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Abstract

This study is devoted to the assessment of the ecological condition of the Zhaiyk River and
provides a comprehensive analysis of the chemical composition of its natural waters. As one of the
largest transboundary rivers in Eurasia, the Zhaiyk River has strategic importance for maintaining
regional biodiversity and ensuring the sustainable development of adjacent territories. It serves as a
crucial source of water for agriculture, industry, and domestic needs of the population in
Kazakhstan and neighboring countries. The river’s aquatic ecosystems provide habitats for
numerous species of flora and fauna, including valuable commercial fish species.

In recent decades, the ecological state of the Zhaiyk River has raised serious concerns due to
increasing anthropogenic pressure. The main sources of pollution include industrial discharges,
agricultural runoff containing mineral fertilizers and pesticides, as well as urbanization and the
growing volume of domestic wastewater. These factors negatively affect surface water quality and
the overall condition of the river ecosystem.

The study is based on water sampling conducted at various sections along the river, followed
by laboratory analysis of key physicochemical parameters. The analyzed indicators include pH
levels, concentrations of major ions (calcium, magnesium, sodium, and chlorides), as well as the
content of biogenic elements such as nitrates and phosphates. The results indicate an increase in
pollution levels, particularly in areas located near industrial and agricultural zones. The study also
examines potential ecological risks to aquatic organisms and human health. Based on the findings,
recommendations are proposed to improve monitoring systems, promote rational water resource
management, and preserve the ecological sustainability of the Zhaiyk River basin.

Keywords: Zhaiyk River, water quality, chemical composition, sodium, potassium, nitrate,
ammonium nitrogen.
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"KAUBIK O3EHIHIH CY CAITACBIHBIH, THJIPOXUMUSIIBIK
KOPCETKIIITEPIHE HET'I3JAEJI'EH TAJIJAY

Anoamna

byn 3eprrey JKailblk ©3€HIHIH SKOJOTHSUIIBIK >KaFdailblH Oarajayra apHaJlFaH »XOHE OHBIH
TaOUFU CYyJIAPBIHBIH XUMUSIJIBIK KYpaMbIHA >KaH-)KaKThl Taujay skacaiapl. Eypasusgarbl eH ipi
TpaHCIIEKapanblK e3eHaAepaiH Oipi peTinae JKaiblK 63¢H1 OHIPIIK OMOoATyaHTYPIIUTIKTI cCaKTay MEH
OFaH ipreyec ayMaKTapblH TYPaKThl JaMybIH KAMTaMachl3 €TyJIe CTPaTEeTHsUIbIK MaHbI3Fa He. O3eH
Kazakcrtan MeH Kepiuijiec MEMIIEKETTEp/iH aybUl HIapyallbUIbIFbI, OHEPKACiOl kKoHE XaJIbIKTHIH
TYPMBICTBIK KQXKETTUTIKTEpl YIIIH MaHbI3ABI cy Ke31 Oombit Tabbuiansl. COHBIMEH Kartap, JKalbik
©3CHIHIH Cy JKOXKYHenepi eciMAIKTep MEH j>KaHyaplapIblH KONTereH TypJiiepiHe, OHBIH IMIiHAe
OaraJpl KOCINTIK OaJIBIK TYpJIEpiHE TIPUIUTIK €Ty OPTAChIH KAMTaMachl3 eTe/Ii.

CoHFbl OHXKBUIABIKTAP/Ia aHTPOMOTEHIIK )KYKTEMEHIH apTyblHa OailnaHbicThl JKalbIK ©3€HIHIH
HKOJIOTHSUIBIK JKaFaibl eleylli alaHIaylIbUIBIK TYABIPBIT OTHIp. JlacTaHyIblH HETi3ri Ke3aepiHe
OHEPKACIITIK aFbIHABI CyJIap, KYpaMmblHAa MUHEPasaAbl THIHAUTKBIIITAD MEH NECTULIMATEP Oap ayblul
[IapyanIbUIBIFGI MARBIH]IBI CYJIaphl, COHIAN-aK YpOaHU3AUSHBIH KYIICI01 MEH TYPMBICTHIK aFbIH]IbI
cyJap KeJeMiHIH YJIFalobl karaiasl. byn QaxTopmap >kep YCTi CyJapblHBIH CalachlHA OHE ©3€H
AKOKYHECIHIH JKalIbl KYHiHe Tepic acep eTef.

3epTTey ©3€HHIH OpTYpJl y4yacKelepiHIe Cy ChblHaMalapblH IpIKTEyre >KoHe Herisri (usuka-
XUMISUTBIK KOPCETKIIITEP i 3epTXAHAIBIK TaljayFa HEri3fenreH. 3eprrenreH napamerpiepre pH
JeHreil, Heri3ri MOHJapAblH (KalbLUW, MarHuid, HATPUH KOHE XJIOPUATEP) KOHIEHTpaLUsIaphl,
COHJali-aK HUTparTtap MeH Qocdarrap CHIKTBI OWOTEHIIK JJIEMEHTTEPIIH MeOJIepl Kipei.
ATIBIHFaH HOTIIKENEp, 9cipece OHEPKICINTIK JKOHE aybll MIAPYallbUIBIFBl aliMaKTapbhlHA KaKbIH
OpHAaJlaCKaH ydYacKeJepJe, JacTaHy IEHTeHIHIH apTKaHbIH KepceTell. 3epTrey OaphIChIHIA CYy
Oopranm3Mjiepi MeH aJaM JCeHCAyJlbIFblHA TOHETIH BIKTUMANl JKOJOTHUSAIBIK KayinTrep e
KapacTeIpblIibl. HoTmkenep Herizinme JKaWblK ©3¢HI amaObIHBIH SKOJIOTHSIIBIK TYPAKTHUIBIFBIH
CakTay, Cy pecypcTapblH YTHIMJIbI MaiilaaHy »XOHE MOHUTOPUHT KYHUECIH XKETUIaipy OoMbIHIIA
YCBIHBICTap Oepil.

Tyiiin ce3nep: XKaiibIK ©3€Hi, Cy canachl, XUMHMJIBIK KypaM, HaTpHUil, KaJauii, HUTpaT, aMMOHHUI
a30THI.

Aszamarkbiel A" Camarosa C.T.,! = Kynamesa 3.X.?
13anaono-Kaszaxcmanckuii ynusepcumem umenu Maxambema Ymemucosa,

2. Vpanvck, Pecnyonuxa Kaszaxcman
*e-mail: ayaulym.azamatgyzy@mail.ru

AHAJIN3 KAYECTBA BO/JbI PEKU KAHWBIK _
HA OCHOBE T'MAPOXUMHNYECKHUX ITOKA3ATEJIEN

Annomayus
JlanHO€ WCCNeoBaHUE TOCBAIIEHO OILIEHKE AKOJIIOTUYECKOTO COCTOSHUS peku JKaillbik u
COJICP)KUT Pa3BepPHYTHIM aHAIN3 XMMHYECKOTO COCTaBa €€ MPHUPOIHBIX BOJ. SBISASACH OJHOH W3
KpyMHEHWIIUX TpaHCTpaHUYHBIX pek EBpasum, peka JKaiiblk uMeeT cTpaTermueckoe 3HaueHHUE IS
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MOJAJEP)KaHUSl PETMOHATBHOTO OHOpa3HOOOpa3us M YCTOWYMBOTO Pa3BUTHS MPUIIETAIONIUX
tepputopuii. OHa CIYX HUT BOKHEHIINM HMCTOYHUKOM BOJIOCHAOXKEHHS UISI CEITBCKOTO XO3SHCTBA,
MIPOMBIIIJICHHOCTH U OBITOBBIX HYXJ HaceneHusi Kazaxcrana u cocegHux rocynapcts. Bonubie
HKOCHUCTEMBI PEKH OOECHeUMBAIOT Cpeldy OOWTaHUS Ui MHOXXECTBa BUIOB (IIOpHl U (ayHBI,
BKJIIOYasi [IEHHBIE TPOMBICIIOBBIE BUJIBI PHIO.

B mocnegnue necATUNETHS 3KOJIOTMYECKOE COCTOSAHUE PeKU JKalblK BBI3BIBAET CEPHE3IHYIO
00€CIIOKOCHHOCTh B CBSI3M C YCUJICHUEM aHTPOIOI€HHOT0 BO3/IeHCTBUSA. OCHOBHBIMU MCTOYHUKAMU
3arps3HEHUS SIBIISIOTCS TPOMBIIUICHHBIE COPOCHI, CENBCKOXO3SHCTBEHHBIE CTOKH, COJEpIKallne
MUHEpaJbHbIE YAOOpEHUs W NECTHLM[BI, a TaKXkKe pocT ypOaHH3aluu U yBelIHueHHE OO0BEMOB
OBITOBBIX CTOYHBIX BOJI. DTH (paKTOPHI HETATUBHO OTPAKAIOTCS HA KAY€CTBE MOBEPXHOCTHBIX BOJ U
00IIeM COCTOSIHUU YKOCUCTEMBI PEKU.

HccnenoBanne OCHOBaHO Ha OTOOpe MpoO BOABI B PA3IMYHBIX YYaCTKaX TEUYEHUS PEKU C
MOCIEAYIOIUM Jab0paTOPHBIM aHAJIM30M OCHOBHBIX (M3MKO-XMMHUYECKUX TMokazateneid. K unciy
HCCIIEAYEMbIX TMapaMEeTPOB OTHOCSTCS YpoBeHb PH, KOHIIEHTpAallMM OCHOBHBIX HOHOB (KaabIus,
MarHusi, HaTpus, XJIOPUIOB), a TAKXKe CoAepkKaHUe OMOTEHHBIX 3JEMEHTOB, BKJIIOYas HUTPATHl U
docharel. TlomydeHHBIE pe3yIbTaTHl CBUACTEIBCTBYIOT O TIIOBBIIICHUH YPOBHS 3arps3HCHUS,
0COOEHHO B pailoHax, PacloNOKEHHBIX BOJIM3U MPOMBIIIIEHHBIX U CEIbCKOXO03SHCTBEHHBIX 30H. B
paboTe TakKke pacCMaTPUBAIOTCS MOTCHIMAIBHBIC YKOJOTHUECKUE PUCKH JJISi BOAHBIX OPTaHU3MOB
U 310poBbs HaceneHus. Ha OCHOBe TMOMYYEHHBIX JaHHBIX HIPEIJIOKEHBl PEKOMEHIALUU,
HaIpaBJICHHbIE HAa COBEPIICHCTBOBAHUWE CHCTEMbl MOHUTOPUHIA, PALMOHAIBHOE HCIIOIb30BaHHUE
BOJHBIX PECYPCOB U COXPAHEHHE IKOJIOTHUECKON YCTOMUMBOCTH OacceiiHa peku JKalbik.

KiarwueBbie ciaoBa: peka JKailblKk, KauyecTBO BOJblI, XMMHUYECKUW COCTaB, HATPHM, KaJuu,
HUTpPAT, aMMOHUITHBIN a30T.

Introduction. The Zhaiyk River is an important transboundary watercourse that is extensively
utilized throughout its course by industrial and agricultural sectors in both the Russian Federation
and the Republic of Kazakhstan. Intensive economic activity within the river basin has resulted in
contamination of the Zhaiyk ecosystem by a broad spectrum of toxic substances. The growing
imbalance between anthropogenic pressure on aquatic environments and their natural capacity for
self-purification and ecological recovery has contributed to the progressive degradation of water
ecosystems, including the ecological condition of the Zhaiyk River[1].

The Zhaiyk-Caspian basin plays an important role in the reproduction of sturgeon and semi-
anadromous fish species and holds a leading position in Kazakhstan in terms of commercial fish
harvesting. To assess the state of the ecosystem of the Ural-Caspian fishery water body and to
forecast its future changes, it is necessary to analyze the influence of various factors on the
formation of biological resources[2].

The hydrochemical regime of the Zhaiyk River is crucial for the functioning of aquatic organisms
and also plays a significant role in the secondary pollution processes of the water body [3].

The water resources of the Zhaiyk-Caspian water management basin play a critical role as a
primary source of water for a wide range of users and consumers. The main watercourse of the
region is the Zhaiyk River, which flows through the territories of the Russian Federation and the
Republic of Kazakhstan. Within Kazakhstan, the river is fed by several tributaries, the most
significant of which are the Elek, Or, Shyngyrlau , Shagan, Embulatovka, and Rubezhka Rivers. In
the western part of the region, the Chizha 1st, Chizha 2nd, Karaozen, and Saryozen Rivers flow
southward. The catchment areas of the latter two are located in the Saratov region . In the southern
part of the basin, the Oyyl, Sagiz, and Zhem Rivers flow. These rivers do not have permanent
mouths and typically lose their water through filtration and evaporation in sandy soils. Remaining
within the boundaries of the basin, the Zhaiyk River and its tributaries provide essential water
resources to various sectors of the economy[4].

The main consumers of water from the Zhaiyk River are industrial enterprises, municipal
utilities, and irrigated agriculture. Other users include river transport, the fisheries sector, and
61




BECTHHK KasHIIY um. A6as, cepusi «<EcmecmeeHHo-2eozpaguteckue Haykux, 1(87), 2026 2.

organizations engaged in pasture irrigation. Industry and agriculture are the leading sectors in terms
of water consumption, with average annual volumes of 95 million m* and 81 million m? (for
irrigation alone) respectively during the period 2008-2014. Water-intensive and large-scale
industries are primarily concentrated in the cities of Atyrau and Kulsary, as well as in the southern
and southeastern oil and gas fields[5].

The main polluters of water resources in the West Kazakhstan region are industrial enterprises,
public utilities, and pipeline transport companies that discharge wastewater into the environment. A
major issue in the use of water resources is the physical deterioration of wastewater treatment
facilities at enterprises that discharge effluents. In many economic entities, the treatment facilities
and sewage systems were built in the 20th century and now require modernization and
reconstruction[6].

The quality of water in the Zhaiyk River basin is determined by two factors — natural and
anthropogenic. The natural background is influenced by local physical and geographical conditions:
the diverse composition of rocks, the composition and properties of soils, the presence of karst
formations, variations in the degree of natural flow regulation, and other factors. The anthropogenic
background is caused by direct or indirect impacts on water resources[7,8].
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Figure 1 — Hydrochemical sections on the ZhaiykRiver in the territory of Kazakhstan

Materials and methods

In the Kazakh part of the Zhaiyk River basin, there are four operating hydrological observation
stations: Yanvartsevo, Kushum, Makhambet, and Atyrau. The Yanvartsevo station, located on the
border between Kazakhstan and Russia, was established relatively recently, in 2009. This study
makes use of data from this station.

Water samples were collected monthly from September 2024 to August 2025.

The samples were delivered to the laboratory under conditions that prevented any changes in
the chemical composition of the water.

Laboratory analyses were carried out in accordance with GOST 26449.1-85 "Hydrochemistry.
Water Sampling” and GOST 26449.2-85 "Hydrochemistry. Rules for Measuring Water Quality
Parameters".

The concentrations of sodium, potassium, and nitrate ions were determined using the
potentiometric method, while ammonium nitrogen was measured by the photocolorimetric method.
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Potentiometric methods of analysis are those based on measuring the dependence of the
equilibrium electrode potential on the activity of the ion being determined.

In electrochemistry, an electrode is defined as a system in which a conductor of the first kind
(with electronic conductivity) is in contact with a conductor of the second kind — a solution, melt, or
solid electrolyte that possesses ionic conductivity.

As a conductor of the first kind, one can use a solid metal (in the form of a plate, wire, or
powder), a liquid metal (mercury, molten metals, or amalgams — mercury alloys), nonmetallic
materials (such as carbon, graphite, etc.), and various compounds (such as oxides, carbides, and
others)[9].

The basis of potentiometric measurements is the dependence of the equilibrium electrode
potential on the activity of the ion being determined, which is described by the Nernst equation.

0 RBox
Eox/red=Eox/red +™@H (1)

The photocolorimetric method is based on determining the content of substances in solutions
by measuring the absorption of non-monochromatic light radiation in the visible region of the
spectrum.

Using this method, the concentration of the substance being analyzed in the solution can be
determined from the intensity of the solution’s color. The principle of the method is based on the
property of colored solutions to absorb light of a certain wavelength as it passes through them. The
decrease in light intensity when passing through a solution increases with the intensity of the
solution’s color and the thickness of the liquid layer it passes through.

These measurements are carried out using a special optical device called a photocolorimeter.

For photometric methods, it is extremely important to correctly choose the conditions for
carrying out the chemical reaction that converts the analyte into a colored compound, as well as to
understand the conditions under which light is absorbed by colored solutions[10].

The optical density can be determined using the Lambert—Beer law:

Ip

A = Ig t=k*I*c (2)
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Figure 2 — Seasonal variations in sodium ion concentration
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The sodium content in the water of the Zhaiyk River during 2024-2025 ranged from 66.7 to
95.8 mg/dm?, showing a distinct seasonal dynamic. The highest concentrations were observed in the
winter—spring period (up to 95.8), while the lowest values occurred in summer (around 66-69).
Such fluctuations are explained by both natural and anthropogenic factors. In winter and spring, the
elevated sodium content is associated with reduced river discharge, weaker dilution, and the
accumulation of ions in the water mass, as well as with the inflow of meltwater washing salts from
the soil. In summer, the concentration decreases due to increased discharge and dilution of river
water, as well as intensive biological uptake of ions during the vegetation period. Furthermore,
sodium dynamics may also be influenced by human activities within the river basin, particularly the
use of mineral fertilizers and wastewater discharge. Thus, the minimum values occur in summer,
while the maximum concentrations are recorded in the winter—spring period, reflecting the natural
seasonal characteristics of the Zhaiyk’s hydrochemical regime.
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Figure 3 — Seasonal variations in potassium ion concentration

During 2024-2025, the potassium content in the water of the Zhaiyk River exhibited noticeable
seasonal fluctuations. The lowest values were recorded in the winter—spring period (ranging from
1.2 to 1.5), whereas with the onset of the warm season, concentrations increased: in May there was
a sharp rise to 4.4, in June — 3.7, in July — 3.2, and in August — 2.9. Thus, the minimum potassium
concentrations are observed in the winter-spring period (1.2-1.5), while the maximum occurs in
May (4.4). This indicates pronounced seasonal variations: a decrease during the cold season and an
increase in the warm season, which is associated with rising temperatures, intensive evaporation, as
well as the possible inflow of biogenic substances resulting from agricultural activities and surface
runoff.
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Figure 4 — Seasonal variations in ammonium nitrogen ion concentration

The content of ammonium nitrogen in the water of the Zhaiyk River in 2024-2025 ranged from
0.137 to 0.355 mg/dm?. The lowest values were recorded during the cold season (November-
December and April), when concentrations were close to the minimum. With the onset of the warm
season, a sharp increase was observed: in May the indicator more than doubled compared to the
winter values, and in June it reached its maximum (0.355). During summer, a gradual decrease
occurred, although the levels remained higher than in the cold period. This dynamic is associated
with the intensification of biochemical processes and the decomposition of organic matter as water
temperature rises, as well as with the possible input of nitrogen compounds from agricultural and
domestic activities. Overall, minimum concentrations of ammonium nitrogen are typical for the
winter—spring period, while maximum values are characteristic of summer.

100

86.39

~J]
th

th
=

Concentration of NOs (mg/dm?)
[
n

=

autumn winter spring summer
Season

Figure 5 — Seasonal variations in nitrate ion concentration

In 2024-2025, the concentration of nitrates in the Zhaiyk River ranged from 51.8 to 94.8
mg/dm?®. The highest values were recorded during the autumn—winter period — in October and
February, the concentration exceeded 90 mg/dm?. The lowest values were observed in summer —
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approximately 51-67 mg/dm?. In spring, nitrate levels remained moderate (77-87 mg/dm?) without
sharp fluctuations. This dynamic is associated with seasonal processes: elevated nitrate content
during the cold period is due to soil leaching and the inflow of meltwater, while the summer
decrease is explained by river water dilution and the active biological uptake of nitrogen
compounds. Overall, maximum concentrations are typical of autumn and winter, while minimum
values are characteristic of summer. However, throughout the entire period, nitrate levels exceeded
the maximum allowable concentration of 45 mg/ dm?, indicating a deterioration in water quality and
raising environmental concerns.

Discussion. The results obtained for 2024-2025 indicate that the hydrochemical regime of the
Zhaiyk River is characterized by pronounced seasonal variability, reflecting the combined influence
of natural hydrological conditions and anthropogenic activities within the basin. Sodium
concentrations were highest in the winter—spring period and lowest in summer, which is mainly
explained by reduced river discharge, weaker dilution, and the accumulation of dissolved ions
during the cold season, followed by dilution under higher summer flow conditions. In contrast,
potassium showed an opposite trend, with minimum concentrations in winter-spring and a distinct
increase during the warm season, likely due to intensified evaporation, surface runoff, and the
inflow of potassium-containing compounds from agricultural lands.

Ammonium nitrogen also demonstrated clear seasonal variation, with low values during the
cold period and a maximum in summer, which may be associated with intensified decomposition of
organic matter, enhanced microbial activity at higher temperatures, and the possible input of
nitrogen compounds from domestic and agricultural sources. Among all analyzed parameters,
nitrates were of greatest environmental concern. Although their concentrations followed a typical
seasonal pattern-higher in autumn-winter and lower in summer-their levels exceeded the maximum
allowable concentration (45 mg/dm?) throughout the entire study period. This indicates persistent
nitrogen pollution and suggests chronic anthropogenic loading, most likely related to agricultural
runoff and wastewater discharge. Overall, the results confirm that the chemical composition of the
Zhaiyk River is strongly controlled by seasonal processes, while anthropogenic pressure
significantly contributes to nutrient enrichment and deterioration of water quality.

Conclusion. The Zhaiyk River plays a vital role in supporting both ecological balance and
socio-economic development in the transboundary region shared by Kazakhstan and Russia.
However, the growing anthropogenic pressure—primarily from industrial and agricultural sectors-
has led to significant deterioration in the river's ecological state. Analysis of the river’s
hydrochemical parameters during 2024-2025 reveals distinct seasonal fluctuations in the
concentrations of sodium, potassium, ammonium nitrogen, and nitrates, which reflect both natural
processes and human-induced influences. Elevated pollutant levels during specific seasons indicate
ongoing challenges related to wastewater discharge, fertilizer runoff, and reduced river flow,
especially during winter and spring. These trends underscore the need for integrated water resource
management, improved pollution control measures, and continuous monitoring to ensure the
sustainable use and protection of the Zhaiyk River ecosystem for future generations. The obtained
results also demonstrate that seasonal hydrochemical monitoring is essential for identifying periods
of increased ecological risk and assessing the extent of anthropogenic influence on river water
quality. Among the studied parameters, nitrate concentrations are of particular concern due to their
consistently elevated levels, which may indicate chronic nutrient loading from agricultural and
domestic sources. The observed fluctuations in sodium and potassium further confirm the strong
dependence of the river’s chemical composition on seasonal hydrological conditions and external
pollutant inputs. In addition, the increase in ammonium nitrogen during the warm season suggests
intensified biochemical processes and possible inflow of organic contaminants. These findings
provide an important scientific basis for improving environmental monitoring programs and
developing more effective management strategies for transboundary water resources.
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ROSACEA TYKBIMJAACBHI ’KEMIC AFAIITAPBIHBIH BITEJIEPI

Axoamna

Makanana KazakcTannarbl JK€MIC aFallITapbIHBIH HEri3rl 3USHKECTEepiHIH OIpl — eciMJIK
outrepinin (Aphididag) OGHoMOTHANBIK epeKLIeNniKTepi, Tapany 3aHIbUIBIKTAPbI JKOHE ONapJIblH
KJIMMaTTBIK e3repicTepre OeHliMzeny MeXaHu3Mmzepl KapacTbIpbulajbl. KazakcTaHgarbl Kemic
aramtapbiabi 90%-1an actamer anma (Malus), anmypr (Pyrus), mme (Prunus), anxopsr (Prunus),
epik (Armeniaca) >xone madnanel (Amygdalus) nmakeumapbiHaH Typaabl. bynm ecimumikTepiiH
Oapneirel  Paymanrynginep (Rosaceae) TykbimjgachiHa skataabl. COHFBI JKbUIAAPBI KIUMATThIH
e3repyiHe OalIaHbICTHI 3USHKECTEP KYpaMbl ©3repill, 0JIapIbIH MOMYJIALUACH MEH JJaMy Ke3eHJepi
apThINl Keneni. 3epTrrey (DUTOCAHUTAPHUSIBIK MOHUTOPUHT OIICTEPIHE HETI3ENIN SKYPri3iiiil.
3uUsHKeCTepIiH TapalyblH OOJDKay, OJNap/AblH CaHbIH OaKbuIay >KOHE KOpFay IIapanapblH KOJJaHy
apKbLJIbl MHTETPALMSATIAHFAH OCIMIIKTEp/Il KOpFay KYHeciH KeTUIIIpy *KOJAaphl KapacThIPbUIA IbI.
3eprrey OapbichiHAa Paymanrynminep TYKbIMIACBIHBIH aFaIITEKTEC OCIMIIKTEPIHIET OCIMIIK
outtepin ewHzaey OapoichiHma Aphididae TykbiMmaceiHa »KaTaThlH 2 TYKbIMAAC acThIHBIH 20
TYBICBIHAH TYpPaThIH ©ciMAIK OuTTepHiH 51 Typrepi TaObuiabl. 3epTTey >KYMBICTAp HOTUXKECIHIE
Eriosomatinae tykeimaacacteinal 4 Tybic, 5 Typ, an Aphidinae tykeimaacacteina 14 tysic, 46 Typ
6enrini Oonapl. Paymanrynainep TyKbIMIAChIHBIH aFallITEKTEC OCIMIIKTEPIHEH SFHU, aJIMa, aJIMypT,
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