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EKOJIOTTYHO OPIEHTOBAHWI HEOPTAHIYHUM CUHTE3 HAHOMATEPIAJIIB
HA OCHOBI TiO, JI1 OYUIIMEHHA CTIYHHUX BO/J{

Y ecmammi posenanymo axmyanvHi nioxoou 00 eKoI02IUHO OPIEHMOBAHO20 CUHME3Y HAHOMAMEPIANI68 HA OCHOBI Jio-
keudy mumany (Ti0,), Axi modxcymsv 6ymu epeKmusHo GUKOPUCMAHT OJiA OYULYEHHS CIMIYHUX 800 810 OP2AHIUHUX 3a0PY0-
HI08aui8. 3 027180y Ha 3pOCMAaroyi eKonoIuHI suMo2U 00 XIMIYHUX MeXHON02Il, 0coOnU8y y8azy npudiieHo max 36aHOMY
«3€eNeHoMy CUHME3Y» — CNOCODY OMPUMAHHS HAHOMAMEPIANi6 i3 3aNyUeHHAM NPUPOOHUX GIOHOBHUKIB, eKCMPAKMIe poc-
JIUHHO2O NOXOONCEHHA MA HEMOKCUUHUX POSUUHHUKIG. Taxuil nioxio 0036014€ MIHIMIZy8amMU He2amugHUll 8N1U6 HA O0BKI-
JIsL ni0 Yac eUpoOHUYMEa GOMoKAManimuiHo aKmugHUX Mamepianie.

Onucano npoyec odepocanns Hanouacmunoxk TiO, 3 6UKOPUCMAHHAM eKCMPAKMI6 3eleH020 4aio, Kopu eepou
ma iHWUXx npUpPOOHUX KOMNOHEHMIs, Wo CIy2ylomb 800HOYAC 8IOHOSHUKamMUu ma cmabinizamopamu. Ompumani HaHo-
CMPYKMYpU Xapakmepusylomucsi UCOKOIO NUNOMOIO NOBEPXHEI0, OOHOPIOHUM PO3NOOLIOM YACMUHOK I CIAOIIbHICHIO
omokamanimuyHux eracmugocmel.

Ilpogedeni 0ocniodncentss homoKamarimuuHoi aKmueHOCmi Cei0Uamy Npo GUCOKY epeKmusHicmb CUHME308AHUX
mamepianigy npoyeci 0e2padayii opeanHiuHux OapeHUKIG, 30KpeMa MEMuiLeH08020 CUHb020, Ni0 Oi€lo Y D-unpominio8anHsL.
[lopignanns 3 mpaouyitinumu Memooamu CUHme3y 6KA3ye Ha Nepedaril «3e1eH020y» Ni0xXo0y 3 MOUKU 30py eHepeoouldo-
Hocmi, be3neunocmi il eKo102IHHOL OOYLIbHOCIL.

Y niocymky, asmopu o61pynmogyomes 0oyinbHicms HOOANLUIO20 BNPOBAOICEHHS MAKUX HAHOMAMEPIANI8 Y MEeXHON0-
2ii ouUeHHa CIIYHUX 800 MA NIOKPECTIOIMb BANCIUBICING PO3BUMKY XIMIT 6 KOHMEKCII CIAN020 PO3BUMKY 1l OXOPOHU
HABKOTUWHBO20 NPUPOOHO20 CepeoosuLyd.

Kniouosi cnosa: neopeaniunuili cunmes, HAHOMAMePIaau, OYUUEeHHsl, CIIYHI B0OU.
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ECOLOGICALLY ORIENTED INORGANIC SYNTHESIS
OF TiO,-BASED NANOMATERIALS FOR WASTEWATER TREATMENT

The article considers current approaches to environmentally friendly synthesis of nanomaterials based on titanium
dioxide (Ti0,), which can be effectively used for wastewater treatment from organic pollutants. Given the growing
environmental requirements for chemical technologies, special attention is paid to the so-called “green synthesis” —
a method of obtaining nanomaterials using natural reducing agents, plant extracts and non-toxic solvents. This approach
allows minimizing the negative impact on the environment during the production of photocatalytically active materials.

The process of obtaining TiO, nanoparticles using green tea extracts, willow bark and other natural components that
serve as reducing agents and stabilizers is described. The obtained nanostructures are characterized by a high specific
surface area, uniform particle distribution and stable photocatalytic properties.

The conducted studies of photocatalytic activity indicate the high efficiency of the synthesized materials
in the degradation of organic dyes, in particular methylene blue, under the influence of UV radiation. Comparison
with traditional synthesis methods indicates the advantages of the «green» approach in terms of energy saving, safety
and environmental feasibility.

In conclusion, the authors justify the feasibility of further implementation of such nanomaterials in wastewater
treatment technology and emphasize the importance of the development of chemistry in the context of sustainable

development and environmental protection.

Key words: inorganic synthesis, nanomaterials, purification, wastewater.

AKTyaJIbHicTh NpoOiaeMu. [HTEHCUBHUN PO3-
BHUTOK TPOMHMCIIOBOCTI, CUIBCHKOTO TOCITOApCTBa
Ta ypOaHizamii CyNpOBOKYETbCS 3POCTAHHIM
00csTiB 3a0py/JTHEHHSI BOTHOTO CEPEIOBHINA, OCO-
OJIMBO OpPraHiYHUMHU PEYOBHHAMHU aHTPOMOTEHHOTO
MOXO/DKCHHSI — OapBHHKaMH, (hapManeBTHIHUMHI
npenaparaMmu, HaQTOMPOAYKTaAMU, CHHTCTUIHUMH
MUHHUME 3acobamu Tomio. Lli cmomykum dbacrto
BUSIBJISTFOTHCS CTIMKAMU JI0 010JIOTTYHOTO PO3KIIATY,
10 YHEMOKJIMBIIIOE iX IMOBHE YCYHEHHS TPaJHIIiN-
HUMH METOAAaMU OUYHUILIEHHS CTIYHUX BOJ. SIK HacIIi-
JIOK, BOH HAaKOIMYYIOTHCS Y BOMHUX €KOCHCTEMAX,
BIUTMBAIOYM Ha 010TY, 3MIHIOIOUH TPOQiuHi 3B’ A3KH
Ta CIIPUYMHSIOUN PU3UKH JUIS 3710POB’ S JIIOIUHH.

Ha mpomy Tmi nenani OmbIoi akTyalbHOCTI
HaOyBa€ MOMTYK HOBUX €(DEeKTHUBHUX, CHEPTOOIIIa/I-
HUX 1 €KOJOTIYHO O€3IIEUHHUX IIAXOMIB 10 OYHU-
IICHHS BOAHUX cepefoBuil. OIHUM 3 HAHOUTBIIT
MEPCIEeKTUBHUX METOAIB € (oToKaTadiTHYHa
JieTpaiallis OpraHiYHUX 3a0pyJIHIOBAYiB i3 BHKO-
pYCTaHHSIM HaHOMarepianiB, 30KpemMa Ha OCHOBI
niokcuny tutany (TiO,). TiO, nmpuBeprae yBary
JIOCIITHUKIB 3aBISKH CBOIM YHIKaJbHHM BIIACTH-
BOCTSM: XIMiUHIA CcTabiIbHOCTI, (OTOKATATITHY-
Hilf aKTUBHOCTI, HU3bKI TOKCHYHOCTI Ta JIOCTYTI-
HocTi. OgHak mpoMuciioBi Metonu cuHTtedy Ti0:
4acTo mependayaroTb BUKOPHUCTAHHS TOKCUYHUX
peareHTiB, BUCOKY CHEPrOEMHICTH 1 YTBOpPEHHS
MOOIYHUX MIKIAJTMBUX MPOIYKTIB.

VY 1bOMy KOHTEKCTiI aKTyaJlbHUM € PO3BUTOK
«3CJICHUX» TEXHOJOTI HEOpPraHiyHOTO CHHTE3Y,
AK1 JTO3BOJISIOTh 3MEHIIUTH €KOJIOTiuHE HaBaHTa-
JKCHHS Ha JOBKULIA. 3aCTOCYBaHHS IMPHUPOIHUX
BITHOBHHKIB, 30KpEeMa EKCTPAKTIB pPOCIHMHHOTO
MOXOIDKCHHS, JUII CHHTE3y HaHOMaTepialiB Bil-
KpUBA€E HOBI MOKJIMBOCTI y CTBOPEHHI O€3MEUHUX
1 epexTuBHUX (hoTOKaTamizaropis. Taki miaxoau He
JIMIIE CIIPUSIOTH PO3BUTKY XIMIYHOI HAYKHU B PYCIIi
CTaJIOTO PO3BUTKY, @ W CTBOPIOIOTH YMOBH JUIS
HIMPOKOTO MPAKTUYHOTO BUKOPUCTAHHS Pe3yiibTa-
TiB y TEXHOJIOT1SIX OYMIIECHHS BOJIH.

AHaJi3 0CTaHHIX J0CiIKeHb i myOaikamiid.
VY cydacHUX JOCIIDKSHHSX 3HaYHA yBara mpuii-
JIIETHCS PO3pOOII €KOJIOTIYHO OE3MEeYHUX METO-
JIiB CHHTE3y HaHOMaTepialliB Ha OCHOBI JIIOKCHITY
tutany (TiO,) nnsg OuYMIIEHHS CTIYHUX BOJI.
Tpamumiitai XiMigHi Ta (Qi3UYHI METOAM OTpH-
manHsa TiO, yacTo moB’si3aHi 3 BUKOPHCTAHHSIM
TOKCUYHHUX pPEareHTiB, BUCOKHMHU EHEpPreTHy-
HUMHU BHUTpaTaMU Ta HECIPUSTIMBUM BILTUBOM
Ha JOBKULIA. Y BIAMOBIAL HA Ii BUKIUKH 3pPOC-
Ta€e IHTEPEC JI0 «3EJICHOT0» CHUHTE3Y, SIKHH BHKO-
PUCTOBY€E MPUPOIHI OIOMOJICKYIIH, TaKi SK €KC-
TPaKTU POCIIHH, JIJIS OTPUMAHHS HAaHOYACTHHOK
Ti0,. Lle# miaxix He JTUIIE 3HUKYE CKOJOTIUHE
HABaHTAXXCHHSI, aJIe U CIIPUsiE OTPUMAHHIO HAHO-
MaTepiajiB 3 MOKpAamEeHUMH (QYHKIIOHATbHUMH
XapaKTePUCTUKAMHU.
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Ommsin ocTaHHIX JOCTIKEHb CBIIYUTH TIPO
yCIHilIHE BUKOPUCTAHHS PI3HOMAHITHUX POCIWH-
HUX €KCTPAKTIB JIsl 010TeHHOTO CHHTE3y HaHO4YaC-
tuHOK Ti0,. Hampuknan, 3acTocyBaHHS €KCTPAKTY
mucts Impatiens rothii Hook.f. go3Bonmio edek-
TUBHO CHHTe3yBaTH HaHoudacTHHKU TiO, 3 BuUcO-
KOO (hOTOKATAJITUYHOIO aKTUBHICTIO, MPUIATHOIO
JUIS IeTpajallii opraHiyHuX 3a0pyIHIOBAYiB y BOII.
[HIIE TOCTiKeHHS TPOAEMOHCTPYBAJIO, 110 BUKO-
PUCTaHHA €KCTPAKTIB PI3HUX POCIUH CIPUSIE
OTpPUMaHHIO HaHOYACTHHOK Ti0, 3 moKpaleHuMu
aHTHOAKTepiaIbHUMU BIACTUBOCTSAMHU, 1[0 PO3IIU-
pIO€ 1X 3aCTOCYBaHHS Y BOJOOUYHILEHHI Ta MEIHY-
HUX Marepiajiax.

KpiM TorOo, pO3misiiaroThCsi MIKpOOHI METOIU
cuHTe3y HaHoyacTUHOK Ti0,, sKi 3a1y4aroTh Oak-
Tepii, rpuOu Ta BOIOpOCTi sk Oiokararmizatopu. Lli
010JI0T14HI areHTH CHPUAIOTH POPMYBAaHHIO HAHO-
YaCTHHOK 31 crienupigHIMH MOPQOIOTIYHUMHU Ta
(yHKIIOHATPHIUMH XapaKTePUCTHUKAMHM, 1110 TTi[BHU-
nIye iX epeKTUBHICTD y (POTOKATATITUIHUX MTPOIIe-
cax oumtienns Boau (Koszaxk, 2022).

3arajiom, cydacHi JOCIIDKEHHS ITiITBEPIKY-
I0Th MEPCIEKTHUBHICTh «3€JICHOT0» CHHTE3y HaHO-
MatepianiB TiO, mas ekonoriyHo Oe3meYHoro Ta
e(heKTUBHOTO OYHIICHHS CTiYHUX Boa. Ilomainb-
MK PO3BUTOK LIUX TEXHOJIOTIH CIpUSATHME 3MEH-
IICHHIO €KOJIOT1YHOTO HABAaHTA)XCHHS Ta BIIPOBa-
JDKEHHIO CTAJIMX METO/IiB BOJOOYHIICHHSI.

MeTo10 aocCigKeHHsI € HayKoBe OOIDYHTY-
BaHHS JIOIIUIBHOCTI 3aCTOCYBAaHHS CKOJIOT19HO
OpIEHTOBAHUX IMIIXOJIB 10 HEOPraHiyHOTO CHH-
Te3y HaHOMAaTepialliB Ha OCHOBI JIIOKCUIY THTaHY
(TiO,) 3 BUKOpPHCTAHHSAM MPUPOAHUX O10ATESHTIB,
a TaKoX OIliHKa e()EeKTUBHOCTI OJIep)KaHUX Mare-
pianiB y mpoueci (HOTOKaTaIITUIHOTO OYUIICHHS
CTIYHHUX BOJI BiJl OPraHIYHUX 3a0pyIHIOBAYIB.

Bukaag ocHOBHOro Marepiaixy gocJi-
JAKeHHsl. Y Mexax IMPOBEISHOrO IOCIiIKEHHS
Oyno peasni30BaHO E€KOJIOTIYHO OpI€HTOBAHHIMA
MiIX11 0 HEOPTraHIYHOTO CUHTE3y HaHOMarepi-
amiB Ha ocHOBI miokcuny tutany (Ti0,), skwuii
€ OJIHMM 13 HaHNEepCIeKTUBHIMUX (oToKaraiza-
TOPIB JUIsSl OYMIICHHS BOJHOTO CEpPEIOBHUINA Bij
OpraHiYHMX 3a0pyJAHIOBadiB. 3pOCTaHHSI TEXHO-
TCHHOTO HABAaHTAXXCHHsI Ha JOBKULISA, 30Kpema
BOJIHI PECYPCH, 3yMOBIIIOE HEOOX1THICTh MOIIYKY
eexTuBHUX, OE3MEYHUX 1 CTANMX PIIICHb IS
Jerpajanii mKiJJIMBUX OPTaHIYHUX PEYOBHH, SKi
MOTPAIUISIOTh Y CTOKHA BHACJIOK IPOMHUCIIOBOT,
CLTbCHKOTOCTIOAAPCHKOT Ta MOOYTOBOI AiSUTBHOCTI.

Jlo TakuX pedyoBHH HaJeKaTb CHHTETUYHI OapB-
HUKH, (apMarleBTUYHI 3aJIMIIKH, MOBEPXHEBO-
aKTUBHI PEYOBWHH, (EHOJBHI CIIOIYKH, SKi
BUSBIIAIOTH CTIMKICTB 10 Oiogerpaaarliii Ta akymy-
JIOIOTHCSI B €KOCHCTEMAX, 3aBIal04M IIKOAH 0i0Ti
Ta 3710POB’ IO JIIOJUHHU.

Jliokcua TUTaHy BXKe TPUBAIMN Yac BUBYAETHCS
K (pyHKIIOHANBHUN MaTepiaj, 3JaTHUN IHIIIIO-
BaTH (HOTOKATAIITUYHI TPOICCH I €K YiIb-
TpadioneToBoro BHUMNpPOMiHIOBaHHS. [Ipu 1BOMY
Ha MOBEpXHI HaHOYACTUHOK TiO, yTBOPIOIOTHCS
aktuBHI popmu kucHio ("OH, O3"), siki 3naTHi po3-
MICTUTIOBATH CKJIAHI OPTaHIvHI MOJICKYJIN J0 TPO-
CTHX, HETOKCMYHUX MiHEpai30BaHUX MPOIYKTiB
(CO,, H,0). 3aBnsgxku mum BractuBocTsM Ti0O,
HIUPOKO 3aCTOCOBYETHCS Y CHCTEMAX OYHILEHHS
BOJIM, TOBITPS, Y CAMOYMIYBaJIbHUX MOKPHUTTAX
Ta aHTUMIKpOOHUX Marepianax. Bomnouac, mpo-
MUCIIOBI MeTonu cuHTe3y Ti0O, MaroTh CyTTEBi
OOMEKEHHSI 3 TOYKU 30pYy EKOJOIiYHOi Oe3MeKH:
BOHU MOTPeOyIOTh AarpecHuBHUX PO3UYMHHHUKIB,
BUCOKHX TEMIIEpPaTyp i 4acTO CYIPOBOIKYIOThCS
YTBOPEHHSIM IIKIJTUBUX MOOIYHUX TPOIyKTiB. Lle
aKTyasizye HeoOXiTHICTh pO3pOOKH albTepPHATHB-
HUX, CHEPrOOIAHUX Ta OE3MEeUHUX IS JOBKIIUISA
METO/JIIB OJICp’KaHHS HaHOMaTepialiB — 30KpeMa,
HUISIXOM BHKOPUCTAHHS TaK 3BAHOTO «3EJIEHOTO)
cunresy (Cepena, 2021), (Pomanenko, 2021).

«3eneHuit» CUHTE3 HaHOMATepialiB mependa-
Yae 3aCTOCYBaHHS MPHUPOTHUX O10JOTIYHHUX areH-
TIB — POCIMHHHX EKCTPAKTiB, MIKPOOPTaHi3MiB,
6ioMoOJIeKy1 — SIK BITHOBHUKIB, cTab1i1i3aTopiB abo
TeMIUTaTiB. POCIUHHI €KCTpaKTH MICTATH Todide-
HOJH, (pIaBOHOTAM, aMiHOKHCIIOTH, BYTJIEBO/IH, SIKi
3[0aTHI PEryiioBaTH Npolec HyKjealii Ta pocTy
HAaHOYACTHHOK 0e3 MOTpedM y MIKIIMBUX XIMIY-
HuX peareHTax. Lle# miaxin 3abe3mnedye He nuIIe
3MEHIIIEHHS TOKCUYHOCTI MPOLIECY, aJie i J03BOJISE
(dbopMyBaTH HAHOYACTHHKH 31 CrielU(igHOI0 MOp-
(hoJIoTi€r0 Ta BUCOKOIO CTAOIIBHICTIO.

VY oMy IOCIHIUKCHHI SIK THTAHOBMICHY CIIO-
ayky Oyno oOpaHO THUTAaHOBUH 130TPOTIOKCH
(Ti[OCH(CHj3),]4), fKHii BiJ3HAYAETHCS BHCOKOIO
peaKiiHO 3aTHICTIO Y BOJHOMY CEPEIOBHILII.
VY poii mpuUpOmHUX CTAOUTI3YIOUMX 1 BiJHOBIIIO-
IOYMX areHTIB BHUKOPUCTOBYBAJIMCS BOIHI €KC-
TpakTH JiMCTs 3eneHoro 4yaio (Camellia sinensis),
kopu BepOu (Salix alba) ta nmaBanau (Lavandula
angustifolia). Yci i pociIMHHI KOMIIOHEHTH Mic-
TSATh MOTY>KHI aHTUOKCUJAHTH, 30KpeMa KaTeXiHH,
noJTi)eHOMBHI KHUCIIOTH, TaHIHHU, SIKI BUKOHYIOTH
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(YHKIIT KOHTPOJIFO POCTY HAaHOYACTHHOK i CcTaoi-
Jizarii iX kosnoigHoi Gopmu.

CuHTE3 TPOBOAMBCS IUIAXOM TIOBLIBHOTO
noxasaHHs 0,1M po3unHy TUTaHOBOI CIOIYKH 10
nigirpitoro 10 70 °C poCIMHHOTO €KCTPAKTY MPH
MOCTIHHOMY NepeMIillyBaHHI. Y pe3ynbTari riipo-
i3y yTBOPIOBABCSI KOJIOITHUH T€Jb, KW BUTPH-
MYBaJM MPOTATOM JBOX TOJIMH, IICJSI YOTO OCajl
BiZJOKPEMJTIOBAJIN LIEHTPUDYTYBAHHSIM, IIPOMHBAIIH
JIMCTUIILOBAHOIO BOZOKO 1 BUCYIITYBAJIU TP TEMIIE-
parypi 80 °C. Ha BiiMiHy BiJ TpaJaHIiHHOTO 30JIb-
rejib METOY, y IIbOMY BHIIAJKy HE BUKOPHCTOBYBa-
JIUCSI OpraHivyHI PO3YMHHUKH (€TaHOJI, alleTOH) a00
KHCJIOTHO-JIY>KHI KaTalli3aTopH, 1110 3HAYHO 3HUXKY-
BaJI0 TOKCHYHICTH mporiecy. Kpim Toro, TepmiuHa
00pobka He nepesuiyBasa 100 °C, mo nae 3mory
PO3IISIIATH METOA SIK eHeproe(eKTHBHUH.

@Di3uKo-XiMiYHA XapaKTEPUCTHUKA OCPKAHUX
HAaHOYACTHHOK IPOBOJMIIACS 13 3aCTOCYBaHHSIM
peHTreHo(a30BOro aHalizy, eJIeKTPOHHOI MiKpo-
CKOITii Ta CIEKTPOCKOMil y yIbTpadiosieToBOMy
niamazoni. 3a manmmu XRD-anamizy BCTaHOB-
JICHO, IO Y OLTBIIOCTI 3pa3kiB (hOPMY€EThCS KPHC-
TajgiuHa Qa3a aHaTazy, sKa XapaKTEePHU3YETHCS
HaWBUIIOK  (OTOKATATITUYHOK  AKTHBHICTIO
cepen Tprox ocHOBHUX Momudikauid TiO, (aHa-
Ta3, pyTui, OpoH3uT). EnexTpoHHa MiKpOCKOMis
(SEM, TEM) noka3zaia, 1110 HAaHOYaCTHHKH MarOTh
Maibke cepuuny dopmy 3 miamerpom 20-30 HM
Ta He3Ha4yHOIo arperaiiero. CrekrpodoToMeTpis
y miana3zoHi 200—800 HM miaTBEpMIIa IHTCHCHUBHE
noruHaHHA y Y®-o0nacTi, 1m0 € nepeayMOoBOO
e(heKTUBHOTO (DOTOKATATITUIHOTO BUKOPUCTAHHS.

doToKaTadITUYHY aKTUBHICTh HaHOMAaTepiajiB
OLIIHIOBAIM 32 MOJEJUIIO Jerpajalii MeTHJICHO-
BOTO CMHBOTO — CTAHJAAPTHOTO OpPraHiuHOTO OapB-
HUKa, CTIHKOTO 710 010€CTPYKIIil. 3pa3Ku pO34nHYy
OapBHuKa y KoHueHTpauii 10 mr/m mignaBamu mii
yABTPadioNeTOBOTO  BHUIIPOMIHIOBaHHS  (Jlammia
125 Bt, A = 365 um) y npucyTtHocti 50 Mr HaHO-
Katanizatopa. Jlociimkenns tpusaio 90 XBHIMH
3 BimOopoM mpob koxkHI 15 XB m1st criekTpodoTo-
METPUYHOTO aHaji3y 3MEHIICHHS 1HTEHCHBHOCTI
3a0apBieHHs. Y pe3yJbTari BCTAHOBIICHO, IO
3pa3Kkd Ha OCHOBI 3€JIEHOTO 4Yal IEMOHCTPYIOThH
HaiiBuILy (OTOKATANITUYHY €(EKTUBHICTh — JI0
96 % nerpananii 6apBHUKA. 3pa3KH, CHHTE30BaHi
3 eKCTpaKTOM KOpW BepOu, Mokazanu e(eKTHB-
HicTh Ha piBHi 88 %, a maBanmu — 10 91 %. Komep-
uiauit 3pazok TiO, (Degussa P25) y tux camux
YMOBax MpoAeMOHCTpyBaB 93 % epeKTUBHOCTI.

JlonatkoBO Oyn0 MPOBEAEHO MOBTOPHI IUKIN
OYMIICHHS 3 THMH CaMHMHU 3pa3KaMH HaHOYaC-
TUHOK. YTPOAOBK TPbOX IMKIIIB BUKOPHCTAHHS
(hoToKaTamiTHIHA aKTUBHICTH 3pa3KiB 30epiranacs
Ha piBHI MoHa 85 %, 110 CBIAYMUTH MPO IX CTAOLIb-
HICTh Ta IPUJATHICTH A0 6araropazoBOro 3aCTOCY-
BaHHSA. Ba)kiMBo 3a3HAUNTH, 110 MICIS OYUILECHHS
KaTaJi3aTopy He BUMarajiy pereHeparii 4 Joaat-
KOBO1 00pOOKH, III0 3HAYHO CIIPOUIYE iX MPAKTHYHE
BUKOPHCTAHHSI.

OTpumani pe3yibTaTd CBig4aTh MpPO Te, MLIO0
«3enenuit» cunre3 TiO, Ha OCHOBI MPHUPOIHUX
€KCTPAKTIB HE JIMIIE BiAMOBITA€ MPUHIIAIIAM CKO-
JoriuHoi Ge3nexu, aje i 3a0e3neuye GopMyBaHHS
HaHOMAaTepiadiB 3 BHCOKOI (POTOKATATITHYHOIO
akTuBHICTIO. Takuil miaxia J03BOJISE CTBOPIOBATH
JICNIeBl, JOCTYIHI Ta EHEProomaaHi TEeXHOJO-
il OYHUIIEHHS BOJHOTO CEPEIOBHINA, SIKI MOXYTh
OyTH BIIPOBa/KEHI K Yy ILEHTPaJi30BaHUX, TaK
1 B JICHIEHTPaI30BaHUX CUCTEMaX. Y MepPCIeKTUBI
JOLUTLHUM € TTOJAJIbIIE JTOCITIDKCHHS BILTUBY Pi3-
HUX THUIIB POCIMHHUX E€KCTPAKTIB, yMOB CHHTE3Y,
a TaKO’K MOXIJIMBICTh iHTerparlii 010reHHHX HaHO-
YaCTUHOK y TOJIMEpHI a00 KOMITO3UTHI (ibTpa-
IiHI MaTepiaid 3 METOIO ITiIBUIICHHS ¢(EKTUB-
HOCTI JIOBrOTPHUBAJIOr0 BUKOPHCTAaHHS B YMOBax
peasbHOrO HaBaHTAKCHHS.

BuCHOBKH | mNepcHeKTHBM MOJAJIBIIAX
aocaizkenb. [IpoBeneHe MOCHiIKEHHS ITiITBEp-
U0 e(eKTUBHICTh Ta €KOJOTiYHY JOIUIBHICTD
3aCTOCYBAaHHS «3€JIEHOTO» TIJIXOAY 10 CHHTE3y
HaHOMAaTepiaxiB HAa OCHOBI JIOKCUIY THTaHY JUIS
e (OTOKATATITUYHOTO OYHINEHHS BOJIHOTO
cepenosuma. Cunre3oBani HaHoyactTuku Ti0, 13
3aCTOCYBAaHHSIM BOJHUX EKCTPAKTiB POCIMHHOTO
MOXOJKCHHS (30KpeMa 3eJIEHOTO Yaro, KOpHu Bepou
Ta JIAaBaHIIM) MPOIEMOHCTPYBaJIN CTAaOUIBHI MOp-
domoriyai XapaKTepUCTUKH, HAHOPO3MIPH YaCTH-
HOK, HasIBHICTb aKTUBHOI (pa3u aHaTaszy Ta BHCOKY
(oTOKaTaNITUUHY AKTUBHICTb Y MOAEIBHHUX YMO-
Bax Jerpajaiii opraHi4HOTO 3a0pydHIOBada —
METHUJIEHOBOrO CHHbOro. HaiiBuiry edexkTuBHICTH
JNOCATHYTO JUIi HAHOYACTHHOK, OTPUMaHHX 13
BUKOPHCTAHHSIM EKCTPAKTy 3€JICHOTO 4Yal — [0
96 % 3uebapBieHHs 3a 90 XBUIHH (OTOIMIZY.

OTtpumaHi pe3ynbTaTi CBIAYaTh PO MPAKTUYHY
NPUIATHICTh OIOTeHHMX HaHOMAaTepialiB IS
BIIPOBAKCHHS B CHCTEMH OYUILICHHS CTIYHHUX BOJI,
30KpeMa B YMOBax, 1[0 HE JIO3BOJSIOTH 3aCTOCY-
BaHHS €HEPrOEMHHUX 200 XIMIYHO arpeCUBHUX TeX-
HoJoriii. CuHTE3 y M’ SIKUX yMOBax (0e3 BUCOKHX
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TEMIEpaTyp 1 TOKCHYHHX PEarcHTIB) BiIKpUBAE
MOKJIMBOCTI MacITabyBaHHS TPOIECY B MIPOMUC-
JIOBUX a00 HAIBIPOMHCIOBHX YMOBaX, BKIIOYHO
3 BUKOPUCTAHHSM JIOCTYITHOI CHPOBHHH MICIICBOTO
MOXO/KCHHsI. BUCOKuit piBeHb cTa0IBHOCTI MaTe-
pianiB y GaraTropa3oBOMY BUKOPHCTaHHI IiJITBEp-
JOKY€E TX TIOTSHITiaJT J1s1 TOBTOPHOTO 3aCTOCYBaHHS
6e3 BTpatu (PyHKI[IOHAJTHLHUX BIACTUBOCTEH.

VY KOHTEKCTI peamizallii MPHUHIHUIIB CTAJIOro
PO3BUTKY JaHa po0OTa AEMOHCTPYE MOXIIUBICTb
OEAHAHHS XIMIYHOT IHHOBALIil Ta €KOJIOTIYHO]I BiJI-
noBiganeHOCTI. biorennuii cunte3 TiO, BucTymnae
SIK TIPUKJIAJ 1HTErpallii eKoJIOTi9HO YUCTUX METO-
JIB y KJIaCUYHY HEOPTraHIYHY XIMil0, CIIPSIMOBaHY
Ha BUPIMICHHS MPHKJIATHUX 3aBIaHb 3 OXOPOHH
HABKOJIUIIIHBOTO CEPEIOBHIIIA.

[TepcrieKTHBY MOAANBIINX TOCIIIKEHb TOJIS-
raloTh y pO3IMIMPEHHI CHeKTpa Oi0JOTTYHUX
areHTIB JUIS CHMHTE3Y, BUBYCHHI B3a€MOJIil HAHO-
YaCTUHOK 3 pI3HUMH TUIAMM 3a0py/IHIOBauiB
(aHTHOIOTHKAMH, TECTHIHUIAMHU, HAPTOIPOIYK-
TaMH), a TakoX B iHTerpamii Oiorennux TiO,
y KOMITO3UIIIHHI CHCTEMH, 30KpeMa IMOoJiMepHi
Ta KepamiyHi MeMOpaHW, 3 METOK CTBOPCHHS
e(DeKTHBHHUX 1 OCTYNMHUX (QUIBTPAIliIHHUX MaTe-
piasiB HOBOro moOKoJiHHSA. He MeHI BaKIHMBUM
€ BUBUCHHS IIOBEMIHKM TAaKUX HaHOMAarepialiB
y peajbHUX YMOBAX €KCIUTyaTallii, y IpUCYTHOCTI
0araTOKOMIIOHEHTHUX CyMilllell 3a0pyaHIOBAviB,
3MiHHHX Temneparyp i1 pH, mo nHabmmwkaTtume
nabopaTopHi po3poOKH 0 MPAKTHYHOT IMITIEMEH-
Tauii y BOZOOYHCHI TEXHOJIOTI].
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PEAKIIISA BITTITA SIK NIEPCIEKTUBHUM METO/J OJEPKAHHSA
HOBUX XAJIKOHIB

Xanxonu, wo € noxionumu 1,3-ougpeninnponenony ma 1io2o ananoeis, npueepmaroms yéazy nepeoycim 3a80aKu wupo-
KoMy cnekmpy ceoci ¢hizionoziunoi akmusnocmi. Tepanesmuuni énacmugocmi HU3KU NPUPOOHUX CHOTYK POCTUHHOZO
NOX00JHCEHHs YbO2O KNACY CHOHYKANU 00 AKIMUBHO20 00EPHCAHHA | OOCTIONCEHHS IX CUNMEMUUHUX anano2is. 3o0kpema,
XAAKOHAM 81ACMUBA BUCOKA NPOMU3ANANbHA, AHMUOAKMEPIANbHA MA AHIMUBIDYCHA, 4 MAKOHC NPOMUNYXAUHHA Md AHMU-
einepanixemiuna axmusnicmo. Im npumamanni maxoic yinni onmuyni enacmuéocmi, 30kpema gyopecyenmui. Xaikomu
MAKONC € YIHHUMU HANIBRPOOYKMAMU OJisk CUHME3Y OP2AHIYHUX CHOLYK THUUX KAACI8, NepedyCim 2emepoyuKiie.

Llupoxuii dianazon npakmuyHo YiHHUX 61ACMUBOCMEl BUMALAE AKIMUBHO20 NOULYKY HOGUX WsXI6 ix cunme3y. Peax-
yis Bimmiea sik Memoo ompumanus ROXiOHUX XAIKOHIE 8i00MA OABHO, dfie ii MOJNICIUBOCTI | 6apIaHMU 3ACTOCYBANHHS Y Yill
cehepi susueni nedocmammuvo. Memorw 0anoi pobomu 6y10 00EPICAHHI HOBUX XATKOHIE HA OCHOBI Alb0e2iol8, wo Mic-
MsAMb Yy CKAAOI MONEKYIU eCIePHI 2PYNu, a MAKOHC GUBYEHHS MOJICTUBOCTT BUKOPUCIAHHA (hochoniesux conell sIK GUXio-
HUX CRONYK, €3 NPOMINCHO20 ULNeH s anKinioengochopanis y eitbhomy cmani. 3’aco8ano, wo gocgoniesi coni neeko
63AEMO0TIOMb 3 AnbOe2IOamMu Y NPUCYMHOCTIE MPUESMUTAMIHY, NPU YboMY Oisi OCHOBU NEPEMBOPIOE Ciltb HA ATKLTIOeHpOC-
opan, axuil  ymosax peaxyii 6iopazy 63aeMo0ie 3 anb0e2ioom, ymeopioruu 8i0nogioni Henacuyeri kemonu. Lleti memoo
003607118 OMPUMAMY HU3KY 2I0POKCUXATKOHIB, NOXIOHUX OEH30KCA3UHOHY MA 2eMePOYUKTIUHUX AHANO02I8 XAKOHIS.

Has3eanuii memoo cunme3sy 0OHAK 8UABUECA HENPUOAIMHUM OISl CRONYK 3 YYMAUBUMU OO JYICHO20 2iOpPONi3y 2pynamu.
Y yvomy 6unaoxy 6uaunoce HeoOXiOHUM 3aCMOCYBAHHS NONEPEOHbO BUOLIEHUX 8 THOUBIOYATbHOMY CIAHT anKilioeHpoc-
¢opanis. Peaxyicto cmabinvhux gocgopiniois 3 arvoezioamu, uwjo Micmamy ecmeposi epynu, OmpumMano HU3Ky 3amiuye-
HUX XATKOHIB, 30KpeMa makux, uwjo MiCmsams ghpacmenmu npupooHUX CHOIYK — KYMApuny ma nipuouHKapooHo8Ux KUCIOM.

Knrouogi cnosa: xanxonu, anxinioengpocopanu, iniou, gpocghoniesi coni, peaxyis Bimmiea.
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WITTIG REACTION AS A PROMISING METHOD
OF THE CHALCONES OBTAINING

Chalcones, being the derivatives of 1,3-diphenylpropenone and its analogues are of interest primarily due to the wide
spectrum of their physiological activity. The therapeutic properties of a number of plant origin natural compounds
of this class caused an active preparation and investigation of their synthetic analogues. Particularly chalcones show
high anti-inflammatory, antibacterial and antiviral, as well as antitumor and antihyperglycemic activity. They are also
characterized by valuable optical properties, fluorescent by instance. Chalcones are also known as valuable intermediates
for the synthesis of other classes organic compounds, primarily heterocycles. A wide range of practically valuable
properties requires an active search for new ways of their synthesis. The Wittig reaction as a method for obtaining
chalcone derivatives has been known for a long time, but its capabilities and application options in this area have
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not been studied sufficiently. Current investigation aims to obtain new chalcones on the base of aldehydes containing
ester groups in their molecules as well as to study the possibility of phosphonium salts application as starting compounds,
without intermediate isolation of alkylidenephosphoranes. It have been found that phosphonium salts easily interact
with aldehydes in the presence of triethylamine, the action of the base converts the salt into alkylidenephosphorane,
which under reaction conditions immediately interacts with the aldehyde, forming the corresponding unsaturated ketones.
This method allowed to obtain a number of hydroxychalcones, benzoxazinone derivatives and heterocyclic analogues
of chalcones. However, the mentioned synthesis method have been found to be unavailable for compounds containing
sensitive to alkaline hydrolysis groups. In this case it turned out to be necessary to use alkylidenephosphoranes previously
isolated in an individual state. A number of substituted chalcones, particularly those containing fragments of natural
compounds — coumarin and pyridinecarboxylic acids — have been obtained by interaction of stable phosphorylides with

aldehydes containing ester groups.

Key words: chalcones, alkylidene phosphoranes, ylides, phosphonium salts, Wittig reaction.

AKTyaJbHiCTh NP00JeMH i aHAJI3 OCTAHHIX
aocaikenb i myouaikamiid. XamkoHW — MOXiTHI
1,3-nudeHinnponeHony Ta HOro aHajaoriB — mpo-
TSTOM JIECATHIIITh MPHUBEPTAIOTh JO cebe yBary
XIMIKiB, (papMakoyoriB, TEXHOJOIIB 3 OISy Ha
YHIKaJIbHY PI3HOOIYHICTH iX IIHHUX BJIACTHBOC-
T€ 1 MOXIUBICTH MPAKTUYHOTO 3aCTOCYBaHHS
Y PI3HUX Tayry3sX MEAUIUHU, TEXHIKH, TPOMHCIO-
BOCTI TowIO. TepaneBTUYHE 3aCTOCYBaHHS XaJKoO-
HIB CATA€ JAJEKOr0 MUHYIIOTO 3aBISKH IX BMICTY
y JIKapChbKUX pOCIUHaX. 37aBHA BiJIOMI aHTUMi-
KpoOHi, TpoTH3amagbHi, NPOTUMAIAPIHHI, IMPO-
TUPAKOB1 BJIACTUBOCTI LbOTO Kjacy crnoiyk. Ha
CHOTOJIHI HE MIPUIHHSIOTHCS aKTUBHI JTOCITi KSHHS
(1310/10r1YHOT AKTMBHOCTI 1X CHHTETHMYHUX aHa-
JIOTiB, HU3KY SKUX yXKE€ CXBAJICHO JUIS KIIHIYHOTO
BUKOpucTaHHs. Hanpuknan, wmertoxankoH Oys
BIIPOBQ/KCHUH HAa PUHOK SIK >KOBYOT1HHUH mpe-
napar, co()aJKkoH BUKOPUCTOBYBABCS SIK MPOTUBU-
pa3koBuil Ta MyKonpoTekTopHui 3aci6 (Zhuang C.
et al., 2017).

[IpupoqHUM 1 CHHTETHYHUM XaJKOHAM TIPH-
TaMaHHa BHMCOKa TpOTU3aNalbHAa AKTUBHICTD
(Mahapatra D. K. et al., 2017), BOHU BUSBISIOTH
Tako)X BHUpaxeHy aHTuOakrtepiaibHy (Dan W,
Dai J., 2020) ta antuBipycny (Elkhalifa D. et al.,
2021) piro. AxTUnpomidepaTuBHAa AKTUBHICTD
JeIKUX XaJKOHIB pPOOWUTh MEPCHEKTUBHUM iX
JOCHI/DKEHHST K NPOTUIYXJIMHHUX Tpernaparis
(Santos M.B. et al., 2017, Yang J. et al., 2023).
Jlanuii kjac CHOJYK TaKoX Ma€ MOTEeHLIan Ul
BUKOPHUCTAHHS y JIKyBaHHI I[yKpOBOTO mia0ery
3aBSKU CBOIH aHTUTIMEPIIIIKEMIYHIN aKTUBHOCTI
(AcharjeeS. etal.,2018), a Takox y Tepartii XBopoou
[Napkincona (Krdlicka E., Kie¢-Kononowicz K.,
Lazewska D., 2022).

MOXIIMBOCTI MPAaKTUYHOTO 3aCTOCYBAHHS Xall-
KOHIB HE OOMEXYIOThCS iX OlOJOTIYHOIO aKTHB-
HicTI0. ONTHYHI BJACTHBOCTI JJAHUX CIIONYK, Ha
BIIMIHY BiA (hapMakoIOTIYHMX, MMOYAIM aKTHBHO
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BUBUATHCh TOPIBHSHO  HemaBHO. llokazaHo
(Song D.-M., Jung K.-H., 2003), mio nomiimiam,
MO (IKOBaHI 3aJTUIITKAMH XaJIKOHIB Y POJIi O19HUX
JAHLIIOTIB, MOXYTh BHUKOPUCTOBYBaTuUCh y (OTO-
BUPIBHIOBAJILHOMY TIapi PIAKOKPUCTAIYHUX JTHC-
rieiB. HasBHICTh CHpsKEHOT CHCTEMU EJeKTpPO-
HOZOHOPHOT Ta EJIEeKTPOHOAKLENTOPHOI TpyIl
y TOE€IHAHHI 3 ApPOMATUYHUMHU IUKJIAMHU HaJa€
iM ¢QayopecueHTHHX BIacTUBOCTEH. 30Kpema.
XaJIKOHM, 10 MicTATh N,N-IHUMeTUIaMiHOTPYILY,
JOCITI/DKYBAIMCh Y PO (IIyOpEeCIeHTHUX IIir-
MEHTIB Y MEIMYHUX 1 KIHIYHHUX JOCIiIKEHHSIX
(Mellado M. et al., 2023).

3’4COBaHO, L0 XAJIKOHH MOXYTb 3aCTOCOBY-
BaTHCh B poJi iHimiaropiB doTononimepusarii
(Ibrahim-Ouali M., Dumur F., 2021), npudomy
3/IaTHI BUKOHYBATH IO (DYHKIIIO MPH MOPIBHSHO
HU3bKHX PIBHAX OCBITJIICHHS 1 IPH [T CBITIIa BUU-
MOro fiama3ony. I, 3pemToro, JaHuii Kiiac CHoIyK
MO€ IIUPOKO BUKOPHCTOBYBATUCH B OPTraHIYHOMY
CUHTE31, TIepeayCiM /Il OTPUMAHHS PI3HOMaHIT-
HUX T€TePOLUKIIYHUX CHOIYK, OCOOIMBO I STH-
Ta MIECTUWICHHUX TeTEePOIMKIIIB. XaIKOHN MOXKHA
BBa)KaTH OJIHUMU 3 HAHKOPUCHIIINX, JIETKOJAOCTYII-
HUX TPOMDKHHUX TPOAYKTIB Y TeTEPOIUKIIIHOMY
cunte3i (Nayak Y.N., Gaonkar S.L., Sabu M.,
2023). HasiBHa y MOJIEKyJIi CHCTeMa CIPSDKEHUX
3B’s13kiB C—=C T1a C=0 Mmae nBa enexTpodiabHi
peaxiiiiHi IeHTPH, 110 T03BOJISE iM OpaTh ydacTh
y peaKIIisiX MpreTHAHHS IUTSIXOM aTaKu KapOOHLTb-
HO1 Tpynu (npueaHanHs tuny 1,2) abo 3a ydacTio
-atoma KapOony (nmpueananns 1,4). Lle nae 3mory
CUHTE3yBaTH pI3HOMAHITHI TE€TePOIMKIIHU, Tep-
CIIEKTHBHI 3 OIVIsly Ha iX O10JIOTIYHY aKTHUBHICTb,
TaKHUX SK TIPOJIH, 1HIOJU, 130KCa30J1H, IMia30IIy,
Mipa3oiin, iHJIA30JIM, TPUA30JIU, TETPA30JIH, MpPH-
muHY Ta mipuMiguan (Albuquerque H. M. T. et al.,
2014).

3p03yMijio, IO HACTUILKH IMWPOKHHA JTiara3oH
NPaKTUYHOTO 3aCTOCYBaHHS CIIONYK JIAHOTO KJIACy
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CTIIOHYKa€ JI0 TOUIYKY YyC€ HOBUX 1 €(eKTHBHHUX
METONIB iX CHHTe3y. 3arajpbHO BIJJOMHUM 1 Haii-
OUTBIIT IIMPOKO BXXKUBAHUM 3aBISIKU CBOIN MPOCTOTI
€ METOJI, 110 MOJITa€E Ha KIISH3EHIBChbKIM KOH/EH-
caii aJpIerigiB i3 3aMileHUMA TOXITHUMH are-
To()eHOHY B yMOBaX JY»KHOTO KaTaizy.

Ar—CHO + CH;—CO—Ar —
— Ar'—CH=CH—CO—Ar + H,0

Ile#i meTom, ogHAK, HE MOXKE BBAKATUCH YHIi-
BEpCAIbHUM, OCKIIBKM BiH HE MM030aBiIeHUN
MEBHUX OOMEXeHb. 30KpeMa, CHILHOOCHOBHE
CEepE/IOBUILE MEePEHIKO/KAE 3aCTOCYBAHHIO B PO
peareHTiB CIOMYK, IO MICTATh €CTepHI YH IHIITI
TPyIH, MO0 B TaKUX yMOBaX MiJIAtOThCS TiJIpo-
mizy. OkpiM TOTO, HEIOJIIKOM JaHO1 peakilii BBa-
’KaeThbCs 11 HU3bKA MIBUKICTD, 1[0 BUMAra€e iIHKOJIM
JICKIJTbKOX JIHIB JJIs1 3aBEPIICHHS TIporiecy. B nes-
KUX BUIAJKaX MOXJIMBI TaKOX IMOOIYHI peaxilii,
o 3HWKYIOTh BuXin mponaykry (Gaonkar L.S.,
Vignesh U.N., 2017). Hdesxi inmi metoau (peax-
mist Cymsyki, peakiist ['eka) BUMararoth CKIaJHAX
YMOB, 30KpeMa, 3aCTOCYBaHHs TaJaJieBUX YU
pomnieBux katamizaropiB (Hermange P. et al, 2011).

Cepen iHITUX METOAIB OTPUMAHHS 3aMIiIIEHUX
XaJIKOHIB y (paxoBiif JIiTepaTypi 3raay€eThCsl TAKOK
peakiist Bitrira, mo mossrae Ha B3a€MOJII ajKi-
migerdocdopaniB (pochopinimiB) 3 aabaeriTaMu.
Y naHoMy BHITaJIKy 3aCTOCOBY€EThCS (pocdopaH, 1o
MictuTh KeToHHY rpymy (C¢Hs);P—CH—CO—Ar,
1 apOMaTUYHUI aJIbJIET1]I.

Ar'—CHO + (C¢Hy);P—CO—Ar —>
— Ar'—CH=CH—CO—Ar + (C;H;);PO

Ilepmmri 3ragkum mpo  3acTOCYBaHHS —peakiii
Birrtira nns onepaHHsA XaJIKOHY JaTyIOThCS LIe
60-Mu poxkamu MuHyJoro ctomiTts (Bestmann H. J.,
Arnason B., 1962). 3 Toro yacy auiie y Hebararbox
myOJTiKamisgx HaBOAATHCS JJaHi PO IF0 PEAKIIIo K
Metoa cuHTtedy xaikoHiB (Farooq S., Ngaini Z.,
2019; Donaire-Arias A. et al., 2023), BoHu cro-
CYIOThCSl TPAAMLIAHUX METONUMK 1 HE BHOCSTH
Yy METOJl ICTOTHOI HOBW3HHU 332 OKPEMUMH BHHST-
KaMu (HampuKiaj, 3aCTOCYBaHHS MIKPOXBUIIbO-
BOTO BUIPOMIHIOBaHHS ISl MPUCKOPEHHS peakiii
(Xu C. et al., 1995). Buknukae moaus, YoMy Takui
MPOCTHUH 1 €PEKTUBHUN METOI OTPUMAHHS MTOJIBIH-
Horo 3B’s13ky C—C He AicTaB MIMPOKOTO 3aCTOCY-
BaHHS Y CHHTE31 apOMAaTHYHUX HEHACHUEHUX KETO-
HiB. MOXJIMBO, 1L1€ OB’ SI3aHO 3 TUM, L0 JAJIEKO HE
Bci ankinmigerdocdopanu € cTabiTbHIMA | MOXKYTh
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OyTH BHIUICHI B IHIUBIAyaJIbHOMY CTaHI IS
MO/IJIBIIIOT0 BHUKOPUCTAHHS B peakiii. OcTaHHIO
HEepeIIKoay MOXKHA Oyino O 1MomoiaTH, BUKOPUCTO-
BYIOUH SIK BUXIiJIHI crioinyku (ochoniei coui, sKi
B yMOBAX PEAKIIi1 IMiJ1 JI€F0 OCHOB IIEPETBOPIOIOTHCS
Ha UT114, 110 BiJIpa3y BCTYMAIOTh Y PEAKIIIo 3 HasB-
HUM Yy peakIiiHii cymimri anpaerinoMm. Hatomicts
B3a€EMOJIIIO AJIBJETIAIB Oe3mocepeIHbo 31 CTabIb-
HuUMH (hochopaHamu MoxHA Oyno O 3acTOCyBaTH
SK M SIKUI METOJI TIPY B3a€MOJIIi peareHTiB, 4y TJIu-
BUX JIO JTY’KHOTO CepEeIOBUIIIA.

Merta pociaimxennsi. Metoro pobotu Oyno
oJIep>KaHHS HOBHX XaJIKOHIB Ha OCHOBI aJIbJICTi/iB,
IO MICTATh y CKJIaJli MOJIGKYJIU €CTEpHi TpyIH,
a TaKoXX BHBYCHHS MOXIUBOCTI BUKOPHCTAHHS
docdonieBUX conel SIK BUXITHUX CIONYK, 0Oe3
MPOMDKHOTO  BHJIUICHHS — ajkimigeHdocdopanis
y BUIBHOMY CTaHI.

Oo0roBopennsi pe3yiabrariB. Jlns cuHTE3y
HOBHX XaJIKOHIB MU BUKOPHCTOBYBaIH (PoCHOHI€BI
COJIi, OfIep KaHi B3aEMOJIIEI0 BIAMOBITHUX Tajiore-
HOKETOHIB 3 Tpudeninpochinom:

+
Ar—C-CHyHal+ PhyP —> | Ar—C-CH,-PPh; | Hal
0 0

Peakmis BigOyBaeTbcsi B M’SKHX YMOBax:
y BUNAAKY OpOMOIIOXITHUX — IPU KIMHATHINA TeM-
neparypi, 3acCTOCYBaHHA  XJIOpOAleTO()EHOHIB
BUMarae HarpiBaHHs PEakIiifHOTO PO3UMHY MPOTSI-
rom ~30xB. Peakriito 3pydHO MPOBOAUTH y MAJIOTIO-
JSIPHUX PO3YMHHHUKAX (OCH3EH, TONYCH), Y I[bOMY
BUIIQJIKy YTBOpEHa Cilb BUmagae B ocaa. Otpu-
MaHi (ochOHI€EBI COM JIETKO B3a€EMOJIIOThH 3 allb-
JIETiIaMU, peakKilis BimOyBa€ThCs TPHU KHIT ATIHHI
B CIIMPTOBOMY PO3YHHI Y MPUCYTHOCTI HEBEIHKOTO
HAUTMIIKY TPUETUIAMIHY, IPH [[bOMY /il OCHOBH
MEPETBOPIOE CUIb Ha alKiligeHpocopaH, SKHii
BiJIpa3y BCTyIa€ B PEAKINIO 3 albJETiIOM, yTBO-
PIOIOUH BiJIMOBIIHI HEHACUYECH]I KETOHH.

3a UM METOIOM MU OJepXKasld, 30KpeMma,
noxigHi comi (1) — rigpokcuxaikoHu (2-5), mo
3aBIsKNA CBOiK (peHONBHINA (QYHKITT MOXYTh OyTH
IIKaBUMHU 3 OIVISAY Ha iX MOXJIMBY O10JIOT14HY
AKTHBHICTb.

VY nesikux poOorax s nepeTBopeHHs hochoHi-
€BUX COJICH y UJTiJM BAKOPHUCTOBYBAIIUCH TaKi CHIIbHI
OCHOBH, SIK JIKOTOJISITH YW HABITh JITIHOpPraHivHi
CHONMyKd. Mu 3’sCyBajm, 10 y 3rajaHid peaxiii
IIJIKOM JIOCTaTHRO BUKOPHCTOBYBAaTH TpHETHUIIA-
MiH, SIKUH € Habarato 3py4YHIIINM Yy BUKOPUCTAHHI,
OCKIJIbKY, Ha BiJIMiHY Bijl 3raJlaHUX pEarcHTiB, HE
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BHMAarae 3acTOCyBaHHs OCOOIMBUX YMOB (Cyxi
PO3YMHHMKH YW HaBiTh iHEpTHa armocdepa). Ak
PO3YMHHHKH B PEaKIil 3py4YHO BHKOPHCTOBYBATH
HWOKYl CITUPTH (€TaHOJ, 2-TIPOTAHOIM), OCKLIBKH
B HHX JIETKO PO3YMHSETHCSA BHXiAHA (PocdoHieBi
ClJIb, a IPOIYKTHU peaKilii BUMAAIOTh B OCA/I.

AHAJIOTIYHUM YUHOM 3 apOMATUYHUMHU ajlb-
JeTimaMu pearytoth iHmn QocdoHieBi coi, Mo
MICTSTh KeTOHHMI (parment. Hampuxman, BHKO-
puctanss docdonieBoi comi (6) — MOXiAHOI TiO-
(deHy mano 3MOry OTPUMATH TI'eTePOLUKITIYHHIMA
aHayior XanmkoHy — 1-(2-tieHin)-3-(2-rigpokcu-5-
HiTpoeHi)nporeHoH (7).

[{ikaBrM € TaKoXK OfIepyKaHHS XaJIKOHIB — TIOXiJI-
HUX OEH30KCa3UHOHY, CHHTE3 IKUX y>Ke OyB OITUCaHUI

O,N CHO
-
OH
H (0}
O N
\T\ CHCI +ppp —
o)

+ Ar-CHO

OH
- A cH:CH-CO—@
- PiPO
P OH
H
@(C o Te
cl . N

1
SGHIN o CH=CH-C /)
- (CyHs)3NeHCl \ij( S
OH 7

H (0]
0
TNﬁCH2—§h3P cr
O 8
+(C,Hs);N
s, \‘[ ﬁCH ca—@

panimie (JIuctean, 2023). ®ocdoniesa cinb (8) Oyna
OTpUMaHa HaMHU Ha OCHOBI 6-xiopoaneTtui-2H-1,4-
OeHzokcasuH-3(4H)-oHa — XJIOPOKETOHA, IO Mic-
THTH GEH30KCAa3MHOHOBHMII MK Moro B3aemois
3 TpudeninpocdiHoM MPU3BOAUTH O YTBOPEHHS
BIAMOBITHOT ochOHIEBOT COIIi:

Peakuis Birrira comi (8) 3 apoMaTmuHUMH
aNbJeTiIaMyd JTO3BOJISIE OTPUMYBaTH HEHACHYCHI
KETOHHM, IO MICTITh OCH30KCAa3MHOHOBHUI LMK,
Hanpukiana, 1-(4H-1,4-6eH30kca3uH-2-0H-6-111)-3-
(2-ryapoxcu-4-airpodenisn)nponeHoH (9):

Cuextp [IMP cnonyku (9) naBeaeHo Ha puc. 1.
Curnanu amiQaruyHUX NPOTOHIB TpPU TOJIBIH-
HOMY 3B’SI3Ky 3CYHYTiI B 00JacTh CIIAOKOTO ITOJIS
(6.8-7.1 m.u.).

(C2H5)3N'HC1

H 0 HO,
N
O\\[ ﬁcmca@
0 NO, g §
3 < A
o [/ ~
P
! J L»-J»/J " J L‘M
. v 1|0 R T . é T 1 é T v T £_~

Puc. 1. Cnexrp IIMP 1-(4H-1,4-6eH30Kkca3uH-2-0H-6-i11)-3-(2-rynpokcu-4-HiTpodeHin)nponeHony
(300MTI'y, IMCO-D6)
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Peakuist BinOyBa€eThCsl y CIMPTOBOMY PO3YMHI,
B pOJIi OCHOBH BUKOPHCTOBYBaBCS TPHUETHIIAMIH.
MoxkHa 3aCTOCOBYBaTM TaKOXX BOJHUN PO3YHH
NaOH (nBodasna cucrema).

Xoua onrcaHuii MeTo/1 CuHTe3y (0e3 MPOMIKHOTO
BUJIUICHHS JIKiTiIeH(Oochopany) € IPOCTUM 1 3pyd-
HUM, BiH BUSIBUBCSI HENIPHJIATHUM ISl ICSIKMX CHH-
TE30BaHUX HAMHU AJBJCTINIB, 110 MICTATH €CTEpHi
TpYIH, 5K T1APOMI3YIOTH B OCHOBHOMY CEPEIOBHILIL.
VY nux BHIaIKax MPOMAYKTH peakilii abo yTBOproBa-
JMCh 3 HE3HAYHUM BUXOJOM, a00 B iX MOJEKyiax
Oy/y BIJICYTHI XapaKTepHi JUIsl BUXITHHUX aJIbJIeTi-
niB O-apoinbHi pparMeHTH, 1o Oyio MiATBEPAKEHO
naanmu  [IMP-cniektpockomii.  Peakitisi  Birrira
3 IMMH aJbJCTiIaMi MOXIIMBA 32 YMOBHU 3aCTOCY-
BaHHS TOTIEPEIHBO BHUIUICHUX B 1HIWBIIyaTbHOMY
craHi ankimigeHdocdopaHiB. Y aaHOMY BUIAIKY
1€ HE CTBOPIOBAJIO TPYIHOIIIB, OCKUJTBKH BiIITOBI THI
UIiaM € cTaOUIBHUMH 3aBISIKU HAsIBHOCTI B iX MoJIe-
KyJ1ax eJIeKTPOHOAKIIENTOPHUX KapOOHLIBHUX TPYIL.

®ochopanu (10-12) orpumyBanu 3 BIIIOBII-
HUX (GOCHOHIEBHUX COJICH HI€F0 JIYTY Ha iX CIUPTOBI
PO3YMHH.

/
7, PhyP=CH- CO

H3CO

Cfrk @ + Ph3FCHC
Br
@I“\ © Br

52
7847

+NaOH
Ar—C-CHy-PPhy | Hal —— = Ar— C-CH=PPhy
I - NaHal, -H,0 S
(10-12)

neAr = CgHs (10),4-Br-CgH, (11), 4-Cl-CgHy (12)

Orpumani TiAM  JIETKO  B3a€EMOJIIOTH
3 aJbJeriJlaMy, YTBOPIOIOYH BIIIOBIIHI 3aMi-
meHi XankoHu. Tak, Harpukiaj, 3-MeToKCH-4-(3-
HITpO(EHIJTOKCUKapOOH1T)OCH3IBIETIT  B3a€EMO-
nie 3 docdopinigom (10) mpu narpisanui B CCly
MPOTATOM ~3T0J1 3 YTBOPEHHSIM npoaykty (13).

®docdopan (11), B3aemogiroun 3 (2-hopminde-
HUT)KyMapuH-3-KapOOKCHJIATOM TIpW  HarpiBaHHI
y xs0poopmi, yTBOpro€ rponykt (15), 1o moegaye
y MOJICKYJi (pparMeHT XaJIKOHY 1 MPHPOIHOI CHO-
JyKHU — KyMapHHY, 1110 MOXe OyTH IIKaBUM 00’ €KTOM
IUT TOCIIKEHHS 010JI0TYHOT aKTHBHOCTI.

[i cmexrp IIMP HaBeneno Ha puc. 2.

[lepcrieKTHBHUMH 3 OISy Ha MOTEHIHHY
010JI0T1YHY AKTUBHICTb MOXYTbh TaKOX BHSBH-
Tich xankoHu (16—18), orpumani B3aemomi€ero
TpudeHin(4-xmopoodenzoin)meruncadocdo-
paHy 3 aJpJeriiaMu, Mo MICTATh (parMeHTH
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HIKOTMHOBOT Ta 130HIKOTHHOBOI KHUCJIOT. [Ipo-

nykt (16—18) yTBOPIOIOTHCS 3 TAPHUM BUXOIOM

NP HarpiBaHHI BIAMOBITHUX aJBJCTI/IIB 3 aJIKiJi-

neHdochopaHoM MPOTATOM 3 TOI y TETPaXJIOpo-

BEIEHOT

Crektp [IMP oxHoro 3 npoaykriB peakirii (16)
HaBeJICHO Ha puc. 3.
BucHoBku. TakuM 4HMHOM, B PE3yJIbTaTi MPO-
po6OTH TOKa3aHO TMEepPCHEeKTUBHICTh

MeETaHi. 3aCTOCYBaHHs peakiii Birrira mis omep:kaHHS
Tabmui 1
Di3zuKo-XiMiYHI XapaKTePUCTUKH OIePKAHUX CIIOJIYK

Ne em. Bpyrro-dhopmyna M., Buxin, % T ., °C
1 C,6H,,C10,P 448.9 90 205-210
2 C,sH,,NO, 301.2 78 154-157
3 C,5H,,05 272.3 48 245
4 C,sH,,CL0; 309.1 67 204-206
5 C,sH,,NO; 2533 68 241-243
6 C,,H,,BrOSP 467.4 45 247-249
7 C,;H,NO,S 2753 71 189-191
8 C,sH,;CINO,P 487.8 93 196
9 C,7H,N,O4 340.4 59 270 (po3ki)
10 C,;H,;0,P 410.4 71 120-122
11 C,,H,,0,PBr 489.4 59 161-165
12 C,,H,,0,PCl 4449 72 197-199
13 C,3H,,NOg 403.4 85 135-136
15 C,sH; 405 396.4 63 105-110
16 C,,H,,CINO, 363.8 72 168-170
17 C,,H,,CINO, 363.8 80 145-146
18 C,,H,,CINO; 363.8 62 195

14
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HOBHUX 3aMIIICHUX MOX1THUX XaJKOHIB, OTPUMaHO
HU3KY HOBHX apOMAaTHYHHX O, [3-HCHACHUYCHUX
apOMAaTUYHUX KETOHIB, y TOMY YHCII TaKUX, IO
MICTSITh T€TEPOLUUKIIUHI (hparMeHTH. 3’ ICOBAHO,
o y 6ararbox BUIAJKax 3aMiCTh aJKiiIeH(oc-
(dbopaHy B peaxiiito 3 aJIbIETiIOM MOXHA BBOIUTH
BUXiMHY (ocdoHieBy Cijab, yHUKHYBIIH CTa-
nii BUIIEHHS BIJAMOBIAHOTO UTiAY y BUIBHOMY

craHi. HaToMicTh I OJepI)KaHHS XaJIKOHIB,
0 MICTSITh €CTepoBi (parMeHTH, JaHWH IIiJI-
XiJl BUSIBUBCS HENPUIATHUM Yepe3 MOXKIUBICTbH
TipOJi3y TaKUX I'PYI B OCHOBHOMY CEpPEOBHUIII.
BuxopucTtaHHs BUXIZHHX CIOJYK 3 TaKHUMH
(GyHKIIOHATBHUMHU TpylaMyd BHMAarae 3acTocy-
BaHHs B peakilii MmonepeaHbo BUALICHOTO alKi-
nigeHndocopany.
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Biomiorpagiunnii omuc crarri: Pizak, . (2025). ocmimkeHHs: 3B’S3Ky MK (QYHKI[IOHATBHUMHU
rpynamu 2,4-miokco- Tta 4-iMiHO-2-0Kc0-3-¢enin-5-R-6-R-tieno[2,3-d|nipumiauniB Ta iX 01070Tr14HOIO
aKTUBHICTIO. [Ipoonemu ximii ma cmanozo pozeumxy, 2, 17-25, doi: https://doi.org/10.32782/pcsd-2025-2-3

JOCIIIKEHHA 3B’ A3KY MIZK ®YHKINIOHAJIBHUMHU I'PYITAMHU
2,4-TIOKCO- TA 4-IMIHO-2-OKCO-3-®EHIJI-5-R-6-R-TIEHO[2,3-d| IITPUMI/IUHIB
TA IX BIOJIOTTYHOIO AKTUBHICTIO

[lonynapricms 3acmocysants OiypemuyHux 3acodig y CyuacHitl MeOUyuHi ma ix Hedoniku 3yMOBIIONb NOUWYK HOBUX
CHONYK, W0 NpoAsnAlomy Yo akmusuicmv. He 36adicarouu na nosagy y cucmemi oXoponu 300p08’s HOBUX Npenapamie
OiypemuuHoi cnpamosarocmi 0ii, cymmeei npobnemu, wjo nog a3ami, @ nepuLy uepey, 3 eneKmporimuiHUMU NOpyuleHHAMU,
auwaromscs Hesupiwenumu. Jlogedeno Oiypemuuny Oito 2-ank(ayun)oxcu-4-oxkco-3-genin-5-R-6- R’-mieno[2,3-d]-ni-
PpumiouHia (30xkpema, 2-emoxcu-4-oxco-3-gpenin-5,6- mpumemunenomieno/2,3-dnipumiouny ma n-2-ayemoxcu-4-oxco-
3-penin-5,6- oumemunmieno[2,3-d]nipumiouny) ma eusnaueno, 8 yeti dce wac enache Oas noxionHux 2,4-diokco- ma
4-imino-2-0xco-3-enin-5-R-6-R-mieno[2, 3-d[nipumiounie ne 6cmanosneno 38 30k «ximiuna 6y00ea — 6ionociuna 0isy.
Mema pobomu — 6cmarnoenenis, 38 13Ky Midc (pyHKYionanbHuMu epynamu 2,4-0iokco- ma 4-imino-2-oxco-3-genin-5-R-6-
R-mieno[2,3-d[nipumiounie ma ix 6ionoeiunoio akmuenicmio. Memodonozis. Busnauenns oiypemuyunoi ma npomuzanais-
HOT akmugHOCmi npo8oOUIU iN VIvo, 8Uguaioll, 8i0N0GIOHO, 6NIUE CROIYK HA CEKPEMOpHY (hYHKYII0 HUPOK (peghepenc-npe-
napam 2inomiaszud) ma Ha 3MEeHWeHHs HAOPAKY HA MOOeNi Kape2eHino8020 HAbPIKY (peepenc-npenapam o1bmapeH).
TpomumixpoOry Oito eusuanu in vitro Ha My3etuHux wmamax mikpoopeawizmis. Hayrxosa nosusna. Bnepuie docniodceno
38’S130K Midc QYHKYIOHATbHUMUY 2pynamu Monekyn 2,4-0iokco- ma 4-imino-2-oxco-3-genin-5-R-6-R-mieno2,3-d]nipu-
MiOuHig ma ix 6i0102iuHO, 30Kpema Jiypemuyno, akmuericmio Bucnosku. Bcmanoeieno 3aKoHOMIpHICIb «hyHYio-
HAbHA epyna — 6ion02iuHa 0iay 0na noxionux 2,4-0iokco- ma 4-imino-2-okco-3-ghenin-5-R-6-R-mieno[2, 3-d[nipumiounie
8IOHOCHO OlypemuyHol, NPOMU3ANATLHOT Ma AHMUMIKPOOHOT 0ii. J[logedeHo nioguwyents 0iypemuyHoi akmueHOCHi OKco-
ma iMiHONOXiOHUX 3G HASIBHOCMI Y MONEKYIi MempamemuileHo8020 yepynosanns. B yeii vac nasgnicmo oumemunenogozo
paodixany y MoaeKyni OKCONOXiOHUX He3HAYHO KOPenoe 3 anmumikpobnoi dicio cnonyk. Ilepcnekmugy nooansuio2o euguen-
HA Yb020 pAJY CHOAVK AK nomeHyiunux ADI-0iypemurie MoHcIUB0 N8 A3amu 3 O0CHIOHCEHHAMU CROAYKU V — 4-imino-2-
0KCOo-3-¢henin-5,6-mpumemunenomicno-[2, 3-dJnipumiouny.

Kniouosi crosa: 2,4-diokco- ma 4-imino-2-okco-3-¢henin-5-R-6-R-micno[2,3-d[nipumiounu, ¢ynyionanvui epynu,
36’A30K 3 DION02TUHOIO AKMUBHICHIIO.
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INVESTIGATION OF THE RELATIONSHIP BETWEEN THE FUNCTIONAL
GROUPS OF 2,4-DIOXO0O- AND 4-IMINO-2-OX0-3-PHENYL-5-R-6-R-THIENO[2,3-d]
PYRIMIDINES AND THEIR BIOLOGICAL ACTIVITY

The popularity of diuretic agents in modern medicine and their disadvantages lead to the search for new compounds
with this activity. Despite the emergence of new diuretic drugs in the healthcare system, significant problems associated
primarily with electrolyte disorders remain unrvesolved. The diuretic effect of 2-alk(acyl)oxy-4-oxo-3-phenyl-5-R-6-
R’-thieno[2,3-d]-pyrimidines  (in  particular,  2-ethoxy-4-oxo-3-phenyl-35,6-trimethylenothieno/2,3-d|pyrimidine
and p-2-acetoxy-4-oxo-3-phenyl-35,6-dimethylthieno[2,3-d]pyrimidine) and determined, at the same time, thechemical
structure-biological action relationship has not been establishedfor the derivatives of 2,4-dioxo- and 4-imino-2-oxo-3-
phenyl-5-R-6-R-thieno[2,3-d]pyrimidines. The aim of this work is to establish the relationship between the functional
groups of 2,4-dioxo- and 4-imino-2-o0xo-3-phenyl-5-R-6-R-thieno[2,3-d]pyrimidines and their biological activity.
Methodology. The diuretic and anti-inflammatory activity was determined in vivo by studying, respectively, the effect
of compounds on renal secretory function (reference drug hypothiazide) and on edema reduction in the model of karegenin
edema (reference drug voltvren). The antimicrobial effect was studied in vitro on museum strains of microorganisms.
Scientific novelty. The relationship between the functional groups of 2,4-dioxo- and 4-imino-2-oxo-3-phenyl-5-R-6-
R-thieno[2,3-d[pyrimidines and their biological, in particular diuretic, activity was investigated for the first time.
The regularity of ‘functional group — biological action’for 2,4-dioxo- and 4-imino-2-oxo-3-phenyl-5-R-6-R-thieno|2,3-d]
pyrimidinederivativesin terms of diuretic, anti-inflammatory and antimicrobialactivity was established. An increase
in the diuretic activity of oxo- and imino-derivatives in the presence of a tetramethylene group in the molecule was
proved. At the same time, the presence of a dimethylene radical in the oxo-derivatives molecule slightly correlates with the
antimicrobial effect of the compounds. The prospect of further study of this series of compounds as potential API diuretics
may be related to the studies of compound V — 4-imino-2-oxo-3-phenyl-5,6-trimethylenothieno[2, 3-d[pyrimidine.

Key words: 2,4-dioxo- and 4-imino-2-oxo-3-phenyl-5-R-6-R-thieno[2,3-d]pyrimidines, functional groups, relationship
with biological activity.

IMocranoBka npo6Jemu. [Tonryk HOBHX 3ac00iB JlokazoBa MeguIMHA PEKOMEHJAYE TOCTiiHe
JIypeTU4HOI i € aKTyaJbHOIO 3a/1a4el0 Cy4acHOi  BUKOPUCTAHHS JIyPETHUKIB JIOASIM 3 PI3HUMH
OXOPOHH 3710poB’s. JliypeTHKu ChOTOJHI — I1e YacTO ~ 3aXBOPIOBAaHHSAMH, HaWyacTimie 3 apTepialib-
3aCTOCOBAHA IpyMa JIKapChKUX 3ac00iB. XIMIUHUI  HOIO TIMEPTEH3IEI0 Ta CEPILIEBOI0 HEAOCTATHICTIO
CKJIaJ] TIperapary 3yMOBIIO€ pi3Hi MexaHizmu nmii,  (bimeunpkwii i3 cmiBaBt., 2024, c. 139; MoxwuHa,
a TaKoX Pi3Hy i1 MBUAKICTH Ta TpUBaMicTh. Bimomo 2023, c¢. 139; Faris et al., 2002, ¢. 151; CymnpyH,
I’ SITh TPYII IyPETHKIB: Tia3uIHi, IETIbOBI, Kamii3- 2017, c. 68).

OepiraibHi, OCMOTHUYHI Ta KOMOIHOBAHI. Jlng niypeTuKiB BaKJIMBE PETEIbHE KOHTPOIIO-

OcranHi JOCHI[UKEHHS B LBOMY HAampsMKy  BaHHA Tepamii. ToMy o e MoXke MaTu cepiio3Hi
CBiUaTh MpO Te€, IO PO3pOOKa HOBHX IIypeTH-  HACIIJKHU — II€ B TIEPIILY Yepry, eIeKTPOJITHI MOpy-
KiB 3 OUIBII JIOCKOHAJIMMH XapaKTCPUCTHUKAMHU  IICHHS (TIMOKaTi€Mis, TIMOHATPIEMIs, TIMOKAJBITi-
(3MEHILIEHHSI YacTOTH CEYOBUIIYCKaHb, IIOKpa-  €Mis, TimomarHiemis). Lle Moxke 3ymoBioBaTH cep-
mIeHHS (I3WYHOTO CTaHy, 3HWKCHHS 4YacTOTH  HO3HI CeplieBi apUTMIi.

MOTPAIUISIHHS HA JIKApHSIHY KOWKY Ta 3MEHILICHHS Takok BKpail BaXJIMBE MPABWIBHE J03YBaHHS,
TPUBAJIOCTI CTAIIOHAPHOTO JIKyBaHHS, TONIO), TOMY IO HAWBaXJIMBINII HACTITKHA iX 3aCTOCY-
Hanpukiag Topaceminy (bimeubkuii i3 cmiBaBT.,  BaHHS — 1€ JOCSATHEHHS Ta yTPUMYBaHHS €yBO-

2024, c. 139) He BUpIMIYIOTH YCiX MPOOJIEM y XBO-  JIEMIYHOTO CTaHy NMPH BUKOPUCTAHHI HAWHMKIUX
pUX Ha XpOHIUHY CEpIeBY HEIOCTaTHICTh, TOOTO 103 aiyperukiB (Jlazapes, 2023, c. 6). Cporomani
CYTTEBO HE CHPUSIOTH IMOKPAIIEHHIO SKOCTI )KUTTS ~ LIMPOKO 3aCTOCOBYIOTHCS TaKi A1yPETHKH SIK Tio-
(bineupkuit, Cunopuyk, Ilerpunmu, Kasammesa, Tiasua Ta dypocemin. Ix memomikamu, okpim 3ra-
binenpkuii, boiiko, 2024). [lepeBakHO Ha3Haua-  JaHWX BHIIE, € PU3UK PO3BUTKY TIITOXJIOPEMIYHOTO
10Thb ypocemin (1o 87 % Bunazkis, 0,4 % — Topa-  ankanosy, rinepypuKeMii, 3aroCTpeHHs JaTeHTHOTO
cemin tay 10 % XBopuX 3aCTOCOBYIOTh KOMOIHAIlli  I[yKpOBOTO Aia0eTy, MoJarpu, JeHKoIeHii, ToIo.
niypetukiB (Moxuna, 2023, c. 139). B Toii xe yac OnTtumizaiii AlypeTH4HOI Teparii MpHaLIs-
(Faris et al., 2002, c. 151) mopiBHSHHS 1ii METILO-  €ThCSA HEJAOCTATHHO YBaru, HalJacTillle XapakTe-
BUX JIIypPETHKIB 3 IHIIUMU Tpenaparamu (iHri0iTo-  pU3yrOTh JHie oguH npenapart. Kpim toro, Bigomi
pamu AII®D, ibonaMiHOM, TUTOKCHHOM) MOKA3aJl0  BUMAJKH BUHUKHEHHS PE3UCTEHTHOCTI MaIli€HTY
MOKpaIeHHs (Pi3UYHUX TOTESHIII XBOPUX HAa XpO- 70 JIYPETHUKiB, [0 € 3HAYHOIO KJIIHIYHOIO MpO-
HIYHY CepIeBY HEIOCTATHICTb. 61emoro.
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Ili 0coOMMBOCTI 3yMOBIIOIOTH AKTyalIbHICTh
NUTAHHSA IOUIyKYy IpenapariB AlypeTHYHOi Aii,
0COOMMBO B psaX HOBHX CHHTE30BAHUX CIIO-
ayk (Escudero et al., 2022; Ykpainens 3 ciBaBT.,
2027, c. 170; Drapak et al., 2021, c. 35; Ergena
et al., 2022). Ilpu upomy ckpiHiHr, mo 06a3y-
€ThCS Ha BU3HAYEHHI OlosoriyHoi mii € OomHUM
3 TpPaAMLIMIMNHUX MIIXOMIB 1O TOIIYKY HOBUX
NEPCHeKTUBHUX  OpraHiuHux cnoiayk (Map-
kunHa, 2017, c. 70), 30kpema i 3 yCTaHOBIIEH-
HAM  3aKOHOMIPHOCTI  «XiMi4Ha  OymoBa-Iis»
(T'omik 3 cmBaBr., 2018, c. 36). Bigomo mpo oxep-
XKaHHS  2-aik(ammi)okcu-4-okco-3-peHin-5-R-6-
R’-tieno[2,3-d]-nipuminuHiB (30Kkpema, 2-eTOKCH-
4-oxco-3-penin-5,6-  TpumetTmieHOTIEHO[2,3-d]
HiPUMIZMHY Ta n-2-aleToOKCU-4-0Kco-3-penin-5,6-
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mumeTunTieno[2,3-d|mipumianHy), 1m0  TPOsB-
JSIFOTh AlypeTUYHY aKTHBHICTh, L0 IIepeBakae
AKTUBHICTB TIOTia3H Ty IIPH TOMY, III0 TOCTPa TOK-
CHYHICTh HIKYa, T4 BCTAHOBJICHO IEBHI 3aKOHO-
MIPHOCTI iX 010JIOIrYHOT AKTUBHOCTI B 3QJICKHOCTI
BiJ Oy0BHU, 30KpeMa, HasBHICTh AJIKOKCH Ta alliiIb-
HUX 3aMICHUKIB B MOJICKYJIi IPU3BOIUTH IO TTiJIBHU-
HIeHHs JniypetndyHoro edekry. [lo pedi, cromykw,
II0 MPOSIBIISIOTH IIYPETUYHY 110, TAKOXK POSIBIIS-
10Th 1 npotuzananbHy (Pizax?, 2024, c. 32; Pi3ax,
2016, c. 225; Pizax’, 2024, c. 78).

Ane BnacHe g TOXigHMX 2,4-7110KCO- Ta
4-imMiHO-2-0KCc0-3-(eHnin-5-R-6-R-Tieno[2,3-d]
nipuminuHiB (popmynu — auB. puc. 1) Taky 3axo-
HOMIpHICTh HE BCTAHOBJECHO. TOoMy 3Ba)Karo4H
Ha MOXUIMBICTh 3aCTOCYBaHHS croiayk sk ADI
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Puc. 1 ®opmy.u cnoJiyK, o A0CHiZKYyBaJIH:
noxigHi 2,4-giokco-2-okco-3-penisn-5-R-6-R-rieno[2,3-d|nipuminuny:
A — cnoayka I (2,4-niokco-3-denin-5,6-numerniieHoTieHo[2,3-d|nipumiaun);
b - cnoayka 11 (2,4-niokco-3-¢penisi-5,6-rpumerniieHoTieHo[2,3-d|mipumigun);
B - cnoayka 111 (2,4-niokco-3-denin-5,6-rerpamerniieHorieno[2,3-d|mipumigun);
noxiaHi 4-iMmino-2-okco-3-¢enin-5-R-6-R-tieno[2,3-d|nipumigunis:
I' — cnoatyka IV (4-imiH0-2-0Kc0-3-(peHis1-5,6-TpuMeTHIeHOTIEHO-[2,3-d | mipuMinnH);
A — cnosryka V (4-imiHo-2-0kc0-3-(enin-5,6-rerpamerneHorieHo-[2,3-d|nipuminnn)
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(3BakarOuM Ha JOCTATHBO MPOCTHH IUIAX CUHTE3Y )
3 AlypeTUYHUM e(EeKTOM, MEePCIeKTHBHO BCTAHO-
BHTH 3B’ 130K MK XIMIYHOIO OyI0BOIO Ta 010JI0Ti4-
HOIO JII€I0 JTAHUX PEYOBHH.

Mera cTarTi — aHai3 3B’A3Ky MK (DYHKITIO-
HaJIbHUMH Tpynamu 2,4-miokco- Ta 4-imMiHO-2-
okco-3-penin-5-R-6-R-tieno[2,3-d]mipuminuHib
Ta X 610JIOTIYHOI0 aKTUBHICTIO.

3aBiaHHA cTATTI:

1. BuzHauuTu piBeHb TOKCHMYHOCTI IUISIXOM
BU3HaueHHs LDy.

2. BusHauuTu 1iypeTUUHY aKTUBHICTh Ta CIIIB-
CTaBUTH ii 3 OyZIOBOIO CUHTE30BaHUX CITOJIYK.

3. BctaHoBUTH MpOTH3allayIbHy Jdil0 Ta, 3a
YMOB HO3UTUBHUX PE3YJbTaTIB, 3B’SI3aTH IO IO
3 3aMICHUKAaMHU Y MOJIEKyJax.

4. BU3HAYUTH CHEKTP AHTUMIKPOOHOI aKTHB-
Hocti Ta MBK Ta choiBCTaBUTH Ii TMOKa3HUKH
3 OyIOBOIO CIOJNYK.

Marepiajau Ta MeToaun

OO0’ekTaMy  [NOCIHIKEHHS CTaJIM  MOXigHI
TieHo[2,3-d|mipumigunis: cnonyka [ (2,4-miokco-
3-denin-5,6-gumeTuncuorieno[2,3-dJmipu-
MiguH), cnonyka Il (2,4-miokco-3-denin-5,6-
TpuMeTHIeHOTIEHO[2,3-d|mipuminnH), criomyka [11
(2,4-niokco-3-dpeHin-5,6-TeTpaMeTUICHOTI-
€Ho[2,3-d]mipuminun), cnomyka IV (4-imiHO-
2-0kco-3-(penin-5,6-tpumerunenorieno[2,3-d]
MmipuMianH), cionyka V (4-iMiHo-2-0kco-3-heHi-
5,6-TeTpameTnieHoTieno|2,3-d|nipumiaun).

Meronuka BH3HAYEHHS TOCTPOi TOKCHYHOCTI.
T'ocTpy TOKCHYHICTH JOCIHIIXKYBaHUX CHOJYK IPO-
BOIMJIM EKCIIPEC-METOIOM BH3HAYEHHS CEpeIHbO-
cmeprenbHux 1103 (LDs) XiMiyaux pedoBuH (J{oxiti-
HIYHI JTOCITIPKSHHS JIIKapChKUX 3aco0iB, 2001).

Mertoayika BU3HAYCHHSI JIYPETUYHOT aKTHB-
HOCTI. JI711 BCTaHOBIIGHHSI CEYOTIHHOI (AlypeTHd-
HOT) aKTHUBHOCTI JOCITI/DKYBAaHHUX CIIOJIYK OyIo
oOpaHo ©Oe3mopoaHi Ol IIypH-CaMIli  Baroro
200-250 r. B xoxxHi# cepii AOCII/IB 1100 BIUIUBY
CIIOJIyK Ha CEKPETOpHY (DYHKIIIF0 HUPOK BHKOPHUC-
TaHO rpyny o 5 TBapuH. CHOIyKH CyCHEHIy-
BaJM y BOJI Ta crabumizyBanu TBIHOM-80. Takum
cTabUTi30BaHUI CYCIICHIOBAaHUI PO3UYMH BBOIWIIH
IIypaM BHYTPIIIHBOIUTYHKOBO 3a JIOTIOMOTOO
CIIEIBHOTO 30HAY. /103U CHOMyK, IO BUBYAJIM,
BinnoBimamu EJly, pedepenc-npemapary (rimori-
asuny — 40 mr/kr). [porarom 2-3 rox 25 tBapu-
HaM JI0 BOJHOTO HAaBaHTA)XEHHS HE J1aBaJIi BOIH Ta
kopmy. [lapanenbHO KOHTPOIBHI TOCII N 31 HCHIO-
BaJIM Ha TBapHMHAX B aHAJOTiYHUX yMmoBax. [licmis
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[bOTO TBAapUHAM Yy HUTYHOK 13 PO3paxyHKy 3 MiI
Boau/100 T mMacu OiMMX UIypiB MOJABaIM BOIHE
HaBaHTaKEHHS. TBapWHHM BMIIIyBaJIH JIO IHUBI-
IyaqTbHUX OOMIHHUX KJITOK, SIKI IMPHCTOCOBAHO
Jutst 30upanns cedi. O0’eM cedi, 0 yTBOPIOBaBCH,
BHUMIPIOBAJIM IIOTOJUHHO, MPOTIroM 4 roa. O0’em
ceui, 0 BUAUUIA TBAPUHH KOHTPOJIBHOI TPYIH,
BBaxkanu 3a 100 % (Cumopos, 1973).

Po3paxyHku AilypeTHUHOI aKTUBHOCTI 3/11HCHIO-
BaJIM 3a (pOpMyIIOL0:

Vo
'A=—-100,
A Vi

ne /[A — niypeTndHa aKTUBHICTB, B %; V0 — 00’ eM
cedi, BUIIJICHOI TBApUHAMHM JOCIIAHOI TPYITH, MIT,
Vk —00’em ceui, BUIITIEHOT TBAPUHAMU KOHTPOJIb-
HOI TPyIH, MIL

JliypeTruHa akTUBHICTb, 1110 BUPAXKAJIH Y BIJICO-
TKaXx 1 BU3Ha4aJa 34aTHICTh CIOIYK, 110 JOCITIIKY-
BaJIM, CTUMYJIIOBATU BUAUIBHY (PYHKIIIIO HUPOK.

Mertonnka BU3HAaYEHHS IPOTU3ANAIbHOI (aHTH-
excynatuBHoi) nii (Xamxkait, 1968). Oyno oOpano
MOZIeTIb KapareHiHOBOTO HAaOpSKY CTOMH MHIIEH.
Jlnst mocmiiiB BUKOPUCTOBYBAIHU 0111 MHIII Baroro
18-22 r SIx dnorenHuit areHt 3actocoByBasu 1 %
PO3UMH KapareHiHy, 110 BUKJIUKaB rocTpe acer-
tryHe 3ananexHs. 0,05 M1 1boro po3urHy BBOAWIN
cybrutantapHo. Ilonepennpo (3a ToauHYy) MUIIAM
BBOJIMJIM TIEPOPATBHO CYCIHEH3II0 OCIIHKYBaHOT
cnoiyku. Yepes 3 roa TBapuUH BUBOJMIIN 3 TOCIITY
Ta Ha PiBHI Ta30CTETHOBUX CYII00IB aMIyTyBajH
HaOpsAKIl Ta HeHaOpsAKIl 3aaHl cronu. CHomykw,
10 BUBYAQJIM, BBOAWIM Yy BUIIAII CyCHeH3ii mpu
ctabinmizauii orpuManoi 3aBuci TBiHOM-80. Kontp-
OJIbHA TpyIa TBAPHH OJAEP)KyBajla €KBIBAaJCHTHY
KUIBKICTh pO3uMHHMKA. [Ipemaparom mopiBHSIHHA
Oyno oOpaHo nuKIOpeHaK HaTpiro (BOJIBTApEH)
y 1031 3,8 MI/KT (7032 po3paxoBaHa y IepepaxyHKy
3 TepareBTUYHOI 03U JUIS JTIOMHU 32 JOTTOMOTOI0
koedimieHnta nepepaxyHky no3 3a 0. B. Pubo-
JIOBJIEBUM). AKTHUBHICTb JOCHIDKYBAaHUX PEUOBUH
BU3HAYAJIM 3a iX 3JaTHICTIO 3MEHIIyBaTH pPO3BU-
TOK HaOpsIKy B MOPIBHSIHHI 3 KOHTPOJIEM 1 BUpa-
JKaNM y BIJICOTKaX, Kl MOKa3yIOTh, HACKUIBKH IS
pEeYOBHHA TPHUTHIYYE PO3BUTOK KapareHiHOBOTO
HAOpsKy y MOpPIBHSAHHI 3 KOHTpOJIEM, /€ Belu-
yrHa HaOpsKy npuitmaersest 3a 100 %. [Ipo pos-
BUTOK HAOPSIKY CyIMIH 3a 30UIBLICHHSIM 00’ €My
CTONH, KU BUMIpIOBAJIM B TUHaMILI depe3 1, 2,
3,415 rog MexaHIYHIM OHKOMETPOM 3a METOJIOM
A. C. 3axapxeBcpkoro (Jlakun, 1990). Benmuunny
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HaOpsKy 0OYHCITIOBAJIH SIK PI3HHUIIIO 00’ €MIB 1HTAK-
THOI Ta 3amajJieHOi KIHIIBOK. AHTHEKCYJIaTUBHY
aKTHBHICTh CHHTE30BaHUX CIOJYK BH3HAuald 3a
CTyIIEHEM 3MEHIICHHS HaOpsKy y MiAIOCHITHUX
TBapWH MOPIBHSIHO 3 KOHTPOJILHUMH Ta BHPaKaIH
y BIICOTKAax 1 BU3HAYaJM 3[aTHICTh 3MEHIIYBaTH
HaOpsSKK y MiJJIOCTIIHUX TBapHH, TOPIBHSIHO
3 KOHTPOJILHUMH TBApUHAMHU.

[IpoTu3ananbHy (aHTHEKCYIAaTHBHY) Jil0 BBa-
AU SIK BIZICOTOK MPUTHIYEHHS HAOPSIKYy Ta 3/iH-
CHIOBAJI PO3paxyHOK 3a (hopmyroro 2.2:

VoV
Vk

ne IIA — mnporusananbHa (aHTHEKCYIAaTHBHA)
aKTUBHICTh Y %; ®V0 — pi3HUIM MK 3amane-
HOIO Ta HE3aIaJeHO0 KiHIIBKAMH B IOCIHIl, cM>;
®Vk — pi3HML MK 3alaJICHOI0 Ta HE3arajJeHOo
KiHI[IBKAMH B KOHTPOJI, CM>.

AHTUMIKpOOHY aKTUBHICTh CHHTE30BaHUX,
2,4-miokco- Ta 4-iMiHO-2-0KCO-3-(eHin-5-R-6-
R’-tieno[2,3-d]nipumiannis, npoBoauiau B jado-
paropii nporumikpoOHuX 3aco0iB Y «lHCTHTYT
Mikpo0iosnorii Ta imynomnorii im. 1. I. MeunukoBa
AMH Vkpaian» (3aB. nmaboparopii K. Mem. H.
Kasmipuyk B. B.) IIporumikpoOHy axTHBHICTbH
BHUBYAJIN N Vitro 13 3aCTOCYBaHHSM CTaHIapPTHOTO
Ha0Opy ETAIOHHUX TECT-IITAMIB SIK TPaMIIO3UTUB-
HUX Ta TpaMHeTaTUBHUX OakTepii (S. aureus ATCC
29213, 40 E. coli ATCC 25922, P. aeruginosa
ATCC 27853, B. subtilis ATCC 6633), mo Haie-
’KaTb J0 OCHOBHUX KIIHIYHO 3HAUyIIUX Tpyn
30yIHUKIB 1HQEKIIHHUX Ta THIHHO-3aMaIbHUX
3axBOproBaHb. [IpoTUrpuOKOBY 1it0 BHBYAJIM Ha
TECT-KYJIBTYpl JIpiKIDKOTOAiOHOTO Tpuba pomy
Candida — wmy3zeitnomy Tect-mitami C. albicans
ATCC 885-653. VYci Tecr-miTaMu  ONEpKaHO
3 Myseto mikpoopranizmiB Y «IMI im. 1. I. Meu-
HukoBa AMH VYkpainny. [TociBu 3 Mikpooprasis-
MaMH, 1110 BUBYAJIUCS, BATPUMYBAJIH B TEPMOCTATI
npu Temmeparypi 37 °C mporsrom 18-24 rom.
Pesynpratu BpaxoByBajM 3a BIJICYTHICTIO POCTY
B OCTaHHI# mpoOipIli, M0 BiAMOBIAA€ MiHIMATBHIH
iariOyBanpHii koHuentpauii (MIK). ns Busna-
YeHHsI MiHIMaJbHOI OaKTEpUIIMIHOI KOHIICHTpa-
uii (MBK) 3 1BoX-TpboX OCTaHHIX MPOOIPOK PsLy
snivicatoBay BrciB 0,1 M B wamku IleTpi 3 TBep-
JIUM TIO)KUBHUM CepeIoBUIIEM (M’ SICO-TIENTOHHUHN
arap, kpoB’sHuii arap Tomio). Ilicias 18-24 ron
iHKyOyBanHsi nipu Temmeparypi 37 °C BiaMivanu
MiHIMaJbHY KOHIIEHTpAIIif0, SIKa HE J1aBaja PoCTy

174 100,
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Ha arapi i Biamosigana 3aavenno MBK. Tlpu nipo-
BEJCHHI JOCTI/PKEHb BHUKOPHUCTOBYBAJIA OIHO-
000BI KyJIBTYpH MIKpOOpraHi3miB. Yci mocCiian
CYINIPOBOI)KYBAJIM  BIATIOBITHUMH  JOAATKOBHUMHU
KOHTPOJISIMH  SIKOCTI CEpPEeJOBHINA Ta YHUCTOTH
MIKpoOHOT KynbTypu. MikpoOHE HaBaHTaXECHHS
JI0 My3€WHHUX ITaMiB cTaHoBWIIO 5 x 10 KYO/mut.
SIK PO3YMHHUKH B JOCIIDKCHHSX BHKOPUCTAHO
JMCO; BuximHI pO3YMHH AOCITIIKYBAaHHX pPEYO-
BHH JIOBOJWIIM JIO KOHIeHTparii 1 mMr/ma. Mikpo-
CKOITIYHE JIOCIIDKSHHS TIPOBOIIN 11T MIKPOCKO-
oM «bionany npu 36iasmeHHi x100, X200, x400.

Buxiaa 0cHOBHOT0O MaTepiaJjty 10C/Ii/IsKeHHsI.
I[Tepi Hixk BUBUaTH 010JI0T1YHY AKTUBHICTh CUHTE-
30BaHMX CIOJYK, MPOBEICHO BU3HAUYEHHS TOCTPOI
TOKCHYHOCTI JUIsl 3’ SICYBaHHS MIEPCIICKTHB MO/IaJTb-
MIUX JIOCHI/DKEHb IMX PEeYoBUH B sikocTi ADI.
JocnigauM muisxoM noBeneHo, mo LDy, crmomyk
[-V, K npu BHYTPIIIHBOLILUTYHKOBOMY, TakK 1 MpH
BHYTPIITHROOUYEPEBUHHOMY BBEICHHI IMEPEBUILYE
5000 mr/kr. 3a knacudikamiero Cumopona (1973)
JOCIIKYBaHI CIOJIYKH MOXYTh OyTH BiJTHECEHI
JI0 TIPAKTHYHO HETOKCHYHUX. BiamosinHo, roctpa
TOKCHYHICTh pedepeHc-npenapariB J0piBHIOBaA:
JUTSI BA3HAYCHHS JIIypPEeTUIHOT aKTUBHOCTI — TTIOTI-
azuny LDsy = 1175 mr/kr.

AHami3 pe3ynbTariB  BUBYCHHS JIIypETHYHOI
akTUBHOCTI cnionyk -V (puc. 2) nmoka3zas, 110 cro-
nyku I, I, IV ta V B ymoBax BOIHOrO HaBaHTa-
YKEHHSI BUKJIMKAIOTh 301JIbIIICHHS BUALTHHOT (PYHKITT
HUpoK. CepenHs AlypeTHYHa aKTUBHICTH CIOYKH
I cranoBwmia 11, 25 %, npu 3amMiHi TUMETHICHOBOTO
3aMiCHHKA y 5,6-TI0JI0OKEHH] MOJIEKYJIH Ha TeTpaMe-
TUJICHOBHH — JIlypeTHyiHa aKTUBHICTb 3pOocTae B 1,5
pas3u Ta craHoBUTh A1 crionyku 11 17,09 %.

TpuMeTHIIeHOBE YIpyNOBaHHS, 10 Ma€ Micie
y OymoBi Mousekynu cronyku Il y moemHaHHI
3 2,4-TUOKCUCTPYKTYpPOIO TPHU3BEIO 10 €(EeKTy,
II0 MPOTHIICKHUH JIIypETUIHOMY.

[TopiBHAHO 3 OKcomoximHumu (cromyku | Ta
IIT) iminoanasoru (cronyku IV ta V) mpossuim
y 1,9-2,3 pa3u Bummii piBeHb AKTUBHOCTI.

[Tpu mepexomi 10 4-iMiHO-2-0KCO-3-eHiI-5-
R-6-R-Ttieno[2,3-dnipuMiguHiB  criocTepiraioch
MiJBUIICHHS PIBHSA JIypeTUYHOI aKTHBHOCTI Ha
piBHi 20,85 %—25,93 %.

TakuM  YMHOM,  cCIIOCTEpIraeTbesi — 301Tb-
IIEHHA JAlypeTW4yHoi mii SK A OKCO-, TakK
W g IMIHONIOXIHUX TIPU 3aMiHI paJuKaiy
y TOJOXKEHHI 5 Ta 6 MOJEKyJd Ha TeTpaMeTH-
neHoBHid. ToMy, 3 TOUKH 30py IIbOTO MOKa3HUKA
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Croomyxka [V I'imoTiasun

Hasga cnonyku

Puc. 2. /liypeTnuHa aKTUBHICTH JOCHIIKYBAHUX MOXiTHUX 2,4-110KC0-3-(peHiI-5-r-6-r-Tieno[2,3-d]
nipumiguHiB (croaykn I-III) Ta 4-imiH0-2-0Kc0-3-(penin-5-r-6-r-tieno|2,3-d|mipumigunis
(cnonyku IV Ta V) nopiBHsiHHO 3 rinoriazuaom

* Cepeons Oiypemuuna akmusHicmos, %

cnoiyka V (4-iMiHO-2-0kc0-3-(heHin-5,6-TeTpame-
TUJIEHOTi€HO[2,3-d|mipuMinnH) HalMepCHeKTHB-
HilIa TS MOJAJIBIINX JOCIIIKEHb.

Busnauennst mportusanansHoi Aii croayk I ta
IV nmoxkazano He3HauyHWH (B MOPIBHSIHHI 3 BOJIBTA-
PEHOM) aHTHEKCyIaTUBHUHN edekT, 110 OyB He3Ha-
YHO BUIIMHU [yt crionyku | (22,52 % anTHekcyna-
TUBHOI akTUBHOCTI 11pu 0,552 + 0,03 r 3MeHIeHHs
HaOpsKy) nmopiBHAHHO 31 crionykoro IV (18,06 %
aHTHEKCyIaTuBHOT akTuBHOCTI mpu 0,592 + 0,03 r
3MEHIIICHHS HA0PSKY).

IIpoBeneni  AOCHIKEHHS  AHTUMIKPOOHOI
Nl JTO3BOJIMUIM BCTAHOBHTH, IO iHTiOyBajibHA

22

KOHIIeHTpamis cronyk | Tta Il BiiHOCHO mITaMiB
IrpaMHETaTUBHUX Ta TPAMIIO3UTHBHUX MIKpPOOP-
ranismiB S. aureus ATCC 29213, E. coli ATCC
25922, P. aeruginosa ATCC 27853, B. subtilis
ATCC 6633, a Takox mTamy JIpiKIPKENoIiOHOTO
rpudka C. albicans ATCC 885-653 xonuBanach
y Mexax 50-100 wmkr/mu, a OakrepunmgHa —
50-200 mKr/mi.

Pesynmbrati  BCTaHOBJICHHS TPOTHMIKPOOHOT
AKTHUBHOCTI JOCIIX)KYBaHUX OKCOINOXIJHUX (cIIO-
ayk# I Ta II) cBiggars mpo Te, 1m0 0OHMBI CIIOTYKH
BUSIBWIIM TIOMIpHY 1HTiOyBajbHY Jil0 BIJHOCHO
mramy S. aureus ATCC 29213 y xoHneHTpauii
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50 mxr/mut. Bigrocuo mramis E. coli ATCC 25922
ta B. subtilis ATCC 6633 tinbku cnonyka I npos-
BHJIA TIOMIpPHY 1HTIOyBaJIbHY JIit0 y Till )K€ KOHIICH-
Tparii. Y Xoal MpoBEACHOrO AOCIIKCHHS BHUSIB-
seno, mo BigHocHo C. albicans ATCC 885-653
3HAYHA KUTBKICTh IO CIIKEHHUX crioyKa [ mposiBuna
(dyHricTaTn4YHy [it0 y KOHIEHTpamii 50 MKr/mi.
TakuM YMHOM, MOYKHA TIPUITYCTUTH, 1110 HASIBHICTD
JMMETUIIEHOBOTO YIPYIIOBAHHS Y 5,6-TI0I0XKEHHSX
MOJICKYJIU CIIPUSIE PO3IIUPEHHIO CIICKTPY aHTHUMi-
KpoOHOT 11ii Ha BiAMiHY BiJl BILTUBY TPHUMETHIICHO-
BOTO pajiKaiy.

CnabkumMu MicUSAMHU JOCTIIDKEHHS € HeIo-
CTaTHS CUCTEMHICTh TIPOBEJICHUX JIOCTiIIB.

MOXIMBUMH OOMEXEHHSIMH MOXYTh CTaTu
MOXJIMBI 3MIHM BUXOJY KIHIIEBOTO IPOAYKTY IPH
301IBIICHHI OOCSTIB pEarcHTiB Uil CHUHTE3y Ta
OYHMIIICHHSI OTPUMAHOI CIIOJTYKH.

[lepcnexkTBaMu  TOAANBIIUX  JOCIIIKECHb
€ Ourpmn mormOneHe Ta Oumbll pi3HOOIYHE
BHUBYCHHS CHOIYKH V — 4-iMiHO-2-0Kc0-3-(heHi-
5,6-tpuMeTuinenotieno[2,3-d|nipumiauny:
BUBYCHHS aHTUMIKpOOHOT Mii BIJHOCHO KJIi-
HIYHUX IITaMiB MiKpOOPTaHi3MiB, BH3HAYEHHS

NpOTH3aNaIbHOI Jii HA 1HIIUX MOJENAX (3MMO3a-
HOBHUI HAOPSIK, PEBMATOTAHUI apTPHT).

BucHoBKM i nepcneKTUBH MOAAIBIINX 10CJTi-
J’KeHb

1. Bnepme 3’scoBaHa Kopelsiis —XiMidHa
OymoBa — 0iloJOTiYHA AKTUBHICTH JJISI TOXITHUX
2,4-niokco- Ta 4-iMiHO-2-0KCO-3-(eHin-5-R-6-R-
TieHo[2,3-d|mipuMiguHiB.

2. BcTaHOBIEHO  3aKOHOMIPHICTh  «(YHIIi-
OHaNlbHA Tpymna OloJoriuHa is» I TOXiTHUX
2,4-niokco- Ta 4-iMiHO-2-0KcO-3-¢eHin-5-R-6-R-
TieHO[2,3-d|mipuMigUHIB BiIHOCHO [1ypeTHUYHOI,
MPOTH3aNIbHOT Ta aHTUMIKpOOHOT mii. JloBeneHo
MiBUINEHHS JlypeTUYHOi aKTUBHOCTI OKCO- Ta
IMIHOTIOX1THUX 33 HASBHOCTI Y MOJICKYJIi TeTpame-
TUJIEHOBOTO yTpyINoBaHHA. B 1eil yac HasBHICTH
JUMETHJICHOBOTO DPAaiKaly y MOJIEKYTl OKCOIO-
X1JIHUX HE3HAUYHO KOPEJO€ 3 aHTUMIKPOOHOT Ji€r0
CIIOJYK.

3. IlepcrnekTuBy NOJANBIIOIO BUBYEHHS L[BOTO
psaay cmoinyk sk mnorteHriiHuX A®I-nmiyperu-
KiB MOXIJIMBO TIOB’A3aTH 3 JOCHIKSHHSIMH CIIO-
ayku V — 4-imiHO0-2-0Kc0-3-(eHin-5,6-TpuMeTu-
neHotieno[2,3-d]mipumianny.
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REQUIREMENTS FOR WATER INTENDED FOR THE TECHNOLOGICAL
PRODUCTION OF BEVERAGES AND CONCENTRATES

During the study, the main requirements for drinking water quality were examined, including sanitary-chemical,
radiological, and epidemiological safety indicators. Various types of water and their qualitative characteristics were
analyzed. It was proven that the quality of drinking water plays a key role in producing safe food products, particularly
beverages and concentrates. Compliance with sanitary and hygienic standards ensures the minimization of health risks
for consumers, while the use of effective purification methods allows for the removal of undesirable impurities that
may affect the chemical composition and organoleptic properties of the final product. The application of methods such
as mechanical, chemical, biological, and physical purification contributes to maintaining the optimal mineral composition
of water, which is important not only for safety but also for enhancing the flavor characteristics of beverages. In addition,
regular monitoring of water quality at all stages of its use in the production process helps prevent potential contamination
and ensures the consistency of the final product’s characteristics.

Thus, strict compliance with drinking water quality standards, the implementation of modern purification technologies,
and the monitoring of all safety indicators are essential conditions for the production of high-quality beverages
and concentrates that meet high safety requirements and consumer demand.

Key words: sanitary and chemical indicators of drinking water quality, radiation indicators of drinking water safety,
organoleptic indicators, and epidemic safety indicators of drinking water, beverages, concentrates, and maximum
permissible concentration (MPC).
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BUMOTI'H IO BOJU, MIPU3HAYEHOI 10 BAKOPUCTAHHSA
IPU BUTOTOBJEHHI HAIIOIB TA KOHIIEHTPATIB

Y x00i 0ocrioxcenns Oyau pozensimymi 0CHOBHI uMo2U 00 AKOCII NUMHOL 600U, WO BKIIOUAIbG CAHIMAPHO-XIMIYHI,
padiayitini ma enidemiuni nokasHuxu oesneunocmi. Ilpoananizosarno pizHosuou 600u, ii axicui xapaxmepucmuxu. J{ose-
0€HO, o AKICMb NUMHOI 800U 8i0iepae KIOUO8Y POb V 8UPOOHUYMET De3NEUHUX XaPUO8UX NPOOYKMIE, 30KpeMa Hanoig
ma KoHyenmpamis. BionogioHicms caHimapHo-2ieieHIuHUM HOPMAM 2apanHmye MIHIMI3ayiio PpUsukie o 300p08’s cno-
JHCUBAi8, MoOi AK BUKOPUCIANHS eeKMUBHUX Memooie ouulyenHs 00380IAE YCYHYMU HeOAHCari OOMIWKU, AKI MOJICYMb
SNAUBAMU HA XIMIYHULL CKIAO MA OP2AHONENMUYHI 61ACMUBOCMI KiHYe80i NpodyKyii. 3acmocyéants makux memoois,
K Mexaniuna, Ximiuna, Oiono2iuna ma isuuHa ouucCmKa, CRpusic 30epelceHtio ONMUMATbHO20 MIHEPAIbHO20 CKAAOY
800U, WO € BANCTUBUM He Tuuie OJis Oesneku, a i Ol NOKPAUeHHs. CMAKOBUX Xapakmepucmux Hanoig. OKpiM ybozco, pe2y-
JIAPHULL KOHMPOIb AKOCMI 600U HA 6CIX emanax ii BUKOPUCHAHHA Y BUPOOHUYOMY NPOYeCci 00380IAE 3aN00I2Mu MONCTUBUM
3a0pyOHeHHamM ma 3a0e3nequmu cmadilbHiCmb XapaKmepucmuk Kinyegoeo npooyKmy.

Taxum yunom, cygope OOMPUMAHHA CMAHOAPMIE AKOCII NUMHOI 800U, BNPOBAOICEHHS CYUACHUX MEXHONO02IH 0Yll-
WenHs ma MOHIMOPUHe YCix NOKA3HUKIE Oe3neyHocmi € HeoOXiOHUMU YMOBAMU 0151 BUPOOHUYMBA AKICHUX HANOI8 Ma KOH-
YeHmpamis, o 8i0noei0aIoMs BUCOKUM BUMOAM DE3NEeKU MA CRONCUBHO20 HONUMY.

Knrouosi cnosa: canimapno — Ximiuni nokasHuku 0e3neyHocmi AKocmi numuoi 600U, padiayitini NOKAsHUKU de3ney-
HOCMI NUMHOI 800U, OPeAHONENMUYHI NOKASHUKU, NOKAHUKU eni0eMiyHoi Oe3neKu numHoi 600U, Hanoi, KOHYeHmpamu,
epanuuno oonycmuma kouyenmpayia (I /JK).

Relevance. The relevance of the research is  control. Their impact on the final characteristics
that water is one of the most important elements  of the products is analyzed, including organoleptic
of the environment. It plays a key role in the  properties, compliance with sanitary standards,
physiological processes of the human body and has  and stability of composition.
sanitary-hygienic, industrial, and epidemiological Analysis of key terms and requirements.
significance. The consumption of low-quality = Water used in the production of beverages and
water can lead to violations of the sanitary regime  concentrates must meet the requirements for
at enterprises, the production of substandard goods,  drinking water intended for human consumption.
as well as cause infectious diseases, food poisoning,  Since beverages and concentrates are food industry
helminth infections, and more (Andrusyshyna, products containing a significant amount of water,
2015). their quality directly affects the safety, organoleptic

Requirements for water used in the production  properties, and consumer characteristics of
of beverages and concentrates. The requirements  the final product. Drinking water intended for
for water used in the production of beverages and  human consumption must meet the following
concentrates correspond to the requirements for  hygienic requirements: it must be safe in terms
drinking water intended for human consumption.  of epidemiology and radiation, have favorable
Since beverages and concentrates are food products  organoleptic properties, and contain a harmless
in which water is the main component, it is  chemical composition.
important to examine these requirements in detail. For the production of drinking water, preference

Purpose of the article. The study of the shouldbe given to water from underground sources
requirements for water quality used in the ofdrinking water supply for the population, reliably
production of beverages and concentrates. In  protected from biological, chemical, and radiation
particular, the article examines sanitary-chemical, = contamination.
radiation, and epidemic safety indicators, as well The hygienic assessment ofthe safety and quality
as methods of water purification and quality of drinking water is conducted based on epidemic
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safety indicators. These include microbiological,
parasitological, sanitary-chemical, organoleptic,
physicochemical, sanitary-toxicological, and
radiation indicators.

When selecting a water source and water
treatment technology during the construction or
reconstruction of a public drinking water supply
facility, preference should be given to sources and
technologies that ensure the production of drinking
water with an optimal content of mineral substances
according to the indicators of the physiological
adequacy of the mineral composition of drinking
water (Vymohy do yakosti pytnoi vody, 2025; Pro
zatverdzhennia Derzhavnykh sanitarnykh norm ta
pravy, 2022).

Considering the sanitary-chemical requirements
for water quality, it can be stated that it must comply
with the established hygienic standards regarding
the content of chemical substances. (tabl. 1).

It is important to note that if the level of
dry residue in drinking water after its artificial
desalting is less than 100 mg/dm?, it is subject
to demineralization. If disinfection is carried
out during the production of drinking water, the
manufacturer must take measures to minimize

contamination of the drinking water with
disinfection by-products.
When  considering the  microbiological

parameters of water for the production of

beverages and concentrates, it must meet the
following requirements: it should not contain
(Escherichia coli) — absence in a 100 cm® sample;
total microbial count (TMC) at 37 °C — no more
than 100 colony-forming units (CFU) per 1 cm?;
pathogenic microorganisms (including Salmonella,
Vibrio cholerae) — absence in a 1 dm® sample;
enterococci — absence in a 100 cm? sample. As for
organoleptic parameters (Table 2), the water must
be colorless, transparent, free of sediment, with no
foreign odor or taste (Malyna, Liasota, Hryshko,
2014; Malyna, Liasota, 2020).

The radiological component is also considered
when analyzing water. The permissible levels of
natural and artificial radionuclides in water must
comply with sanitary standards. The content of
harmful substances in drinking water that are not
specified in the sanitary standards must not exceed
their Maximum Allowed Concentrations (MACs),
as defined by the sanitary standards for surface
waters. In the presence of several substances in
drinking water with the same limiting harmful
property, belonging to hazard classes I and II, the
sum of the ratios of the concentrations of each
substance to its corresponding MAC must not
exceed one (Table 3).

In the case of exceeding the specific total alpha
activity in drinking water from underground water
sources, it is necessary to determine the specific

Table 1
Sanitary and chemical water quality requirements
g H £
- = = 2 g =&
= £ 8 (S v = 5 ° e
= = Sen Sen Sen = Den =
5 £ = | EEE | 2% | g8E| 2 5 | EEE | €%
2 =73 S =T ciz S & R 53 = 3 G ESC
= = - - SEw | EE® =5 =S = s g EE® SRR
= 2 == g = E 8 O3S 8 »n S Z S & = = S = S g & o g8
MAC 6,5-8,5 7,0 1000 250 250 50 0,3 0,1 0,5-1,5 5
Table 2
Organoleptic water parameters
Parameter Odor, score Taste ar;;l;itertaste, Turbidity, mg/dm? Coloration, degrees
Requirements no more than 2 no more than 2 no more than 1,5 no more than 20
Table 3
Radiation parameters of water
Parameter MAC

Not more than 0.1
Not more than 1,0

Total activity of alpha emitters, Bq/dm?

Total activity of beta emitters, Bq/dm?
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total activity of the natural mixture of uranium
isotopes (U), the specific activities of radium (Ra-
226, Ra-228), and radon (Rn-222). In the case
of exceeding the specific total beta activity in
drinking water from both surface and underground
water sources, the specific activities of cesium (Cs-
137) and strontium (Sr-90) should be determined.

In the case of contamination of drinking water
with unknown toxic compounds and chemicals,
for which no testing methods are available, it is
recommended to use an auxiliary integral (express)
indicator of drinking water quality — the drinking
water toxicity index, calculated based on the results
of biological tests (biotesting).

The drinking water toxicity index, which does
not contain unidentified components, should not
exceed 50 %, regardless of the test objects used.

The storage time of drinking water from
distribution points, wells, and source captures in
consumer containers should not exceed 24 hours,
provided it is stored in a clean, sealed container at
a temperature between 5 °C and 20 °C in places
protected from direct sunlight.

The requirements for a centralized drinking
water supply (tap water) for the population are
as follows. When studying the microbiological
indicators of tap drinking water, the total microbial
count, total coliforms, E. coli, and enterococci are
determined in its samples. In tap drinking water
from surface water sources, at the points where
it enters the distribution network from treatment
facilities, the presence of coliphages should also
be determined.

In case of detecting total coliforms, E. coli, or
enterococci in samples of drinking water from
underground water sources, or total coliforms, E. coli,
enterococci, or coliphages in samples of drinking
water from surface water sources, their determination
should be carried out in re-sampled tests.

In the presence of deviations from the established
standards in re-sampled tests, within 12 hours,
research should be initiated to detect coliphages
and bacterial pathogens of infectious diseases in
drinking water from underground water sources,
and to detect bacterial and viral pathogens of
infectious diseases in drinking water from surface
water sources. In case of detecting coliphages
in samples of drinking water from underground
water sources, investigations should be carried out
to identify viral pathogens of infectious diseases
(DSTU 7525:2014. Voda pytna, 2014).
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Based on laboratory studies’ results, measures
are taken to identify and eliminate the causes of
drinking water contamination.

During the disinfection of drinking water,
residual concentrations of reagents are determined
at least once per hour and should be as follows: —in
the case of water disinfection using chlorine during
a period of favorable sanitary and epidemiological
conditions, the residual free chlorine content
in the water at the outlet of the clean water
reservoir (CWR) — should be within the range of
0.3-0.5 mg/dm? after 30 minutes of contact with
chlorine, while the residual combined chlorine
content—shouldbewithintherangeof0.8—1.2mg/dm?
after 60 minutes of contact with chlorine. Suppose
both free and combined chlorine are present in the
water. In that case, monitoring can be conducted
for one of these indicators: residual free chlorine
(when its concentration is above 0.3 mg/dm?) or
residual combined chlorine (when the residual free
chlorine concentration is less than 0.3 mg/dm?);

— During a deterioration of the sanitary and
epidemiological situation, it is allowed to chlorinate
water with increased doses of active chlorine
(5-20 mg/dm?), provided that excess chlorine is
removed from the water before it is supplied to the
distribution network;

— Inthe case of water disinfection using ozone,
the residual ozone concentration at the outlet of
the mixing chamber should be within the range of
0.1-0.3 mg/dm? after 4 minutes of ozone contact
with the water;

— Inthecaseofwaterdisinfectionusing chlorine
dioxide, the residual chlorine dioxide content in
the clean water reservoir (CWR) after 30 minutes
of contact should be no less than 0.1 mg/dm?, and
the chlorite concentration should be no more than
0.2 mg/dm? (Hihiienichni vymohy do vody pytnoi,
pryznachenoi dlia spozhyvannia liudynoiu, 2010;
Prokopov, 2012; DSTU 4107-2002. Yakist vody,
2009).

Before using underground and potable water,
institutions and establishments of the state
sanitary and epidemiological service conduct
preliminary laboratory studies of the source water.
For underground water, the requirements of the
Sanitary Norms must be taken into account.

Preliminary laboratory studies of the source
water are carried out following the Sanitary
Norms, based on a list of indicators considering
local natural conditions.
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Water samples are taken throughout the year at
least once a month to determine microbiological,
organoleptic, physicochemical, and sanitary-
toxicological indicators. For drinking water from
surface sources, parasitological indicators are also
determined.

Water samples from new wells or those
temporarily not in use are taken after the water
has been pumped out until a stable dynamic level
and clear water are achieved. The pumping rate
should be equal to or greater than the design rate
(Hryhorenko, 2019; Babienko, 2021).

The results of laboratory studies on the quality
of source water and the sanitary-epidemiological
survey of the area where the water intake is located,
conducted by institutions and establishments of
the state sanitary and epidemiological service, are
taken into account during the state sanitary and
epidemiological expertise of the technological
regulations or other documents describing the
technological process of bottled drinking water
production and from filling points.

For the preservation of bottled drinking water
and water from filling points, substances such as
carbon dioxide, silver, etc., may be used.

Bottled drinking water and water from filling
points must not contain flavorings, sweeteners, or
other food or food flavoring substances, except for
those regulated by these Sanitary Norms (Zapolsky,
2005; Dehazatsiya vody, 2025).

The indicators of total alkalinity, color, and
turbidity incarbonated drinking waterare determined
before carbonation or after degasification.

The transportation of water from the water
intake points to the bottling locations at the raw
drinking water production plants must be carried
out exclusively through pipelines.

The storage time of drinking water at filling
points in stationary containers should not exceed
24 hours, while in transport containers (tank
trucks) it should not exceed 6 hours. The storage
time of drinking water may be extended based on
the results of sanitary-epidemiological studies,
provided that it undergoes additional disinfection
before being bottled for consumers, using methods
that do not contaminate the drinking water with
residual concentrations of reagents.

It is prohibited to fill containers with drinking
water that contain remnants of drinking water.

The shelf life and storage conditions of bottled
drinking water are established based on the results
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of the state sanitary and epidemiological expertise
of the water. Bottled drinking water must be stored
in places protected from direct sunlight.

Reusable polymer containers and containers
that arrive at the filling line from the storage
warehouse must be washed, disinfected, and rinsed
with the drinking water intended for bottling in
these containers, according to the technological
regulations or other documents describing the
technological process of bottled drinking water
production, which specifies the usage period for
reusable containers.

The release of bottled drinking water that has
been treated with ozone during water preparation
from the finished goods warehouse must take place
no earlier than 8 hours after the water has arrived at
the warehouse (Honcharuk, 2016; Kovaliova, 2014;
Honcharuk, 2015; Dytrieva, 2015; Hryhorenko,
2019).

During the design and construction of new
drinking water production facilities or the
reconstruction of existing ones, separate filling
lines for bottling drinking water and non-alcoholic
beverages must be provided.

At existing plants that use a single filling line,
before changing the type of product, the filling line
must undergo a sanitary treatment using cleaning
and disinfecting agents, followed by rinsing with
water at a temperature not lower than 80°C and
drinking water intended for bottling, following
the technological regulations or other documents
describing the technological process of drinking
water production.

After sanitary treatment, production control of
the first batch of products is carried out according
to the full production control program.

At the drinking water filling points, an
informational sheet must be available, containing
details about the type of water (treated, untreated
(natural), artificially —mineralized, artificially
fluoridated, artificially iodized, with optimal mineral
content, carbonated or non-carbonated, etc.), its
composition (“drinking water” and a list of added
substances, including preservatives, macro- and
microelements), storage conditions, manufacturing
date, the name, address, and phone number of the
manufacturer and the place of production, the type
of source water, the location of the underground
drinking water source, the well number and depth,
and references to the normative document under
which the drinking water was produced.
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The location for the sale of drinking water
from filling points should be situated on an area
with a solid surface, which is organized and well-
maintained, and is located at least 50 meters away
from sources of contamination such as waste bins,
toilets, major roads with heavy traffic, parking lots,
etc. It should have a counter with a metal faucet
connected to a pipeline for dispensing drinking
water (the faucet should be positioned above the
counter at a height of at least 0.5 meters).

It is prohibited to lay a bypass pipeline from
the drinking water supply network to the water
dispensing faucet for consumers.

The requirements for drinking water from
wells, boreholes, and water intakes (decentralized
drinking water supply for the population) are as
follows. The construction of wells, boreholes,
and water intakes must be carried out based on
the results of laboratory studies on the safety and
quality of the underground water to be used, as well
as the sanitary-epidemiological survey of the area
where these structures are located, conducted by
institutions and establishments of the state sanitary
and epidemiological service.

The results of geological and hydrogeological
studies, as well as laboratory studies on the safety and
quality of underground water (if available), should be
submitted to the state sanitary and epidemiological
service of the respective administrative territory.
These results must include information on the depth
of underground water, the direction of its flow
within the area of the settlement, the approximate
thickness of the water-bearing layer, the potential
interaction with existing or planned water intakes
at neighboring sites, and with surface water bodies
(such as ponds, swamps, reservoirs, rivers, etc.), as
well as actual values of safety and quality indicators
for the underground water (Babienko, 2021;
Honcharuk, 2016; Kovaliova, 2014).

The results of the sanitary-epidemiological
survey of the area must include information about
the local natural conditions, a description of the
area where the water intake is located, indicating
existing and potential sources of microbial,
parasitic, and chemical contamination.

The locations for the construction of wells,
boreholes, and water intakes should be situated on
clean and protected land, located upstream of the
groundwater flow, at least 30 meters away from
roads with heavy traffic and at least 50 meters (for
individual wells, at least 20 meters) from toilets,
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cesspits, sewage facilities and networks, fertilizer
and pesticide storage sites, livestock enclosures, and
other places of soil and groundwater contamination.

The area around the well, water intake, or public
well should be kept clean, and surface runoff should
be properly managed.

Within a 50-meter radius of wells, boreholes,
and water intakes, it is prohibited to wash vehicles,
allow animals to drink water, create ponds
for waterfowl, or place devices for preparing
pesticides, as well as engage in any activities that
could lead to soil and water contamination.

It is also forbidden to construct wells, boreholes,
and water intakes in areas that are prone to flooding,
erosion, landslides, or other forms of deformation,
as well as in low-lying and swampy areas.

It is prohibited to use containers brought by
consumers for raising water from wells or water
intakes meant for public use, as well as to draw
water with common-use buckets or utensils
belonging to consumers.

For insulating and protecting wells and water
intakes from freezing, materials such as foam
concrete, clean straw mats, hay, shavings, etc., can be
used, but these materials should not come into contact
with the water intake. The use of manure, compost, or
other similar substances for this purpose is prohibited.

Newly constructed wells, boreholes, and
water intakes can only be put into operation after
inspection by an official from the state sanitary
and epidemiological service of the respective
administrative territory and after completing the
Sanitary Passport.

The Sanitary Passportis filled out by the owner of
the well, borehole, or water intake, together with the
official from the state sanitary and epidemiological
service of the respective administrative territory,
in two copies, both of which are signed. One
copy of the Sanitary Passport is kept at the state
sanitary and epidemiological service of the
respective administrative territory, and the second
copy remains with the owner of the facility. The
extension of the Sanitary Passport’s validity is
registered annually in both copies (Khilchevsky,
2015; Prokopov, 2016; Zasypka, 2018).

Highlevelsofturbidity canprotectmicroorganisms
from the action of disinfectants, promote bacterial
growth, and cause significant chlorine consumption.
Therefore, in all disinfection processes, to ensure
their effectiveness, turbidity must always be kept low
(Kovaliova, 2014; Malyna, Liasot, 2020).
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Conclusions. This work examines the main
requirements for drinking water, including sanitary-
chemical and radiological safety indicators, as well
as epidemic safety parameters. The types of water, its
quality, and methods for improvement are analyzed. It
has been established that adherence to regulated water

quality requirements is a key factor in producing safe
and high-quality beverages and concentrates. The use
of effective water purification and control methods
not only ensures compliance with sanitary and
hygiene standards but also preserves the organoleptic
properties of the product at a high level.
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JIATPAMM CTAHY CUCTEM CI'X, — D'VX,
(C" — As, Sb, Bi; D'V — Ge, Sn; X - S, Se)

Y pobomi npedcmasneno pezyivmamu eKCnepuMeHmanbHux 00Caiodcerb azosux diazpam KeazinoositiHux cucmem
muny CHX; — DX, de C'' - As, Sb, Bi; D" — Ge, Sn; X — S, Se. Cunmes 3paskie 30iiicHeno i3 6UCOKOUUCIUX NPOCIIUX
DeUOoBUH WITAXOM NPAMO20 CRIAABTAHHA Y 6AKYYMOBAHUX amnynax, makcumanvua memnepamypa 1170 K. [{na ioenmugbixa-
yii' pas, eusnavenns ckaady ma xapakmepy Qazosux nepexooia 3acmocosano Memoou HOPOULKO8O20 PEHM2eHOPA306020
ma ougepeHyitino-mepmiuHo20 aHa1i3ie.

Ilobydosano ma npoananizosano diazpamu cmamy, AKi XapakmepusylomsvCs pisHUMU MUNAMU HOHBAPIAHMHUX NPO-
yecie.: nepumekmuyHuUM ma eemekmuynum. Y cynvioniti cucmemi As,S; — GeS, 6cmanosneno nepumexmuyHutl mun
63aemo0ii (npu 722 K) 3 06Mednceno1o 83aEMHOI0 POUUHHICHIIO KOMNOHEHMI8 Y MEEpOOMYy CIMAHI, Y AHANO2IYHIU Cellen08-
micniti cucmemi As,Se; — GeSe, cnocmepicacmocs eemexmuynuil mun 63aemodii (618 K, 20 mon. % GeSe,). ¥ cucmemi
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Sb,S; — GeS, susineno esmexmuunuii mun 63acmooii 3 esmexmuynoio moukoio npu 747 K i 35 mon.% GeS,; 3aghixco-
6aHI CKIONOOIOHI Ma CKIOKpUCMANIUHT (ha3u y nPOMINCHOMY OlanazoHi CKaaois, wjo cei0uUuns npo meHOeHyil 00 CKI0-
ymeopenns. Ceneniona cucmema Sb,Se; — GeSe, ananoziuno demoncmpye esmekmuiHy 63a€Mo0il0 3 KOOPOUHAMAMU
esmexmuunoi mouxu: 757 K, 58 mon. % GeSe,; giocymuicms meepoux pozuurie ma ckionodionoeo cmany. Ilepepiz
Bi,S; — GeS, makooic nanesxcums 0o esmexmuynozo muny (860 K; 52 mon. % GeS,) 3 ymeopennam meepoux po3uuHie Ha
OCHOBI BUXIOHUX KOMNOHEHMIB.

B cucmemax 3 yuacmro cmanym (IV) cyrvghioy ma cenenioy 3aghixcosano esmexmuuni: As,Se; — SnSe, (npu 640 K,
19 mon. % SnSe,), Sb,S; — SnS, (npu 737 K, 65 mon.% Sb,S5), Sb,Se; — SnSe, (npu 773 K, 50 mon.% SnSe,), Bi,S; — SnS,
(npu 938 K, 42 mon.% SnS,), Bi,Se; — SnSe, (npu 831 K, 67 monr.% SnSe,) ma nepumexmuunuii As,S;— SnS, (npu 727 K)
munu e3aemooii. ¥ cucmemi Sb,S; — SnS, idenmughixosana mepnapua ghasza Sb,SnSs, ujo ymeoproemucs inkonepyenmHo
3a peakyiero L + SnS, <> Sb,SnSs npu 765 K, mooi sik y cenenionux cucmemax mepHapHi ¢pasu ne 8usigieHo, wo 6Kasye
HA 8NIUG XIMIYHO20 36 13KV Md CIMPYKMYPHUX (DaKmopie na cmabiivHicms (as.

OKpim yb020 8 OKpeMUX cucmemax 3agikco8ano esmeKkmoioni ma nepumexkmoioni nepemeopenHs, wo nog sa3ami
3 (hazosumu nepexooamu GeS, ma SnS,.

Ompumani pe3yemamu € 6axicIusUMuU 05t ROOAIbUIOSO OOCTIONCEHHS KEAZMOMPIIHUX CUCIEM HA OCHOBI BKA3aHUX OIHap-
HUX CROTYK | CBOPEHHS MAMEPIANIB 3 KOHMPOTbOBAHUMU GLACUBOCTNAMU O €1EKIMPOHIKU, POMOHIKY MA eHePeemUKU.

Knrouosi cnosa: pencenogazosuii ananis, oupepenyiiino-mepmivnuil ananis, Qazosi diaepamu, esmexmuxa, nepu-
mekmuxa.
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PHASE DIAGRAMS OF THE C!"X; - D'VX, SYSTEMS
(C"M-AS, SB, BI; D'V - GE, SN; X - S, SE)

The results of experimental studies of phase diagrams of quasi-binary systems of the C1'X; — D' X, type are presented
where C'"' — As, Sb, Bi; D" — Ge, Sn; XS, Se. The samples were synthesized by direct co-melting of high-purity elements
in evacuated ampoules; the maximum temperature was 1170 K. Themethods of powder X-ray diffraction and differential
thermal analysis were used to identify the phases, determine the composition and nature of phase transitions.

Investigated phase diagrams are characterized by different types of invariant processes, either peritecticor eutectic.
The sulfide system As,S; — GeS, features peritectic interaction at 722 K with limited mutual solubility of the components
in the solid state; a eutectic type of interaction was observed in the similar selenium-containing system As,Se; — GeSe,
(618 K, 20 mol.% GeSe,). The Sb,S; — GeS, system features eutectic type of interaction with the eutectic point at 747 K
and 35 mol.% GeS,; glassy and glass-crystalline phases were observed in the intermediate range of compositions, which
indicates a tendency to glass formation. The selenide system Sb,Se; — GeSe, similarly exhibits eutectic interaction with
the eutectic point coordinates of 757 K, 58 mol.% GeSe,, absent of solid solutions and glassy state. The Bi,S; — GeS, section
is also of the eutectic type (860 K; 52 mol.% GeS,) with the formation of solid solution ranges of the initial components.

The systems involving tin (IV) sulfide and selenide exhibit eutectic: As,Se; — SnSe, (640 K, 19 mol.% SnSe,),
Sb,S; — SnS, (737 K, 65 mol.% Sb,S5), Sb,Se; — SnSe, (773 K, 50 mol.% SnSe,), Bi,S; — SnS, (938 K, 42 mol.% SnS,),
Bi,Se; — SnSe, (831 K, 67 mol.% SnSe,) and peritectic: As,S; — SnS, (727 K) types of interactions. The Sb,S; — SnS,
system features the ternary phase Sb,SnSs which is formed by the peritectic reaction L + SnS, <> Sb,SnSs at 765 K,
while no ternary phases were found in selenide systems, indicating the effect of chemical bonding and structural factors
on the stability of the phases.

Additionally, eutectoid and peritectoid transformations associated with the phase transitions of GeS, and SnS, were
recorded in some systems.

Obtained results are important for further research into the quasi-ternary systems based on these binary compounds
and the development of materials with controlled properties for electronics, photonics, and energy production.

Key words: X-ray phase analysis; differential thermal analysis; phase diagrams, eutectic; peritectic.

Beryn. XanbkoreHifHI Marepialid  TIpUBEp-  Ta MOTPIHHUM XaJbKOTCHITHHUM CHCTEMaM, SKCIIe-
TAlOTh 3HAYHYy YBary JOCHIJIHUKIB 3aBJISKH YHi-  PHMEHTAJbHI JIaHI II0JI0 B3aEMOJII B KBa3iMo/Bik-
KaJbHUM  (Di3MKO-XIMIYHMM BIACTHBOCTSM, sfKki  HuX cucTeMax tuimy CHX; —DIVX,, e CM - As, Sb,
€ NepCIEeKTUBHUMH B CydacHHX TexHonorisx — Bin  Bi; DIV — Ge, Sn; X — S, Se 3anumarorscs o6Me-
iHppadepBOHOT ONTHKH 10 ()a30BUX NEpEeMHUKA-  HKCHUMH. 3 JBAHAITH MOXJIMBHX IEPEpi3iB IUX
gyiB mam’saTi (Messina, Nair M. & Nair P, 2009;  cuctem npocmijpkeHo jwmimie okpemi: As,S(Se); —
Amnarprayk, 1979; Srikanth, Suriyanarayanan,  GeS(Se),, Sb,S(Se); — GeS(Se),, Bi,S; — GeS,,
Prabahar, Balasubramanian & Kathirvel, 2011;  Sb,S; — SnS,. Jlns pemTtu cucreM ekcriepuMeH-
Ko3bma, Ilepem, bapuiii, Cabos, ['abopens & KyH,  TanbHi jaHi € oOMeKeHHMMH ab0 30BCIM BIiJICYT-
2014; Nikolic & Popovic, 1979; Inoue, Matsuda  HiMH, 0 YCKJIQJHIOE TIOOYIOBY MOBHUX (ha30BUX
& Murase, 1991; Burton, Whittles, Hesp, Linhart,  miarpam i oOMeXye MOXIHBOCTI MPOTHO3YBaHHS
Skelton, Hou & Webster, 2016). OcoOmuBuii  iXHIX TEPMOJMHAMIYHHX BIACTHUBOCTEH.

IHTEepeC CTAaHOBIATH CHCTEMH, JIO CKIAay SKUX MeTor0 poboTH € cucTeMaTH3amlis BiJOMHUX
BXONATh XaJbKOTEHIAM TPHUBAJECHTHUX ApCeHy, B JiTeparypi ¢pa30BUX B3a€MOJIN Ta eKCIIEpUMEH-
Crtubiro, BicmyTy Ta yoTnpuBaieHTHUX [ epMaHil0o  TaJbHE JOCITIDKCHHS XapaKTepy piBHOBAr y HEBi-
ta Cranymy enementiB. CIIONyKH LMX €JIE€MEHTIB  JOMHUX KBasimoasiiinmx cuctemax CHX; — D'VX,,
i3 xampkoreHamu (S, Se) yTBOPIOIOTH CTaOLIbHI OTtpuMaHi pe3ysbTaTd CTAaHOBIATH (pyHIAMEH-
(ha30Bi CIIONYKH 3 TIEPEBKHO KOBAJICHTHUM Xapak-  TaJlbHy OCHOBY JJIsI ONITUMI3allii CKJIaJiB XaJIbKoTe-
TEpOM 3B’SI3KiB, 10 3a0e3Meuy€e BUCOKY TEPMIUHY  HIJHHUX MaTepialiB 3 peryab0BaHUMH (DyHKITIOHAITb-
Ta XIMIYHY CTaOITBHICTH 1 JIO3BOJIIE BapilOBaTH  HUMH XapaKTCPUCTHUKAMH, 30KpeMa IS IOoTped
(YHKIIIOHAJIBHI  XapaKTePUCTUKH IIUIIXOM 3MiH  ONTOEJICKTPOHIKH Ta CEHCOPHHUX TEXHOJIOTIH.

y ckiani. KommiekcHe MOCHiDKEHHST B3a€MOJIiN Crnonyku TpuBaneHTHUX Apceny, Crtubiro,
y TaKHMX CHCTEMaX € BOKIIMBHM JUIA OO0 po3y-  Bicmyty — As,S;, As,Se;, Sb,S;, Sb,Se;, Bi,Ss,
MIHHS MIPOLIECIB KpHUCTati3allii, CKIoyTBopeHHs Ta  Bi,Se; Ta wotupuBanentuux ['epmanito, Cranymy —
(ha30BUX MEPETBOPEHB, IO JIEKaTh B OCHOBI cTBO-  GeS,, GeSe,, SnS,, SnSe, — XxapakTepu3yrOThCS KOH-
PEHHSI MaTepiamiB i3 3a1aHUMU (DYHKIIIOHAIBHUMHU ~ TPYEHTHHUM THUIIOM IUIaBJIeHHA. BOHM MaroTh By3bKi
BJIaCTHBOCTAMHU. He3Bakaroum Ha HAsBHICTh YMC-  OONACTI TOMOTEHHOCTI, IIO CIIPHSA€ iX BHKOPHC-
JICHHUX POOIT, MPUCBIYEHUX OKPEMUM IMOJABIMHUM  TaHHIO SIK BUXITHUX KOMIIOHEHTIB Ui MOOYI0OBH
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Tabmus 1
Kpucranorpadgivyni xapakTepucTUKI Ta TeMIEPATYPH MJIABJIEHHS GIHAPHUX CIOJIYK
I
Cuonyka T T K nr Cunromnis apaMeTpnbrpaTlm, o Jlitepatypa
a c
As,S; 592 K [8] P2,/n MOHOKJTiHHA 1,1475 0,9577 0,4256 9]
As,Se3 583 K [8] P2,/n MOHOKJTiHHA 1,20774 0,99037 0,42835 [10]
Sb,S; 819 K [8] Pnma pombiuHa 1,1311 0,3836 1,1229 [11]
Sb,Se; 863 K [8] Pnma pombGidHa 1,1805 0,39877 1,16623 [12]
Bi,S; 1048 K [13] Pnma poMbOiuHa 1,1282 0,39728 1,1131 [14]
Bi,Se; 998 K [15] R-3m TPUTOHAJL 0,41404 2,8640 [16]
BTM-GeS, 1113 K; P2,/c MOHOKJTIHHA 0,6720 1,6101 1,1436 [18]
HTM-GeS, | 770-793 K* [17] Pc MOHOKJTiIHHA 0,6875 2,255 0,6809 [19]
P2,/c MOHOKJIIHHA 0,7036 1,6832 1,181 [21]
GeSe, 1013 K [20] Fdd2 pombGiuHa 0,692 1,221 2,31 [22]
1-42d TETPAroH. 0,55073 0,99374 [23]
HTM-SnS, 1143 K [24] R-3m TPUTOHAJL. 0,36163 0,5682 [25]
BTM-SnS, P6ymc reKcaroHal. 0,3645 1,1802 [26]
SnSe, 948 K [27] R-3m TPHUTOHAJL 0,3811 0,6141 [28]

T,n — memnepamypa naasnenns; T, — memnepamypa gazosozo nepemeopenns; I1I'— npocmoposa epyna

KBa3imonBiHUX cucteM. Kpucranorpadivni xapax-
TEPUCTUKY 3a3HAYCHUX CIIONYK, & TAKOXK IX TeMIIe-
paTtypu IJIaBJIeHHS HaBeIeHO B Ta0I. 1.

ExcnepumentaibHavyacTuHa. KoMnonyBaHHs
3pasKiB I E€KCIEPUMEHTATBHOTO JIOCIIKEHHS
cucteM As,S(Se); — SnS(Se),, Sb,Se; — SnSe,,
Bi,S; — SnS, 3milicHIOBaNM 3 MPOCTHX PEUOBUH
BHUCOKOi YUCTOTH (He MeHIe 99,99 mac.%): cypmu,
BICMyTY, OJIOBa, CipKH, CEJCHY Ta TIOIEPEeIHbO
cunre3oBanux apced (III) cynmbdiny 1 ceneniny.
CrexioMeTprUYHI KUTHKOCTI KOMITIOHEHTIB 3aBaHTa-
’KYBaJIM B KBAapIIOBI aMITyJIH, SIKi BaKyyMYBaJIH JI0
1,33 - 1072 ITa. CUHTE3 NPOBOAUIM B OXHOTEMIIE-
paTypHOMY peXHMi: MakCHMallbHa TeMmIeparypa
cranoBmia 1170 K, Binman — mpu 500 K yrpomosx
500 roz; 0X0MOMKEHHS A0 KIMHATHOT TeMIepaTypu
MIPOXOJIMIIO B PEKUMI BUKITIOUEHOT 11edi, 110 3a0e3-
MeYyBaja0 HAOMMKEHHS /0 PIBHOBAXHOTO CTaHY
TBepauX (as.

JlocnipKeHHS CUHTE30BaHUX 3PasKiB 3/I1MCHIO-
BaJ M 3a JIOTIOMOTOIO PEHTIEHIBCHKOTO (Hha30BOTO
anamizy (P®PA) Tta nudepeHIitHO-TEpMIYHOTO
anamizy (ITA). PDA mnpoBogumu Ha mudpax-
tomerpi JIPOH 4-13 3 Buxopucranusm CuKo-
BUIIPOMIHIOBAHHS; IMBUJKICTh CKaHYyBaHHS KyTa
20 cranoBuna 0.05 rpan, yac eKCro3ullii B KOXKHIM
touri 0,5 c. Orpumani audpakTorpamu aHamizy-
BaJIU JJIS MiATBEPKCHHS 1ICHTUYHOCTI BUX1THHUX
CTIOJIYK Ta BCTAHOBJICHHS (ha30BOTO CKIIATy 3pa3KiB.

JATA npoBomunu 3 BUKOPUCTAHHSM Jiabo-
paTopHOi YCTaHOBKHM, IO CKJIQJAEThCA 3 TI€di

37

«Tepmonent-03» (HT® «IIporper», VYkpaina)
3 MOXJIHMBICTIO TPOTPaMOBAaHOTO pETYIIOBAHHS
TEMIIEPaTypPHOTO PEXHUMY, 110 TO3BOJIMUIIO BCTAHO-
BUTH TemIiepatypu (a30BHX MEPEXOJiB Ta yTOY-
HUTH XapakTep B3a€MOJii KOMIIOHEHTIB y TBeEp-
JIOMY Ta PO3ILIABICHOMY CTaHaX.

Pesynbratu Ta ix oOroBopenHsi. Ilepepi3
As,S; — GeS,. ABropamu po6otu (XiMmiHelp,
bapanosa, Iluruka, [Job6om & Ximinemnp, 1988)
noOyloBaHO Jiiarpamy CTaHy KBa3iloJBIMHOTO
nepepizy As,S; — GeS, (puc. 1). Bona xapakre-
PHU3YETBCSl TEPUTECKTHYHUM THIIOM B3a€MOIIl i3
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Puc. 1. Jliarpama cTaHy cucteMu
As,S; — GeS, [29]
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3HAYHOI0 OOMEKEHOI0 B3a€EMHOK0 PO3YMHHICTIO
KOMIIOHEHTIB y TBepioMy cTaHi. [1pu 722 K BinOy-
BA€THCS MEPUTEKTUYHE TepeTBopeHHs L + ' — a.,
ne o, B — TBepai po34uMHH, 10 KPUCTATI3yIOThCS
Ha OCHOBI As,S; Ta BUCOKOTEMIIEpaTypHOI MOIU-
dikanii GeS, BignorigHo. ITomimopdue neperBo-
penns Binm GeS, Mae Ha miarpaMi €BTEKTOITHUN
xapakrep (B’ <> a + B) npu remmneparypi ~590 K.
Ilepepi3 As,Se; — GeSe,. Ha BinmMiny Bix CyIib-
¢inHoi cucremu As,S; — GeS,, y sAKkiil cnocrepi-
raeThCsl NEPUTEKTUYHE IEPETBOPEHHS, aHATIOT1YHA
cenenigHa As,Se; — GeSe, (puc. 2) (Klymovych,
Ivashchenko, Olekseyuk, Zmiy & Lavrynyuk,
2020) xapaKTepu3yeThCs E€BTEKTUYHOIO B3a€EMO-
niero L <> o+ [, e o, f — TBep/1i po34nHU Ha OCHOBI
BUXITHUX cTIONyK As,Se; Ta GeSe,; KOOpAMHATH
eBTekTHYHOI Touku: 618 K 1 20 moi. % GeSe,.
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[Tepexin Bijg MEPUTEKTHYHOI 10 €BTEKTUYHOI
B3a€MOJIIl CBIAYUTH NPO MOCJIAOIEHHS XIMIYHOT
B3aemonii Mixk As 1 Ge y mpucytHocTi Se, 10,
HWMOBIPHO, 3yMOBJICHO PI3HHIICIO B €JIEKTPOHEra-
tuBHOCTI (2,60 s S ta 2,48 nus Se 3a MIKAIO0
[Mominra) Ta OinbluMM HOHHMM pagiycom Se”
(184 v nopiBHsHO 3 170 M st S27).

IMepepiz Sb,S; — GeS,. B3aemonis mix Sb,S;
ta GeS, nociipkeHa B HEIIOBHOMY KOHIICHTpAITiii-
Homy iHTepBani (0—68,28 mon. % GeS,) B poboTi
(Tomashyk, 2022), miarpama cTraHy CUCTEMH HE
noOynoBaHa. Bizomo, 1110 3pa3ku 3 BMiCTOM MEHIIIE
42 mon. % GeS,, nalTh KpUBI OXOJOIKEHHS
3 YITKMMH Ta BIITBOPIOBAHUMH TEIUIOBUMU €(]ek-
tamu, a 10 32 mon. % GeS, € KpucTaaiuyHuMH.

[Tpu upomy B iHTepBani 9,87-18,63 mon.% GeS,
BUSBIICHO ckJononiOHy ¢azy GeS,, B Mexax
3242 mon.% GeS, OoTpUMYIOTh CKIOKPUCTAIH,
npu BmicTi Oinbme 42 mon. % GeS, — crekia.
CrutaBu  OTpUMYBajM TOBUIBHUM HAarpiBaHHIM
cyMimri komrmoHeHTIB 110 673 K B atmocdepi azory.
Hawmu 3adikcoBano y cucremi Sb,S; — GeS, eBTek-
TUYHMNA TN B3aemoii (V Tun 3a kiacudikaiiero
Po3zeboma), 1110 miaATBEpIIKEHO MOOYI0BAaHOKO JTia-
rpamoto ctany (puc. 3) (bepesniok, CeMeHIOK,
Kuposens, Koryr & Ilickau, 2024). Kpusi mep-
BUHHOI KpHUCTaJli3alii NMepeTHHAIOThCS y EBTEK-
TUYHIA TodYIi 3 KoopauHaramu 35 mon.% GeS,
npu 747 K. HoHnBapianTHa piBHOBara OMHCYETbCS
B3aemoniero L <> a + GeS,, ne oo — rpaHnYHMIA
TBEpIUH pO3YMH Ha OCHOBI BuxinHoro ctu6iit (I11)
cynbdiny, SKANA MPU TEMIEpaTypi €BTEKTUYHOTO
MepeTBOPEHHs He mnepeBuinye 5 Moi.%. Pesyinb-
TaTU TaKOXK Y3TOMKYIOTBCS 3 JOCHIKEHHSIMH
(Tomashyk, 2022), B IKMX BCTAaHOBJICHO HAIBHICTb
CKJIOTIONIIOHMX 1 CKIIOKPUCTAIIYHUX 3Pa3KiB y Jia-
na3oHi 10-50 mon.% GeS,. V 3pa3kax 3 BMicTOM
GeS, nonax 60 moin. % Ha peHTreHorpamax Cro-
cTepiraivch Juile cucteMu pediekciB Gasu rep-
Mmaniit (IV) cynediny. XapaktepHa s CUCTEMH
TEHJCHIIIS /0 CKIOYTBOPEHHS Yy TMPOMIKHOMY
IHTepBaJIi CKJIa/IiB, IMOBIpHO, 0OYMOBJICHAa BHCO-
KOI0 TepMoIuMHaMiyHOI0 cTabimpHICTIO GeS, Ta
00MEKEHOIO PO3YMHHICTIO ¥ o-(hasi.
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Ilepepiz Sb,Se; — GeSe,. Cucrema

Sb,Se; — GeSe, aHaANOTiYHO JEMOHCTPYE €BTEK-
THuHy B3aemojito L <> Sb,Se; + GeSe, (puc. 4)
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3 KOOpJIWHAaTaMu €BTEKTHYHOi Touku: 757 K,
58 wmon. % GeSe, (bnenkan, 2004; Dra &
Mora Aznar, 1998). Po34uHHICTH KOMITOHCHTIB
y TBEPIOMY CTaHI € MPAKTHUYHO BiJICYTHBHOIO. SIK
1y Bumaaky Sb,S; — GeS,, TepHapHi (a3 He BUSIB-
JIEHO, IpoTe B cucteMi Sb,Se; — GeSe, ckionoio-
HUil cTaH He dikcyeThes. Lle Mmoxke OyTu 1MoB’sA3aHO
3 BHILOI0 TEPMOAMHAMIYHOIO CTAOLIBHICTIO cele-
HIJIIB 1 MEHII BHPa)XCHOIO TEHICHIIEI0 10 yTBO-
peHHsI aMOp(HOT CTPYKTYpH.

Iepepi3 Bi,S; — GeS,. Cuctema Bi,S; — GeS,
HAJICXKHUTh JI0 €BTEKTUYHOro Tumy B3aemomnii (V
TUN giarpam crany 3a Posebomom) (Dra & Mora
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Bi,S; — GeS, [32]
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Aznar, 1998). JlikBimyc cuctemu (puc. 5) ckiana-
€ThCS 3 JIBOX JIIHIN, SIKI BiJTIOBIJIAIOTh KPHCTaJIi3a-
Iii 0-TBEpIOTO PO34MHYy Ha ocHOBI Bi,S; Ta GeS,.
EBrexktnuna peaxuis L <> o + GeS, BinOyBaeThcs
npu Ttemneparypi 860 K, T ckiam Bimmosimae
52 mon.% GeS,. Ilpu uiit Temmeparypi KOHIIEH-
TpaliiiHa TpaHHLs O-TBEPAOTO PO3YMHY CKIIA/IA€
~10 mo11.% GeS,. Pentrenodazonuii anaii3 3pa3kis
y mexkax 10-90 mon. % GeS, mokasas, 1o micis
BiZIMaJly criocTepiranucs Jumie audpakiiiini xkap-
TUHH, SIKI BIATIOBI AN BUX1THUM OiHApHUM (hazam.

Ilepepi3z As,S; — SnS,. Cuctema As,S; — SnS,
(puc. 6) XapaKTepU3Yy€ThCS MEPUTCKTUYHUM
TUTIOM B3a€MOJii 3 yTBOPEHHSIM T'PAHUYHUX
TBEPIUX PO3UYUHIB o~ Ta ['- HA ocHOBI As,S; Ta
BTM-SnS, BignosigHo. Ilepurektuune mnepe-

tBOpeHHs L + ' —> o BigOyBaeThcs mpu TeMIie-
parypi 727 K. OO6macte TOMOTEHHOCTI o-(a3u
As,S; 30UTBIIYETHCS 13 3pOCTAaHHAM TEMIIEPATYPH
1 nocsrae ~ 35 mon.% BTM-SnS, npu Temmneparypi
nepuTekTuku. BogHowac TBepaa daza SnS, mpo-
SIBJISIE MEHIIY PO3YMHHICTE ~20 Mon. % mpu 1iid
e Temreparypi. bibia po34rHHICTE Ha OCHOBI
apcet (III) cynbdiny oOymoBiIeHa 0COOIUBOCTIMH
il KpucTamiyHOi CTPYKTYpH: amMOpdHa CTPyKTypa
JEMOHCTPYE BHCOKHHA CTYHiHb PO3YMOPSAKY-
BaHHS, 10 CIIpHsie€ (GOPMYBAHHIO TBEPAUX PO3UH-
HiB IIPH YaCTKOBOMY yTOpPsIKyBaHHi. EBTekToiqHE
neperBopeHHs B’ <> a + B npu 573 K nos’sa3ane
3 (pazoBuM mepexomom SnS,.

Ilepepi3z As,Se; — SnSe,. ®a3oBi piBHOBaru
B cuctemi As,Se; — SnSe, Oynu Briepiiie 10 CItiKeHi

A
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aBTopamu (Zmiy, Gulay, Ostapyuk & Klymovych,
2008), mpore aiarpama craHy HOTpeOye yTou-
HenHs. CrucreMa (puc. 7) XapakTepu3y€eThCs eBTEK-
TUYHUM THUIIOM B3aeMojii 0e3 yTBOPEHHsSI HOBUX
TepHapHUX (a3 1 3 0OMEKCHOI B3aEMHOIO pO3-
YUHHICTIO KOMIIOHEHTIB Y TBEpOMY cTaHi. EBTek-
tuaHa peakiis L <> o + B (o, B — TBepai po3uuHu
Ha ocHOBI As,Se; Ta SnSe, BiANOBiIHO) BinOyBa-
ethest ipu 640 K, a ckinaa eBTeKTHYHOT TOYKU CTa-
HOBUTH 19 Momn.% SnSe,.
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Ilepepi3 Sb,S; — SnS,. V cucremi Sb,S; — SnS,
Oys10 11eHTH(IKOBAaHO YTBOPEHHS TepHAPHOI (haszu
Sb,SnSs exBimMonsipHOrO CKIamy, AKka GOpMyeThCs
IHKOHTpyeHTHO 3a peakuieto L + B <> Sb,SnS;
(B — TBepauit po3unH Ha ocHOBI SnS,) npu 733 K
(Mamedov, 2020) au 765 K (bepesnrokx, CMiTiOX
& TIlickau, 2023). Kpucramiuna cTpykTypa Li€i
¢dasu Hapasi He BcTaHOBIeHA. Harmri mocimimKkeHHs
(puc. 8) (bepesntok, Cmitiox & Ilickau, 2023)
MOKa3yl0Th, 110 €BTEKTWYHA peakuis L <> o +
Sb,SnSs (a0 — TBepAMiA po3uMH HA OCHOBI Sb,S;)
y cucteMi BinOyBaeTbest ipu Temneparypi 737 K,
a CKJIaJ] eBTEKTUYHOI TOUKH BiamoBinae 65 mon.%
Sb,S;, mo He3HaYHO BIIPI3HAETHCS BiA paHilie
omybiikoBanux ganux (Mamedov, 2020) (718 K
162 Mo11.% Sb,Sj3).

IMepepiz  Sb,Se; SnSe,. Cucrema
Sb,Se; — SnSe, (puc. 9) TakoK HaJESKUTH IO €BTEK-
TUYHOTO TUITY B3aeMoii L <> o+ 3, e o, B —TBepi
po3unHU Ha OcHOBI Sb,Se; Ta SnSe,; KoopauHATH
eBrekTnuHOi Touku: 773 K i 50 mo1.% SnSe,. Ha
BiIMiHY Bif cynbdimHoro anamory Sb,S; — SnS,,
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B 1[I}l CEJICHI/IHIN CUCTEeMI HE BHSIBIICHO YTBOPCHHS
TepHapHuX ¢a3. Taka BIAMIHHICTD MOXe OyTH
3yMOBJICHA BUIIOK TEPMOAWHAMIUHOIO CTa0iNb-
HICTIO CEJIEHIIB, a TAKOK OCOOJIMBOCTSIMM XiMiu-
HOTO 3B 513Ky, 30KpE€Ma MEHIIOK KOBAJICHTHICTIO Ta
O11BIIMM HOHHHUM pajilycoM Se HOPIBHSHO 3 S, 110
3MEHIIIy€ CXUIIBHICTD JI0 YTBOPEHHS aMOP(PHUX YK
OPOMDKHHX (a3.

Iepepiz Bi,S; — SnS,. Ha ocHOBi pe3ynbra-
TiB POA Ta JITA nobGynoBaHo mnomiTepMiuHUMA
nepepi3 JiarpamMu CTaHy KBa3ilMoOABIHHOI CUCTEMH
Bi,S; — SnS, (puc. 10). Bcranosneno, 1o 1s cuc-
TeMa HaJEeKUTh 10 EBTEKTUYHOTO TUITY 3 XapaKTep-
HOIO PEeakKIli€ro TBepAHEHHs po3miaBy L <> o + 3/,
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ae o, B’ — TBepAl pO34MHU, L0 KPUCTANI3YOThCA
Ha ocHOBI Bi,S; Ta BucokoTeMneparypHoi monudi-
Karii SnS, BiamoBigHO. EBTeKTHYHA TOuka 3adik-
cosaHa rpu Temnepatypi 938 K i cknazi 42 mon.%
SnS,. Kpim eBTeKTHUHOT peakliii, y cucTeMi BUSB-
JICHO TIEPUTEKTOiTHE TepeTBOpeHHs o + ' <> f3,
mo BigOyBaeTbess mpu Temneparypi 887 K, ske
BiZlMTOBiTae TBepIOodazHOMY TOTIMOpPPHOMY TIepe-
XOJly Ha OCHOBI SnS,.

BucHoBKkH. Y Mexax JOCITIKSHHS TPOaHai-
30BaHO (pa3oBi piBHOBAaru Ta TUIU B3aEMOJIii Ha
nepepizax cuctem Turry CHX; —DIVX,, ne CM'—As,
Sb, Bi; D'V — Ge, Sn; X — S, Se. BcTaHOBIIEHO, 1110
XapakTep B3a€MOJIi1 B CUCTEMax iCTOTHO 3aJIeKUTh
B1JI MPUPOJHU K KAaTIOHHHMX, TaK 1 aHIOHHUX KOM-
noHeHTiB. Cucremu Ha ocHOBI GeX, mepeBakHO
JEMOHCTPYIOTh €BTEKTUYHUN 200 MEePUTEKTHIHUI
TUN B3aeMopii 0e3 yTBOpEHHs TEpHAPHHX CIIO-
JYK, IO 3YMOBJICHO BHCOKOI TEPMOJAMHAMIUHOO
crabuibHicTIO GeS,/GeSe,. ng cuctem 3 SnX,
XapaKTepHA BUINA peaKIliiiHa 3/IaTHICTh, IO MPO-
SBIISIETHCS SIK Y (POPMYBaHHI IHKOHTPYCHTHO ILJIaB-
koi TepHapHoi ¢a3u Sb,SnSs, Tak i B mumpmux
obOmactsax TBepaux po3umHiB. CeneHian y OuTb-
IIOCTI BUIAJKIB JEMOHCTPYIOTh MEHIIY B3a€MHY
PO3YHMHHICTD Ta HIKYY CXHJIBHICTH JI0 YTBOPEHHS
TEPHAPHUX CIIONYK, IO MOSCHIOETHCS OUIBIIUM
HOHHMM pajlycOM 1 MEHIIOK KOBaJCHTHICTIO
3B’s13kiB Se mopiBHsAHO 3 S. OTpumani pe3yib-
TaTU CTAHOBIATH (YHIAMEHTaJbHY OCHOBY JUIS
MO/IAJIBIIIOTO BUBYEHHS TEPMOANHAMIYHHX BIaCTH-
BOCTEH, CTPYKTYpHOTO YIOPSIKYBaHHS T4 ONTHY-
HUX XapaKTEPUCTUK CTEKOJ 1 KPUCTaJiB Ha OCHOBI
UX cucTeM. BoHNM MOKYTh OyTH BUKOPHCTaH1 IpH
pO3po0IIi MarepiaiiB JJIs ONTOCIEKTPOHIKH, CCH-
COpPHUKH Ta 1HPpaYepBOHOT ONTUKH.
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OIIIHKA AHTUOKCUJAHTHOI AKTUBHOCTI AIIETATIB
3 IMIJA3OTIASUHOBHUM ®PAI'MEHTOM

Y oaniii pobomi npedcmasneno pesynomamu cunmesy (bens)imioasof2,1-b][1,3 miazunin ayemamis uiisaxom ayu-
mosannst 3-eiopokcu(bens)imioazof2,1-b][1,3 |miazunie oymosum anziopudom, a maxodic ix noOaAIbLULO20 OOCTIONCEHH S
w000 AHMUOKCUOAHMHOT AKMUBHOCIMI.

Bnepwe odepocani cnonyku 2a—e Oyau npomecmosani Ha 30amuicme 00 iHeibysanus einbHopaduxaivhozo DPPH
(1, 1-0ughenin-2-nixpunciopazuy) memooom cnekmpogomomempuuno2o ananizy. OYinKka aHMUOKCUOAHMHUX 61ACTUBOC-
meti nPOBOOUNACA Y MEMAHOTLHOMY cepedosuiyi npu Konyenmpayii 5 mM 3 peecmpayicio 3minu onmuunoi 2ycmunu yepes
60 xeunun inxybayii. Taxuil excnepumeHmanbHull nioxio 0036014€ eeKMueHo i WeUOKo 10eHmuiKysamu nomeHyitiHo
AKMUGHI CHONYKU, ONMUMIZVIOUU NPU YbOMY GUMPAMU Yacy ma mamepianie. Ackopbinosa Kucioma euKopucmogy8anacs
AK peghepenmua cnoayka.

3a pesynomamamu ckpuHine08UX O00CTIONHCEHb BCMAHOBNEHO, Wo 06,7-0uciopo-SH-imioaszo[2,1-b][1,3]miasun-6-in
ayemam 2a, 2,3-0ughenin-6,7-ouciopo-SH-imioazo[2,1-b][1,3miasun-6-in ayemam 26 ma 3,4-ouciopo-2H-6en3[4,5]
imioaszo[2,1-b][1,3 miazun-3-in ayemam 26 sussisiomv 30amuicms 00 ineioysanns paduxanie DPPH na pisni 61,2 %,
57,7 % ma 56,9 % 6ionosiono. Hatiguwy anmuokcuOaHmuy aKkmusHicms npooeMOHCMpysana Cnoiyka 2a, ujo 0038015€
posensioamu ii K nepcneKmueHuil 06 "€xm 0Jist NOOAILULUX QOCTIONCEHb Y HANPIMK) PO3POOKU HOBUX CUHMEMUYHUX AHMU-
OKCUOAHMIB.

CmpykmypHuti ananiz 00CIiONCY8AHUX CHROTYK 3ACEI0YUS, WO HAAGHICMb OUDEHITbHUX 3aMICHUKIE 6 IMIOA301bHO-
MY YUK, @ MAKodiCe KOHOEHCOBAHO20 OeH3IMIOA3016H020 A0PA 3YMOBNIOE 3HUICEHHS AHMUOKCUOAHMHOT AKMUBHOCI
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imioaszo[2,1-b][1,3|miasunin ayemamis. Hamomicmov Hasenicmv He3amiujenozo imioazonvHo2o pazmenma Kopeuoe
3 NIOGUUEHHAM IX AHMUPAOUKATLHOL OIi.

Kntouosi cnosa: (6ens)imioasof2,1-b][1,3]miasunin ayemamu, incioysanns DPPH-padukanie, anmuoxcuoanmua
AKMUBHICMb, NOKAHUK THEIOYEAHHS.
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EVALUATION OF THE ANTIOXIDANT ACTIVITY OF ACETATES
WITH AN IMIDAZOTHIAZINE FRAGMENT

This work presents the results of the synthesis of (benz)imidazo[2,1-b][1,3]thiazinyl acetates by acylation
of 3-hydroxy(benz)imidazo[2,1-b][1,3]thiazines with acetic anhydride and their further study for antioxidant activity.

The first obtained compounds 2a—c were tested for their ability to inhibit the free radical DPPH (1,1-diphenyl-
2-picrylhydrazyl) by spectrophotometric analysis. The antioxidant properties were assessed in methanol medium
at a concentration of 5 mM, with the change in optical density recorded after 60 minutes of incubation. This experimental
approach allows for efficient and rapid identification of potentially active compounds while optimizing time and materials.
Ascorbic acid was used as a reference compound.

According to the results of screening studies, it was found that 6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazin-6-yl
acetate 2a, 2,3-diphenyl-6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazin-6-yl acetate 2b, and 3,4-dihydro-2H-benz[4,5]
imidazo[2,1-b][1,3]thiazin-3-yl acetate 2c exhibit the ability to inhibit DPPH radicals at the level of 61.2 %, 57.7 %,
and 56.9 %, respectively. Compound 2a demonstrated the highest antioxidant activity, which allows us to consider
it as a promising object for further research towards the development of new synthetic antioxidants.

Structural analysis of the studied compounds showed that the presence of diphenyl substituents in the imidazole ring,
as well as a condensed benzimidazole core, leads to a decrease in the antioxidant activity of imidazo[2,1-b][1,3]thiazinyl
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acetates. On the other hand, the presence of an unsubstituted imidazole fragment correlates with an increase in their

antiradical activity.

Key words: (benz)imidazo[2,1-b][1,3]thiazinyl acetates, DPPH radical inhibition, antioxidant activity, inhibition index.

[TopymieHHst piBHOBar# B CUCTEMi KIIITHHHOTO
MeTaboi3My, 30KpemMa 3CyB OallaHCy MIXK OKHC-
HEHHSM Ta BiAHOBIICHHSM y OiK IMOCHJIEHHS IPO-
OKCHJIAHTHOI aKTUBHOCTI, JIS)KUTh B OCHOBI BUHHK-
HEHHS 0araTbOX IMaTOJOTIYHUX CTAaHIB OPTaHI3MY.
OnHUM 13 XapakTEepHUX MPOSBIB IOTO SBHUIIA
€ TIJBWINEHHS I1HTEHCUBHOCTI TIEPOKCHIHOTO
OKHCHEHHS JIMIAIB — IMpoLecy, KU, SK BIIOMO
(Zheng Y., 2024) € yHiBepcalbHUM MEXaHI3MOM
YIIKOJUKEHHSI KJIITUHHUX CTPYKTYp, OCOOJIUBO
MeMOpaH. Y BIANOBiJb Ha Taki 3MiHU B JKUBOMY
OpraHi3mi 3aIlyCKarOThCsl aJaNTUBHI MEXaHI3MH,
MOKJIMKAHI 3HMU3UTH HAKOIMYEHHS IPOIYKTIB
BUIbHOPAJAMKAJIILHOTO OKHMCHEHHS Ta CTabuli3y-
BaTH iXHIN piBeHb y Mekax (i3i0a0riuHOi HOPpMH
(Pomatto L.C.D., 2018).

3pocratoua yBara HayKOBIIiB /10 BUBYEHHS IPO-
LIECIB OKMCHEHHSI B OpraHi3Mi 3yMOBJIEHa aKyMy-
JISIIEI0 YHMCJIEHHMX JOKa3liB TOro, IO OKCHJa-
TUBHUHN CTpEC € KIIOYOBOIO JIAHKOK MaToreHe3y
IIMPOKOTO CHEKTpa 3aXBOPIOBAHb — BiJ CEPIIEBO-
CYIIMHHUX 1 HepojereHepaTUBHUX JI0 OHKOJIOT1Y-
HUX Ta IMyHHHX posnaniB. OcobnuBe 3aHErnoKo-
€HHSI BUKJIMKA€E BILJIMB 30BHILIHIX YHHHUKIB, TAKUX
SIK TOKCHYHI1 pEYOBUHU, BaXKKi METAJIN, TIECTUIIAIN
Ta 1HIII KCEHOOIOTHKH, Kl 3[aTHI IPOBOKYBaTH
AKTUBHE YTBOPEHHS PEAaKTUBHUX (OPM KHCHIO
(P®K), Takux ik CynepoKCUI-aHiOH, T'IPOKCHUIIb-
HUI paaukan Ta nepokcua BoaHto. Lli monexyny,
BOJIOJIIFOYM BHMCOKOIO XIMIYHOIO PEaKTUBHICTIO,
BCTYMAIOTh y B3aEMOJII0 3 JIMmigamu, OUTKaMHu,
HYKJIETHOBUMU KUCIIOTaMH, COPUYUHSIIOUN CTPYK-
TYpHi Ta (pyHKIIOHAJIBHI MOPYIICHHS B KJIITHHAX.
3okpema, nmontkomkenns JJHK moxe npuzBoautu
JI0 MyTAIliil 1 3aIyCKy aromnTo3y, & OKUCHEHHS O1J1-
KiB — JI0 BTpaTd iXHHOI OI0JIOTTYHOI aKTUBHOCTI
abo arperarii (Pooja G., 2025).

AHTHOKCHJ@aHTHA CHCTEMa OpraHizmy, IO
BKJIIOYa€ K (hepMeHTaTUBHI (CyNEepOKCHIINC-
MyTa3a, Karajas3a, NIyTaTIOHIEpPOKCHIa3a), TakK
1 HeepmeHTaTHBHI KoMIOHeHTH (BiTaminu E, C,
KapOTUHOI/IM, TITYTaTiOH), BUKOHY€E KJIIOYOBY POJIb
y 3HemkomxkenHi POK. Ilpore 3a ymoB TpuBa-
J0oro ab0 1HTEHCHUBHOTO BIUIMBY OKCHJIATUBHOI'O
cTpecy il 3aXWCHa 3aTHICTh MOXKE BHCHa)KyBa-
THUCh, IO CHPUSE MPOTrPECYBAHHIO PI3HOMAHITHUX
MATOJIOTIYHUX CTaHIB — BiJ 3aMaJIbHUX IPOIIECIB
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1 HelpoJereHepaTUBHUX 3aXBOPIOBAHb JIO aTepo-
CKJIepo3y Ta oHkonarojorii (Jomova K., 2024).

VY 3B’S3Ky 3 IUM TOIIYK 1 CTBOPEHHS HOBHUX
e()eKTUBHUX AHTUOKCHJIAHTIB, 3/aTHUX 3amo0i-
ratd abo 3MeHIIyBaTd MKiAnuBHiA BB POK,
€ BaXJIMBUM HANpsSIMOM Cy4acHOi (papMaieBTHY-
HOi Ta 6iomenuunoi ximii. Cepen mepcneKTUBHUX
00’ €KTIB IOCITIIKEHHS 0COOIMBUI IHTEPEC BUKIIU-
KAlOTh KOHJICHCOBaHI TETEPOLMKIIYHI CIIONYKH,
AK1 MaroTh MOTEHIIal 10 e(pEeKTHUBHOI HEHUTpali-
3amii BUIBHUX paJMKaNiB 1 3aXUCTy KIITHH BiA
okcugarupHoro momkomkeHHs (Cavar S., 2009;
Torres R., 2006; Rodriguez S.A., 2011; Mihailovi¢
N., 2017; Perveen S., 2021). 3okpema, croiyku
3 1M1/1a30Tia3MHOBHM KapKacoM, 3aBISIKH CBOIH
KOHJICHCOBaH1il a30TOBMICHIM CTPYKTYpi, 3[aTHI
BHUOIPKOBO B3a€MOMIATH 3 OI10JIOTIYHUMHU Millie-
HSIMH, IO BHM3HA4Ya€ IXHIO MEPCHEKTUBHICTH SK
OCHOBH JJISl CTBOPEHHSI HOBHUX (hapMaKoJIOTIYHUX
3ac00iB 3 aHTHOKcUAaHTHOMO Aieto (Slyvka N. Yu.,
2022, 205-211; Slyvka N. Yu., 2022, 82).

CaMe TOMy BHUAAIOCH OOIPYHTOBAHMM IIPO-
BECTH OI[IHKY AaHTHOKCHJIAHTHOI aKTHUBHOCTI
BIIEPILIE CHHTE30BAaHUX MOJIEKYIN, fKi O MICTHIH
y CBOiHi cTpyKTYypi papmakodopHuii iminazo[2,1-b]
[1,3]riazuHOBHMI TTMKIT.

s peamizaiiii TOCTaBIEHOTO 3aBIAHHS, K
MOJIENIbHI 00’ €KTH JOCIHI/DKEHHS, Oynu oOpaHi
(6en3)iminaszo[2,1-b][1,3]ria3unin ameratu 2a—B.
3anpornoHOBaHUM MiAXIA A0 KOHCTPYIOBAHHS
TaKMX CHCTEM TpPYHTYBaBCS Ha BHKOPHCTaHHI
B pOJII KJIIOUOBUX cyOcTpariB 3-riapokcu(OeHs3)
imiga3o[2,1-b][1,3]ria3uniB 1a—B, oTpuMaHUX i3
(OeH30)iM1/1a30JIIHTIOHIB  MOAMDIKAIIEIO paHiIIe
ormmcannx metofiB (Slyvka N. Yu., 2023).

Bcranorneno, mo 3-rigpokcuiminazo[2,1-5]
[1,3]Tia3unm 1a, 6 Ta ix OenzoaHamor 1B cenek-
TUBHO PEaryroTh 13 OTOBUM aHT1IPUIOM B CyXOMY
HipUAVHI TPU KHUIATIHHI BIPOAOBXK 3 roA 13
yTBOpeHHsiIM  (Oen3)iminazo[2,1-H][1,3]Tiazunin
arerariB 2a, 0 Ta X O€H30aHEIHLOBAHOIO IOXIJI-
HOTO 2B 13 BUXoAaMHu 42—57 %.

bynoBa CHMHTE30BaHMX CIIONYK IMiATBEpIKEHA
pesynsraramu Bumipis 'H NMR, *C NMR ra
LC-MS cnekrpiB, sKi HaBeleHI B EKCIIEPUMEH-
TaJIbHIM YacTHHI. 30KpeMa, /ISl BCiX aleTaTiB 2a—B
MOKA30BHM € TI0siBa CUTHAITY npoToHiB CH;-rpymm
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R R! R R!
N&UN
NYNJ\ (CH;CO),0 Y}
S OH nipuavH, A, 3 rox S O—E—CH3
O
la-B 2a-B

2aR=R!'=H; 6 R=R!=Ph; B RR! =(CH=CH),.

Cxema 1. Cunre3 (0en3)iminaszo[2,1-b][1,3]|ria3unia auerariB 2a—B

alleTWIBHOTO (ParMeHTy, sIKi JIETKO 1IeHTU(IKY-
10ThCs B oOmacTi 2.11 ta 2.12 m.u.

Cunre3oBani  (0en3)imigaszo[2,1-H][1,3]ria3u-
HiNT anerarn 2a—B Oyllo MPOTECTOBAaHO Ha 37ar-
HICTb 1HTi0yBaTH BUIbHI paaukamu 1,1-nmudenin-2-
nikpwiriapaswty (DPPH) BiAmoOBiTHO 10 METOIUKH
(Brand-Williams W., 1995). ExcnepumeHnTanbHi
JOCIIKSHHS BKJIFOYAJIH OLIHKY aHTHOKCHIAHTHOL
aKTHBHOCTI CIIOJYK 2a—B Y METaHOJILHOMY pO3-
YHHI 32 KOHIIEHTpaIlii 5 MM IUIIXOM BUMipIOBaHHS
3MIH ONTUYHOI I'yCTHHU Hicisd 60 XBUIMH 1HKyOa-
mii. Takuii miaAXig JO3BOJISE ONIEPATHBHO BUSBUTH
NePCHEeKTUBHI 3pa3KU, ONITUMI3yI0UH BUTPATH 4acy
Ta Marepiaib.

S cTanAapT TpU TOCHIHKEHHI aHTHOKCHUIAHT-
HOI aKTHBHOCTI BHKOPHCTOBYBAJIU aCKOPOiHOBY
KHUCIIOTY. Pe3ynbraTu CKpHHIHTY aKTUBHOCTI CIIO-
nyk (Oen3)iminazo[2,1-b][1,3]Tia3unin ameratiB
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Puc. 1. InridyBannsa paguxkajis DPPH
aneraramMu 2a—B y KOHUeHTpauii S mM.
SIKk cTaHIapT BUKOPHCTOBYBAJIN aCKOPOiHOBY
KHCJIOTY (3ej1eHuii KoJip).
HajiBuiny aHTHOKCHIAHTHY AaKTHBHICTH Ma€
CIoJIyKa 2a (YepBOHUIT KoJIip)

48

2a-B, npezcTaBieHl Ha puc. 1, mokasanu iHrioy-
BaHHa panukanieB DPPH y mexax 56,9-61,2 %.
Ocob6nuBo BapTo BiA3HauuTH 6,7-1uriapo-5H-
iMigaszo[2,1-b][1,3]|Tia3un-6-i1 anerar 2a, SKUH
MPOJEMOHCTPYBaB HAWBHILY AaKTHBHICTH 1HTI-
OyBaHHS Ta € TEPCIEKTUBHUM KaHIAUJIATOM JUIS
noJaibIuX  (papMaKoNOTIYHUX  JIOCIHIJKECHb
3 METOI0 pO3pOOKHM HOBHX CHHTETHYHHX aHTHOK-
CHUJIAHTIB.

TakuM YHHOM, aIWIIOBaHHS 3-Tiapokch(OeH3)
imigazo[2,1-b][1,3]Tia3uHiB  OITOBUM aHTiIPH-
JIOM JTO3BOJIMJIO OJICP)KATH HOBI MOXigHI — (OCH3)
imigazo[2,1-b][1,3]Tiazunin aneraru 2a-B. [lpo-
BEJ/ICHE MEePBUHHE JIOCIIIDKEHHS X aHTHOKCHIaHT-
HOI aKTUBHOCTI 3aCBITYMJIO 3JaTHICTH 1HriOyBaTH
DPPH-panukanu Ha piBai 56,9-61,2 %. Otpumani
pe3yJIbTaTH BKa3ylOTh Ha TEPCIEKTUBHICTD IUX
CHONYK AK OO’€KTiB Ul TOJAIBIIONO BUBUCHHS
3 METOK PO3POOKH TOTCHLIHHMX CHHTCTUYHUX
AQHTHOKCH/IAHTIB.

ExcnepuMenTanbHa XiMidyHAa yacTHHA

Crnexrpu SIMP 'H i 1*C 3anucani na cnexrpome-
Tpi Varian VXR-400 (400 i 126 MI'1i, BiANIOBITHO)
B imnysibcHoMy Dyp’e-peskumi B CDCly, BHYTpim-
Hill cranmapr TMC. Mac-cnekTpu 3amnMcaHi Ha
npuinaai Agilent LC/MSD SL, kononka Zorbax
SB-C18, 4,6x15 mm, 1,8 mxm (PN 82(c)75-932),
po3unHHuK JIMSO-d6, ioHi3allis eIeKTPOPO3IH-
JeHHsM 3a armocdepHoro TucKy. EnemeHnTHUMit
aHaii3 BUKoHaHWW Ha mpwiani PerkinElmer YH
Analyzer cepii 2400 B anHamiTuyHiii aboparopii
Incruryty opraniunoi ximii HAH VYkpainu. Tem-
neparypy TOIUICHHSI YCiX CHHTE30BaHHX PEUYOBHH
BU3HAYAJIM Ha TMPWIAAl 3 KamlSIPHOK TPyOKOFO
1 He KOPUT'YBaJIH.

Cunre3 (0en3)imimazo[2,1-b][1,3]| Tiazunia
amerariB 2. Jlo posumHy 1 MMoOmb BiANoOBiA-
HOro 3-Timpokcuiminazo[2,1-b][1,3]riasuny la—B
B 5 MJI CyXOTro MipUIUHY J0aBaju 1 Ml OLITOBOTO
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anrigpuay. Cymill KWITSTHIA TPOTATOM 3 TOf,
OXOJIOJI)KYBAJIM, BUJIMBAJU Ha JiJI, 0Ca, 0 yTBO-
puBcs, BiadimeTpoByBamu. OpepxkaHi MPOAYKTH
OYMINAJIH 32 JIOTIOMOTOI0 KOJIOHKOBOT XpoMaTorpa-
¢ii (emoeHT xmopodopm-meranon 50:1).
6,7-Aurinpo-5SH-imina3zo[2,1-b][1,3]
Tia3uH-6-i1 amerar 2a. Buxim: 57 %, 1. TOILL
71-72 °C. IMP 'H cniekrp, CDCls, 8, m.u. (KCCB,
J, I'm): 2.11 ¢ (3H, Me), 3.27-3.35 m (2H, CH,),
4.09-4.14 m (1H, CH,), 4.19-4.23 m (1H, CH,),
5.43-5.48 m (1H,CH), 6.88 ¢ (1H, CH,,,;5,,), 7.03 ¢
(1H, CH,,;5,,)- IMP 3C cnextp, CDCl;, 8, m.u.:
20.4 (Me), 28.9 (C7), 47.9 (C?), 63.8 (C°), 120.1
(C3), 128.5 (C?), 136.1 (C*), 169.6 (C=0). Mac-
cnektp, m/z: 199 [M + H]". 3naiineno, %: C, 48.47;
H, 5.08; N, 14.13. C4H,(N,0,S. Bupaxysano, %:
C,47.69; H, 5.05; N, 14.28.
2,3-Iudenia-6,7-qurinpo-SH-iminazo[2,1-b]
[1,3]Tia3un-6-in amerar 26. Buxim 42 %, T
tort. 108109 °C. IMP 'H cnexrp, CDCl;, §,
m.4. (KCCB, J, I'n): 2.11 ¢ (3H, Me), 3.31-3.40 m
(2H, CH,), 4.15-4.22 m (2H, CH,), 5.52-5.58 m
(1H, CH), 7.47-7.51 m (6H, Hypy ), 7.77-7.81 M
(4H, H,0,,)- SIMP °C cniexrp, CDCls, 8, m.u.: 20.6
(Me), 29.1 (C7), 48.0 (C?), 63.8 (C°), 126.7, 126.9,
128.3, 129.2, 129.3, 129.6, 129.9, 130.9 (C,pon)
133.8(C3?),136.3 (C?), 136.5 (C*), 169.8 (C=0).
Mac-cniektp, m/z: 351 [M + H]*. 3natineno, %: C,
68.55; H, 5.18; N, 7.99. C,,H,3N,O,S. Bupaxy-
BaHo, %: C, 68.78; H, 5.14; N, 7.83.
3.,4-/Iurigpo-2 H-6en3|4,5]imigazo[2,1-b][1,3]
TiazuH-3-ia anmerar 2B. Buxim: 53 %, 1. Tom.
125127 °C. SIMP 'H cnekrp, CDCl;, §, m.u.
(KCCB, J, T'u): 2.12 ¢ (3H, Me), 3.37-3.46 m
(2H, CH,), 4.29-4.37 m (2H, CH,), 5.58-5.63 M

(1H,CH), 7.21-7.28 m (3H, Hy), 7.65 n (1H,
3J = 8.0, Hypo,)- IMP P°C crextp, CDCls, 8, m.u.:
20.9 (Me), 28.9 (C?), 46.2 (C*), 63.4 (C?), 107.8
(C%), 118.3 (C%), 121.7 (C"), 122.7 (C®), 135.6
(C>), 143.1 (C%), 145.6 (C'%), 170.1 (C==0).
Mac-criektp, m/z: 249 [M + H]*. 3naitneno, %: C,
58.05; H, 4.87; N, 11.28. C,,H,N,0,S. Bupaxy-
BaHo, %: C, 58.26; H, 4.83; N, 11.42.

JocaimkeHHsI aHTHOKCHAAHTHOI AKTUBHOCTI
(ananiz DPPH). /lng omiHKM aHTHOKCHJIAHTHOT
aKTUBHOCTI CcUHTe30BaHMX (OceH3)imimaszo[2,1-b]
[1,3]Tia3unin ameratiB 2a—B 3aCTOCOBYBAJIM METO
BU3HAYCHHS 31aTHOCTI Jo iHriOyBanHs DPPH-
pajuKaIiB BIIIOBIAHO JO OIKUCAHOI METOAMKH
(Brand-Williams W., 1995). Jlo MeTaHOJIBHUX PO3-
YHHIB JOCTI/DKYBAHUX CIOJIYK Ta acKOpOiHOBOI
KUCJIOTH (BUKOPUCTAHOI SIK €TaJOH) JOAABAIH IO
1 mu po3unny DPPH (8 mr/100 mu), micis goro
CyMilIi 1HKYOyBaJM POTSIToM | TOIWHU NP KiM-
HaTHil Temneparypi y TeMpsiBi. ONTHYHY TYCTUHY
BHUMIPIOBAJIM IIPH JIOBKHUHI XBHJIi 517 HM BITHOCHO
KOHTPOJILHOTO 3pa3Ka 3a JOMOMOTOK CHeKTpodo-
tomerpa UV-1800 (Shimadzu, Smnownis). Koken
3pa3oKk JOCTKYBIA B TPbOX ITOBTOPEHHSIX.
Bincorok iHTiOyBaHHS pO3paxoBYBaJd BiJHOCHO
XO0JIOCTOTO 3pa3Ka 3a (HopMyIIor:

] % — (Ablank - (A.saereJrDPPH - Asample) X 100 %,

blank

ne Ablank — aGcopO1iist KOHTPOIBHOI peakiiii (0Xo-
TUTEOE BC1 peareHTH, KpiM JOCIiPKyBaHHUX CITOYK);
Asample + DPPH — abGcopOrist pociipkyBaHux
cnonyk micis 60 xB iHKyOarrii 3 posunHom DPPH;
Asample — aGcopO11ist 1OCTIKYBaHUX CIIONYK O€3
po3zunny DPPH.
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20MOBKY NPUPOOHUX OUCTEPCHUX MIHepanie 30ilCHIOBANU ULIAXOM BIOMYYYBAHHS IX B0OHUX CYCNeH3IU KOHYEeHMPayicio
5 %. Biomumi 3pasku adcopbenmis niocyuiyeanu ma 6cmanosniosanu ix eonocicmo. Aocopbyiiiny pignosazy uguaiu
v oianazoni memnepamyp 20...80 °C. 3nauenns euxionux ma piGHOBANCHUX KOHYEHMPAYI OAPEHUX PEeYOBUH GU3HAYAU
cnexkmpoghomomempuunum memooom. Epexmugnicme suoanenns 6apsnux pewosun oyinio8an 3a 3Ha4eHHAMY NUMOMOT
aocopbyii bapsnuxie ma eghekmom 3HeOAPEICHHS POIUUHIE.

Bcmanogneno, wo isomepmu adcopoyii bapsHux pevosur npupooHuMY OUCHEPCHUMU MIHEPANamil ONUCYIOMbCA Pig-
HAHHAM MOHOMOAEKVIAPHOI adcopoyii Jlenemropa. Cuny copoyitinoi 63aemMo0ii OYiHI08AIU 3a 3HAUEHHAM CAHOAPIHO0
3MeHUueHHs 8LIbHOT eHepeil copOyii. Hatikpawi xapakmepucmuku npumamanti naiueopcoKingy, 0ewjo ipuumu € noxas-
HUKU 21aVKOHIMY Cenaposanozo, 2NaykKoHimy npupoono2o ma kapoonamy kauvyito. byno ecmarnosneno, uwjo npu nioguuyen-
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HI memnepamypu CnocmepieacmvCsi SMeHUWeHHs! KLTbKOCHI a0copO08anux OApPEHUX PeuosUH, W0 6KA3VE HA NEPEeBUANCHO
izuunuti xapaxmep aocopoyii. Ha niocmagi ananizy memnepamypHux 3aiejcHocmett 6yiu 6CMaHo8ieHi mepmMoourHamiy-
HI napamempu npoyecie ouuujenns. Bitvna enepeis 1i66ca mano 3anexcums 6i0 memnepamypu, a 3miHa eHmponii mae
810 €MHI 3HAUEHHS, WO 6KA3YE HA YNOPAOKYBAHHS Yy cucmemi niod dieio nois aocopbenmis. Bcmarnoeneno, ujo egexmue-
HICMb 8ULYYEHHA DAPBHUX PEHOBUH NATUCOPCHKIMOM MdA 2NAYKOHIMoM 3anedcums 6i0 pH cepedosuwya i oeujo smeruty-
€MbCs NPU 3POCMAHHI JYICHOCMI.

Knrouosi cnosa: adcopbyis, npupooui oucnepcHi minepanu, 6apeHi peuosunu, a0copoyitine OYULeHHs, Xapuosd npo-
MUCTO0GICTb, HABKOTUMHE CEPeOosULe.
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ADSORPTION PURIFICATION OF SUGAR PRODUCTION INTERMEDIATES
WITH PALYGORSKITE AND GLAUCONITE

The aim of the work is to determine the adsorption properties of natural dispersed minerals of Ukraine, palygorskite
and glauconite, in the processes of removing coloring substances in sugar production.

The efficiency of adsorption purification of technological solutions of beet sugar production, namely juice II saturation
and model molasses solutions with different concentrations of coloring substances in their interaction with natural
dispersed minerals of Ukraine, namely palygorskite and glauconite, was studied. The adsorption characteristics of calcium
carbonate, which is traditionally used for the purification of intermediate products of sugar production, were also
determined. The preparation of natural dispersed minerals was carried out by macerating their aqueous suspensions with
a concentration of 5 %. The washed samples of adsorbents were dried and their humidity was determined. The adsorption
equilibrium was studied in the temperature range of 20...80 °C. The values of the initial and equilibrium concentrations of
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coloring substances were determined by spectrophotometric method. The efficiency of dye removal was estimated by the
values of specific adsorption of dyes and the decolorization effect of solutions.

1t was established that the adsorption isotherms of dyes by natural dispersed minerals are described by the Langmuir
equation of monomolecular adsorption. The strength of the sorption interaction was estimated by the value of the standard
decrease in the free energy of sorption. The best characteristics are inherent in palygorskite, the indicators of separated
glauconite, calcium carbonate and natural glauconite are somewhat worse. It was found that with increasing temperature,
a decrease in the amount of adsorbed dyes is observed, which indicates a predominantly physical nature of adsorption.
Based on the analysis of temperature dependences, the thermodynamic parameters of the purification processes were
established. The Gibbs free energy depends little on temperature, and the change in entropy had negative values, which
indicates ordering in the system under the action of the adsorbent field. It has been established that the efficiency
of extracting dyes by palygorskite and glauconite depends on the pH of the medium and decreases slightly with increasing
alkalinity.

Key words: adsorption, natural dispersed minerals, dyes, adsorption purification, food industry, environment.

AKTyaJIbHICTh NPO0O/IEMH TA AaHAJII3 OCTAHHIX  CYTTEBO 3ajeXaTh BiJl €()EKTUBHOCTI aCcopOLiii-
pocaikens i myOaikaunii. [IpupomHi MIMHUCTI  HOro BUJAJICHHS OApBHUX PEYOBHH Ta IHIIIHUX HEILY-
MiHEpaJli TPUBAJINI Yac BUBYAIOTHCS SIK COPOEHTH  KpiB. TOMy aKTyaJbHUM 3aBJaHHSIM € BHUBYCHHS
JUISL OYMIICHHS NMUTHHUX, TEXHOJOTIYHHX Ta CTiY-  MEPCIEKTHB 3aCTOCYBAaHHS MPUPOTHHMX IHMCIIEpPC-
Hux Box (Kang et al, 2022), a Takox ik epeKTHBHI ~ HUX MiHEpaJiB YKpaiHH y TEXHOJIOTIT IYKPY.

oioinnukaropu (Gonzalez & Pokrovsky, 2014), MeTo0 aociigxKeHb € BHU3HAYCHHS ajcopO-
10 € YyTIMBUMHU JIO0 €KOJIOTIYHOI YHCTOTI JIITOC-  IifHUX BIACTHBOCTEH MHPUPOIAHUX THCICPCHUX
¢depu, rigpocdhepu Ta armochepu. BakmuBuMHM  MiHepadiB YKpalHH MAJIUTOPCHKITY Ta MIAyKOHITY
nepeBaraMy BUKOPUCTAHHS MPUPOJHUX MIHEpab- Yy TpOIecax BUAAJICHHS OapBHUX PEYOBUH TPU
HUX COPOCHTIB € HEBHCOKA BapTIiCTh, JOCTYIIHICTh  BUPOOHMIITBI IIYKDY.

Ta MOIIMPEHICTh Ha TepuTopii Ykpaini. 3okpema, Buxkian 0ocHOBHOTO MatepiaJjy 10C/TiaKeHHS.

Ha Oananci [lepkaBHOTO KOMITEeTy 3amaciB Ykpa- Y poOoTi 1ociiKyBaiu e(h)eKTHBHICTD aJcopOIiii-
{HM 3HAXOAUTHCS 1 PO3POOIAETBCA 5 POMOBUIL  HOTO OYMILEHHS TEXHOJIOTTYHHX PO3YUHIB OypsKO-
DIMHUCTHX TPHPOAHUX MiHEpaliB i3 3arajJbHUM  I[yKPOBOI'O BUPOOHHUIITBA Ta MOJCIBHUX PO3YUHIB
3anacoM noHaj 100 muH. T (PiankoBebka, 2021).  Mensicu 3 Pi3HOI KOHIIGHTpaLi€r0 OapBHUX pevo-
Cepen HuX HaOLTBII BiTIOMUM € UepkacbKe pOlo-  BHH MPH 1X B3a€EMOJIi 3 MPHUPOIHUMH IAHMCIIEpPC-
pume (104,7 muH. T.), a Takox lopOceke (6,8  HuMHU MiHepasiaMu YKpaiHH, a came MaJIUropChKi-
miH. T), Kynnescoke (0,55 miH. T), IImkiBchbke — TOM Ta riaykoHiTOM. [IJiss OPIBHSIHHS BU3HAYAIU
(0,113 mun. T) Ta bepexanceke (0,426 MIIH. T). azcopOLiiiHI XapaKTepUCTUKU KapOOHATy Kallb-

[MpupoxaHi aucrepcHi MiHEpanM HaleXarb 0  IIif0, SIKUH TPAIUI[iiHO BUKOPUCTOBYIOTH ISl OUH-
IpyNH IIapyBaTHX alOMOCHIIIKATIB, SIKI CKJIaJa-  IIEHHS HAMiBIPOIYKTIB IlyKPOBOTO BUPOOHUIITBA.
10T ONU3BKO 75 % 0cajoBoi YacTHHYU 3eMHOI Kopr  [liIrOTOBKY MNPHUPOAHUX JAUCHEPCHUX MiHEpasiB
(®ponoBa & Illynskin, 2021). Bonu BonmoaioTh  3iiiCHIOBa M NUISIXOM BiJIMydyBaHHS iX BOJHHUX
HU3KOIO YHIKaJIbHUX BIACTHBOCTEH, TAKHX SIK TEP-  CyCHeH3ii KoHueHTpariero 5 %. Bigmurti 3pa3ku
MOCTIHKICTh, PO3BUHEHA MTOBEPXHs, 37JaTHICTb 10  aACOpPOCHTIB MiJCYNIyBaJd Ta BCTAHOBJIIOBAIU
10HHOTO OOMiHY, HasBHICTh MOBEPXHEBUX aKTHB-  iX BOJIOTICTh. AJICOpOILiliHY pPiBHOBAary BHBYAJIH
HUX IIEHTPIB pi3HOI NpUpOAM, MiKpormopyBata Yy niana3oHi temmeparyp 20...80 °C. 3HadyeHHS
CTpYKTypa, Xopouri (impTpamiiiHi BIACTHBOCTI.  BHXIJHHUX Ta PIBHOBOKHHUX KOHIICHTpAIliii Oaps-
3aBASKM TaKUM XapaKTePUCTHKaM BOHU 3HAXO-  HHUX PEYOBHH BH3HAYAIHM CIEKTpOo(oTOMETpHY-
JSITh IIUPOKE 3aCTOCYBAHHS Y XapyOBHX TEXHOJIO-  HUM MeToAoM. EdekTHBHICTH BuaaieHHs OapBs-
TisIX IS BIZIOKPEMIIEHHS CTIONYK Pi3HOT MPUPOJM,  HUX PEUYOBHH OILIIHIOBAJIM 32 3HAUCHHSIMH MTUTOMOT
ounmieHHs1 cokiB (Matko, Koctenko, Menpnuk &  azcopOiii OapBHHUKIB Ta €pEKTOM 3HEOAPBICHHS
Mapuentok, 2008), cnupTy Ta BOAHO-CIIUPTOBUX  PO3YHUHIB.

po3unHiB (MenbHuk, Mank & Mapmin, 2004), [30Tepmu agcopOitii OapBHUX PEYOBUH MPUPOJI-
pociuuHux oniii (PiankoBcbka, 2021) Ta IHIIMX  HUMHU JUCIICPCHUMH MiHEpajlaMd Ta KapOOHATOM
CEpEeOBHIL. KaJbI[ito mpencTaBieHi Ha puc. 1. OCKUIbKH BOHH

IIponec ancopOrii Mae BeMKe MPAaKTHYHE 3HA-  MPEACTABISIOTh COOOK0 KpUBI, SIKI € OMYKIUMH
YEeHHS Yy IYKpOBil ramy3i. SIKicTh O110r0 KpHcTa-  CTOCOBHO BiCi PIBHOBOKHUX KOHIICHTpPAILIil, MOYKHA
JIYHOTO IyKpy, WOT0 YUCTOTa Ta 3a0apBJICHICTh  3pOOMTH BHCHOBOK IPO BHCOKY CHOPIIHEHICTH
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a-10%
KI/KT
10,0

T

5
CP, Kr/cm?

Puc. 1. I3oTrepmu agcopouii 6apBHUX pe4OBUH
IYKPOBOI0 BUPOOHMITBA NMPHPOIHUMHA
AUCTIEPCHUMM MiHepajaMu: 1 — NaJIUropChKiT,
2 — r1ayKoOHIT cenapoBaHmii, 3 — IayKOHIT
NPUPOAHUIL, 4 — KapOOHAT KAIbLiI0

OapBHUX PEUYOBHH JI0 COPOCHTIB Ta MOXKIIUBICTD X
edexruBHoro BumaneHus (Kalam, Abu-Khamsin &
Patil, 2021). Bcranosineno, 1mo i30TepmMu ajacopo-
1ii 6apBHUX PEYOBUH NMPUPOAHUMH JUCIIEPCHUMHU
MiHEpaJlaMU OIUCYIOThCS PIBHSAHHIM MOHOMOJIE-
KyJsipHOi agcopOrrii Jlenrmropa (1):
< ! +L-C,

a a,

b )
ne C ta C, — KoHUEHTpalis OapBHUX PEYOBUH
y po3umHi Ta iX piBHOBa)KHA KOHIIEHTpALlisl BiIIO-
BiHO, KI/M>; b — mapamerp, IO ONHCYy€ aacopo-
HiliHUI mporec, M>/KT; a — KiIbKICTh aacopOoBa-
HUX OapBHUX PEUYOBHH, KI/KT; d,, — MAaKCHMaJlbHA
KUTBKICTh OapBHUX PEYOBHH, IO 37aTHI MOTIHHY-
THUCS 10 TIEBHOTO Yacy, KI/KT.

3Ha4YeHHS TapaMeTpiB COpOIIHOI piBHOBaru
a, Ta b, sxi Oynu po3paxoBaHi 3a JOMOMOTOIO
METOAy HaNMEHIIUX KBaJpariB, IPeICTaBICHI
y Tabmn. 1.

Cuity copOIiifHOT B3a€MOJIiT OIIIHIOBAJIH 32 3HA-
YEHHSM CTaHJIapPTHOTO 3MEHILIEHHS BUIBHOI CHEp-
rii copomii —AF (Tran et al, 2021), sixy po3paxo-
ByBaJiu 3a piBHSAHHAM (2). OTpumaHi pe3ynbraTu
HaBeJIeHI y Ta0I. 1.

—~AF=RT- InK, 2)

ne K — KoHcTaHTa cOpOIiHOI piBHOBAarw, IO
BU3HAYAJIACs 3a PIBHSIHHSIM (3):

K=b-ay, 3)

1€ dy o — AKTUBHICTH PO3YMHHMKA Y BOJI.

Jnist po30aBiIeHUX PO3YMHIB MOJIBHA JOJISL PO3-
YUHHUKA (BOIW) MOpiBHIOE 1, TOmi ¥ KoedimieHT
aKTUBHOCTI pPO3YMHHMKA Oyne mopiBHIoBaTH |
(Gonella et al, 2021). Y Takomy BUTaIKy 3HAYCHHS
ay,, MOXKHA 3aMIHUTH Ha KOHLICHTPALIIIO BOIH, sKa
JOpiBHIOE 55, 55 MOIB/TI.

BcranoBneHo, 10 HaiOUIbIE 3HAYCHHS d,,
XapakTepHe Ul MAJIUTOPCHKITY, II0 MOXKHA TOsIC-
HUTU OyJI0BOIO MiHEpally sIK MpPEICTaBHUKA IIapy-
BaTO-JIAHITFOTOBHUX MiHepasiB. J{ist HUX amcopOrtiitai
BJIACTUBOCTI BW3HAYAIOTHCS THUIIOM TIOPUCTOCTI,
a caMe HasIBHICTIO STK IEPBUHHMX TIOP Y BUIVISII 11€0-
JITHUX KaHAJIIB y CTPYKTYpI, TaK 1 BTOPUHHOI HOpHC-
TOCTI, SIKa YTBOPIOETHCS 32 PAXyHOK arperartii gac-
THUHOK JTUCTIEPCHOTO MiHEpaIly y MOPUCTUH MPOCTIp
navyok. [ TayKoHIT Mae JIuIiie 30BHIMTHIO aJICOPOIIiHY
MOBEPXHIO, @ HMOr0 IMOPHCTICTh 3yMOBJICHA JIHIIE
IIUTHHAMH, STKI YTBOPIOIOTHCS MK YaCTUHKaMH, TI10
KOHTaKTyIOTh. TOMy HOTO aJicopOIliifHa 3/aTHICTh
MEHIIa, HIK y TaIMTOpChKiTy. JIist Bcix copOeHTiB
3HAYCHHS CTaH/IAPTHOTO 3MEHIIICHHS BUTLHOI CHEp-
Tii copOrii 3HaxomAThCs y Mekax —13...—14 xJx/kr.
3Ha4eHHS €(PEKTy OUMIICHHS ITiITBEP/DKYIOTh, 110
HaAOUTBIT €(PEKTUBHO BIITyUEHHS OapBHUX PEIOBHH
BiZIOYBa€TbCS TPU BUKOPHUCTAHHI TMAJIUTOPCHKITY,
JICTIO TipIIe — TPU 3aCTOCYBaHHI CEMapOBaHOTO,
MPUPOTHOTO [TIAYKOHITY Ta KapOOHATY KaJIbIIiIO.

byno mocnimkeHO TemmepaTypHy 3aJIeKHICTh
a7copOLIHHOrO BHUIAJEHHS pPO3YMHEHHUX OapB-
HUX PEYOBHH TMAJUTOPCHKITOM Ta TJIAYKOHITOM

Tabmmi 1

[Mapamerpu aacopOuii 6apBHUX PeYOBUH NPUPOJIHUMU JUCITIEPCHUMHU MiHepaJaMu
Ta KAapOOHATOM KAJbLiI0

AncopOeHTt a,, KI/Kr b, M3/KT —AF x 103, x Iz/Kr Ed¢exrt 3ue0apBaenns, %
TTanuropcekir 0,151 320,9 14,06 48,5
[maykoHiT cenapoBaHuii 0,120 246,7 13,52 38,2
ImaykoHIT npupoaHuii 0,080 208,4 13,01 36,1
KapOoHnar kasblito 0,065 227,5 13,22 34,2
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y nianaszoni Temneparyp Big 293 no 373 K ra Bcra-
HOBJICHO, TIIO 3 ITIBUIIICHHIM TEMIIepaTypu CIIo-
CTepIraeTbCs 3MEHIICHHS KUIBKOCTI ajcopOoBa-
HUX OapBHUX PEUOBUHM, IO BKA3y€ HA MEPEBAKHO
¢13uunuil xapakrtep ancopo6uii. Ilpu BHU3HAYEHHI
TEPMOIMHAMIYHHUX XapaKTEPUCTHUK MPOIECY BUKO-
puctoByBanu piBHsIHHA ['1600ca—Tenbmronbiis (4):

AG'=-0+T- AS°, C))

ne AG® — cTaHjapTHe 3MEHIIECHHS BUILHOI €HEp-
rii agcopomii, kJ/[x/kr; O — Temiora aacopOIii,
kJx /kr; T — Temneparypa, K; AS® — 3mina enTpo-
mii, kx/(kr - K).

[30cTepuyHi TermoTH aacopOIlii BU3HAYAIH 3a
piBusinHsAM Knaysiyca—Knaneiipona (5):

o(InC)
ﬁ | ;
a _
T a

3MiHy eHTpomii ajcopOIii po3paxoByBaiu 3a
piBHSHHSM (6):

AS®=-Q%T+R - InK. (6)

0=R

Pe3ynbraTi po3paxyHKiB pecTaBieHi y Taom. 2.
OTpuMaHi AaHi CBiT4aTh, 10 3HAYSHHSI BUTBHOT
eHeprii ['100ca He 3HAYHO 3aJIC)KHUTh Bij TeMIepa-
Typu. 3MiHa eHTpormii agcopbuii B yciXx BUIaIKax

Ma€ BiJI’€MHE 3HAYEHHS, 110 BKa3y€ Ha YacTKOBE
YIOPAIKYBaHHS B azcopOoBaHiil dasi mix miero
OJISE aJICOPOCHTY.

OCKUTbKM B TEXHOJIOTII IyKpy BHUAAJICHHS
OapBHUX pEUYOBUH BIAOYBAETHCA Yy JYKHOMY
cepenouli, Oymo mocmimkeHo BB pH Ha
e(heKTHUBHICTh BUJTyUYEHHS OapBHUX PEYOBHH MaJU-
TOPCBKITOM Ta IJIAYKOHITOM, PpE3YyNbTaTH SKOTO
IpeacTaBlIeHl y Tao. 3.

[Tpu miBUIIEHH] TYKHOCTI PO3YHHIB €()eKTHUB-
HICTh BHUJAJICHHS OapBHUX PEUYOBUH IYKPOBOTO
BUPOOHHUITBAa 3MeHIIyeThcs. lle MoxHa mosic-
HUTH 3HAUEHHSAM EJEKTPOKIHETUYHOIO MOTEHI-
amy OapBHUX PEYOBHH, SIKUH HaOyBa€e HAWOUTHIITNX
3HayeHb npu pH nonan 9 ogunuinp (OnsHcbka &
[{upynpHikoBa, 2016). 3a Takux yMOB OapBHI pevo-
BUHH MarOTh HAHOUIBIY CTIHKICTb, 1110 HETATUBHO
BIUTMBAE Ha iX ajcopOiiiiHe BUIAJICHHS MPHPOI-
HUMHU COPOEHTaMHU.

BucHoBkM i mepCcHeKTHBH MOJAJBIIUX
pocaikenb. [Ipu npoBeneHH1 A0CTiKEHb OyI10
BCTAQHOBJICHO, IO MNAJIUTOPCHKIT Ta TIJIAYKOHIT
€ e(pexTUBHUMHU ancopOeHTaMU AJisi BUAAJICHHS
OapBHUX PpEYOBMH 13 HAMIBIPOAYKTIB I[yKpO-
BOTO BHUPOOHHULTBA. AJCOpOLis MEPEBaXHO Mae
¢bi3nyHM XapakTep Ta OMHCYETHCS PIBHAHHSAM
Jlenrmiopa. ITigBuIIeHHs TeMIiepaTypH Ta BUCOKA

Tabmuig 2

Tepmoaunamiuni napamerpu agcopoOuii 0apBHUX pe4OBUH YKPOBOr0 BUPOOHUIITBA
NAJHIOPCHKITOM Ta INIAYKOHITOM

AzncopGent Temmneparypa, K ~AG®, xJIx/Kr ~AS°, kJIx/(xr - K) 0, kJlx /xr
293 6,34 0,05
[Tanuropcekit 353 8,30 0,05 8,35
373 9,30 0,05
293 4,03 0,04
I'mayxoHIT cemapoBaHuii 353 5,63 0,04 7,84
373 6,28 0,04
293 3,88 0,04
[mayKoHIT PUPOTHIIA 353 5,48 0,04 7,69
373 6,28 0,04
TaGmuus 3
Bnuins pH cepenoBuia Ha nutomy ajcopoiito Ta epeKT 3HeOapBJIEHHSI PO3YUHIB
AncopoeHT pH 20 IMutoma axcopouis, a - 10%, Kr/kr EdexT 3ned6apBienns, %
6,5 1,19 48,5
[Manuropcekit 9,0 1,09 39,5
11,2 0,99 323
6,5 0,99 38,2
I'maykoHiT cenapoBaHmii 9,0 0,95 32,0
11,2 0,85 27,7
6,5 0.71 36,1
[mayKkoHIT npupoIHuii 9,0 0,69 22,6
11,2 0,60 19,4
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JTYXKHICTh CEpElOBUINA HEraTUBHO BILIUBAIOThH [Momanbun mociiukeHHsS OyayTh COpsSMOBaHi Ha
Ha KUIBKICTh BWJIYYEHHX OapBHUX PEUOBHUH, IO  BHU3HAYCHHS MOXKJIMBOCTI 3aCTOCYBAHHS MIPUPOIHUX
MoTpiOHO BpaxoBYyBaTH NMpPH BHOOPI MiCIsl BBe-  JWCIEPCHUX MiHEpAJTiB YKpalHH ISl OYMIICHHS
JIEHHS COpPOEHTIB y TEXHOJOTIYHOMY IMIpOLeCi  CTIYHUX BOJA IYKPOBHUX 3aBOIB, IIO € Ba)KJIHMBHM
BUPOOHHIITBA ITyKDY. 3aBIaHHIM 3aXUCTY HaBKOJMIITHBOTO CEPEIOBHIIIA.
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JOCIIKEHHA ®A3OBUX IIEPETBOPEHD Y CUCTEMI ND-LI-GE
3A TEMIIEPATYPH 400 °C

Y oaniti pobomi nodydosano izomepmiunuil nepepiz gazoeoi diacpamu cmany cucmemu Nd-Li-Ge na ocnosi penmee-
HIBCHKO2O (ha308020, MIKPOCMPYKIMYPHO20 MA TOKATbHO2O PEHM2eHOCheKmpanbHo2o ananizie npu memnepamypi 400 °C
6 dianazoni 30—100 am. % Ge.

s cunmesy cnuagie wimMamxy 4uCmMux Memainie negHo2o CMexioMempuyHo2o CKiady npecyéaiu 6 maodiemxu, sKi
nomiwanu ¢ manmanosuti mueens i Haepieanu 0o 400 °C. [pu yii memnepamypi cniagu eumpumysanu 06i 0oou, nomim
memnepamypy niosuwgysanu 0o 800 °C npomseom 00Hiei 200unu. 3paszku, ompumani 6 Xo0i ekCnepumenmy, nio0a8anucs
8i0nay npu 3a0awitl memnepamypi npoms2om uiecmu 200uH. Iomozenizyrouuti gionan 0 6Cix 3pasKie npogoouLU npu
memnepamypi 400 °C ynpooogac 480 cooum.

Dazosuil ananiz cniasie NPogOOUNU 3a MACUBOM OAHUX OUPparyii X-6unpomiHIO8AHHS, 00EPHCAHUX 3a OONOMO20I0
nOpowKosux asmomamuzosanux ougppakmomempis JJPOH-2.0M (Fe Ko-sunpomintosanus) ma STOE STADI P (Cu Ko, ;-
sunpomintosants). Kinoxicne susnauenns emicniy JIimito 30itiCHI08AN0Cs MemoOoM NOJyMeHesoi homomempii 3 6ukopuic-
mannsam npunady Flapho-4. @azoeuil cknad okpemux 3paskie cucmemu 0y6 niomeeportceHutl Memooom eHepeooucnepcii-
Hoi' X-npomenesoi cnexmpockonii (E[XC) y noconanni 3 pacmposum enexmponnum mikpockonom Tescan Vega 3 LMU.
1oenmudghixayiro, pospaxynok ma inoexcygans OudpaKmozpam, YmouHeHHs napamempie enemeHmapHux KOMIpox 6UKo-
Hysanu 3 guxopucmannsim nakemie npoepam LATCON, POWDER CELL-2.3. ma WinCSD. Busnauenns ma ymounenms
KpUCMATIYHOT CIPYKIYypU MemoO0oM NOPOUIKY BUKOHY8ANU 3a donomoeoio npoepamu FullProf 98.

Pezynomamu excnepumenmanvrhozo 00CnioiceHHs 00panol OLIAHKYU NOKA3AAU YMBOPEHH HO8OI MePHAPHOI Cho-
avku Nd,LiGeg (cmpyxkmypuuii mun PryLiGeg, cumeon Ilipcona 0S18, npocmoposa epyna Cmmm, a = 0.41657(1), b =
2.11079(5), ¢ = 0.43723(2) um). Bcmanosneno gpopmysanra meepooeo posuury NdsLi,Ge; (x = 0-0,4) 3a paxynox uacm-
K08020 KIUeHHA (00 X = (),4) amomie Jlimito 6 okmaedpuyni nycmomu uxionoi 6inaproi gasu NdsGes. 3a ymog exc-
nepumenmy niomeepotceHo AmepamypHi 0ai Wooo ymeopeHHs cemu ROMpItiHuX cnoyK ma Ons 8Cix ymouHeHo napa-
Mempu ix enemenmaprux xomipok. He niomeepoowceno icnysanus cnonyk NdLi,Ge ma Nd,LiGes npu memnepamypi
3anponoHOBAN020 HAMU GIONAY.

Poszensanymo ocobnusocmi ghazosux e3aemooiti nompiinoi cucmemu Nd-Li-Ge ma inwux cnopionenux cucmem, wjo
micmame piokicnozemenvhi memanu, Li ma Ge. Bemanogieno, wo oinvuicmo as, sKki cunmeso8ami y HUX, Kpucmai-
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3y1I0muest y opmopomoiunii cumempii' 3 sidomumu cmpykmyprumu munamu CaLiSi,, ZrNiAl, Ce,Li,Ge;, Tm,LiGe, ma
Gd;Cu,Ge,.

Kntouosi cnosa: Heooum, Jlimiu, I'epmaniti, pazosi pienosaeu, cunmes, KpUCMaiiyna cmpykmypa, nompitiHa cno-
JIYKA, MEepoUll posuun.
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STUDIES OF PHASE TRANSFORMATIONS IN THE ND-LI-GE SYSTEM
AT ATEMPERATURE OF 400 °C

In this work, an isothermal section of the phase diagram of the state of the Nd-Li-Ge system was built on the basis of X-ray
phase, microstructural and local X-ray spectral analyzes at a temperature of 400 °C in the range of 30—-100 at.% Ge.

For the synthesis of alloys, pieces of pure metals of a certain stoichiometric composition were compressed into tablets,
which were placed in a tantalum crucible and heated to 400 °C. At this temperature, the alloys were held for two days,
then the temperature was raised to 800 °C for one hour. Samples obtained during the experiment were annealed at a given
temperature for six hours. Homogenizing annealing for all samples was carried out at 400 °C for 480 hours.

Phase analysis of alloys was carried out by an array of X-ray diffraction data obtained using powder automated
diffractometers DRON-2.0M (Fe Ko-radiation) and STOE STADI P (Cu Ko -radiation). Quantitative determination
of Lithium content was carried out by flame photometry using a Flapho-4 device. The phase composition of individual
samples of the system was confirmed by energy dispersive X-ray spectroscopy (EDX) in combination with a raster electron
microscope Tescan Vega 3 LMU. Identification, calculation and indexing of diffractograms, refinement of parameters
of elementary cells was carried out using packages of LATSON, POWDER CELL-2.3 programs and WinCSD. Determination
and refinement of the crystal structure by the powder method was performed using the FullProf 98 program.

The results of the experimental study of the selected site showed the formation of a new ternary compound Nd,LiGe,
(structural type Pr,LiGeg, the Pearson symbol 0S18, the space group Cmmm, a = 0.41657(1), b = 2.11079(5), ¢ =
=0.43723(2) nm).

The formation of a solid solution of NdsLi,Ge; (x = 0-0.4) was established due to the partial inclusion (up to x = 0.4)
of Lithium atoms in the octahedral voids of the initial binary phase of the NdsGes. Under the conditions of the experiment,
the literature data on the formation of seven triple compounds were confirmed and the parameters of their elementary
cells were clarified for all. The existence of NdLi,Ge and Nd,LiGes compounds at the temperature of the annealing
proposed by us is not confirmed.
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The features of phase interactions of the triple system Nd-Li-Ge and other related systems containing rare earth
metals, Li and Ge are considered. It is established that most of the phases synthesized in them crystallize in orthorhombic
symmetry with known structural types of CaLiSi,, ZtNiAl, Ce,Li,Ge;, Tm,LiGe, and Gd;Cu,Ge,.

Key words: Neodymium, Lithium, Germanium, phase equilibria, synthesis, crystal structure, ternary compound, solid

solution.

AKTyaJbHiCTh NPO0GJeMH. 3aBISKH CBOIM
YHIKaQJIbHUM BJIACTUBOCTSIM, CIUIaBU Ha OCHOBI
JIiTito 3HAMIIIIIN IMPOKE 3aCTOCYBAHHS B OaraThox
rajy3sx MpOMHUCIOBOCTI, 30KpeMa y BUPOOHMIITBI
JIETKUX KOHCTPYKIIMHUX MaTepiajiB Ta eIeKTPO-
niB s akymynaropi (Scrosati, 2010; Pavlyuk
2013). inwit psa TaKUX CHOIYK MAarOTh KOPHCHI
¢i3uuHi Ta XiMiyHi BracTuBOCTI. i1 CTBOpPEHHSA
HOBUX JIITIEBUX MarepiayiiB HE0OXiTHO PETEeIHHO
JOCHTI/DKYBAaTH  B3aEMOJIII0 MK  €JIeMEHTaMHU
B CHCTEMax pi3HOI CKJIaJHOCTI, OyayBatu (ha3oBi
JiarpaMu Ta BU3HAYaTH KPHUCTAJIIYHY CTPYKTYpY
oTpuMaHuX (a3.

Heonum — 11e piakicHO3eMEIbHUN METal, SIKHK
Ma€ MIMPOKHHA CHEKTP 3aCTOCYBaHHS B PI3HUX
rajry3sx MpOMHUCIOBOCTI, 30KpeMa y BUPOOHHIITBI
HAJ3BUYAHO TOTY)KHHX ITOCTIHHMX MAarHiTiB,
TBEPAOTIILHUX J1a3epiB, WOTr0 JOJAI0Th B SKOCTI
N00aBOK 110 CIUIAaBIB JJISl MOKpAIIEHHsS IX Mexa-
HIYHUX BJIACTUBOCTEH, TaKMX SK MIIHICTh 1 Tep-
MOCTIHKICTb. BiH € Haa3BHYalHO BaXKIUBAM IS
0aratb0X CydacHHUX TEXHOJIOTIH, OCOOIMBO ISt
BUPOOHUIITBA €JICKTPOMOOIITIB Ta BiTHOBIIIOBAHUX
JOKEepel eHeprii.

I'epmaHiii Mae KPUTHYHO BKJIMBE 3HAYCHHS
JUISL PO3BUTKY CYYacCHUX TEICKOMYHIKAIlIMHUX
TEXHOJIOTiH, ONTOETIEKTPOHIKA Ta iH(ppauepBOHOT
TeXHiKH. BUKOpHCTOBYEThCS Y BUpOOHUIITBI Oara-
TOIIAPOBUX COHSYHUX Oarapei, ki MalOTh BUCOKY
€(eKTUBHICTh TIEPETBOPEHHSI COHSYHOTO CBITIA
B enekTpoeHeprito. OCHOBHUN HampsM BUKOPHUC-
tanHs JIiTito Ha TaHOMY eTari —I1e JTiTii-HOoHHI aKy-
MYJIATOPH — HAUTTOIIMPEHIIINI THIT aKyMYJISTOPIB,
10 BUKOPUCTOBYIOTHCS B CYYaCHHUX €JIEKTPOHHUX
MPUCTPOSIX (CMapTPOHU, HOYTOYKH, TUIAHIIIETH) Ta
eJIeKTpOMOOIAX. BOHM BUPI3HSAIOTHCS BHCOKOIO
€HEPreTUYHOI MIUIBHICTIO, TPUBAIMM TEPMIHOM
CIIy>)kKOM Ta IIBUIKOIO 3apsAIKOI0. 3BaKalouu Ha
IIMPOKUHN CHEKTP MOTEHIIHHOTO 3aCTOCYBaHHS, MU
3aliKaBUJIMCSl BUBUEHHSM B3a€MOJIi1 KOMIIOHEHTIB
B moTpiitHux cucreMax R-Li-X (me R — pinkicHo-
3eMeJIbHUI eneMeHT, X — p-esieMeHTH [VA rpynu,
taki sk Si, Ge i Sn).

AHaJi3 OCTaHHIX AOCJIIKeHb i myOaikairiid.
BuBueHHs B3aeMOJIii piKICHO3EMEIbHUX €JIEMEH-
TiB 3 Jlitiem i1 ['epmaHieM 3 yTBOpPEHHSM CHOJYK

59

130CTPYKTYpHUX PSIIIB HACTYIMHHUX CKJIAJIB TPO-
Bommwiiocst B pobotax: RLiGe, (IlaBmrok, 1986),
R,Li,Ge; (ITaBmrok, 1989), R,LiGe, (ITaBimox,
1990), RLiGe (ITaBmok, 1991), R;Li,Ge; (IlaB-
mok, 1993). KpucraniuyHny cTpyKTypy TepHapHOI
dasu La,LiGe,_, (mpoctopoBa rpyna Cmmm,
cTtpykrypuuii tan Pr,LiGes) Oyno mocmimkeHo
METOZI0M MOHOKpHCTaITy 1 onucaHo B nparisix (I1as-
mok, 1992; Stetskiv, 2012). Ilro cnoixyky MoxkHa
pO3IIsIaTH SK MPEICTAaBHUKA HOBOTO TOMOJIOTIY-
HOTO psiAy Ha OCHOBI cTpykTypHuX THiB CaF,,
ZrSi, ta AlB,. Iliznime, ¢asu RLiGe,, R,Li,Ge;
ta R,LiGe, Oynu yTouHeHi i3 iHITUMH PiTKiCHO3e-
MenbHUMHU MeTanamu aBTropamu (Fornasini, 2012),
a Takok 3HaiaeHi HoOBi cmomyku: La;;Li;,Geq
(Immm, CT Ce;,Li;,Ge,s) (Jung, 2012; Guo, 2012),
La;LigGe,, (Cmmm, HOBWA CTPYKTYpPHHUU THII)
(Fornasini, 2012; Guo, 2012) i La;Li,Ge, (Immm,
CT Gd;Cu,Ge,) (Fornasini, 2012).

[Tpu nocmimxenni cucremu Nd-Li-Ge 3a tem-
neparypu 200 °C (I1aBmrok, 1992) 3a qomomororo
METO/IB PEHTTeHOCTPYKTYPHOTO aHaji3y BHSIB-
JICHO iCHYBaHHS 5 T€pPMaHiiB, SKi XapaKTepH3y-
10ThbCs HacTynmHUMHA mapamerpamu: NdLi,Ge (P6,/
mmc, CT Cr,AlC), NdLiGe, (Pnma, CT CaLiSi,),
Nd,LiGes (Ammm, CT Ce,MnGes), Nd,Li,Ge;
(Cmcm, CT Ce,Li,Ge;), NdLiGe (P-62m, CT
ZrNiAl). Ha Bigminy Big cuctem 3 Llepiem 1 Ipa-
3€0IMMOM Y JAaHOMY JOCIiKeHHI He Oyio 3Ha-
iaeno cnonyku Nd,LiGes. ABropamu (Fornasini,
2012; Guo, 2012) pochipKyBalUCh OKpeMi
3pa3Ku Ha MPEIMET YTBOPEHHsI MOTPIHHUX CIIOTYK
1 IPU IIbOMY BCTAQHOBJICHO iCHYBaHHS HACTYITHUX:
Nd,,Li;,Ge, 4 (Immm, CT Ce,,Li;,Ge,s), Nd,LiGe,
(Pnma, CT Tm,LiGe,), Nd,LigGe,, (Cmmm, CT
La,LigGe,() Ta Nd;Li,Ge, (Immm, CT Gd;Cu,Ge,).
Criocrepiranacs 00J1acTh HE3MIIITyBaHHS B TOTPii-
Hill cuctemi g0 17 at. % Ge.

OsHaiiomiieHHS 3 JiarpaMaMu CTaHy Ta CIIONy-
KaMH TTOJIBIMHUX CHUCTEM, III0 BXOISATH JO MOTPii-
Hoi Nd-Li-Ge, Oyno ogHWM 3 KJIFOYOBHX €TArliB,
OCKIJIbKU Tpadiku cTabiTbHOCTI (a3 MOKa3yIoTh,
3a SKUX TEeMIeparyp i KOHIIEHTpAIlid yTBOPIO-
IOTBCSL Pi3HI TBEPAlI PO3UMHU, XIMIUHI CIIOJYKH,
pinuan. IHpOpMOBaHHICTE Tpo (a3oBi cTaHU
MOJIBIMHUX CHUCTEM JIO3BOJISIE IHTEPIIONIOBATH Ta
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eKCTPAroIOBaTH JIaHi JJIsl MPOTHO3YBaHHS ITOBE-
JIIHKY TIOTPIHHOT CUCTEMHU.

ExcniepumMenTanpHa giarpaMa CTaHy CHUCTEMHU
Li-Ge mnoOynoBana B iHTepBasli KOHIIEHTpAIliil
0-4,5 % (ar.) Ge u 42-100 % (at.) Ge y poborax
(Dadd, 1981; Menges, 1969). B axocTi BUXigHuX
Marepiaiis Oyno Bukopuctano Li unctoToro 99.8 %
(3a macoro) i Ge yucrororo 99.99 % (3a Macoro).
CriaBy TOTYyBaJIM B 3aTI3HUX TUIVISIX B arMocdepi
Ar 1 gochipKkyBaid MeTonaMu u(pepeHIiiftHOTOo
TEPMIYHOTO aHami3y, MeTanorpadii Ta peHTTeHiB-
cekoi nudpaxuii. B mpami (Dadd, 1981) Bkazano
Ha icHyBaHHs OiHapHO1 (asu Li,,Ges (18.5 % (ar.)
Ge). Kpucraniuna cTpykTypa i mapaMeTpu rpaTtku
s LijsGey (21 % (ar.) Ge) ommcaHo aBropamu
(Johnson, 1965).

Crnonyka Li;Ge miaButbest kourpyentHo (Pell,
1957). B cuctemi icHye 1BI €BTEKTHKH: IIPU BMICTI
50 % (at.) Ge i Temmeparypi 528 = 10 °C Ta Ha
cTopoHi Li 3 Temneparyporo, OIHM3bKOI0 10 TOUKH
miaBneHHs Li. ¥ po6orti (Griittner, 1981) nosimo-
MJICHO TIPO YTBOPEHHS OJIpa3y TPbOX HOBHX I'epMa-
uinis Jlitiro: Li,Ge,, Li;,Ge; Ta Li;,Ge.

Y mpansgx (Frank, 1975) ta (Goward, 2001)
BIJIMOBIJTHO aBTOpaMHM BCTAHOBJICHO 1CHYBaHHS
cnonyk ckmany Lij;Ges ta Li;Ge,, siki kpuc-
TANi3yIOTbCI B HPOCTOPOBHX rpymnax Cmcm Ta

F43m BiamoBigHO. AHaNI3 JITEpaTypHHUX HKEPEI
(Menges, 1969; Evers, 1997) minTBepmxye (axt
yTrBOpeHHs crionyku LiGe, 1715t K01 € XapaKTepHOI0
npoctopoBa rpyna /4,/a. Pozuunnicte Li B (Ge)
npu temneparypi 800 °C cxnamae 1.7 - 1072 % (ar.).

Hiarpama crany cuctemu Nd-Ge Oymna moGyno-
BaHa y po6Ooti (Eremenko, 1974). JlocmimkeHHS
CIIaBiB BKJIIOYAJIO iX OTPUMAHHS B €JIEKTPOIYTO-
Bili Ievi B iHepTHIN aTMocdepi Ta HACTYITHUN TOMO-
reHizyrounii Bianan. ExcriepuMeHTanbHy 4acTUHY
BUKOHYBAJIM METOJaMU JU(DEPEHIIIIHHOTO TepMid-
HOTO, MIKPOCKOITIYHOTO 1 PEHTT€HOCTPYKTYPHOTO
aHamiziB. Y cucremi Oynmo BusBiIeHO 4 OiHapHi
cnonyku. ®@a3zu NdsGe; ta NdGe,_, mmaBisTbes
KOHTPYeHTHO BifmoBiaHo mpu 15801 1487 °C. [{ns
BCiX repmaniiB Heonumy BHSBIEHO He3Ha4HI
00J1acTl TOMOTE€HHOCTI, $IKI BKJIIOYAIOTHL CTEXIO-
METpHUYHI CKJIaau. B3aeMHa PO3YMHHICTH KOMIIO-
HEHTIB TPU EBTEKTUYHUX TEMIIEPaTypax CKJIaJae
mente 2 % (at.).

VY Tabmuui | mpuBeIeHO BiIOMOCTI MPO KpHC-
TaJiYHy CTPYKTYpY HOJABIHHUX CIIOJIYK CHCTEM
Li-Ge ta Nd-Ge.

OcHoBHA MeTa IbOI0 AOCJIIIMKEHHS IOJIArae
B TOMY, 1100 3’CYyBaTH, SIK B3a€MOIIIOTH KOMIIO-
HeHTU B cucteMi Nd-Li-Ge y KoHIEHTpaLiitHOMY
miarmazoni 30-100 ar. % Ge mpu Temmeparypi

Tabmmi 1
Kpucraniuna crpykrypa noasiiinux cnoayk cucrem Li-Ge ta Nd-Ge
Croayxa Crpykrypunii| Cumsox | Ilpoctoposa IapameTpu KOMipKH, HM Jlirepatypa
THI IMipcona rpyna a b c
Liy,Ge, Liy,Pb, cF432 F43m 1.886 1.886 1.886 Dadd, 1981
Li,Ge, Li,Ge, 0C36 Cmmm 0.924(2) 1.321(2) | 0.463(1) Hopf, 1972
Li;,Ge, Li,,Ge, 0C68 Cmem 0.438(1) 2455(5) | 1.064(2) Frank, 1975
Li,Ge, - - - 0.8055 1.1583 1.5418 Griittner, 1981
Li,Ge, Li,Ge, 0552 Cmem 0,449(1) 0.787(2) | 2.444(6) Hopf, 1970
Li.Ge, | LiGey, mP78 P12/cl 1.1527(5) Boz.sgg %)((11)) 1.5354(2) Griittner, 1981
Li,-Ge, Li,-Ge, cF436 FA3m 1.8756(2) | 1.8756(2) | 1.8756(2) Goward, 1981
Li,sGe, Cu,5Si, cl76 143d 1.0783(2) | 1.0783(2) | 1.0783(2) Johnson, 1965
Menges, 1969;
LiGe LiGe {132 14,/a 0.9764(3) | 0.9764(3) | 0.5784(3) Czybulka, 1990
Evers, 1997
Schobinger
NdGe TII 0S8 Cmem 04482(1) | 1.11022) | 04065(1) | p. o "B LS ogs
NdGe, 4 o-ThSi, {12 14,/amd 0.4180(1) | 0.4180(1) | 1.3980(3) Salamakha, 2001
NdGe, a-GdSi, ol12 Imma 0.422(1) 0.417(1) | 1.403(1) Eremenko, 1974
Schobinger
Nd,Ge; Y,Ge, oF64 Fdd2 0.5907(3) | 1.7720(1) | 14024(1) | p, 20 s, 1989
Nd,Ge, Nd,Ge, 0S44 222, 0.5958(2) | 1.3857(2) | 1.1919(4) Venturini, 1999
NdsGe;, Mn,Si; hP16 P6y/mem 0.8743(2) | 0.8743(2) | 0.6625(1) Zeng, 2000
Nd,Ge, SmsGe, oP36 Pnma 0.7863(1) | 1.5116(3) | 0.7956(1) Yang, 2002
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400 °C; yTOYHHUTH KPHUCTAIIYHY CTPYKTYpy Ta
napaMeTpu TPaTkh BiIOMHUX TEPHAPHUX CIIOJNYK,
a TaKO)XK BCTAHOBUTH KpHcTajorpadidHi xapakre-
PUCTUKH ISl HOBUX (Da3 1 TBEpAUX PO3YMHIB, SIKi
YTBOPIOIOTHCS B MPOIIECI EKCIIEPUMEHTY.

BukJiiax 0CHOBHOIO MaTepiajy 10CTizKeHHS.
Jus  nocmimpkeHHs  (a30BUX piBHOBar HaMH
OyJ0 MIiArOTOBIEHO 52 CIUIaBH, BHKOPHUCTOBY-
I0YM METaJId 3 HOMIHAJbHOIO YHCTOTOK Oiiblie
99,9 mac. % (Nd, Li, Ge). Ilix gac nepmioro eramy
[IMaTOYKHU 13 HABAKOK YHCTHX KOMIIOHEHTIB Ipe-
CyBaJId B IpaHy/y, Kl IOTIM PO3MIIILyBaJld Y TaH-
TaJOBOMY THIVII 1 HArpiBaJI B IHAYKIIHHIN 1Iedi 10
temnepatypu 400 °C i3 MBHIKICTIO HarpiBaHHS 5
°C/XB. Ta BATPUMYBAJIH Ha TPOTs31 48 roIuH.

Jlpyruii eTany noJysiraB y HarpiBaHHi 3pa3KiB J10
temnepatypu 800 °C Ta BimnanaroBaHHI MPOTATOM
6 TOIMH, ITICJIA YO0 MOBUIHLHO OXOJOIMINA 10 KiM-
HaTHOI Temneparypu. Y 3B’S3Ky 3 THM, 11O TUTEJb
OyB TepMETUYHO 3amasHuii, 10 TapaHTyBajo Bil-
CYTHICTBh BTpaT marepiaiy, He OyJa0 HeoOXiTHOCTi
MPOBOJAMTH KOHTPOJIb MAacH ILISIXOM IOPIBHSHHS
MacH IIUXTH 3 MacOI OTPUMaHOro cruiay. [omo-
TeHI3YIOUMid BiAman ajs BCiX 52 3pa3kiB MPOBO-
i nipu Temnepatypi 400 °C mpoTsarom Tphox
TWkHIB. Tepmiuna oOpoOka 3paskiB 3/iHCHIOBA-
nacst B mydenbHii mewi MII1-60, o6naaHaHiii aBToO-
MaTUYHUM PETYJISTOPOM TEMIIEPaTypH 3 TOUHICTIO
1 5°C. TepmiuHo 00pOOIICHI CIIJIaBY 3arapTOBYBaIH
B Ba3eJIIHOBIM OJMBI MPHU KIMHATHIN TeMIieparypi,
HE MOPYIIYIOYH TePMETHUHICTh aMmmyil. CTpyKTyp-
HUH aHai3 3pa3KiB, CIPSIMOBAHHUI Ha BU3HAYCHHS
iX OJHOPIAHOCTI Ta CTaOLIBHOCTI, TIPOBOAMBCS 3a
JorioMororo peHTrenorpadii. CruraBu 30epiraaucs
i IapoM iHepTHOI OJIMBH, siKa OyIia IOMEPeaHbO
MiATOTOBJICHA IISIXOM OYHWIICHHS Ta BHIAJICHHS
BOJIOTH.

®da3oBuii aHAII3 CIUIABIB MPOBOJIUIM 33 MacH-
BOM JaHUX aAudpakmii X-BUMPOMIHIOBAHHS,
OZIcp’)KaHUX 3a JOMOMOTOK MOPOIIKOBHX aBTO-
Matu3oBaHux  nudpakromerpis  JJPOH-2,0M
(Fe Ko-punpomintoBanusi) ta STOE STADI
P (CuKol-BunmpoMiHtoBaHHS). 3HOMKY JaHUX
MPOBOAMIN TMOKPOKOBO. [lyisi Bu3HaueHHs (a3o-
BOTO CKJIaJy OTpUMaHi IudpakTorpaMu TOpiB-
HIOBAIKCS 3 TEOPETUYHUMH JU(PAKTOrpaMaMH
YUCTUX KOMIIOHCHTIB Ta CIIONYK, SIKi MOXKYTh 1CHY-
BaTH y BiJIMOBIIHUX MOJBIMHUX Ta MOTPIMHUX CUC-
temax. /Is IbOrO BUKOPHUCTOBYBAJIM IPOrpaMH
LATCON (Schwarzenbach, 1966) ta PowderCell
(Kraus, 1999).

61

KpucraniuHy CTpyKTypy CIONYK YTOUHIOBAJIU
METOJIOM TIOPOIIKY 3 BUKOPHUCTAHHSM IaKeTiB
nporpam WinCSD (Akselrud, 2014) ta FullProf
(Rodriguez-Carvajal, 1998). Jlns minrBepIkeHHS
aTOMHOTO CITIBBIIHOIIICHHSI €JICMEHTIB y KOXKHIH
¢da3i BUKOPHCTOBYBAJIM METOJl €HEPrOAMCIIePCiii-
Hoi X-ipomeneBoi criekrpockomnii (EJIXC) y moen-
HaHHI 3 PacTPOBUM EJEKTPOHHHUM MiKpPOCKOIIOM
Tescan Vega 3 LMU, obnagHaHuM JIE€TEKTOPOM
Oxford Instruments Aztec ONE X-MaxN 20.
Tounicte BuMiptoBanb EJIPC anainizy cTaHOBHTH
1 a1.% BU3HAUyBAaHOIO €IEMEHTA.

Yepe3 0OMEKeHHsI KIITACHYHUX PEHTI€HIBCHKUX
MeToiB, BMicT JIiTiF0 B cIulaBax BH3HAYaad 3a
JIOTIOMOTO0  €MICIHHOT TIOJTyMeHeBOoi  (oTome-
Tpii. s 11bOro BUKOPUCTOBYBAIM IOJyMEHEBHM
doromerp Carl Zeiss Flapho-4. Pozumnm moci-
JDKYBaHUX Ta CTaHJApPTHUX 3pa3KiB BBOIMIH
y TOJIyM’sl TIpONaH-TOBITPs. [HTEepdepeHiinnuit
CBITIIOQIIBTP BUKOPUCTOBYBAIM JUIS BHIIJICHHS
xapakrepHoi miHii Jlitiro (A = 768 uM). KoHnen-
TpPALio JY)KHOTO METally BH3HAYaJIH 3a IHTCHCUB-
HICTIO IIi€1 JTiHi{, 11 JO3BOJIMIIO PO3paxyBaTh BMICT
Jlitiro. 3 BinmaneHux CIiaBiB, Maca sSIKMX HE Tiepe-
BuiryBaina 0,15 1, roTyBaiu po34MHH, POSUUHIIOYH
iX y 20 ¢cM® XJIOpHIHOT KHCJIOTH 3 KOHIEHTPALICHO
1 mons/am>. OTpuMaHi JaHi MIOA0 BMICTY JAaHOTO
€JIEMEHTY B JIOCIIPKYBaHUX PO3YMHAX, BUPAKEHI
B MI/aM°, Oylu BUKOPHCTaHi Ui PO3PAaXyHKY
MacoBOI YaCTKH JIY)KHOTO METaJy B CILIaBax.

Hiarpamy  ¢da3oBuX  piBHOBar  CHCTEMH
Nd-Li-Ge B o6nacti 30100 at. % Ge nobynoBano
npu 400 °C 3a pesynbpraTaMH PEHTTCHIBCHKOTO
¢$azoBOro, MIKpPOCTPYKTYpHOTO Ta JIOKaJIbHOTO
PEHTI€HOCTIEKTPAIBLHOTO aHANi31B BUTOTOBJICHUX
3paszkiB (puc. 1), ¢ororpadii mikpouutidi mjs
BU3HAYCHHS €JIEMEHTHOTO CKJIaly AESKHUX 3pa3KiB
300paxeHo Ha puc. 2.

Hocnimkenns cuctemu Nd-Li-Ge mipu 400 °C
MIATBEPAWIIO HASBHICTH CEMH paHille oIurca-
Hux crnonyk (Czybulka, 1990; IlaBmiok, 1992;
Fornasini, 2012; Guo, 2012) Ta 103BOJIMIO yTOY-
HUTH TIApaMETPH iXHIX eJIeMEHTapHHX KOMIpOK.
Kpim Ttoro, imentudikoBaHo icHyBaHHsA OiHap-
Hux (a3 moasiitHux cuctem Nd-Ge ta Li—Ge.
[Ipu excriepuMEeHTaTbHOMY BUBUEHHI 3pa3KiB HE
Oyno BusBieHo yTtBopeHHs croiayk NdLi,Ge Tta
Nd,LiGes mpu Ttemmeparypi 3ampONOHOBAHOTO
Hamu Bianamy. lle cynepeuuTh maHuM, oTpuUMa-
HuM nipu temnepatypi 200 °C, ne ui daszu Oynu
3adikcoani (ITaBmrok, 1992). Tabmura 2 MiCTUTh
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T1 *Lﬂ\ldz Geex
T,—-LiNdGe;
‘E3—LiszzGé3
T4—Li12Nd11Geie
‘CstigNd7G€10
T6—Li4Nd 3 G€4
t7-LiNdGe
‘Csti.Nd;t G€4

Li14Ges

LizGe2
Li15Ge4
Li22Ges

Li

Nd

Puc. 1. I3oTrepmiunnii nepepis niarpamu crany cucremu NdLiGe npu 400 °C

KpHUcTajorpagiuHi XapakTepUCTHKH TEPHAPHUX
CIOJIYK JIaHOI CUCTEMH.

ITpu Temmneparypi 400 °C y cucremi Oyno BcTa-
HOBJICHO ICHYBAaHHS TBEPAOIO PO3YMHY BKIIIO-
4YeHHsI Ha ocHOBI OinapHoi ¢a3u NdsGes;, yTBOpe-
HOTO HUISIXOM 4acTkoBoro (0 x = 0.4) BBeAEHHs
aroMmiB JIiTito B OKTaeapuyHi IMycTOTH ii KpUCTa-
miynoi pemritku. Kpucranorpadiyni napamerpu
JUISl CIUIABIB 3 /1lalla30HOM FOMOT'€HHOCTI 1€l (a3u
BU3HAUEHO Ta YTOYHEHO 3a JOINOMOIOK JAaHUX
NopouKoBoi audpaxiii. Po3mipu kpucramignoi
KOMIPKH, OTPUMaHI IPU PO3paxyHKax BKa3ylOThb Ha

= 0um BSEl 15KV 20nA

S0um BSEL 15KV 20nA

TEH/ICHIIIIO 10 30UIbIICHAS 00’ €My T'paTKU 3 IifI-
BUILIEHHSAM BMICTY Li.

AHauti3 XIMIYHUX 3B’SI3KIB Ta PO3IOJIUTY €JIeK-
TPOHHOI TYCTHHH, 30KpeMa 3a JOIOMOIOK (yHK-
ii sokamizanii enexkrponiB (ELF), mo3Bonus po3-
KpuTu MexaHism Qopmysanns ¢a3zu NdsLi Ge;,
YTBOPEHOI BHACIIJIOK BIPOBAKeHHA HOHIB Li'.
[Ipu BHBYEHHI pPO3MOALTY €IEKTPOHHOI I'yCTUHH
B OKTaeIpUYHIM CTPYKTypl BHUXIAHOI OiHapHOi
da3u NdsGe;, BUSBICHO 3alMIIKU E€JIEKTPOHHOT
TYCTHHHU B IIeHTpi okTaeapis. Lli 3amumkn MoxxHa
IHTEpIPETYBaTu SIK «XBOCTH» €JEKTPOHIB, LIO

Soum BSEL 15KV MnA

Puc. 2. ®otorpagii MikpocTpyKTypH cIJIABiB:
(@) Nd,Li;sGegs (cipa ¢asa — 1y, ckuan srizno EPMA Nd,, ¢Lij; ;Gege 1, TeMHa daza — Ge);
(0) NdgoLi;yGes (cipa dasa — NdsLi, Ge;, cknan srigno EPMA Ndsg ¢Li, ;Ge;q 35 TeMHo-cipa dasa — 15,
ckiaj srizno EPMA Nd;; gLis;Ge;; ,; Temna dasa — t4);
(6) NdyLi;(Ges, (cipa dpaza — NdGe;, Temuo-cipa asza — 1,, ckaan srizno EPMA Nd,, gLi,sGes ;)
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Tabmuig 2
CtpykTypHi 0co0nuBocTi noTpiiiHux cnoiayk cucremu Nd-Li-Ge
I -
Cronyka CT on nr apaMeTpH KOMipKH, HM
a b c

gdil(‘)ljg]?) Hf.CuSn, hP18 P6y/mem 0.88206(2) 0.88206(2) 0.67802(1)
7, - Nd,LiGe, Pr,LiGe, 0S18 Cmmm 0.41657(1) 2.11079(5) 0.43723(2)
7, - NdLiGe, CaLiSi, oP16 Pnma 0.77301(1) 0.39181(1) 1.0566(2)
T,~ Nd,Li,Ge; | Ce,Li,Ge, 0528 Cmem 0.44153(1) 1.8632(3) 0.6899(1)
T, - Nd;,Li,,Geys | LayLi;,Geyq ol78 Tmmm 0.44136(1) 0.68691(1) 5.1988(7)
T, — Nd;LisGe,, | LasLisGe,, 0S50 Cmmm 0.68672(1) 3.3484(7) 0.44156(1)
T,— Nd;Li;Ge, | GdsCu,Ge, 0l22 Immm 0.43927(1) 0.68141(1) 1.46201(6)
T, — NdLiGe ZrNiAl hP9 P-62m 0.72669(3) 0.72669(3) 0.45514(2)
T — Nd,LiGe, Tm,LiGe, oP36 Pnma 0.73684(2) 1.5118(1) 0.79496(3)

MOXOMATH BiJl aTOMIB PiKICHO3EMEIIbHUX METaJIB,
SIK1 10TO (POPMYIOTb.

TakuM 4YMHOM, iCHy€ OuUeBHAHUI (aKT, IO
miJ yac TepMiyHoi abo eneKTpoxiMiuyHOoi HOHi3a-
uii aroma Jlitito fionn Li* B ocHOBHOMY OymyTh
3aliMaTu came Iii NOJIOKEHHs, 11100 KOMIIEHCYBaTH
CBIi mo3WTHBHHK 3apsn (puc. 3). AHaorigyHe
SIBUILE CIOCTEpIrajJocs TMpU YTBOPEHHI TBEp-
nux posunHi BrirodeHHst LasLiGes;, GdsLiGes,
LasLi,Sn; Ta GdsLi, Sn; (Stetskiv, 2014).

VY paMKax KOMIUIEKCHOTO aHalli3y MOTPiHHUX
cimiaBiB cucremu Nd-Li—Ge, 1mo MiICTSTh 3Ha-
YHY KUJIBKICTh T€pPMaHit0, OyJ0 OTPUMAHO Ta OXa-
pakrepuzoBaHo HOBY TepHapHy (asy Nd,LiGes,
sIKa KPUCTATIBYEThCSI B OPTOPOMOIYHIN CHHTOHIT
3 mpoctopoBoro rpynoto Cmmm 3 18 aromamu
B CJIEMCHTapHIi KoMipili. PeHTreHiBChbKkui mud-
pakuiiHUN aHami3 i€l CHOMYKH MPOIEMOHCTPY-
BaB ii cxoxkicTh 3 pa3zamu R,LiGe, (R = La, Ce, Pr)
(ITaBmrok, 1992; Stetskiv, 2012). Atomu Heomumy
y i CTPYKTYpi 3aceNsifoTh MO3MINI0 4i, aTOMH
JliTito po3TamoByrOThcs B 2a mo3ulii. Bei atomu
I'epmaHito pO3TAIIOBYIOTHCS Y TIOJOKEHH] 4.

RsM3

[ORe]

BucHoBkn. Y pe3ynbrari MpoBEACHHS cepil
EKCIIEPUMEHTIB 3 BUKOPHCTAHHSAM PI3HOMAaHITHUX
METOAMK OyJ0 OTpHMaHO aiarpamy (a3oBHX piB-
HOBar TpPbOXKOMITIOHEHTHOT cuctemu Nd-Li—Ge
B Mexax koHmneHtpanid 30-100 ar. % Ge mpum
400 °C. KoHCTaHTOBaHO ICHYBaHHS OlHapHUX
¢da3 moxsiitaux cuctem Nd—Ge Ta Li-Ge. Otpu-
MaHi J1aHi KOPeoI0Th 3 MOMEePEAHIMU JOCIiIKEH-
HSIMH, TATBEP/DKYIOYN HAsSBHICTh CEMHU OMHCAHUX
paHilie NoTpiMHUX CHOIyK. BusiBIeHO iCHYBaHHS
HOBOTO TepHapHOoro repmanigy Nd,LiGe, (cTpyk-
typuuit tin Pr,LiGeg). Cnocrepiraerbest ¢op-
MyBaHHs TBepaoro po3unHy NdsLi Ges;, ske Bif-
OyBaeTbCca 3a PaxyHOK Toro, mo aromu JliTiro
4acTkoBO (10 x = 0,4) BXOIATh B OKTaCApUYHI
MyCTOTH KPHUCTAJIYHOT PEIIiTKH BUXiIHOI (azu
Nd;sGe;. Kpucraniuna cTpykTypa JaHOTO PO3YHHY
XapaKTEePHU3YEThCS BIIOPSIKOBAHICTIO Ta HAJICKUTh
JI0 CTPYKTYPHOTO THITY, IO BiAMOBIiZA€ CIIONYII
Hf;CuSn;.

HeszBakatoun Ha 3HAYHHIA OOCST JIiTEpaTypHUX
Ta OTPUMAaHUX HAMH JJAHHX IIOJI0 MOTPIHHUX CHC-
teMm R-Li-{Si, Ge, Sn}, moBHuit xapakrep ha3oBux

LixRsM3

[LiRe]

Puc. 3. 3D-izonoBepxHs ¢pyHkuii esjekTpoHHOI Jokasizanii (ELF) y 3oBHiIIAbOMY ITpocTopi okTaeapa
aJs BuxigHol pazu RsM; Ta inTepkaaboBanoi RsLi, M;
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Taomu 3

XapakTepuCcTHKA NOTPIiHUX CHCTEM CKIAXY

Y Tabn. 3. NpHUBENCHO CTYIiHb iX BHUBYCHOCTI
3 ypaxyBaHHSIM HAIIOTO JOCIiIKSHHSI.

R-Li-Ge Ha ocHOBI aHaTi3y JIITEpaTypHUX Ta EKCIICPUMEH-
TPy —— Kirmiors TaJIbHUX JIaHNX 11010 MOTPIAHUX CUCTEM R—Li'—{Si,
Cucrema i3oTepmiuHOro | iHTepMeTaJiuHMX Ge, Sn} ta R-T—{Si, Ge, Sn} (me T = Co, Ni, Cu,
nepepisy CHOJIYK Zn) BCTaHOBJICHO, 10 B3aemois 3 Jlitiem xapaxre-
Y-Li-Ge - 2 PU3YEThCS OLIBIIOKO IIPOCTOTOO MOPIBHSHO 3 TIEpe-
La-Li-Ge Al 7 X1THUMH eJIeMEHTaMH, 1110 3yMOBJIEHO He3MilllyBaH-
CeLi-Ge b 10 HICTIO JIy’)KHOTO METaTy 3 PiJIKiICHO3EMEIbHUMH.
Pr_Li__Ge A 10 Haitbinpin momupeHuMH CKJIaJaMu  TepHap-
NdﬁLlfGe - 8 HUX CIONyK y cuctemax R-Li—Ge € HacTymHi:
?Erl‘l‘_‘il_‘g: - ; RLiX,, RLIX, RyLiyXs, RsLiX,, RyLiX,. Heot-
GdLiGe " 3 X1IHO 3ayBa)XHTH, IO yci a3y, sIKi CHHTE30BaHi
ToLiGe - 3 y HHX, KPUCTAJI3YIOThCSl Y OPTOPOMOIUHIN cuMe-
DyLiGe - 3 Tpii 3 BimoMumu cTpykTypHuME TUmamu CaliSi,,
HoLiGe I 7 ZrNiAl, Ce,Li,Ge;, Tm,LiGe, Ta Gd;Cu,Ge,.
ErLiGe n 2 BkazaHni cucteMu XapakTepu3yrThCs 00MEXEHUM
Tm-LiGe T 4 (dbopMyBaHHSAM TEpHAPHUX CIONYK (MaKCHMallbHA
Yb_LiGe T 5 KUTBKIiCTh — 10) Ta HasIBHICTIO 30H HE3MIIITyBaHHS,
Lu-Li-Ge + 4 o ToXoAATh 3 OiHapHux cucreM R-Li. Ananmis

piBHOBAar BU3HAU€HO He i BCiX 3 HUX. Bapro
Big3HauuTH, 1m0 cucteMd R-Li—-Ge mocmimpkeni
HaWIPyHTOBHIIIE, ITPO L0 CBIIYUTH 11OOYA0BA 130-
TepMIYHUX Nepepi3iB aiarpam crany aist 11 3 Hux.

cuctemu Nd-Li—Ge y NOpiBHSHHI 3 iHITUMH CHC-
temamu R-Li-Ge neMoHCTpye, 1m0 mpupona pisi-
KiICHO3EeMEJIbHOTO METajly BiJirpae KIOYOBY POJIb
y BU3HaueHHI ()a30BUX pIBHOBAI, KUIBKOCTI Ta
CTPYKTYpH YTBOPEHUX y HUX CKJIaJHUX PEUOBHH.
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Rhus typhina L. [Ipobaemu ximii ma cmanoeo possumxy, 2, 68—74, doi: https://doi.org/10.32782/
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OPI'AHIYHI KUCJIOTHU CUPOBUHU RHUS TYPHINA L

Y cmammi npeocmasieno pezynvsmamu 00CAiodNceH st GMICTY OION0STUHO AKMUBHUX PEUOBUH, OP2AHIYUHUX KUCIOM A
ackopOiHOBOI Kuciomu, y nio0ax ma aucmi cymaxy onenepozoeo (Rhus typhina L.). Tlokazarno, wo pociunu yb020 uoy
BUPIZHAEMbCA BUCOKOIO AOANMUBHICTIIO 00 YMOB NOMIDHO20 KAIMANY, 0eKOPAMUBHICTIIO, CAOLILHOK 8PONCAUHICIIIO, U0
POoOUMD 11020 NEPCHEKMUBHUM 00 'EKMOM KYIbMUayii ma cCupo8UHHOI 3a20miaJi.

Y x00i 0ocnidocenna npoananizogano KinbKicHull 6Micm CyMu OP2AHIYHUX KUCTOM Ma ACKOPOIHOB0I KUCIOMU Y pi3-
HUX YACMUHAX POCTUHU 3AEHCHO 8I0 MPUBANIOCHI] eKCMpazysants ma ymos npogedenis excmpaxyii. Becmanosneno, wo
eMicm 00CHI0AHCYBAHUX CHOMYK € BUWUM Y NI00AX, NOpieHaHO 3 aucmsim Rhus typhina L. Tloxazano, wo 30inbuients mpu-
8aNI0CTI eKCMPAZYBAHHA CHPUAE NIOBULEHHIO BMICTY OPSAHIUHUX KUCTIOM Y eKCMPAKMAX, 00EPHCAHUX I3 C8IHCO20 TUCTA,
npome He € ehekmueHUM 051 6UOLIEHHS. ACKOPOIHOBOT KUCIOMU 6HACTIOOK NPOYecié OKUCHEHHS ii Kuchem nosimps. [s
npoyecy ekcmpazysaHHs i3 ni00ie 30LIbueHHs 4acy npoyecy He npu3go0unts 00 3HAYHO20 NIOGUWYEHHS BMICTY OI0N02TUHO
AKMUBHUX PEUOBUH, OCKLIbKU OCHOBHA IX KIIbKICMb NEpexo0umb 8 eKCmpaxm npomsazom nepuioi 200utu.

Hosedeno eghexmusnicmov 3acmocy8ants yibmpaszeyko8o20 onpoMiHeHHs. K Qi3uuHo2o Memooy inmencugikayii exc-
mpazysanus 0ion02iYHO AKMUBHUX PEYOBUH 3 Tucms. Bukopucmanus makoeo nioxody cnpusc cymmeomy niogUUeHHIO
BMICY AK CYMU OP2AHIYHUX KUCTOM, MAK | ACKOPOIHOBOT KUCIOMU Y 00EPIHCAHUX eKCmPaKmax. Y eunaoxy nioois, yib-
MpazeyKose ONPOMIHeHHs. He NPOOEMOHCIPYBAL0 ICMOMHOI nepesazit y NOPIGHAHHI 3 eKCIPAKYIEN 3d 36UHATIHUX YMOS.

Ompumani pe3ynsmamu niomeepoxrcyoms OOYLIbHICHb NOOATbULO20 OOCTIONCEHHS CYMAX) OJIEHEPO2020 K 0xcepend
nepCcnekmusHol Qimocuposunu 3 8UpaxceHum 6ioaxmusHum nomenyianom. Huzvka moxkcuunicms, UCOKI azpomexHiuHi
NOKA3HUKU [ XIMiuHe Oazamcmeo yiei pocauny 3yMosiioms ii npueadbusicms 01 (hapmayesmuyHol, Xapiosoi ma Koc-
Memu4HOI NPOMUCTIOBOCMI.

Kniwouosi cnosa: opeaniuni xuciomu, ackopoinosa kucioma, Rhus typhina L., cymax onenepoeut, yiompasgyxkose
onpomiHeHHsl, 6I0N02IUHO AKMUBHI PEYOBUHU.
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ORGANIC ACIDS OF RHUS TYPHINA L. PLANT RAW MATERIAL

The article presents the results of a study on the content of biologically active substances, organic acids, and ascorbic
acid in the fruits and leaves of Rhus typhina L. It has been shown that this plant species is highly adaptable to temperate
climate conditions, has ornamental value, and provides stable yields, which makes it a promising candidate for cultivation
and raw material harvesting.

The study analyzed the quantitative content of total organic acids and ascorbic acid in different parts of the plant
depending on extraction duration and extraction conditions. It was established that the content of the studied compounds
is higher in the fruits compared to the leaves of Rhus typhina L. It was demonstrated that increasing the extraction time
promotes a higher yield of organic acids in extracts obtained from fresh leaves but is not effective for the extraction
of ascorbic acid due to its oxidative degradation upon exposure to air. In the case of fruit extracts, prolonged extraction
does not significantly increase the content of biologically active compounds, as the majority of them are released within
the first hour.

The effectiveness of ultrasound irradiation as a physical method for intensifying the extraction of biologically active
compounds from leaves was confirmed. This approach significantly increases the yield of both total organic acids and
ascorbic acid in the extracts. In contrast, ultrasound irradiation showed no significant advantage over conventional
extraction when applied to fruits.

The obtained results confirm the relevance of further studies on Rhus typhina as a promising source of phytogenic
raw material with pronounced bioactive potential. The low toxicity, high agronomic performance, and rich chemical
composition of this plant make it attractive for pharmaceutical, food, and cosmetic industries.

Key words: organic acids, ascorbic acid, Rhus typhina L., staghorn sumac, ultrasound irradiation, biologically active
compounds.

AkTyanbHicTh mnpoOaemu. Opraniuni kuc-  cymaxy: Cymax 3amamauii (Rh. aromatica), Cymax
JIOTH, 30KpeMa acKopOiHOBa, € BaXJIMBUMU KOM-  KUTaWChbkuid (RA. chinensis), Cymax ayOWIbHUI
MOHEHTaMH y (apMaleBTUYHIN, Xap4oBiit Ta koc-  (RhA. coriaria L.), Cymax romuit (Rh. glabra L.),
METU4YHIi TpomucioBocTi. Boun Oepyth yuacth  Cymax Iloranina (Rh. potanini), Cymax rima-
y peryisuii KMCIOTHO-TYXHOTro OanmaHcy, oOMiHI  maiicekuit (Rh. punjabensis), Cymax Ttpuiona-
PEUOBWH, MalOTh AaHTHOKCHIAHTHY, KOHCEpBY- TeBud (Rh. trilobata), Cymax oneneporuii (Rh.
BaJIbHY, MPOTHMIKpPOOHY Ta iHIII IiHHI Bmactu-  typhina L.) (Onekciituenxo, 2014).

BOCTI. Y 3B’SI3Ky 3 IIUM 3pOCTa€ MOTpeda y MmomryKy DiTOXIMIYHI TOCITIDKSHHS TTOKA3aJIH, 1110 CHPO-
HOBHX, €KOJIOTIYHO YHCTUX Ta JOCTYIHUX Jokeped  BuHA Rhus MicTuTh mmpoxuii cekTp 610aKTUBHUX
OpPraHiYHUX KHUCJIOT TPHUPOIHOTO ITOXO/KEHHS.  KOMIIOHEHTIB: TmoiideHonu, QraBOHOIAM, opra-
OnHuM 3 TEepCHneKTUBHUX HAMpsMIB € JO0CHi-  Hi4HI KUCIOTH, edipHi onii, Bitamiau. L{i pevoBunaM
JUKEHHSI POCITMHHOI CUPOBUHH, KA € CTIMKOIO 0 ~ 3YMOBIIOIOTH aHTHMIKpOOHY, aHTHOKCHIAHTHY,
YMOB HaBKOJIMIIHBOTO CEPEIOBHUIIIA, JIETKO KYJbTH-  MPOTH3AIMAIbHY, IUTOTOKCHYHY, MPOTHUMAISPIIHHY
BYETHCSI, Ma€ BUCOKHIA BMICT O10JI0T1YHO aKTUBHUX  Ta iHIIi (hapmakosorivni mii (Opiyo, 2021). ¥ tpa-
CHOJYK 1 IpUJaTHa JUIsi MPOMMCIIOBOI 3aroTiBii.  JAMLIWHIA MeauuuHi pociauHu poay Rhus Buko-
VY 1poMy KOHTEKCTI OCOONHMBHMH iHTEpEeC CTaHOB-  PHUCTOBYBAJIUCS 37aBHA. BBaxkanocs, 10 3aBISKU
JSITh pocinuHU poxay Rhus, mo moeqHyoTh gap-  CBOEMY IIMTPYCOBOMY IPUCMAaKy, BHKOPHUCTAHHS
MaKOJIOTIYHY IiHHICTh, BHCOKY NPOMYKTHUBHICTH  IUIOAIB MaJl0 TO3MTUBHUN pPE3yJbTaT IpH JIKY-
Ta JEKOpaTHUBHY MpHUBAOIMBICTh, fIKa cnpuse iXx  BaHHI mMHrH. KpiM TOro, cymaxy NpUIHCYBaIH
IIMPOKOMY BITPOBAPKEHHIO B MiCbKE O3CJICHEHHS.  CEUOTIHHY Ta MPOTHTPHOKOBY ir0. JloCimiKeHHS
3 naBHIX 4aciB pocauHu poxy Rhus Oynu BiTOMUME ~ €KCTPAaKTiB, OJEpXKAaHUX 3 PI3HUX BHJIIB POCIHH
3aBISKH CBOIM (hapMaKoJIOTIYHUM Ta KymiHapHUM  poay Rhus, miaTBep/pkyoTh iX edeKTHBHICTH
BJIACTUBOCTSIM, IO TMOSICHIOETHCS X YHIKQJBHHUM  MPOTH IIMPOKOTO CHEKTpa MATOreHHUX MIKpoopra-
XIMIYHAM CKJIaJIOM, 30KpeMa IMUpOKHM BMicToM  Hi3MiB (Opiyo, 2021).

PI3HOMaHITHUX O10JIOTIYHO aKTUBHUX CHOJYK. HayxoBui npuaiisioTh 3Ha4Hy yBary BUBYCHHIO

AHaJi3 ocTaHHIX TOCTiIKeHb i myOmikamiidi.  crekrpa OIOJOTIYHO AKTUBHUX CIOJYK PI3HHUX
Ha Teputopii Ykpainu 3ycTpidaeTscst BiciM BUAIB ~ BHIIB CyMaxa, 30KpeMa cymaxa IyOuinbHOro (RA.
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coriaria L.), SKUil TpaauIlitHO BUKOPUCTOBYETHCS
K crenis Ta apomaruzarop (Rayne, 2007). Jocmi-
JoxeHHs nokazanu, mo K, Ca, Mg, P, Fe, Na, Zn,
Mn, Cu Ta Al € nepeBakalouuMH eJIeMEHTaMU
(Ozcan, 2003, Raut, 2014), mo MicTITbCS y TUIO-
Jax cymaxy. I3 umcna MikpoeneMeHTiB Oyio i1eH-
tudikoBano Zn, Cu, Fe, Se, Mn, Cr, Mo, Ni Ta
B (Haval, 2023). Bapto 3a3HaunTty, 110 Ha BMICT
MiHepaliB BIUIMBAIOTh (PAKTOPU HABKOJIHIITHHOTO
cepenoBuiia Ta reorpadis micis 300py IUIONIB
cymaxy (Kossah, 2009). IIlo crocyeTbcsi BMiCTY
BITAMiHIB, IUIOU CyMaxy MICTATh TiaMiH, pubog-
JIaBiH, MIPUAOKCHH, IliaHOKOOalaMiH, HIKOTHHA-
Mia, OiotuH Ta ackopOiHOBY kucioty (Kossah,
2009, Fereidoonfar, 2019). 3nayna yBara npumins-
€THCSI TAKOXK 1 JOCTIPKEHHSIM aHTHOKCHIAHTHUX
BJIACTUBOCTEH cyMaxy. BusBHIOCH, IO 3aBASKH
MOTYXHUM  AQHTHOKCHJAQHTHUM  BJIACTHBOCTSIM
(Alsamri, 2021, Fereidoonfar, 2019) Rhus coriaria
MOXe OyTH KOPUCHHMM JIJIsl JTIKYBaHHSI TAKUX I1aTO-
JIOTIYHUX po3NiajiB, sk TpaBmMu mmkipu (Nozza,
2020), miomarii (Najjar, 2017), HanmipHa Bara Ta
oxupinas (Jamous, 2018).

[lepcriekTMBHUM 3 TOYKM 30py BMICTy 6ioJio-
TiYHO aKTUBHUX PEYOBUH, SIK MOKA3yIOTh JIOCIi-
moxeras (Kossah, 2011, Sekowski, 2023, Liu,
2019, Jamrytina, 2025), € Takok cymMax OJICHEPO-
ruil — Rhus typhina L. Xo4a BapTo 3a3Ha4MTH, 1110
y KOHTEKCTiI Cy4acHUX JTOCHIKCHb MoA0 (iToxi-
MIYHOTO CKJIJy IIed BHJ € MaJOJOCIIiPKEHIM Ha
TepuTopii YKpaiHu.

MeTta nocJiifzKkeHHs1 — IPOaHali3yBaTH MOTEH-
11iajJ CHPOBUHHM CyMaxy oJieHepororo (Rhus typhina
L) sk mxepena 010J0TIYHO aKTHBHUX PEUOBHUH,
a caMe: OIIHUTH BMICT CyMH OPTaHIYHHUX 1 ackop-
O1HOBOT KHCJIOT y CHPOBHHI CyMaxy OJIEHEPOTOTo
(Rhus typhina L.), BU3HaUUTH ONTUMAIbHI YMOBHU
eKCTparyBaHHS IHX CIIOJYK.

Buxiaa 0CHOBHOTO MaTepiaJty 10C/ i/ IKeHHsl.
Cymax oneneporuii (cymax myxHacTuil, Rhus
typhina L.) BiTHOCUTBCS 10 ciMeliCTBa aHaKap/Ii-
eBi (Anacardiaceae). barbKiBIIMHOIO HOTO € CXiTHI
npuaniantuaHi mrTatu CIIIA, a Takox mMiBICHHI
YaCTUHM KaHAJChKUX MpoBiHLii OHTapio Ta KBe-
oex (Weti, 2001, Yuan, 2013).

Lle oguH 13 HEOAraTboX, SAKIIO HE €UHUN TIPEJI-
cTaBHUK poxy Rhus, 1o Bipi3HSIETHCS BHUCOKOIO
3UMOCTIHKICTIO 1 3aTHUH KyJIbTHBYBATHCS Ha TepU-
TOpii 3 MOMIpHUM KiTiMaToM. Rhus typhina L. 3apa3
MOXHA 3yCTPITH HPAKTHYHO y OyIb-KOMY MICTI
VYkpainu y mapkax Ta Oijist )KUTJIOBUX OYIUHKIB.
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[Tnomu cymaxa OJ€HEpOroro, Mopsij 3 IHIIMMHU
YaCTUHAMU POCJIMHH, MOMYJSIpHI Yy KOPIHHUX
HaponiB IliBHiuHOi Amepuku (iHmiaHIiB). [Hmi-
aHIIl 3 IUIO0/IIB TOTYBAJIN BiJIBapH, IKI BAKOPUCTOBY-
BAJIM TIPU 3aXBOPIOBAHHAX ILTYHKOBO-KHIIKOBOTO
TpakTy, aBitamino3ax (Kossah, 2011, Olchowik,
2012, Wang, 2017).

[Ipo MOTeHLIHHO BUCOKUN BMICT OpraHIYHHUX
KUCJIOT y TUIOZaX CyMaxa rOBOPUTH TOH (pakT, 1o
1011 OJIM3BKOTO BUY IyOMIBHOTO CyMaxa B Peri-
oHax ioro npupoaHoro npopocranns (Typeuunna,
bankanu) BUKOPUCTOBYIOTBCS SIK I[IHHA XapuoBa
no0aBKa Ui PUTOTYBAHHS CIICLiH, U0 HAaIAlOTh
cTpaBaM kucauii cmak (Qiu, 2022, Mirian, 2015).
VY perioHi mpuUpOIHOTO 3POCTAHHS CymMaxa OJIeHe-
pororo (cxigui mraru CIIIA) aGopurenni Hapoau
3aCTOCOBYBAJIU TUIOIM CyMaxa SIK Xap4oBy JOOABKY,
mo Oysa0 MepeiHATO CYy4acHOI aMEepPHKaHCHKOIO
KyaeTypoto. Y CIHIA xomMepuiiHUMU KOMITaHISIMH
BUT'OTOBJISIOTHCS HAIOI 3 IUIOJIIB CyMaxa OJIEHepo-
roro, 10 MarOTh KUCIUH cMak. BBaxaeTscs, 110
KHCJIl HAroi Kpalie BTaMOBYIOTh CIPary B CIIEKY,
HiX conoki, Tpaguiiitao momysipHi CLITA Koxka-
Koma i I1enci (Qiu, 2016).

besnepeunoro nepeBaror € Toil ¢axT, 1m0, SIK
MOKa3yl0Th JIOCHIPKEHHS TOKCHYHOCTI, CyMax
€ 0e3MeYHHUM [T CIIOKMBAHHSA JIIOIBMH Ta 3ara-
JIOM Ma€ HU3bKY TOKCHYHICTH (Alsamri, 2021).

Jnist mocnipkeHHST MU BUKOPUCTOBYBAJTH TIJI0/IN
Ta JIUCTS (AK CBIXKE, TaK 1 BUCYIIEHE), 310paHe Ha
noyatky BepecHs 2024 poky Ha Teputopii M. Cymu.
Jlucta cymmnu npupoaHiM ciocobom Ge3 morpa-
IUISIHHSL TIPSIMOTO COHSIYHOTO CBiTJIAa Ta Yy TapHO
BEHTUJIbOBAHOMY HpuMimieHHi. JIucts perenbHO
NOAPIOHIOBAJIH, TUIOH PO3TUPAIIH Y CTYIIII.

BMicT cymu BUIBHUX OpraHigYHUX KMCIIOT BU3HA-
YaJu TUTPUMETPUYHO y MePepaxyHKy Ha sSOIydHy
KHCJIOTY, BMICT aCKOPOiHOBOT KHCJIOTH — METO/I0M
KOMIUIEKCOMETPHUYHOTO TUTPYBAHHS 3T1THO METO-
ik (Cmarmok, 2017).

BisbHI OpraHiyHi KHCJIOTH Ta aCKOPOIHOBY KHC-
JIOTY BUIUISUTM 13 CUPOBUHU IUISIXOM BOJHOI €KC-
TpaKii, Ui 4oro Opayi CBIKOKHUII SYCHY BOAY.
BusnadeHHs eDEKTHUBHOCTI €KCTPAKITIT TPOBOIHIIN
IIUITXOM BiJIOMpaHHs aJlikBOTH uepe3 1 1 2 TonuHu.
Jiis BU3HAYEHHS BIUIUBY YJIBTPa3BYKOBOI 00pOOKH
BaxX yJAbTPa3ByKOBOI OaHi.

JIoCTiKeHHSI eKCTPAaKTIB, OJCpP)KaHUX 31 CBi-
JKoroipiOHeHoro nucTsa (Tadim. 1), mokaszano, 1o
OIHUM 13 KIIFOUOBHX (DaKTOpiB, IO BIUIMBAIOTH HA
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e(DeKTHBHICTh SKCTparyBaHHs, € TPUBAIICTH IPO-
necy. 30UTbIIEHHS Yacy eKcTpakiii 3 1 10 2 ronuH
MPU3BOJIUTL JI0 3HWKCHHS BMICTYy acKOpOiHOBOT
kuciota y 1,6 pa3u s cBixkoro jucta Ta y 1,5
s BucymeHoro. IlogiOHa TEeHICHIsE 1O 3MEH-
LIEHHs] BMICTY aCKOpOIHOBOI KHCIIOTH cIlOocTepira-
€TBCS 1 B YMOBaxX YJIBTPa3ByKOBOi OOpOOKH, Xo4a
BHpa)KeHa MEHIO0 Mipoto —y 1,1 pa3u. Otpumani
pe3yabTaTé MOKYTh OyTH MOSCHEHUMH MPOIIECaMH
OKHCHEHHS, 5K BiZI0yBarOTHCs 3 aCKOPOIHOBOIO KUC-
JIOTOIO TIiJl BIUTHBOM KHUCHIO MOBITPs. 301IBIIICHHS
Yacy eKCTpakIlii MpakTUYHO HE BIUIUBAE HA BMICT
ACKOpOIHOBOT KHCJIOTH B €KCTPAKTAX 13 IJIOJIB.

[Tix gac excTparyBaHHsi aCKOPOIHOBOT KHCIIOTH
31 CBI)KOTO JIUCTSl y BOJJHOMY CEpPEIOBHII 32 YMOB
YJIBTPa3ByKOBOTO OIPOMIHEHHSI BCTAHOBIICHO, IO
B TaKMX yMOBax CKCTpakilis BiJOyBa€ThCs 3Ha-
yHO edekTuBHiIe. BUKOpUCTAHHS yIBTPA3BYKY
cnpusie 30UIBIICHHIO BHXOAY acKOpOIHOBOI KHC-
notu —y 2,3 pasu (0,3556 % nopiBusHO 13 0,154 %
0e3 yIabTPa3ByKYy).

HartoMicTh mpoBeeHHS SKCTPAKIlii acKopOiHO-
BOI KHCIJIOTH 13 TUIOJIB B YMOBax YJIBTPa3BYKOBOL

00pOOKH CYTTEBO HE BIUIMHYJIO Ha ii €()eKTUBHICTD
(0,366 % 10,33 % 3 ynsrpa3BykoM). Takwuii pe3yib-
TaT MOKe OyTH TIOSICHCHHU OUTBIIOI0 MIUTBHICTIO
YACTUHOK, YTBOPEHUX IiJl 4ac MOAPIOHEHHs IIo-
B, IO YCKJIATHIOE MACOOOMIH ITiJT Yac SKCTPaKIIii.

Pesynbratu ekcTparyBaHHs OpraHiuHUX KHUCIOT
CBiTYaTh, M0 Ha KUIBKICHUH BMICT IUX CHOJYK
BIUTMBAIOTh TPHUBAIICTH MPOIECY EKCTPAKIli Ta
YMOBH 11 IPOBEICHHS.

30i7bIICHHST Yacy eKCTpakuii crpsie OuUIbIii
e(heKTUBHOCTI BWIIYYCHHS CyMH OPTaHIYHHUX KHC-
JOT 13 CHUPOBMHHU cyMaxa. Tak, mpu 30UIbIIeHH]
TpHBaJOCTI mpomuecy 3 | 10 2 TOAUH BMICT CyMH
OpraHIYHUX KUCJIOT 30UIbIy€eThes y 1,4 pasu uis
cBDXKOTO JUCTS Ta y 1,12 pasu s BUCYIICHOTO.
Bonnouac, [isi miIOAiB  TPHUBATICTh EKCTPAKIIii
NpPaKTUYHO HE BIUIMBAE HA BUXIJ €KCTPAaroBaHUX
KHUCJIOT.

Bapro 3a3HaumTH, 1m0 BMICT CyMH OpraHiy-
HUX KHCJIOT 3arajioM BHUSIBUBCSI BUIIUM Y ILIO/AX
cyMaxa OJICHEpOTOro MOPIBHSIHO 3 JIUCTSIM.

BukopuctanHs ~ yiapTpa3ByKoBOi  00poOKu
MiJ Yac eKCTparyBaHHS OPTraHIYHUX KHCIOT 3i

Tabmmis 1

BwmicT ackop6iHoBoOi kues10TH Yy JiMcTi Ta miionax Rhus typhina L

ExcTpareHT Ta yMOBH eKCTPaKILil CupoBuna Yac, roquau | AckopOiHoBa kuciaora, X, %
Bopannii exctpakt CBiXe JINCTS 1 0,154
Bonumii excrpakt CBIXKe JINCTS 2 0,0952
Bonnnii exctpakt Cyxe nuctst 1 0,088
Bonuuii excrpakt Cyxe nuctst 2 0,0587
Bopnuii exctpakt ITnomu 1 0,366
Bopannii exctpakt IInoau 2 0,366

Bonuuil ekcTpakT / ynbTpa3Byk CBixe JIHCTS 1 0,3556
BopHuit ekcTpakT / yiabpTpa3Byk CBixke JHCTS 2 0,319
Bonuuii ekcTpakT / yneTpasByk IInonmn 1 0,33
BomHuit ekcTpakT / yieTpa3Byk IInogn 2 0,33

Tabmuig 2

BmicT cymu opraniyHMX KMCJIOT y JUCTi Ta mioaax Rhus typhina L.

ExcTparedT Ta yMOBH eKcTpaKuii CupoBuHa Yac, ronuan Cyma opraHiyHux kuciaor, X, %
Bomnwmit ekctpakT CBixe JINCTA 1 2,78
Bonnwmii ekcrpakT CBIiKe JINCTH 2 3,90
Bonnwuii excTpakT Cyxe mctst 1 4,45
Bopnnii exctpakt Cyxe nuctst 2 5,02
Bonnnii exctpakt [Tnonn 1 14,16
Bomnwmit ekctpakT ITnonu 2 14,61

Bonuuii ekcTpakT / ynsTpasByk CBixe IHCTS 1 3,04
BomHmii eKCTpakT / ynbTpa3ByK CBixe IHCTS 2 9,59
BopHuit ekcTpakT / yinbpTpasByk [Inoan 1 12,33
Bonuuii eKCTpakT / yIbTpasByk ITnonu 2 14,09
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CBDKOTO JIUCTS CIIPHUS€ 3HAYHOMY IiJBHIICHHIO
e(eKTUBHOCTI IpOLeCcy — BUX1J IUIbOBUX CIOIYK
30iIbIIyEThCS Y 2,5 pasu. Jlns miomiB epeKTHB-
HICTb YIBTPa3BYKOBOI OOpOOKH, SIK 1 y BHUMAIKY
3 acKOpOiHOBOIO KHCIIOTOO, BUSIBUIIACH HHU3BKOIO,
o0 MoXke OyTH TIOSICHEHO OUIBIIOI HIUTBHICTIO
MopiOHEHNX YaCTUHOK.

BucHoBKkH i mNepcHeKTHBM MOAAJIBIIHX
AOCJiKeHb. Y pe3ynbTari MpPOBEACHOrO JI0Ci-
JOKEHHSI BCTAHOBJICHO, 110 IO Ta JIUCTS CyMaxy
onenepororo (Rhus typhina L.) € mepcnekTuBHO0O
CHUPOBHUHOIO JIJII OTPUMAaHHS 010JIOT1YHO aKTUBHHUX
PEUYOBHH, 30KpeMa OpPraHIiYHUX KHCJOT Ta acKop-
01HOBOT KHCIIOTU. AJTAaNTUBHICTh POCIHH 0 YMOB
MMOMIPHOTO KJIiIMaTy, rapHa JIeKOPaTUBHICTH 1 CTa-
OilbHA BpPOXKAWHICTH POONIATH IX JOCTYIHOIO Ta
€KOJIOTIYHO 0e3MeYHOI0 CHPOBHHOIO.

3’5cOBaHO, 110 KUIBKICHUI BMICT CyMH Opra-
HIYHUX Ta aCKOPOIHOBOI KUCIIOT € BHIIMM Y ILIO-
Jlax, HIX y JIUCTI CyMaxa OJIEHEpOToro.

JlociipkeHo 3aJeKHICTh BMICTY O10J0TIYHO
AKTUBHUX PEYOBHH BiJl TPUBAJIOCTI €KCTparyBaHHs.

301IbIICHHsT Yacy EKCTPAKINI 31 CBIKOTO JIUCTS
CIIpUSE MiIBULICHHIO BUXOYy OPTaHIYHUX KUCIIOT,
ajyie BOJHOYAC HE € €(PeKTUBHUM Uil BUIIICHHS
aCKOpOIHOBOT KHCJIOTH, OCKUJIBKH CIIPUSE TPOIIe-
cam ii okucHeHHs. {75 TUTOMIB 30UIBIICHHS Yacy
eKCTpakKIii HECYTTEBO BILUIMBAE Ha PE3YJIbTATH,
OCKIJIbKM OUTBIIICTh aKTUBHUX CIOIYK €KCTpary-
€TBCSI TIPOTATOM TIEPIIOT TOANHH.

BusnaueHo, 1110 MpoBeIeHHS eKCTPAKIIii B yMO-
BaX YJIbTPa3BYKOBOi 0OpOOKH € e(heKTUBHUM JUIs
BUJIUICHHS 010JIOTIYHO aKTHBHHX CITOJIYK 13 JIUCTS
CyMaxa OJIEHEpOTOro i 3HA4YHO MiJBHIILY€E BUXIiJ
OpTraHiYHUX KHCJIOT Ta acKOpOIHOBOI KHCJIOTH,
npoTe He € ePSKTHUBHUM JIJIsl OTPUMAHHS EKCTpa-
KTIB 13 TUIOMIB.

[TpoBeneHi TOCTIKEHHS, 3 OIVISLY HAa HU3BKY
TOKCHYHICTh 1 IIUPOKE TONIMPEHHS BUY, ITiJI-
TBEP/DKYIOTh JOUUIBHICTh TOAAIBIIOT0 BUBUCHHS
XIMIYHOTO CKJIaTy CyMaxy OJIEHEPOTOro sIK KyIlb-
TypU 3 BUCOKUM O10aKTHMBHHMM TOTEHITIAIIOM 1 SK
MOTEHIIHHOTO JKepera IMIHHOT (ITOCUPOBUHU JIS
(dbapMareBTHUHOI Ta XapuoBOi MPOMHUCIOBOCTI.
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XIMIKO-AHAJITAYHE TOCJIKEHHS KOMIIJIEKCOYTBOPEHHS
HAHOYACTUHOK Cu, Zn, Fe 3 KAPBAMIJIOM

Y pobomi npedcmasneno pezyromamu KOMHAEKCHO2O XIMIKO-AHATIMUYHO20 QOCTIONCEHHS NPOYeCcie KOMNIEKCOyn-
sopenns Hanouacmunok mioi (Cu), yunxy (Zn) ma 3aniza (Fe) 3 kapoamioom y 600Homy cepedosuwyi. Akmyanvricmy
memu 3yMO81eHa HeoOXiOHicmI cmaodinizayii HaHODOPM NepexiOHUX Memanie 0a NOOATLULO20 3ACMOCYBAHHSA 8 A2PO-
Ximii, biomeduyuni ma eKomexHon02iAx. 36axcaruu Ha ixX 8UCOKY peakmusHicmy, 30amHicmb 00 KOMNLEKCOYMBOPEHHS
ma 8i0OHOCHO HU3bKY mokcuunicms y nanogopmi, Cu-, Zn- ma Fe-nanouacmunku 0emoncmpylome 3naunuii nomenyian
07151 CMBOPEHHsL HOGIMHIX (DYHKYIOHATIbHUX MAMEPIANie.

OcCHOBHOW0 Memoto 00CHIONHCEHHA OV 3 ACY8AHHA CIMPYKMYPHUX | KOOPOUHAYILIHUX 0coOau8ocmell 83aeMo0ii HAHO-
YaCMUHOK 3 Kapoamioom ax nieandom i cmadinizamopom. Cunme3068ani HAHOUACMUHKU OOCTIOHNCY8ANU MEMOOAMU CHEK-
mpogomomempii, mpancmicitinoi enexkmponnoi mixkpockonii (TEM), FTIR-cnexmpockonii ma peHmeeHoCmpykmypHo20
ananizy (XRD). Byno écmarnogieno, wo cniggionouients meman/mieano 3:1 € onmumanbHum 05 e(heKmueHo20 KOMNiex-
coymeopenns. 3a pesynomamamu TEM cnocmepieanacs 3nauna 3mina Mop@onoeii uacmuHox nicis cmaobinizayii — ymeo-
DEHHS KIACmepie 3 0peoioM OP2aHiuHoi npupoou.

FTIR-cnexmpockonis niomeepouna ymeopeuus xoopounayitinux 36 ’sa3xie Cu—0, Zn-N, Fe-O 3 ¢ynxyionanvrumu
epynamu xapoamioy. Haiibinowr supasicene komniekcoymeopenns ecmanogieno ona Cu, wo cynposooicysanocs cmpyk-
MYPHUMU 3MIHAMU 8 HUICHLOUACTHOMHOMY Oianasoni cnekmpa. Penmaenoghasosuil ananiz 6usaeus 30epexcens Kpucma-
JUYHOI CIpYKmMypu OCHOBHOT ¢hasu Memanie, a maxoxc Haasuicmv oxcuonux oomiwox (Cu,0, Fe;0,), wo csiouums npo
uacmrose oxucnenns. [Llupuna nixie XRD éxazye na Hanopo3mipricme OmpumManux cmpykmyp.

Ompumani pe3ynomamu 003601410Mb 3p0OUMU BUCHOBOK, WO XIMIUHA NPUPOOA MEMAiy iCMOmMHO GNIUBAE HA epeK-
MUSHICMb Ma cMadiibHICMb KOMNLEKCOYMBOpeHHs 3 kapoamioom. Tlpedcmasneni oani mModcymos OYmu 6UKOPUCTHAHI
07151 ROOALULOT PO3POOKU HAHOCHPYKMYPOBAHUX MAMEPIAN6 3 3a0AHUMU (YYHKYIOHATbHUMU 6IACIMUBOCTHISIMU.

Knruosi cnosa: nanouacmunxu memanis, kapbamio, komniexcoymeopenns, FTIR-cnekmpockonis, penmeenocmpyx-
MYPHULL AHATE3.
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CHEMICAL AND ANALYTICAL STUDY OF THE COMPLEX FORMATION
OF Cu, Zn, AND Fe NANOPARTICLES WITH CARBAMIDE

This paper presents the results of a comprehensive chemical and analytical study of the complexation processes
of copper (Cu), zinc (Zn), and iron (Fe) nanoparticles with urea in an aqueous medium. The relevance of the topic is due
to the need to stabilize the nanoforms of transition metals for further use in agrochemistry, biomedicine, and environmental
technologies. Due to their high reactivity, complexation ability, and relatively low toxicity in the nanoform, Cu-, Zn-, and
Fe-nanoparticles show great potential for the creation of new functional materials.

The main objective of the study was to elucidate the structural and coordination features of the interaction
of nanoparticles with urea as a ligand and stabilizer. The synthesized nanoparticles were studied by spectrophotometry,
transmission electron microscopy (TEM), FTIR spectroscopy, and X-ray diffraction (XRD). It was found that a metal/
ligand ratio of 3:1 is optimal for effective complex formation. TEM results showed a significant change in particle
morphology after stabilization — the formation of clusters with an organic halo.

FTIR spectroscopy confirmed the formation of Cu—O, Zn-N, and Fe-O coordination bonds with functional groups
of urea. The most pronounced complex formation was found for Cu, accompanied by structural changes in the low-
[frequency range of the spectrum. X-ray phase analysis revealed the preservation of the crystalline structure of the main
phase of metals, as well as the presence of oxide impurities (Cu,0, Fe;0,), indicating partial oxidation. The width
of the XRD peaks indicates the nanoscale of the obtained structures.

The results obtained allow us to conclude that the chemical nature of the metal significantly affects the efficiency
and stability of complex formation with urea. The presented data can be used for further development of nanostructured
materials with specified functional properties.

Key words: metal nanoparticles, urea, complex formation, FTIR spectroscopy, X-ray structural analysis.

AkTtyanbHicTh npo0aemu. CtpiMkuil po3Bu-  HaHoyacTMHOK Cu, Zn ta Fe 3 kapOamimom sk
TOK HAHOTEXHOJIOTIM akTyasli3yBaB JOCHI/DKEHHS  TOTEHIHMM  CTallLmi3aTopoM Ta  JITaHJIOM.
1010 BUKOPUCTaHHA HAHOYACTUHOK IMEPEXIIHUX  AHali3 KOMIUIEKCIB 13 3aCTOCYBaHHSM CIIEKTPO-
metaniB (Cu, Zn, Fe) y Oionoriyaux, Menu4HuX  (OTOMETPUYHHMX,  EICKTPOHHOMIKPOCKOMIYHHUX,
1 arponpoMHUCIIOBHX 3acTOCYBaHHsX, 30Kkpema  [Y-crekTpoCKOmYHUX Ta PEHTIEHOCTPYKTYPHUX
SK KOMIIOHEHTIB JJIsl MO3aKOPEHEBOIO BHECEHHS  METOAIB JIO3BOJISIE HE JIMIIE IIHOIIE 3pO3yMITH
B POCJIMHHMLTBI. Bucoka 1uioma noBepxHi, peak-  NPUPOAY B3a€MOJIH, aje W ONTHMI3yBaTd yMOBU
TUBHICTh 1 3MaTHICTh JIO KOMIUIEKCOYTBOPEHHS Ui 30€peKCHHS HAHOCTPYKTYpOBAHOTO CTaHy
3 010aKTUBHUMHU CIIOJTYKaMHU 3a0€3MeUyoTh iM 3Ha-  MaTepiaiiB, 10 € KPUTHYHO BaKIMBUM JIJIs 3a0€3-
YHUN TOTEHINall K HAaHOAOOpPWB, MEPEHOCHUKIB  TEYEHHS iX CTaOLIBHOCTI Ta (YHKIIOHAJIBHOCTI
AKTUBHUX PEYOBHH 1 CEHCOPIB. B arpoximii, papmariii Ta 610TEXHOJIOT15IX.

Oco0mmBOi  HAyKOBOI  yBarm  3acCiIyTOBYE AHaNi3 ocTaHHIX J0cCigxkeHb i myOJikaii.
BUBYCHHS MEXaHI3MiB B3aeMOli HaHOYACTUHOK  [HHOBawiiiHI po3poOKH Yy cdepi HaHOTEXHOJOTIH
METalliB 3 HHU3bKOMOJICKYISIPHUMHU JIraHAaMH, 3HAYHO AKTHBI3yBalIM JOCIHIPKEHHS OO T03a-
TaKUMH $IK KapOaMmi, IO MOXKE BUKOHYBAaTHM  KOPEHEBOI'O 3aCTOCYBAaHHs 1H)KEHEPHHX HaHOYacC-
¢yHkuito crabimizaropa, jiraaay abo tpancrnopT-  TuHOK (HY) sk HaHOMOOpWB, HAaHOCEHCOPIB Ta
HOi Mojekyau. CyTTeBOI IepeBaror0 HaHOGOPM  HAHOTPAHCIOPTEPIB y PI3HUX Taly3sX arporpo-
MeTalliB € iX 3HMW)KEHAa TOKCHYHICTh IOPIBHAHO  MHCIIOBOTO KOMIUIEKCY. BHCOKe CIiBBITHOIIEHHS
3 TpaJAULIHHUMU COJISIMHM, 11O PO3LIMPIOE MOXKIIU-  MOBEPXHI 0 00’€My, cepeaHiil po3Mip YaCTUHOK
BOCTI iX BUKOPUCTaHHS B )KUBHUX cucTemax. [Ipote  menme Hix 100 HM Ta miABHIIEHA PEaKTHBHICTh
HEJ0CTaTHs CTaOUTbHICTh HAHOYACTUHOK Y BOAHUX — OOYMOBIIOIOTH iXHIO €(DEKTUBHICTD Y HU3L TEXHO-
cepenoBHIaX OOMEXye iX TpakTW4Hy eexTwB-  Jyoriuaux npomecis (Shahrekizad, 2015, c. 118; Yu,
HICTh, MO OOYMOBIIOE HEOOXiAHICTH po3podku 2017, c. 11272; Kolencik, 2020, c. 1619; Jurkow,
e(heKTUBHUX METOIIB cTabiizalii. 2020, c. 290). 3aBmsku CBOIN Karai3aTOpHIi

VY 1bOMy KOHTEKCTI akTyaJbHUM € XiMmiko-  aktuBHOCTI (Wu, 2020, c. 114117) 1 3maTHOCTI 10
aHAJITHYHE JOCIIDKEHHS KOMIUIEKCOYTBOPEHHsA  (pyHKmiOHami3amii pi3HUMH aKTHBHHMH T'PYyTIaMHu,
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HAaHOYACTUHKH MAIOTh IMiIBUIIICHY 010I0CTYITHICTh
1 kpamie normuHaThea KmituHamu (El Amerany,
2020, c. 6-10).

PazoM i3 TUM TOKCUYHICTb TPAULIHHUX CIIOIYK
MepexiTHUX MeTaJiB OOMeXyBaia iXHE IIHUPOKe
3aCcTOCYBaHHS B O10JIOTIYHHX crcTeMax. BomHoyac
HaHOPOPMH IIMX METAaJiB, 30KpeMa Mifi, IUHKY
Ta 3aii3a, € ICTOTHO MEHII TOKCHMYHHMH. 3TiJTHO
3 JOCIHIDKCHHSMH, HAHOPOPMHU MiJli BUSBUIUCS
B 7 paziB, uuHKy — y 30 pa3siB, a 3amiza —y 40 pa3i
MEHIII TOKCHYHUMH, HDK BIAMOBITHI Cyiab(haTHi
coni (bopucesuy, 2009, c. 121).

I3 pO3BUTKOM HAaHOTEXHOJOTiH OYyJIO BIIKPUTO
HOBI TIEPCIIEKTUBU 3aCTOCYBAaHHS TMEPEXiTHUX
MeTaiiB 'y Oiosorii, BeTepuHapii Ta METUITHHI
(bopucesuy, 2009, c. 85). Metonu cuHTe3y HaHO-
YaCTMHOK TOIUIAIOTh HAa TPU OCHOBHI ITiJXOIH:
(hopMyBaHHS YaCTMHOK 4epe3 00’ €THaHHS aTOMIB
a00 MOJIEKyYIT; MEXaHIuHe TUCTIEPTyBaHHS TBEPIUX
TiJ 10 HAHOPO3MIpiB; @ TaKOK KOMOIHOBaHI METO-
JIIKH, SIKI TIOE€HYIOTh OOUIBA ITiIXO/TH.

XiMiYHI METOOW CHHTE3y XapaKTepU3YIOThCS
K TepeBaraMi, TakK 1 HeIOJiKaMH, MPOTe came
METO/IH, 3aCHOBaHI Ha BUIAPOBYBaHHI 3 TBEPIOTO
TiJla 3 HACTYITHOIO KOHJIEHCAIi€l0, MAOTh MOTEH-
IiaJt it MaciTabHOro BUPOOHUIITBA HAHOMATEPi-
aJTiB 3aBIIKA MOXKIIUBOCTI KOHTPOJIIO PO3MIpYy Ta
Moposnorii yactunok (Kocinos, 2008, c. 2-5).

3 XiMiIYHO1 TOUKH 30Dy, MeXaHi3MHU (HopMyBaHHS
HAHOYACTHHOK y BOJHOMY CEpEIOBHIII 3a3BHYAii
CKJIQJIHIIII TOPIBHIHO 3 HEBOJHWUMH CHCTEMaMH
yepe3 JOMIHYBaHHsS peakilii MOABIHHOTO 3ami-
IICHHS 3 YTBOPEHHSAM 0CaJliB HAHOPO3MipHHUX Yac-
TUHOK. 3pOCTaHHs TaKMX YaCTHHOK, SIK TPaBHUIIO,
0JIpa3y MPHUITHHSETHCS 3aBISAKH /il CTaOLIi3yr0unX
arentiB. Came Tomy mifbip cTabinmizaTtopiB IS
Bukoprctanus HY B pocIMHHUITBI 7151 TTO3aKope-
HEBOT'O HAHECEHHSI € aKTyaJIbHHUM.

Merta pocJiiaxeHHs

BcraHoBuTH  0COOMMBOCTI  KOMILIEKCOYTBO-
peHHs HaHowacTWHOK Mini (Cu), nmHKy (Zn) Ta
3amiza (Fe) 3 kapbamizoM y BOZHOMY CepeIoBHIII
Ha OCHOBI XIMIKO-aHaJITUYHHUX METOIIB HOCIHII-
JOKEHHS 3 METOI0 ONTHMI3allii yMOB ix crabimizarii
Ta OIIHKY BIUTMBY Ha ()i3MKO-XIMI4HI BIACTUBOCTI
HAHOCTPYKTYD.

3aBIaHHA J0C/IiZKeHHS

1. Cunre3yBaru HaHouyacTuHkH Cu, Zn Ta Fe
y BOJAHOMY CEPEIOBHII Ta MPOBECTH iX Momepe-
JTHIO XapaKTEPUCTHKY METOJAaMH EJICKTPOHHOL
MIKPOCKOITIi.

77

2. Bu3HAaYuTH yMOBHU YTBOPEHHS KOMILIEKCIB
HAHOYACTUHOK 3 KapOamiZoM 1 IOCHiIuTH edex-
TUBHE CIIBBITHOIICHHS METAJI/JIITaH]] 33 CIICKTPO-
(OTOMETPUYHUMH JTAHUMHU.

3. IIpoBecTu NOpiBHSIBLHUI aHAII3 CTPYKTYPHHX
3MiH HAHOYACTHHOK 10 Ta Ticis cTabumi3allii 3 BUKO-
puctanusaM FTIR-criekrpockomii Ta XRD-anHaizy.

4. 3’sicyBary BIUIMB XIMIYHOI IPUPOIU METAITY
Ha CTYITIHb KOMIUIEKCOYTBOPEHHS Ta CTa0lIbHICTD
HAHOYACTHHOK y NPUCYTHOCTI KapOamisny.

5. OUiHUTH MOXJIMBOCTI MPAKTUYHOTO 3aCTO-
CyBaHHs CTaO1Ti30BaHNX HAHOYACTHHOK y arpoxi-
MiYHUX a00 OlOMEIUYHUX TEXHOJIOTIAX.

BukJia 0CHOBHOTO MaTepiay 10CTiKeHHs].
Y Mexax JoCHiKEeHHS OyJI0 POBEACHO KOMILIEKC
XIMIKO-aHAJIITUYHUX EKCIEPUMEHTIB, CIpPSIMOBa-
HUX Ha BCTAHOBIICHHS CTPYKTYPHHX Ta KOOPIH-
HalllHHUX O0COOJIMBOCTEN KOMIUIEKCOYTBOPEHHS
HAHOYACTUHOK MiJli, IIMHKY Ta 3aji3a 3 kapOami-
JIOM y BOAHOMY cepenoBuini. O0’ekraMu J0CIi-
JoKeHHsT Oynmu 301 HaHowacTHHOK Cu, Zn Ta Fe
3 koHnenrpauiero 0,01 M, y BomHoMy po3unni. Ha
MepIIOMY eTari HaHOYaCTHHKH y BOAII Oynau oca-
JUKEeHI Ha HeHTpu@y3i Ta BUAAICHO HAJJIHIIKOBY
Bostory npu 50—60 °C i mogayibmoro ix aocii-
IDKEHHS MeToZaMU. AHaIITHUYHI OCIIIKECHHS
OTPUMaHUX BOAHUX IUCIIEPCIH Ta CaMUX YaCTH-
HOK Cu 1 Zn AaroTh ySIBIGHHS PO IX CTPYKTYpPYy Ta
BJIACTUBOCTI. JIJIs1 DOCHIKEHHSI CTPYKTYpH 3pa3-
KiB HAaHOPO34YMHIB. O0’€KTaMu AOCITIKEHHS Oyu
30111 HaHOYacTUHOK Cu, Zn Ta Fe 3 KoHIeHTpali€ro
0,01 M, y BogHOMY pO3UUHI.

Ha mepmromy eramni HaHOYACTHHKH y BOJII Oyin
oca/KeHI Ha HeHTpu@y3i Ta BUAAJICHO HaJIHII-
koBy Bosiory mipu 50-60 °C mist moganbmioro ix
JOCTIKEHHS METOIaMu. AHATIITHYHI 10 CITIHKEHHS
OTPUMaHUX BOIHHUX IHCIEPCIH Ta CaMUX YacTH-
HOK Cu 1 Zn 1at0Th YSABJICHHS MPO X CTPYKTYpY Ta
BJIaCTUBOCTI. JJIs1 JOCITIKEHHS CTPYKTYPH 3pa3KiB
HAHOPO3YHMHIB BUTOTOBJISUIMCS Iperapard, aHai3
SKHX TIPOBOAWIM B TpaHcMiciiiHomy TEM 1230
(Jeol, Tokyo, Japan) enekTpoHHOMY MiKpOCKOIII.

Hactynaum eranom Oyno mpoBeneHHs cepii
CUMOATHUX PO3BE/ICHB Uil BUBYCHHS KOMILJICKCO-
YTBOPEHHSI 3 KapOamizoM. BumiproBaHHS MPOBO-
JTWIIA Ha CIEeKTPO(OTOMETpPl MPH JOBXKUHI XBUIIL
it Cu 585 vm, st 3ami3a HM. J{ocmiKeHHS TTpo-
Bonwiii Ha criekrpodoTomerpi SF Optizen Pop,
Daejeon, Republic of Korea.

[Ticst mocmiKeHHS KOMITJIEKCOYTBOPEHHS Oyia
IpeBe/icHa TPAaHCMICITHA eJICKTPOHHA MiKPOCKOITis
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(TEM) Ha enekrporHOMy Mikpockomi 1230 (Jeol,
Tokyo, Japan). Byno 3po6i1eHo 3HIMKH HAHOYACTH-
HOK 3 JiHiikoro 50 Ta 100 HMm.

Po3unHM HaHOUACTMHOK MeTamiB Oynu Biai-
nieHi Ha neHTpudy3i. OTpuMaHi 0caau TOCHTIIKY-
Banu Metofamu IY cmekrpockormii Ta peHTreHiB-
CBKOI CIIEKTPOCKOITIi.

Pe3ynbTaTi NpoBeIeHnX T0CTiKEHb

Oco0nMMBICTIO HAHOYACTHUHOK € X OKHUCIICHHS,
0COOJIMBO TIPH JUCTIEPTyBaHHI Yy BOIHOMY pPO3-
guHi. Came TOMy, Ha MEpHIOMY eTali HaMH
OyJl0 TPOBEIECHO MIKPOCKOIII0 HAHOYACTHHOK
Kynpymy, luaky ta ®epymy. [laHi HaBeneHi Ha
puc. 1.

YacTHHKM MaroTh HENpaBWiIbHY (opmy Ta
CHJIBHO arjIoOMEpOBaHi — I1¢ TUIIOBO Ui HAHOYAC-
TUHOK, OCOOJIMBO TPH CHHTE31 Y BOAHOMY Cepel-
opumii 0e3 crabimizaropa. Crnocrepirarorbes
oKkpeMi cdeponomiOHI HaHOYACTHHKH. Po3mip
OKpeMHX 4acTHMHOK — y Mexax 20-80 mm. Cmo-
CTEpIraroThCsl Pi3HI 30HM KOHTPACTHOCTI: TEMHIIII
JUISTHKA MOXKYTh BKa3yBaTH Ha arjioMepaTH, TOI
SK CBITJIIII — HAa MEHII a00 4acTKOBO amMopdHi
(dbparmeHTH.

J1n1st po3yMiHHS B32€EMO/Ii1 HAHOYACTHHOK 3 Kap-
O6amiziom Oyli0 TMPOBENEHO KOMILIEKCOYTBOPEHHS
Ta TAKOXK OIlIHEHO C(EKTUBHE CITiBBIIHOIICHHS

0.6

OnrH4HA ryCTHHA A

0 0.1 04

MmeTa/miras. OCKUTBKY IIMHK Y PO34HHI Ma€ O1THiA
KOJIIp Ha CHEKTPO(OTOMETPi CIIOIYKH JOCIITUTH
Bakko. Came TOMy IS ITbOTO HaMU OyJI0 BUOpaHO
HaHOuaCTHHKU Cu SIK MOZICTIbHI JIJISl TAKUX B32EMO-
nii. JlaHi cieKTpiB cMMOATHUX cepiii HaBeIeHO Ha
puc. 2.

OTxe, TpH JOCTIDKCHI ONTUYHOI TYCTHHHU
KOMIUIEKCHHX CIIOJIyK HAaHOYaCTHHOK 3 KapOawmi-
JIOM HAMOUIBII IOLIIBHUMH € CIIBBIIHOIICHHS
metan/miraan 1/5 ta 3/1. Came cmiBBiIHOIICHHS
3/1 mm 3acTocyBanu Juis ctabiii3allii HaHOYaCTH-
HOK Ta 1X TOAaJIbIINX JOCHIDKEHb.

[Ticns crabimizarii Oys10 IPOBEACHO MIKPOCKO-
M0 OTPUMAHUX 3pa3KiB Ta MOPIBHAHHS 1X 3 BUXII-
HUMH HaHOYaCTUHKaMHM 0Oe3 craOimizaiii. [lani
HaBeJIeH1 Ha puc. 2.

3i 3uimMkiB TEM BuaHO, O criocTepiraeThes
MyXxKa arperailis — HaHOYACTHMHKHM HE 3JIUTI, aje
3rpyIoBaHi B KjacTepu. YaCTHHKH OTOYEHI CBITIIi-
IIMM OpPEOJIOM, III0 BKa3y€ Ha HAsBHICTb OpraHiy-
HO1 cTa01ITi3y104901 00OJIOHKH — Y JAHOMY BHITQJIKy
KapOaMminy (cedoBuHHM). Bumumi Mi>K4aCTHHKOBI
MTOPOYKHUHH, 110 XapaKTEPHO IS TOPUCTUX CTPYK-
Typ abo ciabkoi aromeparii.

Hactynaum eranom Oyiio BumiproBanHsi FTIR
CIIEKTPIB 0CA/PKCHUX HAHOYACTHHOK JJISI OIIIHKH 1X
cTpykTypH. [laHi HaBeneHi Ha puc. 4

lo,75
I

0.5 0.6 0.7 0.8 0.9 1

Puc. 2. Ontuyna rycruna cumbaTuux cepiii Cu/0,1 M po3uun kapdaminy
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GERLE
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Puc. 3. CradiinizoBani Hanouactunku Cu (a), Zn (0) Ta Fe (B)
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Puc. 4. FTIR cneKTpH HAHOYACTHHOK METAJIiB

ITo FTIR cnekrpy He cTabiTi30BaHUX HaHOYAC-
THHOK METAaJIiB MOXKHA 3pOOMTH HACTYITHI BUCHOBKH:

* ~3400 cM™! — mmpoka cMmyra, CIilbHA s
BCiX 3paskiB, xapakrtepHa s O—H konuBaHb
(TiIpOKCWITBHI TpyIU a00 BOJIOTA), 1110 YaCTO MPH-
CYTHS Ha MOBEPXHI HAHOYACTUHOK.

+ ~1600 cm™! — Moxk/IMBA MOsABA AeopMalliii-
Horo koiuBanHss H—O—H

Y HaHOYACTMHOK WMHKY Ha Trpadiky npu
500-600 cm™' BuaHO THIOBHI Aianazon wis Zn—O
3B’S13KiB, 0 MATBEPXKYE NPUCYTHICTH ZnO-dasu.

s Cu Bunno menm Bupaxkeni O—H a6o H,O
CMYTH, III0 CBITYUTH MPO 1HIIY MPUPOIY TIOBEPXHIi
abo Kpary Jierigparaiiro.

| Fe urea
} Zn urea
|

| Cu urea

Xapakrepui qis Fe—O konuBanp (Meran-
KHCCHB):
~580-560 cm!
B 7-Fe,0; abo Fe;0,

e ~690-750 cM~! — MOXKIJIMBI 3MILIICHHS, SKIIIO
HPUCYTHI JTOMIIMIKH 200 YaCTKOBE OKUCHEHHS

Jns TOpiBHSAHHA MU TPOBOAWIM BHUMIpIO-
BaHHs FTIR crniekTpiB Ha 3pa3kax, cTabi1i30BaHUX
y 0,1 M poszumni kapOaminy. Lle gamo Ham 3Mory
HOPIBHATH Ta 3pOOUTH BUCHOBKH IO cTaliii3a-
1it0 HaHOYAaCcTUHOK. /{aH1 HaBeneH1 Ha puc. 3.

VY NOpiBHSAHHI 3 NONEPEAHIMU CIIEKTPaMU HpU
crabinizarii kapOoaMizoM MOKEMO MTOOAYUTH 3MIiHHU.
Jlns Fe urea (3enenwii) cina0Okimna 30Ha MOTTHHAHHS

Tunosuii mik Fe—O

T T
4000 3600 2000

T

1000

T

T Al Al
2500 2000 1500 800

v, eni!

Puc. 5. FTIR ciekTpy HAaHOYACTHHOK cTaliTi30BaHUX y PO3UMHi KapOaminy
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y 3400 cm™! — MeHm TizpodinsHa MOBEpXHS a60
BUIIA KpucTaniuHicTe. ITik ~580 cM™!' wiTkO Bin-
noBigae Fe—O 3B’s3kam (tumoso st Fe;O,). Bei
OCHOBHI 1H()payepBOHI MOMIMHAHHSA KapOaMiry
MIPUCYTHI, aj¢ IHTCHCHBHICTh MEHINA, IO MOX-
JIMBO Yepe3 cialiie 3B’ s13yBaHHs. Takoxk MOXIJIMBa
KOHKYpeHIIist 3 Bogoro (OH™), OCKUIBKH TTOBEPXHS
Fe;0,/Fe,O; rinpodinbHa i CUIBHO 3B’ SI3y€ BOAY —
yacTuHa mikiB y 30Hi 3300-1600 cm~! Moxe nepe-
kpuBarucsa 3 H—O—H.

Jnst mmHKy Zn urea (4yepBonuii): CunbHa
cmyra npu 3400 cM~' — iHTGHCHBHE BOIHE
3B s13yBanHs. [loTy:xui miku B 3081 1000—1400 cm™!
C==O0 3B’s3KH, TUNOBI I KOMIUIEKCY Zn-cedo-
BUHA.

Jua Cu urea (cuHill) HaWOUIBII BHpakeHa
CTPYKTypa B HW)KHBOYACTOTHOMY Jiama3oHi
(<1000 cm™"), 10 CBigUMTH MPO CUIIBHE KOMILIEK-
coytBopenHs. ITik 6mu3pko 620 cM™! CBigUUTE PO
38’s3ku Cu—O. V mianasoni 1400-1600 cm™' —
PO3IICTJICHHS TIKIB, IO CBIIYUTH PO KOOPIAHHA-
LiHHI B3a€MOII] 3 CEYOBUHOIO.

Hactynaum eramom pocmipkeHb Oylo OTpH-
MaHHS iHpopMallii i3 TOPOLIKOBOT PEHTI€HOT PaMH
(XRD) npo cTpyKTypy HAaHOYACTHHOK Ta iX cTaodi-
J3al11i10 B PO3YHUHI.

XRD-anani3 HaHOYACTHHOK ITMHKY CTa0LIi30-
BaHUX y pO34nHi KapOaMiay 300paxxeHo Ha puc. 5:

OcHoBHi miku Ha niarpami: Ilik ~31.8° (20)
BinmoBigae kpucraiorpadiuniii maomwmHi (100),
€ OJTHUM i3 TOJIOBHUX PEe(IIEKCIB I TeKCArOHAIb-
HOT BIOPIUTOBOI CTpyKTypH ZnO, ~34.4° (20) Ta
~36.3° (20) Ta popmyrOTh XapakTepHUi HAOIp IS

rekcaronainbHOi ¢azu ZnO (Broprut). Illupuna
MiKiB CBIIYUTH MPO HAHOPO3MIPHICTH, OCKUIBKH
KK MaroTh MMpUHY Ha miBBucoti (FWHM), mo
3HAYHO OUTBINA, HIK y 3BUYAHMX mopomikax. Lle
CBITYHUTH TPO JYyKE€ MaIMH PO3MIp KPUCTAITITIB.
Po3mip Mu mMoxemo pospaxyBaru 3a (hopmysoro
[Tepepa:

KA

- B-cos®’

ne d CepenHiit po3mip KpUCTaNITIB (B HAHOMETPAx
abo anrctpemax); K-Koedimient ¢opmu (KoH-
cranta Ilepepa): 3a3zBuuait 0.89-0.94, Tumoso
0.9; A — JloBxuHa XBHJII PEHTTEHIBCHKOTO BUIIPO-
minoBanHsa (B A a6o um): a1s Zn Ka ckianae
0.15406 um; B — Iupuna miky Ha MIBBUCOTI
(FWHM) B panianax (ae B rpamycax); 6 — [lomo-
BUHA KyTa qudpakiii (Bragg) y panianax.

3rigHo 3 popmynoro llepepa, po3mip Zn ortiHio-
etbes B Mexxax 10-30 aM, 110 301racThest 3 JaHUMU
Mikpockortii. OTe, CIIeKTp MiATBEPIIKYE, M0 3pa-
30K — IIe YucTuil rekcaroHaiabHuit ZnO. Lupoki
HiKM CBiAYaTh MPO HAHOPO3MIPHICTh YACTHUHOK.
HasiBHICTH HE3HAYHOTO IIyMy MOXKE BKa3yBaTH Ha
HasBHICTH cTabimizaTopa.

Ha nactynnomy erami Oyno mpoBeaeno XRD-
aHaini3 HaHodacTHHOK Cu crabinmizoBaHi KapOami-
JIOM, 1110 HaBEeJECHHI Ha puc. 6:

Onuc OCHOBHHUX MiKiB: CHOBHOIO (pazoro € Cu’
(minp). ITix ~43.3° — HalliHTEHCUBHIIIMHA, TUIOIIMHA
(111) mimi ITik ~50.4° — rommna (200). O6unBa
JTy’Ke 4iTKI Ta BY3bKl, TOMY CBIJ4aTh MPO BUCOKY
KPUCTAIIYHICTh Ta HASBHICTh METAJIIYHOI Miji

Expermental pattern: (zat_pow7295.dat)

800 1000 1200 1400 1600 1800  20.00 24.00 28.00 3000 3200

34.00

36.00 3800 40.00 5200 5400 56

Puc. 6. XRD anaJii3 KOMIIeKCOYTBOPEHHSI Kap0aMil-HAaHOYaCTUHKH Zn
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6.00 8.00
Cua (1.5415744)

10.00 12.00 1400 16.00 22,00 24.00 26.00

28.00

30.00 32.00 3400 36.00 .00 48.00 50.00

2theta

Puc. 7. XRD-anaui3 komiiekcoyrBopeHHst kapoamin-CuHY

K ocHOBHOI (a3u. JlomarkoBoro dasoro € Cu,O
(oxempa mimi I). ITikm ~29.5°, ~36.4°, ~42.3° (20) —
xapaktepHi 1t Cu,O. ®oH piBHUI — CBITYUTH PO
HU3BKHI BMICT aMop(dHOi opraiku (kapbamimy)
a0o0 Ti HagBHICTH TUILKHU SIK TOHKHI cTaOlIi3ariii-
HUH 1rap. Bcei miku By3bKi, OTXKE HaHOYACTHHKH
MaloTh BUCOKHH CTyIiHb BHopsikoBaHocTi. [Ipu-
cyTHi Takox fomimku Cu,O, 1o € 03HAKOIO JIeT-
KOTO TOBEPXHEBOTO OKHCHEHHS, THUIIOBUH €(EKT
mpu crabimizarii kapOamigom. 3a dopmysor
Hlepepa po3mipu ckinanaots 2040 HM.

Hwxue Ha puc. 7 HaBeneno XRD-cniekTp HaHO-
yacTuHOK 3aii3a (Fe):

Haticwipnim miku ~44.7°, 65.0° (20), mo
Biamosinarore miommaaM (110) ta (200) s

MetaseBoro Fe® (c-¢a3za). 30iraroTees 3 ertano-
HoM 01-087-2396. OTxe, ocHOBHa (pa3a — MeTa-
miune 3amzo. Ilikm ~30.1°, 35.5°, 43.1°, 57.0°
(26) xapakrepHi 1t Fe;O4 (MarueTuT), ToMy mpu-
CYTHsS JOMIIIKa MarHeTuty. Takox ciiabKi MiKH
~33°, ~49.4° (20), mo Bignosinatots Fe,0; (Trema-
TUTY). OCKIJIbKY IHTEHCUBHICTh MaJjia, TO TéMaTuT
y He3Ha4YHIi KUIBKOCTI a00 Ha MOBEpXHi. Y CIEK-
TPl CIOCTEpIraroThCsl HE3HAUHI BIAXWICHHS BiJ
KJIACHUYHUX TIOJIOKEHb MIKiB T€MaTUTy YU MarHe-
TuTy. Lle CBIIYMTH NMPO TUCTOPCII0 KPUCTAIIYHOI
PEIIITKH, CIIPUYMHEHY 3B’ S3yBaHHSM 3 JIIFaHOM,
TOOTO YTBOPEHHSIM TIOBEPXHEBHUX KOMILIECKCIB
(manpuknan, Fe—O—C abo Fe—NH,). Takox
Hlupuna mnikiB 30inblIeHa (OCOOIMBO B 30HI

Experimentsl pattem: (zat_pow7370.dat)

M

0

£.00

8.00

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 30.00 3200

34.00

3600 3800 4000 4200 4400 4600 43.00 50.00 5200 5400 5600 58.00  60.00

hats

Puc. 8. XRD cnekTpu KoMIiekcoyTBopeHHs kapdaminy 3 Fe HU
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30-40°). Lle Bka3ye Ha HEOTHOPITHY KOOPAMHAIIIIO
Fe** i Fe*" 3 opranidyouMu MoJjieKy/laMu — THIIO-
Buii eekt 111 Fe—O—C—NH, xomIuiekciB.

BucHOBKHM i mepcrnieKTHBH MOJAJBIINX TO0CJTi-
mkeHb. OTxe, XIMiYHa TPHUPOJA METATy CYTTEBO
BIUIMBAE Ha CTYIIIHb HOro B3aeMofii 3 KapOamizom.
3anizo 30epirae MeTajeBy CTPYKTYpy 3 HE3HAYHUM
BIUIMBOM crabuiizatopa. LlMHK yTBOproe MeHI
HAHOYACTHHKU 13 CEPEIHBOI0 CHJIOK KOMILIEKCO-
yTBOpPEeHHS. Mifb TpOsBIsSE€ HAWUBHILY 30aTHICTH
JI0 KOOPIUHAIIMHOI B3a€MOJIil, YTBOPIOIOYM CTIHKi
KOMIUIEKCH, 1110 OTEHL1IHO MOKpaITy€e CTaOLIbHICTD
Ta (yHKIIOHAJIbHI BIIACTHBOCTI TAKUX HAHOYACTHHOK
y arpoxiMigHUX 200 KaTasli3aTOPHUX 3aCTOCYBAHHSIX.

Pentrenorpamu 3acBigumiiy 30€peKeHHsT OCHO-
BHOT KPUCTAJIIYHOI CTPYKTYPH B YCiX 3pa3Kax Micist
Momuikarii. ¥ 3pa3ky Fe urea mominye meraneBa
(haza o-Fe, BomHouac BusBIcHO jgominiku Fe;O,
ta Fe,03, 110 CBITYHUTH PO YaCTKOBE MOBEPXHEBE
okucHeHHA. [lomipHE po3IIMpeHHs MiKiB Ta 3HU-
KCHHSI 1HTEHCUBHOCTI curHaimiB Fe;O, cBiguath
po AcehopMallifo KPUCTAIIYHOT PEINTKHA BHACITI-
JIOK cJ1a0KOT B3a€MOJIIT 3 MOJICKYJIaMU KapOamiy.

3pa3ok Zn urea XapaKTepU3YEThCS IIUPOKUMU
Ta HU3bKOIHTEHCHMBHMMH IIIKaMH, IO BiAIOBina-
I0Th TekcaroHanbHii (a3l ZnO. 3HayHa MmHpUHA
mikiB y mianmasoni 30-36° (20) Bka3ye Ha HaHO-
KPUCTAIYHy CTPYKTYpy 3 pO3MipaMH JIOMEHIB
1020 um. IligBumeHuit (GOHOBUN CUTHAN CBIl-
YUTh TPO HASBHICTH aMOpPGHOrOo OpPraHIYHOTO
mapy — 3aJIMIIKIB KapOamiy.

V 3pasky Cu urea 30epira€Tbcs BUCOKa KpHC-
TajigHicTh MeTaniunoi mimi (Cu®), miaTBepaKeHa
BY3bKHMH Ta IHTEHCUBHUMH mikamu. Crnabki cur-
Hamu Cu,O BKa3ylOTh Ha YacTKOBE OKHCHEHHS.
Po3mip kpucranitiB ans Fe urea i Cu urea crano-
BUTB 29-34 HM, Tomi sk y ZnCN criocTepiraeTbest
HalMEHIIUN PO3MIp YaCTHHOK.

Pesynsratn FTIR criekrpockorii miarBepmxy-
I0Th YTBOPEHHSA KOOPIWHAIIIMHHUX 3B S3KIB MK
MeTajgaMH Ta (YHKIIOHAJIBHUMHU TpyNaMu KapOa-
Migy. ¥ BCiX 3pa3kax BUSBJICHI XapaKTEpHI CMYTH
MOTJIMHAHHS, 110 BIAMOBIIaI0ThH BiOpamism NH, Ta
C=O0.

VY Fe urea cmocTepiraioThCsi JHILIE HE3HAYHI
3CYyBH CMYyT, IO BKa3ye Ha CJIa0Ky B3a€MOJII0
3aJtiza 3 kKapOamizoMm, HMOBIPHO Yepe3 MOBEPXHEBY
aacopOuito. g Zn urea 3adikcoBaHO IMOMITHI
smimiedds B auisakax C=O ta NH,, mo cBig-
YUTh MPO YTBOPEHHS KOOPIWHAIINHHUX 3B’SI3KiB
Zn—O=—=C—NHp.. V 3pa3ky Cu urea ¢ikCylOTbhCs
HaMOLIbII 1HTEHCUBHI Ta CTPYKTYpOBaHI CMYIH
amwkae 1000 cm™!, sAKi BiAMOBimAIOTH 3B’S3KaM
Cu—N i Cu—O, 110 € IpSIMUM CBITYEHHSIM CHIIb-
HOTO KOMILJIEKCOYTBOPEHHS.

IMepciekTHBH  MOJAJBIINX  JOCJTIIKEHb.
PesynbraT mpoBeIEHOTO AOCIIIKSHHS BiAKpUBa-
I0Th HU3KY NIEPCICKTUBHHUX HAMPSMIB JUIS TI0/1aJTh-
moi HaykoBoi poOotu. Hacammepesn moIiibHUM
€ PO3LIMPEHHS CHEKTPY MOCIIIKYBaHUX HAHO-
YaCTUHOK HIJISXOM BKJIIOYECHHS JI0 aHAJI3y 1HIINX
HepexiHUX MeTaliB, L0 MalTh O010J0TIYHY
aKTHUBHICTh a00 Karasi3aropHi BiactuBocTi. [lep-
CICKTHBHUM € TaKOXX BHMBYCHHS BIUIUBY PI3HUX
THUIIB cTa01113aToOpiB (30KpeMa MPUPOTHOTO TOXO0-
JDKEHHS) Ha KOMIUIEKCOYTBOPEHHSI Ta KOJIOIIHY
CTaOUIbHICTh HAHOYACTHHOK y BOJHOMY Cepe/l-
OBHIIII.

OxpeMy yBary CiniJl IPUILTATH 010SKCTIEPUMEH-
TaJbHUM JOCIIKEHHSIM 070 (HITOTOKCUYHOCTI,
MIPOHUKHOCTI Ta TPAHCIIOPTY CTAOUTI30BAaHUX HAHO-
YaCTUHOK Y MOJICTTbHUX POCIMHHUX a00 KIITHHHUX
cucremax. lle H03BONHUTH OIIHUTH MPAKTUYHUHA
MOTEHITiaJl OTPUMAHUX KOMIUIEKCIB y cdepi arpo-
XiMii, O10MEIUIIMHN Ta €EKOTEXHOIOT1M.

[lomanplie  BUKOpPUCTaHHS  KOMII FOTEPHOIO
monemoBanas (DFT, MonekynspHa nuHamika)
JUIS TIPOTHO3YBaHHS €HEPreTHYHO CIPHSTINBUX
KOoH(Dirypariiii KOMIUIEKCIB METaJIiB 3 KapOamiJIoM
MOYKE JTOTIOBHUTH €KCIIEPUMEHTaJIbHI JaH1 1 crIpu-
ATH TIMOIIOMY PO3YMIHHIO MEXaHi3MIiB KOMILJICK-
COYTBOPEHHSI.

3arasioM, NepCHeKTUBH JIOCIIKEHb TOJIATAI0Th
y CTBOpeHHi (YHKIIIOHATI30BaHUX HAHOCTPYK-
Typ 13 3a/laHUMH BJIACTUBOCTSAMH, II0 MaTHMYTh
BHCOKY CTaOUIbHICTh, 010CyMICHICTh Ta €(EKTUB-
HICTh JUIS 3aCTOCYBAaHHSI Y BHCOKOTEXHOJIOTIYHUX
ramyssx.
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3MiH Ha BOoJHUH pexxuM piuku Ctup y BonmuHcbkiit oonacti. [lpooaemu ximii ma cmanoeo possumxy, 2,
84-94, doi: https://doi.org/10.32782/pcsd-2025-2-11

BILINB KJIIMATHYHUX 3MIH HA BOJJHUH PEXKHUM PIYKA CTUP
Y BOJIMHCBHKIN OBJIACTI

B cmammi posensidacmvbca ananiz naugy KiMamuunux 3MiH Ha 600Hutll pexcum p. Cmup y Bonumcokii obnacmi.
Aooice 6 ymosax nooanbuux 3MiH Kiimamy no2ipuy8amumymscs yMosu npupooH020 8010203a0e3netents, Wo He2amus-
HO GNIUBAMUMYMb HA 2I0PONOSTUHULL PEHCUM BOOOUM. Y NOPIGHANNT 3 NOKAZHUKAMU MUHYII020 CINONIMMS (pikcyembes
SHAYHE 3MEHULEHHA 00 €EMI8 PIUHO20 PIUKO8020 CIOKY, PieHb 800U Y piukax YKpainu ynpooosic 1imHb020 nepiody exice
0EKIibKA POKIB € HUNCUUM 30 HOPMY.

Piuna cepeons memnepamypa nosimps y 2022-2023 pp. cmanosuna 9,4 i 10,4 °C sionogiono, wo una 0,9 i 1,9 °C
suwe Hopmu (8,5°). Cnocmepieanace mendenyis 00 niogUWeHHA 3HAUEHb CEPEOHbOMICAYHUX MEeMnepamyp, o 8iono-
gioac i ceimosum menoenyisim. Piuna kinvxicms onadie oyna euwgoro y 2022 p. i cmanosuna 736 mm, y 2023 p. — 680 mm.
Omoice, npocmedsicyemvcsi Oesike 30UIbUeHHs 0NA0i8 Y3UMKY, 6IIMKY Md 60CEHU.

Hartieuwi pisni 600u 6ynu 3agixcosani y 2023 p., 6 sskomy cepedniil pisenv 600u cmanosus 348 cm, y 2022 p. — 316 cm.
Maxcumanwui pisni cnocmepieanu 6eCHO, a MIHIMATIbHI — GIIMKY ma 8ocenu. 3a cnocmepedicysanull nepiod cnocmepi-
2anacs menoeHyis wooo MeHWEHHs CepeOHbOMICAUHUX ma piunux eumpam 600u 6id 24,8 0o 29,8 m’/c (2022-2023 pp.)
nopiensano iz 2006-2013 pp., 0e snauenns cepednbopiunoi sumpamu 600u Konusaiocs 6 mexcax 6io 40,1 0o 51,2 m’/c.

Bemarnogneno michutl KopeasyitiHuil 36 130K Midc Bumpamamit 600u i pigramu 6oou. Kpin moeo, 6cmanosiero cepeo-
HIl i CUTbHULL 36 A30K MIdC MEMNepamyporo 800U, Nogimps i eumpamamu 800U, C1aOKUll 36 430K MidC onadamu ma
sumpamamil i pigHem 800u.

Miosuwenna memnepamypu 63UMKy CHPUHUHUILO 3MIHU Y 800HOMY PeXCUMI PiuKu, 30Kpema 6i0CYymHiCnb CHi208020
NOKPUBY, PO3MSACHEHHS BOOONINNA Y YAC, WO NPU3B00UNb 00 3MEHUIEHHS BUMPAMm 800U, a MAKONC GiOCYMHOCMI 16000~
6020 NOKPUSY.

Ananiz 600H020 pedcuUMy 0ae MONCIUBICING PAYIOHATLHO SUKOPUCTIOBYBAMU 600Y Y 20CNOOAPCHKILL QIsLIbHOCHI M
30LUCHIO8amMu 30a1aHCO8aANE YNPAsTiHH B00HUMU pecypcamu Y bacetini p. Cmup.

Kntouosi crnosa: 600nutl pexicum, piuka, pigHi 600u, sumpama 600u, memnepamypa nogimps, onaou, KiMamuyHi
3MIHU, NAGOOKHU.
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THE IMPACT OF CLIMATE CHANGE ON THE WATER REGIME
OF THE RIVER STYR IN VOLYN REGION

The article analyses the impact of climate change on the water regime of the Styr River in Volyn region. Under the
conditions of further climate change, the conditions of natural moisture supply will deteriorate, which will negatively affect
the hydrological regime of water bodies. Compared to the last century, there has been a significant increase in the volume
of annual river runoff, and water levels in Ukrainian rivers have been below normal for several years. Rising temperatures
and changes in the moisture regime, if projected negatively, could lead to further transformation of river flows, deterioration
of water quality and, consequently, problems with water supply and availability in certain regions.

The annual average air temperature in 2022-2023 was 9.4 and 10.4 °C, respectively, which is 0.9 and 1.9 °C above
the norm (8.5 °C). The year 2023 was the first in the ranking of the warmest years on record in Lutsk. No negative
temperatures were recorded in winter. There was an upward trend in average monthly temperatures, which is in line with
global trends. The water temperature was higher than the air temperature in all months. However, as winter temperatures
rise, both the period with ice phenomena and the duration of the ice-freeze-up are shrinking. Recently, the probability
of ice-free conditions has increased significantly. The annual precipitation was higher in 2022, amounting to 736 mm, and
680 mm in 2023. The increase in winter air temperature contributes to changes in precipitation patterns, with a greater
proportion of mixed and liquid precipitation, more frequent thaws, and therefore insufficient snow accumulation to form
high water floods. This trend of lack of stable snow cover has been observed in recent years.

The highest water levels were recorded in 2023, when the average water level was 348 cm, and in 2022 — 316 cm.
Maximum levels were observed in spring and minimum levels in summer and autumn. During the observed period, there
was a tendency to decrease the average monthly and annual water consumption from 24.8 to 29.8 m’/c (2022-2023)
compared to 2006-2013, when the average annual water consumption ranged from 40.1 to 51.2 m*/c. A close correlation
between water flows and water levels has been established.

In addition, there is a medium to strong correlation between water and air temperature and water discharge; a weak
correlation between precipitation and water discharge and water levels.

The increase in winter temperatures has caucused changes in the river s water regime, including the absence of snow
cover, the extension of the floods over time, which leads to a decrease in water flow, and the absence of ice cover.

The analysis of the water regime makes it possible to use water rationally in economic activities and to carry out
balanced water management in the Styr River basin.

Key words: water regime, river, water levels, water flow, air temperature, precipitation, climate change, floods.

AkTyaabHicTh npoosemu. [lepion Bix kiHIsg — 30kpema. Hacammepen BapTo BiA3HAYMTH, 10 HAK-
XX-T0 CTOMITTA 1 10 CHOTO/IHI € HAUTEIUTIIINM 32  BAXKJIMBIIIOK O3HAKOK 3MiH KIIIMaTy € CepemaHs
BCIO ICTOPII0 METEOPOJIOTIYHUX CIIOCTEPEkKEHb K  piuHAa TeMIepaTypa TMOBITPS, SKa 3 IOYaTKy
B YKpaiHi 3araiom, Tak i y BomuHChKili obmacti XX cTomiTTs B YKpaiHi 3pocia ourbm Hixk Ha 2 °C,
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BT. 4.1Ha 1,2 °C —3a ocranni 30 pokiB. lo Toro x
B YMOBAX MOJAJIBIINX 3MiH KJIIMaTy HOTipIIyBaTu-
MYTBCSl YMOBH IIPUPOIHOTO BOJIOTO-3a0€31e4eHHS,
10 HETaTUBHO BIUIMBATHMYTh HA TiAPOJIOTIYHUI
peskuM BojoiM. Tak, y HOpiBHSHHI 3 TOKa3HUKAaMHU
MUHYJIOTO CTOMITTA (DIKCYeThCS 3HAYHE 3MEH-
IICHHS 00’ €MIB PIYHOTO PIYKOBOTO CTOKY, PIBCHb
BOJIM y piukax YKpaiHu YHpPOIOBXK JITHHOTO Iepi-
Oy BXKe JIEK1IbKa POKIB € HIDKYUM 332 HOpMY (AHa-
713 BIUTUBY KJIIMAaTHYHUX 3MiH Ha BOIHI peCypcH
VYkpainn, 2021; Tessema N., 2021).

3pocTaHHs TeMIIEPaTy Py Ta 3MiHa PEKUMY 3BO-
JIO)KEHHS 32 HETaTMBHUM IPOTHO30M MOXE HpH-
3BECTH JI0 OAAJIBIIOT TpaHC(hOpMAIIil CTOKY PIUOK,
MOTIPIICHHS €KOJIOTIYHOI SIKOCTI BOII 1, BIIMTOBIIHO,
70 TpobieM BoA03a0e3MedeHHsT W JIOCTYMHOCTI
BOJHHX PeCypcCiB y okpeMux perioHax. Taka curya-
1is Hajami Oyzie nmporpecyBaru. 3a iHTerpaJIbHUMHU
MipaxyHKaMu, YIPOAOBXK HaiOmmxuux 15-20 p.
KUIBKICTh JIOCTYITIHUX BOJHHMX PECYpCiB y Halliif
KpaiHi Moxe 3MeHIIuTHCS BTpuui (ManboBa-
Hui M., 2023). Bigrak perioHanbHi J0CITiKEHHS
3MiH KJTIMaTy Ha BOAHHH PEXHM PIUOK € aKTyallb-
HUMHU 1 CBOEYaCHUMU.

AHaNi3 OCTaHHIX JOCTiIxKeHb i myOsikamii.
Briepmie Ha npobGnemy 3MiH Kiimary B YKpaiHi
3BEpHYJIU yBary BuaatHi Mmereoposori . €. byunn-
cekuit (1960-1i p.), K. T. Jlorsinos (1980-1i p.)
(I'pebinb B., 2010). JIunamiky Temreparypu MoBi-
Tpsi B YKpaiHi B Cy4aCHHX YMOBAax JIOCIIiKyBaJIH
MpOBiTHI BYeHI-(axiBIli YKpPaiHCHKOTO HAyKOBO-
JOCHITHOTO T1IPOMETEOPOJIOriYHOIO IHCTUTYTY
ta ['gpomernentpy Ykpainu: B. M. babiuenko,
B. I. Ocamumii, H. B. Hikomaesa, JI. M. ['ymuna,
3. C. bounmapenko (babiuenko B., 2007; 2010;
Ocamuwnii B., 2013; SIk 3MiHIO€TBCS KITiMaT B YKpa-
ini). Cy4acHUH cTaH peXHMY OMaJiB B YKpaiHi
SIK HACJIIOK 3MiHU Kiimary BuB4aau M. b. Bapa-
6am, O. I. Tarapuyk, H. IT. I'pe6entok, T. B. Kopx
(bapabamr M., 2007). PerioHayibHi AOCIIKSHHS
CY4JacHOTO KJIiMary, 30KkpemMa BoinrHChKOT 00J1acTi,
npenctanieHi B podorax T. C. [TaBnoscrkoi (2021),
H. A. Tapactok (2017).

Ha crorogni Bke crioctepiraeTbCcsi TEHICHIIS
TOTO, IO KTIMAaTHYHi 3MiHU 3HAYHO BILTUBAIOTH HA
T1APOTIOTIYHMIN PeXUM PidoK. J[o TakKuX BUCHOBKIB
JUUIITN Taki yKpaiHChKi BUeHi, sk B. I. BumrHes-
cekui, B. O. bana0yx, €. /. [onuenko, I'. B. bomnb-
oot, B. B. I'pe6inb, b. B. Kinmtok, H. C. Jlo6ona,
O. L. Jlyx’sinens, O. I. O6onoBcwkuit, C.1. CHIXKO,
B. O. Boiiuexosuu, JI. 1. Jlyzan (bomnbbot I,
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2019; Bummuescokuii B., 2022; Jloboxna H., 2014;
Menbnuk 1O., 2011). CyyacHuil BOgHMII pEXUM
pidok VYkpaiHM B yMOBax 3MiH KJIiMary pO3IJIs-
HyTO B pobotri B. B. I'pebGens (2010). Anamizy
Cy4YaCHHX 3MiH KJIIMaTy Ta iX BILUTUBY Ha PIYKOBHIA
CTIK, JIbOJIOBHI PEKUMHU PIYOK YKpaiHU MPUCBS-
yeHi mgocnimkenHs B. I. Bumnueschkoro (2022).
BrnuB kiiMaTHYHUX 3MiH HA BOIHUHN PEKUM PIYOK
BonuHCBKOT 001acTi poaHali3oBaHO B HAYKOBii
npani M. C. ManboBannii, M. B. Bosipun Ta iH.
(2023). BuBuYeHHSIM CTPYKTypH TigporpadidHoi
Mepexki Oaceitny p. Ctup, aHami3oM Cy4acHOTO
rigposoriygoro pexxumy 3a 2020-2022 poku Ta
HOro BIUIMBOM Ha TiAPOXIMIYHHHA pEeXUM 3alimMa-
nacst B. 0. Crenbmax (2024). B it po6oti mpo-
aHaJII30BaHO PIBHEBHMI PEXKUM, CEpeaHi, MaKCH-
MaJibHi, MiHIMaJIbHI BUTpPATH BOAM 3a TPU POKH
20202022 pp. Biarak BuHHKIA HEOOXiTHICTH
JOCTIKSHHS BIUTMBY METEOPOJIOTIYHUX MOKa3HU-
KiB Ha BOAHUH pexuM p. CTHp, IO € BaXKJIMBUM
B Cy4aCHUX yMOBAax KJIIMaTHYHHX 3MiH Ta HaOyBa-
I0Th 0COOJMBOT aKTyaJIbHOCTI.

OxpiM TOro, 3HaYHa yBara MpHUIUIAIACH BYE-
HUMH 0ararboX KpaiH CBITY IIIOJO BHBYEHOCTI
NUTAHHS BIUIMBY KJIIMaTMYHUX 3MiH Ha BOJIHI
pecypcu Ta BOTHHUI PEXUM pidoK. 30Kpema, Iie
BUCBITIICHO B mparsix T. Barnett, R. Malone,
M. Stone, D. Schindler, P. Whitfield, D. Kingston,
Z. Kaezmarek Tomo (I'pe6inr B., 2010;
Reshmidevi T., 2018).

OTxe, onIsA CydyacHHX IMyOIiKaImii CTOCOBHO
3MiH KJIiMary 3acBiguye, M0 YKpaiHa, K ¥ iHIIl
€BPONEHCHKI KpalHHU, TAKOXK 3a3HA€ ITUX 3MiH, SKi
B TI0/1aJIBIIOMY OYAyTh JIMIIIE ITOCHITIOBATHCH.

MeTta gocizkeHHs1 — ITPOaHai3yBaTH MOKa3-
HUKA TEMIEpaTypu TIOBITPs, KUIBKOCTI oOra-
JIiB Ta OILIHWUTH BIUIMB 3MIiH KJIMaTy Ha BOIHUI
pexum piukun Ctup y BonuHCbkili oOnmacti 3a
2022-2023 pp.

Marepiaiu Ta MeToau AocTiKeHHs [ aHa-
T3y METEOpOJIOTIYHHUX BEJIHMYMH — TeMIeparypa
MOBITPSI Ta BOJH, KUIBKICTh OMaJiB, a TAKOXK elie-
MEHTIB BOJHOTO PEXHMY — PiBHI BOIU Ta BUTpAT
BOJIM OyJIM BUKOPHCTaHI JaH1 BTy CHHONITUYHOT
MeTeoposIorii Ta Timposnorii BonmuHchkoro obac-
HOTO IIEHTPY 3 TiipomeTeoportorii za 2022-2023 pp.
Jns [ochmiKeHHST BHKOPUCTAHO CTATHCTUYHUMA
aHai3, rpadiqHAi METOJ, SIKUH BUKOHAHWH B CTaH-
JapTHii oOunciroBabHIN mporpami «Excel 2007».

BuKki1ag 0CHOBHOI0 MaTepiaJjty K0CTiIzKeHHSI.
Piuka Ctup € mpaBoro mputokoro p. Ilpun’srs,
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mo Oepe MoYaTroK Ha MiBHIYHUX cxuiax [lomiias-
ChKOI BHMCOYMHM, Yy MeXaX 3a0oyioueHoi Oasku
oisis c. [lonnkBa bpoziBchkoro paitony JIbBIBChKOT
o6mnacTi. Ctup npotikae JIbBiBCbKOI0, BOTMHCHKOIO
1 PiBHEHCBKOIO 0OnacTssmu (Teputopist BonmHcbkoi
BUCOYMHHU Ta [loJIiChbKOI HWU30BHMHMU), IMICIS YOTO
nepeTuHae Mexy 3 bpectcbkoro obmactio bino-
pyci, ne ABOMa pykaBaMu Bmanae y p. Ilpum’sThb
(6aceiin [uinpa). JlomkuHa pidKd Ha TEPHUTOPIl
Bomuncekoi obnacti cranoButh 175 k. [lnoma
Oaceiiny carae 13 000 km?, 3 Hux 7200 M?> oXo-
wiroe ausaky Ctup—Jlyusk. [o piuku Ctup npu-
JSTAl0Th 0arato MeTiopaTHBHUX KaHAJIB, a TAKOK
BOJIOWMH TPUPOTHOTO Ta IITYYHOTO MOXOKEHHS
i Gomora. IpyHTOBHE HOCIi/KEHHs Oaceiiny p.
Crup 3naxoaumo B poboti (lanymak M., 2019).
[ooBHMMY YMHHUKAMH, 110 BU3HAYAIOTH QOp-
MYBaHHSI TiAPOJIOTIYHOTO PEXUMY PIUoK, €, Oe3-
MepeyHo, KiiMar 1 reosoro-reomopdoiioriyaa
Oynosa. BropunHoO10, a00 TOXiIHOIO, € TPYHTOBO-
POCIIMHHA OCHOBA, SIKa B CTATTI HE PO3IIIAIAETHCS
(I'pebinp B., 2010). Otox BaxiuBa poib y ¢op-
MyBaHHI BOJHOTO PEXHUMY, XIMIYHOTO CKIIady Ta
SIKOCT1 BOJIM HAJICKHUTH KIIIMaTUYHUM MTOKa3HUKaM,
HacamIiepes, Le arMoc(epHHM orajaM, TeMmIle-
parypi ToBiTps ¥ Boau. 3arajoMm Kiimar O6acenny
p. Ctup momipHUi, BOJIOTHI, 3 M’SKOI 3UMOIO,
HECTIHKUMHU MOPO3aMH, YaCTUMH BiIJIUTaMH, CIie-
KOTHHM JIITOM 1 3Ha4YHUMHU omnanamu. IlepeBaka-
FOTh 3aXi/IH1 BITPH 3 MBHIKICTIO 2—3 M/C.
HaiiBaXJIMBIIIIOr0 03HAKOIO 3MiH KJIIMaTy € 3MiHU
CEepeIHBOPIYHOT TeMIeparypu NOBITps. AHai3
JAHUX CEPEeIHbOMICSYHOI TeMIepaTrypu MOBITPS
3a 2022-2023 pp. mokaszaB, IO pidyHA CEPEIHs
TeMIIepaTypa MOBITPs BIAMOBITHO cTaHOBWIA 9,4
110,4 °C, mo Ha 0,9 1 1,9 °C Bumme nopmu (8,5°).

Buii mokazHuKM Temreparypu MmoBiTps (ikcysa-
muck y 2023 p. mopiBHsiHO 3 2022 p. (puc. 1). Lei
PIK CTaB MEPIIUM y PEUTHHTY HAUTETUTIIINX 32 Yac
IIPOBEACHHS CIIOCTEpEXKEHb y M. JIynbKy. B HBOMY
He Oyio 3adikCOBaHO BiJ’€MHUX TEMIIEpaTyp
y3uMKy. HalixonmogHimmmMu MicsaisaMu Oyiu cideHb
(—0,4 °C) Ta rpynens (—0,3 °C) y 2022 p. Haiite-
ILTIIMM MicsiieM ctaB ceprienb (21,1° 1 21,9 °C)
y 2022-2023 pp., mo Ha 2,1 1 2,9 °C Buie HopMHU
(19°). Bepecenn 2023 p., i3 cepeaHBOMICIIHOIO
temneparyporo +18,1 °C, sika BimmoBimana KiiMa-
TUYHUM TOKa3HUKAM YEpPBHS, CTaB HANTEILTIIINM
BepecHeM y JIympky 3 1947 p. OTxe, 32 TOCITIHKY-
BaHWUH TEPioJl CriocTepiranach TCHACHINS 0 IMiJI-
BUIIECHHS 3HAYCHb CEPEIHBOMICSIYHUX TeMIepa-
Typ, 11O BiAMOBIZA€ 1 CBITOBHUM TEHACHIIISIM.

SIK 3a3HauaNoCh BUINE, BAXKJIMBA POJIb TAKOXK
HAJICKUTh TEMIepaTypi BOAH, SIKY BHMIPIOIOTH
Ha TigpoJIoTiyHUX mocTax. Jlis 11 aHamizy BHKO-
pUCTaHO naHi rigposoriyHoro mocra p. Crtup —
M. JIyupk. AHani3 JgiTepaTypHHX JKepell oKas3as,
IO 3HAYCHHs TEMIIEpaTypH BOIU B YKpaiHi 3a
OCTaHHI TPH JECATHIITTS CTAIN OMITHO BUILIUMH
B yCi MicsIi poky, Hix Oyno 10 uporo (BumrHes-
cekuii B., 2022).

3aramoM 11 3MiHHM MOAIOHI IO 3MiH TeMmIepa-
TYpH TMOBITPA. 3 pUC. 2 BUIHO, IO 3HAYCHHS TEM-
nepatypu Boau y 2022 p. y BCiX MiCSIISX € BUILIAIMH
BiJ Temreparypu nositps. HaiiBuia Temmeparypa
Bonu 26,4 °C Oyna 3adikcoBana 05.07.22 p.

[ToniOHa cuTyarris 3 TeMIepaTyporo BOIH TUTBKH
3 BUIIMMH 3HAYEHHSMHU Y BCiX MICSISAX CIOCTEPI-
raynack y 2023 p., OCKIJIbKH 1IeH pik OyB HalTeILIi-
IMM 32 3HAYCHHSMH TeMIeparypu nositps. OTxe,
ICHY€ TICHHMI B3a€MO3B’S30K MK TEMIIEPaTypOrO
noBITp# 1 Bonu. [lepeBurieHHs TeMnepaTypu BOAH

Temnepartypa nositpa, 2C

micaub

Puc. 1. CepennboMicsiuHa TemMieparypa noBiTps Ha MereoctaHuil Jlyusk 3a 20222023 pp.
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Puc. 2. Cepexnbomicauna Temmneparypa noirps tTa soau 3a 2022 p.

HaJI TEMIIEPaTypOIO MOBITPsI 3yMOBJICHO THM, IO
OCHOBHE IOTJIMHAHHS CHEPTil COHIIS BiIOyBaEThCS
BEPXHIM IIApOM BOIY, JI€ BUMIPIOIOTH TeMIIepa-
TypY BOAH.

Bapro 3ayBaxkutu, 110 3HAYCHHSI TEMIIEPaTypu
noBiTps Hmk4e 0 °C cpustoTs (HOpMyBaHHIO JHO-
noBux siBuil. OHAK B yMOBAX ITiIBUIICHHS 3UMO-
BOI TEMIIEPATYPH MOBITPSI CKOPOUYETHCS SIK TIEPi0j
3 JIbOJIOBUMH SIBUIIIAMHU, TaK 1 TPUBAJICTH JIbOIOC-
taBy. OCTaHHIM 4YacOM ICTOTHO 3pociia WMOBIip-
HICTb B1JICYTHOCTI J1bOTy. Tak, 3 puc. 2 BUJHO, 1110
3MMOBI CEpPEIHBLOMICSIYHI TEMIICpaTypH IOBITPS
Oymu Bummmu 3a 0 °C y 2023 p. Ta TpOXH HHUXK-
yumu Ha (—0,3; 0,4 °C) y rpyasni-ciuni 2022 p, 1m1o
3aCBiIYY€ TIPO BIACYTHICTH JTHOJOCTABY Ha PIUKaXx.
Ile BKa3ye Ha KIiMaTW4HI 3MiHH, SKi Oe3mocepe/-
HBO BIUIMBAIOTh HA T1POJIOTTYHUM PEKUM PIUKH.

BaxuBy posb y popMyBaHHI BOTHOTO PEXKUMY
BiZlirpatoTh arMochepHi omaau. AHali3 OTpUMa-
HHUX JJAHHMX II0Ka3aB, 1110 HaHO1IbIIE OI1a 1B BUIIAJI0
y BepecHi (134 mm) 2022 p. ipu cepenHiii 6arato-
piuHill MicsuHIN HOpMi 54 MM, IO MOB’S3aHO 13
3HKeHHsAM Temneparypu (11,9 °C) ta nanysan-
HSIM IIUKJIOHIYHOI AisTbHOCTI (pHcC. 3).

OxpiM TOro, BIITKYy CHOCTEPIraJioch 3011b-
IIEHHS KIJIBKOCTI OMa/iB Y JIMIHI-CepIHi, 10 CTa-
HOBMIIO 122 1 103 MM y 2022 p. BiTHOCHO KJliMa-
THYHOT HOpMHU (93; 59 MMm). PiuHa KiTbKicTh OnaaiB
Oyna Bumorw y 2022 p. i cranoBuia 736 MM, 10 Ha
157 mm Butie 3a Hopmy (579 mm). YV 2023 p. dik-
cyBasoch 680 MM omaiB, mo Ha 101 OutbmIe Bixg
HopMHu. OTxe, y 2022 p. dikcyBanucs HIK4YI TEM-
nepaTypH TOBITPS Ta BIAOBITHO BHITaja OIbIIA
KUTBKICTh omajiB mopiBHsAHO 3 2023 p., B sSIKOMY
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TEMIIEpaTypHu TOBITPsl Oy BUIIMMH, a ONaIiB —
MeHIe. TakoX MPOCTEXYEThCS JIesKe 301IbIICHHS
OIaJIiB y3UMKY, BIIITKY Ta BOCEHH (puc. 3).

[linBuieHHs TeMIepaTypu TMOBITPS B3UMKY
CIpus€e 3MiHI XapakTepy OmnaiiB, 301LIbIIYETHCS
YacTKa 3MIMIAHUX Ta PIAKUAX OMaiB, YaCTIIIUMHU
CTalOTh BIUIUTH, a TOMY HE HAKOMHYYETHCA
JOCTaTHS KUIBKICTh CHITY 1151 ()OpMYBaHHS IOBHO-
BOJIHOT MOBeHi. Taka TEeHIEHIIIS 010 BiICYTHOCTI
CTIKOTO CHITOBOTO TIOKPUBY CIIOCTEPIraeThCs
B OCTaHHI POKH.

OTXe, B yMOBaxX Cy4acHOTO KJIiMary, KiJIbKIiCTh
OMMajiB 3a PIK HE 3a3Haja 3HAYHUX 3MiH. Jlumie
CIIOCTEPITaeThCS ACSIKUU 1X TEepepo3noail MiX
Ce30HaMHM, Ta HEPIBHOMIPHICTh BUTIA/IaHHS B Yaci.

OCHOBHMMHU €JIEMEHTaMH BOJHOTO PEXKUMY
€ piBHI Ta BUTpaTH Boau. KonuBaHHs PiBHIB BOAH
TICHO TIOB’SI3aHI 3 XapaKTepOM >KHUBIEHHS. Sk
y)Ke 3rajlyBajiocsi BUILE, B OCTaHHI POKHM 3a BiJ-
CYTHOCTI CHITOBOTO TIOKPHUBY, /Ul PIiYOK OaceiHy
[Tpun’sti, 30kpema p. Ctup, Ha TepuTopii Bonun-
ChbKOi 00MacTi XapakTepHUM € 3MillaHUW THII
KUBJICHHS 3 TEPEBaKaHHSIM KHUBJICHHS JOIAMH
1 mig3eMHuMu Bojamu (ManwoBanuii M., 2023).
OcHoBHMMH (hazamMu BomHOTO pexkumy p. Crtup
€ BUCOKA BECHSHA TMIOBiHb (MOXKE MPOXO/IUTH Y JIBa-
TPU TIKKM 4Yepe3 HEpiBHOMIPHE TAaHCHHS CHITIB
abo BWIMAgaHHS JOUIIB), HU3bKA JIITHHO—OCIHHA
ME)XEHb, 110 Maibke 3aBKAU MOPYIIY€ETHCS JOIO-
BHUMH MTaBOJIKAMH Ta MAJIOCTiKa BHACIIAOK BiIAT
3umoBa Mexenb (Ianymak M.,2019; Hukonrok V.,
2024; Crenpmax B., 2024).

I3 puc. 4 BUOHO, IO CEPETHBOMICIYHI PiBHI
BOJIM KOJIMBAJIMCS B Mexkax Bix 273 cm (08.2022 p.)
10 460 cm (04.2023 p.). HaiiBumi piBHi Bogu Oyiu
3adikcoBani y 2023 p., ne cepenHii piBeHb BOIU
cranoBuB 348 cm, y 2022 p. — 316 cm. [IpoBenenuit
aHaJIi3 IaHUX 3aCBIIUYE, 110 MAKCUMaJIbHUIN PiBEHD
Bonu (361-345 cm) mpumnajgaB Ha JTHOTHI-Oepe3eHb
y 2022 p. Ta xBiTeHb (460 cm) y 2023 p. Lle mosc-
HIOBAJIOCh 3HAYHUM BUTIAJaHHIM 3MIIIAHUX OTIafIiB
y rpyani 2021 p. (69 mm), ciani 2022 p. (50 mm) Ta
3HAYHOIO KUTBKICTIO omiB (82 MMm) y TpyaHi 2022 p.,
oepesni-kBiTHI 2023 p. (67-60 MM), 1m0 CHpUYH-
HWJIO TIJBUIICHHS PiBHSA BOmW B piui (puc. 3).
Amxe onaay, siki Bunanu y 2022 p., nepeBUILyBaIu
HE JIMIIE MICSIYHI HOPMH, a ¥ 3arajioM HOpMY IS
OTO Tiepioay poky. ToMy cdopMmyBaiach BHCOKA
BOZHICTB. /10 TOTO 3k mepe]] MoYaTkoM OnajiB TepH-
Topist 6aceitHy Oyia mepe3BOIOKEHOI0, Yepe3 0 He
Oyino HakormmueHoro edekry. ToOTo IpyHT He 3Mir
yBiOparu B cebe yacTuHy Bosiord. MiHIMalIbHI piBHI
BOIM (273—286 cM) CrIOCTEpIiraJivch y JITHI MiCSII
2022 p. Ta BepecHi-xkoBTHi (284 cm) 2023 p.

SIK BUIHO 3 pUC. 4 TITHIO-OCIHHIO MEXEHB TIOPY-
IIAJIM OOJIOTOB1 JOMII, IO CHPUYHHUIIN MaBOIKH
1 MTHATTS piBHIB Boau 10 293-350 cM y BepecHi-
#oBTHI 2022 p. Ynponosx 2022-2023 pp. cTiliKky
3MMOBY MEXEHb TAKOX IOPYIIYBaJIH YacTi IO,
MOKPHIA CHIT, BIIJTUTH, (DOPMYIOUN 3UMOBI ITaBOJIKH
Ta MEPEeIIKO/PKATH YTBOPEHHIO CTAJIOr0 JIbOI0BOTO
MIOKPUBY.

Burpara Boam € OmHI€I0 3 HAWTOJIOBHIIIMX
XapaKTePUCTUK, 10 BHU3HAYAE BOIHHUU PEKUM
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pidoK. 3 pucC. 5 BHJIHO, 1110 BOHA 3MiHIOBaJIacs BiJl
8,57 M*/c (08.2022 p.) mo 54,9 m*/c (04.2023 p.).
HaiiBumi 3HaueHHs BUTPAT BOAU CHOCTEPIraiucCh
y 2023 p., ne cepedHss BUTpaTa BOAM csraja
29,8 Mm%/c,y 2022 p.—24,8 M*/c. Haiibinba BuTpara
Boou 58,6 M/c dikcyBamacy (24.04.2023 p.),
Haiimenma — 5,88 m*/c (08.09.2022 p.). Bocenu
BUTpaTa BOIW 30UTBIIyBaJIach 32 PaxXyHOK aTMOC-
(epHux onanis Ta carana 13-28 m’/c.

3 ommany Ha myOmikamiro (MansoBanuii M.,
2023), MOXXKHa CTBEpDKYBaTH, IO ITiIBUICHHS
TEMIEpaTypH MOBITPS Ta MEPEPO3NOILT KITBKOCTI
omani 3a mepiog 2006-2020 pp. mpusBenH 10
3MiH y CepeIHbOPIUHUX BHTpATaX PiuoK OacenHy
[Mpur’sati y BonuHchkili oOnacti 3arajioM i p.

Crup 30kpema. Tak, HaliBUII 3Ha4YEHHsS cepel-
HBOPIUHUX BUTpaT Bomu p. CTHp crocTepiraiu
y 2006-2013 pp. i KOIUBAIUCH BOHU B MEKaX Bif
40,1 mo 51,2 m’/c BimnoBimHO, a HalHMXKYI 3HA-
yeHHs — pikcyBanu y 2014-2020 pp. Ta BapitoBaau
Big 25,0 10 17,0 m*/c. ¥ 2021 p. cepenns Butpara
Boau cranosuna 24,7 m/c (Crensmax B., 2024).
OTxe, CrocTepiraeTbcs TEHACHINS MO0 3MCH-
IICHHS 00 €MIB CEpeIHbOPIYHUX BUTPAT BOIAM HA
p. Crup 3a mepion 2014-2023 pp. mopiBHSAHO i3
2006-2013 pp.

[Ipoanani3zyBaBIIM 3HAUYEHHS PIBHIB Ta BUTpPAT
BOJM MOXKHAa 3POOUTH BHCHOBOK, IIO MK HUMH
ICHY€ TiICHUI KOpeJsiiHui 3B’ s130K. Tak, Hampu-
Kiaa, y kBiTHI 2023 p. piBeHb BOIU IiBUIIUBCS
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Puc. 5. Cepennbomicsauni Burpatu Boau p. Ctup 3a nepiox 20222023 pp.
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no mo3Hayku 460 cM Ta BIIMOBIIHO CEpEIHBO-
MiCSYHa BUTparTa BOAM TAKOXK 30UIBLINIACE [0
54,9 M*/c, a npu 3HUKEHH] PiBHSA BOAM — 3MEHIIY-
eThes (puc. 6).

OTtxe, HaWOLIBLII BUTpaTH BOAM 3a3BUYAN
CTIIOCTEPITaJIiCs HABECHI ITiJT Yac BOJOIILISA, SIKE
OyJ10 3yMOBJICHE HE TAHEHHSM CHITY, SIKUH paHiIe
OyB OCHOBHMM YMHHHUKOM (HhOpMYyBaHHS BECHSHOL
MOBEHI, a TPUBAIMM BHIIQJaHHSAM 3HAYHOI KiJb-
KOCT1 JomiiB B3UMKY 2022 p., IO TMEPEBUIIHIO
yABIYI MiCSTYHY HOpMY Ta BecHoto 2023 p. (puc. 3).
OTxe, B yMOBax KIIMaTMYHUX 3MiH B OCTaHHI
POKHM BECHSHA MOBIHb 3a JKEPEIIOM >KUBJICHHS
cTrae OUIbII JOIIOBOIO, aHIXK CHITOBOIO, MEHIII
YITKO BUPAXCHOIO (PO3TATHYTOO B Yaci), 3 BIJACYT-
HICTIO MIKOBUX MaKCHMAJIbHUX BUTpAT.

[IpoananizyBaBuIM 3HAYCHHA TEMIIEPaTypu
BOJIM, TIOBITPs, OMaJiB Ta PIBHIB i BUTpPAT BOJHU,
MOXHAa BCTAaHOBHTH TII€BHI B3a€MO3B’SI3KH MIX
Humu. [leBHOIO Miporo Temmeparypa BOaW 3alie-
JKUTH BiJl BOMHOCTI piuku. Tak, Ha puc. 7 6a4umo,
IO 13 3MEHIICHHSAM BUTPAT BOIU TeMIEpaTypa
BOJIM 3pOCTAE, a IPH 1X 301IbIIICHH], BOHA 3MEHIITY-
eTbest. OTKe, MK HUMHU ICHY€ CEpEIHIH 3B’ SI30K.

Takok MOXKHA CTBEpIPKYBAaTH IPO Te, 10 iICHY€
CWJIBHUHM 3B’S30K MIDK TEMIIEPaTypo0 TOBITPA
1 BuTparamu Bomu (puc. 8). UnM MeHII BUTpaTH
BO/IH, SIK1 IIPHUIIAAI0Th Ha JIITHIO MEYKEHb, THM BHIIA
criocTepiraiacs TeMreparypa HOBITps Ta HaBIIaKH.

B pesynprari kopensuidiHoro asamizy Oyio
3’sCOBaHO, IO TiCHOTA 3B’s3Ky ciabka MiX ora-
JlaM{ Ta BUTpaTamHu i piBHeM Boju (puc. 9, 10).
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Puc. 10. 3’130k onanis i piBus Boau y p. Ctup 3a 2022 p.

BucHoBkH i mNepcneKTHMBM MOAAJIBIIMX
aocaigkenb. OTxe, IPOBEICHUHN aHalli3 MOKa3HU-
KiB TeMITepaTypH TOBITPsS Ta BOIH, aTMOCHEPHUX
OMaJiB TOKa3aB, MO-TepIile, M0 MiABUIICHHS TEM-
TepaTypy MOBITPSI B3UMKY, BiJICYyTHICTh CHITOBOTO
MOKPUBY, 3yMOBWIH Te, 10 Ha p. Ctup y Bonun-
CBKil 007acTi crocTepiransacs TEHICHIIS IIOI0
3MEHIIICHHSI CEPETHPOMICSYHUX Ta PIYHUX BUTpAT
BoaM Bix 24,8 10 29,8 m*/c (2022-2023 pp.) mopis-
HsAHO 13 2006-2013 pp., A€ 3HaUEHHS cepeIHbOPIY-
HOT BUTpPATH BOJIU KOJHMBAJIOCH B Mexax Bim 40,1
1o 51,2 m/c.

[To-npyre, 3MiHMBCS XapakTep OmajiB, TOOTO
301LIBIIMIIACH YACTKA 3MIIIAHUX TA PIIKUX OMAIIB,
10 CIIPUYMHSIE 3MMOBI ITABOJIKH, TIOYACTIIIATH Bil-
JIUTH, SIK1 PO3TATYIOTH BOJOILIA Y Yaci; O-TPETE,
BiJICYTHICTb JIbOJIOBOTO TIOKPUBY Ha PiyIli.

[lepcrieKTHBY BUKOPUCTAHHS BOIHOTO PEKUMY
PIUOK € HaJI3BUYAMHO BAXKIUBHUMH IS CTAJIOTO
po3BUTKY. Lle 1ae MOXKIMBICTH palioHaILHO BUKO-
PHCTOBYBAaTH BOAY Yy TOCIOJAPCHKIN AISUIBHOCTI,
3ailicHIOBaTH 30aJ1aHCOBAaHE YIIPABIiHHS BOIHUMHU
pecypcami Ta IiABUIIYBaTH CTIHKICTh 10 HETaTUB-
HUX HACJIJKIB 3MiH KiiMaty y Oaceiini p. Ctup.
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HAYKOBI HIAXOAX 10 BUPIINEHHSA ITPOBJIEM BIJIHOBJIEHH A
JICOBUX EKOCUCTEM

Y cmammi pozersidaromsca pisHomanimui acnexmu ma nioxoou, nog s3aHi 3 NUMAHHAM GIOHOBNIEHHS TICOBUX €KO-
cucmem y Cy4acHux ymoeax. Axmyansvuicme 06panoi memamuxu 3yMOGIEHA 3POCMAIOU0I0 Y8aA20I0 HAYKOBOI ma npax-
MUYHOT CNITLHOMU 00 HEOOXIOHOCHI 2apMOHI3ayii NPUPOOHO20 cepedosuwula ma 3a0e3neueHts eKoN02iuH020 OANAHC).
Jlicosi exocucmemu 8idieparms K408y pois y (yyHKYionysauHi diocgepu, adice came OHU CIPUAIOMb 30EPEHCEHHIO
KAiMamuunoi pigrnosazu, 3a6e3neuyioms KUCHesull 00MiH, pe2ynioionb 600HI pecypcu ma Cy2yioms 0cepeokom 6ionoziy-
Ho20 pisnomanimms. Ixne eucnasicenns abo pyliHyeans cnpuvunse HusKy cepiiosnux exonoziunux npobnem. Ilpoanani-
308aHO 3020NIbHI NPUHYUNU MA HANPAMU, KT MOXCYMb OYMU BUKOPUCTAHI Y Npoyeci 8IOHO8NIEHHSA JICOBUX eKOCUCTHEM,
3 AKYeHmom Ha 6a2amoUMIpHICIb | CKAAOHICIb 63AEMO0IT MIdC NPUPOOHUMU, COYIATbHUMU MA MEXHON02IYHUMU elle-
menmamu. Y yenmpi yeaeu 3HaxoOumscsi ioest npo 8aNCIUSICINb KOMIIEKCHO20 Oauenisl, ujo 003601€ NOEOHY8AmMU mpd-
OUYILHI 3HAHHSL 3 HOBIMHIMU PO3POOKAMIL, CIBOPIONYU RIOTPYHMS Ol (POpMy6arHs cmitikux exocucmem. OKpemy yeazy
npuodineno posmaimmrio nioxoodis, AKi MOXCymv Oymu 3aCMOCOBAHI 3ANeHCHO IO Cneyugiku mepumopii, KiiMamuuHux
VMO8 ma Hwux YunHuKie. [Tiokpectioemvcs sHAUeHHA YinicHo20 Ni0Xo0y 00 GUPIuIeHHS NPodLeM, Wo nompedbye eHyu-
Kocmi, a0anmugnocmi ma ypaxyeanua 6azamvox svinnux. Cmamms mae Ha memi y3a2aibHeHHs HAA8H020 00C8idy ma
OKpecieHHs NOMEHYIUHUX WAXI8 Ol NOOANbUIUX DOCTIONCEHb Y Yill chepi, Wo € BANCTUBUM KPOKOM 00 OLibl 21UHOKO-
20 pO3yMiHHA npoyecis, AKi 8i00ysaiomvca y aicogux exocucmemax. Ilpedcmasnenuti mamepian modice Oymu KOPUCHUM
07151 WUPOKO20 KONA (Paxieyis, 3ayikagneHux y NUMaHHAX cmano2o npupoooKOPUCMYBAHHS, OXOPOHU O0GKINIA md 6i0-
HOGNeHHs Npupoonoi pignosazu. Pesytemamu 00cniodcents Maroms npakmuyuny yinHicms O po3pooKu HAYIOHATLHUX
i pecioHanbHUX nPo2pam 8IOHOGIEHHS 1iCi8, OPIEHMOBAHUX HA 00820MPUBATY €KONO2IUHY CIIUKICTb.
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SCIENTIFIC APPROACHES TO SOLVING PROBLEMS
OF FOREST ECOSYSTEM RESTORATION

The article discusses various aspects and approaches related to the restoration of forest ecosystems in modern conditions.
The relevance of the chosen topic is due to the growing attention of the scientific and practical community to the need
to harmonise the natural environment and ensure ecological balance. Forest ecosystems play a key role in the functioning
of the biosphere, as they contribute to maintaining climate balance, ensure oxygen exchange, regulate water resources
and serve as a centre of biodiversity. Their depletion or destruction causes a number of serious environmental problems.
The article analyses the general principles and directions that can be used in the process of restoring forest ecosystems,
with an emphasis on the multidimensionality and complexity of the interaction between natural, social and technological
elements. The focus is on the importance of an integrated vision that combines traditional knowledge with the latest
developments, creating the basis for the formation of sustainable ecosystems. Special attention is paid to the variety
of approaches that can be applied depending on the specifics of the territory, climatic conditions and other factors.
The importance of a holistic approach to problem-solving, which requires flexibility, adaptability and consideration
of many variables, is emphasised. The article aims to summarise the existing experience and outline potential avenues
for further research in this area, which is an important step towards a deeper understanding of the processes taking place
in forest ecosystems. The material presented here can be useful for a wide range of professionals interested in sustainable
natural resource management, environmental protection and restoration of natural balance. The results of the study are
of practical value for the development of national and regional forest restoration programmes focused on long-term
environmental sustainability.

Key words: forest ecosystems, restoration of forest ecosystems, climate change, scientific approaches.

AKTyaJabHicTh mpoodsemu. BimHosnenns exo-  Illymwma, 2025; [[xam, [k, 'ymaii, Kapaim, JlaB-
CHUCTEM BHU3HAHO KPUTHUYHO BAXKIIMBUM JJIs IOCAT-  puHIOK, 2024; JlaBpuntok, BoliniexoBchkuid, I'ynait,
HEHHSI TIPUCKOPEHOTO Mporpecy B mocsarHeHHi Beix  Kapaiwm, [xkam, 2024). JIicoBi eKOCHCTEMH € OTHUMH
Hine#t cranoro po3utky Opranizaiiii O6’enHaHux 3 HAHOLIBII BaXKJIMBUX KOMIIOHEHTIB Oiocdepu, 1110
Hamiit (Rakova & Winter, 2020). JlicoBi ekocuc-  3a0e3meqyroTh DIOOATBHUI OalaHC KUCHIO, CTa01Ti-
TEMH BiJIrpaloTh KIIOYOBY POJIb y MIATPUMIN 0i0-  3yIOTh KJIIMAT, PeryIro0Th TiIpOJOTTYHIMA UK Ta
chepHoro OayaHcy TuTaHeTH. BoHUM 3a0e3medyroTh  MiATPUMYIOTH OlOpi3HOMAHITTS TuTaHeTH. [lerpana-
pErymAuio Kiimary, 30epekeHHs1 010pi3HOMAaHITTS,  Lisl JICOBUX €KOCHUCTEM MPHU3BOAUTH JO KaTacTpo-
3aXHCT TIPYHTIB Ta BOXHUX pecypciB. Ilpore 3a  (iYHMX HACHIAKIB: BTpaTH OlOPI3HOMAHITTS, epo3ii
OCTaHHI ACCATWIITTS MacuITabM Aerpajaiii JiciB  IPYHTIB, 30UIbIIEHHS KOHIEHTpALli MapHUKOBUX
3HAYHO 3pPOCIHM BHACIIJIOK 1HTEHCHBHOTO rocmoga-  rasiB B armocdepi (Kahukina, Patseva, 2025; I'epa-
PIOBaHHS, 3MiHH KJIIMaTy Ta aHTPOIIOTeHHOTo TUCKY.  cuMuyk, 2023; JlynboBa, Karykina, 2023) mopy-
Le 3ymMOBIIFOE HEOOX1THICTh KOMIUIEKCHOTO BiTHOB-  IIIEHHS BOJHOTO OajaHCy Ta TOTIPIICHHS SIKOCTI
JICHHS JIICOBUX €KOCHUCTEM, JI€ TIPOBITHY POJIb BiJli-  KHUTTS MicUEeBUX rpoman. [lpu 11boMy MIBHIKICTBH
TparoTh HAYKOBI JTOCITI/PKEHHS Ta MDKIUCIIUTUTIHAPHI ~ BIJHOBJICHHS TPUPOJHHUX JICIB 3HAYHO HIDKYA 32
niaxonu. [lomepenHi qOCHIKEHHS MATBEPIKYIOTh  TEMIM iX 3HHILIEHHS, 110 CTBOPIOE 3arpo3y €KoJIo-
aKTyaJIbHICTh TIpoOnemMu 3armOeni JriciB (CaBuyk, — TidHIN Oe3Merli MINX PEerioHiB.
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B Vkpaini curyamis ocoOlMBO roctpa uepe3
IHTEHCHBHE JIICOKOPUCTYBaHHs MPOTSITOM OCTaH-
HIX JECATHIITh, MacIITaOHI HE3aKOHHI BHPYOKH,
3pOCTaHHS YaCTOTH JICOBUX TTOXKEXK, a TAKOXK 3aro-
CTpEHHs BIUIMBY KiiMarmuHuX 3MiH (Karykina,
[Tanesa, 2025; Karykina, Ilanesa, 2024; [Tanesa,
Karykina, JlyneoBa, 2023), 1o mposBISETHCS
y MiJBUIICHHI CEPEeIHBOPIYHUX TEeMIleparyp Ta
gactimux mocyxax. OkpiM Toro, pociiicbka Bili-
ChKOBA arpecis COpHYMHKIIA JTOJIATKOBI MacITaOH1
TMIOIIIKO/KEHHS JIICOBUX €KOCHUCTEM uepe3 OOHOBi
i1, TOXKexi Ta 3a0pyTHEHHSI.

Binrak, po3poOka Ta BIpoBaIKeHHS €(EKTHB-
HUX HAayKOBO OOTPYHTOBAHMX I1JIXOJIB 10 BIHOB-
JICHHS JIICOBUX €KOCHCTEM € KPUTHYHO BAXKIUBUM
3aBJIAHHSIM HE JIUIIE ISl 30€PEKESHHS IIPUPOTHOTO
cnajsKy Ta OlOpi3HOMAHITTA, ane W as 3abe3re-
YEHHSI CTaJIOr0 EKOJIOTIYHOI0, €KOHOMIYHOIO Ta
COLIIAIBHOTO PO3BUTKY JEPKaBU.

AHaJIi3 OCTaHHIX JOC/HiIKeHb i myOJikamii.
KinbKicTb JIiCOBUX TIOXKEK 3pOCTATHME 31 3pOCTaH-
HSIM TeMIIepaTypy BHACHiAOK 3MiHU KimiMaty (Pati
et al., 2024; IlaneBa, Karykina, 2024; Ilanega,
Karykina, 2023). CyyacHi HayKOBi JOCIIIKSHHS
MIATBEPDKYIOTh, IO JIICOBI €KOCUCTEMH BiJirpa-
F0Th KPUTUYHO BaXKJIUBY POJIb y 3a0e3IeueHH] eKo-
JIOTIYHHUX, CKOHOMIYHHX 1 COIIOKYJIBTYPHHUX (PYHK-
mii (Keenan et al., 2015). 3pocTanHsi yacToTu
JCOBUX MOXKEXK, BUKIMKAHUX SK TPUPOJHHMHU,
TaK 1 aHTpONOreHHnMu ynHHUKamMu (Nyongesa &
Vacik, 2018), Bumarae BIpOBa/PKEHHS KOMILICK-
CHOTO MiIX0y 10 BiTHOBJIEHHS. AKTyallbHI MyOJIi-
Kallii HaroJIomylTh Ha BaXJIMBOCTI IHTErparfii
€KOJOTTYHNX, EKOHOMIYHHMX Ta COIlIAJIbHUX aCIIeK-
TiB (Stanturf et al., 2014), mpocTOpOBO-CTaTUCTHY-
HoMy aHani3i nmpuuuH noxex (Tariq et al., 2021),
Ta y4acTi MICIIEBHX I'POMaJl Y BiJHOBIIOBAIbHUX
3axonax (Rakova & Winter, 2020).

Oco0uBy yBary JOCIITHUKH MPUALUISIOTH Tpa-
JTUIITHAM 3HAHHSAM y TIO€JHAHHI 3 IHHOBAIli HHUMHU
TEXHOJIOTISIMH, 30KpeMa MAIIUHHUM HaBYAHHIM
(Rakova & Winter, 2020). Kpim Toro, BKasyeTbcs
Ha HEOOXIIHICTh PEeBalJIIUHTY, BIJIHOBJICHHS TpPO-
(h1YHUX JAHIIOTIB 1 JOBTOTPHUBANY CTIMKICTH JIiCO-
Bux ekocuctem (Marshall et al., 2023).

Meronomnoriuni ormmsaau  (Shimamoto et al.,
2018; Fernandes & Botelho, 2003) miaTBepmKy-
1I0Th e(eKTHBHICTh MPHUPONHOI pereHeparii Ta
QJIATITUBHOTO YIMPABIiHHS, OCOOJWUBO y BiJHOB-
JICHHI IIiCIs IIOXKexX. BomHowac, IOCIIIKEHHS
(Aerts & Honnay, 2011) miakpecio0Th 3HAYCHHS

97

€KOCHCTEMHOTO 1 CITIJIbHOTHOTO TiIXOIB, SIKi Bpa-
XOBYIOTb SIK (DyHKITIOHAJIBHI, TaK 1 610pi3HOMaHITHI
XapaKTePUCTUKU €KOCHCTEM.

Takum 4YMHOM, CydacHi HayKoOBi miaxoau Oa3zy-
IOTBCS HA MYJIBTHAMCIUIUIIHAPHOMY aHai3i, 10
MOETHY€E TIPOCTOPOBI TEXHOJOT11, €KOJIOTIYHI 3Ha-
HHSI, y4acTb TPOMaJl Ta aJalTUBHE yIPaBIIiHHS.

MeTo10 JTOCTiIKEeHHSI € crucTeMaTHu3arlis, aHa-
Ji3 Ta OIliHKA CYYacCHHWX HAYKOBUX MIAXOMIB [0
BUPIIIEHHSI MPOOJIIeM BiHOBJICHHS JIICOBUX €KO-
CHCTEM, BH3HAYEHHS iX €(EKTHBHOCTI Ta MOX-
JMBOCTEH TMPAKTUYHOTO 3aCTOCYBaHHS B YMOBax
VYkpaiHu 3 ypaxyBaHHSIM perioHaJbHUX 0cOOIu-
BOCTEH, KJIIMATMYHUX 3MIiH Ta aHTPOIIOICHHOIO
HaBaHTakeHHs. [IpoaHanizoBaHO Ta cHCTEMaTH-
30BaHO Cy4YacHi HayKOBIi IMiJXOIU O BiTHOBICHHS
micoBux exocucteM. OLiHEHO MOTEHIIan 3acTo-
CyBaHHs IHHOBAalLlIMHMX TEXHOJIOTIH y mpouecax
BIZTHOBJIGHHS JIICOBHX eKocucTeM. Po3poOieHo
pEeKOMEHallii 100 BIOCKOHAJICHHS MPOIECIB
JCOBIHOBIICHHS.

BuKk1ag 0CHOBHOI0 MaTepiaJjiy K0CTiIzKeHHSI.
Y CcBiTI 3pOCTAal0YMX EKOJIOTIYHUX BHKJIHKIB,
COPUYMHEHHX 3MiHAMH KJIIMaTy, aHTPOIIOTEH-
HUM THUCKOM Ta JICTPAJALI€I0 MPUPOJHOTO Cepe-
OBMINA, TUTAHHS BiJHOBJICHHS JICOBUX €KOCUCTEM
HaOyBa€e 0COONMBOI AKTyaJbHOCTI B HAyKOBOMY
1 mpaktuyHomy auckypci. CydacHa mapaaurma
€KOJIOTIYHOTO BiJHOBIICHHS BXKE JJABHO IepecTaa
o0MeKyBaTHCs BUKIIOYHO O1010T1YHMM a0 Tex-
HOJIOTIYHMM BIJTBOPEHHSM JIICOBOTO ITOKPHBY.
HaromicTh nenani Oinbllie yBard MpUIUIAETHCS
KOMIUICKCHOMY, MDKJIHCIUTUTIHAPHOMY TT1IXO.Y,
SKMHA IHTETpye€ €KOJIOTiuHi, €KOHOMIiuHi, COIlio-
KyJBTYypHI Ta TEXHOJIOT1YHI aCTICKTH.

Jlich HagalOTh YMCIIEHHI EKOHOMIYHI, €KO-
JIOTIYHI, CYyCHiUJIbHI KYJBTYPHI TepeBaru, sKi
€ npulyTkamMu g 100poOyTy JIOAMHU MPOTS-
rom TpuBaioro po3BuTkKy (Keenan et al., 2015).
Hacamrmiepen, jic po3IIsIa€Thesl HE JIUIIE SIK JKe-
pelio pecypciB, a sSK CKJIaJHa COI[IOCKOJIOTiuHA
cucTeMma, 3/aTHa 3a0e3nedyBaTH HHU3KY EKOCHC-
TEMHHX TOCIIYT, BKJIIOYHO 3 PETYIALI€I0 KIiMaTy,
30epekeHHSIM 010pi3HOMAHITTS, 3aXUCTOM TPYHTIB
1 BOJHHMX PECypCiB, a TAKOXK I ITPUMKOIO KYJIBTYp-
HUX MPAKTHK 1 CIOCO0Y JKUTTS JIOKAIBHUX TPOMAJT
(Keenan et al., 2015). Came Taka 6araroBUMipHa
XapaKTEepPHUCTHKA JIiCIB BUMarae BiJl HAyKOBIIIB pO3-
pPOOKHM iHHOBAIIfHUX Ta aJaNTUBHUX MOIEIeH
BIJIHOBJICHHSI, IIT0 BUXOAATH 32 MEXKi TPaJIUIIIHHOTO
JicOHacaHKEHHS.
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B ocranHi gecsatupivusi Big3HAYAETHCS 3011b-
[ICHHS YaCTOTH Ta IHTEHCUBHOCTI JIICOBUX TTOXKEK
4yepe3 MPHUPOIHI Ta aHTPOIOTEHHI (pakTopH, MO0
4acTo cnpuimHsie 3HaYHUX 30MTKiB (Nyongesa &
Vacik, 2018). Oco0nmB0Oi yBaru 3aciryroBy€e iHTEH-
CHUBHE 3pOCTaHHS KiJIBKOCTI Ta IWUIOINI JIICOBHX
MOXEX, 0 00OYMOBJICHO SIK MPHUPOAHUMH TIpOLIe-
camu, TakK 1 JroAchKoro nismpHICTIO (Nyongesa &
Vacik, 2018). Y 11b0My KOHTEKCTi BayKJIMBO BIIPO-
BaJKYBATH ITiIXO/H, 110 BPAXOBYIOTh IIPOCTOPOBY
JTUHAMIKY, aHaJI3ylo4ud [PUYHHHO-HACIIIIKOBI
3B’SI3KM MK JIaHAIMIA(QTHUMHU ~ XapaKTEpUCTH-
KaMH Ta MMOBIpHICTIO BHHUKHEHHs moxex. [Ipo-
CTOpOBa XapakTepUCTHKA PO3MOIUTY JIICOBUX
MOXEX Ta IX NMPUYUH Ma€ BUpIIIAIbHE 3HAYCHHS
JUIS TIOMSIKIIIEHHS Ta TaCiHHS JIICOBHX 3aropsiHb,
BKJTIOYAIOYH 3aIPOBA/HKEHHS PEBEHTUBHUX 3aXO0-
niB (Tariq et al., 2021). BixmosigHo, HEOOXiTHICTh
MIPOCTOPOBO-CTATUCTUYHOTO Ta TeoiH(opMaIriii-
HOTO MOHITOPUHIY CTa€ HEBIJ]'€MHOI0 YaCTHHOIO
CY4YacHOTO MiIXOAyY 10 TUIAHYBaHHS 3aXO[iB 3 Bill-
HOBJICHHSI.

VY crarti bormanu PakoBoi Ta Anekcannpa Bin-
Tepa OOTOBOPIOETHCS IHTETpaliss TPAAULIHHAX
€KOJIOTIYHUX 3HAHb 3 CYYaCHUMH TEXHOJOTISIMH,
TAKUMHU SIK MAllIMHHE HaBYaHHS, IS €(DEKTHBHOTO
BiTHOBJICHHSI €KOCHUCTEM, aBTOPHU IiJKPECIIOIOThH
BaYJIMBICTh BPaxXyBaHHS COILIIOKYJIBTYPHUX acIeK-
TiB Ta 3aJly4eHHS MICHEBHX I'POMaJ 10 TPOLECY
BimHoBnenHs: (Rakova & Winter, 2020). Takum
YMHOM, WI€ OJHUM TIEPCIEKTUBHUM HAIMPSIMOM
€ 1HTerparis TpaauliiHUX eKOJIOTIYHUX 3HaHb 13
CY4aCHUMH TEXHOJOTISIMH, TAKHMHU SK MAaIlldHHE
HaBuaHHs. [loeqHaHHA eMIipUYHUX 3HAHb MICIle-
BUX I'POMAJ 13 TOYHICTIO OOYUCIIOBATBHUX METO-
JIIB CTBOPIOE TIEPESTYMOBH JJIsi BAHUKHEHHST HOBUX
¢dopMm B3aemomii JTIOIUHH 3 MPHUPOAHUM CEpe-
OBHIIIEM, 1110, Y CBOIO YEPTY, CIIPHSIE TiABHIICHHIO
e(heKTUBHOCTI CKOJIOTIYHUX IMPOEKTIB Ta 3abe3Ie-
qye X JOBITOCTPOKOBY CTIMKICTb.

VY poborax (Stanturf et al., 2014; Aerts &
Honnay, 2011) BUCBITIIFO€THCS BOXKIUBICTh (DyHK-
[IOHAJILHOTO Ta CTPYKTYPHOTO TIiAXOMIB JIO Bif-
HOBJICHHSI, JIe aKIIEHT POOUTHCA HE JuIe Ha di3ud-
HOMY BIiJIHOBJICHHI JIICOBOTO ITOKPHBY, aj€ ¥ Ha
peiHTerpaiii eKoIoriuHuX (YyHKIIIH, TAaKuX K TPO-
¢diuHa B3aeMomis, KPyrooOir MOKUBHUX PEUYOBHH
Ta MATPUMKA JIaHAma(THOT MO3aiYHOCTI.

30eperKeHHsI Ta BiTHOBJICHHS JIiCIB 3HAXOIATHCS
B IIEHTP1 MIOOATBHUX 3yCUJIb OO0 TIOM SIKIIICHHS
HACJIIJIKIB 3MiHH KJIiMaTy Ta 3aro0iranHs MacOBOMY
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BUMHUpaHHIO OiopisHomaHniTTs (Marshall et al.,
2023). BigHOBIEHHS JTICOBUX €KOCUCTEM € BaXKIIHU-
BHUM HampsiMOM y OOpoThOi 31 3MiHOIO KIIIMaTy Ta
30epekeHH] 010piI3HOMAHITTS. Y IIbOMY KOHTEKCTi
JlaHa KOHIICTIIIISI € OJTHUM 13 HAWIPOTPEeCUBHIIINX
HarpsMIiB, 110 Tiepeadadae MOBEPHEHHS IO €KOCHUC-
TEMHHX YMOB, SIKi ICHYBaJIM 10 3HAYHOTO aHTPOTIO-
TCHHOTO BTPYYaHHSI.

He menm BaxumBuM € (hakTop aJanTHBHOTO
yIpaBIliHHSA B yMOBAX II00aJbHOI 3MIHM KJIIMAaTy.
Crparerii MOBUHHI BpaxOBYBaTH K OBrOTPUBAII
€KOJIOTIYHI 3MIHM, TaK 1 JIOKaJdbHI OCOOJIMBOCTI
KOHKPETHOTO PETrioHY, BKIFOYAIOYH COIiaIbHO-EKO-
HOMIYHY CHUTYallil0, KYJIbTypHI LIHHOCTI, piBEHb
oOi3HaHOCTI Ta y4vacti rpoman. lle ocoOmuBoO
aKTyaJIbHO B KOHTEKCTI pETiOHIB, IIO 3a3HaJH
3HAYHHUX CKOJIOTIYHUX BTPAT 4Yepe3 MOokexi abo
i necrpykrusHi siBuia (Fernandes & Botelho,
2003; Alayan et al., 2022). ¥ crartTi, ommy0ikoBa-
Hill y xypHai (Fernandes & Botelho, 2003), ana-
J3YOThCS MIAXOMW JIO BIHOBJIICHHS JICIB ITiCIIS
MOXKEXK, BKIFOYAKOYH BUKOPUCTAHHS KOHTPOJIBO-
BaHUX ITiIMATIB JUIS TATPUMKH 3I0POB’ S JIICOBUX
eKocucTeM. ABTOPH MiJAKPECTIOIOTh BaXKJIHUBICTh
aIaNTHBHOTO YMPABIIHHSA Ta BpaxyBaHHsS MicIie-
BUX YMOB IIPU IUIaHYBaHHI BiJHOBJIEHH:S. KoHTp-
OJILOBAHI ITiIMATA MOXKYTh CIIPUSTH BiTHOBJICHHIO
MPUPOTHUX MPOLECIB Ta MIATPUMAHHIO 010pi3HO-
MmaHiTTa. Y crarti (Aerts & Honnay, 2011), pos-
IVIS,AI0ThCS BA OCHOBHI IM1XOM /10 BiTHOBIECHHS
JICIB: CHUIBHOTHMHA Ta eKocucTteMHHi. CIiib-
HOTHUH MiAXix (OKyCyeTbCsl Ha BiJHOBICHHI
CTPYKTYpH Ta 0i0pi3HOMAHITTS JIICOBUX CIUIBHOT,
BHUKOPUCTOBYIOYHM TPUPOJIHI CYKIIECiiHI mpoiecu
Ta B3aemonmii MK BHUmaMHU. EKOCHUCTEMHHI IIij-
XiJl, HATOMICTh, CIPSAMOBAaHWUN Ha BIJHOBJICHHS
(YHKIIIOHAIBHUX aCIeKTIB CKOCUCTEM, TaKHUX SK
MPOAYKTUBHICTh, EHEPIeTUYHI TTOTOKH Ta Oioreo-
ximivHi k. OOuaBa MiAX0AH MatOTh CBOT epe-
Baru Ta MOXYTb OyTH €(EKTUBHUMH 3aJICKHO Bij
KOHKPETHUX YMOB Ta IIiJIei BiTHOBJICHHSI.

TakuM YMHOM, HAyKOBI MIJXOAM 1O BIJTHOB-
JICHHSI JTICOBUX eKocucTeM y X XI CTOMITTI MOBUHHI
OyTH 0araroBEKTOPHUMH, THYYKHUMH, 1HKIIFO3UB-
HUMH Ta CTIHKUMHU J0 BUKJIUKIB yacy. Bonu Marotsb
0a3yBaTHCs HA MOETHAHHI TNIHOOKMX TEOPETHUHUX
3acaj 13 MPaKTUYHUMH I1HCTPYMEHTaMH Cydac-
HOI HayKH, €KOJIOTIYHOI €TUKH Ta I'yMaHITapHOTO
OaueHHs CcTaaoro MainOyTHHOTO.

CyuacHi HayKOBI OCHTIKeHHs y cepi BiTHOB-
JICHHSI JIICOBUX €KOCHUCTEM CBIT4aTh MPO IMEpexis
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BiJl TPaAMLIAHHUX, TEPEBAKHO TEXHOKPATUYHUX
METOZIB JI0 IHTETPOBAHMX, TPAHCAUCIHUILTIHAPHUX
MiIXOMIB.

3rigao 3 (Stanturf et al., 2014) ta (Aerts &
Honnay, 2011), edekTuBHE BiIHOBJICHHS JIICIB
Ma€ OXOIUTIOBATH TPU KIIFOUOBI PiBHI, OCKUIBKH
npoOJIeMH, 3 SIKHMH CTHKAIOTHCS JIICOBI €KOCHUC-
TEMH, MalOTh KOMIUICKCHUH XapakTep, a OTXKe
1 BIAMOBiAI HA HUX IMMOBUHHI BKJIOYATH B3a€MO-
JiI0 PI3HHUX aKTOpiB — BiJ HAYKOBIIB JI0 MicCIle-
BUX JXuTelNiB. Lle BUMarae cCTBOpEHHS BiAKPUTHUX
EKOJIOTTYHUX TIaTdopM, Je MiclieBa rpoMajaa Ta
€KOJIOTH MOTJIM O CHIBIIPAIIOBATH, PO3POOISIOUH
THy4Kl cleHapii BIJHOBJIEHHA 3 ypaxyBaHHSIM
ICTOPpHYHUX, KyJIBTYpHUX Ta INPUPOIHUX YMOB
KOHKpeTHOi MicieBocTi. LliHHA imes moeaHaHHS
MAIIMHHOTO HaBYaHHS 13 TPAAULIIHHUMU €Ko-
noriyaumu 3HaHHAMU (Rakova & Winter, 2020)
pO3MIMPIOE MeXi e(HEKTHBHOTO aHali3y JIaHHX,
a ¥ IJICUITIOE COLIaJIbHY CKJIAJIOBY BiJTHOBJICHHS —
3alTydeHHs rpoMajl Aa€ 3MOTy 3pOOUTH MpoLec He
TITBKM TEXHOJIOTIYHO OOIPYHTOBaHUM, a ¥ COIIi-
QJIBHO JICTITHMHUM.

MaiiGyTHe J1iCOBOTO BiJJHOBJIEHHS — 3a 1HTEp-
aKTHBHHUMH, aJaITUBHUMHU MOJEISAMH, SIKi Bpa-
XOBYIOTh HE JIMIIE JaHi 3 JPOHIB YU CYIyTHHMKIB,
a ¥ TOJIOCH CTapiIvH, JICHUKIB, QepMepiB, SKi
JECATHIITTIMHU CHOCTEPIraiu 3a MICIEBUMH €KO-
CHCTEMaMH.

TToxkexi cTarOTh ITIOOAJBHUM BHKIIMKOM, a HE
JMIIE PErioHaIbHOI MPOOIeMOor0. Y IbOMY KOH-
tekcTi gochimkeHHs (Nyongesa & Vacik, 2018)
ta (Fernandes & Botelho, 2003) 4iTko MOKa3yrOTh
HEOOXiTHICTh CTBOPEHHS IHTEIPOBAHHUX MPOTHIIO-
KEKHHUX CTpATEriil, siKi He MPOCTO TacsATh BOTOHb,
a KepyroTb HUM. Hampukian, KOHTpOJIbOBaHI M-
AT MOXKYTh BiJTHOBITIOBATH MIPUPOIHI €KOJIOTIYHI
nporecu. J[omiIbHO po3po0IsATH perioHaIbHI MPo-
rpaMH PU3UK-MEHEIKMEHTY, SIKi BKIIOYaTHMYTh
KapTyBaHHS BPa3JIMBOCTi, EKOJOTIYHE MOJICIIO-
BaHHS CIICHApIiB MOXKEX 1 po3poOKy iHDpacTpyK-
TYPH IIPEBEHTHBHOTO PearyBaHHsI.

BaxxiuBO BIAXOAWTH Bill «yHiIBepCaJIbHHX
pillIeHb)» 10 MOJIENEH, SIKi 3MiHIOIOTHCSI BiJITIOBITHO

JI0 KOHTEKCTY, KJIIMaTy, €KOHOMIKH Ta JIFOICHKOTO
dbaxropy.

HaykoBi mi1xou 10 BiIHOBJICHHS JIiCiB OljbIle
HE MOXYTb OyTH CyTO OiojoriuHumMu abo Jjico-
rocrofapcbkuMu. BoHW moBuHHI OyTH aHTpPONO-
HCHTPUYHUMH, EKOCUCTEMHUMH Ta TEXHOJOTIYHO
nigcwieHuMH. JIumie Taka iHTerparis — 3 ypaxy-
BaHHSM TPaJMIIF, TEXHOJOTIH, €KOJIOTii Ta COIli-
aJIbHOI BIAIOBINAJIBLHOCTI — 3a0€3IIEUUTh HE JIUIIIE
TTOBEPHEHHS JICPEB, a i BIIHOBJICHHS TapMOHIT MiXK
JIOIMHOIO Ta TPUPOJIOIO.

AHaJi3 CyyaCHHUX HAyKOBUX JDKEpEI, TPHUCBS-
YEHUX TPOOJIEMAaTHUIll BiJHOBJICHHS JICOBHX CKO-
CHCTEM, J03BOJIsIE CHOPMYIIIOBATH PEKOMEHIAIIIT,
SKI CHPUATAMYTH ITJIBUIICHHIO €()EKTUBHOCTI
JICOBIHOBJIIOBAJIBHUX 3aXO/IB Y KOHTEKCTI €KO-
JIOTIYHUX BUKIHKIB choroaeHusa. Ciig BigmaBaTu
nepeBary mpUpOIHUM IIPOIecam, MiATPUMYHOUH iX
AKTHBHUMH 3aXOJIaMH, 30KpeMa OXOPOHOI0 TepH-
TOpiH, 3amoOiraHHAM BHIIaCy, KOHTPOJEM epo3il
Tomo, HeoOXigTHO Opi€HTYBaTH BiJHOBJICHHS HE
JMIIE HA JIEPEBHY POCIMHHICTH, a HA TIOBHOI[IHHE
(bYHKIIIOHYBaHHS eKocHcTeMHu. [HTerpamist Tpa-
JTUIIIHUX MPAKTUK 3 CyYaCHUMH 1HCTPYMEHTaMH
JIO3BOJISIE JOCATTH OUIBIT CTIHKHUX pPE3yJIbTaTiB
SK JJIS €KOCHCTEM, TaK 1 JJIi MiCIIeBOro Jo0po-
OyTy. Byb-siKi €KoJIOT14UHI iHII[IaTUBH TOTPEOYIOThH
HIMPOKOTO CYCHIUJIBHOTO PO3YMIHHS Ta MIATPUMKH.
PexoMeHyeThCSl BIIPOBADKYBaTH 1H(POpPMAIIITHO-
OCBITHI KaMIIaHii, IHTErpyBaTH €KOJIOT1UHY OCBITY
B HaBYaJIbHI MPOTPAMH Ta CTBOPIOBATH ITyOIIYHO
noctynHi iHdopManiiiHi mmargopmMu Tpo L,
NPOIIECH i pe3yNbTaTH JIiCOBITHOBICHHS.

BHCHOBKH i mepcrnieKTHBH MOJATbIIUX 0CTi-
nxeHb. HaykoBe 3a0e3redeHHs MpoIeciB BiTHOB-
JICHHS JTICOBUX €KOCHUCTEM € OCHOBOIO JUIS 1X JOB-
TOTPHUBAJIOT CTAOLIBHOCTI Ta CTIMKOCTI. [HTETparis
€KOJIOT1YHUX, O10TEXHOIOTIUHUX, 1H()OpMaLIHHUX
Ta YNPaBIIHCHKUX MiAXOMIB J03BOJISAE €(hEKTUBHO
BUpilIyBaru npobnemu nerpagamii sgicis. [lomans-
MM PO3BUTOK MDKIMCHIUIUTIHAPHUX JIOCIIIKCHD
1 MI>KHAPOJIHOT CIIBIIPAIli € KIFOYEM JI0 YCIIIIHOTO
BIJTHOBJICHHS JIICOBUX JaHAMA(TIB Ha TI00AIb-
HOMY DiBHI.
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EKCHOEPUMEHTAJIBHE JOCJIIJ)KEHHA JETPAJAIII BIOYIIAKOBKH,
IMATIEPOBUX I 3BUMAMHUX IIJIACTUKOBHUX IMMAKETIB Y TPYHTI

36inbutenns BUKOPUCTNAHHS NAACMUKOBUX 8Up0Oi6 Mma nepexio 00 00HOPA3060i niacmmacu npuzse 00 HaOMIPHO20
HAKONUYEHHs NIACMUKOBO20 CMIMMS 8 HABKOTUWHBOMY cepedosuiyi. J[06208iuHicmb niacmuKy oyiHioEmucs 6i0 comeHs
00 mucay poxie. 3a ocmanti 08a 0ecAMUNIMms 3anPONOHOBAHO ANLIMEPHATUBY MPAOUYIUHUM CUHMEMUYHUM NOTIMe-
pam — 6ioniacmux, ajie RUMarHs, N08 aA3ami 3 1020 OeCMPYKYIEN, 3aMUUaAOmMbCsa Mano sugueHumu. Mema docniocen-
HA — NOpieHAMU WEUOKICMb 0eCmpYKYii y IPYHMI Naneposux, 36U4aiHux 00HOPA308UX NOTIEMULEHO8UX NaKemie ma
nakemig i3 MapKyganHam «oioposxiaonuiy. Memooonozis. /locniosxcenns nposedeni na mepumopii micma bozodyxosa
(Xapxiecvka obnacmv) y nepiod i3 novamxy aunts no Kineysb aucmonada 2024 poxy. Jlinanxy ons 6iobopy tpynmy obpano
6 cady 3i CMUXItIHOI0 MPAs SHUCMOI0 POCIUHHICIMIO HA MepUMopii 00H020 i3 npueammuux domozocnodapcme. Ipynm nepe-
HeceHo 00 15 npo30opux nIacmukosux KoHmeuHepie 00HaKo602o posmipy i popmu. Y n’same i3 Hux 6y10 3aKiadero (pae-
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MeHmU 36UHAlIHO20 OOHOPA306020 NOLIEMULEHOB020 NAKEMA, MAK camo y I 'mb — OI0PO3KIAOH020, Y MpU — pasmerHmu
naneposozo nakemad, peuwima 08a KOHmeuHepu JUWUIU NPOCHO 3 TPYHIMOM (KOHMPOb). Yci konmetinepu sumpumysanu
6 00HAKOBUX YMOBaAX. AHANI3 NPOBOOUNU 3a Xapakmepucmuxamu empamu pizuyHol yinichocmi nakemie Ha 36-muil Oenv,
85-muii i 141-uti denv 6i0 3axnadennsn excnepumenmy. Ilnowy OLAHOK, AKI NIOOAIUCS 0eCmMPYKYIl, BUSHAUATU 3 BUKO-
pucmanuam npocpamuoeo 3abesneuenns ImagJ. Haykosa nosusna. I1o0ydosano ninitiny peepeciiiny mooenb npoyecy
Odecmpykyii 6ioynaxosxu. Bucnosku. biopo3xkiadui naxemu nouuHaoms poskiadamucs weuoue, Hidc 36utatini 00Ho-
PA3061 NoniemuieHosi naxkemu, wo niomeepoONceHo CIMAmuUCIuiHo, i Ys PisHUYs NPOAGIAEMbCA WOHAMEHW 8Xice NICs
micaya 6i0 nouamxy excnepumenmy. Matixce 3a mpu micayi eKcnepumenmy pigeHb decmpykyii Oioynakoexu 00CAcHy8
10 %, ane noguitl 0ecmpyKyii, K 04iKy8aI0Ch, BOHU 3a Yell yac He nid0anucs. 3a mauxce wicms Micayie excnepumeHmy
(mobmo mepmin, 60614l OLIbUWUL, HIdHC 3aa6]1eHO UPOOHUKOM) Dioynakoeka docaenyna uute 18 % oecmpyxkyii. 3a pesynb-
Mamamie MoOen08anHs OYiHeHOo, o 0Ji NOBHO20 PYUHYEAHHSL (hpacmenmie 6iopO3KIAOHUX NAKemi6 3HA00OUMbCsL OU3b-
Ko 2 poKi6 3a yMO8uU cmadiibHOCHI 308HIUHBO2O CePedosULya.

Knrouogi cnosa: mokcuunicmo, 36unatini niacmukosi nakemu, 6ioynakogka, naneposi nakemu, IpyHmoge cepeoosu-
we, 0ecmpyKyis, pecpeciiina mMooeib.
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EXPERIMENTAL STUDY OF DEGRADATION OF BIO-BASED PACKAGING,
PAPER AND CONVENTIONAL PLASTIC BAGS IN SOIL

The increased use of plastic products and the shift to single-use plastics have led to an excessive accumulation
of plastic waste in the environment. The durability of plastic is estimated at hundreds to thousands of years. Over the past
two decades, bioplastics have been proposed as an alternative to traditional synthetic polymers, but issues related
to their degradation remain poorly studied. The purpose of this study is to compare the degradation rates of paper
and conventional disposable plastic bags, as well as bags labeled “biodegradable”, in soil. Research methodology.
The research was done in the city of Bohodukhiv (Kharkiv Oblast) from early July till late November 2024. The site
for soil sampling was selected in a garden with spontaneous herbaceous vegetation on the territory of a private household.
The soil was transferred to 15 transparent plastic containers of the same size and shape. Five of the containers were
filled with fragments of a regular disposable plastic bag, five with biodegradable plastic bags, three with fragments
of a paper bag, and the remaining two containers were left with bare soil (control). All containers were kept in the same
conditions. The analysis was carried out according to the characteristics of the loss of physical integrity of the bags on
the 36", 85" and 141° day after the start of the experiment. The surface area of patches that underwent destruction was
measured using the ImagJ sofiware. Novelty. A linear regression model of the process of bio-based packaging degradation
was built. Conclusions. Biodegradable bags begin to decompose faster than conventional disposable plastic bags, with
the difference statistically proven. This difference is evident at least after a month from the start of the experiment. In almost
three months of the experiment, the level of bio-based packaging degradation reached 10 %, and they did not undergo
complete degradation during this time as expected prior to the experiment. After almost six months of experimentation
(i.e., twice as long as the manufacturer claimed), the bio-based packaging reached only 18 % degradation. According
to the modeling results, it is estimated that it will take about 2 years for the fragments of biodegradable bags to completely
break down, provided the environmental conditions are stable.

Key words: toxicity, conventional disposal plastic bags, biodegradable plastics, paper bags, soil medium, destruction,
linear regression.

AKTyaJabHicTh Ipodjaemu. [Inactuk —Henopo-  2018; Porta, 2021). BenuuesHna KUIbKICTh IUIac-
TH#, JICTKUH, MIITHUH, JOBrOBIYHHMM, KOPO3IMHOC-  THUKOBHX BIJIXOJIB € OHIEI0 3 HAHOUIBII aKTyallb-
TIHKANA MaTepiaj 13 BUCOKUMH TEIUIO- Ta €EKTPO-  HUX NpoOJeM y CBIiTi, IO CTAaHOBHTH CEPUO3HY
130JISIITHUMY BIACTUBOCTSAMU. BiH 3HAHMIIOB CBOE  3arpo3y sK JOBKIJUIS, TakK i JUIS 3710POB’S JIIOIUHH
IIMPOKE 3aCTOCYBAHHSA B PI3HUX ramy3sx npomuc-  (Barnes et al., 2008; Bergami et al., 2020; Thushari
JIOBOCTI — BiJI YITAKOBKH JI0 BUPOOHMIITBA irpamok, & Senevirathna, 2020; Porta, 2021; Isax Ta iH.,
BiJl MPOAYKTOBHX IMAKETIB JI0 TUIACTUKOBUX CTONO-  2024). JIOBroBiYHICTH IUIACTUKY OIIIHIOETHCS Bij
BUX MpHOOPIB, BiJ COIIOMUHOK JI0 HaJAPyKOBaHUX  coTeHb 10 Tucsd pokiB (Pilapitiya & Ratnayake,
Ha 3D-npuntepi paketux comnen. Buxkopuctanus — 2024; Yan, Cordier & Uehara, 2024). 3 uiei npu-
IUIacTHKa y 0araThbOX acrekTax CIpHs€e OOCAT-  YUHM 332 OCTAHHI JIBa ACCATUIIITTS 3alPOIIOHOBAHO
HEHHIO LI CTajoro po3BUTKY: TaK, IUIACTUK  aJbTEPHATHUBY TPAIUIIMHUM CHHTETHYHHUM IIOJIi-
3axHInae 1Ky i Jornomarae 3MEHIIUTH 00CST yTBO-  MepaM Ha OcHOBi HadTH. OHI€IO 3 TAKUX aJbTep-
PEHHS XapyOBHX BIJIXO[IB, JI03BOJISIE CTBOPIOBATH ~ HATHB € IUIACTHK, I10 O10JIOTIYHO PO3KIIAJAETHCA,
JIeTHI TPAHCIIOPTHI 3aco0M Ta i30/t0BaTH eniek-  a00 «OIOIUIaCTHK», SKHH € TOJiMEpaMH, BUTO-
tpuuHi kabem (Thompson et al., 2009; Nielsen et  ToBI€HMMH 3 BiTHOBIIOBAHUX PECYPCIB, TAKUX SIK
al., 2019; Atiwesh et al., 2021). Sk HacmigoOK, CBi-  KyKypya3a, IIyKop, KapToruisi, puc Tomo (Atiwesh
TOBE BHPOOHHUIITBO TUIACTHKY 3a Maibke 75 pokiB et al., 2021; Bilo et al., 2018).

CYTTEBO 3pOCIIO — 13 TPUOIU3HO 2 MIJLHOHIB AHaTI3 ocTaHHIX JOCITiAKeHb i myOJikamiii.
ToHH y 1950 pomui no nonax 400 mineiioHiB ToHH  HuHi yacTka Gi0MIacTUKYy Ha PUHKY CTAHOBUTh
y 2022 poui (Pilapitiya & Ratnayake, 2024), mo  ~1 % Ta mae tenaeHnuito 1o 3pocranus (Lackner,
cranoBUTh 200-kpatHe 30inbmenHs. s Bupod-  2015; Thakur et al., 2018). biopo3kiaasi miact-
HUIITBA IUIACTMAC BHUKOPHCTOBYIOTH OpraHiYHI ~ MacH MOXYTh MaTH BIACTHBOCTI, MOAiIOHI /10 Biac-
cnonykd. Kpim Toro, 3BH4aifHi momiMepu Mic-  THBOCTEH Ha@TOXIMIYHHMX HOTIMEpIiB, a TaKOX
TATh JOOABKH, TaKi K CTaOUII3aTOpH, MIrMEHTH  JOJATKOBI IepeBaru 3aBAsSKH  MiHIMaJbHOMY
Ta TOKCHYHI XIMIYHI KOMIIOHEHTH (aHTUHipeHHW, BIUMBY Ha noBkUud (I'amaeBa & CamoiuieHko,
aHTHOKcHIaHTH Ta cmiHtoBadi) (Gilbert, 2017).  2024). biomnacTuK pO3KIAAAETHCS MIKpoopra-
[Toripu icTOTHI epeBaru BUKOPUCTAHHS IJIACTUKY ~ HI3MaMH — OakTepisMH, BOAOPOCTAMHU Ta TIpU-
TNOPIiBHAHO 3 iHIIMMM Matepianamu, ioro Hemo-  Oamu. Moro jerpajanis 3anexKuTh BiJl YMOB cepe-
JiKU cTaloTh Bee Ounbin oueBuaHuMH (Bilo et al,,  moBuma (Temmeparypa, BoAa, KHCEHb) 1 XIMIUHUX
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BJIACTUBOCTEH mojimepy. BBaxaroTs, 1o 3a HasB-
HOCTI JIOCTATHHOI BOJIOTOCTi, KMCHIO 1 BiAIOBij-
HOI KUIBKOCTI MIKPOOPTaHi3MiB TakKWd TpoIiec
Ma€ CIPOMOXHICTh 3aBEPIIMTUCH YK€ IIBUIKO
(3a 2045 nui) (I'amaesa & Camoiinenko, 2024;
Sarasa et al., 2009).

[IpoTe excriepuMeHTaNbHI AOCTIHKEHHS, TPO-
BeZleHI B YKpaiHi, MOKa3aju, IO 3a TPU MiCSIi
(TobT0 TEepMiH, BIBiUi OimbIIMNA, HiK 45 IHIB)
piBeHB JeCTpPYyKIii 010ymaKkoBKH BiJl pi3HUX BUPOO-
HUKIB y IPYHTI CKJIaJ1aB y cepeaHboMy 28 % B yMo-
Bax TEIUIMILIb Ta y cepennbomy 45 % Ha npucaauo-
Hill Teputopii (Il'amaeBa & Camoiinenko, 2024).

bin3pKi OMIHKK IIBUAKOCTI PO3KJIaJaHHs 0io-
YIaKOBKH HaBOIATH ¥ iHIII aBTOpH (Sarasa et al.,
2009; Gilbert, 2017) Otxe, BUBYCHHS IIBUIKOCTI
pO3KJIaiaHHs 010yTTaKOBKH Y IPYHTI € aKTyaJIbHOIO
HAyKOBO-TIPAaKTHYHOIO 331a4CHO0.

Merta nocCaiTzKeHHSI — TOPIBHATH IIBUIKICThH
JeCTPyKLii y IPYHTI MalepoBUX, 3BUYAHUX OJJHO-
Pa30BUX TOMIETWICHOBHUX MAKETIB Ta IAKETIB i3
MapKyBaHHSM «010pO3KIIaTHUI».

Buxiaa 0CHOBHOT0 MaTepiaJty 10CJIi/IKeHHsl.
JocnimkeHHs mpoBeeHi Ha TepuTopii micta boro-
nyxoBa XapKiBChbKOI 00JIaCTi y Tepiof 13 To4aTKy
JUMHS 1o KiHenp jucronana 2024 poky. Micro
BoronyxiB € aqmiHicTpaTUBHUM IIeHTpoM boromy-
XIBCBKOTO paiioHy, po3TaliioBaHe Ha 000X Oeperax
piuku Mepio B Jlicoctenogiit 30H1. Penped Tepu-
TOpii MEPEBaKHO € PIBHUHHUM CIIAa0KOXBHIIICTUM.
[pyHTOBE PI3HOMAHITTS TMpPEICTABIEHE YOPHO3E-
MaMH 3BUYalHUMH, TUTIOBUMH, PErpajioBaHUMHU,
BIUTY’)KEHHMH Ta OIiJ30JIeHUMU IpyHTamu. Kiimar
MMOMIpHO-KOHTUHEHTAIBHUN. Y CepelHhOMY 3a PiK
crioctepiraerscs mpuOm3Ho 160 qHIB 3 omagamu,
MIPUYOMY B XOJIOJHHM TMepiof] X KUTbKICTh 3a3BU-
Yaii Outeia. BuXimgHuii TUN TPyHTY, 3 SKHUM MH
MPAIOBAIN, — YOPHO3EMHU PErpaioBaHi.

JUISHKY 171 BimOOpy IpyHTY OOpaHO B camy
31 CTUXIMHOIO TpaB’SHUCTOIO POCIMHHICTIO Ha
TEPUTOPIi OMHOTO i3 MPHBATHUX JTOMOBOJIOIHb.
[nauBinyanpHl 3pa3ku IPyHTY Ui (OpPMYyBaHHSA
cepeaHbOi MPOoOH 3MIlIaHUX 3pPa3KiB BiIOMPAIIH O
JiaroHasnsx ysiBHOToO kBanpara. [Ipukonku poOuiu
13 30HH pU30Cc(epH POCIUH, MPH LBOMY POCIUH-
HUH Bianaa ¥ BepXHid map IpyHTY (JIeKiIbKa CaH-
TUMETpiB) Oyao 3HATO. BimiOpanuii rpyHT OyIio
PETENBHO TMepeMilllaHO B eMaIbOBaHIN MeTajeBil
€MHOCTI.

Hani ioro mepeHocwnin 10 15 mnposzopux
TUTACTUKOBUX KOHTEHHEPIB OJHAKOBOTO pPO3MIipy

105

1 popmu. CrodaTky BCi KOHTEHHEpU 3allOBHUIIH
IPYHTOM TUIbKA Ha TOJOBUHY. [liciast mporo o
13-TH 13 HUX 3aKJIadu (parMeHTH TaKeTiB po3Mi-
poM 9 x 9 cMm. Iyt ibOro MM 3a3alierijab miaro-
TyBaJH 5 (parMeHTiB 3BUUANHOTO OJZHOPA30BOTO
MOJIIETUJIEHOBOTO MAaKeTa, TaKk caMo 5 (parMeHTiB
MaKeTa 3 MapKyBaHHIM «010pO3KIIATHUAN, @ TAKOXK
3 parmMeHTH ManepoBoOro nakera. 3 JOCTYMHUX Ha
PHHKY 3BHYAaiHUX OIHOPA30BUX MOJNIETHICHOBUX
MakeTiB 1 610pO3KIATHUX MU OOMPAH MAKETH IS
TECTYBaHHS Tak, MO0 iXHI QparMeHTH po3MipoM
9 x 9 cM manu MakcuManbHO ONMU3bKY Macy. Po3-
Mip (parMeHTIiB Takok He OyB OoOpaHMii BHITa[I-
KOoBO. BiH 103BONSIB (parMeHTy BUIBHO MOMIiIIa-
THUCS Y KOHTEHHEPI 1 He MaTH 3aJI0MiB.

Jns 3abesnedenHs piBHOMIpHOT (inbTpartii
BOJIM Yepe3 IPYHTOBY TOBILY PH MOJNHBI, y (par-
MEHTaX 3BUYAaliHOTO OJHOPA30BOTO IMOJIETHIICHO-
BOTO TakeTa i pparmMeHTax 0iOpO3KIAIHOTO TOJIi-
MEpPHOTO TMaKeTa MM 3pOOWJIM YOTHUPU TOHKHUX
OTBOpH TOJIKOIO. BOHM 3HaXOAMJIHMCH 1O LEHTPY
¢dbparmenTa posmipoM 9 x 9 cm i popmyBanu KBa-
apat po3Mipom 3 x 3 cm.

Komu Bci 13 ¢parMeHTiB makeriB Oyiau aky-
paTHO PO3MIIlleHI Ha TTIOBEPXHI IPYHTY, ITOJIOKESHHS
KOYKHOTO 13 HUX 3a()iKCyBajy MepMaHEHTHUM Map-
KEepOM Ha CTIiHIII KOHTeWHepa. B mBOX KoHTeliHe-
pax, sKi Jumuiancs 6e3 (parMeHTiB MakeTiB, MU
TaK caMO 3pOOMIIN TO3HAYKU IEPMaHEHTHUM Map-
KepoM (Iie J03BOJISUIO HAM Y XOJli €KCIICPUMEHTY
BiIOMpaTH TPYHT Ui JIaOOPaTOPHOTO aHAJI3y
3 OIHAKOBOI TIIMOWHH).

Ha npomy erari poOOTH KOXKEH 13 KOHTCHHEPIB
TaKO)X OTpUMaB CBiM yHikanbHuil HoMep. KoHrteii-
HEepH, B SKUX 3HAXOAWJIHCA (parMeHTH 3BUYAii-
HOTO OJHOPA30BOTO IaKeTa, OTPUMAIA HOMEPH
«3-1», «3-2», ..., «3-5». Koureiinepu, B SKHX
3HAXOJMIUCS (parMeHTH MaKeTa 3 MapKyBaHHS
«Oiopo3kiagHui», oTpumanu Homepu «b-1»,
«b-2», ..., «b-5». Hapemri xoHTelHEpH, B SKHX
3HAXOAWIUCS (parMEeHTH IalepoBOr0 IIaKeTa,
orpumanu HoMmepu «II-1», «I1-2», «I1-3». Ilicis
1IbOT0 BCi 13 KOHTEHHEPIB JOCHITAIU IPYHTOM. Bin
Kpal €MHOCTI MM 3aJUIIAINA | cM 3ariuOacHHS
JUISL TIOJIUBY.

Sk 3a3HaueHO BUIIE, IBa KOHTEHHEPU MiCTHIIH
TUTBKH TPYHT (KOHTpPOJIB). B omHOMY 13 HHX MH
HE TEPEIIKOKAIU CIIOHTAHHOMY IPOPOCTAHHIO
POCIIUH 13 HAsSBHOTO OAHKY HACiHHSA (BiH OTPHMaB
Homep «K+P»), a B iHIIIOMYy BCi MapoCTKH cuUCTe-
MaTU4HO BUIAISUTH (BiH OTprMaB HoMep «K»).
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VYci 15 xoHTeiHepiB BUTPUMYBAJIU B OIHAKO-
BUX yMOBax (Temimeparypa, BIJTHOCHA BOJIOTICTb
TOBITPSI, OCBITJICHICTH), SIKI CHCTEMAaTUYHO KOHTP-
omoBaiu. [lepiognyHo, KoM IPyHT y KOHTEHHe-
pax BHCHXaB, HOTO MOJIHMBAIHA OHAKOBUM 00’ €MOM
Boau. Ilpu mosiBi CTHXIHHOI POCIMHHOCTI y BCIiX
KOHTEHHepax, KpiM OJHOro, BCi POCIMHU BHIA-
JsUIM. 3 TO0YaTKy >KOBTHSI B IIPUMIIIEHHI, /1 3Ha-
XOIUTHCS KOHTEHHEpH, YBIMKHYIH aBTOHOMHE
omaneHHs. Temmeparypa B mpuMillieHHI Oyia cTa-
OipHOTO 1 TpuMastacs Ha piBHi 20 °C.

B xoni ekcriepuMeHTy, crioyatky Ha 36-THii 1eHb
(ToOTO MPUOTU3HO Yepe3 MiCAILIb MiCIs 3aKIIaCHHS
eKCIIEpUMEHTY), TOTIM Ha 85-Twif (mpuOIN3HO
gepe3 3 MiCsIIi MicIIs 3aKIaIeHHS eKCIIEPUMEHTY) 1,
HapemTi, Ha 141-nii (Maiixe yepe3 6 MiCSIIIB MiCs
3aKJIaJICHHS] eKCIIEPUMEHTY) Y BCiX KOHTeWHepax
BEPXHIil IIap IPYHTY aKypaTrHO 3HiMaiu. [pyHT
0e31mocepeIHbO y 30HI KOHTAKTYy 3 3aKIaJIeHUMHU
(hparMeHTamMu BiIOMpany 1Jis J1abopaTopHOTO aHa-
T3y, a cami parMeHTH YBa)KHO BUBYAIIM Ha MPEJI-
MeT po3KIaAaHHs. Y AaHilt poOOTI MU 30CepeTHIIn
yBary BJIaCHE Ha Iporieci 610AeCTPYKIIi.

[lin wac BuUBYEHHS MAECTPYKIii (parMeHTiB
3BHYAHOTO  OJHOPA30BOTO  MOJIETUIEHOBOTO
Makera 1 THakeTa 3 MapKyBaHHSAM «O0i10po3Kiaj-
HUW» y ceprHi i xoBTHI 2024 p. MU aicTaBain
3pa3Ku 3 KOHTEWHepiB. 3 KOXKHOro i3 HUX o00e-
PEKHO 3HIMANM 3aJHIIKU IPYHTY. 3pa30K BHKJIA-
Jlad Ha apKyi Oisoro mamepy i ¢ororpadysaiu
3a pomnomororo nugposoi kamepu. Ilicis mporo

JOCITIDKyBaHi (hparMeHTH 3HOBY IOBEPTAIH 10
BIJIIOBIIHUX KOHTEHHEPIB 1 3acUMald TPYHTOM,
a oTpuMaHi ()OTO3HIMKH OIPAIbOBYBAJH 32 JIOTIO-
MOTOI0 KOMIT IOTepHUX Tporpam. Haromicts iz
yac BUBYCHHS JECTPYKIii (parMeHTiB Oioyrma-
KOBKH y KiHIII JIUCTOMA/A, KOJIU JesKi 3pa3Ku IifI-
JAJIACS NECTPYKIlii 3HAYHO CHJIBHIIIE, HDK 1HIII,
TaKa MaHIMyJIAIis MOTJIA CIIPUYUHHUTHU TIOPYILICHHS
iX IUTICHOCTI, TOMYy BCi 3pa3Ky 3aJUIIAIA Y KOH-
TeiiHepax 1 (ortorpadyBanu Oe3nocepesHbo Ha
MTOBEPXHI IPYHTY.

[Tnomry ninsHOK, SKI MiAAamucs OeCTPYKIi,
BU3HAYAJI 3 BUKOPUCTAHHSM MIPOTPAMHOTO 3a0€3-
neueHHs /mag/. g nporpamMa npartoe 3 BUCOKOIO
TOYHICTIO, IPOTE BOHA € JOCUTH Yy TIUBOIO JI0 PO3-
MaiTTsl KOJLOPIB Ha 3HIMKAaX, II0 BUMAarae MeBHOT
norepenHpoi 00poOku 300paxkeHb. Kpim TorO,
B Mipy 30UIbIICHHS PIiBHS AECTPYKIi (parmeH-
TiB MaKeTiB, poOoTa B Iill Iporpami craBaia BCe
O17IbI1Ie KPOMITKOO 1 BUMarajia OCUJIeHOI yBaru.

B Hamomy pocmipkeHHI JUIS HaJalTyBaHHS
SCKpaBOCTI ()OTO3HIMKIB HA MiJrOTOBYOMY €Tari
poOOTH  BUKOpPHUCTAaHO rpadiyHUN  pemaKkTop
Microsoft Office 2010. ns MiHiMizawii po3ma-
iTTSI KOJTBOPIB Ha 3HIMKAaX BUKOPUCTAHO MPOTpaMy
CorelDRAW v.16, 1o n03BoJsIa HE TUTBKU onug-
pyBaTH JesKi oONacTi, SKi MigIaaucs IeCTPYyK-
1ii, a, M0 HAWTOJOBHIIIE, MPOBECTH PEKOHCTPY-
IOBaHHSI KOHTYpIB (pparMeHTIB makeTiB. be3 1mux
JIBOX MaHIMyIsALii podora y mporpami ImagJ v.6 He
3aBkau Oyna edekTuBHOIO. Halickmagnime B 000X

0

Puc. 1. 3oBHimniii Burisa ¢gparMmenTa 0iopo3K/JaaaHOr0 MoJiMepHOro
nakera (3pasok Ne 3) maifzke yepe3 WIicTh MicsSILiB MicJIsl 3aK/Ia/ICHHSI €eKCIIEPUMEHTY
Ta pe3yJIbTAaTH PEKOHCTPYKIIi iioro ¢gopmu y nporpami CorelDRAW v.16:

a — BUXi/IHe 300paskeHHs, 0 — micast 00poOKuU
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Puc. 2. Podora 3 ¢pparMmenTOM 0i0pO3KJIATHOTO
MoJiiMepHoro nakera (3pa3ok Ne 3)
Maiizke Yepe3 micTh MicsliB MicJisl 3aK/1a/IeHHs
eKCIIePUMEHTY: BUMIPIOBAHHSA IUIOLII TiJISTHKH,
sIKa Miganacs KecTpyKUii y IPyHTOBOMY
cepeoBMIIL, 32 1OTMIOMOTroK0 nporpamu ImagJ v.6
(10BXKHHA CMY/KKH MPABOPYY CTAHOBHUTH 1 cM)

nporpamax Oyjo TNpamoBaTH 3 ¢parMeHToM Oio-
yHaKOBKH, Ha sIKOMY OyB HaHECEHHI BUPOOHUKOM
MaJIOHOK YOPHOTO KOIbOpy (3pazok Ne 3), oco-
OMMBO Yy KIHII €KCIIEPUMEHTY, KOJIM MU BUMYLICHI
Oy/M TUIIUTH HOTO Ha IMTOBEPXHI IPyHTY (pHcC. 1,2).

CrarucTuyHuil aHami3 310paHuX JaHUX Tepell-
0avaB po3paxyHOK 0a30BUX CTATUCTHK, TECTYBAHHS
BUXIJIHUX JIaHUX HA HOPMAJILHICTH PO3MOJIINY,
MOPIBHSAHHSA BHOIPOK, BU3HAYCHHS B3a€MO3B’SI3KY
MIXK BUOIpKaMH, a TaKOXK po3poOKy MaTeMaTH4HOT
MOJIETIi Ta IPOTHO3YBaHHSI.

ITepeBipky m0CTOBIpHOCTI cepeaHbOro apud-
METHUYHOTO 3TICHIOBAIIN 3 BUKOPUCTAHHSAM KpUTE-
pito CtbronenTa. Tect Ha HOpMaJBHICTH Nepeada-
4aB pO3paxyHOK BiTHOIIEHHS PO3Maxy MiHIUBOCTI
JI0 CepeHbOr0 KBaJAPAaTUYHOTO BiAXWIICHHA. J[is
MOPIBHAHHA BHOIPOK 3aCTOCOBYBAJM HeEMapame-
TpuuHui Kputepii Manna-Yithi (U). Mu BnaBa-
JUCS 10 METOJIB HETapaMEeTPUIHOI CTAaTUCTHKH,
OCKUIBKH 1]l Yac BU3HAYEHHS PIBHIB JACCTPYKIIIT
(¢parMeHTiB 3BUYaliHUX OTHOPA30BUX IOJiETHIIC-
HOBHUX IaKETiB BHUSBHUIJIOCS, 110 OyAb-Ka MIiHJIU-
BICTh JIOCIIPKYBaHOI O3HAKH BiJICYTHSL.

J171st BU3HAYEHHS B3a€MO3B’ 3Ky MiXK JOCITIJIKY-
BAaHMMM O3HAKAMHU — CEPEIHIN piBeHb AECTPYKIii
(hparmMeHTIB 010pO3KIAAHOTO TIAKEeTa Ta JICHb BiJ
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MOYaTKy CKCIIEPUMEHTY, 3 ypaxyBaHHSIM 00 eMy
BUOIpOK (1, = n, = 4), po3paxoByBaJN Z-MIOKA3HUK
®imepa (Mac Berthouex & Brown, 2002). s
pPO3pOOKKM  MaTeMaTH4yHOI MOJETi IMPOBEIACHO
MOBHHMI perpeciiHuil aHali3 3a METOIUKOIO, IO
HaBeJleHa B METOAMYHHMX pekoMeHnanisx (bapaH-
HiK, 2007).

3a yac IpOBEICHHS EKCIEPUMEHTY 3BHYaiiHi
MAaKeTH 30BCIM HE IiIATUCS ASCTPYKIIiT 1 30eperiu
100 % Bix cBoel BuxigHoi miomi (puc. 3). Iare-
POBI MaKeTH PO3KIIATUCS MaiKe 3a MiCAIlb, SK MU
1 OYiKyBajJM Ha IMOYaTKy ekcrepumeHnTa (puc. 4).
Biopo3kiamHi nmakeTu depes MicsIb IMicis 3aKia-
JICHHSI ©KCIIEPUMEHTY TUIBKH TOYaad PO3KJIaja-
tucs (97,6 £ 0,7 % Bix BuxignHoi o). Cepenne
apudmeTnyHe € TOCTOBIPHUM 13 BHCOKUM pPiBHEM
HaaiHOCTI: ¢ = 146,1, M0 3HAYHO TEPEBUIILYE
t,=8,6,k=4,P<0,001. [lesski 6a30Bi CTAaTUCTHKN
JUIST BUOIPKH, IO MU PO3IVISIIAEMO, CTaHOBHIIM:
MiHiMyM — 96,1 %, makcumyMm — 99,3 %, pozmax
Bapiamii — 3,2 %, cepelHe KBaapaTHUYHE BiIXH-
JIeHHs 1 KoedillieHT Bapiallii criBIaaawTh, 00u/Ba
cTanoBiATH 1,5 £ 0,5 % (Mipa BapitoBaHHS O3HAKH
Hu3bKa). HaifOunpmii gecTpyKIii miagaBcs 3pa3ok
Ne 2, maitmenmiit — Ne 5.

Maiixe yepe3 Tpu Micsii (pparMeHTH 0i0po3-
KJIQJIHOTO TlakeTa 30eperiu 89,6 + 2,8 % Bix BUXiI-
HOI TUIOMI, aje MOBHINA AECTPYKIli, SK O4YiKyBa-
JIOCh Ha TIOYATKy €KCIIEPUMEHTA, BOHHM 3a Il 4Jac
He migmanucs. CepeaHe apuMeTHIHE € JOCTOBIP-
HUM: ¢ = 32,5, 0 TaK caMO 3HAYHO IEPEBUIIYE

Puc. 3. 3pa3ok 3Buuaiinoro nakera Ne 1
Ha Yac 3aKiHYeHHs eKCIIePUMEHTY
(xineusn Jucromaaa 2024 p.)
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Puc. 4. ®parmenTn 3paska Ne 2 manepoBoro
naKeTa y KOHTeiHepi
(cmocTepiraroThes JIMIIe MOOAMHOKI ()parMeHTH)

t,=8,6,k=4,P<0,001. [leski 6a30Bi CTAaTUCTHKH
JUIS BUOIPKH, IO MU PO3IVISIIAEMO, CTAHOBUJIM:
MiHIMyM — 79,4 %, makcumym — 94,6 %, po3max

Bapiamii — 15,2 %, cepemHe KBaapaTW4yHe Bif-
xuiieHHs — 6,2 £ 1,9 % (ue Bucoke), KoedilieHT
Bapianii — 6,9 £ 2,4 % (mipa BapitoBaHHS O3HAKH
Hu3bKa). HaifOnpmii gecTpyKIii miagaBcs 3pa3ok
Ne 3, parimenmrii — Ne 4,

Hapemri maiixke 3a HIICTh MICAILIB €KCIIEPH-
MeHTy (TOOTO TepMiH, BABIUI OUIBINIMIA, HIXK 3asB-
JSI0Th BUPOOHMKM) Oi0po3KiIamHi makeTn 30epe-
rm 82,5 £ 5,1 % Big BuxigHoi mwiomt. CepenHe
apu(pMETHUHE € JOCTOBIpHUM: ¢ = 16,2, 1110 BIBiUi
nepesuye ¢, = 8,6, k =4, P <0,001. Jleski 6a30Bi
CTaTUCTHUKH JIJIsl BUOIPKH, 1110 MU PO3IIIIAEMO, CTa-
HOBWIN: MiHIMYM — 62,8 %, makcumym — 91,4 %,
po3max Bapianii — 28,6 %, cepeiHe KBajpaTHIHE
Biaxunenns — 11,4 £ 3,6 % (He BUCOKe), Koe]ilieHT
Bapiarii — 13,8 £ 5,0 % (Mmipa BapitoBaHHS O3HAKH
cepenns). HaiOumbImii gecTpyKItii miaiaBcs 3pa3ok
Ne 3 (puc. 5), natimenmmiit — Ne 5 (puc. 6).

CTaTUCTHYHO PI3HUIL MIX PIBHEM IECTPYK-
mii  OlOpO3KIAJHUX TIAKETIB Ta 3BUYAMHHMX

a

Puc. 5. 3pa3ok 6ioposkiaagnoro nakera Ne 3:
a — yepe3 MicAlb MicJIs 3aKJIaIeHHS eKCIIePUMEHTY; 6 — Maifke Yyepe3 mIicTh MicsLiB
MicJIs 3aKJIaIeHHs] eKCIIePUMEHTY (3 ycix 3pa3kiB Hali0iib1e nigxaBcs AecTpPyKiLii)

a

Puc. 6. 3pa3ok 6iopo3kiaagnoro makera Ne 5:
a — yepe3 Micslb MicJIs 3aKJIaIeHHS eKCIIePUMEHTY; 0 — Maiixe yepe3 uricTh MicsniB micias
3aKJIajIeHHs] eKCIIePUMeHTY (3 ycix 3pa3kiB HaiiMeHIIIe migaBcs AecTPyKIii)
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OHOPA30BHUX IOJIETUICHOBUX MAaKETIB € JI0CTO-
BipHOt. [lomapue mopiBHsSHHS 2 BUOIpOK yepes
MICSIIb MiCT 3aKIaJeHHS €KCIIEPUMEHTY 3 BUKO-
PHCTaHHSIM METOIB HEMapaMeTPUYHOT CTaTHC-
THUKHU JI03BOJIMIIA BIIXWJIMTU «HYJIBOBY» TINOTE3Y
3 BUCOKMM pIBHEM HaJiMHOCTI: KpuTepiii MaHHa-
Vithi Up =0< U, =1;n,=5,n,=5, P <0,01.
AHaJOri4HI pe3yabTaTd MU OTpUMaIM Ha 85-i
1 141-i 1eHb BiJ TIOYATKY EKCIICPUMECHTY.
HactynmHum KpokoMm, 3a JONOMOIOK IIPO-
rpaMHuX 3aco0iB MS Excel 2010 mu moOymy-
BaJIM TOYKOBUH Trpadik po3ciroBaHHs PE3Y/IbTaTiB
BUMIPIOBAaHHS, Ha SKOMY IO OCi OpauHaTr OyIo
BioOpaskeHO cepenHiil piBeHb AECTPYKIii ¢par-
MEHTIB 010yITaKOBKH, a TI0 OCi a0CITUC — JIeHb Bij
MOYaTKy EKCIIEPUMEHTY, KOJH MPOBOAMIN BUMi-
proBaHHs. Po3mois To4ok Ha rpadikoBi HAITOB-
XHYB Hac Ha MPUITYIIEHHS PO HAasBHICTh TICHOTO
B3a€MO3B’A3KY MIX JOCIIHKYBAaHUMHU O3HAKAMH.
3a 101IOMOT010 KOPeIIALIHHOTO aHalli3y Ha piBHI
3HauymocTi P<0,01 My BUSBUIIH TICHHN BiT’ €MHUI
B32€MO3B 30K M CEpPEIHBOI0 BETMYHOIO PiBHS
JeCTPYKIIii pparMeHTiB 010yITaKOBKH i TPUBATICTIO
excriepuMeHTy. BubipkoBuii koedimieHT Kopems-
uii [Tipcona (6e3 monpasku): —0,99, 3 monpaBkorO
—1,00, z-nokazumk @imepa —5,11. Pesynsratu
MepeBipKH z-oKka3Huka Direpa Ha TOCTOBIPHICTb:
t. = 5,11, mo nepeBullye CTaHJAPTHY BEIUUYUHY
t, = 4,30, k =2, P < 0,05. [lepeBipka BUXiTHUX
JJAHUX Ha HOPMAJIBHICTh, sSIKa IMepeayBajia Kope-
JAIMHOMY aHali3y, Jana MO3UTHBHUN Pe3yNbTaT
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(s maHuWX, SIKi BiZOOpaXkarOTh CEepeNHil piBEHb
JNECTPYKILIi, — «CcepeiHs HaIIdHICTBY» TeCTy, IS
JAHMX, SIKI BIOOPaKaIOTh JICHb BiJ| MIOYATKy €KC-
MEPUMEHTY, — «BUCOKAa HaIiHHICTB» TecTy). Lle
JO3BOJIWJIO HAM BHKOPUCTATH METOAM I1apame-
TPUYHOI CTAaTUCTHKHU TiJ 4ac aHaizy 310paHux
EKCTIEPUMEHTAIbHUX JIaHUX.

Mu npuIycTHiId, 0 MpoLec AeCTPYKIii 6io-
YIaKOBKH Y IPYHTOBOMY CEpPEIOBHIL MOKHA OIIHU-
caTu 3a JOMOMOTOI PIBHSHHS JIIHIMHOI perpecii.
Ha ocHOBI TOBHOTO perpeciiHOro aHamizy I
rinoreza Oyna crBepkeHa. Pe3ynpratu MOBHOTO
perpeciiiHoro aHaiizy, o BigoOpa)kae TUHAMIKY
po3KiIaiaHHi 010pO3KIIaHUX TAKETIB, IPEJICTaB-
JeHO Ha puc. 7. Po3ciroBaHHS 3aiUIIKIB perpecii
BKa3yBaJIO MPO iX HE3aJIC)KHICTh OJHE BiJl OJJHOTO.
Bci po3paxynku Ta 1mo0ymoBy rpadika 3aiiCHEHO
3acobamu MS Excel 2010.

[Tportec mectpykiii 0i0oymakoBKH (V) OMHCAHO
JHIHHOIO perpeciero:

y=-0,1301x + 100,9904, (M

e X — JIeHb BiJl TOYaTKy pO3KJIamaHHS Oioyra-
KOBKH Y IPYHTI.

Koediuient nerepminaiii perpeciiHoro pis-
HaHHA R’ 0,9861. IlopiBHAHHA 3 pO3MOAI-
nom dimepa mokaszye, MO perpecis Mae Micie:
Fy=141,88 (npu F, = 98,50, P < 0,01).

[Iporao3 mokasye, MmO i MOBHOI JTECTPYK-
mii  OlOpO3KJIaTHUX  TMAKeTiB  3HAJA00UThCS
MIoOHalMeHIIe 2 POKH (3a YMOBHM CTaOLIBHOCTI

90 -
80 -
70 -
60 -
50 -
40 |
30 -

yinicHocTi naketis, %

20 +
10 -
O T T

XapaKkTepucTnkn gianyHoi

0 20 40

60

80 100 120 140

[eHb Big noyaTtky ekcnepumMeHTy

Puc. 7. Pe3yibTaTu IOBHOIO perpeciiiHoOro aHamizy:
JIiHist perpecii (cyuisibHa) i 10Bip4Ya o0sacTh JiHiHOI perpecii AK QyHKIUisA 5,
i KpUTHYHI 3HAYEHHS 7-po3NOALTY (MyHKTUPHI JiHii: P = 0,05, To6TO 95 %-ii piBeHs 10BipH;
INTPUXTYHKTUPHI JdiHii: P = 0,01, TodT0 99 %-ii piBeHb 10BipH)
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30BHINIHIX ymMoB). Tak, 3a pik (365 nHIB) piBCHb
ixHpoi mectpykuii mir 6m mocsruytu 54 %, 3a
niBTopa poku (548 nuiB) — 30 %, 3a ABa poku
(730 nmHiB) — 6 %.

VY mpupoAHUX YMOBAax, 3 YITKO BHPKECHUMHU
XOJIOZIHUM 1 TEIUIUM CE30HAMH, a TAKOXK B YMOBaX
neIiuTy BOJIOTH BIITKY IICH MpPOIEC TPUBATHUME
1Ie JOBIIIE.

BucHoBKH i mNepcHeKTHBM MOJAJIBIIHX
JOCJiNKeHb, biopo3KimajHi MakeTH IOYHUHAIOTH
pO3KJIaaTHCs MIBUJAIIEC, HDK 3BWYANHI, MO IMiJI-
TBEPIKEHO CTATHUCTUYHO, 1 ISl PI3HUI MPOSBIIS-
€ThCSI IMOHAWMEHIIT BXKE TICIIST MICSIIS BiJI IIOYATKY
EKCIIEPUMEHTY B YMOBaX BEreTalliiHOTO CE30HY
B 30HI TIOMIpPHOTO KJIiMaTy. Maiixke 3a TpU MicCsIIi
eKCIIEpUMEHTY piBeHb NECTPYKIii 3pa3KiB Oioyma-
KOBKH nocsirHyB 10 %, ane moBHIM AeCTpyKIlii,
SK OYiKyBaJIOCh, BOHHU 3a LIel 4ac He IiJJIaInucs.

3a maibke MIICTh MICAIIB EKCIIEPUMEHTY (TOOTO
TEepPMiH, BIBiUI OUIBIINN, HIK TPaJHUIIIHHO 3asB-
JSIFOTH BUPOOHHKH) OioymakoBka pocsirayna 18 %
nectpykuii. [Iporec nectpykiuii 6i0makoBKu OIMu-
CaHO JIHIMHOIO perpeciero. MonearoBaHHS MOKa-
3y€, IO IUIsl TIOBHOTO pyWHYBaHHS (parMeHTiB
OlOpO3KJIaIHUX TAKETIiB 3HAJA00MTHCS IIOHAK-
MeHIIe 2 poKH (32 yMOBH CTaOUTBHOCTI 30BHIIITHIX
YMOB).

Tpeba Takoxk 3ayBa)KUTH, 110 PEKUM BHECEHHS
BOJM 70 KOHTEHHEPIB IiJ yac MPOBEIECHOr0 HaMH
eKCIIEpUMEHTY MOXHa OyJ0 CHHXPOHI3yBaTH
3 aKTyaJIbHUMH ITOTOAHO-KJIIMAaTHYHUMHI YMOBaMH,
TOOTO MOJTUBATH KOHTCHHEPH TiJIbKH B Ti JIHI, KOJIN
BinOyBasncst omanu. lle 3abe3meumwsio 6 Makcu-
MaJibHy HAONMKEHICTh HAIIOTO €KCIIEPUMEHTY 10
peasbHUX YMOB I'PYHTOBOTO CEPEIOBHIIA, B SKUX
BiZIOYBA€ThCS AECTPYKILS MOITIMEPIB.
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INTOBAJIBHI HACJIIIKW HAKOIIMYEHHSA BA’KKUX METAJIIB
Y IIPICHOBOJHUX EKOCUCTEMAX

Y emammi posenanymo 2nobanvny exonoiuny npoonemy HaKONUYeHHs 8AdNCKUX MeMAie y NpiCHOBOOHUX eKocucme-
max. [Ipoananizosano ocrHo6Hi 0dicepena HaA0X00MHCeHH HeOPeaHIYHUX 3a0PYOHI8AUI8 ) 8000UMU, ceped AKUX NPOGIOHY
POTb 8i0iepaioms NPOMUCTOBE CKUOU, A2POXIMINHULL CINIK, MICbKe 80008i06e0eHHs ma ammocepre sunadinus. Onucano
XIMIYHI hopmu ICHYBAHHS 8ANCKUX MEMALI8 ) B0OHOMY Cepe0sulyl, ixHw miepayito, 6i000cmynHicms ma 30amHicmb
00 Oioaxymynayii U diomacHigixayii. Po3kpumo moxcuuny 0it0 Kaomito, C8UHYIO, pniymi, Mioi, YUHKY, HIKeTO HA 600HI
Opeanizmu, Wo NPoSIGISAEMbCS HA KITMUHHOMY, (DI3I0N02IYHOMY MA RONYIAAYIIHOMY DIBHSX, NPU3B00sIUU 00 NOPYULEHHS
(YHKYIOHYBaANHS OIOYEHO3I8 | BHUNCEHHSL CIIUKOCME eKOCUCIMEM.

Haseoeno konkpemni npuxnaou 3abpyonenns pivox Cakcazamw, Ineyneys, Cynitl, [nicmep, oe 3agirkcosarno nepesu-
WeHHS. PAHUYHO QONYCIUMUX KOHYEeHMpayitl Memanie y 600i, OOHHUX 8I0OKIadax i mxanunax pub. Bucsimieno eunaoku
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Okpecieno nepcnexmugu No0anbuux 00CIi0N#CeHb, 30KpeMa 8 Hanpami po3pooKU YUDPOBUX CUCEM MOHIMOPUHSY, adan-
mMayii MidCHAPOOHUX eKONOSTUHUX CINAHOAPMIE MA BNPOBAONCEHHS THHOBAYIIHUX 3AC00I8 OUUUEeHHS BOOHO20 CepeosUuLlyd.

Kntouosi cnosa: eadxicki memanu, npicHoO800HI eKocucmemu, MOKCUUHICMY, OI0aKYMYIAYia, OOHHI 8i0K1A0U, Heopea-
HiuHe 3a0pyOHenHsl, eKonociuHa be3nexka, MoHImopuHe, 0ioiHouKayis, 60OHI pecypcu.

Svitlana SOVHIRA
Doctor of Pedagogical Sciences, Professor, Professor at the Department of Chemistry and Ecology, Pavio

Tychyna Uman State Pedagogical University, 2 Sadova str., Uman, Cherkasy region, Ukraine, 20300
ORCID: 0000-0002-8742-7773

Olena KOCHUBEI
Doctor of Philosophy, Lecturer at the Department of Chemistry and Ecology, Pavlo Tychyna Uman State

Pedagogical University, 2 Sadova str., Uman, Cherkasy region, Ukraine, 20300
ORCID: 0000-0002-5047-6694

112



[Ipobnemu ximii Ta crajoro po3Butky, Bum. 2, 2025

Nataliia DUSHECHKINA

Candidate of Pedagogical Sciences, Associate Professor, Associate Professor at the Department of Chemistry,
and Ecology Pavlo Tychyna Uman State Pedagogical University, 2 Sadova str., Uman, Cherkasy region,
Ukraine, 20300

ORCID: 0000-0002-4203-7122

To cite this article: Sovhira, S., Kochubei, O., Dushechkina, N. (2025). Hlobalni naslidky
nakopychennia vazhkykh metaliv u prisnovodnykh ekosystemakh [Global impacts of heavy metals

accumulation in freshwater ecosystems]. Problems of Chemistry and Sustainable Development,3,112—117,
doi: https://doi.org/10.32782/pcsd-2025-2-14

GLOBAL IMPACTS OF HEAVY METALS ACCUMULATION
IN FRESHWATER ECOSYSTEMS

The article considers the global environmental problem of the accumulation of heavy metals in freshwater
ecosystems. The main sources of inorganic pollutants entering water bodies are analyzed, among which industrial
discharges, agrochemical runoff, urban drainage and atmospheric precipitation play a leading role. The chemical forms
of the existence of heavy metals in the aquatic environment, their migration, bioavailability and ability to bioaccumulate
and biomagnificate are described. The toxic effect of cadmium, lead, mercury, copper, zinc, nickel on aquatic organisms
is revealed, which manifests itself at the cellular, physiological and population levels, leading to disruption of the
functioning of biocenoses and a decrease in the stability of ecosystems.

Specific examples of pollution of the Saksagan, Ingulets, Supii, Dniester rivers are given, where exceeding the maximum
permissible concentrations of metals in water, bottom sediments and fish tissues was recorded. Cases of toxic pollution
of water bodies in China, India, the USA and other countries are highlighted, confirming the global nature of the problem.
Modern methods of research and monitoring are analyzed, including atomic absorption spectrophotometry, bioindication
and geoinformation mapping. The need for an integrated approach to minimizing environmental impacts is emphasized,
which involves a combination of technological solutions, regulatory regulation, ecosystem management and intersectoral
cooperation.

Prospects for further research are outlined, in particular in the direction of developing digital monitoring systems,
adapting international environmental standards and introducing innovative means of purifying the aquatic environment.

Key words: heavy metals, freshwater ecosystems, toxicity, bioaccumulation, bottom sediments, inorganic pollution,
environmental safety, monitoring, bioindication, water resources.

AKTyalbHicTh 1poOiemu. HaxomuyeHHs IO CTaBUTH IIiJ] 3arpo3y HE JIMIIE 30epeKeHHS
BOKKMX METANlIB Yy MPICHOBOJHUX CKOCHCTE-  OIOpPI3HOMAHITTS, a W Oe3MeKy MUTHOTO BOJOMOC-
Max € OHIEI0 3 HAUTOCTPIMUX TIOOANBPHUX €KO-  TadaHHS Ta 370poB’s joauHu. KpiMm TOrO, TINO-
JoriuHuX 3arpo3 ceorogeHHs. Lli HeopraniuHi  OanbHUN XapakTep HHUPKYISIIT BaXKKUX METaIiB
3a0py/iHIOBaul MaroTh 3[1aTHICTh A0 TpuBajoro Yy Oiocdepi morpebye MiKHAPOJHOIO MiAXOLY 110
30epekeHHsI Y BOIHOMY CEPEIOBHINI, OCAIOBUX  MOHITOPUHTY, PETYIIOBAHHS 1 BIIPOBA/KCHHS TEX-
BIIKJIaax 1 TKaHWHAX J>KMBUX OpPTaHi3MiB, IO  HOJIOTIH OYMIICHHS BOJM.

CTBOPIOE TIEPEIYMOBH JJsi X JOBIOTPUBAIIOTO HaykoBe  mocmiukeHHS — 3aKOHOMipHOCTEH
BIUIMBY Ha €KOCHCTEMHI Mpouecu. Baxkki metanu,  NOIIMPEHHs, HarpOMa/OKEHHS Ta HACIHIJKIB HpU-
30KpeMa pTyThb, KaJMiid, CBUHEIb, MiJlb, IIMHK Ta  CYTHOCTiI Ba)XKHMX METAJIB Yy IMpPICHOBOIHUX EKO-
HIKeJIb, BUSBIISAIOTH BHUCOKY TOKCHYHICTh HaBITh  CHCTEMax € HAA3BHYANHHO BAXJIMBUM JUIS PO3-
y HE3HAUHUX KOHIEHTpAIisiX, Mopymyoun (izio-  poOKM cTparerii OXOpOHU JOBKLLIA, popMyBaHHS
soro-0ioximiuHi QyHKIIT BogHOT (riopu Ta GpayHn,  eKOJOTiYHOI TOJIITUKM Ta BIPOBADKEHHS MpPaK-
CIPUYHUHSIIOUN Oil0aKyMyJsIito Ta OloMarHipika-  THYHUX 3aXOMiB 3 peaOuTiTaIii BOAHUX 00 €KTIB.
IO B Xap4OBUX JIAHI[IOTaX. CuctemHuit anani3 1iei npoOieMu J03BOJISE CTBO-

Oco0nuBOi  akTyasllbHOCTI mpoOiemMa HaOy-  PUTH IHTETPOBAaHY EKOJIOTIYHY MOJAETbh OLIHKU
Ba€ B YMOBAaX IIOCWICHHS QHTPONOTCHHOTO  PHU3HKIB 1 repeadaueHHs JOBrOCTPOKOBUX HACHIJI-
TUCKYy — IHAyCTpiaji3ailii, IHTCHCHUBHOTO CUIb-  KiB 3a0pyJHCHHS, IO 3yMOBJIIOE HEOOXIIHICTH
CHKOTOCIIO/IapPCHKOTO BUPOOHMIITBA, ypOaHizalii  MDKIMCHMIUTIHAPHOTO MiAXOLY — 3 ypaxXyBaHHIM
Ta 3MiHM KiiMaty. [IpicHOBOAHI pecypcu aenmaiai — XiMIYHHX, Oi0JOTIYHHMX, TE€OSKOJIOTIYHUX Ta COIli-
OlnbIe 3a3HAIOTh TEXHOTCHHOTO HABAHTAKEHHSI,  aJbHUX ACIEKTIB.
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AHaNi3 OCTaHHIX JOCTiIKeHb i myOsikamiii.
OctaHHi HayKOBI JOCIHI/DKEHHS IiIKPECIIOIThH
CepHO3HICTh MNPOOIEMH HAKONMYEHHS BAXKKUX
METaJiB y TPICHOBOJHHX €KOCHCTEMax Ta iXHii
BIUTUB Ha OI1OTYy 1 3I0pOB’S JIFOAMHH. 30KpeMa,
KOMIUIEKCHHI OIJISJ] TOKCUYHUX BAXKKUX METAIIB
y BOIHHMX CHCTEMax aKIEHTYE Ha II00AIbHOMY
XapakTepi I[bOro 3a0pyAHEHHS Ta HOTo 3arpo3i IIs
BOJHHMX €KOCHCTEM 1 JIFOACTBA.

VY nocnimkeHHi, OnmyOJiKOBaHOMY B JKypHalli
Environmental Toxicology and Chemistry, po3-
IJISIIA€ThCS BIUIMB BAKKUX METANTiB Ha BOAHI
OpraHi3MH Ta OLIHIOETHCS PHU3UK ISl JEOJCHKOTO
3JI0POB’S, IMJKPECIIOIYA HEOOXIIHICTh IMOCTIM-
HOTO MOHITOPHHTY Ta YNpaBIiHHSA 3a0pyIHCHHIM
JUIS 3a0€3IeUeHHsI CTAJIOT0 PO3BUTKY MOPCBKUX
€KOCHUCTEM.

OxpeMi AocCHiUKeHHS (OKYCYHOTbCS Ha KOH-
KpeTHUX perioHax. Hampukman, anami3 3a0pyn-
HeHHs piuku Ctup B VYKpaiHi BHUSBHB 3HA4HI
KOHIIEHTpalii Ba)XKUX METaliB, 30KpeMa IHHKY,
KaJMIil0 Ta CBHUHIIIO, IO II0B’SI3aHO 3 JISVIBHICTIO
PiBaencbkoi AEC. Ile migkpecitoe BaKIMBICTb
perioHaJIbHUX JTOCIIJKEHb JIJIsl pO3YMIHHS JTOKaJIhb-
HUX JDKepes 3a0pyIHEeHHs Ta iXHbOTO BIUIMBY Ha
€KOCHCTEMH.

Kpim Toro, gocnimxenns, nposeaene B [lakuc-
TaHi, BUSBWJIO HAKONMYEHHS BAaXXKHUX METAJiB
y TKaHWHaX pHO Ta MTaxiB y BOJOCXOBHINI MaH-
I1a, 0 CBIQYUTH MPO TOTEHIIHHI PU3UKH IS
XapyOBOTO JIAHITIOTA TA HEOOX1THICTH KOHTPOITIO 32
SIKICTIO BOZIH.

BaxxmBo 3a3Ha4ynTH, M0 3MiHA KITIMaTy TaKoX
BILJIUBA€ Ha MOOUIBHICTh BaXKKUX METAJIB y BOI-
HUX cuctemax. JIOCTiKeHHS B TIPCBKHX pidKax
Konopano mokasano, 1o migBUIIEHHS TemIepa-
TYpPH CIIPHsI€ BUBUILHEHHIO TOKCHYHHUX METAJiB,
TaKHUX SK MiJlb 1 IMHK, Yepe3 TAaHEHHS ITiJ36MHOTO
JBOJY.

TakuM 4YWHOM, CydYacHi MJOCTIKEHHS TMil-
TBEPKYIOTh, 1[0 HAKOIMHMYCHHS BAKKHX METAIB
y TIPICHOBOAHHMX E€KOCHCTEMaxX € OaraTorpaHHOo
po0IeMor0, 1110 BUMArae KOMILJIEKCHOTO ITiIXOY,
BKJIFOYAIOYM TIOCTIMHUN MOHITOPUHT, PO3POOKY
CTpareriii 3MeHIICHHs 3a0pyIHEHHS Ta Bpaxy-
BaHHs BIUIMBY 3MIHM KJIIMaTy Ha MOBEIIHKY LUX
3a0pyaHIOBaYIB.

Merta nocjiigaeHHs1 — CHCTEMHMI aHaJIi3 IJ10-
0aTbHUX EKOJIOTIYHUX HACIHIJKIB HAKOIHMYCHHS
BOXKMX METaliB y HPICHOBOJHHX EKOCHCTEMaX,
30KpeMa iIXHbOTO BIUTMBY Ha 010TY, SIKICTh BOJHOTO
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CepeIOBUILA Ta 310POB S JIFOANHH, @ TAKOK BU3HA-
YeHHS OCHOBHUX JKEpesl 3a0pyqHEHHs, MEXaHi3-
MIB PO3MOBCIO/DKEHHS Ta CIIOCOOIB MiHIMi3amii
HETaTMBHOTO BIUIMBY 3 YPaxyBaHHSM Cy4YacHUX
HAYKOBHX ITiIXOJIIB 1 MI?>KHApOTHOTO JOCBIIY.

BukJia 0CHOBHOTO MaTepiay 10CTizKeHHs].
Baxki meranu € OJHMMHU 3 HAWMOIIMPEHINX
1 HaitHeOe3meyHI X 3a0py/IHIOBAYiB y TIPICHOBO/-
HUX EKOCHCTEMaX, 1[0 CTAHOBJIATH JOBIOTPHBAIY
3arpo3y sl JKMBHUX OpPraHi3MiB, SIKOCTI BOJHHX
pecypciB, GyHKIIIOHYBaHHS 010I[CHO31B Ta OE3MEKU
JIIOZICBKOTO 37I0pOB’s. IX CTifiKicTh 10 po3KIay,
30aTHICTh 10 HAKONWYEHHS, BUCOKA TOKCHYHICTb
HaBITh Yy CIIJIOBUX KOHIIEHTpPAIIsIX 1 IIUPOKHIA
CIEKTp JKepes HAAXOKESHHS 3yMOBITIOIOTh TIepe-
xia i€l mpobnemu 3 KaTeropii JOKaJIbHUX JI0 TIIO-
OanpHux (Zhang, Wang & Shi, 2021). OcobmuBoi
aKTyaJbHOCTI BOHa HaOyBae B yMOBaxX 3pOCTaro-
YOro TEXHOTEHHOT'O THUCKY, JeTpajalii MpUpPOAHUX
Oap’epiB, MOPYIICHHS CAaMOOYUCHHX MeEXaHI3MiB
BOJIOVIM 1 3HWJKEHHSI €KOJOIIYHOI CTIMKOCTI €KO-
cucrem (USEPA, 2021).

J1o HAWIMOMMPEHIMNX 1 BOIHOYAC HANTOKCHY-
HIIINX EJIEMEHTIB, M0 HAKOMUYYIOTHhCS y BOJO-
fiMax, Hale)XaThb CBUHELb, KaaMild, PTyTb, Milb,
IIMHK, XpOM, HiKeJlb, BaHa i, MUII IK. BoHM HaJI-
XOISITh y BOJHE CEPEeIOBHIIIE uepe3 Oe3mocepeaHi
BUKUAM 3 MPOMHCIOBUX IMiANMPHUEMCTB, IIAXT,
METaypriiHUX KOMOIHATIB, Pa3oM 3i 3JTUBOBHMH
Ta 1MoOyTOBUMHU CTOKAaMH, arpoOXiMi4YHHM CTOKOM
13 CIIBCHKOTOCIIONAPCHKUX YTifb, IPOCOYYBAHHIM
3 nostiroHiB Ta 3Bajnuil (Pomanenko, KoBanenko &
I'pomosa, 2021), a Takox BHaACHIiIOK aTrMmocdep-
HOTO TIEPEHECEHHA W OCa/DKEHHS MUy Ta aepo-
30/1iB. BiZICYyTHICTh CydacHUX CHCTEM OYHIIEHHS
Ha OaraTbOX MiJNPUEMCTBAX, HU3BKUI pIBEHb
€KOJIOTIYHOTO KOHTPOJIIO, KOpO3is TPyOOIpOBO/IiB
Ta HECAaHKIIIOHOBAHI CKHJM JIMIIE TOTTHOIIOITH
cutyarito (Kim, Park & Lee, 2023).

VY BojoiiMax Baxki MeTalu mepedyBaroTh
y KUIBKOX (opmax: 10HHIH, KOJOimHIN, B KOMII-
JIeKCax 3 OPraHiYHMMH PEYOBHHAMHM a00 B CKIIAJi
3BOXCHUX 4YAacTOK. Y JOHHHMX BIJKIAJaX BOHH
MOXYTb YTBOPIOBATH MaJIOPO3UMHHI CIIONYKH, SIKi
30epiraroThCsl TECATHIITTAMU W CTaHOBISTH BTO-
pUHHE JpKepeno 3a0pynHeHHs. 3a 3MiHH (Di3HKO-
XIMIYHUX yYMOB — KojuBaHb pH, Temmeparypw,
BMICTY KHCHIO — MOXIJIMBE ITOBTOPHE BHUBLIb-
HeHHsS MeTautiB y Bony (Gumenyuk, Melnychuk &
Rybak, 2022), ocobnuBo mij yac maBoAKiB, mepe-
cuxaHHs 4y eBTpodikaiii. Came 11e# mporiec 9acto
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CIIOCTEPITaeThCs B YMOBaX 3MIiH KIIIMary, KOJIH
MOTOJIHI aHOMAJTii CIIPUSIOTH PI3KOMY TOPYIIEHHIO
rigpoximiunoi piBHoBaru (Kim, Park & Lee, 2023).

bionoriunuii eexkr BaKKMX MeETaJiB MpPOsB-
JSETHCS Yepe3 iX BIUIMB Ha KIITHHHI CTPYKTYpH,
TeHeTUYHMI Marepial, (epMEHTHI CUCTEMH, Trop-
MOHAJILHUH OanaHc Ta iMyHiTeT. Y pub crocrepi-
raeTbCs ypaKeHHs 3g0ep, MediHKH, HUPOK, HAKO-
MUYEHHS METaJiB y M’si3aX, 10 3HUKYE 3IaTHICTb
JI0 PO3MHOXKEHHS. Y (DITOTUIAHKTOHI TaJlbMYy€EThCS
¢dorocunTes i 6iocunTe3 OinKiB (Cepena & ['onua-
pyk, 2021). BcranoineHo, 1110 B TKaHUHAX KOPOIIa,
BHJIOBJICHOTO B HWXHIiH Tewil J[Hinpa, BMiCT Kaj-
MII0 IepeBUILYBaB JoIycTuMi piBHI y 3,4 pasmy,
a 'y IIyKH — CBUHLIO y 4,7 pazu. Y MOJIOCKIB POy
Dreissena, sKi TIHPOKO BHKOPUCTOBYIOTHCS SIK
O101HIUKATOPH, BUSIBICHO BHCOKY KOHIICHTPAIIIIO
PTYTi, IO KOPEJO€ 3 IHTEHCUBHICTIO 3a0pyTHEHHS
npwiermux ocanis (USEPA, 2021).

3rigHo 3 OararopiyHUMH CHOCTEPEKEHHSIMHU,
Bomoiimu llenTpanbHoi Ta CxigHOi VYkpaiHu
€ 30HaMH TiABHUINEHOTO pu3uKy. Y piukax Cak-
caranp, Iarynenp, Pocsk, Ilcen, Cyna ¢ikcyroTbes
nepesumienns [JIK 3a migao, nuHKOM, Kaj-
Mmiem (Maxkapuyk & binmoyc, 2020). Hampuknan,
y 2021 poui B paitoni M. Kpemenuyk y Boxi /JlHi-
npa Bussneno 0,064 mr/av® mini Ta 0,012 mr/am?
CBUHI[IO, IO VY/ABIYl TEPEBUIIYE HOPMATHBH.
VY 2022 poui B paiioni I'pebinku y piumi Cyna
piBeHb kaaMmio y Boai cranoBuB 0,006 Mr/am’,
a B JOHHHUX BIAKJIagax — rmoHaz 2,9 Mr/kr. Auaio-
riuno, y piuni Cymnii B mexxax Yepkacbkoi o0acTi
(ikcyBaJIM BMICT IIMHKY B JOHHUX 0CaJIax Ha PiBHI
270-310 Mr/kr, mo CBIAYUTH PO OararopiyHe
HaKOITMYECHHS.

Ha MixHapogHOMY PiBHI CUTYallisl TAKOXK KpH-
TU4HA. Y 0aceiiHi piuku ["aHT mOpivHO 3 MPOMUC-
JOBUX pairioHiB [Hxaii HagxomuTh moHan 500 TOHH
ceuHLo, 200 ToHH kaaMiro Ta moHax 100 ToHH
pryTi. ¥ Kurai, B paiioni Xy0Oeii, B ocamax piuoxk,
IO BIAJAIOTh y SIHI3MIBSH, BUSBICHO KOHIICH-
Tpanii kaaMmiro Ha piBHI 15-20 MI/KT, 110 BUKJIH-
KaJI0 MacoOBE OTPYEHHS pUO 1 SHWKCHHS TIOITYJISIIi
BonoruiaBHuX nraxiB. Y CHIA y Benukux o3epax
MPOTATOM OCTAHHIX IECATUIITH JIFOTh OOMEKSHHS
Ha BUJIOB pUOM Yepe3 HAKOIMMYEHHS METHUIIPTYTI —
y AESKHX BHIAJKaxX MOHAJ | MI/KT y M’s30BiH TKa-
HUHI JococeBux. lle Ge3mocepenHbO BIUTHHYIIO
Ha €KOHOMIKY PHOHOTO TOCIOAApCTBa, PEKPEallito
1 HaBITh PiBEHb 3aXBOPIOBAHOCTI Ha HeWpoaereHe-
paTuBHI XBOpOOH y MpHOEPEKHUX perioHax.
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Baxki MeTanu TakoX YUHSTH OMOCEPEIKOBa-
HUW HEraTWBHUH BIUIMB Ha €KOCHUCTEMU — IMOPY-
IIYIOTh KOJIOOOIT OIOTeHIB, CTUMYIIOIOTH €BTPO-
¢ikarito, MiBUIIYIOTh CTIHKICTh 1O aHTHO10THKIB
y BOJHI! MiKp0OiOTi, MPUTHIYYIOTh MPOIIECH CAMO-
OYMINEHHS. Y TO€THAHHI 3 MIKPOIUIACTUKOM Ta
OpTraHiYHUMU 3a0pyJAHIOBaYaMH BOHU (OPMYIOTH
CKJIaJHI TOKCHYHI KOMIUIEKCH, SKI Ba)KKO IIi/ia-
IOTHCSI OYHIICHHIO. YCE 1€ CYTTEBO 3HMKYE EKOJIO-
TIYHUN TTOTEHIIIall BOIOWM, 0OMEXy€e MOXKIUBOCTI
BUKOPHUCTAaHHS BOAM JJIsI NMUTHUX TOTped, 3po-
HIEHHS, IPOMHCIIOBOCTI, prbabCcTBa Ta TYPU3MY.

Y Mexax JocHipKeHHs Oylo 3acTOCOBaHO
aTOMHO-a0copOIiiiHy CHeKTpohOoTOMETpito, Tif-
pOXiMiYHE 30HIYBAaHHSA, CIIEKTPOQIYOPUMETPItO,
OiloTecTyBaHHs 3 BUKOPUCTaHHIM Daphnia magna
ta Chlorella vulgaris. 1le n103BOMWIO BU3HAUNTH
3aKOHOMIPHOCTI MPOCTOPOBOTO Ta CE30HHOTO
PO3MOAUTY METaliB, OMIHUTA PU3HMKH JUIS O10TH
i chopmyBatn kKaptu 3a0pyaHeHHS. Y 30HaX
BIUIMBY TEXHOTEHHHUX JDKEpeN BHSBICHO CTiiiKe
MiJBHIEHHS (POHOBMX PIBHIB Ha BIJCTaHi 0
10—15 kM yHU3 3a Tevi€ro.

OTpuMaHi pe3yibTaTd CBiT4aTh MPO HEOOXi-
HICTh (POPMYBaHHS CKOJIOTIYHOI MOJIITUKA HOBOTO
TUIy — OpIEHTOBAaHOi Ha 3amoOiraHHs, a He Ha
JiKBimaIito HachuiakiB. HeoOXigHO po3mmproBaTH
CHCTEMY JIEPXKABHOTO MOHITOPUHTY, BJIOCKOHAJIFO-
BaTU 3aKOHONABUYy 0asy, BIPOBAKYBAaTH €KOCHC-
TEMHUI MiIXi1 10 YOpaBlIiHHS pIYKOBUMHU Oacei-
HaMHM, IHTETPyBaTd MPOCTOPOBE IUIAHYBaHHS,
cTBOproBaTH Oy(depHi 30HU Ta JaHAAPTHO-TI/I-
pOJIOTIYHI eneMeHTH ekomepex. OcoOmuBoro 3Ha-
yeHHd HaOyBa€ MIKCEKTOpajibHA CIIBIIpals MK
HAyKOBHUMH YCTaHOBaMH, I'POMAJCHKICTIO, Oi3He-
COM Ta OpraHaMH BJIaJIM, a TAKOXK aKTHBHA y4acTh
VYkpainu B pearnizamii MibkHapogaux yron (Bomna
pamkoBa aupektuBa €C, Konsenmis Ecro, SDG—
2030 Tot0).

BHCHOBKH i IepcrnieKTHBH MOJAJTbIIUX 0CTi-
JKeHb. HakormuueHHsT BaXKKHX METaNiB y MPiCHO-
BOJITHUX €KOCHUCTEMax € CKJIAJIHOK MIKIUCIIHILII-
HApHOIO MPOOJIEMO0, IO M€ TIIMOOKI EKOJIOTIvHi,
coIfiaibHi Ta eKOHOMIYHI HacHiAKU. JlocmipKeHHS
CBiT4aTh, MO IIi 3a0py/IHIOBaYl aKTUBHO ITUPKY-
JIOIOTh y rifipocdepi, akyMymIrOIOTbCS B JIOHHUX
BiJIKJIa/IaX, TKAHWHAX TiAPOOIOHTIB, MPOHHUKAIOTH
y Tpo(iyHi JaHLIOTH U MOTEHILIHHO 3arpOKyIOTh
3I0POB’ IO JIFOAWHU. Y BOAOWMaxX YKpaiHu Ta CBITY
(bIKCYIOTbCS pEryJsipHI BUIAIKU TIEPEBUIICHHS
JIOTTYCTUMHMX PIBHIB CBHHIIIO, KaJMI0, MiJli, IMHKY
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Ta PTYTi, IO MPU3BOIUTH A0 JAerpaaalii 6iopizHO-
MaHITTs, 3MIHU CTPYKTypH 01011€HO31B, 010aKyMy-
TSI TOKCUKAHTIB y puOl Ta 3HW)KEHHS EKOCHC-
TEMHO{ CTIHKOCTI.

BceranoBiieno, mo cydacHi (i3MKO-XiMiuHI
METOM aHaJi3y J03BOJSIOTH AETAIbHO JOCIIIKY-
BaTH TUHAMIKy METaJiB y BOMi, ocagax i Oioo-
riuHuX 00’€KTax, a X moeqHaHHS 3 O10TeCTyBaH-
HSM 1 reoinGopMaIiiHUMU CUCTEMaMH ITiBUIILYE
TOYHICTh OLIHKH €KOJIOTiYHOro pu3uky. [Ipote
npobieMa BaKKMX METaiB BUMAara€ He JIHIIe
HAyKOBOI'O MOHITOPUHTY, @ i IPAaKTUYHUX PILLICHb:
MOJIEpHi3allii OYMUCHHUX CIIOPYI, BIIPOBAIKEHHS
MIPUPOIOOPIEHTOBAHUX TEXHOJIOTIH, (iTopemenia-
i1, HOCUJICHHS €KOJIOTIYHOTO KOHTPOIIO Ta OHOB-
JICHHSI HOPMaTUBHOI 06a3u.

[lepcneKTUBHUMHU ~ HampsiMaMH  TIOAAJBIINX
JOCITI/DKEHB €:

— CTBOpPEHHS TMPOCTOPOBO-YACOBUX MOAETEH
Mirparii BaKKAX METaJliB y Pi3HUX T1POJOTTUHUX
YMOBaXx;

— PpO3pOOIEHHS IHTETPOBAaHUX E€KOTOKCHUKOJIO-
TIYHUX 1HJEKCIB Ui KOMIUIEKCHOI OI[IHKH CTaHy
BOJIOMM;

— JOCIHipKeHHST KOMOIHOBaHOi Jii Ba)KKUX
MeTaiB i3 MikporutacTiukom, [IABamu ta opraniu-
HUMHU 3a0pyIHIOBAYAMU;

— BHBYCHHS TCHETHYHHX 1 MopdodyHKITio-
HAJIBHUX 3MIH y TiApOOIOHTaX MiJ BIUTUBOM XpO-
HIYHOTO METaJIeBOro 3a0pyIHEeHHS;

— ajanTamis MDKHApOJHUX CTaHIAPTIB MOHI-
topunry (WFD, OECD, EPA) no ymoB Ykpainu;

— po3poOka 1udpoBux miarGopMm Ajs yrnpas-
JHHS SKICTIO BOJM Ha OCHOBI BIIKPHTHX IaHHX,
JUCTAHIIHOTO 30HAYBaHHA Ta IHCTPYMEHTIB
HITyYHOTO 1HTEJICKTY.

KomruiekcHmii miaxij 10 BUBYSHHS 1 MiHIMI3a-
11i1 HACJIIIKIB 3a0pYy/THEHHS TPICHOBOIHOTO Cepe/I-
OBMINA BAXKMMHU METallaMH € HEOOXIJHOI yMO-
BOIO JUIS JIOCATHEHHS IIJICH CTajioro po3BHTKY,
30epeKeHHS] BOJHUX €KOCHUCTEM Ta 3a0e3IeueHHs
€KOJIOTIYHOT O€3MEeKH IS JTIOAMHU Ta IPUPOJIH.
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OPTAHI3ZAIISI HAYKOBO-JOCJIJHOI AISIJIbHOCTI JIbBIBCBKOI'O
JAEP KABHOI'O YHIBEPCUTETY BE3INIEKHU ) KUTTEAIAJIBHOCTI
3 YPAXYBAHHSIM BUKJIMKIB IOBHOMACIHITABHOI BINHA

Y emammi 30iticneno ananis inno8ayitiHuX WIAXI6 opeaHizayii Hayko6o-00ciionoi dianvrnocmi Jlbeiecvko2o deporcas-
HO20 yHigepcumenty 6e3nexu HcummeoisibHOCHI 3 YPaXy8aHHIM BUKIUKIE NOBHOMACULIMAOHOT BIlIHU 3 MEMOI0 NiOBUULeH-
H3L AIKOCMI NEO20MOBKU KYPCAHMIB, CIYOEHIMIE Ma CyXauié Kypcié nicis0unioMHoi oceimu. 3 memoio 3a6e3neuents Hay-
K08020, HAYKOBO-MEXHIYHO20 Ma THHOBAYINIHO20 CYNPOBOOY OisibHocmi JlepoicasHol cayscou 3 HA036UYAUHUX CUMYayill
Ha 6a3zi JIb6i6cbk020 0epicasrozo yHigepcumenty Oe3nexu HCUmmeoisibHOCHE AKIMUGHO 6NPOBAOICYIONMbCS PIZHOMAHIMHI
3aX00U HAYKOB0-00CIIOHOT OiNbHOCTI. [HHOBAYIIIHUMU HAYKOBO-OOCTIOHUMU PIlUeHHAMU 6 YHigepcumemi €: HA8UATbHA
npocpama «L{uginbHutl 3axucm 6 ymogax itinuy 0Jia npeodcmagHUKi6 0p2anie 6UKOHABYOI 81a0uU Ma KePiGHUKIB eKCIpeHUX
cnyich 3 peazysanus Ha Haozsuyaini cumyayii €sponeticokozo Coi03y;, HAYKOBO-IHHOBAYIUIHULL YyeHMD OISl OOCTIONCEHHS
ma po3pooKy HOGIMHIX MEXHONO02il 3 MemOoI0 CMBOPEHHS 6e3neK08020 cepedosuya 6 cycninbemai; Llenmp docniodcerns
nodACed!C Y NPUPOOHUX eKOCUCINEMAX, 3aN0YAMKYBAHHS MYIbIMUBEKMOPHOT NIO20MOGKU (CMEopeno Kagheopy npomuminHoi
OisbHOCI, Ha AKil 30ilicHIoEmbCa nideomoska gaxisyie nioposoinie JJCHC Ykpainu na nepuiomy (6axanaspcvkomy)
PIBHI 0C8ImuL; NIYEeH308AHO OCEIMHIO NPOSPAMY NIO20MOBKU Ma2icmpie « Ypaeguints nipomexuivHumu pobomamu ma
NPOMUMIHHOIO OIANLHICMIOY, OP2AHI308aHO NIO20MOBKY 0C0D06020 CKIAY CIYHCOU YUBLILHOLO 3AXUCTY 34 NPOSPAMOIO
«Opeanizayis nipomexHiuHux pooimy, 0peaHiz08aHo HAGYANbLHI IOKAYIL: 0OCMeHCeHHA IPYHIMOB0I 00pocU, 00CMexHCeHHA
micyegocmi Ha 0eOKYNOBAHUX MEPUMOPIAX, 3aXUCT KPUMUYHOT IHPACMPYKMYpU; 0OCMENCeHHs NOKUHYIMUX Mepumo-
pitl). Jlocniooicenns ma ekxcnepumenmu, wo npooosmvCs 8 MeNCax HaAyKO80-00CHIOHOT OIIbHOCMIE, 00NOMA2AOmb Kyp-
canmam, cayxauam i cmyoenmam Yuigepcumemy no2iubaosamu i po3uuprosam ce0i 3HaHHs 8 00CTIONCY8AHI 2TV 3.

Kntouosi cnosa: nayxoso-00CaioHi OisbHICIb, 0EPHCABHA CIYIHCOA 3 HAO3GUUALIHUX CUMYAaYil, KYPCAHMU, HAYKOBO-
IHHOBAYIIIHA OIATLHICMb, HAYKOBL 00 €OHAHHA.
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ORGANISATION OF RESEARCH ACTIVITIES AT THE LVIV STATE UNIVERSITY
OF LIFE SAFETY IN THE CONTEXT OF THE CHALLENGES
OF FULL-SCALE WAR

The article analyses innovative approaches to organising research activities at the Lviv State University of Life Safety
in the context of the challenges posed by the full-scale war, with the aim of improving the quality of training for cadets,
students, and postgraduate course participants. In order to provide scientific, scientific-technical, and innovative support
to the activities of the State Emergency Service, various research initiatives are actively being implemented at the Lviv
State University of Life Safety. The Universitys innovative research initiatives include: the educational programme
“Civil Protection in Wartime” for representatives of executive authorities and heads of emergency response services
of the European Union, a scientific and innovation centre for research and development of advanced technologies aimed
at creating a secure social environment; a Research Centre for Wildland Fire Studies, the launch of multi-vector training
(including the creation of a Department of Mine Action, where specialists of the State Emergency Service of Ukraine are
trained at the first (bachelors) level of education, licensing of the master’s programme “Management of Pyrotechnic
Operations and Mine Action”; training of personnel of the civil protection service under the programme “Organisation
of Pyrotechnic Operations”; the organisation of training sites for: inspection of dirt roads; survey of de-occupied areas,
protection of critical infrastructure; inspection of abandoned territories). Research and experiments conducted within
the framework of scientific activity help cadets, trainees, and students of the University to deepen and broaden their
knowledge in the respective field of study.

Key words: research activity, State Emergency Service, cadets, scientific and innovative activity, scientific associations.

AKkTyaabHicTh npobiaemu. Hayky mopsn i3 BitumsHsHux 3BO 3-mmoMix MpOBITHHX YHIBEpCH-
MHUCTELTBOM, MOPAJIIIO 1 HLJIECIPAMOBAHOIO i€l0  TeTiB cBiTy Tomio (KosznmoBebkwuii, 2012, c. 4).
0COOMCTOCTI HEOOXITHO PO3MIAIATH SK HAWBaX- [linBuIlleHHS SKOCTiI IMiJATOTOBKK  (DaxiBIiB
nuBimy cdepy 3abe3neueHHs ICHYBaHHS IMBI-  Oyab-sIKOi CIIEIiajbHOCTI, 30KpeMa U (axiBIIiB
mizanii (Cuu, 2016). BogHouac HaBiTh y cydac-  jais JlepkaBHOT City:kOM YKpaiHM 3 HaJ[3BHYAii-
HOMY HAyKOBOMY CBITI HeMae eauHoi mo3uuii  Hux cutyanid (JJCHC), miaBuieHHs iMiIKy yHi-
10710 CTaTyCy HAayKH, Ha KBaji(iKaliiiHI BAMOTH  BEPCHTETIB Y PEUTHHIOBIH CHCTeMi mependavae
70 pe3yibTaTiB HAyKOBUX JOCHIIXKEHb 1 CIOCO-  IHTEHCHBHE BUKOPHCTAaHHS TMO3UTHUBHOTO JOCBiAY
0iB IXHBOTO MOJAHHS. Y PO3BUHYTHX JE€p’KaBaX  BITYM3HSIHUX 1 3apyODKHHX YHIBEPCHUTETIB, PO3-
CBITy HAayKOBI OCEpEIKM 3JeOUIBIIOT0 30Cepel-  pOOJCHHS Ta BIIPOBAHKCHHS IHHOBALIMHUX ITiIXO0-
KYIOTBCSl B YHIBEPCUTETAX Ta HAJUICHI CTaTyCOM  JIiB JI0 OpraHi3aiii HayKOBO-IOCIIHOT JisTIbHOCTI
JOCHITHULBKUX LIeHTpiB. Takui miaxia 3ade3ne-  3BO. OmHak HaykoBO-mociigHa AisuibHiCTE 3BO
4yy€e OJHOYACHE MPOAYKYBaHHS HOBHMX HAyKOBUX  sIK II€JArorigna nmpoosaeMa 3aluIlacThCs HeaoCTar-
3HaHb Ta iX €(EeKTUBHYy Mepenadyy MalOyTHIM  HbBO JOCIIIKEHOIO.

(axiBIsaM, 3MaTHUM PO3B’S3yBaTH CKJIQIHI TPO- VY 11bOMy KOHTEKCTi, BapTO TAKOXK 3a3HAYMTH,
OJeMu 3a I0MOMOTOI0 CyYaCHUX HAyKOBUX METO- IO 3 IMOYaTKy BiliHW B YkpaiHi 103 mpariBHUKH
niB 1 texnomnoriit (3auepkoBuuii, Timaes, [lemu-  JICHC 3arunynu, 1 BBa)KaeThCcsi 3HHKIUM O€3Bi-
noB, 2017, c. 136). cTi 1 32 BUNYCKHHWKHU JIBBIBCHKOTO JI€PIKaBHOTO

Sk nouinbHo 3a3Haudae FO. KosznoBeekuit, pop-  yHIBepcUTeTy O€3MEKH KUTTEMISUIBHOCTI BiIaIN
MYBaHHS Ta PO3BUTOK HAyKOBOIO IIOTEHIIAly  CBOE JKUTTS, BUKOHYIOUM CIyOOBHII 000B’S30K.
VYkpainu nepenbadae OHOBJICHHS CHCTEMH Hayko- LI Tpariudi BTpaTu Ime OuTbIIE MiIKPECIIOIThH
BO1 JisibHOCTI Y 3BO, 110 HUHI CyTTEBO BiJIpi3-  Ba)JIMBICTh SKICHOT MiATOTOBKH (DaxiBIliB, HAyKO-
HSETHCS BiJ €BpPONEWChKUX cTaHmapriB. Lle mepe-  BOi MIATPUMKH Ta BJOCKOHAJCHHS OCBITHHOTO
JyCIM: HEIOCTaTHs KIJIbKICTh 4acy, BIABEJCHOIO  IPOLECY B YMOBaX HOBHX BHKJIMKIB 1 3arpo3.
po(ecopChKO-BUKIIAIAIBKOMY CKJIaTy Ha Hay- AHaJi3 OCTaHHIX JOCJHiTKeHb Ta myoOJika-
KOBY JISUIBHICTb, I1I0 HETaTUBHO MO3HadaeThcsd Ha  miill. [IpoGnema HaykoBOi Ta HAayKOBO-IOCIHIiJI-
ixHI} MOTeHUINHHIH NPOAYKTUBHOCTI; HEOCTATHE  HOI AISTIBHOCTI HE € HOBOIO JUIS Cy4acHOI HayKH.
(iHaHCyBaHHs HaykoBoro cexropy 3BO, mo 3Hu-  Tak, HayKOBISMH HIMPOKO BHCBITJICHI NMUTaHHS
XKy€ SIK MOTHBAIIIIO J0 HAyKOBOI JISUIBHOCTI; IEpe-  METOJOJIOTii HayKoBUX nociiukeHsb (B. 3armep-
BAaHTAXXCHHS BUKJIQJa4yiB HABYaJbHO-BUXOBHOIO  KkoBHHH (2017), B. Timaes (2017), B. Jlemunos
i opranizamiifHoro poOoroto, mo excrpamoito-  (2017); 1. JloOponpasosa (2018); O. Pynenxo
€Tbcsl 'y (opMalbHO-3BITHUI Xapakrtep Hayko-  (2018), T. Cuu (2016)), ocobmuBoCTe# opraHiza-
BOI JISUIBHOCTI, 3HIDKYIOUM TUM CAMUM PEHTHHT  1ii HAyKOBUX JOCIIJDKCHb Y Cepi MCHEIPKMEHTY
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ta O0e3neku opranizamii (M. Kozsp (2018; 2024),
I. KoBanp (2018; 2024)) Ta y KOHTEKCTI 3a6e3-
MeYCHHs HamioHanbHUX iHTepeciB (B. Toposwii
(2015)); pO3KpPUTO  TEOPETUKO-METOAOIOTIUHI
OCHOBM MOJEJIOBaHHS HAyKOBOI JAisTBHOCTI
Buioro HapdaimpHoro 3akmany (FO. Koszmos-
cekuii (2012)); BUCBITIIEHO O€3MEKOBY JISUTHHICTD
Kpi3b MpU3My HayKoBHUX nociipkeHb (P. Tpunbko
(2020), B. ®panuyk (2020), 1. Pesak (2020),
A. Canexos (2010), T. Xnepurnpka (2010) Ta in.).
Cepen yueHuX, sKi 30CepeKYIOTh yBary Ha METO-
J07I0Tii HAYKOBUX IOCIHIKEHb Y cdepi HUBLIb-
HOTO 3axucry, ciin Bim3Hauutu [. Koams (2018;
2024), A. Jlutuna, O. [loBctun, B. Tlokamroka,
JI. Pynmenko. BBaxaemo, IO MpeaCTaBICHHS
JIOCBIy HAyKOBO-IOCHIIHOI AisuibHOCTI JIbBiB-
CBKOTO  JIEP)KaBHOTO  YHIBEpPCUTETy Oe3leku
JKUTTEAISIILHOCTI JIMIIIE 30araTuTh 1 JOIIOBHUTD
Cy4yacHY HayKy IHHOBaIliiHUMH IUISIXaMHU OpraHi-
3aiii HayKoBUX nociimkens y 3BO.

MeTo10 cTaTTi € aHaNi3 IHHOBAIIHUX IIIAXIB
oprasizariii HayKoBO-J0CIiHOI AisuibHOCTI JIbBiB-
CBKOTO JIEP)KaBHOTO YHIBEpCUTETY O€3NeKU >KUT-
TENISUIBHOCTI 3 ypaxXyBaHHSIM BHUKJIMKIB ITOBHO-
MaciTabHoOI BIMHM 3 METOIO ITIABUIIECHHS SIKOCTI
MiATOTOBKM KYpCAHTIB, CTYAEHTIB Ta CIIyXadiB
KypCiB MiCISAUILIIOMHOT OCBITH.

Bukuiag ocHoBHOro marepiaJjy. Haykosa i Hay-
KOBO-JI0CIiHA isuTbHICTh Y 3BO € HeBin eMHO0
CKJIaJIOBOIO OCBITHBOI AISNIBHOCTI 1 3.ilCHIO-
€THCS 3 METOIO IHTErpallii HayKoBOi, HaBYaJIbHOL
1 BApOOHMYOT isSUTBHOCTI B CUCTEMI BUIIIOT OCBITH.
TeopeTnuHmii aHami3 Ta y3arajabHEHHS HayKOBUX
JOCTIDKEHb, MPUCBSIYCHUX MOHATTIO «HAYKOBO-
JOCITiTHUIbKA TisTbHICTRY (B. bakymenko (2021),
H. Yana (2021), M. Lenix (2021), Hlumxkina,
O. Hocuper (2014)) nae 3Mory B y3araJibHEHOMY
BUIVISIII pO3MVISAATH Horo sk pyHIaMeHTalbHI Ta
MIPUKJIAIHI HAYKOBI JIOCIIPKEHHS, CIIPSIMOBaHI Ha
OTpPUMaHHS HOBUX 3HaHb Ta TXHE 3aCTOCYBAaHHS;
eKCTIIepUMEHTaJIbHI pO3pPOOKH, 3aCHOBaHI Ha 3Ha-
HHSIX, OTPUMaHUX TIiJI 4ac MPOBEICHHS HAyKOBUX
JOCTI/DKeHb, CTBOPEHHS HOBUX TEXHOJOTIH Ta
iXHE yIOCKOHAJIEHHS. 3arajioM HayKOBO-IOCIiJI-
HUIbKA AisUTbHICTh 3BO 0a3yeThcst Ha CyKyITHOCTI
MPUHIIMINB, TPIOPUTETHUMHU Cepell SKUX TMPUH-
LUTH:

— TIOCTYIOBOCTI Ta BCEOIYHOCTI 3aCBOEHHS
i BHUKOPHCTaHHS METOIIB, TEXHIKM BHUKOHAHHS
HAyKOBHX JIOCHIJKeHb, a TAKOX peaiizamii iXHix
pe3yibTaTiB;
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— TOCHIIOBHOCTI (TIepexia Bil MPOCTOTO 0

CKJIQ/IHOTO) B 3aCTOCYBAaHHI METOJIIB 1 TEXHOJIOT1i
BUKOHAHHS HayKOBHX JIOCIIi/PKEHD;
CHUCTEMHOCTI Ta HACTYIHOCTI HayKOBO-
nocnigHoi poOoTH Ha BCiX eramax (Kypcax)
HABYaHHS 3 JIOTIYHUM YCKJIQJHEHHSM METO/IB
1 popM HayKOBOT JisSUTBHOCTI KYpCaHTIB, CTYJICHTIB,
CITyXadiB;

— KOMIUIEKCHOCTI Ha OCHOBI IIMPOKOTO BHKO-
pHCTaHHS HAyKOBHX, HAyKOBO-TEXHIYHHX, Hay-
KOBO-JIOCTIIHUX 3HAHb 1 HABUYOK, & TAKOXK IXHBOI
peaJizaii.

CtpykTypa HayKOBO-TOCHIAHUIBKOT  JIisIb-
HocTi y 3BO € CyKymHICTIO TaKuX KOMITOHEHTIB:
MOTHUB, MeTa, 00’ €KT, Tporiec, npoaykt (Opraniza-
Iisl HAYKOBUX JOCIIKEHb Y cepl MEHEHKMEHTY
Ta Oe3meku opranizarii, 2022, c. 123). 3a6e3rme-
YEHHS aKTUBI3allil HAyKOBO-10CHIJHUIBKOT AisiIb-
HOCTI Tiependadae Jil0 CHCTEMH 00 €KTUBHUX
1 cy0’ eKTUBHUX YMHHHKIB. OO0’ €KTUBHUMH MOTH-
BYIOUMMH YWHHHKAMHU HayKOBO-JOCIHITHOT AisiIb-
HocTi B 3BO € HasiBHICTh CEpEeIOBHUIIIA, 1110 CTUMY-
JIIO€ THTEepeC 70 HAyKOBOI JISUTBHOCTI; CTBOPEHHS
Cy4yacHOI MaTepialbHO-TEXHIYHOT 0a3u /I 3aHSTh
HAYKOBOIO JIISUTbHICTIO; 30aradeHHs 3MiCTOBOT yac-
TUHU TPOTpaM MiATOTOBKH CTYIAEHTIB J0 TIpOBe-
JICHHS HAyKOBUX JOCII/KCHb, IO Peati3yloThCs
K y (opMi OKpeMUX HaBYAJIbHUX JAUCUHUIUIIH Ta
y ¢opmi OIOKy TeM, CHpsMOBaHUX Ha (Gopmy-
BaHHS HAyKOBO-JIOCIIIHUIIBKAX KOMIIETEHTHOC-
Tell y HABYAJIbHUX AMCLUIUTIHAX, 10 BUBYAIOTHCS.
Jlo cy6’exmusHux uuHHUKIG HAJICKUTH HASBHICTH
B 3BO HayKoBHX IIKiJ i KOMIIETEHTHUX BUKJIaJa-
YiB-JIOCJIIIHUKIB, TOTOBUX J0 HAaBYaHHS HAyKOBO-
NOCHIMHUIBKOI MIsUIBHOCTI Ta 3a0e3meueHHs il
HACTYITHOCTI B MEKaX HayKOBOI IIIKOJIH.

Yomy K BaxKJIMBa HAYKOBO-JIOCJIITHA AiSUTbHICTh
3BO? [i sHauymticTs mossrae B ToMy, 1o MaioyT-
Hii ¢daxiBenp JICHC mae OyTH MiATOTOBICHHIA
JI0 JOCTIIHHUIIBKOT MiSTIBHOCTI, SIKa 30pi€HTOBaHA
Ha 3aCTOCYBaHHS HAayKOBHX 3HAHb y IPOEKTHO-
KOHCTPYKTOPCBKIii Ta BHUPOOHUYO-TEXHOJOTIUHIH
YaCTHHI CITy>k00BHX 000B’s13KiB. HaBU4KM m0CITiI-
HUIBKOI POOOTH JOMOMAararoTh Yy MOBCSIKICHHIN
TUSUTBHOCTI  PATYBAJIBHUKIB BH3HA4YaTH YMOBH
BUKOHAHHS 00MOBOTO 3aB/IaHHSI, BU3HAYATH BIIACHY
OIEPAaTUBHO-TAKTUYHY IMO3UIiI0, OOIPYHTOBAHO
BIJICTOIOBAaTH ii, po3poONIATH Ta BIPOBAHKYBaTH
KOMIUIEKC 3aXOJiB II0A0 3a0e3reueHHs] Oe3MeKH
KUTTETISUTBHOCTI. 3 OISy Ha 116, OCHOBHUMH
3aBJaHHSMH Ta HampsIMaMH HayKOBO-JOCIIIHOT



[Ipobnemu ximii Ta crajoro po3Butky, Bum. 2, 2025

NisuTbHOCTI JIBBIBCHKOTO JIEpP)KaBHOTO YHIBEpPCH-
TeTy O€3MEeKH KUTTEAISUIBHOCTI €:

1) y4actsb y (hopMyBaHHI PIOPUTETHUX HATIPSI-
MIB Ta TIPOBEJCHHS MPUKIAJIHAX HAYKOBUX JTOCITi-
JDKEHbB, @ TAKOXK peaji3allisi IHHOBAI[ITHUX MTPOEKTIB
y raiy3i 3a0e3nedeHHs] OKEXKHOI Oe3MeKH, more-
PEIDKCHHS Ta JTKBIIAIlT HA3BUYAMHUX CUTYaIlil;

2) MOCHIIKEHHS TOXKEKHOI Hebesneku Oyi-
BEIBHUX KOHCTPYKIIif, pPEUOBMH 1 Marepialis,
BUNPOOYBaHHS MPOIYKILIT OXKEKHO-TEXHIYHOTO Ta
PATYBAIBHOTO MPU3HAYEHHS], @ TAKOXK OLIIHKY B1JIIO-
BIJTHOCTI CHCTEM 3aXHCTY BiJI TOKEXK Ta IHIINX BUIIB
Ha/3BUYaiiHKUX cutyanii (Kosnoserkuii, 2012);

3) AOCHIJDKCHHS TOXKEXK Ta IHIIUX BHJIIB
HaJ3BUYAMHUX CHTyallid, a TaKOX 3IIHCHCHHS
MOXKEKHO-TEXHIYHUX SKCIICPTH3;

4) po3poOIieHHsI Ta BIOCKOHAJICHHS TEXHIYHUX
periiaMeHTiB, CTaHIapTiB, HOPM, MTPABUII Ta THIINUX
HOPMaTHBHHUX JOKYMEHTIB y Taly3i IOXKEKHOL
Oe3rexku, 3amo0iraHHs Ta JIKBIgaIii Haa3BUYal-
HUX CHTyallid, a TakoX 3a0e3reueHHs OXOPOHH
3I0pOB’s Ta Mpaii 0COOOBOTO CKJIaay IMOXKEKHO-
paTyBanbHUX Mmigpo3aiunie (Ppanuyk, [TpuryHos,
Menbnauk, 2017, ¢. 155);

5) 3nmilicHeHHS B3aeMOJii 3 OCBITHIMH, Hay-
KOBO-JIOCTI/IHUIMU yCTaHOBaMHU Ta BUPOOHUYNMHU
MiANPUEMCTBAMHU, a TaKOK PO3BHTOK MIKHApPOI-
HUX 3B’A3KIB 3 TPOBIAHUMH HAyKOBO-IOCIIITHUMH
yCcTaHOBaMH 3apyODKHHMX KpaiH 3a HampsMamu
JUSUTBHOCT] YHIBEPCHUTETY.

OcHoBHOIO ~ (OPMOIO  HAYKOBO-JIOCIiAHOT
pOoOOTH KypCaHTIB, CIIyXauiB 1 CTY/IEHTIB B yHIBep-
CUTETI € iXHS ydacTh y poOOTi HayKOBUX OpraHi-
3alil, AKi QyHKII0OHYIOTh y JIbBIBCHKOMY /1eprKaB-
HOMY YHIBEPCHUTETI O€3MEeKH KUTTETISUTBHOCTI, 110
CTBOPIOIOTHCS Ha 0asi kadenp, HaBYATBHO-HAYKO-
BUX KoMIuliekciB (Opranizalfisi HayKOBHX JOCIIi-
JOKEHb y cepi MEeHeKMEHTY Ta Oe3reKku opraHi-
3arii, 2022). Tak, OCHOBHMMH LIUJIIMHU Ta 3aBIAHHS
HayKOBUX KOMIUJIEKCIB KypCaHTIB €:

— CHpHUSHHSA B peaji3allii npaB KypCcaHTIB, CTy-
JICHTIB, CITyXadiB Ha 31MCHEHHS HayKOBO-OCIIi/I-
Hoi nistmbHOCTI (I'opoBuit, 2015);

— CTBOpPEHHS YMOB JUJIsl PO3BHTKY HAyKOBOL
TBOPYOCTI Ta iHTETparIlii B HAyKOBO-OCBITHII TIpO-
CTIp KYPCAHTIB, CTY/I€HTIB, CIIyXauiB;

— 3aJly4eHHsS TaJaHOBHTOI MOJOJAI B HAayKOBY
cdepy;

— BJIOCKOHAJICHHS HABUYOK KYpCaHTIB, CTy-
JICHTIB, CIyXayiB Y CaMOCTIilHIA HayKOBO-IOCIIi/I-
HUIBKIA TiSTIBHOCTI,
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— BIPOBAKCHHS PE3yJIbTaTiB HAyKOBO-IO0CII-
HUIIBKOT JISUTBHOCTI KYPCaHTIB, CTYICHTIB, CiIyXa-
4iB B OCBITHI# niporiec yHiBepcuteTy (Cru, 2016).

HayxoBi 00’eHaHHS KypCaHTIB, CTYICHTIB,
cinyxadiB 'y JIbBIBCBKOMY Jep)KaBHOMY YHIiBep-
CUTeTI Oe3MeKu KUTTEMISUIBHOCTI OepyTh ydacTb
B opranizamii eQeKTHBHOI CHCTEMHU 3IIHCHCHHS
HAyKOBO-JIOCJIITHOT JiSUTbHOCTI; 311l CHIOIOTH CITiB-
POOITHUITBO 3 HAYKOBUMH 00’ €THAHHSIMHU KypCaH-
TiB iHmuX 3BO, BUBuUaOTH BITYM3HSHUH 1 3apy-
ODKHMU JIOCBiJl OpraHizamii HayKOBO-IIOCIiTHOT
poOOTH KypCaHTIB Ta CTYIACHTIB 3 METOIO BIIPOBa-
JOKCHHS TIepeIoBUX OPM 1 METOJIIB Y BJIACHY Hay-
KOBO-JIOCHIIHY IisIbHICTD (Ppanuyk, 2020).

3 MeTor0 (hOpMyBaHHS SIKICHO HOBOT CHCTEMHU
3arno0iraHHs Ta JiKBigalii HaA3BUYaWHUX CHUTY-
ariii, 3a0e3neueHHs moxexHoi Oe3neku (Cane-
koB, XneBuilbka, 2010), a Takok 3 MeTOI0 3a0€e3-
NEUYCHHS HAayKOBOTO, HAyKOBO-TEXHIYHOTO Ta
iHHOBauiitHOrO cympoBoay naisnbHOcTi JJCHC
Ha 0a3i JIbBIBCHKOTO JCP)KaBHOTO YHIBEPCUTETY
0e3MeKn KUTTEAISITBHOCTI aKTUBHO BIIPOBAJIKY-
IOTBCSI PI3HOMAHITHI 3aX0AM HAyKOBO-IO0CIITHOT
IUSIIBHOCTI.

Tak, Ha 0a3i yHIBEpCHUTETy pPO3pOOICHO
W BIPOBAKEHO HaB4aJIbHy mporpamy «L{uBimb-
HUI 3aXHCT B yMOBAxX BIMHW» JJISl IPEICTaBHUKIB
OpraHiB BUKOHABYO{ BJIaJ Ta KEPIBHHUKIB EKCTpe-
HUX CITyO 3 pearyBaHHs Ha HaJ3BUYAlHI CUTYya-
mii €spomneiicbkoro Coro3y. MeTow HaBYaIbHOI
nporpamu «l{MBiUTBHMIA 3aXHCTy B YMOBax BiHW
e oOMiH JmocBimoM pobotu miaposainis JJCHC
VYkpaiHu B ymMOBaxX BOEHHOTO CTaHy Ta Hajaro-
JUKEHHSI KOMYHIKaIlil 3 MOXKEKHO-PATYBATbHUMHU
(aBapiitHO-pTYBAJIBHUMH) CITyk0aMu Kpain €Bpo-
MEHCHKOTO COI03Y Ta MIKHAPOIHUMU IMAPTHEPAMHU.
OCHOBHUMH MOZYJISIMH ITPOTPAMH €:

1. Opranizanist 3axo/iB LUBUIBHOTO 3aXUCTY
B YMOBaX BOEHHOTO CTaHY.

2. PearyBaHHs Ha HaJ[3BU4YaliH1 CUTYyaIlii B yMO-
BaX BOEHHOTO CTaHy.

3. Ilcuxonoriyne 3a0e3neueHHs B YMOBAX
BOEHHOT'O CTaHY.

He MeHII BaXXJIMBUM € HAYKOBO-IHHOGAYIUHUL
Hanpsim HAYKOBO-IOCIIAHOI HisibHOCTI JIBBIB-
CBKOTO JIEP>KaBHOTO YHIBEPCUTETY O€3MEKH KHUTTE-
JUSUTBHOCTI, SIKUH CITPSIMOBY€TBHCS HA 10 CIT1DKEHHS
Ta pO3pOOKY HOBITHIX TEXHOJOTIH 3 METO
CTBOPEHHSI O€3MEKOBOT0 CEPEeOBUILNA B CYCIIiIb-
ctBi. OCcHOBHa HOro MeTa — CTBOPECHHS Oe3Iie-
KOBO-OPIEHTOBAaHMX pillleHb I (HOPMYyBaHHS
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CTIMKOTO 0OE3MEeKOBOTr0 CepeloBHIIA (BPaXOBYIOUH
nonoxkeHHst Ctparerii rpomajacbkoi Oesneku Ta
UBIIBHOTO 3axucTy YKpainm). OpieHTOBaHUI
pe3ynbTaT — BIPOBAHKEHHS HU(POBUX IHHOBAIlI-
HUX pillleHb, SAKI MiABUINATh PIBEHb OE3MEKOBOTO
CepeloBHIlla B HAIIi AepxkaBi Ta 3abe3meyarhb
KOJIOHI3AI[II0 CYCIUIBLCTBA 1 PATYBAIBLHUX CITYKO
010 pearyBaHHs Ha HAA3BUYAiHI cUTyarlii (BO€H-
HOTO XapakTepy).

B VmiBepcureri Takox ctBopeHo LlenTp mocii-
JOKEHHS TTOXKEX Y PUPOJHUX €KOCHCTEMAX, OCHO-
BHHUMH HampsMaMu AisTTHOCTI SKOTO €:

1) momaya MPOEKTHUX TPAHTOBHMX IMPOMO3MLIN
B TOMY YHCJi B paMKaX MEXaHi3My IMBLIBHOTO
3axucty €Bponeiicskoro Cor3sy;

2) po3poOKka peKOMEHJAIi IMO0J0 PHU3HKIB
BUHUKHEHHS MIOKEXK HA aTOMHHX cucTeMax B Yop-
HOOWJIBCHKIN 30Hi;

3) BUKOpHUCTaHHA JlabopaTopHoi 0a3u 3aKiajiB
BHUIIO1 OCBITH JJIS CHUIBHUX HAYKOBUX JOCIIKEHb.

Takox 3 omIsIIy Ha NMOBHOMACIITAOHE BTOP-
THEHHS Ta BU3HAHHS YKpaiHW OHI€T 3 HAHOUIbII
3aMiHOBAaHUX KpaiH CBITY aKTyasi3yeTbCs HEOoO-
XIJHICTh TPOTUMIHHOT JISUTBHOCTI. 3 II€I0 METOIO
B VYHiBepcHTETI mependaueHo 3amodaTKyBaHHS
MYJIBTHBEKTOPHOI MiITOTOBKU:

— CcTBOpeHO Kadeapy MPOTUMIHHOI JisTb-
HOCTI, Ha SIKii 3IHCHIOETHCS MiATOTOBKA (PaxiBIliB

niapo3ainie JICHC VYkpainn Ha OakaiaBpChKOMY
piBHI OCBITH;

— JIIEH30BaHO OCBITHIO TIpOrpamy IiJaro-
TOBKM MAariCcTpiB «YIpaBIiHHS MiPOTEXHIYHUMHU
poOoTaMu Ta MPOTUMIHHOKO TiSTTLHICTIO,;

— OpraHi3oBaHO  MIJrOTOBKY  0COOOBOTO
CKJIaay CIIy>KOM IUBUIBHOTO 3aXMCTY 3a MpOrpa-
Mot «OpraHizailis MipoTeXHIYHUX POOIT»;

— OpraHi30BaHO HaBYAJIbHI JIOKAITii: 0OCTEKESHHS
IPYHTOBOI JIOPOTH; OOCTEKEHHS MICIIEBOCTI Ha J1€0-
KyITOBaHUX TEPUTOPISX; 3aXUCT KPUTHIHOI iH(pa-
CTPYKTYpH; OOCTEKEHHS IIOKUHYTHUX TEPUTOPIH.

BucHoBku. B ymoBax akTUBHOT iHTETparlii Kyp-
CaHTIB, CTYJEHTIB 1 CllyXayiB y HayKOBO-IOCIiJ-
HUIBKY JISUTBHICTD PEali3yeThCS MOJKIIMBICTD
JIETAJIBHINIOrO 1 IMOIIOro BUBYCHHS HABYAIBHUX
JICIMILTIH, BUPOOJICHHS TBOPYHMX YMiHb y BHPI-
IIEHHI Pi3HOTO POJIY 3aBAaHb, OCBOEHHS METO/IB
1 hopm poboTH 3 JiTEpaTYpOIO, OBOJIOIIHHS HABH-
YKaMU TPOBEJCHHS EKCIIEPUMEHTAIBHOI POOOTH.
TakuM YMHOM, PO3BUTOK MOTHBAIl KypCaHTIB,
CTYIIEHTIB 1 CIyXadiB 10 HAayKOBO-IOCIiTHUIBKOT
JUSUTBHOCTI € BAYKIIMBOIO YMOBOIO JIJIst (hOopMyBaHHS
PO3YMIHHS 11 3HaYYIIOCTI HE JIMILIE B HABYAJIbHIN
Ta Mi3HABaJIbHIN JTisSUTBHOCTI OCBITHHOTO TPOIIECY,
a i 3aranom y npodeciitHiit qisIbHOCTI MaiiOy THIX
daxiBmiB JlepxkaBHoi ciyxOu YKpaiHu 3 HaJ3BH-
YaifHUX CUTYaILlil.
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Bioaiorpadgiunnii onuc crarri: [ToBoposuiok, O. (2025). Teopetuune oOrpyHTyBaHHS MEAATOTYHUX
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TEOPETUYHE OBIPYHTYBAHHS HEJATOTTYHUX YMOB ®OPMYBAHHS
TOTOBHOCTI MAMBYTHIX CAITEPIB (PO3MIHYBAHHS)
1O MPODECIHHOI TISITHbHOCTI B YMOBAX IHOOPMATHU3 AT

Cymb iHHOBayilIHUX NI0X00I8 Y BIICLKOGIL 0CBIMI — YCHiliHe NOEOHAHHSA HOBUX TMEXHONO02I | MIHAUBUX Ne0ac02iy-
HUX 3aNUmie 8 yMo8ax noGHOMACUMAaOHoi poCilicbKo-yKpaincvkoi silinu. [Hopmayitini mexuonoeii' y eilicokositl oceimi
nepedbauams HOB0BBEOCHHA 8 OPeAHI3AYIl OCBIMU 3 GUKOPUCMAHHAM CYUACHUX MEXHON0IUHUX 3ac00i8, Hacamnepeo
KOMN tomepHoi mexHixu. Y3aeanvHeHo, wo nioeomosky MatlOymuix canepié (DO3MIHY8aHMs), AKi WOOHA OpAMuUMyms
yuacmu y Hebe3neunux Micisix, HeobXioHo 30ilCHIOBAMU HA HATBUWOMY PIiGHi, 4 BUKOPUCMANHS CYUACHO20 0ONAOHAHHS
ma ingpopmayitinux mexuonoeiii 3abesneuams bes3neuniuie ma epexmugHiuie suKoHants podim.Jnsa ybo2o 6 HABUANLHO-
MPEHYBAIbHUX YeHmPax NompiOHo Cmeopumu maxi ymosu, sxi 0 nepeddayanu NOEOHaHHs mpaduyitinoi 6a3060i 3a2anb-
HOBIICbKOBOI NI020MOBKU 3 IHHOBAYIHUMU NPOZPAMAMU BIPNYATLHOI PeaibHOCTI, PO3POOIEHUMU OISt HABUAHHS OCHOBAM
be3neurno2o nosooicensl 3 GuUOyxoHebesneuHuMU npedMemamu i Haguukam pominysanns. Memoio cmammi € oKpecnenns
NepCneKmuBHUX WiiAXie BUKOPUCANHS THHOPMAYITHUX MEXHONO0RI K IHCIMPYMeHmY (popmy8anHs 20mogHoCHi Maudym-
HIX canepig (poaminysanHs) 0o npogheciiinoi disnbHocmi.

Y ecmammi meopemuuno 06IpyHMOBAHO NeOA202iUHI YMOBU YOPMYBAHHSA 20MOBHOCIT MAIOYMHIX canepis (Po3miny-
8aHH5) 00 NPOECiiHOT QIATLHOCII 8 YMOBAX THOOPMAMU3AYIL: 3ATYYEHHS BUKIAOAYLKO2O (IHCMPYKIMOPCHKO20) CKAAOY
i3 O0Ui08UM D0CBIO0M, 3a0e3neyentst 8I0N0BIOHOT MamepianbHO-MEeXHIUHOT 0a3U, B00CKOHANEHHS HAYKOBO-MEMOOUUHO20
3abe3neuents 0CGIMHLO20 NPOYecy; CMBOPEHHS GIPMYATLHO20 OCEIMHBO2O CEPe008UUa NIO20MOBKU MAUOYMHIX canepig
(PO3MIHY8aHHS) HA OCHOGI iHmezpayii iHHOoBayitiHux mexHoaoeil. 1lidcymosano, wo posenadamu oKpecieny npoonemamu-
Ky MOICTIUBO TULde K KOMIIEKC Ne0az02iuHuX YMO8 Y iXHbOMY 83AEMO38 A3KY Ma 63AEMO00N0BHIOBAHOCHI.

Kniwouosi cnosa: inghopmamusayis, HA8UANLHO-MPEHYBANbHUL YeHMpP, MAOYmMHI canepu (PO3MIHY8AHHS), 20MO6-
Hicmb 0o npoghecitinoi distbHocmi, iHGopmayilini mexnonoeii, nedazo2iuni ymosu.
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THEORETICAL JUSTIFICATION OF PEDAGOGICAL CONDITIONS FOR
FORMING THE PROFESSIONAL READINESS OF FUTURE SAPPERS (DEMINING)
UNDER THE CONDITIONS OF INFORMATISATION

The essence of innovative approaches in military education lies in the successful combination of new technologies
and evolving pedagogical demands under the conditions of the full-scale Russian-Ukrainian war. Information technologies
in military education involve innovations in the organisation of education through the use of modern technological
tools, primarily computer equipment. It has been generalised that the training of future sappers (deminers), who will
daily participate in dangerous missions, must be carried out at the highest level, and the use of modern equipment and
information technologies will ensure safer and more effective task performance. To achieve this, training centres should
create conditions that combine traditional general military training with innovative virtual reality programmes developed
to teach the basics of safe handling of explosive devices and demining skills. The aim of the article is to outline promising
directions for the use of information technologies as a tool for forming the professional readiness of future sappers
(deminers).

The article theoretically substantiates the pedagogical conditions for forming the professional readiness of future
sappers (deminers) under the conditions of informatisation: the involvement of teaching (instructor) staff with combat
experience,; provision of appropriate material and technical resources; improvement of the scientific and methodological
support of the educational process, creation of a virtual educational environment for training future sappers (deminers)
based on the integration of innovative technologies. It is concluded that the given issue should be considered only
as a complex of pedagogical conditions in their interconnection and complementarity.

Key words: informatization, training centre, future sappers (demining), professional readiness, information
technologies, pedagogical conditions.

AKTyaJbHicTh npo0iemMu. B ymoBax moOBHO-  MOBHOMAcCIITAOHOI BiffHM He TOIyCKA€ 3HMKECHHS
MacIITabHOi POCIChbKO-YKpaiHChKOI BIMHU MiAro-  ii AkocTi. ToMy NUTaHHSIM MiJBULICHHS e]ek-
TOBKAa MaiOyTHIX BIMCHKOBUX (paxiBIiB, 30Kp€Ma  THUBHOCTI MIJTOTOBKM MaiHOyTHIX camepiB (po3-
i camepiB (po3MiHyBaHHs), HaOyBae OCOONMBOI  MIHYBaHHS) NPUIUIAETHCS 3HAYHA yBara He JIMIIE
3HauymocTi. ToMy Ha CyyaCHOMY €Tari pO3BUTKY B YKpaiHi, a i IPOBIIHUX 3aXiTHHUX JepKaBax.
36poitnux cun Ykpainu (3CY) ocoOnuBi BUMOTH [HmMM BaKJIMBUM YMHHHUKOM 1HTEHCHDIKaIii
BHCYBAIOThCS JI0 piBHA TpodeciiiHoi MalicTep-  MPOIECiB yNpaBliHHS € NMParHeHHs JOCATTH BCe-
HOCTI BiiCbKOBHX (axiBI[iB, SIK1 IOBUHHI BIJIMIHHO  OCSKHOI TIepeBaru Haj MPOTUBHUKOM IIJISTXOM
3HATH MarepiajbHy YaCTUHY 030pO€HHS 1 TEXHIKH,  BHIIEPEPKEHHS HOTro B AisIX 1 BUPOOJIEHH] pillleHb
KOMIIETEHTHO iX eKcIulyaryBatu Ta Matu BHcoKy  (Njeri, 2022, c. 110). Lleit miaxig 6a3yeTbcs Ha
METOIMYHY IMiAr0TOBKY. BonmHouac, 3aBnaHHs mpo-  HEOOX1AHOCTI JOCSATHEHHs iH(opMaliiiHoi nepe-
(eciiiHo1 AISUTBHOCTI canepa nepeadadaioTb BUKO-  Bard, Ha 06a3i mo0anbHOi 1 MaciTaboBaHOT CUTY-
HaHHS 3aBJaHb B EKCTPEMaJbHHUX, HEOE3NEYHHWX  alliifHOi 0013HAHOCTI B pealbHOMY MacmTadi gacy.
JUIS JKUATTSI CUTYyallisiX, Ha BIAKpUTIA MicueBocTi Ha AymMKy HHM3KM aMepUKaHCHKHX BiMCBKOBHUX
HE3aJeKHO BiJ yacy O00M Ta MOrogHux ymoB  (axiBimiB, ¢popmyBanHa 30poitHux cun XXI cro-
(PonixoB, 2015, c. 42). V 1poMy KOHTEKCTI BaX-  JIITTSA MOBHUHHO Bif0yBaTucs He Ha 0a3l HasBHUX
JIMBO, 11100 MaitOyTHI carepu Oy/ny TOTOBUMHU 311i-  cucTeM 30poi (K e BigOyBaeThcs 3apa3), a Ha
CHIOBaTH mpodeciiiHy IisUIbHICT Ha BHCOKOMY  OCHOBI, HepeayciM, iHQopmallii, ska Ja€e 3MOry
piBHi. Lle 3ymMoBIIO€ HEOOXIAHICT MOIIYKY IHHO-  KOMAaHIMpaM MOBHOIO MIpOIO peaii3oBYBaTH IXHI
BaliiHUX (OpM 1 MeTONIB MIAroToBKK MailOyTHix  MoximBocTi (Oladunjoye, Maffattone, Al-Nawal,
camnepiB (po3MiHyBaHHs) 3 ypaxyBaHHAM TeHIeH-  Fasullo, & Clayton, 2022). ToMmy BUKOpHCTaHHS
1iid crpiMkoi iH(opMaTHu3alii BIICHKOBOI CIIpaBM  IHHOBALIMHUX pIMIEHb MIATOTOBKM MaiOyTHIX
Ta CKOPOYEHOTO Yacy MiJTOTOBKM B HaBYaJbHO-  camepiB (PO3MiHYBaHHS), sIKi 0a3ylOThCS HA BUKO-
TPEHYBaJIbHUX LIEHTPaxX. pPHUCTaHHI CydyacHUX 1H(opMaliiHuX Ta HUPPOBUX

I3 mormubnenHsM mporeciB iH(GopMmaruzamii  TEXHOJIOTIH, € HaJ3BUYaHO aKTyaJbHOIO Ta CBOE-
CYCHUIBCTBA PO3LIUPUINCA MOXIIMBOCTI MIJBH-  YAaCHOIO NMPOOIEMOIO.

IIEHHS e(eKTUBHOCTI YNpPaBIIHCHKUX MPOIECIB AHaJi3 oCcTaHHIX AocjigxkeHb Ta myOJika-
y piBHHX cdepax NKUTTeAisIbHOCTI. BiiicbkoBa — miil. AKTYyalnbHICTB JOCIIDKEHHS Mpoliecy Gpopmy-
raiy3b He cTaja BUHATKOM, aJUKe peasibHa HOTpeda  BaHHS TOTOBHOCTI BIMCHKOBUX (DaxiBIiB, 30KpeMa
CKOPOYEHHS BHUTpAaT Ta Yacy Ha NIATOTOBKY I MailOyTHIX camepiB (po3MiHyBaHHS), A0 mpode-
MailOyTHiX camepiB (po3MiHyBaHHS) B YMOBaxX  CIHHOI AISJIBHOCTI MIATBEPUKYETHCS 3POCTAHHAM

125



[Ipobnemu ximii Ta cTajoro po3Butky, Bum. 2, 2025

KUIBKOCT1 JTOCII/DKCHb, TPUCBIYCHHUX I TeMi.
HaykoBiisiMu po3IIsIHYTO 1HHOBAIiMHI TE€XHOIOT{
HaBYaHHS y BWIIIN BificbKOBiH ocBiti (B. ['opOy-
HOB (2021), I. 3miiBebkuii (2021), A. Momna (2017)
Ta iH.), 3AIMCHEHO aHaJi3 CBITOBHX TEXHOJIOTiY-
HUX TpeHniB y BiiicbkoBill cdepi (T. [Tucapenko
(2021)), iHHOBaIIHI aCMEKTH MiATOTOBKHA Mak-
OyTHIX canepiB 3 ypaxyBaHHSAM BUMOT CbOT'OJICHHS
(M. 3ybans (2018), 1. Okinask (2018), A. Okin-
Hsk (2018), B. PoxikoB (2015) Ta iH.) Ta 3 BHKO-
pUCTaHHSIM BipTyasnbHOI peanbHOCTi (JI. XaHnca
(L. Khansa) (2021), E. Caana, (E. Saada) (2021),
P. Maanyd (R. Maalouf) (2021) ta in.), oprani3a-
HiHO-TIeAaroriydi ymoBu (opMyBaHHS (axoBoi
KOMITETEHTHOCTI MaiOyTHIX BICHKOBUX (paxiBIIiB
B YMOBax 1H(QOPMaLiiHO-OCBITHROTO CEPEIOBHIIA
BBH3 (I. lllymkoB (2024). Onnak, He3BaKarOUuu
Ha 3HA4YHYy KIJIBKICTh JOCTiIKEHb, HEIOCTATHHO
BHUBYCHHUM 3JIUIIAIOTHCS MEJaroridHi yMOBH (op-
MyBaHHsI TOTOBHOCTI MaiOyTHiX camepiB (po3mi-
HYBaHHS) 10 NMpodeciitHOi TisSUTBHOCTI B yMOBax
iH(popMaTH3aiii.

Merta cTarTi nossirae B TECOPETUYHOMY OOTpYH-
TYBaHHI IeJaroriyHuX yMOB (POPMYyBaHHS I'OTOB-
HOCTI MalilOyTHIX camnepiB (pO3MiHyBaHHsI) 0 TPO-
(eciliHoi MisTTLHOCTI B yMOBax iH(opMaTH3ariii.

Buxiaa ocHoBHoro marepiany. B ymoBax
BHCOKOPO3BHUHEHUX 1H(MOPMAIIHHUX TEXHOJIO-
Tiif, BUKOPHCTAHHS Cy4aCHHX METOJIB HaBYAHHS
€ HEoOXITHOIO yYMOBOIO HE JIUINIE JJIS PO3BUTKY
Hale()eKTUBHININX METO/IIB HABYaHHSI, a i BIOCKO-
HaJeHHa MeToAiB BuKiIananus (Moua, 2017). Ten-
JeHIIis iHpopmaTr3ailii BIHNChKOBOT OCBITH BUSIBIIS-
€THCSI HE JIUIIE B HACHYCHHI OCBITHBOTO MPOIECY
KOMIT IOTEPHUMH 3ac00aMHu, a B IHTEJICKTyari3arlii
BiICbKOBOI C(epu — PO3BUTKY 1HTEIEKTYaJbHOTO
JIFOJICBKOTO Pecypcy, SIKUI 37aTHUH HE JTUIIE MaHi-
MYJIIOBAaTH TPOTPaMHUM YU arapaTHUM 3a0esrie-
YCHHSIM, @ ¥ CTBOPIOBaTM MareMaTH4Hi, iHQop-
MaliiiHi, KibepHEeTHYHI MOAEI, SIKI PO3IIUPIOIOTH
MOXJIMBOCTI KOMIT'toTepiB  Ta IT-TexHomorii,
Mae 3MOTy Tepekiazatd B iHpopmaliitHy chepy
OuThIIICTh MpodeciitHuX 3aBnaHb (3MIIBChKHIMA, &
T'opbynos, B. (2021)). Indopmariitni TexHomnorii
y MiATOTOBII MalOyTHIX camnepiB (pO3MiHYBaHHS)
nepeadavaroTh HOBOBBEIEHHS B OpraHi3allii OCBITH
3 BUKOPUCTAHHSAM CYYaCHUX TEXHOJIOTIYHUX 3aCO-
01B, HacaMIIepe; KOMIT FOTEPHOI TEXHIKH.

[TinroroBka MaiOyTHIX camepiB (po3MiHYy-
BaHH:), SIK1 II0/IHs OpaTUMYTh y4acTh y HeOe3meu-
HUX MICisiX, Mae OyTH HAaWBHUIIIOTO PiBHS, a CydacHe
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oOmamHaHHS Ta iHGOpMaIliiHI TEXHOJIOT1 3a0e31e-
4yloTh Oe3leyHime Ta e(eKTHBHIiNIe BUKOHAHHS
poOitT. Came TOMy y iXHIii MiATOTOBII HEOOXiITHO
3a0e3Me4YnTH TaKi MeIaroriuii yMoBH, siKi O epe/i-
0ayany MOXKIHMBICTH KypcaHTaM BHIIPOOyBaTH
podi canepa-BuOyxoTexHika i ¢axiBIls 3 PO3MiHY-
BanHs (Peleshchak, Lytvyn, Mediakov, Pukach, &
Slahor, 2023), BuBYAIOUM AeTali Pi3HUX iHCTPY-
MEHTIB JJISl BUSIBJICHHS Ta 3HEHIKO/DKEHHS BHOY-
XOHEOE3IMEeUHUX MPEAMETIB 1 OCBOIOIOYH HABUYKH
ixaporo BukopuctaHHs (OxinmHsk, OKImHIK, &
3y6anb, 2018). To6TO B HaBYAIBHO-TPEHYBAIb-
HUX IICHTpaxX MOTPIOHO CTBOPUTH TaKi YMOBH, SIKi
0 mepenbayany MOEJHAHHS TPaAULIIAHOI 0a30BOi
BiliICHKOBOI MIATOTOBKY 3 1HHOBAI[IHTHUMH TIPOTpa-
Mamu BiptyanbHoi peanbHOcTi (LllymkoB, 2024),
PO3pOOIEHHX IJIsi HAaBYAHHS OCHOBaM Oe3MeYHOro
MOBOKEHHS 3 BUOYXOHEOE3NeUHUMH IIPEeIMETaMH
1 HaBUYKaM po3MiHyBaHHs. MeTOI0 TaKuX Mporpam
€ CTBOPEHHsSI KOMaHIHOTO CEpEeAOBHUIIA 3 METOIO
BUBUCHHSI CIICIiai30BaHUX I1H)KCHEPHHX TEXHIK
Ta BUKOHAHHS OOWOBHUX BIPaB Ta PeasiCTUYHOTO
BIpPTYaJbHOTO JIOCBI/Y, SIKUI JaCTh 3MOTY MaiOyT-
HIM carepam (po3MiHyBaHHs) OMTaHYBAaTH HABHUKH
PO3MiHYBaHHS B yMOBaxX CYLUIBHOTO OYHILEHHS
MICIIEBOCT] BiJi BHOYyXOHEOE3MEUYHUX TPEAMETIB
1 carepHoro CynpoBOAY IPYIOI0 PO3MiHYyBaHHS.
TakuMm YMHOM, MEAArOTiYHUMHU yMOBaMHU (op-
MYyBaHHS TOTOBHOCTI MaiOyTHIX carepiB (po3wmi-
HYBaHHA) 10 MpodeciiiHol AISUIBHOCTI B yMOBax
iH(opMaTH3allii BU3HAYAEMO: 3aJy4YCHHS BHKJIA-
JAIbKOTO (IHCTPYKTOPCHKOTO) CKIIaay i3 O0HOBUM
JIOCBIZIOM; 3a0e3MedYeHHs BIANOBIIHOI Martepi-
aJIbHO-TEXHIYHOI 0a3M; BJOCKOHAJIEHHS HAayKOBO-
METOIUYHOTO 3a0e3MeYeHHsI OCBITHHOTO TPOLECY;
CTBOPEHHS BIPTyaJIbHOTO OCBITHBOTO CEpEeIOBHUIIA
MiTOTOBKM MaWOyTHIX carepiB (po3MiHyBaHHS)
Ha OCHOBI 1HTeTpailii iHHOBAI[IITHIX TEXHOJIOTIH.
3anyuenus  eukiadayvko2o  (IHCMPYKmMop-
CbK020) cKaaody i3 60tiogum 00c8i00M BU3HA-
YaeThCsl K KIIIOYOBA IeJaroriuHa ymoma (op-
MyBaHHS TOTOBHOCTI camepiB A0 TmpodeciiiHoi
JUSUTBHOCTI, OCOOJIMBO B YMOBax OOMEXEHOTO
TEepMiHy MiArOTOBKM. Bin3HauaeTbes, IO Iei
MpoIleC BHMAara€ BiJ BHUKJIQJa4iB TOCTIHHOTO
CaMOPO3BUTKY Ta BIOCKOHAJICHHS BJIACHHX KOM-
TneTeHTHOCTei. MeThcs Npo BUBYEHHS Ta y3a-
TaJIbHEHHS JTOCBiJly BUKOHAHHS CBOiX 0OOB’SI3KiB
carepaMy, ONaHyBaHHs Cy4YacHHX 3pasKiB 030po-
€HHA 1 TEXHIKH, JJOCBITy ydacTi B OOHOBHX JifiX,
MDKHapOIHUX MHUPOTBOPYHMX ONEpallisix, a TaKoX
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BHUBYCHHS JTOCBITy IiJrOTOBKH (haxiBIliB-camepin
y MPOBIAHUX KpaiHax CBITy Toulo. BakiauBo Bpa-
XOBYBaTH, 10 BUKJIaJadi MOBUHHI MaTu OOHOBHI
JIOCBi/, 3100yTHii Y XOai y4yacTi y OOHOBHX IisfiX
2022-2025 pokiB, OCKIJIBKH I HAga€ yHIKaIbHI
3HaHHS Ta TPAKTUYHHA OOWOBHU JIOCBiJ, SIKHUH
BOHM €(DEKTHBHO BIPOBAKYIOTH B OCBITHIH TIPO-
nec Ta 3a0e3medyroTh ajanTallilo IMiATOTOBKH
carepiB JI0 peaJIbHUX BHKJIMKIB Ha TOJIi OO0,

[HIIOK0 BaXJIMBOIO IEAArOTiYHO  YMOBOKO
€ 3abesneuenns 6iONOBIOHOI MamepianbHO-mex-
HiyHOI Oa3u, KA BU3HAYAETHCS AKTHBHHUM BHKO-
PHUCTaHHSIM Cy4YacCHHX 3aCO0IB Ta TEXHOJIOTIH s
MaKCHMaJbHO €()EKTHBHOTO HaB4YaHHsS. Bukopuc-
TaHHS MaKeTIB MiH Ta IHIIMX BUOYXOHEOC3EUHNUX
MPEAMETIB € BXKJIMBUM €JIEMEHTOM MPaKTUYHOL
MiATOTOBKH carepa.

dinpMoOTEKa, CIIPSIMOBaHA Ha MIATOTOBKY carie-
PiB, € KIIFOYOBOIO CKJIAI0BOIO MaTepiaibHO-TEXHiU-
Hoi 0a3u. Bineomarepianu mono 6ya0BU MiH, CIIO-
co0iB 1X yCTaHOBKH, 3HUILEHHS Ta 3HEIIKOIKECHHS
€ BOXJIMBUM IHCTPYMEHTOM JIJIS TIIZITOTOBKY care-
piB, HaJIalOUU iM MOXJIUBICTh BUBYATH Ta BIOCKO-
HAJIFOBAaTH CBOi HABUYKH y O€3[IEUHOMY Ta KOHTp-
OJIbOBAaHOMY CEpENIOBHIII B YMOBaX OOMEXKEHOTO
Yacy HaBYaHHA Yy HaBYAJIBHUX HEHTpax 30pOiHUX
Cun Ykpainu.

OnHuM 13 IHHOBAIIIHHUX aceKTiB (OpMyBaHHS
TOTOBHOCTI camnepiB 70 npodeciiHoi TisUTbHOCTI
€ 3aCTOCyBaHHS OOHOBHX TpEHaXepiB y BHIVISAL
MynbTHIUIeEpHUX irop. Lli Tpenaxkepu, Momemnto-
oYM pi3HiI crieHapii 6oioBuX il Ta mpodeciitui
3aBIaHHs carepa, 103BOJIIOTh KypCcaHTaM BiI4yTH
peaizalito IpakTHYHUX HABUYOK Y BIPTyaJIbHOMY,
aJie peasiCTHIHOMY CEePEAOBHIL, BAKOPUCTOBYFOUH
JUIs BUKOHAHHS 3aBIaHb TEXHIKY Ta 0OJaJHaHHS
00HOBOT0O KOMIUIEKTY canepa. Lle migBuriye piBeHb
€MOIIIMHOI IHTEHCHUBHOCTI Ta BIAIIOBIIAIBHOCTI
carepiB, CIIPHUSAIOYM KpPAIIOMYy iXHbOMY MiJATOTOB-
YOMY IPOIIeCy Mepe]l BAKOHAHHSIM PealIbHUX 33124
Ha ToJTi 0010 y paiioHaX BeJIeHHS O0HOBUX ITiH.

Hayxoeo-memoouune  3abe3neuenHs  TaKOK
€ B@KJIMBOIO yYMOBOI €(EeKTUBHOCTI HaBYaHHS.
Tomy ymockoHaJieHHS I[bOTO KOMITOHEHTa € Haj-
3BHYAHO Ba)XJIMBUM Yy ()OpPMYBaHHI TOTOBHOCTI
MaiOyTHIX camepiB g0 MpodeciiiHol AiSUTBHOCTI.
CyyacHi TeXHOJIOTIl Ta METOIU CalepHOi CIpPaBH
MOCTIHO 3MIHIOIOTBCSI 1 PO3BHUBAIOTHCA, TOMY
HAyKOBO-METOAUYHE  3a0€3MEYCHHS  [MOBHHHO
BioOpaskaTH OCTaHHI JAOCATHEHHS Yy IiH Tamysi.
Canepu OBHHHI OyTH O3HAHOMJICHI 3 Cy4YaCHHUMH
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3aco0aMi IUCTAHI[IHOIO Ta HAMiBIUCTAHI{IIHOIO
PO3MiHYBaHHS, CY4YaCHUMHU 3ac00aMy BUSBICHHS
BUOYXOHEOEe3MeUHNX MPEAMETIB Ta CaMOPOOHHUX
BUOYXOBUX IPUCTPoiB. HaykoBo-MeToaMuHE 320€3-
NEYCHHs TOBUHHO BKIIOYaTH B ceOe HaBUAHHA
BUKOPUCTaHHIO IIMX HOBITHIX 3aco0iB. OOMiH
JIOCBIZIOM y MEKaxX 3axOJiB MDKHapOIHOTO CITiB-
pOOITHHIITBA, JOCATHEHHS B3a€MOBIJIITOBIIHOCTI
3 CHCTEMOIO IiITOTOBKH KpaiH — naptHepiB NATO
3a IH)KEHEPHO-CAIIePHUM HAIPSIMKOM J03BOJIUTh
BIIPOBA/DKYBAaTH HaWKpaml MPaKTUKA Ta CTaH-
JapTH y MIATOTOBKY carnepiB. HaykoBo-meTognuHe
3a0e3MeYCHHS Ma€ IHTETPYBATH I MIXKHAPOTHUI
JOCBI JUTSI T THATTS PiBHS IIATOTOBKY Carepis.

Cmeopenns 8ipmyanbH020 0CBIMHBLO2O cepeo-
osuwa nio2omosKu Maubymuix canepie (po3miny-
6aHHS) HA OCHOBI IHMe2payii IHHOBAYIUHUX MEXHO-
noeiu. lIIBUIKNiA pO3BUTOK TEXHOJIOT1H CIIPUYUHUB
PEBOJIIOIIIO B PI3HUX CEKTOpPaX BIHCHKOBOI OCBITH.
TpamuuiliHi METOIW HaBYaHHS JIOTTOBHIOKOTHCS
a00 3aMIHIOIOTHCS IHHOBALIMHUMH TEXHOJIOTISIMU,
TaKMMH SIK BipTyajibHa peanbHIicTh (VR), mryunuit
iaTenekt (IL) Ta iHmmMy iHHOBAIIHHUMU IHCTPY-
menTami (ITucapenko, 2021):

1) TexHOMOTIsl BIpPTyadbHOI pEaNbHOCTI, SKa
Halys1a 3HAYHOTO MOIIUPEHHS Y BIICHKOBIN OCBITI.
BipryanpHa peaibHICTh — Il IHHOBAIlifHA TEXHO-
JIoTis, sIKa BUKOPHCTOBYE TOCTIHHO 3pOCTAOdy
MOTYKHICTh  KOMIT'IOTE€PIB  JUISI  MOJIEIIOBAHHS
peasbHOTO Ta YSIBHOTO CEPEIOBHINA Ta CHUTYAIH
3 BUCOKHUM CTYIIEHEM peasli3My Ta iHTepaKTHBHOCTI
(Khansa, Saada, Maalouf, Husseini, & Baydoun,
2021). MonentoBaHHS BIpTyallbHOI pPeaTbHOCTI
3a0e3nevye peanicCTUYHUA 1 3aXOIUTUBUN JTOCBIJ
HaBYaHHS MaHOyTHIX camepiB (po3MiHYBaHH:),
JIAF0YM 3MOTY MPAaKTUKYBaTH TaKTUYHI MaHEBPH,
OOMOBI CIICHapil Ta HABUYKH yXBaJICHHS PIIICHb
y 0e3MeYHoOMy Ta KOHTPOJHOBAHOMY CEPEIOBHILI.
VR nae 3Mory BifiCBKOBOCITY>KOOBIISIM TpCHYBa-
TUCSl Y CKJIQJHUX CHUTYaIlisX, MIABUIIYIOUH TXHIO
CUTYyaIliliHy OOi3HaHICTh 1 MOKJIMBOCTI TPABHIIb-
HOTO pearyBaHHS;

2) IITYYHUI THTEIEKT BiJlirpa€e KIOYOBY POJIb
y CydacHiii BIMCBHKOBI OCBITi, JIOTIOBHIOIOYH
NpOorpaMy HaBYAHHS 1HTEJIEKTYaJIbHUMH CHCTE-
MaMu. TexHoJorii Ha OCHOBI IITYYHOI'O 1HTEJIEKTY
MOXYTh aHaJi3yBaTH BEJINYE3HI OOCITH JaHUX,
BUSIBJIATH 3aKOHOMIPHOCTI Ta TeHEpyBaTU LIHHY
iHpopMmariito Ui BilicbkoBocykOoBIiB. 111
JoTioMarae B IUTAHYBaHHI CIlEHapiiB, yXBaJieHHI
CTpaTeTiyHUX pIlleHb 1 OIIHII Ee(PEKTUBHOCTI
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BIICBKOBOCITY’KOOBIIIB, HaJlal0ud TICPCOHAII30Ba-
HUW 3BOPOTHHUH 3B’S30K ISl ONTUMI3aLii IisiIb-
HOCTI;

3) iHmI iHHOBAIiWHI TEXHOJOTII — JOTMOBHEHA
peanbHicTh (AR) mist HakmameHHsS 1UGPOBOT
iH(pOopMaIlii Ha peaTbHUI CBIT, MPUCTPOI IJIs1 MOHI-
TOPUHTY OIOMETPUYHHX JaHHUX 1 MPOXYKTUBHOCTI
BIHCHKOBOCITYOOBIIIB, JPOHU Il TAKTUYHOI PO3-
BIJIKH 1 CUMYJISITOPH TS PEaTiCTUIHOTO HaBYaHHS
TPAHCIIOPTHUX 3aco0iB 1 oOmagHaHHA. Yci 1
IHCTPYMEHTH TIPOIOHYIOTh PO3MIMPEHI MOXKIIH-
BOCTI JUIsl TIIATOTOBKY MaiOyTHIX camepiB (po3wmi-
HYBaHHS ), €PEKTUBHICTh Ta €EKOHOMIYHICTb.

CTBOpEHHsI BIPTYaJIbHOTO OCBITHBOTO CEpej-
OBWIIIA MIiJATOTOBKM MaiOyTHIX camepiB (pO3MiHY-
BaHHS1) Ha OCHOBI iHTeTrpallii IHHOBALIMHUX TEXHO-
JIOTiH 3a0e3meuye:

— peayicTuuHe Ta Oe3MeYHE HABYAHHS: BIp-
TyaJbHa PEAIBHICTh 1 CHUMYJISTOPH CTBOPIOIOTH
peaicCTUYHE CEepeOBHUIIEC HaBYaHHS O€3 pU3UKY
JUTSL )KHTTS Ta PECypCiB, Jal04H 3MOTY MalOyTHIM
cariepaM (pO3MiHyBaHHS) HEOJHOPA30BO BiArpa-
IIOBYBAaTH CKJIaJIHI CIICHApii B OC3MIEYHUX YMOBaX;

— TIJBUIIEHA CUTYalliifHa 0013HAHICTh: TEXHO-
JIoTii BipTyaJIbHOT peajbHOCTI Ta MITYYHOTO 1HTE-
JIEKTY JONOMararmTh MailOyTHiM camepam (po3-
MiHYBaHHsI) pPO3BHBAaTH CHUTYaIliiHy OOI3HAHICTb,
BiJITBOPIOIOYM YMOBH PEATHHOTO CBITY Ta FOTYIOUH
iX 10 TMHAMIYHHX 1 HeTlepen0adyyBaHuX CUTYaIlIl;

— TMepcOoHaNi30BaHE  HAaBYAHHA:  CHCTEMH
Ha 0a3l INTY4yHOTO IHTEJIEKTYy JalTh 3MOTY

aHaIi3yBaTH JIaHi PO 1HIWBITyadbHI pe3yJbTaTH,
BU3HA4YaTu cepu i onTUMi3alii Ta HaJaBaTH
IHMBITyaIbHI HAaBYATIbHI MOYITI JIJISI ITiIBUTIICHHS
HAaBUYOK 1 MOXKJIMBOCTEH MailOyTHIX carepiB (po3-
MiHyBaHHS);

— EeKOHOMIYHa  e(eKTHBHICTB:  IHTErpaiis
TEXHOJIOTIH 3HWXKYE MOTpedy B Hoporux ¢izud-
HUX pecypcax i oOnagHaHHi, poOIsiud MporpamMu
HaBYaHHS O1IbII eKOHOMIYHO €(DEeKTUBHIMH B JI0B-
TOCTPOKOBIH MEPCIIEKTHBI.

TakuM YMHOM, TIeIaroT19HI yMOBH (hOpMyBaHHS
TOTOBHOCTI MaiOyTHiX camnepiB (po3MiHyBaHHS)
1o npodeciifHol AISUTBHOCTI B yMoOBax iH(opMa-
TH3allil € CBOEPIIHUM TIOETHAHHSAM EJIEMEHTIB,
mo 3a0e3neuyroTh JOCATHEHHS 3aljIaHOBaHOTO
pe3ynbraty — c(OpPMOBAHOCTI IXHBOI TOTOBHOCTI
JI0 BiiCbKOBO-TIpOdeciiHol  MismbHOCTI. Edek-
TUBHHM T[IEIaroTiYHUMU yMOBaMHu (HOPMyBaHHS
TOTOBHOCTI MaiOyTHIX carnepiB (po3MiHyBaHHS)
1o npodeciitHoi AisUTBHOCTI B yMoBax iH(opMa-
TU3alil BHU3HAYCHO: 3aJyUYeHHS BHKJIQJAIBKOTO
(IHCTPYKTOPCHKOTO) CKIIay i3 00MOBUM J10CBIIOM;
3a0e3Me4YeHHsT BiJIMOBIHOT MarepialbHO-TEXHid-
HOi 0a3u; BIOCKOHAJICHHS HAayKOBO-METOJUYHOTO
3a0e3MeYeHHs] OCBITHHOTO TIPOLIECY; CTBOPEHHS
BIPTyaJbHOTO OCBITHBOTO CEPEJOBHINA IiJrO0-
TOBKM MaHOyTHIX camepiB (po3MiHYBaHHs) Ha
OCHOBI 1HTerpamii i1HHOBaLIMHUX TEXHOJOTIH.
Posrmisimati okpecieHy mpoOieMaTHKy MOKIIHBO
JIMIIE SIK KOMIUICKC TIeIaroriYHUX YMOB Y IXHBOMY
B32€MO3B 3Ky Ta B3a€MOJONOBHIOBAHOCTI.
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SPECIFICS OF THE EDUCATIONAL ENVIRONMENT
FOR THE PROFESSIONAL TRAINING OF SERGEANT
AND ENLISTED PERSONNEL OF THE ENGINEERING TROOPS
OF THE ARMED FORCES OF UKRAINE

The article examines the educational environment of military education institutions (training centres) that provide
professional training for sergeant and enlisted personnel of the engineering troops of the Armed Forces of Ukraine,
as an important factor in the comprehensive development of cadets’ personalities. It has been established that
the effectiveness and efficiency of personal, professional, and service-combat development of sergeant and enlisted
personnel of the engineering troops directly depends on the developmental potential of the educational environment
of training centres and on the nature of the interaction between the cadet as an active subject and all components
of this environment.

The educational environment of training centres (units), in the context of the professional training of sergeant and enlisted
personnel of the engineering troops, is considered as a pedagogically organised system of conditions, influences and
opportunities that operates within the space of the training centre (unit) and is implemented through specially designed
pedagogical technologies that ensure the full integration of cadets into all types of military-professional activity.

The studied educational environment is structured as a set of microsystems — certain material and immaterial
subsystems of the internal educational environment of the training centres. Within the structure of military education
institutions (training centres) that provide professional training for sergeant and enlisted personnel of the engineering
troops of the Armed Forces of Ukraine, the following microsystems have been identified: didactic, practice-oriented, digital,
health-preserving, social, and educational. Each of these microsystems is based on a structural framework comprising
spatial-object (“space of things”), activity-related (“space of actions”), and subject-social (“space of relations”)
components of the educational environment.

Key words: educational environment, professional training, sergeant and enlisted personnel, engineering troops,
cadets, microsystem.
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CHELU®IKA OCBITHBOI'O CEPEJOBHIIA ®AXOBOI HIATOTOBKHA
CEPXAHTCBKOI'O I PIJOBOTIO CKJAAY IHJKEHEPHUX BIMCHK
35POMHUX CUJI YKPAIHHA

Y cmammi pozensinymo oceimue cepedosuuje 3axnadie 8ilicbKko6oi ocsimu (HAGUATbHO-MPEHYBATbHUX YEHMPIB),
AKI 30IUCHIOOMb Yaxo8y NiO2OMOBKY CEPACAHMCHKO20 | pi006020 CKAAdY IHjceHepHuXx giticok 3opounux Cun Yxpai-
HU K 8ACTUGULL YUHHUK 8CEOIYH020 PO3BUMKY 0coOUcmocmi Kypcanmie. Bemanosneno, wo pesynomamusnicmo ma
ehexmusHicmyb 0coOUCICHO20, NPOPeCiliH020, CTYHCOOB0-D0N08020 CIMAHOBIEHHS CEPAICAHMCHKO20 | PA006020 CKIA-
0y [HIICeHEPHUX BIlICbK 6e310CePe0HbO 3ANedHCUMb 8I0 PO3BUBAIOYO020 NOMEHYIATY OCBIMHBLO2O CePeOOBUUA HABUATILHO-
MPEHYBANbHUX YeHmpia ma 6i0 cneyudixu 3aemo0ii Kypcanma AK akmusHo2o cy6 €Kma 3 ycima KOMnOHeHmamil Ybo2o
cepedoguiya. Ocgimne cepedoguiye HaGUANbHO-MPEHYBATbHUX YEeHMPIE (Yacmun) 8 Konmekcmi haxoeoi niocomosxu cep-
ACAHMCHKO20 | PAO0BO2O CKAAOYIHICCHEPHUX BILICLK PO3RTAHYMO AK NEOA202iYHO OP2aAHI306aHY CUCIEMY YMO8, 6NIUGIE
i mooicnugocmeti, Wo QYHKYIOHYE 8 NPOCMOPI HABUANLHO-MPEHYBAILHO20 YEHMPY (Yacmunu), peanizyemvcs 3a 0ono-
MO20I0 CNeyianbHO CIMBOPEHUX Neda202iYHUX MeXHON02Il, SAKI 3a0e3neyuyioms NOGHOYIHHY IHmMe2payiio Kypcanmis 6 yci
8UOU BILICLKOBO-NPOecitinoi disnbrocmi. [locniodcysane ocgimue cepedosuiye CMpPYKMyposaHo sk CyKYRHICIb MiKpO-
cepedosuly — nesHoi Mamepianbhoi | HemamepiaibHoi nidcucmemu GHYMpPIUHLO20 OCBIMHBLO2O CePed0BUUA HABUATLHO-
MPEHYBAIbHUX Yenmpie. Y cmpykmypi 3axknadig 8ilicbko6oi oceimu (HaA8UAIbHO-MPEHYBANLHUX YeHMPIB), 5Ki 30IUCHIO-
10mb Paxogy nid2omosKy cepuCanmecbKo2o i paoo8oeo cKkaady incenephux siticok 36potinux Cun Ykpainu euokpemneno
maxi Mikpocepedoguwa: OuoakmuiHe, NPAKMUKO 30picHmosane, yugpose, 300pos si36epexcysavhe, coyidivbie, 6UX06-
ne. Koowcne 3 mikpocepedosuwy 6a3yemucs Ha CMpPYKMYPHOMY KAPKACi y 8U2na0i npoCcHopo8o-npeomentoco («npocmip
peueily), OIIbHICHO20 («npocmip 0iy) i cyO €EKMHO-COYIATbHO20 («MPOCMIp GIOHOCUHY) KOMHOHEHINIE OCBIMHLO2O
cepedosuya.

Knrouosi cnosa: ocsimue cepedosuuje, (haxosa nid2comogka, CepuHcaHmcvkuil i paoosuil CKiao, iHJCeHepHi BilichKa,
Kypcaumiu, Mikpocepeoosuuje.

Relevance of the problem. In the context of the  of cadets. A significant improvement in the quality
Russian-Ukrainian war, which results in enormous  of professional training of SEP in engineering
losses not only of material resources but also of  troops for professional activities is possible under
qualified human resources, the urgent need has conditions of practical training that are as close as
arisen for the constant maintenance of high combat  possible to real service-combat situations, which
readiness of military units and subdivisions of the  is especially important for engineering specialists
Armed Forces of Ukraine, as well as the rapid = whose profession involves life-threatening risks.
restoration of their combat capability following The improvement of the educational process
hostilities (Korol, Lutsyshyn, Korol, 2024, p. 183).  in military education is implemented with regard
This, above all, requires the organisation of high-  to trends in the development of modern military
quality individual and collective training and education, including its growing mass character,
the provision of a high level of professionalism  continuity, and the introduction of new learning
among engineering troops specialists. The  technologies. Interest in research in the field of
performance of combat missions in the current military education, based on the interpretation of
conditions of full-scale Russian-Ukrainian  the educational environment, underpins changes
war sets higher requirements for their level of in society and the orientation of education towards
professional readiness. It is necessary, within a a competence-based approach (Honcharenko &
short time frame, to ensure the transition from the =~ Mykhailova, 2016). The educational environment
reproduction of acquired knowledge to its active  has a fundamental impact on the development of a
assimilation, aimed at the development of tactical =~ competent personality, enabling the cadet to realise
thinking and creative abilities, the formation of their place in the military-professional sphere
skills for competent comprehensive assessment  (Ostapchuk, 2022). Therefore, it is very important
of the situation, and the making of optimal, well-  to identify the potential of military educational
grounded decisions. institutions and the educational environment as

The professional training of cadets — sergeant a means of forming the social, professional, and
and enlisted personnel (SEP) of the engineering  personal qualities of SEP in engineering troops.
troops — is a crucial component of the educational Analysis of recent research and publications.
process. Under current conditions, there is a  The relevance of researching the impact of the
need to implement new approaches aimed at educational environment in military education
optimising and improving the professional level institutions on the quality of training for military
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specialists is confirmed by the growing number
of studies dedicated to this topic. Scholars have
examined the theory and practice of forming
and improving the educational environment in
higher military aviation education institutions
(O. Marchenko, 2018; T. Plachynda, 2019);
the specifics of the informational-educational
environment of higher military education
institutions (L. Panchenko, 2010; I. Shumkov,
2024); global theory and practice of shaping the
educational environment in higher education
institutions with specific learning conditions
(O. Fedorenko & O. Marchenko, 2023), among
others. Ukrainian researchers have also paid
attention to foreign experience in organising the
educational environment in military education
institutions (I. Honcharenko, 2016; Yu. Mykhailova,
2016; R. Misheniuk, 2022), among others.

However, within the outlined research, issues
concerning the renewal and structuring of the
educational environment of training centres in the
context of professional training for sergeant and
enlisted personnel (SEP) of engineering troops
remain insufficiently addressed. In addition, the
role of the educational environment in modernising
the training of future engineering troops specialists
under martial law — characterised by time
constraints for preparing personnel to quickly
and effectively complete combat missions — also
requires further investigation.

The aim of the article is to examine the
specifics of the organisation and potential of the
educational environment of military training
centres in the professional training of sergeant and
enlisted personnel of the engineering troops of the
Armed Forces of Ukraine.

Research methods include theoretical analysis
of scientific literature on the subject to select and
interpret didactic material; and critical-analytical
analysis of concepts, theories, and methodologies
to identify ways of addressing the research problem.

Presentation of the main material. Like any
other environment, the educational environment in
its generalised form is a set of various conditions
and subjects, united by a commonality, which can
either promote or hinder personal development.
In pedagogical theory and practice, the term
“environment” is widely used — e.g. “educational
institution environment”, “learning environment”
(0. Marchenko, 2018; L. Panchenko, 2010;
I. Shumkov, 2024, et al.). In Ukrainian pedagogical
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science, the concept of “educational environment”
has been actively studied since the 1990s.

As T. Plachynda rightly notes, the educational
environment is a system of structural (goals,
instructor-teaching staff, pedagogically interpreted
information, systems of educational, professional,
or other activity, means of pedagogical
communication, criteria for quality assessment and
indicators of development of this system, etc.) and
functional (projective, gnoseological, constructive,
prognostic,  organisational, = communicative,
evaluative) components (Plachynda, 2019, p. 124).

According to L. Tsapovska, a competence-based
educational environment should be viewed as an
educational institution’s environment comprising
a set of components: internal orientation of the
institution, specific values, ideas, tasks; the moral-
psychological climate of the institution; educational
technologies used in the process; psychological
characteristics of educational subjects; tools chosen
by the institution to address general cultural tasks;
differentiated perceptions of students by teachers;
the socio-psychological structure of the teaching
staff; the psychological componentofthe knowledge
transfer process (Tsapovska, 2020, p. 126). Thus,
the competence-based educational environment
is a stable polystructural system of direct and
indirect educational influences through which
psychological-pedagogical principles, methods,
tools, goals, objectives, and forms are implemented
within the educational institution.

The main capabilities of the educational
environment in the professional training of
sergeant and enlisted personnel (SEP) in the
engineering troops include: use of all types of
information resources and services; secure access
to verified content for solving educational tasks;
methodological support and guidance for designing
and planning various educational activities; support
for both criteria-based and formative assessment;
all forms of information work, as well as the
organisation and support of remote interaction
between all participants in the educational process.

The educational environment of military
education institutions (training centres) is
characterised by its isolation and closure. Every
military unit, including training centres, is located
within a fenced-off area with restricted entry and
exit. Cadets are not allowed to use smartphones
or the internet during classes. Limited internet
access is compensated for by the existence of the
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institution’s electronic educational environment,
which contains all necessary learning materials.
During classes and independent work, controlled
internet access is provided in designated classrooms
and information (computer) labs.

Thus, the specificity of military education
institutions (training centres) represents a unique
and complex characteristic that defines the
structure, content, and dynamics of statutory and
professional demands and relationships among all
participants in the training process. This allows
for adopting the definition of the educational
environment of military education institutions as
proposed by O. Fedorenko and O. Marchenko:
“..a complex of socio-pedagogical conditions,
staffing, material and technical resources,
educational-methodical support, rules, traditions,
value orientations, corporate norms, the state of
the moral-psychological climate, and relationships
that directly or indirectly affect the personal
development of cadets and their integration into
military corporate culture through the fulfilment
of duties, upbringing, and self-development”
(Fedorenko & Marchenko, 2023).

Initsbroadestsense, the educational environment
of training centres (units) in the context of the
professional training of SEP in the engineering
troops includes didactic materials, programmes,
methodologies, teaching and instructional staff. It
also encompasses digital and virtual components
(such as various types of simulators) as well as
military-professional components. During their
education in military institutions, cadets undergo
training not only in their specialisation but also
through all stages of military and military-special
training, gaining the knowledge, skills, and abilities
required for military service, particularly in sergeant
positions. Cadets carry out active military service,
initially under conscription and subsequently under
contract (Misheniuk, 2022, p. 193). This imposes a
certain level of responsibility on servicemen and
the necessity to perform their military duties as
determined by Ukrainian law and departmental
legislative acts.

The educational environment for the professional
training of SEP in the engineering troops of the Armed
Forces of Ukraine is viewed as a set of microsystems —
material and non-material subsystems of the internal
educational environment of training centres (units).
Within the structure of military education institutions
that provide professional training for SEP of the
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engineering troops of the Armed Forces of Ukraine,
the following microsystems are identified: didactic,
practice-oriented, digital, health-preserving, social,
and educational.

Each of these microsystems within the
training centre is based on a structural framework
consisting of: a spatial-object component (“space
of things”), an activity-based component (“space
of actions”), and a subject-social component
(“space of relationships”) (see Table 1). In their
interconnection, all microsystems and components
of the educational environment for SEP training
are aimed at developing in cadets the knowledge,
skills, and abilities necessary for military service in
designated positions.

Thus, the educational environment of military
education institutions (training centres) that provide
professional training for sergeant and enlisted
personnel (SEP) of the engineering troops of the
Armed Forces of Ukraine is a multidimensional,
complexly structured phenomenon — a set of
specific microsystems (didactic, practice-oriented,
digital, educational, health-preserving, and
social). Each microsystem of the training centre
is based on a structural framework composed of
spatial-object (“space of things”), activity-based
(“space of actions”), and subject-social (“space of
relationships”) components.

Conclusions. The planning of professional
training for SEP in the engineering troops of the
Armed Forces of Ukraine within the educational
environment of training centres, considering the
specifics of their activities, is carried out exclusively
in accordance with regulatory documents, statutes,
and instructions, which do not allow changes to
the content. Taking into account the specifics of
the educational environment of military education
institutions (training centres) makes it possible
to effectively structure the professional training
process for SEP of engineering specialities in the
Armed Forces of Ukraine.

At the same time, the influence of the regulated
military educational environmentcanbebothnegative
and positive. On the one hand, the closed nature of
training centres may hinder the implementation
of information technologies and innovative
methodologies. On the other hand, the stability of
the military educational environment within training
centres contributes to the effectiveness of the
organised and predictable process of professional
training for SEP in the engineering troops.
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Table 1
Structural Components of the Educational Environment in Military Education Institutions
Providing Professional Training for Sergeant and Enlisted Personnel of the Engineering Troops
of the Armed Forces of Ukraine

Z
g
g The structure of the microenvironment
g
=
sE
w S
é; Spatial and subject component Activity component Subject and social component
=g
Lecture halls, classrooms, computer | Traditional and problem-based lectures, Relationships in systems:
. . labs, laboratories, classrooms for seminars, discussions, roundtables, ‘teacher—group of cadets’,
didactic . . T . . . N ,
interactive classes, scientific library, business games, communication teacher—cadet’, ‘cadet—cadet’,
educational equipment training, and training projects ‘group of cadets—cadet’
Educational and scientific Training sessions at training grounds, Relationships in systems:
practice- | laboratories, training rooms, training work of problem groups, applied ‘lecturer/trainer—group of
oriented | boxes, virtual reality classes, training projects, military engineering and cadets’, ‘lecturer—trainer—
grounds professional training cadet’, ‘cadet—cadet’
Computer labs, multimedia . . . . Relationships in systems:
- Distance learning, online testing; 1
classrooms, automated learning . . : digital teacher—group of
. . independent work with electronic A : e
digital systems, Moodle system, virtual | . . . . cadets’, ‘digital trainer—digital
: e earning materials, creation of digital s o S 2.
reality classes, specialised software learni . cadet’, ‘digital teacher—digital
earning environments . - ,
and hardware trainer—digital cadet
Physical training grounds, training Spe01a17phys1ca1 training, sports events, Relationships in systems:
health- meeting combat training standards A S g
. and sports complex, obstacle courses, . .2 A trainer—cadet’, ‘trainer—group
promoting - . - in training and combat activities, ,
sports town, medical and sanitary unit . . A of cadets
preventive medical examinations
Moral support centres, patriotic . . Relationships 1n’s3:stemsz tutor—
. . . Volunteer social, cultural, leisure, group of cadets’, ‘commander—
social education centres, cultural and leisure . . . 3.
informational and sporting events group of cadets’, ‘members of
support the public—volunteer cadets’
. Various educational events, concerts, | Relationships in the systems:
. Moral and psychological support . S . . ,
educational Pr work of various associations and supervisor—group of cadets’,
centre, sports and legal associations e : ‘ > >
communities in various fields teacher—cadet’, ‘cadet—cadet
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