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ABSTRACT. In this study we investigate the dynamics of Cladocera subfossil assemblages (taphoco-
enoses) during the formation of the cascade of three lakes located on the island of Lunkulansaari in
the northeastern part of Lake Ladoga in the late Holocene. Since the last regression of Lake Ladoga and
the formation of the lake cascade, Cladocera subfossil assemblages began to accumulate in bottom sed-
iments. Their species structure was alternately dominated by species typical for aquatic vegetation in
the littoral zone or species that prefer to live in open water. The data obtained allowed to reconstruct
changes in lakes’ water levels and clarify the stages of their development, previously revealed on the

basis of pollen spectra of aquatic vegetation.
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1. Introduction

Lacustrine sediments are valuable source of
information which is necessary for reconstructing long-
term climatic changes and patterns of water-body for-
mation. The remains of various indicator organisms
are preserved in sediments and most of them can be
identified to species level. One of the most abundant
taphocoenoses are formed by remains of cladocerans
(Cladocera), which are actively used in paleolimnolog-
ical studies as indicators that are sensitive to environ-
mental changes. The aim of the study was to reconstruct
the water level dynamics in three lakes of different ages,
formed as a result of the regression of Lake Ladoga,
based on the results of cladoceran analysis.

2. Materials and methods

Three sediment cores of the lakes Kuikkalampi
(N 61.30304°, E 31.86677°, area 12000 m?, maxi-
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mum depth 2.8 m), Sokkasenlampi (N 61.30741°,
E 31.836315°, area 1450 m?, maximum depth 2.0
m), Hovatanlampi (N 61.32059°, E 31.81434°, area
161 000 m?, maximum depth 2.5 m), located on the
Lunkulansaari island in the northeastern part of Lake
Ladoga were sampled. The cores were collected within
the frameworks of paleolimnological research of the
Institute of Limnology of the Russian Academy of
Sciences in the summer of 2017 (Sapelko et al., 2018a).
The island is extended from northwest to southeast for
17.2 km, the maximum width is 4.1 km. The lakes are
located on an altitude gradient (the modern water edge
in Lake Kuikkalampi is 17 m a.s.l., Sokkasenlampi — 14
m a.s.l. and Hovatanlampi — 10 m a.s.l.) and differ in
the age of formation since they were formed as a result
of the progressive regression of Lake Ladoga. The cur-
rent water level in Lake Ladoga is 5 m a.s.l., with the
estimated maximum level during the last transgression
during the Middle Holocene being about 21 m a.s.l.
(Sapelko et al., 2018b). At present, these lakes are shal-
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low overgrowing water bodies with aquatic vegetation
peculiar for this area of Ladoga, which varies depend-
ing on the depth and overgrowing stage (Gazizova and
Sapelko, 2020). Bottom sediment cores were sampled
at depths of 288-325 cm in Lake Kuikkalampi, 145-
245 cm in the Lake Sokkasenlampi and 208-340 cm
in the Lake Howatanlampi (from the water surface).
The cores were cut into 2 cm (in thickness) samples.
Cladoceran analysis of sediments was carried out at 2
cm intervals. The age of sediments was determined by
radiocarbon dating using accelerator mass spectrome-
try (AMS *C) (Guangzhou Institute of Geochemistry,
Chinese Academy of Sciences), and calibrated with the
use of the IntCal20 calibration curve. Age estimates are
given in calibrated years before present (cal yr BP).

3. Results and discussion

The cladoceran taphocoenoses in the bottom
sediments of lakes Kuikkalampi, Sokkasenlampi and
Hovatanlampi were represented by four families:
Bosminidae, Chydoridae, Eurycercidae and Sididae.
In total, 11 Cladocera species were identified in Lake
Kuikkalampi, 17 in Lake Sokkasenlampi and 20 in Lake
Hovatanlampi. The subfossil cladoceran assemblages in
each lake changed several times during their develop-
ment. In general, phytophilic species (Chydorus sphaeri-
cus sensu lato, Alonella nana (Baird, 1850)) predomi-
nated, with a significant proportion of pelagic species
(Bosmina coregoni (Baird, 1857) and Bosmina longirostris
(O. F. Muller, 1776)). At the same time, the abundance
of pelagic taxa periodically declined to almost com-
plete extinction.

Based on the species structure of subfossil
Cladocera assemblages, three zones can be distin-
guished (CL1: 3205-2680 cal yr BP, CL2: 2680-2220
cal yr BP, CL3: 2220 cal yr BP - present), which are
generally consistent with previously proposed bio-
stratigraphy based on pollen spectra of aquatic plants
(Gazizova and Sapelko, 2020).

In Zone CL1 (3205-2680 cal BP) Ladoga regres-
sion occurred, which led to successive formation of
lakes Kuikkalampi, Sokkasenlampi and Hovatanlampi.
During this period, cladoceran taphocoenoses began to
form in the former two lakes. Cladocera remains there
were represented mainly by an eurybiont Chydorus
sphaericus s.l. and pelagic Bosmina coregoni and B.
longirostris.

In Zone CL2 (2680-2220 cal yr BP) in Lake
Sokkasenlampi the share of pelagic B. coregoni and
B. longirostris was initially low, but by the end of the
period the representation of these species increased
sharply, which apparently indicates an increase of
water level. At the same time, an increase in the rel-
ative abundance of these pelagic taxa was observed in
Lake Kuikkalampi, which also indicates a raise of water
level. In Lake Hovatanlampi cladoceran taphocoenoses
began to form only at the end of this stage (2320 cal yr
BP) and were represented mainly by littoral and thicket
species. This coincides with the beginning of the forma-
tion of aquatic vegetation in this water body according
to pollen analysis (Gazizova and Sapelko, 2020). The
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concentration of Cladocera remains in the correspond-
ing layers of sediments was low, which is probably
due to the low trophic level of the water body. It is
also possible that during this period the pelagic zone
of the Lake Hovatanlampi was occupied by daphniids,
remains of which may not have been preserved in the
sediments. Since 2262 cal yr BP pelagic species B. core-
goni and B. longirostris increased their abundance, indi-
cating a formed pelagic zone.

In Zone CL3 (2220 cal yr BP-present), as Lake
Kuikkalampi further developed, remains of phytoph-
ilous Cladocera become more abundant. This indi-
cates an increase in the areas occupied by macrophyte
thickets. Around 2070 cal yr BP the total abundance
of Cladocera remains in the sediments decreased, and
the proportion of acidophilic A. nana reached 80% of
the total abundance, which indicates significant acid-
ification of the lake water. At the same time, the dis-
appearance of pelagic taxa (Bosmina) was observed,
the remains of which were further absent almost to
the top layers of bottom sediments. Taken together, it
indicates the decrease of water level in the lake and its
overgrowth.

In Lake Sokkasenlampi in the period 2010-1530
cal yr BP the relative abundance of benthic Alona quad-
rangularis significantly increased, while the number of
phytophilic species decreased. This is likely reflecting
a decrease in the macrophyte abundance in the littoral
zone, which, in turn, may be a consequence of water
humification and narrowing of the photic zone. At
1530 cal yr BP a decrease in the total concentration of
Cladocera remains in the sediments took place, associ-
ated with the absence of pelagic taxa. After that, the
littoral species occupied a significant share of the cla-
doceran taphocoenoses; Ch. sphaericus s.l. and the aci-
dophilic species A. nana predominated, which indicates
a water pH below neutral.

In Lake Hovatanlampi in the period 2180-1920
cal yr BP a decrease in the proportion of pelagic cladoc-
eran taxa and an increase in the eurytopic C. sphaericus
s.l. abundance was observed. Subsequently, three epi-
sodes of increased abundance of pelagic species took
place in this lake: at 1850-1780 cal yr BP, 1500-1390
cal ry BP, and from 1210 cal yr BP to the present.
During these periods, a predominance of C. sphaericus
s.l. was observed, which probably indicates a decrease
in water level.

4. Conclusions

Recently all three lakes are shallow overgrown
water bodies. A significant abundance in the subfos-
sil Cladoceran assemblages in all three lakes is repre-
sented by eurybiont and eurytopic Chydorus sphaericus
s.l. Lakes Kuikkalampi and Sokkasenlampi have a more
even relative distribution of species abundances, but
70 and 95% of them (respectively) are littoral taxa. A
different situation is observed in Lake Hovatanlampi
where 55% of the cladoceran remains represented by
pelagic Bosmina.
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AHHOTAIIHAA. B uccienoBaHuy MokasaHa AuWHaMKKa TagOKOMILJIEKCOB Kiagollep B mporecce ¢op-
MHPOBaHUA Kackaja 13 Tpex 03ep, PacloJIoXKeHHBIX Ha ocTpoBe JIyHKyjaHcaapu B CeBepO-BOCTOYHOM
yacty JIagoxckoro ozepa B o3gHeM roJjioneHe. C MoMeHTa nocjiefHel perpeccuu JIagoxckoro ozepa
1 obpa3oBaHUA Kackaja 03ep, B JOHHBIX OTJIOXKEHUAX Hadyasld HaKalIMBaThCA TahOKOMILIEKCH Kia-
Jolep, B BUAOBOH CTPYKType KOTOPHIX T0OYepeJHO Npeobiagaiy JIUTOPaIbHO-3apOciieBble BUABL UIN
BU/BI, IpeAIIOYNTAIONIEe O0UTAaTh B OTKPBITON Boje. [lolyueHHbIe JaHHbIe TO3BOJIMIN PEKOHCTPYUPO-
BaThb M3MEHEHNA yPOBHA BOABL M YTOUHUTH STAlbl Pa3BUTUA M3yyaeMbIX BOJOEMOB, OTMeUYeHHbIe NpU

N3y4Y€HNU CIIOPOBO-IIBIJIBLIEBLIX CIIEKTPOB.
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1. BBeapenue

JIOHHBIE OTJIOKEHHMA O03ep CJIyXaT I[eHHBIM
WCTOYHUKOM MH(MOpMaLUK, HEOOXOAMMOU A1 PEKOH-
CTPYKIMHU IOJITOCPOYHBIX KJIMMATUYECKUX M3MEHEeHUN
U 3aKOHOMepHOCTell GopMUpPOBaHUA BOJOEMOB. B Hux
COXPAHAITCS OCTAaTKM HWHAWKATOPHBIX OPraHHU3MOB,
OOJIBIIMHCTBO U3 KOTOPHIX MOTYT OBITh HIeHTU(DUIIN-
poBaHbl 1o Buaa. OgHu u3 Haubosiee 6oraThix Tado-
KOMILIEKCOB B O3€pPHBIX OTJIOKEHUAX (GOPMHUPYIOT
BETBUCTOYyChle pakoobOpasHeie (Cladocera), koTophie
aKTUBHO HCITOJIb3YIOTCA B MOI00HBIX UCCJIEIOBAHUSX B
KayecTBe OMOWMHIMKATOPOB, YYBCTBUTEJILHBIX K U3Me-
HEHUAM yCJIOBUH cpefpl X obutaHus. Lleas paboTsl —
PEKOHCTPYHUPOBaTh JUHAMUKY YPOBHS BOJIBI TPEX pas-
HOBO3DACTHHIX 0O3ep, 00pa30BaBUIMXCA B pe3yJibTaTe
perpeccuu JIaJjoKCKOTO 03epa, 1o pe3yJibTaTaM KJjiaJio-
LIepHOTO aHaJIM3a.
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2. MaTepuanbl U METOADI

Juisa uccnenoBanusa oTbupau NOHHBIE OTJIOXe-
HuA Tpex o3ep Kytikkanammu (N 61.30304°, E31.86677°,
mwiIomaab 12 Teic. M?, MaKkCcUMaJibHas TyiyOrnHa 2,8 M),
Cokkacennammnu (N 61.30741°, E 31.836315 °, mJio-
maap 1.45 Teic. M2, MakcuMaJibHas rayouHa 2,0 M),
Xopatamwaamnu (N 61.32059°, E 31,81434°, miomagb
161 teIC. M2, MaKcuUMabHasA TIybuHa 2,5 M), pacmo-
JIOXXeHHBIX Ha ocTpoBe JIyHKyJlaHCaapud B ceBepo-BOC-
TOYHOU uYacTu Jlagokckoro osepa. OT6op OTJIOKEeHUI
MpoBeJieH B paMKax Iajle0JIMMHOJIOTUYeCKUX HCcie-
JoBaHull MHcTuTyTa 03epoBeneHus PAH setom 2017
roga (Canesiko u ap., 2018a). OCTpPOB BBITSAHYT C CEBe-
po-3amaza Ha ro-BoCTOK Ha 17,2 KM, MakcuMaJibHasA
mypuHa cocrasiigeT 4,1 km. O3epa pacnoJioXeHBl Ha
rpajiieHTe BHICOT B pejibede (COBpeMEHHBIH ype3 BOJIbI
B o3epe Kyiikkamamnu — 17 M, CokkaceHjamnu — 14
M 1 XoBaTaHjgammnu — 10 M) U OTJIMYAIOTCA BO3PACTOM
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dopMupoBaHus Tak Kak 0O0pa3oBaJIMCh B pe3yJibTaTe
perpeccun Jlagoxckoro osepa. CoBpeMeHHBIN Ypo-
BeHb BOJHI B JIaOKCKOM O3epe — COCTaBjAeT S M, IIpU
MIpeII0JI0KUTEIBHOM MaKCMMaJbHOM yPOBHE B XOjie
nocjieffHell TpaHCIpecCUM B TeuyeHHe CpPeJHero roJio-
eHa okosio 21 m (Camnesnko u gp., 2018b). B HacTos-
Imee BpeMs O3epa IpeACTaBJIAi0T cO00 MeJIKOBOOHEIE
3apacTamnyie BOJOEMBl CO CBOHCTBEHHOH AaHHOMY
paiioHy Jlagoru BOAHOH pacTUTEbHOCTBIO, pa3jinyalo-
miericA B 3aBUCHMMOCTHU OT IJTyOUHBI, IIOIAAU U CTaAun
3apacranus (['azuzoBa u Camnenko, 2020). KepHsl goH-
HBIX OTJIOKeHHI 0ToOpaHbl Ha riryornHax 288-325 cMm B
03. Kyiikkanamnu, 145-245 cm B 03. CokkaceHIaMnu
n 208-340 cm B 03. XoBaTtaHjamnu. OTJIOKEHUsA pas-
pe3asy Ha MocJjiefoBaTesbHble O0OpasIpl IO 2 CM.
KramonepHslil aHaiau3 JOHHBIX OTJIOXKEHUI 03ep Npo-
BOAWJIM C HHTepBajioM 2 cM. Bospact otyioxeHuit
onpefiesiAaNd ¢ MOMOIIBI0 PaguOyTrIepOAHOr0 AaTHUpO-
BaHUA METOJIOM YCKOPUTEJIbHOHN Macc-ClIeKTPOMeTpUHU
(AMS *C) (MucTuTyT Treoxumun I'vanuwkoy Kuratickoi
akajeMuy HayK) U KaJuOpoBajIl C KCIOJIb30BaHHEM
kaymbpoBoyHOl KpuBod IntCal20. OueHku Bo3pacTa
B paboTe NpUBOAATCA B BHJe KaJUOpHUPOBAaHHBIX JIEeT
Hazap (kaJsI.J.H.).

PesyabTaThl U 06CyXeHHe

TadokomMmmiekc kiaajgonep B JOHHBIX OTJIO-
xkeHUsax o3ep Kyhikkamamny, CokkaceHjaMId U
XoBaTaHJaMNy IIpeficTaBjeH YeThIpbMs ceMelCTBaMu:
Bosminidae, Chydoridae, Eurycercidae u Sididae. Bcero
naeraTuduiuposano 11 takconoB Cladocera B o3epe
Kyiikkanammnu, 17 — B o3epe CokkaceHysiamnui u 20 — B
o3epe XoBaraHuamnu. TadokoMIieKChl KJIafoLep Kax-
JIOr0o U3 HccilelyeMbIX 03ep Ha NPOTsKeHUU UX pas3BU-
THUA HEOJHOKPATHO MeHsINCh. B nesiom, nmpeobaaanu
dutodbunpable BuAbl (Chydorus sphaericus sensu lato,
Alonella nana (Baird, 1850)), co 3HauUTeJIBHOH OJIEH
neJylarndeckux BUoB (Bosmina coregoni (Baird, 1857)
u Bosmina longirostris (O. F. Muller, 1776)). IIpu aTom
JUIA MeJjlarhyecKuX BHUAOB OTMeYaloTcsa € IepHhoau-
YyecKye CHIPKEHUA YHCJIEHHOCTU BIJIOTh A0 TOJIHOTO
HMCYe3HOBEHHUA.

ITo BH10BOI CTPYKTYype TaOKOMILIIEKCOB KJIaAo-
Ilep B OTJIOXKEHUAX 03ep MOXHO BBIIEJUTb TPU 30HBI
(CL1: 3200-2680 kam.i1.H., CL2: 2680-2220 kaJ.JI.H.,
CL3: 2220 xaj.Jl.LH. — HacToslee BpeMs), KOTOpBIE
B I[eJIOM COIJIACYIOTCA C paHee IpeJIOXKeHHOH Ouo-
cTpaturpadueil Ha OCHOBAHUHU IBUIBIIEBBIX CIIEKTPOB
BoAHBIX pacTenuil (I"azuzosa u Camnenko, 2020).

B 3sone CL1 (3205-2680 ka.Jl.H. kaj. JI.H.)
nmpoucxoauia perpeccus Jlagory, mosJieKilas Iocje-
JoBaTesibHOoe oOpasoBaHue o3ep Kylikkasammny,
CokkacensaMnu M XoBaTaHjaMIu. B sToT mnepuof
Havyanu QopmMmupoBaTbca Ta(OKOMILIEKCH KJjagolep
B MepBHIX [IBYX O3epaX, OCTaTKU KjaJolep B KOTOPBIX
ObLIM IpeACTaBJIeHbl B OCHOBHOM KOMILJIEKCOM 3BpU-
O6uoHTHBIX duTOUIBHBIX BUIOB Ch. Sphaericus s.l. u
neJlarudyeckuMu B. coregoni u B. longirostris.

B 3one CL2 (2680-2220 kan.Jl.H.), B o03epe
CokkaceHJIaMIM [0JIA Nejlarudeckux B. coregoni u B.
longirostris cHavasia 6bUTa HU3KOW, K KOHIy Ilepuojaa
IIpeJICTaBJI€HHOCTh 3TUX BUJIOB Pe3KO yBeJINYMUBaJach,
YTO, BEPOATHO, TOBOPUT O IMOBBIIIEHNUN YPOBHS BOJBL

578

B sT0 xe BpeMsa B o3epe Kylikkamamnu Ha0J104a10Ch
cTabMJIbHOE yBeJIueHHe OTHOCHUTEJIbHOTrO OOWINA
3TUX IeJlarnyecKUX TaKCOHOB, YTO TaK Xe yKa3blBaeT
Ha noabeM YpoBHA BoAbl. B o3epe XoBaTaHyjammu
TadoIeHO3bl KJIaAoLep B OTJIOXKEeHUAX Havyaau GopMu-
poBaThCA TOJIBKO B KOHIe 3Toro 3Tana (2320 kaJj.Ji.H.)
1 ObLIIN NpefiCTaBjeHbl B OCHOBHOM JINTOPAJIbHBIMU U
3apocJIeBBIMU BUAaMU. JTO COBIaaeT ¢ HayajaoM Gop-
MHpPOBaHUA BOOHON pacTUTEJIbHOCTH B 3TOM BoJoeMe
[I0 AaHHBIM CIIOPOBO-IIBLIbLIeBOro aHaausa (I'asusoBa
u Canesnko, 2020). KonneHTpalisi OCTaTKOB KJIaJo-
1[ep Ipu 3ToM Oblla He3HAYMTeJIbHOMH, UYTO, BEpOATHO,
CBsI3aHO C HU3KOI TpodHOCTHIO BojjoeMa. Bekope 2262
KaJI.JI.H. Hayajiy npeobJsafaTh nejarudeckue BUAHL B.
coregoni v B. longirostris, 4To yka3sBaeT Ha chOPMHUPO-
BAHHYIO leJlaruajb.

B 3one CL3 (2220 kaJs.Jji.H. — HacTosllee BpeMs)
10 Mepe AajibHelllero pasButua o3epa Kylikkanamnu
ocTaTku (GUTOQUIBHBIX TAaKCOHOB CTAHOBATCA OoJiee
OOWJIBHBIMU. DTO CBHJETEJBbCTBYyeT 00 YBeJMYeHUHU
Iwioniazeli, 3aHATbIX Makpopuramu. 2070 Kaj.Ji.H.
obuyirie OCTaTKOB KJjajollep CHU3WJIOCh, [OJIA alu-
nodpunpHON A. nana pocturia 80%, 4TO yKasblBaeT
Ha 3Ha4yuTeJIbHOe 3aKucjeHue BoAbl. B To ke Bpems
HabJ1I01aJ10Ch MCUe3HOBEHNUe ejlarnuecKnX BUAOB Kila-
Jouep poaa Bosmina, ocTaTky KOTOPHIX Aajlee OTCYyT-
CTBOBAJIM MNPAKTUYECKU 10 CaMbIX BEPXHUX FOPU30HTOB
JIOHHBIX OTJIOXKEHUI. B COBOKYIIHOCTH 3TO CO3JaeT Kap-
THHY oOMeJsieHNA U 3a00aunMBaHuA 03epa.

B o3epe Cokkacennamnu B nepuopn 2010-1530
KaJI.J.LH. 3HAuUTeJIbHO MOBHIMIAeTcA A0Ji1 OeHTOCHOM
Alona quadrangularis, B TO BpeMsA Kak 4YUCJIO (PUTO-
(UIBHBIX BUAOB yMeHbIIaeTcA. JTO MOXeT OBIThb CBf-
3aHO CO CHIXKeHHeM Oo0MJIUA MaKpohUTOB B JINTOPAJIN.
Ha rioy6une 170 cm (1531 kaj.jiH.) HaGiofaercs
CHITXeHHe oOIiell KOHI[eHTpallui OCTAaTKOB KJIajoLep
B OTJIOXKEHUAX U OTCyTCTBHE OCTATKOB IeJIark4ecKux
ByuAoB. C 3TOro mnepuoja JUTOPaJIbHO-3apOCJIeBbIe
BUABl HAUMHAIOT 3aHUMaTh 3HAYUTEJIBHYI0 OJI0 B
TadoKOMILIeKce KJafoliep, cpeau HUX IpeobJafaeT
Ch. sphaericus s.l. u anugobwiIbHBINA BUI A. nana, 4to
yKkasbiBaeT Ha pH Bojbl HMXe HeHTpaJbHOMU.

B o3epe Xoaransammnu B nepuon 2180-1920
KaJI.JI.H. Hab/ogaeTcsA NOHKeHKe JOJIM [TeJlarnuecKux
BUJIOB U IMOBBHIIIEHHE A0JU KOMILIEKCAa SBPUTONHBIX
BunoB C. sphaericus s.l. Biocienctsuy, B 3TOM 03epe
IIPOCJIEKMBAJINCh TPU dIIM30/a YBeJIMYeHUA Iejarmnye-
ckux BugoB: 1850-1780 kan.j1.H., 1500-1390 kas.J1.H. 1
1210 xan.ji.H. — HacT.Bp. B npomexyTkax Hab1104a10Ch
npeobyiaganue ocratkoB C. sphaericus s.l., uTo, Bepo-
ATHO, CBHJIETEJIbCTBOBAJIO O CHMXKEHU! YPOBHSA BOJBL

B nacrosmee BpeMs o3epa NpeAcTaBJIAIT coO0M
MeJIKOBOJHbIEe 3apacTaloliyie BOJOoeMbl. 3HAUUTEJIbHYIO
JloJ1i0 B TadOKOMILIeKce KJIaAoLiep BO BCeX Tpex o3epax
3aHumaet Chydorus sphaericus s.1. B o3epe Kyiikkanammnu
n CokkaceHsaMnu 0oJiee BEIPOBHEHHOE OTHOCHUTEJIb-
HOe obuJire BUJIOB, oJiHaKo 13 Hux 70 1 95% (cooTBeTt-
CTBEHHO) NPUXOJUTCA Ha JIUTOPaJIbHbIE U 3apOocCJieBhle.
Wnas xapTrHa HabJogaeTcs ¢ 03epoM XoBaTaHJIaMIIH,
B JIOHHBIX OTJIOXKEHHUAX KOTOporo 55% TagoxoMIiyiekca
KJIajioliep 3aHMMal0T Iejlarundeckre BUBL
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3. 3akniouenue

C MoMeHTa mocJjieiHel perpeccuul JIamoXKCKOTro
o3epa u oOpa3oBaHMs KackajJa oO3ep Ha OCTpOBe
JlyHKyJilaHCaapy B JOHHBIX OTJIOXKEHMSIX HaYayIi Haka-
IIMBAThCA Ta)OKOMILIEKCHL KJIazjoulep, B BHAOBOH
CTPYKType KOTOPHIX IOOYepeqHO Mpeobsadasiu JIUTO-
PaJIbHO-3apOCJIEBBE BUABI U BU[BI, NPEAIOYNTAIONINE
OTKDHITYI0 BOAy. IloJIyueHHble MAHHBIE IO3BOJIMIIN
OTCJIEUTH U3MEHEHNE YPOBHS BOABI U YTOUHUTH JTAIIBI
Pa3BUTHUA U3YYaeMBIX BOJOEMOB, OTMeUeHHBIe IIPU U3Y-
YeHUU CIOPOBO-IIBUIBIEBBIX CIEKTPOB.
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