIOTTYHOI CBIJOMOCTI TA KYJIBTYPU SIK
3ACOBHY EKOJIOTTYHOI'O BUXOBAHHSA CTYJIEHTCBKOI MOJIO/I

Bo:xkena BYPKYT
YepHigeybkuil (haxouti Koneoic mexHoio2il ma ousainy
Bynuus ['pedinku, 16, Yepnisui, YepHiBerpka obmacts 58001, Ykpaina
e-mail: bozhena.sa@gmail.com

AKTyasbHicTh. EKONOriYHa Kpu3a € OfiHI€I0 3 HaWOUIBIIMX 3arpo3 cydacHOCTi. 3a0pyaHeHHs
arMoc¢epu, BOTHUX PECypCiB Ta 3eMellb, 3HUIIICHHS 010pi3HOMAHITTS Ta BUCHAKEHHS PECYpPCiB, 1HIII
Cy4acHl €KOJIOTi4HI MpoOJIeMH MPU3BOIATH IO CEPHO3HMX HACHIJKIB Uil 3€MHOTO CEpeIOBHIIA 1
TOACTBA B 1ToMYy. OCOOIMBO BaXKJIMBOIO € POJIb MOJIOAI B pO3B'si3aHHI IUX IpobieM. CTyneHTChKa
Momnones (hopmyerbes y BH3, e BoHa oTOYeHA OCBITHIM CEpEOBHIIEM, 110 MOXE BIUIMHYTH Ha ii
EKOJIOTIYHY CBiIOMiCTh Ta IHHHOCTI. CTYyIEHTH MOXYTh BIUIMBaTH Ha PO3BHTOK CYCIIJIbCTBA,
MPUIMAIOYN CBIJIOMi €KOJIOTIYHI PIIICHHS, PO3pOOJISIOYM IHHOBAIIWHI MiJXOIU 10 BUPIIICHHS
EKOJIOTIYHHUX MPOoOJIeM Ta BIPOBAKYIOUM 1X HA MPAKTUIl. TaKMM YMHOM, €KOJIOTiYHa KyJbTypa Ta
CBIIOMICTb Cepesl CTYICHTCHKOI MOJIO/II MalOTh BaXKJIMBE 3HAUEHHSI B KOHTEKCTI CTAJIOTO PO3BUTKY Ta
30epeKeHHs! HAaBKOJIUIIIHBOTO CEPEOBHUIIIA.

Exonorigna ocBiTa Ta BUXOBaHHS — aKTyaJlbHA COIIaTbHO-EKOHOMIYHA Ta IICUXOJIOTO-TIeJ]aroriyHa
npobieMa, 3MiCTOM SIKOi € ()OPMYBaHHS PO3YMIHHS CyYaCHHMX €KOJOTTUHUX IpoOsieM, BUXOBaHHS
BIJIMOBIJAIBHOCTI 32 CTaH JOBKULIS, ONMAHyBaHHS HABUYOK €THYHOI MOBEMIHKH B MpuUpomi. Takoi
METH MOXKHA JIOCSATTH JIMIIE CIITFHIMU 3yCHIIISIMU HaBYAJIbHUX 3aKIIaJiB, TPOMAJICEKUX OpraHi3amii
Ta JIepP>)KaBHUX yYCTAHOB.

Meta. MeTol0 IIbOTO OIVISILY JITEpATYpPH € aHali3 MyOJiKalliil Ta JOCHiIKeHb, MPUCBIYCHUX
EKOJIOT1YHIH KyJIbTypi Ta CBIZIOMOCTI CTYCHTCHKOI MOJIOIL. Y 3aBIaHHS OIVISAY BXOISTh:

1. BusHaueHHS mNOHATH "ekoJoriyHa KynbTypa" 1 "ekoJoriyHa CBiIOMICTH" B KOHTEKCTI

CTYIECHTCHKOTO CEpPEeIOBHILIA.

2. Amnani3 ¢axTopiB, IO BIUIUBAIOTh HAa (POpPMYBAaHHS EKOJOTIYHOI KYJABTYpH Ta CBIZIOMOCTI

cepel CTYyJCHTIB.

3. BuBYeHHs MeTOIB Ta MiAXOIIB, AKi CHPHUSIIOTH PO3BUTKY EKOJOTIYHOI CBIAOMOCTI Cepen

CTYIICHTIB.
4. Orsa NpakTUYHUX MPUKIIAAIB Ta 1HILIATHB, CIIPSIMOBAHUX Ha I IBUILICHHS PIBHS €KOJIOT1YHOT
KYJBTYPH CepeJl CTyAEHTCHKOT MOJIOII.

Beryn. CyuacHUi CBIT CTHKAETHCS 3 O€3MPELCICHTHUMH €KOJIOTTYHUMH BUKITUKAMU, TAKUMU SIK
3MIHM KJIiMary, BTpara OiOpi3HOMAHITTS, 3a0pyAHEHHS NPUPOAHUX PECYPCIB 1 BHCHAXKEHHS
exocucteM. JIroacTBy noTpiOHI HOBa (Pistocodist )KUTTS, BUCOKA €KOJIOTYHA KyJIbTypa 1 CBIIOMICTb, a
OT’K€ 1 €KOJIOT1YHUHN I'yMaHi3M, BIAMOBIIHO JI0 SIKOTO JIFOAWHA € JIUIIIE YACTUHOIO IPUPOJIH, 3 3aKOHAMU
SKO1 BOHA TIOBUHHA KEPYBATHUCS, CHIBIPAIIOBATH, HE TAHYBATH HaJ1 HEIO, a EKOJIOT1YHa KyJIbTypa CTa€e
KITFOYOBOIO CKJIQI0BOIO ISl TOCSITHEHHS cTalioro MaiOyTHboro [1]. Buma mkona mocigae ocobnuse
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Micie y (hopMyBaHHI €KOIIEHTPUYHOI CB1IOMOCTI 1 KYIBTYypH CTY/ACHTIB, 00 caMe BOHU BiJ[3HAYAIOTHCS
0COOJIMBOIO CEHCUTUBHICTIO J10 CIPUNHATTS NPUPOIHUYUX LIIHHOCTEH.

T'ocTpora exonoriyHoi curtyarii nocriiiHo 3poctae. Came y (popMyBaHHI €KOJOTTUHOI KyJIbTypH
0COOHCTOCTI MPUPOIO-IIEHTPUIHOTO TUITY ChOTO/IHI BOAUAETHCSI MOMKITMBICTH MOIOJAHHS €KOJIOT1YHOT
KPH3H, BUPIIIEHHS €KOJOTTYHUX MPOOIIEM.

Pesynbsrarom (hopMyBaHHS €KOJOTIYHOI CBIIOMOCTI Ta LIHHOCTEH JIOAMHU € (HOpMYBaHHS
MOTHUBIB, TOTpeO, 3BHUYOK MLIJIECIPAMOBAHOI EKOJIOTIYHOI MOBEIIHKH Ta MPUPOIOOXOPOHHOT
TISUTBHOCTI, 3J0POBOTO CIIOCOOY JKUTTSL.

@DopmyeanHnsn exonoziunoi ceioomocmi ma yinnocmeii cmyoeHmcvkoi monodi. Exonoriuny
CBIIOMICTh MOXKHA yCIIIITHO (JOPMYBATH Ha OCHOBI iJieaJIbHOT AMHAMIYHOT MOZIeTi Mail0y THBOTO THITY
BITHOCHH CYCITUIbCTBA 1 IPUPOAM, OKPEMO] JIIOAMHY 1 TPUPOH, 0a30BaHOi Ha MOHATTI "HoOChepa'.
BHyTpimHii cBIT KOXHOI JIIOJMHU MOB'sI3aHUNA 3 HOOC(EpOoIo 1 BIUNIMBAE HA Hel. BuxoBaHHs exonorii
BHYTPIIIHBOTO CBITY JIIOAMHU CHPUATIMBO BIUIMBaTUME Ha HoocgepHi mpouecu. Otxke, Oiocdepa
3MIHIOETHCS IT1]1 BIUTHBOM JIFOJICHKOI TYMKH 1 JIFOJICHKOT Mparfi.

[IpakTnyHa B3a€MOis 31 CBITOM MPHUPOIAM 3IIACHIOETBCS 3 AaKIIEHTOM Ha OBOJIOJIHHI
TEXHOJIOTIIMM €CTeTHYHOTO 3aCBOEHHS MPHPOAHUX OO'€KTIB: TPOSBY MOYYTTEBO-ECTETHUHOL
CHPUWHATIMBOCTI J0 HUX; 1HIWBIAyaJIbHO-3HAYEHHEBOI OIIHKK IX BITaNbHUX (KUTTEBUX) CTaHIB;
eMOLIIHOI YyHHOCTI B CHUTyallisX CHUIKYBaHHS 3 HUMH; 1, HAPEIITi, B YMiHHI 3HAaUTH KyJIbTYpHY
bopmy 30epekeHHs 1 mepesaTu CBOi BpayKeHHS Mo 111 00'eKTH (y MaloHKaXx, Bipmiax, Gpororpadisx,
MY3HI 1 T. iH.).

[cuxonoriuyHi 0cOOIMBOCTI Mporecy (GpopMyBaHHS €KOJOTTUHOI CBIIOMOCTI B IOHALBKOMY BiIll
JETePMIHYIOTh KOHIICHTPALIIO MEAaroriyHuX 3yCHib Ha (OpMyBaHHI BIAMOBIHOT CUCTEMU YSBIICHb
1 Ha OCBO€HHI CUCTEMAaTUYHUX TEXHOJIOTIN B3aeEMOIiT 0COOMCTOCTI 31 cBiTOM npupou [2]. [Ipu npomy
BUKOPHUCTOBYIOTbCS METOJM (OpPMYBaHHS CyO'€KTMBHOTO CTaBJICHHS IO TNPHPOIH: EKOJIOTIYHA
imeHTudikarisi, eKoJIOTiuHa EMIIaTisl, eKOJOTIYHA PeQIIEKCis.

[Ipenqmern SK TPUPOIHUYOTO, TaK 1 TyMaHITAPHOTO LHUKIY, 32 MOXJIMBOCTI, MalOTh OyTH
exosioriyHo opienrtoBani [3]. Ilix yac ix BUBYEHHS OakaHO BHUOMpPATH UL PO3IVISAY Ti HUTAHHS
€KOJIOTii, [0 BIAMOBIAAIOTH 3MICTY MEBHOI HABYAJILHOI TUCIMILTIHA. Y Kypci 6100Tii po3IIsAaloTh
B3a€MO3B'S30K JIIOAWHU 1 Oiochepu, cTaH i OXOPOHY OKPEMHX TPUPOHHUX pecyp0113 (pocnuHHOTO 1
TBApPUHHOTO CBITY, CBITY IPYHTY TOIIO), B3a€EMOJIII0 MK KUBUMH OpraHi3MaMmH i CEPEJOBHUIIEM iX
KHUTTS, MIUTAHHS MPUPOAOKOPUCTYBaHHS. BUBUMTH MeToau GOpOTHOM i3 3a0pyaHEHHSM JOBKIIUISA
JacTh MOXKIIUBICTB XiMisl. Y mporieci poOoTH HaJl pOpMyBaHHSM EKOJIOTIYHHX 3aBIaHb Bi0yBaeTbCs
MOCTIHHUN OOMIH iH(OPMAIiEI0 MK CTyAeHTamMH. BaxJuBO Te, 110 BOHU OOMIHIOIOTHCS OJHMH 3
oJTHUM iH(OpMAITi€r0, OIePKAHOI0 HUMHU CaAMOCTIHHO, IIIKaBOTO [Tt HUX 3a 3MicToM. Lle BinOyBaeThcs
y TMpOIECi TBOPYOI AISIIBHOCTI, aTMocepi 3arayibHOi 3amikaBieHocTi. OnepxaHa iHdopmalis cTae
0COOHCTICHO 3HAYYIIOKO.

3 MOy CHHEPTeTUKU CHOJYYEHHS PENpOAYKTHBHOI 1 TBOPUOI AISIIBHOCTI Aa€ OypXJIMBUI
crieck iH(opmarii, a BHACHIZOK ii IiIeCpsIMOBAaHOrO A000py il iHTErpyBaHHS BigOyBaeTbCs
YTBOPEHHS 1 CTAaHOBIIEHHS 4Ooroch HOBoro. OTke, KO iHQOpMAILlis, 110 HATXOIUTh, - CKOJIOTIYHA,
TO B1JI0yBA€THCSI CTAHOBJICHHS €KOJIOT1YHOI KYJIBTYPH.

Cymnicmo exonociunoi Kynomypu. Ekonoriuna KynpTypa - 1€ CYKYNHICTh LIHHOCTEH,
NIEPEeKOHAHb, 3HAHb Ta MPAKTHUK, SKi CIPUSIIOTh CTBOPEHHIO TAPMOHIMHHUX BITHOCHUH MK JIFOIMHOIO 1
npupoznoio. Bona mepenbayae moBary 10 NPUPOAM, BIAYYTTS BiJNOBIJAIBHOCTI 3a 30€pe:KCHHS
eKOJIOTIYHOI pIBHOBAard Ta CBiJIOME BIUIMBAaHHS Ha NMPHUPOJHE cepepoBuile. ExornoriuHa Kymerypa
Opi€EHTOBaHA Ha CTaJIe CMiBICHYBaHHS JIFOJICTBA Ta MPUPOIH, a HE HA IXHIO KOH(PPOHTALIIIO.
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Memoou ¢popmyeanns exono2iunoi Kynomypu.

1. Ocsita: OgHUM 13 HaBXXJIMBIIIUX METO/IB (OPMYBAHHS €KOJIOTTYHOI KyJIBTYPH € OCBiTa [3].
HaBuanpHuM 3akiagaM Oa’kaHO BKJIIOYATH B MPOTPaMU HaBYAaHHS IPOIOHOBAaHI KypcH 3
eKOJIOTii, CTaJoro pO3BUTKY Ta HpUpono3HaBcTBA. OCBIYEHICTh TPOMAJSH € KIIOYOBUM
YMHHUKOM Y PO3B'S3aHHI €KOJIOTIYHUX MPOOIIEM.

2. IlyOniuni inimiaTuBu: I'poMasceKi opradizaiii, €KOJOTi4HI TPYIH Ta 1HII 1HIIaTHBH MOXYTh
CIIPUSTH TOIIMPEHHIO €KOJOT1YHOI KyJIbTYpH HUISIXOM 1H(GOpMAIifHUX KaMIMaHid, akIiil Ta
7001I0BaHHS €KOJIOTTYHUX MTUTAHb.

3. Tpuxnax nigepis: I'poMaasHChKI TiepH, BUCH], 013HECMEHH Ta MOJIITHKY, SKi JEMOHCTPYIOTh
CBOIO NPUXHIBHICTh J0 EKOJOTIYHOI KYJIbTYpH, MOXXYTh BIUIMBAaTH Ha IHIIMX 1 CTaTu
MPUKIIAIOM JUIS HACTYITHUX MTOKOJIiHb.

4. CnoxuBya moBeJiHKAa: [HIWBiMyanbHA CHOXUBYA TOBENIHKA Ma€ BEJIHMKE 3HaueHHS. Bif
BHUOOPY EKOJIOTTYHO YUCTUX MPOAYKTIB 710 €()eKTHUBHOTO BUKOPUCTAHHS PECYPCIB - 11€ BaXKJIMBI
KPOKH Yy IiJIBUIIEHH] PiBHS €KOJIOT1YHOI KYJIBTYPH.

Basicnugsicms  poznoeciodicenns uinnocmenl cmanozo pozeumky. OOHIEIO 3 BaXIUBHX
CKJIaJIOBUX €KOJIOTIYHOI KyJIBTYpH € PO3MOBCIOMKEHHS LIHHOCTEH CTanoro po3BUTKY. Llg KoHmemnis
nepeadayae MoeTHaHHS €KOJIOTTYHUX, EKOHOMIYHHX Ta COLlIaJIbHUX aCMeKTiB pO3BUTKY. BoHa Bu3Hae,
1110 €KOJIOT14HA CTIHKICTh HE MOYKE 1ICHYBaTH OKPEMO BiJI COIIaJIbHOT CIIPAaBEATIMBOCTI Ta EKOHOMIUHOT
CTIMKOCTI.

Po3noBCIOIKEHHST LIHHOCTEH CTalor0 PO3BUTKY BKIIOYAE B ceO€ PO3BUTOK ANBTEPHATHBHUX
JDKEpeN eHeprii, MATPUMKY CIPaBEIJIUBOI TOPTiBli, MIATPUMKY PEriOHAIBHUX I'POMa, CTBOPEHHS
€KOJIOT1YHO YHCTUX POOOYMX MICIlh, €KOJOTI3aIIF0 YMOB KHUTTS JIFOAeH Ta iHmni 3axonu. L1i miHHOCTI
MOBHHHI CTaTH YaCTHHOIO KYJIBTYPHOTO CIIaJKy Ta HOPM, 1110 KEPYIOTh KHUTTSAM CYCIIJILCTBA.

OnmHUM 13 MIAXOMIB 10 PO3B'SI3aHHS LUX MUTaHb € €KOLIGHTPUYHA CBIJJOMICTb, SIKa PO3MIIIAAe
IPUPOAY B LIEHTPI yBaru sIK CAMOIIHHY Ta YHIKaJIbHY.

JlJis CTYIEHTCHKOI MOJIOJII PO3BHTOK EKOIEHTPUYHOI CBIIOMOCTI Mae Benwke 3HadeHHs. Came
BUIII HaBYAJIbHI 3aKJIaId € MICUAMH, 1€ (HOPMYETHCS CBITOIIISAI MOJOJL, 1 A€ MOKe OyTH HOCisHE
HACiHHA eKOIIeHTpHU3MY [4]. IcHye neKinbKa BayKIIMBUX acIeKTiB, AKi OKAa3yIOTh, YOMY €KOIICHTpUYHA
CBIJIOMICTh BaXJIMBA ISl CTY/ICHTIB.

1. CopusiHHA cTajgoMy po3BUTKY: PO3yMiHHS Ba)KIMBOCTI 30epeXEHHS MPUPOIU 1 MPUHHATTS
EKOIL[CHTPUYHOTO TIiAX0Iy MOXE CHpPUATH PO3BUTKY CTajoOro PpO3BUTKY B Cy4acHOMY
CYCILITBCTBI.

2. CaMOCBiIOMICTb CTyneHTiB: EKoIleHTpHuYHa CBIIOMICTh JONOMAra€e CTyAEHTaM Kparie
pPO3YMITH CBOE MiCIle B TMPHUPOJI Ta BIAMOBITAIBbHICTH 3a Hei. Lle Moke migBUIIHUTH
CaMOCBIZIOMICTh Ta €THYHI I[IHHOCTI CTY/ICHTIB.

3. 3amyuenHst no aiid: CTyIeHTH 3 €KOLIEHTPUYHOIO CBIJIOMICTIO OUTBII CXMJIBHI JIO Y4acTi B
SKOJIOTIYHMX HIIIaTHBAaX, aKIisX Ta AisUTbHOCTI, CIPSIMOBAaHUX Ha 30€peKeHHs PUPOJIH.

OcBiTa rpae BaXJIUBY poiib y (popMyBaHHI €KOLEHTPUYHOI CBIIOMOCTI cepell CTy[AeHTiB. Buri
HaBUaJIbHI 3aKJIaIM MOXYTh CIIPHSTH I[bOMY IIPOIIECY, BKIIIOYAIOUM HACTYIIHI MPAKTUKU:

1. ExomoriyHi Kypcu: 3ampOBaKeHHS CHEIlaJIbHUX KypCiB Ta Mporpam, siki po3msiIaloTh

CKOLICHTPHYHI MPUHIIUIN Ta MPAKTUKH.

2. JocnimaunpbKi npoekT: [linTpuMKa CTyAEHTIB y MPOBEACHHI JOCHIKEHb 3 €KOJMOTIYHHUX
MUTaHb Ta MyOMiKalis iX pe3ynbTaris.

3. ExoininiatuBu cTyaeHTChKUX Tpymn: CHpUSHHS CTBOPEHHIO Ta MIATPUMIN CTYACHTCHKHUX
opraizauii Ta rpyI, CIIpsSIMOBaHUX Ha PO3BUTOK €KOIIEHTPUYHOI CBIZJIOMOCTI.

4. CHinbHOTHI MPOEKTU: 3ay4eHHS CTYIEHTIB JI0 CIUIBHOTHHUX MPOEKTIB 3 OXOPOHU MPUPOIH
Ta CTaJIOro pO3BUTKY [5].
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EdextnBHOMY (POpPMYBaHHIO €KOJOTIYHOI CBIZJOMOCTI Ta KYJIbTypH TaKOX CIPHUSIOTH HaBeleH1
HIDKYE 3aXO0/IH.

Ocgimni npozpamu. OCBITHI NporpaMH 3 EKOJIOTii Ta CTamoro po3BUTKY [3] € omHuUM i3
HallepeKTUBHIMINX CMOCO0IB (QOPMyBaHHSA EKOJMOTIYHOI CBIIOMOCTI CepeA CTYICHTIB. Bwumri
HaBUaJIbHI 3aKJIaZM MOXYTh BKJIIOYHTH TakKi KypCcH B CBOIO HaB4YalbHY mporpamy. Ha mux xypcax
MPOIMOHYETHCSL PO3MISAIATH HE JUIIE TEOPETUYHI ACTEKTH EKOJOTrii, ajie W MPaKTUYHI aCIeKTH
30epekeHHs IPUPOH Ta PO3B'SI3aHHS €KOJIOTIYHUX MPOOIEM.

Ilozaxknacni 3axo0u ma zpynu. CTBOPEHHSI €KOJOT1UHUX T'PYyN Ta MO3aKIACHUX 3aXOIB MOXeE
CHIPUSITH AaKTUBHOMY BKIIIOUEHHIO CTY/IEHTIB Y €KOJOTiuHy HisuibHiCTh. CTYIEHTCHKI €KOJOTiuHi
IpyNy MOXYTh NPOBOIUTH aKLii 3 300py CMITTS, BUCAJIKU AepeB, iH(QopMaliliHi KaMIaHii Ta iHmIi
3axX0J, 110 MOMYJISPU3YIOTh 30epEKEHHS TPHUPOIH.

Bononmepcoka dianvnicms. BonoHtepchka isUIbHICTD B Tally31 OXOPOHU MPUPOIN MOXKE HAaaTh
CTYIEHTaM MPAKTUYHUH TOCBIJ 1 CIIOHYKATH iX J10 OUIBII aKTUBHOI y4acTi B €KOJIOT1YHHX MUTAHHSIX.
BoHM MOXKYTb TOTYYUTHCS 10 MIPOEKTIB 3 OXOPOHH MPUPOIH, YIACTh Y T0OPOBIIBHUX POOOUMX THSIX
Ta MOJISX, IO CIIPSAMOBAaHI Ha 30€PeKESHHSI PUPOJIH.

Exonoziuni cmascysanns. CTaxyBaHHS B EKOJNOTIYHUX Oprasizaiisx abo OCIiIHUIIBKHX
[EHTpaxX MOXKE HAJaTH CTYIEHTaM MOXJIMBICTh BUBYMTH IPAKTHUUHI aCTIEKTH OXOPOHU MPUPOIH Ta
3I1MCHIOBATH JOCIIDKEHHS Y 1il ramy3i. Lle Mmoxke OyTH LIHHUM JOCBIZOM Ui IXHBOI MaiflOyTHBOT
npodeciitHoi Kap'epu.

Bukopucmanna mynemumedia. BUKOpUCTaHHS MYIbTHMEZia, TakUX SK BiJ€o, ayaio Ta
IHTepaKTHBHI 1HTEPHET-PECYpPCH, MOXKE JOMOMOI'TH NMPHUBEPHYTH yBary CTYAEHTIB J0 €KOJOTIYHHX
NUTaHb. BOHM MOXYTh JWBUTHCS NOKYMEHTaJbHI (DIIBMH MPO MPUPOLY, CIyXaTH MOAKACTH IPO
CTaNuil pO3BUTOK Ta OpaTH y4acTh Y BipTyaJbHUX €KOJIOTIYHUX MPOCKTAX.

Po3zeumox Kpumuunozo mucinenns. OopMyBaHHS KPUTUYHOTO MUCJICHHS Cepesl CTYICHTIB €
KJIIOYOBHM aCIIEKTOM €KOJIOTIYHOTo BUXOBaHHA. CTyJJeHTH MOBUHHI BMITH aHai3yBartu iH(pOpMAIliio
PO €KOJIOT1UHI MUTAHHS, BUSBJIATH JUKepesa 3a0py/IHEeHHs Ta IPUYMHHU €KOJIOT1YHUX mpodseM. Bonun
MOBHHHI OyTH 3/aTHI PO3YMITH CKJIaJHI B3a€MO3B'SI3KM MIDK EKOJIOTIYHMMHU MpollecamMy Ta
CYCIITBCTBOM.

BucHoBku. ExonoriuHe BHUXOBAaHHS CTYIEHTIB € HAJ3BHYAHO BaXIUBUM I CTaJIOTO
MaiiOyTHROTO Hamnoi TuianeTu. OcBiTa, MO3aKIACH] 3aX0/IH, BOJOHTEPChKA JiSUTbHICTh, CTaXyBaHHS,
BUKOPHUCTAHHS MYJIBTHME/ia Ta PO3BUTOK KPUTHYHOTO MHUCIICHHS € 3aC00aMH, SIKi MOXKYTb CIIPUATH
(opMyBaHHIO €KOJOTIUHOI CBIZIOMOCTI Ta KYJIBTYpU Cepej CTyACHTChbKOi mMononi. [HBecTyBaHHS B
EKOJIOTIYHE BUXOBAHHS CTY/ICHTIB € 1HBECTULI€I0 Y MallOyTHE, OCKIIBKM BOHH MOXYTh BiJirpaBaTu
KJIIOYOBY pOJIb B 30€pekKEeHHI IPUPOIN Ta PO3B'sI3aHHI €KOJIOTTUHUX MPOOIIeM.

ExonoriyHa KyneTypa € KIIOYOBHM €JI€MEHTOM BUPILICHHS €KOJOTTYHUX MPOOJIEM Ta CTBOPEHHS
cranoro MaiiOyTHroro. Bona nepenbauae opmyBaHHs I[IHHOCTEH, 3HAHb Ta MPAKTHK, SKi CIPUIIOTH
TapMOHIMHUM BiJHOCHHAM MiX JIFOJUHOIO Ta Mpupooro. OcBiTa, TPOMAJICHKI 1HIIIATUBY, MPUKIIAINA
JifepiB Ta iHAMBIIyaJbHA CIIOKUBYA MOBEIHKA € METOAaMU (POPMYBAaHHS €KOJOTIYHOI KYJIBTypH.
Po3mOBCIOIKEHHST LIHHOCTEH CTajJoro po3BUTKY € Ba)KJIMBOIO CKJIQJOBOIO LIHOTO mpouecy [5].
Exonorigna KynpTypa Ma€e CTaTH HE MPOCTO 1/1eaioM, a AIMCHOI0 PEeaNbHICTIO I KOYKHOTO, OCKUTEKH
BiJl HET 3aJIeKUTh MalOyTHE HAIIOI TUIAaHETH.

ExorieHTpr4Ha CBIJIOMICTh BiJIIrpa€ KIOYOBY POJIb Y 30€peKeHHI IPUPOAN Ta CTBOPEHHI CTAJIOr0
MaifOyTHhOr0. CTyAeHTChKa MOJIOJb MA€ MOTEHINIAN CTaTH BAXIUBUM (DAaKTOPOM 3MiH B ILii cdepi.
OcgiTa Ta cBiOMHIA MigxiJ 10 (GOpMyBaHHS €KOLEHTPUYHOI CBIIOMOCTI cepell CTYIACHTIB MOXYTh
e(eKTUBHO 3a0€3MeUnTH MaKCUMaJIbHE TOCATHEHHS I1i€1 METH [T CTBOPEHHS CTaJIOr0 MaOyTHBOTO.

TakuM YMHOM, €KOJIOTiYHA OCBITa CTa€ CIIOCOOOM JKUTTSA JIIOMMHM Ha Cy4acHOMY eTami ii
icHyBaHHs Ha 3emuti. OHUM 3 TOJIOBHUX CTPATETiUHUX HANPSIMKIB PO3BUTKY €KOJIOTIYHOI OCBITH €
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BUXOBAaHHA OCOOMCTOCTI Ha HAyKOBUX 1 JYXOBHHUX MPUHIMUIAX 3 YpaxyBaHHSIM HalliOHAJIbHUX
TpauIliii, Ha10aHb Ta CBITOBOTO JOCBITY; (GOPMYBaHHS IOKOJIIHb 3 HOBOIO €KOJIOTTYHOIO KYJIBTYPOIO,
HOBHM €KOJIOTIYHMM  CBITOIVISIIOM Ha MPUHIUIAX TyMaHi3My, €KOJorizalii MHCIICHHS,
MDKAUCIUIUTIHAPHOL 1HTerpalii, iICTOpU3MY Ta CHUCTEMHOCTI 3 METOI0 30€peKeHHs 1 B1IHOBJICHHS
npupoau YkpaiHM Ta ii Ol0JOTiYHOrO pi3HOMAHITTS; PO3BUTKY MDKHAPOJHMX 3B S3KIB 1
CHIBPOOITHUIITBA Yy Taiy3l EKOJOTiYHOI OCBITM 1 HAyKd, OXOPOHM JOBKIJUIA, pPallioHAJIBbHOTO
BUKOPHUCTAHHS MPUPOIHUX PECypcCiB, 30epexenHs 6iochepu 1 nuBiIizaLii.
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[Ticns moBHOMAcCIITAOHOTO BTOPrHEHHS pOCii 3pOCTae OBKULIEBA TEMAaTHKa B MEIiarpocTopi
VYKpaiHu 1 MounHae 3aiiMaTu OCOOIMBE 3HAYEHHS, IO BiJOOpPAXKAETHCS B 3pOCTaHHI €KOJOTTUHOL
YacTKM MeJia IMOJsl Ta MOCTIHHOI MPUCYTHOCTI HA MIMANbhTaX MPOBIIHUX OHJIAWH Melia BUIAHb.
Binomi onnaifH MeniapecypcH A1eMOHCTPYIOTh IPUPICT TpadikKy, a OTKE MaIOTh 3MOTY 3a0e3MeUnTH
IIMPIINN PE30HAHC cepes IUIbOBOI ayAuTOpii 1 MOXKYTh BIUIMBATH Ha Mii BIaIu Ta, MOTEHLIWHO,
MDKHApOJHOI CHUIBHOTH. 3pocTaioya yBara [0 NOTEHIIMHUX 3arpo3 CHpUs€ TOIUPEHHIO
HEIOCTOBIPHUX a00 MaHIMYJIATUBHUX JaHUX. Lle Moxke mpu3BecTH 10 MaHIYHUX HACTPOiB. BaxinBo
BpaxoByBaTH iH(OpMaIliiiHy BiINOBIJAIBHICTh Ta OyTH MaKCUMaJbHO 00'€KTUBHUMH B MaTepiajax
CEHCUTUBHUX TEMATHK, SIK TO pajialiifHa 3arpo3a, pyiHyBaHHS JKEpeT elIeKTporeHepalii, OTpyeHHs
BOJ10#M, To110. CEeHCUTUBHICTb 3arpo3, 1110 TICHO OB’ 13aHi 13 IOBKIJUIIM MUTTEBO CTBOPIOIOTH MeJIia
XBHJIIO Ta HACHUYIOTh iH(pOpMalliifHe mose myOiKamisiMi 0JHAaKOBUMH 3a 3MicToM. Lle ycknaaHioe
BIJICNIIZIKYBAaHHS 1HIIMX BAXKJIMBUX TEM, a00 X MeIia MPOCYBaHHS TaKUX TEM 3 METOI0 OTPUMAaHHS
yBaru 1inboBoi ayautopii. Hanpukian, oOroBopeHHs 3aKOHOIIPOEKTIB, Y IMyOJIiKallii eKCIepTiB, YU
€KOAKTUBICTIB 3 HIIIEBHX EKOJIOTIYHMX sBUIN. BiifHa mo TpuBae, 3mictuia (oKyc IOBKIILIEBOT
TEMaTHKH Ha IIKOJy 3aBJIaHy HaBKOJHUIIHBOMY CEPEIOBHUIIY BHACIIIOK BIHCHKOBOI arpecii pocii B
Vkpaini. Ile € ogauM 3 OCHOBHHMX (DakTOpiB 30UIBIIEHOrO0 PE30HAHCY, MpoTe LEel (aKkT TakoxX
CBIAYUTH PO 3HAYHE 3MEHILIEHHS Y MeIIalpOCTOP1 1HIITUX TE€M, HE MTOB’A3aHUX 3 TOBHOMACIITAOHOIO
arpeciero pocii. 30kpeMa, BUCBITICHHS JOKAJILHUX €KOJIOTTYHHUX MPOOIEM U MO CTa€e CIpaBKHIM
BUKIIMKOM Ha (hOHI si7iepHOi 3arpo3u uu migpuBy KaxoBcebkoi rigpoenextpocraniii. [lepecninyBanns
€KOJIOT1YHUX 3JIOUMHIB, BKIIOYAIOYN BHUIIAJKU €KOIUAY, Bil3HAUae YKpaiHy sIK KpaiHy-HOBaTopa y
BUpIILIEHH] TakuxX nmuTaHb. Ciig 3ayBaXHUTH, 110 yBara J0 IIUX CIIpaB y 3aco0ax MacoBoi iHpopmartii
MOJKE€ 3MIIIHUTH MO3MIII0 YKpaiHW Ha MDKHAPOJHIM apeHi 1010 J0AaTKOBUX CAHKLINA MPOTH pocii
3a 3JI0YMHH B YKpaiHi. Y KOHTEKCTi IIbOr0 BAKJIMBO TAKOXK yJIOCKOHAIIOBATH BUKOPUCTAHHS BipHOI
€KOJIOT1YHOT TEPMIHOJIOTIT y Mezia.

VY 1poMy JOCHTIKEHH] MPOBEACHO KOMIUIEKCHHM aHalli3 eKOJIOT1YHOT MeTia TIONITHKY B YKpaiHi,
OXOIUTIOIOYM OHJIAH Ta JAPYKOBaHI BHUJAHHS, HOBI OJOKM Ha TeneOauyeHHI Ta AaKTUBHICTh Y
coianbHUX Mepexax. byno BusBneno 8800 HaiiMeHyBaHb TpaguuiiHux Memia. Ilepiox anamizy
TpuBaB 3 24 motoro 2022 poky mo 30 uepsHs 2023 poky, mo craHOBUTH miBpiuus. [lomepenue
JOCII/DKEHHST SIKOCTI BUCBITJIGHHSI €KOJIOTIYHOI CKJIaZoBOI B 3acobax MacoBoi iHpopmarii Ta
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couianbHUX Mepexax npooauiu B 2020-2021 poxkax. [t 1aHOTro M0CHiKEHHS OyJI0 BUKOPHCTAHO
KJIIOYOBI CJIOBA, 110 BX€ 3acTocoByBaiy B 2021 polii npu BUBYEHHI €KOJIOTIYHOT CKJIAZI0BOT B Mejia
moJti YKpaiHu, Taki sK: TOBKULIS, HABKOJIHIIHE CEPEIOBUIIE, 3MiHA KIIIMATY, TJI00aTbHE MOTETUTIHHS
ta iHmi [1]. B maHOMy gocmimkeHHI J10AaTKOBO BKIFOYEHO HOBI TEPMiHH, IO BiI0OOpakarOTh peaii
2022-2023 pokiB: exommn, 3amiHyBaHHS, KaxoBcbKa TiIpOeNeKTpOCTaHILsA, 3aropi3bka aTOMHA
eJIEKTPOCTAaHLIis, siAepHUN BUOYX, pajialiifHa 3arpo3a, 3a0pyJHEHHs 3eMellb HahTOPOIyKTaMu Ta
BuOyxoBuMu peuoBuHamu, COP 27, I'mobanbHa 1uiatdopma Aisi OIIHKH 30MTKIB JOBKIUTIO Ta
KJIiMaTy BHACIIOK BiifH, @ TAKOX CHHOHIMIYHHMN PSAJ 10 BKa3aHOTO MEPEITiKy.

JloCIiPKEeHHS 3arajibHOro MeJlia Mol YKpaiHChKUX TpamulliiiHuX 3aco0iB MacoBoi iH(popmarii
JIEMOHCTPY€ 3MEHIIEHHs 00’ eMy myOmikamiii y 2022-2023 pokax y nmopiBHsHHI 10 qanux 2019, 2020
yn 2021 poky mpubmamsHo Ha 40% [2]. Cepex ocHOBHUX (DaKTiB CKOpOUEHHS Mefia IOJIs:
NPUIMHEHHS JISUIbHOCTI BUJAHb Ha OKYNOBAaHMX TEPUTOPISAX; 3aKpUTTA BUIAHb IMICIA
MOBHOMAcCIITaOHOT'O BTOPTHEHHS Yy oToMy 2022 poky (IepeBakHO PETiOHAJIBHHUX BHJIAHb); pi3Ke
CKOpPOYEHHS JPYKOBAHUX BUJAHb y JIOTOMY-0epe3Hi 2022 poky, siKi Tak 1 He TOHOBUJIM BUXija ab0 X
NEepeHIITN 3 THXKHEBUX Y MicsiuHi popmaTt. HoBunu B erepax €aunoro Tenemapadony 1y0mor0Thes
Ha IIECTH TEJNEBI3IMHUX KaHAIAX, 110 TEXHIYHO € HOBHHHOIO CTPIYKOI0 OJJHOTO KaHAlly, a HE IIECTH,
sk Oyno mo mororo 2022 poky. Y cBoro uepry, TOIl Bumanus [3] 3 MUTIOHHUMH ayAUTOPISIMH
HApOCTUJIH KiJIBKICTh HOBUH MIPOTSTOM JIHS, IIPOTE 11€ He KOMIIEHCYBAJIO BTPATH Yepe3 BUIIICHABEACH]
yuHHUKA. Pi3ke 3pocranHsa Tpadiky Ha Takux Bigomux TOII onmaitH mmatdopmax ma03BOIISIE
MPUITyCKaTH, IO YKpaiHIi MPUIUIAIM BCIO CBOIO yBary came MM HeOaraTboM pecypcam. Tak,
HanpuKia, y nepmomy kBapraii 2022 poky JiiepoM i3 KUIBKOCTI meperisaiB crana "YkpaiHchka
npapna" 3 peKOPAHUM CEPEHIM MOKA3HUKOM y 136 MIIH meperniaaiB Ha micsib. s HOpiBHSIHHS, B
2021 poui minepom Oy "Llenzop" 3 oxomsenHsm y 41,2 muH.

Puc.1. /Ilunamika npUCyTHOCTI JOBKUIIEBOI TEMATHKHU B TPAIUIIIHIX Meia

(" memiamose, ¥ qoBKiUIEBA TeMaTHKA, %0)

VYkpaiHcbka ayIuTOpis, OCOOJMBO y MEpIIi MICSIl Micas MOBHOMAcIITaOHOTO BTOPTHEHHS,
3HA4YHO 301IbIINIIA Bi/IB1TyBaHICTh IEBHUX OHJIAKH pecypciB. CaMe MpUCYTHICTh HOBUH B MeJlia MoJi
[UX OHJIAMH BUAAHb 30UIbIIyE WMOBIPHICTH KOHTAKTy 3 LIJHOBOIO ayAWUTOpPi€r0. 3MEHIICHHS
3arajlbHOTO MeJlia IMOJIsl BIUTMHYJIO 1 Ha YacTKY MPUCYTHOCTI JIOBKIJUIEBOI TEMATHUKU B YKPAiHCHKUX
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3acobax MmacoBoi iH¢popmamii B 2022 pormi. SagepHa 3arpos3a, HacliKH MTOBHOMAacIITaOHOTO
BTOPTHEHHS, pyWHYBaHHSA 00 €KTIB 3€J€HOI €HEepPreTHKH 3MICTHIM aKIeHTH y crarTax. Ha ¢oni
3MEHIICHHS 3arajibHOi KUIBKOCTI IMyOJiKaliif yacTka JOBKUIIEBOI TEMATUKU 3aJUINNIACA HA PiBHI
2021 poky. 3uumnieHHs KaxoBChKOI TipOeNneKTpOCTaHIil pOCiHChKUMH OKyNaHTaMu B 4epBHi 2023
POKY TUIBKHU 3@ MiCALb O1IBII Hi’K TIOJIBOIJIO JI0JIIO MPUCYTHOCTI €KOJIOTTYHOT TEMATUKU Y MeJlia 1Mol
VYkpainu.

AHaui3 TMOMMPEHHS HOBUH NP0 JOBKUUIA y COIAJbHUX MEpexax cBimuuTth, mo Telegram e
OCHOBHOIO TUIaT(OPMOIO MUTTEBOT'O Ta MacoBoro iHdpopmyBaHHs. Bin OyB 0co0n11BO epeKTHBHUM
nicna BuOyxy KaxoBcbkoi rigpoenexrpocraniiii. Ilpodeciitni Telegram-kananu, siki (GOKyCyrOTbh
yBary Ha JOBKUUIEBUX IUTAHHIX, JEMOHCTPYIOTh 3HayHO MeHIl (y COTHI pasiB) ayauTopii
MOPIBHSHO 3 HOBUHHUMH BHUJAHHSAMHU. Pe3ynbTaToM € MiHIMalbHE 3aJIy4eHHsS ayAuTOpii TakKuMU
kKaHamamu. He3Bakarounm Ha CIUIECKM TONMIMPEHHS HOBUH-OnmckaBok y Telegram, Facebook
3aJIMIIAETHCS OCHOBHOIO TUIAT(HOPMOIO ISl MATPUMKHA KOMYHIKAIl Ta AUCKYpPCYy 3 MOMPABKOIO Ha
LTBOBY ayJUTOPIIO — JIFOJ BiKOM BiJl 35 pokiB. [IopiBHSHHS peakiiil ayAuTOpii MPOTATOM 4acOBOTO
NPOMIKKY MoOKa3zaso, 1o 3amydeHHsi Facebook mpencraBnsie mocTynoBwmii 1 CTifikuil iHTEpec, Ha
BiIMiHY BiJ mBUAKUX peakmiit Telegram. Lls BiAMIHHICTS Ma€e Ba)XJIMBe 3HAYCHHS /IS IJTAHYBAHHS
KOMYHIKallIHHUX KaMIlaHi#, BUOip KaHaJIiB 1 IUTaHyBaHHS KOMYHIKallii. Xapakrep 1ijieil TukTye BUOip
KaHaliB KoMyHikamii. Pi3Hi kaHanmu oOCIYroBYIOTH pi3HI THUIIM B3a€MOJii, BiJ HErallHUX Ta
IHTEHCUBHUX PEakLii 10 OUIBII CTIMKOrO, MOCTYMOBOrO iHTepecy. Y KOHTEKCTI HAaCHUEHOro Mesia
MOJIS MIATPUMAHHS Ta 3aTy4YEeHHS OHOIyMIIiB Uepe3 BIACHI KaHAIM KOMYHIKallii cTae HaJBAKIIUBUM,
aJhKke came BiacHa c(hopMOBaHa IIIbOBA aAyAUTOPIS CTAE PYIIIEM PO3MOBCIOMKEHHS 1H(OopMaIiii, o
HiABHILY€E 0013HAHICTD Cepe IHIIMX COL[iaJIbHUX TPYI.
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The invasion of Ukraine by Russian forces in 2022 has resulted in the partial or complete
destruction of cities and towns. In addition to damage to buildings and infrastructure in urban areas,
the war has impacted the urban forests and greenspace areas. This synthesis seeks to summarize the
social and psychological benefits of urban trees, report on the potential to use remote sensing and
Earth Observation technology to assess the damage to urban forests due to the invasion, and review
considerations for the reconstruction of Ukraine's urban forest.

Urban trees and parks produce numerous benefits including support of biodiversity and wildlife
habitat, conservation of energy, reduction in air pollution, greater efficiency in stormwater
management, as well as improvement of physical and mental health, and establishment of a sense of
community. Positive effects of urban forests on human health and well-being have been documented
for several decades and revealed a wide range of ways in which these benefits are expressed [1, 2].
In particular, earlier research three principal domains in which such benefits are manifested: (a)
mitigation, or the reduction of harms (e.g., amelioration of microclimate or reduction in air pollution),
(b) restoration, or re-building capacity for normal functioning due to reduced stress levels after
contact with nature, and (c) instoration, or building new positive social interactions in green spaces
[3, 4]. Various benefits have been reported among different socio-demographic groups, including
positive effects on academic performance of school children when either the school grounds [5], or
the local neighborhood contained trees [6]. In the context of recovering from war, rebuilding urban
forests will thus likely provide for an improvement in social interactions among adults.

However, measuring the impacts of the ongoing armed conflict on these diverse urban forest
benefits remains extremely difficult due to barriers to both field-based tree inventories and
assessments of public perception under current war conditions. Remote sensing and Earth
Observation technology can provide a preliminary insight into urban forest dynamics in response to
the war effects based on instantaneous coverage or large regions, repeated data collection, and spectral
contrasts between vegetation and built environment features [7]. To investigate this potential for
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Ukraine’s urban forests, we assessed changes in vegetation indicators derived from 10-m spatial
resolution Sentinel-2 satellite image products within seven cities in Donetsk and Lugansk oblasts that
have experienced a particularly high damage during the first year of the war: Mariupol,
Severodonetsk, Bakhmut, Lyman, Popasha, Volnovakha, and Rubizhne. Given the lack of on-the-
ground validation information, we applied a two-step hybrid change analysis approach where 1) May-
September imagery of 2021 was first used to map pre-invasion built-up areas and woody and
herbaceous vegetation using supervised random forest machine learning classification, and then 2)
potential losses of vegetation were assessed from the changes in Normalized Difference Vegetation
Index (NDVI), a popular indicator of vegetation greenness and cover, between July-August periods
of 2021 and 2022.

Among the seven studied cities, major detected losses of greenness ranged between ~9 and 247
ha and constituted 1-10% of their 2021 vegetated areas, with the lowest in Lyman (~1%) and the
highest - in Rubizhne (10.12%), Severodonetsk (8.95%), and Bakhmut (7.17%). For areas classified
as woody in 2021, major NDVI losses constituted 21.11% of their 2021 extent in Rubizhne, 7.73%
in Severodonetsk, and 0.98-3.75% in other cities. Herbaceous-dominated areas had pronounced
NDVI losses within 0.80-9.62% of their 2021 extent with the largest effects in Bakhmut (9.49%) and
Severodonetsk (9.62%). These results resonate with media reports and photographic records from
these cities and nearby regions showing tree damage from direct military attacks, logging of urban
and exurban green zones for the fuel, and the impacts of war-induced fires and pollution.
Classification accuracy for 2021 urban green space mapping reached 88.7% in overall accuracy;
89.4%, 86.3% and 90.3% in user’s accuracy for woody, herbaceous, and built-up, respectively; and
90.3%, 83.8%, and 92.1% for woody, herbaceous, and built-up, respectively. Misclassifications
resulted mainly from 1) confusion between spectrally similar woody and herbaceous vegetation, and
2) heterogeneous urban landscapes where Sentinel-2 pixels were more likely to contain mixed
spectral signals from multiple different classes.

These outcomes suggest important implications for urban forest monitoring under ongoing
invasion and in the future. First, the impacts on urban vegetation are likely to be scattered in space
and vary in magnitude and extent even within a single city. Second, some effects may induce partial
tree damage or stress rather than complete removal of vegetation, and thus might be harder to detect,
verify, or attribute to a specific timeline of events, especially with limited on-the-ground validation.
Third, various landscape processes may convolute impact signatures in the available data, such as
regeneration, and/or revegetation by faster-growing herbaceous species. Furthermore, some changes
may be hard to detect in the ‘mixed pixels’ containing different landscape elements (buildings, trees).
Strategies to navigate these caveats in the future assessments may include: 1) using multiple dates of
available imagery in each year to emphasize seasonal contrasts among vegetation types and
disentangling signals of damage from short-term spectral variation; 2) applying multiple change
detection approaches together to reveal complementary aspects of urban vegetation change (such as
combining classification of pre-war imagery with spectral index differencing to detect pronounced
losses or gains in plant cover), and 3) combining traditionally popular visible, near- and shortwave-
infrared reflectance products with other open-access satellite datasets such as thermal infrared
indicating land surface temperature and synthetic aperture radar (SAR) sensitive to 3-D structure of
urban environments.

When the war ends Ukraine must undertake the rebuilding of cities and towns. Such rebuilding
must first focus on the reconstruction of housing and critical infrastructure, but at some point,
reconstruction of urban forests and urban greenspaces will be considered. Studies of the
reconstruction of urban forests following historical events such as World War Il and the Bosnian war
may help identify issues to be addressed in the reconstruction of urban forests in Ukraine [8]. Several
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issues are particularly important in the reconstruction of war damaged urban forests and greenspace:
(1) people may have a strong preference for their original environment, including trees and
greenspace, restored to pre-war conditions, (2) nursery stock may not be available immediately after
the war, (3) impacts of bombing on soil at replanting sites, (4) importance of engaging local people
in replanting trees, (5) implications of climate change in the selection of trees and plants for
replanting, and (6) the psychological value of saving a few damaged trees as survivors of the war.
The opportunity of local people to see trees that survived the war, in spite of the trees being damaged,
can remind people that they too are survivors. Arborist should evaluate damage trees in various
bombed cities in Ukraine to identify potential tree that should not be cut down and a system of signs
should be developed to identify these trees in the future.
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Currently, there are a number of problems related to the lands use and management in Ukraine. A
number of consequences arising from improper land management and enhanced by direct and indirect
warfare activities impact lead to lands degradation and their loss. To control and counteract negative
processes in land degradation hereby we are considering lands classification of one of the typical
regions of Kyiv oblast, namely the Fastiv region.

As far as the management of territories is an important issue in many aspects, we are here
considering and emphasizing the environmental aspect. So, the aim of this research is to characterize
and classify the landscape covers of the Fastiv region for further development of their changes
assessment for a certain period of time. Below we present a brief description of the Fastiv region
landscapes as typical ones for the south-western part of the Kyiv oblast.

The Fastiv region has the character of a relief in the form of a gently undulating forest plateau
with separate moraine-zandre ridges. The northern part of the region is hilly, and the southern part is
partially eroded with ravines and gullies. The forest plateau is divided by the valleys of the Irpin,
Unava, Kamenka, Stugna rivers and a network of beams that are widespread in the southeastern and
northern parts of the region. River valleys have narrow floodplains with swampy lands and mostly
one, rarely two, supraflood terraces. The banks of the rivers have gentle slopes with little erosion, and
the slopes of the streams are characterized by a significant development of erosion.

In the northern part of the region, at the transition from the undulating plateau to the river
floodplains, there are narrow pine terraces. River floodplains are usually narrow (from 100 to 500
meters), swampy and used mainly for haymaking. Some of them are drained and processed. Arable
lands are located mainly on a gently undulating plateau, which contributes to their intensive use in
agricultural production.

Geostructural, the territory of the Fastiv region is part of the northeastern slope of the Ukrainian
crystalline shield. This shield was subjected to denudation processes that led to the formation of an
undulating denudation plain with dislocated Precambrian crystalline rocks. Granites and granito-
gneisses represent crystalline rocks. The surface of crystalline rocks is covered with sedimentary
rocks of the Tertiary and Quaternary systems. The upper layers of Quaternary sediments are soil-
forming rocks, in particular typical chernozems and podzolic soils. Poorer sod-podzolic soils were
formed on water-glacial and ancient alluvial deposits.
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Territories of depressed areas of streams and river floodplains contain alluvial, meadow-
chernozem, sod and swamp soils. Modern alluvial deposits, formed during river overflows, also
contain turf and swamp soils. Typical chernozems (43.8%) and podzolized soils (33.4%) prevail in
the area. Meadow-black earth, turf-podzolic, meadow, black earth-meadow, swamp soils are less
common. The most fertile soils of universal use are typical chernozems, which occupy a significant
area of agricultural land. They are the main part of arable land.

This natural background promotes development of negative exogenous geological processes such
as soil erosion, denudation, waterlogging of the territory [1]. To make the lands cover classification
we used the following types of covers: tree cover, grassland, cropland, built-up areas, bare lands,
water bodies, and herbaceous wetlands, which is typical for the researched territory, with the help of
the Sentinel-5 images (Fig. 1) [1, 2].

Fig. 1 Land cover classification of the Fastiv region

Meadow and swamp vegetation, such as sedge, sedge, reeds, grows on virgin areas of the
floodplains of the Unava, Irpin, Stugna, and Kamenka rivers, as well as on the bottoms of streams;
among the moisture-loving cereals - common sedge, meadow fescue, marsh fieldwort; various herbs
include meadow geranium, meadow sedge, marsh sedge, horse sorrel. The predominant part of grass
coverage in such areas is 70-80%. Percentages of the land cover types is given in table 1 and Fig. 2.
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Table 1. Percentages of land cover types

Type of landscape Area (Ha) Percentage (%)
Tree cover 61261,55 35,17
Grassland 24463,14 14,04
Cropland 78872,91 45,28

Built-up 4853,42 2,79
Bare 118,2 0,07
Water bodies 1481,32 0,85
Herbaceous Wetland 1140,67 0,65
45,28
0,65

1,57

0,07
14,04

0,85
35,17
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Fig.2 Percentages of land cover types (%)

On arable lands, especially among crops and perennial crops, various weeds are common, such as
horsetail, field horsetail, white quinoa, field cornflower, thistle, wild radish, and others. The
vegetation of the hayfields is represented by grass and grass-swamp communities, which are formed
according to the relief and soil cover.

It is specially striking that wetlands occupy almost 1% of the entire territory and might get higher
since time. It is not typical for the researched territory and worth paying attention for the future united
territorial communities (UTC) management. This type of classification is worth to be made in every
UTC in Ukraine as it will definitely help in their territory’s management.

Further research will be aimed at assessing the change in land cover over a certain period of time.
It will be very useful for territory management and rational use of natural resources in general.
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POJIb EKOJIOTI3AIIIl BAPOBHUIITBA Y 3ABE3IIEYEHHI
CTAJIOI'O PO3BUTKY
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AKTyaJbHICTh TEMHU TIOB’S3aHa 3 THUM, II0 MU JKUBEMO B YMOBaxX 3pOCTAIOUOr0 E€KOJIOTIYHOIO
TUCKY Ta 3MiHM Kiimary. Tomy, ekosorizaiisi BApOOHHUIITBA CTAa€ KIIOYOBUM EJIEMEHTOM CTaJIOro
PO3BUTKY. 3a0pyAHEHHS, BUKOPUCTAHHS OOMEXKEHHUX MPUPOAHUX PECYpPCiB Ta BHUKUAW LIKIITUBUX
PEYOBHMH Ha 3aBOJAaX 1 MiANPHEMCTBAX MAalOTh 3HAUYHUHM BIUIUB HAa E€KOCHCTEMH Ta 3arpoXKylOTh
JOBKULTIO 1 310poB 10 mozeii. EdexkTuBHa ekomnorizailiss BAPOOHUIITBA € HE JIUIIE HEOOXiTHICTIO JUIs
00poOHOI MPOMHUCIOBOCTI, a ¥ CTpaTeriyHUM HampsSMOM 3a0€3MEUYEHHsI CTaJoro PO3BUTKY
HAILlOHAIBEHOT EKOHOMIKH.

Mertoro AOCHIDKEHHS € aHalli3 Ta BU3HAUCHHs POJIi eKojori3allii BUpoOHMITBA B YKpaiHi A
3a0e3MeUeHHs] CTaJoro PO3BHUTKY, aHaNi3 TOTo, Ha SIKOMY €Talli 3aKOHOJABYOTO PO3BUTKY Ta
MIITPUMKH €KOIHIIIaTHB 3HAXOUTHCS YKpaiHa.

HaykoBa HOBM3HA NIOCHIPKEHHS TOJATa€ B MOMIMOJICHHI PO3YMiHHS BIUIMBY €KoOJOri3ailii Ha
cranuil po3BUTOK. CyTh JIOCIHIIPKEHHS MOJNSATa€ B BH3HAYCHHI KOHKPETHUX 3aXOJiB Ta CTPATETiH,
CIIPSIMOBAHUX HA €(EKTHBHY IHTETpallil0 €KOJOTTYHUX MPUHIMIIB Y BUPOOHUUI MPOIECH 3 METOIO
JOCSATHEHHS CTaJIOTO PO3BUTKY.

«Exomorizariist — mporec mociiJOBHOTO BIPOBAKEHHS HOBOI TEXHIKH 1 TEXHOJIOT11, HOBUX (popm
opravizauii BHUPOOHHUITBA, BHKOHAHHS YIPABIIHCHKMX Ta IHIIUX pillleHb, SKI JAlOTh 3MOTY
HiABUIIUTH €(EeKTHUBHICTh BUKOPUCTAaHHS MPUPOIHUX PECYpCiB 3 OIHOYACHUM 30€peKeHHSIM
MPUPOIHOTO CEPEIOBHUIIIA Ta HOTO MOJINIIEHHS Ha Pi3HUX piBHAX» [1].

BaxunBicTs BIpOBaHKEHHS eKoJori3allii BApOOHUIITBA B YKpaiHi 3yMOBJIEHA HU3KOIO YNHHHUKIB,
a came:

- 3ax®mcT 300pOB’S HAceNeHHS. 3aBASKM 3MCHIIEHHIO BHKHIB IIKI[UIMBUX PEYOBHH,
MOKPAIIYEThCS AKICTh MOBITPS 1 BOAH, 10 O€3M0CEPETHHO BILIMBAE HA 3/I0POB’Sl HACEIICHHS.
Exornorizaist ronomarae yHUKHYTH CEpHO3HHUX 3aXBOPIOBAaHb 1 3MEHIITY€ HETaTUBHUI BIUIMB
Ha CUCTEMY OXOPOHH 3/10POB’sl.

- 30epexeHHs MPUPOAHUX pecypciB. BUKOPUCTaHHS EKOJOTIYHO-YHUCTHX TEXHOJOTIH Ta
METO/1iB BUPOOHHIITBA JI03BOJISIE 3MEHIIIMUTH BUKOPUCTAHHS MPUPOTHUX PECYPCIB, TAKHX SIK
BOJIa, JIepeBMHa Ta MiHepanu. Lle cnpusie cragoMy BUKOPHUCTAHHIO pecypciB i 3amo0irae ix
BHUCHQ)KEHHIO.

- MixHapogHuii BIUIMB. MiXKHapoJIHa CHIIbHOTa BCE OUIBIIE YCBIIOMIIIOE HEOOXiTHICTDH
BUpIILIEHHs Tpo0ieM 3a0pyJHEHHS Ta 3MiHM KJliMary. bepydn yuyacTsb y mporieci ekonorizamii
BUPOOHMIITBA, YKpaiHa MOXKE aKTHBHO JOJYYUTHCS 10 MIKHAPOTHHX 3yCHUJIb 3 BUPILICHHS
EKOJIOTTYHHX TpoOIIeM.
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- 3MeHIICHHS BUTpPAT Ha EHEPrilo Ta CUPOBUHY. 3eNieHI TEXHOJOTii 4acTo CHpsSMOBaHI Ha
MiABUILEHHS eHeproe(eKTUBHOCTI Ta ONTUMI3AIlil0 BUKOPUCTAHHS CUPOBUHHU, IO J03BOJISE
KOMIIaHIsIM 3HU3UTH BUTPATH Ta IMiIBUIIUTH KOHKYPEHTOCIPOMOXKHICTb.

- CrBOpeHHS HOBUX POOOYMX MicCIlb. PO3BUTOK 3€JI€HHMX TEXHOJIOTIM Ta 3eNeHHX 1HIyCTpii
CTBOPIOE HOB1 po0OYi MiCIIS Ta CTUMYJIIOE IHHOBALIHHUI PO3BUTOK.

- CkopoyeHHS BHKHUIB MapHUKOBUX rasiB. Exonorizailiss BUpOOHHIITBA JO3BOJISIE 3MEHIITUTH
BUKH/IH MTAPHUKOBUX Ta3iB i CripHsie 0OMEKEHHIO MT00AIBHOTO MOTEITIHHA Ta IOM SIKIICHHIO
HACJIIJIKIB 3MIHU KJIiMaTy.

- Buxonanus MikHapomHuUX 3000B’s3aHb. Sk 1 1HImI KpaiHuw, VYkpaiHa 3000B’s3aHa
JOTPUMYBATHCS MIKHApPOJHUX EKOJOTIYHMX CTaHJApTiB Ta Yroid. YyacTb y TpoIeci
eKosorizamii BUPOOHUIITBA JIOTIOMOXE BHKOHATH IIi 3000B’S3aHHS Ta TOKPALIUTH
MDKHApOAHHUN IMIJK KpaiHH.

Takum unHOM, 6AUUMO, L0 € BAXKIIUBI (PAKTOPH, Ki JEMOHCTPYIOTh BaXKJIMBICTh aKTUBHOT y4acTi
VYKpaiHu B mporeci eKosorizanii BUpOOHUIITBA /IS TOCSTHEHHS CTAJIOT0 PO3BUTKY Ta 3a0e3MEUCHHS
n00pobyTy cycminbcTBa. OKpiM IIHOTO, BapTO IMaM ATaTH, IO YKpaiHa aKTUBHO PyXae€TbCs B
HaNpsMKY 1HTerpailii Ta Bctyny B €Bponeiicbkuii Coro3, sIKUil HUHI aKTUBHO BIIPOBAKY€ €KOJIOT14H1
METO/IM BeJICHHS O13HECY.

€Bporneiicbkuii 3enennit Kype (nani — €3K) 6yB npencrasnennii €BporneiicbkomMy nmapinamenty 11
rpyauss 2019 poky st pocsrHeHHs MeTu Ilapuspkoi yrogm 1mono oOMeXeHHs Io0anbHOTOo
noTterutinHs 10 1,5 rpagyciB 1o KiHIsg cTomiTTs Ta peamizarii Llineit cranoro po3sutky. €3K — ne
CTpaTeriuHui HalpsiIM PO3BUTKY CTaJOl, YUCTOI, O€3MedHoi Ta 310pOBOi €BPOINH, 1110 BU3HAYAE TUIaH
TiH 17151 CTBOPEHHS CTiMKOT €KOHOMIKH Ta MEPETBOPEHHS KIIMAaTHYHUX Ta €KOJIOT1YHHUX MpoOIeM Ha
MOXJIMBOCTI JUISL BCIX CEKTOPIB y CIIpaBeUIMBUI 1HKIIO3UBHUM croci6. €3K oxorutroe Tpancmopr,
CHEePreTHKY, CUTbChbKE TOCIIOaPCTBO, OYMIBHULITBO Ta MPOMUCIIOBICTh. TakoX BiH CIPSMOBAaHUI Ha
MiABUILEHHS €()EeKTUBHOCTI BUKOPUCTAHHS PECYpCiB, BIJHOBJIECHHS 010pI3HOMAHITTS Ta 3MEHIICHHS
3a0py/IHEHHS.

T'onoBHa meta €3K — neperBopuTr €BpOIy Ha MEPIINI KIIMaTHYHO-HEHTPATbHUN KOHTUHEHT J10
2050 poky, e BCi BHUKUAM MApHUKOBUX ra3iB Bij JIOACHKOI JisUIBHOCTI OyayTh KOMIICHCOBaHI 3a
PaxyHOK €KOCHUCTEM 1 TEXHOJIOT'1H JIF0ACHKOT AiSTIBHOCTI OyAyTh KOMIICHCOBaHI 32 paXyHOK €KOCHUCTEM
1 TEXHOJIOT1{ YJIOBIIOBaHHS Ta 30epiraHHs Bymiemto. i JocsArHeHHs 1€l MeTn Oynu po3poOneHi
Tu1anu Aii Ha nepiox 10 2030 poky B pi3HUX cekTopax (Tadim. 1)

[lMomo nHamoi KpaiHW, TO BapTO BHUIUIMTH T, 1[0 YKpaiHa 3IMCHIOE Mpoliec afanTaiii 1o
€BPOIEHCHKOT0 3aKOHOJIAaBCTBA [l BUKOHAHHS CBOIX 3000B’s13aHb 3a YTo/010 mpo acouianito 3 €C,
aJie 1ei mpouec Bi10yBaeThCs MOBUIBHO 1 HE OXOIUTIOE BCiX cdep. BripoBamkenns €3K B Ykpaini mae
OyTH CHCTEMHHUM, 3 YpaxyBaHHSM €KOJOTIYHHX OCOONMBOCTEH Ta KIIMATUYHHUX AacleKTiB B
€HEepreTHIIl, TPOMHCIOBOCTI, CLIIbCHKOMY TOCIOAAPCTBI, TPAHCHOPTI Ta (piHaHCAaX.

VYkpaina 3apa3 mepeOyBae B CTaHI HUIIIBHOI BIifiHH, 1 HAallleé TOJOBHE 3aBIaHHS — 3aXUCTUTH
JepkaBy, 3a0e3neunTH Oe3leKy CBOiX I'poMajsH 1 3aXHMCTHTU JEMOKpAaTH4HI LiHHOCTI. YacThHa
HAaIoi TepUTOpii 1 10Ci OKyIOBaHa, aje 3a MATPUMKHA MIKHApOIHUX MapTHEPIB, 30kpema €C, TpuBae
B1JIHOBJICHHS JICOKYTTOBAaHUX TepuUTOpiil. [le MOKIMBICTH 7S MICISBOEHHOI YKpATHU TOCATTH CTaNOi
Ta 3€JIeHOI PEKOHCTPYKIii, SKa BU3HAYATHME IIISAX €KOHOMIYHOTO PO3BUTKY Ta >KUTTS HACEJIEHHS.
€3K mae cratu opieHTHpPOM 7151 YKpaiHH B IpoIieci BiIOYI0BH.
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Tadommus 1 Cxiiagosi yactunu €Bporneiicskoro 3enenoro Kypcey (3a nanumu [2])

Ne Hassa Hanpsamy Onuc
1 Yucra, Oe3mneyna i | lexkapOonizamist eHepretuunoi cucremu €C — KITIOUOBHIA
JOCTYITHA EHEePTis eJIEMEHT HOCATHEHHS KiiMarnyHux miger mo 2030 ta 2050

pp. 3abesneueHHs €HEProeeKTHUBHOCTI € MPIOPUTETOM,
OCKUIbKM TOHafd 75% BUKMIIB TapHUKOBUX TaziB B €C
NOB’A3aHI 3 BHPOOHHMIITBA Ta BHUKOPUCTAHHA EHEPTii.
Po3BUTOK  BIIHOBIIOBAaHMX  JDKEped  €Heprii  Mae
CYIIPOBOJKYBATHUCS IIBUJIKOIO BITMOBOIO BiJl BYT'JUIS Ta Trasy.
[lepexin Ha 4YHCTy C€HEPrir0 TOBHHEH OXOIUIIOBATH
CIIO)KMBAYiB 1 MPUHOCUTHU iM KopucTh. EhexTuBHI mporpamu,
Taki sSK KpeOUTH Ha WiABUIICHHS eHeproeeKTUBHOCTI
OyziBedb, MOXYTh 3MEHIIUTH paxyHKH 3a €HEpriio Ta
CIIPUSITH 3aXUCTY HaBKOJHUIIHBOTO CEPEIOBUIIIA.

2 [lepexin mo uupkyssipHoi | OCHOBHA MeTa — peani3yBaTH HOBY IPOMUCIIOBY nomiTuky €C
EKOHOMIKH hIE; quKmepHm eKOHOMiKU. [706anmbHEe BHPOOHHUIITBO
MaTeplaJIlB notpoinocs mixk 1970 i 2017 pp., mo CTBOPIOE
cepiio3Hi mIo0anbHI pU3MKH. binblie MmonoBHHU BI/IKI/I,Z[IB
NapHUKOBHX rasis 1 90% Brpar 610pi3HOMAHITTS OB sI3aHI 3
BUJOOYTKOM 1 BHPOOHHLTBOM PECypCiB; I[POMHUCIOBHIL
cektop €C, xo4a 1 3MiHIOEThCS, Binnoigae 3a 20% BUKUIIB
NApHUKOBUX Ta3iB 1 jume 12% mupKyIsipHUX Marepiaib.
[lepexin 10  IHUPKYISIpHOI  €KOHOMIKM  Mae  OyTu
30CEpeKEHUI Ha PECYypPCOEMHUX CEKTOpax, TaKUX SK
TEKCTUJIbHA TPOMUCIIOBICTh, OyIIBHHUIITBO, €JIEKTPOHIKH Ta

IJIACTMACH.
3 EneproedexruBne Y OymiBHHUTBO Ta eKanIyaTauuo OyxiBenb lHBeCTyeTBCH
OyHiBHUIITBO Ta | BeNMKa KIJIBKICTH eHeprii Ta pecypciB. 40% eneprii
PEKOHCTPYKIIis CIOXUBa€eThca OyniBiasiMu. PiBeHb peHoBallii Oy/iBeIbHOTO

¢ouny €C xommBaetbes Mik 0,4% 1 1,2%, ame s
JOCSTHEHHS CHEProe(heKTHBHOCTI ILIaHYEThCS MOABOITH it
noka3HuK. Lle BUMarae «xBuii peHoOBalii» B TPOMAJACHKUX 1
npuBaTHUX OyniBiusax. [ligBuineHHs eHeproe(beKTHBHOCTl
MO 3MCHIINTH PaxXyHKH 3a eHeproHocii. IpoexTyBanHs ta
PEKOHCTPYKLIs OyiBe/b MOBUHHI BiIMOBIIATH MPUHIMIIAM
quKmepHm CKOHOMIKH Ta CHpHsTH LudpoBizauii Oynisens
Ta IXHi{ CTIMKOCTI IO 3MiHH KJIIMATYy.

4 Cranmuii Ta «po3yMHUiI» | Bukuaum napHUKOBHX Tras3iB Bil TpaHCIOPTY, sKi Hapasi
TpPaHCIOPT CTaHOBISTh Omusbko 25% Bukuiis B €C, HEOOXiAHO
ckoporutd Ha 90% z0 2050 poky. Ile o3Hadae mepexin 1o
CTaJloTO 1 PO3YMHOTO TPAaHCIOPTY, B TOMY YHCII
MePEeMIIeHHs 3HAYHOI YaCTKU BAaHTaXIiB 3 aBTOMOOLTHHOTO
TPAHCIOPTY Ha 3aJI3HUYHMI 1 BHYTPIIIHI BOAHI HUBIXH. LliHK
Ha TPAHCHOPT MOBUHHI BiOOpakaTH BILJIMB HA HABKOJIUIITHE
cepefoBuIle, a CyOCcHIil Ha BUKOIHI BUAM TajlBa MalOTh
OyTH TOCTYNnOBO cKacoBaHi. [lapanenbHO cCrHif Takox
pPO3BUBAaTH CTiKi aJbTEPHATUBHI BUIW TaauBa IS
TpaHcnopry, o6 1o 2025 poky Ha soporax €C 3’ssuocs 13
MJIH aBTOMOO1JIiB 3 HU3bKUM PIBHEM BUKHUJIIB.
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Ne

Ha3ssa Hanpsamy

Onuc

5

30epekeHHs Ta
BITHOBJIEHHS
010pI3HOMAaHITTS

Crpareris  €C 3 OIOpI3HOMAaHITTS CHpsAMOBaHa Ha
BIJIHOBJICHHSI OlOPI3HOMAHITTS NUISIXOM 301TBIICHHS TLUIONII
npupo100XopoHHUX Teputopit 10 30% m0 2030 poky. Micra
TaKOX 320X0UYIOThCSA 1o 30LJIBIIIEHHS YaCTKHU
010pi3HOMAaHITTS B MicbkoMy rpoctopi. JlicoBa crpareris €C
CIpsIMOBaHA HA TMONIMIICHHA $KOCTI Ta KUIBKOCTI JICiB
€spony, Wwo nepepdadac BUCAAKy 3 MIPA HOBHX JEPeB 1
BITHOBJICHHS  NOIIKO/UKEHUX JICIB Ui 30UIBIICHHS
nornuHanHs CO2.

«Bin ¢epmu 10 BUIETKIY:
CrpaBeUIMBa, 370pOBa Ta
eKOJIOT1YHa cucTema

Taka crparerisi BU3Ha4ae Mmiaxig 10 3a0e3nedeHHs €Bponu
0e3MeYHUMHU, TMOXHUBHUM Ta  SKICHUMH TPOTYKTaMH
XapdyBaHHs, MIHIMI3YIOYM NIPH [BOMY HEraTHBHHH BIUIMB

BUPOOHHITBA MPOMYKTIB XapyyBaHHs Ha HABKOIHIIHE
cepenopuiie. depmepn Ta PHOAIKH BIIITPAIOTH BaXXIHBY
pouib 1 HoBa cmr:cmorocnonapcma noxnituka €C cpsiMoBana
Ha MiATPUMKY IXHBOI y4acTi y 00poTHOI 31 3MIHOIO KITIMATY.

MIPOJIOBOJILCTBA

Byno pospobneno mimaH i Ul 3aXHCTy TPOMasiH Ta
€KOCHCTEM BiJ1 3a0pyaHEHHS MOBITPs, BOIM Ta IPYHTY. 3aX011
BKJIIOUAIOTh  30€pekeHHs OIOpI3HOMAHITT y  BOJHHX
CKOCHCTEMAX, 3MCHIICHHS BIUIMBY ~MIKPOIUIACTHKY —Ta
(hapMaleBTHYHHX IIpeNaparis, neperssiI CTaHJAPTIB SKOCTI
HOBlTpH BI,Z[HOBI,Z[HO 1o pexomennaiiii BOO3, HI,Z[TpI/IMKy
MICIIEBUX OpraHiB Biagd y TMOKpAIlEHHI SKOCTi MOBITpA,
3MEHIIEHHSI 3a0pyJHEHHS BiJ BEJMKHUX 3aBOMAIB Ta
MIOKpAIEHHS 3aM00iraHHs MPOMHUCIOBUM aBaPisiM.

Hynwose 3a0py/aHEHHS

JOBK1JIJIA

€C mnanye 30UIBIIMTH CBOT IUJIi 31 CKOPOUEHHS BUKHUIIB Ha
55% no 2030 poky nopiBusiHO 3 piBHeM 1990 poky, 30kpema
uepes lHll_llaTI/IBy «Fit to 55», crpsiMoBaHy Ha JOCATHEHHS
KJIIMaTH4YHOT HEUTPAIBHOCTI.

IMTocuneHHs KIIMaTUYHUX
aMmOIIii

3o0kpema, JUIs [IbOT0, YpSIy KpaiHu HeoOXiHO 3MIHCHUTH TaKi Jii:

CrpusiTé  pO3BUTKY E€KOJOTIYHO-YMCTUX TEXHOJIOTIH BUPOOHUIITBA IUISAXOM MMiJTPUMKH
3alpOBA/KCHHA CYyYaCHMX TEXHOJIOTiH, SKI MIHIMI3yBaTUMYTh BIUIMB BHUPOOHMIITBA Ha
JOBKULIS Ta HaaBaTH (hiHAHCOBI TPAHTHU IS MIATPUMKH €KOIHII[IaTHB.

[TocunuTy KOHTPOJIb 32 BUKHIAMH Ta 3a0pYIHEHHSIM, [IUISIXOM BIPOBAKEHHS OUIBII CTPOTUX
eKOJIOTIYHUX CTaHAAPTIB JUIS MiJNPUEMCTB Ta BIPOBADKEHHAM e(eKTUBHOI cuUcTeMu
MOHITOPUHTY BUKH/IIB 1 3JIy4€HHS IPOMAJICHKOCTI 10 KOHTPOIIIO L[LOTO MPOILIECY.
3a0X04yBaTu CTAJIUI PO3BUTOK CUIBCHKOTO FOCHOAAPCTBA IIISXOM HIATPUMKH (hepMepiB Ta
arpominpUeEMCTB, $KI BHUKOPHUCTOBYIOTH €KOJOTIYHO-OE3MeyHi NpaKTUKHM Ta HaJaBaTu
IPAaHTOBY JIOTIOMOTY JUIS 3alpOBa/DKEHHS IHHOBAIil y 10 cdepy Uis 3MEHIICHHS
BUKOPHUCTaHHS XIMIKaTiB 1 MiIBUIIIEHHS BPOXKAMHOCTI.

[Tocunutu pO3BUTOK EKOJOTIYHOI OCBITH Ta 1H(OPMYBaHHS T'POMAACHKOCTI, HUIIXOM
BIIPOBA/KEHHS €KOIIPOrpaM B OCBITHIH Mpoliec B MIKOJaX Ta YHIBEPCUTETaX, K 000B’I3KOBY
CKJIaJIOBY HaBYaHHS, a TAKOXK MTPOBOAMUTH pi3HI iH(opMalliiiHi KaMIaHii, 3 METOIO i ABHIIICHHS
EKOJIOT1YHOI CBIIOMOCTI cepel HaCeNIeHHS.
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- Po3pobutu Ta BpoBaguTH NOAATKOBY MIATPUMKY VIS «3€JICHOT0» Oi3HECY, IIIIXOM HaJaHHS
MOJIATKOBUX MiIBI a00 K MOXJIMBOCTI MPAIIOBATH TMEBHUN BU3HAUYEHUN 4yac Oe3 CIuiaTu
MOJATKY 32 YMOB BIPOBAUKEHHS 1 BAKOPUCTAHHS 3€JI€HUX TEXHOJOTIH.

BucnoBku. IlizcymoByroun, 6aunmMo, 10 €KoJori3aiisi BUpOOHUIITBA — L€ OJIUH 13 CyCIiJIbHO-
BO)XJIUBUX CBITOBHX TPEH/IIB, SIKUI 3a0e3medye eKONOTIYHY CTIMKICTh Ta (i3uuHe 370pOB’s Haii.
VkpaiHa, $K KpaiHa, sKa HaMmaraerbcsd cTaTd ujaeHoM €Bpornelicekoro Coro3 Mae Takox
JOTPUMYBATHCS Ta aKTUBHO BIPOBA/DKYBATH 3€JI€HI TEXHOJOTIH, Tak B Kpainax €C mpuiiHsIIM 1U1aH
mii  «EBpomeNchKUi 3enmeHuid  Kypce», SKui mepenbavae  exojorizamito  Oaratbox — cdep
KUTTEMIsUTbHOCTI. To K, XO4 Hamma KpaiHa 1 3HAXOAMTHCS Ha CTafil €KOHOMIYHOTO PO3BUTKY, aje
JOTPUMAaHHS MaKCHMAaJIbHOT €KOJIOTi3allii COpUSITAME PI3HUM €KOHOMIUYHUM acleKTaM, IiJBUIIUTh
1HBeCTHULIIHHY MPUBaOIMBICTh Ta HAOIM3UTH HAc 110 Betymy B €C. [l 1iporo, Ypsiay peKoMeHI0BaHo,
HE3BAKAIOYM HA CTaH BiMHM, 3MIHCHUTH 3aXOIH, AKi CIPUATUMYThH MEpexody A0 TpaHcdopmarllii, a
came: 3a0X04yBaTH MEPexXij 10 IHHOBAIITHIX METO/IIB BeJIEHHS Oi3HEC-TIsTTbHOCTI IUISIXOM HaJIaHHS
TPaHTIB, IPOIYMaTH HOBY MOAATKOBY MOJIITHKY, KA BKJIIOYATUME Pi3HI MOJATKOBI MUIBIH, CIPUATH
MiIBUIIICHHIO PIBHSI OCBITH Ta CAMOCBI1JIOMOCTI TPOMA/ISH.

Jliteparypa:

1. Exomorizaifisi eKOHOMIKA Ta €KOJOTIYHICTh BHPOOHMIITBA B YKpaiHi. LIeHTp ekonoriyHoro
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PRODUCTION AT THE MILLS OF THE PAPER INDUSTRY
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Resource-efficient clean production is an approach in production that focuses on optimal use of
resources, reduction of waste and negative impact on the environment. The main goal of this approach
IS to achieve efficiency and sustainability of production with minimal consumption of resources and
emissions [1]. The approach of resource-efficient and clean production is designed to facilitate the
transition to a circular economy, in which the prevention of waste generation is a top priority, as well
as the preparation of enterprises to reuse or increase the value of residues by introducing residues into
value-added production chains [2]. Resource-efficient clean production includes the implementation
of technologies for the ecologization of industry. The reduce in the consumption of materials and raw
materials will help to avoid losses and minimize the impact on natural resources. Implementation of
recycling systems and use of waste will help to create new products or energy. Development of
products that have a lower impact on the environment during production, use and disposal priority
direction of development of chemical technologies. Search and implementation of the latest
technologies and production methods aimed at increasing efficiency and reducing waste.
Implementation of environmentally friendly technologies to reduce emissions and pollution in air,
water and soil the priority direction of the development of ecology.

The overall goal of resource-efficient clean production is to create a sustainable, cost-effective
and environmentally responsible production process. Paper production faces a number of serious
challenges, including high volumes of water consumption, high electricity costs and the need for heat
recovery. Paper mills are sources of air pollution [3]. The high volume of water use poses a serious
threat to natural water resources and can lead to water shortages in regions where paper mills are
located. Electricity consumption in paper production is significant due to the processes of bleaching,
drying and other stages of production.

This leads to large emissions of greenhouse gases and a negative impact on the climate [4]. In
addition, the need for heat recovery is an important task, since the efficient use of thermal energy can
contribute to the reduction of energy consumption and emissions, improving the overall sustainability
and environmental efficiency of paper production. In addition, an important factor in the production
of paper and cardboard is the large consumption of pulp, which is obtained from wood, which is
accompanied by deforestation [5]. The development and implementation of the latest technologies
aimed at optimizing production and reducing its impact on the environment are becoming important
tasks for overcoming these problems.
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To overcome these problems, paper factories must actively implement technologies for efficient
use of resources, improve recycling systems, and improve production processes with regard to
sustainability and environmental safety. The implementation of resource-efficient clean production
at enterprises of the paper industry can include:

1. Modernization of equipment [6]: modernization of production equipment at paper industry
factories is carried out in order to increase the productivity and quality of production of different
types of paper and cardboard, both from primary fiber and using waste paper. This includes the
purchase of modern machines and technological systems to improve production processes.
Modernization of production facilities can apply to the entire technological process of paper and
cardboard production, starting from the preparation of cellulose materials and ending with the storage
of finished products.

2. Use of the latest technologies [7]: the introduction of modern technologies in production, such
as automation, monitoring and quality control, which will help reduce costs and ensure high quality
of final products, reduce the number of defects and by-products. It is also interesting to introduce new
production technologies using chemical reagents in the composition of paper and cardboard to capture
fiber and reduce pollution of sub-grid waters.

3. Use of domestic raw material sources for obtaining pulp [8]: the transition to the production
of paper and cardboard from 100% pulp from non-wood plant raw materials will allow to reduce the
cost of finished products and increase their competitiveness on the domestic market. Any country can
choose its own source of plant raw materials, depending on the specifics of the agro-industrial
complex, because waste from the processing of agricultural crops can be a source of cellulose
products to meet the needs of the pulp and paper industry.

4. Reducing energy consumption [9]: improving the energy supply system and increasing the
energy efficiency of production to reduce electricity consumption, which will be important for
reducing the cost of finished products. It is important to develop and implement alternative energy
sources that will reduce the use of fossil raw materials. This includes the burning of plant waste, the
production of gaseous or liquid biofuels from plant materials, waste from the processing of plant
materials or by-products of wastewater treatment.

5. Implementation of green practices [10]: take into account environmental aspects in the
production process, including reducing the impact on the environment and using secondary resources.
Secondary processing of paper and cardboard is important from the point of view of saving primary
cellulose fibers and allows reducing the amount of solid waste accumulation in the environment.

6. Improvement of quality control [11]: improvement of the product quality control system at all
stages of production to ensure high quality of final products, which meets the requirements of
consumers of certain types of paper and cardboard.

7. Improving logistics efficiency [12]: optimizing transport costs by improving logistics
processes and ensuring efficient delivery of raw materials and finished products to consumers. It is
important to create optimal schemes for the transportation of materials to meet both the needs of the
enterprise in raw materials and consumers in cardboard and paper products. It is also important to
provide employees with access to information sources in which the latest achievements in the field
of paper production are published.

8. Training of workers [13]: provide training and preparation of stuff to work with new
equipment and technologies. It is also important to provide employees with access to information
sources in which the latest achievements in the field of paper production are published. An important
factor in the development of workers is their constant improvement of qualifications through relevant
courses, as well as attendance at conferences, symposiums and exhibitions.
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9. Implementation of the development strategy [14]: to develop a long-term strategy for the
development of the enterprise, taking into account the growing needs of the market and competitive
opportunities. In general, the development strategy involves the development of a set of strategic
decisions that determine the priority directions of the company's development as a whole in the long
term.

These approaches can be implemented individually or jointly at domestic paper mills to improve
production conditions, reduce resource consumption, and increase product quality and
competitiveness. This is necessary not only to improve production indicators, but also to ensure the
principles of sustainable development. Greening of paper production will also have a significant
impact on the environment not only on a local scale, but also on a global scale, as emissions into the
air and water bodies of the environment will decrease.
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BHECOK MOPCBKOTI'O IMBIVIBHOI'O TPAHCITIOPTY Y 3HUKEHHS
BYIVIEHEBUX BUKH/IB, IIPOI'HO3 HA IIEPIOJA A0 2050 POKY
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[IpoGnema TMOOANBHOTO MOTEIUTIHHS 3arocTpuia MUTAaHHS II0J0 3HWKCHHS BUKHIIB B
arMocdepy napHukoBoro razy COz. Cranom Ha 2020 p. CBITOBUI TPaHCIIOPTHHI CEKTOp reHepye
24% cBiToBux BUKHIIB CO2 BHACHIIOK 3rOpSHHS OCH3MHY Ta IU3EJIBHOrO MaiuBa, ado 7,2 MIp. T.

Posb MOPCBKOTO TPaHCIIOPTY Y CBITOBIN €KOHOMIIll HEMOXKIIUBO TIEPEOIIHUTH. 3T1IHO 3 JaHUMH
Pagu Kondepenuii OOH 3 Toprismi ta po3sutky (FOHKTA/I), monan 80% ycix BaHTaxiB y CBITOBIN
TOPTiBIIi MEPEBO3UTHLCS MOPCHKUM TpaHCIOpTOM [8]. 3a ocraHHI JABa NECATHIIITTS 3arajibHa Bara
BaHTaXiB, IEPEBE3EHUX MOPCHKUM TPAHCIIOPTOM, 301bIIHIacs B 2 pa3u: 3 5984 mun 1y 2000 porti
no 11 076 man 1 y 2019. 3a 30epexkeHHs iICHYIOHUOTO Tapudy BaHTAKONEPEBE3EHHS MOPCHKUM
TPAHCIOPTOM MOXKYTh 301TBIIUTHCS Maibke BTpudi 10 2050 poky [5].

[Muranns 3HwKeHHS BUKUAIB CO2 MOPCHKUM TPAHCIIOPTOM JOCIIDKYEThCS OaraTbMa Cy4acHUMHU
BueHUMHU. 30KpeMa, y mrepenax [1;2;3;4;5;6;7] nHaBeneHo iHdopMaIlito MO0 TOro, 0 Y Mepiox 3
1990 p. mo 2020 p. cnocrepiraerbcst iHTEHCU(IKAIT BUKOPUCTAHHS MOPCBHKOT'O TPAHCHOPTY, II0
CYIIPOBOJUKYEThCA 301bIeHHaM BUKHIIB CO2 B atMocdepy y 2,5 pasu, y MOPIBHSAHHI 3 TOYaTKOM
BKazaHoro mnepioay. Tak y 2020 p. yactka Mopchkoro TpaHcnopty y Bukugax CO2z B atmocdepy
cranoBmwia 10 3% Bix ycix BukuaiB. [5]. Ilpu mpomy, Tineku y 2018 pori MOpPChKHIl TpaHCTIOPT
3nificauB BUKU y atMochepy 1,056 mipa. TOH ekBiBaJeHTa BYIJIEKMCIIOTO Tasy, IO CTaHOBHTH
6113bK0 2,89% pIYHUX BUKHIIB yCIX MAPHUKOBUX Ta3iB [7].

MeTo10 HaIIOTo OIJISILy € aHaJIi3 BIAMOBIAHOT CTATUCTUYHOI 1H(OpMaIlii i cipoda MpOrHO3yBaHHS
TEH/IEHIIH BHECKY MOPCBHKOTO LMBUIBHOTO TPAHCIOPTY VY BYIJICHEBI BHUKUAUW TPAaHCIOPTHOL
1HPPACTPYKTYpH CBITY.

3rigao 3 Ilapu3pkoro KimiMaTH4HOIO yroaoro Bix 2015 p. kpaiHu CBITY JTOMOBWIKCS JOCSTTH
3HmKeHHs BUKUIIB CO2 10 «HYIBOBOTO piBHS» y mepioa a0 2050 poky. BinnmosinHo 1o crparerii
yxBajeHoi €spoxomiciero €C o 2030 poky kpainu €Bpocoro3y MaroTh 3HU3UTH BUKHIU CO2 Ha 45%
nopiBHsHO 3 2010 p. Ilpu 11bOMy SKIIO HUHINIHI TEHACHLIT 30€piraTUMyThCsI, TO TI100aJIbHI BUKUAN
CO2 1o 2030 poxy He 3HU3SAThCS, a 301IbIIaThes Ha 14% [9].

11006 mepenamatu cuTyarito €BPOKOMICist BBOIUTH CIELIaTbHUNA TOaTOK Ha «KapOOHOBUH CIIi/1»
y po3mipi 300 eBpo 3a Tonny, BUkuiB CO2 1iist Bupo6aenux B €C 1 500 eBpo 3a TOHHY A7 IPOTYKIIii,
mo iMnopryerbes. Lleit momaTok 0OpaxoBYBaTUMETbCS BHXOJSMYM 3 TOro, CKUIbKM BUKUAIB CO2
3HAZI00MII0CS Il BUPOOHUIITBA TA TPAHCIIOPTYBAHHS MPOIYKIIii 10 CrioXuBaya [2].

Maifike Bech MOPCHKUI TPAHCHIOPT Y CBIiTi 3apa3 BUKOPUCTOBYE AU3EIIbHI JBUTYHH BHYTPILTHHOTO
3ropsiHHS. B cyuacHOMYy CBITI 3 KOXHHMM POKOM 30UIBIIYETbCS KUIBKICTH TOBapiB, IO
TPAHCHOPTYIOTHCS MOPCHKUM TPAHCIIOPTOM THM CaMHUM CHPUUMHSIOUYM 3pocTaHHs BUKUAIB CO2 B
atmocdepy. Ilepexii MOPCHKMX KOMIaHIdH Ha aTOMOXOJM 3HAYHO 3MEHIIMTH 3arajbHi BUKUAU
MDKHAPOJHOTO CYTHOIUIABCTBA. SIKIO He Oy/ie BYKUTO HAJICKHUX 3aX0/1iB, 3aralIbHUN 00CST BUKU/IIB
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CO2, 3a mporuno3amu, 36inemuThCs Ha 250% y 2050 poui. [7]. Tomy came 3apa3 HacTaB yac KOJIU
aKTyaJlbHO HE TUIbKM 33aJyMaTHCh, aj¢é 1 IOYaTH [iSTH B HANpsAMKY IEpPEeXoqy MOPCHKHX
TPAHCHOPTHHUX CYyJEH HAa aTOMHI PEaKTOpH ab0 BOAHEBI JABUIYHHU. 3alpOBa/PKEHHS BiJIIOBITHOTO
MOJaTKy B Maiil0yTHHOMY, Oy/ie MaTh BaroMiii BIUIMB Ha BapTiCTh MOPCHKUX NepeBe3eHb. [1pu npomy
y CyJeH, IO XOJiITh Ha HapTOBOMY MajuBi Oinble He OyJe LIHHOI MepeBaru nepen CydaMu 3
aTOMHUMH peakTopamu. OCKIJIbKM MOJATOK OyJie BIUIMBATH HA I[iHY NEpPEeBE3eHb MOXKHA CMIJIHBO
MIPOTHO3YBATHU PICT KOMIAaHiH, 1110 OyAyTh TOTOB1 BKJIaIaTH KOIITH B HOBI pO3pOOKH aTOMOXOZIB ISt
3MEHIICHHS CBOiX MOJAaTKOBUX BUTPAT. TaKOX iCHY€ IMOBIPHICTb, 10 Y MaHOyTHHOMY MOXYTh OyTH
3arpoBaPKEHHI 1HII MpUBLIET 171 aTMOC(EPHO HEUTPATILHUX CYJECH, Ta 0OMEXEHHS ISl Cy/IeH, 110
3naificHioroTh Bukuau CO2. Hampukiaz, icHyroTh npomno3uttii 3a6oponuts 3 2040 p. BXiJx 10 MOPTIB
EC xopabmsm i3 migBuimenumu Bukugamu COz.

Puc.1 Imroctparis 3 caiity https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9966280

Boanouac, y ciuni 2022 p., €BpokoMicisi BU3HaAJIa aTOMHY €HEPreTHKY €KOJIOTIYHO YHCTOIO Ta
TaKOI0, IO CIPUSE 3HWKECHHIO TAPHUKOBHUX BUKHIIB. Lle BU3HAHHS 3HAYHO MOKpAIy€e CUTYalIlo 3
OyIIBHULITBOM aTOMOXO/IIB Ta CIIPHsI€ 3Iy4YE€HHIO 1HBECTHIIIH 10 i€l inaycTpii. [Ticns BcecBITHRO
BioMuXx aBapiii B HopHoOmi1i Ta @yKycimi Oyiia MOMMPEHO0 JyMKa Ipo Te, IO SAepHA EHepreTuKa
€ HeOE3MEeYHO0, ajie 3apa3 CTae 3p03yMiJIo, 110 1€ He BiANOBIa€e NiCHOCTI 1 aTOMHA EHEepPreTHKa, 3a
yMOB Jofep:kaHHs npaui excrutyaranii AEC, € Ge3neunoro, a i BUKOPUCTaHHS HE € BYTJICIIEBO
HEHTpaJIbHUM JUTSI HABKOJIMIITHBOTO CEPEIOBHIIIA.

B nanuii yac MOpchKi aTOMOXO0/IM Maiike BUKJIFOYHO BUKOPHCTOBYIOTh BifICHKOBI, X042 PO3pOOKH
1 HaBiTh 30yZ0BaHI MOPCHKI CyJHA «HAa aTOMHOMY XOJy», IEPEBaKHO KPHUIOJaMH, iICHYIOTh YK€
Oarato nmecsaTwiiTh. ['0NOBHA mepenikoja IXHBOTO MAacOBOTO BHKOPHCTAaHHS — BHMCOKa BapTiCThb
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CTIOPYIKEHHS Ta iICHYI04Y1 00MeXeHHS 3 OyAIBHULITBA Ta EKCIUTyaTallii aTOMHUX peakTopiB. [Toku 1m0
KUIBKICTh CYJliB HEBEJMKA — 3apa3 BHUKOPHCTOBYIOTHCS JIMIIE 7 IUBUIBHUX aTOMHHX CYyJEH (AMB.
Tabj.), ajle y TaKuX CyJeH TOYHO € MEPCHEeKTHBAa TOMY IO BOHU aOCOJIOTHO HE 3a0pyAHIOIOTH
HABKOJIMIIIHE CEPEeJOBUINE 1 € HAabararo MOTYXHIIIUMH 3a KopaOii 3 ABUTYHAMH BHYTPIIIHBOTO
3ropanHs [3].

VY 2018 pomi MixHaponHa MOpcbKa Opraizailisi copMmyioBajia CTpaTerilo CHpSIMOBaHY Ha
3a0e3MeueHHs] CKOPOUEHHS BUKH/IIB BYTJIEKHCIIOTO Ta3y MOPChKUMU cyaHamu o0 2008 poky Ha
40% y 2030 pomui Ta Ha 70% (6mmu3pK0 300 MiH T) Yy 2050 porti. 3rigno Hei 10 2030 poky 17% eneprii,
0 CTIOKUBAETHCS MOPCHKMMHM CYIAHAaMH, F€HEPYBAaTUMETbCS 3 HU3bKOBYIJICLIEBUX BHUJIIB IMAJMBA!
amiaky (8%), BogHto (2%) ta Giomanusa (7%). Jlo 2050 poky iXHs YacTKa B €HEPrOCHOKUBAHHS
MOPCBKOT'0 TPaHCHOPTYy 30UTbIUTECS 10 84%, y Tomy umcii 46% amiaky, 17% Bomuio 1 21%
OionanmuBa. Excriepru Oprasnizailii eKOHOMIYHOTO CIiBPOOITHHUIITBA Ta PO3BUTKY MPOTHO3YIOTh, IO
BUKH/IM BYTJIEKMCIIOTO T'a3y MOPCHKUM TPAHCIIOPTOM MOKHa cKopoTuTu Ha 80% Bxke 1o 2035 poky
3a paxyHOK 3amiHu 70% BUKOIHOTO MajrBa aMiakoM Ta BOAHEM Ta 22% — GionainBoOM.

B ycix cuenapisix nexapOoHi3allii MOPCHKOT'O TPAHCIIOPTY aMiaky BiJJBOJUTHCS MPOBiJHA POJIb.
CporosHi amiak yCHIIIHO NMEPEBO3UTHCSI MOPCHKUMH CyAHaMH, Oim3bko 120 mOpTIB BKe MaroOTh
HeoOXiHY iH(ppacTpyKTypy, a 170 cyaeH MaroTh BIANOBIAHI «aMiayHi» JBUTYHH. 3aJHILAETHCS
BIJIKPUTUM MUTAHH BUPOOHHUIITBA aMiaKy y HeoOXiaHUX obcsrax. 1iist Toro mob nepesecT Ha Horo
BUKOpUCTaHHS X04a 0 30% iCHYIOUMX MOPCBKHX CyJIeH, TOTPIOHO 301IBIINTH CBITOBE BUPOOHHUIITBO
Ha 150 muH T mwopiyHo. 11 1BOTO MPOMOHYETHCS 3aiSITH 3€JI€HI MOPCHKI BITPOBI €1EKTPOCTaHIII{
(1o BXKe 3apa3 B EKCIIEPUMEHTAIBHOMY PEXHMI BXke BiIOyBaeTbcs y Mapokko). Y ToH ke vac
BUKOPHUCTaHHS aMmiaky sIK MajuBa JUIi CHWIOBHMX YCTAaHOBOK Ha MOPCBKHUX CyAHax, Morpelye
BUPIILIEHHS HU3KU TEXHOJIOTTYHHUX Ta EKOJIOTTYHUX Mpo0ieM. AMiak Ma€e OUIbII BUCOKY TEMIEpaTypy
camo3aifMaHHs Ta MEHIIY JJaMiHapHY IIBUIKICTh MOUTUPEHHS MTOIYM's, IIOPIBHSHO 3 BYTJICBOAHEBUM
MaJTMBOM, IO MOXE TMPHU3BECTH [0 HECTaOUIbHOI POOOTHM JBUTYHA HA HHU3BKHX Ta BHUCOKHUX
obopotax [5].

BucHoBKu:

BBeneHHs HOBUX MOJATKIB 1 00MeKeHb Mpu3Bee 10 ckopodeHHs y 2050 p. 3araibHUX MOPIYHUX
BUkUM CO2 MOPCHKUM IIMBUIBHUM TPAHCIIOPTOM, SIK MiHIMYM, Ha 40- 50% nopiBHsHO 3 2008 pokoM.
[2], 10, BOJIHOYAC, MOYKE MPUBE3TH O KPU3H MOPCHKHUX TIEPEBE3CHbB, 3 OTIISAMY Ha MiABUIICHHS iX
cobiBapTocTi. PeanbHOIO cTpaTerie€lo po3BUTKY IIi€l raiy3i € MOCTYIOBHH Mepexia BiJl ABUTYHIB, 10
BUKOPHUCTOBYIOTh OpraHiyHe MajbHE HAa BOJHEBI Ta aTOMHI CHJIOBI YCTaHOBKH. BBakaemo 3a
JOLIbHE PpO3pOOKy cTpaTerii jAep)kaBHOI MIATPUMKHM CyAHOOyaiBHOI ramy3i €C, Ha mnepion
MOYaTKOBOTO ()OPMYBAHHS LIUBUILHOT'O aTOMHOT'0 (PJIOTY HOTO KpaiH-YJIEHiB.
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e-mail: maskhov_oleg_52@ukr.net

P03BUTOK eeKTUBHOI CHCTEMH YIIPABIIIHHS E€KOJOTIYHOIO OE3MEKOI0 BIATIOBIAAE €BPOMEHCHKUM 1
CBITOBHUM ITi/IX0JIaM JI0 YTIPABJIiHHS HABKOJIHUIIHIM CEPEIOBHIIIEM, Y TOMY YHCIII BUMOTaM 1 TUPEKTUBAM
Yromm mpo acomiariiro Ykpainu 3 €BponelicbkuM Coro3oM. CTBOpEHHSI Takoi CHCTEMH 3HAYHO
PO3IMIMPUTh MDKHApPOAHE CHIBPOOITHULTBO YKpaiHM y cepi OXOpOHM IOBKULIS Ta CHPUSITUME
NPUBEJCHHIO CTaHy JOBKULISA Yy BIIMOBIIHICTH IO €BPONEHCHKUX Ta CBITOBHX BUMOT. HezanoBuibHMI
CTaH €KOJIOTIYHOTO MOHITOPUHIY BH3HAYEHO SIK 3arpo3y HaIllOHAIbHINM Oe3reli B eKOJIOTiuHIl cdepi.
Huni B YkpaiHi BifCYyTHA IJTiCHA CHCTEMa YIPABIiHHS EKOJIOTTYHOIO OE3MEKOI0, MEBHUM YHHOM
(GYHKIIOHYIOTh JIMIIE BiZIOMYl MEpexi, SKi BHUPILIYIOTh BY3bKONPOQLIbHI YHPaBIIHCHKI 3aBIAHHSL.
CucremMa €KOJIOTIYHOTO YIPaBIiHHA HABKOJMIIHIM CEPEIOBHILIEM SK BaXKJIMBA CKIAZ0BA CHCTEMHU
JIepKABHOTO YMPABJIHHS HAlllOHABHOIO Oe3MeKor0 Ta (POPMYBAaHHAM JIEP)KABHOI MOJITHUKH CTAJIOro
PO3BUTKY, BHUKOHAHHSIM MDKHApOAHMX 3000B’s3aHb YKpaiHM y cepi OXOpOHM HaBKOJIHUIITHBOTO
MIPUPOTHOTO CEPEIOBHUIIA TIOTPEOY€E TOKOPIHHOTO BIIOCKOHAICHHS, OCOOJIMBO B YaCTHHI BIPOBAKECHHS
CYYaCHHUX TEXHOJIOT1H reoiH(pOopMaLiitHUX CUCTEM 1 TUCTAHI[IHHOTO 30HIyBaHHS 3eMJIL.

CTBOpEHHS 3araJlbHOAEPKABHOI CHUCTEMM YMPABIiHHS HABKOJMIIHIM CEpElIOBHUINEM Mependadae
3aCTOCYBaHHS €()EKTUBHOI CHCTEMH YIIPABIIIHHS E€KOJIOTTYHOIO OE€3MEKOI0. YTPABIiHHS €KOJIOTIYHOIO
Oe3nekoro mependavae 30ip, 30epekeHHA Ta OOpoOKa JOCTOBIpHOI Ta OmepaTWBHOI iH(OpMAIi,
HEOOX1THOI JUII pO3POOKH 3aXOJiB MIOAO 3aMoOIraHHs Ta 3MEHIICHHS HETaTUBHHUX HACTIJKIB 3MiH
HaBKOJIMIITHBOTO cepepoBuina. Ilpu 1bOMy yNpaBIiHHS EKOJOTIYHOK OE3MEKOI0 HABKOJIUIIHBOTO
MPUPOJHOTO CepeIOBUINA Ta 00’ €KTaMU KPUTHYHOI 1HQPACTPYKTYpH MOKHA PO3IIISIATH K KOMILIEKC
B3a€EMOIIOB’SI3aHUX 1H(QOPMAIIIMHUX MPOIECIB B €KOCUCTEMAX, 1110 BUKOPUCTOBYIOTH TIEBHI METO/IM Ta
MOJIENi Ta CHOpPSMOBaHI Ha BHPILICHHS 3aBJaHb IJIAHOBAHOI AISUIBHOCTI 3 JIOTIOMOTOIO 1HTErPOBAHMX
aBroMaru3oBaHux cucteM. [1-3]. Tlpomec mNpUHHATTS YHOPaBIiHCBKMX €KOJOTIYHUX pILICHb
PO3IIIIAETHCS K CYKYITHICTh B3a€MOIIOB SI3aHUX TIPOLIETYp TIEPETBOPEHHS €KOJIOT1YHOT iH(opMarlii Big
MOMEHTY OTPHUMaHHS BUXIJHMX TaHUX /IO HaJaHHS EKOJIOriuHOi iH(popMmarii ocobi, sika npHuiiMae
YIIPaBIIIHCHKI €KOJIOTTYHI PIillIeHHs ISl JOCATHEHHs MeBHOI MeTH [3-6]. IcHyioua cuctema ynpaBiiHHS

mianopsAKoBaHUX TijcucteM. KoxkHa mificucreMa Ha piBHI OKpeMHUX CyO’€KTIB CHCTEMH YIPaBIIiHHS
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HABKOJIMIITHIM CEpPEJIOBUILIEM MaE€ CBOI CTPYKTYPHO-OpraHi3aiiiiHi, HAyKOBO-METOIMYHI Ta TEXHIUHI
OCHOBH.

[Ipobnema iHTErpamii aepoOKOCMIYHMX TEXHOJIOTIH y CHCTEMY YIPaBIiHHSI E€KOJIOTi4HOIO
0e3meKoro posrisaanacs B poboTax Oaratbox aBTopiB [3-6]. [IpoBeneHuil aHai3 mokasye, 0 Ha
JaHUW Yac 3aJMIIAIOThCS HEBHUPIIICHUMH IHTAaHHS HAyKOBOTO OOTPYHTYBAaHHS TEXHOJOT1H
3aCTOCYBaHHS ACPOKOCMIYHHMX TEXHOJIOTIH B CHCTEMax MiATPUMKUA NPUHHATTS YIPaBIiHCHKUX
eKOJIOT1YHUX pimieHb. [IopiBHAIbHUI aHai3 3alpOIIOHOBAHUX HOBHX PILIEHb 3 BIIOMUMH J03BOJISIE
BU3HAYUTHU HOBI MiIXOAM JI0 IHTErpaiii aepoKOCMIYHUX TEXHOJIOTIH y CHCTEMY YIpaBIiHHS
€KOJIOT1YHOI0 OE3MEKOI0 MPH OLIHII €PEeKTUBHOCTI CUCTEMH MiATPUMKU MPUAHATTS YIPABIIHCHKUX
iH(pOpMaLIHHUX €KOJIOTIYHUX PIllICHb.

Merta nocniKeHHsI — HayKOBE OOTPYHTYBaHHS €(EKTHBHOCTI BIIPOBA/KEHHS ACPOKOCMIYHHUX
TEXHOJIOTI Yy CHUCTEMY YyMpaBIiHHS €KOJOTIYHOK OE3IMEKOI0 3 BHUKOPUCTAHHIM I1HTEICKTYaTbHUX
CHCTEM MIATPUMKH NPUHHATTS yIPABIIHCHKUX €KOJIOTIYHUX PIIICHb.

CucremMa WIATPUMKH TPUHHATTS YHOPABIIHCHKHX EKOJOTIYHUX pIlIEHb 3 BHKOPHCTAHHIM
aepOKOCMIYHUX TEXHOJIOT1H nepedauae BUKOHAHHS HACTYITHUX MPOIELyp: POCTOPOBE yB'sI3yBaHHS
00'€KTIB €KOJIOTIYHOTO YIPaBIIiHHS; MOJICIIFOBAHHS TUHAMIKY HA/I3BUYAHUX €KOJIOT1YHUX CUTYaLlI;
aHaJi3 eKOJIOTIYHHUX 3arpo3 1 PU3MKIB JJIs HABKOJIHUIIHBOTO MPHUPOJHOTO CEPEIOBHINA Ta 00’ €KTIB
KPUTUYHOI iHPPACTPYKTYpH; A1arHOCTHKA EKOJIOTIYHOI CUTYAIlil B pallOHI CIIOCTEPEKEHHS HAa OCHOBI
OLIIHKM €KOJIOTTYHHX 3arpo3 1 pU3MKiB; MIATPUMKA MPUHHITTS yIPABIIHCEKUX €KOJOTTYHUX pIllIEeHb
IIIIXOM IPECTaBICHHS Ta BITOOpaKEHHs OIIEpaTUBHOT €KOJIOT14HOT cuTyalii 3aco6amu Bizyanizamii
Ta (OpMYBaHHS MPOIO3UIIIH OO0 YIPABIIHCHKUX PIllICHb.

TexHomoriss CTBOPEHHS IHTENEKTYaJIbHOI CHCTEMHM MIATPUMKU HPUNHATTSA YIPaBIIHCHKUX
eKOJIOT1YHHUX pillleHb nependavyae mociiloBHe BUKOHAHHS HACTYITHHUX MPOLEAYP:

- CTBOPEHHSI CTaTMYHOI'O IIapy MPOCTOPOBOi MOJENi O0'€KTIB €KOJOTIYHOrO YHpaBIiHHSA, IO
CKJIAJIA€ThCSl 3 TEOTAKCOHIB, CTBOPEHHS aTpUOYTHBHOI 0a3u JaHUX, IO OMHCYE T'€OTAKCOHM, Ta
npuB's3Ka 11 10 M1apy re0TaKCOHiB;

- CTBOPEHHSI IIIapy KOMipOK 3MIHHOT'O PO3MIpY;

- IpuiioM Ta 00poOKa aHUX JUIsI MOHITOPHHTY CTaHy O0'€KTIB €KOJIOTIYHOTO CIOCTEPEKECHHS B
YMOBaxX MOXKJIMBUX HaJ[3BUYAHUX €KOJIOT1YHUX CUTYaLlIH;

- MOJICJIIOBAHHS €KOJIOTTYHUX MPOLECIB Y 30HI AISIBHOCTI 00'€KTa IUIAHOBAHOI IiSUIBHOCTI Ta
YTOYHEHHS TTapaMeTpiB MOJAEI BIAMOBIIHO O JAHUX €KOJIOTTYHOTO MOHITOPHHTY;

- Bi3yallbHE NPEACTABJICHHS JUHAMIKM TOIIMPEHHS HAJ3BHYAHMX EKOJIOTIYHUX CHUTYyalid, y
BUTJIAJI BIAMIOBIAHOTO MIAPY MPOCTOPOBOI MOJIEINI PaiOHY TUIAHOBAHOI isSUIBHOCTI;

- Bigyamizamisi TeompocTopoBoi iH(popMarlli, HeoOXiTHOi [uIs MIATPUMKHA HPURHATTS
VOPaBIIHCHKUX PIIIEHb MiJ] Yac TUIAHOBOI MiSUIBHOCTI 3 METOI0 IMiJBHINEHHS €()EeKTUBHOCTI il
CIPUHHATTSA 0c00010, 110 TPUHMAE PillICHHS;

- IIarHOCTUKA CHUTYyaIlil B paiiOHI yHpaBiiHHS €KOJIOTIYHOIO OE3MEeKOI0 B YMOBAaX MOXIIMBUX
HAQ/I3BUYAHUX EKOJOTIYHHUX CHUTYyalidl IIJIIXOM PO3PaXyHKY EKOJOTIYHUX 3arpo3 1 pU3MKIB Ta
BI3yaJIbHOTO BiZJOOp@)XEHHS LUX OI[IHOK Yy IMPOCTOPOBiM MOJENi y BUIJISAAI JAWHAMIYHUX 30H Ha
BIJIMIOB1THUX IIIap MMPOCTOPOBOI MOJIENI paifloHy IIAHOBAHOI JiSUTBHOCTI.

TexHOJOTrYHO CXEeMy CHUCTeMM HIATPUMKH NPUAHATTS YHPABIIHCHKUX EKOJOTIYHUX PillleHb
MO>KHA CTBOPHUTH IUIIXOM MOJIepHi3allii kiacuanoro mabnony MVC («Model-View-Controllery), a
caMme: KOpUCTYBay B3aeMOji€ 3 rpadiuHuM iHTepdericoM, KOHTpojep o0pobisie 3amuT 1 hopmye
MOJIENIb 1 MPEJCTAaBICHHs 3alMTIB Mojem Uit BinoOpaxeHHs pe3ynbrariB. Y MVT URL-3anut
nepeaaeThes B npencTaBieHHs. /s BinoOpaxeHHs kaprorpadiuHoi iHpopmarllii BAKOPHCTOBYBABCS
Google Maps. Kaprorpadiuna inpopmartist 30epiraerscs B 6a3i qanux PostgreSQL.
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Konuernisi mporpaMHoi YaCTUHH CUCTEMU MIATPUMKH MPUUHATTS YIPABIIHCHKUX €KOJIOTTYHUX
pimieHp 0Oa3yeTbcsi Ha OJOYHO-MOAYJBHIA apXiTEKTypi 3 MOXIHUBICTIO €()eKTUBHOI 3aMiHU
¢byHKLIiIOHANBEHUX OJIOKIB 6€3 3MiHM 3arajgbHOro aum3aiHy. OkpeMi (yHKIIOHAJIbHI OJIOKH CUCTEMHU
OIATPUMKH TPUHHATTS YOPABIIHCBKUX EKOJOTIYHUX pIlIeHb 3alpONOHOBAaHO OO0’€qHATH B
MiJCUCTEMH 3a CXOKUMHU (PYHKLIOHATBHUMHU XapaKTepucTUKamMu (puc. 1).

CTpyKTypa CUCTEMH MIATPUMKHU TPUHHATTS yIPaBIiHCHKUX €KOJIOTIYHUX PIIIEHb CKIaJa€ThCs 3
TaKuX MiJICUCTEeM: 30epiranHs JaHuX; MiJACUCTeMa 3B'3KY 3 IPUCTPOSIMU; MiJICHCTEMa IPOCTOPOBOL
NpUB'S3KM  00'€KTa TUTAHOBAHO! MisUTBHOCTI; TiJICHCTEMa MOJICIIOBAHHS Ta MPOrHO3YBaHHS,
HiJICHCTeMa €KOJIOTIYHOIO MOHITOPHHTY; MIJCHCTEMa aHalli3y eKOJOTIYHUX PH3HKIB; MiJcUCTeMa
J1arHOCTUKY €KOJIOT1YHOI CUTYAIlil; miicucTeMa nojaHHs iHdopmartii (Bizyanizarii).

Spatial
reference
subsystem

Operator

Visualization

subsystem
: 1 - Data and
Subsystem of’ — . el
diagriostics of Environmental Modeling model
ecological [  risk analysis bsysten storage
situafion subsystem subsystem g

i

Device Environmental
communication subsystem
subsystem monitoring
Technical
means of
monitoring

Puc. 1 - KonuenryanbHa MOJeNb IPOrPaMHOi CUCTEMH MIATPUMKU NPUHHATTS yIIPaBIiHCHKUX
€KOJIOT1YHHUX PIllIEHb.

Bxinnoro iHdopmariiero Ui MPOrpaMHOrO MPOAYKTY CHUCTEeMHM MIATPUMKH TMPHHHATTS
YIPaBIIHCHKUX €KOJIOTTYHUX PIllIeHb €: CKAaHOBaHA KOs AIJITHKH TEPUTOPIi, Ha AKiH 311HCHIOETbCS
TUTAHOBAHA JiSUIbHICTh; 3HAUEHHS aTprOyTIiB CTATUYHHUX JAHUX KapTorpaiuHuX 00'€KTiB; 3HAUCHHS
napamMeTpiB cepelioBUIa (METEOPOJIOTIYHUX YMOB); (OTO- Ta BiA€0300paKEHHs, OTpHUMaHi 3a
JONIOMOTOI0  aepOKOCMIYHMX TexHoiorii. Jlami 3a gomomororo iHcTpymeHTiB Google Maps
CTBOPIOETHCS €NEKTPOHHA KapTa, Ha sIKiil 00’ €KTH HaHeCeH1 y BUTIIANI OaraTokyTHHMKIB. Ha ocHOBI
aTpuOyTHBHMX ITapaMeTpiB KapTorpadidHux 00’ €KTiB po3polieHo 6a3zy nanux y popmari Postgresql.
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EnexkrpoHHa kapTa MICTHTH IIOJNITOHHM, $KIi € HabopamMu O0O0’€KTIB MPOCTOPOBOI MOjEN Ta
BiJI0OpakaroThCsl HAa KapTi BiAMOBIAHUME Konbopamu. Buximgaumu ganumu 'IC € po3mozin omiHoOK
PHU3HUKY, 110 MICTUTBCS B KJ1aci pu3uKy. /i miATPUMKU TIPUKRHATTS pilieHb iH(opMaIlis, oTpuMaHa
B pPe3yJIbTaTI AIarHOCTHKH CUTYAIlil, TOJAETHCS Y Bi3yalbHOMY BUTJIISIL.

PesynbraTi eKcriepMEHTY HiATBEPAMIIM, 110 BUKOPUCTAHHS CHUCTEMHU MIATPUMKH MPUAHSATTS
YIPaBIIHCHKUX €KOJOTTUYHUX PILIEHb JO3BOJISE MiJABUIIUTH CTYIiHb €(DEKTUBHOCTI yNPaBIiHCHKUX
€KOJIOT1YHHUX PIIlIEHb 32 PaXyHOK:

- CKOpPOUYEHHS 4acy Ha MirOTOBKY JOKYMEHTIB L0JI0 CTPATET1YHOI €KOJIOTIYHOI OIIHKH, OI[IHKH
BIUIMBY Ha JOBKIJUISA, OLIHKU €KOJIOTIYHUX 3arpo3 Ta PU3HKIB (3M€HIJ_Iy€TI>C51 qac: 10 1-2 roauH npu
MPOBEACHHI CTPATETiYHO1 €KOJIOT1YHOI OI[IHKH, OIL[IHKM BIUIMBY Ha MOBKULIA; 5-10 XB.) mpu o6pooi1ti
MOB1IOMJICHb PO BUHUKHEHHS HAJA3BUYAHHUX E€KOJIOTTUHUX CUTYAIliH, OLIHII €KOJOTIYHUX 3arpo3 1
PH3UKIB.);

- aBTOMATHU3allisl TOCTaBKU 1H(opMaIlii, OTpIMAaHOI CIyk0aMu ONepaTUBHOIO pearyBaHHS;

- iH(opMariiiHO-aHaTITHYHE 3a0€3MeYeHHs IPUUHATTS YNPaBIIHCHKUX PIlIEeHb MPU JIKBigamii
HAJ3BUYAITHUX €KOJIOT1YHUX CUTYAIIii;

- 30epiranHs iHpopMaIlii B 6a3i 1aHUX 3 MPUB'I3KOI0 10 00'€KTIB 3alJIaHOBAHOI AisUTBHOCTI;

- MOJKJIMBOCTI aBTOMATH3allii CTBOPEHHS 3BITiB, BEJICHHS CTATUCTHKH, aHAJI3y ONEpPaTUBHOL
00CTaHOBKH;

- €IMHUHA 1HGOPMAaLIMHUN TPOCTip IS MIATPUMKU NPUHHATTS YIPABIIHCHKUX EKOJOTIYHHUX
pillIeHb.

3anpornoHoBaHa CHCTEMa MIATPUMKH HPUHHATTS YHOPABIIHCHKUX EKOJIOTIYHHMX pIlIEHb MOXKE
3a0e3MeUnTH MPUHHATHI XapaKTEPUCTUKU 3a TOYHICTIO Ta HIBHJAKICTIO 32 YMOBH JAMCKpETH3amii
npocTopy (JIokainbHOCTI) 3 po3Mipamu ocepeakiB Big 10 mo 20 M. [IpoBeneHi eKCIEpUMEHTH TaKOX
niarBepawiy, mo BukopuctanHs GISForestProject mo3Bomsie oco0i, ska mnpuitMae pillleHHS,
CBO€YACHO MPUIMATH aIeKBaTHI PillICHHs. HA OCHOBI OI[IHKM €KOJIOTIYHOT 0 PU3HKY ITiJT Yac IIaHOBOT
TisUTBHOCTI 00’ €KTIB KPUTUYHOI 1HPPACTPYKTYpH y pa3i BUHUKHEHHS HAI3BUYAMHUX €KOJOTTYHHX
CUTYAI[ill Ta BIAMOBITHO 3MEHIIINTH peaibHi 30UTKH B yMOBaX HA/I3BUYAMHUX €KOJIOTTYHUX CUTYAIIIH.
Pe3ynbraTi eKCIEPUMEHTY JOBOJATH, IO BHKOPUCTAHHS CHCTEMH MIATPUMKH NPUHHATTS
YIPaBIIHCHKUX €KOJIOTIYHUX PIIIeHb J03BOJISIE CKOPOTHTH TPUBANICTh OIIHKHM CUTYAIlil Ta BUOOpY
pillIeHHS, IO Ja€ 3MOry 3MEHIIUTH 3aJEXKHICTh BiA 11 MCUXO(]i3i0JOTIYHUX Ta EBPUCTUYHUX
BIIACTHBOCTEW Ta 3HU3UTH EKOJOTIYHI PU3UKHU Bi HA/3BUYAKHI €KOJOTIYHI CHUTYyalii Ha 00’ €KTax
KPUTUYHOI 1HQPACTPYKTYPH.

CuctemMa TIATPUMKH TPUHHATTSA yNpaBliHCBKUX ekosoriyHux pimenb y GISForestProject
anpoOoBaHa Ha BUPIIIEHHI] PsIly 3aBAaHb MMIATPUMKHI MPUXHATTS PIllIeHb 31 CTPATET19HOT €KOJIOTYHOT
OLIIHKY Ta OLIHKU BIUIMBY Ha HABKOJMIIHE CepeoBUIIle. TaKuM YMHOM, 3alIPONIOHOBAHA IHTETparlis
ACPOKOCMIYHUX TEXHOJIOTIH y CHCTEMY YHPAaBIiHHS €KOJOTIYHOIO 0e3MEeKO0 JO3BOJIsE e(hEeKTUBHO
BUKOPHUCTOBYBAaTH CHUCTEMHM MIATPUMKH TMPUHHATTS YNPaBIIHCHKUX 1H(GOpMAIIHUX €KOJOTTYHUX
pilieHb. 3anpornoHOBaHy TEXHOJIOTIIO MiATPUMKHU MPUHHATTS €KOJIOTIYHUX YIPABIIHCHKUX PIllICHb
JOIIBHO  BHKOPHCTOBYBAaTH sSIK OCHOBY Be0-Opi€HTOBaHOi reoiHpopMaliifHOi  cucTeMu
GISForestProject, sika cTBopeHa Ha MOBI mporpamyBanHsi Python 3 Bukopuctanusm (peiMBOpKy
Django Tta ioro posmmpenHs GeoDjango. Jlnsi CTBOpeHHS CHCTEMH MIATPUMKH HPUHHATTS
YIPaBIiHCHKUX €KOJIOTTYHHX pillieHb BUKOpUCTaHO 610mioTeky OpenLayers (151 CTBOpEHHS KapT) Ta
cucreMy ynpasiiHHs 6a3amu ganux PostgreSQL.

Cucrema 3abe3neuye BUKOHAHHS HACTYMHUX (QYHKIiH: mpuiioM Ta 06poOKa TaHUX MOHITOPHUHTY
CTaHy 00'€KTiB TUTAHOBOI JISUTBHOCTI B YMOBaX MOXKJIMBHUX HAQJI3BUYAMHHUX €KOJOTIYHUX CHUTYaIlii;
MOJICJIIOBAHHSL €KOJIOTIYHMX MPOIECIB y 30HI AISTIBHOCTI 00'€KTa IJIAaHOBAaHOI MiSUIBHOCTI Ta
YTOYHEHHS TapaMeTpiB MOJENi BIJNOBIIHO JIO JaHUX EKOJOTiYHOTO MOHITOPHUHTY; HAO4HE
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B1100pakeHHS TUHAMIKH TIOIIMPEHHS Ha[3BUYAHHIX €KOJOTIYHUX CUTYAIIIi Y BUTJISIII BIATIOBITHOTO
Iapy MpOCTOPOBOI MOAETl pallOHy IUIAHOBAHOI [isSUIBHOCTI; JIarHOCTHKA CHUTYyalii B paifoHi
IUTAHOBAHO! AISUTBHOCTI B YMOBaX MOXKIIMBUX HAJ3BUYAWHUX CKOJOTIYHMX CHUTYallild MUIIXOM
PO3PaxXyHKY €KOJOTIYHHX 3arpo3 1 pU3UKIB A 00'€KTiB TUIAHOBAHOI MisSUTBHOCTI Ta Bi3yallbHOTO
B1J100pakeHHS IIUX OLIIHOK Y MPOCTOPOBIiM MOJIEIi Y BUTTISAL JMHAMIYHUX 30H Ha BIAMOBITHOMY IIapi
MIPOCTOPOBOI MOJIENI TEPUTOPIi MIIAHOBAHOI MisSUIBHOCTI; Bi3yalli3alis reonpocTOpoBoi iHpopMarii,
HEOOX1THOT JUIS MATPUMKHU MPUHHATTS YIIPABITIHCHKUX PIIlICHb i/ Yac TUIAHOBUX 3aXO/[iB 3 METOIO
MiIBUIICHHS €(PEKTHUBHOCTI 1i CHPUUHATTS 0CO00I0, 110 IPUKMAE PIillICHHS.
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BITPOEHEPTETUYHUIN NOTEHIIIAJI TEXHOT'EHHO
IHHOPYHIEHUX 3EMEJIb

Oabsra MEJIBEJIEBA?, 3apsina TAJIBUEHKO?, Ounexciii JEMUEHKO?
Y Incmumym zeomexniunoi mexanixu im. M.C. Honaxosa HAH Yrpainu
Byn1. Cimdepononscrka, 2a, M. J{Himpo 49005, Ykpaina
’NIBH3 « Yrpaincokuil 0epacagHuil Ximiko-mexHono2iunuil yHisepcumenmy
npocr. ['arapina, 8, m. J{uninpo 49005, Ykpaina
e-mail: zhalchenko85@gmail.com

3rimHo maHux MiXKHApOJIHOTO areHTcTBa BinHOBIIOBAIbHUX JpKkepen eneprii (BIE) (IRENA) 3a
octaHHi 20 poKiB MOTYXKHICTh BITPOBOI reHepaii y cBiTi 3pocina 3 7,5 Bty 1997 poui 1o npubiansso
564 1Bty 2018 poui. Y nepion 2020-2022 pokiB HOTYKHICTb BITPOBUX €JIEKTPOCTAHIIIH BKeE CKIIATA€e
730 I'Bt i moctiitHo 3poctae. IlIBuike 3pocTaHHS BITPOEHEPIeTUKU CIIOCTEpIiraeTbesi B Asii,
[TiBHiyHIi AMepuIli, TakoXX BITPOBHI mMoTeHIian po3BuBaTh Kpainm €C — Janig, Icnawis,
Himeuunna. Po3nofin motyKHOCTEH BCTaHOBJIEHHX BITPOBUX eJeKTpocTaHIii y cBiti (2014-2015
Pp.) MPeCTaBIeHO HA PUCYHKY 1

Puc.1. Po3noain noTy>XHOCTEH BCTAHOBJIEHUX BITPOBUX €JIEKTPOCTAHLIN Yy CBIT1
(2014-2015 pp.)

3riqno nanux HamioHaneHOi KoMicii, IO 3MIHCHIOE PEryNIOBaHHS y cdepax SHEpPreTHKH Ta
komyHanbHuX mocayr (HKPEKII) ta I'pomancekoi cminku «YKpaiHChbKa BITPOEHEPreTUYHA
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acomianis» (I'C «YBEA») cranom Ha 31 rpynus 2021 poky, BCTaHOBJICHA MOTYXHICTh CEKTOPY
BiJTHOBIIIOBAHOI €HEPreTHKH YKpaiHu focsraa 9 655,9 MBT i3 HUX 7071 BITPOCHEPreTHKH CKIIaae
1672,9 MBT, mo y 20 pa3iB Buiie nopiBasHO 3 2006 pokom (puc. 2) [1]. BirpoenepreTuka € Apyroro
B YKpaiHi, MICIs COHSYHOI €HEPreTWKH, B HALlIOHAIHHOMY CEKTOPl BiJIHOBIIOBAJIBHHUX JUKEpeEl
€Heprii, 3a 3arajJbHOI0 BCTAHOBIICHOIO MOTYXKHICTIO. J[0 moyaTKy BOEHHUX il Ha TepUTOpii YKpainu
npamroBanu 34 Bitpoenektpoctaniii (BEC), ski ckiagaroTees 3 699 BiTpoBUX TYypOiH, cepemHs
OJMHUYHA MOTYXKHICTh SKHX cTaHOBUTH 3,5 MBT. Ha pucynky 3 npeacrasneni BEC Ykpaiunu, siki
npaioBain B YKpaini craHoM Ha KiHers 2021 poky [1].

JHHAMIKA POCTY BCTAHOBJIEHOT OTY KHOCTI 00’ €KTiB
BiTpoeHepreTIMMNX cTanniil B Vipaini, MBT
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Puc. 2. J/lunamika pocTy BCTAHOBJIEHOI MOTY>KHOCTI 00’ €KTiB BITPOCHEPIeTUYHUX CTAHIIIH B
VYxpaini (3a ;anumu HKPEKIT)

Sk BuzHO 13 puCyHKY 3, 6unbinicte BEC B Ykpaini 3HaxoasThes Ha y30epexoksax YopHoro ta
A3oBcpKOro MopiB, Ha Teputopii Kpumcbkux ta Kapmarcekux rip, y Opmechkiif, XepcOHChKIH Ta
MukonaiBcbkiil o6mactsax. 3a naHuMu [HCTUTYTY BinHOBIIOBaIbHOI eHepreTukn HAH VYkpainu, mi
perioHH € HalOUIBII MPUIATHUMU JUIsI BUKOPUCTAHHS €Heprii BiTpy. AJie i 3a3HaYUTH, IO TYT
BUKOPUCTOBYIOThCS BiTpoeHepreTuyHi yctaHoBku (BEY) Bennkoi mOTyXHOCTI 3 TOPU30HTAIBHOIO
BicCI0O o0OepTaHHsA. AJie CHi BIAMITUTH, 11O HAa HOMIHAJIBHUN pPEXUM pPOOOTH TeHEpaTop 3
TOPU30HTAIBHOIO BICCIO OOEpTaHHSA BUXOIMThH JMIIE MPHU IMIBHIKOCTI BiTpY Bix 8 mo 12 m/c. B
Jiama3oHi MBUAKOCTEH Big 2 10 6 M/C BUXIJHA MOTYXHICTh MOMIOHMX BITPOJBUTYHIB HE3HAYHA,
TOOTO BHUKOPUCTOBYETHCS JIMILIE Majla YacTHHA €Heprii BITPY, IO MpHIMAaeThCs. SIKIIO B3ATH J10
yBaru Toi (hakT, mo Ha OurbmIoCTi Teputopii YKpaiHHW cepeqHbOPIuHI MIBUIKOCTI BITPY PiIKO
nepeBulytoTs 3,5-4,5 m/c, To Bukopucranus BEY 3 ropusonTansHoI0 Biccio 00epTaHHS MOBCIOJHO
crae HeepeKTUBHMM. Tomy Tpeba BuOpaTu Ounbin pamioHanbHy BEY, sika moune egpekTHBHO
NpaLOBaTH HaBITh TNPH HHU3BKUX IIBHIAKOCTAX BITpy. Llum Bumoram Bigmosizatote BEY 3
BEPTUKAJIHHOIO BiCCIO OOEPTaHHS, 1110 MPALIOI0Th HA MEHIINX IIBUIKOCTSX BITPY [2].
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Puc. 3 Bitposi cranuii Ykpainu cranom Ha kines 2021 poky (3a ganumu I'C «YBEAY)

Takox OiBII parlioOHATbHUM 1 MEPCIIEKTUBHUM € MOXJIMBICTh BUKOPUCTAHHS TEXHOTE€HHO
MOpYILIECHNUX 3eMeb iis BeraHoBieHHs: BEY. Hanpuxkian, moxkHa posramoByBatu BEY Ha BigBamax
PI3HUX BUCOT, TUM CAaMHMM 30UTBIIYI0YH BUPOOHHUITBO eiekTpoeHeprii. CepenHs NIBUAKICTD BITPY Ha
BucoTi 10 M gopiBHIOE 6 M/cek., To Ha Bucoti 100 M — Bxke 9,6 m/cex. TakuM YMHOM, HA BUCOKHUX
BiJ[BaJIaX BITpOeHepreTuuHuil morenuian Oyne Ha 60% nepeBuityBatu piBHUHHHHA. Ha Tepuropii
micta Kpusuii Pir Haniuyerscs 19 BiBamiB po3KpUBHUX MOPiA 1 HEKOHAMLIHHUX Py, SKi 3aiiMalOTh
wiomy 6xau3pko 6,0 THC. ra, a cepeHbOpIYHA MBUAKICTh BITPY CKiagae 2,5-3,5 m/c — i 3emMIi €
NPUIATHUMU JUIs1 BCTaHOBJICHHs Ha HUX Manux BEY 3 BepTukanbHoto Biccio o0epranus. ['onoBHIMHU
nepeBaraMy TakuX BITPSAKIB MOKHA Ha3BaTH HACTYIIHI:

— HeMae HeoOX1IHOCTI HAaIIPaBJISATH BiCh HA MOTIK BITPY, TAKUH BITPSIK BAKOPHCTOBYE BIiTEP, SIKUMA
JIM€ B yCiX HalpsIMKax, TOMy BOHU e(eKTHBHI B paitoHi Kpusbacy, 1e nepeBaxaroTb 3MiHHI BITPH;

— SIKIIIO TIOPHUBH BITPY CHIIBbHI, TO NoAi0HI BEY mBuame HapomyoTh CHITy TSTH, a MOTIM cami
CTaOUII3yIOTh IIBUJAKICTH oOepTaHHsA. ToMy Taki BITpOBI T'€HEpPaTOpu MOXKYTh IpalIOBaTH
Oe3nepeliitHO HaBiTh MPH CUIIBHOMY ILITOPMOBOMY BITpi;

— HeMae Oyab-KuX OOMEXEHb I0JI0 CaHITapHO-3aXMCHHUX BiJcTaHel, TOOTO BiH MOXke OyTH
BCTaHOBJICHUN MOPSA 3 aJAMIHICTPAaTUBHUMHU OyNiBISIMH, A€ MPAIIOIOTh JIOIU, OCKUIBKH IIyMOBE
HABaHTAXXEHHS 3alUIIAEThCs B Mexxax 10 20 nb. BiH He Mae MarHiTHOro BUIPOMIHIOBAHHS, TOMY
MO>K€ BCTAaHOBITFOBATHUCS B MICTax, Ha Jjaxax Oy/IiBellb;
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— HE BUMArae JI0JJaTKOBHUX MPUCTPOIB VIS 3aITyCKY;

— HEIIKIATUBUHN A5t OJUKUI, ITaXiB Ta HABKOJIHIITHLOTO CEPEIOBUIIA;

— yepe3 MEHIY HIBHIKOXIJHICTD 1 JIETKICTh JlonaTel BiH Oe3MeuHilIuii;

—icHytoTh BEY 3 BepTuKanbHOIO Bicclo 00epTaHHs, SIKi JOCATAI0Th HOMIHAJIBHOT OTY>KHOCTI Ha
Manux o0epTax Ta He3HauHii MBUAKOCTI BITPY (CTapTOBa MBUAKICTH BiTpy Moxe OyTtu 0,5 M/c);

— noTpedye MIHIMYM TEpUTOPIi /Ui yCTAaHOBKH, TOMY MOpPSA MOXHA PO3TAIlyBaTH JEKUIbKa
nmoaionux BEV[3].

Enepreruunoro crparerieto Ykpainu 1o 2035 poky, siky Oyio npuiiHsato y cepnti 2017 poky,
nepeadavaeTbes MiABUILEHHS eHeproe(eKTUBHOCTI Ta BUKOPUCTAHHS €HEpPTii 13 BiIHOBIIOBAILHUX
Ta aIbTePHATUBHUX JKEpell. BupoBapkeHHs 3aX0/IiB 13 3amo0iranHs Ta afanTaiii 10 3MiHA KIiMaTy
BU3HAYAETHCS K OMH 13 IPIOPUTETIB PO3BUTKY €HEPreTHKH. 3TiHO 3 I[i€t0 cTparerieto, yactka BJIE
B €HepreTHyHiil cucremi Ykpainu nmosunHHa 70 2025 poky cknanatu 12%, a 10 2035 poky — He MeHIIe
25% [1].

3BiT HEK «YkpeHnepro» 3 OLIHKM BIAMOBIIHOCTI (ZOCTaTHOCTI) TEHEPYIOUUX MOTYXHOCTEH Y
2020 poui BpaxoBye MOTOYHI TEHACHIIl y cdepi eHepro3OepexeHHs Ta mependayvae Moajblle
3pocTaHHs yacTk Bcix BuAiB BJIE (y ToMy umcii i BITpOGHEPreTUKH) Y CTPYKTYpl BUPOOHHUIITBA
enexkrpoeneprii Bupoaosx 10-11 pokis. Tak y 2020 porii BoHa 30ibIMIacs BABIUl y HOPIBHIHHI 3
nonepeaHiM pokoM (3 3,5% y 2019 no 7,39% y 2020 p.). Y HacTynHi pOKH TEHACHIIS 0 3pOCTaHHS
Mae 30epiratucs. Y nepcrextusi B/IE MaioTh 4aCTKOBO 3aMIHUTH €JIeKTpoeHeprito 3 ByribHUX TEC,
AKi 3a mporao3om 10 2031 poky 3MeHIIaTh cBO1 00CsATH BUPOOHHIITBA €JIEKTpOeHEeprii Ha Maibke 12%
[1].

Taxkum YMHOM, MOXKHA 3pOOUTH HACTYIIHI BUCHOBKU:

1. BiTpoBwuii noteHmian YKpaiHu € 10CUTh BUCOKHM. J[0Jisi BITPOGHEPTeTUKU Y BCTAHOBJICHIH
MOTY>KHOCTI CEKTOpPY BiJHOBJIIOBaHOI €HEPreTHKH YKpaiHu ckiamae 1672,9 MBT, mo y 20 pa3is
BuIie mopiBHAHO 3 2006 pokoM.

2. Jlns BcranoBieHHs BEY parioHanbHUM € BUKOPUCTaHHS TEXHOT€HHO MOPYILIEHUX 3eMeIb,
30KpeMa 30BHINIHIX BiJBaTIB.

3. Ilopsn 3 NOTYXHUMHU BITPOETEKTPOCTAHIIISIMU, Ki mpaiioioTh Ha BEY 3 ropusoHTansHOIO
BicCIO 00epTaHHs, ajie /Uil HUX MOTPiOHI CreuianbHi BITPOBI YMOBH, TOLIJIBHO BUKOPHUCTOBYBATH
BEY 3 BepTHKaJIbHOIO BicCI0 00€pTaHHS, SKI MPAIIOIOTh MPH MAJIKUX IIBUAKOCTIX BITPY 1 pi3HOMY
HanpsMKy BiTpy. Takoxx BEY 3 BepTukanbHOIO Biccio oOepTaHHsS € OifbIl €KOJIOTIYHMMHU 1 HE
noTpeOyI0Th BEIUKHX TUIOLT Ul pO3TALTyBaHHSI.

4. Tenpenuiss no 3poctanHs Buxopuctanus BJIE B VYkpaini 30epiratumerscs nami i B
NEPCIEKTUBI Ma€ 3aMiHUTH 3HAYHY YaCTKY TPaAULIHHUX PKEpeT OTPUMaHHS eIeKTPOeHeprii.
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VY Crparerii ekonoriuyHoi 6e3mneku Ta ajanTauii 10 3MiHH Kiimary Ha nepiog 10 2030 poky [1]
3a3HayaeThes, mo «Ha IliBaui Ta IliBneHHOMYy CXOi MOTIPIIUTHCS SKICTh MOBEPXHEBUX BOJ, IO
notpeOyBaTUME SIK 10IaTKOBHX 3aXO0/IiB 3 OYMIICHHS BOAM, TAK 1 MOXKITUBOI'O TPAHCIIOPTYBAHHS BOAU
B IIi perioHU. 3a HEAOCTATHOCTI MOBEPXHEBUX BOJ HEOOXIHO 3aJTy4eHHs BOA 3 TIIMOOKHX IT1I3eMHUX
BOJIOHOCHHMX TOPH30HTIB. 32 YMOBH HEIOCTATHHOT'O II/DKUBJICHHS CYMDKHHMX BOJIOWM Bix p. [Hinpo
MOJKJIMBE 3aITPOBAKEHHS 3aX0/1iB 3 0OMEKEHHS BOJIOTIOCTAYaHHS».

SIk Bimomo, yKkpaiHCchbke y30epexkxkss HOpHOro Mops € HalO1IbII ypa3IuBUM /10 PU3UKY JIEIIHUTY
BOJM Yepe3 BUKOPUCTAHHS MMOBEPXHEBUX BOJI 1 HABAHTAXKEHHS ITiJ] Yac Bi/IBiIyBaHb BIIOYNBAIOYUX
1 TypucTiB. 3acTapina iHppacTpyKTypa CUCTEM BOJONOCTAauYaHHS Ta BOJIOBIABEICHHS B IIbOMY PETiOH1
TaKOX BIUTMBAE Ha 30UIBIICHHS 3arpo3.

MerToro aHOTO MAOCHIDKEHHS € aHaji3 B3aEMO3B’S3Ky Ta BIUIMBY 3MiH KJIIMaTy Ha CTaH
B0/103a0€311€YCHHS HACEJICHHS Ta PiBHI 3aXBOPIOBAHOCTI BOJAHO-00YMOBJICHUMH 1H(EKILIIIMU.

3apnanusmu BopgHoi crparerii Ykpainu Ha mepiog mo 2050 poky [2], cmpsMoBaHMMH Ha
JOCSITHEHHS MTOCTABJICHUX LIeH, € OyIIBHUIITBO HOBUX, PEKOHCTPYKLiS Ta MOJEpHi3allisl OUNCHUX
ciopya i opMyBaHHS IJaHiB [iil 3 ajanTamii 10 3MiHM KJIiMaTy y cdepax ynpaBiIiHHS BOJHUMU
pecypcami (B paMKax IJIaHy YIPaBIIiHHS PIYKOBUM OaceiHOM).

OuikyeTbes, mo B pesynbraTi peamizamii Crparerii g0 2030 poKy 3MEHIIUTHCS pPIBEHb
HEIH(EKIIMHUX 3aXBOPIOBaHb, IO CHPUATHME 3HMKEHHIO PIBHS CMEPTHOCTI BHACHIZOK XBOpPOO,
3YMOBJICHMX HETaTUBHUM BIUIMBOM (DaKTOPIB HABKOJHUIIHBOTO MPUPOAHOTO cepepoBuina. [Ipu
oMy, aBTopu CTparerii cTapaHHO OMHMHAIOTh OUTBII CYTTEBY Ta IIi€ OUTBII CKIIaJHY y BUpILICHHI
npo6aeMy BOIHO-00YMOBIIEHUX 1H(EKITIH.

Po3pobnenns uiei Ctpaterii 00yMOBJIEHO HE3aJOBIIBHUM CTAaHOM BOJHHMX PECYPCiB, BUKITUKAMHU
Ta 3arpo3aMy HalioHaNbHIM Oe3mneni y cepi 3abe3neueHHs] BOAHOT O€3MEKH Jep>KaBU, BUCOKUM
pIBHEM pPHU3HKIB JJIs BOJAHUX OO0 €KTIB y 3B S3KY 13 3HAQUHUM 3a0pyJHEHHSM Ta BHCHAXXEHICTIO,
HE/IOCTATHICTIO aJanTaliiHUX MOMJIMBOCTEH BOJOTOCIONAPCHKOT raly3i 0 HEraTUBHHUX MPOIECIB
3MIHM KJIiMaTy, He3aI0BIJIbHAM TEXHIYHIUM CTAaHOM, 3HOIICHICTIO Ta HEIOCTATHHOIO PO3TalTyKEeHICTIO
CUCTEM IIEHTPaTI30BaHOTO BOJIOTIOCTAYAHHS Ta/a00 BOJOBIIBEACHHS, 3aCTAPLIICTIO TEXHOIOT1H Aist
3a0e3reyeHHs HaceIeHHsT YKpaiHH SIKICHOIO MUTHOKO BOJIOKO.
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VY Crparerii mnanyerbes 3abesnedenns 10 2030 poky 100 BiACOTKIB JOCTYIy CUIBCBKOTO 1
MICBKOTO HACeJIEHHS /10 0e3MeuH0i eKOHOMIYHO JOCTYMHOI MUTHOI BoAM. Lle macTh 3Mory otpumaru
Taki pe3yJbTaTH, SK 3MEHIICHHS PU3UKIB BUHUKHEHHS 3aXBOPIOBaHb HACEIIEHHS, TOB’S3aHUX 13
CIOKMBAHHSM ITMTHOI BOJIM HEHAJIC)KHOT SIKOCTI [2].

AHani3 TpPOTHO30BAHMX KIIMAaTHUYHUX 3MiH Oaceiiny JlHicTpa TmoOKa3aB, IO HaHOLIbII
ypa3nuBuMH OyayTh HacTymHi [3]:

Booonocmauanna. 3HwKeHHS pIBHSA MIA3€MHHUX BOJ, TEPECHXaHHS KOJIOIA3IB 1 JoKepen —
OCHOBHUX IMMOCTAYaTbHHUKIB BOJU B CUIbCHKIN MiclieBOCTi. MOXIMBUH NeDIIIUT JOCTYITHUX BOIHHUX
pecypciB y HIKHINA 9acTUHI OacelHy 1 MOTipIIeHHs SKOCTI BOJU.

Hacenenns. Pus3uk nmst )KMTTS, TIOB’3aHUIM 3 €KCTPEMaJIbHUMHU MOTOJHUMH 1 T1IPOJNIOTIYHUMU
SBHUIAMH. 3arajibHa ypas3JIHBICTh BHACIHIJOK HU3bKOTO PIBHS JOXOJIB HACENEHHS, COLIaIbHOTO
po31apyBaHHsl, TOTIPIIEHHs AeMorpadiyHoi CUTYyallii, 3HUKEHHS SKOCTi OCBITH.

Po3paxynku 3a riobampHuM creHapieM AlB ans Oaceiiny /[lHicTpa moka3yroTh iMOBipHE
3HmKeHH 10 2050 poky cepeIHbOr0 1 MiHIMAJILHOT'O CTOKY B cepeHii Ta HykHil Teuii J{nicTpa. Le
Oy/ie CynpoBOKYBATHCS MOTIPIICHHSM SIKOCTI IIUTHOI BOJH, 30KpeMa Jutst HaceneHHs M. Oxecu. e
710 BiffHU HEHaJIe)KHA SKICTh MUTHOT BOJIM 00yMoBImoBasa 6:1mu3bko0 20 % 3axBoproBaHocTi B MOJIIOBI,
B TOMY 4YHCIi Ha TOCTpi KHIIKOBI Ta XPOHIYHI 3aXBOPIOBaHHS TPABHOI Ta IMYHHOI CHCTEM,
cedokaMm’siHy XBOpoOy Ta ¢uroopos [3].

3a pganumu [4] y 2014 poui cepex 20 eBpomeHchbKHMX KpaiH YKpaiHa 3a TOKa3HUKOM
3a0e3MeueHOoCTi BOMHUMHU pecypcamu nocinana 17 micie ta 124 micue y criucky 181 kpail cBity.

3riHo 3 MIKHAPOAHOIO Kiacudikali€ero OlbIIe MOJIOBUHHI TEPUTOPIi YKpaiHU XapaKTepU3y€eThCs
KaTtacTpo(iyHO HU3BKUM MicuieBUM cTOokoM. OcobnmuBo me crocyerbes IliBmus kpainm (Omechbka,
MuxkomnaiBcbka, XepcoHcbKa, 3amopi3zbka obmacti). Lle 0,14;0,45; 0,221 0,32 tuc. M° Ha OJIHY 0CO0Y
BiJITIOB1/THO.

Cryminp 3MiH BOJHHUX pPeCypciB BH3Ha4yaeThecs 3a pekomeHpauismu OOH, 3rigHo 3 sSKUMH
3MEHIICHHS CepeHbOT 0araTopivyHOl BEIMYUHH PiYHOTO CTOKY Ha 10 % MOB’A3y€eThCs 13 HasABHICTIO
3HAUymUX 3MIiH BOIHUX pecypciB; Ha 50% — 3 pylHamiero BomHux pecypciB; Ha 70% —
Oe3moBopoTHOIO pyitHamiero. Otxke, BoaHi pecypcu IliBHiuHO-3aximHoro IlpuyopHomop’s
HiAIAraTUMYTh Y MailOyTHbOMY 32 PI3HUMU CLIEHapisMHU pyHHaLii Ta 6e3M0BOPOTHIN pyiiHaLii.

Lleit mpukaja 3acBiauye, 110 OAHO3HAUHY BiJIOBIIb HA MUTAHHS PO MaliOyTHE BOJTHUX PECYPCiB
VYkpainu 3HaWTH HE TaK B)K€ H JIErKO: pi3HI CIieHapii, HaBITh 32 YMOBHU 3aCTOCYBaHHS OJHAKOBHX
BUXIIHUX JJAHUX, MOXXYTb IPOJIEMOHCTPYBATH 30BCIM MPOTUIIEKHI pe3yIbTaTH.

BukopucranHs BOJHO-0aJaHCOBOTO MOJICITIOBAHHSI BOJJHOTO CTOKY JI03BOJIMJIO BCTAHOBUTH [4],
mo 3 2041 poky MOXIJIMBE NPHUIHHEHHS MICIEBOIO MOBEPXHEBOI'O CTOKY B MAaJIOBOJHI PIKH B
XepcoHcbkiit, Onechbkiii, MukomnaiBebkii, JIHinponeTpoBebKiil Ta 3anopi3bkii 00macTsX.

VY 2041-2060 pp. — mepion cepeIHbOT BOAHOCTI — BOHA OXOTUTIOBATHME TEPUTOPIT XEPCOHCHKOT,
Opnecbkoi, MukomnaiBcpkoi Ta 3amopi3pkoi obnacteit, a B 2061-2080 pp. 1o Hei mpueaHaIOTHCS
JlHinpomneTpoBchbKa, 3anopi3bka, KipoBorpaaceka obnacti Ta AP Kpum.

Cnin MaTH Ha yBasi, 010 HAETHCS MPO 30HAIBHI BOJHI PECYpCH MiCIIEBOI'O 3HAYCHHS, TaK 3BaHHUM
«KIIIMATHYHUH CTIK», IKUH Yy TIMBUN 10 TOTEIUTIHHS KJIIMAaTy 1 HaBiTh B yMOBaX Cy4acHOTO KJIiMaTy
NEPiOANYHO MPUIHHSIETHCS B MOCYIILIIMBI POKH.

Opnnak, BapTO 3BEpHYTH yBary Ha CUTYaIlil0, TOB’I3aHy 31 3HAYHUM CKOPOUYCHHSIM IIOBEPXHEBOT'O
CTOKY B OKpeMHUX perioHax, ajpke 10 2040 p. B A€SKHX 13 HUX MPOTHO3YETHCS 3HAYHE 3MEHIICHHS
MOBEPXHEBOTO CTOKY B 3B 3Ky 3 IMIJBUIICHHSAM TEMIIEpaTypH TMOBITps Ta 30iIbIICHHS
BUMapoByBaHHs. Hanpukian, y 3anopizbkiil 001acTi «KIIMaTHYHUE CTIK» MOXe 3MeHIIUTHCS B 10
pasiB, y JlHinmponeTpoBchKiil y 6 pa3iB, y MukonaiBebkiii B 3,6 pasu, a B Kpumy — BiBiyi.
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BogomnocrauanHs Bka3zaHUX PETiOHIB HE 3aJEKUTH BiJl BOJAHUX PECYpPCIB MICIIEBOTO CTOKY, aje
3arajibHi TEHJIEHINI MOTEIUIiHHA, 110 OyAyTh CyNpPOBOKYBATHUCSA IMiJABMUIICHHAM TEMIIEpaTypu
MOBITPS,, BEIMYMHOIO BUIAPOBYBAHHS, 3MEHIICHHSM ONAJiB € 3arpo3jMBUMM IS JDKEpel
BOJOMIOCTaYaHHS, 3pOIIyBaHHS (BOJOCXOBMINA, CTaBKM) Ta JIHIHHOI BOJOTOCTOIAPCHKOI
iHppacTpyKTypH (KaHaid, BOJOTOHM). MOXKIUBI TaKOXK 3HAYHI BTPATH BOJHHUX PECYypCiB Mija dac
ixHporo 30epiraHHs Ta TPAHCHOPTYBaHHsS, BUHHUKHYTh JOJATKOBI 3aTpaTH €Heprii Ha
(YHKI10HYBaHHS BOJOTOCIIOJIAPCHKUX CIIOPY/]I Ta BY3JIiB.

Taka cutyartist 3arpoxye pi3KMM TOTIPIIEHHSM BOJIOIOCTaYaHHS MICT 1 CUT PerioHy, OOMeXHTb
PO3BUTOK arpapHOTO CEKTOpa, MOTIPIIUTh CAHITAPHO-TITiEHIYHI YMOBH pEKpealiiiHux 30H
[Tpuyopromop’st. OcoONIMBO 3arpo3NMBOIO0 € CUTyallis JUIi KOMYHAJIbHOTO Ta IPOMHUCIOBOIO
BojlonocTayanHs Micta Onecu, ajst sikoro p. J{HicTep € OCHOBHUM JKEPEIOM BOJIOTIOCTaYaHHS.

B weit nepion BapTo 3a0e3Mme4nTH TOBHOMACIITAOHY MIATPUMKY HOPMAJIBHOTO (DYHKIIIOHYBaHHS
1HpPaCTPYKTYpH BOJOrOCHOJAPCHKOT0 KOMILIEKCY XepcoHChbkoi Ta Omechkoi oOnacTel, B SIKHX
OYIKY€ThCSl MPUIIMHEHHS MICLEBOr0 CTOKy. HalikpuTuuHima curyaiis 3 BOJOMOCTaYaHHAM (Tak
3BaHMU BOJHMH CTpEC) HAacTaHe, B MEpIIy Yepry, B MIBHIUHIN 1 HeHTpaibHIN dacTuHax OmechbKol
obunacti. HaiGinemmii nedinur Boam Oyne crocrepiratucs B Aprusbkomy, TarapOyHapcbKoMmy,
Kiniiicekomy paitonax Onecbkoi 00acTi, Jie BiACYTHI JuKeperna npicHoi Bou. Bike 3apa3 HaceneHHs
170 cin 0o6macTi KOPUCTYETHCA MPUBI3HOIO BOJIOIO.

OCHOBHUMH aJanTallifHUMU 3aXOAaMU JJs BOAHOTO TOCIOAApPCTBA MIBAHSA YKpaiHU CIif
BBAYKaTH palliOHaTbHE BUKOPUCTAaHHS HAsIBHUX BOJHHUX PECYPCIB Ta iX 3axXUCT Bij 3a0pyanenHs. Ciin
BU3HATU TEPMIHOBUM IPOBEICHHS DINIYyYMX 3aXOJIB 13 METOI0 NOJOJAaHHS HECAHKIIOHOBAHOI'O
BiI0OpPY BOJIHUX PECYPCIB 13 MOBEPXHEBUX 1 MIA3EMHUX PKEPET, 320X0UyBATH MAJIOBOIHI TEXHOJIOT 1]
B PETiOHI.

Bapro BBOIUTH HOBI aJbTEPHATHUBHI JKEpena BOJONOCTAYaHHS, HE ICHOPYIOUM 3aXOIH 3
OIPICHEHHS MOPCHKOI BOAM YW TEPEKHJAHHS BOJHOTO CTOKY 3 iHIIMX PEriOHiB, HAaNpUKIAA i3
Oaceitna Jlynaro. OkpeMo ciiJl 3a3HAYUTH, 110 3MEHIIEHHS OOCATIB BOJHUX PECYpCiB BIUIMHE HE
aume Ha (QYHKIIOHYBaHHS Taily3edl €KOHOMiKM, aje W MOXKe TNPU3BECTH [0 OOMEKEHHS
BOJIOTIOCTaYaHHS HACENICHHS.

Sk moka3ye nmaHWM aHaNi3 KIIMaTHYHUX 3arpo3 Ais MiBIHSA YKpaiHW, 3araiabHa TEHIEHILiS
PO3BUTKY CUTYallii BU3HAETHCS AK MOTipimeHHs. Lle 0co6auBo akTyanbHO, SIKIIO BpaXyBaTH «CTapi»
npob6JIeMH BOJOTIOCTAYaHHS HACEJICHHS I[bOT'0 PEerioHy, ski He Oynu BUpIlIeHi 10 BiifHH, a MiJ 4yac
BiliHM HAaOYJIM 0COOIUBOI TOCTPOTH.

AHami3 JOCTIKEHB M0/I0 B3aEMO3B’ 13Ky SIKOCTI MUTHOI BOJIU Ta iH()EKIIITHOI 3aXBOPIOBAHICTIO
HaceneHHs Onecu Ta Onecbkoi 00JacTi MOKa3aB HACTYITHE.

PesynbpTaTu mpoBeneHUX TOCIIHKEHD [S] A03BOMSIOTH CBITUUTH, 1m0 Y M. Oneci mpoTsirom 1970-
2004 poxiB mpoBiHA poJib B eTionorii BipycHoro renatuty A (BI'A) Hanexasia BOIHOMY YUHHHUKY.

BukoHaHo aHai3 pe3ysibTarTiB BipyCOJIOTTYHUX JOCHIPKEHb SKOCT1 BOJIH PI3HUX BOJHUX 00’ €KTIB
Opnecwkoi obnacti 3a 1994-2008 pp. [6]. [TokazaHo nepcucTyrounii xapakTep BipyCHOT0 3a0pyJHEHHS
BOAHMX 00’ €kTiB. OOIpYHTOBAHO HEIOCTATHIO €(heKTUBHICTH ICHYIOUOI CHCTEMH BOJIOMIITOTOBKY Ha
BOC «/lnicrep» 1o BIJHOIIEHHIO 70 3HAYMMMX BIPYCHHUX KOHTAMIHAHTIB Ta BUCOKHMHA PHU3UK
BTOPMHHOI KOHTaMiHallii BOAM BipycaMH Yy BOJOPO3MOJUIBYMX MEpekax MicTa.

BuBueHo mnuTOMy Bary BOJHOTO (akTOpy B CTPYKTypi 1H(EKIiiHOI Ta HeiH(eKIiiHoT
3axBoproBaHOCTI B Opechkiil o0macTi, B MUIOMY, 1 MOMYJSIid HACENEHHs, IO JOCTiIKYBAIHCH,
30KkpemMa. BCTaHOBIEHO BHCOKY KOPENSIIHY 3aJeKHICTh MK KOHTaMIHAII€I0 BOTU  BOJHUX
00’€KTiB BIpyCOM rematuTy A 1 3aXBOPIOBAHICTIO HACEJIEHHS BIPYCHMM TEMaTHUTOM A, a TaKoX
aHAJIOT14HY 3aJICKHICTh A1 MUTHOI Boau M. Onecu. OGIrpyHTOBaHO 3HAYUMICTh TIOKCUY XJIOPY SIK
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3aco0y 3He3apakyBaHHS MUTHOI BOJM, 10 3a0e3meuye ii enigeMiuny Oe3lMeuHICTh 1 He BIUIMBAE Ha
HeiH(EeKIIIHy 3aXBOPIOBaHICTS [6].

BukoHaHO KOMIUIEKCHI AOCIHIPKEHHS O10J0Ti4HOI (KMIIKOBI BipyCH, KHIIKOBI HaWMpOCTIIIi,

YMOBHO-TIATOT'€HHA Ta AaTOreHHa MikpodJiopa, IiaHOOaKTepii) KOHTaMiHaIlii TOBEPXHEBUX BOJIOWM
VYkpaincekoro Ipuaynas’s [7]. AHTponoreHHuit Xxapakrep 3a0pyAHEHHS BOAU JOCITIKEHUX BOJIOWM
YMOBHO-TIATOI'€HHOIO 1 MATOr€HHOIO MIKPO(IIOPOIO Ta CIPUATIUBICTD sl PO3ZMHOXKEHHS XOJIEPHUX
BiOpiOHIB, JierioHen, 30yIHUKIB TYyJspeMii Ta JENTOCHipo3y CBIAYUTH, IO PErioH YKpPaiHCHKOTO
[Tpunynas’s € emizemionoriyno HebmarononyyHuM. [IpoBeeHo OIIHKY AMHAMIKK iHQEKIiHOI Ta
HEIH(EKIIIHOT 3aXBOPIOBAHOCTI HACEJIEHHS PETiIOHY B KOHTEKCTI BIUIMBY BOJHOTO  (hakTopy.
BcranoBieno, 1o 3axBopioBaHicTb y [IpunyHaiicbkoMy perioHi (0cobauBo B M. [3Main Ta okpemMux
paifoHax, sIKi BapilOIOTBCS B 3aJIKHOCTI BiJl TPyl XBOpoO) BIPOTiHO BHIIE IO BCIX Tpymnax
1H(EKIIITHNX 3aXBOPIOBAHb Ta JESKUX TIpymnax HEiH(EKIIHHUX 3aXBOPIOBAHb PI3HUX KaTeropin
HACEJICHHS.
VY poboti [8] OIiHKY LIOJEHHOTO PHU3MKY IH(DIKYBaHHS NPH BUKOPUCTAHHI HEOUMIIEHOI BOAU
pO3paxoByBalid, BUKOPUCTOBYIOUM Mojenb bera-Ilyaccona, 3a sikoro HMOBIpHICTH iH(IKyBaHHA
OJHMM MIKpPOOPraHi3MOM BHM3HauyaeThcsi OeTa-po3mnoniioM. BeraHoBNeHa HMOBIPHICTD 3apa)KeHHS
IpU IIOACHHOMY B)KMBAaHHI OYMIIEHOI T4 HEOUHMIIEHOI MUTHOI BOAM A TPhOX 30yIHUKIB —
potaBipycy, Cryptosporidium, eHTepOTOKCUTEHHOI E. coli. B Ti 1HIi, KOJHM CIIOKUBAY MIOBUHEH MTUTH
HEOYHILEHY BOJy depe3 301l mocTauaHHs, HMOBIpHICTh 1H(IKYBaHHS JJsl POTaBipyCy CTaHOBHTH
0,858 mopiHsHO 3 0,006 M1 ounienoi Boau, ansi Cryptosporidium - 0,4 mopiBasino 3 0,003, s
eHTepoTokcureHHoi E. coli 0,12 nopisusiHo 3 0,000002. To6T0 KpaTHICTh pU3KKY 3apaXKCHHS CKIIATA€e
143, 133 Ta 60000 pa3iB BiaMOBiAHO.

BucHoBkHu

1. OcHOBHUMHU ajanTalifHUMH 3aXOAaMH JO 3MiH KIIMaTy s BOJHOT'O TOCIOJapCTBa
niBneHHuX obnacteit (Omeckkoi, MukonaiBcbkoi, XepCOHCHKOi, 3amopi3bKoi) CiiJg BBaXKaTH
paiioHallbHe BUKOPHCTAaHHS HAasSBHUX BOJHHUX PECYpCiB Ta iX 3axXHCT Bija 3a0pynHeHHsS. Bapro Bike
3apa3 po3MoYaTy MPOBEICHHS PIIIyYyUX 3aXOMiB 3 METOIO IOJ0JaHHS HECAHKI[IOHOBAHOTO BiIOOpY
BOJHHUX PECYpCiB 13 MOBEPXHEBUX 1 MIA3EMHHUX JDKEPEN, 3a0X0YyBaTH MAJIOBOJHI TEXHOJIOTil B
perioHi.

2. ITloBepxHeBi Ta mig3eMHi BojxoiiMu 1 muTHa Bojxa B Onecbkiil obmacTi, sika € onHi€EO i3
HaOLIBII KPU30BUX Y KOHTEKCTI BOJOIOCTAYaHHS, CIIIJ PO3TJISAATH SIK JHKEPEIO MepMaHEHTHOIO
€M1 IeMI0JIOT1YHOTO PU3HKY.

3. Amnaii3z HayKOBOI JITEpaTypu OCTaHHIX POKIB CBIAYUTH MPO BKpail HETaTHBHY TEHICHIIIIO JI0
MIPUMTMHEHHS HAYKOBUX JOCIIKEHb B3a€MO3B’ 13Ky 010JIOTTYHOT KOHTaMiHAaIlii BCiX BOJHUX 00’ €KTIB
1 3aXBOPIOBAHICTIO HACEJCHHA. 3BaXKAIOUM HA TIOOAIBHICTH IMOMIMPEHHS BOJHO-OO0YMOBIICHHX
iHpekiiit [9], ue e abcomoTHO HenpunyctUMuM. OCOOJMBO 3a YMOBM HACHTIJKIB BIHHU IS
1HpPaCTPyKTYpH Tady3i BOJOIOCTAYaHHS PEriOHy y MO€AHAHHI 13 KaTacTpo(iYHUMHU 3MIHAMU
KJIiMary y HalOomwkdomMy MaiiOyTHeoMy. Ls 3arpo3nuBa cutyailis BUMarae TepMiHOBUX 3aXOJIiB yKe
ChOTOHI. [HaKIIE CITi1 OWiKyBaTH Ha BKpail HETaTHBHI HACIIKU IJIs 3I0POB’ Sl HACETICHHSI.
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PELMKJIHT SIK METOJ PEAJII3ALIT JEP)KABHOI MOJITUKH ¥V
C®EPI YIIPABJIHHS BIJIXOJIAMU
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Hepoicasnutl ynigepcumem iHgpacmpykmypu ma mexHono2ii
Byn. Kupunisceka, 19, m. Kui 04071, Ykpaina
e-mail: ellena06.84@ukr.net

BxomkenHs VYkpaiHu A0 MIDKHAPOJHOI CHUIBHOTH, BIPOBA/DKCHHS PHHKOBHUX METOJIIB
YIPaBIiHHS K €KOHOMIKOIO, TaK 1 OKpEMHUMH MIAMPUEMCTBAMH 1 OPraHi3allisIMU BUMArae 3HaHHS Ta
JOTPUMAHHS CYyYaCHHUX €IMHUX HOPM 1 MPaBMUJ B Taiy3i €KOJIOTIYHOI MisUIBHOCTI, BIPOBAHKECHHS
€KOJIOT1YHO OPIEHTOBAHUX METOMIB ynpaBiiHHA. 9 nmunHs 2023 poxy HaOyB YHHHOCTI HOBHi 3aKOH
VYkpainu «[Ipo ynpaBiiHHA Bigxoxamu», 110 KapJHHAJIBHO 3MIHIOE YCIO CHCTEMY IOBOKEHHS 3
Bimxomamu [1]. Ha nuisaxy npsiMmyBaHHS 10 €BpONEHCHKOTO COMO3y 0COOIUBO BAXKIIMBO BiMOBIAATH
€BPOTECHCHKOMY 3aKOHOJABCTBY, TOMY Iiepell OUIbIIICTIO Tamy3ed YKpaiHM CTOITh 3aBIaHHS
IHTErpyBaTHCS Ta CTBOPUTHU SIKICHY CHUCTEMY YIIPaBIiHHS Ha MiANPUEMCTBAX LIO BiANOBigaTHMeE
Cy4acHUM BHUMOT'aM, 30KpeMa 1 MOBOHKEHHIO Ta YTUJII3allil BiAXOIIB.

[Tpobnema TBepauX MOOYTOBUX BiAXOJIB HAa CHOTOJHI € JIOBOJI aKTYaJIbHOIO K Uil YKpaiHH
TaKk 1 A7 yCbOTO CBITY, OOCATM YTBOPEHHsS SIKMX TOCTIMHO 30inblryiorbes. B Ykpaini HuHi
¢dynkuionye 460 mict, 885 cenumr 1 28388 cin. OOcsru yTBOpEeHHs TBEpAUX NOOYTOBHX BIJIXOMIB B
VYkpaini y 2018 poui cranoBwim maibxe 11,86 muH T, mo ckinano 280,5 Kr Ha OJHOTO >KHUTEIS.
[Tocayramu 3 BUBE3€HHS BiIXO/iB oXoIIeHo Juie Ouist 78% HaceneHHs Ykpainu. [lepeBakaiounm
METOJIOM MOBOPKEHHS 3 Biaxogamu OyJio 3aXOpOHEHHs iX Ha IMOJIiroHax Ta 3Banumiax. Tak, 3a
nanumu Jlepxcrary Ykpainm y 2018 pomi Oyno mepepobmneno mumme 0,14 % Tta crnaneHo s
oTpuMaHHs eHeprii 1,7 BifcoTKa, a pemTy — pO3MIIIEHO Ha MOJIrOHax Ta 3BauuInax. Toxmi sK y
KpaiHax €Bpocoro3y piBeHb IIepepoOOKH TOOYTOBUX BiJIXOJIIB B CEPETHHOMY CTAaHOBHUTB 66% [2, 3, 4].

B Vkpaini Ha chorofHi HamiuyeTbcs npubiuzHo 5470 moniroHiB Ta 3Banuil, 3 HUX 5,6 %
nepeBaHTakeHi, a 30 % He BIAMOBIaI0Th BUMOraM. 3a OI[IHKaMH €KCIIEPTiB, €BPONEHCHKUM BUMOT'aM
He BIANOBIAarOThL Olnbimie 99% momirodiB. HaxkommueHHs BiAXOMIB Ha IIOJIrOHAX 1 3BaJIUINAX
NPU3BOIUTH 10 3a0pyIHEHHS aTMoc(epH, IPYHTIB, MiJ3€MHUX BOJ Ta TOBEPXHEBHX BOJOMM,
BIUIMBA€E HA (DYHKIIOHYBAHHS €KOCHCTEM, 3aBJIA€ IIKOAU CLIILCHKOMY TOCIIOIAPCTBY, a BUKUIU Ta3y
BIUIMBAIOTh HAa 3MiHYy KiIiMaTy. Yepe3 HEOOCKOHANy CHCTEMY IIOBO/DKEHHS 3 BIIXOAaMHU Y
MPUBATHOMY CEKTOpi IOPIYHO BHUABISAETHCA 26,6 THUCAY HECAHKLIOHOBAHMX 3BAJIMIL, IUIOIICIO
0,75 Tucsura, 3 sxkux y 2018 pomi Oymno mikBigoBaHo 26 tucsd tuiomero 0,68 Thcsd ra.
HenockoHanicTe CHCTEMH PO3AUIBHOIO 30MpaHHS MOOYTOBUX BIJIXOMAIB NPHU3BOIUTH 10 BTpATH
MUIBHOHIB TOH PECYpCOI[IHHUX MaTepialiB, 0 MICTAThCA y Biaxoaax [6].

VY Toif yac, K y KpaiHax €BpoInu MalOTh HaMip MPUIMHUTH 3aXOPOHIOBATH TBEPJi MOOYTOBI
BIJIXO/IM Ha TOJITOHAaX dYepe3 5-7 pOKiB, B OUIBIIOCTI HACENIEHUX IMYHKTIB YKpaiHU 1HTEHCHUBHO
3aXOpOHIOIOTH 1X Ha MOJIroHax. Yroja mpo acoiamniio Mix YkpaiHoio Ta €Bponeiicbkum CorozoM
3YMOBIIIOE€ HEOOXIIHICTh BIPOBA/HKCHHS €BPOMEHCHKUX CTaHAAPTIB y cdepl MOBOMKEHHA 3
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noOyTOBUMH BiixonaMu. BiamosigHo 1o miei Yroau, YkpaiHa HOCTYIIOBO BIIPOBADKYE PO3ALTHHUN
30ip MOOYTOBUX BIAXOIIB i 3MEHIITye 0OCSATH BiAXOIIB, IO BUBO3SITHCS HA TIOJITOHU.

[IpiopuTeTHUMHU 3aBIAHHIMH €KOJIOT1YHO O€3MEYHOr0 MOBOKEHHS 3 TBEPAUMHU TOOYTOBUMHU
BIJIXOJJaMH € BIIPOBAHKCHHS €(PEKTUBHOT CUCTEMH PO3IUTHHOTO 300py, 1110 J03BOIUTh Ha 25 — 30%
CKOPOTHUTH OOCST BiXOIB, SIKi IIIOJICHHO BUBO3ATHCS HA TOJITOHU [7].

Puc. 1 YTBOpeHHS Ta peLMKIIHT BiAXO/IB MTAKOBaHHS Y KpaiHax €Bponu [5]

OnHuM 13 CyyaCHUX METOJIIB 3MEHIIIEHHS HAKOITMYYBaHHS BiIXOIB HA MOJITOHAX € PEIUKIIIHT.
Perukomiar TBepanx moOyTOBUX BiXOJIB 3JaTHUN pO3B’SI3aTH BiJpa3y JAEKiJbKa MpodiieM, a came:
Mo-TiepIie, 3MEHIIUTH KUTbKICTh BIIXOIB, K1 3a0pyAHIOIOTH AOBKIJUIA, MTO-JIPYTe, 1aTH MOXKJIMBICTD
3HU3UTU BUTPATH NEPBUHHOI CUPOBUHH 1 30UIBIIIUTH MOXKIIMBOCTI KOMIIEHCAIIIi 3aTpaT eHeprii.

Perukminr - omeparist 3 BiAHOBIEHHS, y pe3yJabTaTi fKOI BIAXOIU IEPEpOONISIOTHCS Y
MPOAYKIIiI0, MaTepianu ab0 PEYOBUHU IS iX BUKOPUCTAHHS 3a MEPBUHHOIO a00 1HIIOI0 MeToro. Ll
orepallis BKIIOYaE epepoOIeHHs OpraHiuHOro Marepiaiy, aje He BKIIUae BUPOOHUIITBA EHEPTii un
NEPETBOPEHHSI BIZIXOJIIB Y MaTepiaiy, [0 MOXKYTh OyTH BUKOPUCTAHI SIK MaJIMBO a00 sIK MaTepiain
IUIsL 3BOPOTHOTO 3aroBHEHHS [1]. PEUUKITIHT € KIFOUOBHM €JIEMEHTOM LUPKYJISIPHOI EKOHOMIKH Ta
OJHMM 13 OCHOBHUX €TaliB IOBO/DKEHHA 3 Binxomamu. BiH nigupye cepea HalmpocTimmx i
Halle()eKTUBHIMIUX METOJIB OOpOTHOM 3 BiIXOJaMH, IO Bce OiIbINE 3aCMIUyIOThH IIaHery. € nBa
OCHOBHHMX BapilaHTH pEIMKIIHTY, 30KpeMa: BHKOPHUCTaHHS BIJXOJIB TOBTOPHO 3a THM K€
MPU3HAYCHHSAM, Ta TOBEPHEHHS X Y BUPOOHUYMIA ITUKII.

Jlnst mepepoOKH 3a IOTIOMOT0I0 PELUKIIIHTY MiIXOAUTh BCE T€, 110 CTBOPUJIA JIFOJMHA 1 TE, 110
HE MUIIrae MmMBUAKOMY MPUPOTHOMY po3KiagaHHio. Hacammepen mMoBa e mpo MeraneBi OaHKH,
CKJIHI Tapu, miactMacy. OHak 11e He Bce, 10 MOXKHA NEepepoOUTH 3a JIOTIOMOTOIO 1€l CHCTEMH.
[Hmnr BuAM BiIXOMIB 3a3BMYail MOAUIAIOTH HA KiJbKa KaTeropiil: Olojorivydi (mepeBWHA, mamip,
TEKCTUJIb), TEXHIUHI (METalIoOpyXT, OETOH, IIerJia, CKJIO, TUIACTHK, IITMHKA) Ta 6araTo KOMIIOHEHTHI
(xomm'totepu, Tenedonu, TteneBizopu). llle oaHi€l0 TepenyMOBOIO PEIMKIIHTY € cerperaris
BIJIXO/IiB.

Koxxen BHI BiIXoaiB mMoTpedye CBOTO MiAX0ay 10 IepepoOku. Po3pi3HAIOTH JBa OCHOBHI
PI3HOBHIM PELMKIIHTY: MaTepialbHUM (MeXaHIYHUI) 1 CHUpPOBUHHMHU (XiMiuHMiT). MatepiaqbHuit
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(MexaHIuYHUI) PEHMKIIIHT — 1€ MPOIEC, i1 Yac SIKOTO BiAXOIM NEPETBOPIOIOTHCS JIUIIE MEXaHIUHO,
HacaMmIiepe] y pe3ysbTaTi MmojapiOHEHHs, MpocioBaHHsA Ta 3MimryBaHHs. Lleit Bun mepepoOku
BUKOPUCTOBYE (hi3WUHI BIACTUBOCTI PEUOBHHHU 0€3 ICTOTHOrO MOPYIICHHS HOro ximiuHoi OyJOBH.
TIpOyKT PELUKIIHTY MOXKHA BUKOPUCTOBYBATH I HOBOrO BHPOOHHITBA. MOTO SKiCTh 3aIeXKHUTh
BiJl XIMIYHOT'O CKJIaJly 1 CTYIeHs YHCTOTH yTUIIi30BaHOTO MaTepiany. [Ipr BUCOKIH SIKOCTI IPOAYKTY
PELMKIIIHTY MOXKHA 3aMIHUTH HOBUH Marepiaji MpOIyKTOM PELMPKYJIALIl Uil BUTOTOBJICHHS TaKUX
BUpOOiB. Kooy SIKICTh MPOAYKTY PEHUKITIHTY € CEpeIHIM, BIH MOXKe OYTH 3aCTOCOBAHUH TUIBKU IS
BUPOOIB, SKi 3a3BUYail BUTOTOBISIOTH 3 IHIIKUX MaTepianiB. CHPOBUHHMHN (XIMIUHUI) PELUKITIHT — 1€
IpoIieC MEePETBOPEHHS BIAXOIB, i/l 4ac SKOT0, BAKOPUCTOBYIOUH PEAaKTHBHICTD XIMIUHOI CIIOYKH,
3MIHACHIOIOThCA BINMOBINHI peakuii, SKi MPOBOKYIOTh JAETPajallil0 PEYOBHMHHU JO BHUXIJIHUX
HU3bKOMOJICKYJISIPHUX CHOIYK. Lle 103BoJIsie BUKOPUCTOBYBATH MPOAYKT JUISl BUTOTOBICHHSI BUPOOY
3a SIKICTIO CTBOPEHHSI IEPBUHHOTO MPOAYKTY [8].

[TepepoOka BigxoaiB Mae SIK €KOJIOT14HI, TaK 1 EKOHOMIYHI IiepeBaru. J{o exonoriyHux nepesar
HaJIe)KaTh: EKOHOMIS MiCLIs Ha 3BAJIMIIAX, OCKUIBKU B1JIXO/IU NTEPEPOOIISIOTHCS, @ HE 3aXOPOHIOIOTHCS;
3MEHIICHHS LIKIUIMBUX BHUKUAIB B aTMocgepy, CIPUYMHEHHX BHIOOYTKOM HOBHUX DECYypCiB i
BUPOOHMIITBOM CUPOBUHU 3 HYJISl; €KOHOMISl €Heprii, OCKUIbKM He MOTPIOHO BUTpauaTH TpoIli Ha
TPAHCIOPTYBAaHHS CUPOBUHU Ta 30epeXEHHS MPUPOIHUX PECYPCIB.

[TepepoOka BimxomdiB mepeadayae BUPOOHHIITBO MEBHUX BHJIB TOBApiB, a TaKOX HaJaHHS
neBHUX BUAIB mocayr. Kpim BupoOHHMITBAa Mpomykuii 3 mepepoOJeHHX MarepiajiB, mepepolka
BIJIXO/1iB Iepea0avae TakoXK BUPOOHUIITBO €NEKTPOCHEPrii, ra3y, najuBa Ta TeIia SK MPOAYKTIB Y
BeNHMKHX oOcsirax. CyTh IbOrO METOJLy MOJISATAE B IUIECIIPSMOBaHIi nepepooili moOyTOBUX BiJXO/IIB
3a JIOMOMOTOI0 CIIEIiaTbHOrO 00JIaIHAHHS Ta TEXHOJIOTIH. BripoBaKeHHS 1IOTO METOIY TOTIOMOKE
BUPIIIUTH MPOOIEMY TOOYTOBOIO ONaJIeHHs B 0araThboX yKpaiHChKHUX MicTax.

Bapto Bu3HaTH, 10 J0ci B perioHax YKpaiHU 3 HHU3BKOIO e(EeKTUBHICTIO (OPMYETHCS
iHppacTpyKkTypa, ska 3alesnedye 30ip, TpaHCIOPTYBaHHSA, NEpepoOKy BiaxoaiB. OCHOBHOIO
OTepaIli€ro, sKa 3aBEpIIye KUTTEBUU IUKI BIAXOJIB, 3aIHINAETHCS iX PO3MIMICHHS B MiCIISIX
BUJANICHHS BiAxoiB. ToMy nep:kaBa, 30kpema i i perioHu, HOBUHHI BUCTYIIATH B POJIi IHBECTOPA
JUT HU3bKOC(DEKTHBHUX, alie HEOOXITHUX JIJIsl CYCIUIBCTBA MPOIIECIB PEIUKITIHTY TBEPAUX BIIXO/IIB,
a00 CTBOPIOBATH YMOBH JUISl iX YCIIIIHOI KOMEPIHOT peanizauii [9].

3MiHa KOHIIENTYAJIBHOTO MiAXOAY 10 TMOBO/KEHHS 3 BiAXOJaMH, MEpexin BiJ yTuii3arii
BIIXO/IB N0 3amoOiraHHs, BHUPIIICHHS NMHTAaHHS CKOPOYCHHS YTBOPEHHS BIJXOJIB, COPTYBaHHS,
nepepoOKH, BIPOBAHKEHHSI BUKOPUCTAHHS BIJIXOMIB SIK MaTEePiaJIbHOTO Ta EHEPreTUYHOTO PECypCy
€ KIII0YEM JI0 JIOCSTHEHHs MO3UTHUBHUX PE3yJIbTAaTIB y BUPIIIEHH] MpoOiIeMu BiAX0IiB B YKpaiHi.
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M. Xaiida, [lepxkasa [3paine
e-mail: gwertyger25@gmail.com

Ocrannim yacoMm mtyunuii iHTenekT (1) HaGyBae Bce GUIBIIOrO MOMIMPEHHS B PI3HUX TaTy3ax
HayKH 1 rocrionapctBa. Heabusiky posb BiH BiJlirpae y BUpIIIEHHI TPOOJIeM 0XOPOHH HaBKOJIUIITHBOTO
npupogHoro cepepoBuia. ILTyyHMIl iHTENEKT cTae KIIOYOBUM I1HCTPYMEHTOM Yy BHUpILICHHI
EKOJIOTTYHHX MPOOJIeM, 3aBISKU CBOIM YHIKaJIbHUM 34aTHOCTSIM aHaJIi3y Ta 00poOLli BETUKUX 00CATIB
nanux. 3patHicts LI B3aeMonmisiTH 3 CKIAJAHUMH EKOJOTTYHUMH CHUCTEMaMH JO3BOJIIE TOYHO
MIPOTHO3YBATH 3MiHU B PUPOJHOMY CEPEAOBUIII Ta pO3pOOIIATH CTpaTerii uis iX ynpaBliHHS.

BukopucranHsi aqropuTMiB MAalIMHHOTO HABYAHHS y TO€JHAHHI 3 Cy4aCHUMM TEXHOJOTiSIMHU
JAaTYMKIB JI03BOJIAE€ €(DEKTUBHO MOHITOPHTH CTaH BOJHHMX PECYpCIB, PETyIIOBATH BUKOPUCTAHHS
3eMelb, a TAaKOXK nepeadadatu Ta 3anodirati npupoaHuM juxaM. Texnomnorii LI BnpoBamxkyoThes
B CLIBbCHKE TOCIIOJIAPCTBO, /1€ BOHU JIONIOMAraloTh y TOYHOMY IOJMBI Ta YHPaBIiHHI POCIHUHHICTIO,
CHIpUSIOUM €(PEKTHUBHOMY BHMKOPHCTAHHIO PECYpCiB Ta 3MEHIIEHHIO HEraTMBHOTO BIUIMBY Ha
HaBKOJIMIIHE cepenoBuie|1].

3aBIsIKM aBTOMAaTH30BAaHOMY aHaJi3y BEJIMUYE3HHMX MacuBiB naHuX, LI Takox Moxe epeKTUBHO
BUSIBISITH JDKepena 3a0pylHEHHS Ta IpPOrHO3yBaTH ixHI Hacmigku. lle mo3Borisie mpuiimaru
HEBIJIKJIa/THI 3aX0/H JUIs 30epeKEeHHSI €KOCHCTEM Ta 3a0€3MEeUEeHHS €KOJIOTIYHO1 CTIHKOCTI.

OnHi€ro 3 aKTyaJbHUX €KOJIOTIYHHMX MPOOJIEM CyYacHOCTI € 3a0pyAHEHHsS BOJHUX PECYpCiB, 1 B
[IbOMY KOHTEKCTI IITYYHUN 1HTEJIEKT MOKE BIJIIrpaBaTé 3HAYYILy POJib Y ii BUpIIIEHHI. 3aCTOCYBaHHS
TEXHOJIOTiM HITYYHOTO iHTENEeKTy B 0OJIACTI MOHITOPUHIY Ta YIPABIiHHS BOJHHUMHU CHCTEMAaMHU €
B)XJIUBUM KPOKOM Y HamlpsIMKY 30epeKeHHS BOTHUX €KOCUCTEM Ta 3a0€3MeUeHHS I0CTYITY JI0 YUCTOT
IIATHOI BOJIH.

Ty4yHuii 1HTENEKT MOYKE BUKOPUCTOBYBATUCS ISl aBTOMAaTHU30BaHOTO BUSBJIICHHS 3a0pyIHEHB Y
BOJi, BYACHOTO pearyBaHHsS Ha HUX Ta IPOrHO3yBaHHS IXHHOTO BIUIMBY Ha BOAHUN OaceifH.
ANTOPUTMHU MAIIMHHOTO HAaBYAHHS JJO3BOJISIOTH aHAII3yBATH BEJIMKI OOCSATH JaHUX MPO SKIiCTh BOJIH,
BUSIBJISITH IIA0JIOHM Ta HaBITh Tepe10ayaTH MOXIIMBI 3arpo3u 3a0pyIHEHHS.

HonatkoBo, IIII Moxe BUKOPHCTOBYBATHCS MJIsi ONTHMi3alii CHCTEM BOAOMOCTa4YaHHA Ta
BOJIOBI/IBE/ICHHS, 1110 TAKOX CHPHUSE 3MEHIICHHIO BUKUAIB 3a0pyIHIOIOYMX PEYOBHUH Y BOJOHMH.
Benuka TO4HICTP Ta IIBUAKICTH aHANI3y NAHHUX, SKY HAJA€ INTYYHUH IHTENEKT, pOOISATH HOTo
iIeaTbHUM 1HCTPYMEHTOM Ul BUPIIIECHHS EKOJOTIYHUX BHKIIMKIB, MOB'SI3aHUX 13 3a0pyJHEHHSM
BO/IM[2].

Po3BUTOK 1 BIPOBAaKEHHSI TEXHOJOTIH MITYYHOTO IHTEJIEKTY Y BOJHHUX CHCTEMax € OOILTHUM
KPOKOM JUIsl CTBOPEHHSI CTIMKOTO Ta 30POBOTO €KOJIOTIYHOTO CEPEOBHUINA, A€ BOJA 3ATUIIAETHCS
JDKEPEJIOM JKUTTA Ta ONarononyyddst JUist BCiX.
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Crapitoua iHppacTpyKTypa Ta NPUPOJHHHA 3HOC MOXYTh HPU3BOAUTH JIO BHUTOKIB Y CHCTEMax
posnoainy Boau. L{i BUTOKH He JIMIIEe BUKIUKAIOTh MApPHOTPATCTBO, ajie i COPUSIOTH BTpaTaM BOIM
Ta 30UIBIIYIOTh BUTPATH HA PEMOHT.

Jlnst mosnerieHHs: poOOTH Ta ONTHMI3alii BUKOpUCTaHHA Ty4yHOro iHrenekry (1) y cucremax
PO3MOALTY BOJM MOXHA BIIPOBAANTH KilbKa €(DeKTUBHUX MPAKTHK:

* BcranoBiaenns JlaryukiB Ta |0 T-TexHosorii:

 Jartuuku SAxocti Boam: Bonu BuMIpIOIOTH pi3HI NapameTpu, Taki fAK piBeHb pPH,
KOHLIEHTPAIIisl XIMIYHUX PEUOBHH, TypOiIHICTH Ta 1HINI MOKA3HUKHU SIKOCTI BoAH. Lle 103Bosie BUacCHO
BUSIBIIATH 3a0pyIHEHHS Ta 3MIHU B XIMIYHOMY CKJIaJli BOJIU.

o Jaruuku Tucky Ta IMoroky: Lli marynku BUMIpIOIOTH TUCK 1 MOTIK B CHCTEMi PO3MOALTY
BOJM. 3MIiHU B LIUX MapaMeTpax MOXYTh BKa3yBaTH Ha MpoOIeMH, Taki K BUTOKH YA OOMEKEHHS B
CHCTEMI.

e AxycTuyHi JlaTuumku: BOHM BHUKOPHCTOBYIOTHCS Uil BUSIBJICHHS 3BYKIB, SIKI BUHHKAIOTbH
BHACTIIOK BUTOKIB. AHalli3 aKyCTUYHUX CHUTHAJIB JIOTIOMAarae TOYHO BU3HAYUTH MICIE Ta PO3MIp
MOTEHIIHOTO BUTOKY.

*  Mepexa JaTqyukiB Ta [0T:

e CyuacHI CHUCTEeMH BHUKOPHCTOBYIOTb MEpEeXi MaT4MKiB, sKi 3a0e3meuyroTh Oe3qpOTOBHIA
3B'SI30K MDK JaTYUKaMH Ta IIEHTPaJbHOI0 CHCTEMOIO MOHiTOpuHry. Lle no3Boisie eheKkTUBHO
MOKPUBATH BEJIMKI TEPUTOPII Ta 3a0e3meuye B peatbHOMY uaci 30ip Ta aHasli3 JaHUX.

* AmnaJji3 JlaHux:

e 3acToCcyBaHHS QJITOPUTMIB MAIIMHHOTO HABYAHHS Ta aHai3y AaHUX s ideHTUdiKamii
aHOMaJIiii Ta BUBYEHHS MMAaTEPHIB, sIKI MOXKYTh BKa3yBaTH Ha BUTOKU a00 3MIHM B SIKOCTI BOJH.

* Cucrema Ilonepenxkenns ta PearyBanns:

* Po3pobOka cucteM momepeKeHHsT Ta aBTOMAaTHYHOTO pearyBaHHS, $KI HaICHUJIAIOTh
MOB1IOMJICHHS aIMiHICTpaTOpaM 41 aBTOMAaTHYHO BMUKAIOTh KJIAIlaH! ISl SMEHIIIEHHS BUTPATH BOAU
y BHUIIJIKy BUSIBICHHS MPOOIEMH.

* Inrerpamis 3 l'eonpocropoBor Indopmamiero (GIS):

* BukopucTaHHS TeONPOCTOPOBUX JaHMUX Ui KPAIIOro BHU3HAUEHHS MICIE3HAXOMKCHHS
BUTOKIB Ta ONTUMI3allil poOOTH CHCTEMH.

* Buxopucranns A”aiaiTuku ta [IpornosyBanns:

* Po3poOka cucrem ananmiTuky Ha ocHOBI LI a5 TOUHOTO MPOTrHO3yBaHHS MOMUTY HA BOLY.

*  BukopucTaHHS aJrOpUTMIB MAILIMHHOTO HAaBUAHHS IS aHAJII3Y IaHUX Ta BUSBJIICHHS [TaTEPHIB
y po0oTi cucTeMu.

* Aptomarm3oBaHa Cucrema YnpapiiHHA:

* BrpoBajKkeHHS CHUCTEMH aBTOMAaTH30BAaHOTO YIPABIIHHS, SKa B 3aJE€XKHOCTI BiJ| 3MiH Y
CHCTEMi MO)KE€ CaMOCTIHHO PEryaioBaTy MOAaqy BOAU Ta BUSBISTH BUTOKH.

* Bukopucranns I ans onrtumizanii pobotu cuctemu, 3abe3nedyroun OUTbII e(eKTUBHUIMA
PO3MOILT pecypciB.

* Cucremu Pannboro Ilonepexxenns:

*  BrpoBajKeHHS CHCTEM PaHHBOTO MonepekeHHs Ha ocHoB I 11t BUSBIEHHS MOXIIUBUX
npo0ieM Ta YHUKHEHHsI aBapiiHUX CUTYyallii.

* BukopuCTaHHS aJXrOpUTMIB NPOTHO3YBAHHS ISl NepeAdadyeHHs MOXKJIMBHX BUTOKIB a0o
HIIKX POOJIEM y CUCTEMI.

* Hapuyanns Ta Ilintpumka Ilepconany:

* IligrotoBka mepcoHaiy 3 ynpaBJiHHS Ta HIATPUMKH cucTeM Ha ocHosi LI

* BcraHoBieHHS MeXaHI3MIB JUIsi MOCTIHHOTO HAaBYaHHS Ta O3HAWMOMIICHHS MEPCOHATY 3
HOBHMH TexHoJorisamu[3].
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L1i 3ax0111 MOXKYTh IOIOMOI'TH edeKTHBHile BukopucroByBaru LI y cuctemax posmnosiny Boau,
3MEHIIIYIOUH BUTPATH Ta MOKPALIYIOUX 3arajibHy MPOJYKTUBHICTh CUCTEMH.

VY coepi exonorii, 1111 BUsBNSETbCA HE3aMIHHUM 1HCTPYMEHTOM ISl aHANi3y BEIMKHX OOCSTiIB
JaHUX, TIOB'I3aHUX 3 eKocHucTeMaMmH. BiH Jormomarae MpPOTHO3yBaTH 3MIHM B TMPHPOTHOMY
ynpasiinHs. [ Takok BUKOPUCTOBY€ETHCS IS PO3POOKU paHHIX CUCTEM MOIEPEKEHHS CTUXIHHUX
JIMX Ta BUSBJICHHS €KOJIOTTYHUX KPH3.

3aranom, BupoBaukeHHs LI y cucremu 30epexeHHsT BOAU Ta EKOJIOTIi CpHsie OUIBII TOYHOMY
MOHITOPHUHTY, €()eKTUBHIIIOMY YIIPABIiHHIO Ta CTBOPEHHIO CTAJIOT0 Ta €KOJOTiuHO 30a71aHCOBAHOTO
otoueHHs. Buxopucranus nepenoux texuosnoriii LI BinkpuBae HOBI MOXIMBOCTI JUIS MPOTHUIIT
eKOJIOTTYHUM BUKIIMKaM Ta 3a0e3redye OUTbII CTIHKUI MiAXi1 A0 YIPaBIiHHA BOIHUMHU PECypCaMH.
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KATACTPO®A HA KAXOBCBKOMY BOJOCXOBHUIII:
IHPUYUHU TA HACJIIAKH, AKI HE OBI'OBOPIOIOTH
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e-mail: daniel@benatov.kiev.ua

BopmocxoBuiia € HEBiJ'€MHOI0O YacTUHOIO CBITOBOi TiPOTEXHIYHOT 1H(PACTPYKTypH Ta
CKJIaJIal0Th OCHOBY CYYaCHOT'O BOJHOIO TocmojapcTBa Oiumbmiocti kpain [1, 2]. B VYkpaini
BOJIOCXOBHIIIA Ta CTaBKM (CTaBKM — BOJOCXOBHINA 00’eMoM He Ourbmie 1,0 MIH. M3) - 1e
HalmommpeHimn Bojgorocnogapceki 06’ ext. Beboro B kpaini Hamiuyersest 1103 BomocxoBuia i3
3aranbHAM 00°€MOM BOAH OnH3bko 55,5 kve [2, 3] Ta 50793 cTaBKM i3 3aransHEM 06’€MOM BOJIH
Mmaibke 3,97 kM [3, 4]. Sk 00’€KTHM KOMILUIEKCHOTO TPU3HAYCHHS BOJOCXOBHINA 1 CTaBKH
BUKOPUCTOBYIOTHCS JUISI KOMYHAIILHOTO 1 TEXHIYHOTO BOJOMIOCTAYaHHSI, ipUTrailii, HaBirarfii, B sIkOCTi
OXOJIO/PKYBauiB TEIJIOBUX 1 aTOMHHX €JIEKTPOCTAHLIHN, B TAPOEHEPreTUIli, puOHOMY TrOCIIONAPCTBI,
pereauu BOJIHOMY TYPH3Mi, IPH CTBOPEHH1 OPHITOJIOTIYHUX 3aKa3HUKIB Tomo [1-4]. EHepreTHKa
BaXXKa 1 JIerKa MPOMHCIOBICTh, BOJHE TOCHOAAPCTBO, KOMYHalbHE T'OCHOJAPCTBO, CLIBCHKE
rOCHOJapCTBO, €KOHOMIKAa KpaiHM B LIJOMY 3HAYHOIO MIpOIO 3aJIEXKHI BiJ] BOJOCXOBHIL, PEKUMY
PIiBHIB BOJIM B HUX, CTaHy HaIlipPHUX TAPOCHIOPY/ HA HUX.

KaxoBchbke BooCX0BHIIIE OyJI0 HAOLIBIIMM B KpaiHi, HOro MOBHUK 00’eM ckianaB Oinbiie 18
km®, kopucHuii — 6,8 kv®. Lle maifxe TpeTHHa 06’ €My BCiX ITYYHHMX BOJAOHM Ha TepuTOpii YKpainu
i Maibke uBepTh BiJl KOPUCHOTO 06’€My BCiX INTY4HMX BojoiiM kpainm (28,2 xm®) [2, 3], sxuit
Oe3nocepelHbO MaB BUKOPUCTOBYBATHCS Y HApOAHOMY rocriofapctsi. Lle o3Hauae, 110 B pe3yibTari
pyiinyBanHsa KaxoBcbkoi rpe6iti 1 cioposkHeHHsT KaxoBchbKoro BoJOCX0OBHUINIA YKpaiHa 0HOYACHO i
Ha JIOBT0, MOXKJIMBO Ha3aBiK/H, BTpAaTHIIa Maike YETBEPTHHY OIEpaIlifHIX 3a1aciB MPICHOT BOJH.

3 couianbHO-eKOHOMIYHOI TOYKH 30py KaxoBcbke BOJOCXOBHIIE 3a0e3MeuyBajio PO3BUTOK
1HAyCTpil 1 arpapHOro BUPOOHHUIITBA B MEXaxX KUIBKOX oOnacTell miBAHA KpaiHu BKIIOYHO 1 Kpumy,
BUKOPHCTOBYBAJIOCS B SHepreTHIll (rmpoeHepreTHKa aTOMHA 1 TeIUIOBa TeHepaLis), ipnraui'l'
KOMYHQJIBHOMY 1 TEXHIYHOMY BOJONOCTayaHHi, BOAHOMY TpPaHCHOPTi, pUOHOMY TOCHOJApCTBI i
pekpearii. CymapHa BCTaHOBJIEHa TIOTYXXHICTh eJeKkTporenepanii Ha 0a3i  KaxoBcekoro
BojocxoBuma Ha 2020 p. ckmagana wmaibke 16,9% Big Bcie€l BCTaHOBIIEHOI MOTY>KHOCTI
enekTporenepaii B kpaini. JlepxaBaa kommnanis [IpAT «Ykprigpoeneproy» mnianyBaia po3mUpPEHHs
KaxoBcekoi rigpoenekrpocranuii (I'EC) (3a ananorieto posmmpenss Jlxinposcskoi ['EC) 3a
paxyHok mooynoBu Kaxoscbkoi 'EC-2 y ckmani nitoumx rigpocrnopy KaxoBcbkoro rigpoBysia.
[IpoBeneHni HamMu HOCHIKeHHS AoIIbHOCTI OyniBHuiTBa KaxoBchkoi 'EC-2 mokazamm, 110
ICHyBaJlM BCl HAQJIKHI yMOBM JJIsl YCHIIIHOI peamizamii nporo mpoekty [5]. B mepcnektusi
PO3TIISIIANNCS TaKOX TUIAHM BUKOPUCTAHHS BOJOCXOBHILA JUISI BUPOOHUIITBA «3€JICHOT0» BOJHIO, 3
OyMIBHULITBOM COHSYHMX 1 BITPOBHX €JEKTPOCTaHLIW Ha #oro Oeperax. IIpakTH4HO MUTTEBE
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criopokHeHHs1 KaXxOBCHKOro BOJOCXOBHINA, 33 KiJIbKa JHIB, MOXKE PO3IVIAJATHUCS BOJHOYAC SIK
COLIIaIbHO-€KOHOMIYHa, eKOJIOTi4Ha, TeoJIoTiYHa Ta reorpadiuna karactpoda. ABapii, 3 IpoOprUBOM
rpeliti, Ha TaKUX BEIMKUX BOJOCXOBHMINAX, 3 3aTOIUICHHAM Oibiie 640 kM2 TepuTopii, Ha sKiit
MIPO’KMBAJIO HACEJIEHHS, B MICTaX 1 cellax, 3 BUKUOM 3a0py/iHEHb B MOPE, B CBITI 111€ HE BiI0OyBaIHCA.

[Toxu icHyBasio KaxoBcbhke BOJOCXOBUINE — ICHYBaJIM TapHI MOKJIMBOCTI [T KOMIIPOMICY 111010
3abopoHu OyaiBHULITBA ManuX riapoenekrpocranuiii (MI'EC) Ha BiTbHO TEeKy4YHMX piukax B YKpaiHi
Ta OyniBHUITBa Kackany BepxuboanictpoBebkux I'EC. 3a ominkamu [5] 3 ycix MOKIIMBHX BapiaHTiB
HOBOTO TiipoeHepreTnyHoro OyaiBHUNTBA, OKpiM TAEC (TOOTO BapiaHTiB BBEICHHS MOTYXHOCTEH
rigporeneparii nume Ha HOBUX ['EC), HalOImbI MOMUIBHOIO (BUIPABAAHOIO) albTEPHATUBOIO B
KOHTEKCTI 3asBJIeHMX B EHepreruuniil ctparerii Ykpainum Ha mepiog o 2035 p. ta Ilporpami
PO3BUTKY TipoeHepreTuku Ha mepion 1o 2026 p. mineit Burnsgano oyaiBHuUTBo KaxoBebkoi 'EC-
2. IIpoBenieHi HaMK KOMIUIEKCHI TOCIIKEHHS HaIHOCTI Tixpocnopya KaxoBcskoro riapoBysia 3
MIPOTHO3YBAHHSAM MOXJIMBOI aBapii 3 NMpopuBOM HamipHoro ¢poHTy [6] mokasamu, IO BCi CiM
rizpocnopy, ski popMmyBaiu foro HamipHuid (HpOHT, 1 HaMmipHUNA GPOHT TiAPOBY3IA B LILIOMY, OyIIn
JIOCTaTHRO HAJIMHMMM B yMOBax NPHUPOJHUX BIUIMBIB, B TOMY YHCIi 3 BpaxyBaHHSM CKJaJHHX
re0JIOT1YHUX YMOB, MOKJIMBOT'O IIEPETIOBHEHHS BOJOCXOBHIIA, 1 MOXKJIMBUX CEHCMIYHUX BIUIMBIB, 110
y0e3mneuyBaio MOKJIMBICTh HOBOTO OyAiBHUIITBA.

ByniBauurso inmux HoBux I'EC, 30kpema i po3BUTOK Masioi T'iipOeHepreTUKU B KpaiHi, B MeXax
apyroro eramy pexkoHcTpykiii ['EC JIximpoBcbkoro i JIHICTPOBCHKOTO KacKajiB OIIHIOBAJIOCS SIK
pPU3UKOBaHE, Take, 110 HE 3aJ0BOJBHUTH 3arajbHOCYCHiIbHHUU iHTepec. Ilicis katactpodu Ha
KaxoBcbkOMY BOJIOCXOBHIII, SIK HACIIIOK, MOCUIIMIIACH 3arpo3a TOTaJbHOI 3a0yA0BU PiYOK KpaiHu
yrciaenHuMu MI'EC, Ha 110 BKa3ye Sk akTHBi3allig 3a0yJOBHUKIB, SIKi CTaJId MaHIIyJIIOBAaTH HA TEMi
JeLeHTpai3allii eJIeKTPOSHEPTeTUKH, TaK 1 OLIBII JIOSATIbHE CTABJICHHS B INapTaMEeHTaX €KOJIOTii 10
BiJIBEPTO IIKITMBHX /U151 NOBKULIA ipoekTiB MI'EC. Ilpu 1ipoMy riiponoTeHIiain piuok Ha TepUTOPii
YkpaiHu ans  poO3BUTKY Mayoi TiApoeHepreTuku Mi3zepHuid [7] (Bech HEBUKOPUCTAHMIA
TiIpONOTEHIliall 32 YMOBH, 1110 MPAKTHYHO BCi piukH OynyTh neperBopeHi B kackagu MI'EC, mir 6u
MOBHICTIO mepekpuThcs mo0ynoBoio Kaxorcekoi 'EC-2), BiTuM3HsIHA Mayia TiIpoeHEpreTuka He €
e(peKTUBHUM BUPOOHUKOM eJeKTpoeHeprii (cepenHiil KoegillieHT BHUKOPUCTAHHS BCTAHOBJIEHOT
MOTY>KHOCTI 3HU3UBCS B OCTaHHI pokH 70 20%), HEe MOK€ BUKOPUCTOBYBATHCS B SKOCTI HaJiHHOTO
perynsTopa abo B SIKOCTI aBapiiiHOTro pesepBy (sk, Hanpukian, Benuki BituusnsaHi ['EC 1 TAEC) i
3JIOBJKUBAE «3EJICHUMY Tapu(OM.

BincyTtHicts KaxoBChKOro BOIOCXOBHIIIA MOKE CIIOHYKAaTH arpapiiB miBJAeHHUX 00acTeil KpaiHu
70 CaMOCTIMHUX pIlIeHb MIOAO 3a0e3NedYeHHs BOOIO, 1 LI PIIIEHHA HE 3aBXAU MOXYTh OyTH
eKOJIOT1YHO Oe3nmeyHrMMH. B mepionn MexeHi 3HauHa 4acTHHa CTOKYy JIHirpa BHU3 3a TEUi€lo Bif
JIHITPOBCHKOT'O BOJAOCXOBHILA MOKE pO30MpPATUCS MICIIEBUMH BOJOCHOKMBayaMu. OOnaITyBaHHs
BOJIOTOHIB 3 110/1a4€10 BOAM 3 PO3TAIIOBAHMX BHUIIIE 3a TEUI€I0 BOJOCXOBUII KaCKaay — 116 THMYACOBE
pillieHHs, SIKe He 3/IaTHE 3aJI0BOJIBHUTH ICHYIOY1 MOTPEeOH y BOJI B PETiOHi, 1 MOXKJIIUBI ii moTpedu B
MailOyTHROMY. € TaKOX 3aKJIMKH J0 OYyIIBHUIITBA HOBHX BOJOCXOBHII] Ta CTaBKIB HA piUKaXx IMiBJIHA
VYkpainu, fiKi BXe 3a3HaJIM 3HAYHOTO Ipecy TiIpOTeXHIYHOro OyIiBHUIITBA. 3arajioM, Ha MiBJAHI
KpaiHU MPOXKMBaja BEIMKA KUIBKICTh HACENIEHHS, SIK MICBKOTO, TaK 1 CUIBCHKOTO, 1 11€ HACEICHHS
noTpebyBaTuMe JI0CTYIy 10 BOAH. [ pyHTOBI BO/IM, CKOPIIIIE 3a BCE, B PETIOHI, HA AKMI MAJIO 3HAYHUI
BIuMB KaxoBcbke BOJOCXOBHINE, 1€ TOW JOJATKOBUM pecypc, SKUM I11€é BOJOCXOBHIIE,
orocepesIkoBaHo, HagaBaio. [lepenbauntu sikoro OyAe cUTyalis 3 MiJ3eMHUMH BOJAMH B LIbOMY
perioni 0e3 BOAOCXOBMINA — Ba)KKO. MOXJIHMBO, B MailOyTHbOMY, HAac 4YeKae 3BOPOTHA Mirpais
CUIBCHKOTO HACEJIeHHA 3 MiBAHA KpaiHU B LIEHTpalbHI, MiBHIYHI a00 3aXiJHi perioHy, aie Ie Tex, B
yYMOBax 3MiH KJIiMaTy, BUCHaKEHHsI pECYpCiB MOBEPXHEBUX 1 IPYHTOBUX BOJI B PEriOHax, MOCUIICHHS
AHTPOIIOT€HHOT' 0 Tpecy, MOTpedyBaTHUME CKJIaIHUX PillleHb, TIOB’A3aHUX 3 BOJ103a0€3MEUEHHSIM.
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ByTu un He OyTH BiHOBIEHHIO KaX0BCHKOTr0 BOJJOCXOBHINA — 11€ HAJ3BUYAWHO CKJIAJHE ITUTAHHS
— NMMTaHHA HaNpAaIlOBaHHA 1 aHai3y allbTepHATUB, BPaXyBaHH: PI3HUX PU3UKIB, 3 HUIMU I1OB’SI3aHUX,
BKJIIOYHO 1 PU3UKIB BTPauCHUX MOYKJIMBOCTEH, MOPIBHSAHHS aJIbTEPHATUB 1 BH60py ONTUMAJIbHHUX,
MOIIYKY KOMIPOMICHUX pIIIEHb 3 BpPaxyBaHHIM SIK 1CHonqu peaniii (mo Kaxoscbkoro
BOJIOCXOBHIIIA — Oarato 4oro He OyJjo, a 3apa3, Te, L0 3’SBHJIOCA 1 PO3BUHYJIOCS 3aBISKU
BOJIOCXOBHIIYy 0€3 HbOT'O BXK€E HE 3MOXke HOPMAJIbHO ICHYBaTH JJONIOKH He OyJie 3HalieHe IPUHATHE
pillIeHHs), TaK 1 OTPUMAHOrO JOCBiAY OO MEPCHEKTHUB KaTacTPO(iuHOI 3aNeKHOCTI HAPOJHOIO
rOCIOIapCTBa KPaiHU 1 KUTTEIISUIBHOCTI JIOACH BXKE Bil HOBUX «KOMIUJICKCHUX» PIllIeHb, KOJH
KPUTUYHA 3QJICKHICTh BiJ] OJHOTO 00’€KTa BOAONOCTA4aHHS B KUTBKOX perioHax Oyne 3aMiHeHa
KPUTUYHOIO 3QJICKHICTIO BiJl BETUKOI KUTBKOCTI HEHAMIWHUX JpKEpesl BOJOINMOCTadaHHs. B Oymab-
SAKOMY BHIIQJKy Ha HAac 4YeKaTuMe HEOOXiJHICTh IOIIYyKYy KOMIIPOMICHHMX pIllleHb, AKi OyIyTb
CKJIAJJHUMU 1 MOTpeOyBaTUMYTh INIMOOKOTO aHaNi3y 1 OOIpyHTYBaHHS MEPE] TUM, K IPUHMATUCS J10
peautizartii.

Bci BomocxoBmINa, IO 3HAXOAATHCS Ha TEPUTOpii YKpaiHM, HECYTh 3HA4YHy HOTEHIIHHY
HeOe3neKy Uil HacelleHHs, eKOHOMIKH, NOBKULIA. Ll HeOe3neka MmoB’s3aHa HE JHIIE 3 MPIMUMU
(Gi3MYHMMHU BIUIMBAMU BiJ] TIAPOJMHAMIYHUX aBapiil 31 MIBUIKUM MOMIMPEHHSIM XBHJIb MPOPUBHHUX
MaBO/JIKIB, 3aTOIUICHHSM 1 MIATOIJICHHAM TEPHUTOPIH, AKi B MPUPOJAHUX YMOBAX HE 3aTOILTIOBAIIUCS,
3arpo3aMH JKUTTIO 1 3/10pOB’I0 JIIOAEH, MAacoBOIO 3arv0eui0 BOJHUX OpraHi3MiB, TBapHH TOIIO,
pYHHYBaHHSAM, YIIKOKEHHIM i BUBEJICHHSIM 3 JIay 00’ €KTiB iHPPaCTPyKTYpH, )KUTIA, 3HUILICHHIM
MOCiBiB, 3a0pyAHEHHSM IPYHTIB CUIBIOCITYT1/1b, TOBEPXHEBUX Ta IPYHTOBUX BOJ, MICLIEBUX JUKEpeEI
BOJIOTIOCTaYaHHs, MOKJIMBICTIO MomIMpeHHs emigeMiid Tomio. Ille oamu 3 ypokiB katactpodu Ha
KaxoBcpkili rpebni monsrae B TOMy, IO B MHHYJIOMY B IEpIIy 4Yepry 3BepTaju yBary Ha
e(eKTUBHICTh, a HE Ha HAAIWHICTH 1 Oe3neKy, Mo W MPU3BOAMIO 10 PIllIeHb, B K 3aKJIaJa10Cs
KOMILJIEKCHE BUKOPHCTAaHHS BOJHHUX PECYPCIB pI3HUMHU raixy3smMu Tomo. O1H 3 ypoKiB KatacTpodu
Ha KaxoBcbkiit Tpelui, ska O0e3mepeyHo € YMUCHO CTBOPEHOK KaTacTpodoro, TOMY IO BCE HA IIe
BKa3ye, HaBITh MPUIHATI IPU MPOEKTYBAHHI T'IPOCTIOPYA PillIEHHS, SKI «IIOCTPUSIINY MiJPUBY, 1 K1
CJIiJl TPaBUIIHHO OI[IHUTH HAa MaiiOyTHE, 11€ Te, 110 CyMilleHHs (GYHKIIIN B OJHIH TiApocmopyi, a came,
MPOMYCK BUTPAT MaBOJKIB — Yepe3 BOJO3NUBHY I'peldiio, B SKId CyMilleHO (QYHKIIi BOZOCKUAY 1
nianipHoi cnopyau, BupoOoHuuTBo enekrpoeneprii Ha 'EC, ne Oynins I'EC BonHOuac BUKOHYE i
¢byHKUii mianipHOI criopy iy i BOOOCKUIY — O€3MepeyHo € OPUriHATBHIUMHU 1 €KOHOMIYHO BUT1JHUMU
(epekTHBHUMU) pilICHHSIMHU. AJie IIi PIICHHS HEe € HaJlHHUMH 1 Oe3MeYHUMH, 1 MOXKYTh CTaTH 1
CBOEPITHUM «IIOZAAPYHKOM» JUIsl TepOpHUCTiB. SIKOM BogockuaHa criopyaa i oyaisis Kaxoscbkoi TEC
¢byHKIiIOHATBEHO HE Oynu 1€ ¥ miImipHUMH CIIOpyJaMH — TOOTO BJIACHE 1 IpeOiIsiMH, TO HaBITh 1X
MIOBHE 3HHIICHHS HE MPHU3BEJIO O 0 TaKKX KaracTpodiyHuX Haciakis [8].
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Relevance of the research. Air pollution is one of the most widespread and complex forms of
urban environmental impact. People and everything around them suffer from polluted air: vegetation,
wildlife, architectural monuments, metal, building materials, fabrics, etc. This is one of the main
problems of today's cities. This has been countered by such a trend in architecture as green
architecture. Eco-building helps to solve such an environmental problem of megacities as
environmental pollution. The relevance of environmental friendliness in the planning of pre-schools
in cities is particularly important. The task of landscape organization of such territories is to improve
sanitary and hygienic conditions in terms of air and site cleanliness, good insolation and ventilation,
protection from wind, noise and dust, creation of favorable conditions for recreation, enrichment of
the architectural exterior and interior of buildings (Fig. 1) [1].

Fig. 1. Landscape of the territory of the kindergarten

The proper organisation of life and education for children in a preschool institution is reliant on
the overall architectural and planning solution of children's spaces, the organisation of the building's
interior space, and the provision of hygienic and rational equipment. To ensure favourable conditions
for the harmonious physical and spiritual development of children, the interior should be designed
accordingly. The organization of educational processes is intricately connected to the architectural
and planning solutions of the premises, as well as their equipment, lighting, and decorative finishes.
This necessitates a comprehensive examination of the problem of environmental sustainability of
preschool institutions' interiors.
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The design of children's institutions is complicated by the presence of diverse chemical
compounds in the air of the premises, which are emitted by furniture, building, and finishing
materials, and pose a health risk [2]. Hence, safeguarding the children's health calls for the use of
only eco-friendly materials indoors while refraining from incorporating hazardous substances in
building materials.

Based on literature analysis, the subject of eco-friendly interiors and design with natural materials
is gaining more global attention. By utilizing the phytoncidal and gas-absorbing capabilities of plants,
upper respiratory tract illnesses are reduced whilst indoor air is purified from hazardous chemical
impurities aimed towards children, creating an advantageous psycho-emotional atmosphere. Green
walls, vertical gardens, and indoor plant walls have the potential to recreate natural habitats for
children within indoor spaces.

Today, in the realm of ecodesign, we consider the scientifically-based and targeted introduction
of plants for various functional purposes in interior and exterior design. Phytodesign is perceived as
a means to enhance human life quality in modern architecture. Interior design techniques involving
plants are categorized into three main groups. These groups are complex landscaping, which includes
large compositions of natural elements on relatively extensive spaces. The fragmentary group is
composed of compositions containing single or group plant arrangements of one or more species.
Lastly, temporary landscaping, which is typically used for decorating space during events [3].

Vertical gardening has gained popularity in recent times through the use of phytowalls and vertical
gardens [4, 5]. Phytodesign refers to the decoration of building exteriors and interior areas with
climbing plants. The arrangement of vertical gardens should comply with specific guidelines and
requirements related to microclimatic features, which is particularly significant for the climate of
Odesa. Generally, tropical and subtropical plants are ideal for indoor spaces and have been traditional
indoor plants in our country. For the exterior vertical walls, we utilise mountain plants with strong
root systems that have adapted to poor soils.

The significance of landscape arrangement in children's institutional areas is attributed to the
prolonged exposure of children to the outdoors. Incorporating plants in childcare facilities leads to
favourable microclimatic and aesthetic environments, which are crucial for children's walks. In
addition to its decorative purposes, landscaping contributes significantly to enhancing the general and
sanitary-hygienic conditions of the facility. When discussing the benefits of green spaces, it is crucial
to acknowledge the phytoncidal properties of plants, which are utilised in creating landscape features
for their targeted phytotherapeutic effects. Furthermore, the green space within a kindergarten serves
as the initial connection between a child and the natural world, leading to the development of an
ecological worldview [6, 7].

Purpose: to create an eco-interior and phytodesign for a kindergarten.

Object of research: kindergarten project in Odesa.

Results and discussion. The kindergarten project is located near the Black Sea on the site of a
former health complex (Fig. 2).
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Fig. 2. Situation plan of a kindergarten

The significance of devising a plan for the phytodesign of a kindergarten in Odesa lies in
promoting environmental consciousness, which serves as a significant architectural and interior
element in modern times, thereby garnering attention.

The landscape of the area comprises of high trees that provide essential shading, decorative
shrubs, vines, blossoming perennial, and annual plants (refer to Fig. 3). The play area has a hard-
wearing lawn and the trees and shrubs emit a significant amount of oxygen, producing a unique
microclimate.

Fig. 3. Elements of landscape design for a kindergarten
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In order to establish hygienic and sanitary conditions, botanical elements such as plants and
flowers must be integrated in rooms allocated for children. The kindergarten's design adopts
contemporary approaches to interior landscaping, inclusive of vertical gardening, a phytowall, and
fresh flowers contained in flowerpots (see Fig. 4). A phytowall denotes a vertical plant structure that
integrates a mechanism for automatic watering, and is intended for the indoor enhancement of
greenery.

Fig. 4. Phytowall in the interior of a kindergarten

Plants and flowers are used to adorn the interior and provide a beneficial microclimate. They also
offer a way for children to learn about the world around them. Gazing at plant foliage alleviates eye
strain and mental stress, enhances self-esteem, and bolsters self-confidence. In addition, secure
vegetation has been incorporated in the exterior of the nursery to cultivate children's motor skills and
overall development (Fig. 5).

Fig. 5. Plants in the interior of a kindergarten

Using large specimens of plants that are not proportionate to a child's size is not advisable in
kindergarten landscaping. Instead, they should be utilised as a background. For easy maintenance,
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the plants should be kept in separate pots. By doing so, any plant can be removed during composition
classes for closer examination and then returned to its original location.

Plants ought to be positioned in areas that children cannot unintentionally knock them over, and
it is advisable to allocate a designated area for plant care. When situating plants within a child's grasp,
ensure that the containers and planters are exceedingly robust and fastened securely in place.

Placing plants on window sills is not advisable, as they may obstruct the light. Climbing and
trailing plants can be situated in flower lamps, on shelves, while larger plants or groupings of several
low-maintenance plants can be positioned in floor vases.

Plants that emit phytoncides are suitable for kindergartens. These substances are known as natural
antibiotics since they eliminate harmful bacteria and viruses. As a result, the air quality in the room
is enhanced. Essential oils comprising phytoncides soothe the nervous system, thus improving the
child's sleep and positively influencing their immunity and mood. Additionally, phytoncides provide
beneficial impacts on the respiratory system. Certain indoor plants can neutralise toxins emitted by
interior elements such as chipboard, MDF, fibreboard, and plywood [8]. Chlorophytum, aloe,
spathiphyllum, and dracaena plants are particularly adept at absorbing formaldehyde.

Several different indoor plants are highly effective at regulating humidity. It has been observed
that the indoor rooms’ humidity drops to a mere 35% during the heating season, which is inadequate
for comfortable human breathing. Employing indoor plants helps to sustain a constant humidity level
of 50%, which greatly enhances breathing comfort.

Considering the hygiene requirements, the design for the nursery utilised decorative foliage plants,
dried flowers, canned moss and stabilised plants.

Conclusions. The selective use of plant environmental characteristics to enhance the environment
in children's institutions is a preventive measure for improving health. This approach also addresses
the concerns of aesthetic, ecological, and environmental education and upbringing for children.

A kindergarten project (Odesa) utilizing phytodesign elements with eco-architecture
consideration was developed. The planned area of the kindergarten property has been properly
planted with decorative plants that retain aesthetic value throughout the year. This contributes to the
creation of a favourable microclimate by reducing air pollution, controlling dust accumulation,
regulating humidity, and decreasing noise. To establish an indoor safe nature corner, a contemporary
interior with a green wall was implemented. All plants, including indoor and outdoor ones, must be
completely safe for children.
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3 poKy B piKk 3pocTae o0csAr BUAOOYBaHHS KOPHCHUX KOMAIWH IO BCbOMY CBITY. 3a JaHUMHU
Opranizamii 00’eqHanux Haiit 3 1970 poky BUI0OYyTOK pecypciB 3pic Oiibil HixK BTpuyi; 10 2060
pPOKy Tryi00anbHEe BHMKOPHCTAaHHS MarepiaiiB Moxe monsoitucs — 3 92 mo 190 mupa. Ton. 3i
3pOCTaHHsIM BUAOOYBaHHS 3pOCTa€ 1 KUIBKICTh BIINPAlbOBAHMUX 3aKPUTHUX IIAXT Ta Kap €piB,
OUTBINICTG 3 IKUX KUHYTI Ta 3aHen0aHi. /1y O1b110CTI KpaiH JOCTYIHUX JaHUX HEMAE, B TOMY YHUCI1
B YKpaiHi Taka CTaTUCTHUKA HE BeeThes [1].

HeratuBHi BIJIMB Ta HACHiIKK BiA O€3BiINOBIATBHOTO CIIOCOOY 3aBeplIEHHS BUIOOYBHOI
TisUTbHOCTI OyyTh BiUyBaTHCS 3HAYHO, HUK TpHUBaja poOoTa caMoro BUI00YBHOTO MiANIPUEMCTBA.
Tax, kap’epu Ta maxTH, TiSUTLHICT SKUX MPUMIMHEHA 0€3 TTOM SKIIEeHHs a0 JiKBijaIlii HeTaTHBHUX
YUHHWKIB BIUTUBY, 3AJIMIIAIOTH MMiCIis ce0e Psii eKOJIOTTYHUX HACTIAKIB.

1. TlopymeHi 3emii — pu po3poOIli pOAOBHUIL KOPUCHUX KOMAIUH BHIIyYaIOTHCS 3HAYHI TUIOIII
NPOAYKTUBHUX 3€Melb 13 3€Melb CUIbCHKOTOCHOJApChKOr0 Ta JICOBOrO NpHU3HA4YeHHA. B
MOJAJIBIIIOMY Ha LUX 3eMJISIX CIIOCTEPIraloThCsl HE3BOPOTHI 3MiHH, TaKi SK 3HWKEHHS POJIOYOCTI,
necrabimi3alis rpyHTiB, MOCHIEHHS epo3ii Tommo. Taki 3emii 1yke piaKko 3MOXKyTh OyTH IOBEPHYTI B
MEPBUHHUI CTaH Ta BUKOPUCTOBYBATUCH B 1HIIIHM roCnofapChKii AisITbHOCTI.

2. 3alpynneni Boau. Bona € ogHUM 13 pecypciB, SKOMY HaifuacTile 3aBJaroTh IIKOIU MOKHHYT1
[IaXTH Ta Kap’ €pu. 3 BOJOIO BaXKKi METAJIH, 3aBUCIII PEYOBUHH, HAPTOMPOIYKTH BUHOCATHCS 32 MEXKI1
BJIACHE Kap €pHUX POOIT 1 3HIKYIOTH SIKICTh MOBEPXHEBHX 1 MiA3eMHHMX BoA. KpiMm XimiuHOro
3a0pyIHEHHS BOJ, TMOPYIIYIOTHCS MPUPOIHI T1APOTEOJIOTIYHI PEXUMH MiA3€MHUX 1 TTOBEPXHEBHX
BOJIOTOKIB, B p€3yJIbTaTi IKUX MOXYTb BiA0yBaTUCh 3HEBOJHEHHS BEJIMKUX TEPUTOPIH, TIATOIIICHHS
3HAYHMX TUIOLI, 3aCOJICHHS IPYHTIB, MMOTiPIIEHHS SKOCTI MUTHUX, IPYHTOBHUX 1 MIA3€MHUX BOJI.

3. 30uibLIeHa KiTbKICTh 3a0pyAHIOIOUMX PEYOBHH 1 BIIXO/IB, 1110 BUKUJAIOTHCS B HABKOJIMIITHE
CepEeIOBUILE — BAXKUX METaliB, CIpKH, a30Ty, BYIJIEBOJHIO, OKCHIIB 3aji3a, KpemHiio. Lle
MPU3BOIUTH JI0 TOTIPIIEHHS SKOCT1 MOBITPS, BOJH Ta IPYHTY, 3aBJAI0UH IIKOIH 3/I0POB 10 JIIOJIEH Ta
npeacTaBHUKaM (ayHH.

4. TlopyuieHHs JOKaIbHUX €KOCUCTeM. Biu1oOyBaHHS 4acTO 3HUIIY€ HE JIUILE POCIUHHICTb, ale
i BepXHI{ map rpyHTy, HEOOXITHUH A PeKyIbTUBALIl AIISHKHU MICJS MPUIMHEHHS BUAOOYTKY.
3anuieHa TepuTopis € 63T AHOI0 Ta HETIPUAATHOIO ISl )KUTTS POCIIUH 1 TBapuH. OroJeHuid IpyHT
MIPOJIOBXKYE PO3MUBATHUCS 1 BUHOCHTHCS 3 JUISHKU JI0 CYCITHIX CTPYMKIB 1 PI4OK, 3aKyHOPIOIOYU
pycia, 3MEHIIYIOUH CepeIOBUILE POKMBAHHS PHOU Ta MEPEHIKOHKAIOYHN PUPOJTHOMY TTOTOKY.

5. Bigxoau y BUTISAI IPOMUCIOBOTO CMITTSI, HEBHJIAJIIEHOTO OO JHAHHS Ta CIIOPYJ, BiABaIN
PO3KPUBHHUX Ta MyCTUX MOpia. Bukuan 3a0pyaHioBauiB B atMocdepy, 3MEHIIEHHS TUIOMII POIIOYNX
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3eMenb IS He0OX1THOCT1 PO3MIIIIEHHS BiIBAIIIB, IUIAMOCXOBHUIIL, 31ICOBAH1 JaHIITAPTH Ta KPAEBUIAN
— IIe TaJIeKO He BUYCPITHUIN MepeiK MIKITTUBUX HACTIIKIB BiJl BUJOOYBaHHS.

ChorojHi BiAMOBIAIbHICTD 32 MPUIMTUHEHHS BUI0O0YBHOI TisSUTBHOCTI Ta 32 IMIAXTH 1 Kap’ €pH MiCIIs
X 3aKpUTTS YaCTKOBO BU3HAYAETHCA B JIO3BUIBHUX JOKYMEHTaX Ha BUAOOYBaHHs. Y MUHYJIOMY Iie
MUTAHHS YacTO 3AJIMIIATIOCH HEBU3HAUYEHUM, a KOMIAaHIi HE pO3paxoBYBaJIM BUTPATH HA 3aKPUTTH
IIaxXT Ta Kap’€piB Ta Ha 3aXOAM 13 3amoOiraHHs HETraTMBHMM EKOJIOTiYHHMM Haciiakam. Ilpore
ChOTOJIHI Ha TMPAKTHUIll ICHYe KiJIbKa MEXaHi3MiB YIpPaBJIiHHSA MPUIHMHEHHSAM MiSJIBHOCTI HIAXT Ta
Kap’epiB, HaBiTb TOMI, KOJIM BIJNOBIIHI 3aKOHM He TMependayaroTh YITKUX OOOB’S3KIB IO
MPUMUHEHHIO JisSUTbHOCTI. Tak, KOHIICMIlsI CTaJlor0 PO3BUTKY BH3HAE CTAAiI0 MPHUITHHECHHS
BUI00yBaHHS IICHTPAIILHOIO Ta TaKOIO, sSIKa BITUBAE HA BCl CTAJil KUTTEBOTO IUKIY IIAXTH a0o
kap’epa. Ilpu mpoMy, okpiMm JikBijamii abo MOM’SKIIEHHS €KOJIOTIYHMX HACHIJKIB, 000B’SI3KOBO
OepyThes 10 yBaru CoIlialibHI acliekTy Ta ¢i3nyHa Ta XiMiuHa Oe3reka.

AKIIEHT 1 BaXJIMBICTh CTaJIOTO PO3BUTKY Y BHIOOYBHIW ramy3i Oyjo BU3HaHO BcecBiTHBOIO
komiciero OOH 3 HaBKOJMIIHBOTO cepefoBuUIla Ta po3BUTKY e B 1987. ¥V 2002 poui Opranizartis
O06’emnanux Hariit 3anmouaTkyBana BeecBiTHii caMiT 3i ctanoro po3BuTky (WSSD), sikuii po3riisiiaB
KOHIICTILIIFO CTajioi poOOTH Ta MPAKTUK y BUJOOYBaHHI, a TAKOXK BU3HAYMB MOTpPeOy B MiABHIICHHI
0013HaHOCTI BecepenrHi BUI00YBHOT IPOMUCIIOBOCTI. BCECBITHIM caMiT 31 CTAJIOr0 PO3BUTKY BH3HAB
BAXJIMBICTh BHECKY BUAOOYBaHHS KOPHCHUX KOMAJNUH Yy CTaaMi cmocid, a came HeoOXiTHICTb
MIATPUMKH 3yCHITh JJIs1 HAJISKHOTO PO3IIISTy €KOJOTIYHIX, EKOHOMIUHUX, COIIAIbHUX HACTIAKIB Ta
BIUIMBY Ha 3JI0POB’S JIIOJMHH Yy BUJI00YBaHHI KOPUCHUX KOIAJIWH, MIHEPAJiB 1 METaliB, IPOTITOM
yChOT0 iX JKUTTEBOrO NUKITY [2]. BCcecBiTHIN caMiT 31 cTajgoro po3BUTKY BU3HAYMUB HEOOXITHICTh IS
KpaiH, pO3BUTOK SKHX 3aJCKUTh BiJ BHIOOYBAaHHS KOPHUCHUX KONAJIWH, B MOJAIBIIOMY PO3BHUTKY
MPUHLMUIIB 1 IPAKTHKH CTAJIOTO PO3BUTKY.

Cranuit BUIOOYTOK KOPHUCHUX KOIAJIWH O3HAYa€ 3MEHIICHHS HEraTUBHOI'O BIUIMBY MPOLECY
BUIOOYTKY Ta HACHiIKiB BHUIOOYTKY Ha HABKOJIUIIHE CEPEJOBUINEG, MO3UTHUBHI COIliaNbHI Ta
ynpaBiiHChKi Hacaiaku. Craii BUA0OYBHI MiAINPUEMCTBA NMPAKTHKYIOTh BiAMOBIANbHE YIPABIIHHS
OPUPOJHUM CEPEJOBUIIEM, 3aJ0BOJILHSAIOYM IOTPEOM CYCIIIbCTBA B pecypcax ChOT'OJHI,
3a0e3Meuyroud TaKOoXK 3a/I0BOJICHHS NOTpeO MaiOyTHIX MOKOiHb.

1106 3poOutn BHAOOYBaHHS OuLTbII CTIMKUM 1 Olnblie 30aJlaHCYBAaTH IMOMUT HAa MiHEpaJIbHI
pecypcu 3 motpebamMu B MiHIMI3amil Ta yNpaBlliHHI HETaTUBHUMHU COILHAJBHUM Ta €KOJOTTYHUM
BIJIMBOM, KOHIICTIIiSl CTaJOro PO3BUTKY B TipHHYOAOOYBHIM Tamy3i moTpedye epeKTHBHILIOro
¢yHKUiOHYBaHHSA. 711 LIbOr0 BaXJIMBO MaTH BU3HAUEHHS MPUHIUIIB CTAJOr0 PO3BUTKY, SKI €
HAMOLIBII aKTyaJbHUMHU JUI BUAOOYTKY KOPHCHUX KomanuH. IIpoTaroM ycboro cTpoky podoTu
IIaXTH YM Kap’ €pa Ta HaBITh 1 MICJIsI CKOOPIMHOBAHI 3yCUIIIS IIOBUHHI OYTH 30CEpe/KEH] Ha 3aXHCTI
HABKOJIMIIIHBOTO CEpPEIOBUINA, 3aXMCTI MpPaB JIIOAWUHA Ta OTPUMAHHS MAaKCHMAJIbHOI BUTOAU BiJ
BunoOyBaHHs. lle BuMarae JOTpUMaHHS TakKWX MPUHIUIIB, SIK MIHIMI3allisl BUCHAXKCHHS
HEBIJHOBJIIOBAaHUX NPUPOIHUX PECYpCiB, NPUHIUIY «3a0pyJHIOBAY IUJIATUTHY», MPHHLHUIY
00epekHOCTI, pecypcoeeKTUBHOCTI Ta TTOBHOI OLIHKH €KOJIOTIYHOTO BILTUBY, Y4acTi 3alliKaBICHUX
CTOpPiH, TPO30POCTi 1 MiA3BITHOCTI, a TaKOX O0araTOCTOPOHHBOTO MAPTHEPCTBA B CYCHUIBHHX
iHTepecax.

[insimu cTamoro Bua0OyBaHHs Mae Oytu [3, 4]:

1. 3anoBosieHHS MOTOYHUX MOTPEOU COIIATEHO-€KOHOMIYHOT'O PO3BUTKY 32 YMOBH 30epiranHs
CTaOUIBHOTO PET10HATIBHOTO Ta TI00AIEHOTO CEPEIOBHUINIA.

2. 3abe3nedeHHs 30aTaHCOBAHOI COIIANBHOI Ta EKOJIOTIYHOI CHAAIIUHU s MaiOyTHiX
MOKOJIiHb, PO3YMIIOUH, 110 PO3POOKA pecypciB MOXKE MaTH 1 KOPOTKOYACHHI BILJIMB Ha €KOCHCTEMH,
SAKMA MOXKHA JOCATTH W 0e3 1CTOTHOI JOBrocTpokoBOi ImKoAM. OJHAK JOBIOCTPOKOBOIO METOIO
3aBXKJM Ma€ OyTH MiHIMAJIbHUN BIUIMB HA HABKOJUIITHE CEPEJOBUINE Ta BiTHOBIICHHS OYIb-SKHX

254 Handbook of the XXIII International Science Conference
«Ecology. Human. Society» (December 7, 2023 Kyiv, Ukraine)



Marepianun XXIII MixxkHapoaHol HayKOBO-IPAKTUYHOI KOH epeHuil
«ExoJoris. Jlionuna. CycniziberBo» (M. KuiB, Ykpaina, 7 rpyans 2023 p.)

aucOanaHciB, 7€ 1€ MOXJIMBO. Y BUAOOYBHIN raimy3i HEMOXIJIHMBO YHUKHYTH TEBHOTO BIUIMBY Ha
JOBKULIA (penbed moBepxHi, 3¢MIIEKOPUCTYBAHHS, AKICTh BOJIH, MIOBITPS TOIIO).

3. 3aBIsKH IJIaHYBAaHHIO Ta PETEIbHIN peKyIbTUBAILI], @ TAKOXK YCYHEHHIO (Di3UYHUX 1 XIMIYHUX
HeOe3NeKk MOYKHA PO3BHUHYTH DPI3HOMAHITHY €KOCHCTEMY Ta 3€MJICKOPUCTYBAaHHS Ui CTaJloOro
BUKOPUCTAHHS MICJsI MPUIHHEHHS TIpHUYUX poOiT. SIK mpaBuio, e MOXKHA 3pOOUTH 3 MEHIINMHU
BUTpATaMH, SKIO POOUTH II€ 3 CAMOI0 IIOYATKY Ta OJJHOYACHO 3 pO3POOKOI0 POIOBHILA.

4. BumoOyTOK KOPHCHHUX KOMAJIMH TPUHOCUTH COIaIbHY Ta €KOHOMIYHY KOPHCTH,
3abe3neuyroud poOoUi MicCIsl Ta MPOIBITAaHHS MOOJIN3Y pailoHIB BUAOOYTKY Ta, MOXJIMBO, HA 3HAYHO
OinbIii Tepuropii. OHAK TOBrOCTPOKOBA CTAOUIBHICT 1 JOOPOOYT TpOMaaM Micisl MPUIHMHEHHS
BUJOOYTKY BHMAaraloThb peTeNbHOro IutaHyBaHHs. CycHiIbCTBO Ma€ OIIIHUTH YHCTI IepeBaru
PO3BUTKY T1pHIUUO0100yBHOI AiSTIBHOCTI IS CTaOIBHOCTI Ta MPOLBITaHHS IPOMAJIH.

5. IcHyIOTH CHIIBHI MOpaJbHI Ta €KOHOMIUHI CTHUMYJHU Ui TiPHUYOJ00YBHOI IPOMMCIOBOCTI
JEMOHCTPYBATH COIAJIbHO Ta €KOJOTIYHO CTIMKY MPakTHKY. TeXHOJOTiYHI pIlIeHHs JOCTYIHI, a
J0AAaTKOBI BUTPATH HA BIPOBA/KEHHS MOXKYTh OyTH HEBEIMKHMHU.

3akpuTTs maxTti — 1e npouec. o6 gocsartu ycmixy, ciij MOYWHATH 3 PAHHBOTO TUIAHYBAaHHS,
BKJIIOYATH TIOCTYIIOBE IUIAHYBaHHs BiTHOBJICHHS JOBKUUIA MiJ 4ac BUJOOYBaHHS 1 3aBepIlyBaTH
OCTaTOYHMM BUBEAEHHSIM 3 €KCIUTyaTalii, BiHOBJICHHSIM Ta IOBEPHEHHSIM 3E€MENbHOI JUISHKH.
3aKpUTTS Kap’ €piB Ta IIAXT 1 MPOLECH BiJHOBJICHHS 3€MENbHUX UISHOK B KIHIIEBOMY MiJICYMKY
BU3HAYAIOTh T€, IO 3IMIIUTHCS MICIS MPUIMHEHHS AISTIBHOCTI A MaiOyTHIX MOKOJIiHB. SIKIO
BOHHM HE BUKOHYIOTHCS CIUIAHOBAHO Ta €()eKTUBHO, MPOTATOM yChOTO TEPMiHY Aii 00’€KT MOXe
3aJMIIATHCS HEOE3MEeUHUM 1 JDKepesIoM 3a0pyIHEHHS IPOTIroM Iie 0ararb0X poKiB. 3arajbHa MeTa
3aKpUTTS Kap’e€piB B CTaluil crocid mojsrae B Tomy, 1100 3amobirtu abo 3BECTH /10 MiIHIMyMY
HACTYIHI HEraTUBHI HACIJIKU B JIOBIOCTPOKOBIN MEPCIIEKTHBI, cCaMe €KOJIOT14H1, (pi3UdHi, COLiaNbHI
Ta EKOHOMIiYHI, Ta CTBOPUTH CTabUIbHY ¢GopMmy penbedy, NpUIATHY ISl aJbTEPHATUBHOTO
MOJJAJIBIIIONO BUKOPUCTAHHS 3€MJIL.

IHTerpoBane 3akpUTTA Kap epi/maxT Oyno po3poOJEHO Yy BIANOBIAL HA paHillle 3aJIMIICHI,
3aHen0aHi 1 KUHYTI JUISHKHA BUIOOYTKY HaJp i OyJI0 CTBOpPEHO A 3a0€3MEeUeHHS KpaIuX MPaKTUK
Ta MpoLEAyp NMpHU NPUIUHEHHI AISIIBHOCTI Kap’epin/maxt. KoMIuieKCHUH Miaxix A0 MiaHyBaHHS
3aKpUTTS Kap €piB/IIAaXT CIPSIMOBAHUI Ha JOCATHEHHS LIJICH CTaJoro po3BUTKY, IO 3a0e3meuye
PO3TIIsIT poIlecy 3aKPUTTS Ta KiHIIEBE BUKOPHUCTAHHS 3€MEJIbHOI AUISHKM Ha MOYATKOBHX €Tarax
IUTAaHYBaHHA Ta po3poOKu popoBuiia. [lnaHyBaHHS 3aKpUTTS MIAXT Ma€ 31HCHIOBATUCS TIOCTYIIOBO
IPOTATOM PI3HUX E€TaliB JKUTTEBOTO LMKIY BHUIOOYBHOI MISTIBHOCTI NMPOEKTY Ta OyTH MOBHICTIO
iHTerpoBaHe y 3BUYaitHUIA Oi3HEC KOMMAaHii 1 B TUIaHYBaHHI 1 B I[OJICHHIN AisUTBHOCTI.

Po3yMiHHS MOAANBIIOr0 BUKOPUCTAHHS 3€MEIIb IMICHsl 3aKPUTTS Kap’€py BILTUBATHME HE TIJIBKH
Ha IPOIIeC 3aKPUTTS, ajie 1 Ha mpoIec BUIOOYTKY B IIJIOMY: BPaXOBYEThCS PO3TAIIlyBaHHS BiJBaJIiB
PO3KPUBHUX IOPiJ] 3 METOIO (POPMYyBaHHS 3aIUTAHOBAHOTO penbedy MIiCHs 3aKPUTTS Kap’ epy,

Jlns maHyBaHHS penbedy TPAAULIRHO BHKOPHCTOBYIOTH HETOKCHYHI BIAXOOM BUIOOYBHOI
TisUTBHOCTI — PO3KPUBHI Ta IOPOXKHI MTOPOJIH.

Haii0inpui oOcsiru BiIXOAiB YTBOPIOIOTHCA B Pe3yJIbTaTi BUJOOYTKY a0 mepepoOKH KOPUCHUX
KOTAJIMH 1 BKJIIOYAIOTh PO3KPUBHI MMOPOJIH, TIPChKI BIIXOAM Ta XBOCTH. L1l MOTOKM BiJIXO/1iB MOXKYThb
MICTUTH TOKCHYHI 200 IIKiITMBI PEUOBUHU, TaKi K HEOE3MEUHI BaXKKI METaIH Ta MiHEpaIH: a30ecT
1 cypma, MHUIN'SK, KaaMmid, XpoMm, Midb, CBUHEIb, MapraHeinb, pPTyTh 1 Tamid. Bigxomu
ripHUY0100yBHOI TisSUIBHOCTI MOXKYTh 3a0pyAHIOBATH MOBEPXHEBI BOU, I'PYHTOBI BOJIU Ta MOPCHKY
BOJly, a TaKOX JpKepena XapuyBaHHA. BukopucTaHHs 3emuli Juig 30epiraHHsi BIIXOHIB pazoM i3
3a0pyIHEHHSIM TPYHTY HPU3BOAUTE IO €pO3ii Ta BTpaTH MPOIYKTUBHUX 3€MeElb. 3aKPUTTS Kap €piB
nepeadaydae JKBINAIIO UM JCMOHYBAaHHS BCIX BIIXOMIB, IO MOXYTh CTAaHOBHTH HEOE3MEKY IS
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JOBKUUIA, Ta 3AIACHEHHS TIPHUYO-TEXHIYHOI PEKYJbTUBAIl 3a JOMOMOIOI0 IHEPTHUX BIJIXOJIB
BUJI00YBHOI raiysi.

JIo TOro MOMEHTY, KOJIU Kap’e€p JOCSTae KiHLS CBOTO MPOAYKTHBHOI'O TEPMiHY €KCIUTyaTarlii,
0a30BUIl KOHTEKCT 0 BUAOOYTKY, HUMOBIpHO, OyJe CyTT€BO 3MiHEHHWH uepe3 (i3W4HI 3MiHH, L0
B1IOYMCH i yac ekcruryararii. [{i 3MiHu MOXYyTh BKJIFOUATH TaKi Jii, K BiIBEJCHHS BOJOTOKIB,
Mepepo3noil  BOAM, CKUAAaHHA a00 BIOKAa4yBaHHA MIA3€MHHX BOJ Ui TEXHOJOTIYHOTO
BUKOPUCTaHHS Ta/ab0 OCYyIIEHHS TipHUYMX NUISTHOK. [lopokHedi (Taki SK KOTJIOBaHM) 1 BiJIXOAU
PO3KPUBHHUX Ta MyCTUX MOPIJ (Taki K XBOCTOCXOBHINA Ta BiABAJIN) MOXKYTh CyTTEBO BIUIMBATH 5K Ha
CXeMy MOTOKY MTOBEPXHEBUX 1 MI3EMHMUX BOJ, TaK 1 Ha iX SAKICTh K Ha AUISHIN BUIOOYTKY, TaK 1 3a
ii Mmexxamu. JlokymeHTanbsHO oopmIiieHa iH(popMallis MOBUHHA CIYKUTH OPIEHTHPOM JJIsl PO3YMIHHS
3MiH IPOTATrOM TEPMiHY €KCIUTyaTallii poOBHILA s IPOESKTYBaHHS POOIT 13 3aKPUTTSL.

bararo ripHn4og00yBHIX KOMITaHiil MPaLOOTh HAJ CTPATETiIMU 3MEHIICHHS BIUIMBY PHU3HKIB,
OB’ SI3aHUX 3 BOZOIO (JIOCTYIHICTh, CIIOKUBAHHS, 3aJIEKHICTD).

VYrpaBiaiHHA BOJAHUMH pecypcaMu MEpeHIuIo BiJl BHYTPILIHBO 30CEPEIKEHOT0 ONEPAaTHBHOIO
miaxoay A0 OUTBII IIUTICHOTO, SIKUH BpPaxOBY€ IIUPIII MOTPeOM HABKOJIUIIHBOTO BOI0301pHOTO
OaceiiHy, HOro eKOCUCTEMY, 3aJIeKHI TPOMAJIM Ta 1HIIUX KOPUCTYyBadiB. TakKuM YMHOM, IIi TUTAHHS
MOBHHHI CTAHOBUTHU HEBI/I'€MHY YaCTUHY KOMYHIKAIIi] 13 3alliKaBJI€HUMH CTOPOHAMH Ta IUIaHyBaHHS
3aX0/JliB IOJI0 3aKPUTTSL.

VYrpaBiiHHA BOIHUMH pecypcamu 3a3BHuYail Mae (Di3MYHUI KOMIIOHEHT JJISl YIPABIIHHS PyXOM
BOJIM, @ TAKOK B3a€MOIIOB’SI3aHUI XIMIYHUN KOMITOHEHT JIJIsl YIPaBJIiHHS AKIiCTIO BoH [5].

3aKpUTTS AISTIBHOCTI 3 YIpPaBIiHHS BOJHUMH pecypcaMu, siKi Oe3rnocepenHbo TOB’s3aHi 3
(b13UYHUM PYXOM BOJH, BKIIIOYAIOTh!

— OyZIIBHUITBO 1H)XEHEPHUX CHOPY[ JAJsl CIPSIMYyBaHHS IOTOKY BOAM HaJA IUISHKOIO abo ii
B1JIBOly HABKOJIO MaiiJaHYMKa, BKIIFOUAIOYH BOJIO3/IMBHI KaHAIM, CXUJIH, KAHABY Ta 1HIII CIIOPYIH;

— MOJIEpHI3allil0 eKCIUTyaTaliiHUuX CTPYKTYD;

— PO3BHUTOK TOBEPXHEBOI'O JAPEHAXY EJIEMEHTH, SIKI KOHTPOJIOIOTH €pO3il0 3a JOMOMOTrOI0
(bopM, aHATOTIYHUX MPUPOJHUM JIPEHAKHUM EIEMEHTaM;

—  BIJIHOBJICHHS APEHAKHHUX €JIEMEHTIB, 1110 OyJIM HasBHI 10 BUAOOYTKY, TAKUX SIK CTPYMKH Ta
BOJIOTOKH, BUJIAJICHHS! THUMYAaCOBUX BOJIOPETYIIIOIOUUX CHOPY/ (BOIOMPOITYCKHI TPYOH, TPUAOPOXKHI
KaHaBH, BOJIOBI/IBITHI 1aMOM ), 100 BiIHOBUTH CXEMH BOJHOT'O TIOTOKY, sIKi ICHYBaJIH JIO BUTOOYTKY;

— 3MiHH B IHQPACTPYKTYP1 HIKYE 32 TEUI€I0 3 MOMEHTY I10YaTKy BUJOOYTKY.

Icnye GaraTo moTeHIiMHKUX 3a0pyAHIOBAYIB!

— [IloxuBHI peYOBUMHM: BUKOPUCTAHHS CTAaHAAPTHUX BUOYXOBUX PEUOBHH MOXKE 3aJUIIUTH
TIOPOKHIO TIOPOIY i3 3AIMIIKAMH a30Ty, 10 MOKE BIULTMHYTH Ha AKIiCTh MOBEPXHEBUX BOJ. IX Moxke
OyTH Ba)KKO KUIbKICHO OI[IHUTH 0€3 JaHUX MPOo 3/iiCHEHHS BUI00YBHOT AiSIIbHOCTI.

— BunyroByBanHs HeMeTalliB: iCHYe O€3Jlid HEMETAaJiB, SKI MOXYTh HEraTUBHO BIUIMBATH Ha
akicTh Boau. CeneH, 1iaHif 1 cynb(haTu — e TPUKIAIN HEMETAIB, SIKi MOKHA 3YCTPITH Y BIAX0aX
TipHUY0100yBHOI MPOMHUCIOBOCTI 1, MOXXJIUBO, MOTPeOyIOTh BHpIIIEHHS IMiJ Yac YHpPaBIiHHA
BOJIHUMH peCypcamu.

—  Couni: miABHIIIEHI KOHIIEHTPAII1 CONEH y BOII 13 3a0pyAHEHHSM TPiCHOT BOJM COJIOHOIO BOJIOIO
MOXYTb OyTH CEpHO3HOIO MPOOIIEMOIO YIIPaBIIiHHS BOJHUMU pecypcamu. Jleski poOOTH 3 TTHO0KOTo
BUJO0YTKY KOPHUCHHMX KONAJIMH MOXYTh BHBECTH Ha TMOBEPXHIO COJIOHI IMiJ3€MHI BOJM, 1 3a LI€I0
BOJIOIO MOK€ 3HAaJIOOUTUCS KOHTPOJIb SIK IiJ] Yac pOOOTH, TaK 1 IMiJl 4ac 3aKpPHUTTS.

— ByrneBonHi: BUI0OYTOK KOMaJUH MOKE IMPU3BECTH 1O BHUHHMKHEHHS 30H 3a0pyAHEHHS
BYTJICBOJHIMH, 1110 MOXKE BIUIMHYTHU Ha AKICTh BOJIH.

[TepeBaxxHMMHU CTpaTETiAMH JUI 3aro0iranHs nmpobieMam 3a0pyTHEHHS BOJ €:
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1. OOMexeHHS BILTMBY KUCHIO HAa MaTepial, 0 MOXKe OKHCIIOBATUCH, II00 OOMEXUTH IIBHUIKICTh
YTBOPEHHSI KUCIOTH. Lle MOokHA 3poOUTH IUISXOM 3aHYpPEeHHS y BOAy (MiJBOJHA yTWIi3alis) abo
BJIAILTYBAHHS TOKPHUTTS, SIKE OOMEXY€ MOTIK KUCHIO Ta MIrpallito BOAU Ye€pe3 CUCTEMY.

2. 3ano0iraHHs YTBOPEHHIO TOKCHYHMX CIIOJNIYK, YHHUKAlOYM KOHTAaKTy MK PEaKTHBHUMH
MaTepiajiaMu Ta BOJIOIO.

3. 3anoOiraHHsi TPaHCIOPTYBAHHIO BiJ JpKepena 3a0pyIHIOIOYHMX PEUYOBHH 10 YYTIUBUX
PEIUITIEHTIB.

4. HeitTpanizaiisi KUCIMX MOPiJ HEUTPaIbHUMH a00 JTy)KHUMHU MaTepiajaMH.

5. Ouncrka BoJu:

- CUCTEMH aKTHBHOT'O OYHUIIICHHS BKIIIOUAIOTh MEXaHI30BaHI CUCTEMH Ta PI3SHOMAHITHI MPOIECH
JUIS OYMINEHHS IIaXTHOI BOJY, BKIIOYAIOYH aeparlito, HeHTpai3allito, OCa/KEHHSI BMICTy MeETamy,
BUJIAJICHHS METAIIiB, XIMIUYHE OCa/KEHHS, MEMOpaHHI IPOIECH, I0HOOOMiH Ta O10JI0TIYHE BUTATICHHS
Cynbdaris.

- MAcHBHI CHCTEMM BKJIIOYAIOTh Pi3HI CHCTEMH OYMIIEHHS, SIKI BUKOPHUCTOBYIOTH MPUPOIHI
MPOIIECH JJIsl BUJATICHHS 3a0pyAHIOIOUNX PEYOBHUH 1 MPAIIOIOTH 0€3 KUBJICHHS Y XIMIYHUX JDKEpell.
AHaepoOHi BiJHOBIIOBANIbHI KIIITUHH, BOJHO-OOJOTHI YTifJ/id Ta PEaKTHBHI KaHAW € TMAaCHBHUMH
CHCTEMaMH OYHMIIICHHSI.

KiHneBoro craziero pekyIbTUBALIl MOPYIIEHUX 3eMeNb € 010JOTiYHUE eTan peKyIbTuBallii, abo
npocTo OioJoTiYHA PEKyJIbTHBALliS, sIKA BUKOHYETHCS IICIHS TIPHUYOTEXHIUHOI 1 BKIIIOYAE 3aXO0AU
IIO/I0 BIJIHOBIICHHS POMIOYOCTI MOPYIICHUX 3eMellb (arpoTexHiuHi, (iToMeniopaTuBHI Ta iH.),
CIIpsIMOBaHI Ha BIATBOPEHHs (piopH 1 payHu.

bionoriuHy pexkyabTHBALIIO 3AIHCHIOIOTH 3EMIIEKOPUCTYBaYi, SIKUM IE€pPelaloTh 3eMJIl Iicis
TIpHUYOTEXHIYHOI PEKyJNbTUBALlll 32 PAaxXyHOK KOIUTIB MiJMPUEMCTB, SKI MPOBOAMIM Ha 3eMIISX
ripHUYi pOOOTH.

bionoriyHa peKkynbTUBALlS COPSIMOBAaHA HA IOBEPHEHHSI MiCIb BUI00YTKY KOPHCHUX KOTIAJIHMH JI0
€KOHOMIYHO MPOAYKTUBHOT'O BUKOPUCTAHHS Micis ekcruryararii. CriouaTky Iie 3a3BHYail 03Havaio
MOBEPHEHHS Kap’ €PiB JI0 CLIBCHKOTOCIIOAAPCHKOT0 200 JIiCOroCnoIapChKOr0 BUKOPUCTAHHS IUISIXOM
3aMOBHEHHS 1X B1JIX0/1aMU Ta MMOKPUTTS iX POAIOYUM BEpXHIM 1mapoM IpyHTY. (O3epa kap’epiB TaKkoxk
MOKHA BHUKOPUCTOBYBATH JUI pEKpealiiHUX Lijel, Takux SK pUOOJIOBIISA, BITPUIBHHHA CIOPT 1
CIIOCTEPEIKEHHS 32 NITaXaMHu, JiSUTbHICTh, IKY MOXHA MOEIHATH 31 30eperkeHHAM 010piI3HOMAHITTSL.)

BunoOyTok Ta mepBuHHa mepepoOKka KOPUCHUX KOMAIWH CYNPOBOKYETHCS BUAUICHHSIM B
aTMocgepHe TMOBITPsI 3HAYHUX OOCATIB 3a0pyIHIOIOYMX PEUOBHH, L0 3HAYHO MOTIPIIYIOTH SKICTh
MOBITPS B palioH1 po3TallyBaHHs BUAOOYBHOT'O HMiANIPUEMCTBA.

VYTBOpeHHs MUy, WMOBIpHO, NMPOJOBXKYBATUMETHCS MiJ Yac 3aXOMIB 13 3aKPUTTS, TAKUX SK
3HECEHHsI Ta peaOumiTaiis. 3aBepUICHHS 3aKpUTTS Maibke 3aBKIU NPU3BOAUTH JO PI3KOTro
3MEHIICHHs a00 yCyHEHHs 0araThOX MOTEHIINHMX JPKEpes BIUIMBY Ha SKICTh MOBITPS, TAaKUX 5K
BUOYXOBI pOOOTH, pyX BaHTaXiBOK 1 mepepooOka. [Ipobremu moa0 sIKOCTi MOBITPS MICHS 3aKPUTTS
3a3BUYAll MOB’A3aHI 3 YTBOPEHHSAM MUY 3 XBOCTOCXOBHIN a00 IHIIMX IUISHOK JPiOHO3EPHUCTHX
BIJIKJIQJICHb, SKII0O BOHU He Oyl OOpoOJieHI BIAMOBITHO A0 HaWKpamux NpakTUK. OCKUTBKH
TEXHOJIOT1i KOHTPOJIIO YTBOPEHHS MUY MICIIs 3aKpUTTS Kap’€py HaJiiHI Ta eeKTUBHI, 3a3BUYA
MOJKHA TPOJEMOHCTPYBATH MOKPAIIEHHS SKOCTI MOBITPS MIBUJKO IICIS 3aBEPLICHHS 3aKpUTTS Ta
OOMEXUTH TPUBAIICTH MOHITOPUHTY SIKOCTI MOBITPS MICJIS 3aKPUTTS.

3arajibHa MeTa 3aKpUTTS BUAOOYBHOI TiSUIBHOCTI MOJISITAE B TOMY, 11100 3amo0irté abo 3BecTH /10
MiHIMYMY HECIIPUSATIMBI JTOBrOCTPOKOBI €KOJIOTi4HI, (Pi3UYHi, COIiabHI Ta €KOHOMIYHI HACIIIKH, a
TaKOX CTBOPUTHU CTabiIbHY (GopMy penbedy, MpUIATHY I NEBHOTO Y3TOKEHOTO HACTYITHOI'O
3eMJIeKOpHCTyBaHHA. EKOHOMIYHE 00rpyHTYBaHHS INIaHYBAHHS 3aBUACHOT'O Ta JETAIBHOTO 3aKPUTTS
BUXOJMTD 13 BKJIFOYEHHS CTPATETIYHOTO IUIAHYBAHHS YIPABIiHHIM HAaBKOJIMIIHIM CEPEIOBHUIIEM B
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mporieci MPHUINUHEHHS Y IUIaHyBaHHS MisUIBHOCTI Kap’epa. lle nae MOXIMBICTH MaKCHUMI3yBaTH
e(EeKTUBHICTh Yy PO3MOALII eKCIUTyaTalliiHIX pecypciB 1 TOBOKEHHI 3 MaTepiajlaMu, MiHIMI3yBaTu
Il 3a0pyiHEHb 1 BUKOPUCTOBYBATH IIIHHI TOBEPXHEBI Ta MiA3€MHI BOJIU €KOJIOTTYHO €(PEeKTUBHUM
CII0COOOM.
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B3AEMO3AJIE’KHICTD IPUHLUIIIB BEPXOBEHCTBA IIPABA TA
HAJIEZKHOT' O BPAAYBAHHS HA ITPUKJIAIL YIIPABJIIHHA
OB’€EKTAMU TBAPUHHOI'O CBITY

Cogia LIYTSK
Hayionanvnuu nicomexniunuii ynisepcumem Ykpainu
ByIL. ['enepana Uynpunku, 103, m. JIbBiB 79057, Ykpaina
e-mail: Sofiya.shutiak@gmail.com

Cepen MPUHIIMIIB HAJIEKHOTO JEMOKPATUYHOTO BPsyBaHHS Ha MiCLIEBOMY PiBHI BEPXOBEHCTBO
1paBa € OJHUM i3 HainpiopureTHimux [1]. Bonnouac ITopsnok nenuuii cranoro po3Butky 10 2030
POKy [2] po3risigae BIOCKOHAJIIEHHS MPOLECIB YIPaBIIHHA SK YMOBY NOCATHEHHS LIJICH CTaioro
po3Butky, a Micis IIporpamu OOH 3 nHaBkomumnboro cepenosuma (UNEP) [11] cBoi 3ycumis
CIPSMOBY€E Ha MIATPUMKY MiAXOMIB €KOJOTIYHO OpIEHTOBAHOIO YIPABIIHHSA Ui peati3arii
KOHIIENIIii «TUTaHeTH 340poBHX Ttoaeii». Takox, 3a BusHaueHHsM EU Parliament Research Service
[3], sikicTh (yHKIIOHYBaHHS AEp)KAaBHUX YCTaHOB Yy c(epi OXOPOHU MPUPOAU HAa PErioHaJIbHOMY
PiBHI Ma€ BEJMKUI BIUIMB Ha COLIAIbHUM Ta €KOHOMIYHUNA PO3BUTOK.

Hes3Baxaroun Ha 4iTKHMil B3a€MO3B’S30K MK HOpMamH IpaBa, 3acajaMH yNpaBiIiHHA Yy cdepi
OXOPOHHU JUKHUX TBAPHH, KPUTEPISIMH E€KOHOMIYHOTO PO3BUTKY PETiOHIB 1 MUTAHHSAMHU 3aXUCTY
OCHOBHHMX MpaB JIIOAWHM Ha Oe3leyHe HABKOJMIIHE CEpe/oBUINE, B YKpaiHi, Ha BiAMIHY BiX
PO3BHHEHHUX KpaiH, LI TeMa BUBYEHA HEJOCTATHbO.

Hikcon Cidyna y crarri [4] BKa3dye Ha BaXJIMBICTh BU3HAHHS TOro (hakTy, IO 3aKOHOJABCTBO,
BIJIiTpaloun BaXJIHMBY poOJb y 30€peXeHHI MPHPOJM, YacTO HE BIUIMBAE HA pEajbHY [Ii€BICTDH
BHKOHABYO]I Ta CyI0BO{ T'JIOK BJI/IM Yepe3 iX MeBHY IHCTUTYIIHHY HECIIPOMOXKHICTh. ABTOP BHJIUISIE
TPH KpUTEPii, U0 3yMOBIIOIOTh €(PEKTUBHICTb 1 JII€BICTh 3aKOHOJABCTBA 100 3aXUCTY TBapHUH:

- BpaxyBaHHS HEOOXIJHOCTI YIPaBIiHHS JUKOIO MTPUPOIOIO;

- COpUSAHHS TUIKAMU BJaJd BUKOHAHHIO HOPM 3aKOHY Ta HaNpaIlOBaHHS HaJEXHOL

MIPaBO3aCTOCYBAbHOI IPAKTUKU;
- BpaxyBaHHs J0OpoOyTy JIIOJMHM Ta Y4acTi MICIEBHX IpoMaj y 30epex eHHI Ta YIpaBIliHHI
JMKOIO TIPUPO/IOIO.

Ha nymxy aBtopa [4], 3akoH TOBMHEH mependavaTd y4acTh MICIIEBUX TpOMaJ HE JIHIIEC B
YIOpaBIiHHI JUKOI NPUPOAOI0, a i y po3moxaiai NmpuOyTKiB, OTPUMAHUX BiJ BHKOPHCTAHHS
MPUPOJHHUX PECYPCIB, Y T. Y. 00’ €KTIB TBAPUHHOT'O CBITY, 1[0 HAJIEXKATh A0 AUKOI IPHUPOJIH.

ABtopu [5] HamomsraroTh Ha TOMY, IO 3TITHO 3 TPUHIMIIAMH 3aKOHHOCTI SIK 3acagHH4O0l
CKJIaJIOBOT BEPXOBEHCTBA IpaBa MUTAHHA AISUTBHOCTI OpraHiB MyOJi4HOT BJIaAM MAIOTh OyTH YiTKO
BpETryJibOBaHi, 00 paMKOBE PETYJIOBAaHHS iX IISUIBHOCTI, 30KpeMa y cdepi MpUpOIOKOPUCTYBAHHS,
MPU3BOIUTH JI0 HAMIPHO IIUPOKOT CBOOOIM /1iH, III0 YaCTO CTA€ MPUUMHOIO CBABLILIAL.

Ha nymky Kapakama [.I. [6], Bincytnicts y crarti 13 Koncrutyuii Ykpainu [7] oxpemoro
BUJIUJICHHSI 00’ €KTIB TBAPUHHOTO CBITY Ta iX BIJHECEHHS J0 KAaTETopii «IHII MPUPOIHI PECypcu», €
MIEPENOHOI0 JUIsl OpraHi3allii HaJIeXHOTr0 YIPaBJIiHHSA, [0 CBOEIO YEPIrO0 HE CIPHUSIE YTBEPIKEHHIO
BEPXOBEHCTBA MpaBa Yy Iiif cepi mpaBOBUX BiJHOCHH.
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MeTo1o IbOT0 AOCIIPKEHHS € aHalli3 MPaBOBUX Teopild YKpaiHu y cdepi mpupoaoKOPUCTYBAHHS
s (GOpMyBaHHS HOBUX, JIEBHX Ta EKOJIOTIYHO 30aJaHCOBAHWX HOPM TIpaBa, IO JI03BOJISTH
BpaxyBaTH iHTEPECH TBapHUH.

Crarta 8 OcHOBHOTO 3aKOHY B YKpaiHi nepea0dadae MpUHIIMIT BEpXOBEHCTBA npasa. Lle o3Hauae,
1110 BCi MPaBOBIAHOCHHY B HAIlli}l Iep>KaBi MalOTh BiIOyBaTHCS B MeXax IpaBa, Ha OCHOBI MpaBa, Ta
3 METOIO BUKOHAHHS HOPM IIpaBa. Y KOHTEKCTI MOBOKEHHSA 3 IMKHUMHU TBAPHHAMH IPOCIiIKOBYEThCS
MOCTii{HE MOPYIIEHHS MPUHIUITY BEpXOBEHCTBa NpaBa. Ha Ham morisa, 1e nepeayciMm 3yMOBIICHO
MOTaHOI0  B3aemojier0o Mik MinnoBkimisam, JlepxkiicareHTcTBOM 1 JleppubareHTCTBOM,
BIJICYTHICTIO HAJI)KHUX YIPABIIHCPKOTO Ta I1HCTUTYLIHHOIO MEXaHi3MiB, IO HE J03BOJISIE
3MIHCHIOBATH OXOpPOHY Jep:KaBOol0 OO'€KTIB TBAPHMHHOTO CBITy, HE3&JIEXKHO Bia (opMH IpaBa
BJIACHOCTI Ha HUX.

HayxoBui KemOpumKkchkoro yHiBepcHTeTy y cTarTi [8] miAKpecirooTh: 3 Orisay Ha Te, L0
Cy0'eKTOM IpaBa TPAJULIKHO € JIOAWHA a00 IOpUAMYHA 0c00a, 10 y CBOIM AisITBHOCTI KEPYIOThCS
IIPaBOBUMH HOpPMaMH, BiI0YBa€ThCcs HEBUIPABIAHE BUKIIIOUCHHS TBAPUH 13 MIPABOBOTO MOJIsL. SIKII0
MU PO3TJISAAEMO OCHOBHY 17160 BEpXOBEHCTBA IpaBa SIK HEIOIMYIIEHHS CBABULIS BIaaW, TO Teopii
BEPXOBEHCTBA IpaBa HEOJAMIHHO MTOBUHHI BpaxOByBaTu npasa, 1. cy0’ekTiB, SKi  MOTEHLIHHO
MOXYTb CTaTH JKEPTBOIO TAKUX AisHb. TBapuMHHU TEX MOXYTh CTAaTH >KEPTBAMHU CBABULLISA BJIAIH, a
OTXe, HaM MOTPiOHA HOBA TEOPisi BEPXOBEHCTBA IpaBa, 10 OXOILIIOE TAKOXK 1 IX Ipasa.

Ha nymky aBropiB [9], mopylieHHs MPUHIMITY BEPXOBEHCTBA MPaBa IIiJl 4ac CyI0BOTO PO3TIISTY
KPUMIHAJIBHUX MpoBapKeHb 3a cT. 299 KK VYkpaiHu miaTBep/pKyeThCsl BiAMOBaMM y 311HCHEHHI
IpoIecyalIbHUX [, 110 CBOEIO YEProt0 MPU3BOIUTH 710 HETIOBHOTHU CYZOBOTO MPOLIECY, HATPHUKIIA,
HE JIOCIiPKEHHSI 00OCTaBUH CIPaBH, 3’ SICYBaHHS SKUX MOXKE€ MaTH 1CTOTHE 3HAYEHHS ISl yXBaJICHHS
3aKOHHOT'0, OOTPYHTOBAHOI'O Ta CIIPaBEIIMBOIO CYI0BOTO PillIeHHS. 30KpeMa 1€ BiIOyBaEeThCS uepes
CIIPUIHSATTS TBAPUH BHHATKOBO K 00’ €KTIB 3JI04MHY 0€3 HaJIeKHOI Cy0’ €KTHOI CKIIaI0BOi.

3akon Ykpainu "[Ipo tBapuHHu# cBit" [10] 4iTkOo BU3HAYAE MOHATTSI KOPUCTYBAHHS TBAPHHHUM
CBITOM, Ha/Ial0YM TPOMA/ITHAM TPAaBO OE30IUIATHOTO 3aralbHOr0 BUKOPUCTAHHS 00'€KTIB TBAPUHHOTO
CBITY JUIS 3a/I0OBOJICHHS KUTTEBO HEOOXiMHUX MOTpPeO (E€CTETHYHUX, O03AOPOBUMX, pEKpeariiHuX
tomro). OcTaHHIM YacoM CIIOCTEPIraeThCcs MOCWICHUH iHTepec TpoMasiH YKpaiHH 10 JUKUX TBapUH
3 METOI0 BOJIOJIIHHS TaKUMHU TBapuHamMHu. Moja NpPUPIBHIOE BOJIOMIHHS IMKOIO TBAPHHOIO [0
BOJIOJIIHHS MpPEeIMETaMU PO3KOIIi, a CyCHiIbHa JAyMKa 4acTO HAaJlIsg€ BIACHUKIB JWKHUX TBapUH
OMPISTHOIO CTaTyCHICTIO. 3aKOH JI03BOJISIE 3arajibHe BUKOPUCTaHHS 00'€KTIB TBAPMHHOTO CBITY 0e3 iX
BUJIYYCHHS 3 IPHUPOJTHOTO CEPEIOBHINA (32 BUHATKOM JIFOOUTEIBCHKOTO Ta CIIOPTUBHOI'O pUOAIbCTBA
y BOIHHX 00'€KTax 3arajJbHOro KOPUCTYBaHHS B MEKaxX BCTAaHOBJICHUX 3aKOHOJABCTBOM OOCSTIB
6e3o1utaTHOr0 BWIOBY). Takoxk mifA If0 HOPMY MiJNa/Ja€ BUKOPUCTAHHS KOPUCHHUX BIACTUBOCTEH
KHUTTEAISTIBHOCTI TBAPUH - IPUPOJHHUX CAHITApiB CEPEOBHUIIA, HATPUKIIA, SIK 3aIIAIIOBAYiB POCIIHH,
a TaKOXX BMKOPHCTaHHs O0'€KTIB TBApPUHHOI'O CBITY B HAayKOBUX, KyJIbTYPHO-OCBITHIX, BUXOBHHUX,
€CTeTUYHUX Ta IHIIUX LUIIX, HE 3a00pOHEHHMX 3aKOHOM. 3a0OpOHSETHCS 3HHILEHHS TBapHH,
pyHHYBaHHS IXHBOT'0 )KHUTJIa Ta IHIIUX CIOPYA (HOP, XaTOK, JITB, THI3/, MypaIIHUKIB, 000pOBHUX 3araT
TOII[0), TOPYILIEHHS CepPEeIOBUIIA ICHYBaHHS TBAPUH 1 MOTIPIICHHS YMOB iX PO3MHOKEHHSL.

Bignosigxo mo 3Bity KOHEIT (2015) [11] Bu3HAueHO CiM OCHOBHHX €JIEMEHTIB €KOJOTIYHOTO
BEPXOBEHCTBA MPaBa.

1. CopaBemnuBe, 4iTKe Ta 3[IHCHEHHE €KOJIOTiYHE 3aKOHOAABCTBO. EKOJOTiUHE BEPXOBEHCTBO
IpaBa TIPYHTYEThCS HA 3aKOHAX, IO € CHOPaBEIJIMBUMH Ta HEAUCKPUMIHAIIMHMMU Ha eramax
pPO3pOOKHM, TPUHHATTSA, 3aCTOCYBAaHHS Ta BIUIMBY. BOHM MOBHMHHI OyTH JIETKO 3pO3YyMUIMMH Ta
OJHO3HAYHUMH, €(PEKTUBHUMHU y peaiizauii Aj1s KOHKPETHOTO IHCTUTYLIHHOrO, KyJbTypHOI'O Ta
€KOHOMIYHOTO KOHTEKCTY KpaiHu.
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2. JHoctyn po iHdopmanii, yd4acTh T'pPOMAJICHKOCTI Yy MNPHUHHATTI pimeHs y cdepi
MPUPOJOKOPUCTYBAHHS Ta BUIBHUH JOCTYN IO HEYIEpepKeHOro mpaBocynds. Tak nocTym 1o
eKoJIoriyHo1 iH(opMalii J03BOJSIE TPOMAACHKOCTI BHSBISATH IOPYIIEHHS TMpaB Cy0O €KTIB
MPUPOJOKOPUCTYBAHHS Ta BU3HAYATH HUIAXU iX YCYHEHHs. Y4YacThb T'POMAJCBKOCTI y HPUHHSATTI
€KOJIOT1YHUX pIllIeHb CIpHsi€ PO3pOOI CIIpaBeUIMBUX 1 3IHCHEHHUX 3aKOHIB, a TAaKOX MOKpAIye
IPOMAJICBKY MIATPUMKY 1 JOTPUMAaHHS 3aKOHIB. JIOCTYIl 0 MpaBOCYyIs AOMOMAarae 3aXMCTUTH i
MPaBa, a TAKOXK MOCUIIIOE MPAaBO3aCTOCYBAHHs, 3a0€3MeUyI0UH JOCTYI I'POMAICHKOCTI IO MEXaHi13MiB
3aXMCTy CBOIX IIPaB Ta BUPIIIEHHS CIIOPIB.

3. Ilim3BiTHiCTP 1 J0OpOYECHICTh IHCTHTYLIH Ta o0ci0, $Ki NOpUMalOTh pIIEHHS.
[TpupoI00XOPOHHI YCTAaHOBH MOBHHHI AEMOHCTPYBATH IiJ3BITHICTh, PO30PICTh 1 T0OPOYECHICTb,
100 3aTy4YUTUCH MIATPUMKOIO TPOMAJICBKOCTI Ta 3a0€3MEUUTH JOTPUMAHHS HOPM 3aKOHOJIaBCTBA 3
METOI0 €(PEeKTUBHOTO 3aXUCTY JOBKIJUIAL

4. YiTkuil Ta CKOOPJMHOBAHMN PO3IOJIT MOBHOBAKEHB 1 POJNEH SIK MK IHCTUTYLISMH, Tak 1
BcepeauHi HuX. Exonoriune BpsayBaHHA nepeadadae HasBHICTh YUCICHHUX HOPMAaTHUBHUX CHUCTEM
(3aKOHOJIaBYMX, 3BUYAEBUX, PENIriHHUAX TOIIO), pIBHIB (MICIIEBOTO, HAI[IOHAJHLHOIO Ta
MDKHAPOJHOT0) 1 CEKTOPIB (JTICOBOr0, CUILCHKOT'O TOCMOAPCTBA, YIPABIIHHS BIIX0IaMH, BOJHOTO
rOCHOJapCTBa TOILO), III0 YaCOM MPHU3BOIUTH JI0 IHCTUTYLIHHOTO TyOIIOBaHHS, IPABOBUX MTPOTaJIHH
1 komiziil. J{ns eeKTUBHOT IMIUIEMEHTallil HOPM IpaBa HEOOXiIHI YITKUI PO3IO/ia TOBHOBAXKEHb 1
BIJIMOBIJHA MIXKCEKTOpaIbHA KOOPAUHAITIS.

5. JoctynHe, crOpaBeajMBe, HEYNEpeKEHE, CBOEYaCHE Ta OIEpaTHUBHE CYJOYHMHCTBO.
CropaBe/uinBi, HEyINEpeKEHI, CBOE€YAaCHI Ta THYYKI MEXaHi3MH BHpIIICHHS CHOpIB 1
MPaBO3aCTOCYBaHHS  CIPHUSIIOTH  JOTPUMAHHIO  €KOJOTIYHOTO  3aKOHOJABCTBA,  MIATPUMIIL
MPUPOJOOXOPOHHUX 1HILIATHB 1 MiJBUILEHHIO TOBIPH TPOMAICEKOCTI JIO CYJJOBOTO MPOLECY.

6. 3abe3nedyeHHs B3aEMO3B'3KY Pi3HUX ray3eBUX HOpM IpaBa. Ekosoriyne BEpXoBEHCTBO IpaBa
Ma€ CHHEPreTUYHUH 3B'S130K 3 KOHCTUTYLIHHUM, [IMBUTFHUM Ta IHIIUMU IIPaBaMu. 310pOBE JOBKIJLIA
HEeOoOXiJJHE /Ul peai3allii MpaB Ha KUTTSI, BIACHICTD 1 37J0POB's, a TAKOXK KYJIbTYPHUX, EKOHOMIYHUX
1 momiTuyHux npas. KoHCTUTYLIHHI, IMBIJIBHI Ta 1HIII MpaBa - K MaTepiajibHi, TaK 1 MpolecyaibHi -
(OpMYIOTh IHCTPYMEHTH ISl IOCUJICHHS Ta 3a0€3MEeUeHHS 3aXUCTy JOBKIILIS.

7. KoHKpeTHI KpUTepii A TIIyMadeHHs HOPM €KOJIOTIYHOT0 3aKOHOIaBcTBa. YiTKi Ta JeTallbHi
BKAa31BKHU I[0JI0 €KOJIOTIYHOTO 3aKOHOABCTBA JIAIOTh 3MOI'Y OpraHaM BHKOHABYOI BJIQJAX MpUHAMATH
y3rO/DKEHI TMpaBHjia Ta NPAKTUKY MPAaBO3aCTOCYBAHHS, a TaKOX CIPHUSIIOTh JOTPUMAHHIO
3aKOHOJABCTBA 3 OOKY I'pOMaJl i TPOMAJICHKOCTI, Ha SIKi BOHO MOITUPIOETHCS.

3 orysiy Ha HaBe/IeHE MOKHA IIPUITYCTUTH, 1110 IPUHIIUIT BEpXOBEHCTBA MIPaBa ITiJ1 yac peanizariii
IpaBa BJIACHOCTI Ha 00’€KTH TBApUHHOTO CBITY B YKpaiHi Ma€ BINOBIATH 3raaHUM KPHUTEPIsIM.
[TpoTe Ham cUCTEMHMI aHaJi3 YUHHUX HOPM 3aKOHOJABCTBA, 110 PETYJIIOE MPABOBIIHOCHHHU II0JI0
TBAapHWH, a TAKOXK HAsIBHA MMPAKTUKA 13 peatizallii UX MOJ0XKEeHb, CBIAYUTH PO Te, 110 BEPXOBEHCTBA
npaBa y chepi BperyaioBaHHsS BIJHOCHH OO AMKHUX TBApHUH B YKpaiHi HE JOCATHYTO, 30KpeMa
TOMY, 1110 B KpaiHi BiJICYTHE HaJIEXKHE MyOIiuHe yIpaBIiHHSA IUMH BiTHOCHHAMH.

[TpuknazoM BOTO € MacoBe TOJIEPYBAHHS B Mekax YKpaiHM OpakoHbepcTBa. Maemo oOmaib
BHUPOKIB IIOJI0 MPUTSATHEHHS IO BIANOBIAATBHOCTI 3a HeJerajbHe pUOATLCTBO YW MOJIIOBAHHSL.
Boanouac 3aKOHOMABCTBO AE€TaabHO BU3HAYAE, IO 34 HASBHOCTI JO3BOMIIB 1 BH3HAYEHHX MICID
peaiizanii X MpaB neperdadyeHo Taki BUAN CHELialbHOTO KOPUCTYBAHHS:

- MUCIIUBCTBO;

- pubaybCTBO, BKIIOYAIOYH TOOYBAaHHS BOJHUX 0e3XpeOeTHUX TBAPHH;

- BUKOPUCTAHHS JUKUX TBapUH 3 METOIO OTPUMAHHS MPOAYKTIB iX KUTTEISUIBHOCTI;

- no0yBaHHS (mpuAOaHHS) IUKUX TBAPUH 3 METOIO 1X yTPUMAaHHS 1 PO3BEACHHS Y HAlIBBUIBHUX
YMOBaX Y B HEBOJIL;
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- BUKOPUCTaHHS 00'€KTiB TBAPUHHOI'O CBITy B HAYKOBHX, KYJbTYPHO-OCBITHIX, BUXOBHHX Ta
€CTeTUYHUX LIIAX Y pa3i iX BHIIyYEHHS 3 IPUPOJHOTO CEPEIOBHILA 3 METOIO OTPUMAHHS IPUOYTKY.

3a cmeuianbHe KOPHCTYBaHHS TBAPHMHAMHU CIUIAYY€ThCS BIAMOBIIHUNA 30ip, BCTaHOBJICHUI
[Mopsiaxom [12].

[Tnara 3a crienianbHe BUKOPUCTAHHS TUKUX TBAPUH HE CIIPABISAETHCS 3 TAKMX CYO’ €KTIB!

1) 3 HayKOBHX yCTaHOB Ta OpraHi3alili, OKPEMHX HAyKOBLIB YKpaiHH, SIKi BAKOPUCTOBYIOTh
IUKUX TBApUH y HAYKOBUX LUIAX, @ TAaKOX 3 1HO3EMHHUX MIOPUAMYHHX 1 (I3MYHHUX 0ci0, sKi
3a]y4aloThCsl IS CHUIBHUX HAyKOBHUX JIOCTIKEHb, MOTOPKEHHX 3 LEHTPaIbHUMHU OpraHamu
JIep>KaBHOI BUKOHABYO1 BJIA]IN;

2) 3 Jep’KaBHHX 300JIOTIYHUX MApPKIB Ta iHIIUX YCTAHOB i OpraHi3aiii, ski BAKOPHCTOBYIOTh
JUKHUX TBApUH Y BUXOBHHX IIUJISAX, @ TAKOXK 3 METOIO IX IITYYHOTO yTPUMAHHS YU PO3BEICHHS;

3) 3 NIANPHEMCTB, yCTAHOB, OpraHi3alliil Ta r(pOMaisiH, SKi Y BCTAHOBJICHOMY 3aKOHOAaBCTBOM
MOPSAKY 3IMCHIOIOTH PETYJIIOBAaHHS YUCENBHOCTI ITUKUX TBAPHH 3 METOI0 OXOPOHH 3I0pOB'S Ta
Oe31eKku HaCeNeHHsI, BIIBEPHEHHS 3aN0/IisTHHS IIKOJM HAaBKOJIMITHBOMY ITPHPOTHOMY CEPEIOBHIILY 1
HapOJHOMY T'OCIIOIaPCTBY.

TumuacoBi HOpMaTHBH IUIATH 32 CHeEIliajibHE BUKOPUCTAHHS JUKUX TBAPHH (KPIM MHUCIHUBCHKUX
TBapHH, pUOHUX 3araciB, BUAIB TBApUH, 3aHECEHUX 10 YepBOHOI KHUTM YKpaiHM) BCTAHOBIICHI Y
nonapax CIIIA Ta xonuBarOThCs Bil 5 HEHTIB (30;10TO0UKH, XemepoOiinu) go 300 gonapis CIHA
(ocoinm).

IcHyBaHHS 103BUIBHOI MPOIEIYypH LIOJ0 CIELIAIbHOTO BUKOPUCTaHHS OO'€KTIB TBAPHHHOTO
CBITY € IHCTPYMEHTOM 3axHCTy JEepKaBHOI'O IpaBa BJIACHOCTI HAa TBApUHHUU CBIT SIK OJHI€l 3
KOHCTUTYLIWHUX LIHHOCTEH Ta 3aXMUCTOM IpaBa BIACHOCTI Hapoay YKpaiHH HA MPUPOJIHI I[IHHOCTI.
BincyTHICTb Ai€BUX MEXaHI3MIB TAaKOT'O 3aXHCTY € CBITUEHHSIM MMOPYIICHHS MTPaBa BIACHOCTI HAPOY
VYkpainu Ha 1i pecypcu. KoxHe xoMepiiliHe BUKOPUCTaHHS TBapUH 3apajd PO3Bar, yTpuMaHHS Y
Oy/ZMHKax BIAMOYMHKY, PECTOpaHax TOIIO € MPUKIAJOM IOpPYIIEHHS IpaBa BIACHOCTI HApOIY
VYKpaiHu Ha TBApUHHHIA CBIT Ta € CBIUEHHSM BIJICYTHOCTI JEPKABHOTO PErYIIOBaHHS LUX MUTAHb 1
MOPYILICHHSIM MPUHIUITY BEPXOBEHCTBA MIPaBa.

[IpuHIMT BEpXOBEHCTBA IMpaBa OXOIUIIOE IMPABOBY BHU3HAUEHICTH (WITKICTh, 3pO3YMiNICTh i
OJHO3HAYHICTh MPAaBOBHX HOPM, 30KpeMa iX mependadyBaHOCTI (IIPOrHO30BAHOCTI), 3aKOHHICTh
OYiKyBaHHS Ta cTaOuTbHOCTI). Po3rismaroun mTUTaHHS JOMYyCTUMOTO CTYICHS OOMEKEHHs
rapantoBaHoro Koncruryieto Ykpainu npasa BinacHocTi, Koncrutyuiitauiit Cyn Ykpainu 3a3Haqas,
10 TPaBO BIACHOCTI HE € a0COJTIOTHUM, TOOTO BOHO MOXKe OyTH OOMEXEHe, OJIHAK BTPYUYaHHS Y 1€
IIPaBO MOXKE 3IMCHIOBATHUCS JIHMIIE Ha TMIACTaBi 3aKOHY 3 JOTPUMAHHSIM MPHHLIUIY OPUAMYHOI
BU3HAYEHOCTI Ta NPUHIUIY MPONOPIINHHOCTI, SKUH BHUMarae JOCATHEHHS PO3YMHOIO
CIIBBIJJHOIIEHHS MDK IHTepecaMH OCOOM Ta CYCHUIBCTBA; MPU OOMEKEHHI NpaBa BIIACHOCTI B
1HTepecax CyCHiIbCTBA MPOMOPLIHHUMHI MOXYTh BBKAaTHUCS TaKi 3aX0/H, K1 € MEHIII OOTSXKIIMBUMU
JUISL TIpaB 1 CBOOO MPHUBATHUX OCIO 3-TIOMDK YCIX OCTYIHHUX JJISl 3aCTOCYBaHHS 3axo0/iB. byb-sike
BTPYYaHHSI Yy INPaBO BJIACHOCTI Ma€ IPYHTYBAaTHUCS Ha 3aKOHI, MAaTH IMPaBOMIpHY MeTy Ta OyTu
nomipHuM. IIpaBoMipHICTh MeTH 3aKOHY — 3a0€3MeUeHHs 3aXHCTy JepKaBOIO MpaBa BIACHOCTI 5K
OJHI€T 3 KOHCTUTYIIIMHUX LIHHOCTEH.

3 ornsAy Ha e KOPUCTyBadi 00'€KTaMU TBAPUHHOTO CBITY B YCTAHOBJICHOMY 3aKOHOJABCTBOM
NopsAKY 3000B's13aHi:

- JIOJIEpXKYBAaTUCS BCTAaHOBJICHUX IPaBWJ, HOPM, JIMITIB 1 CTPOKIB BHUKOPHUCTaHHS O00'€KTiB
TBApUHHOTO CBITY;

- BUKOPHCTOBYBAaTH TBAPUHHUU CBIT Yy CIOCOOM, IIO HE JIOMYCKAIOTh MOPYIIEHHS LUTIICHOCTI
OPUPOJHUX yIPYyNoBaHb 1 3a0e3meuyroTh 30€peKeHHS TBApHH, SKUX HE JI03BOJICHO
BUKOPHUCTOBYBATH;
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- Oe3MepenKkoHO JOMYCKATH /10 MEPEBIPKU BCiX 00'€KTIB, 1€ YTPUMYIOThCSA, MEPEPOOITIOI0THCS
Ta pealizyloThcsi 00'€KTH TBAPUHHOTO CBITY, IPEJCTaBHUKIB OPraHiB, 10 3/1HCHIOIOTH Jep>KaBHUI
KOHTPOJIb 32 OXOPOHOIO 1 BUKOPUCTAHHSAM TBApUHHOTO CBITY, CBOEYACHO BHKOHYBATH iX 3aKOHHI
BUMOTH Ta PO3MOPSUKEHHS; CBOEYACHO BHOCHTH 30ip 3a creliajbHe BUKOPUCTAHHS O00'€KTIB
TBApUHHOTO CBITY.

[IpoTe 1i 3000B’sA3aHHS HE MAaTUMYTh >KOJHOTO 3HAUEHHS 3a BiJICYTHOCTI HAJEKHOI CUCTEMHU
KOHTPOJIIO iX JOTPUMaHHS, a Iyl BEPXOBEHCTBA MpaBa HEOOX1IHO HE POCTO MepepaxyBaTH TisSHHS,
3a sIKi HACTa€ BIAMOBINANBHICTh, @ H Mepea0aunuTH YiTKi aJrOpUTMH OO0 peati3alii moKapaHHS
BHUHHUX, K1 BUNHIIM TaKi JISHHS.

Taki imocTpaTuBHI Keiicu, sk cripaBa BeaMexarka [13], sikoro 3Hainumm y tpaBHi 2023 poky Ha
mexi HIM «YxaHcbkuid mapk» (BIIKPHTO BiJMOBIIHY KpPHMiHAJIBHY CIpaBy TepUTOpialbHUM
ynpasninasM [IBP y wmicti JIbBoBi 3a 4. 2 crarti 248 KKY), abo BHsBICHHS NPUKOPAOHHUKAMH
n00yTOi OpaKOHBEPCHKUM HUIAXOM OutyrH [ 14] cBiguaTh Ipo TE, 110 y CYCHUIBCTBI HE BiIIpaIiboBaHi
ITOPUTMHU MPUTSATHEHHS 0 BiANOBIJAILHOCTI 3 3JI0YMHHU NPOTH TBApUH, HEMa€e HAaBUYOK 1 3HAHb
IIOZI0 PO3CIITyBaHHS Takoi Kareropii cnopis. s mpuTArHeHHs 0cOOHM 0 BiAMOBIANBHOCTI CIiJ
JOBECTH, IO Taka oco0a YCBIJOMIIOBAJIA CYCIIJIBHO HEOE3NEeYHHMH XapakTep CBOTO [isHHA,
nepeadaydaa Horo CycnibHO HeOe3MeUH1 HACTIAKY y BUTIISA1I HE3aKOHHOTO BUAOOYTKY, HAITPHUKIIAJ,
BUJIOB puOM, Ta Oakaysia iX HACTaHHs, IOCATajga Ha CYCIUIbHI BITHOCHHHM y c(epi OXOpPOHHU M
BiITBOPEHHS HABKOJIHUIITHBOTO PUPOJIHOTO CEPEIOBUINA, PAlliOHATEHOTO BUKOPUCTAHHS MTPUPOTHUX
pecypciB, nisia YMHUCHO Ta IijiecripsiMoBaHo. ba Oinbiie: € 6arato IHIIMX MPUKIANIB YTPUMaHHS
IUKUX TBApUH Yy HEBOJII Oe€3 BIAMOBIAHUX J0O3BOJIIB Ta JOTPUMAHHS NPABOMIPHOI METH TaKOTO
YTPUMAaHHS.

3HaKOBOIO TaKOXK € crpoda npoaaxy puci Ha OLX, o Oyna BusiBiieHa opranizamieio URSA. 'O
HE BBakajla 3a HEOOXIJHE TMOMEepPEAUTH MPABOOXOPOHHI OpraHd 3aBYacHO [UIS HAJEKHOTO
3aTpUMaHHs BCi€l 3I0YMHHOI I'PYNH, IO TE€XK CBLAYUTH MPO HU3BKIA piBEHb BEPXOBEHCTBA IpaBa
100 3aXUCTy MPaB TBAPHUH.

3 orysiy Ha 1€ BBa)KaeMO 3a HeoOXiaHe BHecTH Jlep)kaBHY MPUKOPIOHHY ciryk0y 1o Ilopsinky
B3a€MO/Iii MK opraHamu pokyparypu, Harionansnoi nouninii Ykpainu, Ciry:xOu Oe3neku Ykpainu,
YIIOBHOBXEHUMH OpraHaMH Jep>KaBHOTO HArisiay (KOHTPOIIO), AEpP:KaBHUMH CIEIlialli3oBaHUMU
YCTAaHOBAMHU TiJ dYac BHUSBJICHHSA Ta 3AIHCHEHHS JOCYJOBOTO PpO3CIiTyBaHHS KPUMIHAIBHUX
MPaBOIMOPYIIeHb MPoTH MoBKILIA [ 15]. Takoxk HEOOXiTHO BECTH MOCTIHY MPOCBITHUIIEKY POOOTY 3
[IUX MUTaHb. JJOpEUuHO BIOCKOHAIMUTH 3aCTOCYBAaHHS OCHOBHHX €JIEMEHTIB BEpXOBEHCTBA IpaBa y
crpaBax 00 3aXHUCTy TBApUH, a caMme:

- 320€3MeYUTH CIpPaBEIIMBI, YiTKI Ta MPUIATHI AJS 3aCTOCYBaHHS HOPMHU Y 3aKOHOJABCTBI IPO
TBapuH;

- TMOKPALIUTH JIOCTYM J10 iH(OpMaLii, y4yacTb IPOMAaACHKOCTI Ta JOCTYM A0 MPaBOCYAIS y I
KaTeropii crpas;

- IOCWJIMUTH KOHTPOJIb 32 MII3BITHICTIO Ta JOOPOYECHICTIO IHCTUTYLIN Ta 0ci0, AKi MPUHMAIOTh
pilIEHHS 110JI0 TBAPUH;

- 320€3MEeYUTH YITKHI PO3MOJILUT Ta CKOOPIMHOBAHI MOBHOBAKEHHS 11010 3aXHUCTy TBApUH K MK
THCTUTYLISIMU, TaK 1 BCEPEIUHI HUX;

- peaitizyBaTH JIOCTYIIHE, CIIpaBeIINBE, HEYTIEPEPKEHE, CBOEYACHE Ta ONEPATUBHE CYAOUYUHCTBO
II0JI0 3aXMUCTy TBAPUH;

- BU3HATU Ha IPAaBOBOMY piBHI B3a€MO3B'sI30K ITPaB TBAPHUH 1 MPaB JIIOJHHU.
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KA®EJIPA EKOJIOT'IT
TA TEXHOJIOT'II POCJIMHHUX IMOJIIMEPIB
KuiBcbkoro nosiitexHiyHoro incruryry imeni Iropst Cikopcbkoro

JJis MATOTOBKH CHEIialicTiB 3 MPoOIeM 0XOPOHH HABKOJIUIITHLOTO CepeIoBHIIa B cepiHi 1988 p.
Ha 0a3l BIVIUICHHS IIENI0JI03HO-TIAIIEpOBOI0 BUPOOHMIITBA Ta JTabOpaTOpii MPOMHCIOBOI €KOJIOTIi
XiMiKO-TexHoJoriyHOro (hakynbTeTy KHIBCHKOTO TMONIITEXHIYHOTO I1HCTHTYTY Oyjla CTBOpEHa
Kaeapa TEXHOJIOTIi IIENIOI03HO-TIAIIEPOBOIO BHUPOOHMIITBA Ta TMPOMHUCIOBOI exomorii. Jlns
MOJITIIIEHHS MiTOTOBKU 1H)KEHEPiB-eKOJIOT'B 3 MUTaHb KOHTPOJIIO 3a0pyAHEHHS TOBKULISA y BEpECH1
1990 p. o Hel mpuegHATN TaKOX 1 Kadeapy aHATITUIHOT XiMil.

Benuky poGoty y ctBOpeHHI Kadeapu i1 miarotoBli (axiBIiB 3a HOBOIO CHELiaJbHICTIO
«I[IpomMuciioBa €KoJIOTis Ta OXOPOHA HABKOJIMIIHBOTO CEPEIOBMIIA» 3AIHCHUB Mpodecop, JOKTOp
texHiunux Hayk O. I1. lllyTteko, skuii 3 1988 mo 1996 pp. ouomntoBas kadeapy.

3 1993 poky Ha kadenpi BiakpuTa acmipaHTypa 3 TEXHOJIOTIl LENTI0I03HO-TIaepOBOrO
BUPOOHMIITBA Ta MPOMHUCIIOBOI €KOJIOTii. ¥ TOMy X poIli 3 iHiliaTuBu Kadenpu Oyna opraHizoBaHa
nepma B YkpaiHi BueHa paga 3 mpuCy/DKEHHS BUSHHMX CTYIEHIB JOKTOpa Ta KaHAWJAaTa HayK
(J1 1.02.01) 3a cnenianbHOCTSIMU LET0JI03HO-TIAIIEPOBOi TEXHOJIOT1T Ta MPOMUCIOBOI €KOJIOT11.

Kpim opranizanii HaBYaJIbHOTO TpOILECY IS CHEHiaiCTiB-eKOJIOTiB, Kadeapa IMpOJOBKYE
rOTYBAaTH XIMIKiB-TEXHOJIOTIB IIEJIOJIO3HO-TIAIIEPOBOTO BHUPOOHHMIITBA (JIeHHA Ta 3a04yHa (opmu
HaBYaHHS).

OCHOBHI HarpsIMK HAYKOBOI JTisSUTBHOCTI Kadeapu:

* po3poOKa HOBUX BHJIIB PEAreHTIB JUIA MPOIECIB BOJIOOUYHUCTKH, BOAOMIATOTOBKU Ta MEPEPOOKH
BIIXOZIB;

* po3poOKa TEXHOJIOTiI OJiepaHHA BOJOKHUCTUX HamiBPaOpUKaTiB 13 COJIOMH Ta IHIIMX
OJTHOPIYHUX POCIIHH.

VY moromy 2000 p. kadenpa yBiiia 10 CTPyKTYpH 1HXEHEpHO-XIMiYHOTO (akyiabTery (IXD), a
B smctonaai 2002 p. Oyna mepeiimMeHoBaHa Ha Kadeapy eKoJorii Ta TEXHOJIOTil POCIMHHHX
MOJIIMEPIB.

Kadenpa akTuBHO cHiBOpalioe 3 MiANPUEMCTBAMHM TAlepoBOi raiy3i, Taly3eBUMU Ta
aKaJIeMIYHUMHU 1HCTUTyTaMH. Bci BHIIyCKHMKM OOOX CHELiaJbHOCTeH 3a3BHYail OTPUMYIOTh
MPECTI>KHI BaKaHCI1 Ha MiANPHEMCTBAX 1 B HAYKOBUX YCTaHOBaX YKpaiHU.

ITpu xadenpi mpaitoe acmipantypa, a ii BUIyCKHHUKH, SIK IPAaBUIIO, IPOJOBXKYIOTh HAYKOBY Ta
Ne/IaroriuHy TisSUIbHICTh Y CTiHAX Kadeapu.

3aBinyBau kadenpu — 1-p TeX. HayK, npod. 'omens Mukona JImutpoBuy.
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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	Relevance of the research. Air pollution is one of the most widespread and complex forms of urban environmental impact. People and everything around them suffer from polluted air: vegetation, wildlife, architectural monuments, metal, building material...
	Fig. 1. Landscape of the territory of the kindergarten
	The proper organisation of life and education for children in a preschool institution is reliant on the overall architectural and planning solution of children's spaces, the organisation of the building's interior space, and the provision of hygienic ...
	The design of children's institutions is complicated by the presence of diverse chemical compounds in the air of the premises, which are emitted by furniture, building, and finishing materials, and pose a health risk [2]. Hence, safeguarding the child...
	Based on literature analysis, the subject of eco-friendly interiors and design with natural materials is gaining more global attention.  By utilizing the phytoncidal and gas-absorbing capabilities of plants, upper respiratory tract illnesses are reduc...
	Today, in the realm of ecodesign, we consider the scientifically-based and targeted introduction of plants for various functional purposes in interior and exterior design. Phytodesign is perceived as a means to enhance human life quality in modern arc...
	Vertical gardening has gained popularity in recent times through the use of phytowalls and vertical gardens [4, 5].  Phytodesign refers to the decoration of building exteriors and interior areas with climbing plants. The arrangement of vertical garden...
	The significance of landscape arrangement in children's institutional areas is attributed to the prolonged exposure of children to the outdoors. Incorporating plants in childcare facilities leads to favourable microclimatic and aesthetic environments,...
	Purpose: to create an eco-interior and phytodesign for a kindergarten.
	Object of research: kindergarten project in Odesa.
	Results and discussion. The kindergarten project is located near the Black Sea on the site of a former health complex (Fig. 2).
	Fig. 2.  Situation plan of a kindergarten
	The significance of devising a plan for the phytodesign of a kindergarten in Odesa lies in promoting environmental consciousness, which serves as a significant architectural and interior element in modern times, thereby garnering attention.
	The landscape of the area comprises of high trees that provide essential shading, decorative shrubs, vines, blossoming perennial, and annual plants (refer to Fig. 3). The play area has a hard-wearing lawn and the trees and shrubs emit a significant am...
	Fig. 3.  Elements of landscape design for a kindergarten
	In order to establish hygienic and sanitary conditions, botanical elements such as plants and flowers must be integrated in rooms allocated for children. The kindergarten's design adopts contemporary approaches to interior landscaping, inclusive of ve...
	Fig. 4.  Phytowall in the interior of a kindergarten
	Plants and flowers are used to adorn the interior and provide a beneficial microclimate. They also offer a way for children to learn about the world around them. Gazing at plant foliage alleviates eye strain and mental stress, enhances self-esteem, an...
	Fig. 5. Plants in the interior of a kindergarten
	Using large specimens of plants that are not proportionate to a child's size is not advisable in kindergarten landscaping. Instead, they should be utilised as a background.  For easy maintenance, the plants should be kept in separate pots. By doing so...
	Plants ought to be positioned in areas that children cannot unintentionally knock them over, and it is advisable to allocate a designated area for plant care. When situating plants within a child's grasp, ensure that the containers and planters are ex...
	Placing plants on window sills is not advisable, as they may obstruct the light. Climbing and trailing plants can be situated in flower lamps, on shelves, while larger plants or groupings of several low-maintenance plants can be positioned in floor va...
	Plants that emit phytoncides are suitable for kindergartens. These substances are known as natural antibiotics since they eliminate harmful bacteria and viruses. As a result, the air quality in the room is enhanced. Essential oils comprising phytoncid...
	Several different indoor plants are highly effective at regulating humidity. It has been observed that the indoor rooms’ humidity drops to a mere 35% during the heating season, which is inadequate for comfortable human breathing. Employing indoor plan...
	Considering the hygiene requirements, the design for the nursery utilised decorative foliage plants, dried flowers, canned moss and stabilised plants.
	Conclusions. The selective use of plant environmental characteristics to enhance the environment in children's institutions is a preventive measure for improving health. This approach also addresses the concerns of aesthetic, ecological, and environme...
	A kindergarten project (Odesa) utilizing phytodesign elements with eco-architecture consideration was developed. The planned area of the kindergarten property has been properly planted with decorative plants that retain aesthetic value throughout the ...
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