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MNOIIUPEHHS I MONYJISINIMHUMN AHAJII3
PIIKICHUX BUAIB POCJIMH
PET'TOHAJIBHOI'O JIAHJAIIA®THOI'O ITAPKY «3HECIHH SI»

B. Kusik', B. Bitonora!, 0. Ko6is', O. Ky3sipin?, O. Karauo', H. Cuuax', I. Paouk!'

'Inemumym exonoeii Kapnam HAH Ykpainu
eyn. Kosenvnuywka, 4, Jlvsie 79026, Ykpaina
2 [leparcasnuti npupoodosnasyuil myseti HAH Yipainu
eyn. Teampanovua, 18, Jlveise 79008, Vrpaina
e-mail: vlodkokyjak@ukr.net

VY cxmani ¢nopu PJII «3HeciHHs» HamidyeTbcs 736 BHIIB CYAMHHHX POCIHH,
mo Hanexatb 10 399 poxis 31 109 poauH. Y ToMy uuchi HasBHI 35 papuTeTHUX BUIB
CYIWHHHUX POCIHH, i3 skux 20 BKiIroueHo 10 YepBoHoi kHUrH YKpainu [11]. I3 poxuHm
opxigaux (Orchidaceae) 11 TakcoHiB, a Takox Galanthus nivalis, 3a3Ha4eHi B TEpeNiKy
(Homatky II) CITES Ta 15 BuziB € perioHanbHo pinkicHuMu. Ha nocmimkyBaniit Teputopii
BIIEpIIIC BUSBIICHO JIOKATITETH § PAPUTETHUX BU/IB 13 HALlIOHATBHUM MTPUPOTO0XOPOHHIM
crarycom: Allium ursinum, Crocus heuffelianus, Epipactis helleborine, Galanthus
nivalis, Leucojum vernum, Listera ovata, Neottia nidus-avis, Taxus baccata. Iomynsmii
3 BuniB — Botrychium lunaria, Cypripedium calceolus i Pulsatilla grandis — Ha cporomHi
BBAXAIOTHCS 3HUKIMMHU. He miaTBepmkeno takox nokamiteT Cephalanthera longifolia,
BusiBieHuit y 2004 p.

Ha Ttepuropii mapky 3Haiineno 140 BuzniB MoxomomiOHmx. HesBakaroum Ha
ICTOTHUH aHTPOIIOT€HHUH BILUIMB, BiJ3HAYCHO ICTOTHE PI3HOMAHITTS Opi0QiTiB, cepel IKUX
10 perioHanbHO PiAKICHUX BUIB.

Po3kpuTo mpuUMHU Ta HACTIOKK CyYacHOI IMHAMIKMA HMOMYJIALINA 1 pOCIMHHOTO
nokpuBy PJIIT «3necinns». I[IpoBemeHO nOCHiKEHHA cTaHy mnomyssmid 19 Bunis,
BKITIOUEHNX 710 YepBoHOT KHUTH YKpainu. Ha oCHOBI BUBUEHHS aKTyalbHOI IPOCTOPOBOL
Ta nemMorpadiuyHoi CTPYKTypH MOIMYJIALIH, aHaNi3y pe3yibTaTiB MOMEPeaHIX JOCITiIKCHb,
a TaKOXX Cy4YaCHHX 3arpo3, OLIHEHO IXHiil CTaH i MepCHeKTUBHU. [ OJIOBHUMHU YHHHUKAMH
3arpo3u AJs ICHYBaHHS PiAKICHUX BHIIB € Majia YUCEIbHICTh MOMYJIALIN, 3pHBaHHS Ta
BUKOIYBaHHS JEKOPAaTUBHUX POCIUH 1 3apOCTAHHS OCENHUIN JePEBHO-4arapHUKOBOIO
POCIHMHHICTIO. 3aX0/1 010 30epeKEHHS JIOKAJIITETiB TAKUX BU/IiB MalOTh Oy TH CIIPSIMOBaH1
Ha 3armo0iraHHs IXHIM MPUPOAHIN 1 aHTPOMOTeHHIN Aerpaamii, TOMMUPEHHS BiAIOBiIHOT
iHpopMarii cepen pEKpPEaHTIB i3 BHKOPUCTAHHSIM I1HTEPAaKTHBHUX 3aco0iB, MpecH,
JIUCTIBOK, MOTIEPE/KYBAIBHUX CTEH/IB TOIO. {715t 30epekeHHS NOMYJISIild HU3bKOPOCIHX
MAJIOKOHKYPEHTHHUX BHIIB JOLITHHO JIOKATHHO 3aCTOCOBYBATH IIOMipHE BUIIACAHHA Ta/
a00 BHKOIIYBaHHS 1 MPOPIPKEHHS IEPEBHO-YAarapHUKOBOI POCIMHHOCTI. OOIpyHTOBAaHO
JOLUIBHICTD OAATBIION0 MOHITOPHHTY MOIYJISALIHN PiAKICHUX BUIIB POCIUH.

Kniouogi cnosa: pinkicHi BHIAM POCIUH, MOMyJswii, OiopisHomanitrs, PJIIT
«3HECIHHS»

© Kusk B., Binonora B., Ko6iB 0., Ky3sapia O. Ta i1., 2025
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[TepcriexTrBa iHTErpalii NPUPOIHO-3aIOBIAHOT MepeKi YKpaiHH i3 3arajlbHOEBPONEHCH-
KO0 Ta mpobiiema 30epekeHHsI 010pI3HOMAHITTSI PUBEPTAIOTH YBAry J0 MPUPOJIOOXOPOHHHX
TEpUTOPIiii, 0COOINBO B MEKaxX ypOaHI30BaHUX TEPUTOPIH.

Perionanbuuii nanmmadTaui napk «3uecinus» (PJII «3uecinnsn») crBopenuid y 1993 p.
JULsl 30€peKEeHHsI YHIKaIBbHOTO PUPOAHO-ICTOPHYHOTO KOMILIEKCY Ipsiii 3HECIHHS, BKJIIOYHO 3
TEPUTOPISIMH JIaBHIX MEPEAMICHKUX rocesneHb — 3HecinHs Ta Kpusunni. [lapk po3ramoBanuii
Ha Jicucromy y3rip’i JIbBiBcbKOTrO M1aTo, Mae oty 312,1 ra, a pa3oM 3 OXOPOHHOIO 30HOKO —
785,71 ra. Bin € npupoaHOI0 CcKiaoBoro Micta JIbBOBa, 110 3’€HY€E HOTO LEHTP i3 3eJICHUMH
30HAMH TE€PEJMICTh 1 TepuTopisMu 1mo3a Mexxamu Micra. PJIIT «3HeciHHs» (QyHKIIOHYE K
BOXJIMBUI pekpeaniiHuil 00’€kT it rpomaisiH 1 rocrei JIpBosa. Ilpupoani nanamadTu
NapKy € KIIOYOBHMH €JIEMEHTaMH Yy NPOCTOPOBIH CTPYKTYpi ekomepeski JIbBIBCHKOI MiCHKOT
TEpUTOPIaAJIbHOT rpoMa/iu (CXeMa eKoMepexi 3aTBep/keHa yxBajiolo JIbBIBCbKOT MICHKOT paju
Ne 5954 Bin 20.02.2025).

Ha ocoGnuBy yBary Ha TepuTOpii apky 3aciayroBye r. XoMellb, 30KpeMa, il MiBJeHHUH
CXWJI, 13 PIAKICHUMH JUISl PETiOHY KCEPOTEPMHHMMHU JIyKaMH Ha JEPHOBO-KapOOHATHUX IPyHTaX
1 MIBHIYHUH CXMJI 13 3aJIMIIKaMU IPUPOJHOTO Ay00BO-OyKOBO-rpaboBoro Jicy. Y OoraHiuHiH
miteparypi [11, 12, 19-23, 25] r. XoMeInp 31aBHA BifloMa SIK YHIKaJIbHA TEPUTOPIS 3 HU3KOIO
JIOKQJIITETIB PAPUTETHUX BU/IB CYAMHHHUX POCIIHMH, YACTHHY 3 SIKUX Ha ChOTOJIHI, HA ITPEBEIINKUH
JKaJlb, BTPAuCHO.

MeTa gocaizKeHHsI — IPOBECTH IHBEHTAPU3AIli0, JOCIIIMTH 0COOINBOCTI TOIIUPEHHS
Ta 3IHCHUTH MOMYJISINIHHUN aHaNi3 PIIKICHUX BUAIB pocsinH Ha Teputopii PJIIT «3uecinus», a
TaKOX HaJIaTH PEKOMEHJalii 111010 IXHBOTO 30epesKEeHHSI.

Marepiaau Ta MeToaH

ITixg wac nocmipkeHb CYIMHHUX POCIMH Ha TEPHUTOPIi MAPKy, OKPIM PE3yNbTaTiB BIACHUX
TTOJIFOBUX JIOCTIHKEHb, BHKOPHCTaHO Marepianu repdapaux konekuiit (LW, LWKS, LWS), nani
Hamionansroi mepexi iHdopmarii 3 6iopisHomanitTs (UkrBIN) (Plantae, 2024) [18], a Takox
miteparypHi mkepena [9, 10, 12, 15, 19, 20, 23-27]. HomeHKIaTypy TaKCOHIB HaBEACHO 3a
C. Mocsikinum, M. @enoporaykom [17].

OCHOBHI JIOCII/DKCHHS TPOBEICHO MapIIPYTHAM METOIOM VIIPOJOBXK BETETaliHOTO
cezony 2024 p. JIng OIHKHA KUTTEBOCTI W JKUTTE3NATHOCTI MOIMYISAIil BHKOPUCTAHO TaKOXK
TTOTIepeTHI 0COOHCTI MoCTiKkeHHs aBTopiB [4, 6, 8—10] i miteparypHi naHi [15, 16, 23-26].

Hocmimkenas moxomomiOoHnx Ha teputopii PJIIT «3HeciHHS» MPOBOAMIN YIPOIOBK
TPHOX IepioJliB BereTamiifHoro ce3ony 2024 p. (6epe3eHb, YepBEHb, JKOBTECHB) IUIIXOM 300py
OpionoriuHoro Marepianmy. JlomaTKoBO IMpoaHaTi30BaHO JITEpaTypHI pKepela Ta KPUTHIHO
MeperyiTHyTo 3pa3ku repbapamx komekminh LWKS i LW. OmnparroBanHs OpioJorigHOTO
MaTepiany 3miHCHIOBAIN y Jabopartopii Binaiay exkoMopdoreHe3y pociuH [HCTHTYTY eKoIorii
Kapnar HAH Vkpaiam (M. JIpBiB) 3a momomororo MmikpockormiB Stemi-2000 i Primo Star
(Carl Zeiss) 3aranpHONIPHHHATAM MOP(OIOTIYHIM METOJOM i3 BHKOPHCTAHHIM BH3HAYHHKIB
moxomoaioHux [13]. Knacudikamito Ta HOMEHKIATypy BHIIB MOXiB MOJaHo 3a “An annotated
checklist of bryophytes of Europe, Macaronesia and Cyprus” [14], ykpaiHChKi Ha3BH BHIIB —
3a [IpoapoMycom criopoBHX pociuH YKpainwu: MoxomonioHi [3]. s momymnaniiHOTO aHami3zy
PiAKICHAX BHIIB Ta OLIHKU IXHBOI XHUTTE3TATHOCTI 3aCTOCOBAHO 3arajJbHONPUHHATI METOAH
TIOTYJIALIHOT exoorii [3].

Pe3yabTaTu i ixHE 00roBOpeHHs!
VY cknani duopu PJIIT «3HeciHHs» mpencTaBicHO 736 BHIIB CYyIMHHHX POCIIHH, IIIO
Hanexarb 10 399 poxiB 3i 109 pomaun. Jlist Teputopii mapky HpoBeEeHO OOMIK Cy4acHHX
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JIOKATITETIB 35 papUTETHUX BUAIB CYAMHHHUX POCIIUH, 13 KX 20 BKIFOYEHO 10 UepBOHOI KHUTH
VYkpainu [11]. Kpim 1mporo, 11 takconiB pomunu opxinaux (Orchidaceae), a Takox Galanthus
nivalis' 3a3na4eHi B nepeniky (Joxarky II) CITES, a 15 Bunis € perioHabHO-piAKiCHUMH (IHB.
tabnuio) [7]. Ha mocnimkyBaHiil TepuTopii Brepile BUSBICHO HOBI JOKAJIITETH 8 papUTETHUX
BUJIIB 13 HalIOHAJIBHUM IIPUPOJOOXOPOHHNUM crarycoM: Allium ursinum, Crocus heuffelianus,
Epipactis helleborine, Galanthus nivalis, Leucojum vernum, Listera ovata, Neottia nidus-avis,
Taxus baccata.

HarowmicTs y 3arajgbHOMY Iepeltiky papUTEeTHUX POCIIUH MapKy HeMae 8 BHIIB, sIKi Oyin
BiZIOMi 3a JliTeparypHUMH abo repOapHumu nanumu XIX-XX cr., mpore He miaTBEpIDKEHI
Cy4acHUMH jociipkeHHsMu: Botrychium lunaria (UKY: BpazmuBuit — Blocki 05.06.1882
LW), Cypripedium calceolus (UKY: Bpasnusuit — Krzemieniewski, 1926), Pulsatilla grandis
(UKYVY: Bpaznmusuii — Btocki 05.04.1901 LWS), Cirsium pannonicum (BPO: NT — O. Kararo,
M. Karamo 20.06.2005 LWKS), Galatella linosyris (BPO: VU — Krzemieniewski, 1926),
Gentianopsis ciliata (BPO: VU — Tynecki 23.09.1865 LWS), Scorzonera purpurea (BPO: VU —
Krzemieniewski, 1926), Senecio umbrosus (BPO: VU — Blocki 31.07.1906 LW). Cepen Hux
Cypripedium calceolus 1 Pulsatilla grandis 3a3na4eni B Jlonatky I bepacbkoi konBenii. Kpim
uporo, y 2024 p. He BHayocs miATBepANTH HasiBHICTH nonyisuii Cephalanthera longifolia, sixy
Oy10 paHirie BUsiBIEHO Ha cxmiiax Masoro kap’epy (O. Karano, H. Cuuak 31.05.2004 LWKS).

[epenix paputeTHUX BUAIB cyanHHUX pociuH PIIIT «3HeciHHD

IIpupoxooxoponHuii Kareropis

Ne Bun cratye O0XOPOHU
(UKY/IUCN)

1. Allium ursinum L. YKy HEOIL[IHEHUI
2. Cephalanthera damasonium (Mill.) Druce YKy pinkicuuit
3. Cephalanthera longifolia (L.) Fritsch. YKy piakicHuUt
4. Crocus heuffelianus Herb. yKy HEOLIHEHU I
S. Dactylorhiza incarnata (L.) S0 YKy Bpa3NIUBUil
6. | Dactylorhiza majalis (Rchb.) P.F.Hunt & Summerh. UKy piaKicHUi
7. Epipactis helleborine (L.) Crantz YKy HEOLliHeHHI
8. Epipactis palustris (L.) Crantz UKy Bpa3NUBHUi
9. Festuca heterophylla Lam. UKy Bpa3IUBHIA
10. Galanthus nivalis L. yKy HEOLIIHEHNI
11. Gymnadenia conopsea (L.) R.Br. UKy Bpa3IUBUil
12. Leucojum vernum L. YKy HEOLIiHeHUH
13. Lilium martagon L. yKy HEOLIHEHU I
14. Listera ovata (L.) R.Br. 4Ky HEOIliHeHUH
15. Neottia nidus-avis (L.) Rich. UKy HEOIIHCHUIA
16. Orchis militaris L. YKy Bpa3IUBHHA
17. Scopolia carniolica Jacq. UKy HEOLlIHeHU I
18. Staphylaea pinnata L. YKy pinkicuuit
19. Taxus baccata L. YKy BPa3IUBHIA
20. Trifolium rubens L. YKy pinkicuuit
21. Orobanche alba Steph. BPO LC
22. Centaurea stricta Waldst. & Kit. BPO \48)
23. Hylotelephium maximum (L.) Holub BPO LC

! ABropu BujiB BKa3aHi B TaONHIII.
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Baxinuenns mabauyi
24. Melittis mellissophyllum L. s. 1. BPO NT
25. Glyceria nemoralis (Uechtr.) Uechtr. & Koern. BPO LC
26. Linum austriacum L. BPO VU
27. Linum flavum L. BPO VU
28. Nasturtium officinale R.Br. BPO VU
29. Carex disticha Huds. BPO \%48)
30. Primula acaulis (L.) L. BPO EN
31. Crepis praemorsa (L.) Tausch BPO \'48}
32. Bromopsis erecta (Huds.) Fourr. BPO LC
33. Gentiana pneumonanthe L. BPO A8
34, Gentianella amarella (L.) Boern. BPO NT
35. Equisetum pratense Ehrh. BPO DD

ITpumitkn: YKY — YepBona kuura Yipaiuu; BPO — Buiu perionansHOT 0XOpOHH

Allium ursinum. Ha tepuropii PJIIT «3HeciHHs» € Kinbka cyOnonynsiuid A. ursinum,
HAMOUIBII YHCICHHI 3 AKUX 3aiMaloTh IEHTpaNbHY dYacTHHY mapky (puc. 1). Omna 3 HHX
po3tamoBaHa B spy L{BuaTapHoro motoky. Ha mmomti 400 M? mpeactasieHi 15 mokyciB po3Mipom
Bin 0,25 mo 2—-3 M?, B IKHX MEpEeBaKalOTh OCOOMHU j, im, V BIKOBUX CTaHiB, 3araioM omm3bko 200

IIpereHepaTUBHUX 1 26 TeHEPaTUBHUX OCOOMH.
L ‘\\/‘\ = = A

Ledl_292 4090

napx "

2
3312
3347

napxk "3nectumun”

e

//‘ sa %YZJf SR ;f
o+ 1. Allium ursinum L.
- 2. Galanthus nivalis L.
ey 3. Cephalanthera longifolia (L.) Fritsch
=0 4. Dactylorhiza majalis (Rchb.) P.F.Hunt & Summerh.
o un 4 5. Leucojum vernum L.
.. 6. Listera ovata (L.) R.Br.
7. Epipactis helleborine (L.) Crantz
" 8. Dactylorhiza incarnata (L.) Soo

Puc. 1. PosrauryBanus nomymsiniii Buzis YepBonoi kuuru Yipainu (2009) y uenrtpanbhiii yactuni PIIIT
«3HECIHHD
Buie knagosuina, cepel BTOpUHHUX JEPEBHO-UYarapHUKOBUX HACAIKEHb, pO3TAIlIOBaHA
HACTyIHA JOCHUTh YUCIICHHA CyOmomyrsmis Ha rromi 70 M?. B okpeMHx MiCIfX HITBHICT
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0COOMH pi3HUX BIKOBHX cTaHiB csarae 90 iHaMBinyyMmiB Ha 1 M? 3 HUX YacTKa I'eHEpaTHBHUX
nepeBuinye 25 %.

3aranom quHamika A. ursinum Ha TEpUTOPIl MapKy MO3UTHBHA 3aBASKH YCIIIIHOMY SIK
CTaTeBOMY, TaK 1 BEreTaTMBHOMY PO3MHOKEHHIO. PosmmpeHHs mwiomni cyOmomyssiuiid Bumy,
30UIBIICHHS TXHBOI YMCEBHOCTI Ta IIIIBHOCTI 3a(piKCOBaHO, 30KpeMa, Ha CXijJ 1 Ha MiBICHb
BiJ KiajoBuina. Ha cXigHii OKOJHIN TapKy, B JOJMHI i Ha CXHMJIaX MOTiYKa, BIKOBA CTPYKTypa
Mae€ IHBa3lMHUI XapakTep i3 INepeBa)KaHHSIM IPETeHEPaTUBHUX OCOOMH BEreTaTHMBHOIO Ta
HACiHHEBOTO NOXOUKEHHA. CTPYKTYpy HOPMajbHOI ITOBHOWIEHHOI CyONmomymsmii MaroTh
JIOKQJIITETH, PO3TAIlIOBaHI Ha MiBAEHb (BHIIE KJIAJOBHINA) 1 HA MiBHIY — B YJIOTOBHHI MIX
aBTOTPACOIO Ta JIOPOTOI0 JI0 MOHACTUPS. Y IIMX JIOKAJITeTaX BiJ3HA4EHO HAWBUIILlY YUCEIIbHICTD
1 OIUIBHICTH OCOOMH cepesl yCix cyOmomyinsiiii napky «3HeciHHs». B ypounmii Ouist Tpacu €
MOTEHILIIfHA 3arpo3a iCHYBaHHIO JIOKAJITETY BHACIIJOK PO3IMIMPEHHS Ta PEKOHCTPYKLIi BYII.
3aknuHCHKUX. ToMy 3 00Ky MOHACTHUPSI, ITOIIPU IOPOTY, BAPTO CHOPYAUTH OTOPOXKY.

Cephalanthera damasonium. O6ungi nonymsuii C. damasonium 3aiMarOTh BITHOCHO
Benuki twionti: Ha . Xomenpb — 2100 m? (puc. 2), y bepezoBomy ['ato — Gmusbko 5000 M2
UucesbHICTh TEHEPATUBHUX OCOOMH cTaHOBUTH Bif 220 mo 240 mr. 3araibHa YUCENBHICTH
0COOMH pi3HMX BikOBUX cTaHiB csrae Big 600 1o 900 ocobuH, BiamoigHo. BikoBa cTpykrypa
MOMYJISII — HOpMajibHA MOBHOWIEHHA. BUJ YCHIIIHO NMOHOBIIOETHCS SK HACIHHSM, TaK 1
BeretariBHO. Ha . XoMelb nmomysismito BiJI3HaU€HO HaM K Briepiie. 3HaYHa IUIONIA i YUCEIIbHICTD
MOMYJISIIT MOYXKE O3HA4yaTH, IO MPOTSATOM OCTaHHBOTO AECATHIITTS i MpUTaMaHHa NIBHIKA
MO3UTHBHA TuHaMika. JKuTTe3narHicTh 00uaBox nonyisiniid C. damasonium NOCTaTHbO BUCOKA.
[NepeBaxkna OLIBIIICTE OCOOMH TPAIUISETHCS B JICOBHX LIEHO3aX, HACAMIIEpe]] 13 IepeBayKaHHIM
Oyka uu rpada, ajie OKpeMi Ipynu BUSBJICHO i Ha JTyYHUX JIUISHKAX, 10 MEXYIOTh 3 JIICOM.

[HOAI rpynM OCOOMH TPAIUISAIOTHCS HABITh OIS CTEXKOK, SIK, HAPUKIIAJ, y LEHTPAIbHIN
yacTuHi ypouniia bepesosuii I"ait. dakropamu 3arpo3u Juis MOIMYJISILINA € TOPYIIEHHS ITPaBHII
pekpeanii — po3KJIaJaHHs Oarath, BHUTONTYBAaHHS TpPaB’sIHOTO IIOKPHUBY HABKOJO MIiCIb
BiJIIOYHHKY TOIIIO.

Dactylorhiza majalis. OcoObvHM 1BOTO BHJIY TPAIUIIOTECS Ha TEPUTOPIl MapkKy
«3HeciHHA» MooAMHOKO. Y MuHylIoMy (20-25 pokiB TOoMy), Koiu TepuTopis Bemmkoro
Kap’epy OyJia 3HAYHO MCHII 3apOCIIOK0 JIEPCBHO-YarapHUKOBOK POCIHHHICTIO, YUCEIbHICTh
cyOmomysiii boro BUIy HasivyBana 10 20 reHepatuBHUX 0coOUH. [IpOTsIrom ocTaHHIX pOKiB
YHCENIPHICTh HE INEepeBHIIYyE KUIbKOX 0coOMH. HeratnBHa anHaMika 3yMOBIICHAa 3MEHIICHHSIM
IUIOL] BOJIOTHX JIYYHHX IEHO3IB 1 JUISHOK 13 PO3PI/KEHOIO0 JAEPEBHOIO POCIMHHICTIO, L0 €
TOJIOBHUMH OCEPEAKaMH iCHYBaHHS LbOTO BHIY. Temep MomyJsiis BUIy Ha TEPUTOPIi HapKy
nepeOyBae i 3arpo30r0 BigMHUpaHHs. UMHHUKaMM 3arpo3u € sK IHTEHCHBHE 3apOCTaHHS
IUIOII OCEJNHII JIePEeBHO-YarapHUKOBOIO POCIMHHICTIO, TaK 1 JEKOPATHBHICTh KBITY4HX OCO-
OvH, SKI MOXYTb 3HHUIILYBATH PEKPEAHTH, aJKE JOKAIITETH PO3TAIIOBaHI IMOOJIN3Y CTEKOK.
Ha tepuropii Bennkoro kap’epy MO3UTHBHUI BIUIMB Ha BiJIHOBJICHHS IIOIYJISILII MOXKE MaTH
BUpyOyBaHHS Ta NPOPIJUKEHHSI I€PEBHO-4arapHUKOBOT POCIMHHOCTI.

Epipactis helleborine. Ha tepuropii PJIIT «3HeciHHs» TPaIUIIEThCS B JIICOBUX OCEIIH-
max, 30kpema, B ypouwnil bepe3zosuit ["aif. 31e0i1bIIOr0 POCTE MOOAUHOKO a00 HEBEIHKHMU
rpynamu o 5—30 ocoOuH, cepest IKUX nepeBaXxatoTh renepatusHi. [1omia okpemux gpparmeHTis
craHoBuTh Big 2 mo 100 M2 Jlopocii OCOOMHH 3[aTHi JIO KIOHAJIBHOTO PO3MHOMKCHHS,
ajie OCHOBHHMM CIIOCOOOM CaMOIITPUMAaHHS NOMYJISALIN € HaciHHEBE PO3MHOXEHHS. YCIO
CYKYIIHICTh OCOOMH y MapKy BapTO PO3IIISJATH SK €MHY METAIOIYJISIII0, 10 CKIANTAETHCS 3
HU3KHU IPOCTOPOBO PO3MEKOBAHUX JIOKIBHUX MOMYJIsALii. CTaH OUIbIIOCTI 3 HUX 33/I0BUILHUH,
BOHHU 3JIaTHI JI0 CAMOBIATBOPEHHSL.
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Hatictipusitmsinn ymoBu 1uis nonyisinii — y bepesoBomy ["ato. Tyt Guibmiicts 0coOuH
pocTe y3I0BX CTEXKOK 3 IHTEHCUBHHMM pEKpeaniiHUM HaBaHTaKEHHSM. Y IIbOMY JIOKAJITEeTi
€KOJIOTO-(DITOLIEHOTHYHUH ONTHMYM CyOnomyssiii po3TamoBaHWd Y TPOCTOPOBIH  30HI
napajesibHO J0 CTEXOK, Ha HEBEJIMKIH BiJCTaHl BiJl HUX, /i€ IHTEHCHBHICTb BHUTONTYBaHHS
MOMIpHA 1, BOJHOYAC, KOHKYPEHIlis MociaaldieHa 3aBAsSKH OUTBII PO3PIIHKEHOMY TPaBOCTOHO.
[HTEeHCHMBHE BHTONTYBAaHHS CTaHOBUTH TYT 3arpo3y 4epe3 MeXaHiuHe YIIKOKSHHS OCOOWH
[LOT'0 3arajloM BUCOKOTOJIEPAHTHOTO BHLY.

Lo g
avox

UL R

J . oS t
asonium (Mill.) Druce
2. Neottia nidus-avis (L.) Rich.

3. Festuca heterophylla Lam.

4. Epipactis helleborine (L.) Crantz
5. Galanthus nivalis L.

6. Trifolium rubens L.

7. Listera ovata (L.) R.Br.

8. Staphylea pinnata L.

9. Lilium martagon L.

Puc. 2. PozranryBanus nomysnii BuaiB YepBoHoT KHUTH YkpaiHu Ha I. XoMellb

Ocobunu Epipactis helleborine Brepie BHUSBICHO TakoX Ha I. XOMElb Yy TpaB’sSHOMY
sipyci OYKOBO-rpabOBOTO JACPEBOCTaHY 3a y4acTio Staphylea pinnata.

Festuca heterophylla. Y PJII1 «3HeciHHs» TparuisieThCsl JIMIIe Ha T. XoMellb. JlokanbHa
i3o;bOoBaHa momyssiiist F. heterophylla po3rtaimoBaHa Ha MIBHIYHO-3aXiTHOMY CXWIi, Y
NPUBEPIIUHHIN YacTHHI, B €KOTOHI rpaboBO-OyKOBOro Jicy Ta Oepe30BOro piakomiccsi Ha
crpiMkomy cxumi. [Tmorma momymsii ctaHoBuTh Omusbko 70 w2 IlineHicTh 7-8 0cOOMH
(mepuun) Ha 1 M2, Jlepaunu giametpoM 3—7 ¢M. BibimicTs 0COOMH HANEKUTH 1O MOJIOAMX 1
CepeHbOBIKOBUX FeHEPATHBHHUX.

Ha choromui nomysisiiisi € HOpMaabHOO MOBHOYJICHHOI. Bu ToslepaHTHHIA 10 TOMiIPHOTO
3aTIHEHHS, CepeIHbOCTIMKMII 10 BUTONTYBAaHHS 1 JOCSATAE HANBHIIOI KUTTEBOCTI OCOOHMH Y
JIOKyCax 13 JIETKO MOPYIICHUM IPYHTOM 1 3 pO3pipKeHUM TpaBocToeM. OHAK y JIOKycax, SKi
MOTEPIAIOTh BiJl IHTCHCHBHOTO BHUTONTYBAHHS, )KUTTEBICTh OCOOMH HU3bKA, IIILHICTh MEHIIIA,
y CTPYKTYypi I€peBakaloTh OCOOMHH MpaBOi cTapoi YacTHHH BIKOBOTO CIIEKTpa. 3arposy
CTAaHOBHUTH IIIBUIICHHS IHTCHCUBHOCTI BHUTOINTYBaHHS 3a YMOBH 3POCTaHHsI PEKpealiiHOro
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HaBaHT@KCHHS, a TaKOX 3apOCTaHHS OCEJIMIIA JEPEBHUMM Buaamu. HeoOXiJHO NMPOBOAMTH
MOHITOPHHTOBI JOCTI/DKCHHS 3 TONANBIINM OOTPYHTYBAaHHSIM AaKTHBHUX 3aXOIiB OXOPOHH,
30KpeMa, 3 PEeTYIIIOBaHHS peKpeanifHoro HaBaHTaXEHHs 1 3IMKHEHOCTI JIepeBOCTaHY.

Galanthus nivalis. Ha teputopii PJIIT «3uecinus» Outbricts nokamiteTiB G. nivalis
MalTh BTOPUHHE aHTPOIIOICHHE MOXOKeHHA. CIWHMI, IMOBIPHO NpPUPOIHHMH, JOKATITET
30epircsi Ha MIBHIYHOMY CXWIIi I. XOMelb cepell NPUPOAHOTO OYKOBO-IpabOBOTO JIEPEBOCTAHY.
e rpyma ocoOuH CyOMOMyAIiHOTO PiBHS, SKa OCTAHHIMH POKaMH HaJidye JIHIIE KiTbKa
TeHepaTUBHUX OCOOMH, € Ty)K€ BPas3IMBOIO JI0O CTOXaCTUYHHMX 3MiH NPHUPOTHOTO CEPEIOBHIIA
1 pi3HHX aHTPOIIOTCHHHX YMHHUKIB, 30KpeMa, 0 3pUBAHHS Ta BUKOMyBaHHS. JKUTTE3IaTHICTH
LOTO JIOKAITITETY, 3 OTJISAY Ha HOro Maji obcsru mepedyBae i 3arpo30io.

Gymnadenia conopsea. €nvnuuii noxanirer Ha teputopii PJIIT «3necinns» 3aiimae
BIIKPHUTY IJIydHy NOUITHKY Ha CTpIMKOMY mMiBHiYHOMY cxmii . baba (puc. 3). Ilomymsmis
HeunciieHHa, y 2024 p. BiJ3HaYeHO JIBI TeHepaTHBHI OCOOMHH — MOJIONY I CepelHbOBIKOBY.
VY 2020 p. TyT obnikoBaHO 7 KBITYy4nx ocobwH. CaMOMiATpUMAaHHS MOMYJAIii BigOyBaeThCs
IIISIXOM HaCIHHEBOTO PO3MHOKEHHSI.
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Puc. 3. Po3ranryBanns nomyssiniid BuaiB YepBonoi kuuru Ykpainu Ha I. baba

Y MHHYJIOMY LII0 TEpUTOPIIO BHKOLIYBAJIM i BHUIacaiu Ha Hii xynoOy. Temep 3arposa
icHyBaHHIO (. conopsea TONATAE y 3apOCTAaHHI OCENHIIA KOHKYPSHTHUMH BHIAMH TpPaB,
30UIBIICHHI HIIBHOCTI JEPHUHHU W BHCOTH TPAaBOCTOIO, 3MEHIIEHHI OCBiTiIeHHs. Kpim nporo,
HeOe3NeKy CTaHOBHTb 3apOCTAaHHSA JIyYHHX OCENHII BHIY YarapHHKOBOIO Ta JIEPEBHOIO
pocnunHicTIO. {715t 36epekenns Buny G. conopsea MOXKHA PEKOMEH,TyBaTH IIOMipHE BUITACAHHS
Ta BUKOLIYBaHHS.

Lilium martagon. Ha tepuropii napky «3Hecinus» y 2024 p. BUSBICHO OJIHY BipriHIJIbHY
ocobuny L. martagon cepen OyKOBO-IpaOOBOrO JEPEBOCTAaHY Ha MIBHIYHOMY CXIJI I. XOMEIIb.
Y MuHYNi pokxu Oyna 3HaXigKa e OAHi€l BipriHUTbHOI 0COOMHM Y 3aXiTHOMY TAHINOKI XOMIIA,
Oust nokaitety Listera ovata.
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dakTopoM pHU3HKY € SIK aHTPOIOTEHHI, TaK 1 Oyb-sIKi MPUPOHI BUIIAJKOBI MOPYIICHHS
JIOKaJTiTeTy. 3arpo3a 3puBaHHs a00 BUKOITYBaHHS 30UIBIINTBCS Y MOAANBII POKU 3 TIEPEXOIOM
0COOMH y reHepaTHBHUI cTaH. HeoOXiTHO CTEXUTH 32 PO3BUTKOM IIHOTO BH/TY.

Listera ovata. Yuepiie BUSBICHO HOBUH JoKalliTeT y Benvkomy kap’epi B Kinbkocti 4
reHeparuBHux ocoduH (3 g1, 1 g2). 3aranom, quHamika L. ovata Ha TepuTOpii MapKy — HEraTHBHA.
[[poro poky He HiATBEpKEHO KOJNMWIIHIK JIoKamiTeT Oinst o3epa, sikuit BinzHadana H. Cuuak.
He BusiBneno takox L. ovata Ha 1. baba, j1e MUHYIOro poKy LBUIM 2 0COOMHH. Y MHiIHDKXKI
. XoMellb, Ha 3aXiJIHOMY CXWJII YHCENBHICTh CyOIOIMyIIsil 3MEHIIY€EThCS, — LIbOTO POKY TYT
3HaiiieHo 4 TeHepaTHBHI 0COOMHU, TOAI SIK y MOepeHIi Nepioj YnuceNbHIiCTh Oyia OUIBIIO0 —
J10 25 reHepaTUBHUX OCOOUH.

®DakTopoM 3arpo3W € 3apOCTaHHS OCENUI IIUIBHOK TPaB’sIHOK, YarapHUKOBOKO i
JICOBOIO POCIMHHICTIO. J{JIst IATPUMAaHHS 1 BITHOBJICHHS JKUTTE3IATHOCTI MOMYJISIIIH JTOLITBHO
BUKOIITyBaTu a00 BUMAcaTu Ha TepuTopii . XoMels i I. badba xymoOy Ta mpopi/pKyBaTH JepeBHO-
YarapHUKOBY POCIHMHHICTE Ha Teputopii Bemukoro kap’epy. JlOHUIBHMM € MOHITOPHHT
TOTTYJISIIIIH.

Neottia nidus-avis. Buj Tpamiserbcss MaquMM{ CyONONYJISLISIMH, YHCENBHICTIO I10
KiJIbKa OCOOWH, L0 3arajoM MpHTaMaHHE LbOMY BHAY. YIepIle BUSIBICHO HOBHH JIOKAIITET
Ha T. XOMellb — 3 TeHepaTHBHI OCOOMHH B IICHTPAJbHIN YacTHHI OYKOBO-rpabOBOrO JICy Ha
niBHIYHOMY cxuii. Ha cXigHili okosuii mapKy BWJ HOMIMPEHHH 0e3rnocepeiHbo OiIs CTEXKOK
cepeJl MIIIAHOTO JIiCy M 3a3Ha€ IHTEHCHBHOI'O BUTONTYBaHHs. Bijsl CTEXXKM Ha MOrpaHuydi 3
[IleBYCHKIBCHKMM TaeM OOJIIKOBAHO 3 MOIMYJIALINHI JIOKyCH MO 4—7 TEHepaTUBHHX OCOOWH
pizHoro Biky. Bigcranp Mixk numu stokaniteramu 10 300 m.

Jo dakTopiB 3arpo3u HaJEKHUTh IOPYIIEHHS TIPYHTOBOTO IIOKPUBY BHACHIJIOK
BUTONTYBaHHs. [IOIIILHO MPOBOANTH HOMYJISILIHHUN MOHITOPHHT.

Orchis militaris. JlokanabpHa 130Jb0BaHa MOMYJISIIIS PO3TAIIOBaHA HA CTPIMKOMY CXHJIL
BHYTPINIHBOI yacTHHU Maioro kap’epy. PocianHHMI NMOKPUB NpENCTAaBICHUH pPi3HOBIKOBUMHM
CTallisIMU JIEMYTAIlliHOT CyKIlecii, Ha IMi3HIX eTamax sKOl MepeBakatoTh YTPYIOBaHHS COKO3Y
Arrhenatherion. 3a3HaueHa mMOMyJAIST BUHUKJIA CIOHTAHHO W ymepine Oyia BHsIBICHA
O. Karanowm i H. Cuuak y 2004 p. Biaroai i cTpyKkTypa 3a/IMIIA€ThCSI TPAKTUYHO HE3MIHHOIO.
Cranom Ha 2024 p. 4HCeIbHICTh MOMYJIAIIT cTaHOBWIA 12 0COOMH, y BIKOBOMY CIIEKTpi: 2 j, 5
im, 4 v, 1 g,. 3aranpHa noma nonyJsuii — 10 250 M*. KutreBicTh 0COOMH HM3bKA, OCKiNbKH
OCeJIMIIIe HE BIANOBIae €KOJOTIYHUM BUMOI'aM BHJIY IO/I0 ITapaMeTpiB cyOcTpary.

[Monynsiist He HAJICKUTH 10 KOPIHHUX. Y BIJIOMUX JIITEpaTypHUX JDKepeiax Juis
TepuTOpii «3HECIHHS» BHJ HE HaBOAATh. OUEBU/IHO, BUJI 3aHECEHUH Ha II0 TEPUTOPIIO, OJIHAK,
HalliMOBIpHiNIe, TPUPOIHUM YHHOM. [TomyJisiiist po3raioBaHa Ha CTPIMKOMY 1 BAXKKOJIOCTYITHOMY
CXWJIi, TOMy MaJIOMMOBIpHOIO € 3arpo3a Juisi Hel 3 OOKy BinBimyBauiB. HeGesrmexky MoXyTb
CTaHOBUTH BUIIAJIKH BUNIAJIIOBAHHS CTapUKH, epo3isd. HeoOXiIHIMM € MOHITOPUHT MOIMYJISILiT ISt
OIIIHKH TPEHY NUHAMIKH i1 YHUCETBHOCTI.

Staphylea pinnata. Ha tepuropii PJII1 «3HeciHHSI» TpaIUIAEThCs JIMIIC HA T. XOMEIb Y
YarapHUKOBOMY SIpyCi BEPXHBOI YaCTHHH OyKOBO-I'paOOBOTO JIiCy HA MIBHIYHO-CXiTHOMY CXMIIi,
Jie BUJI TTOIIUpeHni cMyroto Ha rtomi 40 x 15 m. [Tonynsiuis Mana, HopMaibHa TIOBHOWICHHA,
Haniuye 17 reHeparMBHHMX ocoOuH. B i ckxiiagi B 1Opociiii 4acTHHI BIKOBOTO CIEKTpa
HepeBakatoTh MOJIO/ HEKBITY4l BipriHiIbHI 0coOuHM — 28 mt. HasBHUMI yrciaenHuid migpict —
6mm3pko 300 ocobun. CamoriaTpuMaHHs BilOyBaeThCs SIK HACIHHEBUM, TaK 1 BEreTaTHBHUM
nusixoM. CraH momynsimii JocTaTHO crabumpHuid. [lepemymoB mist i merpamarii 3a ymoB
3anoBifaHHs HeMae. S. pinnata nepedyBae B yMOBaX 3HaUHOT'O 3aTIHEHHS, 1110 HE € ONTUMaJIbHUM
JUIs IbOTO KyIoBoro Buay. CydyacHe HOro mommupeHHs Ha I. XOMelb — I JIMIIE PEIITKH
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KOJIMIITHBOT YACIICHHOT MOMYJISIIIT, 110 Ha ovaTKy XX CT. 3aiiMana 3Ha4HO Outbry ruromty [ 15].
3MEHILIeHHS TTOIYJISILii CIIPUYMHEHE, TOIOBHO, KiJIbKapa3oBUM BUPYOYBaHHSIM JIICY 3 TOTO 4acy,
a TaKOXK THTEHCUBHOIO CKCIUTyaTaIli€r0 BIKPUTIIINAX AUISTHOK, JIe paHiiie S. pinnata Oyna TOCUTh
YHCIICHHOIO.

Trifolium rubens. 1le — teruio- i cBiToNIOOHA pociuHa. Hajexurs 10 KOMIIOHEHTIB
CYXHX KCEepOMEe30(iTHHX JIyK, IO 31e0LIbIIOro BXOISATh N0 Kiacy Irifolio-Geranietea. Ha
teputopii PJIIT «3Hecinns» TpamsieTbes jmme Ha I. Xomenb. Ocenuine 3aiiMae BEPXHIO
YaCTHHY IMIBAEHHOTO CXMJIy TOpH, 10 JOOpe NporpiBaeThes BAITKY. [lomyssiis npocTsractees
cMyroro Tomero 6musbko 180 % 40 M i € uncnennoro. Ii cepenns minpHicTh cTaHOBUTH 1,5
TeHepaTUBHUX Iapliajieid Ha M?, TPOTe MOAEKYAU (GOPMYIOThCS CKYMUEHHs IILIBbHICTIO 10 30
reHepaTUBHUX Napiiaiel Ha M2,

OcoOuHM 371aTHI 1O BEreTaTMBHOTO PO3POCTAHHS 4epe3 yKOPIHEHHs IUIarioTpOITHUX
naroHiB. Jlopociia ocobuna copmMoBaHa Kiibkoma reHeparuBHIME (70 10—12) i BereTaTMBHUMH
naroHamu. CaMomiATpUMaHHS MOMYJISLIT BiOyBa€ThCs 37€0UIBIIOrO BEreTaTHBHUM IIUISIXOM.
HacinHeBe OHOBIIEHHS BiJOYBa€ThCS, IEPEBAXKHO, HA JIUISTHKAX OPYLIEHB IPYHTY 3€MJICPHSIMHU.

HeraruBHM BIUIMB Ha IOIYJIALII0 Ma€ IOCTYNOBE 3apOCTaHHA ii JIy4HOTO OCEJIHIIA
JICPEBHOIO Ta YarapHUKOBOIO POCIHMHHICTIO, 10 € HACJiIKOM MPUIIMHEHHs ckouryBaHHs. Lle
MPU3BOAUTH JI0 HAJIMIPHOTO 3aTiHCHHS 1 BUTICHEHHS 1. rubens. Tomy nist cTa0ii3arii nomyssiii
PEKOMEH/TyE€MO BiTHOBUTHU PETYIISPHE CKOLIYBaHHS.

[Hmm pinkicHi BuaM cyauHHHX pociuH Ha Tepurtopii PJIIT «3HeciHHS» mpeacTaBieHi
BTOPHMHHUMH aHTpoONoreHHumu Jjokaniteramu (Crocus heuffelianus, Leucojum vernum, Taxus
baccata).

TakuM 4MHOM, ITPOTATOM OCTAHHBOTO 25-pPIYHOTO MEPioLy AOCIIKEHB 1 CIIOCTEPEKEHb
Ha Tepuropii PJIIT «3uecinns» BijzHauanm 20 BUAIB POCINH, BKJIIOYEHHX 710 YepBOHOT KHHUTH
VYxpainu (2009). I3 Hux nomyssiuii 13 BUIiB MatoTh NPUPOIHE MOXO/KEHHS, 3 BUIAM — BTOPHHHE
AHTPOIIOTr€HHE, a icHyBaHHsI 11e 4 BUAIB y 2024 p. He miATBEepKEHE.

Ha teputopii napky BusiBneno 140 BuaiB MOXONOAIOHMX, sIKi HaJieXaTh 10 42 POIUH,
87 ponis, 15 nopsanxis, 4 kiacis, 2 Biguunis. Jlo 11 npoBigHux poanH Hanexars: Pottiaceae Ta
Brachytheciaceae — o 18 (13 %) Bumis i3 10 i 9 pogis, BiamosigHo; Amblystegiaceae — 10 (7 %)
BUIB 13 8 poxiB; Mniaceae — 9 (6,3 %) BumiB i3 4 ponis; Orthotrichaceae — 8 (5,6 %) BumiB i3
4 ponis; Plagiotheciaceae — 7 (5 %) BuniB i3 2 pois; Bryaceae i Polytrichaceae o 6 (4,3 %)
BuiB i3 2 ponis; Ditrichaceae, Thuidiaceae 1 Fissidentaceae — mo 4 (3 %) Bunu 3 3, 2 i 1 pony,
BiOBiIHO. Pemta pouH i poatiB € 0JIiro- Ta MOHOBHJOBUMH.

JloCHTB BEJIMKOIO € TPyIa BUIB, SIKI TKIFOTH /10 KApOOHATHHUX IPYHTIB. OCKUIBKU Maiixe
Best reputopist PJIIT anTponorenHo TpaHcdopMmoBaHa, TyT HE BUSBICHO MOXIB, 3aHECEHHX JI0
UepBoHoi kHUTH YKpaiHu, 30KpeMa, penikroBux Drepanocladus trifarius (F.Weber & D.Mohr)
Broth. ex Paris, Meesia triquetra (L. ex Jolycl.) Engstr., Paludella squarrosa (Hedw.) Brid.,
Scorpidium scorpioides (Hedw.) Limpr., siki panime HaBoauiu Juis okonuips JIeBosa [1, 5]
Hes3Bakaroun Ha iCTOTHMH aHTPONOT€HHMH BIUIMB, Ha TepUTOpPil mapky 3adiKcoBaHO 3HAUHE
pi3HOMaHITTSI OpiodiTiB, NPUYPOYCHUX 10 PI3HUX CyOCTpariB, IO CBIAYUTH PO HASIBHICTH
YHCJICHHUX JIOKAJITETIB 13 BIIMIHHMMH yMOBaMu cepeioBuina. Ha Teputopii mapky, 3rigHO
3 niTeparypHuMu Jpkepenamu [1, 2, 14] ta BinacHMMH jJaHMMH, BHsBIEHO 10 perioHajgbHO
PILAKICHUX BHIIB MoXomnomiOHux: Aneura pinguis (L.) Dumort., Apopellia endiviifolia (Dicks.)
Nebel & D.Quandt, Atrichum tenellum (Rohl.) Bruch & Schimp., Calliergon cordifolium
(Hedw.) Kindb., Cirriphyllum crassinervium (Taylor ex Wilson) Loeske & M.Fleisch., Fissidens
exilis Hedw., Encalypta streptocarpa Hedw., Pellia epiphylla (L.) Corda, Sciurohypnum starkei
(Hedw.) H.Rob., Ulota bruchii Hornsch. ex Brid. [lesiki 3 mepeniueHHX MOXOIOJIOHUX BHIIB
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nepeOyBaroTh Ha MEKi CBOTO apealy, iHIII — IPUYPOYEHi 710 By3bKOCIIEIia1i30BaHUX SKOTOMIB i3
XapaKTepHUMH MIKPOKJIIMAaTHYHUMH YMOBAaMH, 1110 0OMEXY€ TXHE NOMNpPEHHS. 30epe)KeHHS [INX
BU/IIB 1 TIPOJOBXKEHHS JIOCII/DKEHb IXHBOTO MOMYJSIIHHOTO CTaHy € BayKIIMBHUMHU 3aBJaHHSMH
JUTS TIATPUMAHHS JIOKAJIbHOTO 0i0piI3HOMAHITTSI.

OTxe, y cknani ciontanHoi ¢uopu PJIIT «3necinus» BusiBieHo 736 BUIIB CYIUHHUX
pocnuH, mo Haiexars 10 399 poxie 3i 109 pomun. Cepen 20 BUIIB POCIIHH, BKIFOUYCHUX JIO
UYepBoHoi kHUTH YKpaiHu, momyisiii 13 BHIIB MarTh NPHUPOIAHE IOXOMKCHHS, 3 BUIAH —
BTOPUHHE aHTPOIIOTeHHE, a icHyBaHHs 4 BuaiB y 2024 p. He miATBEp/KEHE.

Ha Tepuropii mapky BusiBneno 127 BuaiB MoxiB i 13 neuinounukis. He3Bakaroun Ha
ICTOTHHUI aHTPOIIOTCHHUX BILIUB, BII3HAYCHO 3HAYHE PI3HOMAHITTS OpiodiTiB, cepex skux — 10
perioHaIbHO PiKICHUX BHUJIIB.

Binbuicte pigKicHUX BUIIB Ha TEPUTOPIl MapKy IpeCcTaBiIeH] HEBENMKUMU TPyHaMH
0COOMH, II0 OCOOJIMBO XapaKTEPHO Ul POJMHM 303yIMHLEBUX. [ HUX 3arpo3a moissirae y
PI3HOMaHITHHX BUIIJIKOBHX SIK aHTPOIIOT€HHUX, TaK 1 IPUPOJHUX 3MiHaX B OCENIMIIAX. 3 OISy Ha
JIEKOpaTHBHICTh 0ararboX 303yJIMHIEBHX, OJ[HA 3 HAHOUIBIINX 3arp0o3 IXHPOMY ICHYBaHHIO I1OJIATAE
y 3pMBaHHI if BUKOITyBaHHI. 3aX0J10M, 1110 3MEHIIUB OM 1€l HeraTHBHUIT BIUIUB, MOXKE CTAaTH LINPILIA
noiH(OPMOBaHICTh PEeKpPEeaHTIB Yepe3 iH(pOpMalliiiHi Ta 3aCTEPEKHI CTEH/IH.

Jlist ormysIsinif YMCIeHHUX BB TPaB 3arpO30I0 € 3apOCTaHHS JIyYHHX IUIOL JISPEBHO-
YarapHUKOBOIO POCIHMHHICTIO. Binrak s TXHbOro 30epekeHHs JOLIBHO 3aCTOCOBYBATH
NOMipHE BUIacaHHs Ta/abo BUKOLIYBaHHS, 30KpeMa, Ha I. XoMellb, I. baba i y mexax Benunkoro
kap’epy. Ha tepuropii Bennkoro kap’epy JOLIJIBHO NMPOBECTH TAKOXK IMPOPIIKEHHS JIEPEBHO-
YarapHUKOBOI POCIIMHHOCTI.

30epeKeHHsT W OXOpOHa JIOKAJITETIB MOMYNSIM pIAKICHUX BHIIB MaroTh OyTH
CHpsIMOBaHI Ha 3ano0iraHHsl IXHIM NMPUPOIHIA 1 aHTPONOTeHHIH jaerpajaumii. 3 Ii€l0 METOO
JIOLUIBHO 3alpoOBaJDKYBAaTH 3aXOAN aKTHBHOI OXOPOHHM, 30KpEeMa, PEeryJIbOBaHWN BHIAc Ta/abo
BUKOILIYBaHHSI, TIPOPI/DKEHHS JI€PEBHO-UYarapHUKOBOT POCIMHHOCTI. AKTYaJIbHUM € MOIINPEHHS
y mexiapecypcax JIbBoBa i Ykpainu iHpopmalii npo BaKJIMBICTH 30epesKeHHS! OIOTHYHOIO
pizHOMaHITTs. 1l{00M CTEXUTH 3a TONAIBIIUMH 3MiHAMH CTPYKTYpH Ta JKHUTTE3ATHOCTI
HOMYJISIIIH PIAKICHUX BUJIB 1 BIAMIOBITHO KOPUTYBATH 3aX0/IH 3 TXHBOTO 30€peKeHHS, JOLIIBHO
3alpOBaAUTH MOHITOPUHT MTOITYJISALIH.
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DISTRIBUTION AND POPULATION ANALYSIS OF THE RARE PLANT
SPECIES OF ZNESINNYA REGIONAL LANDSCAPE PARK

V. Kyyak!, V. Bilonoha!, Y. Kobiv', O. Kuzyarin?, A. Kagalo', N. Sytschak', I. Rabyk'

Unstitute of Ecology of the Carpathians, NAS of Ukraine
4, Kozelnytska St., Lviv 79026, Ukraine
State Museum of Natural History, NAS of Ukraine
18, Teatralna St., Lviv 79008, Ukraine
e-mail: viodkokyjak@ukr.net

The flora of the Znesinnya RLP includes 736 species of vascular plants, which
belong to 399 genera from 109 families. It comprises 35 rare vascular species, 20 of which
are included in the Red Data Book of Ukraine (2009). Eleven taxa of the orchid family
(Orchidaceae), as well as Galanthus nivalis, are listed in the CITES (Appendix II), and 15
species are regionally rare. The localities of eight rare species with national conservation
status (Allium ursinum, Crocus heuffelianus, Epipactis helleborine, Galanthus nivalis,
Leucojum vernum, Listera ovata, Neottia nidus-avis, Taxus baccata) were first recorded
in the study area. The populations of three species — Botrychium lunaria, Cypripedium
calceolus, and Pulsatilla grandis are currently considered extinct. The locality of
Cephalanthera longifolia, discovered in 2004, was also not confirmed in 2024.

One hundred and forty species of bryophytes were found in the park. Despite the
considerable anthropogenic impact, there is a significant diversity of bryophytes with a
large number of regionally rare species confined to different substrates.

Causes and consequences of the current dynamics of populations, flora, and
vegetation of the Znesinnya RLP are revealed. The status of populations of 19 species
of the Red Data Book of Ukraine was studied. Based on the research of the current
spatial and demographic structure of the populations, analysis of the previous results, and
current threats, their status and prospects are assessed. The main threats to the survival
of rare species are the small size of populations, the plucking and digging of ornamental
plants, and the overgrowth of habitats with woody and shrubby vegetation. Measures of
conservation of the localities of these species should be aimed at preventing their natural
and anthropogenic degradation and spreading relevant information among recreationists
using interactive tools, the press, leaflets, and warning boards. To preserve populations
of short-statured low-competitive species, it is recommended to locally apply moderate
grazing and/or mowing and thinning of tree and shrub vegetation. The need for further
monitoring of rare plant species populations is argued.

Keywords: rare plant species, populations, biodiversity, Znesinnya RLP
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GENOMIC ANALYSIS OF THE STREPTOMYCES SP. LV42-5 ISOLATED
FROM INDUSTRIAL MINE DUMPS IN SHEPTYTSKYI

I. Roman, O. Makar, O. Stasyk, V. Fedorenko, O. Gromyko*

Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
*e-mail: oleksandr.gromyko@Inu.edu.ua

Actinomycetes, particularly within the genus Streptomyces, remain the most prolific
bacterial source of secondary metabolites for medical and biotechnological applications.
However, contemporary drug discovery is increasingly challenged by the high rate of
rediscovering known molecules and the difficulty of activating “silent” biosynthetic gene
clusters (BGCs) under standard laboratory conditions. To address this, bioprospecting in
extreme environments, such as heavy metal-contaminated mine dumps, has emerged as
a strategic approach to uncover strains with unique metabolic adaptations and chemically
diverse natural products. This study reports the whole-genome sequencing, assembly, and
comprehensive bioinformatic analysis of Streptomyces sp. Lv42-5, an extremotolerant
strain isolated from the rhizosphere of birch trees (Betula pendula) growing on an industrial
mine dump in Sheptytskyi, Ukraine. Genomic sequencing utilizing the Illumina platform
followed by de novo assembly yielded a high-quality draft genome of 9.84 Mbp with a
G+C content of 71 %. Phylogenomic analysis using the GTDB and ANI calculation
revealed that strain Lv42-5 shares only 93.36 % ANI with its closest relative, Streptomyces
diastatochromogenes. This value falls well below the 95-96 % species delineation
threshold, confirming Lv42-5 as a taxonomically novel species. Functional annotation
via the RAST server indicated a genome heavily dedicated to metabolic processes,
particularly amino acid and carbohydrate metabolism, while lacking genes for motility and
photosynthesis. Crucially, the genome encodes a robust genetic arsenal for heavy metal
resistance, including specific mechanisms for tolerating copper, cobalt, zinc, and cadmium,
reflecting the strain’s successful adaptation to its metalliferous habitat. Genome mining
using antiSMASH 8.1 uncovered a rich biosynthetic landscape comprising 43 putative
gene clusters. These findings establish Streptomyces sp. Lv42-5 as a novel, stress-adapted
species with significant dual potential for bioremediation of heavy metal pollutants and the
discovery of novel therapeutic agents.

Keywords: Streptomyces, genome mining, biosynthetic gene clusters, mine dump,
natural products

Actinomycetes, particularly members of the genus Streptomyces, are a group of
prokaryotes well-known for their production of secondary metabolites. This remarkable
biosynthetic capacity stems from the significant portion of their genomes, often 5-20 % in
Streptomyces, dedicated to biosynthetic gene clusters (BGCs), making them the most productive
bacterial source of such compounds for medical and biotechnological applications [10]. While
over 7,600 compounds have been identified from actinomycetes, contemporary drug discovery
efforts are frequently hampered by the high rate of rediscovery of known molecules. A further
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challenge lies in exploiting their full genomic potential, as a substantial number of their BGCs
remain “silent” or are expressed at insignificant levels under standard laboratory conditions [21].
To circumvent these obstacles and tap into novel chemical diversity, researchers are increasingly
focusing on bioprospecting for actinomycetes in underexplored and extreme environments,
including those contaminated with various pollutants, which may harbor strains with unique and
previously uncharacterized biosynthetic pathways.

Actinomycetes isolated from environments contaminated with heavy metals demonstrate
significant potential for both bioremediation and the discovery of novel bioactive compounds
[7]. These microorganisms, particularly from the genus Streptomyces, can tolerate and often
accumulate toxic metals like cadmium (Cd), lead (Pb), and nickel (Ni), making them excellent
candidates for cleaning up polluted sites [13]. An aspect of these extremophilic bacteria is how
environmental stress can unlock their biosynthetic potential. The presence of heavy metals can
trigger the expression of silent biosynthetic gene clusters, leading to the production of unique
secondary metabolites. This was observed in Streptomyces sp. WU20, which synthesized a novel
antibiotic specifically when exposed to nickel stress [20]. That can be discovered from bacteria
thriving under harsh conditions. This strategy of “environmental stress-induced activation”
allows researchers to tap into the hidden genomic potential of these microorganisms.

Mine dumps, characterized by their harsh physicochemical conditions and high
concentrations of heavy metals, are increasingly targeted as valuable ecosystems for isolating
actinomycetes with unique metabolic and biosynthetic capabilities. The extreme selective
pressures in these environments foster the evolution of microorganisms that not only exhibit
remarkable resistance to heavy metals but also possess the capacity to produce novel bioactive
secondary metabolites. This potential has been demonstrated by Streptomyces strains from
Moroccan mining soils, which displayed significant antimicrobial activity that could be modulated
by modifying culture conditions [1]. Furthermore, these sites are hotspots for taxonomic novelty,
leading to the discovery of new species such as Streptomyces manganisoli, Actinorectispora
metalli, Amycolatopsis saalfeldensis, and Catellatospora koreensis [5-6, 11-12]. Bioprospecting
in such locations has also yielded tangible therapeutic leads, with actinomycetes from waste
dumps producing previously uncharacterized antifungal and antibacterial compounds active
against drug-resistant pathogens [18].

This study reports the whole-genome sequencing and comprehensive annotation of an
actinomycete strain isolated from the rhizosphere of birch trees (Betula pendula) inhabiting
industrial mine dumps in Sheptytskyi (formerly Chervonohrad), Ukraine [14]. The primary
objective of this investigation was to characterize the complete genome of this extremotolerant
isolate, with a specific focus on identifying and analyzing its biosynthetic gene clusters (BGCs)
to uncover its potential for producing novel secondary metabolites.

Materials and Methods

Bacterial Strain and Genomic Data. The actinomycete strain Streptomyces sp. Lv42-5,
previously isolated from the rhizosphere of birch trees growing on heavy metal-contaminated
mine dumps in Sheptytskyi, Ukraine, was the subject of this study [14]. Genomic DNA was
extracted, and the whole genome was sequenced using the [llumina platform. A de novo assembly
of the raw sequencing reads was subsequently performed to generate a draft genome.

Bioinformatic Analysis. The quality of the assembled draft genome was evaluated for
completeness and contamination using CheckM [15]. Taxonomic assignment was conducted
using the Genome Taxonomy Database Toolkit (GTDB-Tk). To refine the species-level
classification, the Average Nucleotide Identity (ANI) was calculated against the closest relative,
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S. diastatochromogenes. Comprehensive genome annotation was performed using the Bakta
pipeline [19] to identify coding sequences (CDS), tRNAs, rRNAs, and other genetic features.
The predicted protein-coding genes were then functionally categorized into subsystems with
the Rapid Annotation using Subsystem Technology (RAST) server [2]. To explore the strain’s
biosynthetic potential, the genome was mined for secondary metabolite biosynthetic gene clusters
(BGCs) using the antiSMASH platform (version 8.1). BGCs of interest were further analyzed by
comparing them against the Minimum Information about a Biosynthetic Gene cluster (MIBiG)
database to identify homologous clusters with known products. Raw genomic data are available
from the authors upon request.

Results and Discussion

De novo assembly of the genome of strain Lv42-5 resulted in a draft genome of 9,842,483
bp with a GC content of 71 %, distributed across 102 contigs. Quality assessment indicated
100 % completeness and 0.95 % contamination, with an N50 value of 192,601 bp. Taxonomic
analysis using the Genome Taxonomy Database (GTDB) revealed the closest relative to be
Streptomyces diastatochromogenes, with an Average Nucleotide Identity (ANI) of 93.36 %.
This ANI value is below the conventional species delineation threshold of 95-96 %, strongly
suggesting that strain Lv42-5 represents a novel species within the genus Streptomyces. Genomic
annotation using Bakta identified 8,923 coding sequences (CDS), 90 tRNAs, 5 rRNAs, 29 non-
coding RNAs (ncRNAs), and one transfer-messenger RNA (tmRNA). Functional analysis of the
CDS revealed a genome predominantly dedicated to metabolic processes. The largest categories
were associated with the metabolism of amino acids and derivatives (502 CDSs), carbohydrates
(444 CDSs), cofactors and vitamins (255 CDSs), and proteins (241 CDSs). Other significant
metabolic functions included fatty acid and lipid metabolism (206 CDSs), respiration
(144 CDSs), and nucleotide metabolism (138 CDSs). CDSs related to stress response (80),
cell wall biogenesis (62), virulence and defence (58), and membrane transport (53) were also
well-represented. In contrast, genes associated with secondary metabolism (14), dormancy and
sporulation (13), and mobile elements (2) were less abundant. Notably, no genes were detected
for photosynthesis, motility, or cell division (Fig 1).

Subsystem Coverage Subsystem Category Distribution Subsystem Feature Counts

Regulation and Cell signaling (23)

Iron acquisition and metabolism (32)
Secondary Metabolism (14)
Photosynthesis (0)

Stress Response (80)

Amino Acids and Derivatives (502)
Protein Metabolism (241)

Cofactors, Vitamins, Prosthetic Groups, Pigments (255)
Fatty Acids, Lipids, and Isoprenoids (206)
Nucleosides and Nucleotides (138)
Phages, Prophages, Transposable elements, Plasmids (2)
Virulence, Disease and Defense (58)
Dormancy and Sporulation (13)
Phosphorus Metabolism (35)

Membrane Transport (53)

Cell Wall and Capsule (62)

Cell Division and Cell Cycle (0)

Sulfur Metabolism (17)

Motility and Chemotaxis (0)

Respiration (144)

Potassium metabolism (14)

Metabolism of Aromatic Compounds (63)
Carbohydrates (444)

RNA Metabolism (57)

Miscellaneous (43)

DNA Metabolism (94)

Nitrogen Metabolism (41)

W Nodulation (0)

18%

[z e e e e e e s s s e e e e e e e e s s s s e s e

Fig. 1. RAST annotation summary of strain Lv42-5. The RAST annotation robot assigns names and
functions to protein-coding genes via their subsystem technology. The green colour represents
features that are found in RAST subsystem. The blue colour represents features not assigned to
a subsystem



I. Roman, O. Makar, O. Stasyk, V. Fedorenko, O. Gromyko
18 ISSN 0206-5657. BicHuik JlbBiBCbKOrO YHiBEpcuTeTy. Cepisa bionoriyHa. 2025. Bunyck 95

Of particular ecological relevance, the genomic analysis identified a substantial number
of genes conferring resistance to heavy metals such as copper (Cu), cobalt (Co), zinc (Zn), and
cadmium (Cd). This genetic arsenal is a key adaptation, providing the necessary mechanisms
for survival and proliferation within the toxic, metal-laden environment of the mine dumps from
which the strain was isolated [9].

To investigate the strain’s biosynthetic potential, particularly in relation to its adaptation
to the metal-rich environment, the genome was analyzed using the antiSMASH platform. This
analysis revealed the presence of 43 biosynthetic gene clusters (BGCs). Comparative analysis
of the biosynthetic gene clusters revealed a wide spectrum of novelty. Among the identified
BGCs, 12 exhibited high homology to known pathways, three showed medium homology,
and 11 displayed low homologies. Significantly, 17 BGCs had no detectable homology to any
characterized clusters in public databases, representing a substantial reservoir of potentially
novel biosynthetic pathways. The highly homologous clusters included those responsible for
the synthesis of e-poly-L-lysine, geosmin, ectoine, hopene, and various spore pigments. These
BGCs are commonly conserved among actinomycetes, as their products fulfil fundamental
functions essential for cell viability, stress tolerance, and development. While the majority of
these highly conserved BGCs were predicted to synthesize peptides of uncharacterized function,
one BGC showed high sequence homology to the known biosynthetic pathway for largimycins,
a class of non-ribosomal peptides (NRPs) recognized for their potent cytotoxic and anti-cancer
activities [3]. Among the highly homologous BGCs, a cluster responsible for the synthesis of
albaflavenone, a known terpene antibiotic, was also identified [22], an antibiotic from this family
was also identified in our previous work on actinomycetes from the Crimean Peninsula [17].
Furthermore, the genomic analysis identified biosynthetic gene cluster that exhibited significant
homology to the simocyclinone cluster. This antibiotic leads to the inhibition of bacterial
DNA gyrase, an essential enzyme for bacterial replication [4]. However, the biosynthetic gene
clusters exhibiting low or no homology to characterized compounds need the most significant
attention. These clusters represent a compelling source for natural product discovery, as they are
predicted to direct the synthesis of novel compounds possessing unique chemical scaffolds and
biological activities.

A significant emphasis was placed on three clusters predicted to synthesize siderophores,
which are high-affinity iron-chelating compounds that can also sequester other metals. Among
these, Cluster 16.1 was of particular interest, as it exhibited high sequence homology to the
well-characterized BGCs for desferrioxamine in Streptomyces argillaceus and Streptomyces
coelicolor A3(2), as well as to the legonoxamine A BGC from Streptomyces sp. MA37 (Fig. 2).
Siderophores belonging to this hydroxamate class, such as desferrioxamine B, are widespread
among streptomycetes and are recognized for their potential use in bioremediation applications
due to their strong metal-binding capabilities [8]. In contrast to the desferrioxamine-like cluster,
the other two putative siderophore BGCs (13.3 and 70.1) lacked significant homology to any
characterized clusters in public databases. This finding suggests that these gene clusters may
direct the synthesis of novel siderophores with previously undescribed chemical structures,
highlighting the strain’s potential for producing unique metal-chelating agents.

Genomic analysis also identified a melanin biosynthetic gene cluster (BGC), which
included a tyrosinase gene exhibiting high homology to its counterpart in Streptomyces avermitilis.
The resulting melanin polymer is rich in functional groups, such as carboxyl, hydroxyl, and
phenolic units, that provide numerous negatively charged sites for chelating metal cations. This
molecular architecture enables the strain to sequester and immobilize toxic heavy metals like
cadmium and lead, thereby reducing their bioavailability and mitigating cellular damage. This
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detoxification mechanism operates both on the cell surface and within the cell wall, creating a
robust protective barrier that effectively limits the influx of harmful ions into the cytoplasm [16].

Query sequence

CHO-AOAADDL KH D G | >EEEE@EEEE - <O <
BGC0001453.5: desferrioxamine other:other
@ <
BGC0000940.5: desferrioxamin B/desferrioxamine E other:other
AN <<
BGC0002305.2: legonoxamine A/desferrioxamine B/legonoxamine B other:other
L @ o Re e

Fig. 2. Comparative analysis of the putative siderophore biosynthetic gene cluster 16.1 of the strain
Lv 42-5 showing similarity to known clusters encoding desferrioxamine and legonoxamine
biosynthesis (BGC0001453.5, BGC0000940.5, and BGC0002305.2) from the MIBiG database
In conclusion, the comprehensive genomic analysis of Streptomyces sp. Lv42-5 confirms

its status as a novel species uniquely adapted to the harsh, metal-contaminated environment

of mine dumps. Its genome is equipped with a robust arsenal of heavy metal resistance genes
and a diverse collection of biosynthetic gene clusters responsible for producing metal-chelating
compounds like siderophores and melanin. The identification of BGCs for both known and
potentially novel siderophores highlights this strain as a promising candidate not only for
bioremediation applications but also as a valuable source for the discovery of new natural
products. This work underscores the potential of bioprospecting in extreme environments to
uncover microorganisms with unique metabolic and biosynthetic capabilities.
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TEHOMHMM AHAJI3 STREPTOMYCES SP. LV42-5, BUJLJIEHOT O
3 BIABAJIB Y M. HIENTUIIbKUM
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AKTHHOMIIIETH, OCOOJMBO TPEICTABHUKH poay Streptomyces, 3alUIIAFOTHCS
HaWMPOAYKTUBHIIINM OaKTepiaJbHUM JKEPEIOM BTOPHHHUX METaOOMITIB Il MEAUYHOTO
Ta 0i0TEXHOJIOTIYHOTO 3acToCyBaHHs. OHAK CyYacHUI MONIYK JIIKapChKUX 3aC00iB Aeaani
YacTillle CTHKAEThCSA 3 IMPOOJIEMOI0 BHCOKOTO DIBHSI TIOBTOPHOTO BIIKPUTTS BiIOMHX
MOJICKYJ 1 31 CKJIaJHICTIO aKTHBallii «MOBUA3HUX» KiacTepiB reHiB OGiocuHTedy (BGCs)
y CTaHIapTHUX JabopaTropHUX ymoBax. J{is BHpilleHHs i€l TMpoONeMH CKPHHIHT B
EKCTPEMAaJIbHUX CepeIOBUINAX, TAKUX SIK 3a0pyIHEHI B)KKUMH MeTajJaMH BiJBAJIN IIAXT,
CTaB CTPATeriYHMM IMiJXOAOM Yy BUSBICHHI IITaMiB 3 YHIKQIBHAUMH METa0OIIYHHMH
ajlanTamisMH Ta XIMi9HO Pi3HOMaHITHUMH IPHPOJHUMH CIIOTyKaMH. Y IIbOMY JIOCIiPKeHHI
MIPE/ICTABICHO PE3YJbTaTH MOBHOICHOMHOTO CEKBEHYBAaHHS, 30ipKM Ta KOMILUIEKCHOTO
OioiHpopMarnuHOTrO aHamizy Streptomyces sp. Lv42-5 — eKCTpEeMOTONIEPAHTHOTO IIITaMY,
BHJIIICHOTO 3 pu3ochepu Oepesu moBucioi (Betula pendula), mo pocia Ha IPOMUCIOBOMY
BingBani maxtu y M. lllentuupkuii, Ykpaina. [eHOMHe CeKBEeHYBaHHS 3 BHKOPHCTaHHSIM
riargopmu [llumina ta mogansmia de novo 36ipka Janu 3MOTY OTPUMAaTH BUCOKOSIKICHUIH
YOPHOBHH reHoM po3mipom 9,84 muH 1. H. i3 BMicToM [+1] 71 %. ®inorenoMHuii anami3
i3 BukopucranHsiM GTDB i po3paxyHOk cepenHboi HykineoTHAHOI ineHTHYHOCTI (ANI)
MmoKasas, 1o mram Lv42-5 mae numre 93,36 % ANI 3i cBOIM HaWOIMKYNM POIUYUECM,
Streptomyces diastatochromogenes. 1]e 3HaueHHS ICTOTHO HIDKYE 32 TOPIT PO3MEKYBAHHS
BUIIB Y 95-96 %, 1110 MiATBEPIUKY€ TPHHANISKHICTD Lv42-5 10 TAKCOHOMIYHO HOBOTO BHITY.
ODyHKIiOHAIFHA aHOTAIliS 32 JoroMororo cepBepa RAST Bka3zasa Ha Te, 1110 3HAYHA YaCTHHA
TCHOMY TPUCBSYCHA METAOOMIYHHM TpolecaM, 30Kpema, MeTabomi3My aMiHOKHCIOT i
BYIVICBOJIIB, NIPU I[bOMY HEMa€ TeHiB, sKi BINOBITaIM OM 3a PyXJIUBICTH 1 (OTOCHHTES.
BaximBo 3a3Ha4MTH, IO TEHOM KOIY€ MOTYXXHUH TEHETWYHHWH apceHain CTIMKOCTI 0
BO)KKUX METAJIB, BKJIIOYAIOUH CHElU(iuHi MeXaHi3MH TOJEPAHTHOCTI 10 Mifi, KoOaJbTy,
LMHKY Ta KaJMilo, a Ie BigoOpaxkae yCIIIIIHY aJanTariio ImrTamy 0 MeTaJOBMICHOTO
cepeioBUIa iCHYBaHHSA. [ eHOMHMH MalHIHT 3a nomomoror antiSMASH 8.1 BusiBuB
Oararuii 6iocuHTeTHYHUN PO ik, SIKMH BKITIoYac 43 HMOBIpHI Kilactepu reHiB. OTpuMai
pe3yabTaTH XapakTepusyloTh Streptomyces sp. Lv42-5 sk HOBUH, cTpec-alanTOBaHHUIA BH]T
31 3HAUHUM TOJBIHHIM MOTEHIIaNIoM It Oiopemeniarii 3a0pyTHeHb BaXKKMMH MeTaJIaMH
Ta BIKPUTTS HOBHX TEPANEBTHYHUX 3aCO0IB.

Kniouosi crosa. Streptomyces, TeHOMHHH aHai3, O10CHHTETHYHI TeHHI KJIACTEPH,
BiJIBaJIN IIAXT, IPUPOJHI CIOIYKH
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MOTOPHI KJIITUHU JTUCTKIB CAREX HIRTA 3A YMOB POCTY
HA HA®TO3ABPYJHEHOMY I'PYHTI
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Ha cporoani € Mano maHux mpo Te, sk pocianHu poaunu Cyperaceae NpHCTO-
COBYIOTBCSI 10 POCTYy Ha Ha(T03a0pyAHEHUX IPYHTaX 3aBISKH 3MiHaM B aHATOMIUHIH
cTpyKTypi nuctkiB. C. hirta € CTIfIKUM cepe]; 0COKOBUX BUIOM /10 HAGTOBOTO 3a0pyIHEHHS
rpyHTiB y M. bopucnas. Tyt 3 XVIII ct. 1 10 choroaHi BeneTscs HadTOBHAOOYTOK. Lei Bux
pociuH € ditopemenianToM. BiH ycIilHO 3HMKY€E BMICT HAQTONPOAYKTIB Y TIIMHUCTHX
IPYHTaX, SKi CHJIBHO aacopOyroTh TigpodoOHi opraniuHi ckmamoBi HadTH. PocimHm,
SIKi POCTYTh Ha HaTO3a0pYIHEHOMY IDYHTIi, CTPaXKJaloTh, y MEPIIy Yepry, BiJ MOCYXH.
EnnorenHi nporpaMu cTifiKocTi pocinH MOAU(DIKyIOTECS TAKUM YHHOM, OO CTPYKTYpHI
Ta MeTaboJIUHI 3MIiHM JOIIOMOINIM IIOZOJIATH HECHPUSTINBI YMOBHM HAaBKOJIUIIHBEOTO
cepenoBuiia. OJHIEI0 3 OCHOBHHMX CTPYKTYPHHX 3MiH y BIIMOBiIb Ha CTpEC € 3MiHH
y muctkax C. hirta. Y JHMCTKax POCIMH OCOKH IIOPCTKOBOJOCHCTOI Ha ajaKciaibHii
MOBEPXHI MICTATBCS ClienianizoBaHi MOTOpHI abo BopoHocHi kiituau — bulliform cells
(BCs). BCs 3abe3neuyrors 01l e(eKTHBHE CKPY4YYBaHHS/CKIAJaHHS JIMCTKIB IILIIXOM
BTpATH IXHBOTO TYypPropy 3a yMOB BOJHOTO CTPECY, III0 IPU3BOJHUTH 10 3MCHIIEHHS IUIONI]
iHcossiii. 3a pocty Ha HadTO3a0pyAHEHOMY IPYHTI, SIKMI Mae riapodoOHi BIACTUBOCTI,
yTBOproBanacs Oursmma kimekicts BCs (10-12, a y xonTpoIni 6—8 KIiTHH), SIKi BIUIHBAIOTH
Ha KYT PO3KPUBAHHS JUCTKOBOI TUTACTUHKH i, BiIMOBIHO, HA IHTCHCUBHICTh TPaHCHipallii
pociauH ocokH. ITpoTe y BKa3aHHX CTPECOBHUX yMOBaX 3MEHILIYBAJIMCS BHUCOTA 1 ILJIOLIA
nosepxHi BCs, a Takox 3miHIOBayacs ixHs ¢opma 3 oBaibHOI Ha rpymononiony. Takox
y LIMX CTPECOBHX YMOBAaX yTBOPIOBAJIACS TOBCTIillAa KyTHKY/IA SK Ha emigepManbHux (y
2,7 pa3a), Tak i Ha MOTOpHUX (y 2 pa3u) KIiTHHAX JUCTKIB pociuH C. hirta. 30UTbIICHHS
KUIBKOCTI MOTOPHMX KIITHH, TOBCTIiIlla KYyTHKYJa CHPHSUIN 30€PEekKEHHIO BOJIHM Y POCIHHI
32 YMOB YTPYAHEHOIO BOJOINOINIMHAHHA 3 HadTo3abpyaHeHoro rpyHTy. Lle qocimipkeHHs
PO3LIMPIOE CydacHE PO3YMIHHS CTpPATEriid, siKi BUKOPHCTOBYIOTh POCIHHH y OOpOTHOI 3i
CTPECOM 3aB/SIKH aHATOMIUHIH IUTACTHYHOCTI CTPYKTYPHUX €JIEMEHTIB JIUCTKIB.

Kniouoei cnosa: MOTOpHI KIITHHU, Ky TUKYa, Carex hirta,ctpec, HadhTo3a0py THEHHH
IPYHT

Bopucnap — yHikampHe MicTo y cBiti, Ae 3 XVIII cT. i M0 choromHi BemeThCs
HapTOoBHIO00yTOK. HadhTOHOCHI perioHn, B TOMY 9uCIi i TepuTopist boprcnasa, cucteMaTHaHO
CTpaXXIAIOTh BiJ pO3HBiB Ha(TH AK Mix yac HOOYBaHHA, Tak i MiJ 49ac 1l TPaHCIIOPTYBAaHHS
[7]. BopucmaBcbki IPYHTH € TEpeBaXKHO TIMHUCTHMH. [ TUHHUCTI TPYHTH, SKi CTaHOBISATH
3Ha4YHy 4acTKy y cBiTi (20-50 %), cuiabpHO amgcopOyroTh MaJOpO3YMHHI, HEMOJSApHI i came
ToMy TigpodoOHi opraHiyHi cKiamoBi HapTH. Bimomo, mo ounmieHHs HadTO3a0pyIHEHUX
TIIMHUCTUX TPYHTIB 32 JIOTIOMOTO0 (i3WYHMX 1 XIMIYHHX METOJIB A€ He3HAUHUHA edekT [25].

© bynso JL., Isinuaiok O., 2025
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A KOIM WIETHCS PO OYHILCHHS IPYHTIB Y MICTi, TO 3aCTOCOBYBaHUI METOJ Ma€ OYTH HE TIIBKH
e(eKTHBHUM, a il Hacamnepe]| Oe3MEeYHNM IS 3710POB’ Sl MEILIKAHIIIB.

OnmHuM i3 HaMKpammx METO/IB OYMIIEeHHS HadTO3a0pyJIHEHHUX IIMHUCTHX IPYHTIB Y
HACeJICHOMY TYHKTI € (itopememianis [15]. s miel MeTn Halikpale 3acTOCOBYBaTH MiCLEBI
Buan pociuH. [lepBuHHe 3apocTaHHs Ha po3nuBax HadrToBOro pomosuina y M. bopucnasi
cTBOprOE ocoka ImopctkoBonocucta (Carex hirta L.) 3 pomunu Cyperaceae [3]. Pocnunu
C. hirta y nporieci IXHBOIO POCTY i PO3BUTKY B MOJCIBHUX MOJIOBUX JOCITIIaX 3HIKYBAIU
BMICT cUpOl HAQTH y 3a0pYIHCHOMY IPYHTI, TOMY OyJIK 3alporoHOBaHi JUis (hiTopemesianii
Ha(TO3a0pynHEeHUX IPyHTIB [5]. OmHNM i3 MexaHi3MiB BrokuBaHHs C. hirta y HadhTO3a0pyIHEHOMY
I'PYHTI € YTBOpEHHs MiKopH3H [4] Ta 100pe po3BUHEHOI aepeHXiMH y KopeHesui [1].

Jluctku pocnuH i3 poaun Cyperaceae [21], Poaceae [9, 10, 24, 34] i Juncaceae [2, 11]
IiJ] Yac BOJHOTO CTPECy 3/IaTHI CKPy4YyBaTUCs, cKiaaatucs. s 3aiiiCHEHHs TAKUX PyXiB BOHU
MAalOTh CIICLiaJbHI TOHKOCTIHHI KIIITHHH, SIKI Ha3WBAKOTHCS MOTOPHHMH, 200 BOIOHOCHHMU
kiituHamu (bulliform cells — BCs). B ymoBax nedinuty BoIy KIITHHHM BTpadaroTh TYprop i
JIUCTKOBA IUIACTHHKA CKIanaetrbes mocepenuuu [13]. BCs Bimkpuro 6arato pokiB ToMmy, aje,
HE3BaKAIOYM Ha I1€, IXHE 3HAYCHHS B aJlanTalii poCJIMH JI0 CTPECY 3aJIMIIAETHCS HE3 SICOBAHUM
JIO KIiHIIS 1 Ha ChOTOJTHI.

Mera 1i€i pobotu — orpumatu jaaHi npo Mopdororito BCs y nucrkax pociun C. hirta,
SIKI MOXKYTh OyTH TIOB’sI3aH1 3 MEXaHI3MOM CTIHKOCTI POCIIHH 10 Ha)TO3a0PyIHEHOTO IPYHTY.

Marepiaan Ta MeToH

Baxnadanns oocnionux oinanox. Jns mocmimkenus nuctkiB C. hirta 3aKiaid MOJbOBI
IUISTHKY y TBACHHO-CXiTHIN 9acTiHI M. bopuciasa 3a TakuMu reorpadiqHIMI KOOPIHMHATAMH:
49.2809709" TTulll, 23.4268623"° Cx/I. Bukomamu mBa poBu riauduHOor0 0,25 M i Iuiomero
4 M2, JTHO pOBa BHCTEJIMIH MOJTICTHICHOBOIO MITiBKOO 3 TiepdopartisiMu. B oanH i3 poBiB, sikuit
CIIyT'yBaB KOHTPOJIEM, BHECIIH MiCIIEBHIA ICPHOBO-ITII30JMCTHH IPYHT i3 (POHOBHM, IPHPOIHHM
Ha(TOBUM 3a0pYAHEHHSIM, & Y APYTHH, MOJICIBHHI PiB — MICIIEBHIl IEPHOBO-IIII30JIUCTHI IPYHT
i3 momaBaHH;IM HaTH B po3paxyHKy 50 T Ha 1 KT IpyHTY, 10Ope BUMIMIaHUK (BUKOPHUCTOBYBAIH
cupy Hadty 3 bopucimaBcekoro HadToBoro pogosuiia rycturor 0,86 r/mi). Uepes 20 aHiB Ha
KOXXHY IUISHKY BucamkyBaimu 150 ximoniB pociaun C. hirtfa BipTiHIIBHOTO BIKY, SKi 3pocTanu
Ha YUCTUX TEPUTOPISX B OJHOPITHUX EKOJOTIYHUX yMOBaxX. BucajkyBamu X psagaMu y
[IIaXOBOMY TOPSIIKY B JyHKH rnOunoro 10—15 cM, Bigcranb Mix pociauHamu 15-25 cm. Ilin
Yac yChOTo Mepioy pOCTy POCIHMH BOJOTICTh IPYHTY MiATpUMYyBasu B Mexax 60 % Bix moBHOi
BOJIOTOEMHOCTI.

Bin6ip 3paskiB 3xificHioBann Ha 30-Ty 100y pocty pociun C. hirta, siki nepeOyBaim y
¢asi pozerku (7-9 muctkiB). JlucTkn BinOMpanu paHIOMHO 31 cepeiHbOi YacTHHA naroHa (3—
4-i1 TUCTOK 3HHU3Y) 3 POCIUH KOXKHOI AUISHKU. 310paHi JUCTKU JUIsi aHATOMIYHUX JIOCIIJKEHb
¢ikcyBamm B 96 %-HoMy i 30epiramu B 70 %-HoMy eTmitoBoMy cimpri [32].

Mopgomempuunuii  ananiz. TlomepeyHi 3pi3u JIMCTKIB OTPUMYBaIM 31 CEPEIHBOT
YaCTHHH JIUCTKOBOI TUTACTHHKH. 3pi3u 3iCHIOBANM Je30M Bif pyku [40]. Y kokHOMY BapiaHTi
aHaJIi3yBaJIM HE MEHIIE |5 JIMCTKOBHX IIACTHHOK. 300paKe€HHS OTPHMYBAJIU 32 JIONIOMOTOIO
6iHOKymApHOTrO Mikpockona XS-5520 MICROMED pa3om i3 moxynem mudpoBoi KoIbOpOBO1
kamepu 5 Mpix (CCD). MophomeTpruHi NOKa3HUKH KJIITHH — JiaMeTp (ZOBKHHA 1 IUPUHA),
IUIOIIA — BHUMIPIOBAIM 3 MIKPOCKOIIYHUX 300paKeHb 3a JOMOMOIOI MPOrPaAaMHOI0 3abe3rie-
yeHHs1 Micro Capture Install (Bepcis 9.3).

Pesynbrarn 0OpOOISUTH CTATUCTUYHO 3a JIOTIOMOTOIO IMAKeTa MporpaM aHamizy JaHuX
enexkTpoHHNX Tabmunpb Microsoft Excel. Y po6oTi HaBeneHo ycepenHeHi 1aHi Ta iXHi CTaHAapTHI
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noxuOku. BiqMiHHOCTI MK BapiaHTaMu JOCIHIJIB BBOKAJIM BIPOTIIHUMHM 32 PIBHS 3HAUYIIOCTI
p<0,05 3a xpurepiem CTbIOICHTA.

Pe3yabTaTu i ixHe 00roBOpeHHs
B 0COKHM IIOPCTKOBOJIOCHCTOI JIMCTKOBA INIACTHHKA Y MNONEPEYHOMY Mepepizi Mae
V-nomiOHU#l BUIISIN, XapaKTepHUU Ui OLTbIIOCTI BUAIB pocimH i3 pomuHH Cyperaceae,
ajie BEJIMYMHA KyTa MDK ITOJOBHHKAMH JIMCTKOBOI IUTACTUHKH 3QJISKHUTh BiJ] YMOB, Y SIKHX
POCTYTh POCIMHH: B KOHTPOJBLHOMY BapianTi Ginmbuie 90°, a y pocnun C. hirta, sixi pociau Ha
Ha(dTO3a0pyIHEHOMY TpYHTI, MeHIre 90° (puc. 1).

KOHTPOJIb rpyut+HadTa (5 %)

Puc. 1. Ilonepeuni nepepizu nuctkoBux mactuHok C. hirta Ha 30-Ty 100y pocTy B yMoBax Ha()TOBOTO
3a0pynHeHHs IPyHTY (5 %) (x150) (4epBOHOIO JIiHIEO BUALIEHO MOTOPHI KITITHHH)

[Tix 1eHTpaIbHOK KUIIKOK, Ha aJakcianbHiil cropoHi ysiuctka C. hirta, Oyao BUSBICHO
3HAYHO OUIBIII eriepMalbHi KiniTHHU (puc. 1). Lli BeauKi KITiTHHY, SIKi TOMITHO HMIMPII Ta BUIII
TNOPiBHAHO 3 TUIOBMMH KJIITHHAMH eiiepMicy, yTBOPIOBAJIM apKoMoibHy rpyiy. Ix 3amydaoTs
no motopHux Kimitud (bulliform cells — BCs). Y KOHTPOJIBHHX POCIHH apKOIMoaiOHa rpyrma
cKianasnacs 3 6-8, a y pociuH, siki pociu Ha HadTo3a0pynaHeHOMY IpyHTI, — 3 10—12 MoTopHHX
KJIITHH, SIKi, BIAJAISIFOYKCh BiJl IICHTPAJIbHOI KHIJIKH, CTAlOTh APIOHINIMMHU B 000X BapiaHTax. Y
pocuuH, siKi pociii Ha HaTo3a0pyaHEHOMY IPYHTI, BucoTa i rutonia BCs Oyna menioro Ha 46 %
ta 31, BIJMOBIIHO, MOPIBHSHO 3 KOHTPOJIEM. A 3a IIMPUHOIO MOTOPHI KJIITUHM PI3HUX BapiaHTIB
nucTKiB pociuH C. hirta maiie HE BIIPI3HUTUCS MIX cOOO0FO (IHB. TAOIHUIIIO).

Mopomerpruna xapakTepucTuka MoTopHux kiaitut C. hirta 3a ymoB pocty Ha 5 %
HadTo3a0pynHeHOMY IpYHTI (M£m, n=15 nucTKiB)

Bapianru Kinskicte BCs® ?M.COTa I?CS Hlnpuna BCs, ITnoma BCs, Mxm?
(HaitbOiIbIIOT), MKM MKM
KoHTpoib 7,0+1,20 38,07+2,35 12,79+0,74 4120,91+78,89
IpyaT+HadTa 11,6+0,88" 20,57+1,27" 15,20+1,13" 2823,31+103,02"

TpumiTka: piBHI 3HAYYLIOCTI 3a TecToM t: *p<0,05; ** p<0,01; *** p>0,1; "BCs — MOTOpHI KIIITHHH

VY KOHTpONBHUX pociuH Outbiricts BCs Mana oBajbHy, a y JOCIIIHUX — IPYIIONOAIOHY
dopmy (puc. 1). ¥ BCs, sk i y pemTe KIITHH CHiIEPMICy, KIITUHHA CTiHKA, MI0 MEXYe 3i
30BHILIHIM CEPEAOBHIIEM, TOKPUTA KYTHKYJIOI0 (pHUC. 2), TOBIIUHA SIKOT € OUIBILIOI0, HE3aJIEXKHO
BiZ Bapianrta jnociiny (puc. 3). Y KOHTPOJIBHHX POCIMH ToBHIMHA KyTukynu BCs y 2 pasu
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NepeBHIIyBaJia BiAMOBITHUN MOKA3HHUK KIITHH €IiAEPMH, Y JOCIIJHAX POCIHH 3a 1ii HadTh —
y 1,5 pa3za.

KOHTPOJIh rpyHT+Ha(Ta (5 %)

Puc. 2. Enigepmanbhi xiuitiuau (1) Ta kytukyna (2) muctki y pocnut C. hirta na 30-ty 100y pocTy Ha
Ha(To3a0pynHeHOMY IpyHTI (5 % HadTh) (x400)

Y pOCIIUH 0COKH IIOPCTKOBOJIOCUCTOT, 1110 POCIIH Ha HATO3a0pyAHEHOMY IPYHTI B yMOBaX
ripIIoro NmocrayaHHs BOJOI0, CTUMYJIIOBABCS CHHTE3 KyTHKYJH. EminepmanbHi KIITHHU Mal
TOBCTIlIY KyTHKYJY Y 2,7 pa3a, MOTOpHI KJIITHHH y 2 pa3u, MOPIBHSIHO 3 KOHTpoJieM (puc. 3).

5

kK

T
ik

N

w
—— %

—
HA

TOBIIMHA KyTUKYJIH, MKM
)
HH

S

KJIITHHH emiepMu MOTOPHI KIIITHHH

O KOHTpPOIIb Orpynrtaadra

Puc. 3. ToBumHa KyTHKY/IH eMigepMalbHAX 1 MOTOpHUX KIiTHH pociuH C. hirta 3a yMoB pocTy Ha 5 %

Hadrozabpynsenomy rpyuTti (¥p<0,05; ** p<0,01)

AnaroMiyHa OymoBa JIMNCTKIB Ma€ BKJIMBE 3HAYCHHS IS aJanTaiii pOCIHH [0
30BHIMHIX BIUIMBIB [37]. OCOOIMBO BEIMKE 3HAUCHHS Mae€ OaraTro(pyHKI[iOHATIbHA TOKPHBHA
TKaHMHA — eIliIepMic, sIKMI HacaMrepe]] BUKOHYe Oap’epHy (YHKIIiO, MATPUMYE HEOOXITHUI
piBeHb OBOAHEHOCTI KiThH [38]. Jlyist 3MeHIIEHHST BTpAaTH BOJH i/l 4ac MOCYXH JIESIKI POCIUHH
PO3BHHYIH crienU(IuHI THIIN eiepMalIbHUX KIIITHH, SIKi HA3UBAIOTHCSI MOTOPHUMH [26].
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MoTopHI KJIITHHY BIiepiie onrcano Hanpukinii 1800-x pokiB, 1 IX Bce 1e J0CIiKYOTh
3a JIOTIOMOTOI0 HOBHX MeTomiB [22]. Jlo mHMX KJIITHH MOXXHA 3aJIyYUTH BEIUKi, 3 TOHKUMH
CTIHKaMH, CIielliali30BaHi emiJepMaibHi KIITHHH, 110 YTBOPIOIOTH BISJIONOAIOHY TIpyITy
Ha aJlaKciajbHill CTOPOHI JUCTKIB pociuH i3 poaunu Cyperaceae [26, 28]. Poxp BCs mis
JUCTKIB OKpeMHX BHUIIB poauHu Carex Il 9ac TMOCYXH HACTUIBKH BEJHKA, IO JEsKi aBTOPH
[23] 3anyuarots ix g0 “cellules deplissement” (ckmaaui kiiTiHN) abo “appareil deplissement”
(cxmagauit MexaHi3M). BOHU BUKOHYIOTH PI3HOMAHITHI (DYHKIIIi: HAKOMMUYIYIOTh BOIY, OCpPYTh
y9acTh y 301TBIIEHH] IIIOMII IUCTKA MIUITXOM PO3TATY KIIITHH, y pyXax 3pUTUX JUCTKIB i, TAKIM
YHHOM, y PeryJisilii HaJIXOJDKEHHs CBITJIA 10 KIITHH Me30odiny. JlocimiyKeHHs] OCTaHHIX POKIB
[22, 26, 39] mokazaiy, 0 MOXKIUBICTh PYXaTHCS 3aJICKUTH BiI TYPrOPHOTO THCKY B MOTOPHHX
KJIITHHAX 1 BiJl IXHBOT'O PO3TAIIYBaHHS Y CTPYKTYpI JIUCTKA.

OTprMaHi HaMM Pe3yJIbTaTH JOCIHIKEHb CBIIYATh PO TE, L0 Y PeryJisimii 3ropTaHHs
JMCTKIB OCOKHU IOPCTKOBOJIOCHCTOI, sIKa pOciia Ha HaTo3a0pyIHEHOMY IPYHTI, BH3HAYAJIHFHOIO
€ KUIBKICTh MOTOPHHX KJIiTHH. Lle BinmoBinae cyyacHiit Touwi 30py, Mo 30UIbIIEHHS KIJIbKOCTI
BCs 3abe3neuye Ounbln eeKTUBHE CKpPYUyBaHHS/CKIIAQJAHHS JIMCTKIB IUIIXOM BTPaTH HUMH
Typropy 3a yMOB BOJIHOTO cTpecy [22, 31, 35].

SIKIIO JIMCTOK CKIIQJAETHCS, TO 3MEHIIYEThCS IUIOMIA IHCOJSILII Ta, BIAMOBIIHO,
3HIDKYEThCS IHTCHCUBHICTD TPAHCIIpaIlii, a e € 03HAKOI0 cTpecocTiiikocti [28, 37]. BusBieHo,
10 ONTHUMAJIFHO KPAIIUM BapiaHTOM ISl [TOM SIKIIICHHS HACIIIKIB IIOCYXH € YaCTKOBO CKJIaje-
Huit smctok [36]. ITokazaHo, 1110 B pO3ropHYTOMY CTaHi JIMCTKU pHUCY BTpadainu 52 % Boxu, a
KOJH OyJH 9acTKOBO CKiIajeHi, — jumre 36 % soam [29].

MOTOpHI KJIITHHU TaKOX CIYI'YIOTb Pe3epByapoM Juls HakomudeHHs Boau [22]. SIkmio
iXHS KiJBbKICTh 301IBLIYETHCS, TO 3pOCTAE BMICT BOJIM y JucTKax pocnud C. hirta, siki pociu
Ha HaT03a0pYyAHEHOMY IPYHTI, MiIBUILY€ETHCS TXHSI MIOCYXOCTIMKICTD 1 MOJIOBKYETHCS TEPioa
¢dorocunreTnyHoi akTHBHOCTI. [IpoTe 00’eM BOAM B OKpeMili MOTOpHIN KIiTHHI 3a 1ii HadTH
3HIKY€EThCS, 00 3MEHIIYETHCS ii BUCOTA 1 TUIONIA TTOBEPXHi. Y 3a3HaYEHUX CTPECOBHX yMOBaX
3MiHIOEThCs (hopma BCs 3 oBasIbHOT Ha rpyuIoONno/iOHy, IO CHPUSE CKIAJAaHHIO JOKYITH JIBOX
MOJIOBMHOK JICTKA. Biziomo, 1110 (hopmMa MOTOPHUX KIIITHH 3MIHIOETHCS 3aJIEXKHO BiJI TYPrOPHOTO
THCKy B HEX [39]. V TyprecuieaTHoMy ctadi BCs MaroTh oBaibHY (POpMY i IUCTKOBA TUTACTHHKA
€ BIZIKPUTOIO, TOJI SIK TIiJ] YaC 3HWKEHHS TYPrOpHOIr'0 THCKY BOHU HaOyBalOTh TPYIIONONIOHOT
(hopMH 1 TUCTOK CKIIANAETHCS. 3MEHIIEHHS po3MipiB 1 3miHy ¢opmu BCs 1 yac BOIHOTO cTpecy
cnioctepiranu y 6amOyky [35], kykypymsu [22].

3HEBOJIHEHHSI MOTOPHUX KIIITHH BiJJOyBa€ThCsl Yyepe3 KyTHKYIY, SKa € OLIbLI BOJONPO-
HUKHOIO, TIOPIBHSHO 3 Ky THKYJIOIO CITiIePMI, He3BaXKal04r Ha 11 TOBIIUHY [22]. BomompoHUKHICT
KyTUKYJH 00yMOBJICHA HE TOBIIMHO, a CKJIAJJOM — HasBHICTIO IoJricaxapuHux (iopu, ski
MOJIETIITYIOTh TIPOXoKeHHs Bomu [12, 27, 30, 33]. bymno nokasaHo, o y POCIHH, SIKi MajH
Oimprry ToBIMHY KyTuKynu BCs, HiX emigepma, ane 31 3SMiHEHHM CKJIaIOM BOCKY Ta KyTHHY,
KyTUKYJIH MaJli OlJIbIly BOJONPOHUKHICTB [22].

ToBcrimmii map KyTHKynn y pociigaux pociuH C. hirta iHIyKyeTbes aediuToM
Bomu y TpyHTi [18] Ta cmpusie criiikocti 10 mocyxu [16]. BigkmamaHHS TOBCTIIIOTO MIapy
KyTHKYJIH IiJT 9ac TIOCYXH CIIOCTepiraiu y 0aratbox pociuH: Arabidopsis thaliana (L.) Heynh.,
Avena sativa L., Triticum aestivum L., Zea mays L., Cucumis sativus L. Solanum lycopersicum
L., Malus domestica Borkh., Sorghum bicolor (L.) Moench, Hordeum vulgare L. Glycine max
(L.) Merr, Gossypium hirsutum L., Camellia sinensis (L.) Kuntze [6, 8, 14, 17, 19, 20, 41].

Taxum unHOM, pocnunan C. hirta, IKi pocTyTh Ha HAPTO3a0pyTHEHOMY IPYHTI i 3a3HAIOTH
BOJIHOTO CTpeCy, BAPOOMIIM aHATOMIUHY IUIACTHYHICTh CTPYKTYPHHUX €JIEMEHTIB JIMCTKIB. Y HUX
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YTBOPIOETHCS O1ITBIIIA KUTBKICTh MOTOPHUX KJIITHH, IO JIA€ JINCTKAM 3MOTY IIBU/IIC CKJIaJaTHCh
i THM camMuM 00epiraT ix BiJ 3HEBOJHEHHs. TakoX 3a IIMX YMOB POCTY €IijiepMa JIUCTKIB
MMOKPUBAETHCST TOBCTIIIOK KYTHKYJIOK. MEHII po3Mipy MOTOPHUX KJIITHH JIUCTKA 1 BEJIMKA
TOBIIMHA KYTHKYJIH — O3HAKH MMOCYXOCTiHKi pociuH. OJHAK JaHa TeMa MOTpeOye MOJalbIInX
nociimkerb BCs Ha pi3HUX CTaisAX PO3BUTKY POCIHHHU i CAMOTO JINCTKA, CTPYKTYPH KYTHKYJIH
BCs Ta enmigepmu. Mu BBaxkaeMo, 110 JCsIKi JOJATKOBI JOCIIIKEHHST HEOOX1IHI JJIsl TOTO, 11100
OTpUMaTH OiJIbII TOYHI JaHi MPO POJIb MOTOPHHX KIITHH y CTIKOCTI POCIMH 10 HaTOBOTO
3a0py/JHEHHS IPYHTY.

JIoOTpUMAaHHS €THYHUX HOPM

Asmopu nosioomasoms npo 8i0CymHicms OyOb-51K020 KOH@IIKMY iHmepecis.
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BULLIFORM CELLS OF LEAVES OF CAREX HIRTA UNDER CONDITIONS
OF GROWTH ON OIL POLLUTED SOIL

L. Bunio, O. Tsvilynyuk

Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
e-mail: bunio.lyubov@gmail.com; olha.tsvilynyuk@Inu.edu.ua

To date, there is little data on how plants of the Cyperaceae family adapt to growth
on oil-contaminated soils due to changes in the anatomical structure of the leaves. C. hirta
is the most resistant among sedges to oil pollution of soils in Boryslav. Oil extraction has
been carried out here since the 18th century and continues to this day. This plant species is a
phytoremediant. It successfully reduces the content of oil products in clay soils that strongly
adsorb hydrophobic organic components of oil. Plants growing on oil-contaminated soil
suffer primarily from drought. Endogenous plant resistance programs are modified in
such a way that structural and metabolic changes help overcome adverse environmental
conditions. One of the main structural changes in response to stress is changes in leaves.
In the leaves of C. hirta contain specialized bulliform cells (BCs) on the adaxial surface
on the adaxial surface. BCs enable more efficient curling/folding of leaves by losing their
turgor under water stress conditions, resulting in reduced insolation area. When growing on
oil-contaminated soil, which has hydrophobic properties, more BCs were formed (10-12,
and in the control 6-8 cells), which affect the angle of leaf blade opening and consequently,
the intensity of transpiration on the intensity of transpiration of C. hirta. However, under
these stressful conditions, the height and surface area of BCs decreased, and their shape
changed from oval to pear-shaped. Also, under these stressful conditions, the following
was formed thicker cuticle was formed on both epidermal (2.7 times) and motor (2 times)
cells of C. hirta. The increase in the number of motor cells and thicker cuticle contributed to
the preservation of water in in the plant under conditions of difficult water absorption from
oil-contaminated soil. This study extends the current understanding of the strategies that
plants use to cope with stress through the anatomical plasticity of leaf structural elements.

Keywords: bulliform cells, cuticle, Carex hirta, stress, oil pollution soil
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MMAPAMETPHU TA TUHAMIKA TONYJISIIIA PHYTEUMA VAGNERI A. KERN.
(CAMPANULACEAE) B PI3HUX YMOBAX OCEJIHUII Y YOPHOT OPI
(YKPATHCBKI KAPIIATH)

B. Koo6iB

Inemumym exonoeii Kapnam HAH Yxpainu
eyn. Kosenvnuywka, 4, Jlvsie 79026, Ykpaina
e-mail: valentynakbv@gmail.com

BuBueno mapameTrpm Ta AWHAMIKY HOMYJALIH CXiJHO-TIBIEHHOKAPIATCHKOTO
enneMiunoro Buny Phyteuma vagneri A. Kern. B pi3HHX ymoBax ocenuin y HopHoropi
(Ykpainceki Kapmartu). ocnimkerHs: npoBoamwin npotsrom 2014-2025 pp. y mmpokomy
BHCOTHOMY JIialla30Hi B HETIOPYIICHNX YMOBAX 1 i/l aHTPONOT€HHUM BILTHBOM.

BceranosneHo, mo y mexax Bucot 1425-1855 M H. p. M. TOCIiKEHI mapaMeTpu
Ph. vagneri (BUCOTa T€HEPATWBHOTO IArOHA, KUIBKICTH 1 PO3MIpPH JIUCTKIB, KiJIbKICTh
TCHEPATUBHUX MAaroHiB Ha 0COOMHY Ta IXHS MIUIBHICTH) TOCUTh MIHJIHBI. Y HENOPYIICHUX
YMOBax MOKa3HUKH Ph. vagneri 3a BKa3aHuil niepion (6—11 pokiB) maiike HEe 3MiHHIIHCH,
1 3HaueHHs OUTBIIOCTI 3 HUX 3pOCTa€ 31 3HWKECHHSAM BHCOTH HaJ piBHEM Mops. Y
HaiBHCOKOTIpHIIN nomymsnii Ha TypKyJabCbKii MOJOHHMHI OUTBIIICTH 1HIWBIAYaTbHUX
rapaMeTpiB HaHIKY1, OTHAK KUIbKICTh TeHEPATHBHUX MAroHiB Ha OCOOMHY TYT € ONHIEIO
3 HAUBUILIUX.

JlocmikeHHST YOTHPHOX PI3HUX MOMYISIIHHUX JOKyciB Ha moi. [loxkmkeBchka
(6e3 aHTPOIIOTEHHOTO HABAaHTAXKCHHS, ITi]] BILTABOM CKOILIYBaHHS, Ha TPYHTOBIH 10po3i Ta
Ha y30i44i) BUSBIIIH, 10 32 YaC CIIOCTEPE)KEHb Ha AUISIHII, SKY HiIIAa0Th CKOIIYBaHHIO,
3HAUCHHS 1HIUBITyaJbHO-TPYNIOBUX NOKA3HUKIB Ph. vagneri 3pocin. CKOIIyBaHHS MPOTH-
Ji€ 3apOCTaHHIO YK KOHKYPCHTHHMH BHIAMHU 1 MPU3BOJHUTH IO 30UTBIICHHS KUTBKOCTI
TCHEPATHBHUX TTarOHIB HA OCOOMHY Ta J0 3pOCTaHHs iXHBOI MITbHOCTI. [TopiBHSAHHS TBOX
CYCIIHIX AUISHOK MOKa3ano, mo Ph. vagneri BpaznuBa 0 CHIBHOTO AHTPOIOTEHHOTO
BIUIMBY (Ha JI0pO3i), BHACHIJOK SKOTO 3HAYHO 3MCHIIYIOTHCS 1HIWBIAYaJbHO-TPYIIOBI
rmapaMeTpH, OCOOIHMBO IIUIBHICT TEHEPATUBHUX paMeT — y 2,5 pasu, IXHS KUTBKICTh Ha
ocobuny — B 1,9 pasa, a TakoX BHCOTa TeéHEpPaTUBHOTO MaroHa — B 1,6 pasa.

[HTeHCHBHE 3apOCTaHHS BHCOKOKOHKYPEHTHHMH BHAAaMH (TakuMH SIK Picea
abies, Alnus viridis, Pinus mugo, Juniperus communis subsp. nana, Vaccinium
myrtillus, Calamagrostis villosa Ta 1H.) HEraTHBHO BIUIMBac Ha Ph. vagneri, OCKiIbKH
HaWCTIPUATIMBIIINMY JUIS HOTO BUJLY € JIyYHI €KOJIOTO-I[CHOTHYHI YMOBH.

VY4acTh BEreTaTHBHOTO PO3MHOMKCHHS € 3HAYHOIO, OCKUIbKM mist Ph. vagneri
XapaKTepHEe YTBOPEHHS KIOHIB. HaciHHS 11bOTO BHAY, 310paHe Ha PI3HHUX TiCOMETPUYHUX
PIBHSIX, HE IPOPOCTAE y TaOOPATOPHUX yMOBAX.

BcTanoBneHo, Imo IITBHICTH i BHCOTa T'€HEPATHBHHUX IArOHIB, a TAKOX IXHS
KUTBKICTh Ha OCOOMHY € HaifliH(pOpMATHBHINIMMHU O3HAKAMHU Y MOHITOPHHTY MOMYJISIIH
Ph. vagneri g 3°sicyBaHHS TSHICHIIN IXHIX 3MiH.

Knouosi cnosa: Phyteuma vagneri, eHAEMIK, 1HANBIAyaTbHO-TPYIIOBI TapaMeTpH,
JUHAMIKa MOMYIALiH, aHTPONOTeHHUN BILTUB

Phyteuma vagneri A. Kern. (Campanulaceae) — CXigHO-NIBICHHOKAPIATCHKUH
eHJIeMiK, romupeHuii B Ykpaini ta PymyHii [14], TpamiseTsest epeBakHO Ha TipChKUX JIyKax
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cyOanbmiiicbkoro i amprmiiicbkoro mosiciB. Ileit Bpasnusuii Buj [3] B Ykpaincekux Kapmarax
TpamsieTses y Mexkax BUCOT 1350—1950 [5], Toni six y PymyHii — y 3Ha4HO mupmioMy Aiana3oHi:
1500-2400 m H. p. M. [14, 16]. [Tompenns Ph. vagneri B YKkpaiHi OXOIUTIOE pi3HI TipchKi XpeOTH:
Cxinni beckunu, Bopxkasy, [opranu, Ceunoseis, Yoproropy, Unsunnu ta Mapmapori.

3apocTaHHs BUCOKOKOHKYPEHTHUMH JIEPEBHUMH, YarapHUKOBUMH 1 TPaB’ THIMH BUIAMH,
sKe BiJJOYBa€ThCS MPOTATOM OCTAHHIX JIECSATUIITh YHACHIOK JEMYTalliil pOCIMHHOCTI Ta 3MiH
KJIIMary, a TaKoXK aHTPOIOTeHHHI BIUIMB, SIKMW MMOCHJIMBCS OCTaHHIMH POKaMu 3 OIVISIy Ha
HU3KY TPUYHH, CTAaHOBJIATH 3arpo3y 0araTboM, a 0COONHBO PiIKICHUM 1 €HICMIYHHM BHAaM
¢uopu Yipaincekux Kapnar. Ile npu3BomuTh 10 BUTICHEHHS JIyYHHX BHIIB 13 TXHIX OCEJIHII,
30Kpema, i Ph. vagneri. ToMy DOCTIIKEHHS peakiiii HMX BUAIB Ha 3rajlaHi 3MiHU Ta Ha 3MiHH
MUHAMIKH iXHIX ITOMYIAIiN € 0COONMMBO aKTyaTbHUMU JUIsI 30epeKeHHs 010pi3HOMAHITTSI.

Mertoro 1i€i poboTu OyiI0 ITOCHIIAUTH MapaMeTpH i JUHAMIKY MOMyJsiit Ph. vagneri 'y
IIMPOKOMY BHCOTHOMY Jialla30Hi B HETIOPYIICHUX YMOBAX i ITiJ] aHTPOTIOTE€HHIM BILTHBOM. Taki
JOCTIKSHHS TOMYIIALIN IIHOTO BUAY PaHIIIe He TPOBOIIIIH.

Marepiajin Ta MeTOIH

Jocnimkenns npoBoamwn npotsaroMm 2014-2025 pp. y HopHoropi (Ykpainceki Kapmarn)
B Mexax BUCOT 1425-1855 M H. p. M.

JIyist oTpUMaHHsI KUTbKICHHX OIOMETPUYHHUX XapaKTEPHCTHUK IPOAHATI30BAHO HE MEHIIIEC
25 pocnuH y koxkHi# momymsii [7, 10]. Jocmimkeno 3 momymsmii Ph. vagnersi.

Jl1st onycy MIbHOCTI Ta CTPYKTYPH MOIYIISIIH K 00JIIKOBY OAWHHIIIO OYJI0O BUKOPUCTAHO
pamety (Momynb). OCKUTBKH paMeTH € (PYHKIIOHATFHIMHA OAWHUIISIMA Y BETETATUBHO PYXJINBUX
pOCIMH, TO MiPaxyHOK iX Jja€ 3MOTYy aJeKBaTHO OLIHUTH T'PYINOBI MapaMeTpy IOMYJISLii, He
MOPYIIIYIOUH IMiJ36MHUX OPTaHiB 0COOUH.

[lixpHICTS, CAMOIIATPUMAHHSA Ta IHHAMIKY MOMYJAMiA BUBYAIH 32 YCTAJICHUMH
Mmetoaukamu [2, 4, 8, 11-13, 15].

IIpeacraBineHo (QIOPUCTHYHHI CKJIAA OCEJHIN IOMY/ISMii, a PSICHICT BHIIB, IO
TPAIUIIOTECS pa3oM 3 Ph. Vagneri, onlineHo B Oanax 3a mkanoro K. Bpayn-bianke [6] crocoBHO
OCEJIMIIIA 3aTajIoM.

Homenknarypy pocivH momaHo 3a MikHapoaHOIo 6a3ot0 Euro+Med [9].

IIpopouryBanHs HaciHHS MpoBeeHO y yamkax [lerpi nporsirom 60 nHIB 32 KIMHAaTHOTO
ocBimiienHs: i temneparypu (19-20 °C) (6pamu no 100 HaciHMH Ha YalIKy y TpHUPa3oBii
moBTopHOCTI) [1].

Bucoty Haj piBHEM MOps 1 KOOpJMHATH BU3HAYAJIM 32 JIOTIOMOIOI0 IIPUCTPOIO CHCTEMHU
mobanpHoro mosunionyBanHsa (GPS) “Garmin eTrex”. OTpumani pe3yJlbTaTH ONMpanbOBaHO
CTATHCTHYHO.

Pe3ynbTaTu i ixHe 00roBOpeHHs!

JocnimkeHo mapaMeTpu Ta AWHAMIKY TOMymAniid Ph. vagneri B IIMPOKOMY BHCOTHOMY
Jiarmas3oHi, 30kpema, Oisi HIDKHBOI Ta BEPXHBOI MEXK MOIMIUPEHHS IIHOTO BUY, a TAKOXK ITiJ] aH-
TPOIOTEHHUM BILIMBOM y YOpHOTOPI.

Po3TanryBanHs BUBYEHUX MTOMYIAIIH: TomoHnHA TypKyapchka, 1855 M H. p. M., 48°07'11"
N, 24°32'42" E; xoten bpeckyn-IloxmxkeBcbka, 1535 m H. p. M., 48°09'03" N, 24°31'25" E; nou.
IToxxmxkeBchka, 1425 M H. p. M., 48°9'42" N, 24°32'24" E.

Phyteuma vagneri — TpaB’SHUCTHI KOPCHEBHUIIHUN TOMIICHTPUIHUN OaraTopidHUK.
TemikpunTodit, enToMO(Dia, aHEMOXOP, 300X0p, Me30PiT [5].

Bunoswuii ckimaz i psICHICT KOMIIOHEHTIB Y TOCHTIHKEHUX JIOKATITETaX TaKi:

1. ITon. TypkynbcbKa, anbltiiicbka yka: Phyteuma vagneri — 1, Helictochloa versicolor —
2, Juncus trifidus — 2, Ligusticum mutellina — 2, Podospermum roseum — 2, Pulsatilla alpina — 2,
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Sesleria coerulans — 2, Vaccinium myrtillus — 2, Carex sempervirens — 1, Luzula alpinopilosa
— 1, Rhododendron myrtifolium — 1, Anemonastrum narcissiflorum — +, Bistorta officinalis
— +, Campanula alpina — +, Festuca airoides — +, Hypericum richeri subsp. grisebachii — +,
Hypochaeris uniflora — +, Potentilla aurea — +, Scorzoneroides crocea — +, Silene vulgaris — +.

II. Koten bpeckyn-TloxkmkeBchka, HamiB3apocia Cyoanbmiickka nyka: Phyteuma vagneri
—+, Calamagrostis villosa — 3, Rubus idaeus — 2, Alnus viridis — 1, Athyrium distentifolium — 1,
Hypericum richeri subsp. grisebachii — 1, Juniperus communis subsp. nana — 1, Senecio ovatus
— 1, Vaccinium myrtillus — 1, Achillea distans subsp. stricta — +, Aconitum moldavicum — +,
Festuca rubra — +, Jacobaea subalpina — +, Knautia dipsacifolia — +, Laserpitium krapfii — +,
Ranunculus lanuginosus — +, Rhinanthus sp. — +, Rumex rugosus — +, Thymus alpestris — +,
Valeriana tripteris — +.

II1. TTon. TToxknxkeBchKa, Jiyka Oe3 aHTPOMIOTCHHOTO HaBaHTaXEHHs: Phyteuma vagneri —
+, Festuca rubra — 4, Agrostis capillaris — 1, Arnica montana — 1, Deschampsia cespitosa — 1,
Hypochoeris uniflora — 1, Laserpitium krapfii — 1, Luzula luzuloides — 1, Achillea millefolium —
+, Bistorta officinalis — +, Geum montanum — +, Gymnadenia conopsea —+, Homogyne alpina —
+, Nardus stricta —+, Pilosella aurantiaca — +, Podospermum roseum — +, Potentilla aurea — +,
Silene vulgaris —+, Soldanella hungarica — +, Solidago virgaurea subsp. minuta —+, Vaccinium
myrtillus — +.

IV. TTon. TToxkmxeBCchbKa, JIyKa Iijl BIULIMBOM CKOIIyBaHHs: Phyteuma vagneri — 2, Festuca
rubra — 3, Agrostis capillaris — 2, Vaccinium myrtillus — 1, Achillea millefolium — +, Arnica
montana — +, Bistorta officinalis — +, Gymnadenia conopsea — +, Homogyne alpina — +,
Hypericum maculatum — +, Laserpitium krapfii — +, Ligusticum mutellina — ~+, Phleum pratense
— +, Pilosella aurantiaca — +, Podospermum roseum — +, Potentilla aurea — +, Ranunculus
breyninus — +, Scorzoneroides crocea — +, Soldanella hungarica — +, Trifolium repens — +.

V. Ion. TToxmxeBchKa, y30i4ds MOJIOHUHCHKOI IPYHTOBOIL goporu: Phyteuma vagneri —
1, Festuca rubra — 3, Tussilago farfara — 3, Epilobium angustifolium — 2, Senecio ovatus — 2,
Vaccinium myrtillus — 2, Achillea millefolium — 1, Deschampsia cespitosa — 1, Homogyne alpina
— 1, Luzula sudetica — 1, Picea abies — 1, Potentilla aurea — 1, Ranunculus breyninus — 1, Rubus
idaeus — 1, Thymus alpestris — 1, Hypericum maculatum — +, Laserpitium krapfii — +.

VL. Tlon. [oxwmkeBchbka, Ha MOJOHUHCHKIN IPYHTOBIM nopo3i: Phyteuma vagneri — +,
Deschampsia cespitosa — 2, Festuca rubra — 1, Ligusticum mutellina — 1, Ochlopoa annua — 1,
Potentilla aurea — 1, Euphrasia rostkoviana — +, Homogyne alpina — +, Prunella vulgaris — +,
Vaccinium myrtillus — +.

[MopiBHSUIBHI NOCTIKCHHS TIONMYJISIid Ph. vagneri yepe3 6—11 pokiB mokasaiu, 1o y
HETOPYIIEHHX YMOBAxX MOKa3HUKU Ph. vagneri 3a 1ieil 4ac Maike He 3MIHHJINCh, a 3HAYCHHSI
OUIBIIIOCTI 3 HUX 3POCTAE 31 3HIKCHHSIM BUCOTH HaJ[ PIBHEM MOPSI (JIMB. TAOJIHIIIO).

[Tapametpu renepatuBHUX pameT Phyteuma vagneri A. Kern. y pi3HHX yMOBaX OCEJIHII

2

T K-ctp .

2 Jopxuna | [lupuna Iine-

PoszranryBanus [ Bucora | K-ctp JloBkuHa | rexepa- .
= . | HU30BOTO | HU30BOI'O HICTb,
ocenuui, 5 MaroHa, | JHCTKIB, Yepelika, | THBHUX

3 JIACTKA, | JIUCTKA, . pamert/
BHCOTA H. P. M., M =4 cM IIT./1Iar. cM naroHis/ N

» M cM 6 M

= 0c00.

Mon. Typiymbopka, 2014 210517 11,0506 3,060,1 110,08 3302 3,502 44202
1855 2025 22,518 11,740,7 3,140,1 1,0+0,07 3,5£02 3,4+02 5,0+0,4
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Baxinuenns mabnuyi
Koren bpeckyn- 2015 38,442,6 13,5+1,0 5,4+04 14+0,1 43+03 22+0,1 3,6+0,1
TloxmxeBchbKa,
1535 2025 35,5£2,2 10,7+0,6 4,4+0,3 2,4+0,1 5,8£0,4 2,3£0,1 4,0+0,2
[Ton. Toxu- 2019 45,6+3,2 11,0£0,8 3,6+0,2 2,2+0,1 6,6£0,5 2,2+0,1 3,8+0,3
KeBcbKa, 1425 2025 46,0434 12,0£0,9 4,5+0,3 2.440,1  7,0£0,5 2.240,1 4,0+0,3
ITomn. IMoxwxes-
cbKa, 1425
(mix BITHBOM
CKOIITyBaHHS)
ITon. TToxunxes-
chbKa, 1425 (Ha 2025 38,5+2,5 9,0+£0,5 4,9+0,3 2,9+0,2 7,9+0,6 2,8+0,1 7,1+0,3
y30iw4i foporn)
ITon. [oxwmxes-
cobKa, 1425 (Ha 2025 24,0£1,3 7,7¢0,3 4,1+0,3 2,1+0,1  5,3+0,4 1,5£0,1 2,9+0,1
JI0p03i)

2019 30,0£2,0 11,0+0,7 3,3x0,2 2,0£0,1 5,604 3,3+£0,2 7,3+0,3

2025 49,1£3,5 11,8+0,7 5,5+0,4 3,5+0,2 13,4+1,0 3,7+0,2 10,2+0,6

VY HaliBUCOKOTIpHIIINA Tonyssiii Ha 1oy, Typkynbchbka OUIBIIICTD IHAMBIAYaJTbHUX
rnapameTpiB HailHWK4Yi, OJHAK KUIbKICTh T'€HEPATHBHUX IAroHIB Ha OCOOMHY TYT € OJIHIEIO
3 HaAWBUIIMX (AUB. TaOmui0). lle MOKHA MOSCHUTH CIA0KOK KOHKYPEHIIIEI0 3 OOKY 1HIINX
KOMIIOHEHTIB yrpyNOBaHb, SIKi B aJIbIIHCHKOMY MOSICI YTBOPIOIOTh HEBUCOKUI TPABOCTIH.

Ha mnononunni TlokmkeBchbka AOCHIKEHO 4 pi3HI IUISHKA: 0€3 aHTPOIOreHHOro
HaBaHTAKEHHSI, Ii/1 BILTABOM CKOIIIYBaHHsI, HA IPYHTOBIH 0po3i Ta Ha 11 y30i4ui.

BcTanoBieHo, 10 1Mig BIUIMBOM CKOILIYBaHHS apameTpu Ph. vagneri 3poci 3a 4ac, 110
MHUHYB, 0COOJIMBO: JOBKMHA depemrka — y 2,4 pasa, JOBXKHHA i IIUPUHA HA30BOTO JIUCTKA —
B 1,7 pa3a, BucoTa TeHepaTHBHOTO MaroHa — B 1,6 pa3a, OIUIBHICTh TEHEPATUBHUX pPaMET — B
1,4 paza. Cnij 3a3Ha4MTH, IO HIUIBHICTh 1 KUIBKICTh TeHEPATUBHUX IMArOHIB HA OCOOWHY TYT
€ OJHVMH 3 HallBHIIMX (IMB. Tabmuiro). Ll minstHka 3a3Ha€ CKOLIYBAaHHS IPOTATOM OCTaHHIX
POKIB, e CIIPUSIIO PO3MHOXKEHHIO Ph. vagneri TyT, O4€BHIHO, Yepe3 3MEHILCHHS 3apOCTaHHS
1 KoHKypeHIil. KpiM TOro, CKoIlyBaHHS MMO3WTHBHO BIUIMBA€ Ha BEreTaTHMBHE PO3MHOXKEHHS,

Puc. 1. Phyteuma vagneri A. Kern. Ha nos. [ToxmkeBcbKa i1 BIUIMBOM cKolyBaHHs (depBeHb 2019 p.)
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SIkmo mopiBHIOBaTH JAUISHKKM Ha nos. [loKmkeBCbKa ITiJ] BIUIMBOM CKOIIYBaHHS 1
0e3 aHTPOIIOreHHOI0 HAaBaHTAXKEHHS, TO BHJHO, IO CKOIIYBAaHHS 3YMOBIIOE JIO 301IbLICHHS
KUTBKOCTI TEHEpAaTHBHUX MMAaroHiB Ha 0coOuHy B 1,5—1,7 pa3a Ta IXHBOI HIIbHOCTI y 2—2,6 pa3a
B Pi3Hi POKH, HATOMICTb PEIlITa MOKA3HUKIB € MOJI0HIMH.

Puc. 2. Phyteuma vagneri A. Kern. Ha noin. [ToxxnmkeBcbKa i1 BIULIMBOM CKOLTyBaHHs (depBeHb 2025 p.)

[TopiBHSIHHS IBOX AUISHOK, PO3TAIIOBAaHUX MOPYY, BUSBHIIO, 1110 HA JOPO3i JOCIHIIKEeH]
napameTpu Ph. vagneri € HI>KYUMH, HDXK Ha 11 y30144i, 0COOJIMBO IITBHICTh TEHEPATUBHUX PAMET
(y 2,5 paza) i ixHs KUIbKICTh Ha ocoOuHy (B 1,9 pa3a), a Takok BUCOTa T€HEPATHBHOTO IaroHa
(y 1,6 pa3za) (nuB. Tabmuio). [logiOHa TEHICHIIIS CHOCTEPIraeThCs 1 MiJ Yac MPOKIIAJIaHHS
cTexok. Lle cBiqunTb, O CHIIbHUN aHTPOIIOTCHHHH BIUIMB, & CaMe BUTOITYBAaHHS, HEraTHBHO
MMO3HAYAETHCSI HA 1HIUBIAyaIbHO-TPYIIOBUX MapaMeTpax Ph. vagneri (puc. 3).

[HTEeHCHBHE 3apOCTaHHSI BUCOKOKOHKYPEHTHHMHU BUIaMH (TakuMU sik Picea abies (L.)
H. Karst., Alnus viridis (Chaix) DC., Pinus mugo Turra, Juniperus communis subsp. nana Syme,
Vaccinium myrtillus L., Calamagrostis villosa (Chaix) J.F.Gmel. Ta iH.) HeraTuBHO BILTUBA€ Ha
Ph. vagneri i cnpu4uHsi€ BUTICHEHHS 1IbOTO BHJLY, HATOMICTh HAWCIPUSTIIMBIIIUMHU JJIsl HHOTO €
Jy4Hi yMOBH. Lle Tako MpU3BOIUTS JI0 BiZICYyTHOCTI IPUIATHUX HE3aIePHOBAHNX MIKPOJIOKYCIB
cepel POCIMHHOTO MOKPUBY, SIKI HEOOXIZHI JUIsl MPUKUBAHHS 1 PO3BUTKY MPOPOCTKiB Ph. vag-
neri.

VYuyacTh BereTaTHBHOIO PO3MHOKEHHS Y CAMOIIATPUMAHHI BCIX MOMYJISIINA € 3HAYHOIO,
OCKUIBKH LILOMY BH/Iy IPUTAaMaHHE YTBOPEHHsI KJIOHIB. MU npopoutyBaiu HaciHHs Ph. vagneri,
3i10paHe Ha PI3HUX TINCOMETPUYHHUX PIBHAX, OJHAK BOHO HE MPOpocio B3arami. [lomiOHuii
pe3yabrar niaTBepaxKeHo i B poodorti [. B. Baiinaris (1962) — Bincorok npopocranust Ph. vagneri,
3i6panoro B YopHoropi, ctanoBus smine 0-5,75 %.
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Puc. 3. Phyteuma vagneri A. Kern. Ha non. [ToxxmxeBchka Ha 10opo3i (depBerb 2025 p.)

Sk BugHO 3 TabmuUIi, Ph. vagneri 3araioM BJIacTUBA HEBUCOKA MIUTFHICTD TEHEPATHBHUX
pamer, oJiHaK Iei TOKa3HHK € HaiiMinmBimuM. HaliBuioro BoHa e Ha moi. [ToxkmxkeBcebka (1mif
BIUTMBOM CKOLIYyBaHHS).

BcraHoBiieHo, 110 IIJIBHICTE 1 BUCOTAa TE€HEPATHBHUX MMArOHIB, & TAKOXK IXHS KIJIBKICThH
Ha 0coOWHY, € HalliHQOPMATHBHIIINMY O3HaKaMH y MOHITOPUHTY TONYJsIuiit Ph. vagneri nis
3’CyBaHHS TCHACHIIIN XHIX 3MiH.

Jnst 30epesxeHHst O10pi3HOMAHITTS 1 3arno0iraHHsi 3HUKHEHHIO Ph. vagneri HEOOXiIHO
MPOBOAWTH HHU3KY aKTHBHHUX 3aXOMiB, a caMe: 3amo0iraTé 3apoCTaHHIO JyK (IpopyOyBaTh
JiepeBa 1 yarapHuKM), IPOPIAXKYBaTH TPABOCTIH (CKOIIyBaTH) i A0ATH PO HAsIBHICTh PHIATHUX
He3aJIepHOBAHUX MIKPOIIOKYCiB, HEOOX1THUX JJIS yCITIIITHOTO MPFKUBAHHS i PO3BUTKY ITPOPOCTKIB,
a TaKoXK 3MEHIIYBAaTH aHTPOIIOTCHHUH BIUIUB (30KpeMa, TIPOKIAAaTH JTOPOTH 1 CTEKKN).

MorkHa 3poONTH BHCHOBOK, IO Y Aiana3oHi BucoT 1425-1855 M H. p. M. mapamerpu
Ph. vagneri mocutp MiHTUBI. Y HEMOPYIICHWX yMOBaX MOCIIKeHI MOKA3HUKH MaikKe He
3MiHMIHCS 32 6—11 pOKiB, 1 3HAYEHHSI OUIBIIOCTI 3 HUX 3POCTAE 31 3HIKSHHSIM BUCOTH HaJl PiBHEM
Mopsi. [TopiBHSHHSA IBOX CYCiTHIX HITHOK Ha 1moil. [loKmkeBcbka BHSBHIO, IO Ph. vagneri
BpasiuBa 0 CHJIBHOTO AHTPOIOIEHHOrO BIUIMBY (Ha I0pO03i), BHACIIJOK SIKOIO 3HAYHO
3MEHIIYIOTHCSl 3HAUCHHS 1HAMBIAYaJbHO-TPYHNOBUX MapamerpiB. Ha mimsHmi, sKy miamaioTh
CKOIITYBaHHIO, 1HMBITyaTbHO-TPYIIOBI TOKa3HUKH Ph. vagneri 3p0OCIH 3a IIEPioJl CIOCTEPEKEHb,
OYEBH/IHO, Yepe3 3MEHILECHHs 3apOCTaHHsS 1 KOHKYPEHLIl Ta 3aBASKH CTHMYJIIOBAHHIO Bere-
TaTUBHOTO PO3MHOKEHHS.

CITMCOK BUKOPUCTAHOI JIITEPATYPU
1. Baunaeiu 1. B. BB niepioiM4HOr0 MPOMOPOKYBaHHS Ha MPOPOCTAHHS HACIHHS JESKUX
TpaB’stuuctux pociun Kapnar // Hayk. 3an. Hayk.-npuponosn. myzeto AH YPCP. 1962.
T. X. C. 45-54.



B. Kobie

ISSN 0206-5657. BicHuk JlbBiBCbKOrO YHiBEpcuTeTy. Cepisa bionoriyHa. 2025. Bunyck 95

37

2.
3.

11.

12.

13.

14.

15.
16.

Hioyx A. I1. Tlonynsauiitna exounoris. K.: @itoconionentp, 1998. 192 c.

3uman C. M., I'amop A. @. EnpemiuHi BUAM CYAMHHHX POCIHH Yy (uiopi YKpaiHCHKHX
Kapmar ta nuranns renesucy ¢aopu Kapnar // Hayk. BicH. Yxropoa. yH-Ty. Cep. Gioin.
2009. Bum. 26. C. 172-179.

Hapux U. B., Manunoscokuii K. A. llenonomynsuiliuuii amaiiz aBTOTpodHOr0 610Ky
oioreonieno3y Duschekietum senecioso-pulmonariosum // Yxp. 0otan. xypH. 1987. T. 44.
Ne 1. C. 28-32.

Yonux B. I. Bucokoripna ¢uopa Ykpaincekux Kapnar. K.: Hayk. nymka, 1976. 269 c.
Braun-Blanquet J. Pflanzensoziologie. Aufl. 2. Wien: Springer-Verlag, 1951. 581 S.
Chanell R. The conservation value of peripheral populations: the supporting science //
Proceeding of the species at risk. Victoria, 2004. P. 1-17.

Elzinga C. L., Salzer D. W., Willoughby J. W., Gibbs J. P. Monitoring plant and animal
populations: a handbook for field biologists. Oxford: Wiley-Blackwell, 2001.

Euro+Med PlantBase. http://ww2.bgbm.org/EuroPlusMed/query.asp (14.10.2025)

. Greig-Smith P. Quantitative plant ecology. Berkeley, Los Angeles: University of California

Press, 1992.

Guo Q., Taper M., Schoenberger M., Brandle J. Spatial-temporal population dynamics
across species range: from centre to margin // Oikos. 2005. Vol. 108. P. 47-57.

Korner C. Alpine plant life — functional plant ecology of high mountain ecosystems.
Heidelberg: Springer, 2003. 344 p.

Kyyak V. H., Bilonoha V. M., Dmytrakh R. I. et al. Trends in plant population pattern changes
under natural and man-induced ecosystem transformations of the high mountain zone in the
Ukrainian Carpathians // Studia Biologica. 2015. Vol. 9. N 2. P. 169—180.

Meusel H., Jiger E. J. Vergleichende Chorologie der Zentraleuropéischen Flora. Bd. III.
Jena; Stuttgart; New York: G. Fischer Verlag, 1992. 650 S.

Neal D. Introduction to population biology. Ed. 2. Cambridge University Press, 2018. 412 p.
Pachschwall C. Typification of Kerner names 8: Phyteumavagneri A. Kern. (Campanulaceac)
// Annalen des Naturhistorischen Museums in Wien. 2013. Bd 115. S. 238-241.

Cmammas naoitiwna 0o pedakyii 03.11.25
doonpayvosana 26.11.25
npuiinama oo opyky 28.11.25

PARAMETERS AND POPULATION DYNAMICS OF PHYTEUMA VAGNERI

A. KERN. (CAMPANULACEAE) UNDER DIFFERENT HABITAT CONDITIONS

IN THE CHORNOHORA (UKRAINIAN CARPATHIANS)
V. Kobiv

Institute of Ecology of the Carpathians, NAS of Ukraine
4, Kozelnytska St., Lviv 79026, Ukraine
e-mail: valentynakbv@gmail.com

The parameters and population dynamics of the Eastern-Southern Carpathian
endemic species Phyteuma vagneri A. Kern. under different habitat conditions in the
Chornohora Mts (Ukrainian Carpathians) were studied. The studies were conducted during
2014-2025 in a wide altitudinal range in undisturbed conditions and under anthropogenic
influence.
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It was established that within the altitudes of 1425-1855 m a. s. L. the investigated
parameters of Ph. vagneri (height of flowering shoots, number and size of leaves, number
of flowering shoots per individual and their density) are rather variable. Under undisturbed
conditions, the parameters of Ph. vagneri have hardly changed during the observation
period (6-11 years) and the values of most of them increased with decreasing altitude above
the sea level. In the high-altitude population on the Turkulska Polonyna, most individual
parameters are the lowest, but the number of generative shoots per individual is one of the
highest here.

Studies of 4 different population loci in the Pozhizhevska Polonyna (without
anthropogenic impact, under the influence of mowing, at the roadside and on the road)
revealed that in the locality subjected to mowing, individual and group parameters of
Ph. vagneri have improved during the observation period. Mowing prevents the overgrowth
ofthe locality and leads to an increase in the number of generative shoots per individual and
their density. Comparison of two neighboring sites showed that Ph. vagneri is vulnerable
to strong anthropogenic impact (on the road), as a result of which individual and group
parameters significantly reduced, especially the density of flowering shoots — by 2.5
and their number per individual — by 1.9, as well as the height of generative shoots — by
1.6 times.

Intensive overgrowth by highly competitive species such as: Picea abies, Alnus
viridis, Pinus mugo, Juniperus communis subsp. nana, Vaccinium myrtillus, Calamagrostis
villosa, etc. negatively affects Ph. vagneri, because grassland ecological and coenotic
conditions are most favorable for this species.

The role of vegetative propagation is significant, because Ph. vagneri is a clonal
species. Seeds of Ph. vagneri collected at different hypsometric levels do not germinate in
the laboratory conditions.

It was found that the density, height of the flowering shoots, as well as their number
per individual, are the most informative characteristics for monitoring of populations of
Ph. vagneri to figure out the trends of their change.

Keywords: Phyteuma vagneri, endemic, individual and group parameters,
population dynamics, anthropogenic impact
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JESKI MIPKYBAHHS OO XAPAKTEPHUX PUC OCEJIAII MO YJIAIIINA,
A TAKOXK ITPO BIOTONHA Y PEAJTBHUX YMOBAX IXHbOTO ICHYBAHHS

1. Iapuk

Jlveiecokuil nayionanvuull ynisepcumem imeni leana @panxa
syn. I pywescvroeo, 4, Jlvsis 79005, Vkpaina
e-mail: j.v.tsaryk@gmail.com, yosyf.tsaryk@Inu.edu.ua

3poliieHo crpoly OUTBII NETaabHO PO3MIISTHYTH OPTaHi3alilo OCENUII OIS,
3riHO 3 BU3HAYCHHSM, OCEJIUIIIE MOMYIIALIT — 11 PiIHE CePEIOBUIIE IS IMOITYJISILIN KUBUX
opranizmiB [13].

Knacuikarmii ocenumy nomysiiiii moku mo Hemae. BomgHovac momysismii MOXyTh
OyTH KOHTHHYaJbHUMH, IIHIHHUMH # i30b0BaHUMHU. KOHTHHYaNbHI HOMyIAMii €,
[IEPEBAXKHO, BEJIMKI 32 00CATOM, Yy SKUX Nepeiada TeHEeTHYHOro Marepiany BinOyBaeThes
3a ecTa)eTHUM TPHHIUIIOM; JIHIHHI — MOXYTh OyTH TaKHMH K BEIHKHMH 32 00CSITOM,
ajye ixHi apeay HaraJxye CTpiuKy; i30JIbOBaHI — Mali 3a 00csAroM, OOMiH T€HETHYHUM
MarepiajoM BiIOyBaeThCs MK 0COOMHAMHU B MEXax MOMYIii. Y cucremi kinacugikamii
0I0TOMIB OCENUINA IOy MOXKHA PO3IVISIAATH 32 MPUHIMIIOM TOOYIOBH STIOHCHKOT
JISUTBKU-BKIIAAaHKu (MaTppomika). Lle BiacTwBO, 30KpeMa, i IpiOHHX 3a PO3MIpOM
0COOMH, SIKUM TIpUTaMaHHI Mikpoocenuma. [IpukimagoM MiKpOOCENTUIl MOXYTh OyTH
HEBEJHUKi 32 00CsATOM BOAOWMU (KalkoXKi), TyIJjia NTaxiB, HOPH MHUIIOMOAIOHUX TPH3YHIB
Tomo. CKIIQJHOIO € CTPYKTYpa OCEINUII METAOMYJIAMIN (ormyJsinii momyssiif). Ocenuia
B ME)XKaxX METAIOMyIALiil MOKYTh BUKOHYBATH (PYHKIIii HAKOIMIYBaYiB “MOCTAYaIbHHUKIB"
0COOMH; MicLsl BKEe BUTBHHX BiJl OCOOMH i MiCIs MOTCHLIHHO MPHUIATHUX JO 3aCEICHHS.
Ocenuina MOMyJSIHiA E€KOTOIB BHKOHYIOTh (YHKII0O KaHANiB OOMiHY TE€HETHYHUM
MarepiajoM 1 MicleM aJanTaiiiHux nepedynoB ocoOuH (KpaiioBuii edexr). Ha ocobnuBy
yBary 3aciyroByIOTh OCEJIHMILA K «EKOJOTiYHI mactkwy». J[o wi€el rpymnu ocenuiy MOXHa
3aJly4UTH TaKi, SIKi 332 HU3KOK O3HAK IPUJAATHI JUIS 3aCENICHHS OCOOMHAMHM, ajie B HUX
Hemae ofHoi abo Oiibplie YMOB, HEOOXITHUX TSI HOPMAIbHOI YKUTTEISUIBHOCTI OCOOUH
(manpuknazn, Bucokwid pH TpyHTY, BMICT Yy HBOMY NECTUIHMIIB, HAasBHICTh XW)KaKiB,
MapasuTiB TOLIO).

3HHKHEHHA BHIIB — II€ HacamIlepe] BTpaTa OCENUIN iXHiX momyssimid. Tomy
NPU3YNIMHCHHS 3HUKHEHHS BHAIB Mae 0a3yBaruCsi Ha IXHbOMY KOMIUICKCHOMY
(dyHIaMEHTATbHOMY BUBYCHHI.

Kniouogi cnoea: momynsiis, METAMOIMYIIALS, KIacu(iKaIlist OCeNuI, ‘‘eKoNoriyHa
& 2 2
racTka”, KpaioBuii eext

V naiii crarti «Tpancdopmarist ocenu i 1 BIUIMB Ha 300010Ty» OyJ10 3BEpHYTO yBary
Ha 1oTpedy rMONIOro BUBUSHHS CTPYKTYPHO-(QYHKIIIOHAIBHOI OpraHi3aiii 0CeInI oMy
1 IXHIX 3MiH Yy Yaci 3aj1exHo BiJ TpaHcdopmanii foBkisus [4].

Brnacue, B wiii craTti Mu 3poOwin crnpoOy JAETaNbHINIE PO3IISTHYTH CTPYKTYPHO-
(YHKIIOHaJIbHY OpraHi3allilo OCENUIL, 3aCTOCOBYIOUM JUIsSi LbOTO PE3YJIbTATH y3arajbHEHb,
3po0JieHi HaMu 1 BitoMuM (iHCHKUM JocmigaiukoM Likkoro [Mancki [12].

3riziHo 3 BU3HAYEHHSIM, «ocenuie» lnkku ["aHcKi — 1e pijiHe cepe1oBuILe ISt IOy IS
KMBUX OpTraHi3miB. BiacHe, 11e BU3HaYEHHs OCEJHMIA MM B3SUIM 32 OCHOBY JJIsl OOTOBOPEHHS

© Iapux M., 2025
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Horo xapakTepHux puc. BopHouac TpakTyBaHb TepMmiHa «ocenuuie» (habitat) e Gararo [10].
B Vkpaini omy6mikoBaHo Pexomenpamii momo BOpoBamkeHHS JMPEKTHBH TPO OCENHIIe
€pporeiicekoro Coro3y [1], a Takok HamioHanmpHMIA KaTanor 0iotomiB YKpainu [2] Ta mepemik
«Ocenuma Ykpainu 3a kinacudikamiero EUNIS» [3].

B yxpaiHCBKiff €KONOTiYHIH 1 NPHPOTOOXOPOHHIN IiTEpaTypi TEPMiH «OCEIHUIIE»
BXKHMBAIOTh 0€3 JI0JJaTKOBHX MOsICHEHb. Ha MO0 AyMKy, pPO3yMiHHS TEpMiHAa «OCEIHUIIIE
JOLIJBHO PO3MIAATH Y JABOX acHEKTax: IMepLINil — K CepeJOBHIIE XUTTS MOMYJILild BUIY
a0 Buj1y, IPEJICTABICHOTO O/IHIEIO MOMYJISALIEI0; APYTHH — SIK CHHOHIM TepMiHa «OioTorm» [14].
Ie#t aciekT po3yMiHHS OCENHIIA SIK OI0TOIMY JOCHThH IMOBHO ITPOaHATI30BaHUM, 1 HOTO MIMPOKO
3aCTOCOBYIOTH Y BITUM3HSHIN €KOJOTIYHIN 1 IPUPOTOOXOPOHHIH JiTeparypi.

Mu K OCHOBHY yBary, sIK BXKE 3TajyBajioCs, MPUCBSIYYEMO OCEIHIIAM MOMYJISIi.
[MomymAwii 3a CBOEIO MPOCTOPOBOIO CTPYKTYPOIO MOXKYTH TepeOyBaTH B Jiala3oHi Bix ci1abo
reTEepPOreHHUX JI0 CHIIBHO TETEPOreHHUX, a TAKOK MOXKYTh OyTH KOHTHHYaIbHUMH, JIIHIHHIMH,
130JIbOBAaHUMH.

He MeHII BaXIMBOIO B aCHEKTi BUBUEHHS OCENUIN € TXHs kiacugikamis. Cimif 3BepHyTH
yBary Ha Te, 110 Kiacudikaiiii oOceuIl momyJsiii HeMae B JiTeparypi (IprHaiMHI MEHI BOHA HE
Bimoma). I1lo crocyeTnes knacugikarii ckiiaoBUX 0i0TOITIB — 0i01IEHO31B, — TO BOHA IHTCHCHBHO
PO3BUBAETHLCS 3 Yacy MosiBM ii mepioi Bepcii [9]. Pobept beiini 3a ocHOBY 1i€l kiacudikariii
B3SIB CTPYKTYpy pociuHHOCTI. L{fo imeonorito Oyno BukopucTano B kKonuentii (Natura 2000)
[8]. Cauin 3BepHyTH yBary Ha Te, IO cydacHi kiacugikamii 6i0TOmiB MalOTh HacaMmIepe[
IPHPOLTOOXOPOHHHUI XapaKTep.

Sk MM BKe 3rajiyBaiy, Kiacu(ikalii ocenuin NonyJsiid MOKU 0 HeMae, aje IMoCTae
MUTaHHS, K KOHKPETHE OCEJHMIIE BIMCYETHCS y cHCTeMy Kiacudikaiiii 6iotomiB. 3 mieto
metoro Inkka Tarcki (2010) mpormoHye BUKOPHUCTATH TMPHUHIUIT SATTOHCHKOT JISTTBKU-BKIIATaHKH
(marpporiku). Hampuknaza, ocenwine xyka-tpyxisika (Pytho kolwensis) BXOIUTh JO CKIIAIY
6iotomiB BopeansHuii mic; rpyn CMepekoBuii Jic; 610TOM — cMepeKOoBUil 3a00I0UeHHH JIic 13
MOBAJIEHNMHU CTOBOypamH, sIKi 1epeOyBaloTh Ha PI3HUX CTaIisIX PO3KIAJIY; OCENIHINE KyKa —
MOBaJICHUH CTOBOYP CMEpEKH, SIKUH JISKUTh HaJl TIOBepXHeto IpyHTy. [leBHa cramis nectpykiii
(hoemMu i BigMaNiOl0 KOPOIO — KOHKPETHE OCeNHuINne XyKa-Tpyxiska (Pytho kolwensis).
[MoniOHmii npuHIMT iaeHTH}IKALIT OCeT A MOMyJIsIii KOHKPETHOTO BHY B CHCTEMI 010TOIIIB
MOJKHA 3aCTOCOBYBATH 1 UTS IHIIHX 0e3XpeOeTHIX Ta MOXIB.

HesBakarouun Ha Te, 110 MU MOKHU 10 HE MOKEMO KJIacH]iKyBaTH OCENUINa MOMYJISLi,
i ocenuina 3abe3neuyroTh cnenudidri (QyHKIIT KUTTETSUIBHOCTI MOMYJIsIii. Po3risHemMo
el BWITAZOK Ha TPUKIAAI METamomyJsAiil (momymsmii-momyssmiit). Ocenuia 4acTKOBUX
MOMYJISALINA MOXKYTh y CUCTEMI METanonyJsiii BUKOHyBatu pizHi Gynkuii [11, 7]. Tomymsuii,
a BIATaK 1 IXHI OCeNuIna, MOXKHA MTOJUINTH Ha JIBI KaTeropii: HemepepBHi (KOHTHHYyaJbHI) Ta
¢parmenrToBani (i3osboBaHi). Y MeTanomyssLii nepeBaxaroTh (pparMeHTOBaHI OCENNINA, MiXK
SKAMH € TIeBHUI OOMIH TEeHeTHYHUM MaTtepiaioM. 3 nemMorpadiqHoi Mo3uIlii OCeNnIIa MOXKYTh
OyTH «mDKepemaMm» TOTOMCTBa abo HOTO «HAKONWYyBadyaMm», BOHH TAaKOXK MOXYTh OYyTH
MOTEHIIITHUMHU TS 3aCEJICHHS OCOOMHAMH, a TAKOXK 1 TAKMMHU, SIKi B)KE BTPATHJIM 1[0 3AaTHICTb.
TakuMm YrHOM, Ha PIBHI METANOMYJNALIA MOXHA BHUSBHUTH CHCTEMY OCCNHII, SKi Pi3HATHCS
a0i0TUYHUMU 1 OI0THYHUMH CKIIaJOBHMU Ta CIPHUSIFOTH POCTY YHCEILHOCTI 0COOMH 200 HABITaKH.

OpHiero 3 THOOANPHUX NPUYMH pPYHHYBAaHHS OCETHIN TOMYJIAMiH € QparMeHTamis
nanamadriB (manamadTHEX ekocucteM, 3a M. T'omybnem (2000)). @parmenTanis JanmadTis
MO>Ke He BIUIMBATH Ha OCEIHIIA ApiOHOPO3MIPHUX BUIIB 1 HABIIAKH, IPU3BECTH 10 IXHBOI BTpaTH
JUTS BETUKOPO3MIpPHUX (KOIHTHI, X¥DKI TOIIIO).
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Bsaraui, Haciinku ¢pparMeHTarii JaHamadTiB 010 3MIHU OCEITUII TIOMYJISIIA 10 KiHIIS
HEBiIOMI 4epe3 oOMaiib (PaKTMYHUX JaHUX, a TAKOXK 4epe3 NMPHHAIESKHICTh BUMIB JI0 Pi3HUX
KUTTEBUX CTpaTeriit [S].

He MeHII BaXKJIMBUM acCIIEKTOM € BUBUYEHHS OCENUIL MOMYJIALINA BUIIB, SIKi TPAILUIIOTHCS
B €KOTOHHHUX eKocucreMmax [6]. EkoronHI exocucremn chopmoBaHi 3 abiOTHUHHX 1 O10THIHMX
KOMITOHEHTIB, IPEACTABICHUX IMOMYJISIISIMA BUMIIB, JUIS SIKMX BJIAaCTHBA INMPOKA EKOJIOTiuHA
BaJICHTHICTP IIO0 BOJIOTH, TEMIIEPATYPH, BMICTY Y IPYHTI XIMIYHUX €JIE€MEHTIB TOII0. DaKTHIHO
oceNuIa TaKuX TMOMyJSIiH € “TpaHcnmoprepamMu’ PeNpoAyKTHBHHX 3adaTkiB (0COOWH) y
MIPOCTOPI.

[11e o/11H acHeKT BUBYEHHSI OCEJIUII — 1€ MIKPOOCEIHIIA. Y IPUPO/Ii HINPOKO TPAILISIOTHCS
TPYIIU TBapHH, iXHI €KCKPEMEHTH, THHIOYI 3aJIMIIKH POCIHMH, Mali BOIOWMH TOImo. BiacHe,
B TaKUX OCEJHINAX OCOOWHM 3HAXOJATh 3aXMCTOK 1 MOXWBY. Ha BigMiHY Bif ONTHMabHUX
a00 OJIM3BKUX /IO ONTHMAIBHUX YMOB Y BEJIHMKHX 332 PO3MIPOM OCEJIHIIAX, ICHyBaHHS OCOOWH
Yy MIKpOOCENHIax 3aJeKUTh BiJl 4acy iXHbOTO iCHyBaHHA. J{OCHiKEHHS iCHYBaHHS MIKpo-
OCeNHINa Ta MAaKpOOCENUINA € aKTyaJbHUM 3aBJaHHAM JUISl TIIHOIIOr0 PO3yMiHHS iCHYBaHHS
PI3HOMAHITTS JKHBOTO, @ TaKOX IIATPYHTSAM JJIS BCTAHOBICHHS HACIIAKIB BTPAaTH BEIUKHUX
ocenu Mg yac ixupoi gparmenTanii. BueHHs po MiKpoocenuina gae HaM IiJICTaBU 3po0nTH
MPUIYIIEHHS, 1110 B IHAMWBIAYaJIbHUX KOHCOPIISIX aBTOTPO(QHUX i reTepoTpOPHUX OpraHi3miB
MEpPOKOHCOPIIT (KOHCOPIIii OpraHiB: JTUCTKH, KBIiTH, MEYiHKA Ta IHIII) € CEpeIOBHINAMH, SKi
3a0e3MevyroTh JKUTTEIISUILHICTh OMMIIIOBAYiB, (hiTodaris, Mapa3uTiB Ta IHIINX OPTraHi3MiB.

Llle oauH BaXJIMBHUI aclieKT BUBYEHHS OCEJHMIN IOITYJIALii — Lie HasBHICTh y NpUpPOLI
T. 3B. €KOJIOT'TYHUX ITACTOK — MiCIIb, SIKi 32 HU3KOIO (DaKTOPiB MOKYTh OyTH MOJIOHIMH 10 MiCIIb,
BJIACTUBUX IPylaM OCOOMH KOHKPETHOTO BHIY. BHACIiZOK MPHUPOTHOrO J1000py OCOOMHU
POCIIHH 1 TBAPUH AANTYIOTHCS 10 KOHKPETHUX YMOB CEpPEOBHILA, SIKi IIEPEBAXKHO i 0OMPaIOTh
Juist cede. Y TOMH e yac MpHUIaTHI JUIs 3aCelIeHHs] 0COOMHAMU MICIIs 33 OKPEMUMH MapamMeTpamMmu
MOKYTb OyTH 3MiHEHi (iHIIa KUCIOTHICTh TPYHTY, BiICYyTHICTh KOPMOBUX 00’€KTIB TOIIIO), a IIe
HETaTUBHO BIUIMBA€ Ha PO3BUTOK opraHi3mis [ 16]. Llei mporiec MacoBo criocTepiraeMo 3a yMOB
JIIOJICBKOT TISUTBHOCTI (CIITBCHKOTOCTIONAPCHKOT, JTICOTOCIIOIapChKOT TOMIO).

3 1po61eMO10 AOCIiHKEHHS OCEIHII TICHO ITOB’s13aHE TaKOX ITUTaHHS IXHHOI'0 KPaiioBOTO
epexry. DakTHUHO KpaioBHUU e()eKT 3’SBISETHCS y pa3i 3HHUIICHHS JIIOAMHOK €KOTOMIB [15,
17]. Lle mpu3BOIUTH IO BTPATH CHHEPTIYHOTO e(eKTy Bil TiCHOI B3a€MOJii 4epe3 eKOTOHU
PI3HUX €KOCHCTEM (JIiC — JIyKa; JIyKa — OpHE TI0JIe; BOAoiMa — IPUOEpeKHi (iTOICHO3HU TOIIIO),
IO 3HUKHEHHS YHIKAIBHUX 3a CTPYKTYPOIO Ta (PYHKIIEIO TIHIHHAX €KOCUCTEM.

Buxonsun 3 Toro, mo BTpaTta oceiunl (po3Mip, SIKICTb TOIIO) € OJHIEIO 13 BAXKIMBUX
NPUYMH BUMHpPAHHS IOMYJIALIH, a BiATaK i BUAIB, IOCTa€ K TEOPETHUHE, TAK 1 MPAKTHYHE
3aBJIaHHS BCTAHOBUTH 3B’S30K MK LIMMH JIBOMa MPOLIECAMHU Ta BUSBUTH MEXY TpaHchopmarii
Cepe/IOBHINIA, 32 SIKOIO TIOUYMHAETHCS KacKaj cMepTeil ocoOuH. BeraHoBIIGHHS TakoT MEKi MOTIIO
OU CyTT€BO BIUIMHYTH Ha MPUIHATTS PillleHh MIOA0 eKCIDTyaTamii THX YH iHIIUX O10THIHHUX
pecypciB 1 Ha BIJIHOBJICHHSI JOBKIUIS YKpaiHU MicCIsl BINHU 3 POCIETO.

[ligBoasun 3aradbHUN MiACYMOK, KOHCTAaTYEMO: TIpoOIeMa OCENHII MOMyJIALil, IXHbOT
CTPYKTYpPH, CTIHKOCTi JO 3MiH, 34aTHOCTI IO BITHOBJICHHS MOTPeOy€e MITBHOI YBaru 0i0JIOTiB,
IeHETHKIB, IPUPOJJOOXOPOHHHUKIB 1 MaTeMaTHKIB, 3[aTHUX MOJICIIOBATH Oi0JIOTTYHY CYTHICTb
JKHBOTO.

Mu nepekoHaHi, 10 30epexeHHs OioTHM — Ie Hacammepel 30epexeHHs ii ocenmiia
(biocthepn), moumHAIOYM 3 MIKPOOCENHI 1 3aKiHUYIOYHM MEraeKOCHCTEMOI0 Hamioi 3eMii.
Bunukae xpaifHs HeoOXiJHICTH B OCMHCICHHI MapajurMu 30epeXeHHs XKUBOTO Ha 3eMili y
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BCIX HOro cepeloBHIIAX, a HE JIMIIE B pe3epBarax (HALliOHAIBHHMX IapKax, 3alloBiJHHUKAX,
3aKa3HUKax Tomro). Ha Moo ymKy, KOHIIETIIIiSl pe3epBaTiB He 3a0e3neuye 30epeskeHHs 0i0Tn y
Beix ii mposiBax. Ycs Hama biocepa mana Ou OyTH OrosomeHa pe3epBaToM )KHBOTO.
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AND BIOTOPES IN REAL CONDITIONS OF THEIR EXISTENCE
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This article attempts a detailed examination of the organization of population habitats.
According to Hanski (2009), a population habitat is defined as the native environment for
population of living creatures. Currently, there is no established classification of such
habitats. However, populations may be continual, linear, or isolated. Continual populations
mostly are large and characterized by relay-like genetic exchange; linear ones may also
be large in numbers, but, typically, they occupy ribbon-like ranges; isolated populations
in contrast are small, both in numbers and areas, having the genetic exchange only among
the individuals of the same population. In the context of biotope classification, population
habitats can be conceptualized using the principle of nested structures, similar to Japanese
nesting dolls (matryoshka). This is especially relevant for small-sized organisms who inhabit
microhabitats. The examples of microhabitats may include small water bodies (puddles),
bird tree-holes or nests, rodent burrows etc. The structure of metapopulation (population of
populations) habitats is particularly complex. Within metapopulations, habitats may serve
as reservoirs or “sources” of individuals, vacant areas, and potentially suitable sites for
colonization. Habitats within ecotopes usually serve as channels for genetic exchange and
as sites for adaptive restructuring of individuals (edge effect). Special attention is given
to habitats acting as “ecological traps.” These are environments that appear to be suitable
for colonization based on certain traits, but lacking one or more specific (critical) factors
which are necessary for normal individual life-style (e.g., high soil pH level, presence of
pesticides in soil, the overabundance of various predators or parasites). The disappearance
of species is primarily linked to the loss of their population habitats. Therefore, halting
species extinction must be based on a comprehensive and fundamental study of these
habitats.

Keywords: population, metapopulation, habitat classification, “ecological trap”,
edge effect
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HOBI ACHEKTH BUBYEHHSA OCEJINII TBAPUH
YV 3AXITHOMY PEITOHI YKPATHA
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VY cTarTi 3amporOHOBAHO i OOIPYHTOBAHO TMOHATTS MIKpPO- Ta MEraoceiuiia, a
TAKOXX PO3MNISTHYTO TXHE 3HAUSHHs JUIS TBapHH. 30CEpPEKEHO yBary Ha CITiBBiJHOIICHHI
HOHSTH «010TOI 1 «OCeNHIIe», BKa3aHO Ha BiAMIHHOCTI M HEMH. Ha npukitazni pisHux
03HAK MOJICEHHUX TAKCOHIB TBAPHH MOKA3aHO IXHIO 3aJI€XKHICTh BiJ XapakTepy i ANHAMIKH
OCeNHIl, 1XHBOI crenu(iku TOo. 30KpeMa, BUSBICHO SKiCHI Ta KiJbKICHI BiIMIHHOCTI
CKJIQJly yrpYyNOBaHb IIAHKTOHHHUX PAaKOMOMIOHHMX Y PI3HHX 3a CTyNneHeM TpaHchopmartii
OCeNuIax IPHUPOJOOXOPOHHUX TEPUTOPIH 1 aHTPONMOreHHOro JaHmuadry, IXHIO
MPUHANICKHICT JI0 MEBHUX THUMIB OioTomiB. PuiiHi ocu poaun Crabronidae Ta Sphecidae
TEXX BUSIBIISIIOTH NEBHUI OCENUIHUI PO3IO/IL, 32 SIKOTO HaWBUIIE BHIOBE Pi3HOMAHITTS
(44 Buam) xapaktepHe Ul OiOTOIy COCHOBHX JIICIB Ha MINIaHUX IPYyHTax 31 3HAYHOIO
KUTBKICTIO JMIIaiHMKIB. [ToceneHHs )k OC y MOPOXHIX cTebiax pOCIMH 1 BiaMeplii
JIEPEeBUHI PO3IISIAEMO SIK TPHUKJIA] BHUKOPUCTAHHS MIKPOOCEIHII Yy MeXaX OKPEMHX
GiotomiB. PexpeaniitHuii i teMyTaniiHIii YAHHUKH BIUTUBY Ha OCEJIUIA TBAPHH BUSBUIIUCS
HaWOIIbII 3HAUYIIO HETaTUBHUMM y BHIQJIKY 36MHOBOIHUX (KapMaTChKHUH 1 ajbriiicbKuii
TPUTOHH) HA TePEHaX NMPHUPOJOOXOPOHHUX TepuTopill Yipaincbkux Kapmar. Cepen ocenuy
opHiToayHH MicTa, sIKi 00’€/HaHI MOHATTSIM «METaoCesHIIe», HalHOIIbIIOT yBaru Moo
30epeKCHHS 3aCIyTOBYIOTh CTapi MapKd Ta I[BUHTApI, J€ BUIOBE PI3HOMAHITTS NTaxiB
HaiiBumie (10 60 BuaiB). LlboMy cripusic HassBHICTb Y HUX BOJIOHM, CTapUX JIePEB i HOPIBHIHO
HHU3bKHUI1 piBeHb aHTpOMiYHOTro BIuMBY. CKJ1a/l FHI3A0BUX MaTepialiB i CyIyTHE HaCEeJICHHS
THI3Z TTaxiB TEX JETAIBHO PO3MISHYTO B KOHTEKCTI XapaKTEPHUCTHKHM MiKPOOCEIHII.
Tak, y TpaHcOpMOBaHOMY Ta 3aCMiYCHOMY MOOYTOBMMH BiJIXOJaMH CEPEIOBHIII MTAXH
BUOIPKOBO BHKOPHCTOBYIOTh iX JJisi OyMiBHHIITBA THI3/ HaBITh 3a JOCTATHBOI KiJBKOCTI
MPUPOTHHUX MarepianiB. BUsBICHO TakoX, 1110 THI3Aa TOPOOLETONIOHNX MTaXiB MPUAATHI
JUTS 3aCENICHHS KoJeMOomamu. [Hi3aa CayryrTh I KOJIeMOOJ MiKPOOCETHIIIAMHE, OCKITBKH
CKJIAJIAFOTHCSI 3 MPUPOTHUX MaTepialiB, MOMIOHNUX 10 JIICOBOI MiJICTUIIKA. AHaI3 paliony
Ta JIoKami3aiii ekckpeMeHTIB puci Ha [lomicci mokasaB, MO0 BOHU HaHuacTillle MICTATh
3aITUIIKA CAPHU EBPOIEHCHKOT 1 TPATUISIOTHCS Y 010TOMaX COCHOBHX JIiciB. B3aeMo3B’s130k
MK 3MiHOIO OCEJIHIIA B Yaci 32 YMOBH AEMyTallil Ta CTAHOM IIOIYJSILIT Ha MIPUKIA/Il IBOX
BUJIIB MypaIok (Lasius niger i L. flavus) nokasas, 110 3 IUIMHOM CYKIECIHHUX 3MiH CTIEPIIY
MOBUIBHMH, a 3roJIOM PI3KUIl MPHUPICT YUCETBHOCTI MypalIOK MPHUIUHSIETHCS, 1 3 4acoM
3aCeJICHICTh MypAIIHUKIB TOYUHAE ICTOTHO 3HYKYBATHCSI.

© Hapux W, Petueruno O., Bokoreii A., Tuaruna O. Ta iu., 2025
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Kniouosi crnosa: 610TOM, TBAPUHHU, MIKPOOCEIIHUIIE, MEraocemnuie, 3axin Ykpainu

[ro poOOTYy MU PO3IISIIAEMO SIK MIPOJIOBKEHHS TOCIIKeHb ocenuy TBapuH [1, 2, 17].
Haragyemo, 1o mix TepMiHOM OcCeJIMIIe MU PO3YMIEMO KXHUTTEBUHA MPOCTIp MOMyIALil (BUIY).
Take po3yMiHHS Y3TOJUKYETBCS 3 IOHSTTSAM, SIKOTO noTpumyBaBcst Imkka [Mancki [25, 26].
BoaHouac My 3aCTOCOBYEMO HalliOHAIBHY MPUPOIOOXOPOHHY KiacHdikailiro 610TOIIB, sKa 3a
CBO€IO CYTTIO HalliJIeHa Ha 30epexeHHs ocenn [9].

3arajJbpbHOI0 PHCOI0 OIOTMYHMX CHCTEM € Te, IO CUCTEMaM BHIIOTO piBHS iepapXii
MiATOPAIKOBaHI CHCTEMH HIDKYOTO piBHA. Hampukianm, s TPUPOJHOTO CMEPEKOBOTO
Jicy XapakTepHi Bigmepii ctoBOypu cmepek (Picea abies L.), HeBi’€MHUM KOMIIOHEHTOM
MIACOBHIIHUX CHCTEM € EKCKPEMEHTH KONMTHHMX TBapuH, 3aceleHI KoMaxaMHM Ta iXHIMH
JUYUHKAMU, MaJi acTaTH4YHI BOJOHMH € ocepenkaMu TinpobioHTiB. CaMe y TaKhX OCEIUIIax
(OpMYIOTBCSI YMOBH [UIsl ICHYBaHHSI OPraHi3MiB MPOTSITOM YChOTO IXHBOT'O KHTTEBOTO IHKITY
a00 sAKOTOCH i3 Hioro erarmiB. Y Oyab-1KOMy O10TOIII € OCeNHIIa MOMYJIIALiil 0araTh0X BHIIB.

MoykHa 3pOOMTH TPUIYIICHHS, IO MIKPOOCCIHUINEe — MICIE JKUTTS MOMYJISIii
Maopo3MipHUX BUAIB. TBapUHHE HACEIEHHS TAKUX MIKPOOCEIHUII MOXKe OyTH Pi3SHOMAaHITHIIIINM
32 BHJOBUM CKJIQJIOM, HDXXK KJIACHYHI OCENHINA, HAIPHKIAJ, JyKH, /1€ PETYSIPHO CKOUIYIOTH
TpaBy. Mikpoocenuia 3Ha4YHO PI3HATHCS 3a 4acoM iCHyBaHHs. HampukiaJ, eKCKpeMEeHTH
KONUTHUX ICHYIOTH JIIYCHI TIKHI, a BIK IPICHOBOIHUX [[KEPENl MOKE HANIYyBaTH COTHI POKIB.
Crix TakoX 3BEpHYTH yBary Ha Te, IO y NPHPOAL 3a3BHYall HEeMae MpsMoi 3aJeKHOCTI —
BEJIHKIi 3a IUIOMICIO OCENHINa He 3aBKIM MICTATh BEIHKY KUTBKICTh Mikpoocemum. [Tpobiema
ICHYBaHHSI MIKPOOCEJIUII 1 TIXHBOTO 3HAYEHHs y (YHKIIOHYBaHHI €KOCHCTEM IepedyBae JIHIIe
Ha II0Y9aTKOBOMY eTalli ZOCHiIKEHHS SIK y TEOPETHYHOMY, TaK 1 y IPAaKTHYHOMY aCIIEeKTaX.

[I{o crocyeThcs MeraocemtIl, TO BOHM 3a3BUYail XapakTepHi I TaKUX BH/IB TBapHH,
SKMM BIIaCTUBA METAlONyJIiiiHA CTPYKTypa: NTaxH, JAesKi JIpiOHI ccaBIli, KOMaxH, sKi
aKTHUBHO JIITAIOTh, TOIIO. 32 CBOEIO MIPOCTOPOBOIO CTPYKTYPOIO METAOCENHIIE — Ie CYKYIHICTh
OCEJINIIL YaCTKOBHX IOIYJISIIIN (METaOMyJIALis ), MIXK SKUMH € 00MEKeHNH 0OMiH TeHETHYHUM
Mmatepianom [16, 24, 30]. loBemeHo, 0 BHUMHpPAaHHS METANOMYJIAMid BimOyBaeThcs y pasi
PYHHYBaHHS OCEJIHII] YaCTKOBHX ITOITYJIsIIiN a00 y pa3i BTpaTH 31aTHOCTI 10 0OMiHY TeHETHIHOIO
iH(pOpMalliero MiXk 0COOMHAMH, SIKi IX HACEIISIOTh.

Marepiau i MmeToau

30ip marepiany MPOBOAWIM SIK Y HA3eMHHUX, TaK 1 y BOJAHHUX €KOCHCTEMax Ha TEpPEeHax
mpupoxo-3amnoBigHoro Gouxy VYikpaian (PiBHeHChKMI mpupomHuii 3amoBigHuK, [llanmpkuit
HalliOHaJIBHUI PUPOIHUIA napk, Kaprnarcekuii HallioHaIbHUI TPUPOAHUI MTAPK TOILO), & TAKOXK
B OKONUIIX MicTa JIpBOBa. XapaKTepUCTHKA [IUX MPHPOAO-3aIOBIAHAX TEPUTOPiil TOCTAaTHRO
ITOBHO OIMCaHa Y Pi3HUX JDKepenax [6, 12, 13, 15, 18, 35-37].

[1ixg yac BUKOHAHHA POOOTH 3aCTOCOBAHO 3araJbHO300JIOTI9HI METO/IH, SIKi CTOCYBAJIHCS
TaKCOHOMIi TBapHH, BCTAHOBJICHHSI YHCEILHOCTI 0COOMH, XapaKkTepy IXHbOI ITOBEAIHKHU TOMIO [3,
10, 14, 19-21, 23, 27, 31, 34].

Pesyabraru i ixHe 00roBopeHHs
HarypHai nocmipkeHHSI CBiT4aTh PO TpaHC(HOPMAII0 OCENHI] PI3HUX BHUJIB TBapHH
1 IXHIX EKOJIOTIYHHMX TpyH, 30KpeMa, TiJpoOiOHTIB, Ha TepeHax SK 00 €KTIB MpUPOIO-
3anoBigHoro ¢ouay (Iampkuit HIII, PiBrencekuit I13), Tak i anTpornoreHHoro jmanamadry
(Bomoiimm oxonmips JIpBoBa). Marepiasmom uist TipoOioNOTIYHUX AOCHIIKeHb Oynmu 360pn
300IUIaHKTOHY, SIKI ITPOBOJMIIM y KBITHI, TpaBHi, XOBTHI Ta ymucronani 2024 p. Ha TepuTopii
Kapacuncsroro, binoosepcrkoro, binscskoro, I'pabyrcskoro, Crapocinbsebkoro ta [liBHIUHOTO
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MPUPOIOOXOPOHHOrO HaykoBo-fociigaoro BimuiienHs (ITHJIB) PiBHeHchKOro mnpupomHoro
3anoBifHKKa. 3aranoMm BiniOpano 21 rigpoOGionoriuny npoOy. BcraHOBIEHO NpHHANEKHICTH
JIOCITIJDKYBaHUX OCENHII JIO NMEBHUX KaTeropidt 0ioToriB 3rifHO 3 mepenikoM HarionansHOro
karajory 6ioromis [9]. ¥ PiBHEeHCbKOMY NPHPOIHOMY 3aIlOBITHUKY OTPUMAHO TaKi pe3yJbTaTu:

B1.1.1. Omirotpodni Bojoiimu 3 MakpoditHoto pociuaHicTio (Binoosepcske [TH/IB
03. bine). Haituactime Ttpamsiscss Bunm riuisctoBycux pakiB Ceriodaphnia quadrangula
(O. F. Miiller, 1785). CriBBiJHOIIEHHSI OCHOBHUX CUCTEMAaTHYHHX IPYH 300IUIaHKTEPiB — 1 %
KOJIOBEPTKH, 94 % rimisicroByci paku Ta 5 % BecnoHori paku. Inaekc lllennona cranosus 1,4.
VY TtpodiyHili CTPYKTYpl 300IJIAHKTOHHHMX YIPYIOBaHb IEpEeBakKaly IEPBUHHI Ta BTOPHUHHI
¢inbTpaTopu.

B1.1.2. Me3otpodHi Ta eBTpodhHi Bogoitmu 3 MakpodiTHO pociunHicTIO (KapacuHcbke
ITH/IB 03. Tyxose; kB 28 Buyx 13, crapuus p. JIbBa BuTiK 3 03. TyxoBe; 03. Comuno). Haiiuacrime
TpaIBUTUCS BUIM TUUBICTOBYcUX pakiB Ceriodaphnia quadrangula (O. F. Miiller, 1785) Ta
BecJoHoruX pakiB Thermocyclops crassus crassus (Fischer, 1853). CiBBiIHOIIICHHS] OCHOBHHX
CHCTEeMaTHYHHX TPy 300IUIaHKTepiB — 3 % kosoBepTku, 79 % rimmsicroByci paku 1a 18 %
BecyioHori paku. [nnexc lllennona cranoBuB 1,8. Y TpodiuHil cTpyKTypi 300IUIAHKTOHHUX
yIpyIoBaHb IIepeBaXXau MEepBUHHI (LIBTPAaTOpPH.

B1.1.4. Quctpodui BomoiiMu 3 makpoditHoro pociuuHicTio (Kapacuuceke ITH/IB
kB 1 Bux 18, BuTik kaHaiy 3 Oosiota; kB 22 Bua 14 Opin; kB 64 Bun 1 xanaim; kB 22 Bun 27;
[Miguiune ITHAB kB 47 Bux 1 rigponocr). Haifuacrime Tpamisimcss BUAM TULLICTOBYCHX
paxiB Chydorus latus Sars, 1862 ta Becnonorux pakis Eucyclops (Macrurocyclops) macrurus
(Sars G.O., 1863). CriBBiJHOILICHHS OCHOBHHX CHCTEMAaTHYHUX TPyI 300IUIaHKTEPIB — 62 %
riusictToByci paku ta 38 % BecnoHori paku. Innexc IllenHona cranoBus 1,2. Y tpodiuniii
CTPYKTYpl 300IIAHKTOHHHMX YIPYNOBaHb IEpEBa)KaJId MEPBHHHI Ta BTOPHHHI (lIBTpaToOpH,
TAKOXK BUAUIUTUCS 1 30upayi.

B3.2.2. Me3otpodHi Ta eBTpodHI BOgOTOKU 3 moBiUIBHOIO Teviero (I'padyHchke [THIB
kB 7 (xaHan p. Pubnuus); kB 15 (kanan p. Pubnungt), Ha mictky; kB 13 (xanan p. PubHuis);
kB 15 Bun 18 (xanan p. Pubnumug); Kapacunceke [TH/IB p. JIbBa (kanamizoBana) Ha Mexi
PII3; binmoosepceke ITHAB kB 53 Bum 43 (p. Jlotok (Mmict) rigpomoct); CTapociibCchbke
[MH/IB kB 18 Bux 29 (xanan (Opix)). Haituacrime TpamisiBcs Bua TUDIICTOBYCHMX DPaKiB
Chydorus sphaericus (O. F. Miiller, 1785). CriBBiIHOIICHHS OCHOBHUX CUCTEMATHYHHX TPYIl
300IUIaHKTEPIB — 5 % KooBepTkH, 83 % rimmsicroByci paku Ta 12 % Becionori paku. IHaekc
[lennona cranoBuB 1,3. YV TpodiuHiil CTpyKTypi 300IUIAHKTOHHUX YIpyIOBaHb NEepeBaXKaIH
BTOPUHHI (LIBTPaTOpH.

b4.1. OnirorpodHi cdaruosi 6onora (ITiBuiune [TH/IB kB 23 Bua 1 ocokoBo-charnose
Oosioro). HalyacTime Tparuisiiiucsi NPEACTaBHUKH BECIOHOTHMX pakiB, SIKUX HE BAAIOCH
inenTu(ikyBatu. CriBBIAHOIIEHHS OCHOBHHMX CHUCTEMAaTHYHHX TPYH 300IUIaHKTEpiB — 36 %
riusictToByci paku ta 64 % BecnoHori paku. Innexc Illennona cranoBus 1,1. Y tpodiuniii
CTPYKTYPI1 300IUIaHKTOHHUX YTIPYIIOBaHb IIEpEBaKaIl BTOPUHHI (iIbTPATOpH.

b4.2. Mouaxunn (binbcbke IIHJB kB 34 (rigpomoct (mictok)). Haituacrime
TparisiBCs BUI runisictoBycux pakiB Chydorus ovalis Kurz, 1875. CiiBBiIHOIIICHHS] OCHOBHUX
CHCTEeMaTHYHHUX Tpyn 300Iu1aHKTepiB — 1 % xonoeptku, 97 % rimisicroByci paku ta 2 %
BecyioHori paku. [nnexc Illennona cranoBuB 1,5. Y TpodiuHii CTPyKTypi 300IUIAHKTOHHUX
yIpyIoBaHb IepPeBaXaIN BTOPHHHI (PiIbTPATOPH.

J11.7.1. EBrpodHi 6osoTa 3 sipycoM Biibxu 4opHOi abo Oepesu (Kapacunceke [TH/IB kB
74 Bun 7 (rigpornoct (kanan)); [liBaiune [ITH/IB kB 56 B 4 (600poBa 3arara cepe/| HepexiTHOTro
6onorta)). Hailtuacrime TparuisiBcs BUJ BECIOHOTUX pakiB Eucyclops (Eucyclops) serrulatus
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serrulatus (Fischer, 1851). CriiBBiZHOIIICHHS! OCHOBHHMX CHCTEMaTHYHHX TPYI 300TUIAHKTEPIB —
36 % ruutacToByci paku Ta 64 % Becnonori paku. [aaekc [llennona cranosus 0,7. Y TpodiuHiit
CTPYKTYPi 300IJIAHKTOHHHX yrpyNOBaHb MepeBaXkajli BTOPUHHI (iIbTpaTopy Ta 30upaui.

J12.2.3. Cupi nicu cocun 3Buuaiinoi (Kapacuuceke ITH/AB kB 63 Bux 18 (rimpomoct
(xanain)). Haiuactime Tparuisuincsi NPEACTaBHUKHM BECIOHOTHX pakiB, SKUX HE BIAJIOCS
inentudikysaru, Ta Daphnia pulex Leydig, 1860. CniBBiiHOIIEHHS OCHOBHUX CUCTEMaTHYHUX
rpyn 3oormiaHkrepiB — 33 % ruumsicToByci paku ta 67 % Becnonori paku. [anexc Illennona
cranoBuB 1,3. YV TpodiuHili CTPYyKTypi 300IUIAHKTOHHHMX YrpyIOBaHb INEepEeBaXkalH MEPBHHHI
¢isTparopu.

3aranom, y JOCIiDKYBaHUX BOJOMMAaX 3apeecTpOBaHO 53 BUIM 300IUIAHKTEPIB Yy TAKOMY
CHIBBITHOIIEHHI OCHOBHHUX cucTeMarnyHux rpyi: Rotifera — 3, Cladocera — 30, Copepoda — 20
BU/iB. TakuM YMHOM, Ha MiACTaBi JOCIIKEHb 0a4UMO, 0 UMM TpaHC(HOPMOBaHila BOAOHMA,
TUM OUTBII crienn(iYHOIO CTAE CTPYKTYpA 11 300IUIAHKTOHHUX YTPYIIOBaHb.

BcranoBneno Takoxk, mo ocenuma ozep [lymemenpke Ta Jlonumep Ha TepHTOpIl
[Haupkoro HIIII, a Takox ocenumia Bogoimu [miana Hagapis, sika 3a cBOIMH T'iIpOJIOT T YHUMHE
XapaKTepUCTUKAMU € BOJIOCXOBHUIIEM pYCJIOBOIO THITy 1 PO3TalIOBYEThCS Ha TEPHUTOPIl
AQHTPONOTeHHOro JlaHamadTy HernoAalmik JIbBoBa, MalTh CBOIO XapakTepHy (ayHICTHYHY
CTPYKTYpPY 300IUIaHKTOHHHMX YrpymnoBaHb. 30kpema, B o3epax IIHIIII 3apeectpoBano 24
BUJIM TUUIICTOBYCHUX DPaKiB, siki Hanexath 10 4 psaiB (Haplopoda, Ctenopoda, Anomopoda,
Onychopoda), 7 ponut (Leptodoridae, Sididae, Daphniidae, Moinidae, Bosminidae, Chydoridae,
Polyphemidae), 17 ponis (Leptodora, Diaphanosoma, Sida, Ceriodaphnia, Daphnia,
Scapholeberis, Moina, Bosmina, Alonella, Chydorus, Pseudochydorus, Pleuroxus, Acroperus,
Alona, Graptoleberis, Rhynchotalona, Polyphemus) 1 6 ninponis (Daphnia, Moina, Exomoina,
Bosmina, Eubosmina, Alonella). Y cTpykTypi Kinagoneporeno3y suaiicHo 1 Tpudy (Alonini) ta
4 minpomunu (Daphniinae, Scapholeberinae, Chydorinae, Aloninae).

Haii6inp1ie TaKCOHOMIUHE PI3HOMAHITTS HAICXKUTS psiy Anomopoda: 29 TaKCOHOMIYHUX
OJMHUIIb HAJBWIOBOTO pPaHTy. 3 ypaxyBaHHSIM LbOro TNokasHuka psg Crenopoda meHIn
PI3HOMaHITHUIT: 3 TaKCOHOMIYHI OAMHMIII HaJBWIOBOTO paHry. HaiiMeHmia pizHOMaHITHICTbH
BiactuBa psjgam Haplopoda i Onychopoda (2 TakCOHOMIYHI OJMHUII HAJIBUIOBOTO PaHTy).

3 ypaxyBaHHSIM TaKCOHOMIYHMX OJIMHMIIb, 110 XapaKTEPU3YIOTh PaHI POy, HAHOUIbII
pizHoMaHiTHA ponuHa Chydoridae, sika mictuth 8 poxis (Alonella, Chydorus, Pseudochydorus,
Pleuroxus, Acroperus, Alona, Graptoleberis, Rhynchotalona). MeHIIOW0 pPi3HOMaHITHICTIO
BiJI3HAUaeThes poauHa Daphniidae — 3 ponu: Ceriodaphnia, Daphnia, Scapholeberis. Yotupu
poauHU MicTaTh jauiie 1o 1 pony: Leptodoridae (pin Leptodora), Moinidae (pin Moina),
Bosminidae (pin Bosmina), Polyphemidae (pin Polyphemus). Pomuna Sididae 00’enuye 2 poau:
Diaphanosoma 1 Sida.

JBi poamHu w™icTaTh 1o 2 muiapoguuu: Daphniidae (ninpogwnau Daphniinae i
Scapholeberinae) ta Chydoridae (ninponuuau Chydorinae 1 Aloninae). Ponunau Leptodoridae,
Sididae, Moinidae, Bosminidae, Polyphemidae we mupenctaBieHi migponuHamu. PomuHa
Chydoridae mpencrapicHa Takok onHiero TpuOow (Alonini). 1ls TakcOHOMIYHA KaTeropis
00’eaye Onu3bki poau 1€l pogunu (Acroperus, Alona, Graptoleberis, Rhynchotalona).

B o03. Ilynemenpke 3apeectpoBano 19 Buais, B 03. Jltonnmep — 18 Buais. Y kiagonepo-
[IEHO3aX JOCTIKYBaHUX 03¢p 13 BuAiB — chiibHi. [Haekcu mojiOHocTi (ayn JKakkapa,
CropeHncena Ta MayHTdopia, po3paxoBaHi sl KJITa0LEPOIICHO3IB 03¢, CTAHOBJISTH BiIIIOBITHO
54,701 13.

VY Bomoiimi I'muana Hagapis (LL{upenbke BoZOCXOBHIIE) AOCHIIKYBAIN TAKCOHOMIUHY
CTPYKTYypy Ta (ayHy ocemnuir BecioHorux pakiB (Copepoda), ne 3apeectpoano 10 BuiB:
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Diaptomus (Diaptomus) castor (Jurine, 1820), Fudiaptomus graciloides (Lilljeborg, 1888),
Acanthocyclops vernalis (Fischer, 1853), Diacyclops languidus (G. O. Sars, 1863), Cyclops
furcifer (Claus, 1857), Cyclops strenuus Fischer, 1851, Cyclops vicinus Ulianine, 1875,
Mesocyclops leuckarti (Claus, 1857), Metacyclops gracilis (Lilljeborg, 1853), Thermocyclops
crassus (Fischer, 1853).

OsHaueHl BUJOBI TakcoHM Hajexarb jo 2 psniB (Calanoida, Cyclopoida), 2 poaun
(Diaptomidae, Cyclopidae), 2 minpoaun (Diaptominae, Cyclopinae), 8 pomis (Diaptomus,
Eudiaptomus,  Acanthocyclops,  Diacyclops,  Cyclops,  Mesocyclops,  Metacyclops,
Thermocyclops), 1 niapoay (Diaptomus). Binbiiie TAKCOHOMIYHE PI3HOMAHITTSI HAJICKHUTH PSITY
Cyclopoida (8 TakcCOHOMIYHHUX OAAMHHIIb HAJABHUIOBOTO PAHTY).

BpaxoByroun IpeACTaBICHICTh JIOMIHAHTHUX BHIIB 300IUIAHKTOHY B OCEJHIIAX
PI3HOMaHITHUX POCIMHHUX (hOpMalliid, CIoCTepiraeMo Taki 3aKOHOMIPHOCTI: y (hopMariii 0CoKu
roctpoi (Carex acuta L.) npoBigaumu Bugamu € Ceriodaphnia pulchella 1 Moina brachiata, y
BereTaiitHiil 30Hi enojei kanancokoi (Elodea canadensis Michx.) mepeBaxaloTb yrpyrnoBaHHs
Chydorus sphaericus, y pOCIUHHOMY KOMIUIEKCI poro3y mmpokonuctoro (Typha latipholia
L.) kI040BUM KOMIIOHCHTOM 300IUIAHKTOHY € Bosmina longirostris. Y 3apoCTsaX pIacCHHKA
(Potamogeton sp.) mepeBary B PO3BHUTKY OTpUMYIOTH nonyisuii Alonella nana, a tam, ne
nepeBaxkae oueper (Phragmites sp.), Haiinommwmpenimmm € Simocephalus vetulus. TlonioHa
3aKOHOMIPHICTB criocTepiraerses iy ¢popmaii ciporipu (Spirogyra sp.).

TakuM YWHOM, oOcenuina 300IUIaHKTEpiB B o3epax Ilymemenpke Ta Jlronmmep Ha
tepuropii [13® (Ilaupkunii HalioHAIEHUN TPUPOJHUI TIAPK) Ta HA TEPUTOPIi AHTPOIIOTEHHOTO
narmmadty (Imuana HaBapist) CTaHOBIISITH OCOOMHUBY IIHHICTB 1 € BXKIIUBUMH JJIs 30CPCIKCHHS
O3HaueHMX rigpoekocucteM. OTprMaHi AaHi B MOAAIBIIOMY JOIOMOXKYTh OKPECIUTH INHAMIKY

Ha tepuropii PiBHeHchKoT0 113 MU TPOBOTMITH TAKOXK BUBUSHHS OCEITUIIIHOTO PO3IIOILTY
puiinux oc poaun Crabronidae ta Sphecidae. Tak, na tepuropii mectu [TH/IB 3a normomororo
MacToK Mapike BCTAHOBJICHO, 110 HAHOUIBIIE BUIOBE PI3HOMAHITTS OC (44 BUIM) XapaKTCpHE
s 6iotory J12.2.1 — innexc Mapraneda cranoButh 8,32. Lle#t Tun 0ioTomy mpencTaBICHUA
OCEJIMIIEM OC Y COCHOBOMY JIiCl Ha MiMIaHUX I'PyHTaX 31 3HAYHOIO KUIBKICTIO JIMIIAWHHKIB.
Tyt 3apeectpoBaHo 3 ocoOuHu chekca pynoro (Sphex funerarius Gussakovskiy, 1934 =
Sphex rufocinctus Gussakovskiy, 1934), sikuii € Bugom YepBonoi kauru Ykpainu [11]. Bracue
OCEJIMIIEM JUTS BUSIBIICHOTO BUJLY € JIUISTHKH 3 SBHO BUP)KEHHUM ITIIIIAHUM IpyHTOM. HatomicTs,
BU/IN, 110 THI3/SITHCS B IEPEBUHI YH B TOPOXKHIX CTEOIAX POCIIHH, 3aPEECTPOBAHI JINIIIE B OKPEMUX
Oioromax, a came: B4.1.2 — npubepexHi 371aKOBO-PI3HOTPaBHI 3apOCTi B3JOBX BOJOTOKIB;
J1.7.1 — eBrpodHi OonoTa 3 sipycom BijbXH 4OpHOI abo Oepesu, J12.2.3 — cupi cOCHOBI JicH.
HaiimeHme rmpecTaBHUKIB JOCIIDKYBAaHUX POIUH pUHHKX oc Oyio B Giotoni b2.1.1 — ocokosi
kapOoHaTHI 0oj0Ta 0e3 charHOBUX MOXiB, 1 iHIekc Mapraneda cranosuth 0,51). [pukian
MOCEJIEHHS OC y TOPOXKHIX CcTeOjlaX pPOCIMH YW BiJMEpJii JEpeBUHI CIiJi pO3DNISAaTH SIK
BUKOPUCTaHHS MIKPOOCEIHIIL], KOTPI € CKJIaJIOBUMHU YaCTHHAMH OKPEMHUX O10TOIIIB.

JInst XapaKkTepuCcTHKK OCEIHIN 3eMHOBOAHMX BUKOPUCTAHO TaKi KpUTepii: moma, muouHa,
MPO30PICTh BOAOMMH, ii 3aTiHEHHSI, IMUILHICT TOPOCINX 0COOMH, XapaKkTep BIUTUBY MPUPOJHUX
i aHTPOIIYHUX YMHHUKIB. Ha OCHOBI 3MiHM LIIMX KPUTEpPIiB BHANOCS BHUSIBUTH BIJAMIHHOCTI i
TEHJICHLIT 10 3MiH Y MOMYJISALIsAX 3¢ MHOBOJTHHX 33 YMOB SIK aHTPOIIPECIi, TaK 1 pe3epBaTOreHHNX
Ta KiimaroreHHUX 3MiH y perioni YopHoropu (Kapnarcekuit HIIIT i Kapnarcekuii B3).
Jocnigaumu IiUITHKaMu 00paHo pi3HI TUIH acTaTHYHHUX BOJOMM Yy MeXax pi3HHX JIaH{madTiB
i3 PI3HUM XapakTepoM 1 CTyNeHeM JeMyTaliiHol i pekpealiiiHoi Tpanchopmariii. Yci BOHHU €
PENpOyKTUBHUMH OCENUIIAMH MOy TPOX BUIIB 3¢MHOBOJHUX: TPUTOHA KapHaTChKOTO
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Lissotriton montandoni, TpuToHa anbmiicekoro Ichthyosaura alpestris, »abu TpaB’siHOT Rana
temporaria.

Otmxe, mepmia rpyna JOCIDKYBAaHUX PENPOAYKTHBHUX OCENHII, sIKa IPEACTaBlIcHA
HEBEJIMKHMMHU 32 IJTOIIEHO i NTUOMHOI0 aCTaTHYHIMH BOJOMMaMH 31 3HAUHUM PiBHEM peKpealiiHoro
BBy (1200 M H. p. M., KHIIIT) mae TpuBaimy TEHACHIIO 10 3HUKCHHS KUTBKOCTI BOIOWM —
Ha ChOTOJHI IX HE OunblIe JecsTka. [0JOBHOI NMPUYMHOIO IIOTO € aHTPOMIYHUN YMHHHUK —
MapKyBaHHS aBTOTPAHCIIOPTY PEKPEaHTIB YIPOIOBK CE30HY, — aJIKe 1li BOAOHNMHU TPAIISIFOTHCS
MePEBAYKHO B3/I0BXK aBTOMOOIIBHUX JIOPIT 1 Ha MapKyBaJbHUX MaiJaHYMKaxX. YHACIIZOK [[LOTO
BCTaHOBJICHO, 1110 BUOPaHi JJIsl JOCIIPKEHHS OCEIHIIA € MaJIONPUIaTHUMH JUIS IPOAYKTHBHOTO
iCHYBaHHS TOMYJISAIIA TPUTOHA KapHaTChKoro Lissotriton montandoni. BBaxkaeMo TONiITBHUM
i HaJajmi CTeXKHUTU 33 KIOUOBHUMH IMapaMeTpaMu Ifi€l Momyssiii, adu mi3HATH MEXaHi3MH ii
CTPYKTYpHO-(YHKIIIOHAJIBHOI OpraHizamii 3a yMOB ICTOTHOIO HETaTMBHOIO aHTPOMIYHOTO
BIUIMBY Ta KJIIMATOTCHHHX 3MiH y perioHi [7, 33].

[ToniOHMM 4mMHOM, y JApYTid Tpymi JOCHIPKYBaHMX oceiuiy 3eMHOoBomHHX (1400—
1600 M H. p. M., KHIIIT i Kb3) Hamu BHSBIEHO MEHINY KiUTBbKICTh aCTaTMYHUX BOJIOWM 1 3
HU3BKUM PIBHEM BOJH y HUX, IIOPIBHIHO 3 aHAJIOTTYHUM TEPMIHOM CIIOCTEPEKEHb y MOMepe/Hi
pPOKHM, IO HETaTMBHO BIUIMBAE Ha IIOMYJSILii BUAIB PApUTETHUX 3E€MHOBOJHMX, SIKI TYT
ICHYIOTB: TPUTOH Kapnarchkuil Lissotriton montandoni, TpuTOH anbnidicekuit Ichthyosaura
alpestris. Ha Hamry nyMmKy, Take 3MEHIICHHS KUIBKOCTI OCENHII 36MHOBOJHUX 3YMOBJICHE HE
JIMIIE 3POCTAHHSIM PEeKpealifHoro HaBaHTAXEHHs, a U JeMyTaliiHUMHU 3MiHAMU POCIHMHHOTO
MOKPHBY, SIKI ITOCTYMOBO MPU3BOASATH JI0 JIErpajallii OCeJUII 3eMHOBOJHAX Ha Cy4acHId Mexi
sicy B HopHoropi, 0COOIHBO y pa3i pe3epBaroreHHUX cykiieciii y mexxax KHIIIT. MoniTopuHr
3a JIMHAMIKOIO MOMYJISI[IHHAX MapaMeTPiB 1 OCCIUIHUX 3MIH 3a3HAYCHUX BUJIB 36MHOBOJIHUX
y HEpCIEKTHBI Ma€ JaTH BiAIIOBIIb HAa 3allMTaHHS IO/O0 JOLIJIBHOCTI 3aCTOCYBaHHS HAasBHOTO
KOMIIJIEKCY PUPOAOOXOPOHHUX 3aXOJIiB 3 METOIO 30€peKeHHsI caMe IOIYJISILii 3eMHOBOIHUX
UYepBoHOT KHUTH YKpaiHU Ha 3aIlOBIJHAX TEPUTOPISIX.

Tpers nocnigHa minsuaka — o3epo Hecamosure (1750 M H. p. M., KHIIII). Ie ocenuie
3a3Ha€ TOMIPHOTO PEKpeallifHOro BIUIMBY, KU 70 MEBHOI MIpH CTUMYJIOE Ta IiJICHIIIOE
CyKlecCiiHI 3MiHM Yy Tigponenosi. O3epo HecamoBure Oyio 1 3aqumIacTbecs OCENUILEM
KIJIbKOX BHJIIB 3€MHOBOJIHHX, 30KpEMa, 3TraIaHiX BHIIIE, TPOTE CTYIIHb iXHBOTO JOMIHYBaHHS
B 0arpaxoleHo3i [bOr0 OCENUINA 3HAYHO 3HIKCHUH uepe3 iCHyBaHHS TYT €BPHTOITHOI »aOu
TpaB’siHOT Rana temporaria, YUCENbHICTD SIKOT HA0AraTo BUIIA, HIK HABHUX TYT TPUTOHIB, 110
BIUIMBA€ Ha KUIBKICTH TOKMBH. BHsBIEHY HaMH TyT MONYJALIHHY B3a€MOJII0 PI3HUX BHIIIB
ami0iif JOITBHO BiICTeXKYBaTH i Hajai [8, 32].

Bimomo, 1m0 OHMM i3 HAaWBaroMiIIMX MOKA3HUKIB EKOJIOTIYHOI €MHOCTI CEpEIOBHIIA
iCHyBaHHS € BHoBe OararcTBo (ayHu. BuBuenns opnitodaynn micra JIbBOoBa mokaszaso, o
BOHA € JIOCTaTHbO PI3HOMaHITHOW. Tak, yacTka THI3ZIOBOI OpHITO(QAYHH OCENHI CeTiTeOHOT
TepuTopii MicTa cTaHoBUTH 42 % Bin rHI3NOBOI opHiTodayHu JIbBiBchkoi obmacti Tta 29 %
BiJl THI3I0BO1 OpHiTO(payHn YKpaiHu. B OKpeMHX OcCeNuIax BHUSBJICHO BiJ 8 110 49 rHI3H0BUX
BU/iB. HallO1IbIIO0 MIUTHHICTIO THI3IO0BOI OpHITO(MAYHH BHPI3HAETHCS LICHTPAIbHA 3a0yI0Ba —
96,8 map/10 ra, HaitmeHII0r0 — ipomuciiosa (27,7 map/10 ra) [22].

Cepen ocenuir opHiTO(ayHH, SKi 3aCITyTOBYIOTh Ha HAHOUIBIITY yBary CTOCOBHO IXHBOTO
30epeKEHHsI, € CTapi MapKu Ta BUHTApi. Xo4a MIUILHICTh THI3IYBaHHS B HUX HEBUCOKA, IPOTE
BHJIOBE PI3HOMAHITTS HaWBHUIIE. 30KpeMa, 3a BECh MEpiofl NOCIiKeHb Y ticomapky [lorymsHka
BusiBieHo 60 THI3JOBUX BUIIB, B PerioHanpHOMy iaHAmadTHOMY MNapkKy «3HECIHHSI» —
56 BuaiB, y Crpuiicbkomy mapky — 51, Ha JInvakiBchkomy kianouii — 50. BceranosieHo,
10 HasIBHICTH BOJIOWM, CTapHX AEPEBOCTaHIB i HU3bKE AaHTPOIIYHE HABAHTAXKEHHS Yy MeXax



W. Lapuk, O. Pewemurio, A. bokomeli, O. [HamuHa ma iH.
50 ISSN 0206-5657. BicHuk JlbBiBCbKOrO YHiBEpcuTeTy. Cepisa bionoriyna. 2025. Bunyck 95

3a3HAYEHNX OCEJIHII CIPHUSATIMBO BIUIMBAIOTh HA BUJIOBE Pi3HOMaHITTS nraxiB. OKpiM 1boro,
TaKi OCEJIMIIA MEePeBAXKHO MICTATHCS HEAAIEKO BiJl MEXI ceniTeOHOI YacTHMHU MicTa 1 MaroTh
BUIbHUI OOMIH 13 (payHOIO NTaxiB 1Mo3aMicbKuUX TepuTopiil. TakuM YMHOM, HAWIIHHIINMH
OCCIUINAMU JJIsi 30€PEKCHHST PI3HOMAHITTS THI3J0BUX BHJIIB NTaxiB y CENITEOHIA YacTHHI
€ MIChKI MapKH, SKi BUKOHYIOTh BXKJIMBY POJIb I[IHHUX MPUPOJHUX IaM’SITOK, OCOOJIMBO JUIS
30epeKeHHs MOy AKX piAKiCHUX BHIIB opHiTodaynu (ronyo cunsik Columba oenas,
coBa JIOBroxBocta Strix uralensis, nsiren 6inocinaauil Dendrocopos leucotos) (IUB. pUCYHOK).

A

HHE pinfAHKK 3 BOAOKMAaMK 1:150,000
BN napkn — 0 1 2xm
[] apmiHicTpaTuehi mexi Nlseoga [

Ocenuina 3 HafOUTBIIMM BHIOBUM 0araTcTBOM NTaxiB y ceniTeOHii wacTuHi M. JIbBOBa 3a mepiox 3

1994 no 2024 pp. (undpaMu Mo3HAYEHO KiJbKICTH BUJIIB)

Slkmo rmomepenHid NpHKIay 13 NTaXamMu OUIBIIE CTOCYEThCS CaMOro HOHSTTS
«METaoCeNHtIIe», TO HACTYIIHUH — CTOCYBaTHMEThCS PAJIIe IMOHATTS «MIKPOOCEIHIIE», ajKe
MOBa HMTHUME came MNpo THi3N00yAiBHI XapaKTEPUCTHKHM NTaxiB 1 CyNyTHE HACEJECHHS LUX
mikpoocenui. OTxe, BiZIOMO, 1110 THi3A00y/1iBHA OBEIIHKA NTAXIB MM/l BINIABOM aHTPOIIYHOTO
YUHHUKA 3a3HA€ 3MIH — BHIOCICIU(IYHUI BUIIAA THI3AAa 1 CKJIAJ THI3IOBUX MaTepialiB
TpaHCPOPMYIOThCS y BIAMOBIb HA 3aCMIUEHHS oceInil. Y TpaHc(OPMOBAHOMY Ta 3aCMIYEHOMY
NnoOyTOBUMH BiJXOlaMH CEPEIOBHILI NTaxy BHOIPKOBO BUKOPUCTOBYIOTH iX ISl OyIIBHHMIITBA
THI3J| HaBiTh 3a JIOCTATHBOI KUIBKOCTI MpHpoxHuX Marepiani. LlITyuHi marepianu BUSIBICHO
y THi3nax 26 BUAIB ropoOLEnofiOHUX NTaxiB 3axody YKpaiHu, IO CTaHOBWJIO Oim3bko 27 %
YCIX JOCII/PKEHUX THI3. bijiblie TpeTHHY 3 HUX MICTHIIM OOAMHOKI MaTepiaiy 4u MiHIMaJIbHY
IXHIO KUIBKICTh, Taka X 4acTka rHi3g mictuia 1-10 % mTy4yHHMX THI3NOBUX MarepiaiiB 3a
o0’emom, a pemra (Menme tperuHu) — 11-100 %. Pi3HOMaHITTS MarepiaiiB IITy4HOTO
MOXOJKEHHS, SIKI ITaX1 0OWPAIOTh i3 JOBKULISA JJIsl CIIOPYXKEHHS THI3/1a, € JOCUTD IIUPOKUM —
3arajioM BusiBIIeHO 17 TumiB Takux MarepiamiB. Haifuacrimie nraxu 3acTOCOBYIOTH HHTKH,
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CUHTETHUYHI BOJIOKHA 1 ITyX, ITOJIIETUIICHOBY IUTIBKY, MOTY3KH. [lepeBakHO 1ie CX0K1 Ha TPUPOJIHI
Marepiajli aHaJIOTH, SIKi IITaXxy IEBHOTO BHJY 3a3BHYail BUKOPUCTOBYIOTH JUIS OOJIAIITYBaHHS
ruizga [28].

Haifyacrime mry4Hi Marepiajid y THI3IOBI KOHCTPYKLIi BIUTITAlOTh Taki BUIU SIK
KOHOIUIsIHKA Linaria canabina (85,7 %), 3eneusk Chloris chloris (71,4 %), 3a0nuk Fringilla
coelebs (66,7 %), cununs Benuka Parus major (55,6 %), copokonyn TepHoBuil Lanius collurio
(32,6 %), npizn wopnwuii Turdus merula (30,0 %), iHm1i — 3HauHo piauie (Sylvia atricapilla—5,0 %,
Ficedula hypoleuca — 8,0 %, Acrocephalus palustris — 8,3 %, A. arundinaceus — 5,0 %), pemira
13 JIOCJIIPKEHUX BHIIB — BUIMAAKOBO [28]. BusiBiieHO, 110 32 OCTaHHI POKH YacTOTa 3aCTOCYBAHHS
LITYYHUX KOMITOHEHTIB y THI3aX JEIKHUX BU/IiB, 30KPEMa, KOHOIUISTHKH, B aHTPOIIYHO 3MiHEHOMY
CEepe/lOBHIIII 3HAYHO 3pOCia, OCOOIMBO B HACENICHHMX ITyHKTaX, HIO CBIIYHTH SIK MPO CTYIIHb
3aCMIYEeHHS CepEeNOBHIIA, TAK 1 PO THI3/I0BY IUIACTUYHICTh IHOTO BUIY [4].

CraH cepeloBHUINA ICHYBaHHS NTaxiB TaKOXK BIUIMBAE HA YaCTOTY BUKOPUCTAHHS HUMH
IITYYHUX THI3NO0YNIBHUX MaTepialliB: 4uM Oulbllle BOHO 3acMiueHE pI3HUMH TBEPAUMHU
oOyTOBUMH BIJIXOZIAMH, TUM YacTillle NTaXW 3aCTOCOBYIOTH iX JJIsl CIIOPY/DKEHHS THi3[.
Haii6inpiry yacTky THI3Z 31 IITYYHUMH KOMIIOHEHTaMHU (CMITTs) BUSIBICHO caMe B Meax
HACEJICHUX ITYHKTIB, 0COOIUBO B MicTax [29].

Benyun MOBy Ipo HaceJeHHS MIKPOOCENHMII NTaxiB, 3BEPHEMO yBary Ha KoyiemMOoiu
THI3 TOpOOIEMONiOHUX MNTaxXiB-AyIUIOTHI3HUKIB [llanpkoro HaIioOHATBHOTO MPUPOIHOTO
napky. Bmict 24 nyruisiHok 3i0paHo Ticist 3aBepIIEHHS THI3I0BOTO CE30HY ITaxiB y cepeiuHi
BepecHst 2020 ta 2021 pp. 3i0pani rHi3Aa HaNEKaIM CUHULSIM (Parus sp.), MyXOJIOBIII CTPOKATIH
(Ficedula hypoleuca), ropuxsictiii 3Bu4aiiHii (Phoenicurus phoenicurus). I'Hi3na 1UX BUIIB
NIPUAATHI JUIS 3aceJIeHHs KoieMOojaMu, aJke BOHM CKJIQJIAIOTHCSl 3 MPUPOJHUX MaTepiallis,
MOAIOHMX JI0 JIICOBOT MiZICTHIIKM COCHOBOTO JIicy (CyXi I'JIKH, KOpa, TpaBa, XBOs, MOX TOILO).
Jocmimpkenns: BusiBiwiio 20 BuaiB KosieMOoOJ, Hal4HMCIGHHIMM i3 sikux Oyna Entomobrya
marginata, BusiBiena y 20 raizgoBux cyocrparax (83,3 %) 3araiabHOIO KiIBKICTIO 326 0COOUH,
1o cTaHoBUTH 44,0 % BiJ 3arajbHOT KUIBKOCTI BUSIBIEHUX 0COOHMH KojemOoi. CyOjoMiHaHTaMK
oynu Orchesella bifasciata (10,3 %) 1 Xenylla brevisimilis (10,1 %), sixi BusiBieHo y 3 (12,5 %)
i 14 nymnsakax (58,3 %), BiamoigHo. Permira BuIIB KoieMOOJ TParuisiiMCh y THI3JOBOMY
MarepiaJii 3Ha4HO pifie. Yci BUSIBICHI BUHM KOJIEMOOJ TPAIUISIOTHCS Y IPYHTI ¥ IiICTHIILI JIICIB,
y TOMY 4YHMCIIi COCHOBHX, JIesKi € eBpuOioHTamu. Cepesl BUSBICHUX BUJIB YaCTHHA HAJICKUThH
JI0 CanpOKCHIIOOIOHTIB, €KOJIOTIYHO TIOB’SI3aHUX 13 BIAMEPIIOIO JIEPEBUHOIO Ta KOPOIO JIEpeB, a
TaKOX 13 MOXaMHM Ta JIMIIAiHUKaMu. [Hi3moBul cyOcTpar i3 JYIUITHOK 3acelisuld TIOBEpXHEBI
Ta BEPXHBOIIJICTUIIKOBI (popMH KOJIeMOOJI, TPUCTOCOBAHI JI0 CyXHX YMOB, 1 BUJIH, SIKI MOXYTb
KUTH B YMOBaX CEpPEIHBOI BOJOTOCTi. Y TepeBakHil OLIBMIOCTI II€ TOJITOIHI JIICOBI BUIH.
TakuMm 4MHOM, THI3AA NTaXiB y IYIUISTHKaX, SIK IT0Ka3aJjo Hallle JOCITI/DKEHHS, € CHPUSTINBUM
MIKpPOOCEIHUIIEM Jijis 6araTboxX BUJIB KojeMOo0 [5].

Ille onmH HampsiM Haloi poOOTH TOB’SI3aHUM 13 BUBUYEHHSM OCOOIMBOCTEH >KUBIICHHS
pHci 3aJe)KHO BiJ 11 OCENMIIHUX XapaKTEPUCTUK. 3pa3KH EKCKPEMEHTIB JUIsl JOCIiKEHHS
BifiOpaHo Ha Teputopii PiBHeHckkoro I13 B Kapacuncekomy ITH/IB y GonorHux (eBrpodni
6osi0Ta, Me30Tpo(HI 00J10TA) 1 JIicOBUX Oi0TONAaX (JIMCTSIHI JIICH, XBOWHI JIiCH, O10TOITH 3 HEJIABHO
3HUILEHUM JEPEBHUM SPYycOM). AHaJi3 I10Ka3as, 10 PallioH pUci Ha I TepuTopii MICTUTH 110
5 00’ €KTIiB POCIMHHOTO 1 TBAPMHHOTO ITOXOKEHHSI. 3JIaKH, PI3HOTPAB 1, JINCTS, HACIHHS POCIIUH,
TUIKM Ta MOX TPAaIUISUIUCS TPAKTUYHO B KOXKHOMY 3pa3Ky, OJHAK BOHM CTaHOBWJIM HE3HAYHY
4acTKy. BBakaeMo, 110 POCIUHHI OO '€KTH IIBHJIIE 32 BCE, € BUIAJKOBUMH KOMIIOHEHTAMU
pawioHy puci, SIKi MOTPAIUISUIN Y 11 NITYHKOBO-KHIIIKOBUI TPAKT pa3oM 3 00’ €KTaMH TBAPHHHOTO
noxomkeHHs. 1o & 10 TBapuHHHMX 00’€KTIB pallioHy, TO PUCh Ha Wil TepuTopii HaWvacTime
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MOJIFOE Ha capHy eBporeiicbky Capreolus capreolus (3aauiliKy MIEPCTi 3HAHICHO B YOTHPHOX
3pa3Kax eKCKpEeMEHTIB, BOHU CTaHOBWIIM PUOIN3HO 98 % yciel Macu noxusn). Takox y 3pazkax
YaCcTO BUSBJISUTU PEIITKHU 1HIIUX CCABIIB, 30KpeMa, MOJIBKU Microtus sp. Ta 3ali1is ciporo Lepus
europaeus. T1ip’s HEBEIMKOTO NTaxa BUSBJICHO JIMILE B OJHOMY 31 3pa3KiB, Il OJMH 3pa30K
MICTHB PEIITKH TPHOX NMpeCcTaBHUKIB Komax psaay Coleoptera, cepea SIKUX — TypyH (ioneToOBUiMA
Carabus violaceus.

HaiiGinpIie ekcKpeMeHTIB puci 3HalAeHO B anua0(iIbHUX 1 HEUTPODITBEHUX COCHOBUX
micax (/12.2). VY 3paskax, ski BiniOpaHo B anupodiIbHUX CBDKMX 1 BOJIOTHX JCaX COCHH
3Bu4aiHoi (/12.2.2), BiA3HA4YEHO 3aNMIIKA CapHHM €BPOINEHCHKOI, IHIIMX CCaBIB, a TAaKOX
pOCIMHHI 3aiumIKu. Y 3pas3kax, siki BiliOpaHo B cCHUpUX Jicax cOocHU 3BHuaiiHOl (/12.2.3),
3HalileHo HalOIbIIe PI3HOMAHITTA Xap4OBHX KOMIIOHEHTIB: 3aJMIIKH CapHH €BPOICHCHKOI,
TOJIBKY Ta HIIMX CCaBIIiB, 3AJIUILIKH NTaXiB, @ TAKOK POCIMHHI 3aJIHIIKH.

JlBa 3pa3ku EKCKpEeMEHTIB puci BimiOpano B Oiotomi J[1.7 — Oomota 3 spycom
HIMPOKOJIUCTSIHUX JIepeB. 30KpeMa, TBEPAOKPWINX 1 HACIHHS POCIHMH 3HAIJICHO Yy 3pa3Ky 3
6iotomy /[1.7.1 — eBTpodHi O0J0Ta 3 IPYCOM BijIbXH YOpHOI a00 Oepe3u. HaciHHS pociuH, Tk,
3J1aKH Ta 3aJIMIIKK CCaBIiB Big3HaueHo B 6iotomi J[1.7.2 — me3oTpodHi Gonora 3 sipycom Oepesu.

3riiHO 3 HAIIMMU JAHUMH, PUCh YacTillle BiZIBIly€ OCEJHIIAa XBOWHUX JIICIB, a ii paiioH y
[UX MICIIIX € PI3HOMAHITHIIINM 1 MICTHTh Y4 HE HAHOCHOBHIIINI KOMIOHEHT TIOKHBH — CapHY
eBporeiicbky. CitiJy KOHCTaTryBaTu, 10 3i0paHOrO CTaHOM Ha 3apa3 Marepialy HEIO0CTaTHBO
JUISl TIOBHOIIIHHOTO BUCHOBKY IO/I0 OCOOJIMBOCTEH KMUBJICHHSI PUC] €BPa3ifiChKOI 3aJIe)KHO Bij
ii ocenuIHNUX XapakTepucTHK. [lopsi i3 THM, MOXKHa 3pOOHMTH NPHITYLICHHS, 110 TPODIUHUHA
apeas pUci OXOIUTIOE HU3KY Pi3HUX OCEJIHII, XapaKTCPHUX IS 11 )KEPTB.

[I1e omHUM acrieKTOM JOCIiIKEHb OYyJI0 BUBUCHHS B3a€EMO3B 13Ky MiX 3MIHOIO OCEJIHIIA
B 4aci 32 yMOBH JieMyTalii (BiJIHOBJIEHHS JI0 MPUPOTHOIO CTAHY) aHTPOIOTEHHUX €KOCHCTEM 1
CTaHOM XapaKTEPHOI [T HhOTO MOMYJISIIIIi MypaIIoK. 3 Ii€F0 METOK OYII0 3aKJIAJICHO JOCIITHY
JinsHKy roniero 1500 M? Ha MICIl 3aKHHYTOTO TPOMAJICHKOTO SIOMYHEBOTO caly Ha MiBHIUHIM
okonutli ¢. O6pormHo JIBBIBChKOTO pariony JIbBIBCHKOT 00MaCTi.

[Tonan 10 pokiB TOMY B IbOMY Caj1y NPUIMHIIN BUIIAC IPUBATHUX KOPIB, Ki3 1 KOHEH, 110
30in10Cs 3 IHTEHCUBHUM PO3BUTKOM MYpaIHuKiB Lasius niger 1 Lasius flavus. Tax,y 2014 p. Ha
npoOHii AIIsHI MK 00JTiKyBasu Bij 25 10 32 mypanHukiB. Po3Mip MypaniHuKiB csiraB BUCOTH
15-21 cm 3 nmiamerpom 26-31 cm. Cranom Ha 2024 p. obmikoBano 700-1000 mypanrHukis
3aBBUIIKK 3745 cm i niamerpom 40-47 cm. Ha Bigminy Bix 100 % 3aceneHOCTi MypanrHHUKiB
y 2014 p., y 2024 p. 3acenenumu BusiBuiucs o6mau3pko 40 %, — pemra Oy MOKMHYTI. Xoda
POCITMHHMY TIOKPHUB JUISHKH 3arajoMm 30epircsi, aje 3a Ieid Yac Ha Hiil IHTCHCUBHO MOYad
3’siBysiTHCs. 1y0 depBoHuit Quercus rubra, muna cepuenucra Tilia cordata, kanuHa 3BU4aiiHa
Viburnum opulus, 6pycinuHa eBpornelicska Euonymus europaeus. Y TpaB’ssHOMY TTOKPHUBI 3pociia
YyacTKa PI3HOTpPaB’s 1 3MEHINWJIACS YacTKa 371aKiB. BiJHOCHO HM3BKHMH BiJICOTOK 3aceleHHS
MYpaIIHUKIB BKa3zy€ Ha 3MiHY SKOCTI oceiuiia Mypamok. 3a 10 pokiB CTEeXKEHHs 3a 3MiHOIO
YHCENBHOCTI MYPAlIHUKIB HaMH BUSBICHO Kijbka Ii mepioaiB: mepui 2—3 poKH — TOBUIbHE
301IBIICHHS YUCEIBHOCTI MypaITHHKIB; 4—7 pOKiB — pi3kuii npupicT; 8—10 pokiB — 0e3 IpHpOCTY.
Ha 7-my poui ociiJukeHHsT MypantHuky Oynu 3acesneHi Ha 75-85 %. [lounnatoun 3 8-ro poky
TXHsI 3aCENICHICTh CIaae, MO0 BKa3ye a00 HA IHTCHCUBHY eMIrpailito 0COOMH 000X BUJIIB Y IHIII
OCeIHINa, a00 K Ha ICTOTHE 3HIKCHHS YHCEIBHOCTI TXHIX MOMYJISIIIH.

[TinBoxstum 3araibHUK MiJICYMOK PE3YJbTaTiB HAIIMX JOCIHIIKEHb, KOHCTATYEMO, IO
OCEJIMIIHUI MIX1J 1O BUBYEHHsI 010JI0T1{, €KOJIOTii OKPEeMHUX BHJIB TBApHH € NEPCIEKTHBHUM
JUISl BCTAaHOBJICHHS (DyHKIIIOHAILHHX 3B’S13KIB MK OpraHi3MaMu, MOMYJISIISIMU i CepeJOBUILIEM
iXHBOTO iICHyBaHHs. 3HAHHS CaMe€ TaKHX 3B’3KiB MDXK Oi0TOIO i Ti cepe/oBHUIEM € HayKOBUM
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MIAIPYHTSM JUIsi PO3POOKH €(PEKTUBHUX METO/IB MEHEDKMEHTY XMBOTO 32 CyYaCHHX yMOB
KJIIMaTOreHHUX 1 aHTPOMIYHHUX 3MiH HOTO OCEJINIII.

PoGoTy BuKOHaHO B paMKax HayKoBOi TeMH KadeapH 300J10r11 JIbBIBCHKOT0 HAI[lOHAILHOTO

yHiBepcuteTy imeHi IBana ®panka «Tpancdopmaris ocenui i T BIUIMB Ha 300010Ty 3axoy
VYkpainu 3a cygyacHUX yMOB KiliMatHaHuX 3MiH» (0122U200481).
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THE NEW ASPECTS OF ANIMAL HABITATS STUDY
IN THE WESTERN REGION OF UKRAINE
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This article introduces and substantiates the concepts of micro- and megahabitats,
emphasizing their importance for animals. An attention is paid to the conceptual relationship
between biotope and habitat, the difference between them is shown. It is demonstrated
the dependence of model animal taxa on the character, dynamics and specifics of their
habitats using various features of the studied taxa. In particular, qualitative and quantitative
differences were identified in the composition of plankton crustacean communities across
the habitats with different transformation level, both in protected areas and anthropogenic
landscapes; these differences reflect their belonging to certain biotope types. Crabronidae
and Sphecidae burrowing wasps also show a specific habitat distribution, where the highest
species diversity (44 species) is found in pine forest biotope type on sandy soils rich in
lichens. The wasp nesting in hollow plant stems or dead wood is considered to be good
example of microhabitat use within the certain biotope. Recreation and demutation were
found to be those ecological factors which have the most significant negative impact on
amphibian (the Carpathian and Alpine newts) habitats within the protected areas of the
Ukrainian Carpathians. Among the bird habitats in urban areas, which are joined under the
concept of “megahabitat”, old parks and cemeteries are the most valuable for protection,
as they show the highest bird species diversity (up to 60 species). This is facilitated by
the presence of water bodies, old trees, and relatively low level of human impact. The
composition of nesting materials and the associated fauna of bird nests are also examined
in the context of microhabitat characteristics. Birds selectively use household waste for
nest construction in transformed and polluted environment, even when natural materials
are sufficiently available. It was also found that passerine bird nests are suitable for
colonization by springtails, which serve them as microhabitats due to their composition
of natural materials similar to forest litter. An analysis of the diet and location of the lynx
feces in the Polissia region shows that they most often contain remnants of the European
roe deer and are found in pine forest biotopes. The relationship between population status
and habitat changes over time due to demutation on the example of two ant species (Lasius
niger and L. flavus) revealed that an initially slow and then rapid increase in ant numbers
eventually ceases, followed by a significant decline in their nest occupancy during the
continuous ecological succession.

Keywords: biotope, animals, microhabitat, megahabitat, West of Ukraine
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CHEKTP )KUBJIEHHSI ®OHOBUX BUAIB 3BEMHOBOJHNX
VYKPATHCBHKOTI'O PO3TOYYS (BUFO BUFO TA RANA TEMPORARIA):
CE30HHA JUHAMIKA I ®PAKTOPH BIIVINBY

H. bBananarox

Jlveiecokuil nayionanvruil ynigepcumem imeni leana @panka
syn. I pywescokoeo, 4, Jlvsie 79005, Vrpaina
e-mail: ntl1957k@ukr.net

Tpodika 3emMHOBOIHUX (OpPMYy€EThCS MiA BIDIMBOM pPi3HMX (haKTOpiB, 30KpeMa,
JIOCTYITHOCTI KOpMOBOi ©0a3u. Xo04 3EeMHOBOJHI 3a3BHYall CIIOKWBAKOTH JPIOHUX
0e3xpe0deTHHX, Ta He MEHII BaXKIMBUM y KOHTEKCTI PaIliOHy € MacoBICTb i JOCTYIHICTb
niel MOXXMBH y CEpe/OBUIN iCHyBaHHI. B yMoBax pi3HHX eKOCHCTEM YKpaiHCHKOTO
Po3touust 3¢eMHOBO/IHI IEMOHCTPYIOTH IOCHTh BUCOKY TPO(IUHY IIacTHUHICTh. DOHOBHMEI
1 HalOLTBII YMCIEHHUMH Hpe/CTaBHUKaMU OaTtpaxodayHu periony € pomyxa cipa (Bufo
bufo) Ta xaba Tpas’siHa (Rana temporaria). BcTaHOBIEHO, 1110 OJIUH i3 BaXIIMBUX (DaKTOPIB,
SIKi BIUTUBAIOTH HA TPO(]iKy 3eMHOBOJHHX, — II€ TeMIIepaTypa IOBITpsI.

VYrpomosx 2019-2022 pp. mpoBeneHO CHCTEMaTHYHHI BinOip Marepialy Ha
7 noxamiterax i3 Pi3HHMH THIIAMHU CEpeIOBUINA — IPHPOJHIMH JIiICOBUMHU OioTomamu i
AQHTPOIOT€HHO TPAHC(HOPMOBAHIMH TUITHKAMH (CaJIH, y30194s aBTOJOPIT, TACOBUIIA, ITOJIS).
Bukopucranns innexcy Cimncona [20] gano 3Mory OLIHUTH CE30HHI 3MIHU Pi3HOMAHITTS
KOPMOBHX OO0’€KTIB y paIliOHI JOCTIPKyBaHMX BHJIB 36MHOBOIHHUX. Tak, pomyxa cipa
(Bufo bufo) 1 xaba tpaB’sHa (Rana temporaria) BUSBIIN TpO(idHy aKTHBHICTB, 3aJIEKHY
BiJI CE30HHUX KOJIMBaHb TeMIepaTypu moBitps. [lopsy i3 TiM, 00HaBa HOCTIPKSHNX BHIH
JIEMOHCTPYIOTh IEBHY BHOIPKOBICTH KUBJICHHS: HAHOUIBITY PI3HOMAHITHICTH TPODITHIX
00’€KTiB BiJI3HAUCHO BIIITKY, 3a MOEJHAHHS CIPUATINBIX TEMIIEPATyPHAX YMOB 1 BUCOKOL
JIOCTYITHOCTI ITOXKHBH, TOJ1 SIK HABECHI Ta BOCEHU CIIEKTP YKUBJICHHS € BY)KIHM. 3arajom
TpodivHi ciekTpu pomyxu cipoi (Bufo bufo) Ta xabu TpaB’saHo1 (Rana temporaria) MiCTATh
6e3xpebernux Tppox TmiB: Mollusca, Annelida ta Arthropoda, mpu mpomy pormyxa cipa
(Bufo bufo) naiifvacrime croxuBae npencraBHukiB psiniB Coleoptera Ta Hymenoptera,
a xaba tpaB’sHa (Rana temporaria) — Haakiaacy Myriapoda, tuy Mollusca ta psmy
Dermaptera. 3aragom, po3mHMpeHHH CIIEKTp KUBICHHS CHPHSE IATPUMAHHIO IOMYJIs-
IiifHOT CTAaOLIBHOCTI, e()eKTHBHOMY €HEepreTMYHOMY OOMIHOBI Ta B3aeMOJil 3 IHIIMMH
KOMIOHEHTaMH €KOCHCTEMH, IO MiIKPECIIOE eKOIOTIUHY 3HATYI[iCTh BUBUCHHS TPOQIKH
IIUX BHAIB y pi3HKX Oioromax. OTpHMaHi pe3yiabTaTH CBIiqUaTh PO BHCOKY E€KOJOTIdHY
IUIACTHYHICTE Bufo bufo ta Rana temporaria i MiIKpecIOOTh AOULIEHICT ITOJAIbIINX
JIOCITIJKEHb IXHBOTO TPO(QITHOTO CIIEKTPY.

Kniouoei cnosa: Rana temporaria, Bufo bufo, tpodika, TemmepaTypa MOBIiTps,
YHCENBHICTh, CE30HHICTh, Oe3XpedeTHi, YKpaiHcbke Po3rouus

Crpykrypa KOpMOBOI 0a3u 3eMHOBOAHHMX Ha Tepuropii Ykpaincekoro Posrouus
CYTTEBO BapilO€ 3aJEKHO Bl TUIy €KOCHUCTEMH. Y TPHPOIHUX OCEIHIIAX (JICOBI MacUBH
SIBopiscbkoro HIIII, T13 «Po3Touus») 3eMHOBO/HI MalOTh JIOCTYII JIO IIUPOKOTO PI3HOMAHITTS
0e3xpeOeTHUX, TOAI SK y MeXaxX JUISTHOK, TPaHC(POPMOBAHHX JIIOJICHKOIO JIISUIBHICTIO,
CIIOCTEPIraeThesi 3BYKeHHs1 TpodiuHoro crektpy [16]. Anami3 niTeparypu 3a BiJIIOBIJIHOO
TEMaTHKOI JOCIHI/DKCHHS] BKa3ye€ Ha aKTYaJIbHICTh BHUBYEHHS OJHHUX 13 HaWYMCIICHHIIINX

© bamanmgox H., 2025
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NIPE/ICTABHUKIB 3€MHOBOJHUX €Bponu — abu Tpa’siHOI Rana temporaria i pomyxu cipoi
Bufo bufo, 30kpema, ixHiX TpoiuHUX 3B’SI3KIB Yy Mexax YkpaiHcekoro Posrouus [1, 9, 10].
Tak, omucano, 0 y TPUPOTHKX JicoBuX Oiortomax IlpupomHoro 3amoBimHuka «Po3roudsn
cepell MOKUBH JKabu TpaB’siHOT IOMiHYIOTh mipecTaBHUKH psiniB Coleoptera, Diptera, Arancae,
Collembola ta pogunu Formicidae [9]. o x mo pauiony pomyxu cipoi, To y i1 pamioHi Tex
JIOMIHYIOTh JKyKH, 30KpeMa, TYpPyHHU SIK OIUH i3 OCHOBHUX TpodiuHmx pecypci Buay [10].
3aranom, BBa)XKalouu, 1110 Cy4acHa aHTPOIIYHA Ta KJIIMaTH4YHa TpaHc(HOpMAaILisi OCENUII BITHOCHO
IIBUJKO BiZIOMBA€THCS 1 HA TPO(MIYHOMY CIEKTpi JOCHIKYBaHUX BHJIIB 3€MHOBOJHHX, CIIiJI
BIJI3HAYNTH BaKJIMBICTH 1 HEOOXIIHICTh BUBYEHHS il MOPIBHSHHS CHEKTPY IXHBHOTO JKHBIICHHS,
SIKMI MOKe HaOyBaTH MEBHUX 3MiH. BigTak, mutanHs TpodivyHOT €KOJIOTIT TOCIIKYBaHUX BUJIIB
Ha CHOTOJHI MOTPEOYIOTh MOJANBIINX JOCTIPKEHb, 0 MiAKPECIIOE aKTyaJbHICTh POOOTH Y
LIbOMY HarpsiMi. 30Kpema, Opakye y3arajJbHEHUX BiJOMOCTEH PO CE30HHY JHMHAMIKY KHBJICHHS
Ta peakiiro (GOHOBUX BHIIB Ha TpaHchopmailliro cepermopuiia. Lle cTBOproe mporaniuHy B
PO3yMiHHI MexaHi3MiB aganTarii am¢ioiii 10 yMOB aHTPOIOTEeHHO 3MiHEHHX EKOCHUCTEM.

BuBueHHs1 exoioriyHuX (aKTopiB, SKi BIUIMBAIOTH Ha JUHAMIKY TPOQIKH POMyXH
3BuuaitHol (Bufo bufo) ta xabu TpaB’sHOI (Rana temporaria) sk HAMacOBIIIUX 1 HAHOLIBII
€KOJIOTIYHO TUIACTUYHUX BUIIB am}iOiif y Mexax pizHHX ocenui YkpaiHcebkoro Po3rouus, Mae
Ba)KJIMBE 3HAYCHHSI JUIsI PO3YMIHHSI MEXaHI3MIB IXHBOT a/IanTarii 10 MiHJIMBUX YMOB CEPEIOBHIIA
icHyBaHHs. CaMe TOMY METOIO LIbOTO JIOCIIKEHHs OyJI0 3pOOMTH aHali3 BIUIMBY KIIIOUOBHX
€KOJIOTIYHMX (DaKTOpPiB — TeMIepaTypy, THITy OCENHIA, CE30HHUX 3MiH — Ha CIIEKTp JKHBJICHHS
Bufo bufo ta Rana temporaria B Mexax YkpaiHcbkoro Po3rouust.

Marepiaan Ta MeToan
Hocnimkernas mposommmn  yrpomork 2019-2022 pp. Ha Tepuropii YKpaiHCBKOTO
Po3touus (puc. 1).

Puc. 1. Tepuropis Ykpaincekoro Po3rouust (wopHuM mo3Ha4eHO Mexi YKpaiHnchkoro Po3rouus; yepBoHUM,
CHHIM, JKOBTUM, 3€JIeHUM, (pi0JIeTOBHMM — JOCIIi/IHI TUISTHKH B OKOIHILIX ¢. JIo3uHo, ¢. [lyOpoBuis,
c. Maiinan, c. ®iifHa Ta ok. cMT IBaHO-DpaHKoBe)
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[TonpoBi JOCHIKEHHS 3A1HCHIOBAIN HA TOCIIIHUAX TUISTHKAX — OKPEMHX TEPUTOPIX, 1€
MPOBOJMJIM CHUCTEMAaTHYHHI Bi0ip Marepialy 3 METOI BUBUCHHS CIIEKTPIB KHMBJICHHS POITYyXH
cipoiTa>xaOu TpaB’siHOT B OCEJININAX 13 PI3HUM PiBHEM aHTPOIIOT€HHOTO HABAaHTAXKEHHSI: TPUPO/IHI
(JricoBi) 1 aHTPOMOreHHO 3MiHEHI ocenuina (OKOJIMIII HACEJIICHUX ITYHKTIB, y30i4dsi aBTOIOPIT,
pexpeattiiiHi 30HH, caau, oJist Toio). Jist ananizy Tpodiku Opainy BUKIIOYHO JOPOCIUX 0COONH
Bufo bufo ta Rana temporaria, mo0 MiHIMI3yBaTH BIUIUB BIKOBHX OCOOJMBOCTEW >KUBJICHHS
ocobuH 000x BuAiB [2]. 3arajoM OXOIUIEHO 7 JIOKANITETiB, MPEICTABICHUX MPHUPOIHUMHU i
AHTPOIIOTCHHO 3MIHCHUMH OCEJIMIIAMH B MEKaX OKPEMHUX JUISTHOK JIOCII/PKEHHS, J¢ BiliOpaHo
Ta npoanaiizoBaHo noHax 1000 ocobuH 6e3xpedeTHUX, sIKi Oe3MoCcepeIHBO BXOMIIH JI0 CKIIA Ty
MIOKHMBH JIOCJIKCHUX BUJIB 3¢MHOBOIHUX (TaOII. 1).

Ta6mus 1
Jlokamitetn Binbopy mpod 3emHOBOmHUX (Bufo bufo, Rana temporaria)
JUTS TIOANBLIOTO aHaJi3y IXHBOTO PaLlioHy

KinpkicTp BiniOpaHux ocoOHH
Jlokanitern 3eMHOBOJHHX Ta 0e3XpeOeTHHX
i3 IXHIX IUTYHKIB

Jlicosuit macus (T13 Po3rowusi, okonuii c. IBano-®paHkose),

49°57'30" nu. m. 23°39'00" cx. 1. 27 (386)
Cag (oxomumi c. JIyopoBurs),
49°58'33" nH. 1. 23°48'45" ¢cx. 1. 10 (189)
[Mone (oxomumi c. JlozuHo),
49°56'52" nH. 1. 23°48'53" ¢cx. 1. 11 (158)

VY36i4us aBTOHOpIT
(oxomumi c. JlozuHo — ¢. [lyOpoBuiis — ¢. Maiinan),
49°56'52" nH. 1. 23°48'53" ¢x. 1. — 15 (211)
49°58'33" nu. n1. 23°48'45" ¢x. g1, —
50°0'35" nH. 1. 23°50"20" cx. 1.

[Macoswuiie (oxomuii ¢. diiiHa), 24 (269)
50°1'55" mH. m1. 23°48'52" ¢x. 1.

306ip HaTypHOTrO Marepiairy 3/ {CHIOBAJIM /B4l Ha MICSIIb MTPOTSTOM CE30HY aKTHBHOCTI
3eMHOBOHUX (KBIT€Hb—THCTONAN). J{J1s1 BUBYUEHHS )KUBJICHHS B1IONPaIN 0COOMHHU 3eMHOBO/IHUX,
SKI 3aTMHYJIM Ha aBTOLIISAXaX YHACHIJOK Hai3ly aBTOTPAHCIOPTY, a TAaKOX 3aCTOCOBYBAJIH
0e3KpOBHUI METOJI — MPOMHBAHHS IUTYHKIB )KUBHX 0coOnH [17,21]. ITix yac kamepaibHOi poOOTH
3 0e3XpeOeTHUMH, BHIYYEHHMH 31 IITYHKIB 3€MHOBOJHHX, MU BHKOPHUCTOBYBAJIN OIHOKYIISIP
SZM7045-B1, sikumit ciyryBaB Uit JOCHIPKEHHSI MQJIMX 32 PO3MIPOM 00’€KTIB JKMBJICHHS, a
TAKOXK TXHIX OKPEMHX YaCTHH, SKi JIOCUTh YacTO TPAIUISUINCH Y HITyHKaX 3¢MHOBOJHHX. BMicT
LUTYHKY po30mpanu Ha ¢pakuii y wanmi [Tetpi 3 BUKopucTaHHSM Jynu (X6) Ta OIHOKYIsIpa.
Haifuacrime netanbHUH ODISLA CBIKUX MUTYHKIB J1a€ 3MOTY BU3HAYHUTH HAJIGKHICTh CHIOKUTHX
TBapUHOKO 00’€KTIB HABITH IO BUJIOBOTO PiBHS [6].

OCKIJTbKY OCHOBHHH paliioH 3eMHOBOIHUX CKJIQIAETHCS 3 0€3XPEeOETHNX, TO TOCIIPKSHHS
iXHIX PEelITOK BU3HAYaIM 3a JJONOMOTOIO BiAMOBIAHOI JiTeparypu: «JlicoBa entomoinoris» [5],
«Atnac komax Ykpainu» [3], BU3HAYHHUK KoMmax [4], BU3HAYHUK HA3EMHHUX MOIIOCKIB 3aXOIy
VYkpainu [11] Tomro. OkpiM 1IbOTO, JOCTIPKYBAIN SIKICHUH 1 KUTKICHUI CKiTag eHToMO(payHH K
OCHOBHE JDKEPEJIO MOXKMUBH JUIsl OOpaHuX BHUJIIB 3¢MHOBOJHUX. 3 III€10 METOI0 BUKOPHCTOBYBAJIH
nactkn bapdepa — crannmaptHi ckisiHi koHTelHepH (0,5 1), 3aKonaHi B piBeHb i3 TOBEPXHEIO
IPYHTY ¥ 3aloBHEHI Ha ofiHYy TpeTHHY 4% po3zunHOM Qopmaibaeriay. Ha xoxHili MoxenbHIH
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JUISTHINI BCTAHOBIIIOBAIM IO 3 MACTKH Y3IOBX JIiHIT 3 iHTepBasioM 5—7 M Mix HumMHU [15], 3
MOJIAJIBIIIONO 1IeHTH(]IKAIIEI0 CriiiMaHKX O0e3XpeOeTHUX 3a BIAMOBIIHOKO JiTeparyporo [3-5].

Jnst ouiHKM TPO(]IYHOTO CIEKTPY 36MHOBOAHHMX 1 HOro 3aJIe)KHOCTI BiJ| TeMIleparypu
MOBITpPSI IPOTSITOM Pi3HUX ce30HIB (puc. 4, 5) BukopuctoByBaiu inaexc Cimmncona [20], skuii
BiZloOpaXkae Pi3HOMAHITTSI KOPMOBHX O0’€KTIB y pamioHi Buay (uum Oinbuie 1-D, Tum BuIa
pizHomaHiTHICTB). [TopiBHIOIOUM JaHi, oOuuMcieHi 3a gonomoroto iHgekcy CimIiicoHa, MOXKHA
BU3HAYMUTH, YH BIJIPI3HSAETHCS CIIEKTP MOXKMBY IICIs 3MIHU TEMIIEpaTypy CEpe/lOBUINA, a caMme,
PO3LIMPIOETHCS YM, HABIIAKH, CKOPOYYETHCS Jiarna3oH TPodiyHMX 3B’s3KiB. Takok MokHA
BUSIBUTH, YU CTa€ PAIliOH JOCTI/DKYBaHUX BUIIB am(]iOili 32 NMEBHUX TEMIICPAaTYpPHUX YMOB
OlNbII CrienianizoBaHuM, IO MPOSIBISIETHCS Y BHCOKIM a00 HHU3BKIH PI3HOMaHITHOCTI NMEBHUX
rpyn 0e3xpedeTHHX y Tpodilli 3eMHOBOHHUX.

Pe3yabraru i ixHe 00roBopeHHs
3a pesympraTaMu JOCTIHKCHHS Xap4oBOTro pariony Bufo bufo ta Rana temporaria
mpotsaroM 2019-2022 pp. BCTaHOBJIECHO, MO Yy TPOdimi mepeBakaroTh Oe3xpedeTHi: y Rana
temporaria ixHs 4actka craHoBwiaa 80 %, Tomi sK iHII (OPMH THpENCTaBICHI HEBEIMKOIO
KUTBKICTIO 0COOMH, IIePEeBaKHO TMYMHKAMH I iMaro TBOKpWIIHX; y Bufo bufo aactka 6e3xpedeTHUX
cra”oBmiIa 6mm3bKo 85-90 % (puc. 2, 3).

m [sopoda

= Dermaptera

= Mollusca
Annelida

= Hymenoptera

m Acari

m Aranei

m Diptera

m Hemiptera

B Myriapoda

m Coleoptera

B Animalia (5e BU3HAY.)

Puc. 2. Crnextp xwuBIeHHs poryxu cipoi (Bufo bufo)

3rigHO 3 JaHWMH, TPEICTAaBICHUMH Ha PUC. 2, JOMIHYIOUHMH TpynaMu 0e3xpeOeTHHX
y Tpodimi pomyxu cipoi (Bufo bufo) € npencraBauku psaniB Coleoptera Ta Hymenoptera, ski
CyMapHO CTaHOBJIATH IoHaA 60 % BiX 3arajgbHOI KITBKOCTI XKEPTB HOTO BUITY.

B ocHoBIi pariony abu Tpas’sHOI (puc. 3) nepeBakanu npeacraBHukn tuy Mollusca,
Haakimacy Myriapoda, a Takok TPOXH MEHIIOIO Miporo ocoOMHHM psnmiB Araneae i Dermaptera
(monan 60 % pazom). OkpiM IIOTO, Yy palioHi 000X BHUIB 36MHOBOIHUX BHSBJICHO HEICTIBHI
00’eKTH, 30KpeMa, KaMiHIli, TTOTPAIUITHHS SKUX Y IUIYHOK, CKOPINI 32 BCE, € BHIIAAKOBUM I
BiIOyBA€THCS Pa30M i3 OCHOBHUMH KOPMOBHUMH 00’ €KTaMH.
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Puc. 3. Cniektp xuBNeHHs xabu TpaB’siHO1 (Rana temporaria)

B Dermaptera

m Mollusca

® Annelida

Hymenoptera

B Acari

M Aranel

m Diptera

® Hemiptera

B Myriapoda

m Coleoptera

B Animalia (He Bu3HAY.)

Anaiiz Tpogiku 1BoX GOHOBUX BUAIB 36 MHOBOAHUX (Rana temporaria, Bufo bufo) noxasas,
0 MM BHJAM NPUTAMaHHI SIK CHUIBHI pucH Tpo(didHOI MOBEMIHKH, TaK 1 Bupocrenudidni

ocobnmBocrTi (Tad. 2).

BigHocHa uactka Oe3xpebeTHHX y nactkax bapdepa Ta nuTyHKax 3eMHOBOHUX

(2019-2022 pp.)

Tab6mums 2

[Mactku Bap6epa Rana temporaria Bufo bufo
. .. | Becns- L . . S N
TakcoHu OCII-.IHII/I it HnglH Oc1}.1H1I/I Bemiﬂ- .TI1T¥{11/1 OCII-.IHII/I Be(.)H‘ J'[1T¥11I/I
niepior, . niepion, | mepiox, HUH nepion, | mepioxn, | mepiox, | mepiox,
% “eﬁ/‘f’l’ % % |mepiom, %| % % % %
Coleoptera 37 32 56 1 14 2 5 57 17
Dermaptera - 2 - 22 21 5 11 2 6
Hemiptera 1 - - 7 - - - 2 1
Acari - - - 7 11 - 6
Diptera (larv.) 2 2 - 14 - - 21 - 4
Myriapoda 15 20 8 25 1 34 25 5 10
Hymenoptera 2 22 4 - - 9 15 18 27
Lepidoptera - - - - 1 - - - -
Isopoda 30 5 7 - - - 14 1 -
Araneae 7 16 4 11 15 6 - 8 9
Mollusca - - - 6 14 - - 3 17
Annelida - 6 - 25 2 1 1 1
Animalia 6 1 15 14 2 2 8 1 2
(He BH3HAY.)
Bceboro 100 %
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3riZiHO 3 OTPUMaHUMHU pe3yJbTaTaMM, BUCOKAa YacToTa TPAIUISIHHS B nactkax bapOepa
Oyna y npencraBaukiB psaiB Coleoptera ta Isopoda (Ta0m. 2), Mo MiJIKOM BUNIPABAAHO, OCKUTBKU
okpemi Oe3xpeOeTHI LUX PsIiB € OIHMMHU 3 HAWOUIBII YHCIEHHUX 1 MOUIMPEHUX Yy MeXax
JIOCHIJDKYBaHHUX ocenuiy YKkpaincbkoro Po3rowus.

VY BecHsHMH 1 JIITHIH TIepioay B pauioHi poryxu cipoi (Bufo bufo) HaiiOunblry yacTky
craHoBwn npencraBHuku psfaiB Coleoptera Ta Hymenoptera (tabm. 2). B ocinniii mepiox y
TPO(IUHOMY CIIEKTPi NepeBakav PEACTaBHUKU Ha/ikiIacy Myriapoda, a TaKo) JJMYMHKHU PsiLy
Diptera.

ono Rana temporaria, T0 B OCIHHIN IepioJ LEH BWJA Yy >KUBIICHHI HaJae IepeBary
npe/icTaBHUKaM Hajakiacy Myriapoda Ta psgy Dermaptera, siki cyMapHO CTaHOBISTH Maiike
MOJIOBHHY IXHBOTO TPO(IUHOTO0 palioHy. Y BEeCHSIHUHI Nepioj MepeBakaroTh MPEJICTABHUKH THITY
Annelida Ta psimy Dermaptera. V J1iTHIN mepioj e BUI CIIOXKUBAB 3HAYHO O1IBIIIE TPEICTABHUKIB
Hajakiacy Myriapoda i Tumy Mollusca, Mo CTaHOBWIIO MMOHA]| IOJIOBHHY 3arajibHOI KUIBKOCTI
KEPTB.

[Tix yac mopiBHSHHS CHiHMaHUX TaKCOHIB 13 macTok bapOepa i BuiydeHHX 13 BMICTY
IUTYHKIB JOCIIDKYBaHUX BUIIB 3¢eMHOBOIHUX (Bufo bufo ta Rana temporaria) cioctepiraemo
IIEBHY BHOIPKOBICTh y JKUBJICHHI 3aJICKHO BiJl ce30HY. Lle MOXke CBIAYUTH MPO MEBHI ajanTarii
J10 BUOOPY MOXKHBHU. 30KpeMa, aHaIi3yIo4H JaHi Tabl. 2, MOYKHA PO3IVISaTH MUTaHHS B3a€EMOJIT
MDK PI3HUMH I'pylaMy OpraHi3MiB 1 Te, sIK 3MiHU TXHBOI YHCEIBHOCTI B CEPEAOBHII MOXYTb
BIUIMBATH Ha CTaH MOMYJSLIT TOCiKyBaHUX BUAiB aM(Dibiid. Pe3ymbrarn mporo mociipKeHHs
JIAIOTh YSIBJICHHS ITPO €KOJIOTIYHI 3B’ 3K MK TBApUHAMH Ta CEPEAOBHIIEM IXHBOTO ICHYBaHHS.

[TopiBHIOIOUM OTpUMaHi Pe3yJbTaTH 13 JITEpaTypHUMH JIaHUMH, BUSBUIIN Y3TOJDKEHHS
II0JI0 OCHOBU JKMBJICHHS Bufo bufo, sika opienroBana Ha xykiB (Tarapunos [12], Illep6ax,
lep6ans [13]). nsa Rana temporaria Haui pe3yabsTaTdH TPOXHU BiAPI3HAIOTHCS: Ha BIIAMIHY Bij
nociipkenb Hikitenka [7], sikuid Big3zHauyaB nepeBakanHs Hymenoptera, y Hamomy BHIIAAKY
OCHOBY paIliony cTraHoBisaTh Myriapoda Ta Mollusca. 3a nanumu inmmx aBropis [14, 18, 19, 22,
23], st npepcraBHukiB poaunu Bufonidae wacto xapakrepna mipmekodarisi, 0co0nuBo cepen
6inpImKX a0 cTapnX 0COOMH, 10 MU YaCTKOBO TaKOX IMiATBepAnIH (Tad. 2).

JlocHTh BaXKIIMBUM ISl TPO(IKH 3MHOBOIHHX, SIK MU 3’ SICYBaJIH, € IMHAMIKa TEMIIepaTypu
noBitps. OOuIBa BN — poIlyxa cipa Ta »aba TpaB’siHa — BUSBISIIOTH BUP@KEHY 3aJI€KHICTD
BiJl TeMIlepaTypHuX ymoB ocenuina (puc. 4, 5). Lli yMOoBH BiIOMBarOTHCS Ha METAOOJIYHIN
AaKTHBHOCTI 3E€MHOBOJIHHMX 1 Oe3nocepeiHbO BHU3HAYAIOTH E(QEKTUBHICTh IIOJIIOBAHHS i
IHTEHCHBHICTb )KUBJICHHI.

3rigHo 3 AaHUMH, MOOYJOBaHUMH Ha OCHOBI iHAekcy CiMIICOHA, SKUH BimoOpakae
PI3HOMAHITTS KOPMOBHMX O0’€KTiB y pamioHi pomyxu cipoi (uum Oimbme 1-D, TuM Buma
PI3HOMaHITHICTB) 1 TpejcTaBieHMMH Ha Trpadikax (puc. 4), NPOCTEKYETHCS BHPAKCHUH
CE30HHMH XapakTep TPo(hIUHOT aKTHBHOCTI LIbOTO BUJTY 13 YITKO OKPECIEHHUMH TeMIIEpaTypPHUMH
ONTUMYMaMH:

o BecHsHuii nepio XapakTepu3yeThCsl CepeHIM pPIBHEM PI3HOMAHITTS CIEKTPY
xwuieHHs (1-D=0,67) 3 onTHMyMOM aKTHBHOCTI 3a TeMmIleparypH OJHM3bKO
20 °C.

o JIiTHIM nepiox  BiA3HAYAETHCS HAMOUIBIIOI TPO(IUYHOI AaKTUBHICTIO W
MaKCHUMaJIbHUM iHJIeKcoM pisHomaHiTTs (1-D=0,86), skuii crocrepiraemo 3a
Temriepatypu osm3bpko 24 °C.

o Bocenu pi3HOMaHITTS KOPMOBOI'O CIIEKTPY 30epiraerbcsi Ha BHCOKOMY piBHI
(1-D=0,84) 3 remnepaTypHuM onTuMyMoMm Oi3bko 18—19 °C.
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Ce30HHI 3MiHK TPOhIYHOT aKTUBHOCTI ponyxw cipoi

—e— BecHa (onTumym ~20°C)
—e— Jlito (onTumym ~24°C)
0.8} —e— OciHb (onTUumym ~18°C)

e
o
T

0.4

IHAEKC HUBNEHHA (1-D)

o
[N
T

0.0r

10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5
TeMnepaTypa HaBKONMLWHLOrO cepenosuwa (°C)

Puc. 4. Ce3onHi 3MiHM TpodiuyHOi akTHBHOCTI pomyxu cipoi (Bufo bufo) 3anexxHo Bin Temueparypu
HaBKOJIMIIIHBOTO CEPeOBUIIA

OTpuMaHi pe3yabTaTd CBiT4aTh Mo Te, IO Tpo(iyHA aKTUBHICTH pomyxu cipoi (Bufo

bufo) Mae ce30HHI KOJMBaHHS, TICHO NMOB’S3aHI 3 TEMIIEPAaTypHUM PEKHUMOM OCEIHIIA, SIKE
HACEJISIOTh OCOOWHU BH]TY.

Ce30HHi 3MiHM TPOMiYHOT aKTMBHOCTI »Kabwu Tpas'sHOI
—&— BecHa (onTumym ~20°C)
—o— Jlito (onTuMym ~24°C)
0.8 —&— OciHb (onTumMym ~18°C)

o
)
T

IHAeKc »xusneHHs (0-1)

©
N}
T

100 125 150 175 200 225 250 275

TemnepaTypa HaBKOMLWHbLOro cepeposmwa (°C)

Puc. 5. Ce3onHi 3MiHN TpodiuHOT aKTUBHOCTI 5ka0u TpaB’siHOT (Rana temporaria) 3aneXHO BiJ TEMIIEpaTypH
HaBKOJIMIITHBOTO CEPEIOBHUINA
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3rifiHO 3 JaHMMH, HABEJCHUMH Ha PUC. 5, MAaKCHMMaJIbHI 3HAUYEHHS 1HAEKCY >KUBIICHHS
st Rana temporaria HaBecHi Ta BoceHu € nonioaumu (0,84 ta 0,85), ogHaK HOCATAOTHCS 3a
pi3HMX TemneparypHux ymoB — npuonmsHo 20 °C HaecHi Ta 18 °C Bocenu. Y iTHIiH nepiof
CHOCTEpIraeThCsl BUIIMEI MakcuMyM iHAekcy skuBieHHs (0,90), mo BinnoBigae Temieparypam
24-26 °C. OrpumaHi pe3yibTaTd CBi4aTh NPO HE3HAYHE CE30HHE 3MIIEHHS TEMIIEpaTypHOTo
ONTUMYMY TPO(IYHOT aKTUBHOCTI JIOCIII/IKYBaHOTO BH/TY.

JlocniauMBIIN CTIEKTP )KUBJICHHS ABOX (OHOBHMX BH/IIB 3¢MHOBOJHHX y MEXaX TEPUTOPIN
VYkpaincbkoro Po3rouus, My, mo-mepiie, Bij3Ha4a€MO IIEBHY BIIIMIHHICTD y CIIEKTPI KHMBJICHHS
Rana temporaria, NOPIBHIOKOYH HOTO 3 JIITEPATYpPHUMH JaHUMH [9], ajke, 3TiHO 3 HAIIUMU
JIAaHUMH, 3HA4YHy WOro YacTKy CTaHOBIISITH IIPEACTaBHUKM Hajkiacy Myriapoda, psiaiB
Dermaptera, Araneae i tuiry Mollusca, 1110, IEBHOIO MipOI0, IEPEBUIIYE IXHIO YAaCTKY B IIOXKHBI
»abu TpaB’siHOT JiBa NECATHIITTS ToMy. 110 3 110 MOpPiBHSHHS CHIEKTPY JKUBJICHHS Bufo bufo 3
BHCHOBKAaMH aBTOPIB MOAIOHMX JIOCIIJDKEHb IMiBTOpa AecsaTuiitTs Tomy [10], To Bia3zHauaemo
OinbIe MogiOHOCTI Y CKIIa i )KUBJICHHS POILYXH Cipoi B IPUPOJHUX JICOBUX OCENHUIIAX — OCHOBY
KOPMOBOTO paIlioHy CTaHOBIATH Oe3xpeberHi psgiB Coleoptera i Hymenoptera. ITo-mpyre,
xaba TpaB’sHa (Rana temporaria) 1 ponyxa cipa (Bufo bufo) BUSBISIOTH NEBHY CE30HHY i
TEMIEepaTypHY 3aJIeKHICTh TPO(PIUHOI aKTHBHOCTI, 1110, CBOEID UEPrOI0, IEMOHCTPYE OiOTHYHY
peakiilo BHIIB Ha 3MiHY a0lOTMYHUX EKOJIOTIYHUX YMHHHKIB Y KOHTEKCTI JOCTYIHOCTI Ta
pi3HOMaHITHOCTI 0e3XpeOeTHUX y pi3HI MOpU POKY B PI3HMX THUIAX OCEJUI YKPaiHCHKOTO
Po3Touus.

Otxe, ciekTp XuBJeHHS Bufo bufo Ta Rana temporaria B mexax YkpaiHcbkoro Po3z-
TOYYSI XapaKTEPU3Y€ETHCSI BUCOKOIO TPO(DIUHOIO IUTACTUYHICTIO 1 3MIHIOETHCS 3aJIEKHO BiJl CE30HY
W TemmeparypHux ymoB. HaiiOinplnry pi3HOMaHITHICTH KOPMOBHX O0’€KTIB CHOCTEpIraeMo
y JTHIA Tepioa, 110, HA Hally AYMKY, [OB’S3aHO 3 MiJBMIIEHOIO PYXOBOIO AaKTHBHICTIO
0e3xpeOeTHUX.
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FEEDING SPECTRUM OF THE COMMON AMPHIBIAN SPECIES
OF THE UKRAINIAN ROZTOCHCHIA (BUFO BUFO AND RANA
TEMPORARIA): SEASONAL DYNAMICS AND FACTORS OF INFLUENCE

N. Balandiukh

Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
e-mail: ntl1957k@ukr.net

The trophic relations of amphibians depend on various factors, among which
the availability of food plays a significant role. Although amphibians usually consume
small invertebrates, their diet largely depends on the groups which are most common
and accessible in the environment. Amphibians usually demonstrate considerable trophic
plasticity in different ecosystems of the Ukrainian Roztochchia. Two of the most numerous
representatives of the batrachofauna within the investigated region are the Common Toad
(Bufo bufo) and the Common Frog (Rana temporaria). It was found that one of the key
factors influencing the trophic behavior of amphibians is air temperature.

Material sampling was conducted at seven localities with different habitat types
(natural forest biotopes and anthropogenically transformed sites (orchards, roadsides,
pastures, and fields)) from 2019 to 2022. The use of the Simpson index allowed us to assess
the seasonal changes in prey diversity in the diet of the studied amphibian species. According
to our studies, both Bufo bufo and Rana temporaria exhibit seasonal fluctuations in trophic
activity depending on the seasonal changes of air temperature. At the same time, both of
the species show some degree of selectivity in prey choice: the highest diversity of trophic
objects is observed in summer, when favorable temperature conditions coincide with high
food availability, whereas in spring and autumn the feeding spectrum becomes narrower.
In total, the trophic spectra of the Common Toad (Bufo bufo) and the Common Frog (Rana
temporaria) include invertebrates of three phyla: Mollusca, Annelida, and Arthropoda,
in particular, the Common Toad (Bufo bufo) most frequently consumes representatives
of the orders Coleoptera and Hymenoptera, while the Common Frog (Rana temporaria)
predominantly feeds on members of the superclass Myriapoda, as well as phyla Mollusca,
and the order Dermaptera.

Overall, an expanded feeding spectrum contributes to maintaining population
stability, efficient energy exchange, and interactions with other components of the
ecosystem, highlighting the ecological significance of studying the trophic ecology of these
species in various habitats. The obtained results testify about high ecological plasticity of
Bufo bufo and Rana temporaria highlighting the necessity of their further feeding spectrum
research.

Keywords: Rana temporaria, Bufo bufo, trophics, air temperature, number, season-
ality, invertebrates, Ukrainian Roztochchia
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OIIHKA AJIEJTONATUYHOI AKTUBHOCTI BOJOPO3UMHHUX CIIOJIYK
I3 HAJI3BEMHUX YACTHUH BUCOKOIHBA3IMHUX BUJIIB POCJIMH

FO. Tanko, M. KoOouirenbka

Jlveiecokuil nayionanvuuil yHigepcumem imeni leana @panka
syn. I pywescvkoeo, 4, Jlvsie 79005, Ykpaina
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JlocnijpkeHHsT TPUCBSYEHE aKTyaJbHId mpoOieMi ekosorigyHoi Oe3mekn —
3pOCTalOuOMY MOLINPEHHIO IHBa31HHUX POCIIHH, 1110 IIPU3BOANTH 10 BTPATH O10pi3HOMAHITTS
i 3MiHM (YHKIIOHYBaHHS NPUPOIHHX ekocucTteM. OgHuM i3 (akTopiB, sIKi CHPHSIOTH
MONIMPEHHIO a/IBEHTUBHUX BUJIIB, € AJICJIONATIS — CKJIAAHNIN 010JI0TTYHHIA MTPOIIeC B3aEMOIT
MK POCIIMHAMH Yepe3 BUAIICHHS Y TOBKULIS XiMIYHO aKTHBHHUX PEeUOBUH. JlocmimKyBanu
BOJIOPO3YMHHI CIIOTYKH, 3/1aTHI [IBUIKO MIrPYBaTH IPHUPOTHUM CEPETOBUILEM MiCiIs OB,
CTOKY a00 3aTOIUICHHS, [0 3yMOBIIIOE IXHIH BIUIMB Ha aOOpUTeHHI BUIU Ta (OPMYBaHHS
HOBUX POCIIMHHUX YTPYIOBaHb y Pi4KOBO-I0JIMHHNX eKOCHCTEeMaX. Y poOOTi IpeICTaBIeHO
pe3ynsTaTh cepii JIabopaTopHHUX OIOTECTIB, Y AKMX OIIHIOBAIN aJIeIONATUYHUI MOTEHIIIAT
Heracleum sosnowskyi Manden., Helianthus tuberosus L. (F.Schmidt) ta Reynoutria
sachalinensis (F.Schmidt) Nakai, mo macoBo nomupeni Ha Teputopii Ykpaiucskux Kapmnar.
AKTHBHICTh €KCTPAKTIB OI[IHFOBAJIH 32 JIOTIOMOT' 00 610TeCTy Ha picT kpec-canary (Lepidium
sativum L.) — poCIMHU-1HIMKATOPA, SKa Yy TJINBA 110 Jil (hITOTOKCHYHUX CIOTyK. BHBUeHHS
BILUTHBY BiZIOyBaJIOCs B TUHAMII[ CE30HY 1 OXOIUTIOBAJIO MIMPOKUH Jiarna30H KOHIICHTPAITii
EKCTPaKTy, 10 JIAJI0 3MOTY BH3HAYMTH KOHIEHTpALiiiHy 3aJIe)KHICTh BIUIUBY KOJIHIB Ha
picT i po3BUTOK TecToBOi pociuHH. ExcrieprMeHTas bHI AaHi MiATBEpAWIN, IO BCi TPH
JIOCITI/DKYBaHI POCIIMHH € MOTYKHUMH aJIeJIONAaTHYHUMHU JOHOPaMH, IPHYOMY OOpPIIiBHUK
COCHOBCBKOTO BHSIBIISIB HAaKTHBHIITY iHTIOYIOUy JIifo. AsenonarnyHuii eekt OyB npsiMo
HPOMOPLIHUM KOHIEHTpALIT eKCTPAKTy i 3MIHIOBABCS YIIPOIOBXK BETeTaliHOTO Iepioay.
OtpumaHi pe3ynbTaTd MiATBEPPKYIOTh, 10 BOJOPO3YMHHI aJIeONaTHYHI PEYOBHHH
iHBa31iTHUX POCIIMH € OMHUMH 3 (PAKTOPiB IXHHOTO BILUTUBY HA OTOYYIOUY POCIUHHICTB.

Kniouoei cnosa: 1HBa3iiiHI BUIM, ajenonaris, 010pi3HOMaHITTs, iHBa3iiiHa ¢uopa,
(oTocuHTe3, BOAHNUIT pexknM, O10JIOTIYHO aKTHBHI PEYOBHHH

Y cydacHOMY CBITI MOIIUpPEHHS IHBA3iWHUX POCIWH € OJHIEI0 3 HAUTOCTPIMINX
EKOJIOTIYHHX Tpo0IieM, 110 Bese 10 30iaHeHHs 010pi3HOMAHITTS 1 MOPYIIye OaJaHC eKOCHCTEM.
Po3ymiHHS MexaHi3MiB YCHIIIHOTO MOIIHUPEHHS Ta JOMiHYBaHHS aJIBEHTHBHOI POCIHMHHOCTI Ha
HOBI MICIIEBOCTI € KpUTHYHO BOKITMBUM JIJISl pO3POOKH €(DEKTHUBHHX CTPATETii KOHTPOIt0. OTHUM
13 TAKMX MEXaHI3MiB € aJIeIonaTisi — CKIaHUH 010JI0T1YHNH (PeHOMEH, IO OXOIIITIOE MPSMUI a00
HETPSAMUH MIKiIMBUN YU CIIPUATIMBUI BIUIMB OJHOTO OpPTaHI3My Ha iHIIWH depe3 BUILICHHS
6iomoriuno akTuBHHX pedoBHH (BAP) y maBkomumHe cepemoBuime. /o crmomyk, sKi MaioTh
aJeNonaTuyHy aKTHBHICTb, HAJIEKATh TaKi TPyIH PEUOBUH K (DEHOINH, alKajoiiu, TeprHeHoiu,
TTIOKO3WHOJATH, 130TiOiaHaTH, OCH30KCa3UHOIAN W 1HIII MPOAYKTH KUTTEMISUIBHOCTI POCIHH

© Jaunko FO. Koounenpka M., 2025
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[7]. AnemonaTiyHuii BIUIMB HAa OTOYYIOUYI POCIMHU MOXKE BiIOYyBAaTHChH SIK O€3MOCEPENHBO, TaK
1 OIOCEPEaKOBaHO, Yepe3 B3aEMOJIII0 3 IHIIMMH OpraHi3MaMH 4M 3MiHy (QIi3MYHHMX 1 XIMIYHHX
XapaKTepUCTUK TPYHTY, 5IKi, CBOEIO0 YEprolo, BIUIMBAIOTH Ha PICT, PO3BUTOK, (POTOCHHTETUYHY
AKTHBHICTb, BOJHHUI pPEXHM Ta PO3MOIUI BUIIMX POCIMH B yrpynoBaHHsx [12, 14, 16].
AJenonaTuYHO aKTHBHI PEYOBMHHU BUAUISIOTHCS B JOBKULIS PI3HUMH LUIIXaMH, Cepell SKHX
BUIIAPOBYBaHHS, BUJUICHHSI HaJ3€MHUX YacTWH 1 KOPEHIB (aKTHBHI BHJUICHHS Ha3WBAIOTHCS
eKCyJaTH, MacuBHI — andy3aTn), BIWIyroByBaHHs 3 omnaay (camponinu). OfHUM 13 OCHOBHHX
MaCHBHUX MeXaHi3MiB BHUICHHS BAP pocnuHamu € BUMMBaHHS IX ITiJ] 4ac OmNajiB, IPUUIOMY
HABITh HEBEJIMKA KUTBKICTh OIAJIiB, 30KpeMa, 1 poca, MOXyTh BuMuBaTH BAP 3 pocnunu [3, 4, 8§].

Jnst nocIiipKeHHsT ajejoNaTUYHOro BIUIMBY aJBEHTHBHHMX POCIMH Ha OTOYYIOYe
cepenoBuIie 0yj0 00paHO TP BUCOKOIHBA31MHI BUIU POCIIUH, SIKi IIUPOKO PO3IMOBCIOKEHI Ha
tepuTopii Ykpaincekux Kapnar: 6opiuiBauk CocHoBebkoro (Heracleum sosnowskyi Manden.),
tomiHaMOyp (Helianthus tuberosus L. (F.Schmidt)) i peitryTpis caxanincekuii (Reynoutria
sachalinensis (F.Schmidt) Nakai). bopuiiBauk CocHoBcbkoro — Heracleum Sosnowskyi Manden.,
6otaniuHoro poxy Heracleum, GoTaHiuHOI poauHU Apiaceae € alBEHTHBHOK POCIHHOIO,
IHTPOJYKOBaHOIO Ha TEPUTOPII0 YKpaTHH SIK HEBJlana cripoda BUKOPUCTATH KOPMOBY KYJIBTYPY,
1110 371aTHA HAaKOITMYYBaTH BEJIMKY KUIBKICTh OPraHIYHUX PEYOBHH. MicTHTh (ypOKYyMapuHH, 1110
BUKJIMKAIOTh OIIKH MIKIpH i Jieto YD BUNPOMiHIOBaHHS. AKTHBHO HOIINPIOETHCS HA TEPEHAX
3akapraTTs y370BX DPIYKOBUX JIOJIMH, aBTOMOOIUIBHUX IUIAXIB. BUsBIsE€ BHCOKOIHBa3iHHY i
anenonaTuyHy akTuBHICTH [1, 5, 10]. Consmuuk OynpOucThii, abo tomiuamoOyp (Helianthus
tuberosus L.) — Oynp00HOCHA pOCJIHHA, sIKA HAJICKUTh N0 OoraHiuHOro poay COHSIIHUK
(Helianthus), OoraHIYHOI pOIMHU alcTpoBUX (Asteraceae). PociawHa I1HTPOJYKOBaHA Ha
teputopii €Bporu B XVII cr. 3 [liBHiuHOT AMepuku. Xo4 ToniHamMOyp He € HeOe3MeYHUM JIIst
3/I0pPOB’S JIIOJIMHU Ta MA€ MPAKTHYHE 3aCTOCYBAHHSI, BCE XK y MeKaX YKpaiHU POCIMHY IIHPOKO
HE BUKOPHCTOBYIOTh, @ OCOOMHHU, SIKi MOTPAIMIIN B JIUKE CEPEOBHILE, HIBUIKO aJanTyBaJIUC
Ta CTPIMKO MOIIMPUIIUCH, 3aiIMAar0OYl HOBI OCEIUINA i BUTICHSIIOYM a0OpureHHi Bumy [5, 9, 13].
PeiinyTpis caxaninceka (Reynoutria sachalinensis (F.Schmidt) HanexuTh 10 00TaHIYHOTO POJTY
Reynoutria, 60TaniuHOI poauHU rpeukoBux Polygonaceae. Pocnunaa moxomuts 31 CxigHol A3il
Ta HaTypajli3oBaHa Maike MO BChOMY CBiTy, B TOMYy uucii 1 B YkpaiHi. Pocianna Mae kinmbka
HOMCHKJIATYPHUX Ha3B, HAMOUIBII BiJOMUMH 3 SKHX € JAJICKOCXiJHA TpeYKa CaxaJiHChKa,
rpevka caxalliHChKa, ripuak caxamiHcbkuil (Polygonum sachalinensis F.Schmidt) Ta danomis
caxaininceka (Fallopia sachalinensis (F.Schmidt) Ronse Decr.). Ha Tepuropii Ykpainu ripuak
YKOJIHOT'O TIPaKTUYHOI'O 3aCTOCYBaHHS HE Ma€ 1 € Oyp’siHOM, II0 LIBHJIKO TOIIUPIOETHCS Ta 3a
KOPOTKHI1 4ac CTa€e JOMIHAHTHHM y HOBHX ekoTomax [2, 5, 6, 13].

JocnijpkyBaHi BUAM aKTUBHO IOLIMPIOIOTHCS, PAJMKAIBHO 3MIHIOIOYHM ITPUPOIHHNA
POCJIMHHUI TOKPHB, 1 € OJHUMHU 3 HaHOLIbII BUCOKOIHBA3iMHMX 1 arpeCMBHUX POCIHH, SKi
MIPOBOJISATH AKTUBHY €KCIIAHCit0 B YKpaiHchkux KapraTax [5]. AyeonaTiyHui BIUIUB € OJHUAM 13
MeXaHi3MiB HEraTUBHOT'O TUCKY 1HBa3iHHMX pOCIMH Ha MicueBy (iopy. BaximBy poib y npomy
IIPOLIEC] BiAIrparoTh BOJOPO3YHHHI CIIOIYKH, 3/1aTHI €()eKTHBHO MIrpYBaTH 110 €KOCHCTEMI Iij1
JIEI0 JOIIOBUX OMaJiB, BOJAHUX CTOKIB UM 3aTOIUICHHS, 110 3YMOBJIIO€ IXHIM NIBUAKHUN BIUIMB
Ha abopureHHy ¢uiopy. JIJst BCIX TPHOX JOCHIHKYBAHUX BUIIB XapaKTCPHHUHA «3MIlTAHUN THID
IIPOCTOPOBOTO TOIIMPEHHS 3 MEPEBAKHOIO JIOKAJI3alli€l0 Y PIYKOBO-I0JIMHHUX KOPUIOpax, B
SIKMX 3aBJSIKH TTABHINCHIA BOJOTOCTI W KIJIBKOCTI OIaJ(iB BUHHKAKTH ONTUMAIbHI YMOBH IS
MacoBOTO TpaHchepy ¥ mil anenonatnyHuX pedoBuH [2]. SIk CBIAYUTH aHATI3 JiTepaTypHUX
JOKEpell, caMe BOJa BHUCTYIA€ BHUPIIIAIBHUM YHHHMKOM Yy TIpoleci BWiyroByBaHHs BAP i3
POCIIUH 1, BIAMOBITHO, HOCHJICHHS iIXHBOT IECTPYKTHBHOI i1 Ha 0TOUyrOuy pociuHHicTh [11, 18,
22,25, 26].
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BuBueHHS BIUIMBY BOJIOPO3YMHHHUX PEYOBUH 1HBa31i{HUX POCIMH HAa aDOPUT€HHI BUIM Ma€
KJIFOYOBE 3HAYCHHS JUISl PO3yMIHHS MEXaHI3MiB iXHBOT'O MOLIMPEHHS W €KOJIOTIYHOI CTIHKOCTI.
3aBIISIKM 31aTHOCTI QJICJIONATHYHUX CHONYK aKTMBHO BUMHUBATHCS M1 JIEIO JIOLLY, 3aTOIUICHHS
abo CTOKY BOAM I XIMIYHI CHOJNYKH LIBHJKO IMOTPAIUISIOTH y HABKOJHIIHE CEPEIOBUILE,
J€ MOXYTh NPUTHIYYBaTH IPOPOCTaHHS, PICT 1 PO3BUTOK MicleBOi (UIOpH, 3MiHIOBATH
MIKpOOIOJIOTIYHUI CTaH IPYHTY 1 CTPYKTYpYy yrpynoBaHb. s mimOmoro po3yMiHHs BILIHBY
BOZIOPO3YMHHUX aJleJIONaTHYHUX CIIOJIYK 1HBa3iHHMX BHIIB BR)XXJIMBO HE JIMIIE 0OMEKYyBaTUCS
OLIIHKOIO IXHBOTO MUTTEBOTO a00 OHOPa30BOro e(heKTy Ha oTouyrouy (Jiopy, a i po3risaaTH
Hel mpouec y AWHaMIli. AJICIIONAaTHYHUA TOTEHIa] 1 CIEKTP BHIUICHUX PEYOBHH MOXYTb
CYTT€BO 3MIHIOBAaTUChH YIIPOJOBX BEreTAI[IIHOTO MEPiojy — 3aJIeKHO Bix a3y pocTy iHBa31iHOT
pociuHH, i (i3i0JOTIYHOrO CTaHy, KITBKOCTI 010MacH, a TAKOXK BiJl YaCTOTU i IHTEHCHBHOCTI
JomiB 1 3aromiens [15, 20, 23]. BixnosigHo, edhexTH MOA0 YyTIHBOCTI aDOPUTCHHUX BUJIB
MOXKYTb TaKOX 3MIHIOBATHCS B 4acl, TOCHIIIOIOUNCH Y TIEPi01 iIHTeHCUBHOTO BUiieHHst BAP abo
NpUracary micisi 3HWKEHHS] aKTUBHOCTI 1HBa31HHMX BUIIB. TOMy Ba)KIIMBUM 3aBJaHHSIM HAIlOro
JIOCITIJKEHHS € He JIMIIE BU3HAYHUTH XapaKTep BIUIMBY BOAOPO3YMHHUX CIIONIYK 1HBa31i{HUX BU/IIB
POCIIUH Ha PICT 1 PO3BUTOK CYIYTHHOI POCIHHHOCTI, 8 i MIPOCTEIKUTH 3aJICKHICTh IIUX CPCKTIB
BiJl KOHIIEHTpAIlil 1 CE30HHOCTI.

Marepiaju Ta MeTOaH

306ip pOCIMHHOTO Marepiary MPOBOIMIN HIOMICAIS, Y APYTii HOTO ITOJIOBUHI, YIIPOJOBX
AKTHBHOTO IEepiofy XKHUTTEMISIIBHOCTI pociauH. 30ip TpuBaB aist 6opiBHIKa COCHOBCHKOTO —
3 4-ro o 8-i MicsAIp, a VIS PSHHYTPIi CaXamiHCHKOi i TomiHaMOypa — 3 4-ro 1o 9-if MicsIp.
JlokauniteT 300py POCIMHHOIO MaTtepiary NpeaCcTaBiIeHO Ha puc. 1.

I\ 3
\ ‘

Google Earth

Puc. 1. Jlokaniter 360py pocinuHHOr0 Marepiainy Ouns p. Jlaropuis, B Mexxax M. Mykadesa

JIyist OliHIOBAHHS QJIEJIONAaTUYHOT aKTUBHOCTI BOMOPO3UYMHHHUX PEUOBHH 13 HAJI3EMHHX
YaCTHH POCIMHHOTO MaTepialy 3acTOCOBYBAIH METOIWKY, MPEICTABICHY B METOJUYHOMY
mociOHuKY «CydacHi METOMIU B aeTIONIATHIHUX JOCTIHKSHHIX [ 12]. SIk MoIeh BOMOPO3YHHHNX
BHUJIUICHb POCIIMH BHKOPUCTOBYBAIH BOJHI €KCTPAKTU Pi3HUX KOHIICHTPAIliH, SKi OTPUMYBATH
[UITXOM HACTOIOBAHHS TMOBITPSHO-CYXOTO POCIMHHOTO Marepially B AMCTHIILOBAaHINA BOJI.
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JIJIst BUXITHOTO €KCTPaKTy HaBaXXKy 5 T' POCIMHHOTrO Marepiany (OKpeMo cTeOo 1 JIMCTKH)
3asimBanu 50 MJI TUCTHIIBOBAHOI BOIM, 4epe3 24 roj po3uuH (DiIbTpyBaM Yepe3 MarepoBHid
(GULIBTp 1 OTPUMYBAITU BUXITHUIA €KCTPAKT. TaKUM YHHOM, OyJI0 3a0€3MEUCHO CTaHIapTH30BaHE
CHIBBIIHOIICHHSI CUPOBHHH J0 €KCTPAareHTy, mo craHoBuiao 1:10. BuxigHuii excrpakr, sikuii
MpuiiMany 3a HEPO3BEICHY KOHIEHTpallifo (1), BHKOPHUCTOBYBaNW IJs MPHUTOTYBAaHHSA cepii
po3BeieHNX poOounx po3unHiB. Po3BeneHHs 3/1iHCHIOBAIN J0JaBaHHIM IMCTHIBOBAHOI BOIH
JUIsl OTPUMAaHHSI HACTYITHUX, MEHIIl KOHIIEHTPOBAHMX, €KCTPAKTIB. Byiu miaroroBaHi po3unHU
Yy TPBOX CITIBBITHOMICHHSX 00 €MIB (BUXIOHHH €KCTPaKT : AUCTHIhOBaHA Boma): 1:5, 1:10 Ta
1:20. BincoproBaHe HACiHHSI TECT-POCIMHHU Kpec-canary (Lepidium sativum L.) BuciBamu Ha
GinbTpyBanbHUK Mamip, 3BOJOKEHHWH AMCTHIBOBAHOIO BOJOIO, CTaBWIM y TEpMOCTAaT I
npopouryBaHHs 3a Temieparypu 26 °C ynponosx 18 ron. I3 mpopociioro Hacinus BinOupamu
Ti MPOPOCTKU, B SIKUX KOPEHI JOCAMIN JOBXHHH 3—5 MM. BumiproBanu JOBXHHY KOpEHs
KOXXKHOTO TIpopocTKa Ta 1o 20 OJMHMAIE BMIITyBaiu y damku [leTpi Ha (iasTpyBaNbHUH marip,
3BOJIOKEHMH 5 MII BUTATY Pi3HOT KOHIIEHTpamii. Y BapiaHTi KOHTPOJIO MPOPOCTKH BMILLyBaJIH
Ha (UIBTpyBaJbHUI Tamip, 3MoueHHd Bojporo. JlocimipKyBaHl 3pa3ku momimand Ha o0y B
TEPMOCTAT, ITICJIA YOTO 3HOBY BUMIPIOBAIIN JJOBKHUHY KOPEHIB 1 PO3pax0oByBaIX TOOOBHU MIPHPICT
[12]. dns koskHOTO BapiaHTa JOCIiL MPOBOAWIN Y TPHOX MOBTOPHOCTSX (n=3). AJjeonaruyHy
AKTHBHICTb BOAOPO3YMHHHUX PEUOBUH POCIUH BUPAXKAIN SIK TOOOBY PI3HHUIIO JOBKHH KOPEHS
TECT-POCIUHH Ta K MPUPICT KOPEHIB Y BIACOTKAX IIOIO MPHPOCTY MPOPOCTKIB Y KOHTPOIII (Ha
BOJIi), skui npuiimainu 3a 100 %.

CraTucTHYHUHA aHANI3 JaHWX MPOBOIMIN 3a JomoMororo makera Microsoft Office
Excel, 3acTocoByroun MeTonu ONMMCOBOI CTaTHCTHKH. KoxkeH pesynbrar Oa3zyBaBcs Ha TPhOX
MMOBTOPHOCTSX, JJIs SIKUX Oyio o0umcieHo cepenHe apupmernyne (M), cTaHIapTHY HOXUOKY
(m) i t-xputepiit CTprofeHTa. Pi3HHUIA MK TpyIIaMy BBaXKaslacs CTATHCTHYHO 3HAYYIIOFO, SKIIO
ii piBens BiporigHocrti (P) cranosus P<0,05, P<0,01 a6o P<0,001.

Pe3yabraru i ixHe 06roBopeHHs

Pe3ynbraTy BUBYEHHS aJI€I0MATHYHOT AaKTHUBHOCTI BOAOPO3YMHHUX CITOIYK 3 HaJ3€MHUX
YacTHH OCIIIKYBaHUX BUIIB MpeaCcTaBleHi B Tadm. 1, 21 3.

SIx BHITHO 3 HABEICHUX TaHUX, yCi BApiaHTH BUTATIB BHUSBIISUIN iHT10YIOUXi BIUTHB HA PICT
KOpeHiB TecToBOi pociauHu. Halibinble mpurHiYeHHs poCTy KOpEHIB (hiKCyBasM 3a BUXiJHOI
KOHIIEHTpAIli{ BOAHUX €KCTPaKTiB. TakoX 3a AaHOTO PO3BENICHHS CHOCTEpIrany i iHII O3HAKH
MIPUTHIYEHHS TECTOBOT POCIMHH, 30KpeMa, CTOHIIIEHHSI KOPEHs Ta 3arajibHe 3MeHIIeHHsI OioMacH.
31 3MEHIIEHHSIM KOHIIEHTpAIlii BOJHOTO €KCTPAKTY 1HIiOyBaHHS TECTOBOT POCIMHHU MTPOTOPIIHHO
3MEHIIYBaJIOCs, TPOTE OyJIO0 TTOMITHUM HaBiTh 32 po3BeneHHs 1:20.

Cepen JOCTiPKyBaHMX 1HBa3iHHMX POCIMH HAaWOUIbIIMK HEraTMBHMN BIUIMB Ha picT
i PO3BHUTOK Kpec-canary BUsBHB OopiuiBHUK CocHOBChkoro (H. sosnowskyi), ocobmuBo 3a
BHXi/HO{ KOHIIGHTpAIlii BOAHOTO €KCTPAKTy. 3a Mi€i KOHLEHTpaIii J0OOBUI MPHUPICT KOPEHiB
OyB MiHIMaTBHHUM, a Bi3yalbHUH CTaH L. sativum CBITYUB MpPO iXHE MIHOOKE MPUTHIYCHHS, IO
BKa3yBaJIO Ha HE)KUTTE3/IATHICTh Y TAKHX yMOBAX.

[opiBHSHHS aKTUBHOCTI BUTATIB i3 PI3HUX YaCTHH POCIIHH CBITUUTH, IO JIUCTS BHUSBIISE
BHIIY aJIeTIONATHIHY aKTUBHICTh TIOPIBHAHO 31 cTeOnaMu. BomHI eKCTpaKTH 3 JIUCTS Y OLTBIIOCTI
BUIAJKIB BHUKJIHMKAJIM CHWIBHIIIE IMPUTHIYEHHS POCTY TECTOBOI pociuHHU. [IpHYMHOIO IIHOTO
MOXe OyTH HAKOMHWYEHHs Yy JIMCTKaX BEJIMKOI KimbKocTi BAP, ajke came Jmcts € roloBHUM
MICIIEM CHHTE3Yy MPOAYKTIB BTOPMHHOTO METa0oNi3My — (DEHOJIBHHMX CIIONYK, (h1aBOHOIMIB,
OpraHiyHUX KHCJIOT TOINO, SIKI OepyTh ydacTh y 3aXHCTi POCIMHM BijJ CTpECIB, MAaTOTEHIB i
KOHKYpPEHTIB. JINCTKM aKTHBHO 3aJTy4€eHi 710 IPOLEeCiB OTOCHHTE3Y, 0OMIHY peuOBHH 1 B3aeMOil
3 HABKOJIMIIHIM CEPEIOBUIIIEM, TOMY POCIMHA HAKOIIMYYE TYT MaKCUMaJIbHY KUIbKICTh BAP st
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e(heKTUBHOTO pearyBaHHs Ha BIUIMB 30BHIIIHIX YMHHUKIB. CTeOna 3a3BUYall MiCTSATh MCHIILY
KIJTBKICTh QJICJIONATHYHO aKTUBHUX CIOJIYK, OCKUIBKM IXHS OCHOBHA (DYHKIISI — 3a0C3TCUCHHS
MEXaHIYHOT MIITHOCTI if TpaHCHOPTY, a HE YTBOPEHHs 3aXUcHUX MeTabouiTiB [17, 19, 21, 24]. Takum
YMHOM, KOHLIEHTpALis 1 CIEeKTP aJeJOXIMIKaTiB y JIMCTKaX IMOSCHIOIOTh OLIbIIY alleJoNaTudHy
e(EeKTUBHICTD IIMX OpPTaHiB y (GopMyBaHHI (PITOTOKCHYHOTO BILIMBY iHBa31iHUX BUIIIB.

Tabmus 1

BruuB ekcTpakTiB HaJ3eMHOT yacTHHU H. sosnowskyi Ha TOBKUHY KopeHs L. sativum 1 TXHiil npupict
110/10 KOHTPOIIO, %o

Ilepion 360py pOCIMHHOTO Martepiary
K-ist KsiTenn TpaBeHnsn YepBeHnn Jlunenn Cepnenn
BUTSIT + + + + +
Yy M=+m, % M+m, % M+m, % M=tm, % M+m, %
MM MM MM MM MM
Credmo | 0,123 + 0,160 + 0,135+ 0,285 + 0,342 +
1 0,028%** 0,826 0,033*** 1,074 0,008*** 0,907 0,035%** 1,914 0,028%** 2,296
Credmo | 2,213 + 1,030 + 1,527 + 2,990 + 4,044 +
1:5 | 0,047 14,860 0.312%%* 6,916 0.528% %+ 10,254 0.595% % 20,078 0.392% % 27,156
Credno | 4,475+ 1,887 + 2,856 + 4,022 + 5,325+
1:10 | 0.742%%+ 30,050 0.069%%* 12,671 0.383%% 19,178 0.988%%* 27,008 0.806%** 35,758
Credmo | 5913 2,363 + 5,243 £ 7,518 + 6,144 =
1:20 | 0.123% 39,706 0,248 %% 15,867 021745+ 35,207 0.802 50,484 0.931%%* 41,257
Juerkn | 0,175+ 0,071 + 0,143 + 0,057 + 0,071 +
1 0,290%** L175 0,016%** 0477 0,011%** 0,960 0,019%** 0,383 0,009%** 0477
Jucrkn | 1,416 £ 1,827 + 1,917 + 1,392 + 1,935+
1:5 | 0,096%** 9,508 0,959%*** 12,268 0,141 *** 12,873 0,243 %** 9347 0,173%x%* 12,994
Juerknm | 1,632 + 2,181 + 2,668 + 1,818 + 2,355+
1:10 | 0,171%%+ 10,960 0.804%%% 14,645 0.102%%* 17,916 0.272%%% 12,208 0.076%%+ 15,814
Juerkm | 2,152+ 2,258 + 5,183 £ 3,770 + 5,309 =
1:20 | 02247 14,451 0.674% %% 15,163 0.206% %+ 34,804 0.325%* 25,316 0.127%%+ 35,650

IIpumiTka: Pi3Hnns gocroBipHa NOpiBHSHO 3 KoHTposeM * <0,05, ** <0,01, *** <0,001

[TopiBHSIHHS aKTHBHOCTI BOJHMX BUTATIB Yy JAMHAMIL BKa3ye Ha 3aJIeKHICTh
AJIeJIONATUYHOTO BIUIMBY BiX MMEPiogy OCHOBHOI JKHUTTEMISUIBHOCTI 1HBA31HHOI pociuHu. Xoda
OTpPHMaHI PE3yJAbTaTH HE 3aBXKAW TAal0Th MOXJIMBICTH BUBECTH YiTKY JIHIHHY 3aJl€XHICTH
3MiHM BIUTUBY Ha TECTOBY POCIHHY, 0COOIHMBO MOPIBHIOIOYN JUHAMIYHHN BIUTUB MiX PI3HUMH
KOHIICHTPAIIISIMH E€KCTPAKTIB, BCE X TaKU MPOCTEKYETHCS 3aJICKHICTh BIUIMBY EKCTPAKTIB
Bil a3 pocTy iHBa3iHOI pOCIMHHU. 30KpeMa, 3TiTHO 3 OTPUMAHUMH JaHUMH, MH MOXEMO
Oaunty, mo H. tuberosus BUSABISIB CWIBHINIY aJeJONATHYHY aKTUBHICTH y IPYTiil MOJOBHHI
BererauiifHoro nepiony, a H. sosnowskyi Ta R. sachalinensis — y cepenuni Bererauii. Taki
Ppe3yabTaTi MOXKHA ITOSICHUTH THM, 110 IMHAMIYHI 3MiHH aJIeJIONaTHYHOT0 MMOTEHIliaTy Bapilol0Th
3aJeKHO BiJ (i3ioi0oridYHOro crany pociuHd. IlikoBi 3Ha4YeHHS AKTMBHOCTI, HMOBIpPHO,
30iraloThbcsi 3 INepiofaMy HaWOIIbLI IHTEHCUBHOTO OIOCHMHTE3Yy 1 TPaHCIOKAaIil IIMX CIIONYK,
KOPEJIIOIOYM 3 eTaraMM LBITIHHS, IJIOJOHOUICHHS a00 3 HAaKONMMYECHHSIM PE3ePBHHUX PEUOBHH.
BianosigHo, crierudivHi 1jIst KOXKHOTO BUAY TEPMIHA MaKCHMAJIHOTO aJICIONATHYHOTO BIUTUBY
BIOOPaXKArOTh 1XHI YHIKAIbHI 0COOIMBOCTI JKUTTEBOTO IHKITY.

JocnipkyBaHi BUIM POCIMH BHSBIISUIM aJIEJIONATHYHY aKTHBHICTH YNPOIOBXK YCHOTO
BETETAIlIIfHOTO TIepioy, MPUTHIUYIOUM PICT i PO3BUTOK TECTOBOI POCIHHH, JEMOHCTPYIOUH,
IO aNleJIONIATHYHUHN BIUIMB € OMHHUM i3 MEXaHi3MiB YCIIIIIHOTO TOIIMPEHHS Ta JAOMiHYBaHHS
1HBa31{HIX POCIIHH B €KOCHCTEMaX.
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AuenonarnyHa akTHBHICTh BOJHHMX EKCTPAKTiB JIOCTI/DKYBAHUX POCIMH € MPSMO
MIPOTIOPIIHHO IXHIM KoHIeHTpauii. Halibinblne npurHiyeHHs pocTy KOPEHIB TECT-POCIHHH
CHOCTEpirajiv 3a BUXiJJHOT KOHIIEHTpALil BUTSTIB, [TPOTE BILIMB 3aJIMIIABCS IOMITHUM HaBiTh 32
3HayHOTO po3BeneHHs (1:20). BUTsru 3 TUCTKIB JOCTIAHUX POCIMH BUSBISUIM BHILY 1HIIOyI0Uy
JIF0 TIOPIBHSIHO 3 BUTSATAMU 31 CTE0EI.

Cepen pocmipkyBaHuX BuaiB pociuH OopriiBHUK CocHOBCbKOro (H. sosnowskyr)
BUSIBUB HAMOUIBIIHIA 1HMOYFOUMI TOTCHITIA. Horo Bonui SKCTPAKTH 32 HAWBHUIIOT KOHIIEHTPAIIi1
CHPUYMHWIA MIHIMAIbHAN TNPUPICT KOPEHIB TECT-POCIMHM, L0 BKa3ye Ha HOro BHCOKY
aJIeJIoNaTHYHy arpecUBHICTS 1 37aTHICTD IIMOOKO MTPUTHIYYBATH PICT CYCIAHIX POCIIHH.

JluHaMika 3MiHM aJIeJIONMATHYHOTO BIUTUBY IMPOTSTOM TOCIIXKYBaHOTO Iepiomy Oyia
BuocTIen(iYHOO Ta 3ajeKalia BiJ| epiofy KUTTEAISUIBHOCTI IHBa31HOTO BUY.
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ASSESSMENT OF ALLELOPATHIC ACTIVITY OF WATER-SOLUBLE

COMPOUNDS FROM AERIAL PARTS OF HIGHLY INVASIVE PLANT SPECIES
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Yu. Danko, M. Kobyletska

Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
e-mail: yura_danko@ukr.net
myroslava.kobyletska@lInu.edu.ua

The research is dedicated to the current problem of environmental safety — the
increasing spread of invasive plants, which leads to biodiversity loss and alterations in the
functioning of natural ecosystems. One of the factors contributing to the distribution of
adventitious species is allelopathy — a complex biological process of interaction between
plants through the release of chemically active substances into the environment. The study
investigated water-soluble compounds capable of rapidly migrating through the natural
environment after rains, runoff, or flooding, which determines their impact on aboriginal
species and the formation of new plant communities in river-valley ecosystems. The
paper presents the results of a series of laboratory bioassays evaluating the allelopathic
potential of Heracleum sosnowskyi Manden., Helianthus tuberosus L. (F.Schmidt) and
Reynoutria sachalinensis (F.Schmidt) Nakai, which are widely distributed in the Ukrainian
Carpathians. Extract activity was assessed using a growth bioassay with garden cress
(Lepidium sativum L.) — a sensitive indicator plant responsive to phytotoxic compounds.
The influence was studied over the course of the growing season and across a wide range
of extract concentrations, allowing identification of concentration-dependent effects of
colines on the growth and development of test plants. Experimental results confirmed that
all three species are strong allelopathic donors, with Sosnowsky’s hogweed showing the
most pronounced inhibitory effect. The allelopathic action was directly proportional to the
extract concentration and varied throughout the vegetation period. These findings confirm
that water-soluble allelopathic substances of invasive plants are one of the factors driving
their impact on surrounding vegetation.

Keywords: invasive species, allelopathy, biodiversity, invasive flora, photosynthesis,
water regime, biologically active substances
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EFFECT OF HISTAMINE AND HISTAMINE RECEPTOR BLOCKERS
ON THE CONTENT OF ENDOGENIC HISTAMINE AND SORPTION CAPACITY
OF RAT BLOOD ERYTHROCYTES

N. Harasym!, Yu. Nalapsha!, A. Kostochko!, A. Raspopina!,
N. Bodnarchyk!, A. Zyn? A. Heneha!

'Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
’Lviv Research Forensic Center, Ministry of Internal Affairs of Ukraine
24, Konyushinna St., Lviv 79040, Ukraine
e-mail: garasymnataly@gmail.com; nataliya.harasym@Inu.edu.ua

Histamine is synthesized from histidine in mast cells and basophils. Upon release,
it acts on histamine receptors H1, H2, H3, and H4 located on plasma membranes. However,
the presence of histamine receptors on erythrocyte membranes has not been thoroughly
investigated. The aim of this study was to detect histamine in erythrocytes and determine
the presence of HI-H4 receptors on erythrocyte membranes using specific receptor
blockers. These were assessed via changes in endogenous histamine levels and in the
sorption capacity of erythrocytes. In the experiment, histamine was added to erythrocytes
at a concentration of 5.4 uM; histamine receptor blockers: desloratadine (blocks the H1
receptor), ranitidine (blocks the H2 receptor), betahistine (blocks the H3 receptor) so that
the final concentration was 0.1; 1; 10 uM. Groups were also created, to whose erythrocytes
were added both the indicated blockers and histamine. To analyze the presence of the
H4 receptor on the erythrocyte membrane, all three blockers (desloratadine, ranitidine,
betahistine) were added to the cells simultaneously, since there is currently no freely available
blocker of the H4 receptor for histamine. Histamine was found in rat erythrocytes, with
higher levels in females than in males. Combined administration of histamine and the H1
receptor blocker desloratadine altered endogenous histamine levels in female erythrocytes
compared to desloratadine alone and affected sorption capacity. Ranitidine (H2 blocker)
increased endogenous histamine content in male erythrocytes. The H3 receptor blocker
betahistine, combined with histamine, caused an increase in endogenous histamine content
in both sexes and altered sorption capacity. Blocking HI-H3 receptors and introducing
histamine decreased sorption capacity in male erythrocytes (at high blocker concentrations,
10 uM) and altered it in females (depending on concentration). These findings may suggest
that erythrocyte membranes in both sexes contain H3 receptors involved in regulating
endogenous histamine content and sorption capacity.

Keywords: erythrocytes, histamine, histamine receptors, receptor blockers, sorption
capacity

Erythrocytes are highly specialized red blood cells that lose their nucleus and virtually
all cytoplasmic organelles during development, yet retain many elements of molecular signaling
pathways. The red blood cell membrane contains receptors for various biologically important
substances, interactions with which lead to metabolic changes in erythrocytes that affect their
functions [19, 26].

© Harasym N., Nalapsha Yu., Kostochko A. and others, 2025
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Histamine is a biogenic amine produced by tissue basophils and circulating blood
basophils. In these cells, histamine is stored in specialized granules in a bound state. Histamine has
been shown to act against a T cell-dependent antigen (SRBC), as observed in studies comparing
histamine to H2 receptor antagonist-treated and control rabbits. Jutel et al. demonstrated that
tripelennamine (an HI1 receptor antagonist) inhibited histamine binding in Thl but not in
Th2 cells, showing predominant H1 receptor expression on Thl cells. Neither ranitidine (an
H2 receptor antagonist) nor clobenpropit (an H3 receptor antagonist and H4 receptor partial
agonist) had any impact on histamine binding. Histamine is synthesized by the enzyme histidine
decarboxylase. There is also evidence that histamine can be absorbed by eosinophils and is
present in platelets. It exerts its effects by binding to histamine receptors — H1, H2, H3, and
H4 [17, 20, 29]. Histamine regulates dendritic cells, T lymphocytes, B lymphocytes, and
related antibody isotype responses. Its immunosuppressive and immunomodulatory effects on
both humoral and cell-mediated immunity (HI and CMI, respectively) have been documented.
Immunomodulation studies in rabbit models have shown that histamine has a short-term
effect on antibody generation, and that the in vivo production of antibodies (IgM and IgG) is
influenced by histamine concentration. Histamine receptors HIR and H2R have been shown
to enhance delayed-type hypersensitivity and antibody-mediated immune responses, regulating
several key events in allergies and autoimmune diseases in experimental models, especially
in knockout mice deficient in either HIR or H2R. Histamine and its receptor agonists (HIR
and H2R) enhance antibody production by activating these receptors, whereas both HIR and
H2R antagonists can positively or negatively modulate the antibody profile. Anti-IgM levels
increased in H2R antagonist-treated rabbits and diminished in HIR antagonist-treated rabbits.
HIR antagonist-treated rabbits also show diminished antibody production by Thl cells [31]. The
histamine H4 receptor, in biological systems, modulates immunological functions and stimulates
antibody production only in response to exogenously administered agonists, not endogenous
histamine [31].

Basophil granules contain several key components, including histamine, heparin, and
peroxidase. Basophils are capable of synthesizing and storing histamine as well as eosinophil
chemotactic factors of anaphylaxis. These leukocytes can also synthesize and release slow-
reacting substances of anaphylaxis and, likely, platelet-activating factors upon stimulation;
however, these substances are not stored.

Basophils (like mast cells) are believed to play a role in immediate hypersensitivity
reactions, such as allergic asthma. Immunoglobulin E (IgE) binds readily to the membranes of
basophils and mast cells. Degranulation occurs when a specific antigen interacts with membrane-
bound IgE, leading to the release of mediators of immediate hypersensitivity reactions (e.g.,
histamine, anaphylaxis-associated substances, platelet-activating factor, heparin, and eosinophil
chemotactic factors of anaphylaxis) [24].

Significant changes in circulating blood cell numbers following allergen exposure have
been reported in patients with seasonal and perennial allergic rhinitis. When comparing blood cell
counts taken immediately before and several hours after allergen exposure, a rapid mobilization
of segmented neutrophils and a significant decline in circulating erythrocytes were observed
in otherwise healthy allergic rhinitis subjects. A similar reduction in erythrocyte numbers was
also observed in an animal model of allergic airway disease. Notably, this erythrocyte decline
did not occur upon airway challenge with a nonspecific antigen or a placebo (saline buffer),
indicating that the underlying mechanism was directly related to allergic inflammation triggered
by the specific allergen. This allergen-induced erythrocyte declines and neutrophil increase
persisted even after successful allergen-specific immunotherapy, as demonstrated in house dust
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mite-sensitized allergic rhinitis patients. Therefore, even in allergic rhinitis patients who show
significant symptom improvement following allergen-specific immunotherapy, exposure to the
relevant allergen still triggers an acute inflammatory response involving both erythrocytes and
neutrophils in sensitized individuals [23].

Little is known about the sex-specific effects of antihistamines on inflammatory
responses and blood cell counts. However, a recent study demonstrated that cetirizine (an H1
receptor antagonist) reduces the clinical side effects of monoclonal antibody therapy targeting
CD20+ B cells in a sex-specific manner [23]. Cetirizine inhibited the mobilization of neutrophils
and lymphocytes, as well as the decline in erythrocyte numbers, but did not affect the allergen-
induced increase in thrombocytes. It also attenuated gender-specific variations in blood cell
dynamics. Overall, as reflected in a standard complete blood count (CBC), cetirizine significantly
reduced both the immediate and late phases of the innate immune response following allergen
exposure [23].

In recent years, genetically attenuated Plasmodium parasites have been developed in
rodent models. These parasites cause self-resolving blood-stage infections and confer strong
protective immunity. All genetically attenuated parasites developed thus far harbor mutations
in housekeeping genes essential for parasite development within red blood cells. In one study
using a Plasmodium berghei model compatible with long-term tracking of anti-blood-stage
immune responses, researchers reported a novel blood-stage genetically attenuated parasite
lacking a secreted factor related to histamine-releasing factor. The absence of this factor leads
to increased IL-6 production, which enhances T and B cell responses, enabling infection
resolution and providing cross-stage, cross-species, and long-lasting immunity. The protection
induced by the mutant involves a combination of antiparasitic IgG2c antibodies and FcyR(+)
CDI11b(+) phagocytic cells, particularly neutrophils, which are sufficient to confer protection.
This immune-enhancing genetically attenuated parasite highlights the critical role of opsonized
parasite-mediated phagocytosis, which may be central to the protection induced by all self-
resolving blood-stage genetically attenuated Plasmodium infections [18].

After reviewing the scientific literature, no information has been found regarding the
presence of histamine in erythrocytes, nor the presence of histamine receptors H1, H2, H3, or H4
on erythrocyte plasma membranes. If such receptors do exist, their role in erythrocyte function
remains unknown. It is also unclear how potential histamine is neutralized within erythrocytes,
or whether histamine is taken up from plasma or synthesized within these cells. Although
the scientific literature lacks information on the potential expression of histamine receptors
by erythrocyte precursors, studying erythrocytes in relation to histamine is important. This is
because histamine is involved in a wide range of physiological and pathological body functions,
and erythrocytes perform numerous functions beyond just gas transport.

Objective: To detect histamine the presence in erythrocytes and to determine whether
histamine receptors H1, H2, H3, H4 receptors are expressed on erythrocyte membranes, using
specific histamine receptor blockers. The study aims to asses potential changes in endogenous
histamine levels and alterations in the sorption capacity of erythrocytes.

Materials and Methods
Nonlinear male white rats (Rattus norvegicus f. domesticus) weighing 180-220 g were
used for the experimental studies. Chloroform was used for euthanasia. All procedures involving
animals were conducted in accordance with the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other Scientific Purposes (Strasbourg, France,
1986), and in accordance with the General Principles for the Use of Animals in Research
approved by the First National Congress on Bioethics (Kyiv, Ukraine, 2001).
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Following decapitation, blood was collected into a container with heparine. The
heparinized blood was centrifuged at 3000 rpm for 15 minutes. Plasma was discarded, and
erythrocytes were washed three times with saline. The control group of erythrocytes was
incubated with saline only.

To evaluate whether erythrocytes are capable of absorbing histamine through the plasma
membrane, histamine dihydrochloride was added to erythrocytes at a final concentration of
5.4 uM. Samples were incubated for 5 minutes. A 0.01 % solution of histamine dihydrochloride
(used as a stock solution) was obtained from Limited Liability Company “Immunolog”, Ukraine
(Vinnytsia).

To assess the presence of H1, H2, and H3 histamine receptors on erythrocyte membranes,
specific pharmacological blockers were used:

° Desloratadine (commercial name Edem, manufacturer Farmak, 5 mg/tablet) as an
HI1 receptor blocker;

e  Ranitidine (commercial name Ranitidine-Darnitsa, manufacturer Pharmaceutical
Firm “Darnitsa”, 150 mg/tablet) as an H2 receptor blocker;

e  Betahistine (commercial name Betaserc, manufacturer Mylan Laboratories SAS,
France, 8 mg/tablet) as an H3 receptor blocker.

To assess the potential presence of the H4 receptor, a mixture of desloratadine, ranitidine,
and betahistine was used. Since there are currently no specific pharmaceutical drugs to block the
H4 receptor, this combined approach was employed to indirectly evaluate its presence.

The experiment used the indicated pharmacological preparations. These also contained
the usual excipients specified in the product’s instructions for use.

Each blocker or the combination of blockers was added to erythrocyte suspensions
to reach final concentrations of 0.1, 1, and 10 uM. Samples were incubated for 5 minutes at
room temperature. Additional experimental groups were created in which erythrocytes were
first incubated with receptor blockers for 5 minutes, followed by the addition of histamine
(final concentration 5.4 pM) and a second 5-minute incubation. These groups were designed to
investigate the specific effects of histamine under conditions of receptor blockade, particularly on
the levels of endogenous histamine and the sorption capacity of erythrocytes. After incubation,
erythrocytes were washed three times with saline. Each experiment was repeated at least five
times (n=5).

To measure endogenous histamine content, erythrocyte hemolysis was performed using
distilled water in a 3:1 ratio (three parts erythrocytes to one part water). Histamine content
was determined using the method of Voronina L.M., based on the reaction between histamine
and diazotized p-nitroaniline, which forms an orange-red complex [4]. Protein content
was determined according to the method of Lowry [25]. To assess the sorption capacity of
erythrocytes, hemolysis was not performed. This parameter was evaluated based on changes in
the intensity of reduced methylene blue coloration in response to the presence of acidic metabolic
products in the cells [5]. To determine the content of histamine in erythrocytes, glass test tubes
were used. To determine the sorption capacity of erythrocytes, centrifuge tubes were used. In
all experiments, mechanical mixing of substances (manual mixing) was used. In the experiment
to determine the content of endogenous histamine, the volume of the incubation mixture was
9 ml. In the experiment to determine the sorption capacity of erythrocytes, the volume of the
incubation mixture was 4 ml.

All data were analyzed using Microsoft Excel 2010 for Windows. Results are expressed as
mean (M) + standard error of the mean (m). Statistical significance was assessed using Student’s
t-test. Differences were considered significant at confidence levels of p>0.95; p>0.99; p>0.999.
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Results and Discussion

Experiments were conducted on isolated erythrocytes from male and female rats. We
confirmed the presence of histamine in rat erythrocytes (Fig. 1). The results demonstrated that
erythrocytes from female rats contain significantly more histamine — 2.26 times higher — than those
from males. Histamine functions as a biogenic amine, neurotransmitter, and tissue hormone [2].
Systemic hormonal fluctuations in females may contribute to this disparity. The histamine content
in erythrocytes may be associated with regulating cellular functions and maintaining a certain level
of histamine in the bloodstream. Erythrocytes could potentially act as a histamine depot, similar to
eosinophils. Previous studies have shown that histamine is primarily localized in blood basophils,
eosinophils, and platelets [11]. Eosinophils are capable of absorbing exogenous histamine, which
is either stored or degraded by histaminase. Histamine in platelets is thought to participate in
blood coagulation, although the mechanisms remain unclear. The function of histamine in
erythrocytes is still not well understood. Some literature reports suggest that histamine alters the
agglutination behavior of erythrocytes in pregnant women, potentially through interaction with
phytohemagglutinin, implying an indirect role in parturition. This could be mediated by H1 and
H2 receptors on erythrocyte membranes, although this remains speculative.

Histamine also plays a role in ovulation and is known to increase vascular permeability,
facilitating implantation of the fertilized ovum. However, it is not involved in oocyte maturation.
Use of H1 and H2 receptor blockers in rabbits has been shown to inhibit this process. Furthermore,
histamine enhances uterine contractility in both rats and humans, particularly during pregnancy,
suggesting its involvement in labor. Conversely, when applied to the chorioallantoic membrane in
chick embryos, histamine does not appear to affect embryonic development or induce congenital
abnormalities in rodents [2, 22, 33].

Thus, histamine is indeed present in rat erythrocytes, with a higher concentration
observed in females. The origin of histamine in these cells remains unclear — whether it enters
from plasma or is synthesized de novo via histidine decarboxylase activity.

A slight decrease in histamine content may occur due to histamine receptor binding,
which facilitates the release of this biogenic amine from the cell, or as a result of increased
activity of histaminase, an enzyme responsible for histamine neutralization.

Methylation is an important metabolic pathway involved in the biotransformation of
numerous drugs, neurotransmitters, and xenobiotic compounds. Histamine N-methyltransferase
(HNMT) catalyzes the Nrt-methylation of histamine and structurally related molecules.
Measurement of HNMT activity in erythrocytes allows for the assessment of enzyme activity
variations, which may reflect differences in less accessible tissues such as the brain [27]. This
evidence confirms the presence of histamine in erythrocytes, which can be neutralized by HNMT.

In a subsequent experiment, histamine receptor blockers used to investigate changes in
endogenous histamine content (i.e., histamine present within erythrocytes) and the sorption capacity
of these cells when receptors were blocked, and histamine was added exogenously. Desloratadine
used as an HI receptor antagonist, ranitidine as an H2 receptor antagonist, and betahistine as
an H3 receptor antagonist. Since H4 receptor blockers are currently not commercially available,
a combination of desloratadine, ranitidine, and betahistine was applied simultaneously to block
HI1, H2, and H3 receptors in washed erythrocyte suspensions. The results were compared to the
independent effects of histamine alone and the blockers or their combination alone.

Exogenous addition of histamine to rat erythrocyte suspensions caused a decrease in
endogenous histamine content (by 15 % in males and 24 % in females), although these changes
were not statistically significant (Fig. 1). This suggests that elevated extracellular histamine
levels may induce the release of endogenous biogenic amines from erythrocytes. These findings
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imply the presence of histamine H receptors that signal for the release of this biogenic amine,
like mechanisms observed in eosinophils, tissue basophils, and blood basophils. Alternatively,
this effect may indicate the presence of histaminase (also known as diamine oxidase) [32].
Histamine can also be degraded by histamine N-methyltransferase; however, reports in the
scientific literature suggest that in rats, histamine degradation within erythrocytes occurs solely
via histaminase. In this case, erythrocytes must first absorb histamine, after which histaminase
is activated — a process in which histamine receptors likely do not participate. Currently, there
is no definitive evidence confirming the presence of histaminase in red blood cells. Its presence
requires further experimental investigation, which we plan to undertake in future studies.
Diamine oxidase is the principal enzyme involved in histamine catabolism, and its deficiency
has been proposed as a potential cause of histamine intolerance [21].

When desloratadine, an H1 receptor antagonist, was added to the erythrocytes of male
rats followed by histamine, no significant changes were detected in the content of the biogenic
amine compared to the effect of desloratadine alone (Fig. 1). It was important to observe changes
relative to the independent action of the blocker to confirm true receptor blockade rather than
nonspecific effects of the chemical compound, which could induce cellular side effects.

In contrast, the addition of desloratadine at all tested concentrations to erythrocyte
suspensions from female rats caused a significant decrease in endogenous histamine content
(Fig. 1). This effect differs from that observed in males, where no significant changes in
endogenous histamine levels were found.

Furthermore, we demonstrated that under the influence of the H1 receptor blocker at
10 uM, exogenous histamine administration led to a 2.5-fold increase in histamine accumulation
within erythrocytes of female rats compared to desloratadine treatment alone at the same
concentration. Notably, at 1 uM desloratadine, in the presence of histamine, endogenous
histamine content decreased by 32 % relative to desloratadine alone (Fig. 1). These findings
suggest that blocking a substantial number of H1 receptors with desloratadine at 10 uM may
facilitate the uptake of exogenous histamine, resulting in increased intracellular histamine
levels. Thus, the H1 receptor on the erythrocyte membrane appears to be involved in regulating
endogenous histamine content in female rat erythrocytes. The differential effects of low (0.1 uM)
versus high (10 uM) desloratadine concentrations in combination with histamine may reflect
varying degrees of H1 receptor blockade, ranging from partial to complete. Moreover, it should
be considered that when H1 receptors are blocked, other histamine receptors (H2, H3, and H4)
remain active and can be influenced by exogenously administered histamine.

Importantly, the distinct responses observed in male and female erythrocytes suggest sex-
dependent differences in the number or functionality of histamine receptors. Male erythrocytes
may possess significantly fewer H1 receptors compared to females, or there may be differences
in the distribution or involvement of H2, H3, and H4 receptors. Alternatively, H1 receptors may
play a lesser role in regulating endogenous histamine content in male erythrocytes.

Thus, histamine is present in the erythrocytes of both male and female rats, with females
exhibiting higher histamine levels compared to males. Desloratadine at all tested concentrations
caused a decrease in histamine content in erythrocytes of female rats, whereas no significant
changes were observed in males relative to controls. These results indicate a sex-dependent
difference in erythrocytes regarding histamine content and sensitivity to H1 receptor blockade.
In female rat erythrocytes, in the presence of histamine, low concentrations of the H1 receptor
blocker induce a decrease in endogenous histamine, while high concentrations cause an increase.
These findings support the hypothesis that the erythrocyte plasma membrane contains a limited
number of H1 histamine receptors, the expression or functionality of which may depend on sex.
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Fig. 1. Endogenous histamine content in rat erythrocytes under the action of exogenous histamine,
desloratadine, ranitidine, betahistine, the combined effect of these three substances (DRB) and
the combined action of histamine receptor blockers with histamine (* — p>0,95; ** — p>0,99;
**% — p>0,999; * — the difference is significant compared to intact cells; ** — the difference is
significant compared to the group of erythrocytes to which the corresponding blocker or mixture of
blockers was added; # — the difference is significant compared to the group of erythrocytes to which
histamine was added)
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Incubation of erythrocytes from both male and female rats with ranitidine at all
concentrations studied (0.1, 1, and 10 uM) resulted in a significant reduction of endogenous
histamine content (Fig. 1). The addition of histamine to male rat erythrocytes treated with
ranitidine at 0.1 and 1 pM led to increases in endogenous histamine content by 58 % and
84 %, respectively, compared to ranitidine treatment alone. It is known that ranitidine reduces
degranulation of tissue basophils and suppresses histamine release [13]. Ranitidine acts as
an H2 receptor antagonist, primarily targeting histamine receptors in the stomach. However,
in our experiments, other histamine receptors (H1, H3, and H4) remained active. Given
these observations, we suggest that ranitidine also influences histamine release in erythrocytes.
Therefore, we conclude that erythrocytes of male rats express functional H2 histamine
receptors.

Incubation of male rat erythrocytes with 10 uM ranitidine followed by histamine addition
did not alter endogenous histamine levels compared to ranitidine treatment alone (Fig. 1).
Conversely, the addition of histamine to erythrocytes from female rats under ranitidine treatment
resulted in endogenous histamine levels similar to those observed with ranitidine alone. This
suggests that the potential H2 receptor on the plasma membrane of female rat erythrocytes does
not regulate histamine content, is absent, or that the regulation of endogenous histamine in
female erythrocytes follows sex-specific mechanisms (Fig. 1).

Thus, ranitidine causes a significant decrease in the content of endogenous histamine in
erythrocytes of male rats, while the combined effect of ranitidine at concentrations of 0.1 and
1 uM together with histamine leads to an increase in biogenic amine content, although these
values do not reach the control level. It is possible that ranitidine at a concentration of 10 pM
is too high for in vitro experiments, potentially causing damage to the erythrocytes themselves,
thereby increasing membrane permeability to histamine. Under such conditions, the receptor-
specific effect of ranitidine may be masked. In erythrocytes of female rats, the combined effect
of ranitidine and histamine does not alter the endogenous histamine level compared to the
independent effect of ranitidine.

The decrease in histamine content in rat erythrocytes is likely due to the release of this
biogenic amine from erythrocyte cells via the activation of potential histamine receptors on the
plasma membrane, initiating exocytosis.

Ranitidine is a histamine H2 receptor blocker. However, this drug was temporarily
withdrawn throughout the European Union in April 2020 due to the detection of low levels
of N-nitrosodimethylamine, a probable carcinogen. Additionally, ranitidine may cause allergic
reactions [16]. Considering these side effects, ranitidine might affect plasma membrane
permeability by increasing it, which corresponds to the significant decrease in endogenous
histamine observed in rat erythrocytes. The reduction in endogenous histamine content under
the combined treatment of ranitidine and exogenous biogenic amine likely results from the toxic
effects of ranitidine as a chemical compound.

Therefore, although the H2 receptor is present on the erythrocyte membrane of female
rats, it does not appear to regulate the uptake of exogenous histamine or the removal of
endogenous histamine, while a similar regulatory effect is observed in male rat erythrocytes.

The addition of the histamine H3 receptor blocker, betahistine, to erythrocytes of both
male and female rats caused a decrease in endogenous histamine content. Notably, the decrease
was more pronounced in female rat erythrocytes than in males. The most significant decrease
occurred at a betahistine concentration of 1 pM. It is known that histamine can be released from
cells via several mechanisms, including mechanical damage, exposure to chemical compounds
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(e.g., polyglucin, tubocurarine), immune reactions, and through histamine receptor activation.
The reduction in endogenous histamine in erythrocytes may be due to betahistine’s action as
a histamine-releasing agent. However, betahistine’s prescribing information indicates that it
increases histamine metabolism and release by blocking presynaptic H3 receptors and inducing
their downregulation.

When betahistine at concentrations of 0.1 and 1 pM was added to washed erythrocytes
of male rats followed by histamine incubation for 5 minutes, endogenous histamine content
increased by 48 % and 133 %, respectively, compared to samples treated with betahistine alone
(Fig. 1). Importantly, in female rat erythrocytes, all tested concentrations of betahistine combined
with exogenous histamine significantly increased endogenous histamine levels. These results
support the presence of H3 receptors on the plasma membrane of rat erythrocytes.

At the highest studied betahistine concentration (10 uM), combined treatment with
histamine tended to increase endogenous histamine in male rat erythrocytes by 21 % relative
to betahistine alone, although this increase was not statistically significant. This may reflect
the need for a higher histamine concentration to detect effects at this betahistine level. The most
robust increase in histamine content occurred with betahistine at 1 uM combined with histamine,
although endogenous histamine did not reach control values. Thus, 1 uM betahistine appears
to be the optimal concentration for these experiments.

Insummary, betahistine reduces endogenous histamine in rat erythrocytes, with the greatest
effect at 1 uM. Combined betahistine and histamine treatments increase endogenous histamine
levels, confirming H3 receptor involvement in erythrocyte histamine regulation. Besides H3,
other histamine receptors (H1, H2, and H4) may also be present and should be considered when
interpreting results. H receptors are known to exist on tissue and blood basophils (histamine-
synthesizing cells) and eosinophils (histamine-absorbing cells), regulating histamine release.
Thus, the H3 receptor on erythrocyte membranes likely contributes to endogenous histamine
regulation.

Histamine effects on cells, including erythrocytes, are pleiotropic, with activation of
different histamine receptors (H1-H4) causing opposing outcomes. Betahistine has a slight
agonistic effect on the H1 receptor [3, 6, 14], possibly enhancing histamine release from
erythrocytes through partial H1 activation.

Previous studies showed that subcutaneous administration of exogenous histamine
(1 pg/kg) in rats sharply decreases blood histamine by 72 % on day 1, normalizes by day 7, then
decreases again on day 14 [3]. These fluctuations likely reflect histaminase activity neutralizing
histamine and uptake by other blood cells, such as eosinophils, with erythrocytes potentially
contributing to the decline.

To investigate the H4 receptor on erythrocytes, endogenous histamine levels were
measured following simultaneous addition of desloratadine (H1 blocker), ranitidine (H2 blocker),
betahistine (H3 blocker), collectively referred to as DRB, and exogenous histamine. Addition
of DRB at 1 uM alone, or combined with histamine, reduced endogenous histamine compared
to control, possibly by increasing membrane permeability and causing receptor-independent
histamine release.

Thus, when H1, H2, and H3 receptors are blocked, only the H4 receptor remains active,
with exogenous histamine inhibiting endogenous histamine release and promoting sorption.
Only DRB at 1 uM significantly decreased endogenous histamine.

H3 receptors regulate histamine secretion in the central nervous system, whereas H4
receptors modulate histamine retention and release in erythrocytes. The H4 receptor is found on
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immune and spleen cells, but its role is not fully understood. Evidence suggests the H4 receptor
plays a key role in allergic diseases.

In male rat erythrocytes, combined DRB and histamine treatment reduced endogenous
histamine only at 1 uM DRB. In female rat erythrocytes, DRB significantly decreased endogenous
histamine across concentrations, with maximal reduction (93 %) at 1 uM and least reduction
at 10 uM. The unexpected lesser effect at 10 uM may result from chemical interactions
between blockers or erythrocyte detoxification mechanisms neutralizing DRB compounds.
Partial receptor blockade at low DRB concentrations may explain differences between low and
high dose effects.

Blocking H1, H2, H3 receptors with DRB (10 uM) plus exogenous histamine decreased
endogenous histamine compared to DRB alone, indicating H4 receptor involvement in histamine
release from female rat erythrocytes.

In conclusion, erythrocyte plasma membranes possess H3 receptors regulating endogenous
histamine content, as evidenced by changes upon H3 receptor blockade and histamine addition.
Presence of H1, H2, and H4 receptors is possible but likely sex-dependent and less directly
involved in histamine regulation. H4 receptors appear least sensitive to histamine content
regulation.

Histamine increased sorption capacity of male rat erythrocytes by 55 % (Fig. 2), indicating
enhanced protective function but also increased erythrocyte membrane damage and altered
surface potential, leading to decreased deformability and clearance from circulation. Sorption
capacity reflects erythrocyte endogenous intoxication levels [8]. Histamine also influences
blood rheology by increasing vascular permeability and tissue swelling, redistributing fluid from
blood to interstitial space.

Desloratadine addition to male rat erythrocytes did not affect sorption capacity (Fig. 2).
Combined histamine and desloratadine at 1 pM caused a small but significant 6 % decrease
compared to desloratadine alone. Other desloratadine concentrations combined with histamine
showed no difference from desloratadine alone.

Histamine addition to female rat erythrocytes decreased sorption capacity by 51 %.
Sorption capacity reflects plasma membrane integrity; a decrease suggests impaired erythrocyte
function in binding and removing harmful substances. This suggests that the number of potential
HI1, H2, H3, and H4 histamine receptors on the membranes of female rats is different from
that on the membranes of erythrocytes of male rats.

The decrease in the sorption capacity of erythrocytes from female rats indicates that
histamine affects cell membranes, reducing their ability to interact with methylene blue.
Histamine interacts with various types of receptors on cell membranes. A significant decrease
in the sorption capacity of erythrocytes may reflect alterations in the surface charge of the
erythrocyte plasma membrane.

It was found that the addition of desloratadine at a concentration of 0.1 uM reduced
the sorption capacity of female rat erythrocytes by 62 %. In contrast, desloratadine at higher
tested concentrations did not significantly alter this capacity. Desloratadine contains an NH-
group in its structure, which may affect the sorption capacity of erythrocytes. It is known
that erythrocyte sorption of compounds occurs via Van-der-Waals interactions. Generally,
desloratadine is expected to bind to histamine H1 receptors. Desloratadine is classified among
highly toxic substances [9]. Therefore, the observed decrease in the sorption capacity of female
rat erythrocytes was unexpected.
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Fig. 2. Sorption capacity of rat erythrocytes under the action of exogenous histamine, desloratadine,
ranitidine, betahistine, the combined effect of these three substances (DRB) and the combined
action of histamine receptor blockers with histamine (* — p>0,95; ** — p>0,99; *** — p>0,999;
* — the difference is significant compared to intact cells; ** — the difference is significant compared
to the group of erythrocytes to which the corresponding blocker or mixture of blockers was added,
# — the difference is significant compared to the group of erythrocytes to which histamine was
added) female rats is different from that on the membranes of erythrocytes of male rats
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We observed that histamine, when applied in the presence of desloratadine at 0.1 pM,
caused an increase in the sorption capacity of female rat erythrocytes by 211 % compared to
erythrocytes treated solely with desloratadine at the same concentration. These results indicate
that the combined effect of desloratadine and histamine counteracts the effect of desloratadine
alone. When desloratadine is added to the erythrocyte suspension, it should bind to potential
histamine H1 receptors on the erythrocyte membranes, thus blocking these receptors. Addition
of exogenous histamine to erythrocytes with blocked H1 receptors does not result in histamine
binding to these receptors. Therefore, it can be concluded that the H1 receptor is directly or
indirectly involved in regulating the sorption capacity of erythrocytes. Both desloratadine at
0.1 uM and histamine alone reduced erythrocyte sorption capacity. We noted that desloratadine
might affect Van-der-Waals interactions due to the presence of NH-groups in its structure.
Histamine also contains NH groups. Thus, adding histamine to erythrocytes with blocked H1
receptors could lead to its binding to other histamine receptors, such as H2, H3, or H4, which
may explain the observed changes in sorption capacity.

It should be noted that desloratadine at concentrations of 1 and 10 uM, when combined
with histamine, did not induce significant changes in the sorption capacity of female rat
erythrocytes compared to erythrocytes treated with desloratadine alone at the respective
concentrations.

Scientific literature reports that desloratadine at doses of 1/500 DL50, 1/100 DL50, and
DL50 affects bull sperm, characterized by a reduced intensity of oxidative processes, likely due
to impaired mitochondrial respiratory chain function and ATP resynthesis, resulting in decreased
motility and survival time [1]. The desloratadine penetrates the plasma membrane of cells,
inducing functional changes. The toxicity of desloratadine, causing 50 % mortality in Daphnia
magna Straus, ranges from 5.7 to 19.2 mg/dm3, depending on exposure time and concentration.
A concentration of 2.9 mg/dm3 is moderately toxic (toxicity class 3), while concentrations from
5.7 to 19.2 mg/dm3 belong to toxicity classes 4—5. A concentration of 0.57 mg/dm3 shows no
acute lethal toxicity. The threshold concentration affecting aquatic organisms is 0.5 mg/dm? [1].
Considering these data, it can be concluded that desloratadine concentrations of 1 and 10 uM
penetrate erythrocytes and thus do not alter their sorption capacity in our experiments.

Therefore, histamine exerts opposite effects on the sorption capacity of erythrocytes
from male and female rats, indicating a sex-dependent difference in histamine’s impact on this
parameter. Desloratadine decreases the sorption capacity only at 0.1 uM and only in female
erythrocytes. Histamine in the presence of desloratadine at 1 uM reduces the sorption capacity
of male rat erythrocytes. Combined administration of desloratadine at 0.1 uM and histamine
increases the sorption capacity of female rat erythrocytes compared to desloratadine alone.

Importantly, the addition of ranitidine at all tested concentrations to erythrocyte
suspensions from both male and female rats did not significantly affect their sorption capacity
(Fig. 2). This result was unexpected, since ranitidine is a chemical compound foreign to
erythrocytes. These findings suggest a positive effect of ranitidine on erythrocyte plasma
membranes. Sorption capacity serves as a protective reaction of erythrocytes to harmful
substances sorbed onto their plasma membrane surfaces. Therefore, the absence of changes in
this parameter is considered beneficial. Ranitidine is a histamine antagonist, specifically targeting
histamine H2 receptors.

Erythrocytes play a direct role in sensitization mechanisms to medicinal substances,
involving changes in cytometric parameters, plasma membrane structure and function, and
sorption capacity [12]. However, no changes in erythrocyte sorption capacity were observed
under ranitidine exposure in our study. It is known that erythrocyte plasma membranes possess
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high sorption capacity, mediating transport of amino acids, lipids, and toxins, thus participating
in body metabolism. Erythrocytes can carry antigens, mitogens, mediators, hormones,
and other biologically active compounds, transferring them to lymphocytes and regulating
lymphoproliferation [10]. Sorption processes involving molecular attachment to membranes
occur via Van-der-Waals interactions [28]. Ranitidine is rapidly absorbed in the gastrointestinal
tract and easily crosses histohematological barriers, including the placental barrier, indicating
it does not bind to the membrane surface but penetrates it readily. Therefore, no changes in the
sorption capacity of erythrocytes under the influence of ranitidine were observed in our study.

The combined effect of ranitidine at all tested concentrations with histamine did not alter
erythrocyte sorption capacity in male and female rats, except for ranitidine at 0.1 pM combined
with histamine, which caused a 69 % decrease in sorption capacity of female rat erythrocytes
compared to ranitidine alone. This suggests that the H2 receptor may not directly regulate
erythrocyte sorption capacity or exert only indirect effects. The enhanced decrease in sorption
capacity under combined histamine and ranitidine (0.1 pM) exposure may be related to their
interaction, altering physicochemical properties of erythrocyte membranes. Ranitidine possibly
potentiates histamine action by modulating receptor activity or membrane permeability.

Thus, ranitidine does not affect sorption capacity in erythrocytes of male and female rats,
and its combination with histamine alters sorption capacity only in female erythrocytes. It is
probable that the H2 receptor is indirectly involved in regulating erythrocyte sorption capacity.
Mature erythrocytes adsorb circulating immune complexes and interact with antibodies via
membrane C-receptors for immunoglobulins and complement components C3b and C4b, as well
as surface antigens. Approximately 90 % of these receptors in the vascular bed are located on
erythrocytes [12]. Given this, histamine and its H2 receptor may be involved in modulating
erythrocyte sorption capacity. Sorption is immunologically important, and its modulation by
histamine warrants further investigation.

Addition of betahistine at 0.1 uM to male rat erythrocytes increased sorption capacity by
69 % (Fig. 2). Combined exposure to betahistine at 0.1 uM and histamine decreased sorption
capacity by 18 % compared to betahistine alone, suggesting histamine may regulate this
parameter via H3 receptors. Co-administration of betahistine at 1 and 10 uM with histamine
increased sorption capacity by 32 and 13 %, respectively, compared to betahistine alone.

Therefore, histamine and betahistine at minimal tested concentrations enhance sorption
capacity of male rat erythrocytes. Histamine modulates sorption capacity in a concentration-
dependent manner under betahistine influence. Literature indicates erythrocytes participate
in drug sensitization mechanisms involving changes in sorption capacity [12], although these
mechanisms remain undefined. Our findings and others suggest histamine may serve as a
regulatory factor in erythrocyte sorption capacity, consistent with its key role in allergic disease
development. The marked increase in sorption capacity at minimal betahistine concentration
highlights dose-dependent compensatory-adaptive cellular responses, where low doses exert
protective effects while higher doses may harm erythrocytes.

Under combined betahistine and histamine exposure, male rat erythrocyte sorption
capacity shifts toward levels observed with histamine alone, indicating the presence of H3
receptors on erythrocyte membranes involved in sorption regulation.

Scientific literature reports that increase in mean corpuscular volume and membrane
function alterations leading to elevated sorption capacity reduce erythrocyte deformability
and mobility, causing cellular aggregation and microcirculatory disturbances [15]. Therefore,
increased erythrocyte sorption capacity induced by histamine, betahistine, and their combination
may represent a negative phenomenon. Sorption analysis provides insights into erythrocyte
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regenerative capacity linked to plasma membrane barrier properties. Elevated sorption capacity
indicates membrane damage and cellular disorganization, serving as a clinical marker of
endogenous intoxication severity.

Betahistine at 1 uM reduced sorption capacity of female rat erythrocytes by 44 %, whereas
10 uM increased it by 37 %. Betahistine at 0.1 and 1 uM combined with histamine increased
sorption capacity by 30 and 126 %, respectively, relative to betahistine alone, suggesting H3
receptor involvement. Betahistine at 10 uM followed by histamine reduced sorption capacity by
17 % compared to betahistine alone.

Thus, betahistine modulates sorption capacity in erythrocytes of both sexes. Betahistine
exhibits weak H1 receptor agonism and strong H3 receptor antagonism [14]. The observed
effects likely reflect redistribution of histamine and betahistine actions on erythrocytes.
Combined betahistine and histamine treatment altered sorption capacity, supporting the presence
of H3 receptors on rat erythrocyte membranes and their role in regulating sorption.

Adsorption is a reversible process achieving equilibrium when adsorption and desorption
rates are equal [7]. Physical adsorption involves Van-der-Waals forces and is spontancous,
reversible, and nonspecific, unlike generally irreversible chemical adsorption. Betahistine
may promote Van-der-Waals interactions, increasing erythrocyte sorption capacity. Histamine
addition following betahistine treatment likely modifies membrane surface charge, enhancing
sorption. Van-der-Waals interactions include dispersion forces and dipole—dipole interactions
between neutral/nonpolar and polar groups, respectively.

Under desloratadine, ranitidine, and betahistine (DRB) at 0.1 and 1 pM, male rat
erythrocyte sorption capacity decreased by 57 % (Fig. 2). The addition of these compounds,
containing cationic groups, is expected to reduce sorption. However, the lack of effect at 10 pM
was unexpected, possibly indicating synergistic drug effects.

Blocking H1, H2, and H3 receptors with DRB at 10 uM followed by histamine exposure
decreased sorption capacity by 15 % compared to DRB alone (Fig. 2).

It is known that histamine accumulates in blood eosinophils and neutrophils and is
produced by basophils; its synthesis by erythrocytes remains unknown. Allergen exposure in the
respiratory tract cross-links IgE on basophils, triggering release of histamine, lipid mediators,
and cytokines. Antigens also activate dendritic cells and macrophages, leading to T helper
cell presentation and local cytokine release. Histamine acts on multiple cells via Hl and H4
receptors, mediating chemotaxis, inflammation, vascular permeability, and smooth muscle
tone, contributing to asthma pathophysiology [30]. The mechanism of histamine action on
erythrocytes is unknown but likely complex and receptor mediated.

Comparing our male erythrocyte results with females, similar effects were observed.

DRB at 0.1, 1, and 10 uM decreased female erythrocyte sorption capacity by 80, 94,
and 98 %, respectively (Fig. 2). Sorption capacity relates to receptor presence on erythrocyte
surfaces [12]. Blocking H1, H2, H3 receptors with DRB at 0.1 uM followed by histamine
addition decreased female erythrocyte sorption by 98 %, whereas DRB at 10 uM with histamine
increased sorption fivefold.

Erythrocytes have significant detoxification function due to glutathione transferase and
glutathione content and likely neutralize some drugs (DRB). Alternatively, H4 receptor activity
on erythrocyte membranes may regulate sorption capacity. Therefore, DRB reduces erythrocyte
sorption capacity in both sexes, while combined DRB and histamine exposure modulates this
parameter compared to DRB alone.

Analyzing the results of the study on the effect of histamine on rat erythrocytes, it
can be concluded that blocking the potential H3 receptor with betahistine on the membranes



N. Harasym, Yu. Nalapsha, A. Kostochko and others
90 ISSN 0206-5657. BicHuk JlbBiBCbKOTO YHiBEpcuTeTy. Cepisa bionoriyHa. 2025. Bunyck 95

of erythrocytes from both females and males leads to changes in the content of endogenous
histamine within erythrocytes and their sorption capacity. This indicates the presence of the H3
histamine receptor on the plasma membranes of red blood cells and its involvement in regulating
these parameters. It should be emphasized that the addition of other blockers targeting H1 and
H2 receptors induces only slight changes in endogenous histamine levels in erythrocytes from
either male or female rats, suggesting the presence of these receptors and a modest influence
of their activation on histamine regulation, which may also be sex-dependent. When H1, H2,
and H3 receptors are blocked, only the H4 receptor remains active, which causes changes in
the sorption capacity of erythrocytes in both male and female rats at the highest tested blocker
concentrations. Therefore, the H4 receptor may also participate in the regulation of erythrocyte
sorption capacity.

Notably, male and female erythrocytes respond differently to the addition of exogenous
histamine to the cell suspension without prior receptor blockade, indicating a differential
quantitative distribution of H1, H2, H3, and H4 receptors. It is known that H1 and H2 receptors
are activating, whereas H3 and H4 receptors are inhibitory. Consequently, depending on the
concentration of both blockers and histamine, the effects of these compounds on erythrocyte
sorption capacity differ.

Histamine, when the H3 receptor is blocked, acts through the remaining H1, H2,
and H4 receptors, leading to activation of phospholipase C and protein kinase C, as well as
alterations in adenylyl cyclase activity. These signaling events result in changes to the biophysical
properties of the membrane and modify its permeability to histamine. Moreover, such membrane
alterations affect the sorption capacity of erythrocytes. Van der Waals interactions play a role
in sorption processes. While an increase in sorption capacity can be considered beneficial,
it may also reduce cell deformability, which is a negative effect. Literature reports indicate
that increased activity of adenylyl cyclase and protein kinase C negatively affects erythrocyte
deformability.

It should also be noted that although betahistine is primarily an H3 receptor antagonist,
it acts as a minor agonist of the H1 receptor. Thus, it is noteworthy that when desloratadine,
ranitidine, and betahistine are added to erythrocyte suspensions — thereby leaving only the H4
receptor active — the exogenously administered histamine exerts effects on sorption capacity that
are opposite to those observed otherwise.

In conclusion, we propose that all four types of histamine receptors may be present on
the erythrocyte plasma membrane; however, only the H3 receptor demonstrates high specificity
(direct or indirect) in regulating endogenous histamine content and modulating erythrocyte
sorption capacity. The potential presence of H1, H2, and H4 receptors suggests, they likely
exhibit lower specificity in these processes.

Thus, betahistine, an H3 receptor antagonist, followed by histamine administration,
induces an increase in the endogenous histamine content in erythrocytes of both male and
female rats, as well as alters the sorption capacity of these cells compared to the independent
effect of betahistine. This suggests the presence of H3 histamine receptors on the plasma
membrane of red blood cells and their role in regulating histamine content and sorption capacity.
Simultaneous blockade of potential H1, H2, and H3 receptors by desloratadine, ranitidine, and
betahistine, leaving only the H4 receptor functional, followed by histamine administration,
causes changes in the sorption capacity of erythrocytes from male and female rats compared to
the independent effects of these blockers. This may be indicates the presence of H4 histamine
receptors. Administration of desloratadine or ranitidine alone to erythrocyte suspensions, followed
by histamine, leads to isolated sorption capacity. changes in endogenous histamine content
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and sorption capacity, dependent on substance concentration and sex. These results suggest
the presence of H1 and H2 receptors; however, their involvement in regulating endogenous
histamine levels and erythrocyte sorption capacity appears to be indirect or limited. Thus, H1
and H2 receptors likely do not play a primary role in regulating these parameters.
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Bigomo, mo ricramiH CHHTE3Y€ThCS 3 TICTUAWHY B TKAaHMHHHX Oazodimax i
6azodinax kposi. [licist BuBiLIbHEHHS 3 KiTiTHH rictamin aie Ha H1, H2, H3, H4 penenitopu o
rictTaminy, Ki MiCTTHCS Ha IUIa3MaTHYHUX MeMOpaHax. HeBUBYECHNM € MUTaHHS HAsIBHOCTI
Ha [UIa3MaTHYHAX MEMOpaHaX epUTPOLUTIB PEIENTOPIB 10 TicTaMiHy. MeTa J0CIiIKeHHS -
BUSBUTH TiCTaMiH B pUTPOIMTAX i BU3HAYNTH HasiBHICTH H1-H4 peneniropiB Ha MeMOpaHax
CPUTPOLIUTIB, 3aCTOCOBYIOYM OJIOKATOPH TiCTAMIHOBUX PEIENTOpiB, Yepe3 3MiHy piBHA
MOTCHIITHOTO EHIOTEHHOTO TiCTaMiHy Ta 3MiHy COpOLiifHOI 3MaTHOCTI EpPHUTPOIUTIB.
Y nmocminmi [0 epUTPOLMTIB AONaBaiM TicTaMiH y KoHHEHTpauii 5,4 MM, Omokaropu
ricTaMiHOBHX pEIeNTOpiB (Ae3noparannH, sikuid Omokye H1 pernenTop; paHITHIMH, SKUMA
onokye H2 penenrop; 6erarictu, sikuii 610kye H3 penentop) Takum 4uHOM, 1100 KiHIIEBa
koH1eHTpaunis craHoBmia 0,1; 1; 10 MmxM. Byno Takox CTBOpEHO IpyId, A0 EPUTPOLUTIB
SIKMX JIOJJaBaJIH 1 3a3HaueHi Onokaropw, i ricramin. [l ananizy HasBHOcTi H4 penenrtopa Ha
MeMOpaHi epUTPOIHTIB JI0 KIITHH OAHOYACHO JOaBaJH yCi TP OJI0KAaTOpH (e310paraarH,
paHITHIUH, OETariCTHH), OCKUIPKH Ha CHOTO/IHI HEMa€E y BUTBHOMY JOCTYyII Onmokaropa H4
perieniTopa 110 rictTaminy. BcTaHOBIEHO, 10 B €pUTPOLIUTaX MICTUTHCS TICTAMiH, IPUIOMY
B EPUTPOLTAX CAaMOK IMYpiB PiBeHb TiCTaMiHy BHIIMH, HDK B EPUTPOIMTAX CAMIIIB.
[loennane momaBaHHs 10 KpoBi Onokaropa H1 penenTopa (nesnoparaauHy) Ta ricTaMiHy
3MIHIOE BMICT €HJJOT€HHOTO TiCTaMiHy B SpHTPOLHTaX CaMOK IMOPIBHSIHO 3 HE3aJIEKHOIO
II€I0 Ie3N0paTaaiHy, a TAKOK BIUIMBAE 1 Ha copOWiiiHy 31aTHicTh. PaHiTuauH, 610KaTop
H2 penenropa, 3a BKa3aHHX yMOB IOCIiTy Bele N0 MiABUIICHHS BMICTYy EHIOT€HHOTO
ricramiHy B epuTpouuTax camiiB. [loeHaHe momaBaHHS 1O CYCICH3l EpUTPOLUTIB
onokaropa H3 penentopa, OeraricTHHY Ta TiCTaMiHy CHPUYUHSE ITiJBHIICHHS BMICTY
€HJIOTCHHOTO TiCTaMiHy B €PUTPOLUTAX CAMOK i CAMIIIB LIypiB MOPIBHIHO 3 HE3aJEKHOIO
Ji€r0 OeTariCTHHY, a TaKOXK 3YMOBIIOE 3MiHY copOwiifHOi 3marHocTi. 3a OnokyBanHs HI,
H2, H3 peuenrtopiB 10 ricramiHy Ta MOAAJbIIOr0 BBEICHHS 10 CYCIICH3Il €pUTPOLUTIB
BinOyBa€eThCs 3HWKEHHSI COPOIIIHOT 3IaTHOCTI KIIITHH CaMIIiB (32 BUKOPUCTAHHS BHCOKHX
KOHIIeHTpamii OnokaropiB; 10 MkM) Ta 3MiHa COpOIIiHOI 3AaTHOCTI EPUTPOIUTIB CAMOK
rypiB (32 OKpeMUX KOHIICHTpAIliii) TOPIBHSHO 3 HE3AIEKHOK €0 CyMilli OIOKaTopiB.
OTXe, MOXKHa 3pOOHMTH BHCHOBOK, IO HAa MEMOpaHaX EpPHUTPOLMTIB CaAMOK 1 CaMIIiB
mrypiB HasiBHUIT H3 penenTop mo rictaMiHy, (yHKIIs SKOTO MOJSTae B PETYMSALii BMICTY
€HJIOTEHHOTO TiCTaMiHy Ta COPOMIHHOT 3MaTHOCTI UX KIIITHH.

Kniouoei cnosa: epuUTpOLUTH, TiCTaMiH, TICTAaMiHOBI PELENTOpPH, OIOKaTOpH
riCTaMiHOBHUX PEIENTOPIB
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Metoro nmociipkeHHsT OyJO BHSBHUTH OCOOJIHMBOCTI CEHCOMOTOPHHX peaKIii
y oci0 i3 TPHBAJOK aJamlTali€lo A0 MIBUIKICHO-CHIOBHUX HABaHTAXKCHb HA HPUKIAIL
CHOPTCMCEHIB-KapaTHCTIB. Y pPOOOTI MpoaHaTi30BaHO IOKA3HUKU CKIATHOI 30pOBO-
MoTopHOi peakuii Bubopy (3MPB, peakuis Go/No-Go) y TpeHOBaHHX 1 HETPEHOBAHHUX
0ci0 Ui OIHKH IIBUAKICHUX XapaKTEPUCTHUK PEakiii Ta TOYHOCTI i BapiaOembHOCTI
peduexTopHoi Binnosizi. JJociipKeHHS TPOBOIMIIM 32 JOTIOMOTOI0 Cepil TECTIB CKIaaHOT
3MPB (60, 90 i 120 cTumyIiB) 3 BUKOPHCTaHHSAM KOMIUTEKCY «/liarHocT—1m», 110 gaBanu
3MOI'y PEECTPYBATH 3arajibHUN 4ac BUKOHAHHS 3aBJaHHS, MiHIMAIbHUH 4ac eKCIIO3MIIi
CTHMYJy, YaC BHXOJYy Ha MiHIMaJbHY EKCIIO3HUIII0, CepelHiil yac MOTOpHOI peaxiii,
BapiabeIbHICTh 1 TOUHICTH peduIeKTOpHOT BiAmoBigl. OTpuMaHi pe3ysbTaTi OKa3alu, 10
Y CHOPTCMEHIB-KapaTHCTIB yCi 4aCOBI MapaMETPH peaKilii OyJIu JOCTOBIPHO KpAIIUMH, HiXkK
Yy HETPEHOBAHMX y4YacHHKIB. Lle cBITUUTH mpo OUIBII €PEKTUBHY B3aEMOJII0 CCHCOPHHUX
I MOTOPHHMX CTPYKTYp LICHTpPajJbHOI HEpBOBOI CHCTEMH Ta IO IMiJBUILICHY IIBUIKICTH
00poOKK 30pOBUX CUTHAIIB. BHUABICHO, 10 TPEHOBaHI OCOOM MIBHILE aJaNTyHOTHCS 0
3MIHHUX YMOB ITOJJaHHS CTUMYJIIB 1 30€piraroTb cTabiIbHICTh MOTOPHUX BINOBiZICH HABITh
3a 30UIBIIEHHS KUTBKOCTI IMOJIPA3HUKIB, TOMI K Yy HETPEHOBAHHX OCI0 CIOCTEPIraeThCs
TEHJICHII 10 3pPOCTaHHS CEPEJHBOTO Yacy peakiii, iMOBIpHO, BHACIIJIOK PO3BHTKY
LEeHTpabHOi BToMH. [ToKa3HUKH BapiabebHOCTI JIATEHTHUX [IEPi0/1iB HE MaJId CTATUCTHYHO
3HAYYIIUX BIAMIHHOCTEH MiX TPyIaMH, IO CBIAYUTH MPO CXOXKHH PIBEHb CTaOLILHOCTI
CEHCOMOTOPHHX MporeciB. OCHOBHI BIIIMIHHOCTI TOB’s3aHi 3 MiIBHIICHOI MIBUIKICTIO
pearyBaHHA Y CIIOPTCMEHIB, [0, HMOBIPHO, € HACIIJKOM TpuBaioi HeipodizionoriyHol
ajanTanii 10 IHTGHCHBHUX IIBUAKICHO-CHJIOBUX TpeHyBaHb. OTpuUMaHi MJaHi Mif-
TBEPDKYIOTh, IO CHCTEMAaTHYHI 3aHATTS Kapate (GopMyroTh ¢()EKTHUBHILI MeXaHi3MH
KOTHITHBHOTO I MOTOPHOTO KOHTPOJTIO, SIKi 320€3MeUyI0Th BHCOKY IIBHIKICTB 1 CTIHKICTB
CCHCOMOTOPHHX PEaKIii.

Kniouoei crnosa: $hizndHi HaBaHTaKEHHS, IIEHTPaJIbHA HEPBOBA CHCTEMa, 30POBO-
MOTOpPHA PeakKiisi BUOOpPY, HEWPOIIAaCTUYHICTh, KOTHITUBHI (DyHKIIT

30epeKeHHs] BHCOKOTO pIiBHS KOTHITMBHUX (DYHKIIH € KIIOYOBOIO II€PEIYMOBOIO
e(eKTUBHOI OCBITHBOI, MpodeciiHoi Ta crnopTHBHOI HisuIbHOCTI JitonuHU. Came KOTHITHBHI
npouecy 3a0e3nedyroTh CHPUHHATTS, IHTErpauito, oOpoOKy iHdopmanii, (hopMmyBaHHS IO-
BEJIiIHKOBHX CTparTeriii i npuitnaTTs pimens [15, 21, 24]. Ixus edexTupHicTs BU3HAYAE TOUHICT,
MIBUAKICTB 1 CTaOUIBHICT CEHCOMOTOPHUX PEaKIii, a TAKOXK 3aTHICTh OpPraHi3My aJanTyBaTH

© @enpkiB M., Boskannu JI., 2025
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MOTOpHI BIJIIOBiAI 70 3MiH yMOB cepenoBuina. OIHMUMH 3 HaWYyTJIMBILIMX IHAWKATOPIB
LIBUKOCTI H €()EeKTUBHOCTI KOTHITHBHUX IPOILECIB € MOKA3HUKH CEHCOMOTOPHOI peaxiiii, sika
MO€/IHY€E CIPUHHATTS CEHCOpHOI iH(opmanii 3 TI HEWpOHHOIO 00pOOKOI0 Ta (hopMyBaHHIM
MOTOPHOI BiAmoBifi [6]. Came TOMy METOIUKH aHANi3y HpocTuX [2, 4, 27] i cknanaux [1, 7, 26]
CEHCOMOTOPHHUX PEaKLii MNUPOKO 3aCTOCOBYIOTH ISl OL[IHKH KOTHITUBHHX TIPOLECIB, 110 JIEXKAThH
B OCHOBI ajanrauii 10 Gpi3MYHNX HABAHTAKEHb.

Cepeyn TecTiB CKIaJHUX 30pPOBO-MOTOPHUX PEakKiii 0cOOJMBE 3HAUCHHSI Ma€ 3aBJaHHS
tunty Go/No-Go (GNG), sike jorioMarae OIiHUTH PiBeHb 1HIIOITOPHOIO KOHTPOJIIO, TOYHICTb
pearyBaHHsI Ta 3arajJbHUH piBeHb KOTHITHMBHHX Tpouecis [16, 29]. Ha BiaMmiHy Bix mpoctoi
30poBo-MoTopHOi peakuii, Tect GNG norpedye He Juiie IBUAKOT 0OPOOKH CEHCOPHOTO
CUTHAITy, aJi¢ i aKTUBHOT'O TAJIbMYBaHHS BiJIIIOBIJl HA OJIMH 31 CTUMYJIIB B YMOBax BUOOpY, IO
IiIBUIIY€ HOro iH(GOPMATHBHICTD I1iJ] Yac OLIHIOBaHHS (DYHKIIOHAJILHOTO CTaHY LIEHTPaIbHOT
Hepsosoi cucremu (I{THC) Ta ii anantaniiHIX MOXIJIMBOCTEH.

3 no3uniit Helipodizionorii BukoHanHss GNG-3aBiaHb CyNPOBOJUKYETHCS aKTHBALIEI0
HKHBOT JI0OHOT 3akpyTkH (the inferior frontal gyrus, IFG), nepeanpoi monaTkoBOi MOTOPHOT
30HH (pre-supplementary motor area, pre-SMA) Ta nepenHboi mosicHoi kopu (anterior cingulate
cortex, ACC), ski pOpMyIOTh OCHOBHI JIAHKH MEXaHI3MiB raJIbMyBaHHs IIOBEIIHKOBUX PeaKIiif
(behavioral inhibitory control, BIC) [16, 29]. 3minu y napamerpax GNG-tecty mij yac aganramii
710 (i3MYHUX HAaBAaHTAKEHb MOXYTb CBIAYMTH NPO (YHKIIOHAIBbHI HepeOyI0BH HEHPOHHHX
Mepex, L0 BiOOPaXalOTh MPOSBH HEHUPOIIACTMYHOCTI — 3JaTHOCTI MO3KY aJanTyBaTHCS
JI0 HOBUX YMOB IISXOM IepeOyloBH CHHANTHUYHUX 3B’s3KiB [25]. HeiiporuractuuHicts €
LHeHTpalbHUM MexaHi3MoM aganTaunii [IIHC no BIuMBYy HaBaHTa)XEHHS 1 OXOILIIOE SIK IMIBUJKI
(GyHKIIOHaNBHI 3MiHM (MOJIYJIsILis 30YUTMBOCTI KOPU TOJIOBHOTO MO3KY), TaK 1 IOBIJIbHI
CTPYKTYpPHI IIpOILIECH, 30KpeMa, CHHANTOreHe3 Ta HedporeHne3 [25]. Bonu BinOyBaioThes 3a
yuactio Helporpodiunux dakropis (BDNF, IGF-1, VEGF), mo peryimomTs miacTHYHICTS,
CHPUSIIOTH YTBOPEHHIO HOBUX 3B’SI3KIB 1 HIATPUMYIOTh KOTHITUBHI (QyHKIIT [8].

CyyacHi JOCHJUKEHHsSI CBi4aTh, 110 (hi3UYHA AKTUBHICTH CYTTEBO BIUIMBAE Ha
MPOLIECH HEWPOIIACTHYHOCTI, CIPHSIOYM ITJBHIIECHHIO DPIiBHS HeHpoTpodidyHnX QakTopis,
MOKPAIIYI04H KPOBOIIOCTaYaHH MO3KY, aKTUBYIOUM MEXaHI3MU CHHAITUYHOI IUIACTUYHOCTI, a
OTXe€, CTBOPIOIOYM YMOBH JUIsl MIJIBUIIEHHSI €()eKTHBHOCTI KOTHITHBHUX mpouecis [§8, 9, 12].
HaBiTh KOpOTKOTpHMBajie TPEHYBaHHS MO)KE IO3UTHBHO BIUIMBATH HA BHKOHaBYl (yHKUIi, a
CUCTEMAaTHYHI 3aHSTTS 37aTHI CYTTEBO IIJBHIIYBaTH €()EKTHBHICTh KOTHITHBHUX IIPOLECIB 1
IXHIO CTAOUTBHICT B YMOBAX IICUXOEMOIIHHOTO HaBaHTaKEHHS [27].

Huska gocnipkeHb JEeMOHCTPYE, 10 XapakTep (i3MYHHMX BIIpaB BH3HA4yae crienugiky
BruiBy Ha [{THC. Tak, nuHaMivHi, cTaTH4HI Ta CUJI0BI HABAHTA)XEHHSI aKTUBYIOTh Pi3HI HEHPOHHI
Mepexi ¥ MeXaHi3MU peryisiiii pyxoBoi akTMBHOCTI, 110 ()OpPMY€ pi3HI THIH KOTHITHBHOI
BianoBini [12]. ToMy nepcrieKTHBHOIO MOJEIIIIO ISl aHAIli3y BIUIMBY (Di3MYHMX HAaBaHTa)KEHb
Ha KOTHITHBHI (QYHKIIi € Kapare. Y Kapare IepeBaXKarOTh IIBHKICHO-CHJIOBI KOMIIOHCHTU
(13UYHOT MIATOTOBKH, SIKI CTUMYJIIOIOTH OJIHOYACHO MOTOPHI Ta KOTHITHBHI IIPOLIECH, CIIPUSIFOYH
PO3BUTKOBI KOMIUIEKCHOI ajanTanii. ¥ TpeHyBaJbHIN 1 3MaraibHId JiSUIBHOCTI KapaTHCTIB
MOE/IHYIOThCSL INBHJKI BHOYXOBI PyXM 3 BHCOKMMHM BHMOTaMH JIO0 TOYHOCTI KOOpJIHMHAILII,
KOHIIGHTpalii yBaru, IpoCTOPOBOI Opi€HTalil Ta rajbMyBaHHs pediekTopHux peakuiit [10,
13]. Peanizauist OoiioBuX il y Kapare noTpeOye MUTTEBOI iHTErpanii ceHcopHOi iHdopmarii,
YXBaJICHHS PIIEHb Y PEXHMMi peajbHOTO 4yacy Ta €(EeKTUBHOIO rajibMyBaHHS HaJUIMIIKOBUX
MOTOPHUX IMITyJbCiB. Takuil BHJ aKTHBHOCTI CTBOPIOE ONTUMAaJIbHI YMOBH Uil (DOPMyBaHHS
CEHCOMOTOPHOI ajanTanii, 10 BKJIIOYAE BJOCKOHAJIEHHS IIBHJKOCTI ¥ TOYHOCTI PYyXOBHX
peakiii, MiIBUIIEHHs CTIMKOCTI yBaru, OonTuMizamilo Helpom’si30Boi koopauHamii [18, 23].
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JlaHi ekcriepuMeHTaIBHUX JOCIIPKeHb CBIYaTh, 110 CUCTEMAaTHYHI 3aHATTS Kapare MoB’si3aHi
31 CTPYKTYpPHHAMH 3MiHaAMHU MO3KY, 30KpeMa, 31 301IbIIeHHSIM 00’ €My CipOi peIOBHHH y T000BUX
1 CKPOHCBHX JUISTHKAX, BiMOBINaIbHUX 32 KOTHITUBHUN KOHTPOJIb 1 CCHCOMOTOPHY 1HTETpaIliio
[11]. i 3MiHU CYTIPOBOKYIOTHCS TIOCHIICHHSM e(DeKTUBHOCTI HEUPOHHUX MEPEXK, 3alTy4CHHX
JIO PETyJIIsALii yBaru, MOTOPHOTO TUTAHYBaHHS Ta rajibMyBaHHs il [18, 29].

[Torpy HasiBHICTH OKpPEMHX Ipalb, NPUCBIYCHUX BIUIMBY (i3UYHOI AaKTHMBHOCTI Ha
KOTHITHBHI (DyHKIIii, HEHPOKOTHITHBHI aCTIEKTH aJanTamii y CIIOPTCMEHIB, IO CIIEIiali3yI0ThCs
y IIBUJKICHO-CHJIOBHX BHJax CIIOPTY, 3aJMIIAIOTHCS HEJOCTaTHhO BUBYEHUMH. BUIBIIICTH
JOCTIKEHb CTOCYEThCS TiTel abo moneit crapmroro Biky [17, 22], a y BucoKkokBai(hiKOBaHUX
croprcMeHiB TpuBajii amantamiiai 3mian [[THC sanumarorees ManomocmimkeHumu [4; 12].
BomHouac U1 TOCATHEHHST BHCOKHX PE3YJIBTATiB y CIOPTI 3[aTHICTH CIIOPTCMEHA MIBHUIKO
IHTETpyBaTH CEHCOPHY iH(pOpMaIio, MPHHMATH PIMICHHS W TralbMyBaTH HEaJCKBaTHI PyXH €
Bu3HauanbHO [27]. Came Tomy nociimkerHss Go/No-Go peakiliil y kKapaTHCTiB 00IpyHTOBaHE
1 HayKkoBO JOIIIEHE — BOHO Ja€ 3MOTY BUSBUTH CHeUn(idHI HEHpoQi3ioNoTiyHi MPOsSBU
ajianTanii 10 MIBUJKICHO-CUIIOBUX HAaBaHTA)KECHb, OLIHUTH PIBEHb KOTHITUBHOTO KOHTPOIIO Ta
BCTAHOBUTH 3B’ 30K M)XK KOTHITUBHUMH i MOTOPHUMH KOMIIOHEHTaMH TPEHYBAJILHOTO IIPOLIECY.

MeTor0 IOCHTIHKEHHs OyJI0 BUSBUTH XapaKTepHI 0COOIMBOCTI MOKa3HHUKIB peakiii Go/
No-Go y crnopTcMeHiB-KapaTUCTiB K MOAENI JuIs aHajlily HeHpOKOTHITMBHOI aganTamii 10
IIBUIKICHO-CHJIOBUX (Di3WYHUX HABAHTAXKCHb.

MeToau ii opraHizauisi 1ocaiTKeHb

HocnimkyBanumu Oynu cryaentu JIJIYOK imeni IBana boOepchkoro 4osoBivoi crari.
Jo rpymu tpeHoBannx (T) Hanmekanu 23 criopTCMEHU-KapaTHCTH CTIITIO KIOKYITMHKaK (HampsiM
KyMiTe) BUCOKOI CriOpTHBHOI KBautidikamii (wopHuil nosic, I pospsin, kaHAMIATH y MadcTpH
cropty), BikoM 19,13+2,20 poky, 31 cTaxkeM 3aHATh MOHAX 5 pokiB. [lo Tpynu HETPEeHOBaHMX
(HT) nanexanu 23 CTyIeHTH, SKi HE TOTPUMYBAIINCS PEKUMY PETYISIPHOI (Pi3MUHOT aKTHBHOCTI.
Cepenniit Bik y rpymi cranoBuB 17,70+0,63 poky. Yci yyacHUKM Majid HOpPMalbHHH abo
CKOPHTOBaHHNA O HOPMHU 3ip, a TAaKOK HOPMAIbHUHA KOMbOopoBHH 3ip. JKOHEH 3 y4acHUKIB HE
MOBIZOMJISIB TIPO HASIBHICTh HEBPOJIOTIYHUX 3aXBOPIOBAHb. YC1 YYaCHUKU AOCIHIKSHHS HaIalu
MMUCHMOBY 1H()OPMOBaHY 3oty Ha Y9acTh Y JOCITIPKeHHI. JlocmipKeHHs TPOBOAMIN BiIOBIIHO
JI0 TIONOXEHb [enbCiHCBhKOI Aekapariii moA0 €THYHUX TNPHHLIUIIB HAyKOBUX TOCIiIKCHb
3a yuactio jronuau [28]. [JocmimkeHHs Oyno cxpaieHO ETudHuM komiTeToM JIBBIBCHKOTO
JIEPKABHOTO YHIBEPCHUTETY (i3ndHOI KynbsTypH iMeHi [Bana bobepcrkoro (mporokon Ne 29/2025
Bix 29 ueprHs 2025 p.).

OO0cTe)keHHS TPOBOAWIHM Y TEPINii MMOJOBHHI THS 332 YMOBH BiJICYyTHOCTI CTOPOHHIX
MO/IPa3HUKIB Ta 32 KOM(OPTHOI Temneparypu AoBKiLIsL. [lepel OCHOBHUM €TarnoM y4acHUKH
MIPOXOJVMJIM 1HCTPYKT@)X 1 TpeHyBajbHI cepii 31 IBUAKICTIO moxaHHs ctuMyniB 40 1 50 3a
XBIJINHY, 1110 3a0e31euyBajio KOHIIEHTPAIIIO YBard, aalTalliio JO PUTMY CUTHANIB 1 3HIDKCHHS
opieHTyBaNIbHOI peakilii [19]. Jlai BUKOHyBaIu 3aBIaHHS Ha CKJIQJHY 30POBO-MOTOPHY PEaKIII0
BuOopy (3MPB) y pexumi 3BOPOTHOTO 3B’S3Ky 3 BHUKOPHUCTaHHSAM alapaTHO-TPOTPAMHOTO
KoMIuTeKCy «JliarHocT-1m». Bysio mpoBeAeHO TPpU TECTH i3 MOCTYIMOBUM 301IBIIICHHAM KUTBKOCTI
CTHUMYJIB — PB2-3,, PB2-3, Ta PB2-3 (60, 90 i 120 cTumyniB BiAmOBimHO). 3TigHO 3
IHCTPYKIIi€10, yYACHUKHM MaJi HAaTHCKaTH Ha KHOIKY IPABOIO PYKOIO MiJ] dac MOsSBU KBajapara,
JIBOIO PYKOIO — ITiJ] Yac MOSIBH KOJa, a y pasi MOSIBH TPUKYTHHKA (TajJbMIBHUM CHTHAT) MajH
YTpUMYBaTHCSA Bif BimNOBimi. BHUKOpMCTOBYBaiM peXWM 3BOPOTHOTO 3B’S3KY: TPHBAJICTD
MO/IaHHS CTHMYIy 3MEHIIyBaJlacs ITiCJsl TpaBWIBHOI BIJMOBiNI Ta 30ULIbIIyBajacs Micis
moMmIKoBOi. [TogarkoBuii yac ekcro3uii cranoBuB 0,9 ¢ i BapiroBaB y Mexax Bin 0,9 mo 0,02 c,
a MbKCTUMYNbHUH iHTepBa 0,2 ¢ 3anuiascs cranum [20].
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VY npoueci BukoHanHs TectiB 3MPB peectpyBainy 3arajibHi MOKa3HUKU: 4ac BUKOHAHHS
TECTy, TOOTO TPHBAIICTh NPOXOJUKEHHS 3aBIAaHHsS BiJl MEPIIOrO JO OCTAHHBOTO CTUMYIY;
MiHIMaJIBHUH 4Yac eKcro3uuii (Mc), 4ac BHXOAY Ha MIiHIMaJbHY €KCHO3HUIIIO (C Ta KUIBKICTH
ctuMyiB). JlonaTtkoBo anaiizyBany MiHiManbHuE (Mmin) 1 Makcumansiuil (Mmax) JJaTeHTHUH
Yyac peakuii, cepeaHe 3HaYEHHs JIaTeHTHOro yacy peakuii (M) Ta mokasHMKH BapiaOesbHOCTI
CEHCOMOTOPHHUX PEaKIIiil — CepelIHbOKBaapaTHYHE BinxmwieHHs (O) 1 koedimieHT Bapiamii (Cv,
%). Takox BpaxoByBaJIl BiZICOTOK ITOMHJIOK 1 cepeiHiil yac MOTOpHOT BixnoBiai (Mmp, Mc).

OTpuMaHi IOKAa3HUKU aHAII3yBald 3araJIbHONPUIHATHMU METOJAMH CTAaTHCTHKH
3 BUKOPUCTAHHSIM MareMaTW4yHUX 1 CTaTMUCTHYHUX OyHKIIH nporpamu «Origin 2018».
HopmaunbHicTs posnoiny nanux anaiidyBainu tectoM lllamipo—Binka. JlocToBipHicTh pi3HUII
MDK JIBOMa TPylaMH XapakTepu3yBalH 3a Jonomoroto t-kpurepito CrbronenTa. s anamizy
CTaTHCTUYHOT 3HAUYIIOCTI BIUIMBY KUIBKOCTI CTUMYIIIB Ha rokasHuky 3MPB iz gac ycix Tppox
TECTIB BUKOPUCTOBYBaIN OtHO(aKTOpHHUH tucniepciitanii aHaniz (ANOVA).

Pe3yabraTu i ixHe 00roBOpeHHs
[in wac mocmimkenHs wneHTpanbHOI HepBoBoi cuctemu (L[HC) TtpeHoBanux i
HETPEHOBAaHUX 0Ci0 MM BUSBWIM NIEBHI BiIMIHHOCTI MK IIUMU IBOMa Tpymnamu (Tadm. 1).
Tabmums 1

OCHOBHI TIOKa3HUKH BUKOHAHHs TecTiB PB2-3 i3 pi3Hor0 KiNbKicTiO cTEMYITIB (60, 90, 120)
y rpynax tpenoBanux (T, M+o, n=23) i nerpenoBanux (HT, M+c, n=23) oci0

TToka3HuK I'pyna PB2-3 PB2-3,, PB2-3
T 33,74+1,71 47,04+3,76 61,30+5,04
Yac BUKOHaHHS TECTY, C
HT 35,17+3,54* 50,70£5,47** 64,70+£5,30*
MiniManbHUM yac T 214,78+42 31 158,26+£61,47 166,35+£55,39
€KCIIO3HIIIT, MC HT 213,64+56,70 207,83+71,03** 167,83+44,21
Yac BUXOLY Ha MiHiM. T 24,48+6,97 32,09+8,96 34,41+9,78
€KCIIO3UILII0, C HT 28,74+7,26* 38,04+13,26* 45,30+14,91%*
Yac BUXOJY Ha MiHIM. T 41,91+13,06 58,52+19,19 65,96+22.60
€KCIIO3MI1i10, CTUMYIIH HT 48,41+9,86* 63,00+22,79 79,91+27,66*
. T 155,74+65,87 60,66+25,11 52,55+35,35
MwmiH, MC
HT 158,19+72,78 106,67+72,15%* 81,02+54,96*
T 495,19+44,59 503,334+50,79 519,75+64,40
Mmakc, MC
HT 528,97+74,84%* 541,06+93,34%* 561,92492,58*
M. wc T 345,38+31,13 301,84+23,86 298,93+26,76
’ HT 335,51+32,10 319,71+34,17* 314,31+£31,14*
5. M T 91,47+21,47 101,01+18,84 103,84+19,32
HT 87,95+18,86 97,70+£21,74 103,07+20,66
Cv. % T 26,44+5,59 33,25+6,71 34,77+6,34
HT 26,32+5,46 30,65+6,56 33,43+6,95
[Tomunku, % T 19,17+1,59 33,39+2,27 49,48+2,47
HT 18,96+1,89 34,57+1,90* 49,61+2,43
Mip., mc T 116,38+14,35 114,63+12,02 115,06+14,01
’ HT 182,34+101,70%*  176,75£108,89**  234,79+153,44%**

Ipumitka: PiBeHb A0CTOBIPHOCTI pi3HHMII MiX rpymamu: *** — P<(0,001; ** — P<0,01; * — P<0,05
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3okpema, y mpobi PB2-3, jns rpynu TpeHoBaHMX Oy XapakTepHi MeHIIMH yac
BUKOHAHHS Tipodu (Ha 4 %, P<0,05) Ta wac i KUTBKICTh MOIPAa3HHUKIB, HEOOXIMHUX TSI BUXOIY
Ha MiHIMaIbHY ekcro3ullito (Ha 14 % Tta 13 % BiamoBimao, P<0,05). Ile Moxe Bka3yBatu Ha
HIBHIII MIPOIIECH TEPMIHOBOI ajanTallii HepBOBUX LEHTPIB 10 AU(DEPEHIIIOBAaHHS YMOBHHX
noznpasnukis. I1ix qac Bukonanus npodu PB2-3  y rpyni TpeHoBaHuX 0Ci0 BUABIECHO MEHIIHH
MakcuMaJbHUi 4Yac peakuii (Mmakc, Ha 6 %, p<0,05) Ta HWKYI cepenHi 3HAYEHHS MOTOPHOI
peakuii (Mmp, Ha 34 %, P<0,01). Inmi cepenni 3HadeHHs, 30KpeMa, MiHIMaIbHUH Yac peaxiii
(MwmiH), cepenHe 3HA4YEHHS JIaTEHTHOrO mepiogy peakuii (M) Ta moka3HHKH BapiaOenbHOCTI
BinoBiaei (m, 6, Cv) MiXk rpyrnaMu TOCTOBIPHO HE BIAPI3HSIIUCE.

BuBdenHs nmapameTpiB BHKOHaHHA npoOu PB2-3,  BusABIAE HU3KY 3aKOHOMIpHOCTEH,
CXOXHX 3 pesylbTaTaMH nornepeanboro tecty PB2-3 . 3okpema, sk i y monepeHboMy TeCTi,
TPEHOBaHiI 0COOM AEMOHCTPYIOTh MEHIINH yac BUKoHaHHs (Ha 7 %, P<0,01) Ta mBuImmii BUXizg
Ha MiHIMaJIbHY eKcrio3uLito (Ha 16 %, p<0,05). BoxHouac y iboMy TecTi It TpyNy TPEHOBaHUX
0ci0 xapaKTepHH MEHIITHA MiHIMaTbHIH Yac ekcro3uilii (Ha 24 %, P<0,01). Pi3aums TpuBanocti
BHXO/y Ha MiHIMQJIbHY €KCITO3MIIIIO 32 KUTBKICTIO CUTHAJIIB HE JOCSTAE CTATUCTUYHO 3HAYYIIOTO
PIBHSL

ITix wac Bukonanns Tecty PB2-3 'y rpymi TpeHoBanux oci® BUSBIEHO HWDKYi 3HATECHHS
Mwmin i Mmake (Ha 43 ta 7 %, P<0,01 Ta p<0,05), meHie 3HadenHs M i Mmp (Ha 6 % Tta 35 %,
P<0,01 Ta P<0,05). 3nauenHs BapiaOebHOCTI JIATEHTHHX MEPiOMiB PeaKiill y IBOX Ipymax Oyin
AHAJIOTTYHUMH, a KiJIbKICTh HOMIJIOK — Ha 3 % Ounbia (P<0,05) y HerpenoBanux oci6. Takum
YHHOM, 3arajbHi ITapaMeTpy BUKOHAHHS TECTy BKa3yIOTh Ha IIBUALLY W TOYHIIIY AU(epeHmialiio
MTOIPa3HUKIB 1 MIBHIIIE pearyBaHHs y TPYIli TPEHOBAaHUX 0Ci0.

JocrifkeHHs pe3yNbTaTiB BUKOHAHHsA JOCIiKyBaHuMHM Tecty PB2-3  — 3acsimuye
HAasSBHICTh TICBHUX BIIMIHHOCTEW MiX TpyIlaMH TPEHOBAHMX 1 HETPEHOBaHWX 0cCi0. 3okpema,
Yyac BUKOHAaHHS TECTy TPEHOBaHUMH ocobamu OyB Ha 5 % xopotmmM (P<0,05). Bonn Takox Ha
24 % mBumme (P<0,01) gocsaramu MiHIMATFHOTO JTATEHTHOTO TIEPIOAY PEaKIIii, BATpAYarouH s
nporo Ha 17 % menmte (P<0,05) cripo6. 3a pe3ynbraTaMn BUKOHAHHS TECTY BUSIBIICHO, 10 MMiH,
Mmaxkc, Mmp i M TpeHoBanuX 0¢i6 Oynu MeHimumu Ha 35 %, 8 %, 51 % ta 5 % BianoBiaHO
(P<0,05). BomHOuac He BHSABICHO CTAaTUCTHYHO 3HAUYIINX BiIMIHHOCTEH y BapiaOembHOCTI
MOKA3HUKIB JIATCHTHUX IEPIOJIiB PEakKIlii Ta KUILKOCTI TIOMIJIOK Y IIUX TBOX IPyIaXx.

Bukopucranus Kinbkox mpo0 i3 pizHOIO KinmbkicTio monpasnukis (PB2-3 , PB2-3, Ta
PB2-3 ) nae 3MOry BU3Ha4YMTH HasBHICTh i 3aKOHOMIPHOCTI 3MiH TIOKa3HUKIB CKIIaHOi 30pOBO-
MOTOPHOI peakilii BHOOPY B IIMX YMOBAaX 0CO0aMH 3 Pi3HUM piBHEM (Di3HUYHOI ITiATOTOBICHOCTI.
Amnaniz BIumBY (hakTopa KUIBKOCTI TOApasHUKIB Ha mapamerpu 3MPB 3xilicHioBaim 3
BUKOPHCTAHHIM OJHO()AKTOPHOIO JUCIIEPCIHHOTO aHami3y (Tadi. 2).

BceranoBneno, 30kpema, IO 4Yac BUXOAY Ha MIiHIMalbHY €KCIO3HWIIO 3pOCTae 3i
30UIBIIEHHSAM KUIBKOCTI MoApa3HuKiB. OCKIIBKM HPH LbOMY 3HIDKYIOTHCS TOKa3sHHKH M Ta
MwmiH, TO MOXHA MPHUITYCTUTH, IO TOYATKOBOI KITBKOCTI monpa3HukiB (60) HEAOCTAaTHRO IS
JOCSTHEHHSI MIHIMAJIFHOTO JIATEHTHOTO IIEpiOfy peakiiii, JIMIIe TpHBalinia podoTa y peskumi
3BOPOTHOTO 3B’SI3Ky Jla€ 3MOIY JIOCSITH MaKCUMajbHOI ILIBHIKOCTI aHami3y iHdopmarii.
[TprkMeTHO TIpH IHOMY, IO MOKAa3HUK MMp NpakTUYHO HE 3MIHIOBaBCS Yy TPEHOBaHMX 0CIO
i 3pocraB 3a ymoBu 120 mozpasHukiB y oci® HeTrpeHOBaHUX. OTOX, TPUBAIICTH MOTOPHOTO
KOMITOHEHTa JareHTHoro mepiony 3MPB mepeOyBae Ha MiHIMampHOMY piBHI BXE Mg dac
MepuIoro Tecty. MoXJIMBO, MiJl 4ac TPETHOTO TECTY LIEH IMOKAa3HUK y HETPEHOBAHHMX ITOYHHAE
3017IbIIYBATHCS BHACTIZIOK PO3BUTKY BTOMH. TaKoX O4E€BHUIIHO, I1I0 y BCIX TPHOX TECTaX IapaMeTp
MwMp € HIKYUM Yy TPSHOBAHHX OCI0.
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Tabmuis 2
Pezynsratn ANOVA nokaznukiB 3MPB min uac BuKoHaHHsI cepii TecTiB
(PB2-3,, PB2-3  Ta PB2-3 )
Tpenosani HerpeHnosani
I1
OKa3HUK F(F.) p F(F) p
Yac BUKOHAHHS TECTY 308,77 (3,14) <0,01 260,61 (3,14) <0,01
MiHiIMaJILHUM Yac eKCIIO3MUILT, MC 7,46 (3,14) <0,01 2,81 (3,14) 0,070
Uac BUXOIy Ha MiHIM. €KCITO3HIIIIO, C 8,29 (3,14) <0,01 10,54 (3,14) <0,01
Yac BUXO/y Ha MiHIM. EKCITO3HIIiIO, 9.96 (3.14) <001 13.17 (3.14) <0,01
CUTHAJH
MiHiManbHUI 9ac peakiii 36,53 (3,14) <0,01 7,88 (3,14) <0,01
MaxkcumanbHul Yac peaxiii 1,95 (3,14) 0,150 0,83 (3,14) 0,437
M, mc 19,75 (3,14) <0,01 3,01 (3,14) 0,056
8, Mc 2,43 (3,14) 0,095 3,23 (3,14) <0,05
[Tomunkwu, k-1, % 1153,49 (3,14) <0,01 1237,82 (3,14) < 0,01
Mwmp 0,105 (3,14) 0,900 1,45 (3,14) 0,242

[ikaBuM Takox € ToW (akr, mo 3MeHIIeHHsT MMiH 1 M y TpeHOBaHHMX OCi0 mij yac
nepexony Bin PB2-3  no PB2-3, Oyi0 Ginbl BUpKEHUM y TPEHOBAHMX OCI0, 8 y HACTYIIHOMY
tecti (PB ) 1l TOKa3HUKHM 3MIHHJIKCE y’Ke HE3HAYHO. Y HETPEHOBAHHX OCI0 3MiHM IOKAa3HUKIB
MwiH i M € OiblI OCTYIIOBUMH, BOHH BiJOYBalOTHCS YIPOJOBXK yci€i cepii TectiB. Lle Moxke
CBiYMTH, IO ananraiis 10 BukoHaHHs 3MPB y TpenoBanux oci® BinOyBaeThes IIBHUIIIE, a
rapameTpH peaxiiii, 32 BUHATKOM IIEPIIOTo TeCTY, BUSABISIFOTHCS KPAIIMMH, HK Y HETPEHOBAHUX
oci0.

OtpuMaHi HaMU pe3yJIbTaTH MiATBEP/PKYIOTh HASBHICTH CYTTEBUX BIIMIHHOCTEH MiX
TPEHOBAaHUMH CHOPTCMEHAMHU-OJHOOOPILISIMH Ta HETPEHOBAaHUMH 0CO0aMH ITiJ] YaC BUKOHAHHSI
30poBO-MOTOpHOI peakuii BuGopy (3MPB, GNG). V Beix cepiax tecris (PB2-3., PB2-3
PB2-3 ) TpeHOBaHi y4acHMKM J€MOHCTPYBAIM KOPOTIIMH Yac BUKOHAHHS 3aBJjaHb, IIBHIIMH
BHXIiJl HA MiHIMaJIbHY SKCIIO3MIIIIO Ta HIDKYI cepeHi 3HaueHHs MOTOpHOI Biamosiai (Mwmp). Ile
BKazye Ha OUIbIl eheKTHBHI MexaHi3Mu 00poOku iH(opMallii y eHTpalnbHill HepBOBIiil cucTemi
Ta mwBuane GopMmyBaHHS Bianosinel. 3okpema, 3MeHIIeHHs Mwmakc i MMp y TpeHOBaHHX
0ci0 MOXKHa IHTEpIPETYBATH SIK IPOSIB KPaIl0i CEHCOMOTOPHOI KOOpAWHaLii, 10 (hOpMYy€ETHCs
y mpoleci cucreMaTHuHUX (i3MYHUX HaBaHTaxeHb. OTpHMaHi Pe3yJbTaTH Y3TOPKYHOTHCS
3 TIOTEPEHIMU JOCII/KSHHIMH, MiJl Yac SKMX BCTAHOBJICHO, IO JOCBIJYEHHX CIIOPTCMEHIB
XapaKTepu3yloTh MIBH/IIA 00poOKa BizyasbHOI iH(pOpMaIlii, BUIa TOYHICTh y MPOTHO3yBaHHI
MoJii 1 Kpala peakiis Ha nuHamiuHi cutyauii [14]. Hami pe3ynbTaTé cXoxi 3 IaHUMH
iHIIUX aBTOpIB [3, 7], sKi MIATBEpIMIM 3B’S30K MDK aJalTalli€lo J0 TPUBAIUX TPEHYBaHb
1 HIDKYMMH CepEHIMU 3HAYCHHSMH JIATEHTHOTO 4Yacy peakilii. PomaHeHKo Ta cmiBaBT. [26]
TaKOX BIJ[3HAYAIOTH, IO B 0OJIHOOOPILIB BHOIP TEXHIKO-TAKTUYHUX /il BU3HAYAETHCS 3/1aTHICTIO
OIEPaTHBHO pearyBaTH Ha MIHJIMBY CUTYaIll0 MMOEAMHKY, YaCTO 32 YMOB OOMaHJIHMBHX PYXiB
cynepnuka. Peakuii Tumy GNG MOJIEINIOIOTh 1i YMOBH, JIal04U CIIOPTCMEHAM 3MOT'Y pearyBaTH
JIMIIE HA PEeJICBAaHTHI CTUMYJM 1 NPHUTHIYYBaTH PEakiiio Ha XWOHI, 10 BimoOpaxkae piBeHb
KOTHITHBHOTO Ta MOTOPHOTO KOHTPOITIO.

JluHamika 3MiH y 000X rpymnax MDK CEpisiMH TECTIB TaKOXK MAa€ CyTTEBE 3HAYCHHS.
Y TpeHOBaHHX 0CI0 3HAYHE 3HIKCHHS MIiHIMaIbHOrO dvacy peakmii (MMiH) 1 cepemHBOro
JaTeHTHOrO mepiogy (M) crocrtepiranocs Bxke i vac nepexony Bim PB2-3  no PB2-3,
TOJI SIK y HETPEHOBAHUX MOCTYIOBI 3pYyLICHHS BiIOYBaUCS MPOTATOM YCiX Tphox mpood. Lle
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MOX€ CBLIYMTH NpO OLIbII e()eKTHBHY aJanTalilo CEHCOMOTOPHHX 1 KOTHITUBHUX LEHTPIB Yy
TPEHOBaHMX 0cCi0 70 yMOB 3MiHHOI cTuMyJsiLii. BonHouac 3pocrtanHs MMp y HeTpeHOBaHMX
y4acHUKiB y npo6i PB2-3 . fiMoBipHO, BioOpaskaB PO3BMTOK LIEHTPAIbHOI BTOMH 33 yMOB
TPUBAJIOTO CEHCOPHOTO HABAHTAKEHHS, TOAI SIK y CHOPTCMEHIB LeH ITOKa3HHWK 3aJIMIIABCS
CTaOUTbHUM.

B ocHoBi BusBIeHMX Hamu ocoOsuBocTel moka3sHukiB GNG CropTCMEHIB MOXYTb
JIe)KaTH BUKJIMKaH1 0araTopiyHUMHU TPEHYBaHHIMHU HEHPOIUIACTHYHI TepedyI0BH Y CTPYKTypax
MO3Ky, BIANOBIJAJILHUX 3a KOHTPOJIb PyxiB. Taki NpHUIyLIEHHS MiATBEPPKYE IMiJABUIICHHS
y ENITHUX CIIOPTCMEHIB-KapaTucTiB 00’eMy Cipoi peYOBHHHU y HIKHIH 1 BEpXHIH CKPOHEBHX
JUISTHKaX, MOTHJIMYHIA 1 IPEMOTOPHINH KOpi Ta BEpXHHOMY CKPOHEBOMY IIOJIIOCI, @ TaKOX
301bIIeHHs 00’eMy 01101 PEYOBMHHM y XBOCTaTOMYy sIpi, TiloTanamyci d COCOYKOBHX Tijlax
[11]. Bimomo, mo 3aBaanHs tunmy GNG, ski mOTpeOyOTh TOYHOTO MOTOPHOTO KOHTPOJFO
Ta BHOIPKOBOTO NMPUTHIYEHHS PYyXOBUX PEaKIii, MOB’s3aHI 3 aKTUBHICTIO HW)KHBOI JIOOOBOT
3akpyTkH (IFG) Ta nepeanboi noaarkoBoi MoTopHOi 30HH Kopu (preSMA) [16]. Lli cTtpykrypu
MaroTh QYHKIIOHAIbHI i aHATOMIYHI 3B’513KH 3 IPEMOTOPHOIO KOPOIO, CKPOHEBUMH JIISTHKAMH,
XBOCTATHM SIIPOM 1 IMOTHJIMYHOIO KOO0, (POPMYIOUM CKJIaJHI HEHMPOHHI Mepexi, 1o 0epyTh
y4acTh B yXBaJICHHI pillleHb, TUIAaHYBaHHI PyXiB Ta KOHTPOJII PYyXOBOi aKTUBHOCTI.

AHaii3 ycix TpboX 1po0 1okasye, 1o 3011bIIeHHs KUTbKOCTI moapa3Hukis (Big 60 1o 120)
MOIOBXXY€ Yac BUXOJy Ha MiHIMaJIbHY eKCIIo3HLi0. Lle 3aKkoHOMIpHO, aJKe 3pOCTaE CKIIaAHICTh
3aBnaHHs 1 HaBaHTakeHHs Ha [{HC. [Ipore numre tpuaninn cepii (90 i 120 ctumyitiB) 1aroTh
3MOTYy JOCSI'TH MaKCUMaJIbHOI IIBUAKOCTI aHaiizy iHdopmalii. XapakTepHo, 110 y TPEHOBaHUX
oci0® 3menuenHs M Ta MMin OyJio OinbIn BUpaKeHUM yke Ha apyromy erani (PB2-3,)), Toni
AK y HETPEHOBAHMX Ili MOKa3HMKM MPOJOBKYBaIM MOCTYIOBO MOKpamtyBaTuch i Ha PB . 1li
pe3yJbTaTi MOXKHA TOSICHEHUTH OUThII e()eKTUBHUM (YHKI[IOHYBAHHSM MEpeXi MHOXHHHHX
Bumor (multiple demand network, MDN) [5], kyan 3any4aioTb JIOOHO-OCTPIiBLIEBO-TiM sIHI
JUISTHKM TOJIOBHOTO MO3Ky. Y mismmbHOCcTi MDN BasknuBy ponb Binirpae preSMA Ta no6oBa
Kopa (TepeHs Ta 3a/IHs JIaTepaibHa JUITHKH) [5].

BapiabenbHicTh snaTeHTHHX nepiogiB (m, o, Cv) He NPOJAEMOHCTpYyBaJla CyTTEBHX
BIZIMIHHOCTEH MK IpylamH, 10 BKa3ye Ha 30epeeHHs BITHOCHOT CTabIIbHOCTI pearyBaHHsI SIK
y TPEHOBaHHUX, TaK 1 y HETpEHOBaHHMX. L{e CBIJUUTH, 110 KIIFOYOBUM pe3yJIbTaTOM aJlalTallii € He
CTabUIBHICTb, a IMiJIBUIIEHHS IIBUIKOCTI peakii Ta 30epexeHHs ii TOYHOCTI.

VY pesyiabraTi JOCIHI/DKEHHS BCTAaHOBJIEHO, 110 Yy CIOPTCMEHIB-KapaTUCTIB MOKAa3HUKH
CKJIaJTHO1 30pPOBO-MOTOPHOT peaKIlii BUOOPY CyTTEBO Kpallli, H)XK Y HeTpeHOBaHUX 0¢i0. TpeHoBaHi1
YYACHUKHU XapaKTEPU3YIOTHCS KOPOTIIMM YacoM Peakiii, MIBUALIMM BHXOAOM Ha MiHIMaJbHY
EKCIIO3UIIII0 Ta 30€peXEeHHsIM cTablILHOCTI MOTOPHOT BIAIIOBIJI HABITH 32 YMOB 301NIbIICHHS
KiJIbKOCTI cTuMyltiB. Lle cBimuuTh mpo OuIbin e(heKTHBHY CEHCOMOTOPHY IHTErpallilo Ta BUILY
CTIHKICTh HEPBOBHUX IPOIIECIB JI0 TPUBAJIOI'O CEHCOPHOTO HaBaHTAXKEHH. BoJHOUAC OKa3HUKH
BapiabeNbHOCTI JIATEHTHUX TEpiojiB HE BHSBWIM 3HAYYMIMX BiJMIHHOCTEH MK Tpylamw,
10 CBIMYMTH MPO MOAIOHMH piBeHb CTaOUIBHOCTI peakiuiid. BusiBieHi BiAMIHHOCTI IMOB’si3aHi
MEepeBAKHO 31 MIBUAKICHUMH XapaKTepUCTHKaMU Ta 30€peXeHHSIM TOYHOCTI pearyBaHH:.
OTpuMaHi pe3yibTaTH MiATBEPPKYIOTh, LIO TpUBAJIA aJamlTallis 0 [IBHJIKICHO-CHJIOBUX
HaBaHTAXEHb CIpHsie (OPMYBaHHIO €PEKTUBHIIIMX MEXaHi3MiB KOTHITHBHOI'O Ta MOTOPHOT'O
koHTpoito. lle 3a0e3neuye mifBMINEHY MIBUAKICTh pearyBaHHs, TOYHICTH Jid 1 31aTHICTbH
30epiraTy npame3aTHiCTh 32 yMOB IHTEHCHUBHOI CTUMYJISILLII.

Jlocnioocents 6UKOHAHI Yy PAMKAX HAYKOBO-00CHIOHOI memu Kagedpu anamomii ma
@izionozii JIIY®OK imeni leana bobepcvkozo “Mopghonociuni ma @ynxkyionanohi npossu
aoanmayii opeanizmy I0OUHU 00 QI3UYHUX HABAHMAJICEHb PI3HOI IHMeHCcUueHoCmi ™.
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The aim of this study was to identify the specific features of sensorimotor reactions
in individuals with long-term adaptation to speed-strength physical loads, using karate
athletes as a model. The parameters of a complex visual-motor choice reaction (Go/No-
Go test) were analyzed in trained and untrained participants to assess reaction speed,
response accuracy, and variability. The study employed a series of complex visual-motor
reaction tests (60, 90, and 120 stimuli) using the «Diagnost—1m» hardware-software
system, which allowed for the registration of total task completion time, minimal stimulus
exposure duration, time to reach minimal exposure, mean motor reaction time, as well as
the variability and accuracy of reflex responses. The results revealed that karate athletes
demonstrated significantly better temporal parameters of the reaction compared with
untrained participants, indicating more efficient interaction between sensory and motor
structures of the central nervous system and enhanced visual signal processing speed.
Trained individuals adapted more rapidly to changing stimulus presentation conditions
and maintained stable motor responses even as the number of stimuli increased, whereas
untrained participants exhibited a tendency toward prolonged reaction times, likely due to
central fatigue. The variability of latent periods did not differ significantly between groups,
suggesting a similar level of stability in sensorimotor processes. The main differences were
associated with higher reaction speed among athletes, which is likely a consequence of
long-term neurophysiological adaptation to intensive speed-strength training. The findings
confirm that systematic karate practice promotes more efficient mechanisms of cognitive
and motor control, ensuring high speed and stability of sensorimotor responses.

Keywords: physical exercise, central nervous system, visual-motor choice reaction,
neuroplasticity, cognitive functions
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MOMYK ONITUMAJBbHUX KOMBIHAIIINA ATTAHIHY, IIIPYBATY 1
TNIYTAMATY JJ5 JOCATHEHHSA MAKCUMAJIBHOI NIBUAKOCTI
PO3’€JHAHOTI'O JIUXAHHSA AHIMHAPHUX KJITHUH
MIIMJTYHKOBOI 3AJT03H
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Bimomo, mo Taki cyOcTpaTH OKHCHEHHS SK ajlaHiH, MMipyBaT 1 DIyTamaT 3IaTHi
3[IHCHIOBATH TIO3WTHBHMH BIUIMB Ha alMHApHI KIITHHH MiJUUTYHKOBOI —3alI03H,
IHTEHCH(]IKYIOUHN MPOXOKEHHS B HUX MITOXOHIpiadbHUX mporeciB. ToMy meTa Hamoro
JOCIIKEHHsT — 3'aCyBard, 4d OyJe BUKOPHUCTaHHsS pi3HMX KoMOiHamiii cybcrparis, a
caMme aJaHiHy, IIyTamaTy 1 mipyBary B CEpelOBHIII iHKyOailii, HOKpallyBaT MOKa3HUKH
MaKCHMaJIbHOI IIBHAKOCTI PO3’€HAHOIO JHMXaHHS AalMHAPHUX KIITHH MiALUTYHKOBOI
3aJ1031 CHJIBHILIIE, HIXK BIUIUB KOXKHOTO CyOCTpaTy OKPEeMo.

JlocmikeHHST TIPOBOIIIM Ha Imypax-caMipix Mmacor 250-300 1. I3omroBanHS
MAHKPEATUYHUX ALUHYCIB MPOBOIMIN MOIU(IKOBAHUM METOAOM Binmbsimca i criiBaBTOpIB.
IBuAKiCTh COKMBAHHS KHCHIO KIII THHAME BU3HAYAJIH 32 JOMTOMOTOF0 rosisiporpada RC650
6-cell respirometer (Strathkelvin). AnuHapHI KIITHHA MIIUTYHKOBOT 327103 1HKYOyBaIu
MpoTAroM 15 XB y PO3YMHI DIIFOKO3HM 3 OKPEMUMH CyOCTpaTaMu OKHUCHEHHS (aJaHiHOM,
IyTamaToM, MipyBaToM y KOHIEHTpALisX 2 MMOJbB/M) a0o ixHiMu koMOiHamismu. [licis
BHECCHHS allMHAPHUX KIIITHH y TOJIsiporpadidHi KOMipKH Ta peecTparii 0a3albHOTro InXaH-
Hs KoxHI 1-2 xB nonasanu nporonodop FCCP y konnentpauisx 0,5; 1; 1,5 1 2 MKMOIB/I.

MaxkcumalibHy IBUAKICTh TUXaHHS 32 OKUCHEHHS MTipyBaTy nocsranu 3a aii FCCP
y KoHIeHTpamii 1 MKMOIB/II, a 3a OKUCHeHHs DryTamary — 3a 1ii FCCP y koHumeHTpamii
1,5 MKMOJIB/T. ATlaHiH MiJBUIYBaB MBUIKICTh AUXAHHS, TIOPIBHSHO 3 KOHTPOJIEM, JIHIIE
3a HasIBHOCTI P03’ €JJHyBa4a y KOHIIEHTpAIii 2 MKMOJIb/TI.

3a OKHCHEHHS KOMOIHAIIIT alaHiHy 3 MipyBaTOM MaKCUMAallbHY IIBHIKICTh JUXaHHSI
alMHAPHUX KIITHH crocrepiramu 3a HasBHOcTI FCCP y xonmentpanii 1,5 MKMONb/m.
IlopiBHSHO 3 KOHTpOJIeM, KOMOIHAIlig alaHiHy 3 TIIyTaMaToM HaiOinblie MiJBHIIyBaja
HIBHIKICTH CrIO’KMBaHHs KUCHIO 32 Aii FCCP y koHeHTpaii 2 MKkMoutb/i1. Jlumie komOiHamis
mIyTamary 3 THipyBaToM 3yMOBIIOBaJIa CYTTE€BE CTaTHCTUYHO JOCTOBIPHE 3pOCTAaHHS
MIBU/KOCTI KIIITUHHOTO JIMXaHHS, OPIBHSHO 3 KOHTPOJIEM.

Kntouosi cnosa: aMiHOKHCIIOTH, KIIITHHHE TUXaHHS, TAHKPEATHYHI allTHAPHI KIIITHHA

AnyHapHI KJIITHHU MiAIUTYHKOBOI 3aJI03 3JaTHI MIATPUMYBATH JIy)Ke BUCOKHH PiBEHb
CHHTe3y OLIKa, OCKIIBKU IM HEOOXiZIHO CHUHTE3yBaTH BEJIHMKY KUJIbKICTh TpaBHUX (epMeHTiB [1].
Jlist BUKOHAHHS 1Ti€T QYHKINT B AMHAPHUX KJIITHHAX BHSBJICHO 0AaraTo CHCTEM, SIKi TPAHCIIOPTYIOTh
aMiHOKHCIIOTH 3 KpoBi [12]. OkpiM 1poro, (yHKIsS auWHAPHUX KIITHH JyXKE 3aJIeXKHTh Bij
JIOCTaTHHOTO €HEPronocTayaHHs i, BIAMOBIHO, BiJl IPaBUIBHOTO MEpediry MITOXOH/PiaJIbHOTO
eHepreTudyHoro Meradosiamy [7]. ToMy NOIIKOKEHHSI MITOXOHJIPIH 1 MOPYILIEHHS MPOLECIB
KJIITUHHOTO JMXaHHS # OKUCHOTO (hoCcOpHITIOBAHHS MOXKYTh IIPU3BOUTH 0 PO3BHUTKY Pi3HUX
3aXBOPIOBAHb ITIILTYHKOBOT 31031, 30KpeMa, IaHkpearuty [4; 5].

© Ao6pamosuu A., Manbko b. B., Manbko b. O., Ikkept O., 2025
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OcTaHHIMH pOKaMM JIOCIIUKEHO BIUIMB HHM3KH CyOCTpaTiB Ha JKUTTE3ATHICTH 1
MiATPUMaHHS MITOXOHJpIAJIbHUX TIPOLECIB alMHAPHUX KIITHH MiAIUTYHKOBOI 3allo3n 3a
HOpMHU Ta narosorii. Harpukian, BBaXxkaeTbes, 0 DIyTaMiH MOke Matd TpodiuHuil edexT Ha
€K30KpUHHY YaCTHUHY HiIIITYHKOBOI 321031 Ta Ha TOHKUH KUINEYHHUK ITiJ Yyac HepoinaHHs [2].
Byro nokaszaHo Takok, 110 BXXUBaHHS TIIyTaMiHy MOYe OyTH KOPUCHUM JUIS ML E€HTIB 13 TOCTPUM
MAHKPEaTHUTOM, OCKUIBKM TIIyTaMiH 3HIKYE CMEpPTHICTh 1 mojerurye repedir xsopoou [13].
Kpim TOTO, BCTAaHOBIIEHO, 1110 TIIyTaMiH MOXKE 3a1100iraTé HEKPO30Bi KIIITHH 1 MITOXOH/IpiaIbHIH
JIeTIoJIsipu3artii BHACIIIIOK /i €TaHOoJIy Ta XOJIEUCTOKIHIHY [8], a koMOiHalis IIIOKO3H, MipyBaTy i
DIyTaMiHy MOXKe 3a0e3edyBaTi ONTHMAIIbHY aJIalITUBHY AUXaJIbHY PEAKIIi0 Ha IS0 PU3aLiio
MeMOpaHH, cripudrHeHy mportoHodopom [9]. OmHak € i cymepewinBi TaHi CTOCOBHO e(eKTy
DIyTaMiHy, OCKIJIBKH 3a JIOBFOTPHUBAJIO] IHKYOALl in vitro 3acTOCYBaHHS IIyTaMiHy 3 BHCOKOIO
KOHIIeHTpali€eo (20 MMOIB/JT) 1aBajlo TOKCHYHUH €(eKT Ha allMHApHI KIITHHHU MiIIUTyHKOBOT
3aJ103H, CIPUYMHSIOUN B HUX OneOiHr 1 cyTTeBuil HaOpsk [16].

Bigomo, 1o anmHapHi KJIITHHM 37aTHI aKTHBHO NEPETBOPIOBATH IIIyTaMiH y IIyTamar,
SKMH Jajl CEKPEeTYETbCS y CKJIaJl MiJUUIyHKOBOro coky [2]. Jlo Toro »x 3’sicoBaHO, IO
KOHIIGHTpAIlis IIyTamaTy B MiANUTYHKOBOMY COLl IIypiB Ha0araro repeBHIyBaia KOHIIEHTpalii
BCIX IHIIMX aMIHOKHCJIOT i Oyjia BTpUYi BHIIOK 3a KOHIICHTpAI[il0 DiyTamary B 1uiasmi [3].
OkxpiM 1IbOTO, Ha BiAMIHYy BiJ DIyTaMmiHy, DIyTaMaTr y BHUCOKIH KOHLEHTpALil HE CHPUYUHSB
MOPQOJIOriUYHUX 3MIH allMHAPHMX KIITHH 32 JOBroTpuBaiiol iHKyOauii Ta 3arajoM 3iiicHIOBaB
HAa HUX MCHIII TOKCUYHU eekr [16].

[TipyBar € e OAHIEIO CIONYKOIO, SIKy aKTHBHO JIOCIIJUKYIOTH y KOHTEKCTI 1 Jii Ha
MaHKpeaTHyHi alinHapHi kiaitnHu. Hanpukiiasz, 3a aii ankoroiasHuX MeTadodiTiB abo acriaparinasu
nipyBar 3a0e3nedyBaB cyTTeBuUil 3axuct Big Brpatn AT® i Hekposy [14]. [lipysar mijBuiyBas
HIBUKICT IMXaHHS allMHAPHUX KIIITHH 332 CTUMYJISILIT XOIEUCTOKIHIHOM, a TaKOX 3aXHIIaB iX
BiJl HEKPO3Y, BUKJIMKAHOTO XOJICIIUCTOKIHIHOM 1 etaHoioM [8]. Kpim Toro, Hioro noxigHa ¢hopma,
STHJINIPYBAT, IMOKpAlllyBaja BW)KUBAHICTh AlMHAPHUX KJIITHUH IiJ] Yac EKCHEePHUMEHTaIbHOI
MOJIEN TOCTPOTO HEKPOTHU3YIOUOIO IaHKPEaTUTy, BUKJIMKAHOTO 1H’E€KLIEI0 YKOBYHUX COJIEH Y
OijionaHKkpeaTHYHy MPOTOKY HIypiB, MOPIBHSHO 3 KOHTpoJieM [6].

Ha cporomui Mano BiJOMO NpO BIUIMB ajJaHiHy Ha alMHApHI KJIITHHU MiIIUTYHKOBOT
3a103u. OIHaK EKCIIEPUMEHTAIILHO [T0Ka3aHO, 1110 aJIaHiH € 0e31eYHUM 1 €PEKTUBHUM JKEPETIOM
eHeprii Il MITOXOHAPIM allMHAPHUX KIITHH MiJIUTYHKOBOI 3as103u [16], a paHHE JIiKyBaHHS
JMIENTHAOM alaHUI-IIIyTaMiHOM JIaBaJlo Kpalll KJIIHIYHI pe3ysibTaTH y MAlli€HTIB i3 TOCTPUM
nankpeaturom [11].

MakcumasbHa IIBHJIKICTh PO3’€IHAHOTO AWXaHHA € OJHHMM 13 BaXIIMBHX KPHUTEpIiB
OIIIHKM aJanTaIliiiHol 374aTHOCTI MITOXOHAPIH. J[s OIHKM MaKCUMallbHOi IIBHIKOCTI
PO3’€THAHOTO IMXaHHS 3a3BUYall BAKOPHCTOBYIOTh PO3’€JHYBa4i IIPOLIECIB AUXAaHHS i OKUCHOTO
dochopumtoBanns, Taki sk CCCP ta FCCP [10]. Lli cionyku € npotoHodopamu, TOOTO BOHU
31aTHI IepeHOCHTH HoHM H+ Kpi3b BHYTPILIHIO MITOXOH/piaJibHy MeMOpaHy, BHACIII0K YOTO
MOPYIIYEThCS MEMOPAHHUI MOTEHITIA MITOXOHIPiH Ta IHTEHCH(DIKYEThCS KIITUHHE TUXAHHS,
OCKUIBKM YETBEPTHH KOMIUIEKC JWXAJBHOTO JIAHIIOra MOYMHAE MaKCHMaJbHO CHOXKHBATH
KHCEeHb. Y 3B 513Ky 3 LIUM I/l Yac JOCIIKEHHs KJIITHHHOTO JUXaHHS MPOTOHO(OPH 3a3BUYAil
JIONIAI0Th TTOETAallHO MaJMMHU KOHIIEHTPALisSIMH JJIsl TOTO, 1100 JOCATTH HOro MakCHMallbHOTO
e(eKTy Ha MIBHIKICTh MOMIMHAHHS KUCHIO [7].

BpaxoByroun BuIlleCKa3aHe, METa HAIIOro JOCHIPKEHHS — 3°sICyBaTh, Yd Oyae BHUKO-
pHCcTaHHs Pi3HUX KOMOiHalLiil cyOcTparTiB, a caMe ajlaHiHy, IIyTaMary i IipyBaTy B CEPEIOBHIII
iHKyOaIil, MOKpallyBaTH MOKAa3HUKH MAaKCUMaJbHOI INBUJIKOCTI PO3’€JHAHOTO JMXaHHS
AIMHAPHUX KJIITUH IiIIUTYHKOBOT 3aJI03H CHIIBHIIIIE, HI’K BILUTUB KOXKHOTO CyOCTpaTy OKpeMo.
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Marepiaau Ta MmeToqu

VYci Manimynsmii 3 TBapuHaMH TPOBOJWIM 3TiTHO 3 €BpONEHCHKOI0 KOHBEHIIIEIO
PO 3aXHUCT XPEOETHUX TBApPHUH, IO BHKOPUCTOBYIOTHCS Ul €KCIIEPUMEHTAIBHUX Ta IHIINX
HaykoBux nined (Pama €sporm Ne 123, CrpacOypr 1985) ta 3akony Ykpainu «IIpo 3axucr
TBapHWH BiJ JKOPCTOKOTO IMOBOUKEHHs» (cTarTs 26, posmin III). I[IpoTokonn excrepuMeHTiB
3aTBepkeHo KomiteTom 3 J0rJsily Ta BUKOpPHCTaHHS TBapuH JIbBIBCHKOrO HAalliOHAIBHOTO
yHiBepcuTeTy imeHi IBana dpanka. B ekcriepuMeHTax BHKOPHCTOBYBAIM LIypPiB-CaMINB JIiHIT
Wistar macoro 250-300 r. TBapuH yTpUMyBaIH B CTalllOHAPHUX YMOBAX BiBapilo 3a MOCTIHHOL
KIMHATHOI TeMIIepaTypy, 3 12-roAMHHAM LUKJIOM OCBITJICHHS i 3 BIJIBHUM JOCTYIIOM JIO BOJH
Ta ctagmaptHoro kopmy (D-Mikc, Ykpaina). besmocepenaso mepen eKCIepiMeHTOM TBapUHH
rononyBanu 12—-18 ron, marouw BiNbHWHA jgoctyn o Boau. Ilepex jaekamitariero miypis
HapKOTU3YBAJIH XJIOPOGOPMOM, a micist Hei Bigpa3y i130/10Bany MaHKpEeaTHYHI anuHycH. Yci
peakTuBH Oyiu oTpuMaHi Bix Sigma-Aldrich (Merck).

CycrieHsito i30JIbOBaHUX IMAHKPEATHYHHUX al[MHYCIB OTPUMYBAJIHU 3TiHO 3 MOAN(IKO-
BaHUM MeTOJOM BimbsmMca Ta cmiBaBTOpiB [15], 3 BuUKOpHCTaHHAM (DEepMEHTY KOJIareHa3n
(tunt 4, 0,2 mMr/min), sIKUE J0JaBajid 10 30BHIIIHBOKIITHHHOTO PO3YMHY. BuineHi anuHycH
MIDTYHKOBOI 3a1031 1HKYOyBaimy y 0a30BOMY MO3aKIITHHHOMY CEPEIOBHII, IO MICTHIIO:
NaCl - 140,0 mmons/in; KCI — 4,7 mmons/i; CaCl, — 1,3 mmons/in; MgCL, — 1,0 mmons/i;
HEPES — 10,0 mMons/m; Timytamid — 2,0 MMOJIB/IT; HaTpii mipyBat — 2,0 MMOJIB/JT;, TIFOKO3Y —
10,0 mmomns/m; BSA (Omwaumii cupoBaTKOBHH anmsOymin) — 2,5 MI/Mmir; COe€BHH iHTIOITOp
tpuncuny — 0,1 mr/mir; pH nosomuu o 7,4. IligpaxyHOK KUIBKOCTI )KUBUX 1 MEPTBHUX KIIITHH
3MiHCHIOBAIIN 3a JOMOMOTOI0 KaMepu [opsieBa (remorurometp). s po3pisHEHHS KIITHH i3
MOMIKO/DKEHUMHU 1 HITICHUMU MeMOpaHamu iX (apOyBajiy po3uMHOM TPHUIIAHOBOI'O CHHBOTO
(0,1 %). KimbKiCTh )UBHUX KIITHH CTAHOBWJIA HE MeHIIE 95 %.

Bu3HaueHHs MIBUKOCTI CIIOYKMBAHHS KHCHIO 130JIbOBAHMMH allMHYCaMH MIIITYHKOBOT
3aJ03u 3AiHCHIOBaIM 3a Jonomororo nossiporpadga RC650 6-cell respirometer (Strathkel-
vin Instruments, Benmuka Bputanis). Ik BUMiproBaIIbHUI €EKTPOI 3aCTOCOBYBAIHN E€IIEKTPOJ
Knapxa. Ilepen npoBeieHHSIM BUMIPIOBaHHSI CYCIIEH310 BU/IIJICHNX allMHYCIB iHKYyOyBayu 15 XB
3a 37 °C y po34nHi IITIOKO3H 3 OKPEMHIMH CyOCTpaTaMHi OKHCHEHHS Ta IXHIMH KOMOiHAITISIMH.
3a noroMororo mimpuia ['aminbToHa KokHI 1-2 XB B mossiporpadiuHi KOMIPKH J10/1aBajlu
npotoHodop kKapOoHinmiania-p-rpudropmerokcudeninriapaszon (FCCP) y konnentpamisx 0,5;
1; 1,5 Ta 2 MKMOJIB/J IJIsI JOCSITHEHHS MAKCHMAaJIbHOI IIBUIKOCTI CIIOKMBAHHS KUCHIO.

KoskHy cepito pociikeHb 3A1HCHIOBAIN K MIHIMYM Y IT’SITH IOBTOpaxX Ha Ipernaparax
aIMHAPHUX KITITHH TMiANUTYHKOBOI 3aJI03HM, OTPHUMAHUX i3 pI3HUX TBapWH. AHAJI3 KPUBHUX
3allUCIB  CIIOKMBAHHS JIMXaHHS IPOBOAMIM aBTOMAaTHYHO 3@ JIOTIOMOTOK aBTOPCHKOTO
QITOPUTMY, HAIUCAHOTO Ha MOBI mporpamyBaHHA Python. Pesympraté mpezacraBieHi sk
CepelHe + cTaHIapTHA MOXKOKa cepeHboro apudmeTnyHoro. CTaTUCTHYHUI aHai3 31HCHEHO
3a JJOMOMOT 00 MporpamMHoro 3abdesnedenHs Origin Pro 2018.

CTaTHCTHYHY PI3HHUIIO MDK TpylmamMH BH3HAUYE€HO 3a JOMOMOTOI0 TBO(AKTOPHOTO
ananisy ANOVA 3 NMoBTOPIOBaHUMH BUMIPIOBaHHSIMH 3 TOJAIBIIUMH post-hoc t-recramu 3
kopexkieto ['onmm-bordepponi, y pa3i 3HauHOi B3aemomii Mix (akTopamu; t-rect CThIOICHTA
BUKOPHCTOBYBAJIM Y pa3i MOPIBHSIHHS TUIBKU JIBOX IPYIl IAHHX.

PesynbraTu i ixHe 00roBopeHHst
BigmoBimHo 10 MeTH Hamioi poOOTH MH OI[HIOBAJIK (DYHKIIOHANBHY 3IaTHICTH
MITOXOHJIPI alMHApHUX KIITHH IiJIUTYHKOBOI 3aJI03M ILIypiB 3a JBOMa IIapaMeTpaMu —
ontuMankHOW KoHIeHTpariero FCCP i MakcHManbHO MIBUAKICTIO PO3’€IHAHOTO TUXAHHS.
3Bakaroud Ha Te, IO aJlaHiH, MipyBaT i DIyTaMaT MalOTh IMOTCHI[IHHWN BIUIMB HAa IPOLECH
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MITOXOH/IpiaJIbHOTO JMXaHHS 1 MoKazaHa ixHs eekTuBHICTS [8, 16], Ha nepiiomMy eTari Hammx
JIOCITIJDKEHb MU OLIIHUJIY IIBH/IKOCTI OTIMHAHHS KMCHIO 130JIbOBAHUMH allMHAPHUMH KITITHHAMH
3a aii npotoHopopy FCCP y pi3sHHX KOHIICHTpAIIisSIX 32 OKUCHEHHS KOXKHOTO CyOCTpary OKpemo.
['moko3a € cranapTHAM CyOCTPaTOM OKMCHEHHS, OCKUTBKH KIIITHHY 3aCTOCOBYIOT ii SIK OCHOBHE
JOKEpeJIo eHeprii Juist MiATPUMAHHS J>KUTTEIISUIBHOCTI, TOMY MH BHUKOPHCTAJIM ITOKa3HUKH
0azajbHOrO 1 CTUMYJIBOBAHOIO JIMXaHHS KIITHH, SIKI 1HKyOyBaJIM Yy TJIIOKO3HOMY pPO34MHI,
K KoHTposb. KpiMm TOoro, mu mnopisHioBasiu 0azanbHy Ta FCCP-cTHMYynboBaHy NIBHJIKOCTI
CHO)KUBAHHS KHCHIO 32 OKHCHEHHSI KOJKHOTO CyOCTpary.

VY pesynbTaTi MOKa3zaHo, IO 32 OKMCHEHHS aJlaHiHy B KOHLEHTpALil 2 MMOJb/I y ce-
penosui inky6anii Ta FCCP y xonnenTpauii 0,5 MKMOJIB/JI IIBUAKICTh AUXAHHS allMHAPHHUX
KJITHH TiIITYHKOBOT 3a1031 30inbimnnacs maixke Ha 94 % (0,3540,03 amons O2/ (MiH. Kti-
TiH % ¢) (n=7, P<0,001), nopiBHsHO 31 mBHUAKICTIO Oa3zayibHOro auxanus (0,18+0,01 HMomb
02/ (miH. kiitTaH X c). Ilicast nopaBaHHs po3’€HyBada y KoHeHTpamisx 1 Ta 1,5 MKMoib/ia
UIBUJIKICTh JWXaHHSA KITHH 3pocia Ha 176 % (0,5+0,04 mmoms O2/ (MIIH. KIITHH X C)
(n=7,P<0,001) Tana 184 % (0,5240,03 amoip O2/ (MuH. kiiTuH X ¢) (n=7, P<0,001) BixnosiaHo,
a micis nonaBanas FCCP y koHnenTpaiii 2 MkMois/i — iumie Ha 110 % (0,38+0,02 amons O2 /
(MutH. KitiTHH % ¢) (n=5, P<0,01). OTxe, MakcHMasbHY IIBUAKICTH JIUXaHHS 32 HAsIBHOCTI ajlaHiHy
cnoctepiranu 3a jaii FCCP y konuentpanii 1,5 mxmoins/i (puc. 1).

SIKIO TMOpIBHIOBATH TOKa3HMKM HIBHIAKOCTEH AMXaHHS KOHTPOJBHUX KIITHH, SKi
iHKyOyBasm JiMie B po3uuHi Tiroko3n (10 MMOJb/IT), Ta KIITHH, CyOCTparoM OKHCHEHHS
SKMX OyB aJlaHiH, TO 3a HAsIBHOCTI aJaHIHy IIBHJIKICTb AWXaHHS 3poctana Ha 21 % Tinbku 3a
nii FCCP y xonuentpariii 2 Mmxmois/i (n=5, P<0,05). 3a nii FCCP y HmKYHX KOHIICHTPALIAX
CHOCTEpirajy TEeHJCHIII0 10 3MEHIICHHs NIBUAKOCTI AMXAHHS, OPIBHSIHO 3 KOHTPOJIEM, TOAI
sik Oa3ayibHA IBUKICTH JUXAHHS 33 HASIBHOCTI allaHiHy He3HaYHO 3pocTaina (puc. 1).

MakcumanbHe cepelHE 3HAu€HHsS LIBHJKOCTI JUXaHHS 32 OKHCHEHHS aJlaHiHy
(0,55+0,03 amonb O2/ (MiH. KIITHH X ¢) He BifpizHsutocs Bix xoHTpoio (0,57+0,03 Hmonb
02/ (mas. xmitiH % c). CepenHe 3HaueHHs KoedilieHTa CTaOUIBHOCTI, SIKMK BU3HAYalM 3a
dopmynoro (V1,5+V2.0)/(V0,5+V1.0), ne V0,5, V1.0, V1,5, V2.0 — mBUAKOCTI JUXaHHS 3a
nii FCCP y konuentpanisx 0,5; 1; 1,5 1 2 Mkmouts/i1 [17], 32 OKUCHEHHS aJlaHIHY JOPIBHIOBAJIO
0,95 (n=7), a ue o3Hayae, MO BUCOKI KOHIEHTpalii npoToHodopa iHri0yBaIM Mporec KIiTHH-
HOT'O JIUXaHHSI.

3a HasBHOCTI MiPyBaTy B KOHIICHTPAIIiT 2 MMOJIB/J SIK JIOJaTKOBOT'O CyOCTpaTy OKMCHEHHSI
nonasanus FCCP y konuentparii 0,5 MKMOJIB/JT 301IbITYBAJIO IIBUKICTh ANXAHHS allMHAPHUX
KIIITHH MiILTYHKOBOI 3amo3u Ha 98 % (0,4+0,05 amons O2/ (MuH. kiituH X ¢) (n=5, P<0,01),
NOpiBHSHO 3 OazanbHuUM quxaHHsaM (0,2+0,02 amons O2/ (MuH. kitituH X ¢). JlonaBanus FCCP
y KOHIeHTpamii | MKMOJIB/ 3011bIIMIO Iiel mokasHuK Bxe Ha 180 % (0,57+0,07 amons O2/
(miH. ktiTHH X ¢) (n=5, P<0,01), a B konueHrpauii 1,5 Mkmois/n —Ha 160 % (0,53+0,03 Hmonb
02/ (muH. xititiH X ¢) (n=5, P<0,001). FCCP y konueHrtparii 2 MKMOJIb/JI 301IbIIyBaB IIBH/I-
KicTh auxaHHs jgume Ha 69 % (0,34+0,04 umonp O2/ (MitH. KIiTHH X ¢). OTKE, MAaKCUMaJIbHY
LIBUJKICTh JMXaHHS 3a HasBHOCTI mipyBaty cnoctepiranu 3a aii FCCP y xonuentpaii
1 mxmonb/a (puc. 1).

[TopiBHSHO 3 KOHTPOJILHUMH KJIITHHAMH, CyOCTpPaTOM OKHUCHEHHS SKHX Oyia IIIFoK03a
(10 MmoubB/1), 3a HASBHOCTI MipyBaTy CIOCTEPIrajld TCHICHIIO JO HE3HAYHOTO 30UIBIICHHS
IIBUJIKOCTI AuxaHHs anrHapHuX KiaituH 3a 1aii FCCP y xonuenTpartisx 0,5; 1 Ta 2 MKMOJIB/JI.
bazanbHa MBUIKICTD JUXaHHS 32 OKUCHEHHS IIpyBaTy Takox 3poctaina. Timbku 3a nii FCCP y
KOHLIEHTpawii 1,5 MKMOJIB/JT IBUIKICTD AMXAHHS 3a HASBHOCTI IIPYBaTy TPOXH 3MEHIYBAJIaCh

(puc. 1).
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MakcumanbHe CepelHE 3HAueHHs IIBHJKOCTI IMXaHHS 32 OKHCHEHHS IIipyBary
(0,59+0,06 amone O2/ (MH. KIITHH X ¢) mepedyBaio B Mexax koHTpoto (0,57+0,03 HMoib
02/ (muH. xmitiH % ¢). CepeqHe 3HaueHHs Koe(ilieHTa cTablIbHOCTI 32 OKMCHEHHS IipyBaTy
cranoBmio 0,89 (n=5), a 1ie 03Havae, M0 BUCOKI KOHIICHTpAIIiT TpoToHO(Opa iHTi0yBaH IpoIec
KJIITHHHOTO JINXaHHS.

3a HasBHOCTI IIyTaMary B KOHLEHTpaLil 2 MMoJIb/l y cepepoBuil iHkyOanii Ta FCCP
y KoHueHtpauii 0,5 MKMOJB/JI IIBHIKICTb JWXaHHS alWHAPHUX KIITHH MiANUTYHKOBOI 3a-
no3u 30utbimmtacs Ha 105 % (0,35+0,03 amone O2/ (MmH. kiituH X ¢) (n=7, P<0,001), mo-
piBHsIHO 3 0OazanbHOlO mBHAKicTIO auxaHHs (0,17+£0,01 emons O2/ (MiH. KimiTHH X c). 3a
nii FCCP y xonnentpamisx 1 ta 1,5 MKMOJIB/TT MIBUAKICTH AMXaHHS 3pocia Bxke Ha 220 %
(0,56+0,04 amons O2/ (MuH. kiiTuH % ¢) (n=7, P<0,001) ta 227 % (0,57+0,02 amons O2/
(MiH. xmitnH X ¢) (n=7, P<0,001) BimnomimHo. OcTaHHS KOHIIEHTpauis po3’€JHyBaua,
2 MKMOJIB/JI, 30iiblIyBajla IIBHJKICTh IMXaHHS alWHApHUX KITHH jume Ha 104 %
(0,35+0,03 amosb O2/ (MiH. kiiThH X ¢) (n=7, P<0,01). OTKe, MaKCUMaJIbHY HIBUAKICTh ANXaH-
Hsl 32 HassBHOCTI rirytamarty criocrepiranu 3a aii FCCP y konnenTpanii 1,5 mxmons/n (puc. 1).

[TopiBHSHO 3 IOKAa3HMKAaMM JUXAHHS KOHTPOJBHUX KIIITHH, CyOCTPaTOM OKHCHEHHS
SAKHX OyJa TijabkH Troko3a (10 MMOJIB/IT), INBUAKICTD JMXaHHS KIIITHH 32 HasIBHOCTI IIIyTamary
He3Ha4yHo 3pocrana 3a fii FCCP y konuenrtpauisx 1; 1,5 ta 2 mxmouns/n, Toai sik 3a nii FCCP
y KoHIeHTpanii 0,5 MKMOJIB/JI IBUAKICTh JUXAaHHS KJIITHH Maibke He 3MiHIOBanach. bazanbpHe
JIMXaHHS 32 OKMCHEHHS TJIyTaMary TPOXH 3MEHIIYBaJoCs MOPIBHSHO 3 0a3albHUM JMXaHHIM
KOHTPOJIBHUX KJIITHH (puc. 1).

MakcumanibHe CepellHE 3HAueHHs IIBHJIKOCTI JMXaHHS 3a OKHUCHEHHS TJyTamary
(0,60,03 Hmosb O2/ (MIIH. KIJIITHH X €) TAKOK He BiJIpi3HsuIocs Bij KoHTpodro (0,57+0,03 HmoIb
02/ (maH. xiiTHH X ¢). CepeqHe 3HaYeHHS KoedilieHTa cTabiiIbHOCT] 38 OKMCHEHHS TIIyTamary
nopiBHOBaO 1,04 (n=7), TOOTO MOKA3HUKHU MIBUAKOCTI TUXAHHS 3aJUINAIUACSA CTA0UTbHUMHU
MPOTATOM YyCi€l TPUBAJIOCTI 3aITHUCY.
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Puc. 1. llIBuakocti 6a3aabHOrO Ta PO3’€IHAHOTO JUXAHHS AIlMHAPHUX KITITHH IiANUTYHKOBOI 3aJI03W 32
OKHCHEHHSI TIIIOKO3H, MipyBary, TiiyTamary i amaniny. P<0,05; * — BCcTaHOBIEHO CTaTHCTHYHO
BIPOTiJHY Pi3HUIIO 100 KOHTPOIIO, TOOTO TUXaHHS 332 OKUCHEHHS IIIIOKO3U
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Ha nHactynmHOMy erami JOCJTIPKEHb MU OIIHIOBAJIM Ti caMi mapameTpu (ONTHMaJbHY
xonueHTpaiiro FCCP i MakcuMaibHy MIBUAKICT PO3’€THAHOTO JMXaHHS) 3a KOMOIHAIIi JBOX
cy0OcTparis, 30KpeMa, aJlaHiHy 3 IipyBaTroM, aJlaHiHy 3 IyTaMaroM i TIIyTamaTy 3 [MipyBaToM.

3a HasiBHOCTI KOMOiHanii anaHiHy (2 MMOJIB/JT) 3 mipyBaToM (2 MMOJIB/IT) Y CepelOBHII
iHKyOalil MBUAKICTh JAWXaHHS alMHApHUX KIITHH miguuryHkoBoi 3ano3u 3a nii FCCP y
koHnenTpauii 0,5 Mkmounb/1 3pocna Ha 95 % (0,36+0,03 Hmonp O2/ (MiH. KIiTHH X ¢) (n=7,
P<0,001), nopiBusiHO 3 Oa3anbHOIO mBHIKICTIO quxaHHs (0,18+0,02 HMone O2/(MAH. KIITHH
x ¢). [Micns nonaBannst FCCP y koHueHTpanii 1 MKMOJIB/T MIBUAKICTH JMXaHHS 3pOCTaja BKe
Ha 198 % (0,55+0,04 amons O2/ (muH. kiituH X ¢) (n=7, P<0,001), a micnst koHueHTpaii
1,5 mxmonb/1 — Bxe Ha 217 % (0,58+0,04 umons O2/ (maH. xmituH X c) (n=7, P<0,001).
3a ngii FCCP y koHmeHTpamii 2 MKMOJB/JI IIBUAKICTH AMXaHHsA 3poctaysia Ha 153 %
(0,46+0,03 umone O2/ (muH. ximitue % ¢) (n=7, P<0,001). Orxe, MakcuMallbHy IIBHJKICTH
JIMXaHHS 32 BUKOPUCTaHHsS KoMOiHamil anaHiHy 3 mipyBatoM crocrepiranu 3a nii FCCP y
KOHIIEHTpai1 1,5 MkMob/1 (puc. 2).

[TopiBHSHO 3 TMOKa3HUKAMHU IIBUJIKOCTEH JWXaHHS KOHTPOJBHUX KIITHH, HasBHICTbH
ananiny i mipysary 3a aii FCCP y konnentpamisx 0,5; 1 ta 1,5 MKMonb/l 3yMOBIIOBaja
TEHJICHIIIIO JI0 HE3HAYHOTO 3pOocTaHHs mBUaAKocTi quxanHs. Ane 3a nii FCCP y konnenTparii
2 MKMOJIB/JI IIBUIKICTh JUXaHHS allMHAPHHUX KIITHH Yy CEPElOBHINI 3 JAHIHOM 1 MipyBaToM
3pocTalia BXe CyTTEBO, IIOPIBHIHO 3 KOHTPOJILHUMH KIIITHHAMHU. TakoX CIiocTepirajin He3HauHe
301IBIICHHS 0a3aJIbHOI IBUKOCTI TUXAHHS 32 HASBHOCTI IIUX CyOCTpatiB (puc. 2).

MakcumasbHe cepellHe 3HaueHHs! MIBUAKOCTI JMXaHHs 3a OKUCHEHHsI KOMOiHawii asna-
Hiny 3 nipysBatoM (0,6£0,09 amons O2/ (MJIH. KJIITHH X €) HE BIJPI3HSIOCS BiJi KOHTPOJIIO
(0,57+0,03 mmoms O2/ (MuH. xmituH X c). CepemHe 3Ha4eHHs Koe(illieHTa CTaOUIBHOCTI
32 OKHMCHEHHs allaHiHy 3 mipyBatoMm ctaHoBwio 1,12 (n=7). ToOTO 3a HUX YMOB IOKa3HUKH
IIBUKOCTI AWXaHHS MPOJOBKYBAJIN 3pOCTATH ITiCIIs 10JjaBaHHs BUCOKMX KoHueHTpauiii FCCP.
MoskHa 3poOUTH BUCHOBOK, 10 aJIaHiH 1 ipyBaT HE AaBaJId CHHEPriHOro eeKTy Ha alrHapHi
KIITHHY TiANLTYHKOBOT 3aJ103H.

3a HassBHOCTI KOMOiHAaIT anaHiHy (2 MMOJIB/JT) 3 IITyTamaroM (2 MMOJIb/JT) y CepelOBHIL
iHKyOalil MBUAKICTh JAWXaHHS alMHApHUX KIITHH miguuryHkoBoi 3ano3u 3a nii FCCP y
koHueHTparii 0,5 mxmonbe/n 3pocrana Ha 97 % (0,37+0,03 HMons O2/ (MJIH. KIITHH X C)
(n=7, P<0,001), nopiBusiHO 3 6azanbHO0 mBHAKicTIO auxaHHs (0,19+0,02 amons O2/ (MiH.
kiituH X ¢). JlonaBanus FCCP y koHueHtpanisx 1 ta 1,5 MKMOJIB/JI CIPUYMHSIIO 301IbIIEHHS
mBuAKocTi auxanHs Ha 174 % (0,52+0,03 amons O2/ (MaH. kiituH X ¢) (n=7, P<0,001) Ta
173,6 % (0,52+0,04 amons O2/ (MnH. kiiTuH X ¢) (n=7, P<0,001) BiamoBinHO, a y KOHIEHTpaLii
2 MxMonb/n — Ha 123 % (0,42+0,04 umone O2/ (MutH. wiituH % ¢) (n=7, P<0,01). OTxe, 3a
OKHMCHEHHS allaHiHy 1 NTyTamMaTy MakCHMaJIbHEe 3HAUSHHS IIBUIKOCTI IMXaHHS CIIOCTEpIrajin 3a
nii FCCP y xonrnenTpanii 1 MkMonb/it (puc. 2).

[TopiBHSHO 3 KOHTPOJBHUMH KIIITHHAMH, 32 OKHCHEHHS alaHiHy i miyramary i 3a aii
FCCP y xonrnenrparii 0,5 MKMOJIB/JT IIBUAKICTh TUXaHHS KIITHH HE3HAYHO 3pOCTaia, a 3a Jii
FCCP y xonnenrpamisx 1 ta 1,5 MKMOJIB/J criocTepirajiv TEHACHIIII0, HABIAKH, 10 3HIKCHHS
mBuakocti nuxanHs. Tineku 3a nii FCCP y koHueHTparii 2 MKMOJIB/JI MIBUIKICTh JUXaHHS
CYTTEBO 3pOCTajia, TOPIBHAHO 3 KOHTpojieM. bazajpHa MIBUIKICTD AWXaHHS 32 HASBHOCTI M€l
KOMOiHaIii cyOCTpariB 3pocia HE3HAYHO, MOPIBHSHO 31 MIBUJAKICTIO JUXaHHS KOHTPOJIbHUX
KJiTuH (puc. 2).

MakcumasbHe cepe/lHe 3HAYSHHS IBUIKOCTI ANXaHHS 32 OKMCHEHHsI KOMOiHawii anaHi-
Hy 3 mryramaroM (0,5640,04 amons O2/ (MIIH. KIIITHH X ¢) HE BiPI3HSUIOCS BiJl KOHTPOJIBLHOTO
(0,57+0,03 mmoms O2/ (MuH. wimituH X c). CepemHe 3Ha4eHHs Koe(illieHTa CTaOUIBHOCTI
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3a OKMCHEHHS aJlaHiHy 3 miyramaroM ctaHoBwio 1,02 (n=7), To0TO 3a IIMX YMOB MOKa3HHKH
MIBUAKOCTI JTMXaHHS 3aJIMIIAINCS CTaOLIBHUMU MPOTSATOM YChOTO 3aIUCy CHOKUBAHHS KHCHIO
KJIITHHAMHU.

3a HasBHOCTI KOMOiHalii n1yTaMary (2 MMoJb/J) 3 mipyBaroM (2 MMOJB/JT) Ta po3’ea-
HyBaya FCCP y xoHueHntpanii 0,5 MKMOJIb/JI, IIBUAKICTh MXAaHHS allMHAPHUX KIITHH MINUTYH-
KOBOT 3as103u 30uThInmIacs Ha 92 % (0,38+0,02 amone O2/ (MuH. xiituH X ¢) (n=7, P<0,001),
MOPIBHSHO 3 0a3anbHOO mBUAKIcTIO quxanHs (0,240,011 amons O2/ (MitH. KIiTHH X ¢). JlonaBaHHS
FCCP y xonnentparii 1 MKMOJIB/II COPUUMHIIO 301bIICHHS IIBUAKOCTI auxaHHs Ha 192 %
(0,58+0,02 amons O2/ (Mun. xiiTHH X ¢) (n=7, P<0,001), a y konnenTpaii 1,5 MKMOJIB/JT — BiKe
Ha 225 % (0,64+0,04 amons O2/ (MutH. kiiTHH X ¢) (n=7, P <0,001). 3a xii FCCP y xoHueHTpanmii
2 MKMOJIB/J IBHIKICTh AnxaHHs 3pocna Ha 119 % (0,43+£0,01 amons O2/ (MyIH. KIITHH X C)
(n=7, P<0,001). O1xe, MakcuMajbHy IIBHIKICTH JMXaHHs 3a HAsSBHOCTI KOMOiHAMIl n1yTaMary
3 mipyBaroM criocrepiraiu 3a 11ii FCCP y konuenrpauii 1,5 mkmons/n (puc. 2).

[TopiBHSHO 3 KOHTPOJILHUMH KJIITHHAMH, HasBHICTh KOMOIHaLi ITyTaMary 3 mipyBaToM
3a 11ii FCCP y xonuenrpanisix 0,5 ta 1 MKMOJIB/JI 3yMOBIIIOBaJIa HE3HAUHE 3POCTAHHS ILIBH/IKOCTI
KIIITHHHOTO JUXaHHA. 3a Jii HacTynHux aBoxX KouueHrtpairiin FCCP, 1,5 ta 2 mMxMomb/i,
MIBUJKICTh JIMXaHHS 32 OKMCHEHHS IIyTamary 1 mipysary 3poctana Ha 16 (n=7, P<0,05) ta
37 % (n=7, P<0,05), BianoBijgHO, MOPiBHIHO 3 KOoHTpoyieM. [IIBuaKicTh 0a3albHOrO AMXAHHS
3a HasBHOCTI 11i€i koMOiHauii Takox 3pocrana Ha 11 %, MOpIBHIHO 31 MBHIKICTIO 0a3aJILHOTO
JMXaHHS KOHTPOJIbHUX KIIiTHH (n=7, P<0,05) (puc. 2).

MakcumainbHe CepefHE 3HA4YeHHS MIBUAKOCTI JUXaHHS 3a OKUCHEHHs KOMOiHaIii
nrytamary 3 nipysarom (0,65+0,03 amons O2/ (MuH. KiniTuH % c) Oyno Ha 14,8 % Bummm 3a
kouTposibHe (0,57+£0,03 mMoms O2/ (MuH. kiituH X ¢) (n=7, P<0,01). Cepeane 3Ha4YeHHS
koeilrieHTa cTablIFHOCTI 32 OKMCHEHHS IITyTamary 3 ImipyBaToM ctanoBwio 1,13. Lle o3Hauae,
110 3a IUX YMOB IOKAa3HUKH IIBUJIKOCTI JIMXaHHS NPOAOBKYBAIN 3pOCTATH IIICIIS JOJaBaHHS
Bucokux koHuenrpauiii FCCP. Tomy MokHa 3poOWTH BHCHOBOK, IO KOMOIHALsl IIyTamary
3 TipyBaroM CTAaTHCTUYHO JOCTOBIPHO 3/1aTHa e(EeKTUBHINIE IOCHIIIOBATH MITOXOHApialbHi
MPOIIECH, HIX I1i CyOCTpaT OKpEeMO.
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Puc. 2. llIBuakocti 6a3aabHOrO Ta poO3’€IHAHOTO JUXAHHA AIlMHAPHUX KITITHH IMiANUTYHKOBOI 3aJI03M 32
OKHMCHEHHS IIIOKO3H, KOMOiHallii ajaHiHy Ta mipyBary, ajJaHiHy 1 IyTamary, IyTaMary i mipyBary.
P<0,05; * — BCTaHOBJICHO CTATMCTUYHO BIPOTi/HY Pi3HMIO IOJJ0 KOHTPOJIO, TOOTO JUXaHHS 3a
OKHCHEHHSI IJTFOKO31
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Mu BCTQHOBHWJIM, IO Cepejl JOCHIPKYBaHMX KOMOIHaIii cyOCTparTiB OKHCHEHHSI came
KOMOIHaLlisl TiIyTamMaTy 3 HipyBaTOM Majla CTaTHCTHYHO JOCTOBIPHHMH CYTTEBHUH NMO3WTHBHUIM
BIUIMB Ha JIMXaHHS allMHAPHUX KJIITHH MiJILUTYHKOBOI 3aJI03W, TMOPIBHSHO 3 KOHTPOJIEM Ta
OKpeMOI0 Ji€o mux cy6erparis. MMOBipHO, IIPOsIB CHHEpriliHOrO edekTy came riyTamary 3
IipyBaTOM IOB’SI3aHMH 13 THM, IIO Wi JBa CyOCTpaTh HaMIIBH/IIE BCTYNaloTh y UK Kpebca
Ha pI3HMX Horo eramax (IipyBarT — yepe3 OKHCHEHHs 0 aneTuin-KoA, a rimyramar — depes
MIEPETBOPEHHS /10 0-KETOINIyTapaTy), Ha BiIMIHY BiJl aJlaHiHY, SIKUI Mae Ie IepeTBOPUTHCS Ha
nipyBar. KomOiHawist anaHiHy 1 riiyramary He BIUIMBaja Ha IIBUAKOCTI JMXaHHS allMHAPHUX
KJIITHH, TIOPIBHSHO 3 KOHTPOJIEM, TOJ sIK KOMOiHallis allaHiHy 3 MipyBaTOM 3yMOBJIIOBAJIA JIHIIE
CJ1aOKHi MTO3UTUBHUHN €(eKT.

Ha BinMminy Bij monepenHix ganux [ 16], ajaHiH y 1ii cepii eKCIIEPUMEHTIB HE TIOKPaIyBaB
EHEepPreTHYHi IpOIeCH AalMHApHUX KIITHH IJIUIUTYHKOBOI 3anmo3u. lle MokHa MOsSCHHUTH
BUKOPHCTaHHSIM MEHIIOT KOHIEHTpaulii anaHiHy (2 MMOJIb/J), HDK Ta, SIKYy 3aCTOCOBYBAJIH
paninre (20 MMOJIB/JT). 3TiZJHO 3 OTPUMAHUMHM JaHUMH, €EeKT TiayTaMaTy OyB HIKUYUM, HIXK y
TOTIepe/IHIX eKCIIEPIMEHTAX, JIe HaBiTh 38 BAKOPUCTAHHS TIyTaMary B KOHIEHTpanii 1 MMoub/i
CHoCTepirajiy 3Ha4He 3pOCTaHHs MIBHAKOCTI nuxaHHs [ 16]. Kpim Toro, B Hammx ekcriepuMeHTax
KJITHHYU Kpallle CIIOKUBAJIM KHUCEHb 32 OKHCHEHHS TJIIOKO3W, HDXK Yy IONEPEeAHIX JOoCiijgax.
MosxiuBo, 1e OyJIo IOB’S3aHO 3 BHIIOK JKUTTE3AATHICTIO OTPUMAHUX IIpenapariB KIITHH,
OCKIJIbKM CepelHs KUIBKICTh JKMBHX KJITHH 3@ OIIHIOBAaHHSM 3 BHKOPHUCTAHHSIM OapBHHKA
TPHUITAHOBOTO CHHKOTO csirana 96+0,4 % (3HaueHHs BapitoBanucs Big 95 10 98 %), Toxi 5K y
ToTiepe/IHIX eKCIepruMeHTax BoHa nepedyBana B Mexax 93-97 %, 1 aBropamu OyIio NOKa3aHo,
IO TIpernapaTd 3 KUIBKICTIO JKMBHX KIITHH MeHIe 95 % Manu 3HauHO HYDKYY IIBHJIKICTH
pO3’€HAHOrO JUXaHHs 3a il BUCOKOI (2 MkMoJib/i) koHueHtparii FCCP [17]. ¥V 3B’s3ky 3
uuM Buil koHueHtparii FCCP He 3amkmu iHriOyBaju MPOXO/KCHHS JUXaHHS (0COOIMBO
3a HasIBHOCTI KOMOIHAI} ajaHiHy 1 mipyBaTy Ta IiyTamary i mipyBary, 3a SKHX KoeQilieHT
CTaOUIBHOCTI AMXaHHsI OyB 3HAYHO BHIIMM 32 OJMHHMIIIO), @ OTXKE, HE JJocsrajiacs MaKCUMallbHa
HIBHAKICTB quxaHHs. Tomy € nmorpebda y mpoBeeHH1 MOJalIbIINX JOCIIKEHb 3 BUKOPHCTaHHIM
BHIIMX KOHIICHTPAILil po3’€JHyBava.

PesynbraTi HamMX JOCIHIDKEHb MOKa3alu, 10 TUIBKM KOMOIHALIS TiayTaMary 3 Iipy-
BaTOM e(EeKTHBHIIIE IOKpalllyBaja ITOKa3HUKM MAaKCUMAaJbHOI MIBHAKOCTI PO3’€IHAHOTO
JIMXaHHS allMHAPHUX KIITUH IiJIUIYHKOBOI 3aJI03H, TOPIBHSHO 3 BIUIMBOM LUX CyOCTpaTiB
OKpEMO.
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RESPIRATION RATE OF PANCREATIC ACINAR CELLS
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It is known that oxidation substrates such as alanine, pyruvate, and glutamate can
have a positive effect on pancreatic acinar cells by enhancing their mitochondrial functions.
Therefore, the aim of our study was to investigate whether the presence of various
combinations of these substrates would increase the respiration rate of pancreatic acinar
cells compared to their singular effects.

The study was conducted on male rats weighing 250-300 g. Pancreatic acini were
isolated using a modified method by Williams et al. The rate of cellular oxygen consumption
was determined using a polarograph RC650 6-cell respirometer (Strathkelvin). Pancreatic
acinar cells were incubated for 15 minutes in a glucose solution containing different
oxidative substrates (alanine, glutamate, or pyruvate), each at a concentration of 2 mM
or their combinations. After placing the acinar cells into the polarographic chambers and
recording basal respiration, the protonophore FCCP was added every one to two minutes at
concentrations of 0.5, 1, 1.5, and 2 uM.

The maximum respiration rate during pyruvate oxidation was achieved with
FCCP at a concentration of 1 pmol/L, while during glutamate oxidation it was reached at
1.5 pmol/L FCCP. Alanine increased the respiration rate compared to the control only in
the presence of the uncoupler at a concentration of 2 uM.

During oxidation of the alanine and pyruvate combination, the maximum respiration
rate of acinar cells was achieved with FCCP at 1.5 uM. Compared to the control, the
combination of alanine and glutamate most strongly increased oxygen consumption under
FCCP at 2 uM. Only the combination of glutamate and pyruvate caused a significant and
statistically reliable increase in the rate of cellular respiration compared with the control.

Keywords: amino acids, cellular respiration, pancreatic acinar cells
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CTPYKTYPHI BIAMIHHOCTI B TAPAIIUTOIIOAIBHUX 3AJTIO3AX IIIYPIB
PI3HOT'O BIKY 3 MOAEJIBOBAHUM AJIIMEHTAPHHUM OKHWPIHHSIM

P. SInko

Inemumym izionoeii im. O. O. boeomonvyst HAH Yrpainu
eyn. Boeomonvys, 4, Kuie 01024, Yxpaina
e-mail: biolag@ukr.net

O>KUpIiHHS HETaTHBHO BIDIMBA€ HA CTaH PI3HMX OpraHiB, y TOMy dHCHi i Ha
napanmronofioni 3amxo3u (I11]3). Peakmis T3 Ha oupiHHSA — 16 MPEIMET IIHPOKUX
JIMCKYCIiH, a pe3ylbTaTi po0iT Ha ITF0 TEMaTHKY YacTO BHSBIISIOTHECS HEOJHO3HAUHUMHE. Kpim
TOTO, HEMa€ JaHUX Mpo CcTpyKTypHi 3Minu 11113 3 Bikom, crprunHeHi oxupiHHIM. MeTa
podoTH ToJsrana B OCTIPKeHH] H TOpiBHAHHI CTpyKTypHUX 3MiH I3 y mypis pizHOTO
BIKy 3 MOJENTHOBAaHWM AaTiIMEHTAPHUM OXHUPIHHAM. J[0 excrnepuMeHTy Oyno 3alydeHo
40 mypiB cammiB minii Wistar y Bimi 3 Ta 18 micsmiB. Y IOCTHiIHUX IIypiB MOJETOBAIH
aNiMEHTapHE OXKHUPIHHSA, YTPUMYIOUH iX YIpPOROBXK 12 TWKHIB HA BHCOKOKAJIOPiHHOMY
parioHi 3 HaUTHITIKOBUM BMICTOM XKHPIB (45 %) 1 merko3acBoroBanux ByreBomis (31 %).
3aranpHa 000Ba KaJOPIHHICT TAKOTO PalioHy IJISI OJHOTO JOCTITHOTO IIfypa CTAaHOBHIA
116 kxan. lyp i3 KOHTPOIBHOI TPYIH MIOTHS OTPUMYBaB 66 Kkai. HasBHICTH O:KUpIHHS
y IIypiB (iKCyBallM Micisl 3aKIHYCHHS €KCIIEPUMEHTY, BU3HAYAIOUH MAacCy BiCIepaIbHOTO
xkupy. PoOoTy 31 rypaMu pOBOIMIIH BiATIOBITHO 0 MPHHIHMIIIB [ ebciHChKOT Aekmapartii. [3
tkaauHA [111]3 poOmy ricToNoTivHI MpenapaTy 3a CTaHJaPTHOIO METOIUKOI0. Y TPHMaHHS
OIypiB YOpPOJOBXK 12 TIKHIB Ha BHCOKOKAJIOPIMHOMY paIliOHI MPU3BENO IO PO3BHTKY
BICIIEpaJIbHOTO OXKUPIHHS Ta IMOSIBH BUPAKEHHUX TiCTOMOP(OIOTIYHAX 03HAK TinmeppyHKIIii
TI3: 3MeHmEHHS pPO3MIpiB TONOBHUX MAPAaTHPOLUTIB, MOTEMHIHHSA iX, 3POCTaHHSI
KIUTBKOCTI siiepenb y spax i sAepHO-IMTOINIA3MAaTHIHOTO CIiBBIJHOIICHHS, 3MEHIICHHS
KIUTBKOCTI CHOJIyYHOI TKaHWHU B 3a103i (y 21-MicS9HHX IIypiB). 3pOCTaHHS aKTHBHOCTI
3aJI03H Y IIyPiB 3 OKUPIHHIM MOKe OyTH MOB’si3aHE 31 3HIDKCHHSM KOHIICHTPALii KaJIBIE0
y kpoBi. [HrencuBHicTE TicTomopgonoriuanx 3min [1I1[3 mMana BupaxkeHnit Bik, 3ane:xHA
XapakTep 1 3aJe’ala BiJ CTYNEHS OXXHMPIHHS TBapuH. Y JOPOCIUX IIypiB Ii 3MiHH OyIIn
BUpaKeHI OUIBIIOI0 Mipoio, HiK y Momoxux. OTpuMaHi pe3ynsTaTd MaroTh He JIHIIe
TEOpeTHYHE 3HAYEHHS, BOHHU € IIKaBUMH IS IPAKTUYHOI MEIUIUHA Y BUPIIICHH] TNTaHb
JKYBaHHA Ta MPOQIIAKTHKHA MOPYIICHb KANbI[IEBOr0 OOMIHY B MAIli€HTIB Pi3HOTO BIKYy 3
OXHpPIHHAM. [lepcrieKTHBHUMHE HampsiMaM¥ Ut MaifOy THIX JTOCIIIKEHB € TOIIYK METO/IIB
Kopekii mopymens GyHkiionansHoro crany [11113 3a amiMeHTapHOTO OKUPIHHS.

Kniouosi crnosa: mapammTononiOHi 3a103H, BiK, OKUPIHHS, MOpdoMeTpis

O>KMpiHHS CTAJIO OJHIEI0 3 HAUTOCTPIMIMX MIOOANBHUX KpU3 OXOpOHM 310poB’st XXI CT.
3pocTaHHs piBHS OXKHUPIHHS CTBOPIOE BETNYEe3HE HABAHTAKSHHSI HA CUCTEMH OXOPOHH 37I0POB’,
EKOHOMIKY M 0COOWCTE 3/10pOB’sl Ta NMPU3BOAWUTH JI0 MITBHOHIB CMEpTEH, SKUX MOKHa OyIo
0 yuukHYTH. OXHUPIHHSI CIPHYNHSIE CEPIEBO-CYAMHHI 3aXBOPIOBAHHSA, AiadeT 2-T0 THUILY,
OHKOJIOTit0 Ta iHIi Hemyru [17, 18].

OXHpiHHA HETaTHBHO BIUTMBAE HAa CTaH PI3HUX OPraHiB, y T. 4. i Ha MapalIuTONOMIOHI
3anosu (ITHI3). Sk came pearye I3 Ha oxHpiHHS — 1€ HpEIMET INUPOKHX JHCKYCIiH.
BinpuricTe y4eHUX JOCHIININ, IO 32 OXKUPIHHS BUHHUKAE TilleprapaTupeos, IpH I[bOMY CYyTTEBO
3pocTae KOHIIEHTpALlis mapaTropMoHy B kKposi [8, 13]. V cBoro gepry, rimepmapatiupeos TiCHO
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OB’ sI3aHUH 3 THCYJIIHOPE3UCTEHTHICTIO i atepockiepo3oM [12]. Po3BuTok rimepraparupeosy,
CKOpIII 3a BCe, OB’ SI3aHMI 31 3HIDKCHHAM KOHIICHTpAIlii KaJbIlif0 Y KPOBi Ta 3 MOPYIICHHIM
KaJIbL[IEBOTO OOMIHY 3a OKHMpiHHS 3aranom [6]. Oxnak € i mpormnexHi fani. Tak, Hakkak i
CITiBaBT. Ha MOAENI HIypiB Zucker 3 OXHUpIHHAM BUSABWIH 3POCTaHHS KOHIICHTPAIii KaJIBIIO
Ta 3HWKEHHS TapaTrOpMOHY B cHpoBarii Kposi [7]. Takoxk € maHi, 10 MPUYMHOIO PO3BUTKY
OXKUpIHHS MOXe OyTh maparupeoinektomis [14]. ToOTo oTpuMaHHS TaKUX HEOTHO3HAYHUX
JAaHNX MOke OyTH TOB’si3aHE 3 BHKOPHCTAaHHSAM B EKCIEPHMEHTaX DPI3HHX MOjENeill TBapuH
1 OKUPIHHS, HAasBHICTH PI3HOTO CTYIEHs OKHPIHHS Tolno. He MeHm BakimBuUM (akTopoM B
OTPUMAaHHI Pe3yNbTaTiB € 1 BikoBUil acmekT. Ha aip, y JiTeparypi MU He 3HAUIUTH JaHUX TIPO
crpykrypHi 3minn [1I3 3a oxupinas 3 Bikom. T1I13 y mporieci oHTOreHe3y, K 1 OLIBIIICT
OpTraHiB, 3a3Ha€ IHBOJIOIIMHUX 3MiH 1 MOXKE MO-PI3HOMY pearyBaTH Ha OJHi H Ti K HECTIPHUSTINBI
¢daxTopu [3]. He € BUHATKOM 1 BikOBa CHPUHHSTIMBICTH I[LOTO OpPraHa JI0 BIUIMBY OKUPIHHS.
Tomy, 11100 MOPIBHATH 1 MpOaHaNI3yBaTH XapaKkTep Ta CTYIiHb BUPA3HOCTI BIKOBUX CTPYKTYPHHUX
3miH [11113 3a OkUpiHHSA B €KCTIEPUMEHT MU B3sUIH IIyPiB Pi3HUX BIKOBUX TPYIL.

Mera pobOTH — AOCHIAUTH 1 MOPIBHATH CTPYKTYPHI 3MiHHM MapalUTONONIOHUX 3aJ103 Y
IIypiB Pi3HOTO BiKy 3 MOJCITFOBAHUM aJTiMCHTAPHUM OXKHAPIHHSM.

Marepiann Ta MeToaH

Jns exciepuMerTy 0yimo Biniopano 40 mrypis cammis minii Wistar y Bimi 3 (Baroro 25010 1)
ta 18 (Baroro 450+10 r) micsuis. LlypiB yrpumysainu 3a Temneparypu 21 °C i Bomorocti 40—
60 % 3 12-romuHANM DUKIOM cBiTio/TempsiBa. L{ypi posnmoaimimy Ha 4 rpymu: I 1 111 rpynum —
KOHTPOJIbHI TBapuHH 3- 1 18-micsunoro Biky BiamoinHo, II i IV rpynu — 3- i 18-micsuni
LIypH, SKAM MOJIETIOBAJIM QJIMEHTapHE OXHPIHHS, YTPUMYIOUM IX Ha 3alaTeHTOBAHOMY
HaMH BHCOKOKaJIOpiifHOMYy parfioni xapayBanHs [1]. Jocmigai mrypu mpotsroM 12 TIKHIB
OTPUMYBAJIU PALiOH 13 HA/UTAIIIKOBUM BMiCTOM KHPIB (45 %) 1 BymieBomnis (31 %). Koxen mryp
3’i7aB 6 T crieniagbHO IIPUTOTOBAHOTO TPAHYIILOBAHOTO KOpMYy (70 % cTaHIapTHOTO KOMOIKOpMY
3 noxaBaHHsIM 30 % CBHHSYOrO CMajbIli0); 6,8 I CBHHAYOrO cajia; 3,6 T OUTHX cyxapis; 3,6 T
COHSIITHMKOBOTO HACIHHS, IO CyMapHO craHoBwio 116 kxan. YUepe3 neHb 3aMicTh BOIH
nmocnigauit myp oTpumyBaB 10 % poszums ¢Qpykro3u (7,5 T), M0 HiABHITYBAIO KaTOPIHHICTH
70 145 KKaj i MPUCKOPIOBAJIO PO3BUTOK OXKMPiHHS. KOHTpOIIIOBAIM MTOBHOTY MOiTaHHS KOPMY
TBapUHAMH.

KoHTponbHi TBapuHM OyiaM Ha CTaHIAPTHOMY BiBapHOMY pawioHi sxuBieHHs. Illyp
KOHTPOJIGHOI TPYIH IOAHS oTpuMyBaB 20 T 30aJaHCOBAHOTO KOMOIKOPMY, KaJIOPIHHICTH SKOTO
cranoBmia 66 kkan (Pement K 120-1, «Pe3on-1», Ykpaina).

HasiBHICTB 0HPIHHS y HIypiB (QiKCYBaJIHN IiCIIs 3aKIHUCHHS €KCIIEPUMEHTY, BU3HAYAI0YH
Macy BICIEpaJbHOTO XHPY Ta HOTO CHIiBBIAHOIIEHHS 3 Macoio Tina (iHZEKC BiCIlepaibHOTO
OXHpiHHS). BicuepanbHuii )KUp MEXaHIYHO BHIUISIIN 3 YepeBHOT opokHUHU. 11lypiB BUBOIMIIH
3 eKCIePHMEHTY IUIAXOM JAeKamiTamii M KCHIa3HH-KeTaMiHOBUM HAapKO30M. YCi MPOTOKONA
norojpkeri Komiterom 3 0ioMeAWYHOI €THKHM JIODVISAY Ta BHUKOPHCTAHHS TBapHH [HCTHUTYTY
¢izionorii im. O. O. boromonbuss HAH Vkpainu. Takoxx poGoTy 31 IIypamMu NPOBOAMIN
BIAMOBIZHO 10 €BpOMNEHChKOi KOHBEHIIIT PO 3aXUCT XPEOSTHUX TBAPHH, III0 BUKOPUCTOBYIOTHCS
B EKCIICPUMEHTAIBHUX Ta HIINX HaykoBuX X (CtpacOypr, 1986).

VY 3B’s3Ky 3 TM, mo y mrypiB I3 Bakko BIZOKPEeMHTH Bill IIUTOMOAIOHOI 3aJI03H,
TO 11 U1 MOP(DOJIOTIYHUX 1 MOPHOMETPUYHUX JOCIIKEHb Opaiy B KOMIUIEKCI 3 OCTaHHBOIO.
lNcronoriuni mpenmapatu poOWIN 3a CTAaHJAPTHOIO METONWKORO: (pikcyBamm B pimuHi Byena,
3HEBOJHIOBAJIM Y CIIUPTax 3pocTardoi koHueHTparii (Big 70° 1o 96°) ta miokcani. OTpumani
3pas3ku 3aiuBanu napaginom. [TapadiHoBi 3pi3n 3aBTOBIIKM 6 MKM BHTOTOBJISIM Ha CaHHOMY
MikpoTomi. ['icTosorivni 3pi3u 31iHCHIOBANN B IIONIEPEYHOMY HAIPSIMKY Ha JIaTepasibHiil 4yacTHHI
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KPaHIaJIbHOTO TOJIIOCY KOXKHOI YaCTKU IIUTONOAIOHOT 3amo3u (Micie po3ramryBanHs [11113).
3abapBiIcHHsT OTPUMAHUX 3pi3iB MpoBOIMWIK 32 MeTofoM Ban-I'i30Ha [16]. 3 BHKOpUCTaHHSIM
mudposoi kamepu Mikporpenaparu ¢otorpadysaim Ha Mikpockoni «Nikon Eclipse E100»
(Smownis). Mopdomerpito Ha HUGPOBHX 300paKEHHSX MIKPOIpENapaTiB 3IMCHIOBAIN 3a
JI0TIOMOT010 Iporpamu «Image J».

Ha ricronoriyaux 3pizax BUMIpIOBaJH IuIonly nomnepeynoro nepepisy I3, cepenniii
JiaMeTp 1 IUIOIIy NapaTupPOLHUTIB, IXHIX s1€p 1 I TOIIa3MH1, BU3HAYAIIH SIZIEPHO-LIUTOIIa3MaTHUHE
criBBigHOIICHH. OOYHCIIOBANIN IIUTBHICTh PO3MILICHHS APATUPOIUTIB HA OJWHUIIEO ILIOIII.
[TinpaxoByBanu KuIbKICTh siepens Ha 100 saep nmaparuponutis. BuzHavyanu BiHOCHY IIIOILy
MapeHXIMHU 1 CTPOMH Ta 3HAXOAWJIN CTPOMAaJIbHO-NIAPEHXIMATO3HUH 1HEKC (BiJHOIIEHHS TUIONI
CHOJly4HOI TKaHMHU 110 napenximu) [15]. Mopdomerpuuni Bumipn B I3 koxHOro mrypa
nposouiK Ha 10 3pizax.

VY CTErHOBUX KiCTKaX IIypiB BH3HAYAIU BMICT KaJbIlif0. J{JIs1 IBOTO KICTKU CIATFOBAIN
B My(enbHil newi, a B OTpUMaHii 30Ii, MONEPEJHHO PO3YMHUBIIM ii B COJISIHIH KHCIOTI,
(hOTOMETPUYHUM METOZOM BUMIPIOBAJIM KOHIIEHTPALIIIO KaJIBIIIIO.

OTtpumaHi JaHi 00poOIIsUTH MEeToIaMu BapiawiitHol crarucTuki. HopMasibHICTh po3oainy
QpoBUX MacHBIB MepeBipsUIM, BUKOPHCTOBYIouM kputepii Ilipcona. 3a HopmaibHOCTI
PO3MOITY AJIsl OLIHKK KoedillieHTa BiAMIHHOCTEH JOCTOBIPHOCTI PI3HMII MK KOHTPOJIBHOIO
Ta JOCIIJHOI0 TPyNaMu BUKOPUCTOBYBaM t-kputepiii CrhlomeHTa. BiaMiHHOCTI BBaxanu
JocToBipHUMH 32 3HaYeHHs P<0,05.

Pe3yabTaTu i ixHe 00roBOpeHHs
IToxazaHo, Mo yTpUMaHHS MIypiB MPOTATOM 12 THKHIB Ha BUCOKOKAJIOPIHHOMY parioHi
TIPHU3BEIIO 10 SBHO BHPAKEHUX O3HAK BiCIEPaTbHOTO OKUPiHHA. [Ipo 11e CBIAYUTH BipoTigHe
3pOCTaHHS MacH BicuepaibHOTo Xupy Ha 64 % (3 13,7 v 1o 22,4 1) y 6-Mics/uHMX LIypiB Ta Ha
54 % (321,8 T 10 33,6 1) y 21-micsiuHMX TBapuH. [HAEKC BicepanbHOTO OXKHUPIHHS Y JOCHTIJHAX
m1ypiB BiporiznHo 3pic Ha 70 % (3 0,043 o 0,073) y 6-micsunux ta Ha 54 % (3 0,054 1o 0,083) y
21-MicsIYHUX TBapHUH, TOPIBHIHO 3 KOHTpoieM (puc. 1).

Maca, r
40 7 A 0,1 b
35 +
30 - 0,08
25 A
0 | 0,06 -
15 4
0,04
10 4
5 4 T T T T 0,02 I T T T T
| Il 1l v I 1 nm v

Puc. 1. Maca BicuepansHoro xxupy (A) Ta inaekc BicuepaisHoro oxxupinss (b)

IMpumirka: I i [II- rpynu KOHTPONBEHEX 1LypiB 6- 1 21-MicsaHOTO BiKy BifnosinHo, 1111V — rpymu mypis 3

OXKHUPIHHAM 6- 1 21-MicsiaHOTO BiKy BinnosigHo. ¥*P<0,05 — BiporigHICTh MOPIBHSHO 3 KOHTPOJIEM
BusiBneHo, mo SK KOHTPOJIBHI, Tak i gocmigHi mrypu marotb aei I3, po3mimeni

Ha JlaTepasibHIi MOBEpXHI KpaHIaJbHOTO IOJIIOCA KOXKHOI YaCTKM HIMTOMOAIOHOI 3ajo3u.

CrpykrypHO-(yHKIioHamEHO0 onumauIeto [11[3 € Tpabekyna, mpeacTaBieHa emiTeTiaaTbHIMA
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TSDKaMM TIapaTHPOLMTIB, SIKI PO3UIEHI TOHKMMHM TPOIIAPKAaMH ITyXKOi CHOJYYHOI TKaHWHH
3 KpoBOoHOCHMMHU cynuHamu. I1I1[3 cknangaeTbcsi B OCHOBHOMY 3 T'OJIOBHUX MapaTHPOLMTIB i
HE3Ha4YHOI KUIBKOCTI OKCH(]IIbHUX KIITHH. ['OJOBHI MaparMpoLUTH MOAUISIOTH Ha 2 THIIH:
cBiTi (HeakTHBHI) it TemHi (aktuBHi). Ctpoma 11113 yTBOpeHa Karicynoro, Bif SKOT BiIXOISATh
MIEPErOpPOJIKM 3 BOJOKHHCTOI CIIOJYYHOI TKaHMHH, SIKi HE MOBHICTIO PO3AUISIOTH 3aJI03y Ha
yactouku. llypu, siki oTprMyBaii BUCOKOKAJIOPIMHUI palioH, MaJld EBHI 3MIHH Y CTPYKTYpi
I3, mo Hacammepex CTOCYBaJKMCS PO3MIPIB 3all03H, SKICHOTO Ta KUIBKICHOTO CKIIaJTy

& B520 v ; ) o b, ™ 0 MKM

noyedfa e @ .
Puc. 2. Mikpodororpadis mapamuronomiOHoi 3am03d KOHTPOIBHOro mrypa (A — 6-MicsSuHHH,

b — 21-micsiunnii) Ta mypa 3 oxupiHaaM (B — 6-micstunnit, I' — 21-micsunuit). 3abapeieHHs 3a

Ban-T'i3on0M. X800
IpumiTka: 1 — CKyIUYeHHS TOJIOBHHX IIapaTHUPOIMTIB; 2 — CKYMUYCHHS OKCH(UIBHHX IapaTHPOIUTIB;
3 — TSDK CIIOyYHOI TKAHUHU

Busineno BigMiHHOCTI y cTpykTypi [TI[3 MiX KOHTPOJIBHHMH IIypaMH Pi3HOTO BIKY.
Tak, mioma nonepeyHoro mnepepizy 3aio3u y 21-MicsiyHHX IIypiB Oyia BipoTifHO OULIBIIONO
Ha 87 %, HDK y 6-MICSIUHHX TBapHH. TakoX y JOPOCIMX TBApWH BiAMIYaJIH BipOTiZHO MEHIIY
IITBHICT MAPATUPOIMTIB Ha onuHUIFO Tutonti (Ha 30 %) i KUTBKICTh sAepelp Y sapax KITHH
(ma 18 %). Kpim Toro, y 21-MicsuHNX TBapuH OyJIM BIipOTiqHO OIMBIIMMHK BiIHOCHA IUIOMIA
CIIOJTYYHOT TKAaHWHU Ta CTPOMATBHO-TIAPEHXIMaTO3HUH iHmeke Ha 23 1 35 % BiAMOBiNHO, HIXK Y
MOJIOJIUX LIypiB (OUB. TaOIMIIO). Yce 1e cBiMunTh npo 3HwkeHHs ¢ynkuii T3 3 Bikom, 110
Y3TOKYETHCS 13 3arajibHOI0 010JI0TTYHOI0 3aKOHOMIPHICTIO. BioMo, 1110 3 BikOM BiJIOyBaeThCs
rirneprurasis 3aj03u, MapeHxiMa 3aMillyeThCsl )KUPOBOIO Ta CIIOIYYHOI0 TKaHWHAMH, 1 y 0ci0
MTOXWJIOTO BiKY iXHill 00°eM Moxke ctraHoBUTH 50 % Bing Macu 3amo3u [3].
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MophomeTpryHi NOKa3HUKH apamuTonoaionux 3ano3 (M+m; n=10)
T PT— 6-MicsuHI mIypu . 21-Mics9HI IIypu .
Konrponb | Jocnin Kontpons | Jocnin
JIOIIa TTONIEPEYHOrO 91741+4728 86056+5399 [71585+6590%* 152668+6670
mepepisy 3a1103, MKM?
CepenHiii giametp 7,5+0,3 7,2+0,3 8,3+0,5 6,7+0,4*
[apaTHPOIIUTA, MKM
[Tnoma, MKM?
MapaTUpOINTa 68,5+4,5 56,1+1,0% 71,6+5,2 47,32, 1%*
spa 18,440,9 17,0+0,7 17,4+1,1 14,741,0
LUTOIUIA3MHU 50,142,1 39,1+2,6* 54,2451 32,6+2,1%*
nepro-murorazmaruane  0,37+0,01 0,43+0,01* 0,32+0,03 0,45+0,03*
CITIBBIHOLIEHHS
L {iBHICTE PO3MILIICHHS 19,6+0,11 17,9+0,9 13,7+0,4%* 15,8+0,7*
TapaTHPOIHTIB,
it/ 1000 Mrm?
IKigbKicTb siepens 2,61+0,13 3,15+0,01%* 2,14+0,11%* 2,50+0,09*
y sLapi, IIT.
BinHocHa mioma, %
napeHXiMHu 74,5+2,0 72,0+0,8 68,7+3,0 75,0£5,0
CHOYYHOI TKAHUHH 25,5+1,0 28,0+0,5 31,3+1,5%* 25,0+1,0%*
CTpoMaibHO-
mapeHxiMaTo3HUI 0,34+0,03 0,39+0,01 0,46+0,02** 0,33 +0,02
IHICKC

Hpumitkn: *P<0,05 — BiporigHicTh MOPIBHSHO 3 KOHTpoieM; **P<(,05 — BIpOTiAHICTH MOPIBHSIHO 3
KOHTPOJIEM 6-MiCSIYHHX LIYPiB

Bussneno ricromopdororiuni Biamiaaocti B I1I3 mypiB pi3HOrO BiKY, SIKi MPOTATOM
12 TWXKHIB CHOXWBAIM BUCOKOKATOPIMHUI parioH. Tak, y 6-MICIYHHUX TOCHIAHUX IIypiB
CIIOCTepiraay BipoTiTHO MEHINY IJIONIY MapaTHPOIUTIB Ta iXHBOI muromasmMu Ha 18 i 22 %
BiJITIOBIZTHO, MOPIBHSAHO 3 KOHTpojeM. lImoma sapa CyTTeBO HE 3MiHIOBAjacs, IO MPU3BEIO
JI0 BIPOTiTHOTO 3POCTaHHSA SACPHO-IUTOIUIA3MAaTHYHOTO CITiBBigHOMIEHHS Ha 16 %. KinbKicTh
saaepers Oynma BiporigHo Oimpimoro Ha 21 %, HiX y KOHTponi. BimHocHa mumoma crmomydHoi
TKaHWHU Ta CTPOMAJILHO-TTAPEHXIMATO3HHI 1HJEKC MaJId TEHICHIIIIO IO 3pOCTaHHS.

VYV 21-MicS9HHUX OIypiB, SKUM MOICTIOBANN aliMEHTapHE OXKUPIHHS, BHUSBHIN 3HAYHO
Oinbmri 3minu B I3, Tak, BigMideHO BipoTiIHE 3MEHIIICHHS PO3MipiB TAPaTHUPOITUTIB (IiaMeTp
Ha 19 %, mnoma Ha 34 %) ta mwiomi ixapol nuroriasmMu Ha 40 %. ITnoma sapa Mana TiTbKH
TEH/ICHIIIIO 0 3HMKEHHS, 10 TIPU3BEJIO JI0 BiPOTiTHOTO 3pOCTaHHS SIIEPHO-IIUTOIIA3MATHIHOTO
cruiBBigHOMmEeHHS Ha 41 %, mopiBHAHO 3 KOoHTposeM. IIliTbHICTh pO3MINEHHS MapaTHPOLUTIB
3pocna Ha 15 % (P<0,05). KinskicTs simepens Oyma BiporigHo 6inbmmoro Ha 17 %. Takox Oymo
3aikcOBaHO BIpOTiTHE 3HIKEHHS BiHOCHOI IUIOMII CIOMYYHOI TKAaHWHH Ta CTPOMAJBHO-
nmapeHxiMaro3Horo inaekcy Ha 20 i 28 % BiAmoBiIHO, TOPIBHSIHO 3 KOHTPOJIEM.

3 miTeparypH Bizomo, 1o Mopdororis romoBHuX KiiTuH [TH3, sKi BigirparoT OCHOBHY
SH/IOKPUHHY pOJb, MOB’A3aHA 31 CTAHIsIMH CEKPETOPHOTO IUKITY. Y CBOIH HEaKTHUBHIN ¢as3i
BOHH MaIOTh BEJHKHUHA po3Mip, KybomoniOHy (GopMy, MICTATh BENHUKY KUIBKICTh TIKOTCHY Ta
MaJlo CeKpeTOPHUX IpaHyl. B akTuBHIN (a3l mapaTuponuTi 3MEHIIYIOTHCS, TEMHIIOTh, TICHO
KOHTAKTYIOTh Mi’ COOO0T0, MICTSTh MaJIO IJIIKOTEHY Ta 0araTo cekpeTopHux rpanyn [11].

To6To 3 OoTpuMaHUX TiCTOMOP()OMETPUIHUX TAaHUX MOXKHA 3POOWTH BHCHOBOK, IO
oxupiHHsa nocwtoe akTuBHICTH 1113, OcobnmBo e mposBIseThes y 21-MiCAYHHX MIypiB.
e moxe OyTr mOB’si3aHE 31 3MEHIICHHSAM KOHIIEHTpAIil KaJbIif0 Yy KPOBi 3a OXHPIHHA [6].
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Bizgomo, 110 miBUIIYBaTH BMICT KaJbLil0 Y KPOBI MapaTrTOpMOH MOXKE 33 paxyHOK: 1) BIIMBY
Ha HUPKH, Yepe3 3MEHIICHHsI BUBEJCHHS KalbLilo 31 cedyero [9]; 2) nmocuieHHss BCMOKTYBaHHS
KaJbIliF0 B KUIICUHUKY [19]; 3) akTuBaiii 0CTCOKIACTIB, Yepe3 CTUMYIIFOBAHHS IX pyHHyBaTu
KICTKOBH MATPUKC 1, BIJOBIIHO, BUBUIBHATH KaJblLii y KpoB [4]. Lle miATBEpHKYIOTH 1 HAali
JIaHi PO 3HWKEHHSI KaJIbLIiI0 B CTETHOBHX KICTKaX 0- 1 21-MiCSYHUX LIypiB micis 12-THKHEBOTO
TOJlyBaHHSI BUCOKOKaJIOPIHHUM parionoM Ha 28 % (3 242+15 no 174412 mr/t, P<0,05)19 % (3
235+20 no 215+19 mr/r) BiAMOBiAHO.

PiBeHb mapaTropMoHy B CUPOBATIIi KPOBI TICHO OB’ SI3aHUI 3 0O)KUPIHHSM 1 BiIKJIaA€HHIM
KHMPY 4epe3 Kilbka MeXaHi3MiB, TaKMX SIK 3HM)KEHHS aKTUBHOCTI ()e€pMEHTY JIiNONpOTeiHy Y
3pUINX )KUPOBHX KIITHHAX [S]. [HIIMI MexaHi3M NpUIyCcKae BIUIMB aMIIOKIHY Ha MapaTropMOH
1 MO3UTHBHUH 3B’SI30K MIX JIEITHHOM Ta naparropmoHoMm [10]. Andersen 3i criiBaBT. OKa3aJy,
110 TileprapaTupeos 3a MaToJOrYHOTO OXKUPIHHS 3HU)KY€EThCS 31 3MEHILICHHSIM Baru Tija [2].

Omxe, K TOKa3ald pe3ylbTaTH HaIIMX JIOCIKEHb, |2-THXKHEBE yTpPUMAaHHS
LIypiB Ha BUCOKOKAJOPIHHOMY pallioHI IMPU3BENIO JO PO3BUTKY BICLEPAILHOTO OXUPIHHS
Ta IOSBU BUpaXeHHX rictomop¢ororivnnx ozHak rinepdynkuii IT3. IHTeHCHBHICTH
ricromopdornoriyaux 3min [111[3 mana BupakeHH# BiK, 3aJIe)KHMH XapakTep 1 3aiexarna Bij
CTYIEHS! OKUPIHHS TBApHH. Y JOPOCIUX IIypiB 1 3MiHH OyJIM BUPaKEH1 OUIBIIO0 Miporo, HIX
y Mosioaux. BikoBy 3anexHicTh BrimBy oxupiHHg Ha [111[3 HeoOXiIHO BpaxoByBaTH SIK i
Yyac KOPEeKUil KJIIHIYHO BUPAKEHUX MOpYIIeHb (QYHKIIT 3a/103M, TaK 1 Ha JOKIIHIYHHUX eTarax
PO3BUTKY O’KUPIHHS, KOHTPOJIOIOYH BMICT KaJbLil0 y KpoBi. OTprMaHi pe3yinbTaTH MaloTh He
JIMIIE TEOPETUYHE 3HAUYCHHS, BOHU CTAHOBJISITh IHTEPEC JJIs IPAKTUYHOI MEIMIIMHY Y BUPILIIEHH]
MTUTaHb JIIKyBaHHS Ta NPO(]ITAKTUKY IOPYIIEHb KaJbIIEBOTO OOMIHY y MALEHTIB PI3HOTO BiKY
3 okMpiHHAM. HaykoBe Ta npakTH4yHe 3Ha4€HHs J0CI/DKeHb MeXaHi3MiB JIiT oxxupinns Ha 11113
BIJIKpUBA€E TEPCHEKTUBU PO3POOKM HOBUX METONOJIOTIH JIIKYBaHHS IOPYLIEHb KaJbIi€BOTO
oOMiHy 3a 1i€i naroyorii. [lepcriekTMBHUMYU HanpsiMaMH JUIsi MaiOyTHIX JTOCIIJDKEHb € MOLIYK
METO/IiB KOPEKIIil mopyieHs (pyHKioHaapHoro crany [11113 3a amiMeHTapHOTO OXKUPIHHS.
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STRUCTURAL DIFFERENCES IN THE PARATHYROID GLAND OF RATS

OF DIFFERENT AGES WITH ALIMENTARY OBESITY
R. Yanko

Bogomoletz Institute of Physiology, NAS of Ukraine
4, Bogomoletz St., Kyiv 01024, Ukraine
e-mail: biolag@ukr.net

Obesity negatively affects the condition of various organs, including the parathyroid
gland. However, how exactly the parathyroid gland responds to obesity is the subject of
wide debate, and the results of the studies are often ambiguous. In addition, there are no
data on structural changes in the parathyroid gland in obesity with age. The aim of the work
was to study and compare structural changes in the parathyroid gland in rats of different
ages with modeled alimentary obesity. The experiment involved 40 male Wistar rats at the
age of 3 and 18 months. Alimentary obesity was modeled in experimental rats by keeping
them for 12 weeks on a high-calorie diet with an excess of fat (45 %) and easily digestible
carbohydrates (31 %). The total calorie content of such a diet for one experimental rat was
116 kcal. A rat from the control group received 66 kcal daily. The presence of obesity in
rats was determined after the end of the experiment by determining the mass of visceral
fat. Work with rats was carried out in accordance with the principles of the Declaration
of Helsinki. Histological preparations were made from parathyroid tissue using standard
methods. Keeping rats on a high-calorie diet for 12 weeks led to the development of
visceral obesity and the appearance of pronounced histomorphological signs of parathyroid
hyperfunction: the size of the chief parathyroid cells decreased, their darkening occurred,
the number of nucleoli in the nuclei and the nuclear-cytoplasmic ratio increased, the amount
of connective tissue in the gland decreased (in 21-month-old rats). The increase in gland
activity may be associated with a decrease in the concentration of calcium in the blood
during obesity. The intensity of histomorphological changes in the parathyroid gland had a
pronounced age-dependent nature and depended on the degree of obesity of the animals. In
adult rats, these changes were more pronounced than in young ones. The results obtained are
not only of theoretical significance, but also of interest for practical medicine in treatment
and prevention of calcium metabolism disorders in patients of different ages with obesity.
Promising directions for future research are the search for methods for correcting disorders
of the functional state of the parathyroid gland in alimentary obesity.

Keywords: parathyroid gland, age, obesity, morphometry
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