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Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHa ITPOBEIEHHIO 6ioiHanKalii 3a6pyAHEHHS BaXKKUMU METalaMH,
BHUKOPHCTOBYIOYM CUCTEMY [PYHT — POCJIMHAa-MEJOHOC — 6/1K0J1a — IPOIYKTH OIKiNIbHULITBA (OOHDACKS, Me[).
JocnimxeHHs npoBoauay Ha npukiagi naciku HHIJ «IHctutyT 6ppkinbHuLTBa imeHi I1.1. TIpokonosuyas Ta 4-x
nacikax TepuTOpiil, IPUIEruX A0 30H 60i0BuX Aill. HanMipHUI1 TeXHOT€HHNUI BIUIUB HA arPOE€KOCHUCTEMU
IIPU3BOJUTH 10 CEPHO3HOrO 3a0pyAHEHHS HaBKOJINITHBOTO cepenoBulia. lle crippuynHioe NOpyLIeHHS €KOJIOTiYHOl
piBHOBaru Ta NpUpPOIHOro 6anaHcy y 6ioreoueHosax. Oco6JMBO HEraTUBHUI BILJIMB Y LIbOMY ITPOLIECi Mae

HAJJIMIIKOBUI BUKUJ y 6iocdepy xiMiYHMX 3a0pyAHIOBAUIB, SKi MalOTh BJIACTUBICTb HAKOIIMYYBATUCS B XapuYOBOMY



sannory. lle cTBOpIoe 3arpoay 1S 310POB’S JIIOOWHY Ta 3aTaJIbHOTO €KOJIOTIYHOTO CTaHy TepUTOpil YKpaiHu.
BHacifok BoeHHOI pociiicbkoi arpecii npotu Ykpainu 6inbuie 30% ii Teputopii noctpaskzaso Big 6010BUX il
OueBUHO, 11O 1€ 3yMOBUJIO 3pOCTAaHHS 3a0pyJHEHHS TaKMX TEPUTOPI IPOyKTaMy po3Nany BUOYXOBUX PEYOBUH
Ta {HIIKXX KOMITIOHEHTIB 30p0i, OCHOBHUMM 3 SIKMX € BaXKKi MeTaJU. SIK HaCJifioK, BUHMKAa€e HeoOXigHicTh (ikcaltii
piBHS 3a6pyAHEHHS BAXKMMU METalaMU TEPUTOPIi, IPUJIETTIMX 10 30HU OOMOBUX [il1, i pO3pO6JIEHHS KPUTEPIiB Ta
METOJB, sIKi MOTJIM 6 BifloOpakaTu piBeHb 30BHIIIHbOTO BIJIMBY 3 YpaxyBaHHSIM KOMIIJIEKCHOTO XapaKTepy
3a0pyJHEHHs Ta NIONepPeHE AiarHOCTYBAaHHS 3MiH y HalOi/IbII 4yTIIMBUX KOMIIOHEHTaX 6i0TH. 3BasKal04yM Ha
BaXJIMBY posb Apis Mellifera L. y minTpumanHi GyHKLIIOHYBaHHSI €KOCUCTEM SIK 3alIMJII0BAdiB POCIIMH, iX
BUKOPUCTAHHS A1 6ioiHAMKaIIii cTae HEOOXimHUM 7151 3a6€3MeYeHHS CTAJINX €KOJIOTiYHUX MPaKTUK. [lornubieHe
BMBYEHHS MEJOHOCHOI 6/1>)KOJI MO>Ke CIIpUSTU 30€pe’KeHHIO iHIINX 3anuIoBayiB. CaMe TOMY € HEOOXigHICTb
IOCiIATA BUKOPUCTAHHS MEJOHOCHMX OKiJl y IKOCTi 6i0iHAMKATOPIB B yMOBaX HaIMipHOTO 3a0pyAHEHHS
TEPUTOPIiN BAXXKUMU METalaMy, CIIPUYUHEHOTO Bi¥ICbKOBUMU LiiMU B YKpaiHi. OCHOBHUMU Cy4aCHUMU
3aBJaHHSIMU GioiHIMKallii € po3po6Ka KPUTEPIiB Ta METOiB, SIKi MOTJIU 6 afleKBaTHO BifoOpaskaTy piBEeHb
30BHILIHBOTO BILJIMBY, 3 yPaXyBaHHSIM KOMIIJIEKCHOTO XapaKTepy 3a0pyAHEHHS; AialrHOCTYBaHHs NIOIIEPEHIX 3MiH B
HaNGi/IbII YyTIMBUX KOMIIOHEHTaxX 6ioTu. B paMKax Ha3eMHUX €KOCHUCTEM 6/15K0JIa BUCTYIIAE B POJIi KJIIIOYOBOTO
y4YaCHMKA CKJIQAHOTO 6i0JIOTiYHOTO MPOLeCy BiHOCKH i Biflirpae BaskKJIMBY poOJIb Y 30€pekeHHi CTalNxX 3B'sI3KiB
piBHOBary Ha OOGIIMPHUX TEPUTOPISIX 3€MHOI KyJIi. A7IKe, SIK MeJJOHOCHI 6/1K0JIY, TaK i AUKi 3anIMJII0Bayi 3apa3
CTHKAIOTbCS 3 6araTbMa 3arpo3aMu Ta 3a3HAIOTh BEJIMYE3HUX BTPAT. AKTyaJIbHUM € BUBYEHHSI MOXKJIUBOCTEN
BUKOPUCTAHHS MEJJOHOCHUX OJKis y SIKOCTi 610iHIMKATOPIB 3a0pyAHEHHS HABKOJIMIIHBOTO IIPUPOJAHOTO
cepenosuiia. ToMy MeTOI0 IMcepTalliiiHoi po6oTH € oliHKa edpekTuBHOCTI BukopuctanHs Apis Mellifera L. gy
6ioinpuKalii 3a6pygHEHHS Ba)KKUMU METaJlaMi TEPUTOPIH, IPUJIEIVIUX JI0 30HU 60MOBUX [ill. Y LOCHiIKEHH]
BM3HAY€HO Ta OOI'PYHTOBAHO BUKOPUCTAHHS alliMOHITOPUHIY Y BUBHAYEHHI OCHOBHUX aHTPOIIOT€HHUX YMHHUKIB
3a0pyIHEHHS IPUPOIHUX €KOCUCTEM, Ha OCHOBI aHasli3y JOCTYITHUX BITUN3HSHUX Ta iHO3€MHUX HAYKOBUX J>KEpeJl.
Ha npuknani okpeMux nacik TepuTopili npoBefeHHs 600BUX [ill BUBHAUYEHO JIOLiIbHICTb POBEEHHS
6ioiHAMKaLiHUX AOCHIIKEeHb 33171 (ikcallii Ta aHasizy MIsXiB Mirpatlii 3a0pyJHeHHs y 3B'SI13KY i3 30iIbIIEHHIM
iHTeHCUBHOCTI 3a6pyIHEHHS HABKOJIUITHHOTO [TPUPOSHOTO CEPEeIOBUIIA BaXKKUMU MeTaramu. O6paHo Ta
OOIPYHTOBAaHO MEeTOAM GioiHAMKaLlil, CIIPSIMOBaHi Ha BUSIBJIEHHS 3MiH B SIKOCTi cepeoBUIIA 32 Y4aCTIO MEeIOHOCHUX
61)Kis1. BuniizeHO OCHOBHI 3 HUX: KOPEJISILIilHI 3B'SI3KM B CUCTEMIi I'PYHT — POCJIMHAa-MEJOHOC — 6/1K0J1a — IPOJYKTU
O KiTbHULITBA, KOedillieHTU Iepexoay BaXXKUX MeTasiB. Ha ocHOBI aniinauKalii olliHeHO HAKOMMYEHHS BaXKKUX
metais (Fe, Cd, Cu, Ni, Pb, Zn) B cucteMi I'pyHT — POCIMHA-MEIOHOC — 6PK0JIa — IPOLYKTU O KiIbHUIITBA.
[IpoanamnizoBaHo Bapialii BMiCTy Ba&XKKMX METAJIB Y JIAHKAX CUCTEMU. EKCIIEpUMEHTAJIBHO AOCIIIIPKEHO
Hakonun4yeHHs Baxkux metaiis (Fe, Cd, Cu, Ni, Pb, Zn) B KOMIIOHEHTaX CUCTEMU I'PYHT — POCIIMHA-MEIOHOC —
61pKos1a — MPOJAYKTU 6IKiNbHUALITBA. Ha pukiai okpeMux Nacik TepUTOPil, NpUIeranx 40 30H 60MOBUX [il,
OOI'PYHTOBAaHO BUKOPUCTAHHS alliMOHITOPUHTY, SIK METOJy OLIIHKM LIKiJINBOTO BILJIMBY IIPOLYKTiB PO3Nany
BHUOYXOBUX PEUYOBUH, 0 MICTATh BaXXKi METaJ/IY, HA CTaH HAaBKOJIUIIHBOIO IIPMPOJIHOTO cepenoBuia. [TposeneHa
OLliHKa CTaHy HaBKOJIMIIHbOT'O IPUPOAHOTO CEPEAOBUIIA (BMIiCT Ta Mirpanist BOKKUX METAJIB y CUCTEMI:
I'PYHTHA—POCINHN-0KONIN-TIPOAYKTHU OIPKiJIbHUIITBA) METOLAMU amiiHauKanii Ha okpemux nacikax B CyMChKif,
XapkiBCbKill, MUKOJaiBChKill 06J1aCTSIX TTOKa3asa MiiBuIeHi KOHIleHTpallil TOKCMKaHTiB. KoHIjeHTpallis KagMiio Ha
tepurtopii YepHiriBebkoi obsacri (1,13+0,28 mr/kr) nepesumysana IIK (1,0 mr/kr) Ha 13%. Y MeIOHOCHUX POCIMHAX
3a BMiCTOM Kamilo Hailbisblli 3Ha4€HHsI BUSIBJIEHO Y XapKiBChbKill 0611 — 0,6+0,034 Mr/Kr, MuKosaiBChKiil 061 -
0,5£0,034 mr/xr Ta YepHiriBcbkiit obsnactsax — 0,5£0,067 mr/kr, o y 1,7 — 2,0 pasis nepeBulllyBajso 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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InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH:. YHIBEPCUTETCHKUI



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Bonpaps Banepisa IBaniBHa
2. VALERIIA I. BONDAR

KBastidikamis: k. c.-r. H., crapumii HayKoBUiA CIIiBPOGITHYK, 101
InenTudikarop ORCHID ID: 0000-0002-8737-3568
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcUTeT 6iopecypcis i

IPUPOJOKOPUCTYBaHHS YKpaiHu

Kopg 3a €IPIIOY: 00493706

Micue3HaxoaKeHHS: ByJL. ['epoiB O6opoHuy, 6yz. 15, Kuis, 03041, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHiBEepCHTETChKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Topopuceka IHHa MuKoJiaiBHa

2. Inna M. Horodyska

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

InenTudikarop ORCHID ID: 0000-0002-1580-3450
JoparkoBa iHdpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL OCOOM: [HCTUTYT arpoeKoIorTii i MpuposoKOopUCTyBaHHs HallioHanbHOi

aKkazeMii arpapHuX HayK YKpaiHu

Kopg 3a €IPIIOY: 13722479

Micuesnaxo,szeHHﬂ: ByJI. MeTposoriuHa, 6ya. 12, Kuis, 03143, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnpHa akazemis arpapHux HayK YKpaidu
InmenTudikarop ROR:

CeKTop HayKH: AkafieMidHui1

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. Ilymurai InHa BikTopiBHA

2. Inna V. Shumygai

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

InenTudikarop ORCHID ID: 0000-0002-0432-2651



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPHAMYHOI 0COOH: [HCTUTYT arpoeKoJIorii i MpUpogoKoprUCTyBaHHs HallioHAIBHOI

aKkazeMii arpapHUX HayK YKpaiHu

Koz 3a €JIPIIOY: 13722479

MiCI.IGSHaXO,IL)KeHHH: ByJI. MeTposoriuHa, 6ya. 12, Kuis, 03143, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazieMis arpapHux HayK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: AkafeMidHuiT

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

roJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIOBiZasIbHUM 3a peeCTpallilo HAayKOBOIi

OisIIBHOCTI

Konimyk Bacunbs BacunboBud

Konimyk Bacuibe BacuibsoBuy

[aBpumok Jlisntig B'ssuecsiaBiBHa

VKpIHTEI

FOpuenko TetsiHa AHaToJiiBHA



