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3AJIEJKHICTH MI’K TEMIIAMMA PO3BUTKY 1 JKUTTEBICTIO OCOBUH
Y OonyJjsiuisiX PAPUTETHUX BUJAIB POCJIMH BUCOKOTIP’S
YKPATHCHKUX KAPIIAT

B. Kusk!, B. lITynyn?

! Tvsiecoruil nayionanonuil ynieepcumem imeni lsana @panxa
syn. I pywescvroeo, 4, Jlvsie 79005, Vkpaina
’Inemumym exonoaii Kapnam HAH Yxpainu
eyn. Kosenvnuywka, 4, Jlvsie 79026, Ykpaina

e-mail: vlodkokyjak@ukr.net

[omano omsx GaraTopiuHMX AOCHIIPKEHb 1 YHCICHHUX IMyOMiKaliil momo 3amex-
HOCTI M)XK TEMIIAMHU PO3BUTKY i )KUTTEBICTIO OCOOMH Y HOMYJIALISAX PIAKICHUX 1 CHIEMIYHUX
BUMIB POCIHH BUCOKOTip’a Ykpaincekux Kapnar wa mpuknani Ranunculus thora, Primu-
la halleri, Leontopodium alpinum, Gentiana acaulis, Doronicum clusii, Saussurea alpina,
Oreochloa disticha, Pulsatilla alba, Rhododendron myrtifolium, Senecio carpathicus, Fes-
tuca carpatica, Heracleum carpaticum, Phyteuma vagneri Ta 1. CTanioHapHi Z0OCIiIKEH-
HA in Situ IPOBEACHO HA AOCIIIHUX OUISHKaX, 3aknageHux 5—30 poki romy. HaitGinpmmit
BIUIMB Ha XHUTTEBICTH OCOOMH 1 MOMYIIALIN MAIOTh 3MiHH [IEHO30Y TBOPIOIOYHX MO3MLIN MiX
BHIAMHU BIIMIHHUX XUTTE€BUX (GopM 1 cTpateriid. [liNBUIICHHS MO3UIIIH YarapHUKIB AyKe
MIPUCKOPIOE TIOHWKEHHSI KUTTEBOCTI YarapHUYKIB 1 0COOIMBO TPaB, a MiABUIIEHHS [IEHO30-
YTBOPIOIOUUX MO3MLINH OBl BHCOKOPOCIMX KOHKYPEHTHHX BHIIB YarapHHYKiB i TpaB
CIPUYMHSE 3HWKEHHS KUTTEBOCTI HU3bKOPOCIUX MAJIOKOHKYPEHTHHX Tellio]iTiB, 10 SKUX
HAJICKUTh OUTBIIICTD PIAKICHUX BHIIB.

’KutreBicTh 0COOMH 1 MOMYMALIKA 3yMOBIIOE NMEBHUN BIUIMB Ha TEMIH U PUTMIKY
IXHBOTO CE30HHOTO PO3BHUTKY. 3a BHILOi KUTTEBOCTI OCOOMH IXHiil PO3BUTOK IMIBHUILIHA,
10 MPOABISIETHCA Y MOPIBHAHO OUTBII paHHBROMY Mo4aTKy (eHodas. Y Tux meHosax, ne
enn¢ikaTopHe 3HAYCHHS MOMYNALii Oinblie, CoCTepiraeTbcs MPUCKOPEHE MPOXOMKECHHS
(a3 1o UBITIHHSA Ta OiIBII TPUBAIHHN MEPiO LBITIHHA.

V BeretaTHBHO aKTUBHUX BUJIIB 32 YMOB PO3BUTKY 0€3 BEreTaTHBHOTO PO3MHOMKEHHS
JKUTTEBICTE OCOOMH 1 IXHIM BITHOCHHMI BiK iCTOTHO 30iNMbIIyroThCS. BHacmimok egpexty
aBTOHOMHOTO PO3BUTKY IAaroHiB i1 Hapiiajeidl 3Ha4HOIO MipOI0 3MIHIOETHCS KHUTTEBICTh
BEreTaTUBHUX JiacIiop MOPIBHSAHO 3 BUXIJHOIO KUTTEBICTIO MaTepUHCHKHUX 0coOmH. Edext
iHepIii JKUTTEBOCTI OCOOMH 1 MOMYJSILiK MOJATae y MOCTYMOBIH 3MiHI IXHBOT JKUTTEBOCTI
3a MIHJMBHX YMOB icHyBaHHS. Jluine pi3ki HECHPUSATIMBI €K30TCHHI BIUIMBH MOXYTh
COPUYMHATH DPANTOBE 3HIKEHHS IXHBOI >KUTTEBOCTi. HalinoBinbHime BigOyBaroThCs
MIPOIIECH TTEPEXOY OCOOMH HU3BKOI KHUTTEBOCTI B paHT BUCOKOI KUTTEBOCTI.

Knouosi  cnosa: momynsuii pOCIHH, OHTOTEHE3, JKHTTEBICTb, BHCOKOTIp s,
VkpaiHceki Kapnaru

HocnipkeHHsl, AKi NOEIHYIOTh MONY/SILIHHMIA aHadi3 3a O3HaKaMH OHTOr€HETHYHOI
Ta BIKOBOi CTPYKTYPH 3 YKHTTEBICTIO OCOOMH 1 BIiTATITETOM MOITYJISIIN, MIPUCBIYCHI Oararbom
BHJAM POCIIHH PI3HOMAaHITHUX XHUTTEBUX (opM i TumiB 6iomopd [2, 4, 5, 16, 20-26, 29]. [Ipote
MHUTaHHS 3aJIGKHOCTI MK TEMIIAMH PO3BHUTKY i )KUTTEBICTIO OCOOWH Y MOMYIIALIAX 3aTUIIAKTHCSA
¢ HEJOCTaTHbO BHUBYCHHMH. Lle 3yMOBIICHE METOOMYHUMH IPHYMHAME, AJDKE PO3KPHUTTS
i€l mpobileMu MoTpedye NeTambHUX OHTOTCHETHYHHX IOCTIMKEHb HAa OCHOBI OaratopigHux

© Kusk B., llItynys B., 2021
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CIIOCTEPEKEHb 3a (DIKCOBAHUMHM OCOOWHAMHM, SIKI PO3BHBAIOTHCS 3a PI3HOMAHITHHX YMOB
CEpeIoBHUIIa — B IIMPOKOMY [iala30Hi MHOKHHH CIIPUATIMBUX 1 HECHPUATIMBHX aOlOTHYHHX,
010TMYHMX | AaHTPONOIeHHHWX YHHHUKIB Ha PI3HMX eTalaxX >XKUTTEBHX IMKIIB. BomHouac
Taki JaHi € BaXIUBAMU JUIsl 3°SICYBaHHS MEXaHI3MiB TUHAMIKU MOMYJSIIA 32 MIHJIMBUX YMOB
cepenoBuIa iXHBOTO iCHYyBaHHS. JJIs piAKICHUX BHIIB 3HAYHUN MPAKTHYHUH CO30JIOTIYHUI
IHTEpeC CTAHOBIIATS I1i MATAHHS HA IHAUBIyaJTbHOMY W TOMYJSIIHHOMY PiBHI 32 PiI3HOMaHITHUX
MPUPOJHUX 1 AHTPOIIOTEHHHX 3arpo3.

ITonepenHi OHTOTEHETHYHI MOCTIDKEHHS Yy TOMYJAIIsAX PiAKICHAX BHIIB POCIWH
BHCOKOTIp s KapraT BUSBHIN HU3KY O0COOIMBOCTEH TEMITiB PO3BUTKY W KUTTEBOCTI OCOOMH 3a-
JISKHO BiJI YMOB CEpPENOBUINA Y ialla30Hi YMOB BiJl ONTUMAIBLHUX 0 KpuTu4HHX [12, 13]. Ograx
acreKkTaM 3MiHU KUTTEBOCTI OCOOWMH 3aJIe)KHO BiJl BapiaHTIB TPUBAJIOCTI OHTOTEHE3y Ta MOTo
okpemux (a3 OyJio MPUAIIEHO IIe HEJOCTaTHRO yBaru [1, 14].

Oco0nmMBOi Baru Mo00 BUKOPUCTAHHS y MPUPOTOOXOPOHHOMY MEHEIKMEHTI MaroTh Ha-
OyTH BiIOMOCTI IIPO OCOOIMBOCTI KUTTEBOCTI OCOOMH HA PI3HUX eTallaX >KUTTEBUX IMKIIIB 1 POJIb
iXHBOTO BKJIAJy V )KUTTE3MAATHICTH MOMYJIsiid. ToMy € icToTHa moTpeba B pe3yIbTaTax TPUBAINX
neMorpadiqHuX IOCTiKeHb [32]. 3aranom mporHo3 y MpUpOI0OXOPOHHIN MPAKTHIN MIOAO TH-
HaMiKH OIS MOKIIMBUN TUTBKY 32 HASIBHOCTI JAHKX 3 ayTEKOJIOTi1 BUIiB, 30KpeMa, IXHbOTO
oHTOreHesy [31].

Mera 1i€i cTaTTi - HA OCHOBI OCOOMCTUX TPHUBAJIUX CTAI[IOHAPHUX NOCITIKEHb in Situ
1 pe3yabpTaTiB HAYKOBUX Mpallb 1HIINX BYCHUX OKPECIHMTH 3arajbHi 3aKOHOMIPHOCTI IIOAO 3a-
JIEKHOCTI MK TEMIIAMH PO3BHUTKY Ta KHTTEBICTIO OCOOMH Ha MPHUKJIAAI MOMYJIAIN piAKICHUX 1
€HJIEMIYHUX BUJIIB POCIIMH BUCOKOTIp sl YKpaiHchkux Kapmar.

TonoBaMME 00’ekTamMu aHaMi3y Oy TOMYJIAIIl PiAKICHUX BUAIB POCIWH, MOIIUPEHUX
y Bucokorip’i Ykpaincekux Kapmar i BriaroueHux a0 YepBoHoi kauru Ykpainu [27]: Doroni-
cum clusii (All.) Tausch, Gentiana acaulis L., Leontopodium alpinum Cass., Oreochloa disticha
(Wulfen) Link, Ptarmica tenuifolia (Schur) Schur, Pulsatilla alba Renb., Ranunculus thora L.,
Rhododendron myrtifolium Schott et Kotschy, Saussurea alpina (L.) DC., Senecio carpaticus
Herbich, Cerastium cerastoides (L.) Britton., Loiseleuria procumbens (L.) Desv., Primula
halleri J.F.Gmel.

[TpoBenmeHo Takok OIS MOMYJIAIiN eHAEMIYHNX 1 PeNIKTOBUX BUMIB: Festuca carpatica
F.G. Dietr., Heracleum carpaticum Porc., Phyteuma vagneri A. Kerner, Pedicularis hacquetii
Graf, Poa deylii Chrtek & Jirasek, Veronica alpina L.

[TopiBHSUTBHMIN aHAJ3 OXOIUTIOBAB 1 Jieski TpuBiasbHi Buam (Pinus mugo Turra, Carex
curvula All., Vaccinium myrtillus L., Vaccinium uliginosum L. TO110), 110 € 3py4HUMH MOJIEJIb-
HUMU 00’ €KTaMH — IPEACTAaBHUKAMU Pi3HUX KHUTTEBUX (HOPM.

OO6paHi 00’ekTH BimOOpakaroTh pi3HOMaHITHI OioMopdosoriuni TUMM (YarapHUKH i
YarapHU4YKH, IEPHUHHI, TIOB3y4Yi, CIIaHKi, KOPOTKO- i JOBTOKOPEHEBHUIITHI TPaBU), BIAPI3HIIOTHCS
3a CKOJIOTIYHOIO MPUYPOUCHICTIO (JIy4Hi, MeTpodiTHi, XIOHO(LIBHI TOIIO), IPUPOLOOXOPOHHHM
crarycoM (piAKicHi, 3HWKaIOYi, BPa3JIMBi), y4acTio B IeHO3ax (emudikaropu, cyoemudikaropw,
aceKkTaTopH), mepeOyBaroTh I/ BILTWBOM SIK PUPOIHUX 3MiH, TaK 1 aHTPOIIOTEHHUX HABAHTaXKCHb.

3a )KuTTEBUMHU (POpMaMU MPEACTABICHI BUIU MOXHA 3TPYIyBaTH 332 TAKUMH THIIAMH:

- KOPOTKOKOPEHEBUIIIHI BET€TATUBHO HEAKTHBHI TPaB’siHI BUIA MOHOIICHTPUYHOTO THITY
6ioMOpd, SIKI PO3MHOXKYIOTHCSI HACIHHEBUM criocobom (Primula halleri, Ranunculus thora, He-
racleum carpaticum, Phyteuma vagneri, Pedicularis hacquetii);

- KOPOTKOKOPEHEBHUIIHI Ta MIUILHOIEPHUHHI BETETATHBHO MAJIOAKTHBHI TpaB’siHI BUIU
MOHOIIGHTPUYHOTO 200 HESBHOMOJIIEHTPUYHOTO TUITY OioMOp(, sIKi pO3MHOXKYIOTHCSI HACIHHE-
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BHM 1 BET€TaTUBHUM crtiocoOoMm (Leontopodium alpinum, Oreochloa disticha, Poa deylii, Festuca
carpatica);,

- KOPOTKO- Ta JJOBTOKOPEHEBHIIHI BETETATUBHO aKTHBHI TPaB’siHi BUIAM HESBHO- 1 SIBHOTIO-
JIIEHTPUYHOTO THITY 0i0MOP(, sIKI PO3MHOXKYIOTHCS HACIHHSM 1 BeretatuBHO (Doronicum clusii,
Gentiana acaulis, Saussurea alpina, Ptarmica tenuifolia, Pulsatilla alba, Veronica alpina);

- TOB3Y4Yl BET€TaTHBHO aKTHUBHI TpaB’siHI BUAX SBHOIOIIICHTPUYHOTO TUILY 6ioMopd, sKi
PO3MHOXYIOTHCSI HACIHHEBHM 1 BETETaTUBHUM CIIOCOOOM (Senecio carpaticus, Cerastium ceras-
toides);

- CJTaHKI Ta IIMAJICPHI YarapHUYKA HEABHO- 1 IBHOMOIILIEHTPUYHOIO THITY OioMopd, sKi
PO3MHOXYIOTHCSI HACIHHEBHM 1 BETETaTUBHUM criocobom (Rhododendron myrtifolium, Loiseleu-
ria procumbens).

CramioHapHi JOCTIPKEHHS in Sifi IPOBOAMIN 3 BUKOPUCTAHHSIM OararopigHUX MOHITO-
PUHTOBUX TPAHCEKT 1 AOCTIAHHUX MIJITHOK, 3aKnaneHux 5—30 pokiB ToMy. TpaHCEKTH po3TaIio-
BaHi B aJIbIIICHKOMY, CyOaJIbIIICEKOMY 1 BEpXHBOMY JIiICOBOMY Iosicax Ykpaincekux Kapmar y
niana3oHi Bucot 1400-2000 M H. p. M. BinmbmricTh miony 30cepemkena y IeHTpaabHill YacTHHI
YopHOTipchKOro XpedTa B OKOJHIIAX BUCOKOTipHOTO OionoriyHoro cramioHapy «lloknkeBchKay
im. K. ManunoBcekoro [nctutyTy exonorii Kapmar HAH Ykpainu.

OHTOreHe3 BUBYAIM HA OCHOBI 0araTopidyHuMX CIIOCTEPEKEHb 32 PO3BUTKOM MiueHUX abo
3aKapTOBAHMUX OCOOMH PI3HUX BIKOBHX CTaHiB. Bik 0coOMH Bu3Hauanu Oe3nocepeaHiMu bararo-
PIYHAMH CIIOCTEPEKEHHAMH Ta BHACIIZOK CYKYITHOT TPUBAJIOCTI OKPEMHUX BIKOBHUX CTaHIB.

JKutreBicTh 0COOHH BH3HAYaIN 32 MOP(HOMETPUIHUMHU O3HAKAMH: BUCOTOIO OCOOHMH, [Tia-
METPOM iXHIX TOPU3OHTAIBHUX MIPOEKIIIH, KUTBKICTIO KBITOK a00 CYIBITh Ha OCOOMHI; a TAKOXK Y
OKpEeMHUX BHIB 3a IJIOMICIO JIUCTKOBOI MTOBEPXHI, HACIHHEBOIO NMPOAYKTHBHICTIO 1 MAaCOIO HACiH-
H$1, BETETaTHBHOIO PYXJIMBICTIO, PO3MiPOM PIYHHX MPHPOCTIB TOIIO.

[TonpoBi POOOTH MPOBEAEHO 3 MiHIMAJIBHUM BTPYYaHHSIM 1 MOPYIICHHSM HOMYIALINA Ta
reHo3iB [ 11]. s cTaTuCTHYHOT ZOCTOBIPHOCTI 4acTO 0OTIKOBYBaJIM ITapaMeTpH ycix abo Oimpmioi
YaCTUHHU 0COOMH MOMYJIALIH 3 OMISAY Ha IXHIO MaJly YHUCENBHICTD i, OKPIM TOTO, 3aCTOCOBYBAJIH
OUTBIIy TOBTOPHICTh 400 (i) TPUBAIICTH TOCIIIKEHb, HOPIBHIHO 3 BEITUKUMH ITOMYJISAIISIMH.
Byno MiHIMI30BaHO BUKOPHCTaHHA AaKTHBHHX EKCIIEPUMEHTIB, KOTpPi CIPHUYMHSIOTH 3MIHH H
MTOPYIICHHS Y MOMYJIALIAX 1 y CepeIoBHIIi IXHBOTO iCHyBaHHSA. [ 0JI0BHUM kepernoM iHpopmarii
OyB MOHITOPHHT Ha OCHOBi KapTyBaHHS i METOy Mid4eHHX OCOOWH i MAaCUBHHUNA €KCIIEPUMEHT —
KOHCTATAaIlisl 3MiH 1] BIVINBOM MPUPOJIHUX 1 aHTPOIIOTCHHUX YNHHHUKIB.

BHYTpilIHBO- Ta MDKIOMYJSILIHHY MIiHIMBICTh MOP(OMETPHYHHUX MapaMeTpiB OCOOHH
BHBYAJIHM [UIIXOM MPOMIpiB y KoxHIA nomymsinii 25-30 reHepaTuBHUX 0coOuH. OnpaIiioBaHHS
JAHUX TIOMYJAIIAHOI PI3HOMAHITHOCTI TMPOBOAWJIM HAa OCHOBI Jiama3oHy MiHJIUBOCTI
IHIUBIlya bHUX 3HaUYeHb MOP(GOMETPUYHUX ITOKA3HMKIB 1 HA OCHOBI 3HaueHb KOe]illi€HTIB
Bapiamii reHepanbHOI CyKynmHOCTi BHOIpKoBHX maHuX [17]. I[IpoBemeHo MOPIBHSUIBHUM aHAII3
€KCIIEPUMEHTAIbHUX BHUOIPOK, MIOOM BCTAHOBUTH JOCTOBIPHICTh PI3HHUII MiK HUMH 3a
a0CONFOTHUMH 3HAYSHHSIMH JTOCIIDKYBAaHUX MOKa3HUKIB. BukoprcTaHo ABOBHOIpHMIA t-TeCT i3
PI3HUMU UCIIEPCIsIMU Y TTAKeTi aHaji3y B onepartiiiHiii cucremi Exel.

[lig gac GaraTopiYHHMX IOCIHIIKEHb 3aCTOCOBAHO TAKOX IHIN METOAM MOIMYJISAMiHHOL
€KOJIOTii, CIpsAMOBaHI Ha BUBYCHHS MUQPEPCHIIMHUX Ta IHTErpajlbHUX O3HAK TOIYJAIiNA Ha
IHAMBITyaTbHOMY 1 TpyTIOBOMY piBHi [8].

Hassu pociun nonano 3a « CIIOBHUKOM yKPaTHChKUX HAYKOBUX 1 HAPOJHUX HA3B CYITUHHUX
pocmuay» 0. 1. Ko6isa [15].

OTpuMaHi JaHi onpaboBaHi METOAAMHM BapialliiHOl CTAaTUCTUKH 1 € JoCcTOBipHUMU [17].
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Po3BUTOK 0COOMH Y MOMYJIAIiSIX pi3HOI cTpaTerii

3aneHiCTh MK TEMIIAMH PO3BUTKY 1 )KUTTEBICTIO OCOOWH Y MOMYJIALISX BUIIB POCIHH
HEOOXITHO PO3IVISLIATH MEePeIyCiM 3 MO3UIIIN TXHIX KUTTEBUX (OPM, CTpaTeriid i crocobiB po3-
MHO)XeHHs1. [TapameTpu pocTy, pO3BUTKY Ta penpOoAyKIii 0COOMH 3a1eXaTh Bij )KUTTEBOI POPMH
BHIB 1 €KOJOTO-IICHOTHYHNX YMOB iCHYBaHHSI, ajie¢ 3HAYHOIO MipOIO BOHH € BHIOCIICIIU(IIHH-
Mmu [19]. Temnu pocTy i pO3BHUTKY, IIBHIKICTH JOCSATHEHHS PEIPOAYKTHUBHOI (ha3y B OHTOTEHE3,
IHTEHCHBHICTh T€HEPAaTUBHOIO i BETETaTHBHOTO PO3MHOXEHHS, — LI O3HAKH, SIKI KapJHUHAJIBHO
BIJIPI3HSIOTHCS y BUIB Pi3HOI CTparerii: KOHKYpEHTIB, CTPEC-TOJIEPaHTIB 1 pynepaiis [21, 24].

Crparerii y Mexax BUIYy B Pi3HUX IOIYJISLIHN, SIKi ICHYIOTh 32 BiJMIHHHX yMOB, HalpH-
KJIaJl, Ha Pi3HUX BUCOTHUX POCIMHHMX IOsiICax, MOXYTb 3MiHIoBarucs [24]. Tak, y cyOanbmiii-
CHKOMY II0sIC, 8 TAKOXK Y HIDKHIN YaCTHHI albIiACHKOTO TOsCY BUAOBI Rhododendron myrtifolium
IIpUTaMaHHA KOHKYPEHTHA cTpaTeris. TyT poIoIeHAPOHHUKY TOIIUPEHI HAa 3HAYHUX IUIONIAX 3
BEJIMKHM MPOEKTUBHUM TOKPHUTTAM 1 posutio R. myrtifolium sk mominanTa # emudikaropa. 3i
301IBIICHHSM BHCOTH HaJl pIBHEM MODs B aJIbIIICHKOMY T0sici cTparerist R. myrtifolium 3miHo-
€TBCSl 3 KOHKYPEHTHOI Ha CTpec-TOJIEPaHTHY. 3MEHIIYIOThCSI IIPOEKTUBHE MOKPHUTTS, IHTEHCHB-
HICTh T€HEPaTHBHOTO 1 BEreTaTUBHOIO PO3MHOMKEHHS M yCi TIOKa3HUKU XUTTEBOCTI. PiToneHo-
THUYHA MTO3UIS 3HIKYETHCS 0 aCEKTATOPHOI.

V iHmIoMy BMIIaJIKy, HaPUKIaA, y NOMYJSIii apkro-anbmiicekoro Buny Carex curvula
(r. Apabunu, 1850 M H. p. M.), 3a mecumizallii abiOTHYHUX YMOB iICHYBaHHS BHACIIJOK KiiMa-
TUYHHX 3MiH, Ha HIWKHIM BHCOTHIH MEXi MOIIMPEHHS BiI3HAYAa€Thcd HAOyBaHHS XapaKTEPHUX
O3HAK CTPEC-TOJIEPAHTHOI CTPATErii — MOBLIBHI TEMIM POCTY M PO3BHUTKY, Majla PEIPOLyKTHBHA
3[IATHICTh, 3HWKEHHS [IEHO30yTBOPIOIOUOT MO3MIIIT BiJ cyOenudikaTopa 0 aceKkraropa.

[potsrom aamisTHiIiTHEOTO Tepioay (1999-2019 pp.) cmocTepiraad MOCTYIIOBE
3MEHIIEHHS YUCENbHOCTI momymsdii — 3 896 o 269 ocobun. Haitbinpin HeraTuBHI 3MiHH
BimOynmcs 3a octanHi 10 pokiB. 3HaUHI 3MiHU PUTaMaHHI Y MOJIOMIN i TeHEPAaTHUBHIA YacTHHAX
BIKOBOTO CIIEKTpY. BiZIcOTOK BipriHIJIBHUX POCIHMH Y CTPYKTYpi MOMyIsLii 3MeHIMBCs 3 64 110
25 %. YacTka reHepaTUBHUX OCOOMH Yy IICHOIOMYJIALIT 3MeHIacs 3 16 1o 3 %. Yci moka3Huku
KUTTEBOCTI (BHCOTA TaroHiB, TOPHM3OHTAJbHA IPOEKIIS, KIIBKICTh TCHEPATHBHHUX IIarOHIB,
YpOXalHICTh HACIHHS) TEHEPAaTUBHUX POCIIMH 3MEHIIIUINCE Y BCiX JIOKycax. SIKIO Ha MOYaTKy
CIOCTEPEKEHb BUCOTa T'€HEPATHBHUX OCOOMH cArajia B CEpeAHbOMY 36 CM, TO B OCTaHHI POKH
BoHa craHoBmia juiie 15-20 cm. KinbkicTh reHepaTMBHHUX MaroHiB Ha TeHEPaTUBHIN 0COOMHI
cepenHporo BiKy y mepiox 0 2015 p. 3menmmmacs 3 8 10 2—-3. 3 2016 p. reHepaTUBHUX POCIHH
CepeIHbOTO BiKy B MOMYJAIil HeMae. Moozl Ta cTapi reHepaTUBHI OCOOMHH 3a OCTaHHI POKH
chopMyBaiH He OijblIe OHOTO TeHEPATHBHOTO MaroHa.

Boxnouac anst momynsinii boro BUAY B IEHTpaNbHIM YacTuHi YopHOTOpH Ha OLIBIINX
BHCOTaX, 32 €KOJIOTO-IICHOTUYHOTO ONTHMYMY, A€ BH]I 3aiiMace TO3HUIIii TOMiHAHTa i equdikaropa,
oMy IIpuTaMaHHI 03HAKH KOHKYPEHTHOI CTpAaTeTii Ta BHUIA XUTTEBICTH [ 13].

3aranoM y pi3HUX BHIIB y MeXax OJHOI IICHOMOMYIIALI] B Pi3HUX BHYTPIITHBOIOMYJISIIIH-
HUX CKJIaJOBUX CTPATErist Ta )KUTTEBICTh OCOOMH MOXKE 3MIHIOBaTUCS, OHAK HE KapAWHAJIbHO.
[IpuramananM € HaOyBaHHS BTOPHHHUX CTpPATETiH, MEPEXiIHUX BIACTHBOCTEH ab0 MO€THAHHS
03HAaK CYMDKHHX THITIB CTpaTeriii, 30kpeMa, K-S i S-R.

KutTeBicTh 0COOMH HA PI3HUX eTamax ;KUTTEBOT0 LUKJIY
Temmn OHTOTEHE3Y 1 JKHUTTEBICTH OCOOMH MAaIOTh CBOI B3a€MOIIOB’A3aHI 0COONIMBOCTI Ha
PI3HUX eTalax JKUTTEBOTO LUKIY. YacoM iX MOXKHa JeTanizyBaTH Ul KOXXHOI'O BIKOBOT'O CTaHy.
Le Halikpare mpoCTeXYETbCA Y 0COOMH HACIHHEBOTO ITOXOIKESHHSI.
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Y 0co0OMH 3 BUCOKOIO, CEPETHBOIO 1 HU3BKOIO JKUTTEBICTIO MOTPEOH 10 €KOJIOTTYHUX YMOB
HEOHAKOBI Ta 3MIHIOIOTELCS B IXHEOMY OHTOTeHe31. [I0TeHIIIT )KUTTEBOCTI OCOOMHH 3aKIaIAI0ThCS
3HAYHOIO MIpOI0 Bke y HacinuHi [3, 28]. [lepeBaroro BeJIMKOTo HACIHHS € HOTO Kpallle BH)KHBAHHS
3a HecpuATIUBUX YMOB [30]. BogHOYAac BCTaHOBIIGHO 3/]aTHICTh HACIHHS HU3BKOT )KUTTEBOCTI J10
TPHUBAJIOTO 30€peKeHHS ioro cxoxocTi [3]. OmHak 0COOIMBOCTI peaizallii pereHepariitHux Himr
BUIaMH PI3HOT pENPOIyKTUBHOT cTpaTerii, 30kpeMa, y BUCOKOTIpHHUX (iTOIeH03ax, MOTpeOyIoTh
Pi3HOGAKTOPHOTO aHaTI3Y Ta MOAAIBIINX JOCTIHKEHb [33].

PenponykTuBHHI TOTEHIIIaN 3aleXUTh BiJ Oiomacu ocobuH [5, 28]. Uum Oinpiia ixHs
¢itomaca, TUM OiTbIIIe eHEPrii MOXe OyTH CIPSIMOBAaHO Ha ()OPMYBaHHS PEIPOAYKTHBHUX Opra-
HiB. OJHaK TakKa 3aJIeKHICTh € YiTKOIO Y MePioj Bifl MOYaTKy r'eHepaTHBHOI a3y B OHTOTEHE3I 110
JOCSTHEHHST OCOOMHAMH MKy TXHBOT JKUTTEBOCTI 32 03HAKAMH IHTEHCUBHOCTI POCTY 1 PO3BHTKY.
HaiiBuiie penpoayKTHBHE 3yCHIUIS IPUTAMaHHE TeHEPaTHBHUM CEPEHBOBIKOBUM OCOOMHAM. 3
BIKOM y CTaHi CTapoi PenpoAyKTHBHOI OCOOMHM HaBITh 32 BEIHKOI (iTOMAacH penpoayKTHBHE
3yCHIIISI BMEHITY€EThCsI. TaKUM YMHOM, BOHO BIJIPi3HSETHCS 3aJIe)KHO HE JIHIe Big (iTomMacH, aje
i BiJ BiKy OCOOMH, III0 XapaKTepHE MepeayciM JUis BUJIB MOHOLEHTPHYHUX 1 HESIBHOIIOJIIICH-
TPUYHUX 0IOMOP(d, y SIKUX MPEBANIOE TeHEpAaTUBHE PO3MHOXEHHS (Ranunculus thora, Primula
halleri, Leontopodium alpinum, Oreochloa disticha, Festuca carpatica, Heracleum carpaticum,
Pedicularis hacquetii, Poa deylii).

J1ns BereTaTMBHO aKTUBHUX BHIIB BUCOKOTIp 51 Kapmar pi3Hux TumiB 6iomop¢ Bererarus-
HE PO3MHOXKCHHSI YHACIIIOK Je3iHTerpalii HijicHOi 0COOMHM Ha OKpeMi MapTHKY/IW HalOLIbII
XapakTepHe y CepeHbOBIKOBOMY ab0 CTapoMy reHepaTHBHOMY cTaHi. Taka 0coONMBICTH po3-
MHOYKEHHS BJIACTHBA JOBI0-, KOPOTKOKOPSHEBHIITHUM 1 TOB3yduM TpasaMm (Leontopodium alpi-
num, Doronicum clusii, Ptarmica tenuifolia, Saussurea alpina, Senecio carpaticus, Cerastium
cerastoides), a TakoX CIIaHKUM darapuuukam (Rhododendron myrtifolium, Loiseleuria procum-
bens, Bunu pony Salix). HallOinpI )KUTTE31aTHE BEreTaTHBHE MOTOMCTBO (POPMYETHCS i Yac
MapTHKYJIALIT CepeTHbOBIKOBIX T€HEPATHBHUX OCOOMH. Y 1IbOMY BHIIAJIKY CIIOCTEpIraeMo Haid-
BUIIIHUII CTYMIHb OMOJIOJKEHHS TIOTOMCTBA i, OKPIM L[bOTO, HAWBHIIY BapiaOeIbHICTh IUISXIB OH-
TOTE€HE3y MapTUKYII.

[Tix yac mapTUKyNAIIT FeHEpaTUBHUX CEPETHBOBIKOBUX OCOOWH, 1[0 TPH3BOIUTH JI0 Be-
TeTaTUBHOTO PO3MHOXKEHHS, )KUTTEBICTh MATEPUHCHKUX OCOOMH € BU3HAYAIBHOO MIOJ0 TOAITb-
LIOTO BiKOBOTO cTany naptukyin [19]. [TapTukynu ocoOMH BUCOKOT )KUTTEBOCTI MOXYTh OMOJIO-
JDKYBATHCS 10 PEreHepaTHBHOTO CTaHy — MEPEeBAXKHO JI0 iMarypHOTo abo BipriHiabHOTO. [HII
HaOyBarOTh O3HAaK MOJIOAMX TI'eHEpaTUBHHUX a0b0 30epirarTh CEpeAHHOBIKOBUI TeHEpPATHBHUIM
craH. [lapTuKyn 0COOMH HU3BKOI )KUTTEBOCTI MalOTh MEHIITY 3[aTHICTh JI0 oMoJiomKkeHHs. Dop-
MYETBCSl MEHIIMH BiZICOTOK IMaTypHHX 1 BIPriHUIBHUX MApTUKYIM, a OUIBIIICTh NAPTUKYI PO3BHU-
BAIOTHCS K CTapi reHepaTuBHi a00 CyOCEHUTbHI i CeHITBHI.

Temnu oHTOreHe3y i JKHTTEBICTH 0COOUH 3a CHPUATINBHUX i HECHPUSITIUBUX YMOB

3araom 3a CIPUATIIMBUX YMOB TEMITH OHTOI€He3y 0COOMH BHCOKI, III0 3yMOBJIIO€ IIBUIKE
MIPOXO/KEHHS, 30Kpema, npepenpoayktuBHUX (a3 [13]. OpHak NpUCKOpEeHMH mepexia no
penponyKiii MoXe 3yMOBJIIOBATH J[BA THIIOBUX BapiaHTH MTOAAJIBLIOTO KUTTEBOTO LIUKITY TaKHX
0coOuH. BOHU iCTOTHO BiAPI3HSIOTHCS i 3yMOBIIEHI TIEPEIYCIM )KUTTEBICTIO OCOOHH.

B onHOoMy BHIa/IKy — 1110 ITpUTaMaHHE 0COOMHAM BHCOKOI JKUTTEBOCTI — PEIPOIyKTUBHA
(ha3za € TPUBAJIOIO 1 CTAHOBUTH MaKCUMaJIbHY YaCTHHY TXHBOTO KUTTEBOTO LUKy [14]. B iHmOMy
BHIIAJIKY, SIKIIO B OCOOMH MOPIBHSIHO HHU3bKOI )KHUTTEBOCTI HacTae (ha3a PempoayKilii, TO BOHA
MIPU3BOAMTH 10 IXHBOTO BUCHA)KEHHS i MOJaIbIIIOr0 CKOPOUSHHS TPUBAJIOCT] JKUTTEBOTO LIUKITY
B FeHEpaTUBHIMH 1 mocTreHeparuBHii ¢azax. Takuil HUIIX PO3BUTKY NMpUTAMaHHUN OCOOWMHAM i3
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MAJIOK0 KIJIbKICTIO HAIPOMAa/PKEHUX HMOXXUBHHUX PEUOBHH Yy 3allacalodux opraHax. ¥ 1bOMY BH-
MaJIKy MOXK€ 3MIHIOBATUCS TUII XXUTTEBOTO LMKITY. Harnpukian, MOHOKapIiYHUI XKUTTEBUHN LUK
3 BIIMUPAHHAM OCOOWH TIiCJIS TIEPIIOTO BITIHHS 1 IOAOHOIIEHHS BiA3HaYaeThest B Heracleum
carpaticum (y nomyisuii Ha T. [lImumi). BonHouac B iHIMX MOMYJALISX [bOMY BUIY BIACTHBUI
YKUTTEBUH UKJI TIOJIKAPIIYHOTO OaraTopiyHmKa.

[Ipuckopenuii mepexim n0 reHeparuBHOI (asu 3 momanbiuM (GopMyBaHHSIM 1 30epe-
JKEHHSIM BHCOKOT JKUTTEBOCTI MPOTATOM TPUBAJIOTO Tepiony OibIl MPUTAMAHHUNA €BPUTOITHUM
BHJIaM pyIepalibHOT a00 KOHKYpPEHTHOI CTparerii, HiX PiIKICHUM CTpec-TojJepaHTaM. 3a YMOB
OTOJICHHS TPYHTY, HAIIPHUKJIA[, MICIsl JIOKATLHUX 3CYBIB, Y BUCOKOTIpHUX YTPYHNOBAHHSX Pi3KO
aKTUBYETHCS PEMPOMYKITis Ta 301IbIIYEThCS KUTTEBICTH OCOOMH, 30KpeMa, HaCIHHEBA TPOIYK-
tuBHicTh Calamagrostis villosa (Chaix) J. F. Gmelin, Hypochoeris uniflora Vill., Gnaphalium
norvegicum Gunn., Cirsium waldsteinii Rouy, Phyteuma vagneri Ta iH. [13]. AHOMansHO TIpH-
CKOpEHHH TepexiJ] 10 TeHepyBaHHs, IPOCTUMY/IbOBAHUI OTOJICHHSM IPYHTY 1 MMOSIBOIO BIIBHOI
HIIII 7151 PO3BUTKY HACIHHEBOTO MOTOMCTBA, MOXKE ITPU3BOAUTH 0 (GOPMYyBaHHS HEIIOBHOLIIHHUX
CYIBITh 1 HEOKHATTE3AATHOTO HACiHHSA (Leontopodium alpinum, r. [Iparoopar). Y 1HIKX PiIKiCHUX
BUIIB (Ranunculus thora, Saussurea alpina) XapakTepHOIO 03HAKOIO MPUCKOPEHOTO PO3BHUTKY 1
MIepPeXoy 10 PENPOITYKTUBHOTO CTaHy € iXHs TUMYacoBicTh [7, 13]. [lepeBakHO BXKE HACTYITHOTO
POKY BinOyBa€eThCs peBepcisi, MPUITUHEHHS PEMPOAYKIIii Ta MOBEPHEHHS 710 MOTIEPEAHbOT0 ab0 i
HUYKYOTO PiBHS KUTTEBOCTI.

ITomipHO CTIpUATINBI yMOBHU 3a0€3ME€4YIOTh BUCOKY TPHUBAIICTh SIK OKPEMHUX BIKOBHUX €Ta-
IiB, TaK i MOBHOTO OHTOTeHe3y 3arasoM. OmHaK IS KOXKHOTO €Tally OHTOTeHe3y YMHHHKH, SKi
3YMOBITIOIOTh KUTTEBICTh 0COOWHH, — Pi3Hi. TOOTO YMOBH, HEOOXi/THI /ISl iCHYBaHHS Ta IIEBHOTO
PiBHS pOCTY ¥ pO3BHTKY OCOOMHHU (TTOTEHIIIHI €KOJIOTIYH1 Hillll) MOCTIHO 3MIHIOIOTHCS i1 4ac
1 OHTOreHEeTHYHOro po3BUTKY. Haii0Olip BiqMiHHI BOHE MK ()a3010 MiAPOCTy i CepeaHbOBIKO-
BHMH T'eHEpaTUBHUMH ocobuHamu [13].

Po3BUTOK 0COOMH 32 BEreTaTHBHOIO i FeHEPATUBHOIO PO3MHOKEHHSI

OcoOVHM HACIHHEBOTO Ta BEI€TAaTUBHOIO MOXOYKEHHS ICTOTHO BiJIPI3HSIOTHCS 32 Pi3HO-
MaHITHUMH TlapaMeTpamy POCTy i PO3BUTKY. Bimomo, 110 TeHeTH MaloTh BHII NOKa3HUKU 32
TaKMMH O3HAKaMH JKUTTEBOCTI, SIK: PO3MIp OCOOMH, KUJIbKICTh BEr€TaTUBHUX 1 TeHEPAaTUBHUX I1a-
TOHIB, IHTEHCUBHICTh PO3BUTKY IiA3eMHUX opraHiB [18]. IcTOTHO BiApi3HAIOTHCS KUTTEBICTS 1
TPHBAIICTb SIK IOBHOTO OHTOTE€HE3Y, TaK 1 OKPEMHX BIKOBHX (a3 y BUIIB, 110 PO3MHOXYIOThHCS Ha-
CIHHSIM BiJl BET€TaTUBHO akTHBHUX BUIIB [13]. Oxpim TOro, /U BUIB 13 BEr€TaTUBHUM PO3MHO-
JKEHHSIM JKUTTEBICTD 1 TPUBAIICTD KHUTTS BIAPI3HAIOTHCS Y MOP(OJIOTiYHO ITICHUX OCOOHMH Ta
MapTUKYIL. Y BEreTaTHBHO PYXJHMBUX BUAIB Ha MEPLIIH CTAIl )KUTTEBOTO LUKITY iXHS IUTICHICTD
30epiracThCst IEPEeBaXKHO JI0 JOCSITHEHHSI HUMHU CEPEIHbOBIKOBOTO ab0 CTaporo reHepaTuBHOIO
crany. [xniit a6comoTHuiA i BiTHOCHMIA Bik 36iraroThes. Bik Takux 0COOHMH 3HAUHMIA i IepeBaKHO
Habararo OUIBIINIA, HIK BIJTHOCHUH BIK MAapTUKYJI, SIKI PO3BHBAIOTHCS MICHISI BET€TaTHBHOIO PO3-
MHOXeHHS. Y Rhododendron myrtifolium, Hanpukian, Bik 0COOMH HACIHHEBOTO TOXOKCHHS Y
craui g,-g, carae 6inbmie 100 (120-150) pokis. Boanoyac y mapTukyn g -g. BiiHOCHMH Bik Ha-
niaye 10 40 (50) pokis (Tadm. 1).

VY R. myrtifolium Bin3Ha4eHO BUCOKY YKUTTEBICTh BETETaTHBHOTO NMOTOMCTBA. BiMiHHOC-
Tel JKATTEBOCTI OCOOUH 3a 03HAKAMH POCTY, PO3BUTKY 1 PEIPOMYKIIii, 3aJICKHO BiJ] IXHBOTO 0i0-
JIOT1YHOTO BiKY, HE BUSIBIIEHO. BUCOKMIT CTYIIiHb OMOJIO/PKEHHS BEreTaTUBHOTO OTOMCTBA 3a0e3-
nevyye i 0COOMH IOBHOLIHHE (DYHKI[IOHYBaHHS MPOTSATOM 0ararbox JECSATKIB POKIB.

[cTOTHO 3MIHIOIOTHCS] TEMITU PO3BHUTKY Ta XXUTTEBICTH OCOOMH 1 MOMYIISLIA yHACTIIOK Jii
PI3HUX aHTPOIOTeHHUX YMHHHKIB. R. myrtifolium ocoOnuBo Bpa3nuBHH 10 BUTONTYBAaHHS, 32
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BILIMBY SIKOTO BCI MIOKA3HUKH YKUTTEBOCTI OCOOMH ICTOTHO MEHIII, a MPOIEC BiAHOBJICHHS TPH-
Banuii (Tadm. 1).

Taomuus 1

O3HaKH JXKUATTEBOCTI OCOOMH y cyononymsnisx Rhododendron myrtifolium 3a pi3HUX yMOB ic-
nyBaHHs (T. bpeckyn-IToxmkeBcbka, 1600-1700 M H. p. M., ITH.)

O3HaKH KHTTEBOCTI OCOOMH g3
i 7 YucenpHICTh . .
‘YMoBH ocenuina Bixosuit CHeK_Tp L . Bucora | Ilpupict | Bik .
.. | cyonomymsauii, |IlinbHiCTB,| Marouis Ha JKurreBicTh
CyOmomyJIsii ) (moBxuHa) | 0cOOMH |0COOHH,
% oc./M 0co0OuHY, . ocobun
0CcOo0OHH, CM |Ha PiK, CM| POKH
rar./oc.
Pict rener 6€3 BEreTaTMBHOIO PO3MHOMKEHHS, 0€3 aHTPOIIOTEHHOI0 BILIUBY
Ha cxenbpHMX 3j, 5im, 20v,
BCHOHCHHSX 10g,, 10g,, 0,2 146,0 173,0 0,8 120 Bucoxka
a 15g., 30ss, 5s
Pict pamer 6€3 BEreTaTUBHOIO pO3MHOKEHHS, 6€3 aHTPOIIOI€HHOTO BILIMBY
Hap ckenpaumu  20v, 30g, S5g.,
21 S T 11,4 29,5 1.2 65  Bucoxa
B1JICJIOHEHHSIMH 35g., 10ss
Pict paMer 3 BereTaTHBHUM PO3MHOXKEHHAM, 0€3 aHTPOIIOI'€HHOTO BILIMBY
Ha marno- 15im, 45v,
KaM’SIHUCTOMY 15g,, 10g,, 7,6 5,6 28,0 23 40 Bucoka
IPYHTIL 10g., 5ss
PicT pamer 3 BereTaTHBHUM PO3MHOKEHHSM, 33 JIEMYTAIlii iCJIsI BUTONTYBAaHHS
Ha maino- 10im, 30v,
kam’saucromy  20g, 5g., 15g,, 1,2 7.4 23,5 1,6 45 Cepenns
IPYHTI 15ss, S5ss
PicT paMeT 3 BEreTaTUBHUM PO3MHOYKEHHSIM, 33 BIUIMBY BHTOINTYBAHHS
Ha maro-
) 10v, 5g,, 5g,,
KaM’SIHUCTOMY 0,1 33 7,5 0,7 30 Husbka
. 70ss, 10s
IPYHTI

Y COCHU TipChKOi 3a POCTY cepell CKellb, KOJIM MOJIATAHHS 1 BKOPIHEHHS 0COOWH HEMOX-
JIMBE, TPUBATICTh IXHBOTO KHUTTS MOXKe csiraTh Takoxk Oinbiie 100 pokiB. Y OKpeMHX BHITaIKax
(r. Benuknit Kozen, 1850 m H. p. M.) 3a BucoTu 3,8 M niametp ctoBOypa csrae 30 cm, ToOTO BTpHUi
OiyblIle, HiJK y BET€TaTUBHO aKTUBHUX 0COOMH. TeMIH poCTy 1 pO3BUTKY TaKHMX OCOOWH y CTaHi
g,-g, CIOBIIbHEHI, OJIHAK JKHTTEBICTh 30€piracThcsi Ha BUCOKOMY PiBHI 3aBISKM BENHUKiH hiToma-
ci, sIka MOXKe y KiJIbKa pa3iB MEPEeBUIIYBATH MacCy BET€TaTUBHO PYXJIMBHUX OCOOMH.

AHaNOTIYHY 3aJISKHICTh )KUTTEBOCTI I TEMITiB pO3BUTKY BiJl BiKy BiJl3HaueHO y Vaccinium
myrtillus. YHacIiIoK pocTy cepe KaMeHiB 1 OpaKy MOYKJIMBOCTEH JJI1 BETETATUBHOT aKTUBHOCTI
ocobunu V. myrtillus nocsratoth Biky 0au3bko 30 poKiB, TOMI SIK BiK BEr€TaTUBHO PYXJIWBUX
ocobuH craHoBUTh 9—10 pokiB. MeTrpuuni mapaMeTpu (TOBIIMHA HAA3€MHHX 1 MMiJ3€MHUX
naroHis, ¢itomaca) y 1,5-2 pas3u Ouiblii MOPIBHSHO 3 BETETATUBHO PYXJIMBUMH OCOOMHAMHU.

TakuM 4YHMHOM, y BEreTaTMBHO AaKTHUBHHUX BH/IB 3a PO3BUTKY 0O€3 BEreTaTMBHOTO
PO3MHOEHHS )KUTTEBICT OCOOMH 1 IXHIH BiTHOCHUII BiK 1CTOTHO 301TBITYIOTHCS.

EdexT aBTOHOMHOI0 PO3BUTKY NaroHiB
BereraruBHO akTUBHMM BHJIaM NPUTaMaHHUN €(pEKT aBTOHOMHOTO PO3BUTKY ITaroHiB i
napuiajel (mapuiagbHUX KYIIB), Y PE3yJbTaTi SKOTO 3HAYHOK MIpOI0 3MIHIOETHCS 200 HaBiTh
HIBEJIIOETHCS BUXiJIHA )KUTTEBICTh MATEPUHCHKUX OCOOMH HACIHHEBOTO MOXO/KEHHsI. Biaraxk, ic-
TOTHO 3MIHIOETHCS KUTTEBICTh MAPTUKYJ. ABTOHOMHHUI PO3BUTOK Mapiianeil XapakTepHuil ajist
BU/IiB NOMNILEHTPUYHUX THIIB OGiomopd. Lle HalTHIIOBIIIE AJISI CIAHKKX 1 HINMAJIEPHUX YarapHUY-
KiB, a TAKOX JJIsl TOB3YYHX 1 JIOBTOKOPEHEBUIIIHUX TpaB. OKpeMi napiiai 3aBIsKd JOCUTh aBTO-
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HOMHIM KOpEHEBil cHCTeMi, a TaKOXX MPOCTOPOBIM BiIMEXOBAHOCTI, MOXKYTh BIAPI3HATHCS 3a
CTPYKTYpPHHMH BIKOBUMH Ta BITAIITETHUMHU O3HAKAMH BiJ IHIMUX Mapmianei y Mexax mMopdo-
soriunol ocobunu. Y Rhododendron myrtifolium BUsABIEHO BUCOKUI CTYIiHb aBTOHOMHOCTI HE
JIMIIIE BKOPIHEHUX Mapiiiaiei, aje # HEBKOPIHEHUX HAA3eMHHX maroHiB. EdexT aBToHOMHOCTI
narouiB y R. myrtifolium nonsarae y GopmyBaHHI B MeXKaX OJHOI OCOOMHHU HAI3EMHHX HEBKO-
piHEHUX OaraTopiYHHMX TaroHiB, KOTPi 3a PI3HUX MIKPOYMOB BiJPI3HSIIOTHCS O3HaKamMu MOpdo-
reHe3y IijJ 9ac OHTOTeHEe3y OCOOWHHW HACTIJIBKHA BaroMo, IO CTPYKTYPHO 1 (DYHKI[IOHATBHO €
JIOCTaTHHO aBTOHOMHHUMH, a iXHill pO3BHTOK CTa€ MOMIOHUM JI0 pO3BHTKY mapiianeii. Haiixpare
MIPOCTEKYETHCA IXHS AaBTOHOMHICTh Y CEpPEIHBOBIKOBHUX 1 CTapuWX TE€HEPATHBHUX OCOOWH.
Ce3oHHMIA 1 OararopidHHUil PO3BUTOK IMArOHIB y MeXax 0COOMHU y R. myrtifolium OLIBIIO
MipOIO 3aJIEKUTh BiJl MIKpPOYMOB ii OCeNuIa, HiX Bij BikoBoro crany [13].

Edexr inepuii :kuTTEBOCTI 0COOMH i MOMyIsALiii

IcHy€e TIPOJIOHTOBaHUH BILIMB BUXIMHOI a00 MOIMEPEAHBOT KHUTTEBOCTI OCOOMHM Ha Ti KO-
POTKOTEPMIHOBY TiepcriekTuBy. Lle, Tak O MOBHUTH, 1HEPIIis KHUTTEBOCTI. OIHAK 3aJCKHICTh MIXK
3MIHOIO YMOB CEPEJIOBHILA 1 KUTTEBICTIO € CKJIAHOIO, a He MPOMNOpLiiHOW0. OCOONHH MOPIBHIHO
LIBHJIIIE MOXKYTh 3a3HaBaTH 3MEHIICHHS )KUTTEBOCTI 32 YMOBU HACTaHHS HECTIPUATIMBUX YMOB,
OJJHAK 30UIbIIEHHS )KUTTEBOCTI y pa3i MOKpallaHHs yMOB iCHYBaHHS BilOyBa€ThCs MOPIBHIHO
NoBiIbHO. Lle 3yMOBIIeHe HEOOXIHICTIO aKyMYJISIIIT MOKMBHUX PEYOBUH y HA/I3EMHHX 1 Mi3eM-
HUX opraHax [5].

Edexr inepuii »xuTTe€BOCTI 0COOMH 1 MOMYJISLINA 3yMOBJIIOE IMOCTYIOBY 3MiHY JKHTTEBOC-
Ti 32 3MiHM YMOB TXHBOTO iCHyBaHHA. [[ys1 OaraTopiuHUX BHIIB 32 yMOB IPUPOJHOT JHHAMIKH
yrpynoBaHb 1 OCEIHII 3MiHa JKUTTEBOCTI OCOOMH BiJIOYBAEThCS Y NEPEBaXKHIH OLIBIIOCTI MiX Cy-
cigHimu 11 piBHaMu. Hanpuknan, 3a necumizaiiii yMOB iCHYBaHHSI OCOOMHH BUCOKOT )KUTTEBOCTI
HaOyBaroOTh CIIOYATKy CEPeIHbOI, a 3r0IOM MOXKYTh EPEHTH B paHT HU3bKOI )KHUTTEBOCTI. Jluie
Pi3Ki €K30TeHH1 BIUIMBH, SIKi IPU3BOMSATH, HAIIPHKJIIA, 0 YIIKOKESHHS 0COOMH, MOXKYTb CIIPUYH-
HSTH PaNTOBE 3HWXEHHsI IXHBOI )KUTTEBOCTI a00 Bigmupanus [12, 14].

HaiiroBisibHinre BigOyBaroThCs MPOLECH MEPEXOAY OCOOMHU HU3BKOT )KUTTEBOCTI B PaHT
BUCOKOI. Y pa3i MOCTIHHUX CHPUSTIMBUX 3MiH CEPEIOBHIIA ICHYBaHHS OCOOMHU HU3BKOT KHT-
TEBOCTI HAOyBaIOTh CHIOYATKY CEPEIHBOTO PiBHS U JIMIIE MICIs [[LOI'O MOXYTh JIOCATTH BUCOKOTO
piBHs xkuTTEBOCTI. Takuii npouec € 6araropiyHUM. 115l iCTOTHOTO 30UTBILIEHHS )KUTTEBOCTI Ma€e
BifOyTHCs octynose ii HarpomapreHHs. KopoTkoTpuBanuii crpuOKonoiOHuii nepexij i3 Hu3b-
KOTO Ha BUCOKHU PiBEHb KUTTEBOCTI BiJI3HAUSHO JIMIIE B MOIYJIALISX OKPEMUX BHIIIB YHACIIJOK
pArToBOi MOSIBU MOPSJ 3 0COOMHAMHM BUIBHOT BiJi KOHKYpPEHIIi Hillli, COPUSTINBOI JUIsi pO3MHO-
xeHHst. [IprukianaMu Moy Tk OyTH CTPIMKI aKTHBaIil OHTOT€HETHYHOTO PO3BUTKY 1 PEIPOTYKIIii
B MOMYJIALIAX M1 Yac MOPYILEHb IPYHTY 1 MOSBU YMOB JUIsl PO3LIMPEHHS PEITPOIYKTHBHOT Hillli
[13].

CraluIBHICTB )KUTTEBOCTI XapaKTepHa 32 yMOB CTaOUIBHOCTI (DITOLEHOTHYHOI cHUTYyallii B
yrpyIHOBaHHI 3arajoM. Y pasi iCTOTHOI 3MiHM MO3UIIH equdiKaTopiB i cyOemudpikaTropiB KUTTE-
BICTh OCOOMH 1 MOMYJISALIA aCEeKTaTOPiB 3MIHIOETHCS NMPUIIBHUAIIECHO. HaliOlnbIumii BIJIMB cripu-
YHHSIOTh 3MIHH [[CHO30yTBOPIOIOYHX MMO3MIINA MK BUIaMHU BiIMIHHHX XUTTEBUX (OPM i cTpare-
riii [9]. Hanpukiiaz, niiBUILEHHS MO3UIIH YarapHHUKIB JTy>Ke IPUCKOPIOE TTOHMKEHHSI )KUTTEBOCTI
YarapHU4KiB i 0COOIMBO TpaB. AHAJOTIYHO, MiJBUIICHHS LEHO30yTBOPIOIOYNX TO3UILIN OLIbLI
BHCOKOPOCIIMX KOHKYPEHTHHX BHIIB YarapHUYKiB 1 TpaB CIIPUYMHSE 3HHKECHHS JKUTTEBOCTI
HU3BKOPOCIMX MAaJOKOHKYPEHTHHX Teilio]iTiB, 10 KX HAJICKUTH OUTBIIICTD PIIKICHUX BUJIIB.

XKutreBicTh 0COOMH 1 MOMyYIIALiH 3yMOBIIIOE IEBHUI BIUIMB Ha TEMITH i PUTMIKY TXHBOTO
CE30HHOT'0 PO3BUTKY [6]. 3a BHIIOT )KUTTEBOCTI OCOOMH TXHil PO3BUTOK IIBUALIHMA, 1110 TPOSIBIIS-
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€ThCsl Y TIOPIBHSHO paHinioMy moyarky hexnodas. [Toka3oBoI0 € pi3HHUIIT y TEPMiHAX 1 TPUBAIOCTI
(ha3u UBITIHHSA Ta TUIOJOHOIICHHS. Y THX 1IEHO3aX, Jie eAn(ikaTropHe 3HAYCHHS OMYJISLIT O1Tb-
1IIe, CITOCTEPIraeThCs MPUCKOPEHE MPOXODKEHHsI (ha3 0 HBITIHHS | TPHUBAIIIINN [TEPiO/T IIBITIHHS.
Lle yiTKO MPOCTEXYETHCS MiJl Yac MOPIBHIHHS CHPSHKEHOTO CE30HHOTO PO3BUTKY map BuiB. Ha-
MIPUKIIA, TIOPiBHIOWYH heHOpUTMH Vaccinium myrtillus 1 Vaccinium uliginosum, cioctepiraeMo
BHIIEPEIKYIOUHiA po3BUTOK V. myrtillus (y cepennboMy Ha 7—8 mHiB). OHAK y JIOXHHHHUKY, 1€ I1e-
HOMOMYASAIS V. myrtillus Tako BUCOKOT IIITFHOCTI M dKUTTEBOCTI, BUMEPEHKEHHS B TEMIIaX PO3-
BUTKY criocTepiraerbes y V. uliginosum. TpuBanicTh IBITIHHS MO3UTUBHO MOB’s13aHA HE CTIIBKY 3
YHCEIbHICTIO TEHEPATUBHUX OCOOMH 1 IMAaroHiB, CKIJIBKH 3 3arajibHOI0 YHCEIBHICTIO 1 IUIBHICTIO,
110 3yMOBJICHE, OYEBUIHO, CEPEIOBUILIETBIPHUM BIUIBOM BH]TY.

Otxe, BIAMOBITHO 10 )KUTTEBHX GOPM 1 CTOCOOY PO3MHOKEHHSI, MOMYJISIISIM JI0CJTiJKe-
HUX BUJIIB IPUTAMaHHa HU3Ka O0COOINBOCTEH OHTOTEHE3Y 0COOMH, 30KpeMa, Horo 3arajibHOT TpH-
BaJIOCTI, BapiaOeNbHOCTI IUIAXIB TOBHOTO JKUTTEBOTO IMKJIY Ta KOPOTKOTO OHTOTEHE3y Tapiiia-
neii 1 maptukya. OKpiM 1IbOTO, SIK y MeXax MOMIOHUX XKHUTTEBUX (opM, Tak i BUIOCHENU(IUHO,
€ TIeBHI 3aKOHOMIPHOCTI 100 B3a€MO3AJICKHOCTI TEMITIB PO3BUTKY i JKUTTEBOCTI 0coOuH. Ha
BHYTPILIHBO- 1 MDKITOMYJISAIITHOMY piBHI 11l BIACTUBOCTI BU3HAYAIOTHCSl YMOBaMHU CEPEIOBHIIA
iXHBOTO ICHYBaHHS Ta BapilOIOTh y MIMPOKOMY Jiara3oHi.

3araJibHi 0c00/1MBOCTI OHTOTeHEe3y i KUTTEBOCTI 0COOMH 32JIe2KHO BiJl YMOB 0OCeJIMII

Ha mpukianl KimbKOX JECSITKIB 130JbOBAHUX TOMYJSILIN 1 LEHOMOMYJISILIN y3aranbHe-
HO OCOOJIMBOCTI OHTOTEHE3Y i JKMUTTEBOCTI OCOOMH Y MOJAENBHHUX DPIJKICHUX BHAIB TPaB’sHUX
OaraTopiuHUKIB BHCOKOTIp’st YkpaiHchkux Kapmar 3anexHo Bijg ymoB ocenuin (tabm. 2). 3a
CHPUSITIMBUX (ONTHMAIBHUX) YMOB icHyBaHHs [10] criocrepiraeMo mociiioBHUI OHTOTEHE3 i3
MIPOXO/PKEHHSIM 0COOMHAMH YCiX BIKOBHX CTaHIB. [IpUKMeETHO, 1110 TeMI PO3BUTKY Iix yac ¢as3
HiIPOCTY — IIBUJKKHN, @ PENPOAYKTHBHUH CTaH MaKCUMAaJIbHO TPUBAIHU. Y PENpOIyKTHBHOMY
nepiozi HAUTPUBAIIIIMM € CEPeIHbOBIKOBHIA a00 CTapHii penponyKTUBHUHN eTarl. 3a CIpHUSITIU-
BUX YMOB OCOOMHHM CEpPEIHHOBIKOBOTO F€HEPATUBHOIO CTaHY JOCSTal0Th HAWBHUIOI )KUTTEBOCTI.
BinTak, Taki «eliTHI» OCOOMHH € 1HIUKAaTOpaMy ONTHUMAJIbHUX YMOB HE JIUIIC Y BHYTPILIHbO-,
aje i y MDKIOMYJISIIHHOMY CIIEKTP1 yMOB iCHYBaHHsI Buay. J{ist HUX XapakTepHi HalBUIL rapa-
MeTpH (iToMacH i penpoayKTHBHUX ITOKa3HUKIB (HACIHHEBA ITPOYKTUBHICTh, Maca Ta CXOXKICTh
HaciHHs To1110). OCOOMHU IreHepYIOTh NIOPIYHO, a IEPEPBH y LBITIHHI — HENPUTAMaHHi.

Taomus 2

Y3arampHEeHi 0COOIMBOCTI OHTOTEHE3Y i JKUTTEBOCTI OCOOMH y TOITYIAIIISIX
MOJIENTFHUX PiIKICHUX BUJIB TPaB’THUX OaraTopidHUKIB BUCOKOTIp st YKpaiHchkux Kapmar
3aJIe)KHO BiJl yMOB OCEIIHIII

. YMmoBuU Tewmmu / TpuBaiticTh . XKurresicth
Homymsmis Oco0IMBOCTI OHTOTEHE3Y
ocenuiia OHTOTCHE3Y, POKU 0CcOo0HH
R s th ONTHMANLHi IBunki / cepenns, OHTOreHes nociiJoBHuUM, Buicoxa
AnUNCULLS ! ora 15-25 p. CTaH g TPUBAIUI
Primula halleri
Leontopodium alpinum omixxi Cepeni / Beua,  AGepauii onTorenesy, yei J—
Gentiana acaulis P 25-40 p. BiKOBI CTaHM TpuBaii P
Doronicum clusii
i . IloBinbHi / cepenns [Ipomyck g, TpuBamit

Saussurea alpn-m Mecumanbi peans, POIyCK g,, TP Husbka
Oreochloa disticha 15-30 p. CTaH J-v
Pulsatilla alba ogi y I . I

. . . OBiITBHI / Maja OITYCK g -g., TPUBAIIHIL M3bKa
Veronica alpina Kputiusi g poIyck g,-g;, Tp

10-20 p. CTaH j-im
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HadiTpuBamimuii OHTOreHe3 XapaKTePHUM ISl MPOMIXKHUX, TOOTO MOMIPHO CHPUSTIMBUX
YMOB iCHYBaHHsI. Y TakuX OCOOHMH yci BIiKOBi €Tamu A0CTaTHHO TpuBaji. TpamistoTbes mpomyc-
Ku OKpemux (ha3 OHTOreHe3sy, abepairii, peBepcii Ta MepepBH y IBITIHHI TeHEPATHBHUX OCOOHH.
OCKIUJIbKY TeHEpaTUBHUM O0COOMHAM BIIACTHBI TIEPEPBH Y IIBITiHHI, TO B OKPEMi POKH MaJli TIOIy-
TSI TPeICTaBICHI MOOJMHOKIMHE KBITYYUMH 0COOMHAMH. SIBUINE BTOPHHHOTO CTIOKOO Bif[3HA-
4yeHe y Hebararbox pinkicHux BufiB [13].

3a mecuMaIbHUX YMOB OCOOMHU 0COOIHMBO JTIOBTO NIepeOyBarOTh y MiAPOCTOBUX (hazax po3-
BHUTKY — FOBEHIUJIbHIN Ta iMaTypHii. 3a MOCSITHEHHS PEMPOIYKTUBHOTO CTaHy XapaKTePHUMH € iXHi
HEBHCOKI PENPOMYKTHBHI IMOKa3HUKH, MEPeXij 31 CTaHy MOJOAMX J0 CTaphX, OMHUHAIOYHN Cepell-
HBOBIKOBY (ha3y. 3a TaKMx yMOB HE (POPMYIOTHCS 0COOMHH BUCOKOI JKUTTEBOCTI. PerpomyKTuBHUIA
nepioa KopoTkodacHW. OJHAK KUTTEBUN IHUKJI 332 TPUBATICTIO € PIBHOBEIUKAM 3 OHTOT€HE30M
0COOHWH y CIIPUSATIMBUX YMOBaX, 10 3a0€3ME€UY€ETHCS TOBrOTPUBAIMMHU MEPIOAaMH MiAPOCTY.

VY KpUTHYHHX YMOBax OCOOMHM HE HaOyBarOTh 3MATHOCTI 0 PEHpPOAyKIii. Binbmry dac-
THHY >KATTEBOTO ITUKJIY NIepeOyBatoTh y IOBEHUTLHOMY ¥ iMaTypHOMY cTaHi. JKUTTeBICTh 0COOMH
HalHWXyYa.

[Tix yac moripmieHHs YMOB POCTY CITIOCTEPIra€ThCsl BUPAXKEHUH TIepepo3noaia y Oik 3MeH-
IIEHHS YaCTKH TEHEPATUBHUX OCOOWH Y CTPYKTYpi MOMYISIii a0 301IbIIeHHs POJIi BEreTaThuB-
HOTO PO3MHOKEHHS SIK CIIOCO0y caMOMiATpUMaHHS.

[TimcymMoBy04H, BApTO BiI3HAYMTH, 1110 HAWO1IBIINI BIUIMB Ha JKUTTEBICTH OCOOWH Ta TO-
MYJSIiA MalOTh 3MiHU [IEHO30yTBOPIOIOYHX MO3UIIIH MK BUAAMH BiIMiHHUX KHTTEBUX (HOPM 1
cTparerii.

ICTOTHO BiAPI3HSAETHCS KUTTEBICTH OCOOMH 1 TPUBATICTh SIK ITIOBHOTO OHTOTCHE3Y, TaK 1
OKpeMHX BIKOBHUX (ha3 y BHIIB, 0 PO3MHOXYIOTbCS HACIHHSAM BiJl BET€TaTUBHO aKTUBHHUX BUJIIB.
VY BereTaTMBHO aKTUBHHX BHIB 32 YMOB PO3BUTKY 0€3 BETETaTUBHOTO PO3MHOKEHHS KHUTTEBICT
0COOMH 1 TXHi# BITHOCHHH BIiK iCTOTHO 301IBIIYIOTHCS. BHACTIIOK €()eKTy aBTOHOMHOI'O PO3BH-
TKy TIATOHIB 1 Mapiriageil 3HaYHOI0 MipOO 3MIHIOETHCS KUTTEBICTh BETETATUBHUX J11aCIIOp TIOPiB-
HSTHO 3 BUX1IHOIO )KHTTEBICTIO MAaTEPUHCHKUX OCOOMH.

IcHye TpONIOHTOBAaHWY BIUIMB BUXIIHOI JKHTTEBOCTI OCOOMHHM HA il KOPOTKOTEPMIHOBY
nepcrieKTuBY. EQeKT iHepItii )KUTTEBOCTI OCOOHMH 1 MOMYIIALINA 3yMOBJIIOE ITOCTYIIOBY 3MiHY JKUT-
TEBOCTI 33 MIHJIMBHX YMOB IXHBOTO iCHyBaHHs. J[j1s1 GaraTropi4HUX BUIIB 32 YMOB MPUPOIHOI TH-
HaMiKH yTPYTIOBaHb 1 OCEJHII 3MiHa )KUTTEBOCTI 0COOMH BiIOYBAEThCS y MEPEBAKHIN O1LIBIIOCTI
MK CycCigHiMU 11 piBHsAMU. JIuie pi3ki HECIPUATINBI €K30T€HHI BILTUBA MOXYTh CIIPHYUHSITH
panToBe 3HWKEHHS IXHBOT KHUTTEBOCTI. HalimoBiNbHiIIEe BiIOYBAIOTHCS MPOIIECH TIEPEXOTY 0CO-
OMH HU3BKOI JKUTTEBOCTI y PAHT BHCOKOI.
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RELATIONSHIP BETWEEN THE DEVELOPMENTAL RATE AND INDI-
VIDUAL VITALITY IN POPULATIONS OF RARE PLANT SPECIES IN THE
HIGH-MOUNTAINS OF THE UKRAINIAN CARPATHIANS

V. Kyyak!, V. Shtupun’
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4, Hrushevskyi St., Lviv 79005, Ukraine
’Institute of Ecology of the Carpathians, NAS of Ukraine
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The article presents an overview of long-term research and numerous publications
on the relationship between developmental rate and individual vitality in populations of
rare and endemic plant species in the high-mountain zone of the Ukrainian Carpathians: a
case study on Ranunculus thora, Primula halleri, Leontopodium alpinum, Gentiana acau-
lis, Doronicum clusii, Saussurea alpina, Oreochloa disticha, Pulsatilla alba, Rhododendron
myrtifolium, Senecio carpathicus, Festuca carpatica, Heracleum carpaticum, Phyteuma
vagneri etc. Stationary in-situ research was conducted at the study sites founded 5-30 years
ago. The greatest impact on the individual and population vitality is caused by the position
changes in coenosis of the species of different life forms and strategies. Increasing of the
shrub positions accelerates the decreasing of vitality of low shrubs and grasses especially,
and vice versa, increasing of the coenotic position of high-growing shrubs and grasses cau-
ses the vitality decrease of short-growing heliophytes, including most of the rare species.

The individual vitality and population viability determines some influence on the
dynamics of their seasonal development. The individual development is faster at higher
vitality level. It results in the relatively earlier beginning of phenophases. In the coenoses
where the value of population as ecosystem engineer is higher, the accelerated dynamics of
pre-flowering phases and longer flowering period is observed.

The individual vitality and relative age of vegetatively active species increase
significantly under the developmental conditions without vegetative reproduction. The
vitality of vegetative diaspores significantly change due to the effect of autonomous
development of shoots and ramets in comparison to the original vitality of maternal
individuals. The effect of inertia of individual and population vitality consists in the gradual
change of their vitality under the changeable conditions of their existence. Only drastic
adverse exogenous effects can cause a sudden decrease of their vitality. Processes of the
transition of low vitality individuals to the high rank are the slowest ones.

Keywords: plant population, ontogenesis, vitality, high-mountains, Ukrainian Car-
pathians
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HOMEH «IIIYP» IK YKPATHCBKA HA3BA CCABIIIB POJIY
ARVICOLA: ICTOPUYHI 1 ETUMOJIOTTYHI 1O CJILIKEHHSA

1. 3aropoaniok

Hayionanvuuii naykoso-npupoonuuuii myseii HAH Ykpainu
8y1. boeoana Xmenvnuywvroeo, 15, Kuie 01030, Yxpaina
e-mail: zoozag@ukr.net, orcid: 0000-0002-0523-133X

PosmisiHyTO NaBHIM yKpaiHCBKHIT 300HIM «IIyp», SIKHH 37aBHa BXXMBAJIM Ha IO-
3HA4YEHHS Pi3HUX iCTOT, IPOTE HAHOUIBIT YaCTO — HAa MO3HAYEHHS BEJTMKOPO3MiPHHX HOPOBHX
TPHU3YHIB, 10 NpeacTaBieHi B abopurenHiilt gayni Ykpainn ponoM Arvicola. OnHodacHO
110 Ha3BY TAKOX 3aCTOCOBYIOTH SIK CHHOHIM JIO CJIOBA «KPUCa». Y TaKOMY PO3yMiHHI 4acTo
OTOTOXXHIOIOTB 3 pOsIoM Rattus (TALIOK) IJIs O3HAYEHHS PI3HOMaHITHUX BEJTHMKOPO3MipHHX
TPHU3YHIB 13 JaJbHIX KpaiB 3a MPUHIMIIOM «MaJjli = MHUIII, BEJIMKI = Kpucu». Uepes 1e Ha3By
«ITyp» HEPIIKO BBAXKAIOTh HEOJHO3HAYHOIO, @ TOMY BapTOI0 a00 3a0yTTs, a00 BUKOPUCTaHHS
JIUIIe Ha TIO3HAYeHHS YY)XKOPIJHUX BHAIB TBapHH. PO3IISIHYTO €THMOJIOTIYHI TilOTe3H,
3 SKMX HaWBIAIOBIIHIIIOW IO 300JOTIYHUX OCOONMBOCTEN € Ta, IO IOSCHIOE 3B 30K i3
HOpaMH, 3eMJIero, Hiudro. Takuil KoMIUIeKe 03HaK (opMye 3arajJbHUH eKoMOp(OIOTiyHII
THIT — iI3¢MHI JOBI'OXBOCTI BEJTMKOPO3MIpHI MHUIIONOAIOHI TPU3YHH 3 BUPA3HOIO HIYHOIO
AKTHBHICTIO 1 IOMITHUM PiBHEM IIKOJIOYMHHOCTI i HeOaKaHICTIO TXHBOI MOSIBH B JIFOJICHKHX
rocriopapcTBax. [IpoaHasi3oBaHO iCTOPi0 BXKUTKY Ha3BH «IIyp» Y CHelialbHIll JiTeparypi,
HacamIiepe] y 300JIOT1YHHAX OIVIsax Ta iHIIMX 300JI0TIYHHX ITyONiKaIlisIX, 0 OXOILTIOI0Th
nepion Bix 1874 no 2020 pokie. [loka3zaHO MMpPOKE BXXKMBAaHHSI HOMEHA JIJIsl TIO3HAYCHHS
PI3HMX TPyI TBapHH, a HAJTO I'PU3YHIB €KOMOP(OJIOTIYHOTO THIY «BEIMKUX MUILIEH», 10
SIKMX HaJIeXaTh NPEeICTaBHUKY POliB Arvicola Ta Rattus. AHami3 TaBHIX IpKepe oKa3as, M0
Ha3Ba «IIyp» NEPBHHHO BXKMBAJIACH SIK CITUIBHA «POJOBa» Ha3Ba JUIS BCIX BHUAIB I OKPEMHX
BHYTPIIITHBOBHIOBHX (POPM IIMX JIBOX POJIIB, a BIAMIHHOCTI Pi3HUX «IIYpPiB» BiOMBAIHCS Y
BUJIOBUX O3HAYCHHSIX — IIYPU BOJSAHI, 3eMJIsIHI, MAHJIPiBHI, MiBabHI, YOPHI, KOPAOEIbHI,
MIIMHapChKi Tomo. OnHo3HayHa ikcaris yKpaiHCHKUX POIOBUX HOMEHIB SIK BiITOBITHUKIB
pOIOBUX HAayKOBHX Ha3B morpeOyBana Tumidikarii Ha3B. Taka tumigikamis BigOymacs B
YKpaTHCBKii HaykoBiii HoMeHKIaTypi Hanpukini XIX - Ha mouyatky XX cr. Sk pe3ynsrar,
Ha3BY «IILyp» 3alPONOHOBAHO 3aKPiMHTH 33 pofioM Arvicola, a 1uist pony Rattus dikcyBaTn sk
YKpaTHCBKHMH BiJIITOBITHUK HOMEH «Tamioky». HaBeneHo apryMeHTH Ha BU3HAHHS JABHOCTI
300HIMa «IIyp» 1 TOMy Ha BU3HAHHS HOTO BaXIIMBOCTI JUIS IO3HAUYSHHS camMe aOOpUTeHHIX
BUJIIB TPU3YHIB, a HAITO «BOISHUX ILYPiB» (Arvicola amphibius) i 3araaom mypiB sk pomy
Arvicola. TlpakTka TpaaMIIfHOTO MO3HAYEHHS «IIypaMmu» JIA0OPATOPHHX MALIOKIB, K i
BUKOPHCTAaHHS HAa3BU «IIyp» 3 BIJIOBIJHUMH XapaKTEPUCTUKAMH ISl IO3HAYEHHS 1HIINX
poxniB — oHzarp (MyCKyCHUH I1yp, ab0 MyCKYCHHMI NaIlIoK), HyTpii (OonoTsaHuii myp, abo
0oJIOTAHA KpHca) Ta PI3HOMAHITHUX HPEICTAaBHUKIB BimmaneHux ¢ayH (6amOykoBi, abo
TOJYacTi IIypi TOIIO) B YKPAiHCEKIHM 300HIMIII Ma€ BiTiiTH B MUHYIIE.

Kniouosi cnosa: 30010Ti4Ha TEPMIHOJIOTIS, YKpaiHChKa 300HIMiKa, Ha3BH TPU3YHIB,
TaKCOHOMIS CCaBIIiB, (hayHa YKpaiHu

Ils posBinka mpucBsiueHa MpoOIeMi YHOPMYBaHHS TEpMiHA «UIyp» Ha IO3HAYEHHS
OJIHOTO 3 POJIIB CCABILIB, MOMIMPEHHUX y (aBHI YKpaiHH, OMHOMY 3 Hai{IaBHIIINX 300HIMIB, 3 IKUM
OB’ SI3aHO YMMAJIO IHIITKX CJIIiB K 3arajibHol, Tak i cremiaasHol Tekcuku. Ha choromHi 3qaBaBcst
YCTaJICHUM TOTIIAM, 10 «IIyp» — e TpusyH poay Arvicola 3 pomunu Cricetidae (y Byx)uomy
po3yMinHi — Arvicolidae). leit HoMeH, cyas4uu 3 HOro MOMIMPEHHS B PI3HUX 3HAYCHHSX, JYKe
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JIaBHIN: TMiJ] TaKOI0 HAa3BOI B yKpAalHCHKIH 300HIMIl BiZlOMi NpUHAWMHI JBa POJHM TPH3YHIB
(BomstHI ¥ XaTHI HIypH) 1 TPU POIH NTaXiB (LIYPKH, IIYPUKH 1 Iypi), @ TAKOXK YUCICHHI NPUKIaAN
BKMBaHHS, HAIIEBHO, CIIILHOKOPEHEBOTO «IIPAIyp» Ha ITO3HAYSHHS IABHO MOMEPJINX TPE/KIB.

Tomy 3a BAHIKHEHHS OMOHIMI{, 30KpeMa, O4eBHIHOT OMOHIMIi III0/I0 TPHU3YHIB, Ta 32 BUOOPY
BEPHAKY/ISIPHOTO BIAMOBIAHMKA 10 HAayKOBOI Ha3BU Tpeba 3BaXkaTH Ha KijdbKa OCOOIMBOCTEH,
cepes IKKX TOJIOBHI Taki: 1) aHasi3 MPakTHKK i YaCTOTH BXKMBAHHS Ha3BH, 2) IaBHICTh BKUBAHHSI
Ha3BH JUIS MO3HAYEHHS Pi3HUX 00’ €KTIB PI3HOMAHITTS, 3) BiIIOBIIHICTH HA3BH MPUPOJIHIi icTOPIi
BU/IIB (30KpeMa, HEeJOIIbHICTh EPEeHEeCEHHsT Ha3B ADOPUTeHHUX BHIIB Ha Yy KOPiIHI).

ABTOpCHKA TO3UIIiSI MOJNATAE Y BIAMOBIAHOCTI HAa3BU «11yp» pony Arvicola (Hamp.: [12,
13, 18, 19] Ta iH.), mpoTe pery/spHi AUCKYCIi MIOI0 1€l TEMH CIIOHYKAIH aBTOpa J0 BHKIAILY
apryMeHTIB Ha KOPUCTh Takol BiAMOBIAHOCTI. OKpIM TOTO, OCKIIBKU 1€ OJHE 3 HaMTaBHIIINX
MMO3HAYEHb BUIIB MUKOI ()aBHH, HAPiIBHI 3 HOMEHAMH «MHIIIA», «KYHa», «BOBK», «KiHb» TOIIIO,
icTOpist HOro BXKHMBaHHS CTAHOBUTH 3HAYHUI iHTEpEC.

3aBAaHHIMU [LOTO JIOCIIDKEHHS CTAJIU: POV €TUMOJIOTIYHUX TiloTe3 MI0I0 HOMEHa
«ulyp» 13 BHKJIQIOM aBTOPCHKOI TillOTE3H, siKa JOJATKOBO apTyMEHTYEThCS OlONOTiYHUMHU
OCOOJNMBOCTSIMU TBAapHH, aHalli3 MPOSBIB 3MIIIEHHS B 3aCTOCYBaHHI Ha3BU 3 aOOPUTEHHHX
Ha YyXKOPIJHUX TBapHH, PO3NNISA iCTOPii BXHUTKY Ha3BU B 300JIOTIUHHX MpAlsSX PI3HOTO 4acy,
MOYMHAIOYM 3 HaWAaBHIMIMX JpKepes. MarepiajJoM IOCIHYryBaJd 4YHCICHHI JOBIZKOBI Ta
CJIOBHUKOBI BHJAHHS, MyONiKalil 300JI0TiB 1 0aratopidyHuil JOCBiJ BXXKWBAHHS BEPHAKYISPHOI
Ha3BH «IIyp» SK 300HIMa Ha MMO3HAYEHHS CEPEeJHbOPO3MIPHUX TPHU3YHIB 31 CKJIaly aDOpUTreHHO]
tepiodaBHu YKpaiHH.

«Iyp» Ak 0asnsa Ha36a i MONOHIMU 6i0 «L4YP»

Ha3zga «1ryp» 3a BciMa €eTUMOJIOT 1Y HUMH CIIOBHUKAMU IO/IAETHCSI SIK AaBHSI, IIPACIIOB’ SHChKa
(SCurp), TOMY ITOB’SI3yBaTH ii 3 4y>KOPIAHUM JJIs HAIIOT (haBHH BHIOM, EKCIIAHCIS SIKOTO Bi0ynacs
HeIoaaBHo (moyrHarouu 31 cepenunn XIX ct.) i TpuBae goremnep, abCOMOTHO HEAOIUTBHO. Tomy
BCi PO3IISHYTI TYT (pakTH CBiAYaTh Ha KOPUCTh 3aCTOCYBAaHHS HA3BU «IIyp» A0 aOOPUT€HHHX
CCAaBIIiB, BJIACHE, 10 TPU3YHIB pony Arvicola, a Haali TakKoXK J0 NPUANUINX Rattus (MAIFOKIB).

BaxuBi apryMeHTH Ha KOPUCTh JaBHOCTI HOMEHA «Iyp» (MpUHAaHMHI 01711101 JABHOCTI
MOPIBHSHO 3 YacOM IIOSIBU Ha TepeHaX YKpaiHH MalfOKiB) — YMCJIEHHI TOIOHIMH, BiJJOMIi JJIs
pi3HUX perioHiB YKpaiHu, siK 3aXigHux, Tak i cxigaux. Cepen Hux — c. lllypoBuui JIbBiBCEKOT
00i. 3 1538 p., c. lllypiBui Binaunekoi o6i. 3 1545 p., c. Hlypun Bomurcskoi o611, 3 1604 p.,
c. llypieka YepHniriBcbkoi 00i1. 3 1649 p., c. ll{ypose donenpkoi 061. 3 1791 p., a Takox Ilypi,
lypiBumku To1110; € Takox i p. lllypoa Ha Jloneyuni (npasa npuroka Bosuof).

AHani3 eHYUKIONeOUYHUX emUMOI02IN CI06a «UYP»

Haiirmommpenime TiIyMadeHHS ClIOBa «UIyp» — MO3HAYECHHS HUM BEJIMKOPO3MIpPHUX
I'PU3YHIB, HacaMIlepe]l THX, 10 CTAHOBJIATH y 300JIOTIYHINA cucremMaruui poau Arvicola ta Rat-
tus, TOOTO «BOJSAHI IMypU» 1 «XaTHi UIypw», abo «marokm» [41]. 300M0TiYHa KOMIIOHCHTA 3
aHaJIi30M BUKOPHCTaHHS HOMEHA «IIlyp» 5K Ha3BH IPU3YHIB PO3IISIHYTA B APYTil (300JI0TiUHIN)
yacTuHi wiei myOmikamii. TyT BakJIMBO 3a3HaYWTH, 11O BOHA IIMPOKO BXHMBaHA JUIS LUX JBOX
POZiB CCaBIIiB, @ TAKOX VISl TPHOX POJAIB NTaxiB (LIypa, LIypKH, Iypuka). Hepinko Ha3By «uryp»
BUKOPUCTOBYIOTH SIK O3HAYECHHS Oy/Ab-SIKMX BEJIMKOPO3MIPHHUX I'PU3YHIB (JIOKJIaIHIIIE ai).

Cepen IHIIMX TBAapWH, SKAX MOAAIOTH y TIYMauyeHHI CJIOBA «IIyp», OKPIM TI'PH3YHIB i
NTaxiB, € NBIPKYHH, JOIIOBI YepPB’SIKH, SAIIPKH, KOHUKH, Tapranu tompo [41: 516, 53: 1615].
BaxnuBHME € TakoX TOSICHEHHS CHOPIJHEHHX CIIIB Y IHIIMX MOBAX: TaK, OKPIM YK€ 3raJaHux
IIypiB-NITaxiB, € i KOMAIIMHI Ha3BH: 60/e. IIypel — «UBIPKyH; KOHHK», cepboxXope. MTypaK —
«UBIPKYH; KOHHUK», clo6eH. Scurek — «rapraH; LBIpKyH», NCI. TIOYPh — «IBIPKYH; IHKaIa».
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Y 4echbKOMy €TUMOJIOTIYHOMY CIIOBHHUKY € ¥ 3rajika CKOPITiOHa, Ha3BY SIKOTO «Stiry HAaBOIATH SIK
CHOPIJIHEHY 3 MOJBbCHKUM «SZCZUr», X04a il 3a3Ha4aroTh, 10 TYT Opakye HayKoBOI apryMeHTallii
MIEBHOTO TIOXO[KEHHSI.

A. TIpeoOpaxeHChKHI 10 MepelliKy KoMax i3 Ha3BaMH «IIyp» JOAa€ KamycTsSHKy [47:
121] — THIIOBOTO HOPOBOTO MEMIKAHIIA 1 IIKiHWKA TOPOAWHH, M aCOIIIOE CIIOBO 3 IIPAILyp» i
«ayp».

Ile onyH Ba)KIMBHUI HOMEH, KM Ma€ OYEBHIIHUH 3B’SI30K 31 «Irypom», — «ayp». Cepen
TIyMayeHb OCTAHHBOTO BKA3YIOTh «Kpaiy, «MeXay, «4OpT», & TaKOXK YKp. «IYpaTucs», boie.
«IyP», NOJbCbKE «CUM», a CIIIOM 1 «mparryp», 3acBiquere Ha mod. XVII ct. y dhopmi «ayp» [63:
397].

Hopoea zinomesa

CrijbHa prca OUIBIIOCTI 300JI0TTYHHMX IO3HAUCHb, HABCACHHX BHINEC, — Ta, IO Ha3Ba
«IIyp» YacTO TO3HAYa€ HOPOBUX MEIIKAHINB — SK TI'PU3YHIB, TaK 1 MTaxiB, a TaKOX KOMax
(macamnepen 1BipKyHiB). Hepigko 1ieif HOMEH 3aCTOCOBYIOTH 1 JI0 SAIIIPOK Ta CalaMaHap, KOTpi
BUKOPHUCTOBYIOTh HOpH SIK cxoBuIa [4]. BuBueHHs1 « EHITMKIIONIEAMYHOTO CIOBHUKA YKPAiHCHKOT
MoBm» (ECYM, T. 6: [41]) 3acBiAunIO HASIBHICTh HU3KH CIIiB, [0 MAIOTh CIOPIIHEHI 3HAUCHHS
Ta OMu3bKy (DOHETHKY. YCi BOHHM OB’ sI3aHi 3 KOJIOM TaKUX MOHATh, SIK 3eMJIs, Hidu, Hopa. Cepen
HUX: 9yp (IpKepero), mypna (Mapa), nrypraTucs (PUTUCS ), mas (Jac rnepes] CBITAaHKOM), IIe3HYTH
(3HMKHYTH), LIeHs (MaJst XM)Kaka [HaneBHO, B HOPi]), Wb (1mapa), iyBak (CoinoBel [HIUHHMNA
nTax)), mynaty (ManaTH), Iy (Xyauil).

VBech 1eit Habip ciliB 1 00’€KTIB MOB’SI3aHUI 13 HOPOBHM JKHTTSIM, HIYHOIKO aKTHBHICTIO
a00 1 NOTOMOIUYSIM, BIACTUBUM JUIsL BipyBaHb JNaBHiX jtozieil. « HopoBy» rimoresy miarpumye i
B. Kyii0ina [29: 220], 3a3Hauaro4u, 10 «OJHKOJIOINKY, JIaCTiBKH OeperoBi, CEprOKPMIIbLI Ta iH.
TBapuHHU (TIAIFOKH, BYXKi, JOIIOBI YEPB’SKU TOIIO), SKi KMBYTh y HOpax, MalOTh Ha3By LIYp»;
Te came 3a3HayaroTh 1 JIOCIITHUKK OpHITOHIMIB: «1llypom paHilie iMeHyBanu BCiX, XTO JKHBE B
Hopax abo minnHax» [28: 98]. Ha3By «urypuk» i «uypok» HaBoauts Lllapnemans [65] muist Buny,
IO Terep Ma€e Ha3By «MichKa JactiBkay, Delichon urbica [58]. OcoOnuBICTh MiCBKOT JaCTIBKH
TOJISITA€ B TOMY, 1110 BOHA JIIITUTh 13 TNIMHY HE BIIKPUTE YAIIOMOAIOHE THI3/10, a 3aMKHEHY KaMepy
3 BXOJIOM-HIpKOI0. | BaKJIMBO Te, 1110 L Ha3Ba JOBOJI mommpeHa. Kpim 3a3HaueHol 3rajku B
M. apnemans (loc. cit., HailimoBipHime, 3 KpeMeHuyka), aBTOp 3HA€ Ba BiJJIAJICHUX MICIIs
3 TAaKUM CaMUM TO3HAYEHHSM: «urypamu» (1rypi, 3 M sikuM «i») Delichon urbica Ha3uBaoTh
y TloninbHsHCHKOMY paiioHi JKuromupiunHu (c. MoxHauka, Tak Ha3WBaB iX JiJ aBTopa) Ta B
Bopucninbcekomy paiioni KuiBumnu (c. Jlro6apui, noinomus I. @ecenko, Big marepi).

IloniOHe 3ayBakeHHs ¥ IIOMO HA3BU rpu3yHa «uryp» HaeeraeHo B ECYM crocoBHO
dacMepoBOro MpHIyLICHHS PO WMOBIPHUH 3B’S30K 13 HA3BOIO NTaxa «IIyp»: IOAO «ILIypa»
Pinnicola enucleator (Ha3Ba pociiicbka, YKPaiHCHKOIO 1€ «CMEPEYHUKY ) TOCIITHUKH BBOKAIOTh
Ha3By BHUA03MIHOIO «IIUpa, mupipsn» [28]', mpoTe CTOCOBHO 000X THUIMOBUX JUIsl (paBHH YKpaiHU
LIypiB-NITaxiB — IMypKH (OmKonoinkn) eBponeicbkoi Merops apiaster 1 nacTiBku OeperoBoi
(uypuka) Riparia riparia — BACHOBOK OJHO3HAUHUII: 11¢ HOPOBI MTaxH, 5Ki e H «3HUKAIOTH
Ha 3uMy. | iX, siK 1 mlypa-rpu3yHa, He MOIVIM HE 3HATH JIaBHI yKpaiHLli, TUM Iaye, o H JaBHI
TOpOAMINA 3aBXKIU Oy/M MpH BUCOKHX Oeperax, A€ Taki NTaxu THi3nyoTh. MOXIHNBO, icTOpIl 3
BUPI€EM 1 Pi3BSHUM IIEIPUKOM OyJIH ITOB’13aHi came 3 IMMHU Iy pKaMu/uypukammy. [TpuHaimui
Ha ChOTOJHI 3pO3yMIJIO, IO MICAPIBKU OYJIM BECHIHUMH IMICHSIMH, OB’ I3aHUMH 3 TIOBEPHCHHSIM
MITaxiB i3 BUPIFO.

1 Lleii Bun He HOPOBHIA, a TIyMadeHHs Ha3BH SK BUIO3MiHY OOTaHIYHOI HAa3BU «IIUP, LIUPELb»
(To6TO 1mMpHIL, 200 aMapaHT) PUIHMAIOTh 1 yKpaiHChKi fociigauky [29: 220].
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VY miif icTopii € Mmicre i Ui mypiB-Tpu3yHiB (Arvicola): BOHU, HaBMaKH, B3UMKY HIIIH
JI0 JIFOJICBKHUX OCeJIb, KOMOp, KarariB 1 Ca/louKiB, BUCTYIAIO4YH AHTHIIOAAMH IIypOK/IIYPHUKIB-
NTAIoK. BoHM mkogmimm y rocmomapcTsi, XOBaluca B HOpaX, OyinHM akTHUBHI BHOYI, O30yTHCS
ix HempocTo. Bonu Oynm HIOM mpencTaBHUKaMHU IMOTOMOIYYs, IPOTEe HABECHI 3HUKAIM, HIIIH y
MIPUPOIY.

[3 BakIMBHX aHAJOTIM TaKO)K BapTO CKA3aTH IO TiMOTE3y CTOCOBHO «yp» (Ur) y cioBi
«IIyp» 1 CIOpITHEHUX HOMEHaX. Yp — 1€ XBIiCT, a 00HIBa «IIypi» — AK TAIFOKU, TaK i BOMASHI
Iypyd — BUPA3HO XBOCTaTi, Ha BiAMIHY BiJ] KYIIOXBOCTHX XOM’SKiB 1 XOBpaxiB (CYyCIIHKiB).
BaxxnnBo 3a3Ha4unTH, M0 B YKpaiHi Ta CyMDKHHX KpaiHax (30KpeMa, i B YTOpIIHHI) Y HapOJHIH
TakcOHOMii OyB TOAINT CEpEeAHBOPO3MIPHUX TPU3YHIB Ha KYLIOXBOCTHUX (XOM K + XOBpax) i
JTOBTOXBOCTHX (BOSHI Ta XaTHi IIypw). | paHime KymoxBocTy mapy (XoM’sik + XOBpax) HEpiaKo
Ha3HWBaJIM i TETep YaCOM Ha3WUBAIOTh CITIILHUM IMEHEM «xoepax» (Hamp., [42]; 6inbiie TyT: [19]).
Tomy minKoM MOXIUBO (1 HAaBITH AyXe MPaBIONOAiIOHO), 10 Ha3Ba «UTyp» Oylia MO3HAYSHHAM He
TaK KOHKPETHOT'O POJIOBU/LY, SIK 00pa3y: MIKOIOUYMHHUI XBOCTATHH TPU3YH, IO MPUXOAUTH YHOUI
31 cBO€T HOpHU. IMOBiIpHO, CITOBO mures = MuII (MHOKHUHA Bif Mus) Mae TIoAiOHI KOHOTAITIT 11010
«utyp» (Myp/uryp). Tak camo «-ur-» € B HayKOBii Ha3Bl BUBIpKH (Sciurus), BAPA3HO XBOCTATOTO
rpusyHa. MoxmBHi 3B’SI30K HOMEHA «Iryp» 31 Sciurus (rpeupkuMm okiovpoc) sraaye it O.
[Ipeobpakencrkuii i3 mokaukanHsaM Ha K. IlItpexens [47: 121].

Ilpo cniggionouwienna «uwgyp» i «<nayoxK»

Baprye niepeBipuTH BKHTOK Ha3BU «IIYp» Y HallIaBHILII{ JiTEpaTypi, HAATO MO0 3aX01y
VYkpainu, 3BiKH HIUTa eKkcrancis namwoka (Rattus norvegicus) 1 sikoro B I1onblili Ta 4acTKOBO
B YKpaiHi ModYajay Tak camMO HAa3WUBAaTH «Iypom», sk i mypa BomsHoro. ¥ C. Ilerpycbkoro
B «IIpuponHiii icropii ccaBuiB ramuupkux» [70: 69] mypa 3ragaHo sik «Polnik (A4rvicola)»,
30kpemMa «Polnik ziemnowodny (Arvicola amphibius)», npore Oymu Takox 1 «Mysz szczur
zwyczajny (Mus rattus)» Ta «Mysz szczur wedrowny (Mus decumanus)» (IOCIIBHO «Irypsida
MHUIIIa 3BHYaliHay 1 «1ypsda muima opoasdar). Y O. 3aBancbkoro [74: 27-28] B omwsini «Ccasii
lannunay # BykoBUHMY OyiM TPH THX CaMUX BHIHM — «BOISHHUIY, «3BUUANHUI» 1 «MHIIOBHID)
urypu: «Hypudaeus amphibius 11lig. Szczur wodny», «Mus decumanus Linn. Szczury, «Mus rat-
tus Linn. Mysz szczury» (nepumi — nyp y HOTOYHOMY PO3YMIHHI, 1Ba iHIIUX — 3 POAY MAIIIOK).

3 1[bOTO SICHO, IO CJIOBO «II[yp» Y TOJbCHKiIH MOBI NMEPBUHHO CTOCYBaJOCS 1 XaTHIX, i
BOITHUX IIYPIiB, a HaJaNi B MOJBCHKIA 300HIMIII /T TIO3HAUeHHS pony Arvicola chopmoBano
Ha3By «xopuoBHUK» (Karczownik), HaroMmicTh «Szczur» — no3HadeHHs pony Rattus [69, 71]. B
VYkpaiHi ueit npouec po3BuHyBcs B 0ik (ikcauii Ha3BU «u1yp» 3a popoM Arvicola. lle onuH i3
OararbOX IMPUKJIA/IB 3MIIIEHHS HAa3B B YKPaiHCHKO-NIOIBCHKUX TEPMIHOJIOTTYHUX mapax. [TonioHe
CTaJIOCS 3 «HETOMUPOM» K POJIOM KakaHiB B YKpaiHi, ajne Ha3Bolo BCix KaxaHiB y [Tonbiui (a B
POCIHCBKIli, HABMAKH, «KOXKaH» — Le TIIbKKU OJMH pif (Eptesicus), Ta 3 BAKMBAaHHSAM Y TOJBCHKIH
«Plazy» (o cyTi «rmaszynu») aist amdibiit Toro.

BaxnuBo 3ragatu Ha3By poay Arvicola B HiMelbKil MOBI, (JOHETHYHO Jy>Ke TOMIOHY O
YKpPaTHCHKOTO «IIypa». 3a HIMEIbKMMH CIIOBHUKAMH MAaeMO Take TiyMadeHHs: «Schermiuse,
Arvicola, Gattung der Withlméduse. Die tag- und nachtaktiven Schermduse bauen Gangsyste-
me zum Teil dicht unter der Bodenoberflache, erkennbar an der aufgewdlbten Erde, und be-
nutzen zusétzlich Maulwurfgdnge. Schermiuse sind gute Schwimmer (im Volksmund ,,Was-
serratte®)» [72], Too6to «llypu, Arvicola — pin moniBoK. AKTUBHI BICHb 1 BHOYI, BOISHI IIypU
Oy/lyIOTh CHCTEMH IJJ3€MHHUX XOJIB IiJ OBEPXHEIO IPYHTY, Mi3HABaHI MO CITyIIEHIH 3eMili, a
TaKOXK BUKOPHCTOBYIOTh KPOTOBI X0AM. BonsiHi 1ypu — Xopolui 1miaBli, y Hapoi iX Ha3uBatoTh
BOJISIHUMH TIaIfOKaMm. SIK BiJOMO, AaBHI yKpaiHChKi HOMEHH YacTO BUSIBIISUTUCS CIIOPIIHEHUMHU
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3 JIY’)KUIBKAMH (HAPUKIIAA, «MHIIA», «FOPHOCTAi»), i HE IUBHO, 110 HasBa «Schermiuse»?
BUSIBIISIETHCSI OJIM3BKOIO JIO CIIOBA «UIyp». Y IIbOMY BUIAJKy MAEMO He TUIBKH 30Ir y O3HAYEHHI
300JI0T1YHUX O00’€KTiB, a W BHUpa3Hy (OHETHUHY MOMIOHICTE 000X BEPHAKYIAPHUX HA3B —
HiMeIbKOT «Scher» 1 ykpalHChKOT «IIrypy.

VY nponosxenns imei momidOHOCTI «Scher» 1 «IIyp» Ba)KJIMBO TAaKOX BIAMITHTH, IO U y
reorpadiuHO MPOMDXKHIM YechbKii MOBI «S$¢ur = némecka mys$», mo momidbHo 10 Scherméuse.
[Ipore B cyuacHiii HOMEHKJIATYpI 1Ii Ha3BU BBXKAIOTHCS ABHIMU CHHOHIMAMH JI0 CJIOBAIILKOTO
«Potkany i1 yropcbkoro «Patkan» (hoHEeTHYHO MOAIOHO 0 IAIFOK»), SIKi Terep CHHOHIMIZYIOTh
13 Rattus norvegicus Ta TOB’SI3yIOTh 13 BUJO3MIHOKO JATHHCHKOTO ponticana («IOHTIHCBKay); ¥
TOM caMuii 9ac cydacHe yropcebke «pockok» = Microtus, a Arvicola = «kdszapockok» (1110 MokHa
MEPEKIIacTh SIK «OpOsdi 3Bipi», X0Uua SICHO, IO «OPOASUYMMM», KMAaHAPIBHUMI» € came Rattus
norvegicus).

Yce 11e CBimUMTh MPO HAA3BUYANHE HMEPEMIIIyBaHHS MOHATH «IIyp», «Schery, «marroky,
«kpHcay, «pockok», «potkany y Gararbox CyMi>XHUX YMOBaX, 10 MOKHA MOSICHUTH TIOCTYIIOBHM
3MIIICHHSAM TOHATH Yepe3 BeelleHHs y €Bpony Rattus, criodatky Rattus rattus, a cimiaoM 1 Rattus
CyTi, Oy/10 OIHAKOBOIO 011010. OCKIIBKH IS HEBTAEMHHUYCHHUX Y 300JIOTIO JIFOACH Il TPU3YHH
Oy/H «Ha OIHE OOJUYYS, TO 1€ 1 MPU3BEIIO 0 3MIIIYBAHHS Ta IMOJAIBIIOT0 3MILIICHHS Ha3B.

Has3zea «noniekay y no3HauyeHHAX PU3YHIE

HasBy «mo:iBka» yacTo BXKHUBArOTh AJIsI IIO3HAYEHHS BCiX poltiB Arvicolidae (yacTuny rpymn
HA3WUBAIOTh TaKOX «JIEMiHTaMH»), TIPOTE B TAKCOHOMIYHIN JIiTEpaTypi BXKUBAaHHSI OOMEXKYIOTH
pormoMm «Microtus» i3 TUTIOBUM BUIOM Mus arvalis = Arvicola arvalis = Microtus arvalis,
BIJIMOBITHMKAaMH 4OTO OYyJIM BEpHAKYJISPHI HA3BU «MUILIA 1OJIbOBa» (Mus arvalis) — «1omniBKay
(Microtus) [15].

s Tpaauilis B)KUBaHHS CIIOBA «IIOJIiBKay ITOPOIMIIA Oe3.IiY IMOXiAHAX HA3B JJIS OB, SKi
nepBUHHO Oynu BuAaMu Tpynu «Mus arvalisy — noniBka 3Budaitna (Mus arvalis), moiiBKa j1icoBa
(Mus glareolus), nomniBka crenoBa (Mus lagurus), moniska BonsiHa (Mus amphibius) Tomo. IIpote
Hagani ynpomoBk XIX i Ha moyatky XX cT. HOMeH Arvicola cTaB OCHOBHHM JUIsl OUTBIIOCTI
Cy4YacHHUX IMpeICTaBHUKIB ponuHH Arvicolidae 3aranom, a HagTo Tpubu (rpynu poxi) Arvicolini
B cydacHoOMY ii po3yminHi [15]. OcTaHHE O3HAYMIOCSA HA TOMY, IO 3aTajbHUM BiIIOBiTHIKOM
ponuHHOI Ha3BM Arvicolidae Ta BCix pojiB 11i€l pOAWHU CTAJIO «IOMIiBKaY.

Hapani 1ieli HoMeH yTOYHIOBAIN JTOAATKOBHMH ITPUKMETHUKAMH, SIKI TIO3HAYaIH POJOBI
rpynu — Arvicola sk «BopsiHI TMONiBKW», Terricola ik «4arapHUKOBI MOMIBKW», Microtus sik
«3BUYANHI TOMIBKI» TOIO. TOOTO CIIOBO «ITOJIIBKA» CTAJIO POIOBOKO HA3BOIO, MPOTE TaK CaMo
pOJIb pOIOBHX Ha3B (y CHCTEMAaTHYHOMY PO3YMIiHHI) BUKOHYBAJIM M Ha3BaHi OIHOMEHH, depes
IO HOoYaia PO3BUBATHCS MPAKTHKA CKJIAJHUX Ha3B i3 JIBOMa O3HAYEHHSIMH — POJOBUM II€pen
IMEHHHUKOM 1 BUZIOBHMM TIiCJIsl HHOTO, XOU 1HKOJIM, BCyNeped TPpaauLil yKpaiHChKOro Ha3MBHUIITBA,
o0Ou/Ba O3HAYEHHS CTABWIIM Momepeny («TarpaHChbKa YarapHHKOBa IIOJIBKa», «BOJASHA Maja
noiBkay®). [TomiGHa mpakTHKa CKIIAIACS 1 010 HOMEHA «HOPHIISH, IIPOTE 3r00M 3aPONIOHOBAHO
BXKHBAaTH 3aMICTh «IIOJIBKa» HOMEH «HOpHIs» [16]. Bpemiri, Ha3By «HOpUIS» 3aKpIlUICHO 3a
POIOM «IicOoBUX TONIBOK», Myodes (syn. Clethrionomys) [19], 1 B HOBoMy miepediky TepiodaBHH
JUTS BCIX CHCTEMAaTHYHHX POJIiB 3aCTOCOBAHO YHIHOMIHAJIbHI HA3BH, 30KpeMa, «ILyp» ais Arvi-

2 3a erumonoriunumu cnoBaukamu (https://www.dwds.de/wb/Schermaus), Homen «Scherméiuse»
CTOCYETBCSl «IIOJIBOK», SIKi BEAYTh KPOTOBHIl CIIOCiO JKUTTS (i€ THUIOBE Ul LEHTPAILHOEBPONEHCHKIX
¢dopm Arvicola), TOOTO «KpOTOBa MHIIIA», A00 «KPOTOMHIIIA.

3 Cepen Ha3B, sIKi 3aCBiT4yIOTh HEJJOPEUHICTh TAKUX MPAKTUK, — «MHUILA CTEOBa» 3 POLY «MHIIEH
TMOJIBOBUX 1 JTICOBUX», a00 «JIicOBa MUIIA CTENOBay. Taki NpUKIIaIH, HA JKaJlb, TAKOK €.
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cola [21]. Ilum, 3rimHO 3 iI€€r0 aBTOPIB, MOKJIAJAEHO Kpail BAKMBAHHIO Ha3B 1HIIUX POJiB (Kpuca,
HOJiBKa, HOPHULA, NAIOK) i Arvicola, TOOTO WypiB y By3bKOMY (HPMHAHATOMY TyT) 3HAYEHHI.
[Ipore pi3HOMaHITTS MO3HAYEHb HE 3HUKIIO.

Puc. 1. Ulyp Bomsuwuii (Arvicola amphibius): y Bomi (;1iBopyd, aBrop Capar) i Ha 6epesi (mpaBopyd, aBTOp
[erep Tpimminr); marepian i3 Bikimenii (inensist Creative Commons Attribution 2.0)

«IL{yp» aK zpu3yn, npome He «RAUIOK)»

HomeH «iryp» 31aBHa i OIMPOKO 3aCTOCOBYIOTH JUIS MO3HAYEHHS OyIb-SKUX HOPOBHX
TBapuH. HaliBinomimmm € mo3HadueHHs TpU3yHiB poxy Arvicola, adacoM i poxy Rattus. OmHo9acHO
IF0 Ha3BY 3aCTOCOBYIOTH i 0 HOPOBUX NTAXIiB (AMB. BHUIIE). 31 3HAYCHHAM «Y 3eMITi» TIOB’S13aHO 1
(hopMyBaHHS HOMEHa «Ipamryp». OKpiM TOTo, B 300HIMIIli, HAATO CTOCOBHO UYKOPITHUX BHIIB,
3aKpIMTUIIAcs MPAKTHKA HA3UBATH «IIypaMu» IyKe Pi3HI TPyNH TPU3YHIB, IO MTOMITHO OUTBIII 32
MHUIIEH, aJle MAIOTh «MHUIIOTIOAIOHII» BUTIISA, TOOTO (PaKTHIHO y 3HAUCHHI «BEJHKI MU (IHB.
nami).

VY o06cs3i TepiodaBHE YKpaiHH «Iiypami», KpiM «I1ypiB BogsHUX» (Arvicola), iHKOIH
Ha3MBAIOTh TAKOX 1 MarokiB [55: 611] — noxiOHUX 3a po3Mipamu TpU3yHIB i3 poauHu Muri-
dae. L5t Tpaaumis HA3MBHUIITBA 0COOIMBO BHpa3Ha y mpamsix (izioJoriB, JIe CIOBO IIyp)» YacTo
BXKHBAIOTH SIK JKapPTOHHY CKOPOYEHY (OpPMY AJIS JOBOJIi JOBIOTO TEPMiHA ITAIFOK CipHil TiHIHHIHA
Oimuity. Yei Taki popMu marrokis (a MOBa PO THUCAYI «JTiHIH» ) IOXiTHI BiJ OTOMAaIIHEHOI popMu
marffoka ciporo, Rattus norvegicus domestica [6], Ky B aHIJIOMOBHIN JiTeparypi MO3HAYAIOTH
K «lab rat» (;1abopatopHi naiokm) 3 rpynu «fancy rat» (nexoparuBHi naioku). [llomo BiacHe
mypiB (Arvicola), B yKpaiHCHKOMOBHIH JIITEpaTypi TEPMiH «ITAIIOK» Maiike He BUKOPHUCTOBYIOTh
(mpuKITagy OUB. DA, y po3niii «3adydeHHs iHITNX HOMEHIB U O3HaueHHs Arvicolay).

HomeH «uryp» nyxe naBHii, BiH copMyBaBcsi B yKpaiHIIiB 3a0Bro ((pakTHIHO 3a THCSUi
POKiB) /10 TOSIBM TIAIIOKIB Ha TepeHax Ykpainw. Lls Ha3Ba BifoMa 3 HalJaBHINIMX JpKepel,
HATOMICTB TIepIII MAIIOKH (Rattus norvegicus) 3’ seuiucs B Ykpaini (Kpum, Bykosuna, [anmnanHa)
B cepeanHi XIX ct. [17], 1 po3mupeHHs apeay Ha MiBHOYI Ta CXOA1 TpHUBae norenep (puc. 2).

OpHi€r0 3 IPUYNH YaCTKOBOTO IIEPEHECCHHS BKUBAHHS CII0BA «IIyp» Ha pin Rattus MOXHA
BB@KATH ICTOTHE CKOPOYEHHS YacTKH Arvicola y CKIani NPUPOTHUX, a TUM ITade CHHAHTPOITHUX
MICIIe3HaXOIKEeHb, 1 (PaKTHYHO MTOBHY BTPaTy chepr BKUTKY HOMEHA Ui nukoi (aBHu. [loHax
Te, MUPOKa eKCIaHCis Rattus norvegicus o Tepuropii Ykpainu npotarom XX cr. (puc. 2) Ha (oHi
HOT0 TOTANBbHOI CHHAHTPOIII3allii MpHBesa 0 TOBHOTO TOMiHYBaHHS HAIOKIB y CHHAHTPOITHUX
yrpymnoBaHHSX rpu3yHiB. Lle cramo omHuM i3 (akTOpiB TEPEHECEHHS BEPHAKYISIPHOI HAa3BH 3
OZIHOTO IIKOAOYMHHOTO TPH3yHA HA IHIIOTo* i MOZANBIIOrO IMOLIMPEHHS L€l MPAKTUKK Hepe3
caHemiieMcITyk0u It MequuHy JiTeparypy. BmacHe, TibKH Tak MOXKHA TTOSICHUTH TIOSIBY HOMEHA
«ITyp» B Omucax JiHIMHUX (OLIMX) MAIIOKiB, SIKUX JIeAajli YacTille Ha3WBaIH «I1a00paTOPHUMU

4 ABTOp mam’siTae Ie 3 BIACHOI MPAKTUKH, KOJIM [l OpPraHi30BYBaB Majiedy Ha PEMOHT IIMHOIO
npu3b0H, ToToueHoT Hrypamu. LI{ypiB po3pi3HsUTH «XaTHIX» 1 «IUKHX», SIKI IPUXOIMIH «BiJ Oeperay.
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nrypamuy. Taka mpakTHKa B CITbCHKIM MICIIEBOCTI 30eperiacs Ha 3aX0li, Ha 3eMJISIX, 1110 3a3HaH
3HAYHOTO BIUTUBY IMOJBbCHKOT MOBH.

Haromicte y cenax IlenrpanbHoro Ilomiccst (30kpema, B LEHTPaJbHUX 1 MiBHIYHUX
paiionax JKuTOMHUPIIMHY), JI¢ MAIIOK Cipuii 3’ IBUBCS HEIIOIABHO, a B YaCTUHI MICIIb (30KpeMa, i
y [HoicbkoMy 3amlOBITHHKY) TOTENep MEIIKAE JIUIIE MAIIOK YOPHUN (IUB. puC. 2), IPIOPUTET y
BXKUTKY BEpHAKYJISIPHUX Ha3B Takuii: 1t Arvicola — «utyp» abo «kpucay, st Rattus — «Kpucay
(mo 90 % mo3HaueHs), «uryp» (mo 10 %, 6e3 pospizueHHst Arvicola + Rattus), 1 Bkpail piako
«TaIoK», PaKTUYIHO TIIBKY K KHIKHA Ha3Ba (nani M. Becenbscbkoro, C. YKunu i aBTopa).

ToOTto BnacHe mariokiB (pix Ratfus) HA3WBAIOTh HEPEBAXKHO «KPUCAMI», & IIyp» —
CITiTbHA Ha3Ba JJIS IIYPiB 1 MamtokiB (Arvicola + Rattus).

Puc. 2. IMauroku (pig Rattus) B Ykpaiui: cydacHi 3Haxigku Rattus rattus (Kpy>KKH) Ta LULIXU iHBa3il i
MoAabINoi ekcrancii R. norvegicus. l{ono Rattus rattus, 3adapOoBaHi Kpy>KKH MO3HAYAIOTh JaHi,
SIKI TITBEpIKEH] 3pa3kaMu abo IPSIMUMH CIIOCTEPEKEHHSAMH 32 OCTaHHI KiJIbKa JECSTHIITE (3a:
[11], i3 momoBHeHHsAME). CTocOBHO R. norvegicus, 4ucia BKa3ylOTh POKH HaWJaBHININX 3TaJlOK,
a TYHKTHPHI JiHIT 3 €IHYIOTh pallOHM eKcmaHcii 3 momiOHMMu naramu. HaiimaBHinmn 3HaXigKw
R. norvegicus (1816 pik) moxonsats 31 CeBactomons (3a: [39])

1I]000 300HiMa «Kpucay

Bapro BHCOBUTH 1 aBTOPCHKY MO3HWINIO IIONO 3raJaHOro 300HIMa «kpuca». Unmaio
KOJIET BB)KAIOTh L€ CJIOBO POCISHI3MOM, 3all03MYCHHSM. [3 UM Ba)KKO ITOTOIUTHCS, OCKITIBKA
Ma€EMO TaKHX IT SITh BAXIJIUBUX (aKTIB:

1) 3Ha4He mouMpeHHs 300HIMa «kpucay Ha [lonicci i y yacTuHi paiioHIB JicocTeny;

2) OIIMPEHHS HOMEHA «KPHCa» B IHIINX CJIOB’STHCHKUX MOBax (Harp., «krysa» y 4yecbkii
MOBI [T TTO3HA4YeHHS Rattus rattus 1 OIMBIIOCTI 9y>KOPITHAX BEIMKOPO3MIiPHIX TPH3YHIB);

3) HasABHICTh HU3KH OJHOKOPIHHUX a00 SBHO €THMOJIOTIYHO MOB’S3aHUX CIIIB Ha «KP*»,
IIPU [OMY NUTOMO YKpaiHCBKUX (KpHUCaHS = KpecaHs, KPUIINTH, KpecaTh = IPU3TH, KpHra,
KpUXi, Kpai);

4) HasBHICTH IaBHIX i OYEBHUIHO CIIOPIAHEHUX CIIIB Y iHIINX MOBaX, 30KpeMa, i HayKOBUX
HA3B Ha MMO3HAYCHHS HOPOBUX CcaBIliB (KpiT, Cricetus);
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5) HasIBHICTh HOMEHA «KpHCa» y JaBHIX CIOBHUKaX, 30kpeMa, v b. I'pingyenka (1909, 1. 2,
c. 307 [7]), a Takox npi3Buiy «Kpuca» y HU3KM BiIOMUX YKPaiHIIB.

ITo cyTi, HOMEH «KpHCa» € TIIEPOHIMOM JUIS BCIX «BETUKHX MHILIEH», BKIIIOYHO 3 Arvicola
Ta Rattus (IMB. TaKOXX Jaji HaWJaBHIII XPOHIKM BXKWBAHHS Ha3BU «IIyp»), IPOTE Ha BiIMIHY
BiJ «IIypay, IO €THMOJIOTIYHO TXKi€ IO HMOHATTA HOPOBOTO 3Bipa, «KPHUCa» € IO3HAYCHHAM
IIKiTHWUKa, Tpu3yHa. Ha monmady 1o m’ATH BHKIAIECHUX apTyMEHTIB Harajaro Mpo MOMIMPEHY Y
(UTONOTIYHNX JTOBIJHMKAX (30KpEMa, Y CIOBALlbKUX, A€ 300HIM «KPHCa» IIMPOKO BXXHUBAHWUIN)
ETHMOJIOTIYHY 3B’SI3Ky MK «Krysa» 1 «gryzti». Ile Takok CBIIYMTH NMpPO KOHOTAII0 Ha3BH
«KPHCay» MIOAO0 MIKOJOYUHHOCTI.

3anyyenHs iHWUX HOMEHIE 0112 no3HaueHHsA poody Arvicola

BukopucTaHHs Ha3BU «BOISHHUN MAIFOK» 200 «BOISHA KPUCA», 110 MPUHHATO B OKPEMHUX
JoKeperax, HeJolibHe, 00 HOMEHH «Taloky (Hamp., [45]) Ta «kpucay (Hamp., [25]) cTocyroThCst
IHILIOTO POIy TPU3YHIB — Rattus 13 popuuu muiieBux (Muridae). Tak camo HefoOLIIBHO 3aMil[aTH
Ha3By «IIyp» 3HAYHO HOBIIIMMH Ha3BaMH, IO c(opMoBaHi IS MO3HAYEHHS IHIIMX 1 HABITH
BiTaNIeHNX Bix Arvicola poniB — momniBku (pix Microtus) i Hoputi (pix Myodes). BukopuctaHas
Ha3B iHIIUX POJIB I TO3HAYCHHS Arvicola HeBUTIpaBIaHe, a JIEKONH Ie KaJlbKa 3 POCIHCHKOI
300HIMIKH, y SKii TOMIHYIOTh POIOBI Ha3BU IMPOKOTO 0OCATY, HEPIIKO PONMHHI, OpMaTOBaHi
JTOJATKOBUMH O3HAYCHHSMH (HATIP., «BOASHAS KphICa Mayas, M0 YKPATHCHKOK O3HAYA€ IIyp
3EMIITHUI).

[Mpuxiiagy HECTPOroro BUKOPUCTAHHS 300HIMIB — MOLIMPEHE BXMBaHHS HeopMaToBaHNX HA3B IS

TIO3HAYEHHS POJIMH: «IOJIIBKU» SIK YCl1 apBIKONIIH, «MHIII» SIK YCI MypHIH, «COOAKM» SIK yCi KaHi-

1M, 10 HAATO IOIIMPEHO y Mop¢oIoris i maneonTonoris. IIpukinan kanrpKyBaHHS 3 POCIHCHKOrO

OiHOMEHa «BOMSHAs KPBICA» — IMMO3HAYEHHS «BOASHUM MAIoK» (Hamp. [26, 45]) Ta «BOIsHA KPHCa

(aamp. [25]), a Takok OMIDKYHIA 32 POAMHHOIO aapecalielo O1HOMEH «BOIsSHA MOomiBKay [46, 48].

Tomy mo3Hauaru 1rypa BoasHoro (Arvicola amphibius) acoIiaTHBHO y CTHIII «KpHCa, aje
BOJISTHAY UM IIOJIBKA, e BOJSHA» 32 HASBHOCTI BIACHOI YHIHOMIHAJIBEHOI HA3BU IIHOTO TPU3yHA
HEJIOTIYHO i He Mae ceHcy. CIIOBO «KpHcay K OJHO3HAYHE MO3HAYEHHS IMAIIOKa 3aCBiTUCHE Y
«Cnoapi» b. I'pingenka (1907-1909): «Kpwuca, cu, x. Kprica. Buenida, mos kpuca 3 Kpynia.
Hom. Ne 13791» [9: T. 2: 307]. [lo ToTO % HOMEH «HaloK» (= Kprca), Ha TyMKy Bepxparcbkoro,
Mae OyTH CHHOHIMIi30BaHUIl 31 CBUHSIMU: y CBOIX IOJIEMIYHUX 3aMiTKaX BiH Tak 1 IHCaB, IPOTE
Bke y BumanHi 1922 poky BkazaB Tak: «Pyouil wyp (Mus decumanus, na Yipaiui naywox)» [4:
27]. 3B’5130K «maIs» 1 «IAIOK» OYCBUIHUI: MAIIOKH KUBYThH OIS MAlli Ta BrOJOBaHi SIK CBUHI.
ToOTO CJIOBO «IAIOK» TaKOX JABHE i MEPBHHHO ITO3HAYANIO IIOPOCS» (IO SIBHO BHILIMBAE 3
TekcTiB I. BepxpaTchbKkoro), a JIMIie 3rof0M acollifioBaHe 3 IPU3YHAMH, 110 KUBYTH O1JIsI IIOPOCSTS.

5 BimomuMu mpuKIIagaMu 3 Ko3anbKoi 100w €: Muxaiino Kpuca — Haka3HHi KO3aI[bKHIA TOJKOBHUK
(XVII ct.); I'epacum Kpuca — xomroBuii oramaH Biiickka 3anoposskoro (XVIII ct.), mpote B ECYM [2]
MPi3BHIIEC BBAXKAETHCS 3aMO3MYCHHAM. [lompu Iie, BAKKO BBaKATH TaKe MPI3BHUILE 3aMO3UUCHHSM 32 Ha-
SIBHOCTI MiCIIEBOTO 300HIMa, a TaK CaMO BUBOAUTH 300HIM i3 MPi3BHIIA, & HE HABIMAKH.

6 Bepcis B K ETUMONOTIYHOMY CIIOBHHKY YKPaiHCHKOT MOBHY ITPO T€, IO «KUPHUH MAIFOK CXOKHIA Ha
mopocs» [2: 323] HeBnana. Sk Ha aBTOpa, 60 3 HABEICHUX TaM CaMO OIU3BKUX CJIiB OLIBII BiAMOBITHUKH —
«TanpKatuy (= OPYIHHUTH) Ta «MalKan» (= MaIfoK), B €TUMOJIOTIT i KOHOTAaliHHOMY HAaBaHTa)XCHHI SKUX
MPOTIAAAETHCS MOMIOHICTh 0 CBUHI HE TakK 3a BrOMOBAHICTIO, K 332 OpYIOM («CBHHS» HEPIAKO BUKOPHUC-
TOBYETBCS SIK MO3HAYSHHsS] HeoXaiHoi abo OpymHOI ocobm); «maus» (= mopocsi) (tam camo, c. 323) Haii-
nmofiOHiIIa 10 MaIfoKa, MPU IBOMY IIeH 3B’A30K IO3HA4Yae came «0ioTomy Malroka — kuBe O mami. B
ECVYM [2: 323] 3a3Ha4eHo, 110 TOAiIOHE 0 CI0BA «IAIFOK» JTUTOBChKE patsukas 3amosudeHe 3 6110pyChKol
200 MoJIBCHKOT MOBH.
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YHUKHEHHS BKMBaHHS 1 BPEITI MEPEBEACHHS HA3BU «IIyP» Y CHHOHIMH iHIIOTO POAY
(Hacammepen SIK CHHOHIM JI0 «MAIloK» = Rattus) MOTIIO OyTH YaCTHHOIO MPOTPaM 3pOCIHIIICHHSI,
00 B pOCIMCHKOMOBHIM JIiTEparypi ClIOBa «IIyp» [UIS MO3HAYCHHS CCaBIiB (DAKTHYHO HEMA.
ITonax Te, y pocilicbkiii MOBI 3Ha4Ha KUTbKICTh Ha3B CCAaBIIIB — aCOIiaTUBHI OIHOMEHH, MPH
LOMY 3 BHHECEHHSM O3HA4Y€HHs Ha Meplle MICIe Ha KIITaIT «BOAsSHas Kpbica». [Ipakrika
BXUTKY OiHOMEHIB y (opmari «o3Ha4eHHsI + HOMEH», MONIMpeHa B POCIHCHKINA 300J0TiUHIH
HOMEHKJIAaTypi, YKpaiHChKiii MOBi 30BciM He BiactuBa [14, 22, 32], i Ha3BU «BOMASHI LIypi» Ta
«IILyp BOISHUNY a0 «IiCOBI MHUIII» Ta «MHIIIA JIICOBA» MAIOTh Pi3HE 3MICTOBE HABAaHTAKEHHSI.

«Illypu» ma «nayroku» aK 6eUKi «Munii»

Bapro 3a3HauMTH HasBHICTH IIMPOKOTO IO3HAYEHHS «IIypiB» HE SIK TaKCOHA, a SIK
€KOMOP(OJIOTIYHOTO THITY TPU3YHIB, KOJIA OCTAHHIX MOIUISIOTH Ha APIOHUX «MHUIIICH 1 OLIBIITHX
«utypiB». [Ipore 30BciM He B TAKCOHOMIYHOMY pO3yMiHHI sik Mus s. lato Ta Rattus s. lato. Taxe
0COOJMBO TOIIMPEHE B OMKMCaxX BijjaleHuX (aBH, A NPEICTaBHUKIB SKUX HE cHhopMOBaHO
yKpalHChKOT HOMEHKIaTypH. Tofl «IlypaMmu» MOXKYTh Ha3UBaTH BCIX BEIMKOPO3MiPHUX IPU3YHIB,
1TO 3 HAMPI3HOMAaHITHIIINX POJIMH, 30KpEMa, Y CIIOBHUKAX 1 BiKiNeAiHHMX npoekTax. Cepes Takux
Ha3B — MYCKYCHU# Iiyp/mamtok = oujaarpa (Ondatra), IAHIIWIOBHEA IIyp/MAaIlOK = aOpOKoMa
(Abracoma), xponstuwii yp/nairok = koHuTyp (Conilurus), CKeIbHUIA 11yp = akoHeMIc (Aconae-
mys), TordacTuil myp = merunens (Echimys) Toio.

3BiCHO, ISl TAKMX BUITAJKIB, KOJIH CJIOBO IIYP» 3 BIIIIOBITHUM O3HA4YCHHM (HAIPUKIIa,
«OOJIOTSHUH 1Iyp») BHKOPHUCTOBYETBHCS sl (DOPMYBaHHS acoLiaTWBHOI Ha3BU (B PO3YMiHHI
«[sixack] 1rypononioHa icToTa), CX0XKi O3HAYESHHS Oy/lyTh iICHYBaTH TPUBAJIUN Yac HABITh MiCIIs
(hopMyBaHHSI BIIACHUX YHIHOMIHAJIBHHUX Ha3B TAKUX POJIIB. ABCTPAJIiChKi BUIM CCABIIIB TOTEIICP
4acTO HA3UBAIOTh ACOL[IaTUBHUMH Ha3BaMU, IIPUMIPOM, CyMYacTi BeIMeIli = KOaJIU, OJJHAK TaKHUX
MPUKIIAAIB 3HauHO Ounbime [60: 61]. 3aranbHa TEHACHINS 3aCBIMYYE BigXiJ BiJl OPUTAHCHKUX
acoliaTUBHUX Ha3B 1 HaJaHHs MepeBaru MiCLIEBUM BEpHAKYJIIPHUM Ha3BaMm [68].

Xponika excueannsa nazeu «uiyp» onsa Arvicola

CTBOpIOBaTH CIIMCOK JIITEpaTYpH 3 yciMa BapiaHTaMH BXXHMBAHHS 1 B YCIX JOCTYNHHX
JDKEpesax HeMae >KOJHOTO CeHCy, 00 ix Oararto. Inmerscst mpo (aBHICTHYHI 3BEJCHHS TaKHX
aBTOPUTETHUX JOCITITHUKIB, ik M. [TonsHchkui, €. XKenexopcbkuit, B. Xpanesny, M. [llapiemans,
C. Manouini, 1. ITigomwriuko, O. Murymin, I. HInapesuu, K. Tarapunos, I. Cokyp, A. Bomox,
I. eneran, A. bynaxos, O. ITaxomoB, 1. Hakoneunwii, B. Kyii0iga Ta iH. 3BiCHO, € i MpUKIaIH
3aMiHU Ha3BH «IIyp» Ha3BaMHU iHIIMX POAIB (HacaMIiepel] «BOISHA TONTiBKay, «BOISIHA HOPHIISD),
«BOJIITHA KpHCay»), OJHAK TYT yBary 30CEpPEIKCHO caMe Ha HOMeHi «imryp». Huxue HaBemeHO
Tparii, Mo BiZoOpaXkaroTh NMPUKJIAIN MO3HAYCHb poay Arvicola Ha3BOIO «ILyp» Y 300JOTIYHUX
BUIaHHSX PI3HOTO Yacy 1 CTOCOBHO ()aBHU Pi3HHUX PETiOHIB:

1874. «lypb Bomusiii (Hypudaeus amphibius, eigentliche Watterratte, nornik wielki)» [44: 35].

Komenrap: st BuniB pony Rattus aBrop nopae Hazsu «lllyps nomoBeiii (Mus rattus, Hauseratte,

szczur domowy albo sniady)» (c. 34) Ta «lllyps npudnaynens (Mus decumanus, Wanderratte, szczur

rudy czyli wgdrowny)» (c. 35).

1886. «Illyp ... a) Mus decumanus, 6) Mus rattus, B) Bonuuit Hypudaeus amphibius» [10: 1108]; y

CTaTTI IMICIIA 3raJaHNX Ha3B TAKOX HABEJICHO OJHOKOPIHHI Ha3BH IHIIUX TBAPUH i POCIUH, 30KpeMa,

«Iyp, Iypa, UIypelb, Iy pUK, IypHULs, IIypil, IIypKa»; IIMPOKUH CIIEKTpP Ha3B 3aCBiIIy€ TaBHICTh

CJIOBa, TOMY acOLIOBaTH HOTO 3 MPUANIINMU Rattus He BapTo.

1920. «Arvicola amphibius — HOpUK 3eMHOBOAHHUI, BOmsHUI Iyp» [64: 37]. Komenrap: Ha3By

«IIyp» AOCIITHUK BXUB 1 s «Epimys norvegicus (Erxleb). lllyp 3Buuaiinwmii[,] abo mamrok» Ta

«Epimys rattus (L). ILlyp gopumit» (c. 25).
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1925. «Arvicola amphibius L. — Hopuk 3eMHOBOIHMIA[,] 00 BOASHUI IIyp» (TaKoX Ha3BYy «IIyp»
BxuTO s «Epimys norvegicus Erxl. — Ulyp 3Buuaiinuii[,] abo marrox» [62: 19].

1927. «Arvicola amphibius — HOpUK 3eMHOBOAHUIA[,] abo BomsHUA mIyp». [66: 13]. Tlomaerses i
CHHOHIMI€I0 Tak: «Arvicola amphibius L. — nuB. A. terrestris L.; Arvicola terrestris L. — Hopux
3eMHOBO/SIHUIA[,] ab0 Bomsuuit miyp. Llyp Boauuit (ITossiH.), Hopuk 3emuoBoauuit (Bepx., lap.)»
[66: 13]".

1931. «Kpsbica — mryp; Kpbica BofsiHas1, Arvicola amphibius — myp BonstHul; Epimys norwegicus —
myp 3BUYaHHMH, mautok; E. rattus — myp dopuuit» [40: 33]. Komenrap: C. ITanouini OyB yno-
PSTHUKOM KapTOTEKM Ha3B, SIKY CKJIAIajid 3 MOBIJIOMIICHb Pi3HHX PECIIOHIEHTIB. 3 OXHOTHITHOCTI
«pomoBoroy» (y (iI0JIIOTiYHOMY CEHCi) HOMEHa BHIUTHBAE, 10 HA3Ba «IIyp» Oyia CHijbHa JUIs BCIX
BEJIMKOPO3MIPHUX MUIIOBUIUX TPU3YHIB.

1936. «Arvicola amphibius L. — 3Buuaitauii BoasHuit myp» [27: 46]. KomenTap: Ha3Ba «Iryp» Ta-
KOXX BXKHTa JUISl BUAIB poxy Rattus six «Rattus norvegicus Erxleb. — 3Buuaiinuii myp» (c. 55) ta
«Rattus rattus L. — Iyp gopHuit» (c. 56).

1937 «Bonsuwuii myp (Arvicola amphibius L.)» [43: 104). KomenTap: st BUaiB poay Rattus BXHUTO
HOMEH «IIAILI0K», 0€3 CHHOHIMIB.

1938. «Boxasuwuii uryp 3Buuaiinuii — Arvicola terrestris L.y [36: 288-295].
1954. «lyp BomsiHMii 3Bu4aituuit (Arvicola amphibius L.)» [31: 77].
1954. «Bomstuuii myp — Arvicola terrestris L.y [56: 52, 52-76].

1956. «1llyp BomsiHuIi (HOpHLIS BOJsIHA, BOJSHA MOJiBKa) — Arvicola terrestris meridionalis Ognevy
[57: 144].

1956. «Manuit Bonsuuii myp Arvicola schermany» [37: 20], «1oHeUbKNI BOISHUHN 1Iyp Arvicola
amphibius tanaitica» [37: 31], «Bonsuuii 1typ Arvicola amphibiusy» [37: 32] Ta iH.

1960. «IloniBka BomsHa (Arvicola terrestris). LIfo MOMIBKY 9acTO Ha3UBAIOTh OOSHUM Wfypom» [52:
138]. Komenrap: ToroyacHa BiIMOBa Bijl HayKOBO1 Ha3BU «amphibiusy cynepednsia BepHAKYISPHIH
Ha3Bi «BOMSHMII», YUM i MOKHA MOSICHUTH BiIMOBY aBTOPA BiJl OCTaHHBOI, IONPH BU3HAHHS i 1MO-
[IHPEHOIO.

1997. «drvicola amphibius (Linnaeus, 1758) — iryp BoASHUIA, HOPHLS BOISHAY, «Arvicola scherman
(Shaw, 1801) — myp ripceKkuii, HOBX, BOASHUH HIyp Mammid» [12: 22].

1999. «Arvicola amphibius — nyp [Hopuiyl] BomsHU», «Arvicola scherman — 1iyp TipChKUiA
[moBx]» [13: 207)].

2000. «1yp Bomsiumii (Arvicola terrestris L.)» [5: 29].

2006. «Arvicola terrestris — myp (Hopuus) BoxsHuid» [3: 23], «lyp (Hopuus, Kprca) BOASHHM.
Arvicola terrestris Linnaeus (1758) [Arvicola amphibius Blasius, 1858]» [3: 23; 164-167].

2007. «BonsHa moniBka Mana, myp ripebkuit (Arvicola scherman Shaw, 1801)» [9: 40].

2008. «Illyp BomsiHuit Arvicola terrestris» [38: 133].

2010. «Iyp Bomsanwmit (Arvicola amphibius L.)» [61: 32].

2011. «Arvicolinae — Il{ypoBi, Arvicola — Ilyp» [19: 129].

2011. «yp ripcekuii (Arvicola scherman Shaw)» [54: 126].

2012. «lyp (Arvicola)», «lyp Bomsumii (Arvicola amphibius)» «lyp ripcekuit (Arvicola scher-
man)» [20: 15-18].

2012. «yp — Arvicola» (21: 16). Komentap y uurosaniit npari: «Ha3py «ILyp» sik oquH 3 Haii-

7

st Rattus ueit nociiguuk nopae «Epimys norwegicus Erxl. — Llyp 3Buuaiinuii[,] abo marok.

Mamrox (Bepx. 1878), myp pymauii (Bepx. 3o001n.), uyp mpubnyneHp abo mpubmymauii (I[lomsH.), mryp
(Pakos.), Mman3yp (ITominns, Hik.), uryp npubnyna (I'yrmep), myp 3Budaiinuii[,] abo marok (ILlap)» [66: 18].
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JABHILIMX 300HIMIB 3aBXKAU acoLitoBanu 3 Arvicola (Hamp., [8, 12, 13, 57], xo4a neskuii yac nei pix
MO3HAYaJId He BiAMiHHUMHU Bif iHImX Arvicolidae Ha3zBamu [Tomieka ta Hopurist» (c. 15).

2012. «lyp (Arvicola), sikoro yacTo HABOAATH i YY)KHUMH POJOBUMH Ha3BaMH: BOJASHA TIOJIBKA,
BOJsIHA HOpHUILL» [22: 27].

2013. «Pomuna Illlyposi (Arvicolidae): ... myp Bomstauit (Arvicola amphibius (Linnaeus, 1758));
aryp ripebkuit (4. scherman (Shaw, 1801))» [49: 145].

2013. «Arvicola amphibius — uryp BomstHUI» [23: 194].

2013. «IToniBka BoxsiHa (uryp BoasHuit) — Arvicola terrestris (Linnaeus, 1758)» [30: 38]. KomenTap:
aBTOp MapaJieNIbHO BXKMBAE B KIIOYI K JPYry (B JyXKKax) Ha3By «iyp» s Arvicola ta Rattus,
mpoTe B TEeKCTi mopae omuc Rattus sk «[lamok» (3okpema, «[larrok cipuit — Rattus norvegicus
Barkenhout, 1769».

2014. «llyp Bomsuwuit (Arvicola amphibius L., 1758)» [1: 19].

2014. «yp Bomsumii — Arvicola amphibius (Linnaeus, 1758)» [34: 32].

2015. «Ilyp Bomstauii (Arvicola amphibius)» [59: 68].

2015. «llyposi (Hopuriesi), Arvicolidae. ... uryp Bomsuwuii, (Hopuis BoastHa) Arvicola amphibius

Linnaeus, 1758)» [67: 116].

2016. «yp Bogstauii (Arvicola amphibius (Linnaeus, 1758))» [50: 206, 209].

2016. «Iyp ripcbkuit (Arvicola scherman (Shaw, 1801))» [51: 135].

2017. «lyp (Arvicola)» [29: 132].

2019. «Ponuna mryposi (Arvicolidae Gray, 1821) ...; uryp Bogsauuii (Arvicola amphibius)» [33: 37-38].

Cnocrepiractecst TI€BHA €BOJIOIIS TO3HA4YeHb pOAy. Y MAaBHIX BHIAaHHIX Ha3By
«IIyp» 3acTOCOBYBaIM (PaKTUYHO y «OPHTAHCHKOMY» CEHCI — Ul BCiX OINBIIMX 3a MUILICH
«MHIIOMONIOHNX» TPU3YHIB, B 00cs3i ¢aBHH YKpaiHm — mis obox pomiB Arvicola ta Rat-
tus, TIO3HAYAIOYM OKpPEMi BHIU BIAMIHHHMH O3HAYCHHSIMH: IIyP BOMIHHMA, 3€MIITHUH, PYIHA,
YOpHUU 1 HaBITh «3BWYaWHUIY. [l Tpamguiis 30epiramacs TpuUBalIMi Yac, HacamIepe] 4epes
Te, 10 BCl1 OMISAAM 3a3BMYAil MICTHWIIM OIMCH BHUJIB 1 Maike HIKOJIM — POJiB, & BUKOPUCTAHHS
pomnoBoi (y ¢iymonorigHOMY ceHCi) Ha3BU AJIS Pi3HUX 300JI0TIYHUX POJIB Y MOETHAHHI 3 PI3HUMH
O3HaueHHsIMH (Lyp BOJASHHM, IIyp CipHii) AaBajio 3MOTY YHUKATH (akTu4HOi oMoHiMii. [Tparb
3 YKpaiHCHKOK HOMEHKJIATYPOIO POJIIB, JIc 3aCTOCYBAHHS OMOHIMIB OyJI0 OM HAWMIOMITHIIINM, €
Hebararo, i (aKTHYHO BOHU TOYAJH 3’ SIBISATHCS JIUIIIE OCTaHHIM 9acoM. Bpemti, came Tomi uist
YHHUKHEHHSI OMOHIMIi 1 Oyrna 3adikcoBana oqHo3HauHICTh «Illyp = Arvicola» [19, 21].

Kirouem mo Takoi ¢ikcamii craB mepexig IO YHIHOMIHAJIBHHUX PONOBHX Ha3B. ToMy
pomoBa HasBa «BOJSHA IMONIBKa» 3a 3HAYHOI KITBKOCTI IHIIMX POJIB «IOJBOK»® BUSABHIIACS
MAJIOTIPUAATHOIO 1151 Arvicola, SKuiA, Ha BIIMIHY BiJl iHIIAX POMiB, TOYHO MaB II€ OJHE MOIIHPEHE
MMO3HAYEHHS — «1ryp». | Ha momaTok, oOMe)keHe BXKMBaHHS Ha3BH «IIyp» (B 00Cs3i TepiodaBHH
VYkpaian) qBOMa pomamMu, 3 SIKAX OJUH aO0opuTeHHUH (Rattus — OMHO3HAYHO BCEJICHEIh), CTAJO
JTIOJATKOBUM apryMEHTOM Ha KOPHCTH TO3HAUYEHHS MM HOMEHOM came poxy Arvicola. 3BicHO,
Taka (¢ikcamis morpedyBaia ¥ iHIIUX 3MiH, HE TUTBKU BHIOBUX OIHOMEHIB, SIK «Iyp TipCHKHH,
abo moBx — Arvicola schermany (HepiIko pO3TIANAIOTH SK IiIBUA HACTYITHOTO BHIY) Ta IIyp
BOISTHUN — Arvicola amphibius .

Bnnue nazeu na noznauenna HaopooosuUx MmaKcomie

3aKkoHOMIipHI 3MiHM CTAJIMCSA 1 B HA3BaX HAAPOMOBUX TPYI, 30KpeMa, B Ha3B1 pOIUHH, IO
oxorutioe pin Arvicola. TpuBanumii yac ii Ha3Ba moueproBo MiHsuiacs Mixk Muridae, Cricetidae,

8 30KpeMa, if TOMY, 1110 ITOJIe» 1 «BOMIa» Y Ha3Bi «BOMSHA MOJIBKa» TaK CAMO CKJIQJHO MOEIHYIOThCS,
SIK 1 «IiC» Ta MmoJie» y Ha3Bi «JIicoBa MOMiBKay (IO HIYMM HE Kpalle 3a «JI1iCOBY MHUILY CTEIIOBY»).
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Arvicolidae, Microtidae. OcranHi JBi — Cy0’€KTUBHI CHHOHIMH, 3 skuxX Arvicolidae crapiumii
(v 300sorii Binnosigao mo mpunimie MK3H [35]° npioputer Mae naBnima Has3Ba). [leprmi aBi
Ha3BH OO0 Arvicola — no cyTi MO3HAYCHHS HAJPOJMH, & y Pa3i BU3HAHHS iX POIUHAMH PaHT
rpynu Arvicolidae (= Microtidae) 3umxyerbces 1o migpoaunHoro. B orsiai «Ccasuis ciTy» [73]
BHU3HaeThes ponuHa Cricetidae 3 migpoauHoIo Arvicolinae, B omisii ccaBIliB YKpaiHu MIPHHHITO
BHUILI HAa OOMH paHru, i Arvicolidae Bu3HaHo sk poxuny [21]. B 000x Bumagxax BHU3HAHHS
MPIOPUTETY HA3BU POJMHHU 3 NO3HAYCHHIM THIIOBOTO PONy sIK Arvicola noTpelye y3rokeHHs i
Ha3BH poauHu [60].

[ono Tumidikaiii BepHAKYIIPHUX HA3B POJMH: MOAIOHI 10 yKpaTHChKUX MMO3HAYEHb «A7-
vicola = Ulyp — Arvicolidae = IIlypoBi» MaemMo Tak camo B reorpaiqHo OJM3bKHX MOBHHX
CIIUIBHOTAX: MOJILCHKOIO «Arvicola = karczownik — Arvicolidae = Karczowniki», yropcbkoro
«Arvicola = koszapockok — Arvicolidae = Pocokformak», mpore cioBanbskowo «Arvicola =
hryzec — Arvicolidae = hraboSovité» (TOOTO «IOIBKOBI»; ()AKTUYHO SIK 1 B POCIHCHKIiA).

OO0roBopeHHst

AHaJi3 BKUBaHHS CJIOBAa «IIyp» Y MpalsxX Pi3HOI JaBHUHU 3aCBIMYyeE, IO I HOMCH
LIMPOKO 3aCTOCOBYBAJIH JIJIsI [TO3HAYEHHS OJTHOTO 3 POJIiB A0OPUTeHHUX CCaBIIiB (aBHU YKpaiHU B
yci epioJi pO3BUTKY HaIlOHAJIbHOT HOMEHKJIATypH, KPIM HE3HAUHOTO TIEPi0ly «3aCTOI0» APYTOi
nosoBMHU XX CT., KOJNW TOTajJbHE 3POCIMIIEHHS NMPHUITMHWIO BHJAHHS HAyKOBOI JiTEpaTrypH
YKpaTHCHKOIO MOBOIO. SIK BU/IHO 3 XpOHOJIOTI, Ha3BY «IIYp» CTIHKO BXXHBAIOTH JUIsl IO3HAYCHHS
pony Arvicola, i us Tpanuuis He Mae o3HaKk 3aracaHHs. [loHaa Te, pO3BUTOK iH(pOpPMaLIHHUX
TEXHOJIOTIH 1 lefasi mupIia MpakTHKa BeleHHs 0a3 TaHuX JUIsl ONUCY 010pI3HOMAaHITTS CIIPHUSIOTH
BXKHMBaHHIO CaM€ YHIHOMIHAJIbHUX Ha3B, 30KpeMa, 1 «IIyp», a He «BOJISIHA TOJIIBKA» YK «BOASHUH
TAIIOK».

3 TakMX YHIHOMIHAJIBHUX Ha3B «IIYP» € HAWBIAMOBIHILIO 10 poay Arvicola, Ha BigMiHY
BiJI CKaJIbKOBAaHOI 3 IHIIMX MOB TPaJMIii JaBaTH acOLliaTUBHI Ha3BH, 3MICT SKUX MOXe OyTH
MEpeIaHunH K «IOMTIBKa, ajiec BOASHAY (aHIIL. «water vole», poc. «BoIIsiHas OJIEBKay») 1 hopMye He
MpUTaMaHHI YKPaTHCHKIii 300HIMIIll OIHOMEHH 3 03HAYCHHSMH, BUHECCHUMH HAIepPe]l, — KBOISHA
MOJIIBKA» 3aMICTh «IOJiBKa BOAsHA». HaBiTh 3’sABUIACSd TEHACHISA BiIPI3HATA O3HAYCHHS
crepely K YacTHHY POAOBOI HAa3BH BiJl O3HAUEHHs 1103a/y B IT03HaYeHHsX BUY. [Ipore «BomsiHa
MOJNIBKa» — 1€ 1 € «IIyp», TOMy NOTpeda B acOI[iaTHBHUX Ha3Bax 3aiiBa.

BukiianeHi BiJoMOCTi PO €TUMOJIOTII0, TAKCOHOMIUHY MPUB’A3KY Ta 1CTOPiI0 BXKMBaHHS
Ha3BH «IYP» 3aCBIAYYIOTH il JaBHICTh, NPUB 3Ky 1O a0OPUT€HHHUX BUIIB TPU3YHIB, 1110 )KUBYTh
y HOpax, siki cami i puioTh. OcTaHHS OCOONUBICTH BUPI3HAE Arvicola TMOMDK IHIIMX BHUJIIB
Mumonoaionux rpusyHiB (Muroidei). ¥ psay pi3HOMaHITHHUX NO3HA4YE€Hb DPI3HUX TaKCOHIB
I'PU3YHIB 3aCTOCYBaHHS Ha3BH «IIyp» 3a MeXaMu pony Arvicola nenouineHe. Buznadaerbes ne
TUM, IO iHIII poau a00 MaroTh BIACHI YHIHOMIHAJIBHI Ha3BH (MALIOK, OHJATpa), a0 Ui HUX
BapTo GOpMyBaTH HOBI Ha3BH, HOCIYTOBYIOUMCH IPOAYKTUBHUMHU (OpMaHTaMu, abo 3aiydarH
TyOUTbHI Ha3BH M BKMBATH YKpaiHi30BaHy JIaTUHY (IIETHHELb, HYTpisl, abpoKoMa).

BukopucranHs [aBHIX 300HIMIB, SIK «IIyp», JUIS IO3HAUEHHS YY)KOPITHUX TBapuH,
10 3’SIBWINCS B perioHaibHiil (aBHI BIIHOCHO HeNaBHO (Hacamiepes MOBa PO MAIlOKiB),
He € BUNpapiaHuM. [IoHaja Te, KOIM Taki Poxy MaroTh C(HOPMOBaHI BIACHI YHIHOMiHAIIbHI
Ha3BH (30KpeMa, «IIAIIOK»), TO MEPEHECEHHs 10 iXHbOI CHHOHIMII Ha3B aOOPHUIEHHUX POIB
HE TUTbKM HE BUIIPABIAHE, a ¥ BKpail HempaBmibHE, 00 TakKi POIU 3aJHUIIAIOTHCSI 0€3 BIACHUX
Ha3B. ToMy BaKJIMBUM TEPMIHOJIOTIYHMM 3aBAAaHHSIM CTa€ PO3BEACHHS PI3HMX Ha3B 32 PI3HUMH

9 MK3H — Mixunapoauuii kogeke 3oooriunoi Homenknarypu (International Code of Zoological
Nomenclature), yeTBepTe BUAAHHS SIKOTO MepeKIageHo yKkpaiHchkoro 2003 poky.
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ponamu, 3 BUKOPHCTAHHSIM HAasBHOI CIIOBHUKOBOI 0a3u. lle 3aBmaHHs HaralipHe HE JIMIIe B TEMi
BiIHOBJICHHSI TTMTOMO YKPaiHCBKMX 300HIMIB 1 YTOYHEHHS OOIIMPY IXHHOTO BXKHBAHHSI, a U y
3B’SI3KY 13 BUPA3HUM IIPOLIECOM yHi(ikamil yKpalHChKOT 300J10TYHOT TEPMIHOJIOTIT Ta MTOJATBIITHNM
PO3BUTKOM i€papXivHUX CIHUCKIB 0i10TH, y SIKUX IEHTPaIbHE MiCIle IMOCIaI0Th PEECTPOBI POIOBI
Ha3BH, CPOPMOBAHI Ha 3acagax YHIKAIBHOCTI i YHIHOMIHAJIBHOCTI.

IMoasixu
Jlaxyio M. Becenvcoxomy, C. Kuni, I @ecenxy 3a donomoey 8 ananisi nowupenus Hase.
Ilaxyio B. Iapxomenky ma B. Koncmanminosiil 3a eleKmponHi 6epcii HU3KUu OA8HIX UOAHb I
C. Xapuyky 3a 00KIQOHY SUYUMK)Y NEPEUHHOI 6epCIii PYKONUCY MA 6ANCIUGI 3aAYEANCEHHS 00
emumonociunux possiook. Mos wupa noosika B. Kanvxo, I Mexcocepinin, O. Tenemxy ma
A. Xnisnomy 3a Komenmapi w000 NOCIIO0BHOCMI BUKIAOY MAMeEPIany, 3ay8adNCeHHS U000
emuMOono2ii, YiHHI NOKIUKAHHS HA CReYIanbHy Jimepamypy ma 3d KOPeKyilo mekcmy pyKOnucy.
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NOMEN “SHCHUR” AS THE UKRAINTIAN NAME OF MAMMALS FROM THE
GENUS ARVICOLA: HISTORICAL AND ETYMOLOGICAL SURVEY

1. Zagorodniuk
National Museum of Natural History, NAS of Ukraine
15, Bohdan Khmelnytsky St., Kyiv 01030, Ukraine
e-mail: zoozag@ukr.net; orcid: 0000-0002-0523-133X

The ancient Ukrainian zoonym “shchur”, which has long been used for various
animals, but most often for large burrowing rodents represented in the aboriginal fauna of
Ukraine by the genus Arvicola, is considered. At the same time, this name is also used as
a synonym for the word “krysa” (= rat), and in this sense is often identified with the genus
Rattus (“patsiuk” = rat) to denote various large rodents from distant lands following a prin-
ciple “ the small = mice, the large = rats”. Therefore, the name “shchur” is often considered
ambiguous and thus worth either forgetting or using only for the alien species. Etymological
hypotheses are considered, of which the most relevant to zoological specifics is the one that
explains the connection with burrows, ground, and night. This set of features determines
the general ecomorphological type: large long-tailed underground mouse-like rodents with
expressed nocturnal activity, which appearance in human economies is undesirable. The his-
tory of use of the name “shchur” in the special literature, mainly in zoological reviews and
other zoological studies, in the period from 1874 to 2020 is analysed. The widespread use
of the nomen to denote different groups of animals, and especially rodents of the ecomor-
phological type “large mice”, which are representatives of the genera Arvicola and Rattus,
is shown. Analysis of old sources showed that the name “shchur” was originally used as a
common “generic” name for all species as well as some intraspecific forms of both genera,
with the definition of semantic differences in the species modifier: water, common, ground,
nomadic, basement, black, ship, mill, and so on “shchur”. Unambiguous fixation of Ukrai-
nian generic names as equivalents to scientific generic names required the typification of all
names, which took place in the Ukrainian scientific nomenclature in the late XIX and early
XX centuries. As a result, the name “rat” is proposed to be assigned to the genus Arvicola,
and for the genus Ratfus to be recorded as the Ukrainian equivalent of the nomen “patsiuk”
(“rat”). Arguments are presented to recognise the antiquity of the zoonym “shchur” and
therefore to recognise its importance for the designation of aboriginal rodent species, and
especially of “water shchur” (water vole, Arvicola amphibius) voles of the genus Arvicola
in general. The practice of traditional naming of laboratory rats as “shchur”, as well as
the use of the name “shchur” with appropriate definitions to refer to other genera, inclu-
ding muskrats (“musk shchur” or “musk rat”), nutria (“marsh shchur” or “marsh rat”) and
various representatives of distant faunas (bamboo or spiny tree-rats, etc.) in the Ukrainian
zoonymics should be abolished.

Keywords: zoological terminology, Ukrainian zoonymy, names of rodents, taxono-
my of mammals, fauna of Ukraine
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THE MIA MUTANTS OF STREPTOMYCES ALBUS J1074 ARE PRONE
TO TRANSLATIONAL ERRORS AND SUSCEPTIBLE TO CERTAIN STRESSORS

O. Rydkin, O. Koshla, B. Ostash”

Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
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Streptomyces albus J1074 has been established by us as a convenient model to study
different aspects of tRNA™  -dependent regulatory mechanisms, that take place in genus
Streptomyces. These mechanisms are important for proper morphological and physiological
transitions of streptomycete colonies, such as the onset of antibiotic production in stationary
phase of growth. The genes for post-transcriptional modification of adenosine residue in
37" position of tRNA, = family (so called mia genes) were shown to be important for the
aforementioned processes, most likely because they impact tRNA™" = among other tRNAs.
Our results were largely consistent with what is known about mia mutations in the other
model systems, such as yeast and enterobacteria. Nevertheless, we also revealed several
differences from the model systems, such as decreased susceptibility to hydrogen peroxide.
This prompted us to look deeper into the behavior of the mia mutants, particularly their re-
sponse to different stress factors. Here we report that S. albus mia mutants exhibit increased
mistranslation rate as compared to their parental strain. These mutants are more susceptible
than the parental strain to disulfide stress inducer diamide and DNA repair stressor caffeine.
In summary, although the deficiency in certain tRNA modification appears to cause identical
or very similar response (such as elevated mistranslation) across all so far studied bacterial
systems, it also induces species- or genus-specific effects (such as disparate effects on H,0,
susceptibility). These differences could be attributed to the peculiarities of organization/
function of regulatory pathway governing the response to a given stress. The observed re-
sults are further discussed in the wider context of the role of tRNA modification pathway in
bacterial biology.

Keywords: Streptomyces albus, tRNA, nonsense suppression assay, diamide, caf-
feine

Post-transcriptional tRNA modifications (PTTMs) have recently emerged as a novel and
underappreciated layer of regulation of gene expression in pro- and eukaryotes [6]. One of the
most general mechanisms by which PTTMs exert their biological effects hinges on unequal usage
of synonymous codons and modification of their cognate tRNAs, leading to so called adaptive
(codon-specific) translation. A good example of this phenomenon has recently been reported for
Escherichia coli [13]. In this species proline codons (CCN) are decoded by three isoacceptor
tRNAP®, (tRNA ., tRNA ., tRNA ) all of which carry methylated guanine residue in 37"
position of the tRNA (m'G37; adjacent to anticodon loop which occupies positions 34-36). This
PTTM is introduced into tRNA by SAM-dependent methyltransferase TrmD. The #mD null
mutant cannot be generated, pointing to the essentiality of this PTTM. The fully modified tR-
NA ; is capable of reading all proline codons, but loss of m'G37 specifically impairs reading
of CC(C/U), leading to frameshifts. Importantly, mRNAs for many membrane proteins respon-

sible for active export of toxic substances are enriched with CC(C/U) codon near start codons
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[7]. Thus, knockdown of TrmD function renders E. coli highly sensitive to different antibiotics
because of failure to produce respective efflux proteins. Hence, loss of certain PTTM may affect
the translation of a subset of mRNAs, enriched with the codons that require modified tRNA (so
called modification-tunable transcripts [1]).

The abundance and importance of adaptive translation in antibiotic-producing strepto-
mycetes remains unknown. In related genus Mycobacterium, PTTM-related mechanisms play
important role in response to oxidative stress [5]. Involvement of PTTM in some kind of regu-
lation of stress responses appears to be a general theme across kingdoms, as studies of several
eukaryotic models suggest [3, 4, 8, 15]. We showed recently that knockouts of genes for hyper-
modification of adenosine residue in 37 position of tRNA, , family (controlled by mia genes
[16]) caused distinct changes in morphological and metabolic differentiation of Strepromyces [11,
17]. Nevertheless, the understanding of cause-to-consequence links between the mia mutations
and the phenotypes in Streptomyces remain obscure. A body of circumstantial evidence supports
our initial suggestion that effects of mia mutations are caused by impaired PTTM of tRNA™
(BldA). Yet there are also data portraying a wider impact of these mutation on Streptomyces
tRNome [11], as well as data that run counter the established paradigm, such as decreased hy-
drogen peroxide susceptibility [12]. This makes harder to compare our data and interpret them
in the wider context of what is known about biological roles of PTTMs in bacteria. We decided
to address this uncertainty by asking as to whether mia mutants of S. albus exhibit some of the
properties that are a hallmark of PTTM deficiency in the other bacterial systems. These include
elevated mistranslation level and susceptibility to other types of chemical stresses. Our results
reveal clear parallels between Streptomyces and other bacteria with the regard to the phenotypes
being studied.

Materials and Methods

Strains and plasmids, used in this work, are listed in Table. Tryptic soy broth (Merck),
oatmeal and soy-mannitol agars [9, 10] were used to grow Streptomyces (at 30 °C) and plate
matings. Escherichia coli strains were grown in liquid or agar LB medium, supplemented with
appropriate antibiotic (if needed) at 37 °C. Genomic DNA from Streptomyces and plasmid DNA
from E. coli were isolated using standard protocols [3]. Molecular biology enzymes were used
according to recommendation of suppliers (Thermo).

Stop codon suppression tests were carried out with the help of plasmids pPSETGUSTAG
and pSETGUSTAG286. They are derivatives from plasmid pSETGUS, where the 2™ and 286"
codons of gusA gene ORF, respectively, are replaced with TAG stop codon. Spectrophotometric
analysis of B-glucuronidase activity of gusA4*-strains was measured as described in [14]. Activity
of GusA enzyme was calculated in Units/g. The rates of stop codon suppression are given in
percentages, while the B-glucuronidase activities of respective pSETGUS'-strains were taken as
100 %.

Disc diffusion assay of S. albus susceptibility to diamide was carried out as follows. Ap-
proximately 107 spores of AmiAB or SAM2 were added to 15 mL of soft GYM [10] agar (1 %).
The resulting mixture was overlaid onto Petri plates, containing 10 ml of GYM medium (2 %
agar). After solidification, disks with 10 pL of 0.1M diamide were put on the surface of the test
plates. The diameter of sterile zone was measured after 48 h of incubation at 30 °C. For the test
of caffeine susceptibility, serial dilutions of liquid S. albus cultures (grown for 48 h in TSB) were
plated on GYM medium with caffeine concentrations of 0 mM, 5 mM, and 10 mM. The lawns of
S. albus strains were plated under the same conditions.
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Plasmids and bacterial strains, used in this work

Strain [Relevant characteristics [Source

S. albus SAM2 Derivative of J1074, deletion of pseudo a#tB*“! site [2]

S. albus AmiaA Deletion of miad (XNR_1074) in SAM2 [11]

S.albus AmiaB Deletion of miaB (XNR_1078) in SAM2 [11]

S. albus AmiaAB Deletion of miaA4 and miaB in SAM2 [12]

E. coli ET12567 pUZ8002 Strain for conjugative transfer of coresident plasmids; dam-13::Tn9 [9]
dem-6 hsdM; harbors conjugative plasmid pUZ8002; CmR, Km®

pSETGUS (¢C31-based vector carrying gusA fusion to thiostrepton-inducible promoter [14]
tipAp; Am®

pSETGUSTAG pSETGUS with TAG codon in second position of the gene gus4; Am® [14]

pSETGUSTAG286 PSETGUS with TAG codon in 286" position of gus4 gene; Am®? [14]

CmR® — resistance to chloramphenicol, Km® — to kanamycin, Am® — to apramycin

Results and Discussion
Mistranslation of stop codons is elevated in mia mutants of S. albus, as compared to
the parental strain. We used two reporter constructs to elucidate the influence of mia mutations
on mistranslation. Plasmids pSETGUSTAG and pSETGUSTAG286, both containing stop codon
TAG in gusA gene ORF, as well as control plasmid pSETGUS, with unchanged gusA, were used.
Schemes of the above mentioned gusA fusion constructs are shown on Fig. 1.

Fig. 1. Schemes of gusA constructs in plasmids pPSETGUS, pSETGUSTAG and pSETGUSTAG286.
tipAp — thiostrepton-inducible promoter; gus4 — B-glucuronidase gene; ATG — start codon
in gusA ORF; TAG — stop codon, introduced in 2™ and 286™ position of gus4 ORF,
respectively
S. albus parental strain (SAM2) and its mia mutants, individually carrying each of the

aforementioned plasmids, were generated. GusA activity was measured at 48 h of growth in

TSB, as described in Methods. We noticed elevated levels of B-glucuronidase activity for some

of the mia mutants, containing TAG-versions of gus4 gene, compared to the respective SAM2

strains. We calculated the rates of TAG-codon suppression in pPSETGUSTAG- and pSETGUS-

TAG286-containing mia mutants and SAM2. Results are summarized in Fig. 2 and given in

percentages, for every case the GusA-activity of respective pSETGUS"-strains is taken as 100 %.

Mutant AmiaAB, carrying the plasmid pSETGUSTAG, as well as AmiaA with plasmid pSET-

GUSTAG286, demonstrated higher rates of stop codon misreading, as compared to controls.

An increased stop codon readthrough could be explained by elevated translational infidelity, de-

scribed previously for some mia mutants. We have also noticed that the position of TAG codon in

OREF of gusA gene affected the level of suppression. Thus, for AmiaAB strain TAG suppression is

more prominent if the stop codon is in 2™ position rather than 286", while for Amia4 mutant the

opposite effect was observed. It was already shown by us that Amia4B and AmiaA mutants differ

in the degree of the mutant phenotypes [12].
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Fig. 2. Rates of stop codon suppression for S. albus SAM2, AmiaAB, AmiaA and AmiaB strains.
PSETGUSTAG carries stop codon in 2™ and pSETGUSTAG286 — in 286™ position of the gene
gusA. Percentages are calculated against respective pSETGUS" strains. Represented results are
given as mean values of three repeats with standard errors

The mia mutants exhibited sensitivity towards caffeine and diamide. Diamide is
known as a powerful oxidant of thiols in proteins. Caffeine is a purine alkaloid used worldwide.
It is quite toxic compound and can cause DNA damage in microorganisms. We used two tests to
observe mia mutants’ response to this kind of chemical stresses. Susceptibility to diamide was
tested using paper disks with 10puL of 0.1M solution, as described in Methods. The result of this
assay is summarized in Fig. 3. Our data demonstrates that AmiaAB strain is more susceptible to
diamide than the control strain SAM?2.

Fig. 3. Diameters of S. albus growth inhibition zones (in mm), caused by 10 puL of 0,1 M diamide. SAM2 —
S. albus SAM2, AmiaAB — S. albus AmiaAB. Results represent the mean values of 11 repeats, error
bars are standard error
The next assay was performed to test susceptibility to caffeine. We plated S. albus strains

on GYM medium, supplemented with 5 mM and 10 mM of caffeine. For the spot test, strains

were grown in liquid TSB for 48 h and 10 pL of cultures, together with the same amounts of
10+, 105 and 10 dilutions, were plated and incubated for 48 h, as it is shown on Fig. 4, A. As
we can see, increased concentration of caffeine has negative effects on the growth of all S. albus
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strains. With approximately equal concentration of CFUs in 1 mL of culture for SAM2, AmiaA
and AmiaAB, only SAM2 showed visible growth on 10* dilution on 10 mM caffeine. For the
lawns cultivation, results were similar (Fig. 4, B). Caffeine had negative effect on all strains, but
AmiaA and AmiaAB showed a considerable delay in vegetative and aerial mycelium formation in
presence of 5 mM and 10 mM caffeine, in comparison to control strain SAM?2.

Fig. 4. Susceptibility of S. albus strains to caffeine. A. Liquid TSB cultures of S. albus SAM2, AmiaAB,
AmiaA and AmiaB were spotted on GYM medium, supplemented with 5 mM and 10 mM of caffeine.
Plates were incubated for 72 h before taking pictures. Numbers to the left label serial dilutions. B.
S. albus strains were plated on GYM medium, supplemented with 5 mM and 10 mM of caffeine, as
it is shown on scheme to the right. Photos were taken on 24 h and 72 h of growth

The delay was especially pronounced at 24 h. On the first day of growth on 10 mM caffeine
AmiaA and AmiaAB strains were unable to form vegetative mycelium, but AmiaB and SAM2 exhi-
bited more abundant growth. Strain Amia4 formed aerial mycelium on 72 h day of growth only on
medium without caffeine. The strain with deletion of both miaA and miaB genes showed the highest
susceptibility to caffeine. Mutant with miaB deletion showed the level of susceptibility to caffeine
similar to that of the parental SAM2. We assume, therefore, that deletion of miad gene in S. albus
results in higher sensitivity to caffeine, and additional deletion of miaB pronounces this effect.

We report that mia mutations in Streptomyces impact translation fidelity and susceptibi-
lity to different stressors. Considering our data and the fact that Mia proteins modify a large set
of tRNAs, we assume that codon mistranslation in S. a/bus depends not only on the position and
nature of the codon, but also on the other unique features of the dynamic translational machinery.
Results of bioassays show that deletion of miaA is the main reason of mistranslation and higher
susceptibility to caffeine and diamide. As one can see, AmiaB strain did not display elevated mis-
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translation rate under our experimental conditions, and also this strain showed similar phenotype
to the parental strains while growing on caffeine-supplemented GYM agar. Probably, miaB plays
less important role in the response to studied stressors, as opposed to miad. Indeed, posttrans-
criptional modifications of tRNA affect bacterial homeostasis and, since for Streptomyces there
is a little information about mia-dependent pathways, it is our goal to elucidate this issue deeper.
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MIA MYTAHTU STREPTOMES ALBUS J1074 CXWUJIbHI
J10 MOMMUJIOK Y TTPOLECI TPAHCJISILIT TA NIJBUIEHOT
YYTJIUBOCTI JO CTPECOBUX YNHHUKIB

O. Puakin, O. Kouia, B. Ocram”

Jlveiecokuil Hayionanvuull yHieepcumem imeni leana @panxa
eyn. I pywescvroeco, 4, Jlvsie 79005, Vkpaina
e-mail: bohdan.ostash@lInu.edu.ua

Streptomyces albus J1074 BuxkopucTaHHN HaMU SIK 3pyYHa MOZIETb Il BUBYCHHS
pisnux  acnektiB tRNA'™" = -3aeXHHX PEryIsTOPHUX MEXaHi3MiB, MNPUTAMaHHUX
MpeACTaBHUKAaM poxy Streptomyces. 1li MexaHI3MH BaXJIMB1 Ul HaJEXKHOTO mepediry
MopdonorivHuX 1 (izioNoriyHUX 3MiH y KOJIOHISIX CTPENTOMIIETiB, TaKMX SK IMOYATOK
MPONyKUii aHTUOIOTHKIB TMPOTATOM cTamioHapHOi ¢a3u pocty. llokazano, mo TreHH
MOCTTPAaHCKPUNLIHHOI Moxudikamii 3anumKy ageHo3uHy B 37-i mosunii poauan TPHK
3 aHTHKOZOHOM XXA (T. 3B. TeHH mia) € BOXIMBAMH Ul BUIIE3a3HAYCHUX IPOIIECIB,
IWBU/IIE 33 BCE, TOMY, LIO CIPUYMHIOTL HalicuibHimmi Binme Ha tRNAM . Hauii
PE3yJIbTaTH 3HAYHOIO MipOI0 Y3TODKYIOTHCS 3 THUM, IO BiJOMO IpO mia MyTauil B iHIIHMX
MOJIETIbHAX 00’€KTaX, TaKuX SK ApDLKMKI i eHTepoOakrepii. TUM He MeEHIIE, MH TaKOX
BHSIBUIIN KUJTbKA BiAMIHHOCTEH, 30KpeMa, 3HIKEHHS CIPUHHATINBOCTI A0 IEPEKUCY BOIHIO.
Le cioryxkaino Hac ru0IIe BUBYUTH BIACTUBOCTI Mia MyTaHTIB, 0COOIMBO TXHIO peaKiio Ha
pizHi cTpecosi ¢akTopu. Bussieno, mo mia Mmytantu S. albus 1eMOHCTPYIOTb IiIBUILICHUN
piBerb cympecii cron-konony TAG, MOpiBHAHO 3 OaThKiBCHKMM mTaMoM. Lli MyTaHTH €
YYTIUBIIINMH [0 IHAYKTOpa AUCYIB(IAHOTO CTpECy AiaMiay Ta 10 KoeiHy, 10 TOMKOMIKYE
mexanismu penapamii JIHK. VYV mincymky, BincytHicte meBHoi Mmommdikamii TPHK,
HalBiporinHile, CIPUYMHSIE OJHAKOBY M Ay’Ke MOAIOHY BiAMOBINE Y BCIX AOCIIIKYBaHHX
OakTepiit (HapUKIIa, MiABUIIEHHS PiBHIB TIOMMJIOK ITi/I 9ac TPAHCIALIT), TPOTE 1 BUKINKAE
cnenudiyni Juis BULy 9K pofy edexTH (HanpuKia, pisHui BILIMB Ha 9y TuBicTs 10 H,0,).
Lli BiAMIiHHOCTI MOXXHA TOSCHUTH OCOONMBOCTSIMU OpraHi3amlii/(yHKIii peryasTopHOrO
[UISXY, 10 KOOPAWHYE BiINOBiAb Ha MEBHUH cTpecoBHid (akrop. OTpuMaHi pe3ynsTaTé
00roBOpeHO B IHUPIIOMY KOHTEKCTi pormi Moaudikamii TPHK y Giomorii Oakrepiii.

Knrouogi cnosa: Streptomyces albus, TPHK, Tect Ha cymnpecito HOHCEHC-MyTalLliif,
niamin, kodein
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I BMICT NIYTATIOHY V IVIA3MI KPOBI IIIYPIB 3A JIi KBEPHETUHY
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JlocmimpkeHo BIUIMB TicTaMiHy Ta KBEPLETHHY, a TAKOXK IXHIO MOETHAHY IO Ha aK-
TUBHICTB cynepokcumaucmyTasu (COJL), karanasu (KAT) i BMiCT BiTHOBICHOTO DTy TaTiOHY
(GSH) y mma3mi kpoBi miypiB. BcraHoBIeHO, IO J0aBaHHS 10 KPOBI KBEPIETHHY B KOH-
nenrpanisx 0,1; 0,3; 0,5; 1,0; 5,0 MM 3ymoBitoe 3poctanns aktuBHocTi COJl. Busisieno,
o rictamiH (1,0 Ta 0,1 MkM) npu3BoauTh 10 3HMKeHHs aktuBHOCTI COJl Ha 31117 % Bin-
MOB1THO, TOZI SIK I1ei O10TeHHUI aMiH y HAlfHWKYil 1 HAWBUININ KOHIEHTPALISX HE BIIMBAE
Ha noka3HuKH akTUBHOCTI COJl y ma3mi. 3a OHOYACHOTO JOAaBaHHS 10 KPOBi TicTaMiHy
B MakcHMalbHil koHneHTpamii (10,0 MxM) Ta kBepreruny (0,1; 0,5; 3,0 MM) He BHsABIECHO
3Mmin aktuBHOCTI COJL. I numire moetHana xist ricraMiHy y BUIe3a3Ha4eHiH KOHIIEHTpanii Ta
kBepietiHy (5,0 MM) 3yMOBITIOE 3HHXKEHHS akTHBHOCTI (epmeHTy Ha 21 %. [NoemHanuit
BrutuB ricraminy (0,01 mxM) ta kBepueruny (0,1; 0,5; 3,0; 5,0 MM) 3yMOBJIIO€ 3pOCTaHHS
aktuBHOCTI COJl, 0 CBiYUTH MPO MiABUIIEHHS YTBOPEHHS aKTUBHHX (GopM OKcHTeHy,
30KpeMa, CyNepoOKCHA-aHIOH pajuKaia. BcraHoBIeHO, MO JO#aBaHHS 10 IIIBHOI KPOBI K
KBEpIETUHY, TaK i ricraMiHy, B JIOCTI[PKyBaHUX KOHIICHTPALisAX 3yMOBIIOE 3HIKCHHS aK-
THUBHOCTI KaTayasy y mia3mi KpoBi mypis. [loeqHana fist KBepLeTHHY i TicTaMiHy 3yMOBIIIOE
3HIKeHHs akTuBHOCTI KAT.

Bcranosneno, mo goxaBaHHs 10 Kposi kBepueruny (0,15 0,3; 0,5; 1,0 MM) 3y-
MOBJIIO€ 3HIDKCHHS BMICTy BiIHOBJIEHOTO IIyTaTioHy. KBepuetnH y koHneHnTpanisx 3,0 ta
5,0 MM 3yMOBITIOE 3pOCTaHHS BMICTY BiJHOBJIEHOTO IIyTaTioHy Ha 27 Ta 14 % BigmoBigHo,
MOPIBHSIHO 3 KOHTpolnieM. ['icramin y kormeHtpamisx 10,0; 1,0 i 0,01 MKkM npu3BOAUTH 10
3pOCTaHHS BMICTY BiJJHOBJICHOTO DiTyTaTioHy Ha 24, 26 i 19 % BiAmoBiAHO, a y KOHIIEHTpa-
uii 0,1 MKM — 3yMOBITIOE 3HIDKCHHS BMICTy BinHOBiIeHoro niyraTiony (GSH) Ha 39 %. 3a
OJIHOYACHOTO BBeACHHs y KpoB ricraminy (10,0 MkM) Ta kBepueruny (0,1; 0,5; 3,0 MM)
3poctae BMicT GSH. I nume 3a xoHuentpauii 5,0 MM kBepueTHHY Ha Tii Iii ricTamMiHy
(10,0 MmxM) Bmict GSH He3HauHO 3HIXKYEThCS. [IpoTe 3a moenHaHO1 Aii ricTaMiHy B MiHi-
ManbHi# koHnenTpanii (0,01 MmkM) ta kBepueruny (0,1; 0,5; 3,0 i 5,0 MM) BcTaHOBICHO
3HmKeHHst BMicTy GSH.

[poBiBmmM qucnepciiiHuii aHani3, MH BCTAaHOBHWJIM 3HAYHWH BIUIMB TicTaMiHy Ha
OKpeMi MOKa3HUKH (HEePMEHTATUBHOI Ta He(hepMEHTATHBHOT JIAHKH CHCTEMH aHTHOKCHIAHT-
HOro 3axucTy. HaiiMeHIIa 4acTka BIUIMBY MpUIAga€ Ha JAil0 KBEPLUETHHY Y IUIa3Mi KpOBi
n1ypiB. BusiBiieHo momipHUIA BIUTMB OJHOYACHOT il TiCTaMiHy i KBEPIETHHY Ha MOKa3HUKH
AQHTHOKCHAAHTHOI CHCTEMH IITa3MH II[ypiB.

Knwouoei cnosa: mmna3ma KpoBi, CYHNEpOKCHIANCMYyTas3a, Karajas3a, BiIHOBJICHHI
[JIyTaTioOH, KBEPLUETHH, TiCTaMiH
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Bigomo, 10 aHTHOKCHIaHTHA CHCTEMa 3aXHCTy OpraHi3My KOHTDOJIIOE i TajbMye BCi
eTanu BUIbHOpaIuKaIbHUX peakiii [7, 11].

Ksepuerun (3, 3°, 4°, 5, 7-neHrariapokcu(IaBoH) HAIECKUTH 10 (IIAaBOHOIMIB, a came (hia-
BOHOJIIB (JI0 OJTHOTO 3 MIECTH MifKiaciB ¢aBoHOinHUX crioiyk) [13]. YHachinok kamiispocradi-
JI3YIOYMX BIIACTHBOCTEH, MOB’A3aHUX 13 aHTHOKCHIAHTHUM, MEMOPaHOCTAOUTI3yI0YMM BILTUBOM,
npernapar 3HWKYE TPOHUKHICTh KarisipiB. KBepleTHH BUSBISIE MIPOTH3aNaIbHUN €(EeKT 3aBIsSKH
OJ10Ka/1i JIIMOOKCHTEHA3HOTO IIUISIXY MeTaboMi3My apaxiIoHOBOT KUCIIOTH, 3HW)KEHHIO CHHTE3Y JIeH-
KOTpI€HIB, CEPOTOHIHY # IHIIMX MeniaTopiB 3anaieHHs. KapiionpoTekTopHi BIacTUBOCTI KBeplie-
THHY TTOB’5I3aHi 3 MTIBUIICHHSM €HEPreTHYHOT0 3a0e31eUeHHs KapIiOMiOLUTIB 3aB/SIKH aHTHOKCH-
JIAHTHOMY BIUTMBY Ta MOJIIIIEHHIO KPOBOOOITy. EXCrieprMeHTaIbHO BU3HAYEHI TAKOXK AiypEeTHYHI,
CMa3MOJIITHYHI, aHTUCKIIEPOTUYHI BIacTHBOCTI. KBepIETHH 3[aTHUI HOpPMaITi3yBaTH apTepiab-
HHUH THCK 1 CTUMYJIIOBAaTH BHBLIGHEHHs 1HCYITIHY, TIPHCKOPIOBATH arperaiito TPOMOOIUTIB, MpH-
THIYYBaTd CUHTE3 TpoMOokcany [1, 2, 15-17]. BiH 4nHHUTH NpOTHANEPTiiHY {0, MPUTHIYYIOUH
BUPOOJICHHS ricTaMiHy Ta Ipo3anajibHUX Meaiaropis [23]. Ha cboroHi TparisitoThes HOBIIOMIICH-
Hsl, 1110 KBEPILIETHH Ma€ 3Ha4Hy MOTEHIINHHY 3AaTHICTh nepenikomkaru perutikainii SARS-CoV-2.
Ha ocHoBi kniniunux mnposisiB COVID-19 BpaxoByroTh OaraTorpaHHHid aclieKT KBEPUETHHY 1 K
MPOTH3AMAIBHOTO, 1 sIK 1HTi0yt04uoro Jifo TpoMOiHy [17]. IIpoTe Hemae iHdopMallii Ipo BILIUB KBep-
LIETUHY Ha CUCTEMY aHTHOKCHJIAHTHOTO 3aXUCTY OpraHi3My Ha TJIi BIUTHBY TiCTaMiHY.

I'icramin OyB curTe3oBanuid y 1907 p. i onmcanuit y 1910 p. six peuoBuna (“beta-1"), o
3yMOBJIIO€ crieliidHe CKOPOUEHHs KIyOOBOT KUIIKA MOPCHKOT CBUHKH Ta Ma€ Ba30/IENPECOPHY
nito. [Tpore 3HanoOmocs 17 pokiB, abu MPOAEMOHCTPYBATH HOTO HASsIBHICTD Y THIIMX TKaHWHAX.
3B’530K MK TiCTaMiHOM 1 aHa(iTaKTHYHOIO peakiiero noseneHo y 1929 p., a'y 1932 p. ricramin
i1eHTH(IKOBAHO SIK TIOCEPeHUK aHa]IIaKTHUHUX peakiiil. BupaxeHa KIiHiYHa CHMIITOMATHKa,
10 BUHUKAE 32 Jii Ha OpraHi3M TiCTaMiHy, Ja€ 3MOTY PO3INISIIATH HOTO SIK O/IMH 13 HalBayKJINBI-
LIMX MEIaTopiB aneprii.

VY 3B’a3Ky 3 IMM JUIS JIIKYBaHHS aJepridyHuX IpOSBIB Hal4vacTille 3acTOCOBYIOTh
MPOTUTICTaMiHHI 3aco0u. 3’sICOBYIOYM BIUTMB rictaminy Ha H1-penentopu BOpITHOI cucTeMH
MeYiHKM IypiB in Vivo, BCTAHOBWIIHM, IO 3a BHYTPIIIHBONOPTAIBLHOTO BBEIEHHS TicTaMiH (Y
no3ax 2—8 MKI/Kr), aitoun 4epe3 cneuudiuHi Hl-penenTtopu, 3MeHIIye JIOKaIbHUH KPOBOTIK
y mediHni cobak i MiABHIINY€E BOPITHUH THUCK HA (POHI 3HIDKEHHS CHCTEMHOTO apTepiallbHOTO
TUCKy. [list ricTramMiHy B 71031 8§ MKI/KT Ha KHCHEBHUH OallaHC MEHiHKHU IIyPiB 3yMOBIIIOE 3BYKEHHS
BOPITHUX CyIWH TEYiHKH, 3aBISKH YOMY IOCTa4aHHS KHCHIO 10 ii (yHKIIOHAIIBHUX €IEMEHTIB
3MEHIIYeThCS. BogHOYac TiCTaMiH NMPUTHIYYE CIOKHBAHHS KHUCHIO MEYIHKOIO, TOMY DiBEHb
HATIpYTH KUCHIO B Hilf Maii’ke He 3MIHIOEThCA. BIUIHB ricTamMiHy Ha TKaHWHHE TUXAHHS ITEYiHKH
peamizyerbes uepes H1-penentopu. Hagzsrnuaiino Benuki koHIeHTparii 6mokatopa H1-peretopis
MIPUTHIYYBAJH Jifo Tictaminy [3, 4, 19, 20].

Ockinbky y Hamux poborax [6, 18] mociimKeHo BIUIMB KBEPIETHUHY 1 FiCTaMiHy Ha BiJib-
HOpaJAXKaJbHI MIPOICCH B KPOBI LIypPiB, TO HACTYITHUM €TaIrloM pOOOTH OYyJI0 TOCIIIUTH Aif0 X
CIOJIyK Ha aHTHOKCUJIAHTHY CHCTEMY KPOBI.

Mera: npoaHai3yBaTH 3MiHH OKPEMHX ITOKa3HUKIB ()epMEHTATHBHOT 1 HE)epMEHTATHBHOT
JIAHKW aHTUOKCHJIAHTHOT CHCTEMH IUIa3MM KPOBI IIypiB 3a Aii KBepLETHHY i TicTaMiHy 32 yMOB
in vitro.

Marepiaau Ta MmeToau
VY nociimax BUKOPHUCTOBYBAIH LIUIBHY KPOB O€3MOPOJHHUX OIMMX IIypiB-CaMIIiB Macoro
Tina 180£10 1, IKUX yTPpUMYyBaJIX Ha CTAaHAAPTHOMY paIlioHi BiBapiro. J{o IiTbHOT KpoBi JogaBaIH
KBEpIIETHH, 00 KiHmeBi koHneHTparii cranosmuiu 0,1; 0,3; 0,5; 1,0; 3,0; 5,0 MM. Crix 3a3HaunTH,
mo KoHneHTtpamii kBeprutuHy 1,0 Ta 3,0 MM € TepanmeBTHYHMMHU J03aMH IIi€i PEYOBHHU Y
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¢dapmarnesruunux npemnaparax («Quercetin Ksepuerun», «Kpeprun»). KBepueTHH po3uuHsuIn y
terioMy ¢izionoriunomy posuuti (37 °C). Y apyriit cepii 4OCTiAiB 10 KPOBI J0AaBAIHA POIYHH
ricraminy (0,01; 0,1; 1,0; 10,0 MxM). Lli koHUIeHTpaIil MU 0OpajH, ONIMPAIOYUCh HA JiTepaTypHi
JaHi mpo eeKTH IMOCHICHHS BUBUIbHCHHS akTHBHHUX (GopMm OxcureHy Heurpodinamu [8].
Pozunnu rorysanu, Bukopucrosytoun 0,9 % NaCl. ¥V Tperbomy Bunaaky A0 IUJIBHOT KpOBi
nonasaiu i ricramin (y xonuenrtpanisx 0,01 1 10,0 mxM), i kBepuerun (y koHueHtpamisx 0,1;
0,5; 3,0; 5,0 MM). 3okpema, MOEAHYBAIN MiHIMAIIBHY KOHIICHTPAIIIFO TiCTaMiHY 13 3a3HAYCHAMU
KOHIICHTPAIISIMU KBEPLETHHY. Te caMe CTOCYETHCS I MAKCHMAJIbHOI KOHLEHTpALil TicTamiHy.
Taxum gmHOM, Oyn0 c(HOPMOBAHO IIE BiCiM €KCHCPUMEHTANBHUX TpyIl. s KoMOiHOBaHOI mii
npemnapariB Oyio o0paHo KoHIeHTpanii ricraminy — 0,01 1 10,0 MmkM Ta xBepuetnny — 0,1, 0,5,
3,01 5,0 MM. Sk KOHTPOIH MU BUKOPHUCTOBYBAJIH KPOB, 10 siko1 gomaBaiu 0,01 M ¢iziomorigaoro
po3uuny. lakyOyBanu 5 xB, micnsa goro nenTpudyrysamm 3a 3000 06/xs (1000 g) ynpomosx 10
xB. Jlyg anamizy BimOupanu miasMmy KpoBi. Y BimiOpaHux 3paskax Bu3Hauaiau aktuBHicTE CO/l,
KAT i Bmict GSH [9, 10, 14]. Konnenrpauito 0iska Bu3Ha4aau 3a Metoxom Jloypi [22].

JaHi nociikeHb CTaTHCTUYHO 00pOOIsUTH 3 OOUMCIICHHIM CepeHiX apu(MeTHIHNX Be-
mnunH (M), crannapTHoi NoXuOKK (M) 1 CTyIeHs BIpOTiqHOCTI pi3HULI (p) MK IMOKa3HUKaMHU.
IpoBoaumu nucnepciiiauii anani3 (Anova: Two-Factor With Replication). Biometpuuny 06po6-
Ky BCIX JIaHUX PE3yJIbTaTiB JIOCTIJDKEHb MPOBOAMIN 3 BUKOpUCTaHHIM rporpamu «Excel-2010»
st Windows.

Pe3yabraTu i ixHe 00roBOpeHHs
Hamu BcraHOBICHO, IO AONaBaHHA IO KPOBi KBepueTHHY B KoHmeHTpauisx 0,1; 0,3;
0,5; 1,0; 5,0 MM 3ymoBmroe 3poctans aktuBHocti COJl Ha 33; 57; 18; 13; 52 % BimmoBimHO.
Kseprernn y xonnentpamii 3,0 MM He cripuumase 3MiH aktuBHOCTI COJ] y Tu1a3Mi KpoBi HIypiB
(puc. 1). Bimomo, mo kBepretrH y koHmeHTparisx 1,0 i 3,0 MM BusBIIs€ TepareBTHYHINA BILUIUB.

Puc. 1. AKTHBHICTh CYNEPOKCHAINCMYTa3W y IUIa3Mi KPOBI IIypiB y KOHTPOJI Ta 3a JIii KBEPIETUHY B
niana3oHi koHueHTpanii 0,1-5,0 MM (* — p>0,95; ** — p>0,99; *** — p>0,999)
Bcranosneno, mo rictamia 3a koHmeHTtpamiii 1,0 i 0,1 MM 3yMOBIIOE 3HIDKEHHS
aktuBHOcTi CO/] Ha 31 1 17 % BinmosinHo (puc. 2). Toxi sk GioreHHWH aMiH y HAWHIDKYIN 1
HaWBUINIH KOHIIEHTPAIIAX HE 3MiHIOE TTOKa3HUKH akTHBHOCTI COJ] y mmasmi.
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Puc. 2. AKTHBHICTB CyNepOKCHIMCMYTa31 y IUIa3Mi KpOBI IIIypiB y KOHTPOIII Ta 3a i rictaMiHy B Aiarna3oHi
xoHnentpaiit 0,01-10,0 MkM (*¥* — p=>0,99; *** — p>0,999)
3a 0ZIHOYACHOTO JI0/IaBaHHsI 10 KPOBI ricTaMiHy B MakcUMaibHii koHenTparii (10,0 MxM)
Ta KBepleTuHy B KoHIeHTpanisx 0,1; 0,5; 3,0 MM ne Buseneno 3MiH aktuBHOcTi CO/l. I mumme
TIO€/IHAaHA JIisl TICTaMiHy IIi€l KOHIIEHTpaIil Ta KBepUeTHHY B KoHIeHTpauii 5,0 MM 3HIKye ak-
TUBHICTH pepmenty Ha 21 % (puc. 3).

Puc. 3. AKTHBHICTB CyIIEepOKCHIIUCMYTA3H Y IIa3Mi KPOBI IIypiB y KOHTPOJI Ta 32 OXHOYACHO] /i TicTaMiHy
B koHIeHTpanii 10,0 MM i kBepretnHy B koHIeHTpanisx 0,1; 0,5; 3,0; 5,0 MM (** — p>0,99)
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I'icramin (0,01 MxM) i kBepuerun (0,1; 0,5; 3,0; 5,0 MM) pU3BOIATE 0 3pOCTAHHS aK-
tuBHOCTI COJ] Ha 127, 36, 124, 77 % BignosigHo (puc. 4). Lle cBiquuTh Npo MiABUIICHHS yTBO-
peHHS aKTUBHUX (DOPM KHCHIO, 30KpeMa, CyNIepOKCHI-aHioH paaukana [21].

Bigomo, 1m0 y ¢i31070TYHAX KOHIIEHTPAIlisAX BIIbHI pauKaiy OepyTh y4acTh y Ipolecax
repenadi CUTHAITY B KIIITHHI Ta 3aXHCTI Bil Mikpooprani3miB. [IpoTe HamMipHe yTBOPEHHS Bilb-
HHUX pagurKaiiB ado iXHs HeIOCTATHs IHAKTHBALISA IIPU3BOISTH A0 MOPYIICHHS CTPYKTYPH KIIITHH
1 10 mporieciB MeTabomizmy. Jxeperamu akTUBHUX (OPM KHUCHIO € MITOXOHAPiadbHUHI, MIKpO-
COMaIIbHUH, eJIEKTPOHHO-TPAHCIIOPTHI JIAHIIOTH OKUCHEHHsI, MOHOAMiHOOKCH/1a3a, KCAHTHHOK-
cuaas3a, B3a€MOJIisl i0HIB METaJliB 3MiHHO1 BAJICHTHOCTI 3 KUCHEM 1 BigHOBHUKamH [ 12].

Puc. 4. AKTHBHICTB CYyTIEpOKCHIINCMYTA3H Y IIa3Mi KPOBI IIypiB y KOHTPOJIi Ta 32 OMHOYACHOT [Iii TicTaMiHy

B koHHeHTpanii 0,01 MxM i kBepretudy B koHuentpauisax 0,1; 0,5; 3,0; 5,0 MM (*¥** — p>0,999)

Hawmu BcTaHOBNEHO, 110 TOaBaHHS O HUTBHOT KPOBI KBEPIIETHHY Pi3HUX KOHIIEHTpAITi
3ymoBo€ 3HKeHHs akTuBHOCTI KAT y mmasmi. Tak, kBepuetus y korueHtparii 0,3 MM 3HU-
JKy€e aKTHBHICTB y ociifax in vitro Ha 84 %, 0,5 MM — Ha 89 %, a 3,0 MM — Ha 85 % (puc. 5).
Kseprernn y xoruentparisx 1,0 i 5,0 MM 3umxye aktuBHicTh KAT Menmmoro miporo (ma 13 i
39 % BignoBigHO). L1i pe3ynpTaté MOXKYTh CBIIYUTH IIPO T€, IO y TIa3Mi KPOBI 3a JTii KBEpILIETH-
HY 3HIXKYETHCS BMICT T1IpOTeH MEPOKCHUIY.

Bimomo, mo kBepeTHH i HOro MOXifgHi, SK 1 iHII (IaBOHOINH, € CHOIYKOI0 (hEHONBHOT
npupoan. Li cronykwu, BiIacHe, MalOTh aHTHPAAWKAIbHY aKTHBHICTH IIOAO CYMEPOKCHI-aHIOH
pamukana (O, ), rinpokcumsroro paaukana (OH) i minigsoro mepoxcua-paaukana (LOO), Bu-
CTYIAI0YH B POJIi JOHATOPIB €JIEKTPOHIB a00 aTroMa BOIHIO. [ ipOKCHIIBHI TPYITH KBEPIIETHHY, SKi
3YMOBIIOIOTh aHTUPAIUKAIbHY aKTHBHICTh, AUCOIIIOIOTE Y CBOIO aHIOHHY (pOpMy 3aJIeKHO Bix
pH cepenoumia. Takum YMHOM, aHTHPAIUKAIEHA aKTUBHICTH KBEPLETHHY 3pOCTAE 31 301IbIIICH-
M pH cepenosuma [13].
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Puc. 5. AxTHBHiCTH Karanmasw y IUtasMi KpoBi IIypiB y KOHTPOJ Ta 3a Jii KBEepLETHHY B Jiarna3oHi
koHueHrpauiit 0,1-5,0 MM (* — p=0,95; *** — p>0,999)
BcraHoBICHO, IO TICTaMiH Y BCIX TOCIIIPKYBAaHUX KOHIICHTPAIISIX CYTTEBO 3HIDKYE aK-

TuBHICTh KAT y mua3mi KpoBi ypis - y cepenabomy Ha 95 % (puc. 6).
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Puc. 6. AkTHBHICTB KaTaasy y I1a3Mi KpOBi IypiB Y KOHTPOJI Ta 3a Aii ricTaMiHy B Aiana3oHi KOHIIEHTpamii

0,01-10,0 MKM (*** — p>0,999)

Hamu BcTaHOBIIEHO, 10 ITO€AHAHA /1isl KBEPIETHHY 1 TICTaMiHy 3yMOBIIIOE 3HI)KCHHS aK-
tuBHOCTI KAT y cepenapomy Ha 99 % (puc. 7, 8).
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Otke, KBepUETHH 1 rictamid 3HMKYIOTh akTHBHICTh KAT y mia3mi KpoBi 1ypiB y jo-
clifiax in vitro. A noeaHaHa iXHs Jlisl CIPUYHUHSE OLIBII BUPAXKEHE 3HIDKEHHS! aKTUBHOCTI [[LOTO
(bepmeHTy.

Hamu takoxx BuBueHo BMicT GSH, ocKijibkH BiOMO, 1110 BiJHOBJIEHa GopMa IIyTaTioHy
3axuniae SH-rpymnu OiNKiB Bl OKUCHEHHS. MeXaHi3M 3aXHCTy HoJisirae B okucHeHHI SH-rpymnu
€aMoro IyTaTiOHy 3 YTBOPEHHSM OKHUCHEHOI (hopmu 1 36epexenHsiM SH-rpymn OiKiB y BiTHOB-
JieHid Gpopmi.
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Puc. 7. AKTUBHICTH KaTaja3W y IUla3Mi KpOBI IIypiB y KOHTPOJNI Ta 3a OXHOYACHOI il ricramiHy B
xoHueHTpaii 10,0 MkM i kBepretuny B konueHrpauisx 0,1; 0,5; 3,0; 5,0 MM (¥** — p>0,999)
JlomaBaHHs 10 KPOBi KBepleTHHY B KoHIEeHTparrisx 0,1; 0,3; 0,5; 1,0 MM 3ymoBITtO€ 3HU-

xenns Bvicty GSH Ha 33, 39, 37, 38 % Bianosiano. Keeprerus y konmenrpariisx 3,0 1 5,0 MM

Bezie 110 3poctanHs BMicty GSH Ha 27 ta 14 % BiamnoBinHO, MOPIBHSHO 3 KOHTpoJieM (puc. 9).
BcranosneHo, 1o ricramin 3a koutentpaiiii 0,01; 1,0 i 10,0 MkM 3yMOBITIO€ 3pOCTaHHS

kinbkocti GSH Ha 24,261 19 % BinnosiaHo. A 3a koHuenTparii 0,1 MxkM OioreHHHIi aMiH 3yMOB-

moe 3HwkenHs BMicTy GSH Ha 39 % (puc. 10). [list ricTaMiHy 0noCepeiIKOBYEThCS Yyepe3 BILIHB

Ha rictraminoperientopu: H1, H2, H3, H4 [3]. Bizomo, 1110 BOHY HasBHI Ha MIQJCHBKUAX M’si3aX, a

TaKOX 1 HA MEMOpaHaX KITHH KPOBi, 30KpeMa, HeiTpodiis, eosnHodinis, Gasodimis. Fimosip-

HO, KOHIIeHTpaIlis rictaminy 0,1 MKM akTUBY€ BiIbHOPAAMKAIBHI MPOLECH Yy MJIa3Mi KPOBI IIIy-

piB. Y nocnigax in vivo Oyno 3acBiueHo, 1o ricramil (y 1031 8 MKI/KT) 3yMOBIIIO€ ITiJIBUILICHHS

BMICTY MaJIOHOBOT'O JTiaJIbJICTIAy B IJIa3Mi KpOBi LIypiB ynpoaosx nociiny (14 xi6) [5].



H. Mapacum, X. bapaH, H. bodHap4yk, B. Omyuy ma iH.
ISSN 0206-5657. BicHuk JlbBiBcbkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2021. Bunyck 84 47

0,023
0,022
0,021

0,02
0,019
0,018
0,017
0,016
0,015
0,014
0,013
0,012
0,011

0,01
0,009
0,008
0,007
0,006
0,005
0,004
0,003
g'ggf P FTT) . FTT]

0 — i
KoHtpors 0,01 MxM Tictr+ | 0,01 MM Ticr.+ | 0,01 MM TieTr.+ | 0,01 MM TicT.+
0.1 MM Ks. 0.5 MM Ks. 3 MM Ke. 5 MM KB.

MEMO0.1b H,O5/XB-MT 6i1KA

Tictamin+KBepueTHH

Puc. 8. AkTHMBHICTH KaTajasu y IUIa3Mi KpOBi LIypiB y KOHTPOJi Ta 3a OXHOYAcHOI Mii ricramiHy B
xoHnentpanii 0,01 MxM i kBepueTuHy B kKoHIeHTpamisx 0,1; 0,5; 3,0; 5,0 MM (¥** — p>,999)
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Puc. 9. BmicT BiZJHOBJICHOr0 IIyTaTioOHy y IU1a3Mi KPOBI LIypiB 3a BIUIMBY KBepueTHHY (¥** — p>0,999)
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Puc. 10. BmicT BiqHOBICHOTO IIyTaTiOHy y I1a3Mi KPOBi IIypiB 3a BILIMBY rictaminy (¥** — p>0,999)

3a opHoUacHOI aii ricraminy B koHUeHTpauii 10 MkM 1 kBepueTnHy B koHeHTpauisx 0,1;
0,5; 3,0 MM BinOyBaeTbcst 3poctanns BMicty GSH Ha 23, 36, 41 % BignosiaHo. I numie 3a koH-
uenrpauii 5,0 MM kBepueruHy Ha T aii ricraminy (10,0 MmxM) Bmict GSH He3Ha4HO 3HMXKY-
etbest - Ha 2 % (puc. 11). i pe3ynbraru cBig4aTh, 10 NOEIHAHA Jis TICTaMiHy y BUCOKiH KOH-
LEHTpAli]l Ta KBEPLETUHY Ma€ MO3UTUBHUHN e(DEeKT Ha OKMCHO-BITHOBHI NPOLIECH Yy IIIa3Mi KPOBi
uypiB. Bizomo, 1o 3a ¢i3ionorivHuX yMOB MiJIBULICHHS BHYTPIIIHbOKIITUHHOTO BMicTy GSH
3a0e3MeuyeThCsl pereHepaliclo OKMCHEHOro MIYTaTiOHy i Ai€l0 MIyTaTiOHpeayKTa3u. AJe mij-
BHUIICHHS BMICTY IIbOTO TPHITETITHIY TAKOXK MOXE BiJI0OyBaTHCS 3aB/SKA HOTO CHHTE3Y 38 Y4ACTIO
Y-y TaMiy.
[pore 3a moeaHaHOiI Ail ricraminy B MiHiMasbHI# koHIeHTpauii (0,01 MkM) Ta kBepLieTH-
Hy B KoHneHTpauisx 0,1 ; 0,5; 3,0 1 5,0 MM cnoctepiraerbest 3umkenHs: BMicty GSH Ha 34, 20,
21 ta 32 % (puc. 12). OTxKe, 32 HU3bKHX KOHIEHTpAIiii 010reHHOro aMiHy KBEPLETHH I1OCHIIIOE
BIJIbHOpAIMKAJIbHI IIPOLECH Y TIa3Mi KPOBI.
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0 . . . .
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MEMOJIB/MT DiTKa

Puc. 11. BMicT BiZHOBIEHOTO IIIyTaTiOHy Y IUIa3Mi KPOBi LIypiB 3a IO€AHAHOTO BIUIMBY KBEPLETUHY B
koHnenrpanisx 0,1; 0,5; 3,0; 5,0 MM i ricraminy B korneHtpaii 10,0 MkM (¥** — p>0,999)
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Puc. 12. BMicT BiZHOBJIEHOro INIyTaTiOHY y IUIa3Mi KPOBi LIypiB 3a MOEJHAHOTO BIUIMBY KBEPLETHUHY B
koHuentpaiisax 0,1; 0,5; 3,0; 5,0 MM i rictaminy B korueHtpaiii 0,01 MkM (¥** — p>0,999)
BuBuaroun fito KBapleTHHY, ricTaMiHy Ta MO€IHAHUI BIUIMB IMX CIOJIyK Ha aKTHBHICTB

CO/l i 3acTOCOBYIOUM AMCIICPCIHHMI aHAi3, BCTAHOBJICHO, [0 HA TiCTaMiH MPHUMAA€ MAaKCHU-

MaJibHa YacTka BILTUBY (50 %; p>0,999). HeoOxiHO 3a3HaYMTH, [0 YaCTKA BIUIUBY OJJHOYACHOI

Jii ricramMiHy 1 KBepLETHHY Ha aKTUBHICTb IIbOTO ()epMEHTY € OiIbII 3HAYHOIO (28 %) MmopiBHIHO

3 miero kBepueTuHy (puc. 13). HacTka BIUIMBY KBEpLETHHY, X049 i He3HauHa (13,7 %; p>0,999),

IIpOTe JIOCTOBIpHA.

Hamu BcranoBieHo, mo Ha akTuBHICTE KAT y mira3mi KpoBi IIypiB MOTY)KHUH BIUTUB Ma€e
ricramiH, Ha Hboro npunanae 57 % (p=0,999). MeHw Bupa)XeHHI BIUIMB HAICKUTH ITO€HAHIH
Jii gociipkyBanux cnonyk (27 %, p>0,999; puc. 13). Ha kBepuerus npunanae 15,4 % (p=0,999).

Busisiieno, mo Ha Bmict GSH y miia3mi KpoBi IypiB ricraMid CIpHYHHSE 3HAYHUH BIUIUB
(43 %). Takox moexHaHii Ail TicTaMiHy 1 KBEpPLETHHY HAJICKUTh IOCEpeqHid BILIMB — 36 %
(p>0,999; puc. 13). Tak, yacTka BIUTUBY LbOro OioduaBoHoina ctaHoBuTh 21,3 % (puc. 13).
OTxe, NPOBIBLIM AWCIEPCIHHUN aHali3, MOKHA CTBEP/PKYBAaTH, L0 Ha CTaH aHTHOKCUIAHTHOI
CUCTEMH, SIK (DEPMEHTATUBHOI, TaK 1 He()epMEHTATBHOI JIAHKH, 3HAYHUH BIUIUB Ma€ TicTaMiH. [3
MOIaHKX BUILE PE3yNBTATIB BiIOMO, 10 3a il rictaminy (B koHneHnrpauisx 0,1 1 1,0 MkM) aktus-
Hicth COJl 3HMKYy€eThCs. 3HMKYEThCA 1 akTUBHICTE KAT 3a BCiX JOCHTIIKYBaHUX KOHIIEHTPAIIIH
0i0reHHOT0 aMiHy.

Haiimenmia, npoTte JOCTOBipHa YacTKa BIUIMBY TPHIAAAE HA JiI0 KBEPLETUHY Y IIa3Mi
kposi mypiB. Tak, 3a aii OiodnaBoHoina B gocnigax in vitro akruBHicth CO/] 3poctae, a KAT —
3HMKYeThes. Bmict GSH 3HmKyeThes 3a 1ii kBepueTHHy B koHueHTpanisx 0,1-1,0 MM i nigBu-
HIyeThes B KoHIeHTpamisax 3,0 i 5,0 MM. HaiiMeHIna yacTka BIUIMBY CBiYUTh, IO KBEPLECTHH
npsiMo He BiuinBae Ha cuaTe3 ensumy COJl 1 KAT, a nie, #iMOBipHO, Ha MEXaHI3MH YTBOPCHHS aK-
TUBHUX KUCHEBHX META0OMITIB (OCKUIBKH BIZIOMO, IO YacTKa BILIUBY 50 % CcBimuuTh mpo 6e3mo-
cepenHiil BIUIMB YNHHUKA Ha OCII/PKYyBaHHH OKa3HHUK; YMM HM)KYa YaCTKa BIUTHBY, TUM BILIHB
YHHHUKA Ha TIOKA3HUK € OLTBIIOK MIpOI0 OMOCEPEIKOBAHIM).

VY mnaykoBiii mpami [. B. AxceHoBa 3acBiIYEHO BIJCYTHICTb BUPQ)KEHOTO BILIHBY
KBEpLETHHY Ha IMOCHIEHHS aHTHOKCUIAHTHOTO 3aXKUCTy opraHiaMy [1]. ¥V iHTaKkTHUX H1ypiB, SKi
OTpHUMYBaJIU KBepUEeTHH y 1031 200 Mr/Kr Macu Tijia IpoTsiroM 14 1HiB, HE BUSIBIICHO CTAaTUCTUYHO
3HAYYIIOI PI3HMII B KOHIIEHTpALi] MAJIOHOBOTO AiaJbJETiNy 1 TipOIIEpOKCUIIB JIIIIB Y TU1a3mi
kpogi, BmMicty GSH i GSSG, aktuBHOCTI Temokcurenasu-1 i NAD(P)H-xiHOHOKCHIOpEyKTa3u
B IIEYiHIIl TOPIBHSAHO 3 KOHTPOJBHOIO Ipymoro. HaaxomkeHHs KBEpLETHHY B CKJall palioHy
(2 1/kr) mpotarom 22 nHIB HE BUSBISUIO JOCTOBIPHOTO e(eKTy Ha MapKepH INEPOKCHIHOTO
okucHeHHs JiniaiB, piBeb GSH, akruBHicTh KAT, miyrarionnepoxcunasu, COJl i NAD(P)
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H-xiHoHOKcHaOpenykTasu B nevimi. [Topsi i3 UM, y mpaiii 1boro 5k aBTopa BKa3aHo, IO B J0-
CJIIJDKEHHSIX [N Vitro BCTAHOBIICHO aHTHOKCHIAHTHY [0 moJjideHony, sika Moxe OyTH 1MoB’s3aHa
3 0e3rnocepeHbOI0 IHAKTUBALIIEI0 BUIBHUX PAJMKAIIB 3aBISKH HASBHOCTI B XIMIUHIH CTPYKTY-
pi KBEpLETHHY KaTexOJibHOI Ipymu (0€H307I5HOTO KiNbIs 3 JBOMA TiAPOKCHIBHUMH IPyNaMu);
2,3-n0/1BIHHOTO 3B’S3KY, KOH IOTOBAHOTO 3 4-0KCOrPYIIOI0; I IPOKCHIILHOT IPYITH B MOJNOXKEHH] 3 1
5, & TaKOXK OIOCEPEIKOBAHOI0 TPaHCKpUNLiHHUME akropamu Nrf2 i AP-1 akruaiieto Gpepmen-

TiB @aHTHOKCHIAHTHOTO 3axucty [1].

120
100
BiIHOBIEHHH INIyTaTioH

g
) I
0
con KAT

EricTaMiH = WKBEPUETHH ¥ B3aeMHHH BILTHB HeBpaX0BaHI YHHHHKH

[=2] o]
o o

YacTka BIIABY, %
=
(=)

Puc. 13. Pesynbratu aucrepciiiHOro aHanisy BIUIMBY TiCTaMiHy, KBEPLETHHY Ta IXHbBOI IO€IHAHOI Ail Ha
AKTUBHICTb CYNCPOKCUAAUCMYTAa3HM, KaTajJla3u 1 BMICT BIJJHOBJICHOI'O INIYTaTIOHY Yy IJIa3Ml KpPOBI
wypis (¥** — p>0,999)

Hawmu BUsABNICHO TOMipHUHA 1 JOCTOBIPHUH BIUTMB OXHOYACHO] [Iii TicTaMiHy 1 KBEpIECTHHY
Ha MMOKAa3HUKH aHTHOKCHIAHTHOI CHCTEMH IIJIa3Mu IIypiB. Takosk HaMU BHSBIICHO WiKaBUH (axT,
SIKUH TIONIsTae B ToMYy, o 3MiHa aktuBHOCTi COJl i BMicTy GSH 3anexuTth Bil KOHIEHTpamii
rictaMiHy y KpOBi IIypiB 32 OJHOYACHOTO BBEICHHS HOTO 3 KBEPLETHHOM. TaK, 3a OAHOYACHOTO
BBEJICHHS Y KpOB TictamiHy B kKoHueHTpanii 0,01 MxM Ta xBepueruny (0,1; 0,5; 3,0; 5,0 MM)
BinOyBaeThcs 3poctanus akTuBHOCTI CO/] i 3HIKeHHS BMicTy GSH. 3a noennanoi aii rictaminy
B koHreHTpanii 10,0 MxM i kBepueruny (0,1; 0,5; 3,0; 5,0 MM) BHSBIICHO BiCYTHICTH BILUIUBY
na axtuHicTh COJI i meBHe 3poctanns BMicTy GSH. FIMOBipHO, KBepuETHH i TicTaMiH y HU3bKiil
xoHmeHTparii (0,01 MkM) 3yMOBIIO€ CHHEPTIYHUI HETAaTUBHUH BILTUB Ha aHTHOKCHIAHTHY CHC-
TeMy TUTa3MHU KPOBIi IIypiB.

OTxe, HAMH BCTaHOBJICHO, IO KBEPIIETHH 3yMOBIIOE 3pocTaHHs akTtuBHOCTI COJl Ha
¢oni 3HmKeHHs akTUBHOCTI KAT 1 BMicTy mTyTaTioHy (3a HU3BKUX KOHIICHTPALii JOCITiIKyBaHO1
pedoBuHN). KBeprernH y Bucokux KoHmeHTpanisax (3,0 i 5,0 MM) crnpuumnHse MiIBUIICHHAS
Bmicty GSH.

JonaBaHHs 10 KpoBi ricTraminy nmpuBoauTs 1m0 3HIKeHHS akTuBHOCTI CO/l i KAT Ta mo
migsumeras Bmicty GSH.

[oennana mist ricraminy B KoHIEHTparii 10,0 MKM Ta KBepIETHHY 3yMOBITIOE 3HIDKCHHS
axktuBHOCcTi CO/l, KAT i migsumenss Bmicty GSH. INicramin y konnerTpaii 0,01 MmxM Ha i xii
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KBepLeTHHY TinBuinye aktuBHicTh eH3umy COJl, 3umkytoun aktuHicTh KAT i BMict GSH, 1o
CBIJTYUTH PO HETaTUBHUI MMOE€THAHNHN BIIUB IIUX CTIONYK Ha IPOOKCHAAHTHO-aHTHOKCHIAHTHUH
CTaH TJIa3MHU KPOBI.

3a pesynpTaTaMH TUCIIEPCIHHOTO aHasi3y BCTAHOBJICHO, IO HAWOILNBIN 3HAYHA YacTKa

BruBy Ha aktuBHIcTE COJI, KAT i Bmict GSH npunanae na ricramin. Ha noeiHanuii BIms ric-
TaMiHy 1 KBEpIIETHHY Y TJIa3Mi KPOBI MPHUIAIa€ MOCEPEIHs YacTKa BILIMBY, TOJI SIK KBEPIIETHHY
HAJIC)KHUTh MiHIMaJbHA YacTKa BILIUBY.
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STATE OF ANTIOXIDANT SYSTEM OF RAT BLOOD PLASMA AT THE ACTION
OF QUARTZETIN AND HISTAMINE IN IN VITRO EXPERIMENTS

N. Harasym!, H. Baran?, N. Bodnarchuk!, V. Otchych', M. Galan!, A. Zyn?, D. Sanagursky'

'Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
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3Lviv Research Forensic Center, MIA of Ukraine
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The effect of histamine and quercetin, as well as their combined effect on the activity
of superoxide dismutase, catalase and the content of reduced glutathione in the blood plasma
of rats was studied. It was found that the addition to the blood of quercetin at a concentration
of 0.1; 0.3; 0.5; 1.0; 5.0 mM causes an increase in superoxide dismutase activity. It was
found that histamine at concentrations of .01 and 0.1 um leads to a decrease in superoxide
dismutase activity by 31 and 17 %, respectively. Whereas the biogenic amine in the lowest
and highest concentrations does not change the activity of superoxide dismutase in plasma.
At simultaneous introduction into blood of histamine in the maximum concentration (10.0
um) and quercetin in concentration of 0,1; 0.5; 3.0 mM normalizes the activity of superoxide
dismutase. And only the combined action of histamine of this concentration and quercetin
at a concentration of 5.0 mM reduces the activity of the enzyme by 21 %. Histamine at a
concentration of 0.01 um and the simultaneous action of quercetin at a concentration of
0.1; 0.5; 3.0; 5.0 mM increases the activity of superoxide dismutase, which indicates the
generation of reactive oxygen species, in particular the superoxide anion radical. It was
found that the addition of whole concentrations of quercetin to whole blood causes a
decrease in plasma catalase activity. The combined action of quercetin and histamine causes
a decrease in catalase activity.

It was found that the addition to the blood of quercetin at a concentration of 0.1;
0.3; 0.5; 1.0 mM causes a decrease in the content of reduced glutathione. Quercetin at a
concentration of 3.0 and 5.0 mM causes an increase in reduced glutathione by 27 and 14 %,
respectively, compared to the reference plasma. Histamine at concentrations of 10.0, 1.0 and
0.01 um leads to an increase in the amount of reduced glutathione by 24, 26 and 19 %, re-
spectively. And at a concentration of 0.1 um, the biogenic amine reduces the GSH content by
39 %. With simultaneous introduction into the blood of histamine at a concentration of 10.0
um and quercetin at a concentration of 0.1; 0.5; 3.0 mM there is an increase in the content
of reduced glutathione. And only at a concentration of 5.0 mM quercetin on the background
of the action of histamine (10.0 um), the content of reduced glutathione is slightly reduced.
However, with the combined action of histamine at a minimum concentration (0.01 uM) and
quercetin at a concentration of 0.1; 0.5; 3.0 and 5.0 mM there is a decrease in the content of
reduced glutathione.

After performing a dispersion analysis, it was found that the state of the antioxidant
system, both enzymatic and non-enzymatic, is significantly affected by histamine. The
smallest, but significant share of the effect is on the action of quercetin in the blood plasma of
rats. The indirect and significant effect of the simultaneous action of histamine and quercetin
on the antioxidant system of rat plasma was revealed.

Keywords: blood plasma, superoxide dismutase, catalase, reduced glutathione,
quercetin, histamine
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BMICT CIAJTIOBUX KHCJIOT, AT® I CYIIEPOKCHUJHOTI'O AHIOH-PAJIUKAJIA
Y 3APO/IKAX B’IOHA 3A BIIVIMBY ®JIYPEHI3UAY

H. Boanapuyk, H. I'apacum, A. Tpins, JI. Canarypcbkuii

Jlvsiscokuil Hayionanvruil yHieepcumem imeni leana @panka
syn. I pywescvkoeo, 4, Jlveie 79005, Vrpaina
e-mail: nataljabodnarchyk@ukrnet

Binomo, 1m0 ¢uypeHi3na € HOBOCHHTE30BaHUM IIPENIapaToM i3 BHPaXXEHHMH HpO-
TUMIKPOOHHMH, IMyHOMOY/Iro0unMH GyHKIissMA. [IpoTe HeBizoMa #oro aist Ha (yHKIiO-
HaJIbHI BIACTHBOCTI KIIITHH, 30KpeMa, 3apOJKOBHX. MeTOI0 bOTO HOCIiKEHHs OyiI0 BCTa-
HOBUTH HAasIBHICTb CiaJIOBHX KHCJIOT SIK KiHI[EBUX KOMIIOHEHTIB INIiIKOKOH FOTaTiB, OCHOBHOT
Makpoepriunoi crnonyku — AT®, ouiruti rerepanio O, y 3aponkax B’roHa (Misgurnus
fossilis L.) 32 BIUTUBY aHTHOI0THKA (ITypEeHI3U/TY.

JlocmipkeHHST TIPOBOJIIIN Ha 3apojikax B’roHa. [Ticiis 3ariiTHeHHS 3UrOTH TOMila-
i B yaniku [letpi 3 po3unHamu ¢nypeHizuay B konnenrpaiisx 0,01; 0,05; 0,15; 1,0; 5,0;
15,0 MM, ne 3anmumanu po3uBarucs. Ha eramax po3BuTky 2 6iacromepu, 16 Gractomepis,
64 6rnactomepu, 256 6mactomepis i 1024 Gnacromepu Binbupanu npobu. [TapanensHo mpo-
BOJIMJTH KOHTPOJBHI JIOCHI/KEHHS, JIe 10 3pa3KiB He nojaBanu (uypeHizun. Y BimiOpaHux
3pa3Kax BH3HAYaJIH BMICT CiaJoBHX KUCIOT, AT®D, cynmepokcHIHOTO aHiOH-pagnKaa.

Hamu BcranoBieHo, mo ¢uiypenizun y HaltHmk4ii koHnenTpanii (0,01 MM) He 3y-
MOBITIOE 3MiH Y BMICTi CYIIEpPOKCHIHOTO aHiOH-PaIMKaja BIPOIOBXK PAHHBOTO EMOPIOTCHE3Y.
AHTHOIOTHK Y MaKCHMaJIbHIH KOHIEHTpAMLii CIPUYNHSE 3MIHH BMICTy BUIBHOTO pajuKaia 3
erary po3BUTKY 64 Omactomepu g0 1024 Gmactomepu, mpuuoMy 3i crafii 64 Gmactomepu
BinOyBa€ThCs MiABUINEHHS HOTO KUIBKOCTI, @ HA eTami po3BUTKY 16 GnacTomMepiB — 3HH-
xeHHs. VIMoBipHO, rypenisun y konuentpanii 15,0 MM € HaiiGinbin peakiiHO3AATHIM.
Binomo, mo Qurypenizun BUSABIISE aHTHOKCUIAHTHI BIACTHBOCTI, IIPOTE Y HOTO CTPYKTYpi
HasiBHI TPyIH, SIKi MalOTh TOKCHYHY JIif0, KOTpa € HaliOUIbII BUPA’KEHOIO 3a BIUTUBY BHCO-
KHX KOHIIEHTpaliil. 3arajgoM, Ha erami po3BUTKY 16 GracToMepiB BinOyBaeThCS 3HMKCHHS
KimpkocTi O, 3a BIIMBY JOCIIKYBaHOTO aHTHOIOTHKA. B 1eif yac y KOHTPOI BMICT I5OT0
BUIBHOTO paJivKaja 3pocTae, HOPIiBHSIHO 3 iHIIMMU eTanaMH po3BHTKyY. DirypeHisuy Bene 1o
3pOCTaHHS BMICTY CYNEpPOKCHIHOTO aHiIOH-paJMKaia Ha eTari po3BUTKY 2, 64 GmactoMepu
i 0cobnmBO BHpaXkeHO - 3a KoHIeHTpauid Big 0,05 no 15,0 MM Ha eramax po3BHTKY 256
i 1024 6rnacromepu. 1024 GnacToMepH € AECSATUM €TarloM IOALNY, 1€ BigOyBaeThCs HOTo
JICCHHXPOHI3AIlisl 1 3HHKYETHCS MITOTHYHUHN 1HJCKC, IO BiTOOPAKAETHCS HA IHTCHCUBHOCTI
YTBOPEHHS CyNEePOKCHIHOTO aHIOH-paIiKaa.

AHTHOIOTHK 3yMOBIIIOE MiIBHIIEHHS BMICTY CIQJIOBUX KHCJIOT Ha HEpUIOMY eTari
npobienHs (2 6imacromepun). Ha etami 16 6imacromepiB durypeHi3ua y HU3bKHX KOHIIEHTpAli-
SIX BeJIC JI0 3HMKEHHS BMICTY ciaJloBHX KUCIOT. [IpoTe Bxe Ha etami nonity 64 i 256 Gmacro-
MepiB JIOCITI/PKyBaHa PEYOBHHA B YCiX KOHIIEHTPAL[ISIX 3yMOBIIIOE TIepeBaXkaloue 3HIKSHHS
KUTBKOCTI CiaJIOBHX KHCIOT. Ha ocTaHHBOMY eTami CHHXpOHHUX JapoOneHs (1024 6macto-
MepH) GIIypeHi3ua y MakCHMalbHil nocmipKyBaHiil koHneHnTpauii (15,0 MM) 3ymoBioe
3HaYHE 3pOCTAHHS BMICTY CiaJIOBHX KHCIIOT.

Onypenizun y xoHmentpaii 0,15 MM, 5,0 MM i 15,0 MM 3yMOBIIOE 3HHXKECHHS
Bmicty AT® y 3apoakax B’roHa Ha eTari po3BHTKY 256 OnactomepiB Ha 28, 67 1 38 % Bin-
moBiHO. 3poctanHs BMicTy AT® nHa 33 % BigOyBaeThCsl 3a BIUIMBY (IypeHi3UaAy B KOH-
nentpauii 1,0 MM. Bmict AT® Takox mHiJBHINYeThCS Ha eTami po3BUTKY 3apoikiB 1024
OnmactoMepiB 3a BIUIMBY (IIypEeHI3HIY BCIiX OCIIKYBAHUX KOHIICHTPAITIi.

© Boanapuyk H., I'apacum H., Tpins A., Canarypcekuii [1., 2021
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3a JO0NOMOror AMCHEPCIHHOrO aHami3y BCTAaHOBICHO, 10 3HAUHHUH BKJIAJ y 3pOC-
TaHHs BMicTy AT®, cianoBHUX KUCIIOT 1 CYNIEpOKCHUIHOTO aHIOH-pauKaa M 4ac paHHbOTO
eMOpioreHe3y 3apo/KiB B’ IOHAa YHHUTH (AKTOP PO3BUTKY 3apOAKiB, Tofi K dakrop durype-
HI3WAY Ma€e MEHII cIa0Kuii BKiaz [4].

OTxe, y pe3ysabTari JOCTiHKEHb 3aCB1TYEHO, 110 (ITypeHi3U ] 3yMOBIIIOE TOCUIICHHS
reHeparii CynepoKCHIHOTO aHIOH-paIuKaia, 3HIKEeHHS BMICTY CIallOBHX KHCIIOT, a TAKOX
3MiHy BMicTy AT® y 3aponkoBuX KIITHHAX YIPOAOBK PAaHHBOTO eMOpioreHesy.

Kniouosi cnosa: 3apoaku B’roHa; (QIypeHi3wI; CiaioBi KHUCIOTH, CYNEPOKCHIHHUN
aHioH-pagukan, ATD

Oypenizug — npemnapar 4 K1acy TOKCHYHOCTI, CHHTE30BaHUH B YKpaiHi, ONWH 13 MOXij-
HUX (IryopeHy. 3aBIsSKH HAsIBHOCTI TiApa3HUX TPYI Ma€ MEBHY CTPYKTYpPHY CXOXKICTh 3 130Hia3u-
oM. 3a manumu HamioHansHOTO 1HCTUTYTY QTH3iaTpii 1 mymeMoHomoril imeHi @. I SIHoBCHKOTO
(M. KuiB, MO3 Ykpainn), MiHiMaIbpHa iHTIOyI0Ua KOHIICHTpALis (IIypeHi3uIy MOoA0 JJabopaTop-
HUX | BUAUICHAX BiJl XBOPUX IITaMiB MiKOOaKTepill TyOEpKyIb03Y, Yy TJIUBUX J0 130HIa3UdY, CTa-
HoBHTh 0,04—0,15 Mkr/mn Ha cepenoBumax I[Ipockayepa-beka ta 0,08—0,30 MKr/mi Ha cepeno-
pumi Jleenmrreiina-Mencena [12, 13].

3aranom, akTUBHICTh (DIypeHI3UAy in vitro 3Ha4HA, aje MOCTYMAEThCS YIBIUI 130Hia3u-
ny. Hltamu, cTiiiki 10 iHIIMX TPOTHTYOEPKYIbO3HUX IPETapaTiB, 3aIUIIAIOTHCS Uy TIUBAMHE 10
¢Gypenizuay [9, 23]. IIpote 3amumaeTbes HeBiIOMUNA BIDIHB (iIypeHi3uAy Ha (QyHKIIOHATBHI
mapaMeTpy KIITHH-EyKapioT.

3’scOBaHO MEXaHi3MH BILTHBY (UIypeHI3UAy Ha iI0HTPAHCHIOPTYBAIbHI CHCTEMH 3apOJIKiB
B’10Ha Misgurnus fossilis L. BcraHoBI€HO, 1110 BIUTUB (TypeHi3nAy Ha 3apOIKH XOIOJHOKPOBHUX
MIPOTATOM eMOpIOTeHEe3y peali3yeThcsl Ha MEMOpaHHOMY piBHI, a came 4epe3 iHriOyBaHHS Na“,
K*-AT®a3u. Crymiap iHriOyBaTbHOTO BILTHBY IIpeHapary 3aje)KUTh HE TUTBKH BiJl KOHIICHTPAIIii
(GurypeHi3uay B CepemoBHINI i1HKyOaii, a i Bif CTail pO3BUTKY 3apOAKIB 1 CTPYKTYPH CaMOTO
(urypeHi3uay, mo BU3HaYa€e Horo Gi3uKo-XiMidHi BIaCTUBOCTI [3]. 3aMUIIaeThCs HEBUBUCHOIO JTist
(urypeHi3uay Ha MPOOKCHIAHTHI BIACTHBOCTI, eHEpro3ade3eueHHs Ta CTaH ClaJlOBUX KUCIOT 5K
KIHIIEBUX KOMITOHEHTIB INIIKOKOH FOraTiB KJIITHH.

CiaJOBi KHCJIOTH — PEUYOBHHH, HasBHI B YChOMY OPTaHi3Mi, ajie IePEeBakHO V 3B’ I3aHOMY
BuDIsIAi. Haitbinmpire 1X y CIMHI Ta CITH30BUX 000JIOHKAX, ITEBHA KITBKICTh € Y KPOBi. 3aBISKH Ci-
AJIOBUM KHCJIOTaM CEKPET CIIN30BHX CTAE OUIBII B’SI3KUM, IO 1€ IM 3MOTY BUCTYTIATH SK 3aXHCT
BiJl (Di3MYHOTO 1 XIMIYHOTO BIUIMBY. Y CHPOBATIII KPOBI CiaJIOBi KHCIIOTH 3B’ SI3YIOThCH 3 11 OiTkammu
1 YaCTHHOIO TOPMOHIB, 3a0€3MMeUyr0Yr IM MOXIIMBICTh IUPKYIIOBATH OLTBIN TPUBANHMi 9ac. Bix
CIaJIOBUX KHCIIOT TaKOX 3aJIe)KUTh TPUBAIICTh MUPKYIISMIi y KPOBI €PUTPOIHTIB 1 TIMQOITHUTIB.
BcranoBneHo, 110 npoliec cTapiHHS €pUTPOLMTIB OB’ A3aHUH 13 TUM, IO Y IXHBOMY IJIIKOKaJIiK-
ci 3MEHIIYeThCS KITBKICTh cianoBux kucioT [10, 11]. Bigomo, mo Ha mOBepxHi IIIa3MaTHIHOI
MeMOpaHH KJIIITHH MICTATBCS PELENITOPH, Y CTPYKTYPi SIKUX € cianoBi KUcIoTH. CialloBi KHCIOTH
CTBOPIOIOTHh HETaTHBHUI TTOBEPXHEBHIA IOTSHITIAM, TPUICTHUH 10 aare3ii kimituH [18].

Otike, BUBYCHHS BMICTy CIaJIOBHX KHCJIOT € HAJ3BHYAHO BAXIUBHM JJISI PO3YMIHHS
BIDIHBY (piIypeHi3uIy Ha HOPMAIbHHUIA PO3BUTOK 3apPOAKOBHX KITITHH [16].

Binomo, 1110 3a MaToNOTiYHUX CTaHiB, 30KpPeMa, 3a /1ii TOKCHYHUX PEYOBHH, YITKOIKYIOTh-
cs1 MITOXOH/IPi, a 11e BimoOpaxaeThcst Ha cuHTe31 ATO [21, 24, 28, 29].

Merta poOOTH — BCTAaHOBHUTH YIITKOMKCHHS TIIKOKOH IOTATiB (32 BMICTOM CiaIOBHX KHC-
JIOT), CTaH OCHOBHOTO CHEPTeTHYHOTO 3abe3meucHHS (32 BMicToM AT®), OmiHWTH TeHEepaito
BiIBHMX pajmKaiB (3a BMicTom O, ) y 3aponkax B’loHa Misgurnus fossilis L. 3a BIIMBY aHTH-
OioTHKa (urypeHizumy.
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Marepiaau Ta MmeToau

ExcriepumenTn npoBoamim Ha 3apofkax B’roHa Misgurnus fossilis L., ki oTpuMyBany i
3aIuTiAHIOBaIIM 3a MeTonukoro Heiidaxa (Helipax A.A., 1977). Craaii po3BUTKY KOHTPOJIIOBAJIH
Bi3yaJbHO MiJ] OiHOKYIsIpHUM MikpockornoM MBC-9. Uepes 5—10 xB micis 3amuriiHeHHs BiAMU-
Ti 3UroTH iHKyOyBanu y ¢isionoriunomy poszunni Fonsrgperepa (CaCl, — 1,8 mmons/i1, NaCl —
110 mmonw/it, KCI — 1,4 mmons/n, Tpuc-HCI — 5 mmons/i, t = 20-22 °C), skuii MiCTUB PO3YHH
¢ypeHizuay (BUKOPHCTOBYBAJIM HOBOCHHTe30BaHy npodecopom JI. 1. ITerpyx y JIpBiBChKOMY
HAI[IOHAJIBHOMY MEIUYHOMY yHiBepcuTeTi iMeHi Jlanmma ["aquipKkoro peuoBrHy) B KOHIICHTpA-
uisix 0,01; 0,05; 0,15; 1,0; 5,0; 15,0 MM. ®@aypenizun y koHnentpaiii 1 MM € 10060Bor0O Tepa-
MIEBTHYHOIO JT0300 JUIS OpraHi3My (3a XJIaMigiifHOTO €HIOLEPBIUTY, YPETPUTY, CHIOMETPUTY).
3apozaxu B’1oHa BigOupanmm gepe3 60, 150, 210 i 330 xB micins 3amTiqHEHHS SIMIEKIIITHH, IO Bif-
moBianu neprromy (2 6macromepn), geTBepromy (16 Omactomepis), moctomy (64 G6iaactomepn),
BOCBMOMY (256 GmactomepiB) i necstomy (1024 6aactomepn) apodieHHro 3uroTH. [lapanensHo
IIPOBOJIMIIM KOHTPOJIBHI JIOCTI/DKEHHS, 16 A0 3pas3KiB He fqozpaBanu (uiypeHisua. bmacromepu
BiIOMpay Ha 3a3HAYCHUX €Talax PO3BUTKY 1 3MIMCHIOBAIM iXHIO TOMOTEHi3aMio0. Y BiIiOpaHuX
3pa3Kax BH3HAyaJld BMICT CiallOBHX KHCIOT MeTonoM [ecca (BHKOpHCTOBYBalIM 0e301IKOBHIA
¢ineTpar, mogaroun no romoreHarie 10 % tpuxsoponroBy kuciory) [10], AT® (imkybOarito
MIPOBOJIIITH 3a Temneparypu 24 °C, OCKIIBKH B IOHHU € XOJOTHOKPOBHUMH) [ 1], CyHepOKCHIHOTO
aHiOH-paauKaia [6] Ta 3arajgpHOrO Oika 3a MetogoM Jloypi. BmicT cynepokcuaHoro aHioH-pa-
JIMKaja BU3HAYAJIM 32 HOTO pPeakili€lo HITPOCHHBOTO TeTpasolito. [IpuHIMn MeToy BU3HAYEHHS
BMICTY CiaJIOBHX KHCJIOT IOJIATA€ B TOMY, IO Y PE3yJbTarTi Tiapoizy 0e3011koBoro (Giasrpary
EPUTPOIMTIB KPOBi 31 CKIALy ClaIOTTIKONPOTEiHIB BHIUISIOTECS CiajoBi KUCIIOTH, SIKi 3 PO3UH-
HOM CyTb()aTHOI KHCIOTH B JIBOISHIN OLTOBIH KUCIOTI y KUIUITYii BOASHIN OaHi TalOTh KOJIbO-
poBy peaxiito. Bmict AT® Bu3Hawanu 3a KiTbKicTio Gochopy Heopranigroro. [TpuHITUT IHOTO
MeTony Oa3yetbes Ha Tigponizi AT® (skuit BinOyBaeThes i Yac KUIT SITIHHA 3pa3KiB 3a HasB-
Hocti HCI), 3a pe3ynbTaTtoM 40T0 3BIIBHAETHCS 3aMHIIOK (oc(OpPHOT KHCIOTH (OOMHULI BUMIpY
MMoutb Pi/mr 6inka). Pesymbratu nocmimpkeHb ONMparbOBYBaJId CTATUCTUYHO 3 BUKOPHCTaHHIM
kpurepito CrproneHTa. CTaTHCTHYHY OOpOOKY BCIX pE3yNIBTaTiB JOCIIPKCHb 3IHCHIOBAIH 3
BUKOPUCTaHHSIM Tporpamu ,,Excel-2010” niast Windows [14].

PesyabTarH i ixHe 00roBopeHHs

Hamn BcraHoBneHo, mo Ha eTami pO3BUTKY 3apoJKiB B’IoHa 2 OiacToMepd BMICT
CYNEPOKCHIHOTO aHIOH-paJMKana IiIBUIIYEThCS 3a BIUIMBY (NIypeHI3uay B KOHIEHTpamii
1,01 5,0 MM (y 3,1 Ta 1,7 pa3y BignosigHo). [IpraoMy 3a BHUIIOI KOHIIEHTpAIT MiABHIICHHS
BMICTY pajiKana € MeHII iHTeHcuBHUM (puc. 1). ®nypenizun y xkonnenrpanisx 0,01; 0,05; 0,15;
15,0 MM He criprunHsi€ 3MiH BMICTY CYIIEpOKCHIHOTO aHIOH-paiKaja Ha [IbOMY €Talli PO3BUTKY
3apOJKIB.

Ha erami 16 GmactomepiB BMICT CYNEpOKCHIHOTO aHIOH-pPaJHKaNa € B MeXax HOPMH
3a nii Quypenizuny B koHuenrpauisx 0,01; 0,15; 5,0 MM (puc. 2). Halimenmmii #oro BmicT
CIocTepiraeThes 3a KoHIeHTpamnii antudioruka 0,05; 1,01 15,0 MM (3amkenHs y 0,62; 0,59; 0,63
pasy BiIIIOBIHO MOPIBHSHO 3 KOHTpoineM). I1iy yac moganboro po3BUTKY 3apoiKiB (Ha erari
64-x OGmactoMepiB) y cepenoBHILi 3 (IypeHi3HI0M BCTAHOBJIEHO MiABUIIEHHS BMicTy O, nmie
3a koHnentpanii 15,0 MM (B 1,53 pazy). B iHmmx Bunaakax BiH nepeOyBae Ha piBHI KOHTPOJIIO
(puc. 3). I[Ipore Ha eTami po3BUTKY 3apOJKiB B I0HA 256-X 61acToMepiB BifOyBaeThCA MTiABUIICHHS
Bmicty O, mpuGmu3HO Ha 45-71 % 3a ycix JOCHiKyBaHMX KOHIEHTpALiil Guypenizuy, Kpim
xoHneHTparii 0,01 MM (puc. 4).
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3MiHa BMICTY CyNepOKCHIHOTO aH1OH-paIiKala 3aTHIIA€THCS TAKO K 1 Ha €Talli PO3BUTKY
3apoakiB 1024 GmactomepiB. HamMu BcTaHOBIIEHO, IO 3a BIUIMBY aHTHOIOTHMKAa B KOHIIEHTpALii
0,05 MM BMmicT 3poctae y 0,8 pasy, 3a koHmentpaitiii 0,15 MM i 1,0 MM — B 1,33 pagy, 3a
KoHIIeHTparii 5 MM — B 1,5 pasy, 3a konuenTparii 15,0 MM — B 1,46 pa3zy. OTxe, HalOLTBITHI
BMICT TMOKa3HMKa BHSIBICHO 32 KOHIEHTpalii ¢uiypenizuay 5,0 MM (puc. 5).
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Puc. 1. Bmict cynepokcuaHoro aHion-pamukaina Puc. 2. BmicT cynmepokcnaHOTro aHiOH-paguKana

Ha erami PO3BUTKY 3apoiKiB B’ioHa 2 Ha erami pPO3BUTKY 3apoiKiB B’toHa 16
OacTromepu 3a BIUIHBY (IypeHI3UIy OnacToMepiB 3a BIUIMBY (uIypeHi3umy
Pi3HUX KOHIEHTparii (¥* — p>0,99; *** — pi3HUX KOHIEeHTparii (¥ — p>0,95; ** —
p=>0,999) p=>0,99)
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Puc. 3. BMicT cynepokCHIHOro aHioH-pajukana Puc. 4. BMICT CymepOKCHIHOTO aHiOH-paauKana

Ha erami pO3BUTKY 3apojKiB B’loHa 64 Ha erari PO3BUTKY 3apojKiB B’ioHa 256
Gmactomepu 3a BHIMBY (ypeHizumy GnacTomepiB 3a BIIMBY  ()IypeHi3umy
pi3HHX KoHeHTpauiil (* — p>0,95) pi3HHMX KoHmeHTpamii (* — p=>0,95; ** —

p>0,99; *** — p>0,999)

Y koHTpOJ1i Hamu 3a)iKCOBAHO, 110 BMICT CYTNIEPOKCHIHOTO aHiOH-paIuKaIa IiIBUIILY €ThCS
Ha eranax 16 i 1024 OnmacromepiB, Tomi SIK Ha IHIIMX CTalisfX PO3BUTKY HOTO KUNBKICTH €
MPUOIU3HO OJTHAKOBOIO (pHC. 6).

Otxe, duypeHizun y HatHmxuiili koHneHtparnii 0,01 MM He 3yMOBIIOE 3MiH Y BMICTi
CYNEpPOKCHIHOTO aHIOH-paJMKana YHpPOJOBK pAaHHBOTO eMOpioreHe3y. AHTHOIOTHK Y
MaKCHMaJIbHIH KOHIIEHTpALil 3yMOBIIO€ 3MiHHU Yy BMICTI BUIBHOTO pajinKalia 3 €TaIy po3BHTKY 16
6mactomepis 10 1024 6iactomepis, npuuoMy 3i cTajii 64 61acToMepiB BiOyBaeThCs MiABUIIECHHS
fioro kinpkocTi. IMOBipHO, (yperisun y koHIeHTpaii 15 MM € HaiiGibi peaKiiiHO31aTHUM.
Binomo, mo ¢uypeHizua Mae aHTHOKCHAAHTHI BIAaCTHBOCTI (3a0e3medyeTbes (IyopeHOBUM
SIIPOM, SIKUi1 Oepe y4acTb y elIeKTpoiIbHOMY 3aMillleHH]), POTe Y HOTo CTPYKTYPI € TPyIH, SKi
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MaroTh TOKCHYHY JAif0 (3QJIMIIOK 130HIKOTHHOBOI KMCIIOTH BHUSBISIE TOKCHUYHI BIACTUBOCTI), SKa
HalOLIBII BUpa)KeHA 3a BIUTMBY BUCOKHMX KOHIIEHTpamii [5].
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Puc. 5. BMicT CynmepOKCHIHOTO aHiOH-pagukana Puc. 6. BMicT cynepokcuIHOro aHioH-pajuKaia Ha

Ha eTami PO3BUTKY 3apoiKiB B’roHa 1024 eTamnax po3BHTKY 3apOAKiB B'10Ha 2, 16, 64,
Gmactomepu 3a BIUIMBY (urypeHizumy 256 i 1024 GmacromMepH B KOHTPOJI

pi3HuX KoHUEHTpauiit (¥ — p=>0,95; ** —

p>0,99)

Tineku Ha erami po3BUTKy 16 GmacTomepis BinOyBaeThcs 3HMKEHHs KimbkocTi O, 3a
BIUIMBY JOCJI)KYBAaHOTO aHTHOIOTHKA. Y IIei 9ac Yy KOHTPOJI BMICT I[LOI'O BUILHOTO paauKaia
3pocTae, HOPIBHSHO 3 IHIIMMU eTaraMu po3BUTKY. [1opiBHIOIOUH 11 JIaHi 3 MONEPEAHIMH HAILIUMH
pe3yabraraMu, BCTAHOBWJIH, 110 HA eTarli po3BUTKY 16 OiacToMepiB 3HaUYHO iHTEHCH]IKYHOThHCS
TIPOLIECH JIiNONepoKCHallii, iMOBIpHO, came yepe3 BCTynaHHs B peakuito O, 3 jinizamu, Tomy
HOTro BMICT 3HMKYETBCS [5].

@nypenizuz Beae 10 3pOCTaHHs BMICTY CYNEPOKCHIIHOTO aHiOH-pajuKalia Ha eTari po3-
BUTKY 2, 64 OnacToMepH i 0COOMUBO BHpPaKEHO - 3a KoHIeHTpamii Bix 0,05 no 15,0 MM Ha
eTarax po3BUTKY 256 i 1024 6macromepu. 1024 Gractomepu € necsatum eranom noairy. Cymep-
OKCH/IHUH aHIOH-PaJNKaJ YTBOPIOETHCS SIK MOOIYHHUI MPOMYKT ITiJ] Yac pOOOTH ANXAITBHOTO JaH-
mrora MiToxouApiH [2, 17, 19]. Takok MOke YTBOPIOBATUCS IIiJ Yac poOOTH HIIUX (EPMEHTIB
(HAIH-perigporenasu, kcantuHOKcuaasn) [20, 25, 27].

Hawmu BcTaHOBIIEHO, IO HA €Tl PO3BUTKY 3apOAKIB B’10HA 2 OIIaCTOMEPH BMICT CiaJOBUX
KHCJIOT TOCTOBIPHO IiABUIIYETHCS 32 BIUIUBY (DIIypeHi3UAy BCiX JOCIIIKyBaHUX KOHIIEHTpAITii
(puc. 7). Hamu BusiBIIEHO HaliHTEHCUBHIIIE 3pOCTaHHS KUTLKOCTI CiaJlOBUX KHCIIOT 32 Jii T0CITi-
JDKYBaHOT pedoBUHHM Y KoHIeHTpauii 5,0 1 15,0 MM (1a 216 1 131 % BiamoBinHO).

Ha erami 16 GmactomepiB (uiypeHi3un y HaWHMXKYIN DOCTIIKYBaHIN KOHICHTpAIil
(0,01 MM) He 3yMOBIIOE MAOCTOBIPHHMX 3MIH IOJO BMICTY ClaloBHX KHCIOT. JlocmimkyBaHa
pedoBuHa y koHueHrpauii 0,05; 0,15 MM cripuunHsie 3HKEHHS KUIBKOCTI CiaJJOBHX KHCIIOT Ha
29 1 37 % signosigHo (puc. 8). Bucoki koHuentpamuii ¢puypenizuny (1,0; 5,0 15,0 MM) BenyThb
10 iHTeHCH ]Ikl 3pOCTaHHs BMICTY J0CIKYBaHOI peuoBrHN. HalOibIa KiTbKICTh CiaJ0BUX
KHCJIOT BUSIBIICHA Yy 3apolkax B’IOHa 3a HaliBUINOI KOHIEHTpauii antubiotnka (15,0 MM;
3poctanus Ha 200 %).

Ilig wac mMoOgAJIBIIOr0 PO3BUTKY 3apOAKIB Ha erami 64 OJacTOMEpIiB y CEpemOBHII 3
(ITypeHI3uI0M BCTAHOBJICHO 3HIDKCHHS BMICTY ClajoBHUX KHCIOT. HaiimMeHmmi iXxHi BMiCT
CIIOCTEPIraeThes 3a KoHIeHTpaiii antuodioTrka 1,0; 5,0 1 15,0 MM (3HmkenHs Ha 53, 64, 57 %
BiNOBiIHO) (puc. 9).

[Ipore Ha erami PO3BUTKY 3apoAKiB B’lOHa 256 OnacToMepiB 3a BIUIMBY (uiypeHi3uIy
BiZIOyBa€ThCS 3HIDKEHHS BMICTY CIQJIOBHX KHCIIOT 32 YCIiX JOCHTIPKyBaHMX KOHIEHTpAIii
¢durypenisuay, okpim kourenrpamii 0,01 MM i1 15,0 MM (puc. 10).
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Puc. 7. BMicT cianoBux KHCIIOT Ha eTani po3BUTKy  Puc. 8. BMicT ciaoBux KHCIOT Ha €Tami po3BUTKY

3apojKiB B’I0Ha 2 0GJacTOMEpH 3a BILIMBY 3apo/KiB B’10oHa 16 Gi1acToMepiB 3a BILTUBY
¢GnypeHi3uay pi3HUX KOHIeHTpauiil (¥ — GuypeHi3uay pi3HHX KOHIEHTpamii (* —
p=>0,95; ** — p>0,99; *** — p>0,999) p=>0,95; ** — p>0,99; *** — p>0,999)
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Puc. 9. BmicT cianoBHX KUCIIOT Ha €Talli PO3BUTKY  Puc. 10. BMicT cialoBHX KHCIIOT Ha eTalli pO3BHTKY

3apo/IKiB B’IOHA 64 OIIaCTOMEPH 3a BILIUBY 3apOJIKiB B’I0Ha 256 6;1aCTOMEPIB 32 BILIUBY
Guypenizuny pisHMX KOHIEHTpawin (* — (uypenisuny pisHMX KOHLEHTpawii (* —
p>0,95; ** — p>0,99; *** — p>0,999) p>0,95; ** — p>0,99)

BMicT ciaJloBHX KMCIIOT MiJIBUIYETHCS HA eTami po3BHTKY 3apoikiB 1024 Gmactomepi
MIOPIBHSTHO 3 €TaroM PO3BUTKY 256 OnactoMepiB. Hamu BcTaHOBIICHO, 110 32 BIUTMBY aHTHO10THKA
y konneHTpanii 0,05 i 1,0 MM BMICT ciaOBUX KHCIIOT 3MCHIIYEThCs Ha 68 1 45 % BiAmoBimHO
II0JI0 KOHTPOJTIO, a 3a KoHIeHTpaii 15,0 MM — 36inbiyeTses Ha 58 % (puc. 11).

VY KOHTpOII HaMu 3a(hiKCOBaHO, 110 BMICT CiaJIOBUX KHCIIOT 3pOCTa€ Ha €Tarli PO3BHUTKY
3aposkiB B’1oHa 16 6mactomepis Ha 39 % i 3HauHO 3HMKYEThCS (HA 29 %) MOPIBHSHO 3 eTanom 2
6nactomepu (puc. 12).

Otke, aHTHOIOTHK 3yMOBIIIOE IiJBHUIIEHHS BMICTY CiaJOBHX KHCJIOT Ha IEpLIOMY eTarli
npobnenHs (2 6macromepn). Ha nactynHomy erami (16 OmacromepiB) (uypeHi3HI y HU3BKUX
KOHIICHTPAIISIX BeAe 10 3HWKEHHS BMICTY ciajoBux KucioT. [Ipore Bxe Ha erami mominy 64 i
256 OmacToMepiB IOCHTI[KyBaHa PEUYOBMHA B YCIX KOHIIEHTpALSIX 3yMOBIIIOE II€peBa)Karoye
3HW)KEHHSI KUTBKOCTI cilajoBHX KHCIOT. Ha ocTaHHbOMY erami cMHXpOHHUX apoOneHs (1024
GrmacTomepu) (QIIypeHi3uI y MakCUMaJIbHIH JOCHiDKyBaHii koHUeHTpauii (15 MM) 3ymoBiroe
3HAYHE 3pOCTAHHS BMICTY CiaJIOBUX KHCIIOT.

Binomo, 1o Ha MoBepXHi KOXKHOI KIITHHM KMBOTO OPraHi3My MICTHTBCS LIap INTIKaHiB,
Horo IiMiKOKaJiKc, sSIKUi 3a0e3nedye ii 3B’S30K i3 HABKOJIMIIHIM CepeoBUINEM. Y €yKapioTiB
DTIKOKQTIKC CKJIAAA€ThCS 3 TIIIKOKOH IOTATIB: DIIKOMPOTEiHIB, DIIKONIMIAIB, MPOTCOITIKaHIB,
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OUIBIIICTH BYITIEBOMHUX KOMIIOHEHTIB SIKUX MICTATH KiHIEBI CiaJlOBi KHCIIOTH, SIKi B OCHOBHOMY
npencrasieHi N-aneTwiHeldpamiHOBOIO Kkuciororo. CianoBi KHCIOTH y CKIIAHi TIIiKaHIB
BILUTMBAIOTh Ha TPOIECH aire3ii, po3Mi3HaBaHHsS PEUYOBWH, BU3HAUAIOTH TPUBAIICTH ITUPKYIISAIIL
Y KpOBi JIeIKMX TOPMOHIB Ta OiKiB, O€pyTh y4acTh Yy TOPMOHpPEIENTOPHIN B3aemomii [11, 22].
ByreBoana yactrHa 37e01TbI0TO CTa0ITi3y€e CTPYKTYPY MOJIEKYJIH IIIKOTIPOTEiHY, 0OMEXYIOUH
HecnienrivHi 61710K-01TKOBI B3a€MOJIiT Ta 3aXHINAE Bif [ii menTuaoriaponas. PazoM 3 TuMm, 3mina
CTPYKTYpH [JIiKaHy Ta IOJIOKEHHS OKPEMHX BYIVICBOIHUX 3aJIMINKIB BU3HA4Yae (i3iogoriuyxy
AKTHBHICTH MPOTEIHIB, BIUIMBAE HA AATe3il0 KIITHH, IXHIO audepeHIiamiro ta mpoidepario.
I'mikonpoTeTHOBUM KOMIUIEKCAaM HAJIEKUTh SIK MPOBIAHA POJNH y 3B’SA3yBaHHI ¥ BHUBEICHHI
KCEHOO10THKIB, TaK 1 IMyHOMOYJTIOBAJIbHA i aHTHOKCHIAHTHA aKTUBHICTh, @ TAKOXK 3/IaTHICTh
iHri0yBatn nmpoteinasu [8, 26]. BpaxoByroun 3HAYCHHS TITIKOMPOTETHIB, 10 CKIAAY SIKHX BXOASTH
ciasoBi KHCIOTH, Y QYHKIIT po3MHOXKEHH, audepeHIiiariii, mposideparii # aaresii, 3MiHH BMiCTy
clasloBUX KUCIIOT 3a il GiypeHisumy OymayTh BiZoOpakaTHCs Ha 3a3HAUCHHX MPOIECaX PO3BUTKY
3apOJIKiB B’ FOHA.
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Puc. 12. BmicT cianoBux KUCIOT Ha Pi3HUX €Tamax

pPaHHBOTO PO3BUTKY 3apOAKiB B’IOHA Y

Puc. 11. Bwmicr ciagoBux KHCIOT Ha erami KOHTpOi
po3BuTKYy  3aponmkiB  B'roHa 1024
Omactomepu 3a BIUIMBY (iIypeHi3umy
pi3HuX KoHUeHTpauii (¥ — p>0,95; ** —
p>0,99)

[IpoBiBmM JOCTIUKEHHS, MM BCTaHOBWJIM, IO HA €Tali PO3BHUTKY 3apoJIKiB B’IoHa 2
Grmactomepu QuypeHi3un y HaiiHWwK4ild mociiukyBaniil konnentpaii (0,01 MM) He 3yMoBiIIOE
3Mid BMicTy AT®. IIpote duypenisun y xonuenrpauii 0,05; 0,15; 1,0 ta 5,0 MM Benme o
nigBumenas BMicty AT® y 3apoakax B’rona Ha 67, 30, 61 1 188 % Biamosiguo (puc. 13).
[oTpi6HO BigMITUTH, IO aHTUOIOTHK y HaWBHIIIH AOCHimKyBaHii KoHueHTpauii (15,0 MM)
CIpUYMHSAE 3HIKCHHS yTBOpeHHs AT® Ha 22 %.

Ha erani po3Butky 3aponkiB B’toHa 16 GnactomepiB 3a BIUIMBY (uIypeHi3HIy B KOHLICH-
tpauii 0,01 MM i 0,05 MM BinOyBaeTbes minBuieHHs BMicTy AT® Ha 59 1 123 %. BiamiueHo, 110
¢mypenizun y koHueHtpanii 0,15 MM Bene no 3HmwkenHs BMicty AT® na 77 %. Hamu BigmideHo,
1o 3a Aii aHTHOioTHKA Y BUCOKHX KoHIeHTpamisax (1,0; 5,0; 15,0 MM) Bmict AT® nepeOyBae Ha
PiBHI KOHTPOJIBHUX 3HAYEHB (puc. 14).

[Tixg yac momanbIIOro po3BUTKY 3apOJIKiB Ha eTami 64 OracTomMepiB y cepemoBuli 3 qury-
PEHI3UIOM BCTaHOBJICHO 3HIDKEHHS BMicTy AT®. 3okpema, 3a koHIeHTparii ¢pmypenizuay 0,05;
0,15; 5,0 1 15,0 MM BMICT HOCII)KYBaHOTO IIOKa3HUKA 3HWKYEThCS Ha 29; 27; 54 Tta 26 % Bin-
noBigHo. He 3ymoBmioe 3miH BMicTy AT® durypenisun y xonnentpanii 0,01 1 1,0 MM (puc. 15).

Hamu BusiBneHo, mo ¢uypenisun y konuenrpauii 0,15; 5,0; 15,0 MM 3yMOBITIO€ 3HNKEH-
Hs BMicTy AT® y 3aponkax B’roHa Ha eTari po3BUTKy 256 OmactomepiB Ha 28; 67 Ta 38 % Bin-

15 MM ®nyperiaua
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noBifgHo (puc. 16). 3poctanus Bmicty AT® nHa 33 % BinOyBaeThcs 32 BILIMBY (ITypeHI3UaYy B
koHnenTpaii 1,0 MM. MiHiMasbHI KOHIIEHTpAIlil aHTHO10THKA HE CIIPUYMHIOIOTH 3MIHU BMICTY
AT® y 3apoxkax.
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Puc. 13. Bmictr AT® y 3apoakax B’roHa Puc. 14. Bmict AT® y 3apoakax B’rOHa Ha eTari

Ha eTami pO3BHUTKY 2 Omactomepn posBuTKy 16 OGnacromepiB 3a BIUIMBY
3a  BIUIUBY QUIypeHI3uay pi3HHX Gbaypenisuay pisHHX KOHIEHTpamii (¥ —
koHIeHTpauid (¥ — p>0,95; ** — p=>0,95; *** — p>0,999)

p=0,99; *** — p=>0,999)

Bwmict AT® niaBuIiyeThes Ha eTari po3BUTKY 3apoakiB 1024 6iaactomepu 3a BILIUBY (ity-
PeHi3uay BCiX TOCHIKYBaHUX KOHIEHTpalii (puc. 17). Tak, kinbkicte AT® 3pocrae Ha 25 % 3a
xouueHtpariii 0,01 MM, Ha 51 % 3a kounenrparii 0,05 MM, Ha 50 % 3a koHIreHTpaiii 0,15 MM,
Ha 61 % 3a xoHueHTpauii 1,0 MM, Ha 164 % 3a xoHuenrpauii 5,0 MM, Ha 53 % 3a KoHUIEHTparlii
15,0 MM. Otke, HAMOLIBIIT IHTCHCUBHO yTBOpoeThCst AT® y 3apoakax B’rOHA 3a BILTUBY (iype-
Hi3uay B KoHIeHTpauiil 5,0 MM. TloTpiOHO BigMiTHTH, MO y KOHTpoii BMicT AT® Ha erari po3-
BUTKY 16 OGractoMepiB € HAWHIKYMM MOPIBHSHO 3 IHIIMMU €TaraMu PO3BHUTKY, TOJI SIK Ha eTari
PO3BUTKY 64 GiacTomMepy — HaUBUIMM (puc. 18).

OTxe, y3araJibHIOIOYM Hallll pe3yJbTaTh, MOXHa 3pOOUTH BUCHOBOK, IO aHTUOIOTHK Y
NepeBaXKHil OLIBIIOCTI KOHICHTpAIIH 3yMOBIIOE TiBUIeHHS BMicTy AT® Ha nepuioMy erarmi
npobiennsa. Ha erani mominy 64 ta 256 OnacToMepiB ITOCIIPKyBaHa PEUOBHHA 3YMOBJIIOE 3HU-
eHHs KutbkocTi AT®. [IpoTe Bike Ha OCTAHHBROMY €Talll CHHXPOHHHUX JIpOOJIeHb (ITypeHi3ua
Yy BCIX JIOC/TiDKYBaHMX KOHIIGHTpAIIifX 3yMOBIIIOE 3HAauHe 3pocTaHHs BMicTy AT®. MmogipHo,
M1 9ac MepIIoro MoATy BiOyBaeThesl 3HMKeHHs! BUukopuctanus AT® xiritunamu. [Ipote Bke
Ha MOAAJBLIMX eTanax PO3BHTKY BiOYBAa€ThCS YIIKOKEHHsI MITOXOH.piH i cuHTe3 AT® yno-
BUTBHIOETHCS [3].

Onypenizug y HaiiHwk4iil koHueHtpauii (0,01 MM) 4MHUTH MiHIMaNbHUA HEraTWBHHUNA
BIUIMB Ha 3pocTaHHs BMicTy AT® ynponosx paHHOro eMOpioreHesy 3apoiKiB B’oHa. 3a i€l
KoHIeHTpauii gpaypenizuny Bmict AT® 3pocrae Ha erani po3Butky 16 1 1024 6nacromepu. Ha
IHIIUX eTanax PO3BUTKY BMICT IOKa3HHKa IepedyBae B MeXax KOHTpOJto. HesHayHuil BIUIMB
TaKOX YHMHUTH (QypeHi3un y koHmentpamii 1,0 MM. 3a BBy 11i€l koHIeHTpallii BMict ATD
3pOCTae Ha eTari Po3BUTKY 2, 256 1 1024 6mactomepu.

3HauHHU HEraTUBHUH BIUIMB YMHUTH (urypenizuy y koHueHrpanii 0,15 mM. Tak, Ha erari
po3BUTKY 2 6:1actomepu BMicT AT®D 3pocrae, mpoTe Bike Ha HACTYITHUX €TalaxX PO3BUTKY BKIIIOU-
HO 10 256 GiacToMepiB BMICT MOKa3HMKa 3HMXKyeThes. Ha erami po3Butky 1024 Gnactomepu
KinbKicTe AT® 3HOBY MiZIBUIYETHCS TIOPIBHSIHO 3 KOHTpoJieM. [loTyxHuii BIJIMB (uiypeHi3uLy
3atikcoBaHuii 1 3a nii Horo y xoHueHrpauii 15,0 MM, ne BinOyBaeTbest 3HMKeHHS BMicTy ATO
yKe Ha MEPIIOMY €Talll MOALTY 3apOKiB B toHa. 3MeHIIeHHs BMicTy AT® BifOyBaeThes i Ha eTa-
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i po3BUTKY 64 1 256 Gnactomepis. [Ipore Bxe Ha etamni po3Butky 1024 Gnacromepu Bmict AT
IIIBUIIY€EThCS MOPIBHIHO 3 KOHTpoJeM. HeraruBHUIT BIUTMB HU3bKHUX 1 BUCOKUX KOHIEHTpALiH
¢bnypenizuay OyB 3acBimUeHHid Ha 3apoAKax B’IOHA MOMEPEAHIMH JOCIHIKEHHSIMHU. 30Kpema,
OyJI0 BCT@HOBIICHO, 1110 (uypeHi3ua y koHueHTpauisx 5,0 1 15,0 MM miaBuiiye BMICT Tifpore-
POKCH/IIB JIMIJIB YIIPOJOBX PO3BUTKY 3apoAKiB. AHTHOI0THK Y KoHIeHTpauisx 0,01; 0,05; 0,15 i
1,0 MM Bene no migsumieHHs kinbkocti THK-no3nTuBHUX npoxykris [5].

Etan po3Butky 16 GracToMepiB BUSIBHBCS HailMEHIN Yy TIUBUM /10 il QuiypeHizuny, ae
BmicT AT® nepeBaxkHo 1epeOyBae Ha piBHI KoHTponmto. Etan po3Butky 64 Onactomepu € Haid-
OinbII YyTauBHM, Ae BMicT AT® nepeBakHO 3HMKYeThcs. Ha ocTaHHBOMY eTarli CHHXPOHHUX
MO/ILJIIB BUSIBJICHO BiIMIHHUI BIUTUB (UIypeHi3uay, a came 3pocTanHs koHueHTpauii ATD y onac-
TOMepax.

Bapro Bigmituty, 1110 y koutpoui Bmict AT® Ha etamni po3BuTKy 16 Grnactomepis € Haii-
HIDKYUM TOPIBHSIHO 3 HIIMMU eTaliaMu PO3BHUTKY, TOJII SIK Ha eTari po3BUTKY 64 OnactoMepu —
HalBUIIUM.
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Puc. 16. Bmict AT® y 3aponkax B’foHa Ha eTarli

Puc. 15. Bmict AT® y 3apozkax B’IoHa Ha erari PO3BUTKY 256 OnacToMepiB 3a BIUIMBY
po3BUTKy 64 OnacToMepH 3a BIUTHBY GbmypeHizumy pisHUX KOHIEHTpamii (* —
(uypeHi3uay pisHUX KOHIEHTparii (** — p=>0,95; ** — p>0,99; *** — p>0,999)

p>0,99; *** — p>0,999)

Bimomo, 1o 3MiHa cIiBBiTHOIIEHHS HAOYXIINX i KOMIIAKTHUX MITOXOHAPIiH, 0 POCTYTH,
BiZloOpakae neBHUH (DYHKI[IOHAIBHUIN CTaH MITOXOHIpid. [Ipy BUBYEHH] MOMYIIALIT MITOXOHAPI#H
3apOoJIKiB paHHIX CTaJii INOPLEBOI kabu OyJ10 MoKa3aHo, 0 HAOYXJIMH 1 KOMITAKTHUN (CTHCHY-
THI1) THII MITOXOHZPiX MIPEACTABIEH] y PIBHUX KUIBKOCTX [7]. ¥V sSHIAX B’IOHA HEMA€E CyTTEBOI
3MiHH BMICTY MIiTOXOH/IpiaJbHHUX O1NIKiB 3a 4ac pO3BUTKY BiJ 3aIUTiTHEHHS 10 BIUTYILICHHS 3 000-
JIOHOK, 1110 30ira€Thest 31 CIIOCTEPEKEHHSAMHE MIPO CTAIICTh BMICTY LIUTOXPOMIB a, b Ta ¢ 1 akTuB-
HOCTI IIUTOXpOMOKcH1a3u. [IpoTe moka3aHo, o B 3apojKax Bix ctamii 9 roj (mi3Hs 6imactyna) 1o
cranii 30 rox (crazmis 17 map comiriB) 3a 21,5 °C KOHIEHTpAIlist MITOXOHIpiaIbHUX OUIKIB 3HAYHO
3MeHIIyeThes [ 7]. OTxe, pe3yabTaTh JOCIHTiHKEHb [I0I0 MITOXOHAPiH i MITOXOHIpiadbHHUX OLITKIB
€ HEOJIHO3HAYHUMHU. 3a HallIMMH Pe3yJIbTaTaMu, MOYKHA TBEPAUTH, 1110 BIPOJOBK PAHHLOTO eMO-
pioreHesy BinOyBaeThcs 3MiHa cuHTE3y ATD.

Bupuaroun firo (uypenizuay Ha 3pocranns Bmicty AT®, O, Ta cianoBux KHCIOT y 3a-
ponkax B’roHa (Misgurnus fossilis L.), 3a pe3yasraTaMu AUCIEPCIHHOTO aHAi3y BCTAHOBICHO,
IO Takui (akTop, K PO3BUTOK 3apoiKa, Mae NPOBIIHUI BIUIMB HA IIi CHONYKH. Tak, 4acTka
BIUIUBY (haKTOpa pO3BHUTKY CTaHOBHUTH 56 % Ha BMicT AT®, 46 % — Ha BMICT ciallOBHX KHUCJIOT,
47 % — Ha BMICT CyNepOKCHAHOTO aHiOH-panuKaia (puc. 19).

@nypeHi3na YMHUTH HE3HAUHWH BIUIMB Ha 3pocTaHHs BMicTy AT®, ciasioBHX KHCIIOT
1 CyNEepOKCUIHOTO aHIOH-pajMKajia BIPOIOBXK PAaHHBOIO eMOpIOreHe3y 3apoIKiB B’IOHA 3a Jii
(ypeHizuay, 4acTKa BIUIMBY SIKOTO cTaHOBUTH 9, 151 11 % (puc. 19).
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Puc. 17. Bmict AT® y 3apoznkax B’IoHa Ha eTari Ha erari po3eHTKy 2, 16, 64, 256 Ta 1024

po3Butky 1024 GrmactoMepu 3a BIUIUBY
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Puc. 19. Pesynbrat 1BO()aKTOPHOTO AUCHEPCIHHOTO aHaNi3y BIUIMBY (GUIypeHi3Hay Ha 3pOCTaHHS BMiCTy

AT®, O, , ciaToBHX KHCIIOT Y 3apOJIKax B’IOHA

[MoTpiOHO 3a3HaUMTH, 110 HA YACTKY BIUIMBY HEBPAaXOBaHWX YMHHUKIB mpumnaaae 35 %
(momo AT®), 39 % (momo cianoBuX KUCIOT), 43 % (100 CYNEePOKCHAHOTO aHIOH-paJHKaa)
(puc. 19).

OTxe, 3HauHUW BKJa] y 3pocraHHsi BMicTy AT®, ciajJoBUX KUCIOT i CYyHEpPOKCHIHOTO
aHIOH-paJiKaia YUHUTH (PaKTOp PO3BUTKY 3apojiKiB B’toHa. Tomy mij yac iHTeprperauii pe3yiib-
TaTiB JOCHI/PKEHHS TOTPIOHO NPUALIATH OLIbIIY yBary 3MiHaM Ha MOJIEKYJISIPHOMY 1 KJIITHHHO-
MY DiBHi, siKi BiIOyBalOThCsl Y 3apoAKOBUX 00’ekTax. OJHIEI0 3 TaKMX OCOOIMBOCTEH € Te, 1110
3apOJIKM Ha PaHHBOMY €Talli He MICTATh LHUTOXpoMy p-450 Ha eHjomIa3MaTuyHii CiTHi, SKUH
BIZINIOBiJIa€ 3a Oe3MOCepPeIHE 3HEIIKOMKCHHS IIKIUIMBUX CIIOIYK, KCEHOOIOTHKIB, JTIKapChKUX
npenaparis. Taky (yHKIIF0 BUKOHY€E B 3apOKOBUX KJIITUHAX JIMIIE DIyTaTioH-S-TpaHcdepasa.

BinmoBimHO 0 TOCTaBIEHOI METH 1 3aBAaHb, JOCIIKEHO BIUIMB (IypeHIi3UIy Ha
Bvict O, , AT® i cianoBuX KHCIOT y 3apojkaX B’IOHAa BIIPOJOBX PaHHBOTO eMOpioreHesy.
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[IpoananizoBaHO pe3yabTaTu AucnepciiHoro anamizy. diypeHizua y konmnentparisax 0,05; 0,15;
1,0; 5,0; 15,0 MM 3yMOBITIIO€ 3pOCTaHHS BMICTY CYNMEPOKCHIHOTO aHiIOH-pajfKaia y 3apojKax
B’IOHA Ha eTarax po3BUTKY 2, 64, 256 Ta 1024 Gnactomepu. HalliHTeHCUBHIIIIE 3pOCTaHHS HOTO
KUIBKOCTI BUSIBIIGHE Ha eTari po3BUTKY 256 1 1024 GmacToMepn, HAiMEHII iHTEHCHBHE — Ha eTarli
64 Omactomepu. DypeHi3UA 3yMOBIIOE IMiIBUIIECHHS BMICTY CialloOBUX KHCIIOT Ha MEPIIOMY
eTarni ApoONIeHHs 3UTOTH, TOJI K Ha eTamax 16, 64 1 256 GmacToMepiB JOCITiHKyBaHA PEYOBUHA
MPU3BOJNThH J0 MEPEeBAXKAIOUOTO 3HW)KEHHs MMOKa3HWKAa. Ha ocTaHHbOMY eTami CHHXPOHHHX
npoOiieHsb GaypeHizua y koHueHnTtpamii 15,0 MM 3yMOBIIOE 3Ha4HE 3pOCTaHHS BMICTy CiaJIOBUX
kucnot. diypenizua miasuirye BMict AT® Ha eramax 2 1 1024 GmactoMepu Ta 3HHKYE HOTO
BMICT Ha eramax moniny 64 ta 256 GmactomepiB. Etam po3BuTky 16 O6macTomepiB € HaliMEHII
YYTIMBUM 10 Ail Guypenizumy, e Bmict AT® nepeBaxHo nepedyBae Ha piBHI KOHTpo0. Etam
po3BUTKY 64 GacToMepu € HaHOUIBII Uy TAUBUM, e BMicT AT® nepeBakHO 3HIKYETHCS.

3a AOMOMOToI0 JUCTIEPCIHHOTO aHalli3y BCTAHOBIEHO, IO 3HAYHUI BKIIAJ Y 3POCTaHHS
BMicTy AT®, ciaoBUX KHCIOT 1 CYHEpOKCHIHOTO aHIOH-pajWKaia IiJg dYac pPaHHbOTO
eMOpioreHe3y 3apojKiB B’ I0HA YUHHUTH (PAKTOP PO3BUTKY 3apOIKIB, TOMI K (akrop (iypeHizusy
poOuUTh CiTadIIHii BHECOK.
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CONTENT OF SIALIC ACIDS, ATP AND SUPEROXIDE ANION-RADICAL
IN LOACH EMBRYOS UNDER THE INFLUENCE OF FLURENIZYD

N. Bodnarchuk, N. Harasym, A. Tril, D. Sanagurskiy
Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
e-mail: nataljabodnarchyk@ukr net

It is known that flurenizide is a newly synthesized drug with pronounced antimicro-
bial, immunomodulatory functions. However, its effect on the functional properties of cells,
in particular germ cells, is unknown. The aim of this study was to determine the presence
of sialic acids as the final components of glycoconjugates, the main macroergic compound -
ATP, to evaluate the generation of O, in embryos of lobster (Misgurnus fossilis L.) under
the influence of the antibiotic flurenizide.

Studies have been performed on embryos of Misgurnus fossilis L. After fertilization,
the zygotes were placed in Petri dishes with solutions of flurenizide in concentrations of
0.01; 0.05; 0.15; 1.0; 5.0; 15.0 mM, where allowed to develop. At the development stages, 2
blastomeres, 16 blastomeres, 64 blastomeres, VIII (256 blastomeres) and X divisions (1024
blastomeres) were sampled. In parallel, control studies were performed, where flureniside
was not added to the samples. The content of sialic acids, ATP, superoxide anion radical was
determined in the selected samples. We found that flureniside at the lowest concentration
of 0.01 mM does not cause changes in the content of superoxide anion radical during early
embryogenesis. The antibiotic in the maximum concentration causes changes in the content
of free radical from the stage of development of 16 blastomeres to 1024 blastomeres, and
from the stage of 64 blastomeres there is an increase in its number. Probably flurenizide at a
concentration of 15.0 mM is the most reactive. It is known that flurenizide has antioxidant
properties, but in its structure there are groups that have a toxic effect, which is most pro-
nounced when exposed to high concentrations. In general, at the stage of development of
16 blastomeres there is a decrease in the amount of O, under the influence of the studied
antibiotic. At this time, the content of this free radical in the control increases, compared
with other stages of development. Flureniside leads to an increase in the content of super-
oxide anion radical at development stage 2, 64 blastomeres and is particularly pronounced
at concentrations from 0.05 to 15.0 mM at development stages 256 and 1024 blastomeres.
1024 blastomeres are the 10th stage of separation, where desynchronization occurs and the
mitotic index decreases. Probably, the changes that take place at this stage of development
are related to this. The antibiotic causes an increase in the content of sialic acids in the first
stage of crushing (2 blastomeres). In step 16 of the blastomere, flureniside in low concen-
trations leads to a decrease in the content of sialic acids. However, already at the stage
of separation of 64 and 256 blastomeres, the test substance in all concentrations causes a
predominant decrease in the amount of sialic acids. At the last stage of synchronous crush-
ing (1024 blastomeres) flurenizide in the maximum investigated concentration (15.0 mM)
causes a significant accumulation of sialic acid content.

Flureniside at concentrations of 0.15, 5.0 and 15.0 mM causes a decrease in ATP
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content in loach embryos at the stage of development of 256 blastomeres by 28, 67 and 38 %,
respectively. An increase in ATP content by 33 % occurs under the influence of flurenizide
at a concentration of 1.0 mM. The ATP content also increases at the stage of development of
embryos of 1024 blastomeres under the influence of flurenizide of all studied concentrations.

Analysis of variance has shown that a significant contribution to the growth of ATP,
sialic acid and superoxide anion radical, during the early embryogenesis of lobster embryos,
is made by the factor of embryo development, while the factor of flureniside has a smaller
contribution.

Therefore, studies have shown that flurenizide causes increased generation of su-
peroxide anion radical, decreased sialic acid content, as well as changes in ATP content in
embryonic cells during early embryogenesis.

Keywords: loach embryos, flurenizyd, sialic acid, superoxide anion-radical,
ATP
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JOHIJIBHICTb BUKOPUCTAHHSA COHAIIHUKY
(HELIANTHUS ANNUUS L.) SIK ®ITOIHAUKATOPA
AHTPOIIOTEHHOI'O HABAHTA’KEHHSA CEPEJJOBHUIIIA

H. lpuryaa

3anopizvkuii HayioHanbHUll yHieepcumem
8yn. XKykoecvkoeo, 66, 3anopiscocsa 69600, Yrpaina
e-mail: prytulanataliam@gmail.com

VY crarTi npoaHanizoBaHo (iTOIHAMKALiHI BIACTUBOCTI COHAMHUKY (Helianthus
annuus L.) sx iMOBipHOTO 0l0iHAMKATOpa aHTPOIIOTEHHOI'O HABAaHTAXXECHHS TEPUTOPIi 3a
JOTIOMOTOI0 METOAMKH OIIIHKM BEIMYHHHU (DIYyKTyaliiiHOI acMMeTpii JUCTKOBOI IUIACTHH-
KU pociuH. JIOCHipKyBaiu BIUIMB IPOCTOPOBOTO PO3TALIyBaHHS IOCIBIB COHSIIHUKY Ta
BIUIMB TEHOTHUITy Ha PO3BUTOK MOP(GOMETPUYHUX O3HAK POCIMH. JIOCIiDKEHHS MPOBOAH-
nu Hanpukiadi gumHA 2019-2020 pokiB, KOJIM BETeTaTHBHI OPraHd COHALIHUKY AOCSTaId
MaKCHMAaJIbHOTO PO3BUTKY. [/ mpoBexeHHs OOCTiKeHb BiiOpaHo Marepian Ha JIeB’ATH
IinsHKax (Ha AeB’SITH MOJAX), IO PO3TaIIOBaHi y 3amopi3bKiii o0nacTi, Ha pi3Hil BifgcTaHi
Ta B PI3HUX HAmpsIMKax BiJ MPOMHCIOBOI 30HU M. 3anopixoks (3aBoacekuil paiion). s
BHBYCHHS BIUIMBY T'€HOTHITY Ha MOP(OJIOTiUHI O3HAKH COHSLIHUKY IIPOBEICHO JOCIIIKCH-
HSl BOCBMH TiOpHIIB, IO 3pOCTAJIM B OAHAKOBUX YMOBaX Ha JEMOHCTpaUiidHIA AiNSHIL y
BacunicekoMy paiioni 3amopispkoi obmacti. [HTerpansauii mokasHUK QIyKTyauiiHOl acu-
MeTpii cOHSAIHUKY nepedyBaB y mexax 0,062—0,114, npu upoMy HaiOinbIIMK TOKA3HUK
¢ykTyaniifHoi acuMeTpii cocTepirany Ha JUISHII, 10 HAaOMMK4e po3TalioBaHa A0 Mpo-
MHCIIOBOI 30HH 3alOPiIXCKS — MIBHIYHUI HaNpsIMOK Bix 3amopixoks. HaliMeHImiA moka3HuK
CHocTepiraiyu Ha JUIAHLI y CXiHOMY HampsMKY Bix 3amopixoxs. IHTerpanbHU MOKa3HUK
¢ykTyaniiiHoi acuMeTpii TiOpHIAiB COHAIIHUKY, IO BUPOIIYBAJINCI B OMHAKOBHUX IPYHTO-
BO-KJIIMaTHYHHUX YMOBAX Ha IEMOHCTPALiiHIN AUISIHLI, KonmBaBcs y mexkax 0,070-0,093.

Ha ocHoBi nposenennx y 2019-2020 poxax qociikeHb MU AIAIIIA BUCHOBKY, L0
consiiHuK (Helianthus annuus L.), He3Baxalouu Ha HOTO MOIIUPEHHS, HE NPUAATHUIN AT
BHUKOPHCTAHHS 5K OloiHAMKamiliHA pOCIHMHA MiJ Yac BUBYCHHS PIBHS TEXHOT€HHOTO HaBaH-
TaxeHHs Tepuropii. Hamu orprmano 3Ha4YHI TOCTOBiIpHI PO30IKHOCTI Y PO3BUTKY MOp¢o-
METPUYHHUX MapaMeTpiB JUCTKIB COHAWHUKY (Helianthus annuus L.) mo BupouryBanucs
Ha PI3HOBIAAJICHUX BiJ MPOMUCIIOBOI 30HH M. 3amOpixoKa AuisHKax. ['10puan, mo Biapis-
HSUTHCS MK c00010 32 MOpP(O-TOCIIOAAPCEKUMH XapaKTEePUCTUKAMU, BUPOILYBAIUCS B OJI-
HAKOBHUX IPYHTOBO-KITIMAaTUYHUX YMOBAX 1 32 OMHAKOBOI arpOTEXHIKM Ha AEMOHCTPAIiHHI
IOUISHIN, TaKOXK MOKAa3aly 3HAaYHE KOJHMBAHHSA IHTETPANbHOTO TOKa3HHKA (IyKTyamiitHol
acuMeTpii.

Kniouosi cnosa: ¢nykryarniiiHa acumerpis, aucnepcis, MopGOMeTpHYHI O3HaKH,
MIHJIMBICTb, COHSIIHUK

Ha cporomHi ogHUM i3 IPOCTUX IHPOPMAIIHAX 1 ICIIEBUX METO/IB IHTETPATBHOT OIIHKH
CTaHy HaBKOJMIIHBOTO CEPEAOBUINa € OioiHauKaMis. biolHIUKAIlisI — IIe OIiHKA SKOCTi JOBKIJUIS
Ta HOro OKpEeMHX IapaMmeTpiB 3a cTaHOM 0i0TH, IO TaM icHye. Haifwactime sk opraHizMu-
010iHAWKATOPHU BUKOPHUCTOBYIOTh POCIIHHH, IO BEAYTh HPUKPIIUICHUHA CIIOCIO JXKUTTA, TOOTO
YiTKO MPHUYPOUYCHI IO MicHsi JOCITIHKEHb 1 JOCTAaTHHO YYTIWBI JO 3MiHM YMOB iCHYBaHHS.
diToiHIUKAIIS K CKIAaI0Ba YaCTHHA SKOJIOTIYHOTO MOHITOPHHTY JOCITIHKYE MOP(HOTCHETHIHI

© Ilpuryna H., 2021
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3MIHHM POCIIHH SIK PEaKI[if0 Ha aHTPOIOTeHHI BIUIMBU. Ha piBHI POCIMHHUX OpPraHi3MiB BIUTUBH
CTPECOPIB JIETKO BUSIBHTHU 3aBISKH TPOSBY 30BHIIIHIX CUMIITOMIB YIIKO/XKEHb 1 CTaOUTBHOCTI
PO3BHUTKY POCIMHHOTO OpTaHi3My.

ditoinanKais € epeKTHBHOIO /15l OLIHIOBaHHS €KOJIOTTYHOTO CTaHy TEPUTOPIT, OCKIIBKH
JKHUBI CHCTEMH JIyXKe UyTIUBi 0 3MiH 30BHIIIHBOTO CEPEIOBUIIA | MAaIOTh BIACTUBICTh pearyBaTH
paHilire, HiX I1i 3MiHH CTaHYTh OUYeBUAHUMHU [1].

CrabuIbHICTh PO3BUTKY OCOOWHH MPOSIBISIETHCS Y 11 3MAaTHOCTI MPUHMATH «iJIealIbHUAN
CTaH y BIAMOBIJHUX, «iJeanbHUX» yMOBax po3BHUTKY [2]. Kpurtepiem, sikuii momomarae nartu
JIOCTOBIPHY OLIIHKY CTaOlIBHOCTI PO3BUTKY, € (IIyKTyalliliHa acUMeTpis, XapakTepHa Al BCiX
OinarepanbHuX BUaiB. DnykTyamiifHa acUMeTpist ja€ 3MOTY OLIIHMTH HailMEHII HeCHpsIMOBaHi
BIJIXWJICHHS BiJ| OinarepanbHol cuMeTpii y Mopdonoriuniii GynoBi oprana. Ha choroaHi nocro-
BIPHO BCT@HOBIICHO, 110 3@ MOTIPIICHHs] YMOB iCHYBaHHS IIEBHOTO BUJly 3pocTae (IyKTyauiiiHa
acuMeTpist ocobuH [11], Tomy siBuIie GIyKTyaliiHOi acHMeTpii MOKHA BUKOPHCTATH SIK TIOKa3-
HUK aHTPOIIOI€HHOTO HaBaHTaXKeHHs! NOBKULIA. OUIHKY piBHS QIIyKTyaliitHOT acuMeTpii JINCTKIB
JUTSL BCTAHOBJICHHS CTYTICHS BIUIMBY CTPECOBOTO YHHHHKA Ha POCIHHY BHKOPHUCTOBYBAIM Oarato
HaykoBLIB [3-5, 9]. CyTh MeTOnMy MoJjsrae y BHSBICHHI PiBHS CTaOlIbHOCTI 1HIMBIIyalIbHOTO
PO3BUTKY OCOOMH KOHKPETHOTO BHJIY, B HALLIOMY BUIIAKy COHSIIIHUKY ofHOpiuHOTO (Helianthus
annuus L.), y IEBHUX yMOBaX €KOJOTIYHOTO CEPEeIOBHIIIA i Y BUSBIICHHI CTYIEHS PO301XKHOCTI
OinarepabHO-CUMETPUYHUX MOP(OIOTIYHUX O3HAK OCOOHMHHU.

ATpIOpHO TIPHUAHSTO MOJOXKEHHS, 10 (QIIyKTyaliiiHa acuMeTpist MPSIMO 3aJeXKHUTh BiX
saKocTi cepenoBumia [10].

[epeBaru METOAMKY OI[IHKK BETMYMHU (QIyKTyalliifHOT acHMeTpii OpraHiB pOCIHH:

a) JIOCTaTHs KUTBKICTh MaTepiaity JUIs AOCIIKEeHHs, 1110 3a0e3nedye penpe3eHTaTHBHICTh
BHOIpKH;

0) MiHIMaJbHE Ta JOCTyNHe o0nasHaHHs (JTiHIKa 1 TPAHCTIOPTHP);

B) JIETKICTh 300py Marepiaiy;

') MOXKJTUBICTh ITOBTOPHOTO TOCIIKCHHS OHI€T 0COOMHHU 200 MOITYJISIIii;

1) TOTPUMaHHs NMPUHLIHUIIB OI0€THKH, a caMe IPOBEIACHHS JOCTIKEHb 0€3 BIITyUeHHS
OCOOHH 13 MOIYJISIIIT.

SIk diToiHIUKALIHHY KyJABTYPY MU 00paiy COHSITHUK opHopiunuii (Helianthus dnnuus L.),
OJIHY 13 HAHTIOIIMPEHINIHNX KYIbTYp B YKpaiHi, 0 TPUBAOIIOE CLILCHKOTOCIONAPCHKUX TOBAPO-
BUPOOHHKIB CTaOUILHICTIO TIONUTY HAa HACIHHSI Ta BITHOCHO HU3bKMMHU BUPOOHHYMMH BUTpara-
MH. 32 TOCTIOZaPCHKNUM 3HAYCHHSIM COHSIIHUK He MOCTYAEThCS TAKUM HAHBYKIIUBIIINM 1 IOIIN-
PEHUM KyJIBTypaM, sIK MIIEHUIS Ta KyKYPy/A3a, 1 € OJHIEI0 3 HAWTOMYJSIPHININX OJIIITHUX KYJIBTYP
Vkpainu Ta inmmx kpain. Moro Bupomtyiors Maiixke B 60 kpainax sk Ilisnennoi, Tak i IliBHiunoi
MIBKYIIi, y TPOMIYHOMY, CyOTPOIIYHOMY Ta MOMIPHOMY KIIIMaTi, 1110 CBITYHATH NPO BHUCOKHM pi-
BEHb €KOJIOTIUHOI TiacTUUHOCTI i€l Kyastypu [7]. Tak, y 2019 p. B YkpaiHi coHANIHUK OyB TO-
cistHM# Ha turomi 5,76 mutH Ta, a6o 101 % npotu 2018 p. — 5,7 muH ra. [8]. [TociBu COHAIIHUKY
po3TaiioBaHi y BCix 00aacTax YKpaiHu, ajie HalOuIbIe 1X y ICHTPaIbHUX, MBACHHUX 1 CXITHUX
obmacTsax YkpaiHu.

Merta pobOTH — HOCTITUTH (DIYKTyalliifiHy aCHMETPII0 JTUCTKOBOI IJIACTUHKU COHSIITHUKY
(Helianthus annuus L.) Ta MOXIIUBOCTI BUKOPHCTaHHS HOTO SIK O10IHAMKATOPHOI KYJIBTYPH LIS
OIIIHKY CTaHy JOBKLUIA. Y JOCHIHKEHHI Oy/I0 MOCTABICHO JBa 3aBIAHHS]: BU3HAYMTH, K BIUIHU-
Ba€ MPOCTOPOBE PO3TAIIIyBAHHS MMOCIBIB, &, BIAMOBIIHO, CTYIiHb AHTPOITOTCHHOTO HABAHTAKCHHS
Ha nposiB GIyKTyaliitHOT cuMeTpii JTUCTKIB COHSIITHUKY, Ta BIUIMB T€HOTHITY Ha CTYIIHb MPOSBY
¢baykTyaniiHoi acuMeTpii.
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Marepianu Ta meTonu

JocaimKeHHsT TPOBOAMIN Y 3armopi3bKii 0071., ska HAJICKHUTh pa3oM i3 JIHimporneTpos-
CbKOI0, MuKoaiBchKoI0, KipoBorpaacekoro Ta XapKiBChKOIO 00J. 10 «COHSIIITHUKOBOTO TOSICY»,
JIe TIIONII HOTO MOCIBIB y 3araibHill CTPYKTYpi MOCIBHUX IUTONT CTaHOBIATH Outbmre 30 %.

ITociBu 11i€1 KyIBTYpH pO3TaIIOBaHi y BCiX palioHax 3amopi3pkoi 00:1., Ha pi3HiN Bimgane-
HOCTI BiJl MPOMHUCIIOBHUX IIEHTPIB, 110 Ja€ 3MOTY MpOaHali3yBaTH BIUIMB YMOB JOBKIJUIA Ha PO3-
BHUTOK (DIIYKTyar[iifHOT aCUMETPIl JINCTKIB COHSIIHUKY.

O0’€KTOM TOCTIIKEHHS CIIyTyBaar MOP(OJIOTiuHI O3HAKU JINCTKOBOI IUTACTHHKH COHSIII-
HUKY ofgHopiuHoro (Helianthus annuus L.).

Binbip npo6 ans gocmimkeHHs nmpoBoAwan HanpukiHii jmmas 2019-2020 pokiB, konu
BETeTaTHBHI OPTaHU COHAITHUKY AOCSATIN MaKCHUMaJbHOTO PO3BUTKY, HA 9 JOCITITHUX AUITHKAX
(Ha 9 momnsx) (mocmix 1) Ta Ha AeMOHCTpamiiHIA AUAHII (mocmin 2). JinsHKH XapakTepusyBa-
JIUCS PI3HUM PIBHEM TEXHOTEHHOTO HABAaHTA)KCHHS Ta PO3TAIIYBAHHIM Yy PI3HUX HAMpsSMKax Bif
MIPOMHCIIOBO1 30HH — 3aBOACHKUH paiioH M. 3anopixoks (iBAeHb, MiBHIY, 3axXif, cxin). I3 pocauH
Ha KOXKHIH JOCHigHIN AinsHI nooupanu mo S0 TMCTKOBHUX IIACTUHOK. JIJIs BUMipIOBaHHS MOp-
($oJIOTIYHUX MapaMeTpiB BUKOPHCTOBYBAIM TUIBKK HEMOIIKOMKEHI JHUCTKH, SKi BiAOWpPAIH IO
OITHOMY 31 CEPETHLOTO APYCY JUCTKIB KOKHOI TOCIIiTHOT POCIIMHH.

JinsHKy, Ha AKUX IPOBOAMIIM BIAOIp MaTepiaily Ui OCIIHKEHHS (IIyKTyamiiHol acuMe-
Tpii TUCTKIB COHAIIHUKY, OXapaKTepU30BaHO y Ta0I. 1.

Tabmuus 1
Po3zramryBaHHs AISSTHOK [UIst 300py MaTepiaidy TOCIiDKEHHS
Ne minstHKH . .
R — Micue 360py Teorpadiuni koopauHaTH
1 [TiBHiYHMI HaTIPSIMOK Bix M. 3armopixoks, nepex c. boratnpiska 47°91'06'N
BinbHSIHCHKOTO p-HY, 3amopi3pKoi 00I1. 35°19"28"E
2 [TiBHiYHMIA HanPsIMOK Bix M. 3amopixoks, 6ins c. JlronepHa 47°93'30""N 35°18'80"E
BinpHSIHCHKOTO p-HY, 3amopi3pKoi 00I.
3 bing Enepromapy, mixk c. HoBoBonsae Kam’siHKo- 47°27'56'"'N
JIHITpOBCHKOTO p-HY, 3anopi3bkoi 0011. Ta M. EHepromap 34°40'49"E
4 BineMakcekuii p-H, 15 kM 10 cMT Po3iBka Po3iBchkoro p-Hy, 47°41'51""N 36°92'62"E
3anopi3bKoi 00J1. y CXiTHOMY HAIPSIMKY
5 18 kM Bin M. OpixiB, OpixiBchKOTO p-HY, 3amopizsKoi 001, y 47°28°33»N 36°01°42»E
CXIZIHOMY HaNpsMKy
6 CxiHuii HanpsIMOK Bij 3amopixoks, 6ist ¢. Haranoska 47°85'57""N 35°35'42"E
3amnopi3pKoro p-Hy, 3amopizpKkoi 00,
7 3axigHuil HanpsSMOK BiJ M. 3amopixoks, Kpait XOpTUIEKOTO 47°83'72'"N 35°00"22"E
KUTIIOBOTO MACHUBY
8 [TiBaeHHuit HAPSIMOK Bix M. 3amopixokst, 6ist ¢. banabino 47°74'99"'N 35°22'59"E
3amopi3pKoro p-Hy, 3amopi3pKkoi o0,
9 [TiBaeHHO-CXiHMI HATPIMOK, 6intst ¢. CrenHe 3anopi3pKkoro 47°78'59'"N 35°29"76"E
p-Hy, 3a10pi36K0i 00JI.

[lepma nminsgHka — MiBHIYHMKA HampsMOK Bix M. 3amopixoks, mepexn c. borarmpiBka
BinbHSHCBKOTO p-HY, 3aopi3bKoi 00JI. — HAHKOPOTINA BiZICTaHb BiJl JUITHKH 0 TPOMHCIOBOTO
CKYIYCHHS IiJNPUEMCTB CTAHOBUTH ONMM3bko 6 kM. lle HalOnmx4a 0 HPOMHUCIOBOI 30HU
3anopixoKs AUISHKA 3 TOciBaMH COHSIIHUKY y 2019 p.

Jpyra piiasiHKa — MiBHIYHUE HaNpsIMOK Bix 3amopixoxst, 61t c. Jlronepra BinsHsIHCBKOTO
p-Hy, 3anopi3pKoi 00J1., HAMKOPOTIIA BiZICTaHb BiJl MPOMHCIIOBOTO CKYIUSHHS ITIJIPHEMCTB /10
TOJIS, 3 SIKOTO JOOMpaiy Marepial i JociimpkeHHs, — 8,3 kM. Lli aBi qUISHKH po3TamoBaHi B
OZIHOMY HAITPSIMKY.
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Tpetst minsHka — mone, po3ramoBaHe O0inst Erepromapy, mixk ¢. HoBoBomsine Kam’siHko-
JIHIpoBChKOTO p-HY, 3amopi3skoi 00i1. Ta M. EHeprogap. TyT posmisganu sik [HKepeso 3a0pya-
nenns 3anopizeky TEC, HalikopoTIa BiICTaHb JI0 SIKOT CCTAHOBHUTH OJTU3BKO 5,5 KM.

Yersepra ninsiHka — nojue y binbmakcbkoMy p-Hi, 15 kM 1o cMT Posika Po3iBcbkoro p-Hy,
3anopi3bkoi 0071. y CXiAHOMY HaNpsIMKY Bifl 3alOpioKst, HallBiAaIeHIIIa y HAIIIMX TOCITiHKEH-
HAX BiJl BEJUKUX MPOMHCIOBUX 00’€KTIB TOYKA, HAWKOPOTINA BiACTAHb BiJ MPOMHUCIIOBOI 30HH
3anopixkKs A0 Hel CTAaHOBUTH 142 kM.

IT’sita minstHka — mone y 18 kM Big M. OpixiB OpiXiBChKOTO p-HY, 3a0pi3pKoi 00I1., y CXif-
HOMY HaIpsSIMKY BiJ IPOMKCIOBOTO CKYITYCHHS MiANPUEMCTB 3amopiXoKs HAHKOPOTIIA BiICTaHb
J10 Hei CTaHOBUTH OMM3BKO 77 KM.

[locra ginsiHKa — cXimHUN HanpsIMOK Bin 3amopixoks, Outs c. HaranoBka 3amopi3zpkoro
p-Hy, 3anopi3bkoi 0011. HalikopoTiiia BizicTaHb Biji TPOMHUCIIOBOT 30HH 3aMOPIXOKs 10 Hel cTaHo-
BHUTb OJM3BKO 15 KM.

CroMa JiIsiHKA — y 3aXiJHOMY HaNpsIMKY BiJl 3amopikks, Ha Kpato XOPTUIBKOTO JKHTIIO-
BOTO MaCHBY, JI0 SIKOTO HAWKOPOTIIIA BiZICTaHb B/l BEIUKHUX MPOMHCIOBUX 00’ €KTIB 3armopiniKs —
11,8 km.

BocbMa ginsiHka — y iBIEHHOMY HalpsIMKY Bij 3anopixoks, 61 c. banabine 3amnopisbko-
ro p-Hy, 3anopi3skoi 001, HaiikopoTiiia BiACTaHb BiJ IPOMHUCIIOBOI 30HH 0 ITOJIS HOCHTIHKEHDb —
6mu3bko 14 xm.

Jler’siTa niisiHKa — y TBJCHHO-CX1THOMY HaIpsIMKY BiJ| 3anopixoks, Oins c. CrenHe 3aro-
PI3BKOTO p-HY, 3a0pPi3bKOi 00JI., 10 SIKOTO HAWKOPOTIIIA BiICTaHb BiJl CKYIMYEHHS MMPOMHUCIOBUX
MIATPUEMCTB 3aropiXoKst CTAHOBUTD ONM3bKO 14 kM.

Jlyis BUBYCHHSI BIUIMBY TCHOTHITY Ha (GOpPMyBaHHS MOPQOIOTIYHHX O3HAK COHSIIHHUKY
OyI10 JocipKeHo 8 TiOpHIIB, SKi BUPOIYBAJIM Ha AEMOHCTPALiHIN AUTSHII (paHIly3bK0i KOM-
MaHil 3 BUPOOHMIITBA Ta CENEKIIIi HACIHHS CLTbCHKOTOCIOAAPCHKHX KyIbTyp Limagrain. JinsHka
Oyna po3ramoBana 0ist Tpacu XapkiB — Cimdepornoins, opieHToBHO Ha 315 kM, BacumiBcbkoro
p-Hy 3amopi3bkoi 0071., reorpadiuni koopaunat 47°38°55.7"N 35°21°17.6"E.

BuwmiproBanss npaBoi Ta J1iBOi YaCTHHH JMCTKOBOI IJIACTHHKH MPOBOAMIIN 32 TAKUMH T10-
kaszHuKamu (puc.1): 1) mupruHa HAWIUPIIO YACTUHU JINCTKOBOI TUTACTUHKY; 2) IIUPUHA CepPeTr-
HU JINCTKOBOI TUTACTUHKH; 3) OBXKUHA 1-1 BiJI OCHOBH JIMCTKOBOI IJIACTHHKH JKUJIKU IPYTOTO 10~
psanxy; 4) noBxuHA 2-1 BiJl OCHOBH JTUCTKOBOT TUTACTUHKHU KWJIKH JPYTOTO MOPSIKY; 5) BiACTaHb
MK OoCHOBaMHU 1-i Ta 2-1 )KMJIKM JIMCTKOBOI IUIACTHUHKH; 6) BiIcTaHb MiX OCHOBaMH 2-i Ta 3-i
JKWJIKHU JTUCTKOBOT IIACTHUHKH; 7) BiICTaHb MiXk KiHIIIMU 1-1 Ta 2-1 )KIIIKH JTUCTKOBOT TJIACTUHKH,
8) BijicTaHb MK KIHIIAMH 2-1 Ta 3-1 )KUJIKH JTUCTKOBOT IJIACTHHKH; 9) KYT MiXK TOJIOBHOIO KHJIKOIO
Ta JAPYTOI0 KUIIKOIO APYTOTo MOPSAKY BiJl OCHOBH JINCTKOBOI TNIACTUHKY; 10) KyT MiXK TOJIOBHOIO
JKUJIKOIO 1 TPETHOIO JKUJIKOIO IPYTOTO TOPSAAKY BiJl OCHOBH JIMCTKOBOI IJIACTHHKH; 11) KIIBKICTH
JI00pe PO3BUHYTHUX JKUJIOK JAPYTOro Mopsaky. Hamu oOpaHo BENMHMKY KiNBKICTh TTOKa3HUKIB 3 Me-
TOIO BUSIBJICHHS THX, 10 OyIyTh HAWO1IBII 1HHOPMATHBHI IIO/I0 MiHIUBOCTI.

Bennuunay ¢iykryamiiftHOT acuMeTpii KOXKHOTO TapaMeTpa BHU3HAYal M SIK BiTHOIICHHS
MTOJIBOEHOTO MOAYJIS Pi3HMIII TIPOMIPIB 3 JTIBOTO Ta IPABOTO OOKY JIMCTKOBOI TNIACTUHKY 10 iXHBOT
cymu [12].

IHTerpanpHUil MOKa3HUK (GIIYKTyaliiHOI acuMeTpil po3paxoByBaiu 3a hopmyaamu (1-3):

_ |X.JI_X1'I|

— , (1
|X.JI+X1'[|
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N

v EZ _ 21+Zz+"'+zn
X =22= : 3)

n n

ne Y — IOKa3HUK, pO3PaxOBaHUH JJIsI KOKHOTO MapaMeTpa, siK Pi3HUI MiX MPaBOIO Ta JIIBOO
YaCTHHAMM JIMCTKOBOI TUIACTUHKH, Z — BIJTHOCHA CEpEe/IHS BiAMIHHICTh MK O3HAKaMH ISl KOXK-
HOTO JMCTKA, N — KIJIbKICTh 03HAK, X — IHTErpabHAHN IMOKa3HUK aCUMETPii, N — YUCII0 JIUCTKIB.

Puc. 1. Cxema BuMipioBaHHsI MOP(OJOTriYHUX O3HAK, SIKY BHKOPHUCTOBYBAJIM IJIsI OLIHKH CTaOUIBHOCTI
PO3BHUTKY COHSINHUKY onHOopiuHoTo (Helianthus annuus L.)

Maremarnuny oOpoOKy pesynbraris BuMiptoBatb (10 300 npomipiB) npoBoaniy Ha 6asi
nporpamu Microsoft Excel Ta Statistica 6.0.

Pe3ysbTaTH i iXHE 00TOBOPEHHSA

Po3paxoBaHi 3a popMymaMu MOKa3HUKHU (PIYKTYaIiifHOT acCHMETpil TUCTKOBHX IJIACTHHOK
coramHuky (Helianthus annuus L.) penctaBieHo B Ta0M. 2.

Buxonsuu 3 1aHuX, HaBeACHHUX y Ta0l. 2, MO)KHA OAYHTH, IO IHTErPaJbHUN IMOKA3HHK
(GuryKTyaniiHoi acHMETpii COHANTHUKY KonmuBaBcs y Mexkax 0,062—0,114, mpu nboMy HAHOLITBIIHN
MTOKa3HUK (PIyKTyaIiitHOT acHMeTpii criocTepiraiy Ha JUISHIT, [0 HalOMmKk4Ye po3TamnioBaHa 110
TIPOMHUCIIOBOT 30HH 3anopizkks (AinsgHKa 1) — MiBHIYHAN HaPSMOK Bif 3amopixoks. HaftmeHmmimiz
MTOKA3HMK CIIOCTEPirany Ha JUITHIN 5 — CXiTHAN HAIPSIMOK BiJ 3amopioKs.



H. Mpumyna
ISSN 0206-5657. BicHuk JlbBiBcbkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2021. Bunyck 84 73

Ta6muigst 2

InTerpanpHuil nokazHUK QuyKTyaniifHOi acuMeTpil JMCTKOBOT IIACTUHKU COHSIIHUKY , 110
BUPOLIYBaBCs HA MOJISIX, PI3HOBIAIAJIEHHUX Bijl IPOMHUCIIOBOTO PaioHy M. 3alOpiioKs
Ne ninsgaku
JOCITPKEHHS

[HTerpanbHuUil MOKa3HUK (IIYKTYI0401 acUMeTpii

0,114+0,0035
0.109+0.0008
0,080+0,0008
0,073+0,0013
0,062+0,0006
0,084+0,0011
0.076:0.0007
0,082+0.0012
0,0700,0010

Nele RN Neo WU, I NRUS I (O I

B.B. Margi€enko [6] pu TOCIiIKEHHI BIDIHBY aBTOMOOUIEHOTO TPAHCIIOPTY HA MOKA3HUK
GbnyKTyaniiHOT acUMeTpii JIMCTKIB COHSAIIHUKY BHSBILE NPSAMY 3aJI€KHICTh BEIMYMHU [TOKA3HHU-
Ka (uIyKTyaniiiHOi acMMeTpii Bill TPaHCIIOPTHOTO HAaBaHTAaXCHHs TpacH. J{OCIiKeHHs MPOBO-
AT Ha TIECTH MUITHKAX OUIA Tpac i3 pi3HOI IHTCHCHUBHICTIO PYXy. ABTOpP ITOB’SI3y€ BHCOKHMA
HETaTHBHUN TOKa3HUK (IIYKTyamiiHO acUMeTpil 3 3a0pyTHEHHSAM aTMOC(EPHOTO IOBITPS aBTO-
MOOiTEHIME razaMu. OHaK y poOOTi He JOCIHIPKEHO BIUIMB TeHOTUITY Ha ()OPMYBAHHS O3HAKH.
OCKUTbKH MaJIOWMOBIPHHUM € Te, 1110 Ha BCIiX AUISTHKAX BUPOILYBABCS COHSIIHUK OTHOTO COPTY UM
OITUH Ti0pHI, TO, HA HAII MOV, TOMUTFHO JOCIITUTH IeH BILIHB.

Tomy [Tl BUBYCHHS CTYICHS BIUIMBY F€HOTHITY Ha (IIYKTyalliiiHy aCHMETPit0 JIMCTKOBOT
IUTACTUHKY COHSIIHUKY OYyJI0 TOCIIIKEHO BiciM TiOpHUIiB, [0 BUPOIYBAJHCS B OMHAKOBUX IPYH-
TOBO-KJIIMaTUYHHX YMOBAX, ajie BiIAPI3HSIIKCS TPyNaMi CTHIVIOCTI, FOCIIOAaPCHKUMH Ta MOP(o-
JIOTIYHUMH XapaKTepuUCTUKaMu (Taodi. 3).

Tabmurs 3

[HTerpasbHN TTOKa3HUK (DITYKTYIOUO1 aCUMETPii JINCTKOBOI TUTACTUHKH T1OPUIIB COHALTHUKY,
1110 BUPOIIYBAJIUCS B OIHAKOBHUX I'PYHTOBO-KIIIMATUYHMX YMOBAX

T'10pu1 COHAIIHUKY \ InTerpanpHuii HOKAa3HUK (UIYKTYIOYOi acuMeTpii
JIr'50510 0,074+0,0012
JII'5580 0,093+0,0014
JIT50300 0,079+0,0005
JI'5485 0,082+0,0018
JIr'50480 0,070+0,001
JII'5478 0,076+0,0008
Meracaun 0,074+0,0007
TyHka 0,082+0,0012

Hami gocmikeHHs CBig4aTh, IO 1HTETPAIBHAN MOKa3HHWK (DIyKTyamiiHoi acuMerpii
riOpUiB COHSIIHMKY, $IKI BHUPOLIYBAJIWCS B OJHAKOBUX IPYHTOBO-KITIMATUYHHX YMOBaX,
xonuBaBcs y mexax 0,070-0,093.

Ockinbku  siBHie (IyKTyariiiHol acuMeTpii XapakTepHe i BCiX OllarepaibHUX
OpraHi3aMiB, TO MH PO3IIISIIAJIH BCi TiIOPHUIN COHSIITHUKY OJHOPIYHOTO SIK OJTWH BUJI, PUITY CKAIOUH,
10 y OyZb-sSKHUX TiOpHUiB 32 HOPMAITLHUX YMOB JIUCTS PIBHOMIPHO CUMETPHYHE.

JlocmimKeHHS TIOKa3aJio 3HAYHY Bapialilo iHTETpaJibHOTO TOKa3HWKa (GIyKTyamiiHoi
acuMeTpii y riOpuaiB y ApyroMy AOCTifi, OJHAK po3Max MIHJIMBOCTI y HepuioMy Aociiai OyB
OibIINM.

Ha nminsuui, oo yexana HaiOark4ye A0 MPOMUCIOBOI 30HH 3alopiioKs, CIOCTepirain
HaWOLIBITy MIHJTUBICTh O3HAKH, siKa OyiTa MEHIIIO0 B iHITUX HAIPSIMKaX BiJl 3arOpixoKs.
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OTpuMaHi BEIMYMHH I1HTETPANIBHOTO TOKa3HWKA (IIyKTyamiitHOT acuMeTpii MOXKHA
TOSICHUTH CKOpillle Pi3HUMH YMOBaMH BHPOIIYBaHHS. 3Ba)KalOWM Ha 3HAYHY MIiHJIMBICTh
O3HaKH TiIOpUIIB 1 COPTIB, IO BUPOIIYBAIKMCS HA OJHIA MIJSHII JEMOHCTpPALIHHOTO TOJITOHY,
MOKHA TPHUITYCTUTH, II0 HA PO3BUTOK acMMETpii BIUIMBAIOTh YMOBHM BHPOILYBaHHs Ollblie,
HIDDK MPOCTOPOBE PO3TAllyBaHHS POCIUH BiX jpKepena 3abpymHeHHs. ToMy IpHITyCKaeEMO, IO
COHSIIIIHUK OJJHOPIYHUI MaJouyTIIMBHIA 10 3a0pyqHEeHHs arMocdepH, 110 a€ 3MOTY OTPUMYBATH
BHCOKI Ta cTalli Bpoxai ITi€l KyIbTypu HE3aleKHO BiJl aHTPOIOTEHHOTO HaBaHTAXECHHS, ajie
BHKOPHCTOBYBATH HOTO K (DITOIHAMKATOP aTMOC(HEPHOTO 3a0pyAHEHHS HEAOLIBHO.

1. Ha ocHOBi npoBeeHNUX AOCTIKEHb MU TIHIIUTH BUCHOBKY, 110 COHSIIIHUK (Helianthus
annuus L.) HenpuaaTHAN 1711 BAKOPUCTAHHS SIK Oi0iHAMKAIliITHA POCIWHA ITi/1 YaC BUBYCHHS PiB-
HSl TEXHOT'€HHOTO HABAaHTa)KEHHS TEPHUTOPII.

2. Hamu oTpruMaHo 3Ha4YHi JOCTOBIPHI pO301KHOCTI y PO3BUTKY MOP()OMETPHYHHUX apa-
METPiB JIUCTKIB COHSIIHUKY (Helianthus annuus L.), 110 BUpOITyBaJIACS HA PI3HOBIAMAIECHUX Bif
MIPOMUCIIOBOT 30HH M. 3aMOPiXOKS TITIsTHKAX.

3. I'ibpuam, Mo BUPOIIYBAIKCS B OJHAKOBUX IPYHTOBO-KIIMaTHUYHUX YMOBAX, TAKOXK IO-
Ka3aJId 3HAYHE KOJMBAHHS 1HTETPAILHOTO MOKa3HUKA (DIyKTyamiifHOT acUMeTpii.
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THE FEASIBILITY OF USING SUNFLOWER (HELIANTHUS ANNUUS L.) AS A
PHYTOINDICATOR OF ANTHROPOGENIC LOAD OF THE ENVIRONMENT

N. Prytula

Zaporizhzhya National University
66, Zhukovsky St., Zaporizhzhya 69600, Ukraine
e-mail: prytulanataliam@gmail.com

The phytoindication properties of sunflower (Helianthus annuus L.) as a possible
bioindicator of anthropogenic load of the territory are analyzed in the article by means of
a technique of estimation of size of fluctuating asymmetry of a leaf plate of plants. The
influence of the spatial location of sunflower crops and the influence of genotype on the
development of morphometric traits of plants were studied. The study was conducted in late
July 2019-2020, when the vegetative organs of sunflower reached their maximum develop-
ment. The material was selected for research at nine points (nine fields) located in the Zapo-
rizhzhia region, at different distances and in different directions from the industrial zone of
Zaporizhzhia (Zavodsky district). To study the influence of genotype on the morphological
characteristics of sunflower, a study of eight hybrids that grew under the same conditions
in the demonstration area in Vasylivka district of Zaporizhzhia region was conducted. The
integrated index of fluctuating asymmetry of sunflower was in the range of 0.062-0.114,
with the largest indicator of fluctuating asymmetry was observed in the area closest to the
industrial zone of Zaporizhzhia — north of Zaporizhzhia. The lowest rate was observed in the
area — 5 — east of Zaporizhzhia. The integrated index of fluctuating asymmetry of sunflower
hybrids grown in the same soil and climatic conditions in the demonstration area ranged
from 0.070 to 0.093.

Based on research conducted in 2019-2020, we concluded that the species sunflo-
wer (Helianthus annuus L.), despite its distribution, is not suitable for use as a bioindication
plant in the study of the level of man-made load in the area. We obtained significant diffe-
rences in the development of morphometric parameters of sunflower leaves (Helianthus
annuus L.) grown in areas far from the industrial zone of Zaporizhzhia. Hybrids, which
differed in morpho-economic characteristics, were grown in the same soil and climatic con-
ditions and with the same agricultural techniques, on the demonstration site, also showed
significant fluctuations in the integral index of fluctuating asymmetry.

Keywords: fluctuating asymmetry, dispersion, morphometric features, variability,
sunflower
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BIIJINB IOHIB BA’XKKUX METAJIIB HA EKOTOKCHUKOJOI'TYHI
MNOKA3HUKH BUTYIIKH POTOBOI (MOLLUSCA, GASTROPODA, PULMO-
NATA, BULINIDAE)
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DKumomupcoruil depacasnuii yuieepcumem imeni leana Opanka
eyn. Benuka bepouuiecvka, 40, Kumomup 10008, Ykpaina
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JlocnipkeHO BIUIMB Pi3HUX KOHIICHTPAIIiN 10HIB Mijli, IWHKY, HIKEIF0, MAHTaHy BOJI-
HOTO CepeOBUIAa Ha EKOTOKCHKOJIOTIUHI MMOKAa3HUKU IIHMPOKOAPEaTbHOTO i HaluMCIeHHi-
moro BHAy ManakodayHn YKpaiHM — BUTYHIKH poroBoi Planorbarius corneus (Linnaeus,
1758). 3a piBHEM TOKCHYHOI Jii HA BUTYIIKH JOCIIPKCHI HAMHU MOJIOTAHTH HAJIEKATh JIO
Kareropiii cirabkorokcnunux (Mn*?), momipHotokcnuHux (Ni*"), CHIBHOTOKCHYHHX (Zn*) i
BucokoTokcHIHUX (Cu®") peuoBuH. 3a 0COOIUBOCTAMHU MOBEMAIHKY 1 (Hi3i0IOTYHUM CTAHOM
ATOCIITHUX TBApHH BUSBICHO 3HAYESHHS MiAIOPOTOBHX, CyOIeTaIbHUX, XPOHITHOJIETAb-
HHX, TOCTPOJICTAIBHIX KOHIIEHTPALi#l KO)KHOTO i3 BUKOPHCTAHUX TOKCHKAHTIB (Mr/am®). 3
MiBUIICHHSIM KOHIICHTPAIIii 10HIB METaJIiB Y CEpEeIOBUIIII 3HAYCHHS JJATCHTHOTO Nepioay y
P. corneus 30inpirytoTbes. [lepimiMu o3HaKaMu OTPY€EHHS y TBApHH € MOCIa0IeHHS PyXo-
BOT aKTUBHOCTI i TIOCHJICHHS CITU30BHIUICHHS. 32 JICTATbHUX KOHIICHTpAIlii (LCIOO) AHUX
TOKCHKAHTIB y HiJIOCIITHUX MOJIOCKIB PO3BUBAETHCS CTPIMKHIA MaTotoridHui mpouec. Jlo
MOMEHTY 3aBEpIICHHS eKCIIEPHUMEHTY BCl OCOOMHH i€l IPYIH THHYTh. 3 IiBUILEHHSIM KOH-
LIEHTpaIlill 10HIB BAKKUX METAIB JICTAILHUIN Yac 1 JeTATbHUI CepeHIi Yac 3MEHITYIOThCS.
HaiiBumii 3Ha4eHHs JIeTaNbHOTO Yacy Bif3Ha4eHi 1yt ioHiB ManTany (II), a HaiimeHmi - st
ioHIB Mimi. JlocimipkeHO 000POTHICTh OTPY€EHHSI MOJIOCKIB Pi3HUMHU KOHIIEHTpALisIMH 3a-
3Ha4YeHUX MeTaiiB. BinqHoBneHHs QyHKIIN y KOCTIPKYBaHUX TBapHH BilOyBaeThesl B 000-
POTHOMY HOPSAKY. 3a i OTHAKOBUX KOHIIEHTpANiil i0HIB Ba)KKUX METaliB TPUBAJIICTb Jie-
TaNBEHOTO CePEIHbOT0 Yacy pizHa.

3HayeHHs Koe(illieHTa BUTPUBAJIOCTI 3a BIUIUBY BaXKKHX METAJiB HA BUTYIIKY POTO-
BY 3MEHIIYETHCS BiJ] BUCOKHUX JI0 HU3BKHMX KOHIIEHTpAIIH. 3a MiAMOPOroBUX KOHIIEHTpamiil
el KoeillieHT HEeMO)KIIMBO BCTAHOBUTH Uepe3 HE CTOBIJICOTKOBY 3arnOeNb 0COOUH 10 MO-
MEHTY 3aBepIIEHHS TOCTPOTO AOCHTiTy. 3HAYeHHs Koe]illieHTa IPHCTOCYBAHHS € HalBHUIIH-
MH JUTSl BUCOKOTOKCHYHOTO Metany (Cu??) i HalfHImKYUMH — ts ciiabkotokcuyroro (Mn?).
3a zif 10HIB MiJi afanTanis TBAPHH [0 BIUIMBY TOKCHKaHTa Ma€ THMYACOBHUH Xapakrep, Iic-
JIs1 YOTO HACTa€E ACIPECis.

Kniouosi cnoea: Planorbarius corneus, BaXKi MeTaIH, €KOTOKCUKOJIOTTUHI TOKa3-
HUKHA

Ipotsirom XX CT. HABKOJIMIITHE CEPEAOBUIIE 3a3HAIO CYTTEBUX 3MIH YHACIIIOK 3pOCTaH-
H# Aii Ha HBOTO aHTpornonpecii. HaiiBpa3nuBimmmu 10 TEXHOr€HHO-aHTPOIIOI'€HHOTO 3a0py/THEH-
Hs € OaceiiHn Manux pidok. BoHM MaroTh He3Ha4Hi IJIOIIi Bomo300py i Ge3mocepeIHbO BILIU-
BalOTh Ha TiIPOXIMIYHMI CKIaJ 1 SIKICTh BOIU CEPEAHIX Ta BEJIMKHUX piuok. Y iXHiX OaceiiHax
dbopmyetbest monaa 60 % BoxHUX pecypciB Ykpainu [24].

OHI€TO 13 BOKIMBUX TPYII MOJFOTAHTIB BOIHOTO CEPEIOBHUIIA € Ba)KKI METaJIM Ta iXHi COJi
[2, 3, 8-10, 15, 20-21, 26, 27]. 3Ha4Ha KiIBKICTh COJICH MOTPAILISE Y BOXOWMHU 3 HCOUHUIIICHUMHU

© babuu 0., [MTinkina T., 2021
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CTOKaMH TipHUYHO-PYAHUX, METATYPTiiHUX, IPUIaN0- Ta MAIIMHOOYAIBHUX mmianpuemcTs [10].
L1i momoTanT € BKpail HeOe3MeUHUMH, OCKUIBKH JIOBTO 30€pIiraroThCsl y BOJOWMAaX, HAKOIHYY-
I0YMCh Y TIAPOOIOHTAaX 1 3aBIaro4M iM 3HAYHOT mIKoAH. Taki MOpyIIEHHs 4acTO € HEOOOPOTHUMH,
BOHM TPHU3BOIATH 0 3arubesi 0coOMH abo 10 emiMiHaIli momyIsiii. BibrcTs conel BaKKux
METaJiB — MPOCTi HEOPTaHiyHi CIIONYKH, TOKCHYHICTh SKUX OOyMOBJICHA aHIOHAMH, KaTiOHAMH
200 (i3MKO-XIMIYHMMHU BIACTHBOCTAMH coOJi. J[aHI TOKCHKAHTH HaJieKaTh JI0 Kareropii Mikpo-
€JIEMEHTIB.

Hes3Bakaroun Ha MeBHY MO3UTUBHY TEH/ICHIIIIO 0 3MEHILIEHHS BMICTY BaXKKHX METAJIIB Y
MOBEPXHEBUX BozlaX Ykpaiuu Ha nmouyarky XXI cT., KOHIIEHTpallii [[MX MeTaliB y piukax 3ajuiia-
IOThCSA TTIe TOCUTH CyTTEBUMH [6, 18].

[1106 BM3HAYHUTH OLIHKY SIKOCTI IPUPOIAHUX BOJ, Hapa3li BUKOPHCTOBYIOTh EKOJIOTTUHHIA
MOHITOPHHT 1 OioTecTyBaHHs. [ paMOTHE BUKOHAHHS 1X MOXITUBE JIUIIIE 32 YMOB O€3MOMIIIKOBOTO
BU3HAYEHHsI BUIOBOI NPUHAJIEKHOCTI IHANKATOPHUX BUJIB. SIK Taki MOXYTh 3aCTOCOBYBATHCS
MIPiICHOBOJIHI MOJIFOCKH poauHU Bulinidae, a came, Butymika porosa (Planorbarius corneus (Lin-
naeus, 1758)) — onuH i3 HAWYKUCIGHHINIMX 1 MIMPOKOAPEATbHUX BUIIB ManakodayHu YKpaiHu.
3a I0MOMOrO0I0 IMX OPraHi3MiB MOJKHA CKJIACTH YSIBJICHHS IIPO CTaH 3a0pYIHEHHS TiJpOMepexi.

VY X011 TOKCUKOJIOTIYHUX TOCIIIKCHD HaIepiiie BU3HAYAIOTh MEXi 0e31eUYHOCTI TOKCHY-
HOi PEYOBHMHH Ta HAWOLIBIIOrO i MOMIpHOTro ii BIUTMBY. Y MIKpOIO03ax JlaHi MOJNIOTAHTH BKpaii
HEOOXIIHI T HOPMAJIBHOI KHUTTEMISIIBHOCTI TiAPOOIOHTIB. BOHM BXOIATH 10 CKJIaay aKTHBHUX
LEHTPIB OKMCHO-BITHOBHUX ()EPMEHTIB 1 CIIPHUSIOTH POCTY i PO3MHOXKEHHIO TBapHH. 3a TIepeBH-
LIeHHsI Oe3MeYHOT0 PiBHS B OpraHi3Max 3HHKA€E MeXa MK TXHbOIO (i310JIOTIUHOI0 1 TOKCHYHOIO
niero [7].

VY TOKCHKOJIOTIYHUX JOCIIKEHHSIX 3HAUHY yBary MpHIIISIOTh BUBYCHHIO BILUTUBY 1OHIB
Ba)KKMX METAIB Ha MOBEIIHKOBI 1 ()i3i0J0Ti4YHI peakiii Ta HopymeHHs (i3UKO-XIMIYHUX Biac-
TUBOCTeW remoiiMpu BuTymku [5, 11-13, 19, 22]. BcraHOBIIEHO TOKCHKOJIOTIYHI MOKa3HUKH
(LC,, LC,,, LC ) 3a BIuMBY iOHIB MiJli, IMHKY, KAIMiI0 Ha JETEHEBUX MOMIOCKIB [16]. Taki
JIOCHI/DKEHHS CIIPSIMOBaH1 Ha BU3HAYEHHs Jialla30HIB KOHLEHTpALill, IKi MO)KHA BUKOPHUCTATH B
MoJIaJIbINX eKcriepuMeHTax. OCHOBHHUM iXHIM KPUTEPIEM € CTYIiHb BH)KUBAHHS TBAPHUH.

Merta poOOTH: BUBHAYUTH OCHOBHI €KOTOKCHKOJIOT1UHI MOKA3HUKH JIJIsl BUTYIIKA POTOBOI
P. corneus 3a nii Ha Hel 10HIB Mifi, HIKeIIO, IMHKY, MaHTaHy. [1o KO)KHOMY 3 MeTajliB BU3HAYCHO
10 TOKCHKOJIOTIYHUX MTOKA3HHUKIB, IEAKi 3 HUX BCTAHOBJIEHO BIIEpIIIE.

Marepiaau Ta MeToau

HocunimkeHo BUTYIIOK onHiei i Tiei x posmipHOi rpynu (2,62+0,02) i3 p. CamnoriBka
(emT Mupormine XKutomupcbkoi 0011.), 3i10paHuX BpydHY Ta 3a JOIOMOIO0 cadyka y ceprHi 2020
p- Y KOXHill i3 KOHTPOJIBHUX IPyI OyJI0 10 6 eK3., y NOCHiAHNX — 6—8 eK3. MOJItocKiB. Y j1abopa-
TOPII0 TBAPHMH JIOCTABISUIM y TUIACTUKOBIH Tapi. TOKCHKONOriYHOMY TOCTIDKEHHIO TIepeayBajia
15-m000Ba akTiMaIlisi MOJFOCKIB 0 YMOB JIAOOPAaTOPHOTO YTPUMAHHS, 3TiJHO 3 BUMOT'aMH Ipa-
BUJI IOCTAHOBKH €KOTOKCHUKOJIOTTYHHUX SKCIIEPUMEHTIB [23].

YMmoBu jpociiny: temneparypa Bogu — 20-22 °C, BoxneBuid nokasuuk (pH) — 7,5-8,0,
okcurenizamisa — 7,8-8,2 mr/nm®. TOKCUKAHTH — CuCl,x2H,0, ZnCl,x2H,0, NiCL,x6H,0, Mn-
C1,x4H,0. Po3unnu roTyBanu Ha JexJopoBaHiil BigcToroBanHaM (1 106a) Bofi 3 )KUTOMUPCHKOT
BOIOTIHHOT Mepeki. OHOBIICHHSI CEPEOBHUIIA 3AIHCHIOBAIH Yepe3 100y.

Opi€eHTOBHHUIA 1 OCHOBHUI TOKCHKOJIOTTYHHUI JIOCIIIM ITOCTABIICHO 32 METOANKOIO B. Anek-
ceea [1]. Opi€HTOBHMM JOCIHIJOM BCTAaHOBJCHO KOHIICHTpAIlil, HCOOXiMHI Ui MPOBCACHHS
OCHOBHOTO €KCIIEpUMEHTY. BHu3Hauamy BIUIMB Ha MIiIAOCHIAHUX TBAapHH PI3HUX KOHIEHTpAIii
XJIOPHIIB BXKKHUX METaIIB y epepaxyHKy Ha kartioH. Excriosunis — 48 rox. ¥ pesynbrari gocii-
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JUKEHHS BCTAHOBJIGHO OCHOBHI €KOTOKCHKOJIOTIYHI MMOKA3HUKH: HEJi104i, CyOJeTanbHi Ta JIeTallb-
i konnentpanii — LC, LC,, LC,; cryninb Tokcuunocti (CT); noporosy konuenrpatiro (I1K);
narentauit nepion (JIIT); neransuuii wac (JIU); neranpauii cepentiit yac (JICH); koediiieHT Bu-
tpuBasocti (KB); koedimient npucrocysansst (KII). BiabLIicTh MOKa3HUKIB OTPUMAIIH 3aBISKH
Bi3yaJIbHOMY CIIOCTEPEIKSHHIO 32 IOBEIIHKOIO TBAPUH Y TOKCHYHOMY CePEIOBUIL i 3aB/ISIKU aHa-
JIi3y JeTaabHUX BUMAAKIB. KoedillieHT BUTPHUBAIOCTI BU3HAYAIHX 3a popmMysioro [4]:
KB = E—k
E

T

ne E, — vac, uepes sxuii 3aruHyiu BCi miaaocninani teapunu; E — vac, 3a sxuii 3arunysia nepia
TBapHHa.

KoedimieHT mprcTocyBaHHS BCTAaHOBIIOBANH 32 MeToaukoro I. Meneci [25]. MomtockiB
JOCIITHOT Iy BUTPUMYBAJH 2 00U Y pO3YMHAX CyOlieTalbHUX KOHLICHTPALIN XJIOPHUIIB Me-
TajiB, a KOHTPOJIHHHUX TBAPUH — y BOAi Oe3 MoJaBaHHS TOKCHKaHTIB. [10TIM MiAmOCHITHUX Ta
KOHTPOJIbHUX OCOOHH MEPEHOCUITH Y PO3YMHH JI€TabHUX KOHLIICHTPALIN JOCIiKYBaHUX TOKCH-
KaHTIB 1 (ikcyBanu gac ixHpoi cMepTi. OOGUnCIIIOBaIN CepeHiii yac BIKMBAHHS KOXKHOI 3 TPYII
BHTYIIOK i BCTAHOBIIIOBAIM PI3HUIIO B Yaci 3aruOerni (Tof) MiaIOoCTiTHIX Ta KOHTPOIBHHUX 0CO-
6uH. | e OyB KOeQiIlieHT IPUCTOCYBAHHS.

Pe3yabTaTH i iXHE 00roBOpeHHs

BcranoBneHo 3araibHi 0COOMMBOCTI TOKCHYHOTO BIUIMBY 10HIB Mili, ITMHKY, HIKEII0, MaH-
raHy Ha OCHOBHI TOKCHKOJIOT19HI TOKa3HUKH P. corneus (Tadm. 1), 3a skuMu O0yi1o BU3HAYEHO 30HH
TOKCHYHOI il JOCITiKyBaHuX TokcukanTiB: Cu?” — < 0,004—0,04 mr/om?; Zn?* — < 0,25-5 Mr/am?;
Ni?* — < 0,5-250 mr/om?®; Mn?" — < 150-3000 mr/mom>.

3rigHO 31 MK TOKCHYHOCTI PEUOBHH IS TiIPOOIOHTIB, JOCTIIKEHI HAMH TOKCHKAH-
TH 32 piBHEM TOKCHYHOTO BIUIMBY HaJISXKaTh A0 YOTHUPHOX TPyl [17]. Jlo BHCOKOTOKCHYHUX PEdo-
BUH (< 1 MIr/mm*) HAJIEKUTE Mijlb, CHIIBHOTOKCHYHHX (1—10 Mr/mmM*) — HHK, TTOMIPHOTOKCHYHUX
(10-100 mr/om?®) — Hikelns, cnadkoTokcyHuX (Buine 100 mMr/mm’) — MaHTaH.

Tabmums 1
OCHOBHI TOKCHKOJIOTIYHI TOKa3HUKH (MI/AM?) BUTYIIKHA POTOBOI
3a [l Ha Hei 10HIB BAXXKUX METaJiB
lon LC, LC, LC,, ‘ CryniHb TOKCHYHOCT] ‘HOpOFOBa KOHIIEHTPALlis
Cu* 0,004 0,02 0,04 0,02 0,0004
Zn* 0,25 2 5 2 0,005
Niz 0,5 100 250 100 0,05
Mn** 150 700 3000 700 0,3

[igmociaHi MOJIFOCKH € BUCOKOYYTIMBUMH JI0 JTii HA HUX 10HIB BaXXKHX METAJIiB, HA IO
BKa3ylOTh 3Ha4Y€HHS MOPOTOBUX KOHIICHTpaliid. BcraHoBieHO miAnoporosi, cybneTanbHi, Xpo-
HIYHI JICTAJIbHI Ta TOCTPOJCTAIBHI KOHICHTpAIii ISl KOXKHOTO i3 BUKOPUCTAHMX TOKCHUKAHTIB
(mr/am?) (Tabm. 2). BusHavyarou 11i MOKa3HUKH, MU BEJH CIIOCTEPEKEHHS 32 €TOJIOTTYHUMU 0CO-
OJIMBOCTSIMH 1 3araJIbHUM cTaHOM 0coOuH. Came TOoBe/iHKa € HAWYyTJUBILINM ITOKa3HUKOM CTY-
TIeHsI TOKCUYHOCTI P. corneus N0 BUIE3a3HaUCHUX METAIB.

[Ticnst 3aHypeHHS BUTYILIOK Y BOAY 3 ITiAMOPOrOBUMH KOHLIEHTPALISIMH JAHUX MTOJTIOTAHTIB
YKOJTHHX 3MiH y TXHill IIOBE/iHIli, TOPIBHSAHO 3 KOHTPOJIEM, He Bif3HaueHO. Bonu Oynu Gaiinyxu-
MH JI0 TOKCHYHOTO cepeioBuIIa. 3a cyOleTaabHNX KOHIIEHTPALlill MOJFOCKU JKUTTE3/IaTHI MTPOTS-
TOM YCBOTO JIOCIIJY, Y HUX CIIOCTEpIrajiy akTHBYBaHHS KOPMOBOI 1 cTareBol nmoBeaiHku. OfHi€0
13 3aXMCHUX peaxiii 0coOMH OyN0 YyTBOpEHHs HaOpsKy BHACIIJOK MMOPYIIECHHS Y HUX BOIHOTO
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Oaancy. TBapuHM MOM’SIKIIYIOTh HACHIAKH 10HIB B&XKKHX METAJIIB IIJSIXOM «PO3BEICHHS» KOH-
LeHTpalil oTpyitHuX pedoBuH [19].

Tabmurist 2
KonueHTpatii i0HiB BAXXKUX MeTasiB (Mr/aM?®), BAKOPUCTaHI Y TOCTiAaxX
Konuenrpaunii

Ton Iignoporosi Cy6neTanbHi | Xpowiuni neranbii | Toctponeraibhi
Cu** 4x10° 0,0004 0,04 4

Zn* 0,005 0,05 5 20

Niz 0,05 0,5 50 50

Mn?* 0,3 3 90 200

3a XpOoHIYHONETAIFHUX KOHIEHTpalid y 50 % miamociiHuX TBapUH MaJlo Micle HpH-
THIYEHHS )KUTTEBUX (YHKIH 1 TOCHICHE BUALICHHS CIU3Y 3aJ03UCTUMH KIIITHHAMHU LIKIPHOTO
enirenito. Pemra s 0coOMH 3aruHymu. Y TOCTPOJIETAIBHUX KOHLIEHTPALISIX MOJIIOCKU Ha ITI0YaTKy
JIOCIIJDKEHHST TIparHy/i MOKWHYTH TOKCHYHE CepellOBHUINE, a TOTIM MPHUKPIILTIOBAIUCS A0 CTi-
HOK aKBapiymMa abo HepyXOoMO Jie)kaju Ha JHi. Jlo0 MOMEHTY 3aBEpIICHHS eKCIIEPUMEHTY (48 rom)
CMEPTHICTB MiIociiTHuX TBapuH csirana 100 %.

JlateHTHUH TIepion — Lie MPOMIXKOK Yacy MK MOYaTKOM BIUIMBY TOKCHUKAaHTIB Ha ITiJI0-
CIIITHAX TBAapHH 1 MOSBOIO MEPIINX O3HAK OTpyeHHs y HHX [14]. Lle#l moka3HUK BH3Ha4YalM 3a
Bi3yaJbHUMH criocTepexxeHHsIMHU (tabi. 3). Ilepmni moBeqiHKOBI peakuii y po3dMHaxX 3 iOHaMH
Mifi criocTepirany 3a kourentpaiiii 0,004 mr/am®. V BuTyok depe3 14 roj micis nepeGyBaHHs
y PO3YMHI 3 BUINE3a3HAYECHOIO KOHLEHTPALIE€I0 BiOya0Cs mocinallieHHs] pyXOBO1 aKTHBHOCTI i
MOCWJIMIIOCS CITU30BUAIICHHS. 3 MiJBUIICHHIM KOHIEHTpPALlii IIbOTO MOJIOTAHTa Y CEePETOBHILI
MIPOSIB TEPILIHMX O3HAK OTPYEHHS IPUCKOPIOETHCSL.

Tabmuns 3
TpuBanicTh JaTEHTHOTO IEPioLy BUTYLIKH POTOBOi 3a il Ha Hel 10HIB Ba)KKHUX METaJiB
Cu2+ Zn2+ Ni2+ Mn2+
C.7, T, C, 7, T, C.7, T, c,n, T,
mr/om? rox mr/am? rox mr/am’ rox mr/am’ rox
0,004 14 0,005 24,1 0,005 25,5 0,003 25
0,04 4,2 0,05 10,3 0,05 24,2 0,03 4,1
0,4 1,4 0,5 2,1 0,5 20,5 0,3 2
4 0,5 5 1,5 5 2,1 3 1,1
40 0,3 50 1 50 1,1 30 0,35
400 0,1 500 0,1 500 0,1 300 0,3

VY posunnax ioHiB muHKY (mianazon 0,05-500 mr/mam?), Ha BiaMiHY Bif ioHIB Mii, HosBa
MEPIINX O3HAK OTPYEHHS CIIOCTEPIra€THCS MEHIII CTPIMKO 1 Yepe3 OLIbIIuii mepiox yacy. 3a KoH-
nenrpartii 0,005 mr/aM® 3MiHK y TIOBEIIHII TBAPUH MaJId MICIIe JIMIIE HA IOYaTKy JAPYroi J00H.

IoniGHe MPOCTEXYETHCS 1 3a 3HIKEHHS KoHIeHTpamniid NiZ* Ta Mn?'. ¥V po3unHax BHCO-
KHMX KOHICHTPAIIi [IMX METAaJIIB MEPIIIi 03HAKH 3’ SIBJISTIOTHCS Yepe3 HETPUBAII BT IIOYATKY JOCITi-
Iy TIPOMDKKH 4Yacy. 3a i 10HIB HiKeJI0 IJATeHTHHH Hepiof] HE3HAYHO 301IbIITYEThCS, TOUNHAOYH
3 koHnenTpaii 0,05 mr/nam? 1 Hikde. Ockiapku Mn?* — Cl1aGKOTOKCHYHHIA areHT, TO 4yTIMBICTH
BUTYILIOK 70 HHOTO BHABISAETHCS 3a 0,03 Mr/mm>.

3a neranbHux KonuenTpauid (LC, ) nocmimKyBaHuX TOKCHKAHTIB y MiJIOCTiHUX P, cor-
neus yOpoIoBK Mepiioi 00U eKCIIEPUMEHTY CTPIMKO PO3BHBAETHCSA MATOJOTIYHUH IMpolec —
OTPYEHHSI, BHACIIIOK PO3BUTKY Y HUX ACCTPYKTHBHMX SIBHII HA KJIITHHHOMY piBHi. /[0 MOMEHTY
3aBEpILICHHsI EKCIICPUMEHTY BCl OCOOMHHU Ii€l Tpyy THHYTH (Ta0II. 4).
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Tabmug 4
TpuBanicTh JI€TANLHOIO Yacy BUTYIIKH POTOBOI 3a JIil Ha Hel 10HIB BAKKUX METalliB
Cu2+ Zn2+ Ni2+ Mn2+
Co2s 4, C, 7, 4, C.7, 4, C,.”, I,
mr/om’ rox mr/om? oz mr/om’ rox mr/om’ o1
0,004 37
0,04 30 0,05 41,0 0,05 433
0,4 12 0,5 232 0,5 29,1
4 0,5 5 18,4 5 19,3
40 0,3 50 6,3 50 8,1 30 27
400 0,1 500 0,4 500 0,5 300 15
3000 1,1

I3 minBUIIEHHSIM KOHIIEHTpALli 10HIB BaKKMX METANIB y CEPEIOBHILI 3HAYCHHS ITOKa3-
HUKIB JIETAIBHOTO Yacy y MOJIIOCKIB 3MEHINYIOThcs. HalinoBmmii netanpHuil 9ac Bi3HAYECHUH
quts ioHa manrany (II), a HalikopoTmmil - ast ioHa Mifi. [TokazHuk LC,, Bkasye Ha Te, 1110 naHi
MOJTIOCKH € JIOCHTh YyTIMBUMH 0 i BAXKHX METAIB 1, 10 IEBHOT MEXi, MOXKYTb ITPOTHUAISTH
BIUIMBOBI JIaHUX TOKCHKaHTIB. OTpyeHI BaXXKMMHU METaJlaMH TBapUHH MICIIs TIEpEeHEeCEeHHS iX Y
YHCTE Cepe/IOBUINE HE 3/1aTHI /10 BiIHOBJIEHHS PyX0OBOi aKTUBHOCTI. OTXe, 000pOTHICTH OTpYy€EH-
HS BUTYIIOK MMM TIOJIIOTAHTaMH € JIOCHTh HEBHCOKOIO.

JleraneHuii cepenHiit yac y P. corneus 31 3pOCTaHHSIM KOHIIEHTpAIii 10HIB Ba)KKUX Me-
TaxiB 3MEHIIYeTbes (Tadm. 5). Bucoky neranmbHicTh (3arnbens 50 % TBapuH) crocrepiranu y
posunnax Cu?* yepe3 CHIIbHY TOKCHYHICTB 3a3Ha4€HOro MeTaiy. 3a aii Mn?* MOJFOCKH y JOCIiai
3arMHYJU 3a OLIBIINX KOHILEHTPALliH, MOPIBHSHO 3 1HIIMMH TOKCUKaHTaMu. [TopiBHSIHHS HOKa3-
HHKIB JIETAIBHOTO CEPEAHBOTO Yacy y PO3YMHAX TOKCHKAHTIB OXHOTO mopsaky (300 mr/am® Mn?*,
400 mr/am® Cu?* ta 500 mr/am® Zn** i Ni*") noka3zasno, 1110 BOHU 3pocTaroTh Bif 1,1 rox y po3uu-
HaX 3 i0HaMU Mifi 10 3—5 roj 3 ioHaMU IIUHKY 1 HIKeJIo Ta 10 46 TOI y pO34rHi 3 i0HAMH MaHTaHYy.

Tabmurs 5
TpHuBaIiCTh JETATHHOTO CEPETHHOTO Yacy BUTYIIKH POTOBOI 3a il Ha Hel 10HIB BaKKUX METaJIiB
Cu2+ Zn2+ Ni2+ Mn2+
C.7, JICY, C, 7, JICH, C.2, | Jicy, C,.0, JICH,
Mmr/am? rof mr/am? roj Mmr/om? roj mr/am> roj
0,04 43
0,4 23,1 0,5 40 0,5 42
4 9,2 5 20 5 29
40 3,2 50 11 50 15
400 1,1 500 3 500 5 300 4
3000 46

Koeoinientn Burpusanocti (KB) i npucrocysanus (KII) nators ysBIeHHS IpO piBEeHb

ajanTarii mIoCIiTHIX MOJOCKIB IO il pi3HUX KOHIICHTpAIlill i0HiB MeTaniB. BcTaHOBICHO,
110 YMM HIKYOIO € KOHIEHTPALlisl TOKCMKaHTa, THM MEHII 3Ha4eHHs Koe(illieHTa BUTPUBAJIOCTI
(Tabi. 6). 3a HU3BKMX KOHIEHTpAaLill i0HIB BA)KKNX MeTalliB BcTaHOBUTH KB HeMOXiMBO uepes
BIJICYTHICTb TIOBHOI 3aru0eJii TBapyH 10 MOMEHTY 3aBEpILEHHS TOCTPOTO JIOCTITY.

Ha koeoimienT npucrocyBaHHs BIUIMBA€E XiMiYHA MPHPOJA areHTa i HOro KOHIEHTpAIlii:
OiNbII BUpA)XEHA ajamnTamis 10 OTPYT OpPraHigyHOI NPUPOAM 1 Maike 30BCIM BIJICYTHS IO HEOp-
ra"iyHux pedoBuH [17]. Beranoeneno (tabm. 7), mo 3HadeHHs KII € HaWBHIMMU IS BHCO-
KOTOKCcHYHUX MeTaniB (Cu*’) i HalMeHIMME 11 ciaabkoTokenuHuxX (Mn?"). Y BHTYIIOK 3a Aii
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10HIB MiJIi CTIOCTEPIraeThCsi TAMYACOBUI XapaKTep aJanTailiii 10 BIUIMBY TOKCHKaHTa. BoHu Bu-
paKarOThCsl y TIOUATKOBIH MiIBUILEHIH CTIHKOCTI TBApUH JI0 OTPYTH, ITICJISl YOTO HACTAE JICTpeCist
BHACJIIOK MOPYILEHHS TXHIX MPUCTOCYBAIBHUX MEXaHI3MIB.

Tabnuus 6
KoeimieHT BUTpUBAIOCTI BUTYIIKH POTOBOI 3a Jii Ha Hel 10HIB BAYKKUX METaJliB
Cu* Zn* Ni** Mn?**
C.n KB, C,7, KB, C.7 KB, C... KB,
mr/om? ron mr/om? rox mr/om? rox mr/om? o
0,4 1,14 0,5 1,25
4 1,32 5 1,34 5 2,05
40 2,47 50 1,56 50 3,12
400 3,12 500 2,87 500 2,21
3000 3,57
Tabmus 7
KoedimieHT mprcTocyBaHHS BUTYIIKA POTOBOI 32 [Iii Ha Hel 10HIB BAXKKUX METAIliB
Ion meraiy ‘ KoeoiuieHT npucrocyBaHHs, Tox
Cu? 4
Zn** 1,30
Niz* 1,15
Mn?* 1

OTxe, 3a 3pOCTaHHAM PIBHS TOKCHYHOCTI U P. corneus 10HA TOCIIIKyBaHUX METAlliB
MOKHA PO3MICTHTH B Takui psix: Mn?* > Ni?*> Zn?"> Cu?'. 3a XpoHIYHOT il HU3BKMX KOHIIEHTPa-
il BOHK BUKJIMKAIOTh Y MOIOCKIB MATOJOTIYHI 3MiHHU, TPOBOKYIOUH PO3BUTOK KyMYJISITHBHUX
TOKCHKO3iB. 3a MiIBUIIICHHS KOHIICHTPAIiil TOKCHKAHTIB JIATCHTHHUH IIEPioJl y BUTYIIOK IIPUCKO-
PIOETBCSI, a JIETATbHUI Yac 3MEHIIY€eThCs. 3HAYCHHs Koe(Dil[ieHTa BUTPUBAIOCTI 3a il HA MO-
JIOCKIB JTOCTI/IKYBaHUX MOJIOTAHTIB MOCTA0MIOETHCS Bil BUCOKUX KOHIICHTpAIlill 10HIB METaIiB
110 HU3BKKX. Halikparie mmiamocitiaHi TBapuHH TPHCTOCOBYIOTHCS JI0 BILIMBY Ha HUX Cu?™ (BHCO-
KOTOKCHYHH# MeTal), a Halripime — 10 Mn?" (ClTaGKOTOKCHIHHH METa).
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INFLUENCE OF HEAVY METAL IONS ON ECOTOXICOLOGICAL
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The influence of different concentrations of ions of copper, zinc, nickel, manganese
of the aquatic environment on the ecotoxicological indicators of the wide range and the most
numerous species of malacofauna of Ukraine — Planorbarius corneus (Linnaeus, 1758) was
studied. According to the level of toxic effect on the coils, the pollutants studied by us belong
to the categories of low-toxic (Mn?"), moderately toxic (Ni*"), highly toxic (Zn?") and highly
toxic (Cu?") substances. The values of subthreshold, sublethal, chronically lethal, and acute
lethal concentrations for each of the used toxicants (mg/dm®) were determined according
to the peculiarities of behavior and physiological condition of the experimental animals.
As the concentrations of metal ions in the medium increase, the values of the latent period
in P. corneus increase. The first signs of poisoning in animals are a weakening of motor
activity and increased mucus secretion. At lethal concentrations (LC, ) of these toxicants in
experimental mollusks develops a rapid pathological process. By the end of the experiment,
all individuals in this group die. With increasing concentrations of heavy metal ions, lethal
time and lethal mean time decrease. The highest lethal time values were observed for
manganese (II) ions, and the lowest for copper ions. The reversibility of mollusk poisoning
by different concentrations of these metals was studied. Restoration of functions in the
studied animals is carried out in reverse order. Under the action of the same concentrations
of heavy metal ions, the duration of the lethal mean time is different.

The value of the coefficient of endurance under the influence of heavy metals on
the horn extract decreases from high to low concentrations. At subthreshold concentrations,
this coefficient cannot be established due to the absence of 100 % death of individuals until
the end of the acute experiment. The values of the adaptation coefficient are the highest
for highly toxic metal (Cu?") and the lowest for weakly toxic (Mn*"). Under the action of
copper ions, the adaptation of animals to the effects of the toxicant is temporary, followed
by depression.

Keywords: Planorbarius corneus, heavy metals, ecotoxicological indicators
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ASSESSMENT OF ECOTOXICAL STATE OF TECHNOLOGICALLY
MODIFIED EDAPHOTOPES WITH WASTE OF OIL REFINERY
WITH THE ALLIUM-TEST METHOD
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The ecotoxic state of technologically modified edaphotopes by waste of refinery
was investigated with the Allium-test method. Material for the investigations was samples
of edaphotopes which were selected at a depth of 15-20 cm from seven research areas of
different locations. The last ones were 10200 m away in relation to the surface storages of
oil sludge and other waste of refinery. It has been detected in Allium-test that edaphotopes
of the research areas located at a distance of 10-50 m relative to the storages of waste are
toxic. Particularly, their aqueous extracts cause a medium and high level of phyto-, cyto- and
genotoxic effects on the growing and proliferative activity of Allium cepa Stuttgarter Riesen
variety meristem. Test extracts of edaphotopes in growing Allium-test caused darkening of
rootlets and blackening of their tips (contrary to the light rootlets with light tips in control).
In addition to it the growing activity of A. cepa bulb roots that were grown on the aqueous
extracts of edaphotopes was decreased in 1.71-3.5 times depending on the location and
measure of remoteness of the research area from the storage of waste of the refinery. Phyto-
toxicity of aqueous extracts of those edaphotopes regarding to A. cepa is above average and
higher levels, and tolerance of onion rootlets to the test extracts decreases up to 29-52 %
comparing to control. The mitotic activity of apical meristem of rootlets also decreased.
Particularly, mitotic indexes diminished to 51.05—63.57 % (in control — 82.34 %) and cyto-
toxicity ones were in the range of 22.8-48.0 % that confirms the medial level of cytotoxicity
of the investigated edaphotopes. Ana-telophase method and micronucleus test have shown
that the chromosome aberrations frequency and appearance of micronuclei in the cells of the
apical meristem of the test object 4. cepa is higher in 3.34-5.20 times comparing to control.
It indicates the average and the high level of genotoxicity of the investigated edaphotopes.
The edaphotopes, which are located at the distance of 100-200 m in relation to the surface
storages of waste of refinery have a slight phyto-, cyto- and genotoxic effects which are close
to the background level.

Keywords: waste of oil refinery, edaphotopes, A/lium-test, ecotoxicity

Oil refineries (ORs) are strong pollutants of the environment during the last century. Despite
of introduction of up-to-date technologies of oil processing, some of ORs continue generating a big
volumes of exhausted fumes into the environment. A great danger for the environment has their sur-
face storages where oil-slimes and other waste of oil processing are dumped. Concentrating in soils
adjacent to oil-slime storages and spreading along ground horizons they cause the negative changes
of all their characteristics. Significant or partial soil pollution with oil-slimes leads to the change of
physical, physico-chemical and chemical characteristics of soil. The level of these changes depends
on the type of soil and its initial state as well as the kind and number of pollutants [3].
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Among oil-slimes there is a number of substances which penetrate into soil and cause
genotoxic action: they can enhance the intensity of natural mutation in ten and hundred times.
Some of them are carcinogens, some — co-mutagenes. Nowadays mutagenic effects of chemical
compounds (chemical mutagenesis) is in the centre of genotoxic investigations, whereas they
have a significant meaning for medicine, ecology and national economy [1, 8, 19, 20].

For ecotoxic assessment of the state of technologically contaminated soils different me-
thods are used [3, 17, 18]. They include chemical-analytical, bio-indicative and bio-testing me-
thods. Each of them has its advantages and disadvantages, and only their co-application are the
most objective assessment of the soils conditions, their suitability for the using for various pur-
poses of national economy. So the spectrum of soil pollutants detected by chemical-analytical
methods doesn’t always make it possible to estimate their toxicity for plants, animals and humans
[8]. In contrast to chemical analysis, biodiagnosis methods make it possible to estimate the pre-
sence of most soil pollutants using the test organisms in experimental or natural conditions [20].
Biodiagnosis based on the application of bioindication and bioassay methods allows detecting the
presence of contaminants in the soil by changing the status of its phytobiota [16].

Bioassay methods are used to evaluate the quality of environmental objects (mainly in the
laboratory) using living organisms. Using specially selected, highly sensitive to contamination
the test organisms (biotesters) it’s possibly to determine the integral toxicity of samples from
the investigated territories, evaluate their ecological and toxicological state and possible conse-
quences [1, 10].

According to the recommendations of the Special Committee on Ecological Toxicology
of the International Scientific Committee on Environmental Issues, at least two biotest systems
should be used to accurately assess the ecological state of an environmental object. Especial at-
tention is paid to plant biotest systems due to their availability, simplicity and cost-effectiveness
of the studies carried out on them, the reliability and consistency of the obtained results, and,
importantly, they are widely used to assess soil contamination and their environmental state [5,
7, 12, 18]. Another biotest-object may be animal organisms, such as Danio rerio fish, branched
Cladocera crustaceans (Daphnia magna and ceriodaphnia Cladocera crustaceae) [13] and gill-
shape legged crustaceans, flies Drosophila melanogaster [2].

The aim of the work was the assessment of genotoxicity of edaphotopes adjacent to the
surface storages of the oil processing waste of the OR with Allium-test bioassay.

Materials and Methods

The material used for the investigation was the edaphotopes adjacent to the surface sto-
rages of oil processing waste contained in the Drohobych district. The edaphotopes were selected
in 2019 from the test sites (EEA), located at different distances relative to storages. EEA1 located
at the distance of 10 m, EEA2 — at the distance of 20 m, EEA3 — 30 m, EEA4 — 40 m, EEAS —
50 m, EEA6 — 100 m, EEA7 — 200 m. Edaphotope samples (each of 1 kg) were taken at a depth
of 15 —20 cm according to the recommended methods [4]. Each mixed sample was prepared from
5 samples, mixed with each other, and immediately transported to the laboratory for further re-
searches. Edaphotope samples were being dried in semi-sterile conditions on glass plates at room
temperature (20+2 °C) within 15-20 days.

Preparation of aqueous extracts: pieces of edophotopes weighing 20 g were ground in a
mortar, sieved through an aluminum perforated sieve (3 mm in diameter), 100 ml of water were
added, shaken for 10—15 min and stood for 15 h. The resulting extracts were filtered, sterilized by
holding (15 min) in a water bath at 100 °C. The filtrates were cooled and used for further studies.

The assessment of phyto-, cyto- and genotoxicity of the investigated edaphotopes was ta-
ken by a modified variant of Allium-test in which test-object (4//ium cepa bulbs of the Stuttgarter
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Riesen) was placed in aqueous extracts of edaphotopes without first germinating roots [6]. For
each testing edaphotope the three independent same experiments in five times were performed.
Artesian water of low mineralization was as control.

The overall toxicity of edaphotopes was assessed in a screening test using a standard
plant test system of A. cepa. The parameters of the test reaction were turgescence, discoloration,
and shape of 4. cepa bulbs grown during five days on experimental and control samples.

The phytotoxicity of edaphotopes in the Allium-test was evaluated by the phytotoxicity
index of the sample (PI,) determined by the formula: PI, = (M. — M) x 100 % / M, where
M_.— the magnitude of the test reaction in control; M, — the magnitude of the test reaction in the
experimental sample. The level of phytotoxicity of edaphotopes was assessed on a five-point
scale [11]: 0-20 % — absent or weak level; 20.1-40 % — medial level, 40.1-60 % — above average
level; 60.1-80 % — high level; 80.1-100 % — maximal level. The magnitude of the test reaction
was the length of the roots of A. cepa bulbs which were grown on experimental and control aque-
ous extracts. The root length (in mm) of bulbs was measured on the fifth day of growth (exposure
time), and the mean value (M) and its error (m) were calculated.

Tolerance of A. cepa roots to aqueous extracts of edaphotopes in the Allium-test was
evaluated by the tolerance index (TL,). TI,, was determined by the root length of bulbs, and was
calculated by the formula: TI,, = (M / Mc) x 100 %, where M, is the average root length of
A. cepa bulbs of the experimental variant; Mc is the average root length of the bulbs in control [9].

The cytotoxicity of edaphotopes in the Allium-test was evaluated by mitotic (MI,) and
cytotoxic (CI,, ) indexes [15]. MI,, is an indicator of the proliferative activity of meristem cells of
roots of 4. cepa bulbls, which was calculated by the formula: MI,, = X (P+M+A+T) x 100 % /
N, where ¥ (P+M+A+T) — the sum of cells undergoing pro-, meta-, ana- and telophase, and N is
the total number of counted cells. For this purpose cytopreparations of meristem roots of 4. cepa
bulbs grown on the test extracts and artesian water were prepared. Cytopreparations were pre-
pared according to the method [14] which included the selection of root meristems, their fixation
with Clark’s solution, washing with 70 % ethanol and staining with 2 % acetoorsein. Microscopy
of the preparations was carried out at magnification 40x15 and 90x15. The cytotoxicity index
(CI,,) was determined by the formula: CI, = (MI, — MI)) x (MI") x 100 %, where MI, is the
average mitotic index of the bulb roots of 4. cepa in test samples; MI,. is the average mitotic index
of the roots in control. The level of cytotoxicity of edaphotopes was assessed on a five-point scale
[11]: 020 % — absent or weak; 20.1-40 % — medial; 40.1-60 % — above average; 60.1-80 % —
high; 80.1-100 % — maximal.

The genotoxicity of edaphotopes was assessed by the frequencies of chromosome ab-
berations and appearance of micronuclei induced in the root apical meristem of bulbs [14]. The
frequency of chromosome abberations was determined by ana-telophase method according to
Prokhorova and coauthors technique. According to the technique all ana- and telophases on cyto-
preparations are counted and among them cells with chromosome aberrations are detected [14].
At least 500 of ana- and telophases cells were analyzed on the cytopreparations of 4. cepa root
meristems, among which cells with different types of abberations were detected. The chromo-
some abberations frequency (FM, ) was calculated by the formula: FM, = = (MCh) x 100 % /
N(A+T), where £ (MCh) — the sum of cells with chromosome aberrations (bridges, lagging chro-
mosomes, their fragments, vagrant chromosomes and others) at the ana- and telophase stages;
N(A+T) — the total number of ana- and telophases analyzed on the cytopreparations.

The frequency of the micronuclei appearance was assessed by micronucleus method [11].
At least 1000 interphase cells were analyzed on the cytopreparations of A. cepa root meristems
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among which cells with micronuclei were detected. The mutation frequency was calculated with
the formula: FMn, =X 1 <100 % /X1, where X1 , —the sum of cells with micronuclei; = I -
the total number of analyzed interphases on the cytopreparations.

The level of genotoxicity of edaphotopes was assessed by the coefficient of the mutagenic
effect expression (KME, k). KME indicates in how many times the frequency of chromosomal
aberrations in the experiment is higher than in the control, and it’s evaluated in points. KME =
1-2 — mutagenic effect is absent; KME < 5 — mutagenic effect is low; KME < 10 — mutagenic
effect is medial; KME > 10 — mutagenic effect is strong [15].

Statistical analysis of experimental data. Experiments were carried out in 5 repetitions.
Arithmetical mean (M), standard error of mean value (m), the Student’s ratio (t) and the reliability
index (p) were determined for each selection of indices. Statistical significant effects are indica-
ted by p<0.05.

Results and Discussion

During the processing and production of petroleum products various waste, including oil
sludge, are generated. Oil sludge is a mixture of water, mechanical impurities, chloride salts with
petroleum or petroleum products, which is not to be used in production, and therefore should be
sent for disposal. In case of improper storage of waste of oil refining in open-type surface storage
facilities which are not equipped with restrictive means, their seepage into adjacent soils and
subsequent migration of soil horizons is observed. Getting into the soil, the components of the
sludge cause their contamination, imbalance, death of some organisms that inhabit the surface
layers of soil [3].

For the purpose of the initial assessment of the ecotoxic state of soils adjacent to the sur-
face storages of oil processing waste of OR (Fig. 1), they were investigated for phyto-, cyto- and
genotoxicity using standard Allium-test [6, 11]. Allium-test is a widely used method of biotesting
recommended by the International Commission on Mutagenic and Carcinogenic Compounds [3],
which analyzes the growth and mitotic activity of A. cepa bulb roots [6]. It is noted that the sen-
sitivity of 4. cepa as a test object is similar to the sensitivity of Chinese hamster cells and human
lymphocytes — test systems for the assessment of environmental factors [18].

Fig. 1. Still pictures on the left and on the right — the view of sumps of the refinery

At the first stage of the Allium-test (screening test) we visually evaluated such morpho-
logical indicators as the turgescence, color, shape (swelling and bending) of the roots grown on
the aqueous extracts of edaphotopes. As can be seen from Table, the turgescence of A. cepa bulb
roots on all samples is normal, the shape is elongated and correct. But color the roots and tips of
the bulb roots are different. In the sample EEAG6 they are barely dark, in EEA2 — EEAS ones —
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completely dark or black (EEA1). In control the roots and their tips were light. The change in the
tested indexes of the roots indicate the presence of pollutants in the edaphotopes of the research
areas located at a distance of 10—100 m in relation to the oil processing waste of OR.

Phytotoxicity assessment of aqueous extracts of the investigated edaphotopes in the se-
cond stage was measured by the indexes of phytotoxicity (IP, ) and tolerance (IT,,) [9]. According
to the results (see Table) the growth activity of A. cepa bulb roots grown on extracts of edapho-
topes, with the exception of the two studied variants (EEA6 and EEA7) is statistically lower com-
pared to the control. The IP, of water extracts of EEA1 — EEAS edaphotopes are 20.78-71.24 %,
that indicates their average and high phytotoxic effect. The indexes of bulb roots tolerance (IT,)
are determined after their length are low for EEA1 and EEA4 (Table) or medium for EEA2,
EEA3, EEAS and EEA7 samples, that confirms the negative effect of pollutants of the investiga-
ted edaphotopes on growth activity.

Morphometrical indexes of 4. cepa bulb roots grown on aqueous extracts
of edaphotopes adjacent to the surface storages of oil processing waste of OR

Morphological indices of Indexes
Samp]es of Allium cepa 100ts Roots length
(M#£m), mm; . .
edaphotopes| Turgescence & Colour (t*: <p**) Phytotoxicity index | Tolerance index
Shape - =P (IP,); toxicity level |(IT,); tolerance level
Normal; . A
Control lengthened nght with light 38.88+1.82
tips (normal)
regular (normal)
Black with dark  12.88+1.19 66.87%; 33 %;
EEAT Normal tips (11.96; 0.01) high level low level
EEA2 Normal Dark with dark ~ 22.69+2.28 41.64 %; 58 %
tips (5.00; 0.01) above average level medium level
EEA3 Normal Dark with dark ~ 20.02+1.95 48.04%; 51 %,;
tips (7.07; 0.01) above average level medium level
EEA4 Normal Dark with dark  11.18+1.01 71.24%; 29 %,
tips (13.31; 0.01) high level low level
EEAS Normal Dark with dark  20.19+1.01 48.07%; 52 %;
tips (8.98; 0.01) above average level medium level
Light with dark ~ 33.14+1.73 14.76%; 85 %;
EEA6 Normal tips (2.29; 0.02) low level high level
30.80+1.47" 20.78%; 79 %;
EEAT Normal Normal (3.45;0.01) medium level medium level
*t — Student’s ratio; * *p — reliability index

The last ones were obtained with calculating cells at the different stages of mitosis. To
determine the target of mitosis modifying action of the pollutants of edaphotopes, phase indexes
of the root meristems were calculated. The last ones were obtained with calculating cells at the
different stages of mitosis (Fig. 3). As can be seen from the Fig. 2, the mitotic indexes of the root
meristem in five investigated samples EEA1 — EEAS are significantly lower comparing to the
control (multiplicity values are 0.77-0.62). It should be noted that the prophase indexes of these
edaphotopes samples are higher compared to the control (48.19 %) (Fig. 3). These results indi-
cate the delay of the processes in the prophase associated with the condensation of chromosomes
and their subsequent transition to the metaphase stage. Confirmation of this assumption is that
the metaphase indexes of these experimental samples (EEA1 — EEAS) are lower than the control
one. It can be explained by the decreased activity of the proteins responsible for the formation
of the metaphase plate, for proper positioning and orientation of homologous chromosomes on
it. In addition, the anaphase index of the root apical meristem in sample EEA3 is lower than the
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control one and other edaphotope samples. This might indicate the ability of the pollutants of
edaphotope, which are extracted with water, at higher concentrations to interfere with the normal
formation of fission spindles and chromosome segregation.

Thus, the pollutants of the test edaphotope samples EEA1 — EEAS have a negative effect
on the course of processes in mitosis, especially in prophase and anaphase, showing mitosomo-
difying effect.

In other experimental samples (EEA6 and EEA7) there was a slight effect of edaphotope
pollutants on mitotic activity of the root — there mitotic indexes are close to control (Fig. 2). For
EEAG6 and EEA7 the cytotoxic effect of their extracts is absent at all: the cytotoxicity indexes are
low — 2.37 and 3.55, respectively (Fig. 2). The weaker mitotoxic effect of these edaphotopes can
be explained by their longer distance (100 and 200 m) from the oil processing waste of OR. In
addition, the phase indexes of these experimental samples are close to control. This ratio of phase
indexes according to the literature is typical for the mitotic activity of A. cepa roots [6].
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Fig. 2. Mitotic and cytotoxicity indexes of meristem Fig. 3. Phase indexes of mitotic activity of meristem
cells of 4. cepa bulb roots grown on aqueous cells of 4. cepa bulb roots grown on aqueous
extracts of the samples of edaphotopes extracts of the samples of edaphotopes

So it was found that edaphotopes located at a distance of 10—50 m relative to the sto-
rages of oil processing waste of OR have a high and average cytotoxic effect (depending on
the distance) on the proliferative activity of the test-object A. cepa meristem cells: their mitotic
index are reduced to 51.05-63.57 % (normal — 82.34 %), and cytotoxicity index increases up to
22.8-48.0 %.

The genotoxicity assessment of technologically modified edaphotopes by the activity of
the OR was carried out by ana-telophase method [14]. Ana-telophase method was combined
with a micronucleus test [15]. The results of the studies are shown on Fig. 4 and Fig. 5. As we
can see (Fig. 4), the frequency of chromosome aberrations in the meristem cells of 4. cepa bulb
roots induced by aqueous extracts of EEA1 — EEAS sample edaphotopes was increased up to
2.32-4.12 % comparing to the control. Coefficient of the mutagenic effect expression (KME) was
2.73-4.85, indicating the low level of genotoxicity. For EEA6 — EEA7 samples the frequency
of chromosome aberrations is close to the control. KME is not higher than 2. It indicates the
absence of pronounced genotoxicity of edaphotopes located at the distance 100 m and 200 m in
relation to the storages of oil processing waste. It should be noted that among the interphase cells
of the meristem grown on the aqueous extracts of EDD1 — EDDS5 sample edaphotopes, a signifi-
cant proportion were cells with micronuclei (Fig. 6, B). In particular, the frequency of interphase
cells with micronuclei is 1.97-3.60 % (0.30 % in control), and KME is 6.57-12.00 (Fig. 5). It
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indicates on the medial and high level of genotoxicity of aqueous extracts of EDD1 — EDDS eda-
photopes (see Fig. 6, B). These indexes are especially high (k>10) for EDD1, EDD2 and EDD4
sample edaphotopes which are located at a distance of 10—40 m in relation to the storages of oil
processing waste of the OR.

OThe frequency of chromosome aberrations, %

B The coefficient of expressed of the mutagenic effect

3,68

T17
»
3

3.5

g

Control EEA1 EEA2 EEA3 EEA4 EEAS EEA6 EEA7
Samples of edaphotopes

Fig. 4. Frequency of chromosome aberrations Fig. 5. Frequency of cells with micronuclei in

in mitotic phases of 4. cepa root tip cells meristem of 4. cepa root tip cells grown
grown on aqueous extracts of the samples on aqueous extracts of the samples of
of edaphotopes edaphotopes

In the ana-telophase test on cytopreparations of apical meristem cells of 4. cepa bulb roots
grown on aqueous extracts of EDD1 — EDDS edaphotopes different types of disorders during the
chromosomes divergence to the poles of spindle were revealed. Among them — chromosome lag-
ging, formation of single and paired fragments and bridges which may be the result of deletions
and translocations of chromosomes (Fig. 6, A). The high frequency of chromosome aberrations
can be explained by the fact that the oil processing waste seeps into the adjacent soils from their
storages. Since they are present in the studied edaphotopes in sufficiently high quantities they are
highly likely to induce various types of chromosome aberrations — most often micronuclei in the
meristem cells of test object 4. cepa.

Fig. 6. Meristematic cells of root tips of A. cepa with chromosome aberrations (A) and micronuclei (B)

So it was shown that edaphotopes located at a distance of 10—50 m relative to the sto-
rages of oil processing waste of the OR are impregnated with the same waste and are toxic. Their
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aqueous extracts cause a medium and high level of phyto-, cyto- and genotoxic effects on the
morphogenesis of the plant test object 4. cepa depending on their location. Remote edaphotopes
(up to 100-200 m) have lower phyto-, cyto- and genotoxic effects which are close to the levels
of the spontaneous one.
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OIOIHKA EKOTOKCHUYHOI'O CTAHY TEXHOI'EHHO-3MIHEHUX
EJA®OTOHIB BIIXOJAAMHN HA®TOIIEPEPOBHOI'O 3ABOY
METOAOM ALLIUM-TECTY
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JlocmimpkeHo eKOTOKCHYHHMH CTaH TEXHOTCHHO-3MiHEHMX eqadoTomiB Biaxomamu
HadTomepepoOHOro 3aBomy MeTonoM Allium-tecty. MarepianoM ans  IOCTIKEHb
CIIyTyBajH 3pa3ku exadororis, BigiOpani Ha muouHi 15-20 cM 31 cemMu TOCTiIHUX TUISHOK,
po3mimenux Ha BiacTani 10-200 M Big MOBEpXHEBUX CXOBHIL BiAXOiB HAapTOMEPEPOOHOTO
3aBony. ¥V Allium-tecTi BUSBIEHO, IO 3pa3ku eAadOTOHIB MUISHOK, JOKAJTi30BaHUX Ha
Bigcransax 10-50 M Bixg cXoBMII BiAXOAiB HaTONEPEepOOHOTO 3aBOAY, € TOKCHYHUMH.
30kpemMa, TXHI BOOHI BUTSDKKU CIPHUUHSIIN (iTO-, IUTO- 1 TEHOTOKCHYHY Jii CE€peIHbOro
1 BUCOKOTO PiBHIB CTOCOBHO POCTOBOI Ta Mpoi)epaTUBHOI aKTUBHOCTI KOPIHIIB LUOYINH
Allium cepa coptry Stuttgarter Riesen. Y pocroBomy Allium-tecTi 3a3Ha4eHi BUTSKKH
enaoTOIIB COPUYNHSIIN HOTEMHIHHS KOPIHIIIB 1 HIOUYOPHIHHS iXHIX KIHUMKiB (Ha IPOTHBAry
CBITJIUM KOPIHIISM 31 CBITIIMMH KiHUMKaMHU y KOHTPOIi). J[o TOro % IXHs poCTOBa aKTHBHICTh
Ha BOAHUX BHUTSDKKax emadoromiB Oyma 3HmkeHa B 1,71-3,5 pasy 3anexHo Bix ixHbOI
JIOKaIii Ta BiAAJICHOCTI BiJl HOBEPXHEBOTO CXOBHIIA BiIXOIIB Ha)TONEPEpOOHOTO 3aBOLY.
DITOTOKCHYHICTh BOIHHX BUTKOK IOCITIHKEHUX eNadoTOMmiB CTOCOBHO A. cepa € BUILE
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CEPEAHBOTO0 1 BUCOKOTO PiBHIB, @ TOJIEPAHTHICTH KOPIiHIIIB TECT-00’€KTA 10 HUX 3HUKYETHCS
10 29-52 % mopiBHAHO 3 KOHTpoieM. MITOTHYHA aKTUBHICTh AMiKadbHOI MEPHUCTEMH
KOpiHLIB IIMOYIHH 4. cepa TaKOXK 3HWKYETHCS. 30KpeMa, IXHI MITOTHYHI iHIEKCH CTIagaloTh
10 51,05-63,57 % (3a mHopmu 82,34 %), a iHAEKCH UTOTOKCHYHOCTI 3pOCTArOTh 110 22,8—
48,0 %, 1m0 CBIIUUTH MPO CEpenHid piBeHb HMUTOTOKCHYHOCTI AOCTIKEHUX ena(oToIiB
Ha mpoiidepaTuBHy aKTHBHICTh TeCT-00’€KTa. 3a JOMOMOTOI0 aHaTea0(ha3HOro METody i
MIKPOSIIEPHOTO TECTY MOKa3aHO, 10 YaCTOTa XPOMOCOMHHUX adepaliil 1 mosiBa MiKposiaep y
KIIITHHAX amiKaJbHOI MEPUCTEMH KOPIHLIB A. cepa € BUIIOW y 3,34-5,20 pa3y nopiBHIHO
3 KOHTPOJIEM, a IIe BKa3ye Ha CEpeAHid 1 BUCOKHMH PiBHI T€HOTOKCHYHOCTI JOCHIHKEHHX
enadoromniB. Enadoronu, po3ramosani Ha Biactani 100-200 M Big HOBEPXHEBUX CXOBHII]
BiZxo/iB Ha()TOMEpPepOOHOTO 3aBOMY, MAIOTh Ci1a0Ky (BiTO- , IUTO- i FEHOTOKCHYHY IO, SKa
€ OM3BKOIO0 10 (POHOBOTO PiBHA.

Knouosi cnosa: Binxoau HadTomepepobHoro 3asoay, enadoromu, Allium-tecr,
€KOTOKCHUYHICTh
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®OPMYBAHHS ®AYHHU BE3XPEBETHUX I'IJIPOBIOHTIB Y BOJJOMMI
JOMBPOBCBKOTI'O KAP’E€EPY B IIEPIO/ 2014-2018 POKIB

T. Mukiruak', B. Ko3noscbkuii', Q. Marenemxo?
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JocnimkeHo yrpynoBaHHs 0e3xpeOeTHHX riapo0ioHTiB BomoimMu JJoMOpOBCHKOTO
Kap’epy B nepiog 2014-2018 pp. Bixznaueno 25 BuaiB. Y MIaHKTOHI €AMHUM HOCTIHHUM
KOMIIOHEHTOM € KoJloBepTKa Brachionus plicatilis Miiller, 1786, y Genroci Ta He#cTOHI —
knomnu Sigara lateralis (Leach, 1817), sxyku Hydrobius fuscipes (Linnaeus, 1758), nBokpuii
Aedes sp., Ochlerotatus lepidonotus (Edwards, 1920), Culicoides salinarius Kieffer, 1914,
Ephydra glauca Meigen, 1830. OcHOBHE pi3HOMAHITTS 0e3XpeOETHHX CKOHIICHTPOBAHE Y
JiTopanbHii 30H1 Ha MMOuHaX 10 2 M. [lepmr 3a Bce, 1€ OB’ SI3aHO 3 ONPICHEHHIM LUX Mi-
JITHOK ITOBEPXHEBUM CTOKOM OMAaJliB. 32 OCTaHHE AECATUPIUYS MiHEpaIi3aLlis IOBEPXHEBOTO
mapy 3menmmnacs Big 120-138 mo 25-28 1/1. 3 onpicHEeHHAM BOIM Bi3HAYCHO 301IbIICH-
HS BUJOBOTO Pi3HOMAaHITTA 0e3xpebeTHUX Tiapo0ioHTIB y BecHsHI nepioau Bix 7 1o 17 tak-
COHIB. 3pocTae poiib B yrpyHOBaHHSAX IPICHOBOAHUX TAKCOHIB, SIKI TOJICPAHTHI A0 COJIOHOC-
Ti HIpkue 5 r/m: Big 0-10 % BumoBoro pisHoManiTTs y 20142015 pp. no 22-35 % y 2018 p.
I3 Hux y 2018 p. ynepue Big3zHaueHo Eucyclops serrulatus (Fischer, 1851), Candona sp.,
Cypris pubera O. F. Miiller, 1776, Cloeon dipterum (Linnaeus, 1760), Libellula depressa
Linnaeus, 1758, Sympecta fusca Vander Linden, 1820, Paracorixa concinna (Fieber, 1848).
VY 2018 p. MiTKOBOASA BOJOHMHM 3aCEHIN MPICHOBOAHI TaKCOHH, SIKi HE € TOJIEPAHTHUMHU
HaBiTh IO HU3bKOI comoHocTi (7-25 % BUIOBOTO pi3zHOMAHITTA) — Hydrometra stagnorum
(Linnaeus, 1758), Rhyacophila tristis Pictet, 1834, Coelambus impressopunctatus (Schaller,
1783), Enochrus coarctatus (Gredler, 1863), Hydrophilus caraboides (Linnaeus, 1758). Ha-
TOMICTh KiJIBKICTh COJTOHOBOJHMX BHIIB 3MeHIIyeThcs Bim 20-29 % (2014-2015 pp.) no
5-14 % (2018 p.). ConoHoBOzHE yrpymoBaHHsA Oe3XpeOeTHUX BOJAOIMH 3 4acoM HabyBae
PHC CONOHYBaTO-IPICHOBOAHOTO. 3 MPICHOBOJHUX KaJTI0XK BOA030ipHOTrO OaceiiHy BogoiMu
83 % TakcoHiB Bif3Ha4eHO y JIoMOpOBCHKiii BofoiMi. 3aceneHHs BUAIB 3 00BIJHUX KaHATIB
Y BOJOIMY Kap’epy € Mano¥MOBIPHUM, OCKUIBKH JUIIE 5 % TaKCOHIB 3BiITH BiA3HAYEHO Y
Hiil. OueBUIHO, 0 OCHOBHUM IILUIAXOM (OPMYBaHHS yrpyIloBaHb 0e3XpeOeTHHX Tinpo0i-
OHTIB IIi€i BOOWMHU € TIEPioANYHE 3aTOIUICHHS IPICHOBOAHUX Y30EpEKHUX KAJFOK.

Kniouosi cnosa: yrpynoBanss 6e3xpe0eTHHX rifpo0ioHTiB, JJoMOpOBChKHil Kap’ep

YHaCTZOK MisSUTBHOCTI MiIIPUEMCTB TipHUIOHM00YBHOI TIPOMHUCIIOBOCTI 3 SBISIETHCS Be-
JIUKa KiTBKICTh IITYYHUX BOJOUM. JesKi 3 HUX MaroTh CIIeIU(ivHi TiAPOXiMiYdHi, TiAPOIOTivUHI,
6ioTomiuHi ocobmuBocTi. [IpukIamoM CTBOPEHHS TAaKOi MITYYHOT BOJOHMH € 3aToruieHHs JoMO-
POBCEKOTO Kap’epy. MeToro poboTu Oyino JOCHiIUTH (GOPMYBaHHS HOBOTO JUIS i€l TEPUTOPIl
COJIOHOBOJTHOTO YTPYTIOBAaHHS TipOOIOHTIB y Lif BOXOIMI.

© Muxkituak T., Ko3noscekuii B., Marenemiko O., 2021
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Marepiaau Ta MeTOIH

Yopomorx 1967-2005 pp. Ha miBHiYHKX okouisax M. Kamyin IBano-®PpankiBebkoi 0071
nisB JloMOpOBCHKHI Kap’ep KamiiHOi pyau. Y pe3ynbraTi BHIOOYTKY YTBOPHBCS KOTJIOBaH
wIomero 64 ra Ta MakcuMasibHOO IMONHOIO 140 M. I3 2008 p. movazocs Horo HEKOHTPOIHOBAHE
3atorieHHs. [IporHo3am eKOJIOTIYHMX PH3HMKIB, 3yMOBJICHHX IIMM 3aTOIUICHHSM, MPUCBSIYCHO
YUMAaJI0 HAyKOBHX Tpallb HA TiAPOTEONIOTIYHYy TeMaTHKy. JIlyMKH HAayKOBIIIB IIOJ0 €KOJOTIYHOL
Oesmeku momanbiioro GopMyBaHHS Bomomu posaimmiuck. B.B. JlomiH 31 cmiBaBTOpaMu
[5] cTBepmxyBanu, MO MOJANbIIE 3aTOIUICHHS MOXE IPH3BECTH 10 MPOPHBY PIIKUX CTOKIB
CYCIIHBOTO XBOCTOCXOBHIIA Y Kap’€ep, 10 aBapiiiHOro npopusy cToky p. CuBKa y kap’ep i3 fioro
MIPUCKOPEHNUM 3aTOIUICHHSM, 10 (OpMyBaHHS TEXHOT€HHOTO CTOKY BHCOKOMiHEpasi30BaHHX
BoJ y Oaceiinu pik Cuska-JliMuuns-/{Hicrep. Ha Hamy aymky, AMOBIpHIIINM € iHIIWIT TPOTHO3
€KOJIOTIUHOI CHTYyalii — 3a TOCATHEHHS MAaKCUMAJIbHOI BIAMITKH y 295 M H. p. M. piBeHb BOJH
Yy BOJOIMI 3aJIMIIUTHCS HIDKYUM Bi piBHS BoAu B pycii p. CHBKa, i IpyHTOBI Boau OyIayTh
MIPOIOBKYBATH PyXaTHUCh Y HAITPSIMKY 03€pa, TOOTO 3arpO3H IIPOHUKHEHHS OLTBII MiHEPaTi30BaHUX
BOJI y IPYHTOBI Bozu Ta Oaceiin [InicTpa Hemae [2]. Cranom Ha 2021 p. piBeHb BoAM B Kap’epi
CTaHOBHUTH ~ 285 M H. P. M., 110 Ha 10 M HIDKYE 32 TPOTHO30BAHUN MAKCHMYM.

INgpoxiMivyHuit ckiag BoaM Ta mpouecu GopMyBaHHS reoMopdoIoriyHuX 0OpHCiB BOIO-
HMH HEepO3pUBHO TOB’si3aHi. HacmigkoM 3CyBHHX IIPOIIECIB € HE JIMIIE BHITOJIOKEHHS Ta CTa-
Oimizartist OeperoBoi JiHil, a ¥ crabimizamis XiMIYHOTO CKJIaAy BOAM y Bomoiimi. Tak, Oins aHa
PO3YMHEHHS COJiel BiJI0yBaTMMETHCS 10 TIOBHOTO HACHYEHHS BOAHOTO po3urHy. OfHOYACHO 3i
crabinizarieto OeperoBoi JIiHIT IPUIMHUTHCS PiCT MiHepaJi3allii BEpXHIX IapiB BOAM 32 PaxyHOK
PO3YMHEHHS COJIEBMICHHUX TOPiJI CTIHOK Kap’€py 1 HEpeKpHUTTs 1X 3CyBaMH BUIBHHX BiJl COJNEiH
4YeTBepTHHHHUX BiaknaniB. Ha cyyacHoMy erari ¢opMyBaHHS BOXOWMH OYATKOBO CTPIMKI CXHIIH
Kap’epy 3 KpyTH3HOIO 710 65° Ha 6araThox MiNsAHKAX BXe HE MEPeBHILYIOTh 25° — yTBOPIOEThCA
BaXJIMBa JUIsl (PyHKIIOHYBaHHS O3€PHOI €KOCHCTEMHU JIiTopaibHa 30Ha. [lepemilnyBaHHs OLTbII
MiHepai30BaHHX HIDKHIX IIapiB 13 BEPXHIMU HEMOXKIIMBE Yepe3 3Ha4YHY Pi3HUIIO B IXHIH I'ycTH-
Hi. Tomy 3 uacom JJoMOpOBChKHIl Kap’€p MEPETBOPUTHCS HA MEPOMIKTUYHE «03€P0» 3 MOTYKHUM
(= 17 m) MastoMiHepasi30BaHUM BEpPXHIM IapoM Boxu [23].

3a HAIIUMH BIIACHUMH JaHUMH, MiHepaTizallis oBepXHeBoro mapy Boau (0—5 M) y Bomo-
timi B 2014 p. carana B cepenapomy 86 /i, y 2015 p. — 58 r/m, y 2018 p. — 28 /1. 3a ocraHHe
JlecsITUpIvYs MiHepaJIi3allis MOBEpXHEBOro mapy 3MeHmunacs Bix 138 r/n (2011 p.) mo 25-28 r/n
(2020 p.).

3rifiHo 31 CynyTHUKOBIUMH 3HiMKamu niporpamu Google Earth, MakcumanbHa JOBKHUHA BO-
noiimu csarae 1800 m, mmpuHa — 710 780 M.

VY mepuiit 3raaui mpo riapodayny JlomOpoBchkoro kap’epy [30] aBTOpH KOHCTATYIOTh
HasIBHICTh 14 BHIIB KOJOBEPTOK, 4 BUJIM TULIACTOBYCHX i | BHJ BECIOHOTHX PaKOMOAIOHMX
(uepBens 2015 p.). Y wactymnwiit myomikariii [31] 3a3HaueHo, 1110 y Tpo0Oax 3a 4epBEHb 1 JIUCTONAT
2015 p. i3 6e3xpebeTHHX TiIPOoOIOHTIB y )KMBOMY CTaHi aBTOPAMH BiI3HAUEHO JIMIIE KOJIOBEPTKY
Brachionus plicatilis, a 3HaiiieHo MepTBIUMH 19 BHIIIB KOJIOBEPTOK, TIISICTOBYCHX 1 BECJIOHOTHX
pakonomiOHKX. Y TakoMy pa3i HEe3pO3yMio, HABIIIO aBTOPH IMOAAIOTh YHCENIBHICTH MEPTBUX
0COOMH NUX TaKkCOHIB Ha mmbuHax Bix 0 1o 83 M. I1ix yac BracHux nocuimkers y 2014-2015 pp.
[9] wacTuHY 1IMIX BHAIB Bi3HAUEHO B OOBIAHMX KaHaJIaX Kap’€py Ta B KaJOKax Horo Bogo30ipHOT
IIJIOMT, TPOTE >KOJHOI OCOOMHM, XKUBOI YW MEPTBOi, y BojoWMi JJoMOpPOBCHEKOTO Kap’epy He
3HaiilieHo, 3a BUHATKOM B. plicatilis. Y ny6mikarii 2021 p. [25] aBTOpH BKa3ylOTh HasBHICTH Y
Bonoitmi Chironomus salinarius Ta Cricotopus (C.) cft. salinophilus (depsens 2019 p.), a Takox
KPYIHIII TAKCOHU YepBiB, KJIOMIB, XKYKIB 1 JBOKPUIIUX.
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T'igpoexonoriuni mpobu i3 Bomoimu JJomOpoBchkoro kap’epy 3iopano 02.04.2014,
19.03.2015, 17.04.2018 1 03.09.2018. Pi3Huis B 9aci BeCHSIHHUX BiAOOpiB MpoO 3yMOBJICHA Me-
TEOPOJIOTIYHUMH YMOBaMH HAacTaHHSA BecHH. OCKIIbKM HAaBECHI BilOyBA€THCS PO3BUTOK Oiib-
miocti rpyn amgpiOlOHTHHX OpPraHi3MiB, HacaMIepea ABOKPHIMX KOMax, TO Ieil mepiox o0paHo
OCHOBHHM ]ISl TOCHIKeHb. Binbip mpo6 3miiiCHIOBAIM 3aralbHONMPUHHIATHMHU B T1IPOEKOJIOTIi
meronami [8, 9]. st mmankToHHUX Tpo6 dimsrpyBanu 20—100 1 Boaw (3a1€KHO Bix DIUOMHU
BiOOpY), Ik OEHTOCHUX — MEPEMHMBANIN JHO Ha miomti 1 M2 ['iapoGioHTIB BiJJIOBIIOBAIN Ta-
KOX 1 32 JOITOMOTOI0 Py4YHOTo 300py. PikcyBanu 3i0paHuii MaTepiaa €TaHOIOM i3 JTOCATHECHHIM
30 % iioro koHIeHTpallil y mpobax. Binoupanu mo 6—10 npo6 GeHTOCY i IIIAHKTOHY 3 MOCTIHHUX
cTallii BiZdopy B JiTOpabHIil 30HI Ta 2—3 MPoOH B IIEHTPI IUIeca 3a rpagieHToM iuouH 0—3 M i
oinsire (puc. 1). IneHTHdikaIliro TaKCOHIB IPOBOAMIM 3a HU3KOIO npails [3, 4, 7, 8, 12, 13, 24].
YucenpHIiCTh IUIAHKTOHHUX OPraHi3MiB BKa3aHa B THC.0C./M>, OEHTOCHHMX 1 HEHCTOHHHUX — B OC./
M2, KiJIbKiCHI MOKa3HUKH BKA3aHO IUISA BCIX OCOOMH BHIY O€3 pO3MOALILY Ha JOPOCIi 0COOHMHH,
nsedku abo auauHKH. [li1 9ac KOKHOTO BigOopy mMpoO MOCHIKYBald KaJlloXKi W THMYacoBi
CTPYMKH B0030ipHOT 1wioni, a B 2014 p. — Takox 00BifgHI KaHamu Kap’epy (puc. 1). OCKinbKu
Oeperosa JIiHisI y pi3HI mepioan Bimbopy mpod iCTOTHO 3MiHIOBaIACs, CTalii BitOOpy BUOHpaniu
3TiHO 3 TPAAIEHTOM TIIHOWH.

Puc. 1. Kaprocxema Bimbopy rimpoekonoriuaux mpo0 y Bojoiimi J[oMOpoBCchKOro Kap’epy. YMOBHI
MO3HA4YEHHs: KoJIa — ITOCTiiHI cranii BigOopy, KBagpaT — IepioguyHi crauii Bigdoopy
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Minepadizaiiss y JITOpanbHiil 30HI ICTOTHO 3aJIe)KUTh BiJ IHTEHCUBHOCTI BITPOBOTO
nepeminryBanHs. [IpubGepexxHy 30HY MEpiogUUYHO “HAKpUBA€E” XBWIJIS OLIbII MiHEpai30BaHHUX
BOI 13 MLEHTPaJbHUX YACTHH Iuteca. Ilicis momMy iTopanbHa MallOMiHEpaji30BaHa 30HA
BIJIHOBITIOETHCS 1 30€pIraeTbesi IO HACTYIHOTO TOPMY. Takuid IMKI MOCTIITHO MOBTOPIOETHCS,
TOMY YHCEIBHICTH TiAPOOIOHTIB Y JIITOPAIbHI 30HI € MIHIMBOIO SIK IIOJO0 Pi3HHUX CTaIlii, TakK
1 1010 KOPOTKOYACHHUX MEPIOIiB, MPOTEe KUTbKICHUIN CKIIa[ BKAa3y€ Ha POJIb PI3HHX TAKCOHIB Y
CTPYKTYpi YyrpynoBaHHs. 3a JOBKHHH 03epa Maibke 2 KM 1 MaKCUMaJbHOI IIBUAKOCTI BITPY J1O
20 m/c Bucota xBuii carae 0,6 M. 3a Takux yMOB BiJIOYBa€ThCsI MEPEMIlIyBaHHS 10 TITHOUHU He
OimbIme 1 M, 110 He csArae NIMOWH KOHIIEHTpallii po3cony [1, 6].

Pe3ynbTaTu i ixHE 00roBOpeHHs

VY Bono#iMi BiZi3Ha4YeHO 25 TaKCOHIB 0e3XpeOeTHHUX IiipoOiOHTIB (AUB. TaONHULIO).

VY npobax 02.04.2014 HaiOinbII YMCIEHHUMH 0e3XpeOeTHUMH OEHTOCY OyNu JIMYHMHKU
GeperoBoi myxu Ephydra glauca (no 185 oc./m> Ha mmmbunax go 0,5 m). Ha minkoBomui
CHoCTepirany 3Ha4Hi CKyMUYeHHs AOpociux Myx (mo 210 oc./m?). I3 IBOKpHIMX BiI3HAYEHO
TaKOX JINYMHOK CIPaBKHIX koMapiB Aedes sp., Ochlerotatus lepidonotus 1 moxpeniB Culicoides
salinarius. YnCeNbHICTh IIMX TAKCOHIB KOJNUBagach y Mexax 18-315 oc./M? Ha mimbHHAX 110
1,5 m. 3 inmux 0e3xpedeTHHX Big3HaueHo Sigara lateralis 3 MAaKCUMYyMOM YHCEIBHOCTI 110 3 oc./
Mm? Ha tmbuHax 10 0,5 M Ta Hydrobius fuscipes — 1o 2 oc./m? Ha rmubuHax 10 1,5 M. Y miaHkToHi
y30epeoKs i IeHTpPY IJIeca BiJ3HAUCHO JIMIIE KONOBEPTKY Brachionus plicatilis 9ucenpHICTIO
110 0,2 tuc.oc./m>.

VY npobax 19.03.2015 B miTopaini YMCeNbHICTh TMYMHOK E. glauca Oyna 3HAYHO MEHILIOO
(mo 21 oc./m?). 3 iHmuX OBOKpHIKMX BigzHaueHo Aedes sp. (mo 151 oc./m?), O. lepidonotus (no
61 oc./m?), C. salinarius (1o 232 oc./m?), Cricotopus sp. (no 11 oc./m?), Chironomus sp. (10 23 oc./
Mm?). [TooanHOKI THUMHKH Aedes Sp. TPAIUBUIHCH 1 B IEHTPI Muieca. Y JTITOpati TAaKOXK TPATLTSITHCS
Kiingi-opubaruan (MOOAMHOKI 0COOHHN), Kitonu S. lateralis uucenpHicTIO 1-7 0C./M2, TOOAMHOKI
ocobunu KyKiB H. fuscipes #t Coelambus impressopunctatus. Y TIaHKTOHI Bif3HaueHo B. plica-
tilis (mo 0,1 trc.oc./m?).

VY npobax 17.04.2018 B mitopani mo 0,3 M TpamisuIMcs MOOJMHOKI OCOOMHU KIIIIIB POLY
Arrenurus sp. 1 ponunn Oribatida. Kionm npencrasneni Paracorixa concinna 3 4UCENBHICTIO
10 2 oc./m* Ha tubuHi 10 0,3 M Ta S. lateralis — no 13 oc./m* Ha mmbuHax 10 1,5 m. I3 xykiB
Bim3HaueHo H. fuscipes uucenbHicTiO 10 6 oc./M?, C. impressopunctatus i Enochrus coarcta-
tus — mo 2 oc./m?> Ha mmbunHax 10 1 M. YncenbHicts nuunHOK E. glauca carama mo 17 oc./m?,
CKYITUCHHS JIOPOCIUX MyX Ha TOBEepxHi Bomu — 10 160 oc./M>. 3 iHIINX TBOKPUIIUX TPAILTSITHCS
Aedes sp. — 1o 183 oc./m? Ha mubunax 10 1 M, O. lepidonotus — no 457 oc./mM* Ha TIHOUHAX 10
0,5 M, Cricotopus sp. — 10 12 oc./m> Ha tmubunax g0 1,5 m, Chironomus sp. — 10 48 oc./m* Ha
mmbunax 10 1,5 m, C. salinarius — no 48 oc./m? Ha tmbuHax a0 1,5 M. YV IIAaHKTOHI B IIEHTPI
Iieca BiI3HAUYSHO ITOOIMHOKI 0cOOMHM HeMartoll. B. plicatilis TpamisBest y npubepexHii 30H1 —
89,2 tuc.oc./M*, y nentpi mreca — 1o 2,4 tuc.oc./m?® (mo 2 M mubuan). Y mitopani (mo 0,3 m)
3apEECTPOBAHO BECIOHOTUX pakonofiOHux Eucyclops serrulatus 1 yepenankoBuX pakomoiOHNX
Candona sp. uncensnictio 10 0,1 Trc.0C./M>.

VY npobax 03.09.2018 i3 KIIIIiB TOOAMHOKO TPAILISUIUCH OPUOATHAN. Y 3aTOIl NTUOUHOO
10 1 M Big3HaueHo Kijabka JTHUHMHOK 0a0ok Libellula depressa, Sympecta fusca (1o 5 oc./m?) Ta
OKpeMi O0COOMHU BOJNOXOKPWIBILS Rhyacophila tristis. Y cknazai emiHEHCTOHY TYT TPaIUIsUIUCS
BopoMipku Hydrometra stagnorum — 10 7 oc./M?. Ha pi3HHX cTalisX nMpuOepesxoks Bi3HAYEHO
kiomiB P. concinna uncenpHictio 10 11 oc./m? ta S. lateralis — no 3 oc./m?. XKyku H. fuscipes,
C. impressopunctatus, E. coarctatus 3acensui JTOpaib 3 YHCETBHICTIO 10 2—5 oc./M%, Bin3Ha-
4YeHo Kintbka ocoOomH Hydrophilus caraboides. 13 noxpumux tpamsisest Chironomus salinarius
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yucenbHicTIo 10 201 oc./m?, C. salinarius — 1o 88 oc./M>. BigzHaueHO BEIMKY KiIBKICTh €K3yBiiB
Aedes sp. i O. lepidonotus, Takox Ha BOJI TparBsuIkcs gopocii Mmyxu E. glauca (1o 120 oc./m?).
Ha rmu6usni no 0,3 m 6inst Oepera BiA3Ha4eHO MO KiJibKa JUYUHOK ofHoaeHku Cloeon dipterum
1 KOJIOBOIHUIICBUX MyX Stratiomys singularior. B. plicatilis TparisiBcs y mpuOepexHiii 30HI Ha
mmbuni 10 2 M (10 22,3 THC.0C./M?) 1 B 1IeHTpi mieca Ha miubuHi 10 1,5 M (10 0,4 Tuc.oc./m?).
VY mitopani g0 0,3 M mmbuHoto BigzHaueHo Cypris pubera (no 0,6 tuc.oc./m*), Candona sp. ta
E. serrulatus (0 0,1 tuc.oc./m*). Y TuMuacoBomy cTpyMKy miubuHO0 10 0,1 M, 110 BOaaB y Bo-
noiimy, C. pubera Bii3Ha4eHO YHCenbHICTIO 10 31,8 THC.0C./M>. Takox TYT y BOZi if Ha BOIOrOMY
KaMiHHI 002014 BiJ3HAYCHO KUTbKA JIMIWHOK S. singularior.

PisHOMaHITTS Ge3xpeOeTHHX TiAPOOIOHTIB
y Bozoiimi JlomOpoBcrKoro kap’epy (20142018 poxu)

Jlara Bimbopy mmpo6 I'pyna
Takcon 02.04. | 19.03. | 17.04. | 03.09. | TonepanTHOCTI
2014 | 2015 | 2018 | 2018 | no comonocTi*

Kaac Hemaronu anenogopu (Adenophorea)

1. Nematoda gen. sp. - - + + He Bu3h.
Knac xonioBeptku (Eurotatoria)

2. Brachionus plicatilis Miiller, 1786 + + + + A%
Iinknac Becsionori pakononioni (Copepoda)

3. Eucyclops serrulatus (Fischer, 1851) - - + + 1T
Kaac yepenamkosi pakononioui (Ostracoda)

4. Candona sp. - - + + 1T

5. Cypris pubera O. F. Miiller, 1776 - - - + I
Kaac naBykononioni (Arachnida)

6. Arrenurus sp. - - + - He Bu3h.

7. Oribatida gen sp. - + + + He Bu3H.

Kunac komaxu (Insecta)
Psan onnonenxku (Ephemeroptera)

8. Cloeon dipterum (Linnacus, 1760) - - - + II
Psan 6a6ku (HzlOdonata)

9. Libellula depressa Linnaeus, 1758 - - - + II

10. Sympecta fusca Vander Linden, 1820 - - - + II
Psn xionu (Heteroptera)

11. Hydrometra stagnorum (Linnaeus, 1758) - - - + I

12. Paracorixa concinna (Fieber, 1848) - - + + I

13. Sigara lateralis (Leach, 1817) + + + + 111

Psn Bosoxokpuasui (Trichoptera)

14. Rhyacophila tristis Pictet, 1834 - - - + I
Psip :xyku (Coleoptera)
15. Coelambus impressopunctatus (Schaller, 1783) - + + + I
16. Enochrus coarctatus (Gredler, 1863) - - + + I
17. Hydrobius fuscipes (Linnaeus, 1758) + + + + 111
18. Hydrophilus caraboides (Linnaeus, 1758) - - - + I
Psan nBoxpuuti (Diptera)
19. Aedes sp. + + + + 111
20. Chironomus salinarius Kieffer, 1915 - + + + v
21. Cricotopus sp. - + + - v
22. Culicoides salinarius Kieffer, 1914 + + + + v
23. Ephydra glauca Meigen, 1830 + + + - v
24. Ochlerotatus lepidonotus (Edwards, 1920) + + + + I
25. Stratiomys singularior (Harris, 1776) - - - + I
3araJibHa KUJIBKICTh TAKCOHIB: 7 11 17 22

* — Hymepallisi TPyTI TOJIEPAaHTHOCTI 10 COJIOHOCTI 3T1HO 3 TEKCTOM
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VY CKym4eHHSX 3aTOIUIEHHX POCIMHHHMX PELITOK Ha IMOBEPXHI BOIAM 3a BeCh Mepion
JIOCHI/DKEHb YacTO TPAIUISsIMCs HOTOXBicTKH 3 poauH Poduridae, Isotomidae, kiimyi poanHu
Halacaridae Ta maByku pomunu Linyphiidae. I{i TakcoHu He 3aiydan A0 TiApoOiOHTIB.

VY HaykoBHX MyOiKaIlisix 3HAXOAMMO JiaHi PO MaKCUMaJIbHY COJIOHICTh BOJHHMX OCEJNHIIL
JESIKUX TIepesTiueHux Buie BumiB: B. plicatilis — mo 146 t/n [21], E. serrulatus — no 55 [16],
C. pubera — 1o 3 [20], C. dipterum — o 5 [28], L. depressa — o 6 [15], P. concinna — 1o 26 [29],
S. lateralis — mo 50 [14], H. stagnorum — no 2 [18], C. impressopunctatus — 310116111010 10 5
[27], E. coarctatus — 3nebinbioro 1o 5 [26], H. fuscipes — no 26 [29], Chironomus salinarius — 1o
50 [14], Culicoides salinarius — no 60 [17], E. glauca — no 164 [22], S. singularior — 1o 280 r/n
[19]. CononicTh BoAM y IOCIIKEHIH BOAOMMI HE MEPEBUILY€E MEXi TOJEPAHTHOCTI OUIBIIOCTI
3HalJCHUX Yy Hill BUIB. [IpoTe mesKi TAKCOHU BiI3HAYEHI 32 COJIOHOCTI, siKa IEPEBHUIITyBaia MEXi
L[BOTO TTOKAa3HWKA MOPIBHSHO 3 BIIOMHMH JIiTEpaTypHUMH NaHUMU. Tak, ocodbunu S. lateralis
Oyinu HasIBHI 3a COJIOHOCTI Boau 10 86 1/71 (dacto), C. impressopunctatus i E. coarctatus — 1o 30
/i (ciopaanyno), H. fuscipes — no 80 r/1 (uacto), Chironomus salinarius, Culicoides salinarius
ta O. lepidonotus — 1o 80 1/1 (4acto). 3a MaKCUMAJIbHUX 3HAYCHb COJIOHOCTI 10 142 r/i1 Big3Ha-
YEHO JIMIIIE KOJOBEPTKY B. plicatilis (4acto, caMKku 3 SUISIMU, IOBEHUIbHI 0COOWHH).

3-noMi pi3HOMaHITHUX KiIacH(iKalliii TOJIEPaHTHOCTI TAKCOHIB 0e3XpedeTHHX Tiapo0i-
OHTIB JI0 COJIOHOCTI Boau MU oOpanu kiacudikariiro B. Wolf et al. [28], sika Hait0Oiapm1 penpe-
3EHTATHBHO BIATBOpIOE 3MiHY (ayHu J[oMOpOBCHKOTO Kap’epy. 3a miero kiacudikaiiieto, 1o 1
IPyIH HaJie)KaTh MPICHOBOAHI TAKCOHH, SIKI HE € TOJEPaHTHUMHM HAaBIiTh 10 HU3BKOI COJIOHOCTI;
1o 1l rpynu — npiCHOBOMHI, TOJIEPAHTHI 10 COMIOHOCTI HUx4e 5 1/71; mo 11 rpymu — mpicHOBOIHI,
TOJIEPaHTHI JI0 conoHocTi Buie 10 1/ y KopoTkuit mpoMixkok 4acy; 1o IV — coioHyBaTtoBoaHi,
TosepanTHi 10 conoHocti 0,5-30 r/i; mo V rpymnu — COJIOHOBOMHI, TOJEPAHTHI 0 IIHPOKOTO
CIIEKTPY COJIOHOCTI (BiX MPICHOI 10 «MOPChKO» Boau). [To 1ux rpymax po3momijaeHo 22 TaKCOHH
3TI/IHO 3 JIITePaTypHUMH Ta BIACHUMH AaHUMU (IMB. TAOJIHIIIO).

3aceneHHsT BOMOWMH MPICHOBOAHUMH BHJAMHU KOPEIIOE 3 TIOCTYIIOBHM OMPICHEHHSIM
MTOBEPXHEBOTO II1aPy, BiAMOBIAHO 3 POKAMHU 3HAYHO 301IBIIYETHCS 1 PI3HOMAHITTS 0e3XpeOeTHHX
rinmpo0GioHTiB (puc. 2, 3).

OcCHOBHE DI3HOMaHITTA 0e3XpeOeTHHUX 30CepelDkeHe y JITOpaNbHIA 30HI BOIOWMH Ha
mmbuHax 10 2 M (puc. 3—5). Lle moB’s13aHO SIK 3 ONPICHEHHSIM IMX JUISTHOK TOBEPXHEBUM CTOKOM,
TaK 1 3 IEPIOJMYHNM 3aTOIUICHHSIM KaJIFOXK 13 TIPICHOBOIHOO (hayHOIO.

IMix wac mocmimkeHHs rigpodayHu kamroxk Oinst GeperoBoi JiHIi BomoWMH Bii3Haue-
HO 23 TtakcoHu Oesxpebernux: Brachionus calyciflorus Pallas, 1766, B. plicatilis, Keratella
cochlearis (Gosse, 1851), E. serrulatus, Megacyclops viridis (Jurine, 1820), Candona sp.,
C. dipterum, L. depressa, S. fusca, H. stagnorum, P. concinna, S. lateralis, Trichoptera gen. sp.,
C. impressopunctatus, E. coarctatus, H. fuscipes, H. caraboides, Culex sp., Aedes sp., Chironomus
salinarius, Cricotopus sp., Culicoides salinarius, O. lepidonotus. 13 uux nmume B. calyciflorus,
K. cochlearis, M. viridis 1 pin Culex >xogHoTO pa3y He OyJid BiA3HAYCHI y Tl BOZOHMH Kap’epy.
IIle 4oTHpy TaKCOHU 3aceNsi TUMYAcOBi cTpyMku: E. serrulatus, C. pubera, Candona sp. i
S. singularior.

T'iapodayna 00BigHKX KaHaIB JJoMOpOBChKOTO Kap’epy (10 60 BUIOBHX TAaKCOHIB) TOBOJI
Oarara I TMmOBa A CTaBKIB 3axigHOi YKpaiHH, OCOOJMBO Ha MUISIHKAX KaHAJIB, 3apOCIHX
BOJSIHUMH Ta HamiBBOASHUMH Makpoditamu. OCHOBHY yBary NPHIUTAIN BU3HAYCHHIO BHJIIB
IUTAHKTOHY, 3-TIOMDK SKAX HaituucieHHimumu Oynu B. calyciflorus, K. cochlearis, Asplanchna
priodonta Gosse, 1850, Chydorus sphaericus (O.F. Miiller, 1776), E. serrulatus, Paracyclops
fimbriatus (Fischer, 1853) it Cyclops strenuus Fischer, 1851.
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OueBHTHO, 1110 OCHOBHHM IIUISIXOM 3aCeJIeHHs BOJIOMMU Kap’epy 6e3XxpedeTHUMHE Tiapo0i-
OHTAaMH € 3aTOIJICHHsI MPICHOBOAHMUX KaJroXkK. TakuM YMHOM BiOyBaeThCs MOCTYIIOBA aJlaTarlis
HU3KH TOKOJIHb PI3HUX BUIB 10 PO3MHOXEHHSI i iCHYBaHHS Y O1JIbII COJIOHUX BOJAAX. 3arajom
83 % TakcOHIB i3 IPICHOBOIHHUX KaJIIOXK yXe Bif3HaueHo y JloMOpoBchKiit Bogoitmi. Mirpartis
BU/IIB 3 00BIIHMX KaHAIIIB Y BOIOWMY Kap’e€py MaJloOWMOBIpHA, OCKUIBKH B Hii BII3HAYEHO JIHIIIE
5 % TaKCOHIB i3 KaHaIB.

I a

OO ooy~ v

Puc. 2. Po3nopin KiabKOCTI TaKCOHIB BOAHHUX O0e3xpebeTHrX Boxoimu JloMOpoBchkoro kap’epy (% BumoBoi
Pi3HOMaHITHOCTI) 32 TOJEpaHTHICTIO A0 cojoHOcTi Bomu: a — 02.04.2014; 6 — 19.03.2015; B —
17.04.2018; r — 03.09.2018. I — npicHOBOIHI TaKCOHH, SIKi HE € TOJICPAHTHUMHU HABITh 10 HU3BKOT
comnoHocTi; I — mpicHOBOMHI, TOJIEPAaHTHI 10 COMOHOCTI Hrbkue S 1/11; I11 — mpicHOBOHI, TOJEpaHTHI
1o conoHocTi Bume 10 r/m y KOPOTKHH NPOMDKOK Yacy; IV — comoHyBaToBOIHI, TONEpaHTHI 10
conorocrti 0,5-30 1/11; V — cOT0OHOBOHI, TOJIEPAHTHI O MUPOKOTO CIIEKTPY COIOHOCTI (BiX MpicHOT
JI0 «MOPCBKO1» BOJIH)

04.2014  Hydrobius fuscipes
Sigara lateralis, Aedes sp., Ochlerotatus lepidonotus, Ephydra glauca
Culicoides salinarius
Brachionus plicatilis
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Puc. 3. Pi3HoMmaHITTS TakcoHiB BoaHux Oe3xpederHux JlomOpoBchkoro kap’epy 02.04.2014. Jlinil mix
Ha3BaMH TaKCOHIB MOKa3yIOTh iXHill TOPH30HTAIBHUH | BEPTHKAIEHUN PO3MOILT
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03.2015 Oribatida gen. sp., Coelambus impressopunctatus, Hydrobius fuscipes, Aedes sp.,
Chironomus salinarius, Cricotopus sp.,
Ephydra glauca
Sigara lateralis
Brachionus plicatilis e
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Puc. 4. Pi3HOMaHITTs TakCOHIB BomHHX Oe3xpedeTnux JJomOpoBchkoro kap’epy 19.03.2015

04.2018 Eucyclops serrulatus, Candona sp., Arrenurus sp., Oribatida gen. sp., Paracorixa concinna

Coelambus impressopunctatus, Enochrus coarctatus, Hydrobius fuscipes, Aedes sp., Ochlerotatus lepidonotus

Sigara lateralis, Chironomus salinarius, Cricotopus sp., Culicoides salinarius, Ephydra glauca

Brachionus plicatilis

09.2018 ML‘_IOPS serrulatus, Candona sp., Cypris pubera, Cloeon dipterum, Paracorixa concinna, Stratiomys singularior
Hydrophilus caraboides
Oribatida gen. sp., Libellula depressa, Sympecta fusca, Hydrometra stagnorum, Rhyacophila tristis, Culicoides salinarius
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B yrpynoBanai 6e3xpebeTHHX TinpoOioHTIB BomoiiMu JJoMOpOBCHKOTO Kap’epy 3a mepi-
on 2014-2018 pp. Bim3Ha4eHO 25 TakcOHIB. Y IJIAHKTOHI €IMHUM ITOCTIHHAM KOMITOHEHTOM €
KonoBepTka Brachionus plicatilis Miiller, 1786, y 6enToci Ta HelicToHI — Kionu Sigara lateralis
(Leach, 1817), xxyku Hydrobius fuscipes (Linnaeus, 1758), nBokpuni Aedes sp., Ochlerotatus
lepidonotus (Edwards, 1920), Culicoides salinarius Kieffer, 1914, Ephydra glauca Meigen,
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1830. OcHOBHE pi3HOMAHITTA 6€3XpeOEeTHUX CKOHIIEHTPOBAHE y JITOPAIbHIN 30HI Ha TIIMOWHAX
110 2 M. 3a OCTaHHE AEeCATUPIYYS MiHepai3allis MOBEPXHEBOro mapy 3meHmmnacs Big 120-138
110 25-28 1/11. 3 onpiCHEHHSIM BOIM BiJ3HAYCHO 301JIBIICHHS BHIOBOIO Pi3HOMAHITTS Oe3xpedeT-
HUX TigpoOiOHTIB y BecHsHI nepionu Bixg 7 10 17 TakconiB. Y 2018 p. B yrpynoBaHHSIX BOAOHMHU
3’ IBWJIMCS TIPICHOBOHI TAKCOHH, SIKi HE € TOJIEPAaHTHUMH HABITh 10 HU3BKOI cooHOCTI (7-25 %
BHJIOBOTO Pi3HOMAHITTS). 3pOCTa€E POJb B YIPYIMOBaHHIX MPICHOBOAHUX TAKCOHIB, SIKi TOJIEPAHT-
Hi JI0 coioHocTi Hk4e 5 /1, — 0—10 % BugoBoro pizHomanitts y 2014-2015 pp., 22-35 % y
2018 p. HaroMicTh KUTBKICTH COJIOHOBOIHUX BHIIB 3MeHIIyeThCs — Bimg 20-29 % (2014-2015
pp-) mo 5-14 % (2018 p.). CononoBogHE yrpymnoBaHHs O0e3XxpeOeTHIX BOAOIMH 3 4acoM HalOyBae
PHC COIOHYBAaTO-IIPICHOBOAHOTO. 3 MPICHOBOAHUX KaIIOK BOA030ipHOTO Oaceitny Bogoimu 83 %
TaKCOHIB Bi3Ha4eHO y JIoMOpOBCHKil BOmOiMi. 3aceneHHs BUIIB 3 OOBITHUX KaHATIB Y BOJO-
My Kap’epy € MaJOHMOBIpHOIO, OCKIJIBKH y Hill Big3HadeHo 3BiaATH jume 5 % takconiB. Oue-
BHIHO, 110 OCHOBHHM IIIISIXOM (DOPMYBaHHS yTPYIIOBaHb 0e3XpeOETHHUX TiAPOOIOHTIB y BOmOMMI
Kap’epy € MepioaudIHe 3aTOTUICHHS MPiCHOBOJHUX y30€pEKHIX KATIOXK.

CITMCOK BUKOPUCTAHOI JIITEPATYPU

1. Awmonosa JI. H., Muxaticoxuii J[. B., Kaniox I I. ta in. O1iHka nii BiTpy Ha mporec
nepeMillyBaHHs BOIHHMX Mac y BOJONMHILI-0X0no/pKyBadi // BocrouHo-EBponeiickuii
XKypHai nepenoBbix TexHosnoruil. 2011. T. 4. Bumn. 8. C. 4-7.

2. Taiioin A. M. Ozepo B [lomOpoBchkoMy KaimiliHOMY Kap’epi // Exomoriuna Oesneka ta

30anancoBane pecypcokopuctyBants. 2011. T. 2. C. 55-62.

Tyyesuu A. B. Kposococymue mokpeiisl (Ceratopogonidae). JI.: Hayka, 1973. 269 c.

4. Iyyesuu A. B., Monuaockuii A. C., [lImakenvbepe A. A. Komapsl. Cemeiictso Culicidae /
®ayna CCCP. Hacexomsbie nBykpouibie. JI.: Hayka, 1970. T. 3. Brim. 4. 384 c.

5. Monin B. B., Akoenes €. O., Kysvmenxo E. JI., bapanenxo b. T. IlporHozyBaHHA
eKoriiporeoximMivuHoi cuTyarii npu 3aroruieHHi JloMOpPOBCHKOTO Kap’epy KamiiHuX pyn //
Exonoriyna 6e3neka Ta 30anancobane pecypcosukopuctanns. 2010. T. 1. Bumn. 1. C. 74-87.

6. Jlyoro Il1. M. TlonzemHoe BeIIenaunBanue coyeii. M.: Henpa, 1972, 160 c.

7. Kymuxoea JI. A. Konosparku ¢aynst CCCP. JI.: Hayka, 1970. 744 c.

8. Manyiinosa E. ®@. Berucroyceie pauku (Cladocera) dayust CCCP. M.; JI.: Hayka, 1964.
328 c.

9. Muximuax T. I. ®ayna BopoiiMm JloMOpoBchKoTrO Kap’epy B mepiox 3aroruieHHs // Cran
i OiopizHomaHITTS exocucreM lllanbkoro HaliOHAJBFHOTO HPUPOIHOTO MApKy Ta IHIINUX
MIPUPOJIOOXOPOHHUX TEPUTOPIl: MaTepianu Hayk. koH(. (laupk, 2016). C. 67-71.

10. MeToauveckre peKOMEHIAIH 10 cOOpY 1 00pabOTKe MaTEPUAIOB ITPH THAPOOUOTOTMICCKUX
HCCIIC/IOBAHUAX HA MPECHOBOHBIX BogoeMax. 3000eHTOC 1 ero npoaykuus. JI: TocHUOPX,
31H AH CCCP, 1983. 51 c.

11. MeToaudeckue peKOMEHIAIMH 10 cOOpY 1 00pabOTKe MaTEPUAIOB ITPH THAPOOUOTOTMICCKUX
UCCJICJIOBAaHUSAX Ha NPECHOBOAHBIX BOJOEMax. 3O0OIUIAHKTOH M ero npoaykuus. JI:
T'ocHUOPX, 3UH AH CCCP, 1984. 33 c.

12. Monuenxo B. I. UlenenHopoTi mukionononioHi, ukiomnu (Cyclopidae). ®ayna Ykpainu. K.:
Hayxk. nymka, 1974. T. 27. Bum. 3. 452 c.

13. Ilankpamosa B. A. JInunHKM M KyKOJKH KOMapoB mojcemeiictBa Chironominae ¢ayHbl
CCCP (Diptera, Chironomidae-Tendipedidae). JI.: Hayka, 1983. 296 c.

14. Hlaiixymounosa A. A. Ce30HHasI TUHAMUKA MaKpO3000EHTOCA MPH IPAIUCHTE MUHEpaIH3a-
uuu B peke Tysnmykkonb / Yuensie 3anucku Kpeimckoro denepanbHoro yH-ta umenu B.U.
Bepnazckoro. buosnorus. Xumus. 2019. T. 5 (71). Ne 2. C. 184-194.

W



T. Mukimyak, B. Koanoscbkut, O. Mamenewko
ISSN 0206-5657. BicHuk JlbBiBcbkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2021. Bunyck 84 103

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Berezina N. A. Tolerance of freshwater invertebrates to changes in water salinity // Russian
Journal of Ecology. 2003. Vol. 34. N 4. P. 261-266.

Brucet S., Boix D., Gascon S. et al. Species richness of crustacean zooplankton and trophic
structure of brackish lagoons in contrasting climate zones: north temperate Denmark and
Mediterranean Catalonia (Spain) // Ecography. 2009. Vol. 32. P. 692-702.

Drake P, Arias A. M. Distribution and production of Chironomus salinarius (Diptera, Chi-
ronopmidae) in a shallow coastal lagoon in the Bay of Cadiz // Hydrobiologia. 1995. Vol. 299.
P. 195-206.

Gallardo-Mayenco A. Freshwater macroinvertebrate distribution in two basins with different
salinity gradients (Guadalete and Guadaira river basins, southwestern Spain) // Int. J. Salt
Lake Res. 1994. Vol. 3. N 1. P. 75-91.

Garbuz D. G., Yushenova I. A., Zatsepina O. G. et al. Organization and evolution of hsp70
clusters strikingly differ in two species of stratiomyidae (Diptera) inhabiting thermally con-
trasting environments / BMC Evol. Biol. 2011. Vol. 11. N 74. P. 17.

Ghaouaci S., Mehmet Y., Kiilkoyliioglu O., Amarouayache M. An annotated checklist of the
non-marine ostracods (Crustacea) of Algeria with some ecological notes // Zootaxa. 2017.
Vol. 4290. N 1. P. 14-154.

Hammer U. T. Zooplankton distribution and abundance in saline lakes of Alberta and Sas-
katchewan, Canada // Int. J. Salt Lake Res. 1993. Vol. 2. N 2. P. 111-132.

Hutchinson G. E. Limnological studies in Indian Tibet // Int. Rev. Hydrobiol. 1937. Vol. 35.
P. 134-177.

Haydyn A., Dyakiv V., Romanyuk N., Kozlovskyy V. Physicochemical and biological param-
eters of Dombrovske pit lake — legacy of opencast potassium salt mine (Kalush, Ukraine) //
Studia Biologica. 2020. Vol.14. N 2. P. 57-68.

Krivosheina M. G. To the biology of flies of the genus Ephydra Fallén, 1810, with the de-
scriptions of larvae of seven Palaecarctic species (Diptera: Ephydridae) // Russian Entomolo-
gical Journal. 2003. Vol. 12. N 1. P. 79-86.

Michailova P, Szarek-Gwiazda E., Kownacki A. Physicochemical characteristics of the
Dombrovska pit lake (Ukraine) formed in an opencast potassium salt mine and the genome
response of Chironomus salinarius Kieffer (Chironomidae, Diptera) to these conditions //
Environ. Sci. Pollut. Res. 2021. Vol. 28. P. 446-458.

Pallarés S., Arribas P, Bilton D. T. et al. The chicken or the egg? Adaptation to desicca-
tion and salinity tolerance in a lineage of water beetles. / Mol. Ecol. 2017. Vol. 26. N 20.
P. 5614-5628.

Villastrigo A., Fery H., Manuel M. et al. Evolution of salinity tolerance in the diving beetle
tribe Hygrotini (Coleoptera, Dytiscidae) // Zoologica Scripta. 2018. Vol. 47. N 1. P. 63-71.
Wolf B., Kiel E., Hagge A. et al. Using the salinity preferences of benthic macroinvertebrates
to classify running waters in brackish marshes in Germany // Ecol. Indic. 2009. Vol. 9. N 5.
P. 837-847.

Zinchenko T. D., Golovatyuk L. V., Abrosimova E. V. Non-biting midges (Diptera, Chirono-
midae) in the benthic communities of saline rivers in the Lake Elton Basin: diversity, salinity
tolerance, and distribution // Entomol. Rev. 2019. Vol. 99. N 6. P.820-835.

Zurek R., Diakiv V., Gadzinowska J., Szarek-Gwiazda E. Dombrovski pit lake — Ukrainian
dead sea (?) // Exonoriuna 6e3meka sik OCHOBA CTAJIOT0 PO3BUTKY CYCHIILCTBA. €BPONCHCHKHIN
IocBix i mepcektuBu: Matep. 11 Mixaap. Hayk.-mipakT. koH®. (JIpBiB, 2015). C. 200.

Zurek R., Diakiv V., Szarek-Gwiazda E. et al. Unique Pit Lake Created in an Opencast Potas-
sium Salt Mine (Dombrovska Pit Lake in Kalush, Ukraine) // Mine Water and the Environ-
ment. 2018. Vol. 37. N 3. P. 456-4609.



T. Mukimuak, B. Kosnoscbkkuti, O. Mamenewko
104 ISSN 0206-5657. BicHuk JlbBiBcbkoro yHiBepcutety. Cepis 6ionoriyHa. 2021. Bunyck 84

Cmammas naoditwna 0o pedaxyii 07.05.21
doonpayvosana 26.05.21
nputinama 0o opyky 01.06.21

INVERTEBRATE HYDROBIONT FAUNA TRANSFORMATION
IN THE DOMBROVSKYI PIT LAKE DURING THE PERIOD OF 2014-2018
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The aquatic invertebrate community of Dombrovskyi pit lake was investigated
during 2014-2018. 25 species were recorded there. The only permanent component of
plankton in the community is rotifer Brachionus plicatilis Miiller, 1786; of benthos and
neuston is hemipteran Sigara lateralis (Leach, 1817), beetle Hydrobius fuscipes (Linnaeus,
1758), flies Aedes sp., Ochlerotatus lepidonotus (Edwards, 1920), Culicoides salinarius
Kieffer, 1914, Ephydra glauca Meigen, 1830 are permanent components of benthos and
neuston. The main diversity of invertebrates is concentrated in littoral zone up to 2 m of
depth. This is primarily due to the desalination of these areas by surface runoff. Over the
last decade the mineralization of the surface water layer has decreased from 120—138 to 25—
28 g/l. Combined with the desalination of water, the increase of species diversity of aquatic
invertebrates was noticed in spring seasons (from 7 to 17 taxa). The freshwater taxa, which
are not tolerant even to low water salinity, appeared in the community in 2018 (7-25 % of
the species diversity), among them Hydrometra stagnorum (Linnaeus, 1758), Rhyacophila
tristis Pictet, 1834, Coelambus impressopunctatus (Schaller, 1783), Enochrus coarctatus
(Gredler, 1863), Hydrophilus caraboides (Linnaeus, 1758). The role of freshwater taxa,
which are tolerant to low water salinity (up to 5 g/l), increased from 0—-10 % of the species
diversity in 2014-2015 to 22-35 % in 2018. Among them Eucyclops serrulatus (Fischer,
1851), Candona sp., Cypris pubera O. F. Miiller, 1776, Cloeon dipterum (Linnaeus, 1760),
Libellula depressa Linnaeus, 1758, Sympecta fusca Vander Linden, 1820, Paracorixa con-
cinna (Fieber, 1848) was noted in 2018 for the first time. On the contrary, the number of salt-
water taxa decreased from 20-29 % (2014-2015) to 5-14 % (2018). The saltwater aquatic
invertebrate community of this pit lake has transformed into brakish-freshwater one over
time. 83 % taxa of aquatic invertebrate communities from freshwater puddles near reservoir
coast are noted in the Dombrovska reservoir. The introduction of species from protective
canals of the reservoir is unlikely, as only 5 % of taxa from there are marked in it. The main
way of the forming communities of invertebrates in this reservoir is the periodical flooding
of freshwater coastal puddles.

Keywords: invertebrate hydrobiont communities, Dombrovskyi pit lake
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THE EFFECTS OF AMMONIA AND GLUTAMINE
ON MITOCHONDRIAL RESPIRATION OF RAT PANCREATIC ACINAR CELLS
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During glutamine catabolism is produced ammonia, which can be toxic to cells. In
hepatic encephalopathy neuron mitochondria ammonia causes the formation of free radicals,
the opening of the mitochondrial permeability transition pore, oxidative phosphorylation
disruption and swelling. It is still unknown whether the utilization of glutamine in the mi-
tochondria of acinar cells of the pancreas produces toxic concentrations of ammonia. The
experiments were performed on male Wistar rats weighing 250-300 g. Pancreatic acini were
isolated using collagenase. Cells were incubated for 30 min with glucose (10 mM) in the
control and additionally NH,CI (5 mM) or glutamine (2 mM) in the experiment. Acetylcho-
line (10 uM) or cholecystokinin (0.1 nM) was used to stimulate secretion. Respiration rate
of isolated rat pancreatic acini was measured using a Clark electrode. Maximum respiration
rate was stimulated by addition to the FCCP. Statistical significance (P) of difference be-
tween the groups was determined with two-way repeated-measures ANOVA followed by a
Holm-Bonferroni corrected post-hoc t tests. The secretagogues acetylcholine and cholecys-
tokinin did not affect basal and FCCP-stimulated respiratory rate. The basal respiratory rate
of pancreatic acinar cells decreased with NH,Cl compared to the basal respiratory rate with
glucose oxidation, and this decrease was observed both at normal condition and under the
action of secretagogues. Glutamine did not affect basal respiratory rate. During glutamine
oxidation, the maximum respiratory rate increased compared to the control, regardless of
the effect of acetylcholine or cholecystokinin. NH,Cl reduced the maximum rate of FCCP-
stimulated respiration in rest or upon stimulation with secretagogues compared to glucose
control. Therefore, NH,Cl causes a negative effect mitochondrial respiration regardless of
secretory stimulation with acetylcholine or cholecystokinin. The toxic amount of ammonia
required for inhibition of mitochondrial respiration is apparently not formed due to glu-
tamine oxidation even when stimulated by acinar cells by secretagogues.

Keywords: pancreatic acini, ammonia, glutamine, acetylcholine, cholecystokinin,
respiration, mitochondria

Introduction

Central physiological roles of pancreatic acinar cells are synthesis, transport, storage
and secretion of digestive enzymes. The energy required for these processes is generated in the
mitochondria. Mitochondria transform chemical energy from substrate oxidation into an elec-
trochemical proton gradient across their inner membrane (A¥m) [18]. Bile acids, ethanol and
non-oxidative ethanol metabolites damage the exocrine pancreas via calcium (Ca*") toxicity and
mitochondrial injury [21].The abnormal Ca?" signal promotes acinar cell necrosis by mitochon-
dria depolarization and lowering ATP levels. Supraphysiologic concentrations of cholecystokinin

© 3y6 A., Mansko O.B., Mansko b5.0O., 2021
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(CCK) and its analogues use in models of acute pancreatitis [17]. Experiments on isolated pan-
creatic mitochondria showed that Ca?" directly depolarizes mitochondria by opening the mito-
chondrial permeability transition pore (MPTP). CCK-induced mitochondrial depolarization sig-
nificantly reduces ATP levels in acinar cells and leads to necrosis [26].

A case of acute pancreatitis and hyperammonemia without liver damage in a patient with
a deficiency of the urea cycle enzyme, ornithine carbamoyltransferase, has been described [20].
Ammonia causes the formation of free radicals, the disclosure of MPTP, oxidative phosphoryla-
tion and swelling of the neuron’s mitochondria of hepatic encephalopathy patients [32]. Ammo-
nia affects the basal and stimulated secretion of pancreatic acinar cells [13].

Glutamine plays a pleiotropic role in cellular functions. Glutamine as a “nitrogen shuttle”
helps to protect the body against the toxic effects of high circulating levels of ammonia [11]. Glu-
tamine is catabolized to glutamate and then to a-ketoglutarate by deamination via glutaminase
and glutamate dehydrogenase. Decrease of glutamine serum levels was shown in pancreatitis
patients during the metabolic stress [3, 11]. Intravenous administration of glutamine increased
the concentration and total amount of glutamate secreted by acinar cells of the pancreas into
pancreatic juice. Simultaneously with these processes, a large amount of ammonia is produced,
which can be toxic to cells [4].

Pancreas uses large amount of absorbed glutamine for the synthesis of digestive enzymes
[28]. The effect of glutamine on the functioning of the pancreatic acinar cells are controversial.
Tissue cultures have a high requirement for glutamine. In 1955 it was discovered that glutamine
deficiency in the incubation medium leads to cell death [8]. There is a difference in the degree
of CCK-induced necrosis of pancreatic acinar cells between studies that used [10, 31] or did not
use glutamine in the incubation medium [7]. Also, it has been reported that early administration
of alanyl-glutamine dipeptide supplements (20 g per day or 0.40 g/kg per day) reduced morbidity
and mortality in patients with severe acute pancreatitis [9, 33]. But in contrast, another study did
not show a significant effect of enteral glutamine supplements (0.57 g/kg per day) on the develop-
ment of infected necrosis and in-hospital mortality in patients with severe acute pancreatitis [5].

It is still unknown whether the utilization of glutamine in the mitochondria of pancreatic
acinar cells can form toxic concentrations of ammonia and as this process depends on [Ca?*]. The
aim of our study was to determine how the oxidative capacity of mitochondria changes under the
influence of ammonia and oxidation of glutamine under normal conditions and by stimulating the
secretion of acinar cells in the pancreas of rats.

Materials and Methods

Experiments were carried out on 5 male Wistar rats weighing 250-300 g. The animals
were kept at a constant room temperature with a 12-hour light cycle, with free access to water and
standard food (D-Mix, Ukraine).

Protection of Vertebrate Animals used for Experimental and other Scientific Purposes’
(Council of Europe No 123, Strasbourg 1985). Experimental protocols were approved by the
Animal Care and Use Committee of Ivan Franko National University of Lviv.

Suspension of isolated acinar pancreatic cells was obtained using collagenase (type IV,
0.2 mg/ml), as previously reported [2]. The cells were calculated using a hemocytometer. Cell
viability after isolation was> 93 %, as assessed by trypan blue test. All chemicals were purchased
from Sigma-Aldrich unless otherwise noted.

The basic extracellular solution contained (mM): NaCl — 140.0, KCI - 4.7, CaCl, - 1.3,
MgCl, — 1.0, HEPES — 10.0, glutamine — 2.0, sodium pyruvate — 2.0, glucose — 10.0; BSA —
2.5 mg/ml, soybean trypsin inhibitor — 0,1 mg/ml and the addition of basic amino acids MEM;
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pH 7.4. The cells incubation medium for the respiration study contained (mM): NaCl — 140.0,
KCl-4.7, CaCl, - 1.3, MgCl, — 1.0, HEPES — 10.0, glucose -10.0; BSA — 2.5 mg/ml, soybean
trypsin inhibitor — 0.1 mg/ml, and additionally glutamine — 2.0 or NH,Cl — 5.0 (mM) in some
experiments.

The rate of oxygen consumption was measured using a Clark oxygen electrode (biologi-
cal oxygen monitor YSI 5300, USA) in a closed glass respiration chamber (volume of 1.6 ml at
37 °C). Before measuring respiration rate the suspension of isolated pancreatic acinar cells were
preincubated for 30 minutes at 37 °C in the medium only with glucose, glutamine and glucose or
NH,Cl and glucose or additionally with secretagogues. Protonophore FCCP in increasing concen-
trations (0.5-2.0 uM) was added to the cell suspension directly into the polarographic chamber,
to achieve the maximum frequency of uncontrolled respiration, as described previously [22].
Respiration rate was first normalized by cell number and scaled relative to the mean basal respira-
tion rate in the control.

Results are presented as means = SEM. Statistical analysis was performed using Origin
Pro 2018. Significance of difference between the groups was determined with two-way repeated-
measures ANOVA followed by a Holm-Bonferroni corrected post-hoc t tests in case of significant
interaction between the factors. P<0.05 values were considered statistically significant.

Results and Discussion

It is known that high viability pancreatic acinar cells respond to the stimulation of secre-
tagogues by increasing respiratory rate [23]. To test the functional ability of cells to respond to
stimulation by secretagogues, acetylcholine (Ach) (10 uM) was injected into the polarographic
chamber. Basal respiration rate was assessed for 4 minutes. Adding ACh to the polarographic
chamber intensified pancreatic acinar cells respiration rate during 1 min after administration ACh,
by ~ 16 %, compared with basal respiration rate.

The next step was to evaluate the effects of ammonia and glutamine on mitochondrial res-
piration. In the control, the acinar cells of the pancreas were incubated in the basic extracellular
medium with glucose (10 mM). In the experiments, NH,CI (5 mM) or glutamine (2 mM) was
added to the incubation medium with glucose. ACh (10 uM) or CCK (0.1 nM) was added to the
solution for secretion stimulation. The cells were incubated for 30 min at 37 °C. After that, the
basal respiration rate was registered. Maximal respiration rate was stimulated by adding to the
cell FCCP at a concentration of 0.5; 1; 1.5; 2.0 uM.

ACh ad CCK did not affect basal and FCCP-stimulated respiratory rate (Fig. A). It is likely
that the incubation time was too long for the stimulating effect of secretagogues to persist. The
peak of secretion by acinar cells of the pancreas occurs in the first 5 min at optimal (average) con-
centrations of secretagogues [27]. There is evidence that ACh and CCK intensified maximal res-
piration rate during 15 min of incubation, but pyruvate was necessarily present in the medium [1].

The basal respiration rate of acinar cells under the influence of NH,Cl decreased by 13.1—
20.2 % (p<0.05) compared with the respiration rate for glucose oxidation, and this decrease was
observed both at normal condition or under the action of secretagogues. Glutamine did not affect
basal respiratory rate (Fig. A).

During glutamine oxidation, the maximum respiratory rate increased by 7.6-40.4 %
(p<0.05) compared to the control, regardless of the effect of ACh or CCK, which is similar to the
results of our previous studies [22]. NH,Cl reduced the maximum rate of FCCP-stimulated respi-
ration under the influence of control, with the addition of ACh or CCK by 24.8-31.0 % (p<0.05)
compared with the control of glucose oxidation (Fig. B).

Mechanism of ammonia toxicity largely studied on brain tissues, because hyperammone-
mia is directly linked to a spectrum of neuropathology conditions. Hyperammonemia inhibits the
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activity of mitochondrial dehydrogenases, which causes the collapse of the membrane potential
of mitochondria and increase of ROS levels in isolated mitochondria of the liver and brain [25,
30]. Ammonia in pathological concentration (2 mM) is a potent inhibitor of the mitochondrial
complex of brain a-ketoglutarate dehydrogenase. At toxic concentrations (10-20 mM), ammo-
nia inhibits cerebral mitochondrial NAD (+) — and NADP (+) — bound isocitratedehydrogenase
and NAD (+) - bound malatedehydrogenase and hepatic mitochondrial NAD (+) — bound isoci-
tratedehydrogenase [16]. Under the influence of ammonia was shown decrease in the level of
intermediate products of the cycle citric acid cycle (CAC), citrate, a-ketoglutarate and malate, in
the mitochondria of the liver [32]. Instead, low concentrations of ammonium chloride (> 1 mM)
stimulate the production of glucose from glutamine in mitochondria or isolated cells of the liver
[15]. Ammonia also induces morphological abnormalities of mitochondria, the opening of MPTP,
leading to mitochondrial swelling and cell death by apoptosis or necrosis [32].

Hyperammonemia is usually defined as plasma ammonia levels above 80 uM in newborns
and above 45 uM in adults [19, 29]. In experiments with isolated mitochondria of the brain and
liver, ammonia was used in pathologically significant concentrations of 5-10 mM [25]. In our
study, we studied the effect of NH,Cl at a concentration of 5 mM. Ammonia homeostasis is a
multi-organ process involving the liver, brain, kidneys and muscles, as well as the gastrointestinal
tract. Under normal conditions, ammonia from the gut is efficiently processed by the liver through
two main metabolic pathways: the urea cycle (also known as the ornithine cycle) and glutamine
synthetase, which converts glutamate to glutamine [30]. Hyperammonemia mainly occurs in he-
patic encephalopathy and genetic defects of the urea cycle or other pathways of intermediate
metabolism [6]. The effectiveness of the mechanisms of “detoxification” of ammonia is impaired
in hepatocellular dysfunction in cirrhosis. Even in healthy patients, a sharp increase in ammonia
concentration is mostly due to renal processes. Violations of potassium and acid homeostasis,
lead to overproduction of ammonia by the kidneys. To support potassium balance, renal glutami-
nase generates an ammonium ion from glutamine that donates a proton to be exchanged across
the membrane for the potassium ion. The end result is recovered potassium, acidified urine, and
ammonia, a by-product that diffuses into the serum [30]. In patients with liver cirrhosis ammonia
affects the endocrine pancreas causing an imbalance of insulin and glucagon, and as a conse-
quence, amino acids in the plasma [24]. Hyperammonemia was associated with infected necrotic
acute pancreatitis in patient with late-onset ornithine carbamoyltransferase deficiency [20].

Our results confirmed that ammonia in pathological concentrations adversely affects the
respiratory processes of the mitochondria of the pancreas. In our study, ammonia reduced the
adaptive capacity of mitochondria, regardless of the influence of secretagogues. This can be ex-
plained by the fact that the pathological effect of ammonia is mediated by an increase in the level
of cytoplasmic [Ca?"] [12, 14]. Mitochondrial accumulation of Ca?" impairs mitochondrial respi-
ration, decreases ATP synthesis and increases the formation of free radicals, which lead to greater
oxidative stress. An additional increase in cytoplasmic [Ca*"] under the action of ACh or CCK did
not increase the toxic effects of ammonia.

Glutamine is a multifunctional amino acid. In addition to protein syntesis, glutamine is
an anaplerotic substrate for CAC. Mitochondrial glutamine is catabolized to glutamate by the
amidohydrolase enzymes, which catalyze the conversion of glutamine to glutamate by releasing
ammonium ions. Then mitochondrial glutamate is converted to a-ketoglutarate by glutamatede-
hydrogenase 1 or several mitochondrial aminotransferases. Mitochondrial a-ketoglutarate can
participate in CAC by supporting the oxidative phosphorylation pathway or the reductive car-
boxylation pathway. During oxidative phosphorylation, glutamine metabolites are involved in the
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generation of electron donors, such as NADH or FADH,, and the synthesis of GDF and ATP. The
active metabolism of glutamine in the mitochondria of brain astrocytes by phosphate-activated
glutaminase leads to the hyperproduction of ammonia [30]. But, as our study shows, glutamine
catabolism in the pancreas promotes to increased adaptability of mitochondria, even under in-

creased [Ca?'].

Based on the results of our study, incubation of isolated acinar cells of the pancreas with
NH,CI causes a negative effect on mitochondria regardless of stimulation with ACh or CCK.
The toxic amount of ammonia required for such adverse effects is apparently not formed due to
glutamine oxidation even when stimulated by acinar cells by secretagogues.
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of isolated pancreatic acini; cells were pre-incubated in basic extracellular solution (30 min) with
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3a xaraboni3My IIIyTaMiHy YTBOPIOETBCS aMiak, SIKMH MO)ke OyTH TOKCHUHHM JUIS
KIITHH. 3a MEeYiHKOBOI eHIedanonarii y MITOXOHAPISIX HEHPOHIB aMiak CIPUYUHSE yTBO-
PEHHSI BUIBHHUX PaaMKalliB, PO3KPUTTS MITOXOHAPIaNbHOI ITOPH TPaH3i€HTHOI MPOHUKHOC-
Ti, HOPYIIEHHsI OKHCHOTO (hocoprumroBanHs Ta HaOpsK. Jloci HEBiOMO, UM 3a yTHIIi3amii
DIyTaMiHy B MITOXOHJIPISX alMHAPHUX KIITHH MiANUTYHKOBOI 3aJI03H YTBOPIOIOTHCS TOK-
CHYHI KOHIIeHTpamii amiaky. Jlociian BUKOHYBanu Ha IIypax caMIpix JiHil Bicrap macoro
250-300 r. ITaHKpeaTHyHi anMHYCH i30JFOBAIM 3 BUKOPHCTaHHSM KojareHasu. KiiTHHH
iHKyOyBanm ynpozrosx 30 XB 3 mroko03010 (10 MMOIB/IT) y KOHTpOJi # JTOXaTKOBO BHOCH-
i NH,CI (5 Mmons/im) abo mryTamin (2 MMOJB/JT) — y gociii. Jst cTumymsmii cexpertii
BHUKOPHCTOBYBaIX aneTHiIxoiiH (10 MkMouns/i) un xonenucrokinid (0,1 aMons/m). nxan-
HS 130JIbOBAaHHMX MAHKPEATHYHHUX AMHYCIB IIypiB BUMIpIOBAJIM 3a JIOMOMOTOIO €JIEeKTposa
Knapka. MakcuManeHy IIBHIKICTh AMXaHHS cTEMymoBaau nofgaBaHHsM y FCCP. Cra-
TUCTHYHY BiporimHicTs (P) pi3HMII MiX cepeqHiMH apr(METHIYHIMH OLIHIOBAIH ITapHIM
t-TecToM ab0 ABO(AKTOPHMM IHCHEPCIHNM aHaJi30M i3 MOBTOpaMH Ta post-hoc TecTom
Xomm-bordepponi. Cekperaroru ameTHIXOMiH i XOJCIUCTOKIHIH He BIUTUBAIN Ha 0a3aib-
Hy Ta FCCP-cTnMyp0BaHy IIBHIKICTIO IUXaHHS. ba3anabHa MIBUAKICTh ANXaHHS alHAp-
HUX KJITHH TiIUTyHKOBOT 3a03u 3a BBy NH,Cl 3HM3HIIACS OPIBHAHO 3 6a3a/IbHOKO
IIBHAAKICTIO AWXaHHS 32 OKUCHEHHS ITIOKO3H, IPUYOMY L€ 3HIDKEHHS CIIOCTEpIranoch siK
Y CTaHi CIIOKOIO, TaK i 3a JIil cekperarori. [iyTamMiH He BIDIMBaB Ha 0a3albHY IIBHIKICTH
JMXaHHA. 32 OKUCHEHHS DIyTaMiHy MaKCHMaJbHa MIBUIKICTh JUXAaHHS 3pOCia IIOPiBHSHO 3
KOHTPOJIEM, HE3AJIEXKHO BiJl BIVUBY allETUIXOJiHY 9H xonenuctokininy. NH,Cl samkysas
MakcuManbHy BHAKICTE FCCP-cTHMYIb0BaHOTO IUXAHHS SIK y CIIOKOI, TaK i 3a CTUMYJIALIT
CEKPETaroraMu TMOPIiBHSIHO 3 KOHTPOJIEM 3a OKHCHEeHHs mokosu. Omxe, NH,Cl nerarusno
BJIMBA€ HA TUXaHHS MITOXOHJIPiN HE3aJeKHO BiJl CTUMYIIAIIIT alleTHIIXOIIHOM a00 XOJICIHC-
ToKiHiHOM. TOKCHYHA KITBKICTh aMiaKy, HeOOXiHa JJIsl MPUTHIYEHHS TUXaHHS MITOXOH/IPIi,
04EBHUTHO, HE YTBOPIOETHCS Yepe3 OKHCHEHHS IIyTaMiHy HaBiTh 32 CTUMYITIOBaHHS alliHAp-
HUX KJITHH CEKpEeTaroramMu.

Kniouosi  cnoea: TaHKpeaTWdHI amUHYCH, aMiak, DIyTaMiH, aleTWIXOJiH,
XOJICIIMCTOKIHIH, TUXaHHS, MiTOXOHAPIT
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