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O PACIIPOCTPAHEHUM 3EJIEHON BO/J0POC/IN
ULVA MAEOTICA (PROSHKINA-LAVRENKO) P. M. TSARENKO
B IIPUBPEKHOM 30HE KACITMHCKOI'O MOPS (JIATECTAHCKHM CEKTOP) *
MuiabuakoBa H. A., Uepubimena E. b.
QI'BYH QUL «Hncmumym duonozuu iodctvix mopeit umernu A. O. Kosanesckoeo PAH»,
2. Cesacmononw, Poccuiickas Dedepauus,
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AnHoTtamms: Jlana sKkonoro-6uomopdosnornyeckas XapakTepucTuka 3eiéHol Bomopociu Ulva maeotica —
OXpaHsEMOro Ha perMOHAJIbHOM YPOBHE 3HIeMuKa A30Bo-YepHOMOpCKOro GacceiiHa, OOHapyKEHHOTO BIIEpBbIE
B npudpexkHoi 30He Kacnmiickoro mopsi. KauectBeHHble poObl MakpoduToOeHTOCa OTOMpain Ha 16 ydacTkax
B3Mopbs Jlarecrana, Ha rmyouse ot 0,1 10 3 M, B 2024 u 2025 rr. [TokazaHo, uto U. maeotica BCTpedaeTcs Ha IBYX
ydacTKax Mpuopeskbsi I. Maxadkasibl B COCTaBe yIbBOBOro (purtorieHo3a (riayouna 0,2—0,5 M) Ha MIIMCTO-TIECYaHBIX
JOHHBIX OTJIOXKEHHSX B aKBAaTOPUSX C IOBBILIEHHBIM XO3SICTBEHHO-OBITOBBIM 3arpsi3HeHHeM. llpuBeneHsl
aHaroMo-MopdoMeTpruieckre nokasareau U. maeotica, HEKOTOpblE SKOIOrMUeckre (pakToOpbl, BIMUSIOLIME Ha €€
POCT U pa3BUTHE, a TAKKe MPUIMHBI pacivpeHus apeasa. [lokazaHo, YTO JaHHBIE O HOBBIX M 1yKEPOIHbIX BUIAX
MakpodurtoB Kacrmiickoro Mopst MOryT OBITh HCIIOIBb30BaHbI 151 PEIIeHUs] IPUPOIOOXPAHHBIX 33a4 MO CHUKe-
HHIO PUCKOB MX MHBA3MW U COXPAHEHUIO MPUOPEKHBIX SIKOCUCTEM JIAreCTAaHCKOTro cektopa Kacrmiickoro Mopsi.
KuroueBble ci10Ba: HOBbIC 1 UyKepOIHbIE BIIpL, (iiopa MakpoBogopocieit, Chlorophyta, npuOpesxHbie OMOTOIH,
Kacnuiickoe mope

BBenenne

CoracHO [AaHHBIM AJIBTOJIOTMYECKUX HCCIEIOBaHUMA, B cocTaBe (hIOpsl MaKpOBOIOPOCEH
Kacriuiickoro Mopsi k cepeaquHe XX B. HacuuThiBaoch 63 BHIa, W3 KOTOpPbIX 29 OTHOCH-
nock K 3enéHpiM (Chlorophyta), 13 — Oypeim (Ochrophyta) u 21 — kpacHbiM (Rhodophyta)
BofopociisM [3uHOBa, 3a0epkuHckas, 1965; 3unoBa, 1967; 3adepxuHnckas, 1968; 3unoa, Kanyruna-
I'yrauk, 1974; Kanyruna-I'ytHuk, 1975]. B mocnepyonmx paboTax yKasblBaJOCh Ha HajMuHe
BO tope okosio 70 BUIOB (Ha OCHOBe 0OOOIIECHMsI paHee OMyOJIMKOBAHHBIX U COOCTBEHHBIX JAaHHBIX,
0e3 nHBeHTapu3auu repoapHbix (ouaoB) [CrenanbsaH, 2016]. HekoTopble MccienoBaTe i OTMevasu,
YTO B TIOCJICJIHUE JIECSTUIIETHs HAOMIONAIOCh CHUKEHUE OOIIero KOJIM4ecTBa BuioB MakpogurtoB Kac-
MUICKOTO MOP#, TOT/Ia KaK J0JIsl 3eIEHBIX BOAOPOCIIEH, MPeruMyIleCTBEHHO TipejicTaBuTesei poaos Ulva,
Cladophora w Ulotrix, npou3pacTaloliuXx B OCHOBHOM B 3BTPO(PHBIX BOJAX, YBEJMUYMIACh B HEKOTO-
pbix peruonax B 1,5-2 paza [CrenanbsiH, 2016; Muradova, Mukhtarova, Feyziyev, 2024]. Tak, gons
Chlorophyta y 6eperoB AsepOaiikana (ANIIEPOHCKUI TIOIYOCTPOB) MPU HU3KOM Pa3HOOOPa3MK MakK-
poduTtos (14 BupoB) nocrurna 71 % [Muradova, Mukhtarova, Feyziyev, 2024].

B pesynbrare mpoBeAE€HHBIX MCCIeA0BaHUN MakpoduTodeHToca mpudpexHor 30Hb Kacnmiickoro
Mops (rarecTaHckuid ceKTop) B 2024—2025 rr. HamMU BBISIBJIEH HOBBIY BUJ| aJIbIO(IOpbl — 3€JIEHAs BOJIO-
pocab Ulva maeotica (Proshkina-Lavrenko) P.M.Tsarenko (= Enteromorpha maeotica Pr.-Lavr.), panee
SIBJISIBIIASICSL SHIEMUKOM A3oBckoro Mops [[Ipormkwna-JlaBpenko, 1945]. [Tocne oOHapykeHHUsS 3TOTO

“Uzyuenne MakpodurobeHToca Kachuiickoro Mopsi BHIIONHEHO B paMKax rocyaapcrBeHHoro samanus OUI] MHBIOM
(Ne 124022400148-4).
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MHUJ/IBYAKOBA H. A., YEPHBIIIIEBA E. b.

BUJIa B palioHe KepueHckoro nposnuBa, B JIMMaHaX U MEJIKOBOIHBIX 3aJIMBaX CEBEPO-BOCTOYHOU U CEBEPO-
3anmagHoi yacteid Y€pHoro mops, y O6eperoB PymbiHuM M Bonrapum OH cTajl cUMTAThCSl SHAEMUKOM
AzoBo-YepHomopckoro Oacceitna [3uHoBa, 1967; Kanyruna-I'yrauk, 1975; Kpacnas kaura KpacHo-
napckoro kpas, 2017; Crenanbsia, 2019; Kpacnast kaura Pecriyomiku Kpeiv, 2025; Caraus, 2002;
Dimitrova-Konaklieva, 2000].

C yuérom penkocta 17151 A30BO-YepHOMOPCKOTro GacceiiHa, SHAEMIUYHOCTH U TU3bIOHKTHBHOTO ape-
ana, U. maeotica BxmodyeHa B Kpacrayio kuury Pecryonmuku Kpeiv [Kpachas kaura Pecniyoimmku Kpeiwm,
2025] u Kpacnyio kaury Ykpaunel [Yepsona kaura Ykpainu, 2009] co crarycom «peakuii», a B Kpac-
Hylo kHUTY KpacHomapckoro kpast — Kak «ys3BUMbIN» [KpacHas kaura KpacHopapckoro kpas, 2017].
V GeperoB KpeiMckoro nonyoctpoBa U. maeotica oxpaHsieTcsi B aKBaTOPUSX MPUPOTHBIX 3arlOBEIHU-
kOB «JIeOskb1 OocTpoBa» 1 «KazaHTHIICKWil», TaHImad THO-peKpeallmoHHOTo apka «bakanbckast Koca»,
rOCYJapCTBEHHOTO MPUPOAHOTO 3aKa3HUKa «KapKUHUTCKMIT» 1 APYTHX 0COOO0 OXpaHsEeMbIX TEpPUTOPHUI
(OOIIT) [Mopckue oxpaHsiemsie ... , 2015].

B cBsa3u ¢ Haxoznkoit U. maeotica B mprOpeXHOM 30HE JIarecTaHcKoro cekropa Kacrnmiickoro Mopst
ObUIa TIOCTaBJIeHa 1IeTb PadOTHI: OXapaKTepH30BaTh aHATOMO-MOp(OMeTprYecKue U OMOTONMYECKUe
0COOEHHOCTH HOBOTO 151 aJIbrochyIopbl BUJA, OLIEHUTh BEPOSATHOCTh (POPMUPOBAHUS €T0 CAMOIIOAAEP-
’KUBAIOLIENCS TIOMYJISALMU U PACIIMPEHUs apeaa.

MarepuaJj u MeTOIbl

Xapaxkmepucmuxa paiiona uccaedoeanuii. B coctaBe NOHHBIX OTJIOXEHUN MPUOPEKHON 30HBI
JarecTaHckoro cektopa Kacnmiickoro Mopsi MpeoOnafaloT WIKCTHIE TeCKH, peke BCTPeYaloTcs
W3BECTKOBBIE MAaCCHBBI, OOHAXUBIIMECS B TOCIETHUE TOObl M3-3a CHWKEHUs YpoBHsS Mops. Coné-
HOCTh ITOBEPXHOCTHBIX BOJ Ha B3MOpbe I. Maxaukajbl BappupoBaia oT 8,8 1o 9,8 %oc [KauectBo
MOpPCKUX ... , 2026], B paitoHe otOopa npod makpopurodeHroca — oT 4 10 5 %o. Cpeaneronoas
Temneparypa Boasl coctaisiia 20,7 °C npu auanasoHe BapbupoBanus ot 9,4 no 29,1 °C. IIpubpex-
HBI€ BOJIHBIE MACChl JJOCTaTOYHO a3pUPOBaHbl, COAEPKAHUE PACTBOPEHHOTO KMCIOPOAA W3MEHSJIOCH
or 7,97 no 10,27 mrO,/mm3 nipu cpegnerogosoM 3HayeHuu 9,43 mrO,/nm3® [KayectBo Mopckux ...
2026]. OCHOBHOM BKJIaJ] B 3arpsi3HeHUE MPUOPEKHBIX aKBATOPUI BHOCAT (heHOJIBI, YTO CBUIETEILCTBYET
O CTOMKOM aHTPOIOreHHOM Bo3eicTBuU. CpeHerofoBoe coiepkanue HUTPUTOB, HUTPATOB U (poca-
TOB HE MPEBBIIIAIO MPeAeIbHO TomycTuMbIX KoHeHTparmil (IT1K), y aMMOHUIAHOTO a30Ta OHO OBLIO
6msko v nipesbimnaiio [IK [KagectBo Mmopckux ... , 2026]. ITo ganubM 3a 2024 1., BOOHBIE MACCHI
y nobepexbsi T. Maxaukassl OTHeCeHbI K [V Kilaccy KayecTBa — «3arpsi3HEHHBIE» — HA OCHOBAHHMHU
MHJIEKCA 3arpsi3HEHHOCTH BOJI, paBHOMY 1,49 M paccuuTaHHOMY 110 COAEPKAHUIO (DEHOJIOB, AMMOHMIA-
HOT'O a30Ta, He(PTSIHBIX YIIIEBOAOPOAOB M PACTBOPEHHOTO KUCIOPO/A.

Mamepuan u memoowt. KauectBeHHBIE TIPOOBI MaKPOBOIOPOCIIEH OTOMPATN B MPUOPEKHON 30HE
Jlarectana Ha 16 yyacTkax Bpy4YHYIO, OT IICEB/IOJIMTOPATILHOM 30HbI IO TITyOUHBI 3 M, B JIETHHIA U OCCHHUIA
nepuoabl 2024 u 2025 rr. Unentudukanuio BUAOB MPOBOAMIA METOIAMU CBETOBOM MUKPOCKOIIUHU
C MCTIOJIb30BaHKUEM OITpeieITelNiel U CIpaBOYHbIX mocoouit [3uHoBa, 1967; Bunorpamosa, 1974; Dko-
jgoruyeckass usuonorus ... , 2016], ux Ha3BaHus JaHbl C YYETOM HOMEHKJIATYPHBIX W3MEHEHMI
[Guiry M., Guiry G.]. I'epbapHbie 00pa3iibl MaKpOBOIOPOCHICH pa3MelleHbl B TepOapHbIX (poHaax
®ULL NubIOM (SIBS) u larecranckoro rocygapcrseHHoro yausepeurera (LENUD).

Yrounenue apeana U. maeotica nposomii o GBIF [GBIF. Global Biodiversity ... ] u omy0-
JIMKOBAHHBIM UCTOYHUKaM [Dkojorndeckas ¢pusuonorus ... , 2016; Kpacnasa kaura KpacHogapckoro
kpas, 2017; Kpacnas kaura Peciyonku Kpsiv, 2025; Caraus, 2002; YepBona kaura Ykpainu, 2009].
K uyxepoaHbIM OTHOCWIIM BUJ, TPOHUKIIMKI B Kacnimiickoe Mope, 3a rpaHHULIbl CBOETO apeajla, CaMOCTO-
STEJIbHO, CTy4allHO WJIM NpeJHaMepeHHO UHTpoayuupoBaHHbiil [The great reshuffling ..., 2001].
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Pe3yabTaThl H 00Cy:KIeHHE

CornacHo coBpemeHHON HoMeHkiarype Ulva maeotica (Proshkina-Lavrenko) P.M. Tsarenko
otHocutcst K otaeny Chlorophyta, kimaccy Ulvophyceae, nopsaky Ulvales, cemeiictey Ulvaceae
[Guiry M., Guiry G.]. BonplIMHCTBO NpeacTaBUTENEN YIbBOBBIX BOJOPOCIEH JOBOJBHO XOPOILO
M3yYeHBI, TOIJla KaK CBe/IeHHus 00 3KOJIOoro-omonormyeckux ocoOeHHocTsix U. maeotica B A30BO-
YepromopckoM OacceiiHe MajiouuciieHHsl [3uHoBa, 1967; Kanyruna-I'yrauk, 1975; Dkonornveckas
¢usnonorusa ... , 2016; Crenanpsan, 2019]. Kak u MHoOrue mpeacraBuTend poja, yjabBa MeOTHYE-
CKasi IPOM3PACTAET Ha MEJIKOBOJHBIX YYaCTKaxX aKBAaTOPHIi, Yallle BCEro 3HAYUTESbHO 3arps3HEHHBIX
XO3AMCTBEHHO-OBITOBBIMU CTOKamMu [ BuHorpamosa, 1974].

Ananu3 aHaroMo-MopdoMeTpruecKkux npu3HakoB U. maeotica N3 pUOPeRHON 30HH Maxaukasibl
MOKa3ajl, YTO OHM COOTBETCTBYIOT ITHUArHOCTUYECKUM: CJIOEBHUINE TpyOoBaToe, TEMHO-3€JEHOTO 1IBETa,
My3bIPEBUIHOE, SIMLIEBUIHON WM MPOAOJITOBATO-AMIEBUIHON (DOPMBI, HEPA3BETBIEHHOE, C KOPOTKUM
cTeOebKOM ¥ 0a3asIbHOM IMOJIOIIBOM, C XapaKTepHbIM OTBEpPCTHEM Ha BepimHe [3uHoBa, 1967; Buno-
rpagoBa, 1974; Dkonornyeckas guzuonorus ... , 2016; Dimitrova-Konaklieva, 2000]. B akBaropusix
JBYX MecTooOuTaHu# myuHa TajuioMa U. maeotica BappupoBaia ot 5,7 10 7,5 cM (tadn. 1, puc. 1A), ero
mpuHa B cpeaHeit yact — ot 1,0 10 1,6 cm, 4TO Takke CXOAHO C TMHEWHBIMU pa3MepaMu IO JAUArHO3y,
XOTSl MaKCUMaJlbHasl JUIMHA U IAPUHA MOTYT AocturaTh 20 U 8 ¢cM COOTBETCTBEHHO [3MHOBa, 1967,
Bunorpaznosa, 1974].

Taoumua 1

JIuneitnpie pa3mepbl TamiomoB Ulva maeotica n3 mMecToOOUTaHHI NMPHOPE:KHON 30HBI I'. MaxadkaJibl
(marecranckuii cekTop Kacnuiickoro mops, uronb 2025 r.)

IIIupuna Tanaoma, cM
Mecrooouranmne Jauna ramioma, cM
OCHOBaHHE | CpegHss BepIINHA
JacThb

HEpHbie K, 6.9-7.5 0.2-0,3 1,1-1,6 0.7-1,6
OT ype3a BOJIbI 10 DyOuHsl 1,5 M

Ioc. PexgykTopHBIN, Y TOPOOITBHUIIBL, 5.7 0.1 | 0.8

OT ype3a Bosl 10 rryounst 0,3 M

Knerku U. maeotica pacnionoxeHsl 6e3 0coO0ro nopsiika, ¢ MOBEPXHOCTH 4—6-yronbHbIe, Yallle paB-
HOCTOPOHHUE, PEXKE BBITSHYTHIE, C OKPYIVIBIMU yIJIaMU (CM. puc. 1B), 4TO Takke cOOTBETCTBYET JUArHO-
cTruyeckomy onucanuio [ Bunorpanoa, 1974; Dimitrova-Konaklieva, 2000]. Pa3mepsl mOBEpXHOCTHBIX
KJICTOK (Ta0J1. 2) HECKOJIbKO MEHBIIIE, YeM TI0 JUarHo3y, ¥ HE3HAYMTEIbHO Pa3InJaloTcsl B Pa3HbIX Ya-
CTAX TAJJIOMA.

B niesi0M quana3oH IUIMHBI M IIIMPYHBL KJIETOK YJIbBbl MEOTUUYECKON U3 Kacruiickoro mopst Bapbupo-
Basor S 10 12,5u ot 5 go 17,5 mkm, a no nuarHo3y coctasiist 12—26 MM [3uHoBa, 1967; Bunorpanosa,
1974]. ®opma u pa3mepsl KJIETOK ObUT CXOAHBI B Pa3HBIX YACTSIX TaJIOMa, 3a UCKJIIOUEHHEM OCHOBA-
HUS, TJie OHU ObLTM MeJIbue M MeHee BBITSHYTHI (CM. Ta0JI. 2) 10 CpaBHEHUIO C pACTEHUSIMU U3 A30BCKOTO
Mopsi ¥ B3Mopbsi bosrapuu (myivHa v mmpuna 38—125 u 17-23 Mkm cooTBeTcTBeHHO) [ BuHOorpanosa,
1974; Dimitrova-Konaklieva, 2000].

AHanm3 3K0JI0r0-0MOTOIMMYECKMX ocoOeHHOCTer U. maeotica n3 mpuOpekHON 30HBI T. Maxaykairsl
MOKa3aJl, YTO ITOT BUJI BCTPEYAJICSl Ha WIIMCTBIX TIECKAX CPEM HaBajla KPYITHBIX BAJTYHOB OT ype3a BOJIbI
no ryounsl 1,5 M u npu conénoctu ot 4,5 1o 9,8 %o (puc. 1B, 1I'), Ha y4acTKax ¢ MOBBIIIEHHBIM
3arpsI3HEHUEM XO3SIICTBEHHO-ObITOBBIMU CTOKaMu U (peHostamu [KauectBo Mopekux ... , 2026]. B rpa-
HUIIaX HATUBHOTO apeaya B A30Bo-YepHomopckom Oacceitre U. maeotica mpou3pactaeT B METKOBOIHBIX
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JIMMaHax Y 3aJIMBaX, Ha WIKCTO-TIECUaHbIX JOHHBIX OTJIOKEHHSX, O TIYyOUHBI 1,5 M ¥ TIpu CONEHOCTH
ot 9 1o 60 %o [3unoBa, 1967; Bunorpanosa, 1974; Macnos, 2010; Dkonornyeckast (GpU3NOIOTHA ... ,
2016; Dimitrova-Konaklieva, 2000]. 3a mociennue aecaTuaeTis: HAOMOAATOCh 3HAYUTETTFHOE PaCIIIy-
peHue apeayia yJIbBbl MEOTHUECKOH B A30BO-UepHOMOpPCKOM OacceliHe: OHa OblUla 3aperucTpUpoBaHa
y FOxHoro 6epera Kpreima [Macnos, Tkauenko, 2008], B paitone Baphsl, mbica Kannakpa [Dimitrova-
Konaklieva, 2000], y 6eperoB Pymbiauu [Caraus, 2002] 1 B 3ayiMBax ceBepo-3anaaHoi yactu YEpHoro
Mopsi. [Tosngnee U. maeotica Oblma OOHapykeHa Ha KaBKa3CKOM Inesibpe — B TeMpIOKCKOM 3aJuBe,
miManax TamaHckoro noyocTpoBa, y Kockl Ty3na u ot 6yxTel TyancuHckas 1o Annepa [KpacHas kHu-
ra KpacHopapckoro kpas, 2017]. B A30BCcKOM MOpe, IOMUMO JIMMaHOB CEBEPHOU YaCTH U COJIEHOTO
o3epa Cusaill, U. maeotica otmeuaercs B beiicyrckom mumane [Crenanbss, 2019].

Puc. 1. Buemnwuii Bun Ulva maeotica v €€ MmectooOuTaHNs B IPUOPEkKHOM 30He T. MaxaukaJibl (MIOHb
2025 r.): A — repOapHbiii 0Opasell; b — MOBepXHOCTHBIE KJIETKHU, CPeIHSs YacTh TauioMa (yBeJarmdeHue
10 x 10); B — 6uoton y YépHbix kamueii; ' — 6uoton y noc. PenykTopHbIi

Taoauna 2

JIuneitHbIe pa3Mephl MOBEPXHOCTHBIX KJIETOK U. maeotica n3 npuépe:xHoii 30HbI 1. MaxaukaJsl (jarecTaH-
ckuii cekrop Kacnmiickoro mops, uroHb 2025 r.)

JunHa/mupuHa, MKM
3HaueHue
OCHOBaHHE CpeaHssa YacTh BepIINHA
MunnmaabHOE 5/5 5/5 5/7
MakcumasbHOe 12,5/15 12,5/17,5 12,5/15
CpenHee KBagpaTHYHOE OTKJIOHEHHE 2,2/2,2 2,3/2,1 1,8/2,4
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CornacHo wuccnenoBanusaM ¢uopsl  Kacnmiickoro mopsi, kotopbie Beayrcsi ¢ 1930-x ronos,
U. maeotica He BCTpevajach paHee HU B OJIHOM M3 NMPUMOPCKMX PETMOHOB: HU B YCThEBBIX 30HAX
PEK, HU B MEJIKOBOJHBIX 3aJIMBaX WM JMMaHax. [lo-BuarMoMy, OHa MOIVIa IPOHUKHYTh B 3alla/IHYIO
yactb Cpeanero Kacrius uz A3zoBo-YepHomopckoro 6acceiiHa, HO BpeMs U IyTH BCEJICHUs MOKa Hen3-
BecTHbl. OUeBMIHO, YTO PACIIMpEeHUe apeajia 3TOr0 BUA CBA3AHO C €ro SBPUTAIMHHOCTBIO M TOJIe-
PAHTHOCTBIO K BTPO(PHUPOBAHUIO, CIIOCOOHOCTBIO K POCTY M PA3BUTHIO TIPH KOJIEOAHUSIX TEMIIepaTyphl
Y BBICOKOHM CTENeHU 3arpsi3HeHUsl. DTU IKOJIOTMYECKHMEe OCOOEHHOCTH MOTYT CIOCOOCTBOBATH (pop-
MHUPOBaHMIO CaMONOJJEpKUBAOLIENcs nonynsauuun U. maeotica W, COOTBETCTBEHHO, €€ MHBa3UBHO-
My «ycriexy» B KacrimiickoM Mope. XOTs HEKOTOpble aBTOpbl OTMEYAIOT, YTO W3-3a 3arpsiI3HEHUS BOJ
BO3MOXXHO COKpauieHue apeana U. maeotica B AzoBo-UepHomopckoM Oacceiine [CrenanbsiH, 2019],
HO 3TO MPOTUBOPEUYMT JaHHBIM OOJIBIIMHCTBA HMCCeoBaTeaeld, OTMEYaBIIMM SBPUOMOHTHOCTh BUJA
Y €ro yCTOMYMBOCTh K 3BTpodupoBanuio [Bunorpanosa, 1974; Macnos, 2010; Dxonoruyeckasi pusmo-
jorus ... , 2016; Dimitrova-Konaklieva, 2000].

BriosiHe BO3MOXHO, UTO B COBPEMEHHBIX KOJIOIMUYECKUX YCJIOBHAX M NMPU MHTEHCU(DUKALIUU IPU-
ponononb3oBanusa B Kacnmiickom mope [Ozturk, Altay, Dimeyeva, 2022] BepoATHOCTb BCEJEHUS
APYTUX MakpoBOJOpociei, ocoOeHHO 3enéHbXx U3 popoB Ulva w Cladophora, Oyaer BO3pactars,
KaK ¥ HEKOTOPBIX BUIOB ruapoOuoHTOB [Cambie omachbie ... , 2018; Aquatic invasions ... , 2004].
B 370i1 CcBA3M M3yuyeHUe NMPUYMH U MyTell IPOHUKHOBEHMS] HOBBIX U UyXKEPOJHbIX BUJOB, BEJEHUE pe-
T'yJISIPHOTO MOHUTOPWHIA COCTOSIHMSI HanOojee YSA3BUMBIX IMPUPOIHBIX KOMIUIEKCOB HMPHOPEKHON 30-
Hbl, B ToM umcne akBaropuii OOIIT, mo3BomuT BbIpaOOTaTh HAyYHO OOOCHOBAaHHBIE PEKOMEHAIUH
10 COXPAaHEHMIO PErMOHAIBHOIO Oropa3HooOpasus u buopecypcoB Kacnmiickoro mopsi.

3akjodeHne

B nipu0pesxHO# 30He aarectaHckoro cektopa Kacrmiickoro mopst jjetom 2025 1. 0OHapyXeH HOBBIT
Buj (py1opbl MakpouToB — 3en1€Has Bogopocib Ulva maeotica (Proshkina-Lavrenko) P.M. Tsarenko,
SHIEMUK A30B0o-YepHoMOpcKoro OacceiiHa. BhisiBiIeHHBIE 9KOI0ro-0MOMOPMOIOrHYecKrue 1 aHATOMO-
MopgomMeTprueckue ocodeHHocTH U. maeotica COOTBETCTBYIOT AMATHOCTUYECKUM MIPU3HAKAM U CXOJHBI
C ONMCAHHBIMMU /1151 HATUBHOT'O apeasla, HEKOTOPBIE PA3JINYMsI MOTYT OTpaxaTb (PeHOTUITUYECKYIO U3MEH-
YMBOCTb BUJA.

Haxonka yneBel Meornueckoi B Kacrmiickom Mope M pacluvpeHue €€ apeasja 3a IpeAeiaMu
A30Bo-YepHoMopckoro GacceiiHa 00yCIOBJIEHbI, BEPOATHO, IBPUOMOHTHOCTBIO M TOJIEPAHTHOCTBIO BU/IA,
CIOCOOHOCTBIO K OBICTPOMY POCTY U PA3MHOKEHHIO B PA3IMYHBIX SKOJOTUUYECKUX YCIOBHUSIX.

Jl1s1 OLIeHKM BeposITHOCTM (POpPMUpPOBaHMS caMoIoAJepKuBatolieicsa nonyasuun U. maeotica
U e€ MHBAa3MBHOTO «yClieXa» B MPUOPEkKHBIX, HanOoJiee yA3BUMBIX dKocucTeMax Kacrmiickoro mopst
HEOOXOAMMO BeJEeHHE PEeryJIipHOr0O MOHMTOPHHIA, PE3YJbTaThl KOTOPOrO MOTYT OBITh MCIHOJIb30BAHbI
IJ151 BBISIBJIEHUS] ITyTell TPOHMKHOBEHMS HOBBIX M UYKEPOJHBIX BU/IOB M BBIPAOOTKHM Mep MO COXpaHe-
HUIO PErMOHATBHOTO OMOPa3HOO0pasusl U OMOPECYPCOB B YCIOBUSIX YCHIIMBAIOLIETOCS aHTPOMOTEHHOTO
npecca.
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ON THE DISTRIBUTION OF THE GREEN ALGA ULVA MAEOTICA
(PROSHKINA-LAVRENKOQO) P. M. TSARENKO IN THE COASTAL ZONE
OF THE CASPIAN SEA (DAGESTAN SECTOR)

Milchakova N. A., Chernysheva E. B.

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
e-mail: nmilchakova@ibss-ras.ru

Abstract: This paper provides an ecological and biomorphological characterization of the green alga Ulva maeot-
ica, an endemic species of the Azov-Black Sea basin protected at the regional level, which was recorded for the first
time in the coastal zone of the Caspian Sea. Qualitative samples of macrophytobenthos were collected at 16 sites
along the Dagestan coast at depths from 0.1 to 3 m in 2024 and 2025. It was shown that U. maeotica occurs
at two sites near the coast of Makhachkala, where it forms part of an Ulva-dominated plant community at depths
of 0.2-0.5 m on silty-sand bottom sediments in areas subjected to increased domestic pollution. Anatomical
and morphometric characteristics of U. maeotica are provided, along with some environmental factors influencing
its growth and development, as well as the reasons for its range expansion. The data obtained on new and alien
species of macroalgae in the Caspian Sea can be used to address conservation tasks aimed at reducing the risks
of their invasion and preserving the coastal ecosystems of the Dagestan sector of the Caspian Sea.

Keywords: alien species, flora of macroalgae, Chlorophyta, coastal biotopes, Caspian Sea
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IMPUPO/TIOOXPAHHAA HIEHHOCTD U ITIEPCIIEKTUBBI CO3IAHUA INTPUPO/JTHOI'O
3AKABHUKA «CIIMJINA» (CEBACTOIIOJIb)
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DI'BYH QUL «Hncmumym duonozuu iodictovix mopeit umernu A. O. Kosanesckoeo PAH»,
2. Cesacmononw, Poccuiickas Pedepauus,
e-mail: tatyanapankeeva@yandex.ru, e_katerina.05@mail.ru

AnnoTtamms: IpencraBneHsl pe3ysbTaThl KOMIUIEKCHOTO KOJOTMYECKOTO OIMHMCaHUs Tepputopuu ropsl Cru-
TS 1151 onpenesieHrs NPUPOI0OXPaHHON IIEHHOCTH M TIOCTIELYIOIIETO CO3/IaHusl 0CO00 OXpaHsAeMON MPUPOJHON
TepPUTOPHH — TOCYAAPCTBEHHOTO MPHPOAHOro JaHamagTHOro 3akasHuka «Crnmms». [ImanupyeMslil 3aka3HUK
oOmmeit mwiomaasio 119 ra pacnonoxen B Cepacromnosie, ropoje ¢eaepaibHOro 3HadeHust. Ha ocHOBe apXHBHBIX,
JIUTEPATypHBIX JaHHBIX U HATYPHBIX WCCJIENOBAHUN ONpPENEIEHO, YTO TEPPUTOPUS IUIAHUPYEMOTO NPHPOIHOIO
3aKka3HUKa «Cruns» OTIMYaeTcsi OMOIOrMUeCKUM M JIaHAIAhTHRIM pa3HOOOpa3ueM, HAIMYMeM BUIIOB PACTCHHH,
3aHecéHHbIX B KpacHylo kaury Poccuiickoit @enepanun u Kpachyto kHury ropoga Ceacronosst. Beicokyto rnpu-
PONOOXPaHHYIO IIEHHOCTh UMEIOT JIECHBIE COOOIECTBA, JOMUHAHTAME B KOTOPBIX SIBJISIOTCS TaKKe OXpaHseMble
BUIBI, KaK Juniperus excelsa M. Bieb., Juniperus deltoides R. P. Adams, Pinus brutia Ten u Pinus nigra J. F. Arnold
subsp. pallasiana (Lamb.) Holmboe. B BumoBom cocraBe hutorieHo30B 3apuKcupoBaHo He MeHee 250 BUIOB
pacTeHui, U3 KOTopeix 22 BuJa BKI0YeHsl B KpacHyio kaury Poccuiickoit @enepauuu, 41 — B KpacHyio kHury
ropoga Ceacronoinsa. OxpaHsemas ppakiys (aopsl npeacTasieHa 33 pogamu, OTHOCAIMMHUCA K 19 cemelicTBaM.
B nanpmadrHo# crpykrype mianupyemoro ['TINI3 «Criwmus» npeo0nalaioT ypouuila KPYThIX U OUeHb KPYTHIX
CKJIOHOB C (PHCTAIITKOBO-MOXKEBEJIOBBIMH, MO>KEBEIOBBIMHU M COCHOBBIMU (prTorieHo3amu. I1okazano, 4ro jana-
madTH U3y4aeMOil TEPPUTOPUH OTINYAIOTCS OMOJIOTMYECKMM Pa3sHOOOpasheM, PeMKTOBBIM XapakTepoM (uio-
PBI, aTTPAKTUBHOCTBIO, HAYYHOW LIEHHOCTBIO M CPEeRo00pasyollell 3HAUMMOCTbI0. BBIsBIICHO, YTO 3HAYMTENIBHOE
BJIMSIHUE OKa3bIBaeT peKpeallMOHHas Harpy3ka M HeperyaupyeMoe JIBHKeHue aBToTpaHcnopra. Ilpunanue rope
Crnnus 3anoBeJHOTO cTaTyca OyleT CloCOOCTBOBATH COXPAHEHHIO YHUKAIBHBIX KOMIUIEKCOB U (DOPMHUPOBAHHIO
sKoJoruyeckont cetu r. Cepacronons u Pecriyomuku Kpbim.

KuroueBbie cjioBa: 0cob0 oxpaHsieMble NPUPOIHbIE TEPPUTOPHHU, TIPUPONHBIA 3aKa3HUK, OXpPaHsEMble BHJIbI,
nangmadTHas crpykrypa, Kpacnas kuura, Ceacronosns, Crivnus

BBenenne

st KppiMckoro mosyoctpoBa, oOmasi IUiomags HPUPOTHBIX KOMIUIEKCOB KOTOPOTO IOCTHIIA
KPUTHYECKOTO YPOBHSI, CO3JaHhe 0co00 oxpaHseMbix npuponHbix Tepputopuii (OOIIT) sBnsercs
aKTyalpbHO 3ajgauyeil. B Hacrosiee Bpems KpblM npu3HaH OJHMM U3 LEHTPOB OHOJIOTMYECKOro
1 na"amagTHOroO pazHooOpasust EBporbl, 4To 3a/1eK1apupoBaHo BceMupHBIM CO030M OXpaHbl IPUPO-
apl. [IprponooxpaHHble TEpPUTOPUH SIBJISIIOTCS OCHOBHBIMU CPeIo00pasyIolMMy pecypcaMy perioHa,
pe3epBaTaMu reHO(pOH/1a pacTUTENLHOTO U KUBOTHOTO MHpa, TAJIOHAMH MPUPOJHBIX CUCTEM, HaXO[s-
IIMMUCS B €CTECTBEHHOM HJIM OJIM3KOM K HEMY COCTOSIHMHM, X COXpaHEeHHe IpegycMoTpeHo KoHBeHIm-
eil 0 GuosnornueckoM pasHoodpasuu, paruduirpobanHoi Poccuiickoit ®eneparueit (PP).

B Cesacromnorne, roposie deniepaiabHOTO 3HAYEHHUS, 7151 OXPaHbl Cpebl OOMTaHUS BHIOB KMBOTHBIX
1 pacteHul, 3aHecéHHbIX B KpacHyio kaury (KK) P® [Kpacnas kaura Poccuiickoit ®enepanum, 2024 ]
u KK r. CeBacromnons (KK C) [Kpacnas knura ropoga Cesacromnoss, 2018], cozaaHsl AeBATHAAIATH 00b-
€KTOB pa3HOW KaTeropru OXpPaHbl pErMOHAILHOTO 3HAYEeHU I, 001Iei riomaapio 25027,8 ra, u3 KOTOpbIX

“Pabora BBHIIONHEHA B paMKax rocygapcrBenHoro saganus OUI] MHBIOM (Ne roc. perucrpauuu 124022400152-1
u 124030100030-0).
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IIPUPO/IOOXPAHHAA IJEHHOCTD U IIEPCIIEKTHUBbBI CO3/JAHUA ITPUPO/THOI O 3AKA3HHKA
«CITHJTHA» (CEBACTOIIOJIb)

Ha cymry npuxonutcst 24310,2 ra, a Ha akBaropuio — 717,6 ra, uto cocrasnsiet 28,9 u 3,3 % cootBer-
CTBEHHO IUIomany cymm u akBatopuu [[lankeeBa, MupoHoBa, ['opoyHoB, 2025]. HecmoTpst Ha 3Ha4u-
TeJIbHBIE [TOKa3aTesu Mo IuIolany, 3anumaemon oobektamu OOIIT, npuponooxpaHHas ceTh peruoHa
B TOJIHOW Mepe He c(hOpMHUPOBAHA B €AMHOE 1IeJI0€ M MHOTHE MPUPOIHbIE SKOCUCTEMBI B peruone r. Ce-
BaCTOMOJIsI He OOECTeUeHbl OXPAHOU, HA STUX TEPPUTOPUSX MPOUCXOAUT YHUUTOKEHHE OXPaHSIEMBIX
BUJIOB paCTEHUil U KUBOTHBIX, 3aHecEHHBIX B KK P® [Kpachas knura Poccuiickoin ®eneparum, 2024 ]
u KK C [Kpachas xaura roposga Ceacrononsi, 2018], 0COOEHHO peJIMKTOBBIX JIEPEBbEB.

Tak, neca ¢ npeodnananuem Juniperus excelsa M. Bieb. u Juniperus deltoides R. P. Adams wim
npu HeOoybmoM X ydactid B Kpeimy 3anumarot 3,7 Thic. Ta (1,7 % mecoB ropHoro KpeiMa), oHM
MPEACTABIISAIOT COOOHM OIMH U3 YHUKAJTBbHBIX JIEMEHTOB PACTUTELHOCTH MOMYOCTpOBa [ BhICOKOMOK:Ke-
BeJIOBbIE Jleca ... , 1992; Munyx, 1992; ®arepeira, 2009; [Tnyraraps, 2015], HO sBAAOTCA, MO CYTH,
MCUE3aloMMU COO0IIeCTBAMU. 3HAYUTEITbHBIE IJIOIMAAN 3THX JiecoB (110 73,0 %) cocpenoToueHsl B rpa-
HUnax ropoga CeBacTornossi, HO JI0 HACTOSIIIIETO BpeMeHU HanOosee KPYIHbIE PeIKOIECHBIE MACCHBBI
Juniperus excelsa v J. deltoides, pactionoxeHHble B banakiaBcCKOM MyHHUIMIAIBHOM OKpYyTe, He o0ecre-
YeHbl OXpaHo! (B T. 4. Ha banakiaBckux BeicoTax, Ha ropax Cowmus (Acketn) u ['acopra).

CoxpaHeHue npupoaHbIX JaHaagToB ropsl Crivus (AcKeTu) BriepBble ObLIO IpeiokeHo B 1994 1.
[Texnuko-3koHOMMUECKOE ... , 1994]. B «KoMIiekcHON nporpaMMe OXpaHbl OKpY:Kalollel Mpupoj-
HOH CpeJibl, PaliOHAILHOTO MCIIOb30BaHMUsI TIPHUPOAHBIX PECYPCOB M IKOJOTMYECKON Oe30MacHOCTH
r. Cesacrononss Ha mepuop 10 2010 r.» OBUIO TpeIokeHO 3amoBeqaTh MPUMOPCKHE TeppUTOPHU
6m3 BaakiiaBel Kak KOMIIAKTHBIA YYaCTOK XOPOIIO COXPAHUBINETOCS JIECHOTO MacCHBa — «THUIUIHOE
PETMKTOBOE COOOITIECTBO MO KEBEIbHUKA BHICOKOTO C YUaCTHEM MOKKEBEJIbHUKA KOTI0YEro v (hucTar-
KU TYTMOJIMCTHON» U KaK «MEeCTOOOUTaHUE OXPAHSIEMBIX BUIOB JKUBOTHBIX — IFeKKOHA KPBIMCKOT'O U Cpe-
AU3EMHOMOPCKOT'0, TIOJIO30B KEJITOOPIOXOro U JIEONapAoBoro u 1ap.» [KomruiekcHas mporpamma ...
2001]. B 2019 romy npoBeaeHO KOMIUIEKCHOE SKOJIOTHUYecKoe 00cieIoBaHe JaHHOW Tepputopun [Ma-
TEpUabl KOMIUIEKCHOTO ... , 2019]. OmHako [0 HACTOSIEr0 BpPEMEHW HCCielyeMasi TEPPUTOPHS
He MMeeT MPUPOAOOXPAHHOIO cTaryca. B mocnenHue roasl Ha TEPPUTOPUM TUIAHUPYEMOTO 3aKa3HUKA
AKTUBHO Pa3BUBAETCsl PEKpEAlMOHHAS IEATeIbHOCTh, YTO MPUBOIUT K AErpajalliy YHUKAJIbHBIX MPU-
ponHbIX KoMILIekcoB KOxxHOOEpeKbs.

B 31001 cBSI3M Liesb McclieoBaHusl — OOOCHOBAHUE MPUPOAOOXPAHHOW LIEHHOCTU ropbl Crvius
s cozpanusa OOITT.

MarepuaJjbl 1 METOIbI

[1naHupyemsblil rocyaapCTBeHHbI MPUPOAHbIN JaHAmadTHei 3aka3Huk (I'TIJI3) «Counus» pacno-
Jaraercs B 10ro-zanagHos 4actu KpbeIMCKOro nojyocTpoBa, B I0r0-BOCTOYHOM 4Yactu I. CeBacroross,
mesxay BanmakmaBckoit OyxToi M 3010TEIM IUISKEM. B aIMUHUCTpAaTHBHBIX I'PaHUIIAX TEPPUTOPHS TIPH-
HaJUIeXUT banakjiaBckoMy MyHULIMIIAJIBHOMY OKpyry I. CeBacTomnosns.

3anajHas rpaHuIa MpeiaraeMoi K COXpaHeHUIo TeppUTopuu npoxoaut o ospary lllaiiran-Iepe,
nanee 1o OPOBKE FOPHOTO MAcCHBa C BepIIMHON T. Crivutist U T. ACKETH ¢ BKJTIOYEHHEM OCTaTKOB (hop-
TU(UKAMOHHBIX coopyxeHuid «PopT KOxxHbII», 1ajee ceBepHas T'paHuIa IPOXOAUT 0 CKJIOHY MEXTy
IPYHTOBBIMHU jloporamu, Beaymmu k «Oobsekty 100» u ypouniyy ViHxkup, BOCTOUHAs TPaHULIA OITyCKa-
eTCs TI0 IPUMOPCKOMY CKJIOHY K IJISIKY «3010Toi» (puc. 1). FOxHas rpaHuiia mpoXoauT BAOIL Oepero-
Boii iuHMK Y€pHOoro mopst. Obmas mioma s mianupyemoro ['TIJI3 cocrasnsier 119 ra.

ABTOpaMHr BBITIOTHEHO KOMILJIEKCHOE 3SKOJIOTHUYECKOEe OOC/IeIOBaHWE TEPPUTOPUM ISl OIpere-
JIeHUs] TPUPOAOOXPAaHHOW LEeHHocTH I. CIWinsA Ha OCHOBE AapXMBHBIX, JIMTEPATypPHbIX JAHHBIX
U HaTypHbIX MccienoBanuil. [loneBble paboTel Ha Tepputopuu, IutaHupyemoir OOIIT, nposeseHsl
B nepuop 2010-2025 rr. I'eoboTaHnueckue OMMCAHWS BBITIOJHEHBI MO CTAHAAPTHBIM METOIMKAM
[[TporpamMma u MeToguka ... , 1974]. Beero BeimonHeHo 20 onucaHuil B pa3HbIX TUINAX PACTUTENIBHBIX
coobrectB. HoMeHk1aTypa BUIOB pacteHuil puBezeHa o cBojke A. B. Ensl [Ena, 2012]. Homenkna-
Typa OXpaHsAeMbIX BUJOB IpuBeseHa coracHo KpacHoii kuure r. Ceacronoins [KpacHas kHura ropoga
Cesacrormong, 2018].
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Puc. 1. I'eorpadpuueckoe nonoxenue ranupyemoro T3 «Crovnus»

[Tpu m3yvyeHuu JaHAMA(THON CTPYKTYphbl 3a10KEHO CeMb JaHIApTHBIX MpoduIeld u OornucaHo
6omee 90 KIToUeBbIX Y4acTKoOB. [1j1s1 co3panus JaHAadTHON KapThl UCIIOIB30BAIM TPOTPAMMHBIH ITAKeT
QGIS 2.14.18 u 31eKTpOHHYI0O OCHOBY Tomorpaguyeckor kKaptsl. JlanmmadgTHas kapra cocraBieHa
Ha ypOBHE YPOUHIII.

Pe3yabTaThl HCCIE0BAHNS U 00CYKIeHHE

Oowue ceedenus o usukxo-zeozpagpuueckux ycaosusx naanupyemoi OOIIT. B texToHU-
yeckoMm oTHoueHuu mianupyemsiii [TUI3 «Crnunus» pacnonoxkeH B mpenenax 0ro-3anagHoll 4acTu
IOxxHOGepexxHOro moaHATUS [ OpHO-KPBIMCKOTO CKJIaA4aTo-HAaIBUTOBOrO 0Opa3zoBaHus. Mccnemyemblit
paiioH sBisercss 4vacTbio baiinapcko-BapHyTckoil cTpykTypHOR 30HBI [Myparos, 1960], xotopsbiii
XapaKTepU3yeTcsl CJIOKHBIM I'€0JIOTMYECKUM CTPOEHHEM. XapaKTepHbl OTI0KEHUsI TPUACOBOM, I0PCKOM
¥ MEJIOBOM CHCTEM, KOTOpHIE TpEeACTaBIeHbl KapOOHATHOH, (hIUIEBOH, (DIUIIOUIHON W TeppUTEeH-
HOH TpydoodioMounbiME hopmarusivu [I1IBuakuii, 1999]. OcHOBHYIO YacTh M3ydaeMoW TepPUTOPHU
B OporpagryecKoM IiaHe 3aHUMAIOT KPYThie CKJIOHBI M Teppachkl €CTECTBEHHOTO TOPHOTO amduTeaTpa,
MOKPBITHIE COCHOBO-MOKEBEJIOBBIM M TyOOBO-MOXKEBEIOBBIM pefikofiecheM. Ha MpUMOpPCKUX CKJIO-
HaX pacnpOCTPaHEHbl OPUTMHAJIBHBIE FeOoMOpP(gOIornyecKkre (popMbl, YACTUYHO CBSI3aHHBIE C KapCTO-
BBIMU IpOLIECCAaMU — HUILM, MoyaM(pUTeaTpbl, CTPYKTYPHBIE TEPPAChl 1 MHOTOUYKMCIIEHHbBIE TPELUHbI
ApoOIeHus1, SpO3NOHHBIE OOPO3/IBI U TPOMOMHEL. B paiione muisika «3010Toi» MOMyYniIn pa3BuTue cyd-
(pozuonnsle nponecchl [Ilankeesa u ap., 2019].

s Tepputopun 3akasHuka «Cruims» XapakTepHbl cieayolye reomopdoiaoruyeckue (popmsl:
BOJIOPA3/IEJIbHO-TPSIOBBIE M OCTAHIIOBO-BOJOPA3/IE/IbHbIE IOBEPXHOCTH; IPO3UOHHBIE (DOPMBI pesibeda
(oBparu, 6Ky U ap.), MOJOTKe CKIIOHBI (KPyTU3HA OT 3° 10 9°), cpeiHeKpyThie CKJIOHBI (KPyTU3HA OT 9°
no 18°), kpyTble ckioHbl (KpyTusHa oT 18° 1o 70°), kpyThle U OOpbIBUCTbIE KJIM(OBbIE CKJIOHBI (KpPY-
tu3Ha Oonee 70°). KpyTusHa CKJIOHOB MEHSIETCsl B 3HAUMTEJIbHBIX Mpefieiax: OT OTBECHHIX (C yIJIaMu
HakJI0Ha 10 90°) 1O MOJIOrHX, YKJIOHBI KOTOPBIX BappHUpyIOT B npenenax 5—15° (puc. 2) [Marepuassl
KOMIUIEKCHOTO ... , 2019]. Iy 10)KHOTO CKJIOHA TOPHOTO amduTearpa XapakTepHbl OOJbIINE YKIOHBI
MecTHOCTU (25-45°). Bosnblnasi 9acTh TEPPUTOPUM 3aKa3HUKA — 3TO CKJIOHBI I0KHOHM U 10T0-3armaqHoN
9KCMO3UIMU. BepXHMIi y4acTOK 3aKa3HMKA 3aHMMAET CKJIOH CEBEPHO-BOCTOUYHOW KCNo3uluu (puc. 3)
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[Matepuanbl KOMIUIEKCHOTO ... , 2019]. OCHOBHyI0 4acTh U3y4aeMOUl TEppUTOpUM B oporpaduye-
CKOM IUIaHE 3aHUMAIOT KPYThle CKJIOHBI U Teppachl €CTECTBEHHOIO TOPHOro amdurearpa, MOKpPHITHIE
COCHOBO-MOJ’KEBEJIOBBIM U TyOOBO-MOJK KEBEJIOBbIM pekonecheM. C ceBepo-3armasa u cepepa amdure-
aTp orpaHryeH ropHpIMU MaccuBami [ 1aBHOM rpsaabl — r. KpenoctHas ropa (115 m), r. Crimmus (251 m)
u 1. Acketu (361 m). I'opa Crimist OTKpbIBaeT coOOH 1ielb BEPIIMH, ONOSCABIIMX 3a71B Meraso- 5o
Y BEHUYAIOIINX OJIH U3 CAMBIX KMBOIUCHBIX Tier3axe FOxHOOEpeKbs.

Nerenna

anow, rpag
.o
.-

-2
H2-5
59

Puc. 3. Dxcriosunus ckinonos ranupyemoro ['TIJI3 «Crmmus» (coctaBieHo A. A. HOBUKOBBIM )

Kimmar nccnemyemMoro yyacTka OTHOCHTCS K 3arlaJHOMY 10)KHOOEPEKHOMY CPeIn3eMHOMOPCKOMY
THIy KJIMMAaTa, KOTOPHIN XapaKTepH3yeTCsl 3aCyIUTBBIM, KapKUM JIETOM C YMEPEHHO-TEMION MSTKOH
3umoii. Hapsimy ¢ oOmmiMu yepramu KiuMmata TEppUTOPUH, 37€Ch HAOMIONAIOTCS MHUKPOKJIMMATHUe-
CKHE OCOOEHHOCTH, KOTOpbIe 00YCJIOBJIEHbl aM(pUTeaTpaIbHON CTPYKTYpOl U OpU30BOM LUPKYJIALMEH.
XapakTepHbl I0JIOKUTEJIbHBIE TEMIIEpATYpbl: cpegHerogosas cocrabisieT +12 °C, cpenqHessHBapcKkas —
+2,5 °C u cpennentonbekas — +23 °C. CpenHerogoBoe KOJIMYECTBO OCAJKOB COCTaBISAET 354 MM.
PexrM ocaikoB TeppUTOpHN XapaKTepeH AJIs CyOCpeAn3eMHOMOPCKOTO KJIMMaTa ¢ 3MMHUM MaKCHUMY-
MOM U JIETHUM MUHUMYMOM. Takum oOpa3om, KJIMMaTHYecKue YCIOBUsI paiioHa CcriocoOcTBOBauM op-
MHUPOBaHMIO JIaHAIAPTOB, OMM3KUX K cpeauzeMHOMOpckuM [Knumarundeckuii atnac Kpeimva, 2000].

[TocTostHHBIA BOJOTOK Ha TEPPUTOPUM IIAHMPYEMOTO 3aKa3HUMKa He opmupyeTcs. B xomoqHbiit
Mepro] Toa, a TaKkKe BO BpeMsl JIOXKIed 00pa3yloTcsi BpeMeHHbIe BOJIOTOKHU, OBICTPO CITyCKAIOIIUeCs
B Mope. OHM TIPOTEKAIOT, KaK MPaBUIO, B HEITyOOKMX Oankax. TpemmHoBaTele M3BECTHSAKU M KOHITIO-
Meparthl I0pbl, OKaMIIsTIONEe OeperoBble CKJIOHBI T. CInms, JIETKO MOIJIONIAI0T aTMOC(hEpHbIEe OCaIKH
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U IpeHupyIoT BOAYy A0 Bomoynopa. He3HaunrtenbHas moiomaas BogocOopa u Apyrue hakToOphl BIUSIOT
Ha MeCTa Pa3rpy3Ku 3TUX TPEIIMHHO-KapPCTOBBIX BOM. Bosbinas 9acTh BOIBI pasrpykaercs B OoJiee Win
MeHee KPYITHbIX pOIHUKaX y noc. brnaronarHeiii, B omne Kedano-Bpuce, B r. banakiasa Ha yi. Kainya
u yi1. HoBukosa [Marepuasiel KoMIuiekcHoro ... , 2019].

Haubomnee xapakTepHbIM TUIIOM IOYB MPEAINONAraéMOro MPUPOJHOTO 3aKa3HUKA SIBJISIOTCS KO-
pUYHEBbIE TIOYBBI, KOTOpbIE MPEJCTABJICHBl IMPEUMYIIECTBEHHO TOATUIIOM KapOOHATHBIX. [loYBHI
MaJIOTyMYCHbIE, OTJIMYAIOTCS TOBBIIMIEHHON CKEJIETHOCTBIO. MOIHOCTD MpOo(uiisi KOPUYHEBBIX TOYB
HEe3HAYMTeNIbHAsl M JIOCTUraeT TOJNIIMHBI OT HECKONbKUX caHTUMeTpoB 10 10-50 cM, a ux rymycoBo-
AKKYMYJISTUBHBIA TOPU30HT — 5—15 cm. OHM XapaKTepu3yloTcs Hanu4yreM KapooHatoB Ca ¢ moBepx-
HOCTH U 110 BceMy Tpopustio, 6osee cradoi ONMMHEHHOCTHIO METAMOP(UUECKOro TOPU30HTA.

Hazemnas gpropa u pacmumenvrocme. CornacHo cxeme (IOpUCTUYECKOTO PAallOHNPOBAHUS, TEp-
pUTOpHs TUTAHUPYEMOTO 3aKa3HuKa «Criuns» pacroniokeHa B baiinapckom paitone KOkHOKpBHIMCKOTO
okpyra KpsiMcko-HoBopoccuiickon noanpoBUHIIMU DBKCUHCKOW TPOBUHIIMK. Paiion otHOcuTcs k Cpe-
IM3eMHOMOpCKO# htopucTideckoit oonactu. CoracHO re000TaHUIECKOMY paliOHMPOBAHUIO, TEPPUTO-
pust 3aKa3HUKA OTHOCUTCS K Cpein3eMHOMOPCKOM 001acTH CKIIEpO(HIIBHBIX JIECOB, MAKBHUCA, IUOSIKA,
(ppuran u romusuigpos [duayx, 1992]. ®nopa yyactka npencrasieHa He MeHee yeM 250 BuaMu BbIC-
IIMX pacTeHUH.

PactutenpHBIN OKPOB 3aKa3HUKa «CIINS» OTJIMYAETCS IECTPOTON M MO3aMYHOCTBIO, YTO 0OYCIIOB-
JICHO CJIOKHBIM pesibehOM, OCOOEHHOCTSIMA MHUKPOKJIMMATa M OCOOEHHOCTSIMU TTPUPOIOTIONIL30BAHHMS.
B 1iesioM, pacTuTeNbHbIN MOKPOB MPEACTaBIeH CTEMHBIMU U JIeCHBIMU coolliecTBamMu. [1o oTHOIIEHHUIO
K YBJIQXKHEHUIO HAa TEPPUTOPUU 3aKa3HUKA MPOU3PACTAIOT KCepOUTHBIE CYOCPeINM3EMHOMOPCKUE KY-
CTapHUKU U PEAKOJIeChsl, ME3OKCepOUTHBIE U Me30(hUTHBIE IUPOKOTUCTBEHHBIE Jieca.

[IInpokoMCTBEHHBIE, CMEIIIaHHbIE U XBOWHBIC JIECA M PEAKOJIEChS TOKPHIBAIOT CKJIOHBI I03KHOM IKC-
MO3UIMKA U YACTHYHO BBITIOJIOKEHHYIO BEpIIMHY T. AckeTu. Jleca OTIMYaoTCs BBICOKMM CpenooOpa-
3YIOIIMM TIOTEHIIUAIOM, BBITIOIHSIOT BOIOPETYJIUPYIONIYI0 W MOYBO3AMUTHYIO (DYHKIUIO AJIsI TOPHBIX
tepputopuii ropozna CeBacronois.

B mmanmpyemom 3akasHuke «CHwmus» TpeACTaBIeHbl JIeCHbIe COOOIIecTBa ¢ JOMUHHPOBAHU-
€M XBOWHBIX TIOPOJ JIEPEBbEB: MOXIKEBEJIbHUK BBICOKUU (J. excelsa), MOXKeBEJTbHUK JETbTOBUTHBIN
(J. deltoides), cocna Opytuiickas (Pinus brutia Ten) u cocHa Ilaynaca (Pinus nigra J. F. Arnold subsp.
pallasiana (Lamb.) Holmboe). Buabl coceH Mcnonb30BaHbl 7151 JIECONOCAJOK HA TEPPACHMPOBAHHBIX
ckJioHax. [lepeuncieHHble TOMUHAHTHI TIEPBOTO sIpyca 3aHeCEHbI B perMOHAJIbHBIE U HALIMOHAJIBHBIE TTPH-
POMIOOXpaHHbBIE CIIUCKH, YTO OIpeessieT BHICOKYI0 TPUPOIOOXPAHHYIO IIEHHOCTh MX cooOmmecTB [Kpac-
Hast kaura Poccuiickont ®epepaiuu, 2024; Kpacnas kaura ropoga Cesacronosns, 2018].

[IIupokonmMcTBEHHBIEe Jieca MpeICTaBIeHbl TyOoBO-rpadoBbiMu (popmarusvu (Quercus pubescens
Willd., Carpinus orientalis Mill.) ¢ npumechio siceHsi 0ObIkHOBeHHOTO (Fraxinus excelsior L.), kn€éHa
nosnieBoro (Acer campestre 1..) u ¢ucramku tynonuctiont (Pistacia mutica Fisch. & C. A. Mey).
KyctapHUKOBBIN SIpyC JIeCHBIX COOOIIECTB 00pa30BaH TaKUMHU CPeAM3EeMHOMOPCKMMH BUAAMHU pacTe-
HUM, KaK )KaCMHUH KYCTapHUKOBBIN (Jasminum fruticans L.), urnmuna nontuiickas (Ruscus aculeatus 1..)
(KK C), cymax myounbHbiii (Rhus coriaria L.), ckymrs koxkeBeHHast (Cotinus coggygria Scop.), my3bIp-
HuK kuymmiickuil (Colutea cilicica Boiss. & Balansa). Actparain TparakaHTtoBbil (Astracantha arnacantha
(M. Bieb.) (KK C, KK P®) obGpasyer nomymkoBuiHble (hopMbl Ha CTENHBIX CKJIOHaX. TpaBsHON spyc
CWJIBHO paspeskeH, olllee MPOeKTUBHOE MOKphITHE Haxonutcst Ha ypoBHe 20-50 %. Cpenul TpaBsiHU-
CTBIX PACTEHMH INMPOKO MPEACTABJICHbl BUIbI MOMBIHU (Artemisia Sp.), ByOpOBHUK OOBIKHOBEHHbIN
(Teucrium chamaedrys 1..) n 6enooiinounsiii (7. polium L.), rpynaunia moxHaras (Galatella villosa
(L.) Rchb. f.) u gp. Ha mMHKUCTBIX CUIBHO POIMPOBAHHBIX CKJIOHAX BCTPEYAIOTCSl KarepChl TPaBSIHU-
ctoie (Capparis herbacea Willd.) u kpameHMHHUKOBU S TepeckeHoBas (Krascheninnikovia ceratoides (L.)
Gueldenst.) (KK C).
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«CITHJTHA» (CEBACTOIIOJIb)

CrenHble cooOIecTBa PacpOCTPaHEHBl HA CKJIOHAX MPEVMYINECTBEHHO 3alaHON SKCIIO3UIINU:
oppar Ilaiitan-epe, r. Cniuaus u r. Ackeru. CTenu npencTaBieHbl MO3auYHbIM COYETAHUEM 3J1AKO-
BBIX, KOBBUIbHBIX U TIOJILIHHO-THITYAKOBBIX YYACTKOB. B cocTaBe COOOIIECTB 3JIaKOBHIX CTETel JOMHU-
HUPYIOT Oopomau oObIKHOBeHHbIN (Bothriochloa ischaemum (L.) Keng), pocnyka KpoBaBO-KpacHas
(Digitaria sanguinalis (L..) Scop.). K 0CHOBHBIM 3/1aKaM ITPUMEIIMBAETCSI pA3HOTPaBbe, COCTOSIIIEE U3 BU-
JIOB MoJIouaeB (Mosiouall MUPTONUCTHBIN Euphorbia myrsinites L.; monovaii-conHuernsy Euphorbia
helioscopia L.), fyOpOBHUKOB, Y€pPHOTOJIOBHUKA MHOrOOpauHoro (Poterium polygamum Waldst. & Kit.),
JIbHA aBcTpuiickoro (Linum austriacum L.), 30nHuka nepekatu-none (Phlomis herba-venti L.), adenpsl
JBYXKOJIOCKOBOM (Ephedra distachya 1..) n np. VI3 oxpaHsieMbIX BUJIOB 3/1€Ch BCTpeyaroTcsi acoieiHa
xénrtas (Asphodeline lutea (L.) Rchb) u a. kpeimckas (Asphodeline taurica (Pall. ex M. Bieb.) Endl.),
upuc KapiukoBbiid (Iris pumila L.), xxene3nuua kpeiMckas (Sideritis taurica Steph. ex Willd.) u nip.

[onbiHHBIE CcTEMM HA KaMEHUCTHIX TPYHTaX 3aHMMAIOT OTPAHMYEHHYIO IUIOMIA[b BIOTb OOpHIBA
Ha 3amagHoM ckiioHe T. Criunus u r. Acketu. B TpaBoctoe npeo0iagaeT moibslHb KpbIMcKasi (Artemisia
taurica Willd.).

[TpuBepimHHAsA YacTh I. ACKeTH mpeoOpa3oBaHa XO3SUCTBEHHOU IEATENIbHOCTBIO ¢ (hparMeHTaMu
HapyIieHHo# crenu. MIHAMKaTopaMy aHTPOMOTeHHOTO MpeoOpa3oBaHus SIBJISETCS HAJTMYKE B COCTaBe
(puTOLIEHO30B pynepaTbHBIX BUJOB, TAKUX KaK CHHETOJIOBHUK I0JIeBOM (Eryngium campestre L.), CHHSIK
OOBIKHOBEeHHBIH (Echium vulgare L.) u gp.

Ha necuanom ruisixe Berpevatorcs 3aHecéHHble B KK C [Kpachas kaura ropoga Cesacronons, 2018]
KeHIbIpb capMmarckuil (Apocynum venetum (L.) Woodson subsp. sarmatiense (Woodson) Avetisjan)
u KarpaH npumopckuil (Crambe maritima L.) [Ilnantapuym]. Ha ckanbHBIX MECTOOOMTAHUSAX MPOU3-
pacraet OXpaHsieMblil BUJl — OHOCMa MHoroiucTHas (Onosma polyphylla Ledeb.).

DUTOIIEHO3B! TIPEJICTABIISAIOT BHICOKYIO MPUPOJOOXPAHHYIO IIEHHOCTh KaK MECTOOOUTAHHE PEIKUX
BU/IOB PACTEHUI U KUBOTHBIX.

Oxpansemvie suovt. Vccrnenyemasi Tepputopusi omyaercst IOpUCTUIECKUM OOraTCTBOM, HaJIU-
YUEM PEIMKTOBBIX U 3HAEMUYHBIX BUOOB (puc. 4). Ha tepputopun npoexktupyemort OOIIT ormeuen
21 Bun pacrenuid, 3aHec€HHBIX B KK P®, 1 41 Bug — B KK C (1adn. 1) [Kpachasa kaura Poccuiickoit
®eneparmu, 2024; Kpacnas kaura ropona Ceacronons, 2018].

OxpansiemMast (ppakisi Iopsl OTIMYaeTCsl pa3HOOOpa3ueM U TpecTaBlieHa 33 pojamMu, OTHOCS-
mmmMcs K 19 cemeiictam (tadi. 2).

Tao6imna 1
Cnucok OXpaHsI€MbIX paCTeHI/lﬁ MJIAHUPYEMOro 3aKkasHuKa «Crnuasy»

Kateropus
KKC| KKP®

Pyccxoe Ha3BaHHe JlaTuHCKOE Ha3BaHHE

CemeiictBo KunapucoBsie — Cupressaceae

Mox:keBeTbHUK BBICOKUAN Juniperus excelsa M. Bieb. 2 2

Mok KeBETBHUK IEIbTOBUIHBIN Juniperus deltoides R. P. Adams 2

CemeiictBo CocHoBrie — Pinaceae

CocHa OpyTHiicKast Pinus brutia Ten. 2 2

CocHa ITannaca Pinus nigra J. F. Arnold subsp. pallasiana (Lamb.) 4 1
Holmboe

CemeiictBo Cnap:xeBble — Asparagaceae

Urnnua xomovas Ruscus aculeatus L. ‘ 2 ‘

CemeiictBo UpucoBrie — Iridaceae

[Macpan y3koIMCTHBIHA Crocus angustifolius Weston 2

Iacppan [Nannaca Crocus pallasii Goldb. 3 2

[naxHUK YepenuTyaThil Gladiolus imbricatus L. 3

HWpuc kapiarkoBbIi Iris pumila L. 4 3

CewmeiictBo Opxugnbie — Orchidaceae

AHaKamInTUC NUPaMUAATIbHBIIA Anacamptis pyramidalis (L.) R. M. Bateman, 2 2
Pridgeon et M. W. Chase
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AHaKaMITUC KaBKa3CKUi Anacamptis morio (L.) R. M. Bateman, Pridgeon 3 3
et M. W. Chase subsp. caucasica (K. Koch)
H. Kretzschmar, Eccarius et H. Dietr
Komnepusa Komnepa Comperia comperiana (Steven) Asch. et Graebn 2 2
PemMHenenecTHuK KO3Ui Himantoglossum caprinum (M. Bieb.) Spreng. 2 2
Odpuc oBoOHOCHAS Ophrys oestrifera M. Bieb. 2 2
SITPBIIIHIK MENKOTOYESIHBIN Orchis punctulata Steven ex Lindl. 2 3
SITPBIIHYK MypITypHBINA Orchis purpurea Huds. 3 3
SITpBIIHVK 00e3bsTHUI Orchis simia Lam. 2 3
CemeiictBo KcanToppeeBbie — Xanthorrhoeaceae
Acdonenuta xenras Asphodeline lutea (L.) Rchb. 2
AconenitHa KpeIMCKast Asphodeline taurica (Pall.) Endl. 2 3
CemeiicTBO AcTpoBble — Asteraceae
Bacunék xo3uit ‘ Centaurea caprina Steven 2
CewmeiictBo BypaunukoBbie — Boraginaceae
OHOoCcMa MHOTOJTUCTHAST ‘ Onosma polyphylla Ledeb. 2 3
CemeiicrBo KanycTasie — Brassicaceae
Karpan npumopckmit Crambe maritima L. 3
Kanepco! TpaBsHUCTBIE Capparis herbacea Willd. 2
KpamennannkoBus tepeckeHoBasi | Krascheninnikovia ceratoides (L.) Gueldenst. 3
CemeiictBo KynpsiBkoBbie — Illecebraceae
TIp1HOTrOTOBHUK rOJI0BYATbIH Paronychia cephalotes aggr. 2 2
CemeiictBo bo6oBbie — Fabaceae
AcTparaj TparakaHTOBBII Astragalus arnacantha M. Bieb. 2 2
AcTpara KarneabHblit Astragalus guttatus Bankset Sol. 1
Ipok GesoBarsiii Genista albida Willd. 2 3
[ToaKOBHUK pecHUTYATHII Hippocrepis ciliata Willd. 3
Koneeununk OemHbIi Hedysarum candidum M. Bieb. 2 2
CemeiictBo KyTpoBhie — Apocynaceae
Kenapips capmatckuii Apocynum venetum (L.) Woodson subsp. 1
sarmatiense (Woodson) Avetisjan
CemeiictBo fAAcHoTKOBBIE — Lamiaceae
JKenesnunia cupuiickas ‘ Sideritis syriaca L. 2
CemeiicrBo HopnunukoBsie — Scrophulariaceae
KopoBsik BOCTOUHBII ‘ Verbascum orientale (L.) All. 3
CewmeiictBo JInuneiinbie — Liliaceae
TronpaH IyMmMCTHIA ‘ Tulipa suaveolens Roth 1 2
CewmeiicTBo Jlapannukosbie — Cistaceae
JlagaHHUK KpbIMCKUI ‘ Cistus tauricus J. Presl et C. Presl 2
CemeiictBo MatimnkoBbie — Poaceae
Ogéc 6oponmatsit Avena barbata Pottex Link 3
KoBbuib NOHTUICKMIA Stipa pontica P. Smirn. 2
CemeiictBo MakoBbie — Papaveraceae
Mauok XEnThiit ‘ Glaucium flavum Crantz 2 2
CemeiictBo CymaxoBbie — Anacardiaceae
ducraika TynoaucTHas ‘ Pistacia mutica Fisch. et C. A. Mey. 2 3
CewmeiictBo TouctsinkoBbie — Crassulaceae
KpynaouarmenvictHuk STHUHCKUR | Macrosepalum aemense (Tineo) Palanov 3
O4HnTOK KpacHeIuii Sedum rubens L. 3
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i 3 \“

Komnepus Komnepa (Comperia comperiana) ~AnakamnTic upaMUaIbHbIA (Anacamptis pyramidalis)

Puc. 4. Oxpansiemble BUIpl pactutesabHoro mupa manupyemoro I'TII3 «Crnunus» (dpoto Ceupuna C. A.)

Tao6auna 2
TakcoHoMHYecKasi CTPYKTypa oxpansiemoii (pbpakmun cropbl niianupyemMoro 3akasHuka «Cnmims»

Ne CemeiicTBO Yucao | Uncao | Ne CemeiicTBO Yucao | Yucao

POAOB | BUIOB poaoB | BHAOB
1 Orchidaceae 5 8 11 Lamiaceae 1 1
2 Fabaceae 4 5 12 Boraginaceae 1 1
3 Iridaceae 3 4 13 Asteraceae 1 1
4 Brassicaceae 3 3 14 | Scrophulariaceae 1 1
5 Crassulaceae 2 2 15 Anacardiaceae 1 1
6 Poaceae 2 2 16 Papaveraceae 1 1
7 Cupressaceae 1 2 17 Cistaceae 1 1
8 | Xanthorrhoeaceae 1 2 18 Apocynaceae 1 1
9 Pinaceae 1 2 19 Liliaceae 1 1
10 Asparagaceae 1 1 20 Illecebraceae 1 1
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Haubonee Goraroe cemeiictBo Orchidaceae mpeacraBieno 8 Bugamu u3 S pomoB. CemeicTBO
Fabaceae B 3aka3nuke BKJoYaeT 5 BUJ0B u3 4 ponos, Iridaceae — 4 Buna u3 3 ponos, Brassicaceae —
3 Buja u3 3 ponoB. OctayibHble 16 ceMelCTB B 3aKa3HUKE COCTOST U3 1-2 BUIOB U3 1-2 ponoB.

Jlanowagpmuas cmpykmypa. Viccnenyemasi TeppuTOpusi COOTBETCTBYET 30HE IMOTycyOTporuye-
CKHUX JTyOOBBIX, (PUCTAITKOBO-TYyOOBBIX U MOXKEBEIOBO-COCHOBHIX JIECOB IIUOISIKOBBIX 3apOCIieid, pac-
TMOJIOJKeHa B Mosice JyO0BO-(DUCTAIIIKOBBIX, MOKKEBEJIOBO-COCHOBHIX JIECOB M IMIMOJIIKOBBIX 3apOCIIEH.
XapakTepHbIM THUIIOM MECTHOCTH 3TOrO TOsica SIBJISIOTCS TPUMOPCKUE KPYTble U CPEIHEKPYThie
HU3KOTOPHBbIE CKJIOHBI C (PUCTAITKOBO-IyOOBO-MOXKEBEJIOBBIM PEIKOIECheM M COCHOBBIMH JIECAMU
Ha KOPUYHEBBIX IPOJMPOBAHHBIX CHJILHOMEOHUCTBIX CYIJIMHUCTBIX TMOYBAX, MOJACTUIAEMBIX YETBEp-
TUYHBIMU TJIBIOOBO-CYTJIMHUCTO-IIIEOHUCTHIMU OTJIOKEHUsAMU. B naHamadTHON CTPYKType BHIIETIEHO
24 nanamadTHHIX KOHTYpa Ha ypoBHE ypouul (puc. 5). Iuddepenunanys tanama@THeIX KOMIUIEKCOB
MpOBeJIeHA B 3aBUCUMOCTH OT NIPUYPOUYEHHOCTH K reoMopdoorniyeckum komiuiekcam. Ha ¢popmupo-
BaHUWe JIaHAIMA(THOW CTPYKTYpPHI B Tpeesiax 3ape3epBUPOBAHHON TJIOMIAIU CYIIECTBEHHOE BIIMSHUE
OKa3bIBaeT MpUMOpCKas o3uiusl. Tak, Ha TEPPUTOPHSIX, IMEIOIIUX OMKHIO MPUMOPCKYIO TTO3HIIUI0
U COOTBETCTBYIOIIMX OTKPBITHIM CKJIOHAM U BojopaszesaM, (pOpMHUPYIOTCS TUIUYHbIE TOMTYCYOTpOMNU-
Yyeckre (PUCTAIIKOBO-MOXKEBEIOBbIE M MO KEBEJIOBbIE KOMILUIEKCHl HA KOPUYHEBBIX KOPOTKOMPODUITH-
HBIX CHIbHOIIEOHUCTHIX TouBax [[To3aueniok, [Tankeesa, 2008].

Hawubornee xapaktepHbiM 1 yHUKATBHBIM ypouriem [ TIJI3 «Crimnvisi», 3aHUMAaIOIIM [IEHTPATbHYI0
YacTh, SIBJISIETCSl YPOUMINE KPYTHIX CKJIOHOB, CJIOKEHHBIX BEpPXHEIOPCKMMHU TOPOJAMHU C MOX-
KEBEJIOBBIM ~ PEIKOJIECheM Ha KOPUYHEBBIX SPOJVPOBAHHBIX CHJIBHOIIEOHHUCTBIX — CYTIMHUCTBIX
MOYBAX, TMOACTUIAEMbIX YETBEPTUUYHBIMU KOJUTIOBUAIBHBIMU  [IHIOOBO-IIEOHUCTO-CYTIMHUCTHIMU
omtoxeHussmu (7). M3-3a BBICOKOTO MPUPOJOOXPAHHOrO cratyca J. excelsa 3T0 ypouuile OCOOSHHO
[IEHHO W YHWKAQJIbHO, B CBS3M C YeM TpeOyeT CTpPOroro pexuma oxpanbl. OcoOylo KUBOMHMCHOCTS,
HEIMOBTOPUMOCTh M ICTETMYHOCTh TOPHOMY amdutearpy NpUAAET ypOUMINe OOPHIBHCTHIX CKJIOHOB
TOPHBIX MAaCCHUBOB, CJIOKEHHBIX CPEAHEIOPCKUMM OTJIOKEHUSIMH C E€IMHUYHBIM [POU3PACTAHUEM
MO:KeBeJIbHUKA BBICOKOTO (8). B cuity M301MpOBaHHOCTU U TPYJHONOCTYITHOCTH, YPOUHMIIE SIBIISIETCS
CBOEro poja pepyruyMOM PETUKTOBBIX, KPACHOKHIKHBIX U SHIEMUYHBIX BUJIOB PACTEHUN U CyOCpean-
36MHOMOPCKOW pacTUTeIbHOCTU. CKJIOHBI MACCUBOB C OCTaHIIAMU BBIBETPUBAHUS PUUYJIMBLIX (DOpM
UMEIOT TMEeH3aXHYI0 U SCTETUYECKYI0 TIPUBJIEKATeIbHOCTh. LIeHHBIM B OMOIIEHOTMUYECKOM TUIAHE SIBJISA-
eTCcsl ypOouHIle KPYThIX CKJIOHOB C JyOOBO-MOXKEBEJIOBBIMHU JIECAMHU C SJUHUYHBIMH SK3eMIUISIpAMU
BUJIOB cOCeH (c. OpyTtuiickoi u c. [Tayuiaca) Ha KOPMYHEBBIX SPOIUPOBAHHBIX CHIIBHOIIEOHHUCTBIX JIETKO-
CYDJIMHUCTBIX TIOYBAX, MOACTUIAEMBIX YETBEPTUUYHBIMU KOJUTIOBUAIBHBIMU IIEOHUCTO-CYTIMHUCTHIMU
omioxkenusamu (13). B mpenenax storo ypouuina ormedeHsl BUbl, BHeCEHHBIE B KK P® [Kpachas
kHura Poccuiickoit @enepanyu, 2024] u KK C [Kpachas kaura ropoga Ceacronosns, 2018] — Pinus
brutia, P. pallasiana, J. excelsa w J. deltoides. B moanecke MMpOKO MpeACTaBIeHa WIJIUIA KOJoJast
(Ruscus aculeatus 1..) [KpacHas kuura ropoga Cesactomons, 2018]. OTMeueHbl BUIbBI CEeMeENCTBA
Orchidoideae [Kpachas knura Poccuiickoit Penepanum, 2024; KpacHas knura ropoga CeBacronosis,
2018]: aHakamnTuUC NUpaMUAAIBHBIN (Anacamptis pyramidalis), ATpHILHUK NyprypHbld (Orchis
purpurea), si. MeIKOTOueuHbIdl (Orchis punctulata), s. obe3bstauii (Orchis simia), xomriepus Kommepa
(Comperia cjmperana), peMHesnenecTHUK kos3uit (Himantoglossum caprinum), oppuc OBOJIOHOCHAS
(Ophrys oestrifera) n np.

B npumopckoil yacT XapaKTepHO YpOUMILE KPYTHIX CKJIOHOB, CJIOKEHHBIX BEPXHEIOPCKUMU
nopoamMu ¢ (pUCTAIIKOBO-TyOOBO-MOXKEBEIOBBIM PEIKONIECheM C EJUHUYHBIMU SK3EMIUISIpaMU
coceH (c. Opytuiickoil u c. Ilannaca) Ha KOPUYHEBBIX SPOIUPOBAHHBIX CHUJIBHOIIEOHUCTBIX CYIJIMHH-
CTHIX MOYBAX, MOJACTUJIAEMbBIX YETBEPTHUHBIMY KOJUTIOBHAIBHBIMU TIIHIOOBO-IIEOHUCTO-CYTIMHUCTHIMU
omioxenusmu (6, 10). Berpewaercs dpucramka tynonuctHas ( Pistacia mutica) [KpacnHas kaura Poccuid-
ckon Deneparmu, 2024; KpacHas kaura ropoga Ceacronons, 2018], B nmoajiecke — HUIMIA KoJIovas
(Ruscus aculeatus)[Kpacnas knura ropoga Ceacromnoiis, 2018].

18



IIPUPO/IOOXPAHHAA IJEHHOCTD U IIEPCIIEKTHUBbBI CO3/JAHUA ITPUPO/THOI O 3AKA3HHKA

«CITHJTHA» (CEBACTOIIOJIb)

YépHoe MOpe

Puc. 5. Kaprocxema nanaimagTHON CTPYKTYpBI IepCrieKTUBHOTO K 3anoseaanuio [ TIJI3 «Crmmms»

Yenosnvie 0603navenus: 30Ha TOMYCYyOTPONUYECKHUX IyOOBBIX,
(pucTanKoBO-IyOOBEIX U MOXKEBEIOBO-COCHOBBIX JIECOB IIMOJISKOBBIX
3apocinei. [Tosic 1y60BO-(PUCTAIIIKOBBIX, MOKKEBEIOBO-COCHOBbIX JIECOB
1 IMIVOJISIKOBBIX 3apOCIIeH.

Tun mecmrnocmu: TIpUMOpcKMe KpyThle M CPEJHEKPYThie HU3KO-
TOpHBIE CKJIOHBI C (PUCTAIIKOBO-{yOOBO-MOXIKEBEIOBBIM PEIKONEChEM
U COCHOBBIMH JIECAMU Ha KOPHYHEBBIX POAMPOBAHHBIX CHIIBHOIIEOHH-
CTHIX CYDJIMHHCTHIX II0YBAX, MOACTIJIAEMbBIX YETBEPTUUYHBIMU [JIBIOOBO-
CYDJIMHHUCTO-IIEOHNUCTHIMU OTIIOKEHHUSIMU.

Vpouuwa: 1 — KpyThie CKJIOHBI, CIIOXEHHBIE CPEJHEIOPCKUMH
nopojiamMu ¢ (hparMeHTaMH NeTPO(UTHOH PACTHTEIBHOCTH C y4acTHEM
BHIOB acOIEINHBI M acTparaja TParaHTOBOTO Ha KOPHYHEBBIX 3POMH-
POBAHHBIX CHJIBHOIIEOHUCTBIX JIETKOCYIJIMHUCTBIX 10YBaX; 2 — KPyThle
CKJIOHBI, CJIOKEHHBIE CPEIHEIOPCKMMM IMOPOJAMH C KyCTApHUKOBBIMU
3apOCIISIMU THIIA [IMOJISK U HeTPOPUTHBIMHU CTEISIMU Ha KOPHYHEBBIX 9pO-
JVPOBAHHBIX CHJIBHOMIEOHUCTHIX JIETKOCYIIMHUCTBIX TOYBAX; 3 — OaIKu
C KYCTapHMKOBBIMH 3apOC/ISIMM JIepKH-JepeBa KOJIOYero, jacMHHa
KYCTapDHHKOBOrO M rpa0a BOCTOYHOTO Ha KOPHYHEBBIX IIEOHHCTHIX
[0 CKJIOHAM SPOAMPOBAHHBIX, B [HMIIE HAMBITHIX IOYBAX, IIOJCTH-
JIAEMBIX YETBEPTUYHBIMU JIE/TIOBHAJILHO-TIPOTIOBUAIBHBIMU  IIEGHUCTO-
CYDJIMHUCTBIME  OTVIOXEHUSIMH; 4 — KpyThle TIPAaBUTALOHHBIE CKJIOHBI
(OCBHINM) C EIMHUYHBIMU SK3EMIUIIPAMHU MOXKEBEJBHUKA BBICOKOTO
¢ (pparMeHTapHBIMH KOPOTKOIPO(HIBHBIME KOPHYHEBBIMU OYBAMHU
U CKOILICHHSIMH ITIBI0OBO-IIIEOHKCTHIX OTIOKEHUI M3 OOJIOMKOB BEpXHe-
I0PCKOTO U3BECTHSIKA; 5 — IIPUMOPCKUE OOPBIBUACTBIE CKJIOHBI, CJIOKEHHBIE
BEPXHEIOPCKMMU OTIIOKEHUSAMH C SAUHUYHBIM TIPOM3PACTAHHEM MOKIKe-
BEJIbHUKA BBICOKOTO; 6 — KPYThIE CHJIbHOSPOAMPOBAHHbBIE CKJIOHBI, CJIO-
JKEHHBIE BEPXHEIOPCKMMU OTJIOKEHUSAMHU C eAMHUYHBIM [IPOU3PACTAHHEM
MO KEBEJIbHUKA BBICOKOTO ¥ (PUCTAIIKHU TYIIOIMCTHOM; 7 — KPyThIe CKJIO-
HbI, CJIO)KCHHBIE BEPXHEIOPCKUMH NOPOJaMU C MOJKKEBEJIOBBIM peJIKoOIIe-
CbEM Ha KOPHYHEBBIX SPOAMPOBAHHBIX CHJIBHOIIEOHUCTBIX CYTIMHHCTBIX
[OYBAX, MOACTUIAEMBIX YETBEPTUYHBIMU KOJUTIOBHAJIBHBIMH [JIBIOOBO-
IeGHUCTO-CYITIHHUCTBIMU OT/IOKEHUSAMHU; 8 — OOPBIBUCTBIE CKJIOHBI TOp-
HBIX MACCHBOB, CJIOKEHHBIE CPEAHEIOPCKMMHU OTIOKEHUSIMY C SAMHUYHBIM
HPOU3PACTAHUEM MOXKEBEJIBHUKA BHICOKOTIO; 9 — Gajikul ¢ (PHCTAIIKOBO-
MOYKEBEJIOBO-[yOOBBIM ~ PEIKOJIEChEM HAa KOPHYHEBBIX [IIEOHHMCTHIX
[0 CKJIOHAM SPOJMPOBAHHBIX, B [IHMIIE HAMBITHIX IOYBaX, IOJCTH-
JIAEMBIX YETBEPTUYHBIMU JE/TIOBHAIBHO-TIPOIIOBUAIBHBIMU  [EGHUCTO-
CYDJIMHUCTBIME OTIOKECHUAMM M €IUHMYHBIMH IibiOamu; 10 — KpyThie
CKJIOHBI, CJIOXEHHBIE BEPXHEIOPCKMMH [OPOAAMH C (DUCTAIIKOBO-1y00BO-
MOJKKEBEJIOBBIM PEIKOJIECEM C EIMHMYHBIMU SK3eMIUISIPAMH COCHBI
(6pyrmitckoit u Ilaytaca) Ha KOPHUYHEBBIX SPOMMPOBAHHBIX CHIIBHO-
[EeOHUCTBIX CYIIMHUCTBIX [10YBaX, MOJCTH/IAEMbIX YEeTBEPTUYHBIMU
KOJUTIOBUAJIBHBIMU  [JIBIOOBO-1IEOHUCTO-CYITIMHUCTBIMU  OTVIOXKEHHSIMU;
11 —KpyThle M CpeJHEKpYyThle CKJIOHBI, CJIOXEHHbIC BEpXHEIOPCKHUMHU
HOPOJIaMH C COCHOBBIMH JIECAMH ¥ €MHUYHBIM [IPOM3PACTAHHEM MOX-
KEBEJIHUKOB (BBICOKOrO M [EJIBTOBH/IHOTO) Ha KOPHYHEBBIX 3POIMPO-
BAaHHbIX CHJIBHOIIEOHUCTBIX JETKOCYIIMHUCTBIX MOYBAX, MOACTHIAEMBIX

YETBEPTUYHBIMU  KOJUTIOBHAJIBHBIME ~ CYTIMHHCTO-IEOHUCTBIME ~ OTJIO-
KEHUSIMHU; 12 — KpyThle CHJIBHOPOIMPOBAHHBIE CKJIOHBI, CJIOXKCHHbIE
ApTrUUTUTOBBIMI OTJIOKEHUSMHU C €OUHUYHBIM IIPOM3PACTAHHEM MOKIKe-
BeJIbHUKA BBICOKOTO, cocHbI [lamnaca U TepeckHeHHHKaMy; 13 — KpyThle
CKJIOHBI C JJyOOBO-MO’KJKEBEJIOBBIMHU JIECAMU C €AMHUYHBIMU SK3EMILIsI-
pamu cocHel (Opytuiickoii u Ilajmaca) Ha KOPHYHEBBIX 3POAMPOBAH-
HBIX CHJIBHOIIEOHHUCTBIX JIETKOCYIIHHUCTBIX MOYBAX, IOJCTHIAEMBIX
YETBEPTHYHBIMU  KOJUTIOBHAJIBHBIME  IIEOHHCTO-CYIIMHUCTBIME ~ OTJIO-
JKEeHUAMHU; 14 — KpyTble TeppacMpOBaHHBIE CKJOHBI C I0CAJIKaMU
cocHbl [lamnaca u c. OpYTHHCKON € JyOOBO-MOXKEBEJIOBBIMH JIECAMU
Ha KOPUYHEBBIX 3POJMPOBAHHBIX CHJIBHOIIEOHHUCTBIX JIETKOCYJIMHICTBIX
MOYBaX, MOJACTUIAEMBIX YETBEPTHYHBIMU KOJUTIOBUAIBHBIMU IIEOHHUCTO-
CYIIMHHUCTBIMUA  C  BKJIIOYEHHEM IJIBIO OTIOKEHUAMH; 15 — KpyThle
TeppacHpoBaHHbIE CKJIOHBI C TTOCAAKAaMU COCHBI OpyTuiickoil u IMamnaca;
16 — BomOpa3esIbHO-TPSIIOBbIE € TyOOBO-MOMKIKEBEJIOBBIM  pelKoIIe-
cbeM C IeTpOo(UTHBIME COOOIIECTBAMYU C BKJIIOYEHHEM BHUIOB accoze-
JmHBL;, 17 — BOZOpa3eNbHO-TPSIIOBbIE M OCTAaHIIOBO-BOAOpA3/e/IbHbIE
AHTPOIOTeHHO-TIPe00pPa30OBaHHbIE C €JUHUYHBIMHU SK3eMIULIPAMU MOX-
JKEBEJIbHHUKA BBICOKOTO M NeTPO(UTHBIMYI COOOLIECTBAMH C BKJIIOUEHHUEM
TOJIBIHU U KOBBUISL Ha (PparMeHTapHBIX KOPOTKONPO(MUIbHBIX KOPHYHE-
BBIX TI0YBAaX M CKOIUICHUSIX DJIBIOOBO-IIEOHHUCTHIX OTIOXEHUH U3 00JIOM-
KOB CPE/IHEIOPCKOr0 U3BECTHSAKA; 18 — KpyThle CKJIOHBI C MOKKEBEJIOBBIM
pEelKoTecheM B KOMILIEKCE ¢ TyOOBO-IPaOMHHHUKOBBIMU JIECOIIMOISAKA-
MH; 19 — KpyThle IpaBUTALMOHHBIE CKJIOHBI (OCBIIM) C €IMHMYHBIMU
9K3EMIUIIPAMH MOXCKEBEJIbHIKA BBICOKOIO C yJacTHEM acTparajia Tpa-
TaHTOBOTO C (pparMeHTapHBIMM KOPOTKONPO(DUIBHBIMU KOPHUYHEBBIMU
MOYBAMH H CKOILIEHUSMU TIBIOOBO-IIEOHUCTBIX OTIIOKEHUH U3 00JIOMKOB
CPEIHEIOPCKOro U3BECTHsIKA; 20 — KPYThe CKJIOHBI C MOJKKEBEJIOBBIM Pell-
KOJIEChbeM Ha KOPUYHEBBIX SPOAUPOBAHHBIX CUIHOIEOHUCTBIX JIETKOCY-
IJIMHUCTBIX TI0YBAX, IOJCTUIAEMBIX YETBEPTUYHBIMI KOJUTIOBUAIBHBIMU
EeOHICTO-CYNIMHUCTBIME OTJIOKEHUSAMU; 21 — KpyThie M CpeHEKpyThie
AHTPOIIOTeHHO-TIPe00pa30OBaHHbIE CKJIOHBI C €JMHUYHBIMH SK3eMIULIPaMU
MOKEBEPHIKA BBICOKOTO, JKACMUHOM KyCTADHHKOBBIM M acTpaKaH-
Thl KOJIOYKOBOH HAa KOPUYHEBBIX SPOIUPOBAHHBIX CHIIBHOMIEOHHCTHIX
JIETKOCYIVIMHHUCTBIX IOYBAX, INOACTHIAEMBIX YeTBEPTUYHBIMU KOJLIIO-
BHAIBHBIMU  IIEOHUCTO-CY[JIMHUCTBIMU ~ OTJIOKEHUAMH; 22 — KpyThle
U CPEHEKPYThIe CKJIOHBI C MOXJKEBEJIOBBIM PE/IKOJIECheM B KOMILIEKCE
¢ y00BO-rpaGMHHUKOBBIME JIECOIIMOIAKAMU U SICEHEM OOBIKHOBEHHBIM
Ha KOPUYHEBBIX 3POJMPOBAHHBIX CHJIBHOIIEOHHUCTBIX JIETKOCYJIMHICTBIX
MOYBaX, MOJACTUIAEMBIX YETBEPTHUYHBIMU KOJUTIOBUAIBHBIMU IIEOHHUCTO-
CYIIMHUCTBIMU OTJIOKEHUSIMY; 23 — IPUOPOBOYHBIE CKJIOHBI, CIOKEHHBIE
CPEIHEIOPCKUMH OTIOKEHHSMH C TOJBIHHO-3TAKOBBIMU M TIETPOUT-
HBIMHM COOOIIECTBAMU Ha KOPHYHEBBIX KOPOTKOHPOMMIBHBIX IOYBAX;
24 — KpyTble U CpPEOHEKPYThIe CKJIOHBI C MOJIBIHHO-3/IAKOBBIMU U HETPO-
(pUTHBIME COOOIECTBAMHU C YYaCTHEM acTparajia TparaHTOBOIO U BHIOB
acco/IeIMHbI Ha KOPHYHEBBIX SPOANPOBAHHbBIX CHIIBHOIIEOHUCTBIX JIETKO-
CYIJIMHHCTHIX MOYBaX, MOJCTHJIAEMBIX YETBEPTUYHBIMHI KOJUTIOBUAJIBHBI-
MM IEGHUCTO-CYITIHHUCTBIMU OTIOKEHUSIMU.
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Penkum sBisieTcs ypouuIe KpyThiX CHIIBHO9POAUPOBAHHBIX CKJIOHOB, CIIOKEHHBIX aprUJUIMTOBBIMU
OTIOKEHUAMH C €AUHUYHBIM IIPOU3PACTAaHUEM MOKKEBEJIBHAKA BBICOKOTO, cOcHbI [anaca u tepecken-
Hukamu (12). 3pech otmeueH apean penkoro ajas KpeimMa Buza, HyKJAIOLIErocss B OXpaHe Ha peruo-
HaJIbHOM YPOBHE — KpaIlleHUHHUKOBUS TepeckeHoBasl (Krascheninnikovia ceratoides) [Kpacnast kaura
ropona Cesacronosns, 2018].

JlJ11 BOCTOUHOM 4acTH 3ape3epBUPOBAHHON TEPPUTOPUN XapAKTEPHBI yPOUMILA KPYTHIX U CPEOHEN
KPYTU3HBI CKJIOHOB C IIpOM3pacTaHreM cocHbl OpyTuiickoi u c. [Tammaca (11, 14, 15). Tunuunbl Kanepcsl
tpaBsiHucteie (Capparis herbacea) [Kpacnas kaura ropoga Ceacronons, 2018].

B 3anagHoit vactu 3akasamka [TIJI3 «Crimws» Ha CKJIOHAX ¢ OJMVKHEW MPUMOPCKOW TO3UITU-
el (popMUPYIOTCA ypouMIlia KPYTHIX CKJIOHOB C NETPO(PUTHBIMM aC(ONEINHOBBIMU U KOBBUIBHBIMU
coOo0IIeCTBAMU B KOMILIEKCE ¢ KYCTAPHUKOBBIMH 3apOC/ISIMU TUMA HIMOJSAK U €JUHUYHBIM [TPOU3pPAC-
TaHWeM MOxCkeBeJbHHKA (1, 2, 4). OBpa)HO-OAJOYHBIA TUIT MECTHOCTH JOCTATOYHO PACIPOCTPAHEH
B IIpeJIojiaraéMoM IPUPOAHOM 3akasHUKe (3, 9). Ypouuia BogopasienbHO-TPSIOBBIE U OCTaHIIOBO-
Bopopazzenbhbie (16, 17) ¢ nerpoduTHBIMH, acOIeTMHOBHIMU M KOBBUTBHBIMU cOOOIIeCTBaMH (pop-
MUPYIOTCS Ha TEPPUTOPUSAX C MAKCUMAJIBHOM aHTPOIIOTEHHOM HAarpy3KOM.

3aKpBIThIE CEBEPHBIE CKJIOHBI IUIAHMPYEMOTO 3aKa3HUKA MMEIOT MEPEXOAHBIE YEPTHI K JaHImad-
TaM CPEIHETOPbs (30HBI IMPOKOIMCTBEHHBIX M COCHOBBIX JIECOB CEBEPHOTO MaKpOCKJIOHA Top; Iosca
AyOOBBIX U CMEIIAHHBIX MIMPOKOJIMCTBEHHBIX JIECOB HA SPO3MOHHOM CpeiHeropbe). OIHAKO OTKPHITHIE
I0)KHBIE CKJIOHBI, UMEIOIIME OJIVKHIOI TO3UIIMIO K MOPIO, 3aHATHl YPOUMIIIAMH KPYTHIX CKJIIOHOB C MOKKeE-
BEJIOBBIM PEIKOJIECEM B KOMILIEKCE C TyOOBO-IpaOMHHUKOBBIMH JiecotmOmnsikamu (18, 19, 20). FOxnas
MIPUMOPCKAsl YaCTh MPEAINONaraeéMoro 3aKa3HuKa 3aHsATa KPYTHIMUA U OOPBIBUCTBIMU KJIM(DOBBIMU CKJIO-
HaMH, CJIOKEHHBIMM BEPXHEIOPCKMMU WM3BECTHSAKAMU C €JVUHUYHBIM MOXKEBEJIBHUKOM BBICOKMM (5).
Y nogHOXMs1 OOPHIBUCTHIX KIM(POB CHOPMUPOBAIICS Y3KUN IUISKEBO-OCHUEBBI KOMITIIEKC, CIIOKEHHBIH
I'PaBUITHO-TaIeYHUKOBBIMU 1 ITTIOOBBIME OTJIOKEeHUAMH. Ha mutspkax BcTpeyaeTcst KaTpaH IpMMOPCKUH
(Crambe maritima) [Kpacnas kaura Poccuiickonn ®enepannu, 2024; KpacHas kaura ropoga Cesacro-
nong, 2018].

Yepo3wtr ouonozuueckomy u ranowadpmuomy paznoodpasuro. 3HAUNTETLHON YTpO30H /I TUIa-
HUPYEMOH K 3alI0BEIaHUIO TEPPUTOPUH SABJIAETCS YHUUTOXKEHNAE PACTUTEILHOTO IIOKPOBA IO BIMSHUEM
HEHOPMUPOBAHHBIX PEKPEAlMOHHbIX HAarpy30K, OpaKkOHbEPCKOW BBIPYOKM, IOXKApPOB U JBUKECHUS
ABTOTPAHCTIOPTA. YBEJIMYEHUE PEKPEAlMOHHOW Harpy3Kd Ha TEPpPUTOPHIO TPUBOAMUT K (opmMupoBa-
HMIO JOPOKHO-TPOIMHOYHOI CeTH, oTMevaeTcs 3amycoprBaHie. CTpOUTEILCTBO OObEKTOB BPEMEHHOM
peKpeanyi ¥ KOCTPHUIIA BCTPEUAOTCs B Haubosee IeHHBIX COOOIIECTBaX, 00pa3yeMbIX OXpaHsSEeMbIMU
BujaMU. [IOUBEHHO-PACTUTENBHBIN MOKPOB B MECTaX HECTALMOHAPHBIX PEKPEallMOHHbIX OOBEKTOB
WCIIBITHIBAET 3HAUMTEIHOE aHTPOIIOTEHHOE BJIMSAHME, HAa OTAEIbHBIX YYaCTKaX OTMEUYEHa pa3HOH cTe-
MeHU Jerpajauusi TPaBsHOIO MOKPOBAa M CUJIbHOE IMOBpEXAEHHE OTAEIbHBIX JepeBbeB [Kammpuha,
[TankeeBa, 2023]. OgHUM M3 KpallHE HETaTUBHBIX (DAKTOPOB, BIUSIONIMX HA COBPEMEHHOE COCTOS-
HHME TPUPOIHBIX KOMIUIEKCOB IiaHupyemoro OOIIT, sBinsiercss opraHu3anys MOTOTYpPOB, OCOOEHHO
«9HAYPOTYpOB». Takol BU AEATETFHOCT HAHOCUT HETIONIPABUMBIN YPOH PaCTUTEIEHBIM COOOIIECTBAM
Y OTAEJIbHBIM IOMyIAuMAM BUIOB, 3aHecEHHBIX B KK P® un KK C. [Ina teppuropun miaHupyeMo-
IO 3aKa3HMKA OCTAETCsl yrpo3a YHUUTOKEHUsI NMPUPOAHBIX KOMILJIEKCOB B pE3YyJIbTaTe CTPOUTEIILCTBA,
IIOCKOJIbKY NPWJIETAIOIINE K HEMY YYacTKM OTHAHBI IIOJl YACTHYIO 3aCTPOMKY. DTO NPUBEINET HE TOJIb-
KO K IIOJJHOMY YHUYTOXXEHMIO PAaCTUTEJBHOIO NOKPOBA B MECTaX CTPOMTENILCTBA, HO U K (pparMeHTa-
MM ¥ YHUYTOXCHUIO €CTECTBEHHBIX JIAaHMIIA(pTOB U, TPEKIIE BCEro, COOOIIECTB ¢ yyacTueM J. excelsa
u J. deltoides, pa3pylieHUI0 MECTOOOUTAHUI OXpaHseMbIX BUIOB (popsl M payHbl Ha 3HAUUTEILHOM
yIQJIEHUH OT ceMMTeOHbIX 30H. HapyleHne pacTUTebHOro MoKpoBa CrocoOCTBYET PacHpOCTPAHEHUIO
VHBAa3MOHHBIX BUJIOB, TAKUX KaK alJiaHT Belcoyanuiul (Ailanthus altissima) u ONyHIMS CTEMIONIASCS
(Opuntia humifusa), KOTOpble yrpoxaroT ouonornyeckoMy pasHooopasuio mianupyemoro OOIIT [Bar-
pukoBa, 2013; barpukosa, bonnapesa, Poidd, 2014]. K npuponHsiM pakTopam HEraTUBHOTO BIIMSIHUSA
Ha COCTOSTHHE PUPOIHBIX KOMITIEKCOB OTHOCSITCS OMIOJI3HM, a0pas3usi, 3po3usi, 00BAIIBI M CEIICMUYHOCTb.
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IIPUPO/IOOXPAHHAA IJEHHOCTD U IIEPCIIEKTHUBbBI CO3/JAHUA ITPUPO/THOI O 3AKA3HHKA
«CITHJTHA» (CEBACTOIIOJIb)

Bce ykazaHHbIe yrpo3bl HETaTUBHOTO BO3/IEHCTBHS BIMSIOT HA OTIENIbHBIE 0COOU U Ha (PUTOLIEHO3
B IIeJIOM: U3MEHSETCsI CTPYKTypa cooOmecTBa, (hIOPUCTUIECKUI COCTaB, BEPTHKAJIBHOE M TOPU30H-
TaJIbHOE CTPOCHUE, MPOSKTUBHOE MOKPBITHE, COMKHYTOCTh, JOMUHHPOBAHUE, MPOIECCH BO3ZOOHOBIIE-
Hus [BbricokoMoxk:keBesoBbIe Jeca ... , 1992; Tunyx, 1992; Kobeunnckas, Otypuna, 1998; ®arepsira,
2009; JlaBpos, bainkosa, [Lyrarap, 2011; Inyraraps, 2015].

[Mpunanue r. Ciivims 3aroBeJHOTO cTaryca Oyner criocodcTBoBath hopmupoBanuio 3kocetu OOIT
r. CeBactonons. OOBEKT BXOAWT B COCTaB SKOIEHTPOB «AMs-CapbluCKUil MPUMOPCKUN» U «3aragHo-
IOxxHOGepexHbII» FKoNmormueckoro kapkaca (ceru) Kpeima. [Pa3zpaboTka cxembl permOHaIbHOM KO-
noruyeckou cetu ... , 2008]. Teppuropusi ['TIVI3 «Croutus» sBisieTCs: SKOJOTMUYECKUM KOPUIOPOM
PErHOHAIIBHOTO YPOBHsI, KOTOPBIN CBA3BIBAET JIAHAMIA(DTHI MPEArOPHOrO, TOPHOTO M I03KHOOEPEKHOTO
perroHoB KpbiMa, 1o Kotopomy ocyiiecTBiisieTcst Murparus ¢piopsl v (ayHsl. [TpuOpekHas HU3KOrop-
Hasl 30Ha xHOOepexkHoro komruiekca ['TII3 «Crvnwvs» npeacTaBisieT camMblid JOCTYIHBIA ¥ YIOOHbIN
nyTh 0OMeHa mexay [Ipearoppem u FOxubIM 6eperom KpbiMa. [lerpananus 0:xHOOEpeKHBIX JTaHaIIad-
TOB B 3aMaJHON MPUOPEkKHON YacTu paiioHa npuBeaeT K uzomsauu 0xnoro 6epera u [Ipenropwsi, Tak
KaK 4yepe3 BOCTOYHYIO OKpauHy ropHoro KpeimMa uaer oOMeH, IaBHbIM 00pa3oM, CTEMHBIMH BUIAMH.
Dta CBA3b IOCTATOYHO CHJIbHAS: CTETleHb B3anMoyeiicTBus Mexay HOxubivM 6eperom Kpbiva u CpenHe-
ropbeM orieHuBaetcs B 50 %, a Mexay paBHUHHBIM M TOpHBIM KpbiMoM — okosio 45 % [I'puriankos,
1977].

Jlangmadpe I'TIUI3 «Crimnus» omMvaoTes: BHICOKMM YPOBHEM ITPUPOAOOXPAHHOM IEHHOCTH, UX Ha-
y4YHasi 3HAUUMOCTh OOYCJIOBJIeHa (DIOPUCTUYECKUM M (PayHUCTHUECKMM Pa3HOOOpa3ueM OHOIIEHO30B.
Jlanmmad el 001aJaI0T aTTPAKTUBHOCTBIO. B TO e BpeMsi MpUpOIHbIE CUCTEMBI SIBJISIIOTCSI OTKPHITHIMU
U, KaK CJIe[ICTBUE, OUeHb yS3BUMBbIMU, OHM HE MOTYT YCTOWYMBO (DYHKIIMOHMPOBATh O€3 MpOBeICHUs
KOMIUIEKCA TPUPOAOOXPAHHBIX MEPOIIPUATHIA.

Heob6xomumo 3ameruts, uro Ha Tepputopuu [TIJI3 «Crwmms» COXpaHWINCh HCTOPUKO-
apXxeoJI0rM4ecKre NaMsATHUKY pa3InYHbIX HICTOPUUECKUX MOX, HAXOASALIMECS B XOPOILE COXPAaHHOCTH
Y MMEIIME HAyYHOE U PEKPEealMOHHO-IIPOCBETUTENBCKOE 3HaueHue. Cpeau HUX octarku (poptudu-
KallMOHHBIX coopy:keHuid KoHua XIX B. — Havana XX B. — «®Popt FOkHBII» ¢ COXPAHUBLIMMUCS
OeuturepatuBHbIMU JaHAmagTaMu. OH MpeacTaBiseT COOOM SKCKYPCUOHHBIM OOBEKT, C KOTOPHIM
cBsi3aHbl 3HaYMTEbHBIE coObITUs I OGopons! r. Ceacronons (1941-1942 rr.). [Ipyroit MHTepecHbIN
OOBEKT — 3TO «KOPAOHHAS JIOPOTa», MOCTPOSHHAs! OANAKIaBCKUM I'PEYECKHM TapHU30HOM MJIsI KOH-
TPOJIsL CYXOITyTHOM T'paHUIlbl U coequHsBIIasg banaknapy ¢ r. ®eonocus (konen XIII B. — cepeauna
XIX B.).

Takum 0Opa3oM, UCCIIeAyeMblid PalioH LieJIecOOOPa3HO paccMaTpUBaTh KaK TEPPUTOPUIO MEPCIIEK-
TUBHYIO JUIS 3al10OBEJaHusl, IJIe BOZMOXKHBI JIMIIb OrPaHUYEHHBIE BUbl PEKPEALIMOHHON [IeATEIbHOCTH
(3KOTYpU3M).

BroiBoabl

1. TlpencraBieHbl pe3yJabTaThl KOMIUIEKCHOTO 3KOJOTMUYECKOrO OOCJe0BaHUS TEPPUTOPUN
r. Criniusi, HarpaBJIEHHOTO Ha OIpe/IeIeHUe €€ MPUPOJOOXPAHHON 3HAYMMOCTH 1Sl IPUAAHKUS cTaTyca
OOIIT.

2. YCTaHOBIIEHO, UTO MCCIIeAyeMasi TEPPUTOPUSI TIPEACTABIISIET COOOM THITUYHBIA YUaCTOK I0:KHOOe-
PEKHOTO CPeIU3EMHOMOPDS, KOTOpasi OTJIMYAETCS] BBICOKOW COXPAHHOCTBIO MOK:KEBEJIOBBIX PEIKOJIe-
cuid. BBICOKYI0 IPUPOIOOXPAaHHYIO 1IEHHOCTh MMEIOT JIECHbIE COOOIIEeCTBa, JOMUHAHTAMU B KOTOPBIX
SIBJISIIOTCS] TAKME OXpaHsieMble BUIIbL, Kak Juniperus excelsa, J. deltoides, Pinus brutia v P. nigra.

3. B Bu1oBOM cocrase 3apuKcrpoBaHo He MeHee 250 BUJOB pacTeHUI, U3 KOTOPBIX 22 BUa OXpaHs-
1orcsi B KK P®, 41 — B KK C. Oxpansiemas dppakius popsl peacTaBieHa 33 pogamMu, OTHOCAIIUMUCS
K 19 cemericTBaMm.
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4. B nanmmadrraol cTpykType mianupyemoro ['TII3 «Crmmmsi» mpeodnagaloT ypouuina KpyThIX
Y OYEHb KPYTHIX CKJIOHOB C (PUCTALIKOBO-MOKKEBEJIOBBIMU, MO KEBEJIOBBIMU M COCHOBBIMU (PUTOLIE-
Hozamu. [TokazaHo, 4To JaHIAadTH U3ydaeMOol TEPPUTOPUH OTIIMYAIOTCST OMOJIOTMUECKUM pa3HooOpa-
3M€M, PEJIMKTOBBIM XapaKkTepoM (pIopsl, aTTPaKTUBHOCTBIO, HAYYHOM LIEHHOCTBIO M CPeAooOpasyoren
3HAYMMOCTBIO.

5. OnpenesnieHsl yrpo3bl IPUPOAHOTO U AHTPOIIOTEHHOTO MPOUCXO0KAEHUS1, KOTOPBIE OKa3bIBAIOT HEra-
TUBHOE BO3JICUCTBHE Ha JlaHAIa(THOE U OMoornaeckoe pasHooopasue rianupyemoit OOIT.

6. Cozaanue ['TII3 «Cnnmmis» MMeeT BakHOE PUPOJOOXPAHHOE 3HAUEHHUE JUIS I0r0-3a1aJHOr0 rop-
Horo Kpbima. Mccnenyemast TeppuTopusi sIBJISIETCS KOJIOTMYECKUM KOPUJIOPOM PErMOHAJIBHOTO YPOB-
Hs1, KOTOPBII CBA3BIBAET JaHAApTHI IPEATOPHOTO, TOPHOTO U 10’KHOOEPEKHOTO PernoHoB KpbiMckoro
MOJIyOCTPOBA, TI0 KOTOPOMY OCYIIECTBIIsieTcst Murpanusi ¢piopbl v payHbl. [IpuOpexHass HU3KOropHas
30Ha 10kHOOepexkHoro kKomrutekca ['TIJI3 «Crimmmst» ipeicTaBIseT CaMblil TOCTYITHBIN W yIOOHBIA Ty Th
oomena mexay Ipenropeem u IOxubIM Geperom. Ilpunanue r. Crimims 3amoBegHOTO craryca OyaeT
criocooctBoBath (hopmupoBanuio skocetd OOIIT r. CeBacronons u Pecryonuku Kpeim.
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IIAHKEEBA T. B., KAIIUPUHA E. C.

THE ENVIRONMENTAL VALUE AND PROSPECTS FOR THE CREATION OF «SPILIA»
NATURAL RESERVE (SEVASTOPOL)
Pankeeva T. V., Kashirina E. S.
A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
e-mail: tatyanapankeeva@yandex.ru, e_katerina.05@mail.ru

Abstract: The results of a comprehensive ecological description of the territory of the city of Spilia are pre-
sented to determine the environmental value and the subsequent creation of a specially protected natural area —
the state natural landscape reserve ”Spilia”. The planned reserve is located in the federal city of Sevastopol, with
a total area of 119 hectares. Based on archival, literary data and field studies, it was determined that the terri-
tory of the planned natural reserve ”Spilia” is characterized by biological and landscape diversity, the presence
of plant species listed in the Red Book of the Russian Federation and the city of Sevastopol. Forest communities
are of high conservation value, dominated by such protected species as Juniperus excelsa M. Bieb., Juniperus del-
toides R. P. Adams, Pinus brutia Ten and Pinus nigra J. F. Arnold subsp. pallasiana (Lamb.) Holmboe. At least
250 plant species have been recorded in the species composition of phytocenoses, of which 22 species are protected
in the Red Book of the Russian Federation, 41 in the Red Book of Sevastopol. The protected flora fraction is repre-
sented by 33 genera belonging to 19 families. The landscape structure of the planned Spilia State Nature Reserve
is dominated by tracts of steep and very steep slopes with pistachio-juniper, juniper and pine phytocenoses. It is
shown that the landscapes of the studied territory are distinguished by biological diversity, relict nature of flora,
attractiveness, scientific value and environmental significance. It was revealed that the recreational load and un-
regulated movement of vehicles have a significant impact. The preservation of the protected status will contribute
to the preservation of unique complexes and the formation of an ecological network in Sevastopol and the Republic
of Crimea.

Keywords: specially protected natural areas, nature reserve, protected species, landscape structure, Red Book,
Sevastopol, Spilia
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BUOPA3HOOBPA3UE H YCTOUYHUBOE PABBUTHE 2026 T. 11, évin. 2. C. 25-35

VK [597.2/.5:556.11](282.253.1) DOI: 10.21072/ec0.2026.11.2.03

NXTUOPAYHA PEKU HOHFHAIZ B I'PAHUIIAX HAIIMOHAJIBHOTI'O
IMAPKA KATTBEH (BBETHAM) C YYETOM ®U3NKO-XUMHNYECKHUX
IMAPAMETPOB CPE/Ibl OBUTAHUA B CE3ZOH I[O)I(I[Eﬁ :

Tuxonosa E. A.l, Conosséa O. B.!, Cunopos HU.T.!, Aassos I. P.12, I'ycesa E. B.!,
Hryen Yonr Xuen®, By Txou Munn Yay?, Jle /Ipik Mans?, Maii Kyanr Tysn>,

Jle Munb Tyan*

' @rBYH ®UL] «Hncmumym 6uonozuu 10xcrvix mopeii umenu A. O. Kosanesckozo PAH,

2. Cesacmononw, Poccuiickas @edepayus,
e-mail: tikhonova_ea@ibss-ras.ru
2 Hucmumym npo6nem sxonoeuu u seonouuu um. A. H. Cesepyosa PAH, 2. Mockea, Poccuiickas ®edepayus,
3 FOarcroe omoenenue Cosmecmmozo Poccuiicko-Boemmnamckozo Tponuueckozo HayuHO-UCCAe008aMeNbCKozo
U MEeXHOA0UUECK020 ueHmpa, 2. Xouwumur, Beemnam,

4 Hucmumym nayxu u mexnonozuti no snepzemuxe u oKpyvscaroueii cpede Boemnamckoii akademun Hayx
u mexuonozuit, 2. XomumuH, Beemnam

Annoranus: OmnpeneneHsl OCHOBHbIE (PM3UKO-XUMHUYECKHE XapaKTepHCTHKHM BoAabl p. [lOHrHail Ha ydvacTke
AKBaTOPUM HalMOHaIBHOTO napka KarteeH (BbeTHam), KOTOpBIE COCTABIISIM: TEMIEpaTypa BOIObl B TIOBEPXHOCT-
HOM cjioe — oT 26,4 po 27,5 °C, B npugonHoM — 26 °C, pH Bogsl — oT 6 10 9, conep:xaHue Kucaopona
6omee 4 Mr/1, 3HaUeHU s AEKTponpoBogHocTU HIKe 50 pCm/cM, CONEHOCTh COOTBETCTBOBAJIA ITPECHOM BOJIE; KOH-
LIEHTpalMs] B3BEIIEHHOTO BEIeCTBA B MOBEPXHOCTHOM CJIOE BOMBI B cpefHeM Obuta 46,3 + 8,6 Mr/i1, B IpUIOH-
HoM 61,7 £ 13,1 mr/n. Bee moka3zareny HaXOOWIINCh B MpeJeiax HOPMAaTHBOB M COOTBETCTBOBAJIM Bozie YPOBH:A b
(cpenHee kadecTBO BoAbl). JJaHHBIE YCIOBHS SIBJISIIOTCS] OArornoayyHbIMH s CYLIECTBOBAHUS U Pa3BUTHS PHIO.
OtmeueHo 14 BuOB prIO, 11 M3 KOTOPHIX UMEIOT KOMMEpUYECKoe 3HaUeHHe Kak OOBEeKTHl IPOMBICIIA W/WIN aKBa-
KYJIBTYPbl WJIM UCTIONB3YIOTCSI KaK OOBEKT MECTHOro mpomsbicia. OauH BUA — Xpamydis repiaxa Onychostoma
gerlachi (Peters, 1881) BKJTIIOYEH B epeyeHb BUJOB, HAXOASIIIUXCS MO/ yTPO30M UCUE3HOBEHUSI, OJHAKO €r0 BHUIOB
pa3peniéx npy coOMIOIEHUN OTPaHIYCHUI 110 Pa3Mepy U Ce30HY.

KiroueBble cioBa: (U3MKO-XMMUYECKHME IapamMeTpsl BoOubl, UXTHOdayHa, p. JOHrHall, HAMOHAJIbHBINA MapK
Kartben, BbetHam

BBenenne

Harmonanehsiil napk Karrteen Haxogutcsi Ha ore BoetHama B 160 kM K ceBepy OT I. XOIIMMUHA.
OH pacnonaraercsi Ha TeppuTopuM ABYX NpoBuHIME (Jlamaonr u JloHrHait), rae nmpoTeKaeT TPeTbs
1o BenanurMHe BO BberHame peka JIOHrHaif; 3aHMMAaeT TUIOMAAb OKoo 720 KM? U OXBAThIBaeT OJIHY
U3 CaMbIX OOJIBIIIMX COXPAHUBIIMXCS B CTpaHe 0OJIaCTell HU3WHHBIX TPOIMUECKHX JiecoB. HarmoHasb-
HBI MapK BKJIOYaeT B ceds BOJOCOOpHBIM OacceliH p. IlOHrHail ¢ HETUMUYHBIMU JaHAmadgTamu:
MOporamu, BOJOMAJaMU, 3aTOIJICHHBIMHM U TOMY3aTOIUICHHBIMU YYaCTKaMU U T. [I., CIIY)KUT pe3epBy-
apoMm ISl ylepXKaHWsl MaBOAKOBBIX BOJ. Ero skocucremMa NMpUHUMAaeT aKTMBHOE ydacTue B OOpbOe
C HaBOJIHEHUSIMU, 3AIUINAsT PACTIONIOKEHHBIE HIKE 110 TEYEHHUIO MMOCEICHUSI.

“PaGoTa BeIMONHEHA B pamkax roc. 3aganuid OULL MUuBIOM u CoemectHoro Poccuiicko-BretHamckoro Tpomnudeckoro
Hay4YHO-UCCJIEIOBATENILCKOrO M TEXHOJIOTMYECKOro HeHTpa «DKonaH D—3.6 «CoBpeMEHHOe COCTOSIHIE SKOCUCTEM U Pa3HO-
o0Opasue ruapoOHoHTOB OacceiiHa peku [JoHrHai» (3amaya Ne 4 «OneHka 3arpsi3sHeHHs NOJUTIOTAHTAMU SIICPHOM U Hesiaep-
HOM PUPOLBI OTAEIBHBIX KOMIIOHEHTOB SKOCHCTEMBI OacceiiHa peku [JoHTrHail: pacnpesiesieHre, HAKOIUIEHHE U BEpOsITHbIE
MCTOYHMKY TOCTYIUIeHHsI (YUYacTKM PEKM B I'paHMIAX HalMOHaJIbHOro napka KartebeH u BONMM3M r. BheHxoa»)», 1o Teme
UL HBIOM «M3yueHne OHOreOXMMUYECKUX 3aKOHOMEPHOCTEH PaJHOIKOJIOTMUECKUX U XEMOIKOJIOTMYECKHUX TpOIiec-
COB B 9KOCHCTEMax BOIOEMOB A30B0-YepHOMOpCKOro 6acceiiHa B CpaBHEHHH C IPyTMMH aKBaTOPHSIMU MHPOBOTO OKeaHa
Y OTIENIbHBIMU BOJZHBIMH 9KOCHCTEMaMH MX BOOOCOOPHBIX 0acceiiHOB JUisl 00eCreYeH s YCTOMIMBOrO Pa3BUTHS Ha I0JKHBIX
Mopsix Poccum» (Ne roc. perucrpanuu 124030100127-7).
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TUXOHOBA E. A., COJIOBBEBA O. B., CHJIOPOB U. I'., ABJIA30B 3. P., T'YCEBA E. B.,
HI'YEH YOHI" XHEIT, BY TXbU MUHb YAY, JIE JIbIK MAHb, MAH KYAHI" TY3H, JIE MUHb TYAH

B 2001 r. B pamkax nporpammbl FOHECKO napk Karteen Obi1 00bsIBJIEH 0CO00 OXpaHseMOin
NIPUPOIHON TeppuTOpHeit 1 ctan 44 1-m 6nocheprsiM 3anoBeqHUKOM. B 2005 T. ero BKITIOUMIIN B CIIUCOK
Pamcapcknx BOTHO-O0IOTHBIX YrOAMI Me JyHApOIHOTO 3HAUCHUSI.

Buonornueckoe pasnoobpazue mapka npmsHaHo WWF (BcemupHblii ¢oHA JUKOM TPUPOIHI):
B napke npouspacraeT 1610 BumoB pacteHuit u oourtaer 1568 BUgOB KMBOTHBIX. M3 HUX 31 Bua pac-
TeHWil ¥ 84 BUJa KUBOTHBIX 3aHeceHbl B KpacHylo kHury BeetHama, 50 BUIOB NTUI] HAXOAATCA B IPUO-
PUTETHOM CIIMCKE /7151 3aIUTHl HA IJI00aIbHOM ypoBHE M BHeceHbl B Kpachyio kaury MCOIT [Cat Tien
National ... ]. B Bogoémax napka oduraet 99 BuioB pui0 [HarmionanbHbIN napk (3aroBEJHUK) ... .

DU3NKO-XMMUYECKHE CBOWMCTBA BOJBI (MIPO3PAYHOCTb, TEMIIEPATYpa, Ta30BbId PEXUM, COJIEHOCTh
U Jp.) SABJISIOTCA BaXHEHIMMU (DaKTOpaMU CPe[ibl, ONPEAeSIOIUMU HOPMAIbHYIO KU3HEIesTe b-
HOCTh BOJHBIX W OKOJIOBOJHBIX JKMBOTHBIX, B TIEpBYIO ouepenb, pbl0 [[MrueHa w canutapus ... ,
2013]. IIpo3payHOCTh BOIBI 3aBUCUT OT KOJIMYECTBA B3BEILIEHHBIX YACTUIl, KOHLIEHTpAlUU PacTBO-
PEHHBIX BEIECTB, (PUTO- U 300IJIAHKTOHA M MMEEeT OOJbIIoe 3HAYeHHe KaK IMOKa3aTesib MOIIHOCTH
9B(OTHUECKON 30HBI U KUCIOPOAHOTO pekrMa BomoToka. HeOnaronpusatHas Temreparypa BOIObI MPH-
OCTAHABJIMBAET WM 3aMeyisieT pusronornyeckre (hbyHKIIMUA OpraHu3Ma phid, HApyIIaeT esATeTbHOCTD
HEpBHOW CHCTEMBI, JIbIXaHWe, KpoBooOparieHue. TeriomoOuBbie peiObl MUTAIOTCS HAWOOJiee WHTCH-
CHBHO TIpu Temriepatype 17-28 °C, npu MOHMKEHHON TeMIlepaType IMuIlieBasi akTHBHOCTh OCJIa0eBa-
et. [Kanaes, 1985; Kosnos, 1998; MBanos, 2003]. Hegoctarok pacTBOPEHHOIO KUCIOPOJA BbI3bIBAET
3aMOpBI, C TOCIEAYIOIMMU HEOIaronpusATHHIMUA 300TUTUEHUYECKUMHU MocTecTBUsIMU. VcenenoBanus
MOKAa3bIBAIOT, YTO ypoBeHb pH BOJIBI CYITIECTBEHHO BIIUSIET HA JKU3HEIEATEILHOCTb BO3OYIUTEIISI 23POMO-
HOo3a Aeromonas hydrophila (nHdeKIMoHHas 00JIe3Hb KapIOBBIX): MPH HU3KOM pH y pbiO HaOmomaeTcs
HEKpO3 kaOepHBIX JIETIECTKOB, HA OTMEPIIMX YYacTKaxX KOTOPBIX TMOCENSIOTCS pa3jIMuHble carpopuT-
Hble MUKPOOPTaHW3Mbl, Pa3BUBAETCS] BTOPUYHASI MH(EKIIUS, IPUBOSIIAs K THOenu pel0. YBenuueHue
pH 1o 8,5-9,0, HarpoTuB, coCcOOCTBYET 3aMEAJICHUI0 Pa3BUTUS M TMOEI BO3OYAUTENsT a9pOMOHO32
[Hazapenko, 2015; daBbino, Temauxanos, 2003].

Llenbio paGoTHI OBLIO OIpesesieHre BUIOBOrO cocTaBa prld peku [JJoHrHail B mpejesax HalMoHa b-
Horo napka Karreen (BbeTHaM) npy 3a(pMKCMPOBAHHBIX B MIEPUO]] UCCIIEJOBAHUN (PUBUKO-XUMUYECKUX
CBOWCTBAax BOIBI.

MaTepI/laJlbI H ME€TOAbI

[TpoObI BOBI U TUIPOOUOHTOB OTOMpPAIU B OKTsIOpe 2025 T. B MaBOAKOBBINA MEPUOJ B aKBATOPUU
p. JoHrHai1 B rpanuiiax HalmoHaapbHOro napka Karreen (ct. 1-4, puc. 1).

OTt6op BOIBI MPOBOAWICA OATOMETPOM C TIOBEPXHOCTHOTO M TPUAOHHOTO (4—6 M) TrOpU30H-
TOB. B3BellleHHOe BelIecTBO OcaXkAalyd BaKyyMHOW (pWIbTpalell Ha HUTPOLEJUIIONO3HbIE (DUIIBTPBI
¢ nuametrpoM nop 0,45 mMKM, ¢ mepecy€érom KoHueHTpaimu B3Becu Ha 1 J. ConéHoctb (S, psu),
pacTBOpEHHBIN B Boze Kuciopon (DO, mr/i), BomopoaHslil nokasarenb (pH), 21eKTponpoBoAHOCTD
(C, uCw/cm), temneparypy (T, °C) ompenesnsuin MHOronapamerpudyeckum 3oH10M Y SI Professional
Digital Sampling System (ProDSS). Nxtuonornueckyio chb€MKy NpOBOJMIN C HUCIIOIb30BAHUEM I1ac-
CUBHBIX M aKTMBHBIX OpPYIW JIOBa, apeH/JOBAaHHBIX Y MECTHBIX DPBIOAKOB: CTaBHBIX ceTeil (srdes
ot 18 10 40 MM), TOHHBIX JIOBYIIEK Pa3IMYHON KOHCTPYKIIMM U OMMTpajia (IIMpHHA paMbl — S M,
BoicoTa — 0,5 M, siuess TpanoBoro memka — 10 mwm). TakcoHomuyeckass MASHTH(UKALUSA PbIO
npoeonmiack no [Tran et al.,, 2013; Taki et al., 2021], Ha3BaHMsI BUJOB MNPUBEAEHBI COIJIACHO
[Fricke, Eschmeyer, Van der Laan, 2025; WoRMS]. ITogpoOHbIii aHaJIM3 MATOIOr0-aHATOMUYECKUX
XapaKTepHCTUK PBIO [UIsI OIIEHKH 3a00J1eBaeMOCTH M Oaronoiayuusi He npoBoawics. [lpu atom Bumm-
MBIX MOP(POJIIOTMYECKMX U3MEHEHUII HE OTMEUEHO.
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Puc. 1. Pacnionoxenue craHumii ordopa npo6 Ha p. [JoHrHaii B HaioHaabHOM napke KarteeH (Bbet-
Ham), OKTsI0pb 2025 T.

Pe3y.TII)TaTI)I )/ 06cy>lc11e1me

DUBHKO-XUMHUYECKUE MapaMeTphl BOABI Ha OOCTEOBAaHHOM ydacTke p. JIOHrHail TpejicTaBIeHbI
B TaOn. 1. Temmieparypa Bopl COOTBETCTBOBAJIA MTOKA3ATENSAM, XapaKTepHbIM 1iis1 peku [JonrHaii [Tran
et al., 2023]. INoka3atens pH Bogbsl Ha BceX CTaHIMAX U3MeHsICS oT 6 mo 9. ConmepkaHue KHUCIO-
poza B BOJE COOTBETCTBOBAJIO CAHUTAPHBIM HOPMaM [UIsl PhIOOXO3SIUCTBEHHBIX BOJAOEMOB (> 4 Mr/i).
3HaueHH s MEKTPONPOBOJAHOCTH ObLIIM HIKE TIPeiesia JIeKTPOITPOBOAHOCTH, XapaKTEPHOM sl IPUPOJ-
Hoii peunoit Bofabl (50 uCwm/cM), 4TO yKa3blBaeT Ha MOHMKEHHOE CONIEPKAHUE B HEN Pa3JIMUHBIX UOHOB.
Con€HocTb Ha BCEM MPOTSKEHUHU YYacTKa COOTBETCTBOBaIA nipecHoi Boge (0 psu).

Taoauna 1

PU3NKO-XUMUYECKAsI XapaKTePUCTHKA BOJIbl B MeCTaX 0TGOpPa Npod ruipoOMOHTOB B aKBATOPUU HAIHO-
HaJbHOro mapka Karroen (Boetnam), oktsiopb 2025 r.

Neer. | Tpess °C T 105 °C pH S, psu C, nCm/cm DO, mr/a
1 26,4 26 9,0 0 39,9 7,1
2 273 26 8,2 0 38,6 73
3 27,5 26 6,4 0 35,0 6,3
4 26,8 26 6,6 0 35,5 72

Ilpumeuanne: T, , — Temneparypa B IOBEPXHOCTHOM cJioe Bobl; T, — TeMneparypa B IIPHJIOH-
HOM CJI0€ BOJBI; S — coN€HOCTh; C — 3MeKTpoIipoBoAHOCTh; DO — coneprkaHue KUCaopoaa B BOjie.

KoH1ueHTpanus B3BELIEHHOrO BEIIECTBA Ha MCCIEAyeMbIX yyacTKax p. [JJoHrHail B HOBEPXHOCTHOM
cioe konebdanack ot 30,8 no 66,3 mr/in co cpeqHuM mokazareniem 46,3 + 8,6 mr/i, B pUIOHHOM —
ot 39,6 10 95,1 mr/i co cpennum nokaszaresneM 61,7 + 13,1 mr/n (puc. 2). BBugy oTcyTCTBHSI HOpPMATUBOB
11 IPUJIOHHBIX BOJ, OLIEHKA MOKa3aTesiel 1Jis HUX NMPOBOMIIACh IO HOPMATHBaM, IIPEAyCMOTPEHHBIM
111 TIOBEPXHOCTHBIX BoA. Ha Bcex cTaHIMAX Kak B MOBEPXHOCTHOM, TaK U MPUIOHHOM CJIOSIX JAHHbIN

nokazatesb npesbimian [IIK (25 mr/n), ycraHOBIeHHBIN 1J1s1 TOBEPXHOCTHHIX Bog BbetHama [QCVN
08:2023/BTNMT].
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Puc. 2. KoHueHTpanus B3BecH B MOBEPXHOCTHOM M IPUIOHHOM CJIoe BOAB! p. JJOHrHail Ha ydacTke
aKBaTOpUM HaMoHabHOro napka Karreen (BbetHam), okTs10ph 2025 T.

KoHIleHTpalust B3BeCH Takke CHUJIBPHO 3aBUCHUT OT KOJIMYECTBa OCAJKOB. PaHee OBUIO OTMEYEHO,
YTO B MIEPHO]] C OKTSIOPS 1O JeKaOph KOHILIEHTpaIysl B3BecH B p. JIoHrHAil KoeOanach B IMIMPOKOM JIna-
na3oHe ot 9 10 66 mr/n [Le, 2023], 3auacryio npebiias [TIK (25 mr/in). Takum o6pa3oM, IMoydeHHbIe
MOKAa3aTeslu XapaKTepHBbI AJIs1 JaHHOTO BOJOTOKA, a mpeBbiieHue [1/IK B3BeleHHOro BelecTBa B BOJE
MIPEUMYITIECTBEHHO HAXOIUJIOCh B MpeJiesiaX BEINYMH, TUITUYHBIX I BIAKHOTO CE30Ha.

Cormacno QCVN 08:2023/BTNMT, wuccrieaoBanHble (PU3MKO-XMMUYECKHE TMOKA3aTeu PEYHOU
BOJIbI OTHOCSITCS K ypoBHIO B: cpeyiHee kauecTBO BOABL. YKa3aHHAsl KaTeropusi KauecTBa BOIbI Mpej-
TMOJIaraeT, YTo BOIHAS SKOCHCTeMa MOTPeOseT OOMbIIoe KOIMYeCTBO PACTBOPEHHOIO KUCIOPOIa U3-32a
OOJBIIIOr0 KOJTMYECTBA 3arpsI3HSIONIMX BelecTB. B 1iesioM, (PU3MKO-XUMHUYECKUe TIOKa3aTen BOJIbI
B p. JIoHrHal, HaxoxsIIuecs B Mpeaesiax HOPMAaTUBOB WM OJNM3KWE K HUM, CO3JA0T OJIaronoiryJHbie
YCJIOBHSA [JIS1 CYIIECTBOBAHUS U pa3Butus pbiO. [Ipu 3TOM cliemyeT oTMEeTUTh BO3MOXHOE Biusinue pH
BOJIbI HAa BUJIOBOE pa3HOOOpas3ue: Ha CTAaHIMAX 3 U 4 ¢ TOHMKEHHBIM BOJOPOIHBIM MOKa3aTesieM ObLIo
3a(pUKCUPOBAHO MOHMKEHHOE pasHooOpaszue poiO (4 U 2 BUa COOTBETCTBEHHO).

ITo pa3HbIM JTaHHBIM, 3/1eCh B 0011Iel ciokHOCTH oOouTaeT ot 107 1o 130 BUAOB phIO, a Ipe/roarae-
Moe KoiuecTBo BUI0B MoxeT gocturath 200 [Freyhof, Serov, Nga, 2000]. CoOcTBeHHO, B aKBaTOpUU
napka KaTTeeH, Kak yka3aHo Bblllle, OTMe4eHO 99 BUIOB pbIO, OHAKO MHOTHE U3 HUX MOTYT SIBJISITHCS
PEIKUMU U HE UMETh ITPOMBICIIOBOTO 3HAUEHUSI.

B xoze nccnenoBanus olieHEH BUIOBOM COCTaB PO, BCTPEUEHHBIX B PACCMOTPEHHBIX YCJIOBHSIX Cpe-
Ibl OOUTAHWSI, BbIIEJICHbl MACCOBBIE 1 SKOHOMHYECKU BakHble BU/BL. [lepedyeHb BUIOB U X OCHOBHbBIE
9KOJIOTUYECKUE XapaKTePUCTUKU MPUBEICHBI B Ta0M. 2.

[To Tuny nutanust ocHOBY UXxTHOdayHbl (Tab1. 2) cOCTaBIIsIN BeesiAHble PHIObI (B. schwanenfeldii,
C. apogon, L. leptocheilus, O. waandersii, O. vittatus, P. proctozystron). Ilpu atom Bua P. pleurotaenia
TaK’ke MOXHO OTHECTU K BCESAHbIM, YACTUYHO AEMOHCTPUPYIOIIMM MPUCYIIIEe XUIIHUKAM MOBEACHUE.
K pacrutenbHosiiHbIM OTHOCATCSA B. gonionotus, O. niloticus v H. siamensis. OTMeudeH OJJUH BUJ1 XUIITHON
pbiowt C. striata. Ungopmanus o mutannu Tpex BUoB (M. obtusirostris, O. gerlachi, O. microcephalus)
OTCYTCTBYET.

B BBIOOpKE NPUCYTCTBOBANI BHUA-MHTPONYLEHT — HWIbCKas Tensnust Oreochromis niloticus
(Linnaeus, 1758), KOTOpBII NIMPOKO UCIIONB3YETCS] B aKBAKYJIBTYpE W JJISl TIOBBIIIEHHUS PHIOOIIPOLYK-
TUBHOCTH MECTHBIX BOJOEMOB. [Ipr 3TOM B OJHOBPEMEHHO PacCMaTPUBAETCS HEKOTOPHIMH MCCIIEO0-
BaTeJISIMU KaK NMOTEHIIMAJIbHO ONACHBIM MHBA3UBHBIN opranu3M [Canonico et al., 2005]. 11 octaabHbIX
BUJIOB BOIOEMBI I0TO-BOCTOUHOM A3HU SIBSIIOTCS] €CTECTBEHHBIM apeasioM.

Cpeau OTMEYeHHBIX BUIOB PhIO0 KOMMEPUYECKOE 3HAYEHUE KaK OOBEKThI IIPOMBICIIA W/ aKBaKYJTb-
Typbl (Tabn. 2) umeiot O. niloticus, B. gonionotus, B. schwanefeldii, H. siamensis, O. vittatus, Ch. striata.
CTOUT OTMETUTb, YTO KpaliHe BaKHBI KOMIIOHEHT SKOHOMUKH U THUINEBON O€30MacCHOCTH peruoHa —
aKBaKyJIbTypa HUJIbCKOM Tessinuu O. niloticus, Tak Kak BbeTHaM SIBIsSI€TCSI KPYITHBIM MUPOBBIM KCIIOP-
TEPOM 3TOM pBIOBI, 0cOOeHHO MHOTO e€ rmocTtapisiioT B CILIA u Eporty. Bunst C. apogon, L. leptocheilus,
M. obtusirostris, O. gerlachi, P. proctozystron HCHIOJIL3YIOTCSI KAK 0OBEKT MECTHOTO ITPOMBICIIA, IIPH STOM
O. gerlachi obmagaeT cTaTycoM «HaXOISAIIMKACS MO yrpo3oi» cormacao MCOIT.
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Taosmna 2

Hxtunodayna pexu /lonrsaii B rpanunax HaguoHaabHoro napka Karroen (Bbetnam), oktsiops 2025 r.

Hara ordopa

Ne cT.

Bup u ero xapakrepucruka

IIpumeuanne

1

2

3

25.10.25

26.10.25

Barbonymus gonionotus (Bleeker,
1849). DBeHromenarndeckuii BUI,
MUTAeTCS  PACTUTENBHON  TIHIIEH
u  Oecno3BoHOYHBIMU  [Mohsin,
Azmi Ambak, 1983; Taki et al.,
2021]. Ucnonb3yeTcs Kak OOBEKT
aKBaKyJIBTYphl, a Takxke IS YyIyd-
IIEHWsI KayecTBa BOABl M IIOYBHI
B  HMHTETPHPOBAHHBIX  CHCTEMax
«puc-ppiba», YTO  CIOCOOCTBYET
MOBBILICHUI0  YPOXKAWHOCTH ~ PUCO-
Bbix yromuil [Jewel et al., 2023;
Kaewpuangdee et al., 2024; Das,
Mahanta, 2025].

25.10.25

Mystacoleucus obtusirostris
(Valenciennes, 1842). Bentomnena-
rudeckuii Bua. Iluraercs GeHTOCOM
7 TUTAHKTOHOM. {BIIsleTcs 0OBEKTOM
MecTHOro mpomeicia  [Rainboth,
1996; Taki et al., 2021].

25.10.25

Onychostoma  gerlachi  (Peters,
1881) Benronenaruyeckuii  BHI.
OObEeKT  MECTHOrO  HPOMBICHA.
Buecén B crmcok MCOII kak Ha-
XonsAuMiicss moj yrposou [Jenkins,
Kullander, Tan, 2009]. BruioB
3anpellé ¢ 1 anpens no 31 asrycra
KaXJOro rofia, a MUHAMAJIBHBIN pa3-
Mep JUTs BbUIOBa cocTaBiseT = 30 cm
(KOJIMYECTBO JAHHBIX IK3EMILISIPOB
n=2) COMIACHO  MOCTAHOBJIEHUIO
37/2024/ND-CP ot 4 anpensa 2024 r.
IIpaBurensctBa BretHama [Decree
No. 37/2024/ND-CP].

25.10.25

Puntioplites proctozystron (Bleeker,
1845) beHronmenarmdeckuii  BHUJ
[Kottelat, 2001]. OcHOBY parmioHa
COCTaBJISIIOT HACEKOMBIE 1 300IIIaHK-
TOH, TaKXe IMMUTAETCS BOAOPOCIAMHU
[Rainboth, 1996]. O6beKT MECTHOIO
TIPOMBICIIA.
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Iponomxenue Tabnuipt Neo 2

1 2 3 4
25.10.25 1 Osteochilus vittatus (Valenciennes,
1842) BeHronenaruyeckuii - BH/I.

27.10.25 3 OnuH U3 KIJIIOYEBBIX NPOMBICIOBBIX
BUJIOB BO BHYTPEHHHX BOJIOEMax
VHpoHe3uH, LEHUTCsT 32 BKYC Msica
Y MKPBl M PAacCMaTpUBaeTCs Kak Io-
TEHIMATBHBI KCHOPTHBIA pecypc
[Irawan et al., 2023].

25.10.25 1 Labiobarbus leptocheilus
(Valenciennes, 1842). benro-
27.10.25 3 MeJarnyecKuin BUIL. ITurtaerca
(puTOTIAHKTOHOM, nepucuro-

HOM, OCGHTOCHBIMH BOJOPOCIISIMH,
300IUIAHKTOHOM, JIMYMHKAMHM  Ha-
CeKOMBIX,  JIeTpuToM. SIBisercs
OOBEKTOM  MECTHOrO0  MPOMBIC/A
[Rainboth, 1996].

25.10.25 1 Henicorhynchus siamensis
(Sauvage, 1881). benromnenarnye-
ckuil BuA. B muTaHmmM momMuHHMpYyeT
(pUTOIUIAHKTOH, TaKKe BOFOPOCIH
n mnepudputon [Rainboth, 1996;
Suvarnaraksha et al., 2011]. Ongun
U3  BaXHEUIIMX  IPOMBICTIOBBIX
BUJIOB.

25.10.25 1 Barbonymus schwanenfeldii
(Bleeker 1854). Benronenarneckuit
By, BeesyiHast ppiOa, B paryioHe Ko-
TOPOM TpeodNagaoT (PUTOILIAHKTOH,
MXH, PacTUTEIbHbIE OCTATKH, a TaK-
e 4yepBH M HacekoMble [Rainboth,
1996; Desrita et al., 2021]. O6nbekT
aKBaKyJbTYpbl. BbUIOB  3ampeniéH
B rtepuof ¢ 1 anpens o 30 ceHTsI0pst
KaXJIOro roga, a MWHUMAJIbHBIN
pasMep Ui BBUIOBA COCTaBIISIET
> 20 cM (KOJIMYECTBO [AHHBIX K-
3eMIUIsIpoB n=9) cornacHo (Decree
No. 37/2024/ND-CP).

26.10.25 2 Channa striata (Bloch, 1793).
Benronenarnyeckuii Bua. XWINHKK.
27.10.25 3 HNmeer KxoMMepyecKylo LEHHOCTh

U SIBJISIETCS TIEPCHEKTUBHBIM OOBEK-
TOM aKBaKyJIbTYpPbl, 00bEKT MECTHOTO
mpomeicia [Gustiano, Kurniawan,
Kusmini, 2021 ; Setiawan et al.,
2024].

26.10.25 2 Osteochilus waandersii (Bleeker,
1853). bBentomenarnuecKuii - BH/I.
OCHOBY pallMOHa COCTaBJISIIOT BOJIO-
pociau M Oecro3BOHOYHbIE (UepBH)
[Rainboth, 1996]. IIpomsicioBOro
3HAYEeHUsT He MEeT.

T% 19 _1F % 47 _Tr
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Iponomkenue Tadbnuipt Ne 2

1 2 3 4
26.10.25 2 Cyclocheilichthys apogon
(Valenciennes, 1842). Benro-
28.10.25 4 MejJardyeckuii  BuUA.  BcesgHbln

(aBpucpar). SIBnsercss  0OBEKTOM
MecTHOro mpombicia B Tawsanmie
[Vidthayanon, 2002].

26.10.25 2 Oreochromis niloticus (Linnaeus,
1758). DBeHTonemarmyecKuii  BUJI.
Tperuii 1O 3HAYUMOCTH OOBEKT
MHUpPOBOH  akBakyasTypel [Geletu,
Zhao, 2023; Munguti et al., 2022].

27.10.25 3 Osteochilus microcephalus
(Valenciennes, 1842). IIpecHo-
BoiHbIA B, [lodTH HET HaHHBIX
O TMUTAHUH, PA3MHOXKEHWH, CE30H-
HOM JMHAMHKE M MECTOOOUTAHUSIX.
TTpOMBICIIOBOTrO 3HAYEHHUSI HE UMEET.

28.10.25 4 Pseudolais pleurotaenia (Sauvage,
1878). bBeHTOmenmarnyeckuii  BUJI.
IIutaercsl Ha3eMHBLIMM U BOJHBLIMU
HACEKOMBIMM, a TaKXe HeOOJIBIIIM
KOJIMYECTBOM PACTUTENIBHOM ITHIIU
[Taki et al., 2021; Rainboth, 1996].
TIpOMBICIIOBOrO 3HAYEHHUSI HE UMEET.

3akaroueHue

[TpoBenenubie nccneaoBaHus (PU3UKO-XMMUUECKUX TTApaMETPOB BOJIbI B AKBATOPUH HAITMOHAILHOTO
napka Kartben B p. JIoHrHail mokaszaiu, 4To TeMIrieparypa MoBepXHOCTHOTO CJIOsi U3MEeHsIach ot 26,4
1o 27,5 °C, a B npuAOHHOM ObLJ1a TIOCTOSIHHOM Ha BCEX CTAaHIUSX U coctapisiia 26,0 °C. BomopomHbii
rokazaresip u3MeHsuics ot 6,4 10 9,0, yTo He3HaUUTeIbHO OOJIbIIIE JAOMYCTUMOTO ISl MUTHEBOUM BOIbI
BhiciIel karteropuu. COJNEHOCTh HA BCEX CTaHUUAX cocTapisiia 0 psu, MmokazaTesau JIeKTPONpOBOIHO-
ctu Obi HUke Jonmyctumbix S0 uCwm/em (35,0-39,9 uCwm/cm), conepxanre kucnopoaa (DO) B Boge —
B Mpejiesiax peKoMeH1yeMoil Hopmbl (6,3—7,7 mr/i). CpeiHssl KOHLIEHTpalKs B3BELIEHHOTO BElleCTBa
B MOBEPXHOCTHOM cJioe cocTapiisiia 46,3+8,6 mr/n, B mpugonHom — 61,7+13,1 mr/n, yto Bbime [TK
(25 mr/m). Bece uccnenoBaHHbIE NTapaMeTPhbl YKa3bIBAlOT HA COOTBETCTBUE BOAbI p. JJoHrHau yposHI0 b
(cpenHee KauecTBO BOJIBI).

Mo pe3ynabrataM UXTHOJOTUYECKON ChEMKH OTMe4eHO 14 BUAOB phiO, 11 M3 KOTOPHIX MMEIOT KOM-
MepYecKoe 3HaueHHe Kak OOBEKTHI MPOMBICTIA W/WJIM aKBaKYJIBTYPhl WJIM UCIIOJB3YIOTCS KaK OOBEKT
MecTHOro npomeicna. OauH Bujg — Onychostoma gerlachi — UMeET CTaTyC «HAXOASAUIMICS TOJ, yTpo-
300», HO €r0 BBUIOB pa3peliéH Mpu OIpeaeseHHbIX pa3Mepax U ce30He. Bce oTMedeHHble BUIBI PbIO
OTHOCWJIMCh K TPECHOBOJHBIM TPOIUYECKUM OEHTOIEIarnuecKuM BUIaM. B BBHIOOpKE MPHUCYTCTBO-
BaJl omuH BUI-BceseHell — O. niloticus. Hanbonee BcTpeyaeMbIMU B YJIOBaX HACTOSIIETO MCCIIEIOBA-
HUA ObUTM BUIBL: B. gonionotus, O. vittatus, L. leptocheilus, C. apogon, C. striata, 3apiKCUpOBaHHbBIC
Ha 50 % craHui.
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BaarosapHocTH. ABTOpHI BHIPaKAIOT UCKPEHHIOW OJIArofapHOCTh MJIAJIIEMy Hay4HOMY COTPYA-
HUKy Yyxkukosoii O. [I. 3a ydactue B orOOpe, 00pabOTKe M TOMyYEeHUH JaHHBIX MO KOHIEHTPAIUsIM
B3BEILICHHBIX BELIECTB B PEYHOM BOJIE B PAMKAX COBMECTHBIX IKCIIEUIIIOHHBIX PadoT.
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ICHTHYOFAUNA OF THE DONG NAI RIVER AQUATORY IN THE CAT TIEN
NATIONAL PARK (VIETNAM) TAKING INTO ACCOUNT THE PHYSICOCHEMICAL
PARAMETERS OF THEIR HABITAT DURING THE RAINY SEASON
Tikhonova E. A.!, Soloveva O. V.1, Sidorov I. G.!, Abliazov E. R., Guseva E. V.1,
Nguyen Trong Hiep®, Vu Thi Minh Chau?®, Le Duc Manh?, Mai Quang Tuyen®, Le Minh Tuan*
A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
e-mail: tikhonova_ea@ibss-ras.ru
2A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences,

Moscow, Russian Federation,
3Southern Branch of the Joint Russian- Vietnamese Tropical Research and Technological Center,

Ho Chi Minh, Vietnam,

4 Institute of Science and Technology for Energy and Environment Vietmam Academy of Science
and Technology (VAST), Ho Chi Minh, Vietmam

Abstract: The main physicochemical characteristics of the Dong Nai River water in the Cat Tien National Park
(Vietnam) were determined. They were as follows: water temperature in the surface layer ranged from 26,4
to 27,5 °C, in the bottom layer — 26 °C, water pH fluctuated from 6 to 9, oxygen content exceeded 4 mg/L,
electrical conductivity values were below 50 uS/cm, salinity corresponded to the fresh water; the suspended mat-
ter concentration in the surface layer of water averaged 46,3%8,6 mg/L, and in the bottom layer 61,7£13,1 mg/L.
All parameters were within the standard limits and corresponded the quality of water to level B (average water qual-
ity). These conditions were favorable for the existence and development of fish. The 14 species of fish have been
recorded, 11 species are commercially important as commercial fisheries and/or aquaculture species, or are used
in local fisheries. One of the species Onychostoma gerlachi (Peters, 1881) was classified as endangered, but its
catch under present sizes and seasons is permitted.

Keywords: physicochemical parameters of water, ichthyofauna, Cat Tien National Park, Dong Nai River, Vietnam

Caeniennst 00 aBTOpax

TuxoHoBa KaHaugat OHOJIOTMYECKHX HayK, BTy LU HayYHbIH COTPYIHUK,
Enena ®I'BYH OULL «MHCcTUTyT OMonormy 1oxkHbIX Mopeir uM. A. O. Koanesckoro PAH»,
AHzpeeBHa npocn. Haxumora, 2, Cepacromonb, 299011, Poccuiickas ®Penepauus, e-mail:

tikhonova_ea@ibss-ras.ru

CosnoBbéBa KaHIugaT OMOJIOrMIeCKHX HayK, BEy LI HayIHBII COTPYAHUK,
Oupra OI'BYH DUILL «MHCcTUTYT Ounonoruu 1oxkHbIX Moped uM. A. O. KoaneBckoro PAH»,
BuxkTopoBna npocri. HaxumoBa, 2, Ceacromoms, 299011, Poccuiickas ®Penepanusa, e-mail:

soloviova@ibss-ras.ru

34


https://doi.org/10.2166/wst.2023.151
http://www.marinespecies.org
http://ibss-ras.ru/
mailto:tikhonova_ea@ibss-ras.ru
https://sev-in.ru
https://sev-in.ru
https://tropcenter.ru
https://tropcenter.ru
vast.gov.vn
vast.gov.vn
mailto:tikhonova_ea@ibss-ras.ru
mailto:soloviova@ibss-ras.ru

HUXTHODAYHA PEKH JJOHTHAH B T'PAHUIJAX HAIJHUOHAJIBHOI'O TIAPKA KATTbEH (BbETHAM)
C VYETOM ®U3HUKO-XUMHUYECKHX ITAPAMETPOB CPE/ZIbl OFUTAHH A B CE30H JJOK/JEH

CupnopoB
Unbs
I'ennanueBuy
A0na30B

OpHec
PycremoBuu

I'ycesa
Enena
BnagumuposHa

Hryen Yonr Xuen

By Txu Munp Yay

Jle Ipik MaHb

Maii Kyanr Tysx

Jle Munb Tyan

HAyYHbI COTPYITHUK OT/eJIa pauallMiOHHON 1 xuMudeckou ouonoruu, ®I'BYH OUIL] «H-
cTuTyT OMostoruu 10HBIX Mopeit uMm. A. O. Kosanesckoro PAH», npocr. Haxumoga, 2,
Cesacrornonb, 299011, Poccuiickas ®enepanus, e-mail: sidorov@ibss-ras.ru

uHkeHep Jaboparopun Tponmueckol skonorun, PI'BYH «Muctutyt mpobiem 3ko-
jgorun u sBomommu uM. A. H. CesepnioBa PAH»; HayuyHbII COTpPYOHUK OTIena
uxtronorun, ®PI'BYH ®OULl «MuctutyT Ouonorun woxkHbx Mopeir um. A. O. Kosa-
neBckoro PAH», mpocn. Haxumosa, 2, CeBacromomnb, 299011, Poccuiickas denepanus,
e-mail: abliazov@ibss-ras.ru

MM HayuHblil cotpyaauk, ®TBYH OUL] «MHCTUTYT OUONIOTHM I0KHBIX MOpen
uM. A. O. KoBasiesckoro PAH», npocn. HaxumoBa, 2, CeBactonosb, 299011, Poccuiickas
Oenepanus, e-mail: guseva_ev@ibss-ras.ru

KaH/IU/IAaT TEXHUYECKUX HayK, 3aBeAyIOIIHi, JJa00OpaToOpus aHaIM3a OKPYXKAIoIIeH cpefbl,
I0OxHoe otnenenne CoBmectHoro Poccuiicko-BretHamckoro Tpomuueckoro HayyHoO-
HCCIIeJOBAaTeIbCKOTO U TEXHOJIOTMUYECKOTO IIeHTpa, r. XomuMmuH, BeetHam, 3, ym. 3/2,
paiion Byown Jlait, 740300; e-mail: hiepnguyen @ vrtc.org.vn

MarucTp, Hay4yHBId COTPYAHMK, J1abOpaTopusi aHaIM3a OKpYKAOIEH  Cpesl,
IOxHoe otnenenne CoBmectHoro Poccuiicko-BbeTHamckoro Tpomnmueckoro HaydHO-
MCCIIE/IOBATEILCKOTO M TEXHOJIOTMYECKOro IeHTpa, . XomuMuH, BeetHam, 3, yi. 3/2,
paiion Byown Jlaii, 740300; e-mail: chauvu.vrtc@gmail.com

KaHAWJAT XMMUYECKUX HayK, 3aMECTHUTENb 3aBeyIOlIero, JadopaTtopys aHaInu3a OKpY-
xaomei cpenpl, HOxHoe otnenenne CoBmectHoro Poccuiicko-BeetHamckoro Tpommue-
CKOT0 Hay4YHO-HCCJIEIOBATEILCKOTO U TEXHOJIOTMYECKOro LIEeHTpa, T. XOIMMIH, BheTHawm,
3, yn. 3/2, paiion Byon Jlai1, 740300; e-mail: ducmanh89 @gmail.com

Maructp, HayuHbli COTPYJHUK, Jiaboparopusi aHauu3a OKpYKaoIled Cpensl,
IOxHoe otnenenme CoBmectHoro Poccuiicko-BberHamckoro Tpomnmueckoro HaydHO-
UCCIIEJOBATENbCKOTO M TEXHOJIOTMYECKOro LIeHTpa, r. XomuMuH, Beernam, 3, yi. 3/2,
paiion Byon Jlait, 740300; e-mail: maitruclan @ gmail.com

MAarucTp, Hay4HbIid COTPYAHMK, 3aBEIYIOIMIA, IEHTDP SKOJOTMUECKUX TeXHOJIOorui, MHCTH-
TYT HAyKH M TEXHOJIOTHI MO SHEPIreTUKe W OKpYXKalolled cpene, BoeTHamMcKast akagemMust
HayK 1 TexHosorui, 1, yia. Mak uas Yu, paiton Caiiros, r. XommmvuH, BeetHam, 710228;
e-mail: tuangb @gmail.com

Tocmynunaa é peoakyuro 01.03.2026
Ipunsima x nyoauxauuu 22.04.2026

35


mailto:sidorov@ibss-ras.ru
mailto:abliazov@ibss-ras.ru
mailto:guseva_ev@ibss-ras.ru
mailto:hiepnguyen@vrtc.org.vn
mailto:chauvu.vrtc@gmail.com
mailto:ducmanh89@gmail.com
mailto:maitruclan@gmail.com
mailto:tuangb@gmail.com

BUOPA3HOOBPA3UE H YCTOUYHBOE PABBUTHE 2026 T. 11, évin. 2. C. 36-46

CTPYKTYPA, YHKIIMOHNUPOBAHUE
N JTMHAMUKA 9KOCUCTEM

VK 582.263-023.824(262.5) DOI: 10.21072/ec0.2026.11.2.04

O MACCOBBIX CKOIL/IEHUAX IIIAPOB N3 3EJIEHON BOAOPOCJIN CLADOPHORA
LINIFORMIS KUTZING B IIPUBPE;KHOH 30HE KEPYEHCKOI'O IIOJIYOCTPOBA
(KPBIM, YEPHOE MOPE) *

Munabuakosa H. A., Kannayposa /I. A., Yepnsimesa E. b.

DI'BYH QUL «HUncmumym buonozuu 1odicHbix mopeii umeru A. O. Kosanesckozo PAH»,

2. Cesacmononw, Poccuiickas @edepayus,
e-mail: nmilchakova@ibss-ras.ru

AnHoTamus: B padore Briepsble 1151 YEpHOTO MOps IIpHBeIeHa IKOJIOr0-0MoMopdoIornieckas XxapakTepucTuKa
MAacCOBBIX CKOIUIEHMH IapoB M3 3e€Hoi Bopopociu Cladophora liniformis Kiitzing, oOHapy:KeHHBIX B IUISIK-
Ho#1 30He noc. JKykoBka (Kpeim, KepueHckuii monyoctpos) B centsiope 2025 r. [lokazano, 4to oOmias Iiomaab
PACIIPOCTPAHEHH IAPOB COCTABNAA 255 M2, MX HaMOOJbIIEe KOMMUYECTBO 3apUKCHPOBAHO BOIM3M OEpPEroBoil
JIMHUH, HA TIECYaHO-PaKyIeuHOM cyOcTpate. OnpejiesieHre IIIOTHOCTH U Pa3MEePHO-MAaCCOBBIX MTAPaMETPOB IApOB
NPOBOIVMJIM HA TPEX TPAHCEKTAX, 3AJIOKEHHBIX MEPHEHIUKYISPHO K Oepery B TPaHMIAX MX PacHpOCTPaHEHMS;
Ha KaXJIOW W3 TPAHCEKT KOJIMYECTBEHHBIE MPOOBI IMApOB OTOMPAJHM YUETHON paMKOi 25 X 25 cM B UeThIpEXKpart-
HOM MIOBTOPHOCTH. Y CTaHOBJIEHO, uTO wapbl C. liniformis BCTpevaanuch B TpEX popMax — chepruieckoi, OBaJIbHOM
(ALIEBUTHON) W TIAJIOYKOBUIHOW, HA JIOJII0 KOTOPBIX Mpuxomuiochk 86,8; 4,4 u 8,8 % ux o0Iero Kojimyecrsa
cOOTBETCTBEHHO. [TIOTHOCTB CKOIIEHHIT IApOB BapbipoBaia oT 14 10 223 5k3. (Ha yUETHYI0 paMKy S = 625 cm?),
ux quaMeTp — ot 3 g0 35 mm (20,29 + 0,21) MM, cpenHssa BETMIMHA BO3AYITHO-CYXOH MacCHI Iapa COCTaBJIsIa
(380,0 £ 0,013) mr. CpaBHMTEJIBbHBII aHAJIM3 PACIPOCTPAHEHUS] LIAPOB U3 Pa3lIUyHbIX BUAOB BOJOPOCIEN B ApY-
rux paidoHax MHpOBOro oKeaHa MOKa3aJl, YTO MOKA3aTes M IIOTHOCTH UX CKOIUICHUH 3HAUUTENBHO OTIMYAIOTCA,
TOrJa Kak pasMepHble MapaMeTpbl CXOAHBI WM cONOCTaBUMBL. OOCYKIAI0TCSI MPUYUHBI (POPMUPOBAHUS ILIAPOB
U JPYrUX MacCOBBIX CKOIUIEHWI BOIOpOCiel y OeperoB KphIMCKOro MojiyocTpoBa M JIPYTMX PadiOHOB A30BO-
YepHOMOpCKOTO OacceiiHa.

KimoueBbie ciaoBa: makposopopociu, Cladophora liniformis, mapooOpasHas ¢dopma, MOP(OCTPYKTYpHbIE
napameTpsl, INIOTHOCTh, OeperoBasi 30Ha, KepueHCKuii TpouB

BBenenune

MaccoBbie CKOIIEHU I IApOOOPa3HBIX HEMPUKPEIUIEHHBIX (POPM MaKpOBOAOPOCTIEN OTHOCST K YHU-
KaJIbHBIM MPUPOAHBIM SIBJICHUSIM, PEIKUM ISl OEperoBoil 30HbI MOPCKUX U MPECHOBOTHBIX BOTOEMOB
[Mathieson, Dawes, 2002]. Ix ¢opMupoBaHue CBS3BIBAIOT ¢ MOP(MOIOrHIECKUMH OCOOEHHOCTSIMHU
BU/I0B (0OMJIbHOE BETBIIEHUE, OBICTPBIN POCT, (pparMeHTaIusI TaJUIOMOB U T. JI.) U OMOTONMMYECKUMU YCIIO-
BUSIMU, TAKMMH KaK BJIOJIbOEPEroBbie TEUCHUsI, BOJIHOBask aKTUBHOCTD, pejibed M CTPYKTypa JOHHBIX
omioxenui [Vadas, Beal, 1987]. Haubonee n3yuyeHHbIMH SIBJISIOTCSI TaK Ha3bIBaeMbIe IIAPHI MAPUMO,
OMMCaHHbIE 1JIs1 IPECHOBOIHBIX BOAOEMOB fAnonuu u Poccuu (03épa Akan u baiikan) u cocrosiiue B oc-
HOBHOM M3 3€JIEHBIX Bojiopociieit Aegagropila brownii (Dillwyn) Kiitzing u Aegagropilopsis clavuligera
(Grunow) Boedeker [Tuji, Nityama, 2022]. Bo MHOTMX perMoHax IIapbl «MapyuMO» UMEIOT OXPaHHBIN
craryc, B EBporie ux otHocat k ucyezatoumm [Kurogi, 1980; Boedeker, 2010; Boedeker et al., 2010;
Volkova, 2022; Guiry, Frodén, 2023].

“PaGoTa BhINOJIHEHA B PaMKax rocyaapcreensoro 3aganus OULL MHBIOM no teme «BuopasHooOpasue Kak 0CHOBA yCTOHYH-
BOro (byHKIIMOHMPOBAHUSI MOPCKHMX 9KOCHCTEM, KPUTEPHH M HAyUHbIE TIPUHIIUITBI €T0 COXpaHeHHs» (Ne roc. perncrpanuu
124022400148-4).
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O MACCOBBIX CKOIUIEHUAX IIAPOB U3 3EJIEHOH BOJOPOCJIU CLADOPHORA LINIFORMIS
KUTZING B ITPUBPEXXHOH 30HE KEPYEHCKOI'O TI0JIYOCTPOBA (KPbIM, YEPHOE MOPE)

Jlo HacToslero BpeMEHU Iapsl U3 MOPCKHMX MaKpOBOJOPOCJEW OTHOCUTENIBHO Majo H3yue-
HBI, XOTSI TepBble CBEJEHUs O HUX OTHOCATCA K Havyasly mpormuioro Beka [badwy, 3awmka, 2011].
M3BecTHO, 4TO MX MOT'yT 00pa30oBbIBaTh 54 BHa, B TOM unciie 25 kpacHbX (Rhodophyta), 18 3enéHbIx
(Chlorophyta) n 11 Oypsix (Ochrophyta) BugoB Bomopocieit [Norton, Mathieson, 1983; Mathieson,
Dawes, 2002]. lapsl npeactaBasior coOON OTHOBUIOBBIE (peke — MHOTOBHIOBBIE) 0Opa3oBaHMS,
yaie Bcero oHM opmupylorcs u3 3enéHbix Bopopocied nopsaka Cladophorales; B ux cocraBe
OOHapyKeHbl MHOTHE BUJIbI OSCITO3BOHOYHBIX )KUBOTHBIX, PAKOBHHBI MOJUTIOCKOB, JIUCThsI M KOPHEBHIIA
Mopckux TpaB [Bbaouy, 3auka, 2011; Ballantine, Aponte, Holmquist, 1994; Battelli, Leliaert, 2021].

B mocnegHue pecsATUieTHMss B YCIOBUSAX BO3POCHIETO 3BTPOUPOBAHUS U TIOOANBHBIX KJIHU-
MATUYECKMX W3MEHEHUN BCIIBIIIKU Pa3BUTHUS HEMPUKPEIUIEHHBIX (OpM 3elEHBIX BOAOPOCTEH,
npeumyiecTBeHHO ponoB Cladophora, Chaetomorpha (Cladophorales) u Ulva (Ulvales), HaOmonanuch
BO MHOTMX paiioHax MMpOBOrO OKeaHa, a Takke B MPEeCHOBOIHBIX BOJOEMax. BriepBbie KpyIrHeiiiee
CKOIUTeHHe HenpuKperuieHHou ¢opmbl Cladophora orucano U3 IpUOPeKHBIX BOA BepMyIcKHuX ocTpo-
BOB B KoHIIe 1960-x ronos, rae ero tommuuHa gocturana 10 cm [Bach, Josselyn, 1978]. B ZKéntom mope
3enénble npuwiuBbl U3 Ulva prolifera O.F. Miiller nabmopanucek HenpepsiBao ¢ 2007 no 2018 r. [Zhao
et al., 2019]. B YépHOM MOpe MOCTOSIHHBIE BCIIBIIIKY Pa3BUTHUS HENPUKPEIIEHHBIX opm Cladophora
albida (Nees) Kiitzing, C. glomerata (Linnaeus) Kiitzing u C. vagabunda (Linnaeus) C. Hoek peru-
CTpPUPOBAIHCH B MpuOpeskHoii 30He KaBkaza ¢ 1980-x romos., rae ux 6uomacca Ha OOIIUPHBIX TUIOIIA-
nsix pocrurana 400-800 r-m2 [Vershinin, Kamnev, 2001], a y OeperoB PyMbIHMM CKOTIIEHHS BUJIOB
Cladophora n Ulva — c 1970-x, Ho ocobenHo B 2010 1. 1 ¢ 2019 no 2021 r. npu aHOMaJIbHO BbICOKOM
TeMIeparype BOIbl M BBICOKMX KOHLIEHTpAIMsX OMOreHHBIX 3neMeHToB [Marin, 2022]. B 3anagHom
Kpeimy, Ha turspkax Kamamutckoro 3anmBa, jgetom 1988 r. Obuto 3apuKCHUpOBaHO 0 75 T MITOPMO-
BBIX BBHIOPOCOB BHJOB Kianodopsl Ha 1 kM OeperoBoii 30HbI [BonrayeBa, MunbyakoBa, MupoHOBa,
1999]. B ceBepo-3anaHoii yacti YEpHOTO MOpst 0OWIIbHBIE HUTeBUAHBIE cKotuteHust Cladophora sericea
(Hudson) Kiitzing, panee Heu3BecTHbIE /11 APYTHX pailoHOB MUPOBOro OKeaHa, BIiEpBble ObLIN 3aperu-
CTPUPOBAHBI B TOJIIE BoAbl Ha IiiyOouHe 10 40 M B 2003 r., HAJIMUMe 3TUX CKOTUIEHUI NIPUBEJIO K IpeKpa-
[IEHUI0 PBIOHOTO MPOMBICIIA Y U3MEHEHHIO TPO(PUUECKON CTPYKTYPHI JOHHBIX OMoIrieHo30B [Bonraues,
MupuakoBa, 2004].

UpesmMepHoe pa3BUTHE B 9BTPO(UPOBAHHBIX aKBATOPUSIX MAacCOBBIX BUAOB U3 ponoB Cladophora,
Chaetomorpha n Ulva siBasieTcsi NpUUMHONA 00pa30BaHMs 3€JIEHBIX MPUJIMBOB U NPEJCTaBIsAeT cOO0M
3HAUUTENBHYIO SKONornyeckyio npodnemy [Merceron et al., 2007]. BoibIMHCTBO UcceqoBaTeNel CBs-
3BIBAIOT TH BCIIBIIIKU PA3BUTUS C SBPUOMOHTHOCTHIO U IBPUTATMHHOCTHIO BUJIOB, BapHaOeTbHOCTHIO
UX MOP(POMETPUUECKHX TTAPAMETPOB, CIIOCOOHOCTHIO K MHTEHCUBHOMY POCTY M Pa3MHOXEHHIO B YCIIO-
BUSIX XpPOHUYECKOTO 3arpsisHeHus [MoposoBa-Bogsauiikas, 1959; 3unoBa, 1967; Bunorpanosa, 1974;
Adanacwe, Cymikoa, Kamues, 2020; Prazukin et al., 2021].

B mocnegnue rompl B MpUOpEKHON 30HE MHOTHUX PErMOHOB MHpPOBOrO OKeaHa CTald dvarlle
HaOMIOAaThCsl TJIaBAIOIIE WIM BHIOpOIIEHHbIe Ha Oeper mapooOpasHbie ¢opmbl BUI0B Cladophora
u Chaetomorpha [Mathieson, Dawes, 2002; Cooke et al., 2015; Battelli, Leliaert, 2021], a Takxe
ux npuaoHHble Mathl [Prazukin et al., 2025]. HecMoTpst Ha HaKOIJIEHHBIE JAHHBIE O PA3BUTUU MaKpPOBO-
JOPOCIIeH, B TOM YHUCIe 3eJIEHBIX, B TPUOPEKHOM 30HE A30BO-YepHOMOPCKOro OacceiHa, 10 HaCTOSIIIe-
r0 BpeMeHHU ObLIIM U3BECTHBI JIMIIb MHUYHbIE CTyYad MacCOBBIX CKOIUICHUH IIapOB U3 HUX Ha Oepery.
B He3HaumTeIbHOM KOJIMUYECTBE OHU ObLTH OTMeueHbI Ha Oepery Tenaposckoro 3amBa B 2010 r. (ycTHOe
cooomenue M. II. KoponecoBoii), B TOM %ke paiioHe MaccoBo y noc. [TorueBka yietom 2013 1. (qaHHBIE
H. A. MuibuakoBoi) 1 Ha roisbke nioc. Kupmiioska B CeBepHoM [puaszoBbe B Hostope 2021 1. [Bmonb
noGepexps ... , 2021]. B paitone Kepuenckoro riponusa mapsl u3 Cladophora siwaschensis K.1. Meyer
BCTpeyvasuch Ha koce Yyllka, OqHaKO CBeIeHHs O KOJUIEKTOpe U Jate cOopa OTCYTCTBYIOT [AdaHackes,
CymikoBa, Kamnes, 2020].
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[NepBoe MaccoBoOe CKOTIIEHHE IIAPOB M3 BOAOPOCIIel ObLIO 3apMKCUPOBaHO B OeperoBoi 30He KpbiM-
CKOTO TIOJTyOCTpOBa B paiione T. Kepuu, Ha ruisbke roc. 7KykoBka, 17 centsiops 2025 r. [Anguna, 2025].
C y4€TOM peaKoCTH 3TOro sIBJIEHHS B A30BO-YepHOMOPCKOM OacceiiHe 11eJib HaCTOSIIer paboTh 3aKJTI0-
Yajach B 9KOJIOr0-0MOMOPdOIOrnYecKol XapaKTepUCTUKE CKOIUIEHHUH 1apoB U3 BOJOpocel y Oeperos
KpbIMcKoro nomyoctpoBa, onpeeseH!y UX MJI0THOCTU U MOP(OMETPUUYECKUX MTapaMeTPOB, OCOOEHHO-
CTell pacnpoCTpaHeHus U BbISBICHUH (PaKTOPOB, BIUSIONIMX HAa UX (pOPMUpPOBaHKE U BHIOPOC, a TAKKe
B MX COMOCTaBJICHUH C TAHHBIMU U3 JIPYTUX palloHOB MUPOBOTo OKeaHa.

MarepuaJjibl 1 METOIbI

Xapaxmepucmuxka paiiona uccaedoeanuli. beperoBas 30Ha KepueHckoro mposusa
copmupoBana Kepuenckum u TaMaHCKMM MOITYyOCTPOBaMH, OTIMYAETCS BBICOKMM OUOIOrMYe-
CKMM W OMOTONMYECKUM pa3HOOOpasueM, B MPHOpPEKHOW 30HE B COCTaBe JOHHOW pPaCTUTEIBHOCTH
JOMHUHHPYIOT COOOIecTBa MOPCKHUX TpaB [Mopckue oxpaHsiembie ... , 2015]. IllupuHa mponmBa
M3MEHSIeTCsl Ha pasHbIX yuyacTkax oT 4,5 1o 15 km, makcumalibHas riiyOuHa cocTaBisieT 18 M, TOHHbIE
OTJIOKEHHS TPE/ICTABIEHbl B OCHOBHOM WJIUCTHIMU TIECKaMU U aJIEBPUTAMU C BBICOKMM COAEPKaHUEM
AETPUTa, peXe BCTPeYaeTcsl paKylIeUHMK, IajbKa, BHIXOIbl N3BECTKOBBIX KAMEHUCTHIX Tpsa. Temmnepa-
Typa BoAHbIX Macc 3umMoit — ot 0 10 4 °C, nerom — ot 22 a0 26 °C [Jlomakun, [Tano, CnipuaoHoBa,
2010], conénoctpb BapsupyeT oT 14,4 %o Ha ceBepe 10 18 %o Ha 10re, CKOpOCTh TeueHnuit — 110 20 cm/c
[3aBbsanioB u ap., 2022]. Bonpl nponrBa OTHOCATCS K TPAHC(POPMHUPOBAHHBIM a30BO-UYEPHOMOPCKUM,
XapaKTepU3yIOTCsl 3HAYUTENIbHBIM 3arpsi3HEHUEM TSDKEIBIMU MeTaUlaMu U nectunmgamu  [Jloma-
KUH U Jp., 2020], B OCHOBHOM M3-32 CTOKa PEK M aHTPOMOTeHHOrO BIMSHMS (TIepeBajKa Tpy30B,
CYIOXOICTBO, JHOYIJTyOUTeNbHBIE PadOThl, AaMIMHT). KoHIEeHTpanus OOJBIIMHCTBA 3arpsi3HUTENeH
3HaumnTeNbHO NpeBbimaeT [1/1K, a HachIIeHHOCTh MOBEPXHOCTHBIX BOJ METAHOM OOJIbIIIE PABHOBECHBIX
¢ arMocepHBIM BO3yXOM 3HaUeHUM B cpefHeM B 6—13 pa3 [3aBbsutoB u 1p., 2022].

Omoop u odopadomka npoo. ITpoOs! mapoB n3 Ki1a10opbl COOpaHbI B 30HE UX MaCCOBOTO BHIOpOCa
Ha rstke noc. JKykoBka (N45.373063°, E36.628435°), Ha ydacTke mjiomaasio 255 M2, 19 CEeHTSI0ps1
u 4 okTa6pst 2025 r. B 1ieHTpaibHOM, 10)KHOM M CEBEPHOM YacTsIX YYacTKa 3aKJablBaIv TPU NEpreH M-
KyJISIpHbIe K OeperoBoy JIMHUM TPAHCEKTHI MPOTSKEHHOCTHIO 25 M, Ha KaXKAOW M3 KOTOPBIX OTOMpAU
10 YeThIpe YUETHBIE TUIOMIAJKU pazmepoM 25 X 25 cM. Beero 6bu10 cobpaHo u o6padorano 12 kommye-
CTBEHHBIX P00 1 684 3K3. mapoB. B 1a00paTOpHBIX YCIOBUSIX MPOBOAMIIN AaHAIN3 UX BUJOBOTO COCTABA,
onpeaensan ¢gopMmy, MOpdOMETPUUECKHUE TTapaMeTpsl (IMameTp, JUIMHA, [UMPUHA (MM)) U BO3LYLIHO-
CyXylo Maccy (Mr).

Jlns1 BHISIBIEHHS] IPYTMX YYACTKOB, Ha KOTOpPBIE MOINIM OBITh BBHIOPOIIEHBI IAPBI, €KEHEIEIbHO
¢ 26 centsa0ps 10 30 okTs16pst 2025 1. MPOBOAVIIU MaPIIPYTHO-TIOJIEBbIE 00CIEI0OBaHNUST OEPEroBOi 30HbI
Kepuenckoro nonyocrposa ot Mbica XpoHH Ha ceBepe A0 Mbica Kambi-BypyH Ha rore.

Jnst uneHTurUKaum MakpoBOJOPOCIIEN UCTIONb30BAIM METO/Ibl CBETOBOI MUKPOCKONHUY (yBeJIrye-
Hue x40; x400), onpeaenurenu U MoHorpadudeckue padotsl [3uHoBa, 1967; Hoek, 1963], Ha3BaHus
BUJIOB yKa3aHbl C yYETOM HOMEHKJIATypHbIX U3MeHeHu! [Guiry M., Guiry G.]. Mukpodororpacduu ma-
poB BeinosnHeHsl Ha COM Hitachi SU 3500 (SInonus) B nadoparopunt mukpockonuu GULL MHBIOM
(pykoBogutens B. H. JIumaes).

PesyabTartsl 1 00cy:K1eHIe

MaccoBoe ckoruieHHe MIapoB Ha 3amagHoMm Oepery KepueHckoro mposma, y moc. KyKOBKa,
OTHOCHUTCS K PEIKOMY MIPUPOJAHOMY SIBJIEHHIO 151 A30BO-YepHOMOpPCKOro H6acceiiHa 1 BIiepBbie 3ahuK-
cupoBaHo y KpeiMckoro nomyoctpoBa. OCHOBHBIM BUAOM, (DOPMUPYIOIIMM Iapbl (puc. 1), siBisiiach
3enéHast Bopopocib Cladophora liniformis Kiitzing, muHeliHble pa3Mepbl KJIETOK M CTPYKTypa TaJljioMa
KOTOpPOW OKa3aJIUCh COMOCTABUMbIMU C JUATHOCTUYECKMMU MPU3HAKAMU, ONHCAHHBIMU /711 TIPUKpPEI-
JIEHHOUN U HENPUKPEIUIEHHOU popM 3TOro Buaa [3uHosa, 1967; AdanaceeB, CymkoBa, Kamues, 2020].
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Huametp ocHoBHBIX BeTBel C. liniformis BappupoBait ot 40 10 130 (73,78 = 18,54) MKM, anuKaJIbHBIX —
ot 20 o 40 (30,47 = 5,92) MKM™, mMPUHA CTEHKU KJIETOK B CPEIHEN YacTH Tajuioma — ot 2,5 o 12,5
(5,77 £ 2,18) MKM.

Mapsr C. liniformis BcTpeyaauch B TpEX (popmMax — chepuyecKoi, OBaJbHOU (MM AULIEBUIHON)
U MMAJIOYKOBUIHOM, UX A0 cocTraBisuia 86,8; 4,4 u 8,8 % o01ero KoJIm4ecTsa COOTBETCTBEHHO. Bee
(opmbl umenu nonocth BHYTpH (puc. 2A, 2B), B ux coctaBe 0OHapyKeHbl YaCTU TAJUIOMOB HEKOTOPBIX
BUJIOB MaKPOBOJOPOCIIEH, OECIIO3BOHOUHBIX JKMBOTHBIX, PAKOBUHBI MOJLTIOCKOB. Ha moBepxXHOCTH Tai-
nomoB C. liniformis 3adpukcrpoBaHo oOMIIE AMATOMOBBIX Bojtopocieit ponga Cocconeis (puc. 2B, 2I).

b r

Puc. 1. ®opmel mapos 3enéHoit Bogopociu Cladophora liniformis B 6eperoBoiil 3oue KepueHckoro
n-oBa (moc. KykoBka, 19.09.2025 r.): A — cdepuyeckas, b — nanoukoBugHasi, B — oBanbHas,
I' — nonocts BHyTpH 1m1apa

Puc. 2. Crpykrypa mapoB Cladophora liniformis (noc. Kykoska, 19.09.2025 r.): A — mapoBugHas
¢opma, b — monocts 1mapa, B — BetBiaeHue taioma, I — BKparuieHus1 pakOBUH MOJUTIOCKOB U JIPYTHX
TUIPOOUOHTOB
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KonmuectBo 1mapoB Ha TpaHcekTax BapprpoBaso ot 14 mo 223 (53,8 = 17,8) 3k3. Ha y4ETHYIO IUIO-
manky S = 625 cm?. Ha LIEHTPAJIbHOM YYacCTKe, B 30HE MACCOBOIO CKOIUIEHUsI, CPEIHEE KOJIMYECTBO
mapoB gocruraio (112,5 £74,9) ak3., no mepe ynaneHus oT 3TOi 30Hbl OHO CHUKAJIOCh 110 (86,7 = 11,1)
1 (20,5 £ 9,2) 3k3. K ok1s16pio 2025 r. GONBIIMHCTBO MIapOB OBUIO CMBITO B aKBATOPUIO MPOJIMBA MOCIIE
IITOPMOB, B Ha4ajie HOSIOPS1 OHU BCTPEYATUCH AMHUYHO, B OCHOBHOM I10]] CJIOEM PaKYIIEYHUKA U IITOP-
MOBBIX BBIOPOCOB MOPCKHX TpaB. 3a Bech Meproj] HAOMIOAEHWIA, C CEHTAOPs 1Mo HOsIOph 2025 T., mapsl
U3 KJ1a70opsl He 0OHApYKEHbI Ha APYTUX YYacTKax 3amamgHoro oepera KepueHckoro rmposnmsa.

JIuneiiHbIe pa3Mepsl U Macca apoB 3HAUYMTEIbHO BApbUPOBAIIH, AUAMETP oceil y ceprudeckoit ¢op-
Mbl coctaBisin 3,0-35,16 (21,68 £+ 4,001) u 5,53-33,56 (17,2 £ 3,51) MM, y oBaJibHO#M KoJjeOascs
or 12,15 no 30,45 (22,17 £ 4,51) mm, y nanoukoBuaHonr — ot 11,63 go 26,08 (17,51 + 3,92) mm.
Bo3ayiiHo-cyxas macca 1apoB CYHIECTBEHHO pas3inyajiachk: y cepuyeckoil GopmMbl OHa COCTaBIsAIA
50-1340 (390,0 £+ 0,32) mr, y oBasibHON — oT 230 10 1150 (610,0 £ 0,26) Mr u y najao4koBU/I-
Holl — 40-1080 (240,0 = 0,22) mr. MakcumasbHble 3HaYeHHsS] Macchl y Bcex (opM IIapoB ObLIM
COIOCTaBUMBIMHU.

AHau3 JaHHBIX O HAXOMKax IIapoB KJIagodopbl B Apyrux paiioHax AzoBo-UepHomopckoro Oac-
ceifHa TOKa3aJl, YTO OHU BCTPEYAJIMCh TOJNBKO HAa aKKYMYJISTUBHBIX Oeperax M mecuaHbIX IUIsSKax
1 B OCHOBHOM mMmenu ceprueckyto ¢opmy (puc. 3). OBanbHas U MaJlOYKOBUAHAS (DOPMBI, OOHAPY-
KEHHBIE, TOMUMO ceprudeckoil (hopMmbl, y 1oc. ’KyKoBKa, paHee OTMEYAJIUCh y MIAPOB U3 JAPYTHUX
BUJIOB MaKpOBOJIOpOCIIei B OeperoBoii 3oHe Cpein3eMHOro MOpsl U Ipyrux paloHOB MUPOBOro OKeaHa
[Ballantine, Aponte, Holmquist, 1994; Davis, Hein, Millgate, 1996; Petrocelli, Portacci, Cecere, 2009;
Cooke et al., 2015; Rindi, 2014]. [Io Hacrosiero BpeMeHu (pakTopbl, BIUSIOIIKE Ha (POPMUPOBAHUE
pa3MuHbIX (JOPM IIAPOB U3 MOPCKUX MaKpOBOAOPOCel, B ToM umcie BunoB Cladophora, nocTOBEpHO
He M3BeCTHBI. MOKHO IMPEAIOIOKHTh, UYTO UX 00pa30BaHUE 3aBUCUT OT MOP(OCTPYKTYPHBIX OCOOEH-
HOCTel Buja M aOMOTUYEeCKUX (PAaKTOPOB (CKOPOCTh TeYEHUSs, TypOYyJeHTHOCTb, penbed), CTPYKTypa
JOHHBIX OTJIOKEHUW U JIp.), IPYU STOM OBaJIbHAS M MAJOYKOBUAHAS (POPMBI SBISIOTCS MEPEXOTHBIMU
K c(pepruiecKon.

Puc. 3. Maccossle ckoruienus mapos Cladophora B 6eperosoi 30He A30Bo-YepHOoMOpcKoro dacceliHa
(2010-20251T.): A, b — noc. Kyxkogka, waps! C. liniformis; B, I' — Tennposckas koca, mapsl Cladophora
sp.; I, E — noc. Kupwunnoska, mapel Cladophora sp.
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XOTSl CKOIUIEHMS IIAPOB M3 PA3JIMYHBIX BUJOB MAaKpPOBOJOPOCIEH, MPEUMYLIECTBEHHO 3EJIEHBIX
(peske — OypBIX U KPacHBIX), B O€peroBoii 30He OTHOCSITCS K JOBOJILHO PEIKUM IPUPOIHBIM SIBJICHUSIM,
B MOCJIeJHUE eCSITUIETUSI OHU (PUKCUPYIOTCSl B Pa3HbIX paiioHax MupoBoro okeaHa. Tak, Ha Iiskax
Wcnanun n ABcrpanuu BeTpedasiuch mapsl u3 Chaetomorpha linum (O.F. Miiller) Kiitzing, Ha no0Ge-
pexbe CIIA — u3 Chaetomorpha picquotiana Montagne ex Kiitzing u Pylaiella littoralis (Linnaeus)
Kjellman [Mathieson, Dawes, 2002; Cooke et al., 2015]. Tloka3arenabHo, 4YTO HE3aBUCUMO OT pail-
OHa JIMHEWHbIEe pa3Mephl IAPOB U3 MAKPOBOAOPOCIIEN M MOPCKHMX TpaB OKa3aiuch cxoaHbiMu. Cpen-
Huil quamerp 1mapoB C. liniformis y noc. ’KykoBka (2,2 + 0,4) cM ObUT COMOCTABUM C 3K3eMILISIpaMH
u3 P. littoralis y 6eperoB Amepuku (okoso 2,8 cm), Tak xe Kak y Ch. linum n Ch. picquotiana —
(6,6 £0,7) u (5,9 £ 0,3) cM cootBeTrcTBeHHO [Mathieson, Dawes, 2002; Cooke et al., 2015]. ¥V nnaBa-
IOIIMX MIAPOB, OOHAPYXEHHBIX B OCHOBHOM B IPUOPEKHOM 30HE, AMAIa30H JIMHEHHBIX Pa3MEpOB TaKkKe
cornoctaBuM: B jaryHe CtpyHsiH (CpenuzemHoe mope) auameTp mapoB C. prolifera BapsupoBai ot 1,9
1o 4,8 cm [Battelli, Leliaert, 2021], a B o3epe Cusain y BunoB Chaetomorpha nocturan 5 cm [baduu,
3auka, 2011]. bonee kpynHbie mapsl AuameTpom cBbiiie 10 cM popMUPOBAIUCh U3 JIUCTHEB, KOPHEN
Y KOPHEBUIL MOPCKOi TpaBbl Posidonia oceanica (Linnaeus) Delile, MaccoBble CKOIJIEHU S KOTOPBIX OIH-
caHbl /111 OeperoBoi 30Hb MHOTUX paiioHoB CpenuzeMHoro mopsi [Petrounias et al., 2023; Restaino
et al., 2023].

XoTsl laHHBIEe O TIIOTHOCTU CKOILIEHH mapoB Ha 1 M2 mpaktuuecku orcyTctByioT [Cooke et al.,
2015], cpaBHUTEBHBIN aHAJIM3 HEKOTOPBIX U3 HUX MTOKA3aJl, YTO OHA CYIIECTBEHHO pa3inyaercsi. Makcu-
MaJibHasi BeJIMYKMHA oripeesnieHa s mapos C. liniformis Ha 6epery KepueHckoro rnponmBa — JOCTUTAET
3568 3k3., A mapos u3 Ch. picquotiana Ha nodepesxbe CIIIA ona He npeBbiaia 223 5k3. [Mathieson,
Dawes, 2002], a u3 C. prolifera B naryne Ctpynsa — 975 sxk3. [Battelli, Leliaert, 2021]. IToutu Bce
HAXOAKHU IIAPOB U3 OIHOJIETHUX BUJIOB 3€JEHBIX BOJOPOCIEN MPUXOAUIUCH HA JIETHUN U PAHHEOCEH-
HUIA TIEPUOIBI, KOra UX (putomacca B MPUOPEKHBIX aKBATOPUSX JIOCTUTAIA MAKCUMAJIbHBIX 3HAYCHUH.
OnHaKO JIaHHBIE O MEPUOIMYHOCTH BBHIOPOCOB U JITIMTEIBHOCTY HAXOXKJICHUSI IIAPOB B OEPEroBor 30He
MPAKTUYECKU OTCYTCTBYIOT. OTMEUanIoch, 4To MOCIe IMTOPMOB OOJBIIMHCTBO IIAPOB CMBIBAETCS B MPU-
OpekHble aKBaTOPHHU, TJIe UX MACCOBBIE CKOIUICHHUs BIIOCTECTBUM He ObLIM OOHApyXeHbl HU Ha JIHE,
HU B Toiie Boawl [Bergeron, 2002]. Hekoropeie vcciaenoBaream OTMEYaid, YTO IAapbl MOTYT BCTpe-
YaThCs CHOPAAMUYECKU U B 3HAYMTEILHOM KOJIMYECTBE JIMOO B TeUSHHUE JTUTETLHOTO TIeproaa BoooIe
otcyTcTBOBaTh [Mathieson, Dawes, 2002; Boedeker et al., 2010].

[Momumo ckomnennit mapoB Cladophora spp. W Apyrux MakpoBOAOpOCTel B OeperoBoii 30He,
OHU pEeAKO HaOMoJANIMCh B TOMIIE BOAbl. Tak, MiaBaiolye Iapbl OOHAPYKEHBl Yy 3€JEHBIX BOJIO-
pocneir Ch. linum, Valonia aegagropila C. Agardh u Lychaete echinus (Biasoletto) M.J. Wynne,
pexe — wu3 KpacHbix Bopopocnent Alsidium corallinum C. Agardh w Gracilaria bursa-pastoris
(S.G. Gmelin) P.C. Silva [Petrocelli, Portacci, Cecere, 2009]. B UépHoM mMope BriepBbie I1aBaIONINeE
mapsl w3 Cladophora sp. 6bin 3a(pUKCHPOBaHBI B HE3HAUMTEIILHOM KOJIMYecTBe B peruoHe CeBacto-
noss, B Oyxrax Ilecounas u KapantunHas, Ha ryOuHe g0 2 M B aBrycre 2025 r. (ycTHOe cooOlie-
uue T. B. PeBkoBoii). Bo3M0kHO, 9TH mapbl BBIHOCATCS B IPUOPEKHBIE aKBATOPUU PETYNISIPHOTO OMaaa
«BETBeI» MHOTOJIETHUX Oypbix Boopocient Gongolaria barbata (Stackhouse) Kuntze u Ericaria crinita
(Duby) Molinari & Guiry, Ha KoTOpbiX OHM 3mudutupyiot [Kanyruna-I'yrauk, 1975]. 1o naHHbIM
H. B. Mopo3zosoi-Bonsaunkor [Mopo3osa-Bonsgnuukas, 1959], Bnepeble onucasiied MapoOBUIHYIO
(opmy y snuduTHpyOImKX BUAOB Kiaaodopsl B YEpHOM Mope, e€ TuaMeTp MOXeT BapbupoBaTh oT 0,5
10 6 cM, YTO COMOCTABUMO C JIMHEWHBIMU pa3MepaMu IIapOB U3 MHOTHX BUJJOB MaKpOBOIOPOCIIEH B pa3-
HbIX pailoHax MupoBoro okeana [Mathieson, Dawes, 2002; Cooke et al., 2015]. Cineqyer oTMeTHUTb,
YTO KpOMe IIapoB HenpukperuiéHHas ¢opma BunoB Cladophora MOXET BCTpedarbCsi B TOJIIE BObI
B BUJIE JUTMHHBIX BHITSHYTHIX TsDked [bontaueB, MuibuakoBa, 2004; Vadas, Beal, 1987], a y nna dop-
MUpOBaTh NpuAoHHbIE MaThl [Salovius, Kraufvelin, 2004; Prazukin et al., 2021; Prazukin et al., 2025].
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daxTOphl, MPUUYMHBI W YCJIOBUS, TMpPU KOTOPHIX OOpa3yloTCsl Iapbl M3 MOPCKUX U TIPECHO-
BOIOHBIX MakpodurtoB, HemoctatouHo usydeHbl [Hoek, 1963]. Cuwmraercs, 4To OHU OOYCJIOBJICHBI
B OCHOBHOM COYETaHHEM BUIOCTIEIIM(PUIECKUX OCOOCHHOCTEH paCTeHUI, THPOANHAMUYECKIX YCIIOBHIA
U CTPYKTYphI IOHHBIX oT/10%keHui [Boedeker, Immers, 2009]. ¥ Bogopocieil Takumu 0COOEHHOCTAMU
SIBJISTIOTCS KECTKOCTD TAJJIOMa, OOWIbHOE BETBJIEHUE, OBICTPHIN POCT B PA3IMYHBIX SKOJIOTHYECKUX YCIIO-
BUSIX, JIOMKOCTb BETBEH U CIIOCOOHOCTD K (PparMeHTaInu, 4TO CHOCOOCTBYET MX MEPEIVIETEHUIO U CKPY-
yuBanuio [Mathieson, Dawes, 2002]. K ¢akTopam cpejipl, BIUSIOMUM Ha (DOPMUPOBaHKUE W BHIOPOC
mapoB Ha Oeper, OOJBITMHCTBO MCCIIeI0BaTe el OTHOCAT MOBHIIEHHYIO THIPOIMHAMUKY IPUOPEKHBIX
aKBaTOpUM, 0OCOOEHHOCTU OeperoBoro penbeda, B YaCTHOCTH HATUYME Y3KUX YIIeIWid WM KaHbOHOB,
r7ie MOBHIIIeHHAs! TYpOYyJeHTHOCTh CIIOCOOCTBYET MepeKaThiBaHMIO U YIUToTHeHuIo mapoB [Hoek, 1984;
Mathieson, Dawes, 2002; Togashi, Sasaki, Yoshimura, 2014; Cooke et al., 2015]. ¥V npecHoBon-
HBIX 1 MOpPCKUX BUNIOB Cladophora oOpa3oBaHue MapoB MPaBUIbHON chepraeckoit (hOpMBI CBS3BIBAIOT
¢ HasmureM TBEpaoro cyocrpara [Chapman V., Chapman D., 1973; Mathieson, Dawes, 2002].

BiusiHvie mapoB w3 3eN€HBIX BOIOPOCIEl Ha OWOICHO3bI M MPUOPEXHBIE KOCUCTEMBI A30BO-
UYepHoMopckoro OacceiiHa, Kak M BCHBIIKK pa3Butuss BuaoB Cladophora u Ulva, emg mnpeacro-
UT W3Y4YUTh, TOCKOJIBKY BEPOATHOCTb IOCJIEAHUX B YCJIOBUSX MOBBILIEHHOTO 3arps3HEHUsl BO[,
9BTPO(PUPOBaHUS M TIOOATBHBIX KJIMMATHYECKMX W3MeHeHWW Oyaer Bospactarh. [Ipu yxyamieHwn
KayecTBa Cpejibl 3HAYMTEIbHO IOBBIIIAETCS TaKkKe PHUCK MOSIBJICHUSI HOBBIX M UYKEPOAHBIX BHIIOB
BO (priope mMakpoBopopocieir YEpHoro mMopsi, YTo 3a(pMKCUPOBAHO HAMM B TMOCJIEAHUE NECSTUIETHS,
Korjaa konuuectBo BUJoB Cladophora ysemmuunocs Basoe (¢ 10 go 19), a nons nopsinkos Cladophorales,
Ulvales u Ulotrichales, k KOTOpbIM OHM OTHOCSTCs, JocTUIA 82,6 % 00IIero pazHooOpas3us 3eaEHbIX
Bogopocieit [MunbyakoBa, 2003]. 3BecTHO, YTO MHOTHE MPEICTABUTENN STUX MOPSAIKOB BCTPEUAIOTCS
KaKk B MPUKPEIUIEHHOW, TaK W HEMPHUKPEIUIEHHON (hopme, MOryT (hOpMHUPOBATh OOIIUPHBIE TPHIOH-
HbIe CKOIUICHHS WJIM CBOOOTHOILIABAOIIUE B TOJIIIE BOJbI, OKa3bIBATh HETATUBHOE BIIMSHUE HA TMIPO-
OUOHTHI U BOJHbIE Ouosorndyeckue pecypcbl. CrieyeT OTMETUTh, YTO YBEIMYEHUE KOJIMYEeCTBA BUIOB
Chlorophyta u BCHBIIKM UX pa3BUTHS, OOYCJIOBJIEHHBIE SBPUOMOHTHOCTBIO M BBICOKMM a/IalITUBHBIM
MOTEHIMAJIOM, HAaOJTIOIAI0TCSl BO MHOTHX paiioHax MHUpPOBOToO OKeaHa, 3TO NPeICTaBIseT 3HAYUTEIbHYIO
9KOJIOTMYECKYI0 yrpo3y [uisi mpuOpexHbIx 3kocucteM [Short, Neckles, 1999; Merceron et al., 2007;
Zulkifly et al., 2013; Zhao et al., 2019].

3akarueHue

Briepoie 1151 mprOpesxHOi 30HB KphIMCKOTrO MOIYyOoCTpOBa OMMUCAHO MAacCOBOE CKOILIEHHE ITapoB
u3 3eneéHor Bomopociu Cladophora liniformis, oOHapyxeHHOe Ha 3amagHoM Oepery KepueHckoro
nponuBa B ceHTsi0pe 2025 r. IlokaszaHo, 4TO JHMHEHHbIE pa3Mepbl MIAPOB KJIaJ0(Opbl COMOCTAaBUMBI
C TAKOBBIMU Yy IIAPOB JAPYTUX BUAOB 3€JIEHBIX BOJOPOCIEH, a INIOTHOCTh CKOIUIEHUI 3HAYMTEBHO BBILIE.
dakTOpH! ¥ MPUYMHBI MACCOBOTO 00Pa30BaHusI MIAPOB K1aa0¢ophl U UX BeIOpOca Ha Oeper MoKa Heu3-
BECTHBI, BEPOSITHO, OHU CBSI3aHbl CO BCIBIIIKAMU Pa3BUTHUS 3€JEHBIX BOIOPOC/IEH B Pa3HBIX pailoHax
A3zoBo-YepHoMopcKoro OacceitHa, 0COOEHHO Ha Y9ACTKax C BRICOKMM 3BTPO(PHPOBAHKIEM.

JI1s M3ydyeHus BIMSHMS MACCOBBIX CKOIUIEHMH IIApPOB M APYrux (pOpM HENpUKPEINJIEHHBIX BOIO-
pociieil Ha COCTOsIHME TOMYJISLUI 1 OMOLIEHO30B KJIIOUYEBBIX U OXPaHSIEMBIX BUIOB PUMOPCKOIN 30HBI
HEOOXOIMMO Be/IEHHE UX PEryasipHOr0O MOHUTOPUHIA, OCOOEHHO B aKBATOPHSX 3arOBEAHBIX 0OBEKTOB
pOccHiicKoro cekTopa A30Bo-YepHOMOpPCKOro OacceiiHa, YTo MO3BOJIUT BIPAOOTATh MEPHI MO COXPaHe-
HUIO OMOpa3HOOOpa3wsl U YCTOMUMBOMY (DyHKITMOHUPOBAHUIO BCEX 3BEHBEB MPUOPEKHBIX IKOCHUCTEM.

Baaronapaoctu. IIprHocum OnarogapHOCTh 3a MPEAOCTaBJIEHHYI0 MH(pOPMALMIO KOoleraM —
A. C. TepenrbeBy (otmen «Kepuenckuit» A3zoBo-YepHomopckoro ¢umana PI'BHY «BHUPO»
(«AsH1UUMPX»)), I. 1. Koponecosoii u T. H. Peskosoii (PUL IHBIOM).
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ON MASS FINDINGS OF GREEN ALGA CLADOPHORA LINIFORMIS KUTZING BALLS
IN THE COASTAL ZONE OF THE KERCH PENINSULA (CRIMEA, BLACK SEA)
Milchakova N. A., Kandaurova D. A., Chernysheva E. B.

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
e-mail: nmilchakova@ibss-ras.ru

Abstract: For the first time for the Black Sea, the ecological and biomorphological characteristics of mass
aggregations of balls from the green algae Cladophora liniformis Kiitzing, found in the beach area of the vil-
lage, are presented Zhukovka (Crimea, Kerch Peninsula) in September 2025, it was shown that the total area
of distribution of balloons was 255 m?, their largest number was recorded near the coastline on the sandy-shell
biotope. The density and size-mass parameters of the balls were determined on three transects laid perpendicular
to the shore from the water’s edge to the boundaries of their distribution. On each transect, quantitative samples
of the balls were taken using a 25 x 25 cm counting frame in four replicates. It was found that C. liniformis balls oc-
curred in three forms — spherical, oval (egg-shaped), and rod-shaped, which accounted for 86.8; 4.4, and 8.8 %
of their total number, respectively. The density of balls varied from 14 to 223 specimens. (per account frame
S = 625 cm?), their diameter ranged from 3 to 35 mm (20.29 + 0.21) mm, and the average air-dry mass of the ball
was (380.0 £ 0.013) mg. A comparative analysis of the distribution of balls made from different types of algae
in other areas of the world’s oceans revealed significant differences in density, while the size parameters were
similar or comparable. The article discusses the causes of the formation of balls and other mass accumulations
of algae near the coast of the Crimean Peninsula and other areas of the Azov-Black Sea basin, as well as their
possible impact on biocenoses and coastal ecosystems.

Keywords: macroalgae, Cladophora liniformis, spherical shape, biomorphological parameters, density, coastal
zone, Kerch Strait
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THE ROLE OF SPATIAL RESOLUTION IN VEGETATION INFORMATION
EXTRACTION: A COMPARISON OF JILIN-1 AND SENTINEL-2 SATELLITE DATA
IN THE GRODNENSKAYA PUSHCHA BIOSPHERE RESERVE (BELARUS)

Zhao B.!, Jiang C.2
! Belarusian State University, Minsk, Republic of Belarus,
e-mail: geozhao@outlook.com
2 Belarusian State University, Minsk, Republic of Belarus,
e-mail: sweeneil j@gmail.com
Abstract: High-resolution satellite remote sensing data provide new opportunities for analysing vegetation struc-
ture in forest ecosystems with complex spatial organization. This study examines the role of spatial resolution
in vegetation information extraction using multispectral satellite imagery. The research was conducted in the po-
tential biosphere reserve «Grodnenskaya Pushcha» in the Republic of Belarus, a protected area characterized
by high forest cover and pronounced spatial heterogeneity of vegetation. Multispectral satellite images from Jilin-1
with a spatial resolution of 5 m and Sentinel-2 with spatial resolutions of 10-20 m were used for the analysis
and were acquired during the peak vegetation growth period. Vegetation condition was assessed using the red-
edge vegetation index NDVI705. The analysis included a comparison of spectral profiles, statistical characteristics
of the NDVI705 index, and results of unsupervised clustering (K-means) obtained for identical regions of interest.
The results showed that both satellite datasets exhibit similar spectral patterns in the red-edge and near-infrared re-
gions of the spectrum, while differing in the level of spatial detail. The higher spatial resolution of Jilin-1 imagery
enables the detection of internal heterogeneity of forest cover, including small forest openings, narrow riparian
zones and fragmented vegetation patches. Sentinel-2 data provide a more generalized representation of landscape
structure but remain effective for analysis at the regional scale. The results indicate that spatial resolution is an im-
portant factor in vegetation analysis within forest natural complexes and that the combined use of satellite data

with different spatial characteristics can improve ecological monitoring in protected areas.

Keywords: NDVI705, red-edge spectral region, multispectral satellite imagery, forest ecosystems, remote sensing

Introduction

Vegetation plays a fundamental role in terrestrial ecosystems by regulating energy exchange, bio-
geochemical cycles and habitat diversity, particularly within protected natural areas where vegetation
structure directly influences biodiversity conservation and ecosystem stability. Quantitative assessment
of vegetation cover and condition is therefore an essential task in ecological monitoring and environmen-
tal management. Satellite remote sensing has become one of the most effective approaches for large-scale
vegetation assessment due to its ability to provide spatially consistent observations over extensive areas.

Among the various remote sensing indicators, the Normalized Difference Vegetation Index (NDVI)
and its modified forms have been widely applied for estimating vegetation cover and canopy char-
acteristics because of their sensitivity to chlorophyll content and vegetation structure. Early studies
demonstrated that NDVI-based indices provide reliable estimations of vegetation fraction across differ-
ent land-cover types and therefore form the methodological basis for large-scale vegetation monitoring
using satellite imagery [Jiang et al., 2006].

In forest ecosystems characterized by dense canopy cover, however, conventional broadband NDVI
often suffers from saturation effects that limit its ability to detect subtle variations in vegetation condition.
To address this limitation, vegetation indices based on the red-edge spectral region have been proposed.
One of the most widely used indices is NDVI705, which utilizes spectral bands located near the red-edge
region that are highly sensitive to chlorophyll concentration and canopy structure. Previous studies have
shown that NDVI705 improves the detection of vegetation variability in dense forest canopies and pro-
vides enhanced sensitivity to physiological changes in forest ecosystems [Gitelson, Merzlyak, 1996; Sims,
Gamon, 2002; Delegido et al., 2011].
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The increasing availability of multispectral satellite data has significantly expanded the possibilities
for vegetation monitoring. Medium-resolution imagery from the Sentinel-2 satellite mission has become
a widely used data source for ecological studies due to its frequent revisit cycle and the availability of red-
edge spectral bands. Sentinel-2 data have been successfully applied to vegetation mapping and ecosystem
monitoring in forests, wetlands and heterogeneous landscapes [Korhonen et al., 2017; Lastovicka et al.,
2020; Bhatnagar et al., 2020; Mohammadpour, Viegas D., Viegas C., 2022].

However, the effectiveness of vegetation indices derived from satellite imagery is strongly influenced
by spatial resolution, particularly in landscapes characterized by complex spatial patterns. In forest-
dominated ecosystems, medium-resolution pixels often integrate multiple surface components such
as tree canopy, understory vegetation, forest roads and canopy gaps within a single pixel. This mixed-
pixel effect may lead to smoothing of spectral information, reduced sensitivity to forest edges and riparian
zones, and suppression of small-scale spatial heterogeneity within forest landscapes. Previous compar-
ative studies using sensors with different spatial resolutions have demonstrated that higher-resolution
imagery improves the detection of fragmented vegetation patches and fine-scale ecological structures
[Zhu et al., 2016; Zhao et al., 2020].

In recent years, the Jilin-1 satellite constellation has provided high-resolution multispectral imagery
with spatial resolutions of approximately 5 m, offering new opportunities for detailed ecological analy-
sis. Compared with medium-resolution satellite data, the higher spatial resolution of Jilin-1 imagery may
improve the detection of internal forest structure and fine-scale spatial heterogeneity. Technical docu-
mentation and regional datasets available for Belarus describe the spectral characteristics and acquisition
conditions of Jilin-1 imagery and confirm its applicability for environmental studies in Eastern Europe
[Jilin-1 ... Belarus (2020), 2023; Jilin-1 ... Belarus (2021-2023), 2023].

Despite these developments, systematic comparisons between Jilin-1 and Sentinel-2 imagery for veg-
etation monitoring in protected forest ecosystems remain limited. In particular, it remains insufficiently
understood how differences in spatial resolution influence vegetation information extraction when red-
edge vegetation indices are applied in structurally complex forest landscapes.

Against this background, the present study investigates how spatial resolution influences vegetation
information extraction from multispectral satellite imagery in forest-dominated protected landscapes.
The research is conducted in the Grodnenskaya Pushcha potential biosphere reserve [Respublikanskij
zakaznik ... ], a protected area of high ecological value in Belarus. By comparing NDVI705-based veg-
etation metrics derived from Jilin-1 and Sentinel-2 imagery acquired under different observation condi-
tions, the study analyses differences in spectral characteristics, statistical properties of vegetation indices
and spatial classification patterns. The results provide methodological insights into the use of multi-
resolution satellite imagery for vegetation monitoring in protected forest ecosystems.

Materials and methods

The study was conducted within the Grodnenskaya Pushcha potential biosphere reserve located
in the north-western part of the Grodno region of Belarus (Fig. 1). This protected area represents
an important component of the regional ecological network and is characterized by high biodiversity
and well-preserved natural landscapes. The reserve includes extensive forested territories dominated
by pine, spruce, birch and mixed broadleaf stands, as well as wetlands, river valleys and small open areas.
According to the functional concept of biosphere reserves, the territory is divided into core conserva-
tion zones, buffer zones and areas of regulated economic activity. Such zoning reflects different levels
of environmental protection and land-use intensity and serves as a basis for biodiversity conservation,
ecological monitoring and sustainable development of surrounding territories [Chervan’, Dzhao, Chen’,
2024]. The spatial heterogeneity of forest ecosystems and the presence of transitional ecological zones
make the Grodnenskaya Pushcha reserve a representative area for evaluating vegetation indices derived
from satellite remote sensing.
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Fig. 1. Location of the study area and the selected regions of interest (ROI1-ROI3) within the Grod-
nenskaya Pushcha potential biosphere reserve, Republic of Belarus

The spatial distribution of the study area and the selected regions of interest are shown in Fig. 1.

Three regions of interest (ROI1-ROI3) were selected within forested parts of the study area for spec-
tral comparison of satellite imagery. The selection was performed within the main functional zones
of the biosphere reserve (core zone, buffer zone and transition zone) in order to represent different levels
of ecological protection and landscape structure. Within each zone, representative forest patches were
randomly selected while ensuring that the selected areas were dominated by forest vegetation and not in-
fluenced by large open areas or settlements. ROI1 and ROI2 are located within the buffer zone of the bio-
sphere reserve and represent relatively homogeneous forest stands, while ROI3 is situated in a transition
area between the core and buffer zones.

Spectral reflectance profiles derived from the selected regions of interest are presented in Fig. 2.
The figure compares the spectral behaviour of Jilin-1 and Sentinel-2 imagery across comparable spectral
regions using representative bands from the visible, red-edge and near-infrared parts of the spectrum.
The curves represent mean spectral values extracted from the same regions of interest (ROI1-ROI3),
allowing a direct comparison of spectral responses between the two satellite datasets. To ensure compa-
rability between sensors, the spectral curves are plotted using the central wavelength of each band, while
the corresponding spectral bandwidths were considered when selecting comparable spectral regions.

Multispectral satellite imagery from the Jilin-1 and Sentinel-2 platforms was used for the analysis.
Sentinel-2 imagery was obtained from the European Space Agency (ESA) Copernicus Open Access
Hub as Level-2A products providing bottom-of-atmosphere (BOA) surface reflectance values after at-
mospheric correction using the Sen2Cor processor. Jilin-1 multispectral data were accessed through
the National Earth System Science Data Center of China (National Integrated Earth Observation Data
Sharing Platform, https://www.noda.ac.cn/).

Jilin-1 multispectral imagery with a spatial resolution of 5 m was acquired over the study area
on 21 July 2022 under near cloud-free conditions. Sentinel-2 multispectral imagery with spatial resolu-
tions ranging from 10 to 20 m was obtained for 5 July 2022. In order to assess the influence of cloud cover
on vegetation index performance, additional Sentinel-2 imagery from August 2020 was also analysed,
representing both cloudy and cloud-free observation conditions.
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Spectral reflectance profiles of Jilin-1 and Sentinel-2 for ROI1-ROI3

3500

—e— ROI1 - Jilin-1 A
ROI1 - Sentinel-2 Aemtmm T A‘—_.
3000 | —@— ROI2 - Jilin-1 SO0r -
—H- ROI2 - Sentinel-2 //:,/’
—A— ROI3 - Jilin-1 ﬁ’
25001 _4- ROI3 - Sentinel-2 5

2000 A

1500 1

Spectral values

1000 A

500 +

VIS Red Red-edge NIR

450 500 550 600 650 700 750 800 850
Wavelength (nm)

-500

Fig. 2. Spectral reflectance profiles of Jilin-1 and Sentinel-2 imagery for three regions of interest
(ROI1-ROI3). Curves are plotted using the central wavelength of each spectral band. The shaded area
indicates the red-edge spectral region (690-740 nm), which is used for NDVI705 calculation. Comparable
spectral regions were selected to allow cross-sensor comparison

To ensure spatial comparability between the two satellite datasets, all images were projected to a com-
mon coordinate reference system and aligned to a common spatial grid. Sentinel-2 bands with 20 m
spatial resolution were resampled to the spatial grid used for the analysis using bilinear interpolation
in QGIS. Image preprocessing, visualization and spatial analysis were performed using ArcGIS Pro 3.0,
ENVI 5.6 and QGIS 3.42 software environments.

Vegetation condition was assessed using the red-edge Normalized Difference Vegetation Index
(NDVI705), which has been shown to provide higher sensitivity to chlorophyll content and canopy struc-
ture in dense vegetation compared with the conventional broadband NDVI. The index was calculated
according to the following equation:

R750 _ R705

NDV I = ,
"5 Reso + Ry

6]
where R750 represents reflectance values in the near-infrared red-edge band centred
at approximately 750 nm, and R705 represents reflectance values in the red-edge band centred
at approximately 705 nm.

For Jilin-1 imagery these wavelengths correspond to bands B11 and BI10 respectively, while
for Sentinel-2 imagery they correspond to bands B6 and B5. Although the conventional NDVI derived
from Sentinel-2 bands B4 and B8 provides a spatial resolution of 10 m, the present study focuses on veg-
etation indices based on red-edge spectral bands. Red-edge indices such as NDVI705 reduce saturation
effects in dense forest canopies and provide improved sensitivity to chlorophyll concentration. There-
fore, spectrally comparable red-edge bands were selected for both satellite datasets in order to ensure
consistent vegetation index calculation.

Prior to vegetation index calculation, satellite images were preprocessed to remove invalid pixels
and anomalous reflectance values. NDVI705 values were constrained to the 1st—99th percentile range
of the data distribution in order to reduce the influence of noise and outliers associated with atmospheric
effects or residual cloud contamination.
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Statistical analysis of NDVI705 values was subsequently performed to compare vegetation index
distributions derived from the two satellite datasets. Mean values, standard deviations and range statistics
were calculated for the analysed scenes. In addition, a two-sample t-test was applied to evaluate whether
the differences in mean NDVI705 values between the two satellite datasets were statistically significant.

In addition to pixel-based statistical analysis, unsupervised classification was performed using
the K-means clustering algorithm implemented in ENVI 5.6.Prior to classification, all images were spa-
tially masked to the study area using a vector boundary (Research Key Plot) in order to exclude external
background and NoData pixels from the analysis. This step ensured that only valid pixels within the study
area were included in the clustering process. To ensure comparability between datasets, a consistent spec-
tral subset was defined. For Sentinel-2 imagery, four surface reflectance bands (B2, B3, B4 and BS),
representing the visible and near-infrared regions, were selected. For Jilin-1 imagery, six multispectral
bands with a spatial resolution of 5 m were used to provide comparable spectral coverage.The K-means
algorithm was applied with 10 clusters, a maximum of 20 iterations and a convergence threshold of 5 %.
These parameters were chosen to ensure stable clustering results while maintaining a comparable level
of classification detail between datasets. Due to the unsupervised nature of the K-means algorithm,
the resulting clusters represent spectral groupings rather than predefined land-cover classes. The classifi-
cation results were therefore used to analyse spatial clustering patterns and structural differences between
Jilin-1 and Sentinel-2 imagery, with particular attention to fragmentation, spatial continuity and the rep-
resentation of heterogeneous landscape elements.

The overall research workflow applied in this study is summarized in Fig. 3. The workflow includes
satellite data acquisition, image preprocessing, vegetation index calculation, statistical analysis and un-
supervised classification for comparative evaluation of vegetation patterns derived from the two satellite
datasets.

Results and discussion

The NDVI705 values derived from Jilin-1 and Sentinel-2 imagery demonstrated generally consistent
spatial patterns of vegetation distribution across the Grodnenskaya Pushcha potential biosphere reserve.
In forest-dominated areas, both datasets captured similar spectral trends, indicating that the red-edge
vegetation index effectively reflects the overall structure and condition of forest vegetation. At the same
time, certain differences between the two datasets were observed, particularly in the visible spectral
range, whereas discrepancies in the red-edge and near-infrared regions were comparatively small. This
pattern suggests that the observed differences in vegetation index values may be partially associated with
differences in spatial resolution and pixel composition rather than fundamental differences in spectral
sensitivity between the two satellite sensors.

The similarity and divergence of spectral characteristics for representative areas are illustrated
in Fig. 2, which presents spectral profiles of Jilin-1 and Sentinel-2 imagery across comparable wave-
length ranges for the selected regions of interest (ROI1-ROI3). In all analysed areas, both datasets
demonstrate a typical vegetation spectral response characterized by relatively low reflectance in the vis-
ible region and a pronounced increase toward the near-infrared wavelengths. However, the Jilin-1 data
show slightly greater variability in reflectance values within the visible spectral bands. This variability
may be associated with the higher spatial resolution of the Jilin-1 sensor (5 m), which allows the detec-
tion of fine-scale heterogeneity within forest canopies, forest edges and small landscape elements that
may be averaged within the larger pixels of medium-resolution imagery.

Under near cloud-free conditions, the statistical characteristics of NDVI705 derived from the two
satellite datasets were generally comparable. The calculated statistical parameters for the analysed scenes
are presented in Table 1.
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Fig. 3. Workflow of vegetation information extraction and comparative analysis between Jilin-1
and Sentinel-2 datasets

Both datasets exhibited relatively low standard deviation values, indicating stable extraction of veg-
etation signals across the study area. At the same time, the mean NDVI705 values derived from Jilin-1
imagery were consistently higher than those obtained from Sentinel-2. A statistical comparison using
a two-sample t-test confirmed that the differences in mean NDVI705 values between the two satellite
datasets were statistically significant. These differences may be related to variations in spatial resolution
and the resulting pixel composition in dense forest environments.

In medium-resolution imagery such as Sentinel-2 (10-20 m), individual pixels frequently con-
tain mixtures of several surface components, including forest canopy, understory vegetation, small
canopy gaps, forest roads and other landscape elements. This mixed-pixel effect reduces the dominance
of the vegetation signal within each pixel and can lead to lower average NDVI705 values. In contrast,
the higher spatial resolution of Jilin-1 imagery (5 m) reduces the degree of pixel mixing and allows in-
dividual pixels to more accurately represent dense forest canopy areas. As a result, vegetation signals

may be less diluted by non-vegetated components, which can lead to higher NDVI705 values in forest-
dominated landscapes.
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Table 1

Statistical characteristics of NDVI705 values derived from Jilin-1 and Sentinel-2 imagery under different
cloud conditions

No. | Data Mean | Std. | Max. | Min. | Range
1 | Jilin-1 0.773 | 0.094 | 0.921 | 0.122 | 0.799
2 | Sentinel-2 0.469 | 0.095 | 0.712 | -0.023 | 0.735
3 | Sentinel-2 (Aug.) 0.448 | 0.098 | 0.706 | -0.056 | 0.762
4 | Jilin-1 (Cloud) 0.727 | 0.208 | 1.000 | -0.295 | 1.295
5 | Sentinel-2 (Cloud) 0.717 | 0.216 | 0.998 | -0.248 | 1.246
6 | Sentinel-2 (No cloud) | 0.437 | 0.107 | 0.711 | -0.059 | 0.771

When cloud cover was present, the variability of NDVI705 values increased for both satellite
datasets, as reflected by higher standard deviation values (Table 1). This increase was more noticeable
for Sentinel-2 imagery, suggesting that medium-resolution pixels may be more sensitive to partial cloud
contamination and atmospheric disturbances. In contrast, higher spatial resolution imagery may pre-
serve more localized spectral information because contaminated pixels are less likely to dominate larger
spatial units. This characteristic may be particularly important for ecological monitoring in temperate
forest regions where completely cloud-free satellite observations are relatively limited.

Additional insight into spatial differences between the datasets was obtained using unsupervised
K-means clustering (Fig. 4). Ten clusters were generated for each dataset using comparable visible
and near-infrared bands to ensure a consistent level of detail. The resulting maps reveal clear differences
in the spatial organization and fragmentation of clusters between the two satellite systems.

In the Sentinel-2 results, clusters tend to form relatively large and spatially homogeneous patches, re-
flecting a more generalized representation of the landscape. In contrast, the clustering derived from Jilin-
1 imagery exhibits a more fragmented and spatially detailed pattern, with finer delineation of narrow
linear features and small heterogeneous patches. These differences are consistent with the influence
of spatial resolution on the representation of heterogeneous forest landscapes.

In medium-resolution imagery such as Sentinel-2 (10-20 m), individual pixels often represent mix-
tures of multiple surface components. This mixed-pixel effect reduces spectral contrast and leads
to smoother transitions between adjacent clusters. As a result, small-scale spatial structures may be
generalized or partially suppressed. In contrast, higher-resolution imagery (5 m) captures more localized
variability, resulting in a more complex and internally differentiated cluster pattern.

Consequently, fine-scale spatial heterogeneity appears less pronounced in Sentinel-2 imagery com-
pared with Jilin-1 data. This difference highlights the importance of spatial resolution in representing
heterogeneous landscapes, particularly in protected forest ecosystems where small-scale variability is eco-
logically relevant.

In protected forest ecosystems such as the Grodnenskaya Pushcha biosphere reserve, small-scale
spatial variability often reflects differences in forest age structure, species composition and local habitat
conditions. High-resolution satellite imagery can therefore provide additional ecological information
that may remain undetected in medium-resolution datasets. These findings are consistent with previ-
ous studies emphasizing the importance of spatial resolution for vegetation analysis in heterogeneous
landscapes [Zhu et al., 2016; Zhao et al., 2020; Immitzer, Vuolo, Atzberger, 2016]. At the same time,
the relatively strong performance of Sentinel-2 in representing large homogeneous landscape units con-
firms its suitability for regional-scale ecological assessments where fine spatial detail is not the primary
requirement.
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Fig. 4. Comparison of spatial clustering patterns derived from K-means classification of Jilin-1
and Sentinel-2 imagery under different cloud conditions. Ten clusters were generated for each dataset
using comparable visible and near-infrared bands. Colors represent cluster labels and are used consis-
tently across panels for visualization purposes only; they do not correspond to specific land-cover classes

The combined analysis of NDVI705 statistical characteristics and unsupervised classification results
demonstrates that both Jilin-1 and Sentinel-2 imagery can support vegetation monitoring in protected for-
est landscapes. However, their effectiveness differs depending on the spatial scale of analysis. The higher
spatial resolution of Jilin-1 imagery (5 m) enables a more detailed representation of internal forest struc-
ture and fine-scale spatial heterogeneity, including narrow riparian corridors and small forest openings
that are not clearly detected in medium-resolution imagery. In contrast, Sentinel-2 imagery, with spatial
resolutions of 10-20 m and a high temporal revisit frequency, remains well suited for regional-scale
ecological assessments and the identification of large homogeneous landscape units. These results indi-
cate that the selection of satellite data for vegetation analysis in heterogeneous forest ecosystems should
consider both spatial resolution and the intended scale of ecological interpretation.

Conclusions

The present study evaluated the applicability of multispectral satellite imagery from the Jilin-1
and Sentinel-2 platforms for vegetation monitoring within the Grodnenskaya Pushcha potential biosphere
reserve, a forest-dominated protected area characterized by complex spatial structure and high ecological
value. The analysis of spectral characteristics, NDVI705 statistics and unsupervised classification results
demonstrated that both satellite datasets provide consistent information on the general spatial distribution
of forest vegetation.
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At the same time, the results indicate that spatial resolution plays an important role in the represen-
tation of vegetation patterns in heterogeneous forest landscapes. The higher spatial resolution of Jilin-1
imagery (5 m) allows a more detailed depiction of internal forest heterogeneity, including narrow riparian
zones, small forest openings and fragmented vegetation patches. Such spatial detail may provide addi-
tional ecological information relevant for analysing structural variability within protected forest ecosys-
tems.

Sentinel-2 imagery with spatial resolutions of 10-20 m remains well suited for regional-scale vege-
tation monitoring and the identification of large homogeneous landscape units. Its high temporal revisit
frequency and stable radiometric characteristics make it an effective data source for long-term environ-
mental observation.

The results suggest that the combined use of satellite datasets with different spatial resolutions can im-
prove the interpretation of vegetation patterns in structurally complex forest landscapes. High-resolution
imagery contributes to the identification of fine-scale spatial heterogeneity, while medium-resolution data
support broader regional assessments. This complementary use of multi-resolution satellite imagery may
enhance ecological monitoring and environmental management within protected natural areas.
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POJIb ITPOCTPAHCTBEHHOI'O PABPEIIEHU A ITPU N3BJIEYEHUU
NH®OPMAIIMU O PACTUTEJIBHOCTU: CPABHEHUE CIIYTHUKOBbBIX TAHHBIX
JILIN-1 1 SENTINEL-2 B BUOC®PEPHOM PE3EPBATE «'PO/IHEHCKAA ITYIIIA»
(BEJIAPYCD)

Ykao B.!, II3an U.2
! Beaopycckuii 2ocydapcmeennoiii ynusepcumem, 2. Munck, Pecny@auxa Beaapyco,
e-mail: geozhao@outlook.com
2 Benopycckuii 2ocydapemeennniii ynusepcumen, 2. Munck, Pecny6auka Beaapycy,
e-mail: sweeneil j@gmail.com

AHHOTanus: BeicokomeTanbHble CITyTHUKOBBIE JaHHbBIE AWCTAHIIMOHHOTO 30HAMPOBAHUS MTPEIOCTABIISIOT HOBBIE
BO3MOKHOCTH JUISl aHAJIM3a CTPYKTYPBl PACTUTEIBHOCTH B JIECHBIX SKOCHCTEMAaX CO CJIOKHOW IMPOCTPaHCTBEHHON
opraHuzauueil. B nanHoii padoTe paccMarpuBaeTcsi posib HPOCTPAHCTBEHHOTO Pa3pellieHus CITyTHUKOBBIX M300-
paXXeHWi1 IPU U3BJIeYeHNN MH(POPMALIUK O PACTUTENIBHOCTH HA OCHOBE MYJIbTHCIIEKTPAIbHBIX JAHHBIX AUCTAHIIU-
OHHOTO 30HIMpOBaHus. VccnenoBanue BHITOIHEHO Uil TEPPUTOPHUM MOTEHIMAIBHOTO OrocepHoro pesepsara
«['ponnenckas Ilyma» B Pecriybnuke Benapych — NpHpoOIoOXpaHHON TEpPPUTOPUH, XapaKTepHU3YIONIEHCsl BBICO-
KOM JIECUCTOCTBIO Y 3HAYUTEIBHON MPOCTPAHCTBEHHON HEOOJHOPOJHOCTBIO PACTUTEIBHOIO MOKpOoBa. [1s1 anann3a
MCIIOJIb30BaHbl MYJIbTHUCIIEKTPAJIbHBIE CITyTHUKOBbIE M300paskeHus Jilin-1 ¢ mpocTpaHCTBEHHBIM pa3pelleHHEM
5 m u Sentinel-2 ¢ npocTpaHcTBeHHBIM pazperieHreM 10—20 M, noy4YeHHbIe B epHoj], MaKCUMAJIBHOTO Pa3BUTHSA
pacturenbHOCTU. COCTOSIHHUE PaCTUTEIBHOCTH OLIEHUBAJIOCH C UCTIONB30BaHMEM KPACHOKPAEBOI0 BEreTallMOHHOIO
uanekca NDVI705. Ananmn3 BKIIoYal CpaBHEHUE CTIEKTPATbHBIX PO(IIIEH, CTATUCTUYECKUX XapaKTEPUCTUK MH-
nekca NDVI705 u pe3ysibTaToB HEKOHTpOJMpyeMoil kiactepusanuu (K-means), mony4eHHbIX JUIsl OIUHAKOBBIX
obnacreii uHTepeca. Pe3ynbTaTel mokasanu, 4Tto 00a CIly THUKOBBIX HAOOpa JaHHBIX AEMOHCTPUPYIOT CXOAHbIE CIIeK-
TpaJIbHble 3AKOHOMEPHOCTH B KPACHOKPAeBOI M OMkHel MH(pPaKpacHON 00JIacTsAX CIEKTPa, OOQHAKO pa3inyaloT-
cs1 IO CTeNeHH NPOCTPAHCTBEHHOM JleTann3alyy. bosee BRICOKOe MPOCTPaHCTBEHHOE paspelieHne n300pakeHUi
Jilin-1 mo3BOJISIET BHISBIISITH BHY TPEHHIOK HEOJHOPOJHOCTD JIECHOTO ITOKPOBA, BKJTI0YAs HEOOJIBIIINE JIECHBIE OKHA,
y3KHe NpHOpeXXHbIe 30HBI M (PparMEeHTHPOBAHHBIE YIACTKH PACTUTEIBHOCTH, TOTa Kak JaHHble Sentinel-2 odec-
neYnBaloT 6osiee 0000IIEHHOE IpeCTaBIeHUE O CTPYKTYpe JaHAmadTa 1 ocTatoTcs 3(eKTUBHBIMU AJIS aHAIN3a
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Ha pernoHaJIbHOM ypoBHe. [lomyueHHble pe3ynbTaThl MOKa3bIBAIOT, YTO IPOCTPAHCTBEHHOE pa3pellleHre SBIISETCS
BaXHBIM (DAKTOPOM TIPY aHATN3€ PACTUTEIBHOCTH B JIECHBIX MPUPOTHBIX KOMILIEKCAX ¥ YTO COBMECTHOE HCTIONb-
30BaHME CIIyTHUKOBBIX JAHHBIX C Pa3jIMUHbIMHU IIPOCTPAHCTBEHHBIMU XapPAKTEPUCTHUKAMH MOXET TOBBICUTD 3-
(peKTHBHOCTB SKONIOrNYECKOr0 MOHUTOPUHIA HA PUPOJOOX PAHHBIX TEPPUTOPUSIX.
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SNOW COVER CHEMISTRY IN CRIMEAN FOREST ECOSYSTEMS: A CASE STUDY
OF THE KARADAG NATURE RESERVE *
Pham C. N.!'*, Gorbunov R. V.!, Lapchenko V. A.%, Gorbunova T. Yu.!, Tabunshchik V. A.!
TA. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
2T. I Vyazemsky Karadag Scientific Station — Nature Reserve of RAS — Branch of A. O. Kovalevsky Institute
of Biology of the Southern Seas of RAS, Feodosia, Russian Federation,
e-mail: famkn@ibss-ras.ru

Abstract: The aim of the study is to analyze the chemical composition of snow and the distribution of macroele-
ments in the Karadag Nature Reserve in Crimea, where snowfall is rare. Snow samples were collected during
the winter period from 2021 to 2024 at a background environmental monitoring station and analyzed for ion
content and acidity. The results show that acidity varies from 6.00 to 7.46, with a predominance of sulfates,
indicating anthropogenic influences. The chemical composition is determined by both natural and anthropogenic
factors. The high ratio of cations to anions indicates buffering processes that reduce acidity, which may positively
affect the ecosystem. The results emphasize the need for monitoring atmospheric precipitation to assess anthro-
pogenic impacts.

Keywords: chemical composition, snow cover, forest ecosystems, Crimea, Karadag Nature Reserve

Introduction

Atmospheric deposition is a key driver of biogeochemical cycles, serving as a major transport mech-
anism for both natural and anthropogenic substances across terrestrial and aquatic ecosystems. Snow
cover acts as a highly efficient natural archive of these inputs, integrating chemical signals from wet
and dry deposition over time. Its composition provides critical insights into regional air pollution levels,
making it a powerful tool for environmental monitoring [Vasilevich, Beznosikov, Kondratenok, 2011;
Pristova, Vasilevich, 2011; Krnavek et al., 2012]. Unlike rainfall, which leads to immediate runoff, snow
accumulates contaminants (including trace metals, sea salts, acids, and industrial emissions) and releases
them abruptly during melt events, posing significant ecological risks [Krnavek et al., 2012].

The study of snow chemistry in Crimea offers a rare and scientifically valuable opportunity due
to the region’s unique climatic and geographical setting. While extensive research has been conducted
in high-latitude, alpine, and heavily industrialized areas with persistent snow cover [Hunova et al., 2023;
Kotova, Topchaya, Novikova, 2023; Makarov, Torgovkin, 2021; Aristarain, Delmas, 2002; Xue et al.,
2020; Toom-Sauntry, Barrie, 2002; Domine et al., 2004; Nickus, 2003; de Caritat et al., 2005; Benassai
et al., 2005; Yalcin et al., 2006; Dibb et al., 2010], Crimea’s Southern Coast experiences snowfall only
sporadically, for a few days per year. This infrequency results in highly concentrated deposition events,
effectively capturing discrete “snapshots” of atmospheric chemistry.

Furthermore, Crimea’s location exposes it to diverse pollution sources: marine aerosols
from the Black Sea, long-range transport of industrial emissions from Europe, and localized anthro-
pogenic activity. The combination of these factors makes Crimean snow a distinctive and understudied
environmental record, offering insights into pollution dynamics in a Mediterranean coastal climate.

A key focus of this study is sulfate (SO,%>7), a major component of snow chemistry with
ambiguous origins. While natural sources such as sea spray and volcanic emissions contribute
sulfates, elevated concentrations are often a definitive marker of anthropogenic pollution, particu-
larly from fossil fuel combustion (e.g., power plants, industrial processes, and vehicle emissions)
[Glazovsky, Zlobina, Uchvatov, 1983; Kurosaki et al., 2025; Karpachevskiy et al., 1998; Kulikova,

*This work was carried out within the framework of the IBSS state research assignment, registration number:
124030100030-0, and of KSS — NR RAS - Branch of IBSS, registration number: 124030100098-0.
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1968; Hunova et al., 2023; Kotova, Topchaya, Novikova, 2023; Makarov, Torgovkin, 2021; Aristarain,
Delmas, 2002; Xue et al., 2020; Toom-Sauntry, Barrie, 2002; Domine et al., 2004; Nickus, 2003; de Car-
itat et al., 2005; Benassai et al., 2005; Yalcin et al., 2006; Dibb et al., 2010; Pham et al., 2024]. Given
sulfate’s role in acid deposition and ecosystem degradation, accurately distinguishing natural from an-
thropogenic inputs is essential for assessing air quality and implementing effective pollution control
measures.

Additionally, forest ecosystems can alter deposition patterns through canopy interception and chem-
ical transformations [Karpachevskiy et al., 1998; Kulikova, 1968]. To minimize these confounding
effects, this study centers on the Karadag Nature Reserve, a protected area where local vegetative inter-
ference is reduced, allowing for a clearer assessment of regional atmospheric deposition. By analyzing
the chemical composition of Crimea’s rare snow cover, this research aims to: (1) quantify the deposition
of major ions (including sulfates) and trace elements, (2) rigorously evaluate the relative contributions
of natural (marine, crustal) versus anthropogenic sources, and (3) leverage the unique context of Crimean
snow to assess regional atmospheric pollution burdens impacting this sensitive coastal ecosystem. This
study not only fills a critical gap in understanding pollution dynamics in a warming, low-snow region
but also establishes a baseline for future environmental monitoring in the Black Sea basin.

Study Area

The study was conducted at the Background Environmental Monitoring Station (BEMS) within
the State Nature Reserve “Karadag” (44°54’N, 35°12’E), a protected coastal steppe ecosystem in south-
eastern Crimea (Fig. 1).

Karadag Nature Reserve

0 05 1 2 3 4 Station of background }»

wsin]| pu—— J K @ ecological monitoring

Fig. 1. Study area within the State Nature Reserve “Karadag”
Puc. 1. Hccnenyemas teppurtopusi B ['ocyaapcTBeHHOM NMpUpOAHOM 3aroBeqHuke «Kapagar»

The site lies on the northeastern slope of Mount Svyataya, 1.5 km from the nearest settlement
(Koktebel) and is shielded from direct marine influence by the Kok-Kaya Ridge (320 m elevation).
The vegetation consists of steppe grasses with sparse tree undergrowth (canopy closure < 60 %) [Pham
et al., 2024].
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The area receives an average annual rainfall of 450 mm (+ 55 mm), with about 30 % of this pre-
cipitation occurring during winter months (December to February). Snowfall is episodic, featuring
3-5 significant snow events each season. Snow cover typically lasts between 5 and 15 days, supported
by mean winter temperatures of 1.2 °C (+ 2.1°C).

Materials and methods

Snow samples were collected during three winter seasons: January 15-20, 2021; February 1-5, 2023;
and January 25-30, 2024. These periods represent peak snow accumulation events in Crimea, with each
sampling campaign conducted 24—48 hours after snowfall cessation. The specific timing was selected
to avoid melt periods, thus minimizing the impact on sample integrity and ensuring the capture of both
wet and dry deposition. Surface snow from the top 0-5 cm was gathered using acid-washed Teflon
tools into pre-cleaned HDPE containers, carefully avoiding ground contamination. Field blanks (n = 3
per season) and NIST 1640a reference materials were used for quality control, with recoveries ranging
from 92 % to 107 %. Samples were immediately frozen at —20 °C and analyzed within 72 hours following
RD 52.04.186-89 standards [RD 52.04.186-89]. All analyses were conducted at the A. O. Kovalevsky
Institute of Biology of the Southern Seas (IBSS).

Nitrate (NO;~) and ammonium (NH, ") concentrations were measured via spectrophotometry using
a KFK-ZOMZ photometer, with NH,* determined by the Seji-Solorzano method. The nitrite ion
was determined by the Bendschneider and Robinson method. Chloride (CI7) and sulfate (SO42‘)
were analyzed using ion chromatography on the “STAYER A” system. The limits of the relative total
error of the measurement result for the concentration of Cl~ and SO,>" at a confidence level of P = 0.95
did not exceed + 13 % at mass concentrations from 0.10 mg/dm? to 1000 mg/dm?. The detection limits
for CI~ and SO,%~ were 0.001 and 0.002 mg/I, respectively. Major cations (Ca, Mg, Na, K) and trace
metals (Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb, Sr, I, Ba) [Lipatnikova et al., 2024] were quantified
by ICP-MS (PlasmaQuant MS Elite). Detection limits for trace metals ranged from 0.01 to 0.1 ug L.
Results from quintuple analyses were averaged and reanalyzed when the relative standard deviation
exceeded 10 %. Elemental recoveries and relative standard deviations (RSDs) for standardized refer-
ence standards were 96—-105 % and < 10 %, respectively. Measured with a calibrated digital pH meter
equipped with a KCl reference electrode and standardized using pH 4.0 and 9.2 buffer solutions.

To determine potential sources of dissolved ions in atmospheric precipitation and quantify their con-
tributions, an enrichment factor (EF) analysis was performed. The EF was calculated for each ion relative
to seawater and for each element relative to the Earth’s crust, assessing the influence of marine and ter-
restrial sources on precipitation composition. The EF was calculated as follows [Katanayeva, Selyanin,
2011]:

EFsea = [X/Na] X/Na]sea' (1)

samples/[

The enrichment factor (EF) relative to the average composition of the Earth’s crust is calculated using
the formula [Katanayeva, Selyanin, 2011; Vinogradov, 1967]:

EF,.., = [X/Al

crust —

X/Al] crust’ (2)

samples/[

where X is the content of the element (ug L™1) in both the sample and the upper part of the continental
crust.
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The clarke values of elements in seawater were taken from the data provided by Vinogradov [Vino-
gradov, 1967].

While all potentially toxic elements (PTEs) were analyzed, cadmium and zinc received particular
attention due to: (1) their exceptionally high enrichment factors (EF > 10 000 for Cd) indicating strong
anthropogenic influence; (2) known ecological risks associated with Cd bioaccumulation in Crimean
ecosystems while Zn reflects widespread urban and industrial emissions; (3) their regulatory significance,
as both exceed MPCs in regional environmental quality standards [GN 2.1.5.1315-03]. This prioritiza-
tion aligns with recent Black Sea pollution studies [Gurov, Kotelyanets, 2022] highlighting these metals
as key tracers of anthropogenic impact in coastal reserves.

Dominant winds during sampling periods come from the northeast, occurring 60 % of the time,
according to hourly data from an OTT HydroMet WS 600 station.

Pearson correlation analyses were performed to explore relationships between ion and metal concen-
trations and meteorological factors such as wind direction. Data processing was conducted in R version
4.3.0, with statistical significance set at p < 0.05.

Results

The acidity of meltwater is crucial for understanding the chemical processes occurring during snowmelt.
Acidic precipitation entering the soil enhances the migration and leaching of various elements from soil
horizons. It is known that at an average atmospheric carbon dioxide (CO,) concentration of 400 ppm
(current global average) and a temperature of 20 °C, the pH of pure water in equilibrium with atmospheric
CO, is approximately 5.6. If the pH of precipitation is above 5.6, it is considered alkalinized, whereas
a pH below 5.6 indicates acidification.

The snowmelt water exhibited consistent alkaline conditions, with pH values ranging from 6.00
to 7.46 (mean: 6.49 * 0.42), which were significantly higher than the expected atmospheric equilib-
rium pH of 5.6. The lowest pH recorded was 6.00 on 17 January 2021, while the highest reached 7.46
on 14 January 2021. In comparison, the natural pH of precipitation in equilibrium with atmospheric CO,
18 5.6-5.7 [Trushkina, Trushkin, Demyanova, 2006], meaning values below this range suggest acidifica-
tion, while higher values (as observed here) reflect alkalization.

Figure 2 presents the average concentrations of major components in snowmelt water, representing
the chemical composition of the snow cover, along with the mean deposition fluxes of these components
onto the underlying surface (expressed per unit area).
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Fig. 2. Deposition of major chemical compounds in the study area (ug L™1)
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Based on the molar concentration ratios of ions in snowmelt water during the study period (2021-
2024), the following geochemical dominance series was established: Ca?* > Na* > CI~ > Kt > Mg** >
SO,% > NO;™ > NH,*. This ranking reflects the relative abundance of major ions, with calcium (Ca**)
and sodium (Na*) being the most dominant cations, followed by chloride (CI7) as the primary anion.

Chloride (CI") was the predominant anion, with an average concentration of 4981.96 ug
L™! and a maximum of 8549.88 ng L~!. Sulfate (SO,>") averaged 749.33 ug L~!, peaking
at 1074.87 ug L~!. Nitrate (NO;") exhibited considerable variability, ranging from 290.00 to 1030.00
ug L~!, with a mean value of 704.41 ug L™!. Sodium (Na) averaged 2083.66 ug L~! but showed a sharp
decline during 2023-2024, dropping to values between 5.65 and 18.59 ug L~!. Calcium (Ca) averaged
577.50 ug L', reaching a peak of 1145.15 ug L~!. Potassium (K) and magnesium (Mg) had mean con-
centrations of 684.72 ug L™! and 99.61 ug L~!, respectively. Ammonium concentrations varied widely,
from 17.77 ug L~! (21 January 2021) up to 1252.80 ug L~!. Elevated NH," levels suggest contribu-
tions from anthropogenic sources such as agriculture and transportation. The dominance of chloride
and sodium suggests combined influences from marine aerosols and human activities. Elevated sulfate
and nitrate levels point to contributions from industrial and vehicular emissions. Observed fluctuations
in pH and ionic composition correlate with meteorological changes and shifting pollution sources over
the study period. Overall, the pronounced spatial and temporal variability in snow chemistry highlights
the need for continued source apportionment research and ongoing monitoring. These findings under-
score the complex interplay between natural environmental processes and anthropogenic factors in de-
termining the chemical characteristics of the snowpack.

The acid-neutralizing capacity of the snow cover was evaluated using the ratio of total an-ions
(A =[SO,*] + [NO;7] + [CIT]) to total cations (K = [NH,*] + [Ca®"] + [Mg*] + [Na*] + [K'])
[Vasilevich, Beznosikov, Kondratenok, 2011; Zverev, Varvanina, Putilina, 1997]. This approach is well-
founded, as cations in snowmelt water primarily originate from windborne mineral dust (e.g., carbonates,
phosphates, and silicates) derived from soil and rock erosion. Upon dissolution, these minerals undergo
hydrolysis, releasing hydroxide ions (OH™) in quantities stoichiometrically linked to their cationic con-
tent. From the presented data (Table 1), it can be seen that the snowmelt water has K/A values > 1
(average value = 3.94). The high cation/anion ratio (K/A =3.94 *+ 1.2), ranging from 2.8 to 5.1, indicates
a strong carbonate buffering capacity, reflecting a significant influence of crustal cations on the alkalin-
ity of the snowmelt water. Ratios > 1 confirm that all samples exhibited net alkaline conditions. This
indicates a predominance of cations over anions in the snowmelt water, which may suggest the presence
of sufficient neutralizing compounds that contribute to reducing acidity.

Table 1. Ratios of molar concentrations of the equivalent of major ions in snowmelt waters

Taouuma 1. CooTHOIIEHUST MOJISIPHBIX KOHLICHTPALMI 9KBUBAJICHTa OCHOBHBIX MOHOB B TaJIbIX BOJAX

Indicator Value
pH 6.49
[8042_] /[NO57] 1.29
[NH,*]+ [Ca2+] + [Mg2+] + [Na*] + [K*]/ [SO42‘] + [NO5;7] + [CIT] 3.94
[Ca’*] + [Mg?*]/[SO,*] 16.36
[Mg?*] + [Na*]/ [Ca*] + [K*] 3.63
[Na*]/[CI] 1.59
[CI"]/ [Na*] 4.32
[SO,*1/[CI] 0.17
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An excess of cations over anions may indicate the presence of compounds capable of neutralizing
acids, which is associated with the hydrolysis processes of carbonate, phosphate, and silicate minerals.
This may indicate a positive influence of natural processes on the acid-base state of the snow cover.
If K/A values > 1 are recorded in conditions with a high level of anthropogenic impact (for example, near
industrial zones), it may indicate the effectiveness of natural neutralization processes, despite potential
pollution. High K/A values may also suggest that the snow cover in this area is less susceptible to acid
precipitation, which can have positive consequences for the ecosystem, especially in conditions where
acid rains can negatively affect flora and fauna. This highlights that, in this case, the snowmelt water
is more balanced in terms of acid-base status, which may be related to differences in pollution sources
and natural conditions. Thus, a K/A value > 1 may serve as an indicator of a more favorable acid-base
state of the snow cover, which is important for assessing its impact on the environment.

The elements magnesium and sodium generally have a marine origin, while potassium is terrige-
nous. The ratio ((Mg?*] + [Na*]) / ([Ca**] + [K*]) reflects the predominance of marine (> 1) or ter-
rigenous (< 1) components. In the studied area, sodium and magnesium ions dominate over potassium
and calcium ions, which is attributed to anthropogenic factors rather than the influence of marine aerosol.
This assumption is supported by the [Na*]/[Cl], which is 1.59 indicates mixed sources. The ratio
([Mg?*] + [Na*]) / ([Ca®*] + [K*]) averages 3.63, indicating marine dominance in bulk cation balance.
However, this alone is misleading: both Mg?* and Na* are also emitted from carbonate dust and anthro-
pogenic sources (e.g., traffic, industry), so their abundance does not equate to marine origin. Crucially,
the [Na*] / [CI7] ratio (1.59) is markedly higher than the seawater value (0.86), indicating excess Na*,
which is likely from terrigenous dust or anthropogenic inputs. Conversely, the [C17] / [Na*] ratio aver-
ages 4.32 (range: 0.12-15.13), far exceeding seawater (1.16), signaling strong CI~ enrichment. Thus,
the elevated CI- is not marine in origin but anthropogenic. While Na* and Mg?* are present in ma-
rine proportions, their relative enrichment compared to CI~ and K*, combined with deviations in key
ratios ([Na*]/[CI"], [CI"] / [Na*], [Mg**] / [CI"]) and co-variance with SO,>~ and Cd, confirms that
anthropogenic emissions have substantially altered the natural background.

The ratio of molar concentrations of the equivalent [SO42‘] / [CI7] was used to determine the origin
of the composition of atmospheric precipitation, as well as to assess atmospheric pollution from industrial
emissions. The sulfate-to-chloride ratio ([SO,27] / [CI"]) of 0.17 suggests a predominantly non-marine
sulfate source. To evaluate the contribution of pollution sources to the atmosphere, the following ratios
were calculated: [SO,%7]/ [NO;7], ([Mg?*] + [Na*]) / ([Ca®*] + [K*]), [Na*] / [CI"].

Table 1 demonstrates the relationship between NO;~, SO,> u NH,*. The ratio of NH,* to NO;~
in all samples is approximately 0.63. Nitrate and ammonium (NO;~ and NH,") are virtually absent
in seawater and, therefore, do not correlate with sea salt, although there may be weak correlations between
different classes of samples (r (NO3" Na™) = 0.39).

The content of macro and microelements in the filtrate of snowmelt water is presented in Fig.3. When
compared to the maximum permissible concentrations (MPC) for water, only cadmium (Cd) was found
to exceed the MPC. Thus, there are cadmium (Cd) pollutants in the snowmelt water in the studied area
[GN 2.1.5.1315-03].

There is notable variability in element concentrations across different sampling dates, which may be
attributed to seasonal changes, meteorological conditions, and pollution sources. In particular, the sample
from 21 January 2021 stands out, with cobalt (27.79 ug/L), nickel (31.49 pg/L), and zinc (629.44 ug/L)
concentrations significantly exceeding average levels, suggesting a possible short-term anthropogenic
impact. Overall, the data indicate generally low levels of microelement and heavy metal contamination
in the snowmelt water, with the exception of cadmium.
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Fig. 3. Concentrations of microelements and heavy metals in snowmelt water (ug L")
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The enrichment factor (EF) serves as a useful tool for estimating the relative abundance or deficiency
of elements in atmospheric precipitation, distinguishing between marine and continental sources. This
parameter also helps differentiate between anthropogenic and naturally occurring elements [Anicic et al.,
2009]. To assess their origins, we calculated enrichment factors (EF) for selected elements (Table 2).
Given the minor contribution of marine sources to overall elemental concentrations, only Na, mg, K, Ca,
Sr, and Ba were considered in the analysis.

Table 2. Enrichment Factors (EF) in relation to sources of origin: Lithogenic and Marine

Taoanna 2. Kosddunmentst odoramens (EF) B 3aBUCUMOCTH OT UCTOUHUKOB: JINTOrEHHbIE M MOPCKHE

Elements | Lithogenic | Marine
Na 86.62 1.00
Mg 5.54 0.40
Al 1.00

K 28.46 8.85
Ca 20.28 7.25
\Y% 4.39
Cr 7.26
Mn 18.70
Fe 2.03
Co 266.74
Ni 157.14
Cu 358.43
Zn 1729.66
Sr 152.40 32.32
Cd 32 696.28
Ba 14.71 2617.28
Pb 96.13
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Metals with an EFcrust value close to 1 are typically derived from the natural weathering of the Earth’s
crust, whereas EFcrust values between 1 and 10 may reflect the influence of the local soil’s chemical com-
position [Poissant, Schmit, Béron, 1994; Al-Momani, 2003]. Values ranging from 10 to 500 indicate
moderate enrichment, while values exceeding 500 signify extreme enrichment, strongly suggesting sig-
nificant pollution from anthropogenic sources [Poissant, Schmit, Béron, 1994].

According to Table 2, nearly all analyzed elements exhibit EF_  values well above 10. Notably, Zn
and Cd have EF_, ; values greater than 500, classifying them as highly enriched (EF > 500). Elements
with moderate enrichment (10 < EF_,, < 500) include Na, K, Ca, Mn, Co, Ni, Cu, Sr, Ba, and Pb,
with EF . values of 86.62, 28.46, 20.48, 18.70, 266.74, 157.14, 358.43, 152.40, 14.71, and 96.13,
respectively. These values suggest enrichment from both lithogenic and anthropogenic sources, such
as atmospheric pollution from industrial emissions and transportation, which are transported over long
distances.

Trace metal contamination was particularly pronounced for cadmium: its concentration reached
1.8 ug/L, which was 4.2 times higher than the maximum permissible concentration (MPC),
and the crustal enrichment factor (EF ) was exceptionally high at 32 696. Zinc (Zn) also showed
significant enrichment (EF_ = 1730), indicating industrial sources. Copper (Cu) presented a mod-
erate enrichment (EF_, = 358), suggesting mixed anthropogenic origins, while lead (Pb) exhibited
enrichment (EF,,, = 96) primarily attributed to traffic emissions.

The EFsea value for Sr is 32.32, indicating other natural sources in addition to the sea. Additionally,
Ba has EF., value of 2617.28, significantly greater than 500, reflecting a strong enrichment in snowmelt
water and pointing to an anthropogenic origin. K and Ca have EF,, values of 8.85 and 7.25, respectively,
suggesting the influence of the chemical composition of local seawater. The EF, value for mg is 0.40,
indicating dilution of this element in snowmelt water.

Wind data from 2021-2024 reveal dominant NW winds (37-86 % frequency in winter) averaging
1.8 m/s (gusts to 5.3 m/s). This pattern facilitates transport of industrial pollutants (e.g., Cd, SO,%")
from Sevastopol (85 km NW) and transboundary sources, while low speeds enhance local dust input
(C32+, Mg2+)-

Discussion

Snow in Crimea is characterized by a slightly alkaline pH range (6.00-7.46), indicating a neutral
to moderately alkaline deposition environment. This has several ecological implications. As such snow
melts, it can gradually increase soil pH, affecting the availability of nutrients. Although calcareous soils,
which are widespread in Crimea, can partially buffer this effect, sensitive plant species may face certain
challenges, such as: Reduced solubility of iron (Fe) and manganese (Mn), potentially leading to chlorosis
in some species; Increased phosphorus (P) fixation, which may limit its availability to plants. Many tree
species typical of Crimea (e.g., oak, beech, juniper) are generally tolerant of mildly alkaline conditions.
However, prolonged exposure to such conditions may favor the spread of drought-resistant and calci-
philous species at the expense of acid-sensitive vegetation. Snowmelt also influences the composition
of streams and groundwater, where pH plays a key role in determining metal toxicity. Alkaline con-
ditions reduce the bioavailability of toxic metals such as aluminum (Al) and lead (Pb), which benefits
aquatic flora and fauna. While neutral pH is generally considered safe, fluctuations can cause stress
in acid-sensitive species, including certain crustaceans and mollusks. In addition, alkaline conditions can
alter soil microbial communities, slowing the decomposition of organic matter and affecting nutrient cy-
cling. Unlike industrial regions, where snow pH often drops below 5.0 due to acid precipitation, Crimean
snow is less acidic. This is likely due to the buffering effect of carbonate rich dust from local limestone
and the neutralizing influence of marine sea salt aerosols. However, pH values above 7.0 may indicate
the presence of anthropogenic dust (e.g., from construction or agricultural activities) or ammonia (NH;)
emissions from fertilizers or livestock operations.
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The slightly alkaline pH of Crimean snow (6.00-7.46) is strongly influenced by the region’s calcare-
ous soils, which are rich in carbonates (CaCO5, MgCO;). These soils act as a natural buffer, neutralizing
acidic deposition through the following mechanisms: (1) Carbonate Dissolution: Ca>* and Mg>* from
limestone and dolomite dust dissolve in snowmelt, releasing bicarbonate (HCO;~) and hydroxyl (OH™)
ions that counteract acidity [Hunova et al., 2023]. (2) Cation Exchange: The high correlation between
pH and Mg?* (r = 0.55) confirms their dominant role in buffering, consistent with Crimea’s widespread
rendzina soils (shallow, carbonate-rich soils on limestone [Kotova, Topchaya, Novikova, 2023]. (3) Dust
Input: Aeolian transport of alkaline dust from exposed limestone bedrock and agricultural areas further
elevates snow pH, as seen in other arid/semi-arid regions (e.g., the Mediterranean, Central Asia). Unlike
forested boreal zones (e.g., Siberia, Scandinavia), where soils lack carbonates and snow pH often falls
below 5.0, Crimea’s geology provides robust acid-neutralizing capacity. Compared to industrialized tem-
perate regions (e.g., NE China, Eastern Europe), where anthropogenic SO, , NO; emissions dominate
snow chemistry, Crimea’s alkaline dust offsets acidity, yielding higher pH despite sulfate inputs.

A preliminary evaluation of natural water quality can be derived from key chemical parameters
of atmospheric precipitation, specifically pH and total ion content (Z;). Our analysis reveals a signif-
icant positive correlation between these variables (r = 0.67), indicating that higher ion concentrations
correspond to increased pH levels in precipitation.

The observed increase in snowmelt water acidity in the study area is principally attributed to sulfuric
acid dissociation, as evidenced by the elevated sulfate-to-nitrate ratio ([SO42‘] / [NO5;7] = 1.29). This
sulfate predominance reflects more efficient atmospheric scavenging of sulfur dioxide compared to ni-
trogen oxides [Moody, Samson, 1989], consistent with established patterns of wet deposition chemistry.

The average monthly concentrations of sulfates in precipitation correlate well with their pH values
(r (pH/SO,*) = 0.70). The simultaneous occurrence of high sulfate concentrations and alkaline pH
suggests a more complex mixed process rather than the mere presence of “sulfur compounds”. Data
from this study indicate that this correlation is most likely mediated by the co-deposition of aerosols
and dust particles containing both sulfate anions and alkaline cations (particularly Ca** and Mg?*). This
hypothesis is strongly supported by the high correlation coefficients observed between pH and Ca®*
(r = 0.65) and Mg?* (r = 0.64), as well as the extremely strong correlation between Ca>* and Mg?* them-
selves (r = 0.99). This points to a common erosional source for these cations, specifically carbonate
dust particles from local soils. Therefore, the high pH is not a result of sulfate, but rather a conse-
quence of the fact that both acidic and alkaline components are released simultaneously into the snow,
with the predominance of the alkaline component (due to the abundance of carbonate dust) determin-
ing the neutral and alkaline pH values. This mechanism is consistent with studies from other regions
with strong continental influence: for example, in industrial cities in Northeast China [Cao et al., 2013]
and in Moscow [Eremina, Grigoriev, 2010], it was shown that suspended particles from construction
sites and soil dust rich in calcium and magnesium bicarbonates effectively neutralize acidic components.
Consequently, the mere interpretation of the pH-SO,>~ correlation reflects the coexistence of industrial
pollution sources (sulfur) and natural/anthropogenic buffers (dust). In contrast, nitrates did not have
a significant impact on the acidity of the snow cover (r (pH/NO;™) = 0.33).

In studies conducted in northeastern China, it was shown that the calculated potential for acidifi-
cation of atmospheric precipitation did not correspond to the values obtained during observations due
to significant contributions from major cations (especially Ca>*) present in soil dust and suspended sub-
stances of both anthropogenic and natural origin [Cao et al., 2013]. Eremina and co-authors explained
the alkalinization of the snow cover in Moscow by the presence of aerosols and suspended particles
from numerous construction sites in the urban agglomeration, which have an alkaline reaction (calcium
and magnesium salts, bicarbonates), leading to the neutralization of acidic components in the snow
[Eremina, Grigoriev, 2010]. Thus, the pH value of snowmelt water in the studied area was likely influ-
enced by the buffering of snow cover acidity due to the increasing concentration of suspended substances
in the atmospheric air, originating from both natural and anthropogenic sources.
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There is a relationship between the acidity of meltwater and the concentration of calcium and magne-
sium ions: r (pH/Ca®*) = 0.65, r (pH/Mg?*) = 0.64. There is a relationship between the acidity of melt-
water and the concentration of calcium and magnesium ions: r (pH/Ca?*) = 0.65, r (pH/Mg?*) = 0.64.
The high correlation coefficients between the ions of alkali and alkaline earth metals: K* and Na*
(r=0.95), K* and Mg?* (r = 0.99) and Ca’>* and Mg?* (r = 0.99) indicate a common erosional source
for the input of these components into the atmosphere.

Several studies attribute the increase in chloride (CI7) content in snow cover to its release into the at-
mosphere during coal combustion, as chlorine is a characteristic element of coal [Yudovich, Ketris,
2005]. In such cases, chloride concentrations would significantly exceed those of sodium, resulting
in a [CI7] / [Na+] ratio much greater than 1. However, across most of the studied area, the [CI17] / [Na+]
ratio ranges from 0.12 to 15.13, suggesting that chlorine is often not of marine origin.

Additionally, paired correlation analysis reveals a modest but notable relationship between chloride
concentrations in snow water and magnesium (Mg?*) (r = 0.26) and sodium (Na+) (r = 0.31), both
elements typically associated with marine sources, which likely reflects a shared anthropogenic origin
for these ions. Further supporting this, the average correlation coefficient between chloride and sulfate
(SO,%") concentrations is relatively strong (r = 0.58), indicating a common pollution source, such as coal
burning during the winter season.

The molar ratio of sulfate to chloride ions ([SO42‘] / [CI7]) is commonly used to determine the origin
of atmospheric precipitation composition and to assess atmospheric pollution from industrial emissions
[Chudaeva, Chudaev, Yurchenko, 2008]. Most sulfate in the atmosphere is of non-marine origin. For ex-
ample, in the background area of the Baikal Biosphere Reserve, the [SO42‘] / [CI7] ratio does not exceed
3 [Sanina, Sklyarova, Kostin, 2003].

In the present study, the [SO42‘] / [C17] values in snow water range from 0.09 to 0.32, with an average
of 0.17. These low ratios support the conclusion that the chloride ions observed in the study area primarily
originate from fuel combustion emissions at thermal power plants during the winter season, rather than
from marine sources.

The acidity of snow water, as described in the work, is due to the high content of sulfates, which
is confirmed by the [SO42‘] / [NO;7] ratio equal to 22.1 [Gladun, Shelganova, Mayorova, 2024].
The effectiveness of acidity neutralization at the “Khabarovsk” station showed an excess of neutraliz-
ing compounds (K/A ranging from 2 to 5), with the main components being the cations Ca?* and Mg?*.
The change in the ratio of [Mg?* + Na*]/[Ca®* + K*] from 1.8 to 0.8 indicates an increase in the emission
of cations Ca®* and K* into the atmosphere. The low value of [CI7] / [Na*] (from 0.1 to 0.4) suggests
a marine origin for the CI~ ions, which is supported by the change in the [SO42‘] / [CI7] ratio from 4
to 6. For Blagoveshchensk, the average value of this ratio was 10.64 [Radomskaya, Yusupov, Pavlova,
2014].

The study [Vasilevich, Beznosikov, Kondratenok, 2011] showed that meltwater in the taiga zone has
a K/A ratio of less than 1, in-creasing from south to north from 0.42 to 0.83 (with an average of 0.58).
This indicates a deficiency of neutralizing compounds and a predominance of hydrogen ions, which
corresponds to the overall situation in Russia, where cations account for about 30 % of the total ion
content, excluding hydroxide ions and hydrogen ions.

In the study [Surkova, Eremina, Zorina, 2005], the authors showed that in the area of the Northeast
coast of the Black Sea, the most evident sign of the predominance of continental influence on the chemical
composition of precipitation is the high concentrations of SO,%>~ and NH,*. Calcium, on the other hand,
is present in similar ratios in both marine and continental precipitation.

The presented ratios of major ions indicate a trend in the changing chemical composition of the snow
cover across all meteorological stations, with Ca?* becoming the dominant ion. It is known that
the main sources of cations Ca®* and Mg?* entering the atmospheric air are aerosols from sea salt, dust
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from aeolian deposits, industrial emissions, and suspended particles related to transportation. Sources
of NO, and SO, emissions include energy and heating facilities, motor vehicles, industry, and munici-
pal solid waste landfills. Sources of NH; emissions include agriculture, municipal solid waste landfills,
the aftermath of forest fires, and industry [Duan et al., 2016; Vet et al., 2014]. Anions such as sulfates
and nitrates typically form in the atmospheric air as a result of the oxidation of SO, and NO,.

Mg?* and K* are correlated with seawater and can enter snowmelt water either through dust deposi-
tion or precipitation, as well as via substitution in other minerals such as mirabilite. The low enrichment
factor for Mg?* (EF = 0.83) suggests minimal fractionation among its sources, indicating relatively uni-
form contributions. In contrast, the moderate enrichment of K* (EF = 13.41) points to an additional
minor source unrelated to sea salt, likely dust. Fractionation of Mg?* and K* sources may occur dur-
ing precipitation processes, which become thermodynamically favorable at low temperatures [Weeks,
Ackley, 1986]. While minerals formed from freezing seawater are typically pure stoichiometric phases,
natural solid solutions and ionic substitutions can significantly alter the composition of precipitated min-
erals. For example, Mg2+ and K* can substitute for other ions in sea salt minerals, such as calcium (Ca*)
in ikaite and sodium (Na*) in mirabilite.

In seawater, the concentration of Mg>* is roughly five times higher than that of Ca®*, making it easier
to detect Ca®* enrichment against the relatively low sea salt baseline. Conversely, mineral dust typically
contains more Ca?* than Mg?*. The observed enrichment of Ca?* (EF = 28.95) from atmospheric depo-
sition is attributed to the input of atmospheric dust, where the Ca?* / Mg?* ratio is substantially greater
than 1.

The sources of NO;~ and NH," in the snowpack exhibit greater stability compared to sea salt,
and their transport patterns are consistent across all studied environments. Both nitrate and ammo-
nium undergo biological transformations within the snowpack, leading to a more uniform distribution
and weaker correlation with sea salt. Given that NO;~ and SO, >~ are primarily anthropogenic pollutants,
a correlation between them is expected, as demonstrated in prior studies on aerosols and snow [Toom-
Sauntry, Barrie, 2002]. However, the observed correlation in this dataset spans a wide range, reflecting
high variability and distinct transport pathways across different environments.

For terrestrial snow, which is most comparable to the coastal/inland studies by Toom-Sauntry
and Barrie [Toom-Sauntry, Barrie, 2002] and Yalcin et al. [Yalcin et al., 2006], the NO;™ / SO42‘
ratio ranges from 0.31 to 2.09. This range differs slightly but overlaps with Toom-Sauntry & Barrie’s
reported values (0.2-0.6) and aligns closely with Yalcin et al’s ratio of 1.09, which is similar to our
average (0.94). Nitrate levels in Barrow are higher than those in Alarte, likely due to the older snow
sampled in Barrow compared to the freshly fallen snow analyzed in Alarte. Additionally, the elevated
sea salt content in Barrow may promote a more alkaline snowpack pH, enhancing nitric acid absorption
and further contributing to the observed nitrate enrichment.

The chemistry of snow nitrates, extensively examined in the literature [Yalcin et al., 2006; Honrath
et al., 1999; Honrath et al., 2000], indicates that their relationships with other ions in snow are gener-
ally more complex than those of sulfates. This complexity arises because sulfuric acid and sulfate salts
are non-volatile, whereas nitric acid is semi-volatile, although nitrate salts themselves are not volatile.
As a result, older atmospheric particles can convert nitric acid into less volatile salt forms (e.g., NaNO;)
that become retained within the snowpack. Nitrate behavior is further complicated by the fact that their
sources extend beyond sea salt aerosols and chemical losses, potentially involving in-snowpack processes
as well. Therefore, the lack of correlation between nitrates and sea salt tracers observed in this study
is not unexpected. To fully understand nitrate dynamics, more detailed analyses or additional research
are needed, accounting for the temporal evolution of snow samples and variations in photochemical
conditions.
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Given the influence of snowmelt pH on trace element distribution, we evaluated Pearson correlation
coefficients between snow water pH and elemental concentrations (Table 23). Mn, Co, Ni, Cd, and Pb
showed negligible dependence on pH, with weak negative correlations (r = —0.14, —-0.16, —0.13, —0.10,
and —0.14, respectively). Several elements demonstrated moderate positive correlations with pH. Alu-
minum showed the most pronounced relationship (r = 0.61). Mg and Na had moderate associations
Mg (r=0.55), Na (r = 0.43). K, Fe and Ba showed weaker but significant relationships K (r = 0.31),
Fe (r = 0.29), Ba (r = 0.22). This differential behavior suggests varying solubility controls and chem-
ical interactions between these elements and the snow matrix as pH changes. The stronger positive
correlations for Na, Mg, and Al may reflect their preferential release under less acidic conditions, while
the pH-independent elements likely have solubility controlled by other factors.

We analyzed the relationship between pH and the alkali metals Na, Mg, and K separately. The results
indicate a clear positive correlation between pH and these elements, whereas pH appears largely inde-
pendent of Ca concentrations. This suggests that Na, Mg, and K contribute to neutralizing rainwater
in the study area.

Variations in the pH of atmospheric precipitation significantly impact element solubility. Accord-
ing to [Grannas et al., 2007], the solubility of Cr, Ni, and Pb increases twofold or more at pH levels
below 5.0. In contrast, highly soluble elements such as K, Ca, Cd, and V show no pH-dependent sol-
ubility changes. Given that trace element distribution is influenced by snow water pH, we calculated
Pearson correlation coefficients between pH and the concentrations of the studied elements. The most
significant positive correlation is observed with SO,2~ (r = 0.70). As discussed in detail above, this
coeflicient should not be interpreted as a direct acidifying effect, but rather as an indication of the co-
deposition of industrial pollutants (sulfates) and alkaline dust (rich in Ca**, Mg?*) from both anthro-
pogenic (e.g., construction) and natural (carbonate soils) sources, in which the cations effectively neu-
tralize sulfuric acid. The correlation with Al (r = 0.61) and Mg (r = 0.55) also suggests that these
elements may contribute to pH neutralization, making them important for assessing the acid-base bal-
ance. Na (r=0.43) and CI~ (r = 0.52) also show a positive relationship, which may indicate the influence
of marine aerosols and other sources related to atmospheric precipitation. K (r = 0.31) and NO;™ (r =
0.31) have moderate positive correlations, which may point to their relationship with changes in pH,
possibly due to agricultural activities or other sources. Fe (r = 0.29) and Ba (r = 0.22) also exhibit weak
positive correlations, which may indicate their presence in precipitation, possibly due to soil weathering
or anthropogenic sources. The most pronounced negative correlation is observed with Cr (r = —0.34),
which may indicate differences in sources and deposition processes. Other elements, such as Co (r =
—0.16), Ni (r = —0.13), and Cd (r = —0.10), also show weak negative correlations with pH, suggesting
that their concentrations are only slightly dependent on the acidity of snow water. For elements such
as V (r=0.07), Zn (r = 0.03), and Sr (r = —0.30), the correlation with pH is virtually absent, indicating
their concentrations may be independent of acidity levels.

The correlation coefficients for major ions calculated for all snow samples indicate that Cl and Na
are independent of each other, reflecting their different origins. Table 23 shows that Na has a positive
correlation with Mg and K (r = 0.95 and 0.97, respectively), and Mg shows a positive correlation with Ca
and Fe with Mn (r = 0.94 and 0.87, respectively). This may be related to common sources such as ma-
rine aerosol dust or geological processes. At the same time, Cd has a moderate negative correlation
with Na and Ca (r = -0.66 and —0.80, respectively), indicating differences in sources or deposition pro-
cesses. Other elements, including Co, Ni, Cu and Zn, exhibit weak correlations both among themselves
and with other elements, suggesting a variety of sources or the influence of multiple factors such as an-
thropogenic activities or local geological conditions. It is also important to highlight that the primary
sources of sodium (Na) are sea salt and atmospheric aerosols, particularly in coastal regions. Mg and Ca
originate from mineral sources and dust and may also be related to agricultural activities. Meanwhile,
Fe and Mn may come from soil and rocks as well as from industrial emissions. Heavy metals (Cd, Pb,
Cu) often have anthropogenic origins related to industrial pollution, vehicular traffic, and other sources.
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Due to the lack of data on the chemical composition of the snow cover in Crimea, we compared our
findings with those from a study on elemental content in rainwater [Grannas et al., 2007], conducted
on the Crimean Peninsula over a decade ago. Our enrichment values were found to be an order of mag-
nitude higher. This discrepancy may be attributed to various factors, including increased anthropogenic
activities such as rapid urbanization, population growth, and higher vehicle usage, as well as changing
meteorological conditions, climate change, and shifts in biogeochemical processes within the ecosys-
tem. Additionally, trace elements can be transported by winds. Studies [Kaya, Tuncel, 1997; Kayukova,
2011] have shown that winds originating from industrial regions play a primary role in carrying dust
containing trace elements.

The EF analysis revealed the following element enrichment sequence: Fe <V < Mg < Cr < Ba<Mn
<Ca<K<Na<Pb<Sr<Ni<Co<Cux<Zn< Cd. All macroelements, except Mg showed higher
soil concentrations than Earth’s crustal reference values. The decreasing order of enrichment coefficients
for macroelements is: Na > K > Ca > Mg. Discrepancies arise because atmospheric aerosols do not
perfectly mirror soil composition. Dust is enriched in Fe/Mn oxides and contains variable proportions
of Si, Al,O3, carbonates, and calcite [Topchaya et al., 2020; Stachurski, Zimka, 2000].

As for trace elements, most exhibited EF > 500, with the sequence: Cd > Zn > Cu > Co > Ni > Sr
>Pb > Mn > Cr > Ba > V > Fe. Notably, Cd has a very high EF of 32 696.28. The striking enrichment
factor (EF) of cadmium (Cd) suggests significant anthropogenic contamination, as natural sources alone
cannot account for such elevated levels. Several potential local and regional sources may contribute
to this enrichment: Past industrial operations in Crimea, such as iron ore processing and coal combus-
tion residues, may have left behind cadmium pollution in the environment; Vehicle-related emissions:
Cadmium is released through tire wear, brake pad abrasion, and the combustion of lubricants, making
road traffic a notable source of Cd in urban and roadside environments; Agricultural practices: Widely
used in Crimean agriculture, phosphate fertilizers often contain cadmium as an impurity. Additionally,
the use of sewage sludge and certain older pesticide formulations may introduce Cd into the environment;
Industrial emissions from Eastern Europe: Air masses originating from heavily industrialized regions
of Ukraine and Russia can transport cadmium-rich particles over long distances, contributing to atmo-
spheric deposition in Crimea; Black Sea shipping: Marine traffic, including fuel combustion and cargo
emissions, may also be a source of cadmium pollution in coastal areas.

Other heavy metals, including Zn, Co, Cu and Ni, also display high enrichment factors (EF), pointing
to their anthropogenic origins. The EF values of the remaining elements indicate contributions from both
natural and anthropogenic sources.

To evaluate how wind conditions affect the chemical composition of snow, we conducted a Pear-
son correlation analysis between wind speed (both average and gusts) and concentrations of major ions
and trace metals in snowmelt water collected between 2021 and 2024. CI-, Na*, Mg?*, K*, Ca* showed
strong positive correlations (r > 0.6) with both average wind speed and gusts. This suggests that higher
wind velocities enhance the atmospheric transport of sea salt aerosols (Cl~, Na*) and mineral dust par-
ticles (Mg?*, K*, Ca?*) from local soils. The particularly strong association with chloride (r = 0.71)
confirms the marine influence on snow chemistry in coastal Crimea. NH,*, NO,~ exhibited weak neg-
ative correlations (r = —0.4). This inverse relationship likely reflects their origin from local non-wind-
dependent sources such as agricultural activities, vehicle emissions, and industrial processes. The lack
of significant correlation of sulfate (SO,%7) (r = —0.25) indicates that sulfate deposition is primarily
governed by stationary emission sources (e.g., fossil fuel combustion) rather than wind-driven transport
mechanisms. Al, Fe, Mn, Sr, Ba) displayed moderate to strong positive correlations (r = 0.51-0.64),
consistent with their derivation from wind-eroded soil particles. Aluminum (r = 0.62) and strontium
(r = 0.64) showed particularly strong associations, highlighting the importance of local limestone dust
in metal transport. Cd, Pb exhibited negative correlations (r ~ —0.4), implying that their deposition
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patterns are dominated by nearby emission sources (e.g., industrial facilities, urban traffic) rather than
atmospheric circulation. V, Cr, Co, Ni, Cu, Zn showed no significant wind dependence (Irl < 0.4),
suggesting complex deposition pathways involving both natural weathering and anthropogenic inputs.
The robust correlations between wind speed and marine-derived elements (Na*, CI~, Mg?*) confirm that
sea spray is a major source of ions in Crimean snow, particularly during high-wind periods. Strong
associations between wind velocity and crustal elements (Al, Ca’*, Fe, Sr) reflect the importance of lo-
cal soil erosion, especially from carbonate-rich landscapes characteristic of Crimea. The lack of wind
correlation for Cd, Pb, and nitrogen compounds suggests these pollutants originate from fixed emission
sources with limited atmospheric dispersion.

This study demonstrates that wind speed plays a crucial role in governing the deposition of marine
and terrestrial components in Crimean snow, while anthropogenic contaminants follow distinct deposi-
tion patterns. The carbonate geology of Crimea strongly influences snow chemistry through dust emis-
sions.

Crimea’s snow, though rare, provides a sensitive indicator of rising anthropogenic pressures
(urbanization, agriculture, transport). The stark Cd EF increase compared to decade-old rainwater data
[Yalcin et al., 2006] underscores accelerating contamination. Alkaline snowmelt may enhance soil car-
bon sequestration (via Ca?*-organic matter binding), but Cd/Pb accumulation could disrupt microbial
communities. Source apportionment (e.g., Pb isotopes for Cd tracing) is critical to mitigate emissions
from coal combustion, fertilizers, and traffic.

Snow chemistry data from the Karadag Nature Reserve reveal two critical, synergistic threats to its
unique biodiversity: alkaline snowmelt and extreme cadmium (Cd) contamination. Wind-blown carbon-
ate dust from Crimea’s limestone geology elevates snow pH, favoring calciphilous plants while suppress-
ing calcifugous species and reducing bioavailability of Fe and Mn, thereby impairing growth of sensitive
vegetation on nutrient-poor soils. More alarming is Cd enrichment (EF > 32 000), among the highest
recorded globally. Despite low annual deposition, chronic Cd input leads to bioaccumulation in plants,
entering food chains and biomagnifying in predators (insects — rodents — birds, reptiles, mammals),
causing toxicity, reduced reproduction, and population declines. Alkaline conditions may stabilize Cd
in organic matter, creating a long-term reservoir and potentially enhancing plant uptake, which repre-
sents a dangerous synergy. Though protected from direct land use, Karadag cannot escape atmospheric
pollution. Snow, though rare, acts as a sensitive integrator of airborne contaminants, with Cd levels ris-
ing sharply since 2006 due to urbanization, phosphate fertilizers, and traffic emissions. While alkaline
snowmelt may enhance soil carbon storage, Cd and Pb accumulation disrupt microbial function and nu-
trient cycling. Urgent action is needed: integrate long-term atmospheric monitoring into conservation
planning and conduct isotopic source apportionment (e.g., Pb isotopes) to target emissions from coal, fer-
tilizers, and vehicles. Without intervention, Karadag’s biodiversity faces silent erosion, not from habitat
loss, but from invisible, accumulating toxins.

Conclusions

The acidity of snowmelt in the studied area is buffered by sulfates and cations, which maintains a weakly
alkaline reaction. This is influenced by both natural and anthropogenic sources. High values of the cation
to anion ratio (K/A > 1) indicate a positive effect of natural processes on reducing acidity, which is ben-
eficial for the ecosystem. However, anthropogenic factors, such as emissions from coal combustion,
significantly impact the chemical composition of snowmelt, as evidenced by the high content of sulfates
and chlorides. Comparisons with other regions show that the acid-base status of snowmelt depends
on pollution sources and natural conditions, high-lighting the importance of regional studies. The con-
centration of Mngr in seawater exceeds that of Ca2*, which explains the enrichment of the latter in snow,
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likely from atmospheric dust. The ratio of NH,* to NO;™ is approximately 0.63, indicating constant
sources of these ions in the snow cover. Contrary to expectations, the correlation between nitrates
and sulfates shows high variability and different transport pathways. Further research is needed for a bet-
ter understanding of the interactions affecting the chemical composition of snow.

The results showed that the only element exceeding the maximum allowable concentrations is Cd,
indicating contamination. Correlation analysis revealed that the pH of snowmelt is almost uncorrelated
with trace elements such as Mn and Pb, while a positive correlation is observed with Na, Mg, and Al,
indicating their role in neutralizing rainwater. Changes in the pH of atmospheric precipitation affect
the solubility of elements, increasing the bioavailability of elements such as Cr, Ni, and Pb at pH lev-
els below 5.0. Anthropogenic sources of pollution, including industrial impacts, significantly influence
the distribution of elements, as evidenced by high EF for Cd and Zn.

This study highlights the value of episodic snowfall as a critical archive of atmospheric pollution
in the Mediterranean climates. Key findings include: (1) the first evidence of industrial cadmium con-
tamination (EF > 32 000) within protected areas of Crimea; (2) identification of coal combustion and fer-
tilizer use as priority targets for pollution control; (3) validation of snow-based monitoring as an effective
tool in regions with infrequent precipitation. For future research we recommend: (1) implementing year-
round aerosol sampling combined with on-site anemometry to track pollutant transport; (2) using Pb/Cd
isotope ratios to differentiate between local and transboundary pollution sources; (3) assessing the role
of forest canopy interception and quantify pollutant transfer from snow to soil.

Although constrained by the region’s limited snowfall, this research shows that even rare snow events
can provide disproportionately valuable insights into anthropogenic impacts on sensitive coastal ecosys-
tems. Addressing these climatic limitations will help refine future monitoring efforts and inform effective
pollution mitigation strategies.

Consequently, these findings underscore the importance of monitoring atmospheric precipitation
quality and evaluating the effects of human activities on the ecosystem. This will be crucial for develop-
ing effective strategies to minimize pollution and safeguard the environment.
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BUOPA3HOOBPA3ZHUE H YCTOUYHUBOE PABBUTHE 2026 T. 11, évin. 2. C. 79-86

IMPOBJIEMbI 3AI'PASHEHUA BOJIHBIX 9KOCUCTEM
N MOPCKAA PAIMOXEMO3KOJIOI'A

VK 574.58:579.22 DOI: 10.21072/ec0.2026.11.2.07

MUKPOBUOJJIOTTHYECKASA XAPAKTEPUCTUKA AKBATOPUU KEPYEHCKOI'O
IMPOJIMBA 1 YEPHOMOPCKOI'O IIPEAITPOJINBbA CIIYCTA TPU MECAIIA
ITOCJIE ABAPUU TAHKEPOB B JIEKABPE 2024 T'. (I10 MATEPUAJIAM
134-I'0O PEVICA HUC «IIPOPECCOP BOHHHHHKHIX»)

Bypausia H. B., lopomenko IO. B., 3unosbeBa E. B.

QI'BYH QUL «Hncmumym duonozuu iodcrvix mopeit umernu A. O. Kosanesckoeo PAH»,

2. Cesacmonons, Poccuiickas @edepayus,
e-mail: burdiyan_nv@ibss-ras.ru

AnHoTamusa: MuKpoOHONOrMYecKre MpoLecChl B BOMHBIX 9KOCUCTEMAX UTPAIOT PElIAIIyl0 pojib B MPOIEcce
CaMOOYMILIEHUS1 aKkBaTOpull OT HedrsHoro 3arpsisHeHust. B xome 134-ro peiica HUC «IIpoceccop Bopsauu-
KWIi» TTOJTyYeHbl KOJIMUECTBEHHBIE XapaKTePUCTUKU aO0OPUTEHHBIX TeTepOTPOMHBIX U YIIeBOAOPOIOKUCIISAIONINX
MUKPOOPTaHU3MOB B IOBEPXHOCTHOM CJIO€ BOJIBI M IOHHBIX OTJIOKEHUsIX akBaTtopur KepueHckoro mposnuBa u mpu-
JIeTaloIIe YepHOMOPCKOM aKBAaTOPHH CITYCTSI TPH MecCsIIIa IMOC/Ie aBapHITHOTO pa3jinBa Ma3yTa B pe3ysIbTaTe KpyIle-
HUs TaHKepOB «Bonroned1h» B nekadpe 2024 r. [TokazaHo, YTO YMCIEHHOCTD reTepoTPOGhHBIX MUK POOPTaHU3MOB
(I'B) B MOBEpXHOCTHOM CJIO€ BOAIBI KOJieOaiach OT 102 o 107 ku1./mu1, B HOHHBIX oTIOKeHustx — ot 102 10 107 /T,
YUKCIIEeHHOCTD YITIEBOIOPOIOKHUCIISIIONMX MUKpoOpranu3MoB (YOB) B MOBEPXHOCTHOM CJIOE BOJIBI BapbUpOBaja
or 10 no 10% KJL/MJI, B JOHHBIX OTIOKEHUSX — OT 7,510 1o 4,5%10° ki1./r. MakcuMaJibHble 3HAYEHUST YHC-
nenHoctd YODB B IOHHBIX OTJIOXKEHUSX 3a(pUKCHPOBAHBI HA JIBYX CTAHIIUSIX, PACIIOJIOKEHHBIX HEIMOCPENCTBEHHO
B akBaropud nponuBa. [lonydeHHble pe3yibTarhl M0 uncieHHocTd YOB, B mopaBisioieM OONbIIMHCTBE, CBU-
JeTeJIbCTBYIOT O HU3KOM IOTEeHINajle OaKTepUaIbHOr0 CaMOOYHMITIEHHS] KOMIIOHEHTOB MOPCKOH cpepl. Mex ity
IIyOMHON MecTa O0TOOpa Mpo0 M YKMCIICHHOCTHIO aHAIM3UPYEMbIX OaKTepHil BhISBJIEHA JIMHEWHAS KOPPEJISIMOH-
Hasl 3aBUCUMOCTS: nonoxkurenbHast 4 I'b (r = 0,66; a < 0,05) u orpunarensnas pist YObB (r = -0,27; a < 0,05).
HaxorurenbHble KyJIBTYPHI, BBIICIEHHbIE U3 JOHHBIX OTIOXKEHUHN TPEX YYaCTKOB HCCIETyeMOH akBaTOpUH, IO-
Ka3aJy HEOTHO3HAYHBIA POCT Ha MasyTe, He(pTH W An3erbHOM TorumBe. [lomydeHHBle pe3yabpTaTshl (POHOBBIX
WCCJIE/IOBAaHVI B IATbHEHNINIEM MOTYT ObITh HICIIONIb30BAHBI [IIsl CPABHUTEILHOTO aHAJIM3a COCTOSIHUS KOMITOHEHTOB
BOJHOM cpefibl KepueHcKoro nmpoivBa U Mpuieramoieid YepHOMOPCKON aKBaTOPHHU TPH IKOJIOTUIECKOM MOHUTO-
pUHTe MOCTIEACTBUI aBapUITHOrO pa3jinBa MasyTa.

Kumouesrblie cioBa: YepHoe Mmope, KepueHckuil posuB, yrjieBOMOPONOKHUCISIONIME OaKTepUH, TOHHbIE OTIOKEe-
HUS, Ma3yT

BBenenne

KepueHckuil MponvB HpencTaBisieT coOOM KJIIOYEBOW TPAHCIIOPTHBIA MapUIPYT, CBS3bIBAIOIINAN
nopThl A30BCKOrO Mopsi, a Takxke OacceitHbl pek [Jon m Bomra ¢ Yépueim u CpeamzeMHBIM MOpS-
mu. [luprHa nponuBa konednercss ot 4,5 o 15 kM, HanOobas rIyOWHa cocTaBiser 18 MeTpoB.
Baxusie noptsl nponvBa — KepueHckuit u KaBkasckuil MOpcKue MOPTBI, OCHOBHOHM Tpy30000pOT
KOTOPBIX MPUXOAUTCS HA He(TEHATUBHBIC TPY3bl, UTO CYIIECTBEHHO IMOBBIIIAET PUCKM BO3HUKHOBE-
HUsl aBapuiHbIX cuTyauui. OIHON U3 nocjaeqHuX aBapuii B KepueHckom mposvBe cTal pa3jivB Ma3yTa
15 nexaOpst 2024 r. ABapusi MPOM30IILIA B Pe3y/bTaTe pa3ioMa KOPITYCOB JBYX HE(TIHBIX TAHKEPOB —
«Bonronedb-212» u «Bonroneds-239» Bo BpeMst mTopMa. OKOHYATETbHBIN 00BEM aBapUAHON yTed-
KM Mas3yTa J0 CUX MOp He ycraHoBjieH. OHaKO U3BECTHO, YTO TMOKa3aTesu pa3ivBa He(pTenpoayKTOB
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B 2024 r. npeBpIIAOT 3HAYEHUs1 AaHAJIOTMYHOM KatacTpodsl, npousoieanieid B Kepuenckom nposvise
B HOs1Ope 2007 r. BcieacTBUE KpyllieHus TaHKepa «BonronedTsb-139», B pe3ybraTe KOTOPOH B aKBaTO-
puto nonayio okono 1,3 Teic. T Ma3yta [Tikhonova, Soloveva, Burdiyan, 2021].

[Tpu nMMKBUIALMK TOCAEACTBUIN 3arpsi3HeHUs] He(PThi0 U He(PTENPOLYKTAMU OUMCTKA BOJHBIX 00b-
€KTOB SIBJISIETCS OJIHOM M3 CaMbIX CJIOXKHBIX M TPYIOEMKHUX 33/a4, YTO OOYCJIOBJIEHO AMHAMUYHOCTHIO
BOJHOM Cpe/ibl M CJIOXKHOCTBIO TTPOIeCCOB TpaHchopMauu yrieBogoponoB B Heil [Ckoimybosuu 1O.,
Cromy6oBruu A., Llp6a, 2025]. B mporecce camoouuineHrst MOpei oT HeTSHOTO 3arpsi3HEHUsT Belly-
IIee TOJIOKEHNE 3aHUMAaeT OMOJIOTMUYecKUil (DakTop, PeIaonyio pojb B KOTOPOM MIPaloT MUKPOOHO-
Joruyeckue npoueccsl [Muponos, 1971]. K npumepy, 3a nonropa Mecsua B 1aOOpaTOPHBIX YCIOBUSX
MHUKPOOHOE COOOIIECTBO B KUIKOM KYJIbType MOXET pasioxkuth A0 90 % yriaeBogoponos [Cameotra,
Singh, 2008]. YrieBomopogoKucisionue 6akTepur, OCHOBHbBIE JECTPYKTOphl HE(DTU B MOPCKOU cpe-
7ie, CTIOCOOHBI YCBaUBATh MPAKTUYECKU BECh PsiJ] HE(PTAHBIX YIJIEBOIOPOIOB, BKJIIOUAsl CaMBble TSIKEIbIE
Y TOKCUYHBIE COEIMHEHHUS], B TO k€ BPeMsl CKOPOCTb JerpaJaliii 1 HEOOXOIUMBIE 1J1s1 3TOrO YCJIOBUS Ba-
pbupyIoT B Oonbineit crenienu [Dash et al., 2013]. Yarme Bcero B paiioHax ¢ CHIIbHBIM He(DTSIHBIM 3arpsiz-
HEHUEM BBIIEIISAIOT OaKTepuu, IpUHaIexamume Kk pony Arthrobacter, Brevibacterium, Corynebacterium,
Mycobacterium, Pseudomonas, Rhodococcus [Borarsipenko u ap., 2022].

Llenpio Hamreil paboThl OBUIO MOTYYUTh KOJMYECTBEHHBIE XAPAKTEPUCTUKU aOOPUTEHHOH YIJIEBO-
JOPOIOKHUCIISIONIEN MUKPO(IIOPH! U TeTepOTPOHOM TPyIbl OAKTEPHA B MOBEPXHOCTHOM CJIO€ BOIbI
Y JIOHHBIX OTJIOKEHUAX akBaTopuu KepuyeHcKoro mposnvsa u npuiieramoieil 4epHOMOPCKOM akBaTOPHH.

MarepuaJjibl 1 METOIbI

Marepuanom ajsi HacToserd paboThl MOCIYKUIA MPOObI BOABI M JIOHHBIX OTJIOXKEHUH, OTOOpaH-
Hble B akBaTopuu KepueHCKOro mposyBa M YEpPHOMOPCKOrO HpeanposuBbs B xone 134-ro peiica
HUC «IIpopeccop Bopsuukuiz» B mapre 2025 1., commacHO cxeme craHuuil (puc. 1). g mMuk-
POOUONOrMYECKUX PaboOT MpOGHl BOAB OTOMPAIM B CTEpUIbHEIE MPOOHPKM 00bEMOM 50 cM®, s0H-
HBIX OTJIOKEHUH — B CTeprJIbHBIe OaHKU. B mpobax orpeaensii urcneHHoCcTh retepotpodHbix (I'B)
n yoieBopopofokucisiomux (YOB) mukpoopranu3moB. OripenesieHde YUCISHHOCTH OaKTepui Mpo-
BOAMJIM METOZIOM IPE/ENIbHBIX AECATUKPATHBIX Pa3BEAEHUN C HCIIOIb30BAHUEM XKUAKHUX JIEKTHUBHBIX
cpell ¢ y4€ToM COJNEHOCTH BOjbl. [lsi reTrepoTpoHbIX OakTepuil MPUMEHSUIM Cpelly C MEeNTOHOM
[Buonornveckue acnekTsl ... , 1988]. I yrieBogOpOIOKUCISIONMUX OAKTEpUil UCTIONBH30BAIM CPely
Bopommnosoit — [uanoBo#t [Bopormiosa, [Iuanosa, 1952], B KOTOpyIo B KauecTBe €JUHCTBEHHOTO
WCTOYHMKA yIJIeposia M SHepruM No0aBisum crepwibHyo HedTh (1 % ot 06bnéma). Hanbosee BeposT-
Hoe yncio YOB B JIOHHBIX OTJIOKEHHUSX B eJUHHIE 00BbEMA paccunThIBAIM 1Mo Tabimie Maxk-Kpenu
(B TpEX MOBTOPHOCTSIX), OCHOBAHHOW Ha METOJE BapUAaLlMOHHOW CTATUCTHKU [[IpakTMKyM MO MMKpO-
ouonorumn, 2005]. YU€r octayipHbIX TPy OaKTepuidl MPOBOAMIM METOAOM IpelesbHbIX pa3BedeHU
[[Tpaktukym mo mukpooOuonorur, 2005]. MHKyOaImo MoceBOB MPOBOAMIA B CYIOBOM JIaGopaTopuu
npu temneparype 18-20 °C.

CriocoOGHOCTh M MTHTEHCHBHOCTD POCTA BBIIEICHHBIX OaKTEPUAIbHBIX KYJIbTYP Ha PAa3IMYHBIX UCTOY-
HMKax yIriepo/a Onpeesisiid IoceBOM MOTyYeHHbIX HAaKOMUTESbHBIX Ky/IbTyp OakTepHii Ha cpety Bopo-
IMI0BOM — JIMaHOBOM ¢ MOC/IeyIoNMM T00aBIEHUEM Pa3IMUHbIX CTEPUIbHBIX HICTOYHUKOB YIJIEPO/a,
B YAaCTHOCTH CBHIPOI HE(PTH, AU3EJILHOTO TOIUIMBA U Ma3yTa. HakonuTeabHble KyJIbTypbl UCCIEAYEMBIX
rpymnI OakTepuil U3 JOHHBIX OTJIOKEHUH ObUIM TMOMTyUYeHbl OAHOKPATHO, CTAaHIIMKM OTOOpa Mpo0d OTIMYa-
JIMCh IO YAAJIEHHOCTH OT MECTa aBapuu: camasi AajibHAs CTaHLMA B aKBaTOPUH MpenponuBbs (cT. 360),
cr. 370 «T» — B 600 M OT MecTa 3aTOHYBILIEro TaHKepa (OJMke MOJOMTH He TIPEICTABIISIOCh BOBMOXK-
HBIM 110 TEXHUYECKUM IPUYMHaM), cT. 362 — HemocpeCTBEHHO B akBaTtopuu KepueHckoro nmposusa,
Hejasieko oT Kocsl Tysna (puc. 1). Poct HakonuTenbHBIX Ky/IbTYpP Ha YKa3aHHBIX MICTOYHUKAX OLEHUBAJIN
BU3YyaJIbHO.

B xone sxcneanmumy 11 MUK POOHOIOTMYECKOro aHaamu3a Oblto 0ToOopaHo 1o 13 mpob BoAbl U IOH-
HBIX OTJIOXKEHU.
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Puc. 1. Pacrnionoxenue craniuii ordopa npod B KepueHckoM npoivBe v MpuJieraniiei 4epHOMOPCKOR
akBaropru (134-i1 petic HUC «I[Ipodeccop Bogsaumkuii», mapt 2025 1.)

PesyabTaTsl

['eteporpodHast MUKpOOHOTa — BaKHBI KOMIIOHEHT OMOLIEHO30B JIIOOBIX BOJHBIX 9KOCHUCTEM, €TI0
OCHOBHasl (PYyHKIIMSI — aCCUMWJISALMSA U TpaHCpOpMalusl OpraHMYeCKUX COEJUHEHWi, B TOM YHC-
Jie 3arps3HAIINX BEIECTB aHTPOIIOTEHHOro NpoucxoxaeHus. YuciaeHHocts ['B B nmoBepxHOCTHOM
cioe Boapl KepueHckoro nponusa Bapbuposaia ot 102 go 10° kir./mi (puc. 2). MakcumyM BblesieH
Ha cT. 368, Ha nopsAgoK MeHsliee uucio ['b Obu10 3aduKkcrpoBaHo Ha cT. 366. B ocranbHbIX mpodax
uncnenHocts I'B cocrapnsia 10° ki1./mMi1. B MOBEPXHOCTHBIX BOAAX MpUJIEralomieil akBaTopuy 4KC/IeH-
noctb I'B konebanack B npesenax 10?—10* ki1./mn (puc. 2). MakcuMasIbHBIA TTOKa3aTe/ b YUCIEHHOCTH
I'b onpenenén Ha cr. 254. Munumywm I'B BeisiBiieH Ha ct. 370 «T», Onvkaiiineid K 3aTOHYBIIMM TaHKe-
pam.

VYIeBonopooKUCAIONIE MUKPOOPraHU3MBl B IIOBEPXHOCTHOM cJjioe Boabl KepueHckoro nponusa
Y TIpWJIETaloniell akBaTOpUy ObLITH BHISIBJICHBI IOBCEMECTHO, YncIeHHOCTh Y OB konebanack B quanasoHe
ot 10 1o 10? kin./mn (puc. 2). HermocpeacTBeHHO B aKBaTOPUH NPOJMBA MUHUMYM uKciieHHocTH YOB
BbIsIBJIEH Ha CT. 362 u 365. B ocranpHbIx npodax uncio YOB cocrasnsno 100 kir./mut. Haubosnbime
KOJIMYECTBEHHbIE MOKa3aTeau s YObB B npuiieraomieit K NpoJvBy akBaTOPUHU MOTyYEHB! HA CTAHLUU
(370 «T»), Omkaiiieid K MecTy aBapyu, 1 Ha cT. 254, B OCTaJIbHBIX IIpodax unciaeHHocTh Y OB He npeBbi-
mana 10 kr./mi. B nenom B uccnemyemoit akBatopuu B 54 % 1ipo6 urcieHHocTh YOB Obuta B ipezenax
BTOPOTO MOPSIKA.
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Puc. 2. YucneHHOCTD UCCeqyeMbIX Ipynn OakTepuil B MOBEPXHOCTHOM ciioe Bofsl KepueHckoro mpo-
ymea (134-i1 petic HUC «ITpodeccop BogsHuiikuii»)
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[myOuHa Ha cTaHIMAX 0TOOPA JOHHBIX OTJIOKEeHUH Koymebanachk oT 13 no 45 m. JIoHHbIe OTJIOKEHHS
B OCHOBHOM OBLTH TPEJICTABJICHBI CEPhIMU WJIAMH, TaK)Xe HAOMIONAIMCh TIECKH U PaKyIIeUyHUKU. Yuc-
neHHocTs I'B B JOHHBIX oTokeHnAx KepuyeHckoro nponmsa Bapsuposana ot 10° 1o 107 kin./r (puc. 3).
MakcumyM BbIjIEsIEH Ha cT. 366, Ha MopsAAOK HUke uyncieHHOCTb I'b Ha cr. 363. Munumywm I'b BoisiBIIeH
Ha cT. 362. Ha ocTanpHbIX CTaHIIMSIX KOJIMYeCTBEeHHbIe okazareau ['b BappripoBaiu B rpeienax OqHOro
nopsanka: 10°—103 x1./r. B JOHHBIX OTIOKEHHAX YEPHOMOPCKOTO MPEANPOINBbA YHCIeHHOCTh I'B Korte-
6anach B npeaeiax 10*-10° ki1./r. Makeumym I'B 3adukcuposan Ha cr. 252. Ha ocTalbHBIX CTaHIMAX
yrcieHHoCcTh ['B Oblia B Mpezienax 4eTBEPTOro Mopsiaka.

YOB obHapyxeHbl BO BceX Mpodax JOHHBIX omioxeHWH. [Iuana3on uncieHHoctH YOB B JOHHBIX
omioxkeHusAX KepueHckoro mposvea, oToOpaHHbIX ¢ I1youH ot 10 mo 17 M, komebdancs ot 7,5%10
10 4,5%10° ki1./r (puc. 3). MakcumanbHble Tokazate (4,5x10° Ki1./T) yKa3aHHOU rpynmbl GakTepuid
3apukcupoBanbl Ha cT. 365 u 366. MunumyMm YOB BbiziesieH Ha cT. 367, Ha OCTaJIbHBIX CTAHLMAX YUC-
nennocts YOB Bapbuposana ot 1,5x10% 10 9,5x10? ki1./r. B IOHHBIX OT/IOXKEHUAX, HPUIEralomeii K mpo-
JMBY akBatopuu (cranimu Ne 252, 253, 254, 256, 360 u 370), Ha ryouHax ot 24 10 45 M YMCIICHHOCTb
VOB konebanack ot 9,5%10 10 9,5x10? ki./r. MunumyMm BbiiesieH Ha cT. 254. Ha cranium (370 «T»),
Oomkaiiiieit Kk Mecty aBapuu, unciao YODB coctapisno 450 kii./r. Ha ocraBimmxcst CTaHIMSAX YUCIIEH-
HocTh YOB Obl1a paBHOZHAYHOM: 2,5%10% ki1./r. Kak oT™MeueHo [Mumrycruna, Illernosa, MurikeBuuy,
1985], xonedanus yncneHHocTd YOB B JOHHBIX OTJIOXEHHUSAX TPUOPEKHBIX M OTKPBITHIX 00JIacTel BOA-
HBIX 9KOCHCTEM JOBOJILHO 3HAYMTENBHO BapbupyloT: oT 10 10 10° kin./r. [TonydeHHble HAMU Pe3yIbTaThI
1o yrcieHHoct I'b u YODB cxoxu ¢ pe3ynbraTaMu OLIeHKU HeTsHOTrO 3arpsisHeHus1 KepueHckoro mpo-
nvBa mociie aBapuu cynos 11 vostopst 2007 r. [Epemees u np., 2008].

Mexny rayOuHOW MecTta OTOOpa MpOO M YHCICHHOCTBIO aHATM3UPYEMbIX OAaKTepHid BBISBICHA
JIMHEWHas KOppeJsILIMOHHAsA 3aBUCUMOCTD: nosioxkutenbHasa i I'b (r = 0,66; a < 0,05) u orpuiiaresis-
Has Juist YOB (r = -0,27; a < 0,05). [Tokazano [Wang et al., 2011], yro Bo3pacranue ynciaenHoctu I'b
C NIyOMHOI MOKeT ObITh CBSI3aHO C MHOKECTBOM (DaKTOPOB, B TOM UHCJIe U C YBEJIMUSHUEM TIOCTYILICHU S
yriaepona.
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Puc. 3. YucneHHOCTh UcCeqyeMbIX TpyI OaKTepuil B JOHHBIX OT/IOkeHUsIX KepueHckoro nponusa
(134-i1 peiic HUC «IIpoceccop Bonsguurxuii»)

B noBepxHocTHOM ciioe Bonbl mpoueHTHas aoiasg YObB or kommvectBa I'b Bapbuposana ot 0,1
10 10 %, 3a uckmouenuem ct. 370 «T», Onukaililieid K MeCTy aBapuH, rJe CoOCOOHOCTh K IECTPYKIUH
HEePTAHBIX YIJIEBOJIOPOAOB MOKA3JI0 BCE COOOIIECTBO BhICESTHHBIX ['B, UTO MOXeT CBUAETEIhCTBOBATH
00 amanranuy rerepoTpodHOro coodIecTBa MUKPOOPraHU3MOB B paiioHe cT. 370 «T» k Hedrenpoayk-
TaM Y MPOTEKAIIMM ITPOLECCAM CaMOOYMILIEHHS B IMOBEPXHOCTHOM CJIOE BOJBI, B TO K€ BpPEMs Clle-
AOyeT OTMETUTh HU3KYI0 4uciIeHHOCTh I'b B ykasanHom paione. Mccnenosano [Epemees u ap., 2008;
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Mumycruna, [leroBa, MurikeBud, 1985], 4to B palloHaX ¢ XpOHUYECKUM He(TSHBIM 3arpsi3HEHUEM
uncnenHocts YOB B Bome koneOnerca B mpeaenax 10°—10° ki./ma u coctaBnser ot 35 g0 80 %
ot konmmuectBa ['B. B HezarpsisHéHHBIX akBatopusx goiisg YOB cocrasisier 10 7 % ot o0Imero Koimde-
crBa I'b [Crynenukuna, TonokonHukoBa, Bonosuk, 2002]. B noHHbIX oTo)eHUsX qoist YODB ot o6mieit
yncienHocty ['B BapbupoBana, kak B yMcThiX akBatopusix: oT 0,1 g0 10 %, 4To MOXeT ObITh CBSA3AHO
C 30HAJILHBIM pacrnpeiesieHueM Ma3yTa Ha JHe.

B nepuon orbopa mpod Temmeparypa BOIbl B TOBEPXHOCTHOM TOPU3OHTE Kosebasiach oT 8,52
1o 10,0 °C, a B npugonHom — ot 8,3 10 9,7 °C. He BbIsiBJIeHa 3aBUCUMOCTbh MEX/1y TEMIIEPATYPOU BOJIbI
Y YUCJIEHHOCThIO OAKTEepUil B IOBEPXHOCTHOM CJloe uccieayeMor Hamu akBatopuu. [1o Bcell BuanMoO-
CTH, 3a(pUKCUPOBAHHbIE 3HAUYEHUSI TEMIIEPATYPBI BOJIbl HECKOJIBKO HHKE ONTUMAJIbHBIX /1JIs aKTUBHOTO
pazButus 6omnpimHcTBa YOB. B wactHoctH, 1uist pazButiss YOB v MHTeHCH(DUKAIIMY OUUIIIEHHUS BOIbI
OT He(PTH ONTUMAJIbHBIMU SIBJISIIOTCSE Me30(puiIbHBIE YcaoBus (auanas3oH oT +20 g0 +28 °C). Ipu tem-
nieparype ot +6 110 +15 °C MHTEHCUBHOCTh OKUC/IEHUsI HepTH cHIXKaeTcs B 2,5—4,0 pa3za 1o cpaBHEHUIO
¢ ontuMasbHON Temrieparypoil. [Ipu +37 °C poct GakTepuii OrpaHUYMBAETCS, a pasjiokeHue HedTh
3ameisiercs [KBacuukos, KimomnukoBa, 1981]. B To e BpeMs nokazaHo [KombitoB, 1983], uro nei-
CTBHE TeMIlepaTypbl HarOoJee CYIIECTBEHHO IMPOSBISETCSA B MepBble Yachl U CYTKU IOCTIe BHECEHUS
HepTH B BOALY, JaJiee HaOMogaeTcsl Mporpeccupymoliee CHIKeHNE Kak CKOPOCTH Tporiecca Oroerpaa-
MY He(PTH, TaK U CTENIEHU BJIMSIHUS HA HETO MOBBIIIEHHBIX TEMIIEPATYP.

B cBs13u ¢ Tem, UTO TOHHBIE OTJIOKEHUS SABJISIOTCS O0Jiee KOHCEPBATUBHOW CPEIOi, YeM TIOBIKHbIE
CJIOU BO[IBI, ObLT MPOAHAIM3UPOBAH POCT MUKPOOPraHM3MOB Ha HAKOMUTENBHBIX KYJIBTYpax U3 Mpoo
IPYHTa Ha Pa3JIUYHBIX CTaHIUAX. OKa3a1I0Ch, YTO OOMIIBHBIN POCT, YKA3bIBAIOIIUI HA aaNTAIIII0 MUK-
poouoTHl K HepTH M HedTenpoayKTaM, OTMEUEH TOJIBKO Y KYJIbTyp U3 MpoOBI CcT. 362, pacronoxeH-
HoU B akBatopuu Kepuenckoro nmponusa. Cieayer OTMETUTb, UYTO TOHHBIE OTJIOKEHUSI HA 9TOW CTAHITUU
ObLIM OTOOpaHbl ¢ HauMeHbIler TTyouHsl (11 M), o cpaBHeHMIO ¢ m1yOuHOM Ha cT. 360 u 370 «T»
(45 1 24 M cOOTBETCTBEHHO). MUKpPOOMOTa, U30JIMPOBAaHHASL U3 JOHHBIX OTJIOKEHWI HA CTAaHIMU, MaK-
CUMaJIbHO TIpUOKeHHON K MecTy aBapuu (cT. 370 «T»), mokaszana CKyIHBI pOCT Ha BCEX MCTOUYHH-
Kax yrjiepona, 4To CBUAETENbCTBYET O CIA00OM YIJIEBOAOPOJOKUCIISIONIEM TOTEHIIUAe MUKPOQIOpPHI
(tabim. 1), 9TO MOKHO OOBSICHUTH OYaroBBIM paciipeieJieHIeM Ma3yTa Ha JiHe akBatopu. [1o Bcelt BUam-
MOCTH, OTOOP JaHHOU IMPOOBI JOHHBIX OTJIOKEHUI ObLT MTPOM3BE/IEH HA He3arpsI3HEHHOM YJacTKe JIHA.

Taoauna 1
PocT HakomUTEJbHBIX KYJbTYP OaKTepuil ¢ Jo06aBJIeHHEM PA3JHYHBIX HCTOYHHKOB yriepoaa
o . Hcrounuk yraepoaa
HakonureabHble KyJIbTypbl 0aKkTepuil n3 cranmmii (Ne) yIIepoA
Ma3zyt JIu3esibHOE Hedtb
TOILINBO
360 ++ ++ ++
362 +++ +++ +++
370 «T» + T "

IIpumeyanune: «+++» — OOUJIBHBINA POCT; «++» — YMEPEHHBIN POCT; «+» — CKYIHBIA POCT.

BriBoasbl

[MonydeHbl KOMMUYECTBEHHbIE XAPAKTEPUCTUKH AOOPUTeHHBIX TeTepOTPOMHBIX U YIIEBOAOPO.-
OKUCJISIONIMX MHUKPOOPraHU3MOB B TOBEPXHOCTHOM CJIO€ BOJAbI U JOHHBIX OTJIOKEHUN aKBAaTOPUU
KepueHckoro nponmBa U NpUjIeraiomel Y4epHOMOPCKON akBaTopuu B Mapte 2025 T., CIycTsl Tpu Me-
csI1a 1mocjie aBapuitHOro pasnuBa Maszyta. YucineHHocts ['B B MOBEpXHOCTHOM clioe BOIBI Kosebastach
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ot 10% 1o 10° ki1./m1, B ToHHBIX 0TI0keHus1X — oT 103 10 107 k1./r. Yucnennocts YOB B MOBEPXHOCT-
HOM CJIO€ BOIbl BapbupoBasia oT 10 1o 10? kJ1./MJ1, B JOHHBIX OTIOXeHusIX — 7,5%10 no 4,5x10% ki./r.
Makcumainbable 3HaYeHus (4,5%103 ki1./r) uncienHoctn YOB B JIOHHBIX OTIOKEHHUSIX 3apUKCUpO-
BaHbl Ha CT. 365 u 366, pacnoIOAKEHHbIX HEMOCPEICTBEHHO B akBatopuu mnponusa. [lomydeHHble
pe3ysbTaThl 10 yrciaeHHocTd YOB B nofapJisioneM OOJbIIMHCTBE CBUACTENLCTBYIOT O HU3KOM TOTEH-
1paste GakTepraabHOTO CAMOOUYMILICHUsI KOMIIOHEHTOB MOPCKOM cpefibl. BhisiBiieHa MHeiHas Koppens-
IIMOHHAsI 3aBUCUMOCTh MeXay JuclieHHOCThio I'B u mryOuHOM Ha craHimsax ordopa mpod (r = 0,66;
0 < 0,05), B TO e BpeMsi KOPPEJISLHOHHBIA aHaIn3 MOKa3asl cladylo OTPHUIATEIbHYI0 B3aHMOCBS3b
MeXIy DIyOMHOU Ha CTaHIMsIX oTOopa mpod u uucieHHocthio YOB (r = -0,27; a < 0,05). Hakonu-
TEJIbHBIE KYJIbTYPBI, BbIIEJIEHHBIE U3 JOHHBIX OTJIOKEHUN TPEX yYaCTKOB MCCIIEAYEMOM aKBaTOPUH, I0-
Ka3aJ1 HEOJHO3HAYHBII POCT Ha Ma3yTe, He(PTH U AU3EIbHOM ToIuMBe. MUKpPOOHOTA, U30JIMPOBAHHAS
U3 JIOHHBIX OTJIOKEeHWH Ovokaiiied kK mecty aBapuu cT. 370 «T», He oOnajana BHIpaKEHHBIM yTIJie-
BOJOPOJOKUCIAIONIMM NoTeHImanoM. [lonydennsle pesynbTaTsl (POHOBBIX MCCIEAOBAHUM B JAJIbHEW-
I11eEM MOT'YT OBITh UCIIOJIb30BAHBI [J1s1 CPABHUTENIBHOIO AHAIN3a COCTOSIHUSI KOMIIOHEHTOB BOJHOM CPE/ibl
KepueHckoro nmposmBa u npujeramouieid YepHOMOPCKON aKBaTOPUM IIPU 9KOJIOTMYECKOM MOHUTOPHUHIE
MOCJIEICTBUM aBapPUIMHOTO Pa3/iiBa Ma3yTa.

BaarogapHocTu. ABTOpHI OaronapsAT COTpyAHMKA JTabOpaTOPUM XeMOIKOJIOTUH OTAENA Paaualiy-
OHHOW M XMMHYECKOW OMOIOrMHM MJIAJIIEro HaydHoro corpygHuka 3apunoBy K. M. 3a momorp B OT-
6ope mpod. Padorsl npoBomwick B LINIK HUC «IIpodeccop BoasHuiikuit» B paMKax HampabJIeHUs
I'ocynapcreennoro 3aganusg PI'BYH ®ULL MHBIOM: «KoMIiulekCHbII MOHUTOPUHI COCTOSIHUSI MOP-
CKOU Ccpefibl U €€ CIOCOOHOCTH K CAaMOOYMIIICHUIO B MPUOpekHbIX paiioHax Pecryommuku Kpbim u Kpac-
HOJIAPCKOTO Kpasi Moclie pa3nuBa HeTenpoayKToB B Aekadpe 2024 r.» (FNNZ-2026-0016).
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MICROBIOLOGICAL CHARACTERISTICS OF THE WATER AREA OF THE KERCH
STRAIT AND THE BLACK SEA PRE-STRAIT THREE MONTHS AFTER THE TANKER
ACCIDENT IN DECEMBER 2024 (BASED ON THE MATERIALS
OF THE 134TH VOICE OF THE R/V «<PROFESSOR VODYANITSKY»)
Burdiyan N. V., Doroshenko Yu. V., Zinovieva E. V.

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
e-mail: burdiyan_nv@ibss-ras.ru

Abstract: During the 134th cruise of the research vessel «Professor Vodyanitsky», quantitative characteristics
of the indigenous heterotrophic and hydrocarbon-oxidizing groups of bacteria were obtained in the surface water
layer and bottom sediments of the Kerch Strait and adjacent Black Sea waters, three months after the emergency oil
spill caused by the «Volgoneft» tankers in December 2024. The number of heterotrophic bacteria (HB) in the sur-
face water layer ranged from 107 to 10° cells/ml, and in the bottom sediments from 103 to 107 cells/g. The number
of hydrocarbon-oxidizing bacteria (HOB) in the surface water layer varied from 10 to 10? cells/ml, and in the bot-
tom sediments from 7,5x10 to 4,5x103 cells/g. The maximum values of the HOB abundance in bottom sediments
were recorded at two stations located directly in the strait. The results obtained on the number of HOBs overwhelm-
ingly indicate a low potential for bacterial self-purification of marine environment components. A correlation was
found between the number of GB and the depth at the sampling stations (r = 0,66; a. < 0,05), while the correlation
analysis showed a weak relationship between the initial parameter and the number of HOB (r = -0,27; a < 0,05).
Accumulative cultures isolated from the bottom sediments of three areas of the studied water area showed ambigu-
ous growth on fuel oil, petroleum, and diesel fuel. The results of the background studies can be used in the future
for a comparative analysis of the state of the water environment components in the Kerch Strait and the adjacent
Black Sea water area during ecological monitoring of the consequences of an emergency fuel oil spill.

Keywords: Black Sea, Kerch Strait, heterotrophic bacteria, hydrocarbon-oxidizing bacteria, bottom sediments,
fuel oil
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OCHOBBI METABOHOMMKMH MI/IKPOBOHOPOCJIEﬁ
Tpenkenmy P. IL., Jlexexos A. C., bopoBkosB A. b.
DI'BYH QUL «Hncmumym duonozuu iodxcrvix mopeit umernu A. O. Kosanesckoeo PAH»,
2. Cesacmonons, Poccuiickas @edepayus,
e-mail: biotex@ibss-ras.ru

AHHOTamms: B crathe paccMaTpuBaeTCsl HAKOIJIEHHBIN aBTOPaMK OMBIT PadOT € KYJIbTypaMd MHKPOBOIOPOC-
J'[efl B CBETC COBpeMeHHbIX HOHHTI/Iﬁ n TepMI/IHOJ'[OF Un MeTa6OJII/I‘IeCKI/IX HpOHeCCOB, HpOHCXO}lHI_HI/IX B KJIETKax
B UX CBA3U C BHCIIHUMU YCJIOBI/IHMI/I. BHCIHHI/IC YCHOBI/IH, B KOTOpI)IX HaxogsaTCsdA MI/IKPOBO,HOPOC.HI/I, OHpe[[eJIHIOT
KakK KOHKPETHBIA HaOop MeTa0OIUTOB B KJIETKE B JAHHBIA MOMEHT BpeMeHH (MeTab0/IoM), TaK U CKOPOCTh TIPe0d-
pa3oBaHuUs META0OIMTOB U3 OHOM (POPMBI B APYTyIO (METAOOHOMHKA) B TIOC/IEOBATEIPHOCTH OMOCHHTETHYECKUX
peakiuii B KjeTkax. KOHeuHbIi pe3ybTaT 3THX MPEBPAIIEHN — pOoCT GHOMACCHI, PA3BUTHE U [ATOKMHES.
KioueBble cjoBa: MHKPOBOJIOPOCTH, OWOKWHETHKA, JUMHUTHPOBAHHE pOCTa, Y3KOE MECTO, MeTabosIoM,
MeTabOHOMHUKA

BBenenne

MUKpPOBOIOPOCIH SABJAIOTCA KJIIOYEBBIMA KOMIIOHEHTaMM OHOcepbl: OHU BBHITOIHSAIOT (DYHKLMIO
NEePBUYHBIX MPOLYLEHTOB KUCIOPOAa U OPraHMYEeCKOro BellecTBa. VcciaenoBaHue MUKPOBOAOPOCIEn
B €CTECTBEHHOM cpejie OOMTaHMsl COIPSIKEHO CO 3HAYUTEIbHBIMU TPYIHOCTSIMH, OOYCJIOBJIEHHBIMH BbI-
COKOM BapraOeIbHOCTHIO a0MOTHYECKUX (pakTopoB. [IprMeHeHre MeToa Ky/IbTUBMPOBAHUSI TTO3BOJISIET
JIMMUHUPOBATDH BIIMsIHUE (DOHOBBIX YCJIOBUI M U3ydaTh BO3/EHCTBHE OTIEJIbHBIX (DAKTOPOB Ha POCTO-
BbIE 1 METa0OJIMUYECKUE XapaKTEPUCTUKU KJIETOK B KOHTPOIMpPYeMbIX ycioBusix. lllnpokoe BHenpenue
JAAHHOTO MOJXO/Ia CIOCOOCTBOBAJIO HAKOIJIEHHIO (DYH/IAMEHTAIbHBIX JAHHBIX M YCTAaHOBJICHUIO psijJa 3a-
KOHOMEPHOCTEM, OIMUCHIBAIOIIMX POCT M MeTaboan3M MUKpoBogopociel [Tpenkeniy, 2005; Jlenekos,
Tpenkenury, 2018].

OpnHOW M3 OCHOBHBIX MPOOJIEM B M3YyYEHHHM MHKPOBOAOPOCIEH OCTAETCS KOJMMYECTBEHHAs! OLIeH-
Ka BO3JEHUCTBUs aOMOTHYECKUX (DaKTOPOB Ha KJIETOYHBI MeTabonu3M. Perienue stoit 3aiaun Tpeody-
eT pa3pabdOTKM KMHETMUYECKOW TEOPUH POCTA, YCTAHABJIMBAIOLIEH B3aMMOCBSI3b MEXKy MapameTpamu
BHEIIHEH cpefibl ¥ (PU3HOJIOTMYECKUM COCTOSIHUEM KJIETOK. basuc mogoOHON TeopuH JOJIKEH COCTaB-
JIATh KOMIUIEKC (PYHJIaMEHTaJIbHbIX MPUHLMIOB, UHTETPUPOBAHHBIX B €AMHYIO Mapagurmy, KoTopas
oOecreunBaeT BO3MOKHOCTh MaTEMaTHUECKOT0 MOJIETTMPOBAHNSI KWHETHYECKUX TTPOIIECCOB B KYJIBTYpe
MUKpoBojiopociieid. Onepupys JaHHBIM UHCTPYMEHTapueM, MOKHO MaTeMaTUYeCKH OIcaTh CBETOBbIE
Y TEMHOBbIE peakluy (hOTOOMOCHHTE3A, YTO MO3BOJISAET OMPEAEIUTh Buaocnenudpuieckie Koagpduim-
€HThbl MOJIEJIE, BBISIBUTh KJTIOUEBBIE 3aKOHOMEPHOCTH MX B3aUMOCBSI3HU, a 3HAUUT MOJYYUTh HOBBIE 3HA-
HUs 0 pocte MukpoBopopocielt [Tpenkeniy, Jlenekos, 2017]. I1pu aTom MaTemaruyeckasi CTpOrocTb

“Pabora BHIIONHEHA B paMKax rocygapcrsennoro 3aganusa OULL MHBIOM no teme «KOMILIEKCHOE MCCIIENOBAHUE MEXa-
HU3MOB (DYHKIIMOHUPOBAHHSI MOPCKHUX OMOTEXHOIOTMYECKUX KOMIUIEKCOB C IIEJIbI0 TOMyYeHUs] OMONOTMIECKH aKTHBHBIX
BeIeCcTB U3 ruApoOnoHTOB» (Ne roc. perucrparmm 124022400152-1).
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TPEHKEHIIY P. 11, JIEJIEKOB A. C., bBOPOBKOB A. b.

TEOPUH JOJKHA OBIThH JIOTIOJTHEHA KOHKPETHBIMH TIPUMEPaMK BO3MOXHOCTH €€ YIIPOIeHUS JIJIS IIPaKTH-
YECKOT0 UCTIOJIb30BaHMS B aHAJIM3€ SKCIIEPUMEHTANIbHBIX JaHHbIX [Borovkov et al., 2023 ] u nocrpoenus
ITPOrHOCTUYECKUX MOJEJIEN POCTa MUKPOBOAOPOCIIEN NPU 3aJaHHBIX HAYaJIbHBIX YCIOBUAX KYJIbTYpPbI
Y BHEILIHEN CpEJIbl.

B cBete npencrasieHnii 00 ”THHOBAIIMOHHBIX TPAEGKTOPHAX Pa3BUTHSI COBPEMEHHBIX MOIXO/IOB B OMO-
KMHETHKe KaK HayYHOU JUCHUILIMHE O MeTa0OINYecKUX TpaHC(OpMallUsIX B OpraHu3Me HeoOXOAUMO
OIPEICIUTHCS C UCTIONB3YeMol TepMuHoorueit. Hanbonee yacto ynorpeonsiercs TepMUH «MeTab0I0M»
[Saini et al., 2024]. CornacHo OOIIENPUHATON TEPMUHOIOTMHA MEeTab0JIOM — 3TO COBOKYITHOCTh BCEX
HU3KOMOJIEKYJISIPHBIX MeTabonutoB (M < 1 k/la), mpUCyTCTBYIOIIMX B KJIETKE (OpraHu3Me) B JaHHbIN
MOMEHT BpeMeHHU. BriepBble TepMuH «MeTaboJI0M» ObUT NMpHMEHEH B MHKpooOuosioruu [Tweeddale,
Notley-McRobb, Ferenci, 1998]. K MetabonmutaMm OTHOCAT aMHUHOKHUCJIOTBI, OPraHUYECKUE KUCIIOTHI,
caxapa, HyKJICOTU/Ib, JIMMH/IBI (HU3KOMOJIEKYJISIPHBIE), BTOPUYHBIE METAOOTUTHI U T. II.

[TpUHIMMUATEHBIM OTIMYMEM METaOOHOMHMKHM OT METaOOJIOMUKH SIBJISIETCS TO, YTO METaOOHOMHU-
Ka M0 TEPMUHOJIOTMYECKOMY ONPEE/ICHUIO N3yYaeT TMHAMUYECKUIA OTBET KUBBIX CUCTEM Ha BHEIIIHUE
yCIJIOBUSI, TPUBOJAIIME K U3MeHeHuIo ux Metabonoma [Wang et al., 2023]. DT1oT oTBeT TpedyeT 3HAHUS
HaOopa MpaBWII (3aKOHOB), KOTOPHIM TIOMYMHSAECTCSI KUHETHKA M3MeHeHuH. Mctopruueckn MeTabOHOMM-
YeCKUH MoAXo[] ObUT OTHOM U3 MEPBBIX TOMBITOK MTPUMEHUTDH TIPUEMBI CUCTEMHOI OMOJIOTUM [T U3yde-
Hus metadomusma [Nicholson, Lindon, Holmes, 1999].

OcHOBHBIE MOJIO’KEHUSI META0OHOMUKH MHKPOBOI0POCIEH

OnHuM U3 MaBHBIX 000OIEHUI OMONIOTHY, OIPEAeISIONINX MOAX0 K pa3paboTKe TEOPETUIECKUX
OCHOB POCTa, SIBJISIETCSI TMOJIOKEHUE O TOM, YTO CHHTE3 OPraHMYECKOro BellecTBa (COOTBETCTBEHHO
¥ POCT OpPraHM3Ma) MPOUCXOINT 32 CUET OMOXMMUYECKUX PEaKIMid C ydacTheM (pepMEHTOB, Kax bl
Y3 KOTOPBIX KOHTPOJIMPYETCsl OTAe/IbHBIM reHoM [Buiumm, [letve, 1974]. IlocnenoBarebHOCTh B BUJE
CXEeMBbl 3aITUChIBACTCS KaK: «OIUH TeH — OJUH (pepMeHT — OjiHa OMOXUMHUECKasi peakims». Kaxk-
Iblii KOMITIOHEHT 3TOM CXEMBI ISl TIpoliecca pocTa KJIeTKU WM OpraHu3ma TpeOyeT Halu4dus SHePruu
1 OMOTEHHBIX JIEMEHTOB ISl UX CUHTE3a, T. €. TIOTOKA W3 BHEIIHEN Cpe/ibl ISl BOCIIONHEHUS Pacxofa
Ha CHUHTE3.

Jpyroii OCHOBHO¥ MPHHIINII, JI€XKAIIUA B OCHOBE METAOOHOMHKH MHUKPOBOJOPOC/IEH, — 3TO MPHH-
[N MUHUMYMa, WM JUMUTUPYOIUX (akTopoB (mpunHuun Jlnbuxa) [Liebig, 1847]. OH oTHOCHTCA
K MUHepaJIbHOMY nuTanuo. biskman [Blackman, 1905] 0600wt mprHIMT Ha Apyrye (paKTOphl BHEIII-
Heil cpeibl ¥ Ha CMEHY JIMMUTUPYIOIIUX (PaKTOPOB.

[Mozanee ObuT chOPMYIMPOBAH TIPUHIIUIT Y3KOro Mecta Metabonmm3ma [Monod, 1949], nossienue
KOTOpPOro 00YCJIOBJIEHO HOBBIMU METOJAMU U TEXHUKOW BHIPALIMBAHMS MUKPOOPTraHU3MOB (XeMOocCTar),
00eCTevrBaOIINX HEMPEPbIBHBINA POCT KYJIBTYp U MOTyYeHHs AMHAMUYECKH PAaBHOBECHBIX (CTAIlMOHAP-
HBIX) COCTOSIHMI C BOCIIPOU3BOAUMBIMU pe3ysibraTaMu. [1o aHanorum co cTallmoHapHbBIMU XapaKTepu-
CTUKamMu B (pepMeHTaTUBHON KuHeTuke Muxasnmuca — Menren [Michaelis, Menten, 1913], Mono
MPEAJIOKUT MATEMATUIECKYI0 MOJIE/b 3aBUCUMOCTH YIEJIbHOW CKOPOCTH POCTa OT KOHLIEHTPALIUHU JIMMHU-
TUPYIOILIEro cyOcTpara B BUJIE TUIEpOOIIbl C MAKCUMAIIBHOM CKOPOCTBIO (y3Koe MecTo). [IpumeHuTenbHo
K (pepMEHTATUBHON KUHETUKE STOT MPUHIUIT (GOPMYJIUPYETCsl KaK OMpeessiioliee 3BeHO B 1enu ¢ep-
MEHTAaTUBHBIX peakuuil [PomanoBckuii, CrenanoBa, YepHaBckuid, 1975].

Pasputue 3toro moaxona mpuBeno K (pyHIAMEHTATbHOMY OTKPBITUIO B MOJIEKYJISIPHON OUOJIOTHH,
OOBSICHSIOIIEMY MEXaHU3M PETYJISIIIUY KCIIPECCUM TeHOB Y TIPOKApHOTOB (TUrote3a ornepoHa). OnepoH
MO3BOJISIET OAKTEPUSM OBICTPO aIaNITUPOBATHCS K U3MEHEHHUSIM CPeIbl: BKJIIOUaTh CUHTE3 HYKHBIX (hep-
MEHTOB TIpH TIOSIBJICHUM CyOCTpaTa M MpEeKpaaTh ero npy MCYE3HOBEHUH, SKOHOMSI PeCypChl KJIETKU
[Jacob, Monod, 1961]. Bmecte ¢ npuHIMIIOM CMeHBl JuMUTHpYmUX ¢dakropoB [Blackman, 1905]
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MIPUHIIMI «y3KOTO MECTa» He TOJIBKO AAET BO3ZMOKHOCTh KOJIMYECTBEHHO OIKUCATh POCT MUKPOBOIOPOC-
J7eft (B TeX WM WHBIX BHEIIHUX YCJIOBHSX CpPEJibl), HO U MO3BOJISIET MCIIOIb30BaTh TIOJIOKEHUE O pasfe-
JICHWU JIMMUATHPYIOIUX (haKTOPOB ¥ JIMMUTHUPYIOIIHUX 3BEHBEB B TIOCIIEI0BATEIFHOCTU METaO0TMIECKUX
peakiuii B kieTkax. [losiBisieTcss BO3MOKHOCTh pelylIupOBaTh CUCTEMbl YPAaBHEHUH, T. €. CAeJaTh 3TO
C MOMOIIIBI0 MUHUMAJIBHOTO YKCJIa OTHOCHUTENIBHO MPOCTHIX ypaBHeHuil [Tpenkeniry, 2005; [Ipo3mos-
Tuxomupos, [lopoaHos, 1991].

[ToMuMO BBIIIIENEPEUNCTIEHHBIX MMOJIOKEHUA, B OCHOBY METAOOHOMUKHM MHUKPOBOJOPOCIEH MMeeT
CMBICJT TIOJIOKUTh BEPOSTHOCTHBIA TOIXOJ /7Sl OLEHKU BJIMSIHUSI BHEIIHUX YCIOBUM HA CKOPOCTb Me-
TaOOJIMYECKUX MIPEBPAIEHN N, POCT U Pa3BUTHE KYJIbTYPbl. DTO CBA3aHO C TEM, YTO BO BHEKJIETOUYHOU
cpelie CBETOBbIe KBAHTOBbIE MMOTOKU M MIOTOKM OMOTEHHBIX JIEMEHTOB MOXKHO paccMaTpUBaTh Kak Mpo-
creiiime, nopuuHsomuecs 3akony Ilyaccona. OqHako mocse MOIIONIeHUs U AajibHelleln OuoTpaHc-
(popmaruy BHyTPUKJIETOUHBIE TOTOKK BEIIECTBA U SHEPTUU UMEIOT CTPOTYI0 HAlIPaBIEHHOCTh, KOTOpast
ompeiesisieTCsl CTPYKTYPHOM OpraHu3aiyeil MeTaboIMyecKux CUCTeM KIJIETKH. B matemarmueckom oT-
HOIIIEHUY TOSIBIISIETCS] BO3MOKHOCTD MCTIONB30BATh (DOPMAJTBHBIN armapar TEOPUH MacCOBOTO OOCITYKH-
Banus [Tpenkenty, 2005]. B nmutupyemMoii padote mpecTaBieH MOHATUIAHBIN armapaT TeTepOreHHbIX
(pbepMeHTaTUBHBIX peaklMii B KJETKE, YUYUTHIBAIOIIMI CTPYKTYPHYIO M BPEMEHHYI0 OPraHU3alluI0 Me-
TaOOMMYECKUX CUCTEM. DTO MO3BOJsIeT chOPMYIUPOBATH 3a/1a4 METAOOHOMUKH B TEPMHUHAX TEOPUU
MaccoBOTr0o 0OCITy)KUBAHUS M UCTIONb30BAHUS COOTBETCTBYIOIIMX MaTeMAaTHUECKHUX MTPUEMOB.

Takoit moxo/ MO3BOJSIET YETKO pa3AesUTh MOHSITUS TUMUTHPYIOHIETO (pakKToOpa v JTUMUTHPYIOIIETOo
3BeHa (y3KOro Mecra) B Lieny MeTaOOIMYeCKUX MPOLIECCOB MPeoOpa3oBaHusl OMOT€HOB B CTPYKTYpHbIE
dbopmbl Gromacchl MuKpoBofopociieit. Kpome Toro, B 6osee 001meM cMBbICIIe TOSBIISIETCS] BO3MOKHOCTD
KOJIMYECTBEHHO BBIIENIUTh B OMOMAcce KJETOK PECypCHYI0 U CTPYKTypHy ¢opmbl [TpeHkeHmry,
Jlenekos, 2017]. BakHBIM MOMEHTOM B TEOPUU MACCOBOTO OOCITYKMBAHHUS SIBJISIOTCSI IOHATHSI OYepeIn
B TIOCJIEIOBATEJIbHOCTH MPeoOpa3oBaHUl M KOMMYECTBA MECT OXHUJAAHWS, T. €. B KOHTEKCTe MeTa-
OOJIMYECKUX PEaKIUi 3TU MOHSTUS HAMPSMYIO KOJIMYECTBEHHO CBSI3aHBI C METa00JIOMOM M UTPAIOT
CYILIECTBEHHYIO POJIb B XapakTepe (hOpMbl 3aBUCUMOCTH CKOPOCTH CHHTE3a CTPYKTYPbI KJIETOK OT MIOTOKA
JIMMUTHPYIOIIETO CyOcTpara B KJIETKY.

HeorpemieMoit 4acThio METAOOHOMHMKHM MUKPOBOAOPOCIIEH Takke HEOOXOAUMO CUMTATh METOANYe-
CKHe TIPUEMBI, pa3pabOTaHHbIE [T YIIPABIEHHUS] POCTOM KYJIBTYPHI.

JInHaMHYeCcKU PaBHOBECHAasI KYJbTYpa MHKPOBO/I0POCJIei

Yare Bcero MUKpOBOJOPOCIIM M3YYalOT B MEPUOIUYECKON KYyJIbType, KOTOpasi B JUHAMUKE UMeeT
paszaruHble (asbl pocta. KMHeTHUeckue XapakTepucTUKU pocTa — yesbHasi CKOPOCTb U ITPOLYKTHB-
HOCTb — BBIpaKEHbI Yepe3 IUIOTHOCTh KYJIbTYphl B Hauajle ¥ KoHue (asbl pocta. Takue oOmenpuHsThie
MIPE/ICTaBJIEHU S O MEPUOAMYECKOI KYJIbTYPE MUKPOBOAOPOCIIEH UMEIOT CYIIECTBEHHBIN HEIOCTATOK, CBSI-
3aHHBII C HEKOTOPOW YCJIIOBHOCTBIO I'paHuLl (pa3 pocTa ¥ pa3BUTHUSA NONYJIALMU KJIETOK. COOTBETCTBEHHO,
BECbMa YCJIOBHBIMHU CTAQHOBSITCSI U TPAHMUIIBI, BHYTPU KOTOPBIX HAOMIOAAETCS MepHOaUecKast KyJIbTypa
B 11e71oM. OCOOEHHO 3TO KacaeTcst IepBOHAYAIbHBIX YCIOBUH MpOIIecca KyJIbTHBUPOBAHUS: KOJTMIECTBA
BHOCHMOTO MHOKYJISITA X CIOCOOOB OOeCTieYeH!s SHEPTUel U J1eMEeHTaMH ITUTaHusl.

CoBcem nHas KapThHa Oy/ieT HaOJIOaThCsl TIPY BMEIIATEIbCTBE B MPOIECCH POCTa B JM000M (hase
Pa3BUTHUS TIEPHOAMYECKON KYJIbTYpBI, HallpuMep, NMpH pa30aBIeHUH KyJIbTYPBl MUTATETBHONW CPEION.
ITpouenypy paz06aBieHHs] MOXHO MOBTOPSATh HEOJAHOKPATHO, B Pe3yJIbTaTe Yero B KyJbTHUBATOpE OyzeT
HaOIOAaThCsl CTALIMOHAPHBIN POCT Ky/bTyphl. [londupast oTHOCUTEIbHBIE OOBEMBI 1 MOMEHTHI pa30aB-
JIEHW 1, MOHO YNIPaBJIATh MPOLIECCAMU POCTa MUKPOBOAOpociell. PazbaBienre KynbTypbl PeACTaBs-
eT co0Of OCHOBY YINpaBJeHUs POCTOM MHKpoBopopocield. [Ipuuém yrnpaBieHue pocToM B KyJIbType
MOXET OCYILIECTBJIATbCA TOJNBKO IO IJIOTHOCTU KYJIBTYPHl M BPEMEHH, UTO ClElyeT U3 OIpeeIeHus
KMHETUYECKUX XapaKTepUCTHK pocTa. [leficTBUTENbHO, BHIOMpas OTHOCHTEBHBIN 00BEM pa3OaBieHusl,
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MOXKHO YMEHBINATh TUIOTHOCTb KYJIBTYpPBI 0 HEOOXOOMMOW BEIWYMHBI, a U3MEHssI MPOMEXYTOK Bpe-
MEHH MeX]y pa30aBIeHUs MU, MOXHO MOBBIIIATh MJIOTHOCTH 10 HEOOXOAMMOM 3a CYET pOCTa KYJIBTYPHI.
SIcHO, UTO peryIMpoBaHUe UMEET IIPEIEIIbl, OIIPe/iessieMble BHEITHUMU YCJIOBUAMM CPebl U peesIbHbI-
MU BUAOCHIELM(PUIECKUMU XapaKTePUCTUKAMU POCTa MUKPOBOIOPOCEN. DT MpeesibHble TapaMeTpbl
OIpeNEIIAI0TCS PUPOJHBIMUA WJIM UCKYCCTBEHHBIMU IeHeTUYeckuMHU cBouictBamu [Fiehn, 2001; Yene-
oueBa u ap., 2024].

DHeprus, HeoOXonumas AJ1s MpoTeKaHns1 OMOCUHTETUYECKUX PEAKLMi y MUKPOBOJOPOCIEH, MOXET
OBbITb MOJyYeHa Kak 3a cu€T (hOTOCHHTE3a, TaK M 3a CUET Mpolecca MeTadOoNU3ali OPraHu4ecKuX
BEILIECTB U3 BOJHOMU cpepl. Kpome sHeprum, Ass nofjep:kaHusi pocTa U pa3BUTHS BOIOPOCIIEN HEOOX0-
JAUMBI MaKpO- U MUKPO3JIEMEHTHI (OMOTeHbl), ICTOYHUKAMH KOTOPBIX MOTYT CITy’KUTh KaKk MUHEPAJIbHbIE,
TaK U OPraHMYEeCKUe BEIeCTBA. DTHU JIEMEHTbI IUTAaHUSI MOT'YT YCBaUBAaThCS1 BOIOPOC/ISIMU B Pa3InYHOM
(opme, HO a1 mepexosa OT OAHOW (POPMBI MUTAHUS K JPYroi B KJIETKax JOJKHA cpopMUpPOBATHCSA
HeoOxoMMasi TpaHcopTHas U (pepmenTaTuBHas cuctema [ Tanner, Griines, Kandler, 1969]. IToka3aHo,
YTO Takoe (POPMUPOBAHKE IIPOUCXOAUT MPH IKCIPECCUU COOTBETCTBYOIMX I'eHoB [Wan et al., 2011].

Jnst monmydeHnsi JUHAMHYECKHM PAaBHOBECHOTO POCTa MHKPOBOJOPOCHEH B KYJIbType HEOoOXOau-
MO HEIpepblBHO MOMOJHATh PACXO]l SHEPIUU M OMOT€HHbIX 2JIEMEHTOB Ha POCT OMOMACChl KJIETOK.
ITO MOMNOIHEHUE 00eCcreunBaeTCsi MPOTOKOM MUTATEIbHOW Cpeibl IYTEM CIIMBA YacCTU KYJIbTYphI U J10-
JIMBa TAaKOro ke 00bEMa CBEKeW Cpelibl, IPH 9TOM 00bEM KYJIbTYPbI HE TOJKEH U3MEHSThCS.

OcHOBHBIE MOKa3aTeJH POCTa H COCTaBa 6MOMacChl MHKPOBOJ0poOcJIeit

OOGBIYHO KYJIBTYpa MUKPOBOIOPOCIIEH XapaKTepU3yeTcsl KOHIICHTpAIMeH KJIETOK WU TIOTHOCTBIO
(KoHIIeHTparuenn 6uomacchl), B 1/1. VaenbHas CKOPOCTb MPOAYKIUM OMOMACCHI, MO OMpeeIeHHIO,
3aIMChIBAETCS CIIEAYIONIUM 00pa3oM:

dB

~ Bar @

1

rge t — Bpems.

HpI/I JAMHAMHWYCCKU paBHOBECHOM POCTE KYJIbTYPbI (3IIGCI> 1 gajee 3TOoT CJ'Iy‘—IElfI IMOMEYCH HAIACTPOY-
* %
HbIM HHIEKCOM ) IUIOTHOCTb KYJIBTYPBI YCTAHABJIMBACTCA HaA IMOCTOAHHOM YPOBHC B , 4 YACJibHadA
CKOPOCTb POCTa KYJIbTYpPHI () CTAHOBUTCS] PABHOM Y/IEIbHOU CKOPOCTU IIPOTOKA Cpepl (w):
p=w,

* 2
B = wB*. @
dt

o o o £
CKopocCTb HaKOIIEHUs JTI000H XUMUYECKOH cocTaBisolIeil buomaccs! (B, ):

dB*
L — *B* = wB". 3
B = wh (3)
CpaBHI/IBaSI C Bpra)KeHI/IeM JIA l'[pOL[yKTI/IBHOCTI/I, NMEECM:
B* dB* dB*
D2 _ 45 _ 4
B* dt / dt “)

[MoceiHee BbIpakeHUe TIOKA3bIBAET, YTO COMlepKaHue OO XUMIUECKON COCTABIISIONIEH B 00IIei
OoroMacce TMHAMUYECKH PABHOBECHOU KYJIBTYPBI OITpeesIsSieTCsI OTHOIIIEHHEM CKOPOCTH e€ HaKOTLICHU ST
B KJIETKaX K MPOJYKTUBHOCTH KYJIbTYPHI.
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31eck HeOOXOIMMO OTMETUTh BaKHEMIlee CBOMCTBO JIMHAMUYECKH PABHOBECHOTO IPOLIECCA POCTa
B KYJIbType: BCE YeJIbHbIE CKOPOCTHU JIIOOBIX COCTABISIOINX OMOMACCH! PABHbI U PaBHbI YIEIbHON CKO-
POCTH ITPOTOKA CPEJIbL.

Cmpyxmypras u pecypcras (popmol KAemMOUHOU OUOMACCHI.

[Mocrynaomye B KJIETKY S/IEMEHTHI NUTAHUA IPOXOAAT MHOXKECTBO IIOC/IEIOBATEIBHBIX MeETa-
OOJIMUECKUX PEeaKLM, MPOTEKAIIMX B CTPYKTYpPHO-(DYHKLMOHAJIBHBIX OOpa3oBaHUsAX (MeMOpaHbl,
MyJIETU(QEPMEHTHBIE KOMIUIEKCH, TPAHCHOPTHBIE CHCTEMBI M T. [.), U B UTOTe NPHBOAAT K YyBe-
JIMYEHUIO CTPYKTYPHBIX OOpa3oBaHMII B KJIETKE M pocTy Ouomaccel B LesnoM. PaccmarpuBas poct
MMKPOBOJOPOC/IEH KaK IPOLECC CHMHTE3a KJIETOUHBIX CTPYKTYp, HEOOXOAMMO BBIAEIUTH B OMoMacce
KJIETKHM [IB€ OCHOBHbIE MAKPOMOJIEKYJISIPHbIE COCTABJISIOIIME KJIETOK: CTPYKTYPHYIO (B ;) 1 pecypeHyIo
vactu (B ).

Pecypchast wacth OMOMacchl IpeiCTaBisfeT COOOH INUTaTeNbHblE BEIIECTBA — METa00sIoM,
13 KOTOPOTo B Iporiecce MeTabonu3Ma (popMupyeTcst CTpyKTypa KJIETKHU:

B* =B, + B} 5)

res stre

Kunernka MONIOIEHUA IUMUTHPYIOHIETO 3JIEMEHTA KJIE€TKaMu

MexaHu3Mbl TPaHCIIOPTa OMOTEHHBIX JEMEHTOB B MUKPOBOAOPOCIEBYIO KJIETKY paccMaTpUBAIOT
[UTOTUIA3MATHYECKYI0 MEMOpaHy B KauecTBE OCHOBHOTO PEryisiTopa TpaHCIopTHOro rnotoka [Nielsen,
Villadsen, Liden, 2003]. ITpx 3TOM BBIIENSIIOTCS pa3HbIe THITHI IIEPEHOCA OMOTEHOB B KJIETKY: OT TPO-
croii muddy3uu 10 aKTUBHOTO TPAHCHIOPTa ¢ OMOIIbIO (hepMeHTOB (repmeas). Bo3smorkHa Takske ooer-
y€HHas1 ugy3us 3a CUET HATMYMSI HA BHEIITHEW CTOPOHe MeMOpaHHO! 000I0UKY (hepMEHTOB, KaTasu-
3UPYIOLIMX TPAHCIOKALMI0 HEOPraHMYECKMX KaTMOHOB M MX KomiuiekcoB EC 7.2 m HeopraHMuecKux
annoHoB EC 7.3 [Enzyme Nomenclature].

Takum 06pa3oM, CKOPOCTh TIOTOKA B KJIETKM OyHET ONMpPENesThCS KOMMYECTBOM TPAHCIIOPTHBIX
CHUCTEM B KJIETOYHON MeMmOpaHe (F|), UX aKTUBHOCTBIO ([i;) ¥ MPUBEIEHHON IMJIOTHOCTBIO MOTOKA 3JIe-
MEHTOB (4) u3 BHewHen cpensl [ Tpenkeniny, 2005]:

ce — F 9 ) , 6
( at ). "L a>1 ©

rae  S,,; — KOHIIEHTpaIys MONIOMEHHOTro cyOcTparta, I i !, mapekc inc (including) ykassiBaeT Ha OTOK
cyOcTpara B KJIETKY, A — NPUBEAEHHAS TIOTHOCTh MOTOKA JIMMUTHUPYIOIIUX 3JIEMEHTOB — KOJH-
YeCTBO NOIIOEHHOIO CyOCTpaTa Ha eIMHULLy TPAHCIIOPTHOM CHCTEMBI F 3a BpeMs e€ 00opoTa.

B nepBom mnpubnukeHMHd TpuUBEAEHHAS TUIOTHOCTh IMIOTOKA JIMMHUTUPYIOIIUX 3JIEMEHTOB,
MOMAJAIOIIMX B KJIETKH 32 CUe€T audy3und Wi TPAHCHOPTHOM CUCTEMbI KJIETOK, MPOMOPIMOHATBHA
(ko3ppurrieHT k) KOHIIEHTPAIIMK JAHHOTO BEIIECTBA BO BHEKJIETOUHOU Cpejie:

A=kS. (7)
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[Tpu HEKOTOPOI MOPOrOBOM KOHLIEHTPALIUK S; B CPefie IIOTOK CTAHOBUTCS €JUHUYHBIM U BEJIMYUHY
MPUBEAEHHON IJIOTHOCTH MOTOKA JIEMEHTa B KJIETKY MOKHO BBIPa3UTh Yepe3 ITY BEJMUMHY, a YpaBHe-
HUE JJIs1 CKOPOCTH IIOTOKA B KJIETKM 3amucarh B BUJIE:

1 *
)\Zl,kslzl,k:_yA:S_a
Sy S )
(dscell> _ :ust S*v S* S Sl;
dt ),.. S, | S, S*>5.

[Ipy efMHMYHOM MOTOKE U3 KYJIbTYPaJIbHOU (OKOJIOKJIETOUHOM) Cpebl OTOK B KJIETKM CTAHOBUTCS
MaKCHMAaJIbHBIM U HE 3aBUCALIMM OT KOHLEHTPALUU JAHHOTO JIMMUTUPYIOILETO IEMEHTA B Cpefie:

S* =5, 9)

el = p,FL.
( dt ine :us S

Kunemuka énympukaemouroii mpancgopmauu AUMUmupyrou,ezo 31emenma u3 pecypcHoit oopmul
6 CIPYKMYpHYIO.

OrpomMHOe KOJMYECTBO AKTOB OMOXMMHYECKMX IpeoOpa3oBaHUil MeTadoloMa IpeArosaraer
UX YYET J1s1 IOCTPOEHU S TIOJIHOM JUHAMUYECKOW MOJIEJN ITUX ITPOLIECCOB, UTO MPUBEIET K OTPOMHOMY
KOJIMYECTBY YPaBHEHUI U OECCMBICIIEHHOCTH MOJIETMPOBAHUS B 11EJIOM. B TO ke BpeMsi U1 KOPPEKTHO-
O OIMHUCaHUs OMOXUMHUYECKHUX TpaHC(hOpPMAIHiA TIPH CTAIIMOHAPHOM POCTE JOCTATOYHO YYeCTh KIToYe-
BBIE [1APAMETPBI, ONPEEIIAIOIINE KOHEYHbIE CKOPOCTH IPOLIECCOB. DTO MO3BOMISAET CBECTU K MUHUMYMY
KOJIMYECTBO YPAaBHEHUM.

CkopocTb MpeoOpa3oBaHusI PECYpCHOTO 3JEMEHTa B CTPYKTYpHYIO ¢dopMy OyaeT onpeaensiTbCs
KaK KOHIIEHTpallled pecypcHbIX (POPM 3JIEeMEHTa, TaK U KOHIEHTpaluen cTpykTypHbix ¢opm. [Tocnen-
Hee CBSI3aHO C KOHLEHTpAalLMel KI0ueBoro (pepMeHTa WM TPAHCIIOPTHOTO COEAMHEHHUSI, OTBEYAIOIIETo
32 OKOHYATeJbHOE BKIIIOUEHHE 3JIEMEHTa B CTPYKTYPY KJETKH U SIBJISIOIIErocs MX 00s3aTesbHbIM
KOMITIOHEHTOM.

KuHeTrka BHYTPUKJIETOYHON OpraHU3aliii METaboIMIeCcKOoro rnpoiecca TpaHchopMalliy IeMeHTa
MOET ObITh KOJIMYECTBEHHO OMKCAHA C MOMOIIBIO MPEJCTABICHUH O JIUMUTHpPYIoIeM (hakTope (IoTo-
Ke cyOcTpaTa) U KJIIoueBoM 3BeHe (pepMeHTe), U3JokeHHbIX B padoTe [Tpenkenity, 2005]. B nanHOM
cllyyae JIMMUTUPYIOIIKUM (PaKTOpOM SIBJISIETCSl TIOTOK PecypcHOM (pOpMbl /1eMeHTa, a Y3KUM MECTOM
(KJTIOUEBBIM 3BEHOM) — CTPYKTYpPHBIN (pepMeHT. COoryiacHO MpernonokeHU0 O MPONOPIHUOHATBHOCTH
BCEX CTPYKTYPHBIX KOMIIOHEHTOB KJIeTOK [JlenekoB, 2023 ], KOHIIEHTpaIHsl KITI0UeBOrO KOHCTUTYTUBHO-
ro (pepmenrta (F,,) NpsAMO MPONOPLUOHAIbHA (KOI(DMULIUEHT f, ) €r0o COAEPAKaHUIO B CTPYKTYpe KJIETOK.
IT0 MO3BOJIAET BBIPA3UTh KOHIEHTPALMIO F,, uepe3 OOIuii IMyJ1 CTPyKTYPHOTo cyOcTpara:

FT'S
frs = s (10)

str

rae S, — cralMoHapHasi KOHIEHTpalHs CTPYKTypHOTO cyocTpara, I 17!

CxopocTb 00pa30BaHusl CTPYKTYPHOU (hOPMBI JIMMHUTHPYIOILETO /I€MEHTa U3 PECypCHOM MOXKHO
3anucarh B BUe (pEpMEHTATUBHOM PEAKLIMMA C KOHCTAHTOM K. :

—str _ S 11
dt rsfrs str™res ( )
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C yBenrueHreM KOHIIEHTPAIIUU PecypCcHO (pOPMBI TUMHUTHPYIOIIETO CyOCcTpaTa 0 HEKOTOPOU BeJTU-

auHH (S”,,,;) CKOPOCTh PEAKINK CTAHOBUTCS MAKCUMAJIBHOM, ONpeieseMOoil HOBBIM JTUMUTHPYIONIMM

resl
(baKTOPOM, 1 YK€ HC 3aBUCUT OT pacCMaTpUBacMOro BHYTPUKJIETOYHOI'O JIMMUTHUPYIOLIETO PECYPCHOI'O

cyoOcTpara:

S* — *

res resl»
ds.,, (12)
( dtt )m = krsfv“s eslsstr

CkopocTb M3MEHEHUsl KOHLUEHTPALUUK pe3epBHOM (DOPMbl JIMMUTHPYIOIIETO JIEMEHTAa B KJIETKax
OyzeT paBHa pa3HOCTH MEXIy CKOPOCTBIO TIOCTYIUICHHS JIEMEHTa B KJIETKH M CKOPOCTBIO €r0 pacxosia
Ha CUHTE3 CTPYKTYPHBIX (hopM:

_krsfrs str res (13)

dt dt e

dS:es . <dScell> dS:es i S*v S* S Sl;
B inc 8757“81 Sla S* > Slv

B pesynbrate uMeeM cucteMy ypaBHEHUIA, ONTMCHIBAIOIIYIO0 TUHAMUKY BHYTPUKJIETOYHBIX [IEPEXOI0B
OIHOM (POPMBI JIMMUTHUPYIOIIETO 3JIEMEHTA B IPYTYIO:

dS:es * S*’ S S S ;
dt :usfsSstrSLl ' - krsfrs str res?
Sy, S*>5;, (14)
dsS;

“Mstr

dt _krsfrs str res

HeobGxomumo oTMeTHTh, 4YTO KO3((PUIMEHTH MapaMeTpUUECKUX YpPaBHEHUN HMEIOT CTPOTrUi
(PMBUKO-XUMUYECKUA CMBICT U MOTYT OBITh M3MEpPEeHbl HE3aBUCUMBIM 00pa3oM. BeiOop mpsmo mpo-
MOPIIMOHAILHON 3aBHCUMOCTH CKOPOCTH TPAHCIIOPTHBIX M METaOOJIMYECKHX MPEeBpaIeHUH OT MOTOKA
JMMUTHUPYIOIIUX (DaKTOPOB B BUJE JIOMaHbIX BiIakMaHa MoK periseTcs HaTMIMeM OTHOCUTENBHO O0JTb-
IOr0 KOJIMYECTBA MHTEPMEIUaToB (MeTadoIoM) mepel KIoueBbiM (hepMeHTOM. B MaTeMaTndyeckom
OTHOIIIEHUH 3TO TIOJIO)KEHUE CBSA3aHO C aCUMITOTUYECKHMMH METOJIaMU B TEOPUU MACCOBOTO OOCITYKH-
Banus [BopoBkos, 1980]. Tako# Mmoaxo 3HAYMTETBHO O0JIerdyaeT MOJCIMPOBAHNE TEXHOJIIOTHU ITPOU3-
BOJICTBa MUKpoBogopocien [Jlenekon, 2023].

3akJjroueHne

B pabote chopmynrpoBaHbl OCHOBHBIE TOJIOXKEHUST METAOOHOMUKHA MHKPOBOJIOPOCIIEH, TO3BOIS-
IOIME /1aTh KOJIMYECTBEHHYIO OLIEHKY CKOPOCTEH MEeTaOONMUECKUX PeaKIMid U COOTHOIIEHWH JIIOOBIX
XUMUYECKHUX COCTABJISIONIMX KJIETOUHON OMOMacChl MUKpPOBOAOpOCeld. PaccMOTpeHbl OCHOBHBIE TOHSI-
THS1 ¥ TIPUHIUIIBL, TTO3BOJISIONIHE OMUCATh 3aKOHOMEPHOCTH CYOCTPaT3aBIUCHMMOTO POCTa KYJIbTYPbl MUK-
poBosiopociiell. BHelHre ¥ BHYTPUKJIETOYHBIE MTOTOKM CyOCTpara 3arvcaHbl JIMHEWHBIMU CTUIAHAMUY,
YTO MO3BOJIAET JOCTUYb ONTUMAIBHOIO COYETAHWS] TOUHOCTH OMMCAHUS SKCIIEPUMEHTAIBHBIX JAHHBIX
¥ BO3MOXXHOCTHU pacyéra K03(pUIIMEHTOB MOJEIH, KaK/IbIH U3 KOTOPHIX UMEET OUOTIOTHYECKUN CMBICI.
[Mony4dens! 6a30BbIe ypaBHEHUsI, IO3BOJISIONIIE OMUCATh AUHAMUYECKHUI OTBET *KUBBIX CICTEM Ha BHEIII-
HHE YCJIOBHSI, IPUBOASIIME K U3MEHEHHUIO MX MeTaboJIoMa.
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BASICS OF MICROALGAE METABONOMICS
Trenkenshu R. P., Lelekov A. S., Borovkov A. B.
A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
e-mail: biotex@ibss-ras.ru

Abstract: The paper discusses the experience gained by the authors in working with microalgae cultures in the
light of modern concepts and terminology of metabolic processes occurring in cells in their connection with external
conditions. The external conditions in which microalgae are located determine both the specific set of metabolites
in the cell at a given moment (metabolome) and the rate of conversion of metabolites from one form to another
(metabonomics) in the sequence of biosynthetic reactions in the cells. The final result of these transformations

is the growth of biomass, development, and cytokinesis.

Keywords: microalgae, metabolome, metabonomics, limiting factor, specific growth rate, linear splines
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