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1. Incepraniiina po60Ta IpUCBIY€HA IPOBENEHHIO Oi0iHIMKalii 3a6pyAHEHHS BaXKUMU METalaMH,
BUKOPUCTOBYIOUM CUCTEMY I'PYHT — POCJIMHA-MEJIOHOC — OKOJIa — MPOAYKTU OIDKiIbHULITBA (OOHIOKS, MEI).
JocninxeHHs npoBoauau Ha npukiazi naciku HHIJ «IHctutyT 6ppkinpHuLTBa imedi I1.1. TIpokonoBuyas Ta 4-x
nacikax TepUTOPiN, IPUJIETIIMX A0 30H O0MOBUX Aill. HanMipHMi TEXHOT€HHUI BIIJIMB Ha arpO€KOCUCTEMU
IIPU3BOJUTH 10 CEPUO3HOrO 3a0pyAHEHHS HaBKOJIMIIHBOTO CepefoBUIa. Lle CIpUYMHIOE OPYLIEHHS €KOJIOTIYHOi
piBHOBaru Ta NpMpOJHOro 6anaHcy y 6ioreouneHosax. OCO6IMBO HETATUBHNUI BIUIUB Y LIbOMY TIPOLECi Ma€e
HAJJIMIIKOBUI BUKUJ y 6iocdepy xiMiyHMX 3a6pyAHIOBAUIB, IKi MalOTh BJACTUBICTh HAKOIIMYYBATUCS B XapuOBOMY
JaHuory. lle cTBOpIoe 3arpo3y [J1s1 3M0POB’s JIIOOVHY Ta 3aTaJIbHOTO €KOJIOTIYHOIO CTaHy TepUTOPil YKpaiHu.
BHacnifnok BoeHHO] pociiichKkoi arpecii npotu Ykpainu 6inbuie 30% ii TepuTopii MoCTpaXkaano Bif, 60MOBUX [iil.

OueBUAHO, 11O 1€ 3yMOBUJIO 3pOCTaHHSI 3a0pyJHEHHS TaKUX TEPUTOPIN IPOLyKTaMy po3Iafy BUOYXOBUX PEYOBUH



Ta iHIIMX KOMIIOHEHTIB 36p0i, OCHOBHUMU 3 SIKUX € BaskKKi METaJH. SIK HaC/IifOK, BUHUKAE HEOOXigHICTh ¢ikcarii
piBHS 326pyIHEHHS BaKKUMU MeTajlaMu TEPUTOPIH, IPUJIEIJINX 10 30HU 60MOBUX [Iil, i pO3p0o06IeHHSs KpUTepiiB Ta
METO[IiB, sIKi MOIJIM 6 BioOpaskaTu piBeHb 30BHILIHbOTO BILJIMBY 3 ypPaxyBaHHSIM KOMIIJIEKCHOTO XapaKTepy
3a0pyIHEHHS Ta ONEPeHE AiarHOCTYBAaHHS 3MiH y HalOi/IbII 4yTIMBUX KOMIIOHEHTaX 6i0TH. 3BasKal04yy Ha
BaXJIMBY posb Apis Mellifera L. y minTpumanHi (pyHKLIIOHYBaHHSI €KOCUCTEM $IK 3alIMJII0BAviB POCIIMH, iX
BUKOPUCTAHHS AJ1s1 6ioiHAMKAIIii cTae HEOOXimHUM [J1s1 3a6e3MeYeHHs CTAINX €KOJIOTiYHUX MPaKTUK. [lornubieHe
BMBYEHHS MEJOHOCHOI 6/1>)KOJI MOJKe CIIpUSTU 30€PE’KEHHIO iHIINX 3anuIoBadiB. CaMe TOMY € HEOOXigHICTb
IOCJiIATA BUKOPUCTAHHS MENOHOCHUX OPKiJl y IKOCTi 6i0iHAMKATOPIB B yMOBaX HaIMipHOTO 3a0pyIHEHHS
TEPUTOPiN BAXKKUMU METaIaMU, CIIPUYUHEHOTO BilICbKOBUMU JisIMU B YKpaiHi. OCHOBHMMH Cy4aCHUMU
3aBJaHHSIMU GioiHAMKallii € po3po6Ka KPUTEPIiB Ta METOiB, SIKi MOTJIU 6 afleKBaTHO BifoOpakaTy piBeHb
30BHILIHBOTO BIUJIMBY, 3 YPAXyBaHHSIM KOMIIIEKCHOTO XapaKTepy 3a0pyAHEHHS; NiarHOCTYBaHHS NIOIIEPEHIX 3MiH B
HaNOIIbLI YyTIMBUX KOMIIOHEHTaX 6i0TU. B paMKax Ha3eMHUX €KOCHUCTEM OIPKOJIa BUCTYIIAE B POJIi KJIIIOYOBOTO
y4YaCHUKA CKJIaZHOTO 6i0JIOTiYHOTO MPOLeCy BiHOCKH i Biflirpae BaskJIMBY PoJIb Y 30€pekeHHi CTaluX 3B'sI3KiB
piBHOBaru Ha OOGIIMPHUX TEPUTOPISIX 3€MHOI KyJIi. A7IKe, SIK MEeJJOHOCHI 6[1K0JIY, TaK i AUKi 3aNIMJII0Bayi 3apa3
CTHKAIOTbCS 3 6araThMa 3arpo3aMu Ta 3a3HAIOTh BEJIMYE3HUX BTPAT. AKTyaJIbHUM € BUBYEHHSI MOXKJINBOCTEN
BHUKOPHCTaHHS MEJOHOCHUX OJKiJ y IKOCTi 6i0iHANKATOPIB 3a0pyAHEHHS HAaBKOJIMIIHbOTO IIPUPOIHOTO
cepenosuiia. ToMy MeTOI0 IMCepPTalliiiHOi po60oTH € oliHKa edekTuBHOCTI BukopucranHs Apis Mellifera L. gys
6ioinpuKauii 3a6pygHEHHS Ba)KKUMU METaJlaMU TEPUTOPIH, IPUJIEIJIUX 10 30HU 60MOBUX [ill. Y AOCHiIKEHH]
BU3HA4YE€HO Ta OOI'PYHTOBAHO BUKOPUCTAHHSI alliMOHITOPUHTY Y BU3HAY€HHI OCHOBHUX aHTPOIIOT€HHUX YAHHUKIB
3a0pyJHEHHS IPUPOIHUX €KOCUCTEM, Ha OCHOBI aHasli3y JOCTYIIHUX BITUM3HSHUX Ta iIHO3€MHUX HAYKOBUX JI>KepeJl.
Ha npuknani okpeMux nacik TepuTopiii npoBefeHHs 600BUX [ill BUBHAUYEHO JIOLibHICTb IPOBEAEHHS
GioiHaMKaLIHUX NOCIiIpKeHb 3317151 (ikcalii Ta aHai3y MIIsLXiB Mirparii 3a6pyiHEeHHS Y 3BS13Ky i3 36i/IbIIEHHSIM
iHTEHCUBHOCTI 3a6pyIHEHHS HAaBKOJIMLTHHOTO [TPHPOJAHOIO CEPeOBUIIA BasXKKUMU MeTanamu. O6paHo Ta
OOI'PYHTOBAaHO METOAM GioiHAMKaLlil, CIIPSIMOBaHi Ha BUSIBJIEHHSI 3MiH B SIKOCTi CepeloBUIIA 32 Yy4aCTIO MEIOHOCHUX
610Kis1. BunizieHO OCHOBHI 3 HUX: KOPEJISILiNHI 3B'SI3KM B CUCTEMIi I'PYHT — POCJIMHAa-MEJOHOC — 6[1K0J1a — IPOJYKTU
6[KinbHMLITBA, KoedillieHTH ITepexoly BaXXKuX MeTasiB. Ha ocHOBI aniiHguKanii OLiHeHO HAaKOMMYEHHS BaKKUX
mertasiB (Fe, Cd, Cu, Ni, Pb, Zn) B cuctemi I'pyHT — pocjinHa-MeJOHOC — 6/K0J1a — IIPOLYKTU O KiIbHULITBA.
[IpoananizoBaHo Bapialii BMiCTy BaXKKMX METAJIIB y JIAHKAX CUCTEMU. EKCIIEPUMEHTAJIBHO AOCIIIKEHO
HakonuyeHHs Baxkux metanis (Fe, Cd, Cu, Ni, Pb, Zn) B KOMIIOHEHTaX CUCTEMU I'PYHT — POCINHA-MELOHOC —
61pKoJ1a — pOoAyKTHU OKinpHULTBA. Ha npukiani okpeMux Macik TepUTOPiil, IPUJIETnX A0 30H O0MHOBUX Ai,
OOI'PYHTOBAaHO BUKOPMCTAHHS alliMOHITOPUHTY, SIK METOJy OLIiHKM LIKiIJINBOTO BIJIMBY IIPOJYKTiB PO3Nany
BHMOYXOBMX PEYOBUH, L0 MICTATh BaXXKi METa/IY, HA CTaH HAaBKOJIMIIHBOTO IIPMPOJLHOro cepenosuma. [TposeneHa
OLIiHKA CTaHy HAaBKOJIMIIHbOTO NIPUPOJHOTO CepeloBUIla (BMICT Ta Mirpallis B&XKKUX METAJIB Y CUCTEMI:
I'PYHTHA—POCIMHU-0KONN-TIPOAYKTHU O KiIbHUIITBA) METOAAMU aniiHauKalii Ha okpemux nacikax B CyMcChKil,
XapkiBCbKill, MUKOJaiBChKill 061aCTIX TTOKa3asa MiiBuIeHi KOHIleHTpallil TOKCMKaHTiB. KoHIleHTpallis KagMiio Ha
tepurtopii YepHiriBebkoi obsacri (1,13+0,28 mr/kr) nepesumysana IIK (1,0 mr/kr) Ha 13%. Y MeIOHOCHUX POCIMHAX
32 BMICTOM KaJIMil0 HaibisbIIi 3HAYEHHS BUSBJIEHO y XapKiBChKiil 0611, — 0,640,034 mr/kr, MukosaiBcbKiii 06J1. -
0,5£0,034 mr/xr Ta YepHniriBcbkiit obsactsax — 0,5£0,067 mr/kr, o y 1,7 - 2,0 pasis nepeBulllyBaso KOHTPOJIbHI
3HAYEHHSI.

2. The dissertation is devoted to the bioindication of heavy metals contamination using the system soil - honey
plant - bee - beekeeping products (bee pollen, honey). The research was carried out on the apiary of the NSC
"Institute of Beekeeping named after P.I. Prokopovich" and 4 apiaries of the territories adjacent to the combat
zones. Excessive technogenic impact on agroecosystems leads to serious environmental pollution. This causes a
violation of ecological balance and natural balance in biogeocenoses. The excess emission of chemical pollutants
into the biosphere, which tends to accumulate in the food chain, has a particularly negative impact on this process.
This poses a threat to human health and the general ecological condition of the territories of Ukraine. As a result of
the military aggression of Russia against Ukraine, more than 30% of its territory was affected by hostilities. It is
obvious that this led to an increase in the contamination of such territories by the decay products of explosives



and other components of weapons, the main of which are heavy metals. As a result, there is a need to fix the level
of heavy metal pollution in the territories adjacent to the combat zone and to develop criteria and methods that
could reflect the level of external influence, considering the complex nature of pollution and preliminary diagnosis
of changes in the most sensitive components of the biota. Considering the important role of Apis Mellifera L. in
supporting the functioning of ecosystems as plant pollinators, their use for bioindication becomes necessary to
ensure sustainable environmental practices. An in-depth study of the honeybee can contribute to the conservation
of other pollinators. That is why it is needed to investigate the use of honeybees as bioindicators in the conditions
of excessive contamination of territories with heavy metals caused by military actions in Ukraine. The main
modern tasks of bioindication are the development of criteria and methods that could adequately reflect the level
of external influence, considering the complex nature of pollution, and diagnosis of previous changes in the most
sensitive components of the biota. Within the framework of terrestrial ecosystems, the bee acts as a key
participant in a complex biological process of relationships. She plays an important role in maintaining stable
balance connections over vast areas of the globe. After all, both honeybees and wild pollinators are now facing
many threats and experiencing huge losses. It is relevant to study the possibilities of using honeybees as
bioindicators of environmental pollution. Therefore, the dissertation aims to assess the effectiveness of using Apis
Mellifera L. for the bioindication of heavy metals pollution in areas adjacent to the war zone. The study defined and
substantiated the use of apimonitoring in determining the main anthropogenic factors of pollution of natural
ecosystems, based on the analysis of available domestic and foreign scientific sources. Using the example of
individual beehives in the territories of hostilities, the expediency of conducting bioindicative studies was
determined to record and analyze the paths of pollution migration in connection with the increase in the intensity
of pollution of the natural environment by heavy metals. The methods of bioindication aimed at detecting changes
in the quality of the environment with the participation of honeybees were selected and substantiated. The main
ones are highlighted: correlations in the system soil - honey plant - bee - beekeeping products, transfer
coefficients of heavy metals. The study assessed the accumulation of heavy metals (Fe, Cd, Cu, Ni, Pb, Zn) in the
soil, honey plants, bees, and beekeeping products. It analyzed variations in the heavy metal content within the
system. The experimental investigation focused on the accumulation of heavy metals in the soil, honey plants,
bees, and beekeeping products. The use of apimonitoring as a method to assess the harmful effects of explosives
containing heavy metals on the natural environment is justified by studying individual beehives in areas near war
zones. The assessment of the state of the natural environment (the content and migration of heavy metals in the
system: soil-plants-bees-beekeeping products) using apiindication methods in individual apiaries in the Sumy,
Kharkiv, and Mykolaiv regions showed increased concentrations of toxicants. The concentration of cadmium in the
territory of the Chernihiv region (1.13+0.28 mg/kg) exceeded the maximum permissible limit (1.0 mg/kg) by 13%. In
honey plants, the highest values of cadmium were found in the Kharkiv region. - 0.6+0.034 mg/kg, Mykolaiv
region. — 0.5£0.034 mg/kg and of the Chernihiv region - 0.5+0.067 mg/kg, which exceeded the control values by
1.7-2.0 times.
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dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. boHpaps Banepis IBaniBHa

2. VALERIIA I. BONDAR

KBasigikamis: k. c.-r. H., crapumii HayKOBUiA CITiBPOGITHYK, 101



InenTudikarop ORCID ID: 0000-0002-8737-3568
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHU: HaujonanbHuil yHiBepcUTET G6i0peCypCis i

IPUPOJOKOPUCTYBaHHS YKpaiHu

Kopg 3a €IPIIOY: 00493706

Micue3Haxoa>KeHHS: By ['epois O60ponu, 6y, 15, Kuis, 03041, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Toponuceka IHHa MuKosaiBHa

2. Inna M. Horodyska

KBasigikanis: k. c.-r. u., c.u.c., 101
InenTudikarop ORCID ID: 0000-0002-1580-3450
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: [HCTUTYT arpoeKoIorii i npuponokopucTyBanHs HarionanbHol

aKkazeMii arpapHUX HayK YKpaiHu

Kopg 3a €IPIIOY: 13722479

Micueanaxo,szeﬂna: ByJl. MeTposoriuHa, 6ya. 12, Kuis, 03143, YkpaiHa
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnbHa akazemis arpapHux HayK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. Ilymurai InHa BikTopiBHA

2. Inna V. Shumygai

KBasigikanis: k. c.-r. u., c.1., 101

InenTudikarop ORCID ID: 0000-0002-0432-2651
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: [HCTUTYT arpoeKoIorii i puponokopucTyBanHs HarionanbHoi

aKkazeMii arpapHuX HayK YKpaiHu
Kopg 3a €IPTIOY: 13722479
MiCHCBHaXO,T.[)KeHHH: ByJl. MeTposoriuHa, 6ya. 12, Kuis, 03143, YkpaiHa

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: HaujonanbHa akazeMis arpapHUX HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Kowintyk Bacumb Bacunbosnd
rOJIOBH pagu

Biacue IpizBume Im's I1o-6aThKOBI Kowinmyk Bacunb Bacunbosnd
rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizansHMIA 32 HiATOTOBKY l'aBpumok Jlinisg B'auecnapiBHa

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




