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YHiBepcuTteT EANHGYpry, LieHTp acTpoGionorii,

EpuHOypr, CnonyyeHe KoponiscTBo Benukoi BputaHii Ta MiBHiyHOI IpnaHaii

ACTPOBIONOrifi: KOPOTKUMA ICTOPUYHUMN EKCKYPC,
il CYMACHMM CTAH TA NEPCMNEKTUBU PO3BUTKY B YKPAIHI

Ha cy4yacHomy emani po3eumky nodcbkoi yueinizayii cmpimkuli po3eumok eUcoKOmMexHOI02iYHUX KOCMIYHUX mexHosoail,
3pocmaroquli Haykoeull i komepyiliHuli iHmepec 0o KocMocy ma nideuujeHa yeaza 0o ¢hyHOaMeHMasnbHUX NumaHb PO MOXO-
OxeHHs1 U mMalibymHe xummsi y Bceceimi eumazae ¢hopmyeaHHs1 HO8UX HayKoeux noaisidie uyodo po3yMiHHsI heHoMeHa ummsi,
BUHUKHEeHHs1 6iocghepu ma nnaHemapHoi poni nroduHu y nodanbwili esosoyii nnaHemu 3emnsi. CyyacHe cycriflscmeo akmueHo
wykae eidnoeidi Ha doeiyHi NumMaHHs1, Noe'si3aHi 3 MuM, 4u € Hawa 6iocghepa eOUHOH GhOPMOIO KXUMMSI ¥ KOCMOCI, @ MaKox 4Yu
Moxiueuli KOHmMakm f1tOUHU 3 no3azeMHUMU ¢hopmamu xumms U yueinizayiamu. lMowyky yux eidnoeideli cnpusic maka Hayka, siK
acmpo6ionozis. Memoro uiei ny6nikayii € kopomkuli 025150 cy4acHo20 cmaHy acmpobiosnozii 3a ny6nikayismu y npoeidHux
HayKoeuUX )XXypHasax 3a ocmaHHi decssamunimmsi, a Makox aHani3 momeHyiasbHUX MoXJiueocmel po3eumKky yiei Hayku 8 YKpaiHi.

Acmpo6ionoeisi sik Hayka — ue MbkoucyunniHapHa 2any3b, Wo 6ocsioXye NUMaHHS NPOo MOXOOXKeHHS1 XUummsi Ha 3eMiJli, sIK 80HO
po3eusasiocsi Ha yili nnaHemi npomsizoM Minbsipdie pokis, lio2o0 Moxuee iCHy8aHHs1 3a Mexamu 3emii, 11020 Moxuei gpopmu ma
crnocobu icHyeaHHsl, a MaKox numaHHs w,000 ymoe OJisi BUHUKHEHHS1 Ui po3eumky xummsi y Bcecaimi. Acmpo6ionoezis docnidxye
JKummsi siKk KOCMiYHUl ¢heHOMEH, W0 MO)Ke iCHyesamu 3a Mmexamu 3emini y pi3Hux ¢hopmax, 30Kpema 3eMHuUX, docmaesieHux
KOCMiYHUMU anapamamu Ha iHwi nnaHemu. OCHOBHOIO Memoro acmpobionoeii € nowyk i docnidxeHHs pi3HUX ¢hopM Xumms 3a
Mexamu 3emii, a MaKoX 8UBYEHHSI iCHyeaHHsI 3eMHUX (hOPM )Xummsi e eKcmpeMallbHUX yMoeax, HabruxeHux 00 ymoe
8i0KpUMoO20 KOCMOCYy ma eKOJIo2iYHUX yMoe Ha iHwux nnaHemax COHsIYHOI ma iHwux 30psiHUX cucmem. Baxnueum Mix-
ducyunsiHapHUM HanpsiMoM OOCJliOXeHb y cy4YacHill acmpobionozii € eueyeHHs1 XiMiYHO20 cklady MiXK30pPsIHO20 npocmopy U
XiMiYHUX npouyecie, Wjo MoXymb npu3zeodumu OO0 YmMeOopeHHsI op2aHiYHUX Mosekys. Abio2eHHuUli cuHme3 op2aHiYHuUX CrioyK y
KocMi4YHOMY npocmopi Moxe eidbyeamucsi @ ymoeax eKpali HU3BbKUX memriepamyp, KOCMi4HO20 eaKyyMy U UCOKUX pieHie
ioHi3yro4oi padiayii. Teopiss camo3apodXeHHsI XXummsi Ha ni1aHemi 3emsnsi Npunyckae, Wo nepwi Haltnpocmiwi xuei opaaHiamMu
GUHUK/IU WIISAXOM caMoopeaHi3ayii 3 opaaHiYyHUX crosyk, siki ymeoproganucsi eHacsidok ix abiozeHHo2o cuHme3y. Ha yel 4ac
eKkcriepumeHmarsnbHo doeedeHa MOXIugicmb abioceHHO20 cuHme3y 6io/102iYHO 3HaYyuwux op2aHidHuUx Mornekyn. Ane idesi camo-
3apo0dXeHHS1 Xummsi, SIK MOJIeKYJISsPHO-iHghopmayiliHo2o ¢heHOMeHa, yce we 3anuwaembcsi 2imomemu4Horo. AnbmepHamueHa
meopisi naHcnepmii nepedbavae npouec caMo3apoOKeHHs KXUMmmsi Yy KOCMOCI, Hanpukiad Ha iHWux njaaHemapHuUx minax, a Ha
3emnro xuei opeaaHiamMu nompanunu 3 KOCMIiYHUM MNUJsIoOM, KoMemamu ma acmepoidamu. Moxnueicmb moz2o, w0 opaaHizmu
MOXymb repexxumu pyx y KOCMiYHOMY npocmopi, nidmeepdxyembcsi desikuMu GocridXeHHsIMU w000 cmilikocmi neeHux sudie
opzaHi3mie o ekcmpemanbHUX ¢hakmopie ei0KpumMo20 KOCMOCY ma eKoJIo2iYyHUX yMoe Ha desikux rnsiaHemax i cynymHdukax,
30kpema Ha Mapci, EHyenadi ma iHwux KocMmiyHUXx minax. Baxnueum Hanpsimom docnidxeHb y cy4acHili acmpo6iosozii € nowyk
6iocucHamyp, ki MOXXymb AoCcmoeipHO ceid4umu npo HasieHicMb negHux ¢hopm xummsi. Pozeumok acmpo6ionozii nopodxye psio
cucmeMHuUX nNumMaxb, Wo nompebyromb MaKoX eKos102i4HO20 6a4€HHSI CMOCO8HO MOXKJIUBOCMI iCHY8aHHS Pi3HUX ¢hOpPM UMM Ha
iHwux nnaHemax. Baxnueum numaHHsIM y acmpobiosnoeii € npobnema ennuey KOCMi4HUX YUHHUKI8 Ha 3eMHy 6iocghepy ma
moxnusei 6iocgpepu iHwux nnadem. Lli ¢gpakmopu noe'sizaHi @ nepwy 4Yepay 3 akmueHiCmMIO 3iPOK, HaBKOJIO SIKUX ¢hOPMYyHOMbCS
nnaHemapHi cucmemu. Y 38'A3Ky 3 aKmueHUM PO38UIMKOM KOCMIi4YHUX Micili o nnaHem COHSIYHOI cucmemu ma ix cynymHukie
nocmarsno numaHHsi 000 MOXJIU8OCMI MepeHocy 3eMHUX (hOPM KUMMSI Ha KOCMIYHUX 30HOaX Ha iHwWi nNnaHemu, wWo y ceoro Yyepay
nopodxye npobnemu, noe'sizaHi 3 acmpob6ionozidyHum "3abpyOHeHHsIM" ma emuYHoo eidnoeidanbHicmio 1OOCLKOI yusinisauyii 3a
PO3M08CIOOXEHHSI 3eMHUX (hOPM Xummsi eHacnidok KoHmamiHayii KocmiyHux 3oHOie. Okpemy yea2y e o2nsidi npudineHo
numaHHsIM nid2omoeKu sucokokearnigikoeaHux crneyianicmie y 2anysi acmpo6iosnoeii 8 yHieepcumemax i 8i0nogiOHuUX Hag4asibHO-
HayKoeux uyeHmpax, 30Kkpema Ha 6a3i AcmpobionoziyHo2o yeHmpy CnonyyeHozo Koposniecmea npu EQuH6yp3bKOMy yHieep-
cumemi. O6rpyHmosyemscsi HeobxiOHicmb eidkpummsi MixHapoOHo2o acmpobionozivHo2o uyeHmpy Ha 6a3i Kuiecbkozo
HauioHanbHo20 yHieepcumemy imeHi Tapaca Llleg4eHka cninbHO 3 YHisepcumemom EOuHbypaa.

Acmpobionoezisi € Hogor MixoucyunniHapHoto i 3ampebysaHoto Haykoto. BoHa Mae ceoro enacHy Haykoey npobriemamuky,
memodooeito. Modanbwuli po3eumok uiei chepu 3HaHb 8uMazae 3ay4eHHs1 haxieyie 3 pi3HUX NPUPOOGHUYUX i 2yMaHimapHux
cghep 3HaHb, AKUX mpeba 2omyeamu Ha OCHO8i HO8UX MiXKOUcUuniHapHUX OCeimHix Hag4YanbHUX Kypcie i npoapam nidzomoeku
6akanaepie, Mmaczicmpie ma dokmopie ¢hinocoagpii.

Knw4yoBi cnoBa: acmpob6ionoeiss, acmpoekosozisi, acmpobionoziyHi HayKo8o-Hag4aslbHi yeHmpu.

BeTyn OO0 MOXOMKEHHS XWUTTA Ta WOro ManbyTHE iCHYBaHHS Y
Ha cyvacHomy eTtani po3BuTKy MOACLKOI UMBInisauii BcecsiTi Bumarae poknagaHHsa HOBUX 3YyCUIlb CTOCOBHO
CTPIMKUA PO3BUTOK BUCOKOTEXHOMOTMYHUX KOCMIYHUX Tex- rMMBoKOro Po3yMmiHHA (DEHOMEHY XWUTTH, BUHWKHEHHSA 6io-
HOJIOriN, 3pOCTaloYMin HayKOBUI i KOMEpPLINHUIA iHTepec A0 cchepu Ta nnaHeTapHOi poni NAMHKU Yy NoAarnbluin eBo-

KOCMOCY Ta MigBuvLleHa yBara Ao (hyHAaMeHTanbHUX NuTaHb nouii nnaHetm 3emnsa. CyyacHe CycCniflbCTBO aKTUBHO

© MapTtuHiok Biktop, Kokenn Yapnb3, 2025
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B 1 C H UMK Kuiscbkoro HauioHanbHoro yHiBepcurety imeHi Tapaca LleBueHka

LyKae BignoBigi Ha AOBIYHI NUTAHHS, NOB'A3aHi 3 TUM, YN €
Hawa b6iocdepa eanHo pOpMOIO XUTTS Yy KOCMOCI, a
TaKOX YW MOXIMBUIA KOHTAKT JOAMHW 3 MNO3a3EMHUMMU
dopmamu XKUTTS 1 umBinisadiamu. NMowyky unx signosigen
cnpwusie Taka Hayka, sik actpobionoris.

Meroto ujei nybnikauii € KOPOTKWUI OrNsg Cy4acHoro ctaHy
actpobiornorii 3a nybnikauisMn y NpOBIAHWX HayKOBUX Xyp-
Hanax 3a OCTaHHI OeCATUMITTA, a TakoX aHani3 noTeHuianb-
HUX MOXITMBOCTEWN PO3BUTKY LIiET HAYKKN B YKpaiHi.

PesynbTaTtn

B ictopn4HoMy acnekTi acTpobionorisi — Le HoBa Hayka,
YacoBuM BigniKk AKoi nodascsa i3 cepeamHn XX cT. Xoua
OKpeMi [OoCnigHMKU A0BOAATb, WO CyyacHa actpobionoris
cArae KOpPiHHAM Y AaBHi YacK iCTopii CTAHOBNEHHS HAYKOBOI
napagurmun npo Beecsit (Nascimento-Dias, & Martinez-Frias,
2023). Ane nepexig Bif pi3HOMaHITHUX rinoTes i dinocod-
CbKMX AMCKYCi O HAYKOBUX AOCHIAXEHb i KOCMIYHUX MICii
BinOyBcs y apyrivi nonosumHi XX cT. BiH NoB'a3aHuin 3 akTnB-
HAM PO3BUTKOM KOCMIYHMX TEXHOIOrin, Wo noTpebysanu
HOBMX 3HaHb MPO BMSIMB KOCMIYHMX (DAKTOPIB Ha TEXHiYHi
CUCTEeMU, CTaH 3O0POB'A aCTPOHABTIB, @ TAKOX MPO YMOBU
TpyBanoro nepebyBaHHA MOAUHU Ta iHLWMX XMBUX iCTOT Y
KocMmoci. 3 4acom, 3a pesynbTatamv Pi3HUX NaHeTapHuX
MICiii, NOCTano MUTaHHA LWOAO pearbHOI MOXIMBOCTI iCHY-
BaHHA XUBUX (DOPM Ha iHLIKMX MraHeTax i CynyTHMKax Y
CoHsYHIN cuctemi. Ha cborogHi nepeBaxHa BinbluicTb Koc-
MIYHUX NPOrpam i KOCMIYHMX MICii BKNOYaloTb JOCHIOKEHHS,
NoB's3aHi 3 BUBYEHHSAM YMOB Ha NnaHeTax Ta iX CynyTHuKaXx,
a TakoX 3 NOLUYKOM MapKepiB (BiocurHaTyp) XuTTs.

TepmiH "acTpobionoris” BMHMK Ha noyatky XX cT. Ane
NMEeBHWI Yac iCHyBanu Taki CUHOHIMW A0 LbOro TEPMiHy, K
"ek306ionoris" (Hayka Npo 30BHILLHE XUTTA), kceHobionoris
(Hayka npo 4vyxo3emMHe xuTTH). HuHi TepmiH actpobionoris
BMKOPUCTOBYETBCA A1 OXOMMEHHS LUMPOKOro Kora Hayko-
BMX NUTaHb, SKi nepebyBaloTb Ha CTUKY MiXK NnaHeTapHUMU
Ta GionoriYHMMKM Haykamu, siKi OXOMMIKTb MNPOLEC MOXO-
[PKEHHS! Ta eBOSIOLi XXUTTS Ha 3emrli, a TakoX NUTaHHS Npo Te,
YM iICHYIOTb BUMNAAKV XUTTS B iHLLOMY MicCLi 32 Mexamu 3emni.

AcTpobionoris sik Hayka — MiXgucuunniHapHa ranysb,
O [OCMiAKye MUTAHHS MPO Te, SIK BUHUKIIO XWUTTS Ha
3emni, SK BOHO pO3BMBANocs y 3B'A3Ky 3 reocdeporo Ta
Npo iCHYBaHHA XWUTTA 3a Mexamu 3emni, NOoro MOXNuBi
opMmM Ta cnocobu iCHyBaHHS, a TakoX MUTaHHS CTOCOBHO
YMOB BUHWKHEHHS1 i pO3BUTKY XUTTA y BceciTi. AcTpo-
Gionoria gocnigkye, Yn QiNCHO XUTTA SIK KOCMiYHUIA dbeHo-
MEH MOXe iCHyBaTu 3a Mexamu 3emni y pi3HuMx dopmax,
30KpeEMa 3eMHUX, SKi AOCTaBNATLCA KOCMiYHUMW anapa-
TamMyM Ha iHWi nnaHetn. Actpobionoria 3 ii HaykoBMMM
MeTo4aMn Ta YHIiKanbHOK MiXKONUCUMNMIHAPHICTIO 3HaXo-
OUTbCS B LUEHTpi uUMX JocnigkeHb, o6'edHYOYM 3HaHHS
Gionorii, ximii, disnkun, knimatonorii, reodisnkn, reonorii,
acTpoHoMii Ta acTpodisnkn. Ha cborogHi icHye Oekinbka
NPOBIAHMX MDKHAPOOHMX HayKOBUX NEepioAMYHUX BUAaHBb,
Ha CTOpiHKax SKnx o6roBopIOOTLCA pesynbTaTv Aochi-
DKEeHb | cydacHi acTpobionoriyni KoHUenuii Ta rinotesw.
Cepen Hux HamBaromiwumm € "Astrobiology” (Mary Ann
Liebert, Inc.), "International Journal of Astrobiology"
(Cambridge University Press), "Frontiers in Astronomy and
Space Sciences" (Frontiers Media S.A.) Ta iHLui.

OcHoBHa MeTa acTpobionorii — BUBYEHHSI MOXOKEHHS,
€BOMoLil Ta MOLIMPEHHS XUTTA y BcecsiTi (Bkntovatoun
noro manbyTHe). OgHMM i3 KMYOBUX MOrO NMUTaHb € MOLUYK
i OOCNIAXEHHS Pi3HOMaHITHUX (hopM XWUTTS 3a Mexamu
3eMni, a TakoX BUBYEHHS iCHYBaHHSA 3€MHUX (DOPM XUTTHA
B eKcTpemarnbHUX YMOBax, HabnmkeHux OO YMOB BigKpu-
TOrO KOCMOCY Ta YMOB CepefoBULLA Ha iHWMX MraHeTax
COHSIYHOI Ta iHLUNX 30PSHUX CUCTEM.
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AcTpobionoria  mae 6e3nocepegHe BiAHOLWEHHS A0
Takmx npobnem cy4yacHoi 6ionorii, Ak BMBYEHHS MOXO-
OXKEHHS Ta eBOJIOLii XUTTSA, NOro opraHisadii Ta KocMobio-
cchbepHoro nowmpenHs y BeecBiTi. OCHOBHI NUTaHHs, Ha SKi
nparHe BignoBicTK acTpobionoris, Taki:

* §IK 32pO[XKYETLCS, PO3BMBAETLCS i MOLLUMPHOETLCH XKUTTS;

* YN MOXIIMBE XMTTA B EKCTPEeMarnbHNX yMOBaX Ha iHLINX
nnaHetax abo cynyTHUKaXx;

* YN MOXYTb XMBi OpraHiamMu BUTPUMYyBaTW YMOBW Bif-
KPMTOro KOCMOCY W MOTPannsaTu Ha iHWi nnaHetn y
CKnagi KOCMIYHOro nNuny, MeTEOPUTIB Ta acTepoigis;

* gKi MOXyTb B6yTn Mapkepu (BiocurHaTypm) XuUTTS | SKUM
YMHOM MW MOXEMO iX crocTepiraTty;

® YN MOXYTb i IKUM YMHOM XMBi OpraHiaMmy NPUCTOCOBY-
HOTbCH 10 EKCTPEeMarnbHWX YMOB iCHyBaHHS, NogibHux Oo
TUX, LLO iCHYHOTb Ha iHLIMX HEBECHMX Tinax — nrnaHeTax Ta
IXHIX CynyTHWKax, actepoifax, MeTeopuTax i KomeTax;

* 4n MOXe BiAbyBaTUCb NEPEHECEHHS XUTTS Ha iHWi nna-
HeTapHi Tina nig Yac AOCNIAHULBKUX 3yCUITb NIIOONHMW.
Ha uer yac y actpoGionoriyHMx JOCMigKeHHAX MOXHa

BUAOINUTW OeKinbKa OCHOBHUX acrekKTiB.

Baxnuemm mixaucumnniHapHUM HanpsiMOM Y Cy4acHin
actpobionorii € gocnigXeHH XiMiYHOro cknagy Mix3opsi-
HOro MPOCTOPY Ta XiMiYHMX NPOLECIB, O MOXYTb NPU3BO-
OWNTW [0 YTBOPEHHS! OpraHivHmx mMonekyn. ['pyHTyounch Ha
BESNIMKOMY MacuBi acTpoianyHMx gaHuX, CBITOBA HayKoBa
CnifNbHOTa BBaxae, WO XiMiYHa "KOHCTUTYLiA" BcecBiTy €
YHiBepcanbHoH i, BiANOBIAHO, XiMiYHa eBontouia y BececsiTi
€ OJHMM i3 eTaniB Moro eBontouii, nig 4ac skoi Biobyea-
€TbCS1 YTBOPEHHSI 1 MOLUMPEHHS1 Y KOCMOCI XiMiYHUX ene-
MEHTIB Ta iX XiMi4HMX Cronyk 3 MOMeHTy Benukoro Bubyxy
i 4O CbOroAHi. 3rigHO i3 Cy4aCHUMW YSIBMEHHAMW MepLui
XiMiYHi eneMeHTn ccopmyBanucs y nepLui XBUINHK nNicns
Benvkoro BMGyxy LUNSIXOM NEPBUMHHOIO HyKneocuHTeay. Lle
nepesaxHo BoAeHb (H) i renin (He), a Takox y HeBenukin
KinbkocTi niTini (Li) i 6epunini (Be). YTBOpEHHS 3ipoK y Mpo-
ueci noganbLuoi esontoLii BcecsiTy npusBeno o0 yTBOPEHHs
B HMX Oinbll BaXNMUBUX eneMeHTiB, Takux sik kapboH (C),
HiTporeH (N) i okcureH (O). Baxki enemeHTn, BKNoYao4m
3anizo (Fe) i Hikenb (Ni), yTBOpPIOIOTECA NEPEBaXHO Y
MaCUBHMX 3ipKax i BUBIMbHAIOTLCS B KOCMIYHWIA NPOCTIp Nif,
yac BUDOyxXiB HagHOBUX 3ipOK. Y XMapax MiK30psiHOro rasy
Ta y Anckax HaBKOJO MOMOAuX 3ipok hOpMYHTLCHA MPOCTi
Ta Ginbll CKNagHi OpraHiyHi CrMonyku, Lo MOXyTb OyTu
MONEKYNAPHUMM "LernmHKkamn" onsa XuTTs. 3HangeHo Taki
cnonyku, sik metaH (CH,), amiak (NH3), apomaTnyHi Byrne-
BOAHI, NPOCTi amMiHOKMCNOTU Ta Ginblu cknNagHi OpraHivHi
CMoNyKkn. YTBOPEHHIO OPraHiYHUX CromyK Cnpuse ynbTpa-
(hioneToBe BUNPOMIHIOBaHHS, KOCMIYHI MPOMEHI Ta iHLLi di3nyHi
ymHHuKK (Kaiser, & Balucani, 2002; Sandford et al., 2020).

Baxnueum € TOM @pakT, WO YTBOPEHHA OpraHidHMX
CMOMyK y KOCMIYHOMY MpOCTOpi MoOXe BigbyBaTuca B
yMOBax BKpaw HU3bkux Temnepatyp (Puzzarini, & Barone,
2020), wo cBigYMTbL MPO MOXIIMBE XiMiYHE PO3MAITTS Y
BcecsiTi. AckpaBum npuknagom € Llepepa — kapnukosa
nnaHeTa, WO po3TalloBaHa B rofloBHOMY MOsICi acTepoiais
M opbitamm Mapca Ta KOnitepa, Ha Sk 3HaOEeHO BENUKy
KINbKICTb OpraHiyHMX Cnonyk sk Ha ii noBepxHi, Tak i nig
30BHILLHIMK LWIapaMun nnaHeTapHux nopig (Rizos et al., 2024).

AbGioreHHU cuHTe3 BGIioNoriYHO 3HaYyLWKUX CromyK €
OLHUM i3 KMYoBUX Npobnem cyyacHoi actpobionorii. Ha
CbOrogHi OGroBOPHETLCA | EKCrepuMeHTanbHO Mepesipsi-
€TbCS MNPUHUMMOBA MOXNMBICTb abiOreHHOro CUHTE3y
amiHokucnoT i kopoTkux nenTtuais (Frenkel-Pinter et al.,
2020), Hykneotupis (Mahipal Yadav et al., 2020),
docponinigis (Fiore, Chieffo, & Lopez, 2022), nopdipuHis
(Pleyer et al., 2022) Ta iHWMX cnonyk.
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MNoxomkeHHs XUTTA Ha 3emMni — Le ogHa 3 HanbinbLnX
byHOAaMeHTanbHNX Npobnem cy4acHoi Hayku, sika 3anu-
LWaEeTbCA HeBUpILLEeHOW. HWHI 06roBoproloTLCA ABi FONOBHI
KOHKYypYyloYi Teopii, AOCMNIAHUKN SKMX HamararTbCa Mosic-
HUTU, K CamMe MOTIIO BUHWUKHYTW XXUTTS Ha HaLin Ta iHLIMX
nnaHeTax Yy iHWNX KOCMIYHUX Tinax.

Meply Teopito MOXHa YMOBHO Ha3BaTW TEOPIED caMo-
3apomKeHHs XuTTa abo Teopieto GioximivHoi esontouii. Lis
Teopisl NPUMNYCKae, L0 XUTTS BUHUKIIO LUNSXOM camoopra-
Hi3auil 3 opraHiYyHMX Cnonyk, siki yTBOPIOBanNucs BHacNigok
ix abioreHHoro cnHTesy, TO6TO 3a paxyHOK NEBHMX XiMiYHMX
peakuiin 3a nepBUHHMX yMOB Ha 3emni. [pyra nonoBuHHa XX
i noyatok XXI cT. Nnponwnu nig NpanopoMm akTUBHOI Bepu-
dikauii uiei rinotean. Y nabopaTtopHuUxX OOCRIAKEHHSAX Bid-
TBOPIOBaNUCb YMOBM, L0 iCHyBanu Ha noyaTtky eBonouil
Hawoi nnaxHetn. KoauepBaTtHi cuctemMm B eKcnepumMmeHTax
OnapiHa i XongenHa, Minnepa ta Ypi ctann knacu4yHnmm
npvknagamu, Wo AeMOHCTPYHTb MPUHLIMIOBY MOXIMBICTb
abioreHesy. PesynbTatn ekcnepumeHTis Minnepa ta Ypi,
AKi Ha uen Yac 3ragyloTb HaBiTb Y LIKIMbHUX NigPYyYHMKAX,
OOBENM YTBOPEHHS aMiHOKUCIOT, a30TUCTUX OCHOB Ta
iHLWKWX BiONOriYHO 3HaYyLLMX CNOMYK, AKi € enemMeHTapHUMn
"ByaiBenbHMMM 6nokamu' XnTTS.

HacTynHum nowToBXOM y pO3BMTKY LI€T rinoTesn cranu
pobotn MaHdpena Ewrena (Eigen, 1971; Eigen, &
Schuster, 1982), 3a ski BiH oTpumaB HobeneBcbky npemito
3 ximii. lNnoTeTnyHa mogenb EnreHa nosicHoBana, sik XUTTS
MOrf0 3apoamuTUCs 3a [OMNOMOIOK KOPOTKUX TEHETUYHUX
nocnigoBHOCTEN, siKi, HE3BaXakun Ha ix obmexeHy iHop-
MaUifHy EMHICTb, MOMMY e(EeKTUBHO BiATBOPIOBATUCH 3a
MexaHiamom pennikadii. OCHOBHVMMM BNaCcTUBOCTSIMM rinep-
uuknie EvreHa € aBTokaTanitTMyHa KOHKypeHLUid, cenek-
TMBHA MOBEAiHKA, 30aTHICTb BUKOPUCTOBYBaTWU MiHIManbHy
KIHETUYHY nepeBary, LiBMAKa eBonwouis y Oik 3pocTaHHs
iHbopMmaUiiHOT EMHOCTI, KIHETUYHI MexaHi3aMun fobopy Han-
eheKTUBHILLMX BapiaHTiB. Takum YMHOM MaTemMaTuU4Ha Mogernb
rinepuuKniB NOSICHIOBaNa MOXIUBI LUMNSIXWU BUHUKHEHHS KOH-
KypeHTHOi 6opoTbbu, npupoaHoro fo6opy 1 eBOMOUINHMX
MeXaHi3MiB, xapakTepHux ans 6ionoriyHmx cuctem, opraHi-
30BaHMX Ha OCHOBI rEHETUYHO-METaboMiIYHMX riNepLUmKIiB.

HacTynHum BaxknvMBMM eTanom pO3BUTKY Teopii camMo-
3apOMKEHHS XUTTA Oyno BiOKPUTTSA KaTaniTUYHOI aKTUB-
HocTi gesikux popm PHK, o npmaseno 4o nosieu rinotesun
PHK-cBiTy (Lehto, & Karetnikov, 2005). 3gaTHictb pubo-
3UMiB kaTanidyBaTu npsimi M NobivHi peakuii ctana Baxnu-
BUM MOSICHEHHAM MOXIMBOCTI BMHUKHEHHSI Ta eBOmoLil
HOBMX MeTaboniyHux wngaxie (Janzen et al., 2020). O6ro-
BOPIOKOTBCA FMOTETUYHI LUMAXU BMHUKHEHHS Ta eBOMoLji
pubocom sk PHK-npoTeiHOBUX aBTOKaTaniTM4HUX CUCTEM
(Bowman et al., 2020). BignosigHo go rinote3an PHK-cBiTy,
rinepumknun Ha ocHosi PHK mornu Bigirpatu knto4oBy ponb
y nepexogi Big ximiyHux go GionoriyHnx npouecis, a nepLui
NpUMITUBHI popMM XMTTS Mornu GasyBatucss Ha Mone-
kynax PHK, saki 3gaTHi He nuwe 36epiraTh reHeTu4Hy
iHbopMmaLiito, ane N BUKOHYBaTU KaTanitTnyHi yHKuii. TxHa
nopanblia €BOMIOLiA Morfa npyMBECTU [0 BUHUKHEHHS
reHeTU4HOro Kody. Y HayKoBO-MOMynsApHiA niTepatypi us
rinotesa oTpumana HasBy einome3u PHK-xumms.

He pamBnauuce Ha neBHi ycnixu, Teopia camosapo-
DKEHHST XKUTTS CTMKaETbCS 3 pyHOAaMeHTanbHoW npobne-
MO LOAO BUHUKHEHHS MeEXaHi3miB, ski 3abeanevyloTb
BiAMOBIAHICTb FEHETUYHOrO KOA4Y HYKMNEIHOBUX KUCIOT Mo-
CnigoBHOCTI aMiHOKUCnoT y 6inkoBux naHutorax. PaktnyHo
ue € dyHoaMeHTanbHUM MUTaHHSAM MNPO Te, SKUM YUMHOM
MOrfia BUHUKHYTWU HannpocTilla MonekynsapHo-iHbopmauiiHa
cucTtema, WO iCHye i pO3BMBAETbLCA Ha OCHOBI 3aknageHoi
nporpamu, 3anucaHoi y BUrNAA4i NOCNIAOBHOCTI HYKMeo-

ISSN 1728-2748

TMaiB. Taka MiHiManbHa iHpopmaLiiHa cuctema Mae ckna-
JaTtucb i3 nporpamMHux iHOpMaUinHUX 3anuciB-anropuT-
MiB, NiACUCTEM IXHLOTO 36epPEXEHHS], BIGTBOPEHHS, YNTAHHS,
TpaHcdepy, 06pobkn Ta anropuTmivHoi peanisadii iHdop-
MauinHMX 3anuciB Yy Burnagi  36ipky  OyHKLiOHaNbHMX
€IeMEHTIB-KOHCTPYKLIA (MOMEKYNSAPHUX MalumH), Wo 3abes-
neyyTb poboTy BuLlenepepaxoBaHux nigcucrem. Bia-
CYTHICTb OyAb-AKOi MigcMCTEMU B Takii MOMEKynspHoO-
iHbopMaUinHin cncteMi pobuts il HEeXMTTE3AATHOK. TOOTO
Oyab-sika Teopia CaMO3apOXKEHHS XUTTA Ma€e NMOACHIOBaTH
MOXIMBICTb OAHOYACHOTO BWHUKHEHHS BCiX MigcucTem
iHbopMaUinHOi cucTemu B Ti MiHIManbHI koHirypauii. Ha
Xanb, Ha OaHoMy eTani PO3BUTKY Hayku MaemMo KOHCTa-
TyBaTn TOW PaKT, WO PO3YMIHHSA LUMAXiB CTOCOBHO BUPI-
LLIEHHS LbOro KNKYOBOro NUTaHHS HEMAE.

[pyra To4ka 30py LOAO BUMHUKHEHHS XWUTTA Ha 3emni
I'PYHTYETLCA Ha igei, Wo XWUTTHA, K KOCMiYHUIA (DEHOMEH,
3apoanrocsa Oecb Yy KOCMOCI SIK 3aKOHOMIpHWIA pesyrnbTaT
eBontouii BcecsiTy, a Ha 3emnio BoHO Oyno 3aHeceHo 3
KOCMIYHMM MUIOM, Ha acTtepoigax i meteopuTax. Y pos-
ropHeHoMmy BUrMNSdi US igea npeacraBneHa Teopieto naH-
cnepwmii (Burchell, 2004), ska Mae faBHi iCTOPUYHI KOPiHHSA
(Temple, 2007). Cnabkoto CTOPOHOK FiNOTE3N € HEBU3Ha-
YeHICTb LLOAO MUTaHHA MOSABW XUTTHA Y KocMoci. Lis Teopis
BCE X BMMarae MOSICHEHb CTOCOBHO BWHWKHEHHSI (heHo-
MEHa XWUTTS y KOHTEKCTi MPOLECiB, ONMCaHWX TyT BULLE.
Ane pe3ynbTaTi Cy4yacHUX eKCMEPVMEHTIB Y Mexax Ha3eM-
HUX JocnigXeHb, B SKUX iMiTyBanM YMOBM BiOKPUTOrO
kocmocy abo ymoBM Ha iHWwMx nnaHetax (Lorenz et al,
2022; Rzymski et al., 2022), a TakoX KOCMIYHMX MiCii, LLO
nepenbayann TpuBane nepebyBaHHA MiKpoopraHiamis B
ymoBax BigkpuToro kocmocy (Mancinelli, 2015), nosoasaTsb,
LLIO MIKPOOPraHi3aMy MOXYyTb BUXMBATU B KOCMOCI, ane 4ac
X BWXMBAHHA He TakuM BENUKUMIA, WoO nogonaTty Benuki
Mix30psiHi BigcTaHi. OgHak, y 3B'A3Ky 3 aKTUBHWM pPO3BUT-
KOM KOCMiYHMX Micili, HabyBae Heabusiky aKTyanbHICTb
NUTaHHS MPO NEePEHECEHHA 3eMHOI MIKPpOhSIopy Ha iHLLUi
nnaHeTn N KOCMivHi Tina COHAYHOI CUCTEMU HA KOCMIYHMX
3oHgax (Carte et al., 2024). OTxe, KOHCTAaTyEMO TOW hakT,
WO Teopid naHcnepmii Mae OKpeMuX MPUXWUMbHUKIB, ane
3anvwaeTbCs BKpan OUCKYCIVHOL.

Y 3B'I3Ky 3 BMOYXOBUM PO3BUTKOM KOCMIYHMX AOCHi-
KeHb, iHopMaUiNHNX TEXHOSONIN i TEXHOMOrIN LUTYYHOro
iHTENEKTY B cydyacHin Gionorii Ta actpobionorii gk Hikonm
rocTpo CTOiTb npobnema LWoao Po3yMiHHA deHoMeHa
XUTTA Ta MOr0 rOMIOBHMX O3HaK. FKe >XUTTS MU 3HAEMO?
Ake XKUTTA MU LWIYKAEMO Ha iHLWKMX nnaHeTax? Ha uen yac
MU PO3YMIEMO, LLO 3HAEMO TifbKN 3EMHi (DOPMU XKUTTSH,
NPUYOMY OCTATOYHOrO CUCTEMHOIO PO3YMIHHS LbOro peHo-
MeHa [o cux nip 6pakye. Tomy Bce Lie TpMBalOTb AWCKYCIi
HaBkono uboro (Malaterre, Jeancolas, & Nghe, 2022;
Smith, 2016; Carr, & Rees, 2003). AHani3 guckycii 3 uiei
npo6nemu, Lo NPOAOBXYE TOYUTUCH A0 CbOrOAHI, CBIgYMTb
npo Te, WO Le NUTaHHA 3anuwaeTbCs Ha TepeHax npuposa-
HMYoi pinocodii, TeopeTUYHUX igen, rinoTes i 340rafok
(Colo'n-Santos et al., 2024).

UM € NpMHUMNOBO iHLWI anbTepHaTMBHI POPMU XUTTS Ha
3eMni OKpiM TUX WO MU 3HAEMO? YK € XUTTS YHIKanbHUM
asuwem 3emni, Yn yHiBepcanbHuUM npouecom y BcecsiTi?
A 4M [iMcHO BCi Hawi KOCMiYHI mporpamMmm MOXyTb AaTtu
BiANOBIAb HA MUTaHHS NPO Te, SIKe XUTTS LyKaemo? Yu €
AKICb iHWi anbTepHaTMBHI (OPMM KUTTA Ha iHWKX
nnaHetax? Taki NUTaHHA akTUBHO OBGroBOPKKOTLCA Ha
wnanbTax HayKkoBMX XypHaniB i3 acTpobionoriyHoi
tematuku (Cleland, & Copley, 2005; McKay, 2020).

AHani3 pisHMX OYMOK CBiguMTb, WO MU OOOB'SI3KOBO
MaeMO pO3rnsgaTv MOXMMBICTE "anbTepHaTUBHUX (HOpPM
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B 1 C H UMK Kuiscbkoro HauioHanbHoro yHiBepcurety imeHi Tapaca LleBueHka

XuTTa", AKi MOXYTb 06asyBaTUCA Ha iHWKX XiMiYHUX
OocHoBax (Hanp., 3amiHa BOAM Ha MeTaH 4Yu BYrMeLl Ha
KPEMHIl1), WO CYyTTEBO PO3LLMPIOE MEXi PO3YMiHHS CYyTHOCTI
deHomeHa xuTTs (Gobato et al., 2022; Petkowski, Bains, &
Seager, 2020; Kan et al., 2016).

[MepepaxoBaHi BuLie npobremn ceigyaTb MPO BENUKY
CknagHicTb ix poss'a3aHHs. LLlo Mm Maemo wykatn? Axkvm
YMHOM MaemMo ue pobutn? OTpumaTn BigNoBidi Ha Ui
NUTaHHA HaM JonomaratoTb TEXHOJOrT NOLWYKy Tak 3BaHUX
GiocurHaTyp. BnsHaueHHs GiocurHaTyp i po3pobka HOBWX
METOAIB MOLUYKY XWTTS € OKpemok npobnemoro B acTpo-
Gionorii. TyT BaXnNMBUM HanpsiMOM € BU3HAYEHHS KITHOYO-
BMX O3HaK, fki Mornmn 6 yka3aTu Ha iCHYBaHHSl XUTTA Ha
iHWKMX nNnaHeTax abo B kocMiyHOMY npocTopi (Schwieterman,
Kiang, & Parenteau, 2018).

BiocurHaTypmn — ue xiMidHi, disnyHi abo 6ionorivHi o3Haku,
SIKi BKa3yloTb Ha HasiBHICTb ab0 MPUCYTHICTb Y MUHYNIOMY
X1TTA. Ha uen yac ronoBHumu GiocurHaTypamum €:

* XiMiyHi BiocurHaTypu: cneumdivHi Monekynu abo XiMiyHi
efieMeHTN, Taki $K MeTaH, KUCEHb, O30H Ta iHWi
OpraHiyHi M HeopraHiYHi MOMeKynu, Wo NPOAYKYITLCH
XMBUMM oOpraHiamamn abo BxoAasTb [0 iX cknagy
(Lukas Pleyer, Strasdeit, & Fox, 2022; Houtkooper,
& Schulze-Makuch, 2007);

* pisnyHi BiocMrHaTypu: NEBHI TUMW CKENbHUX YTBOPEHb
abo miHepanis, Ski MOXyTb OYTU CTBOPEHI TiMbKW XUBK-
MU opraHiamamu (Banfield et al., 2001);

* reonoriyHi CTPYKTypu GiONOrYHOIrO NMOXOMKEHHS: MIKpPO-
cKomMiyHi 3anuwku abo cnign XuTTs, ski 30epernuca y
reonoriYyHnx Noknagax i CBigyYaTb NPO NEBHY aKTUBHICTb
GionoriyHnx npouecis. BoHn € BaxnuBMMK niaTBEp-
[DKEHHAMM eBoMoUii XUTTA Ha 3emni Ta MOXyTb
CBiQUMTU NPO ICHYBaHHA XMWTTS Ha iHWMWX nNnaHeTax
(Wickramarathna, 2021).

OcTaHHIM 4acom yce 4YacTiwe NigHIMaeTbCst MUTaHHS
LWoAo umBIni3auinHUX cUrHaTtyp, siki MOXyTb BKasyBaTu Ha
iCHyBaHHS TEXHOMOrMYHO PO3BUHEHUX LMBIMi3aUin Ha iHLIMX
nnaHeTax. BoHu € po3wmnpeHHam nowwyky GiocurHatyp, ane
(hOKYCYIOTbCA Ha LUTYYHUX (DEHOMEHax, SKi MOXyTb OyTn
CTBOPEHI BMCOKOPO3BMHEHNMWU TEXHOMOTYHUMK CcoLlianb-
HAMMK cninbHoTamu. Lle moxe Oyt LWITYYHWUI enekTpo-
MarHiTHUA OOH y AianasoHi Big pagioyacTtoT 4O CBITNOBMX
iMNynbciB, NPOAYKLis Tenna Bid cnopyn i TeXHONOriYHMX
cucTeMm, WTYYHi aTMocdepHi aHomanii, aHomanii y anHa-
MiLi nnaHeT i CBITIHHA 3IPOK y 30pPSAHUX CUCTEeMax TOLLO
(Annis, 1999; Lingam, & Loeb, 2021; Fischer et al., 2022).

Ha uer yac po3rnsigalTbes pisHi cTpaterii Ta Metoau
nowyky GiocurHaTtyp Ha iHLWKUX MraHeTax 3a AOMOMOror
pob0TN30BaHNX AOCHIAXEHb, BKMOYAKYN BXE PO3rOPHEHI,
a TakoX Ti, WO po3pobnsatTbcs Ans NONbOoTIB i ManbyTHIX
Miciit. [1ponoHytOTbCA TakoX cTpaTerii Ana OUCTaHUiNHKX
cnocTepexeHb 3a JOMOMOrOK MOTOYHMX i ManbyTHIX 3eMHUX
Ta KOCMiYHMX TeneckoniB. [NepeBaxHa OGinbuwicTe 6io-
i TEXHOCUMTHATYpPHUX METOZIB I'PYHTYETbCA Ha CreKTpanb-
HUX XapakTepucTuKax MOrMMHAHHA W BUMPOMIHIOBaHHS
€IeKTPOMarHiTHUX XBWMb Y PIi3HUX EHepreTU4HMX pAiana-
30Hax. [lokpalleHHs Haworo po3yMmiHHs OiocurHaTyp Ta
po3pobkun HOBMX MeToAiB Ha 3emni CnpuaTUME 3yCuUnnsam 3
BUSIBNEHHS XUTTS Ha iHWmx nnaHeTtax (Chou, Grefenstette,
& Borges, 2024).

Mpobnema nowyky 6GiocurHaTyp LWinbLHO MNoB'A3aHa 3
GaratbMa MiXOUCUMMMIHAPHUMW NUTAHHAMUW. AHani3 nite-
paTtypu CBigYWTb, WO MOLWYK XUTTA B Hawiin COHAYHIN
cucTeMi Nokv 6asyeTbCa Ha HaLOMY PO3YyMiHHI 3eMHUX hOpM
XWUTTS Ta noB'A3aHMx 3 HUMMU GiocurHaTyp. Hanpuknag,
romoxipanbHicTb, TOOTO nepeBaxaHHA L-aMiHOKUCHOT i
D-uyKpiB, € BaXnMBOK O3HAKOI XWUTTA Ha 3emni. Busas-
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NEHHS HaAMNWLWKIB UUX XipanbHUX MOMEKyNl MOXe BKasy-
BaTW Ha icHyioye abo BUMEpne XWTTS B iHLIOMY CBITi.
OpHak, Hanpuknag, MeTeopuT! MICTATb NMO3a3eMHi aMiHO-
KMCMOTWU Ta LYKPOBI KMCNOTU 3 XipanbHicTio, nNoAibHow Ao
3€eMHOI, L0 YCKNaaHIE BUKOPUCTaHHS XipanbHoOT acumeTpil
Ak GiocurHatypu. Takum YMHOM Maemo nepernsgaTv
NMOTOYHI 3HaHHS NPO aMiHOKMCIOTK Ta LyKpU Y MeTeoputax
i MponoHyBaTW HOBI KpuTepii Ana ManbyTHix Micii 3
BUSIBNEHHS XUTTS, W06 BU3HAYNTU NOXOMXKEHHA XipanbHOI
acumeTpii. (Glavin et al., 2020; Franqueria et al., 2022).

OKpemMuM i BaXNMBMM MUTAHHAM Yy CyyacHiln acTpobio-
norii € JoCniAXXEHHS BUXKMBAHHSA 3€MHUX XMBUX OpPraHiamis
y ekcTpemMarnbHuUX ymoBax. Y 3B's3ky 3 UMM acTpobionorito
YyacTo nopiBHIOOTE 3 Bionorieto ekcTpemodinis. EkcTpemo-
inu — e 3eMHi opraHiamu, siKi XMBYTb 3 HALLOI TOYKM 30pY
B AyXe CKNnagHWX ekcTpemMarnbHUX YMOBaX HaBKOMULUHBLOTO
cepeposua. Taki opraHiamu B acTpobionorii posrnsgatTb
AK OionoriyHi mMogeni MOXIMBOro MO3a3eMHOro XUTTH —
Y MK30OPSAHOMY MPOCTOPI Ta Ha iHWKWX NnaHeTax, niaHeTol-
Aax, komeTtax i meteoputax. Cepen ekcTpemanbHux cak-
TOpIiB, SKi MOXYTb AiATM Ha >XWBi OpraHiaMn y KOCMOCI,
po3rnapgaloTb BUCOKI  PiBHI  iOHI3ylo4ol pagiauii, Bkpan
HU3bKNA ab0 BUCOKNIA aTMOCEPHUIN TUCK, HEXapakTepHU
Ons YMOB Ha noBepxHi 3eMni, XiMiYHUI cknag noBepxHi 1
ripCbKMX MOpiA NnaHeT Ta iX aTMocdepu, HU3bKi TeMm-
nepatypu, HeBaromicTb TOLLO.

[Mowyk BignoBigen Ha NMTaHHA NPO MEXI XUTTA Ta Moro
30aTHICTb BUXMBATM Ta PO3MHOXYBATUCA B eKcTpemarb-
HMX YMOBax BUMarae nNpPOBEAEHHSs crneuianbHuUX Aochi-
[KeHb Yy nabopatopisix, e BUMBYAKTb BWKUBAHHS XUBUX
OpraHiamiB y LUTY4YHO BiATBOPIOBAHMX BIAMNOBIOHWX eKCTpe-
ManbHUX ymoBax. Taki OOChiMKEeHHs NpoBOAATb 3 BUKO-
PUCTaHHAM MepeBaXxHO MpeacTaBHUKIB GakTepianbHOro
cBiTy (Robinson, & McQuaig, 2022). [lyxxe Baxnusumu €
OOCNIAXEHHS BMMAVMBY YMOB BIOKPUTOrO KOCMOCY Ha Pi3Hi
MiKpoopraHiamu, siki npoBogmnm Ha MiXkHapOAHIN KOCMIYHin
CTaHuji, Taki gk ranodinbHi unaHobakTepii Halorubrum
chaoviator (Mancinelli, 2015), Bacillus subtilis (Panitz et al.,
2015), Trichoderma longibrachiatum (Neuberger et al.,
2015) Ta iHWi. Pe3ynbtatn uMX eKCnepuMMEHTIB CBigyaThb,
O €eKCrno3uLiss MIKpOOpraHiamiB MpOTAroM K KOPOTKOro
(aHi — TwxHi), Tak i goBroTpmBanoro TepMiHy (0O [OBOX
pOKiB) He NpuM3BOAUTL A0 TOTanbHOI 3arnbeni 6akTepianb-
HMX nonynsauin. MNeBHa YacTnHa MikpobHOT monynsuii Bce
O[HO 3anuLIaEeTbCs XuUttesgaTtHoto. Lle ninTBepmxyetbes i
MOLENbHMMU  EeKCMEepUMEeHTaMu, WO NpoBOAUNUCHL Y
naboparopisax (Olsson-Francis, Watson, & Cockell, 2013;
Lorenz etal., 2022). OTpMMaHHS HOBUX 3HaHb LIOAO
CTIIKOCTi OKPEMMX 3EMHUX HOPM XWUTTS A0 YMOB Ha iHLIMX
nnaHeTtax i BiOKpUTOro kKocMocy HabyBae ocobnmBoro 3Ha-
YEHHs1 Y 3B'A3KY 3 aKTUBHMM PO3BUTKOM KOCMIYHMX HayKO-
BMX i kKOMepUinHMX nporpam (Prasad et al., 2021).

OcCTaHHIM 4YacoM pi3HUMU [OCHIAHUUBLKAMK Tpyrnamu
npoBefeHo cepilo OOoChigKeHb 3 BWXMBAHOCTI MiKpO-
opraHiamiB B yMOBaX, XapakTepHux Ans nosepxHi Mapca
(Al Soudi et al., 2017; Rzymski et al., 2022). MokasaHo, Lo
OKpeMi BMAN 3eMHUX MIKPOOPraHiamiB MOXyTb iCHyBaTV B
yMOBax Takoro BKpan arpeCcMBHOIO XiMiYHOTO OTOYEHHS 1
HM3bkoro atmocdepHoro Tucky (Rzymski et al.,, 2022).
AKWIO Ue AOiMcHO Tak, TO ANA NoAanblUoro AOCHioKEeHHS
uiei npobnemy noTpiGHO BpaxoByBaTW BECb KOMIMIEKC
nnaHeTapHUx yMoB Ans Xutta Ha Mapci. Y 3B'A3ky 3 UMM
BUHMKae noTtpeba y BioekonorivHomy GayeHHi Loao MOX-
nMBOCTI iCHyBaHHA pisHUX ¢opm xuTTa Ha Mapci Ta
KOmMoHi3auii uiei nnaHetn noguHoto (Meurer, Hagqg-Misra,
& de Souza Mendonga, 2024). Lle € Bkpai akTyanbHUM
TaKoX NPV BUBYEHHI iHWMX nnaHeT COHsYHOI cuctemu Ta
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Takux iXHix cynyTHukiB, sk EHuenag (Roche et al., 2023) Ta
iHWi. BapTo 3BepHyTW yBary i Ha TOM akT, WO apeHo
acTtpobionorii € TakoX AOCNIAXEeHHA NNaHeT y AanekoMmy
KOCMOCi Yy 30Hax, MOTEHUIMHO npuaaTHUX ANA XUTTS.
BigkpuTTa ek3onnaHeT NpUCKOpMIOCs 3a OCTAHHE OEeCATU-
niTTa i us TeHaeHuis Habupae ob6epTiB 3aBAAKM NPUH-
LMNoBO HOBMM obcepBaTopisiM | METOAAM CMOCTEPEXEHHS
y kocmoci (Extance, 2024). Ina Bu3Ha4YeHHA NOTEHLIAHOI
NPUAATHOCTI MMaHeTW OO0 XWUTTS BaXKMBO PO3YMITU Pi3Hi
dakTopn Ta npouecun. KnimaTtuyHi Mogeni, ki AaBHO
3aCTOCOBYIOTbCA 40 3eMni, Tenep BUKOPUCTOBYHOTLCS i AN
€K30MnaHeT, Jgonomaratym 3po3ymiTu, sk opbiTtanbHi, no-
BEPXHEBI 1 aTMOCMepHi BNacTMBOCTI BNMMBAKOTb Ha Knimat
i NnpyaaTHICTL Ansa xuTTsa (Shields, 2019).

He meHWw cknagHuM nuTaHHam B actpobionorii € npo6-
nema BNNMBY KOCMiYHMX ¢pakTopiB Ha 3emHy Giocdepy n
NOTEHUiMHO MoXnuBI Giocdepmn iHWMX nnaHeT. Lle nos's-
3aHO, y MepLUy 4Yepry, 3 aKTUBHICTIO 3ipOK, HaBKOMO SIKMX
dopMyloTbCa NnaHeTapHi cuctemu. Komnnekc uux 4YuH-
HWKIB Ha3MBaloTb KOCMIYHOK MOroAok. Y KOHTEKCTI acTpo-
Gionorii, Aka po3rnsgae OOBroTpuBani BMAMBU, iIMOBIPHO,
Tpeba roBopMTU HE MPO norogdy, a NPo KOCMIYHMI Knimar.
Lli TpuBani AgumHamivHi pakTopyM HapawTb CUCTEMHOTO
BMMUBY Ha Pi3Hi nNnaHeTapHi OOOMOHKM NnaHeT — aTmo-
cdepy, rigpocdepy, nitocdepy, a Takox biocdepy, AKLWO
ocTaHHs icHye Ha nnaHeti (Airapetian, et al 2020).
Lisa npobnema noku WO Hanbinblw BMBYEHA Ha npuknagi
COHSIYHO-3eMHMX 3B'A3kiB (Buzulukova, Bruce, & Tsurutani,
2022; Marinho, Paulucci, & Galante, 2014; Zarrouk,
& Bennaceur, 2009). Bci ui acnektn 3opsHo-nnaHeTapHmx
3B'A3KIB € BaXXNMBUMM Y KOHTEKCTi actpobionorii.

LLle oguH BaxknmBui acnekT actpobionorii — ue MoXru-
BiCTb NEpeHEeCEHHs1 3eMHMX (POPM XUTTA Ha KOCMIYHMX
3oHAax Ha iHwWi nnaHeTn CoHAYHOI cucTeMu Mig Yac Koc-
Mi4HMX Micin (Burchell, 2004). A ue, y CBOIO 4epry, CTaBuUTb
nepes nNOACTBOM YEproBU BUKMIMK CTOCOBHO acTpobio-
NOriYHOro "3abpyaHEHHS" LUNSAXOM NEpPEeHECEHHST 3eMHUX
MikpoopraHismiB (Carte et al., 2024a; Carte et al., 2024b) i
Bipycis (Pavletic' et al., 2022) pi3H1Mm KOCMIYHYMK anapaTtamu.

AckpaBum nNpuKNagom nankoi AMCKYCii Woao nowum-
PEHHS XUTTS Y KOCMIYHOMY npocTopi Ta 6io3abpyaHeHHs
KOCMiYHMX OO'eKTiB 3€MHOI Mikpodiopoo € cuTyauist
HaBKOmNoO 3paska 3 ByrneLeBoro actepoigy Ptory, gocras-
NEHOro Ha 3eMm SINOHCbKMM 30HOOM Yy pamkax Micil
Xasnbyca-2. Y CTpyKTypi 3paska crnocTtepiranu pi3HOMaHiTHi
HUTKW OPraHiyHOi NpMpoau, siki MarTb po3Mipu Ta Mopdo-
norito MikpoopraHiamis. Llen ¢akt posrnaganu sk gokas
iCHyYBaHHA MiKpoOpraHiamiB Ha ByrneueBux MeTeopuTtax i,
BiANOBIOHO, NiATBEPAXEHHSA riNOTE3n NaHcnepmii. Ane Bus-
BWIOCb, L0 BENUKA KiNbKiCTb HUTOK 3MIHIOETLCS 3 YacoM;
3pOCTaHHS Ta 3MEHLUEHHs nonynsuii npokapioTiB BinbyBa-
nockb i3 Yacom reHepadii npnbnusHo 5 ai6. binblw aeTtanbHi
OOCNiQKEHHs1 nokasanu, Lo, He OUBMSYUCH Ha BCi 3axoau
CTEepPWNbHOCTI, MIKPOOPraHi3aMn y MeTeOpUTHOMY 3pasKy
BMSIBUITUCH pe3ynbTaToM 3Bu4anHoro GionoriyHoro 3abpya-
HeHHs (Genge et al., 2024). 3pgaeTbes, WO y Ui guckycii
nocTaBrieHa Kparnka i HigKMx MiKpoopraHiamiB y KOCMiYHOMY
npocTopi He icHye. OgHak Ui JocniaXeHHa 40BOASATb AyXe
BaXNMBUN pakT, WO HaszeMHa 6ioTa MOXe LWBWAKO KOMo-
Hi3yBaTW MO3a3eMHi KOCMiYHi 06'€KTM, HaBITb KO BXUTU
NEeBHUX 3anobiKHMX 3aX0AIB LLOAO KOHTPOMO 3abpyaHEHHS.

Omxke, lWBMOKA KONOHI3aLis 3pas3ka 3eMHOK MiKpo-
6ioTOK MigKpecnoe, WO no3a3eMHa opraHiyHa pevoBMHa
Moxe ByTu mxepenom AN nNnacTu4HOro M eHepreTM4Horo
MeTaboniamy MakpoopraHiamiB, y TOMy YuCHi W Ha iHLIMX
nnaHetax (Waajen et al., 2024). Okpim TOro, neBHa
CTIKICTb MIKPOOPraHiamie 4O YMOB BiOKPUTOrO KOCMOCY,
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sika ekcnepyMeHTanbHO AoBeAeHa, 3anuLiae UCKYCito Npo
iCHYBaHHS XuBUX (POPM y KOCMOCI 1 MaHCNepmito Bigkpu-
TOl. A Ue, y CBOK 4epry, CTaBUTb €TWUYHI MUTaHHS CTO-
COBHO BiZNOBIAanbHOCTI NOACLKOI LMBINi3auii 3a nowum-
PEHHA 3eMHUX OPM KUTTA BHACNIAOK KOHTaMiHaUil
KOCMIYHMX 30HAIB, SKi MW BigNPaBASEMO Ha iHLWI NAaHeTw,
Ta ixHi cynyTHuKM. To6To npobnemu acTpobiozabpyaHeHHSs
i ManbyTHbOI KOMOHi3aUil NnaHeT MNOPOAXYHTb BaXKNMBI
eTU4Hi nuTaHHA. OgHe 3 ronoBHUX MNondrae y TOMYy, 4u
NOBMWHHI NN CTaBUTUCA 4O nepenbavyBaHOro nosasem-
HOrO JXWTTS W MEpPeHeceHHs 3eMHUX OopM XUTTA 3
GiOLIeHTPUYHOT UM aHTPOMOLIEHTPUYHOI MO3MLi WoAo po3-
LUMPEHHSI BMACHOr0 TNIOACHLKOrO MPOCTOPY iCHYBaHHA Ha
iHwux nnaHetax (Chon-Torres, 2018; Chon-Torres et al.,
2024; Peters, 2018). Y manbyTHbOMY ntoacbka UMBInisawis
Oyae BMpiLLYBaTK i Taki BaXKi MUTaHHS.

MigcymoBytoun yce BULLEHaBeAEHEe, MAaeMO KOHCTaTy-
BaTW, WO acTpobionoria, fk MixaucumniiHapHa Hayka,
aKTMBHO PO3BMBAETLCSA i Ha Uel 4yac € 3aTtpebyBaHow y
pi3HNX cchepax MpaKTUYHOI AiSNbHOCTI NIOAUHM, NOB'A3a-
HWUX 3 OOCNIMKEHHAMU A OCBOEHHSAM GNMXKHBOTO KOCMOCY.
Y mMexax 0gHOro KOpoTKOro nitepaTtypHOro ornsay Hemox-
NNBO PO3MNSAHYTU BCi MUTaHHS, LLO CTOCYIOTbCA i€l cdepun
3HaHb i HaBKOSIO Hel, BKMYaK4yM KOCMiYHE npaBo, Mo-
NiTUKY KpaiH y ranysi KOCMiYHUX TEXHOMOTriN TOWO. Tum He
MEHLU BaXJIMBO 3a3HAYUTM LLEe OAMH acnekT, SIKUA CTo-
CYETbCHA OCBITHBOI OiANIbHOCTI.

AKTVBHMI PO3BUTOK Y KOCMIYHI cdepi 3 Boky aepxas-
HOro Ta NPMBATHOrO CEKTOPIB, @ TaKOX AOCSATHEHHS CUHTe-
TWYHOI Gionorii, GionoriyHoi iHxeHepii Ta acTtpobionoril
BiAKPUBAIOTb HOBI MOXNMBOCTI He nuWe ANs HayKoBMX
JOCNimKeHb, ane 1 Anst CTBOPEHHS! 3aXOMIIOYNX HaBYarb-
HUX MaTepianis, WO BMKOPUCTOBYIOTb BaKMUBI HayKOBI
OOCATHEHHS ANA HaBYaHHA MiKOAWCUMNNIHAPHOro Tumny,
roTyto4M HOBE MOKOSMIHHA BYEHUX, KOCMIYHMX iHXeHepiB Ta
dhaxoBuMx ekcnepTiB y ranysi actpobionorii.

B ocTtaHHi gecaTuniTTs y nNpoBiAHMX KpaiHax CBiTy
aKTMBHO po3pobnanuck i BNpoBagKyBanuch Ha akagemiy-
HOMY, AepXaBHOMY W iHCTUTYUINHOMY pPiBHSX OQiLiviHI
ocBiTHi nporpamu 3 actpobiornorii, (Styczinski et al., 2024).
Cepen Takmx BapTo 3ragatm University of Washington
Astrobiology Program (USA), Master's program in Astrobiology
and Planetary Sciences (University of Edinburgh, UK),
Canadian Astrobiology Training Program (Canada), Florida
Institute of Technology Astrobiology Degree Program
(USA), International Space University Master of Space
Studies Program (France) Ta iHwi. Binblw geTanbHy iHdOP-
MaLilo nNpo noHaa ABa [AeCATKM MPOBIOHMX OCBITHIX
YyCTaHOB, A€ 30iNCHIOETbCS HaBYaHHA i NPOBOOATLCA Hay-
KOBi JocnigXeHHs 3 acTpobionorii, MOXXHa 3HaWTK 3a NocK-
naHHsm (Styczinski et al., 2021).

CTBOpEHHS OCBITHIX Nporpam NoTpebye LMPOKMX 3HaHb
i MikgucumnniHapHoro gocsigy. Yepes mixgucumnniHap-
HWI xapakTep uiei ranysi, kap'epHi wnsaxy B actpobionorii
4YacTO MOYMHAOTLCA B iHWMX cdepax 3HaHb, Takux S$K
acTpoHomis, reornoris, Gionoris, GioTexHonoris, ekonoris.
MosBa actpobionorii cnpusana TicHin cnienpaui daxisuis 3
Pi3HMX OCBITHIX ranysen ans po3pobKM HaBYarnbHKX KypciB
3 actpobionorii. 3 iHworo 60Ky, nigrotoBka daxiBLiB 3
acTpobionorii BUMarae CTBOPEHHS1 BiAMOBIAHWMX HaBYanbHO-
METOAMYHUX LIEHTPIB i HABYanbHO-HayKoBWNX nabopaTopil.

Ak npuknag ycniwHoi peaniszaudii LUbOro OCBITHLOIO
HanpsiMy MOXxHa HaBecTu JocBia B EQnHOyp3bkomy yHiBEp-
cuTeTi, fie CTBOPEHO Kypc Anst 6bakanaspis "Actpobionoris”,
Ak 06'eaHye cTyaeHTiB i3 12-Tu chakynbTeTiB Ta wopasy
Mae Oytn obmexeHun 200 cTygeHTamym 4Yepes3 CBOKO
nonynspHicte. A B YHiBepcuTeTi BaluHITOHY npoTarom
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B 1 C H UMK Kuiscbkoro HauioHanbHoro yHiBepcurety imeHi Tapaca LleBueHka

oCTaHHiX 20-Tun poKiB 3AINCHIOETLCA MiAroTOBKa MaricTpis
i AokTopiB (hinocodii 3 acTpobionorii.

B YkpaiHi po3BuTok acTpobGionorii Tinbkn NoYMHaeTbLCS.
[epaxaBa Mae NneBHUIN NOTeHLian Ang uboro, NoB'a3aHum 3
akageMiYHUMKN HayKoBO-AOCAIAHMMW IHCTUTYTaMK Ta yHiBep-
cuteTammn, SKi MOXyTb OyTW 3anyyeHi Ana po3BUTKY Uil
ranysi 3HaHb. Cepepf HaykoBo-gocCnigHWX yctaHoB Haujo-
HanbHOI akagemii Hayk YkpaiHu BapTo 3rajaTu Taki, §K
[onoBHa acTpoHomivyHa obcepBatopisi, IHCTUTYT Mikpobio-
norii i Bipyconorii im. 1. K. 3abonotHoro, IHCTUTYT 6oTaHiku
iM. M. I". XonogHoro, IHCTUTYT KnitTMHHOI Gionorii Ta reHeTny-
Hoi itkeHepii HAH Ykpainu, IHcTutyT npobrem kpiobionorii
i KpiomeauMUMHM HauioHanbHOI akagemii Hayk YkpaiHu Ta iHLLi.

B ocsiTHin i HayKoBin cdepax MpoOBiAHI yHiBEpCUTETK
YKpaiHM MOXyTb CTaTu BaXIMBUMU LEHTPaMn 3 PO3BUTKY
actpobionorii gk mixgucumnniHapHoi ranysi 3HaHb. Came
KNacu4Hi yHiBepcuUTeTN, Ae MOXNMBE NOEAHAHHS OCBITHLOI
Ta HayKoBOI [isANbHOCTI Y Pi3HUX ranyssx, MawTb cTatu
rofoOBHUMU LEHTpamMu. Takow YCTaHOBOKW B YKpaiHi
Moxe ctatn  KuiBCbkuMi  HauioHanbHUW  yHiBepcuTeT
imeHi Tapaca LLleByeHka, y skomy € BCi nepedymoBu Ans
poO3BUTKY Liei Hayku. MNepwmmMm Kpokom Moxe Oyt opra-
Hidauis MikHapogHOro HaykoBO-OCBITHBOIO acTpobioro-
rYHOro UEHTY, A0 CKragy SIKoro Mae BXOOUTU HAyKOBO-
pocnigHa nabopartopis. Lle Takox notpebye cTpaTeriyHoro
nigxogy QAo iHTerpauii BMacHUX HayKoBMX, OCBITHIX Ta
iHPPACTPYKTYPHUX BFACHUX PECYPCIB i MOXIMBOCTEN iHLUMX
YyCTaHOB, 3aLikaBMNeHUX Y CTBOPEHHI Takoro Mixgucumnni-
HapHoro ueHTpy 3 acTpobionorii. 3okpema, KwuiBcbkuii
HauioHanbHWIN yHiBepcuTeT iMeHi Tapaca LleByeHka mae
BMCOKOKBanigikoBaHnx daxiBuiB y ranysax bionorii, me-
OVUUHK, XiMmiT, i3vKkin, acTpoHOMIi Ta reonorii, aki MOXyTb
3abe3nevyBaTy OCBiTHIM npouec i 6patum yyacTb y Hay-
KOBUX JocnigkeHHAX. ICHye pocsig nonepefHix Aocni-
[KEeHb Y CyMiXXHUX Hanpsimax 3 Gionorii, ekonorii, acTpo-
HOMIT, acTpoi3nKkn, NnnaHeTonorii.

B ocBiTHEO-HaykoBOMy Migpo3aini yHiBepcuteTy HaBuarnbHo-
HayKkoBOMY UeHTpi "IHCTuTYT Gionorii Ta meanumHn" icHye
BiQNOBIOHWMIA NPOCTIp AN CTBOPEHHA OKPEMOi HayKOBO-
pocnigHoi naboparopii 3 actpobionorii, aganToBaHoi Ans
poboTn 3 GionoriyHumu ob'ektamu i 3paskamu, XiMiYHUMU
pevoBnHamMu Ta isnyHuMKU BnnvBamn. OCBITHS CknagoBa
npeacTaBneHa NoTyXHOW 6a30t0 ANs HaBYaAHHSA CTYAEHTIB
i acnipaHTiB, siki 3auikaBneHi B actpobionorii sik Mixgucumn-
niHapHin ranysi Hayku. Bucokuin ¢axoBuii piBeHb BuMKNa-
AayiB € 3arnopyKo YCNiLIHOT PO3p00KN HOBMX creLiarnbHNX
MiXXOMCLUMMITIHAPHUX KYPCiB i OCBITHIX mMporpam 3 acTtpobio-
norii. Wvpoki MikHapoaHi 3B'A3KM CNpUATUMYTb PO3BUTKY
LbOro HanpsiMy AiSnbHOCTI Ta yyacTi y MiKHapO4HWX rpaHTax,
OpIEHTOBAHMX Ha BUWBYEHHSI KOCMOCY Ta WOro BMMBY Ha
XuTTA. Nabopatopis acTtpobionorii Mae ctatM MixHapoa-
HUM LIEHTPOM MiXXAMCUMMMIHAPHUX JOCNISKEHb i3 npobnem
acTpobionorii Ta acTpoekonorii Ta cnpuaTM po3BUTKY hyH-
OaMeHTarnbHOI Hayku 1 cniBnpawi Ha MiXKHapOAHOMY PiBHi.

BaxnunBo 3BepHyTW yBary Ha Te, WO 3 iHiLiaTMBOIO
CTBOpPEHHSA MixxHapoaHoro actpobionoriyHoro LeHTpy i Big-
noBiAHOI HaykoBO-AocnigHoi nabopaTopii B YKpaiHi BUCTY-
nue VYHisepcuteT EaumHBypry, ae noaibHuin  HaykoBumn
nigpo3ain AaBHO CTBOPEHWW i YCMiWHO npauioe. 3acHy-
BaHHA MixHapoaHOro MiKOUCUMNMAIHAPHOIO LEHTPY 3
actpobionorii y KuiBCbkoMy HaLjioHanbHOMY YHiBepcuTeTi
imeHi Tapaca LLleB4eHka 3 napTHepcbkol yyacTio LleHTpy
actpobionorii YHiBepcuteTy EguHbypry (Benuka BpuTaHisi)
Ta iHWWX 3auikaBneHnMx YCTaHoB i opraHisauin mae cratu
YHIKanbHUM ManaaH4YMKoM Anst HaBYaHHS, OOCHiIAXeHb Ta
MiXXHapogHoi cniBnpaui CTYAeHTiB i HayKoBUiB Yy ranyasi
actpobionorii Ta CyMixXHUX cdep AiSnbHOCTI.
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Mepwumn kpokamu AisnbHOCTI Takoro LleHTpy moxe
OyTn pospobka Ta BNPOBaMKEHHS HaBYanbHWX KypcCiB 3
actpobionorii Ta nnaHeTapHux Hayk Ans 6akanaspis
i MaricTpiB pi3HMX cneLjanbHOCTEN 3 ypaxyBaHHAM Crneuu-
dikn ocBiTHIX ranysei. [ocsig i3 nNpoBegeHHs HayKoBUX
JocnigXeHb CTYOEHTU OTPUMYBaTUMYTb Y acTpPOOBionorivHin
naboparopii. A y pasi HabyTTa nonynsipHocTi 1 3aTpeby-
BaHocCTi acTpobionorii B YKpaiHi HacTynHWM KPOKOM MOXe
cTaTtu BiOKPUTTA BiAMOBIOHUX MiXAUCUMNIIHAPHUX OCBITHIX
nporpam, siki nepegbavaloTb BUKOPWUCTaHHS iHpacTpyk-
Typu Ta KagpoBOro noTeHuiany He Tinbku KuiBCbKOro
HauioHanbHOro yHiBepcuteTy, ane W iHWWx napTHepis
LleHTpy, BKNtoYatoum CTyAeHTiB, acnipaHTiB i JOCMiAHMKIB 3
iHcTUTYTIB HauioHanbHoi akagemii Hayk YkpaiHn. Ocobnu-
BUI aKkueHT Mae ByTn 3pobneHuii Ha chaxoBy MiAroTOBKY,
KOPUCHY ONnsl 3aranbHOro po3BUTKY OEepXaBHOro i npveat-
HOro KOCMiYHOro cektopa YkpaiHu. besnepeuHo, ogHum i3
HaMBAXIMBILLMX HanpsiMiB  AianbHocTi  LleHTpy mMmatoTb
cTaTu HayKoBi AOCHIAXEHHS Y koonepauii 3 MiXKHapOAHUMN
napTHepamu. HayKkoBi NpOeKTM MOXyTb ByTV NPUCBAYEHI SK
BMBYEHHIO OKpeMux npobnem actpobionorii, Tak i po3pobui
N peanisauii HayKOBMX KOCMIYHMX MICi i3 3any4yeHHsM
CcTyaeHTiB GakanaepaTy, Marictpatypu Ta acnipaHTypu.

Ha uern 4yac € neBHi o6OHaginnuei nepegymoBMU.
3okpema, y 2019 ta 2021 pp. EamHbyp3bkum yHiBepcu-
TeTOM pasom 3i cneuianictamm 3 YKpaiHu peanioBaHa
cninbHa Micia 3 actpobionorii, a came Ha MixHapoaHin
KOCMIYHIl cTaHUii 6yno npoBefeHO AOCMIIKEHHS i3 BNANBY
MikporpasiTauii Ha MikpoOHUA BMOOOYTOK enemeHTiB 3
ripCbKuUx Nopig 3a AoNoMorotw obrnagHaHHs, po3pobneHoro
pasom 3 ESA. [pyrui nonit Ha KOCMIiYHY CTaHLil0 CTaB
MOXIMBUM 3aBAsiKM KOMepUinHOMY MapLupyTy 'Bioreactor
Express', opraHisoBaHoMy komnaHieto Kayser Space Ltd,
sika Hagarna gonomory B po3po6ui BignoBigHOrO KOCMIYHOIoO
obnagHaHHs. ICHYIOTb MEBHI MOXMIMBOCTI LIOAO MNpPOJOB-
XKEHHS CMINbHUX HAa3eMHWX EKCMEepUMEHTIB Ta eKcnepu-
MeHTiB Ha MKC 3a ponomoroto obnagHaHHsl, po3pob-
neHoro B YHiBepcuteTi EouHOYpry Ta iHWKWX KOCMIYHMX
30HAIB Y MabyTHLOMY.

PeanbHicTb nornubneHHst cnienpadi y cdepi Hayku Ta
OCBIiTVM MONITUYHO NIAKPINIIOETLCA Ha CaMOMy BUCOKOMY
nepxaBHOro piBHsi. Y ciyni 2025 p. YkpaiHa Ta CnonyyeHe
KoponiectBo Benukoi Bputahii Ta MiBHiYHOI Ipnangii nig-
nucanu Yrogy npo CTOpiYHe NapTHEpCTBO, sika nepen-
Oayae [OeB'ATb KMYOBMX HanpsiMIiB OiSNbHOCTI, Yy TOMY
uncni y cdepi OCBITU, Hayku i HOBITHIX TexHornorin. Lle
BiAKpUBaEe A0OLATKOBI MOXMMBOCTI ANsi NOrNMONeHHs cnie-
npaui y ranysi actpo6ionorii Ta kocmidHOi Gionorii Mmix
YkpaiHoto Ta Benukoto BputaHieto.

Ouckycifa i BACHOBKMU

Omke KOHCTaTyeMo, WO acTpobionoris € HOBOKW MiXk-
AucumnniHapHoto i 3aTpebysaHoto HayKkot. BoHa mae ceoto
BMacHy HaykoBy npobnemaTuky i MeToaomnorito, NoB'a3aHy
3 [iAnbHICTIO NOAUHM Y KocMmoci. [oganswmii po3BUTOK
Liei cdepn 3HaHb BMMarae 3anyyvyeHHs axiBuiB 3 Pi3HMX
NPUPOAHUYUX | FyMaHiTapHUX cdep 3HaHb, Akux Tpeba
rotyBaTu Ha OCHOBi HOBWX MiXXAUCUMMMIHAPHUX OCBITHIX
HaBYanbHWX KypciB i nporpam nigrotoBkM Gakanaspis,
MaricTpis Ta QOKTOpIB hinocodii.

BHecok aBToOpiB: Biktop MapTuHiok — KoHLenTyanisauis, ornsg
niTepaTypu, HanMcaHHs OCHOBHOTO TekcTy, Yapnb3 Kokenn — obroeo-
peHHs Npobrnemu, pegaryBaHHsi, MiaroToBka aHrMOMOBHOIO pe3tome.
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ASTROBIOLOGY: A BRIEF HISTORICAL EXCURSION, ITS CURRENT STATE
AND PROSPECTS OF DEVELOPMENT IN UKRAINE

At the present stage of the development of human civilization the rapid development of high-tech space technologies, growing scientific and
commercial interest in space, and also increased attention to fundamental questions about the origin and future of life in the Universe require the
formation of new scientific efforts regarding the understanding of the phenomenon of life, the emergence of the biosphere, and the planetary role of
man in the further evolution of planet Earth. Modern society is actively seeking answers to lifelong questions related to whether our biosphere is
the only form of life in space, and whether human contact with extraterrestrial life forms and civilizations is possible. The search for these answers
is facilitated by such a science as astrobiology. The purpose of this publication is a brief overview of the current state of astrobiology based on
publications in leading scientific journals over the past decades, as well as an analysis of the potential opportunities for the development of this
science in Ukraine.

Astrobiology as a science is an interdisciplinary field that studies the question of the origin of life on Earth, how it has evolved on this planet
for billions of years, its limits, and the existence of life beyond Earth, its possible forms and modes of life existence, as well as the conditions for
the emergence and development of life in the Universe. Astrobiology investigates whether life, as a cosmic phenomenon, can exist beyond Earth in
various forms, including terrestrial ones delivered by spacecraft to other planets. The main goal of astrobiology is to search for and study various
forms of life beyond Earth, as well as to study the existence of terrestrial life forms in extreme conditions, close to the conditions of open space and
environmental conditions on other planets of the Solar and other stellar systems. An important interdisciplinary area of research in modern
astrobiology is the study of the chemical composition of interstellar space and chemical processes that can lead to the formation of organic
molecules. Abiogenic synthesis of organic compounds in outer space can occur under conditions of extremely low temperatures, cosmic vacuum
and high levels of ionizing radiation. The theory of the spontaneous origin of life on planet Earth suggests that the first simplest living organisms
arose by self-organization from organic compounds that were formed as a result of their abiogenic synthesis. The possibility of abiogenic synthesis
of biologically relevant organic molecules has been experimentally proven. But the idea of the spontaneous origin of life as a molecular-
informational phenomenon still remains hypothetical. The alternative viewpoint is a theory of panspermia. This theory assumes the process of
spontaneous origin of life somewhere else in space, such as on another planetary body, and living organisms came to Earth with space dust,
comets and asteroids. The possibility that organisms can survive movement through space is supported by some experimental confirmation based
on studies of the resistance of certain types of organisms to extreme factors of open space and environmental conditions on some planets and
satellites, in particular on Mars, Enceladus and other celestial bodies. An important area of research in modern astrobiology is the search for
biosignatures that can reliably indicate the presence of certain life forms. The development of astrobiology gives rise to a number of systemic
issues that must be resolved and which should form a systemic vision of the possibility of the existence of various life forms on other planets. An
important issue in astrobiology is the problem of the influence of cosmic factors on the terrestrial biosphere and possible biospheres of other
planets. These factors are primarily associated with the activity of stars around which planetary systems are formed. In connection with the active
development of space missions to the planets of the Solar System, the question arose of the possibility of transferring terrestrial life forms on
space probes to other planets, which in turn raises a number of problems associated with astrobiological "pollution" and the ethical responsibility
of human civilization for the spread of terrestrial life forms as a result of contamination of space probes. The review pays special attention to the
issues of training highly qualified specialists in the field of astrobiology at universities and relevant educational and scientific centers, in particular
on the basis of the UK Astrobiology Center of the University of Edinburgh. The need to open an International Astrobiology Center on the basis of
Taras Shevchenko National University of Kyiv together with the University of Edinburgh is substantiated.

Astrobiology is a new, interdisciplinary, and in-demand science. It has its own scientific challenges and methodology. The further development
of this field of knowledge requires the involvement of specialists from various natural and humanitarian disciplines, who need to be trained through
new interdisciplinary educational courses and programs for the preparation of bachelors, masters, and doctors of philosophy.

Keywords: astrobiology, astroecology, astrobiological scientific and educational centers.
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E®PEKTUBHICTb | BE3NEKA 3ACTOCYBAHHA EK30COM
AnA NiKYBAHHA KOPOHOBIPYCHOI XBOPOBU, BUKITUKAHOI SARS-COV-2

BcTyn. KopoHaeipycHa xeopoba (COVID-19) — eaxke 2ocmpe pecrnipamopHe 3axeoproeaHHsl, CrIpu4uUHeHe 36yOHUKOM
8a)KKO20 20CMPO20 pecrnipamopHo20 cUHOPoMy KopoHaegipycy 2 (SARS-CoV-2). [nsa 6opomb6u i3 KniHIYHUMU YCKIaOHEeHHsIMU,
cnpu4uHeHumu eipycom SARS-CoV-2, icHye HazanbHa nompe6a y HadiliHili mepanii. Ek3ocomu — ye ee3ukynu, siki eidizparoms
POJb y MiKKNIMUHHIU KoMyHikayii. Ek3ocoMu € napakpuHHUMU U eHOOKPUHHUMU Mediamopamu, siki Micmsimb Habip xeMOKiHie,
¢hakmopie pocmy, MPHK i mikpoPHK i3 npomu3sananbHumu, pezceHepamueHuUMuU ma imyHomodynoyumu yHkyissmu. Ekzocomu
MOXXymb 6ymu nineomponHuM mepanesmuyHuM 3acobom y 6opoms6i 3 iHghekuyiero SARS-CoV-2.

MeTtoau. Y po6bomi euKkoHaHO NMowykK MOMOYHUX GOCJiOXeHb, WO 8K/THOHYaOMb KIliHiYHI eunpobyeaHHs 3acmocyeaHHs!
ek3ocom 9nsi nikyeaHHsi COVID-19 y peecmpi kniHiYHux eunpobyeaHb Clinicaltrials.gov ma cochranelibrary.com. lposedeHo
aHaniz ma y3a2anbHeHHs1 ompuMaHux GaHux.

Pe3ynbTatu. Memor 6inbwocmi docnidxeHb € nepesipka 6e3aneyHocmi ma eghekmueHocmi npenapamie. Exkzocomu,
ompumaHi 3 pi3Hux Oxepesn, malomb 6a2amo cninbHUX XapakKmepucmuk, OOHaK 6O0HU MAaKOX MOXymb eiOpisHamucsi 3a
yHKyioHanbHicmio. [MepesaxHa Kinbkicmb eunpobyeaHb 6yna HauyineHa Ha OocnidxeHHs1 ek3ocoM, ompumaHux 3 MCK,
dxepenamu dicmaeaHHs sIKUX € NayeHma, nyrnosuHa, aMHiomu4Ha piouHa, xxupoea mkaHUHU ma Kicmkoeuli Mo30kK. Kpim moeo,
€eK30COMU MOXXymb 6ymu eukopucmaHi sik HOcCii nikie, 36a2zayeHux CD24, a mokom MOXymb 6ymu ompumaHi 3 iHwux Oxeper,
Hanpuknad eipyc-cneyudiyHux T-knimuH. Heyinboeuli Memod docmaeKu eK30COM 8 Op2aHi3M JIIOUHU MOXe 6ymu npu4yuHoro
HeauUCOKoi eghekmueHocmi 3acmocyeaHHs1 ek3ocoM. HoeimHiM Memodom uinboeoi Adocmaeku eK30COM Moxe 6ymu ixHe
PO3MnusIeHHs1 3aMicmb y8eOeHHs1 8HYMPIiWHBLO8EHHO.

BucHoBku. Xoya daHux yce we HedocmamHbO OJisl WUPOKO 3acCMoCy8aHHs1 eK30COM OJisi JliKyeaHHsI KOPOHO 8ipyCHOT
xeopobu, exxe MOXHa oxapakmepu3lyeamu cy4acHuli cmaH docnidxeHb, Oxepesia ompumMaHHsi, Memoou docmaeKu U OCHOBHI
2pynu docnidHukKie i KomnaHii, o npayrorome Had yieto memoro.

KnwuyoBi cnoBa: SARS-CoV-2; COVID-19; ek3ocomMu, Me3eHxiManbHi cmoebypoei (cmpomasibHi) KNimuHuU; KiiHibYHi

eunpobyeaHHsl.

Bctyn

CQVID-19 — ue pecnipaTopHe 3axXBOPHOBaHHSI, CIIPUMMHEHE
SARS-CoV-2, kopoHaBipycoMm, Bigkputum y 2019 p. IHdek-
Ui BMHUKAE Yepe3 HasIBHICTb FeHETUYHOro MaTepiany,
PHK, poay Betacoronavirus poauHn Coronaviridae (Lotfy,
AboQuella, & Wang, 2023). Y 6inbwocTi iHikoBaHWX
nofen 3axsoploBaHHA npoTikae 6escumnTomMHO abo 3 ner-
KAMU CUMNTOMaMW, cepef SKUX JIMXOMaHka, BTOMIHO-
BaHICTb i Cyxun Kawenb. [MpoTe y YacTuHi BUNagkiB vyepes
KinbKka [IHIB MPOTAroM KopoTkoro nepiogy (12—24 ron) moxe
LWBMAKO PO3BUHYTUCH KMiHiYHe noripeHHs (Shapira et al.,
2022). Taki nauieHTn CXunbHi O PO3BUTKY rOCTPOro pecni-
paTtopHoro auctpec-cuHgpomy (MPOC), nereHeBoi HegocTat-
HOCTI, NoTpebun y BeHTURALIT nereHsb i HagiTe cmepTi (Hu et al.,
2021), yacto noTpebytoTb gopaTkosoi Tepanii. XBopoba
COVID-19 saBnse ocobnuBy TepanesTM4Hy npobnemy,
OCKiNbK/ BOHa BUHUKAE K Yepes BipYCHY iHekuito, Tak i
yepe3 HaMipHy peakTUBHICTb iMyHiTeTy moguHm (Garcia,
2020). Baxki ycknagHeHHs1 noB'sA3aHi 3 pO3BUTKOM LMTOKi-
HoBoro wWTopMy (Shapira et al., 2022). Moro npuunHolo €
pi3Hi MapanenbHi npouecu, a came akTmeauis makpodaris
Ta iHWMWX aHTUrEeHNPE3EeHTYIYNX KNITUH, AKi iHpopmyoTh
nimdounTn NPo HasBHICTb Bipycy; pennikauia PHK-Bipycy
B KMiTMHax xassiHa, WO akTMBYE CUHTE3 npos3ananbHuX
dakTopiB; BipycHa iHBa3iqa niMcouuTiB, WO BUKNINKaE
anonTto3 niMcounTie i nNonerwye iMyHHe YXUINeHHA
kniTmHamu Bipycy (Sengupta et al., 2020a, Ye et al.,
2020). KomnnekcHa natodisionoris cBigunTb Npo Te, LWO
Baxka ¢opma COVID-19 nerwe nigpaetbcsa nikyBaHHIO
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NNenoTpPonHUM areHToM, a He OOHUM UiNbOBMM areHToM
(Sengupta et al., 2020a).

EkcTpemanbHi Ta HEKOHTPONbOBaHi peakuil iMYHHOT
CUCTEMU, OKPIM CMEPTENBbHOMO LUTOKIHOBOIO LUTOPMY, Bifi-
rpalTb BUpiLanbHy porb Y naToreHesi rocTporo pecnipa-
TopHoro aunctpec-cuHgpomy (FPAC), cnpnynHeHoro iHdek-
uieto SARS-CoV-2. OcHoBHi komnoHeHT natoreHesy PAOC
BKIMOYAKOTb MOPYLUEHHS LIMTOTOKCMYHMX MEXaHi3MiB, aKTu-
BaLil0 LUMTOTOKCUMYHMUX NiMdounTIB i Makpodoarie 3 Hagmip-
HUM BUBINIbHEHHAM Mpo3ananbHux uuTokiHie (J1-1, I1-2, 1J1-6,
1J1-8, 1J1-10, GCSF, MCP-1), mapkepiB 3ananeHHs (CPB,
CUPOBAaTKOBUIN (PEPUTUH), @ TakoX iH(INbTpaUilo opraHiB i
TKaHWH aKTuBoBaHWMK T-nimcpouutammn W makpodaramm,
O CNpWYMHSAE rinep3ananbHi peakuii. Lli rocTpi ypaxeHHs
MOXYTb MPU3BECTM OO0 MOLUKOMXKEHHA nereHb abo cmepTi
(Lotfy, AboQuella, & Wang, 2023). TPOC xapaktepusy-
€TbCA AUY3HUM ypaxXeHHsAM anbBeon, € npuynHoo 10 %
rocnitanisauivi y BigaineHHsx iHTEHCUMBHOI Tepanii i NnpucyT-
Hi y 25 % naujeHTiB, ki NnepebyBaloTb Ha LUTYYHIN BEHTU-
nsauii nereHb. Hessaxatoun Ha Te, LLO MiKkyBaHHS B OCHOBHO-
My 6a3yeTbCsl HA TakUX MIATPUMYIOUMX 3axX04aX, SIK 3aXMcHa
MeXxaHi4yHa BEHTUISLS nereHiB, HeMpom'si3oBi 6riokaTopy abo
NONOXEHHA nexayn, cMmepTHicTb Big MPOAC y BCbOMy CBITi
3anuwaeTbcs BUCOKoK, 6rnmabko 30 % (Shi et al., 2021).

LLle ogHieto npobnemoto, NoB'A3aHOK 3 KOBiO, € TON
dakT, WO YacTuHa XBOpPUX BigyyBa€e CTiKi CUMNTOMM
HaBiTb nicns enimiHauii iHdekuii. TakMin cTaH Ha3uBalTb
posroTpmBanuin koBig. Tpuani cumntomn COVID pyxe
pi3HOMaHITHI, o iX nepeniky BigHocATb NoHaz 200 o3HaK i
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cuvmntomiB. Cepen HuMX: 3aguiuKka, Mianris, aHoCMisa Ta
OuCreBsisi, po3naan cHy Ta npobnemn 3 nam'aTtio. COVID-19
BpaXkae pecnipaTopHi, CepLeBO-CYANHHI, HEeBPOSOriyHi,
LLITYHKOBO-KULLIKOBI, MCUXOONiYHI oyHKLT Ta BUKNMKaE Oiaber,
ancperynsuito iMyHHOT cucTemm, ypaxeHHst 6aratbox opra-
HiB. K Hacnigok, nauieHTW CTpaxaawTb Bif MOripLUEHHs
30aTHOCTI BUKOHYBAaTK CBOI NOBCSIKAEHHI (PYHKLi Ta MatoTb
HWXKYY SKICTb XWUTTSA, @ NauieHTU 3 BaXKUMU CUMNTOMamMu
MOXYTb NoTpebyBaTtu crneuianizoBaHoi NikapHsHOI JOMOMOTW.
Tomy nikyBaHHs COVID noTtpebye po3pobku HOBUX Tepa-
nesTUYHMX nigxogis (Lotfy, AboQuella, & Wang, 2023).

3a ocTaHHi poku kniTuHHa Tepanis MCK 6yna Bu3HaHa
6esnevHolo y 871 kniHiYHOMY AocCnigKeHHi, 3apeecTpoBa-
HoMy B 6asi gaHux HauioHanbHOro iHCTUTYTY 340pOB'S,
BKMovatoum 117 pocnimpkeHb nereHeBux ycknagHeHbs (Raza,
Seth, & Khan, 2020). MeseHximarnbHi CTpoManbHi/CTOBOYpOBI
knituim (MCK) — ue kniTvHW, siki Hambinbll 4acTo BMKO-
PUCTOBYIOTb N, Yac KMiTUHHOI Tepanii. BoHM BUKOHYIOTL
dYHKUIT iMyHOMOAYRAUT, pereHepauii TKaHWH i 3axWCHI
dyHkuji. PaHiwe BBaxanocs, wo MCK BusBnswTb CBIilA
3aXMCHUN epeKT LWNAXOM Mirpauii O MOLUKOMXEHUX TKa-
HWH, NPWXKMBIEHHS Ta B3AEMOAl 3 iHWMMMK KNITUHAMW.
MpoTe GaraTto QOKNIHIYHMX OOCNIAXKEHb | KMiHIYHUX BUMPO-
OyBaHb nMokasanu, Wwo TepaneBTnyHUN edekt MCK 3ain-
CHIOETbCS Yepe3 NapakpuvHHY NPOAYKLjt0 (hakTopiB pocTy,
XEMOKIHIB i UMTOKIHIB. He3Baxatoum Ha BUCOKY NiKyBarbHY
edekTuBHicTb, Tepanis MCK Mmae gesiki cknagHoLli, a came
TPYAHOLWi Yy CTBOPEHHI MOCTIMHOrO Xepena KriTUH 3i
cTabinbHUM OEHOTMMNOM, TOKCMYHICTb, MOB'A3aHy 3 iHQY-
3iet0, WO € pe3ynbTaTtoM (i3UYHOIO 3axXOMMEHHsT KITiTWH
Yy MIKpOUMPKYNSATOPHOMY pycni nereHiB Ta iHwi (Lotfy,
AboQuella, & Wang, 2023).

MCK npoaykyloTb YMCHEHHi MNO3aKNiTUHHI  BE3WKYIK:
€K30COMMW, MIKpOBE3WKYnM Ta anonToTU4HI Tinbus. Ek3o-
COMM BWKOHYIOTb POfib MNapakpUHHUX MOCEPEOHUKIB MiX
MCK T1a ix kniTuHamu-miweHssMn. BoHu GepyTb ydacTb
Yy MDKKNITUHHOMY  CMifiKyBaHHi, € TpaHcnopTepamu Aans
poctaeku 6Ginkie, MPHK i mikpoPHK y uinboBi kniTvHu
(Heldring et al., 2015). Y cknagi ek30com, OTpMMaHux i3
MCK, 6yno BusHadyeHo noHag 304 6inkn n 150 mikpoPHK
Ta iHwux 6GioakTMBHMX Monekyn. Ek3ocomyn MOXyTb
BigTBOptoBaTn OGionoriyHnin noteHuian MCK; oTxe, BOHU
MOXYTb 3aMiHUTU KNITUHHY Tepanito. A came eKk3ocoMmu,
otpumaHi 3 MCK, MoxyTb perynioBatu iMyHHy BignoBiab,
3anyckatu npouecu BiAHOBMNEHHSA Ta pereHepauii TKaHuH,
M nNpuTaMmaHHui edekT "XoyMiHra" — BOHU MOXYTb Cpsi-
MOBaHO MOTPanisiTU A0 MOLIKOAKEHOrO OpraHy Ans Toro,
o6 3MEHLUNTUN ypaXKeHHs fereHiB i npurHidyyBatn ibpos
nereHb nig yac nikyeanHa COVID-19, a TakoX nos3vTUBHO
BMMAMBATN Ha MOKPaLLEHHs1 AnxanbHOi dyHKUIT Ta NporHos
nauieHTiB i3 COVID-19 (Hou et al., 2024).

IMyHOMOAynto4a pornb eK30COM Monsrae B TOMY, LLO
eksocomn MCK mictatbe MikpoPHK (Hanp., miR-182), ski
cnpusitoTb  nondapu3auii Makpocbarie 3 nigtuny M1 Ha
nigtun M2. TakoX 3a paxyHOK BMIMBY Ha iHriGiTOpHI
umTokiHm IL-10 i TGF-$, ek3ocomu cnpustoTb nponidepadii
Ta iMyHOCynpecuBHin 3gaTtHOCTI Tregs OO nocrabneHHs
3anarnbHoI BiANOBIA| Ta 3HWXEHHS PIBHA MNEPaKTUBHOI iMyHHOI
BignoBigi y nauientie i3 COVID-19. byno nokasaHo, Lo
eksocomn MCK iHaykyloTb nonspusauiio M2 y makpo-
arax, s3Hmxytoum perynsadito iINOS i nocuniotoumn peryns-
Ljto aHTWTIN Ao apriHasn 1 3 METOK MOMErUeHHs HeCrpUAT-
nMBUX Hacniakie iHdekuii SARS-CoV-2 (Hou et al., 2024).

Ockinbkn A0 ckragy ek30CoM BXOAATb Ti cami iMyHO-
MOZENUi Ta npoaHrioreHHi gaktopu, wo B MCK, T0
pereHepaTVBHE BIiQHOBMEHHS W aHTUGIOPO3HUIA edbekT
ek3ocoMm, oTpumanux i3 MCK, cnpuse BigHOBNEHHIO
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anbBEONSAPHUX eniTenianbHUX Ta eHAoTenianbHUX KIiTWH,
nigTpMMye UiNicHICTb  cyanHHoro Gap'epa, BigHOBMIOE
NOLLKOAXEHI NereHeBi TKaHWHU Ta 3MEHLUYE IereHeBui
ibpos. Kpim Toro, mikpoPHK-145 Ta iHwi 6inkn B ek3oco-
Max 3Ha4YHOK MiPOIO CNPUAIDTE PYHKLIOHAMNbHIN NiATPUMLI
Ta pereHepauil NOLWKOAXEHNX TKaHWUH JereHi, TMuM camum
MOMerLUyoYM BiHOBIEHHS NereHeBoi TpaBMuM Ta 3abeane-
YylouM  KpawMin  TepaneBTUYHWA Nigxig [0  NiKyBaHHSA
COVID-19. B ekcnepvmMeHTanbHin mogeni ibposy nereHb
dakTopu pocTty, wo BuginsioTecs MCK yepes eksocomu,
Hanpuknag HGF, akuin 3anobirae anontosy enitenianbHuX
KNiTWH, Noka3anu aHTndibposHy gito (Hou et al., 2024).

Edekt "xoymiHry" MCK fo3Bonsie iM nokanisysatucs y
NOLUKOKEHUX [JinsiHKax opraniamy, Tomy MCK MoxHa
[OCTaBMATM B OpPraHiam nauieHTa sk CUCTEMHO Yepes Kpo-
BOTIK, TaK i JIOKanbHO — BBOASYM B MiCLiEe MOLUKOOXKEHHSI.
Mig yac pokniHiyHMX pocnigpkeHs Oyno nokasaHo, LWo
€K30COMW MaloTb Taky camy BnactueiCTb. AnbBapec-EpsiTi
Ta iHWi nokasanu, Wo (yHKUioHanbHI Mani iHTepdepytoui
PHK moxyTb 6yt eeKkTMBHO AOCTaBneHi B MO30K MuLLi
nicns BHyTpilWHboBEHHOro BeaeHHs (Lotfy, AboQuella, &
Wang, 2023). licns BHYTPILULHEOBEHHOTO BBEAEHHS €K30-
COM Yy Mogeni MuLi 3 FOCTPUM YpaKEHHSIM HUPOK iXHE
HakonuyeHHs Oyno 3adhikcoBaHO B HMpKax, LWo niag-
TBEPOKYE 3[ATHICTb €K30COM JloKanidyBaTUCb Yy Micusi
ypaxeHHs. TobTo ek3ocomam BNacTMBUA e€EKT XOYMiHry
HesanexHo Big micus BBedeHHst npenapaTy (Gupta et al.,
2020, Hou et al., 2024).

Ek3ocomn, oTpumaHi 3i CTOBOYpPOBMX KIiTWMH, MaroTb
30aTHICTb iHribyBaTM cuUrHanbHi LWINSXK, NOB's3aHi 3 rino-
Kcieto. Lle moTeHUinHO MOXe AOMOMOrTM 3MeHLWUTU 3ana-
NEHHs1 Ta FNepToHil0 — CUMNTOMM, SiKi OCOBNMBO MOMITHI
npyv 3axBOPIOBaHHAX AMxanbHUX wWnaxie. [docnigxeHHs
nokasanu, Lo eKk30CcoMU NpoaykytoTb MiKpoPHK, ki gitoTb
K KOMMSIEKC MPUrHIYEHHsS! Ta 3MiHIOITb €KCMPECito KMiTUH-
HUX peLenTopiB 3a AOMOMOroK enireHeTUYHUX Moaudi-
Kauin. Llen npouec nepelukogkae BTOPrHEHHIO B OpraHiam
pisHnx PHK-BipyciB, Bkno4aloum KOpoHaBsipyc, rpun i
renatut C (Gupta et al., 2020; Nasiri et al., 2024). Kinbka
JocnigxeHb NPOAEMOHCTPYBanu, Wo eK30COMU, OTPUMaHi
3 MCK, npurHivytoTe BUBINIbHEHHS LMTOKIHIB i 3HWXYIOTb
piBeHb 3ananeHHs. Ha pgogatok go uboro, Hade Ta
cniBaBTOpU MoOKa3anu, L0 €K30COMU MOXYTb AOMOMOITU Y
pereHepauii nereHiB npu craHax nereHeBoro ¢ibpoasy.
TakuM YMHOM, YUCIIEHHI MeEXaHi3MW CrnpuslTb BigHOB-
NEHHIO MOLUKOKEHUX TKaHWH Mig Yac 3acTOCyBaHHS €K30-
coMM, SIKi MOXYTb OyTM BUKOPWUCTaHi AnNs NiKyBaHHS
TshkkoxBopux naujeHTiB i3 COVID-19 y noegHaHHi 3 iHWMMK
MeToaamu nikyesaHHa (Hade, Suire, & Suo, 2021).

[MepeBaramun BMKOPUCTaHHSA €K30COM, MOPIBHAHO 3 iXHIMM
KNITUHHAMW aHanoramu, € Kpawmn npodinb 6e3nekn, ronos-
HUM YMHOM Yepes ixHin HaHopo3Mip. Ha BigmiHy Big MCK,
ki MaoTb giametp 30—60 MKM, €K30COMU MOXYTb edek-
TUBHO NEPEHOCUTUCA OO0 CneumdivyHUX TKaHWH nicnsa BBe-
AeHHs 6e3 arperauii B MIiKPOLMPKYNATOPHOMY pycnhi
nerexis (Lotfy, AboQuella, & Wang, 2023), 3anobiratoun
MOXINMBOCTI nereHeBoi embonii, CNpUYnHEeHoi BBeAEHNMU
knitnHamn (Jung et al., 2013). Ek3ocomMn MOXyTb BifHO-
BUTW 3ananbHi Ta pereHepaTMBHI Npouecu 3aBAsKU 3MiHi
KOHLEeHTpaUil npoTM3ananbHUX LUTOKIHIB i TpaHcdopmauii
iIMYHHUX KIiITUH [0 pereHepaTuMBHOIO cekpeToma. Beaxa-
€TbCS, WO iHransuis eK3ocoM 3MEHLUYE 3ananeHHs Ta
MOLLKODKEHHS NereHiB, iHOYKYun pereHepaTuBHi npoLech, i
Ma€ MOTEHUINHWN TepaneBTUYHUIA edeKkT npu niKyBaHHi
COVID-19 (Lotfy, AboQuella, & Wang, 2023). Pis3HOMaHiTHi
OOKMiHIYHI OOCMIMKEHHST MPOAEMOHCTPYBanM, O BHYTPILLHBO-
BEHHE BBeAEHHs1 ek3ocoM, oTpumaHux 3 MCK, € nepcnek-
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TUBHUM [xepenom 6e3kniTMHHOT Tepanii  iHpeKUinHnX
YPaXeHb JEreHiB, BKIIOYAKYM FOCTPE YPaKEHHS NereHb,
crnpuynHeHe BipycoM rpuny Ta GakTepianbHO-iHAYKOBaHy
BaXKKy MHEBMOHil0 y muwen (Shi et al.,, 2021). Omxe,
€K30COMWN MOXYTb BYTW MOTEHUiINHUM NNEOTPOMNHUM areH-
TOM, SKMA Moxe OyTu 3acTtocoBaHWM AnNs  NiKyBaHHA
KOpOHOBipycHOi xBopobu Ta ii ycknagHeHb (Hessvik, &
Llorente, 2017, Lotfy, AboQuella, & Wang, 2023).

MeTtoau

O2ns10 KkniHiYHUX eunpobyeaHb 3acmocyeaHHs!
eK30coM Osisl JliKyeaHHsI KOPOHOBIPYCHOI xeopobu.
Micna oronoweHHs BcecBiTHLOI naHgemii COVID-19 vy
BCbOMY CBiTi O6yno 3apeectpoBaHo noHag 9836 kniHiYHMX
JocnigXeHb HOBITHIX TepaneBTUYHMX CXeM, MNPOTOKOnMiB
iMyHi3auUii Ta npoTueipycHMX cTpaterin ana 6opoTtbbu 3
uieto iHdekuieto (ClinicalTrials.gov., n.d.). ¥ ubomy ornsagi
MU CpOKycyBanu yBary Ha KNiHIYHUMX [OOCHIDKEHHSX,
METO SKMX € NEepPCrneKTVBU 3aCTOCYBaHHS €K30COM Ans
nikyBaHHS nauieHTiB, xBopux Ha COVID-19, npoBeaeHux y
nepiog i3 2020 po rpyaHa 2024 p. 07 rpyaHa 2024 p.
y peectpi  KniHiyHMx BunpobysaHb Clinicaltrials.gov Ta
cochranelibrary.com ©6yno 34iMCHEHO MNOLWIYK KIiHIYHUX
pocnigxkeHb Tepanii COVID-19 3a Takow cTpaTerieto
nowyky: COVID a6o "COVID-19" a6o "SARS-COV-2" abo

SARS Ta exosomes. 3apeecTpoBaHi KriHiYHi JOCMioKEeHHS
Oynu BKNIOYeHi AnA aHani3y, SKWO eK30COMW BUKOPUCTO-
ByBanu 3 MeTOl nNikyBaHHA abo 3anobiraHHs iHdekuii
SARS-CoV-2 i noB'a3aHoi 3 Heto xBopobu COVID-19.
3apeecTpoBaHi JOCMiAXKEHHA He BKMoYanucs, SKLWO BUKO-
pUCTOBYBaNNCb €K30COMarbHi NPOAYKTU ANS iHTEepPBEHLiN-
HMX Uinen 3 meTol nikyBaHHA abo 3anobiraHHsA iHdeKLUii
SARS-CoV-2, a TakoxX, SKWO AocrigXeHHa 6yno BHeCEeHO
[0 Cnu1cKy Buny4veHux abo ckacoBaHuX. Y peecTpi KNiHIYHUX
BunpobyBaHb Clinicaltrials.gov 6yno 3HavgeHo 20 pocni-
[KeHb, MOB'A3aHMX i3 3aCTOCYBaHHAM €K30COM, MpoTe
nvwe 15 3 HuMx O6ynu npucesayeHi nikyBanHio COVID-19
(ClinicalTrials.gov., n.d.). OgHe 3 umx JocnimkeHb Oyno
NpU3ynMHEHO Ha BUMOrY CroHcopa. Y pPeecTpi KMiHiYHMX
BuUNpobysaHb cochranelibrary.com 6yno 3HaigeHo 18 3anucis,
MoB'A3aHMX i3 3aCTOCYBaHHAM €K30COM AN fiKyBaHHS
COVID-19 (Cochrane Library, n.d.). lMNpote nuwe AaBea
3anucy He MOBTOPIOBANM AOCHIMKEHHs, 3HakaeHi B none-
peaHboMy peecTpi. 3aranom 6yno obpaHo 17 gocnimkeHb
(tabn. 1.). OCHOBHOI METOK LMX EKCNEPUMEHTIB €
BM3HayeHHs 6Ge3nekn N edEeKTUBHOCTI 3aCTOCYyBaHHS
ek3ocom y nauieHtis i3 COVID-19 (ClinicalTrials.gov, n.d.,
Cochrane Library, n.d.).

Ta6nuuys 1
KniHiuyHi gocnigxeHHA 3acTocyBaHHA €K30COM Ans nikyBaHHA Covid-19
Km."'qu 3axBoploBaHHA Pxepeno Meton ®daza KmbKICT.b KpaiHa CnoHcop
AocnigXeHHs €K30COM [OCTaBKU yYacHUKIB
NCT06492798 [OBroTpuBanui MCK 3 nynoBuHum IHr 1+l 76 Kutan  |Changhai Hospital
COVID-19
NCT05808400 [OBroTpuBanum MCK i3 xwupoBoi IHF | 80 Kutan Huazhong University
COVID-19 TKaHWHW, of Science and Technology
(haMSC-EV)
NCT05787288 COVID-19 MCK IHF | 240 Kutan First Affiliated Hospital of
Wenzhou Medical University
NCT05387278 COVID-19, 'POC |Mck 3 nyrnoBuHM | 20 CLUA Vitti Labs, LLC
(EV-Pure,
WJ-Pure)
NCT05228899 [OBroTpuBanum MCK 3 amHioTU4HOI IHr 1+I1 30 CLWA ZEO ScientifiX, Inc.
COVID-19 pignHn (Zofin)
NCT04657406 COVID-19 MCK 3 amHioTv4HOI IHr CLUA ZEO ScientifiX, Inc.
pianHu (Zofin)
NCT04384445 COVID-19 MCK 3 amHioTV4HOI IHr 1+l 20 CLUA ZEO ScientifiX, Inc.
pianHu (Zofin)
NCT05216562 COVID-19 MCK BB I+l 60 IHooHesis |Dermama Bioteknologi
Laboratorium
NCT04969172 COVID-19 36arayeni CD24 IHF Il 103+52 I3paenb  |Eli Sprecher, MD
eksocomu, CD24
NCT04902183 COVID-19 36arayeni CD24 IHF Il 90 Ipeuis  |Athens Medical Society
€eK30CoMU
(CovenD24)
NCT04747574 COVID-19 36arayeni CD24 IHF 35 I3paenb | Tel-Aviv Sourasky Medical
eK30comMmn Center
(EXO-CD24)
NCT04798716 COVID-19 MCK BB 1+l 55 CLUA AVEM HealthCare
NCT04493242 COVID-19rPAC  [MCK BB Il 102 CLUA Direct Biologics, LLC
NCT04389385 COVID-19 Bipyc-crneumaivHmx IHF | 60 Typuis  |TC Erciyes University
T-kniTYH
(CSTC-Exo)
NCT04276987 COVID-19 MCK i3 xupoBoi IHF 24 Kutan Ruijin Hospital
TKaHVHU
(MSCs-Ex0)
IRCT2019010104 |Covid-19 'POC MCK 3 nynoBuHu BB 1+ 72 Ipan Tarmim Ava Baran
2197N2 Knowledge Based Company
ISRCTN33578935|COVID-19 MCK i3 nnaueHTmn BB Il 64 HimewumnHa |Division of Experimental
(XpGlo) Anesthesiology University
Hospital Ulm
Albert-Einstein-Allee

MpumiTka: BB — BHYTPiLWHBOBEHHO; IHM — iHransaujis.
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B 1 C H UMK Kuiscbkoro HauioHanbHoro yHiBepcurety imeHi Tapaca LleBueHka

PesynbTatn

Binbwicte gocnimpkeHb (a came 9) Oyno nNpucBAYEHO
BMBYEHHIO BMIMBY €KC30COM Ha BaXkKy Ta cepefHio hopmu
nepebiry xsopobu. Jlnwe Baxky ¢opmy BMBYanM y OBOX
KNiHIYHMX JOCRiAXEHHSAX, N0 0QHOMY 30CepelXyBanuchb Ha
BMBYEHHI nuile nerkoro abo cepeaHboro nepebiry 3axso-
PtOBaHHS | MOEAHAHHIO NErkoro Ta cepefHbLoro nepeodiry
XxBopo6u. Tpu gocnigxeHHs BUBYanu BMnvB npenaparTiB Ha
OCHOBI €k30coM Ha nepebir gosroTpusanoro koeigy abo
nocTkoBigHoro cnHapomy. OBOB'A3KOBUM KPUTEPIEM BKITHO-
YEHHs1 ANs YOTMPbOX AOCHiMKEeHb Oyno TakoX HasiBHICTb
rocTporo pecnipatopHOro CUHAPOMY B MauieHTIB, a y M'ATh
OOCTIAXXEHHAX PO3BMTOK Y MaUi€HTiB MHEBMOHIi, cnpuynHe-
Hoto Sars-cov-2. [locnigXeHHs NpoBOAUY B Pi3HMX Kpai-
Hax CBiTy, cepef skux nigepom € CLUA, ge 6yno 3apeecTt-
poBaHO M'ATb KMiHIYHUX AOCNimpKeHb. YoTMpU OOCNImKEHHS
6yno nposegeHo B Kutai, Tpu — B I3paini, no ogHomy
OOCNIXEHHI0O B Takux KpaiHax, gk TypeuyuumHa, IpaH,
IHOoHesis, peuis Ta HimevyunHa.

HawnbinbLuy KinbKicTb AocnigXeHb, Mo n'atb, 6yno posno-
yaTo y 2020 Ta 2023 pp. Yotmpwn gocnimkerHHs —y 2021 p.,
no ogHomy —y 2024 ta 2022 pp. OgHe pgocnigxeHHs 6yno
3annaHoBaHo Ha 2025 p., npoTe 3apa3 MoOro cratyc TUM-
4acoBO MPU3YNUHEHO HA BUMOTY CMOHCOpa OOCHIAXKEHHS.
3aBepwmnTn poboty B nepiog go 2024 p. nnaHyeBanu
10 pocnigxeHb, MpoTe nuwe ABi AOCAigHI rpynu 3asHa-
4YnUnK, WO BXe MalTb pesynbtatv poboTu y BuLLE3ragaHnx
peecTtpax. LLle Tpu pocnimpkeHHs 3annaHoBaHO 3aBepLUnTn
NPOTSAroM HAaCTYMHUX JBOX POKIB.

3aranom Jo yyacTi y KNiHIYHUX OOCMIgKEHHSAX i3 3acTo-
CyBaHHSAM €K30COM 3anfaHoBaHO fonyunty 938 nauieHTiB.
369 i3 HMX TOYHO OTPMMAalOTb EKCnepuMeHTarnbHe IiKy-
BaHHA ek3ocoMamu, a 175 CTaHOBUTMMYTb KOHTPOJSIbHY
rpyny; po3nofin iHWWX 4YiTKO He BM3HaveHo. Hanbinblia
KinbkicTb gocnigxeHb oxonne Big 55 go 90 ydvacHukis
(n = 8) Ta Big 20 go 35 yyacHukis (n = 5). Jluwe Tpn gocni-
[KeHHs oxonnooTb noHag 100 navieHTiB.

Yci KniHivHI gocnimkeHHa HabupalTb AOPOCNNX MaLieH-
TiB abo nioge noxwnoro BiKy. MiHiManbHMM BiKOBUM
KpuTepiem BKINIOYEHHs A0 gocnigkeHHs € 18 pokis. Yotupm
i3 17 BuNpobyBaHb He BKa3ylTb MakCMMaIbHOrO BiKy, iHLUi
obmexeHi fo 65 (n=3),70(n=1),75(n=5),80 (n=3) Ta
85 (n =2) pokiB. KogHe 3 HaBedeHMX BULLe OOCHIAKEHb
He Mae reHaepHux obmexeHb. B ogHoMy gocnigXeHHi, wo
Oyne npoeegeHe B IHAOHesii BignoBigHO [0 MicueBMX
3aKOHOOaB4YMX HOPM MiHIManbHUN Yac CNOCTepPeXeHHs
ctaHoBuTUME 14 Ai6. Y BCiX iHWMX eKCnepuMeHTax MiHi-
ManbHUA Yac CrOCTEPEXEHHS CTaHOBWUTL MoHap 28 fib,
wob niaTBepanTM 6Ge3neyvHiCTb 3aCTOCYBaHHA €K30COM,
nepeBipMBLUM CMEPTHICTb Bi4 YCiX MpuuuH Ha 28 noOy,
i TouBaTuMe ABa micsaui (n =4), 3 micaui (n = 3), niB poky
(n=1) abo oguH pik (n = 1). XKogHe JocnigXeHHs He Mae
Ha maTi JoCniauTX JOBroTpmMBani Hacniakn NikyBaHHS.

MeToto GinbLLOCTI eKCnepuMeHTIB € nepesipka 6e3ney-
HOCTi N e(eKTUBHOCTI npenapariB, i3 HUX WICTb € KMiHIY-
HUMK JocnigXeHHaMn dasm 1, YyoTupmn — dasm 2, noeg-
HYlOTb ha3nm 1 Ta 2 n'aTb LOCNIAXeHb, a OAHe [ochi-
OXEeHHs1 nnaHyeTbes sk das3n 2 i 3. Habip nauieHTiB npo-
OOBXYIOTb YOTMPU AOCHIMKEHHS, Taka cama KinbKiCTb A0-
cnigXeHb yxxe 3aBepLumnun Habip yvacHukis, Habpaswm 30,
20, 24 ta 102 naujeHtu. LLloao iHWMX aocnigkeHb — ix ctaTyc
€ HesigomumMm (ClinicalTrials.gov, n.d., Cochrane Library, n.d.).

JliTepaTypHi gaHi ceigyaTb, WO eHoTMN | dYHKUIA
€K30COM MOXYTb 3MiHIOBaTUCA 3anexHo Big Axepena ix
oTpumanHsa (Karlton T. Watson Research, 2022). Ek3o-
COMMW, OTPUMaHIi 3 Pi3HUX AXepern, MatoTb 6araTo crinbHUX
XapaKTepuCTUK, OOHAK BOHW TakKOX MOXYTb BiOpi3HATUCA
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3a dyHKUiOHanbHICTIO. Hanpuknaa ek3ocomu, oTpuMaHi 3
MCK, BugineHi 3 XvMpoBOi TKaHWHW, MalTb Kpally aHrio-
reHHy 30aTHICTb, HiX Ti, WO BMAINEHI 3 KICTKOBOrO MO3KY.
Eksocomu, otpumaHi 3 MCK KiCTKOBOro MO3Ky, MOXyTb
iHrioyBatu IFN-y, wo cekpeTtyeTbcs T-KNiTMHaAMK, i MOXyTb
MaTtu iMyHOMOAYNIOWYUA Ta npoTU3ananbHUn edekTn
(Sengupta et al., 2020a; Karlton, 2022). NepeBaxHa KinbKicTb
BMNpOOyBaHb Oyna HauineHa Ha BWBYEHHS €K30COM, OTpu-
maHux i3 MCK, a came 13 pocnimkeHb. Xoya MCK moxHa
BMAINMTK 3 BaraTbOX TKaHWH, AyKepenamu ix oTpumaHHs 6ynu
nnaueHta (n=1), nynosuHa (n=3), amHiOTMYHA pigvHa
(n=3), ®upoBa TKaHMHa (N =2), KICTKOBMA MO30K abo He-
3a3HayeHe mkepeno MCK (n =4). Kpim Toro, y Tpbox gocni-
[DKEHHSIX BUKOPWCTOBYBanu ek3ocomu, 3b6araveHi CD24, a
B OQHOMY — BUBYanu eK30COMU, OTPUMaHI i3 T-KNiTWH.

IHWKM BaxknmMBMM haKTOpPOM, LLIO BMAMBAE Ha Tepanes-
TnyHun ecpekt MCK, € wnax goctaBkM ek30COM A0 Linbo-
BOrO OpraHy B opraHi3mi noauHun. JlitepatypHi AaHi csig-
YaTb Mpo Te, L0 BHYTPILUHbOYEpEeBHA Ta NiALUKipHa iH'ekuisa
ek3ocom, oTpumanmx i3 MCK, moxyTb npusBect p[o
HaKOMUYEHHs1 eK30COoM Y MiALMYHKOBIN 3anosi (Tang, Zhou,
& Li, 2021). Tomy HaibinbLL 4YacTO BUKOPUCTOBYIOTb BHYT-
piluHbOBeHHe BedeHHA (Karlton T. Watson Research 2022).
[MpoTe y HaBedeHWX KMiHIYHUX OOCHIMKEHHSIX eK30COMU
BBOAATb LUMSXOM BHYTPILLUHBOBEHHOI iHQY3ii abo iHranauii
po3nuneHnx ek3ocom. Ek3ocomu, yBedeHi BHYTPILLIHbO-
BEHHO, BOAWIM OOHOPa30BO abo 3 NOBTOPHUM YBELAEHHSIM
yepes kinbka Ai6. MNig 4Yac yBeaeHHs MeToooM iHransuii
OOCNIOXYIOTb Pi3Hi CXeMU BBEAEHHS: 0QHOPAa30Bo, ABidi Ha
0006y npoTarom kinbkox Ai6. [1o3a ek30CoM y Lnx KNiHIYHNX
OOCNiQKEHHsIX 3MiHIOBanacs 3anexHo Bif LUNsSXy OCTaBKM
N 3axsoptoBaHHA. Kpim Toro, icHyBanu Bapiauii B 0gWHK-
LsIX, 3a [OMOMOroK SIKMX po3nodinsnacs [o3a eK30COM:
OesKi OOoCnigXeHHs po3paxoByBanu KiflbKiCTb €K30COM 3a
iX Barol B Mikporpamax, Aesiki — 3a KiNIbKiCTH YaCTUHOK Y
neBHoMy o6'eMi piavHW, ToAi SIK iHWI NPOCTO BKalyBanu
KinbkicTe MCK, BUKOpUCTaHMX ONsi CTBOPEHHS €K30COM.
Takum YMHOM, Hapasi HEMae KOHCEHCYCY LLOAO BUKOPUCTO-
BYBaHOI J03M €K30COM, TOMY MOpPIBHIOBATU A03M B Pi3HUX
pocnigxkeHHax cknagHo (Lotfy, AboQuella, & Wang, 2023).

Ek3ocomu, npusHayeHi ANA BUKOPUCTAHHS Y KNiHIYHUX
BUMNPOOYBaHHAX, MaloTb BiANOBiAATM MiHIMaNbHUM KpuTe-
pisiM XapakTepUCTUKN MO3aKMiTMHHUX BE3UKyMN, 9K 3asHa-
YyeHo B pekoMeHpauisx MISEV2018, saki nepepbavaiotb
HasABHICTb abo BiACYTHICTb NEBHUX MapKepiB, Tak i i3nyHi
xapaktepuctukm (Théry et al, 2018). MNpoTe He B ycix
OOCriAXXeHHAX HaBedeHO [A0CTaTHbO iHdopmadii, Lwob
nepeBipMT YN OINCHO €K30COMW, BUKOPWUCTaHi B ekcnepu-
MEHTI, BiONOBIiAaTb pekoMeHaauisam.

Be3neka ma eghekmueHicmb eKk30coM, eudineHux 3
pisHux dxepen MCK. Ex3ocomn B npupodi MIiCTATbCS B
KOXHil YacTuHi Tina, ane mXxepeno ek30COoM, NpU3Ha4YeHux
ONSA pereHepaTMBHOI MEAVMUMHMW, Mae BupillanbHe 3Ha-
YeHHsi. MeseHximanbHa cToBbypoBa KniTMHa € HambinbLu
JocnigKeHo B Hayui 4yepes pornb, SKy BOHa Bigirpae B
pereHepaldii 1 BiQHOBMEHHi TKaHWH, a TaKoX Yyepe3 MiCLeBi
npoTusananbHi Ta 3arotoBanbHi curHanu. Lli cknagHi Tka-
HWHHI BE3UKYNW CKrnagalTbecsa 3 NoABiNHMX docdoninigHmx
WwapiB i3 TpaHCcMeMOpaHHMMMK Oinkamu 1 peuenTopamu,
iHTerpoBaHMMK hakTopamu pocTy, a Takox Mikpo-PHK Ta
iHopmauinHoto PHK (Direct Biologics, 2019). YucneHHi
OOKNiHIYHI AOCnigpKEHHA MoKasanu MO3WUTUBHUA Tepanes-
TUYHUIA edeKT eK30COM, OTPUMAHMUX i3 KiCTKOBOrO MO3KY,
yBeOEHMX BHYTPILUHBOBEHHO Ha TBAPWHHWUX MOAENSAX rocT-
poro ypaxeHHs nereHis, (PAOC, actMu Ta iHWKWX 3ananbHKX
3axBOpOBaHb. AHani3n BUSBUNW 3MEHLLEHHSI anbBeonsp-
HOrO 3anarneHHs!, MoCUMeHe OYNULLEHHS Bia HabpsKy, BigHOB-
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TNIEHHs1 HEerepMeTWYHMX eniTenianbHMX MemOpaH Ta iHLWi
Hacnigku UMToKiHOBOrO WTOpMY (Sengupta et al., 2020a).

Ek3ocomn ExoFlo, BUpoGHUKOM sikux € komnaHis Direct
Biologics, uLe i30nbOBaHi MO3akNiTUHHI BE3UKYyNM TpaHc-
nnaHTata, ski 6epyTb y4yacTb y MKKMITUHHIN KOMYHiKaLii.
Ek3ocomn ExoFlo matotb poamip Big 30 go 150 HMm, gitoTb
nokanbHO, NOCUIIoIYN MPUPOOHI pereHepauinHi npouecu
opraHiamy, gornomMarailoun 3MeHLUMTU po3naj Mo3akniTuH-
HOro MaTpUKCy Ta XPOHIYHE 3anarneHHs, OfHOYaCHO Cnpus-
HOuM aHrioreHesy 1 BigHOBNeHHI0 TkaHuH (Direct Biologics,
2019). MNpoTtarom kBiTHA 2020 p. 3 MeTO OUiHKK Ge3neku
BHYTPILUHBOBEHHOTO BBEOEHHS €K30COM, OTPMMaHuX 3
KICTKOBOro MO3Ky ntoauHu, 24 nauientn 3 [PBI, acouirno-
BaHi i3 SARS-CoV-2, y akux cnoctepiranocs KriHi4yHe no-
ripLIEHHs, OTpUManu OAHOPAa30BY BHYTPILUHBOBEHHY O03Y
15 mn ExoFlo (Sengupta et al., 2020a). MeToo po6oTu
6yno ouiHnTK Ge3neky nicnst ogHOPa30BOi BHYTPILUHLOBEH-
Hoi fo3n ExoFlo, Bkntovatoun iHdy3inHi peakuii Ta 6yab-siki
nobGiyHi edekTn, a Takox edEKTUBHICTb, YPaxoBykun 3a-
ranbHU CTaH, OKCUreHauito, NoTpedbu B MiATPUMLUI KUCHIO,
CTYNiHb 3ananeHHs Ta iIMyHOKOMMNETEHTHICTb, NPO WO CBiA-
yatb piBHi C-peaktuBHoro 6inka (CPB), D-gumepy, de-
PUTUHY Ta KinbkocTi HenmTpodpinis i T-nimcouuTis. MNauieH-
TiB po3ginunun Ha Tpu rpynu: A — amBynaTopHi nauieHTn i3
COVID-19 i3 rapsidkoto Ta 3aguiukoto (n=2); b — nauieHTn
i3 COVID-19, qaki noTtpebyioTb HeiHBA3WBHOI KUCHEBOI
nigTpumkm, (n =21); B — iHTy6oBaHi nauieHtn 3 COVID-19
3 riNOKCUYHOI AmxanbHOW HepocTaTHicTio Ha LB (n =4).
Mig yac gocnigxeHHa 15 mn ExoFlo pogasanun go 100 mn
(Pi3iONOriYHOro po3yYnHy Ta BBOAMIN BHYTPILUHLOBEHHO
npoTtarom 60 xB (Sengupta et al., 2020a).

XKogHmx nobivHmx edpexTiB y Hanbnwkumi (<6 roa),
npomixxHnA (< 24 rog) abo BigTepmiHOBaHWMN (< 72ropa)
nepiog, WO NOB'A3aHWI 3 TEPANEBTUYHUM BTPYYaHHSIM, HE
3acbikcyBanu. OuikyBanocs, Wo nauieHTam rpynu b 6yne
noTpibHa LWTy4YHa BEHTUMAUIA nereHb npoTsrom 12—
24 rog. MNMpote nuwe 25 % (4/20) y koropTi b nepenwnu go
LLBJ1, kpuTnyHOI nogii, NoB'A3aHOI 3i 3HAYHO BUILLIOK 3aXBO-
ptOBaHICTIO Ta cmepTHicTo. MonepeaHi BUCHOBKM Aocnia-
HUKIB cBig4aTtb Npo Te, wo ExoFlo moxe 6ytn npodinak-
TUYHUM 3aXO4OM NPOTU MNPOrpecyBaHHs A0 iHBa3UBHOI
KUCHEBOI NIATPUMKM Ta MeEXaHi4YHOI BeHTUnsAUil, Xxo4a
noganblli AOCMIAXEHHA 3 paHAOMI30BaHVMMMK KOHTPOIbO-
BaHMMM eKkcnepuMmeHTamn noTpibHi, wob nigTBEpPaAUTU
edekTuBHiCTb. 3aranom 75 % koroptu b (16/20) oayxanu,
O AEMOHCTPYE 3BOPOTHE MPOrpecyBaHHsl 3aXBOPHOBAHHS
Ta npunyckae, Lo onTMManbHUA Yac Ans BeedeHHs ExoFlo —
Le paHHsa dasa UMTOKIHOBOrO WTOpMY. 3aranom nikyBaHHs
ExoFlo 6yno nos'asaHe 3 83 % BWKUBAHICTIO Ta 3HaYHUM
NMOKpaLLLEHHSAM OKCureHauii, 3HWKeHHsaM noTpebu B nig-
TpUMUi KUCHIO npoTsarom 48-72 roa. [NokpalleHHsa cnis-
BigHOWeHHA PaO2/FiO2 > 200 MM pT. CT. Ha TpeTio A0y
nicns nikyBaHHs Gyno CUMbHUM MPOTHOCTUYHUM YMHHUKOM
BUMMCKN 3 MiKapHi Ta ogyxaHHsa (Sengupta et al., 2020a).

Cepepn cybonTuManbHux 3adikcoBaHUX peakuin Ha
BEAEHHA €eK30COM YCi KMiHiYHi napameTpu, BKOYa4M
OKCUreHaLilo Ta MapKepu 3ananeHHs, nokasanu no4yaTkoBy
cnpusaTnuey Bignosigb Ha ExoFlo. Lli ecbektn gocarnu niky
Ha 3—4 poOy, WO CBigYMTL MPO Te, Lo MOBTOpPHA 4033 Ha
TpeTto [oby nicna nikyBaHHst ExoFlo moxe 6yTn HeobxigHoto.
Lle ysromkyeTbca 3 LOKMIHIYHAMU CNOCTEPEXEHHAMM NPO Te,
IO UMPKyrolodi NpoTea3n MOXYTb iHaKTMBYBaTU €K30COo-
ManbHi NPOAYKTW, HadalouM 3anexHun Big 4Yacy edekT.
3HayHe nokpaLleHHs HerTpodinii Ta nimdponeHii, BktoYaoun
36inblweHHss CD3+, CD4+ 1a CD8+T-nimdpouuTtie Ha gogaTok
[0 3MEHLUEHHSA KinMbKOCTi peareHTiB roctpoi hasu nicns
BBedeHHsa ExoFlo, migtBepmkye Te, WO OOHUM i3 OCHOBHUX
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TepaneBTUYHNX MEXaHI3MIB Aii Moxe OyTn mogynsauis iMmyHHOT
ancdyHkuii (Sengupta et al., 2020a).

3rogpom OGyno npoBegeHe npocnekTuBHe Garato-
LEeHTpOBE paHAOMi30BaHe MNOABIMHO aHOHIMHe nnauebo-
KOHTpOnboBaHe AocnimkeHHsa dasn |l TuX cammx ek3o0coMm.
MauieHTn 3 TskkMM abo kpuTtuyHum COVID-19 (n = 102)
Oynn pangomidoBaHi y cniBeigHoweHHi 1:1:1 ueHTpamu
KniHiYHMX BUNpobyBaHb y rpynu ExoFlo 15 mn (15 mn ExoFlo,
3miwaHoro 3 85 mn disionoriyHoro po3uymHy), ExoFlo 10 mn
(10 mn ExoFlo, 3awmiwaHoro 3 90 mn HopmanbHoro @isiorno-
rivHoro posymHy) abo rpynu nnaue6o (100 mn disiono-
riYHOro poO34MHy) i OTpMMyBanu BiOMNOBIAHE NiKyBaHHA B
AeHb 1 (Lightner et al., 2023). Ha yetBepTy 006y nauieHTn
OTpVMMyBanu NOBTOPHY A03y npenapaTty. [JosysaHHs ExoFlo
Oyno po3paxoBaHO Ha OCHOBI MONepeaHbLOoro MiNnOTHOro
OOCTnimKeHHsa dasm | 3a yyacTio 24 nauieHTiB 4OCMIOKEHHS
START, a ans nonepeaHboi OUiHKM 6e3neku BBeAEHHS
€K30COM Oynu po3rnsHyTi pe3ynbTaT 68 yyYacHukiB, SKi
oTpumanu 6yab-aky no3y ExoFlo. XopaHi nobiuHi edektn
He CMpUYMHUAM NpU3ynuHeHHs B Habopi nauieHTiB abo
NMPUMNWHEHHI KMiHIYHOrO BMNPOGyBaHHsA. [poTarom nepLumx
72 ron y XOOHIM KOropTi He cnocTtepiranocs iHQY3inHMX
peakuii abo nobiyHux edpekTiB. [OCnigHWKM He noB's-
3yBanu XxopHux nobiyHmx edpekTiB i3 BBeAeHHAM ExoFlo i
He Oyno o4eBMAHOI pi3HMLI MiXX TpbOMa rpynamu [o-
CNigXeHHs1 y BiACOTKOBOMY CniBBigHOLIEHHI Cy6'ekTiB 3
nobiyHumn edektamm abo pos3nogini TMNiB  NOGIYHMX
edekTiB (Lightner et al., 2023).

Pesynbtat  pgocnigxkeHHs, onybnikoBani 2023 p.,
cBigyaTb, WO 60-geHHa CMepTHICTb Big YCIX MPUYUH Yy
nonynsuii ctaHosuna 29,4 % pons ExoFlo-15 i 47,1 % —
ans nnauebo, ogHak pisHMUA He Oyna CcTaTUCTUYHO
3HaYywwow. [HWi NO3WTMBHI pesynbTaTM 3aCTOCYBaHHS
ExoFlo-15 Bkntoyanu GinbLu KOPOTKUIA Nepioa 40 BUMUCKK 3
nikapHi, 36inbweHHs kinbkocTi AHiB 6e3 LUBJT Ta piBHiB
GiomapkepiB. [lna nauieHTiB Bikom Big 18 go 65 pokis, siki
Bignosigann moaudikoBaHUM BepniHCbkMM  KpuTepism
cepegHboro Ta Baxkoro [POC, 60-geHHa CcMepTHICTb
ctaHoBuna 72,7 % y rpyni nnaue6bo ta 30,8 % — y rpyni
ExoFlo-15, wo pano abcontoTHe 3HWXKEHHS pU3NKy Ha
41,9 %. Y nigrpyni naudientiB Bikom Big 18 po 65 pokis
i3 nomipHnm abo Baxkum [PB kinbkicte AHiB 6e3 LUBJ
nokasanu TeHgeHuito gosu-signosigi 3 ExoFlo-15 >
ExoFlo-10 > nnauebo. Hes3saxatun Ha Te, WO Li nokas-
HVKW HEe JOCArNN CTaTUCTUYHOT 3HaYyLLOCTI, Ui pesynbtati
MOXYTb BYTK OCHOBOIO AJ1s1 nodanbLumMx gocnigpkeHs dasn i
(Lightner et al., 2023).

OpHak nybnikauis uMx pesynbTaTiB BUKNMKana Kpu-
TWYHY peakuito Sai Kiang Lim Ta cniBaBTopiB. BoHu
3a3Hayunu, wo Opakye knioyoBuX getanew, Aki 6 [o3Bo-
NUNM ageKkBaTHO OUIHUTU MeOMYHY UiHHICTb | HaykoBe
06r'pyHTYBaHHS LbOro AocnigXeHHs. 3okpema, marno iHdop-
MaLii 6yno HagaHo Npo AOCHiAXKyBaHMI HOBWUIA npenapat
ExoFlo, Bkntovatoun xapakTepucTuKy ek3ocoMm, BionorivHi
BNacTUBOCTI Ta 3anpornoHoBaHi GionoriyHi abo Tepanes-
TWYHI Aif, TOMYy He3po3yMmino, o Hacnpaedi npuaHadanu
naujieHtam. Omnke iHdopmaLii, nogaHoi y cTaTTi, HeAOCTaTHLO
ONA KPUTMYHOTO aHanidy Ta OCMWCIIEHHs pe3ynbTaTiB, a
TaKoX ANs MOXIMBOrO MOBTOPEHHSA JocnimkeHHsa (Lim
et al., 2020). Ha 3axucT cBoro gocnigxeHHs Sengupta V.
Ta cnisaBTOpW Y NUCTI-BIANOBIAI Hadanu Po3'sCHEHHSI BU-
pobHuky ek3ocom ExoFlo wopo neBHMX XapaKTepucTuK
npenapaty (Sengupta et al., 2020b). MosBa Takoi Anckycii
€ CBiYEHHAM CynepeyHOCTen, AKi iCHYI0Tb MidK MPOMMUCHO-
BMMM BUPOOHMKamMW BiOnoriYHMX areHTiB, SKi MparHyTb
3aXMCTUTU CBOI PO3POOKM KOMEPLIMHOK TaeMHULE Ta
HayKoBOK aKafeMi4HOK CninbHOTOW, $Ka noTpebye
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BiOKPUTOI AeTanbHOI iHopMaLii Npo NpoaykTu, wob matn
3MOry afekBaTHO Ta O6'EKTMBHO OUIHUTM pe3ynbTaTu
3acTOCyBaHHS HOBUX Npenaparis.

CtaHoM Ha kiHeub 2024 p. Direct Biologics Habupae
nauieHtis ana sunpobysaHHs dasu Il (NCT05354141).
Ona uboro gocnigxeHHs komnaHia wykae 320 cyb'ekTis
i3MPOC 6yab-skoi eTionorii. [lig 4yac BunNpobyBaHHS
AocnigxyBaTuMyTb TpU BHYTPILLHbOBEHHI [o3n ExoFlo
15 mn nopiBHAHO i3 nnauebo, npy UbOMY BCi NauieHTK
OTPMMYBaTUMYTb CTaHAapTHe NikyBaHHA. BumiptoBaTmMyTh
60-A4eHHUI piBEHb CMEPTHOCTI Bif YCiX NPUYNH, @ BTOPUHHI
nokasHuku pesynbrtaTtiB BknovaTuMyTb VFD, ©e3kucHesi
AHi Ta pgHi 6e3 peadimauii. Kpim Toro, BunpobysBaHHA
aocnigxysatume edektuBHicTe ExoFlo npu nigtunax
PAC, wob kpalue 3po3ymiTh npouec 3axsoptoBaHHs (Urté
Fultinaviciate, 2023).

Ek3ocomMu, ompumMaHi 3 nepuHamasibHUX MKaHUH.
LLle oaHieto komnaHieto, ska AoCnigxXye edeKkTUBHICTb 3a-
cTocyBaHHsi ek3ocoM, € Organicell Regenerative Medicine.
Hapasi npoBoauTtbcsi GaraToueHTpoBe, paHOOMi3oBaHe,
noAginHe cnine, nnauebo-KOHTPONbOBAHE KIliHIYHE Aochi-
axeHHs (NCT04384445) I/l da3n ans TecTyBaHHA eK30CO-
maneHoro npenapaTy Zofin y nauieHtis 3 COVID-19 i3
NOoMipHUM abo BaXKMM rOCTPMM pecnipaTtopHUM AUCTpec-
cuHgpomom (Mitrani et al., 2021b). Zofin — ue no3akniTUHHI
BE3WKYNM 1 eK30COMU, OTPMMaHi 3 NepuHaTanbHUX TKaHWH,
a came aMHIOTUYHOI PigVHKU NoaMHK. TakoX NPOBOANTLCS
noaginHe cnine, nnauebo-kOHTPONbOBaHe paHAOMi3oBaHe
pocnigxkenHs /Il dasm (NCT05228899), meToto sKoro €
BMBYEHHA 6e3neku Ta MoTeHuinHoi edekTnBHOCTI Zofin y
nikyBaHHi gosrorotpusanoro COVID-19 (Organicell, 2021).
Y nadieHTiB, XxBopux Ha posroTpuBanui COVID-19,
AiarHOCTy0Tb TpMBany 3aguLLKy, Kallenb, yTOMy Ta norip-
LEHHSA MCUXIYHOrO CTaHy NpOTAroMm MicsuiB nicns oay-
XaHHs, WO 3aBaxae iM MoBepHyTUCA Ao poboTm Ta
noscskaeHHoro xuTTa (Lim et al., 2020).

PesynbTaTiB UMx gocnigXeHb MOKM He ony6nikoBaHo,
npote B opgHomy 3 nepuwux Organicell Regenerative
Medicine 6panu yd4actb Tpu nadieHtTn 3 COVID-19 i3
Baxxkum MPOC i MynbTMOpraHHMMK ycknagHeHHamn. BegeHHst
npenapaty Zofin (takox Bigomun, sk Organicell Flow) 6yno
6e3ne4yHnM i He BUKNMKAro nobiYHMX peakuii, CrpUYMHEHNX
3acTocyBaHHAM npenapaTty. HesBaxatoum Ha ekcrnepumeH-
TanbHi OOMEXEHHS!, aHani3 CyKYMHWX [AaHUX Yy BCIX TPbOX
nawieHTiB nokasaB 3HWKEHHSA OujiHKM 3a wkanoiw SOFA,
MOKPALLEHHS KMiHIYHOrO CTaHy Yy BigAdiNeHHi iHTEHCUBHOI
Tepanii Ta NOKpalleHHs AuxaHHs. Ha cborogHi pesynbtatn
nabopaTopHUX JOCTiMpKEHb NaLjieHTa MoKasan MOKPaLLEeHHS
3i 3HWKEHHSIM MapkepiB 3ananeHHs. [NpoTe 3ananbHi Gio-
mMapkepn CPB Ta IJ1-6 3HM3nnucsa y BCiX nauieHTiB, SK i B
iHLLMX 3apeecTpoBaHNX BUNaAKaX i3 3aCTOCYBaHHAM KNITUHHOT
Tepanii, Wo O03BONWUMO NPUNYCTUTM HasBHICTb NpoTU3ananb-
Horo edpekTy Tepanii (Mori et al., 2023).

€ paHi npo 3aBeplleHe [[OCHIIKEHHS  KNiHIYHOro
BUMAAKy 3aCTOCYBaHHSA MO3aKMITUHHUX BE3UKYN i PO3YMH-
HUX (PaKTOPIB, OTPMMaHUX i3 aMHIOTUYHOI PiIOVUHW NIOOUHN
AK 0e3neyHnx TepaneBTUYHMX 3acobiB AN ofyXaHHs Bif
yCKnagHeHb, BUKNUKaHuX iHekuieto COVID-19. BHyTpiLLHBO-
BeHHe Ta ©OaraTtopasoBe BBefeHHs Zofin 6yno Bu3HaHO
6esnevHnm i fobpe nepeHocunocs (Npo Byab-Aki ceprosHi
nobivHi edpekT He nosigomnsanocs). byno npogemoHcTpo-
BaHO NOKpPALLEHHS OMUXaHHS 32 A0MOMOrOK PEHTIEHIBCbKUX
3HIMKIB TPYAHO! KNITUHW Ta BUMIPIOBaAHHA HAaCUYeHHSA
KncHeMm. lMauieHT, onucaHui y LUbOMY 3BITi, iH(iKyBaBcA
COVID-19 3a 2 wmicAui oo nikyBaHHA Ta cTpaxpgas Bid
pecnipaTopHoro auctpec-cuHgpoMy. Ha nodatkoBomy etani
ABOCTOPOHHA MHEBMOHIS i3 3aguwkolo Byna OCHOBHUM

ISSN 1728-3817 (Print), ISSN 2308-8036 (Online)

daKkTopom, sIKMA NpU3BIB OO0 QJiarHo3y "OOBroTpmvBanumn
koBig". [lauieHT noyaB BigYyBaTM MOKPALLEHHS LIOAO
yCKNaaHeHb, MOB'A3aHMX i3 3aQULLKOK, Ha MoyaTky npo-
TOKONY NiKyBaHHSA Ta NPOAOBXYBaB BiAYYBaTV NOKPALLEHHS
npoTAromMm Yycboro nepiogy. HanpwukiHui nepiogy Agocni-
[OXXEHHS MauieHT NMOBEPHYBCS 4O HOpMarbHOro crtaHy 6es
nopyLueHb abo pecnipaTopHoro AncTpecy. PyHTYIOUNCH Ha
OOKMIHIYHUX AaHUX NiKyBaHHS €K30ocoMaMu B NnereHsix, Oyrno
BMCYHEHO rinoTe3y npo Te, Wo pecnipaTopHi edekTn nosa-
KNITUHHWMX BE3UKYN € KOPUCHUMW ANS NOM'AKLIEHHS CUMI-
TOMIB, NOB'A3aHKX i3 pecnipaTtopHUM OUCTPEC-CUHOPOMOM,
i cnpualTb iHAYKUiT €HOOreHHOro BiAHOBIEHHS TKaHWH
LUSISIXOM BifHOBIEHHS anbBeONsSIPHOI TKaHUHM Ta 3anarb-
Hux npouecis (Mitrani et al., 2021a).

3 MeTol gocnigkeHHs1 ek3ocoM, oTpumaHux i3 MCK,
OXepenoM SIKMX € KNiTUHW NyrnoBWHKW, pO3no4vaTto LocChi-
oxeHHs dasm | Ta [l IRCT20190101042197N2. 36 nauieH-
Tam NnaHyTb BHYTPILLHLOBEHHO BBOAWUTM 100 x 108 ek3ocom
Ha Kr Macu Tina. IHwa rpyna gocnigHukie YHIiBEpCUTETCHKOT
nikapHi M. YNbM nnaHyioTb NepeBipUTn Ge3neyHicTb Ta
e(EeKTMBHICTb 3aCTOCYBaHHSA €K30COMW, OTPUMAHOI i3
nnaueHtn (ISRCTN33578935). lMNauieHTam 3 BaXKKOKO NHEB-
MOHI€0 MMNaHyTb BBOOUTU BHYTPILUHBOBEHHO €K30COMU
XoGlo B kinbkocTi 0,2 mr/kr, po3segeHux y 15 mn conbo-
BOro posuvHy. OgHak pesynbTatu UMX OOCHIIKEHb MOKK
He NpeacTaBneHo.

Komnania Vitti Labs 3i CLUA y kniHiyHOMY gocnigXeHHs
dasm | (NCT05387278) nponoHye 3acTocoByBaTW €K30-
comm EV-Pure, oTpumaHi i3 KniTMH nnaueHTM napanensHo
3 MCK WJ-Pure, oTpumanumu 3 nynoBuHU Ans nikyBaHHSA
POC, BMKNUKaHOrO KOPOHOBIPYCHO xBopoboto. lMpoTe B
nunHi 2022 p. komnania Vitti labs LLC oTtpumana nwuct-
nonepempkeHHs Big FDA npo HesignoBigHOCTI BMpPOOG-
HUUTBa nNpoaykuii MiUeH3iMHUM ymMoBaM i perynsiTopHuMm
OOKyMeHTaM. Bbynu HasBHI MOpYyLUEHHA YMOB i TexXHomnorii
BUPOOHULTBA, a came 3abe3neyveHHs 1 Banigauii ctepunb-
HOCTi BMpPOGHMLUTBA, SIKOCTi Ta BMICTy npoaykty. Habip
nauieHTiB 6yno 3annaHoBaHo posnoyvatu y 2025 p., npote
MOKM IO AOCHIAXEHHSA MPU3YNMHEHO HA BMMOTY CMOHCOpa
(Karlton T. Watson Research, 2022).

lMepeeipka 6e3neku ma eghekmueHocmi po3nuseHux
ek3ocom. Meng-Meng Shi Ta cniBaBTopy NpunycTunu, Lo
HeLUiNnboBUI MeToa AOCTaBKM €K30COM B OpraHiam NioguHu
MoXe OyTW NPUYMHOK HEBUCOKOI e(PEKTUBHOCTI 3acTOCy-
BaHHA eK3ocoM. HoBiTHIM i Oinbll UikaBUM MeToOOM
LiNbOBOi JOCTaBKM €K30COM MOXe OyTW iXHE pO3NUIeHHs
3aMiCTb YBeAeHHs BHYTpilLHbOBEHHO. Llen meTtoa € GinbL
eeKTUBHMM 3 TOYKM 30py BiogocTynHOCTI mpenapaTy Ta
Moro [JocTtaBkum [0 nereHb. Bbyno npoBeaeHo ninoTHe
OOKMiHIYHe AOCNioKEeHHs, MeTol skoro Oyno gocniantu
po3noin Ta onTMManbHy [03Y PO3MNWUMEHUX eKCTpaLernto-
NSpHUX Be3ukyrn, oTpumanux i3 MCK xupoBoi TkaHWHM
nognHn  (haMSC-EV) Ha Mopgeni muwewn. PesynbTtatu
Giopo3noginy nokasanu, WO MakcumarbHa KOHLeHTpaLis
pO3NWUMEHNX €EK30COM crocTepiranacb 4epe3 24 rog vy
NEreHsx i WIyHKy 1M NMOCTyNOBO 3MeHLUyBanacb Ao 28 gobw.
Posnuneni haMSC-EV nigBuwinnm piBeHb BUXMBAHOCTI OO
80 % uepes 96 rog y muulen 3i 3aMoaenbOBaHOK MHEBMO-
HIED LNSAXOM 3MEHLUEHHs1 3ananeHHs nereniB. Cnocte-
piraBcs fo303anexHuin edekT: y aianasoHi 0os sig 2 x 10°
no 2x10% yacTuHoK Ginblua [osa crnpusna  Kpaiomy
BWKMBaHHI. OgHak y rpynax i3 Ginblw BUMCOKMMM [O3aMu
(noHap 2 x 108 yacTWHOK) [03a HeraTVBHO KopenioBana 3i
LWBMAKICTIO BUxUBaHHA. Oxe, Ans ePeKTUBHOrO mnikyBaHHs
noTpibHo BignoBiaHe [o3yBaHHSA Npenaparty (Shi et al., 2021).

Mig yac kniHiyHoro gocnigpkeHHs MEXVT cepen 3go-
poBux AobpoBonbUiB OAHIEI rpynu Oyno nepesipeHo
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OesneyHicTb i nepeHocumicTb po3nuneHnx haMSC-EV
(nocnimkeHHs MEXVT, NCT04313647). KniHiuHe Bunpoby-
BaHHA MEXVT — ue Bigkpute nMiNOTHE [AOCHIMKEHHA 3i
36iNblWIEHHAM [03K, Mig Yac AKoro M'ATe rpyn 340pPOBUX
pobposonbLiB 0TpumyBanu 3poctatodi Ao3n haMSC-EVs y
BUrMsAi OOHOPa30BOrO0 PO3NUIEHHA Mg 4ac iHransuii.
Y KOXHin KoropTi 6yno Tpu abo wWicTb NiAQoCniaHuX,
Aki oTpumyBanu 2,0 x 108 yacTuHok  (neplua  koropta),
4,0 x 108 yactuHok (Opyra koropta), 8,0 x 108 yacTMHOK
(TpeTa koropta), 12,0 x 108 yacTuHOK (Y4eTBepTa KoropTa)
a6o 16,0 x 108 yacTmHoK (N'ATa KoropTa). 3aranbHuii 06'eM
npenaparty 4osoannu o 6 mn, posseaeHux gisionoriyHnm
po3unHoMm i BBoaunu npotsirom 30 xB. Yci 24 gobpoBonbLi
nobpe nepeHecnu posnuneHHs haMSC-EVs. >KogHux
3HAYHUX 3MiH XWUTTEBO BaXNMBMX MOKa3HWKIB (Temne-
paTypa, YactoTa cepLeBUX CKOPOYEHb, YacTOTa AMXaHHS 1
HaCWYEHHs KUCHEM) Ta iHWuX nabopaTopHux napameTpis
He Oyno 3apeecTpoBaHO cepen A06pPOBOMbLIB y BCiX rpy-
nax nig 4ac Hebynisauii abo npoTtarom cemnao6oBoro
nepiogy cnocrepexeHHs. XKoaHWx Cepro3HMX NobidHMX
SIBULL, He crocTepiranocs Big MoOYaTKy PO3NWIEHHA [0
cboMoi [o6KM nicns posnuneHHs. MoeigoMmneHb nNpo anep-
riyHy peakuito He Byno (Shi et al., 2021).

BpaxoBytoun nonepegHi pesynbtati, Oyno posnovarto
kniHiyHe pocnimkeHHs NCT04276987 (dasa lla). MauieHTn
oTpumysarnm LwogeHHy fosy haMSCs-Exos (2,0 x 108 eksocom)
npotarom n'atu A6 nocninb. Yci nauieHtn 3 COVID-19
nobpe nepeHocunu posnuneHi eksocomm haMSC-Exos,
0e3 KoAHMX O03HaK MnobiyHMX edekTiB abo  KriHiYHOT
HecTabinbHOCTI Nnig Yac npouenypy abo npoTarom nepiony
6e3nocepenHbo nicnsA. Y BCiX MauieHTiB cnocTepiranocs
He3HayHe NiABULLEHHS KiNbKOCTI NiMAOoUMTIB Y cMpoBaTLi
kpoBi (MegiaHa 1,61 x 10%n npotu 1,78 x 10%n). Ona Bcix
nauieHTiB OyB XapakTepHUA Pi3HUIA CTyMiHb 3HUKHEHHS nere-
HEBUX ypaXKeHb Micnsa BAMxaHHsA aepo3onto haMSC-Exos.
PesynbTatn gocnigxeHHs ceigvaTth, WO MNOCMigoBHA iHra-
nauia eksocom haMSC-Exos npoTsirom n'atv gib 3aranb-
HOW KinbKicTb 2,0 x 10° HaHOBe3uKyn aOobpe nepeHocu-
nacs nauieHtammn 3 COVID-19. MoganbLwi BMnpobyBaHHA
MatoTb MiATBEPAUTM LOBrOCTPOKOBY Ge3neky un edekTuB-
HicTb y 6inbLwin nonynsauii (Lotfy et al., 2023, Zhu et al., 2022).

Y kniHiyHomy BuBYeHHi NCT04602104 pocnigHukn
nparHyTb OLHUTU edEeKTUBHICTb aepo30fbHOIO BAMXaHHS
anoreHHoro MSC-Exos pns nikyBaHHs TPOC. Y ubomy
[ocnigkeHHi 6patMMyTb yvacTb 169 yyacHukiB BiKOM Bif,
18 po 70 pokis. JocnigxeHHa dasun | BkNoYae Tpu rpynu:
HU3bKy 003y — 2,0 x 108 yacTuHOK Ha fOGY NPOTAroM cemu
4i6, cepeaHio gosy — 8,0 x 10% yacTUHOK Ha [OBY NPOTSArom
cemu 4i6, Brcoky gosy — 16,0 x 108 yacTuHok Ha goby npo-
Tarom cemu ai6. IMig yac dasu Il 3annaHoBaHe NOPIBHSHHS 3
KOHTPOMBHOIO TPYnoBOl0 ABOX iHWMX rpyn. lMepwa rpyna
OTpVYMyBaTUME NMOBHY MaKCUMarbHO AOMYCTUMY [03Yy NpoTs-
rom cemu A6, BM3HAYeHy nig Yac nonepegHboi as3u Jo-
CriKeHHs, a apyra rpyna — 4BepTb MakCyMarnbHO JOmMyc-
TMMOI [03n. Pe3ynbTtatm OOCHIMHKEHHS MOKWU WO He onybni-
koBaHo (ClinicalTrials.gov, n.d., Cochrane Library, n.d.).

JlikyBaHHIO [OBroTPMBANoro KoBidy 3a [AOMOMOro
ek3ocom, kpim gocnigxeHHss NCT06492798, ne eksocomu
NPOMOHYIOTb BBOAUTWU BHYTPILUHbOBEHHO, NPUCBSYEHO Lue
nBa pocnimkeHHs — NCT05808400, NCT05228899. BoHu
NPOMOHYIOTb  YBOAWUTU  €K30COMW  METOOOM  iHransuii.
Bouxatn pekomMeHaylTb €K30COMW, OTpUMaHi 3 Pi3HMX
oxepen opepxaHHsa MCK. B ogHomy pocnimkeHHi — ue
MCK 3 nynoeuHu fosowo 1 x 10° YyacCTUHOK, pO3BEAEHNX B
5wmn, a B iHWwomy — ek3docomn MCK, oTpumaHi 3 XXnpoBoi
TKaHuHW. MpoTe B 060X AOCHIMKEHHSX TEPMIHN BBEAEHHS
€K30COM € OHaKoBMMM: ABidi Ha Aoby npoTtarom n'atu ai6.
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[ocnigHukun i3 LaHxanCbKOro yHiBepcuTeTy MPONOHYOTH
napanenbHO 3 iHransiuield €eK30COM MNPOBOAUTU OfHO-
pasoBe BHyTpilWHbOBEHHe BBeAeHHS MCK, oTpumaHmx 3
nynoBuHW. MeTol ABOX AocnigXeHb € nepesipka 6e3neku
3aCTOCYBaHHA €K30COM Ta IXHIN BNAWB Ha XPOHIYHWUIA
Kallenb, SIKMA CMNOCTepiraeTbCs Nig 4Yac OOBroTpmMBanoro
KoBigy. PesynbTatiB gocnigxeHb He NpeacTaBreHo.

LLle oaHe pocnigXeHHs 3aCTOCYBaHHS €K30COM, OTpU-
MaHuX 3 MyrnoBUHW METOAOM iHransAuii po3nuneHnx ekso-
com kinbkicTio 1 x 10° YyacTUHOK 06'éMOM 5 M COMNbOBOIO
po34MHy ABiYi Ha [0y npoTsarom n'aTv Aib, nNpucBsYeHo
dasi | (NCT05787288). [ocnig)eHHs MraHyoTb 3aBepLUNTU
2026 p. (ClinicalTrials.gov, n.d. (Cochrane Library, n.d.).

Ek3ocomu sik HociT nikie, 36a2avyeHux CD24. Shapira
Ta cniBaBTOPU po3pobnsaTh Tepanito ycknagHeHb KOBia Ha
ocHoBi CD24. Bonu noegHanun nepesarm CD24 Ta
€K30COMM, 3anpornoHyBaBlIM 3b6aradeHi CD24 ek3ocomwu
(EXO-CD24) sk uinboBy Tepanito NpoTy iMyHHOI akTuBaLii,
WO po3BMHYynachk yHacnigok gii Sars-cov-2. EXO-CD24 —
Le HOBa HAHOTEXHOIOris, crnpsmoBaHa Ha 6opoTbly 3
ycknagHeHHsMm COVID-19, a came UUTOKIHOBMM LLUTOPMOM
y nerensix. Npenapatr EXO-CD24 noegHye [OBi HOBITHI
TexHornorii, ge CD24 € nikamn, a €Kk30COMWU BUKOHYIOTb
ponb Hocis nikiB (Sengupta et al., 2020b, Shapira et al.,
2011). BoHn MoXyTb NigBMLLMTY CTabiNbHICTb i MOKpaLmMTH
6iofOCTYMHICTL TepaneBTUYHMX MOFEKYT, NPO Lo CBigYaThb
YUCMEHHI MOTOYHI KNiHiYHi BMNpobyBaHHsA. 3aBaskn CD24
KNITUHW IMYHHOT CUCTEMW PO3PI3HAIOTL BrACHi NOLLKOAXEHI
KNiTMHM abo BNacHi KNiTWHK, L0 BMUPAIOTb Bif Yy>KOPigHWX
naTtoreHiB, Takmx sk 6akrtepii Ta Bipycu (Kanvinde et al.,
2023). CD24 3B'sazye DAMP i npurHivye aktusawito LWINSAxy
NFKB (0CHOBHOrO LWNAXy BMPOOHWUTBA LMTOKIHIB i Xemo-
KiHIB) Yy ABOX KpuTnyHmx Toukax (TLR i Siglec-10). BiH He
3B'a3ye PAMP; omxe, Ue He nepelikokae BUBEAEHHIO
natoreHiB. Ha BigmiHy Big npoTu3ananeHOl Tepanii, gka €
UMTOKiH-crieumdivHoto (aHTn-1J1-6), abo ctepoigis, ski BUMU-
KaloTb yClo iIMyHHY cuctemy, aktmBHicTb CD24 BnnuBae Ha
MacuBM LIMTOKIHIB, NoBepTalymn iX 4O HOpMasbHOI aKTuB-
HocTi. Ek3ocomu cnyxaTtb cuctemoro goctaeku nikis. OTpu-
MaHi ek3ocomu EXO-CD24 matoTb po3mip 4aCTMHOK mpwu-
6rm3Ho 100-200 HM. Kpim Toro, EXO-CD24 maB cdhepuyHy
MOPAOMOorilo 3 YiTKO BUOAMMUMM MiNiAHMMK NOABINHUMYN
wapamMmy Ta BE3UKYNSAPHUMW BHYTPILWIHIMKW CTPYKTypamu
(Lotfy et al., 2023). Mpu BamxaHHi EXO-CD24 nocwuntoe
CBOI eheKTUBHICTb, NOTpannsoym 6e3nocepeHLo B NEreHi.
EXO-CD24 moxHa BMpobnsT edekTUBHO, LLBUAKO, 3 HU3BbKOD
LiiHOtO, @ Nepeaaya TexHororin npocta (Shapira et al., 2022).

ABTOpM nokasanu, WO paHiwe nig 4ac KOKynbTUBY-
BaHHs MOHouMTIB ntoguHn U937 3 eksocomammn EXO-CD24
cnocTepiranock iHribyBaHHS 3ananbHoi cekpewii LMTOKiHIB/
XEeMOKIHIB. [1ns OLiHKM TOKCUYHOCTI 1 e(PeKTUBHOCTI NPOBO-
OUNU  OOKNiHIYHI AOChimKeHHs in vivo Ha muwax. Ons
ouiHk1 Gesnekn o3y 5x 108 a6o 1 x 10° EXO-CD24
BBOAWMM LUMSAXOM iHransauii oguH pas Ha gofy npoTtsrom
5pi6. Ak koHTponb BukopucToByBanun ¢i3po3umH. OTpu-
MaHi pe3ynbTaTi CBigYMNU, WO HaBiTb ANS HAaNBULLOT 003K
He crnocTepiranoca nobiyHmx ecdpekTiB abo BigMiHHOCTEN
MK KOHTPONbHOIO Ta [OOCMiAHOK rpynamMu B noBegiHui,
CMOXMBaHHI XXi Ta BOAW, Maci Tina, Ba3i OpraHis HanpuKiHLi
nocnigxeHHsl, abo 3a pesynbTaTamu reMaTonorii, Gioximiy-
HOMY aHanisi KpoBi 1 aHanizamu cevi. Kpim Toro, rictono-
riYyHe OOCnigXXeHHS OpraHiB He BMSBWIO TOKCUYHOCTI €K30-
coM. B iHWOMY pocrigXeHHi 3 MeTol OUiHIOBaHHA 3aaT-
HocTi EXO-CD24 3meHLyBaTH piBeHb 3ananbHUX LUTOKIHIB
i 3ananeHHs nereHis, BUKOPUCTOBYBaNu mulliady mogesnb
rocTporo pecnipaTopHoOro AucTpec-cuHgpomy. Muiiam,
ypaxenum MPAC, seogunu 5 x 108 a6o 1 x 10° EXO-CD24
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OAVH pa3 Ha foby npoTtarom Tpbox Aib. ABTOpW MOBILO-
MUK, WO TBapWHW, AKi OTPUMYBanu HWXYy A03y, Manu
nomipHe abo BaxKe ypakeHHs NereHiB, ToA4i SK TBapuHM,
AKi OTpUMyBanu BWCOKY [03y, Nokasanu MOoMiTHE 3MeH-
LWeHHA ypaxeHHs nereHiB. Kpim TOro, cnoctepiranocs
3HayHe [0303anexHe 3HWKEHHS UUTOKiHIB. OTpumaHi
pe3ynbTaTi AOKMiHIYHMX OOChiAXeHb cBigYaTb Npo Te, Lo
EXO-CD24 € 6esnevHnm i edeKkTMBHUM 3acobom niky-
BaHHSA 3anarieHHs rnereHiB, cnpuynHeHoro COVID-19
(Kanvinde et al., 2023, Shapira et al., 2022).

Y kniHiyHomy pocnigxenHi (NCT04747574) dasm Ib/lla
3a yyactio 35 nauienTiB i3 F'PAC, nos'ssaHum 3 COVID-19,
yBegeHHa EXO-CD24 npogemoHcTpyBano 6aratoobius-
o4y eeKTUBHICTL i ManocnpuaTnMemim npodinb 6eanekn
6e3 nobiyHnx edpekTiB (Grigoropoulos et al.,, 2024,
Sengupta et al., 2020a). 35 naujieHTiB Oynn BKMOYEHi B
4YOTUPM rpynNu 1 OTpUMyBanu npenapaT 3 ek3ocoMumamu Ta
[03010, Wo 3poctae (1 x 108 5x108 1x10° 1x10%
EXO-CD24/po3a) (Kanvinde et al., 2023). KoxHy gosy
BBOAWMM 3a [JOMOMOroK CTaHAapTHOro Hebynansepa 3i
CTUCHEHUM MOBITPAM 3i WBMAKICTIO 5 N/XB NpoTarom 4-5 x8
npotarom n'atm gi6 nocninb (Mitrani et al., 2021a). Ha
cbomy noby y 83,7 % ydacHukiB crnocTepiranocb nokpa-
LLLEHHA pecnipaTopHMX O3HaK, a 64 % manu kpaiy caTty-
paudito kucHem (p < 0,05). Bbyno 3adhikcoBaHO 3Ha4He
3HWKEHHSA pPIBHIB YCiX MapkepiB 3ananeHHsl, ocobnumeo
C-peaktuBHoOro 6inka, nakrargerigporeHasv, epuTuHy,
(hibpuHOreHy Ta psagy UMUTOKIHIB. | HaBnaku, piBHI MpoTu-
3ananbHOro LMTOKIHY iHTepnerkiHy-10 ©6ynu nigBuLeHi
(p < 0,05). I3 ycix 3agOKyMeHTOBaHWX MOBIYHUX HABULL
XOAHe He BBaXarnocs Nnos'A3aHVMM 3 fikyBaHHAM. B3aemo-
Ain mix nikamm He cnoctepiranocsa (Mitrani et al., 2021a).
3aranom, pesynbTaty LUbOro AOCNIAXEHHS MokKasanu, Lo
EXO-CD24 manu BUCOKY NepeHOCUMICTb i MOTEHLjHY edek-
TUBHICTb, WO BUMNpaBOoOBYyBano nodanbli KriHiYHI  Jo-
cnigxeHnst (Kanvinde et al., 2023).

MpoTe TMNoBe pocnigxeHHa ¢asm |, okpiM gaHux nNpo
6esneky npenapaTy, Mae BKNOYaTU apMakoKiHETUYHI
AaHi 1 BMMIpIOBaHHSA PiBHIB NMpenapaTy Ta po3noginy npe-
naparty B opraHax-miweHax. OgHak BigcnigkyeaTtu iHrans-
LiMHMA npenapaT B OpraHiami noguHu Hemoxnueo. Kpim
Toro, ockinbku EXO-CD24 cknagaeTbcs 3 eK30COM NoauHU
i CD24, ix HeMOXNNBO BIAPI3HNUTW BiO €HOOreHHWUX, MOro
piBEHb HEMOXNUBO BUMIPATU CUCTEMHO. ToMmy dhapmako-
KiHeTuka CD24 Gyna ouiHeHa Ha muwax. lMicna BouxaHHs
0QHOPAa30BOI 403K €K30COM iX MOXHa Oyrio BUSIBUTV B TUMOBIN
kapTuHi B BALB i HaBiTb y kpoBoTOLi 6€3 HakonuyeHHsa B
iHwunx opraHax. EdektnsHicTe EXO-mCD24 Bunnusae 3
€KCMEPUMEHTIB, MPOBEOEHNX HA KiNbKOX BENMKOMAacLUTabHUX
MoAensix TBapuvH: y Muwadmnx mogensx MPAC, iHgykoBaHux
JINC T1a mogeni cencucy. BamxanHa EXO-mCD24 3anexHo
BiL [03M 3MEHLUYBano YpaXeHHs1 IereHiB, 3HWXyBano
NoKanbHe N CUCTEMHE BUBINbHEHHA LIMTOKIHIB/XEMOKIHIB.
Byno BusiBNeHo, Wwo 4epes 72 rog yBeOeHHs BUCOKMX 003
EXO-mCD24 (1x10° ek3ocom/mui) 6yno 6inbl edek-
TMBHUM CTOCOBHO 3MEHLLEHHS1 3arnarieHHst NereHiB, Hixk
MeHLWi 1o3u (1 x 108 eksocom/muL) (Shapira et al., 2022).

Ek3ocomu, ompumaHi 3 iHwux dxepern. [o3akniTUHHI
€K30COMW, OTPUMAHI 3 iHLUMX KNITKUH, TAaKOX TECTYITbCS Mig,
yac KniHivyHMX gocnigkeHb nikyBaHHa COVID-19. Astopwu
KniHiyHoro BunpobyeBaHHss NCT04389385 3ocepemkeHi Ha
NOTEHUiMHIN  edekTnBHOCTI ek3ocom CSTC-Exo, oTpu-
MaHuX i3 Bipyc-cneundidHux T-KNiTUH 3 METOK NPUrHi-
YeHHs IHPEKLINHOCTI HOBUX LUTaMIB BipyCy Ta BMBINbHEHHS
[ocTaTHIX PiBHIB Bipyc-cneumdiyHnx aHtuTin. Bukopuc-
TaHHg cneumdiyHmx ana COVID-19 T-knitnH CSTC-Exo €
e OOHMM MEepCrneKTUBHUM NiAXO4OM [0 3aCTOCYBaHHS
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€K30COM 3 METOH 3MEHLLUEeHHS puauky cmepTi Big COVID-19.
CSTC-Exo BUKOPUCTOBYETLCA ANA MiKyBaHHS paHHiX cTa-
OiN nereHeBMX 3axBOPIOBaHb 33419 KOHTPOMK MpOrpecy-
BaHHA XBOpPOOW, a TakoX MMNaHyeTbCs BUKOPUCTOBYBATU Y
KMiHiLi Ansa nikyBaHHS BaXKux Bunagkis. ABTopu npunyc-
KaTb Wo Mmoaudikauis CSTC-Exo, oTpumaHa 3 Bipyc-
cneumndivyHmx T-kniTwH, anga HauinoBaHHA Ha MPHK ACE2
MOXe 3irpatu neBHy porb Yy 3HWXKeHHi ekcnpecii ACE2.
Lli ek3ocomu npurHivytoTb ekcnpecito ACE2, wo 3anobirae
NPOHWKHEHHIO Bipycy. CSTC-Exo, oTpumaHi 3 SARS-CoV-
2-cneumdiyHux T-KMiTUH, MOXYTb peakTuByBaTu T-KMiTUHNK,
BiJHOBUTU DYHKLiIO BUCHAXeEHUX T-KNiTWH i cTUMynoBaTu
Bignosigi B-knituH 4yepe3 PHK Ta 6inku, ki MOXyTb
iHOYKYBaTW BUMBINbHEHHS LMTOKIHIB 1 aKkTMBYBaTK BiaMoOBiab
iMmyHHOI cuctemu (Alahdal, & Elkord, 2022).

CSTC-Ex0 — ue npoaykT, 3aCHOBaHUA Ha €K30COMaX,
OTpUMaHKX i3 BipycocneumdidHmx T-nimdoumnTie, aki akTu-
BYIOTbCSl Ta PO3MHOXYHTbCS in Vitro LWNsXoM BNAvBY Ha
HUX dparMeHTiB BipYCHUX NENTUAIB Y HAsSBHOCTI aKTUBYOYMX i
KOCTUMyIooUMX curHanie. Lli  cekpetoBaHi  T-knitTnHamu
€K30COMW HeCyTb iMyHHi MegiaTopu, i, KpiM TOro, BOHW
MOXYTb CMYXWUTW rOTOBMMMW TepaneBTUYHUMK 3acobamn Ha
BiOMiHY Big BipycocneuudiyHoi iMyHOTepanii Ha OCHOBI
T-kniTvH, sika obmexeHa HLA. Y Bigkputomy komGiHoBa-
HOMY iHTepBeHLUinHOMYy (BUNpobyBaHHA dha3um I/Il) «kni-
HiyHoMmy pocnigxeHHi (NCT04389385) B yHiBepcuTeTi
TC Erciyes, TypeyumHa, CSTC-Exo npusHayanu nauieH-
TaM Ha paHHiX CTafiaX 3axBOPIOBaHHS NeEreHiB, nos's3a-
Horo 3 SARS-CoV-2. Llen npenapaT AocTaBnseTbCcs 3a
OOMOMOrol0 [030BaHOMO iHranatopa, wob OouiHMTK 1Aoro
noTeHuian y 3YyNMUHEHHi MporpecyBaHHs 3axBOPHBaHHS
(Jamalkhah et al., 2021). Pe3ynbTtaTtu AOOCNIDKEHHSI He
npeacTasreHi.

[uckycis i BUCHOBKM

lNepcnekmueu 3acmocyeaHHs1 ek3ocom. Eksocomu,
oTpumaHi 3 MCK, matoTb nogibHi TepaneBTMYHI BRacTu-
BocTi 4o MCK, BogHo4ac 3 OinbLUo OCTYMHICTHO NpoLeciB
BUIrOTOBMEHHS, 30epiraHHs Ta goctaBku GesnocepenHbo
[0 nauieHTiB. B OCTaHHi pokM €eK30COMW MPUBEPHYNU
BEMMKY yBary 4epes ix noTeHUinHy ponb sk 6iomapkepa B
naTtoreHesi Ta sk TepaneBTUYHUIA 3acib Ansa pi3HMX 3axBo-
ptoBaHb. Ek3ocomMu € HOBUMYK NNeOTPOnHUMK GionoriyHMMK
areHTamu, ki NpoAemMoHcTpyBanu Gesneky Ta edekTuB-
HICTb NS 3aCTOCYBaHHSA M Yac BaXKUX ypaXKeHb NereHis,
cnpuynHeHnx SARS-CoV-2 y HaBeOeHUX BULLE KMiHIYHKX
gocnigxeHHAx. Ek3ocomMu € cknagHoW Cymilwwo napa-
KPUHHUX YMHHUKIB, Mikpo-PHK i curHanbHux 6inkiB, 3gat-
HUX MNPUrHiYYyBaTU LMTOKIHOBUW LUTOPM i MPOTUBIPYCHWUI
3axuUCT xassiiHa, obmaBa 3 SIKMX € KNHYOBUMKM O3HaKamu
COVID-19. Ek30CcOMU MOXYTb MOM'SIKLUINTU YCKNaOgHEHHS,
O BUHMKAKTb YHACNiAOK LIMTOKIHOBOrO LUTOpMY. Pesynb-
TaTu NpoaHanizoBaHuX KMiHiYHMX OOCNigXeHb CBigYaTh, LLO
onTMManbHWA Yac AN BBEOEHHS €K30COM — Yy nepioa
paHHBOI a3n LUTOKIHOBOIO LUTOPMY 3 MOXIMBUM MOBTOP-
HAM yBEOEHHs1 003/ €eK30COM Ha TpeTio [oby nicns
nikyBaHHA. Obugea LWNAXM OOCTaBKM €K30COM A0 Linbo-
BOr0 OpraHy B OpraHi3mi MOAMHKU, @ caMe LUNAXOM BHYT-
PiLLHBOBEHHOT iHQY3iT abo iHranauii po3nuMneHMx ek3ocom
NpoaEeMOHCTPYBanu cBok 6e3neyHicTb i BiaCyTHICTb Nobiy-
HUX ecpekTiB. [locTaBka €K30COM METOAOM iHransuii moxe
OyTn Ginbl edeKTMBHOW, amke MOTEHUINHO MOKPaLnTb
GiogocTynHICTb NpenapaTy Ta NPULLBUALINTL Yac AOCTaBKU
€K30COM [0 nereHb. YBEAEHHSA pPO3MNUIEHMX EK30COM
O03BOJISIE YHUKHYTM HAKOMUYEHHsT npenapaTy B MneviHui Ta
cenesiHui, WO 3a3BMYyal CroCTepiraeTbCa Mig 4ac BHYT-
piLUHBOBEHHOTO BBeAeHHs Beankyn (Mitrani et al., 2021a).
Hesenuknii po3mip ek3ocom ao3Bonsie Ginbll NpuUuinbHO
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[OCTaBNATU X A0 UiNMbOBMX OpPraHiB 3 MiHiManbHUM
BMNSIMBOM Ha 300pOBi TKaHWHM W opraHu. Y pesynbTarti
MOXHa YHWUKHYTW HaKOMWYEHHS HaAnuWLIKy npenaparty, a
HeobxigHy no3y ameHwnTn (Kanvinde et al., 2023).
PesynbTtat kniHiYHMX OOCAigXEHb i3 3aCTOCYyBaHHAM
€K30COM i3 3anfaHoBaHOoW Yy4vacTio noHaa 938 nauieHTiB
nokasanu BIACYTHICTb MOBIYHUX edekTiB, MoB'A3aHuX i3
YBEAEHHSAM €K30COM, a TaKOX 3MEHLUEHHS1 MOKa3HWKIB
28-peHHoi Ta 60-4eHHOT CcMepTHOCTI B OCI i3 KpUTUYHUM
nepebirom KopoHaBipycHoi xBopobu. CnocTepiranuce
3MEHLUEHHS iIHTEHCMBHOCTI 3ananbHoi peakuil opraHiamy 3
HaCTYNMHMM MOKpaLLeHHAM OyHKLIOHYBaHHS OpraHiB, BKITHO-
yaluu 3aranbHUN CTaH, OKCUreHauiero, noTpedbu B nig-
TPUMUI KUCHIO, KinbkicTb AHiB 6e3 LUBJI, 3meHLWweHHs
ypaxeHHs1 nereHiB Towo. byno 3adikcoBaHO 3Ha4yHe 3HU-
XEHHS pIiBHIB yCiX MapkepiB 3ananeHHs, ocobnueo
C-peaktuBHoro 6inka, eputuHy, gibpuHoreny, D-gumepy
Ta pagy UWMTOKIHIB. 3HWXKEHHsI piBHIB npo3ananbHux 6Gio-
mapkepie CPB Ta I1-6 y Bcix nauieHTiB [O3BONMIO npu-
NyCTUTU HasABHICTbL NpoTu3ananbHOro edpekty Tepanii i3
3acTocyBaHHAM ek30coM. Bbyno BucyHeHo rinoTesy npo Te,
Lo 3acpikcoBaHi NO3UTUBHI eheKkT 3aCTOCyBaHHSI €30COM
€ KOPUCHUMM ANsi MOM'SAKLEHHS CUMMTOMIB, MOB'A3aHMX i3
pecnipaTopHUM ANCTPEC-CUHOPOMOM i AN CNPUSHHS iHAYKUT
€HOOTreHHOro BiAHOBMEHHS TKaHWH LUMSAXOM BiJHOBIEHHSI
anbBeOnAPHOI TKAHUHM Ta 3ananbHUX NPOLECiB.
pynn HaykoBUiB [OCRiOXYHOTb Pi3Hi Dxepena oTpu-
MaHHs1 ek3ocom: i3 MCK (nnaueHTa, nynoBuHa, amMHioTUYHa
piovHa, XUpoOBa TKaHWHWU, KiICTKOBUA MO30K); €K30COMM,
36araveHi CD24 Ta ek3ocomu, oTpumaHi 3 T-knituH. MNpoTe
KiNbKICTb Takux [JOCIiAXEHb 32 KOXHUM OKpeMUM [pKe-
penom OTPUMaHHS €K30COM € He3HaudyHOoW (Big OOHOro Oo
4oTMpbox). Ha cborogHi HemMae [ocTaTHbO AaHux, Wob
NOPIBHATK X MiXk cOBOI0 | BU3HAUNTU, sIKe AXKEPENno € Hau-
nepcnekTUBHILMM Ans 3acToCyBaHHSA. Tomy HeobxigHo
NPOLOBXYBATU OOCHIMKEHHST Pi3HUX [XXepen OTPUMaHHs
€K30COM i po3pobuTn Binbl cTaHAAPTHI BUMOTM OO ONUCy
Ta BUbopy napameTpiB 3aCTOCyBaHHSA €K30COM.
HesBaxatoun Ha Garatoobiustodi pesynbtaTtu, BiOCyT-
HICTb CTaHOApTU30BaHMX METOAIB BWAINEHHs, XapakTe-
PUCTMKM Ta LMpOKOMacLTabHi TexHomnorii, BUMPOBHULITBO
€K30COM 3anuLIaeTbCsl TONOBHUM 0OMEXyYUYMM hakTopoM
X KniHiYHOro 3actocyBaHHs. Ek3ocoMu, OTpuMMaHi 3 pisHNX
OXepen, MalTb HEOAHOPIOAHWIA cKNag i € KOMMNIEeKCHUMU
npoayktamu, ski  MOXyTb MaTtu CyTTEBi  BigMIHHOCTI
(Kanvinde et al., 2023; Lotfy et al., 2023; Sengupta et al.,
2020a). Tomy € notpeba B po3pobui CTaHAapTU30BaHMX
NMPOTOKONIB OTPMMAHHSA €K30COM, LUNSXIB iXHbOrO BBEAEHHSA B
OopraHiam nwoaunHu, o3yBaHHs. HeobxigHMM € po3ymiHHSA
Giopo3noginy ek3ocom nicnsi BBEAEHHS, TUMY N 4acTtoTu
nobiuHMx edekTiB, a TakoX HasABHICTb BigganeHunx edekTis
(Lotfy et al., 2023). llle ogHuM Heponikom BMPOGHMLITBA
€K30COM € HeoOxigHicTb 30epiraTy ix 3a Temnepatypu —
80 °C (Kanvinde et al., 2023) Ta ixHe goBroTpuBarne 306e-
pPeXeHHs1 Ansi NPOAOBXEHHS TepMiHy npuaaTHOCTI. Kpim Toro,
LBMOKE BMBEOEHHS ek30COM 3 opraHiamy (Lotfy et al., 2023)
MOXe 0OMEXUTH iX JOBrOCTPOKOBI TEpPaneBTUYHI edpekTu.
Ek3ocomMu Sk cknagHa CyMill CUrHanbHUX HaHOBE3WUKYN
€ HoBuMm, GaraTouinboBum 6iONOriYHUM areHToM HacTyn-
HOrO MOKOIMIHHS, SIKMA MOXEe CTaTWU KIHOYEeM A0 3HWKEHHSI
perynsauii UMTOKIHOBOrO LUTOPMY W MOKpaLLeHHA MpoTu-
BIpYCHOrO 3axuCTy opraHiamy, xapaktepHoro anss COVID-19.
Bonn HapgatoTe MCK uintowi BnactmBocTi. Lle gakT, sikuia
pa3oM i3 iXHbO 6e3neyHicTIo, CTabINbHICTIO | MOXNUBICTIO
MacLlTabyBaHHA npoLecy BUpoOHMLTBA pobuTb €K30COMMU
NnepcnekTUBHUM, NPaKTUYHUM, O4HAK MOKU ManoBVBYEHWM
BapiaHToM nikysaHHa COVID-19.
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BHecok aBtopiB: [anvHa bBygaw — koHuenTyanisauis;
MEeTOAONOris; aHania mpKkepen, MiAroTyBaHHA ornsgy nirepartypu;
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EFFICIENCY AND SAFETY OF EXOSOMES TREATMENT
IN SARS-COV-2 INFECTIOUS DISEASE

Background. Coronavirus disease (COVID-19) is a severe acute respiratory disease caused by the pathogen severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). There is an urgent need for reliable therapy to combat the clinical complications caused by the SARS-CoV-2
virus. Exosomes are vesicles that play a role in intercellular communication. Exosomes are paracrine and endocrine mediators that contain
chemokines, growth factors, mRNAs and microRNAs with anti-inflammatory, regenerative and immunomodulatory functions. Exosomes may be a
pleiotropic therapeutic agent in the fight against SARS-CoV-2 infection.

Methods. Inthis work, we searched current studies, including clinical trials for exosome application for COVID-19 treatment in the clinical
trials registry Clinicaltrials.gov and cochranelibrary.com, analyzed and summarized the data obtained.

Results. The most studies aim is to test the safety and efficacy of drugs. Exosomes obtained from different sources have many common
characteristics, but they can also differ in functionality. The majority of trials have focused on the study of exosomes derived from MSCs, the
sources of which are placenta, umbilical cord, amniotic fluid, adipose tissue and bone marrow. In addition, exosomes can be used as carriers of
CD24-enriched drugs, and can be obtained from other sources, such as virus-specific T cells. The non-targeted exosomes delivery method to the
human body may be the reason for the low efficiency of exosomes application. Nebulized delivery of exosomes may be new targeted delivery
method instead of intravenous administration.

Conclusions. Although the data are still insufficient for the widespread use of exosomes treatment of coronavirus disease, it is already possible
to determine the current state of art, production, delivery methods and the main groups of researchers and companies working on this topic

Keywords:SARS-CoV-2; COVID-19; exosomes, mesenchymal stem (stromal) cells; clinical trials.
ABTOpPU 3asiBNAIOTb NPO BiACYTHICTb KOHMMIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3po06rneHHi AocnigKeHHs:; y 36opi, aHanisi um
iHTepnpeTaLii AaHWX; y HAaNUCaHHI pyKonucy; B pilLeHHi npo nybnikaLito pe3ynbTaris.
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MPOLIECU NOKANBbHOI TA AUCTAHTHOI CUHXPOHI3AUII ENEKTPUYHOI AKTUBHOCTI
FONOBHOI0 MO3KY NMIOAUHU NPU CIPUMHATTI KONbOPIB

BcTyn. Mo3ok to0uHu, 3 lio20 CKilaOHO CMpPyKmMyporo ma ¢yHKUioHanb,HUMU ocobsiusocmsmu, 3aexou 6ye o6‘ckmom
iHmeHcueHo20 docnidxeHHs1 e4eHumu. OOuH i3 KIOHOBUX acnekmie OisisIbHOCMi 20/108HO20 MO3KYy — Ue MOoxJjueicmb
cnputlimvamu, o6pobnssmu ma iHmepnpemyeamu pi3HOMaHimHi 30eHiwHIi cmumynu. Ceped yux cmumyiie ocobnuee Mmicue
3alimaromb KOfbOPU, sIKi He /luwe enuearome Ha Haw Hacmpil i cmaH, ane U Maromb 3Ha4YeHHsS1 Y 8U3Ha4Ye€HOMY cripuliHsmmi
Hawoz0 noYyymmsi omo4yro4020 ceimy ma ennuearomes Ha Ko2HimueHi npoyecu. Memotro daHo20 AocidKeHHs1 6ys10 8UBYEHHST
ennuey Yyomupbox GOKYCHUX KoJibOpie Ha npouecu 6ioenekmpu4yHoi akmueHocmi eiddinie 20/1086HO20 MO3Ky ma aHasi3 3a
donomozoo Memody winbHocmi cnekmpanbHoi nomyxHocmi. lMocmaeneHumu 3adayamu 6ynu OocnidxeHHs1 eiOMiHHOcMI
CrpUliHIMmMs1 4YomupbOX Pi3HUX Kosbopie i doeedeHHsI eghekmueHocmi Memody OUiHKU creKmpasibHOi nmomy)xHocmi npu
cnpuliHammi ma o6pobui kosiboposux cmumyrnie.

MeTtoawu. Y daHomy docnidxeHHi Ha dobpoeinbHUX 3acadax e3suiu yyacmb 21 o6cmexysaHuli 6e3 8ad 300p08'st (Nyi, = 11)
eikom eid 18 do 27 pokie. O6cmexyeaHi nepeansdanu eideo, nid yac deMoHcmpaduii siko2o eidbyeanacb peecmpauisi EET.
Ha eideo ob6cmeixyeaHi nepeansidanu yomupu ¢hOKYyCHIi Kobopu e rneeHoMy nopsioky (YepeoHuli #FF0000, xoemui #FFFF0O,
3eneHuli #008000 ma cuHili #0000FF), mix sikumu eidbysaecsi 3aceim 3eu4aliHo2o cipozo (#808080). Ansa aHanizy 6, o ma B
diana3oHu 6ynu po3dineHi Ha niddianazoHu makum 4uxHom 01 (3,5 7,4) Iy, al (7,5 9,4) 'y, a2 (9,5 10,7) Ny, a3 (10,8 13,5) Iy,
B1 (13,6 19,9) I'u, B2 (20, 30) I'y.

PesynbTaTtu. Pesynsmamu aHanily eusieunu 3Haqdyuyy eiomiHHicmb y nomyxHocmi a3-niddiana3oHy npu cnpulHsmmi
4ep8OHO20 KOJILOPY, WO MOXe 6ymu xapakmepHum Onsi He2amueHoi eMoUuiliHoi peakyii Ha uel Kosnip, cnpu4yuHeHoi nideu-
weHHsIM pieHs1 mpueoau. Y moli e yac cymmeea 8iOMiHHicmb criocmepizanacek y B1-0iana3oHi Ha cuHili ma 3eneHull Kosbopu,
wo Moxxe 6ymu cei04yeHHsIM MOX/1U8020 nideuujeHHs1 KOHYeHmpauii yeazu npu nodpasHeHHi 0aHUMU 8i3yanbHUMU cmumMysiamu.

BucHoBku. [ocnidxeHHs1 noka3ano, wio cnpuliHamms Kosibopie ennueac Ha 6ioesileKmpuYyHy akmueHicmb MO3KY, 30Kpema
4epeoHull Konip acoyirtoemscsi 3 nidsuuwjeHor0 mpueoxHicmto (a3-0iana3oH), a cuHill i 3eneHull — 3i 3pocMaHHsAM KOHUeHmpauii
yeazu (Bl-diana3oH). OmpumaHi pe3ynbmamu nidmeepdxyrome eghekmueHicmb CreKmpanbHO20 aHaslisy Onsi 0ocC/iOXeHHs
HelipogbizionozidyHux MmexaHizmie cripuliHAmMmsi Kosibopie i MoXxymbs 6ymu eukopucmati e Heliporcuxosio2ii ma Ko2HIimueHuUX HayKax.

Knwo4yoBi cnoBa: enekmpoenueganozpagpis (EEl); memod winsHocmi cnekmpansHoi nomyxHocmi (PSD); Helipogbisio-

J102i51 KONLOPY; KOJlipHe crpuliHAMmMs.

Bctyn

Mosok noguHM, 3 WOro CKNagHoK CTPYKTYpoK Ta
dyHKUiOHanbHMMK ocobnmnBoCTAMM, 3aBXxan OyB 06'ekTOM
iHTEHCMBHOIO AOCHIMpKEHHA BYeHMMU. OOMH i3 KIHYOBMX
acnekTiB MOro [isiNbHOCTI — Le MOXIMMBICTb CnpuriMaTy,
06pobnATM Ta iHTepnpeTyBaTW Pi3HOMAHITHI  30BHILLHI
ctumynu. Cepepn unx ctumynis ocobnmee Micue 3anmaroTb
KOnbopw, siKi He NuLle BNMBalTb Ha Hall HAacTpil Ta CTaH,
ane mMarwTb 3HaYEHHS! Y BM3HAYEHOMY CMPUNHATTI HaLIOro
MOYyTTS OTOYYHYOrO CBITY Ta BMMMBAOTb Ha KOTHITUBHI
npouecn. Ha cborogHi i3 po3BMTKOM Cy4aCHUX MeTOAIB
o6pa3sHoro Ta pyHKUiOHaNbHOrO 0BCTEXEHHS MO3KY, TaKnx
K enektpoeHuedanorpacdis (EElN), marHiTHo-pe3oHaHcHa
Tomorpadia (MPT) i coyHKUiOHanbHa MarHiTHO-pe3oHaHCcHa
Tomorpadpia  (pMPT), MM MaemMo MOXNUBICTb BMBYATU
€neKTPUYHY aKTUBHICTb MO3Ky B peanbHOMYy u4aci Ta B
YMOBaXx pPi3HUX CMPUMAHATTS CTUMYMIB, 30KpEMa KOSbOpiB.
IHTerpaudia uUMx MeToAiB [OCNIAXEHHS [03BONSE HaM
oTpumaTy rnmubLue po3yMiHHS NpoLeciB, Ski BiabyBaroTbCS
y BigAinax ronoBHOro MO3Ky nig Yac CNpUNHATTSA KOMbOPIB.
Po3ymiHHA mexaHiamiB po60Tv ronoBHOroO MO3Ky Mg 4ac
CMPUNHATTA KOMbOPIB MOXE MaTu 3HAYeHHs1 OO0CTigXeHHS
ONS  pisHUX  cdep  KUTTH, BKIKOYayM  MeauuuHy,
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NCUXONOrito, AM3alH Ta iHWi. Hanpuknag, BUBYEHHS LMX
npoLueciB Moxe OOMOMOITU y MOKpaLleHHi MeToAiB AiarHoc-
TUKX Ta NiKyBaHHA Pi3HOMAHITHUX MOPYLUEHb CrPUAHATTS,
Bil HEBPOMOriYHMX 3aXBOPIOBaHb A0 MCUXIYHMX PO3NafiB.
YepBOHWIA, KOBTWI, 3€NEHNI | CUHIN 3aiMaloTb 0cobnuBe
MicLie B KOMbOPOCMPUAHATTI. JTHoACbKe OKO 3aaTHe po3pi3HATM
LmMpokmn cnekTp BiaTiHKiB (Witzel, & Gegenfurtner, 2018),
npoTe, OMUCYHYM KONMbOPU, MU BUKOPUCTOBYEMO MNEBHI Tep-
MiHM, IO KnacudikytoTb BiATIHKM B KaTeropii, Taki sik 4epBo-
HWI, MomapaHyeBuii i xoBTuiA. Lli kaTeropii MoxHa HasBaTu
"NIHrBICTUYHMMK", OCKINbKXU BOHW BiOMOBiAaOTb MOBHUM Ha3-
BaM konbopiB. [OCnimpKeHHs1 nokasanu, Lo B Pi3HMX MOBax
iCHyE TeHOeHUis BUKOPUCTOBYBaTW TEPMiHW, ki MO3HaYaloTb
HaWTUNOBILWI BapiaHTW 4EepPBOHOrO, XOBTOMO, 3€MneHoro Ta
CMHBLOrO. 30Kpema, NPOTOTUMM KONbOPOBUX KaTEropin pisHnx
MOB 3rpyrnoBaHi HABKOMO aHrMiNCbKUX CTaHAapTiB YePBOHOrO,
YKOBTOrO, 3€M1eHOro Ta CUHbOrO, SKi MPUONN3HO 36iratoTbes 3
yHikanbH1Mu BigTiHkamu (Chai et al., 2019). MpunyckaeTbes,
WO Ui BiATIHKM MalTb OCOGNMBI BMACTMBOCTI CMPUMAHATTS,
TOMy iX HaavBalTb (OoKycHUMM Konbopamw. [eski gocni-
[PKEHHS BUSIBUNM, IO YYTNMBICTb OO0 BiAMIHHOCTEN BiOTiHKIB
3HWXKYETbCA Bina Tak 3BaHOI "GnakuTHOI MiHil", ska 3'egHye
YHIKanbHUN CUHIN Ta YHIKanbHUIA XOBTUIA Yepes aganTauiHy
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Touky Oinoro (Danilova, & Mollon., 2016). LocnigHuku
NPUNYCTUAK, LLO iCHyE crneundidHUn MexaHi3aM PO3Pi3HEHHS
OnakuTHOI niHii, WO nNpuMONM3HO BIANOBIAAE KOHTPACTYy MK
CUHIM | >xoBTUM. BopgHoyac Ans yHiKanbHOro 3eneHoro
pesynbTaTy Bynu NPOTUNEXHUMM, a NS YHIKanbHOro YepBo-
HOro 3anuLuanmcs HeoAHO3HAYHUMN.

Xoya 6yna BUCyHEHa rinoTe3a MpPO HENPOHHY OCHOBY
OUHKM YHIKanbHOCTI BIiATIHKIB, ane ui pe3ynbTaTi 3rogom
6ynu cnpoctoBaHi (Forder et al., 2017). IHwWi gocnigXeHHs He
BUSIBUMM  HENPOI3ioNoriyHMX  NiATBEpMKEHb  iCHyBaHHA
yHikanbHuX BiaTiHKiB (Geisel, Hansen, & Gegenfurtner, 2009).
OpHe 3 gocnigkeHb 3adhikcyBano KOpoTLWWI Yac peakuii aAns
YHIKanbHUX KONbopiB NMOPIBHAHO 3 NPOMKHUMK. OCKinbku Len
KOMTMOHEHT MOB'A3aHUA i3 MOCTPELEenTOPHMMU npoLiecamm
(Hanp., yBaroto Ta pobo4o Nam'aTTio), 3B'A30K MiX YHiKanb-
HUMW BiATIHKGMW I MExaHi3Mamu KOrbOPOBOrO CrPUNHATTS
3anunwaeTtbes Biakputum (Rosenthal et al., 2021)

Kpim Toro, mig cymHiB cTtaBuMTbCA OCOGNUBMIA CTaTyc
YEepPBOHOrO, XXOBTOro, 3eneHoro i cMHboro. OcTaHHi gocni-
[PKEHHs1 MoKasanwu, WO 3aMiCTb HUX MOXHa BUKOPUCTO-
ByBaTM iHLWi pedepeHTHi kKonbopu (MpUMipoM, canaToBWW,
nomapaH4eBui, ioneToBui i GNaknTHWUI) ANS ONUCY BCiX
BigTiHKiB (Bosten, & Lawrence-Owen, 2014). Byno takox
BMSIBMEHO, LU0 YHiKanbHi HanalwTyBaHHSA BIiATIHKIB 3anexarb
Bi4 BMOOpPY KOMbOPIB ANS MOPIBHSAHHA B iHCTPYKLISX:
Hanpvknag, BU3HAYeHHS1 YHiKarbHOro 4YEepBOHOrO 3MiHH-
€TbCSl 3anexHo Big Toro, sk came cdopMynboBaHe
3aBAaHHs (BiACYTHICTb CUHLOIO 1 OpaHXeBoro abo CMHBLOrO
Ta XOBTOro). ICHye Take npUNyLWeHHs, WO YHiKamnbHi
BiATIHKM MarTb ByTn Ginbw cTabinbHMMK y napameTtpax,
AKWO BOHW € 6a3oBUMW ANA CNPUIHATTA BCiX KOMbOPIB.
[MpoTe pesynbTaTu nokasanu, WO MeHWa iHAMBIAyanbHa
MiHnuBiCTb (TOGTO 6inblia cTanicTb) He € 3aranbHo
BMACTMBICTIO YHIKanbHUX KOMbOPIB. IHLWI eKCnepMMEHTU TakoX
JOBENW, WO YHiKanbHi BiATIHKM He € 6inblWw NOMITHUMMU
NopiBHsIHO 3 yciMa iHWKMK konbopamu (Wool-et al., 2015).

KoxxeH BisyanbHWM CTUMyI, KU 0BpobrisieTbCa CUCTEMORD
CMPUAHATTA, MICTUTb iHpopmaLilo Npo konip. 3 ornagy Ha
MOLUMPEHICTb KONMbOPY B HALIOMY >XWTTi, MOxHa Oyro ©
NPUMNyCTUTU, LLIO NCUXOMOrisi KONbOPY € 4obpe pO3BUHEHOD
chepoto. OgHak Ha CbOrofHi icHye HebaraTto TeopeTUYHNX
Ta eMmnipyyHux [OCHigXeHb, $Ki  po3rnsgalTb  BNvB
KONbOpPIB Ha NCUXOMOriYHI Npouecn. Xoya nonynsapHa nite-
paTypa 4acto MICTUTb TBEPPKEHHS MPO KONbOPOBI acoujaui
Ta iX BNNMB Ha MNOBEAiHKY (9K MpuUKnag, 3eneHun Konip
cnpusie po3cnabneHHio), HasiBHI HanNeXHi TEOPeTUYHIi OCHOBU
N KOHTPOMbOBAHI EeKCNEepUMEHTU YCKMNafHIoTL (OopMy-
BaHHsA obrpyHTOBaHMX BMCHOBKIB. (Elliot et al., 2007).

Oesiki pocnigpxeHHs (Elliot et al., 2007) csigyatb, wWo
YEPBOHWUI i XKOBTUIA KONMbOPWU BUKINWKAKOTb 30YKEHHS Ta
BBaXXalTbCA MEHLL NPUEMHUMM, HOKYCYOUM yBary niogen
Ha 30BHILLHLOMY CEPELOBMLL 1 3yMOBIIOKOTH CUMbHY, EKCrNaH-
CUBHY NOBeiHKY, TOAI K 3eNeHUN | CUHIA — HaBnaku, Jono-
MOratoTb [JOCArHYTM CMOKOK Ta BHYTPILIHLOI 30cepe-
[PKEHOCTI, cnpusiiodn cTpuMaHii nosefiHui. Lle nosicHio-
€TbCA [JOBXMHOK XBUIi: KONbOPWU 3 OBiNbLUOK OOBXMHOK
XBUINi (YEPBOHMWIN, XXOBTUI) CNPUAMAIOTLCHA SK CTUMYIOOMI,
TOAi SK KOPOTKOXBUIbOBI (3€NEHWUI, CUHIN) — sIK 3aCMOKili-
nuBei. 3aranom nepeBa)aroua KinbKiCTb Teopi Npo Konip
6asyloTbCsl Ha 3aranbHUX acoujauisix. YBaKaeTbCsi, WO PisHi
KONMbOPU CNPUYMHAIOTL MEBHI  €MOLIMHI  peakuji: 40pHMI
acouitoeTbCs 3i CMepTIo | MOXe NPOBOKYBaTU arpecito, ToAi
SIK YEPBOHWM i CUWHIN NOB'A3aHi 3i WacTam i cymom Bigno-
BiAHO. JloCnimKeHHA KOnMbopy hakTUYHO 30CepenxyloTbCs
Ha OKpeMUX KOMNbopax Ta IXHbOMY BMNIMBI B NEBHWUX CUTYyaLisiX.

MpoTe HasBHiI excnepuMeHTanbHi AaHi LOoAO LuX rfinoTes €
pigkicHMMK i yacTo cynepeunusumu. onpu Teopito Npo CTu-
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MYTHOOMMI edPeKT JOBrOXBUMBOBUX KOMbLOPIB i 3aCnoKinuBuii
BMMYB KOPOTKOXBUIMBOBMX, EMMIPUYHI JOCNIMKEHHST HE 3aBXaun
ue nigTBepmxytoTh. Kpim Toro, Garato gocnigxeHb MakoTb
MEeTOAONOrYHI HeJoNIKN: HEAOCTaTHLO KOHTPOMNbOBaHI YMOBM,
(Hanp., nogaHHa KOMbOpy Yepe3 BepxHE W BGokoBe OCBIT-
neHHs), Towo. Kpim Lpboro, GinblUiCTb iCHYYMX OOCHIAKEHD
He BpaxoByBasnv BB BiATIHKIB, CIPUMMHEHNX NapameTpamm
cBiTna Ta HacuyeHocTi (Wool et al., 2015).

Heski konipHi acouiauii MoXxyTb OyTu pe3ynbTaTtom
HaBYaHHS, NPOTE € MPUMNYLLEHHS, WO 6arato 3 HUX MaTb
€BONtoLiNHe KOPiHHSA. MMpuMipoM, y TBapuH YepBOHUI Konip
MOXe CUrHarmnisyBaTtu nNpo CTMIMICTb NMOAIB, WO BNNBaE Ha
IXHIO MoBediHKy. AKWo y ntogen nopidHi mexaHiamn 36e-
pPexeHi, Lue MOXHa MOACHUTU MEBHUMMW KOTHITUBHUMW Nid-
CUINeHHsIMM abo dhopMyBaHHSIM BiONOriYHNX TeHAEeHUIn Bia-
nosigi. OBYMCrEeHHs1 KONbOPY 1 OLiHIOBarNbHI NPOLECH HasiBHI
y GinblIocTi (hOpM XMBKX OpraHiamiB, LU0 MiOTBEPOXYE iX
dyHOameHTanbHICTb. Lle aonomarae po3pisHUTY BOPOXICTb i
rocTuHHICTb noapasHuka (Elliot et al., 2007). 3anexHo Big
TOro, Y/ € CTUMYN NO3UTMBHUM abo HeraTBHUM chopmyBa-
TUMETLCA peakuis HabnKeHHs 4YM  YHWKHEHHs. Bnnue
KONbOpy TPaAMUiHO BiAOyBaeTbCA Ha HECBIOOMOMY PiBHI, a
MNOro 3HaYeHHs 3aneXxuTb Bif KOHTEKCTY. Hanpuknag, yepso-
HWA MOXe CuMBONi3yBaTW NOOOB i MpUCTpacTb y pomaH-
TUYHMX CUTyaUisiX, LLIO YaCTKOBO MOSICHIOETLCS KyNbTypPHUMMU
Tpaguuismmn  (BUKOPUCTaHHS YEepBOHOI MoMaaun, cepaelb
Towo) i BIONOMYHUMM YMHHMKaMW (OEMOHCTpaLis YepPBOHOIO
KOMNbOPY Y TBapWH ANs 3anyyeHHs naptHepa). IHLwi konsopu
TaKoX BMNMBalTb Ha eMoLii, MUCNEHHss M noBefiHky. Ha-
npuKknag, 3ereHnin MoXe acoujtoBaTUCS 3 rpoLLIMMa Ta 3a0X0-
4yyBaTW BUTpPATW, a B MEBHUX BUMagKax — HaBMakw, TypKe-
30BMI1 ab0 CUMHLO-3ENEHNIN MOXE MOB'A3yBaTUCS i3 LBINIO Ta
NpUrHivyBaTV aneTuT y KyniHapHOMY KOHTEKCTi. HYopHUiA Moxe
BMKIUKaTK arpecito abo, 3anexHo Bif KOHTEKCTY, CekcyarnbHe
6axaHHs (Elliot et al., 2007).

MeTtoam pocnigxkeHHs B Ui cdepi MiCTATb aHani3
MO3KOBOi aKTMBHOCTI 3a [OMOMOroK enekTpoeHuedarno-
rpadii (EET). BuBYeHHsi pe3ynbTaTiB nokasano, Wo piBeHb
anbda-xsunb OyB nigBulLEeHMM Nig 4Yac [emoHcTpauii
pi3HMX KOMbOpIiB y4yacHukam. Takox 6yno goBedeHo, Lo
XIHKM NpoaeMOoHCTpyBanu Oinbll BupaXeHe 30YyXeHHSs
npv nepernagi NeBHUX KOMbOPIB MOPIBHAHO 3 YOMNOBIKaMMU.
Pesynbratamu gocnimkeHb 6yny nNpunyLeHHs, Lo noTu-
NMYHa [JinsiHKa rofoBHOTO MO3KYy Ma€ BUCOKY anbga-
aKTUBHICTb, a enekTpogHi kaHanu O7 i O8 BigirpatoTb Knto-
YOBY ponb Yy poa3nidHaBaHHi konbopiB (Chai et al., 2019).
[aHi ceigyaTb, WO B paHHi CEHCOpHI nepioan GeTa-KonMBaHHsi
3ereHOro Komnbopy € BigMIHHMMU Bi YEPBOHOIO Ta CUHLOIO,
a B MOTWUMWYHIA YacTuUi BiA3HAYaETLCA CMNOCTEPIraeTbCs 3HWU-
XEHHS TeTa-aKTUBHOCTI MPU CMPUIHATTI CUHLOTO KOMNbOPY.
OpHovacHo B kopi 1TO6OBOI YacTKM 3eneHuin Konip cnpu-
UYMHSIE NiABULLIEHHST ha30BOI Y3roaXeHOCTi, ToAi AK CUHIN —
il 3MeHLWeHHA. TaMMa-KonvBaHHS y 30pOoBil kopi Bigobpa-
XalTb PUTMIYHI NaTepHW MOMNynsUiNHOI aKTMBHOCTI, LU0
dopmyloTbCsl NaHutoramy, ski BignosigawTb 3a fokani-
3auito, opieHTauilo Ta CNpUMHATTA konbopy. [eski Teopii
NigKPECNIOTL CBOK POfb Yy KOAYBaHHI Ta nepedaBaHHi
BMAMMOI iHcbopmaluii. MpoTe ocTaHHi pe3ynbTaTn ceigvaTb
NPO CKNagHILUN MeXaHi3M, 3anexHun Bif TakMX KOHKpeT-
HMX XapaKTEPUCTUK, SIK OPIEHTOBAHI KOHTYPU 1 OKPEMI BigTiHKM.

Memotro ub0ro gocnigkeHHs Oyno BMBYEHHSA BMNUBY
YOTUPLOX HOKYCHMX KOMNbOPIB Ha npouecy GioenekTpu4Hoi
aKTMBHOCTI BigQiNiB ronoBHOro MO3Ky W aHania 3a
[OMOMOrol0 MeToAy LUiNbHOCTI CNeKTPanbHOI NOTY>KHOCTI.
Takum 4mnHOM, 06'eKTOM Uj€i poBOTM CTae BUBYEHHSA
€NeKTPUYHOT aKTUBHOCTI MO3KY MpWU CMPUAHATTI KOMbOPIB.
lMpeomeTom € MO3KOBa aKTUBHICTb NPW BMMMBI YOTUPbLOX
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dOoKyCcHMX konbopiB TpuanicTio 20 ¢. OCHOBHI 3agavi — [o-
CRigKeHHs BIAMIHHOCTI CIPUAHATTA YOTUPBOX PiI3HNX KOMbOpPIB
i OoBedeHHs edeKTMBHOCTI MeTody OLUiHKM CcnekTpanbHOI
MOTY)KHOCTi MPW CNPUAHATTI 11 00pO6Li KONLOPOBMX CTUMYITIB.
MeTtoan
Mpu 3anuci EEM BaxxnuBum € posTallyBaHHA enekTpo-
AiB, 3a AKOro eneKkTpM4yHa aKkTUBHICTb, Aka (IKCyeTbCA 3
Pi3HMX TOYOK rOfoBM, CYTTEBO BIiApi3HAeTbCA. lMpu pee-
cTpauii BUKOPWUCTOBYIOTb [Ba OCHOBHI METOAU (MOHTaxi):
GinonsipHuin i mMoHononsapHui. lMpu GinonspHomy meToAi
€neKTpoaM PO3MILLYIOTECH Ha EMEKTPUYHO aKTUBHUX TOYKax
ckanbny, a npuv MOHOMONSAPHOMY OAMH i3 enekTposis
pPO3TaLUOBYETLCS B TOYLi CKanbmny, sika yMOBHO BBaXXaETbCS
€NeKTPUYHO HEeWTPanbHOW0, Hampuknag Ha Mouui Byxa.
Enextpoa, BigganeHuin Big MO3KOBOI TKaHWHW, Mae Ha3By
nacvmeHoro abo pecdpepeHTHOro. PedepeHTHu posTailo-
BYIOTb Ha MouUi incunartepanbHOro Byxa, Ha nigbopiaai
abo iHoai Ha Hoci. BcTaHoBRNEHHs pedhepeHTHOro enekTpoaa
Ha Oinbl BigAaneHnx YyacTuHax Tina Mae psg TPyOHOLLUIB,
noB'A3aHuX i3 gikcaLlielo enekTpoia, a rofloBHUM YMHOM, 3
aptedaktamun Bif iHWWX ENEeKTPUYHO-aKTUBHUX OpraHiB
Tina — M'asiB i cepud. KpinneHHa enektpoda Ha HOCi CTBO-
pIOE Oesiky He3py4yHiCTb Ana obCcTexyBaHOro i BUKOPUCTO-
BYETbCA TiMbKW Yy cheujanbHUX AOCHIMKEHHAX, Y SKWX
BCT@HOBIMNEHHS eneKkTpoda Ha MoYli Byxa 3 sKux-Hebyap
npuumH HebaxaHe. Mpu GinonspHOMY MOHTaxi peecTpy-
eTbesl EENN, ska aBnsie coboto pesynbTaTt B3aemogii 4BOX
€NeKTPUYHO aKTUBHUX TOYOK, MPWY MOHOMOMSIPHOMY 3anuci —
aKTUBHICTb OAHOro i3 BiABEAEHb BIOHOCHO €NeKTPUYHO
HenTpanbHOi To4kKn. Bubip TOro um iHWoro BapiaHTy 3anucy
3anexuTb Big MeTW AOCHIMKEHHS: Yy OOCHiOHWLBKIA npak-
TULi LUMPLIE BUKOPUCTOBYETLCS MOHOMOMSAPHUIA BapiaHT
peecTpauii, OCKiNbkM BiH 0O3BONSIE BUBYATM i301bOBAHUIA
BHECOK Ti€l 4YM iHWOI 30HM MO3KYy B MNpPOLEC BUBYEHHS,
30KpeMma BiH BUKOPUCTOBYBABCS B AaHOMY AOCHIAXEHHI.
[nsa HaknagaHHS enekTpoAiB BUKOPUCTOBYIOTb CUCTEMY
"10-20 %", wo 6yna npuiHaTa MixHapoaHO acouiauieto
enekTpoeHuedanorpadii Ta KniHiYHOT Herpodisionorii,
BOHa [03BONsiE TOYHO BU3HayaTu Tomnorpacdilo posTally-
BaHHS enekTpoais. Y LboMy AOCHiMKEHHI Ha A0OPOBINbHMX
3acagax B3aAnu yyactb 21 obctexyBaHunm 6e3 Bag 340-
pos'a (10 vonogikiB Ta 11 xiHOK) Bikom Bia 18 [o 27 pokiB.
3anuc pytnHHoi EEM npoBoauBcs i3 3acToCyBaHHSAM
KOMM'IOTEPHOro enekTpoeHuedanorpadiyHOro—Komnnekcy
"Hernpokom" (XAl Meauka, M. XapkiB, YkpaiHa). Hakna-
[aHHS enekTpoAiB Ha ronoy BiabyBanocst 3rigHO 3 Mix-
HapogHoto cuctemoto "10-20 %". YuacHukiB 6yno noiHdpop-
MOBaHO MPO MPOTOKOS EKCNEPUMEHTY, | Bifj KOXXHOIO 3 HUX
OTpMMaHO MNMCbMOBY 3rogy BignosigHoO Ao [eknapadii
BcecBiTHbOI MeauyHoi acoujauii (WMA) y TlenbCiHki —
"ETWUYHI NpUHUMAN MeauYHUX OOCHIMKEHb 3a y4yacTio fto-
ovHn" (MCenbciHki, ®iHNaHAiA, YepeeHb 1964 p.), Oeknapauii
NPVYHUMMIB TONEpaHTHOCTI (28-Ma cecist eHepanbHOi KoHge-
peHuii KOHECKO, lMapux, 16 nuctonaga 1995 p.), a Takox
KoHBeHLUii Npo 3axucT npas NIOAUHX Ta TiQHOCTI Y 3B'A3KY 3
BMKOPUCTaHHAM Biornorii Ta MmeamumHn: "KoHBeHUis npo npasa
noguHn Ta 6iomeguumHy" (Oviedo, 4 kBiTHA 1997 p.).
CTpyKkTypa ekcnepumeHTy Oyna Takow: obCTexyBaHi
nepernaganu Bigeo Tpueanictio 6x8 20c, nig 4ac
neMoHcTpauii sikoro BigbyBanack peectpauis EEM. Bigeo
nepegyBanu 3anucu enekTpoeHuedanorpamm y crtaHi crno-
KOlo i3 3anmnioleHnMn ovmma npoTtarom 1 xB, Ta 3 po3-
nnoweHnmMn ounma npotarom 1 xB. Takox nicns Bigeo
BiAbyBaBCsa 3anuc i3 3annioWwWeHUMN o4uma nNpoTsarom 1 xs.
Y Bigeo 6ynu nokasaHi YoTMpK HOKYCHi KONMbOpU CUCTEMU
RGB (uepBoHun #FF0000, xosTtun #FFFFO0O0, 3enenui
#008000 Ta cuHii #0000FF) npotarom 20 c, nepen Ta
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nicnsa akux 6yno BigobpaxeHo 3BnyariHui cipui (#808080)
Tpusanictio 60 ¢ (puc. 1). lMNepen Bineo Bci obcTexyBaHi
NMPOXOAUNM TeCT i3 3acTocyBaHHAM Tabnuyok PabkiHa,
wob niaTBEpaUTN CBOE adeKBaTHE CNPUMHATTS KOMbOPIB i
BUKITIOYNTU BUNAAKM NOPYLLUEHb KOMbOPOBOrO 30pY.

Puc. 1. Npuknagu konbopis, WO BUKOPUCTOBYBaNuchb
B eKCnepuMeHTax
(4epBoHun #FF0000, ;xoBTUN #FFFF00, 3eneHunn #008000,
cuHin #0000FF Ta cipuin #808080)

OnpautoBaHHs OTpUMaHUX AaHux Oyno BMKOHAHO 3a
ponomoroto nporpamHoro nakety EEGLAB Ha 6a3i nporpamu
MATLAB. bByno npoBegeHo cinbTtpauito (2-30 I'w),
BUSIBNEHHS 1 ouMLLEHHSN Big apTedakTiB i ICA-aHanis. Ana
aHaniay 0, a Ta B-gianasoHn 6ynu po3dineHi Ha nigaianasoHu
Takum ynHom 01 (3,5 7,4) 'y, a1 (7,5 9,4) 'y, 02 (9,5 10,7) 'y,
a3 (10,8 13,5) 'y, B1 (13,6 19,9) 'y, B2 (20, 30) Mu. Takox
ana obpaHux nigaiana3oHiB Gyno CTBOpeHO TonorpadiyHi
KapTu akTuealii 3a OOMOMOrow MeTOAy LWUiMbHOCTI CrekT-
panbHOi MOTY>XHOCTi, @ TakoX MPOBEAEHO MOPIBHAHHSA TOMO-
rpacdiyHOro po3noginy 3HayeHb MOTYXKHOCTEN eneKTPUYHOI
aKkTMBHOCTI. [INa CTaTUCTUYHOrO aHanidy BMKOPUCTOBYBanuch
TECTW Ha 3aMiHy, a came MEeTO/ NEePECTaHOBKW, AKUN € ONTU-
ManbHUM Ons aHanisy gaHux EEIT, ockinbkv BiH He BuMarae
npunyLLeHb LWoao iXHLoro posnoginy. CyTb Liporo MeToay no-
narae y 6GaraTtopa3oBOMy BUMaZKOBOMY MepeTacyBaHHI
3Ha4YeHb MK yMOBaMM i MOBTOPHOMY OBYMCNEHH: JOCniaxXy-
BaHOIO MOKa3HMKa Ha OCHOBI 3MIHEHWX AaHWX (Hanp., PisHWL
MK ABOMa ymoBamu) i nepepbavae BWGIp BMNagKoBMX
3pa3kie 6e3 noBepHeHHsi. Lle no3sonsae otpymaTy po3nogin
pi3HWLi, aHamisyloun, Y NoTpanssie no4YaTkoBE 3HAYEHHs Y
KpanHi obracTi uboro po3anoginy. AKWo BiAnoBigHO 40 HYMbO-
BOI rinoTe3n BiAMIHHOCTI MK yMOBaMW BigCyTHi, nodaTkoBe
3HaYeHHS He NOBMHHO NepebyBaTy y XBOCTI po3noginy. AKLo
X BOHO TaM OMUHSETLCS, MOXHA OLIHUTL MMOBIPHICTb Bid-
xvneHHsa Ho. MMig yac npoBegeHHs BEMUKOI KiMbKOCTI cTaT-
UCTWYHUX TECTIB HEODXigHO BpaxoByBaTW KOPEKLi0 Ha MHO-
XUHHI NOPIBHAHHS. Lle BaXKnMBO, OCKiNbKV NpY BUKOPUCTAHHI
CTaHgapTHOrO nopory 3HaudywocTi p < 0,05 npubnusHo 5 %
BUSIBMEHNX 3HAYYLUMX pe3yrnbTaTiB MOXyTb ByTn xmbHonosm-
TUBHUMU. OfHMM i3 HAMKOHCEPBATUBHILLNX METOZAIB KOPEKLi €
meToa BoHdepoHi, gkuii i BUKOpPUCTOBYBaBCA B LbOMY [O0-
cnimkeHHi. BiH nepegbavae nopin piBHA 3HAYyLOCTi p Ha
KiNbKiCTb NpoBeAeHNX NnopiBHAHL. [pumipoM, nig Yac aHanisy
YacToTHO-4YacoBux 306paxeHb ERSP i3 100 yactotamu Ta
200 yacoBMMM TOYKaMW 3aranbHa KiMnbKiCTb CTATUCTUYHUX
BMCHOBKIB cTaHOoBUTL 20 000. Ans BpaxyBaHHS MHOXMHHUX
MOpPiBHSAHb NOTPIGHO 3acTOCyBaT! CKOPUrOBaHMWI NOpIr 3HaYy-
wocTi: 0,05/20000 = 0,0000025. Monpwu cBol ehEKTUBHICTL Y
3MEHLUEHHI MMOBIPHOCTI  XMOHOMO3UTUBHUX  pe3ynbTaTiB,
meToa BoHdbepoHi € posoni KoHcepsaTMBHUM. BiH nepen-
6avae, Lo BCi YacoBi 1 YaCTOTHI TOYKM € He3anexHUMu, Lo B
peanbHOCTi He 3aBXau BigNoBiAae AiiCHOCTI.

PesynbTaTtn

Mig 4ac aHanisy cnekTpanbHOi MOTYXHOCTi TeTa-
[iana3oHy CMHbOrO i 3eNeHOro MOPIBHSHO i3 XOBTUM Oyrno
BUSIBMEHO CTATUCTUYHY BIAMIHHICTb Y TeMnepasbHii YacTuHi
npaBsoi MiBKyni ronosHoro mMosky (pwc.2) (51 mkB?/y Ta
49 mkB?/l'y BignosigHo). Lle Moxe BigoGpaxaTn emouiliHi
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BUSIBU Nig 4Yac npouecis, WO noB'dA3aHi 3 nam'attio. Kpim
LbOro, pi3HML0 OyNno TakoX NMOMITHO NPU NOPIBHSAHHI CUHLOTO
Ta YepPBOHOrO KOMbOPIB i3 3eNeHUM Yy OpOHTarbHIN YacTUHI

Spectrum - b, 3.4-T.4Hz

Spectrum - gr, 3.5-7.4Hz

Spectrum -y, 3.4-7.4Hz

Spectrum -y, 3.5-7.4Hz

6ina obnacti ueHTpaneHoi 6opo3Hn (puc. 3) (Big 52,8 go
53 mkB?/l'y Ta Big 53,1 o 54 mkB?/I'y BignoBigHo).

condition (p<0.05) perm

53

519

50.8

49.8

531

52

509

49.8

Puc. 2. Tonorpacpisi po3noginy akTuBauiMHUX 3MiH WiNbLHOCTI CNEeKTPanbHOI NOTYXHOCTI
y 6-piana3oHi npu cnpunHATTI cuHboro (A) Ta 3eneHoro (B) konbopis (1) NopiBHAHO i3 XOBTUM (2).
Ha cxemax A.3 Ta 5.3 4yepBOHMM BUAINEHO AINAHKM 3i CTaTUCTUYHO 3HAYYLWKUMM BigMiHHOCTAMM (p < 0,05), n =21

Spectrum - r, 3.5-7.4Hz

Spectrum - b, 3.5-7.4Hz

Spectrum - gr, 3.5-7.4Hz

Spectrum - gr, 3.5-7.4Hz

condition (p<0.05) perm

519

50.8

49.7

condition (p<0.05) perm

531

52

509

Puc. 3. Tonorpacis po3noginy akTuBauiMHUX 3MiH WiNbLHOCTI CNEeKTPanbHOI NOTYXHOCTI
y 6-aiana3oHi npu cnpunHATTI YepBOHOro (A) Ta cuHboro (B) konbopis (1) NoOpiBHAHO i3 3eneHum (2).
Ha cxemax A.3 Ta 5.3 4yepBOHMM BUAINEeHO AINAHKM 3i CTaTUCTUYHO 3HAYYLWMUMM BigMiHHOCTAMM (p < 0,05), n =21

Y TOoMm Xe yac npu po3rnagaHHi  anbda-puTmiku
3HauyLLy BiAMiHHICTb MOXHa 6yno nobaunTn came B al1- Ta
a3-migoianasoHax. Takoro He MOXHaA ckasaTum Mnpo
a2-nigaianasoH, y SikoMy CTaTUCTMYHA BiAMIHHICTB CrnocTe-
piranacb TifbKM NPWU MOPIBHAHHI 3€MEHOro KOmnbopy 3 4ep-
BOHMM Y MOTWUMMWYHIN 30Hi, AKka BiANOBIJAE 3a 30pOBY
06p0o6Ky iHopmaLii (53 i 52 MkB?/TLy) Ta 3eneHOoro i3 CUHIM Y
[op3arnbHiln YacTuHi NnepeanoboBoi KopK, WO MOXe BKasy-
BaTW Ha MEBHi BUSIBM yBarn abo KOTHITUBHI HABaHTaXXEHHS.
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LLogo konuBaHb y a3-gianasoHi, TO BUHMKNA Baroma
BiAMIHHICTb Y YepBOHOMY KOmbopi. OTxe, YepBOHUIA KOSIp
Ma€ 3HayHe 3MEHLUEHHS MOTYXXHOCTI MO BCili kopi npaBoi
NiBKyNi NOPIBHSHO i3 )XOBTUM KONbOPOM, TAKOX Yy BENMKOMY
fianasoHi kKopu NOTMAWYHOI Ta TiM'AHOI YacToK npasoi
niBKyNni Ha NpoTuBary 3erneHoOMy KONbopy i B MOTUMAWYHIN
30Hi NOPIBHAHO i3 CMHIM KONMbOPOM (puc. 5).
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Spectrum - b, 7.59.4Hz Spectrum -r, 7.59.4Hz — condition (p<0.05) perm

517
504

49.1

47.9

Spectrum - r, 7.59.4Hz o condition (p<0.05) perm

517
50.4

49.1

47.9

Puc. 4. Tonorpachisi po3noginy akTuBauiiHUX 3MiH WiNbLHOCTI CNEKTPanbHOI NOTYXXHOCTI
B al-nigAiana3oHi npu cnpuiHATTI cuHboro (A) Ta 3eneHoro (B) konbopis (1) NopiBHAHO i3 YepBOHUM (2).
Ha cxemax A.3 i 6.3 4yepBOHMM BUAINEHO AiNsAHKK 3i CTaTUCTMYHO 3HAYYLWMMK BigMiHHOCTAMM (p < 0,05), n =21

Spoctrum - gr, 10.8-13.5Hz Spoctrum -r, 10.8435Hz condition (p<0.05) porm

Spectrum - b, 10.8-13.5Hz Spectrum -r, 10.8-13.5Hz - condition (p<0.05) porm

50.9
494

47.8

483

Spectrum -y, 10.8-13.5Hz Spectrum - r, 10.8-13.5Hz a5 condition (p<0.05) perm

50.9
494

47.8

46.3

Puc. 5. Tonorpadis po3noaginy akTuBawinHUX 3MiH LWiNbLHOCTI CNEKTPanbHOI NOTYXXHOCTI B a3-nigAiana3oHi Npy CNpUNHATTI
3eneHoro (A), cuHboro (B) Ta xoBToro (B) konbopiB (1) NOpPiBHAHO i3 YepBOHUM (2).
Ha cxemax A.3, 5.3 Ta B.3 yepBOHUM BuAineHo AiNAHKM 3i CTaTUCTUYHO 3HaYyWMMMK BigMiHHOCcTAMM (p < 0,05), n = 21
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Y cBow 4yepry, 6eTa-aKTUBHICTb 403BONWMAA HaM Cro-
cTepiraTm HanCyTTeEBIiWY PIi3HULIO MOTYXXHOCTEN Yy LUNPO-
KOMY [Jianas3oHi KOpW rofioBHOro MO3Ky. Lo akTMBHICTb
Ooyno noaineHo Ha B1 (13,6— 19,9Tu) Ta B2 (20-30Iy)
nigaianasoHun, y 3B'A3KY i3 XapakTepHUM ONS HUX YHK-
LioHanbHUM 3Ha4YeHHAM. Y HU3bkoYacToTHOMY [31-AianasoHi
crnekTparnbHi NOTYXHOCTI YEPBOHOIO KOMbOPY MOPIBHAHO i3
XOBTUM Ta 3efeHOro MOpiBHAHO i3 CWUHIM KONbOPOM He
Manu 3Ha4vHoi BiAMIHHOCTI MiX cobow Ta Oynu pocuTb
CXOXMMM (Ha BiAMiHY Bi NOPIBHAHHA 3€MEHOro Ta CUHBOrO
KOmMbOPpIB i3 XOBTUM i 4epBOHMM). Lle mokasano 3Hauyly
BiAMIHHICTb MO BCill KOpi rOfIOBHOrO MO3KY Bif, 1o6oBoi Ao
NOTUNNYHOI 4acToK Kopu MiBKynb (puc. 6). Y paHomy

Spectrum - b, 13.6-19.9Hz

Spectrum - b, 13.6-19.9Hz

trum -1, 13.6-19.9H
Spectrum -, rd e

Spectrum -r, 13.6-19.9Hz
48.3

Spectrum -y, 13.6-19. 9Hz
g 483

BUMaAKy 3efeHuin Ta CWUHIN KOonbopwu nNpointocTpysanu
3HayHO OGinblly cnekTpanbHy MOTYXHICTb. He AmBnsuuch
Ha CXOXiCTb PpO3MoAiny MK Konbopamu (BiACYTHICTb
3HAYyLWOT Pi3HUL MK CIPUNHATTAM CUHBOMO Ta 3ereHoro, i
HaBnaku, NMOMITHY BWLLY MOTYXHICTb MiX BULLE3ragjaHuMu
Konbopamu Ha npoTMBary >OBTOMY Ta 4e€pBOHOMY), MO-
piBHAHO i3 PB1-miggianasoHoM, (2 noka3aB TPOXM MeEHLU
NMOMITHY BiAMIHHICTb CMEKTPanbHOI MOTYXHOCTI, Ska B AaHO-
My BMNagKy Oyna ckoHueHTpoBaHa came y oboBux GinsH-
Kax MO3Ky (nepesaroto y npasin niBkyni). OkpiMm ubOro,
crnocTepiranacb HeBenvKa pisHULA B Mpasid 4aCcTuHI kopu
NOTUIMYHOI Ta TIM'AHOI YaCTOK MiX CMPUMHATTSAM 4YepBO-
HOrO Ta XOBTOro KONbOpIB (pUc. 7).

condition (p<0.05) porm

484
447

439

432

condit 0.0
- on (p<0.05) porm

454
4408

439

431

condiion (p<0.05) porm

456
447

44

432

condition (p<0.05) porm

456
44.7

430

Puc. 6. Tonorpacis po3noainy akTuBauUiiHUX 3MiH LLiNIbHOCTi CNeKTpanbHOI NOTYXXHOCTi y B1-niaaianasoHi npy cnpunHATTI
cuHboro (A) Ta 3eneHoro (B) konbopiB (1) NOPiBHAHO 3 YepBOHUM (2), a TaKoX NOPIBHAHO i3 x0oBTUM (2, B i I' BignoBiaHo).
Ha cxemax A.3, B.3, B.3 Ta I'.3 4epBOHMM BUAINEHO AiNAHKM 3i CTaTUCTUYHO 3HAYYLWMUMM BigMiHHOCTAMM (p < 0,05), n =21
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B 1 C H UMK Kuiscbkoro HauioHanbHoro yHiBepcurety imeHi Tapaca LleBueHka

Spectrum - b, 20-30Hz

A
Spectrum - gr, 20-30Hz
1
A
b
1
B

Spectrum - r, 20-30Hz

Spectrum -r, 20-30Hz

condition (p<0.05) perm

426
42

41.5

41

condition 0.05) perm
o (p<0.05) p

condition 0.05) perm
o (p<0.05) p

422

41.7

Puc. 7. Tonorpadis po3noainy akTuBauiiHMX 3MiH LWiNbHOCTI cNeKTpanbHOI NOTYXHOCTI y B2-niaAiana3oHi
npu CNPUAHATTI cUHbOro (A), 3eneHoro (B) Ta xoBToro (B) konbopiB (1) NOPIBHAHO 3 YePBOHUM (2).
Ha cxemax A.3, 5.3 Ta B.3 yepBOHUM BuAiNneHo AiNAHKX 3i CTaTUCTUYHO 3HAYyLWMMMK BigMiHHOCTAMM (p < 0,05), n = 21

Aunckycifa i BACHOBKMU

Opmpxe, oocnign, Noe'aAsaHi 3 HEMPOI3ioNoriYHUM Crpuii-
HATTSAM KOSMbOPIB, akTyarbHi i HA CbOroHi, TOMy 3aBAaH-
HAM Hawoi pobotn Oynu Aocnigutn BiOMIHHOCTI ClpuR-
HATTS YOTUPbLOX PI3HWX KOMbOPIB, a TaKOX MNepeBipuTn
e(eKTUBHICTb MeToAdy OUIHKM ChneKTpanbHOI MOTY>XHOCTI
npu CNpURHATTI 1 06pobLi KonbopoBux cTumynis. besno-
cepefHbO MOPIBHAHHA CReKTparnbHOI MOTYXHOCTI NpoBO-
OUNOCb MK CNPUAHATTAM BnacHe (OOKYCHUX KOMbOpiB
CTOCOBHO OAWMH [0 OAHOro (TOOTO YEpPBOHWWA i3 3eneHnM,
YEepPBOHWI i3 XXOBTUM, YEPBOHMUM i3 CUHIM, XXOBTUN i3 3ene-
HMM, )XOBTWUW i3 CMHIM Ta CUHIV i3 3eneHnm).

PesynbTat nokasanu pisHULO NOTYXHOCTI y TeTa-puUTMi
npuv CAPUAHATTI XOBTOrO Ta 3eNeHoro Konbopie (puc. 2, 3),
OflHaK NUTaHHA Npo PYHKUiOHaNbHe 3HAYeHHs1 TeTa-puTMy
M Ha CbOrogHi € npegmMeToM [Aeskux Auckycin. OpHak
icHytoTb gocnimpkeHHst (Fusco, Fusaro, & Aglioti, 2020), axi
po3rNAATb LEel pUTM Yy KOHTEKCTI CTaHy ncuxodisiono-
rYHOI CNPSIMOBAHOCTI NIOAUHM K IHOWKATOP €MOLIHOIo
30ymkeHHA abo neBHUA "puTMm Hanpyru'. BigMmiHHICTb Y
chekTparnbHin NoTyXHOCTi a1 nigaiana3oHy cnocrepiranacb
y BEHTpanbHi YacTuHi nepeanoboBoi Kopy NpaBoi MiBKyMi
nig 4Yac NopiBHAHHA GNaknTHOro Ta 3eneHOoro Komnbopis i3
4YepBOHUM (puc. 4). Takox Gyno BUABUNEHO 3HauyLly Bid-
MIHHICTb Y MOTYXHOCTI 03 nigaianasoHy npu CAPUAHATTI
YepBOHOro KOmnbopy (puc. 5), Wo moxe GyTv xapakTepHUM
ONs HeraTuMBHOI eMOLMHOI peakuil Ha uen Konip, cnpu-
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YMHEHOI NIABULLEHHSIM piBHA TpMBOrK. 3a gesikuM Oocni-
nxeHHsimu (Su et al., 2018), ue moxe ByTM CnNpUYMHEHO
NeBHVMMM NpoLecamu, NoB'A3aHNMK 3 eMOLIHUM HaBaHTa-
XeHHam. Kpim Toro, pisHuus 6yna nomiTHa y CKpOHEBIN Ta
TIM'SHIN YacTkax npaBoi NiBKyNi FONOBHOrO MO3KYy Mpwu
CMPUWAHATTI 3€NEHOr0 ¥ YepPBOHOIO KOMNbOPIB MOPIBHSAHO i3
YKOBTUM, KWW, BiOMOBIOHO, MAaB HWDKYY MOTYXHICTb. ICHYIOTb
OaHi, WO BKa3yloTb Ha 3Ha4yHe NOCWUMEHHs anbda-akTue-
HOCTi came Yy npasii MiBKyNni MO3Ky NpW HeraTMBHOMY
emouinnHomy ctaHi. OgHovacHo 3 Lum Gyno BCTaHOBIEHO,
Wo anbda-puTM NpPUrHiYyeTbCS Y 3B'A3KY 3 BiOYYTTSM Mpu-
rHIYEHOCTi Ta EMOLIMHUMY NEPEXMBAHHSAMW, @ NOTO 3MiHa €
BijOOpaXeHHAM pO3BWUTKY peakuii Ha cTpec. IHWi AaHi
cBigyaTb NpPo cneumdivHICTb BiAOOPaXXeHHS Pi3HMX emoLin
Y MOTY>XHOCTi anba-puTMmy (3HKEHHS MPW BigYyTTi CMYTKY i
CTpaxy Ta HaBnaku, MNigBULLEHHS NpU MNosiBi pPagocTi yu
rHiBy). OTKe, MU MOXeEMO 3pobuTM Oesiki BUCHOBKU NpoO
THITIOYMIA | TPUBOXHWIA BNNUB, SKUIA BigvyBanu obcTexyBaHi
npu nepermnsgi 4YepBOHOrO KoOMbopy. 3asHauumo, Lo
3HayHa YacTMHa obCcTexyBaHWX BuOpanu YepBOHMWI Komip
SIK HanBINbLL HENPUEMHUI Ha TXHIO OYMKY. Y TOW Xe vac,
CyTTEBA BIOMIHHICTb cnocTtepiranacb y [1-gianasoHi Ha
CVIHIN i 3eneHni konbopu (puc. 6), wo moxe ByTu cBigyeH-
HAM MOXIMBOMY MiOBULLEHHIO KOHLUEHTpauii yBaru npu
noAapasHeHHi [aHvMK  BidyanbHUMW cTumynamu. Ham-
yacTiwe B nitepatypi B1-nigaianasoH 6yayTb NoB's3yBaTu
3 yBaroto MNAMHM Ha 30BHILLHLOMY cepeaoBuLLi, Lo i byae
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NOSICHEHHSIM MNoAibHoro nowmpeHHs peakuii (lllman et al.,
2022). Ui cnocTtepexeHHs O03BOMsSATb MPOBECTU Kope-
NAUil0 MK OTPUMAHMMM HaMW AaHUMM Ta 3aranbHOK OyM-
KO MpO MO3MTUBHUIA BMAMB Ha KOHLEHTpaUilo BracHe
3ereHoro Ta CMHbOro Konbopi. Akwo B1-niggianasoH, sk
3ragyBanocb paHille, Npue'A3yloTb A0 30BHILLUHBOI yBaru,
TO Ha npoTuBary momy, $2-akTUBHICTb MPUWHATO BBaXaTtu
30CepeKEHHAM Ha BrlaCHUX AyMKax, MOYyTTAX i nepexu-
BaHHAX. [1o Toro >, A0 (yHKUiA NOBGOBOI 30HM MOXHA
BiJHECTN eMOUiHY perynsuilo Ta BOMbOBUMA KOHTPOIb
KOHUeHTpauji yBarn Ha HeobxigHoMy 06'eKTi.

Y xogi npoBeAeHoOro gocnigxeHHs 0yno BUSABMNEHO, LUO
CMPUAHATTSA KONbOPIB BNNMBac Ha GioeneKkTpuyHy akTus-
HICTb rONOBHOMO MO3Ky, WO BigoOpaxaeTbCs y 3MiHi no-
TYXHOCTI CnekTpanbHUX AianasoHiB. HancyTTeBiwi 3MiHu
3asHayeHi B 03-niggianasoHi Npu CNPUAHATTI 4€PBOHOMO
KOMbopy, WO MOXe CBigYMTU NpO MOro 3B'A30K i3 nNiaBu-
LeHMM piBHEM TpuBorM abo ctpecoBuMK peakuismu. Lli
pesynbTaTy Y3rogXylTbCa 3 iCHYHOUYMMU OOCHIMKEHHSMMU,
SIKi BKa3yloTb Ha MOXINVBUIA BMIMB YEPBOHOIO KOMbOPY Ha
€MOUINHMI CTaH NnioauHWU. Takox Oyno BUABMEHO CYTTEBY
BIAMIHHICTb y [B1-giana3oHi npu CNPUMHATTI CUHBOTO Ta
3eneHoro konbopie. Lia 3Haxigka Moxe BkadyBaTM Ha
NiABULLIEHHST KOHLIEHTpaUil yBarn i KOrHITUBHOI akTUBHOCTI
nig BNNMBOM UMX KomnbopiB. OTpuMmaHi AaHi MoxyTb 6yTu
KOPUCHUMM O1151 PO3YMiHHS BMMMBY KOMbOPIB Ha KOTHITUBHI
npouecu Ta IXHe NoTeHLUiiHe 3aCTOCYBaHHS Y HEMPOMNCUXO-
norii, OCBITi Ta eproHOMiL,.

PesynbTtat pocnigXeHHA NigTBepaXyloTb edeKTuB-
HICTb MeTOAy OLiHKW CMeKTpanbHOI NOTYXXHOCTI MpW aHani3i
BMMMBY ¥ 06pobui KONbOPOBUX CTUMYNIB, @ TaKOX [03BO-
NATb AeTanbHile [ocnigutn HenpodisionoriyHi mexa-
HiI3MW CMPUMHATTA KonbopiB. lMoganblui po3BigKM MOXYTb
OyTu cnpsiMoBaHi Ha BMBYEHHsSI JOBrOCTPOKOBOIO BMSMBY
KOMNbOPIB Ha KOTHITUMBHY AisNbHICTb, @ TakoX Ha BUKOPUC-
TaHHA yHKUiOHanNbHOI HerpoBidyanisauii ans rnuéoro
aHanisy 3any4yeHux HEMPOHHUX CTPYKTYP.

BHecok aBtopiB: Onia Benuuko — KkoHuUenTyanizauis;
MeTOAONOriA; aHania [xepen, MiAroTyBaHHA ornsgy nitepartypuy
abo TeopeTUYHMX 3acag AocnigKeHHsl, 36ip eMnipuyHUX gaHux Ta
iX Banigauia; emnipyyHe pocnigpkeHHs. Mapia YepHux —
KOHUenTyanisauis, HanucaHHs (nepernsp | pefaryBaHHs).
OnekcaHap KoBarbuyk — HanncaHHs (nepernsig i pegaryBaHHs).

Mopsikun, pxepena ciHaHCcyBaHHA. My BMCNOBMEMO LLMPY
nogsky Qpokrtopy 6GionoriyHux Hayk, npodpecopy 3umi Iropto
[puropoBuKYy 3a LjiHHI HAayKOBI KOHCY bTaLii, METOANYHY NITPUMKY
Ta BHECOK y PO3BWUTOK AaHOro focnigkeHHd. Mu 3aBxan nam'sa-
TaTMMEMO Moro rmuboki 3HaHHS, BiAAaHICTb HayLi Ta HaTXHEHHS,
SiKe BiH AapyBaB yCiM, XTO MaB YeCTb NpaLoBaTi pa3oMm.
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PROCESSES OF LOCAL AND DISTANT SYNCHRONIZATION
OF ELECTRICAL BRAIN ACTIVITY DURING COLOR PERCEPTION

Background.The human brain, with its complex structure and functional characteristics, has always been an object of intensive scientific
research. One of the key aspects of brain activity is its ability to perceive, process, and interpret various external stimuli. Among these stimuli,
colors hold a special place, as they not only influence our mood and state but also play a role in shaping our perception of the surrounding world
and affecting cognitive processes. The aim of this study was to examine the impact of four focal colors on the bioelectrical activity of different brain
regions and to analyze it using the spectral power density method. The objectives included investigating the differences in the perception of four
distinct colors and proving the effectiveness of the spectral power assessment method in the perception and processing of color stimuli.

Methods . This study involved 21 healthy volunteers (nQ = 11), aged 18 to 27 years. Participants watched a video while EEG recording was
conducted. In the video, the subjects viewed four focal colors in a specific sequence (red #FF0000, yellow #FFFF0O, green #008000, and blue
#0000FF), with an intermediate display of neutral gray (#808080) between them. For analysis, the 0, a, and B frequency bands were divided into the
following sub-bands: 81 (3.5-7.4 Hz), al (7.5-9.4 Hz), a2 (9.5-10.7 Hz), a3 (10.8-13.5 Hz), B1 (13.6-19.9 Hz), and B2 (20-30 Hz).

Results. The analysis revealed a significant difference in the power of the a3 sub-band when perceiving red, which may be characteristic of a
negative emotional response caused by increased anxiety levels. At the same time, a significant difference was observed in the B1 band
in response to blue and green colors, which may indicate increased attention and concentration when exposed to these visual stimuli.

Conclusions. The study showed that color perception affects the bioelectrical activity of the brain, in particular, red is associated with
increased anxiety (alpha-3 range), and blue and green with increased concentration of attention (beta-1 range). The results confirm the
effectiveness of spectral analysis in studying the neurophysiological mechanisms of color perception, and it can be used in neuropsychology
and cognitive sciences.

Keywords:electroencephalography (EEG); power spectral density (PSD) method; neurophysiology of color; color perception.
ABTOpM 3aaBNSOTb NPO BiACYTHICTb KOHGMIKTY iHTEepeciB. CroHcopy He Bpanu yyacTi B po3pobreHHi AoChiMKeHHs!; y 360pi, aHanisi uun
iHTepnpeTaLii AaHWX; y HAaNUCaHHI pyKonucy; B pilLeHHi npo nybnikaLiio pe3ynbTaris.
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PE3YJIbTATU QOCNIAXEHHA ®AYHUN BOIrHIBOK (LEPIDOPTERA, PYRALOIDEA)
NMPUPOOHOIO 3ANOBIAHUKA "MUXAWUNIBCbLKA LIJIMHA" Y 2022 POLI

B ctyn. JocnidxeHHsi ¢hayHuU HiYHUX STycKOKpunux 3anoeidHuka " Muxaliniecbka yinuxHa"' do 2000 p. manu ¢hpacmMeHmapHuli
Xxapakmep, npu YoMy eudoeuli cknad 6inbwocmi 2pyn memesnukie we U doci 3anuwaembcsi He docnidxeHum. Kpim memenukie
60M6iKk0iOHO020 KOMIIeKcy, Ha mepumopii 3anoeiGHuUka demanbHo AocnidxeHo ¢hbayHy nuwe npedcmaeHukie pPoOuHuU BozHieku.
BueyeHHs1 su0o8020 ckiiady 802Hi8OK Ha mepumopii 3anosidHuka " Muxaiiniecbka yinuHa' posnoyamo 2002 p. i mpueae domenep
(FoeopyH, 2009; NoeopyH, 2018; NoesopyH, 2020; MNoeopyH, 2020a; NoeopyH, 2023; NosopyH, & IMapxomeHko, 2003; HadeopHsbiti, 1993).
Y po6omi npedcmaesnieHo 3azanbHull CMUCOK 3apeecmposaHux eudie i pesynbmamu AocnioeHHs1 802HiI8OK y 2022 p.

Memoro po6omu 3a npozpamoro Haykoeo-0ocsiiOHoi nabopamopii " MoHimopuHe nonynsayili meapuH ma pocsuH CymcbKoi
ob6nacmi' y 2022p. 6yno npodoexeHHs1 OOCNiOXeHHs1 ¢hayHU JIyCKOKPUSIUX Ha mepumopii npupoOHo20 3anosidHuka
"Muxaltiniecbka yinuHa".

MeTopau. BozHieok 6yno 3i6paHo nid yac mpbox euizdie: 13—-15 nunHs, 29-31 nunHs, 27-28 cepnHa 2022 p. y c. Benuki
Jlyku Ha dinsiHyi nonboeoz2o oghicy 3anoesidHuka (50°44'44" n. w., 34°9'48" cx. 0.), a makox Ha dinsHyi cmeny (50°44'53.7" n. w.,
34°10'55.7" cx. 8.). I3 HacmaHHsIM cymiHOok emMukasniu 1-2 dy2oeo-pmymHi namnu 250 W, 3agbikcoeaHi Ha eucomi 2-2,5 M 8id noeepxHi
rpyHmy Ha mni 6inux ekpaxie. CnilimaHux mMemesiukie eidpa3y nomiwjasiu e MOpusKu, 3anpaesneHi emunayemamom. Ha ceimaHky
ceimno eumukanu. Komax MoHmyseasnu Ha eHmomosio2i4Hi 20/1Ku abo ekiadanu y Mampayuku 0515 100asibWo20 8U3HaYEHHSI.

Pe3ynbTaTtu. Becbozo nid yac docnidxeHb y 2022 p. Ha mepumopii 3anoeioHuka 3i6paHo 367 eozHigok. Ceped Hux
eausieneHo 55 eudie i3 2 poduH ma 8 niopoduH. [Jo mozo x, onpayboeaHo Mamepianu nornepeoHix pokie, siki He 6y/10 8KJIIO4YEHO 8
nonepedHi ny6nikayii.

BucHoBku. B icHyroyoMy npoekmi opeaHizayii mepumopii npupodHozo 3anoeidHuka “Muxaliniecbka UyinuHa"
3ansaHoeaHo pobomu 3i 3MeHweHHs1 nopocmi Odepee i eudaneHHs1 nicocMmye, wo eipo2idHO npu3eede 00 3MeHWEeHHS
6iopizHoMaHimms Ha uili mepumopii. Y moii xe yac nodanbwe 3apocmaHHs1 cmerny 3HU3UMb YUCENbHICTb i KinbKicTb eudie
Memersiukie, po3euUmOK sIKUX I08'si3aHO 3i cmernoeor pocsiuHHicmro. Ha Hawy OyMKy, 3ynuHumu icHyro4e U nonepedumu
nodanbuie 3anicHeHHs1 3anoeidHoi mepumopii Moiueo nepioGUYHUM UKOWY8aHHSIM cmernoeux OiNIAHOK, sIKi uje 36epexeHo;
nomipHum eunacom eesiukoi pozamoi xydobu; 3anyckomM Ha mepumopito (i 3abe3nedyeHHIM ymoe Onsi npo)KueaHHsi) OUKoi

nonynﬂul"l'ee.nuxux KonumHux; nepioduqHUM KOHMpOJibO8aHUM eunalllo8aHHSAM OKpeMux OinsIHOK 80CeHU.

KnwuyoBi cnoBa: 3anoeidHi mepumopii, gpayHa, 6azamopiyHi docnidxeHHs, Lepidoptera.

BeTtyn

[Ona €sponu BkaszaHo 6nm3bko 850 BMAIB BOrHIBOK i3
13-t nigpoauH, a Ans ii cepeAHbOi YacTUHW — MOHag
400 BugiB. PoguHa o6'egHye HeBenMKUX | cepefHboro
pO3Mipy MeTenukiB 3 po3amaxom Kpun Big 7 4o 50 mm. NycCiHb
BinbLUOCTi BUAIB XUBUTECA TKAHWMHAMWN PI3HOMAHITHUX XUBKX
pOCnVH; TakoX [OCWUTb 3BuYanHa canpodaria. NYyCiHb i
MEeTENUKM CriyXaTb CyTTEBOIK YACTUHOM pauioHy 6araTbox
BuaiB 6e3xpebeTHux i xpebeTHux TBapuH. Bigomo, wo
Onmsbko 25 % BMAIB UMX NYCKOKPUNNX € LIKigHMKaMM
KyNbTYpPHUX POCNWH, NPOAOBONbYMX 3anaciB (6opoluHa,
Kpyn, CyLueHnxX ppyKTiB i T. N.), HACIHHEBOIO Ta doypakHoro
3epHa, niCOBUX HacagXeHb, MPOAYKTIB OmKiNbHMUTBA
TowWo. Y TON camuii 4ac, 3aBAsiKM CBOEMY Pi3HOMAHITTIO Ta
LLIMPOKOMY PO3MNOBCIOAXKEHHIO, BOTHIBKM € HEBIA'€MHOI0 1
BaXXNMBOK CKNaaoBO0 BioLIEHO3IB.

HocnigxeHHsa dpayHU HIYHUX NYCKOKPWUMMX 3anoBigHuKa
"Muxanniscbka winvHa" go 2000 p. manu cdparmMeHTapHumn
Xapaktep, nNpu YoMy BMAOBMWIA cknag OinbLUOCTi rpyn umx
MEeTEenNuKIB e W A0Ci 3anuiaeTbcs HegocnimkeHnm. Ha
CbOrofHi BiJOMO NPO HAaCTYMHY KiNbKiCTb BUAIB 3a poaAvHaMU:
Nymphalidae — 12, Lycaenidae — 10, Hesperiidae — 4,
Pieridae — 4, Noctuidae — 92, Geometridae — 13, Erebidae — 9,
Lasiocampidae — 1, Drepanidae — 1, Sphingidae - 7,
Notodontidae — 4, Limacodidae — 1, Lemoniidae — 1,
Cossidae — 3, Pyralidae — 78, Gelechiidae — 15, Tortricidae — 1
(Govorun, 2023). [locnigkeHHs BUAOBOrO CKragy BOTHIBOK
Ha TepuTopii 3anoBigHMKa "MwuxanniBcbka UinuHA" posno-
yato 2002 p. i TpuBae potenep (FoeopyH, 2009, 2018,
2020, 2020a); NoBopyH, MapxomeHko, 2003; HagsopHbIn,
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1993). Y poboTi npeacTaBneHo 3ararnbHWii CMIMCOK 3apeecTpo-
BaHWX BMAiB 3a pe3ynbTatamu JocnigxeHHs y 2022 p.

Memoro po6bomu 3a nporpamord HaykoBO-4OCHIOHOT
nabopatopii "MOHITOpUHIY nonynsauiin TBapuH Ta POCHVH
CyMcbkoi  obnacti® 6yno npoaOBXEHHS  OOCIiOXEHHS
hayHn FYCKOKpPUNMX Ha TepuTopii NpUpoAHOro 3anosig-
HuKa "Mwuxannisceka uinuHa"y 2022 p.

MeTtoau

BorHiBok 6yrio 3idpaHo nig Yac Tpbox Bui3ais: 13—15 nunHs,
29-31 nunHa, 27-28 cepnHa 2022 p. y c. Benuki Jlykn Ha
OinsHuUi nonboBoro odicy 3anosigHuka (50°44'44" n. w.,
34°9'48" cx. A.), a Takox Ha ginsHui cteny (50°44'53.7" n. w.,
34°10'55.7" ¢cx. A.). I3 HacTaHHAM cyTiHOK BMUKanu 1—2 oyroso-
pTyTHI namnm 250 W, 3adikcoBaHi Ha BuUcoTi 2-2,5 M Bif
NoBepxHi I'pyHTY Ha Tni 6inux ekpanie (puc. 1-4). Cnin-
MaHMX METENUKIB Bigpasy Momillanu B MOPWIKK, 3anpas-
neHi etunauetaTom. Ha cBiTaHky cBiTno Bumukanu. Komax
MOHTYBanM Ha €HTOMOIOriyHi ronku abo Bknaganmu y
MaTpauMKn AN NOA4AnNbLUOrO BU3HAYEHHS.

Py4yHum mMeTomom meTenukiB 36Mpany B MiCUsIX OE€HH-
oro nepebyBaHHs iMaro (POCNMHHICTL, CTOBOYpU, NapkaHu,
CTiHM OyAiBenb, cknagcbki NOMeLKaHHsa Towo). Linm meTo-
[OM 3HanaeHo fesiki Buau, siki He npunitanu Ha cBiTno, a
TakoX ypanocb 3ibpatu matepian y nyHkTax, ge 6yno
HEMOXITMBO BUKOPWCTATK CBITMO Nnamr.

laeHTdiKaLilo BUAIB NPOBOAWAM 3a 30BHILLHIMX MOpPdO-
NOriYHUMU O3HaKamu, 30KpemMa KPUNOBOMY MartoHKy, a
TaKkoX npenapaTamu reHitanbHoro anapary.

Cnncok BOrHIBOK CKOMMOHOBaHO BiAMOBIAHO OO Mpwii-
HATOI CUCTEMM poauHW 3 Aeskumu 3MmiHamu. Lli cami
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KaTanorn 6yno BUKOPUCTAHO ANS BU3HAYeHHS MmaTtepiany
(Slamka, 2006; 2008; 2013; 2019).

Pe3ynbTaTtun

Bcboro 3a pik Ha TepuTopii 3anoBigHuka 3ibpaHo
367 BorHiBok. Takox onpauboBaHO MaTepianu nonepeaHix
pokiB, siki He 6yno BknoYeHo B nonepeaHi nybnikadii.

Baranom y 2022 p. BugaBneHo 55 BuaiB BOTHIBOK i3
2 poauH Ta 8 nigpoauH. [ani npeacrtaBneHo y3aranbHEHUN
CMMCOK BOTHIBOK, 3apeecTpOBaHMX Ha TEPUTOPIi MPUPOAHO-
ro sanosigHuka "Muxanniscbka uinuHa" y 2022 p. Y gyxkax
3a3Ha4YeHo KinbKiCTb CriiMaHnX OCOOUH.

Puc. 1, 2. flinAHka 3anoBigHoro creny, Ha fKi 6yno po3miweHo cBiTnoBy nacTky (50°44'53.7" n. w., 34°10'55.7" cx. A.)
Puc. 3. Po3miweHHs cBiTnoBoi nactku (50°44'53.7" n. w., 34°10'655.7" cx. A.)
Puc. 4. 36ip komax Ha cBiTno (28 cepnHs 2022 p.)

HappoawHa Pyraloidea
PopwHa Pyralidae
MigpoauvHa Galleriinae
1. Aphomia zelleri (Joannis, 1932) — 13-15.VI1.2022 (5).
2. Lamoria anella (Denis & Schiffermiller, 1775) -
13-15.VI1.2022 (1); 29-31.VII.2022 (7).
MippoaunHa Pyralinae
3. Pyralis farinalis (Linnaeus, 1758) — 29-31.VI1.2022 (1).

4. Hypsopygia costalis (Fabricius, 1775) -
13-15.VI1.2022 (23).
5. Hypsopygia glaucinalis  (Linnaeus, 1758) -

13-15.VI1.2022 (1).

6. Endotricha flammealis (Denis & Schiffermdller, 1775) —
13-15.VI1.2022 (3).

MiapoauHa Phycitinae

7. Clasperopsis fumella (Eversmann,
13-15.VI1.2022 (1).

8. Sciota rhenella (Zincken, 1818) — 13-15.VII.2022 (1);
29-31.VII.2022 (7).

9. Sciota hostilis (Stephens, 1834) — 13-15.VI1.2022 (1).

10. Sciota adelphella (Fischer v. Roslerstamm, 1836) —
13-15.VI1.2022 (4); 27.VI1I1.2022 (2).
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11. Etiella zinckenella (Treitschke, 1832) — 27.VI111.2022 (5).

12. Laodamia faecella (Zeller, 1839) — 13-15.VI1.2022 (3);
29-31.VII.2022 (1).

13. Nephopterix angustella
29-31.VII.2022 (2).

14. Acrobasis sodalella Zeller, 1848 — 29-31.VI1.2022 (2).

15. Acrobasis obtusella (Hubner, 1796) — 29-31.VI1.2022 (7).

16. Glyptoteles leucacrinella Zeller, 1848 — 13-15.VI1.2022
(11); 29-31.VII.2022 (2).

17. Myelois circumvoluta (Fourcroy, 1785) — 13-15.VI1.2022 (2);
29-31.VII.2022 (6).

18. Nyctegretis lineana (Scopoli, 1786) — 13-15.VI1.2022 (4).

19. Nyctegretis triangulella Ragonot, 1901 — 13-15.V11.2022 (4);
29-31.VII.2022 (3).

20. Homoeosoma inustella
29-31.VII.2022 (6).

21.Homoeosoma nebulella (Denis & Schiffermiiller, 1775) —
27.VII1.2022 (12).

22. Phycitodes binaevella (Hubner, 1813 — 29-31.VII.2022 (6).

23. Phycitodes lacteella (Rothschild, 1915) — 27.VI11.2022 (7).

24. Phycitodes albatella (Ragonot, 1887) — 13—-15.VI1.2022 (1).

25. Cadra furcatella (Herrich-Schaffer, 1849) — 27.VII1.2022 (1).

(Hubner, 1796) -

Ragonot, 1884 -
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PoauHa Crambidae
MiapoauHa Scopariinae
26.Scoparia pyralella (Denis & Schiffermuller, 1775) —
13-15.VI1.2022 (28); 29-31.VI1.2022 (2).
27. Scoparia ingratella (Zeller, 1846) — 13-15.VI1.2022 (24).
28. Eudonia lacustrata (Panzer, 1804) — 13—-15.VI1.2022 (1).
29. Eudonia mercurella (Linnaeus, 1758) — 19-21.VIl.21
(2); 29-31.VI1.2022 (22).
MigpoauHa Crambinae
30. Euchromius ocellea (Haworth, 1811) — 27.VII11.2022 (1).
31.Chrysoteuchia  culmella  (Linnaeus, 1758) -
13-15.VI1.2022 (1).
32. Crambus pascuella (Linnaeus, 1758) — 13-15.VI1.2022
(1); 29-31.VI1.2022 (4).
33. Crambus lathoniellus (Zincken, 1817) — 13-15.VI1.2022 (6).
34. Crambus perlella (Scopoli, 1763) — 29-31.VI1.2022 (1).
35. Agriphila tristella (Denis & Schiffermiller, 1775) —
29-31.VII.2022 (3); 27.VIII.2022 (4).
36. Agriphila straminella (Denis & Schiffermiller, 1775) —
29-31.VII.2022 (12).
37. Agriphila poliellus (Treitschke, 1832) — 29-31.VII.2022
(3); 27.VI11.2022 (4).
38. Catoptria falsella (Denis & Schiffermdiller, 1775) —
13-15.VI1.2022 (4); 27.VI111.2022 (1).
39. Pediasia luteella (Denis & Schiffermiller, 1775) -
13-15.VI1.2022 (6); 29-31.VII.2022 (4).
40. Pediasia contaminella (Hibner, 1796) — 13-15.VI1.2022 (1).
MiapoauHa Acentropinae
41. Cataclysta lemnata (Linnaeus, 1758) — 13—-15.VI1.2022 (2).
MiapoawnHa Pyraustinae
42. Loxostege sticticalis (Linnaeus, 1761) — 13-15.VI1.2022
(230); 29-31.VII.2022 (150); 27.VI11.2022 (300).
43. Ecpyrrhorrhoe  rubiginalis ~ (Hubner,  1796) —
29-31.VII.2022 (8); 27.VIII.2022 (4).
44. Pyrausta rectefascialis Toll, 1936 — 29-31.VI1.2022 (1);
27.V111.2022 (3).
45. Pyrausta sanguinalis (Linnaeus,
13-15.VI1.2022 (11); 29-31.VI1.2022 (6).
46. Pyrausta aurata (Scopoli, 1763) — 13-15.VI1.2022 (2);
29-31.VI1.2022 (26).
47. Sitochroa verticalis (Linnaeus, 1758) — 13-15.VI1.2022 (2);
29-31.VI1.2022 (3).
48. Anania lancealis (Denis & Schiffermiller, 1775) —
13-15.VI1.2022 (1).
49. Anania coronata (Hufnagel, 1767) — 13-15.VI1.2022 (1).
50. Anania hortulata (Linnaeus, 1758) — 13-15.VI1.2022 (5).
51. Ostrinia nubilalis (Hubner, 1796) — 13-15.VI1.2022 (11);
29-31.VI1.2022 (2).
52. Paratalanta hyalinalis (Hibner, 1796) — 13—-15.VI1.2022 (5).
MippoauHa Spilomelinae
53. Patania ruralis (Scopoli, 1763) — 13-15.VIl.2022 (4);
29-31.VII.2022 (2); 27.VIII.2022 (2).
54.Mecyna flavalis (Denis & Schiffermiller, 1775) —
13-15.VI1.2022 (3); 27.VII1.2022 (6).
55. Nomophila noctuella (Denis & Schiffermiller, 1775) —
27.VII1.2022 (2).
[Ounckycisa i BACHOBKMN
Y 2022 p. nig 4ac pocnigkeHb Ha TepuTopil npu-
poAHoro 3anoBigHvKa "MuxawniBcbka LinuHa" 6yno sibpaHo
36 ocobuH BorHiBok. Cepen HUX ineHTudikoBaHo 55 Buais,
Wo HamnexaTtb 00 2 poauH i 8 migpoanH. Ocobnuey yBary
npvBepTae Te, WO nonepeaHii cnucok dayHn 6yno
aonoBHeHo pABoMa Buagamu: Clasperopsis fumella Ta
Acrobasis sodalella. Lli Buan paHiwe peectpyBanu nuviie Ha
niBaHi Ykpainu i ixHe BusiBneHHs Ha Teputopii Cymcbkoi obraci,
iMOBIPHO, CBIYMTbL MPO PO3LLUMPEHHS apearny LMX BULB.
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dayHa BOrHiBOK NPUPOAHOro 3anosigHuka “"Mwuxain-
NiBCbKa UiNMHA" HUHI BBa)XaeTbCA A0BOMI [JOCHIAXKEHOL0.
Ha uen yac cknageHo oAuviH i3 HangeTanbHILUKMX CMUCKIB
BMAIB, LLO OXOMNMIOE TEPUTOPID MiBHIYHO-CXIAHOT YKpaiHu.
OpHak, HaBiTb MpU BUCOKOMY PiBHi 3HaHb MPO BMOOBUWA
cknapg, iCHylOTb CEepro3sHi BUKNWKWM ONa  30epexeHHs
BiopisHOMaHITTA Uiei TepuTOpi.

3annaHoBaHi poboTK 3 opraHisadii 3anoBigHuKa, Taki sk
3MEHLLEHHsI NMOPOCTi AepeB i BUAaneHHs nicocmyr, BiporigHo,
npu3BenyTb 40 3HWXEHHS GiopidHOMaHITTA. 3 iHworo Goky,
noparnblle 3apoCTaHHA CTeny YarapHukamv n gepeBamu
TaKoX MO)Ke NPU3BECTWN A0 BTPATU XapakTEPHUX CTEMOBUX
ekocucTtem, o 3abesnevyoTb iCHyBaHHA GaraTbOx BuAiB
KOMax, 30KpemMa INyCKOKpUnmx. Taki 3MiHU MOXYTb HEraTMBHO
BMIMHYTM HA YUCENbHICTb | BWOOBUWA CKIad METENUKIB,
30KpeMa TuX, i TICHO NOB'A3aHi 3i CTENOBOK POCIIMHHICTHO.

[nsi 3anobiraHHA noAanbLIOMy 3aniCHEHHIO 3anoBigHOT
TepuTopii MM BBaXaeMoO AOUiNbHUM YNpoBafXeHHS psagy
NPUPOLOOXOPOHHUX 3axoaiB. [1o HUX Hanexarb:

1. MNepioguyHe BUKOLLYBaHHS CTENOBUX AiNSIHOK, SKi Le
36epiratoTbecs, AN NIATPUMAaHHS IXHbOI BiOKPUTOI CTPYKTYPMU.

2. MomipHuin BUNac Benukoi poraToi Xyaobw, Lo cnpus-
TMME CTPUMMYBaHHIO PO3POCTaHHS AEePEB i YarapHUKIB.

3. Banyck Aguvkoi nonynsuii BEMUKMX KOMWUTHUX TBAapuH
Ha TepuTopilo 3anoBigHWKa, i3 3abe3neyeHHsM yMOB Ansi
TXHBOIO MPOXMBAHHS.

4. KoHTponboBaHe BUNantoBaHHsi OKPEMUX AiNsiHOK cTeny
BOCEHMU, WO € TpaguuitHMM METOA4OM MigTPMMAaHHSA PiBHO-
Baru y CTernoBux eKocucTemax.

Ha »anb, 3acToCyBaHHsI BULLE3a3HAYEHMX METOAIB Ha
CbOrofHi YHeMOXNuBIieHe 4Yepe3 obmexeHHsl, nepenba-
YeHi YMHHUM MNPMPOLOOXOPOHHUM 3AaKOHOAABCTBOM, SKE
3abopoHsie NoAibHi BTpyYaHHA Ha TepuTopii 3anoBigHWMKIB.
Lle cTBOptoe ceprnosHi nepenoHu Ans eeKTMBHOro ynpas-
niHHA ekocucTemMamu Ta 306epexeHHs1 iXHboro GiopisHo-
MaHITTS. Y 3B'A3KY 3 UMM HEOOXiAHO NepernsHyT! NpaBoBi
HOPMM OO0 OXOPOHWU MPUPOAN, 3 ypaxyBaHHAM CydYaCHUX
HayKOBUX MNigXOAIB A0 YNpaemniHHA NPUPOAHUMMU TEpUTO-
pismu. Takun nigxig A403BONMB 6M edekTUBHILE 3abesne-
yyBaTM 30EpexeHHs YHiKanbHUX €eKOCUCTEM CTeny Ta
CMpUATY BiZHOBMEHHIO IX NMPUPOAHOI AMHAMIKW.
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RESULTS OF THE STUDY OF THE LIGHT FLY FAUNA (LEPIDOPTERA, PYRALOIDEA)
OF THE "MYKHAYLIVSKA TSILINA" NATURE RESERVE IN 2022

Background. Studies of the nocturnal Lepidoptera fauna of the Mykhailivska Tsilyna reserve were fragmentary until 2000. The species
composition of most butterflies groups still remain unexplored on this territory. In addition to the butterflies of the bombycoid complex the fauna of
only Pyralidae family has been studied in detail on the territory of the reserve. Studies of pyralids species composition on the Mykhailivska Tsilyna
territory began in 2002 and continue to this day (Govorun, 2009; Govorun, 2018; Govorun, 2020; Govorun, 2020a; Govorun, 2023; Govorun,
Parkhomenko, 2003; Nadvorny, 1993). The paper presents a general list of registered Pyralidae species and the results of its study in 2022.

Methods.The moths were collected during three trips: July 13-15, July 29-31, August 27-28, 2022, in Velyki Luky village (in the area of the
reserve's field office, 50°44'44"N, 34°9'48"E), as well as in the steppe area (50°44'53.7"N, 34°10'55.7"E). With the onset of dusk, one or two 250 W
mercury arc lamps were turned on, fixed at a height of 2-2.5 m from the soil surface against the background of white screens. The caught
butterflies were immediately placed in mordants filled with ethyl acetate. At dawn, the lights were turned off. Insects were mounted on
entomological needles or placed in mattresses for further identification.

Results.A total of 367 fireflies were collected in the reserve during the year. In total, 55 Pyralidae species from 2 families and 8 subfamilies
were discovered in 2022. Materials from previous years that were not included in previous publications were also processed.

Conclusions. The work planned in the territory organization project to reduce tree cover and remove forest belts will likely lead to a
biodiversity decrease on this territory. At the same time, further overgrowth of the steppe will reduce the butterfly species number, the development
of which is associated with steppe vegetation. In our opinion, it is necessary to stop and prevent further afforestation of the reserve territory. This
can be done by applying one of the following methods: periodic mowing of steppe areas that are still preserved; moderate grazing of cattle;
introduction into the territory and provision of living conditions for a wild population of large ungulates; periodic controlled burning of individual
areas in the fall.

Keywords: protected areas, fauna, long-term research, Lepidoptera.
ABTOp 3asiBNsie Npo BiACYTHICTb KOHGNIKTY iHTepeciB. CnoHcopy He Gpanu y4yacTi B po3pobreHHi focnigkeHHs; y 36opi, aHanisi um
iHTepnpeTauii AaHWUX; y HaNnMCaHHi PyKONuCy; y pilleHHi Npo nyGrnikauito pe3ynbTaris.

The author declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses or
interpretation of data; in the writing of the manuscript; or in the decision to publish the results.

ISSN 1728-3817 (Print), ISSN 2308-8036 (Online)



BIONOrIA. 1(100)/2025 ~39 -~

YOK 616-001: 577.125.8
DOI: https://doi.org/10.17721/1728.2748.2025.100.39-43

Karepuna OBOPLUEHKO, a-p Gion. Hayk

ORCID ID: 0000-0003-3118-9355

e-mail: kateryna.dvorshchenko@knu.ua

KuiBcbkuit HauioHanbHUM yHiBepcuteT iMeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

Opin TYFTAPOB, acn.
ORCID ID: 0000-0002-1583-6279
KuiBcbkui HauioHanbHUM yHiBepcuTteT iMeHi Tapaca LleBuyeHka, KuiB, YkpaiHa

IHTEHCUBHICTb BUIbHOPAOAUKAJIbHUX NMPOLLECIB Y NMNA3MI KPOBI KOMEATAHTIB
nicns 6OMoOBOi TPABMU ONMOPHO-PYXOBOIO AMNAPATY

B cTyn. YHacnidok noeHomacwma6bHoi eiliHu e YkpaiHi, ujo po3novanacb 3 2022 p., 6azamo silicbkosocyxb6osuie 3a3Haniu
HezamueHO20 ennuey pi3Hux ¢gpakmopie 6olioeoi OdissnbHOocmi. BukopucmaHHs1 eucokomexHiyHuUx 3acobie ma iHHoeauiliHux
mexHousozili eedeHHs1 6010 CMIPUYUHIOE 8UCOKULU pieeHb ompuMaHHsi 60liogux mpaem OMOPHO-PyXx0eo020 anapamy Kombamah-
mamu. Ocobnueoi akmyanbHocmi Habysae eue4YeHHs1 nepebicy paHoeoz20 npouecy ma cmpameeii io2o0 eghekmueHO20
niKkyeaHHs1. Bi0 yboz2o 3anexums weudkicmb o0yXaHHs1 nauieHmie i 3anobicaHHsi po3euMKy Micueeux ma cucmeMHUXx
ycKknalOHeHb, M108'si3aHUX 3 MaKuMu NMOopPaHeHHsIMU. YPaXXeHHs1 MKaHUH i pO3eUMOK @ HUX 3arnaJsieHHs1 noe'sa3aHi 3 nopyweHHsIM
OKUCHO-aHmMuokcudaHmMHoi pieHoeaau e opzaHi3mi. Lje npuzeodums 3o po3eumKy OKUCHO20 cmpecy U yWwKoOXeHHs1 6ionoziy-
Hux monekyn. Tomy memoro pobomu 6yn0 eu3Hayumu iHMeHcueHicmb einbHopadukKanbHUX npouyecie y nna3mi Kpoei
kom6amaHmie nicnsi 6olioeoi mpaeMu OrMopHO-pyxoeo20 anapamy.

MeTopawu. Yci yyuacHuku docnidxeHHss Hadani 6ynu po3nodineHi Ha dei ekcriepuMeHmMarsbHi 2pynu, cepedHil eik nauyieHmie e
KOXHIl 2pyni 6ye odHakoeum. [o nepwoi epynu (n= 10) eknoyeHo ymoeHo 30opoeux stodel. Apyea epyna (n = 10) — nayieHmu 3
8ozHenanbHUM fnopaHeHHsIM cyarioby. Y nna3mi kpoei nayieHmie eusHavaniu KOHUeHmMpauito cyrnepokcuGHo20 padukaiy, 2i0poz2eH
nepokcudy, dicHosux KoH'to2amie, TBK-akmueHux cnonyk i wughghogux ocHO8 3a2asIbHONMPUUHAMUMU 6ioXiMiYHUMU Memodamu.
0O6pobKy pe3ynbmamie 0ocidXeHHs1 MPo8odusu 3a2allbHONPUUHAMUMU Memodamu eapiauyiliHoi cmamucmuku.

Pe3ynbTaTtu. Y xo0i npoeedeHux HaMu ekcriepumeHmarnbHuUx docioxeHb 6y/10 nokaszaHo, w0 y nia3mi kpoei nayieHmie
3 60liog0l0 MPasMoI0 OMOPHO-PYX0B020 anapamy 3POCmae ymeopeHHs cyrnepokcudHoz2o padukany — y 2,6 paza ma 2idpozeH
nepokcudy — y 2,3 pasa 8iOHOCHO rNoKa3HUKie a2pynu ymoeHo 30doposux stodell. 3a yux camux eKkcriepumMeHmasibHuUx ymos
eusiesieHo 36inbweHHs1 NPodyKmie NepeKucHO20 OKUCHEHHS Jninidie: dieHoeux KoH'to2amie — y 2,7 pa3a, TbK-akmueHux cnonyk —
y 2,5 paza ma wugbghosux ocHoe — y 2,4 pa3a nopieHIHO 3 YyMOBHO 300P0O8UMU JIFOObMU.

B v cHoBku. OmpumaHi pesynbmamu ceid4ams Npo po3eUMOK OKUCHO20 cmpecy y nna3mi Kkpoei nayieHmie 3 6oliogoro
mpaeMoro OTOPHO-Pyx08020 arnapamy.

Knwo4yoBi cnoBa: 6olioea mpagma, ormopHo-pyxosul anapam, nia3mMa Kpoei, 8inbHi padukau, nepeKucHe OKUCHEHHS ninidie.

Bctyn

Y xoai eckanauii KOHGNIKTY Mix YKpaiHoto Ta Pociiich-
koto depepauieto (PP), akuii TpmBas i3 Pi3HOI IHTEHCUB-
HicTio i3 2014 p., y moTomy 2022 p. Pocig novana noBHo-
mMacwTabHy BiMHY Ha yKpaiHCbkui Teputopii (Fonosko,
2023; Sakwa, 2015). Y cykynHocTi, BintHa Mae rnuboki Ta
CKMagHi HacnigkM nns 340poB's | XUTTS nogen, ans
€KOHOMIiKM, MOMITUKM M iHLWMX CycninbHMX obnacten sk B
YkpaiHi, Tak i B ycboMy cBiTi. Y XXI CT. y 3B'A3Ky 3 aKTuB-
HUM PO3BUTKOM HayKu i TEXHIKM Ha 030POEHHS apMiit npo-
BiHWX KpaiH CBITY MOCTINHO HaAXoAsATb AKICHO HOBI BUCOKO-
TEXHOMOTiYHI 3pas3kn BINCLKOBOI TexHiku 1N obnagHaHHS.
Tomy Ha CcbOorogHi y BOEHHOMY KOH@MIKTI MiX YKpaiHow Ta
P® cnoctepiraetbcsa CTillka TeHAEHLUiss OO 3aCTOCYBaHHS
iHHOBaLiiHMX bopM, cnocobiB, MeToAiB | TEXHOMNOTiN Beae-
HHA OonoBux i (Fipik, & KupuaoH, 2024). BTOprHeHHs
pociicbkux 3arapbHukiB B YKpaiHy TpvBae ynpoaoBX TpboX
pOkKiB, TOMy HawWbinbl MOMITHUMW Hacnigkamu uux Ain €
3pOCTaHHSA KiNbKOCTi TPaBMOBaHWX roden, ocobnmeo cepes
BillCbKOBMX. Ha cborogHi 0cobnumBoi akTyanbHOCTi HabyBae
BMBYEHHA nepebiry paHOBOro npouecy Ta crpaTerii noro
edeKTMBHOro nikyBaHHS, WO € nepegyMoBOIO Npodinak-
TUKM MICLEBMX | CUCTEMHMX YCKMNafHEeHb, MOB'A3aHMX 3
TakMMu nopaHeHHamu. CydvacHa GoroBa TpaBma, ocobnu-
BO MpW BaXKuX nopaHeHHsX, notpebye Tpusanoro nepiogy
nikyBaHHs Ta peabiniTauii (JeHuctok Ta iH., 2022).:

[ocTtpa 6oroBa TpaBmMa € NEPBUMHHMM YLUKOAXEHHSAM
TKaHWH, Micnsi Yyoro BiaOyBaeTbCA BTOPWMHHE (NOCTTpaBMa-
TUYHE) YLIKODKEHHS KMITUH, WO € NPsSMMM Hacnigkom isio-
NOriYHOI peakuii Ha NepBUHHE YyLIKomkeHHs. OTxe, YacTuHa
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NMEPBVHHO MOLLKOMKEHUX KIITUH TMHE oApasy, a iHLWi BTO-
PWHHO YLUKOKEHI KNiTUHW, WO MakTb HEe3HayHi ynbTpa-
CTPYKTYPHi 3MiHW, MMHYTb noBinbHiwe (Iyp'es, TaHacieHko,
& [epkay, 2024). Baxnuee micue cepef nopaHeHb 3anm-
atoTb GOMOBI YLLIKOAXEHHS OMOPHO-PYXOBOro anapata. MNpwu
NOPATYHKY XWUTTSA CMOYaTKy NOPaHEHU OTPUMYE XipypridHy
A0MNoMory, NOTiM rofoBHOK 3afaveto MeauyHoi cryou € Big-
HOBMEHHS YLUKODKEHUX OpraHiB i yHKLI ONMOPHO-PYXOBOro

anapaty (Poroecbkui, N'ymeHtok, & Caontok, 2022).
BioxiMiyHI nokasHWKK GionoriYHMX piavH, 30KpeMa KpoBi,
[alTb 3MOTY OUHUTM CTaH Takmx nNauieHTiB N edeKTuB-
HICTb IXHBOro NoAanblIOro nikyBaHHsA. [JO Takux KpuTepiiB
BiAHOCSTb GioXiMi4HI NapamMeTpy OKUCHO-aHTUOKCUMOAHTHOI
cuctemn. BigomMo, WO ypaXeHHS TKaHWH i PO3BUTOK Y HUX
3ananeHHsa noe'asaHi 3i 36iNbLIEHHAM YTBOPEHHS BiNbHUX
paavkanis, 3okpema akTuBHMX dopm KucHio (ADK). OkucHe
noLuKoaXeHHs knitnH APK BiabyBaeTbca BHAcnigok nosep-
HEHHA nepdy3ii Ta KNCHIO0 Y NEPBUHHO TNOKCUYHI TpaBMo-
BaHi AinsHkm (nig vyac penepdysii) (de Carvalho, Corsini, &
Hermes, 2023; Kumar, Gupta, A., & Gupta, A., 2020). BinbHi
pagukanu aTakyloTb OCHOBHI GionoriyHi Makpomonekynu,
LLIO NPU3BOAUTL 40 MOLUKOAXKEHHS KIiTWUH | rOMeoCcTaTUYHMX
nopyLeHb. AHTUOKCMAAHTHA CUCTEMa CTOITb Ha 3aXMUCTi
HaLLIOro opraHiamy Bif, HaAMIPHOI KiNbKOCTI BiflbHUX pagvkanis,
YTBOPEHHSA SAKUX 3pocTae npu natonorii. Ha >anb, npu-
TpmBanomy nigBULLEHHI KOHLUEHTpauil BiNbHUX pagukanis
BiAOYyBaETLCA BUCHAXXEHHS PE3EPBHUX MOXITMBOCTEN aHTU-
OKCMAAHTHOI cuctemn. HepgoctaTHicTb ii po6oTu nocu-
noe TokcnyHy gito APK, Lo CNPpUYNHAE OKUCHE MOLLKO-
DXKEHHSI  XXWUTTEBO BaXNMBUX  KNITUHHUX  Giomonekyn.
© OBopuweHko KaTepuHa, Tyrapos HOpin, 2025
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Lle nepelkogxae iM BMKOHyBaTWM CBOi MOYATKOBI (PyHKLi
(Demirci-Cekic et al., 2022).

Jlinign € OCHOBHMMW MOSEKYNAPHUMM MilLeHAMU ANnd
BiNbHMX pagukanis. Ocobnueo Bpasnueummn o atakm AOGK
€ MeMOpaHHi CTPYKTYpU KNiTWH, A0 CKNagy SIKMX BXOAATb
ninign. BinbHi pagukanu iHiLjoloTb Y MembpaHax Ta opraHenax
npoLLecx NepeKkMCcHOro ok1cneHHs ninigis (Xie et al., 2023).

MeToto po6oTn 6yno BU3HAYNTU iIHTEHCUBHICTb BiflbHO-
pagukanbHUX NpPoLeciB y nnasmMi KpoBi komGaTaHTIB nicns
601oBOI TpaBMM ONOPHO-PYXOBOro anapaTy.

MeToau

Y pocnigxeHHi 6panu yyactb 20 nauieHTiB: 4ONoBikM
(cepenHin Bik ctaHoBUB 40 pokiB), siki nepebyBanu Ha cTa-
LioHapHoMy abo ambynaTopHOMY NikyBaHHI B opToneauy-
HOMY cneujanisoBaHoMy Meau4HoMy LeHTpi "OpTokniHika"
(M. TepHoninb, Ykpaina). Y 10-nb nauieHTiB Ha nigcTasi
KNiHIYHMX | PEHTITEeHONOriYHMX KpUTepiiB Oyno BCTaHOBNEHO
AiarHo3 "BorHenanbHe MopaHeHHs1 cyrnoby”. Ha eTani Big-
6opy BciM XBOpMM npoBoaunacsa peHTreHorpadis cyrnobis
y NpsaMin (nepenHbO3aaHiln) Ta OOKOBIN NPOEKLAX.

Yci yyacHukM JocnigxeHHss Hagani Oynm posnogineHi
Ha [Bi eKcnepuMeHTanbHi rpynu, cepeaHii Bik nauieHTiB y
KOXHin rpyni 6ys ogHakosum. [o nepwoi rpynu (n =10)
BKIIOYEHO YMOBHO 340poBux ntogen. [pyra rpyna (n = 10) —
nawuieHTn 3 BorHenanbHWM nopaHeHHAM cyrnoby. Yci yyac-
HUKK, SIKi JOOPOBINBLHO MOroAMNUCS B3SITU y4yacTb y OOCHi-
OXEeHHi, o3Hamomunuca W nignucanu BiANoOBIAHY opMy
iHdbopmoBaHoi 3rogn. [ocnigXeHHs BUKOHAHO 3 LOTpU-
MaHHSIM OCHOBHMX MONOXeHb "MMpaBun eTUYHMX NPUHLMNIB
NPOBEeAEeHHS HAayKOBUX MEAMYHMX OOCHIMKEHb 3a yyacTio
nogunHn',  3atBepaxeHux [enbCiHCbKOW — Aeknapadiero
(1964-2013 pp.), ICH GCP (1996 p.), Oupektusn E€EC
Ne 609 (Big 24.11.1986 p.), HakasiB MO3 YkpaiHu Ne 690
Big 23.09.2009 p., Ne 944 Bign 14.12.2009 p., Ne 616 Big
03.08.2012 p. Ta cxBaneHi KomiteTom 3 €TMku Megu4Horo
ueHTpy "OpTokniHika" (M. TepHoninb, YkpaiHa). YxuTi BCi
3axoam Ansa 3abesneyvyeHHss aHOHIMHOCTI nauieHTiB. Yci
yyYacHuKW, ki JOOpOBINbHO MOrogMnmMcs B3STW yyacTb Y
DOCNiMKEHHI, O3HaNoOMUIUCA 1 nignucanun BignoBiaHy dopmy
iHpopmoBaHoi 3roan. [ocnigXeHHs BWMKOHAHO 3 JOTpu-
MaHHSIM OCHOBHMX MONOXeHb "lNpaBur eTUYHMX NPUHLMNIB
NPOBEAEHHA HAyKOBUX MEAMYHUX OOCHiQXKEeHb 3a y4yacTio
noguHn",  3aTBepakeHux [enbCiHCbKOK — Aeknapadieto
(1964-2013 pp.), ICH GCP (1996 p.), OAupektnen E€EC
Ne 609 (Big 24.11.1986 p.), Haka3iB MO3 YkpaiHn Ne 690
Big 23.09.2009 p., Ne 944 Big 14.12.2009 p., Ne 616 Big
03.08.2012 p. Ta cxBaneHi KomiteTom 3 eTukn MeauMyHOro
ueHTpy "OpTokniHika" (M. TepHoninb, YkpaiHa). Bxwuti BCi
3axoam ona 3abesneyeHHs1 aHOHIMHOCTI NaLieHTiB.

3abip GionoriyHoro maTepiany nposoauBcs Ha 6asi crevja-
nisoBaHoOro MeguyHoro ueHTpy "OpTokniHika", M. TepHoninb.

KpoB oTprmyBanu NyHKUI€ELO i3 NiKTbOBOI BEHW NauieHTa HaTLe
Ta nepeHocunu y npobipky. Mnasmy KpoBi oTpumyBanu
LASIXOM LeHTpudyrysaHHsa npotarom 15 xB npu 2000 g.

KoHLEeHTpaLito cynepokcMaHOro paauvkany OuiHioBanu 3a
Bmictom XTT-chopmasaHy (Able, & Guest, 1998). KoHueHT-
pauilo mepokcugy BOAHIO BUMIpOBanuM B cuctemi copbiT-
kcuneHon-oparwx (Jiang, Woollard, & Wolff, 1990). Bmict
OiEHOBKX KOH'lOraTiB BM3HAYanu B renTaH-i3ornponaHosibHOMY
eKCTpakTi cnekTtpodoTtomeTpmyHum Metogom (Corongiu,
& Banni, 1994), wunddoBmx ocHOB — bryopMMeTpUYHNM
MeToaoMm (Shimasaki, 1994). Ymict TBK-akTmBHMX NpoayKTiB —
3a peakuieto i3 TiobapbiTyposoto kucnotot (TBK) (Rowley
et al.,, 1984). BusHaueHHs1 koHUeHTpaUii binka npoBeaeHo
3a meTtogom Jloypi (Lowry et al.,, 1951). OTpumaHi paHi
TecTyBanu Ha HopMmarbHe pO3MNOAiNeHHsS 3a JO0MOMOro
Tecty Wanipo-Binka 3 BUKOPUCTAHHAM MpPOrpamMHOro nakety
"GraphPad Prism 8.4.3" ("GraphPad Software Inc.", CLLA).
Mopanbwmnin  06paxyHOK pesynbTaTiB  3AilcHIOBanu 3a
aonomoroto H-kputepito Kpyckana-Yonnica i3 noct-tectom
[aHHa Ta npeactaBnanu y Burnsagi cepegHbLoro apugme-
TUYHOrO * cTaHgapTHa noxubka cepeaHboro. PesynbtaTu
BBakanu 3HadyLimmu, konm p < 0,05.

PesynbTtaTtun

EHporeHHi Ta disionoriyHi A®K B ocHoBHOMY BUpoGns-
I0TbCA  AK MOBIYHI NPOAYKTM HOPMAanbHOrO  KMiTUHHOTO
meTaboniamy. BinbHi pagukanu, ocobnuso A®PK, 6epyTb
yyacTb y OGaratbox ¢isionoriyHMx npouecax, Takux $K
nepegava KriTMHHOIO curHany, iMyHHUIA 3axucT i romeocTas
TKaHWH, Ta BUSBNAIOTb Pi3Hi BionorivHi yHKUii 3anexHo
Bif iXHbOT KOHUeHTpaLuji. Ane y 6ionoriyHux cuctemax AOK
BiAirpatoTb NoABiIVHY porb, i NpY 3ananbHUX Ta AereHepa-
TUBHUX NpoLecax BOHM MOYUHAKTb HAKOMWYyBaTUCb Y
HaaMIpHIM KiNbKoCTi. AKLWO BifbHI pagukanu nepeBuLLyoTb
30aTHICTb OpraHiamy perynioBaTti ixX, BUHMKAE CTaH, Bigo-
MU 9K OKUCHMI cTpec. 3a Takux YyMOB BiNbHi pagvkanu
HeraTMBHO 3MiHIOIOTb CTPYKTYpY Monekyn ninigis, 6inkis i
OHK, wo Buknukae Hu3ky natonorii (Bolduc, Collins,
& Loeser, 2019; Zhu et al., 2023).

Micnsa TpaBMaTUYHUX YLLKOMXEHb XPALLOBI 1 KICTKOBI KIi-
TWUHW NigdaTbCa BMAMMBY Pi3HMX NaTodi3ioNoriyHMX media-
TopiB, Bkmtovatoun ADPK (Wang et al., 2023). IHTEHCUBHICTb
X YTBOPEHHSI MW OLHIOBanNM 3a BU3HAYEHHSAM KOHLEHTpauil
CyNepoKCUAHOro paavikana Ta rigporeH nepokcuay.

MpoaeMoHCTpOBaHO, WO Y nauieHTiB i3 601M0BO TpaB-
MOt cyrnobiB, y nra3mi KpoBi KOHLEHTpaLis Ccynepokcua-
HOro pagukany 3pocTtae y 2,6 pasa MOPIBHSAHO i3 rpynoto
YMOBHO 30pOBUX Ntogew (Tabn. 1). BuasneHo, Wwo 3a aaHnx
eKCnepuMeHTarnbHUX YMOB Yy Mra3Mi KpOBi KOHLIEHTpauis
rigporeH nepokcugy 36inblyeTbest y 2,3 pa3a BiAHOCHO
LbOro NMoKasHWka B rpyni, WO CTaHOBWUIM YMOBHO 340pOBI
nauieHtu (tabn. 1).

Ta6bnuys 1

KoHueHTpauia akTuBHMX hopm KUCHIO y Nna3Mi KpoBi gocnigHux rpyn, (M + m)

MokasHwuk
pynu nogewn

CynepoKkcuaHuiA pagyikan,
MKMOnb XTT-cpopmasaHy x mr Ginka™

llpporeH nepokcuay,
MKMOnb X Mr Ginka™

YmoBHo 3g0posi (n = 10)

0,47 £ 0,04

0,28 £0,02

Bovioea TpaBma (n = 10)

1,23+0,11

0,65 + 0,06"

* — p < 0,05 BiGHOCHO KOHTPOTO.

Cynepokcua € NepBuMHHUM pagukanoMm, KM yTBOPHo-
€TbCS, KONMW MOMeKyna KUCHIO OTPUMYE OAMH EeneKTPOoH
yepe3 epmeHTaTUBHI abo HedepMeHTaTUBHI peakLii.
CynepokcugHuii pagukan 3bepirae TepMognHaMiuHy peak-
LifHy 30aTHICTb MONeKynu KUCHio 6e3 KiHeTU4Hux obme-

ISSN 1728-3817 (Print), ISSN 2308-8036 (Online)

XEeHb; BiH pearye B paguvKanbHUX NaHLIOTOBMX peakuisx,
YTBOPIOOYN HLIWA pagukan Ha koxHomy etani. Cynep-
OKCWA Nerko nepeTBoproeTbCA Ha iHWi APK, Wwo ycknagHoe
OLIiHKY MOro BHECKY B iHAMBIAyanbHy eTionorito (Yamacita-
Borin et al., 2015, Fujii, Homma, & Osaki, 2022). Cepep
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peakuinHO30aTHUX PEeYvYoBUH rigporeH nepokcuay BiflbHO
OndyHAaye | Mae BiQHOCHO LOBrMin Yac HaniBxuTTa. BiH gie
AK cnNabknin OKMCIIoBayY, a TakoX BiAHOBHUK; OOHaK BiH He
OyXe peakuinHo3gaTHWiA, ane € nonepeaHukom GaraTbox
iHWMX ADK. Y GinblIOCTi NOWKOAXEHb KNITUHU LA MOMEKy-
na, 9K Bigomo, Bigirpae HenpsaMy ponb. OaHUM i3 HarBax-
NUBILLMX NPOAYKTIB € YTBOPEHHS Binbll peakuiniHo3aaTHOro
rigpokcunsHoro pagukana (‘OH) y npucyTHocTi ioHiB nepe-
XioHUX MeTanie, Takux Ak Fe?*, 3a pgonomorow peakuii
deHTOHa (Liu et al., 2021; Bolduc, Collins, & Loeser, 2019).

OTpumaHi Hamu pesynbTaTv NIATBEPAXYOTb, WO nig,
yac MNOCTriNOKCKMYHOI penepdysii YTBOPHETLCA HaaMipHa
KINbKICTb BiNbHUX pagukanis, OTPUMAHUX i3 KMCHIO. OCKinbKu
B TakoMy pasi dopmyeTbea binblia Kinbkictb APK, Hix
MOXHa X HeWTpanisyBatu 3a [OMNOMOrO0 CUCTEMMU aHTU-

OKCWMAAHTHOrO 3axuCTy OpraHiamy, BifbOyBa€eTbCs yparKeHHs
GionoriyHMx Morekyrn i MOLIKOMKEHHS TkaHWH (Sun et al., 2018).

Tomy Ha HacTymHOMy eTani Hawwux gocnimkeHb 6yno
npoBefeHO BU3HAYeHHs BMICTYy NpoAyKTiB NinigHOT nepok-
cupadii y nnasmi kposi nogen. BusHayanu nokasHukm nep-
BMHHMX npodykTie MOJT — fieHoBi KOH'lorath, NPOMIKHUX
npoayktis MOJ1 — TBK-akTuBHI cnonyku, ronoBHWM npea-
CTaBHMKOM SIKMX € MarioHOBMI diangerig, Ta KiHueBMx npo-
naykTiB MOJ — wnddoBi ocHOBW.

YcTaHoBMEHO, WO Yy rpyni nauieHTtiB 3 601ioBOO TpaB-
Moto cyrno6iB, y nna3mi KpoBi KoHUeHTpauis npoaykTtis MO/
3pocTae: AieHoBUX KoH'toraTtiB — y 2,7 pasa, TbBK-akTnBHNX
cnonyk — y 2,5 pasa Tta wndpdoBux ocHoB — y 2,4 pasa
MOPIBHAHO 3 YMOBHO 340POBUMW MoAbMU (Tabn. 2).

Tabnuys 2
KoHueHTpauis npoayKTiB NepekKucHOro oKMCHeHHs niniaiB y nnasmi kposi gocnigHux rpyn, (M = m)
Fpynu niopei YMOBHO 340pOBI BovioBa TpaBma
Moka3Hwuk (n=10) (n=10)
[ieHoBi KoH'loraTn, Mmonb x it 16,94 + 1,52 45,23 + 4,33
TBK-aKkTuBHi NnpogykT, MMonb % it 3,68 £ 0,36 9,21 +0,87
Lndpdposi ocHoBw, yM. of. % it 1,62 +0,15 3,83 +0,36"

* — p < 0,05 BiGHOCHO KOHTPONIO.

OTpvMaHi Hamu pesynbTaTv JOCNIMKEHb CBiAYaTb Npo
BMCOKY LUBUAKICTb NPOLECIB NEPEKNCHOrO OKUCIEHHS nini-
[iB y nnasmi KpoBi MaujieHTiB i3 6oroBolo TpaBmoto. 3a Ta-
KMX TOKCUYHMX YMOB CTYMiHb OKWMCHOIO MOLLKOXEHHS Bio-
NOriYHUX MOMEeKyn nepeBuLLye 34aTHICTb 40 BiAHOBIEHHS,
IO MPU3BOAUTbL [0 MOSEKYIAPHOro MOLLKOKEHHSA Gioro-
MYHUX TKAHWH i PiAWH OpraHiamy, a ue, y CBOI Yepry, Moxe
CMPUSTN PO3BUTKY PiI3HNX NATOSMOMYHUX CTaHIB. TakoX BUSIB-
neHe 306inNblUEHHS MPOAYKTIB OKWCHEHHSI NinigiB y KpoBi
cnpusie 3ananeHHIo CyavH i € 6inbLu iMOBIPHUM, SKLWO Npu-
CyTHE cucTemHe 3ananeHHs (Garcia-Sanchez, Miranda-
Diaz, & Cardona-Mufioz, 2020; Muniz-Santos et al., 2023).

Ouckycis i BUCHOBKMK

B xogi npoBegeHux Hamu exkcnepuMeHTarnbHUX AocHi-
[>KeHb YCTaHOBIMEHO PO3BUTOK OKUCHOrO CTpecy Yy nnasmi
KPOBi MauieHTiB 3 OOMOBOK TPaBMOK OMOPHO-PYXOBOMO
anapary, npo L0 CBiAYUTb iHTeHCUikauis yTBopeHHss ADK
(cynepokcugHoro pagukany W rigporeH nepokcugy) Ta
npoayktie MOJ1 (gieHoBux KoH'toratiB, TEK-akTuBHMX cro-
nyk i wundpdomx ocHoB). [lOCTiMHWIA OKMUCNOBaNbHUN
CTPEC MOXe MPU3BECTU 4O XPOHIYHOrO 3anarneHHsl, sike, Yy
CBOIK 4epry, Moxe cTaTu nocepegHvKoM BinbLiocTi xpo-
HIYHMX 3axBOptoBaHb. TOMy iHTeHcudikaLis BinbHOpaaukans-
HUX MPOLECIB Y KPOBi € MExaHiaMOM, WO cnpusie GinbLu
BaXkkoMy nepebiry BorHenanbHOi 6GO0MOBOI TpaBmM, sKa
MOXe NPU3BECTU [0 PO3BUTKY PSAAY YCKNaaHEHb.

BHecok aBTopiB: KaTepuHa [JBOpLLEHKO — KOHLenTyanisauis,
peparyBaHHs ctaTTi; KOpi TyrapoB — aHania mxepen, nigrotoska
ornagy nitepatypu, oTpUMaHHA AaHUX, HAanNUCaHHS cTaTTi.
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INTENSITY OF FREE RADICAL PROCESSES IN THE BLOOD PLASMA OF COMBATANTS
AFTER COMBAT INJURY OF THE MUSCULOSKOLE SYSTEM

Background.As aresult of the full-scale war in Ukraine, which began in 2022, many servicemen have been negatively affected by various
factors of combat activity. The use of high-tech means and innovative technologies of combat leads to a high level of combat injuries of the
musculoskeletal system by combatants. The study of the course of the wound process and the strategy for its effective treatment is of particular
relevance. The speed of recovery of patients and the prevention of the development of local and systemic complications associated with such
injuries depend on this. Tissue damage and the development of inflammation in them are associated with a violation of the oxidative-antioxidant
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balance in the body. This leads to the development of oxidative stress and damage to biological molecules. Therefore, the aim of the work was to
determine the intensity of free radical processes in the blood plasma of combatants after combat injuries of the musculoskeletal system.

Methods. All study participants were further divided into two experimental groups, the average age of patients in each group was the
same. The first group (n=10) included conditionally healthy people. The second group (n =10) — patients with gunshot wounds to the joint.
In the blood plasma of patients, the concentration of superoxide radical, hydrogen peroxide, diene conjugates, TBA-active compounds and
Schiff bases was determined by generally accepted biochemical methods. The results of the study were processed by generally accepted
methods of variational statistics.

Results. During the experimental studies we conducted, it was shown that in the blood plasma of patients with combat trauma of the
musculoskeletal system, the formation of superoxide radical increases by 2.6 times and hydrogen peroxide by 2.3 times compared to the indicators
of a group of conditionally healthy people. Under the same experimental conditions, an increase in lipid peroxidation products was detected: diene
conjugates by 2.7 times, TBA-active compounds by 2.5 times and Schiff bases by 2.4 times compared to conditionally healthy people.

Conclusions.The results obtained indicate the development of oxidative stress in the blood plasma of patients with combat trauma of the
musculoskeletal system.

Keywords: combattrauma, musculoskeletal system, blood plasma, free radicals, lipid peroxidation.
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AHAEPOBHI NPOLIECU EHEPFO3ABE3MNEYEHHSA IOHAKIB
PI3HUX COMATOTUMNIB HU3UHHUX PAUOHIB 3AKAPNATTHA

BcTyn. ®i3uyHe 390poe'ss ModuHuU NpuliHamo po3assidamu sik cmyniHb po3eumky aepobHoi ma aHaepobHoi cucmem
eHepzo3abe3neyeHHs1 M's130e0i disinibHocmi. Psid Haykosux AocnidxeHb yka3ye Ha HasieHicmb 8iOMiHHOocmel 3a nokasHukKamu,
sIKi Xapakmepu3syromb aHaepob6HuUll anakmamHuli ma aHaepobHul JlaKmamHull pexumu eHep2o3abe3rneyeHHsI M's130807
dissnbHocmi y oci6é pi3Hux mMopdponoziyHux munie. Llje 0OHUM YUHHUKOM, siKUl Heob6xiOHO epaxoeyeamu npu OOCNiOKeHHI
pyHKUYioHanbHUX Moxknueocmel JIIOOUHU, € pe2ioHanbHUl, OCKINbKU Ha (hyHKUYioHanbHi Mo)siusocmi sIl0OUHU ensuearomb
pieeHb 006pobymy 2pomadsiH, mpaduyii ix pez2ioHy npo)ueaHHsi, ocobsiueocmi xapvyyeaHHsl, WO XapaKmepHi Onsi neeHor
micyeeocmi, U naHowagmy. Mema JdocnidxeHHsI — ecmaHoeumu ocobsiueocmi po3eumky aHaepobGHUX rnpoyecie eHepz2o-
3abe3ne4yeHHs1 M's130801 QisiIbHOCMI 8 FOHaKie pi3HUX comamomuriie, siki IPoXuearomb y HU3UHHUX palioHax 3akapnammsi.

MeToawu. Y docnidxeHHi 83sinu ydacmsb 112 roHakie eikom 17-21 pik, siki npoxxuearome y HU3UHHUX palioHax 3akaprnammsi.
lMomyxHicmb aHaepo6HOI anmakmamHoi cucmeMu eHepzo3abesnedyeHHs1 eu3Havanu 3a 10-cekyHOHum mecmom WANT 10.
MomyxHicmb aHaepo6HOI TakmamHoi cucmemu eHepao3abe3neyeHHs1 su3Hayanu 3a 30-cekyHOHUM mecmom WANT 30. EmHicmb
aHaepob6HoOi slakmamHoi cucmemu eHepzo3abesneyeHHs1 eu3Havanu 3a 60-cekyHOHum mecmom Shogy & Cherebetin.
Comamomun eu3Ha4yanu 3a Memodom Xim-Kapmepa.

PesynbTaTtun. 3a abconmomnHumu i eiOHocHUMuU noka3Hukamu BAHT 10 i BAHT 30 Halieuw,i 3Ha4eHHs1 maromb npeod-
CcmaeHUKU Me30MOpPghHO20 ma Me30eKmoMopgHo20 comamomunie. 3a abcosmomHumu nokazHukamu BAHT 10 i BAHT 30 Huxyi
3Ha4yeHHs1 eusiesiIeHo y npedcmasHuUKie ekmomopghHo20 ma 36anaHcoeaHo20 comMamomunie. 3a 8iOHOCHUM noka3Hukom BAHT 10
3Ha4yeHHs1 npedcmasHUKie eHOOMe30MOpPghHO20 comMamomuny eipo2iOHO HuXYe 3a 3Ha4YeHHs1 npedcmasHukie ycix iHwux
comamomuniie, a 3a 8i0HOCHUM noka3Hukom BAHT 30 3Ha4eHHs1 npedcmasHuUKie eHOoMe30MopghHO20 coMamomuny eipo2iOHo
HUX)4Ye 3a 3Ha4YeHHS npedcmasHuUKie Me3oMopgHo20, Me30eKmomopgHo2o ma 36anaHcoeaHo20 comamomuriie.

3a a6bconmromHum nokasHukom MK3MP eipoz2iOHO euwi 3HaYyeHHsI ecmaHO8J/IeHO Yy npedcmasHUKie Me30eKmoMopghHO20
comamomurny eiOHOCHO npedcmaeHukie ycix iHwWux comamomurnie, a HalUHUX4i 3Ha4eHHs1 — y npedcmasHukKkie eHooMe30Mopg-
Ho20 comMamomury w000 npedcmaeHukie Me30MOpPgHO20, Me30eKmMmoMopgHo20 ma 36anaHcoeaHo2o comamomunie. 3a eid-
HOCHUM rnoka3HukoM MK3MP imoeipHO euwji 3Ha4eHHs1 éCmaHO8JIeHO y npedcmaeHuUKie Me30eKmomMopghHo20 comamomury cmo-
cosHO npedcmasHukie ekmomopgHoz20 Ui eHOoMe30MOpghHO20 comMamomuriie. IMO8ipHO HUWX4i 3HaYeHHS1 8iOHOCHO20 MoKa3HUKa
MK3MP eusieneHo y npedcmagHuKie eH0oMe30MOpgHO20 coMamomuirly Cmoco8HO npedcmasHuKie ycix iHwux comamomuriie.

BucHoBkW. fOHaku pi3HUX comamomunie, siki npo)xuealomes y HU3UHHUX palioHax 3akapnammsi, iCmomHo eidpi3Hsi-
rombcsi 3a cmyrneHeM po3eUMKYy aHaepobHux npouecie eHepzo3labesne4yeHHs1 M'si3o080i OdisnbHocmi. Haleuwi 3Ha4eHHs1
nomyxHocmi aHaepob6HUX anaKkmamHux i 1akKmamHux npouyecie eHepz2o3abesne4yeHHs1 xapakmepHi Ons npedcmasHuUKie Me30-
MOpghHO20 U Me30eKmMoMOopghHO20 coMamomuriie, y sikux GomiHye Me3omopgbisi. Halieuwi 3HavyeHHs1 eMHOcmi aHaepo6HUX
JlaKmamHux rnpouyecie eHepzao3labe3sneyeHHs1 xapakmepHi Ons npedcmasHuKie mMe3oekmomopgHo2o comamomuny. HalHwxk4i
3Ha4YeHHs1 3a &ciMa rMoka3Hukamu aHaepob6Hoi npodykmueHocmi XxapakmepHi Onsi npedcmaeHUKie eHOOMe30MOpPEHO20
comamomuny, y sikux 0omiHye eHOoMopisi.

Knwo4yoBi cnoBa: aHaepoGHa nomy)KHicmb, aHaepo6Ha €MHicmb, comamomur.

BeTtyn

di3nyHe 340poB'A MOANHU NPUAHATO PO3rnNsgaTtv siK
eHepreTUYHW MoTeHuian opraHiamy, TOOTO $K CTyniHb
po3BUTKY aepobHOi Ta aHaepobHOI cnuctem eHeprosabes-
nevyeHHs M'A30BOiI AaisnbHocTi (Larry Kenney, Wilmore,
& Costill, 2021). He 3Baxatouu Ha Te, Lo aepobHa yacTka
€HEepreTUYHOro noTeHuiany 3anmae O6inblly YacTuHy
3aranbHOr0 €HepreTMYHOro MoTeHuiany MAWHK, iHdop-
Mauis npo ii gisudHe 3gopos's 6e3 aHaepobHOI YacTku
Oyne HenoBHOH.

Pag HaykoBux OocnigXeHb yKa3ye Ha HasABHICTb Bid-
MIHHOCTEN 3a MOKa3HWKaMU, siki XapakTepu3ylTb aHaepo-
OHUI anakTaTHWA Ta aHaepobHWUIA NaKTaTHUN PEXUMMU
eHeprosabesneyeHHs M'A30BOI AisiNbHOCTI B OCIO pisHMX
mopdonoriyHmx Tunie (Miroshnichenko et al., 2021; Ryan-
Stewart, Faulkner, & Jobson, 2018; Cinarli, & Kafkas,
2019; Furman et al., 2022). Kpim uboro, y pagi nybnikauin
[OBEAEHO 3B'A3KN MiDK KOMMOHEHTHMM CKIlagoM Macu Tina,
SKi BU3HAYal0Tb COMATOTUI, i CTyrneHeM po3BUTKY aHaepob-
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HOro pexunmMmy eHeprosabesneveHHs B OCib pi3HMX BiKOBMX
rpyn i ctaTi (Durkalec-Michalski et al., 2019; Mossayebi
et al., 2022; Kale, & Akdogan, 2020; Miroshnichenko et al.,
2024). KomnnekcHux [ocnimkeHb aHaepoOHOI nakTtaTHol
Ta aHaepoOHOi anakTaTHOI MPOAYKTUBHOCTI OpraHiamy B
HOHaKiB Pi3HNMX COMATOTUMIB MU HE BUSIBUIW.

[Mpy BUBYEHHI (PYHKLiOHANBHUX MOXIMBOCTEN MIOAMHU
BaXKIIMBUM € BIiKOBMI YMHHMK, OCKINIbKM O5151 MEBHOMO BiKO-
BOr0 Mnepiofy OHTOreHe3y xapakTepHe iXHE 3HWKEeHHs, abo
3poctaHHsa (Larry Kenney, Wilmore, & Costill, 2021). Mpwu
LUbOMY €OUHOI AYMKM LLOAO YiTKOro pO3MEXYBaHHS mpoLe-
CiB 3pPOCTaHHS — 3HWXKEHHS (DYHKLiOHANbHMX MOXIMBOCTEWN
y pi3Hi BiKoBi nepiogu He icHye. [locnigxeHHs aHaepobHOro
KOMMOHeHTa i3n4HOro 340poB's Yy toHakiB 17-21 pokiB
OOMOBHUTb HasiBHY HayKoBy iHGbopmaLlito.

LLlle ogHMM YMHHWMKOM, SIKMIA HeOoOXigHO BpaxoByBaTU
npy AocnigxeHHi PyHKUiOHaNbHNUX MOXITMBOCTEN NIOOUHW,
€ perioHansHui. Mpumipom, Ha PyHKUIOHaNbHI MOXNMBOCTI

© Oyno OneHa, Bownko Hapis, 2025
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perioHy NpoXWBaHHSA, 0COONMBOCTI XapyyBaHHS, LLIO XapaKTepHi
[0 NEeBHOI MiCLLEBOCTi, 0COBNMBOCTI NanawadTy i T. .

3Baxaloun Ha BULLEBMKNaAeHe, AOCNIMKEHHA ocobnu-
BOCTElN aHaepobHOI NPOAYKTMBHOCTI OpraHiamy B HOHakiB
Pi3HMX COMaTOTUMIB HU3NHHUX panoHiB 3akapnaTcbKoi 06-
nacTi € akTyanbHUM.

Mema docnidxeHHs: ycTaHOBUTU OCoBnMBOCTI po3-
BUTKY aHaepobHux npoueciB eHepro3abesneyeHHs M'a30-
BOI OiSNbHOCTI B HOHAKIB Pi3HMX COMAaTOTUNIB, SKi NPOXM-
BalOTb Yy HU3MHHKX parioHax 3akapnatTs.

MeTtoau

Y pocnigxeHHi B3Anun ydactb 112 toHakiB Bikom 17—
21 pik, SKi NPOXWUBAKOTb Y HU3MHHUX paroHax 3akapnaTtTs.
Yci pocnigxyBaHi 3@ MeAWYHMMWU NOKa3HUKaMu BU3HaHI
300pOBMMM Ta HE Manu OOCBiAy 3aHATb cnopToMm. [daHun
BIKOBMI nepiof y loHaKiB Bignosigae noctnybepraTHOMy
nepiogy OHTOreHe3y MOOUHM | XxapakTepusyeTbcs cTabini-
3auiero PyHKUIT BCiX cMCTeM OpraHiamy Ta Y3ro»KeHor ix
poboTO y Mexax opraHiamy siK uinicHoi cuctemu. Ockinb-
KM aHaepobHa NPOAYKTUBHICTb 3aneXuTb Bi 3naroxeHoi
po6oTn BiNbLIOCTi CUCTEM OpraHiaMy (AnxanbHOi, cepLeBo-
CYOVHHOI, cucTemMun yTunisauii KUCHIO M'a3amu, BydepHnx
cucTeM, siKi JO3BOMATL BUKOHYBaTU M'A30BY poboTy 3a ymoB
3HWKEHHs pH KpPOBI) AoCnifpKeHHS AaHOI BIKOBOI rpyny HemTpa-
ni3ye ¢haktop HeraTVBHOrO BNNMBY NybGepTaTy Ha OOCMIoXyY-
BaHi MokasHWku. AHaepobHy NPOAYKTUBHICTb Yy A0OCHIOXY-
BaHUX BM3HAYamnu 3a CTyNeHeM pPO3BUTKY anakraTHoi 1 nak-
TaTHOI cUCTEM eHepro3abesneyeHHs M'A30BOI AiSrbHOCTI.

MoTyXHiCTb aHaepobHOi anakTaTHOI CUCTEMWU EeHepro-
3abe3neyeHHs Bu3Havanu 3a 10-cekyHOHWUM BiHrenTcbkum
aHaepobHum Tectom WANT 10 (Bar-Or, 1987). Oocnigxy-
BaHW/ BWKOHYBAB Ha BEOEProMeTpi HaBaHTaXEeHHHA 3
MaKCUMaInbHOK KinbKicTio 06epTiB neganer MNOTYXHICTO
225 W Tpueanictio 10 c. LUnaxom maTemMaTU4HMX po3-
paxyHkiB 06paxoByBanacsi BenM4nHa MakcumarnbHOI Kinb-
KOCTi 30BHIiLLIHbOT MeXaHiYHOT PoBOTH, BUpaXkeHa y KrM-XB 2.,

MoTyXHiCTb aHaepobHOI NnakTaTHOI CUCTEMWU €Hepro-
3abe3neyeHHs Bu3Havanu 3a 30-cekyHOHUM BiHrenTcbkum
aHaepobHum Tectom WANT 30 (Bar-Or, 1987). MeToauka
npoBeAeHHsA TecTy aHanoriyHa Tecty WAnT 10, 3 eamHoto
BiAMIHHICTIO — TpMBanicTb HaBaHTaxeHHsA ctaHosuna 30 c.

E€MHiCTb aHaepobHOI NakTaTHOI cucTeMn eHeprosabes-
neyeHHs BM3Havanu 3a 60-cekyHoHMM Tectom Shogy &
Cherebetin (Shégy, & Cherebetin, 1974). JocnigxysaHui
BMKOHYBaB [Ba HaBaHTaXEHHS Ha BenoepromMeTpi Tpu-
BanicTio 60 ¢ 3 iHTepBanom BiANOYMHKY 1 XB. MOTYyXHICTb
nepLloro HaBaHTaXeHHs cTaHoBuna 225 W, wBuakicTb
o6epTie nepaneit — 90 06. xB™1. MOTYyXHiCTb Apyroro Ha-
BaHTaxeHHs — 225 W, wBuakictb 0bepTiB neganent mak-
cumanbHa. Wnaxom matemaTuyHuMx po3paxyHkiB obpaxo-
ByBasnacsli BENMYMHA MaKCMManbHOI KifTbKOCTi 30BHiLUHLOT
MeXaHi4yHoi poboTu 3a 1 xB.

3a KOXHMM i3 TecTiB po3paxoByBanv abCOMOTHUM i
BiZAHOCHWI NOKa3HWUKN.

ComartoTnn Bu3Havanu 3a metogom Xit-Kaptepa, akui
3abe3nevyye TPUMKOMMOHEHTHY OLiHKY, BUpaxeHy B Ganax:
F — BiOHOCHWIN PO3BUTOK XUPY B OpraHiami, M — BigHOCHWI
pPO3BUTOK M'A3iB B OpraHiaMmi, L — BifHOCHa BWUTArHYTICTb
Tina (Carter, 2003).

CratnctuyHy 06pobKy ekcnepumeHTanbHUX —OaHuX
3[ifCHIOBanNy 3a 3aranbHOMNPUAHATMMU MeToAamMK. 3a KOX-
HMUM noka3HukoM Oyno nobyaoBaHo BapiauiiHi psgn 3a
O3HaKOK HanexHoCTi Ao comartoTuny. Pagu gaHunx Gynu
nepeBsipeHi Ha BiAMOBIAHICTb HOPManNbHOMY 3aKOHY PO3Mo-
Aainy paHux 3a kputepiem Konmoroposa-CmipHoBa (K-S),
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BuKopucToBytoun nporpamy STATISTICA 13. Akwo piBeHb
3HauyLocTi 3a kputepiem K-S Ginbwe 0,2 (p > 0.20), To rino-
Tesa Npo HopManbHWI PO3MOAIN AaHWX He Bigxunanacs.

Ockinbkn psav faHux BignoBigany HOpMarbHOMY 3aKOHY
posnoainy, 3acTocoByBanv napameTpuydHun t-kpuTepin
CTblogeHTa Ans He3anexHux (Hes3B'a3aHux) BMOIPOK, AKMN
[03BOISE 34iNCHIOBATU CTaTUCTUYHUIA aHani3 i3 Bubipkamu
Yy KiNbKOCTi AocnigxyBaHuX Big OBOX ocCib i Ginbwe. Bia-
MiHHICTb yBaXkanacsi CTaTUCTUYHO AOCTOBIPHOK NPW PiBHi
3HauywocTi p < 0,05.

PesynbTaTtn

BusHaumBluM comaToTun y AOCHiAXYBaHUX, HAMW BCTa-
HOBMNEHO, WO ANS OHakiB HU3MHHUX panoHiB 3akapnaTTs
XapakTepHi N'aTb COMaTOTUNIB:

— Mme3omopdHuii — 49,1 % (n = 55);

— eHgome3omopdHui — 12,5 % (n = 14);

— Me30eKkToMopdHun — 12,5 % (n = 14);

— ekToMopdHUA — 6,3 % (n = 7);

— 36anaHcoBaHuin — 19,6 % (n = 22).

3ayBaxmMo, Lo ANA IOHAKIB, siKi MPOXUBAIOTb Y HU3UH-
HUX panoHax 3akapnaTTsa, € 6inbl NowWupeHi Ta MeHL
nowwupeHi comatotnnu. Came uMMm oGYMOBNEHO BiOMIH-
HICTb Y KiNbKOCTi AOCNIAXXYBaHUX PI3HUX rpyn.

YMOBHO PO3MOAINMBLLUM OOCHIMAXKYBaHUX MO rpynax 3a
03HaKaMuM COMaToTUMy, MU BU3HAYUNM CepPenHbO-TPymnoBi
3HayeHHs1 abCOMIOTHUX MOKa3HUKIB aHaepoOHOi npoayk-
TUBHOCTI B lOHaKiB pi3HUX comartoTtunie. 3a abcontoTHUM
nokasHmkom BAHT 10 3HauyeHHs npencTtaBHUKIB Me30-
MopdHoro comatoTtuny (4505,9 + 105,3 krm-x8™1) BiporigHo
nepeBuLLYE 3HAYEHHS NPeACTaBHYKIB €eHA0MEe30MOpdHOro
(4187,7 + 85,3 km-xB™1), ekTomopdoHoro (4019,3 + 88,2 krv:xB™2)
Ta 36anaHcosaHoro (4002,8 + 77,8 krm-xB™%) comaTtoTunis
(p <0,05). Y cBoto 4epry, 3Ha4eHHS abCOMTHOrO Nokas-
Huka BAHT 10 npeacrtaBHUKIB ME30E€KTOMOPEHOro coma-
Totuny (4493,1 +107,3 krm-xB~!) BiporigHo nepeBuLLye
3HaYeHHs1 NpeACTaBHUKIB ekToMopdHoro Ta 36anaHcosa-
Horo comatoTunis (p < 0,05).

Oco6nmBoCTi po3BUTKY MOTYXHOCTI aHaepobHOI anakTart-
HOi cucTemn eHepro3abesneyeHHss M'\30BOI AisNbHOCTI B
FOHAKIB Pi3HNMX COMAaTOTUNIB 3a BiAHOCHUM NokasHukoMm BAHT 10
BiooOpaxeHo Ha puc. 1. HamBuwi 3Ha4YeHHs MatoTb npeacra-
BHUKM ME30MOPEHOro M Me30eKTOMOPCHOrO COMaToTUNIB,
CepeHbO-TPYMNOBi 3HAYEHHS] SKUX BIPOMAHO MEPEBULLYIOTH
3HaYeHHs NpeaCcTaBHUKIB EHAOME3OMOPMHOro, EKTOMOPEHO-
ro Ta 36anaHcosaHoro comatotunis (p < 0,05). Kpim uboro
BCTAHOBIEHO, LWO 3HAYeHHs MpPeACTaBHUKIB eHOOMEe30-
MOPCPHOro COMaTOTUMY, IMOBIPHO, HUXYE 3a 3HAYEHHs npea-
CTaBHWKIB yCiX iHWKNX comaTotunis (p < 0,05).

3a abcontoTHUM nokasHukom BAHT 30 BUSIBNEHO BULLL 3Ha-
YEHHSs1 y NPeACTaBHYIKIB ME30eKTOMOPEHOro Ta Me3oMOpcOHOro
COMaTOTUMIB, @ HaWHWXKYe 3Ha4YyeHHs — Y NpeacTaBHUKIB
€KTOMOpP(HOro comartoTuny. 3HayeHHss npeacTaBHUKIB
Me30eKTOMOPEHOTO  comatoTuny  (4462,7 + 105,3 krm-x8™2)
€ BipOrigHO BWLUMM 3a 3HAYE€HHS, LLO BCTaHOBMEHe Y npea-
CTaBHUKIB ekToMopdpHoro (3898,7 + 74,8 krm-xB™), 3banaH-
coBaHoro (4023,6 + 99,79 krm-xe™!) Ta eHOOMEe30MOpPdHOro
(4171,0 £ 97,22 krm-xB™1) comatotunis (p < 0,05). ¥ ceotw
yepry, 3Ha4YeHHs1 NPeACTaBHUKIB ME30MOPHOrO COMaToTUMNy
(4331,4 + 70,94 krm-xB™1) € BipOrigHO BULLMM 3a 3HAYEHHS
npeacTaBHUKIB €KTOMOPGHOro Ta 36anaHcoBaHOro coma-
ToTunie (p < 0,05). 3asHauumo, WO 3HAYeHHSA npeacTas-
HVKIB €HOOME30MOPEHOro CoOMaToTUNy € BIPOrigHO BULLUM
3a 3HaYeHHsl, YCTaHOBMNEHE Y MNPeaCTaBHUKIB eKToMopd-
Horo comatoTtuny (p < 0,05).
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MpumiTka:
10 O ekTOMOpPdHUI N=T BiporigHicTb BigMIHHOCTi cepefHix 3Ha4YeHb
(p <0,05):
® — BigHOCHO OCib eHaoMe30MOpdhHOro comaToTuny;
0 ¢ — BiHOCHO 0OCib eKTOMOpPdHOro cCoMaToTumMy;

comMaToTunu

@ me3omopdHUM n=55

> — BiAHOCHO OCi6 36anaHcoBaHOro comaToTuny.

Puc. 1. MoTyxHicTb aHaepoGHOI anakTaTHOI CUCTEMM eHepro3abe3neyeHHs1 M'A30BOI AiANbHOCTI
IOHaKiB HU3UHHUX pailloHiB 3akapnaTtrs

[aHi Npo NOTYXXHiCTb aHaepobHOI anakTaTHOI CUCTEMM
eHeprosabesneyeHHs M'I30BOI JisiNIbHOCTI B HOHAKIB Pi3HNX
comartoTuniB 3a BigHOCHUM noka3Hukom BAHT 30 Bigobpa-
XeHO Ha pwuc. 2. BusaBneHo nepesary npenctaBHUKIB Me30-
€KTOMOP(HOro 1 Me30MOpPHOr0 COMAaTOTUMIB, CepeaHbO-
rPynoBi 3HAYEHHSA AKWX € BipOriAHO BUWLLI 3a 3HaJYeHb, yCTa-
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HOBMEHMX Y NPeACTaBHUKIB EKTOMOPGHOro, 36anaHCcoBaHOMO
Ta eHgome3somopdHoro comatotunis (p < 0,05). Kpim uboro,
YCTaHOBIEHO, IO CepeaHbO-TPyrnoBe 3HAYeHHs NpeacTas-
HWKIB 30anaHCOBaHOrO COMAToTWMYy € WMOBIPHO BULLMM 33
3HaYeHHs, YCTaHOBMNEHe Yy NpeacTaBHUKIB eHaoMe3oMopd-
Horo comatoTuny (p < 0,05).

O eHpome3somopdHUA n=14

B 36anaHcoBaHui n=22

O me3oekTomopdHMIA N=14

20 MpumiTka:
10 H exToMOpchHMIA N=T BiporigHicTb BiaMiHHOCTI cepefHix 3Ha4YeHb
(p < 0,05):
® — BiHOCHO OCi6 eHOOMe30MOpPHOro ComMaToTuMy;
0 # — BiIHOCHO 0OCi6 ekToMOpdHOro comaToTuny;

comMaTtoTMnu

@ me3omMopdHUIM n=55

> — BiAHOCHO OCi6 36anaHcoBaHOro comaToTuny.

Puc. 2. MoTyxHicTb aHaepoGHOI NaKkTaTHOI CUCTEMU eHepro3abe3neyeHHsA M'sI30BOI AisiNbHOCTI
IOHaKiB HU3UHHUX pailloHiB 3akapnaTtrs

3a pesynbtatammn 60-cekyHOHOro TECTy MW BCTaHOBWU-
N, WO 3Ha4yeHHsa abcorntoTHoro nokasHuka MK3P Hansu-
MM BUSBUMNOCS Y NpeACcTaBHMKIB ME3OMOP(HOro cComaTo-
iny (2418,7 £ 63,1 krm-xB™!), ske € BIpOrigHO BULLMM
LLIOAO 3HAaYeHb, YCTAHOBMNEHUX Y NPEACTaBHUKIB YCiX iHLLIMX
comatotuniB (p < 0,05). 3HaveHHA npeacTaBHWKIB Me30-
mopcHoro (2183,6 + 57,3 krm-xB™Y) i 36anaHcoBaHOro
(2194,6 + 53,7 krMm-xB~1) comaToTUNIB € AOCTOBIPHO BULLIK-
MW CTOCOBHO 3HA4eHHsl, BCTAHOBMEHOIO Yy NpeacTaBHUKIB
eHome3oMopdHoro comatoTtuny (1884,2 + 44,3 krm-xa™1)
(p <0,05). 3HayeHHs nNpefCTaBHUKIB EKTOMOPGHOro
(2006,3 + 54,8 KrMXB™') COMATOTUIY € BIPOMQHO HYDKYUM NnLLIe
3a 3Ha4YeHHs NPeaCTaBHYKIB ME30EKTOMOPCPHOro comaToTuny.

OcobnuBocTi BUSIBY €MHOCTI aHaepoOHMX nakTaTHUX
npouecie eHeprosabesneyeHHss M'A30BOI AisNbHOCTI 3@
BigHOCHUM noka3Hmkom MK3P vy toHakiB pisHux comarto-
TMNiB BigobpaxkeHo Ha puc. 3. [JOCTOBIPHO BULLi 3HAYEHHS
LbOro Moka3HMKa BCTaHOBMEHO Y NPEACTaBHWKIB Me30-
€KTOMOPHOro coMaToTuny, sike 3 BipOrigHOK BiAMIHHICTIO
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Ha piBHi (p <0,05) nepeBaxae 3Ha4YeHHSA, YCTAHOBMEHi Y
npeacTaBHUKIB eHOOMEe30MOPGHOro 1 eKTOMOPHOro COo-
MaToTUNiB. HamHmx4i 3HaYeHHs XxapakTepHi Ansa npeacras-
HVKIB €HOOME30MOPMHOro comaTtoTuny, ski € BiporigHoO
HWXYMMM BiHOCHO 3HayeHb, YCTaHOBMEHMX Yy MpeacTaB-
HVKIB YCiX iHLUMX COMaTOTUNIB.

[Ouckycis i BUCHOBKHU

MpoxmBaHHA y TiPCbKUX | HU3MHHUX parioHax 3akap-
natTs hopMye NEBHUA COMATOTUM FMIOANHN Ta XapaKkTepHi
CMIiBBIAHOLIEHHSI >KMPOBOTO W M'A30BOr0  KOMIMOHEHTIB
(Oyrno, 2015). Kpim uboro, gosedeHo, WO npeacTaBHUKU
Pi3HMX comaToTUMIB iICTOTHO BIiApPI3HAOTLCA 3a CTyrneHem
pO3BUTKY aepobHOi Ta aHaepobHOI cucTtem eHeprosabes-
neyeHHs M'a3oBOi AisnbHocTi (Ryan-Stewart, Faulkner,
& Jobson, 2018; Cinarli, & Kafkas, 2019; Furman et al.,
2022). TakuM YMHOM, OIS XKUTENIB NEBHUX PETiOHIB MOXe
OyTM xapakTepHWi pi3HUA piBEHb PO3BUTKY CUCTEM
eHeprosabeaneyeHHs M'A30BOI AiSNbHOCTI.
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BiporigHicTb BiaMiHHOCTI cepefHix 3Ha4YeHb
0 (p <0,05):

comMaTtoTunu

® — BiHOCHO OCi6 eHOOMe30MOpPOHOro ComMaToTuMy;

E me3oMopdHUM N=55 ¢ — BiOHOCHO OCIG eKTOMOPMHOro CoMaToTUMNYy.

Puc. 3. EMHicTb aHaepo6HOI NaKTaTHOI CUCTEMM eHepro3abe3neyeHHs1 M'sI30BOI AiANbHOCTI
IOHaKiB HU3MHHUX panoHiB 3akapnaTTsa

Y HayKoBiIl niTepaTtypi AaHi Npo aHaepobHYy NpoayKTUB-
HICTb OpraHi3my lOHakiB MocTnybepTaTHOro nepiogy OHTO-
reHesy pi3HMX COMaTOTMNIB, SIKi MPOXMBAKTb Y panoHax
YkpaiHu 3 neBHMMM 0COONMBOCTSIMM NaHawadTy, BiACYTHI.
HaTtoMicTb icHylOTb AaHi Npo BiAMIHHOCTI (PYHKLIi OKpemMmx
CUCTEM OpraHiaMy B OCi0, ki MeLLKaloTb Y FPpCbKNX pawno-
Hax Ha pi3HUX KOHTMHeHTax. L. G. Moore, S. Niermeyer,
& S. Zamudio (1998) BusiBuUnu BigMiHHOCTI 3a NOKa3HMKaMM
KappaiopecnipaTopHoi cuctemm Ta CUCTEMU KpoBi B OCiO,
AKi NPOXMBAKTb Yy TMPCbKMX panoHax AHg, lMimanaiB Ta
ripcbkmx perioHax [liBHiYHOT AmMepuku. 3ayBakumo, LWO
CTaH kapaiopecnipaTopHOi CMCTEMW Ta CUCTEMU KpOBI
BMNMMBalOTb Ha aepobHy Ta aHaepoOHy nakTaTHy NpPoAykK-
TUBHICTb OpraHiamy.

Y cBOiX nonepeaHix JOCMiAXEHHAX MU BCTaHOBUNU, LLO
y [OiBYaT TPCbKMX i HU3MHHUX paloHiB 3akapnaTCbKoi
obnacTi piBeHb aHaepobHOi NPOAYKTUBHOCTI 3anexuTb BiJ
comaTtoTuny. bynu BusaBneHi cyTTesi BiAMIHHOCTI Y pO3BUT-
Ky aHaepoOHMX nakTaTHUX npoLeciB eHepro3abesneyeHHs
M'AI30BOI AiSANbHOCTI MK AiBY4aTaMy TPCbKUX | HU3UHHUX
pawnoHiB 3akapnaTTs (Qyno, 2015).

Y3aranbHiow4uM pesynbtatv JochigXeHb 3a3Havmmo,
o 3a BCiMa MoKasHMKamMu aHaepobHOi NpPOAYKTUBHOCTI
nepeBaxalTb HOHaKn Me30MOPMHOro N Me30eKToMopd-
Horo comatoTuni. MNpeacTaBHUKM LUX COMATOTUNIB MaloTb
CrinbHY O3HaKy — AOMiHyBaHHA Me30MOP(HOro KOMMo-
HEeHTy. TakMuM YMHOM MOXHa NPUNYCTUTK, LLO caMe nepe-
Bara Me3oMOP(HOro KOMMOHEHTY O0OYyMOBMOE BWLLi 3Ha-
YeHHs1 aHaepoOHoi npoaykTMBHOCTI. HOHakM engomeso-
MOPGHOro comMaToTuny, y SKUX AOMIHYE eHAOMOPMHUN
KOMMOHEHT, 3a ycCiMa MoKa3HMKaMu aHaepobHOi npoayk-
TMBHOCTI MalTb HanHWKYi 3HaveHHs. Lle Bkasye Ha Hera-
TUBHWIA BNAMB eHaoMopdii Ha piBeHb aHaepoOHUX npoe-
ciB eHepro3abesneyeHHs M'A30BOI GiSNbHOCTI FOHAKIB.

Y HayKoBii niTepaTtypi iHpopmauis LWoao BnAMBy Meso-
Mopdii, eHgoMopadii Ta ekToMopdii Ha aHaepobHi MoXnu-
BOCTi nmoauvHu cynepeunuea. F. S. Cinarli, M. E. Kafkas y
cBoin poborti (Cinarli, & Kafkas, 2019) BusBunu nepesary
npeacTaBHYKIB ME30EHAOMOPGHOIO0 COMaToTUMNy CTOCOBHO
NiKOBOI MOTY>XHOCTi, BU3Ha4eHoi 3a Tectom BAHT 30 y vo-
noeikis 22,0 £ 2,5 pokiB. H. Ryan-Stewart (2018) BusiBunu
NO3WTUBHUIA BNNMB Me3oMopdii Ha aHaepobHy npoayk-
TUBHICTb 4onoBikiB BikoM 26,0 + 9,8 pokiB (rxy = 0,357).
V. Miroshnichenko et al. (2024) wnaxom kopensauinHOro
aHanisy BCTaHOBWIW, LIO HaMGINbLUWA MO3UTUBHUIA BMSMB
Ha aHaepoOHy NpPOAYKTMBHICTb >XiHOK 25-35 pokiB Mae

ISSN 1728-2748

maca Tina. ABTOpu 3a3HavaloTb NPO HEraTMBHUIA BNNUB Ha
nokasHnk MK3Psign. XMPOBOro KOMMOHEHTY (rxy =—0.151)
i NO3NTUBHMIA BNNMB M'SI30BOMO0 KOMMOHEHTY (rxy = 0,353).
Ane cuna KopensauiHuMx 3B'A3KiB yKasye Ha He3HavyHuKn
CTyniHb Takoro Bnnuey. S. A. Vardar et al. (2007) Takox He
BMSIBUIUN 3B'A3KY )XMPOBOIO KOMTMOHEHTA i3 NPOAYKTUBHICTIO
npu BUKOoHaHHI 30-cekyHaHoro BiHrenTcbkoro tecta y mo-
noamx XKIiHOK, siKi 3aiMaroTbesl 60poTbOOot0. ICHYIOTEL Nyoni-
Kauii, siki BKa3yloTb Ha NO3UTMBHMUI 3B'A30K XXMPOBOIO KOM-
NMOHEHTa 3 aHaepoOHo NPOoAYKTUBHICTHO. Mpumipom, Abdul
Kadir Mahmod et al. (2024) yctaHOBMN NO3UTUBHY Kope-
NS0 XXMPOBOro KOMMOHEHTa 3 NiKOBOK aHaepobHo no-
TYXHICTIO (rxy = 0,519) Ta cepegHbOl0 aHaepobHO NOTYX-
HicTio (rxy = 0,504) cepen cnopTcmeHiB-4omnoBikiB 6onoBoro
mucteutBa Silat Olahraga. OtpumaHi Hamun paHi go-
MOBHIOIOTb HasiBHY iHhOpMaL,ito NPO 0COBNMBOCTI PO3BUTKY
aHaepobHOi cucTtemMn  eHepro3abesneyeHHss  M'sI30BOI
DisiNbHOCTI B 0Ci0 pi3HMX MOPOnOoriYyHMX TUNiB.

Omxe, M1 BCTAHOBUNMU, LLO KOHAKK Pi3HUX COMaToTUNIB,
AKi NPOXUBAIOTL Y HU3MHHUX paoHax 3akapnaTtTs, iCTOTHO
BiPI3HAIOTLCA 3a CTYNeHeM pPO3BUTKY aHaepoGHUX npoueciB
eHepro3abesneyeHHss M's30BOI AisnbHOCTI. HanBuuli 3Ha-
YEHHs1 MOTYXHOCTi aHaepobHUX anakTaTHWX i NakTaTHWX
npouecis eHeprosabesneyeHHs xapakTepHi AN npeacTas-
HUKIB ME30MOPMHOro 1 Me30eKTOMOP(HOro coMaToTunIB,
y AKUX AOMiHYe Me3omopdis. HamBuLli 3Ha4YeHHA EMHOCTI
aHaepobHUX nakTaTHUX MpoueciB eHepro3abesneyeHHs
XapaKkTepHi Ans nNpeacTaBHUKIB ME30EKTOMOPKHOrO comaTo-
TMNy. HalHwk4i 3Ha4YeHHs1 3a BCiMa NOKa3HUKaMn aHaepob-
HOI NPOAYKTMBHOCTI XapakTepHi Ana npeacTaBHUKIB eHOo-
Me30MOp(HOro comaToTuny, y AKX JOMIHYE eHaoMopdis.

lMpencrasneHe Hamu JOCNIMKEHHS € (bparMeHTOM Hay-
KOBO-AoCnNigHOT poboTun, ae obcTexeHi ocobn — sK HaKu,
Tak i AgiB4aTa, AKi NPOXMBAOTb Y HU3MHHMX panioHax 3aka-
pnatTta. PisionoriyHi 0CoBNMBOCTI KIHOYOrO OpraHiaMy He
[03BONAI0TL MOPIBHIOBATM (Pi3NYHY NpaLe3faTHICTb IoHaKIB
i giBYaT, OCKifbKM 3aranbHOBIAOMUI (PaKT, LLO XKiHKK iCTOT-
HO MOCTYNalTbCsl YOMNOBiKAM 3a UUMWU MNOka3Hukamu. Pa-
30M i3 TUM, 3ayBaXUMO, LLIO OCOBNMBOCTI BiAMIHHOCTEN 3a
nokasHukamyu aHaepobHOI NPOAYKTUMBHOCTI OpraHiamy B
IOHaKIB i AiBYaT HU3MHHMX paiioHiB 3akapnaTTts My 30upa-
€MOCS NpoaHanisysaTi y noganbLlumnx nyonikauisix.

BHecok aBTopiB: OneHa [yno — 36ip Ta o6pobka aaHux, Hanu-
caHHs cTatTi, Hagia Bonko — obroBopeHHs npobnemu, KoHuen-
Tyanisauis, pegaryBaHHa cTaTTi.
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ANAEROBIC ENERGY SUPPLY PROCESSES IN YOUNG MALES
OF DIFFERENT SOMATOTYPES
FROM THE LOWLAND REGIONS OF ZAKARPATTIA

Background. Human physical health is considered as the degree of development of aerobic and anaerobic energy supply systems for
muscle activity. Several scientific studies indicate differences in indicators characterizing anaerobic alactic and anaerobic lactic energy supply
modes in individuals of different morphological types. Another factor that must be considered when studying human functional capabilities is the
regional factor, as functional abilities are influenced by the level of well-being, regional traditions, dietary habits typical for a particular area, and
landscape features. The aim of the study is to determine the characteristics of the development of anaerobic energy supply processes in young
men of different somatotypes living in the lowland regions of Zakarpattia.

Methods. The study involved 112 young men aged 17-21 years residing in the lowland regions of Zakarpattia. The power of the anaerobic
alactic energy system was assessed using the 10-second WANT 10 test. The power of the anaerobic lactic energy system was assessed using the
30-second WANT 30 test. The capacity of the anaerobic lactic energy system was determined using the 60-second Shogy & Cherebetin test.
Somatotype was determined using the Heath-Carter method.

Results. In absolute and relative values of WAnT 10 and WANT 30, the highest indicators were found in representatives of the
mesomorphic and mesoectomorphic somatotypes. The lowest absolute values of WANT 10 and WANT 30 were observed in representatives of the
ectomorphic and balanced somatotypes. The relative WANnT 10 values of the endomesomorphic somatotype were significantly lower than those of
all other somatotypes, while the relative WANT 30 values of the endomesomorphic somatotype were significantly lower than those of the
mesomorphic, mesoectomorphic, and balanced somatotypes.

In terms of absolute maximal capacity of the lactic anaerobic energy system, significantly higher values were found in the mesoectomorphic
somatotype compared to all other somatotypes, while the lowest values were recorded in the endomesomorphic somatotype compared to the
mesomorphic, mesoectomorphic, and balanced somatotypes. Regarding the relative PPO indicator, significantly higher values were observed in the
mesoectomorphic somatotype compared to the ectomorphic and endomesomorphic somatotypes. Significantly lower relative PPO values were
found in the endomesomorphic somatotype compared to all other somatotypes.

Conclusions. Young males of different somatotypes residents in the lowland regions of Zakarpattia significantly differ in the degree of
development of anaerobic energy supply processes for muscle activity. The highest values of anaerobic alactic and lactic energy system power
were observed in representatives of the mesomorphic and mesoectomorphic somatotypes, where mesomorphy predominates. The highest capacity
values of anaerobic lactic energy processes were characteristic of the mesoectomorphic somatotype. The lowest values across all anaerobic
performance indicators were observed in the endomesomorphic somatotype, where endomorphy is predominant.

Keywords:anaerobic power, anaerobic capacity, somatotype.
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THE EFFECT OF BILINGUALISM ON UNFAMILIAR LANGUAGE PERCEPTION

Background. A growing number of scientists are studying the mechanisms of various aspects of language acquisition
and perception while searching for new methods to master them. The impact of bilingualism on cognitive functions, such as
attention, memory, and concentration, is also important.

Methods. The present study, based on the electroencephalography (EEG) recording techniques, highlights the influence
of bilingualism on the perception of different languages, namely the native language (represented by Ukrainian), a second language
mastered at a certain level (represented by English), and a language that has not been previously learned at any level (represented by
Finnish). These languages belong to different language groups, which makes it impossible to fully or partially understand words or
phrases based on associations with similar linguistic structures in familiar languages. The purpose of this study was not just to prove
the differences in the perception of various languages but also to provide detailed account of changes in electrical activity in the brain,
to investigate which frequency bands and sub-bands are involved, and to identify the brain regions that may be responsible for these
functions. For this study, 20 bilingual students aged 18-22 participated voluntarily.

Results. The study results showed a statistically significant difference in the perception of the following language pairs:
Ukrainian and English, English and Finnish, and Ukrainian and Finnish. This difference is most pronounced in the g1 and B2
frequency sub-bands. The following brain areas are involved in processing languages from different language groups with
varying intensities: the occipital area of the right and left hemispheres, the temporal area of the left hemisphere, and the parietal
region of the right hemisphere.

Conclusions. The observed neural differences in the perception of known and unknown languages provide further
evidence that language comprehension relies on both auditory and cognitive processing mechanisms, engaging different brain
regions depending on familiarity with the language. The increased activation in the occipito-temporal and parietal regions during
language processing suggests that both linguistic and non-linguistic factors — such as phonological familiarity and semantic
expectations — play crucial roles in language perception. A detailed study of bilingualism and mechanisms of language
perception opens up prospects for developing improved methods of teaching foreign languages, which will accordingly expand

individuals' ability to use large amounts of information to enhance their knowledge and skills.

Keywords: bilingualism, electroencephalography (EEG), neurophysiology, neurolinguistics.

Background

Language is the ability to speak and express their
thoughts and associate random symbols with specific
meanings to convey ideas, feelings, desires, and emotions.
Language is considered a second signal system because it
does not simply transmit signals to the brain through
electrical impulses; rather, it is a set of nervous processes
that occur in the cerebral cortex in response to words and
concepts they denote. Individuals use language to share
information, feelings, and thoughts when communicating. This
communication is mostly based on sound signals generated
by the vocal apparatus and perceived by the auditory system.
Additionally, written symbols represent language, which is
then perceived by the visual sensory system.

Human language consists of phonemes. A phoneme is
the smallest segmental element of morphemes. Therefore,
phonemes are essential for recognizing and distinguishing
morphemes, the smallest semantic units of words. We
cannot determine the meaning of words using phonemes
alone, but they are the semantic units of morphemes.
Different languages have different numbers of phonemes;
for instance, Ukrainian has 38, English has 44, and Finnish
has 25. According to modern research, the ability to speak
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is an inborn property of the human brain (Yamoah,
Pavlinkova, & Fritzsch, 2023).

Bilingualism is the ability of a person to speak two
languages at the level of fluency or high competence.
A bilingual individual can use both languages in everyday
life, communication, work, and other situations. Bilingualism
can result from various factors, such as bilingual upbringing,
intercultural interaction, education in a bilingual environment,
or relocation to a country with a different language. Research
in neurobiology and psychology shows that speaking more
than one language significantly impacts human brains, ranging
from the mechanisms of memorizing and word mapping in the
brain to overall memory and attention capabilities.

Recent studies have pointed to the positive effect of
bilingualism on cognitive abilities. For instance, bilingual
children aged 7-12 have different selective attention
mechanisms compared to monolingual children, primarily
associated with potentially more successful learning
(Phelps, Attaheri, & Bozic, 2022). This interesting feature is
associated mainly with the different mechanisms of
attention coding in bilingual versus monolingual children,
as the necessity of mastering two languages forces the
brain to constantly inhibit the language that is not currently
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in use. Therefore, when using one language, we mostly do
not use the words and grammatical structures of the other.

Neuroimaging studies have clearly shown that the
regions of the brain responsible for the native language are
also involved in the acquisition of a foreign language.
Moreover, different brain activity during speech production
is observed in individuals with varying levels of second
language proficiency. Lower levels of language proficiency
may correspond to a more extensive representation of
activity in different brain regions (Martin-Fernandez, Gabarros,
& Fernandez-Coello, 2022). However, these neural
differences, which correspond with language proficiency,
disappear once a native speaker acquires a high level of a
second language proficiency. In the initial stages of second
language acquisition, additional brain activity is observed in
the left prefrontal cortex during speech production.

There are generally two main neural differences in the
processing of native and second language speech. First,
increased brain activity associated with the second
language is seen in in areas that also mediate the native
language, such as Broca's area. Second, there is specific
involvement of additional brain structures outside of left
language networks, such as those associated with
cognitive control — such as left prefrontal cortex and left
caudate nucleus (Abutalebi, 2008). In the first case,
bilingual speakers with low language fluency may
compensate for lower efficiency by engaging these areas
more strongly, and the greater activity observed in non-
native speech production may reflect the increased number
of neurons required to perform a complex task such as
speaking a non-native language. In the second case, the
specific involvement of control structures may emphasize
that, unlike the mother tongue, the non-native language is
not processed automatically but rather in a ‘controlled’
manner (DeAnda et al., 2016). However, this mechanism of
'interaction’ between the two languages is not yet fully
understood and requires further research.

Additionally, numerous studies have established a
correlation between bilingualism and the later development
of cognitive impairment associated with organic brain
diseases, such as dementia. At the same time, a
systematic review showed that bilingualism had an impact
on delaying dementia but not on reducing the risk of the
disease. The period the disease occurred later depends on
different conditions influenced by education, living
conditions, and other factors (Brini et al., 2020).
Furthermore, several studies have pointed to delaying the
progression of Alzheimer's, compensating for pathological
and age-related cognitive impairment (Taylor et al., 2022).
This is currently associated with the flexibility caused by
bilingualism, which allows for the engagement of
alternative cerebral networks and the strengthening of
existing networks as compensatory mechanisms (Marian,
& Shook, 2012). Research into both the nature and
prevention of Alzheimer's disease is an important topic in
modern science, thereby, it is actively studied, particularly
regarding the impact of bilingualism.

The impact of bilingualism on individuals with autism
spectrum disorders (ASD) has not yet been widely studied.
Still, a few articles point to the possible positive effect of
bilingualism in the context of flexibility in social tasks in
children with ASD, which is more significant when the
second language is introduced at an early age (Romero, &
Uddin, 2021). More recently, research on adults with ASD
and the impact of bilingualism on their social habits and
quality of life has begun to appear, showing a small but
statistically significant contribution of bilingualism to the
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self-assessed quality of social life among adults with ASD
(Digard et al., 2020).

While many articles provide overviews and analyses
of data collected from the studies of bilingualism based
on questionnaires and surveys, a significant number of
studies involve neuroimaging techniques, such as
electroencephalography (EEG), which allows to collect and
process the data on the electrical activity of different brain
areas during the performance of certain tasks or perception
of various stimuli (Gallo et al., 2025). EEG studies play a
crucial role in the study of speech mechanisms. Recent
studies indicate that brain oscillations in different frequency
bands are responsible for various types of brain activity.
For example, attention is associated with changes in a and
y activity, while working memory (Wen et al., 2022) and
long-term memory processes involve 6, 8, and y activity.
Speech perception and listening comprehension of
sentences are associated with several ranges of brain
oscillations, including both low-frequency components such
as & and 6 oscillations and high-frequency components
such as B and y oscillations. It is also known that brain
oscillations in EEG recordings made while listening to
one's native language (Broderick et al., 2018) are
predominantly reflected in the 8 (4—7 Hz) and a (7-13 Hz)
frequency bands (Beres, 2017).

Interestingly, when translating words into a second
language from one's native language, increased brain
activity in the same frequency bands is observed, provided
that the words are translated successfully (Mai et al.,
2016). Such activity is much less common when listening
to unknown words in a foreign language. Our study was
performed using EEG, and further data processing was
done using the EEGLAB software add-on based on the
MATLAB engineering package. The novelty of the work lies
in the detailed description of the difference in brain
electrical activity across various bands and sub-bands
during the perception of other languages by bilingual
individuals. Furthermore, we aim to identify the brain areas
involved in the processing of auditory stimuli and showing a
statistically significant difference during the perception of
languages at various levels of listening comprehension.

Methods

EEG captures and records the brain's electrical activity
using electrodes placed on the scalp. The method records
the electrical potentials that occur in the brain due to neural
activity and is widely used to diagnose neurological
diseases and brain damage. It allows the detection of
abnormalities in electrical activity of the brain associated
with various neurological pathologies, such as epilepsy,
migraine, and neurodegenerative diseases.

EEG is also used to assess cognitive abilities, including
attention, memory, and concentration. Such studies
improve learning systems and can help diagnose various
disorders of these functions early.

Another application of EEG is to diagnose various sleep
disorders, such as insomnia, apnoea, and parasomnias,
which aids in the development of effective treatments.

EEG is recorded using electrodes, an encephalograph,
and a computer. The electrodes, previously placed on the
subject's head, record electrical stimuli generated by the brain.
In this study, 25 electrodes were used, placed according to the
'10-20 %' system approved by the International Association of
Electroencephalography and Clinical Neurophysiology (Fig. 1).
The location of each electrode is represented by a Latin letter
and a number corresponding to certain brain regions: C for
central sulcus, O for occipital, P for parietal, T for temporal,
F for frontal and Fp for prefrontal. Even numbers indicate the
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location on the right hemisphere, while odd numbers on the
left. Additionally, two electrodes were located in electrically
neutral areas; in this study, they were the earlobes, which do
not register potentials and, therefore, are called passive or
reference electrodes.

.-—""-’0
Inion 10%

Fig. 1. Scheme of electrode placement according to the 10-20 %
system (American Academy of Sleep Medicine, 2013)

Each electrode is connected to an encephalograph,
which enhances the signal and records it in the computer's
memory. This way, the electrical potentials generated
by the brain and recorded by the EEG can be
monitored and presented in real-time mode on the
computer screen (Fig. 2).

Fig. 2. An example of an EEG of a healthy person with
a pronounced resting state a rhythm

The study was conducted in a closed laboratory room
that partially screened out noise caused by electrical
devices and minimized unnecessary sound and visual
stimuli to ensure the accuracy of the results.

The subject group comprised 10 men and 10 women
aged between 18 and 22. Participants were informed about
the content of the stimulation program, and written
informed consent was obtained in accordance with the
World Medical Association (WMA) Declaration of Helsinki —
Ethical Principles of Medical Research Involving Humans
(Helsinki, Finland, June 1964), Declaration of Principles of
Tolerance (28th Session of the General Conference of
UNESCO, Paris, November 16, 1995), Conventions for the
Protection of Human Rights and Human Dignity in the Use
of Biology and Medicine: Convention on Human Rights and
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Biomedicine (Oviedo, April 4, 1997). Each participant provided
personal consent to the study and confirmed that they had no
health issues that would interfere with the examination or
affect the research outcomes. The participants confirmed their
consent with a signature in the laboratory journal.

All participants were classified as bilingual since they
were proficient in both Ukrainian and English. Although some
of them were partially acquainted with other languages, these
were not considered in the experiment because either those
languages represented the same language group (such as
Russian and Ukrainian or German and English), or the
participants' language proficiency levels were insufficient.
The level of English was previously determined by the oral
interview with each participant and was determined to be
within the Bl to C1 range of the Common European
Framework of Reference for Languages.

EEG recordings were performed using the Neurocom
hardware and software complex (‘KhAI Medica," Kharkiv,
Ukraine). According to the international system, '10-20 %'
electrodes were placed on the head.

The experimental design was as follows: the participants'
resting state with eyes closed was recorded for 1 minute,
followed by three series of sound stimuli in three different
languages: Ukrainian, English, and Finnish. Each of these
series lasted up to 20 seconds, and after each series,
a 20-second resting state was recorded.

The obtained data were processed using the EEGLAB
software add-on based on the MATLAB engineering package.
The primary recordings were processed — filtering (2-30 Hz)
and ICA analysis — to remove the artifactual components
(oculomotor, neck muscle tension, etc.). Segments of
20 seconds were selected for analysis, which matched the
time of listening to audio stimuli and resting state.

Statistical data processing focused on the following
frequency bands: 6 (3.5 7.4) Hz, a1 (7.5 9.4) Hz, o2 (9.5 10.7) Hz,
a3 (10.8 13.5 Hz), B1 (13.6 19.9) Hz, B2 (20 30) Hz.
MATLAB provides a variety of functions and tools for group
statistical processing. One of the most important packages
for statistical analysis in MATLAB is the Statistics and
Machine Learning Toolbox, which has several important
functions used in this study.

Statistical analysis of the results was performed on
MatLab using the EEEGLAB software. Permutation tests
were conducted to determine statistically significant
differences among subject groups (p-value < 0,05).

Results

Comparisons were made between the perception of
Ukrainian and English, English and Finnish, and Ukrainian
and Finnish. The differences in brain activity were studied
across the following frequency ranges: 6 (3.5 7.4) Hz,
al (7.5 94) Hz, a2 (9.5 10.7) Hz, a3 (10.8 13.5 Hz),
B1(13.6 19.9) Hz, and B2 (20 30) Hz. A statistically
significant difference in the perception of different
languages was recorded mainly in the a and 8 frequency
bands, which will be described in this section. For
processing, fragments of the recording of direct listening to
the languages that lasted 20 seconds each were selected.

When analyzing the electrical activity of the brain in
the B2 frequency sub-band (20-30 Hz) while listening to
Ukrainian compared to English, a statistically significant
difference was found in the occipital area of the right
hemisphere of the brain (42.4 uyV?/Hz and 43.3 pV?/Hz,
respectively) (Fig. 3). When analyzing the electrical activity
of the brain in the a frequency range (9.5-10.7 Hz) while
listening to Finnish compared to English, a statistically
significant difference was found in the occipital part of the left
hemisphere of the brain (59 pV2/Hz and 57 uV2/Hz) (Fig. 4).
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Fig. 3. Topographic map of changes in the spectral power of B2 — EEG sub-band in the group of bilinguals during the perception
of English (eng) and Ukrainian (ukr) (n = 20) (A) and the results of statistical comparison of these changes (B).
Colour indicates significant changes at p < 0,05
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@

Fig. 4. Topographic map of changes in the spectral power of the a 2 sub-band of the EEG in the group of bilinguals when
perceiving English (eng) and Finnish (fin) (n = 20) (A) and the result of statistical comparison of these changes at p < 0,05 (B)

The analysis of brain electrical activity in the  sub-bands
(13.6 19.9Hz and 20 30 Hz) while listening to Ukrainian
compared to Finnish revealed statistically significant
differences in several brain regions (Figs.5 and 6): the
spectral power topography shows an increased activity in the
parietal, temporal and occipital areas of the right hemisphere

A
Spectrum - fin, 13.6-19.9Hz

Spectrum - fin, 9.5-10.7Hz cq

Spectrum - urk, 13.6-19.9Hz

B
condition (p<0.05) perm

& [3:] o
@ @ ~
- -

in the B1 frequency sub-band; the spectral power topography
in the B2 sub-band shows a stronger activation of the brain
during the perception of Ukrainian speech. In addition, when
comparing the results of EEG processing in these two sub-
bands, a stronger difference in comprehension of Ukrainian
compared to Finnish becomes apparent.

B
5 condition (p<0.05) perm
-
46.7
454 ] l
441
427

Fig. 5. Topographic map of changes in the spectral power of the 1 sub-band of the EEG in the group of bilinguals when
perceiving Finnish (fin) and Ukrainian (ukr) speech (n = 20) (A) and the result of statistical comparison of these changes (B)

A
Spectrum - fin, 20-30Hz

Spectrum - urk, 20-30Hz

B
condition (p<0.05) perm

Fig. 6. Topographic map of changes in the spectral power of 2 — EEG sub-band in the group of bilinguals during the perception
of Ukrainian (ukr) and Finnish (fin) languages (n = 20) (A) and the result of statistical comparison of these changes (B)
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Discussion and conclusions

The B2 frequency sub-band is associated with internal
mental activity, attention concentration, and the cognitive
processing of the perceived material (Barry et al., 2007).
Considering the topographic maps of changes in spectral
power (Fig. 3, A), it can be concluded that the perception of
the native language causes greater internal mental activity
compared to a language that is understandable but not
native. The significant difference in activity in the right
zone indicates emotional arousal and the autonomic
accompaniment of this arousal (increased blood pressure,
changes in cardiac rhythm, and sweating). Previous
laboratory studies on the perception of Ukrainian and
Russian languages prior to the full-scale invasion proved a
more emotional and positive cognitive response to the
perception of the Ukrainian language among all subjects
(both Ukrainians and Russians). Post-examination surveys
confirm that of the three languages — English, Finnish, and
Ukrainian — listening to the native language was the most
enjoyable for participants.

The occipital region of the left hemisphere corresponds
to Wernicke's area, which is involved in speech perception.
All the functions of this brain area are not yet understood;
however, some studies indicate that this area is more
highly developed in multilingual individuals compared to
monolinguals. The results of the analysis of the spectral
power of the a2 sub-band indicate greater intensity of
cognitive and imaginative thinking when listening to Finnish
compared to English.

We will first discuss the analysis of the B1 frequency
sub-band. The differences in the perception of Ukrainian
and Finnish are evidenced not only by the statistically
significant findings but also by the topography of the
spectral power. Increased activity in the right hemisphere's
parietal, temporal, and occipital areas indicates a strong
emotional and cognitive response to the perception of
Ukrainians. At the same time, the associative parietal
regions are mostly involved in the perception of the Finnish
language, which indicates increased activation of memory
and associations. It is as if the brain is trying to recall
something similar to unknown sound stimuli, as sentences
in Finnish were difficult to perceive not only in terms of
meaning but also due to the phonetic components, which is
very different from those of Eastern Slavic languages.
The B1 sub-band is associated with external attention and
concentration on what comes from the outside rather than
on one's own emotions. Therefore, we can say that these
results indicate a difference in the processes of
understanding and awareness of these languages.

The results of the B2 sub-band analysis also show a
clear difference in the perception of Finnish compared to
Ukrainian. As mentioned above, the B2 sub-band is
responsible for the internal state of the psyche and
consciousness. In this case, it has been observed that the
Ukrainian language causes strong emotional arousal and
subjective experiences. Activation in the left hemisphere
indicates verbal activity, i.e., participants understood the
sentences while listening and may have repeated them to
themselves. It is worth noting that the topographic maps of
Finnish language perception in the B1 and B2 sub-bands
are almost identical, while this difference is obvious in
Ukrainian. In this case, we can talk about emotional and
cognitive resonance in the perception of Ukrainian instead
of Finnish (Brismar, 2007).

The analysis of the results shows that previous
experience of language learning actively influences the
perception of this language and other types of languages,
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which is accompanied by the activation of high-frequency
bands of EEG activity in the brain (31 and B2). A higher
level of proficiency in a foreign language is associated with
a decrease in the statistical significance of the differences
between the perception of foreign and native languages.

These findings have several important implications. First,
they support the idea that bilingualism enhances cognitive
flexibility by requiring the brain to continuously regulate
language use and processing. The observed neural differences
in the perception of familiar and unfamiliar languages provide
further evidence that language comprehension relies on both
auditory and cognitive processing mechanisms, engaging
different brain regions depending on familiarity with the
language. Increased activation in the occipito-temporal and
parietal regions during language processing suggests that
both linguistic and non-linguistic factors — such as
phonological familiarity and semantic expectations — play a
crucial role in language perception.

From a practical perspective, this research might
contribute to improving foreign language learning
methodologies. By understanding how different frequency
bands correlate with cognitive effort and comprehension,
educators can design more effective training approaches
that optimize learning conditions. For instance, immersive
learning environments that engage multiple cognitive
processes may facilitate better retention and fluency in a
second language. Additionally, findings on the involvement
of emotional and cognitive engagement in native language
perception could inform new strategies for enhancing
motivation and retention in language acquisition.

In conclusion, this study highlights the complex interplay
between language experience, neural activity, and cognitive
engagement. It reinforces the significance of bilingualism not
only in terms of linguistic proficiency but also in relation to
broader cognitive functioning, emphasizing its role in learning,
adaptation, and even neurological resilience.

Authors' contributions: Yelyzaveta Reshetniak — conceptualisation;
methodology; source analysis, preparation of literature review or
theoretical framework, empirical data collection and validation;
empirical research. Elina Rula — writing (revision and editing).
Mariia Chernykh — conceptualisation, writing (revision and editing).

Acknowledgments, sources of funding: We would like to
thank lhor Zyma for his valuable support and mentoring. We
appreciate and we remember.

References

Abutalebi, J. (2008). Neural aspects of second language representation
and language control. Acta Psychologica, 128(3), 466—478. https:/doi.org/10.1016/
j.-actpsy.2008.03.014

Barry, R. J., Clarke, A. R., Johnstone, S. J., Magee, C. A., & Rushby, J. A.
(2007). EEG differences between eyes-closed and eyes-open resting
conditions. Clinical Neurophysiology : Official Journal of the International
Federation of Clinical Neurophysiology, 118(12), 2765-2773.
https://doi.org/10.1016/ j.clinph.2007.07.028

Beres, A. M. (2017). Time is of the Essence: A Review of
Electroencephalography (EEG) and Event-Related Brain Potentials (ERPs)
in Language Research. Applied Psychophysiology and Biofeedback, 42(4),
247-255. https://doi.org/10.1007/s10484-017-9371-3

Brini, S., Sohrabi, H. R., Hebert, J. J., Forrest, M. R. L., Laine, M.,
Hamalainen, H., Karrasch, M., Peiffer, J. J., Martins, R. N., & Fairchild, T. J.
(2020). Bilingualism Is Associated with a Delayed Onset of Dementia but
Not with a Lower Risk of Developing it: a Systematic Review with Meta-
Analyses. Neuropsychology Review, 30(1), 1-24. https://doi.org/10.1007/
$11065-020-09426-8

Brismar, T. (2007). The human EEG--physiological and clinical studies.
Physiology & Behavior, 92(1-2), 141-147. https://doi.org/10.1016/
j-physbeh.2007.05.047

Broderick, M. P., Anderson, A. J., Di Liberto, G. M., Crosse, M. J.,
& Lalor, E. C. (2018). Electrophysiological Correlates of Semantic Dissimilarity
Reflect the Comprehension of Natural, Narrative Speech. Current Biology :
CB, 28(5), 803-809.e3. https://doi.org/10.1016/j.cub.2018.01.080



BIONOrIA. 1(100)/2025

~ 55 ~

DeAnda, S., Poulin-Dubois, D., Zesiger, P., & Friend, M. (2016). Lexical
processing and organization in bilingual first language acquisition: Guiding
future research. Psychological Bulletin, 142(6), 655-667. https://doi.org/
10.1037/bul0000042

Digard, B. G., Sorace, A., Stanfield, A., & Fletcher-Watson, S. (2020).
Bilingualism in autism: Language learning profiles and social experiences.
Autism : The International Journal of Research and Practice, 24(8), 2166—
2177. https://doi.org/10.1177/1362361320937845

Gallo, F., Myachykov, A., Abutalebi, J., DeLuca, V., Ellis, J., Rothman, J.,
& Wheeldon, L. R. (2025). Bilingualism, sleep, and cognition: An integrative
view and open research questions. Brain and Language, 260, 105507.
https://doi.org/10.1016/j.bandl.2024.105507

Phelps, J., Attaheri, A., & Bozic, M. (2022). How bilingualism modulates
selective attention in children. Scientific Reports, 12(1), 6381. https://doi.org/
10.1038/s41598-022-09989-x

Romero, C., & Uddin, L. Q. (2021). Bilingualism, Executive Function,
and the Brain: Implications for Autism. Neurobiology of Language
(Cambridge, Mass.), 2(4), 513-531. https://doi.org/10.1162/nol_a_00057

Taylor, C., Hall, S., Manivannan, S., Mundil, N., & Border, S. (2022). The
neuroanatomical consequences and pathological implications of bilingualism.
Journal of Anatomy, 240(2), 410-427. https://doi.org/10.1111/joa.13542

Wen, Z. E., Teng, M. F., Han, L., & Zeng, Y. (2022). Working Memory
Models and Measures in Language and Bilingualism Research: Integrating
Cognitive and Affective Perspectives. Brain Sciences, 12(6). https://doi.org/

10.3390/brainsci12060729
Yamoah, E. N., Pavlinkova, G., & Fritzsch, B. (2023). The Development
of Speaking and Singing in Infants May Play a Role in Genomics and
Dementia in Humans. Brain Sciences, 13(8). https://doi.org/10.3390/

brainsci13081190

OTtpumaHo pepakuieto xypHany /| Received: 08.01.25
NMpopeueH3zoBaHo / Revised: 09.02.25
CxBaneHo ao aApyky / Accepted: 11.03.25

Mai, G., Minett, J. W., & Wang, W. S.-Y. (2016). Delta, theta, beta, and
gamma brain oscillations index levels of auditory sentence processing.
Neurolmage, 133, 516-528. https://doi.org/10.1016/j.neuroimage.2016.02.064

Marian, V., & Shook, A. (2012). The cognitive benefits of being
bilingual. Cerebrum : The Dana Forum on Brain Science, 13.

Martin-Fernandez, J., Gabarrés, A., & Fernandez-Coello, A. (2022).
Intraoperative Brain Mapping in Multilingual Patients: What Do We Know
and Where Are We Going? Brain Sciences, 12(5). https://doi.org/10.3390/
brainsci12050560

€nusaBeta PELUETHSAK, cTya.

ORCID ID: 0009-0001-7523-1597

e-mail: resh.liza@knu.ua

KuiBcbkui HauioHanbHUI yHiBepcuTteT imeHi Tapaca LlleBuyeHka, KuiB, YkpaiHa

Enina PYNA, ctya.

ORCID ID: 0009-0007-8862-4326

e-mail: rula.elina@knu.ua

KuiBcbkui HauioHanbHUIA yHiBepcuTeT imeHi Tapaca LUeBuyeHka, KuiB, YkpaiHa

Mapis HEPHUX, a-p dinocodii,-acucr.

ORCID ID: 0000-0001-5091-5071

e-mail: mariia.chernykh@knu.ua

KuiBcbkui HauioHanbHUIA yHiBepcuTeT imeHi Tapaca LUeBuyeHka, KuiB, YkpaiHa

BMAVB BINIHIBI3MY HA CNPUAHATTA HE3HAWOMOI MOBU

B cTyn. 3pocmarvya kinbkicmb Haykoeuyie npayroe Had 8U8YEHHSIM MexaHi3Mmie CrpuliHImmsi pi3HUX MO8 ma MoWwyKOM Hoeux memodie
IXHbO20 onaHyeaHHSsI. Baxnueum makox € numaHHsi ennusy 6iniHaeanbHOCMIi Ha KO2HIMUBHI OyHKUIT — yeazy, naM smb, KOHYUEeHmMpayiro Mmoujo.

M e T o A u . g po6oma, sukoHaHa 3 euKkopucmaHHsiM Memoduku peecmpauii EEl", suceimsroe numaHHs ennusy 6iniHaeiaMy Ha cripuliHImMms1 pi3HUX
Moe, a came piOHOI (MpedcmaesneHa yKpaiHCbKOI0), oraHo8aHOi Ha NeeHoMy pieHi dpyaoi Moeu (NpedcmaesieHa aH2silicbkoro) ma miel, wo paHiwe He 6yna
8UBYEHOI Ha XXOOHOMY pieHi (MpedcmassneHa ¢hiHCcbKo0). Lji Mosu Hanexxamb G0 Pi3HUX MOBHUX 2pyn, WO YHEeMOXJIUGsoe NogHe abo vacmkoee
PO3YyMIHHSI cjlie Yyu eucsioeie Ha OCHoei acouyiauili 3i cXOXUMU MOBHUMU cmpykmypamu y 3HalioMmux moeax. Memotro docnidxeHHs1 6yri0 He MinbKu
dosecmu pi3HUYIO y cnpuliHAMmI pi3HUX Mos, a U demasibHO ornucamu came 3MiHy e/leKmpUYHOi aKmueHOCmi 205108HO20 MO3Ky, docnidumu, siKi
yacmomHi diana3oHu i niddiana3oHu 4o Yb020 3asyyeHi, ki GinsiHKU MO3Ky MOXymb eidnoeidamu 3a yro ¢yHKyito.

Ho docnidxenHsi 6yno 3any4yeHo 20 6GiniHzeanbHux i noniniHeeanbHux cmydeHmie eikom 18-22 poku, ujo Ha 0o06posinbHUX 3acadax
nozodunucs 83mu y4yacme 8 06CmexeHHi.

Pe3ynbTaTtu. Pesynbmamu docnidxeHHs noka3anu HasieHicmb cmamucmuyYyHO 3Hayywol pi3HUyi y cnpuliHammi makux Mo MornapHo:
YKpaiHcbKoi ma aHanilicbKoi, aHanilicbKoi U ¢iHCcbKOI, ykpaiHcbkoi ma ¢piHcbkoi. HalieupasHiwe ys pizHUYysi npocmexyemscsi 8 6ema-1 ma 6ema-2
YyacmomHux niddianazoHax. [Jo o6pobku MO8 Pi3HUX MOBHUX 2pyn i3 Pi3HOK iHMeHcusHicmio 3any4yeHi maki OinsiIHKU 20/1086HO20 MO3KY:
oKyunimanbHa YyacmuHa rnpaeoi ma nieoi nieKynb, memnopanbHa YacmuHa J1ieoi nieKysi, napiemanbHa YacmuHa npaeoi nieKyiii.

BucHoBku. fJemanbHe docnidxeHHs 6iniHeeanbHocmi ma MexaHiamie cripuliHimmsi Moe eidKpueae nepcrekKmueu cmeopeHHs1 830CKO-
HaneHux memodie Hag4aHHSs1 iIHO3eMHUX M08, U0 8i0nogidHO po3wupums Moxxsueocmi sirodell y ecboMy ceimi siKicHo eukopucmosyeamu 6inbwi
Macueu iHhopmayii Ons NoKpawjeHHs1 ceoix 3HaHb Ma Ha8UYOK.

Kno4yoBi cnoBa: 6iniHzei3am, enekmpoeHyeganozpacpis (EET), Helipogpizionoezisi, HeliponiHzeicmuka.
ABTOpM 3a8BNSIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CroHcopy He 6panu yyacTi B po3pobreHHi AoChiMKeHHs; y 360pi, aHanisi uu
iHTepripeTaLii AaHuX; y HanucaHHi pyKonucy; B pilLeHHi Npo nybrikavito pe3ynbTaris.
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THE ADVENTITIOUS SPIDER SPECIES AGELENOPSIS POTTERI
(BLACKWALL, 1846) IN UKRAINE

Background. Due to the increasing mobility of the population, trade, fragmentation and anthropogenic transformation of
natural ecosystems, adventitious species can spread to new areas quickly. It is currently possible to monitor the dynamics of
distribution and monitor finds, in particular, adventitious species, using such specialized Internet resources as iNaturalist, GBIF,
and UkrBin. Among the spiders of the fauna of Ukraine, Agelenopsis potteri (Blackwall, 1846) belongs to the adventitious
species. It has structural features by which it can be easily identified. Based on this, the data obtained from the iNaturalist
network and other similar resources are considered quite reliable, and on their basis, it is possible to create distribution maps
that will reflect the current state of the species' range with fairly high accuracy. Based on information from specialized
biodiversity databases, which are constantly being updated, it is possible to reliably track new locations of A. potteri findings
both within a specific region and across Ukraine as a whole.

Methods. Data on the distribution of the adventitious species in Ukraine were obtained from the online biodiversity
resources iNaturalist (inaturalist.org), GBIF (gbif.org), and UkrBIN (ukrbin.com) and faunal material from the collection of the
Department of Ecology and Zoology was also analyzed. Data from GBIF and UkrBIN were checked by experts to prevent erroneous
identification of species. In the case of iNaturalist, only research-grade records were used. In total, about 250 observations were
analyzed. The initial data were collected using a standardized protocol through the management interface of the above resources.
The initial data indicated the date, time, and place of collection, the username, and geographical coordinates of the finds, according
to which original maps were created in the online service Google My Maps (www.google.com/maps), which were saved in
PNG format. The available geographical coordinates of the finds and observations were converted to decimal degrees.

Results. As of January 2025, 250 observations of the adventitious species A. potteri have been identified in Ukraine:
128 in iNaturalist, 67 in GBIF, and 55 in UkrBIN, and corresponding maps have been created based on them. Most of the data on
A. potteri in GBIF are duplicated with those from the iNaturalist network: 59 out of 67 findings coincide, which is about 88 %, the
rest are data provided according to the geographical labels of faunal material indicated in scientific publications. Analysis of
online biodiversity resources shows that the adventive North American species is mainly observed in urban environments, in
large cities, districts and regional centers and towns, and outside urban agglomerations in non-urban settlements. The largest
number of observations was found in Kyiv — 44, Rivne — 38, and Kharkiv regions, where 34 observations were recorded. In terms
of geography of observations of the adventive species, the UkrBIN network demonstrates a somewhat narrower coverage of the
territory of Ukraine, compared to the iNaturalist and GBIF resources. Currently, UkrBIN has no hope of registering the species in
the Volyn, Zakarpattia, Zaporizhia, lvano-Frankivsk, Kirovohrad, Lviv, Rivne, Sumy, Cherkasy and Chernihiv regions. Analysis of
collection samples showed that adults occur from June to October, and peaks in numbers are recorded in August and
September. When comparing phenological data from the iNaturalist network, a similar scenario of activity of sexually mature
individuals is observed, the maximum values occur at the end of summer and at the beginning of autumn, and the last
observations of single female specimens are dated November.

Conclusions. According to the data of iNaturalist, GBIF, UKrBIN, and literature sources, A. potteri has spread over
a significant territory of Ukraine. It has been detected in 19 out of 25 administrative units of Ukraine. Currently, there is no data
on its presence in a several of southern regions (Mykolaiv, Odesa, and Kherson and in the Autonomous Republic of Crimea)
in Vinnytsia and Khmelnytsky regions. The probable reason for its absence in the southern regions of Ukraine may be the
sensitivity of juvenile individuals to low humidity values. Since representatives of the genus Agelenopsis are not able to settle
in air currents using a web, the main factor in the spread of the adventitious species across the territory of Ukraine is probably
the increasing volumes of goods transportation and the extensiveness of the transport network. The species is mainly observed
in urban environments, in large cities, district and regional centers and villages, and outside the urban agglomeration in non-
urban settlements. In eastern Ukraine, it is a part of spider communities in nature reserves and lives in biotopes of various types.
According to the iNaturalist resource, in the city of Zdolbuniv (Rivne region), in the villages of Shkarivka (Bila Tserkva district)
and Prydniprovske (Zolotonosha district), local stable populations of the adventive species are registered, which successfully
reproduce for at least 3—4 years. According to the features of phenology, A. potteri is a typical summer-autumn species with
a peak of activity of adults in August and September.

Keywords: spiders, fauna, urban ecosystems, adventitious species, Agelenopsis potteri, Potter's Grass Spider, citizen
science.

Background Industrial Revolution in the 19th century. Many species
The globalization in tourism, economic and trade introduced several decades ago have only recently begun
relations has contributed to the introduction of adventitious to spread rapidly in the ecosystems of the countries to

species of organisms, starting from the times of the which they have entered. Nowadays, there is a tendency
© Singayevskiy Evgen, Kolesnyk Maksym, Balan Pavlo, 2025
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towards an increase in the number of allochthonous
species in ecosystems, and an increasing number of
invasive species are noted (Randall, & Marinelli, 1996).
Adventitiousness is of great importance in the formation of
organism communities, since adventitious species can play
a certain ecological role in them, and sometimes prevent
the reproduction of native species, which negatively affects
biodiversity. Forestry and agriculture suffer enormous
losses due to insect pests, among which a significant part
are adventitious species. Exotic species can be transported
together with other organisms (e.g. on host plants), or in
cargo compartments, holds, or packaging materials. The
study of adventitious species provides an opportunity to
understand the basic evolutionary processes, predict the
risk of their spread in new ecosystems, and develop new or
improve existing pest control strategies (Navia et al., 2009).

At the same time as scientific publications, it is currently
possible to follow the dynamics of distribution and monitor
finds, in particular, adventitious species, with the help of
such specialized Internet resources as iNaturalist, GBIF, and
UkrBin. These are social networks of amateur naturalists,
citizen scientists, and biologists, built on the concept of
mapping and sharing observations of biodiversity around the
world. Mainly, thanks to the contribution of the interested
public, it is possible to obtain data on the detection of many
discoveries (Matushkina, Protsenko, & Stavskyi, 2023).

Due to the increasing mobility of the population, the
commodity circulation, and the fragmentation and
anthropogenic transformation of natural ecosystems, many
non-native species can spread quickly in new regions.
Spiders, due to a number of their inherent features (relatively
small size, the ability to go without food for a long time),
can hide in the voids and crevices of goods and products
and successfully enter new places (Polchaninova, 2015).

Among the spiders of the Ukrainian fauna, the adventitious
species is Agelenopsis potteri (Blackwall, 1846). The studied
spider has features that make it fairly easy to identify: body
size, characteristic coloration, eye position, and morphology of
the male copulatory apparatus. Based on this, the data
obtained from the iNaturalist network and other similar
resources are considered quite reliable, and on their basis,
it is possible to create distribution maps that will reflect the
current state of the species population range with fairly
high accuracy. Relying on information from specialized
biodiversity databases, which are constantly being updated, it
is possible to reliably track new locations of A. potteri both
within a certain region and across Ukraine as a whole.

The main objective — is to update and generalize the
existing information on the distribution of the adventitious
spider species A. potteri in Ukraine based on information
from interactive biodiversity databases and literary sources.
Based on the data on the time of observations in the
iNaturalist network and the analysis of geographic labels of
faunal material from the collection of the Department of
Ecology and Zoology of Taras Shevchenko Kyiv National
University, establish the phenological features of this species.

Literature review. Agelenopsis Giebel, 1869 is one of
97 genera of spiders in the family Agelenidae. The genus
includes 14 species that are distributed in North America:
in Canada, the USA, and Mexico (World Spider Catalog, 2025).

A. potteri spider species (also known as Potter's Grass
Spider) was first described by the British naturalist
John Blackwell in 1846. The species name of the spider is
given in honor of University College London professor
Richard Potter, who assisted the author in his zoological
studies (Blackwall, 1846). The body length of adult individuals
varies from 7,3 mm to 12,7 mm in males and from 6,7 mm
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to 16 mm in females (Chamberlin, & Ivie, 1941). The
species has a one-year life cycle, and the peak of activity
of sexually mature individuals falls in the autumn period
(Earnshaw, 1973). Spiders of the genus Agelenopsis do
not spread over the territory by air currents with the help of
web threads and build funnel-shaped webs typical for
spiders of the Agelenidae family (Paison, 1997).

A. potteri is widespread in the North of the United
States (Washington, Idaho, Massachusetts, Connecticut,
New Hampshire, Men, Vermont, New York, Pennsylvania,
Michigan, Wisconsin, and Ohio) and Southern Canada to
the East and the West of the Great Plains and the Rocky
Mountains (Ontario, Quebec, Manitoba, British Columbia).
The highest population density of this species is observed
in the northwest of the Pacific and in the Great Lakes, which
are northern regions with high humidity levels (Paison, 1997).

Although A. potteri is commonly found near human
settlements (Chamberlin, & Ivie, 1941), the ecological
tolerance of the species to the microclimate of the
environment within its natural habitat is quite wide
(Galasso, 2012). A.Earnshaw (1973) indicates that
A. potteri occurs both in open meadow ecosystems and in
deciduous forests, but the highest density of species is
noted in ecotones. The spider webs of A. potteri are placed
on trees, shrubs, herbaceous plants, stone accumulation,
and on the outer walls of buildings (Drew, 1967). Adults
can withstand the temperature of the environment up to
+30 °C (Earnshaw, 1973). The spread of A. potteri does
not reveal a clear correlation between the range of species
and its adherence to certain types of plant associations in
North America (Paison, 1997).

In Ukraine, the adventitious species A. potteri was
discovered for the first time in 1995 in the city of Donetsk.
In the south-east of Ukraine, the spider was recorded
mainly in broad-leaved forests, in man-made areas, in
areas of psammophyte steppe (edges of pine forests),
steppe meadows (under a large upturned stump), and in an
unharvested sunflower field (Prokopenko, & Goidyk, 2006).
This find is also considered to be the first for this adventitious
species in Europe (Prokopenko, 2001). The authors note
that only 35,6 % of individuals were recorded outside the
Donetsk urban agglomeration, the rest of the findings were
found in the city. In its natural range in North America,
Potter's Grass Spiders also prefers buildings, meadows,
forest edges, and deciduous forests (Prokopenko, & Goydyk,
2006). Having adapted to natural and anthropogenically
altered landscapes, it coexists with the aboriginal species
of the Agelenidae family, without displacing them from
historically formed ecological niches (Polchanynova, 2015).

According to scientific literature sources, A. potteri is
generally recorded for the territory of 8 regions of Ukraine
(Table 1). On the territory of Left-Bank Ukraine, it is
recorded for the Kharkiv region: the city of Kharkiv — in
residential premises (Bengus, 2023; Polchaninova, 2009;
2015; Fedoriak, 2009); settlements of Milova and
Shchaslyve of lzyum district — bayrach forests and places
of outcrops of Cretaceous rocks (Polchaninova, & Slutsky,
2013); oak forests in the east of Kharkiv region
(Polchaninova, & Honcharov, 2023); Dvorichansky National
Nature Park, the vicinity of the village of Krasne Pershe,
Kupyansky district (Parkhomenko, & Kletyonkin, 2023).

For the Luhansk region, the species was recorded
mainly in the territories of the nature reserve fund:
Prydintsivska floodplain (Stanychno-Luhansk branch of the
Luhansk reserve), the vicinity of the village of Stanytsia
Luhanska and the branch of the Luhansk reserve
"Striltsivskyi steppe”, Milovsky district, the village of
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Krynychne (Prokopenko, 2001; Prokopenko, & Goidyk,
2006; Polchaninova, & Prokopenko, 2011), as well as in
the city of Luhansk (Fedoriak, & Rudenko, 2009).

In the Donetsk region, Potter's Grass Spiders are
widely observed in residential premises, city parks, forest
areas of the city of Donetsk (Prokopenko, 2003; 2013),
near coalmines, terrykons, in the industrial zone of Donetsk
and the outskirts of the city, and agrocenoses of the
Donetsk-Makiiv urban agglomeration (Prokopenko, & Goidyk,
2006; Prokopenko, & Savchenko, 2013). It is included in
the list of spider species of the National Nature Park "Svyati
Gory", where it inhabits pine forests on chalk coastal
slopes, floodplain meadows, floodplain oak forests and
settles along the banks of water bodies (Polchaninova,
& Prokopenko, 2007). The species is indicated for the above-
mentioned regions in the supplement to the list of species of
Left-Bank Ukraine (Polchaninova, & Prokopenko, 2019).

In the west of Ukraine, Potter's Grass Spiders were found
in Zakarpattia and Ivano-Frankivsk regions (Fedoriak,
& Rudenko, 2009) and is mentioned in several works devoted
to the study of species complexes of synanthropic and
herpetobiont spiders in park areas of the city of Chernivtsi
(Brushnivska, & Fedoriak, 2009; Fedoriak et al., 2010). This
North American spider is also noted in various urban habitats,
in forests and open areas on the outskirts of the city of
Chernivtsi, green zones of industrial enterprises and residential
areas, buildings (Fedoriak, et al. 2012), and in agro-landscapes
of the Chernivtsi region (Tymchuk et al., 2021).

In the central part of Ukraine, A. potteri is indicated for
the entrances of multi-story buildings in the city of Poltava
(Fedoryak, 2009) and for the basements of outbuildings in
the Holosiivskyi district of the city of Kyiv (Evtushenko,
& Syngaevsky, 2008). In the Kyiv region, the species
occurs among the agrocenoses of the Bila Tserkva and
Myronivskyi districts (Evtushenko, Dyman, & Yashchenko,
2012), on the homestead plots of private residences in the
vicinity of the village of Vepryk, Fastivskyi district (Yanul,
& Singaevsky, 2021).

Methods

Information on the distribution of the adventitious
species A. potteri in Ukraine was obtained from the online
biodiversity resources iNaturalist (inaturalist.org), GBIF
(gbif.org), and UkrBIN (ukrbin.com). Faunal material of
A. potteri from the araneological collection of the
Department of Ecology and Zoology of Taras Shevchenko
National University of Kyiv was also analyzed.

The raw data of the observations were collected using
a standardized protocol, through the management interface
of the inaturalist.org, gbif.org, and ukrbin.com sites, an
array of tabular data was downloaded in CSV format,
where the date, time and place of collection, user name
and geographical coordinates of the findings, according to
which the original maps were created, were indicated. The
number of processed records for each region of Ukraine is
different and significantly depends on the availability of
data on the iNaturalist, GBIF, and UkrBIN resources.
A preliminary analysis of the available observations showed
the presence of a certain proportion of duplications of finds
on the studied resources. Data from GBIF and UKrBIN
were checked by experts to prevent erroneous identification of
species. In the case of iNaturalist, only research-level
records were used. In total, about 250 records of
observations of the adventitious spider species A. potteri
conducted on the territory of Ukraine were analyzed.

iNaturalist is a social network for naturalists, citizen
scientists, and biologists, built on the concept of mapping
and sharing biodiversity observations around the world.
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The database of the international organization GBIF
(Global Biodiversity Information Facility) focuses on
providing access to scientific information about biodiversity
via the Internet. The National Biodiversity Information
Network UKrBIN (Ukrainian Biodiversity Information
Network) is a crowdsourcing online platform for collecting,
accumulating, and sharing biodiversity data. UkrBIN is a
public project supported by volunteers and funded by the
public. The UkrBIN network allows you to document your
observations, identify species with the help of experts, and
accumulate data to create dynamic maps and graphs.

For further processing, the information obtained from
the above sources in CSV format was converted into Microsoft
Excel tables, with the help of which the downloaded data was
sorted and organized for further analysis. For unification, all
available geographical coordinates of finds and observations
were converted to decimal degrees format. The obtained
geographical coordinates were uploaded to the online
resource Google My Maps (www.google.com/maps) —
a free service from Google that allows you to create and
edit interactive maps with markers, lines, polygons, and
other objects. The created maps were saved in PNG
format. Histograms of phenological features of the
adventitious spider species A. potteri were created using
Excel software based on the analysis of the time and dates
when the observations were made.

Results

According to the results of the analysis of biodiversity
databases, as of January 2025, about 250 observations of
the adventitious spider species A. potteri were registered in
the territory of Ukraine. 128 observations were found in the
iNaturalist social network database, 67 observations — on
the GBIF international database network resource, and
55 observations — on the UkKrBIN National Biodiversity
Information Network resource. In the case of data from the
iNaturalist and GBIF resources, the observations uploaded
to them are automatically merged, namely, out of 67 GBIF
findings, 59 are duplicated with iNaturalist, that is, we have a
coincidence that is 88 %. In the case of the analysis of
observations on the UkrBIN resource, we have 7 coincidences
with iNaturalist data, which is about 12,7 % of coincidences.
In the case of GBIF and UKrBIN — no coincidences were
found between the analyzed observations. Based on the
available geographical coordinates of the processed
observations, a map of the distribution of the Potter's Grass
Spider and the territory of Ukraine was created (Fig. 1).

As of January 2025, all three studied biodiversity
databases lack data on the findings of A. potteri in the
territories of Vinnytsia, Mykolaiv, Odesa, Kherson, and
Khmelnytskyi regions, as well as from the territory of the
Crimean Peninsula. The species was most often recorded
in Kyiv (44 observations), Rivne (38 observations), and
Kharkiv (34 observations) regions. There were some cases
when a series of observations in a rather limited area of a
certain settlement was carried out by one observer over
several years. These cases will be considered separately.

Next, we will sequentially analyze the currently available
(as of January 2025) information on the registration of the
adventitious spider species A. potteri in biodiversity
databases. According to iNaturalist resources, the largest
number of observations falls in Kyiv (24 finds), Rivne
(21 finds), and Kharkiv (16 finds) regions. In the Kyiv
region, most of the findings (13 or 54.2 %) are concentrated in
the vicinity of the settlement of Shkarivka (Bila Tserkva
district), observations were carried out from August 2020 to
October 2024. In the territory of the Bucha district, the
species was noted locally in the vicinity of the villages of
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Kapitanivka, Myla, Muzychi, Petropavlivska Borshchahivka,
and Poroskoten. There is also data on the detection of the
species in the vicinity of the village of Dybyntsi, Obukhiv
district, the villages of Hlevakha and Novosilky, Fastiv
district, and in the territory of the private residential sector
in the city of Vasylkiv. In the Rivne region, in particular in
the city of Zdolbuniv, almost 86 % of observations (18 out
of 21) were made by one observer in the vicinity of the
city's Hydropark during 2021-2024. The species was also
locally recorded in the city of Rivne, Varasky, and Rivnesky
(near the village of Kamyana Hora) districts of the Rivne

A
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region. Analysis of observations in the Kharkiv region
showed a wider coverage of settlements: Bogodukhiv (the
cities of Bogodukhiv and Valky), Dergachivsky, Kupyansky
(the village of Zamist), Kharkiv (the villages of Budy and
Pisochyn), Chuhuivsky (the village of Zadonetske) districts
and the city of Chuhuiv. A total of seven observation points
were identified in the territory of the city of Kharkiv: the
village of Zhukovsky (Kyiv district), Novobavarsky district,
the village of Saltivske (Saltivske district), the village of
Herzen (Slobodsky district), the Oleksiyivka massif
(Shevchenkivsky district).
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Fig. 1. Findings of the adventitious spider species A. potteri in Ukraine according to iNaturalist, GBIF, and UkrBIN resources
(as of January 2025). Blue markers correspond to iNaturalist findings, red — GBIF, yellow — UkrBIN; purple marks the points
of duplication of iNaturalist and GBIF findings, green — marks the points of duplication of iNaturalist and UkrBIN findings

In the iNaturalist network, 25 observations of A. potteri
were registered for the territory of the city of Kyiv, which is
the most significant result among all settlements and
administrative-territorial units of Ukraine. In the territory of
the left-bank part of the city, this adventive spider species
was found in the Darnytskyi district: residential areas of
Poznyaki, Osokorky, and Chervonyi Khutir. In the territory of
the Holosiivskyi district, it was found both in the residential
area (Polotskyi Lane, Demiivka, Zabaykiv'ya, residential
area in the village of Feofaniya) and the forest park (in the
vicinity of the National Natural Park "Holosiivskyi" and the
National Museum of Folk Architecture and Folkways of
Ukraine and near the Orihuvatskyi ponds). A fairly significant
number of observations is represented by Solomianskyi
district, where the species was noted for the Batyeva Gora
area (4 observations during 2021-2022), the area near the
central railway station and in the vicinity of the village of
Zhulyany. For Svyatoshynskyi district, 5 observation points
of this species are currently known, including 2 from the
Galagany area. In the Shevchenkivskyi district, the species
was noted in the city center near Maidan Nezalezhnosti.
Isolated cases of observations were recorded in Obolonskyi
(between Pryrichna Street and the Dnieper embankment),
Pecherskyi (on the territory of the M.M. Hryshko National
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Botanical Garden of the NAS of Ukraine), and Podilskyi
(on the territory of the Vynohradar residential area) districts.

In several other regions of Ukraine, a significantly lower
number of observations of the A. potteri spider species was
noted. In the Donetsk region, 6 observations are known:
3in the city of Chistyakove (former Torez), 2 in the central
part of the city of Donetsk, and 1 in the city of Kramatorsk.
In the Cherkasy region, 6 observations were also found, all in
the vicinity of the settlement of Prydniprovske, Zolotonosha
district, dated 2021, 2023, and 2024.

In the Poltava region, a Potter's Grass Spider was recorded
in the cities of Poltava (on the territory of the Aviagorodok
residential area and in the Podilskyi district), Pyriatyn (near
the eastern outskirts and in the central part of the city), and
Myrhorodskyi district (near the village of Shyshaky). In total,
as of January 2025, there are 5 A. potteri registration points
in the iNaturalist network for the Poltava region.

For the Volyn region, 4 locations have been identified: in
the cities of Kovel, and Lutsk and the vicinity of the village of
Lyubeshiv (Kamin-Kashyr district). Also, 4 observation points
are currently known for the Dnipropetrovsk region, all
ofthem are located on the territory of Dnipro city:
in Nizhnyodniprovsky (2 registration points), Central and
Chechelivskyi districts (one registration point each).
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Three observation points are currently known for
Zaporizhzhia city (in particular, A. potteri was noted on the
territory of Komunarskyi district), this species was not
noted for the rest of the settlements of Zaporizhzhia region.
In the Ternopil region, a Potter's Grass Spider was
observed in the vicinity of the city park of Zalishchyky and
in the vicinity of the village of Horishnia Vyhnanka, which
are territorially part of the Chortkiv district.

Isolated cases of observations are noted for Zhytomyr
(surroundings of the city of Berdychiv, Bohunsky district of
Zhytomyr), Sumy (surroundings of the cities of Lebedyn and
Okhtyrka), and Chernihiv (Desnyansky district of Chernihiv
and in the village of Stolne, Koryukiv district) regions. In the
Kirovohrad region, the species was noted in the vicinity of
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the village of Dobrovelichkivka (Novoukrainsky district) and
the city of Kropyvnytskyi (in the northwestern part of the
territory of the Fortechny district). The only observation point
for the Luhansk region is located on the northern outskirts of
the city of Severskodonetsk near Lake Kleshnia, it is dated
October 2015.

Relatively recently, observations of A. potteri spider
have appeared from the territory of the western regions of
Ukraine: in the city of Ivano-Frankivsk (August 2023) and in
the central part of Lviv (October 2024). As of January 2025,
the iNaturalist network does not have information about the
registration of a Potter's Grass Spider in the territory of the
Zakarpattia region, however, it is indicated for the region in
other biodiversity resources (Fig. 2).
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Fig. 2. Findings of the adventitious spider species A. potteri in Ukraine according to the iNaturalist resource (as of January 2025)

Most of the data on the findings of the adventitious
spider species on the GBIF resource are duplicated
(59 findings out of 67 coincide, which is about 88 %), with
the results from the iNaturalist network already described
above, the rest are data provided according to the
geographical labels of the faunal material indicated in
scientific publications. The largest number of findings of the
species is indicated from the territories of Rivne, Kharkiv,
Kyiv regions, and the city of Kyiv — 17, 11, 5, and 10,
respectively. As of January 2025, no data on the
registration of A. potteri are provided for the Kirovohrad
and Chernihiv regions (but there are records for these
regions on the iNaturalist resource).

For the Transcarpathian region, there is a single record
in the village of Rozivka near the city of Uzhhorod, which is
noted exclusively for the GBIF resource among other
biodiversity databases. The observation is new for all the
databases we have considered and adds this region to the
list of regions where A. potteri occurs. In lvano-Frankivsk, we
also have one fixation point in the Kolomyia district of the
city, unique for GBIF. For the Chernivtsi region, 2 observations
are known: one in the city of Chernivtsi, and the other near
the village of Zavoloka (Chernivtsi district). The data are
given according to the material specified in the scientific
publication (Fedoriak, & Rudenko, 2009). Also, for two
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settlements of the Kharkiv region (Dvorichne and Krasne
Pershe (Kupyansky district)), this species is indicated for the
first time (Bengus, 2023). For the Luhansk region, the
species is reported from the territory of the village of
Krynychne, Starobilsky district, where it was found near the
banks of the river (Polchaninova, 2023) (Fig. 3).

According to the results of the analysis of data from the
National Biodiversity Information Network UkrBIN, as of
January 2025, there are 55 observations of the adventitious
North American spider species on the territory of Ukraine.
The largest number of finds is recorded in Poltava, Kyiv, and
Donetsk regions: 15, 14, and 13 records, respectively. The
only find is known from the Zhytomyr region, from the
outskirts of the city of Ruzhyn, which is in Berdychiv district.
2 finds are located in Luhansk region: one in the village of
Stanytsia Luhanska (Shchastia district), the other — near the
village of Krynychne (Dovzhansk district). For these settlements
of the Luhansk region, A. potteri was previously indicated by
O. Prokopenko (Prokopenko, 2001). Three observations
were found in the Dnipropetrovsk region, all — in the village
of Loboykivka (Dniprovskyi district). There are records of
7 cases of fixation of the species from the territory of Kharkiv
region: 5 — in Kharkiv (3 — in Shevchenkivskyi and 2 — in the
Industrialnyi districts of the city), 1 — in the village of Donets
(Izyumskyi district) and 1 — in the village of Milova (Balakliyskyi
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district). For Donetsk region, we have 13 observations:
1 each — in Oleksandrivka and Kostyantynivka (Kramatorsk
district), in Horlivka (Horlivskyi district), in Nyzhna Krynka, in
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Kashtanovoe, in Makiivka (Donetsk district), 3 — in the city of
Donetsk and 4 observations of the species — in its vicinity.
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Fig. 3. Findings of the adventitious spider species A. potteri in Ukraine according to the GBIF resource (as of January 2025)

The UKrBIN network recorded 14 observations for the
territory of the Kyiv region: 4 — in the city of Bila Tserkva
and 10 — in the village of Shkarivka (Bila Tserkva district).
This is where the duplication of observation records with the
iNaturalist resource occurs. As already noted, the largest
number of observations falls on the Poltava region: 2 —in the
village of Hradyzk (Kremenchuk district), 2 — in the village of
Dykanka, 1 each — in the villages of Myrne (Bilytskyi settlement
community) and Kovalivka (Poltava district). 9 observations

o

of the adventitious species are noted in the territory of the
Avtozavodskyi district of the city of Kremenchuk. According
to the geography of available observations of A. potteri,
the UkrBIN network demonstrates a somewhat narrower
coverage of the territory of Ukraine, compared to the
iNaturalist and GBIF resources. Currently, UkrBIN has no
hope of registering the species in the territory of Volyn,
Transcarpathian, Zaporizhia, Ivano-Frankivsk, Kirovohrad,
Lviv, Rivne, Sumy, Cherkasy and Chernihiv regions (Fig. 4).
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ISSN 1728-2748



~ 62 ~

B 1 C H UMK Kuiscbkoro HauioHanbHoro yHiBepcurety imeHi Tapaca LleBueHka

Based on the results of a partial processing of the
faunal material collected by one of the authors
(E. Singayevskiy), students and staff of the Department of
Ecology and Zoology, starting in 2008, primary analysis
and generalization of label data of 53 specimens of
A. potteri (39 males, 13 females, and 1 juvenile) were
carried out. Most of the processed specimens were
collected using the pitfall traps method, which allows
detecting, in particular, quantitative indicators of soil and
litter animal communities over a long period.

Figure 5 presents the features of the phenology of
A. potteri during the field research season in the city of Kyiv
and the Kyiv region. Sexually mature spiders occur from
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June to October, and the largest number of individuals in
the city of Kyiv is recorded in August and September,
which coincides with previous data of colleagues
(Prokopenko, & Goydyk, 2006). In the territory of the "Lysa
Hora" Regional Landscape Park in the third decade of
March, a female was found wintering under the bark of a
tree. Among the processed specimens in the collection,
this is the only find of this species in the spring period.
Comparing phenological data from the iNaturalist network
(by date of observation), a similar scenario of activity of
sexually mature individuals is observed, with maximum values
recorded in late summer and early autumn, but the last
observations of single females were dated to November.

50
44
24
19
17
7
4

I

1% X Xl

13
11 1 00
VI vl XII

B JaHi eTUKeTOK

Fig. 5. Phenology of the adventitious spider species A. potteri according to the iNaturalist resource (as of January 2025)
and according to the label data of faunal material from the collection of the Department of Ecology and Zoology

Table 1

Findings of the adventitious spider species A. potteri in Ukraine according to the analysis
of iNaturalist, GBIF, UkrBIN databases, and literary sources

Region/City . N“T“bef . Number Number of finds According to literary sources
of finds iNaturalist | of finds GBIF UKrBIN

Cherkasy 6 2 - -

Chernihiv 2 - - -

Chernivtsi - 2 - Brushnivska, & Fedoriak, 2009;
Fedoriak, & Rudenko, 2009;
Fedoriak, Brushnivska, & Rudenko, 2010;
Fedoriak et al, 2010;
Fedoriak et al, 2012;
Tymchuk et al, 2021

Dnipropetrovsk 4 3 3 -

Donetsk 6 1 13 Polchaninova, & Prokopenko, 2007; Polchaninova,
& Prokopenko, 2019; Prokopenko, 2003;
Prokopenko, 2013;
Prokopenko, & Goidyk, 2006;
Prokopenko, & Savchenko, 2013

Ivano-Frankivsk 1 1 - Fedoriak, & Rudenko, 2009

Kharkiv 16 11 7 Bengus, 2023; Fedoriak, 2009;
Parkhomenko, & Kletyonkin, 2023; Polchaninova,
2009;
Polchaninova, 2015;
Polchaninova, & Honcharov, 2023; Polchaninova,
& Prokopenko, 2019; Polchaninova, & Slutsky, 2013

Kirovohrad 2 - - -

Kyiv 24 5 14 Evtushenko, Dyman & Yashchenko, 2012; Yanul,
& Syngaevsky, 2021

City of Kyiv 25 10 - Evtushenko, & Syngaevsky, 2008
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Ending table

Region/City . N“!“b‘” . Number Number of finds According to literary sources
of finds iNaturalist | of finds GBIF UkrBIN

Luhansk 1 1 2 Prokopenko, 2001;
Prokopenko, & Goidyk, 2006;
Polchaninova, & Prokopenko, 2011,
Polchaninova, & Prokopenko, 2019;
Polchaninova, 2023

Lviv 1 1 - -

Poltava 5 4 15 Fedoriak, 2009

Rivne 21 17 - -

Sumy 2 1 — —

Ternopil 3 1 - -

Volyn 4 2 - -

Zakarpattia - 1 — Fedoriak, & Rudenko, 2009

Zaporizhzhia 3 3 - -

Zhytomyr 2 1 1 —

Discussion and conclusions

Since the first discovery of A. potteri in Donetsk in
1995, this North American species has spread over a
significant territory of Ukraine. According to the data of
iNaturalist, GBIF, UkrBIN, and literature sources, a Potter's
Grass Spider has been found in 19 out of 25 administrative-
territorial units of Ukraine. Currently, there are no data on
its presence in several southern regions (Mykolaiv, Odesa,
and Kherson and in the Autonomous Republic of Crimea),
and Vinnytsia, and Khmelnytskyi regions. A probable reason
for the lack of information on the findings of A. potteri in the
southern regions of Ukraine may be the sensitivity of
juveniles to low humidity values (Earnshaw, 1973), which
prevents the formation of permanent populations.

It is worth noting that over the past year, the geography
of observations of the adventitious species in Ukraine has
expanded. For example, as of April 2024, this species was
not indicated in the social network for studying biodiversity
iNaturalist from the territory of Kirovohrad and Lviv regions.
A similar trend towards expanding the geography of
observations is predicted to continue in the future. The
most indicative in this regard is the iNaturalist resource, as
of April 2024 its database contained 72 research-grade
records of A. potteri in Ukraine, and in January 2025 there
were already 128 such records. Spiders of the genus
Agelenopsis do not settle in air currents using a web
(Paison, 1997), therefore the main factor in such a rapid
spread of the adventitious species across the territory of
Ukraine is the growing volumes of goods transportation
and the extensiveness of the transport network. Using up-
to-date information from specialized biodiversity databases,
it is possible to reliably track new locations of North
American spider findings both within a specific region and
throughout Ukraine.

Analysis of literary sources and available faunal
material indicates that the North American spider in the
physical and geographical conditions of Ukraine tends to
urban ecosystems and is mostly recorded in settlements
and their surroundings. In eastern Ukraine, it also is a part
of spider communities in nature reserves and is found in
habitats of various types. The settlement of A. potteri in
new anthropogenically modified landscapes and various
natural ecosystems of a significant part of the territory of
Ukraine indicates the successful adaptation of the species
to local environmental conditions and its inclusion in the
established trophic networks existing here.

Analysis of online biodiversity resources shows that
A. potteri is mainly observed in urban environments
(in large cities, regional, and district centers), as well as in
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villages and outside the urban agglomeration. According to
the iNaturalist resource, in the city of Zdolbuniv (Rivne
region), the species is regularly recorded in the vicinity of
the city's Hydropark from August 2021 to September 2024,
in total, this is 18 out of 21 (or 85,7 %) observations in the
Rivne region. A similar situation exists in the vicinities of
Shkarivka village (Bila Tserkva district), where the species
was observed from August 2020 to October 2024, more
than 54 % of the total number of records in the Kyiv region.
Inthe settlement of Prydniprovske (Zolotonishki district),
A. potteri was noted from August 2021 to August 2024, this is
the only point of occurrence of this species in the Cherkasy
region so far. In the settlements described above, amateur
naturalists register a local stable population of A. potteri, which
can successfully reproduce its numbers for a long time.

In the south of Kyiv region, in the vicinity of Vasylkivskyi
district, A. potteri is a common species in private homes,
settles in barns and other outbuildings where it builds
characteristic webs between window frames. Males were
also noted outside the settlement in the litter layer of
spruce-oak forests in late September — early October.
Spiders hibernate both indoors and in natural conditions
(under tree bark, etc.). In the Holosiivskyi district of Kyiv in
February, females were found under the lids of beehives in
a basement (Evtushenko, & Syngaevsky, 2008), and in
March, a female was found under the bark of a tree in the
"Lysa Hora" Regional Landscape Park. According to the
phenology, A. potteri is a typical summer-autumn species
with the peak of activity of adults in August and September,
single females are also found in November, and in autumn
they form cocoons that overwinter.

Authors' contributions: Evgen Singayevskiy — the general
concept of the manuscript, collection, and laboratory processing of
faunal material, methodology, preparation of the literature review;
Maksym Kolesnyk — compilation of maps, arrangement of data,
analysis of sources, preparation of the literature review; Pavlo
Balan — general concept of the manuscript, preparation of the
literature review, editing of the manuscript.

Acknowledgments, sources of funding. The authors
express their gratitude to the students and staff of the Department
of Ecology and Zoology of Taras Shevchenko National University
of Kyiv for their assistance in collecting specimens. The authors
are also sincerely grateful to all nature lovers who participate in
citizen science projects to monitor biological diversity and create
the basis for such research.

References
Bengus, Yu. (2023). Findings of alien species of creatures on the
territory of the city of Kharkov and the Kharkiv region. Records of alien plant



~ 64 ~

B 1 C H UMK Kuiscbkoro HauioHanbHoro yHiBepcurety imeHi Tapaca LleBueHka

and animal species in Ukraine. Series: "Conservation Biology in Ukraine", 29,
48-49.  https://uncg.org.ua/wp-content/uploads/2023/06/2_Chuzhoridni_20.06_
compressed.pdf [in Ukrainian].

Blackwall, J. (1846). Notice of spiders captured by Professor Potter in Canada,
with descriptions of such species as appear to be new to science. Journal of Natural
History, 17(109), 30—44. https://doi.org/10.1080/ 037454809496437

Brushnivska, L., & Fedoriak, M. (2009). On the question of the
application of the structure of spider groups (Araneae) in biomonitoring
studies of the state of ecosystems. Biolohichni systemy, 1(1), 35-39.
http://ibhb.chnu.edu.ua/uploads/files/vb/BS_T1_V1_2009.pdf [in Ukrainian].

Chamberlin, R., & Ivie, W. (1941). North American Agelenidae of the genera
Agelenopsis, Calilena, Ritalena and Tortolena. Annals of the Entomological
Society of America, 34(3), 585-628. http://dx.doi.org/10.1093/aesa/34.3.585

Drew, L. (1967). Spiders of Beaver Island Michigan. Publications of the
Museum, Michigan State University Biological Series, 1(3), 53—-208.

Earnshaw, A. (1973). The ecology, distribution, and dispersion of
Agelenopsis utahana Chamberlin and Ivie, 1933, and A. potteri (Blackwall,
1846), in the Morgan Arboretum of Macdonald College, PQ [Doctoral
dissertation, McGill University]. https://escholarship.mcgill.ca/concern/
theses/0k225b81s

Evtushenko, K., Dyman, T., & Yashchenko, S. (2012). To the study
of the spiders (Aranei) of the agrocenoses of the Kyiv region. Ukrainian
Entomological Journal, 1(4), 1625 [in Russian].

Evtushenko, K., & Syngaevsky, E. (2008). Eusynthropic spiders
(Arthropoda: Aranei) of Kyiv. The Kharkiv Entomological Society Gazette,
15(1-2), 223-225 [in Russian].

Fedoriak, M. (2009). Preliminary information on synanthropic spiders
(Aranea) of regional centers of the Forest-Steppe zone of Ukraine.
In Ecology and Education: Current Issues in Conservation and Use of
Natural Resources (pp. 254-256). Cherkasy State Technological University
[in Ukrainian].

Fedoriak, M., Brushnivska, L., & Rudenko, S. (2010). Araneocomlpexes
of premises of industrial enterprises in the biomonitoring researches of
urboecosystem state (by the example of Chernivtsi city). Ecology and
Noospherology, 21 (1-2), 27-37. https://www.dnu.dp.ua/docs/zbirniki/foem/
program_56d5e7b167331.pdf [in Ukrainian].

Fedoriak, M., & Rudenko, S. (2009). On the state of knowledge of
spiders (Aranei) in residential and utility rooms of populated areas of
Ukraine. In S.V.Shmaley (Ed.), Faltzfein's readings (pp. 383-388).
Kherson State University [in Russian].

Fedoriak, M., Rudenko, S., laroshynska, O., & Zhukovets, E. (2012).
Spiders (Araneae) of Chernivtsi City (Ukraine). Arachnologische Mitteilungen, 43,
37-50. https://doi.org/10.5431/aramit4311

Fedoriak, M., Rudenko, S., Marusik, Yu., & Brushnivska, L. (2010).
Spiders-Gerpetobiontes of parks-monuments of landscape art of Chernivtsi.
Nature Reserves in Ukraine, 16(1), 64-74. http://aetos.kiev.ua/zsu/zsul6-
1/zsu16-1-14.pdf [in Ukrainian].

Galasso, A.B. (2012). Comparative analysis of courtship in Agelenopsis
funnel-web spiders (Araneae, Agelenidae) with an emphasis on potential
isolating mechanisms [Doctor Dissertation, University of Tennessee].
University of Tennessee. https://trace.tennessee.edu/utk_graddiss/1377

Matushkina, N., Protsenko, Y., & Stavskyi, |. (2023). The iNaturalist
platform as a tool for environmental education and research of local
biodiversity in Ukraine. In V.M. Grishchenko (Ed.), Saving biological and
landscape diversity in protected areas: materials of the conference
dedicated to the 100th anniversary of the Kaniv Nature Reserve (pp. 199—
205). Druk Art. https://ir.library.knu.ua/entities/publication/953cbf7b-b524-
450d-a83a-b6d4168519b5 [in Ukrainian].

Navia, D., Ochoa, R., Welbourn, C., & Ferragut, F. (2010). Adventive
eriophyoid mites: a global review of their impact, pathways, prevention and
challenges. Experimental and Applied Acarology, 51(1-3), 225-255.
https://doi.org/10.1007/s10493-009-9327-2

Paison, T. (1997). A Biogeographic Review of the Spider genus Agelenopis
(Araneae: Agelenidae) [Master's thesis, University of Tennessee].
https://trace.tennessee.edu/utk_gradthes/2591

€ereH CIHFAEBCbKUMN, kana. 6ion. Hayk, acucT.
ORCID ID: 0000-0001-8278-4977
e-mail: singaevsky@knu.ua

Parkhomenko, M., & Kletyonkin, V. (2023). Findings of introduced and
invasive species in the Dvorichansky National Nature Park (Kharkiv region).
Records of alien plant and animal species in Ukraine. Series: "Conservation
Biology in Ukraine", 29, 446-451. https://uncg.org.ua/wp-content/uploads/
2023/06/2_Chuzhoridni_20.06_compressed.pdf [in Ukrainian].

Polchaninova, N. (2009). A checklist of the spiders (Araneae) of the
Kharkiv Region (Ukraine). The Journal of V. N. Karazin, Series: Biology,
856(9), 121-135. http:/seriesbiology.univer.kharkov.ua/ukr/9(2009)/pdf/121.pdf
[in Russian].

Polchaninova, N. (2015). The adventive species Agelenopsis potteri
(Blackwall, 1846) (Aranei: Agelenidae) in Ukraine. In N. Polchaninova (Ed.),
Fundamental and Applied Research in Zoology (pp. 84—-86). Department of
Zoology and Entomology of the V. V. Dokuchaev KhNAU [in Russian].

Polchaninova, N. (2023). Spiders (Araneae) of the northeast of the
Luhansk Oblast (Ukraine). (July 11 2023, Version 1.10). Ukrainian Nature
Conservation Group (NGO). https://doi.org/10.15468/8upy6t, accessed via
ghif.org on 2025-02-10.

Polchaninova, N., & Honcharov, R. (2023). Spiders (Araneae) of the oak
forests of Kharkiv Region (Northeastern Ukraine). The Kharkiv Entomological
Society Gazette, 31(2), 49-60. https://doi.org/10.36016/KhESG-2023-31-2-5

Polchaninova, N., & Prokopenko, E. (2007). A checklist of the spider
fauna (Araneae) of the "Svyati Gory" National Nature Park (Ukraine,
Donetsk Area). Arthrop. sel, 16 (3), 177-189.

Polchaninova, N., & Prokopenko, E. (2011). List of spiders (Araneae) of
Lugansk Nature Reserve (Ukraine). In T.V.Sova (Ed.), Collection
of scientific works of the Luhansk Nature Reserve (pp. 96-110). National
Academy of Sciences of Ukraine, Luhansk Nature Reserve [in Russian].

Polchaninova, N., & Prokopenko, E. (2019). An updated checklist of
spiders (Arachnida: Araneae) of Left-Bank Ukraine. Arachnologische
Mitteilungen, 57, 60—64. https://doi.org/10.30963/aramit5711

Polchaninova, N., & Slutsky, A. (2013). Addition to the checklist of
spiders (Araneae) of Kharkiv Region (Ukraine). The Journal of V. N. Karazin,
Series: Biology, 17(1056), 122-129. http://seriesbiology.univer.kharkov.ua/ukr/
17(2013)/pdf/115.pdf [in Russian].

Prokopenko, E. (2001). About spider fauna (Aranei) of Southeast of Ukraine.
The Kharkiv Entomological Society Gazette, 9(1-2), 185-192 [in Russian).

Prokopenko, E. (2003). The Spider (Aranei) Population structure of the
tree plantations of Donetsk. Vestnik zoologii, Supplement, 16, 108-110.
http://mail.izan.kiev.ua/vz-pdf/suppl/s16_add.pdf [in Russian].

Prokopenko, E. (2013). The structure of the spider population (Aranei)
of the Donetsk city wood planting. Biological Bulletin of Bogdan Khmelnytskyi
Melitopol State Pedagogical University, 2(8), 180—-195 [in Russian].

Prokopenko, E., & Goidyk, I. (2006). Distribution of Agelenopsis potteri
(Blackwall, 1846) — an adventive North American species in Left-Bank
Ukraine. Bulletin of Donetsk National University. Series A: Natural Sciences,
2, 257-260 [in Russian].

Prokopenko, E., & Savchenko, K. (2013). Spiders (Aranei) of Donetsk
Region agrocoenoses. Problems of Ecology and Nature Protection of the
Technogenic Region, 1(13), 122-133 [in Russian].

Randall, J., & Marinelli, J. (Eds.). (1996). Invasive plants: weeds of the
global garden. Brooklyn Botanic Garden.

Tymchuk, K., Polchaninova, N., Zhuk, A., Leheta, U., Voloshyn, V.,
& Fedoriak, M. (2021). Spiders (Araneae) as a component of ground-dwelling
animal assemblages of the energy crop fields in northern Bukovyna (Ukraine).
Ekolégia (Bratislava), 40(3), 240-247. https://doi.org/10.2478/eko-2021-0026

World Spider Catalog. (2025). World Spider Catalog (Version 25.5).
Natural History Museum Bern. https://doi.org/10.24436/2

Yanul, V., & Syngaevsky, E. (2021). A preliminary information on spider
fauna (Arachnida, Aranei) of the Fastiv District (Kyiv Region). Bulletin of
Taras Shevchenko Kyiv National University. Biology, 85(2), 51-56.
https://doi.org/10.17721/1728_2748.2021.85.51-56 [in Ukrainian].

OTpumaHo pepakuiet xypHany / Received: 13.01.25

NMpopeueHsoBaHo / Revised: 12.02.25
CxBaneHo pao aApyky / Accepted: 11.03.25

KuiBcbkui HauioHanbHUI yHiBepcuTteT imeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

Makcum KONECHMUK, ctya.
e-mail: maksymkolesnyk@knu.ua

KuiBcbkui HauioHanbHUI yHiBepcuTteT imeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

Maeno BAJIAH, kaHa. 6ion. Hayk, Aou.
ORCID ID: 0009-0008-3663-2663
e-mail: balan_pavlo@knu.ua

KuiBcbkui HauioHanbHUI yHiBepcuTteT imeHi Tapaca LLleBueHka, KuiB, YkpaiHa

AOBEHTUBHUN BUA NABYKIB AGELENOPSIS POTTERI (BLACKWALL, 1846) B YKPAIHI

BcTtyn. Yepes 3pocmaHHsi Mo6inbHOCMIi HacesneHHsi, moeapoobie, hpazMeHmauyito ma aHmMPOMNo2eHHy mpaHcgopMayiro npupPoOHUX
ekocucmem adeeHmueHi eudu Maromb MOXJueicmb WeudKo Mowupreamuch y Hoei pe2ioHU. Cmexumu 3a OUHaMIKOK PO3MoecrodKeHHs] ma
3ditlicHroeamu MOHIMoOpPuUH2 3Haxi0OK, 30kpema U adeeHmueHux eudie, Hapa3i € MOXJsiueumMm 3a GONMOMO20K0 MaKux creyianizogaHux iHmepHem-
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pecypcis, sik iNaturalist, GBIF ma UkrBin. Ceped naesykie ¢hayHu YkpaiHu do aBeeHmueHux Hanexums i Agelenopsis potteri (Blackwall, 1846). Leu
8ud Mae o3Haku, 3a SIKUMU i020 MOXHa nieeko ideHmudbpikyeamu. Ha nidcmaei ybo20 daHi, sski ompumaHi 3 mepexi iNaturalist ma iHwux nodi6Hux
pecypcie, yeaxaromb yinkom HadiliHuMu, a Ha ix OCHO8i MOXXHa cmeopreamu Kapmu po3MnoecloO)KeHHsI, ki idobpaxamumymb NOMOYHUl cmaH
apeany eudy i3 eucokor moyHicmi. Cnuparoyucb Ha iHgopmayiro cneyianizoeaHux 6a3 JdaHux i3 6iopi3HomaHimms, siki nmocmiliHo
0dornoeHMbCS, MOXXHa A0CMOBIPHO sidcmexxyeamu HO8i MOYKU 3HaxiOOK A. potteri ik y Mexax neeHo20 pez2ioHy, mak no YkpaiHi e yinomy.

Me Toaw. JaHi npo nowupeHHs adseHMu8Ho20 8udy Ha mepumopii YkpaiHu ompumaHo 3 oHnaliH-pecypcie i3 6iopisHomaHimms iNaturalist
(inaturalist.org), GBIF (gbif.org) ma UkrBIN (ukrbin.com). Takox npoaHanizoeaHo ¢hayHicmuyHuli Mamepian i3 Konekyii kagpeOpu ekonozii ma
3oo0n0eii Kuiscbko20 HayioHanbHo20 yHieepcumemy imeHi Tapaca LllesyeHka. [laHi 3 GBIF ma UkrBIN nepeegipeHo ekcniepmamu Onsi nonepeoKeHHs1
nomMusnKkoeo2o eu3HayeHHs1 eudie. Y eunadky i3 iNaturalist eukopucmaHo 3anucu nuwe docnidHUYbKO20 pieHsl. 3a2asioM npoaHasnizoeaHo 611U3bLKO
250 cnocmepexeHb. BuxioHi daHi 3i6paHo cmaHdapmu308aHUM MPOMOKOJIOM Yepe3 iHmepgbelic ynpassiHHA suwjeska3aHux pecypcis. Y auxiOHux
OdaHux 3a3HayeHo Oamy, 4Yac ma Micye 360py, iM'ss Kopucmyea4a U 2eozpadpiyHi KoopOuHamu 3Haxi0oKk, 3a sIKUMU & OHnaliH-cepeici
Google My Maps (www.google.com/maps) cmeopeHo opuziHanbHi kapmu, siki 36epexeHi y ¢popmami PNG. HasieHi 2eozpacgpidHi koopOuHamu
3Haxidok i cnocmepexeHb nepesedeHo y hopmam decsimkosux 2padycis.

PesynbTaTtu. CmaHoM Ha cidyeHb 2025p. eusieneHo 250 cmocmepexeHb adeeHmueHoz2o eudy A. potteri Ha mepumopii YkpaiHu:
128 — e iNaturalist, 67 — Ha pecypci GBIF ma 55 — Ha pecypci UkrBIN; Ha ix ocHogi cmeopeHo 8idnoeidHi kapmu. Binbwa 4YacmuHa daHux npo
A. potteri Ha pecypci GBIF dy6nioembcsi makumu 3 mepexi iNaturalist: 59 3Haxidok i3 67 36icaembcsi, W0 cmaHoeume 65u3bko 88 %, pewma —
ye OaHi, ujo HagoOdsimbcsl 8idnosidHo Ao 2eozpaghiyHUX emukemoK ghayHicmu4yHO20 Mamepiany, 3a3Ha4eHO20 8 HayKoeux ny6nikayisx. AHani3
OHnaliH-pecypcie i3 6iopiaHoMaHimms noka3sye, ujo0 adeeHmMueHuli nieHiYHoamMepukaHCcbKuli U0 MepesaxHo crocmepizatomb 8 ypbaHizogaHoMy
cepedosuuwi: y eesukux micmax, palloHHUX i 06racHUX UeHmpax, a makoX cesuujax, rno3a MICbLKOI az2/ioMepayicto 8 HacesleHux MyHKmax
Hemicbko2o0 muny. Hal6inbwa kKinbkicmb crnocmepexeHb npunadae Ha Kuiecbky (44 cnocmepexeHHsl), PieHeHcbKy (38 cmocmepexeHb) ma
XapkiecbKy (34 cnocmepexeHHsi) obnacmi. 3a 2eozpadpieto crnocmepexeHb mepexa UkrBIN demoHcmpye Oew,0 8yx4ye OXOMsieHHs1 mepumopii
YkpaiHu, nopieHsiHo 3 pecypcamu iNaturalist ma GBIF. Hapa3i e UkrBIN eiocymni daHi wjodo peecmpauii eudy Ha mepumopii BonuHcbKoi,
3akapnamcbkol, 3anopi3bkoi, leaHo-PpaHkieckbkol, Kiposoepadckkoi, JIbeieckkol, PisHeHcbkoi, CyMcbkol, Yepkacbkoi U YepHiziecbkoi o6nacmell.
AHani3 KonekuyiliHux 3pa3kie nokasae, uyo dopocsii ocobuHu A. potteri mpannsiromscsi 3 YepeHsi 00 XXO08MHS, a MiKku YucebHOCMi peecmpyroms y
cepnHi ma eepecHi. lMpu nopieHsiHHI ¢heHonoziyHux AaHux i3 mepexi iNaturalist cnocmepicaemo cxoxuli cyeHapili akmueHocmi cmameeo3pinux
0COo6UH, MakcuMarnbHi 3Ha4YeHHs1 npunadaromb Ha KiHeuyb Jslima (i Mo4YamoK OCeHi, a ocmaHHi criocmepexeHHs1 MOOOUHOKUX eK3eMIIsipie camMoK
damoesaHo niucmonadom.

BucHoBKU. 3a daHumu pecypcie iNaturalist, GBIF, UkrBIN ma 3a nimepamypHumu dxepesiamu ecmaHoesieHo, w0 A. potteri nowupuscsi
Ha 3HayHili mepumopii YkpaiHu. BiH eusieneHuli y 19 i3 25 admiHicmpamueHux oduHuyb YkpaiHu. Ha cb0200Hi eidcymHi 6ydb-siki OaHi npo lio2o
HasisHicmb y psdi niedeHHux obnacmel (Mukonaiecbka, Odecbka U XepcoHcbka ma Ha mepumopii AemoHomHoi Pecny6niku Kpum), a makox y
BiHHuybkil i XmenbHuuybkiili o6nacmsx. IMogipHot npuvuHoro lio2o eidcymHocmi y niedeHHUX pezioHax YKpaiHu Moxe 6ymu yymnusicmb
08EHINIbHUX 0COBUH 00 HU3bKUX 3Ha4YeHb eosiococmi. Ockinbku npedcmasHuku pody Agelenopsis He 30amHi po3cesssmucsi nosimpsiHUMuU
nomokamu 3a AoOMOMO200 NagymuHU, MO OCHOBHUM (baKIMopoM MOWUPEHHST Ybo20 adeeHmueHo20 eudy mepumopieto YKkpaiHu imoeipHo €
3pocmaHHsi 06'emie nepeee3eHHs1 moeapie i po32anyxeHicmb mpaHcrnopmHoi mepexi. Bud nepeeaxHo crnocmepicatomb e ypb6aHizoeaHomy
cepedoeuuwii: y eenukux micmax, palioHHUx i o6nacHUX yeHmpax ma rnosa MiCbKOI a2sioMepayicto 8 HacesleHUX MyHKmax HeMicbko20 muny.
Ha cx0di YkpaiHu eiH exodumb 00 cknady yz2pynoeaHb naeykie npupoOHO-3anogiOHUX mepumopili ma Mewkae y 6iomonax pi3HuUx munie.
3a danumu pecypcy iNaturalist, y micmi 3don6yHie (PieHeHcbka 0615.), y cenax llikapieka (Binoyepkiecbkuli p-H, Kuiecbka 06n.) ma
lMpudHinpoeckke (3omomoHickbkuli p-H, Yepkacbka 0611.) peecmpyroms JokanbHi cmabinbHi nonynsayii A. potteri, wjo ycniwHo eiomeoproromsbcs
ynpodoex npuHaliMHi 3—4 pokie. 3a ocobnusocmsimu ¢heHonoeii A. potteri € munosum nimHbO-0CiHHIM eudoM i3 nikomMm akmueHocmi Adopocnux
0CO6UH y ceprHi ma eepecHi.

Kno4yoBi cnoBa: nasyku, gpayHa, yp6oekocucmemu, adeeHmueHi eudu, Agelenopsis potteri, citizen science.
ABTOpM 3a8BNSIOTb NPO BiACYTHICTb KOHAMIKTY iHTEepeciB. CroHcopy He Bpanu yyacTi B po3pobneHHi AoChiMKeHHs; y 360pi, aHanisi uu
iHTepnpeTauii AaHWX; y HanMcaHHi pyKonucy; B pilleHHi Npo nybnikauito pesynbTarTis.
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ELECTROPHYSIOLOGICAL METHODS IN NOCICEPTION RESEARCH

A wide range of experimental models has been developed to elucidate the complex mechanisms underlying nociception,
spanning from isolated cellular systems to whole organisms. In vitro methods, including heterologous expression systems and
primary cell cultures, enable detailed investigation of the biophysical and pharmacological properties of nociceptive ion channels
and receptors. Ex vivo preparations preserve native tissue architecture and critical intercellular interactions, offering a
physiologically relevant environment for electrophysiological recordings. In contrast, in vivo rodent models integrate peripheral and
central nervous system processes with endocrine, immune, and vascular influences to capture the full spectrum of pain behavior.
Each of these approaches presents distinct advantages and limitations. As the level of biological organization increases—from in
vitro to ex vivo to in vivo—-the experimental conditions more closely mimic natural physiology, but they also introduce additional
variables that can influence outcomes. Relying solely on a single method to study specific receptors or assess pharmacological
effects may lead to incomplete or misleading conclusions. Therefore, a comparative analysis that integrates data from multiple

experimental models is essential for obtaining a more objective and comprehensive understanding of nociception.

Keywords: nociception, sensory neurons, extracellular recording, patch-clamp, behavioral response to pain.

Background

Pain is defined as an unpleasant sensory and
emotional experience associated with actual or potential
tissue damage (Raja et al., 2020). The initial phase of pain
perception, known as nociception, involves the transduction of
harmful or potentially harmful stimuli into nerve impulses at
the terminal ends of sensory neurons. The resulting pain
signal-its intensity proportional to the frequency of action
potentials—is relayed via the spinal cord to the brain, where
it is ultimately perceived as pain.

Effective pain management is a critical concern in
medicine, primarily relying on pharmacological interventions.
Consequently, the discovery of novel analgesic agents
remains an active and vital area of research. Experimental
data on analgesic efficacy not only guide therapeutic
development but also enhance our understanding of the
molecular mechanisms underlying pain. Although genetic
and electrophysiological studies have successfully
identified key nociceptive receptors, the complex
mechanisms of nociception in native sensory neurons
continue to elude full characterization.

A diverse array of experimental assays is employed in
pain research, spanning various levels of biological
organization—from isolated proteins to intact organisms.
In vitro cellular models, for instance, facilitate the investigation
of specific molecular pathways but often fail to replicate the
complexity of intercellular interactions. Techniques such as
heterologous receptor expression in CHO cells, HEK293
cells, or Xenopus oocytes, etc. enable detailed examination
of the activation mechanisms and pharmacological profiles
of individual receptors and ion channels. Additionally,

cultured dorsal root ganglion (DRG) neurons are widely
used to investigate the functional properties of ion
channels and G protein-coupled receptors, including
TRPV1, ASIC, P2X, and P2Y. Research with these
neurons has demonstrated that nociceptive signaling is
regulated at multiple levels—through protein phosphorylation
cascades, specific protein—protein interactions, calcium
current modulation, and changes in gene expression—all of
which contribute to the complex modulation of pain
(Lacinova, 2022; Zhen et al., 2023). Ex vivo tissue models
further incorporate intercellular interactions by maintaining
the native tissue architecture. For example, intact nerve
ganglia preserve the interactions between sensory neurons
and glial cells (Tewari, Michalski, & Egan, 2024), while
rodent skin-nerve preparations allow the study of
interactions between sensory nerve terminals and
keratinocytes (Erbacher et al., 2024).

In vivo rodent models of pain behavior offer the most
comprehensive view by engaging multiple physiological
systems, including the endocrine, immune, and vascular
systems. Although these models provide a broader context
for understanding pain, they also introduce complexity
thatcan complicate data interpretation. Thus, each
experimental approach to studying nociception has its
distinct advantages and limitations, which must be carefully
weighed during experimental design.

This review outlines the most prevalent methodologies
for assessing nociceptive skin sensitivity in research
laboratories. These methods encompass electrophysiological
recordings from cultured neurons in vitro, measurement of
single afferent activity in vivo and ex vivo, and behavioral
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assays in animal models. In addition, the review offers a
critical analysis of the factors that influence the
interpretation of experimental data in pharmacological
research, thereby guiding the selection of appropriate
methodological approaches for investigating specific
mechanisms of sensory sensitivity.

Intracellular recordings techniques in pain research

Patch-clamp recordings on heterologous expression
systems. Heterologous expression systems-such as
HEK293 cells, Xenopus oocytes, and Chinese hamster
ovary (CHO) cells-provide robust platforms for the study of
a wide array of ion channels and receptors. These systems
allow detailed investigations into the functional properties
of these proteins, facilitating direct comparisons across
species by enabling the analysis of human proteins and
various mutants.

The patch-clamp technique, especially in voltage-clamp
mode, is considered the gold standard for studying ion
channels because it precisely measures ion flux or ionic
currents through open channels. Among its various
configurations, the whole-cell recording is most commonly
used. This method monitors the activity of all ion channels
present on the cell surface of an isolated cell while allowing
precise control over both intracellular and extracellular
solutions. Additionally, patch-clamp can be performed
manually for detailed mechanistic studies in research
laboratories or via automated systems for high-throughput
pharmacological screening of chemical compounds against
ion channels (Fig. 1).

Furthermore, heterologous expression systems facilitate
the monitoring of intracellular ion concentration changes
using fluorescent dyes (Jiang; & Roger, 2020), a technique
that is also employed in high-throughput screening of
chemical libraries. By expressing membrane proteins in
non-neuronal cells, researchers can study the biophysical
and pharmacological properties of individual transmembrane
proteins in isolation, free from the confounding effects of
other membrane structures. This isolation enhances
experimental reproducibility but also represents a limitation;
in native sensory neurons, nociceptive receptors and other
membrane complexes operate within an integrated system
for the perception, excitation, and transmission of sensory
information (Grundy et al., 2018).

Patch-clamp recordings on primary cultures of
rodent DRG neurons in vitro. Primary cultures of rodent
dorsal root ganglion (DRG) neurons are extensively used
to investigate signal transmission, ion channel and receptor
dynamics, neurotransmitter release, intracellular ion
visualization, and biochemical changes at the single-cell or
network level. This in vitro approach addresses several
limitations of in vivo experiments (Altinok et al., 2025; Lin,
& Chen, 2018) while preserving many characteristics of the
membrane proteins of native sensory neurons.

DRG cultures are particularly valuable  for
electrophysiological studies using the standard patch-clamp
technique. Sensory neurons can be analyzed immediately
following isolation or after several days in culture, offering
flexibility in experimental design. Although receptor-channel
complexes on the neuronal soma are assumed to mirror those
on the nerve terminals, it remains uncertain whether their
functional responses are identical. Additionally, similar to
heterologous expression systems, ion influxes can be
monitored optically using fluorescent dyes (Fig. 1).

Despite of many advantages, the method has notable
restrictions. First of all, we cannot study human ion
channels and receptors, which can have distinct from
rodents pharmacological and biophysical characteristics.
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The process of establishing primary DRG neuron cultures
involves enzymatic digestion and mechanical dissociation,
which remove axons and satellite glial cells (SGCs) that
normally function as integrated units with neurons in intact
ganglia (Chen et al., 2022). This dissociation and axon
removal induce phenotypic alterations and modify
membrane excitability (Renthal et al., 2020). The loss of
neuron-SGC interactions-integral to normal physiological
functions and responses to pathological conditions such as
chronic pain (Hanani; & Spray, 2020) — further compromises
the physiological relevance of the cultured neurons. In vitro
conditons can also alter the composition of neuronal
membrane proteins (Bhave, & Gereau, 2004), further
distinguishing cultured neurons from their in vivo counterparts.
Patch-clamp recordings on intact sensory ganglia
ex vivo. Recording neuronal activity from intact sensory
ganglia ex vivo enables the study of DRG neurons in their
native environment while preserving the association
between neuronal cell bodies, surrounding satellite glial
cells, and the basal lamina of the sensory ganglion —
a preservation not possible in dissociated DRG neuron
cultures. Satellite cells envelop neuronal cell bodies
completely (Chen et al., 2022), forming a metabolic barrier
that not only protects and supports neurons but also
establishes a microenvironment for neuroglial communication
through the release of neurotransmitters and hormones,
thereby modulating neuronal activity (Hanani, & Spray,
2020). Studies have shown that small neurons in intact
DRG ex vivo exhibit a higher rheobase and input
resistance compared to neurons cultured in vitro,
suggesting that dissociation increases neuronal excitability
(Gong, Ohara, & Jasmin, 2016). Moreover, neurons
surrounded by satellite glial cells display a weaker response
to adenosine triphosphate (ATP), glutamate, y-aminobutyric
acid (GABA), and bradykinin than those without glial
coverage (Qarot, Guan, & Hanani, 2024).
This ex vivo method offers additional advantages.
It allows axons to remain within the sensory ganglion and
requires minimal enzymatic treatment, unlike complete
dissociation in vitro. Intact DRG preparations from adult
rats maintain good viability for 6-8 hours, providing a
stable window for recordings. Extracellular
electrophysiological recordings from a ganglion region can
be performed using suction or metal electrodes, while
individual neurons and glial cells can be studied using the
patch-clamp technique. Furthermore, chemical stimulation
of ganglion cells is feasible, as is stimulation of preserved
afferent and efferent nerve roots using suction electrodes,
which effectively mimics in vivo nerve fiber excitation.
However, this method does have certain limitations.
The metabolic barrier formed by glial cells can impede the
penetration of the patch pipette to the neuronal soma and
restrict the diffusion of applied chemical agents. Additionally,
the necessity to sever dorsal roots and spinal nerves
during DRG removal compromises axonal integrity, which
may introduce recording errors. Maintaining a consistent
electrical potential between the neuronal soma and the
axon is quite challenging leading to artifacts during voltage-
clamp recordings. Finally, to access DRG neurons, residual
connective tissue on the ganglion surface must be removed
using proteolytic enzymes, which may inadvertently affect
neuronal properties or result in excessive digestion of neurons
in the superficial layers (Gong, Ohara, & Jasmin, 2016).
Extracellular recordings techniques in pain research
Recording electrical activity of afferents from the
skin-nerve preparation ex vivo. The skin is the largest
sensory organ, densely innervated by nerve endings that
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form a continuous receptive field, transmitting information
about touch, temperature, burning, itching, and pain to the
central nervous system. This intricate innervation makes
the skin an excellent model for both electrophysiological
and pharmacological studies of primary sensory
perception, performed in vivo and ex vivo.

One of the earliest approaches in electrophysiology was
the extracellular recording of afferent nerve fiber activity in
anesthetized animals. This method allows researchers to
study nerve fibers within their natural physiological
environment. However, a major challenge is the controlled
application of substances directly to the sensory endings.

In contrast, the ex vivo extracellular recording
technique offers enhanced control over the concentration
of chemicals applied directly to nerve endings. Various
skin-nerve preparations have been developed for rodents,
typically involving the excision of a skin area along with its
innervating nerve. The most common model uses the

Transmembrane current

upper hairy skin of the hind paw in mice or rats, innervated
by the saphenous nerve (Tkachenko et al.,, 2023;
Zimmermann et al.,, 2009). Comparative studies have
shown that recordings of saphenous nerve afferent activity,
both in vivo and ex vivo over 12 hours, vyield similar
properties (Kress et al.,, 1992). This region is also a
common site for subcutaneous formalin injections, which
elicit a characteristic biphasic pain-related behavioral
response during the formalin test in vivo (Scuteri et al.,
2020). Notably, the biphasic pain response in rodents
correlates with two distinct phases of nociceptive afferent
activity observed in the rat skin-nerve ex vivo model
(Hoffmann et al., 2022). This correlation allows direct
comparisons  between behavioral outcomes and
nociceptive activity recorded ex vivo, as well as with data
from in vivo and in vitro sensory neuron studies, thereby
providing a comprehensive understanding of nociceptive
mechanisms and pain sensitivity.
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Fig. 1. The pain signal generated at the sensitive distal endings of axons in the skin and internal organs is transmitted via lightly
myelinated A3-fibers and unmyelinated C-fibers to the synaptic endings of the central branch, where they form synapses with
secondary neurons in the dorsal horn of the spinal cord. The signal is transmitted through these neurons along ascending
pathways to the brain. Changes in the membrane potential of nerve fibers during the passage of nerve impulses (action potentials)
along the axon can be recorded using a differential amplifier. The electrical activity of neuron somas can be measured using
the patch-clamp method (a simplified schematic of a patch-clamp amplifier in voltage-clamp mode is provided)

The ex vivo recording method has significant advantages
over in vivo approaches. It permits the precise stimulation of
sensory receptive fields using controlled, quantitative stimuli
of various modalities. Continuous perfusion of the skin
ensures the accurate application of substances at defined
concentrations and enables rapid solution exchange, facilitating
controlled chemical stimulation during pharmacological tests.
Although nociceptive axons in the keratinocyte layer form
"naked" nerve endings, it remains unclear whether the
receptor properties of sensory neurons recorded in vitro fully
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match those of native nerve endings embedded within the
skin's natural architecture (Erbacher et al, 2024).
Traditionally, these nociceptive endings were thought to
function autonomously without specialized receptor cells;
however, recent studies indicate that keratinocytes may
actively participate in transmitting or modulating nociceptive
signals (Tracey, 2017).

Recording single afferent nerve fiber activity from skin-
nerve preparations ex vivo is a powerful tool for
investigating the properties of sensory nerve endings, the
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mechanisms underlying peripheral sensitivity, and the
efficacy of analgesic drugs targeting nociceptive terminals.
Although this technique successfully registers action
potentials along nerve fibers, it does not allow direct
measurement of electrochemical gradients or membrane
potentials at the exact sites of action potential generation in
the skin. Consequently, native peripheral nociceptive nerve
endings remain inaccessible to direct measurement by the
patch-clamp method.

Recording of neural activity from the skin-nerve-
DRG preparation. The ex vivo mouse skin-nerve-DRG
preparation is a sophisticated model that combines the
strengths of patch-clamp and extracellular recording
techniques, offering a unique opportunity to monitor the
electrophysiological activity of dorsal root ganglion (DRG)
neurons in a setting that preserves much of their natural
connectivity. In this preparation, the intact skin along with
its innervating nerve and attached DRG are maintained,
which allows researchers to apply precisely controlled
stimuli directly to the receptive fields of skin nerve endings
while simultaneously recording neuronal responses. This
dual recording capability facilitates detailed investigations
into how sensory signals are integrated at the level of the
DRG, capturing both the intrinsic electrical properties of the
neurons via patch-clamp techniques and the overall afferent
activity using extracellular methods (Ru et al., 2017).

One of the key advantages of this approach is its ability
to preserve the natural microenvironment of the sensory
neurons. Unlike dissociated cell cultures, the ex vivo
preparation maintains the anatomical and functional
relationships between neurons, satellite glial cells, and
connective tissue, which is critical for understanding the
integrative functions of intact DRG neurons. This model
enables the study of complex interactions that contribute to
sensory processing, including the modulation of neuronal
excitability by surrounding glial cells and extracellular
matrix components.

When this skin-nerve-DRG preparation is combined
with ex vivo spinal cord segments, the entire pathway from
peripheral sensory input to central signal processing is
preserved. This integrated model is particularly valuable for
investigating how peripheral afferent signals are
transmitted to the spinal cord and for examining alterations
in this pathway following pathological conditions such as
spinal cord injury. For example, studies have used this
combined preparation to characterize changes in afferent
response properties and synaptic transmission after injury,
providing insights into the mechanisms of pain and sensory
dysfunction (Eller et al., 2022).

Despite its significant advantages and its status as one
of the best models for studying nociception, the ex vivo
skin-nerve-DRG and spinal cord preparation is technically
demanding. The surgical procedures required to isolate
and maintain the integrity of these tissues are complex and
require precise dissection skills to preserve the functional
connectivity of the sensory pathway. Additionally, the
preparation must be carefully maintained under optimal
physiological conditions to ensure viability, as any
disruption can affect the accuracy and reliability of the
electrophysiological recordings.

Overall, this integrated ex vivo model offers an
invaluable tool for dissecting the complex mechanisms of
sensory transduction and pain, bridging the gap between in
vitro studies and in vivo physiology, while also posing
significant technical challenges that must be addressed
through meticulous experimental design and execution.
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In vivo rodent pain models. Experimental models for
evaluating analgesic effects employ behavioral assays that
measure responses to noxious stimuli. Among these, acute
pain tests are widely used to determine the reaction
thresholds of experimental animals to high-intensity
mechanical or thermal stimuli. Standard assays include the
hot plate test and its analogue, the tail flick test, which
assess thermal nociception (Raup-Konsavage et al., 2023),
as well as the paw withdrawal threshold test, which
measures sensitivity to mechanical stimulation (Zumbusch
et al., 2024). Additionally, models that simulate prolonged
peripheral injury or inflammation—such as the formalin test
(Hoffmann et al.,, 2022) and carrageenan-induced paw
edema-are utilized to study sustained nociceptive and
inflammatory responses (Mancipe et al., 2023).

Despite their utility, interpreting data from these
behavioral assays presents several challenges. It is often
difficult to ascertain whether an analgesic agent exerts its
effects on peripheral nociceptors or central neural circuits.
Furthermore, distinguishing true analgesic action from
sedative effects is problematic. Rodents, which are
predominantly used in these studies, exhibit complex social
behaviors, including emotional contagion and observational
fear learning (Keum, & Shin, 2016). As natural prey species,
they are predisposed to mask pain behaviors, thereby
complicating the assessment of nociception.

To address these issues, it is essential to allow animals
to habituate thoroughly to their testing environment and to
minimize the visibility of the observer during experiments
(Burkholder et al., 2012). Moreover, the localized
administration of pharmacological agents poses an additional
challenge. For example, subcutaneous injections, while
effective in delivering substances to a specific skin area,
may cause local tissue damage that alters nociceptor
sensitivity (Steen, Issberner, & Reeh, 1995). Another
complicating factor is the vasoactive nature of many
pharmacological agents, such as bradykinin, histamine, and
acetylcholine. When these substances are administered,
particularly via arterial injection into the target region, they can
induce vasoconstriction or vasodilation. Such changes in local
blood flow can influence the distribution and concentration of
the agent, potentially confounding the interpretation of the
observed analgesic effects.

Discussion and conclusions

This review highlights a diverse array of experimental
models for studying nociception, each providing unique
insights into pain mechanisms while also exhibiting distinct
limitations. In vitro approaches, including heterologous
expression systems and primary cell cultures, enable precise
investigation of the biophysical and pharmacological
properties of ion channels and receptors such as TRPV1,
P2X, and ASICs. These models offer excellent control over
experimental variables and are particularly well-suited for
high-throughput pharmacological screening to identify
novel analgesic compounds. However, their reductionist
nature omits critical intercellular interactions and the
complex microenvironment characteristic of native tissues
(Lacinova, 2022; Zhen et al., 2023).

Ex vivo tissue preparations, including intact ganglia,
skin-nerve, and skin-nerve-DRG models, bridge the gap
between in vitro and in vivo studies by preserving the
anatomical and functional relationships among neurons,
satellite glial cells, and surrounding connective tissues.
These models enable more physiologically relevant
recordings and allow the application of controlled chemical
and mechanical stimuli directly to sensory nerve endings.
Nevertheless, challenges such as limited tissue viability,
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difficulties in maintaining axonal integrity, and technical
constraints in accessing neuronal somata can impact data
interpretation (Gong, Ohara, & Jasmin, 2016).

In vivo rodent pain models represent the most
comprehensive approach to studying nociception, as they
integrate peripheral and central nervous system processes
along with contributions from the endocrine, immune, and
vascular systems. Behavioral assays, ranging from acute
tests like the hot plate and tail flick to prolonged models
such as the formalin test, provide valuable insights into
organism-wide responses to painful stimuli. However, the
complexity of in vivo models introduces additional variables,
including non-specific drug effects, stress responses, and the
animals' innate tendencies to mask pain, which complicate
the attribution of observed outcomes solely to analgesic efficacy
(Mancipe et al., 2023; Raup-Konsavage et al., 2023).

The comparative analysis of these methodologies
underscores a fundamental trade-off between experimental
control and physiological relevance. While in vitro models
excel in mechanistic detail and reproducibility, ex vivo and
in vivo approaches capture the integrated responses of
intact systems. Relying on a single method can therefore
yield incomplete or potentially misleading conclusions.
A multimodal strategy that integrates data from cellular,
tissue, and whole-animal models provides a more robust
framework for understanding nociception and evaluating
the analgesic potential of pharmacological agents.

Future research should focus on refining these models
and developing integrative approaches that reconcile
discrepancies between experimental systems. Advances in
technology, such as enhanced recording techniques and
sophisticated imaging methods, promise to further our
understanding of pain mechanisms. Ultimately, a
comprehensive,  cross-methodological approach is
essential for translating preclinical findings into effective
clinical therapies for pain management.
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ENEKTPO®I3IONONYHI METOAWU B OOCTIIXEHHI HOLMLUENLIT

Ans sueyeHHs1 cknadHux MexaHi3mie, W0 sIeXXamb 8 OCHO8I Hoyuyenuii, 6ys10 po3po61eHo WUpPOoKull crieKmp eKkcrnepuMeHmasnbHuUx modesnel — eid
i3onboeaHux KnimuHHux cucmem Ao Uyinux opzaHiamie. Memodu in vitro, 3okpeMa 2emeposio2iyHi cucmemu eKkcnpecii ma nepeuHHi KNIMUHHI
Kynbmypu, doseonisiromb demanbHo docnidxyeamu 6ioghisuyHi ma ¢hapmakosio2idHi enacmueocmi HoyuyenmueHux iOHHUX KaHanie i peyenmopie.
lMpenapamu ex vivo 36epieatomb NPUPOOHY apximekmypy mkKaHUH ma KpumuY4Hi MiXKIimMuHHi e3aemModil, 3abe3neyyroyu pizionozi4Ho penesaHmHe
cepedosuuwje Onsi enekmpodgizionoziyHux docnidxeHb. Y ceor 4Yepay, modesi in Vivo Ha 2pulyHax iHmezpyomsb nepugpepiliHi ma yeHmpanbHi
MexaHi3Mu 06po6Ku HoyuuyenmueHoi iHgpopmauii 3 ennueamu eHOOKPUHHOI, iMyHHOi ma cyOuHHOI cucmem, 3a6e3neyyroyu KOMIeKCHe 8i006paxeHHs
6onboeoi noeediHku. KoxeH i3 yux nidxodie mae ceoi nepeea2u ma o6MexeHHs. I3 nideuuweHHsM pieHs 6ionoziyHol op2aHizayii — eid in vitro do ex vivo
i @ani do in vivo — ekcnepumeHmansHi ymoeu cmaroms 6inbw nodi6HuMu Ao nNpupodHoi ¢hizionoaii, n(pome oGHOYacHO 3pPOCMae KifbKicmb 3MiHHUX,
w0 MoXymb ernsueamu Ha pesysbmamu. BukopucmaHHs nuuie 00H020 Mmemody 01151 ocnidxKeHHs1 NegHUX peuernmopie abo ouiHku ghapmakonoaidyHux
eghekmie Moxe npuszeecmu Ao HernoeHux abo xubHux eucHoekie. Tomy Ons 06'€eKMUBHO20 Ma KOMIJIEKCHO20 PO3YMiHHSI Houyuyenuii HeobxioHuli
nopieHANbHUU aHari3, wio iHmeapye OaHi 3 pi3HUX eKcriepuMeHmanbHux modesnedl.

Knw4yoBi cnoBa: Hoyuuenyis, ceHCOpHi HelipOHU, 308HIWHbLOKIIIMUHHUU 3anuc Hepeoeoi akmueHocmi, patch-clamp, 6onboea nosediHka.

ABTOpM 3aaBNSIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CroHcopy He Bpanu yyacTi B po3pobneHHi AochimxeHHs:; y 36opi, aHanisi uu
iHTepnpeTauii AaHWX; y HanMcaHHi pyKonucy; B pilleHHi Npo nybnikauito pesynbTarTis.
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BUBYEHHA AHTUCTA®INTIOKOKOBOIO NMOTEHLUIANY HOBOCUHTE3OBAHUX NOXIQHUX
APUN ALUUKNIYHUX AMIHOCITUPTIB

B cTyn. Cmadginokoku 3anuwaromscsi npiopumemHumu namoz2eHamu ceped 36y0OHukie iHghekyiliHux xeopob. 3pocmaroya
aHmu6iomukope3ucmeHmHicmb yb020 8udy cmaHoeumb ceplio3Hy 3a2po3y Cy4acHili MeduyuHi. ObMexeHicmb eghekmueHuUx
aHmu6iomukie ycknadHroe nikyeaHHs cmadbifilokokoeux iHghekuyili i mocustoe ixHi HezamueHi Hacnioku 0ns1 nayieHmie. Ocobnuey
yeazy nompebye pe3ucmeHmHicmb 3o0/10mucmo2o cmaghinnokoky 6o MemuuyusiiHy, sika € "“munosumMm" seuwemM ceped
e2ocnimanbHux iHghekyili. Tomy nowyk Hogux nidxodie do 6opomb6buU 3 YUM NamMo2eHOM € 8Kpall 8aXJIUSUM.

MeTtoau. O6'ekmom OocnidxeHHss 6ynu 10 cnonyk noxiOHUX apunayuknidHux amiHocrnupmie ma 50 wmawmie
Staphylococcus aureus. l[fpomucmacdbinokokoei enacmueocmi eusHa4anu AUCKo-OUgy3iliIHuM MemodoM i Memodom cepiliHux
po3eedeHb. BusHauyeHHsi MRSA 3dilicHroeanu ¢eHomunoeumM MemoOdoM i3 BUKOPUCMAaHHSIM Ouckie UegOoKCUMUHY.
EghekmueHicmb crnonyk eusHa4anu wisxoM nopieHssiHHS yymnueocmi MRSA ma MSSA.

Pe3ynbTatu. Ceped 50-mu wmamie 24 6ynu idenmucbikoeaHi ik maki, ujo 3a gpeHomunoeumu o3Hakamu Micmsimb 2eH
mecA. Pesynbomamu mecmyeaHHs1 Yymnaueocmi do aHmu6iomukie npodeMoHcmpyeanu nepeeaxHy pe3ucmeHmHicmb 0o
npenapamie B-nakmamMHo20 psidy. BidnoeidHo G0 epaHu4YHUX 3Ha4YeHb cmilikocmi 0o aHmu6iomukie, pe3ucmeHmHicms G0
6eH3unnexiyuniHy cmaHosuna 74 %. Yymnueicmb 8o mempayukniHy ecmaHosesieHo y 54 % wmamie, a 00 8aHKOMIUYUHy —
y 84 %. [ocnidxyeaHi pe4oeuHuU eusieusiu 8UCOKy eghekmueHicmb npomu cmadgbinokokie. AkmueHicmb cnonyk Kc1, Kp18, Kp19
6yna Ha pieHi 3 eaHkomiyuHom, MIK Ons 6inbwocmi wmamie He nepesuwyeana 1 mka/mn. IH2i6yroqull eghekm cronyk
cnocmepizaecsi 8 kKoHyeHmpauitiHomy diana3oHi 0,98-1,95 mka/mn. Limamu MSSA eusieunu dew,0 suwy 4ymnaugicms, U0 Moxe
ceidyumu npo nomeHuyiliHy cneyugiyHicms cnonyk do Penicillin-Binding Protein (PBP).

BucHoBku. [ocnidxeHo aHmMumikpobHi enacmueocmi noxiOHUX apusayukniyHuUx amMiHocnupmie sIK nomeHyilHuUx
npomucmadbinokokoeux 3acobie. BusHa4eHO eghekmueHicmb npernapamie MopieHsIHO 3 KOMepyiliHuMu npenapamamu ma Mix
epynamu MSSA i MRSA. BuokpemsieHO 2pyny crioJiyK, Wo Maroms Halbinbw eupaxeHy akmueHicmb w000 wmamie S. aureus, y
momy yucni MRSA.

Knwo4yoBi cnoBa: MRSA, MSSA, aHmu6iomukope3ucmeHmHicmb, 2eH mecA, yegpokcumuH, amiHocnupmu, MIK.

BeTtyn

Cepen 3Ha4yHOro nepeniky MiKpoopraHiamiB, siki 3gaTHi
BUKIMUKATW LUMPOKNIA CNEKTP IH(PEKLLIN y NIOANHN Ta TBapuH,
Bil NErkMx LWKIpHNX YypaXeHb OO0 TSHKKUX CUCTEMHUX
3axBOpOBaHb, Baromy yBary MpuBepTalTb CTadinoKoku
(Tong et al., 2015). LLnpoka nowwmpeHicTb i 3gaTHICTb dop-
MyBaTu  GionniBkM  3HAYHO  YCKMaAHIOOTb  JliKyBaHHS
iHdpekuin (Otto, 2018). Cepen pisHOMaHITHOCTI BuAIB,
Staphylococcus aureus € HannowMpeHIWnM NaToreHHUM
npeacTaBHUKOM, LLO 3YMOBIIOE BEMNWKY YaCcTUHY cTadinoko-
koBux iHdekuin (DelLeo, & Chambers, 2009).

OpHak ofHieto 3 Hanbinbwmx nNpobnem cyyacHoi meau-
LUMHM € 3pOCTaHHS aHTUBIOTUKOPE3VNCTEHTHOCTI cepe Lboro
Buay (Tacconelli et al., 2018). MNMosisa MRSA y 1960-x pokax
cTana nepenoMHVM MOMEHTOM, NPOAEMOHCTPYBaBLUK
3gaTHicTb GakTepin WBMOKO ajanTyBaTUCS A0 HOBUX
aHTMMiKpobHmMx 3acobis (Hiramatsu et al., 2001). NonosHun
MEXaHi3M pPEe3UCTEHTHOCTI A0 MeTUUMMiHYy NOB'A3aHun i3
HasiIBHICTIO reHa mecA, KU KoAye BUOO3MIHEHWUI NEHIUnniH-
3B'Asytounii 6inok (PBP2a), 3 Hu3bKow adpiHHicTIO g0
B-naktamis (Lakhundi, & Zhang, 2018).

MowmnpeHHss MRSA € cepiio3Hoto rnobanbHo npobre-
MO OXOPOHW 300POB'A, OCKINbKM Ui LWTaMn BUSIBNAOTLCA
Ak y nikapHaHux (HA-MRSA), Tak i nosanikapHsaHWX
(CA-MRSA) ymoBax. NocniTanizoBaHi nauieHTn, ocobnmeo
Ti, XTO nepebyBae y BiOAINEHHsX iHTEHCMBHOI Tepanii, €
Hanbinbw Bpasnueummn o HA-MRSA iHgekuin. IHBa3nBHi
npoueaypw, XipypriyHi BTpyYaHHs, HasiBHICTb KaTeTepiB Ta
iHLIMX MeanYHMX NPUCTPOIB, a TaKOX TpMBana rocnitanisauis
niasuLLytoTb pU3KK iHikyBaHHS (Klevens et al., 2007).

mobGanbHi kaTtacTpodu, enigemii uyn BiiHa nuwe
YCKIAAHIOTb CTaHoBuLe Anst Oyab-sikoi MeaNYHOI CUCTEMM.
BignosigHo go nitepaTypHux gaHux, B YkpaiHi y 2021 p.
YacToTa BUWSABMEHHA METUUMIIH-YyTNMBNX CcTadinokokis
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(MSSA) cepep ycix i3onsTiB ctaHoBUTb 65 %, a cepen
S.aureus — 72,8 %. MSSA BuABMAKTbL YYTNMBICTb A0
GinbwocTi aHTNBIOTKKIB, 30KpemMa Ao B-nakTamis, rrikonen-
TMAiB, TeTpauukniHy Towo. MRSA ctaHoBnsTe 35 % cepen
ycix npeacTtaBHukiB Staphylococcus spp. i 27,2 % — cepef
S. aureus. CuTyauia ycknagHsieTbCs Ha TRi MOLUMPEHHSA
HECNPUMHATNMBOCTI NpeacTaBHNKiB MRSA 0o BaHKOMILMHY
(BepesHsikoB, 2020). [aHi eBponencbkoro enigHarnsgy
Oewo BiOpi3HATbCA BiA YKpaiHCbKMX, Yy TOMW 4Yac €K
3aranbHa nowmpeHictb MRSA ctaHoBuTb 41 %, B YKpaiHi —
18 % (Zwittink et al., 2022a).

2017 p. BOOS3 onybnikysana nepwwwuin rnobansHui
CMUCOK MPIOPUTETHUX MATOreHIB, CTiNKMX OO aHTUBIOTHKIB,
SKUA MaB Ha MeTi CnpusiTU OOCHiaAXeHHAM Ta po3pobui
HOBUX aHTMBioTUKIB. Lien nepenik po3ainue 6akrepii Ha Tpu
KaTeropii NPIOPUTETHOCTI: KPUTUYHA, BUCOKA Ta CepenHs.
MRSA ©0yno BKIHOYEHO 40 KaTeropii "BUCOKOro" npioputety
yepes 3HaYHMK BMNSIMB Ha KNiHIYHY NPaKTUKY W NOLLMPEHICTb
peancteHTHocti (WHO, 2017). Y 2024 p. BOO3 oHoBuna
Leh Crnucok, NigKpecnwowyyn aAuvHamiky — aHTuBioTuko-
PEe3UCTEHTHOCTI Ta HeobOXigHicTb aganTauii cTpaTerii 60o-
poTbbu. MRSA 3HOBY Gyno BKIOYEHO 4O CMUCKY SIK NaTOreH
i3 BMCOKMM npiopuTeTOM, WO MIAKPECE NOro CTINKICTb OO0
aHTUBIOTVKIB i KNiHIYHE 3Ha4eHHs (WHO, 2024).

Mepen 3arposoto, Ky ctaHoBUTL MRSA, cTae oyeBuna-
HOl HaranbHa notpeba B po3pobLi HOBUX TepaneBTUYHUX
ctpaTterin. OgHUM i3 NEepCneKkTUBHUX HaMnpsiMiB y LbOMY
KOHTEKCTi € AOCIiIXKEeHHS Ta CMHTE3 CMOonyK, WO MawTb
BiAMIHHMI Big aHTMOGIOTMKIB MexaHiam faii. Cepen Takmx
OaraTooliusounx kaHanaaTie BUAINATECA apunauyKniyHi
aMiHOCMMPTK, WO OEMOHCTPYITb 3Ha4YHUA noTeHuian vy
60poTbbi 3 MynbTUpesucTeHTHUMKU BakTepismun. 3 nitepa-
TYPHUX AaHUX BIAOMO MPO LUMPOKUIA CNEKTP aKTUBHOCTI LIMX
cnonyk, 3okpema wopo MRSA (Baker et al., 2022).

© HacTteHko Bonogumup, 2025
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EkcnepumeHTanbHi JochigXeHHA cBigYaTtb, WO aHTucTa-
dinokokoBa fig NoxigHWUX apunanipatMyHnx amiHocnupTis
3yMOBJieHa MOPYLUEHHSIM CTPYKTypW, cknagy Ta dyHKLin
KNiTMHHMX MeMbpaH (dpoHoBa, 2016).

Lle pocnigxeHHs cnpsimoBaHe Ha OLiHKY NpoTUCTa-
(hifIOKOKOBOI aKTUBHOCTI HOBOCWMHTE30BaHUX apwnauuk-
NiYHMX  amiHOCNWPTIB, 30KpemMa Ha iXHI eqeKTUBHICTb
NpOTN METULIMIMIHPE3UCTEHTHUX WTaMmiB S. aureus. Pesynb-
TaTy HALIOro OOCNIMKEHHSA AONOMOXYTb rnMndLle 3po3ymiTu
noTeHLian Uux Cromnyk Sk HOBUX aHTUMiKpoOHUX 3acobiB Ta
06r'pyHTYBaTK iXHE NoAanbLIe BUBYEHHS.

MeToau

JocnigXeHHs BWKoHyBanocb Ha kadenpi mikpobionorii
Ta napasutonorii 3 ocHoBamu iMyHornorii HauioHanbHoro
MeamM4HOro yHiBepcuteTy iMeHi O. O. boromonbus.

Cnonyku, Wo , 6yno cuHTesoBaHo B IHcTuTyTi ximii HAH
YkpaiHn kaHg. dapm. Hayk HO.B. KopoTkum Ta nepepai
ans pocnipkeHs HMY imeni O. O. Boromonbusi B pamkax
Jorosopy npo cniBpobiTHuUTBO. MeTogornorisi CuHTesy
Cronyk rpyHTyBanacb Ha TOMY, LUO B YMOBaX, OTPMMaHMX
LIMAAXOM  BHYTpilWHbOMasHoro katanidy, 1-[4-(1.1.3.3-
TeTpameTunbyTun)deHokeu-1-etoken]-2,3-enokeunponaH
(50,0 % NaOH, TeTpabyt1namoHin xnopva, enixnoprigpuH) y
CMMPTOBOMY PO34MHI B3aEMOSISIB i3 BTOPUHHUMUN amiHamu,
yTBOptotoun  1-[4-(1.1.3.3-TeTpameTunbyTun)peHokcm-1-
eTokcu]-3-giankinamiHo)-2-nponaHon. MpoayKT nigirpisanu
B aLeTOoHi 1 06pobnanu ankinamu ranoreHis 3 yTBOPEHHSIM
KiHueBmnx crnonyk (Osypchuk et al., 2020).

BaranbHa cdopmMyna noxigHUX ankin (apunoKcneTokcu)
giankinamiHonponaHony:

OH / R2
RIO(CH3)||O\)VN Rs Cl
Nk

ae Ri—4-(1.1.3.3-TeTpameTnnOyTumn)eHoKeu,
R2, Rz — gietnn, Ra — 6eH3nn, n = 2 — Kc1;
R1 — 4-(1.1.3.3-teTpameTnnbyTnn)deHokeu,
R2, R3 — 4-CH3CH(CHz2)4, R4 — 6eH3nn, n = 2 — Kc2;
R1 — 4-(1.1.3.3-TeTpameTnnOyTMn)deHoKcu,
R2 — metun, Rz — uuknorekcun, Rs — 6eHann, n =2 — Kc3;
R1 - 4-(1,1,3,3-TeTpameTunbyTun)deHoken,
Rz, Rz — (CH2)6, R4 — 6eH3un, n = 2 — Kc4;
R1 — 2,4-gutpetbytundeHoken, Rz, R3 — (CH2)4,
R4 — 6eH3nn, n = 2 — Kc15;
R1 — 2,4-gutpeTtoyTundeHoken, Rz, Rs — (CHa)s,
R4 — 6eH3nn, n = 2 — Kc22;
R1 — 4-(1-agamaHTtun)deHoken, Rz, Rs — gumeTnn,
R4 — 4-meTtun 6eH3un, n = 0 — Kp10;
R1 — 2,4-gutpetbyTun deHoken, Rz, Rz — (CH 2)6,
R4 — 4-meTtun 6eH3un, n = 2 — Kp16;
R1 — 4-(1.1.3.3-teTpameTnnbyTnn)deHokeu,
Rz, Rz — (metun), R4 — (4-F-6eH3un), n = 2 — Kp18;
R1 — 4-(1.1.3.3-teTpameTnnbyTnn)deHokeu,
Rz, Rz — (metun), R4 — (4-meTtunbeHann), n = 2 — Kp19.

Bubipka pevoBuH Ansa gocnigkeHHs 6adyBanack Ha none-
peaHiX OOCAIMKEHHSX CNEKTPY Ta CTyrneHs akTMBHOCTI noxia-
HMX YETBEPTUHHMX COren apunauukniyHuxX amiHoCnupTiB Woao
ctadinokokis (HacteHko, 2022). Onsa ekcnepumeHTy Oyrno
BMkopucTaHo 10 HanbinbLW akTMBHUX cnonyk Ta 50 KNiHiYHKX
wramiB S.aureus 3 myseto kadegpu BiHHMLBLKOTO HaLio-
HanbHOro MeauyHoro yHisepcutety imeHi M. |. MNuporosa Ta
nepegaHi ans gocnimkeHs HMY imeni O. O. boromonbus B
pamMKax [OoroBopy Mpo CriBpoBITHULTBO.
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EkcnepvMeHTanbHy yacTvHy Oyno posgineHo Ha Tpu
yactuHu. [lepwoyeproBoro 6yno BMBYEHO YYTNMBICTb
OakTepin [0 aHTUMIKPOOHMX npenapaTiB-NopPiBHSAHHS.
Opyrum eTtanom Oyno BU3HAYEHHS LWITaMiB 3 METULWMIH-
PesnCTEHTHICTIO 3 JocnigXysBaHoi BUGIpkM wwTamiB, i
3aBepllanbHOK CTadield — aHania aHTUcTadinokoKoBoi
aKTUMBHOCTI AOCHiAXYyBaHMX CrOnyK.

Y Mexax KoxHoro etany 3 o6oBOI KynbTypu Mikpoopra-
Hi3MIB MiAroToBMNOBanNu iHOKynAT, po3sedeHuin y MIMB oo koH-
ueHTpauiji 1,5 x 10% KYO/Mn. KynbTBYyBaHHS 3fjiicHIOBany 3a
Temnepatypu 37° C ynpogoBx 24 rog. KynbTypanbHe
cepefoBULLE 3anexarno Big erTany AocnimkeHHs i Oyno
npeacTaBneHo sk arap yu/ta 6ynbiioH Mionnepa-XiHToHa.

BrBYEHHS1 YyTNUBOCTI MIKPOOPraHiamiB 4O aHTUMIKPOBHUX
npenapariB-NopPiBHAHHA  NPOBOAMNN  ANCKOANDY3iINHUM
METOAOM | MEeTOAOM CepilHMX PpOo3BeAeHb Y pigkomy
noxueHomy cepepoBuili (Kowalska-Krochmal, & Dudek-
Wicher, 2021). ina guckoaudysinHoro metony BUKOPUCTO-
BYBanun KOMepLiiHi anckun BupobHuutea TOB "®apmakTus"”
(KviB, YkpaiHa), a came 3 6GeHsunnexiyuniHom (1 o04.),
amniymniHoM (10 mkr), i3 uedasoniHom (30 MKr), BaHKOMi-
unHom (30 mkr) Ta 3 TeTpaumkniHom (30 mkr). Ans metoay
CEepiNHMX po3BedeHb BUKOPUCTOBYBANUChH PO3YUMHU KOMEp-
LiHuX npenapariB: 6eH3unneHiunniH, amniumniy, uedaso-
niH, TeTpaunkniH — BupobHuuTtea MAT "KniBmegnpenapat”
(KviB, YkpaiHa), Ta BaHkomiunH — TOB "®APMEKC I'PYI1"
(KviB, YkpaiHa). BuxigHoto KOHLUEHTpaLjieo po3ynHy aHTu-
6iotuka 6yna 1000 mkr/mn. Ons TpakTyBaHHA pes3ynbTaTiB
BMKOPUCTOBYBanNuUCb rpaHuyHi  3HadeHHs (breakpoints)
3rigHo 3 pekomeHpauismu EUCAST (The European
Committee on..., 2024).

BusHayeHHs pe3nCTeHTHOCTI KMiHiYHMX WwTamiB ctadi-
FNOKOKIB 4O MeTUUMiHYy npoBoaunu ¢eHOTUNOBUM METO-
OOM 3i CKPWMHIHTOM YyTNUBOCTI 40 LedOKCUTUHY. 3 Uieto
METO0 iIHOKYNAT KynbTypu LunaTenem piBHOMIpPHO 3aciBanu
Ha arap Mionnepa-XiHToHa (BMCOTa cepefoBuLLa B YaLlLi
MeTpi cTaHoBUNa 4 MM), MicNs HETPUBANOro NiACYLUEHHS
Haknaganu aucku 3 uedokeutmHom (30 mkr/mn, HiMedia).
Micns 24 rog iHky6auii 30HM 3aTpUMKM POCTY AiaMeTpomMm,
AKi He nepesuLlyBany 22 MM, MiATBEPOXKYBanu HasiBHICTb
reHa mecA y tectosoro wramy (Skov et al., 2020).

BuBueHHsA cTadinokokoBoi Ajl cnonyk CTOCOBHO KriHiY-
HWUX LWTaMiB NPOBOAMINN METOAOM CEpiHWX pO3BEeAEHb 3
noganbLlUMM NOPIBHAHHAM eeKTUBHOCTI 3 aHTMGIoTMKaMM.
[ns [onaTkoBOro KOHTPOMO MOPIBHIOBANM  aKTUMBHICTb
CMOMyK WOoAO0 KMiHIYHMX LWTaMiB i3 3iCTaBMEHHAM [0
My3elrHux, a came S. aureus ATCC 25923 (gnsi Aawucko-
andpysinHoro metogy), S. aureus ATCC 29213 (ans metony
CEpiNHMX PO3BEAEHD).

Yci pocnign npoBefeHO Tpwdi 3 HACTYMHUM YCTaHOB-
NEeHHSIM cepefHboro  apuMeTUYHOro 3HadeHHa (m),
cepefHbocTaTUTUYHOrO BiaxuneHHs (SD) ta megiann (ME).

PesynbTaTtn

Mepwwuin etan [OCRIOXEHHA PO3KPUBAE YyTNMBICTb
[OCNigpKyBaHUX LWTaMiB 40 N'ATU  Pi3HMX aHTUBIOTMKIB:
6eH3unneHiumnivy, amniumnidy, ueda3soniHy, BaHKOMILIMHY
Ta TeTpauukniHy. Posnoain uytnuBocti Ao 6eH3unneHi-
uuniHy nokasaB, WO 48 % wTamiB yTBOpPtOBaNM 30HU
3aTpUMKKM poCTy B AianasoHi 0—15 mm. Y cBoto yepry, y 4 %
wTamiB 30HM 6ynn 16-20 mm, y 6 % — 21-25 MM, y 12 % —
26-30 mM. 3oHuM 3aTpumKn pocTy noHag 30 MM 3apeecTpo-
BaHi y 30 % wramie. BignoeigHo g0 pekomMeHpauin
EUCAST, breakpoint gna 3onotuctoro ctadirnokoky cTa-
HOBWUTL 26 MM, TOBTO peancTeHTHUMK 6yno 58 % wramis.
Baxnmeum kpuTepiem oOUiHKM YyTnuBOCTi A0 OGeHsun-
neHiunniHy € XxapakTep Kpaw 30HW 3aTPUMKM POCTy. FAKLLO
Kpau YiTKuMK, Lue o3Hadvae, Lo WTam 3gaTHUM A0 NpoayKuil
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neHiumniHaa. BignosigHa o3Haka cnocTtepiranacb y BOCbMU
wramis, T06T0 16 %, WO OOBOAUTb 3HAYEHHS CTINKMX OO0
MeTuuMniHy ctadinokokie 4o 74 %.

Ona amniumnivy cnoctepiranacsi nogibHa KapTuHa:
42 % wTaMiB ManuM 30HU 3aTPUMKM POCTY B AianasoHi
0-15mm, 8 % wTamie Mann 30HM 16-20 mm, 10 % —
21-25 mm, 14 % — 26-30 mm, Ta 24 % — 31-40 mm. Jluwe
2 % wrTamis nokasanu 30HW 3aTpMMKu pocTy noHag 40 mm.
[paHn4yHe 3HaveHHs Ons guckoamdysinHoro meTody B
EUCAST He BkazaHoO, TOX AN OLiHKM Opanacbk YyTnuBICTb
pedepeHTHOro wramy S. aureus ATCC 25923 (31 mm).
BignosigHo, 74 % wTamiB XxapakTepusyBanucCb MEHLLO
CTIVKICTIO NOPIBHAHO 3 My3eMHUM MiKPOOPraHi3aMoMm.

Ha BigmiHy Big neHiyuniHoBoro psgy, po3noain
YyTNMBOCTI A0 uedasoniHy 6y BinbLlu pPiBHOMIpHUM. 22 %
wTamie manu 3oHM 0-15 mm, 20 % — 16-20 mm, 26 % —
21-25MMm i 22 % — 26-30 mm. Jlnwe 10 % cnpuymHanu
YTBOPEHHS 30H 3aTpPMMKU pOCTY, $Ki nepesuLlyBanmu

e“,‘guuenj,“’)
Ay

piametp 31 mm. Breakpoint uedasoniHy, sk i gns
amMmniumnidy, BiOCYTHE, YYTNUBICTb pedepeHTHOro LTamy
cTtaHoBuna 22 mMm. 3a CTyneHeM CTIMKOCTi Lel NOKa3HWUK
nepeBULLMIY 54 % KniHiYHMX WTaMiB.

Pesynbtatv aHanidy 4JyTnvBOCTI CTadinokokiB A0
BaHKOMILMHY NPOAEMOHCTPYBann BUCOKY e(eKTUBHICTb
uboro rnikonenTuaHoro aHtTubioTnka. 12 % wTamiBs mManm
30HW 3aTpuMKu pocTy B piana3oHi 0-15mm, 86 % —
16-20 MM i 2 % — 21-25 mM. 30Ha 3aTpPUMKU POCTY My3eW-
Horo wramy ctaHoBuna 17 mm, 50 % wramiB Bignosiganu
KPUTEPIO YyTNNBOCTI 4O BAHKOMILUHY.

OaHi wono TeTpauukniHy AeMOHCTPYTb, wWwo 16 %
LWTaMiB Manu 30HW MPUrHiYeHHs pocTy Ao 15 mm, 4 % —
16-20 mm, 36 % — 21-25 MM, 40 % — 26-30 MM i 4 % —
noHag 31 MM. paHuMyHi 3HaAYeHHsT Ana AnckoandysifiHOro
meToay B EUCAST aonst TeTpauumkniHy CTaHOBMATb 22 MM.
Lle o3Havae, wo 54 % wrtamiB Oynu cTiikumn. JetanbHy
Bidyanisauito nogaHo Ha puc. 1.

Jlerenjga:

BincoTok mTaMiB, 010 XapaKTepH3yBAIHCh 30HAMH
3aTPHMKH POCTY BiAMOBIIHOTO JiaMeTpy

820 JliamMeTp 30H 3aTPHMKH poCTy
— Breakpoints EUCAST

=== JliameTp 30HH 3aTPHMKH POocTy pediepeHTHOTO mTaMy
3nauenus breakpoints signoeigno 1o EUCAST:
Beusunnenitunin - 26 MM

Terpauuknin - 22 Mm

JiamMeTpH 30H 3aTPHUMKH pocTy pedepeHTHOTO IITAMY:

Amminunia - 31 Mm
Hedazonin - 22 mm

Baukominuu - 17 MM

Puc. 1. YytnueicTb KniHiYHMX WiTamiB S. aureus fo aHTUGIOTUKIB (Auckoandy3inHU MeToA)

Mpy BM3HAYEHHI MiHIManbHOI iHriOy4Oi KOHLEeHpaLii,
6eH3nnneHiunniH NPOAEeMOHCTPYBaB HU3bKY eeKTUBHICTb
npoTn cTtadinokokiB. Y koHueHTpauii 0,12 Mkr/Mn aHTu-
GioTuk iHribysaB nuwe 4 % wrtamiB. [logBOEHHS KOH-
ueHTpauii go 0,24 mkr/mn 36inblUyBano 4actky YyTIUBKX
wTamiB go 28 %. 3a koHueHTpauii 0,48 MKkr/mMn gooaTkoBO
iHrioyBanucsa we 8 % wTamis, a 3a 1,95 Mkr/Mn 3aranbHa
KinbKicTb YyTnMBMX WrtamiB 3pocna o 40 %. KoHueHTpauii
3,91 Ta 7,81 mkr/mn 3abesnedyBanu MIK nuwe ans 2 Ta
4 % MikpoopraHiamiB BignosigHo. Jluwe npu koHueHTpauii
15,63 mkr/mn 6yno iHriboBaHo 54 % wramiB. 3rigHo 3
EUCAST, breakpoint pgna 6eH3unneHiuMniHy wwoao
crtaginokokis ctaHoBuTb 0,125 mkr/mn. Lle osHauae, wo
NOTEHLIAHO YyTNMBMMU A0 aHTMbioTMKa € nue wramm 3
MIK y gianasoHi 0,12—-0,24 mkr/mn, T06To He BinbLue 28 %.

[o amniunniHy MIK ctadpinokokiB 3agikcoBaHO B KOHLIEHT-
pauii aHTuGiotuka 0,48 MKr/mn, vyTnmeBuMKM 6ynun 6 % LwiTamis.
36inblueHHsa koHUeHTpauii o 0,98 mkr/mMn niaBMLLMNO YacTky
YyTNMBMX MikpoopraHiamie A0 18 %, 3aranbHa edeKTVBHICTb
aHTMGioTuKa carHyna 24 %. MNopanblue nigBULLEHHS KOHLIEHT-
pauii go 1,95 mkr/mn, 3,91 Ta 7,81 mkr/mn 3abe3neumno uyT-
nuBictb ¥ 10, 8 i 2% wramiB BignoBsigHo. AK i y BunNagky 3
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GeHaunneHiumniHoMm, GinbLuicTb WwWTamie mana MIK Ha piBHi abo
Bue 15,63 MKr/mn, WO CBiOYMTL NPO BUCOKUI PiBEHb pe3ut-
CTEHTHOCTI A0 amniuuniHy. Yepe3 nowupeHiCTb neHiuwniHa3
rPaHUYHI 3HAYeHHs AN aMniuuniHy He BCTaHoBrieHo. [Ana
MOPIBHAHHA BMKOPWUCTOBYBanu MysenHuin MikpoopraHiam, MIK
sKoro ctaHosuna 1,62 + 0,33 mkr/mn. Lle ceigunTb npo Te, Wo
6nm3bko 75 % wramis Bynu CTinkMm 40 aMniumniHy.

LledasoniH npogemoHcTpyBaB edekT Ha 2 % wTamiB y
KoHUeHTpauii 0,48 mkr/mn. KoHueHTpauis 0,98 mkr/mn iHri-
6ysana pict 14 % wramiB. 36inbLIeHHs KOHLEeHTpauii 4o
1,95 mKr/mMn nigBuMLLYBano 4YacTky YyTnuMBUX CTadifoKOKIB
0o 34 %. lMNopBoeHHA KoHUeHTpauii go 3,91 mkr/mn aktn-
Bi3yBano KinekicTb 4ytnmeux wramiB. CboMe po3BeaeHHs
(15,63 mkr/mn) 6yno MIK aons 8 % wTramis, 3abe3nevytoum
3aranbHy iHribylody akTmBHiCTb npotn 76 % TecT-
MikpoopraHiamie. PewTa 24 % wramiB manu MIK Ha piBHi
abo Buwe 15,63 MKr/mn, WO CBIgYNTL MPO BUCOKWIA PiBEHb
pesncteHTHocTi. LledasoniH, Sk i amniyunid, He Mae
BCTaHoBneHoro breakpoint. [N OuUiHKM BUKOPUCTOBYBanu
pedepeHTHUN wTam ATCC 25923, MIK sikoro ctaHoBuna
6,51 £ 1,30 mkr/mMn. opiBHAHO 3 pedepeHTHUM LuTamomMm,
32 % KkniHiYHMX Bynu CTinkilwmMmn o aHTnbiotuka.
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BaHkoMiUWH, HaTOMICTb, NOKa3aB BUCOKY e(eKTUBHICTb
npotn GinbwocTi wramiB. 3a KoHueHTpauii 0,24 mkr/mn y
2 % wikpoopraHiamiB BusneHo MIK. 3HayHa yacTka wramis,
a came 36 %, Oynu uytnmBumm Jo 11-ro posBedeHHs
(0,48 mkr/mn) BaHKOMIUMHY, @ npuy koHueHTpauii 0,98 mkr/mn
uen nokasHuk cTtaHoBmB 32 %. [lpn KOHUEHTpauisax
1,95 mkr/mn Ta 3,91 MKr/MN 4YyTNUBICTb MNPOAEMOHCTPY-
Bann 14 T1a 12 % wTtamiB BignosigHo. MNpu ubomy, nuvwe
ansa 4 % cradinokokie MIK craHosmB 15,63 mkr/mn. 3rigHo
3 EUCAST, breakpoint BaHkOMIiUMHY LW000 30M0TUCTOrO
CTainoKoKy CTaHOBUTb 2 MKI/MN, a omke noHag 84 %
KNiHIYHMX WTamie Oynu 4yTnMBMMK 4O LbOro npenapary.

TeTpauukniH, €K | BaHKOMIUMH, Yy KOHUEeHTpauii
0,24 mkr/mn iHridyBaB 2 % wTamiB. Y CBOK 4epry, npu

KoHueHTpauii 0,48 mkr/mn MIK 6yno BusieneHo anst 16 %
wramiB. HactynHa koHueHTpauis (0,98 mkr/mn) nokasana
3HAYHUIA BIOCOTOK 4yTnuBMX wWTamiB — 36 %. MNoaBOEHHSA
KOHUeHTpauii TeTpauukniHy go 1,95 mkr/mn gossonuno
ineHtTudpikysatm MIK we ana 20 % wrtamie. Mpu 36inb-
WeHHi KoHueHTpauii o 3,91 mkr/mn 3aranbHa 4acTka
YyTNUBMX WTaMiB 3pocna Ao 76 %, a pewrta manu MIK Ha
piBHi abo Buwe 15,63 Mkr/mMn. paHW4YHi 3HaAYeHHs TeTpa-
LMKMiHY CTOCOBHO 30SIOTUCTOrO CTacpinoKOKy CTaHOBMSATb
1 mkr/mn, T06T0 npenapat OyB edeKkTuBHUM npoTu 54 %
WwTamMiB, a iHWi NPOAEMOHCTPYBann pe3UCTEHTHICTb.
PesynbTaTtn gocnigkeHHsa nogaHo Ha puc. 2.

. 100%
bensunmenimmnin - 4% 5 24% 4% 0% 8% 2% 4% 90%
4% ﬁ.‘ 28% 32% 32% 40% 42% 46%
S B 80%
Amniumwtin - 0% 0% 6% 18% = 10% 8% 2% 70% E
0% 0% 6% 24% = 34% 42% 44% =
ia - 60% =)
2 . 7
g LHedazoninf 0% 0% 2% 14% 18% 34% = 8% 24% 50% =
o 0% 0% 2% 16% 34% 68% & 76% 100% —
= b =
40% =
= : =,
Bankominuu - 0% 2% 36% 32% 14% 2 12% 0% 4% 30% i
0% 2% 38% T0% 84% T 96% 96% 100% ;\?\
20% =
2
Terpauuknin - 0% 2% 16% 36% E 20% 2% 0% 24% 10%
0% 2% 18% 54% =  74% T6% T76% 100%
L 1 L 1 1 L 1 1 LA
0,12 0,24 0,48 0,98 1,95 3,91 7,81 15,63
Konuenrpauia (Mxr/mJi)
Jlerenpa:
0,125 st - Breakpoints 3a EUCAST TTpupicT KiNBKOCTI MIKPOOPTaHiIMiB Yy TIHBHX 10 3a3Ha4eH0l KoHuenTpanii
24“[,/ __— 3araibHa 4acTKH MIKPOOPTAHI3MIB YYTIHBHX JI0 323HA4EHOT KOHUEHTpauii
6,51 mrnan - MIK pedepentioro mramy 28%——"’""

Puc. 2. YytnueicTb KniHi4YHMX WiTamiB S. aureus fo aHTUGIOTUKIB (MeToA cepilHMX pO3BeAEHb)

deHoTMnNoOBa igeHTUIkaLia reHy mecA y [OOChioxXy-
BaHWX CTadinoOKOKiB MPOAEMOHCTpyBana pPiBHOMIPHUN
po3nogin CTifKMX i YyTNMBUX NPeACTaBHUKIB 3 BUBIpkX. MeH
mecA kofye 3MiHeHUn PBP2a, akuin Mae HU3bKy adiHHICTb
[0 B-nakTamis, LLO HiBEMOE BECb MEXaHi3M Aii npenapary.
Lle € OCHOBHMM MexaHi3MOM CTIKOCTI  MEeTULMIIiH-
PEe3NCTEHTHOrO 30M0TUCTOrO cTadiniokoka. BignosigHo Ao
pe3ynbTaTiB ekcnepumMmeHTy, i3 50-T  gocnigxyBaHUX
wramiB 24 6yno ineHTudikoBaHoO Ak MeCA-MO3NTUBHI.

KntoyoBuM eTanom Haworo AoCnigKeHHs1 € BUSHAYEHHS
aHTMMIKPOBHOI akTMBHOCTI in Vitro 10-TW Pi3HMX NOXigHWX
apuvnaumkniyHMx amiHocnupTiB nNpoTu S. aureus. [lMepenik
cnonyk nogaHo 3rigHo 3i cnucky Ke1, Ke2, Ke3, Ke4, Ke15,
Kc22, Kpl0, Kp16, Kp18, Kp19.

AHTUMiKpOOHMIA edekT Kc1 BUABNSAETLCA B KOHLIEHT-
pauii 0,12 mkr/mn (2 % wTamiB), NOCTYNOBO JOCAraw4um
ONTUMYMY LLOAO NornoBuHK wTamis npu 0,98 mkr/mn. Big-
NoBiAHO, KiNbKicTb WwTamiB, MIK akux Bu3HavaBcsa y NeBHi
KOHLEeHTpaLlji, npeacraeneHo nepenikom: 0,24 mkr/mn — 14 %,
0,48 mkr/mn — 4%, 0,98 mkr/mMn — 30 %. KoHueHTpauis
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0,98 mkr/mMn npurHidyBana 62 % npeactaBHukiB MSSA, o
Maike BABIYI nepesuulyBano cratuctnky MRSA — 33 %.
Mopganblwe nigBuWEHHA KOHUeHTpauii BusHavae MIK we
ans 24 % npw 1,95 mkr/mn, 12 % — npm 3,91 mkr/mn, 8 % —
npu 7,81 mkr/mn. HavimeHwy u4yTnuBicTb 4O npenapaty
BuaABMNK 6 % (ix MIK 6yno BcTaHOBMNEHO Npu KOHUEHTpaLii
> 15,63 mkr/mn). TopiBHSHO 3 KOMepLUiiHUMK npenapa-
Tamu, nnaHky 50 % npurHideHux wTamiB crnonyka [ocsr-
Hyna B MEHWIN KOHUEHTpauii, HiK aHTUBIOTUKM
B-naktamHoro psgy. Y 3aranbHOMy eeKTUBHICTb CMOMyKu
BignoBigana akTMBHOCTi BAHKOMILVHY.

HarHuxyi 3HaueHHs MIK cnonyku Kc2 3adikcoBaHi npu
koHueHTpauii 0,48 mkr/mn y 8 % wTamiB. |geHTM4HO A0
Kc1, Kc2 npu koHueHTpauii 0,98 mkr/mn npurHivyBana e
30 % pocnimkyBaHux GakTepiii. MNMoaBOEHHA KOHLEHTpauil
0o 1,95 mkr/mn gogano we 32 % wramiB, TO6TO YyTNMBUMMK
6ynu 70 % cTadinokokiB. Ha ubomy po3BefeHHi crnornyka
npurHivyBana 48 % MRSA Ta 86 % MSSA. [NoganbLui
KOHUeHTpauji iHribyBann npeacTtasBHukiB BUOBIpkM Bigno-
BigHMM nepenikom: 12 % npu 3,91 mkr/mn, 14 % — npu
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7,81 mkr/mMn Ta 4 % — npu = 15,63 Mkr/mMn. AHTUGIOTUKK-
MOPIBHSAHHA [(-NakTamMHOro psgy Manu MeHwy edekTuB-
HICTb MOPIBHAHO 3i CMOMYKOI, aHTUMIKPOOHUI edekT sKoi
OyB Ha piBHi TETpaLMKIIiHY.

Ak i nonepenHs pevosuHa, Kc3 BusBMNa CBOKO aKTuB-
HiCTb y koHueHTpauii 0,48 mkr/mn (16 %). MNpu KOHUEHT-
pauii 0,98 Ta 1,95 MKr/mMNn YyTAMBICTL 4O CMONYKW BUSIBUMK
we 30 ta 32 % BignosigHo, To6TO 78 % wTamiB. Cepen
rpyn YyTnNuBMX | CTIKUX OO0 MeTUUMNiHy cTadinokokis
npurHivyBann 52 i 32 % wramis (0,98 mkr/mn), 3i 36inb-
LEHHSAM KINbKOCTi YyTRMBWUX [0 CMOMYKM CcTadinoKokis

Ha 41 1a 19 % BigNoOBIAHO Npu KoHUeHTpauii 1,95 mMkr/mn.
Mopanblui NOABOEHHSA KOHLEHTpAaUii NOCTynoBo iHribyBanu
iHWi wTtamu BWGipkM, pocsrawum 100 %, sk i y paHiwe
OnucaHMX MOXIAHUX apUnaLMKIiYHUX amiHOCnMpPTIB nNpu
lwocToMy posefeHHi (15,63 mkr/mn). B-naktamu, 8K iy
nonepegHix BuMagkax, Manmm MeHwWwy edeKTUBHICTb
MOPIBHAHO 3i CMONYKOK. Y 3aranbHOMY aKTUBHICTb CMONyKW
Oyna Ha piBHi TeTpauukniHy, MOKPaLLylo4n MOKa3HUKW 3i
30inblUeHHsIM  KOHUeHTpauii. Bisyanisauito pesynbraTiB
aKTUBHOCTI CNOMyK NPOTU CTadifoKoKiB NogaHo Ha puc. 3a.

Kcl - 1-[4-(1,1,3,3-TeTpameTunbytun)deHokcu-1-etokcu]-3-(N-6eH3nn 4-meTunninepuanHnii)-2-nponaHon xnopug

100%

80%

60%

40%

20%

YacTtka 4yTnmBuMX WTamiB

0%

91 7,81 15,63

KoHueHTpauia (Mkr/mmn)

Kc2 — 1-[4-(1,1,3,3-TeTpameTnnbyTun)peHokcu-1-etokcu]-3-(N-6eH3un 4-metTunninepuamHmin-2-nponaHon xnopua

100%

80%

60%

40%

20%

YacTtka 4yyTnvBuMx Wwramis

0%

100%

95 3

91 7,81 15,63

KoHueHTpauis (MKr/mr)

:

Kc3 - 1-[4-(1,1,3,3-TeTpameTunbyTun)deHokeu-1-eToken]-3-(N-6eH3un N-MeTun umKrorekcunamiHo)-2-nponaHon xnopug,

100%

80%

60%

40%

20%

YacTtka 4yyTnvBuMx Wwramis

0%

0,48 0,98

57%

1,95 3,91 7.81

’

16,63
KoHUgHTpauA (MKEr/mn)

«: 4 MRSA =B -MSSA —&— 3arancHuii nyn wramis S. aureus

Puc. 3a. YytnusicTb wWTamiB S. aureus Ao noxigHMX ankin (apunokcueTokcu) pgiankinamiHonponaHony (cnonyku Kc1, Kc2, Kc3)

UeTtBepTa gocnigKyBaHa crnornyka Mana egeKTMBHICTb
wopno 12 % S. aureus y koHueHTpauii 0,24 mkr/mn. [ecste pos-
BedeHHs (0,98 mkr/mn) Kc4 npurHivysano 26 wramis — 52 %
(0,48 mkr/mn — 4 %; 0,98 mkr/mn — 36 %), i3 Akmx 10 Bynm cTin-
Kumy oo metuumniny (47 % i3 yciei rpynu) ta 16 yytnveumm
(55 %). Mopganblui KOHUEHTpaUil iHridyBanu npeacTaBHUKIB BU-
Gipku BignoeigHM nepenikom: 70 % npu 1,95 mkr/mn (+ 18 %),
84 % npn 3,91 mkr/mn (+14 %), 92% npu 7,81 mkr/mn
(+ 8 %) i pocaratoum BCiei BUBIpKM Npu 15,63 MKr/mn.

Cnonyka Kc15 BusBuna HesHayHy edeKTUBHICTb Npu
KoHueHTpauiax 0,24 mkr/mn (4 % npeactaBHUKIB S. aureus)
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Ta 0,48 mkr/mn (2 %). 3HayHe 3pOCTaHHA aKTUBHOCTI
cnoctepiraetbca npu 0,98 mkr/mn, MIK 6yno Bu3HayeHo
we ansa 44 % wramis (50 % i3 3aranbHoi BUBIpkK). Mepe-
BaXkHy OinbLUicTb WTaMiB y AaHoMy TuTpi 6yno npeacrae-
neHo MSSA — 18 wramis, WO CTaHOBUTb 65 % i3 Ljiel rpynu.
3a3Haunmo, Lo came LS KOHUEeHTpauis BusiBuna edekt Kc15
wono MRSA (ogpasy anst 29 % wramiB yctaHorneHo MIK
cnonykn). Y BocbMoMy Ta Aes'dtomy possefeHHi MIK 6yno
ineHTudikosaHo npakTMyHo Ana 90 % wTtamiB (18 % npm
1,95mkr/mn Ta 20% — npu 3,91 mkr/mn). [NoganbLui
KOHUeHTpaLji BctaHoBnnnM MIK ans 3anuiuky MikpoopraHiamis.
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Hainbinbwe poseegeHHs Kc22, npu skoMmy crionyka
NPOAEMOHCTPYBana akTUBHICTb MPOTU  AOCHIOKYBaHMX
ctadpinokokis, 6yno 0,48 mkr/mn (2 %). Moctynose 36inb-
WEHHsA KoHueHTpauii go 0,98 mkr/mn Ta 1,95 mkr/mn
nossonsie BctaHoButM MIK we ana 14 ta 38 % wramis
BignoBigHo. MRSA He BMSIBNANW YyTNMBOCTI 4O CMOMyKX B
OCTaHHIX TuUTpax i Ans nepwwux npeacTtasHukie MIK
yOanocb BU3HAYMTWU nuvwle npu KoHueHTpauii 1,95 mkr/mn.
[o uiei koHueHTpauii Oynu vytnueumn 29 % ineHTndiko-
BaHUX CTIKMX OO0 MeTUumniHy cradinokokis i 72 % MSSA.

[MNoganblwe niaBULLEHHA KOHUEHTpaUil BCe eqeKTMBHille
iano Ha S. aureus, godarwum Ao 3aranbHOi Cymu Bigno-
BigHO: 26 % — 3,91 mkr/mn, 14 % — 7,81 mkr/mn i 6 % —
15,63 MKr/MN. Y MOYaTKOBMX KOHLIEHTpALiSX Crofyka nocTy-
NaeTbCa 3a aKTMBHICTIO KOMEPLiMHMM npenapartaMm, y Tomy
yucni aHTMbioTMkam [-nakTamHoro psgy, nNpoTe Cronyku
3HAYHO aKTUBHILLI BXe 3a MOABOEHHSI KOHUeHTpadii. eTa-
nisauito aktmeHocTi crnonyk Kc4, Kc15, Kc22 npo-
OEMOHCTpPOBaHO Ha puc. 36.

Kc4 — 1-[4-(1,1,3,3-TeTpameTnndyTun)peHoKcu- 1-eTokcm]-3-(N-0eH3umn rekcameTUeHUMIHIN)-2-nponaHorn Xnopuya,
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0,12 0,24 0,48 0,98 1,95 3,91 7.81 15,63

KoHueHTpaLia (Myr/mm)

Kcl5 - 1-(2,4-guTtpeTOyTnndeHokcu-1-etoken)-3-(N-6eH3un nipponigiHin)-2-nponaHon xnopug

100%

80%

60%

40%

20%

YacTtka 4yyTnvBuMx Wwramis

0%

100%

95 3,91 7.81 15 63

KoHueHTpauis (MKr/mmn)

Kc22 — 1-(2,4-gnutpeTOyTnndeHokcu-1-eToken)-3-(N-6eH3unn rekcaMeTUneHimiHi)-2-nponaHon xnopug

100%

80%

60%

40%

20%

YacTtka 4yTnmBmx Wramis

0%

100%

91 7

.81 15 63
KoHueHTpauis (MKr/mn)

v MRSA =B -MSSA == 3aranbHuii nyn wramie S. aureus

Puc. 36. YyTnueicTb wWTamiB S. aureus Ao NoxiAHUX ankin (apunokcueTokcu) aiankinamiHonponaHony (cnonyku Kc4, Kc15, Kc22)

Kp10 npoaemoHcTpyBana cxoxy edeKkTUBHICTb i3 Kc22, y
ToMy umcni 1 Ha rpynn MSSA/MRSA. |geHT14HO HanbinbLwmm
po3BedeHHsIM, npu sikin 6yno BuaHadeHo MIK, ctaHoBumno
0,48 mkr/mn (wopo 4 % wramiB), a BUAMMUA edekT crnocTe-
piraBcs 3i 36inbLUEHHAM KOHLUEeHTpauii o 1,95 mkr/mn.

HocnigxysaHa pevoBuHa Kp16 npogemoHcTpyBana
BMCOKY aKTUBHICTb CTOCOBHO cTaduinokokis. lMpumipom, y
[BOX OCTaHHiX po3BefeHHsx byno BctaHoBneHo MIK ans
4% wramiB. KoxeH HaCTymHUA KPOK 3pOCTaHHHA KOH-
ueHTpauii (3 0,48 po 3,91 mkr/mn) gopnasas 18-20 % 6ak-
Tepin, Ans akux igeHTugikosaHo MIK, o 3aranbHoi cymu.
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AHTUMiKpOOHMIA ecbekT Ha MRSA, sk i Ha MSSA, cnocTte-
piraBca yxe B Hanbinbwomy possegeHHi (0,12 mkr/mn).
Mopir y noHag 50 % ansa MSSA OOCArHEHO MpU KOHLIEHT-
pauii 0,98 mkr/mn, MRSA — 8-9 posseaeHHi (1,95 mkr/mn —
48 %, 3,91 mkr/mn — 71 %). MNMopiBHAHO 3 aHTUBIOTUKaMMU,
Kp16 mMana BWCOKYy akTMBHICTb OO CTadinoKoKiB, MOCTy-
Naw4ymchb N1LIEe BaHKOMILUHY.

Kp18 Takox mana 3HayHy edeKTUBHICTb NpPOTW OOCHi-
pKyBaHuX OakTepiin. 12-Te po3seneHHs (0,24 mkr/mn) iHridy-
Bano 8 % wramiB, a NOABOEHHST KOHUEHTpaUii — we 12 %.
Y koHueHTpauii 0,98 mkr/mn 6yno BusHayeHo MIK gns
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44 % wTamis, 3aranom s KOHLEeHTpauis iHribyBana 66 %
TecT-MikpoopraHiamis. loganblli 3HA4YEHHA TUTPY PO3LUn-
proBanu 4actky YyTAMBMX OO CMOMAyKW ctadpinokokis. YyT-
NMBOCTI WITaMiB 3 reHOM MeCA 3aranbHO Haragye KapTuHy,
XapakTepHy Ans crnonyk, wo 6yno onucaHo Buue. onos-
HUI aKUEeHT — Ha BinbLU BUpaxeHin edpeKTUBHOCTI A0 npea-
cTaBHMkiB MSSA. 3a piBHem edekTnBHOCTI Kp18 MoxHa
NPUPIBHATU A0 BaHKOMILWMHY, OCKINbKN nepeBaxHa BinbLuicTs
WwiTamiB Oynu YyTIMBMMU 0O KOHLEHTpaUii B 1 MKr/mn.

Kp19 nemMOoHCTpye BUCOKY aKTUBHICTb 3@ HU3bKMUX KOH-
ueHTpauin. MIK ana 50 % wramis 6yno BCTaHOBMEHO BXe
3a KoHueHTpauii 0,98 mkr/mn, a gna 75 % — 1,95 mkr/mn.
Takox BapTO 3a3HAYNTU PIBHOMIPHUIM edekT Ha rpynu
MRSA ta MSSA, e cnpuiHATAUBICTL ApYroi BUsiBNsnach
nuie HesHadHoto Mipoto. Kp19 npopgemoHcTpyBana 3HauHy
edekTmBHICTL Woao bGakTepin, sk i3 Kp18, nopiBHAHHSA
[ouinbHe nuwe 3 BaHKOMIUMHOM, SKWWA MaB fuwe He-
3Hay4Hy nepesary. Pesynbtatn aktmBHOCTI cnonyk Kp10,
Kp16, Kp18 i Kp19 BisyanizoBaHo Ha puc. 3B.

Kp10 — 1-[4-(1-apamaHTun)eHOKCHU]-3-AMMETUNaMOHIl-2-NponaHon Xnopua,
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KoHueHnTpauia (Mkr/mn)

Kpl6 — 1-(2,4-gnuTtpeToyTnndeHokcu-1-etoken)-3-(N-(4-metun 6eH3un)-aMmeTmunamiHo)-2-nponaHon xropua
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YacTtka 4yTnmBumx Wwramis
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:

Kp18 - 1-[4-(1,1,1,3,3-TeTpameTnnbyTun) ceHokcun-1-etokeu]-(N-(4-F 6eH3nn)gumeTunamiHo)-2-nponaHon xnopuza
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YacTtka 4yTnmMBumx Wwramis

0%

0,12 0,24 0,48 0,98

100%

1,95 3,91 7.81 15,63
KoHUgHTpauia (MKr/mn)

Kp19 - 1-[4-(1,1,1,3,3-TeTpameTnnOyTun) eHokcu-1-etokeu]-(N-(4-meTun 6eH3nn)anMeTnnamMiHo)-2-nponaHon Xnopua

100%
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YacTtka 4yyTnmBuMx WwTamis
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91 7,81
KoHueHTpauia (Mkr/mmn)

15,63

:

cor4:s MRSA =B -MSSA =—&— 3arancHuii nyn wramis S. aureus

Puc. 3B. YyTnueicTb wWTaMiB S. aureus Ao noxigHUX ankin (apunokcneTokcu) AiankinamiHonponaHony
(cnonyku Kp10, Kp16, Kp18 ta Kp19)
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Ouckycifa i BACHOBKMU

30iNCHEeHHI OOCNIMKEHHST 4O3BONMWUAM BCTAHOBUTU YyT-
nMBICTb BMBIPKM TECT-MIKpOOpraHiaMmiB 4O aHTUBIOTUKIB,
BUOINUTU TPYNy CTIMKUX A0 MEeTULMAiHY CTadinoKoKiB i
[ocnignTn aHTUcTadinokokosmn noteHuian 10-Tm HoBoO-
CMHTE30BaHMX MOXIAHWX apunaunkniyHnX amiHOCNUPTIB.
AHani3 pesynbTaTiB 4yTNMBOCTI A0 aHTMBioTUKIB npo-
OeMOHCTpyBaB, Wo Ang GinbWOCTi AOCAIAXKYBaHMX LUTaMiB
XapaKTepHa pPe3NCTEHTHICTb A0 S-NakTaMHUX aHTUBIOTUKIB.
3rigHo 3 kpuTepismu EUCAST, no 6eH3nnneHiumniHy 6ynm
CTiiKUMK 74 % KniHiYHMX WTamiB. BignosigHui pesyneTat
€ YeproBUM MiATBEPOXKEHHSIM  LUMPOKOrO  MOLUMPEHHS
newiyuniHas cepepn cracdpinokokie. YyTnueicTe Ao TeTpa-
LUUKNiHY cnocTepexeHo Y 54 % TecT-mikpoopraHiamis, a o
BaHKOMIUMHY — y 84 %, WO BKOTpE akueHTye yBary Ha
MacwTabax 3arpo3v MOLWMPEHHS aHTUBIOTUKOPE3NCTEHT-
HOCTi y OaKTepii.

loeHTuikauia deHOTUNOBMX O3HaK PE3NCTEHTHOCTI 40
MeTUUMniHy npoAeMoHCTpyBana, wWo 24 MikpoopraHiamu
MaloTb BMAO3MiHEHUI Oinok PBP2a, sk NpoayKyeTbecs
reHom mecA, To6ToO € pe3nCTeHTHMMM 0 MEeTUUMNiHy 3a
heHoTMNOBOK O3Hakow (6yno 48 % wTtamis). Llen nokas-
HVK 3Ha4yHO nMepeBuLLye niTepaTypHi OaHi MOLMPEHHS
MRSA B YkpaiHi, npote € HabnwxeHuM [0 3aranbHo-
€Bponecbkoi cTaTncTukm (Zwittink et al., 2022).

Yci peqyoBMHWN NPOAEMOHCTPYBANM 3HaAYHWUIA iHFiOYH4YUin
edekT Ha cTadpinokoku, Wo Bignoeiaas abo nepesuLlyBaB
e eKkTMBHICTb NpenapaTiB-nopiBHAHHSA. 3 Ljielo meToto Byno
npoaHanizoBaHo oTpumaHi MIK aHTuGioTukiB i gocnigxy-
BaHWX apurauykniyHUX amiHOCMUPTIB Ta BU3HAYEHO KOH-
LeHTpaLito, wo iHribyeana 50 % Bubipku. Cepen -nakramis 3a
UMM  MOKa3HMKOM HanedektuBHiwuum 6yB uedasoniH
3,91 mkr/mn, MIK ©eH3nnneHiumniHy cTaHoBMna mnoHazg
20 mkr/mn, a amniyuniHy — noHag 100 mkr/mn. BaHkomiuuH
Ta TeTpPaUWKIiH NPUrHiYyBanu nepeBaxHy 4acTKy LTaMiB y
KoHueHTpauii 0,98 mkr/mn. MpoTe 3ayBaXXuMo Mpo 3HaAYHY
CTYMiHb PE3UCTEHTHOCTI AOCHiAXyBaHUX cTadinokokiB Ao
TETpauUMKIliHy i 0O3HaKM CTINKOCTI A0 BaHKOMIUMHY B 16 %
wramis. 3anexHo Big npenapaty, MIK, wo npwurHiyyBana
noHag 50 % wramiB, BM3Havanacb y pgianasoHi 0,98—
3,91 mkr/mn. CTaTMCTUYHMIA aHani3 NPoAEMOHCTPYBaB, Lo
ansa cnonyk Kec1, Ke4, Kp18 ta Kp19 ontumaneHoto MIK €
0,98 MKr/Mn, ANS iHWKMX CNONYyK Lie 3HayeHHs 3pocTae a0
1,95 mkr/mn. ToGTO BMOKpEMIIEHa rpyna npenaparTis BUsiBuUna
3HAYHY AaKTUBHICTb Y HM3bKUX KOHUEHTpauisax, a iXHA
edeKkTMBHICTb Oyna Ha piBHI TeTpauUMKIiHy Ta BaHKOMILWHY.

30iNCHEHNIA ekcnepuMeEHT A03BOMMB AOCHIAUTU 0CO6-
NUBICTb AHTUCTAINTIOKOKOBOIO edekTy apunaumkiiyHux
aMiHOCMMPTIB LWOA0 YYTNMBMX | CTIMKMX OO0 METULMAIHY
wramiB. [MpeactaBHukn MSSA BusSBUNM OeLo  BULLY
YYTNMBICTb A0 PeYvoBUH NopiBHsaHO i3 MRSA, MIK sikux 6ys
Ha no3uuito-ABi HWxYMM. [laHa kapTuHa Byna xapakTepHor
Ons BCiX AocnigXyBaHMX CromnyK. YpaxoByouu, WO pesu-
CTEHTHICTb 4O MeTuuuniHy obymoBneHa Buao3miHowo PBP
(Lakhundi, & Zhang, 2018), MOXXHa 3pOOUTU NPUNYLLEHHS,
WO JAoChigXyBaHHI CMONykM MarTb BWLLy TPOMHICTb A0
HemoaudpikoBaHOT Bepcii  NeHiumniH3B'A3ytoyoro  binka.
ICHytoui foCnifKeHHS NiATBEPAXYOTb TPOMHICTb MOXiAHUX
apuvnauuKniyHUX amiHoCnmpTiB A0 MOBEPXHEBUX CTPYKTYP
KNiITUHHOT CTiHKKN pi3HUX MikpoopraHisamis (poHosa, 2016).

OTpuMaHi pe3ynbTati AEeMOHCTPYIOTb MOTEHLINHY edek-
TMBHICTb MOXiAHWX ankin (apurnokcueTokcu) AiankinamiHo-
nponaHony LWoAo NpeAcTaBHUKIB 30MOTUCTOro cTadino-
koky. lMopanblwi pocnimkeHHs AONOMOXYTb AeTanbHille
BMBYMTM iX aHTUMIKPOOHWMI MoOTeHuian i nepcnekTuBy sK
anbTepHaTMBY iCHYOUYMM MPOTUMIKPOOHMM NpenapaTam.
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Mopsikn, pxepena ciHaHcyBaHHA: ABTOpP CTaTTi BUCMOBIOE
lwmpy noasiky kaHg. dapm. Hayk HO. B. KopoTkoMy 3a cuHTe3
OOCigXyBaHMX CMOMyK Ta HafaHHSA TexHiYHoi iHdopmauii npo
HUMX, a Takox akagemiky HAH ta HAMH Ykpainn, 3aBigyBauy
kadbeopu  mikpobionorii Ta napasutonorii  HMY  imeHi
0. O. boromonbusi B. IN. LUnpobokoBy # 3aBigyBady kadenpu
mikpobiororii  BHMY  imeHi M. |. NuporoBa,  npodecopy
B. IN. KoBanbuyky 3a iXHE HayKoBe KepiBHWLTBO acnipaHTypoio
aBTOpa Ta KOOPAMHALLK0 BUKOHAHHSA AOCNIAHMLBKOT OisNbHOCTI.
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STUDY OF ANTISTAPHYLOCOCCAL POTENTIAL OF NEWLY SYNTHESIZED
ARYL ACYCLIC AMINO ALCOHOL DERIVATIVES

Background.Staphylococci remain priority pathogens among infectious agents. The growing antibiotic resistance of this species poses a
serious threat to modern medicine. The limited number of effective antibiotics makes it difficult to treat staphylococcal infections and exacerbates
their negative consequences for patients. Particular attention should be paid to Staphylococcus aureus's resistance to methicillin, a "typical"
phenomenon among hospital infections. Therefore, searching for new approaches to combat this pathogen is extremely important.

Methods . The object of the study was 10 compounds of aryl acyclic amino alcohol derivatives and 50 strains of Staphylococcus aureus.
The disk diffusion method and the serial dilution determined the antistaphylococcal properties. MRSA was identified by the phenotypic method
using cefoxitin disks. The effectiveness of the compounds was determined by comparing the susceptibility of MRSA and MSSA.

Results. Among the 50 strains, 24 were identified as containing the mecA gene by phenotypic features. The results of antibiotic
susceptibility testing demonstrated predominant resistance to benzylpenicillin drugs. Following breakpoints of antibiotic resistance, resistance to
benzylpenicillin was 74%. Sensitivity to tetracycline was found in 54% of strains, and to vancomycin - in 84%. The studied substances showed high
efficiency against staphylococci. The activity of compounds Kcl, Kp18, Kp19 was on par with vancomycin, and the MIC for most strains did not
exceed 1 ug/ml. The inhibitory effect of the compounds was observed in the concentration range of 0.98-1.95 ug/ml. MSSA strains showed a slightly
higher sensitivity, which may indicate the potential specificity of the compounds to PBP.

Conclusions. The antimicrobial properties of aryl acyclic amino alcohol derivatives as potential antistaphylococcal agents were
investigated. The effectiveness of the drugs in comparison with commercial drugs and between the groups of MSSA and MRSA was determined.
A group of compounds with the most pronounced activity against S. aureus strains, including MRSA, was identified.

Keywords:MRSA, MSSA, antibiotic resistance, mecA gene, cefoxitin, amino alcohols, MIC.
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BMUB BUKOPUCTAHHSA IHOUBIAYANBbHOI OKNIO3IAHOI
KAMNW HA NOCTYPAJNIbHUM BAJIAHC BUCOKOKBANI®IKOBAHUX CMOPTCMEHIB,
O CNELIANI3YIOTbLCA Y BECNTYBAHHI HA BAUOAPKAX TA KAHOE

BcTyn. OOHuUM i3 cyyacHux 3acobie peabinimauii cnopmcmeHie 3 8i0HOB/TIEHHSIM 8UCOKO20 PieHSI M's130680i KoopAuHauii €
suKopucmaHHsi iHOueidyanbHol oknto3iliHol kanu. Cma6inomempuyHe dAocnidxeHHss 0o3eosisie ouyiHUmu 3MiHU y
nocmypansHoMy 6anaHci cnopmcmeHa nid ennueoM pi3HUX YUHHUKI8, A0 MO20 X, mecmyeaHHs1 nocmypasnbHoi cmilikocmi
Mo)xe 6ymu eaxueum esleMeHmoM KoopduHauillHo2o0 MmpeHyeaHHs1 Ha cmabinomempu4Hux nnamgopmax. HedocmamHbo
docnidkeHUMU 3anuwarombcsi ocobnueocmi 3MiH mocmypasibHo20 6anaHcy CriopmcMeHie, Wo creuianisyrombcsi y pi3HUX
eudax crnopmy, 30KkpeMma y eecslyeaHHi Ha 6alidapkax i kaHoe, Mi0 en/ueoM pi3HUX Mpoz2paM MmpeHyeaHHs1 U peabinimauii.
AkmyanbHicmb memMu eu3Hayaembcsi 8i0cymHicmio OocCiOKeHb, CMPSIMOBaHUX Ha OYiHKY ensuey mpueasnio2o HOCIHHSI
OKM03iliHOI Kanu Ha nocmypanbHuli 6anaHc crnopmcmMeHie-eecnysanbHukie. Memoro OocnidxeHHss 6yna ouiHka ennusy
mpueasnio2o eukopucmaHHsi iHoueidyanbHOI OKJIH03ilHOT Kanu Ha nocmypanbHull 6anaHc eucokokeasighikoeaHuUx criopmcmMeHis,
SIKi cneyianizyrombcsi y eecriyeaHHi Ha 6alidapkax ma KaHoe.

MeTtoawu. [na OJdocsizHeHHs1 rnocmaesieHoi Memu eukopucmaHo Memodu cmabinomempii ma MamemamuyHol
cmamucmuku.

PesynbTaTu. BuseneHo, wo y crnopmcmeHie OCHOBHOI 2pynu mnicaisi mpueasio2o eUKOpUucMaHHsi iHOueidyanbHol
OKNI03iliHOI Kanu e ycknadHeHUXx ymoeax nidmpumaHHsi pieHoeaz2u, a came y 8y3bKill cmiliyi, 3 po3nnroweHuUMu ma
3anow,eHUMuU o4uMa, 3HU3usack weudkicmes aHmepionocmepiopHux, MedionlamepasnbHUX i NIOWUHHUX NepeMiujeHb UeHmpy
mucky cmon, egpekm euKkopucmaHHsi kanu 36epizaecsi 3a mpu micsyi nicnsi nPuNUHeHHs i HOCiHHSA. [Moka3HuUkK sikocmi pyHKYiT
pigHogaz2u e yMoeax ey3bKoi cmiliku 3 po3rIouw,eHuUMuU oyuma 36inbwuecs 4epes Micssyb HOCIHHSI kanu Ha 77,0 % eiOHOCHO
euxiOHO20 Mnoka3HuUKa, 8 ymMoeax cmilku i3 3anJruweHuMu o4umMa MOKa3HUK 36inbwuecs Ha 80,8 %, 3anuwaroyucb 4Yepes
4 micsiyi nicnsi moyamky OocniodxeHHs euwjum Ha 44,0 % eiOHOCHO euxiOHO20 MOKa3HUKa. Y KOHMPOMbHIlU 2pyni He
crnocmepi2anocsi cymmeeux 3MiH cmabinnoMempuYyHUX MoKa3HUKie.

BucHoBKMU. Y pesynomami docnidxeHHs1 eusiesIeHO 3HUXEeHHs1 weudkocmi aHmepionocmepiopHux, medionamepanbHux i
MAOWUHHUX NepeMiujeHb yeHmpy mucKy cmorn 8 yMoeax 8y3bKoi cmiliku ma 36inbweHHs1 MoKa3HUKa sikocmi (hyHKYii piesHoeazu
3 PpoO3MIOWeEHUMU ma 3amioweHuUMu OYuMa nicsisi mpueasioeo euKopucmaHHsl iHOueidyasibHOi OKMI3iliHOiI Kanu 'y
KeanighikoeaHux cnopmcmeHie, w0 cneyianiayromscs y eecslyeaHHi Ha 6alidapkax i kaHoe.

lMoka3aHo, w0 eghekm sukopucmaHHsi iHOueidyasibHOI OKJTFO3ilIHOT Kanu Mae NPoJIoH208aHUll xapakmep i cnrocmepizaembcsi
3a mpu micayi nicns NPuNuUHeHHs1 HOCIHHS Karu, ase exe Ha HWKYOMY pieHi, uj0 ceidyumb npo HeobXxiOHicMb pez2ysIipHO20
8UKOpUCMaHHS OKJTI03ilHOI Kanu sik 3acoby peabinimaui.

Knwo4yoBi cnoBa: okmo3ziliHa kana, nocmypanbHuli 6anaHc, cmabinomempisi, yeHmp mMucKy cmorn, CropmcMeHu-
eecriyeasibHUKU.
Bctyn 2017). OocnigHvkn NpunyckawTb, WO Yepe3 3MiHy 3yOHOI

M'sizoBuI aucBanaHc, BUKMUKAHWUIA NOPYLUEHHSIM KOOPAU-
Hauii M'a3iB y pesynbTaTti BNNMBY TpaBMyBallbHUX HaBaH-
TaXeHb | JOBroTpUBanoro BUKOHAHHS O4HOTUMHUX TPEHY-
BanbHUX BMNpPaB, € OAHIEK i3 MPUYMH NepeHanpyXeHHs
onopHo-pyxoBoro anaparty. OgHum i3 cydacHux 3acobis
peabiniTauii cnopTCMeHiB 3 BiAHOBMNEHHS BUCOKOIO PiBHS
M'A30BOI KOOpAWHAUii € BMKOPUCTaHHS iHAMBIAYanbHOT
oKkNnto3inHoi kanu (3iH4eHko, & lMacTyxoBa, 2022). YBaxa-
€TbCH, WO aKTMBaLis XyBanbHUX M'A3iB YHaACnigoK CTUC-
KaHHs 3ybiB Moxe 36inblnTK 3aranbHy M'SI30BY CuIy
3aBASKM OOHOYACHOMY MOTEHUiloBaHHIO akTuBauii (Ebben
et al.,, 2010) Ta moxe NiABULLMTA NPOAYKTUBHICTb M'A3IB,
HeoOXigHUX Ana nigTpUMaHHA piBHOBArM CNOpTCMEHa,
LWMSIXOM KoakTuBauii m'asiB Tynyba M KiHUIBOK Ta OMTU-
Mi3auii GiomexaHiYHMX napameTpiB  OMOPHO-PYXOBOrO
anapaty (Busca et al., 2018; Schulze, Kwast, & Busse,

ISSN 1728-2748

OKNI03ii BHACNIAOK BUKOPUCTAHHS Kanu LeHTpanbHa Hep-
BOBa CMUCTeMa OTpUMYyeE 3MiHeHYy adepeHTHy iHopmaLito
Bifj peuenTopiB Yy nNepiofoHTanbHIN 3B'A3Li, CKPOHEBO-
HKHbOLLenenHomy cyrnobi Ta >XyBanbHuUX M'A3ax, Lo
MOXe MOKpaluTU piBHOBary BEepXHbOI YacTUHW Tina 3a
pornomorolo  edpepeHTHUX aganTauiiinx abo komneHca-
TopHux natepHis (Ohlendorf et al., 2014).

Ons  ouiHoBaHHA QYHKLIOHANbHOro CTaHy OMoOpHO-
pyXOBOro anapaTy CrnopTCMeHa Ta nocTypanbHoro 6anaHcy
BMKOPUCTOBYIOTb CTabinoMeTpuyHuii meTon, 3a [Jorno-
MOFOI0 SIKOro AOCMiAXYTb 3AaTHICTb NoauHKM 36epiraty
BepTUKanbHEe MOMOXEHHS Tina B Mexax nnowi onopu
(Feldman, 2016). LieHTpanbHa HepBOBa cucTema 3AiNCHIoE
iHTerpauito BCiIX CEHCOPHMX CUrHamiB i3 30poBOi, Mpo-
npioLuenTUBHOI Ta BeCTUDOYMSPHOI CMCTEM OpraHiamy Ta
HaZcUrnae pyxoBi KOMaHOM [0 MOCTypanbHUX M'A3iB 3
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MeTot 3abe3neyeHHs piBHOBaru Tina (Surgent et al., 2019;
Peterka, 2018). IHcdbopmMaTMBHUMK nNapamMeTpamu, L0
BigoOpaxaloTb CTaH pi3HUX cucTem, ki O6epyTb ydacTb y
KOHTpONi piBHOBarv, € xapakTepUCTUKN KONWBaHb LIEHTPY
Tncky crton (LTC): amnnityga, yYactota Ta HanpsMOK
(Garkavenko, Kolosova, & Maksimov, 2016).

BigMiHHOCTI nocTypanbHoro 6anaHcy CnopTCMEHIB Bif,
HeTpeHOBaHMX Ocib BUSIBNSATLCA 0COGNUBO B ycknag-
HEHUX YMOBax, Hanpwknag Micrnsi BUKOHAHHSA CMOPTMBHUX
BNpaB — CTpuOKiB, obepTaHb Towo (Zemkova, 2014).
CrabinomeTpuyHe OOCNIMKEHHS OO3BOMSE TAKOX OUIHWUTK
3MiHM Y MOCTypanbHOMy 6anaHci cnopTcMeHa nig BninBoMm
Takux pisHMX pakTopiB, K CTOMIEHHS, BUKNMKaHe ¢i3ny-
HUM HaBaHTaxeHHsIM (Zech et al.,, 2012), abo TpaBmy-
BaHHA (Oshima et al., 2018). o Toro X, TeCcTyBaHHs
NocTyparnbHOi CTINKOCTi MOXe OYyTU BaXXNMMBUM EIEMEHTOM
KOOpAMHALUINHOrO TPEeHyBaHHs Ha cTabinomMeTpu4Hux nnaT-
dopmax i3 3acTocyBaHHsIM MeToAy OionoriyHoro 3BopoT-
Horo 3B'a3ky. Ha aymky pgocnigHukiB y ranysi cisionorii
CropTy, Take TPeHyBaHHA HeOOXiAHO LUMPOKO BNPOBaKY-
BaTW y CMOPTUBHY MPaKTUKY Ans NpodinakTUkM CnopTme-
Horo TpaBmaTtu3my (Ageberg et al., 2020; Wilczynski, 2018).

HepocTtaTtHbO [OCRigKEHUMU 3anuvwiaiTbCcs 0cobnu-
BOCTi 3MiH nocTypanbHOro 6GanaHcy CrnopTCMEHIB, LWO
creuianiayloTbCa y PisHMX BuAax CcropTy, 30Kkpema Yy
BecnyBaHHi Ha bGanpapkax Ta KaHoe, Ae BaXNMBUMMU € SK
aKTMBHa poboTa M'A3iB MreyoBoro nosicy, Tynyba n KiHui-
BOK, TaK i MigTpuMaHHA piBHOBaru Tina, nig BNiMBOM Pi3HUX
nporpam TpeHyBaHHsA Ta peabinitauii. OTxe, akTyanbHUMHN
€ JOCniQKeHHs1, CNPsIMOBaHi Ha OLHKY BNAVBY TpMBarnoro
HOCIHHSI OKNIO3IHOT kanu Ha nocTypanbHWiA  GanaHc
CMOPTCMEHIB-BECNyBanbHUKIB.

Mema docnidxeHHs. OuiHIOBaHHS BNIMBY TpMBaoro
BUKOPWUCTAHHS iHAMBIQYanbHOI OKITHO3INHOT Kanu Ha nocTy-
panbHui GanaHc BMCOKOKBanichikoBaHMX CMOPTCMEHIB, LLO
creLianiaytoTbCsa y BECNyBaHHi Ha Oargapkax Ta KaHoe.

MeTtoau

B pocnimxeHHi 6panu yyacTb kBanigikoBaHi cropTcMeHu-
BecnyBanbHUKM Ha Ganpgapkax i kaHoe, 10 cnopTcMeHiB
CT@HOBUMU KOHTPONbHY rpyny (4OnoBikv, cepefHin BikK
19,1 + 0,3 pokiB), 4 cnopTCMeHa — OCHOBHY rpyny (4orno-
BikW, cepeaHin Bik 26,8 + 1,5 pokiB). CnopTCMeHN OCHOBHOT
rpynu HOCUNK iHAMBIQYanNbHO BUrOTOBIEHY OKITHO3iIAHY Kany
ni4 Yac TpeHyBaHb NPOTAroM OAHOro Micaud. JocnigkeHHs
NpOBOAUNN y TPY eTanu: NepLunii — 40 BUKOPUCTAHHSA Kanu
OCHOBHOK Tpynot, ApYyrMin eTan — 3a oauH Micaub nicns
noyaTKy BUKOPUCTAHHS, TPeTi eTan — wWe 3a Tpu Micsui,
TO6TO 3a YOTUPKM MicsL NicNsA NoYaTKy BUKOPUCTAHHSI.

DocnigxeHHst nocTtypansHoro 6anaHcy npoBogunoch 3
BMKOPUCTaHHAM  KOMM'lOTepHoOro  ctabinoaHanisatopa
"CrtabinaH-01-2" B ymoBax nNpsMOi BEPTUKAmNbHOI CTiliku,
AKy B cTabinomeTpii 3a3Buyali nosHavalTb TEpPMiHOM
"ocHoBHa crTiika" (Garkavenko, 2012). Tlig 4ac Tecty
CMOpPTCMEH CTOsIB Ha cTabinonnatdgopmi 6e3 B3yTTH, pyku
BiNIbHO po3TalloByBanuch y3goBx Tynyba. Mposogunacs

peecTpauis pyxy LEHTPY TUCKy CTOM Y Takumx MOJIOXKEHHSX
Tina: OCHOBHa CTillka i3 LuMpokoto 6a3oto onopu (BiACTaHHIO
MK cTonamm), CTONU B €BPOMENCHLKIN no3uuii, a came —
N'aTU NOPYY, HOCKM HapPi3HO; OCHOBHA CTilKa 3i 3BY>KEHO
6a3olo onopu, a came — CTONWU Nopyd, naparnenbHO ofHa
ofHin. B 060X NOnoxeHHsIX Tina npoBoaunu npobu sik i3
po3NMoWeHMMK, Tak i3 3annioweHuMn oumma. Yac
peecTpauii koxHoT npobu gopisHioBas 20 c.

[Ona koxHoi npobu Bu3Hayanu Taki CTabinomeTpuyHi
nokasHuku: Xsd, MM — poskup (cepegHe KBagpaTuyHe
BiaxuneHHs1) nonoxeHHs LITC no oci abcunc y dopoHTans-
HiM nnowwuHi; Ysd, MM — po3kup (cepefHe KBagpaTuyHe
BiAXuneHHs) nonoxeHHa LITC no oci opauHaTt y caritans-
Hin nnowwmHi; VX, MM/C — cepefdHst MNiHiMHA LBUAOKICTb
nepewmiweHHa LTC y dpoHTanbHin nnowwmHi; Vy, mMm/c —
cepeHs NiHivHa wenakicte nepemiweHHsa LUITC y caritanb-
HIM nnowmHi; V, MMm/C — cepefHs niHiiHA LWBUAOKICTb
nepemiweHHsa UTC y nnowwuHi nnatdopmu; ADPP — sakictb
dyHKUii piBHOBaru, %.

CraTnctmyHy o6pobKy oTpumaHux pesyrnbTaTiB NpoBO-
anmnu 3a gonomoroto nporpamun IBM SPSS  Statistics,
Bepcia 23.0. [Ins ouiHKK 3MiH NEBHOT BENWYMHWN Ha Pi3HUX
eTanax OOChiAKEeHHs NPOBOAMIM aHani3 3a [OonoMOrow
HenapameTpUYHNX CTaTUCTUYHMX TECTIB ANS KiflbKOX NOB's-
3aHux BuGipok (Tect Friedman). CTaTUCTUYHY 3HAYYyLWiCTb
pi3HMLI cepefHiX 3HaYeHb MOKa3HUKIB y rpynax Bu3Hayanu
3a [OMOMOroK HenapameTpuyHMX CTaTUCTUYHMX TecCTiB
ona nos'asaHux Bubipok (Tect Wilcoxon). 3a piBeHb
CTaTUCTUYHOI 3HaYyLWwocTi npunmanu p < 0,05, TeHaeHUieo
BBaxkanocs 0,05 < p < 0,10.

Mpu npoBefeHHI KOMMMEKCHUX OGCTeXeHb 3a y4yacTio
CropTCMeHiIB BiANOBIAHO A0 NpUHUMNIB GioeTUKM JOTPUMY-
Banuca pospobneHoi 8 HAlI HY®BCY "lMporpamu komn-
NEKCHOro GionoriYyHoro AoCnimKeHHs1 ocobnmBocTen OyHK-
LiioHarnbHUX MOXIMBOCTEN CMOPTCMEHIB", @ TaKoX 3aKOHO-
naBcTBa YKpaiHM NpOo OXOPOHY 340poB's Ta [enbCiHCbKOI
neknapauii 2000 p., aupekTveu €Bponencekoi Cninku 86/609
LLOA0 y4acTi Nntoaen y Meamko-6ionoriyHux 4oCniaKeHHsIX.

PesynbTaTtu

AHani3 pesynbTaTiB Halmx AOChigKeHb Nnokasas, Lo B
yMOBax LUMPOKOI CTiMKM i3 PO3NMIOWLEHUMU W 3annioLle-
HMMMW OYMMa cepefHi CTabinoMeTpUYHi MOKa3HWKKN CYTTEBO
He BIAPI3HANUCL YyNPOOOBX TPbOX eTaniB, ik B OCHOBHIN,
TaK i B KOHTPOSbHIA rpyni CNOPTCMEHIB-BECNyBasibHUKIB.
OpHak B yMOBax BY3bKOI CTillKM CMOCTEpiranmncs iCTOTHI 3MiHK
NMOKa3HWKIB B OCHOBHIIN rpyni CNOPTCMEHIB, TOAI sIK Nokas-
HUKW B KOHTPOIbBHIN rpyni He 3a3Hanwu cyTTeBuX 3miH (Tabn. 1).

Y T1abn. 2-5 HaBegeHO CTaGiNOMETPUYHI NMOKa3HUKN B
OCHOBHII i KOHTPOSbHIN rpynax CropTCMeEHIB-BECNyBarbHUKIB
B YMOBaX LUMPOKOI Ta BY3bKOT CTiliKK, i3 pO3NOWEHNMN Ta
3anmoWeHnMn o4Mma, 3a pesynbTaTtamy Hawwux AOocCKii-
[XeHb YNPOAOBX TPbOX €TaniB — A0 BUKOPUCTaHHSA Kanu
OCHOBHOI TpyMoto, 3a OAWH Ta 3a 4YOTUpM Micsaui nicns
noyaTKy BUKOPUCTAHHS.

Ta6nuusa 1

Pe3ynbTaTtu aHanisy 3miH cTabinoMeTpMYHMX NOKa3HMUKIB YNPOAOBXK TPbOX eTaniB AOCNiAKeHHSA
B OCHOBHIN (N = 4) Ta KOHTpOonbHIN (N = 10) rpynax cnopTcMeHiB-BecnyBanbHUKIB

MokasHuk OcHoBHa rpyna KoHTponbHa rpyna
Chi-Square Asimp.Syg Chi-Square Asimp.Syg
V, mm/c By3bka CTilika, 0Yi po3nstoLeHi 6,000 0,050* 1,800 0,407
Vy, Mmic By3bka CTilika, 0Yi po3nntoLeHi 6,500 0,039* 2,600 0,273
’ By3abka cTilika, 0Yi 3anntoLleHi 6,500 0,039* 3,200 0,202
APP, % By3abka cTilika, 04i po3ntoLeHi 6,500 0,039* 1,800 0,407

MpumiTka. *p < 0,05 — cTaTUCTUYHA 3HAYYLLICTb Pi3HML MOKa3HMKIB NEPLLOro Ta ApYroro/nepLuoro Ta TpeTboro eTanis AOCHIAXKEHHS.
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CTtabinomeTpuU4Hi NOKa3HUKN B yMOBaX LUMPOKOI CTIMKM i3 pO3NmOLLEeHMMU ounma

B OCHOBHIM (N = 4) Ta KOHTponbHiK (N = 10) rpynax cnopTcMeHiB-BecnyBanbHUKiB, Me [25 %; 75 %)

Tabnuuysa 2

MoKasHMK OcHoBHa rpyna KoHTponbHa rpyna
1 eTan 2 eTan 3 etan 1 eTan 2 eTan 3 etan
Xsd. MM 2,08 2,62 2,89 2,18 2,23 3,40
’ [1,56; 2,72] [1,98; 4,02] [2,67; 3,26] [1,78; 3,05] [1,60; 2,98] [2,89; 4,35]
Ysd. MM 4,05 4,92 3,86 4,45 5,26 4,59
’ [3,13; 5,51] [3,66; 5,90] [3,44; 5,52] [4,15; 5,36] [4,20; 5,56] [4,34; 5,79]
Vx. Mm/G 6,74 4,95 5,20 6,94 6,65 7,75
’ [5,49; 9,19] [3,75; 7,45] [4,85; 6,10] [6,47;9,22] [5,90; 7,63] [4,40; 8,80]
Vv, MG 10,45 9,35 7,90 8,34 8,17 8,20
Y [8,74;12,02] [7,10; 11,10] [5,80; 11,40] [7,72;11,34] [7,80; 8,70] [7,80; 10,50]
V. mm/c 13,74 11,41 10,80 12,44 11,89 12,67
’ [11,28; 16,77] [8,72; 14,74] [9,03; 13,48] [11,16; 16,75] [11,13; 12,75] [9,46; 15,71]
SOP. % 68,04 73,67 75,79 74,05 75,59 70,97
07 [56,41; 79,16] [60,42; 83,64] [66,02; 81,76] [59,52; 80,96] [68,69; 79,24] [60,24; 80,18]

Mpumipom, B ymoBax BY3bKOi CTiKM 3 PO3MNIOLLEHNMMN
oyMMa cepefHsa MiHiMHa LWBWMAKICTL MedionatepanbHUX
nepeMillieHb LEeHTPY TUCKY CTOM (Y OPOHTAnNbHIA NIOLLMHI,
VX) 3MeHLWmnack B OCHOBHIl rpyni Ha gpyromy etani, nicns
BUKOPUCTaHHA Kanu, Ao 54,5 % Big BMXiOQHOrO MokasHUKa,
3anuwaymch Ha piBHi 65,3 % Big BMXiQHOrO NokasHuka Ha
TpeTboMy eTani, Npy LboMy 6nmn3bka 4O 3HAYYLLOT Pi3HMLSA
crocTepiranacb MK MOKa3HWKaMu MepLUOro Ta TPeTboro
eTanis pocnimkeHHs (p = 0,068). 3a Takux camumx ymoB
cepefHsa niHiMHa LWBWAOKICTb aHTEPiONOCTEPIOPHUX nepe-
MiweHb LITC (y caritanbHin nnowwmHi, Vy) ameHwmnack Ha
apyromy etani go 64,9 % Big BMXigHOro nokasHuka, 3anu-
Lak4nch Ha piBHi 78,6 % Ha TpeTboMy eTani; 6rm3bka 4o

nepLUoro Ta ApYroro, a TakoX NepLioro Ta TPeTboro etanis
pocnigxkeHHst  (p = 0,068); cepegHs niHiMHA  WBKUAKICTb
nepemiweHHs UTC y nnowwuHi nnatcpopmm (V) 3meHLWwn-
nacb Ha gpyromy etani go 59,1 % Big BuXigHOro nokas-
HUKa, 3anuwarumcb Ha piBHi 70,3 % Big BuMXigHOro no-
KasHuKa Ha TpeTboMy eTani, 6rnuabka 40 3HaYyLLol pi3HULSA
crocTepiranacb Mixx MokasHWKaMu nepLioro Ta Apyroro, a
TakoX MepLuoro i TpeTboro etanis gocnimkeHHs (p = 0,068).
MokasHuk sikocTi yHKUii piBHoBarn (A®P) 36inbwmnBca Ha
apyromy etani Ha 77,0 % BiOQHOCHO BMXiOHOrO MOKa3HUKa,
3anuMwalyncb Ha TpeTboMy eTani BuUwuMM Ha 47,2 %;
Onm3bka 0O 3HAYYLLOI pPi3HMUSA cnocTepiranacbk Mk nokas-
HMKamMu rnepLloro Ta [Apyroro, a TaKoX Mepworo Ta

3HauyLWoi pi3HMLUA crocTepiranacb MK MOKa3HUKaMu TpeTboro etanis gocnigxeHHs (p = 0,068) (tabn. 4).
Ta6bnuuysa 3
CTtabinomeTpuU4Hi NOKa3HUKM B YMOBAX LUMPOKOI CTINKM i3 3annoWweHuMm oumma
B OCHOBHIl (n = 4) Ta KOHTponbHIl (n = 10) rpynax cnopTcMeHiB-BecnyBanbHUkKiB, Me [25 %; 75 %)
MoKasHMK OcHoBHa rpyna KoHTponbHa rpyna
1 eTan 2 eTan 3 etan 1 eTan 2 eTan 3 etan
Xsd. MM 2,15 3,57 3,91 1,61 3,26 3,94
: [1,45; 3,85] [2,83; 4,83] [3,18; 4,81] [1,37; 1,90] [1,77; 4,59] [2,75; 4,95]
Ysd. MM 5,43 5,04 7,37 5,24 5,39 5,35
: [4,50; 6,42] [4,50; 6,76] [5,74; 9,67] [4,71; 5,97] [4,23; 6,35] [4,11; 5,69]
Vx. Mm/c 7,53 9,10 8,80 7,15 8,63 8,56
: [6,50; 9,34] [7,50; 10,65] [7,50; 13,45] [6,34; 8,39] [7,47; 9,10] [7,20; 13,20]
Vv, Mm/ic 16,98 11,65 11,95 11,29 11,50 10,85
Y, [13,77; 20,08] [10,55; 17,50] [9,70; 13,90] [8,59; 12,81] [10,50; 12,73] [10,20; 12,30]
V. Mm/c 19,51 15,66 16,17 14,75 16,16 16,01
' [16,69; 23,44] [14,09; 22,47] [13,59; 21,52] [11,78; 18,17] [15,37; 17,18] [13,36; 19,51]
AOP. % 52,21 57,10 55,43 65,03 58,72 57,04
e [40,78; 60,93] [40,69; 64,26] [38,74; 65,41] [52,10; 77,15] [51,69; 60,30] [46,13; 67,82]
B ymoBax BY3bKOI CTiliku i3 3ansoWEeHUMn o4ynma TpeTboro etanie AocnimkeHHs (p = 0,068); LWBMAKICTb

LWBMAKICTL MedionaTepanbHux nepeMiweHs LITC 3meH-
lMnacb B OCHOBHI rpyni Ha Apyromy eTtani, nicnsi BUKO-
puctaHHa kanmu, o 62,8 % Big BUXIQHOrO MOKa3HUKa,
3anuwarymch Ha piBHi 68,2 % Big BMXiOQHOrO NokasHuka Ha
TpeTbOMyY eTani, Npy UboMy 6nmn3bka A0 3HAYYLLOT Pi3HMLSA
crocTepiranacb MK MOKa3HMKaMu MepLuoro Ta TPeTboro
eTaniB gocnimpkeHHs (p =0,068). 3a Tux cammx yMOB
LWBKUAKICTb aHTepionocTepiopHux nepemiwerHb LITC 3men-
wmnacb Ha gpyromy etani go 65,5 % Big BuxigHoro
nokasHuka, sanuarouuck Ha piBHi 71,7 % Ha TpeTbomy
eTani, 6nmM3bka 40 3Ha4yLLOi pi3HMLA crocTepiranacb Mix
nokasHMkamy MepLioro Ta ApYroro, a TakoX NepLioro ta
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nepemiweHHa LTC y nnowmHi nnatdopmu 3meHLmnacs
Ha gpyromy etani go 66,8 % Big BUXiOHOrO MNOKasHUKa,
3anuwatroumck Ha piBHi 73,0 % Big BMXiOQHOrO NokasHuka Ha
TpeTboMy eTani, 6nusbka A0 3Ha4vyLwoi pisHMUSA crocTe-
piranacb MiX NMOKa3HUKaMW MepLUOro Ta TPeTbOro etanis
pocnigxkeHHs (p = 0,068). MNoka3HMK AKOCTI PYHKLUIT piBHO-
Barn (APP) 36inbwmBca Ha gpyromy etani Ha 80,8 % Bia-
HOCHO BMXiAHOrO MOKAa3HWKa, 3anuLlalyncb Ha TPeTboMy
eTani BuwmMM Ha 44,0 %, 6nm3bka OO0 3Ha4YyLOl pisHUUS
crocTepiranacb MK MOKa3HWKaMu MepLIOro Ta TPeTboro
eTanie gocnigxeHHs (p = 0,068) (tabn. 5).
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Tabnuusa 4
CTtabinomeTpuU4Hi NOKa3HUKM B YMOBaxX BY3bKOi CTillKM 3 PO3NJIOLLEHUMU O4MMa
B OCHOBHIM (N = 4) i KOHTponbHIN (N = 10) rpynax cnopTcmeHiB-BecnyBanbHuKiB, Me [25 %; 75 %)]
MoKasHMK OcHoBHa rpyna KoHTponbHa rpyna
1 eTan 2 etan 3 etan 1 eTan 2 etan 3 etan
Xsd. MM 6,40 5,23 6,44 6,97 5,81 5,53
’ [4,15; 9,45] [4,33; 6,08] [4,29; 8,24] [5,47; 7,53] [4,99; 6,56] [4,30; 6,32]
Ysd. MM 7,18 5,25 7,65 5,91 4,98 5,15
’ [5,25; 8,68] [4,60; 8,63] [4,51; 10,98] [3,80; 7,28] [3,93; 5,94] [4,57; 5,66]
Vx. Mw/c 13,94 7,60 9,10#0,068 13,29 11,48 9,80
’ [11,51; 15,33] [6,00; 12,30] [8,05; 11,50] [11,98; 15,09] [10,21; 14,20] [8,60; 11,80]
Vv, MG 14,18 9,20#0,068 11,15#0,068 11,81 10,17 10,20
Y [13,16; 17,28] [6,40; 13,50] [9,60; 11,95] [9,17; 14,54] [9,10; 12,59] [9,90; 12,40]
V. e 22,59 13,344#0,068 15,87#0,068 20,33 18,48 16,32
’ [19,56; 25,42] [9,82; 20,33] [14,60; 11,95] [16,94; 23,53] [15,17; 19,21] [14,85; 18,36]
AOP. % 38,18 67,58#0,068 56,20#0,068 45,99 51,73 55,79
i [32,27; 45,69] [46,41; 79,44] [48,69; 63,47] [37,27; 53,91] [48,10; 61,32] [52,67; 61,47]

MpumiTka. # 0,05 < p < 0,10 — cTaTUCTMYHA 3HAYYLLICTb PI3HMLI MOKa3HWKIB NEPLLIOro, ApYroro/nepLUIoro Ta TPETLOro eTaniB AOCiMKEHHS.

MoTpibHO 3a3HauNTK, WO CTABINOMETPUYHUIA MOKA3HUK
LLUBUOKOCTi NEPEMILLIEHHS LEHTPY TUCKY cTomn (MM/C) obunc-
TNOETbCA  SK  pe3ynbTaT [LiNeHHA [OBXWHWM TPaekTopii
LEHTPY TUCKY CTOM Ha 4Yac peecTtpaduii. Bigomo, wo wsu-
akicte UTC BigoGpaxae edeKTUBHICTb cucTemMu MOCTy-
panbHOro KOHTPOM (YXM MEHLLOK € BENUYMHA LUBMAKOCTI,
TUM Kpawum € MOCTypanbHUA KOHTPOSb), OOHOYaCHO
XapaKTepU3yUun MepexeBy HEPBOBO-M'I30BY aKTUBHICTb,
HeoOXxigHy Aansa niaTpumaHHa piBHoBaru (Paillard, & Noé,
2006), i BBaXKaeTbCsl MOKA3HMKOM 3 HaMbINbLIOK Hagin-
HICTIO 1 MOBTOPIOBAHICTIO BNPOAOBX gocrnigkeHb (Duarte,

& De Freitas, 2010; Paillard, & Noe, 2015). Onxe, BusB-
NEeHO MOKpaLLeHHs MocTypanbHOro GanaHcy B OCHOBHIN
rpyni CNOPTCMEHIB MicNA TpMBaroro BWKOPUCTaHHA iHAW-
BidyanbHOI OKMIO3iMHOI kanu; uen edekT 36epiraeTbcs
TakoX Ha TpeTbOMYy eTani OOCRiAXeHHs, 3a Tpu Micsui
nicns NPUNWHEHHS HOCIHHS Kamu, ane BXe Ha HWKYoMy
PiBHi, LLIO CBigYMTb NPO HEObXiAHICTL NPoOBEeAEHHS perynsp-
HMX KYpCiB BMKOPWUCT@HHSA Kanu 3 ypaxyBaHHAM iHOMBI-
AyanbHMX 0cobnnBocTen OyHKUIOHYBaHHS HEPBOBO-M'30BOI
cMcTeMM 1 ONOPHO-PYXOBOro anapaTy CnopTCMeHa.

Tabnuuysa 5

CTtabinomeTpuUyHi NOKa3HUKM B yMOBaX BY3bKOI CTillKM i3 3ansoLeHMMHN ounma
B OCHOBHIN (N = 4) i KOHTponbHIN (N = 10) rpynax cnopTcmeHiB-BecnyBanbHuKiB, Me [25 %; 75 %)]

MoKasHMK OcHoBHa rpyna KoHTponbHa rpyna
1 eTan 2 eTan 3 etan 1 eTan 2 etan 3 eTtan
Xsd. MM 8,14 5,80 9,52 7,31 7,36
’ [6,52; 12,75] [3,58; 7,40] [5,74; 6,42] [8,26; 11,22] [6,36; 8,47] [6,17; 8,26]
Ysd. MM 10,01 6,96 8,94 6,02 5,58
' [6,99; 11,88] [5,11; 8,58] [6,05; 6,64] [7,37;10,72] [5,78;9,12] [4,88; 7,43]
Vx. Mm/c 22,44 14,10 15,30#0,068 19,23 17,84 16,25
’ [15,88; 28,44] [10,10; 12,60] [12,60; 18,15] [17,78; 22,51] [16,10; 21,84] [14,50; 18,30]
Vv, Mm/ic 21,83 14,25#0,068 15,65#0,068 20,66 16,39 16,00
Y, [20,44; 26,80] [9,40; 19,25] [11,65; 17,35] [15,48; 23,09] [14,70; 19,65] [13,00; 21,00]
V. mMmlc 33,79 22,58 24,66#0,068 30,80 27,11 25,53
’ [30,05; 42,07] [15,36; 28,53] [19,84; 27,32] [27,61; 36,21] [23,50; 33,28] [22,36; 29,69]
AOP. % 22,75 41,13 32,75#0,068 25,58 27,78 31,71
e [16,03; 27,16] [25,04; 59,83] [28,02; 45,88] [20,24; 30,06] [21,04; 32,71] [25,92; 36,81]

Mpumitka.#0,05<p<0,10 — cTaTUCTMYHA 3HAYYLLICTb PI3HML MOKa3HVKIB NEPLLIOro, ApYroro/nepLuoro Ta TpeTboro eTanis AOCHIIKEHHS.

Ouckycis i BUCHOBKMU

OTpuMaHi pe3ynbTaT y3rofKytTbCA 3 OAaHUMU iHLLIMX
OOCNIAHVKIB, SIKi BCTAHOBWMW, WO CEHCOpHa iHdopMmalid,
ska BMKOPUCTOBYETLCS ANsl NOCTypanbHOi perynaudii n
noB'a3aHa 3 Okmto3ieto 3ybiB, CTae akTyanbHOKW B Oinblu
CKNagHMX YMOBaX KOHTPOMIO piBHOBaru (Hamp., yMOBM HecTa-
6inbHOT onopu abo CTOMMEHHs), Wo NiATPUMYE KOHLEenLio
(PYHKLOHaNbHOrO  3B'A3KY MDK CTOMAaTOrHaTUYHOW Ta
M'Ai30BOl0  cucTemoro cnoptcMeHa (Julia-Sanchez et al.,
2016; Schulze, & Busse, 2019); y Hawmx [OCRIAXEHHAX
Ginbl CKNaaHi YMOBW KOHTPOMO PiBHOBarv BUHMKAKOTb B
yMOBaXx 3BYXEHOI CTiViku (y MONOXeHHi "cTonu nopyy").
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Takum YMHOM, [aHi, OTpUMaHi 3a Jonomorow cTabino-
METPUYHOrO METOAY [AOCHIXEHHS, A03BOMSAKTb OLHUTK
nocTypanbHuin  6anaHCc BMCOKOKBanigikoBaHUX  CMopT-
CMEHIB, BWUSIBUTU MNOr0 3MiHW BHacCNifoOK TpeHyBanbHUX
HaBaHTaXeHb i NpoTarom peabiniTauii. OTpumaHi pesynb-
TaTu CTaHyTb Yy Harofi TPeHepaMm Ta CMOPTMBHUM fikapsim
Ons po3pobku iHAMBIQyanbHOI TpeHyBarnbHOI 1 peabinita-
LifHOT nporpamMmu, CnpsiMOBaHOi Ha NiABULLEHHST edeKkTmB-
HOCTi TpeHyBanbHO-3MaranbHOI AisanbHOCTI, NpodinakTuky
TpaBMaTu3My Ta 36epeXeHHs1 310pPOB'S CMOPTCMEHa.

BuaBneHo 3HWXeHHSA LWBMAOKOCTI aHTEpPionoCTepPiOpHUX,
MezionatepanbHUX i MMOLMHHUX NepeMilleHb LEHTPY TUCKY
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CTOM B YMOBaX BY3bKOi CTiliK/ 3 PO3MNIIOLLEHMMU Ta 3ansto-
LEeHNMM oYuma Yy KearnigikoBaHMX CMOPTCMEHIB, WO cre-
uiani3yloTbCsa y BecrnyBaHHi Ha H6argapkax Ta kaHoe, nicns
TPVBAroro BUKOPUCTAHHS iHAMBIAYanbHOI OKIMHO3IAHOI Kanu.

[MomiyeHo 36inbLUeHHs NoKa3HMKa AKOCTI YHKLT piBHO-
Barn B ymMOBaXx BY3bKOI CTiVKW 3 PO3NMOLLEHNMHY Ta 3ansio-
LLIEHUMM OYMMa Y KBanihikoBaHNX CMOPTCMEHIB, LLO crieviani-
3yl0TbCH Y BECNyBaHHi Ha Ganaapkax Ta kaHoe, nicnsi Tpu-
Basnioro BUKOPUCTaHHSA iHAMBIAyanbHOT OKMNIO3iINHOT Kanu.

OTmxe, BU3HAYEHO MOKpALLEHHS MoCTypanbHoro HanaHcy
B OCHOBHIl rpyni CNOPTCMEHIB-BECyBarnbHWKIB Nicns Tpuea-
JIOr0 BMKOPUCTAHHS iHAMBIAyanbHOI OKMIO3iINHOI Kanu, npu
LbOMY B KOHTPOSbHi rpyni cyTTeBUMX 3MiH cTabino-
METPUYHUX MOKa3HWKIB He crocTepiranocs. MNMokasaHo, Lo
edeKkT BUKOPUCTaHHS iHAMBIOQYyanNbHOI OKMIO3INHOT Kanu Mae
NPOSIOHrOBaHWUI XapakTep i cnocTepiraeTbCs 3a TpU MicsLi
nicrns NPUNUHEHHS HOCIHHA Kanu, ane BXe Ha HWXKYoMYy
PiBHi, WO CBiAYMTbL MNpPO HEOOXiOHICTb perynsipHoro
BUKOPUCTAHHS OKITHO3INHOI kKanu sik 3acoby peabiniTauii.

Y nopanbwoMy nepenbavaeTbCa NPOBEAEHHS [OChi-
KeHb AN BUSIBNEHHS BNNUBY BUKOPUCTAHHSA OKMIO3INHOT
Kanu Ha MoKa3HUKM NOCTyparibHOro GanaHcy CnopTCMEHIB,
LLIO crnewianisyoTbCs Y PisHNUX BUAax crnopTy.
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THE IMPACT OF USING A PERSONALIZED OCCLUSAL MOUTHGUARD
ON POSTURAL BALANCE IN HIGHLY SKILLED
ATHLETES SPECIALIZING IN KAYAK AND CANOE ROWING

Background. One of the modern means of rehabilitation of athletes with the restoration of a high level of muscle coordination is the use
of an individual occlusal cap. Stabilometric research allows you to assess changes in the athlete's postural balance under the influence of various
factors, in addition, testing of postural stability can be an important element of coordination training on stabilometric platforms. The peculiarities of
changes in the postural balance of athletes specializing in various sports, in particular in kayaking and canoeing, under the influence of various
training and rehabilitation programs remain insufficiently studied. The relevance of the topic is determined by the lack of studies aimed at
assessing the impact of long-term wearing of an occlusal cap on the postural balance of rowing athletes.

The purpose of the study was to assess the impact of long-term use of an individual occlusal cap on the postural balance of highly qualified
athletes specializing in kayaking and canoeing.

Methods.To achieve the goal, methods of stabilometry and mathematical statistics were used.

Results.It was found that after prolonged use of an individual occlusive footpad in difficult conditions of maintaining balance, namely in a
narrow stance, with eyes open and closed, the speed of anteroposterior, mediolateral and planar movements of the center of pressure of the feet
decreased in the athletes of the main group, the effect of using the footpad was maintained three months after stopping its wearing. The quality
indicator of the balance function in conditions of a narrow stance with eyes open increased after a month of wearing the footpad by 77.0%
compared to the initial indicator, in conditions of a stance with eyes closed the indicator increased by 80.8%, remaining 4 months after the start of
the study higher by 44.0% compared to the initial indicator. In the control group, no significant changes in stabilometric indicators were observed.

Conclusions. The study revealed a decrease in the speed of anteroposterior, mediolateral and planar movements of the center of
pressure of the feet in narrow stance conditions and an increase in the quality of the balance function with eyes open and closed after prolonged
use of an individual occlusive mouthpiece in qualified athletes specializing in kayaking and canoeing. It was shown that the effect of using an
individual occlusive mouthpiece is prolonged and is observed three months after stopping wearing the mouthpiece, but already at a lower level,
which indicates the need for regular use of an occlusive mouthpiece as a means of rehabilitation.

Keywords: occlusal mouthguard, postural balance, stabilometry, foot pressure center, rowing athletes.
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