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o6 mocmiguTtu OCOOAMBOCTI 3MiH NOKAa3HUKIB MAacH, BMICTY 1 CHIBBiZHOLICHb
map BOIM, OPraHiYHOi Ta HEOPraHi4HOi CKJIAagoBOI Yy CHCTEMax THUIYy «CEpeIOoBHILE
(600a) — pedoBHHAY 32 Iii IIKOJOYMHHHUX €K30- il eHIOTeHHUX (aKTOpPiB, 3aIPOIIOHOBAHO
po3pobneHnii 1 ajanToBaHM y J1abOpaTopHy poOOTY cocid BH3HAYCHHS W aHAJI3y
ocobnuBocTelt nucOanaHcy i1 PiBHOBAKHOTO CTaHy. 3aCTOCYBAaHHS PEKOMEHIOBAHOTO
cnoco0y IOTOMOKE €KCIIEPUMEHTATOpaM pisHOro npointo (¢izionoeu, bioximixu, biogi-
3uKuy) NOCUTH 00’€KTUBHO BH3HAYaTH W OLIHIOBATH CTYHiHb LIKOJOYMHHOTO BIUIUBY THX
4yl iHMKX (HaKTOPiB Ha TOMEOCTa3 MAacu CKJIAJOBHX 1 OCOOMUBOCTI il B3a€MO3B’SI3Ky Mik
OKpPEMO B3STHMHU KOMIIOHEHTaMH JOCHIIIKYBaHUX 00’ €KTIB (peuoguHu piour nio0osux 06o-
JIOHOK aMHIOHA U ananmoica).

PesynpraTi nocmimkeHuX 3pas3KiB piAMH IUI0A0BUX 000JOHOK aMHIOHA 1 aaHToica
cBiguaTh, Mo TpuBaia (275-285 ni0) mIKOJOYMHHA Iisl MPOXYKTIB 3alajbHUX HPOLECIB
Ha (YHKUIOHAIBHUH CTaH IJIAEHTApHOro 0ap’epy MaTKH TUIBHHUX KOPIB, 3aJIEKHO Bix Iil
pi3HUX OOCTaBHH, 3MiHIOE BEKTOP MEPEMIlllEHNX YaCTWH MAacH BOAHM, OPTaHiYHHX 1 HEOp-
TaHIYHUX PEYOBHH a00 B Oik 30inbIIeHHS, a00 B Oik 3MeHmIeHHS. L{inkomM MOXnHBO, 110
HEOJIHAKOBA 3JaTHICTh XIMIYHHMX 1 OlOXIMIYHHMX CHOJYK A0 3B’S3yBaHHS MOJEKYJ BOIU
3aJICKHUTH BiJl 3MiHU IapaMeTpiB MAaCH aCHUM1UILOBAHUX MOKHUBHUX PEUOBHH PiIMHHA aMHIOHA
Ta HAKONMWYEHHX PIJUHOIO alaHToica MPOAYKTIiB IXHBOTO PO3MaLy.

BceranoBneHo, mo TpuBasia LIKOJOYMHHA i NPOAYKTIB 3alabHUX IPOIECiB
CTaTeBUX OpraHiB Ha (PyHKUIOHAJIBHUI CTaH IJIALIEHTApHOrO Oap’e€py MAaTKU TITBHHX
KOPiB 3MiHIO€E CHOCIO 1 BETMYNHY NEPEMIIIEHUX y PIAMHY IIOZOBUX 000JOHOK aMHiOHa i
aJlaHTOoiCa YaCTHH MacH BOJH, OPTaHIYHHUX 1 HEOPraHIYHUX PEUOBHH, III0 HETATUBHO BILIH-
Ba€ Ha 37aTHICTh XIMIYHMX 1 O10XIMIYHHX CIIOIYK IO 3B’SI3yBaHHS MOJICKYJ BOAHW; 3MIHIOE
IHTEHCUBHICT MPOLECIB aCUMUIALIT MOXXMBHUX PEYOBUH Ta IXHBOI JUCHMUIALI] Ha IPOCTi
CIOJIYKH. 3aJIe’KHO Bi CHIH 1 crtoco0y MIKOAOYMHHOI [1ii BEKTOpP NEPEMILIeHHS CKIJIAJI0OBHX
y CHUCTeMi THIy «BOJa — PEYOBHMHA» CIpsAMOBaHO abo B Oik 30imbmieHHS, abo B Oik
3MEHILICHHS NapaMeTpiB iXHbOi MacH. Hacnmigkom mepepo3noniny CKIaJoBUX y CHCTEMax
TUITy «BOJa — PEYOBHHA» € AUcOanaHC TOMEOCTa3y IXHbOI MacH, IO HETAaTHBHO BIIIMBA€E
Ha KUTTE3/IATHICTD, PiCT 1 PO3BUTOK YTBOPEHOT0 eMOPiOHA Ta HOBOHAPOKEHOTO IIOJA.

Kntouogi cnoea: cucTeMa «CepefOBHILE — PEYOBHHAY», Maca CKIIaI0BUX

© Makcumrok I, Cragaumeka O., Bopobers M. Ta iH., 2024
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PesynpTaTl cCyyacHUX 1 paHille MPOBEACHUX TOCITiIPKEHb CBiAYaTh, IO KiJIbKICHUH Ta
SIKICHUH CKJIaJ] HEOPTaHIYHUX 1 OpraHiYHUX PEYOBHH PiAMHU OOOJIOHKH aMHIOHA 3a0e3rnedye
BIAMIOBIHY CUITy TUCKY M’S31B MaTKH, CIIPABIIsS€ TOHI3YIOUMH BIUIMB HA 3apO0K, 3aXHUIIA€E T
BiJl MEXaHIYHUX YIIKOJKEHb, MIATPUMYE HOTO HOPMAJIbHE TTOJIOKEHHS B MaTIli, CTBOPIOE YMOBH
JUTS1 )KUBJICHHS, POCTY 1 PO3BHUTKY, TOAI SIK CKJIa]] piANHHE 00OJIOHKH aJaHTOICa € JIUILIE TPOTYKTOM
po3mnaay MOoKWBHUX PEYOBHH 1 00MiHY ra3aMu MiXK OpraHizmMamu marepi Ta minoja [3]. Hemonasao
3’ SIBUJIMCSI TIOB1IOMJICHHS TIPO T€, 1110 YIIPOAOBK BariTHOCTI BiIHOCHA MOCTIMHICTD CKIIaAy PiauH
IIJIOJIOBUX OOOJIOHOK 3HAYHOIO MIpOI0 3aJIeKUTh Bifl CTaHy (YHKIIH IameHTapHoro 6ap’epy
MaTku [2, 4, 9, 18]. IlIkomounHHA [ist €K30- Ta CHIOTCHHUX (DAaKTOPIB 3MIHIOE PIBHOBAKHHUI CTaH
KOHIIEHTpAaIlii MIKpOEJIEMEHTIB PiIMH ajlaHToica i aMHiOHa. 3MiHEHUH CKJIaJl PiIMHU aMHIOHA Ta
HaKOIMWYeHI TKAHWHAMHU CTaTEBUX OPTaHiB MPOAYKTH 3anaibHuUX peakiii [10, 14—17] iHiifo0Th
TOSIBY eMOPiOTOKCHYHHMX 1 TeparoreHHUX edekrin [11—13, 15], mo HeraruBHO BIUIMBAE HA PICT i
PO3BUTOK yTBOpeHOTO eMOpioHa [7, 12, 13], 3MiHIOE aHTPOITOMETPHUYHI TOKA3HUKH HAPOKEHOTO
wiona [4-6, 14, 16].

Opnak omyOiKOBaHI pPe3yibTaTH MOCHIIPKEHb JIMIIE PEECTPYIOTh OCOOIMBOCTI 3MiH
KOHIICHTpAIl THX YM IHIINX PEYOBHH 3a MIKOJOYMHHOI Iii €K30- Ta CHAOTCHHUX (aKTOpiB. 3a
iXHBOIO JIOTIOMOTOI0 HE MOXKHA Hi OI[IHUTH, Hi MOSICHATH PO3MAITHIl KOMILIEKC B3a€EMOJIINA Mixk
eJIEMEHTAMH CHCTEM THIly «CEpEeIOBHUINE — PEeYOBHHA». ToMmy po3pobieHa i ajantoBaHa B
nabopatopHy poOOTYy METOMKA MPOTIOHYE JACIIEBI Ta MPOCTI y BUKOHAHHI (hi3W4Hi (6unaprosan-
HAa, cnantosanns) criocodu. [Tpuiiomu, ki TyT 3aCTOCOBYIOTHCS, PO3AUISIOTH 00’ €EKT JOCTIHKEHD
Ha BOJy Ta OpraHiuHi il HEOpraHiuHi pe4oBUHHU. Bu3Ha4eHi 3a Takux 00CTaBUH aOCOIIOTHI (2, M2) 1
po3paxoBaHi BiTHOCHI (%, Icm: I *) TOKa3HUKH CITiBBiHOIIEHB Tap cknanosux (H,0:HP, H,0:0P,
H,0:0P, OP_:HP, OP:HP, OP:0P,) BUKOPUCTOBYIOTb /Ul OLiHIOBAaHHS 0coOMMBOCTEH 3MiH
PIBHOBaru Ta B3a€MO3B’SI3Ky MapaMeTpPiB MacH MK OKPEMO B3SITUMH €JIEMEHTAMH CHCTEM THITY
«CepeIOBHIIE — PEUOBHHA» 32 JIii €K30- i CHIOTCHHUX IIKOAOUYNHHUX (DAKTOPIB.

IMpumirtka. Ingexc cniBBigHOmEHb BifcoTkiB Macu (Iem:1%) nap (H,0:HP, H,0:0P,
H,0:0P, OP:HP, OP:HP, OP:0OP) cxnajnosux 3paskiB piguau i C3 mi1on0Bux 000NOHOK
aMHIOHA ¥ aJlaHToica MO3HAYCHO JIATHHCHKUMH JIiTepamu, ae: I — iHaeKe, ¢ — BMICT, m — Maca.

Marepiaau Ta MmeToaH

3acTocoBaHi, alaniTOBaHi i peKOMEH/I0BaH1 eKCIIEPUMEHTATOPAM IPHUIHOMU (36AHCYBAHH,
6URAPIOGANHS, CRAI06AHH) TPABIMETPUYHOIO METO/ly BU3HAUEHHS A0COFOTHUX 1 00UNCIICHUX
BIJJHOCHUX IOKa3HHKIB JIal0Th 3MOTY IHTEPIIPETYBaTH M aHalli3yBaTH OCOOJHMBOCTI BUSBIICHHUX
3MiH BMICTY (6004, opzaniuni, HeopeaniuHi pewosunu, %) i piBHOBark MacH CKJIAJ0BUX PiIUHH
Ta C3 ananToica i aMHIOHA 3a IKOJAOYMHHOI il eHIOreHHUX (HAKTOPIB (MPOOyKmMuU 3anaibHux
npouecis).

3acodu BuMiploBanbHOI TexHikn. Baru aHamiTiuHi aeMndepHi, TUPKU pi3HOI MacH.
Tepmomerpu ckitsiHi. Miib- a00 3a1i30KOHCTAHTAHOBI TEPMOTIApH.

O6aagnaunus. [Tocyn miacrmacosuii (3—5 nm?), konbu ckistai (250-500 cm®) 3 mpuTepTHM
a00 MIacCTMaCOBHM IBHHTOBHM KOPKOM, iTiHApH MipHi (20—50 cM?), hrrakoHu CKIsTHI MICTKICTIO
15 cm®, mpoGipku st uentpudyru (kBapuosi). lada cymmneha, mia MydensHa, mada BUTSK-
Ha. TepMocn HHM3BKOTEMIICpaTypHi, €KCHKaTOpH CKIIAHI, cTynka (¢dapdopoBa abo ararosa) 3
TOBKAYHKOM, IITATENi, CKAIBIIEN a00 TOCTpi CTHJICTH, IITATHBH I KOHTEHHEPH IS MPOOIPOK,
TpuMadi mpoOipoK i KOHTEHHEPIB, MaTbHUKH Ta30Bi. CIIUPT eTUIIOBUH peKTH(IKOBAaHUN, KaJIBITIH
XIIOPUCTHH, BaTa TirPOCKOMIYHA, JIEHKOIUTACTHP, 3aCOON 1T MUTTS 1 MApKyBaHHS ITOCYY.

Cnoci6 orpumanns 3pa3kiB PI1O. Y poanisHOMY IPUMILICHH] i/ 9ac HACTaHHS POJIiB
y IIMPOKOTOPIIOBHH TIACTMACOBHIA MTOCY BiabupawoTh 1,5-2,5 nvM® epiioi (ananmoic) i npyroi
(amuion) pinuH MIOAOBUX 000JOHOK. [ JTabOpPaTOPHUX MOCITIIKEHb y IIACTMAcCOBHI abo
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CKJISIHUI 1oCy 1 OKpeMo BiuBatoTh 100—150 cM® pinuHKM KOpIiB HOCTIIHOI Ta KOHTPOJIBHOI IPYIL.
ITocyn i3 piAMHOIO TOMIMIAIOTE Y TEPMOCH 1 JOCTABJISIIOTH JI0 JIabopaTopii.

Minroroeka 3paskie PIIO mo pocainkenb. Makpockomiynuii ctaH o3HaK 3paskis PIIO
aMHIOHA I allaHToica, a caMe 3a0apBIICHHS (Hpo30puii — Ceimao-cipuit — memMHo-KOpUUHesui) i
TYCTHHH (HJIUHHO-8 A3Ka — PIOKa) OLIHIOIOTH OKOMipHO. Big otpumatnoro 06’emy (100-150 cm?)
y MipHH# 1P BiuBaoTh 10 eM® mocnimkysaHoi pinuau. [lepenuBaroTs ii y 3aB4acHO 3BaXkeHi
cknsHi (rakonu (m,,) MicTkicTio 15 cv’. dnakoHu 3 MEpenuTHM 00°€MOM PiIMHU 3BakKYIOTh.
OTpUMYIOTh CyMy Mac (JIAKOHIB i PiTUHH (m3p1,). 3a pi3HHICI0 CYMH Mac MOPOXKHIX (prakoHIiB
i BimiOpaHux 00’e€MiB piguHA (mw* — m,,) BU3HAYalOTh Macy (m,) CKIaJ0BUX piauHU 00’ €KTa
JOCIiKeHb. Bu3HaueH1 MOKa3HUKA 3aHOCTD Y )KYpHAI PEECTpallii pe3yIbTaTiB eKCIICPUMEHTY.

Buxopucrani ciocoOu OTpUMaHHS, IMiATOTOBKH 1 IPOBEICHHS TOCIiIKEHb BiIIOBIJAIOTh
BuMoram JlupektuB €Bpomnelickkoro mapiamMenty ta Pagn €Bponeiicbkoro Coro3y [8], a Takox
Bimomoctsam BepxoBroi Pagu Ykpainu npo 3aXucT TBAPUH BiJ AKOPCTOKOT'O MOBOKEHHS [ 1].

ba30Bi nmonoxeHHsI peKOMEHIOBAaHOTO CIIOCO0Y po3p0o0IIeHO, aTpoOOBaHO 1 BIPOBAIKEHO
B J1JaOOpaTOpHY POOOTY Iifl YaC BUKOHAHHS HAYKOBO-IAOCIIITHUX 3aBJaHb I[HCTHTYTY ClIbCHKOTO
rocrionapctBa Kapnarcekoro periony HAAH «JlocnimkeHHs ocoOiMBOCTel romeocrasy
OpraHiyHOi W HEeopraHiuHOi CKJIaZOBOI HABKOJOIUIITHOI PIAMHU y KOpIB Ta HOro 3B’SA30K 3i
CTaHOM (PI3UYHUX 03HAK HOBOHAPOIKEHOTO TUI011a» (N2 depacasnoi peecmpauii 0121U100404)
Ta JIbBIBCHKOTO HAIlIOHAIBHOTO MEAMYHOro YyHiBepcuTeTy imeHi [lanwna [anunpkoro
«Po3poOKka MPOTHOCTUYHUX 1 AIarHOCTHYHMX IMYHO-O010XIMIYHMX KpHUTEpIiB 3a il Ha OpraHizMm
eKCTPEeMaJIbHUX YMHHUKIB Pi3HOI ipupoan» (Ve deparcasnoi peccmpayii 021U100163).

Etanu gocaigkens. BusHaueHHS 0COOMMBOCTEH AMHAMIKH IMapaMeTpPiB MacH CKIaJJOBUX
3pa3KiB piIMHE aMHIOHa ¥ ajaHToica 3a HIKOJOYMHHOI il €HAOTeHHHX (PAKTOPiB MPOBOIATH
3rigHo 31 cxemoro (puc. I). Ha mepmomy erami AOCHiIKeHb 3pa3Kd PiIMHE BUCYIIYIOTH Y
cymibHiM madi ynpomosxk 72 rox 3a 105 °C. Bkazana nporieaypa AUTUTH ii IEpBUHHUHA CKIIaa
Ha BUTIApyBaHy Bofy (m,) Ta C3 (m,) OP i HP. Macy nerkosaiimuctux OP, (m ) C3 Bu3Ha4aoTh
Ticiist HOro CHayIoBaHHS Ha BIZIKPUTOMY BOTHI ra3oBoro nanbHuka 3a 520-530 °C (dpyzuii eman
docniosceny). Hecnianenuii sanuniok repmoctiiikux OP, (m) i HP (m ) cnamorots y mybenbhii
niedi 3a 650 °C (mpemiii eman 0ocnidscens).

Puc. 1. Cxema mopsjiky BU3HA4YEHHsS MacH CKJIAJOBMX PIIMHM i CyXOro 3ajHMIUKY: /71, — Maca MOPOXKHIX
(1aKoHiB; m, .. — CyMa Mac (makoHiB i pinvHu; m, — Maca PiIUHM; M, — Maca BUTIAPYBaHOi BOJIM;
m, —maca C3; m,, — Maca MOPOXHiX KBAPIOBUX MPOOIPOK; m,_,, — CyMa MacC KBapLOBHX npoOipoK i
TOPOILKY; m, ., — CyMa Mac KBapLUOBHX POOIPOK i 301m; m, — Maca jierkosaiimuctux OP,; m, — maca
tepmocriliknx OP,; m, — maca Tepmocrifikux HP; m  — cyma mac repmocriiiknx HP i kBaprosux
pobipok
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Pe3ysbTaTH i iXHE 00rOBOPEHHSA

[pouexypa BucyuryBans 3paskiB PIIO. Ha nepmomy erarti Z0oCITiKeHb BU3HAYAIOTh
Macy (2, m2) Bunapysanoi Boau. ®nakoH (16,6973 2) i3 piaunoro (10 cm® = 9,7380 2) momimarots
y posirpity g0 105 °C cymmneny mady. Brpaty macu H,O peectpyrots 3 1o6m nocmins (24 —
48 — 72 200) micns KOXHAX 24 TOI BUTPAMYBAHHS 3pa3KiB y madi. BucynryBaHHs TpUMTHHSIOTH
32 yMOBH, SIKIIIO 3MiHH ITApaMETPiB MacH OCTAHHBOTO 3BayKYBaHHS HE BUXOATH 32 MEXY TPETHOTO
3HaKa IicIsi KOMH pe3yJIbTaTy MONepeIHbOT0 3BaKyBaHHs. [Ticns BUCYITyBaHHS 3HAXOAATh MacCy
sunapysanoi H,O (9,5121 r). Macy C3 (m,) 3HaX014Th 3a Pi3HUIEIO TOKa3HUKIB PiIMHY JIO Ta
C3 micns BunapoBysanns H,O (Tabm. 1).

Tabmums 1
[TapaMeTpu Macu CKJIaZ0OBUX 3pa3KiB PiAUHH, T
[Ipornenypa BUCylyBaHHs (eman nepwuit, 105 °C)
Maca cyma Maca Maca CKJIaJ0BUX
(makona Mac plauHU BUIIAPyBaHa BOJA CYXHI 3QJIMIIIOK
16,6973 26,4353 9,7380 9,5121 0,2230

YTBOpeHY KpHCTaNiyHy IUTBKY pedoBHH C3 00’€KTa JOCITIIKCHb BIIOKPEMIIIOIOTH Bij
CTIHOK ()JIaKOHIB TOCTPUMH TpEAMETaMU (CKabnens, cmuiem). BUcUnaioTs iX y CTyIKy i
PO3THPAIOTh 10 IpiOHOMUCIIEPCHOTO MOpomKy. [Topomok BUTpUMYIOTh 24 TOX y CYMIMIBHIH
magi 3a 105 °C 1 nepeHOCATs y CKISHUHM OIOKC aist 30epiraHHs B €KCHKaTopi, M0 MICTUTbH
KaJbINH XJIOPUCTHI (CaClz).

IIpouenypa cnamoBanns Jerkosaiimucrux OP . JlpibHoaucepcHy MOPOIIKONOIiOHy
Macy 3pasKiB IIEPEHOCATE Y MONEPEIHBO 3BKEHI KBapIoBi Npobipkw (m,,). Cymy Mac mpobipox
1 BHECEHOTO TIOPOIIKY PEECTPYIOTh. 3a Pi3HHUIEIO MOKA3HUKIB (M, ,, — m,,) 3HAXOIATH Macy (m.,)
cknagoBux C3 (Tabm. 1).

Cnamosanns jerkosaiimuctux pedosuH C3 (OP,) mnpoBoisTh Ha BiIKPMTOMY BOTHI
ra3oBOro najbHHUKa y BUTsDKHIN 1madi 3a 520-530 °C. Ilpounenypy crnamtoBaHHS 3aKiHYYIOTH
Iiciist TOro, SIK 3 MPOOIPKHM INepecTaHe BUAUIITUCS T'YCTUH (in00i 30amnuuii zopimu), pi3HO-
ro KOJMpopy 1 3amaxy aum. Ha mHi Ta cTiHKax mpoOipOoK 3aJIMIIAOTHCS HE JIO KIHIA CIIaJcHI
TepMOCTIiliKi opranidni (OP,) # neopraniuni (HP) cionyku. IIpo0ipku i3 3aTHIIKOM HECTIAIEHUX
PEYOBUH OXOJIOJUKYIOTh B €KCHKATOP1 10 KIMHATHOI TEMIIEpPaTypH Ta 3BaXKyIOTh. 3a BU3HAYECHOIO
Ppi3HHUIICIO (mgpz* - m3p3*) 3HAXOJIAThL MOKA3HUK MacH Jierkosaiimucrux OP, (m,).

I[Ipouenypa cmamaoBaHHA TePMOCTiIHKHX pedoBHH. CHOJYKH, SKi HE 3TOpPSIOTH 3a
520-530 °C, cmamorots y Mmydeni 3a 650 °C. Ksapuosi npobipku i3 Tepmocriiikumu OP, i HP
(m,) Knanyts y creniaigbHi KOHTeHHEepH. BMimyroTs ix y MydensHy mid. [loTpiGHOTO peskumy
CIIANTIOBAaHHS JocATaloTh ymnponoBx 3040 xB. Ympomorxk 40—60 XB TEPMOCTIHKI pedOBUHH
3TOpsIOTh 0 cTany 3o0du. [licas 20-30 XB ocTUTaHHS KOHTEHHEPH 3 MPoOipKaMu BUHMAIOTH i3
niedi. OTpumMyroTh 3051y HecrianeHnx HP. KBapiosi npoGipky 3 3011010 MEPEHOCATh B €KCHKATOP.
BuTpumMyroTh iX 110 TOBHOTO OCTUIaHHsI i POBOIATH OCTATOYHE 3BAXKYBAHH (1, ). 3 PI3HUIIEIO
napameTpiB Mac (Tabin. 2) 3HaXolaTh Macy Tepmoctiiikux OP, (m ) i HP (m ).

3p2*

Ta6mus 2
[NapameTpn Macu CKIIaOBUX 3pa3KiB CyXOTr0 3aJIHUIIKY, T
Ipouenypa cagtoBaHHs
eran apyruii, 520-530 °C \ eram TpeTiii, 650 °C
Mmaca cyma Mmaca Mmaca ckyanoBux C3
poGipku Mac C3 OP, OP, HP (30na)
m,, m_ s m m, m, m
12,3593 12,5823 0,2230 0,0652 0,0273 0,1305
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OriHIOBaHHS TOMEOCTa3y Macu CKiagoBux. CrnenudigHICTh OIIHKU OCOOIMBOCTEH
JucOanancy piBHOBaxkHOro craHy Macu OP i HP pinunu amHioHa i anaHToica 3a IIKOZOYMHHOL
Il eHoreHHUX (PaKTOPiB MOJISraE B TOMY, 110 BU3HAYCHY Pi3HHIIO ITOKa3HUKIB aHAII3YIOTh i3
JBOX no3uii. Cxemy aHalizy LIIOCTPYIOTh BapiaHTH Ha puc. 2.

PesynbraTn nepmoi no3unii (eapianmu a, a*: amnion — amuioH i 0, 6*: ananroic —
aJlaHTOiC) PO3KPHUBAIOTH OCOOJMBOCTI AucOallaHCy Mach CKJIaJOBHUX MK KOHTPOJIBHUMH Ta
JIOCIITHUMH (KOHMPOab:00Caid) TPyNaMu KOpiB; pe3yibTaTd APYroi (amhuion — ajaHToiCc) —
BIZIMIHHOCTI MacHu CKJIaJIOBUX KOHTPOJILHUX (8apianm 6 — KOHMPO/ib:KOHMPO/b) 1 TOCTITHAX
(éapianm 2 — 0ocio:0ocnio) 3paskis (puc. 2).

Jucbananc yacTHH Macu cKJagoBux. HaciiikoM TpuBasioi MIKOIOYMHHOT i1 TPOYKTiB
3analibHAX TPOLECIB HAa OpraHi3M TIUIBHUX KOPIB € HEe3HauHe 30UIbIICHHS Yy 3pa3kax piAuHH
aMHiOHa TBapHH JOCIiIHOI TPYTIH 9acTUH Mack Bunapysanoi H,O (+0,0899 2) i nerxosaliMucTix
OP, (+0,003 r). BusHauena pisnuus mach Bumapysanoi H,O 3paskamm nocmigHoi rpymu
BusiBracs Titebku Ha 0,94 % (abo B 1,01 pa3y) Oinbina Bijx 3pa3kiB KOHTPOIBHOT (Tabu. 3a).

Puc. 2. Cxema oIiHIOBaHHS 0COOIMBOCTEH roMeocTasy MacH CKIaIoBHX 3pa3kiB pinuau i C3 anmanToica it
aMHIOHa

Bapiantn a i 6 imFOCTPYIOTH piBeHb mucOanancy YacTHH Macu (+A) cxnamoux (H,O,
OP, HP) 3pa3kiB ananToica it aMHiOHa; a* 1 6* — piBeHB AQucOANIaHCY CIIBBITHOIICHB BiCOTKIB
macH (Iem:1) map cxknanosux (H,0:HP, H,0:0P,, H,0:0P,, OP:HP, OP:HP, OP:0P); B i
T — BIIMIHHICTPD PiBHIB BiZICOTKIB MacH Tap CKJIaJ0BHUX KOHTPOIBHUX (KOHMPOIb:KOHMPOIID) i
TOCTITHUX (00C1i0:00¢Ni0) 3pa3KiB

OpHak MIKOJOYMHHA JTisl eHAOTCeHHUX (D)aKTOPiB Ha IHTEHCUBHICTH aCHMIIALIT ITO)KUBHUX
PEYOBHH OpraHi3My KOpiB JOCTITHOI IpynH 3HaYHA. BekTop 9acTHH Macu (Am) NesiKuX 3pa3KiB
C3 pinuHn aMHiIOHA KOpiB KOHTPOJNBHOI TPymu (m; — m, — m ) TPSAMYy€ BiIl MEHIIOTO 10
Oinermoro 3uaueHnas (+0,0030 < +0,0194 < —0,1101 r). 3pazku C3 piguHU aMHIOHA JOCIHITHOT
rpynu marotk Ha 71 % (a6o B 1,7 pasy) 6inbmie (+0,0194 2) nerxosaiimuctux (OP) i mumre Ha 5 %
(abo B 1,1 pasy) Ginbre — TEPMOCTIHKMX OpraHidHuX pedoBuH (OP,); a Tepmocriiikux HP — Ha
84 % (abo B 6,4 pa3y) menme (—0,1101 ).

3pa3ku piIuHU ajJaHToica KOPiB JOCTIIHOI TPYIH MICTATh HeCcyTTeBO MeHmty (—0,0332 2)
macy H,O. V 3paskax C3 kopiB KOHTPOIBHOI IPyIH Maca IPOAYKTIB IUCUMIIALIT TEPMOCTIHKHX
OP, (-0,0083 2) i HP (-0,045 2) Binnosigno B 1,2 i 1,3 pasy menmma, ane jerkosaiimuctux OP
(+0,0071 2) — HecyTTeBO OinmpIma. 3a TakuX OOCTABHH PI3HUI MapaMmeTpiB AMCOANIAHCY MacH
OpraHIYHOI Ta HEOPTaHIYHOI CKIIAZOBOI MiXK 3pa3KaMH aJlaHToica i aMHIOHa cyTTeBa. Meka 3MiH
gactud Macu OP i HP 3paskiB C3 pignau amHioHa cTaHoBUTH Bif +1,0 10 —6,4 pasy; 3pa3kiB
ananToica — e Big +1,1 mo —1,3 pa3y.
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Tabnums 3a
[Toka3HHUKKM MacH CKJIaJOBHUX PIAMHHU Ta CYXOTO 3aJIHIIKY, T
I'pyna xopis, Ckaajosi
MOKAa3HUKU BHIIapyBaHa Bojia | erkosakimucti OP | | repmocriiiki OP, | Tepmocriiiki HP
(Konmponb:00cio) (m) (m) (m) (m)
BapianT a: amHion — amHion (M, n=4)
KoHTpob (aMHIOH) 9,5121 0,0273 0,0652 0,1305
Hocunin (amuioH) 9,6020 0,0467 0,0682 0,0204
Pisuung yactuH Macu, + Am +0,0899 +0,0194 +0,0030 -0,1101
BingcoTok 3miH, + % +0,94 +71,06 +4,60 —84,37
3MiHH B pa3, + +1,01 +1,71 +1,05 -6,40
Bapianr 6: ananroic — angaunroic (M, n=3)
Kontposns (ananroic) 9,5136 0,0960 0,0534 0,2266
Jocunin (ananTOoic) 9,4804 0,1031 0,0451 0,1816
Pizunus yactun macu, £ Am -0,0332 +0,0071 —-0,0083 -0,0450
BincoTok 3miH, £ % -0,35 +7,40 —-15,54 -19,86
3MiHU B pasy, + - 1,00 +1,07 -1,18 -1,25

Jducdananc cniBBiTHOMIEHb MACH (KOHMPOab:00cid). 11100 cripocTUTH aHANI3 i BUPAa3HO
MTOSICHUTH BUSBJICHI OCOONMBOCTI AUCOATaHCy MacH CKIIAJOBHX, SIKi BiIOYBalOTHCS B CHCTEMax
TUIYy «800a — PEUYOBHHAY» 3a IIKOJOYMHHOI Mii €HIOTeHHUX (PaKTOpiB, aOCOMIOTHI MOKA3HUKH
(2, M2) TIepepaxoBYIOTh y BiTHOCHI (%). LlimumMu yrciaMu BiICOTKIB MacH MO3HAYAIOTH iHIIEKC
CITiBBiIHOWIEND Nap cknanosux pinunu (H,0:HP, H,0:0P,, H,0:0P ) 1a C3 (OP,:HP, OP :HP,
OPI:OPz) TOTO YH IHIIOTO 00’ €KTa JOCTIKECHD (KOHmMpPOoab:0ocaio, Tadm. 30).

BusnaueHi mapaMeTpH CIiBBITHOIICHD BiZICOTKIB MacH MiK MapaM¥ CKIIQJOBUX PiIUHH
aMHIOHA KOpIB KOHTPOJIGHOI TPYNH CBiAYaTh, IO iXHI BEKTOp CIPSIMOBAHO BiJ MEHIIOI IO
oimpmioi (73:1 — 146:1 — 349:1) Benmunaun. [lapamerpu aucbanaHcy MacH 3pasKiB TOCHTiTHOT
TpyTH MAaIOTh ITUTKOM iHIII MOKa3HUKH, a came: 469:1, 141:1, 349:1. Lle Bkasye Ha Te, IO TpHUBaIa
IIKOJJOYMHHA i MPOAYKTIB 3alalbHUX IPOIECIB CTATEBUX OPraHiB, 3MIHIOIOYN PiBHOBAKHUHA
CTaH MacH CKJIaJOBUX CHCTEMH THUILy «BOJa — PEUOBHHA», KOPEIIOE 31 3[aTHICTIO OpraHidHUX
i HeopraHiYHUX pevoBUH 10 3B’s3yBanHA Mojekyn H,O. Ha onny BaroBy wactumy macu HP
npumnaznae B 6 pasiB (ad6o na +84 %) Oinbine yaCTHH Macu H,0. Opnax BU3HAYEH] YaCTHHU Macu
tepmocTiiikux OP, (=41 %) i nerxozaiimuctux OP, (=3 %) maroTb OOepHEHi BENMYMHH, SKi
BignosigHO B 1,7 i 1,0 pa3y mMeHmIi.

[MocnimoBHe 301IBIIEHHS 1HACKCY CITiBBIIHOIIEHb MAacH Map CKIAIOBUX, SKE BH3HAYCHO y
3pa3Kax piIUHMA aMHiIOHA, HE BIIACTHBE 3pa3KaM PiIUHM alaHToica (eapianm 6*). SIxmo koHOIry-
paris psay IXHIX BETHYHH y 3pa3kax piJMHH aJaHToica KOpiB KOHTPOJIILHOI TPYIH € Takoro (42:1 <
178:1>99:1), To nocmigHOi — moAiOHa i HecyTTeBO 3MiHeHa (52:1 < 210:1 > 92:1). Kondirypartis
psmy map 3pa3KiB IMOPOMIKY ajaHToica Takoxk iHma (0,4:1 > 0,2:1 < 0,6:1). Mexa 3MiH mapame-
tpiB Macn H,O no macu tepmocrifikux HP ta H,O 1o nerkozaiimuctux OP | i Tepmocritiknx OP,
3pasKiB PigHU CTaHOBUTH *1,1—1,2 pasy; 3paskiB mopomky — £1,5 pasy. Lle Moke o3HauaTH, 110
BU3HAYCHUH AUCOAIaHC MacH OPraHiYHOTO W HEOPTaHIYHOrO CKJIATy PEUOBHH PiJMHU OOOJOHKH
aJlaHToica HECYTTEBO BIUTMBAE Ha IXHIO 3MaTHICTh /10 3B’ a3yBanus H,O.

Bekrop iHmekcy cmiBBimHOImeHb nap ckmagoBux OP i1 HP 3paskie C3 amHioOHa KOpiB
KOHTPOJIFHOI TPYITH TAKOXK CIPSMOBAHO BiJl MEHIIO1 10 O1nb1oi (0,2:1 — 0,5:1 — 2:1) BeTUauHM.
Pe3ynpTaToM MIKOJOYMHHOI Aii NPOAYKTIB 3amajdbHUX MPOLECIB CTAaTEBUX OpPraHiB TBapHH
JTOCTITHOT TPYIIH € 3HAYHO OLTBIIHIA AucOaTaHC MacH CKIaMoBHX. SIKIO 3a IUX 00CTaBHH iHACKC
CIIBBiTHOIIICHB TIAp OPI:OP2 1 OP :HP crae B 10 1 6 pa3iB BiINOBITHO OITBIINM, TO OP,:HP — B
1,3 pa3zy menmuMm. Lle HaBOANTH Ha TYMKY, 1110 IIKOJOYMHHA JIisl TPOJYKTIB 3aMaJIbHAX IPOLECiB
CTaTeBHX OPTaHiB TAJIbMy€ iHTEHCHBHICTH OOMiHY MOKMBHHX JIETKO3aHMUCTHX PEUOBHH TPYIH
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OP | itepmocriiikux OP, mono Tepmocridikux HP, ane nerkoszatimuctux OP | 010 TepMOCTIHKHX
OP, — mpuckoproe.

Tabnuusg 30
JucbanaHc CiBBiTHONICHB Tap CKIAA0BUX, lem:1
Tpyra Kopis, i [Tapu cki1a1oBHX ,
pinnHa CYXHI 3aJIMIIOK
TOKA3HHKH H,O:HP [ HO:OP, [ HO:OP, | OP;HP | OP;:HP | OP:OP,
BapianT a*: amHioH — aMHioH
KonTposb 73:1 146:1 349:1 0,2:1 0,5:1 2:1
Hocmix 469:1 141:1 205:1 2:1 3:1 1,5:1
Pizunng ingekcis, £A +396:1 -5:1 —144:1 +1,8:1 +2,5:1 -0,5:1
Bingcorok 3miH, £% +84 -3 —41 +90 +83 =25
3MiHH B pasy, £ +6,0 0e3 3MiH -1,7 +10,0 +6,0 -1,3
BapianT 6*: ananToic — ajaanroic

KonTpoinb 42:1 178:1 99:1 0,4:1 0,2:1 0,6:1
Hocmix 52:1 210:1 92:1 0,6:1 0,2:1 0,4:1
Pizuung ingekcis, £A +10:1 +32:1 =7:1 +0,2:1 -0,2:1
Bincotok A 3miH, +% +19 +15 =7 +33 0e3 3MiH -33
3minu B pasu, & +1,2 +1,2 0€e3 3MiH +1,5 -1,5

BigminHocTi cmiBBigHOmIEHb Macu (KOHmMPOIb:KOHmMPORs). OCKUTBKH pE3yIbTaTOM
TPHBAIIO] IIKOOYMHHO] i TPOYKTiB 3aIalbHAX NPOLECIB CTATEBUX OpraHiB Ha ToMeoctas H,O,
OP i HP € nucbananc Macu CKJIaIOBUX Y CHCTEMaX THILY «BOZIA — PEUYOBHHAY, TO, 3BaXKAIOUN Ha
1Ie, BU3HAYCHY BEIMYMHY iHICKCY CITiBBiIHOIICHh MAaCH aHATI3yIOTh OKPEMO y 3pa3Kax aMHiOHa
it amaHToica KOpiB KOHTPOJBHOI (Tabi. 3B) Ta mociixHoi (Tadm. 3r) rpy.

HaBeneni mapamerpu cmiBBigHOmEHh Macu (Tabm. 3B, 3T) cBigYaTh, OIO BiAMIHHOCTI
iHIEKCIB TIap CKIIAJOBHUX 3pa3KiB PIIMHU aMHIOHA ¥ alaHTOica KOHTPOJBHUX i JOCIIAHUX TPYII
KOpiB CYTTEBI. 3a OJIHAKOBOTO MOPSIKY PO3MillEHHs KOH]irypanis nmap cknanosux (H,0:HP —
H,0:0P, — H,0:0P,) 3paskiB piiiHn aMHioHa ¥ ananToica pisHa, a came: amuiona — 73:1 <
146:1 <349:1; ananroica —42:1 < 178:1>99:1. Jlo TOr0 % IMapH CKIaJOBUX aMHiIOHA KOPiB KOHT-
POTBHOI TPYITH MaroTh y 3,5 1 1,7 pa3y OibIIy BeNWYHHY CITiBBiIHOIICHh MAacH, HiJK aJaHToica,
ane mapa H,0:0P, — B 1,2 pa3y menmy.

Tabmuig 3B
BigMiHHOCTI iHACKCY CIiBBIIHOIICHD Map CKIAJOBUX KOHTPOJIBHUX TpyI, Icm:1

IL1om0Bi 000/10HKH, Pinuna Cyxuii 3aJIMII0K

I'pYNH, NOKAZHUKH HZOHP ‘ HZO:OPI ‘ HZO:OPZ OPZHP ‘ OPIHP ‘ OPIZOP2
AMHiOH 73:1 146:1 349:1 0,2:1 0,5:1 2:1
AJ1aHTOIC 42:1 178:1 99:1 0,4:1 0,2:1 0,6:1
Pisunng ingekcis, £A +31:1 -32:1 +250:1 -0,2:1 +0,3:1 +1,4:1
Bigcorok A 3min, +% +42 -18 +72 -50 +60 +70
3MiHH B pa3u, + +1,7 -1,2 +3.5 2.0 +2,5 +3.3

BusBneHi BiIMIHHOCTI BIIACTHBI TaKOX TapaMm CKIIAJOBHX (OP:HP — OP:HP —
OP:0P,) 3paskis C3. Kondirypauis psmy ixHiX BeJIMYMH y 3pa3kax piuHu amHuiona (0,2:1 <
0,5:1 < 2:1) iama, Hix amantoica (0,4:1 > 0,2:1 < 0,6:1). TloniOHa cuTyarlis xapakTepHa Ta-
KOX /It pedoBHH 3paskiB C3. BusnaueHi y 3pa3kax aMHIOHA iHJIEKCH CIIiBBIIHOIIEHb MAacH
cknanosux map OP :OP, i OP :HP y 3,3 i 2,5 pasy 6inbmi, ane mapu OP,:HP —y 2,0 pasy men-
111, HiX ajaHToica.

BigminHocTi cmiBBiTHOIIEHs MacH (mocain:docid). I1icis TpuBanoi IIKOTOYMHHOT dil
(mabn. 32) BiAMIiHHICTB CTIiBBiIHONIEHD BiICOTKiB Macu nap (H,0:HP — H,0:0P, — H,0:0P))
CKJIAJIOBUX PIAVHY aMHIOHA (469:1 > 141:1 < 205:1) i anantoica (52:1 < 210:1 > 92:1) 3Ha4HO
Oinbma. Ko micis HapOKEHHS TENAT iHAeKC chiBBinHowens nap H,0:HP i H,0:0P, pinunn
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amuiona B 9,0 1 2,2 pasy BiANMOBiAHO OLILIIKI, HiX pintvHK ananToica, To mapu H,0:0P — B 1,5
pa3y MEHIUH.

Tabnums 3r
BigMiHHOCTI iHIEKCY CTIIBBIHOILIECHD ITap CKIAA0BUX NOCHIAHUX Tpym, lem:1
ILnogoBi 00010HKH, Piguna CyxHii 3aJIUII0K
MOKA3HUKHU H,O:HP ‘ H,0:0P, ‘ H,0:0P, OP:HP [ OP :HP ‘ OP :OP,
AMHioOH 469:1 141:1 205:1 2:1 3:1 1,5:1
AnanTroic 52:1 210:1 92:1 0,6:1 0,2:1 0,4:1
Pisuuis iHgekciB, £A +417:1 —69:1 +113:1 +1,4:1 +2,8:1 +1,1:1
Bingcorok A 3min, +% +89 -49 +55 +70 +93 +73
3MiHHM B pasu, + 49,0 -1,5 +2,2 +3.3 +15,0 +3.8

Llinkom iHIry koH(irypaiio criBBigHOIIEHs MacH MaioTh psaau (OP:HP — OP :HP —
OP :0P,) 3paskis C3 amuiona (2:1 < 3:1 > 1,5:1) ¥ ananroica (0,6:1 > 0,2:1 < 0,4:1). Ixuboro
BXXJIMBOKO BiIMIHHICTIO € HasiBHICTh BY3bkuX (0,2—0,6:1, ado < 1:1) i mmpokux (0,5-3:1, abo
Big < 1:1 mo > 1:1) mex. Skmo mMexi nap 3paskiB C3 amHiOHa i ajlaHTOica KOPiB KOHTPOJIBHOT
rpynu OP :HP i OP,:HP cranosnars 0,2-0,5:1, To 3paskis napu OP :OP, nocnignoi rpynu —
0,6-2:1. lo Toro  pisHMUS CHiBBiJHOIIEHD BifCOTKIB Mack nap (OP:HP, OP:HP, OP:0P)
nocniaaux 3paskiB C3 amuiona cranoButh 70 — 93 — 73 %, o BianosigHo B 3 — 15 — 4 pasu
Oinble Bij anaHToica.

Pe3yabTaTH OLIHKM BH3HAYEHMX YAaCTHH MAacH Iap CKJIQJIOBHX CHCTEM THIy «BOAA —
peuoBHHa» 3a INKOJOYMHHOI Jii E€HAOreHHHMX (HaKTOpiB CBigUaTh, WO BEJIMYMHA IHJCKCY
CHIBBIHOILIEHb JIETKO3aMHUCTUX OP, no TEPMOCTIHKHX OP, ta nerxozaiimuctux OP, 1o
tepmoctiiikux HP 3paskiB C3 amuiona (y 3,3) it ananroica (y 2,5 pa3y) KopiB KOHTPOJBHHX
rpyn Maiiike oHaKoBo Oinbua, ajne Tepmoctiiikux OP,:HP —y 2,0 pasu menma. ITicns tpusanoi
LIKOJOYMHHOI Jii TPOJYKTIB 3alajibHUX MPOLECIB CIIBBIHOIIEHHS YaCTUH Mach CKJIaJOBUX
ctaroTh iHmUMH. [luprHa MExXi MiX Hapamu OP :HP aMHIOHA ¥ ayaHTOIca KOPIB JOCIITHUX
rpyn y 3-15 pasi 6inbma. Mexa napu OP,:HP 3miHioeTbcs Bif yaBiui MeHMIO! 0 yTpudi
oinbwoi, a OP :OP, — Bin yTpudi 10 B 4 pasu OilbIIO].

OO0uucIeHi BIIMIHHOCTI MacH CKJIaJJOBUX PiIMH aMHIOHA i ajlaHToica KOPiB KOHTPOJIBHUX
i JI0CHiIHUX TPyN CBiq4aTh, Mo Maca TepmocTikikux OP, ta HP 3paskiB aMHiOHa KOHTPOJIBHOT
Ipynu 3B’A3y€ B 42 pasu Oinblue BOJHM, HiX pifMHa anaHTtoica, ane nerkozaimucrux OP —y 2
pas3u Menme. [Ticns mkoqo0YnHHOT Aii NPOIYKTIB 3alajbHUX MPOLECIB 31aTHICTh TEPMOCTIHKHX
HP ananroica o 38’a3yBanns monekyn H O (1,7 npomu 9,0 pasy) 3pocrae, Tepmoctiiikux OP,
(3,5 npomu 2,2 pasy) — 3smMenmyethces, nerkosaiimuctux OP| (1,2 npomu 1,5 pazy) — maiixke He
3MIHIOETBCS.

Peaxuis piBHOBakHOTO cTany Macu OP 1 HP amHioHa i1 anaHToica Ha TpUBaIly HIKOJOYHHHY
0 MPOJYKTIB 3aNalbHUX IIPOLECiB pizHa. Mexa 3miH Macu ckiagosux napu OP :HP pimunu
aMHiOHa Jy’ke MIMpOKa i CyTTEBO Oinblna, Hixk ananrtoica; OP,:HP — tpoxu menma; OP :OP, —
Maiike 0JTHaKOBO OijbLIa.

TakuM 4YWMHOM, TpWBala NIKOJOYMHHA i TNPOJYKTIB 3alaJIbHUX IPOLECIB CTaTeBUX
oprasiB Ha (pyHKIIOHAJIGHUN CTaH IUTALEHTApPHOTO Oap’epy MaTKW TUIBHUX KOPIB 3MIHIOE CIIOCIO
i BennuuHy nepemimenux y PIIO amuiona i anantoica wactun (£A) macu H,O, OP i HP, mo
HETaTHBHO BIUIMBAE HA 3[ATHICTh XIMIYHHX 1 OI0XIMIYHHX CIIOJIYK JO 3B’S3yBaHHS H,0O; 3MIHIOE
IHTEHCUBHICTB ITPOLIECIB ACUMUIALIIT ITO)KMBHUX PEYOBHH 1 TXHBOI TUCUMUIALIT Ha IPOCTI CHOJIYKH.

3aJexHO Bifl CHIM 1 CHOCOOY MIKOJOYMHHOI Jii BEKTOP HEPEMIIIEHHS CKIIAJOBHUX Y
CHUCTEMI THITy «BOJa — PCUOBHHA» CIPSIMOBAHO a00 B Oik 30UIbIICHHS, a00 B OiK 3MCHILICHHS
rapameTpiB IXHbOT MacH.
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PesynpraToM mepepo3nonily CKIaJOBUX Yy CHCTEMax THIIy «BOJa — PEUOBHUHA» €

JcOaanc roMeocTasy iXHbOI MacH, 1110 HEraTHBHO BILIMBAE HA XKUTTE3ATHICTD, PICT 1 PO3BUTOK
YTBOPEHOT0 eMOpioHa Ta HOBOHAPOIXKEHOT'0 III0Aa.
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IMBALANCE OF MASS COMPONENTS IN THE SYSTEM
OF «<xMEDIUM - SUBSTANCE» UNDER ENDOGENOUS
FACTORS’ HARMFUL EFFECTS
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The method developed and adapted by the authors of this work for determining and
analysing the peculiarities of mass imbalance of water, organic and inorganic components in
“medium (water)-substance” systems under the influence of harmful exo- and endogenous
factors is proposed. The recommended method will help to objectively determine and assess
the degree of harmful influence of individual factors on mass homeostasis. In addition, it
will allow to characterization of the features of the relationship between the separately taken
components of the substances in amniotic and allantois fluids.

The presence of long-term effects of inflammatory factors in the fetal membrane
fluids of the amnion and allantois is reflected in the functional and placental barrier of the
uterus in gestating cows. The direction of the displaced parts of the mass of water, organic
and inorganic substances vary depending on the circumstances, either in the direction of
increase or in the direction of decrease. It is quite possible that the unequal ability of organic
and inorganic substances to bind water is associated with changes in the parameters of the
mass of nutrients assimilated by the fetus in the amniotic fluid and accumulation of their
breakdown products in the allantois fluid.

It has been established that long-term inflammatory processes in the genital organs
of pregnant cows alter the manner and quantity of water, organic, and inorganic substances
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mass parts transferred into the fluid of the fetal membranes of the amnion and allantois
through the placental barrier of the uterus. This negatively affects the ability of chemical
and biochemical compounds to bind water molecules and alters the intensity of nutrient
assimilation processes, converting them into simpler compounds. The strength and method
of harmful action determine whether components in the ‘water-substance’ system move to-
wards an increase or decrease in their mass parameters. The consequence of this redistribu-
tion is an imbalance in mass homeostasis, negatively impacting the viability, growth, and
development of the embryo and newborn fetus.

Keywords: system «medium — substance», mass of components
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MINING THE CRYPTIC SPECIALIZED METABOLOME
OF STREPTOMYCES CYANOGENUS S136
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Streptomyces cyanogenus S136 is known to produce landomycin family antibiotics,
particularly its largest congener, landomycin A. Except for landomycins and polyene lu-
censomycin, no other specialized metabolites were sourced from S136. Nevertheless, S136
genome sequencing revealed over 40 biosynthetic gene clusters (BGCs), implying underap-
preciated potential of this strain for the production of novel bioactive natural compounds.
We set out to gain deeper insight into the specialized metabolome of this strain. First, trans-
criptomic analysis of S136 grown under landomycin production conditions has been car-
ried out, revealing that most of them are expressed at a basal level. This, likely, leads to a
phenotypic silence of most of the BGCs. Nevertheless, several notable exceptions have been
spotted. First of all, landomycin BGC is expressed at high level (at least 100 Transcripts Per
Million mapped reads (TPM); and around 1000 TPM for minimal polyketide synthase genes
lanFABC). Similarly, high levels of expression showed BGCs # 2, 4, 7 and 33, of which #2,
encoding unknown saccharide, is the most dissimilar to the described precedents. RNAseq
data also allowed us to delineate better the borders of several presumed BGCs. In the next
phase of the work we singled out a few BGCs within S136 that appeared to be promising.
First, these BGCs exhibited low similarity to the other gene clusters directing the production
of known natural products. Second, the BGCs harbored cluster-situated regulatory genes
that can be employed in the attempts to activate the expression of cryptic pathways. For
one such BGC we constructed two plasmids for expression of several such regulatory genes
and introduced them into S136 and its derivative deficient in production of landomycin A.
Bioassays showed no differences in bioactivity of the recombinant strains as compared to
the initial strains. Liquid chromatography coupled to mass spectrometry (LC-MS) analysis
of several S. cyanogenus samples revealed the effects of genotype, growth conditions and
extraction on specialized metabolome of this species, setting reference point for further stu-
dies.

Keywords: Streptomyces cyanogenus S136, genes, physiology, cryptic specialized
metabolome

Streptomyces cyanogenus S136 was first described in 1990s as a producer of angucy-
cline polyketides landomycins that exhibit potent antiproliferative properties [1]. No other natural
products were known to be produced by S136 until recent report on identification of lucensomy-
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cin through manipulation of global transcriptional factor AdpA [2]. However, the aforementioned
two classes of small molecules (Fig. 1) are perhaps a tip of an iceberg of natural products encryp-
ted in S136 genome reported to harbour at least 40 BGCs [3]. This situation is typical for strep-
tomycetes, whose genome sequencing routinely uncovers 30-40 BGCs, most of which remain
a “white spot” in terms of the structure of encoded small molecule. BGCs, not expressed under
laboratory conditions commonly employed to grow streptomycetes, are referred in literature to
as dormant, silent or cryptic ones [4], although exact reason for disparate levels of phenotypic
expression of a BGCs are not always known.

We are interested in uncovering true potential of S136 for the production of specialized
metabolites. On one hand, this may lead to identification of novel natural products desperately
needed to combat various diseases, first of all infectious ones. On the other hand, by studying the
genetic control of biosynthesis of natural products in S136, we may arrive at novel solutions for
landomycin A overproduction (e.g. by elimination of competing metabolic pathways). We applied
transcriptomic and metabolomic approaches to S136 to understand which specialized pathways
are likely to be expressed concomitantly with landomycin A accumulation, and to lay the ground
for further genetic manipulations of selected pathways. Our studies agree that insufficient level of
BGC transcription is the key reason for its crypticity. For several cases in S136 genome RNAseq
data provide opportunity to better solve the problem of precise mapping of BGC borders, an issue
that currently plagues all BGC identification pipelines [4]. Two plasmids for expression of puta-
tive cluster-situated regulatory genes have been generated, laying the groundwork for studies of
promising naphthomycin-type BGC.

Fig. 1. Structural formulae of landomycin A (A) and lucensomycin (B), the only classes of natural products
known to be accumulated by S136

Materials and Methods
Genomes and strains. S. cyanogenus S136 genome was accessed through NCBI (acces-
sion number CP071839). We used wild type S136 and its landomycin-deficient mutant AlanI7
[2] in experimental work, as described below. E. coli DH5a was used in routine cloning while
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ET12567 (pUZ8002) [2] was employed to transfer plasmids into S. cyanogenus. Bacillus cereus
ATCC19637 and Debaryomyces hansenii VKM-Y9 were used as bioassay strains.

Media. Biomass for RNAseq experiments was grown at 30 °C for 48 hours in medium SG
[5] without calcium carbonate, which interferes with mRNA isolation procedures. Solid media
OM, TSA, SFM, GYM, R5, GA, SMMS, MM, NLS5 [6] were used to grow S. cyanogenus strains
for agar plug bioassays. Liquid media YMPG, SG were also used to grow recombinant S. cyano-
genus strains for LC-MS analysis. LB, its solid version LA and tryptic soy agar (TSA) were used
to grow E. coli strains. To select strains apramycin sulfate (50 mcg/mL) was used.

Methods. For RNAseq analysis mRNA was isolated and purified from frozen mycelial
samples and then sequenced (Illumina) essentially as described in [7]. Gene transcription val-
ues were calculated as “transcripts per million of mapped reads” (TPM) using Geneious Prime
software. Values given in the Table 1 represent averages out of three biological repeats; devia-
tions constitute no more than 20 % of the mean value. Orthologs were identified as a reciprocal
BLASTP hits (https://blast.ncbi.nlm.nih.gov) [8]. Routine recombinant DNA techniques (DNA
isolation, PCR, other enzymatic DNA treatments) were used to construct plasmids. Conditions
of LC-MS experiments are described in [2]. Bioassays were carried out as described in [6]. Raw
RNAseq and LC-MS data are available from authors upon request.

Plasmid pTESypdB. Gene ypdB (S1361 33920) located on the left fringe of BGC #37 (pu-

tative naphthomycin BGC, see Table 1) was amplified with primers ypdB_ 29 up (AAATCTA-
GA CCGTCGTCCGTGATCTCGAC) and ypdB 29 rp (AAAGAATTCAC-
CGGTTCGGTCG CCATAC). The resulting 1.1-kb amplicon was digested with

restriction endonucleases Xbal and EcoRI and cloned into respective sites of vector pTES [2],
yielding plasmid pTESypdB where the cloned gene is located under control of strong constitutive
promoter ermEp*.

Plasmid pTESalkS. Gene al/kS (S1361 33925) located near ypdB was amplified with

primers alkS 29 up (AAATCTAGAGTCTTCCGAGCCAGGCCGTTC) and
alkS 29 rp (AAAGAATTCGGCATCCCTCAGGTTGGTAG). The resulting 1.5-

kb amplicon was digested with restriction endonucleases Xbal and EcoRI and cloned into respec-
tive sites of vector pTES, yielding plasmid pTESalkS.

Results and Discussion

RNAseq data portray complex picture of transcription of BGCs across S136 genome
under landomycin A production conditions. We were interested to find out which specialized
metabolic pathways are expressed under conditions that support high level of landomycin A pro-
duction. For this purpose, we grew wild type S136 strain for 48 h in medium SG favorable for
landomycin A biosynthesis and subjected to RNAseq analysis. Here we mostly focused on tran-
scriptional levels of BGC scattered across S136 chromosome. All relevant data are summarized
in Table 1. As a reference we used numbered list of S136 BGCs published in [3]. We have to note
here two caveats in analysis of RNAseq data described below. First, BGCs are usually multi-gene
units that are not expressed uniformly; for the sake of clarity and brevity (and concealing, to
some extent, a true pattern of highly heterogencous gene expression) we focus therefore on two
extreme values — minimal and maximal TPM ones that can be found across each BGC. Second,
in some instances in Table 1, e.g. BGC # 6 and 16, we show TPM values for the core biosynthetic
genes, which are not necessarily extreme ones in terms of expression, as the latter was for genes
with hypothetical function. In this case we prefer to show TPM values for the genes directly rel-
evant for the production of a small molecule.
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TPM values of no less than 100 revealed for landomycin biosynthesis set a threshold level
of how a BGC is to be expressed to yield a natural product (Table 1). Only a handful of BGC dis-
played this kind of expression level (#2, 4, 27 and 33; these entries in Table 1 are highlighted in
grey). We suggest tentatively that these BGCs are most likely to be actively expressed in parallel to
landomycin BGC, and their corresponding product could in principle be identified in the extracts.

Transcriptional activity of specialized metabolic BGCs within S136 genome
BGC edges, . TPM values, 48 h .

BGC S1361 nnnnn Type (size, kb) Min. ‘ Max. Notes
1 01085 > 01155 PKS 1(42) 4 (PKS) 39
2 01415 > 01435 Xenobiotic transformation? (6) 159 1168 Chlorohexane?
3 03240 03255 Melanin (4) 10 15 Tyrosinase-based
4 04560 PKS III (1) 875 Germicidin
5 04600 -> 04665 Other + glycoside (24) 12 52

S1361 04950 NRPS TycC 20
6 04955 - 05125 PKST(91) 18 (PKS) 44 (Reg) Chlorothricin
7 05240 > 05245 NRPS (36) 290 850 Acyldepsipeptide
8 06195 = 06205 PKS III (3) 9 18 Flaviolin
9 0714507340  PKSI(46) 16 (PKS) 160
10 10235 > 10250 Amino acid (3) 28 52 Ectoine
11 12040 > 12085  PKSII(9) 17(KS)  42(KS)  Curamycin
12 14265 > 14275 Terpene (4) 12 38 Caryolan?
13 14845 > 14850 Melanin (1) 7 21 Melanin
14 15220 2> 15240 Hydroxamate, NRPS (6) 11 31 Desferrioxamine
15 18455 - 18670 RiPP? (47) 8 500 Linaridin?
16 20280 = 20335 NRPS (26) 15 (PKS) 479 (AT)
17 20420 > 20455 Other, lincomycin (9) 21 111
18 20930 > 20965 Peptide, RiPP (8) 15 26664* Cold shock prot.
19 22435 - 22460 RiPP (6) + TcmN? 5 42
20 25895 - 25900 Terpene (2) 16 20 Albaflavenone
21 28760 >28785 Other (10; + LexA?) 22 109
22 29070 = 29315 NRPS (67) 8 (PS) 163 (Reg)
23 29325 > 29345 RiPP (5) 15 242 Lagmysin
24 29465 > 29500 Terpene (8) 8 15 Isorenieratene
25 29610 > 29645 Bacteriocin (9) 19 36
26 29685 > 29780 NRPS (25) 19 (PS) 31
27 29845 > 29995 PKS 11 (32) 128 5292 Landomycin A
28 30205 - 30255 Bacteriocin (10) 12 40
29 30400 Terpene (2) 21 Geosmin
30 31160 - 31185 Siderophore (7), LucA 17 40
31 31295 - 31320 Butyrolactone (6) 20 98
32 31440 > 31475 Betalactone 11 33
33 32700 > 32720 RiPP (4) 102 4599 Citrulassin
34 32725 2 32750 RiPP, lasso (9) 124 417
35 33270 2 33330 Terpene (14) 28 103 Hopene
36 33530 - 33555 RiPP, lasso (5) 35 88
37 33925 - 34055 PKS 1(94) 10 27 Naphthomycin
38 34235 > 34320 PKS 1 (87) 12 (PKS) 33(PKS) Lucensomycin
39 35330 - 35495 RiPP + NRPS (77) 8 38
40 36990 > 37065  PKSI(25) 8 20 (PKS)
41 37150 - 37285 Saccharide (30) 8 184 (GT)

hrdB (17215) Highly expressed control 270 Sigma factor

rpoB (23335) Highly expressed control 342 RNAP

rpsL (23355) Highly expressed control 1980 S12 protein

Note: 'The BGC is likely to direct the production of a small molecule identical or similar to the one men-
tioned in this entry. Grey background marks BGC that is actively expressed or has minimal TPM value over
100, an indicative of active expression (medium SG)
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Of course, low TPM value cannot exclude that some of the BGCs are indeed expressed,
and lead to compound accumulation. This especially is true for small BGCs often encoded by a
single or a few genes (#4, 20, 29). For large BGCs, such as BGC #37 for presumed polyketide
of naphthomycin family (94 kb, 26 genes) on the other hand, low TPM values (no more than 27)
are most likely a sign of de facto transcriptional and phenotypic silence. Overall, we believe that
most of the BGCs across S136 genome are not expressed under conditions that support high-titer
production of landomycin A.

A few more findings from analysis of RNAseq data analysis are worth noting. In several
cases we stumbled upon abrupt changes in gene transcription right on the edge of annotated
BGC. For example, BGC #15 for putative ribosomally produced protein (RiPP) was originally
annotated as BGC starting on the “left” side from gene S1361 18430 [3]. The latter gene as well
as two genes flanking S7361 18430 displayed TPM values over 2000 and most likely belong to
an operon encoding signal transduction system consisting from single histidine kinase, three ap-
parently paralogous sensory transduction proteins and phosphate transport accessory protein. The
rest of the genes from BGC #15 display significantly lower expression levels. We therefore sug-
gest that S1361 18430 and three downstream genes are not part of the BGC #15, and accordingly
revised “left” edge of the latter (see Table 1). Next, we spotted a gene for nonribosomal peptide
synthetase (NRPS) S7/361 04950 which was not included in any of the S136 BGCs [3]. This gene
forms a separate entry in the Table 1, between BGCs #5 and #6, and most likely is part of the
latter BGC; their expression level is within the same range. Then, annotation of BGC #6 would
have to be changed from polyketide synthase (PKS) type I to hybrid NRPS-PKS. These examples
demonstrate how functional genomic data can be used to better delineate the boundaries of BGCs
within bacterial genomes [9].

Attempts to activate BGC #37. Out of several dozens of BGCs scattered over S136
genome we focused our further experimental efforts on BGC #37. According to antiSMASH pre-
dictions, this gene cluster directs the biosynthesis of naphthomycin family polyketide. Its overall
expression level is low enough to assume that it is phenotypically silent (see Table 1). In the same
time, one of the edges of the BGC harbors two genes for transcriptional factors, S1361 33920
and S7361 33925, whose low transcription levels (18-20 TPM) might underlie the crypticity of
BGC #37. As a first step to understand this BGC, we cloned the aforementioned genes individu-
ally into expression vector pTES and introduced the resulting plasmids (see Methods section) into
wild type S136 and its landomycin-deficient mutant Alanl7. The initial and recombinant strains
were cultivated on a number of solid media, such as GA, SG2, SFM, OM, TSA, SMMS, RS,
GYM, MM and Czapek. Then agar plugs were cut off from 120-h-old lawns of the strains and
tested against B. cereus, E. coli and D. hansenii. In no case did we detect the differences in the
bioactivity of the initial and recombinant strains. Likewise, the tested strains did not differ in their
morphology on agar plates, and their resistance to commonly used antibiotics was similar. It ap-
pears, at first sight, that our attempts to activate the production of specialized metabolite encoded
by BGC #37 were largely unsuccessful. If true, it may be because we missed some important
cluster-situated regulatory gene [10], or did not achieve a proper level of overexpression of the
target genes. However, it might also be that the expression of BGC #37 was activated and led to
a specialized metabolite that is not colored and/or has no activity against the test cultures that we
used. Therefore, definitive conclusions will be drawn after rigorous analysis of the recombinant
strains with the help of mass spectrometry methods.

Initial insights into specialized metabolism of S136 grown under landomycin A con-
ditions. As a first step towards disentanglement of the complexity of specialized metabolism of
S136, we grew the wild type and Alanl7strain under various conditions of submerged fermenta-
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tion, and the extracts subjected to liquid chromatography coupled to mass spectrometry (LC-
MS). The most notable results are summarized below. In liquid medium YMPG supporting both
landomycin and lucensomycin production [2], S136 accumulated a number of unknown com-
pounds as well as some landomycins. Intriguingly, knockout of cluster-situated regulatory gene
lanl abrogated the production of not only landomycins, but also the other metabolites (Fig. 2),
suggesting its cross-regulatory role.

Fig. 2. Overlaid MS traces of ethyl acetate extracts of S136 and Alanl7 grown in YMPG for 48 h.
Landomycins are marked as LaA, LaB, LaC. The other unknown mass peaks are denoted by the
masses (Da) of their anions. Note almost flat trace line (green) for Alanl7 strain. Equal amounts of
the biomass were used for analysis

Fig. 3. Overlaid MS traces of ethyl acetate and methanol-acetone (1:1) extracts of S136 grown in SG for 48
h. Landomycins are marked as LaA, LaB. The other unknown mass peaks are denoted by the masses
(Da) of their anions
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We also prepared methanol-acetone (1:1) and ethyl acetate extracts from the 48-h-old
cultures grown in optimal landomycin production medium SG. Choice of the organic solvent had
pronounced effect on the spectrum of extracted metabolites, as evident from Fig. 3. Again we
detected a number of unknown mass peaks that deserve further in-depth elucidation.

In this work we provide first evidence of disparate patterns of expression of different
BGCs found in S. cyanogenus S136 genome under conditions conducive of landomycin produc-
tion. Using landomycin BGC as a reference case of actively expressed pathway, we suggest the
threshold transcription levels that define cryptic BGC in this strain, and, most likely, the other
streptomycetes. We demonstrate, through LC-MS approach, that several media used to produce
landomycins also support the production of a number of unknown compounds, whose identity
awaits further experimental scrutiny. It appears therefore that S. cyanogenus S136 is a promising
source of novel bioactive natural products.

Acknowledgements. B. O. thanks for grant support of the Ministry of Education and Sci-
ence of Ukraine (BG-21F).
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JOCJIJKEHHA KPUIITUYHOT' O CIIEOIAJI3OBAHOI'O
METABOJIOMY STREPTOMYCES CYANOGENUS S136

I. Ocram'?, M. Jleneka’, M. Jlonatniok?, T. Byme?, . KanxinoBcki®,
A. Jlyxkeubkuii?, B. ®enopenko’, B. Ocram®*

! Tvsigchruti Hayionanshuil yuigepcumem imeni Isana @panka
syn. I pywescvkozo, 4, Jlveie 79005, Yxpaina
*e-mail: bohdan.ostash@lInu.edu.ua
2TOB «Excnnoooiceny
eyn. 3enena, 20, Jlvsie 79005, YVxpaina
I Vuisepcumem Caapnandy
Kamnyc C2.3, Caapopioxen 66123, Himeuuuna
‘CeBiTec, Ynisepcumem binegpenvoa
25, Vuisepcimemwmpacce, Binegpenvo 33615, Himeuuuna

UlImam Streptomyces cyanogenus S136 BimoMu#H K MPOAYLEHT JAHIOMIIHHOBOT
PONMHN aHTHOIOTHKIB, cepell SKUX HaWOINbIIe CHHTE3YEThCS JaHaoOMIlMH A. 3a
BUHSTKOM JIAaHJOMIIIMHIB 1 JIFOIICH30MILIMHY, 31 mTamy S136 He BHIICHO >KOMHHUX iHIIHX
cremianizoBaHux MetaboniTiB. OaHak reHoM S136 mictuTh moHan 40 TeHHHUX KiIacTepiB
6iocunresy (I'KB) cnemianizoBaHuX METa0OJITIB, IO POOWTH IIEH MITaM HEIOOIIHCHUM
MOTEHI[IHHUM MPOJYLIEHTOM HOBUX O0l0aKTMBHUX IPUPOJHUX CHOJNYK. MM BHpIlIMIN
rIUOIIe TOCHIANTH CIeliali30BaHui MeTaboIoM IBOro ITaMy. Mu npoaHamizyBanu AaHi
TpaHCKpUIITOMY ITamy S136 32 yMOB MPOAYKIIiT JAHIOMIIIMHY Ta BUSBWIIH, 10 OLIBIIICTH
I'KB tpanckpuOyeThcs Ha 6a3anbHOMY piBHi. Lle mpu3BoauTh 10 HEHOTHIIOBOT KPUIITHYHOCTI
oimbmiocti KB, BusBnennx y renomi mramy S136. Brim, € kinbka BunsATKiB. Kiacrep
reHiB 0i0CHHTEe3y JIaHAOMIIMHIB eKCIPeCy€eThCsl Ha BUCOKOMY piBHI (100 TpaHCKpHUNTIB Ha
MinbiioH kaproBanux piniB (Transcripts Per Million mapped reads (TPM)) i 6:mu3bk0 THCSUI
TPM pns reniB MiHiManbHOI nonmiketuacunrtasu lanFABC. TloniGuuit piBeHb excrpecil
cnoctepiranu y KB Ne 2, 4, 71 33, 3 sikux kimactep reniB Ne 2 konye 6i0CHHTE3 HEBIZIOMOTO
caxapujy, KUl BiJpI3HAETHCS Bif ycix omucanux Ha choronni. Jlani PHK-cekBenyBaHHsS
JIaJlM MOXKJIMBICTB YiTKille okpeciauTH Mexi nepenbauysanux ['Kb. Ha HactynHoMy eTami
i€l poOOTH MM BHOKPEMHJIM KijbKa IfikaBux 1 mocmimkeHHs ['KB y remomi S136. Li
KJIACTEPU MICTATh T'€HH, AKi MalOTh HU3bKY MOMIOHICTH M0 BiIOMHUX TEHIB i, HMOBIpHO,
KOZIyIOTh CHHTE3 Ile¢ HEBIJJOMUX MPHUPOJHUX CHIONTYK. Takoxk y IMX KiIacTepax po3TalloBaHi
PETYIATOpHI TeHH, SKi MOKHA BUKOPUCTATH I aKTUBALl KPUNITHYHKX KiactepiB. Hamn
CKOHCTPYHOBaHO IIa3MiZH ISl HAAEKCIIPECii KUTBKOX TaKUX PETYIIATOPHHUX TeHIB i BBEJICHO
y mram S136 Ta y MyTaHTHUI 1ITaM, SIKUi He 31aTeH NPOAYKyBaTH JaHaoMinuHu. [Ipote
6i0TeCTH HE MOKA3aJIH YKOIHOT BIIMIHHOCTI MiXK peKOMOIHAHTHUMH IITAMaMH 3 TUIa3MiTaMu
Ta BUXIJHUMH INTaMaMH. BTiMm, aHami3 KiTbKOX INTaMiB S. cyanogenus 3a JONOMOTOIO
pinuHHOI Xpomarorpadii, CipsHKEHOT 3 Mac-CIIeKTPOCKOIII€l0, BKa3y€e Ha BIUIMB FEHOTHITY,
YMOB KyJBTHBYBaHHS Ta €KCTpaKuii Ha JaHi MeTaboyioMy 1ux mraMiB. Jani Metabonaomy
wramiB S. cyanogenus € peepeHTHUMH JUTS TTOJATBIINX JOCTIPKEHB LIOTO BUJTY.

Kmiouoei cnosa: Streptomyces cyanogenus S136, renu, ¢i3ionoris, KPUNTAYHUHA
creriagi3oBaHui MeTaboJIoM
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COMPARATIVE IN SILICO ANALYSIS OF TRANSPORTERS
CODED WITHIN BIOSYNTHETIC GENES CLUSTERS
FOR RAMOPLANIN AND RELATED ANTIBIOTICS

K. Zhukrovska, V. Fedorenko*

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

Glycopeptide antibiotics (GPAs), like teicoplanin and vancomycin, have been the
first-line treatment for infections caused by Gram-positive multidrug-resistant pathogens.
GPAs appear to be related to ramoplanin-like lipodepsipeptides (LDPs), yet another signi-
ficant class of lipid II binders. Major compounds among LDPs are ramoplanin (the key rep-
resentative), enduracidin, and chersinamycin; each with known biosynthetic gene clusters
(BGCs). Five additional BGCs for the putative LDPs were recently described. LDP BGCs
are poorly investigated; one particular aspect that deserves further investigation is trans-
porters coded within BGCs. These proteins most likely take part in the export of antibiotics
out of the cell, as well as in the producer’s resistance to its own secondary metabolite. In
this work, we performed in silico analysis of genes encoding transporters from ramoplanin
and other LDP BGCs. We investigated the domain architecture of these transporters, dis-
covered their homologues in BGCs from MIBiG and beyond, generated models of second-
ary and tertiary structures, and compared the overall LDP BGCs transport genes blueprint.
We were able to identify previously uncharacterized gene encoding ABC transporter within
ramoplanin BGC — ramo3. Ramo1 and Ramo3 in ramoplanin BGC appear to be paralogues
coding for a permease subunit of the ABC transporter. In every other LDP BGCs, except
for chersinamycin BGC, we found only one corresponding homologue encoding this type
of protein. Similarly, we found that Ramo2 and Ramo23 are also homologous proteins,
which appear to be ATP-binding subunits of the ABC transporter; Ramo2 and Ramo23 have
only one homologue in each other LDP BGCs. Next, we were able to describe Ramo8 as
ATP-binding ABC transporter, containing both ATPase and transmembrane parts, similar to
those encoded in GPA BGCs. For Ramo8, we modelled 3D structure as well as quaternary
structure for homodimer of this protein. Finally, our in silico analysis revealed Ramo31 to be
a proton membrane antiporter, having distant homologue only in chersinamycin BGC; most
likely Ramo31 is not connected to ramoplanin biosynthesis.

Keywords: biosynthetic gene clusters, ramoplanin, membrane transport proteins,
secondary metabolites, soil microorganisms

The fast rise of bacteria resistant to existing antibiotics outpaces the present pipeline of
new drugs, creating a severe danger to our ability to treat infections successfully. In fact, the
antibiotic pipeline is unequipped to deal with the growing bacterial resistance of current antimi-
crobials. For a long time, glycopeptide antibiotics (GPA), teicoplanin and vancomycin particu-
larly, have represented the frontline treatment of infections caused by Gram-positive multidrug-
resistant (MDR) pathogens. The potent action of GPA antibiotics against Gram-positive bacteria
depends on their remarkable ability to disrupt cell wall biosynthesis by specifically binding to
the D-Ala-D-Ala motif of lipid II [34]. However, teicoplanin and vancomycin-resistant strains of
staphylococci and enterococci have continued to emerge in the last decades [30].

Another promising class of antimicrobials are lipodepsipeptides (LDPs), exemplified with
ramoplanin. The latter is produced by a soil-dwelling «rare» actinobacterium Actinoplanes ramo-
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planinifer ATCC 33076. Mode of action of this antibiotic is considered promising for the treatment
of infections caused by Gram-positive MDR pathogens. Ramoplanin inhibits cell wall biosynthe-
sis by binding to the lipid II and consequential inhibition of transglycosylation reactions [31]. The
clinical development of ramoplanin was initially hampered due to its low local tolerability when
injected intravenously. More recently, this LDP has been evaluated to treat Clostridioides difficile
infections since ramoplanin is not-absorbable and achieves high colonic concentrations [25].

Today, except for ramoplanin, chemical structures for only two ramoplanin-like LDPs are
known: enduracidin, which is produced by Streptomyces fungicidicus ATCC 21013 [8], and the
recently discovered chersinamycin, produced by Micromonospora chersina DSM 44151 [23].
In addition, five more biosynthetic gene clusters (BGCs) of potential LDPs have recently been
described in silico [23]. Despite antimicrobial potential of LDPs, corresponding BGCs remain
poorly explored. To date, few aspects of ramoplanin and enduracidin biosynthesis, such as non-ri-
bosomal synthesis of aglycone [10], mannosylation [4], halogenation [15], pathway-specific re-
gulation [5] (only for enduracidin), and some others, have already been studied experimentally.
However, the mechanisms that can potentially ensure the producer’s resistance to its own secon-
dary metabolite have escaped comprehensive elucidation.

Although extracellular lipid II is the most probable target of LDPs, evidence exists that
LDPs can also bind lipid I, inhibiting intracellular lipid II biosynthesis [31]. Hence, intracellular
accumulation of LDPs might be an issue for the producing culture. Transmembrane transporters
encoded within LDP BGCs might contribute to the self-resistance of LDP producers. Some trans-
port proteins have been associated with bacterial self-resistance to synthesized product, such as
DrrA and DrrB in daunorubicin and doxorubicin producer Streptomyces peucetius ATCC 27952
[13]. DrrA and DrrB interact to generate an ATP-dependent efflux pump that transports daunoru-
bicin and doxorubicin out of the cell, thereby conferring resistance [13]. With overexpression of
arrA and arrB, doxorubicin synthesis was increased by a factor of 2,2 [18].

Recently, the features of the distribution, structure and phylogeny of ABC transporters
in GPA and related peptide antibiotics BGCs were investigated [35]. Notably, these transpor-
ters share similarities in their amino acid composition, and categorization as MdIB(MsbA)-like,
characterized by a six-helix N-terminal transmembrane domain [35]. Despite their widespread
presence, experimental investigations into these transporters have primarily focused on tha gene
from the BGC of balhimycin in Amycolatopsis balhimycina DSM 5908. This protein likely func-
tions as a homodimer, and the knockout of the corresponding gene leads to an increased intracel-
lular and decreased extracellular concentration of balhimycin [21].

The ramoplanin BGC was first described in 2005 [24], and after studies of mannosylation
and halogenation of ramoplanin aglycone in 2016 [16, 17], no in silico or in vitro studies of the
functions of the genes responsible for the synthesis of this antibiotic has been performed. Modern
bioinformatics analysis benefits from a broad and constantly growing toolbox of data analysis
resources and algorithmic approaches. Therefore, the purpose of this work was to investigate the
properties of genes and encoded transport proteins in ramoplanin and related LDP BGCs using
contemporary in silico methods. Such an evaluation can reveal new peculiarities of transporters
encoded in ramoplanin and related LDP BGCs. Also, in this work, we offer the detailed descrip-
tion of all genes that code for transport proteins in the ramoplanin BGC, a comparison of the
domain structures of their products, and distribution among other LDP BGCs.

Methods
BGC analysis. For nucleotide and amino acid sequence analysis, the nucleotide sequence
of ramoplanin BGC (DD002243) [24] was used. All other LDP BGCs were obtained from ge-
nome sequences deposited in GenBank or the MIBiG repository under accession numbers:
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VFOEO01000001 (Streptomyces sp. SLBN-134 Ga0314649 11), BGC0000341 (S. fungicidicus
ATCC 21013), NZ KB913037 (Admycolatopsis balhimycina FH 1894), CP016174 (Amycolatop-
sis orientalis B-37), LT629775 (Streptomyces sp. TLI_053), NZ_FMIB01000002 (M. chersina
DSM 44151). Analysis of BGCs was carried out using the AntiSMASH 6.0.1 [1] and Geneious
4.8.5 [14] software.

Search for homologous proteins. A search for homologues of all genes encoding transport
proteins of the ramoplanin BGC was conducted using the MIBiG repository [20] and the Protein
BLAST [27]. The search for homologous proteins encoded in known LDP BGCs was performed
using the built-in algorithm in the Geneious 4.8.5 software.

Predicting the domain organization of exporter proteins and modeling their location in
the cell membrane. The presence of conservative domains was determined using CD-search al-
gorithm from NCBI [17]. The transmembrane o-helices within the amino acid sequences of ABC
transporters were identified using the TMHMM 2.0 software [16]. Subsequently, the two-dimen-
sional topology of these transporters relative to the cytoplasmic membrane was reconstructed
using TMRPres2D [29].

Modeling of the tertiary and quaternary structure of the ABC transporter Ramo8. The
tertiary structure of Ramo8 was modeled based on of the experimentally determined crystal struc-
ture of the ABC transporter 9ACTN from Streptomyces sp SLBN-134 using the Swiss-mode
server [32]. To model the quaternary structure — the Ramo8 homodimer — AlphaFold2-based
prediction and visualization of secondary and 3D structures of proteins were used [26—28]. The
best model according to AlphaFold2, was visualized using Mol* Viewer [28].

Results and Discussion

We began by in silico searching for genes encoding transport proteins in ramoplanin BGC.
In addition to the previously identified in silico putative transport protein genes — ramol, ramo2,
ramo8, ramo23, and ramo31 [6, 7, 17] — we discovered one more gene with a similar function
in ramoplanin BGC, namely, ramo3. The literature lacks detailed functional characterization of
these genes; however, given the domain structure of their products and similarity to ABC trans-
porters, it is likely that they play a role in ramoplanin export. With these prerequisites, we will
further describe the above-mentioned probable transporter genes, the domain structures of their
encoded proteins, the homologous proteins found in MIBiG and using BLAST search, and, in
particular, homologues found in other LDP BGCs using Geneiuos 4.8.5. This information, along
with amino acid sequence identity (a.s.i,) to transporter proteins from ramoplanin BGC, is sum-
marized in Table 1 and Table 2.

The ramol gene is 1002 bp long (the product is 333 aa). The protein encoded by this gene
contains the ABC-2 transporter permease domain (75-198 aa, Fig. 1). The most similar described
protein in the MIBiG database is the transmembrane transport protein from the BGC of dyne-
micin in M. chersina (64 % a.s.i., 331 aa), and the closest homologue we found using the BLAST
algorithm is the permease subunit of the ABC transporter in S. vitiensis (WP_018215178, 81 %
a.s.i., 336 aa). According to the AntiSMASH analysis of S. vitiensis genome sequence (GenBank
NZ KB900388), no secondary metabolite BGCs are detected in this region (Table 2).

We found six similar gene products in the BGCs of LDP: TQL19422 (50,3 % a.s.i.)
from Streptomyces sp. SLBN-134 Ga0314649 11, ABD65951 (50,0 % a.s.i.) from S. fungici-
dicus ATCC 21013, ctgl 5219 (48,8 % a.s.i.) from Am. balhimycina FH 1894, WP 037306103
(48,2 % a.s.i.) from Am. orientalis DSM 40040/KCTC 9412, ANN17109 (47,6 % a.s.i.) from Am.
orientalis B-37, and SDT44233 (43,5 % a.s.i.) from Streptomyces sp. TLI_053. It is worth noting
that no such protein was discovered in chersinamycin BGC (Table 1).
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Table 2

Homologues of ramoplanin BGC transporter proteins found
in MIBIG repository and using the BLAST search

Protein Homol
omologue
encoded in | Homologue . . g GenBank accession number,
. . MIBiG BGC, organism found using .
ramoplanin | from MIBiG organism
BGC BLAST
Ramol ACB47084  dynemicin, BGC0001060, WP 018215178 NZ KB900388, Salinispora
(64% a.s.i.) M. chersina 81% a.s.i.) vitiensis
ACB47083 ici
Ramo? . dynemicin, BGC0001060, WPJ{) 1 8215.179 NZ_KB900388, S, vitiensis
(77% a.s.i.) M. chersina (89% a.s.i.)
ACB47082 dynemicin, BGC0001060, WP_223874070 L
Ramo3 (71% a.s.i.) M. chersina (83% a.s.i.) NZ_KB900388, 5. vitiensis
Ramo8 ABDG65953  enduracidin, BGC0000341, WP_107078706 NZ_MUYZ00000000,
,5% a.s.i. . fungicidicus 0 a.s.1. icromonospora sp.
(72,5% a.s.i.) S. fungicidi (78% a.s.i.) Mi MH33
Ramo23 ACB47083  dynemicin, BGC0001060, WP_254341048  NZ_JANAVK000000000,
(59% a.s.i.) M. chersina (60% a.s.i.)  Micromonospora sp. A3M-1-15
tiacumicin B,
Ramo31 ADUS86006 DaliGl(o:gog;(’)al;fSi;m WP 203777073 NZ _BOMI01000186,
(82% a.s.i.) ty P s (81% a.s.i.) Actinoplanes deccanensis
aurantiacum subsp.
hamdenensis

Proteins of this type are typically one of the components of transport complexes of the
ABC-2 type, which facilitate ATP-mediated transport of one or more diverse substrates. Well-
known examples of such proteins include CcmB, responsible for transporting haeme in Escheri-
chia coli and Mycobacterium tuberculosis, or DrrB in the doxorubicin producer S. peucetius [3].

Based on previous reports, ramo?2 is predicted to code for an ATP-binding subunit of the
ABC transporter complex [10]. The 915 bp coding sequence of this gene translates into a 304 aa
polypeptide. In the MIBiG database, the most similar protein is also from the BGC of dynemicin,
namely ACB47083 (77 % a.s.i., 305 aa). According to BLAST results, a similar protein is present
in the genome of S. vitiensis (WP_018215179, 89 % a.s.i., 304 aa). The gene encoding this pro-
tein in S. vitiensis genome is located alongside the gene encoding Ramol homologue and is also
not a part of any secondary metabolite BGC. Homologues are present in all LDP BGCs (Table 1).

The ATP-binding subunit of the ABC transporter protein has no transmembrane regions
and operates by a mechanism that enables movement across membranes of almost any type of
molecule, from large polypeptides to small ions. It can use a large number of other proteins as me-
diators [9]. Thus, a particular ABC-ATPase evolved specifically to function in complex with its
cognate membrane protein. Together, they form a transport pathway necessary for the transport of
a specific type of molecule, or in the case of some ABC transporters, multiple types of molecules.
Specific transport molecules possess recognition motifs that allow them to bind selectively to
their cognate transporters. Binding triggers conformational changes in the transporter, activating
the ATPase activity and initiating the appropriate transport pathway for the bound substrate [11].
Ramo? is most likely an ABC-ATPase capable of establishing one transport mechanism with a
membrane transport protein; however, the precise function of such a protein in ramoplanin bio-
synthesis remains unknown.

We discovered a previously unidentified gene encoding an ABC transporter within ramo-
planin BGC — ramo3. The nucleotide sequence of ramo3 (1011 bp) codes for a protein with 54 %
a.s.i. to Ramol. Accordingly, the products of these genes both have six transmembrane a-helices
and the ABC-2 transporter permease domain (Fig. 1, the ABC-2 domain is marked in green).
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Fig. 1. Secondary structure of ABC transporters Ramol (336 aa) and Ramo3 (321 aa). Prediction of
transmembrane o-helices and placement of proteins in the cell membrane was carried out as
described in Methods section. The ABC-2 domain of Ramol (75-198 aa) and Ramo3 (70-201 aa)
is marked in green

As summarized in Table 2, the closest hit in the MIBiG database is the protein from the
dynemicin BGC ACB47082 (71 % a.s.i., 339 aa). The closest homologue found using the BLAST
algorithm is the protein WP_223874070 in S. vitiensis (83 % a.s.i., 336 aa), located not in secon-
dary metabolite BGC. Analyzing Table 1, we can conclude that except for chersinamycin, all
the other LDP BGCs contain only one homologue to both Ramo1 and Ramo3. Six similar gene
products in the BGCs of LDP with a.s.i. percentage are listed: WP_037306103 (58,3 % a.s.i.)
from Am. orientalis DSM 40040/KCTC 9412, ctgl 5219 (58,2 % a.s.i.) from Am. balhimycina
FH 1894, ANN17109 (57,7 % a.s.i.) from Am. orientalis B-37, TQL19422 (56,3 % a.s.i.) from
Streptomyces sp. SLBN-134 Ga0314649 11, ABD65951 (56,0 % a.s.i.) from S. fungicidicus
ATCC 21013, and SDT44233 (44,0 % a.s.i.) from Streptomyces sp. TLI 053.

The ramo8 gene (1923 bp long) codes for the most similar protein to the typical ABC
transporters present in GPA BGCs. This gene product contains the MdIB (MsbA) superfamily
domain, characterizing this protein as an ATP-binding ABC transporter containing both ATPase
and transmembrane parts. The presence of this domain characterizes this protein as a probable
component of the antibiotic transport system [35]. Genes encoding exporter proteins with the
described structure are present in all sequenced glycopeptide BGC [6].

As seen in Table 2, in the MIBiG database, the greatest similarity of Ramo8 was found
with the ABC transporter present in the BGC of enduracidin (ABD65953, 651 aa, 72,5 % a.s.i.).
The most similar ABC transporter found using BLAST belongs to Micromonospora sp. MH33
(WP_107078706, 642 aa, 78 % a.s.i.). In this region of the Micromonospora genome, AntiSMASH
annotates possible BGC for type III polyketide synthase metabolite. Homologous proteins are also
present in all other LDP BGCs (Table 1): WP_091321314 (77,3 % a.s.i.) from M. chersina DSM
44151, WP_037306101 (73,7 % a.s.i.) from Am. orientalis DSM 40040/KCTC 9412, ANN21821
(73,7 % a.s.i.) from Am. orientalis B-37, ctgl 5221 (74,4 % a.s.i.) from Am. balhimycina FH
1894, TQL19420 (72,5 % a.s.i.) from Streptomyces sp. SLBN-134 Ga0314649 11, and SDT44201
(63,3 % ide a.s.i.) from Streptomyces sp. TLI 053. For comparison, we also chose previously de-
scribed [35] ABC transporter encoded in teicoplanin BGC Tei4*, which has 54,3 % a.s.i. to Ramo8.

The secondary structure of Ramo8, ABD65953, WP_091321314, PSK62646, and Tei4*
ABC transporters with color-coded functional motifs is shown in Fig. 2. The C-terminal ATPase
domains have a complete set of motifs [33] necessary for their functioning, these include the
Walker motif A (P-loop), the Q-loop, the Walker motif B, the D-loop, the H-loop, and the signa-
ture motif of the ABC transporter [35].
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Fig. 2. Secondary structure of ABC transporters Ramo8, ABD65953, WP (091321314, PSK62646, and
Tei4*. Prediction of transmembrane a-helices and placement of proteins in the cell membrane was
carried out as described in Methods section. Colors indicate C-terminal functional motifs (see the

legend to the figure)
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It is interesting to note that almost all ABC transporters encoded in the glycopeptide
antibiotics BGCs have an N-terminal transmembrane domain with six o-helices, in contrast to
the ABC transporter encoded in the ramoplanin BGC, which, according to the prediction of the
secondary structure, has a transmembrane domain consisting of five a-helices (the region corres-
ponding to the fourth transmembrane a-helix is missing). Corresponding ABC transporters en-
coded in chersinamycin and enduracidin BGCs have six a-helices. This arrangement of a-helices
in Ramo8 can be explained by the inaccuracy of the construction of the secondary structure
model. When constructing the 3D model of Ramo8, the third and fourth a-helices are formed but
do not cross the membrane completely (Fig. 3). They can form a kind of «anchor», which may be
important for stabilizing the protein structure in the membrane.

Fig. 3. Model of the tertiary structure of the ABC transporter Ramo8. The tertiary structure of
Ramo8 was modeled based on the experimentally established crystal structure of the ABC
transporter 9ACTN from Streptomyces sp SLBN-134 using the Swiss-mode server [32].
Elements of secondary structures are highlighted in colors
Based on the observed homodimer behavior of many ABC transporters [21], we constructed

a homodimer model for Ramo8. AlphaFold2 analysis reveals a highly plausible homodimeric archi-

tecture for Ramo8, characterized by precise positioning of all transmembrane a-helices and critical

components within the C-terminal ATPase domain active site (Fig. 4). The quaternary structure of

Ramog, as illustrated in Fig. 4, conforms to the characteristic features of ABC exporters. They are

homodimers, each transmembrane domain contains six transmembrane a-helices [36].

The ramo23 (930 bp) gene codes for the ATP-binding subunit of the ABC transporter,
as discovered previously in silico [23]. The product of the ramo23 gene contains the CcmA do-
main, which is also observed in Ramo2. As summarized in Table 2, the most similar described
protein in the MIBiG database is the ATP-binding subunit of the ABC transporter encoded in the
BGC of dynemicin in M. chersina (59 % a.s.i.). The closest homologue found by the BLAST
algorithm is the ATP-binding subunit of the ABC transporter in Micromonospora sp. A3M-1-
15 (WP_254341048, 60 % a.s.i.). The gene for this transporter is not located in any secondary
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metabolite BGC. The exact functions of these transporter proteins are not known, but it is most
likely that they participate in the transport of substances through the membrane in a complex with
a membrane protein.

Fig. 4. Model of the quaternary structure of the ABC transporter Ramo8. The model was built using the

AlphaFold2 service [12]. Structural elements are highlighted in colors (see the legend to the figure)

The Ramo23 shares 59,9 % a.s.i. to Ramo2. Correspondingly, in each LDP BGCs, there is
one gene encoding homologue of both Ramo23 and Ramo2.

The last gene encoding a transport protein in the ramoplanin BGC is ramo31 (1290 bp).
The in silico predicted product of this gene is a proton membrane antiporter. The most similar
described protein in the MIBiG database is a membrane antiporter protein encoded in tiacumicin
B BGC in D. aurantiacum subsp. hamdenensis (82 % a.s.i.), and the closest homologue found by
the BLAST algorithm is a proton antiporter in A. deccanensis (81 % a.s.i.), which gene is located
in tiacumicin-like BGC (see Table 2).

Ramo31 contains the domain of the PLN03159 superfamily, characterized by the CD-
search algorithm as a cation-proton antiporter that performs the functions of maintaining cation
homeostasis and cell pH. Among all LDP BGCs, only chersinamycin BGC encodes a homolo-
gous protein WP_091305532 with 34,8 % a.s.i. to Ramo31 (Table 1). The secondary structures of
mentioned proteins are shown in Fig. 5.
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Fig. 5. Secondary structure of antiporter proteins Ramo31 (429 aa), WP_091305532 (M. chersina,
453 aa), ADU8S6006. (D. aurantiacum subsp. hamdenensis, 428 aa). The prediction
of transmembrane o-helices and the localization of proteins in the cell membrane was
performed as described in Materials section
The structure of the above-mentioned proteins is partially different. Ramo31 has 13 trans-

membrane o-helices, WP_091305532 has 12 transmembrane a-helices, and ADU86006 has 11

transmembrane a-helices. In addition to the PLN03159 superfamily domain, Ramo31 also con-

tains KefB domains (typical for the potassium ion transport system described in E. coli, involved
in the transport and metabolism of inorganic ions) and the Na*-H* exchanger domain cl01133.

The canonical E. coli KefB protein has a structure similar to Ramo31, with 13 transmembrane

a-helices, but is characterized by the presence of the PRK03659 superfamily domain instead of

PLNO03159. The PRK03659 domain is typical for proteins responsible for potassium exchange

and is regulated by glutathione adducts, leading to transient acidification of the cytoplasm [2].
The ramo31 gene product appears to be involved in cation transport and the regulation of

homeostasis and pH. However, whether this protein is directly related to ramoplanin biosynthesis

and whether its inclusion in the ramoplanin BGC is warranted remains to be determined.

Analysis of LDP BGCs reveals a single gene encoding a protein homologous to ramo/ and
ramo3 products in all cases, except for chersinamycin BGC, which does encode a similar protein
at all (Fig. 6).

From Fig. 6 we can also conclude that there is only one corresponding protein homologous
to the ramo2 and ramo23 gene products in all LDP BGCs. All BGCs, except for chersinamycin,
also lack a homologue of the proton membrane antiporter encoded by the ramo31 gene.

It is intriguing to consider that some gene products in the ramoplanin biosynthetic path-
way might not be directly involved in the final product export, but their contributions to other
vital processes are likely significant.

In all LDP BGCs, except for ramoplanin BGC, only one gene encoding ATP-binding sub-
unit and one gene for permease subunit of the ABC transporter are present. In these BGCs, the
corresponding genes are located side by side, and corresponding proteins likely form one trans-
port system, although the substrate of this system in unclear. This is why it is difficult to explain
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the presence of the two genes for ATP-binding subunit and two for permease subunit in ramo-
planin in BGC. It is possible that one functional pair is not essential for antibiotic export.

Fig. 6. Schematic arrangement of genes encoding transport proteins in LDP BGCs. Different types of
transport proteins are indicated by colors (see the legend to the figure)

The precise explanation for this phenomenon is yet to be determined, but the chersinamycin
BGC lacks the gene encoding the permease subunit, although it possesses a gene for the ATP-
binding subunit of the ABC transporter. We did not find a corresponding gene for the permease
subunit of the ABC transporter in the genomic region near chersinamycin BGC either.

The Ramo31 homologue is present only in chersinamycin BGC with low percentage of
a.s.i. (34,8 %). Also, considering the probable function and location of the genes encoding these
transport proteins on the edges of both BGCs, we can assume that they do not participate in the
export of the corresponding antibiotics.

On the contrary, the observed features of Ramo8, including its potential for homodimeri-
zation, suggest it plays a crucial role in ramoplanin transport, likely acting as a key component of
the antibiotic’s export system across the cell membrane.
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MOPIBHSJIBHUM IN SILICO AHAJI3 BJIKIB-TPAHCIIOPTEPIB,
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Imikonenrtunai anTHOioTHKHN (['TIA), Taki SK TEHKOILIAHIH 1 BAaHKOMILIUH, € OHH-
MH 3 IIpernapariB MepIoi JiHil s JTiKyBaHHS 1H(EKLiH, CIPHYMHEHUX TPAMIIO3UTHBHUMH
MIKpOOpraHi3MaMH, CTIHKUMH JI0 Pi3HUX JIiKapchkuX 3aco0iB. ['TIA moB’s3aHi 3 mimozer-
cunentugamu (JIJIIT), mie ogHUM BaXKJIMBHM KJIACOM aHTHUOIOTHKIB, 3IATHUX 3B’S3yBaTH
mimiz II. OcHOBHMMY cTIOyKaMmH, 10 Hanexarts 1o rpymu JIIII, € pamomnanin (KiIroqoBHi
MPEACTaBHHUK), CHIYPAIUANH 1 YepcuHaMinyH. [ nuxX aHTHOI0THKIB BiIOMi KilacTepu 0io-
cunretnynux reHiB (KBI'), mo koayroTs ixHilt 6GiocuHTe3. HemonasHo Oyno omucaHo 1’ ATh
nonatkoBux KBTI, siki komyrots iMoBipai JIAIT. KBI' JIAIT HemocTaTHRO JOCHTIKEH]; OJHIM
i3 aCTeKTiB, SKi TOTPEOYIOTh MOJANBIIOTO BUBUCHHS, € OLIKA-TPAHCIIOPTEPH, 3aKOJJOBaHI B
mexxax nux KBI. Li 6imku, ckopimn 3a Bce, OepyTh Y4acTh B €KCIOPTi aHTHOIOTHKIB 13 KITi-
THHH, a TAKOXK Y 3a0e3MeUeHH] CTIHKOCTI MPOIYIIEHTA IO BIACHOTO BTOPUHHOTO METa0OJIITy.
V wiif po6oTi Mu npoBenu in silico aHaNi3 TeHiB, SKi KOAYIOTh TpaHcHopTepH, B Mexax KBI'
pamomuaniny # iHmux JIJIIT. Mu gocmiaumm JoOMEeHHY apXiTeKTypy IUX TPaHCTIOPTHUX Oii-
KiB, BusiBIIH ixHI romonoru B KBI, nenonosani y perno3uropii MIBiG Ta 3a iforo Mexxamu,
CTBOPHJIM MOZENI BTOPHHHHX 1 TPETUHHUX CTPYKTYp, 1 MOPIBHSUIM PO3TAIIyBaHHS TpaH-
cnoptaux reHiB y KBI' JI/II1. Ham Boanocs ineHTH(iKyBaTH paHille HeoXapaKTepH30BaHUI
reH, mo koxye ABC-tpancrioprep y KBI' pamorutaniny — ramo3. Ramol i Ramo3 y KBI'
paMOIUTaHiHY € IapanoraMy, o KOAYIOTh epMeasHy cyboxnauiro ABC-tpancmoprepa. ¥
Beix iHmmx KBI™ JIJIL, okpim KBI™ uepcuraMitmAy, MA 3HAWIDIA TUTHKH OAWH BiIIOBITHUI
TOMOJIOT, SIKUH KoAye 1eit Tum Oinka. [logiOHMM YnHOM MU BUSBIUTH, 0 Ramo2 i Ramo23
TaKoX € TOMOJIOTIYHHMH OiNIKamu, siki, HaliMoBipHinte, € AT®-3B’s13ytounmu cyOOnnHH-
samMu ABC-tpancnioprepa; Ramo2 i Ramo23 maroTs iuire o ogHOMY TOMOJIOTY B IHIITHX
KBI' JIII. Mu ommcamu Ramo8 sk AT®-38’s13yrouniit ABC-Tpancnoprep, Mo MiCTHTH SIK
AT®da3ny, Tak i TpaHCMEMOpaHHY YaCTHHH, 1 BUSBIISE CXOXKICTh 0 TPAHCIIOPTEPIB, IO KO-
nytotbest B KBI™ I'TIA. [l Ramo8 mu 3MonentoBaiv TpEeTUHHY CTPYKTYpPY MOHOMepa, a
TaKOXX YETBEPTHHHY CTPYKTypy TOMoxuMepa Iporo Oinka. Takoxk aHawi3 in silico BUSBUB,
mo Ramo31 € mpoToHHEM MeMOpaHHUM AaHTHIOPTEPOM, BiNANEHHUI TOMOJOT SKOTO 3a-
komoBanuii nume B KBI' yepcuHaMiliuHy Ta, CKOpIlI 3a Bce, el OUIOK He TOB’sI3aHuH 13
010CHHTE30M paMOILIAHIHY.

Kniouoei crnosa: xnactepu 0OI0CHHTETHYHHX T'€HIiB, paMOIUIaHiH, MeMOpaHHI TpaH-
CHOpPTHI O1IKK, BTOPUHHI METa0OMITH, TPYHTOBI MIKpOOPTaHi3MHU
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CHUHJIPOM CHAMJEPCA BJIOKA-KAMIIO - HOBE TEHETUYHE
3AXBOPIOBAHHS, IIIO CIPUYUHSAE PO3JAAN HEHPOPO3BUTKY

O. IOmyk*, I. Pyna, B. ®enopenko

JIvgiecvkutl nayionanvuuli yHigeepcumem imeni leana @panxa
syn. I pywescokoeo, 4, Jlveie 79005, Vrpaina
*e-mail: oleksandr.yushchuk@lnu.edu.ua

Cunnpom Caaiinepca bioka-Kammo — e HemmogaBHO BiIKpUTE TEHETHYHE 3aXBO-
pIOBaHHS, KJIFOYOBHMH O3HAKaMH SIKOTO € NMPOSBU JUTSIYOI anpakcii MOBJIEHHS H IHTeleK-
TyaJIbHOT HEJJOCTATHOCTI, a TaKOX I[UIMH CIEKTp IHIIMX po3JaJiB HEHPOPO3BUTKY (HAmp.,
MIOpYLIEHHS 30pY), OIIOPHO-PYXOBOTO amapary (3HWXKEHMI TOHyc M’s3iB) Ta iH. CHHIpOM
Craiinepca bioka-Kammo cnprunnsrors mytanii B reni CHD3 (Halfgacrie de novo), mo
xoaye CHD3 — xpomomomen-renika3uuii JIHK-38’s3yBanbruii 6iok 3 (chromodomain-
helicase-DNA-binding protein 3). OmHak TparuIIIOTBCS ¥ ycrmaakoBaHi MyTamil B reHi
CHD3; B 1bOMY pa3i y TeTepO3UroTHHUX 32 MyTaHTHHM aiesieM rena CHD3 6aTbkiB cUH-
npom CHaiinepca broka-Kammo He nposiBisersest (a0o 1ed nposiB ciaOkuii), mpote y Ha-
IIaJIKiB, SIKi TAKOXX T€TEPO3UTOTHI 32 MyTaHTHUM ajeneM reHa CHD3 i MaloTh Taky x MyTa-
uito, curapoM CHaiiepca brnoka-Kammo nposiensieThest moBHORO Mipoto. Lleid ¢penomen goci
HE TOSICHEHO. Y JITeparypi TaKoXX OIMCAHO JiBa BUMAAKU ocib 31 cunapomoMm CHaiinepca
Brnoka-Kamno, y sIkMX MyTamilo 3HalIeHO B TOMO3UTOTHOMY cTaHi. [lepeBaxkHa GuIbIIICTH
OIMCAHUX Y JiTeparypi BapiaHTiB rena CHD3 e ToukoBumu Miccenc 3aminamu. CHD3 Ha-
JISKUTH JI0 OLTKIB PEeMOJICITHEPIB XPOMATHHY 1 € CKJIAJIOBOI KOMILUICKCY PEMOJICITIOBAHHS
i anerwaroBaHHs HykieocoM (NuRD), 1o BaximMBO Al peryisiii ekcrnpecii TeHiB ympo-
JIOBX pO3BUTKY MO3Ky. KimrouoBoro ainsakoro 6inka CHD3 e nBomomenHa minsiaka 3 ATD-
3aJIe)KHOIO TeJliKa3HOI0 aKTHBHICTIO. X04a OLTBIIICTh ONMCAaHNX BapiaHTIB 1 JIOKaIi30BaHi B
JIUISHIN TeHa, SKUW KOy€e JBOJIOMEHHY JUISHKY 3 TeTiKa3HOK aKTUBHICTIO, Ta YiTKOI KOpe-
JI0ii MiXK JIOKaTizaliiero MyTanii i BaXKicTIO ()eHOTHITy BCTAaHOBHUTH He BIajiocs. B Vkpaini
JIOCI HeMae 3aJ0KyMEHTOBaHMX BHUMNAJKIB cuHApoMy CHaiinepca bioka-Kammo. ¥V mpomy
OIS/l MM CTaBHMO 33 METY JIETAIbHO OMUCATH 0COOIMBOCTI cuHApoMy CHaiinepca bio-
ka-Kawmro, foro reHeTH4Hi NMPUYUHM, IO MA€ TOJETIIHTH 1eHTH(DIKANII0 Ta TeHETHIHY
JIarHOCTHKY BHMIAJKIB L€l MaTONOTI], OCKIIBKH € MapKepH, 110 JalOTh 3MOTY 3aliJ03pHTH
1i e y npeHaTaibHOMY Hepioni.

Kouoei cnosa: cuanpom CHaitnepca broka-Kamrio, renernyni cuaapomu, CHD3,
ampakcist, xpomoomenHui-renikazauit JIHK-38’s13yBanbaumii 6110k 3

Hutsya anpakcis MmoBieHHs (JJAM) € po3iamoM, 3a SKOTO MOPYIIYEThCS KOMIUIEKC ped-
JIEKCIB MOBJICHHEBOTO amapary Oe3 iHIIMX MOMITHHX HEeWpOM’SI30BUX PO3NaiiB; MAIl€HTH i3
JIAM abo MOBHICTIO HE 3[aTHI 7O YCHOTO MOBJICHHs, a00 ixHi 374i0HOCTI € oOMexeHumu. [Ipu-
HHsITO BBaxkaru, mo B ocib i3 JJAM mnopyuieHHs HelpoIuiaHyBaHHs i HeWpomporpaMyBaHHs
4aco-IIPOCTOPOBHUX BJIACTUBOCTEH MOCHIJOBHOCTI PyXiB MOBJIECHHS MPHU3BOIATH 10 TIOMUIOK Y
3BykoyTBOpeHHI Ta tpocoxii (https://www.asha.org/practice-portal/clinical-topics/childhood-
apraxia-of-speech/). O3naku JJAM BapiabenbHi, a HEHPOOIONOTIYHI MEXaHI3MH Ta TCHETUYHI
MPUYMHHE 1IOTO MOPYIICHHS BUBYCHI HeocTaTHRO. O/IHAK y ACSKUX BHIIAIKaX JaHE MOPYIICHHS
cnpuuuHATH MyTaii B reni FOXP2 (forkhead box protein P2) [17]. FOXP2 koxye Tpanckpuri-
uiitnuit pakrop pogunaun FOX (forkhead box), kpuTu4Huil 1yiss HOPMaIBLHOTO PO3BUTKY MO3KY,
MOBJICHHSI Ta CHHAITHYHOI INIacTUYHOCTI JroauHu [19]. Okpim myTauiit y reni FOXP2, € i iHui
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renetnuHi npuunHu JIAM. 30kpema, HeloJaBHil CKPHHIHT TeHeTHuHuX npuunH JIAM cepen
19-t1t ipobanmiB BusBuB HoBuil reH CHD3 (chromodomain-helicase-DNA-binding protein 3),
MyTalii B iIkoMy BUKIHKalOTh JJTAM (Tpamsuiick y Tpeox npobaniis) [10]. OnuH i3 BUSBIECHHUX
npobaHiB i3 BapianToM reHa CHD3 TOCIyXuB iHAEKC-KelcoM it (OpMyBaHHS KOTOPTH 3 35
npobaHiB i3 psigioM BapianTiB reHa CHD3, B sikux Oynu XapakTepHi OMHOMAaHITHI (peHOTHITOBI
nposiBu. Kommuieke o3nak, cipuauHeHux myraiisimu B CHD3, orpumaB Ha3By cunapomy CHaii-
nepca brnoka-Kammno (CCBK, OMIM #602120), mo Oyno onyonikoaro B 2018 p. [31]. 3rigno
i3 6azoro gannx OMIM, CCBK € aBTOCOMHO-IOMiHAHTHUM 3aXBOPIOBAHHSM. Y TOJQNBIIUX JI0-
cimimkeHHsax BusBiaeHo # inmmn Bunaakd CCBK i po3mupeHo crekTp MyTalliif, a TakoK O3HaK,
3yMOBJICHUX HUMH, TIPO 1110 B IETAISIX ATUMEThCS HIIKYE.

binok CHD3 nanexuts 10 CHD-poaunu (3a AesIKHMHU TIOBITOMIIGHHSIMA — ITiIPOJIVHH)
AT®-3a51exKHUX KOMILJIEKCIB PEMOJIEITIOBAaHHS XpOMaTuHy (abo pemonenbepi) [35]. Lie mynbru-
JIOMEHHI OLTKH, IJIsI IKUX XapaKkTepHa HasBHICTH ABOX JTOMEHIB-MOau(iKaTopiB opraxisaiii Xpo-
MaruHy (XpoMoJoMeHiB) y N-TepMiHalbHIN TUISHII, a TAKOX IUISTHKY 3 TeJIIKa3HO0 aKTHBHICTIO
y ckaaai SNF2-noni6Horo AT®a3zHoro qomena i C-repmiHanbHOro qoMeHiB [6, 24]. Bignosia-
HO JI0 IIMX O3HAK POJWMHA ¥ OTpHMaja Ha3By XxpomomoMmeH-renmika3i JJTHK-3B’s3yBasibHi OLIKH.
Jer’sith 0inkiB CHD-poavHK y JTIOAWHEA TOAUISIOTHCS HA TPH MiAPOIUHH, VIS TPEICTABHHUKIB
SKAX XapaKTepHi yHiKaJbHI KOMOiHaIii ¢yHKIioHatpHUX noMmeHiB [34, 35]. 3okpema, CHDI
i CHD2 nanexars 10 mepmioi miapoaunu; e exuai CHD 6inku 13 giTko BupaxeHum SANT/
SLIDE-noniouum JIHK-3B’s13yBanpauM nomenoM [35]. [pyry ninponuny yreoprotors CHD3,
CHD4 i CHDS; y uux 6inkiB BiacytHii JIHK-38’s13yBasnbHiii qomeH (1103ask BOHH QYHKI[IOHYIOTb
Y CKJIaJi MyIbTUMEpHHUX KOMILIEKCIB), alle HasiBHi ABa gjoMenn Tuiy PHD (plant homeodomain)
[26]. Ho tpeThoi miapoaunu Hasexats 0i1kn CHD6, CHD7, CHD8 i CHD9; y Hux Takox BiaCyT-
uiit IHK-3B’s13yBanbHuil ToMeH, ane xapakrepHi koHcepBaruBHi C-tepminanbai BRK (Brahma-
Kismet [1])-nomenu [30]. Baxiuso, mo Bapiantu renis CHD2, CHD6, CHD7 1 CHDS 3naiineno
y MaIi€eHTiB i3 po3nasamu ayTuctuaHoro cnekrpy (PAC), mopyiieHHSIMH iHTEJIEKTYaIbHOTO PO3-
BUTKY U emninernciero [21]. Bapiant rena CHD?7 noB’si3y1oth i3 po3ButkoM cunapomy CHARGE,
10 XapaKTEePHU3YEThCs KOJI0O0MOK0, AeeKTaMu Cepils, aTpe3iero XoaH, ne)eKTaMu pocTy i po3-
BHTKY, AedeKTaMu PO3BUTKY CEUYOCTATEBOi CHCTEMH, aHOMAJIiIMU CITyXy Ta TIyXOoToro [5], a Ta-
KO cuHIpoMy KanmaHna, 1uist SIKOTO BJIaCTHBHH 1i0MATUYHUI TiOrOHAJIOTPOIHHUI TiMOroHa-
au3M [16]. Otxe, 3HauenHs Oinnka CHD3 1y1st iHTENeKTyanbHOTO PO3BUTKY HE € YHIKabHUM.

BpaxoByro4n yac BiIKPHUTTS, CHOTOJHI Majo BiZOMO NMPO MOJCKY/ISAPHI MEXaHI3MHU PO3-
Butky CCBK. LikaBo, mo 6inox CHD3, 3a pe3ynsraramMu IBOTIOpHIHOTO aHaNi3y psay OLIKiB
JIIOJIMHY, 31HCHEHOTO0 y KIIITHHAX JPIXKIDKIB, € ONHUM 13 OinkiB-naptHepiB FOXP2 [11].

Kniniuna xapmuna CCBK. Xo4a posnanu MosieHHs inaekc-keiicy CCBK i1 mocmyxunu
IHII[IaTOPOM JIJIs1 BUBUCHHS CHHAPOMY, Ta KJIIHIYHA KapTHHA € [IMPIIOI0 (IUB. Tabmuio). [Ipore
pO3I1a MOBJICHHS € HaWBaXTUBIIIOK0 KIiHiuHOO 03Hakot0 CCBK. ExkcnipecnBHa cKj1a10Ba MOB-
JIEHHSI TOpyIleHa Oinblie, HK perenTuBHa ckianaoBa. OkpiM caMe amnpaxcii, 3a)ikcoBaHO Taki
03HAKH SIK TU3apTpist, POOIEMH 3 OPOMOTOPHUMH aKTaMH, 3aTHHAHHSI.

3aranom, y jiTeparypi cranoM Ha Jirotuid 2024 p. omucano 126 sunaakis CCBK [8, 9, 12,
13, 18, 20, 22, 25, 28, 31-33]. dns oci6 i3 CCBK xapakrepHa iHTeJIeKTyalbHa HEIOCTATHICTh
(IQ B mexax 35-85) i 3aTpuMKa HEHPOPO3BUTKY; ayTHCTHYHI O3HAKH, TaKi SIK CTEPEOTHITHA T10-
BeiHKa 1 yacTe IUIECKaHHA B J0JIOHI.

V¥ oc¢i6 i3 CCBK croctepirarots Makporiedairo (X04 i OmMcaHo piAKICHI BUMAIKH Mikporeda-
mii [31]), a pesynbsrart MPT nokasytoth 30uibleHHi 00’eéM CIMHHOMO3KOBOI PiIIMHH, 30KpeMa, po3-
LIMPEHi HUTYHOUKH MO3KY [9, 31, 32]. Jlyist o0nmuydst XapakTepHi Taki 03HaK!: IIMPOKO PO3CTABIEHI 0vi,
LIMPOKHH 1 HABUCAIOYHMI JT00, HAOPSIKM HABKOJIO OYeH, 3BY)KEHi OUHI I[UJIMHH, 3MEHILIeHHST I[IJIbHOCTI
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a00 KiTbKOCTI Ta/a00 3MEHIIIEHHS liaMeTpa O1YHUX BOJIOCKIB OpiB, HU3bKO PO3MIIIIEH] ByXa, TIOILIA3is
CepeHbO1 YaCTHHH 00T, TOHKA BEpXHsI T'y0a, MOBHI IOKH Ta iH. [9, 28, 31, 32].

3 OOKy OIMOPHO-PYXOBOI0 amapary CIOCTEpIraeThCsl aTOHIs, B’sUIICTh 3B S30K 1 rimepmo-
OibHICTH cyrT00iB (IucIuIasis cromyyHoi Tkanuewm) [8, 9, 12, 18, 20, 22, 25, 28, 31-33]. Jlesxkum
ocobam i3 CCBK Bnactusi Bpomxkeri Baau cepiis [9]. Jlist 6aratpox oci6 i3 CCBK xapakTtepHa He-
neBHa xofa [28]. Onucano BUMaIKU MaXBUHHUX 1 MYTKOBUX TPIIK, KpunTopxizmy [9, 28, 31, 32].

[epenix cumnroMiB i ixus yacrora B oci6 i3 CCBK, onucanux y niteparypi;
OKpeMo MojaHo iHdopMariiro s ocid i3 de novo Bapiantamu rea CHD3,
0ci0 13 ycliaJIkKOBaHUMH BapiaHTaMH Ta JJIsl TeTEPO3UIOTHUX OaThKiB-HOCITB MyTallii

[8,9, 12, 18, 20,
Jlxepena 22.25.28.31.33] [9, 13, 32] [9, 13, 32]
Jitn, B IKHX Airu, st yerancypaim .
. . MyTamiio Bif Terepo3uroTHi
Oco6nuBocTi MyTarii BUHHKJIA MyTallis
TeTEePO3UTOTHUX 6aTbKH-HOCIT
de novo .
0aTbKiB-HOCIIB

PosBuTok
IHTeNneKTyanbpHa HEOCTATHICTD 61/71 13/16 4/19
INopymuieHHs IHTENEKTYaIbHOTO PO3BUTKY 78/79 23/23 3/18
Posmagy MoBIeHHS 73/73 22/22 4/17
O3Haky ayTH3MY 21/73 10/19 3/17
Heiipoaoriuni o3Haku
linoTowis 55/71 17/19 2/12
Maxkponedairist 18/23 9/19 8/16
361aneHm.1 00 €M CIHHOMO3KOBOT p?HI/H-{IfI, 9/20 915 212
BUIAJIKH CTIIETICIT, 3ammi3HeHHs MieniHizanii
ﬂquneMM 13 TONyBaHHAM y HEOHATaIbHUI 11/52 4/19 116
nepioxn
Juzmopii odmmuus
Bucokuii, mupoKuii i/9u BUCTYAIOUHii 100 46/57 17/20 2/12
Iupoxo poscraBneHi odi 53/76 15/22 4/17
I'muboko nmocampkeHi o4i 15/42 9/19 8/16
Tonka BepxHst ryba 25/40 12/22 8/17
upoxke nepeniccst 20/44 18/22 5/19
IToBHi 1IOKK 20/40 14/20 2/16
[Ipodemu 30py (1a1€KO30PICTD,
6J1P13LK030p‘1CTI>, KOCOOKICTS, BaJIH 30DY, 44776 6/22 9/17
CIPUYHMHEHI MOPYIIEHHSIMH B 30pOBiii Kopi,
aCTUTMaTHU3M)
Inme
B’smicTh 3B’S30K 1 TiepMOOiBHICTE CyTI00iB 30/72 8/20 4/14
[MopyureHHs: pO3BUTKY TeHiTaliil y 40JI0BIKiB 14/46 2/9 0/5
I'pwoki (MaxBUHHI, IYIIKOBI, AiadparMasibHi) 12/68 2/20 1/15

YacTo TpamIAIOTHCS Taki MOPYIMICHHS 30pY SIK KOPOTKO30PiCTh, HaJICKO30PICTh 1 KOCO-
OKICTB, pifIe — BaJy 30py BHACHTIJOK MMOPYIIEHb Y 30pOBiii Kopi, acturmarusm [9, 28, 31, 32].
PigkicHi BUnamku emiierncii Ta KOHBYIbCiH Y HOBOHapopkeHHX [9, 28], a Takox 3armi3HeHHS Mi-
eminizanii [9]. OnucaHo BUIMAaIKK MAapKiHCOHI3MY B 0oci0 crapimoro Biky [31]. [IpunaiimHi y ne-
kX Bunagkax ocoon i3 CCBK nemoHCTpyI0Th 03HaKH rinepconianbHocTi [8]. Takox B oqHOMY
i3 BUITAJKiB OMICAHO MIepeTYacHe CTAaTeBE O3PiBaHHS y MAIli€HTKH )KiHOYO1 CTaTi, Ha JIOJATOK 10
M’ sikuX TposiBiB TumoBux cumnromiB CCBK [18].

[aromoriuni 3mian 3a CCBK, cxoxe, € HE3BOPOTHUMUY; 13 JAHUX JITEPATyPH MOKH IO He-
3po3yMmino, Hackibku ocodn 3 CCBK minnatorecs peabimirariii, a TAKOX SIK MPOSBU CHHIPOMY
BIUIMBAIOTH HA TPUBANICTE XXUTTH [9, 31, 32].
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Opeanizayia eena i 6inka CHD3. Ten CHD3 po3ramoBaHuii Ha KOPOTKOMY Iutedi 17-1
xpomocomu (17p13.1) (nuB. pucyHOK, a). Ile reH 3aBIOBXKH O1M3bKO0 28 THC. II. H., IO CKJIaja-
eThes 3i 40 ex30HiB i 39 iHTPOHIB (pUCYHOK, 6). MIMOBipHO, HANGINbII BaXTHBHIT TOTEHIHHHIT
Tparckpunt reaa CHD3 (NM_001005273) micns crutaiicuary mMae po3mip 7,385 tuc. 1. H. (pu-
CYHOK, B) 1 TpaHcmoeThes B 6110k (NP_001005273) posmipom 2000 aMiHOKHCIIOTHUX 3aJIMIIKIB
(a. 3.).

Homenna opranizaimiss CHD3 (nependadena 3a goromoror CD-Search [23]) mpencrasie-
Ha 10-ma momeHam¥u (PUCYHOK, T). Y N-TepmiHanbHii nistani 6inka po3mimennit CHDNT nomen,
koHcepBaTuBHHN 715 yeix CHD-6inkiB; pons fioro Hespo3ymina. Jlami € xsa PHD-nomenu tumy
«UIMHKOBUH Tajenby, sKi OepyTh ydacTh y pO3Mi3HaBaHHI TPUMETWIHOBAHUX N-TepMiHAIBHUX
ninstHOK TictoHiB H3 [14], Tomi sk HacTymHA mapa XpOMOIOMEHIB B3a€MOJI€ 3 IINMHU JUITHKAMH
H3 [24]. Hentpansaumu nomenamu CHD3 € SNF2-noni6ni AT®a3uuii i C-TepMiHaIbHUR qJOMe-
HH, siKi HeoOximHi aisa ATD-3anexnoi JJHK-Tpancnokarii [29]. Bigpasy micis SNF2-niogioHoro
C-TepMiHaIBFHOTO JOMEHA po3MimieHi ABa goMmeHu HeBigomoi gynkmii — DUF1087 i DUF1086.
C-kxinneBuMm nomeHom CHD3 € CHDCT2-gomen, skuii, iMOBIpHO, Bifirpae peryasTopHy poib
[3].

Buou mymayiti, wo npuzeodsms 0o CCHK. TlepeBakHa OUNBIIICTH ONMUCAaHUX BapiaH-
1iB rera CHD3, mo npu3Boaath 1o BuaukHeHHs: CCBK, € Bapiantamu de novo [31, 9]. Pimme
CIIOCTEPIraeThCcsl yCIaAKyBaHHS BapiaHTIB Bif reTepo3urotHux OarekiB [9, 32]. [nsa myramiii,
mo npu3Boaats 10 CCBK, He xapakTepHe MEHIETIBChKE ycmanaKyBaHHS. YacTto OaTbku IiTeH
i3 seHUM TposiBoM CCBK cami € reTepo3uroTHIMU HOCIIMH MyTaHTHOTO ajeinto rena CHD3,
ajie MaroTh CIIAOKWiA 1 Maibke HemoMiTHHUH (abo B3arami BincyTHill) penorunosuit nposs CCBK.
Xoua iXHi HaIIaIK{A TaKOXK € TeTEePO3UTOTHUMHU HOCISIMH MyTaHTHOTO ajnens rena CHD3, y Hux
CCBK mposBrseTbes MOoBHOIO Miporo [9, 32]. Taxy BapiaOenpHICT EKCIIPECUBHOCTI MyTAIliil 10
CBOTO/IHI HE MOSACHEHO. BHCYHYTO MpUITYyIIEHHS, 110 BapiaHTH IHIIHUX T'eHiB (YCHaIKOBaHUX HE
Bix Hocis Bapianta CHD3), HeineHTH(hiKOBaHI OMHOHYKICOTHIHI MOIIMOPQI3MH PEryasTOPHUX
JIJITHOK TEHOMY TOIIO, CTBOPIOIOTH CHPHUSITIIMBUI TeHETHYHUIN (DOH [J1s1 BUCOKOT €KCIIPECUBHOCTI
BapianTiB CHD3 [32].

LikaBo, 110 ONMMCAaHO JHIIE 1Ba BUMAAKH MyTamii reHa CHD3 B TOMO3UTOTHOMY CTaHi y
HAIIAJKiB BOX TETEPO3UTOTHUX HOCIIB (AKi Oyau aBoropimHUME OpatoM i cectporo) [13]. V Hux
crocTepirany BaXKKui (PeHOTHIIOBHUI MPOSB 31 3HAYHUM MOPYIICHHSAM iHTEJIEKTyalbHOTO PO3BH-
TKY, YUCJICHHUMH Ju3Mopdissmu o0muiyys 1 tina [13].

Cepen BapianTtiB CHD3 HaifyacTilie ClIOCTepiraloTh TOYKOBI MiCCEHC-MyTalii B TUIIHKAX
reHa, mo konytoTh SNF2-AT®aznmif i cycigaiit SNF2-C-tepmiHaibHUN TOMEHH (PHCYHOK, T).
[oniOHi MicceHc-MyTamii TPAIUIAIOTHCA 1 B iHIMX AUTstHKax TeHa CHD3 (pUCYHOK, T), TIPOTE Bif-
CYTHICTB YiTKOI KOpEJAMii MK AUISTHKOIO, [Ie CTajlacsl MyTallis, 1 KIiHIYHIM (PEHOTUIIOM HE Ja€
3MOTH OXapaKTepU3yBaTH Ti UM iHIII AUTHKE TeHa CHD3 sx OUTBII Y1 MEHIIT BOKIIUBI IS KITiHIY-
Horo mposiy CCBK [9, 32]. Piamie TamisroTecs aeneii, siki He BeAyThb 10 3CYyBY paMKH 3YHTyBaH-
HS, a TAKOXK 3aMiHM, 1HCEPIIii 4M Jaenerii, o Mpu3BOAATh A0 MOSBU MEPEIIACHUX CTOM-KOIOHIB
1 TpaHCIAIIT BKOPOUESHUX BapiaHTIB Oiika (PUCYHOK, T). HalpiaKiCHIIIM KJIaCOM TOYKOBHX MY-
Tariil (omMcaHo JIMIIE JBa BUMAIKK) € MyTamii, SKi MOPYUIyIOTh JOHOPHUH a00 aKIEeNTOPHUHA
caiiTh iHTPOHIB (CIUIaiic BapiaHTH), BEAYYH 10 BUPi3aHHSA OTHOTO 3 €K30HIB ITiJ Yac CIIAWCHHTY
(pucyHoK, 6) [9, 31]. Hapemri, B 0ofHOMY BHUIIaIKy OIHMCAHO JENEIiio 3aBAoBKKH 0,5 MIH 1. H.,
BKITIOUHO 3 TeHoM CHD3, y pe3yibTarti sxoi Oylio BTpadeHo JesKi iHII BayKJIMBI TeHHU, TOMI AK Y
JPYTOMY BHITQAKY OIFCAHO BEJIUKY (6,5 MIIH. TI. H.) AyIUTIKaIifo, 0 Takox BKiIogana CHD3 [9].
B 000x Bumagkax criocrepiraid OUIbII CKIaaHi KIiHIYHI (EHOTHUIIH, 8 HEIOCTATHICTh IPOBEACHUX
JOCTIKEHB HE J1ajia 3MOTH TIOBHICTIO OLIHUTH BIUIUB TaKUX XPOMOCOMHUX niepeOyoB [9].
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PosramyBanns rena CHD3, iioro iHTpOH-€K30HHA OpraHi3ailis, oprasizauis 6inka CHD3, a Takox myTarii,
siki 3aikcoBani B oci6 i3 CCBK: a — igiorpama 17-1 XpoMOCOMH JIIOIUHH, 1110 TI0Ka3y€e G-KOMILIEKC
nornepeuHux Mitok (850 monepeyHux MITOK Ha raruioiqHuil Habip), Ha sIKiil BKa3aHO pO3TallyBaHHs
rena CHD3; 6 — iHTpOH-eK30HHA opraHizaiis rena CHD3, ie TO3HAYCHO JIBI OMUCAHI MyTallii, 110
MIpU3BOAATE 10 nopyuieHHs ciutaiicuary MPHK [4, 16]; B — oguH i3 NOTEHIIHHNX TPaHCKPUIITIB
CHD3 (NM_001005273) (konpopamu TIOKa3aHO IiITHKH, IO KOXYyIOTh pi3Hi gomeHn CHD3); T —
cxema nomenHoi opranizanii CHD3 (morenumiiiHa i3o¢opma X1, NP _001005273), ne moka3aHo
myTauii, onucaxi B oci6 i3 CCBK [4, 16-26]

Monexynapui ocnosu namoeenesy CCBHK. binok CHD3 BxomuTh 10 CKIaay KOMILICK-

Cy peMOJIEIIOBaHHS 1 JealleTHIOBaHHS HykieocoM, a0o NuRD (nucleosome remodeling and

deacetylase). NuRD e mysnbsruMepHiM komiuiekcoMm, y sikomy CHD 6inok (CHD3 abo CHD4) Bi-

nirpae posnb AT®-3a11e:KHOT0 MOJIEKYJISIPHOTO MOTOPA, 10 PEMOJIEIIIOE XPOMATHH 32 JIOTIOMOT OO

KOB3aHHS HyKJIeocoM [2]. Y cBoro uepry, y ccaBiiB NuRD e BaXIHBUM peryssiTopoM ekcrpecii

reHiB i Oepe yyacTh y BCIX CTallisiX PO3BUTKY MO3KY, IOYMHAIOYHY 3 EKCIIAHCIT KIIITHH-TIONePEIHH-

KiB HEWpOHiB, IXHBOI AudepeHuianii Ta Mirpauii, B yTBOPEeHHI i MiATpUMYBaHHI CHHANITHYHUX

3B’s13kiB [4]. 3okpema, NuRD i3 CHD3 6epe y4actb y GpopMyBaHHI HEOKOPTEKCY, KOOPAUHYIOUH

panialibHy MIrpariro KJIiTHH-IIONEpeIHUKIB HEHPOHIB 1 crieriai3alilo mapis Heokoprekcy [27].

ExcniepumenTu in vitro 3 Bapiantamu CHD3, y sikux pekoHCTpyioBaHi KIIiHIYHO-3HAYYII[I MyTa-
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uii B SNF2-mogionnx AT®-aznomy i C-TepMiHAIBHOMY JTOMEHaX, IMOKa3aJiu, [0 KIITHHHA JIO-
KaJTi3allisi Takux OUIKIB He MOopyIIeHa, alie BOHU MalOTh MIOMITHO HIDK4Y 200 BincyTHioO AT®azny
aKTHBHICTD 1 TIOPYIIEHY 3AaTHICTH JI0 peMOJIeNIfoBaHHs XxpoMatuHy [31]. TakuM 4MHOM, JIOTI4HO
MIPUITYCTUTH, 10 MONiOHI MyTanii BexyTh 10 mopymeHHs 3natHocTi CHD3 no AT®-3anexHoi
JHK-TpaHciokarii, a omxke, i 10 HepyHkuionansHocti CHD3-NuRD kommiekcy. He Bimomo, sk
MyTarii B iHmux aiisHkax Oinka CHD3 BriiBaroTh Ha HOro (GyHKITI.

3riguo 3 6a3oro ganux OMA Orthology database (omabrowser.org), opronoru rena CHD3
HasIBHI B OLIBIIOCTI peicTaBHUKIB Metazoa. TIpoTe naHnX eKCIepUMEHTaNbHOTO BUBYEHHSI pOITi
oprosoriB rena CHD3 maibke Hemae. Y MozpeabHOMy 00’ exti Drosophila melanogaster nenetis
reHa Chd3 (opronora CHD3 nrofrHK) He Masia BIUTUBY Ha )KUTTE3NATHICTD 1 epPTUIILHICTS, a TIO-
BEIIHKOBI TECTH ISl TAKUX MYTaHTIB He npoBoawiu [7]. Opronor rena CHD3 B Caenorhabditis
elegans — chd-3 — BignoBigae 3a audepeHmiaio HSHPOHIB, a TaKOXK 3a (HOPMYBaHHS CTPaBO-
xofy 1 kumky [15]. 3penrroto, myrantam Mus musculus i3 neneuisimu o6ox aneniB Chd3 Oyna
BJIACTHBA YaCTKOBa eMOpiOHaJbHA JIETANBHICTh (4acTOTy He BcTaHoBJIeHO) [36]. TloBeniHkoBi
TECTH JUIsl TAKUX MYTAHTIB HE IPOBOJMIN. BUX0AS4H 3 IUX JaHUX, HAPa3i BAXKKO CHOPMYITIOBATH
ONTHMAaJIbHY TBapuHHY Mozenb s BuBdeHHS CCBK.

Bucnosku. Kommieke miarnoctnuaux o3nak CCBK chorozHi € 1o0pe omucanum, 1o Iae
3MOT'Y BUKOPHCTOBYBATH TaKi CUMIITOMH SIK PO3JIa/{ MOBJICHHSI, aTOHIsl M’S31B 1 XapaKTepHi 13-
Mopdii obmmyus aust inentudikamii CCBK. 3acTtocyBaHHs TOBHOGK30MHOTO CEKBEHYBaHHS JIa€
3MOTY BUSBUTH MyTailii B reni CHD3 myist miaTBepmukeHHs giarqo3y. KapiotuyBaHHs He € edek-
TUBHUM MeToioM jiarHocTuki CCBK, ocKibKH B JiTepaTypi OMMCaHO MTOOINHOK]I BUTIAIKH XPO-
MOCOMHHUX a0epalliil, siki cipuuauHsioTh 11e 3axBoproBanus. st CCBK xapakrepHa BapiabenbHa
€KCITPECUBHICTh MyTalliii; BiJITIOBIIHO, TEHOTHITYBaHHs 0aThKiB MPoOaH/1a Ma€ CEHC TPOBOINTH 3
METOI0 BUSIBUTH IMOBIpHE TeTepO3UroTHE HOCIHCTBO 1]l Yac MIaHyBaHHS HACTYITHOI BariTHOCTI,
HE3BaKAIOYM Ha Te, 110 OLIBLIICTh onucanux BapiantiB CHD3 BuHuKanu de novo.

[MpuunHM Takoi BapiaOenbHOI eKCIIPECUBHOCTI He3po3yMiii. Takok He 30BCIM 3p03yMi-
JIa KOpeJsiist MiXx po3rarryBaHHsM MyTatii B 0iika CHD3 i ¢eHoTHIIOBUM TIPOSIBOM, SIK 1 pOJIb
CHD3-NuRD xoMmIuiekcy B po3BUTKY MO3KY. YCi Ili aclleKTH 3aCIyTOBYIOTh Ha ITOJANbIIE eKC-
MepUMEHTaIbHE BUBUYCHHS 3aJUTs KPAaIIoro po3yMiHHs MosekyisipHux ocHoB erionorii CCBK i
CTBOPEHHSI T€HHO-TEPAINIeBTUYHKX MIJXO/IB JI0 JIIKyBaHHS [[bOTO 3aXBOPIOBAHHS.
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SNIJDERS BLOK-CAMPEAU SYNDROME:
ANOVEL NEURODEVELOPMENTAL GENETIC DISORDER

O. Yushchuk*, I. Ruda, V. Fedorenko

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

Snijders Blok-Campeau syndrome is a recently discovered genetic disorder charac-
terized by childhood apraxia of speech, delays in intellectual development, and a plethora
of other neurodevelopmental disorders (e.g., vision disorders, muscle atony, etc.). In most
cases, Snijders Blok-Campeau syndrome results from de novo mutations in the CHD3 gene,
which encodes chromodomain-helicase-DNA-binding protein 3 (CHD3). However, the lite-
rature also describes cases of inherited mutations in CHD3. In these cases, heterozygous
parents carrying a mutant variant in the CHD3 gene may lack features of Snijders Blok-
Campeau syndrome or exhibit a mild manifestation of the syndrome, while their offspring,
carrying the same CHD3 mutations in heterozygous form, exhibit a complete set of features
of Snijders Blok-Campeau syndrome. This phenomenon has yet to be clearly explained.
Only two cases of Snijders Blok-Campeau syndrome caused by homozygous CHD3 muta-
tions have been described in the literature. Notably, the majority of described mutations in
CHD3 are point missense mutations. CHD3 is a chromatin remodeling protein and a cru-
cial component of the nucleosome remodeling and deacetylase (NuRD) complex, which is
important for gene regulation during brain development. The two-domain region of CHD3
with ATP-dependent helicase activity is the most important part of the protein. Although
the majority of mutations causing Snijders Blok-Campeau syndrome are found in the part
of CHD3 encoding this region with ATP-dependent helicase activity, it has been impossible
to draw a clear correlation between the localization of the mutations and the severity of the
phenotype. To date, no documented cases of Snijders Blok-Campeau syndrome have been
reported in Ukraine. In this work, we aim to provide a comprehensive review of the features
of Snijders Blok-Campeau syndrome to facilitate identification and genetic diagnostics of
the syndrome.

Keywords: Snijders Blok-Campeau syndrome, genetic disorder, CHD3,
chromodomain-helicase-DNA-binding protein 3
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Haseneno BunoBuii ckian i cy0cTpaTHy IpHYpOYEHICTH MOXOTIONIOHUX Ha TEPUTOPIT
MapKy-mam’ iTKH  CaJI0BO-NIAPKOBOIO MUCTEITBAa MICIEBOTO 3HaueHHS «CHONKIBCHKHID»
B ypboekocucremi JIpBoBa. Bpiodmopa teputopii CHONKIBCEKOro mapkKy Hamiuye 61 Bug
MoxonofioHux i3 Bigaimis Marchantiophyta i Bryophyta. Po3noain npoBinHux poauH y
(dopucTHYHOMY CHEKTpi BigoOpaskae crenudiky JOKaJIbHUX YMOB MAapKy 4yepe3 BHCOKi
MOJIOXKEHHS. poauH Brachytheciaceae, Orthotricaceae, Pottiaceae, Bryaceae. Came 1ui
POAVHM OXOIUTIOIOTH 45,9 % 3araabHOrO BUAOBOTO 0araTcTBa, XapaKTEPHOTO s OiNbII
MOCYIIUTMBUX 30H, IO BKa3y€e Ha apWAM30BAHICTh MICHKOTO MikpokiimaTy. Bomnouac,
XOpoIlla HPEACTABICHICTh HEMOPAJIbHO- Ta OOpeabHO-ICOBUX ponuH Mniaceae, Amb-
lystegiaceae, Hypnaceae (21,3 % 3aranpHOro BUAOBOTO 0ararcTsa) BigoOpaxae MPHPOIHI
0CcO0IMBOCTI TepUTOpPii (30HA MIMPOKONUCTAHHUX JICiB), SIKi CIIOHTAHHO BiATBOPMIIUCS
Ha YacTHHI TepuTopii mapky abo Oy/iu CTBOpPEHI IITyYHO B JAEKOPATUBHUX HACAIKCHHSX.
CaMme y CHOHTaHHO 3aJIiCHEHIM YacTHHI MapKy 30CcepekeHa HaiOinbplIa KiTbKiCTh BHUIIB
MOXOMOIIOHNX 13 HaWpscHIMKM MoKpuBoM. CiabKka MpeACTaBICHICTh MapIaHIio(iTiB
CBIIYUTH NP0 3HAYHWUN CTYMiHb AHTPOMi3amii JOCHIIKYBaHOI MICHKOI €KOCHCTEMH. Y
MapKy Majo Micue 30UIbIIEHHsS KUTBKOCTI aHTPONOT€HHHX EKOTOMIB, i OpiodirtiB me
MIPOSIBIIIETHCS y 3HAYHOMY 301IBIIEHH] YaCTKH €MUTITHUX BUAIB. Taka TEHICHIIS 3arajiom
XapakTepHa I 0araTb0X MICT 1 MICBKHX MapKiB.

31 co3010TiYHOI TOYKH 30py, HaWOUIBINY I[iHHICTH MAlOTh AUISHKH HPUPOTHOI
MOXOBOI POCJIIMHHOCTI, 1110 30€PETINCh y Apax i Ha cTapux Kap’epax. TaM y ckiiazi emirefHux,
emiiTHUX 1 eHMIKCHIBHUX OOpPOCTaHb TPAIUIAIOTHCS aHTPONO(GOOHI BHAM, HE XapaKTepHi
IUI IHTEHCUBHO ypOaHi30BaHMX TepUTOpid. PapuTeTHHX BHIIB MOXOMOTIOHMX Yy MeXax
MapKy He BUSBICHO, IPOTE B 03epi «3eleHe OKO» 3HAWICHO PiAKICHUH i ypOaHi30BaHUX
TEPUTOPId BUA IUICHCTOHHOTO INEYiHOYHOrO MOXy Riccia fluitans. Cnenudiyaum
cyOcTpaTtoM Uil MOXONOAIOHMX € BamHSAKOBUH TyQ, SKHH BIIKIAAAETBCS Yy pycii
TBEPIOBOJHUX CTPYMKiB Ha BUTOKaxX CHONKIBCHKOTO MOTOKY, /1€ BHUSBJICHO A1arHOCTUYHI
Ui Ty()OTEeHHUX JpPKEpeN PIBHUHHMX 1 MepeiripchbKux paiioHiB €Bpomu Bumu: Apopellia
endiviifolia, Cratoneuron filicinum ta Platyhypnidium riparoides. Amdi06iitni (Hacammepen
KanbLiedipHl TypOyTBOpIOBadi) 1 BUTPHOIUIABYYl BHAM MOXOIONIOHMX OIHAKOBO HE €
TUMOBUMH Ul YpOaHi30BaHUX EGKOCHCTEM 1 TPAIUIAIOTBCSA TYT JIMILIE CIOPAIWYHO, LIO
MiAKPECIIOE TPUPOIOOXOPOHHY pOJIb AOCIIIKYBAHOTO MApKy Ui 30€pexeHHS iXHiX
MiKpoocenuIy y Mexax Micta. s moBHOmiHHOTO (yHKUiOHYBaHHS CHONKIBCHKOTO
MapKy sIK HaiBOPUPOTHOI €KOCHCTEMH BaXKJIMBHUM € 30€peKeHHs 3aJiCHEHHX TEPUTOPIM,
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a HasABHICTb, BHJIOBUH CKJIAaJ 1 NMPOEKTHBHE MOKPUTTSA MOXOMOMIOHUX € IHAMKALIHHUMHU
03HaKaMH IXHbOT IPUPOIAHOI LITICHOCTI.

Knouosi  cnosa: MoxomoniOHi, cyOCTpaTHi TIpymnu, 4dacToTa TpaIUIIHHS,
aHTpOIOreHHa Tpancopmariist, CHONKIBChKHUiT apK, ypooekocucTema, M. JIbBiB

MoxomoniOHi — O0OOB’S3KOBHI KOMIIOHEHT SIK NPUPONHUX, TaKk 1 ypOaHI30BaHUX
eKOCHCTeM, KU Oepe Oe3mocepeqHI0 y9acTh y MIATPUMAaHHI IXHBOI CTIMKOCTI H pO3IMIHpPIOE
3aranpHe Oi0pi3HOMAHITTA. BaXKIMBicTE MOXOMOIIOHUX B aHTPOINOICHO3aX 3yMOBIICHA IXHIMH
MOHEPHUMH BIIACTHBOCTAMH (30KpeMa, 3IaTHICTIO 3aCeNSATH Pi3HOMAaHITHI cyOCTpaTH, HaBiTh
IITY4YHI), aJanTamie€lo 0 CHenu(ikd MiCHKOTO MIKPOKIIMATy (3 MiJBUIIEHOI CTOCOBHO
30HAJIBHUX HOPM TEMIIEPAaTYpOI0 Ta CYXIiCTIO), BUTPHBAJICTIO IO PIi3HOTO pOAy 3a0pyAHEHB
tomo. OCTaHHIMH JCCATUITITTAMI MOXOITONIOHI BUKIIMKAIOTh MMOCWICHUH 1HTEpeC MOCIiTHUKIB
010pi3HOMAHITTS, OCKIJIBKH BOHHU € CEPEIOBHINEM JKUTTS IS IHIIUX OPTaHI3MiB, a TAKOX CTaIA
00’ eKTOM 3arikaBieHHs TaHamadTHIX au3aiHepis [12, 19].

B ypboekocuctemi JIbBoBa CTBOpHIIHCS pI3HOMAHITHI YMOBH JJ151 PO3BUTKY MOXOIIO/TiOHIX.
111o6m BiAMOBICTH HA CKJIAJHE MUTAHHS, SIK MPUCTOCYBATH II0 TPYILY POCIHH O YMOB i3 Pi3HHM
piBHEM aHTPOIIOTCHHOI'O THCKY B YMOBaxX YpOOCKOCHCTEMH, HacaMIlepel BaKIIMBO BCTAHOBUTH
BHJOBUH CKJIaJa i CyOCTpaTHY MPHHAICKHICTE MOXOIOAIOHIX Ha TEPHUTOPIi, sSKa IIiIgaBaacs
AQHTPOIIOTEHHUM 3MiHaM YIPOXOBXK TpHBaioro vacy. Came miId mapKy-iam’sSTKH CalOBO-
MapKOBOTO MHCTENTBA MICIEBOr0 3HadeHHS <«CHONKIBCBKHIA» XapakTepHi 3HauHi 3MIiHH
NPUPOJHUX EKOCHCTEM, JI¢ Ha CYYaCHOMY eTarli HasiBHI IEPeBAKHO IITYYHI HACAPKCHHS.

Buuenns Opiodmopu JIsBoBa i okommie Bimomi 31 cepemman XIX cr. [4], omHak i3
Tepurtopii CHONKIBCHKOTO TApKy JaHUX HeMae. Hartri gociimpkeHHs epeadavaiy iHBEHTapH3aIlito
BUJIOBOTO CKJIQJly MOXOIIONIOHHX, aHaNi3 JITEepaTypHUX JDKepell, BHBUCHHS XapakTepy Ta
3aKOHOMIPHOCTEW CyOCTPaTHOTO PO3IMOIUTY BHIIB MOXOIOIIOHUX.

Marepiaan Ta MeToau

ITonpoBi mOCHIKEHHS NPOBOAMIM TPAAMLIMHUM MapIIPyTHHM METOAOM YIPOZOBX
Bererariitnoro mepiogy 2016-2022 pp. y pi3Hi ce3oHH. Y poOOTi BHKOPHCTAHO MaTepiad
BJIACHUX TIOJIGOBHX JOCIHIPKEHB, 30ip 3pa3KiB BKIIOYAB JIETalbHI OMUCH CyOCTpaTiB. Y Mapky
00cTeXeHO Pi3HiI 3a TEeTePOTeHHICTIO HACA/KEHb 1 (QYHKUIHHIM ITOAIJIOM TEPUTOPii, 30Kpema:
CIIOHTAHHOTO 3aJiCHEHHS (SIpU Ta Kap’€pH, i€ POCIUHHICTE BiTHOBHJIACS CAMOYHNHHO), TAPTEPHY
30HY AE€KOPATUBHUX HACA/KEHb 1 30Hy HAaBKOJIO BOJOWM: 03€p Ta TBEPAOBOAHUX CTPYMKIB, IIIO
X JKUBJATH. 3a MPUYPOUCHICTIO 0 TIEBHOTO TUITY CyOCTpaTy BHIULLIIN TakKi Tpynu: St — KaMiHb;
StA — mtygnmii kam’ ssaucTHil; SG — TPYHT i3 TpaBiem abo mimanuit; SO — OroNeHUN IPYHT;
SV — cepen Tpas’ssHUX pocnuH Ha IpyHTi; WR — ramna nepesuna; WL — dopoditu (cTtoBOypn);
WS — dopoditu (okopenkn); AM — BogHe Ta HaBKOJIOBOAHE cepenoBHIle, T — BaITHIKOBHHA
Ty}. Cyma BincoTkiB ycix cybcrpaTHux rpyn mnepesuirye 100 %, Tomy 110 3HaYHA KUIBKICTH
BHIB 3aceisie OUThII HiX oAWH THI cyOcTparty (2-3) abo e momicybctpaTtHuMu (>3). YacToTy
TpAIUITHHSA BKa3aHO B MeXax Bix | 1o 3: 1 — mooanHOKo, 2 — cTIopagnyHo, 3 — 9acTo (3BUYaiHIHA
BHM). 3pa3Ku MOXOTOAIOHHX iMeHTH(DIKYBaNIK y TaO0OpaTOPHUX YMOBaX 3a MOP(OIOTIYHIMH H
aHATOMIYHUMH OCOOIMBOCTSAMH, BUKOPUCTOBYIOUH SIK BURHAYHUKH, TAK 1 OITMCH 3 PI3HHUX JKEPE
nitepatypu. HazBu TakcoHiB Moxomonioaux mpuiiHaTo 32 N. Hodgetts [9] Ta B. Bipuenko [3].
AHaui3 piAKiCHHX 1 3HUKAIOYHX BHUIB 3/iicHeHO 3a mparero M. Boiika [2].

TepuTopist 10caiTKeHb

IMapx «CHonkiBcbkuid» — Jicomapk y [amuubkomy paiioni JIbBoBa, mam’siTka caoBO-

MapKOBOTO MHCTELTBA MICLIEBOrO 3HAYeHHs, 3aknaneHud y 1958 p. sk QyHKIIOHATBHUIHA
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CHOPTUBHUH NapK riolero 35,66 ra mix BynuisgMu Jlnnosa Anesi, Ctyca, Kpumcbka ta 3eseHa.
Ha3ea nmoxoauts Bif MiciieBocTi CHOMKIB. 3a3Hajga 3HAYHHUX 3MiH 1 TepuTOpiss CHOMKIBCHKOTO
y3rip’si: IPUPOHA JIicOBa POCIUHHICTD JIbBIBChKOTO M1aTO (OYKOBI Ta AyOOBO-IrpaboBi JIicH) He
30epernach, i 10 mo4atky XX CT. TEPUTOpis MapKy PO3BHBAJIACh SIK aKTHBHA IIPOMHCIIOBA 30HA
JIbBOBa, e BUTOTOBIUIM OyaiBeNbHI MaTepiann. Jxepena i MOTIUKH JaBaId BOYy YHCICHHUM
BOJIOIIMaM, y TOMY YHKCIIi TEXHIYHMM CTaBKaM i o3epam. Ha TepuTopii MITY4HOrO KacKamy o3ep
«3erneHe oko» y mepIrii TpeTrHi XX CT. 30yJJ0BaHO HEBEIMUYKY KyTAJIbHIO 3 TISHKEM 1 IEPEeB’ THUM
KynajapbHuUM OyauHKoM. [Ticas dpyroi cBiTOBOI BilfHM Ha TEPUTOPIi CydacHOTO MapKy OyB IMyCTHUD
13 MIIIaHUMU Ta TIMHSHUMHA Kap’ €paMy KOJUIIHIX [ETeIbHUX 1 KaXeTbHHUX 3aBOJIIB. Y IPOIOBXK
1960-1963 pp. Ha CHOIIKIBCHKUX Marop6ax 30y 1yBajiu HalOIbIINI Ha Ti yacu cTalioH «J{pyx06a»

Kaprocxema mnapky-mam’siTKH Ca/I0BO-IIAPKOBOTO MHCTEITBA MICLIEBOr0 3Ha4yeHHS «CHOIKIBCHKUID)
(49°49' 14.1" N, 24° 2' 38.6" E)
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(Temep «Ykpaina»). OqHOYACHO 31 CTaJiOHOM Ha MICIli KOJIMIITHIX Kap’€piB METISTHUX 3aBOJIIB
po3mianyBanu napk «Jpyx6a». Bike B 1959 p. Oyj10 IiIKOBUTO BUPIBHIHO TEpUTOPirO B 60 ra,
3all0BHEHO KOJIMILIHI Kap’€pu, HACUIIAHO LIap IPYHTY, MPUAATHUI JUIs 3eJIeHUX HAca/DKeHb. Y
cepenuHi XX CT. B mapKy Bucaauiau moHaa 200 BuiB aepes i uarapHukis. Y 1984 p. el KoMIuiekc
CTaB TaM’SITKOK0 CaI0BO-MIAPKOBOTO MHUCTENTBA MiciieBoro 3HadeHHs. Y 90-x pp. XX cT. iioro
nepeiMenyBainn Ha «CHONKIBChKUW». Y 2022 p. pimenasM JIbBIBCbKOi 007aCHOT paayl MIIONLY
napky 30imbmreHo 10 47,1853 ra 3a paxyHOK 3eMellb KOMyHJIbHOT BIacHOCTI JIBBIBChKOT MiChKOT
pamu. YactuHy TepuTopii mapky 3aiiMaroTh JIbBIBCHKHI MIiCBKHH €KOJOTO-HATypaTiCTHUHUN
nentp i Jleaaponapk imeni benenukra JIn6oBchkoro (auB. pucyHok). Ha choronni mapk Bigirpae
Baromy poJib sIK peKpeariitHuii i mpupoao00XopoHHH 00’ €KT ypOaHizoBaHOT ekocucTemu JIbBoBa
[8].

Bepxne mnato Bix Byn. CTyca i HIKHE BiJl ByJl. 3€JI€HOT MalOTh peTyJisipHe TJIaHyBaHHS,
peluTa TepuTOpii CrlaHoBaHa y JaHAmadTHOMY crtuii. Ha BepxXHbOMY Ta HH)KHBOMY ILIATO
CTBOPEHO PETYJSIpHY Mepexy ajnei i mopikok. Hacamkenns CHONKIBCBKOTO TapKy — Iie
JIEKOpaTHBHI aiei, 6iorpymnu, OKpeMi COJITepHi mocanku i3 Acer platanoides L., Tilia corda-
ta Mill., Aesculus hippocatanum L. i pI3HOMaHITHHX ISPEBHUX IHTPOAYICHTIB. [0NOBHI aei
cknanarThes 13 Chamaecyparis pisifera (Siebold & Zucc.) Endl. (3 60oky Bya. 3eneHoi), Ois
CTaJiOHYy — TIOHHIIEHA JiHiiHa nocaaka Picea glauca (Moench) Voss, anes i3 Acer platanoides 1
Aesculus hippocatanum. Ex3otamu € Abies concolor (Gordon & Glend.) Lindl. ex Hildebr., Picea
pungens Engelm. ¢. glauca, Pinus nigra J.F. Arnold, P. ponderosa Douglas ex Lawson, Cotinus
coggygria Scop. Ta iH.

Pe3yabTaTu i ixHe 00roBOpeHHs

3a JaHWMMU HAIIUX JOCHIJKEHb BCTAHOBJIEHO BUIOBMI CKJIaJ MOXONOAIOHMX: 61 BuI i3
nBox BimminiB: Marchantiophyta (6 Buais) Ta Bryophyta (55 BumiB).

Po3snoxin npoBigHUX poAMH y (IOPUCTHYHOMY CIIEKTpi BigoOpakae crenudiky
JIOKQJIbHUX YMOB MapKy Yepe3 BUCOKI MOJIOKEHHS KcepoTepMoDiTbHUX poauH Brachytheciaceae
(11 BuniB), Orthotricaceae (7), Pottiaceae (6), Bryaceae (4). Came 1i pOJMHU OXOILTIOIOTH
45,9 % 3araJlbHOTO BHJIOBOTO 0araTCTBa, XapaKTePHOT'o JIst OUIBIII MTOCYIIUTUBUX 30H, 1[0 BKA3Y€
Ha apHM30BaHICTh MICHKOTO MIKpPOKJIIMAaTy IOPIBHSIHO i3 30HaJbHUM. BogHouac, xopormia
MPEJCTABICHICTh HEMOPAJILHO- Ta OOpeanbHO-TICOBUX ponuH Mniaceae (6), Amblystegiaceae
(4), Hypnaceae (3) (21,3 % 3aranpHOT0 BUI0OBOTO OararcTsa) BimoOpakae MpUPOIHI OCOOIMBOCTI
TEpUTOPIi (30Ha NIMPOKOJIMCTSIHUX JIICIB), SIKI CIIOHTAHHO BiJTBOPHIIMCS HA YaCTHHI TEPUTOPII
napky abo OyJiv CTBOPCHI MITYYHO y ICKOPATHBHUX HACAIKCHHSX.

Jns noBHowuiHHOTO (hyHKIIOHYBaHHSI CHOMNKIBCHKOTO MapKy SIK HAITIBIPHPOJHOT €KOCUCTEMHU
BKIIMBHM € 30epeKeHHsI 3JTICHEHNX TEPUTOPIH, a HASIBHICTb, BUAOBUI CKJIaJ1 1 IIPOEKTHUBHE TIOKPUTTSI
MOXOITOIIOHUX € THMKAIIHUMH O3HAKaMH IXHBOI MPUPOIHOI 1TiticHoCTi [10].

Haii6inpia KinbKiCTh BHIIB MOXONOAIOHMX (46 BHIIB) 13 HaWpSACHINIMM IOKPHUBOM
(IpOEKTUBHE BKPHUTTS CTAaHOBUTH 10 90 %) 30CepelnkeHO y CIOHTaHHO 3alliCHEHIH 4acTHHI
napky. CrenudiyHUM CKJIaJOM BiJ3HAYAa€ThCS CTapUil MiLIaHUH Kap’ep, pO3TAIIOBaHWH Ha
MHCI MK JIBOMa SIpaMy, 110 NPWISTAIOTh A0 MapTepHOI YaCTHHU 110 BYJ. 3€NEHiH 1 TATHYThCS
o cXmity 1o ByJl. KpuMchKkoi, e 3akiH4yroThCsl HEBEIMUKUM 03epoM. Ha kap’epi TparisiioThest
Taki HETUIIOBI JJIS1 MiCbKOT TEPUTOPIi BUAM MOXiB SIK JticoBi Rhytidiadelphus squarrosus’, Thui-
dium delicatulum i Abietinella abietina, 1o npedepyroTs Jerki (mnaxi) cyocTparu, cepel] TpaBH
suaiaeno Climacium dendroides. Takox TyT BUSABJICHO ny4Hi Buau — Homalothecium lutescens,
Brachythecium campestre.

VY 3anicHEHHX spax TPAIUIAIOTHCS THIIOBO JIICOBI BUIW Ha BIJCIOHEHHSX IPYHTY W
OKOpeHKax gepeB: Atrichum undulatum, Plagiomnium sp. tomo. Ha Bigmepniii aepeBuHi

! ABTOpH BHJIB HaBe/ICHI y TaONHIII.
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KpaifHiX cTamiii po3Kiamay 3HaHAeHO O0JIraTHO-KCHIOGUIBHUN mediHouHMi MoX Lepidozia
reptans. Tlomupeni noicyocrparui Buau Hypnum cupressiforme ta Brachythecium rutabulum.
Ha crapomy 3rapwuiiii 3Hai1eHO pscHI o0poctanust Funaria hygrometrica, Ceratodon purpureus i
Ptychostomum imbricatulum — TATIOBHX MOCTIIPOTCHHUX MTIOHEPIB KOCMOITIOJIITHOTO IIOIIHMPCHHS.

VY naprepHiii yactuHi mapky 3adikcoBaHo 34 BuHIH. BiIbHIICTH MOXOIMOMIOHHUX TYT
30CepeKEHO Ha KOpi JepeB, 0coOnuBO crapux. MOXOIMOMIOHI 3aceNsioTh 5K BEPTUKAIbHI
MMOBEPXHI — CTOBOYPH JepEB, TaK 1 TOPU3OHTAIbHI — CKEJIETHI TUIKH Ta KOPiHHS (OKOPEHKH).
Ha ocBiTiIeHHX MOBEPXHSAX CTOBOYpIB, IO H0OpEe MPOrpiBAIOTHCS, HAHYaCTIille TPAILISIOTHCS
00pocTaHHs 3a JOMIHYBaHHS IPEACTaBHHKIB Kceporepmodinbaol pomunu Orthotricaceae.
Ha oxopeHkax nepeB, sk IIPaBWIIO, OCENSIOThCs Hypnum cupressiforme ta Brachythecium ru-
tabulum 3 HE3HAYHOIO IOMIIIKOIO 1HIIMX BUIOIB — Pseudoleskeella nervosa, Leskea polycarpa;
Il )X BUJIW MaHYIOTh B OOPOCTAHHSX MEPTBOI JEPEBUHM. 3HAYHI IUION[ MapTEPHOI YaCTHHH
3alHATI ac(haTbTOBAHUMH IOPIKKAMH Ta Pi3HOrO poay OCTOHHMMHU KOHCTPYKIUSMH (CXOIaMH,
OOpIIOpaMU Ta iH.), IO € CIPHUATIUBUM CYOCTPATOM IS TOCETICHHS KOCMOITOIITHUX BUIIB (Bry-
um argenteum, Ceratodon purpureus, Grimmia pulvinata, Schistidium apocarpum, Syntrichia
ruralis, Tortula muralis).

Ha TepuTopii HaBKOJIO 03€p 1 CTPYMKIB 3HaiaeHo 17 BUAiB MoxonoaiOHuX. TparistoTecs
stk ami6iiHi Buau MoxiB (Drepanocladus aduncus, Hygroamblystegium varium 1 Calliergonella
cuspidata), Tak i opioditu mmpokoi exosorii (Ceratodon purpureus, Bryum argenteum, Ptycho-
stomum imbricatulum Tomo). B o3epi «3eneHe 0ko» BHUABICHO PiIKICHHMA JTsl ypOaHi30BaHUX
TEPUTOPI BHUJ IIEHCTOHHOTO MEYIHOYHOTO MOXY — Riccia fluitans. Iloumpenns Apopellia en-
diviifolia, Cratoneuron filicinum 1 Platyhypnidium riparoides npuypo4eHo 10 CreiugpiqHoro
OcCeNuIa JHKepeN TBepIoi BOJIH, 1110 BUCOUYIOTHCS Ha MIBHIYHIN MEXI MTapKy Ta Ha BUTOKaX 03€p
«3eneHe oko» mpH ByJd. KpuMcekiii. Yci BUXOIH JKepes € MOMITHO aHTpPOIIi30BaHi, Kijbka 3
HUX — KalTOBaHI MeTasieBUMH TpyOamu. TydoBi Gpopmariii, 1110 MapKyIOTh PAPUTETHE OCEIHIIIC
(Natura-2000: petrifying springs with tufa formation — 7220), po3BHHEHI TyT HaA3BHUYANHO
c1abKo 1 TIpecTaBiIeH] ApiOHUMH IHIIHaTbHIMH (HOPMaMHU IIEPEBAKHO XEMOTEHHOT'O XapakKTepy.
IlepBUHHI CTA0KO3IIEMEHTOBAHI OPIOJIITH YTBOPIOIOTHCS JIHIIE «TOYKOBOY» i AepHHHaMu Cra-
toneuron filicinum i Platyhypnidium riparoides ta He GOpMYyIOTh CYIIJIBHOIO MacuBy. Bce 1e
HE Ja€ MmiacTaBu imeHTH(]IKyBaTH Iie# JIoKyc sk ocepemok «Natura-2000: 7220», xo4ya Takuii
THI OCEJIHINA BCE K TparIsieThes Ha TepeHax M. JIbBoa (PJIIT «3uecinus» [13] Ta micomapk
BunnuKiBCHKHIA [6]).

3a JaHMMHU HAIKUX JOCHTIHKEHb 3a3HAYUMO, 10 HAWCHPUATIMBIIIANA CyOCTpar s
MOXOIOMIOHNX Y MeXax IMapKy — Iie¢ AepeBHHA (KMBa I MEpPTBA), IO 3arajioM € 30HAJIBHOIO
HOPMOIO JUIsi 30HU LIMPOKOJKCTSHHUX JICIB, Y Mexax skol posramoBaHe M. JIbBiB. 3aranom
BusiBieHO 30 BHIIB emidiTiB i emKkcuiIiB (auB. Tadbmuio). Cepen MOXOIMOIIOHUX, SKi 3aCEISIOTh
xuBi gepesa (WL, WS), Bigznaueno 27 BuaiB. Haliuacriire BoHH KOJIOHI3YIOTh Acer platanoides,
A. pseudoplatanus L., A. negundo, Fraxinus excelsior L., Populus alba L., P. nigra, Tilia cordata
— Ha 1uXx QopodiTax BUAOBUI CKIax OpioyrpyrnoBaHb € HaibaraTimuM, a emidiTHi 00poCcTaHHS
HaiipsicHimmmu. Ha inmux Bunax aepes (desculus hippocatanum, Crataegus sp., Fagus silvatica
L.) MmoxormoaiOHi TparIsiroThes piaiie. MepTBa nepeBrHa (IEHBKH, TOBaJICHI CTOBOYpH, 00J1aMaHi
TUIKK TOIIO) 37¢01IBIIOr0 30CepeKEeHa Y CIIOHTAHHO 3aJIiCHeHIH 30H1 ITapKy 1 HabaraTo ciadiie
MPECTaBJICHA y MAPTEPHIi, 3BIAKH il BIIIyYalOTh i Yac yIOPsAKyBaHHSA TepuTopii. Ha mpomy
cyoctpati (WR) 3Haiineno 18 BHAIB MOXOMOMIOHHMX. 3a3HAYUMO, 10 OOJIraTHUX EIIKCHIIB,
CTPOTO MPHUYPOUEHHX JI0 IEPEBHHUX PEIITOK CEPEAHIX CTYNEHIB PO3KIay, BiJ3HAUCHO JIUIIE 1B
Bunu: Lepidozia reptans 1 Herzogiella seligeri. Ha mHAX 1 K0oJOAaxX MEPEBaKHO TPAIUISIOTHCS
3BHYAiTHI €KOJIOT1YHO-TUIACTHYHI BUAX MOXOMOAIOHUX, TaKi ik Amblystegium serpens, Hypnum
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cupressiforme, Brachytheciastrum velutinum, Brachythecium rutabulum, Pylaisia polyantha,
Platygyrium repens. Cnabka npeacTaBICHICTh MAPIIAHIIODITIB CBIAYUTH PO 3HAYHUN CTYIIHB
aHTpomi3amii JOCTiKyBaHOI MiCbKOI €KOCHCTEMH, IO BIUIMBAE SK MpsiMo (Opak BiATIOBiTHUX
OCEJIHI), TaK 1 OIOCEepPEeNKOBaHO (dYepe3 3araibHy KcepogiTH3alliro yMOB BUpocTaHH:). Taka
TEHJIEHITisl BJacTUBa 0aratboM MicTam i MichbkuM mapkam [14, 17, 18]. Just duiopu emidiTHUX
1 emKCHIBHIX MOXONoAiOHNX CHONKIBCHKOTO MapKy XapaKTEepHI Taki X MPOLECH, AK 1 i
yp6oekocucremu JIpBoBa 3aramoM. Hacammepen 1ie cupomeHHs cTpyKTypu (iaopu Ta BTpara ii
crientuivnocTi [4, 5, 13-16].

I'pyrToBi Bincnonenns (SO, SG) y [apKy TpaIuIsoTeCS Ha CTEXKax i 06a6id HuX, cepen
ra30HiB, Ha €POJIOBAHNX CTPIMKUX CXMIax Tomo. Pyxomi (mimani Ta rpaBiifHi) i mepeyiapHeHi
cyOcTpaTu (CIOPTHBHI MailaHYNKK) KOJOHI3YIOTh HEBHOATIMBI MIOHEPHI BUAU: Bryum argen-
teum, Ceratodon purpureus, Ptychostomum imbricatulum tomo. EpomoBaHi IiTSHKH CXWIiB
y 3aJliCHEeHIH 4acTWHi mapKy 3aceistiorb Atrichum undulatum i Plagiomnium sp. — THIIOBO
JCOBi BHIM, SIKi aKTHBHO PEMapyIOTh Pi3HOTO BUIY I'PYHTOBI BiJICIIOHEHHS, SIK IPUPOIHI, TaK
i aaTpororenHi [7]. Y HazeMHOMY MOKpUBi ra3oHiB (SV) 3Buuaitiumu € y4ni Bunu (Brachyte-
cium campestre, B. glareosum, Homalothecium lutescens, Oxyrrhynchium hians), cepen TpaBu
TpaIIIOThCA JicoBi Rhytidiadelphus squarrosus i Abietinella abietina. Beporo emireiiHa rpyna
B yMOBax MapKy Hajiuye 23 BUIM MOXOMOAIOHNX, i3 HUX Ha TPYHTI 3 rpaBieM a00 Ha MII[AHOMY
IpyHTi 14, Ha oroJeHOMY IpYyHTI 6 Ta cepen Tpasu 13.

Kam’saucri cyberpatu 3acerstioTh 19 BHIIB: mepeBakHa OUIBINICTH HaJae TepeBary
npupogHOMy KamiHHIO (18 BHIIB), TOAl SK Ha IITYYHUX MOBEPXHIX (acganbT, EMEHT, OETOH)
TpamsitoThes 13 BuaiB. Cepen ocTaHHIX — MEpeBaXKHO HEBHOAITUBI pyAepaibHi MOXOMOIiOHI,
xXapakTepHi Uil Teputopii Micta. Ha BamHsAkoBif Opwii B Kap’epHiil BHWIMII 3HaiiaeHO
nmitodineanid Kanbiiedin Fissidens crispus. 30UTbIIEHHS KITBKOCTI Ta IIION] TEXHOTCHHUX
€KOTOIIIB, IPUAATHUX JJIS 3aCEIEeHHS MOXONOAIOHNMH, MPOSBISETHCSA Y 3HAYHOMY 301IBIICHHI
YaCTKH eMUTITHUX BUIIB y MicbKuX Opiodiopax [11, 13—15].

Cremudiuanm cybctpatom it moxomomiOnux € BamaskoBuél Tyd (T), sxui
BIJIKJIATA€THCS Y PYCIIi TBEPAOBOIHUX CTPYMKIB Ha BUTOKaXx CHONKIBCHKOTO IMTOTOKY, 30KpeMa —
i JepHUHAMH MOXOTOIIOHMX 3a IXHBOI Oe3nocepeanboi yaacTi. Tyt Tpamrsatorecs 12 Bumis, i3
HUX 3 — MIarHOCTWUYHI JJIs Ty(POTEHHHX [Kepelsl piBHUHHUX 1 MEepeAripChbKuX paiioHiB €Bpomm:
nediHouHUK Apopellia endiviifolia, muctkoctebnoBi moxu Cratoneuron filicinum i Platyhyp-
nidium riparoides [6]. Bomgni Ta HaBKon0BOIHI BuAU (AM) mpencTaBieHi ABOMa MiATrpyHaMH:
amibiiiHor0 Ta meicTonHo0. Ilepmry B ymoBax mapky (opmyroTe 6 BUIIB 3a JTOMiHYyBaHHS
Drepanocladus aduncus 1 Calliergonella cuspidata, npyry — nwmme Bupa Riccia fluitans.
3ayBaxkumo, mo am¢pibiiHi (Hacammepen KanbLiedinbHI TyQOyTBOpIOBadi) W BITPHOILIABYYI
BHIM MOXOIIOJIOHUX OJHAKOBO HE € THUIIOBUMH Il YpOaHi30BaHUX €KOCHCTEM 1 TPAIIISIOTHCS
TYT JIHIIE CIIOPAAWYHO, IO MiAKPECITIOE TPUPOIOOXOPOHHY POJIb JOCHTIHKYBAHOTO TApKy LIS
30epexXeHHs IXHIX MIKpPOOCEITHI Y MeKaxX MICTa.

31 c0o30710T19HOI TOYKH 30Dy, HAHOLIBITY IIHHICTH MAIOTh AIJISTHKH CTApUX Kap €piB i apH,
JIe CKJIAJINCh YMOBH, HaOIIKEHi JO IPUPOAHUX, & TAKOXK BUTOKH TBEPIOBOIHUX CTPYMKiB. TyT,
Y CKJIaJIi emireifHux, em}iTHUX 1 eMiKCHIBHUX 00pOCTaHb TPAIUIAIOTECSA aHTPOon0(ho0H] BUAH, HE
XapakTepHi A iIHTEeHCHBHO ypOaHi30BaHUX IUIomI. [IpoTe papuTeTHHUX BHIIB MOXOHOIIOHUX Y
Me)Kax MapKy He BHABJICHO.

3aranom, ypbaHoOpiomopam BiacTHBe TMepeBaKaHHSA KCepodiTiB 1 BUMaTaHHA
Bosioromo0HuX BuAiB [1, 13]. 3a3Haummo, mo moxomoxmiOHi B ypOaHi3oBaHill eKocHCTeMi
JMITOBaHI IIIOI0 HU3KOIO EKOJIOTIYHMUX YMHHUKIB — BiJl HASIBHOCTI BIAOBIAHUX CyOCTpaTiB 110
MIKpPOKJIIMAaTHYHUX YMOB. [HTEHCHBHICTH MICBKOTO «TETIOBOTO OCTPOBA» TPOXH 3TIIA/IKYETHCS
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y napkax i jiconapkax. Takum 4nHOM, apkaM i JricornapkaM B yMOBaX ypOOEKOCHCTEM BIIACTHUBE
3HAYHE PI3HOMAHITTS Opio(diTiB, sIKi 3aliHIIN CBOFO HIIIIY 1 HE JIKIIE CTAJIA IEBHUM JOIOBHEHHIM
10 ¢oroTpodHOro OJIOKY, ajie 1 CIYTYIOTh PO3UIUPEHHIO 0i0PI3HOMAHITTSI, CTBOPIOIOYH YMOBH
JUTS 3acelIeHHsI 1HI11010 0ioTor0 [15, 16].

30epexeHHs 3eJIeHUX 30H y IITBHIN MiChbKIii 3a0y10B1 HEOOXIHE K JJIsl PI3HOMAaHITHOCTI
it 6araTcTBa (GIopu MOXOMOIIOHUX, TaK 1 U1l CTBOPEHHS KOM(POPTHHUX KIIIMATHYHHX 1 €CTETHYHHX
MIHHOCTEH U1 MiChKUX xuTeniB [20].

[MomupeHHst Ta YaCTOTa TPAIUISHHSA MOXOMOIIOHMX
Ha Pi3HMX THIAaX cyOcTpariB napKy « CHOIKIBCHKHID)

Bupg [St [StA [ SG [SO [SV [WR[WL[WS [AM [T

Marchantiophyta
Apopellia endiviifolia (Dicks.) Nebel & D.Quandt 1
Conocephalum conicum (L.) Dum. 1
Lepidozia reptans (L.) Dumort. 1
Marchantia polymorpha L. 1
Radula complanata (L.) Dumort. 1
Riccia fluitans L. 1

Bryophyta

Abietinella abietina (Hedw.) Fleisch. 2
Amblystegium serpens (Hedw.) Schimp. 1 2 2 2 2 2 1
Atrichum undulatum (Hedw.) P. Beauv. 2 2
Barbula unguiculata Hedw. 2 3 2
Brachytheciastrum velutinum (Hedw.) Ignatov et Huttunen
Brachythecium albicans (Hedw.) Schimp. 1
Brachythecium campestre (Miill. Hal.) Schimp. 1 1
Brachythecium glareosum (Bruch ex Spruce) Schimp. 1 1 1
Brachythecium rutabulum (Hedw.) Schimp. 1 1 2 2 3 2
Brachythecium salebrosum (Hoffm. ex F.Weber & D. 1 1 1 1
Mohr) Schimp.
Bryum argenteum Hedw. 23
Calliergonella cuspidata (Hedw.) Loeske 1 1 1
Ceratodon purpureus (Hedw.) Brid. 23 2 2 2
Climacium dendroides (Hedw.) F.Weber & D.Mohr
Cratoneuron filicinum (Hedw.) Spruce 1 2
Dicranella varia (Hedw.) Schimp. 1
Drepanocladus aduncus (Hedw.) Warnst. 1
Fissidens crispus Mont. 1 1
Fissidens taxifolius Hedw. 2 1 2
Funaria hygrometrica Hedw. 2 2 1
Grimmia pulvinata (Hedw.) Sm. 11
Herzogiella seligeri (Brid.) Z.Iwats.
Homalothecium lutescens (Hedw.) H.Rob. 2
Hygroamblystegium varium (Hedw.) Monk. 1
Hypnum cupressiforme Hedw. 2 2
Leskea polycarpa Hedw.
Lewinskya affinis (Schrad. Ex Brid.) F. Lara, Garilleti &
Goffinet
Lewinskya speciosa (Nees) F.Lara, Garilleti&GoffinetNees 3
Lewinskya striata (Hedw.) F.Lara, Garilleti & Goffinet
Mnium marginatum (Dicks.) P.Beauv. 1
Nyholmiella obtusifolia (Brid.) Holmen & E.Warncke 1
Orthotrichum diaphanum Brid. 2 1
Orthotrichum pallens Bruch ex Brid.
Orthotrichum pumilumSw. exanon.
Oxyrrhynchium hians (Hedw.) Loeske 1 2
Plagiomnium cuspidatum (Hedw.) T. Kop. 2 1 2 2 1
Plagiomnium elatum (Bruch & Schimp.) T.J.Kop. 1

—_
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3axinuenns mabauyi

Bun

Plagiomnium rostratum (Schrad.) T.J.Kop
Plagiomnium undulatum (Hedw.) T.J.Kop.
Platygyrium repens (Brid.) Schimp.

Platyhypnidium riparoides (Hedw.) Dixon
Pseudoleskeella nervosa (Brid.) Nyholm
Ptychostomum capillare (Hedw.) Holyoak & N.Pedersen
Ptychostomum imbricatulum (Mill.Hal.) Holyoak &
N.Pedersen

Ptychostomum moravicum (Podp.) Ros et Mazimpaka
Pylaisia polyantha (Hedw.) Schimp.

Rhynchostegium murale (Hedw.) Schimp.
Rhytidiadelphus squarrosus (Hedw.) Warnst.
Schistidium apocarpum (Hedw.) Bruch et Schimp.
Sciuro-hypnum populeum (Hedw.) Ignatov & Huttunen
Syntrichia papillosa (Wilson) Jur.

Syntrichia ruralis (Hedw.) F.Weber & D.Mohr

Tortula lindbergii Broth.

Tortula muralis Hedw.

Tortula truncata (Hedw.) Mitt.

[St [StA [ SG [SO [SV [WR[WL[WS [AM [T
1 2 2

2
2

2
2

2 1

1

1
2

W —

3

1
2

—

3

2
2

3
2

Mpumitku: Cyoctpatu: St — kaMinb; StA — mTyuHuii kam’sHucTHil; SG — IPYHT i3 rpaBieM abo milaHui;
SO — oronenuii rpyHT; SV — cepex Tpas’siHUX pocnuH Ha rpyHTi; WR — rauna nepesuna; WL — dopoditu
(ctoBOypn); WS — dopoditu (okopeHkn); AM — BogHE Ta HABKOJIOBOJHE cepeoBuile, T — BarmHIKoBuUit Ty Q.

YacroTy TparuisHHS BKa3aHO B Mexax Bix 1 10 3: 1 — mooguHOKO, 2 — criopagnvHo, 3 —

4acTo (3BUYANHUIA BHIT).
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BRYOPHYTES OF LOCAL PARK - MONUMENT
OF LANDSCAPE GARDENING “SNOPKIVSKY” (LVIV CITY)
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The species diversity and substratum preferencies of Bryophytes in the territory of
the local park-monument park “Snopkivsky” in the urban ecosystem of Lviv are given in
the article. The bryoflora of the Snopkivsky Park includes 61 species of bryophytes from the
divisions Marchantiophyta and Bryophyta. The high position of the families Brachythecia-
ceae, Orthotricaceae, Pottiaceae, Bryaceae in the floristic spectrum reflects the specificity
of the park’s local conditions. The percentage of these families in the floristic spectrum is
45.9 % of the total species richness. This distribution is characteristic of aridic natural zones,
which indicates the dry condition of the urban microclimate. At the same time, a good rep-
resentation of the boreal and nemoral forest families such as Mniaceae, Amblystegiaceae,
Hypnaceae (21.3 % of the total species richness) reflects the natural features of the territory
(the zone of broad-leaved forests), which spontaneously reproduced on part of the Park ter-
ritory or were created artificially in ornamental gardening. In this part of the Park with spon-
taneous silvatisation the largest number of bryophyte species is concentrated and the moss
cover is the most abundant. Poor representation of Marchantiophytes indicates a significant
degree of anthropization of the studied urban ecosystem. There is an increase in the number
of anthropogenic ecotopes in the Park, which is reflected in a significant upgrowth in the
fraction of epilithic bryophyte species. Ravines and abandoned quarries have the greatest
conservation value for mosses on the Park territory. Some anthropophobic species as com-
ponents of epigeic, epiphytic and epixylic substrates groups, which are not characteristic of
intensively urbanized areas, are occur here. No rare bryophyte species were found within
the park. However, floating liverwort Riccia fluitans, which is not typical for urban areas in
general, was found in the Zelene Oko lake. Calcareous tufa deposited in the bed of hard-wa-
ter streams at the headwaters of the Snopkivsky stream is a specific habitat for bryophytes.
Indicators for hard-water springs with tufa formation of European lowland arias bryophytes
species (Apopellia endiviifolia, Cratoneuron filicinum and Platyhypnidium riparoides) were
found here. Amphibious (primarily calciphilic tufa-forming) and free-floating bryophyte
species are equally not typical for urbanized ecosystems and occur here only sporadically:
this fact underlines the conservation value of the researched park for the preservation of
bryophytes microhabitats within the city boundaries. The conservation of silvatic areas, both
spontaneous and artificial, is an important condition for the effective functioning of the park
as a semi-natural ecosystem. The diversity of bryophytes, their species composition and
cover abundance are indicative of the integrity of urban ecosystems on the territory of the
park “Snopkivsky”.

Keywords: Bryophytes, substrata groups, abundance, anthropogenic transformation,
park “Snopkivsky”, Lviv urboecosystem
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Po3misiHyTO iCTOpil0 BUKOPHCTaHHS TEPMiHA «OCEJHINE» SK BiJIOBITHUKA Tep-
MiHa «habitaty. Haronomeno, 1o 1eil TepMiH MO3HA4Yae CEpPEOBUINE iCHYBAaHHS MEBHO-
TO BHIY Y¥ NOMYJIALINH TBapuUH 1 BU3HAYAEThCS iXHIMM apeanaMy. Bka3zaHO Ha YMHHHKH,
sIKI 3yMOBJIIOIOTh PYHHYBaHHS OCEJNIMI] OararhboX MOMYJIALiil Ha piBHHHI i y BUcOKorip’i
Vkpaiacekux Kapnar. 3BepHyTO yBary Ha Aerpajialiiro ripCbKux o3ep i IOTOKIB SIK OCEJIHI]
BOASHHX TifipoGioHTiB. Cepex YMHHUKIB, SKi IPU3BOIATH 10 PyWHYBaHHS OCENHIL, BHi-
JICHO YMHHUKH SK MPUPOTHOTO, TaK 1 aHTPOIIYHOTO XapakTepy: 3MiHa KiliMary, abCcOIIOTHE
3aIl0BiIaHHS TEPUTOPIH, IeMyTaliiiHi MPOLEeCcH, HeperyliboBaHa peKpealiifHa IisUIbHICTS,
3MiHa TPAJUIIIIHHOTO 3eMJICKOPUCTYBaHHS, XiMi3My BOJH, il 3aCMiueHHs, MOsBA 1HBA3IHHUX
pocnuH, yp6anizamis Tomo. CHHepri3M BIUIMBY IUX YHHHHKIB CIIPUYUHSE MIBUJIKY 3MiHY
OCEITHIIL, @ BIITAK — BTPATy aIalTaI[iifHOT CIIPOMOXXHOCTI OCOOWH Pi3HUX BHJIIB /10 3MiHEHHX
YMOB cepeoBHINa IXHpOro icHyBaHHA. Cepen 00’€KTiB HAIIOTO BUBYCHHS — TaKi TAKCOHU
sIK TUTaHKTOHHI pakononioHi (Cladocera), mypamiku (Formicidae), kpyrinopoti (Cyclostoma-
ta), mpomeHernepi (Actinopterygii), 3emHoBoaHI (Amphibia) Ta nraxu (Aves). BcranosieHo,
30KpeMa, 10 MIMPOKOJIMCTSIHI JIICOBI OCEJIUIA € HAHOUIBII CIPUATIINBUMY IJIsI iICHYBaHHS
3HAYHOTO Pi3HOMAHITTI Mypamok. BunineHo Meraocenuima ajist 36MHOBOIHUX SIK KOMITIIEKC
3MIHHHUX NPOTATOM BETETAllifHOTO CE30HY OKPEMHX OCEINHII, MOB’S3aHUX MK COOO0I0 Mi-
rpaniifanmy nusixamu. Ha y)KUTKOBUX TEPUTOPISIX, SIK MPUKIIAJ, KIIFOYOBHM OCEIIHIIEM 3a-
xigHoro [Tomiccst Moxke OyTn ypounine YHUYI — Miclie iCHYBaHHS HU3KH PapUTETHUX BHUIIB
ntaxiB. ['Hi3n00yiBHA MOBEIHKA MTAXiB MiJ] BILIABOM aHTPOMIYHOTO YHHHHKA TaKOX 3a-
3HA€ 3MiH — BUiocnienn(ivHNIT BUIIISA THI3/A 1 CKiIaj THI3MOBHX MarepiaiiB TpaHchopMy-
FOTBCSI Y BIIMOBIh HA 3acMiueHHs ocenui]. OKpiM IOTO, TOCIIIKEHHsI TOKa3ao, 10 BU-
KOPHCTaHHS IHTPOIYIEHTIB JUIs 03€JICHEHHS MicTa Ma€ HETaTHBHUI BIUIMB HA PI3HOMAHITTS
ypOoOopHiTO(hayHH, OCKUIBKY, SIK HE apaJoKCaIbHO, 1€ 3MEHIIYE KiIbKICTh THI3TONpUAaT-
HUX 1 KOPMOBHX OCEJIHII NTaXiB. 3alIpOIOHOBAHO MPOBECTH BHUIIJICHHS KITIOYOBUX OCEIIHII]
JUISL TIOMYJISIIIH PIKICHUX 1 papUTETHUX BUIIB TBApHH Ha TEPEHAX SIK 3aIIOBiJHOTO (OHIY,
TaK 1 Y)KUTKOBUX TEPUTOPIii, BKa3aTH Ha Micus nepeOyBaHHs 1X Ta CIIOCOOM MEHEIKMEHTY
(oxopoHa, BiJTHOBJIEHHS, pEKOHCTPYKILis TOIIO).

Knrouosi cnoea: ocemuile, MEraoCeIHINe, KITFOYOBI OCEIHIIA, €KOJOTIYHI YNHHHUKH,
TBapUHU

ITpoGnema aHamizy ocenuil s PI3HUX BHIIB POCIUH 1 TBapUH CTala OJHUM i3 Ipio-
PHUTETHUX HAIpPSIMIB JOCITIHKEHb Y KOHTEKCTI 30epe)KeHHs TOMYJISLIHHOTO Pi3HOMAHITTS 610TH.
BukopuctanHs B yKpaiHChKili €KOJNOTI4HiH 1 TPUPOI0OXOPOHHIH JIITepaTypi TepMiHa «OCEIHIIE
(anasor annmiiicekoro «habitaty) Mae cBOKO icTOpitO.

V 80-x poxax XX cr. 1. B. Ilapuk nonosinas Ha 3aciganni Biztinesus 3aransHoi 6ioorii
HAH VYxpaiuu npo pesysbTaTd JOCHiKeHb TOMYJIALiil pociuH 1 TBapuH y BHcokorip’i Ykpa-
fHcpkux Kaprmar, e Briepiiie i BXKHUB TEPMiH «OCEIHUIIE», SIKe B HOro po3yMiHHI 03HA4aso Micle
nepeOyBaHHsI MOMYJISIT Ta HASIBHICTh Y HHOMY BCIX HEOOXIAHUX AJIs 11 )KUTTENIsLIBHOCTI (camo-
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BiHOBJICHHsI) yMOB. BomHo4ac y €Bporri Oyito CTBOpEHO crienianbHi Kiacuikariii TuItiB 6i0ToImiB,
SIKI OTOTOXKHIOBAJIH 3 TEPMIHOM «OCEJIHIIE) K HOCITIBHUM IIEPEKIIaZoM clioBa «habitaty, 30kpema,
CORINE, EUNIS Ta Hu3Ky HaI[iOHAJIGHMX KiIacU(ikaiii, siIKi BAKOPUCTOBYIOTh OKPEMi KpaiHu
[18, 19, 21]. B VkpaiHi e TepMiH CIOYaTKy 3aCTOCOBYBAIU SIK CHHOHIM 010TOITY, X04 OCTaHHIN
CTOCYETBCS OMHCY CEPEeNOBHINA OIOTHYHOTO yrpyHOBaHHS KOHKPETHOI TepUTOpii, TOOTO cepe-
JIOBHIINA iICHYBaHHA. Y TOM JKe 9ac TEPMiH «OCEIUIIEe)» 03HAYAE SO iHIIIe, a caMe OIUC CEPEIOBHU-
1112 TIEBHOTO BUJy YM TOMYJISILIN TBApHH, 1 BU3HAYAETHCS IXHIMH apeaiaMi B MeXaX KOHKPETHHX
naHamadTIB POCIUMHHUX YIPYIIOBaHb, B IKMX BiIOyBatOTHCS aIalTalliiiHi IPOLIECH JKHUBOTO.

Take x pO3yMiHHS 3HAUEHHS «OCEJHIIA» IiJ| Yac aHaji3y IMX )X MOHSITh HABOIUTH
M. Udvardy [1uT. 3a 2], BKa3yoo4H, 1110 TOBOPUTH PO Oi0TOM JOPEUHO TOAi, KO HAEThCS MPo
OioreHOTHYHHMIA (010IIEHO03), aJle He BHIOBHH YH MOMY/IMIHHKEN piBHI. TPOXH Mi3HIIIE €BPOIHTE-
rpaliifHi MpoIecH JaJi MOIITOBX J0 PO3pO0KH HaIllIOHAIBHOTO Karajory 0iotomiB Ykpainu [8].

OnuuM 3 ifeosoris KoHmerniii Tepmina «habitaty y cBiti € Inkka I"ancki (Ilkka Hanski),
MoHorpadii sIKOTo OImyOIiKOBaHO HA MEX1 THCSIIOMITh [22, 23 Ta iH.]. 3rigHo 3 HUM, TepMiH «ha-
bitaty o3Hauae MicIie, KUTTEBHA TIPOCTIP, 1€ )KUBE BU, HAOip MPUPOTHUX YMOB CEPEIOBHINA, K1
BH3HAYAIOTh ICHYBaHHS, BUKUBAHHSI 1 BIITBOPEHHA nonyiayii (Kypcus Hamr) [23].

TakuM 9MHOM, Hallle PO3yMiHHS TEPMiHa «ocenuIe» Ta MOHATT [inkka ['aHcki «habitaty
IIJTKOM Y3TOKYIOTHCS MiXk c00010. Y 11ili poOOTi MU BIIacCHE B TAKOMY PO3YMiHHI i OymeMo BH-
KOPHUCTOBYBATH TEPMIiH «OCEIHUIIIEY.

Merta Hamoi poO0TH — IPUBEPHYTH yBary JOCIHITHUKIB O TOTPEO BUBYCHHSI OCEIHIIL SIK
MicIb (DYHKIIOHYBAHHSI MOMYJISILIA BHIIB; OXapaKTEPU3yBaTH OCENIUINA ACSIKUX BUIIB TBAPHUH 1
BKa3aTH MPUYHUHY IXHBOT JAeTpajallii, 3alpoNOHyBaTH IHBEHTAPHU3aIlit0 OCENHII PIIKICHUX Ta pa-
PUTETHHUX BUAIB TBAPHH y MeXaX 00’ €KTiB MPUPOI03aMOBiAHOTO (POHAY ¥ Y>)KUTKOBUX TEPUTOPii
3 METOIO IXHBOTO 30€pEKCHHSI.

Marepiaau Ta MeToau

BrnactuBocTi ocenui BUBYaIM B PI3HUX Ocepeikax BUCOKorip’s YkpaiHcbkux Kapnar i
piBHMHHHX TepHuTopiii JIbBiBChKOT Ta BonmmHChKOT oOnacTeii.

KommonenTtamu ocenui 0yino 00paHo rpyy 0COOWH TBapHH, sKi 3a GopMaibHUMU O3Ha-
KamH (IIJIBHICTD, XapaKTep PO3MillleHHs] 0COOMH, BiKOBa, CTaTeBa CTPYKTYpH, 3MaTHICT 1O ca-
MOBIJJHOBJICHHS) MO’)KHA BB)KaTH IOITYJISILISIMH — €JIEMEHTAPHUMH OJJMHULIIMHU €BOJTFOLII.

JocimkeHHs: 0coOIMBOCTEH OCENHII 1 TXHIX MOMYJIAL TBAPUH TPOBOIMIIH 32 3arajbHO-
MPUAHATHMH B 300JI0TIT Ta ekoorii Metonamu [16, 17, 24, 27, 30 ta iu.].

PesynbTarH i ixHe 00roBOpeHHs

OCHOBHOIO NIPUYMHOIO 3aHETNaay MOMYyJSMid POCIUH 1 TBapUH € PyHHYBaHHS a0 3HH-
IIeHHs IXHIX ocenun] [29]. 3HUIIEHHS OCENHNII MOXJIMBE BHACHTIZOK MPUPOTHUX SIBHI (3CYBIB,
JIaBMH, TIABOJIKIB, TIOBEHEH TOIO) Ta /ii aHTPOIIYHUX YMHHHKIB (BUpyOyBaHHS JIiCiB, BUTOIITY-
BaHHs, HQ/IMIpHa peKpeallis, 3a0pyTHeHHs TEPUTOPiH TOIIO).

Tak, y 2023 p. mix yac BereranifHoro ce3oHy y BHCOKorip’i Ykpaincekux Kapmar 3miii-
CHEHO HAyKOBY €KCHEIHIIIIO 3 METOIO aHaNi3y TypHCTHYHOTO HAaBaHTaKEHHS Ha TiPChKi €KOCHC-
temu Bix rT. [lerpoc i ['oBepna xo . Iin [Ban YopHoripcekuii. BetanoBieHo, 0 MPOTATOM CBIT-
JIOBOTO JTHS JINIIHS Ha TYPUCTHYHIN CTEXII, sika Oepe CBii mouarok Bij c. SIciHs, mposnsrae yepes
BEpPUIMHHU T'ip ToioBHOro YopHoripchKoro xpedra i 3aKiH4yeThes B ¢. bucTpenp, HamiuyeTbes 10
600 TypucTiB, AKi TabOpyIOThCS y pisHUX Micisx. Kpim nporo, y paioni rr. Typkyun, danuep,
Bpeckyi nparroroTh HelleraibHi 3ar0TiBEIBHUKH icnanIchkoro Moxy Cetraria islandica. e Ty-
PHCTHYHHMI MapIIpyT MPOJISITaE Yepe3 Bpas3uBi /10 Jii aHTPONIYHMX YHHHHKIB JIy4HI, YarapHu-
KOBI, INIITAHUKOBI, MOXOBI Ta HACKEIIbHI €KOCHCTEMHU.
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BceranoBneHo, 1m0 0e3CHCTEMHa HEpETry/bOBaHa pekpearlis y Bucokorip’i YopHoropu
MPU3BOJMTH 10 PYHHYBaHHS POCIHMHHOTO TOKPUBY, 3a0pYJHEHHS TPCHKHX BOJHHX €KOCHCTEM
(03. HecamoBuTE Ta iHIII) OPraHIYHUMH PEIITKAMH, & BIATAK — 710 BTPATH OCEITHII] PIIKICHUX BH-
IiB Oe3xpebeTHHX 1 xpebeTHuX TBapHH [28].

[Ilo cTocyeThCsl BOMHUX €KOCHCTEM 3arajioM, TO TPOXH MEHIIOT0 HEraTUBHOTO BILUIUBY
3a3HAIOTh OCEJIMIIA TBAPHH, SIKI HACENSIOTh BUCOKOTIPHI TpChKi MOTOKK (B Mexax BucoT 1500—
1800 M H. p. M.). Ha Hmxunx rincomerpuunux piBHsx (300—-1500 M H. p. M.) Tiapo6ioHTIB y3araii
KPUTHUYHO MaJIO, OCKUTBKH JI0 YNHHHUKIB PeKpeallii JoJar0ThCsI 1e i Ti, SIKi 3yMOBJICHI AiSTIbHICTIO
MICIICBHX TpOMa (3aCMIYCHHS TIOTOKIB 1 Pi4OK MOOYTOBUM CMITTSIM, PYHHYBaHHS PyCes TOIIO).

He MeHII Ba)KIIMBUM YMHHMKOM 3MIiHH OCEJNUIN TBAPUH € CHHEPTi3M YMHHHKIB — 3ario-
BiJIaHHS TEPUTOPIH 1 3MiHa KIliMaTy. 3aroBiaHHs TEPUTOPIl, pi3Ke 3MEHIIIEHHS TTOTOiB’ s KOPIB,
OBellb, KOHEH MPHU3BEIIO 10 3MIHM TpaguLiiHOi (popMHU 3eMIIEKOPUCTYBaHHS (BUIACy) W 3yMOBH-
JIO TATPUMKY JIeMYyTaI[lifHUX TPOLECIB y HANPsIMi CHIIbBATHU3AIIT TOJOHUH (BTOPUHHUX €KOCHC-
TeM) — OCEIHIIl PiAKICHOT 010TH, 30KpeMa, i eeMeHTiB enTomodayru. Leit mporiec, 1110 TpUBa€e
Bke Maibke 40 pokiB, IPU3BIB IO BiTHOBJICHHSI PI3HOBIKOBUX CMEPEKOBHX HacaJpKeHb 13 Picea
abies na niBHIYHOMY Makpocxwiti YopHoropu it OykoBux Fagus sylvatica — va nisieHHoMy. Cyk-
LECIiHI POLIECH, SIKi MPOSIBISIFOTHCS B aBTOTpodHOMY i reTepoTpodHOMY OJI0KaX, MPU3BOAATH
JI0 3MiHU 010TH, a BiATaK 1 IXHiX GI0TOIMIB (CyMH OCEIHII] MOMYJIALii Pi3HUX BUJIIB).

Mo % cTOCYEThCS rigpoeKocrcTeM JIBBIBIIMHH, TO BCTAHOBJICHO, 110 Maixe 130 pokiB Tomy
b. InboBchkuii i M. I'poxoBchKHii 3apeecTpyBain Ha nux TepeHax [20], siki Hanexars 10 JIbBiB-
cpkoro Pozrouus [S], 21 pig Cladocera, 3riiHO 3 IXHBOIO Cy4acHOIO cucteMarrkoro [17]. Hammmu
TENepilHIMU JOCII/DKEHHSIMU Y BoZloiiMax Ykpaincbkoro Posrowust BusieieHo 18 ponis Cladocera
[3, 26]. Taki 3minu y kinbkocTi poxis Cladocera MoXHA TOSICHATH 3MIHOO a0I0THYHUX 1 O10THUHHX
rapamMeTpiB BOIHHUX OCEJHIIL TiIPOOIOHTIB. Y 1IbOMY acIeKTi Ha 0COOJIMBY yBary 3aCiIyrOBY€E aHAI3
TPEH/y 3MiHH TEMIIEpaTypy BOJOMM 31 3MIHOIO KITIMaTy 1 iXHsI aHTPOIIOr€HHA eBTPOQIKallis.

HocaimkeHHsaM MipMeKopayHHd Y TPhOX ocenuiiax (00ioTo, Jic, Jiyka) IPUPOIHOTO 3a-
noBigHuKa Po3rouus Ha ocHOBI 300piB ceprHs—BepecHs 2022 p. BUsBICHO 18 BHIIB MypalloK,
SIKI HaJIeXKaTh JI0 BOCBMH POJIIB 1 TphoX mifipoanH: Formicinae, Myrmecinae ta Dolichoderinae.
3rigHo 3 pe3yasTaTaMu 004YKcIeHb iHaekcy ChopeHceHa, OAI0HICTh BUIOBOTO CKJIa Iy MypPaIIoK
6oroTta i Jicy cranoButs 0,44, micy Ta myku 0,57, ayku ta 6omnora 0,53. Takum 4uHOM, 111 TPH
JIUISTHKH PI3HATBCS 32 BUJOBUM CKIIAJIOM, J00pe PEeNpe3eHTY0our BHIU MypalIoK, 1[0 XapaKTe-
pu3yIoTh pi3Hi ocenuia. Ha 3abonoueHiit qinsauHIl 3HaliaeHo 6 BUIiB Mypaliok. Taka OimHICTh
MipmekodayHu cynepednts naHuM pobotu 3a 2000 p. [14]. Lle MOKHA MOSCHUTH SIK THM, IO 32
O1b111 Hidk 20 POKIB OCEJIHIIE MOTIIO CHIILHO TPAaHC(OPMYBATHUCS, TaK 1 THM, 1[0 Y poOOTI He 3ra-
JTAHO OKpeMi BUH, a Jiuiie poauna Formicidae. BinmbImicTs 31 3HalACHUX HAMU BHIIIB — CBPUTOII-
Hi OMOPTYHICTHYHI, 10 XapaKTepHi IJisl [erpajoBaHUX TEPUTOPIH 1 € aHTpornoditaMu, Hampu-
knan, Lasius niger 1 Tetramorium caespitum. Y 1IbOMY OCEIHILI BUSBICHO Takok Dolichoderus
quadripunctatus, SKU# X0 1 He € PIAKICHUM Ha TepuTopil YKpaiHu, ajie TparuisieTbest JHUIIe Co-
paauyno [7]. OTpuMaHi maHi MiATBEPHKYIOTH 3arajbHy TEHICHIIO 0 BUIIOIO Pi3HOMAHITTS
MipMeKkodayHH Ha TEPUTOPIl IIUPOKOIUCTSHOIO JIicy, a came Te, mo 12 i3 18 BUIIB Mypaliok
TPAIUISUINACS CaMe B LIbOMY OCEIHII. Pe3ynbsraTtu JoCiipKeHb MiATBEPIKYIOTh BRXIIUBICT Oara-
TOBIKOBHX HAaca/PKEHb y 30epekeHHI Oi10pi3HOMAHITTs, B TOMY 4HCIi Oe3xpebeTHnx TBapuH. Ha
i TIUSHIN Ay’Ke 9acTo TPAIULUIACS BUAW miapony Serviformica s. str (4 Bumu). Okpim 116010, 4
BHJIU pony Lasius TaKoX 3HAWIEHO Ha il qUstHI. JIydaHe ocenuIe Tex MOKHA XapaKTepu3yBa-
TH 3HAYHUM PI3HOMAHITTAM Mypamok (9 BHIIB), cepell SKUX MepeBaXaroTh MPEACTaBHUKU POILY
Formica, 10 yTBOPIOIOTh CKJIaJHHUII MIPMEKOKOMILIEKC, JOMIHAHTOM KOTporo € F. polyctena.
BpaxoByroun 3HaxXiJK{ MaJONpPEICTaBICHUX BUIIB, MONIMPEHICTh BU/IB €eHTOMO(ArIB 1 3aralib-
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HUH BUIOBHH CKJIaJ MypAaIIOK Ha JOCITKYyBaHUX TUISHKAX, MOXKHA CTBEPPKYBATH IPO BaXkKIIH-
BiCTh MPUPOIHOTO 3aMOBiTHIKA «PO3TOYUS» SIK CUCTEMH OCEJHII MypaIIOK Ha I[iii TepuTopii.

Hamu Takox mpoaHasi3oBaHO CTPYKTYPY OCENHII] YepBOHOKHIDKHOTO BUAY MIHOTH yKpa-
fHCBKO1 Eudontomyzon mariae y Bonotokax daceitny 3aximHoro byry, 30kpema, rpaHyjIoMeTpHd-
Hi XapaKTEePUCTHUKH IMIAHO-TATBKOBUX HAHOCIB 1 JETPUTHUX KOMIIOHEHTIB 3 METOI0 1HAMKAIIii
Ta BUSBICHHS B MOAAIBIIOMY ii HOBHX MOTEHIIMHUX OCENHWIN. 3ayBa)kKeHO, IO MPUAATHI IS
3acelieHHs] MIHOTOIO IUISTHKH Pyclia MAalOTh y CKJIa/i HAMYJTiB TTOMITHO OijbIlle PEIITOK BHUIIIHX,
CYIWHHHX POCIIHH, TOZI K IJIs1 HAMYJIiB Y BOJOTOKAX PETiOHY 3arajioM XapakTepHE IepeBaKaHHS
JPiIOHOAUCIIEPCHUX 3aJIUINKIB POKAPIOT, 3€JICHMX 1 1IaTOMOBUX BOIOpOCTEH Totio. [igpororiu-
Hi YMOBH yIpyNoOBaHb OEHTOCY 3 O10TOIIB, IO Pi3HATHCA 3a 3rajlaHiMU O3HAKaMH, Y TEPIIOMY
BHITAJIKy Habarato mpuBabIMBilIl s MEPEBAKHOT OUTBIIOCTI TiAPOOiIOHTIB.

BizyanpHe ¥ omangHe iHCTpyMEHTalbHE BUBYCHHS AUISHKH pycna p. IIpyt y 2023 p. B
OKOITHILIX YOPHOTIPCHKOTO CTamioHapy reorpadiqaoro daxyisrery JIbBIBCHKOrO HaI[lOHAIBHOTO
yHiBepcuTeTy iMeHi [Bana dpaHka 3 METOIO akTyati3allii JaHuX Ipo CTaH ixTiodayHu i ocenuiy
pu0 BUSBHIIO PO3PiKEHY, aje MOBHOWISHHY MOMyJIsAIito (openi ctpyMkoBoi Salmo trutta m.
fario, 1 3HauHO 30inHEeHyY — 6abus crpokaroHororo Cottus poecilopus. Ocenuina nux pub xod i
po3TanioBaHi y 3aroBiHii 30Hi, IPOTe HU3bKi TOKa3HUKH IIUTLHOCTI IXHIX IMOMYJISIIA CBiTIaTh,
10 (hOpMaIbHOTO CTATYCy 3aIMOBITHOCTI HEAOCTATHRO AJIs 3a0€3MeUeHHs 3aJJ0BUTLHOTO CTaHy SIK
CaMOro OCEJIMIIA, TaK 1 MOMYJIALI# JOCITIIHKYBaHUX BUIIB PHO.

[IpoananizoBaHO YMHHHKH, [0 BIUIMBAIOTh HAa PEMPOIYKTHUBHI OCEIHINA 3€MHOBOIHHUX,
SIKHMH € HacaMmIepe] aCTaTUIHI BOJOWMHU — KaJIioXKi pi3HOTO MOXOMKEHHS, KOJNICHI KOJIii MOIbho-
BHX 1 JTICOBHX JIOPIr ToIIo. Taki pempoAyKTUBHI OCENHINA € BAXKIUBAM €JIEMEHTOM KOMIUIEKCHUX
BHJIOBUX ocenun] aMpibiii (Meraocenur), sKi MpoTATOM CE€30Hy HEOJHOPA30BO 3MiHIOIOTH CBOL
JIOKAIIii: PO3MHOYKCHHS Y BOJII, )KUBJICHHS Ha JIyIli / B JIici / y BOAOWMI / Ha IMOJIsIX 1 ropoaax, ribep-
HAIis y JTici / y BomoiMax / y migBajiaX M IHIIKX MPUIATHAX aHTPOIIIYHAX KOHCTPYKIisx. OKpiM
IIbOTO, BC1 €IEMEHTH OTHOTO METAa0CEeNHINa OB 3aHl MiXK COO00 MIirpaliiHUMu KOpUI0paMH,
SIKi 3a0€3MMeYyrOTh LUTICHICTP 1 ()YHKIIOHAIBHICTH TAKOT IPOCTOPOBOI CTPYKTYPH.

Kitimatudni 3MiHu MaroTh Oe3mocepenHili BIUIMB Ha ocenuina. Hacammepen, MoBa iine
PO JIBA OCHOBHUX 0a30BUX YMHHHUKHU: CEPEIHS TeMIlepaTypa MOBITPS 1 KiIBKICTh OMaJiB Mpo-
TATOM CE30HY aKTUBHOCTI 36MHOBOIHUX (Oepe3eHb—ucTonan). Binrak, OCHOBHUMH IPUYUHAMHU
Jerpajamnii 3raJaHuxX BHIE aCTaTUYHHUX BOJOMM € JacTe MepecuxaHHs, 0cOONMBO HaBECHI Ta Ha
MOYaTKy JIiTa, 3aPOCTaHHS BOASHOIO i HABKOJIOBOJSHOIO POCIUHHICTIO, IO HEPIKO MAa€ CHHEP-
riuauil eekT, pi3HOMAaHITHE 3a0pymHEHHS BOAM (XiMiuHe, MOOYTOBE), @ TAKOXK OC3MOCEpeIHE
pyiinyBaHHS (3a0y10Ba IMYCTHII 1 3aKHHYTHX IUISTHOK, JiCO3aroTiBIs, TPAHCIIOPTHE HABAHTaYKEH-
HS, peKpeaiiHui BIUIUB TOIIIO).

3BiCHO K, HE BCi 3rajjaHi MpUYMHM JeTpajaallii Mo’ 13aHi 31 3MiHOIO KIIiMaTy, aje 6araro 3
HUX € CyITyTHIMH, SIKi TOCIJTIOIOTh HETaTUBHUH BIUIMB KJIIMAaTHYHAX YMHHUKIB. IIpukiamom Takoi
TEHJIEHITi1 MO)ke OyTH HU3Ka 3MiH PEePOAYKTUBHHUX OCEIHII 36MHOBOJHUX, SIKi BKE MPU3BEIH 10
BTPATH BIIOMHX PAHIIIE JIOKAIIH ICHYBaHHS BUAIB. Tak, y perioHaJbHOMY JaHIIIa( THOMY ITapKy
«3HeciHH» O 03epa mie pokiB 3 10 Tomy Oyia cucTeMa KaJIloXK, JIe PETYISIPHO TParisiacs
KyMKa 3Bu4aitHa Bombina bombina. Ha cboromHi 0coOMH BHAY B IIbOMY OCENHIII BXKE HEMAE y
3B’SI3KYy 3 IUJIKOBUTOIO HOTO TpaHC(OPMAIIIEO i1 BIUIMBOM 3aTiHEHHS, 3apPOCTAHHS, BUCHXaHHS
1 3 TIEPETBOPEHHAM HOro Ha 3HCBOAHEHY Jy4HY OUIIHKY. [ToHa1 Te, eKOJOrIYHOK 0COOIHUBICTIO
BHMOTJIMBOI JIO YMOB CEpeIOBHIA KyMKH 3BHYAIHOT € HEMOXIIUBICTh PO3MHOXKYBATHCh Y BEIH-
KUX CTaTUYHUX BOJIOMMAaxX THITY 03ep, CTaBiB TOIIO, SKi caMe i po3TalloBaHi MOpyY 31 3HUKIUMHU
Katoxamu [6].
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[ToniOHMM YMHOM MOXKHA CTBEPDKYBATH TPO IITKOBUTE 3HUKHEHHS HU3KH aCTaTHYHUX
BOJIOIM Ha mycTuini HeroAanik LleHTpy oOciyroByBaHHs MaTHHUKIB JIbBIBCHKOT MOIATKOBOT iH-
CIIEKIIii BHACIIIZIOK IIOCTYIIOBOTO BHCHXAHHS, 3aPOCTaHHA 1 YaCTKOBOi 3a0y10BH. Y ITUX BOIOMMAax
MPOTATOM TpHBajoro yacy (15-25 pokiB ToMy) MIOPOKY (iKCyBau HAsSBHICTH TPHOX BUJIIB 3€M-
HOBOJIHHUX: TPUTOHA 3BHYANHOTO Lissotriton vulgaris, kBaxuii cxiguoi Hyla orientalis i TpuToHa
rpebinuacroro Triturus cristatus. OCTaHHIH 13 HUX CTAHOM Ha ChOTO/IHI € BUIOM UepBOHOT KHHUTH
VYkpainu. 3HUKHEHHS [[bOTO OCEJUINR, SIK 1 B MONEPEIHHOMY BHUIAKY, IPU3BEJIO 10 3HUKHEHHS
HU3KH JIOKAIBHHUX MOMYJIAIi# 3eMHOBOIHUX.

[le onuH mpUKIag 3aHEMary OCENHII, 1e OMHUM i3 HETaTUBHUX YNHHUKIB BIUIMBY € KITi-
MaTUyHa CKJIaJIOBa, — 16 MEepexka KaJlfoXK Ha TYPUCTUIHOMY MapIIPyTi BiJL migHDOKS I. [oBepnu 3
60Ky cropTuBHOI 0a3u «3apociak» 1o 03. HecamoButoro. Ha cxmi 1. IloxnxkeBChKoi, SIKy Tpa-
BepCye 3ralaHuii MapIIpyT, IPOTATOM TPUBAJIOTO yacy croctepeskes (Bix 2003 p.) dikcyBamu
HU3KY KaJIIOK 1 CTapuX KOJNICHHUX KOJiM, sIKI CIyTyBajd OCHOBHHUM PEIPOLYKTHBHUM LIEHTPOM
JUISL TIOMYJIALIT TPUTOHA KapraTrchkoro Lissotriton montandoni, a TaKoX MiCLeM PO3MHOXKEHHsI
JUst iHITUX BUAIB UepBOHOT KHUTH YKpalHH: TPUTOHA albIiichKoro Ichthyosaura alpestris 1 kym-
KU Tipcbkoi Bombina variegata. YHacaiIOK CyKyITHOCTI MPUYUH (KJIIMaTHYHUX, AEMYTalliiHUX,
peKpeaniiHux), sSiKi MaJii IOBFOTPHBAJIMH CIIPSIMOBaHH HEraTUBHHUH BIUTUB Ha 1[I0 MEPEKY Ka-
JIFOXK, BOHU (PAKTUYHO 3HUKJIU, IO CIPUYUHHUIIO 1 3HUKHEHHS 36MHOBOIHUX y 1iH JToKarii [4].

[pencrapneni HamMu B 1iit cTarTi MaTepiany € GparMeHTapHUMH U TOTPEOYIOTh MMOIalh-
mroro BUB4YeHHsS. Ha 0coOnuBy yBary 3aciiyroByrOTh JIOCIIJDKEHHS OCENHUI KOHKPETHUX TOIMY-
JSIIIKA BUJIB, ale TakuX JaHUX oOManb. binblie yBaru B niTeparypi MpuAUUTH Kiacudikarii
OCEJIUII YH O10TOIIB SIK MOTEHIIIHHUX MICIIb )KATTS THX 4d iHIIKX BuAiB [9, 10].

PeanbHe 30epeskeHHsT MOMyJIALIil BUIIB MOTpedye akTyallbHUX JaHUX MPO IXHI OCesHIa
Ta PO TPEHIH 1 YMHHUKH, K MPU3BOAATH 10 iXHIX 3MiH. be3yMOBHO, 11e CKiagHa mpodiema,
aJe, Ha HaIly JYMKY, IO 1/1ef0 He0OX1/IHO BTUTIOBATH Y MPAKTHKY IPHUPOIOOXOPOHHOT TisITBHOCTI.
Hageznemo mpukiia ocenuill NTaxiB, sKi TPAIUISIOTHECS Ha TEPeHAX MPUPO03aoBiAHOTO GOHIY
1l Ha Y)KUTKOBUX TEPUTOPIsX. BHOIp OcemuII Iyis THI3AyBaHHS Y PEIPOAYKTUBHOMY MPOIIEC ITa-
XiB Ma€e BUpilIajbHe 3HaYeHHs. Po3TalryBaHHs Ta MacKyBaHHS THi3/a MOXKe 3a0€3MeUUTH Mak-
CUMaJIbHUH YCIIX PO3MHOXXEHHS, & MOXKE 1 IPU3BECTH A0 MOBHOT HeB/ayi. JIoCiPKeHHs BIIUBY
QIOXTOHHUX BH[IB POCIHMH B €KOCHCTEMaX Ha NPUBAOIMBICTH OCENUII ISl TIPEICTABHUKIB JICH-
IpodiIbHUX BHUIIB ITaXiB MPOBOIMIIN B CeNliTeOHIN YacThHi MicTa JIbBOBa B mapkax, Jlicomapkax,
BYJIMYHHX aJlesX 1 cagax. 3a OCTaHHI ACCATUIITTS Cepell 3eJICHUX HacaykeHb y JIbBOBI Ta Oara-
THOX HACEJICHNUX ITyHKTaX PEriOHy iCTOTHO MOoYalia 3p0CTaTH YacTKa aJIOXTOHHUX BUIB: MarHOMi1
(Magnolia spp.), xaranenu (Catalpa spp.), cymaxa (Rhus spp.), ponoaenapona (Rhododendron
Spp.) TOIIIO, SIKi HErAaTHBHO BIUTMBAIOTh HA PI3HOMAHITTS NTaxiB. [{e Bka3ye Ha BaKIHBICTD KyJlb-
TUBYBaHHS B 3€JICHUX HACA/DKEHHSX HACEJIEHHUX IyHKTIB MICIIeBUX BUIIB POCIHH. IHTpOIyIICH-
TH, SIK TIPABUJIO, € IIEHTPaMU KOHCOPIIiH JUIsl 3HAYHO MEHIIOT KITBKOCTI BUIIIB 0€3XpeOeTHNX, HIXK
aBToxToHHa (hopa [31-33].

1106 3’sicyBaTy 3HAUSHHs PI3HUX JIEPEBHUX POCIIMH Y THI3I0BIH Oionorii nTaxis JIbBoBa,
MU TpOaHaJi3yBaJId TAKCOHHU JIEPEB 1 KYIIIB Y MICTi, SIKi MAlOTh Hail0lbIlIe 3HAYSHHS K MICIIS
obnamtyBaHHs THI3A. [IpoananizoBano 3864 Buna Ky po3rarryBaHHs THI3N 43 aeHIpodiTbHUX
BHIB ITaxXiB y celiTeOHUX Mexax micta JIbBoBa. Jyist o0OmamiTyBaHHs THI3M OTaxXu oOupanu 53
BHJIM 1 pOITY IEPEB 1 KYIIIiB.

3rifiHO 3 HANIMMH AHUMH, HAHOUIBITY KUTBKICTh THI3J NITaXy OONAINTOBYIOTH Ha IyOi
spuyaitnomy Quercus robur (n=747). Oaunak 97 % rHi3n Hanexutb rpaky Corvus frugilegus,
OJTHOMY 3 HeDararbox KOJIOHIaJIbHUX BU/IIB Yy JIbBOBI, UK KOJIOHIT 10OpE MOMITHI i BUPI3HSFOTHCS
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3Ha4HOIO misHIcTIO. Ha mybax y JIbBoBI BusiBieHO 43,5 % ycix BimoMux THi3A rpakis. e 6 Bu-
B IITaxiB BUKOPUCTOBYIOTH IIEH PiJl IEPEB PiJIKO, 1 JIUIIIE COpOKa 3BUUaiiHa Pica pica Ta BUBLIbra
3Bu4aiiHa Oriolus oriolus HagarOTh HOMY TIEpeBary sk BUJIH, 110 B YMOBaX MiCTa pO3TallIOBYyIOTh
THi3/1a Ha 3Ha4HIKA BUCOTI Bix 3emui. L{ikaBo, 110 Ha aTOXTOHHOMY BUi 1y0a uepBoHOTO Quercus
rubra y JIbBOBI HE BUSBJIICHO KOIHOTO THi3/A.

Jlpyra 3a 4HCENBHICTIO BUSBIEHHUX THI3M — Tomoss Populus sp. (n=636). I TyT neBoBa
gactka (80 %) mpumamae Ha rHi3xa rpaka. [Ipote Ha Hil THiI3OUTHCA me 11 iHmux Buais. Haii-
yacrimre — copoka 3Bu4aiiHa (10 %) i ropnuts canosa Streptopelia decaocto (5 %).

TpetiM 3a YHCENBHICTIO, ajie JIiIepOM 3a KiTbKICTIO THI3IOBUX BUIB € KieH Acer sp. Ha
HBOMY BHSIBHIIM THi3a ocobun 21 Buxy (n=383). IMOBipHO, 1ie HAIYHCICHHIMIHI y MicTi BHI
JIepeB, TOMy MOTO NITaXxW BHKOPUCTOBYIOTh Haifuacrimie: rpak (28 %), ropiamms cajgoBa i cCopoka
3BuyaitHa (o 18 %), npiza uukotens Turdus pilaris 1 npi3n 9opuuit 7. merula (o 9 %).

Cepen YMHHUKIB, SIKi CIPHUSIOTHh THI3AYBAaHHIO HAa TIEBHUX BHJIAX JIEPEB, MOKHA BHUALUTATH
JIBa: apXiTEKTOHIKYy CaMmoro jaepesa (IIUIBHICTh MPHJISATAHHS TUIOK 10 CTOBOypa, IyCcTOTa Kpo-
HH) 1 HIOPCTKICTh KOPH, IO A€ ITaxaM 3MOry HamiidHo 3adikcyBaTH THi3m0. OCKIIBKH MTaxu
JUTsL THI3ZIYBaHHS IIEPEBaKHO 0OMPAIOTh JiepeBa aBTOXTOHHOTO MOXOKEHHS 1 YHUKAIOTh JIEPEB,
BBEJ/ICHUX Y KyJIBTYPY 32 OCTaHHI JECATHIIITTS, TO BAPTO BUCAPKYBATH B MICTaX JIJIsl O3€JICHEHHSI
JiepeBa Ta KyIli MicrieBoro moxomkeHss. e cnpusitume npuBabiIeHHIO Ha THi3yBaHHS O1TbIIOT
KIJIBKOCTI TITaxiB.

Takum 4MHOM, JOBEICHO, L0 BUKOPUCTAHHS IHTPOMYLIEHTIB [UIsl O3€JICHEHHs MicTa Ma€e
HETaTWBHUU BIUTMB Ha Pi3HOMAHITTs opHiTo(ayHu JIbBOBa, OCKIIBKH 3MEHIITYE KUTbKICTh THI3/10-
MIPUAATHUX 1 KOPMOBHX OCeNnn] nTaxis [1].

Ille omuH acmeKT MOCIIIHKEHb OCEIHI NTaxiB 32 yMOB Cy4acHOl TpaHcdopMmariii cepe-
JIOBUIIIA iICHYBaHHS — BCTAHOBUTH SIKICHHI 1 KUTbKICHUN BMICT aHTPOTIOTEHHUX MaTepiajiB y THi3-
Jlax TopoO1enoaiOHrX NTaxiB 3axoAy Ykpaiau. TpanuiiiHo ntaxu OyAyloTh THi3/Ia 3 MPUPOITHUX
MaTepialiB, Kl 3a3BHUail 3HAXOMATH HEMOMAIIK MiCIlb 00amTyBaHHS MaiilOyTHROTO THi3Aa. Of-
HaK y TpaHc(hopMOBaHOMY Ta 3aCMi4€HOMY IOOYTOBHMHM BiAXOIaMH CEPEIAOBHII IITaXH BUOIp-
KOBO TIOYaJId BUKOPUCTOBYBATH iX AJis OymMiBHUIITBA THI3[l HABITh 32 JOCTATHHOI KiJIBKOCTI MPH-
pomuux marepianis. LlITydHi MaTepianyu BUSBIEHO Y THi3Aax 26 BHIIIB TOPOOIENOAIOHNX NTaXiB
3axony Ykpainu. Cepen HuX Apo3au (dopuuil Turdus merula, cnisounit T. philomelos, 9uKoTeHb
T. pilaris, npizn-omemox 1. viscivorus, ponuna Turdidae), cunumi (Benuka Parus major, Onakur-
Ha Cyanistes caeruleus, Paridae), copokonynu (tepHoBuii Lanius collurio, cipuii L. excubitor,
Laniidae), mmax 3Budaitamii (Sturnus vulgaris, Sturnidae), ropuxsictku (3Bu4aitna Phoenicurus
phoenucirus, yopua Ph. ochruros, Muscicapidae), myxosoBku (cipa Muscicapa striata, cTpoka-
ta Ficedula hypoleuca, Muscicapidae), kporus’stHku (dopHoronoBa Sylvia atricapilla, npynka
S. curruca, psoorpyna Curruca nisoria, Sylviidae) Ta ouepersinku (darapuukoBa Acrocephalus
palustris, Benuka A. arundinaceus, craBroBa A. scirpaceus, Sylviidae), copoka (P, pica, Corvidae)
Ta feski inmi. [Ipote HaliyacTime mMTy4dHi MaTepiaid y THi30Bi KOHCTPYKIIil BIUTITAIOTh CUHAH-
TponHi ntaxu poaunu Fringillidae (konomsinka Linaria cannabina ctanoButh 85,7 % npoana-
JII30BaHUX THI3J bOTO BUAY, 3eneHsak Chloris chloris 71,4 %, 3s0muk Fringilla coelebs 66,7 %).
[Tepenik MTy4YHUX MarepiaiiB, sIKi MTaXW BUKOPUCTOBYIOTH ISl OyMiBHHUIITBA THI3, YAMAIUH.
Cepen HUX MEPEBAKHO CXOXKi J0 MPUPOAHHUX MaTepialid, sIKi ITaxy MEBHOTO BUAY TPATUIiIHO
BHKOPHUCTOBYIOTH [T THi3xa. HaiimomynsipHinn matepianu — HUTKH (y 47,1 % THI3I 31 IITyYHU-
MU Marepiajgamu) i cuHTeTHYHI BomokHa (31,7 %), a Takox myX (IITyYHHH MyX, BaTa, CKJIOBATa,
20,2 %), nomiernnenona 1riBka (17,3 %) ta moty3ku (14,4 %). Iloku 1m0 Bakko MPOTHO3YBa-
TH, SIKe 3HAYEHHS 1I€ MaTUMe JUIsl [ITaxiB y MaiOyTHbOMY, ajie BXKEe MOXKHa KOHCTATyBaTH, 110 y
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Oinbm Hixk 16 % THI3A 31 IITYYHUMHU MartepiaiaMy iXHsl KiIbKicTh cTaHoBuia Big 20 no 100 %
3a 00’eMOM, a IIe CYTTEBO 3MIHIOE BHIOCHEIUGIYHNN BUIVISI THI3AA. 3aCMIUCHHS CepeoBHIla
BILJIMBA€ Ha CKJIAJ THI3MOBUX MaTepialliB i BUIVISLI THi3 ropoOienoaioHux nraxis. OTke, MOXKHA
nependavnTH, sIK aHTPOTIOTEHHI 3MIHU OCEJUII BIUTUBAIOTh HA THI3M0OY/IiBHY MOBEAIHKY PI3HHUX
BHJIB NTaxiB 1 BUAOCTENUIYHNI BUDIIAL THI3AA [25]. MokHa 3poOHUTH NPUIYIICHHS, IO came
OCEJHIIE € TPUTEPOM aAaNTaIlIHHUX MPOIIECIB JKUBOTO.

JlocimpKeHHs OCeNHIIL TTOMYJISILiN PI3HUX BU/IIB TBAPHH HAIITOBXHYJIM HAC HA YMKY TIPO
HEOOXiJHICTh BUIUIMTH KITFOUOBI OCEJHIIA PIJKICHUX 1 PAPUTETHUX BHIIB TBApHH, SIKi OTpeOy-
I0Th 0COONMBOI yBaru 3 MO3uIlil IXHHOTO 30epeKEeHHS.

[TpomonyemMo po3poOUTH IporpaMy iHBEHTapH3allii KIIFOYOBUX OCEITHIL] MOMYIISIH BUIIB,
SIKi TOTPeOYIOTh 30epeKeHH s, HAHECCHHSI IIMX OCEIHII] Ha KapTH 3 iH(OopMaIi€to, sIKi TOMysiii
BHJIIB TaM TPAILISIOTHCS, SIKHH MEHEIKMEHT JUIsl HUX HEOOX1THHIA.

Ha y»XHTKOBHX TEPHUTOPISIX, K MPHUKIA]], KIIOYUOBUMH PEMPOAYKTUBHIUMH OCEUIIAMH TSI
JSSIKUX 3€MHOBOTHHMX MOXXYTh OyTH THMYacOBI BOJAOHMH (Kairoxki Tomo). J[is nTaxiB TaKuMH
ocenuiiaMu Ha tepuTopii llanbKoro HaioOHATBLHOTO TPHPOAHOTO MAPKy MOXKE OyTH YpOUHIIe
Yuuui — ocenuiie A Kypaiis ciporo Grus grus, O4epeTsiHKY npyakoi Acrocephalus paludicola
(Vieillot, 1817), migopnuka manoro Clanga pomarina, nenexku yopHoro Ciconia nigra, 3mie-
ina Circaetus gallicus 1 HU3KU BHJIB KYJIMKIB, SIKI CTANW TYT PiJKICHUMH Ta THI3[STHCS JIHIIE
B OKpPEMHX JIOKaiTeTaX, Ha mepudepii. OCHOBHUMH MPHUYNHAMHK IETPagallii OCEIHIN KYJIUKIB B
yp. YHHUUI, a TAKOXK OCEIUII OOJIOTSHUX 1 IYYHUX BHJIB NTaXiB HAa TEPUTOPI MAPKY € HACHIIKH
METIOpaTUBHUX POOIT, 3MIHU TPATUIIIHOTO MPUPOIOKOPUCTYBAaHHS (TIPUIIMHEHHS BUKOITYBaH-
Hs 1 BUMacaHHs) Ta 3MiHM KiiMary. Lli YNUHHUKY NpHU3BEIM O BUCHXaHHS OOJOTHOTO MAaCHBY
ypOUHINA i 3apPOCTaHHSI HOTO BUCOKOIO TPaB’SIHUCTOIO Ta JEPEBO-YarapHUKOBOIO POCIHMHHICTIO,
10 3poOnII0 HEMPUIATHUMHU OCENUIa JUTsl Yaiku Vanellus vanellus, KoMOBOJHUKA 3BUYAHOTO
Tringa totanus 1 rpunyka Beaukoro Limosa limosa, MaonpuaaTHUIMK — JJIsl IEBPHKA JTy4HO-
10 Anthus pratensis Ta o4epeTsHKH Npyakoi. 3a mexkamu 13D BinOyBarOThCs MOMIOHI mpoIie-
CH BTpaTH OCENHII KyJIHKiB depe3 NPUIMHEHHS BUKOIIYBAaHHS Ta BUITACAHHS BEJIMKOi POTarToi
XyZ00H, 110 BUKJIHKAE CYKIIECIi — SIK HACNIIOK, TEPUTOPIi 3aPOCTAIOTh BUCOKOIO POCITHHHICTIO.
3okpema, ynpomnosxk 2019-2020 pp. Mu ciocTepiranu Aerpaaallio ocenuina 6apaHIls BETHUKOTO
Gallinago media B nonuui p. Crup 6is ¢. T'ogomuui Jlyiekoro p-ay BosuHcskoi 0011, 3a gociti-
mxerHsMu M. Cenuk [11], came akTop BUCOTH TPaBOCTOIO, 110 POSBISIETHCS Ye€Pe3 3pOCTAHHS
MACOBHII[HOTO HABAaHTAXKEHHsI, TOBUTHBHO KOPEJIOE 3 YHCENBHICTIO THI3MOBUX BHUIIB — YaiKH,
KOJIOBOJIHMKA 3BMYaifHOTO 1 Oapanis 3BuuaitHoro Gallinago gallinago. Came 11i BUIU KYJIHKIB
00MparoTh IS THI3AYBaHHS PO3PIIKEHH 1 HEBUCOKHIA TPAaBOCTi. 3pOCTaHHS K BUCOTH TPaBO-
CTOIO Ha JIyKax MPHU3BOJIUTH JI0 BTPATH JYK SIK IPUIATHUX THI3IOBUX OCEIHILL.

Amnanoriuto 3 tpaHcdopmariero ocenuin 3eMHOBomHUX y PJIIT «3Hecinnsy, s nyd-
HUX NTaxiB y nojiuHi p. [Ipun’ste (BonnHb) UM B OPHITONOTIYHOMY 3aKa3HUKY «YONTHHCHKHID)
(JIpBiBLIMHA): paHilIe BOJOT YTi/is CTAIOTh 3HEBOJHEHUMH 1 3apOCIMMH JisiHKaMu [6, 12, 13].
SIckpaBUM MPHKIIAIOM TAKOTO CHHEPTi3My YMHHHKIB CTAJIU i Pe3yJIbTaTH eKCIEAMIIT Y IPUKOp-
nouuux 3 [Mombinero paiionax JIbBiBIuHYU, mpoBeaeHi y 2020 p., sKi moka3aiu, 1o Bei 6010Ta B
nonuHax pivok JIrobauika, Bponka, brex, I'pebenska, Cmominka, Temui, Para, Bomoras, Co-
JIOKist 1 BaperkaHnka BUSBHIUCS Cyxumu. HaBite mo0mam3y 3axigHoro byry mokpumu 3i 36epe-
JKCHOIO BOIOIO 3AJTHIIIIKMCS TUTBKH TIIHOOKI CTApHIT, a MiJIKI CTapHIl i JIyKu nepecoxu [15].

[TixBoasuM 3araibHUN MiZICYMOK, KOHCTAaTyeEMO, 1[0 BUBYEHHS CTPYKTYPH OCEJNHII, TXHIX
3MiH il BIUINBOM Pi3HUX YMHHHKIB (MPUPOTHHUX, aHTPOIIOTEHHHUX ), BUAIJICHHS KIIIOYOBHX OCe-
JIMII] Ma€ 3arajibHOOIONOrIYHEe 3HAYCHHS 3 IMO3MIIII CBOMOLIT BHIIB 1 30epeKeHHS O10TUIHOTO
PI3HOMAHITTS SIK OCHOBH (DYHKIIIOHYBaHHS €KOCUCTEM Pi3HUX CTYIEHIB OpraHizaiii.
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HABITAT TRANSFORMATION AND ITS IMPACT ON ZOOBIOTA

Y. Tsaryk, O. Reshetylo, O. Ivanets, K. Nazaruk, O. Hnatyna,
I. Shydlovskyy, V. Liesnik

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

The history of the use of the term “habitat” is considered. It is emphasized that this
term refers to the habitat of a particular animal species or population and is determined by
their ranges. The factors that lead to the destruction of habitats of many populations on
the lowlands and in the highlands of the Ukrainian Carpathians are indicated. Attention is
drawn to the degradation of mountain lakes and streams as habitats for aquatic hydrobionts.
Among the factors that cause the destruction of habitats, the factors of both natural and
anthropogenic origin are identified: climate change, absolute protection of territories, demu-
tational processes, uncontrolled recreation activities, changes in traditional land use, water
chemical composition and pollution, the appearance of invasive plants, urbanization, etc.
The synergistic effect of these factors leads to rapid habitat change, and thus to the loss of
adaptive capacity of individuals of different species to the changed conditions of their habi-
tats. Among the objects of our study are such taxa as planktonic crustaceans (Cladocera),
ants (Formicidae), lampreys (Cyclostomata), ray-finned fish (Actinopterygii), amphibians
(Amphibia) and birds (Aves). It was found, in particular, that deciduous forest habitats are
the most favorable for the existence of a significant diversity of ants. The mega-habitats for
amphibians were identified as a complex of individual habitats that vary during the vegeta-
tion season and are connected by migration routes. The key habitat in Western Polissia, as
an example, can be the Unychi wetland, which is home to a number of rare bird species. The
nest-building behavior of birds under the influence of anthropogenic factors also undergoes
changes - its species-specific appearance and composition of nesting materials are trans-
formed in response to habitat pollution. In addition, the study showed that the use of inva-
sive trees and shrubs for urban greenery has a negative impact on the diversity of urban bird
fauna, as it paradoxically reduces the number of nesting and foraging habitats for birds. It is
proposed to identify key habitats for the populations of rare and endangered animal species
within the protected areas and on the non-protected ones, to indicate their locations and the
type of management approach (protection, restoration, reconstruction, etc.).

Keywords: habitat, mega-habitat, key habitats, ecological factors, animals
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EKOJIOT'TYHI XAPAKTEPUCTHUKH, BIOMACA, YUCEJIBHICTb 1
JOMIHYIOYI KOMILJTEKCH ®ITOIVIAHKTOHY PI3HOTHUITHUX BOJOMM
TA BOAOTOKIB IOHMN334 JYHAIO

A. Jlynenko

Incmumym 2iopo6ionoeii HAH Yxpainu
npocn. Bonooumupa Isacioxa, 12, Kuie 04210, Ykpaina
e-mail: ecowaterkma@gmail.com

B yMoBax cydacHHX €KOJOTIYHHX BUKIIMKIB CHCTEMaTHYHE BUBYECHHS IPOCTOPOBO-
4acoBOi AWHAMIKM PO3HOALTY (DITOINIAHKTOHY, HOTO KIIBKICHHX 1 SKICHHX NMOKAa3HHKIB,
0iomMacH Ta YHCEeNbHOCTI, BU3HAUSHHS JOMIHYI0UOTO KOMIUIEKCY € HOKa30BHUMH (haKTOpaMu
010pI3HOMAHITTS 1 TPOLYKTUBHOCTI BOJIOMM.

3a MoCTIHHOTrO aHTPONOTEHHOTO HaBAaHTAKEHHS TaKi JOCIIUKEHHS Ta MOHITOPUHT
010pI3HOMAHITTS 1 SKOCTI BOJHOTO CEpeOBHUIIA MPOCTO HEOOXiMHI /Ui (YyHKIIOHYBaHHS
0I0IIEHO3Y 3arajioM.

BcraHoBneHO, 0 Pi3HOMAHITTS (QITOIUIAHKTOHY Pi3HUX TiPOEKOCUCTEM ITOHU335
JlyHato mpencraBlieHe MIMPOKUM (IIOPUCTUYHHM CIEKTpoM i Hamiuye 156 Buai (158
B. B. T.), IO Hanexarts 70 8 Bimninis: Cyanobacteria, Bacillariophyta, Cryptophyta, Miozoa,
Ochrophyta, Charophyta, Chlorophyta, Euglenozoa.

JloCTi/DKeHHST €KOJIOTIYHUX XapaKTepUCTHK (ITOMIAHKTOHY IOKa3alo, IO 3a
010TOMIYHO MPUYPOUCHICTIO HAWOLIBINE MONMIMPEHI TNTAHKTOHHI Ta TNIAHKTOHHO-OCHTOCHI
¢dopmu. AHani3 (QITOMIAHKTOHY 3a TaJOOHICTIO BCTAHOBHUB, IO B YCIX JOCIIIKYBAaHHX
riIpoeKocucTeMax JOMIHYIOTh BUIU-iHIUdepeHTH. 3a BigHomeHHAM 1o pH Haiibinbie
MIPE/ICTaBHHKIB HAIICKUTH 10 iHAM(EPEHTIB, MEHIIIE — 10 aJKai]imiB.

YucesnpHICT KIITHH (DITOIUIAHKTOHY KosuBajiacs Bix 375 tuc. wi/m® go 1320
Tuc. Ki1/M, Haituucnennimmmu € Cyanobacteria. OcHoBHa poiib y (opMyBaHHI Giomacu
BOJIOWM BIIITKY Ha JOCHIPKYBaHHUX JUISHKAX HAICKUTH Bimainam Chlorophyta, Miozoa ta
Bacillariophyta i xonmuBaetscst Bin 0,3361 mr/mm® 10 0,944205 mr/am?.

BuBYCHHS MUHAMIKM YHCENBHOCTI Ta OioMacH (iTOIIAHKTOHY IOKa3ajio, M0
3aJIe)KHO BiJ MicIls mepeOyBaHHS CTaHIlIH BiIOOPY alIbronpo0 JaHi TOKa3HUKH 3MIHIOIOTHCS.
Crtpyktypa OiomMacu (ITOIUNIAaHKTOHY TOHM33s JlyHar TNpeacTaBlicHa HEPiBHOMIPHO,
BIJIMIOBIZIHO JI0 TiipoeKoCcUCTeMH, 1 Cc(HOpPMOBaHA TIEPEBAXKHO J1IAaTOMOBO-3EJICHUM
KOMIUIEKCOM, aJie y JIesKHX NMpobax IOMIHYIOYMMH IO 0ioMaci € MpeICTaBHUKY BiITy
Mioza. BonHouac, y3araibHIOIOYM 3HAYE€HHS YMCENBHOCTI ()ITOIIAHKTOHY, BCTAHOBHUIIH,
110 MpoBigHA poib HanexuTb Cyanobacteria, Takox nommpeHi Chlorophyta ta Bacillario-
phyta.

BimmiueHo, 0 Ha MIJIKOBOJJIAX 1 Y MICISAX i3 BUCOKOIO TUHAMIKOKO T1IPOJIOTIYHUX
IpoleciB, a caMme IepexXifHUX 30H «pidKa—MOpe», CIOCTEePIraeThbesl IepeBaKaHHS
JIaTOMOBOTO  KOMIUIEKCY, C(OPMOBAHOTO IIEPEBAXKHO IUIAHKTOHHO-OGHTOCHUMH Ta
OEHTOCHHMH (hopMaMH.

Knouoei cnosa: diromnankroH, moHm33s JlyHaro, Giomaca, TiIpOEKOCHCTEMa,
nomiHytoui komrutekcn, Chlorophyta, Bacillariophyta

Henpra JlyHaro — BUHSTKOBO CKJIaJIHA Ta JWHAMIYHA IJIABHEBO-JIITOpAIbHA €KOJOTIYHA
ripocucremMa, MpeacTaBieHa MPUPOJHUM €KOTOHOM THITY «pidKa—Mopey», sKa Bil3HAYaeThCs
BEJIMKOFO JIAHAMIA(PTHOIO Pi3HOMAaHITHICTIO, C(DOPMOBAHOIO CKJIAHOO TiAPOIOTIUHOI0 MEPEKEIO
3 pyKaBiB, CTapullb, TUPJ, IPUPOJHUX 1 IITYUYHHX MPOTOK, 03€p Ta JTUMaHiB, 3aTOK [2].

© Jlynenxko I., 2024
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Jsimonun33s JlyHato xapakTepHi yHiKaaIbHi 010 TOTIH 3 BUCOKOIO BUIOBOIO Pi3HOMAaHITHICTIO,
SIKI MAIOTh 3aTrJIbHOCBITOBY Ta €BPONEHCHKY 3HAUYIIIICTh.

3Bakar04u Ha €KOJIOT19HI BUKJIMKH ChOTOICHHSI, 3yMOBJICHI II00AITi3aIli €10 CBITY, 3MiHAMHU
KJIIMAaTy 1 MOCTIHHUM aHTPOTIOTEHHUM HaBAaHTAXKEHHSM Ha TPUPOJIHI €KOCUCTEMH, HaraJTbHUMHU
JUISL PETIOHY CTaM JOCIIKEHHS] BOJAHUX €KOCHCTEM, CIIPSIMOBAaHI HAa BU3HAYCHHS 3aralibHOTO
010JIOTIYHOTO PI3HOMAHITTS, AMHAMIKH CTPYKTYpHO-(QYHKIIIOHATHHHUX ITOKa3HHUKIB Ol0THYHUX
YIPYIOBaHb, BCTAHOBJICHHSI OCHOBHHX 3aKOHOMIpHOCTEeH (DyHKIIOHYBaHHs BOIHUX €KOCHCTEM.
BaximBa ponb y (QopMmyBaHHI OiOpPI3HOMAHITTS Ta IPOMYKTHBHOCTI BOMONM HAJICKHUTH
(bITOIUIAHKTOHY, SIKHH € BAarOMHM KOMIIOHEHTOM O10TH TiApoeKocHcTeM 1 (hopMye OCHOBHY
MIEPBUHHY JaHKY B TPO()IUHOMY JTAHITIO3I.

OCHOBOTOIOKHUKOM POGIT i3 f0cTi ke s pitormmanktony yHaro € 1. B. Pom [7]. Floro
JOCITiPKeHHS pumiafaroTh Ha 1949-1961 pp. A. 1. [BanoB y 1982 p. mocnimkyBaB (iTOTIIAHKTOH
TUPJIOBUX oOJyiacTelt pivok miBHIYHO-3axigHOTO [IpmuopHoMop’s, a y 1987 p. — pi3HOMaHITTS
¢itorurankrony Kimiticekol genstr [4, 5]. Ommi i3 ocraHHIX mocmimkeHb Kimiichkoi meiapTu
nposeaero y 2001-2003 pokax [6]. [Tomanbiii qOCTiIKEHHS PI3HOMAHITTS (DITOIIAHKTOHY MaJIH
O1b11 (hOpMAITBHUH XapakKTep.

Ha croronni maiike HEMae CHCTEMATHYHUX CIIOCTEPEKEHb CTPYKTYPHO-(DYHKITIOHATBHOTO
PI3HOMAHITTS (QITOIUIAHKTOHY IMOHM33s AeiabTH [yHaro. B yMOBax MOCTIHHOTO aHTPOIIOTC€HHOTO
HaBaHTaXXEHHS TaKi TOCIHIHKSHHS Ta MOHITOPHHT O10JI0OTIYHOTO Pi3HOMAHITTS 1 SIKOCTI BOJHOTO
CcepeloBHIIa € IPOCTO HEOOXiAHUMH JUT PYHKIIOHYBaHHS 010IIEHO3Y 3arajioM.

Marepiaau Ta MmeToaH

HocunimkenHs npoBoxwin Ha 6a3i [actutyty rigpo6Gionorii HAH Ykpainu.

VY 3B’A3Ky 3 JUHAMIYHICTIO TiAPOJIOTIYHUX MPOIECIB ACIbTH HArAJLHOK € HeOOXiMHICTh
3poOuTH aHaii3 Mmpod, BiAIOpaHUX y PI3HUX TOPH3OHTaX TOBINI Boau. [ oTpuMaHHS
MOKa30BOT0 PE3yJbTaTy W JOCTOBIPHHMX JaHHX BHUKOPHUCTOBYBAJIM METOJ IHTErpalibHOI NPOOH
06’emom 1,0 am3, siKy opMyBau, 3MIIIyIOYH abronpobu, Bigiopani mo 1,0 1> 3 MOBEpXHEBHX,
CepeIMHHUX 1 NPUIOHHUX TOPH30HTIB BOMHOI ToBILi. CraHuii iHBeHTapu3auii (iTOIIaHKTOHY
00Hupay 3 ypaxyBaHHSM reorpagiqHux 0CoONMUBOCTEH TOCIIIKYBaHOTO 00’ €KTa, OCKUTLKH BOHH
BiZIOOpaXkaroTh PI3ZHOMAHITHICTh a0IOTHYHUX YMOB 1 @HTPONOIEHHHMX HaBaHTAXXEHb (MHCOBI
IIUISTHKY, PyKaBH 3aTOKH, IPOTOYHI 30HH, IOPTH).

Anbronpo0u BiIOMpaty Ha TAKUX CTAHIIAX (PO3TAIIOBaHUX 3 TEUi€r0 piukH): MicTo PeHi
(mopt); Kiniiicekuit pykas (Hmx4ye MopBok3any); Kimiiicekuit pykas (0ins m. Buikose); pykas
Binroposacekuii (cepeanna); 3aroka Cononuit Kyt (Bxin m0 pykasa Binropoacekuit); 611 MUCY
3atoku baguk — 3aroka Cononuii Kyt (cepeanna); Bxin no pykaBa O4akiBcbKuil (AHKYIHOBE
rupio); pykaB OvakiBcbkuii (17 kM); Buxizi y Mope 3 pykaBa OuakiBcbKui (MOPCBHKa JIiHif).

3i0pani mpobu dikcyBanu 40 % HeidTpanizoBaHuM (opmariHOM, 3TyLIyBald 10
06’emy 0,5 m’. KiiTuHH (IiTOIUIAaHKTOHY MiAPaXxoByBalu y Kparuti (igeTpary 00’eMoM
0,05 cm® na 36impmienHi mikpockoma x20 i x40. Biomacy po3paxoByBaau Ha MiACTaBi
BCTAHOBJICHUX IHIUBIAyaJIbHUX 00 €MIB KIITHH METOJOM 00 €MHOTO po3paxyHKy [1].
YucenbHicTh (ITOINIAHKTOHY BU3HAYAJIH JIYMIBHO-PO3PAaXyHKOBHM METOJ/IOM, BIJIOBIJHO JI0
3arajJbHONPUAHATOT popMynu. TakCOHOMIYHY HOMEHKIATYpy BOJOPOCTEH HaBeIEHO 3TiIHO 3
MDKHApOJHHUM eJeKTpoHHUM KartanoroM AlgaeBase (Guiry & Guiry, 2020) [9]. Jominyrounmu
BBaXKaJIM BU[IH, SIKi cTaHOBWIH IoHaiMeHIe 10 % KigbKICHOTO Pi3HOMAHITTS ()iTOIUIAHKTOHY;
CyOZOMIHYIOYMMHM — BUJIH, BIZICOTKOBE BiJHOIICHHS SIKUX JI0 3araJlbHOTO YKC/a CTAHOBUTH BiX 5
10 10 %. Takox y poOOTi po3paxoBaHO 4aCTOTY TPAIUISTHHS BUIIB [3].

Exonorivyni xapakrepuctuku (0i0TOMIYHA MPHYPOUYCHICTD, TaOOHICTh, BiJHOIICHHS 10
pH) diromnankTony HagaHo 3rigHo 3 Barinova, et al., 2019 [8].
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Pe3yabraru i ixHe 00roBOpeHHs

BcraHoBNIeHO, IO BUIOBE PI3HOMAHITTS JIITHBOTO (DITOIUIAHKTOHY BOJHUX EKOCHCTEM
nonus3s Jynato Ha npukiani 2019 p. mpeacraBineHe JOCUTH IUPOKUM (UIOPHCTHYHHM CIIEKTPOM
i Hamuye 8 Bigmimie, 13 xmaciB, 31 mopsnok, 63 pomuam, 82 pomu Ta 156 BHAiB, TOO6TO 158
BHYTPILTHBOBHUIOBUX TAKCOHIB, BKIIIOYAIOYN HOMEHKIIATYPHUH TUIT BUAY (B. B. T.).

BonmauM 00’€kTaM, 10 XapaKTepU3YIOThCA K €KOTOHW MPUPOTHOTO MEPEXiTHOTO THITY
«piuKa—MOpe», BIACTUBUI MIUPOKUH CIIEKTpP O10pi3HOMAHITTS K IPICHOBOJHUX, TaK i MOPCHKUX
TiapoOioHTIB.

Exomoriuni XapakTepUCTHKH. [3 3arambHOI KITBKOCTI iICHTHU(IKOBAHUX BUJIB
¢iTorIaHKTOHY 010TOMIYHY PHYPOUYEHICTH BCTaHOBJIEHO st 151 B. B. T. (96 %) 1 BuAineHo Taki
TpynH: TWIAHKTOHHI — 62 B. B. T. (P); 6eHTOCHI — 27 B. B. T. (B); mepexinHi, M1aHKTOHHO-OSHTOCHI
¢dopmu — 61 B. B. T. (P-B); emiditu, popmu odpoctans — 1 Buz (Ep).

CTOCOBHO BiHOMICHHS (BITOIUTAHKTOHY PI3HOTHITHUX BOJHUX 00’ €KTIB mMoHM33s [lyHato
JI0 TaJJOOHOCTI, BCTAHOBJICHO, 1110 BUAIB-iHAN(EPEHTIB peacTanneHo 82 B. B. T. (77 %), ranodiTis
13 B. B. T. (12 %); omirorano6is 5 B. B. T. (5 %), ranmodo06iB 5 B. B. T. (5 %), a Me30rano0iB — muie
2 B.B.T.

Bimnomenns no pH. BeranosieHo, mo B. B. T., sKi 9yTiuBi g0 pH, € 66 TakcoHiB, 11e
cTaHoBUTh 42 % BiJ 3arajJbHOTO YKCIA BOJOPOCTEH 1 € JOCTATHHO MEPEKOHIMBOIO OILIHKOO
3a UM TOKa3HUKOM. HaiiOinmpiie BUAIB HAJCKHUTH N0 iHOUQEpeHTiB — 34 BUAW, naimi HIyTh
ankanigimm — 26, anugodinu — 4 i ankadioHTH — 2.

YucenpHicTh. UNCENbHICTh KIITHH KOJMMBayacd Big 375 tuc. ki/M?> 1o 1320 tuc. xin/m?
(tabm. 1). Haii0Oinpine 3HaYeHHS YHUCENBHOCTI CIOCTEepiranu B akBaropii 3aToku Comonnit Kyt
(Bxig mo pykaBa binropoacekuii), HalimeHIe — pykaB OgakiBchkuit (17 xm).

Tabmurs 1
CrpykTypa yncenbHOCTi (QiTOIIaHKTOHY MOHU334 JyHaro 3a BiJinaMu, THC. KIL/M?
CraHuis Bi6opy anbronpob
L 1 ~
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& B B ) 5 o A i:/ Z
Z Z O = o
Cyanobacteria 480 90 550 60 850 510 300 155 40 215
Bacillariophyta 120 70 85 95 250 80 50 125 95 275
Cryptophyta - - 10 20 15 15 20 25 - -
Miozoa 5 5 10 15 5 10 10 5 -
Ochrophyta 25 40 20 - 15 60 35 25 5 30
Charophyta - - 5 - 5 5 5 10 5 -
Chlorophyta 330 520 245 490 150 240 595 165 180 185
Euglenozoa 5 15 50 30 30 25 5 10 50 10
2 965 740 975 710 1320 945 1020 520 375 715

AHaIi3 CTPYKTYPH YHCEIBFHOCTI (DITOMIAHKTOHY DI3HOTHITHUX BOJOWM 1 BOJOTOKIB
moHm33s JlyHaro mokasas, IO NpiOpUTEeTHY poib BimirpaBamu Cyanobacteria ta Chlorophyta,
SIKi TIOIMpPEHi BIAHOCHO PIBHOMIPHO MO BCi akBaTOpii BOJHHUX E€KOCHCTEM, iXHE BiJICOTKOBE
CHIBBIIHOIIEHHS B Pi3HUX anbronpobdax csrae 65-70 %.
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[IpeacTaBHUKY iHIMX BiAIITIB BOJOPOCTEH MpeACTaBIeHi TOCUTh HEPIBHOMIPHO, MPOTE
BiJI3HaUEHO 30UIBIIECHHS KUTBKOCTI KIITUH Bacillariophyta 31 3pocTaHHSM COJOHOCTI BOJH.
Bonopocrti 3 BinminiB Cryptophyta, Miozoa i Charophyta TpanmnsioThCs MOOAWHOKO 1 MAarOTh
HU3bKY 4aCTOTY TPAILISTHHS.

Haii0inpiny 4uceapHICTh (PITOIUIAHKTOHY CIOCTEPIraid y JCHTHYHHX BOAAx (3aToKa
Cononnti KyT, 3aToka 6ist mucy baauk), ne nepeBaxae Cyanobacteria.

DITOMIAHKTOH TiAPOEKOCUCTEM MOHM33s J[yHaro mpeacTaBiIeHu BiTHOCHO HEBHUCOKOIO
YUCENIbHICTIO, M0 TIOB’S3aHO 3 JWHAMIYHICTIO TiJPOJIOTIYHOTO pPEXUMY Ta BHCOKOIO
IHTEHCUBHICTIO MepeMilllyBaHHS BOAHUX Mac. Lle miaTBepmKye CriBBiAHOIICHHS BOJIOPOCTEBUX
(dhopM pi3HOT GIOTOMIYHOT IPUYPOUYCHOCTI, CEPE AKUX € BUCOKA YaCTKA INIAHKTOHHO-OCHTOCHUX
1 OeHTOCHHUX (hOPM.

biomaca. BomHi eKOCHCTEMH XapaKTepU3YIOThCS CE30HHOIO MIHJUBICTIO OioMacu
(ITOITAHKTOHY, OCHOBHA POJIb HA IOCIIKYBAaHUX AUISHKAX HAJICKUTH Bifaiaam Chlorophyta,
Miozoa ta Bacillariophyta y IIaHKTOHHUX yTPyIOBaHHX. TaKy TeHICHIIIFO po3moaiay hiromMacu
CIIOCTEPIraloTh OCTaHHI KUTbKA MECATHNITH, 1 (yHIaMEHTAIbHHA (AKTOp — ITiABHILCHHS
CepeNHbOo1 TeMIiepaTypa BOJIH 1, BIAIOBITHO, TIPOJIOHTAIIISI TEPioly BeTeTallii BOJIOPOCTEH.

3aranom Giomaca, 3aj€KHO Bij cranmii Bigoopy mpo0, konuBaeTses Big 0,3361 mr/om? no
0,944205 mr/aM3, 0 CBIYUTD PO HASBHICTH CIa0KOTO «IBITIHHSMY Boau (Tabir. 2).

Tabnuws 2

Crpykrypa 6iomacu QiTOMIaHKTOHY MOHKU33s JlyHaro 3a Bijtinamu, mr/am’
Cranuig Bigbopy anpronpo6
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Cyanobacteria |0,0125|0,0039 | 0,04190,0017| 0,0794 |0,0464| 0,0080 | 0,0043 | 0,0026 | 0,0123
Bacillariophyta | 0,2423 | 0,1467 | 0,0755 | 0,0836 | 0,4430 [0,1851| 0,0552 | 0,0872 | 0,1074 | 0,4322

Cryptophyta - - 0,0190/0,0102| 0,0091 |0,0076| 0,0102 | 0,0141 -

Miozoa 0,03490,0349 | 0,3861 | 0,4078 | 0,0349 |0,3418| 0,0505 | 0,3418 - -
Ochrophyta 0,0049 | 0,0158 | 0,0030 - 0,0016 |0,0053| 0,0080 | 0,0071 | 0,0005 | 0,0039
Charophyta - 0,0262 0,0070 [0,0400| 0,0060 | 0,0524 | 0,0262

Chlorophyta 0,197310,2980 | 0,2407 | 0,1873 | 0,2478 |0,0959]| 0,1856 | 0,0104 | 0,1618 | 0,0600
Euglenozoa 0,01240,04310,1518 | 0,0726 | 0,0746 |0,0449| 0,0125 | 0,0575 | 0,0896 | 0,0243
> 0,5043] 0,5425 10,9442 0,7631| 0,8974 |0,7671] 0,3361 | 0,5748 | 0,3881 | 0,5327

MaxkcumanbHe 3Ha4eHHs OioMacu (iTOImIaHKTOHY crioctepiramu y npo6i 3 Kimificekoro
pykaBa Oinst M. Bunkose. [TonmmpeHHs rpyn BOJOPOCTEH, CIIPOMOXKHUX CIIPHYMHHUTH «BITIHHS»
BOJIOIM, 3aJIC)KUTH BiJ 0araTh0X YHHHUKIB (MiHepaizallis, Ce30HHICTb 1 TIAPOIOTIYHAN PEeKIM
tomo). Halimennry 6iomacy cmoctepiranu y mpo6i Ha craHmii Bimbopy 3atoxu Comonunit Kyt
(cepeavHa) 3 NOMIHYIOUMMH 3HAUeHHAMH BinminiB Bacillariophyta (49 %) ta Chlorophyta
(28 %) (Tabm. 2).

OCKIJTBKH JOCIHIKYBaHI BOJOWMH MarOTh PI3HUH CTYIITh COJOHOCTI, TO MPOCTOPOBHHA
po3moain GiTOMIaHKTOHY JOCHTH HepiBHOMIpHUH. Pe3ynbraTn poO0TH OKa3yIOTh, IO 3aJICKHO
Bi craHIil BimOopy mpoO HasBHa ciaOKa BeTeTaliifHa aKTHBHICTH JiaTOMOBHX 1 3€IICHUX
BojopocTeil. Crocrepirany TEHACHLIIO IO 3POCTaHHA JOMIHYIOUMX BHJIB JiaTOMOBOTO Ta
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TUHO(ITOBOTO IUIAHKTOHY B OUIBII COJOHOBOAHMX MAUISHKAX, TOMI SIK 3€JICHUN IUIAHKTOH
IepeBaxaB, K MPaBWIIO, B 3aTOKAX 13 OUIBIINM MPUTOKOM MIPICHUX BOI.

VYeci pgocnipkyBaHi BOJOWME PI3HITHCS 3a PiBHEM MiHepauizallii, TOX HpPOCTOPOBHIA
po3smoin (GITOMIAHKTOHY JOCHTh HepiBHOMIpHHH. BcTaHOBIEHO, IO B pyKaBax IpoOBiIHA
poib 1o Giomaci Hanexuts Miozoa, a npyropsaani — Chlorophyta ta Bacillariophyta; B 3atokax
noMminyrounMu o 0iomaci € Chlorophyta ta Bacillariophyta. Y anpromnpo6ax, BimiOpaHux Ha
pyKaBax TOHH33s, YacTKa OiomMacu BomopocTeir Miozoa csarae 41-60 %, a iXHIO OCHOBHY
Mmacy dopmye Ceratium hirundinella, sxuil € XapaKTepHUM IMPEACTABHUKOM SIK MPICHHUX, TaK i
COJIOHOBOJTHHMX aKBaTOPIH.

AHati3 CTpyKTypu 0ioMacu (iTOIIAHKTOHY Pi3HOTHITHAX BOIOWM 1 BOIOTOKIB MOHU33S
JyHaro mokasas, 1o BoHa copmoBaHa noiigominantHuM Chlorophyta — Miozoa — Bacillario-
phyta KOMIUTEKCOM.

Heo0OxigHO 3a3HaYUTH, IO BUCOKA YHCENBHICTh KMITHH ¢iTorutankrony Cyanobacte-
ria He BIIMOBIiZa€e BeauKiil 6iomaci. [{e 3yMOBICHO HacaMIiepe ] THM, 1[0 OLTBIIICTh BUIIB — II€
JPIOHOKIIITHHHI ()OPMU 3 BETMKOFO KIJIBKICTIO TOBITPSIHUX BaKyOJIeH y KIITHHHIN Oy J0Bi. 3aBSIKH
1iit Mop(oJI0oTiYHIN 0COOIUBOCTI BOJOPOCTI MEPEBAKHO KOHLIEHTPYIOTHCS B IOBEPXHEBOMY HIapi
TOBII BOJIU Ta HAJEXaTh 0 MJIAHKTOHHHUX (hOPM.

Y poboti Takoxk po3paxoBaHO 3HaueHHs 4yactoTu TpamisHHs (F), siki mpencraBieHi y
Tab. 3.

Tabmunsg 3
JloMiHyF04i KOMITIEKCH (DiTOIUIAaHKTOHY Ta 4acTOTa TPAIUISIHHS BUJIIB
Knac TpanngHus \ 3HayeHHA \ KinbKicTb B. B. T.
Kimac A Macoso, fy>xe gacto 80-100 % 2
Kiac B Yacto, 60-79 % 8
Knac C IToctaTHBO YacTo, 40-59 % 15
Knac D Heuacro, 20-39 % 54
Knac F 3pigka, TOOAMHOKO, <10 % 79

Byno BuaineHO BUH, SKi TPAIUIAIOTHCS MACOBO (JIy’Ke YacTo), 4acTo i IOCTATHHO YacTo:

*  MacoBo (Iyxe yacto) — Stephanodiscus hantzschii, Microglena monadina;

* yacto — Aulacoseira granulata (Melosira granulata), Dictyosphaerium granulatum,
Trachelomonas volvocinopsis, Lepocinclis ovum, Oocystis submarina, Desmodesmus
communis, Chlamydomonas globosa, Chrysococcus rufescens;

e nmocraTHbO 4Yacto — Lindavia comta, Navicula tripunctata, Nitzschia amphibia,
Nitzschia epithemoides, Ceratium hirundinella, Ankistrodesmus falcatus, Ankyra an-
cora, Coelastrum astroideum, Monoraphidium contortum, Monoraphidium irregu-
lare, Neglectella solitaria, Oocystis lacustris, Schroederia setigera, Tetraédron mini-
mum, Lepocinclis globulus.

AHaJi3 JUHAMIKA YHCEIBHOCTI ¥ OioMacw BOJOpPOCTEH MOKa3aB, MO 3aJCKHO Bij
MOP(HONOTIYHAX XaPAKTEPUCTHK TiPOSKOCHCTEMH JaHi MOKA3HUKH 3MIiHIOIOTHCS HEaIeKBATHO.
OCKUTbKM  (DITOTUIAHKTOH BiJI3BHAYAETHCSI BEJMKOI PI3HOMAHITHICTIO PO3MIPHHX, MacCOBHX
XapaKTEePUCTUK 1 XKHUTTEBUX (OPM, HAraJbHOIO € HEOOXIAHICTh JaTH OLIHKY JOMIHYIOYOTO
KOMIUIEKCY OKPEMO 33 YHUCEIIbHICTIO KIIITHH 1 OKpeMO 3a 610Macoro.

AHai3 JOMiHYI0Y0T0 KOMIUIEKCY M0 3HAYCHHSIX YHCEBHOCTI [TOKA3aB, 110 JOMiHAHTHUMH
cepen yeix imeHTH(iKOBaHUX BUIIIB € IepeBaxHO npenctaBuuku Cyanobacteria: Anagnostidine-
ma amphibium, Chroococcus turgidus, Jaaginema geminatum, Leptolyngbya tenuis, Microcystis
aeruginosa, Microcystis pulverea, Microcystis wesenbergii, Planktolyngbya limnetica; Ta Chlo-
rophyta — Coenococcus planctonicus, Dictyosphaerium granulatum, Micractinium pusillum.
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BcraHoBNeHO, 0 OCHOBHUMH CYOJOMIHYIOWHMH BHIAMH 32 YHCENBHICTIO Oymu: Ana-
baena sphaerica, Aphanizomenon flos-aquae, Limnothrix redekei, Merismopedia tenuissima,
Pseudanabaena limnetica, Aulacoseira granulata, Lindavia bodanica, Melosira varians, Coe-
lastrum astroideum, Desmodesmus communis, Lemmermannia triangularis, Oocystis lacustris,
Lepocinclis ovum.

B ycix mocnimKyBaHUX aKBaTOPisAX, OKPIM CTaHIIIH Bioopy 01t Mucy baauk i BXim 10 pyk.
OuakiBchKUH (AHKYIIHOBE THPIIO), HasiBHA Jiatomest Stephanodiscus hantzschii, iHmudepeHTHa
JI0 COJIOHOCTi BomM. TakoX y BCiX IOCHIIKYBaHHX TiIPOEKOCHCTEMaX, OKPIM BXOAY IO PYK.
OuakiBchKU# (AHKYIiHOBE THPJIO) Ta BUXOAY 3 pyK. O4akiBChKuil (MOpCHKa JiHis), HasBHA Mi-
croglena monadina.

JloMiHyBaHHS CHHBO3EJICHUX IPEACTABHUKIB adbro(IopH 3a YHCETBHICTIO € TIOKA30BHM
JUIA JITHBOTO CE30HY, OCKUIBKM Ha HBOTO TIPHUIAfa€ OCHOBHHM BETCTALIHHUHA Tepio.
BcraHoBieHo, 1m0 MPOBiIHI MO3HIIT 32 YUCENBHICTIO (ITOIUIAHKTOHY IOCiTaloTh (hopMHu, SIKi 3a
BHCOKOi IHTEHCHBHOCTI BeTeTallii BUKIMKAIOTh eBTPOQYBaHHSI BOAHOTO 00’ €KTA.

AHaJti3 JOMiHyI090T0 KOMILIEKCY 3a 610Macoro IMoKa3as, 110 BiH C()OPMOBaHHH IEPEBAKHO
MIpeICTaBHUKAMHU KPYHNHOKIITHHHUX (hopM BigainiB Bacillariophyta, Miozoa, Chlorophyta ma
Euglenozoa. Jlominyrounmu Bunamu €: Aulacoseira italica, Diatoma vulgaris, Lindavia bodan-
ica, Lindavia comta, Ceratium hirundinella, Chlamydomonas globosa, Microglena monadina,
Lepocinclis ovum.

Cy010MiHyIOYMMH BHIaMH OUTBIIOCTI PI3HOTHITHUX BOAOIM 1 BOZOTOKIB TOHU334 [[yHato
BUCTYNaIOTh: Aulacoseira granulata, Cymbella cistula, Cymbella lanceolata, Stephanodiscus
hantzschii, Peridinium cinctum, Staurastrum orbiculare, Coenococcus planctonicus, Dictyo-
sphaerium granulatum.

Takuii  po3MOAiN  BOJAOpPOCTEH  TOSICHIOIOTH — Hacammepes,  MOP(POMETPHIHUMHU
0COONMMBOCTAMH TOHM33s [lyHaro: THUIIOM TiZpPOEKOCHCTEMH, TIHOMHOI0, pO3TAIIyBaHHSIM,
MiHepai3ami€ero. Sk HacIiIOK CTal0Th 3pO3YMIIMMH HAsBHICTH y (DiTOIUIAHKTOHI BUIIB, 3JaTHUX
PO3BHUBATHCH Y HIMPOKOMY Jiarma3oHi TeMIEpaTyp 1 COJIOHOCTI, Ta MepeBakaHHs IIAHKTOHHO-
OeHTOCHUX (HOPM HaJ THITOBO IJIAHKTOHHUMH.

3adikcoBano nominyBanHs Chlorophyta y Taxkux 3paskax: Kimiicekuil pykaB (HIKYE
MopBok3aiy), 3aToka Cononmit Kyt (cepemmna), Kimilicekuii pykaB Oinsg M. Bumkose, piuka
Hynait (micto Peni, mopr), binropoacekuii pykaB (cepennHa), 06is MUCY 3aTOKH baamk, BXix
1o pykaBa OdakiBcbkuid (AHKyzAiHOBe rupio). CyOnoMiHAaHTaMH BHCTYMAIOTh MPEICTABHUKH
ZiaTOMOBOTO, CHHBO3EJIEHOTO Ta €BIVIEHOBOTO (DITOIIIAaHKTOHY.

Bcranosneno, mo gominytoui nmo3umii Bacillariophyta 3a BumoBuM pisHOMaHITTSIM HasiBHI
y Takux 3pas3kax: 3aroka Comonuit Kyt (Bxix mo pykasa binropoacekwii), BUXin y Mope 3 pyKaBa
OuakiBChKHUH (MOpCHKA JiHIsA), CyOmoMiHAHTaMH BUCTYHalOTh npenctaBauku Cyanobacteria ta
Clorophyta.

3a pesynpTaTaMu aHalizy 0ioMacH, YHCETBHOCTI i AOMIHYIOUMX KOMIUIEKCIB JITHBOTO
(ITOIUTAHKTOHY PI3HOTHUITHUX BOJOWM MOHM334 JlyHar0 MOKHA 3pOOUTH TakKi BUCHOBKH:

1. ®@iromnankToH moHU33a JlyHaio chopMOBaHHII TEpPEeBaKHO 11aTOMOBO-3EJICHIM

KOMIUIEKCOM, ajie B JESIKUX NMpoOax NOMIHYIOUMMH MO OioMaci € MpeacTaBHUKU
Binminy Mioza.

2. 3a OIOTOmYHOIO NPHUYPOUCHICTIO IEPEeBAXAIOTh IUIAHKTOHHI (62 B. B. T.) Ta
MJIaHKTOHHO-OeHTOCHI (61 B. B. T.) dopMu BomopocTeidl. 3a BiJHOIIECHHSIM IO
TaIOOHOCTI — HaWbinbIIe mpeacTaBieHo BHUAiIB-iHIu(pepeHTiB (82 B. B. T); 3a
BimHOMIeHHsM 70 pH HaliGinbie inaudepenTis (34 Buan) it ankanidinis (26 BUIIB).
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3. YucensHicTh KmMTHH KonuBamaca a0 1320 Tuc. kn/mM?, HalOigbplle 3HAYCHHS
YHCEIBHOCTI Oy10 Ha Miclli Bigbopy mpodu 3atoka Comonuiit Kyt (BXim 10 pykaBa
Binropoacekuii), HatiMenIra — pykaB OuakiBcskuii (17 kMm). HaliMeHIa yucenpHiCTh
craHoBmia 375 TUC. KII/M?.

4. MakcuManbHe 3Ha4YeHHsA OioMacw (ITOIUIAHKTOHY cCrocTepiraid y mpobi 3
Kinilicekoro pykasa 6inst M. Bumkose (0,3361 mr/mm?), HaliMeHIle — Ha CTaHIi
Binbopy 3aroku Comonuit Kyt (cepeamua) — 0,944205 mr/om®, 3 DOMIiHYIOUAMH
3HaYeHHSIMHU BiAAUB Bacillariophyta (49 %) ta Chlorophyta (28 %).

5. Chocrepiragd TEHICHI[IO 3pOCTaHHS IOMIHYIOUHMX BHIIB [IaTOMOBOIO Ta
TUHO(ITOBOTO IUIAHKTOHY B OUIBII COJOHOBOIHHUX [MUISHKAX, TOAI SIK 3€JICHHN
IUTAaHKTOH MepeBaXkae, K NPaBHIIO, B 3aTOKaX, Jie¢ OUTBIINIT MPUILTUB MPICHUX BOJI.

6. HaiinommpeHimuMu 3a KiTbKICTIO KJIITHH € IPEICTABHUKH 3€JICHOTO 1 CHHBO3EIICHOTO
(bITOIIAHKTOHY, TXHE BiZICOTKOBE CITIBBiIHOMICHHS B PI3HUX MP00aX KOJUBAETHCS 10
70 ta 65 % BianoBigHO, BogopocteBi popmu Biguninis Cryptophyta, Miozoa i Charo-
phyta TPaIIISIFOTHCSI MOOTUHOKO 1 3 HU3BKOIO YaCTOTOI TPATUISTHHSI.

7. JloMiHyroui HO3HMIMI 3a YUCEIBHICTIO KITHH y Mpobax HajeKaTh MPEICTaBHUKAM
CHHBO3EJICHOTO Ta 3eJICHOr0 (DITOIUIAHKTOHY. AHai3 TOMIHYIOUYOTO KOMILIEKCY I10
6iomaci chopMoBaHuil peacTaBHUKAMH BinauniB Bacillariophyta, Miozoa, Chloro-
phyta ta Euglenozoa. BunijgeHo TOMIHYIOYI BUAA KOKHOTO 3 BIIILTIB.

CITMCOK BUKOPUCTAHOI JIITEPATYPU

1. Apcan O. M., llasuoos O. A., lllepbax B. 1. Ta iH. MeTOAM TiAPOCKOIOTTYHUX JOCITIIKCHb
noBepxHeBux Box / 3a pen. B. /. Pomanenka. K.: JIOI'OC, 2006. 408 c.

2. Bececsitniit ponn qukoi npupoau. bayenns nenstu Jynaro. Oneca, 2002. URL: https:/ww-
feu.awsassets.panda.org/downloads/danube delta vision_rus.pdf?206062/Danube-Delta-
Vision

3. Jesamxin B. I, Mumpononvcoka I. B. TpamisHHs BHIIB BOJOPOCTEH SK IOKa3HUK
OiosioriyHOrO po3MaiTTs anbroueHosiB // JlnHaMmika pi3HOMaHITHOCTI TiAPOOIOHTIB Y
BHYTpilIHIX Bojoiimax Pocii. SIpocnasie: Bug-so STV, 2002. C. 5-22.

4. Isanos A. I. DiTOIUIaHKTOH TUPIIOBUX 00JIACTEH PiYOK ITiBHIUHO-3ax11HOTr0 [IpnuopHOMOp’s1.
K.: Hayk. nymxa, 1982. 212 c.

5. leanos A. I. ®iTomnankTOH pansHChKOI AinsHKK J[yHal0 Ta 3aTOK MEpeJHbOr0 Kparo Horo
Kinificekoi genbtu / Tigpobionorivni gociimpkeHHs JlyHaro Ta npuayHaiCbKUX BOIOHM: 30.
Hayk. np. K.: Hayk. nymka, 1987. C. 44-57.

6. Okciwx O. I1., /lasuoos O. A., Kapneso FO. I. MikpodiToOeHTOC K Oi0IHIUKATOP CTaHY
BoaHUX exocucteM // ['igpodionoriunuii sxypHait. 2010. Ne 5. C. 75-89.

7. Poan . B. ®diTonnaHkToH pajsHChKOi quisiHkY JlyHaro, Horo pykaBiB Ta 3aTok // JlyHaii Ta
npuayHaiceki Bogoiimu B mexax CPCP: Ilp. Iu-Ty rizpobiosnorii. 1961. Ne 36.

8. Barinova S. S., Bilous O. P, Tsarenko P. M. Algal indication of water bodies in Ukraine:
methods and perspectives // Haifa; Kyiv: University of Haifa Publisher, 2019. 367 p.

9. Listing the World’s Algae URL: www.algaebase.org

Cmamms Haoditiwna 00 pedakyii 12.04.24
doonpayvosana 29.04.24
nputinsama 0o opyky 30.04.24


https://wwfeu.awsassets.panda.org/downloads/danube_delta_vision_rus.pdf?206062/Danube-Delta-Vision
https://wwfeu.awsassets.panda.org/downloads/danube_delta_vision_rus.pdf?206062/Danube-Delta-Vision
https://wwfeu.awsassets.panda.org/downloads/danube_delta_vision_rus.pdf?206062/Danube-Delta-Vision
http://www.algaebase.org

A. JlyueHko
72 ISSN 0206-5657. BicHuk JlbBiBcbkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 91
ECOLOGICAL CHARACTERISTICS, BIOMASS, ABUNDANCE,
AND DOMINANT COMPLEXES PHYTOPLANKTON OF DIFFERENT TYPES
OF WATERCOURSE AND WATERBASIN IN THE LOWER DANUBE

D. Lutsenko

Institute of Hydrobiology, NAS of Ukraine
12, Volodymyr Ivasyuk Ave., Kyiv 04210, Ukraine
e-mail: ecowaterkma@gmail.com

In the context of modern environmental challenges, being under constant anthropo-
genic pressure, systematic study of the spatial and temporal dynamics of phytoplankton dis-
tribution, its quantitative and qualitative indicators, biomass and abundance, and determina-
tion of the dominant complex are indicative factors of biodiversity and water productivity. In
the context of constant anthropogenic pressure, such research and monitoring of biodiversity
and water quality are essential for the functioning of biocenosis.

It was found that the diversity of phytoplankton in different hydroecosystems of the
lower Danube River is represented by a wide floristic spectrum and amounts to 156 species
(158 species) belonging to 8 divisions: Cyanobacteria, Bacillariophyta, Cryptophyta, Mio-
zoa, Ochrophyta, Charophyta, Chlorophyta, Euglenozoa.

The research of phytoplankton ecological characteristics showed that planktonic and
planktonic-benthic forms are the most common in terms of biotopic habitat. Analyzing the
phytoplankton by habitat, indifferent species dominate in all studied hydroecosystems. In
relation to pH, most of the representatives belong to indifers, and fewer to alkalifers.

The number of phytoplankton cells ranged from 375 thousand cells/m? to 1320 thou-
sand cells/m?, with Cyanobacteria being the most numerous. The main role in the formation
of the biomass of water bodies in summer in the studied areas belongs to the divisions Chlo-
rophyta, Miozoa, and Bacillariophyta and ranges from 0.3361 mg/dm? to 0.944205 mg/dm°.

The analysis of the dynamics of phytoplankton abundance and biomass showed that
these indicators vary depending on the location of the algosampling stations. The structure
of phytoplankton biomass in the lower Danube is unevenly represented, according to the
hydroecosystem, and is formed mainly by the Bacillariophyta-Chlorophyta complex, but in
some samples, representatives of the Mioza order dominate in terms of biomass. At the same
time, summarizing the values of phytoplankton abundance, it was found that the leading role
belongs to Cyanobacteria, with Chlorophyta and Bacillariophyta also widespread.

It was noted that in shallow waters and in areas with high dynamics of hydrological
processes, namely river-sea transition zones, there is a predominance of the diatom complex,
formed mainly by planktonic-benthic and benthic forms. This spatial distribution is typical
for areas with high intensity of water mass mixing.

Keywords: phytoplankton, lower Danube, biomass, hydroecosystem, dominant
complexes, Chlorophyta, Bacillariophyta
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PSYCHOPHYSIOLOGICAL STATE OF STUDENTS UNDER THE WAR
S. Bychkova, T. Korol, O. Ikkert
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4, Hrushevskyi St., Lviv 79005, Ukraine
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The war in Ukraine has an impact on the psychophysiological state of citizens,
whether they are direct participants in the conflict or reside far from the front line. Conside-
ring this, studying the psychophysiological state of students continuing their education in a
country at war is a relevant issue. Understanding this state can aid in developing effective
strategies for preserving the psychological health of youth. The limbic system, which regu-
lates emotions, directly influences the cardiovascular system. Therefore, the research aimed
to establish the connection between the frequency of heartbeats (heart rate) during air alarms
and mental states (depression, anxiety, stress) of students, as well as components of their
emotional intelligence (self-motivation, managing one’s own emotions and the emotions of
others, empathy).

In the study, 62 second-year students from the Biological Faculty Ivan Franko Na-
tional University of Lviv participated. Students assessed their psychoemotional state using
the «Global Emotional Intelligence Test» and «kDASS21» questionnaires. Heart rate (HR)
was monitored using smartwatches in combination with corresponding smartphone applica-
tions.

The average daily heart rate of students was 78.12+0.74 beats/min (n=62), while
during air alarms, it increased to 91.21+2.54 beats/min (p<0.001, n=21). Individuals with
additional physical activities showed a tendency toward higher HR during air alarms com-
pared to those who did not engage in exercises. It was found that 50 % of students experi-
enced anxiety, 20 % reported high and extremely high stress levels, and 10 % had a high
level of depression. A moderate negative correlation was established between the level of
depression and HR during air alarms (r=-0.55, p<0.05, n=13). A high level of emotional
intelligence indicators was observed in the following percentages of students: managing the
emotions of others — 27 %, empathy — 24 %, self-motivation — 23 %, managing one’s own
emotions — 8 %, and integrative emotional intelligence — 2 %. Positive correlations of mo-
derate strength (p<0.05) were identified between HR during air alarms and the psychological
and emotional states of students: r=0.51 (n=11) with anxiety, r=0.59 (n=13) with the level
of integrative emotional intelligence, 1=0.62 (n=13) with self-motivation, and r=0.63 (n=13)
with managing the emotions of others.

Therefore, war has an impact on the psychophysiological state of students, resul-
ting in an increased level of anxiety. This is evident in the rise of heart rate (HR) during air
alarms, which is considered a normal response of the body to a stress factor. However, the
more depressive a person is, the lower the HR during air alarms. Thus, there is a correlation
between HR during air alarms and psychophysiological state of students.

Keywords: heart rate, health, anxiety, stress, depression, emotions

Residents of various regions of Ukraine are at different distances from the epicenter of the
war, but all Ukrainians feel a strong emotional tension. Anxiety among Ukraine’s residents has
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increased as a reaction to fear [2]. The «Air Alarm» signal carries both a real and potential threat
to human life and health. The entire period of an air alarm can be considered as a stress factor that
negatively affects a person’s psychophysiological state. When a person’s nervous system experi-
ences emotional overload, stress develops — a state of excessive and prolonged psychological
tension [2, 10]. The stress response in humans due to the potential danger of an aerial attack is
carried out through a universal complex of neurohumoral reactions.

Stress through cortical and limbic connections triggers the release of corticotropin-releas-
ing factor (CRF) from the paraventricular nuclei of the hypothalamus. The release of CRF medi-
ates endocrine and immune responses [30]. Stress affects the neural structure of the hippocampus,
amygdala, and prefrontal cortex [23]. The amygdala-like body plays a crucial role in processing
physiological and behavioral responses to stress. The influence of chronic stress factors and cor-
ticosterone, the secretion of which is induced by stress, may enhance the expression of CRF in
the amygdala. Under the influence of stress, changes occur in the amygdala that underlie emo-
tions such as anxiety and fear [32]. It is known that the amygdala-like body interacts with the
autonomic nervous system (sympathetic and parasympathetic), and therefore, it can impact the
function of internal organs [30], including altering heart rate.

Heart rate (HR) is an indicator that reflects the state of the cardiovascular system and the
corresponding activity of the autonomic nervous system, controlled by higher centers of the mid-
brain. Under the influence of stress factors, the human body enters a «fight or flight» state. This
state is characterized by excessive activation of the sympathetic nervous system, a component of
the stress system [8, 18]. Elevated levels of catecholamines mediate the increase in heart rate. For
instance, an increase in heart rate has been observed in individuals who have experienced earth-
quakes [7, 24], terrorist acts [25, 26], or in response to emergency alarm [13]. Air alarm alerts
(from the signal indicating the start to its end) belong to stress factors, as they indicate the poten-
tial possibility of traumatic events. The impact of air alarm alerts during wartime on the heart rate
of civilians and the relationship between changes in heart rate and the mental and emotional states
of people are still insufficiently studied.

Researching the impact of stressors on a person’s heart rate (HR) in real life is meaningful
when conducted using the method of ambulatory 24-hour monitoring through personal digital
devices (such as smartphones, fitness bracelets, and eHealth applications for smartphones) [16].

Emotional intelligence encompasses concepts such as recognizing emotions, self-motiva-
tion, empathy, and regulating emotional states [15]. It’s believed that higher levels of emotional
intelligence lead to better societal adaptation through emotional regulation [15].

It’s known that the centers of the limbic system are responsible for the emergence of emo-
tions [29]. They are functionally connected to the autonomic nervous system, which regulates the
functioning of internal organs. Based on this, we hypothesized a connection between the state of
the cardiovascular system’s activity and skills related to emotional state regulation.

Currently, the influence of war on the psychophysiological state of the civilian population
of Ukraine, especially the student population, who experiences the stressor of air alarm alerts
almost daily, remains insufficiently researched. Therefore, the aim of the study was to establish
a connection between heart rate during air alarm alerts and mental states (depression, anxiety,
stress) of students, as well as components of their emotional intelligence (self-motivation, emo-
tional self-regulation, empathy). In addition, the aim of the work is to understand the psycho-
physiological state of students. This can help us in the development of effective strategies for
preserving the psychological health of young people. In particular, by clarifying the importance
of following recommendations for a healthy lifestyle, normal sleep duration, and avoiding condi-
tions that disrupt psychological balance. After all, a state of increased anxiety or chronic stress
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can lead to health disorders, so it is important to practice methods of stress management and
psycho-somatic relaxation to prevent mental and somatic health disorders.

Materials and Methods

We conducted the study among students of Ivan Franko National University of Lviv.
Sixty-two second-year biology students, aged 18—19 years, participated in the study. Of them,
eight were male and fifty-four were female. The students provided the consent to participate in
the research study. We measured participants’ HR using trackers or smartwatches worn on the
wrist (such as Xiaomi Mi Smart Band 3—7, Apple Watch Series 3—7) connected to corresponding
smartphone apps (Apple’s «Healthy,» «Pulse Monitor Check Your Heart,» «Samsung Health,»
«Heart Rate & Pulse»).

The average daily HR (arithmetic mean of HR over a day) was recorded for the entire
group of students (n=62) based on data from trackers or smartwatches, which were read by re-
spective smartphone apps. The students entered HR data into individual Google Sheets. We cal-
culated the average HR value across all days of the study for each student and computed the
average value for the corresponding sample. Histograms present the mean value for the students’
sample as M+m [M min — M max].

Among the entire cohort of participating students (62 individuals), HR measurements were
taken in the morning and evening from 24 participants. Twenty-six physically active students ad-
ditionally measured and recorded HR data before and after physical activities (fast walking, run-
ning, cardio, and strength training), while the remaining 36 individuals had little physical activity.

The study was conducted in October-November 2022. During this period, there were daily
air alerts in the city of Lviv, where the participants lived and studied. From the indicators col-
lected by the trackers, we wrote out HR indicators during the period of air alarms. HR data dur-
ing air alerts were recorded for 21 students from the total sample, including 13 physically active
students and 8 inactive individuals.

Out of all participants, 38 students agreed to complete two questionnaires: the «Global
Emotional Intelligence Test» [12] and the «DASS21» [14]. The questionnaires were administered
as Google Forms. During the questionnaire completion, students assessed their emotions and ac-
tions in various situations described in the questions. The DASS-21 assesses depression, anxiety,
and stress states using three scales, each containing 7 items. The answers allow for assessing the
levels of depression, anxiety, and stress. The Depression Scale assesses dysphoria, hopelessness,
life devaluation, self-deprecation, lack of interest, and inertia. The Anxiety Scale evaluates veg-
etative arousal, skeletal muscle effects, situational anxiety, and subjective experience of anxious
affect. The Stress Scale is sensitive to the level of chronic nonspecific arousal. It assesses dif-
ficulties with relaxation, nervous arousal, ease of getting upset /excited, irritability /excessive
reactivity, and impatience. Scores are assigned for each of the three subscales, which are then
categorized for stress, anxiety, and depression as follows: normal range (0-7), mild (8-9), moder-
ate (10-12), severe (13—16), and extremely severe (17 and above).

The «Global Emotional Intelligence Test» [12], developed by N. Hall, measures emo-
tional intelligence (EQ) levels and components. This test evaluates abilities to manage personal
and others’ emotions. It includes scales for emotional awareness, emotional management, self-
motivation, empathy, and recognition of others’ emotions. Scores indicate high, moderate, or low
emotional intelligence. Levels of partial emotional intelligence according to the results: 14 and
above — high; 8—13 — moderate; 7 and below — low. The integrative level of emotional intelli-
gence, taking into account the dominant sign, is determined by the following quantitative indica-
tors: 70 and above — high; 40-69 — moderate; 39 and below — low [12].
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Mean values (M), standard error of the mean (m), and standard deviations (c) were evalu-
ated for each parameter. Student’s t-test assessed the likelihood of mean differences between the
two samples. Pearson correlation coefficient (r) was calculated to assess correlations, where val-
ues from 0.5 to 0.7 indicated moderate correlation, and from 0.7 to 1 indicated strong correlation.
Positive values indicated direct correlations, while negative values indicated inverse correlations.
Statistical significance was determined at p<0.05. All statistical calculations were performed us-
ing Microsoft Office Excel.

Results and Discussion

An increase in anxiety among the population signifies a state of purposeful preparatory
enhancement of sensory attention and motor readiness in situations of potential danger, lead-
ing to corresponding fear responses [2]. Emotional states such as fear, anxiety, and tension are
considered psychological manifestations of stress when they occur with sufficient intensity and
duration [10]. It is widely acknowledged that stressful situations and emotional stimuli lead to the
activation of the stress system as a whole and the sympathetic branch of the autonomic nervous
system in particular [23]. The stress system is a complex neuroendocrine system composed of the
hypothalamus-pituitary-adrenal axis and the locus coeruleus of the brainstem/norepinephrine —
part of the autonomic nervous system [18]. Psychoemotional influences activate the sympathetic
nervous system, which in turn stimulates heart activity. Consequently, an external manifestation
of the impact of psychoemotional factors on the human body is an increase in HR [7, 24-26].
Determining HR is one of the objective methods for assessing stress levels [31]. Therefore, we
used HR as a marker of stress system activation in students under different conditions. HR is an
indicator reflecting the state of the cardiovascular system and the corresponding activity of the
autonomic nervous system, which is controlled by higher centers of the brainstem. Normal rest-
ing HR is an indicator of both physical and mental health [22].

We found that the average HR of students in the morning was 72.28+0.91 [min: 52.32—
max: 90.09] bpm (Fig. 1A). In these individuals, the average HR in the evening was 78.95+0.99
[min: 63.43-max: 92.4] bpm. The HR of students in the evening was 9.23 % higher than their
morning HR (p<0.05, n=24). The calculated average 24-hour HR for the entire sample of students
(n=62) was 78.12+0.74 [min: 68.8—max: 88.36] bpm.

The average HR during air alarms was recorded using the applications that made the
measurements automatically without student involvement.

It was revealed (Fig. 1B) that the average HR during air alarms was 91.2142.54 [min: 70.0—
max: 101.0] bpm. This value was 16.8 % higher (p<0.001) than the average 24-hour HR for all
participants in the study (n=62), as well as those who recorded their HR during air alarms (n=21).
Our results showed confirms that air alarm alerts are a stressor that affects the state of students.

Changes in HR are an important physiological mechanism that ensures the adaptation of
the circulatory system to physical loading. HR is directly dependent on the intensity of the work
performed. Therefore, HR is considered an objective indicator of the intensity of physical activ-
ity and mental stress [17]. Furthermore, HR is the primary criterion for assessing an individual’s
fitness level. Changes in HR facilitate the body’s adaptation to physical loading. It has been
established that physical exercises have a neuroprotective effect, attributed to the activation of
kynurenine pathway genes [4]. Recent research has highlighted the significant neuromodulatory
role of kynurenines in the brain [27]. To understand the significance of the changes in HR during
air alarms, we also investigated the influence of physical activity on this parameter.

Before physical loading (running, exercises, fast walking), the average HR of students
(Fig. 2A) was 74.334£0.67 [min: 55.5-max: 85.59] bpm. After activity, the average HR was
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113.18£1.37 [min: 82.07-max: 150.7] bpm. Thus, after physical loading (Fig. 2A), the HR of
students increased by 52.3 % (p<0.001, n=26). This is a normal physiological response, as physi-
cal activity requires more oxygen-rich blood. We investigated the changes in HR during air alarm
alerts in physically active and physically inactive students.
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Fig. 1. Heart rate (HR, beats/min) values under different conditions: morning and evening (A),

and average values throughout the day compared to HR during air alarms (B)

We divided the students with known HR during air alarms into two subgroups: 1) physi-
cally active individuals (n=13) — regular physical exercises, running, brisk walking; 2) physically
less active individuals (n=8) — no sports activities. The HR values in both subgroups before acti-
vity were similar and amounted to 78.9+0.74 bpm and 77.28+0.54 bpm, respectively (Fig. 2B).
During air alarms, the HR of physically active students increased by 18.51 % (p<0.001, n=13) to
93.03+2.98 bpm.

Similarly, the HR during air alarms increased by 14.19 % (p<0.001, n=8) to 88.25+1.79
bpm in the subgroup of physically less active students. We did not find a significant difference
in HR during air alarms between the two subgroups of students. There was only a slight trend
towards higher HR values in physically active individuals.

Therefore, during air alarms, students experience a 16.8 % increase in HR. However, this
increase in HR does not exceed the 52.3 % increase observed during physical loading. This indi-
cates a moderate level of stress [6] among students, which may impact their psychological state.

According to the results of the DASS21 questionnaire, we assessed the levels of depres-
sion, anxiety, and stress in 38 students.

We found (Fig. 3) that only 8 % of students had a normal level of anxiety, 16 % had mild
anxiety, 24 % had a moderate level of anxiety, 13 % had severe anxiety, and 37 % had extremely
severe anxiety. Thus, 50 % of students (combined severe and extremely severe) experienced anxi-
ety beyond the normal range.

We also found (Fig. 3) that 18 % of individuals had a normal level of stress, 29 % had
mild stress, 27 % had a moderate level of stress, 18 % had severe stress, and 2 % of students had
extremely severe stress. Therefore, 20 % of students (combined severe and extremely severe)
experienced stress levels above the norm.

We established (Fig. 3) that 32 % of individuals had no signs of depression (normal), 24 %
of students had mild depression, 32 % had a moderate level of depression, 5 % had severe depres-
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sion, and 5 % had extremely severe depression. Thus, 10 % of students (combined severe and
extremely severe) experienced depression, while 90 % of students showed no signs of depression.
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Fig. 2. The influence of physical activity (running, exercises, brisk walking) on HR (A), HR during air alarm
in physically active and physically inactive students (B)
Correlation analysis showed (Fig. 4) that anxiety scores strongly correlated with stress
scores (r=0.83, p<0.05, n=13): higher stress levels were associated with higher anxiety levels.
We conducted a correlation analysis between HR during air alarms and the levels of anxi-
ety, stress, and depression in students. We found a moderate negative correlation between the
level of depression and HR during air alarms (r=-0.55, p<0.05, n=13).

Fig. 3. Levels of anxiety, stress, and depression in the studied group of students based on DASS21
questionnaire results
Thus, the more depressive a person is, the lower their HR during the air alarm signal. In-
deed, individuals with the highest level of depression (n=2) did not experience an increase in HR
during air alarms, as opposed to most participants, where HR decreased.
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Fig. 4. Direct correlation between stress level and individuals’ anxiety. Pearson correlation coefficient
r=0.83, p<0.05, n=13
If we exclude individuals with extremely high levels of depression from the sample (n=2),
than there was no correlation between depression and HR during air alarms in the remaining
students (n=11). In these individuals (Fig. 4A), a moderate positive correlation was shown be-
tween the anxiety score assessed by the questionnaire and HR during the air alarm signal (r=0.51,

p<0.05, n=11).
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Fig. 4A. Direct correlation between students’ Fig. 4B. Inverse correlation between students’
anxiety level and HR during air alarm. depression and HR during air alarm.
Pearson correlation coefficient r=0.51, Pearson correlation coefficient r=-0.55,
p=<0.05, n=11 p=<0.05, n=13

Therefore, there is a higher HR during air alarms in more anxious students, but this is not
the case for depressive individuals.

We also tested whether HR correlated with the level of stress during air alarms in the sam-
ple excluding individuals with severe and extremely severe levels of depression. Interestingly,
there was a weak correlation (r=0.37, p<0.05, n=11) between HR and stress levels in students.
However, in general, there was a tendency towards higher HR values during alarms in individuals
with higher stress levels.

We also tested whether HR correlated with the level of stress during air alarms in the sam-
ple excluding individuals with severe and extremely severe levels of depression. Interestingly,
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there was a weak correlation (r=0.37, p<0.05, n=11) between HR and stress levels in students.
However, in general, there was a tendency towards higher HR values during alarms in individuals
with higher stress levels.

Our findings are consistent with both ukrainian and international authors concerning the
relationship between war and anxiety disorders in the civilian population [3, 5, 19]. For instance,
Kurapov et al. (2023) conducted a survey involving 706 Ukrainian citizens aged 18—65 years
across different regions of the country and refugees. The authors found that levels of anxiety,
depression, and stress were higher in women compared to men. The highest levels of these symp-
toms were observed in the age group of 26—40 years compared to individuals aged 18-20 years
and >40 years [21]. Similarly, the work by Yurieva LM et al. (2022) confirmed the presence of
anxiety and depression, especially in female participants [3]. These studies were conducted at
the onset of the war, and their results indicated considerably higher levels of anxiety and depres-
sion than those observed in our study. Kurapov et al. also demonstrated worsening psychosocial
states, including depression, exhaustion, and loneliness, specifically among students during war-
time [20]. Psychological distress due to the war is also experienced by residents of other coun-
tries. In a study by Chudzicka-Czupata et al. (2023), participants from Ukraine (n=362), Poland
(n=1051), and Taiwan (n=185) were included. The study was conducted at the beginning of the
war in Ukraine. Anxiety was the most common symptom among the three groups. Ukrainians
exhibited the highest levels of depression, anxiety, and stress. According to the survey, Polish and
Taiwanese respondents followed. Polish respondents expressed the highest level of hopelessness
regarding the war in Ukraine. The lowest level was found in Ukrainians and Taiwanese respond-
ents [9]. Experiences of life events impact the state and health of the cardiovascular system.
Increased HR is a leading factor contributing to the development of cardiovascular diseases [1].
It’s known that a greater negative impact of life events is associated with an increase in HR during
stress [28]. Despite the war, Ukrainian students continue to receive education through blended
or distance learning, which is inherently stressful. For instance, stress frequency correlates with
stress perception (r=0.384) in medical students at the University of Copenhagen who exhibited
symptoms of depression. Conversely, in non-depressive students, there was no correlation be-
tween stress frequency and stress perception (r=0.1) [11]. Ukrainian students’ typical academic
stress has been compounded by the stress associated with war. Education demands significant in-
tellectual effort, emotional resilience, and psychological balance. Academic activities and student
self-realization are directly linked to their emotional intelligence.

Emotional intelligence is the ability to recognize one’s own emotions and the emotions
of others, use emotional information to regulate thinking and behavior, and differentiate various
feelings and express them appropriately. Managing one’s own emotions and the emotions of
others falls under the concept of emotional intelligence. A higher level of emotional intelligence
is significantly associated with lower levels of stress and burnout. Additionally, emotional intel-
ligence affects stress levels, task performance, and effectiveness in working with others [15]. We
assessed all components of emotional intelligence using the Global Emotional Intelligence Test
questionnaire. Among all the students who filled out the questionnaires, average daily HR values
were measured, and only 13 participants had additional HR recordings during air alarms.

We found (Fig. 5) that among the surveyed students (n=38), only 2 % had a high level of
integrative emotional intelligence (=70 points), 62 % had an average level (40—69 points), and
35 % had a low level of integrative emotional intelligence (<39 points). We established (Fig. 6) a
positive correlation of moderate strength between the level of integrative emotional intelligence
and HR during air alarms (r=0.59, p<0.05, n=13).
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Fig. 5. Assessment of emotional intelligence and its components (self-motivation, empathy, emotional self-
management, and managing the emotions of others)

We discovered (Fig. 5) that 23 % of surveyed students have a high level of emotional
self-motivation, 43 % have an average level, and 29 % have a low level. A moderate positive
correlation was observed between the level of self-motivation and HR during air alarms (Fig.
6) (r=0.62, p<0.05, n=13). We also found (Fig. 5) that only 8 % of students have a high level of
emotional self-management, 16 % have an average level, and 75 % have a low level. We did not
find a correlation between the level of self-emotion management and average daily HR (r=0.04,
p=>0.05, n=38). During air alarms (Fig. 6), a very weak correlation was observed between these
indicators (r=0.3, p=0.05, n=13), which was not statistically significant. We found (Fig. 5) that
27 % of surveyed students have a high level of managing the emotions of others, 35 % have an
average level, and 37 % have a low level. A positive correlation of moderate strength was estab-
lished between the level of managing the emotions of others and HR during anxiety episodes
(Fig. 6) (r=0.63, p<0.05, n=38).

Additionally, we found (Fig. 5) that 24 % of surveyed students have a high level of empa-
thy, 59 % have an average level, and only 16 % have a low level. A positive correlation of mod-
erate strength was established between the level of empathy and HR during air alarms (Fig. 6)
(r=0.41, p=0.05, n=38).

Thus, we examined the components of emotional intelligence: emotional awareness, emo-
tional regulation, self-motivation, empathy, and management of others’ emotions.

We found a direct correlation of moderate strength between average HR during air alarm
alerts and the following indicators: a) ability to manage others’ emotions (r=0.63, p<0.05, n=13);
b) integrative level of emotional intelligence (r=0.59, p<0.05, n=13); and c) self-motivation
(r=0.62, p<0.05, n=13).

These indicators were higher in students with higher HR values during air alarm alerts. We
observed an interesting trend: higher self-motivation was associated with lower levels of depres-
sion (r=-0.31, p>0.05, n=13). There was also a tendency towards an inverse relationship between
students’ integrative level of emotional intelligence and depression (r=-0.29, p>0.05, n=13).
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Fig. 6. Pearson correlation coefficient values between HR during air alarm and emotional intelligence
components (Pearson correlation coefficient values from 0.5 to 0.7 represent a moderate level of
correlation; from 0.7 to 1 indicate a strong correlation)

According to our data, severe and extremely severe levels of anxiety and stress were pre-
sent in 50 % and 20 % of students, respectively. Among more anxious students, higher HR during
air alarm alerts was observed, but this was not the case for depressed individuals. There is a mod-
erate positive correlation between HR during air alarm alerts and students’ mental and emotional
states: 1=0.51 (n=11) with anxiety; r=0.59 (n=13) with the level of integrative emotional intel-
ligence; r=0.62 (n=13) with self-motivation; r=0.63 (n=13) with the level of managing others’
emotions.

Conclusions

During the period of air alarm, the students’ HR increased by 16.8% compared to the aver-
age daily HR. The obtained changes indicate that air anxiety is a stressful factor for the body of
students, however, the increase in heart rate during anxiety was less than during physical activity,
when the HR increased by 52.3 %. Both subgroups of students, physically active and physically
inactive, responded to the air alarm by increasing HR by 18.51 % and 14.19 %, respectively.
However, we did not find a statistically significant difference in HR between these two subgroups
of students during the air alarm period.

We also observed a trend toward higher HR values during anxiety in individuals with
higher levels of stress. We established an inverse relationship between the level of depression
and heart rate during air anxiety in students with absent and moderate symptoms of depression.
On the other hand, two people with the maximum level of depression showed a decrease in heart
rate under these conditions. Therefore, it can be concluded that the more anxious a person is, the
higher his HR will be during the air alarm signal, which does not apply to depressed people

Students with higher HR values during air anxiety showed higher indicators of compo-
nents of emotional intelligence, such as the ability to manage other people’s emotions, integrative
level of emotional intelligence, and self-motivation.

So, the war in general and air alarm in particular have an impact on the psychophysiologi-
cal state of students, which is manifested in increased anxiety.
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MNCUXOPI3IOJNOTTUHUI CTAH CTYIAEHTIB B YMOBAX BIMHU
C. buukosa, T. Kopoas, O. IkkepT

Jlvsiscoruli Hayionanvruil yHieepcumem imeri Iseana @panka
syn. I pywescvkoeo, 4, Jlveie 79005, Vrpaina
e-mail: solomiya.bychkova@lnu.edu.ua

Biiina B YkpaiHi YMUHNUTH BIUTUB Ha CUX0(i310J0TTYHIN CTaH TPOMAaJISTH HE3aJIeKHO
BiJl TOTO, UM € BOHU 0€3MOCEepPEeIHIMH YIaCHUKaMU OOMOBUX [ii, UM MPOKMBAIOTH JJAJIEKO
BiJl JiHIT BOTHIO. 3Ba)KarouW Ha 1€, BUBYECHHS NCHUXO(i3i0JOTIYHOTO CTaHy CTYACHIB, SIKi
HPOJOBKYIOTh HABYATHCS B KPaiHi 32 yMOB BiliHH, € aKTYaJIbHOIO IIPOOJIEMOIO, PO3YMiHHS
SIKOT MOJKE JOIIOMOTTH PO3pOOHMTH e(QEeKTHBHI CTpaTerii 30€pesKeHHs IMCHXOJIOTIIHOTO
310poB’st Mostoi. Bimomo, 110 niMOivHa cucTeMa, sika peryIioe eMolii, Mae 6e3nocepe/Hii
BIUTUB Ha pOOOTY CepIeBO-CYAUHHOI CHCTEMH. TOMY METOIO TOCIIPKEHHS OYJI0 BCTAHOBUTH
3B’30K MK 4YacToToro cepueBux ckopodeHb (UCC) mixm 9ac MOBITpSHOI TPUBOTH Ta
NICUXIYHUMHU CTaHaMH (AEIpecisi, TPUBOXKHICTB, CTPEC) CTYJCHTIB 1 CKIaJOBHMH IXHBOTO
E€MOLIITHOTO 1HTENEeKTy (CaMOMOTHBAIIiSL, KEpYBaHHS BIACHUMHU EMOLISIMH U E€MOLISIMHU
IHIIKX JTFOICH, eMIIaTis).

Y nocmikeHHi B3SUTH y4acTh 62 CTyIeHTH APYTOro Kypcy 6i010TiTHOTO (haKyIbTeTy
JIbBiBCHKOTO HALIOHAIBHOTO YHiBepcHUTETy iMeHi IBana ®panka. CTyZeHTH OLIHIOBAIU
CBilf mcuxoemouiiiHuit cran 3a onurtyBanbHuKamMu «Global Emotional Intelligence Test»
ta «DASS21». UCC BimcTexyBalu 3a JONOMOTOK CMapT-TOAWHHHKIB y TO€IHAHHI 3
BiIMOBIAHMMH IIpOrpaMaMy Ha cMapT(doHax.

Cepenubonobosa UCC crynentis cranosmia 78,12+0,74 yn/xs (n=62), a y IpOMDKOK
4acy, koiu OyJa orojoleHa mopiTpsina Tpusora, — 91,21+2,54 yn/xs (p<0,001, n=21). B
0ci0, sIKi MaJIi TOAATKOBI CIOPTUBHI HABAHTAXKEHHS, CIIOCTEPITaiy TUTPKH TECHIEHIIIIO 0
prumux 3HadeHbp YCC mix yac moBiTPSHOT TPUBOTH, MOPIBHAHO 3 THMH, XTO HE BUKOHYBaB
BrpaBu. Busineno, mo 50 % cTyzneHTiB nepebyBaroTh y cTaHi TpuBOXHOCTI, 20 % CTYICHTIB
BiZTYyBalOTh BAKKUH 1 HA/[3BUYaiHO BaXKKHH piBHI cTpecy Ta 10 % cTyneHTiB MatoTh BaXKKHI
piBeHb genpecii. BcTaHOBIGHO cepeHBOI CHIIM HETaTHBHHUN KOPEALIHHUN 3B 530K MiX
piBaem nenpecii Ta YCC mix gac nositpsiHol tpusoru (r=-0,55, p<0,05, n=13). Bucoxwuii
PiBeHb IOCTIKyBaHMUX IMOKA3HUKIB €MOLIHHOTO iHTENEKTY BHUSBWIIM y TaKoi KUIBKOCTI
CTYJICHTIB: KEpYBaHHS eMOIIisIMU iHIHX Jroeit — 27 %, emmartis — 24 %, caMOMOTHBAITIS —
23 %, KepyBaHHS BIACHUMH €MOIisIMU — 8 % Ta IHTerpaTHBHHN €MOLIIHUH IHTENeKT —
2 %. Mix noxasHukamu YCC mix yac NOBITPSHOI TPUBOTHU Ta NMCUXIYHUMH i eMOLUIHHUMHU
CTaHaMH CTYJEHTIB BCTAHOBWIM ITO3UTHBHHUH KOPEISLINHMHA 3B’S30K CepelHbol CHIN
(p=0,05): r=0,51 (n=11) — 3 TpuBOXHicTIO; 1=0,59 (n=13) — 3 piBHEM iHTErpaTUBHOTO
emouiiiHoro iHTenekry; r=0,62 (n=13) — 3 piBHeM camomotuBaii; r=0,63 (n=13) — 3 piBHeM
KepyBaHHS eMOLISIMH 1HIINX JIFONIEH.

Otxe, BiliHa BIUIMBa€ Ha NMCHXO(i310JIOTIYHUII CTaH CTYIEHTIB, YHACHIiZOK YOTO
3poctae piBeHb TpHBOXKHOCTI. Lle mposBisierses y 3pocranHi YCC mig 4ac moBiTpsHOT
TPUBOTH, II0 € HOPMAJILHOIO PEAKIi€0 OpraHi3aMy Ha CTpecoBHH 4MHHMK. IIpore 4nm
JICTIPECHBHIIIOI0 € 0c00a, THM HIKYUM BHABIAETHCS nokasHUK YCC y mepiof] moBiTpsiHOT
TpUBOTU. TakuM YMHOM, € B3a€MO3B’sA30K MiXK mokazHukamu YCC mix gac HOBITPSHOT
TPUBOTH Ta NCUX0(]i310JIOTIYHUM CTAaHOM CTYJCHTIB.

Kniouosi crnoea: 4dactota cepueBUX CKOPOYEHb, 30POB’S, TPUBOXKHICTh, CTPEC,
JIeTIpecisi, eMOIIii
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BIIVIUB ETAHOJY TA HUKJIOCITIOPUHY A
HA TUXAHHA 130JIbOBAHUX 'EITATOLIUTIB IIIYPIB

I'. Ma3yp, b. O. Maunbko, B. B. Manbko

JIvgiecokutl nayionanvuull ynieepcumem imeni leana @panxa
syn. I pywescokoeo, 4, Jlveie 79005, Vrpaina
e-mail: bohdan.manko@Inu.edu.ua

BimoMo, 110 eTaHON BIUIMBA€E HA OKUCHI MPOIIECH Y MITOXOHJPISX MEYiHKH, a IIe
MoOXe OyTH OJHHMM i3 MEXaHi3MiB PO3BHTKY aJKOTOJBHOI XBOpOOM mediHKH. Bimommit
IMyHOCYTIPECaHT IMKJIOCIIOPHH A TaKOX € IHI16iTOpOM MiTOXOHPIaabHOI MOPU HepexigHol
nposigHocTi. OfHAK (hapMaKoIOTiyHa B3a€EMOJIis €TAaHOJTY Ta IIMKIOCIOPUHY A HEIOCTaTHBO
BHBUYCHA. MeTa bOTO JOCITIPKEHHS — JIOCHIANTH BIUIMB €TaHOJIy Ta IUKJIOCIIOPHHY A Ha
IIBU/IKICTH AMXAHHS 130JIbOBAHUX I'eIIaTOLUTIB Iy PiB.

JlocnipkeHHS MPOBEICHO Ha 5 1rypax-caMIpsix jiHii Bictap. [ematorury i3onoBanu
nusixoM rnepdysii 3 koiareHaszoro. LlimicHICT TIa3MaTHYHOI MeMOpaHM OIHIOBAIN
3a (QapOyBaHHsIM KimiTHH TpunaHoBuM cuHIM (0,1 %). KinbkicTh IHTaKTHHUX KIITHH
cranoBuna 85,7+0,92%. IIBuAKiCTh CHMOXHBAHHS KHCHIO BHMIPIOBAJIH 3a JOTOMOTOKO
nossporpadivyHoi ycraHoBkM Ha 6asi enextpoma Kimapka 3a 37 °C. [lns mocimipkeHHS
PO3’€qHAHOTO IUXaHHS BUKOprucToByBaiy npotoHopop FCCP. KiitnnHe nuxaHHs BUBYAIN
3a HasIBHOCTI y CEpEIOBHII TIIIOKO3H, ITipyBaTy a00 MOHOMETWICYKIMHATy. CTaTUCTUYHMI
aHaJi3 NPOBOJMIIN 3a gornoMororo nporpamu Origin Pro 2018. BiporigHicTs pi3HHLI Mix
rpyIaMy BU3HAYaIH 32 JBO(QAKTOPHUM AUCIIEPCIHHUM aHai30M.

[Ticns inxy0auii ynpomosix 1 ro 3 eraHonoM (50 MMOIIB/IT) MIBUAKICTE Ga3aabHOTO
JIMXaHHS TeNaTONNTIB 32 OKUCHEHHS IIIOKO3U 3pocTana Ha 8 %. AHAJOTiYHUHA pe3yasTar
OTpPHUMaHO 3a HasSBHOCTI y cepeloBHII MipyBaTy. OfHaK MOHOMETHJICYKIMHAT yCyBaB
CTHMYJIOIOUMH BIUIMB €TAaHOJy Ha AuWXaHHsA. ETaHON HIisSK He BIUIMBaB Ha po3’€IHaHE
JMXaHHS TeNaTOLUTIB 32 OKHUCHEHHS TJIIOKO3H, MipyBaTy YM MOHOMETWICYKIMHATy. Y
JKOIHOMY 3 €KCIePHMEHTIB iHKyOamis 3 HUKIOCIOPUHOM A He BIUIMBAJA Ha CIIOXKHWBaHHS
KHCHIO KTiTHHaMH. [[UKIOCTIOpHH A TakoX He 3MiHIOBaB e(DEKTiB €TaHOIy Ha Oa3anbHe
JXaHHS renaronutiB. OTKe, He BUSABICHO (apMaKOJIOTIYHOT B3aEMOJIIT MK €TaHOJIOM 1
LUKJIOCTIOPHHOM A, siKa IposBIIIacs 0 y 3MiHI MiTOXOH/PIaJIbHOTO ANXAHHS 130Jb0BAHIX
rernaToLMTIB.

Knouoei crnoga: TenaToOUUTH, MITOXOHIPIT, €TAHOI, UKIOCIIOPHH A

OnHUM i3 MeXaHi3MiB TOKCHYHOTO BIUIMBY €TAHOIY Ha IMEYiHKY MOKe OyTH HOro BILIMB Ha
¢byHKIIT MiTOXOHIPIH [6]. BiZoMo, 110 MIBUAKICTE CIIOKUBAHHS KUCHIO 3a IPHKHUTTEBOI epdy3ii
MEYiHKN IIypiB PO3YMHOM €TAHOJY CYTTE€BO 3pocTac [4]. YV MOCHiKEHHSIX Ha i30JIbOBaHUX
remarouuTax mrypie etanos (10 MMOJIB/JT) CTUMYITIOBAB IIBHIKICTH 0a3abHOTO TUXAHHS JIUIIC
3a HasIBHOCTI MipyBary, ajie¢ He JIaKTaTy, YM 3a BIJICYTHOCTI cyOcTpariB okucHeHHs [3]. IHmm
JIOCITIJPKEHHST IOBOJISITh 3pOCTAaHHS MIBUAKOCTI METa00IIi3My €TaHOITy 3a HasiBHOCTI mipysarty [1].
[Ticng rocTporo BBEICHHS €TaHOITY IIIypaM BHSBICHO 3pOCTAHHS IIIBUIKOCTI 0a3aJIbHOTO X aHHS
130JIbOBaHMX TEMAaTOLMUTIB, 1[0 HE CYNPOBOJPKYBAIOCS IiJBUIICHHSIM MeETaboJi3My €TaHOoIy
[3]. Orxe, He MIAKOM 3pO3yMiJIO, YU IHTCHCHU(IKAISA TUXAHHS € HCOOXITHUM MEXaHi3MOM
MIPUCKOPEHHsI METaboJIi3My €TaHOJNy 3a HasBHOCTI MipyBaTy sSIK OCHOBHOTO EHEPreTHYHOTO
cyOcTpaTy MITOXOHIPIH. 3riAHO 3 aJIbTEPHATHBHOO TIIOTE3010, MPYBAT MPHUCKOPIOE META00ITI3M
€TaHOJTy 3aBISIKH YTHJII3allii HaJUTMIIKOBUX BIIHOBIIIOBaHKX ekBiBaseHTIB (y ¢popmi HAJIH), nio

© Mazyp I, Manbko b. O., Manbko B. B., 2024



I Masyp, 6. O. MaHbko, B. B. MaHbKO
ISSN 0206-5657. BicHuk JlbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 91 87

YTBOPIOIOTHCS BHACIIOK OKHCHEHHS €TaHOJY. 3pOCTAaHH XK IIBUIKOCTI INXAHHS 32 TAKUX YMOB
MO>ke OyTH HACIIiIKOM AeTosipr3aiiii MeMOpaH MiTOXOHIPiH 3a /il €TaHOTy UM HOTO TOKCHYHOTO
MeTabomiTy aneranpaeriay [7]. Hes’sicoBanuM 3amuimaeTbess MeXaHi3M Jenoispu3arii memopaH
MITOXOH/IPif TeMaTOIMTIB 3a Jii eTaHoy [6].

[omepenuro mokaszaHo, mo mukiaocnopud A (CsA), iHTIGITOP MITOXOHIPIaIbHOT OPH
TepexiTHol MPOBIAHOCTI, HE yCyBa€e MITOXOHApianbHOI Aenonspu3alii 3a aii eranomy [7]. [opsa
13 1M, TIeH mpemapaTr TaKoX € BiIOMHM IMYHOCYIPECAaHTOM, KU MPUTHIUye KaJbIIMHEBPHH.
OCKUIbKY BUKOPUCTAHHS MOTO y KIiHIII JOCUTH TONTUpPEHEe, BUBYCHHS MOTSHINIMHOT B3aeMOIii
CsA 3 eTaHOIOM € BKIHUBHM MHTaHHsIM (papmakojorii. Ha ChOromHi MOCTIIKCHO JIHIIE
BIUTUB BXKMBaHHS YEPBOHOTO BMHA Ha MeTabONi3M IUKJIOCIOpuHy B TediHii [S]. Hesimomo,
41 KOMOIHOBaHa Jiisl IMX PEYOBUH 3MiHIOE (QYHKIT MITOXOHIpiK neuinku. Tomy mera 1bOTO
JOCIIJDKEHHS — JOCTIIWTH BIUIMB €TAHONY Ta IMKJIOCIOPMHY A Ha MIBHAKICTh IUXaHHS
130JIbOBAHMX T'eTIaTONHUTIB IIypiB.

Marepiaau Ta meToaH

Yci maninynsanii 3 TBapuHaMHM OYyJI0 MPOBEACHO 3TiAHO 3 ETHYHHMH BHUMOTAMH
€BponenchKOi KOHBEHIIT i3 3aXHUCTy XpeOEeTHUX TBapWH 1 3akoHaMHu YKpainu. ExcriepumMenTH
MIPOBO/IMIIM Ha LIlypaxX-caMIpsix JiiHil Bicrap, mo Baxkunu 220-250 r. TBapuH yTpuMyBanu y BiBapii
3a cTabLIbHOT TEMIIEPATYPH Ta CTAaHAAPTHOI JieTy. [lepe] eKcriepuMeHTOM TBapUHH TOJI0AYBaJIH
yIpoaoBXK 18 rox i3 BUIBHUM JOCTYIIOM JI0 BOAH.

lenarounTn i30moBanu nuisixom nepdysii 3 komareHazoro (tun 1V), sk omwcaHo
panime [2]. Tlicas BUAIICHHS TemaToNUTH 30epiraiu 3a KiMHATHOI TeMIepaTypu y 0a3oBOMY
H03aKJIITUHHOMY CepefoBuIi, o MicTuo (y Mmois/i): NaCl — 140, KCI - 4,7, CaCl, - 1,3,
MgCl, — 1, rmokosa — 5, HEPES — 10; pH 7.4. I'enatouuTy migpaxosysanu y kamepi ['opsesa.
LinicHicTh mia3MaTn4HOi MeMOpaHM OLIHIOBAIH 32 (hapOyBaHHSM KIITHH TPUIIAHOBUM CHHIM
(0,1 %). KinbKicTh IHTAaKTHHX KJIITHH cTaHOBMIA 85,7+0,92 %.

[IBMAKICTD CIIOXKMBAaHHS KUCHIO BHMIPIOBAIM 3a JIONIOMOTOIO MOJsiporpadivyHoi
ycranoBk# S1929 (Strathkelvin) na 6a3i enextpoaa Knapka. ['enaronury iHKyOyBaiii BIIPOJOBX
60 xB 3 eranosoM (50 Mmonb/i) abo/i mukitocniopuHoM A (0,5 MKMOJIB/1T) y 6a30BOMY CepeioBHIL
a0o0 3 101aBaHHSM IipyBaTy Y¥ MOHOMETHWICYKIMHATY (110 2 MMoJb/1). TTicist poro cycreHsiro
rernaTolMTIB BHOCUIM y TossiporpadiuHy KoMipky Ta peectpyBanu (3a 37 °C) GasanbHe i
po3’eIHaHe TUXaHHS LUIIXOM TUTpYyBaHHs nporoHodopom FCCP y konnentpanisx 0,25, 0,5 ta
1 MKMOJB/I.

JAnst miABUILCHHS! TOYHOCTI BCl €KCIIEPUMEHTH IPOBOJIMIIN Y TBOX TEXHIYHUX ITOBTOPAX,
pe3yNbTaTy SKUX ycepeqHioBain. KinpKicTh OKpeMux npenapatiB KIIITHH, OTPUMAaHHX 13 PI3HUX
TBapuH, craHoBuia 5. [1IBUAKICTE AMXaHHS MIpaxOBYBaH, 3aCTOCOBYIOUYH aBTOPCHKY ITPOrpamy,
CTBOpEHY 3a JIOIIOMOTrOI0 MOBH TporpamyBanHs Python. CratucTuuHuil aHani3 npoBOAWIA 3
BuKoprcTanHsaM nporpamu Origin Pro 2018. BiporiguicTs pi3HHII MiX rpylaMy BU3HaAYalId 3a
JBO(AKTOPHUM JAMCIEPCIHHIM aHATi30M.

PesyabTarH i ixHe 00roBopeHHs

CrnovaTky My JOCHIAMIN BIUIMB eTaHoiy Ta CSA Ha qUXaHHS 130Jb0BaHMX I'eIaTOIHTIB
mypiB y 0a30BOMY MO3aKJIITHHHOMY CEPEIOBHIII, SKE MICTHJIO JIMIIE TJIIOKO3Y SK JDKEpPEIIo
eneprii. s mporo i3oipoBaHi rematonutd (2 MIH/MII) iHKYyOyBamm ympomomBx 1 rox 3
eraHoinoM, CsA ta y komOiHanii eranony i CsA. Y KOHTpOII MBUAKICTh 0a3aIbHOTO JTUXAHHS
renatouuTie cranosuna 0,167 = 0,009 amons O,/c/MiH KTiThH (puc. 1). 3rifHoO 3 pe3ynbTaTaMu
JBO(aKTOpHOTO JucIiepciiiHoro ananizy, CsA He BIIMBaB Ha Oa3ajbHE JUXAHHS TelaTOIHTIB,
a eTaHOoJ CTATHCTHYHO BipOTiJHO IIJBHIIYBaB Oa3zanbHe AWXaHHS (HE3aJe)KHO BiJl HAasBHOCTI
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CsA) — B cepennboMy nume Ha 8 %. Ha Hamry mymky, Takuii HU3BKHN e(ekT Bmajocs
3apeeCTpyBaTH 3aBISKH HAsSBHOCTI MapajelIbHUX BUMIPIOBaHb 1 aBTOMATHYHOTO OOYHMCICHHS
MIBUKOCTI TUXAHHS.

HonaBanus npotoHodopa FCCP 3ymoBmoBano cruMmynnioBaHHs auxaHHs. Ha puc. 1
(cipaBa) MpeCTaBICHO JaHi MAaKCHMAILHOI IBUIKOCTI PO3’€THAHOTO AUXAHHS, SKO1 JOCATAIH
3a momaBanHs anikBoT FCCP (y miama3oni konmentparriit 0,25—1 mxmons/n). Hi eranon, Hi CsA
HE BIUIMBAJIM HA MAKCHUMAaJIbHY IIBUJIKICTh CIIO)KUBAHHS KHCHIO TeTaTOLUTIB.

Puc. 1. Brmus eranony ta CsA Ha 6Ga3anbHe i po3’enHane (FCCP +) muxaHHS i307150BaHHX T€HATOIWTIB
LIypiB 32 OKUCHEHHS Troko3u: [eTaHon] = 50 mmomnw/i; [CsA] = 0,5 MxMouns/i; [rmoko3a] = 5
mmoib/1, FCCP = 0,25—1 MKMOIIB/IT; * — CTaTHCTHYHO BipOTigHA Pi3HULA 32 BIUTUBY €TAHOIY 3T1HO
i3 ABoakTOpHUM aucHepciiinum ananizoM; P<0,05, n=5
OCKUIBKM 3 JaHHMX JITepaTypH BIJOMO, IO caMe HAsBHICTh MipyBaTy 3a0e3reuye

CTHUMYJISILIIFO €TaHOJIOM JAMXaHHs 130JIbOBaHUX TenaTrouuTiB [3], TO MU HPHUITyCTHIIH, L0 32

HasIBHOCTI TJIIOKO3H Y HAIlIOMY €KCIIEpUMEHTI TaK0)K yTBOPIOBAJIACS JIOCTATHS KUIbKICTb MIPyBaTy

JUIsl TIpOsiBY e(eKTy eraHoyly. Y NOJAaTKOBHX €KCHEepHUMEHTaX MU IEPeBipWId IO TiloTe3y,

JIOAABIIN JI0 CepellOBHUINa MipyBaT a00 METHJIOBUI ecTep CyKIHHATy — MOHOMETHJICYKIMHAT.

Anpiopi, HasBHICTh MOHOMETHJICYKI[MHATy He Maya OW BIUIMBATH Ha OKHUCHEHHS €TaHOIY,

OCKUJIbKH CYKI[MHAT, Ha BiJIMiHY BiJl IipyBaTy, IIBUIKO OKUCHIOETHCSI MITOXOHPISIMH 1 TPOLYKYE

BiJiHOBJIIOBaNbHI exBiBanenT y popmi ®AJH,. [TipyBaT, HaTOMICTb, HE JIMIIE OKMCHIOEThCH,

a il MOXe MepeTBOPIOBATHCH Ha JIAKTAT, TEHEPYIOUN JOAATKOBY KUIBKICTh aKIeNTopa MPOTOHIB

HAJT" njist peakiiiii OKHCHEHHS €TaHOIYy.
3a HassBHOCTI y CepeIOBHIII ITIpYBaTy OTPUMAHO ITO1i0HI pe3yJIbTaTH, K i B IONEPEAHBOMY

eKCIIepUMEeHTI. 30KpeMa, iHKyOallisi 3 eTaHOJIOM 3yMOBITIOBAJIa CTATUCTUYHO BIPOTiJJHE 3pOCTaHHS

HIBHAKOCTI 0a3ajibHOTO JWXaHHS renarolutiB (puc. 2), age He po3’eaHaHoro auxaHHs. CsA

HE BIUIMBAB Ha IIl MOKa3HHWKH. TakoX IMCIEPCIHHUI aHali3 HE BUSBUB B3a€EMOJIl IUX IBOX

(axTopiB. AJe 3a HasIBHOCTI MOHOMETWIICYKIIMHATY Hi eTaHoJ, Hi CSA He BIUIMBAJIM HA TUXaHHS

remarouuTis (puc. 3).

Pe3ynbraTi IUX €KCIIEPUMEHTIB I ITBEPANIIM HALLy TiNOTE3Y, 10 CaMme MipyBaT, a He 1HIIi
€HepreTuyHi cyocTpaTH, HeoOXimHMA i iHTeHcupikail 6a3anbHOrO AMXaHH 3a Aii eTaHoy.
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BifcyTHICTS BIUIMBY €TaHOJY Ha MakCHMalbHE PO3’€IHAHE IUXaHHS BKAa3y€e Ha Te, IO €TAaHON
HE CIIPUYMHSE aKTUBalii pepMEeHTIB UKITy TPUKapOOHOBUX KHCIIOT a00 AMXaJbHOTO JIAHI[IOTa,
a ¥ioro BIJIMB Ha 0a3alibHE MXaHHs, CKOpIIIe 3a BCe, OB’ sI3aHUH 13 Ienospu3allielo MeMOpaH
MITOXOH/Ipiit [7].

Puc. 2. Brutus eranomy Ta CsA Ha 6a3anbsHe Ta po3’enHane (FCCP +) nuxaHHS i307150BaHHUX TeNaTOIUTIB
LIypiB 32 OKMCHEHHs TNMIOKO3W 1 mipyBary: [eraHoin| = 50 mmons/m; [CsA] = 0,5 MKMOnb/T;
[rmroko3a] = 5 mmons/n; [mipyBar] = 2 mmons/n; FCCP = 0,251 Mkmonb/n; ¥ — CTaTHCTUYHO
BipoOrijiHa Pi3HULI 32 BIUIMBY €TaHOJy 3TiJHO i3 [BOGAKTOPHUM qucrepciitnum anamizom; P<0,05,
n=5

0,9 1

0,8 4

0.7 4

0,6 4

0.5

0.4

0.3

0,2

0,1

0,0 4

CsA - + - + - + - +
Eranon - - + + - -+ +
FCCP - - - - + + + +

HIBHAKICTS JTHXAHHS,

HMOTB O, / ¢ / MIIH KITITHH

Puc. 3. BrutuB eranony ta CsA Ha 6a3anbie i po3’ennane (FCCP +) nuxaHHs i307b0BaHUX TEMAaTOLMTIB
LIypiB 32 OKMCHEHHs IVIIOKO3U Ta MOHOMETWICYKIMHATy: [eraHon] = 50 mmons/im; [CsA] = 0,5
MKMOJIB/JT; [TITI0K03a] = 5 MMOIIB/IT; [MOHOMeTHIICYKIIMHAT] = 2 MMoIb/i; FCCP = 0,251 MkMoib/1;
n=5
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Mu He BUABWIN J0Ka3iB B3aeMoii eTaHoiy 3 CSA y BIUIMBI Ha JUXaHHS MIiTOXOHAPIH
1301b0BaHUX TemnatoruTiB. OYeBHUAHO, 32 YMOB IIhOTO KOPOTKOYACHOTO EKCIEPUMEHTY
1HT10yBaHHS MITOXOHJPIaIBHOI TIOPU TMEPEXiTHOT MPOBITHOCTI HE YHHHUTDH BILTUBY HA JUXAHHS
MITOXOHAPIA HAaBiTh 32 HAsBHOCTI OCHTHh BHCOKOI KOHIeHTpamii ertanony. OnmHak 1100
TIePEBIPUTH BiACYTHICTH (papmakoorianoi B3aemoii CsA 3 arkorosaem, 0cOOJMBO y TAIIEHTIB 13
3aXBOPIOBAaHHSIMU TI€UiHKH, HEOOX1THO POBECTH OiIbIII JeTAbHI EKCIIEPUMEHTH in VIVO.

Y migcyMmKy, €TaHon in Vitro 3JaTHUH CTHMYJIIOBAaTH Oa3ajbHE JWXaHHS 3aBISKU
MeTaboi3My MipyBaTy, aje He CYKIIMHATY, a TUKIOCTIOPHH A He BIUIMBAE Ha IIeH Mpoliec.
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EFFECT OF ETHANOL AND CYCLOSPORINE A
ON RESPIRATION OF ISOLATED RAT HEPATOCYTES

H. Mazur, B. O. Manko, V. V. Manko

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

It is known that ethanol affects the oxidative processes in liver mitochondria, which
can be one of the mechanisms of the development of the alcoholic liver disease. A well-
known immunosuppressant cyclosporine A is also an inhibitor of mitochondrial permeabi-
lity transition pore. However, the pharmacological interaction of ethanol and cyclosporin A
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is not sufficiently studied. The aim of the study was to investigate the effect of ethanol and
cyclosporine A on the respiration rate of isolated rat hepatocytes.

Five male Wistar rats were used in the study. Hepatocytes were isolated by per-
fusion with collagenase. Cell plasma membrane integrity was assessed with trypan blue
staining (0.1 %). Intact cell number was 85.7+0.92 %. The rate of oxygen consumption was
measured using a polarographic device based on a Clark electrode. Protonophore FCCP
was used to study the uncoupled respiration. Cell respiration was studied in the presence of
glucose, pyruvate or monomethylsuccinate in solution. Statistical analysis was performed
with Origin Pro 2018 software. Significance of difference between groups was evaluated
with analysis of variance test.

After one hour incubation with ethanol (50 mM), the rate of basal respiration of
hepatocytes oxidizing glucose increased by a meager 8 %. Similar result was obtained upon
the presence of pyruvate in solution. Monomethylsuccinate, however, abolished the effect of
ethanol on basal respiration. he but not uncoupled respiration of hepatocytes upon glucose
or pyruvate oxidation. Ethanol did not affect the uncoupled respiration of hepatocytes in
presence of glucose, pyruvate of monomethylsuccinate. Incubation with cyclocporin A did
not cause any changes in cell oxygen consumption in all experiments. Cyclosporin A also
did not modify the effects of ethanol on basal respiration of hepatocytes. Therefore, no phar-
macological no interaction between ethanol and cyclosporin A was detected, which could be
evidenced by the change of mitochondrial respiration of isolated hepatocytes.

Keywords: hepatocytes, mitochondria, ethanol, cyclosporine A
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KIVIBKICHI TA AKICHI HOKA3ZHUKHW CITEPMOTPAM
YOJIOBIKIB PI3HUX BIKOBUX I'PYIT Y HOPMI TA 3A TATOJIOT T

A. TapHoBcbka, A. I'enera, JI. I'punummun, SI. My3uka, B. Uembopkina, H. ®enbkoBuy

JIvgiecokutl nayionanvuuli ynieepcumem imeni leana @panxa
syn. I pywescokoeo, 4, Jlveie 79005, Vrpaina
e-mail: antonina.tarnovska@Inu.edu.ua

JlocmipkyBany TOKa3HMKM CIIEPMOTrpaM YOJIOBIKIB PI3HOTO BIiKy: MoJjojma
(20-29 p.), cepenns (30-39 p.) i crapma (40—50 p.) BiKOBi Ipymu 3a HOPMO300CIIEPMIil,
OJIIroTepaToacTeHO300CepMil, — TepaToacTeHo30ocHepMii Ta  rimoreparo3oocnepmii.
Crniepmorpamu 0yJI0 OTPHMAHO ITiJl Yac JJOCIiKEHHS MAIiEHTIB y KITiHIII PenpoIyKTHBHOT
MEIVINHA «AJNbTEepHAaTHBA KIiHiKa». SIKICTh esIKyJATIB 1 CIepMIiB OLIHIOBAIM 3a
MOKa3HUKaMH: 00’€M esIKYJIATY, B’S3KiCTh, KUIBKICTh CIIEpMaTo30imiB y 1 MI esIKyIsTy;
3arajbHa KUTBKICTB CIIEpPMAaTOo301 B y eSKyJISTi; pyXJIMBICTh CIEpMATO30i/iB 32 KAaTEropisiMu
pyxy A Ta B; Mopdonoris criepmMaTo3011iB (BiACOTOK MOP(HOJIOTTYHO HOPMATTBHHX 1 3MIHEHUX
CrIepMarTo30iaiB), Moka3HUK IuTiHOCTI Pappica Ta KiNBbKICTh aKTHBHUX CIEPMaTO301iB.
Mu 3’sicyBaiH, 10 OCHOBHHMH ITOKa3HUKAaMH BiIXMJIEHb Y CIIEpMOTrpaMax YOJIOBIKiB Pi3HIX
BIKOBHX TPYIl € PyXJIMBICTh CIEPMAaTO30iiB 3a KaTeropisMu pyxy A ta B; mopcdororis
CIepMaTo30iiB (BiICOTOK MOP(OJIOTIYHO HOPMAJIBHUX 1 3MIHEHHX), HOKa3HUK ILTiJHOCTI
®appica Ta KiJIbKICTh aKTUBHUX CIIEPMATO30iIiB.

o6n BCTaHOBHUTH YacTKy BIUTUBY OJIIrOTepPaToaCTeHO300CTIEPMIl,
TEpaToacTeHO300CHepMii Ta rirmoTepaTro3o0cnepMii i pakTopa BiKy B 3arajibHy MIiHJIHMBICTH
MOKa3HHKIB CIIEpMOrpaM 4oIIoBikiB Mojoammoi (20-29 p.), cepenusoi (30-39 p.) Ta crapmiol
(40-50 p.) BikoBHX rpym, npoBenu 41 cepito oHO(paKTOpHOTO Ta 18 cepiii 1BodakTopHOTrO
JucnepciitHoro ananisy. BctaHoBuIH, 0 YacTKa BIUTUBY JIOCIIIXKYBaHHX 3aXBOPIOBAHb Y
3arajbHy MIHJIMBICTh TIOKa3HUKA PyXJIMBOCTI CIEPMAaTO30i/iB 3a KaTeropieio B y domnoikiB
MOJIOIIOI BIKOBOT IpyIH He3Ha4YHa i CTaHOBHTH 10 % Bix 3araJlbHOTO BHECKY, HaTOMICTh
3pOCTa€ 4YacTKa BIUIMBY HEBPaxoBaHHX (DakTopiB, sika craHOBHTH 90 % Bix 3arambHOTO
BHecKy. lle Moxe CBITUMTH PO HASBHICTH NMATOJIOTIYHUX IMPOLECIB Y PENpPOIyKTHBHHX
opraHax 4oJIoBikiB. YacTka BIUIMBY (hakTopa BiKy B 3arajibHy MiHJIMBICTh TAaKHX IIOKa3HUKIB
crepMorpaM SIK PYXJIMBICTH CIIEpMaTO30iIiB 3a Kareropismu A Ta B, mopdororis
CrepMaTo30iaiB (BiZcOTOK MOP(HOIOTIYHO HOPMATBHHUX 1 JeTeHepaTUBHUX CIIEPMATO30i/iB),
Noka3HHK tigHocTi dappica i aKTHBHICTD 1 KUTTE3NATHICTH CIIEPMATO301iB MOJIOIION,
cepeqHbOl Ta CTapIIoi BIKOBHX IPYI € HE3HAYHOIO — B Mexax Bix 1 10 6 %.

Kniovosi  cnosa:  esKynar, cHepMorpaMa, — OJITOTEpaTOACTEHO300CIEpMis,
TEPaToACTEeHO300CHEePMis, FIIOTEPaTO300CTIePMis, HEILTi /s, (haKTOp BiKY, YOJIOBIK

Ha croroanimHiit gens y 40—-50 % BunaakiB mpu4rHOIO 03U B OAPYXKHIX Mapax €
yonoBiunii hakrop [8, 10, 11]. HeraruBHMI BIUTMB HAa TeHEPATHBHY 3/IaTHICTH Y YOJIOBIKIB MAIOTh
3aXBOPIOBAHHSI CTATEBMX OPraHiB, €HIOKPHHHI, IMyHHI Ta reHeTHuHi 3minu [4, 7, 12, 15]. 3 Bikom
3arajbHe 37I0pOB’s YOJIOBIKIB 1 SIKICTh IXHBOT criepMmu moripiryrotees. [Ticns 35 pokiB 31aTHICTD
CHepMaTO301iB JI0 3arUTi{HeHH yIBIUi MEHIIIa, HiX Y MOJIOJIIOMY Billi, a micis 40 pokiB piBeHb
CTaTeBOTO FTOPMOHY TECTOCTEPOHY ICTOTHO 3HIKY€EThCH [6, 9, 14].

3a ocranHi 50 poKiB cepeHs KUIBKICTb CIIEPMAaTO30i/diB Y eSKYJIATI 30POBHX YOJIOBIKIB
3MEHIIMIACh Y/BiYi, CepeHiil 00’€M esKYJIATY 3MEHIIMBCS Ha TPETHUHY, a TaKOX 3HU3UIIUCS
KiNbKiCHi Ta SIKiCHI moka3Huku criepmu [5, 16, 22]. VIMOBipHO, 1ie MOACHIOETHCS TEHACHIIEIO
JI0 30UIbILIEHHS KUTBKOCTI 3aXBOPIOBaHb YOJIOBIYMX cTareBux oprauis [1, 17, 18]. Okpim mporo,

© TapuoBcbka A., ['enera A., ['purumus [, Ta iH., 2024
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CHOCTEPIracThCsl MOTIPIICHHS KITBKICHUX 1 SIKICHUX IOKa3HUKIB CIIEPMOTPaMH Y 3I0POBHX
4oJoBiKiB [2, 19, 20, 23].

Kinbkicts, pyxyuBicTh 1 MOpQOIIOTis CrepMaTo30iiB € HalBaXIIUBIIIUMU TECTaMU
OLIIHIOBaHHS 4oJoBivoi deprunpHOCTi [3, 13, 21]. He3Baxaroun Ha Benuky 0a3y JOCIIIKEHb,
JI0Ci He BHUPILIEHO MpOOJIeMH 3HMKEHHSI 4OJIOBIYOT (DEPTHIBHOCTI, OCTATOYHO HE BCTAHOBJIICHO
NPUYMHY Ta 3B’S30K 3HIDKEHHS KIUTBKICHHX 1 SIKICHUX MapaMeTpiB esKyJSTY, 3HMKEHHs
3aIUTIIHIOBAIBHOI 3/IaTHOCTI CIIEPMIiB 3a BiJICYTHOCTI BiIXHMJIEHB Bl (Di3i0J0OTTYHO HOPMATBHUX
rapameTpiB esKyJSITY, He JOCHTIKEHO 3B’s3Ky Ta BIUIMBY IMX MOKAa3HHWKIB OJWH Ha OJIHOTO.
AXTyaJIbHIMH 3aJIMIIAI0THCS TPOOJIEMH 3aXUCTy OpPraHiB PErpoIyKTHBHOI CUCTEMH YOJIOBIKiB
Bil BIUIMBY HETaTUBHHX YHHHHUKIB, SKi 3yMOBJIOIOTh 3HIKCHHS (EpTHIBHOCTI, MoOya0Ba
MoJieNiell IMOBIPHUX TPHYMH 3HIDKCHHS PENpOAYKTHBHOI 3JaTHOCTI. BaXKIMBUM TaKoX €
JIOCITI/PKEHHST BIKOBOTO (haKTopa 3HWKEHHS 40JI0BIHO0T (DepTHIILHOCTI 1010 IHIIHX (haKTOPIB.

Mera poGoTH mojsrajia y TOpIBHSUIBHOMY aHalli3i CHepMOorpaM YOJIOBIKIB Di3HHUX
BIKOBHX TPYIl 3a HOPMO300CIEpMIi, OJIIrOTepaTOACTEHO300CIEePMii, TepaToacTeHO300CIepMIi
Ta Timoreparo3oocrepMii. 3aBIaHHS IOCIHI/DKCHHS: IpOaHai3yBaTW OCHOBHI MOKa3HUKH
criepMorpaM 4oJioBikiB mMojofmoi (20-29 p.), cepennpoi (30-39 p.) Ta crapmoi (40-50 p.)
BIKOBHMX TPyI 33 HOPMO300CIEpMii, OJIIroTepaToacTeHO300CIepPMii, TepaToacTeHO300CIepMIi
i rimorepaTo3oocniepMii, MPoBecTH OMHOGAKTOPHHUH 1 NBOMAKTOPHUI IUCTEpCiitHUi aHami3
BIUIMBY 3aXBOPIOBaHb Ta (PakTopa BiKy Ha IMOKAa3HHKH CIIEPMOIPaM YOJOBIKIB MOJIOIIIOT,
CepeiHbOI 1 CTapIoi BIKOBUX TPYIL.

Marepiaau Ta MmeToaH

Cnepmorpamu 0yJI0 OTPUMAHO ITiJ1 Yac AOCIIKEHHs MAI€HTIB y KIIHILI PeTTpOLyKTUBHOT
MEIUIUHHI « AJIbTepHATHBA KITIHIKaY. 3araiom o0cTexkeHo 148 4osoBikiB: 56 4OIOBIKIB BIKOM Bij
20 o 29 pokis (MoJI01Ia BiKOBa Ipymia), 56 4onoBikiB BikoM Bix 30 10 39 pokiB (cepenHs BikoBa
rpyna) Ta 36 4onoBikiB BikoM Bia 40 1o 50 pokiB (crapuia rpyna). CrepMorpamu OLiHIOBaJIH
3a MOKa3HUKaMH: 00 €M esIKyJIATY (MII), B’SI3KICTh, KIJIBKICTh CHEPMATo30idiB Y 1 M esKymsaTy
(MJIH/MIT); 3arajbHa KiTBKICTh CIIEPMATO30i[iB y €AKyJsATI (MJIH); PyXJIMBICTh CIIEPMaro30iniB
3a KareropisiMu pyxy A (LIBHIKI HOCTyNajbHi pyxu) Ta B (IOBLIBHI, B’sUIi HOCTYNabHI PYXH);
MopdoJtorist criepMaro30iaiB (BiicOTOK MOP(OIOriyHO HOPMAIBEHUX i MOP(OJIOTIYHO 3MIHEHHUX
CHepMaTo30iiB), TOKa3HUK IuliaHocTi Pappica Ta KiJIbKICTh aKTHBHHUX CIIEPMATO30i/iB.
KoHTposeM ¢y iy criepMorpamMu MaijienTiB i3 HOpMO300CIepMi€eto (KoMK KUTBKICHI Ta SIKICHI
MOKa3HUKH CIIEPMH € B MEXaX HOPMH).

Busnauennss mnokasHuka TurigHocTi @Pappica (iHpekc @appica) HeoOXimHe Ui
nepe0aYeHHsT WMOBIPHOTO 3aIUTiMHCHHS sSinekmiTHHA. OILiHKa SKOCTI CIIEPMH € OIHHM i3
HAWBaXXJIMBININX METOJ/IB BHU3HAYCHHS 4YOJIOBIUOl (DepTHIBHOCTI W (DYHKIIOHATBHOIO CTaHY
€€40CTaTEBOI CUCTEMU.

O8'eM eqryaany = KiibK. cnepM. 6 1 M x %0 pyxoMux cnepm.
100

[[{oObu BCTAaHOBUTH HYACTKy BIUIMBY OJIFOTEPAaTOACTCHO300CIEPMii, TepaToacTeHO-
300cmepMii Ta TimoTeparo3oocmepMii i ¢akTopa BiKy B 3arajbHy MIiHJIUBICTh IOKa3HHKIB
crepMorpam 4oJoBikiB monoamoi (20-29 p.), cepearpoi (30-39 p.) Ta crapmioi (40—50 p.) BikoBUX
rpym, Mu nposenu 41 cepiro ogHOakTOpHOTO Ta 18 cepiif ABO(AKTOPHOTO AUCTIEPCIHHOTO
aHaITizy.

CratuctuaHy 0OpoOKy MaHHMX 3AiMCHIOBANIM 3a AomomMororo mporpamu Excel (3okpema,
MakeTy «AHaJi3 JaHUX», 3HAXONSYM OCHOBHI CTAaTUCTHYHI TOKAa3HHKH 3 Oe3mocepenHix
KUTBKICHUX JaHHUX, OTPUMAHHUX y pe3yIbTaTi JOCTIKEeHD (cepeane apudMeTnaHe 3HaUeHHS M;

Indexcdappica=
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CTaHIApTHA MOXHOKaA CEPEAHBOr0 apuMETHIHOTr0 m). J[Jst OIIHKH JOCTOBIPHOCTI PI3HHUII MiX
CTaTHCTUYHUMH XapaKTEPUCTUKAMH [BOX aJbTCPHATHBHUAX CYKYITHOCTEH JAHUX OOUHCIFOBAIN
koedirient CtproneHTa. JJOCTOBIPHOIO BBayKaIM PisHHUIIO 3a p=>0,95; p=>0,99.

Pe3yabTaTu i ixHe 00roBOpeHHs

BcranoBuim, mo B Monommii BikoBid rpymi (56 mamieHtiB) y 15-X 4oJOBiKiB
CIIEpMOTPaMH BIJIIOBIJJAJIM TepaToacTeHo300cHepMii, y 15-x — HOopMmo3oocmepmii, y 15-x —
oJiroacTeHoreparo3ooctiepmii, a B 11-x — rinoreparo3oocnepmii. Y cepenHiii BikoBii rpymi
(56 nmamienTiB) y 16-x 40JOBIKIB ClIepMOrpaMH BiJIIOBiIAIN TepaToacTeHo3ooctepMii, y 16-x —
HOpMO300cHepMii, y 16-X BHSABIEHO OJIIr0acTeHOTEPATO300CIIEPMilo, a ¥ 8-X — CIepMOorpamu
BIJIIOBiaJIK TimoTepaTo3oocnepMii. Y crapiriii BikoBid rpymi (36 mamieHTiB) y 13-X 40ONOBIKiB
criepMOTpaMH  BIITIOBiZaNM TeparoacTeHo3oocmepMii, y 10-x — HOpMmozoocmepwmii, y 5-x —
OJIIr0aCTEHOTEPaTO300CIIepPMii, a y 8-X — rimoTeparozoocnepmii.

AHaii3 pe3ynapTaTiB CHepMOrpaM YONOBIKIB Pi3HUX BIKOBUX TPy CBiTYHUTH, IO
OCHOBHHUMH ITOKa3HMKaMH BIAXWICHb BiJl KOHTPOJIIO € PYXJIHUBICTh CIOEPMATO30IdiB 3a
KareropisMu pyxy A ta B; mopdostoris criepmMaTo30imiB (BiIcoTOK MOP(}HOIOTriYHO HOPMATBHUX 1
MOPQOJIOTIUHO 3MIHEHHX CIIEPMATO30iiB), OKa3HUK IuTiaHOCTI Dappica Ta KUIbKICTh aKTHBHUX
CIIEpPMATO301/IiB.

[epmmit kputepiit — pyXJIUBICTH ClIEpMaTO30i/iB, Ky MU OLIHIOBAJIHM 32 MOKa3HUKAMM:
A — mBHIKI TOCTyNaNbHI pyxu Ta B — MoOBiNbHI, B’suUll MOCTYyNai bHI pyXu. 30KpeMa, BiZJOMO,
0 MPOTPECHBHA PYXJIMBICTh CIIEPMATO30iJiB € OCHOBHHUM IOKa3HMKOM, OCKUIBKH came Iii
CTaTeBl KJIITHHU MOXXYTh €(QEKTUBHO IPOCYBATHCS IO >KIHOYOMY PENPOAYKTHBHOMY TpPAKTY
JUTSL 3aIDTIHCHHSA SHICKITITHHA. SIKIO PyXJIMBICTH CIEpMATo30idiB 3HIKEHA, [Ie MOXe OyTH
TTOB’SI3aHO 3 PI3HUMH IPUIHMHAME, TAKAUMH K CTaH W iIHTEHCUBHICTH CIIEPMiOTeHe3y, TOPMOHAJIbHI
opyIIeHHs, iH(eKuii yu iHm mpobiIeMu 3 pO3BUTKOM criepMaro30imis [21].

BcranoBneno, mo y donoBiKiB Mojommoi Bikooi rpymu (20-29 p.), xBOopHX Ha
TEpaTOaCcTEHO300CEPMII0, PYyXJIMBICTh CIIEpMaTO30i/iB 3a Kareropisimu A Ta B cranoButs 16 %
i 19 %, Ha rinoreparo3zoocmepmito — 19 % 1 14 %, Ha oniroreparoacreHo3oocepMito — 10 % i
14 %, BigmoBigHo (HOpMo3ooctepMis — 34 % i 18 %) (puc. 1).
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MpyxeaT A MpyxeaTrB

Puc. 1. ITopiBHSHHS PyXJIMBOCTI CIIEpMATO3011iB 32 KaTeropisiMu A ta B y ciepmorpamax 4oioBikiB BIKOBHX
rpym: Monoamoi (20-29 p.), cepenupoi (30-39 p.) Ta crapmoi (4050 p.) 3 Hopmo3zoocnepmieto (H),
omiroreparoacteHo3oocnepMmicro (O), Teparoactenozooctepmiero (T) Ta TimoTepaTo3o0cmepMiero
(). Tyt 1 gamni 3a KOHTPOJIb MPUUHATO MOKA3HUKU CIEPMOTPaM YOJIOBIKIB 13 HOPMO30OCTIEPMIETO.
JlocToBipHO MOpPiBHSAHO 3 KOHTposeM: * — p=0,95; ** — p>0,99
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Y 4onoBikiB cepeaHboi BikoBoi rpymu (30-39 p.), XBOpUX Ha TEPATOACTEHO300CIIEPMIO,
PYXJIMBICTH CIlepMaTo30ifiB 3a kareropisimu A Ta B cranoBute 16 % 1 18 %, Ha
orirorepaToacteHo3ooctepmito — 8 % i1 16 %, Ha rimorepaTto3oocnepmito — 28 % i 18 %,
BiInoBigHO (HOpMo30octepmist — 36 % 1 18 %).

VY uonogikiB crapuioi BikoBoi rpymu (40-50 p.), XBOpHX Ha TepaTOacTeHO300CIEpMito,
PYXJIMBICTh CIlepMaTo30ifiB 3a kareropisimu A Ta B cranoBute 15 % 1 17 %, Ha
oJirorepaToacteHo3o00ctepMito —5 % 1 15 %, Ha rimoreparozoocnepMito 32 % i 18 %, BinnosigHO
(mopmosooctiepMist — 27 % 124 %).

BusnauenHss MopdoIIorii criepMaTo30iaiB € OCHOBOIO ISl OIIHIOBaHHSA (EPTHILHOCTI,
OCKUIBKM XapaKTepu3ye 3allIiHIOBaJbHY 3[aTHICTH criepMmiiB. Mopdororisi crnepmaTo30iniB
BKa3ye, SIKMH BiJICOTOK yCiX CTaTeBUX KIITHH Ma€ TMOBHOILIHHY OymoBy. Y HOpMi Mae OyTH
6inpme 50 % crepmiiB 3 HOpMaTbHOIO OYyJOBOO. SIKIIO CIIepMaTo30iAd MaroTh aHOMAIbHY
MopGoJIOTifo, 11e MOXKE BIUIMBATH Ha IXHIO 3MATHICTh IO 3aIUTiAHCHHS sinexmiTaad. OliHka
MopdoJIorii criepMaTo30i/iB BKIIOYa€ BU3HAYCHHS BiICOTKOBOTO CIiBBIHOIIEHHS! HOPMaJIbHUX
(hopM criepMaTo30i/iB 0 3arajibHOT KUTBKOCTI CIIEpMaTO30iiB y 3pasky [21].

BceranoBrmim, mo y 4oNoBIKiB Momommoi BikoBoi rpymm (20-29 p.), XBopux Ha
TEPaTO0acTEHO300CIEPMit0, KIJIBKICTH MOP(OJIOTIYHO HOPMAaJbHHUX CIIEPMATO30idiB  Ta
MOpP(OJIOTIYHO JIeTeHEPATUBHUX CIepMaro30iniB cranoButh 21 % 1 79 %, xBopux Ha
rinmoreparto3oocriepMmito — 21 % i 79 %, xBopux Ha omiroreparoacteHozoocrepMito — 15 % i
85 %, BiamoBigHO (HOpMO3ooctepMist — 37 % i 63 %, BIOMOBIAHO).

VY 4omnogikiB cepeanboi BikoBoi rpymu (30-39 p.) 3 TeparoacTeHO300CHEpMIEI0 Ta
rirnoTepaTo300CIepMi€l0  KUIBKICTh MOPQOJIOTIYHO HOPMaJbHUX CHEPMATOo30i/liB € MEeHIIa
MOPIBHSHO 3 HOPMOIO 1 cTaHoBHUTH 19 % 1 23 % mMopdonoriuno HopMansHuX Ta 78 % 1 77 %
MOpP(QOJIOTIYHO AETCHEPAaTHBHUX CIIEPMATO30i/iB, BIAMOBiIHO (HOpMoO3oocmepMmis — 35 %
MOpP(hOJIOTIYHO HOPMAaTBHUX 1 65 % MOP(HOJIOTIYHO AereHEPAaTHBHHUX CIIEPMATO30iiB). Y XBOPUX
Ha OJIIrOTepaToacTeHO300CHEPMII0 KIIBKICTh MOP(]OIIOTIYHO HOPMAJBbHUX CIIEPMATO30i/IiB
TEX MEHIa TOPIBHAHO 3 HOPMOIO i CTaHOBUTH 17 % MopdonoriuHo HopMaimbHUX Ta 83 %
MOpP(OJIOTIYHO JeTeHEPATUBHIX CTIEPMATO301IiB.

Y domnoBikiB crapmoi BikoBoi rpymu (40-50 p.) 3 TepaTroacTeHO300CHEpPMi€l0 Ta
rirnoTepaTo300CIepMi€l0  KUIBKICTh MOPQOJIOTIYHO HOPMaJbHUX CHEPMAaTo30i/liB € MEeHIIa
MOPIBHSHO 3 HOPMOIO Ta cTaHoBUTH 17 % 1 24 % mopdonoriuno HopmanbHux Ta 83 % i 76 %
MOP(QOJIOTIYHO JIeTeHEPaTUBHAUX CIIEPMATO30idiB, BIAMOBIAHO, (HOpMozoocmepMis — 36 %
MOP(hOJIOTIYHO HOPMATIBHUX 1 64 % MOP(OIOTIYHO JeTCHEPATHBHUX CIIEPMATO30i/iB). Y XBOPHUX
Ha OJIIrOTepaToacTeHO300CHEPMII0 KIIBKICTh MOP(]OJIOTIYHO HOPMAaJBHUX CIIEPMATO30iMIiB
TEX MEHIa TOPIBHAHO 3 HOPMOIO i CTaHOBUTH 14 % MopdonoriuHo HopMaidbHUX Ta 86 %
MOpP(OJIOTIYHO JeTeHePaTUBHUX CIIEPMaTo30iniB (puc. 2).

BcraHoBneHo, 1O y YOJOBiKiB Mojommoi BikoBoi rpymu (20-29 p.), XBOopuX Ha
TEpaTOacTEHO300CIEPMil0,  TIlIOTEPaTO300CIEPMil0  Ta  OJIrOTepaToacTeHO300CIEPMIlO,
ianexc dappica 3HAYHO HIDKYMIT 3a HOpMY i cTaHOBHUTH 76 %, 43 % Ta 9 %, BigMOBiIHO
(mopmo3zooctiepMist — 155 %), KifAbKiCTh aKTHBHHX CIIEPMATO30iiB TEX € 3HAYHO HIDKYOIO 32
HOpPMY 1 CTaHOBHTS, BiamoBiaHo, 9 %, 18 % Ta 0 % (HopMo3o0ocmepmis — 33 %).

3’scoBaHO, II0 y 4YOJOBIKIB cepeanboi BikoBoi rpymu (30-39 p.), XxBopux Ha
TEepPaToacTEHO300CIEPMII0,  TIMOTEPATO300CIECPMII0  Ta  OJIrOTEPATOACTCHO300CIEPMIIO,
ingexkc dappica 3HAYHO HWKYMH 3a HOPMY 1 CTaHOBUTH 72 %, 61 % Ta 13 %, BinmnosigHO
(ropmozoocnepmist — 160 %). KinpkicTh akTHBHHX CHEpMATO30iliB Y YOJOBIKIB CEpPEIHBOI
BikoBOi rpynu (30-39 p.), XBOpHX Ha TEpaTOacTEHO300CHEPMII0, TiIIOTEPAaTO300CIIEPMil0 Ta
oJliroTepaToacTeHO300cIepMito, cTanoBUTH 11 %, 25 % ta 1 %, BiamosixHO (HOpMO300CTIEpMis —
27 %).
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Puc. 2. Bigcotok Mop¢ONOrivyHO HOPMaIbHUX 1 [OEreHEPaTHBHUX CIEPMATO30idiB Y ESIKYIsATax
YOJIOBIKiB BikOBUX Tpym: Moionmoi (20-29 p.), cepennsoi (30-39 p.) Ta crapuioi (40-50 p.) i3
Hopmosoocnepmiero (H), omirorepatoacreHozoocnepmiero (O), TeparoacteHosoocnepmiecto (T)
Ta rinoreparozoocnepmieto (I'). * JlocToBipHO HOPIBHAHO 3 KOHTPOJEM (BiICOTOK MOP(HOIOTIYHO
HOpPMaJIBHUX cCIlepMaro3oiniB), p=>0,95. # JIoCTOBipHO MOpPIBHIHO 3 KOHTpONEM (BiICOTOK
MOpP(}OIOTIYHO JeTeHEPAaTUBHHUX CIIEpMaTo30ifiB), p=>0,95

VY donoBikiB cTapmoi BikoBoi rpymu (40—50 p.), XBOpHX Ha TepaTOACTEHO300CIIEPMIIO,
TiIOTepaTo300CHePMil0 Ta ONIroTEepPaTOACTEHO300CIEepPMilo, MOKa3HHWK IumigHocTi Pappica
HIDKYMH 32 HOpMY 1 ctaHoBUTH 103 %, 138 % Ta 7 %, Bianoigao (HopMo3oocnepmis— 164 %). Lle
BKa3ye Ha HU3BKY HMOBIpHICTh 3aIuTifHeHHA. KiTbKiCTh aKTHBHHUX CHEPMATO30i/liB ¥ YOIOBIKiB
crapmoi BikoBoi rpymu (40-50 p.) 3 TepaTOaCTEeHO300CHEPMIEI0, TIlIOTEPATO300CIEPMIEIO
Ta OJIrOTEpaTOACTEHO300CHIEPMI€I0 TEX HIDKYI 3a HOpMY 1 craHoBiATh 11 %, 21 % T1a 0 %,
BiINOBigHO (HOpMO300ctepmis — 26 %) (puc. 3).
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Puc. 3. Ilokasuuk mrignocti ®Pappica Ta KiJIbKICTh AKTUBHHX CIIEPMATO30i[iB Yy CliepMOrpamax
YOJIOBIKiB BIiKOBHX rpym: mMononmoi (20-29 p.), cepenupoi (30-39 p.) Ta crapmoi (40-50 p.) 3
Hopmosoocnepmiero (H), omiroreparoacrenosoocnepmiero (O), TepaTtoacteHozoocnepmiero (T) Ta
rinoreparo3oocrnepmieto (I'). JIocToBipHO HOPIBHAHO 3 KOHTPOJIeM (IoKa3HUK mtigHocTi Pappica),
*p=>0,95, **p>0,99
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Jlnst KUTbKICHOT OI[IHKM BIUIUBY OJIITOTEPATOACTEHO300CHEPMIl, TEPATOACTEHO300CTIePMIi
Ta rifnoTepaTo300CcepMii y 3araibHy MiHJIMBICTh MOKa3HUKIB CIIEPMOTpaM YOJIOBIKIB MOJIOIIIOT
(20-29 p.), cepennboi (30-39 p.) ta craproi (40—50 p.) BIKOBUX IpyIl MPOBEIN OTHODAKTOPHHIA
nucnepciiauil anamis (puc. 4-6).

YacTka BIUTUBY JOCHI/PKYBaHHX XBOPOO y 3arajbHy MIiHJIMBICTh MOKa3HHKA PYXJIUBOCTI
CIIEpPMATO301/IiB 3a KaTEropiero A y YOJIOBIKIB MOJIOAIIO! BIKOBOI rpyIH CTAaHOBUTH 59 % Bix
3arajbHOTO BHECKY, @ Y YOJIOBIKIB cepeIHbOT Ta cTapinoi BikoBux rpyn 71 % i1 62 %, BianosigHo,
BiJl 3arajbHOTO BHECKY.

YacTka BIUTMBY JOCHI/PKYBaHHX XBOPOO y 3arajbpHy MIHJIMBICTb MOKa3HHKA PYXJIMBOCTI
CIIEpMATO301/1iB 3a KaTeropiero B y 4ooBikiB MoJo/ImIol BikOBOi rpynu cTaHoBuTh 10 % Bix
3araJbHOrO BHECKY (YacTKa BIUIMBY HeBpaxoBaHUX (akTopiB 90 %), a y 4YONOBIKIB cepeaHboi
Ta crapuroi BikoBux rpyn 1 % (4actka BIJIMBY HeBpaxoBaHuX (akTopiB 99 %) ta 21 % (4acTka
BIUIUBY HEBpaxoBaHMX (hakTopiB 79 %), BIAMOBITHO, Bij 3araJbHOTO BHECKY.

YacTka BIUIMBY JOCTIUKYBaHUX XBOPOO y 3arajibHy MiHJIMBICTh TOKa3HUKA MOP(OIOTIHHO
HOPMaJIBHUX CIIEPMaTO30iiB y YOJOBIKIB MOJOAIMIO] BIKOBOi IpymH cTaHOBHTH 64 % Bix
3araJbHOTO BHECKY, & y YOJIOBIKIB CEpPEAHBOI Ta cTapioi BikoBux rpym 61 % i 65 %, BiamnosigHo,
BiJl 3aTaJJbHOTO BHECKY.

YacTka BIUTMBY JOCHIKYBAaHIX XBOPOO y 3arajibHy MiHJINBICTh TOKa3HIKA MOP(OIIOTIHIHO
JIETeHEPaTHBHHUX CIEPMATO30i/iB Y YOJOBIKiB MOJOAIIOI BiKOBOi IpymH CTaHOBHTH 64 % Bix
3arajJbHOTO BHECKY, y YOJIOBIKIB cepeHbol Ta crapiiol BikoBux rpyn 38 % i 66 %, BiAnoBigHO,
BiJl 3arajbHOTO BHECKY.

YacTka BIUIMBY JOCIIKYBaHHX XBOPOO Y 3arajibHy MIHJIMBICTH NMOKa3HHMKa IUIIIHOCTI
®appica y YOIOBIKIB MOJIOAMIOI BIKOBOI Ipynmu CTaHOBHTH 51 % Bij 3aranbHOrO BHECKY, Y
YOJIOBIKIB CEPEAHBOI Ta CTapIIOi BIKOBUX IPYII YaCTKH BIUIMBY JOCIIIKYBaHHX XBOPOO BipOTiHO
3HIKYIOTHCS 1 CTaHOBIATE 43 % Ta 17 %, BiAMOBIAHO, BiJ] 3aralbHOTO BHECKY.

YacTka BIUTMBY JIOCHIPKYBaHMX XBOPOO y 3arajibHy MIiHJIMBICTH ITOKAa3HHKA KUJIBKOCTI
AKTHBHHUX CIIEPMATO301/1iB y YOJIOBIKiB MOJIOAMIOI BIKOBOI Ipymy CTaHOBUTH 43 % BiJ| 3araJlbHOTO
BHECKY, TOJI1 SIK y YOJIOBIKIB CEPEAHBOI Ta CTAPIIOI BIKOBUX I'PYI YaCTKH BILIUBY AOCIIKYBaHUX
XBOpPOO BipOTiHO 3HIKYIOThCA M cTaHOBIATE 39 % 1 37 %, BiIOBIAHO, Bi/ 3aTabHOTO BHECKY
(puc. 4-6).

JUis KiTbKiCHOI OIIHKH BIUIMBY OJIITOTEPATOACTEHO300CIIEPMii, TepaTOACTEHO300CTIepMii
Ta rinoTeparo3oocrepMii i (akropa BiKy B 3arajibHy MIHJIMBICTh MOKa3HUKIB CIIEpMOrpam
YOJIOBIKIB MOJIOZIIOI, CEPeAHbOI Ta CTAapLIOi BIKOBUX TPyl OyJo MpoBelneHO IBO(AKTOPHUI
JMUCTICPCIHHUEN aHai3.

[MpoBiBuIM ABOGAaKTOPHUN TUCTIEPCIiTHUI aHasi3 BIUIMBY JOCIIKYBaHUX 3aXBOPIOBaHb
i hakTOpa BiKy Ha 3arajbHi NOKa3HUKH CIIEPMOIpaM YOJIOBIKIB Pi3HUX BIKOBHX I'PYII, BUSBUIIH,
0 YacTKa BIUIMBY JIOCHIJDKYBaHMX XBOpPOO Y 3arajbHy MIHJIMBICTH IOKa3HHKAa PYXJIMBOCTI
CrepMaTo30iniB 3a kateropismu A ta B cranoButs 90 % Bijx 3aranbHOTO BHECKY (4acTKa BIIHBY
¢axropa Biky 1 %, HeBpaxoBaHHX (QakTopiB 9 %) Ta 48 % Bix 3araNbHOTO BHECKY (4aCTKA BIIUBY
¢axropa Biky 17 %, yacTka BIIIMBY HeBpaxoBaHUX (akTopiB 36 %), BiAMIOBIgHO.

YacTka BILTHBY TOCTiIKYBaHUX XBOPOO Y 3aralibHY MiHJIMBiCTh ITOKa3HUKIB MOP(OIIOTIIHO
HOpMAIFHUX 1 MOP(OJIOTIYHO AETeHEePAaTUBHUX CIIEPMATO30idiB y CIIEPMOTpaMax YOJIOBIKiB
pi3HUX BIKOBHX TI'pyI CTaHOBUTH 98 % Bij 3arajabHOTO BHECKY (YacTKa BIUIMBY HEBPAaXOBAHUX
¢axropiB 2 %) Ta 96 % Bij 3aranbHOrO BHECKY (YacTKa BILIMBY (akropa Biky 1 %, 4acTka BIIUBY
HeBpaxoBaHuX (aktopis 3 %), BIAMOBITHO.

YacTka BILIMBY JI0CIIPKYBaHUX 3aXBOPIOBaHb y 3arajibHy MIHJIMBICTb [IOKa3HUKA LTI THOCTI
®dappica y criepMorpamMax 40JIOBIKIB Pi3HUX BIKOBUX IPYIT CTAHOBHUTH 86 % BiJ| 3arajlbHOTO BHECKY
(vactka BIMBY (hakTopa BiKy 6 %, yacTKa BIUIMBY HEBpaxoBaHuX (GaktopiB 8 %).
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20-29 poxie

M xegopodba M ueppaxoeani daxtopu

Puc. 4. YacTka BIUTMBY 3aXBOPIOBAHb Ha 3arajlbHy MiHJIUBICTh TOKA3HHUKIB CIIEPMOTPaM Y0JIOBIKiB MOJIOALIOT
BIiKOBOI Tpynu. 3a KOHTPOJB y3sTO CIIEpMOrpaMH YOJIOBIKiB 3 HOpMo3oocHepMier. * JlocToBipHO
MOPIBHSHO 3 KOHTpoJaeM p>0,95
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30-39 poxis

M xepopoba M ueBpaxoBaHi GaKkTOpH

Puc. 5. YacTka BIUIMBY 3aXBOPIOBaHb Ha 3aralibHy MiHJIHMBICTh HOKA3HHUKIB CIEPMOIPaM YOJIOBIKIB CepeIHbOT
BIKOBOI IpyIi. 3a KOHTPOJIB y3TO CIIEPMOTrPaMH YOJIOBIKIB i3 HOpMo3ooctepMieto. * JlocToBipHO
MIOPIBHSHO 3 KOHTpoaeM p=>0,95
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40-50 poxie

M xgopoba M ueppaxorBaHi hakTopH

Puc. 6. UacTka BILIMBY 3aXBOPIOBAaHb Ha 3araJIbHy MIHJIMBICT TOKAa3HHUKIB CIIEPMOrpaM 4OJIOBIKIB CTapiIol
BIiKOBOI I'pyITi. 3a KOHTPOJIB y3STO CIIEPMOTrPaMH YOJIOBIKIB i3 HOpMo3ooctepMieto. * JlocToBipHO
MOPIBHSIHO 3 KOHTponeM p>0,95
YacTka BIUIMBY MIOCII/DKYBaHMX 3aXBOPIOBAHb y 3arajlbHy MIiHJIMBICTH IOKa3HUKA

aKTUBHOCTI ¥ )KUTTE3IaTHOCTI CIIEPMATO301/iB y CIIEPMOTpaMaXx YOJIOBIKiB Pi3HUX BIKOBHX TPYII

CTaHOBUTH 96 % Bij 3arajbHOrO BHECKY (YacTKa BIUIMBY HEBpaxoBaHHX (hakTopiB 4 %) (puc. 7).
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B e Mxeopoba W HeepaxopaHi dakTopH

Puc. 7. YacTku BIUIMBY 3aXBOpIOBaHb i (hakTOpa BiKy Ha 3arajbHy MiHJIUBICTH ITOKA3HHKIB CIIEPMOIPaM
YOJIOBIKIB Pi3HHUX BIKOBHX I'PYIL. 32 KOHTPOJIB Y35TO CIIEpMOTPAMH YOJIOBIKIB i3 HOPMO300CTIEPMI€IO.
* JIoCTOBIpHO MOPIBHSAHO 3 KOHTponeM p=>0,95
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3 aHaIi3y MOKa3HUKIB CIIEPMOTpaM YOJIOBIKiB MOJIOAIIOI, CEPETHBOI Ta CTAPIIOi BIKOBUX
TPYI i3 OJITOTepaTOaCTEHO300CIIEPMIEI0, TEPATOACTEHO300CIIEPMIEIO 1 TIMOTEPATO300CTIEPMIEI0
BHSIBJICHO, 0 HAWOUIBIIMX 3MiH 3a3HAIOTh PYXJIMBICTH CIIEPMATO30IMiB 3a KareropismMu A
Ta B, Mopdororis cnepmaro30imiB, MOKa3sHHK TuTigHOCTI Pappica i KiIbKICTh aKTHBHUX
criepMaro30ifiB. JlucnepciiHuM aHaai30oM BCTAHOBJICHO, IO YacTKa BIUIMBY JIOCIIHKYBaHUX
3aXBOPIOBaHb y 3arajibHy MiHJIMBICTh IMOKa3HHMKA PYXJIUBOCTI CIIEPMATO30IAIB 3a KaTEropicro
B y dJonoBikiB Monoamoi BikoBoi rpymu He3HauHa i craHOBUTH 10 % Bin 3aranbHOTO BHECKY,
HATOMICTbh 3pOCTA€ YacTKa BIIMBY HEBPaXOBaHUX (PAKTOPiB, sKka cTaHOBHTH 90 % Bix 3aranbHOTO
BHECKY. e MoXe CBIAUMTH IpO HASBHICTH MATOJOTTYHUX MPOIIECIB Y PEIPOAYKTUBHUX OpPTaHax
yos10BiKiB. CITi[ BiA3HAYKTH, 110 YaCTKA BIUIMBY JOCIIKYBAHHX XBOPOO y 3arajibHy MIiHJIUBICTb
MOKa3HWKa PYXJMBOCTI CIIEPMATO30iJiB 3a Kareropicro B y 4YOJIOBIKiB MOJOMIIOI, CepeaHbOL
Ta CTapmioi BIKOBHX TPYyN BipOTiTHO 3HIKYETHCS 1 CTaHOBHUTH 48 % BiJ 3araJbHOrO BHECKY,
HATOMICTh 3pOCTa€ YacTKa BIUIMBY BiKy (17 %) Ta 9yacTka BIUIMBY HEBPaxOBaHHX (aKTOPiB
(36 %).

YacTku BIITUBY XBOPOO y 3arajibHy MiHJIMBICTh TAKMX MOKA3HUKIB CIIEPMOTPaM YOJIOBIKIB
CTapioi BIKOBOI IPYIH SIK pyXJIUBICTh 3@ KaTeropieto A, MOpQOJIOTis CriepMaTo30iaiB (BiICOTOK
MOP(OJIOTIYHO HOPMAIBHUX 1 JErCHEPATHBHHUX CIEPMATO30idiB) MepeOyBalOTh y MEKax Bii
62 mo 66 %. HatoMicTh BipOTiIHO 3HMKYIOTHCSI YaCTKU BIUIMBY ITMX 3aXBOPIOBAHb y 3arajibHY
MiHJIUBICTh TOKa3HUKIB PyXJIUBOCTI 3a KaTeropieto B. [Tokasauk miigHocTi @appica it akTUBHICTH
1 JKUTTE3IATHICTD CIIEPMaTO30i/iB nepedyBarTh y Mexax 17-37 % Bix 3arajibHOT MiHIUBOCTI,
CYTTEBO 3pOCTAa€ YacTKa BIUIMBY HEBPaxOBaHUX (DaKkTOpIB y 3arajbHy MiHJIMBICTH. Lle Takox
CBITYUTH MPO HASBHICTH MATOJIOTIN 1 CYIMyTHIX 3aXBOPIOBaHb Y BCIX YOJIOBIKIB.

Crnig Big3HAYWTH, [0 YacTKa BIUIMBY ()aKTopa BiKYy B 3arajbHy MiHJIUBICTh TaKHUX
MMOKA3HKKIB CIIEPMOrpaM sIK PyXJIMBICTh CIIEPMATO30iMiB 3a Kareropisimu A ta B, Mopdosoris
CIIepMaTo30ifiB (BiICOTOK MOPQOJIOTIYHO HOPMAaJIbHHUX 1 JET€HEPAaTUBHUX CIIEPMATO30i/IiB),
MOKa3HHWK TIUIiAHOCTI Pappica W aKTUBHICTh 1 KHUTTE3NATHICTH CIIEPMATO30I[iB MOJOIIIOT,
CepeqHbol Ta CTapIIOoi BIKOBHX TIPYyN € He3HAYHUMH i mepedyBaroTh y Mexax Big 1 10 6 %.
ITopiBHIOIOYM YAacTKM BIUIMBY BiKy Ta XBOpPOO y 3arajlbHy MiHJIMBICTh TOKAQ3HUKIB SKOCTi
eSKYJISITIB 1 CTIepMiiB Ta IXHIX XapakTEPUCTUK y YOJIOBIKIB, MU BHUSBIIIN TEPEBAKAHHS YaCTKH
BILTUBY MATOJIOTIM.

TakuM 9MHOM, HE3aJEKHO BiJl BIKYy UYOJIOBIKiB, HASBHICTh NATOJIOTIH Ma€ BHpIIIAbHE
3HAYEHHS I 4ac OI[HKH (PePTHIBLHOCTI Ta 3MaTHOCTI A0 3aIUNTHEHHS. MM 3’sICyBaiiy, IIO
OCHOBHUMH TTOKa3HWKAMH BIIXWJIEHb y CIIEPMOTpaMax 4YOJOBIKIB Pi3HUX BIKOBHX TPYN €
PYXJIMBICTh CIIEPMATO30i/IiB 33 KATErOpisAiMH pyxy A Ta B; Mopdosoris criepMaTo30imiB (BiACOTOK
MOpP(hOJIOTIYHO HOPMAJIBHHX 1 3MIHEHHUX ), IIOKAa3HUK IUIiHOCTI Dappica Ta KIIBKICTh aKTHBHUX
CIIepMAaTO30iIiB.
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QUANTITATIVE AND QUALITATIVE INDICATORS OF SPERMOGRAMS OF
MEN OF DIFFERENT AGE GROUPS IN NORMAL AND WITH PATHOLOGIES

A. Tarnovska, A. Heneha, D. Hrytchyshyn, Ya. Muzyka, V. Chemiorkina, N. Fedkovych

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

The indicators of spermograms of men of different ages: younger (20-29 years),
middle (30-39 years) and older age groups (40-50 years) with normozoospermia, oligotera-
toasthenozoospermia, teratoasthenozoospermia and hypoteratozoospermia were studied.
Spermograms were obtained during examination of patients at the “Alternative Clinic” re-
productive medicine clinic. Spermograms were evaluated according to the following in-
dicators: volume of ejaculate, viscosity, number of spermatozoa in 1 ml of ejaculate; the
total number of sperm in the ejaculate; motility of spermatozoa according to movement
categories A and B; sperm morphology (percentage of morphologically normal and mor-
phologically altered spermatozoa), Farris fertility index and number of active spermatozoa.
Having analyzed the results of spermograms of men of different age groups, we found out
that the main indicators of deviations in these spermograms are the mobility of spermatozoa
according to movement categories A and B; sperm morphology (percentage of morphologi-
cally normal and morphologically altered spermatozoa), Farris fertility index and number
of active spermatozoa.

In order to quantitatively assess the influence of oligoteratoasthenozoospermia, tera-
toasthenozoospermia and hypoteratozoospermia and the age factor on the general variabi-
lity of spermogram indicators of men of the younger (2029 years), middle (30-39 years)
and older (40-50 years) age groups, we conducted 41 series of univariate and 18 series of
two-factor analysis of variance. After conducting a anova analysis, we established that the
share of the influence of the studied diseases in the overall variability of the sperm motility
index by category B in men of the younger age group is insignificant and amounts to 10 % of
the total contribution, instead, the share of the influence of unaccounted factors is increasing,
which is 90 % of the total contribution - this may indicate the presence of pathological pro-
cesses in the reproductive organs of men. The share of the influence of the age factor on the
overall variability of such indicators of spermograms as motility of spermatozoa according
to category A and B, morphology of spermatozoa (percentage of morphologically normal
and degenerate spermatozoa), Farris fertility index and activity and viability of spermatozoa
of younger, middle and older age groups is insignificant and is in ranging from 1 to 6 %.

Keywords: ejaculate, spermogram, oligoteratoasthenozoospermia, teratoasthenozoo-
spermia, hypoteratozoospermia, infertility, age factor, men
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