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BJIMSIHUE KJIMMATA HA PAJIUAJIbHBIN POCT COCHBI OBBIKHOBEHHOU HA TEPPUTOPUU

BAMKAJIBCKOT'O 3ATIOBEJIHUKA

YK 630%56:582.47

C.M. I'yces, H.A. Yuorcuxosa

Kazanckuii (Tlpusonsicckuil) gpedepanvhuiii ynusepcumem, kpfirecology(@gmail.com

BJIUSTHUE KJIUMATA HA PAJIMAJIBHBIN POCT COCHBI
OBBIKHOBEHHOM HA TEPPUTOPUU BAUKAJIBCKOI'O
3AIIOBETHUKA

[TonumMaHue B3auMOCBs3eH MEXIY TEMIEPaTypoi, 0cagkaMHu U pajuaibHbIM IPUPOCTOM J€pPEBb-
€B T03BOJISIET 0OJiee TOYHO MPOrHO3MPOBATH MOCIEACTBHS KIMMAaTHYECKUX M3MEHEHMH VISl JIECHBIX
9KoCHCTeM. BBISBICHBI 3aKOHOMEPHOCTH T'OJIOBOTO PAJHaIbHOIO POCTA COCHBI OOBIKHOBEHHOM (Pinus
sylvestris L.) Ha Tepputopuu balikanbCkoro rocynapcTBEHHOIO IPUPOJHOIO OHMOC(EPHOro 3amoBes-
nuka (Pecnybnuka Bypsitust). [locTpoeHbl MHIMBHyalIbHBIE M OOOOIICHHBIE XPOHOJIOTHUH IIUPUHBI
TOJMYHBIX KOJICLl, YTO MO3BOJIMIIO TOJYYUTh OOJiee MOJHOE MPE/ICTAaBICHUE O JANHAMUKE POCTA 3TOTO
BuJa. bonpmmHCTBO XpoHonoruit nokpsiBatoT nepuos ¢ 1940 mo 2019 roasl. Pesynsrarsl nokasbiBa-
0T, YTO PaJAHANIBHBII IPUPOCT COCHBI OOBIKHOBEHHON MMEET YCTOWYMBYIO 0OPaTHYIO 3aBUCHMOCTh OT
TeMITepaTypbl MPEAbIyLIero jera: 0ojee BHICOKHE TeMIeparyphbl MPOLUIOro JeTa MPUBOJST K ITIOHHU-
YKEHHOMY paJiMajibHOMy POCTY B TEKYILEM TOIy. DTO MOXKET OBITh CBS3aHO C yXyALICHHUEM YCIIOBHH,
BBI3BAaHHBIM 3aCYIUIUBBIMU MEPUOJAMH WJIM JIECHBIMU IOXKapaMH, KOTOPbIE OKa3bIBAIOT HEraTHBHOE
BIIMSIHHE Ha 3/10pOBbe JiepeBheB. KpoMe Toro, KimMaTuueckue JaHHble NOATBEPKAAIOT, UYTO B PETHOHE
HaOJII0IaeTCsl pOCT CpetHel TeMIeparypbl JeTHHX MecsleB Ha 2°C U CHM)KEHHE HIOJIBbCKUX OCAJIKOB B
cpenHeM Ha 60 MM. DTH U3MEHEHHUSI MOTYT HETaTUBHO CKa3bIBaThCsl HA CE30HHOM POCTE COCHBI OOBIK-
HOBEHHOM, TIOCKOJIBKY JIJIsl €6 HOPMaJIbHOTO pPa3sBUTHUsI HEOOXO[MMa JJOCTaTOuHAasi IOYBEHHAs Bllara B

CCPCANHC U KOHIIC JICTA.

Kniouesvie crnosa: neHIpOXOHONIOTHST; XBOWHBIE BUABL, Pinus sylvestris L.; roquunbie konbia; dplR.

DOI: https://doi.org/10.24852/2411-7374.2025.2.04.11

Beenenue

PocT npeBecHbIX Kol onpeaensieTcs Kak OnoTH-
YEeCKUMH, TaK U a0MOTHYECKUMH (hakTopamu OKpY-
JKalomed cpeabl. XPOHOJOTHUS JIPEBECHBIX KOJeI
NPENCTaBIsAeT cO00W BaKHBIH MCTOYHUK MH(OpMa-
WX U JICHIPOXPOHOJIIOTHYECKUX HCCIIETOBaHHH.
[TocnenHre NOMOTAIOT MOHATH CTEHEHb BIHSHUS
KJIMMaTHYeCKUX BO3JICHCTBHH Ha POCT JIEPEBHEB,
PEKOHCTPYHPOBATh MPOILIBIE KIMMAaTHIECKUE YCIIO-
BUSI, JaTUPOBATh CTUXUIHBIE OEICTBUS M KaTacTpo-
¢u1 (Isebrands et al., 2000).

Kax mpaBmio, cBsi3b MEXIy POCTOM JIEPEBBHEB U
KJIMMAaTOM SIBJISI€TCS JOCTATOYHO CIIOKHOM: BITUSIHUE
TeMIIepaTypbl W BIIard Ha €XKErOAHBIH POCT MMEET
HEJIMHEHHBIN XapaKTep, BApbUPYETCs B 3aBUCHMOCTH
OT CEe30Ha U B3aUMOCBsI3aHO Mex 1y co0oii (Isebrands
etal.,2000; Lloyd et al., 2013; Lee et al., 2013, 2016).
VCTaHOBJIEHO BIMSHHUE TEMIIEPATyphl U KOJIMYECTBA
OCAaJIKOB TIPEIIIECTBYIOIIETO ToJa Ha PaaHabHBII
MIPUPOCT COCHBI OOBIKHOBEHHOU (Pinus sylvestris L.)
(larueBa u ap., 2020; Xopomies u ap., 2021). Kiu-
MaT UrpaeT Ba)XHYIO POJIb B JTHHAMHKE TOMYJISLIUI
JIECHBIX NTaTOTEHOB M BPEIUTEINICH, KOTOPBIE, B CBOIO
ouepellb, BIUSIOT Ha pocT AepeBbeB (Alfaro et al.,
2014; Alfaro et al., 1982; Black et al., 2010; Lee et

al., 2013) u eme 60bIIIE YCIOKHSIIOT OPMUPOBAHUE
BBIBOJIOB O B3aMMOCBSI3M POCTa U KJIMIMATa.

[Ipy w3ydeHnMn paguaJbHOTO POCTA JIEPEBHEB,
MIPOM3PACTAIOIINX HA OXPaHAEMBIX MTPUPOIHBIX TEpP-
puTopusax, (OKyC BHUMAHUS MOKET OBITh CBEJCH Ha
BIHMSHUE KIMMara, MOCKOJBbKY aHTPOIIOTeHHas Co-
CTaBIIAONIAS 3 TUX MECTOOONTaHNH MUHUMAJIbHA.

Lens paGoThI 3aKTIOYaETCs B aHAIHM3E M BBISBIIC-
HUH 3aKOHOMEPHOCTEH TOJJOBOTO PaIHAIBHOTO POCTa
COCHBI OOBIKHOBEHHOU (Pinus sylvestris L.), mpons-
pacratouiei Ha TeppuTopun baiikanbckoro rocynap-
CTBEHHOTO IMPUPOTHOTO OMOCHEpPHOTO 3aImOBETHUKA.

MarepuaJibl 1 MeTObI HCCTeT0OBAHUSA

OI'BY «baiikanbckuii ToCy1apCTBEHHBIA TPUPO/I-
HEIN OMOC(EpHBIN 3aITOBEIHUK» pacioiokeH B Ka-
OanckoM paitone PecniyOnuku BypsATrs, y TOTHOKbS
CEBEpPHOTO CKIIOHA XpebTa Xamap-/labaH, Ha I0KHOM
Oepery o3epa baitkan u 3aHMaeT HEOOIBITYIO YaCTh
npudaiikansCKko Teppackl. Xpeber Xamap-/laban,
poTsHyBIIHiics 6omee yem Ha 200 KM, TOCTHUTAET
BeIcOTHI 1800—2000 M, ¢ MAaKCUMaJIbHOM TOYKOH Ha
rope Coxop (2304 m). KnmumaTtudeckue yciaoBHS pe-
THOHA oMnpeenstoTcs o3epoM baiikai, 4To mpuBOIUAT
K 3HAYNTENBHBIM OCaJIKaM, 0COOEHHO Ha CeBepo-3a-
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OKOJIOT U ITPUPOAHBIX CUCTEM

MAJHBIX CKJIOHAX, T/I€ UX KOJIMYECTBO MOXKET JOCTH-
rarb 1800 MM B ron. B 3uMHMIA mepron BeICOTa CHE-
TOBOTO MOKPOBA JOCTUTAET 2 M, MTOYBBI TPOMEP3AIOT
He3HaunTenbHOo. CpenHss TemIieparypa Bo3ayxa Ba-
peupyercsa ot —18 °C B stHBape g0 +14 °C B urone
(Kmumar ..., 2024).

Ha ceBepo-3amafHbIX CKJIOHAX XOPOIIO TMpocie-
KUBAIOTCSI TPU OCHOBHBIX PACTUTENBHBIX TOsica:
JIeCHOH (TEeMHOXBOMHBIN), cyOanbnuiickuii (Kyctap-
HUKOBO-PA3HOTPABHBIN), aJIBIMUCKUN (BBICOKOTOP-
Has TyH7pa). Ha 10ro-BOCTOUHBIX CKJIOHAX, TJe MpH-
CYTCTBYET BEUHasi MEp3JI0Ta U OCAJKH BBINAJAIOT B
MEHBIIIEM KOJIMYECTBE, PACTUTENHOCTh OTIIMYACTCS
(I"amazmuit, 1988). HimkHAA yacTh J€CHOTO mosca Io-
KpBITA CBETIIOXBOMHBIMH JINCTBEHHUYHO-COCHOBBIMHU
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170 145 166
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Puc. 1. Kapma uccredyemoii meppumopuis:
a — Baukanvckutl 3ano8eoHuK,
b — npobuvie nrowadxu
Fig. 1. Location of study:
a — Baikal Nature Reserve, b — study sites

lh

necamu. B BepxHel wacTu mpeo0iagaroT KeAapoBbie
jeca, ¢ peIKUMH JINCTBEHHUYHBIMU y4yacTkamu. Cy-
OANBIUICKUN TIOSIC COCTOUT M3 PEIKOJICCHU TO-
TOJIBIIOBOTO THIA U TPABSIHBIX aJIbIl, CMEHSIOIIHXCSI
BBICOKOTOPHBIMH TYHJIPaMHU.

Kepusr cocusl o0biIkHOBeHHOU (Pinus sylvestris
L.) 611 0TOOpaHbl ¢ § MPOOHBIX TUIOMIAIOK (PHC.
1) B utone 2019 1. ¢ MOMOIIIBIO BO3pacTHOIrO Oypa
Haglof. Pasmep xaxxmoit mpoOHO# mnomaau 20%20
M. OOpa3Ipl IpeBeCUHBl OTOMPANNCH TEepPIEHINKY-
JSIPHO TIPOJIOJILHOW OCH CTBOJIA JiepeBa Ha BHICOTE
1.0-1.3 M OT MOBEPXHOCTH 3EMJIH B COOTBETCTBHUU C
metoaukoit (IustoB u ap., 2000). [y kax 1ot mio-
IIaJIKH OTpeJieIeHbl KOOPMHATHI U BBICOTA pebeda
HaJ ypoBHEeM Mops (Tabm. 1).

Bcero orobpano 65 xepHoB ¢ 48 mepeBbeB: 12
KEpHOB C CEBEPHOTO MaKpOCKJIOHA, 53 KepHa C 10XK-
HOTO MakpockioHa. LllnprHa roquyHbIX KoJel U3Me-
psinack Ha mpubope Lintab-6 (Rinntech).

[Tepen HauaOM BBIYUCIICHUS WHIAMBHYaJTbHBIX
XPOHOJIOTHH PaJiaibHOTO TPUPOCTa 3aMephl Kep-
HOB, OTHOCSIIIIXCS K OTHOMY JIepEBY, ObLITH yCcpeTHe-
Hbl. KOHEUHBII MAaCCHB JJAHHBIX COCTOUT M3 UH/IUBH-
JYaJIbHBIX XPOHOJOTUH, MPEICTABISIONINX U3Mepe-
HUS €JIMHUYHBIX KEPHOB WM PE3YJIbTAT YCPEIHCHUSI
HECKOJIbKUX KEPHOB, HCKIIOYAs WU3MEpPEHHs Ci1ado
KOPPEJUPYIOIIMX APYT ¢ ApyroM KepHoB. [IpnunHoi
c11a00# KOPPEJISIUY SBISIETCS TPUCYTCTBHE JIOMKHBIX
KOJIEI ¥ CJIO)KHOCTh MX JaTHpoBKH. Ha ocHOBe WH-
JMBH/TYyaTbHBIX XPOHOJIOTHI paraibHOTO PUPOCTa
OBUTH BBIYMCIICHBI WHICKCH PAJIMATBHOTO MPHPOCTA
nyTEM yJIaJIeHHsI BO3PACTHOTO TpeH1a pocTa. Tak Kak
3aKOHOMEPHOCTh M3MEHEHUS NIMPUHBI PaIHaIbHBIX
KOJICI[ UMeIIa CIIOKHYIO0 GOPMY, JUTS OLIEHKH BO3PacT-
HOTO TPEHJa PaJHalbHOTO POCTa OBUT UCIIONB30BaH
METO/I MOJITOHKH CIJIaliH QyHKIIHHU, TOTOMY YTO 3TOT
METOJ] THOKO ITOICTPAUBACTCS MOA JIIOObIe (POPMBI
3aBUCUMOCTEN.

Taxoke ObUTH BBIYUCIICHBI 0000IICHHBIC XPOHOJIO-
'K pocTa cocHbl. CBs3b pajiMaIbHOTO TPUPOCTa C
TIOTOJTHBIMH YCJIOBUSIMH XapaKTeprU30Baliach C OMO-
HIBI0 KOPPEISIIMOHHOTO aHAIIN3a.

Koopaunarsl MeTeoCcTaHIIMi U IOTOJIHBIE TaHHBIE
(cpemHEMecCSTYHbBIC TEMITEPaTypPhl, MECSYHBIE CYMMBI
0CaJIKOB) TONYYECHBI CO CIPAaBOYHO-WH(OPMAIIH-
onHoro noprana «lloroma u kimmar» (http:/www.
pogodaiklimat.ru/). CeBepHbIii W IOKHBIH CKJIOH
xpebTta Xamap-/labaH CHJIBHO OTIMYAIOTCS O KIIHU-
MaTUYCCKUM XapaKTePUCTHKAM, IO3TOMY JUIsl BbI-
TIOJTHEHUSI aHAJIN3a CBSI3U PAJMAIBHOTO TIPUPOCTA C
MOTOHBIMH YCIOBUSIMU TUIOMAM0K 163 u 164 ce-
BEPHOI'0 MakKpOCKJIOHa xpebTa Xamap-/ladan (Taodi.
1) ucnonp30BaHbl JAHHBIE C METCOCTAHITNH TaHXOMH,
KOTOpasi HaxOAUTCS OT HUX Ha paccTtosHuu 32.9
kM. s momommamok 165—170 0KHOTO MaKpOCKIIO-
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Tabnuya 1. Onucanue npoOHBIX NIOUWAVOK
Table 1. Description of study sites

Bricora Haj
DKCIIO3UIIUS
Wnenrudukarop Koopnunarst V.M., M HasBanue coobuiecra cKTona
ID Coordinates Altitude above Community name
Slope exposure
sea level, m

163 N 51.43232 825 CMe]_UaHHI:IM XBOMHO—GCpe%OBBII/I € MoAPOCTOM Ceseprnit

E 105.51664 TEMHOXBOWHBIX YEPHUYHBIN 3€JICHOMOIIHBIH JIeC

N 51.39854 KeznpoBblii ¢ mpuMechio COCHbI OpyCHUUHO- o
164 E 105.51142 936 0aryJIbHUKOBBII 3€JICHOMOIIHBIH Jiec Ceneprbiii
165 N 51.23 849 ﬂI/ICTBCHHI/I'—IHO-COCHOlELIH ¢ Oepe30il MUTTOBHUKOBBIH pa3- S —_—

E 105.45123 HOTpPaBHO-OPYCHUYHBIH Jiec
166 N 51.2273 363 Bepe3oBblii ¢ COCHOI ¢ MojIecKOM U3 POJIOJICH/IpOHa S

E 105.45252 JIAyPCKOTO Pa3HOTPABHO-OPYCHHYHBIH Jiec
167 N 51.22465 345 CocCHSIK, PO ICHHBIN OEIIIBIM HU30BBIM ITOXKapOM, Ot

E 105.44767 C pa3peKCHHBIM TPABSIHBIM SPYCOM

JIMCTBEHHNYHO-COCHOBBIH C IPUMECHIO Oepe3bl, el 1

N 51.19748 .

169 E 10532373 895 TOIOJSA JIEC C MOAPOCTOM Oepesbl M COCHBI, KyCTapHUKAMH XBO- HOxHBIH
’ II0BO-TPYIIAHKOBO-Pa3HOTPABHBIH Jiec
CocHsk ¢ Oepe30ii 1 THCTBEHHHUIICH, HETYCTBIM

N 51.22211 . o

170 E 10531918 996 TIOJUIECKOM M3 POIOICHAPOHA IaypCKOro OpYCHUYHBII HOxHbIiH
’ 3€JICHOMOILHBIH J1eC

Ha xpebrta Xamap-/labaH HCIIONB30BaHBI JTaHHBIC C
METEOCTaHIUH, pacrojoKeHHBIX B moc. [leTrponas-
JOBKa W B 1moc. HoBoceneHTrWHCK (paccTosiHHE OT
ykazaHHbIX MeTeocTaHuii 110 km u 160 kM, cooT-
BEeTCTBEHHO). Meteoctannus TaHX0# pacmonoxe-
Ha psnoM ¢ Oeperom o3epa baiikan, rime oOpasyercs
YHUKaJIBHBIA KITUMAT ¢ U300MIreM 0caikoB. BricoTta
XpeOTa He 1aeT BO3MOXKHOCTH OCa/IKaM MPOUTH ee, C
4eM CBSI3aHO MX Majioe KOJMYECTBO Ha FOXKHOM Ma-
KpPOCKJIOHE, TJIe HaXo[saTcs MeTeocTaHmu Hooce-
neHruHck U [lerpomaBnoBka. KOxHas dacTh xpeOTa
Xamap-/laban xapakTepusyercs pe3KO KOHTHHEH-
TaTbHBIM KIMMAaTOM.

B pa6ore ucnonpzoBaiics maket dplR (Bunn, Kor-
pela, 2018) cuctembl aHanM3a U Cpelibl CTAaTUCTUYC-
ckux BeramciieHnii R (R core team, 2024).

Pe3ynbrarbl u ux oocyxaenmne

[Ipu aHanm3e TOOBOTO pacmperesieHUs] 0CaIKOB
YCTaHOBJIEHO (pHC. 2), 4YTO OCHOBHOE WX KOJIMYECTBO
MIPUXO/IUTCSL HAa BETETAIIMOHHBIN Tiepruo] (Maii—ceH-
T0pb), st TaHX0s 3HAUSHHE MEMaHbl CyMMapHBIX
MECSTYHBIX OCAJIKOB B mMrojie jJocturaet 159 mm, Ho-
BOCENIEHIMHCKa — 62 MM, [leTponaBnoBku — 58 MM.
HabmronaeTcst yMeHbIIIEHHE KOJTMYECTBA CYMMapHBIX
MECSYHBIX OCaJKOB B MIOHE (B cpemHeM Ha 60 mMMm)
u B utone (B cpenHeM Ha 15 mm) ¢ 1970 mo 2020 rr.
1 MeTeocTaHMi noc. Tauxoit u noc. HoBocesnen-
TUHCK, cOOTBeTCTBeHHO. OnmHako Toiasko B HoBoce-
JIEHT'MHCKE M3MEHEHUS B HIOJIE SIBISIOTCS CTATUCTH-
YeCKH 3HAYUMBIMHU, C YPOBHEM 3HAUMMOCTH MEHee
0.05.

AHanu3 TOMOBOTO pacmpeselieHus] TeMIleparyp
(puc. 3) mokasal, 4To CpemHss TeMIepaTrypa W,

3aduKcHpoBaHHAs MeTeocTaHnuel TaHxol, He mpe-
BeimraeT 15 °C, Torma kak i1 HoBoceneHrnHcka u
[leTponaBnoBKH 3TOT MOKa3aTeNlb HAXOAUTCS BBILIEC
20 u 18 °C, COOTBETCTBEHHO.

Jns BceX METEOCTAaHIMK BBISBICHBI TPEH[bI
CpeaHel TeMIiepaTypsl Teroro nepuona. Poct cpex-
HEll TeMIepaTypbl 3a BeCh IEpHO HAOMIOACHUN CO-
CTaBMJI B CpeJHEM 2 rpajyca Ipu YpOBHE 3HAYUMO-
ctu < 0.05.

Bb1mu nosryueHs! HHAMBHIYalbHBIE XPOHOJIOTHN
paauanbHOro npupocta ans 48 nepeBbeB. bonbmnH-
CTBO XpOHOJIOTU NOKpbIBatoT nepuon 1940-2019 rr.

Ha ocHOBe MHIEKCOB pUpOCTa BUA B MECTOO-
OUTaHUM TTOCTPOEHBI 0OOOIICHHBIE XPOHOJIOTHH BH-
JIOB JJIs1 KaXKI0M TUIOIAAKU (KaK CpeHee UHICKCOB)
Y ISl BCEX TUTOIAI0K (puc. 4).

XpoHOJIOTUN U3 OIM3KOPACTIONONKEHHBIX MECTO-
oOutanuil 00J1aAaI0T OTYETIIMBOW CHHXPOHHOCTBIO
(Tabm. 2). B HecKoNbKHX ciyYasx 3a(HUKCHPOBaHO
CXOJICTBO PaIMAJILHOTO POCTA y ACPEBbEB U3 YAAJICH-
HBIX OpYyT OT Apyra MectooOuTanuil. B nemom xpo-
HOJIOTHH JIEPEBhEB U3 CEBEPHOTO MaKpockiioHa (163,
164) UMEIOT HU3KYIO KOPPEIANHUIO C XPOHOJIOTHSIMH
JIEPEBLEB IOXKHOTO MAKPOCKJIOHAa (MecToOOMTaHus
165-170).

CrhenyommM 3TanoM  SIBISUIOCH  HAXOXKJICHHE
CBSI3U PaIUAIBbHOIO NPUPOCTA C KIMMATHYECKHUMU
XapaKTepUCTHKaMU. VCHonb30BaIMCh 3HAUCHUS Me-
CSITIEB TIPONLIOTO rosia (¢ Mas 1o jekadbps / PMAY —
PDEC) u texyuiero roza (c stuBapst 1o okts0ps / JAN
— OCT), cymmapHble TOJOBbIE OCAAKH TEKYILETro U
rponutoro roga (CTOT, PTOT) u cpennue ronoBeie
Temmeparypsl Tekymero u npouwioro roga (CTOT,
PTOT) (puc. 5).

POGEHHCA t3PHAN NPHAAAOH R0MOHN
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Puc. 4. Obobwennvie Opesecho-Konbyesvie XpOHOI02UU
Fig. 4. Generalized tree-ring chronologies

Tabnuya 2. Koppensiyus OpesecHo-KoIblyesblX XPOHOL02UlL
Table 2. Correlation of tree-ring chronologies

164 165 166 167 169 170
163 0.60 0.51 0.42 0.26 0.38 0.47
164 1 0.44 0.42 0.28 0.34 0.42
165 0.44 1 0.56 0.69 0.50 0.67
166 0.42 0.56 1 0.65 0.60 0.65
167 0.28 0.69 0.65 1 0.47 0.60
169 0.34 0.50 0.60 0.47 1 0.56
170 0.42 0.67 0.65 0.60 0.56 1

2, 170_Pinus sylvestris 3, 170_Pinus sylvestris

034
WAY PAUN  PJUL PAUG PSEP POCT PNOV PDEC AN  FEB  WAR APR  WAY JUN  JUL AUG SEP  CTOT PTOT PUAY PIUN PJUL PAUG PSEP POCT PNOV PDEC AN  FEB WA APR  MAY JUN  JUL AUG SEP  CTOT PTOT

a b

Puc. 5. Koppenayuu XxpoHono2uil paouaibHo2o npupocma cochbl 00bIKHOBEHHOU CO CPEOHUMU MECIUHbIMU
memnepamypamu na 170 niowaoxe: a — noc. Hoéoceneneunck; b —noc. Ilemponasnosxa.
Bovioenenvl cmamucmuiecku 3Havumble Koppensiyuu
Fig. 5. Correlations of chronological radial growth in Scots pine with average monthly temperatures
at site 170: a — Novoselenginsk settlement; b — Petropavlovka settlement.

Statistically significant patterns are highlighted
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st mecrooOuranuii 164, 166 1, 0co0eHHO, 115
170 Obu1a 3apukcUpoBaHa yCTOMUUBAS TCHACHIUS K
00paTHOI CBS3M C JIETHEH TeMIepaTypoi mpeablay-
IETo rojia.

3akaouenmne

Ha ocHoBaHWMH NPOBEIEHHOTO aHaN3a ObIIIH BbI-
SIBJICHBI 3aKOHOMEPHOCTH paJHaILHOTO TPUPOCTa
COCHBI OOBIKHOBEHHOU (Pinus sylvestris L.) na tep-
putopun bailkanbCKOro rocy1apcTBEHHOTO MPUPO-
HOTO OMocdepHoro 3amoBeaHNKa. [locTpOCHBI HHIH-
BUyaJbHBIE U 000OIIEHHBIE XPOHOJIOTUH IIUPUHBI
TOAMYHBIX KOJIEIl, OXBaThIBatomue mepuoj ¢ 1940 mo
2019 roap1. DTO MO3BOIUIIO TIOTYYUTH OOJIEE TIOTHOE
MPECTaBICHUE O TMHAMUKE pPOCTa COCHBI OOBIKHO-
BEHHOW. YCTaHOBJIEHa yCTONYMBas oOpaTHas 3aBU-
CUMOCTbH PaJHaIbHOTO MPUPOCTA COCHBI OOBIKHOBEH-
HOU OT TeMIIepaTyphbl MPEBbIAYIIETO JIETHETO Ce30HA.
[ToBbIIIEHHBIE TEMIIEPATYPbI JIETOM MPEABIIYIIETO
rojia PUBOAAT K CHIDKCHHUIO MPUPOCTA B TEKYIIEM
rony.

KnumaTtnyeckue W3MEHEHHS B PErHOHE: pPOCT
cpemHell TeMrieparypsl JeTHHX mecsneB Ha 2°C u
CHIDKEHUE HIONBCKUX OCAAKOB B cpemHeM Ha 60
MM HETaTHBHO BIHSIIOT Ha CE30HHBIM POCT COCHBI,
TpeOyromelt JOCTaTOuYHOM TIOYBEHHOW BIaru B
cepeauHe U KOHIIE JIeTa.

3adukcupoBaHbl aHOMAJILHBIE CIaJ(bl CE30HHOTO
BEreTalmoHHOTO pocTa JepeBbeB B 2003 u 2015 ro-
Jax. OTH cnaJibl MOTYT OBITh OOYCIIOBJICHBI CHITBHOM
3aCyXOil B Hadaje Ce30Ha, a TaK¥Ke JICCHBIMHU TOXKa-
paMu, KOTOpbIe TPOUCXOJWIIA B PETHOHE B YKa3aH-
Hble TO/bI. WX BIMSHEE Ha JKOCHCTEMBI PETHOHA
TpeOyeT JaJbHEHINEro aHaau3a sl 0ojiee TOYHOTO
MOHUMAaHUS X POJH B TUHAMHUKE PaIHaILHOTO TIPH-
pocTa JiepeBbeB.
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Gusev S.M., Chizhikova N.A. Influence of cli-
mate on the radial growth in Scotts pine at the
territory of the Baikal reserve.

In this article, an analysis was carried out, on the
basis of which the patterns of annual radial growth
in Scots pine (Pinus sylvestris L.) growing on the
territory of the Federal State Budgetary Institution
«Baikal State Natural Biosphere Reserve» of the Re-
public of Buryatia were identified. Understanding the
relationships between temperature, precipitation, and
radial growth allows us to more accurately predict
the impacts of climate change on forest ecosystems.
The study generated individual and aggregated tree-
ring width chronologies, providing a more complete
picture of the growth dynamics in this species. Most
chronologies covered the period from 1940 to 2019.
Radial growth of Scots pine (Pinus sylvestris L.) had
a strong inverse relationship with the temperature of
the previous summer: higher temperatures last sum-
mer led to reduced radial growth in the current year.
That might be due to worsening conditions caused
by dry periods or forest fires, which had a negative
impact on tree health. In addition, climate data con-
firmed that the region was experiencing an increase
in average summer temperatures by 2°C and a de-
crease in July precipitation by an average of 60 mm.
Those changes might negatively affect the seasonal
growth of Pinus sylvestris L., as it required sufficient
soil moisture in mid- and late summer for normal de-
velopment. The results highlight the importance of
taking climate factors into account when understand-
ing the growth dynamics of Pinus sylvestris L.

Keywords: dendrochronology; Pinus sylvestris L.;
annual tree-rings; conifers; dplR.
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VARIATION IN BODY SIZE ALONG GEOGRAPHICAL GRADIENTS IN
GROUND BEETLES (THE CASE STUDY IN CARABUS GRANULATUS L.)

We tried to clarify Bergmann Rule for ectotherms taking as the model ground beetle Carabus gran-

ulatus. Carabid beetles are known as a fair and representative group, sensitive to environmental factors,
suitable for ecological researches. We sampled beetles by pitfall traps in 8 large regions of Russia and
abroad, the territory of investigations lied between 42.8 and 56.8 degrees from South to North and be-
tween 17.6 and 86.1 from West to East. In total 6172 specimens we measured by 6 linear traits. Linear
and polynomial trends showed that elytra length, elytra width and pronotum width decreased in latitude
gradient when using linear regression or showed hump-shaped variation in elytra width — when using
polynomial regression. No variation in traits value was revealed in longitude gradient when using lin-
ear regression but polynomial regression curves were distinctly U-shaped for head length and distance
between eyes in latitude gradient and hump-shaped — in longitude one. Variation in traits diversity (CV)
was not significant in any traits. Our studies do not confirm the presence of a direct correlation between
the variability of the sizes of individual traits and the variability of their coefficient of variation in the

latitudinal gradient, which has been shown for some animals.
Keywords: body size variation; Bergman’s rule; ground beetles; geographical gradients; morpho-

metrics.
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Introduction

Successful agricultural practice implies stable re-
lationships between all stages of agricultural produc-
tion. Biotic influences play a huge role in this process.
Thus, in multifunctional agroecosystems polypha-
gous arthropod predators such as carabid beetles are
of the most numerous entomo- and zoophages. They
can feed on phytophagous, saprophagous, small pre-
dacious arthropods and on fungi (Kromp, 1999). Ca-
rabids most active and numerous, and able efficiently
reduce populations of some pest mites, pest insects:
aphids, thrips, coleopterans, sawflies, cicadas, dipter-
ous, and some arthropods such as springtails and slugs
(Sunderland, 1975; Kromp, 1999). Being wide spec-
trum predators, carabids can find food when there are
no pests in agrobiocenosis. At that time, especially in
spring, they feed on phytophagous and saprophagous
arthropods. According to mentioned studies, the ca-
rabid beetles are regulating factor of pest population
in agrocenoses. It is necessary to know the carabid
biodiversity, dominance and the interaction among
total agrocenosis components especially in context
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of indirect plant protection. In this regard, the study
of the morphological features of beetles becomes
extremely important. Morphometric measurements
in insects are important tools to evaluate variations
because the exoskeleton can be easily measured and
physical distortions rarely occur as in the soft parts
of other animal groups (Thiago, 2011). The analysis
of their shape and size should be one of the earliest
parameters to be established before other factors are
examined (Adams, Rolhf, 2000). For an agricultural
production, monitoring one of the main predators of
pests is extremely important, especially when its pro-
ductivity relies on the ecological services provided
by these insects. Slight differences in their morpho-
metric characteristics are one of many indications on
the possible effects of the local environmental condi-
tions, climatic situation and gene pool on the carabids
(Inward et al., 2011). This could further impact their
life cycle, reproduction and general behavior (Den
Boer, 1986; Matalin, 2007; Sukhodolskaya, Saveliev,
2016).

The body size of animals is considered an inte-
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grative trait related to many life processes (ontogeny,
sexual selection, fertility, availability and quality of
resources) (Fedorenko, 2007). Studies of morpho-
metric variability allow for the assessment of the
influence of environmental factors on the structure
and dynamics of populations. Ground beetles (Co-
leoptera, Carabidae), due to their high abundance,
integrative nature concerning various environmen-
tal parameters, and relatively well-studied biology,
are used as a model group in such research (Grinko,
2002; Timofeeva, 2010; Sukhodolskaya, Saveliev,
2016).

The family Carabidae (Coleoptera) is consid-
ered one of the most representative and progressive
among insects. Their large species richness, high pro-
portion in beetles’ communities, trophic characteris-
tics (most species are predators), and sensitivity to
various impacts make carabids good indicators of the
environment. Numerous studies have been conduct-
ed at the community level (Kotze et al., 2011). Intra-
specific variability of morphometric traits in carabids
across environmental gradients has been studied to
a lesser extent. For warm-blooded organisms, Berg-
mann's rule states that body size increases towards
higher latitudes (Blackburn et al., 1999). This pat-
tern is observed in many endotherms and some ec-
totherms (Blanckenhorn et al., 2006; Stillwell et al.,
2007; Stillwell, 2010). Since the surface-to-volume
ratio generally decreases with increasing body size,
this trait plays an important role in thermoregulation
for endotherms and resistance to starvation and des-
iccation for ectotherms.

Clinal variability in size among arthropods often
follows the reverse of Bergmann's rule. In univoltine
species that overwinter only in a specific develop-
mental stage, the development time is limited by the
ambient temperature. Thus, a decrease in body size
can be explained by a reduction in development time,
resulting in smaller sizes. Therefore, the reverse of
Bergmann's rule is considered a result of climatic
adaptation in univoltine arthropods (Masaki, 1967,
Mousseau, 1997). At the same time, data have been
obtained showing that ectotherms may follow the di-
rect Bergmann's rule (Atkinson, 1995; Ray, 1960).
Thus, the question of whether body size variabili-
ty adheres to Bergmann's rule remains contentious
(Sota et al., 2000; Blanckenhorn, Demont, 2004).
Previous studies on the ground beetle species Cara-
bus granulatus (L.) have shown a decrease in body
size (Filippov, 2008; Sukhodolskaya, Saveliev, 2016)
or a lack of pattern (Sukhodolskaya, Saveliev, 2017).

From a macroecological perspective, the analysis
of a trait such as body size should include large-scale
assessments using modern statistical methods to mit-
igate random deviations observed in individual cases
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(Chown, Gaston, 2009). The aim of this study is to
assess the variation of the metric traits of the ground
beetle C. granulatus along latitudinal and longitudi-
nal gradients. Similar studies have been previously
conducted for this species (Sukhodolskaya, Saveliev,
2014; Aleksanov et al., 2023), but with a smaller cov-
erage of latitudinal and longitudinal gradients, high-
lighting the need for further researches.

So, in this study, based on our investigations,
we asked two questions: (i) what kind of Bergmann
clines does C. granulatus follow? and (ii) What is
the variation of its body size in each of the studied
latitude/longitude points?

Material and methods

The material for this study was collected in 8 large
regions at different biotopes in the period 2010-2020.
Sampling of the ground beetles was carried out using
pitfall traps. A total of 6172 beetle specimens were
examined and measured.

Object of Study. C. granulatus is a large beetle
18-26 mm in length, with a bronze or copper-colored
upper surface, often with a green sheen, and some-
times bronze-black. The femora are sometimes red.
The pronotum is uniformly densely punctate. The
antennae are long, reaching halfway along the elytra
in males. The elytra are sinuate before the apex with
elytral eripleura abruptly near upper edge of sinua-
tion and have a sharp sculpture consisting of ridg-
es and chains of tubercles. The pits on the elytra are
small and barely noticeable (Hurka, 1996; Isaev et
al., 2004).

This species is hygrophilous, eurytopic, with
Transpalaearctic distribution throughout the Eurasian
continent from lowlands to mountains. It inhabits ri-
parian ecosystems or moist floodplain meadows with
dense vegetation. The species has a one-year life cy-
cle; in the northern taiga, it is found only in mead-
ows, while in floodplain forests, its occurrences are
rare (Shelomi, 2012). In more southern regions, this
preferring moisture species is noted in moist to wet
forests, especially floodplain (Turin, 2003; Fedoren-
ko, 2007). In general, it is a spring breeder without
larval, but with an obligatory adult diapause (Turin,
2003). It hibernates, often gathering in groups, under
loose bark of trees. Both beetles and larvae are pred-
ators. The larva moults three times before pupation,
and in the laboratory, beetles have been successfully
reared from eggs in 53 days.

Studies of this species (Sukhodolskaya, Saveliev,
2014) have shown that beetles are larger in urbanized
habitats. Among various natural habitats, beetles also
differ in size: for example, they are smaller in linden
forests and larger in birch forests. However, changes
typically affected specific metric parameters.
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Table 1. Regions of sampling plots and sample sizes

2 Russian Federation.

Sampling regions. Material from the Republic of
Tatarstan was collected during the period from 2010
to 2020. Specimens from other regions were kindly
provided by our colleagues from the Republic of Ud-
murtia, Mari El, Kemerovo Oblast, Kaluga Oblast,
Belarus, Bulgaria, and Slovakia as part of agreements
for scientific research. The collection sites of the bee-
tles are shown in Table 1.

Research Technique. After sampling the beetles
and determining their species and sex, all individ-
uals were photographed, and their parameters were
measured using a custom program by Python 2.7
with the libraries numpy and OpenCV. The program
is necessary to achieve greater measurement accu-
racy, automate the process, and reduce subjectivity
(Mukhametnabiev, 2018). The scheme for measuring
the beetles is presented in Figure 1.

Statistical analysis. In the framework of statis-
tical processing, the arithmetic mean, standard de-
viation, standard error, and coefficient of variation
(CV = o/u-100) were calculated. We created graphs
with linear (y=mx+b) and second order polynomial
(y=ax’+bx+c) trend lines using Excel.

Results

As a result of the measuring 6 morphometric
traits, we obtained results displayed in Figures 25,
and in Table 2 (we did not mark the standard errors
on graphs in cases where it was negligible).

At first, we should describe the distribution of the
number of study points: the most of them are concen-
trated at 54-56 degrees N. In terms of longitude, the
greatest number of collections was made at about 35
and 50 degrees E. This affects both the accuracy of
the trend lines and the need for cautious interpreta-
tion of the data.

The change in the mean length of the elytra
ranged around 3 mm. Figures 2 and 3 show the dis-
tribution of values along latitudinal and longitudinal
gradients. The overlay of the regression line reveals

I

a weak trend of decreasing
elytra length with a low co-

Ne Region Latitude Longitude I(\)IFE}E'S Sam{ﬁz'sme, ?gﬁ 2C ;e_r(l)tzf)f determination
1| Bulgaria 42.8°N 22.9°E 1 94 The values of the co-
2 [ Slovakia 47.8°N 17.6°E 3 142 efficient of variation (CV)
3| Kaluga Oblast* 54°N 36°E 8 2872 for the length of the elytra
4 | Belarus 55.2°N 30.2°F 1 131 in the latitudinal and longi-
5 | Kemerovo Oblast® 55.3°N 86.1°E 3 207 tudinal gradients (fig. 4, 5)
6 Tatarstan Republic? 55.7°N 49.1°E 12 2370 Change W,lthm 5%. The re-
7 | Mari EI Republic® 56.6°N 47.1°E 2 214 gression line does not show

; - significant changes when
8 Udmurtia Republic? 56.85°N 53.20°E 142

moving north or east.

The range of fluctuation
in the mean values of the el-
ytra width in the latitudinal

gradient from different regions was about 3 mm. The
overlay of the regression line indicates a trend of de-
creasing elytra width to the north, with a coefficient of
determination of 0.3. At 55-57 degrees N, the values
split into two groups: 2.8-3.5 mm and 4.8-5.5 mm,
likely influenced by some factor. A trend towards de-
creasing elytra width is suggested, necessitating an
exploration of the reasons for the divergence in the
data set.

The change in the width of the elytra in the longi-
tudinal gradient, as well as the coefficient of variation
in both gradients showed no consistent distribution
patterns. The values of the coefficient of variation
fluctuated within about 2%.

All measured values of the length of the prono-
tum (absolute values and CV) in both latitudinal and

Fig. 1. lllustration of measurements: 1-2 — elytra
length, 3—4 — elytra width, 5—6 — pronotum width,
7-8 — pronotum length, 9—10 — head length,

11 — 12 — distance between the eyes
Author of the original photo: Komarov P.
(https.://www.zin.ru/animalia/coleoptera/rus/car-
graek.htm)
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Table 2. Traits’ linear and polynomial regression coefficients, along with the forms of the trend curves

Trait Linear R* | Linear R? Poly. R? Poly. R*? | Linear CV | Linear CV | Poly. CV | Poly. CV
s lat. long. lat. long. R? lat. R? long. R?lat. R? long.
0.24 0.25 0.19 0.05
EL L 0.24 0.21 i U 0.1 0.04 U U
0.39 0.34 0.007 0.06
ElL w. 0.3 0.06 n U 0.005 0.02 U n
0.075 0.07 0.125 0.127
Pr. L 0.04 0.07 U n 0.09 0.1 n n
Pr. w. 0.26 032 027 033 0.045 0.12 0.06 0.12
0.4 0.34 0.12 0.2
H. L 0.16 0.02 U A 0.08 0.2 n U
0.35 0.16 0.14 0.23
D.b.e. 0.07 0.02 U n 0.05 0.23 n )

Abbreviations: Poly. — polynomial regression curve, lat. — latitudinal gradient, long. — longitudinal gradient, El. 1. —elytra length,
El. w — elytra width, Pr. l. — pronotum length, Pr. w. — pronotum width, H. . — head length, D. b. e. — distance between eyes, «-» — ap-
proximately linear curve, «U» — U-shaped curve, «N» — hump-shaped curve.

mm
15

R2=0,2437

40 42 44 46 48 50 52 54 56 58
North latitude

Fig. 2. Elytra length variation in C. granulatus
in latitudinal gradient with linear trend line

longitudinal contexts showed a slight visual trend
towards decreasing values in the direction of north/
cast. However, the overlay of the regression line does
not confirm the statistical significance of these pat-
terns (R?>=0.04-0.10).

The calculation of the linear regression reveals a
trend of decreasing the width of the pronotum with
increasing latitude and longitude. The coefficient of
determination for the regression lines was 0.26 for
the latitudinal gradient and 0.32 for the longitudinal
gradient. The coefficient of variation for the width of
the pronotum did not change significantly (R*=0.045
and 0.12).

The distribution of head length values is described
by a second-order polynomial regression curve
(U-shaped) with a coefficient of determination of 0.4.
This indicates that the head length of the beetles de-
creases in the middle (48—50 degrees) of the studied
latitudinal range (43-57 degrees) and increases at its

lh
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R2=0,2107
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100

Fig. 3. Elytra length variation in C. granulatus
in longitudinal gradient with linear trend line

edges. In the longitudinal gradient, the distribution
of head length values shows an inverse relationship.
The hump-shaped curve described by the second-or-
der regression has a significance level of R?=0.34.

The coefficient of variation for head length is in
the latitudinal gradient does not show significant pat-
terns, while in the longitudinal gradient, there is a
weak tendency to decrease.

The distribution of the distance between the eyes
in the latitudinal gradient also exhibits a U-shaped
curve, albeit with a slightly lower level of signifi-
cance: 0.35. In the longitudinal gradient no patterns
are observed. Such characteristics of the changes in
head length and distance between the eyes suggest
the presence of a selective factor acting on them, dif-
ferent from that affecting the elytra and pronotum.

The coefficient of variation for the distance be-
tween the eyes in the latitudinal gradient did not have
a significant trend line (R?>=0.05). In the longitudinal
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CV%
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7 R2=0,1019
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North latitude

Fig. 4. Coefficient of variation (CV) of elytra length
in C. granulatus in latitudinal gradient with linear
trend line

gradient, there is a weak tendency to decrease vari-
ation in sizes, with a coefficient of determination of
0.23.

Overall, it should be noted that the morphomet-
ric traits of the elytra and pronotum exhibited weak
and unreliable trends toward decreasing sizes in the
northern and eastern directions. Head length and dis-
tance between the eyes showed a relatively more re-
liable (but still weak) U-shaped distribution of values
in the latitudinal direction. In the longitudinal direc-
tion, head length had a weak hump-shaped distribu-
tion, while the distance between the eyes showed no
significant changes. The coefficient of variation for
the measured parameters also tended to decrease in
both latitudinal and longitudinal directions, but on
average had much lower values of the coefficient of
determination (R?) for the trend line.

Finally, linear and polynomial trends showed
that three traits in C. granulatus (elytra length, ely-
tra width and pronotum width) decreased in latitude
gradient when using linear regression or showed
hump-shaped variation in elytra width — when using
polynomial regression. No variation in traits value
was revealed in longitude gradient when using lin-
ear regression but polynomial regression curves were
distinctly U-shaped for head length and distance be-
tween eyes in latitude gradient and hump-shaped — in
longitude one.

Variation in traits diversity (CV) was not signifi-
cant in any traits as in latitude gradient and longitude
one as well.

Discussion

The issue of size variation in geographic gradi-
ents has been studied for a long time (Geraghty et
al., 2007; Harris et al., 2012), and if for the endo-
therms this phenomenon is well illustrated by birds
and mammals, for the ectotherms the problem of the
mechanisms of size variability in latitudinal-longitu-
dinal gradients remains unsolved. For such a large
and ecologically important class as insects, it has
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Fig. 5. Coefficient of variation (CV) of elytra length
in C. granulatus in longitudinal gradient with linear
trend line

been shown that Bergmann clines occur along with
anti-Bergmann clines, as well as U-shaped clines
(Shelomi, 2012; Vinarskiy, 2013). Taxon-specificity
of the manifestation of both size variation and CV
variability is described in some works (Kaspari et al.,
2024). It should be mentioned here that the authors
conducted the study on material consisting of differ-
ent groups of invertebrates and caught at different
times and in different ways.

Although many authors note that in order to iden-
tify latitude-longitude clines, one should be very
careful in choosing not only the research method-
ology, but also the object: different body parts may
be more or less likely to change size in response to
different variables (Shelomi, 2023). In addition, the
cited work did not include such a diverse and rich
in species family as the ground beetles. Ground bee-
tles are a necessary element of almost any terrestrial
cenosis, and it is believed that they are an ideal model
object for conducting research on the mechanisms of
morphometric variability (Koivula, 2011; Sukhodol-
skaya et al., 2018).

It cannot be said that there are no works on the
variability of the size of ground beetles in geographic
gradients. But given that studies of this kind require a
fairly large sample collected in the relevant regions,
our study continues the work of researchers, which
they have begun many years ago. Thus, it was shown
that the size variation curve in ground beetles of the
genus Pterostichus was saw-shaped (Luzyanin et al.,
2022) with an increase in the length of the elytra and
the width of the pronotum, and with a decrease in the
head parameters along the latitudinal gradient. As for
the species of the genus Carabus, there are signifi-
cantly fewer works.

In this regard, our results partially correlate with
the work of Sukhodolskaya & Saveliev (Sukhodol-
skaya, Saveliev, 2014), where the length of the ely-
tra in C. granulatus did not change in the latitudinal
gradient. However, there were only 3 regions in that
analysis. In another work on the latitudinal variation
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of the sizes of C. granulatus, ANOVA showed a sig-
nificant effect of the region of habitat on the stud-
ied traits of that species (Sukhodolskaya, Saveliev,
2017). Other study of the genus Carabus showed
similar results with a decrease in the length of the el-
ytra towards higher latitudes (Sukhodolskaya, Save-
liev, 2016). The results of the size variation of ground
beetles of the genus Carabus in the altitudinal gra-
dient are especially indicative. Studies were carried
out at two distanced mountain ridges. In both cases,
in two Carabus species, the body size monotonically
decreased along altitude gradient (Sukhodolskaya et
al., 2021; Ananina et al., 2022).

Although there are numerous explanations for
patterns of latitude-related variation in insect body
size, the mechanisms responsible for intraspecific
geographic variation in body size are not well known.
Patterns and mechanisms of body size variation are
often conflated, leading to some degree of confusion
(Blackburn et al., 1999). Here, we have described
patterns of intraspecific size variation of ground bee-
tle C. granulatus; the associated drivers and mecha-
nisms are yet to be determined.

Our results show that the largest beetles (with el-
ytra length as a proxy) have been registered at the
center of the studied latitudinal gradient and at the
western part of the longitudinal one (47°N, 17.5°E;
mean = 13.8 mm), while the smallest beetles be-
longed to the both higher latitudes and longitudes
(55.3°N, 86°E; mean = 10.8 mm). Thus, empirically
we could suggest that individuals of the C. granu-
latus tend to be smaller towards North-East across
the Center-Eastern Palearctic region. Nevertheless,
unreliable (R?<0.4) regression trend lines make us
assume that either there is no significant correlation
or resulting dataset has mixed data, influenced by
various environmental drivers, requiring further sta-
tistical analysis.
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Topoynos PII., AnekcanoB B.B., Teodwumopa
T.M., Jlaurpad B., Comonoaukor U.A., Cyxomnosib-
ckas P.A. U3MeHYHBOCTH pa3MepoB TeJ1a Ky KeJTUIL
BI0JIb Feorpaguyeckux rpajgneHToB (Ha MpuMepe
Carabus granulatus L.).

Lens paboTel — mposicHuTh npaBuio beprmana B
OTHOILIEHUH 3KTOTEPMOB, B35IB B Ka4eCTBE MOJIEIH
xyxemurty Carabus granulatus. JKyxemunsl — Xo-
polo mpeacTaBieHHas, OOWIbHAS 110 YUCIEHHOCTH
rpynmna. OHK YyBCTBUTEIBHBI K JEHCTBUIO SKOJIOTH-
YecKMX (aKTOPOB M MOAXOMSAT JUIS IKOJIOTHUYECKUX
nccnenopanuii. JKyku orOupannuch ¢ MOMOIIBIO JIO-
Byiiek bapOepa B 8 pernonax B Poccuu u 3a rpanm-
1Ie¥, TEPPUTOPUS UCCIETOBAHUNA HAXOJIUIACh MEXKTY
42.8 u 56.8 rpamycamu ¢ rora Ha ceBep U Mexay 17.6
n 86.1 ¢ 3amaza Ha BOCTOK. B 0Omieil ciokKHOCTH
ObUT0 M3MepeHo 6172 sx3eMIutsipa Mo 6 JIMHEWHBIM
rpu3Hakam. JInHelHbIe ¥ MOJTHHOMHUAIBHbIE TPEH/IbI
MOKa3ajy, YTo JUIMHA U MIMPUHA HAJKPBUIHH, a Tak-
JKe [IUPHHA MPOHOTYMa YMEHBIIAINCh B TPaJlEHTe
IIUPOTHI IIPH UCIOIB30BAaHUU JIMHEHHON perpeccus,
WM TIOKa3bIBAIM XOJIMOOOPa3HyI0 H3MEHUYHMBOCTD
B IIUPHUHE HAJKPBUIMA — TIPU HUCIOJIB30BAHHUHU T10-
JTMHOMHAIBHOW perpeccuu. He Obuio 0OHapyxkeHO
TpeH/la B M3MEHEHUHM 3HauYeHWI MPU3HAKOB B Tpa-
JIMEHTE JIOJITOTHl TIPU MCIOJIb30BAHUM JIMHEWMHOM
perpeccuu, HO KpHBbIE MOJMHOMHUAIBHON perpec-
cum ObUTH siBHO U-00pa3HbIMH JJIsl UTMHBI TOJIOBBI
1 PacCTOSAHUS MEX/Yy TJIa3aMU B TPATUCHTE IIUPOTHI
1 XOIMOOOpa3HOM — B rpagueHTte JA0iroTel. M3me-
HEHHUe CTerneHu Bapuanuu npusHakon (CV) He ObL10
JIOCTOBEPHBIM HU JJIsl OIHOTO W3 Mpu3HaKkoB. Hamm
WCCIIEZIOBAHUS HE TIOATBEPIKIAIOT HATUYHUS TPAMOit
KOPPEISAIUN MEXy M3MEHYMBOCTHIO pa3MepoB OT-
JIeNTbHBIX MTPU3HAKOB U W3MEHUYMBOCTBIO UX KO HU-
LMEHTa BapHallii B ITMPOTHOM TPaJNEHTE, KOTOpast
ObLTa MoKa3aHa /It HEKOTOPBIX KUBOTHBIX.

Kniouesvie cnosa: Bapuanus pazMepoB Tema; Ky-
KETHIIBI, Teorpaduveckuil TpajueHT; Mopdome-
Tpusi; npaBuio beprmana.
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AHAJIN3 PACIIPEJIEJTEHUS TTBIJIBLIBI B TOPOJICKOI CPEJIE HA PABHOI BBICOTE

YK 616-022.854, 504.3

B.T. Bacanos, K.K. Hopazumosa, H.C. Apxunosa, A.B. Apununa, U.1. Paxumos

Kazanckuu (Ilpusonscckuil) gpedepanvhuiii ynugepcumem, vagapov.bulat.t@yandex.ru

AHAJIN3 PACHIPEJAEJIEHUS NbLIBIBI B TOPOJICKOM CPEJE
HA PABHOM BBICOTE

Ce3oHHBIE aJIeprUUecKUe 3a00JIE€BaHMs, BBI3BAHHBIC IBUIBLEBBIME 3€PHAMH BETPOOIBIISIEMBIX
JPEBECHBIX U TPABSIHHUCTHIX ()OPM PaCTEHUH, ABISIOTCS YaCTON MPUIMHON BO3ZHUKHOBEHHS CHMIITOMOB
JJIEPTUH Yy TAIMeHTOB. VccienoBanusl, HalleJIeHHbIE Ha W3Y4YEHHE TBUIBIIEBOTO COCTaBa arMOC(hepsl
B TOPOJIaX, MO3BOJISIOT CIIPOTHO3UPOBATH BOSHUKHOBEHNS ITOJUTMHO30B Y HACEIICHNUS, UyBCTBUTEILHOTO
K mbuIbIe. TeKyIne MOHUTOPHUHIOBBIE NCCIIEOBAHNS TIPOBOAATCS € MCIOIBb30BAHUEM TTBUIBIIEBBIX JIO-
BYIIEK, Pa3MEIIaeMbIX Ha KPBIIIE 3AaHHUH, OTHAKO 3(PEKTUBHOCTH HAOIIONCHNI B HEIIOCPEICTBEHHOM
0:1M30CTH K MAIMEHTaM M3ydYeHa B MEHbIIEH cTeneHu. B naHHOM paboTe mpencTaBieHsl pe3ylbTaThl
MOHHTOPHHTA TBUTBIEI Ha BeIcOTE 1.5 1 20 M B Tpex nokauusx T. Kazauu. [luku neuenus Betula, Al-
nus, Corylus, Poaceae nmeny HeOOIbIINE BPEMEHHbIE CMEIIICHHS, CHJIa KOPPEISIIIMY YMEHbIIATIACh IPH
MOHHUTOPHHTIE€ BOIN3M MAPKOBOW 30HBI, @ TAKIKE BIOJIb IIMPOKUX YIIHIL.

Kniouegvie cnosa: MBUIBIIEBOM MOHHUTOPHHT; a3pOIAIIMHONIOTHS; MOIIMHO3bI, aNIepTHIeCKuil pu-

HUT; TOpOICKas (iopa.
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Beenenne

[IpimblIa MHOTMX pacTEHUW SBISETCS OJHOU
13 Hanboslee YacThIX NPUYMH BO3HUKHOBEHHS Ce-
30HHBIX aJieprudeckux 3aboneBanumii. Ilo pas-
HBIM OIlEHKaM, BO BCEM MHUpPE YyBCTBHTEIHHOCTH K
MBUTBIE pacTeHuil HaOmomaetrcs y 30% HaceneHus
EBpomnsr 1 Poccum (Brozek et al., 2017). Annmeprus
Ha TBUIBILY TPOSBIIAETCS B BUJE NIMPOKOTO CIIEK-
Tpa CUMITOMOB, BKJIIOUas 3y, 3aJI0KEHHOCTh HOCA,
OpoHXHMaNbHYIO acTMy u 1p. (Agends et al., 2023).
JIns OIEeHKHM M TPOTHO3UPOBAHHS BO3HUKHOBEHUS
CE30HHBIX TOJUTMHO30B y MAIEHTOB €KETOAHO MPO-
BOJISITCSI MOHUTOPUHTOBBIE MUCCHH, HAlleJICHHBIE Ha
W3yYeHHe MATTePHOB HM3MEHYMBOCTU ITHUIBIIEBOTO
criektpa B Bo3myxe (Buters et al., 2018). M3BecTHBI
MIPUMEPHI Pa3BEPTHIBAHUS MACIITAOHBIX MOHHUTOPHH-
TOBBIX ceTelt mo Bcemy mupy (Albertini et al., 2013;
Clot et al., 2024).

B ocHoBe MeTOZOB HWCCIIeOBaHUS ad3pOIAIHHO-
JIOTUYECKOTO CITeKTpa B arMOC(EepHOM BO3IyXe Ha
MPEeIMET KOJTMYECTBEHHOTO M Ka9Y€CTBEHHOTO MBLIb-
[IEBOTO COCTaBa JIEKUT HCIOIH30BAaHUE CIEIHAIHU-
3MPOBAHHOTO 000PYAOBAHUS — MBUIBIEBBIX JIOBYIIEK
(Heffer et al., 2005; Sauliené et al., 2019; Sauvageat
et al., 2020). Hauboee gacTo mpuMEHSIOTCS YCTPOMA-
ctBa Hirst Tuma, KpymHEHIINM TpPOM3BOAMTEIEM
kotopeix sBisiercss Burkard Manufacturing Co Ltd
(Hirst, 1952). [lanHble TBIIBIIEBBIE JOBYIIKHA PACCUH-
TaHbl HA CEMUIHEBHBIN UK paOOTHI, yCTaHABIHNBA-
IOTCSI CTAI[IOHAPHO B MECTe HAOIIOACHUS Ha BBICOTE
ot 10 mo 20 M (Galan et al., 2014). CtangapTsl pa3me-

i

IICHUST TBUTBLIEBBIX JIOBYIIEK MPOJUKTOBAHKI Oojiee
CTaOMIILHBIM M TIOCTOSTHHBIM ITBIIBIIEBBIM COCTABOM
Ha JaHHOW BBICOTE, OJJHAKO HEKOTOPBIC HMCCIIe0Ba-
HUS IGMOHCTPUPYIOT PAaKT TOTO, YTO KOHIECHTPAIIUS
MBUTBIBI HA YpoBHE HIKe 10 M BO MHOTOM Koppe-
JUPYET C TBUIBIEBBIM CHEKTPOM Ha YPOBHE KPBIII
3naHuii. BJoOaBoOK HEMOCPEICTBEHHBIN KOHTAKT ajl-
JIEPTHKOB C MBUIBIION MPOUCXOINT HA YPOBHE POCTa
YeNoBeKa, MOTOMY U3YUYCHHUE pacIpe/IelICHNs] YaCTHII
MBUIBIBI HAa JIAHHOM BBICOTE TIO3BOJIUT JIOTIONHUTH
nanaeile  MoHumTopuHra (Rantio-Lehtiméki et al.,
1991; Raynor, Ogden, Hayes, 1973; Soldevilla et al.,
1995). OnHo¥ U3 HPUYKH, 10 KOTOPOH HAONIOICHHUS
Ha BBICOTE POCTA YEIOBEKA BBI3BIBAIOT MPOOJICMBL,
3aKIIFOYaeTCss B TOM, YTO KIIACCHYECKHE TBUIbIIE-
Bble TIPOOOOTOOPHUKM HE OOJNAHaloT JIOCTATOUYHOU
MOOWJILHOCTBIO JIISI X TPAHCIIOPTHPOBKH W yCTa-
HoBku (Bernstein et al., 2022). IIpoGiemy mMoOHIIb-
HOCTH TO3BOJISIIOT PEUINTH MEPCOHANBHBIC TPOOOOT-
OOpHMKH, aKTMBHO pa3palaTbiBaeMble B MOCIETHHE
necsituietus. TeM He MeHee, JIOCTYIHBbIC Ha PHIHKE
MOPTAaTUBHBIC YCTPONUCTBA HE BCETJa UMEIOT J0CTa-
TOYHYHO 3 HEeKTHBHOCTH B 0TOOpE Npod Oroa’pozo-
JIeH B CpaBHEHUH CO CTAI[MOHAPHBIME yCTPOHCTBAMH
(Nelson, Solomon, 2003; Peel et al., 2014). Otaens-
HbIe pa3zpaboTku, Hampumep ammapar Pollensniffer,
JIEMOHCTPHPYIOT JOCTATOYHO BBICOKYIO KOPPEIISIIHIO
KOJIMYECTBA YACTHIl, OTOOPAHHBIX MOPTAaTHMBHOW W
CEeMHTHEBHOW MBUTbIICBEIME JoByImKamu (Wegerde
et al., 2020).

Taxoke oHOM U3 HanboIee BaYKHBIX IPOOJIEM MO-

POCEHHCHAIN SYPAAR APHBNAMHON dwnori
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Fig. 1. Locations of samplers

HUTOPHHTA MMBUTBLIEBHIX aJJIEPIEHOB B aTMOC(HEPHOM
BO3/yXe SBISETCS MPOOIeMa SKCTPATIOISIIUH PE3yiIb-
TaTOB, MOJYYEHHBIX C ONHOHM JIOKAJbHON CTaHIUHU,
Ha Onmusnexaniye Tepputopud. [IbUIbIEBON CHIEKTp
B 00JIaCTSX, OTAAJCHHBIX OT TOYEK MOHUTOPHHTA,
MOXET 00JIafiaTh HEKOTOPOW HM3MEHYHBOCTHIO. [lo-
CKOJIbKY Ha JAaHHBI MOMEHT TIOOANbHBI MOHUTO-
PHUHT a3p0oajIepreHOB HEBO3MOKEH, CYLIECTBYIOIINE
MOJISJIA UCCIICAOBAHUS JIOJKHBI YYUTHIBATh OIIUO-
KU, BBI3BAHHBIC MPOCTPAHCTBEHHBIM pa3pelleHUEM
(Oteros et al., 2019).

B cBsi3u ¢ 3TUM, LIENBIO JaHHOH paboTHI SIBIISET-
Csl OIICHKA BIUSHHSI JIOKAIIMK Pa3MeIleHus Tpo0ooT-
OOpPHHMKOB Ha YPOBHE POCTa YeJIOBEKa Ha PEIICBaHT-
HOCTb IMOJIy4a€MbIX JAHHBIX O KOHIICHTPALUH MbLIb-
LIEBBIX 3epeH B atMocdepe. Hamu ObLTH MOCTaBICHBI
clenyromue 3aaa4n: 1) mpoaHaaTu3upoBaTh CTENCHb
KOPPEJSIUK B 0TOOpE MPO0 MOPTaTUBHON U CTAIHO-
HAPHOM MBUIBIIEBOH JIOBYIIKOW; 2) OLIEHUTH BIUSHUE
pasMmenieHus MpoOOOTOOPHUKOB Ha BBICOTE POCTa
YEeJIOBEKAa Ha PENpPEe3E€HTATUBHOCTh AAHHBIX OTHOCH-
TEIBHO CTAaHAAPTHOTO pa3MelleHus Ha BbicoTe 20 M;
3) OlLIEHUTH BIMSIHHE BHIOOpA JIOKAIIMH Pa3MEIICHHS
000pyIOBaHUS HA MOTYYaEMbIH CIIEKTP TBUIBIIBI.

MarepuaJibl 1 METOAbI HCCIETOBAHUS

MOHUTOPHUHT TBIIBIBI TpOBOAWICA B MOCKOB-
ckoM pailone ropona Kaszanu c¢ 1 mapra o 30 urons
2024 r. B mepuoJl akTUBHOTO NbIIEHUS pacTeHnid. Ha
KpBIIIE KUJIOTo IoMa 1o yi. TyHakoBa Ha ypoBHe 20
M 0TOOp MpoO MPOU3BOIWICS CTALMOHAPHBIM MPO-
6ooroopaukoM Lanzoni VPPS 2010 na ormaneHun
1000 M ot Omkaiimeit napkoBoii 30Hb1. [loprarus-
Hble podooTOopHuKH Pollenlab Sampler cobcTBen-

lh

Hol pazpabotku (marent RU2 840160 C1) Obumn
YCTaHOBJICHBI HA YPOBHE 1.5 M OT MOBEPXHOCTH 3€M-
JM B Tpex Jiokauusix: Ha yin. Tynakosa, yn. Boccra-
HUS, a TAKXKE B HEMOCPEICTBEHHON OJIM30CTH K map-
Ky Ypuukoro Ha yi. ['arapuna (puc. 1).

[Iporotun mpoGoor6opuuka Pollenlab Sampler
ObUI CKOHCTpYHpoBaH MeTonoM 3D-neuatn u3 ABS-
IUTACTHKA. YCTPOHUCTBO COCTOUT U3 CIEAYIOMINX KOM-
MTOHEHTOB: BOPOHKH C BXOJHBIM OTBEPCTHEM, KaMme-
PBI 3aXBaTa YacTHI] MBUIBIIBI, OJIOKA C BEHTHIIITOPOM
U akKyMyJsiTopoM. B kamepe 3axBara yacTuil pukcu-
pyeTcs obpasel, NPeACTaBISIOMNNA cOO0H MpeaMeT-
HOE CTEKJIO, IIOKPHITOE TICHKOH € JIMIIKUM COCTaBOM
(puc. 2).

PazpaboranHoe ycTpOHCTBO OBLIO BaIMIUPOBAHO
OTHOCHUTENBFHO CTAIIMOHAPHOH MBIIBLIEBON JIOBYILIKU
Lanzoni. {nst aToro o6a npo60oTO6opHUKa ycTaHaB-
JMBAJMCh Ha OIHOW BBICOTE HA KpBILIE 3AaHUS Ta-
KUM 00pa3oM, 4TOOBI X BXOAHBIC OTBEPCTHSA ObUIN
OPHEHTHPOBAHBI B OAHY CTOPOHY. M3MepeHust ypos-
HSl NBUIBLIBI TOPTaTUBHOM MBIIBIIEBON JIOBYIIKOW U
CTallMOHAPHBIM MPOOOOTOOPHUKOM MPOU3BOAMIHNCH
ceccusiMu 1o 60 MUHYT.

[Ipr MOHUTOPHHTE YPOBHS HBUIBLIBI aHAIU3UPO-
BaJIOCh COJEpP KaHUE YEThIPEX TAKCOHOB: Oepesa (poxn
Betula), onbxa (pon Alnus), nemuna (pona Corylus)
U 371aKu (CeMEUcTBO Poaceae), KOTOpBIE SBISIFOTCS
TUIIMYHBIMH a3pOajulepreHaM paiioHa HcCiIenoBa-
nus (Vagapov, Ibragimova, Arhipova, 2023). Tem e
MeHee, U3 TeX TaKCOHOB, YTO M3Yy4YalMCh HAMU MpU
a’pONaJIMHOIOTHYECKOM  MOHUTOPHHIE, IIHPOKO
MpeAcTaBIeHbl BO (iope ObUIM TOJIBKO MpPEACTaBH-
Tenu pona Betula. 11o qaHHBIM MapIIpyTHBIX 00ce-

JIOBAaHHM MAPKOB U 3€JIEHBIX HACAXKICHUM, TPOBEICH-

i
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a

b

Puc. 2. Dnemenmul cmpoenus nviivyesoui 1osyuiku Pollenlab Sampler.
a) Yempoticmeo na wmamuse. 1 — 6x00HOe omeepcmue 0poHKU, 2 — WMamue,
b) Kapmpuooic ¢ oopazyom: 1 — eepxHsisi KpbluKa ¢ 8blpe3om OJisl 3ANUSKU TUNKO20 PACMEopd,
2 — npedmemnoe cmekio, 3 — HUJICHAS 4aCmb
Fig. 2. Pollenlab Sampler pollen trap prototype design elements: a) The device on a stand: 1 —inlet, 2 — stand;
b) Design of the cartridge with the sample: 1 — upper cover with a cutout for pouring in the sticky solution,
2 —slide, 3 — lower part

HbIX B 2022 r. B Kazanu, cpeau JOMUHUPYIOIIUX JIpe-
BECHBIX pacTeHuil ObLIM npexnctaBurenu poxpa Tilia
(23%), Acer (22%), Betula (11%). Ha momto pacre-
nuit pona Corylus u Alnus npuxoaunock menee 4%.

[locne B3aTHS NPOO MBUIBLBI W3TOTABIMBAIMCH
npenaparsl Ui MUKpockonuu. Mcnons3zoBanu cran-
JApTHbIC METOAbI NPUTOTOBJICHUS 00pPa3LOB C MPH-
MEHEHHUEM IOJU3CTEPOBOH JICHTHI U JIUIKUX IJICHOK
(Thibaudon et al., 2017). YacTuisl, npoxoasiye ye-
Pe3 BXOAHOE OTBEPCTUE MBUIBLEBBIX JOBYLIEK, arpe-
TMPOBAIMCh HAa CIECLMAIBHYIO JIMIKYIO OCHOBY Ha
0a3e mmuepuHa u xxenaruna (Zander, 1997). O6pas-
1B, IOJIyYEHHbIE ¢ 000X YCTPOHCTB, OKPALIMBAIHChH
(YKCMHOM M aHAJIN3UPOBAIIUCH C IIOMOILBIO CBETOBO-
ro Mukpockona Altami LUM2 na yBennuenun x400,
MOACUYUTHIBATIOCH O0IEe KOJIMYECTBO MBUIBIIEBBIX
3€peH, a TaKXKe OIPEeelsUlach UX TAKCOHOMUYECKast
npuHauiexHocTh (Jones et al., 2024). KoxmuectBo
MBUIBLIBL, OTY4YEHHOE C TPOOOOTOOPHUKOB, TOJCUH-
TBHIBAJIOCh OTHOCHUTEJIBHO KyOHMUECKOT0 MeTpa BO3/Ly-
xa o ¢popmyie (Oteros et al., 2017):

C= i X L>< pc
tle av

rae C — KOHIEHTpalus MbUTbIb (e1./M%), tl — amu-
Ha TPAaHCEKTHI (MM), T.€. JJIMHA IIOJIOCKU JIHITKOTO
CJI0sl, Ha KOTOPYIO HAJIMIUIM YacTullbl, tlc — mamuHa
WCCIIEZIOBAHHOW TPAHCEKTHI (MM), T.€. JITMHA UCCIIe-
JIOBaHHOM yacTu o0pasiia, av — 00beM Bo3ayxa 3a 60
MUH., PC — KOJIMYECTBO MBUIbIIEI. DakTHdeckuii 00b-
€M COOpaHHOTO BO3IyXa (av) BBIUUCISIICS O (op-
MyJIe:

it

X nm
1000
IJIe ST — CHJia BCcachiBaHUs (JI/MUH.), Nm — BpeMms,
B TCUCHHE KOTOPOTO MPOM3BOAUICS OTOOpP MPOOBI
(MuH.).
KosruecTBO MOMHBIX MPOXOAOB, UCCICTOBAHHBIX
M0 MIMPHUHE cJiea OCAKACHHUS, BBIYUCISIIOCH 10

hopmye:
tle = mfd x nt

rae mfd — quaMeTp moss 3peHusl MEKpOCKoIa, nt
— KOJINYECTBO TPAHCEKT.

CpaBHUTENBHBIN aHAIN3 MBUIBLEBOIO COCTaBa B
o0pasnax, MoJy4YeHHBIX JBYMsi IPOOOOTOOPHUKAMU
B Pa3iMYHbBIX JIOKALUSX, OCYHIECTBISIICS C MpUMe-
HEHHEM METOJla PaHroBoi koppensunu CrupMeHa,
nockonbKy TecT lllanmupo-Yuiaka He AEMOHCTPUPO-
BaJl HOPMAJIBbHOCTH pAaCHpeAeNieHHs] B BBIOOPKaXx.
CrerneHb pa3iuyuii KOJIMYECTBA COOPAHHBIX YACTHII
onpeaesuiach ¢ uenonb3zoBanueMm U-kpurepust Mas-
Ha-YuTHU. JlOCTOBEpHOCTh Pa3iiuus U KOPPEISIHN
npuHuManach npu p<0.05. AHanu3 npoBOIUIICS TpH
oMoy porpamMmmuoro nakera STATISTICA 12.

Pe3yabTarsl

KonnenTpamusi mbUTBIB], COOpAaHHON MOPTATUB-
HbIM poOooTOopHUKOM Pollenlab Sampler, xoppe-
JINpOBaJjia C KOHIIEHTpaMen MbUIbIbI, IOJIY4YEHHOU B
pe3yibrare UCMOJIb30BaHUsl CTALlMOHAPHOM TbLIbIIE-
BoH JIOBymikH. Hanbomnee cxokuii XxapakTep 3axBara

POGEHHCA t3PHAN NPHAAAOH R0MOHN
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Puc. 3. Cmenens xoppensyuu mexncoy KOHYeHmpayusamu 4acmulf, NOIY4YeHHbIX 08YMsL HPOOOOMOOPHUKAMU
Fig. 3. Correlation level between the concentration of particles obtained by two samplers

yactun Haomrogancst y nsuiblel Corylus. Ilpu stom
MOPTaTHBHASL TBUIBLEBAs JIOBYIKA 3aXBaTblBajia B
cpeaneM B 3.84 pasza Oouibllie MBUIBIBI, YTO B IIEp-
CIIEKTHBE TO3BOJIUT COKPAaTHTh BpeMsi 0TOOpa mpod
(puc. 3).

CpaBHUTENBHBIN aHAIN3 PACHIPEACICHUS YACTHUI
M0 BPEMEHH B JIOKALIUAX BAAIH U PSIOM C 3€JICHBIMU
HaCaKACHUSIMH Ha Pa3HOW BBICOTE JEMOHCTPHUPOBAI
CXOKME€ TaTTepHbl MBUIBLEBOrO CIeKTpa. B memom
KOJIMYECTBO YacTHIl, COOpaHHOE B TPEX JOKAIMAX Ha
BbICOTE 1.5 M, OBLIIO CXOKE C TAKOBBIM Ha BhICOTE 20
M. OniHaKo B OTJENBHBIX CIy4asx MECTO cOopa oka-
3BIBAJIO BIUSIHUE HA JUHAMHUKY KOHLEHTPAIHUH MTbIIb-
upl. [Ipibia 0OHApYKHBanach B TOT e JCHb MpPH
cbope Marepuana oboumu ycrpoiicteamu. [Ipu pac-
nonoxxennu Pollenlab Sampler na BricoTe pocTta ye-
JI0BeKa B 3TOH sxe nokauuu (ya. TyHakosa) kodpdu-
mueHT CrupMeHa Takke JeMOHCTPHUPOBAI BEICOKYIO
koppessiuio. [TMKoBble 3HaUEHHS TTBUIBLBI HE IMEIH
TEHJICHIIMA K CHJIBHOMY CMEIICHHIO 10 BPEMEHH.
[oBbImIeHHE copepKaHUS MBLIBLIBI MOXKHO OBLIO Ha-
OJr0AaTh B TOT K€ JIEHB, YTO U B 00pasax, Mmoay4yeH-
HBIX JIOBYIIKOHM Lanzoni Ha BeicoTe 20 M (puc. 4).

[Ipu pacnonoxenuu Pollenlab Sampler na pac-
cTtosHUM 650 M OT CTanMOHAPHOW JOBYIIKH (YII.
Boccranus) Habnroganichk HEKOTOPBIE PACXOXKICHHUS
MTUKOBBIX 3HAUCHUN COJIEPKAHUE MBUIBIIBI. XOTS KO-
3G GUIUCHT KOPPEISIUN B CPEAHEM OBLIT BBICOKHUM,

lh

KOHIEHTpALusl MbUIbIBI 371aKOB, COOpPaHHBIX MOP-
TaTUBHOM MBUIBLICBON JIOBYIIKOM Ha BhICOTE 1.5 M,
ObL1a HEMHOTO HIXKeE, YeM Ha BbicoTe 20 M mpu coope
noBymkoi Lanzoni. HauMenbinas xoppemnsiuus Ha-
Omnrofanachk MpU CPaBHEHWU YPOBHS MbUIBLBI A/nus
(r=0.58).

[Teutenia, cobpannas Pollenlab Sampler psom
¢ mapKoBoOH 30HOH (yn. I'arapuHa), oxXugaeMo mpu-
CYTCTBOBaJla B OOpa3lax B 3HAYMTEILHO OOJIbIIEM
KOJIMYECTBE M3-32 OJMM30CTH K MCTOYHHKY YACTHIL.
[loBblieHre conmepKaHusl MHUIBIBI HAOIIOAANOChH
3HAUUTEIBHO PaHbIIE: 3 5 THEH 10 OOHAPYKEeHHS Ha
ypoBHe 20 M Banu oT napka. CTeneHp Koppensiuun
[IPY CPAaBHEHUH KOHLIEHTPAIMK MBUIBIBI, COOpaHHON
PSIOM C TIapKOM W BIAJIX OT HEro Ha ypoBHe 20 M,
Obu1a BeICOKOU 1tst Betula, Corylus w Poaceae, mis
MBUIBLBI A/nis yMEPEHHOM.

Oo6cy:xneHue

KonnyecTBo mbuIbIbl, COOpAaHHOM HA PAa3HOM BbI-
COTE B TpeX JIOKALHUAX, BO MHOTOM KOpPPEITUPOBAJIO.
Korna mopratuBHBIA W CTalMOHApHBIA MPOOOOT-
OOpHUKHM yCTaHaBIMBAJIUCh B ONHOW JIOKALUH, HO
Ha pa3HOM BBICOTE, KOJMYECTBO YAaCTHI[ MbUIBLLI B
o0pasnax JeMOHCTPHPOBAIN BBICOKYIO KOPPEISLIUIO
(r=0.81-0.91). HauOonpmas cxoxxecTsb HaOM0aTaCh
y mbUIbLBEI Oepesbl. [InkoBble 3Ha4YeHUE, YMEHbIIIE-
HUE W MOBBIIICHHE KOHIIEHTPALMH YacTUIl B 0Opas-
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Puc. 4. Konyenmpayus nolivyvl paziuunsbix makcouos, COOPAUHbIX HA PA3HOLU 8bICOME 6 MPeX TOKAYUsX. V.
Tynaxosa, yn. Boccmanus, napx Ypuyrozo. Cunum yeemom ommeyen yposens nulibybl, COOPAHHOU CMayu-
oHapHuIM npoboomobopHukom Lanzoni ¢ mouxe yi. Tynaxosa. na evicome 20 m. Kpacuoii nunuei ommeuen

yposeHb nulivbysl, coopannsiil Pollenlab Sampler na svicome 1.5 m 6 mpex noxkayusx
Fig. 4. The pollen concentration of different taxa collected at different height in three locations: Tunakova

St., Vosstaniya St., Uritsky Park. The level of pollen collected by the Lanzoni static sampler at the Tunakova
St. point at a height of 20 m is marked in blue. The level of pollen collected by the Pollenlab Sampler at a

height of 1.5 m in three locations is marked in red

[1aX UMENN OJTHAKOBYIO TeHCHIHIO. VICKiTroueHneM
OBIJIO TIOBBIIICHUE COACPIKAHUS TBUIBIEI B 00pas-
nax, nmony4deHasix ¢ Pollenlab Sampler, y 6epessr (11
arpenst) u 37makoB (1 wromst). OgHAKO JaHHOE TTOBHI-
IIeHHUE, XOTSA W MEHee BBIPAKEHHO, HAOIIOAANOCh U
B 00pa3max, MoJyYeHHBIX CTAllHOHAPHBIM TTPOOOOT-
OOPHUKOM.

Ha yn. BoccTanusi KoIM4ecTBO MBUIBLBI OJIbXU
1 371aKOB ObLTO Oosiee BapruaOEIIbHBIM, B HEKOTOPBIC
JTHU TIBUIbIIA OOHAPYKUBAACh B MEHBIIIEH KOHIICH-
Tparuu, 9eM Ha BbicoTe 20 M ammaparoMm Lanzoni.
Taxoke 3 ampens Ha BbIcoTe 1.5 M OBUT 3aMEYCH UK
YPOBHS MBUIBIBI OJIBXH, TIPH 3TOM Ha BbIcOTe 20 M
B OTOT JICHb YPOBCHH NIBUIBIIEI OBLT B 4 pa3a HUKE.
CunbHBIE CKa9KW YPOBHS TBUIBIBI MOXKHO OOBSIC-

h

HUTh BIHMSHHAEM BHEIIHUX (aKTOPOB: CKOPOCTHIO
Y HamlpaBJICHWEM BETpPa OTHOCHTENIEHO THUIBIIEBOI
noymikn (Palacios, Molina, Rodriguez, 2000). ITo-
CKOJIbKY TIOPTaTUBHBIA TPOOOOTOOPHHWK OBLT pac-
MOJIOKEH BJIOJIb IIMPOKON W MPOTSHKEHHOM YIHIIBI,
BETPOBbIC MOTOKU Ha BbICOTE 1.5 M MOIIM BHOCHUTH
ONpeNiesIeHHbIE TOTpenHOCTH. BTopoi npuunHOn
MMOMOOHOTO PACTIPEACIICHUST YacTHI] MOXET OBITh
pas3nuyne B KOHCTPYKIIUH TBIIBIIEBBIX TTPOO0OTOOP-
HUKOB, HallpuMep Pa3MepoB M (OPMBI WX BXOTHBIX
otBepctuii (Miki et al., 2017).

IIpu ycranoBke mpo600oTOOpHHMKA OTM3KO K JIO-
Kaluy ¢ XopomuM o3elicHeHueM (yi. ['arapwna) B
obpasmax HaOIFOIaI0Ch TOBBIICHUE KOHIICHTPAIINH
BUTBITEI B 4—5 pa3. Hauboee yeTko 3T0 mPOCIIeku-

POGEHHCA t3PHAN NPHAAAOH R0MOHN
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BAJIOCh MPH aHAIM3€e CIEKTPa MbUIBIBI APEBECHBIX
pacTeHuii: 6epesbl, OJIbXU U JICHIHHEL. B 1aHHOM ci1y-
Yyae 3HaYMTENBHBIN PUPOCT YaCTHUI] B 00pa3lax Ha-
MPSMYIO CBSI3aH C MECTOM pa3MelIeHus IpoOooTOop-
HUKa, IOTOMY KaK CTETIeHb 03eJICHEHHS B 30HE 0TOO-
pa mpo0 sBisieTcs IIaBHBIM (HaKTOPOM, BIHSIOLIAM
Ha konmruecTBo NbUIbIEI (Ciani et al., 2021). lannoe
YTBEPXKACHNE JEHCTBUTENBHO aKTyalIbHO B OTHOIIIE-
HUU Oepe3bl, Ha JIOJIK0 KOTOPOH B ropoickoit diiope
npuxonutcs 10 11%. OgHako MOCKOIBKY MPEACTaB-
JICHHOCTB JICITUHBI ¥ OJIbXU Ha MCCIIelyeMOoil Teppu-
TopuH OblNa HU3KOM (4 1 2%, COOTBETCTBEHHO), CY-
HIECTBYET PsiJi MHBIX (PAKTOPOB, OKA3BIBAIOIINX BIIH-
SIHHE Ha NbUIBIIEBOI cocTaB. [ToqoOHbIe HAOIIONEHUS
TaKXKe BCTPEYAJIHMCh B HWCCIEIOBAHUHM BOCTIPUSATHS
alyIepruy Ha nbuiblly B T. Jlednuur, roe takxke je-
MOHCTPHUPYETCS BBICOKAs! MBLIbIICBAsi HATPY3Ka OJIb-
XM B TIApKax, IJie JaHHOE pacTeHHe He paclpocTpa-
HeHo (Kabisch et al., 2024). 13 storo ciemyer, 4to
Ha ypOBEHb MbUIbIIBI OKAa3bIBACT BIUSIHUE HE TOJIBKO
MPUCYTCTBHE PACTEHHH BO (Jiope JaHHOH MECTHO-
CTH, HO U Takue (paKToOpbl, KAaK HHTCHCUBHOCTh PO-
JYKIIMHU TBUTBIBI PACTEHHUSMH, a TaKXKe pacrpesierie-
HUE YacTUI] BETPOM M3 JIpyrux paiionoB (Gehrig et
al., 2015).

B oTinuune ot mbLIbIbl AEPEBHEB, YPOBEHD MbLIb-
1B 3JIAKOB OBLT O0JIee CTAOMIIBHBIM, U KOHIIEHTPAIIHS
yacTull, oOHapy»XEHHBIX Ha BbIcoTe 20 M XOpOIIo
KOpPETUpPOBaJIA C APYTUMH JIOKAIMSIMU Ha BBICOTE
1.5 M (r>0.80).

3akiilouenue

[Ipu pasmernieHnn MPoOOOTOOPHUKOB HA BHICOTE
pocTa 4enoBeka U Ha ypoBHE 20 M WX MBUIHIICBOM
CIIEKTP B 3HAYUTEJILHOH CTEIEHU KOPPEIUPOBa, IPH
9TOM BJOJIb HIMPOKHUX YIIUI] KOJIMYCCTBO MbUILIBI OT-
JIMYAJI0Ch OOJIbIICH M3MEHUMBOCTHIO. PasmerieHue
000pymoBaHUs MJI1 MOHHUTOPUHTA KOHIICHTPAINH
aJUICPreHOB BOJIM3M TApPKOBBIX 30H CYIIECTBEHHO
BJIUACT Ha JAaHHBIC KOJHMYECTBCHHOI'O COACPKAHHUA
MBUIBIEBBIX 3epeH B 00pa3iax. Mcnons3oBaHue mop-
TaTUBHBIX MIPOOOOTOOPHHUKOB IS aHAIU3a KOHIICH-
Tpalun 4aCTUll MbUIBOBI HA BBICOTC YEJIOBEYCCKOIO
pocTa JaeT BO3MOKHOCTD CYIIECTBEHHO PACIIUPUTH
CIIEKTp TIOoTydaeMoit HHpopMaIuu s 6oIee TOUHO-
T'0 IMPOrHO3UPOBAHUA ITUKOB NBIJICHUS.

Crnucok JuTepaTyphbl

1. Agends H., Brorsson A. L., Kull 1., Lindholm-Olinder
A. Treatment with pollen allergen immunotherapy improves
health-related quality of life in children and adolescents: a three-
year follow-up-study // Allergy, asthma & clinical immunology.
2023.V. 19, iss. 1. P. 4. doi: 10.1186/s13223-023-00756-9.

2. Albertini R., Ugolotti M., Buters J., Reese G., Thibaudon
M. The European project HIALINE (health impacts of airborne
allergen information network): Results of pollen and allergen of

lh

Betula monitoring in Parma (2009) // Review of allergy and clin-
ical immunology. 2013. V. 23, iss. 1. P. 14-20.

3. Bernstein J., Matz J., Steven G., Greisner W., Cypcar D.,
Fost A. Clinical Trial experience with a new pollen sampling net-
work in the US // Journal of allergy and clinical immunology.
2022. V. 149, iss. 2. eAB199. doi: 10.1016/j.jaci.2021.12.654.

4. Brozek J.L., Bousquet J., Agache 1., Agarwal A., Bachert
C., ... Holger J. Schiinemann Allergic Rhinitis and its impact on
asthma (ARIA) guidelines — 2016 revision // journal of allergy
and clinical immunology. 2017. V. 140, is. 4. P. 950-958. doi:
10.1016/j.jaci.2017.03.050.

5. Buters J.T., Antunes C., Galveias A., Bergmann K.C., Thi-
baudon M., Galan C. Pollen and spore monitoring in the world //
Clinical and translational allergy. 2018. V. 8. P. 1-5. doi: 10.1186/
s13601-018-0197-8.

6. Ciani F., Dell’Olmo L., Foggi B., Lippi M. The effect of ur-
ban green areas on pollen concentrations at ground level: A study
in the city of Florence (Italy) / Urban forestry & urban greening.
2021. V. 60. €127045. doi: 10.1016/j.ufug.2021.127045.

7. Clot B., Gilge S., Hajkova L., Magyar D., Scheifinger H.,
Sofiev M. The EUMETNET AutoPollenprogramme: establishing
a prototype automatic pollen monitoring network in Europe //
Aerobiologia. 2024. V. 40, is. 1. P. 3-11. doi: 10.1007/s10453-
020-09666-4.

8. Galan C., Smith M., Thibaudon M., Frenguelli G., Oteros
J., Gehrig R. Pollen monitoring: minimum requirements and re-
producibility of analysis // Aerobiologia. 2014. V. 30. P. 385-395.
doi: 10.1007/s10453-014-9335-5.

9. Gehrig R., Gassner M., Schmid-Grendelmeier P. Alnusxs-
paethii pollen can cause allergies already at Christmas // Aerobio-
logia. 2015. V. 31. P. 239-247. doi: 10.1007/s10453-014-9360-4.

10. Heffer M.J., Ratz J.D., Miller J.D., Day J.H. Compari-
son of the Rotorod to other air samplers for the determination
of Ambrosia artemisiifolia pollen concentrations conducted in
the environmental exposure unit // Aerobiologia. 2005. V. 21. P.
233-239. doi: 10.1007/s10453-005-9007-6.

11. Hirst J. An automatic volumetric spore trap // Annals of
applied biology. 1952. V. 39, iss. 2. P. 257-265. doi: 10.1111/
j-1744-7348.1952.tb00904..x.

12. Jones L.M., Mampage C.B., Peters T.M., Stone E.A.
A scalable, passive sampling method for the quantification
of airborne allergens / MethodsX. 2024. V. 12. ¢102787. doi:
10.1016/j.mex.2024.102787.

13. Kabisch N., Hornick T., Bumberger J., Krdmer R., Legg
R., Masztalerz O. Monitoring and perception of allergenic pol-
len in urban park environments // Landscape and urban planning.
2024. V. 250. ¢105133. doi: 10.1016/j.1andurbplan.2024.105133.

14. Miki K., Kawashima S., Fujita T., Nakamura K., Clot
B. Effect of micro-scale wind on the measurement of airborne
pollen concentrations using volumetric methods on a building
rooftop // Atmospheric Environment. 2017. V. 158. P. 1-10. doi:
10.1016/j.atmosenv.2017.03.015.

15. Nelson H. S., Solomon W. R. How ill the wind? Issues
in aeroallergen sampling // Journal of allergy and clinical immu-
nology. 2003. V. 112, iss. 1. P. 3-8. doi: 10.1067/mai.2003.1599.

16. Oteros J., Buters J., Laven G., Roseler S., Wachter R.,
Schmidt-Weber C., Hofmann F. Errors in determining the flow
rate of Hirst-type pollen traps // Aerobiologia. 2017. V. 33. P.
201-210. doi: 10.1007/s10453-016-9467-x.

17. Oteros J., Bergmann K. C., Menzel A., Damialis A.,
Traidl-Hoffmann C., Schmidt-Weber C. B., Buters J. Spatial in-
terpolation of current airborne pollen concentrations where no
monitoring exists / Atmospheric environment. 2019. V. 199. P.
435-442. doi: 10.1016/j.atmosenv.2018.11.045.

18. Peel R. G., Kennedy R., Smith M., Hertel O. Relative
efficiencies of the Burkard 7-Day, Rotorod and Burkard Person-
al samplers for Poaceae and Urticaceae pollen under field con-

i



AHAJIN3 PACIIPEJIEJTEHUS TTBIJIBLIBI B TOPOJICKOI CPEJIE HA PABHOI BBICOTE

ditions // Annals of Agricultural and Environmental Medicine.
2014. V. 21, iss. 4. doi: 10.5604/12321966.1129927.

19. Rantio-Lehtiméki A., Koivikko A., Kupias R., Mikinen
Y., Pohjola A. Significance of sampling height of airborne parti-
cles for aerobiological information // Allergy. 1991. V. 46, iss. 1.
P. 68-76. doi: 10.1111/j.1398-9995.1991.tb00545 x.

20. Raynor G.S., Ogden E.C., Hayes J.V. Variation in rag-
weed pollen concentration to a height of 108 meters // Journal of
allergy and clinical immunology. 1973. V. 51, iss. 4. P. 199-207.
doi: 10.1016/0091-6749(73)90139-5.

21. Sauliené¢ 1., Sukiené L., Daunys G., Valiulis G., Vaitkev-
i¢ius L., Matavulj P. Automatic pollen recognition with the Rap-
id-E particle counter: the first-level procedure, experience and
next steps // Atmospheric measurement techniques. 2019. V. 12.
Is. 6. P. 3435-3452. doi: 10.5194/amt-12-3435-2019.

22. Sauvageat E., Zeder Y., Auderset K., Calpini B., Clot B.,
Crouzy B. Real-time pollen monitoring using digital holography
/I Atmospheric measurement techniques. 2020. V. 13, iss. 3. P.
1539-1550. http://doi.org/10.5194/amt-13-1539-2020.

23. Palacios S.I., Molina T.R., Rodriguez M.A. Influence of
wind direction on pollen concentration in the atmosphere // Inter-
national journal of biometeorology. 2000. V. 44. P. 128-133. doi:
10.1007/5004840000059.

24. Soldevilla C. G., Alcazar-Teno P., Dominguez-Vilch-
es E. Airborne pollen grain concentrations at two different
heights // Aerobiologia. 1995. V. 11. P. 105-109. doi: 10.1007/
BF02738275.

25. Thibaudon M., Galan C., Bonini M., Roseler S., Fernan-
dezgonzalez D. Ambient air-Sampling and analysis of airborne
pollen grains and fungal spores for networks related to aller-
gy-Volumetric Hirst method (CEN/TS 16868: 2015). 2017.

26. Vagapov B., Ibragimova K., Arhipova N. Assessment of
palynological spectrum of air in Kazan.: EDP Sciences. 2023. V.
407. ¢04004. doi: 10.1051/e3sconf/202340704004.

27. Weger L. A., Molster F., Raat K., Haan J., Romein J.,
Leeuwen, W. A new portable sampler to monitor pollen at
street level in the environment of patients // Science of the to-
tal environment. 2020. V. 741. P. 140404. doi: 10.1016/j.scito-
tenv.2020.140404.

28. Zander R. H. On mounting delicate bryophytes in glycer-
ol / Bryologist. 1997. P. 380-382. doi: 10.2307/3244509.

References

1. Agends H., Brorsson A. L., Kull I., Lindholm-Olinder A.
Treatment with pollen allergen immunotherapy improves health-
related quality of life in children and adolescents: a three-year
follow-up-study // Allergy, asthma & clinical immunology. 2023.
Vol. 19, iss. 1. P. 4. doi: 10.1186/s13223-023-00756-9.

2. Albertini R., Ugolotti M., Buters J., Reese G., Thibaudon
M. The European project HIALINE (health impacts of airborne
allergen information network): Results of pollen and allergen
of Betula monitoring in Parma (2009) // Review of allergy and
clinical immunology. 2013. Vol. 23, iss. 1. P. 14-20.

3. Bernstein J., Matz J., Steven G., Greisner W., Cypcar D.,
Fost A. Clinical Trial experience with a new pollen sampling
network in the US // Journal of allergy and clinical immunology.
2022. Vol. 149, iss. 2. eAB199. doi: 10.1016/j.jaci.2021.12.654.

4. Brozek J.L., Bousquet J., Agache 1., Agarwal A., Bachert
C., ... Holger J. Schiinemann Allergic Rhinitis and its impact on
asthma (ARIA) guidelines—2016 revision // journal of allergy
and clinical immunology. 2017. Vol. 140, iss. 4. P. 950-958. doi:
10.1016/j.jaci.2017.03.050.

5. Buters J.T., Antunes C., Galveias A., Bergmann K.C.,
Thibaudon M., Galan C. Pollen and spore monitoring in the
world // Clinical and translational allergy. 2018. Vol. 8. P. 1-5.
doi: 10.1186/s13601-018-0197-8.

6. Ciani F., Dell’Olmo L., Foggi B., Lippi M. The effect of
urban green areas on pollen concentrations at ground level: A study
in the city of Florence (Italy) / Urban forestry & urban greening.
2021. Vol. 60. €127045. doi: 10.1016/j.ufug.2021.127045.

7. Clot B., Gilge S., Hajkova L., Magyar D., Scheifinger H.,
Sofiev M. The EUMETNET AutoPollenprogramme: establishing
a prototype automatic pollen monitoring network in Europe //
Aerobiologia. 2024. Vol. 40, iss. 1. P. 3—11. doi: 10.1007/s10453-
020-09666-4.

8. Galan C., Smith M., Thibaudon M., Frenguelli G., Oteros
J., Gehrig R. Pollen monitoring: minimum requirements and
reproducibility of analysis // Aerobiologia. 2014. Vol. 30. P. 385—
395. doi: 10.1007/s10453-014-9335-5.

9. Gehrig R., Gassner M., Schmid-Grendelmeier P.
Alnusxspaethii pollen can cause allergies already at Christmas
// Aerobiologia. 2015. Vol. 31. P. 239-247. doi: 10.1007/s10453-
014-9360-4.

10. Heffer M.J., Ratz J.D., Miller J.D., Day J.H. Comparison
of the Rotorod to other air samplers for the determination of
Ambrosia artemisiifolia pollen concentrations conducted in the
environmental exposure unit / Aerobiologia. 2005. Vol. 21. P.
233-239. doi: 10.1007/s10453-005-9007-6.

11. Hirst J. An automatic volumetric spore trap // Annals of
applied biology. 1952. Vol. 39, iss. 2. P. 257-265. doi: 10.1111/
j-1744-7348.1952.tb00904..x.

12. Jones L.M., Mampage C.B., Peters T.M., Stone E.A.
A scalable, passive sampling method for the quantification of
airborne allergens // MethodsX. 2024. Vol. 12. ¢102787. doi:
10.1016/j.mex.2024.102787.

13.Kabisch N., Hornick T., Bumberger J., KrdmerR., Legg R.,
Masztalerz O. Monitoring and perception of allergenic pollen in
urban park environments // Landscape and urban planning. 2024.
Vol. 250. e105133. doi: 10.1016/j.1andurbplan.2024.105133.

14. Miki K., Kawashima S., Fujita T., Nakamura K., Clot
B. Effect of micro-scale wind on the measurement of airborne
pollen concentrations using volumetric methods on a building
rooftop // Atmospheric Environment. 2017. Vol. 158. P. 1-10.
doi: 10.1016/j.atmosenv.2017.03.015.

15. Nelson H. S., Solomon W. R. How ill the wind? Issues
in aeroallergen sampling // Journal of allergy and clinical
immunology. 2003. Vol. 112, iss. 1. P. 3-8. doi: 10.1067/
mai.2003.1599.

16. Oteros J., Buters J., Laven G., Roseler S., Wachter R.,
Schmidt-Weber C., Hofmann F. Errors in determining the flow
rate of Hirst-type pollen traps // Aerobiologia. 2017. Vol. 33. P.
201-210. doi: 10.1007/s10453-016-9467-x.

17. Oteros J., Bergmann K. C., Menzel A., Damialis A.,
Traidl-Hoffmann C., Schmidt-Weber C. B., Buters J. Spatial
interpolation of current airborne pollen concentrations where no
monitoring exists / Atmospheric environment. 2019. Vol. 199. P.
435-442. doi: 10.1016/j.atmosenv.2018.11.045.

18. Peel R. G., Kennedy R., Smith M., Hertel O. Relative
efficiencies of the Burkard 7-Day, Rotorod and Burkard Personal
samplers for Poaceae and Urticaceae pollen under field conditions
// Annals of Agricultural and Environmental Medicine. 2014.
Vol. 21, iss. 4. doi: 10.5604/12321966.1129927.

19. Rantio-Lehtiméki A., Koivikko A., Kupias R., Mékinen
Y., Pohjola A. Significance of sampling height of airborne
particles for aerobiological information // Allergy. 1991. Vol. 46,
iss. 1. P. 68-76. doi: 10.1111/j.1398-9995.1991.tb00545.x.

20. Raynor G.S., Ogden E.C., Hayes J.V. Variation in
ragweed pollen concentration to a height of 108 meters // Journal
of allergy and clinical immunology. 1973. Vol. 51, iss. 4. P. 199—
207. doi: 10.1016/0091-6749(73)90139-5.

21. Sauliené I, Sukien¢ L., Daunys G., Valiulis G.,
Vaitkevicius L., Matavulj P. Automatic pollen recognition with
the Rapid-E particle counter: the first-level procedure, experience

POGEHHCA t3PHAN NPHAAAOH R0MOHN



DKOJIOTUS YPEAHU3MPOBAHHBIX TEPPUTOPUIA

and next steps // Atmospheric measurement techniques. 2019.
Vol. 12, iss. 6. P. 3435-3452. doi: 10.5194/amt-12-3435-2019.

22. Sauvageat E., Zeder Y., Auderset K., Calpini B., Clot B.,
Crouzy B. Real-time pollen monitoring using digital holography
/I Atmospheric measurement techniques. 2020. Vol. 13, iss. 3. P.
1539-1550. http://doi.org/10.5194/amt-13-1539-2020.

23. Palacios S.I., Molina T.R., Rodriguez M.A. Influence
of wind direction on pollen concentration in the atmosphere //
International journal of biometeorology. 2000. Vol. 44. P. 128—
133. doi: 10.1007/s004840000059.

24. Soldevilla C. G., Alcazar-Teno P., Dominguez-Vilches
E. Airborne pollen grain concentrations at two different heights
/I Aerobiologia. 1995. Vol. 11. P. 105-109. doi: 10.1007/
BF02738275.

25. Thibaudon M., Galan C., Bonini M., Réseler S.,

Vagapov B.T., Ibragimova K.K., Arinina A.V.,
Arhipova N.S., Rakhimov L.I. Analysis of pollen
distribution in the urban environment at different
heights.

Seasonal allergic diseases caused by pollen grains
of wind-pollinated trees and herbaceous plants are a
common cause of allergy symptoms in patients. Stud-
ies aimed to investigation the pollen composition of
the atmosphere in cities allow us to predict the occur-
rence of pollinosis in the population sensitive to pol-
len. Current monitoring studies are conducted using
pollen traps placed on the roof of the buildings, but

the effectiveness of observations in close proximity
to patients has been studied to a lesser extent. This
paper presents the results of monitoring at 1.5 and 20
m in four locations in Kazan. The peaks of pollen of
Betula, Alnus, Corylus, Poaceae had small temporal
shifts, the strength of the correlation decreased when
monitoring was held near the park area, as well as
along wide streets.

Keywords: pollen monitoring; aeropallinology;
pollinosis; allergic rhinitis; urban flora.

Fernandezgonzalez D. Ambient air-Sampling and analysis of
airborne pollen grains and fungal spores for networks related to
allergy-Volumetric Hirst method (CEN/TS 16868: 2015). 2017.

26. Vagapov B., Ibragimova K., Arhipova N. Assessment of
palynological spectrum of air in Kazan.: EDP Sciences. 2023.
Vol. 407. e04004. doi: 10.1051/e3scont/202340704004.

27. Weger L. A., Molster F., Raat K., Haan J., Romein
J., Leeuwen, W. A new portable sampler to monitor pollen
at street level in the environment of patients // Science of the
total environment. 2020. Vol. 741. P. 140404. doi: 10.1016/j.
scitotenv.2020.140404.

28. Zander R. H. On mounting delicate bryophytes in glycerol
// Bryologist. 1997. P. 380-382. doi: 10.2307/3244509.

PackpeiTue nHpOpMamu 0 KOHGIUKTE HHTEPECOB: ABTOp 3asBIsIeT 00 OTCyTCTBUH KOH(IHKTa HHTepecoB / Disclosure of conflict
of interest information: The author claims no conflict of interest

HNudopmanus o crarbe / Information about the article
IMocrynuna B penakuuto / Entered the editorial office: 13.03.2025
OnoOpeno peniersentamu / Approved by reviewers: 27.03.2025
[punsTa k myonukarmm / Accepted for publication: 10.04.2025

HNudpopmanust 06 aBTopax

Baramor bymar Tumyposuy, acriupant, accuctedT, Kasanckuit (IlpuBomkcknit) ¢penepanpublii yansepeurert, 420008, Poccns, T.
Kasans, yn. Kpeminieckast, 18, E-mail: vagapov.bulat.t@yandex.ru.

Wo6parnmosa Kanpus Kammnesna, kanauaar Ononorndeckux Hayk, noneHt, Kazaunckuii (ITpuBomkckuit) GenepanbHbIi yHUBEpCH-
teT, 420008, Poccus, r. Kazanb, yn. Kpemnesckas, 18, E-mail: kadriya.ibragimova@mail.ru.

Apunnna Aita BraguMupoBHa, KaHauIaT OHOIOrHYecKuX Hayk, qoueHt, Kaszaunckuii (IIpuBomkckuii) GpeaepanbHblil yHUBEPCH-
teT, 420008, Poccus, r. Kazanb, yi. Kpemnesckas, 18, E-mail: arininaalla@mail.ru.

ApxunoBa Haranps CtenaHOBHa, KaHIUIAT OMOJOTHYECKHUX HayK, MOeHT, Kasanckuii (IIpuBomkckuii) dpenepanbHblil yHHBEPCH-
tet, 420008, Poccus, 1. Kazanb, yi. Kpemiesckas, 18, E-mail: na.st.ar@ya.ru.

Paxumos Mnbrusap WiesicoBud, 1OKTOp OMONIOrHYECKUX HayK, npodeccop, 3aBenyronmii kapenpoi, Kasanckuit (ITpuBomkckmit)
(dhenepanpubiii yausepcuret, 420008, Poccus, . Kazans, yn. Kpemiesckas, 18, E-mail: rakhim56@mail.ru.

Information about the authors

Bulat T. Vagapov, Postgraduate Student, Assistant, Kazan Federal University, 18, Kremlyovskaya st., Kazan, 420008, Russia,
E-mail: vagapov.bulat.t@yandex.ru.

Kadriya K. Ibragimova, PhD in Biology, associate professor, Kazan Federal University, 18, Kremlyovskaya st., Kazan, 420008,
Russia, E-mail: kadriya.ibragimova@mail.ru.

Alla V. Arinina, PhD in Biology, associate professor, Kazan Federal University, 18, Kremlyovskaya st., Kazan, 420008, Russia,
E-mail: arininaalla@mail.ru.

Natalya S. Arhipova, PhD in Biology, Associate Professor, Kazan Federal University, 18, Kremlyovskaya st., Kazan, 420008,
Russia, E-mail: na.st.ar@ya.ru.

Ilgizar I. Rahimov, D.Sci. in Biology, Professor, Head of Department, Kazan Federal University, 18, Kremlyovskaya st., Kazan,
420008, Russia, E-mail: rakhim56@mail.ru.




OLEHKA 5KOJIOTMYECKOI'O COCTOAHME O3EP BOJIBIIOE I'OJIYBOE I MAJIOE I'OJIYBOE
1O MUKPOBUOJIOTMYECKHNM ITOKA3ATEJISAM B CE3OHHOU ANHAMUWKE

VJIK 579.68

O.B. Mopo3zosa, C.B. beponux, /[.C. Jlobapckuii

Hucmumym npobaem sxonoeuu u neopononsszosanus AH PT, oollggaa@mail.ru

OIEHKA 3KOJIOI'MYECKOTI'O COCTOSHUA O3EP BOJIBIIOE
I'OJIYBOE 1 MAJIOE I'OJIYBOE ITIO MUKPOBNOJIOI'MYECKUM
IMOKA3ATEJISIM B CE30HHOM IUHAMMKE

[IpesncTaBneHsl JaHHBIE 110 CE30HHOW JMHAMHMKE YHCICHHOCTH OaKTEpPHOIUIAHKTOHA M OaKTepHo-
6enToca B o3epax boinbioe ['oyboe u Masoe ['onyboe (Pecriyonuka Tatapctan). OO1ast YMCIEHHOCTh
0aKkTepHOIIaHKTOHA M3MeHsIach B npezeax 0.65—1.27 MitH. Ki1./Mi1, YUCIICHHOCTh canpoduToB ObliIa
HU3KO#, COOTHOIIEHHST O0IIEH YHCIEHHOCTH OAKTEPUOILIAaHKTOHA M CAPOMUTHBIX OakTepuii ObUIH Ha
yposte 10%, unoraa camkanuck 10 10°. Tlo Bcem mokasaTensiM KauecTBO BOJIBI OIICHUBATIOCH KaK «ycC-
JIOBHO 4HcTas». O0mas YUCIeHHOCTh 0aKTepHOOEHTOCA B JIOHHBIX OTIIOKEHUSIX 03ep M3MEHsIach He-
3HAYUTENBHO, B IIpesienax 57—128 MiIH. KI1./T, YUCIeHHOCTh canpo(UTOB U COOTHOIIICHHE CaPOpHUTOB K
0011e# yncieHHOCTH OaKTepuii ObUIM HU3KUMH, TI0 BCEM ITOKa3aTeJIsIM COCTOSIHUE JOHHBIX OTIOKEHUH

OILICHUBAJIOCH B IPEACIaX HOPMBEIL.

Kniouesvie cnosa: 6GakTepruoINIaHKTOH; OaKTepHOOSHTOC; canpo(UTHbIE OaKTepUH; Kad4eCTBO BOABL;

Tony6Gsie o3epa.

DOL: https://doi.org/10.24852/2411-7374.2025.2.30.38

Beenenne

Cpenu KoMIUIeKca THAPOOUOIOTHYECKUX HCCIIe-
JIOBAaHUH O3ep HEMaJOBAXHYIO pPOJIb HWIPAIOT Ha-
OJro/IeHUST 32 MUKPOOHBIMU COOOIIECTBAMH BOJIBI U
JIOHHBIX OTJIOKEHUH. bakTepruoTuIaHKTOH U OaKTepH-
00EHTOC YYaCTBYIOT B IUPKYJIUPOBAHIUH OMOTEHHBIX
DJIEMEHTOB, a TAKXKE B MPEBPAIIECHUN OPTaHUYECKIX
BEII[ECTB, PHEPTUU B BOJHBIX IKOCHCTEMAX, U SIBJIS-
IOTCSI OMHUMH W3 CaMbIX MHOTOYHCIICHHBIX TPYIII
B COCTaBe COOOIIECTB BOIHBIX OOBEKTOB. UuMCIeH-
HOCTh U COCTaB MHUKPOOHBIX COOOIIECTB B BOIHBIX
9KOCHCTEMAX — 3TO OAMH M3 IIABHBIX IOKa3aTeseil
Ka4eCcTBa BOJ U JOHHBIX OTIOKEHUN 03ep, OHU yCBa-
MBAIOT OPTaHMYECKHE BEIISCTBA U MPOU3BOMAT MHU-
KpOOHYHO OMOMACCY, KOTOpasi COCTABJISET OOJBIIYIO
YyacTh OMOMacchl BOIHOTO M OEHTOCHOTO TUIAHKTOHA.
Takxe MUKPOOPTaHU3MEI SBIISIOTCS] BAKHBIM TTHIIE-
BBIM PECYpCOM U CIOCOOCTBYIOT CO3JJaHMIO HOBOM
Ouomacchl B BOAHBIX 3kocucremax (Gilbert, 2022;
Romanenko, 2023; KpachnoBa, Ymanckas, 2021,
2024).

Pasnuunbie BHelHUE (DAKTOPBI MPSIMO WA KOC-
BEHHO MOT'YT OKa3bIBaTh BIHUSHHE Ha (DU3UUYECKUE,
XUMHYCCKHUE U OMOJIOTHYECKHUE IapaMeTphbl BOTHBIX
9KOCHCTEM, a 3HAYMT, HA aKTUBHOCTb U pa3zHOOOpa-
3M€ MHUKPOOHBIX cooOmiecTB. UnCIEHHOCTh OakTe-
pUil YpE3BBIYANHO 3aBUCUT OT U3MEHEHUU OKpyXka-
FOIIEH CPEIIbI, OT KITUMATHUECKUX yCIIOBUN, BPEMECHH
rofa, aHTPOIMOTEHHON HArpy3Kd Ha BOJOEMBI M JIp.

KomudectBo OakTepuii, HaCEISAIOIIUX BOJHBIC 00BEK-
ThI, YaCTO MOBBIIIACTCS BO BPeMsl JJOXKICH, BECCHHUX
MIOJIOBO/IMM, T[BETCHHUS (PUTOILIAHKTOHA, OCEHHETO
oraja JNUCTheB. B pesynbrare HaOMOIAOTCS U3Me-
HEHUS B JIMHAMUKAX pOCTa, OMOMAcChl U BUJOBOTO
COCTaBa MUKPOOHBIX COOOINECTB BOJBI U JIOHHBIX
omnoxenuit (Diaz-Torresetal., 2022; Axynosa u ap.,
2022; Romanenko, 2023; Jiang et el., 2024). Ilo-
MUMO OOIIel YHCIEHHOCTH OaKTepUOIIAHKTOHA U
0aKTepuOOCHTOCA, KOJIMUYECTBEHHbBIE [TOKA3aTeu Ca-
MPOGUTHBIX M ONIUTOTPOGHBIX OAKTEPH TaKKe yKa-
3BIBAIOT HA COCTOSTHUE BOJIOEMOB M CE30HHBIC U3Me-
HEHUS B 9KOCHCTEMaX BOAHBIX 00bekTOB (Kuproxuna
u ap., 2022).

UccnenoBanne koneOaHW 4YHCICHHOCTH Oak-
TEPUOIUIAHKTOHA U OaKTepUOOEHTOCAa B CE30HHOM
JUHAMHKE UMeeT OOJIbIIOe 3HAUCHUE B paMKax MO-
HUTOPUHTA Ka4eCTBa BOJbI W JIOHHBIX OTIOXKEHUM
BOJIOEMOB. J[[MHAMUKH POCTa BOAHBIX U OCHTOCHBIX
OakTepuil TaKKe JArT OCHOBY JJIsi TIOHUMAaHUS TIPO-
LIECCOB, KOTOPBIE MPOUCXOJIAT B IKOCUCTEME BOAHOTO
00BEKTa: KPYTOBOPOT IMUTATEIILHBIX BEIIECTB, Pa3BU-
THUE W YCIIOBUSI OOUTAHUS APYTUX TPYIIIT THIPOOHOH-
TOB ¥ T.1. [0/10Bas AuHAMUKa pa3BUTUSI MUKPOOHBIX
COOOIIECTB TaKXe Ba)KHA MPU MPOTHOZUPOBAHHH
cocrostHus 3kocucteMbl Bogoema (Chen et al., 2016;
Stoeck et al., 2018; Zhang et al., 2024; KpacHosa,
VYmanckas, 2024).

Oszepa bonbmoe 'omy6oe u Manoe I'onry6oe — co-

POCEHHCHAIN SYPAAR APHBNAMHON dwnori



I'MJAPOSKOJIOI' A

Puc. 1. Cmanyuu ombopa npob 600l u QOHHbIX 0OmaodceHull Ha ozepax borvuioe onydoe (a)
u Manoe I'onyboe (b)
Fig. 1. Water and sediment sampling stations at Bolshoe Goluboe (a) and Maloe Goluboe (b) lakes

JIOHOBATble KapCTOBBIE BOJOEMBI, KOTOPHIE BXOISAT
B CHCTEMY 03ep TOCYIapCTBEHHOTO MPHPOIHOTO 3a-
ka3auka «l omyosie o3epa» (Pecnybnuka Tarapcran).
Boja B 03epax oTauyaeTcs BbICOKOUW MPO3PauHOCTHIO
1 KPacHUBBIM OMPIO30BBIM I1BeTOM (YHUKAIBHEIC ...,
2001). I'oryOble 03epa ABISIOTCS MOMYISIPHBIM 00b-
€KTOM TypH3Ma U peKpearum.

B nacTosmee Bpems BpICOKast peKpearoHHas Ha-
rpy3Ka MPeCTaBIsAeT CEPhE3HYI0 YIPO3y IS SKOJIO-
THYECKOTO cOoCTOsTHUS [ 0TyOBIX 03ep, Tak Kak MOXKET
BBI3BATh 3arps3HEHUE, 3apacTaHue u 3a0oradnBaHme
WX YHUKaJbHBIX DKOCHUCTEM. MOHWTOPHHT BOIBI H
JTOHHBIX OTIIOKEHHH, a TaK)Ke OIIEHKAa COBPEMEHHOTO
9KOJIOTHYECKOTO cOCTOsHUS o3ep bompmioe ['omyboe
1 Manoe ['omy6oe HeoOXOAMMEBI IJIsT COXPAaHEHUS UX
9KOJIOTMYECKH ONaromoiy4HOTo COCTOSHHS, paspa-
OOTKM pEeKOMEHIAINI TI0 PETYINPOBAHHUIO peKpea-
[IMOHHOM HArpy3KH 1 TUTAHUPOBAHUS TIPUPOTOOXPaH-
HBIX MEPOTPUITHH.

[IpoBenennpie B mioHe 2021 T. MHKPOOMOIOTH-
YeCKHe MCCIIEeIOBAHNS YCTaHOBHJIM, YTO BOAA B 03.
Bomnpmoe 'omy6oe otHocuTes k | kimaccy kadectsa,
COCTOSIHHE JJOHHBIX OTIIOKEHUH TaK)Ke HAXOJUIIOCH B
npenenax HopMbl (Mopo3osa u ap., 2022).

Ce30HHas TWHAMHKA YHCICHHOCTH MHUKPOOHBIX
COO0IIECTB MOJKET TIOMOYb B OI[EHKE IKOJIOTHIECKO-
TO COCTOSIHUSI BOJTHBIX W OEHTOCHBIX dKOcHcTeM [0-
TyOBIX 03ep B T€YEHHE BCETO TO/Ia, YTOOBI BBIIBUTH
HanOoJee MPOOIEMHBIC TIEPHOTBI.

Llenp maHHOTO WCCIIENOBAHUS — OIEHUTH HKOJIO-
rU4ecKoe coctostaue o3ep bompmoe [omyboe 1 Ma-
noe ['omy0Ooe 1o mokazarensM 0aKTepHOIUTaHKTOHA U
OakTeprnoOeHTOCA B CE30HHON THHAMUKE.

lh

MarepuaJibl 1 METObI HCCIeT0BAHUS

Ozepa bonsmoe ['omyboe n Manoe 'omy6oe pac-
TIOJIOKEHBI Ha TpaBoM Oepery p. Kaszankum Ha Tep-
putoprn PecriyOnukn Taraperan (N 55°54°24.5277,
E 49°09726.46°"). Ilmomans bompmoro [omy6oro
o3epa coctaBisgeT 2.73 ra, mryomHa mocturaet 16
M, tiomans Mamoro lomy6oro ozepa — 0.32 ra,
MakcuMasibHasi ryouHa — 4 M. O3epa oOpa3oBaHbI
MOIIHBIMHA POAHHUKAMH, JJII HUX XapaKTepHa BBICO-
Kasi CKOpOCTh BomooOMeHa (3—23 pa3a B CyTKH, CO-
OTBETCTBEHHO). B 03. bonbmoe ['omyboe mom3emMHubIe
HanopHbIE HCTOYHUKH TIPH BBIXO/I€ Ha TIOBEPXHOCTH
chopmMupoBanu IBe KapCTOBBIE BOPOHKH (ITy4HHBI),
m1yonHa bonpmroit myunasr 16 M, Manoi — 4 m. Tem-
reparypa BOIbI B 03epax MaJlo MEHSETCS B TeUEHUE
roga u coxpanseTcs B mpenenax 5—8 °C. Bombr o3ep
10 TUAPOXUMHYECKOMY COCTaBY OTHOCATCS K CYIb-
(hbaTHO-KaIBLIMEBBIM W OTJIMYAIOTCS TIOBBIIICHHON
MuHepanusaimein 2.3-2.5 mr/mm’. TemHO-Ceprie U
cepble MBI C XapaKTepPHBIM 3allaXxoM CEPOBOOPOAA
(hopmMupyroT moHHBIE OTIOXKEHHUs o3ep (MBaHOB m
ap., 2016).

IIpoObI BOABI M TOHHBIX OTIIOKEHUN OTOMPATUCH
Ha Tpex cTaHmusx o3. bompmoe 'omyboe m Ha 3-X
cTaHmugx 03. Mamoe ['omy0oe (puc. 1a, b).

Jns1 BBISIBIIEHUS! 3aKOHOMEPHOCTE CE30HHOU J1-
HaMUKHU OaKTepraIbHBIX COOOIIECTB BOJIBI 1 JOHHBIX
OTJIOXKCHHH MPOOBI OTOMPATTUCEH €KEMECSTHO C JIeKa-
Opst 2023 1. mo cenTs0ps 2024 T. B IpenBapUTEIHHO
MTOJITOTOBJIEHHBIE CTEPHIIbHBIE eMKocTh. [l mon-
cdeTa OO0IIEro KONMW4YecTBa OaKTepHaTbHBIX KIETOK
npoObl BOJIBI M JIOHHBIX OTIOKEHHH (DUKCHPOBAIN
(hopmamuHOM.
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OreHKy KadecTBa BOZBI 03€p MPOBOAMIN HA OCHO-
BE CJICMYIONIMX IOKa3aTeseii: o0Iel YnCICHHOCTH
6axrepuii (OUb), coornomennio OYb k komu4ecTBy
canpoUTOB, KOJIUYESCTBY Canpo(PUTHBIX OAKTEPHIL B
cootBeTcTBHUH C TpeboBauusimu PJ[ 52.24.309-2016.
JloHHBIE OTIIOKEeHUS olleHHBaIuCh 1o OUb, konnde-
CTBY Camnpo(pHUTOB, COOTHOIICHUIO YUCIa canpodu-
toB k OUB, uucieHHoctu Cynb(arpeayKTopoB Co-
macHo (/3r06an u ap., 2005).

OO611ee KOMMYECTBO OAKTEPUOIUIAHKTOHA M OaK-
TepHOOEHTOCA OTPEIEIIIN METOJIOM MPSIMOTO CUeTa
Ha MeMOpaHHbIX (uiabsrpax. [logcuer Mukpoopra-
HU3MOB TIPOBOAMIIN TIOJ MHUKPOCKOIIOM NPH OOBEK-
tuBe %90 Cc OKymsApHBIM MUKpoMmeTpoM (x15). Unc-
JICHHOCTh Ccanpo(UTHBIX OaKTEpHil ONpenersuii Ha
CEJIeKTHMBHOM TIMTATEIbHOM arape, a KOJHYeCTBO
ONUTOTPO(PHBIX MUKPOOPTaHU3MOB — Ha cpene [op-
oenko. [logcunTeiBasin OaKTepHAIbHBIC KOJIOHUU,
BBIUUCISUIA  CpelHeapu(METUIECKOE 3HAYCHUE pe-
3yJBTATOB, a TAKXKe OMPEACISIIN CpelTHEeKBapaTHye-
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Puc. 2. Obwee konunecmso 6aKkmepuonIanKmona u
baxmepuobenmoca 6 03. boavuwoe Tonyboe
no cmanyusm: 1-3 — eooa;
1d, 2d — oonnwvie omnoowcenus
Fig. 2. Total number of bacterioplankton and
bacteriobenthos in the Bolshoe Goluboe Lake
by stations: 1-3 — water, 1d, 2d —sediments
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Puc. 3. Konuuecmeso canpogpummsix 6axmepuii
6 03. bonvuoe Ionyboe no cmanyuam: 1-3 — 6ooa;
1d, 2d — 0onnvie omnooicenus
Fig. 3. Number of saprophytic bacteria
in Bolshoe Goluboe Lake by stations.: -3 — water;
1d, 2d — sediments

CKOe OTKJIIOHEeHHe. MHAeKe TpOopHOCTH BBHICUUTHIBA-
JIM KaK COOTHONICHUE YHCICHHOCTEH OTMTrOTPOQHBIX
u canpoUTHBIX O6akTepuii. KonmuecTBo cymbdarpe-
TYIUPYIONNX OaKTepuil ONpenessiin Ha MOAu(H-
upoBaHHON cpene baapca ¢ MOMOIMIBIO TaOIUITBI
Max-Kpenu (Konemxo, 1981; Ky3nenos, [lyoununna,
1989; Mopo3zosa u ap., 2021).

Pe3yabTarhl U UX 00Cy:KIeHHE

B pesynbrare ncciaenoBaHUM yCTAHOBIIEHO, YTO
B YHCJICHHOCTH OAaKTEPHOIUIAHKTOHA M OaKTeproo-
entoca o3zep bombmoe ['omyboe u Manoe T'omy6oe
MOKHO BBIJICTUTH HEOOJBIINE CE30HHBIC MObEMBI.
B 0akrepuoruiankrone 03. bonbmoe ['onyboe orme-
YEHbl PAHHEBECEHHUM, BECEHHUN M TO3HEIETHUN
MOJbEMBI YHCIICHHOCTH (puc. 2). YnciaeHHocTh Oak-
TEPHUOIUIaHKTOHA Ha CT. | M 2 COCTaBsIa B CpeTHEM
0.88 muH. ki1./™M11, Ha cT. 3 — 0.9 MITH. KII./MII.

B nmuHaMuke 4uCIeHHOCTH OaKTEpHOOEHTOCA 03.
bonpmoe lomy0oe BBIIETSINCH HE3HAYUTEIHHBIC
MMO3/THEBECEHHUN W TMO3JHENSTHUIN IOIHhEMBI YHC-
neHHocTH (puc. 2). YucneHHOCTh 6akTepruoOeHToca
coctapisiia B cpeatem 1.04-10° ki1./r TOHHBIX OTIIO-
JKCHHI Ha 00CUX CTaHIUsIX 0TOOpa mpoo.

KomnmuectBo canpoduTHBIX OakTepuii B BoJE 03¢e-
pa ObLIO OYEHBb HU3KUM, UTO XapaKTEPHO JJISI YHCTHIX
OTKpBITBIX BojjoeMoB. Ha ct. 1 u 2 konmyecTBo ca-
MpOoGUTHBIX OAKTEpUIl COCTABISLIO B cpeaHeM 42 u
52 KJI./MJI, COOTBETCTBEHHO, Ha CT. 3 — B cpeHeM 148
KJ1./mi (puc. 3).

WHTEpecHO OTMETUTh, YTO B MPOOax BOABI, B3si-
THIX CO CT. 3 B MapTe, YHUCICHHOCTH Canmpo(UTHBIX
Oakrepuii cocrapisiia 427 KII./MII, 4TO NIPH CpaBHH-
TEJNILHO HU3KOH YHCIIEHHOCTH OaKTepPHOIUIAaHKTOHA
1.1 MJIH. KJI./MJI TOBOPUT O HAJIMYUH CJIa00TO opra-
HUYECKOTO 3arps3HEHMUSL.

KonmyectBo canpouTHBIX OakTepuil B JOHHBIX
OTIIOKEHUsIX o3epa Obuto HH3KUM (7.1 u 7.3 ThIC.
KIJL./T), 9TO XapaKTepHU3yeT BOJAOEM KaK YHCTHIN (pUC.
3). C HauajaoM JICTHETO MEPHOAA KOTHMYECTBO CAIPO-
(DUTOB MOBBINIATOCH, & K OCEHU CHIKAIOCH.

B cocraBe 0akTepHOIIAHKTOHA YHUCICHHOCTD
OJUroTpo(HBIX OaKkTepHii Bcerna ObUIa BBIIIC, YEM
canpo(UTHBIX, Jla)ke B IIEPHOJ PaHHEBECEHHETO
MoJIbeMa YMCIICHHOCTH. MHaeKke TpohHOCTH B cpel-
HeM cocrasysut 4 (Tadm. 1).

B JTOHHBIX OTJIOKEHHSIX 03epa YUCICHHOCTD OJH-
roTpo(HBIX OaKTepHii TaKke ObLIa BBIIIE YUCICHHO-
CTH Ccanpo(QUTHBIX B HECKOJIBKO pa3, 0COOCHHO Jie-
toM. UHiekc TpohHOCTH TakKe B CPEHEM COCTaB-
JsUT 4, ¢ HavaJoM JieTa UHJIEKC TPO(YHOCTH HEMHOTO
noBsItancs (tadm. 1).

B auHamuKe YMCIIEHHOCTH 0aKTEPUOIIIAHKTOHA B
03. Maroe l'ony6oe Takke ObUIM OTMEUYEHBI HEOOJIb-
[IMe CE30HHBIC MOIBEMbI YHCICHHOCTU: 3UMHUN H

POCEHHCHAIN SYPAAR APHBNAMHON dwnori
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Tabnuya 1. Unoexc mpogrocmu 600bl u 0onHbIX omaodcenull 03. boavuoe onydboe
Table 1. Water and sediments trophic index of Bolshoe Goluboe Lake

Bona JloHHBIE OTIIOKEHUS

Tepuon oT6opa Water Sediments

Sampling period | 5 3 14 2d
Aexatpr 2.740.1 5.440.5 2.1+0.1 2.740.1 4.1+0.6
December
Mapr 4.6£02 34025 5402 24205 3.8402
March
Anperts 5.30.1 3.340.1 2.640.3 2.2+0.1 3.540.2
April
Mait 26503 3.440.1 2.4+03 240,09 340.01
May
4 mo 4.740.1 4.6£0.1 4.540.1 5.840.6 7+0.5
June 4th
25 urons
o eth 4.7+0.27 5+0.2 6+0.2 6.2+0.5 6.5+0.3
o, 54+0.04 440.1 7.6+0.05 4£0.1 5.0+0.5
July
Asryct 3.240.1 340.2 4.5+0.07 3.840.1 4.5+0.2
August
CenraGpr 840.3 4.540.1 3.740.1 4402 4.940.1
September
OxraGp 340.01 240.1 2402 2.240.02 1.940.01
October

BECEHHHMHM Ha 00EUX CTAHIMAX, a TaK)Ke JIETHUH Ha
CT. 2 W mo3AHeNeTHH Ha cT. 1 (puc. 4). UncineHHOCTh
0aKTepUOIUTAHKTOHA Ha CT. | 1 2 cocTaBisiia B Cpe-
geMm 0.9 maH. xi./mu1 1 0.98 MaIH. KJI./MJI, COOTBET-
CTBEHHO.

BrIpaykeHHBIX TTOTBEMOB B TMHAMUKE YHCICHHO-
ctu OakTeprobeHToca He HaOMAanoCch, HO ¢ Hada-
JIOM JIeTa YHCIEHHOCTh OAaKTepHOOEHTOCA 3aMETHO
CHIDKAJlach, a 3aTe€M IUIaBHO TMOBHIMIANACK (puc. 4).
Ha o0enx cTaHIMsSIX YHCICHHOCTh OaKTepHOOEHTOCA
cocrapisiia B cpeqHeM 1.1-10% ki1./r JOHHBIX OTIIO-
JKCHUI.

UncneHHOCTh canpoUTHBIX OAKTEPHil B cCOCTaBe

OaxTepuoIIaHKTOHa Oblta HU3KoM (puc. 5). Ux xo-
JIMYECTBO COCTABIISIIO B cpeaHeM 49 Ki./Mi uis CT.
1 m 132 xun./mnm s ct. 2. B mpo6ax BOJBI, B3STHIX
CO CT. 2 B sIHBape, YHCICHHOCTh CaPO(UTHBIX OaK-
Tepuid cocraBimsia 810 KIL/MJI TIpH CPaBHUTEIEHO
HU3KOM YMCIICHHOCTH OakTepuoriankToHa 1.05 mirH.
KJI./MJI, YTO YKa3bIBaeT HA IPUCYTCTBUE YMEPECHHOTO
OpPraHUyecKoro 3arpsa3HeHusi. CTOUT OTMETUTh, YTO
B BOZE CT. 2 B KOHIIC HIOHS U B HIOJIC HAOIIOAAIHNCDH
JIOCTAaTOYHO BBICOKME 3HAUCHMS YUCICHHOCTH OaKTe-
puorankToHa — 1.26 u 1.15 MiTH. KJ1./MJI1, TIpA 3TOM
KOITM4ecTBO carpoduToB Obu10 HIDKE — 100 KIt./™MI1, 2
[I0Ka3aTeN COOTHOILIEHMs O0IIero yucia Oakrepuit
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Puc. 4. Obwee xonuuecmso 6axmepuonIaHKmona u
baxmepuobenmoca 6 03. Manoe I'onyboe no
cmanyusm: 1, 2 — eooa, 2d, 3d — oonnvle omnodicenust
Fig. 4. Total number of bacterioplankton and
bacteriobenthos in Maloe Goluboe Lake by stations:
1, 2 —water; 2d, 3d — sediments
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Puc. 5. Konuuecmeo canpogpumuulx 6axmepuil
6 03. Manoe I'onyboe no cmanyusam: 1, 2 — 6oda;
2d, 3d — oonnwvie omaoorcenus
Fig. 5. Number of saprophytic bacteria in Maloe
Goluboe Lake by stations:

1, 2 —water; 2d, 3d — sediments
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Tabnuya 2. Unoexc mpoguocmu 600bt u 0oHHbIX omaodcenull 03. Manoe onyboe
Table 2. Water and sediments trophic index of Maloe Goluboe Lake

Bona JIOHHBIE OTIIOKEHHS

Ilepuox orGopa Water Sediments

Sampling period 1 5 2d 3d
slusapr 5.840.5 12403 3.0£03 3.6£0.1
January
Anperts 4.140.3 2.620.1 0.2+0.1 0.7+0.1
April
Maii 2.540.1 3.240.1 2.0+0.1 2.1£0.1
May
6 wions 42402 10.0£0.9 6.840.2 7.0+0.4
June 6th
27 uroHs
Tune 271 5.4+0.4 7.340.2 6.740.5 5.0+0.2
Mo, 5.0£0.2 5.0+0.1 4.0+0.1 4.8+02
July
Asryct 3.040.3 3.6+0.1 24402 2.140.8
August
Cenrapp 4.5+0.1 3.0£0.2 2.0+0.1 3.040.3
September
Oxrabpr, 45:02 3.00.1 3.00.1 2.0£0.1
October

U carpopUTOB COXPAHSITUCH BEICOKUMH.
YucneHHOCTh canpoUTHBIX OAKTEpUi B JOHHBIX
oTIokeHusix 03. Manoe [onyboe Takxke Oblia HU3-
Ko M Ha cT. 2 1 3 coctasisia B cpeademM 11 u 17 Toic.
KJI./T IOHHBIX OTJIOXKEHUH, COOTBETCTBEHHO (pHC. 5).
JletoM B JOHHBIX OTJIOXKEHHUSIX 03€pa TOBBILIAIOCH
KOJIMYECTBO CanpoO(UTHBIX U OJMTOTPOPHBIX OaKTe-
pHii, a B ceHTA0pe cHIXKaNoch. B coctaBe OakTepu-
OIJIAHKTOHA KOJIMYECTBO OJIMTOTPOQHBIX OakTepwii
MPEBBIIIANIO0 YUCIO canpo(HUTOB B HECKOJIBKO pa3 B

TEYEeHHE BCEro NepHojia UCCIEeN0BaHUM (MHIEKC TPO-
¢HOCTH cocTaBisul B cpeqHeM 4) (Tadu. 2). B 1oHHBIX
OTJIOKEHUSIX YUCIICHHOCTh OJIMTOTPO(HBIX OakTepuit
TaKKe BCerja NpeBblllalia KOJIMYeCTBO campoduT-
HBIX B HECKOJIBKO Pa3, TOJIBKO B ampesie HaOmonacs
MOJ’bEM YHCIEHHOCTH Carpo(UTOB, YTO OTPAa3HIOCh
B OYCHb HHM3KOM IIOKa3aTene MHAEKca TpodHocTH
(amxe 1). D10 yka3pIBaeT Ha MPUCYTCTBUE OpPTaHU-
YEeCKOTO BELIeCTBa B JOHHBIX OTJIOKEHHAX 03epa B
naHHbli nepuon. C HavalaoM jera Takxke Habmrona-

Tabnuya 3. Cpeduas uucieHnocms cyrvhampedyyupyrouwux 6axkmeputi (Hauboee 6eposmHoe 4ucio
MUKPOOHBIX KJ1./2) 6 O0HHBIX om.aodcenusax osep borvwioe Tonyboe u Manoe [onyboe
Table 3. Mean number of sulfate-reducing bacteria (the most likely number of microbial cells/g)
in sediments of Bolshoe Goluboe and Maloe Goluboe lakes

Bonbmoe 'omyboe Mazoe 'omy6oe
Tlepuon oTGopa Bolshoe Goluboe Ilepuon or6opa Maloe Goluboe
Sampling period Sampling period
1d 2d 2d 3d
HexaGpe 0.9 300 #lusaps 600 90
December January
Mapr
1 100 - - -
March
ng’i‘l’“" 250 200 ﬁgﬁi’“" 250 250
ﬁg;‘ 25 25 Mzz 25 25
June it 25 25 June 6t 2 N
June 250 25 250 June 270 250 250
ﬁ(’yﬂ" 250 900 ﬁ‘gm’ 600 250
ﬁgl‘;f 600 200 ﬁﬁgl‘;f 250 25
September 0 120 September 250 200
OxT30ph OxTa0ph
October 600 250 October 250 250
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Tabnuya 4. Coomnowenue obue2o Konuwecmea OAKMePUONIAHKMONA U Canpohumos @ 60oe, canpopumos u
obueco uucna bakmepuobenmoca 6 QOHHbIX omaodicenusx ozep bonvuoe Fonyboe u Manoe I'onyboe
Table 4. Ratio of the total number of bacterioplankton and saprophytes in the water, as well as saprophytes
and the total number of bacteriobenthos in sediments of Bolshoe Goluboe and Maloe Goluboe lakes

03. Bonbmoe Tony6oe 03. Manoe Tony6oe
Bolshoe Goluboe Lake Maloe Goluboe Lake
Bona JIOHHBIC OTJIOKEHUS Bona Oii?iziﬂ
Heple.ﬂ OTﬁo.pa ‘Water Sediments Hepnqn 0T60.pa ‘Water Sediments
Sampling period Sampling period
1 2 3 1d 2d 1 2 2d 3d

JlexaGpe 10° 10° 10° 109 105 | ‘lusaps 10° 10° 10 10
December January
Mapr 3 4 3 -5 -5 _ _ _ _ _
March 10 10 10 10 10
Anpeins 4 4 4 -5 -5 Anpeis 4 3 -5 -5

. 10 10 10 10 10 . 10 10 10 10
April April
Maii " 4 " s Maii 4 4 -5 -5
May 10 10 10 10 May 10 10 10 10
4 nrons " 5 5 5 P 6 utoHs " 4 4 4
June 4th 10 10 10 10 10 June 6th 10 10 10 10
25 utoHs " " s " " 27 uoHs " 4 4 "
June 25th 10 10 10 10 10 June 27th 10 10 10 10
Mioxs 10° 10° 10° 104 10+ | Hhom 10° 10° 104 104
July July
ABryCT 10¢ 10¢ 10¢ 10° 104 | AEyer 10¢ 10¢ 104 10+
August August
CeHts6pb " " " 5 5 CeHts16pb " " 5 "
September 10 10 10 10 10 September 10 10 10 10
OkTs10pb " " " 5 " OxT10ph " 4 6 6
October 10 10 10 10 10 October 10 10 10 10

JIOCh TIOBBIIICHUE MHJEKCOB TPOPHOCTH, a B Cpel-
HEM MHJEKC TPOPHOCTH B JOHHBIX OTIOKEHUSIX ObLI
Ha ypoBHe 3.5 (Tadm. 2).

B nonnbix omnoxkenusx bomwmoro I'omyOGoro u
Mamoro lomyGoro o3ep ObutM OOHApPYKEHBI CYJIb-
¢darpenyuupyrome OakTepuH, HX YHCICHHOCTh
nocturana 900 u 600 KI1./T, COOTBETCTBEHHO (TaOII.
3). KonmnuectBo cynbdarpenynupyromux Oakrepuit
HEMHOTO NPEBBIIIANI0 HOPMY, YTO CBSI3aHO C THIPO-
XUMUYCCKHUM COCTaBOM BOJbI M3-3a IPHUTOKA BbBICO-
KOMHHEPAJIN30BaHHBIX Cyﬂbq)aTHO-KaHLHI/IeBBIX Ioa-
3€MHBIX BOJ.

B pesynbrare ucciienoBaHUul yCTaHOBJIEHO, UTO B
JIMHAMHUKE YHCICHHOCTH 0aKTEepUOIUIAHKTOHA U OaK-
TepuOOEHTOCA BBIJEISIOTCS HEOOJbIINE CE30HHBIC
MOABEMBI, KOTOPbIE Kak TMPaBUIIO, HE COMPOBOXKIA-
FOTCSI TTOBBIIIEHUEM YHCIIa CarlpOPUTHBIX OaKTEPH.

KonudecTBo canpouToB B BOJE 03€p U B JOHHBIX
OTJIOKCHUSIX YKA3bIBAET Ha XOPOIIee IKOIOTHIECKOe
COCTOSIHUE BOJJHBIX OOBEKTOB.

[NoBbIeHHe OOIIETO KONMUYeCcTBA OaKTEPHOTLIAH-
KTOHA U canpoduToB B IpoOax BOJIbIL, B3STHIX CO CT. 3
03. bosbioe T'ony6oe B mapte u cT. 2 03. Majoe [o-
ny0oe B sIHBape yKa3bIBaeT Ha MPUCYTCTBHE CIIa00T0o
3arpsi3HEHHS U CBS3aHO C 3aMEJICHUEM IPOLIECCOB
0aKTepUaIbHOTO CAMOOUYHILICHHSI BOJHBIX 9KOCUCTEM

lh

3UMOM, YTO W MPHUBOJUT K HAKOIUICHHIO OpTaHHYe-
CKOTO BelecTBa B Bogoemax (puc. 2-5). B cocrtase
0aKTepHOIIIAHKTOHA BCET/Ia YUCIICHHO Tpeodaiani
OJUTOTPO(dEI, YTO YKa3bIBAET HA HU3KOE COMIEPIKAHNE
OpPTraHMYECKOTO BEIeCTBa. BhicOKHe MHAEKCHI TPO-
(HOCTH XapaKTEPHBI JJISl YUCTHIX OTKPBITBIX BOJOE-
MOB U TOBOPST O BBICOKOH MPOIYKIIMU aBTOXTOHHOTO
OpPTaHMYECKOTO BEIECTBAa B dKOCHUCTeMax [0myObIx
o3ep.

[Toka3zaTenu COOTHOIIECHHUSI OOLIETO KOJIHMYECTBA
0aKTepHOIIAHKTOHA U CcanpopUTOB OBUIH BBICOKH-
MH, B ocHOBHOM 10*, HaOmronanocs HeEOONBIIOE CHU-
KEHHe ITuX nokasaresneit 1o 10° paHHeit BecHOH U B
neTHu# nepuon Ha cT. 3 bomeimoro ['omy6oro o3epa,
a Taxoke B Manom [omyGom o3epe 3umoii 1 BecHOM
Ha cT. 2 (Tabm. 4). CHWKeHHEe 3TUX ToKa3areiel He
OTpa)kaJoch Ha Ka4eCTBE BOJIBI.

Ilo3nHeBeceHHUN W JIE€THUM IIOABEM YHCJIECHHO-
cTH OaKTEepPHOIIAaHKTOHA B 03epax bonbioe u Masoe
ToryGoe He conpoBOXKIANCS TOBBINIEHUEM KOJHYE-
CTBa canpo(UTOB, COOTBETCTBEHHO, MMOKA3aTEIN CO-
OTHONICHUS 00IIEero uucia Oakrepuit u canpoduToB
OCTaBAJIMCh BEICOKUMH, YTO XapaKTEPHO JUIST YUCTHIX
BozioeMoB. Munekcsl TpodHOCTH B BojJie 03. Masoe
ToryGoe B 3TOT mepHol JOCTUTATH OYSHb BBICOKUX
3HaueHnit (7—10), 9To TakkKe yKa3bIBaeT Ha YUCTOTY
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03EPHBIX BO/I.

B JOHHBIX OTIIOXKCHHUAX COOTHOIICHUSA KOJIHNYC-
CTBa canpo(HTOB K O0IIEMY KOJIMYECTBY OakTepwid
IIOCTOSIHHO OBLIM OYEHB HU3KUMH, 4YTO CBHUACTCIIb-
CTBYET O XOPOILIEM YKOJIOTUYECKOM COCTOSIHUU 03€p-
HBIX 9KOCHCTEM.

3akJiiloueHnue

[To pe3ynbraraM MHKPOOHMOJIOTHYECKUX HCCIIe-
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Morozova O.V., Berdnik S.V., Lyubarsky D.S.
Assessment of Bolshoe Goluboe and Maloe Gol-
uboe lakes ecological status by means of microbi-
ological indicators in seasonal dynamics.

The seasonal dynamics of the bacterioplank-
ton and bacteriobenthos abundance data in Bolshoe
Goluboe and Maloe Goluboe lakes are presented.
The bacterioplankton total number in the reservoirs
ecosystems varied in the range of 0.65—1.27 million
cells/ml, the number of saprophytes was low, the ra-
tio of the total number of bacterioplankton and sap-
rophytic bacteria was at 10%, sometimes decreased to
103. According to all indicators, the water quality was
assessed as «conditionaly clean». The total number
of bacteriobenthos in the bottom sediments of reser-
voirs varied slightly in the range of 57-128 million
cells/g, the number of saprophytes and the ratio of
saprophytes number to the total number of bacteria
were low, according to all indicators, the bottom sed-
iments state was assessed as normal.

Keywords: bacterioplankton; bacteriobenthos;
saprophytic bacteria; water quality; Golubye lakes.
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Beenenne

Apxueperickoe (Tapmammuckoe) — omHO U3
HanOoJiee KPYyIMHBIX U ITyOOKUX o3ep B PecmyOmmke
Tarapcran. Pacronoxeno B 3amagnom [Ipenkamse,
B JIeBOOEpeXbe MONMHBI p. Bonrm, Ha BBICOKOM
HaJaImoWMMeHHOU Teppace, y c¢. Tapmamm (O3epa...,
1976). Ozepo BHITAIHYTO B MEpPUAHNOHAIBHOM
HanpasieHnnd. Ero mmomanp cocraBmser 64.6 ra,
mmuHa 2570 M, MakcuManbHas mupuHa 480 M
(cpemusis 251 M), cpenuss TmyonHa 6 M (3UTaHIINH
u ap., 2017). Bogoem kapcToBo-cy(h(HO3HOHHOTO
MPOUCXOXKICHUS, WMEET YCTOMYMBOE IIOJI36MHOE
nuTanre. Ha naHe o3epa pacroiiokeHa I[enovKa
KapCTOBBIX IIPOBAJIOB, HAHUOONBINIHWE M3 KOTOPHIX
nMerT rryouny 8.9 M B ceBepHOU u okojio 21 M B
LIEHTPAJIbHOM YacTu 03epa.

Ozepo Apxwuepeiickoe ¢ 1978 1. umeeT craryc
0c000 OXpaHsIEeMON MPHUPOJHOW TEPPUTOPUU H
SBISICTCSl TIAMSITHAKOM TPUPOJBI  PErHOHAIBHOTO
3nadenus (I ocymapcTBennsiii . . ., 2007). B Hacrosmiee
BpeMsl HMCIIONBb3YeTCs KaK MECTHBIH HMCTOYHUK
BOJHBIX M PEKPECAMOHHBIX PECYpPCOB JKUTEISIMH
c. Tapmamm, pacrmoNOKEHHOTO B CEBEPHOH YaCTH
o3epa, W CaJlOBBIX TOBAPUILNECTB, HAXOMISIIMXCS
B 0.4-1.5 xm k 3amamy ot o3epa. CennteOHBbIC
TEPPUTOPHH  TPEACTABIAIOT  co0oil  Hambomee
3HAQUUMBII HWCTOYHHMK 3arpsi3HEHHs BOJ  03epa,
MOCKOJIbKY YaCTHBIE JIOMOBIIQ/ICHUS HE 000PYIOBaHBI
CHUCTEMaMH [EHTPAIM30BAHHOTO BOJIOCHAOKEHHS
U KaHAIM3AIMH; CcOpOC XO3SHCTBEHHO-OBITOBBIX
CTOUHBIX BOJI OCYIIECTBISICTCS B HETEPMETHYHBIC
BBITPEOHBIC SIMBI WM Ha penbed MECTHOCTH.
HecoOmtonenne peknMa  BOJOOXPAHHOW — 30HBI,

lh

3acTpoilika OeperoBodl 30HBI BIUIOTH JIO Yype3a
BOAbl IPUBOAUT K IIOBBIIIEHHON AHTPOIIOTE€HHOU
Harpy3ke Ha DKOCHUCTEMY o03€pa. XO35AHUCTBEHHO-
OBITOBOE 3arpsi3HEHUE ITOBEPXHOCTHOTO CTOKa U
IPYHTOBBIX BOJ, 3200p MOI3EMHBIX BOJA M3 CKBaXKHH
MOTYT HETAaTUBHO OTpPaXaTbCsd HAa BOJHOM PCIKUME
03epa, KauecTBe €ro BOJ M Ha YCKOPEHMH TEMIIOB
9BTpO(UPOBAHUS 03EPHOI IKOCUCTEMBI.

IIpu oleHKe COCTOSIHMSA 3KOCHCTEMBI BOJOEMOB
M KauecTBa BOJ OHWONIOrMYEcKOoe pa3zHooOpa3ue
U KOJMYECTBEHHasi  CTPyKTypa  COOOIIECTB
FI/IIlpO6I/IOHTOB ABJIAIOTCA BaKHBIMH I10Ka3aTCIsAMU,

YyTKO  pearupyromyMyd  Ha  [IPOUCXOIAILHE
U3MCHCHUA. BHCpBI)Ie H3Yy4YCHUC
THIPOOMOTIOTHYECKIX cooOriecTB 03.

Apxuepeiickoro mpoBeaeHo B 1997 1. B pamkax
ucciaenoBanuii cerm OOIIT, oxsaruBmieil 0Oojiee
50 HazeMHBIX M BOAHBIX 00BbEKTOB PecmyOmukun
Tarapcran (CoBeprieHcTBOBaHHE CeTH...,
1997). IlomyueHHble TpU D3TOM pPE3YNIbTAaThl IO
IJIAHKTOHHBIM ¥ OCHTOCHBIM T'HJIPOOMOHTAM, OJTHAKO,
HE TIOJIyYWJIM OCBEUICHUS B HAYYHBIX ITyOJIMKAIUSIX
W BOILUIM JIMIIb B KPAaTKUE aHHOTAIMM K BOAOEMaM
B «locymapcTBeHHOM peecTpe 0co00 OXpaHsSeMbIX
NpUPONHBIX TeppuTopuii B PecnyOnuke Tatapcran

(2007)».

B 2024 r. mpoBeneHo KOMIIIEKCHOE 00cTIeJOBaHHE
03.  Apxuepeiickoe u  ero  BojocOOpHOM
TEPPUTOPHH C LEIbI0O OLUEHKH COBPEMEHHOTO

COCTOSIHUASL 3KOCHCTEMBI U BO3MOXKHBIX PHCKOB,
CBA3aHHBIX C peaJlu3aluueil IPOEKTOB KUJIOU
3aCTpOMKM Ha 3amaJHOM M BOCTOYHOM Oeperax
Bomoema.  OCYIIECTBIEHBl  THAPOXUMHYECKHUE,

!
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IIJITAHKTOHHBIX COOBLIECTB

OaruMeTpuveCcKue, THJIPOOHOIOTMYECKUE
U pan  Jpyrux  ucciienoBaHuil.  M3ydeHsl
BHJIOBOM COCTaB M KOJIMYCCTBEHHAS CTPYKTypa
IUIAHKTOHHBIX COOOILECTB, 3000€HTOCAa U BOJHOMU
PaCTUTENBHOCTH, KOTOPBIC SBISIOTCS ONHUMH U3
OCHOBHBIX THAPOOMOJIOTHYCCKUX IOKA3aTeIe mpu
OMOWH/IMKALINN YPOBHS OPTaHUYCCKOTO 3arpsI3HCHHUSI
1 TPO(HUECKOro CTaTyca BOIHBIX OObEKTOB.

Lens paboTel — Ha OCHOBAaHUHM pE3YJIbTATOB
WCCIICMOBAHUS XUMHUYECKHX CBOMCTB  O3€pHBIX
BOJI, COCTaBa M CTPYKTYPHl (UTO- M 300IIAHKTOHA
JIaTh OIICHKY OHOJIOTUYECKOMY pPa3HOOOpasuio M
9KOJIOTMYECKOMY COCTOSHHIO 03. ApXHepenckoe B
HAaCTOSIUI IEPUOJ BPEMEHH.

MarepuaJibl 1 METObI HCCJIETOBAHUI

I'mapoOuronoruueckue uccienoBaHus 03. Apxue-
peiickoe mpoBesieH B uione — aprycre 2024 r. (naTsr:
2.07, 4.07, 15.08). [Ipu peKOrHOCIIMPOBOYHOM O00-
CJICZIOBAHMH B 03€pe BBIJICNICHO TPU y4acTKa, pas3iiu-
YaoIMXcs 10 MOPHOMETPUUECKAM U OaTUMeETpH-
4ecKuM xapakTtepucTtukam (puc. 1). LleHTpanbHbIA
YYacTOK OXBAThIBAET HauOoJiee IMUPOKYI0 U Iy0o-
KOBO/IHYIO (mTyO6mHa 110 21 M) akBaroputo o3epa. Ce-
BEPHBIN Y4aCTOK, Ha JIHE KOTOPOTO UMEIOTCSI KApCTO-
BbIe TIPOBAJIbI TNIYOHUHOM 10 9 M, 060Cc00JIeH OT 1IeH-
TpPaJIbHOM aKBaTOPUHU TTYOOKO BJIAIOIIMMCS MBICOM,
KOTOPBIH CYIIECTBEHHO OTPaHUYMBACT BOJIOOOMEH C
OCTaJFHOM YacThIO 03epa. MEBIC TIPEeCTaBIsIeT COOOI
KOHYC BBIHOCA TEPPUTCHHOTO MaTepHralia u3 oBpara,
JIPEHUPYIOLIET0 CTOK B 3amajgHoil yactu c¢. Tapna-
. FOXKHBIA ydacToK — 9TO Hanbosee MEeTKOBOTHAS
9acTh 03epa C JIBYMsI 3aJIMBAMH, O3 KAPCTOBBIX MPO-
BaJIOB, ¢ IMTyOMHaMu 1-2 M M MeHee; ero JHO MoJ-
HOCTBIO 3apOCII0 BOAHBIMU MakpoduTamu (drojes,
POTOJIMCTHUK).

st otbopa mpo6 BOJIbI HA XUMHUYECKUHN aHAIIN3
1 cOopa OMOJIOTHUECKOTO Marepuana Ha KaKIOM U3
BBIZICJICHHBIX YYaCTKOB 3aJI0KCHO 110 OI[HOI>'I CTaHIINHU.
CTaHHI/II/I Ha CEBCPHOM M ICHTPAJIBHOM YYaCTKax
o3epa pacroyioKeHbl HaJl pailoHOM MaKCHUMaJbHBIX
rryouH. OtOopbl ipoO (UTO- W 300IIAHKTOHA W3
MTOBEPXHOCTHOTO ciiog o3epa (10 0.2 M) mpoBeIeHbI
IMyTEM 3a4epIlibiIBaHUsA BOJABI; U3 I‘JIy6OKOBO):[HLIX

TOPU30HTOB (MIONB): CT. 1 — mmyOmHa 5 M, CT.
2 —y6unsl 7 11 15 M — ¢ Hcrionb30BaHHEM OaToMeTpa
MomyanoBa. OObeM  TpoOBl  (UTOIIAHKTOHA

(9 mpob6) cocraBun 0.5 1, 3o0omnankTona (9
mpo6) — 20 n (moBepxHocth) U 7.5 1 (5, 7 u 15
M).  OOHOBPEMEHHO  TPOBEACHBI  HM3MEPEHHS
TEMIIepaTypbl M MPO3pPavHOCTH BOABI (IIPU TTOMOIIH
nucka Cexkn). COop Marepuasa U ero KamepaibHast
00paboTKa  BBIMOTHEHHI B  COOTBETCTBUU  C
OOMICNPUHATHIMH THJIPOONOTIOTHYECKUMH
Metomukamu (Metomuka..., 1975; Meronuyeckue

il

c. Tapnamm c ‘ T\I

CeBepHblit
y4acToK o

L
LleHTpabHblit
y4acTox

I1OxHBIH
Y4aCTOK

i

0.0 LinyGuna, M 23.0

200 m

Puc. 1. O3epo Apxuepetickoe, pacnonodicenue
cmanyuti (1-3) ombopa cudpoxumuueckux (x)
U NJIAHKMOHHBIX (1) npod
Fig. 1. Arkhiereiskoe Lake, stations for
hydrochemical (x) and planktonic (n)
sampling (1-3)

..., 1982; PykoBojcTBO ..., 1983).

Jost UICHTU(DUKAUU TAKCOHOMHUYECKOH
MPUHAJUIKHOCTH  OOHAPY)KEHHBIX  OPraHU3MOB
BOAOpOCIIEH " JKUBOTHBIX HCITOJIb30BaHbI
OTIPEJCIUTEIbHBIC KJITFOYH (Onpenenurens
MPECHOBOJHBIX . 1951-1982; apenxo,

1990; Omnpenenurens 300MIaHKTOHA ..., 2010;
Komarek, Anagnostidis, 1998; Komarek, Anag-
nostidis, 2005; Komarek, 2013). [ns omnucanus
CTPYKTYPBI OHOJIOrHYECKUX CO00IIIeCTB
paccuuTaHbl MMOKa3aTean, OOBIYHO HCIIOIb3yeMbIC B
TUJIPOIKOJIOTHUECKHIX UCCIICIOBAHUSX : YHCIIO BUJIOB,
MHJICKChl BHJIOBOrO pasHooOpasus Illennona (H,,
OuT) W BBIpaBHEHHOCTH cooOmecTBa Ilueny (E,),
00111ast ¥ OTHOCUTEILHAS YHUCICHHOCTHL M OHomacca
COOOIIECTB M OTAEIbHBIX TaKCOHOB. Jlyisg aHaim3a
DKOJIOTHYECKON 3HAYUMOCTH BHJIOB 300ILIAHKTOHA

POGEHHCA t3PHAN NPHAAAOH R0MOHN



I'MJAPOSKOJIOI' A

MPOBEJIEHBI paCYEThl UHJIEKCA IOMUHAHTHOCTH Di 110
¢dopmyne [Tanus-Kosnanku (Lutuko u ap., 2003);
H3 OpraHu3MoB q)HTOHHaHKTOHa K JOMUHHUPYIOIIUM
OTHECEHBI BUJIBI, cocraBisomue >10% or obiei
YUCICHHOCTH W/WiKi Ouomacchl (DUTOIUIAHKTOH ...,
2003). OteHka ypoBHS OPTaHHYECKOTO 3arpsI3HCHUS
BOJI IPOBEJICHA [Ty TEM pacyeTa HHJeKca CanpoOHOCTH
[TanTne-bykka (S) mo cocraBy u OOWJIMIO BHIOB-
WHAMKaTOopoB canpoOHocTH (PykoBoncTso ..., 1983;
Wegl, 1983; Makpymmn, 1974; bapunosa u jp.,
2006); ypoBeHb 3arpsi3HCHUS BOJAOEMAa OIICHUBAJICS
o 3HavdeHuto S: ot 0.5 mo 1.5 — oueHb 4YUCTHIE H
YHCThIE BOABI (onurocanpoOHast 30Ha); ot 1.5 1o 2.5
— YMEpEeHHO 3arpsi3HeHHbIC BOJIBI (f-Me30canpoOHast
30Ha); OoT 2.5 nmo 3.5 — 3arpsA3HEHHBIE BOJBI
(a-me3ocamnpobHas 30na); oT 3.5 mo 4.0 u BIIIE —
IPSI3HBIC U OUCHB I'PSI3HBIC BOJIBI (p-caripoOHast 30Ha).
Jlnst yctaHOBICHHsI TPO(PHOCTH BOJOEMA BBIYUCIICH
unaexc tpopuoctn M7 (Mummyc, KeiBacuk, 1979;
uut. no: Heseposa-/|3uomak, I[BetkoBa, 2020) 1o
dopmyne: [h=44.87+23.22-logB, tne B — oOmas
OomomMacca Bomopocieil B mpo0e; TakKe ompesesieHa
KOHIEHTpalws B Bofe obmiero pocdopa P . .
CXOJICTBO TaKCOHOMHYECKOTO COCTaBa THUAPO-
OMOHTOB Ha HCCJICIOBAHHBIX YHYAaCTKaX OLCHUBAJIOCH
METOJIOM KIIACTEPHOTO aHajm3a B mporpamme MS
Excel. CXo/1cTBO JaHHBIX OLIEHUBAIIM METOIOM IO-
MapHBIX CpaBHEHHH ¢ ToMoIIbio nHAekca ChépeHce-
HAa, UHJIEKC BBIPAXKEH B NpolueHTax. [Ipu knacrepusa-
OUHU JaHHBIX 110 q)HTOHJ'IaHKTOHHBIM BOJIOPOCIIAM HC-
MoJIb30BaH MeTo/] Bap/a, B kauecTBe METPUKH — HOP-
MHPOBAHHOC 3BKIMAOBO PACCTOSAHHE, BBIPAKCHHOC
B nporenTax (IlutukoB u np., 2003). Knactepuza-
IUA JaHHBIX IO 300INNIAHKTOHY MPOBEACHA MCTOAOM
cpenHeB3BenieHHOTo cpeanero (Auapees, 1980).
I'mapoxuMudecKkuii MOHUTOPUHT 03€pa IPOBEAECH

B BereranuoHHbl mepuon 2024 r. (mater: 21.05,
17.06, 09.07 u 06.08). OTO0p MPOO BOJIBI BHITOIHEH
Ha BBIJICJICHHBIX CTAHIMIX U3 MOBEPXHOCTHOTO CIIOS
W TPUIOHHBIX clloeB. Bcero mpoaHain3upoBaHo
19 mpo6 Boxmer mo 11 mokazarensm. Ilpu anammze
Ka4yecTBa BOJI MOJyUYeHHBIE 3HAYEHHUS COTIOCTABIICHBI
C TpEeAeNbHO JOMYyCTHUMBIMH  KOHIICHTPAIUSIMU
(ITIK) BeriecTs 1t BOIOEMOB PHIOOXO35HCTBEHHOTO
3navenns (IIpukas ..., 2016) u KyabTypHO-OBITOBOTO
Bonononbs3oBanus (Canllun 1.2.3685-21).

Pe3yabTarsl U HX 00Cy:KIeHHE

Tuopoghuzuuecxue u 2UOpOXUMUYECKUE
noxazamenu 600HOU Mdaccvl 03. Apxuepelickoe.
@DU3HKO-ONTUYECKHE CBOMCTBA BOJBI PACIIPEIEIICHBI
[0 aKBaTOPWU oO3epa HEepaBHOMEpHO (Tabm. 1).
Hawubonbielt mpo3padyHOCThIO BBIACIISIIOTCS BOJIBI
Ha nentpamsHoM (3.0-3.5 M) u roxHOM (Oomee
2.2-2.7 M) ydacTKax o3epa, Torna Kak Ha CEBEPHOM
ydacTke HabmroaeTcs ee 3ameTHoe cHrkeHue (1.8—
2.1 m). Ilo ngagHOMY TOKAa3aTento, B COOTBETCTBHUU
¢ knaccudpukanueit C.JI. Kuraesa (1984), os3.
Apxuepelickoe OTHOCHUTCS K 03epaM €O cpernHeit
MIPO3PaYHOCTHIO.

Bonp! 03epa xapakTepusyroTcst BeChbMa HU3KUMHU
3HaueHnsMU MuHepanuzauuu. [lo O.A. Anexkuny
(1953), mX MOXHO OTHECTH K BOJaM Majiol u
OYCHb MaJoOi MUHEpalu3alyy; 1Mo Kiaccu(uKaun
A.M. OpunnauxoBa (CrnpaBoyHHK ..., 1989) — k
VABTPANIPECHBIM. B TOBEPXHOCTHBIX CIOsIX (Maii-
aBTyCT) KojieOaHUs 3HAYSHN TPOUCXOAT B TIpeieiax
84—115 Mr/nm?, B IPUAOHHBIX CIOSX [TyOOKOBOIHBIX
300 — 111-138 mr/am®. Boma ouens Msrkas: cpejiHe-
CE30HHAsI BEJIMYMHA >KECTKOCTH Ha TIOBEPXHOCTH
Haxoautcst Ha ypoBHe 1.22-1.38 K, B mryOmHHOM
3oHe — 1.51-1.73 “)K. Ilo cocTaBy OCHOBHBIX HOHOB

Tabnuya 1. Temnepamypa no8epxHOCMHO20 C105 U RPO3PAYHOCHIb B00bl
6 03. Apxuepeticxkoe
Table 1. Surface layer temperature and water transparency in Arkhiereiskoe Lake

VYdacTok o3epa Jatst [Ipo3paunocTs, M [my6una, m Temneparypa, °C
Lake section Dates Transparency, m Depth, m Temperature, °C
0-0.2 27.4-27.8
4.07.2024 2.0-2.1
CeBepHbIit 5.0 21.5
15.08.2024 1.8-2.0 0-0.2 20.8
0-0.2 24.8-25.5
2.07.2024 3.0 7.0 19.4
LlenTpanbHbli
15.0 13.4
15.08.2024 35 0-0.2 20.2
2.07.2024 1o Ha (> 2.2 M) 0-0.2 26.6-26.8
FOsxHbIi
15.08.2024 1o iHa (> 2.7 M) 0-0.2 20.2

lh
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o3epHasl BOAA OTHOCHTCS K THIPOKapOOHATHOMY
KJIaCCY MarHUE€BO-KAJIbIIMEBOU IpyIIIIbL. BogOpoHBIiA
MoKa3aTellb XapaKTepU3yeT pEeaklIuIo Cpeabl B
MOBEPXHOCTHBIX CIIOSX 03epa Kak ciIadolIeNOuHyFo-
menounyto (pH 7.93-9.45); B NpUAOHHBIX CIIOSX —
Kak HetpanpHyto (pH 6.93—7.22). He3nauntenbHbIe
Bapuallii BEJMYUH CBHJCTEIBCTBYIOT O JIOBOJILHO
CcTaOMIILHOM XMMHUYECKOM COCTaBe BOJ| 03epa Kak B
CE30HHOW JIMHAMHKE, TaK M B TPOCTPAHCTBEHHOM
acriekre. [loMuMO TOro, cpaBHEHHE TEKYIIHX
MoKazarteniell C JaHHBIMH TPEANICCTBYIONIUX JIET
(ComepmienctBoBanue ..., 1997; Bogabsie 00BEKTHI
..., 2018) He TO3BOJISIET BBISABUTH CYIIECTBEHHBIX
M3MEHEHUH 110 TTOKa3aTelsiM yPOBHS MUHEPaITU3aIH
U COOTHOUICHUS| OCHOBHBIX HOHOB  BOJIHOM
Macchl 03epa 3a TMPOUICAIINI TEepUoa BPEMEHH.

[IpuONMU3UTEILHO TAKUM JXE OCTACTCA U YPOBCHb
po3padHoCTH BoA — B 1997 T. oH cocTaBmsut 2.5 M
(ComepmienctBoBanue ..., 1997).

Pacmipenesienne  pacTBOPEHHOIO  KHCIOPOZA
B 03. Apxuepeiickoe WMeeT 3aKOHOMEPHBIA IS
03CPHBIX DKOCHUCTEM XapakTep, Ha IOBEPXHOCTH
€ro KOHIICHTpalus Haxomutcs B HopMme (9.4-11.70
Mr/mM?), B TPHUIAOHHBIX CIOSIX MaKCHMAaIbHBIX
DIyOuH (KapCTOBBIC TMPOBAbl) — 3HAYUTEIIBHO
moumkena (0.9-1.7 wmr/mM®). B ornesnbHbIE
[EepHONbl  HAOMIOICHUH B  NPUIOHHBIX  CJIOSX
o3epa 3aQUKCHPOBAHBI TPEBBIIICHUS PEICIIEHO
JIOTyCTUMOM ~ KOHIEHTpPAluu  CYJIbOUIOB U
CEPOBOJIOPO/IA: B UIOJNE B IICHTPAJIBHOM YacTH — JI0
0.06 mr/nm?, B aBrycre B ceBepHoii — 10 0.09 Mr/mam?>.

CyMMapHOe COfiep)KaHHUE B BOJIC JICTKOOKHUCIIS-

Tabruya 2. OcrosHbie nokazamenu cmpykmypol (QumoniaHkmona 6 03. Apxuepetickoe
Table 2. Main indicators of phytoplankton structure in Arkhiereiskoe Lake

2.07.24, 4.07.24 15.08.24
ITokazarenu
Indicators

cr. 1 cT. 2 cT. 3 cr. 1 CT. 2 cT. 3
Iny6una, m 0.5m SMm 05m 7™M 15m 05m 05m
Depth, m
"IMCIIeHHOCTE, MITH KIL./1 709 | 231 | 520 | 130 | 053 1.76 68.67 2.84 3.38
Abundance, mln. cells/l
Buowmacca, mr/n 080 | 172 | 054 | 1.87 | 3.10 0.41 2.49 0.39 0.29
Biomass, mg/l
[InotHOCTE BHIOB B Ipobe 16 15 18 9 12 24 27 14 12
Species density in a sample
HWunexc BUIOBOrO
pasnoobOpasus, H, 2.35 1.99 1.49 0.90 0.65 241 1.96 1.51 1.63
Species diversity index, H,,
E,, MHJIEKC BIPaBHEHHOCTH 074 | 071 | 058 | 039 | 0.65 0.80 0.47 0.54 0.63
EN evenness index
Hupexc canpobrocts, § 227 2.0 226 | 203 | 1.70 2.22 HE0CTATOUHO JAHHBIX
Saprobic index, S

Tabnuya 3. Jomunupyiowue uovl 6 pumoniaHkmone no8epXHOCMHO20
20pu30Hma 800 03. Apxuepeiickoe
Table 3. Surface phytoplankton dominant species in Arkhiereiskoe Lake

O.Tl.le.ﬂbl cr. 1 CcT. 2 cT. 3
Divisions
Wronb
Cyanophyta Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault A. flos-aquae A. flos-aquae
Chlorophyta | Coenococcus sp. Coenococcus sp. Coenococcus sp.
ABrycT
Coelosphari West & G.S.Wi 4. flos-aquae
Cyanophyta oelospharium confertum West -GS, est A. flos-aquae C. confertum
¥ Snowella rosea (J.W.Snow) Elenkin ’ S. rosea

POGEHHCA t3PHAN NPHAAAOH R0MOHN
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€MBIX OPTaHWYEeCKUX BEIIECTB OIIEHHWBAJIOChH IO Be-
JMYUHE OHMOJIOTHYECKOTO MOTPEONICHHsT KUCIOpOoa
(BIIK), uCmonb3yeMoro B Ka4ecTBE OHOTO M3 OC-
HOBHBIX HM3MEpHUTeNIel KOJMYECTBA 3arpsA3HSIOMINX
BEIIECTB, MOCTYMAIONINX B BOJOEMbI C XO3AHCTBEH-
HO-OBITOBBIMH CTOUHBIMH BoZIaMu. B mepron Habi1r0-
JICHU# B TIOBEPXHOCTHOM ciioe o3epa 3Hauenne bIIK;
HAXOJWJIOCh B IIpeesax H}leX WJIM HE3HAYUTEIBLHO
(ue Ooee uem B 1.4 pasa) npessiiiao ero. 1 iumib B
CEBEpHOH YacTH 03epa B HIOJIE — aBI'yCTe HaOmo1a-
ca ero poct 10 3.52-4.63 mrO, /n (1.7-2.2 HAK ).
Taxke TpeBbIICHHE (PUKCUPOBATIOCH BCE JICTHHE
MECSIBI B IPUJIOHHOM CJIO€ 3TOTO Y4acTKa, C MaKCH-
mMymom g0 7.2 mrO,/n (3.4 H}leX) B aBTyCTE.
O0miee conepkaHue OPraHUYSCKUX BEIIECTB (110
BennunHe XI1K) Ha mOBepXHOCTH 03epa HAXOAUIOCH
B TIpesientax HopMbl — 23-29 mr/am?. JTnst o3epa ¢ ma-
KpO(MUTHBIM THIIOM 3apacTaHus 3TH 3HAYCHUS MOXK-
HO paccMaTpuBaTh Kak (DOHOBBIC, OOYCJIOBJICHHBIC
MIPOTEKaHUEM MPUPOIHBIX MTPOIIECCOB CUHTE3a U pa3-
JIOKEHHS OpraHNYeCcKHX BellecTB. HesHaunTeapHbIe
OTKJIOHEHHSI OT HOpMaTWBHbBIX 3HaueHwi (1.2-1.6
ITAK ;) OTMeuYeHbI JiMilb B Mae, NPUYEM OJHOBpE-
MEHHO Ha BCEX TpeX CTaHLMUAX. boyee 3HaUnTEeNbHbIC
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B Cunesenensie B Kpunrodurossie E3BIIeHOBBIE

B JlnaromMoBbIe B 3enenbie B Xapogurobie

Puc. 2. Bkrao sodopocnetl pazuvix omoenos é ¢hop-
muposanue ooue yuciennocmu (a) u buomaccol (b)
DUMONIAHKMONA 8 NOBEPXHOCHHOM Cl0€
03. Apxuepetickoe; 1-3 — nomepa cmanyuii
Fig. 2. Contribution of algae different divisions into
total abundance (a) and biomass (b) of phytoplankton
in surface of Arkhiereiskoe Lake;

1-3 — station numbers

orknonenus — 4 MK . 8 nrone u 8 IJIK _ B aBrycre
— 3a(h)MKCHPOBAHbBI B IIPUJIOHHOM CIIO€ CEBEPHOM Ya-
CTH 03epa.

Conepxanue obimero ¢ocdopa B MOBEPXHOC-
THOM TOPH30HTE 03. Apxuepelckoe B Mepuoj Ha-
OJTFOZICHUI M3MEHSIIOCH HE3HAYMTENBLHO, B MpeJenax
0.014-0.041 mr/am3. Ero cpeiHe-Ce30HHOE 3HAYCHHE
coctaBmwio 0.03 mMr/mM® B ceBepHO# M FOXKHOW 4a-
ctax, 1 0.02 Mr/mm?® — B IIEHTpaIBHO# YacTH o3epa. B
MPUOHHOM TOPU30HTE CEBEPHOTO M IICHTPAIBHOTO
YUYACTKOB CpEJTHHE 3HAuCHHs IOKa3arelis MOBbINIa-
quck 10 0.2 mr/aM?, 9to CBS3aHO ¢ 0Opa3oBaHUEM
3/1eCh HEPACTBOPUMBIX hopMm docdaros.

Buoosoii cocmas u xonuuecmeennoe pazeumue
NIGHKMONHBIX coobugecms. B (UTOMIIAHKTOHE 03.
Apxuepelickoe 0OHapy)eHo 68 BHIOB U3 CEMH TaK-
conomuueckux rpymir: Cyanoprokaryota (1iuaHompo-
kapuothl, win Cyanophyta — cHHE3eIeHbIe BOIOPOC-
nu), Cryptophyta (kpunrodurossie), Euglenophyta
(aBrenoBoie), Chlorophyta (3enmensie), Dinophyta
(mmHoguToBeie), Bacillariophyta  (nmmaromoBbie)
n Charophyta (xapodutoBsie). OcHoBa 03epHOU
anbrodiopsl GopMUpPYETCS 3a CUST NMPEJACTABUTEIICH
3eneHbIX (27 BUIOB) U cuHe3enenbix (18 BuIoB) Bo-
JIOpocCIIei.

OO01Me KOMYECTBEHHbBIC TIOKa3aTeu (puTorian-
KTOHA B BOJJOEME BapbUPYIOT KaK BO BPEMEHHOM (OT
Mecdla K MecsIly), Tak ¥ B POCTPAHCTBEHHOM U~
Hamuke (Tadin. 2). B cepenune nera (ntoin) ero oou-
JIE B IOBEPXHOCTHOM CJIO€ BOJIbI HOCUT YMEPEHHBIH
xapakrep. Ha pa3HbIX ydacTkax o3epa YHUCICHHOCTb
n3Mensiercst B peaenax 1.8—7.1 mMiH ki1./11, Guomac-
ca He mpeBbilaeT 1 mr/n. HesHaunrtensHOe ycuie-
HUE pocTa (PUTOIUIAHKTOHA OTMEUAeTCsi B HalpaBs-
JICHUU K aKBATOPHUU CEBEPHOM 4acTu o3epa. Takco-
HOMHYECKYIO CTPYKTYpy c000IIecTBa (HOpMUPYIOT
MpeACTaBUTeNH IaHonpokapuor mop. Nostocales
(Aphanizomenon flos-aquae) v 3eNEHBIX BOAOPOCIICH
nop. Sphaeropleales (Coenococcus sp.) (tadm. 3).
JomuHUpYOIas poiib 10 YHCICHHOCTH U OnomMacce
NPUHAIJIC)KUT HUAHOIIPOKApUuoTaM M 3CJICHBIM BO-
JIopocisM, obpasyromuM coBMecTHO 92—100% vmuc-
neHHoctd U 52-100% Ownomacchl (QUTOTUTAHKTOHA
(puc. 2). B roxxHO# wacTu o3epa B Oromacce ¢uro-
TUTAHKTOHA 3aMETHO YCHIIUBAETCSl Y4acTHe Xapohu-
toB (Cosmarium sp.).

B BepTuKanbHOM pacrpesielieHuH OTMEYaeTCs
CHIDKCHUE YHCJICHHOCTH W POCT OMOMacchl (HTO-
IUIAHKTOHA ¢ T1yOuHoM (Tabm. 2). D10 00ycioBie-
HO CMEHOM JIOMHUHUPOBAaHUS ILIHAHONPOKAPUOT H
3€JICHBIX BOJIOPOCJICH Ha TPENCTaBUTEINS TUHODU-
ToBBIX Bojopocieit Ceratium hirundinella (Miiller)
Dujardin. JIaHHBIH KPYTHOKJIETOUYHBINA BH/, IPUCYT-
cTBys B HeOombioM uncie (2—17% ot olmieit umc-
JICHHOCTH), HO 00JIajiasi TSHKEIOBECHBIM ITaHIPEM,

i
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Puc. 3. Jlenopoepamma cxoocmea uccied08aHHbIxX
cmanyuil no buomacce omoenos umMoniaHKmora
6 03. Apxuepeiickoe

Fig. 3. Dendrogram of stations similarity by biomass

of phytoplankton divisions in Arkhiereiskoe Lake

BHOCHUT OCHOBHOMH BKIJaJ B popMHUpOBaHUE OMOMAac-
cbl putorutankToHa (85-99%) Ha ropusonrax 5, 7 u
15 m. Ero nomuHHMpOBaHNE B TTyOOKOBOIHOW 30HE
OOBSICHSIETCS HallMYheM KOHKYPEHTHBIX IPEHMY-
HIECTB Tiepel] APYTUMU MHUKPOBOIOPOCISIMH — CIIO-
COOHOCTBIO K MUKCOTPO(GHOMY (CMEIIaHHOMY ) ITHUTa-
HUIO, aKTUBHOMY TIEPE/IBIDKCHHIO B BOJIE B TIOUCKAX
ONTUMAJBHBIX YCIOBUH IS MUTAHUSI U TOJIEPAHTHO-
CTBIO K YCIIOBHSIM HEIOCTATOYHOCTHU CBETA.

OTnenpHO CIEAyeT OTMETHTH PaclpOCTpaHEHHE
B 03epe Xapo(pUTOB, IPEACTABICHHBIX JIECMHUINEBHI-
MU BonopocisiMu u3 pono Cosmarium, Closterium,
Spondylosium, Staurastrum w Xanthidium. Jlecmu-
JINEBbIE W3BECTHBI KaK WHAMKATOPBI, YyBCTBUTEIb-
HBIE K cpeJle OOUTaHUA, U MX MPUCYTCTBUE B TIAH-
KTOHE MOXKET CBUJIETEILCTBOBATh 00 OMpeeIeHHBIX
THIPOXUMUYECKUX YCIIOBHUSAX B 03epe. B memnom, nx
obuire B (DUTOIMJIAHKTOHE HEBBICOKOE (HE MPEBHI-
maeT 10% ot obmmx mokasareneit). Bmecte ¢ tem,
HEPaBHOMEPHOE pacIpellelieHne 3TOW TPYIIIBI BO-
JIOPOCIIEH TI0 aKBaTOPUU 03epa W B T'PATUCHTE TIIy-
OWH yKa3bIBaeT Ha JIMCKPETHOCTh B paclpeielieHUH
(PMBUKO-XMMHUYECKHX TOoKa3aresiei Boapl. CormacHo
aHaAMHU3Y SKOJIOTHUYECKUX TPEINOYTeHUH JIeCMHuIne-
BbIX Bomopocier (Heynaxuna, Armcumona, 2022),
HauOOJBIINM 3arpsi3HEHUEM XapaKTEePH3YIOTCS TIIy-
OWHHBIE 30HBI 03. ApXHepelcKoe M ero ceBepHas
gacTh. Hambospiee gncio BHIOB (8) oTMedaeTcs B
MMOBEPXHOCTHOM cJI0€, ¢ IyOomnHoi (715 M) ux pas-
HOOOpasue cHmkaercs 10 AByX (Closterium aciculare
West u Staurastrum sp.). Haubonee 6orar gecmuu-
€BBIMH IIEHTPAIFHBIA y4acTOK o3epa (CT. 2), MeHee
— FOKHBIH (CT. 3). YCIIOBHS Ha CEBEPHOM yUYaCTKE 03€-
pa (ct. 1) HEOIaronpusATHBI ISl UX Pa3BUTHS, 37€Ch
YHCIIO IECMUINEBBIX MUHUMAIIBHO (Staurastrum).

B aBrycre, B MOBEpXHOCTHOM CIIO€ IIEHTPAIBHOTO
1 I0JKHOTO YYaCTKOB 03epa, KOIMIECTBEHHOE O0MIIHe
(PUTOTUTAHKTOHA TPOAOIDKAET HOCUTH YMEPEHHBIH
xapakrep. Taxke, B CTpyKType (pUTOILIAaHKTOHA Be-
JIyIUE POJIM TIPUHAJUIeKAT [HAHOIIPOKAPHUOTAM U

i

cT. 1 (VII). moB.
cT. 2 (VII). moB.
cT. 3 (VII). moB.
CT. 2 (VIII). moB.
cT. 3 (VIII), moB.
cr. 1 (VIID), moB.
cr. 1 (VID. 5™

cr. 2 (VID. 7™

cr. 2 (VID), 15 M

3€JIeHBIM BOJIOPOCIISIM; 0OoJiee 3aMETHYIO pOJIb
HAaYMHAIOT UTpaTh AUaToMoBbIe (CT. 1) U KpunToO-
¢dutossie (cT. 2 u 3). [IpencraButenu xapopuro-
BBIX BOJOPOCIICH TPH 3TOM BBINAAAIOT U3 YHCIIA
JIOMHHAHTOB W CyOmomuHaHTOB. Ha »TOoM (oHe
OTMEUYEHO 3HAYUTEIBHOE YBEINYCHUE 001IIeH unc-
JIEHHOCTH U 6MoMacchl GUTOILIAHKTOHA 110 68.67
MJIH KL/ 1 2.49 MI/1 B CEBEpHOM 4YacTH o3epa.
DTOT pocT 00yCIOBICH JOMUHUPOBAHUEM TIPEI-
CTaBHTEJICH IMAaHOMPOKAPUOT, JIOJSI KOTOPBIX B
YHCJIIEHHOCTH U Onomacce nocrturaet 97% u 74%,
COOTBETCTBEHHO. [Ipy 3TOM pa3BHUTHE MOIYYarOT
NPEUMYIICCTBEHHO TPEJICTABUTENN  TOPSIKOB
Chroococcales (C. confertum, S. rosea) n Nosto-
cales (4. flos-aquae).

[Ipu npoBeeHNN KITacTepU3alMd OCHOBHBIX OT-
JIeNIOB (pUTOIIaHKTOHA 10 OMomacce (puc. 3) Bbije-
JSIFOTCSL TPH KIJIACTEpa CO CTEMEHBIO CXOJICTBA MEHEE
30%. B ornmenbHBIN Knactep oObeAHHSETCS (QHUTO-
TUIAHKTOH ITyOMHHBIX TOPU30HTOB, CXOJICTBO KOTOPO-
T'O C MOBEPXHOCTHBIM cocTanisieT meHee 10%. Bto-
poli kiactep oOpaszyeT (HTOILTAHKTOH TIOYTH BCEX
UCCIICIOBAaHHBIX IMOBEPXHOCTHBIX NPOO W TPETHH,
000CO0NIeHHBIN OT HUX — (PUTOIUIAHKTOH CEBEPHOTO
ydacTka, OTOOpaHHBIA B aBrycre. Takum oOpaszowm,
B aBrycre Ha cT. 1 opmupyercs ocobasi cTpyKTypa
(hUTOTUTAHKTOHA, OTIUYAIOIIASICS OT TAKOBBIX HA CT. 2
u 3. 31eck, B ONINYHE OT IPYTHX CTAaHIIUH, OTMEYEHO
MIPUCYTCTBHE AMATOMOBON Bomopocnu Aulacoseira
Sp. ¥ MHOTOOOpa3ue BUJIOB IIHaHOIIPOKAPHUOT.

B 3oommankTone o3epa obHapykeHO 27 BHUIOB
0eCITO3BOHOYHBIX KMBOTHBIX U3 TPEX TAKCOHOMUYE-
ckux rpynn. Hambornee BBHICOKMM BHMJIOBBIM Oorar-
CTBOM TIPECTABJICHBI KOJIOBPAaTKUA — 16 BUIOB; BET-
BHCTOYCBIC U BECJIIOHOTHE pakooOpa3Hbie — 1Mo 7 u 4
BHJIa, COOTBETCTBEHHO (Ta0I. 4).

K momMuHaHTHBEIM opMaM 300IIIaHKTOHA B 03€pe
CIIE/IyeT OTHECTH BECIIOHOTUX paykoB Eudiaptomus
graciloides (Di 20.02), k cyOZOMHHAHTHBIM — KO-
noBpartok Pompholyx sulcata (1.61) u Kellicottia
longispina (1.66), BEeTBHCTOYCHIX paykoB Bosmina
coregoni (9.99) u Daphnia cucullata (9.99), Becmno-
Horux paukoB Cyclops strenuus (4.3), Mesocyclops
leuckarti (1.82) m Thermocyclops crassus (5.72).

B moBepXHOCTHBIX CJIOSIX 03epa YUCICHHOCTD 30-
OTUIAHKTOHA B TIEPBBIM MeCSI] HAOMIOACHUMA (OB )
u3MeHsiercst B npenenax 74—134 teic. 3k3./m°, OHo-
Macca — 0.27-1.12 r/m3 (tabm. 5). Bemymiast ponb B
KOJJMYECTBEHHON CTPYKType COOOIIeCTBA NPHHA-
JISKUT BECJIOHOTMM PadKaM, MPECTaBICHHBIM TIpe-
MMYIICCTBEHHO JTHYMHOYHBIME (OPMaMH, JOJIS KO-
TOPBIX B OOIIEH YHCIEHHOCTH cocTaBisieT 86—98%
(puc. 4). ITo Guomacce 3Ta rpymna TaKxe JOMUHUPY-
eT Ha OOoJNbIIIel YacTH aKBaTOPUHU 03epa (IEHTPaTb-
HBIH U I0KHBIN ydacTkn) — 92-93%, Torna kak Ha ce-

POCEHHCHAIN SYPAAR APHBNAMHON dwnori
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Tabnuya 4. Buooeoii cocmae 300n1aHKMORA 03. Apxuepetickoe ¢ yKazanuem uHOUKAMOPHOU 3HAUUMOCTU
Table 4. Species composition of zooplankton in Arkhiereiskoe Lake with indicator significance

Hnnexc
Busbl/cTaHnun Carpo6- canpo6HOCTH
Ne Species/stations crl Cr.2 Cr.3 S HOCEE.' Saprobic
aprobity index
Tun Rotifera — Konosparku
1 | Asplanchna priodonta Gosse, 1850 + o, f 1.6
2 | Brachionus angularis Gosse, 1851 + b a 2.5
3 | Brachionus diversicornis (Daday, 1883) + I3 2.0
4 | Brachionus quadridentatus Hermann, 1783 + p 2.2
5 Conochilus unicornis Rousselet, 1892 + 0 1.3
6 | Filinia longiseta (Ehrenberg, 1834) + p o 2.3
7 | Kellicottia longispina (Kellicott, 1879) + + + o, f 1.4
8 | Keratella cochlearis (Gosse, 1851) + s 1.9
9 | Keratella quadrata (Miiller, 1786) + + + B 1.7
10 | Lecane luna (Miiller, 1776) + o, f 1.6
11 | Lepadella patella (Miiller, 1773) + s 1.7
12 | Polyarthra euryptera Wierzejski, 1891 + + + o 1.2
13 | Pompholyx sulcata Hudson, 1885 + s 1.7
14 | Synchaeta pectinata Ehrenberg, 1832 + + o, f 1.7
15 | Trichocerca capucina (Wierzejski & Zacharias, 1893) + o, B 1.5
16 | Trichocerca similis (Wierzejski, 1893) + + o, 1.6
Tun Arthropoda — Unenncronorue
Knacc Branchiopoda: namotpsi Cladocera — BeTBHCTOyCBIE pakooOpa3Hbie
17 | Bosmina (Eubosmina) coregoni Baird, 1857 + + + 0 1.2
18 | Chydorus sphaericus (Miiller, 1785) + + + o, f 1.8
19 | Daphnia (Daphnia) cucullata Sars, 1862 + + + o, 1.7
20 | Daphnia (Daphnia) cristata Sars, 1862 + o 1.1
21 | Daphnia (Daphnia) galeata Sars, 1863 + 0 1.0
22 | Diaphanosoma brachyurum (Liévin, 1848) + + o, B 1.6
23 | Diaphanosoma mongolianum Uéno, 1938 + + H/IT H/IT
Kiacc Copepoda - BeciioHOrne pakoodpasHbie
24 | Eudiaptomus graciloides (Lilljeborg, 1888) + + + o, 1.7
25 | Cyclops strenuus Fischer, 1851 + + b, a 2.2
26 | Mesocyclops leuckarti (Claus, 1857) + + p 1.7
27 | Thermocyclops crassus (Fischer, 1853) + o 1.3
Bceero BugoB — 27, B TOM 4HCIE 110 CTAHIIHAIM: 19 16 12

BEPHOM YYAaCTKE B KQUCCTBEC JOMHWHAHTOB BBICTYIIAIOT
KoJioBpatku (69%), 4To 00yCIOBICHO MPUCYTCTBHEM
B WX COCTaBe KpyMHOpa3MepHOro Buaa Asplanchna
priodonta. OcoOEHHO BBICOKas MJIOTHOCTH KOJIOBpA-
TOK, 10 300 TBIC. 5K3./M> 1 12.3 /M3 (64% 1 82%, co-
OTBETCTBEHHO, OT OOIIEH YNCIEHHOCTH U OMOMACCHI
300TUTaHKTOHA) HaOIoaeTcs Ha 1youHe 5 M. 31ech

lh

JKEe OTMEYaeTcss Haubosiee BHICOKOE BUIOBOE Pa3HO-
o0Opa3ue MIaHKTOHHOTO COOOIIEeCTBa, MPEICTaBIICH-
Horo 15 Bumamu (B mpo0Oe), 1 MaKCUMaJIbHBIMU 3Ha-
yeHusMu unaekca [llennona — 3.18 our.

B aBrycre orMeueH KOJMYECTBEHHBIH POCT 300-
IJIAHKTOHA, B MIOBEPXHOCTHBIX CJIOSIX 03€pa €ro 4uc-
JIEHHOCTH gocturaer 156—191 teic. 7K3./M°, Ouomac-

iy
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Tabnuya 5. Ocnoguvle nokazamenu CMpyKmypovl 300N1AHKIMOKA 8 03. Apxuepetickoe
Table 5. Main indicators of zooplankton in Arkhiereiskoe Lake

2.07.24,4.07.24 15.08.24
TTokazarenu
Indicators
cr. 1 CT. 2 cr. 3 cr. 1 CT. 2 cr. 3
DyGuna, m 05m 5m 05m | 7wm 15 0.5 M 0.5 M
Depth, m
3
“IMCIICHROCTE, TEIC. 9K3/M 79.5 | 469.50 | 1342 | 614 332 74.1 191.3 | 155.7 | 180.1
Abundance, th. sp./m
3
E?OM“C& T/ 1.12 14.88 027 | 0.82 0.71 0.28 074 | 223 | 168
iomass, g/m

[InoTHocTs Buz0B B MpoGe 10 15 6 6 7 8 14 10 9
Species density in a sample
Wnnexc BUI0BOTO
pasnooGpazms, H, 1.67 3.18 1.05 0.87 1.75 1.48 185 | 231 1.88
Species diversity index, H,
ek canpoGHocty, § 1.54 1.64 1.90 1.63 1.64 1.88 150 | 154 | 155
Saprobic index, S
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Puc. 4. Bkrao omoenvHbix epynn 6€cno360HOYHbIX
JHCUBOMHBIX 8 0OWYIO YUCTIEHHOCb (@) u buomaccy
(b) 300n1anKmona 6 nOGEPXHOCMHOM clloe
03. Apxuepetickoe; 1—3 — Homepa cmanyuti
Fig. 4. Contribution of separate groups into total
abundance (a) and biomass (b)
of zooplankton in surface of Arkhiereiskoe Lake;
1-3 — station numbers

ca — 0.74-2.23 r/™’. B ceBepHOii yacTu o3epa mpo-
JA0JDKACT COXPAHATHCA JOMUHUPOBAHUC BCCIIOHOTUX
pavKoOB, TOIZIa KaK MAaCCOBOTO Pa3BHTHUSI KOJIOBPATOK
A. priodonta 3neck yxe He HaOmonaercs. Ha ocranb-
HOM aKBaTOpPHU 03epa BeAYyIIas POJib B YUCICHHOCTH
u OHomacce MepexoAnT, TPEUMYIIECTBEHHO, K BET-
BUCTOYCBIM padyKaM.

b

M3MmeHeHUsT B CTPYKType 300IUIAHKTOHA IICH-
TpaJIbHOU YaCTH 03epa, HAOIIoTaeMble C YBEIIMICHH-
eM TIIyOWHBI, 3aTparuBaroT, TIIABHBIM 00pa3oM, ero
KONTMYeCTBEHHOE pa3BuTHE (Tabm. 5). IIpomcxomut
3aMETHOE CHWXCHHE YHCIICHHOCTH, TOTAa Kak 00-
mas Omomacca yBEIMUWBaeTCsA. Bemyree 3HadcHUE
BECJIOHOTHUX PAdKOB, OTMEUAEMOE TSI TTIOBEPXHOCT-
HBIX CJIO€B, COXpaHseTcs. [Ipu 3ToM OTHOCHUTENBHBIN
pocT Omomacchl Ha TTyonHax 7 U 15 M 00BsACHIETCS
BO3pacTaHWEM IO B3POCIBIX 0CO0el pakooOpas-
HBIX.

KnacrepHblii aHanu3 cTeneHu CXOJICTBA BHUIO-
BOTO COCTaBa 300IUIAHKTOHA IO KOJIMYECTBEHHOMY
naaekcy ChépeHcena moka3bplBaeT pasJeenne mpoo
Ha ypoBHE 15% Ha 2 OCHOBHBIX KjacTepa (puc. 5).
[lepBrIii 00pa3yeT 300TUIAHKTOH aKBATOPHH CEBEp-
HOTO y4YacTKa 03epa, BTOPOW — W3 IEHTPAILHOTO U
FO)KHOTO yYacTKOB. BHyTpW BTOpOTO Kiactepa OT-
JIETHHO TPYTITAPYIOTCS MPOOBI 3 ITOBEPXHOCTHOTO U
TTyOWHHBIX TOPU30HTOB, M TaKXKe OTIEIHHO — TIPO-
OB, OTOOpaHHBIE B MIOJIE M aBTyCTe.

buonoeuueckaa unouxkayus cocmosHus 3IKOCU-
cmemvl 03epa  Apxuepeiickoe. BumoBoe pas3HOO-
Opasue TIaHKTOHHBIX COOOIIECTB 03epa Ha OCHOBE
JTAHHBIX, MMEIOIIUXCS JIJISi CPEIMHHBIX aKBaTOPHUI
CEBEPHOTO, TICHTPAIILHOTO M FO)KHOTO yYaCTKOB 03€-
pa, MOKHO OIICHUBATh KaK HEBBICOKOTO — CPEIHETO
ypOBHS. 3HAUEHUS WHIEKCA BUOBOTO pa3HOOOpa3us
Illernona m3Mensirorest B auanasone 1.49-2.41 6ur
st putortankTona U 1.05-2.31 GuT mys 30011aH-
KTOHA, ¥ BBIXOJAT 32 3TH Tpenensl (Menee 1 wmm 6o-
see 3) JHITh B TIIYOOKOBOJIHBIX CJIOSIX BOIHOM TOJI-
. bonee BeicokuMu 3HaueHusIMU uHekca [llenHo-
na (H,=2.08, B cpenem) u unzekca [ueny (£=0.71,

POGEHHCA t3PHAN NPHAAAOH R0MOHN
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Tabauya 6. Tpoghuueckue ycrosus (mun) 6 akeamopuu 03. Apxuepetickoe no npo3pa4HOCMU, COOEPHCAHUIO
obwezo gocpopa u unoexcy mpoguocmu: M — mezompousiii, O — onueompopmwiii
Table 6. Trophic conditions (type) in Arkhiereiskoe Lake by transparency, total phosphorus content
and trophic index: M — mesotrophic, O — oligotrophic

[Ipo3pauHoCcTh BOZBL, M O06mwmit pocop, MK/ Wunexe TpodrOCTH
YuacTok o3epa Transparency, m Total phosphorus, mkg/1 Trophic index
Lake area HIOITh aBTyCT THT Maii — aBrycr THIT HIOITh aBTyCT THIT
July August type May — August type July August type
CeBepHbIit 2.1 1.9 M 32 43 54 M
LentpanbHblii 3.0 3.5 M 21 39 35 o
HOxHbIH >2.2 >2.7 M 33 36 32 O

B CpelHeM) pa3HooOpa3ue (DUTOIIAHKTOHA Xapak-
TEpPHU3YETCs B MIOJIE, TOTa KaK BO BTOPOU TOJIOBUHE
sera oHO cHikaercs 10 1.70 u 0.55, cooTBeTCTBEH-
HO, 4TO O0OYCJIOBJICHO YCUJIICHUEM JOMUHUPOBAHUS B
TUTAHKTOHE TPEJCTaBUTENICH IIUaHOMPOKapHOT. Yuc-
JIO BUJIOB B IUIAHKTOHHBIX NP0O0ax BapbUPYET OT 9 U
1o 27 (puromnankToH) u 0T 6 10 15 (300IUIAHKTOH).
OTHOCHTENBHO 00JIee BHICOKMMHU 3HAYCHUSMU JIaH-
HOTO TI0Ka3aTelIs BBIICISIOTCS (PUTOTUIAHKTOH (10 27
BUIOB B IIpo6e) u 30011aHkToH (14—15) B ceBepHoOi
9acTH 03epa.

WHupnekc campoOHOCTH, pacCUYUTAHHBIN 1O OOU-
JIUI0 OPraHU3MOB-OMOMHIIMKATOPOB, BapbUPYET B
HE3HAYUTENBHBIX Tpe/iesaX Kak JJisl (PUTOIIaHKTO-
Ha (S 1.7-2.3), Tak u juist 300oruiankrona (S 1.5-1.9).
OTu 3HaueHUs YKIAJBIBAIOTCS B JMAIla3oH, CBOM-
CTBEHHBIN ISl f-Me30CanpoOHOM 30HBI, YTO Xapak-
TEpPU3YyeT YPOBEHb OPTaHUYECKOTO 3arps3HEHUS Kak
MOBEPXHOCTHBIX, TaK U TIIYOOKOBOJIHBIX TOPU30H-
TOB BOJ[ aKBaTOPHH 03. APXHUEPEHCKOro, Kak 30HY
yYMEpPEHHO-3arpsi3HEHHBIX BOJ. B 1eriom, Ha He3Ha-
YUTEIbHBIH YPOBEHb OPTaHUYECKOTO 3arpsi3HCHHS
YKa3bIBAIOT U PE3YyJIBTaThl XUMHKO-aHATUTHYECKUX
u3MepeHuid Bonbl: 3HaueHust mokazarened XIIK u
BIIK, B OBEPXHOCTHBIX CIOSAX HAXOAATCS, [JIABHBIM
o0Opa3oM, B mpejiesiax HOPMAaTUBHBIX 3HauyeHui. [1o

AMEIONINMCS apXUBHBIM JaHHBIM (COBEpIIECHCTBO-
BaHue ..., 1997), kauecTBO BOA 03. Apxuepeickoe
B KoHIle 1990-x rojioB Ha OCHOBE CarpoOUOIOrHYe-
CKOT'0 aHaJIM3a GUTO- ¥ 300IUIAHKTOHHBIX COOOIIECTB
OTKPBITOM aKBaTOPHUHU TAKKE OLIECHUBAIOCH KaK «yMe-
PEHHO 3arpsi3HCHHBIC» BOJIbI, B JINTOPAJILHON 30HE —
KaK «4HCTHICY.

O3epo Apxuepeickoe XapakTepu3yeTcs caadbiM
KOJIMYECTBEHHBIM Pa3BUTHEM (PUTOILIAHKTOHA C
Onomaccoii, 00bIYHO He TpeBbIatomeit 1 mr/ia. B
LIEJIOM, HE3HAYUTENIBHOE 3arps3HEeHUE U HU3KOe 00u-
nue (PUTOTUTAHKTOHA U 300ILIAHKTOHA CIIOCOOCTBYIOT
JIOBOJIBHOM BBICOKOW TPO3PaYHOCTH BOJIBI, JIOCTHIa-
rolieid Ha OoJIbILIeH YacTH akBaTopuu o3epa 3—3.5 M.
[Ipo3paunocts Boxel M copepxkanue obuiero doc-
(hopa sBiISIFOTCS HanOoNee JOCTYIMHBIMA METOJaMH
MPUOJIMKCHHON OLEHKU TPOPUUESCKOTO COCTOSHUS
BonoemoB. [lo 3THM mokazaTensM, UCIOIb3Ysl UMe-
foruecs: Kiaccuukanuu TPOPHOCTH BOJHBIX KO-
cucreM (Mumuyc, KeiBacuk, 1979; Kuraes, 1984),
YCIIOBHS B 03€pE MOTYT OBITh OXapaKTepHU30BaHbI KaK
Me30TpodHbIe (Tabm. 6).

Wcnonb3oBanue i OLIEHKA TPOPUUIESCKOTO CTa-
Tyca o3epa OMOTHYECKUX IIOKa3areliell I03BOJISET
T depeHIupoBaTh aKBaTOPUIO O3¢pa Ha 30HBI C
OTIIMYAOIIUMUCS yciioBusiMu Tpodroctu. Corac-

HO WHJEKCY TPO(MHOCTH, KOTOPBIi

60 70 80

90

3009 HaXOJUTCS B JMANa30HE 3HAUYEHUI

oT 32 no 54, akBatopust I0:KHOTO U

cr.1 (VII), moB. HCHTPAJIBHOT'O0 YYAaCTKOB 03€pa OT-

er.l (VIID. mo8. - yocpTest K 30HE € OJIUTOTPOPHBIME

Puc. 5. Jlenopocpamma cxoocmea uccied08aHublx CmaHyuil
NO YUCTEHHOCMU 8UO08 300NIAHKMONA 8 03. Apxuepelickoe
Fig. 5. Dendrogram of stations similarity by abundance
of zooplankton species in Arkhiereiskoe Lake

—

ct.l (VII), 5™
c1.2 (VII). 1108, YCJIOBUAMH, TOTZla KaK Ha CCBCP-
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ydacTKa o3epa MpOSABIAETCS B HAPYIICHUU peXHMa
BOJIOOXPAHHOM 30HBI 03epa M XO3IHCTBEHHO-OBITO-
BOM 3arpsi3HeHHH BoJ. Pocty ypoBHsS TpodHOCTH B
CEBEPHOH YacTH TaKKe CIOCOOCTBYET €ro JIOBOJIILHO
M30JINPOBAHHOE TIOJIOKEHWE M, BCIEJCTBHE 3TOTO,
3aTPYAHCHHBIH BOJOOOMEH C IICHTPAIbHOM YaCTHIO
o3epa. Kak ciencTBue, B CeBEpHOM YacTH MPOLIECCHI
3BTpOUpOBaHUS YT OOJIee YCKOPEHHBIMH TeMIIa-
Mu. Tak, B pa3BUTHH THAPOOHOJIOTHUECKUX COO0-
IIECTB B OTACIbHBIC MEPUOJIBI (aBIYCT) OTMEYaeTCs
0oJiee CylIEeCTBEHHBIH POCT (DUTOIUIAHKTOHA 110 2.5
MT/JI, Ha TIOPSIZIOK NIPEBBIIIAIONINI 3HAUCHHS HA JIPY-
TUX y4yacTKax akBaropuu. Ilpum 3ToM B CTpyKType
00111eil YUCIIEHHOCTH YCUIIUBAETCS IOMUHUPOBAHHE
UAHOIIPOKAPHOT A0 97%, 4TO, 110 MHEHHUIO HEKOTO-
puix aBropoB (Neverova-Dziopak, 2007), mozBomnsiet
KIaccu(UIMpOBaTh yCIoBHS Kak dBTpodHbie. Ha
TIOBBIIIICHUE YPOBHS OPraHMYECKOTO 3arpsi3HEHHS
B CCBEPHOW 4acTH ykasbiBaeT poct BIIK, kak B mo-
BEPXHOCTHBIX, TaK M B IIIyOMHHBIX CIIOAX, a TaKXkKe
3aMeTHOE CHM)KEHHE MPO3PAaYHOCTH BOJIBI.

3akaouenmne

[TosmyueHHbIe B XOJI€ MCCIIEOBAHUI PE3YNIbTAThI
THIPOXUMUYECKUX M THIPOOMOIOTHYECKUX HCCle-
JIOBaHUH YKa3bIBAIOT Ha TO, YTO AKOCHCTEMa O3epa
Apxuepeiickoe HaxXOJUTCSI B OTHOCHTEIbHO OIna-
TOIIOJIyYHOM M YCTOMYHMBOM COCTOSIHMM. Buaosoe
paszHooOpasne MIAaHKTOHHBIX COOOIIECTB OTKPHITOM
aKBAaTOPHH 03epa HAXOJUTCS Ha YPOBHE HEBBICOKHX —
CpeTHUX 3HAYSHHI; Ka4eCTBO BOBI OIICHNBAETCS KaK
«YMEPEHHO-3arpsI3HEHHBIC  BOJBI»; TPOQUUECKUN
CTaTryc BOJOEMa COOTBETCTBYET OIHUI0-Me30TPOd-
HBIM ycNOBHsIM. BMecte ¢ TeMm, aHaju3 MpoCTpaH-
CTBEHHON JMHAMUKH YKa3blBaeT Ha HMEIOIIeecs
pasneneHre aKBaTOPHH 03epa He TOJIBKO Mo Mopdo-
METPUYECKUM, HO U MO TUAPODYUZNICCKUM, THIPO-
XUMHYECKUM U TUIPOOHOIIOTHYECKUM ITapamMeTpam.
[ToBhIlIeHne ypOBHS OPTaHUYECKOTO 3arpsA3HEHUS U
TpOo(PHOCTH B CEBEPHON HYACTH O3epa yKa3bIBaeT Ha
TO, YTO 37IeCh MPOIIECC IBTPOPUPOBAHUSI HOCHT 0O-
Jiee BhIpaXKCHHBII XapaKTep, IPOSIBISIOIUICS, B TOM
qrciie, B U3MEHEHUH CTPYKTYPbI IUTAHKTOHHBIX CO00-
mectB. OOYCIIOBICHO 3TO, B 3HAYUTEILHON CTETICHH,
BJIMSIHUEM KWJIOH 3aCTPOMKHU B BOJOOXPAHHOM 30HE
o3epa (c. Tapmamm) 1 MOCTYMAIOMINX B BOJOEM BMeE-
cre ¢ au(p(y3HBIM CTOKOM XO3SHCTBEHHO-OBITOBBIX
3arpsi3HeHMM. Hauaras B mocnenHue roasl peainsa-
U TPOEKTOB IO MAaJOITAKHOMY (KOTTEIHKHOMY)
CTPOUTENBCTBY Ha TEPPUTOPHIX 3aMaJHOTO U BOC-
TOYHOTO OeperoB 03epa JIOJHKHA YUUTHIBATH JAaHHBIN
OTBIT W TNPHU IJIAHUPOBAHUU CTPOUTENIBHBIX paboT
CJIEIOBATh TIOJIOKEHHUSIM O CTPOTOM COOJIO/IEHUH pe-
JKMMa BOJIOOXPaHHOM 30HBI 03€p.
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development of its catchment area. Based on the
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PABPABOTKA MATEMATUYECKOM MOJEJA
BOJII'O-AXTYBUHCKOM MOMUMBI U JEJIBTHI P. BOJIT'A
KAK HHCTPYMEHTA COBEPIIEHCTBOBAHUSA PEXKUMOB
PABOTbBI HUKHEBOJI’KCKHUX BOAOXPAHUJINIIL

Maremarnyeckoe MOJIETMPOBaHUE YPOBHEN U PAacX0/I0B BOJBI B BoJOEMaxX M BOJOTOKax Bonro-Ax-
TyOWHCKOW TIOMMBI M JIENBTHI P. Bonru sBisieTcst BaykHelen 3aqadeii, penenne KOTOPOid MO3BOJIsIET
6osnee 3P PEeKTUBHO yNPaBIATh peKUMaMi HIPKHEBOIDKCKUX BOIOXPAHUIIHILL, ITPEXK]IE BCETO, B IEPUOJ
OCYIIECTBICHHUS €KETOIHOTO CTIEIIHAIFHOTO BECEHHETO Momycka. CyIecTByIONe B HACTOAIIEE BpeMs
MaTeMaTH9YeCcKie MOJIENIN He B MOJTHON Mepe OTBEYaroT TPeOOBAHUAM K OBICTPOACHCTBUIO I TOYHOCTH,
HEOOXOIMMBIM I ONIEPAaTHUBHOTO IIAHUPOBAHUS PEKUMOB paboThl BogoxpaHmiuil Bomkcko-Kamcko-
ro Kackaaa. B craThe maHo omucaHue MpOrpaMMHON pealu3alii pa3pabaTbiBaeMoOil MaTeMaTHIeCKON
Monenu Bonro-AXTyOWHCKONW TOWMBI U IETBTHI p. Bonru, mpou3BoAUTENbHOCTh U TOYHOCTH KOTOPOH
MTO3BOJIUT HUCIIONB30BATh €€ B ONMEPAaTHUBHOM pexHMe. B co3maBaemoii Monenu BomHas cHcTeMa Mpe-
CTaBJISIETCSI OPUEHTUPOBAHHBIM AlIMKIMYHBIM Tpad)OM ITPOU3BOILHOM (DOPMBI, IJIe Y3IIbI MIPECTABIISIOT
TOMMEHHBIE BOJOEMBI (03epa, IPY/BI U JIP.), & IYTH — COSAUHSIONINE UX BOJAOTOKH (MPOTOKH, EPUKH).
Jlis pacdyera XapakTepHCTHK y3JI0B U AyT pa3paboTaHbl alrOpUTMBI 00paOOTKN JaHHBIX AUCTAHIIMOH-
HOTO 30HAMPOBaHuS 3emau. s XpaHeHHsI XapaKTepUCTHK CO3aHa cepBepHas 6a3a JaHHbBIX. B cTaTtbe
MIPUBEJICHO OMUCAHNE AITOPUTMOB KaK MOJENN B IIEJIOM, TaK U e€ OTAeNbHBIX 010Kk0B. OmHcaHbI 3a1a-

YH, KOTOPBIE ITAHUPYETCS PeIIaTh C UCTI0Ib30BaHUEM pa3padaThIBAEMOI MOJEIH.
Knroueswvie crosa: ypoBeHb BOIIbI; BOIOEM; BOIOTOK; Bonro-AxTyOnHCKast oliMa; iebpTa peku Bor-
TH; CTIEIIMAITLHBIA BECEHHUI MOMYCK; MaTeMaTndeckas Mojiellb; Bomkcko-KaMckmii kacka.

DOI: https://doi.org/10.24852/2411-7374.2025.2.51.58

Beenenne

B  ycnoBusix  HE3aBEPIICHHOCTH  CO3JaHUS
Bomxkcko-Kamckoro kackaga BoJOXpaHMIIUIL 3a/1a4a
pacdera pexuMOB YPOBHEH U PacXoJOB B BOJIHBIX
oObekTax Bonro-AXTyOWHCKOW TOWMBI M JETBTHI
p. Bonru Ha mpoTsSKEHUM AECCATUIETHH OCTAETCs
akTyanbHOM. Kak mpaBHio, OCHOBHOE BHHMaHHE
IIPU 3TOM YJEISAETCS IUIAHUPOBAHUIO CIELUAIBHOTO
BECEHHETO IIOIyCKa, OCYIIECTBIISIEMOIO €XKETOJHO
B HWHTepecax pBIOHOTO M CEJIbCKOTO XO3SAHCTBa
Hwxneit Bonru uepes ruapoysen Boarorpaackoro
BOJIOXpaHWIMINA. B 1mociieqHue roisl B CBA3H
¢ masaeHueM ypoBHs Kacnuiickoro Mopsi Takxke
CTaHOBSATCS AKTYaJIbHBIMH PACUETHI BOJHOTO PEKUMA
J1eNbThl Boniru B MeXeHHBIN EPUO/L.

B cBsA3u O 3HAUUTENBHON NPOTSKEHHOCTBIO U
CIIO)KHOW TUJPaBIMYECKOM ceTbio p. Bonru Huxke
Bonrorpaackoro BOZOXpaHUIMILA pacyeThl YPOBHEH
U pacxoJl0B BOABI LEIeCO00Pa3HO OCYIIECTBIATh C
MIOMOIIBI0 MaTEMATHYECKUX MOJIEIIEH.

IlepBbie U3 [EUCTBYIOIIMX MaTEMaTHYECKUX
Mmozeneii Hwxuelt Bonru pabortanu mo mpuHUIUITY
«UEPHOrO  SIIIUKAa», HCIOJB3YIOLIEr0 HMHTErpall
Hwoamens (Kyument, 1965; Kyument, 1972).

lh

[IpumepoM mporpaMMHON  peanu3aluud  Takoi
Mozenu sBisieTcs «Jlpanorosass MHPOPMAIMOHHO-
COBETylOIllasg  CHCTeMa 10  IUIAHUPOBAHMIO
pexkumoB  paboTel  Bomkcko-Kamckoro kackana
BOAOXpaHWIMILY, co3nanHasd B 1991 r. so BHUUTuM
nvenn A.H. KocrtsaxoBa. Ilporpamma mnozBossna
paccuuMThiBaTh Ha OCHOBE TIpaduKa IOMycKa U3
Bonrorpagckoro  BogoOXpaHWIMIIA ~ YPOBHH U
pacxoasl Boabl B ctBopax Kamenusiii Sp, UepHslit
Sp, EnoraeBka, Bepxne-JleOsokbe, AcTpaxaHs.
[Ipu >TOoM MMenach BO3MOXKHOCTH y4YecCTb paboOTy
HunxHeBOIKCKOro BOAOAEIUTENSL.

W3BeCcTHO HECKOIBKO MaTeMaTHYeCKUX Mozenei
Huxueit Bonrw, OCHOBaHHBIX Ha  pEIIEHUH
cucreMbl ypaBHeHuil CeH-BeHana B omgHomepHOM
MOCTaHOBKe. Takue MOAENU MO3BOJISIOT JOCTATOUHO
JETAIbHO YYUTBIBaTh PYCJIOBYIO CETh U IOJIydYaTb
pe3yabTaThl pacyeToB B IPOM3BOJBHBIX TOYKaX
910l cetn. Hampumep, mozmenb, paszpaboraHHas
cnermamuctamu VIBIT PAH (Bonros u ap., 2009) Ha
0a3ze mporpammHuoro komruiekca SOBEK, Bxirouaer
BCE OCHOBHBIE PyKaBa M MPOTOKH, IIMPHUHA KOTOPBIX
«OpPHEHTUPOBOYHO mpeBbimaer 20-25 m». Monensb
JnensTsl p. Bonruw, co3maHHas B IporpaMMHOM

il
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Puc. 1. Ilpumep ayuxauunoco opueHmupo8aHHo20
epagha G(V,R), npeocmasusiroujeco Mooenupyemyio
cucmemy
Fig. 1. An example of an acyclic directed graph
G(V,R) representing simulated system

komiuiekce Mikell (Bybep u mp., 2017), BKIrOUaeT
pykaBa bysan, Ilpsmas bonnma, Ilapes, KambIzsk,
Kanbrua, baxremup, epuk XypayH, XypayH, bonbias
Kapa, bakmanenok, Simuast, Crapas Bomra.
ABTOpaMH NaHHOW CTaThbU I OOOCHOBAHUS
pexumMa IOMycKa BOAbBl uepe3 Bousrorpajackuii
runpoysen Obuia paspaborana mopens HmxHeit
Bounru ¢ ucnionb3oBaHreM MPOrpaMMHOTO KOMITIIEKCa
HEC-RAS (Bednaruk et al., 2019). Momnens
BKJItO4ana p. Boary or Bonarorpajckoro rujipoysia
o c. Ons B 3amagHON 4YacTH JAEJBTHI, p. AXTyOy U
BOCTOYHYIO YacThb JIENBTHI OT pykaBa bysan mo m.
3enenra. /[ yuera ecTeCTBEHHOTO PETYIUPOBAHHUS
croka Ha Hmxueit Bonre Obun 3amaHbl IOMMEHHBIE
€MKOCTH, OIUCHIBa€MbIe KPUBBIMU CBSI3M 0OBeMa
n ypoBHa Boasl W=f(H). I'mmpaBnudeckast CBS3b
MOMMEHHBIX EMKOCTEH C PyCIaMH PEK ONUCHIBAIACH
YpaBHEHHEM BOAOCIHBA C IMHPOKUM MTOPOTOM.
Bomee cnoxHBIH yd4eT MABMKEHHS BOXBI 1O
MOWMEHHBIM  BOJOEMaM  OBIT  PEaqnu30BaH B
OIHOMEpPHO-JABYMEPHOW  MOJEIH, CO3JaHHOH B
nporpammHoM komiuiekce FLOOD (benmnkoB wm
np., 2023), rme cucrema pycen Bomnrm, AXTyObI
M OCHOBHBIX pYyKaBOB [IENBTHI HI)KE OpPOBOK
MpEeACTaBlieHa OJHOMEPHOH MONENbI0, a BBIIIE
OpOBOK IO¥Ma M JIeTIbTa ONHCHIBAIOTCA B JIBYMEPHOM
noctaHoBke. [lo CBHIETENBCTBY aBTOPOB MOJEIH
OHA «IOKa3aja XOPOIIYI0 TOYHOCTH PacyeToB IPH

il

pasnmuyHBIX cOpoCHBIX pacxonax Bomkckoit I'9C u
MIPUMEHSIACh JUISl OLIEHKH 3aTOIJICHUS JIENBTHI MPH
pa3HbIX ypoBHiax Kacnuiickoro mops».

IIpy Bcex /OCTOMHCTBAX  TEPEUHUCIEHHBIX
MOJIeJIEl,, OHM  HE  BCErJa  COOTBETCTBYIOT
TpeOOBaHMSIM K TOYHOCTH W TPOU3BOJIUTEIHHOCTH,
NPEIbSBISEMBIM B MpPAaKTHKE  OMNEpPaTHBHOTO
ynpasieHns HikHeBOKCKMMH BOAOXPaHUITUIIIAMHU.
Hampumep, mogenb, onucaHHas B CTaTbe
(boroB u mp., 2009), maetr B cTBOpe Bepxuee
JleOskbe pacxokJieHHEe Ha THKE IOJOBOABS 10
3 M OTHOCHUTEIBHO H3MEPEHHBIX YpPOBHEH BOJBI.
IIpu sTOM paxe eciii MaKCUMaJlbHbIE YPOBHHU
BOJIBI 110 OCHOBHBIM CTBOpaM Ha IJIABHOM pycClle
Boarn paccuuThIBalOTCSI € yAOBIETBOPUTEIBHOU
TOYHOCTBIO, PACUYETHBIM XOJ YPOBHEM BOABI Ha
NoIbEME U, 0COOCHHO, Ha CTIaJie BECEHHETO TIOMyCcKa
3aMETHO OTIIMYAETCS OT PaKTUIECKOTO X0/Ia YPOBHEH
BOJBI, TaK KaK HE YYMTHIBAETCS B TOJHON Mepe
AKKyMYJIALMS M TIOTEPHU CTOKa B MHOTOYHMCIICHHBIX
IIOMMEHHBIX O03epax U epukax. lcnosb3oBaHue
JBYMEPHBIX MOJIEJIEH OTPaHUYEHO CYIIECTBEHHBIMH
3aTpaTaMi BPEMEHH HA PacueThl.

MarepuaJjibl U METOAbI HCCJIeTOBAHUS

st mpeogone s IEPEUUCIICHHBIX TTPOOIeM ObLIO
HAuaTo CO3JaHUE JCTAIBLHON OBICTPOICHCTBYIOMICH
MaTreMaruueckod wmoxenu Hmxaern Bonrm u eé
JIEJBTHI, TIPeIHA3HAYCHHON IS UCTIOB30BAHUS TIPH
TUIAHUPOBAHUHU U OCYIICCTBICHUN PEKUMOB PaOOTHI
Bojoxpanmnil Bomkcko-Kamckoro kackana.

B paspabateiBaemoii MoOmenu BOIHAs CHCTEMa
MPECTABISACTCS OPUCHTHUPOBAHHBIM  AITUKINIHBIM
rpagoM  TPOM3BOJIBHONW  (DOPMBI, TIJE  Y3JIBI
MIPEICTaBIIAIOT TOMMEHHBIC BOIOEMBI (03€pa, epuKU
U JIp.), a IYTH — COCIUHSIONINE UX BOJOTOKH (puc. 1).
OnHUM U3 THUIIOB Y3JI0B MOXKET OBITH «THAPOY3EI»,
KOTOPBIi XapaKTepU3yeTCs BO3MOXKHOCTBIO
PEeryIMPOBaHUS ITOTOKA BOMBI C TTOMOIIHIO BXOISIIINX
B €r0 COCTaB THUIPOTEXHUUECKUX COOPYKCHUU
(kaxmoe M3 KOTOPBIX HMMEET CBOIO MPOITYCKHYIO
CIIOCOOHOCTh) Ha OCHOBAHMU 3aJIaHHBIX TIPABUII
ynpasieHus (aucrierdepckux rpaduxon). ImaBHoe
YCIIOBHE pacueTa — TOYHOE COOJIOIEHHE BO BCEX
y37aX MOICTUPYEeMOM CHCTEMBI W Ha KaKIOM
pacueTHOM MHTEpBaJic BPEMEHHM OallaHCa BOJHBIX
MTOTOKOB.

Pe3yinbTarsl U UX 00Cy:KIeHUE

C 1enpro aBTOMAaTH3aIMH pacyeTa XapaKTePUCTHK
Bonro-AxTyOuHCKONW TONMBI, HEOOXOMUMBIX IJIS
paspabaTpiBaeMOl MoOJIeNH, OBIT pa3paboTaH P
anroputMoB (bemnapyk, 2022), HUCMOIB3YIONIUX B
KauecTBe OCHOBBI [T POoBYI0 Mojieib penbeda (LIMP)
C TIAHOBBIM pazpemieHueM 30 M, MOTyYEHHYIO IO

POCEHHCHAIN SYPAAR APHBNAMHON dwnori



THAPOJIOT WA CYIIN, BOOAHBIE PECYPCBI, TMIPOXUMUA

BB din_curve M AH
B8 din_curve_char - -
123 intd ool intd| 12354 intd
I ey,
o BB din_curve_param @ “ane object_curve varchar 3
123q float8 ~ *
123wl float8 123id intd \:L
123 floats n
= BB Plot
123 dz_downl float8 — | BB Tank
123w2 floats — "o b il ol1zgia  ints NOT NULL
123 dz_up2 floate 1@ A Initial B Impact I. “Jevc plot_name  varchar T —
123 dz_down2 floatd 123id intd| |123id intd | RBC plot_object  varchar = s
123w3 float8 7 =]y
= B Results e P ¥, }
123 dz_up3 float8 : / 2
123 dz down3  float8 13§id  intd NOTNULL / EB AllObjects
123 wd floats ABC results_name  varchar v / 1%id int4 NOT NULL
[ ] e / :
123dz upd floatd - r’f RBC DbjECt name varchar
N h WH =
123 dz_downd  floatd BB icep eﬂ?mena =) / A -
123 w5 float8 13§id intd NOTNULL)  f153;4 inta| / > ®
/ -
i i 7 —L =
123dzups  float8 i iceinterval float NOT NULL : e £ RiverCS
1234z down. ‘floatf e o 1%jid  intd NOT NULL
123 w6 float8 123 k_up float8 AbC wes_name  varchar : -
varchar
123dzup6  floatd 123 k_down floats| i e
123 dz_down6  float8 Py ®
A schemaa = DG = oH
i int4 NOT NULL f P
13§id n Aoc dg_object _ varchar 133id  intd NOT NULL
ER intervall ER parameterss
23 intd| |13gid intd NOT NULL

Puc. 2. Cxema 6a3zvi OanHbIX, pa3pabomManHoul 0isi XPAHEHUS. XAPAKMEPUCTIUK MOOeTU
Boneo-Axmyburckoii notimul
Fig. 2. Database scheme for storing characteristics of Volga-Akhutba floodplain model

naHHbIM panapHoii cbeMkn SRTM (Rabus et al.,
2006).

Jlist XpaHeHMsl XapaKTEepUCTUK MaTeMaTH4eCKON
MoOJieNid  ObUTa pa3paboTaHa peIsLMOHHAs 0a3a
nmanabix  (BJ) ¢ apxuTektypoil KimeHT/cepsep,
COCTaB KOTOpO# c(OpMUPOBAaH B COOTBETCTBHH
co CTpyKTypoi Monmenu (puc. 2). Jns xpaHenus
OCHOBHBIX  XapaKTEPHCTHUK  y3JI0B  MOJEIH
npeaHasHadeHbl Tabnuibl RiverCS (peuHoit cTBop),
WES (runpoysen) u Tank (Bomoem). nst xpaHeHHs
OCHOBHOM HH(pOpMaLMK O Jyrax HCIOIb3yeTcs
tabnuia Plot. iMeeTcst Takoke psiji BCIIOMOTaTelIbHBIX
TaOJIHII, COACPIKAIINX JIOTIOTHUTENbHBIC TapaMeTPhI
Y3JI0B W JYT, TaOJHIIbL, CBS3aHHBIE C MapamMeTpamu
pacderoB, a Takxke Tabnuua Ui TpEeACTaBICHHS
pe3ynbraroB pacuetoB. Tekymias peanuszauus b/l
BBITIOJTHEHA B IPOrpaMMHOM koMiiekce PostgreSQL
v. 17.2.

[Mopsiiok  peanu3aluy pacyeTHOTO aIrOpUTMa
pa3paboTaHHON MOJIENIM M OpPTraHU3aLUuH [TPOBEICHHS
pacdeToB MO BPEMEHHBIM psijiaM POU3BOJBHON
JUINTENTIHOCTH TIPEJCTAaBICH Ha OJIOK-cXxemMe Ha
pucynke 3. ANTOpUTM BKJIIOYaeT OJOKM BBOJA

lh

HCXOJIHON HH(pOpMAIINH, €€ 00padOTKH U IOATOTOBKH
JaHHBIX, OpraHU3allii IUKJIOB pPACYEeTOB 11O
BPEMEHHBIM MHTEpBaJIaM H 110 PacYe€THBIM y4acTKam
(Bomoemam (y3nam), BOAOTOKaM (jyram)), BBIBOAA
pe3ynbTaroB pacueToB. Ha pucyHke 3 BBIICICHEI IBE
OCHOBHBIE 4YacTH OJIOK-cxeMbl. [lepBasi omuchIBaeT
MoJTyuyeHue i KaKJOoTO pacueTHOro HHTEepBaja
BPEMEHHM TPACKTOPUIA BO3MOXKHOTO DELISHHS IS
Ka)KJ0T0 pacueTHOTO 3JeMEHTa MOAEITUpPYEeMOil
CUCTEMBI npsiMast TporoHka. Bropas dwactb
OIHCHIBAET MOJMyYeHHE JUIs KaKJOTO PacyeTHOTO
WHTEpBaja BPEMEHH OKOHYATEJbHOTO PEeIIeHHs
JUIS K&KIOTO PAcYeTHOTO 3JIEMEHTa MOAEITUPYEeMOit
CUCTEMBI oOparHast mporoHka. ComnpspkeHue
npsMOii ¥ 0OpaTHOM MPOTOHOK OCYIIECTBISIETCS
yepes MpoLeaypy ONpeeIeHNs PacXol0B B HIDKHAX
IpaHUYHBIX Jyrax WM y3nax (Ha OJIOK cxeme
o0o3HaueHa kak DBSQ).

CocTosiHue KaXJI0T0 y3J1a MOJIENIM ONHCHIBAETCA
OTMETKaMH YPOBHS BOJIbI B HEM Z,, OCHOBHBIMHU BO3-
JeHCTBUAMM Ha y3ell COTJIaCHO CXeMe Ha puc. 4 sBis-
FOTCSI: IPUTOK CBEPXY — PACXOJIBI BOJBI 110 BXOAAIIIIM
BOJOTOKaM ¢ ; OOKOBOI IPUTOK BOABI (; OCAJKH

i
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Puc. 3. Brnok-cxema npoepammmoi peanuzayuu paciemuozo aieopumma
Fig. 3. Block diagram of the computational algorithm software implementation

Ha 3epKajio BogoeMa P; ncnapenue ¢ BOJHOI MOBepX-
HocTH E; OTTOK M3 y37a — PacXoibl BOJbI MO BBIXO-
AsWKUM BOAOTOKaM ¢ ., . Kpome toro, Moryt GbITh
YUTEHBI BO3JCHCTBUS, HE MPUBEACHHBIC Ha CXEMeE,
TaKkne Kak Mepenajbl JaBICHUS MEXKIY CMEXHBIMU
y3J1aMHU U CUJIa BETpa MO HAIMPABICHUSIM COIPSTar0-
IIMX BOJOTOKOB (IyT).

Ha ka)x7ioM pacueTHOM WHTEpBaJe BPEMEHH s
KaX0r0 BogoeMa (y3a) MOCNIeA0BATEIbHO CBEPXY
BHU3 MIPU IPSMOU MTPOTOHKE, MO MOP(HOMETPUICCKIM
XapaKTePUCTHKAM  BOJOEMa, €ro  HaYaJbHOMY
COCTOSTHUIO U BHEIITHUM BO3ICHCTBHSIM OTIPE/ICIISCTCS

if

3aBUCUMOCTb BO3MOXKHOH CyMMapHOH OajiaHCOBOM
oT/1auu (OTTOKA BOABI) B 3aBUCUMOCTH OT PaCYETHOTO
YPOBHSI BOJbI B HEM Ha KOHEL] paCYeTHOTO HHTEpBaJa.
[onywaemast ¢ynkuusi (Tpaekropus) Q=f(Zi), mo
CYTH, TpEICTaBIseT COOOH pelieHne ypaBHEHUs
HEepa3phIBHOCTH (0aTaHCOBOTO YPaBHEHHS ).
Pemienne ypaBHeHUs! IBMKEHHS TPEACTaBISETCS
THIPABINYECKOH  XapaKTEPUCTHKOW  BBIXOZSIINX
BOJOTOKOB (KOPPEKTUPYEMOH Ha KaXKIOM pacyeTHOM
BPEMEHHOM HWHTEpBaJie MO TAaKUM BHELIHUM
BO3ICHCTBHSAM Kak Tepemansl  arMochepHoro
JaBleHUs MW CWiIa BeTpa), MNPeACTaBICHHON

POGEHHCA t3PHAN NPHAAAOH R0MOHN
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Puc. 4. Pacuemnas cxema conpsidcenusi 8000emos (y3108) sodomoxamu (Oyeamu)
8 MOOenupyemoti 600HOU cucmeme
Fig. 4. Computational scheme for connecting water bodies (nodes) with channels (arcs) in the simulated

water system
Z i+ Z i
A
TugpaBauueckue
xapaxmepucmuii
N\
Z. \X\ Q=f(ZL;ZM)

Puc. 5. Pacuemnas cxema onpedenenus cpedne2o pacxooa 600bl HO GbIX00ueMy 6000mokKy (dyee) Ha
pacyemHom epemeHHom unmepesaie At
Fig. 5. Computational scheme for determining the average water flow along the outgoing channel (arc) at
the time interval At

HOMOTPaMMOH TIPOIYCKHOM CIIOCOOHOCTH BOJOTOKA,
CBSI3BIBAIONICH PACXOJbl BOABI B HEM C YPOBHIMH
BOIIBI compsiraeMbIX BojoeMoB (y3noB) Q=f(Zi;
Zit..)).

Hanoxenue yKa3aHHBIX XapaKTEPUCTHK
MO3BOJISIET 4YEpe3 OMNPEACICHHYI0 HUTEPALUOHHYIO
MPOLEAYpPY OMPENeTUTh HEKOTOPOE MHOXKECTBO
JTOITYCTHMBIX PEIICHHH JIsT BEIXOISIIUX AYT, KOTOPBIS
Jlaiee UCTONB3YHOTCS JUTSl OMPEICIICHUST BXOSIINX
BO3/ICHCTBUH TIPU OTPEICTICHIH 0ATaHCOBOW OTIa4YH
HIKEPACIIOJIOKEHHBIX BOJIOEMOB (Y3JIOB), TPU HX
HAJIMYUM, JHOO ISl TIONyYEHUsS] PEIICHUs, eCIH

lh

HUKHHUHA CTBOP — TPaHUYHBIN.

B ofOmem ciydae, ompenencHHe pacueTHBIX
3HAYEHUN YpPOBHEH M pacxolOB BOABI HA HILKHEU
CPaHUIIE MOJCIUPYEMON CHCTEMBI OCYIICCTBISCTCA
[0 AHAJIOTMYHOM pPacCMOTPEHHOH BBIIIE CXEME
B 3aBUCHUMOCTH OT BHUJA 3aJaHHOTO TPAHUYHOTO
ycinoBust. BO3MOXHBI clieayronue BapuaHThl 3a1aHUs
HWKHHUX TPAHUYHBIX YCIIOBHH.

a) 3aJlaHKe OJTHO3HAYHON 3aBHCUMOCTH PACXO0B
OT YypOBHEH B BEpPXHEM CTBOPE BBIXOASIICH
rpanu4HoOi nyru Q=f(Z);

0) 3amaHue ypOBHS BOIbI B HWXXHEM CTBOpE

i



PA3PABOTKA MATEMATHYECKOI MOJIEJIU BOJITO-AXTYBUHCKOM [TOMMBI U JIEJIBTHI
p. BOJIT KAK MHCTPYMEHTA COBEPIIEHCTBOBAHI S PEXXMUMOB PABOTbBL

HIKHEBOJDKCKNX BOAOXPAHMIJINILL

Z
zt Zt
//// 77777
ey
7 / - 7T
z" // -—— - b
/ . w
/ e F‘ AN
/ P R |o|o
Zp - ] AR

At

Puc. 6. Pacuemnas cxema nepexoonou @yHkyuu
VPOGHSL 600bl OM HAYATLHO2O 2P 00 KOHEYHO20
Z' Ons onpedenenus cpeone2o L™ Ha pacuemHuom
unmepeane At
Fig. 6. Computational scheme of the transition
function of the water level from the initial ZF to the
final 7' to determine the average Z" on the time
interval At

BBIXOSALIEN TPaHUYHOM IyrH Z W HOMOTPaMMbI
MPOIYCKHON CIIOCOOHOCTH BOJJOTOKA, CBS3BIBAIOLICH
pacxosibl BOJIbI B HEM C YPOBHSMHU BOJBI B BOJJOEME-
HCTOYHUKE M HA HWKHEW TIpPAaHULE BBIXOZASAIIECH
rpanuynoi nyru Q={(Z; Z);

B) 3aJaHUC HA HIDKHEH TpaHUIlC BBIXOMSLICH
TPaHUYHOHN AYTU JHUCIETYEPCKOro rpaduka padoThl
TUJIpOy3J1a Ha KOHEI] pacue€THOIO MHTEpPBala BpEMEHH
Q=f(Z,).

B ocHOBHOM, B pacyeTax HCIOJIb3yeTCs CpeaHee
Ha pacueTHOM HHTEpBaJieé 3HAYEHHE YPOBHS BOJIBI

C6poc u3
Boarorpaackoro
rUApoy3Ia

p. Boira

COOTBETCTBYIOIIEE JIMHEHHOMY €ro M3MEHEHHIO, T.C.
nipu kodpduimente k=0.5 B ypaBHEHUH OTIpe/IeTICHHS
CPeIHero 3Ha4YeHusI:

Zm=7P+KkAZ, tne AZ=7"'-7r.

OnHaxo, B psijie ciy4aeB, HarpuMep uist odecre-
YEHHSI CXOAMMOCTH PEIICHHH, IOJTy4aeMbIX P 00-
paTHOI MPOTOHKE B CIy4Yae HECKOIBKUX BBIXOISAIINX
U3 y3J1a JyT, UCIIONb3yeTCs HeNWHEeHas mepexos-
Hast QpyHKiws. @opma nepexonHol GyHKIIMU MOXKET
OBITH IO BOTHYTON WJIA BBIMYKJION MapaboIudecKon
(puc. 6), T.e. ipu ko3 durEenHTax k, M3MEHSIIOIIIXCS
B ipenenax ot 0.33 mo 0.67. B cimyuae, eciu B cTBOpe
UMEEeTCsl IUTI03-PEeryssaTop, paboTaloNMii M0 HEeKo-
TOPOMY JIUCTIETYCPCKOMY IpaduKy, T.e. UMEET MECTO
CTyIeHYaTOe U3MEHEHHUE PACcX0JI0B BOJIBL, 3HaueHHe k
MoxeT mpesbImarh 0.9.

Hdust  oTpaboTKM  QJTOPUTMOB  MPOTPAMMHOM
peanuzanu MoJien ObUT TIOATOTOBIICH TECTOBBIH
Y4aCTOK MOZEJIM, BKIKUAIUNA pycio p. Bouaruy,
p. AxtyOy, coequHsOmMuA ux Bonro-AxTyOuHCKUH
KaHall M HECKOJIbKO ITOMMEHHBIX €pHUKOB. Bcero
TECTOBasI MOJIEIb BKITIOUaeT 45 y370B (puc. 7).

3akiouenue

B xome pa3paboTku MaTeMaTHUeCKONH MOMAETH
Bonro-AxTyOuHCKOW TMOWMBI OBUTH  CO3MIaHBI |
MPOTECTUPOBAHBI AJITOPUTMBI ABTOMATU3UPOBAHHOTO
pacuera xapakTepucTuk Ha ocHoBe [IMP, a

TaKe TOJrOoTOBJeHa 0a3za JAHHBIX JUI XpaHCHHS
PpaCCUNTAHHBIX XapPaKTCPUCTHK. B wactun CO3J1aHuA
IPOrpaMMHOI peanu3any MOJeIH pa3paboTaHa eé
OJI0K-cXeMa, a TaKXKe pacueTHasi CXeMa ONpe/eTICHUs
pacxoyioB OTTOKA BOABI U3 y3I1a.

Pa3pabarsiBaemyto

MOICIIb mpeamnojaracTcs

Puc. 7. Cxema mecmosozo yuacmxa mooenu Boneo-Axmyodunckoti notimol
Fig. 7. Scheme of the test section of Volga-Akhtuba floodplain model

POCEHHCHAIN SYPAAR APHBNAMHON dwnori
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HCIIOJIB30BATh IS PEIICHUSI CICAYIOMNX 3a1ad.

PerpocniekTuBHBIM ~ aHaNM3  OCYIIECTBIEHHBIX
PSKUMOB  CIICIUAIbHBIX BECCHHUX IOMYCKOB B
HU30Bbs Bonru uepes3 Bonrorpajackuid ruapoysen
U OmpesielieHue BO3MOXKHO Oonee 3((heKTHBHBIX
BapHaHTOB COOTBETCTBYIOUIUX IOMYCKOB C YYETOM
peaNbHO  OCYIISCTBUMBIX  PEKUMOB  pabOThI
THUAPOY3JIOB KacKasa.

Pa3paboTka © OCYyIIECTBICHHE TMOMYCKOB B
HU30Bbsl BoJIrM Mpu OnepaTUBHOM PEryJHpPOBaHUH
PSKUMOB pab0oThl HUKHEBOIKCKUX BOJOXPAHHIIHIII,

MopenupoBaHHE BOJHBIX PEIKUMOB BOJIOEMOB U
BostoTokOB Hmxueit Bonru (Bonro-AxtyOGuHCKOM
nmomel, AeabThl Bonru, 3amagubix IlogcTemHbix
WIbMEHEH) MpH TUIAHUPOBAHUHM U MPOCKTUPOBAHUH
BOJIOXO3SMCTBEHHBIX CTPYKTYPHBIX MEPOIPHUSITHUH,
BKJIFOYAst pa0OThI 1O JTHOYTIYOJICHUIO U PaCUUCTKaM
BOJIHBIX OOBEKTOB.

Paboma  evinonnena @
No FMWZ-2022-0003 «Pa3pabomka yucieHHvix
Mooeneli  2UOPONLOCUHECKUX,  2UOPOOUHAMUYECKUX
U 2UOPOXUMUYECKUX  NPOYecco8 8  BOOHbLIX
obvekmax U ux  6000COOPHBIX  Daccelnax,
Cco30aHue Ha OCHO8e paA3pPAbOMAHHLIX Modelell

pamkax membwl

MexXHoNo2Ull  NOOOEPIICKU — peuleHuti 6  cepe
600HOU  Oeszonachocmu O UHGOPMAYUOHHOU
MOOepHU3aAyUU  B0OOXO3AUCMBEEHHOU — OMpACu

Poccuuy» Iocyoapcmeennoeo 3aoanus UBIT PAH.
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Mathematical modeling of water levels in pools
and watercourses of the Volga-Akhtuba floodplain
and the Volga River delta is considered as one of
the most important task in improving the efficiency
of Lower Volga reservoirs management, especial-
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ly during annual special spring water releases. The
mathematical models developed to date do not fully
meet the requirements for speed and accuracy nec-
essary for operational planning of the Volga-Kama
Cascade reservoirs operation modes. The software
implementation of the developed mathematical mod-
el of the Volga-Akhtuba floodplain and the Volga
River delta is described. Its anticipated performance
and accuracy will allow it been used in operational
mode. In the model being created, the water system
is represented by a directed free shape acyclic graph,
where the nodes represent floodplain water bodies
(lakes, pools, etc.), and the arcs are the streams con-
necting them (rivulets, «ericsy, etc.). Algorithms for
processing Earth remote sensing data have been de-
veloped to calculate the characteristics of nodes and
arcs. A server database has been created to store the
characteristics. The paper describes the algorithms of
the model. The tasks that are planned to be solved
using the developed model are described.

Keywords: water level, pools, watercourses, Vol-
ga-Akhtuba floodplain; Volga-River delta; special
spring water release; mathematical model; Volga-Ka-
ma cascade.
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TUAPOJIOTHA CYIIN, BOAHBIE PECYPCBI, THJIPOXUMU A

VIIK 528.88

B.C. Banues, /I.B. Usanos, P.P. Xacanos

Hucmumym npobnem sxonocuu u neopononvzosanus AH PT, podrost@mail.ru

OIEHKA B3ANMOCBA3U KAYECTBA BO/IbI MAJIBIX PEK
U 3HAYEHUI CYMMAPHOT'O I'OJIOBOI'O CJIOSI OCAJIKOB

[Ipobnema MoneTUpPOBaHNS KauecTBa MMOBEPXHOCTHBIX BOJ] MAJIBIX PEK SBISIETCS aKTyaJbHOW KakK B
KOHTEKCTE TMPOTHO3MPOBAHUS TUHAMUKU €T0 M3MEHYMBOCTH BO BPEMEHH, TaK M MPHU OIEHKAaX KPUTH-
YEeCKUX TMOoKa3aTesiell 3arpsi3HeHHOCTH. B cTaThe paccMaTpuBaeTCs B3aMMOCBSI3b MEXKIY CyMMapHBIM
KOJIMYECTBOM OCAaJIKOB, BHIMAAIOIINX Ha BogocOope, 1 KadecTBoM Box pek Kaszanka, CBusra u Mema
(Pecnybnuka TarapctaH). YCTaHOBIEHO, YTO HAaWOOJBININAN BKJIAJ B OOIIYI0 KAPTUHY M3MEHUYHUBOCTH
Ka4eCcTBa PEYHBIX BOJl BHOCAT KPHTHYECKHE MOKa3aTenu 3arpssHennocTu: bIIK,, HUTpHUTEI, Cynbgarsr,
xKese30, (eHonbl, Meb U MapraHel. ATMoc(epHbIe 0CalKh OKa3bIBAIOT CYIICCTBEHHOE BIIMSHHE Ha
(bopMupoBaHe KauyecTBa PEYHBIX BOJ B TEIUIBIA MEPUO Toja (armpeib — OKTIAOpH), ONpPEAEss POCT
BKJIaJa KPUTUYECKUX TIOKa3aTeleH 3arpsa3HeHHOCTH B BennuuHy Y KI3B.

Kniouegvie cnosa: xadecTBO MOBEPXHOCTHBIX BOJI; Majible peku; ocanku; Y KI3B; kputnueckue mo-

Kasareim 3arpa3HCHHOCTH.

DOI: https://doi.org/10.24852/2411-7374.2025.2.59.65

BBenenne

Pa3Butne oOmecTBa COMPOBOXKIACTCS YCKOpe-
HUEM ypOaHM3alUU TMPUPOTHOU CpeNbl, YKPYITHE-
HUEM MPOMBIIUIEHHOTO U CEJbCKOXO3SHCTBEHHOTO
MIPOU3BOJICTBA, AKTUBHBIM BOBJICUCHHEM B HErO BCE
O0NBIINX 00HEMOB IIPUPOIHBIX BO, YTO MPUBOAMT K
YXYAIICHUIO UX KauyecTBa U (DOPMUPOBAHUIO YCTOM-
YUBOTO 3arpsi3HEHUs. B 3TUX yClIOBUAX BO3HUKAET
HEOOXOAMMOCTh OLIEHKU KadyecTBa BOJ B AHMHAMUKE,
MpH OJHOBPEMEHHOM OO0OOINEHUHN 3HAUYEHUH COBO-
KyITHOCTH THIPOXUMHUYECKUX MOKa3arenei u GpakTo-
POB, OKa3bIBAIOLIUX BIMSHUE HA UX U3MEHUYUBOCTD.
AKTyanbHOM 3a7ayeil CTAHOBUTCS BBIABICHUE KIIIO-
4eBBIX (PAKTOPOB, (POPMUPYIOMINX HETMHEUHYIO JTU-
HaMUKY KaueCcTBa, TO €CTh OMpPENESIOIUX U3MEHe-
HUSl TPEeHJa 00O0O0IIAIONNX WIH arperupyroIIuX Co-
JIep>KaHUE B MPUPOAHBIX BOJAX MHOXKECTBA 3arpss-
HSIOIIKX BEICCTB.

W3BecTHO, YTO B pa3iIUYHBIX TCOXUMHUYECKUX
MPOBUHIUAX, & TAKXKE B Pa3HbIX KIMMAaTUYECKHUX
yCIIOBUSIX (DOPMUPYIOTCSI pa3Hble MPUPOIHBIC TH-
JIPOXUMHUYECKHe cocTaBbl Boa (SHuH u mp., 2012),
OJTHAKO OIIEHKAa BIMSIHUS ATHX ()aKTOPOB HA U3MEH-
YUBOCThH KayeCTBA BOJ BO BPEMEHU IMPAKTUUYECKU HE
YUYUTBIBAECTCA MPU AHANNW3€ MHOTOJETHUX AAHHBIX
TUAPOXUMUYECKOTO MOHUTOpUHTa. BMmecte ¢ Tewm,
M3Y4YEHUIO BKJIa/la OCaJKOB B IOKA3aTe€Id PEYHOTrO
CTOKa, YCTAHOBJIICHHIO COOTHOUICHUS MEXIYy D3Je-
MEHTaMH, COCTABIISIONIUME BOIHBIN OajaHC BOIOC-
OOpPHBIX TEPPUTOPHIA, TIOCBSIIEHHl MHOTOYHCIICHHBIC
uccnenosanus (Escturnees u ap., 1999; bopsenko-
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Ba, Jlementko, 2005; Pozenbepr, 2009). Mx xapakrep-
HOM 0COOEHHOCTHIO SIBIIIETCS BBISBIICHUE XapaKkTepa
M3MEHYHMBOCTH 3TUX DIIEMEHTOB B MHOTOJIETHEH -
HaMUKe, TTOUCK OTIPe/IeJICHHBIX 3aKOHOMEPHOCTEH B
M3MEHEHUH CTPYKTYPBhI BOIHOTO OajaHca OTAEIBHBIX
OacceliHOB. YCTaHOBIIEHA TECHAs CBSA3bh MEXTy MaK-
CHUMAaJIEHO BO3MOYKHBIM NCTIAPEHUEM U CyMMOM Cpe/I-
HUX CYTOYHBIX TOJIOKUATENBHBIX TEMIIEPaTyp BO3/IY-
xa (SAcunckuii, 2013), XOpOIIO U3yYEeHBI U OTIHCAHBI
pa3IuYHBIEe CITOCOOBI M ATOPUTMEI pacdeTra pacxoaa
BOJIBI B PEUHBIX CUCTEMAaX B 3aBUCUMOCTH OT KOJIHYe-
cTBa BhImaBmux ocankos (HaymoB, Axmenosa, 2023;
Mir6 et al., 2022; Golian et al., 2021).

3.K. Nodunrbm (2015) onmcana muHEHHO-KOppe-
JIAIUOHHAS MOJIETh BOHOTO OajlaHca, KOTopast orie-
pUpPYET 3HAUEHUSIMH TTOTEPh, HA BETMYMHY KOTOPBIX
OTJIIMYAIOTCS 3HAUYEHUS PEYHOTO CTOKA OT 3HAYCHHH
aTMoc(EepHBIX 0CAIKOB, BRIITATAIOMINX Ha BOTOCOOD.
WM oTmewaercs, 9TO B ypaBHEHUH BOJHOTO OaslaHCca
JUIS. MHOTOJIETHErO Tepuojia, npejiokeHHoM M.A.
BenmukanoseiM (Benukanos, 1948), nmeercs Heorpe-
JIEJIEHHOCTh, 3HAYNTENIFHO NCKAXKAIOIask pe3yJIbTar:

P=Y+E+U=+d

rme P — cioit arMocgepHBIX 0CaaKoB, BBITIATAIO0-
X Ha BOIOCOOP, MM; Y — CJIOM PEYHOTO CTOKA, MM;
U — coif HHQWIETPAIIUN B IOA3EMHBIC BOIBI, MM; d
— CIJIOH BOIOOOMEHA MEX/Ty COCETHIMH OacceifHaMu
MTOJI3EMHBIM ITyTEM.

Tax xak uaGUIBTparms U u BomooOMeH d HE MO-
T'YT OBITh IPAaKTUYECKHU ONPEAEIICHBI, TO ATH TTapamMe-
TPBI YUUTHIBAIOTCS B JIyUIIeM CIydae B BUJIE ITOTpa-

0
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BOYHBIX KOA(P(UIIMEHTOB, a CaMH pPacyeThl IPOBO-
JIATCS 110 TPEM NEPEeMEHHBIM: aTMOC(epHBbIe 0CaKu,
PEYHOM CTOK U CyMMapHoe ucrnapenue. To ecTb cioi
0Ca/IKOB U BEJINYMHA MOTEPh Ha MCTapeHHe SIBISIOT-
Cs1 OCHOBHBIMH TTOKa3aTeJSIMH, UCTIOIb3yEMbIMH MTPH
OIIEHKE BOJIOTOKOB B TIpeJieNiax OJJHOTO Oacceiina.

[ToaTomMy 0COOBIIT MHTEpEC MPEACTABISAIOT OCaI-
K, GopMUpyIOIIHe CHEXKHBIN TTOKPOB M BBITIABIIIUE B
YCIIOBUSIX OTPUIIATETIHHBIX TEMIIEPATYP, TO €CTh MPU
3HAYEHUSAX UCTIApeHUs] U MH(DUIBTPAIU, KOTOPBIMH
MOKHO TIpeHeOpeub. EcTh uccnenoBanus, Hemocpe-
CTBEHHO YKa3bIBAIOIME HA TO, YTO CJIOI OCaIKOB B
XOJIOHBIN TEPHOJ TOAa SIBIETCS 0ojiee TOUHBIM H
WH(POPMATUBHBIM IIPH TTOCTPOCHUHU PACUYETHBIX MO-
neneit croka Manbix pek (I'amaxos u ap., 2020). Ot-
MEUYEeHO, YTO 3HaYEHHUs BOJ03araca, HaKOIJIEHHOTO B
CHE)KHOM TTOKPOBE, ABJISIOTCS 00Jiee 3HaUMMBIM PO-
THO3HBIM TIOKa3aTesieM PEYHOTO CTOKAa MajbIX peK,
YeM CyMMAapHbIi FOI0BOH CJION OCa/IKOB.

3amaua onpe/esieHus: 0000IIAOIIEro oKa3aTest
JUTSI CUCTEMBI MOHHTOPHHTA KauecTBa MOBEPXHOCT-
HBIX BOj ObLia pemreHa B PII 52.24.643-2002, rae
MIPEJCTaBIIEH aJIrOPUTM pacdeTa yAedbHOro KOMOH-
HAaTOPHOTO HMHJIEKCA 3arps3HEHHOCTH BOJIbI, BKIIIO-
YaroIero, TOMUMO ONpeIeTICHUsI KPaTHOCTH MPEBHI-
wenus [TJIK, onpenenenue noBTOpSEMOCTH Cllyda-
€B TPEBBIIICHNUS TOPOTa, a TAK)KE YUHUTHIBAIOIIETO
BKJIaJ] OTJEJIbHBIX [TOKA3aTeNe B UTOTOBBIN YPOBEHb
3arpsi3HEHHOCTH TPUPOAHBIX TOBEPXHOCTHBIX BOJ
(Yepnoraesa u ap., 2023).

JuHaMuKka W3MEHYMBOCTH  THJIPOJOTHYECKUX
XapaKTepUCTHK OKa3bIBae€T HEMOCPEICTBEHHOE BIH-
sSHUE Ha (OPMUPOBAHUE THIPOXHUMUYECKOTO PEIKH-

o “OKazann
n— &
o W
7 J v/
it £

KMnoMeTDbI

Puc. 1. Kapma-cxema pacnonodicenust ucciedyemuix pex
Fig. 1. Map-scheme of the location of the rivers under study

Ma peKH 3a CUET pa3IMYHOW CTENeHU pa30aBIeHHUS
KOHIIGHTpAallMi M 3a CYeT PazIM4HOro Maccorepe-
HOCa BEIIECTB MOBEPXHOCTHBIM CTOKOM. [Ipu 3TOM
pacxos BOABI B peKe CHIIBHO 3aBUCHUT OT KOJIMYECTBa
arMoc(epHbBIX 0CaKOB. B 3Toil cBsA3M OBLIO BBHIIBU-
HYTO MPENOI0KEHHE, YTO CYIIECTBYET B3aHMOCBA3b
MEX/1y CyMMapHBIM CJIOE€M OCaJKOB M Kau€CTBOM I10-
BEPXHOCTHBIX BOJI, (POPMHUPYIOIIUXCS Ha BOAOCOODE,
KOJTMYECTBEHHAs! OlIEHKa KOTOPOW M COCTABUJIIO LIENb
JTAHHOTO MCCJIeIOBAHUS.

MarepuaJjibl U METOAbI HCCJIeTOBAHUS

C 1menp0 TPOBEPKH BO3MOKHOW B3aWMOCBS3U
MEXy KaueCTBOM IMOBEPXHOCTHBIX BOJ M MTOKAa3aTe-
JIIMHU BBIMAJICHUSI OCAJIKOB ObLT COOpaH OOIIMPHBIN
MaTepuall, BKIIOYAOIINA 3HAYCHUS PA3TUIHBIX TH-
JIPOXMMHUYECKUX MMOKa3aTeseii BoJ TPeX MajbIX PeK,
MpoTeKaromux mo Teppuropuu Pecnyonuku Tarap-
cran: Cmaru, Kazanku m Memm (puc. 1), momy-
YeHHbIEe B pe3yibrare MHorojeTtHero (2014-2024)
eKEeMECSIIHOT0 0TOOpa Tpod Ha BCEH MX MPOTSIKCH-
HOCTH, a TaK)Ke HH(POPMAITIIO O CYMMapHBIX KOJINYE-
CTBaX OCAJIKOB, BHITIABIINX HA PETHOH 32 YKa3aHHBIN
nepuon. B mcciemoBaHWMM WCIIONB30BAHBI JTAHHBIC
TUAPOXUMUYECKOTO MOHUTOPHHTA, OCYIIECTBIISIEMO-
1o MUHHUCTEPCTBOM JKOJIOTHH U TIPUPOIHBIX PECyp-
coB Pecriybnmuku Tarapceran, a Takke COOCTBECHHBIC
(hoHIOBBIC MaTEpHAIHL.

B xadectBe mokaszaTels, MHTETPalbHO OMHCHIBA-
FOIIIETO KAYECTBO PEYHBIX BOJI, UCIIOIH30BAJICS YICITh-
HbI KOMOUHATOPHBIN UHICKC 3arPS3HCHHOCTH BOJIbI
(YKU3B), paccunrannsiii mo P/ 52.24.643-2002
OTJEIBHO JUISI KaXJJIOTO TO/la MCCIEAOBaHUA 1Mo 15

noKasaTelnsiM  00s13aTeIbHOTO
nepevns: ammonui, BIIK,,
JKelle3o  ofIee, KHCIIOPO[,
Maprasen, meab, HedTenpo-
TyKTBI, HHUKEIb, HUTPATHI,
HUTPUTHL, CYIb(arel, (GeHo-
nbl, xjopunbl, XIIK, muHK.
B4 B kadecTBe MOPOTOB HCIIONB-
e 3oBajuch 3HaueHus [1JIK
7 JUIST BOJAOEMOB PBIOOXO3STiA-
CTBEHHOT'O 3HaueHus. Pacuer
5 YKU3B ocymecTBiswics 1O
L, HAOIIOAEHUAM B MECSIIBI Te-
} IJIOTO TIEPHUO/IA, OXBATHIBAIO-
Ve IETO BHYTPUTOIOBO MpoOMe-
JKYTOK C arpesisi Mo OKTSIOpb
BIJTIOUUTENIBHO, TPH  ITOM
OTICHUBAJINCH KaK OT/CITHHBIC
BomHble 00BeKkTHI (Ka3zaHka,
Mema u CBusdra), Tak U co-
BOKYITHOCTh BCEX HabmIose-
Huil. JIng pacuera YKU3B

POCEHHCHAIN SYPAAR APHBNAMHON dwnori
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UCTIOJIb30BAIIUCH TOJBKO T€ PE3YJBTAThI THAPOXUMHU-
YEeCKOTO aHaju3a, B KOTOPBIX MPUCYTCTBOBAIM BCE
paccmarprBaeMble TIOKa3aTeln U UX 3HaUCHHS ObUIH
Oonp1re 0, TPH ATOM YUUTBHIBATHCH KPUTHUECKHUE O~
kazarenu 3arpsisHeHHocTH (KII3). B urore ams mpo-
BEJICHUS pacueToB ObUT COPMUPOBAH MACCHB JIaH-
HBIX, BKJIIOYAIONIMN PE3YNIbTaThl THIPOXUMHYECKOTO
anamu3a 420 mpo6 Boxel p. Kazanku, 102 mpob p.
Memu 1 211 ipo6 p. CBusry.

CyMMapHOE€ KOJIMYECTBO OCAJKOB OIIEHHWBAJIOCH
o meteoctaniuu «Kazanby (55.7400 c.im1., 49.2042
B.J.) 1o 0a3e JaHHBIX METEOCBOIOK BcemupHoit
METEOpPOJIOTHYECKON OpraHu3alil W O(UIHAaIb-
HbIM JaHHBIM PocrunpomereorieHrpa (http:/www.
pogodaiklimat.ru/; https://climate-energy.ru/weather/
spravochnik/). JlaHHBIE 110 0OCaKaM JICITUIUCH Ha JBE
TpYMIIBI: CyMMapHBIH TOI0BOM CII0I 0CaaKoB (MM) 3a
TEIUTBIA TIepuOJ (ampellb — OKTSIOpb) U CyMMapHBIH
TOJIOBOM CJION OCA/IKOB 32 XOJIOIHBIN MepHoz (HOIOPb
— MapT). XOJOAHBIN IEpro]] 0XBATHIBAJ POMEKYTOK
BpPEMEHH, BKIIOUAIOMINN HOSOPh U JIeKaOph Mpebl-
JYIIETO Toj1a, & TAKXKe STHBAph, (eBpaib U MapT roja,
JUTST KOTOPOTO OIEHUBAJIOCH Ka9e€CTBO MOBEPXHOCT-
HBIX BOJI.

Craructudeckass 006pabOTKa MAaHHBIX BKIIIOYaIa
pacdersl Kodpduumenta xoppensuun CrupMmeHa,
TaKXKe OCYIIECTBIsUIaCh CpaBHHUTENbHAs Tpaduue-
CKasi OLlEHKa MHOTOJICTHEW M3MEHUYMUBOCTH TTOJTyUCH-
HBIX [TOKa3aresei.

Pe3ynbTarhl U UX 00Cy:KIeHUE

[Ipu oleHKe pe3ynbTaToB UCCICIOBAHHS OTME-
YeHO OOJBINIOE CXOJCTBO M3MEHUYHMBOCTH 3HAUCHHH
YKU3B no romgam, pacCUUTaHHOTO IJISl PEK, pacIio-
JIO)KEHHBIX B Pa3HBIX (U3UKO-TeOTrpapUIeCKIX PETH-
onax Pecnyomuku Tartapcran: [Ipenkambe (Kazanka,
Mema) u IIpensomxkse (Cusira) (puc. 2).

Knacc 3arpsi3HEHHOCTH PEYHBIX BOJ B pPa3HbIC
TOJIl MEHSUICSI B 3aBUCHMOCTH OT KOJHYECTBa KpH-
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Puc. 2. Muoconemnss usmenuugocmo 3nayenul
YKU3B, paccuumannovix no 15 cudopoxumuueckum
noxkazamensim
Fig. 2. Long-term variation of specific combinatorial
index values of the of water pollution (SCIWP)
calculated by 15 hydrochemical indicators

lh

TUYECKHUX TOKa3aresnel 3arps3HeHHocTH: B p. Kazan-
Ke OT «3arpsi3HeHHON 30» /10 «OUeHb TPSI3HON 4BY; B
p. Mérme ot «3arps3HeHHON 3a» 10 «O0YEHB TPSI3HOM
4B»; B p. CBUsITe OT «3arps3HEHHON 3a» 10 «O4YeHb
IpA3HOMN 4r».

Cornacno PJ] 52.24.643-2002, KpuTHYECKUM TI0-
KazareyjeM 3arpsi3HeHHOCTH CUMTAETCSl TaKoW IOKa-
3arenb, 0000IIEHHBIN HHAEKC KOTOPOTO OOJIBIIIE HITH
paBeH 9, TO ecTh, KOIjia HAOIIOMACTCsl YCTOHUMBAsS
b0 xapakTepHasi 3arps3HeHHOCTh. [l Bcex BoO-
JTHBIX 00BEKTOB HCCIIeI0OBAaHUSA KPUTUYECKUMU TTOKa-
3aTeNsIMH 3arpsi3HEHHOCTH SABJISUIMCH OJIHU U TE€ XKe
MTOKa3aTel KauyecTBa BOJI, HO B Pa3HBIX COUETAHHSIX.
Tak, g p. Cusiru B kadectBe KII3 ormeuanuch Ta-
Kue nokasarenu kak bIIK,, cynb(daThl, xKele30, Me/ib,
Mmapraser, Juisi p. Memu — HHTPHTHI, CYIb(arsl,
xKeme30, (GeHoIbl, Mapranerr; Juis p. Kazanku — Bce
BBINIENIEPEUHCIICHHbIE TOKa3arenn BMmecTe. Takum
00pa3oM, TpU BOJHBIX OOBEKTa XapaKTePU3YHOTCS
OJTHOTHUITHBIM Ha0OpPOM M3 CeMH OCHOBHBIX 3arpss-
HUTEJIEH.

B cBs3u ¢ TeM, uTO [T BCeX peK KPUTHUECKUMHU
MoKa3aTessIMH 3arPS3HEHHOCTH SIBJISIIUCH OJHU U Te
e TUAPOXUMHUYECKHE MOKAa3aTelH, TOTOJIHUTEIBHO
ob11 paccuntan YKU3B Tonpko Mo 3TUM cemH TI0-
KazaTelssaM, YTO MO3BOJIMIIO MOYYUTh OoJee MoJIHoe
MpeCTaBleHNe O JAMHAMUKE W3MEHYMBOCTH Kaue-
CTBa PEUHBIX BOA BO Bpemenu (puc. 3). CpaBHeHUe
YKUN3B, paccunTaHHBIX pa3HbIM CIIOCOOOM, MTOKa3a-
JI0 3HAYUTEIHHO PA3IUYAIOMINNACS XapakTep M3MeEH-
YUBOCTH BEIMUMHEI HHIEKCA 110 TonaM (puc. 2, 3).

Ha pucynke 4 npencrasnens! 3HaueHus Y KU3B,
paccuuTaHHbIE ABYMS CIHOCOOAMM TIO COBOKYITHO-
CTH THAPOXMMHUYECKUX JaHHBIX, XapaKTePU3YIOIIUX
KauecTBO Boj MccienyeMbix pek (733 mpoOsr). Kak
BUJIHO U3 pUCyHKa, 3HadeHus Y KU3B, paccuuranno-
ro o KII3 (7 mokazareneit), okuiaeMo 3HAUUTEITh-
HoO BbIIIe cTagaapTHoro YKM3B, paccunrannoro mo
15 mokaszatensM, Ipu 3TOM KOJICOAHUS X 3HAYCHUM
M0 ToflaM HMCCIIEOBAaHUIA CUIIBHO OTIWYAIOTCS JIPYT
OT JIpyra, 4TO yKasbIBaeT Ha TO, YTO KPUTHYECKHE
MoKa3aTey 3arpsi3HEHHOCTH TPECTaBICHBI B pas-
HBI€ TO/Ibl HEOAMHAKOBO, a UX BAPHATUBHOCTH MOXKET
OBITH CJIEZICTBUEM BO3/ICHCTBHUSI BHEITHUX (DAKTOPOB,
00IIUX JIJIST BCEX PEK.

CX0/1cTBO M3MEHUYMBOCTH KadeCcTBa BOJ HCCIEy-
EMBIX PEeK, XapaKTePH3YIOIINXCS Pa3InIHBIMU (H3H-
KO-TeorpapuueCcKUMH YCIOBHAMH, (POPMUPYIOLTIMU
UX BOJIHBIA PEXHUM, MPEANoiaracT HaJIHMyue BHEII-
HUX, OOIIUX JUIst HUX (DAKTOPOB, CXOKHUM 00pazoM
JETEePMUHHUPYIONUX THAPOXUMUYECKUH COCTaB BO-
JHBIX Macc. B gncre takoro pona ¢pakropos ciiemyer
paccMmarpuBaTh XapakTep aHTPOIIOI€HHOW Harpys3Ku
Ha UX O6accelHsl, a TaKXKe KIMMaTHYeCKue 1 THIPO-
JIOTHYECKHEe OCOOCHHOCTH (DOPMHPOBAHHSI PEYHOTO

bl
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Puc. 3. Muoeonemmnsis usmeHuugocmo 3HaveHuil
YKU3B, paccuumanHulx no Kpumu4eckum
NOKA3aMeNsIM 3a2PSA3HEHHOCMU
Fig. 3. Long-term variation of the specific
combinatorial index values of water pollution
(SCIWP) calculated by critical pollution indicators
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Puc. 4. Muoconemusasa usmenuugocmos 3HaveHui
YKH3B no eceii cosokynnocmu HaOa00eHull
Fig. 4. Long-term variability of the specific

combinatorial index values of water pollution
(SCIWP) calculated for the entire set of observations
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Puc. 5. Conpsioicennas Ounamuxa usmeHyusocmu
KOIU4ecmea 0caokog
3a menaviil nepuod 200a u 3navenuti YKHU3B no KI13
Fig. 5. Conjugate dynamics of variability of
precipitation amount during the warm period of the
year and the specific combinatorial index values
of water pollution (SCIWP) calculated by critical
pollution indicators

cToka. bonpiras gacte iomaau 6acceitnoB Kazan-
ku, Memu u Ceusiru (o 80%) mpeactaBiseT co0oit
CeJIbCKOXO3SMCTBeHHBIC JaHMIAPTHl € Pa3TUIHON
JI0JIeld JIECHCTOCTH, YTO, HECOMHEHHO, OKa3bIBaeT
BIMsIHUE HAa (OPMHUPOBAHHE CTOKA OMOTEHHBIX BJie-

b

MeHTOB. [lpu 3ToM B WX OacceifHaX OTCYTCTBYIOT
KpYTHbIE HaceJIeHHbIE MYHKTHI W TPOMBIIIJICHHbIE
MIPEeNpPUATHS, KOTOPhIE MOIJIM OBl CYIIECTBEHHO
BJIIMSITH HAa KauecTBO BOJBL. [loaToMy paboueii ruro-
Te301 MCCIIeI0BaHus SIBUIIOCH TIPEATIOIOKEHHE, YTO
Ha (POPMHUPOBAHUE KAa4eCcTBA BOJ HCCIIEIYEMBIX PEK
OTIpeNeNIsIoNIee BIUSHUE OKa3bIBAIOT JIOKAJIbHbIE
KITUMaTH4YecKue (akTophl, B IEPBYIO OYEpeab 0Cal-
ku, (opmupyrommue auddy3HbIi CTOK 3arps3HsIO-
IIMX BEIIECTB.

IIpoBepka naHHOW THIIOTE3BI OCYIIECTBISIACH
CONOCTABJIEHUEM U OLIEHKON KOPPEISIIUOHHOM CBSI3H
MEX/1y 3HAYCHHSIMHU KOJINYEeCTBA 0CA/IKOB, BBINAIat0-
IIMX B TEIJIBIN U XOJIOIHbBIN MEPUOJIbI, IO METEOCTaH-
unu «Kazaney, pacnonoxennoit B 100-xkm 30He, 0X-
BaTHIBAIONICH BCE TOYKH OTOOPA THIPOXUMHUYECKUX
po0, u 3HaveHusIMU Y KU3B. Mmeromuiics Habop
JIAaHHBIX OBbLT Pa30UT Ha JIBE BHIOOPKH: TIepBas OTpa-
JKaeT B3aMMOCBS3b KOJMYECTBAa OCAJKOB B pa3jiMy-
Hble Tonbl co 3HayeHussMu YKW3B, paccunTaHHbI-
MU 10 15 THAPOXMMHUYECKUM TOKa3aTessiM, BTOpast
BBIOOpKA — 3Ty ’K€ B3aUMOCBSI3b, HO CO 3HAYCHHUSIMHU
YKUN3B, paccuMTaHHBIMH IO KPUTUYECKUM ITOKa3a-
TeNSIM 3arpsi3HeHHOCTH (7 moka3arereit) (taom. 1).

OtmeueHa BbICOKas B3aUMOCBS3b MEXKIY KOJH-
YECTBOM OCAaJIKOB B TEUEHHE TEIUIOTO MepHoja roaa
(ampesib — OKTSAOPH) ¥ 3HAYCHUSIMHU YACIBLHOTO KOM-
OMHATOPHOTO MH/EKCA, PACCYMTAHHOTO 110 KPUTHYE-
CKMM TIOKa3aTesisIM 3arpsA3HEHHOCTH BOJ| 3a TOT XKe
niepuon (puc. 5, tadn. 2). [Ipu 3ToM ¢ KOTUIECTBOM
0CaJIKOB, BBITIABIINX B TEYCHHE XOJIOJHOTO MIEPHO/Ia,
a TaKke B TEUEHHE BCETrO rojia, CTaTUCTHYECKU 3Ha-
YUMBIX B3aMMOCBs3ed He BbIsBICHO (p>0.05) (Tabm.
2).

Taxum 00pa3om, 3aBUCHMOCTh KauecTBa MOBEPX-
HOCTHBIX BOJ[ OT KOJMYECTBAa OCAJKOB, BBITABIINX
Ha BoJ0cOOpe peK, MPOSBISIETCS TOJIBKO B TEPHOJ
[TOJIOKHUTEIFHBIX CPETHECYTOUHBIX TeMIeparyp Hu
TOJIBKO JIJIS1 psiia TIOKa3aresel, KoTopble BHOCST Hau-
OonpIuil BKJ1aJ] B OOIIYI0 KapTUHY 3arpA3HEHHOCTH:
3TO JIabWIIbHBIE Opranuyeckue Bemectsa (o bITK,),
HUTPUTEHI, CyIb(aThl, jkese30, PeHOIbI, MeJIb U Map-
raeil. BeposiTHo, moo0Hast cuTyarust 00yClIOBJICHa
yBenMueHneM U Py3HOro MacconepeHoca yka3zaH-
HBIX BEIIECTB C BOAOCOOPHBIX TEPPHUTOPHHA MOCHE
BBIMAJICHUS O0CAJIKOB.

3akiioueHue

B pe3synbrare nmpoBEIEHHOTO MCCIECHOBAHMS OT-
MEYEHa BBICOKAsl CTAaTUCTUYECKH 3HAYMMas MpsiMast
B3aUMOCBSI3b MEXKJy KOJIMYECTBOM OCAJKOB M Ka-
YECTBOM IIOBEPXHOCTHBIX BOJl PEK, OLICHMBAEMBIM
10 BEJIMYUHE YAETHHOTO KOMOMHATOPHOTO HMHJEKCa
3arpsI3HECHHOCTH. YCTAHOBJICHA CXOXas JUHaMU-
ka m3MeHuuBoctH 3HaueHnii YKU3B pex Kazankwu,

POGEHHCA t3PHAN NPHAAAOH R0MOHN
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Tabnuya 1. Cymmsr ocaokos u eenununsvt YKHU3B, paccuumannvle no omoenbHbiM peKam

U N0 COBOKYNHOCMU HADII0OEHUTL

Table 1. Total precipitation and the values of the specific combinatorial index of water pollution (SCIWP)
calculated for individual rivers and for a set of observations

KonmuectBo ocamakoB, MM YKU3B*
Total precipitation, mm SCIWP*
Tonbt Terbrit XOoNoaHbII
Years TIePUO TIEPUOL 3aron Kazanka Mema Causira Jlnis Bcex pex
Warm Cold Per year Kazanka Mesha Sviyaga For all rivers
period period
2014 301 198 499 48/4.4 4.6/4.0 3.8/4.0 47/4.2
2015 340 188 528 39/55 46/53 4.4/4.9 4.0/5.0
2016 310 309 619 33/4.8 2.7/4.6 2.6/44 37/44
2017 428 204 632 5.0/84 41/7.2 3.5/8.6 6.0/8.0
2018 277 257 534 5.8/5.0 53/49 4.8/6.0 6.2/54
2019 366 250 616 4.6/5.8 43/54 4.0/6.4 45/6.3
2020 433 175 608 3.6/6.8 4.1/6.3 3.5/6.6 3.7/6.6
2021 242 172 414 4.0/5.6 4.1/4.8 4.0/5.8 40/54
2022 457 261 718 3.7/6.7 3.8/6.6 3.5/6.7 45/17.0
2023 217 246 463 48/54 4.5/4.9 4.8/4.5 4.6/5.5
2024 363 298 661 521/5.6 4.6/54 42/5.0 5.0/6.0

* [lepeo uepmoii — no 15 noxazamensim, nocie uepmol —no 7 KI13.
* Before the line — by 15 indicators, after the line — by 7 critical pollution indicators.

Tabnuya 2. Kosghgpuyuenmuol koppensyuu mencoy cymmou ocaokos u YKHU3B
Table 2. Correlation coefficients between the amount of precipitation and specific combinatorial index
of water pollution (SCIWP)

Pexu Terutslii nepuon XO0IOAHBIH epHo CyMMa 0CaJIKoB 3a I'oj
Rivers Warm period Cold period Annual precipitation
VYKU3B no 7 KII3
SCIWP by 7 critical pollution indicators
Ka3anka 0.74* -0.21 0.47
Merma 0.82 0.04 0.66
Causira 0.69 -0.08 0.50
Bce pexn 0.70 0.04 0.57
YKMU3B no 15 nokazaresnsm
SCIWP by 15 indicators

Kazanka -0.31 0.12 -0.06
Memra -0.41 -0.09 -0.35
Ceusira -0.59 -0.10 -0.49
Bce pexu -0.15 0.25 0.13

* cmamucmuyecku 3Hauumvle kodgduyuenmot (p<0.05)
* statistically significant coefficients (p<0.05)

Meimu u CBusiry, paccuntanHoro 3a nepuoj ¢ 2014 BeposiTHO, 3T0 00YCJIOBJICHO YBEJIMYCHUEM HHTCH-
no 2024 roxel. HauOonblmii BKJIaJ B M3MEHEHHE  CHBHOCTH JU(QY3HOTO BBIHOCA 3arpsi3HSIONIMX BeE-
Ka4eCTBa BOJBI BHOCAT TaKWe KPUTHUUECKHE TOKA-  IIECTB B PEKH IPHU COOTBETCTBYIOIIEM POCTE KO-
3arenu 3arpssHeHHocTn (KII3) kax BHKS, HUTPU-  YECTBA OCAJKOB, BHINAJAIONIMX HA UX BOIOCOOPHBIX
ThI, CyAb(aTHI, Kene30, PeHonbl, Meab U Mapranen.  Tepputopusix. YKHWU3B, paccuutanHBIi TONBKO TIO
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OLIEHKA B3AMOCBSI3M KAYECTBA BOJIbl MAJIbIX PEK Y 3HAYUEHUI CYMMAPHOI'O

roJoBOI'O CJI0A OCAIKOB

3HAYEeHUSM KPUTHUECKHMX IoKa3aresieil 3arpsi3HeH-
HOCTH, OKazaJycsi 0oyiee 3HAYUMBIM JIJISI OLCHKH JTH-
HAMUK{A M3MEHYMBOCTH KayecTBa MOBEPXHOCTHBIX
BOJI U €€ B3aHMOCBS3U C KOJTMYECTBOM OCAJIKOB, YEM
cragaaptHeiii YKM3B o ob6s3arenbHOMY NEpedHio
3 15 xoHTponmupyeMmbIx BemecTB. /s Bcel coBo-
KYITHOCTH HaONOeHHH KOAPQHUIMEHT KOPPEIsIn
Mexny 3HadeHusMu YKU3B mo KII3 u cymmoii
ocazakoB Tertoro nepuosaa coctasuia 0.70 (p=0.017).
Bwmecte ¢ aTum, He ynajaoch OOHAPYKHUTh 3HAUUMBIX
KOPPETSAIHI MEXTy KaueCTBOM MTOBEPXHOCTHBIX BOJ
M KOJIMYECTBOM CHETOBBIX OCAJIKOB, BBIMABIINX Ha
BOJIOCOOpax peK B TEPHOJ, MPEIIISCTBYIONINN Be-
ceHHeMy MaBoKy. [loaTBepaAMIIOCH MpenoaoKeHue,
YTO JIOKAJIbHBIC KIIMMaTHYecKne (hakTopbl, B 4aCTHO-
CTH OCaJIKH, MOTYT OKa3bIBaTh CYIIECTBEHHOE BIIHU-
sSHHE Ha (OPMHPOBAHHE Ka4yecTBa MOBEPXHOCTHBIX
BOJI MaJIbIX PEK B TEIUIBIN MEPHOJI TO/1a 3a CUET yBe-
JUYEHUs J0JIM KPUTHYECKUX TIOKa3zaTeneil 3arpss-
HEHHOCTH.
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Valiev V.S., Ivanov D.V., Khasanov R.R. Assess-
ment of the relationship between the rivers water
quality and the total annual precipitation.

The problem of modeling the quality of surface
waters in small rivers is relevant both in the context
of predicting the dynamics of its variability over time
and in assessing critical pollution indicators. The
article examines the relationship between the total
annual precipitation layer and the quality of surface
waters formed in the catchment area of the Kazanka,
Sviyaga and Mesha rivers (Republic of Tatarstan). It
has been established that the greatest contribution to
the overall picture of river water quality variability
was made by critical pollution indicators: BODS, ni-
trites, sulfates, iron, phenols, copper and manganese.
Atmospheric precipitation had a significant impact
on the formation of river water quality in the warm
period of the year (April — October), determining the
growth of the contribution of critical pollution indi-
cators to the value of the specific combinatorial index
of water pollution.

Keywords: surface water quality; small rivers;
precipitation; specific combinatorial index; critical
pollution indicators.

PackpsiTre nadopmanuy o KOHGIUKTE HHTEPEeCcoB: ABTOp 3asiBisieT 00 oTcyTcTBIH KOH(uHKTa nHTepecos / Disclosure of conflict

of interest information: The author claims no conflict of interest

HNudopmanus o crarbe / Information about the article

[ocrymuna B penakumto / Entered the editorial office: 16.04.2025
Onob6peno peuensentamu / Approved by reviewers: 29.04.2025
[Mpunsra k mybnukarmu / Accepted for publication: 13.05.2025

HNudopmanus 06 aBTopax

Banues Beesonon Cepreesud, crapiinii HayqHbI COTpyaHUK, HCTHTYT TpobiieM sKostoruu u Heapomnoib3oBanus AH PT, 420087,
Poccus, 1. Kazans, yn. laypckas, 28, E-mail: podrost@mail.ru.

WBanoB mutpuii Bnagumuposud, 1oKTop reorpaguyeckux Hayk, 3aM. AUPEKTOpa Mo HayyHOH padote, MHCTUTYT npobieM 3Ko-
norun ¥ Henponons3zoanust AH PT, 420087, Poccus, . Kazanb, yi. Jlaypckas, 28, E-mail: water-rf@mail.ru.

XacanoB Pycram PaBuneBuy, Hay4dHbIIT cOTpyIHUK, MHCTHTYT mpobiem skonoruu u HexpononszoBanust AH PT, 420087, Poccus,
r. Kazawup, yi. laypckast, 28, E-mail: rustamkhasanov88@gmail.com.

Information about the authors

Vsevolod S. Valiev, Senior Researcher, Research Institute for Problems of Ecology and Mineral Wealth Use of Tatarstan Academy
of Sciences, 28, Daurskaya st., Kazan, Russia, 420087, E-mail: podrost@mail.ru.

Dmitrii V. Ivanov, D.Sci. in Geography, Deputy Director, Research Institute for Problems of Ecology and Mineral Wealth Use of
Tatarstan Academy of Sciences, 28, Daurskaya st., Kazan, Russia, 420087, E-mail: water-rf@mail.ru.

Rustam R. Khasanov, Researcher, Research Institute for Problems of Ecology and Mineral Wealth Use of Tatarstan Academy of
Sciences, 28, Daurskaya St., Kazan, 420087, Russia, E-mail: rustamkhasanov88@gmail.com.

o/l by



SPATIAL DISTRIBUTION AND HYDROGRAPHIC CHARACTERISTICS ANALYSIS
IN DETACHED BAYS OF THE TETYUSHSKY REACH OF THE KUIBYSHEV RESERVOIR
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SPATIAL DISTRIBUTION AND HYDROGRAPHIC
CHARACTERISTICS ANALYSIS IN DETACHED BAYS OF THE

TETYUSHSKY REACH OF THE KUIBYSHEV RESERVOIR

The creation of the Kuibyshev Reservoir led to the formation of numerous bays, a significant por-
tion of which underwent complete or partial isolation from the main water area. That resulted in a new
natural-anthropogenic element in coastal landscapes. The aim of this work was to analyze the spatial
distribution and morphometric parameters of isolated bays within the water area of the Tetyushsky reach
of the Kuibyshev Reservoir. For the analysis, satellite imagery from Google Earth and Sentinel-2, as
well as field research data from 2024, were utilized. Computations were performed in QGIS 3.28.3 GIS
for the summer low-water period of 2024 at a normal water level of 52.7 m BS (Baltic System). The
study identified 103 detached bays with a total water surface area of 246 hectares. The majority of the
bays were located on left-bank islands formed after the flooding of the reservoir bed. Based on water
surface area, they were classified as «small water bodies», characterized predominantly by oval and
near-circular shapes and slightly indented shorelines. The dynamics of the water surface area showed
the trend toward reduction, particularly for bays not connected to the main water area during the flood
period. The significance of those findings was underscored by the location of the study objects within
the territory of the «Spassky» Biosphere Reserve and the buffer zone of the UNESCO World Heritage

Site — historical and archaeological complex of Bolgar.
Keywords: detached bays; Kuibyshev Reservoir; geographic information systems; monitoring of

water bodies; morphometric indicators.

DOI: https://doi.org/10.24852/2411-7374.2025.2.66.70

The Kuibyshev Reservoir is one of the world’s
largest artificial water bodies, with the surface area of
5900 km? at a normal pool level (NPL) of 53 m above
sea level (Baltic Height System). Its length is 510 km
along the Volga River and 300 km along the Kama
River (Kuibyshevskoe ..., 2008). The hydrological
regime of the reservoir is characterized by seasonal
flow regulation: it fills to NPL in spring, and during
the rest of the year, water is drawn down, lowering
levels by several meters and fully exposing shallow
areas (Bamburov et al., 1991).

As the largest multipurpose reservoir in Russia, it
plays a vital role in supporting economic sectors and
socio-cultural needs. Its creation caused large-scale
environmental changes in both the flooded zone and
adjacent territories. One consequence was the for-
mation of numerous bays — parts of the reservoir ex-
tending into land while maintaining hydrodynamic
connectivity. Most have since become fully or par-
tially isolated, creating new natural-anthropogenic
elements of coastal landscapes used for economic
and recreational purposes.

State water monitoring requires systematic ob-

servation of morphometric transformations. Thus,
studying morphometric parameters of detached bays
—anew type of inland surface water body — is a cru-
cial scientific and practical task. This will enable
forecasting near- and long-term changes in their eco-
systems.

The reservoir comprises lake-like expansions di-
vided into 8 development zones connected by narrow
sections of the former riverbed. Data on detached
bays, including morphometrics, are limited to the
Volzhsky reach (Ziganshin, Ivanov, Khasanov, 2021,
2022; Ziganshin et al., 2024).

This article analyzes the key morphometric char-
acteristics of detached bays in the Tetyushsky reach
of the Kuibyshev Reservoir, located in the middle
Volga after the confluence of the Volga and Kama riv-
ers near Tetyushi. Its northern boundary is the Kama
River mouth, and its southern boundary is just below
the Maina River mouth (fig. 1).

The Tetyushsky reach is ~80 km long and 3-20
km wide at its broadest point. Its water surface area
is 766 km? (~13.2% of the total reservoir area). Most
(80%) lies in Tatarstan, with a smaller section (20%)

AT
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Fig. 1. Location of the Tetyushsky reach of the Kuibyshev Reservoir

+

Fig. 2. Spatial distribution of detached bays of the Kuibyshev reservoir in the study area

in Ulyanovsk Oblast. Depths are significant (avg. 10
m), reaching 20 m in navigation channels. Coastal
depths are 5—10 m on the right bank and 2—5 m on the
left bank. Currents are weak (avg. 0.5 m/sec), espe-
cially in bays, promoting siltation. Littoral zones (<2
m depths) cover <10% of the area. The bottom is san-
dy throughout; higher aquatic vegetation occurs only
on the left bank. Volga’s banks are asymmetric: the
right bank is high (100-150 m), steep, and cliff-like
(limestone/clay); the left bank is gentle, flood-prone,
and erosion-susceptible.

lh

Data sources included 2024 field surveys, Google
Earth and Sentinel-2 satellite imagery. Calculations
used QGIS 3.28.3 for the 2024 summer low-water pe-
riod at poor level 52.7 m (Baltic System). Statistical
processing employed Statistica 8.0.

Satellite imagery and field data revealed 103 de-
tached bays (total area 246 ha) in the Tetyushsky reach
during summer 2024. Most were on islands formed by
reservoir filling along the left Volga bank (fig. 2). Six-
ty-four water bodies were within the UNESCO World
Heritage Site buffer zone — the historical and archae-
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Fig. 3. Histogram of water areas distribution
of detached bays in Tetyushsky reach
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Fig. 4. Water area dynamics of detached bays based
on reservoir level and spring flood connectivity
(1 bay: periodically flooded; 2 bay: consistently
flooded; 3 bay: unflooded)

ological complex of Bolgar and the «Spassky» State
Nature Reserve.

The high right Volga bank was less prone to
flooding negative landforms. Its hard rocks (lime-
stone, sandstone) resisted erosion, reducing bay for-
mation. Only three detached bays existed there: one
formed by flooding the depression where village
buildings (Kirelskoe) were demolished during reser-
voir creation; two others emerged from the separa-
tion of straits between islands and the mainland near
Kamskoye Ustye.

Unlike the Volzhsky reach (where many bays
were artificially isolated), detachment in the Tetyu-
shsky reach occurred naturally. Abrasion-accumu-
lative spits formed at bay inlets — flooded erosional
features (hollows, gullies, ravines) or former straits —
progressively isolating them from the main reservoir.

By water area (GOST R 59054-2020), those bays
were «small water bodies» (<1 ha). Per 1.S. Zakhe-
renkov’s lake classification (1964), they fell into:
small lakes (10-100 ha), tiny lakes (1-10 ha), and

bl

ponds (0.1—1 ha). Most (94%) were in the latter two
classes (fig. 3).

Only six water bodies had the water surface area
exceeding 10 hectares. Most were located in the wa-
ter area of Staromainsky Bay (Ulyanovsk oblast).

Water bodies with very shallow maximum depths
predominated (tab. 1). The smallest maximum depths
(1-2 m) were observed in detached bays situated
within island complexes. The greatest depth (7 me-
ters) was recorded in the bay near the village of Volz-
hskoye in Ulyanovsk oblast.

Changes in the water area of the water bodies were
subjected to fluctuations in the reservoir water level,
as well as the presence of a hydrological connection
with the main water area of the reservoir during the
spring flood season. The conducted analysis of wa-
ter area changes for three model detached bays, each
having different hydrodynamic connections with the
reservoir's main water area, revealed a general trend
of decreasing water surface area regardless of the wa-
ter level or connection with the Kuibyshev reservoir.
At the same time, for water bodies flooded by reser-
voir waters during spring floods, this trend followed a
smoother pattern, and fluctuations in their water area
largely depended on the reservoir's water level (fig.
4).

The elongation coefficient (lake length / mean
width) in Tetyushsky reach bays varies from 1.4 to
249 (avg. 5.3). Unlike the Volzhsky reach (where
bays are mostly furrow-shaped), most there trended
toward oval/circular forms (tab. 2).

Statistical processing of the data using Spearman's
correlation coefficient revealed the weak relationship
between the elongation coefficient and the water sur-
face area (r=0.26, p < 0.05).

Regarding shoreline indentation, the predominant
portion of the detached bays in the Tetyushsky reach
fell under the category of water bodies with slightly
indented shorelines (Table 4). Those values differed
significantly from those of the Volzhsky reach, where
water bodies with strongly and moderately indented
shorelines predominated (Ziganshin et al., 2024).

This study underscores the need for regular mon-
itoring and detailed analysis of detached bays — es-
pecially in buffer zones of internationally significant
sites — to develop measures ensuring regional ecolog-
ical resilience.

The work was supported by a grant from the Acad-
emy of Sciences of the Republic of Tatarstan, award-
ed to young PhD holders (postdoctoral researchers)
for the purpose of preparing a doctoral dissertation,
conducting scientific research, and fulfilling employ-
ment duties at scientific and educational institutions
of the Republic of Tatarstan under the State Program
of the Republic of Tatarstan 'Scientific and Techno-
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Table 1. Morphometric indicators of detached bays in the Tetyushsky reach

Indicator Mean Median Min Max
Area, ha 2.3 0.8 0.1 29
Length of coastline, m 678 474 113 3770
Length, m 280 198 34 1739
Width, m 103 73 28 608
Average width, m 56 40 12 273
Maximum depth, m 1.9 1.6 0.7 7.0

Table 2. Ranging of detached bays by elongation coefficient

Form Elongation index Quantity % of total
Rounded <1.5 1 1
Close to a circle 1.5-3.0 25 24
Close to rounded 3.0-5.0 38 37
Close to oval 5.0-7.0 23 22
Oval-elongated 7.0-10.0 8 8
Elongated in the form of a «furrow» >10.0 8 8

Table 3. Distribution of detached bays by shoreline indentation

Indentation degree Indentation coefficient Quantity % of total
Heavily indented <1.5 99 96
Average Indented 1.5-2
Weakly indented >2

logical Development of the Republic of Tatarstan'
(Agreement No 98/2024—PD).
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[IpuHsATas K pACCMOTPCHHIO CTaThs HAMPABIISCTCS pPe-
IECH3CHTY, TP HAJIMYHUU 3aMeYaHUM OHA OTCBLIAETCS aBTO-
pam Ha 1opaboTky. OKOHYATETbHOE PEIICHUE O IPUHATHH
CTaThU K MyOJMKALlMU MPUHUMACTCS PEIKOJICTHEeH Kyp-
Haua.

Bepcrka cratbu Al OKOHYATEIbHOW IPOBEPKU U
YTBEPXKACHNA BBICBIJIACTCA aBTOpaM 110 3HeKTpOHHOﬁ
moyre.
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