ISSN 1563-0218; eISSN 2617-7498

OJI-OAPABMU ateinparst KAZAK ¥YJITTBIK YHUBEPCUTETI

XADBAPIIIbBI

buonorus CCPUsCHI

KA3AXCKHWI HALIMOHAJIbHBI YHUBEPCUTET nmenn AJIb-®APABU

BECTHHUK

Cepust Onosoruveckast

AL-FARABI KAZAKH NATIONAL UNIVERSITY

EXPERIMENTAL BIOLOGY

Ne3 (96)

Anmatsl
“Kazax yauBepcurerti”
2023



KazNU Science : KaaYy FbinbiMbl - Hayka KasHY

» XAbAPLLDI

BUOJIOI'US CEPUSACHI Ne3 (96) kpIpKyiiek

ISSN 1563-0218; eISSN 2617-7498

XABAPWbI
BECTHKMK
‘:’"‘[\‘Lﬁ[iw‘l" AL

04.05.2017 x. Kazakcran PecrryOnukachIHBIH AKITapaT »&oHE KOMMYHHUKAINS MUHUCTPIIITIHAC TIpKEITeH

Kyaaik Ne 16494-)K

JKypuan srcounvina 4 pem sicapvikka uibleadst
(Haypwi3, MaycoiM, KbIPKYUEK, HCenmoKcam)

KAYAINITHI XATIIbI

Canapraauesa H.C., 6.5.x. (Kazakcman)
e-mail: bb.kaznu.kz@gmail.com

PEJAKLUSI AJTKACHI:

Bucentaes A.K., 6.r.1., KP YFA akanemuri (FbLIbIME
penaxrop) (Kasaxcmar)

Bexmanos b.0O., 0.F.K., TOIEHT (FBUIBIMU PEIAKTOPABIH
opsiHOacapsl) (Kazaxcman)

Teaeyxanos C.T., 6..1., mpodeccop (Kasaxcmar)
Aiitamesa 3.I"., 6.r.1., npodeccop (Kasaxcman)
Kucray6aeBa A.C., 0.r.x. (Kazaxcman)

Konycnaesa I'.C., PhD, npodeccop (Kasaxcman)
Myxutauno H.M., 6.f.1., npodeccop (Kasaxcmar)
Hypra3un C.T., 6.7.1., npodeccop (Kaszaxcmar)
Typycnexos E.K., 6.F.k., KaybIMaCThIpbUIFaH podeccop
(Kaszakcmar)

Bepcumbaes P.1., 6.5.11., npodeccop (Kazaxcman)
HUckakos B.K., 6.F.1., npodeccop (Kazaxcman)
Capbacos /1., PhD, npodeccop (AKLLI)
Opsinbaesa 3., PhD, npodeccop (AKLL)
Kypmamesa P.T., PhD (4K11])

CamnapoaeB M., PhD, npodeccop (Ppanyus)
Hmenxo A., PhD (®Ppanyus)

Jlocs [, 6.F.1., npodeccop (Peceir)

Tames A.H., npodeccop (boreapus)
Kypmanranues E., PhD (CLLA)

TEXHUKAJBIK XATLIbI
CwmexkenoB Uzart, PhD (Kazaxcman)

JKypnan maTepuangapblHia ayKbIMIbl OHOIOTHAIBIK Moceleaepi — FRUIBIMH IOy, TEOPHSIBIK KOHE DKCIEPUMEHTAIBIK

3epTTEYNIEPAiH HOTHKENepi KapacThIPbUIA/IbL.

Makananap OHOOTHSHBIH Keieci OemiMaepi OoiibIHIIA KapusiaHaabl: 00TaHHKa, OMOTEXHOIOT s, OMOXUMHUS, OCIMIIKTED
(hU3HOTOTHACHI, TCHETHKA JKIHE MOJICKY/IAbIK OHOIOT UL, KIICTKABIK OHOIOTHs, OHO(hH3NKa, afaM )KIHE KaHyapiIap pU3HOIOTHs-
Cbl, 300JI0TUsI JKOHE MXTHOJIOT UL, IUTONOT U JKOHE TUCTOJIOTUsT, MUKPOOHOIOT Ul KOHE BHPYCOIOTHSL.

KomuTeT o 0ecniedeniio kavectsa

s chepe oGpasoBaA H HayKi Content
MOH PK Registration

KA3AK
YHUBEPCHUTETI
BACNA YAI
7Koda menemkepi
Tynvmupa [llaxkozoea
Tenedon: +7 701 724 2911
E-mail: Gulmira.Shakkozova@kaznu.kz

Komnbrorepae 6erreren
Atieyn Andawesa

bacna scypranoviy iwki mominine dxeayan depmeioi

= Crossref d

DIGITAL

POCCUVCKIV MHAEKC
HAYYHOTO LUTUPOBAHWSE

rewonanmmiuenre  Sejence Index

HayuHO-TeXHU4ECKOH

akcnepTUasI

HUB Ne 15125

Timimi 60x84/16. Kenemi 21,0 6.1. Tanceipsic Ne 7045.
On-Dapadu atbiHAarel Kazak yJITTHIK YHUBEPCUTETIHIH
“Kazax ynuBepcuteti” 6acna yiii.

050040, Anmars! Kanacsl, an-Oapadu JaHFbLIbL, 71.
“Kazax yHuBepcuteti” 6acna yiliHiH OacnaxaHachklHia
0achUIIBL.

© On-dapabu arsianarsl Kaz¥YV, 2023



HIOJTY MAKAJIACHI

REVIEW ARTICLES

OB3OPHBLIE CTATBbH



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne3 (96). 2023 https://bb.kaznu.kz

IRSTI 34.25.01 https://doi.org/10.26577/eb.2023.v96.13.01

S.Zh. Khaydarov'*'=', E.D. Burashev’

'Al- Farabi Kazakh National University, Kazakhstan, Almaty
2«Research Institute for Biological Safety Problems»
of the Ministry of Health of the Republic of Kazakhstan , Kazakhstan, Almaty
*e-mail: logicalmind1984@mail.ru

THE SARS-COV2 EPOCH AND PROPER MANAGING STRATEGIES
TO FACE THE CHALLENGES BOTH IN VIRAL RESEARCH
AND TREATMENT

SARSCOV2 or COVID-19 caused 2020 the greatest pandemic since the end of WW1 and crippled
the global healthcare and economy within a relatively short period of time. This article reveals a wide
range of issues like vaccination issues by understanding the innate and adaptive immune responses and
how tightly they are interconnected with each other. There are also to grasp the cellular and humoral
parts of immunity and receptor binding recognition mechanisms, antibody neutralization, and antibody
mediation both in adaptive and innate immunity to be discussed. The defense strategies of immunity
are the objects along with clinical cases to discuss and how effective or not effective vaccination could
be in a view of antibody role in creating immunity against this virus The problems of the viral genome
are studied in an extent of functionality. There is also the thesis on antiviral treatment, strategies, and
side-effects that could appear This review article will be interesting to those who are willing to design
either antiviral research or develop the strategies for COVID-19 treatment and even vaccination as a
drug design.

Key words: SARS-COV2, mRNA-genome, ORFs (open reading frames), structural proteins, non-
structural proteins (np), virus classification, immunity, antiviral drugs, antibodies, 1gGs, vaccination, and
lethal mutagenesis. steroids.
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SARS-CoV2 aayipi XaHe BUPYCTbIK, 3epTTeyAep
MeH eMAEYA€eri KMbIHABIKTapFa Kapcbl TYpPY YLUiH
AYPbIC HacKapy cTpaterMsiaapbi

SARSCOV2 Hemece COVID-19 2020 kbIAbl 1-L1i AYHMEXY3IAIK COFbIC asiK TaAFaHHaH Oepri eH YAKeH
IHAETTi TYABIPAbI )X8HE CaAbICTbIPMaAbl TYPAE KbICKA YakbIT illiHAE >kKahaHAbIK AEHCAYAbIK, CakTay
MEH 3KOHOMMKAHbI KYAABIPATThl. ByA Makaaa Tya 6iTkeH >kaHe 6eMIMAEATEH UMMYHADIK, XayanTapAbl
K8HE OAapAblH, 6ip-6ipiMEH KAHLIAABIKTbI ThiFbl3 GANAAHBICTbI €KEeHiH TYCiHY apKbiAbl BaKLMHALMS
MaceAeAepi CUSKTbl MBCEAEAEPAIH KeH ayKbIMbIH alaAbl. COHAAM-aK, UMMYHMUTETTIH KaCyLUaAbIK, XKaHe
ryMopaAbAbl GOAIKTEPIH XX8He peLenTopAapAbl 6aNAaHbICTbIPYAbl TAaHY MEXaHU3MAEPIH, aHTUAEHEAEPAI
GeriTapanTaHAbIPYAbl >K8HE aAAMTMBTI XKaHe Tya GITKEH UMMYHUTETTe aHTUAEHE AEAAAAAbIKTAPbIH
TYCiHY Kepek. MIMMYHUTETTIH KOPFaHbIC CTpaTerusiaapbl — GyA BUPYCKA KApCbl UMMYHUTETTI KYPYAQfbl
AHTUAEHEAEPAIH POAI TYPFbICbIHAH BaKUMHALMSIHBIH, KAHLIAABIKTbI TMIMAI HEMECE TMIMCi3 6OAYbI MYMKIiH
EKEHAIr XX8He KAMHUKAAbIK afAanAapmeH Bipre TaAkblAaHaTbiH 06bekTiAep BUPYCTbIK, reHOMHbIH
MaceAeAepi hYHKLMOHAAABIK Apeskeae 3epTTeaeai. CoHaar-ak nanaa 60Aybl MyMKiH BUPYCKA KapCbl
eMALY, CTpaTermsAap >KaHe >XaHama acepAep TypaAbl Te3nc 6ap byA WoOAy MakaAachl BUpYCKa Kapchbl
3epTTeyaepai a3ipaeyre Hemece COVID-19 emaey >kaHe TiNTi ASPIAIK AM3aliH peTiHAe BakKLMHAUMS
CTpaTernsAapbiH 83ipAeyre AaiiblH AAAMAAPFA KbI3bIKThl GOAAADI.

Tyiin cesaep: SARS-COV2, MPHK-reHombl, ORF (awblk 0Ky weHOepAepi), KyPbIAbIMABIK,
6eAoKTap, KYPbIAbIMABIK, EMEC aKybi3Aap (Np), BUPYC KAACCUUKALMSCHI, UMMYHUTET, BUPYCKA KapCbl
npenapatTap, aHTnaeHeAep, 1gGs, BakLMHALLMS XKOHE OAIMIe SKeAeTiH MyTareHes3. CTepoMATap.

4 © 2023 Al-Farabi Kazakh National University
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9noxa SARS-COV2 u npaB1AbHbIe CTpaTerMm ynpaBAeHuUst
AASl peLLeHUs MPO6AeM KaK B BUPYCHBIX MCCAEAOBaHMSIX,
TaK U B A@YEHUU

SARS-COV2 nan COVID-19 Bbi3Baan B 2020 roay camyto KpyrnHyto NMaHAEMMIO CO BPEMEH OKOH-
YaHug [MepBoit MMPOBOV BOVHbI M 32 OTHOCUTEALHO KOPOTKMIA NMEPUOA BPEMEHU HAaHECAWN CEPbE3HbIN
yliep6 MMPOBOMY 3APABOOXPAHEHMIO M SKOHOMMKE. DTa CTaTbsl PACKPbIBAET LUMPOKMIA CMEKTP BOM-
pPOCOB, TakMX KakK BOMPOCH! BaKLMHALMK, MyTEM MOHUMaHWS BPOXAEHHbIX M aAANTUBHbIX MMMYHHbIX
peakumit U TOro, HACKOAbKO TECHO OHM B3aMMOCBSI3aHbl APYT C APYrom. Takxke Heo6X0AMMO 06CYAUTD
KAETOUHYIO M I'YMOPaAbHYIO YaCTW MMMYHMTETA M MEXaHM3Mbl Pacro3HaBaHUS CBS3blBaHUS peLenTo-
pPOB, HEMTPAAM3AUMIO aHTUTEA M ONMOCPEAOBAHME AHTUTEAAMUM KaK B aAQNTMBHOM, TakK U BPOXXAEHHOM
ummyHmTete. CTpaTternm 3alimTbl MIMMYHUTETA SIBASIOTCS MPEAMETOM O0CY>KAEHUS HapsiAy C KAMHM-
YECKMMM CAYYasIMU M TOTO, HACKOALKO 3(D(EKTUBHOM MAM HESMDMDEKTUBHOM MOXKET BbiTb BaKLMHALMS
C TOYKM 3PEHUSI POAU aHTUTEA B CO3AAHMU MMMYHUTETA MPOTUB 3TOrO BMpyca. [pobAembl BUPYCHOMO
reHoma M3y4aloTcs B cTeneHn yHKLMOHAAbHOCTU. CyLuecTByeT TakxKe Te3NC O MPOTUBOBUPYCHOM Ae-
YeHUM, CTpaTernsax 1 NoboUHbIX apdekTax, KOTopble MOryT BO3HUKHYTb. DTa 0630pHas cTaTbs Gyaer
MHTEpPEeCHa Tem, KTO FOTOB CMPOEKTUPOBaTb MPOTUBOBUPYCHbIE UCCAEAOBAHMS MAM pa3paboTaTth CcTpa-

Ternmn AedeHns COVID-19 n paxke BakUMHALMIO KaK AM3aliH AeKapCTBa.

KatoueBble caoBa: SARS-COV2, MPHK-renom, ORF (OTKpbITble paMKy CUMTbIBaHWS), CTPYKTYPHbIE
GeAKM, HECTPYKTYpHble 6eAKM (Np), KAaccudmKaums BUPYCOB, MMMYHUTET, MPOTUBOBMPYCHbIE Npena-
paTbl, aHTUTEAQ, 18G, BaKUMHALMS U AETaAbHbIN MyTareHe3. CTEPOMADI.

Introduction

Viruses are quasi-organisms that strongly
depend on the cell host and on their replication
— transcription — translation machinery. Viruses
can infect both domains: the eucaryotic as well as
procaryotic organisms (phages). It is really difficult
to classify them as true parasites or pseudo parasites.
Viruses are the smallest organisms with compact
genomes enveloped mostly by capsid proteins that
can operate not only DNA as a genetic footprint
but easily mediate RNAs thanks to various types
of transcriptase. named for their corona-shaped
appearance in the electron microscope.

Severe acute respiratory syndrome-associated
coronavirus 2 (SARS-COV2) is an acute respiratory
infection caused by the SARS-CoV-2 virus, which
belongs to the coronavirus family and genus
Betacoronavirus. Single stranded positive-sense
RNA virus (ssRNA"). Variants of the SARS-CoV-2
coronavirus are continually emerging due to the
ongoing transmission and evolution of this virus
around the world. Since the pandemic was first
declared by the World Health Organization (WHO)
in March 2020 (1), B.1.17 (alpha), B.1.351 (beta),
P.1 (gamma), B.1.617.2 (delta), and B.1.1.529
(omicron) [2-5]. Kazakhstan had the first case
of human infection with coronavirus COVID-19
Registered in March 2020 [6]. According to the

Johns Hopkins University database, as of January.
In October 2022, the Republic of Kazakhstan had
1,484,400 registered confirmed cases, of which
19,052 died [7].

The coronavirus or SARS-COVID2 or
COVID-19 belongs to the Coronaviridae family
that are enveloped, positive-sense single-stranded
RNA viruses [8]. The SARS-COVID2 consists of
viral genome: fourteen open reading frames (ORFs),
two-thirds of which encode sixteen nonstructural
proteins (nsp 1-16) that make up the replicase
complex [9,10]. The rest encodes the nine accessory
proteins (ORF) and four structural proteins: spike
(S), envelope (E), membrane (M), and nucleocapsid
(N), of which Spike enables the SARS-CoV entry
into cytosol of target cell [11]. As any virus of these
type, the Spike protein is the most variable and
due to this capacity, the SARS-CoVs are capable
to penetrate the various cell membrane types of
mammals [9].

There are approximately 30,000 nucleotides
in RNA; encoding 11 proteins. Retroviruses have
caused a lot of harm over the years, and they’re now
a major threat to human well-being. These are the
viruses that belong to the family retroviridae and
typically carry their genetic material in the form of
RNA. The genetic material of their hosts is in the form
of DNA. Retroviruses are named after an enzyme
called reverse transcriptase (RT). RT is responsible



The SARS-CoV2 epoch and proper managing strategies to face the challenges both in viral research and treatment

for copying genetic information from one virus
particle to another. The most known viruses of that
family are Lentivirus (human immunodeficiency
virus (HIV) and SARS-COV2 (COVID-19) [12].
It is important to mention that virus infections
serve the aim to magnify the viral genome and
assemble new viral units to be able to invade other
surrounding cells and tissues, mostly such processes
are carried out lethally to a cell or even to whole
tissue systems like lungs. Thus, it is very difficult
to classify any viral ‘organism’ as a parasite whose
middle-term and long-term survival correlates
with the host’s wellbeing. ‘The side effect’ of viral
infections as inflammatory or less obvious clinically
distinguishable signs is the integration into the cell
genome due to enzymatic activity of viral RNA of
various tissue types; this in term causes various types
of critical mutations in renewable tissues having a
sometimes the devastating disease like pneumonia,
renal failure or other chronic, irreversible diseases.
The negative effect on the global healthcare state on
the population which was exposed to the COVID-19
pandemic is only about to experience in near future.
So, the harm potential of this type of viruses are
never to neutralize completely and underestimation
of its pandemic capacities is the highest priority to
avoid of any authority [13-16].

SARS - stays for severe acute respiratory
syndrome. The majority of those diagnosed with
SARS were healthy adults between the ages of 25
and 70. Children under the age of 15 have been the
victims of a few alleged SARS cases. SARS typically
has an incubation period of 2 to 7 days, but it can last
as long as 10 days. People who have an illness that
meets the current WHO case definition for probable
and suspected cases of SARS have a case fatality rate
of around 3%. Since COVID-19 infection became
the subject of pandemic in 2020, United Nations
considers this virus and related diseases to it as a
global problem for health care systems worldwide.
The consequence of SARS-COVID 2 infection could
lead to chronic, long term health issue and sometimes
to some extent of medical and mental impairment.
In many countries the hospitalization rates reached
the critical levels so many infected ones were forced
to stay at home and get treated far from inpatient
wards. Pneumonia is one of the most widely spread
health condition among COVID-19 patients and
needed to be separated according to the severity
of the illness progress and lung damage surface.
The more damage occurred the less oxygenation
gained via lung breath, so many patients with acute
lung damage were heavily dependent on artificial

lung ventilation apparatus in intensive care. It was
crucial to monitor whether the pneumonia patients
with COVID-19 infection were regularly assessed
for bacterial infection and try to detect bacterial co-
infection and if a need occurred also the antibiotic
treatment strategy would have been implemented to
avoid pulmonary collapse [17].

The SARS-CoV-2/human/KAZ/B1.1/2021 strain

Strain SARS-CoV-2/human/KAZ/Britain/2021
consists of 29,815 nucleotides and belongs
to lineage B.1.1.7, according to the Pangolin
COVID-19 database [18]. The SARS-CoV-2/
human/KAZ/B1.1/2021 strain was obtained from
the Scientific and Practical Center for Sanitary and
Epidemiological Expertise and Monitoring branch
of the Republican state enterprise on the right of
economic use, National Center for Public Health,
Ministry of Health, Republic of Kazakhstan.
Nucleic acids were extracted from the test sample
using a QIlAamp viral RNA minikit (Qiagen,
Germany) according to the manufacturer’s
protocol. Reverse transcription was performed
using the SuperScript VILO cDNA synthesis kit
(Invitrogen, USA). For amplification to cover the
entire genome of the virus, 65 primer pairs were
designed using the online Primer-BLAST program
(http://www.ncbi.nlm.nih.gov/tools/primer-blast)
in order to generate amplicons ranging in size from
600 to 750 bp and tiled to overlap by about 100
bp. These amplicons were generated by PCR and
visualized by 1.2% agarose gel electrophoresis
(Sigma, USA). PCR amplicons were purified
using the Pure Link PCR purification kit (Thermo
Fisher Scientific, USA). Purified amplicons were
sequenced using the Sanger dideoxy method
using an AB3130xI (Hitachi Applied Biosystems)
16-capillary genetic analyzer autosequencer with
the Big Dye Terminator 3.1 cycle sequencing kit
(ABI, Foster City, CA, USA). Raw chromatograms
were collected using Sequencher version 5 (Gene
Codes Corp.) [18].

SARS-COV?2 and its molecular feature

The viral Spike has an S1/S2 polybasic cleavage
site that is proteolytically cleaved by cellular
cathepsin L and the transmembrane protease serine
2 (TMPRSS2), and a receptor-binding domain
(RBD) that mediates direct contact with a cellular
receptor, angiotensin-converting enzyme 2 (ACE2)
[8,19,20]. ORFla and ORF1b are translated
into viral replicase proteins as soon as the viral
genome is inserted into the cytoplasm of the host
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and cleaved into individual nsps (via host and
viral proteases: PLP®); The RNA-dependent RNA
polymerase (nsp12, which is derived from ORF1b)
is formed by these [21]. The components of the
replicase move the endoplasmic reticulum (ER) into
double-membrane vesicles (DMVs) at this location,
which makes it easier for the virus to replicate
genomic and subgenomic RNAs (sgRNA). The
latter is turned into accessory or auxiliary proteins
as well as viral structural proteins, which make it
easier for the virus to form particles [22,23]. In
conclusion, the secondary part of genome encodes
the nine accessory proteins (ORF) that ensures
viral mRNA genome to be translated, it is worth
to mention that the replicase for accessory protein
production is significantly bigger than the primary
one. In addition, the four structural proteins: spike
(S), envelope (E), membrane (M), and nucleocapsid
(N), of which Spike enables the SARS-CoV entry
into cytosol of target cell [Perlman, S., et al, 2009].
ORF1laand ORFI1b are translated into viral replicase
proteins as soon as the viral genome is inserted
into the cytoplasm of the host and cleaved into
individual nsps (via the host and viral proteases:
PLre); The RNA-dependent RNA polymerase
(nsp12, which is derived from ORF1b) is formed by
these [Perlman, S., et al., 2009]. The latter is turned
into an accessory or auxiliary protein as well as viral
structural proteins, which make it easier for the virus
to form particles [Snijder, E.J. et al., 2006, Wu, H.-
Y. et al., 2010]. Unlike the HIV virus, which has
a complicated capsid structure with sophisticated
(negatively charged dNTPs™ permeable) pores that
are permeable for negatively charged dNTPs which
serves as building blocks for the formation of RNA-
host-DNA-hybrid. The SARS-COVs do not possess
such protection from hostile enzymes inside the host
cells [24]. So, the secondary part of genome encodes
the nine accessory proteins (ORF) that ensures
viral mRNA genome to be translated, it is worth
to mention that the replicase for accessory protein
production is highly important to be integrated into
host genome or to let virus to reproduce itself.

The retroviruses (Retroviridae) family and their
common features

There are six common characteristics that unite
all retroviridae to one

1. Despite having DNA-dependent replication
steps, retroviruses contain RNA as their genetic
material.

2. Replicates via reverse transcription thanks to
the presence of reverse transcriptase enzyme.

3. Due to the presence of the enzyme reverse
transcriptase, reproduces via reverse transcription.

4. Integrase moves the viral DNA into the
nucleus of the cell, where it is randomly and
covalently integrated with the host genome.

5. Gene sequences like viral oncogenes and
proto-oncogenes are found in retroviruses that are
capable of rapidly transforming host cells into their
needs.

6. Immune deficiencies, cancer, and neurological
conditions can all be brought on by human
retroviruses.

Structure, genome, and proteins

The typical retrovirus structure is enveloped,
spherical to pleomorphic in shape, and they have
diameter of 80—100 nm. The different genuses of
retrovirus virions have diverse morphology, but
they have their same virion component, which
includes the outer envelope coat, two copies of the
genetic material, and the viral proteins. Envelope
consists of lipids that are obtained from the host
plasma membrane during budding process and the
glycoprotein such as gp120 and gp41 in case of
HIV for example [25]. The outer lipid bilayer of the
retroviral envelope protects it from the extracellular
environment, aids in the entry and exit of host cells
through endosomal membrane trafficking, and
allows it to simply enter the host cells by fusing with
their membranes are the three distinct functions
of the retroviral envelope. A retrovirus has a
monopartite, linear, dimeric, ss RNA (+) genome
that is between 8 and 10 kilobases long and has a
5’-cap and a 3’-poly-A tail. Between the R regions
are flanks for the group-specific gene (gag), pol, pro,
and envelope (env) genes. The U3, R primer binding
site (PBS), and U5 regions make up the 5’-long
terminal repeats (LTRs). A polypurine tract (PPT),
U3, and R regions make up the 3° end. During
reverse transcription, a brief repeated sequence at
each end of the genome is used to guarantee correct
end-to-end transfer in the growing chain. On the
other hand, U5 is a brief exceptional arrangement
that sits between PBS and R [26]. The 18 bases in
the PBS correspond to the tRNA primer’s 3’ end.
The untranslated leader region known as the L
region indicates how genome RNA is packaged. The
gag, protease, pol, and env proteins make up the
retroviral protein. The gag is the primary retroviral
structural protein that orchestrates the majority of
viral assembly processes. The interactions with the
three gag subdomains—matrix (MA), capsid (CA),
and nucleocapsid (NC)—effect the majority of
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these assembly steps. While the gag subdomains
are structurally distinct, their functions in the viral
assembly process overlap [27,28].

Global COVID-19  spread
consequences

According to the WHO dashboard, more than
6.4 million people worldwide died from COVID-19
by the August 18, 2022. The omicron strain has
been diagnosed within over 590 000 000 people
worldwide, a brand-new variant that appeared
toward the end of November 2021, is now the most
common strain worldwide and has contributed to
the ongoing rise in several nations. In a number of
high-income nations, vaccination is significantly
reducing the number of cases and hospitalizations,
but a lack of universal access to vaccines leaves
many populations vulnerable. Even in people who
have been vaccinated, there are still questions about
how effective and for how long the current vaccines
against Omicron and other new SARS-CoV-2
variants are. There is still a need for more efficient
COVID-19 treatments as a whole. The COVID-19
pandemic, as well as the avalanche of research and
false information, has shown how important it is
to have reliable, easily accessible, and frequently
updated living guidelines so that new findings
can be understood and clear recommendations for
clinical practice can be provided [29].

Apart the severe acute respiratory syndrome
and acute respiratory destress syndrome (ARDS)
causing serious health impairment, COVID 19
is also capable to cause post COVID 19 health
conditions like cognitive impairment states Other
neurological and non-neurological deficits, such as
fatigue and mental health symptoms, may overlap
or cluster with cognitive deficits. In conditions
following COVID-19, fatigue or exhaustion
manifests as severely depleted systemic energy
levels that are unrelated to activities or exertion
and unaffected by usual rest or sleep. The quality
of one’s life, physical and cognitive function, social
participation, and employment are all negatively
impacted by fatigue. The core symptoms of
depression following COVID-19 include a persistent
low mood and sadness for at least two weeks and a
markedly diminished interest in enjoyable activities.
Depression can also cause problems sleeping,
changes in appetite, fatigue, thoughts of self-harm
or suicide, and feelings of worthlessness. Anxiety
symptoms can include restlessness, racing or
uncontrollable thoughts, difficulty concentrating, a
sense of dread, difficulty sleeping, a lack of appetite,
and irritability [30].

and clinical

Innate Immunity and SARS-COV?2

The issues of the innate immune system are a
very complicated matter and deserve detailed view
in a distinct paper. However, within this article, it
is important to include innate immunity to grasp
the real pathogenic nature of COVID-19. Innate
immunity in humans is the first defense line that
helps our body to clear and distinguish the viral
invasion and start to respond to it. Human cell
immunity mostly heavily relies on two types of
innate immunity: The macrophages that absorb the
pathogen and tend to disintegrate viruses inside and
neutrophils that are able to initiate the cell death to
stop the virus from spreading, because one single by
SARS-COV 2 infected cell is capable to produce up
to 10.000 viral units until it experiences the cellular
burst [31].

Limiting viral entrance, translation, replication,
and assembly, assisting in the detection and
extermination of infected cells, and coordinating
and speeding up the development of adaptive
immunity are all functions of innate immune
responses. Pathogen-associated molecular patterns
(PAMPs) are recognized by cell surface, endosomal,
and cytosolic pattern recognition receptors (PRRs),
which then cause inflammatory reactions and
programmed cell death (neutrophils) to prevent viral
infection and encourage clearance [32]. The COVs
(coronaviruses) developed innate immune system
suppressors thanks to ORFs (ORF3 and 3CL) that
are responsible for accessory protein encoding that
sustains the viral replication and translation types
of machinery and mitigates the antiviral response
as an evasion strategy [33]. The cyclic GMP-
AMP synthase (cGAS) is a STING (Stimulator
of interferon genes) signaling pathway that gets
activated by cytoplasmic DNA. cGAS-STING is the
protective cascade-driven reaction that significantly
limits both DNA and RNA viruses during the
active phase of infection [34-37]. The SARS-COV
2 disintegrates the organelles’ unity and one of its
victims is mitochondria. Mitochondria get seriously
damaged and their DNA freely swims in the cytosol
by which the ¢cGAS gets activated to fight the
invaders’ genome [38]. Last but not least, it makes
sense to mention the cellular components of innate
immunity against viral infections. Macrophages,
monocytes, dendritic cells, neutrophils, innate
lymphoid cells (ILCs) such as natural killer (NK)
cells, are capable to resists virus invasion with a
help of PRRs (Pathogen resistance receptors) that
recognize PAMPs or damage-associated molecular
patterns (DAMPs) to induce inflammatory signaling
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pathways and immune responses [39]. To sum up
this chapter, SARS-COV-2 or COVID 19 like
other COVs and retroviruses has an extremely
high potential to invade a cell and replicate itself
fast and effectively enough to overcome the innate
immunity and sometimes to escape the B-cells
antibody formation. Adaptive immunity faces
also high challenges due to the high variability
of spike — proteins that enable it to form new
strains with novel defensive evasion strategies.
The virus is capable to cause serious health and
life-threatening conditions to almost all groups of
people worldwide. It is able to make its survival
effective in a host cell thanks to accessory proteins
and thanks to rapid integration into replication and
translation cell machinery and actively defending
the positive RNA-original genome. The virion rate
production is well synchronized by the assembly
process allowing COVID-19 to produce its copies
in an average amount of 10.000 units per single
eukaryotic cell, allowing it to achieve high infection
rates among human and animal populations. So, we
can surely say that COVID 19 is still very dangerous
pathogenic organism whose potential is not fully
understood.

Adaptive immunity and SARS-COV2

Viruses are in capsid coated relatively small
genome carrying (mMRNA or DNA) ‘nano-living-
being’ with so called ORFs (open reading frames —
the viral genome sequence) when they enter the host
cytosol [40].

Many times, in medical history the viral
infections showed the high potential of increasing
their population in host cells. The virus load speed
is extremely important in viral spread before the
secondary immune response occurs that definitely
will be able to cap any viral threat spreading. The
corona viruses can reproduce their copies up to
10.000 viral particle per an infected cell [41].

The occurrence of repetitive, i.e., monotonically
repeating, letter sequences is a characteristic that
is extremely baffling in many genomes of higher
organisms and some viruses, the latter to a very
limited extent. The human genome of 3.2x10°
hereditary letters utilizes under 2% of those letters
to store the data of working qualities, to the extent
that we know up until this point. Sequences of
letters that are repeated millions of times make up
well over 40% to 50% of the genetic letters that
are housed in our 46 chromosomes. The purpose
and significance of these repetitions are unknown
to us [42].

However there some theories that suggest
that the human genome is so profound with a
purpose, a defensive way to secure the vital genes
or group of genes, to keep them relatively stable
against mutations or exposures that cause various
mutations that interferes or even blocks the essential
expressions, and maybe also to withstand many
viral genome integrations both in replication and
translation processes as well.

The following options were utilized when
vaccination options were highly specialized:
vaccination with viruses that have been killed
(inactivated) and are no longer able to reproduce or
with parts of the viruses. Accidents also occurred
during the early stages of vaccine development,
primarily as a result of incomplete inactivation or
contaminated vaccine derived from virus-infected
cells. One well-known instance is the contamination
of an early preparation for the polio vaccine with
the rodent tumor virus SV40, a previously unknown
simian virus. Fortunately, this accident did not result
in any problems: there is no evidence that receiving
the contaminated vaccine increased the risk of tumor
development [43].

The safest vaccines available today are the
recombinant virus vaccines produced by using
genetic engineering technologies. Since the virus
genes whose products are responsible for antibody
production are isolated from the virus genome. The
proteins of these viral genes are then expressed in
bacteria or in yeast, the viral proteins synthesized
in this way are then purified and used as a vaccine.
These vaccines are virus free [44].

Innate immunity — the primary response and cell
defense.

The immune system consists of specific as well
as unspecific mechanisms that fight viral invasion
with various efficiency as well as time reaction.
There are unidentified antiviral compounds in the
mucous membranes of the inner surfaces. While
some defense cells can kill viruses by phagocytosis
(eating), this method isn’t very effective without
supporting mechanisms. Some viruses, like HIV,
have the capacity to grow in the macrophages that
phagocytize them, allowing them to get past this
antiviral defense The generation of interferons, or
molecules that stop virus replication and spread, is
a very intriguing and common defense mechanism.
The formation of these proteins occurs far earlier
than the development of antiviral antibodies
following viral infection. The interferon a, B, y are
currently the most well-known [45].
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Tablel — The interferon types and cells that generate them as
unspecified auxiliary virus-fighting agents in humoral immunity.

Interferon Functions and cells

induced mainly in leukocytes by foreign cells,
virus-infected cells, tumor cells, or virus
envelopes.

interferon a

induced by viruses and foreign nucleic acids

interferon B in many different cells of the body.

formed by T lymphocytes when foreign

Interferony proteins enter the body.

The cellular unspecified immunity consists of
macrophages, basophils, and natural killer T-cells.

NKTs and NKs, also known as natural killer T-
cells, are a class of leukocytes. White blood cells
called leukocytes help the body to fight various
infections. Less than 1% of the body’s lymphocytes
are these uncommon cells. Are T-cells specialized
or generalized? The only T-cell subset regarded as
non-specific is natural killer T-cells, which facilitate
communication between the non-specific immune
system and the specific immune system. These cells
take direct aim at microbial intruders [43].

Leukocytes called basophils have previously
been misinterpreted. Scientists found it difficult to
study these cells because of their short lifespans
of one or two days. According to recent studies,
basophils are the only white blood cells that
express histamine and congregate in connective
tissues. The com-ponent histamine is what
causes allergy symptoms to manifest in the body.
Basophils have the ability to eliminate cancer
cells in the early stages before they pose a threat
to the body [42].

The immune system’s warning systems and so-
called ‘missile defenses’ are called macrophages.
Macrophages will raise the alarm by releasing
cytokines into the circulatory system when they find
a pathogen. When a cell surrounds and kills another
cell or organism, the process is known as phago-
cytosis [44].

Neutrophils are also innate immune cells which
also have small life span. Neutrophils are the first
cell type to be drawn to inflammatory areas. They
can then change phenotypic and produce a number
of subpopulations with various cell functions.
Additionally, neutrophils can interact with other
immune cells directly or indirectly through cytokines
and chemokines to modify innate and adaptive
immune responses. We still don’t fully comprehend
these neutrophil subpopulations, but the instances
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that follow make it very evident that they do exist as
real inflammatory subsets [44].

To sum wup, the innate immunity is
comprehensively complicated, and the humoral
immunity is tightly interconnected with cellular
part. Some leukocytes have multiple functions with
in different levels. The innate immunity is capable
to face almost any microbial challenge with various
molecular induceable arsenal that sustains integrity
and healthy state.

Vaccination

The adaptive immunity consists both of cellular
and humoral (antibodies) particles that helps to
neutralize the pathogen in short as well as long
term perspectives due to formation memory cells.
The adaptive immunity requires time to select
and expand the virus-specific cells from the large
variability pools of naive B cells and T cells for
further specification in molecular structures and
sequences — priming.

Table 2 — Shows the consistent adaptive immunity with cellular
and humoral part with aduaquate functions with high specifity
and efficassy when innate immunity get overwhelmed with
infectiom

Acute im- | Humoral Cell Cell Cell
munity
Antibody | CD4'T- | CD8&'T- B-cells
cells cells
Functions | Identifica- Have Kill the |Production
tion of Helpers infected | of Antbod-
epitops | and Effec- cells ies
of intrest, | tors activi-
forms ties
cellular
memory

When SARS-COV?2 infection proceeds, the viral
genome rapidly gets integrated into host protein and
replication machinery, the race with time starts and
the innate immunity has to withstand with viral
load till the adaptive immunity get proliferated and
properly differentiated to charge already circulating
virions and virus seized cells. The innate immunity
tries to manage the viral infections by its own by
activating the immune response type I and type 111
interferons that are supposed to delay the intercellular
viral infections and till the viral load gets the critical
values and starts to alarm dendritic cells to call the
adaptive immunity to help [43.].

In average situations of SARS-COV2, a so
called ‘simple’ model appears to cause the temporal
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delay in innate immunity response which is enough
to launch the asymptomatic infection that occurs
roughly in 40% percent of COVID-19 cases and the
T-cells with antibodies get formed relatively rapidly
to control the occurred viral load and infection rates
[44.]. The presence in blood stream of COVID-19
patients the T-cells and antibodies in sufficient
amounts is signaling that the positive resolution of
COVID-19 took place [45.].

To sum up, the timely and accurately activated
the adaptive immunity with humoral as well as
cellular response brings the resolution from severe
COVID-19 infection and its clinical outcome.
Thus, ignoring the importance of innate immunity
that charges the first viral invasion with specific
delaying responses on viral replication as well
as translation can grant a vital time to withstand
rapidly increasing viral load. And thankfully, a
significant part of COVID-19 infections run in
asymptomatic manner with enough T-cells and
secreted by B-cells — Antibodies. So, to ensure
such scenario the innate and adaptive immunity
must balance between magnitude levels and
inpatient time. Ideally, the innate immunity holds
the primary viral invasion long enough not only
to control the viral load increase with the same
immune intensity but also to provide time for B-
Cell and T-cells to be released in blood stream from
the lymph nodes. However, the clinical practices

faced with relatively ineffective innate immunity
so the viral load got significantly higher than the
primary defense could withstand but then the
adaptive immunity was in average capable to clear
the COVID-19 infection. In severe cases the viral
load was not even opposed by innate immunity
response or the reaction was so excessive (The
cytokinin shock — overreaction of macrophages and
neutrophiles) that it only harmed and benefited the
further viral invasion. In bad situations, the time
line of innate immunity overlaps with adaptive
and does not stop the exponential growth of virus
production and viral load seriously dominates
over the number of antibodies and the T-cells
magnitude levels so their amount is critically low
to fight effectively both the intercellular circulation
of virions and infected cells as well causing serious
health damage or even death.

Immunoglobulins (IgGs, IgA and IgM)

The vaccination is a process in which it is tried to
cause the immune response as save as it only possible
and as antigen — the response causing particle could
be applied in our case alive but weakened viruses,
viral structural proteins like spike protein or even
based on mRNA (viral genome) vector vaccines
and etc. There are always risks to face during the
vaccination despite the multiple clinical approval
procedures and trials.

Table 3 — Shows five main immunoglobulin or antibodies (Ab) classes properties and importance. GI'- gastrointestinal Secretions,

GU"- glucagon secretion.

Percentage in

Class total Features and purposes
oG 750 Found in blood and lymph, active against Bacteria and their metabolites (toxic agents), viruses,
g ’ increases phagocytosis, cross placenta and active in second response
Saliva, tears, bronchial, GI, prostatic, and vaginal secretions. Provides the local protection on
IgA ~15% surfaces, has anti-viral potential Prevents the absorption of antigens from food and protects against the
respiratory infections as well as against GI and GU infections
oM ~10% Found in blood and lymph, levels go down during stress, the first antibody produced during the primary
g ’ response, high concentration in initial stage of infection. The level of IgM reduces within one week.
IgE ~less than 1% | Found in mast cells and neutrophils, involved instant hypersensitive response.
IgD ~less 0.1% | Found in blood and lymph, unknown functions

The B-cells and antibodies are the major players
of adaptive immunity in antigen of interest triggered
immune response — called seroconversion in a hope
to get vaccination or so-called memory cells. The
primary response or seroconversion leads within
5 days the increased amount of IgM — titter, and

IgG-titters appears first only after 14 days, so the
increased amount IgG demonstrates either the past
infection or the vaccination active event [42].

The brightest correlations of seroconversion
on IgG illustrated the Spike and Nucleocapsid
viral structure protein. The clear tendency was
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shown SARS-COV2 was neutralized by receptor
binding domain (RBD) with over 90% frequency in
COVID-19 cases antibodies [46]. Spike IgG, IgA
and IgM start to develop simultaneously during
the viral infection [47]. Receptor binding domain
(RBD) of Spike protein of SARS-COV2 is the mile
stone of virus neutralizing dogma both in vaccine or
medicine design, to deny such important aspect of
viral defense is not productive, however the virus
neutralization follows also outside the cells thanks
to antibodies, the infected cells can be also killed
directly by antibodies [48].

Almost complete COVID-19 neutralizing
antibodies run the seroconversion in Spike range
[49]. In this extent it makes sense to claim that almost
all neutralizing antibodies come from naive or
virgin B-cells, not from pre-existing cross-reactive
memory B-cells [50]. As a result, the epitopes which
are capable to neutralize the SARS-COVID-2 on
RBD domain, especially those who corresponds
highly likely to the ACE2 receptor binding footprint
(or ACE2 — like repertoire which mostly found
in the lung tissue) strives about to be effectively
immunogenic and easily detected by antibodies.
At the same time, it would be fair to state that
the substantial fraction among recovered patients
from COVID-19 of antibody titter is considerably
low [51]. It means that most effective period of
immunogenic response lasts relatively short and
secondary response takes time to be activated. Thus,
the most active period of viral fighting is timely
limited and so-called memory cells are built to stand
against repeated infection and viral load exposure
and of course till the next B-cell proliferation takes
place.

Fc-receptor-associated  protective
against SARS — COV?2 (lung tissue)

Many studies showed that humoral responses
and neutralizing antibodies alone were not enough
to overcome successfully the COVID-19 viral
infection, especially, in severe cases or even among
deceased patients [52]. Despite the fact that there is
still no direct evidence that Fc-mediated (dependent)
effector activity is responsible for effective protective
immunity against SARS-COV-2, some studies
showed that deceased patients had very reduced Fc-
dependent antibody effector activity [53].

A variable fragment (Fab) that mediates antigen
binding and a constant fragment (Fc) that mediates
downstream effector functions by interacting with
Fc-receptors on (innate) immune cells or with
Clq, the recognition molecule of the complement

immunity
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system, are the two structural regions that make up
an antibody. Through a number of immune effector
mechanisms, such as antibody-dependent cell-
mediated cytotoxicity (ADCC) and antibody-
dependent cellular phagocytosis, the contact with
Fc-receptors can cause the death of virus-infected
cells (ADCP). Complement-dependent cytotoxicity
may result from complement-mediated antibody
activation (CDC). Complement activation and Fc-
receptor interactions can both have a variety of
immunomodulatory effects [54].

The Fc domain of antibodies that are linked to
viral proteins on the surface of virus-infected cells
activates Fc gamma receptors (FcRs) on innate
effector cells, inducing ADCC. Infected cells are
killed as a result of this interaction, which causes
the release of cytotoxic granules that contains
perforins and granzymes [55]. Natural killer (NK)
cells, neutrophils, monocytes, and macrophages are
just a few of the innate effector cells that can engage
in ADCC in a lab setting. However, NK cells, which
solely express FcRIIIA, are believed to be the most
significant in vivo contributors to ADCC. ADCC
has been acknowledged as a crucial mode of action
for therapeutic monoclonal antibodies (mAbs) that
target tumor cells in the field of tumor immunology
[56].

The assimilation of virus-antibody complexes
or virus-infected cells that are coated with
antibodies by phagocytic cells is known as ADCP
or opsonophagocytosis. Phagocytic cells such as
monocytes, macrophages, neutrophils, eosinophils,
and dendritic cells (DCs) express FcRI, FcRII, and
FcRI, which are all capable of mediating immune
complex absorption. The type of cell, stage of
development, and degree of FcR expression all affect
how effectively effector leukocytes can phagocytose.
As a result of ADCP, immune complexes are
eliminated from the infected host by being
transported to lysosomes where they are processed
for antigen presentation on Major Histocompatibility
Complex (MHC) molecules on the cell surface. It’s
interesting to note that certain viruses have taken
use of this method to infect phagocytes by evading
lysosomal breakdown. However, this mechanism is
mostly induced during the bacterial infection, in the
matters of viral infections, the ADCP needs to be
clarified [57].

The complement system has several parts and
uses various paths to activate its effector functions.
Complement plays a crucial role in antibody-
mediated defense against viral infection, according
to studies in complement-deficient mice. There
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have been numerous proposed methods for this
complement-enhanced defense. So, first of all,
the steric hindrance of bound antibodies may
increase when complement components are fixed
to virus-antibody complexes to directly enhance the
neutralization capacity of antibodies [58]. Another
potential mechanism is complement-dependent
opsonization of virus-infected cells, which results in
phagocyte uptake later on. In an in vivo mouse model,
complement has additionally been demonstrated to
enhance the CD4(+) T cell response in the presence
of respiratory syncytial virus (RSV) immune serum
[59-64].

To sum wup, complement activation and
Fc-receptor interactions can have a variety of
immunomodulatory effects on different levels.
The Fc domain of antibodies that are linked to
viral proteins on the surface of virus-infected cells
activates Fc gamma receptors (FcRs) on innate
effector cells, inducing ADCC. Natural killer (NK)
cells, neutrophils, monocytes, and macrophages are
just a few of the innate effector cells that can engage
in ADCC in a lab setting. Phagocytic cells such as
monocytes, macrophages, neutrophils, eosinophils,
and dendritic cells (DCs) express FcRI, FcRII, and
FcRI, which are all capable of mediating immune
complex absorption. As a result of ADCP, immune
complexes are eliminated from the infected host
by being transported to lysosomes where they
are processed for antigen presentation on major
histocompatibility complex (MHC) molecules on
the cell surface. There have been numerous proposed
methods for this complement-enhanced defense.
Another potential mechanism is complement-
dependent opsonization of virus-infected cells,
which results in phagocyte uptake later on.

Modern methods to produce immune modulators
and SARS-COV?2

Viruses are special ‘microorganisms’ that need
to be treated specially, not like Bacteria or Protista
or even various parasite worms. Virus infections are
usually swift, aggressive and extremely virulent.
The successful infection proceeds successfully if the
virus concentration alternatively viral load is high
enough to cause the infection that is why HIV for
example can be pestilent if the infection runs through
blood or in utero from mother to child. In other ways
HIV-positive person does not demonstrate the social
threat, because the virus load in his fluids like salvia
or sweat is not sufficient to trigger HIV-infection.
SARS-COV2 in striking contrast can infect airborne

in the person-person way relatively easy. Alone this
difference demonstrates clearly how complicated
is the pathology and biological nature of viral
infection and in order to prevent viruses to succeed
the modern scientific idea should offer new methods
to modulate, reinforce or improve the protective
immunity against viral invasion. In this article we
consider two sides of the viral nature, one how
effectively fight them and how to use them as drug
delivery system. The polyclonal technologies in
antibody production have some weighty advantages.
First and foremost, it is price, with reasonable
and rational immunization with properly prepared
antigen can produce enough number of antibodies
from blood serum by protein purification methods
that were proven by time. The physical methods
mostly based on photometrical methods such as
ELISA or flow cytometry and electrochemical,
optical or  piezoelectric = immunosensors
(biosensors). However, despite the solid advantage,
polyclonal antibodies have low level of sensitivity
on particular antibodies and lower specialization on
particular reaction or antigen of interest, instead it
can react on various reactions and epitopes in some
extent it could be considered as a reasonable upper
hand in methodology. The monoclonal antibodies
are powerful tool both in research and in clinical
approach as reliable agent, nonetheless, is very
expensive method to produce highly specified
antibodies, as laboratory animals mostly used rabbits
for advantageous reasons for instance, still an animal
must be killed to get plasma cells or lymph nodes.
Thus, recombination technologies became the
main headliner with a help which there is no need
to kill the lab animal, by collecting blood samples
and get from the blood centrifugation the PBMC
(peripheral blood of mononuclear cells) to isolate the
B-cells and their m-RNA. This technology allows
us to magnify the production rates of monoclonal
antibodies through recombination for yeast, phage
etc. essays. The hybridoma technology offers the
immortality potential of adenoma cell to produce
almost unlimited rates of monoclonal antibodies in
HAT-media.

Corona virus belongs to IV-group of viruses of
Baltimore classification. Corona virus infection can
be easily neutralized by conventional IgG produced
by B-cells as secondary immunity response or
by eventually by monoclonal heavy chain nano
antibody (VHH) derived from the blood of camelids
or sharks, still the role of virus neutralization agent
must be confirmed clinically.
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Polyclonal antibodies

Polyclonal antibodies or immunoglobulins refer
to a mixture of IgG-molecules which are secreted
against particular; each antibody or IgG (IgG, 1gG,)
recognizes different epitopes that brings the further
polyclonal properties for IgGs:

- They are produced by multiple clones of B-
white blood cells

- Heterogeneous antibody population

- Interaction with various epitopes on the same
antigen of interest

- Increased likelihood for cross reactivity for
similar antigens

- ‘Lot to lot’ or side by side variability

- The expense of production is relatively
reasonable.

In laboratory allowed condition work with
living organisms, polyclonal antibody production
represents the simplest way in comparison to other
more sophisticated ways like monoclonal approach
[65]. Since our work bases and will be based in the
future in SARS-COV?2 pathogens derived antigen,
there will be no need to worry about to add adjuvants
to avoid hypersensitive reaction or response or
development of tolerability.

The most important part of polyclonal antibodies
production is the animal choice, mostly rabbits are
the most convenient polyclonal antibody producer
in terms of maintenance and produced number
of antibodies [66]. Polyclonal antibodies can be
arranged also against whole microorganisms;
their planning has also been detailed utilizing
rabbits immunized by peptides such as two parts —
bacteriocin and pediocin PA-1 from Pediococcus
acidilactici conjugated to the carrier protein
keyhole limpet hemocyanin [67] and parts of
human chaperonin 10 bound to ovalbumin [68].
Small molecules like organophosphates could be
also applied with several additional modifications,
however it could be used only as a fact of
appearance ignoring the cross-linking reaction and
minimal specification and in general the polyclonal
assay could easily run either false positive or false
negative reaction due to its nature — poly epitope
reaction, still animals in polyclonal antibodies
production could be used as specialized inbreeds.
For instance, particular specificity of polyclonal
antibodies can be improved when specific pathogen-
free (SPF) animals are utilized. The safe framework
of SPF creatures is “tabula rasa”. On the other
hand, SPF creatures may be inclined to tall mortality
due to the naivety of their immune framework.
Antibodies can be recognized concurring to the
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number of B-lymphocyte lines that create them.
Polyclonal antibodies are created from distinctive
B-lymphocyte lines as a blend of immunoglobulins.
Numerous decontamination strategies have been
created for the generation of crude antibodies (it
means it is needed to be humanized in order to be
used in clinical trials or experiments) over the past
decades. Since the structures of immunoglobulins
are normal proteins, current strategies for protein
decontamination arereasonable too for the refinement
of immunoglobulins. For case, gel chromatography
is one helpful strategy for isolating IgG from the
IgM display in polyclonal counter acting agent
tests. Precipitation by ammonium sulfate is able
to separate the isotypes of immunoglobulins [69].
Proteins A, G and L are exceptionally common
and commercially provided either free or bound
to underpins such as agarose. Antibodies can be
essentially filtered by strong stage extraction utilizing
as it were a framework with the capturing protein
A, G, or L [70]. Another appropriate bio-ligand
is a counter acting agent particular against either
an entire Ig gather or to one course or subclass of
immunoglobulins. Compounds arranged by natural
blend such as mercaptoethyl pyridine are effective
options to naturally determined ligands. To sum up,
the polyclonal antibodies mostly produced in vivo,
production time is relatively short (2-3 months),
have large variability if we use batch to batch
approach — detect easy and fast some substances
with lower specify but robust. Last but not least, the
cross reactivity is possible and this probability level
depends on purification level.

Monoclonal antibodies

Monoclonal antibodies are homogeneous
population of antibodies which are produced by a
single clone of plasma B-cells. This fact brings a lot
of advantages like predictable reaction response,
high specificity both on particular epitope and
antigen of interest which is why monoclonal
antibodies are so highly valued in oncological
and recombination technology studies. Nothing
is so precise as monoclonal IgG for instance in
detection and in further neutralization of viruses
or viral particles in adaptive immunity that also
enables to build up firm long-term protection via
consolidation of so-called immune memory cells.
The monoclonal antibody is a product of a clone of
B lymphocytes. A specific problem is a preparation
of recombinant antibodies [70.] true genetic
manipulation and the producer cell is applied could
have different origins.
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The monoclonal antibodies in general have
further characteristics that seriously distinguish
them from polyclonal ones:

- The genetical clone of one B-cells

- The primary Nucleotide (mRNA) should and
could be isolated either from blood (PBMC), lymph
nodes or spleen from animals.

- Antibody population represents a high value of
appliance — like identical lots in laboratory working
flow

- Low cross reactivity

- Clear interaction with particular epitope on
antigen

- High price of studies

So, monoclonal antibodies are produced by a
same clone plasma B-cell or isolated intact plasma
cells from spleen or lymph node tissue. Population
of the antibodies (IgG for instance) is homogeneous.
Monoclonal antibodies interact solely with specified
epitope on antigen that allow them to have very low
cross reactivity and have identical lots, nevertheless
this approach is much more expensive and more
sophisticated than polyclonal methodology. However,
in case of hybridoma, the production life span is
significantly higher than in vivo way and modified
(fused) cells and they are capable to produce pricy
monoclonal antibodies for six and more moths [71].

Hybridoma

Monoclonal antibodies are identical antibodies
produced by hybridized cloning of immortalized
B cells derived from a parent cell. Hybridoma
technology was used by Kohler and Milstein in 1975
to produce monoclonal antibodies [72]. Hybridoma
technology is effective mostly to produce precisely
to treat cancer and produce the antidots, such as
anti-snake venom. The antigen is a key factor for
production. The small mammals like mice, rats
and rabbits are the main model organisms. The
blood streams immunization enables to produce
monoclonal B-cells (antibody secreting cells) and
spleen is the main organ to extract for synthesis/
cultivation plasma cells/B-cells.

The main problem of plasma cells/spleenocytes/
isolated B-cells. Hybridoma innovation produces
monoclonal antibodies particular to antigens. These
cell lines can moreover be cryopreserved for a
long period of time. Hybridoma innovation has
brought about the generation of an assortment of
diverse monoclonal antibodies with specificity for a
particular antigen.

Antigen particles incorporate chemicals,
hormones, inner and outside structures of microbes,

infections, and eukaryotic cells. Monoclonal
antibodies created by this strategy are exceedingly
particular antibodies, which are determined from
a single parental B cell clone [73]. Analysts for
the most part favor hybridoma innovation, for
monoclonal counter acting agent generation over
other strategies to preserve a helpful, cost-effective,
and boundless generation of monoclonal antibodies
[74]. Out of the several techniques developed over
years to produce monoclonal antibodies (single
lymph cell amplification or by culturing strategies),
hybridoma technology is one of the most important
and most commonly used [75].

Main steps of Hybridoma technology

To begin with, immunization includes infusing
the research facility animals like rabbits or mice
with a chosen antigen against which the antibodies
are raised through an arrangement of infusions
over a period of a few weeks to invigorate B cell
separation into plasma B cells and memory B cells.
Once an adequate number of antibodies are made
within the animal serum taking after many weeks of
immunization, the alive subject is died [76].

Isolation of B- cells is tightened strongly with
a biomaterial like the spleen which is evacuated in
aseptic conditions to confine the enacted B-cells.
This strategy is performed utilizing density gradient
centrifugation. The nearness of antibodies within
the Serum is recognized utilizing strategies like
ELISA or flow cytometry. The serum contains the
actuated B lymphocytes (that create a counteracting
agent). The enacted B lymphocytes are at that point
combined with myeloma cells.

To prepare myeloma cells a few weeks before
the cell fusion takes place, metastatic tumor cells are
incubated in 8-azaguanine to urge non-functional
hypoxanthine-guanine phosphoribosyltransferase
(HGPRT) qualities within the myeloma cells.
Non-functional HGPRT can halt the get-together
of nucleotides from the rescue pathway and makes
the metastatic tumor cells touchy to HAT media
as the favoured strategy in hybridoma innovation
[76].

Cell fusion is that the method within which the
activated B lymphocytes area unit consolidated with
HAT-sensitive malignant tumour cells. This step
is performed by natural action of freshly obtained
activated B-cells with HAT-sensitive malignant
tumour cells in a very fusion-promoting media.
synthetic resin glycol (PEG) is employed during
this procedure PEG helps within the fusion of
cells by promoting the fusion of the cell wall of
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the malignant tumour cells with the cell wall of the
antibody-producing cells, so giving rise to a cell with
over one nucleus, forming heterokaryon. Another
technique used for fusion is electrofusion, within
which cells area unit consolidated beneath the result
of an electrical field. This technique is additional
deficient than the previous technique [76,77].

Hybridoma selection starts in the PEG-
containing media, cells area unit amalgamated to
create somatic cell cells however even foremost
economical fusion methodology can permit the
formation of solely concerning one to twenty of
amalgamated somatic cells. Therefore, there are a
unit variety of unfused cells inside the media [72].
This step permits the choice of the amalgamated
cells from all the unfused cells. this is often achieved
by incubating the cell mixture followed by culturing
for 10-14 days in HAT media (a choice media).
HAT medium contains hypoxanthine-aminopterin-
thymidine. Aminopterin gift in HAT media blocks
the ability of cells to synthesize nucleotides by the
Delaware novo synthesis pathway. Hypoxanthine
and nucleoside permit cells with purposeful
hypoxanthine-guanine  phosphoribosyltransferase
(HGPRT) genes to survive through salvage
pathways. thanks to a restricted lifetime, unfused B
cells decease inside some days. Unfused malignant
growth cells die as a result of the shortage of the
hypoxanthine-guanine  phosphoribosyltransferase
(HGPRT) cistron. The presence of aminopterin
blocks their ability to synthesize nucleotides through
the Delaware novo pathway [78]. Therefore, the
remaining viable cells left within the media area
unit the hybrid cells; these hybrid cells have the
power to grow and divide on HAT media as a result
of they need purposeful HGPRT cistron from the
B lymphocytes, that makes them HGPRT positive,
and thus, they will grow in unlimited concentration
on HAT media [76].

The further screening needs HAT- somatic
cells selection that are transferred to enzyme-
linked-immunosorbent serologic assay plates,
wherever every well home one somatic cell this is
often achieved victimization the limiting dilution
methodology [76]. The genes of the lymph cell
lineage gift within the somatic cell cells turn out a
selected protein with a selected epitope; this protein
is thought as a “monoclonal protein.” There is also
alternative hybridomas gift in alternative wells
manufacturing antibodies specific to a different
epitope for identical matter. once the separation
and isolation of various hybridomas, screening is
performed for choosing hybridomas that turn out
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the required associate degree antibodies targeting
specific epitopes for a matter [79].

Functional genome

The SARS-COVID2 consists of viral genome:
fourteen open reading frames (ORFs), two-thirds
of which encode sixteen nonstructural proteins
(nsp 1-16) that make up the replicase complex
[80,81]. The rest encodes the nine accessory
proteins (ORF) and four structural proteins: spike
(S), envelope (E), membrane (M), and nucleocapsid
(N), of which Spike enables the SARS-CoV entry
into cytosol of target cell [81]. As any virus of these
type, the Spike protein is the most variable and
due to this capacity, the SARS-COVs are capable
to penetrate the various cell membrane types of
mammals [80-81].

A s viral genome of beta strain containing about
31,3kB in total. The polyprotein regions (pp) or so-
called opened reading frames (ORFs) are mostly
represented in the viral genome for replicase genes
serving, the fragments of which are defined as non-
structural proteins or NSPs. The most appealing
regions to impact on are nspS and nsp12 which are
crucial for viral replication. The structural genes
encode for further purposes: spike (S), envelope
(E), membrane (M), and nucleocapsid (N), and with
auxiliary or accessory proteins among them [82].

Drug antiviral activity

The COVIDI19 pandemic caused the huge
problems to national health care (NHC) worldwide.
The firstresponse on such epidemical spread was how
to treat the infected patients, in order to ensure the
clinical effect and people around the globe stormed
the pharmacies to get paracetamol which is effective
against fever, others were claiming anti flu drugs,
hoping to get the therapeutical effects and some
even bought out the antibiotics, considering that it
would help too. Covid 19 is single stranded positive
RNA ((+) ssRNA) corona virus that attaches to host
cell receptor (ACE2) receptor via spike glycoprotein
in a combination of surface protease (TMPRSS2).
This virus relies heavily on replicase targets such
as: RNA — dependent RNA polymerase (RdRp),
Helicase, Exonuclease and Endoribonuclease. None
of above mentioned claimed drugs could not handle
the fast-increasing viral load and could bring neither
therapeutic nor prophylactic (preventive) effect.
Since then, the scientist worldwide launched the
rally to find the best drug against anti-viral activity
with replication-inhibiting feature that could ease
the patients’ infection spread.
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The viral infections are hard to fight without
harming the host cells, because viral genome uses
the cell host machinery to replicate and assembly
themselves into the new copies. The viral load
is fully dependent on the assembly rates take a
COVID19, one infected host cell can produce over
10 thousand of new corona viruses till the cell burst.

To understand how effectively to fight and to
treat the viral infection, we need to embrace the viral
life cycle that consist of further stages: Attachment
to the host (animal) cell receptor. The most animal
specific viruses have the additional lipid membrane
called envelope with protein spikes that serves to
attach a target cell, in SARS-COV2 genome by the
way they belong to the structural protein’s cohort.
Viral entry (endocytosis, fusion). Release of genome
(uncoating). Replication of viral genome. Proteins
synthesis or processing, assembly. Release of new
viruses.

Antiviral drugs

Represents almost 60 years development of
antiviral drugs in USA since early 60s in 20%"
century. Unfortunately, only with virus discoveries,
the research studies on antiviral drugs took place
allowing viral infection either to spread or adapt to
human immunity and genome, causing pharmacology
industry many problems in strategy establishment to
fight the viral invasion. Thus, only few drugs were
approved to fight them effectively. To make things
worse, the pharmacology and science were being
aimed only against persistent viral diseases that
require long and expensive therapy just to drag down
the viral load in host cells, furthermore viruses are
difficult to treat without serious side effects. During
many decades the antiviral medicine production
has created four main groups. They are 1) Anti-
influenza, 2) Anti-HIV drugs, 3) Anti-hepatitis and
4) Anti-herpes.

Favipiravir is pyrazine analog T-705 and
capable inhibitor of influenza viral RNA polymerase
[83]. Favipiravir’s metabolite (Favipiravir RTP
(ribofuranosyl 5’-triposhpate interacts with viral
RNA dependent polymerase (RdRp). It is assumed
that the antiviral effect can be downgraded in the
appearance of purine nucleotides ATP and GTP.
In addition, this metabolite can be identified as a
‘false’ purine by the viral RdRp [84]. The previous
in-vitro studies showed that SARS-COV2 Vero E6
infected cells tolerable cytotoxic response, namely
half-cytotoxic concentration (CC, ) was at the level
of 400uM and above [85]. Thus, it became clear
that Favipiravir could be used at high concentrations

to serve as safe and effective medicine against
COVID19 infection.

Ribavirin is well-known antiviral drug with
clear RNA and DNA replication interfering
guanosine analog. The RNA-polymerase is no single
target, but also thanks to it structure it prevents
RNA caping during the RNA strand maturing that is
heavily dependent on natural guanosine that keeps
RNA from degradation [86]. According to some
studies, no significant cytotoxicity was detected
at ribavirin concentrations of 31.3 pg/mL in Vero
cells model [87]. The clinical experience during the
pandemic showed that the patients in worsening
cases were given 400mg every S8hours in addition
methylprednisolone administration to decrease
the progressive viral load activity [88]. High
specialization of ribavirin drug made doctors to pair
with either IFN-a2a or [IFN-a2b (interferon) to cover
the therapeutic threshold to stop viral replication
[89]. In 2003, in Canada, the ribavirin therapy with
a dose of 500mg every 8 hours for 4-6days long was
also combined with a corticosteroid in 40% of SARS
patients [90]. So, Ribavirin is universal antiviral
agent that could be taken solely or in a combination
with either antiviral compound like interferon or
excessive immune suppressors like corticosteroid in
a worsening clinical dynamic.

Tenofovir belongs both for anti-HIV drugs
and Antihepatitic drug according to the producer’s

manual. Tenofovir represents the reverse
transcriptase inhibitors or nucleoside reverse
transcriptase inhibitors (NRTIs) are structural

analogues of nucleic acids which competitively
inhibit the reverse transcription by causing the
chain termination after they got involved into viral
DNA. This viral DNA-incorporation causes So-
called ‘lethal mutagenesis’. Tenofovir is also used
as antiviral drug against chronic hepatitis B as
nucleotide analogue. Tenofovir inhibits the HBV
(hepatitis B virus) polymerase by competing with
natural substrate for in cooperation with growing
viral DNA-strand causing as in HIV (human immune
deficit virus) chain termination, subsequently stalls
the reverse transcription and synthesis of viral DNA.
Tenofovir is yet another nucleotide analogue that
was initially designed to inhibit the HIV (human
immunogenicity virus) reverse transcriptase by
interfering the ATP-Polymerization in the growing
nucleic acid chain [9,10]. Tenofovir was also
assumed to be effective against COVID-19 as it
showed the tendency to dock the RNA- dependent
RNA-polymerase and silence its activity in
replication as well as in transcription and translation
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of structural and accessory proteins making virions
assembly almost impossible [91]. Tenofovir that is
used in our study is for oral administration medicine
in a form of disoproxil furmate (TDF) has many
side effects if it is used in high dosage, such as renal
toxicity, bone density degradation etc. [92]. In-vitro
studies suggest that at concentrations under 100uM,
tenofovir does not inhibit the viral replication in
VeroE®6 cells at the multiple infections in a so-called
preventive way, when tenofovir was administered
1h prior to infection and up to 48h post infection. In
the discussion of results, researchers came to idea
that tenofovir in ATP-forms require the activation
by host kinase and any cell type has probably the
proper kinase activity to launch the tenofovir
antiviral features and was suggested to try a study
on human airway epithelial cells [93.95].
Dexamethasone according to medicine
producer’s manual dexamethasone is synthetic
glucocorticoid (GCS), a methylated derivative
of  fluoroprednisolone. Provision of anti-
inflammatory, anti-allergic, immunosuppressive
action, increased sensitivity of beta-adrenergic
receptors to endogenous catecholamines. The anti-
inflammatory effect is linked to decreased capillary
permeability, stabilization of cell membranes
(especially lysosomal) and organelle membranes,
inhibition of eosinophil and mast cell release of
inflammatory mediators, induction of lipocortin
formation, and reduction in the number of mast
cells that produce hyaluronic acid.It acts on all
stages of the inflammatory process: it inhibits the
synthesis of prostaglandins (Pg) at the level of
arachidonic acid (lipocortin inhibits phospholipase
A2, inhibits the liberation of arachidonic acid
and inhibits the biosynthesis of endoperoxides,
leukotrienes, which contribute to inflammation,
allergies, etc.), the synthesis of “pro-inflammatory
cytokines” ( interleukin 1, tumor necrosis factor
alpha, etc.); increases the resistance of the cell
membrane to the action of various damaging
factors. The immunosuppressive effect is brought
on by lymphoid tissue involution, inhibition of
lymphocyte proliferation (especially T-lymphocyte
proliferation), suppression of B-cell migration
and interaction between T- and B-lymphocytes,
inhibition of cytokine release from lymphocytes
and macrophages (interleukin-1, 2; interferon
gamma) [94]. And decreased antibody production.
The antiallergic effect develops as a result of a

18

decrease in the synthesis and secretion of allergy
mediators, inhibition of the release of histamine and
other biologically active substances from sensitized
mast cells and basophils, a decrease in the number
of circulating basophils, T- and B-lymphocytes,
mast cells; suppression of the development of
lymphoid and connective tissue, reducing the
sensitivity of effector cells to allergy mediators,
inhibition of antibody formation, changes in the
body’s immune response. It is worth to mention that
0.5 mg of dexamethasone is equivalent to roughly
3.5 mg of prednisone (or prednisolone), 15 mg of
hydrocortisone, or 17.5 mg of cortisone, depending
on the degree of glucocorticoid action. According to
WHO data, dexamethasone should be used in severe
cases of COVID-19 cases, especially, if a patient is
dependent on live supporting systems.

Effective doses of antiviral effect of Favipiravir,
Ribavirin and Tenofovir for humans (in vivo) for
Vero E6 cells (in vitro)

Toxicity has a definition as the amount or degree
of a substance required to be poisonous. Toxicity
depends on the amount and concentration involved,
frequency of use, interactions of the person receiving
the substance of interest, and individual reaction of
the person [96].

Daily doses in mg of antiviral drug accorg
their manual by body mass in compar

Favipiravir (COVID-19)

— 10
L 1200 ]
1400
Ribavirin(HCV) #mlm-

Graph 1 — Since only Favipiravir or also known in the market
as Fabiflu is specialized medicine against SARS-COV2
infection, its dose is so high and is designed to administer
within 10 days for minor or moderate stages of COVID19
infection. Unlike Fabiflu, Ribavirin for instance was designed
to slow down the hepatitis C replication up to 72 weeks,
taking a drug twice a day at least. Tenofovir is suggested by its
manual to take once a day one tablet that contains 300mg of
tenofovir also for a long period of time under strict physician
prescription and control according to manufacturers’ manual
and according to publications [83-95].
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Effective doses of antiviral effect of Favipiravir,
Ribavirin and Tenofovir for humans (invitro) Vero
E6 cells

Max effective cell concentration in pM in avarage with
low cytotoxic effects on monolayers of Vero E6-cells
according to open-access research papers since 2003

Tenofovir (HIv, HBV) [N NN
Ribaverin (Hcv) | NNNERERE
Favipiravir (coviD-19)
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Graph 2 — Vero E6 -model also shows the toxicity edge for
monolayers cells tenofovir and ribavirin could be and dose
control plays a significant role not only to gain absolute viral
RNA/DNA-replication silencing but also to minimize the
negative side effect impact on contacting cells and tissues

Effective concentrations (EC,, EC., EC,),
concertation efficacy of three drugs (Inhibition
activity)

Half maximal viable concentration (EC,)) may
be a degree of the concentration of a medicate,
counter-acting agent (e.g., antibodies), or toxicant
which actuates a reaction midway (halfway) between
the pattern and the greatest value after an indicated
introduction time, saying it differently, EC, can be
specified as the concentration needed to obtain a
50% drug, antibody or toxicant effect.

PEC;;, = —log;,(ECyp) (1)

There is a wide run of EC,, (1) values of drugs;
they are regularly at any value from nM to mM.
Thus, it is frequently more common sense to allude
to the logarithmically transformed pEC,, values
rather than EC,. The term “potency” refers to the
EC,, value. The lower the EC, value, the lower
the drug concentration required to achieve 50% of
the maximal effect and the higher the potency. The
EC,, and EC,, concentrations to induce 10% and
90% maximal responses respectively.

However, viral replication is needed to be
stopped utterly, even 90% of replication silencing or
‘breaking’ is not enough to achieve the therapeutic
effect of antiviral medication. Thus, so called old
drugs like ribavirin and tenofovir are designed
to be administrated for a long period of time and
in relatively moderate concentration to inhibit the
viral replication activity in host cells. Ribavirin

and tenofovir are the antivirals for a long run drug
therapy for primary purposes, but the increased
concentration for 10 days prescribed therapy like
favipiravir can be either reasonable risk for a cheap
and effective alternative or ‘side-effect disaster’ for a
chance to fight COVID-19 for instance or influenzas.
To make things worse, the effective concentrations
(EC,,, EC,,, EC,)) measure was heavily criticized
already in 2003 due its ‘vagueness’ [97].

To support the idea of the vagueness of this
measure methodology, A study for antivirals
as individual run and as a drug combination
effectiveness were made in Japan to show how E_
values span in vitro studies, the difference between
minimum and maximum values are in average 40
times [98]. Thus, the values of E  and E, also
demonstrated the wide range of ‘runaway’ values
with data infirmity in its veracity.

To sum up, to fight the viral replicase of fast
developing SARS-COV2 (i.e., its intercellular
spread), 100% silencing is required and to gain this,
physicians prescribe either high drug doses withing
10days in average with a particular drug like T-705
(favipiravir) or a combination of drugs like ribavirin
with corticosteroids (such as: dexamethasone), or
even 300mg tenofovir daily up to one week period,
yet not at critical phase of COVID-19 infection.

Lethal mutagenesis as a purpose

The lethal mutagenesis characterization for virus
existence and since any virus after entrance into
the host cytosol consists of genetical information
(mRNA), the lethal error rates in replicating
itself plays critical role, so that the threshold line
between extinction and survival is very thin and
as proof-reading-important for viral survival as for
pharmacology to target viral replicating machinery
in a host cell. [104].As mRNA -Virus, COVID-19
has basically two ways to fight against, namely
vaccination and drug intervention. The drug
intervention of these antivirals is mostly bound
with RdR- inhibition to reach lethal mutagenesis
of viral infection. When the viral genomic RNA
(gRNA) ingests itself in the host cell it has relatively
unstable single stranded positive genomic RNA that
requires to be replicated as soon as possible to be
able to replicate new genomic RNA for structural
proteins synthesis and assembly, furthermore,
after replicating itself the ‘original’ genomic RNA
craves to build the sub-genomic RNAs (sgRNA) via
transcription, these sg-RNAs (with caped mRNA,
as in eucaryotic cells) are essential for translation
in expressing the structural proteins that go to viral

19



The SARS-CoV2 epoch and proper managing strategies to face the challenges both in viral research and treatment

assembly as well as newly replicated gRNA. As a
result, inhibiting or interfering the viral replicase
represents a serious arsenal in antiviral therapy
that allows us to insert mutated gRNA or damaged
gRNA into assembly process, providing so called
extinction by fatal error in viral genome during and
after replication [99,100,105].

The lethal mutagenesis of Ribavirin

As it was already mentioned ribavirin was
invented roughly 40yeras ago and showed antiviral
efficacy not only in human but also in animal lines.
As guanosine analog it goes to host kinase as
ribavirin triphosphate and pairs either with cytidine
or uridine-triphosphate and mimics the purine
nucleobase, causing the serious mutations during
replicase and causes the lethal mutagenesis as anti-
viral therapy reducing the viral load rates [99-101,
103]. In 2019 a new drug against influenzas was
developed-molnupirovir having the same RdR-
inhibiting properties as ribavirin has, and it showed
the promising results during Covid-19 pandemic.
Both drugs are nucleoside-inhibitors. Unlike
ribavirin, molnupirovir is pyrimidine analog. It is
worth to mention that ribavirin is much cheaper and
more carefully observed drug than molnupirovir
demonstrating the similar effectiveness.
Nevertheless, during pandemic crisis in 2003 and
2019 the treatment was combined either with other
drugs or so-called adjuvants like interferons and
corticosteroids to achieve maximum outcome from
treatment, and ribavirin was a classic example for
these combination lines with acceptable survival
as well as recovery rates among mild and moderate
patients with SARS and SARS-COV2 infection
[105].

The lethal mutagenesis of Favipiravir

Favipiravir is yet another effective nucleoside
-inhibitor with proven wide-spectrum viruses that
strongly rely on RdR. In countries like India and
Japan, favipiravir showed the high rates of clinical
effectiveness and relatively low cytotocity as well
as side-effect potential. Along with ribavirin it was
mainly prescribed for mild or moderate patient
with 9-14days inpatient background. [102,105].
Favipiravir has also a good response on host RNA
dependent replicase kinase that enables favipiravir
as effective lethal mutagenesis causer not only in
SARS-CoV2 populations but also against deadly
Ebola, commonly known influenza and terrifying
rabies which makes it valuable asset as antiviral
medicine [99-105].
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The lethal mutagenesis of Tenofovir

The most cytotoxic drug among our antiviral
drug list (only 300mg oral administration is allowed
daily). Tenofovir belongs too to the nucleoside
-inhibitor that incorporates with RdR and makes
viral DNA synthesis not viable and shouts down
the virulence potential. Originally, it was designed
against HIV and Hepatitis B viral invasion [103,105].

Steroids save lives in critical and sever cases of
SARS-COV2 infection, nevertheless, it has its cost —
bone infarct development

As it was already mentioned the immune
system in humans is responsible for ‘overdefensive’
response on viral invasion causing huge tissue
damage independently on age group casing severe
pneumonia as ‘final act’ of immunity — so called
‘cytokinetic storm’ which probably was the main
reason of lethal outcomes during Spanish influenza
pandemic after WWI. All three antiviral drugs
a clinically prescribed for patients with mild or
moderate state of viral infection, reducing the
viral load through lethal mutagenesis, enabling us
to achieve ideally the viral extinction. In severe
cases, doctors mostly betake steroids to calm the
overreacted immune response that could be lethal
if it is not stopped and here comes corticosteroids
in combination with antiviral therapies like with
ribavirin already in 2003. The antiviral effect was
so high and effective that WHO (world health
organization) recommends dexamethasone as
additional and safe medicine to fight COVID-19
infection in mild and moderate patients care,

Before 2019, the steroids’ side-effects were
studied among many patients with passivated
immunity. The bone infarct mostly caused by
chronic appearance of immune passivation as well as
during other health destructive patterns like alcohol
misusage and chronic smoking The doses risk mostly
started from 500mg of corticosteroids of daily
administration for 1-3months [106]. However, the
low doses up to 100mg a day showed the low risk,
somewhere between 2-3%. The dexamethasone has
4mg/ml interveinal administration protocol during
the COVID-19 treatment and only a physician makes
a decision on the effective dose. WHO recommends
to use in mild stages of infection 15-20mg a day
as auxiliary therapy option. But what happens
with severe cases is still not clear and everything
is highly individual and intense steroids therapy
was inevitable to fight the progressing pneumonia
and other signs of acute COVID-19 complications
[1.8,14].
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Conclusion

All above mentioned aspects of COVID-19
virus and its spread potential are based on its
structure like receptor binding capacities and
host cell invasion procedures that fully depend on
functional genome both of non-structural (nsps) or
poly-protein regions and of course the structural
proteins synthesis which play the most important
role in viral assembly. The innate immunity takes
the first defense line that allows to withstand the
intense viral load growth. The adaptive immunity
is the most powerful arsenal against human to
human — spreading way, that neutralize viruses
or viral particles not only intercellular but also
intracellular way. The vaccination against SARS-
CoV2 show high rates of resistance and survival
rates among hospitalized patients and temporary
protection for healthy individuals. Apart
vaccination, the biotechnological approaches like
poly- and mono-clonal antibody synthesis can offer
a big deal of advantages to comprehend the viral
infection patterns and set the sophisticated strategy
lines to neutralize the viral infection, nevertheless,
polyclonal and monoclonal antibodies studies bare
upper hand therapy strategies as well as serious
drawbacks that cannot be ignored freely. The
hybridoma technologies, for example can offer
the high rates of monoclonal immunoglobins that
could be used in recombination science, yet only in
lablotory scales. The pharmacological therapies also
give some solutions in antiviral drug development.
By comprehending the nature of viral replication,
the lethal mutagenesis concept began to be one
of the main directions of COVID-19 spreading
fighting policy in clinical practice. The combination
of drugs like using wide range nucleoside —

analogs (Ribavirin, Tenofovir and Favipiravir)
with corticosteroids like dexamethasone showed
the marvelous effect in mild and moderate stages of
COVID-19 —infection severeness. Three discussed
drugs form a basis of antiviral therapy for many
years because they were primarily used against so
called static and long-lasting viral infections like
Hepatitis B and C, HIV and even against Ebola-
virus. These drugs represent the real antiviral
effect on COVID-19 virus replication, causing so
called viral extinction through lethal mutagenesis.
However, as it was already discussed the steroids
can have profound negative effect on human health
in long term perspectives as side-effect(s) and one
of them is the bone infarct. Thus, any practicing
physician has to weigh the risks of steroids
involving in antiviral therapy.
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DISTRIBUTION FEATURES AND BIOLOGICAL CHARACTERISTICS
OF ENDEMIC PLANT OF WESTERN TIEN-SHAN
ERANTHIS LONGISTIPITATA

The article provides updated data on the distribution of the endemic species of the Western Tien
Shan Eranthis longistipitata Regel on the territory of the Aksu-Jabagly Nature Reserve. The features of
the structures of the discovered coenopopulations are described. As a result of route field studies of the
Kazakh part of the Western Tien Shan, 3 coenopopulations of Eranthis longistipitata were discovered.
The first population is the Taldy-Bulak Gorge (left bank of the stream); the second population is the
Zhetimsai Gorge (left bank of the stream); the third population is the Valley of the Irsu River. The dis-
covered populations are marked on the map of the Aksu-Jabagly Nature Reserve. Monitoring sites were
created for all coenopopulations, the species density was calculated using the method of A.A.Uranov,
the species composition was determined. The average density of Eranthis longistipitata species varied
from 14 to 22 pcs/2m?. The morphometric characteristics of the detected species growing in 3 different
sites have been studied. The population of Eranthis longistipitata growing in the valley of the Irsu River
was marked by the maximum indicators (stem height, number of leaves and sepals). The plant commu-
nity of 3 monitoring sites and the predominant soil type were determined. Explanatory graphs and tables
have been created and an assessment of the current state of the structural features of the distribution and
coenopopulations of Eranthis longistipitata in the Kazakh part of the Western Tien Shan has been given.

Key words: Eranthis longistipitata Regel, Western Tien Shan, Aksu Jabagly Nature Reserve, endemic,
population density, morphometric characteristics.
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batbic TaHb-LLlaHb aHAeMuKanbik, Eranthis longistipitata
6CIMA|riHIH, TapaAy epekiLeAiKTepi MeH OMOAOTUSIAbIK CHUIMATTaMaAapbl

Makanrapa Akcy->KabarbiAbl MEMAEKETTIK TabuFM KOPbIFbIHbIH ayMaFblHAQ ©CeTiH batbic TsHb-
LLaHbHbIH 3HAeMMKaAbIK, Eranthis longistipitata Regel ecimairiHiH TapaAybl TypaAbl HakKTblIAQHFaH
MBAIMETTEP KEeATIPIAreH. AHbIKTAAFaH LLEHOMOMYASILMS KYPbIAbIMAAPbIHbIH epeKLLEAIKTEPI CMMaTTaAFaH.
batbic TaHb-LLlaHbHbIH, Ka3akCTaHAbIK, OOAITIH MapLLPYTTbIK, AAAaAbIK, 3epTTey HaTuxeciHae Eranthis
longistipitata ecimairiHib 3 ueHononyAsumscbl TabbiAAbL. BipiHui nonyasums — TaaabIOyAaK, LATKAAbI
(@FbIHHBIH, COA YKaFaAaybl); eKiHWi nonyAsiums — XXeTiMcai WaTKaAbl (@FbIHHbIH COA >KaFaAaybl); YLiHLi
nonyAsiumst — Mipcy e3eHiHiH aHfapbl. TabbiaraH nonyasumsiaap Akcy->KabarbiAbl TabUF KOPbIFbIHbIH,
KapTacbiHAA 6eAriaeHreH. bapAbik LLEHOMOMYASIUMSIAQP YLLiH MOHUTOPUHITIK aAaHAAP KYPbIAAbI, TYPAIH
ThIFbI3AbIFbI A.A. YPaHOB 8AICIMEH ecenTeAAi, Tipi XXep >KaMbIAFbICbIHbIH, TYPAIK KypPambl aHbIKTaAAbI.
Eranthis longistipitata eciMAiriHiH opTawa TbiFbI3AbIFbl 14-TeH 22 AaHa/2m?-re AeiriH aHbIKTaAAbI.
3 TypAi aiiMakTa eceTiH TabbiaraH Eranthis longistipitata eciMairiHiH MOPOMETPUSABIK CUMaTTaMaAapbl
3epTTenai. TabbiAFaH MOMNyASUMSAAPAbIH apacbiHAQ MAaKCMMaAAbI KepceTKiwTep (cabarbliHbiH, GUIKTIri,
>KanblpakTapbl MEH CenaAAapbiHbiH, CaHbl) Mpcy e3eHiHiH aHFapbiHAQ TyFaH. 3 6akbiAdy aAaHbIHbIH
OCIMAIKTED KaybIMAACTbIFbl >X8HE TOMbIPakTbiH 6acbiM Typi aHbIKTaAAbl. TyciHAipme rpadmkrep

28 © 2023 Al-Farabi Kazakh National University
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MEH KecTeAep >kacaAabl oHe batbic TaHb-LLaHbHbIH KasakcTaHabK, 6eAirinae (Akcy->KabarbiAbl
MEMAEKETTIK TabuFM KOPbIFbIHbIH, ayMarbiHaa) Eranthis longistipitata ecimairiHiH TapaAybl MeH
LLEHOMOMYASLMSAAPbIHbIH, KYPbIABIMAbIK, €PeKLIEAIKTePiHIH Kasipri kan-kyniHe 6ara Gepiaai.

Tyiin cesaep: Eranthis longistipitata Regel, batbic TsaHb-LLlaHb, Akcy->KabarbiAbl MEMAEKETTIK
TabUFN KOPbIFbl, SHAEMMK, MOMYASLUMSAHbIH TbIFbI3AbIFbI, MOP(OMETPUSIAIK, CHUMaTTamaAapbl.

K.E. AiimeHoBa'*, A.A.. MatuaHos?, C.A.. A>kymaHoB?,
A.A. Cym6embaes*, LLI.E. Ayncebaes’

"fOxHo-KazaxcTaHckuii yHuBepcuteT uMeHn M. Aya3oBa, KasaxcTtaH, r. LLbiMkeHT
2MHCTUTYT GMOOPraHMyeckomn xummmn nmenn akapemmika A.C. CaabikoBa
Akaaemuu Hayk Pecrny6avku Y3bekuncraH, Y3bekucTaH, r. TawkeHT
SAKkCy-Askabar AMHCKMI FOCYAAPCTBEHHDbI MPUPOAHbIN 3anoBeaHuK, KasaxcraH, c. XKabarbiabl
4AATanckmn 6otaHmnueckmin caa, Kasaxcras, r. Puaaep
*e-mail: zhanar.aimenova@auezov.edu.kz

OC06eHHOCTH pacnpoCTPaHEeHUSI U GUOAOTMYECKME XapaKTEPUCTUKK
3HAEMHYHOro pacteHus 3anaaHoro Taub-LUaug Eranthis Longistipitata

B cTtatbe npeAOCTaBAEHbl yTOUHEHHbIE AQHHbIE O PACNPOCTPAHEHNM SHAEMUYHOI O BUAQ 3anaAHOro
Tanb-LUang Eranthis longistipitata Regel Ha Ttepputopum Akcy-AykabarAMHCKOro 3arnoBeAHMKa.
OnucaHbl 0COBEHHOCTM CTPYKTYP OOHAPY>KEHHbIX LEHOMONyAsiumMin. B pesyAbTaTe MaplupyTHbIX
MOAEBbIX UCCAepOBaHMI  KasaxctaHckon vactu 3anapHoro TaHb-LLlaHs 6biAM  o6HapyskeHbl 3
uerononyAsuun Eranthis longistipitata. NMepBas nonyasums — Yuieabe Taaabl-6yaak (AeBbii Geper
pyubsi); BTOpas nonyasumus — Yiueabe XKeTiMmcait (AeBbit Geper pyubsl); TPeTbsl MOMYASIUMS — AOAMHA
pekn Mpcy. O6Hapy>KeHHble MOMyAiumMM OTMeuYeHbl Ha Kapte AKCy-AykKabGarAMHCKOro npupoAHOro
3anoBeAHMKa. AAS BCEX LIEHOMOMYASUMA ObIAM CO3AAHbI MOHWUTOPWMHIOBbIE MAOLLAAKM, MAOTHOCTb
BMAQ PACCUMTbIBAAACH MO MeToAY A.A.YPaHOBA, ONPEAEASIACS BUAOBOM COCTAB >KMBOIO HAaroO4BEHHOrO
nokpoBa. CpeaHsis MAOTHOCTb BuAa Eranthis longistipitata BapbupoBana oT 14 A0 22 wt/2m2.
MccaepoBaHbl MOPgOMETPUYECKME XapaKTEPUCTUKM OBHAPY>KEHHOrO BMAQ, MPOM3pacTaloWMX B
3 pasHbIX y4yacTkax. MakCMMaAbHbIMU MOKa3aTeAsIMU (BbICOTOM CTEOAS, KOAMYECTBOM AUCTbEB M
YalleAMCTMKOB) oTMedeHa nonyAsaums Eranthis longistipitata, npouspacTratowasi B AoAnHe peku Mpcy.
OrnpeaeAeHo pacTUTeAbHOe COOBLECTBO 3 MOHUTOPMHIOBBIX MAOLIAAOK M MPEOBAAAQIOLLMIA TUM MOYB.
Co3AaHbl NOSICHUTEAbHbIE FPpahuKM 1 TabAULIbI U AAHA OLLEHKA COBPEMEHHOIO COCTOSIHUS CTPYKTYPHbIX
0CobBeHHOCTEN pacnpocTpaHeHus 1 ueHononyAsumin Eranthis longistipitata Ha KasaxcraHckon uacTtm

3anaaHoro TaHb-LLlaHg.

KaoueBble caoBa: Eranthis longistipitata Regel, 3anaaHbiin Taub-LLlanb, Akcy-AskabGarAMHCKMIA
rOCYAAPCTBEHHbIN MPUPOAHDIA 3aMOBEAHMK, SHAEMMK, MAOTHOCTb MOMYyASUMIA, MOPOMETPUYIECKME

XapaKTepnuCTmKn.

Introduction

The flora of Kazakhstan includes more than 13
thousand species, including more than 5750 species
of higher vascular plants, about 5000 — fungi, 485 —
lichens, more than 2000 — algae, about 500 — mossy.
There are centers of flora endemism in Kazakhstan
(Karatau Mountains, Western Tien Shan), a num-
ber of unique natural complexes and communities
original in floral composition. The country has a full
range of subzonal vegetation variants of steppes,
deserts and mountain belts characteristic of central
Eurasia [1].

The Western Tien Shan is characterized by ex-
ceptional diversity, mosaic and beauty of landscapes;
outstanding evidence of large-scale geological and
evolutionary processes; a unique combination of dif-
ferent types of ecosystems; a rich animal and plant
world, a considerable proportion of which are endem-

ic species and communities, as well as a significant
number of rare and endangered species [2].

Aksu-JabaglyNature Reserve is the northern
part of the Western Tien Shan at the point of con-
vergence of the borders of three states — Kazakhstan,
Kyrgyzstan and Uzbekistan. It occupies a mountain-
ous territory stretching 53 km from west to east and
41 km from south to north. Aksu-Jabagly Nature
Reserve is unique not only for the duration of the
protection regime established in it and the diversity
of the flora and fauna represented [3].

The flora of the Reserve is about 50% of the flo-
ra of the Western Tien Shan (without Karatau) and
almost 25% of the flora of the entire Central Asia.
It is characterized by a high degree of endemism —
representatives of 20 out of 64 genera endemic to
the Mountainous Central Asian province grow here.
72 species of plants — wild relatives of cultivated
plants, about 200 species of medicinal plants and 57
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species listed in the Red Books of Kazakhstan, Uz-
bekistan and Kyrgyzstan grow on the territory of the
Reserve [4].

One of the endemic species of the Western Tien
Shan is Eranthis longistipitata Regel (Figure 1).

All Eranthis species are distributed in limited
areas from southern Europe to central Asia that ex-
tend to China, Eastern Russia, Central Asia, Korea
and Japan (Fig. 2).

Three species with yellow sepals are E.hyemalis
(L.) Salisb., which grow in southern Europe including
parts of France, Italy, and the Balkans; E.cilicica
Schott Kotschy, which is considered conspecific
with E.hyemalis and is found in southwestern
Asia including Turkey and Afghanistan; and
E.longistipitata Regel is native to central Asia from
central southern Russia eastward to Uzbekistan and
Iran.

Figure 1 — E.longistipitata flowering period on the territory of Aksu-Jabagly Nature Reserve
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Figure 2 — Distribution of Eranthis species [5]

Species with white sepals include E.sibirica
D.C., native to northern Asia; E.albifora Franchet
and E.lobulata W.T.Wang, native to western China;
E.stellata Maxim., native to eastern Asia including
northern China, Korea, and southeast Russia [6];
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E.byunsanensis B.Y .Sun, native to the southern part
of Korea; E.pungdoensis B.U. Oh, native to a very
small Pungdo island of the west coast of Korea; and
E.pinnatifda Maxim., native to Japan. Most species
of Eranthis have flowers with a single petal.
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On the basis of morphology, the genus has been
divided into two sections: E. sect. Eranthis and E.
sect. Shibateranthis (Nakai) Tamura [7]. The type
section is characterized by annual tubers, yellow
sepals and emarginate or slightly bilobate upper
petal margins without swellings (nectaries), whereas
the members of section Shibateranthis have long-
lived tubers, white sepals and bilobate or forked
petal margins with swellings [8].

Plants ofthe Eranthisgenus are endemic perennial
tuberous ephemeroids [9], psychromesophytes
(plants growing mainly on cold and moist soils [10],
semigeliophytes (this ecological group includes
those plants that are adapted to life in places with
good sunlight, but resistant to shading [11]. During
the growing season, plant stems grow up to 25 cm
at flowering and up to 40 cm at fruiting. There is
a single basal leaf, which increases in size during
fruiting. Stem leaves, depending on the species, may
be present or absent and also change their size during
the growing season. Some species have trichomes on
the peduncle and peduncle. The flowers are white or
yellow, depending on the section, most often single,
bisexual, stamens in the amount of about 40 pieces.
The fruit is a leaflet that contains up to 8 seeds of a
rounded shape [12-16].

?ﬂ“‘
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oy
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Plants of the Eranthis genus have practical
applications. Studies of E.cilicica components have
led to the isolation of ten chromone derivatives,
two of which were previously known. Antioxidant
activity was determined in a number of substances
[17]. In another study, phytochemical analysis of
E.cilicica tubers showed the presence of eleven
new cycloartan glycosides and one new oleanane
glycoside, together with one known oleanane
glycoside. Aglycone and its C-23 epimer and
ioleanane glycosides have shown cytotoxic activity
against HL—60 leukemic cells [18].

The lectin found in E.hyemalis tubers (L) is a
protein that inactivates Type II ribosomes (Type II
RIP). It has shown anti-cancer properties and has great
potential as a therapeutic agent [19]. In an earlier study,
a modified protocol for the extraction and purification
of EHL using affinity chromatography was presented
and the cytotoxic effect of lectin against amphid
neurons of Caenorhabditis elegans was proved [20].

Since the Western Tien Shan is divided by
three Central Asian states: Kazakhstan, Uzbekistan
and Kyrgyzstan (figure 3), previously, the endemic
species of the Western Tien Shan E. longistipitata
was also found on the Uzbek and Kyrgyz sides of
the Western Tien Shan (table 1).

‘of Western Tien-Shan

MM AN

Figure 3 — Location of Western Tien-Shan [21]
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Table 1 — Location of points of the natural growth of E./ongistipitata in the Western Tien Shan [22]

Ne Locality, coordinates

Habitat

74°51'37"E

Kyrgyzstan, Chuya region, Issyk-atinskii district, Niczniaya Serafimovka village; 42°45'02"N,

foot of the mount

2 | Kyrgyzstan, Chuya region, Issyk-atinskii district, Karandolot tract; 42°44'22"N, 74°55'50" E

foot of the mount

Uzbekistan, Andijan region, Khojaabad district, east-southeastern part of Fergana valley, Kyrtashtau

3 mountains, near Imamat village; 40°3227" N, 72°36'28" E mossy stony slope
4 Uzbekistan, Samarkand region, Urgut district, western Pamir-Alai, Gissar-Alai, western part of the juniper forest on
Zeravshan ridge, right bank of Amankutansai river, near Amankutan kishlak; 39°18'16" N, 66°55'45" E the slope
5 Uzbekistan, Tashkent region, Bostanlyk district, western Tian Shan, spurs of northwestern part of walnut grove on
Chatkal ridge, Galvasay river valley—Ileft tributary Chirchik river, left bank; 41°32"20" N, 69°53'03" E the slope

Uzbekistan, Tashkent region, Bostanlyk district, Western Tian Shan, north-western part of Chatkal
6 |ridge, foot of Big Chimgan mountain, area between Galvasay and Mramornaya rivers, on road from bushy slope

Uchterek tract to Chimgan tract; 41°31'05” N, 69°59'15" E

The research objective is to identify E.
longistipitata populations on the territory of the
Kazakh part of the Western Tien Shan and study their
abundance, density and morphological features.

Materials and methods

The subject of the study is a perennial
herbaceous endemic species of the Western Tien-
Shan belonging to the family Ranunculaceae Juss.
(figure 1).

The work was carried out according to generally
accepted methods for studying coenopopulations
[23-25].

The method of research was a route-
reconnaissance survey of the territory. To study
the general composition of the flora, as well as to
monitor the growth points of E. longistipitata,
field trips were carried out in spring, summer and
autumn. The survey was carried out using existing
maps of the Aksu-Jabagly State Nature Reserve, as
well as a GPS navigator (GPS Map 65, Garmin). All
locations were recorded and were identified plants
that make up the phytocenosis of the monitoring site.
For this purpose geobotanical monitoring plots were
established, investigation of which was carried out
according to the generally accepted method [26]. To
study the floristic composition of the communities,
about 80 herbarium specimens were collected and
processed. The species were identified using the
main reports [27-29].

Taking into account that E. longistipitatais
endemic plant of the Western Tien-Shan, we have
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studied its morphological characteristics. For
this, measurements of generative and vegetative
individuals (50-80) were carried out, and data on the
morphological variability of flowers were collected.
To verify the distribution range of E. longistipitata.
in Kazakhstan, all available floristic summaries and
other literary sources, as well as the herbarium of the
Institute of Botany of the Academy of Sciences of
the Republic of Uzbekistan (TASH), the herbarium
of the Altai Botanical Garden (ABG)and materials
from the Plantarium website [30] were consulted.
Statistical data processing was carried out using the
Descriptive Statistics MS Excel 2007 program.

Results and discussion

The studies were carried out on the territory of
the Aksu-Jabagly State Nature Reserve (established
by the resolutions of the Council of People ‘s
Commissars of the Kazakh ASSRdated July 14,
1926), in 2022-2023.

E.longistipitata is a perennial plant with an
almost spherical tuber bearing 1-2 basal palmately
3-5-separated leaves and a leafless stem, 3-25 cm
long, at the top of which there is a wrapper-cover
divided into linear segments (figure 1).

To establish the actual places of growth in
Kazakhstan, a review of herbarium funds in
Kazakhstan (ABG) and Uzbekistan was carried out
(TASH) (table 2).

Based on the database collected before the study,
a population map of E.longistipitata was created
(Table 3, Figure 4).
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Table 2 — Synopsis of archival herbarium finds of E. longistipitata in Kazakhstan

Location Date Collector

Kazakhstan, Novo-Nikolavka village, Aksu-Dzhabagly nature reserve, 24.04.1969 Collected by: Rusov, Shmarina
northern slope, thickets of wild roses o Determined by: Rusov
Kazakhstan, Karatau mountains, under a snow patch, at the top of the 2.05.1939 Collected by: N.V. Pavlov
Meshistye Mountains, near Tyulkubas station T Determined by: N.V. Pavlov

. Collected by: N.N. Graz-Guseva
Kazakhstan, Karatau mountains, on a rocky slope 2.05.1928 Determined by: N.V. Pavlov
Kazakhstan, Turkestan region, Karatau mountains, Bazhibil pass, 29.04.1930 Collected by: S.Yu. Lipschitz
under a snow patch on a slope o Determined by: S.Yu. Lipschitz
Kazakhstan, Turkestan region, foothills of the ridge Karatau, rocky 204.1930 Collected by: S.Yu. Lipschitz
slopes near the village of Babay Kurgan o Determined by: S.Yu. Lipschitz
Kazakhstan, Karatau ridge, Mount Arkarly Tau. Forb steppe, on a 2051935 Collected by: L. Chilikina, A. Mamirova
slope near the village of Vasilievka T Determined by: L. Chilikina

. . Collected by: P. Zhugina
Kazakhstan, Shymkent, along the ridges to the west of the city 12.03.1932 Determined by: N.V. Paviov
Kazakhstan, Turkestan region, Karatau mountains, lawns on the 4.04.1930 Collected by: S.Yu. Lipschitz
slopes of the mountains in the Ush-Uzen tract o Determined by: S.Yu. Lipschitz
Kazakhstan, Shymkent region, between the villages of Vysokoe and Collected by: L. Pimenov
8.05.1973 . .

Rappovka Determined by: L. Pimenov
Kazakhstan, South Kazakhstan region, gravelly slopes on the tops of 1.05.1939 Collected by: N.V. Pavlov
the Kuyuk mountains o Determined by: N.V. Pavlov

R4

Figure 4 — Map of the distribution areas of E./ongistipitata populations on the territory of Aksu-Jabagly Nature Reserve [31]
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Table 3 — Geographical location of the studied E.longistipitata
populations

Ne Location Geogra}phlcal

coordinates

Coenopopulation 1 Taldy-bulak Gorge, left | 42°25’12N
pop bank of the stream 70°28°28E
Coenonopulation 2 Zhetimsai Gorge, left 42°24°41N
pop bank of the stream 70°32°41E

. 42°21°33 N
Coenopopulation 3 Irsu Valley 7022°28E

The study of coenopopulations began with the
study of the geographical location of the studied
E.longistipitata species and the establishment of
a plant community. Phytocenotic and ecological
features of the habitat were determined by the main
parameters.

As shown in Figure 4 and Table 2 populations of
E.longistipitata in the Aksu-Jabagly Nature Reserve
are represented in 3 growth sites:

1. Site I — Taldy-bulak Gorge. Community:
Deciduous-shrubby. Trees and shrubs— Crataegus
turkestanica Pojark, Lonicera tianschanica Pojark.,
Spiraea hypericifolia L., Rosa kokanica Regel,
Rosa fedtschenkoana Regel, Ephedra equisetina
Bunge. Population contains 14 individuals of
E.longistipitata.

Herbaceous plants — Ziziphora bungeana Juz,
Hypericum perforatum L., Eremurus regelii Vved,
Achillea millefolium L., Crocus alatavicus Regel
& Semen., Gagea lutea (L.) Ker Gawl, Arum
korolkowii Regel, Hypericum perforatum L.

2. Site II — Zhetimsai Gorge. Comminuty:
Deciduous-shrubby. Trees and shrubs — Crataegus

turkestanica Pojark, Lonicera tianschanica Pojark.,
Lonicera nummulariifolia Jaub. & Spach, Spiraea
hypericifolia L., Rosa kokanica Regel ex Juz., Rosa
fedtschenkoana Regel, Salix babylonica L., Malus
sieversii (Ledeb.) M.Roem.Population contains 15
individuals of E.longistipitata.

Herbaceous plants —Ziziphora bungeana
Juz., Hypericum perforatum L., Eremurus regelii
Vved, Achillea millefolium L., Crocus alatavicus
Regel & Semen., Gagea lutea (L.) Ker Gawl.,
Hypericum perforatum L., Leontice albertii Regel,
Corydalis ledebouriana Kar. & Kir., Verbascum
songaricum Schrenk., Hordeum bulbosum L.,
Tulipa kaufmanniana Regel.

3. Site Il - Irsu Valley. Comminuty: Savannoid.
Trees and shrubs —Spiraea hypericifolia L., Rosa
kokanica Regel ex Juz.Population contains 22
individuals of E.longistipitata.

Herbaceous plants —Ziziphora bungeana Juz.,
Hypericum perforatum L., Eremurus regelii Vved,
Achillea millefolium L., Crocus alatavicus Regel
& Semen., Gagea lutea (L.) Ker Gawl., Leontice
albertii Regel, Corydalis ledebouriana Kar. &
Kir., Verbascum songaricum Schrenk., Hordeum
bulbosum L, Tulipa kaufmanniana Regel, Tulipa
greigii Regel, Rhinopetalum karelinii Fisch. ex D.
Don, Sedum alberti Regel.

In all coenopopulations the number of E.
longistipitataplants was 150 individuals. The
average density of the coenopopulations ranged
from 14 — 22 individuals/2m? in the 3 populations
(Figure 5).

Next step of our researches was investigation
of differences in morphometric characteristics
of generative individuals of the FE.longistipitata
populations (table 4).

[
)]
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E. longistipitata species on the territory
of Aksu-Jabagly Nature Reserve

o

Population 1

Population 2
Populations of E. longistipitata from I, II, IIT Site

Population 3

Figure 5 — Average density of the E.longistipitata species
on the territory of the Aksu-Jabagly Nature Reserve
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Table 4 — Morphometric characteristics of E.longistipitata generative individuals in 3 coenopopulations.

Coenopopulation from the Site | Coenopopulationfrom the Site | Coenopopulation from the Site
Indicators I(Taldy-bulak Gorge) IT (Zhetimsai Gorge) I (Irsu Valley)
M=+m M+m M+m
Stem height, cm 4.7 4.7 5.9
Number of leaves 2.5 2.6 34
Number of sepals 15 18 22

According to the data obtained in Table 4, the
main morphometric characteristics of individuals
from coenopopulation III are superior to the rest.
These individuals have the highest stem length,
the maximum number of leaves and the number of
sepals. Also, as shown in Figure 5, the maximum
number of E.longistipitata individuals was also
noted in the coenopopulation growing in the Irsu
valley.

This fact may be due to the fact that the Irsu
Valley is higher than the other two points (1454
m above sea level). Accordingly, the amount of
precipitation and the humidity level are higher
than in Taldybulak (1198 m above sea level) and
Zhetimsai Gorge (1452 m above sea level). It
should also be noted that the level of humidity and
precipitation is higher there, since populations of .
longistipitata grow in the valley of the Irsu River,
and in the other two points — Taldy-bulak gorge
and Zhetimsai populations of E. longistipitata grow
along small streams. The soil type in the Irsu River
Valley is also different. Stony soil type and savanna
vegetation type prevail here, while deciduous shrub
vegetation type and gray-brown soils prevail in
Taldybulak and Zhetimsai gorges.

Conclusion

As a result of the conducted research, the
areas of growth of E.longistipitata populations
in the Kazakh part of the Western Tien Shan (the
territory of the Aksu-Jabagly Reserve) have been
established. 3 points are marked: Taldy-bulak
Gorge, Zhetimsai Gorge and Irsu Valley. Established

growth sites have different levels of altitude above
sea level. The highest point of the place where
E.longistipitata grows is the valley of the Irsu River.
At the same time, the average population density
of E.longistipitata at these three points has been
established. The highest density is noted on site No.
III (the valley of the Irsu River). The next stage of
the research was to determine the morphometric
characteristics of the detected populations. The
following parameters were selected as indicators:
the height of the stem, the number of leaves and the
number of sepals. The maximum values are marked
by the coenopopulations of £./ongistipitata growing
in the valley of the Irsu River. The data obtained
indicate the presence of factors influencing the
favorable growth of coenopopulations in the natural
habitats of E.longistipitata: humidity, the presence
of rocky soil and a savanoid plants community.
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IODEKTMBHOCTb OUYNUCTKU BO3AYXA
bMOTEXHOAOTUYECKUM ®UABTPOM
HA OCHOBE ECTECTBEHHOM PACTUTEAbHOWM KYAbTYPbI

YBeAnUEeHME aHTPOMOreHHOM AEITEAbHOCTM SIBASETCS TAaBHbIM  (DAakTOPOM, BbI3bIBAIOLLMM
M3MeHeHUs B KAMMaTe, aTMmocdepe, 6uocepe n kpuocdepe 3eMAM, KOTOpble HEnocpeACTBEHHO
MAM KOCBEHHO BAMSIIOT Ha 3KOCUMCTEMbl Ha AOKAAbHOM, PErMOHAaAbHOM M TAOOGAAbHOM YPOBHSIX.
OCHOBHbIMW Ta30BbIMMU 3arpsI3HUTEASIMU @HTPOMOIrEHHOIO MPOMCXOXKAEHUS SBASIIOTCS YT AEKMCABIN
ras (CO,), okena yraepoaa (CO), amnokemna cepbl (SO,), okcmapbl azota (NO)), TaxeAble METaAAbl, a
TaKxe TBepable yacTuubl PM, ., PM, . TpobAemy no ouncTke Bo3ayxa OT 3arpgsHsiowmnx ¢akTopos
MO>XHO PEeLINTb OMOAOTMYECKMM MyTeM, MCMOAb3ys MOX CdharHym. MoOXOBble KYAbTYpbl SIBASIOTCS
NPakTUYHbIMKU, TaK KakK AErko MOrAOWAIT BelecTBa M3 aTMocdepbl CBOE MOBEPXHOCTbIO, He
MPUXOTAMBbI B YXOAE, @ TakXe KYAbTMBMPOBaHME MXa He TpebyeT AAMTEAbHOro rnepuoaa. Lleabio
AQHHOM paboThl ABASETCS onpeAeAeHme 3PMEKTUBHOCTM PACTUTEABHOM KYAbTYPbI MXa, UCMOAb3YEMON
B OMOTEXHOAOrMYECKOM (DUABTPE, B KaUeCTBE OUMCTUTEAS BO3AyXa OT 3arpsi3HSIOLIMX BelecTs. AAS
MPOBEAEHUSI MCCAEAOBaHMWI BbibpaH BMA Mxa Sphagnum, KOTOpbIii 06AaAAET BbICOKOM MOrAOLLAIOLLEN
CMOCOBHOCTBIO M CMOCOOHOCTbIO YAAQBAMBATH BPEAHbIE BELLECTBA M3 OKPY>KaloLlen Cpeabl, a Takxke
CO3AaH OGMOTEXHOAOTMYECKMI (PMALTP, KOTOPbIN pacrnoAoeH Ha Tepputopun EXPO B ropoae ActaHa.
CoraacHo MoAyYeHHbIM pe3yAbTaTam, t He MMeeT 3HaUMTEeAbHbIX M3MEHEHUIA CO BPEMEHEM U UMeeT
ypoBeHb B npeaeAax ot 26 Ao 37 °C. YpoBeHb yacTuLy, PMz/5 nPM,, (ug/m?) Ha BXOAE M Ha BbIXOAE
aHaAM3MPYEMOro OObEeKTa MoKasbiBAET, YTO B LEAOM YPOBEHb 3TMX YacCTML, HA BbIXOAE HUXKE, Yem
Ha Bxoae. YposeHb yraekuncaoro rasa (CO,) octaetcs ctabuAbHbiM Ha ypoBHe 0,01% Ha Bxoae B
61OUALTP. DTO MOXKET yKasblBaTb Ha IPPEKTUBHYIO PabOTy CUCTEMbI (DUABTPALMM MAM OUMCTKM
BO3AYXa, a TakXKe OTCYTCTBME Cepbe3HbIX MCTOUHMKOB Bbibpocos CO,.IKCnepumMeHTaAbHble AaHHble
NOATBEPAMAN 3PGEKTUBHOCTb MOXOBbIX KYAbTYP B MOTAOLLEHWW YFAEKMCAOTO rasa WM BblAEAEHUN
KMCAOPOAQ B AHEBHOM MEPUOA. DTO MOAYEPKMBAET MOTEHLIMAA MOXOBbIX PACTEHWUM, MCMOAb3YEMbIX
B GMOTEXHOAOIMYECKOM (DMAbTPE, B KAYECTBE MHCTPYMEHTA AAS CMSIrYEeHUst MPOOAEMbl M3MEHEHMS
KAMMaTa. Mxu MpeACTaBASIOT COOOM MepCrieKTUBHbIA PECYPC AAS YAYULLEHMS KayecTBa BO3AyXa U
CMSryeH1s BO3AENCTBUS aHTPOMOreHHbIX (hakTOPOB HA OKPYXKAIOLLYIO CPEAY.

KaloueBble caoBa: MOX Sphagnum, 61MOTEXHOAOrMYECKMIA PUABTP, TAKEAble MeTaAAbl, Smart City,
OUYMCTKA BO3AYXA.
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Efficiency of air cleaning with a biotechnological filter based
on natural plant culture

The increase in anthropogenic activity is the main factor causing changes in the climate, atmosphere,
biosphere and cryosphere of the Earth. The main gas pollutants of anthropogenic origin are CO,, CO,
SO,, NO,, heavy metals, as well as solid particles PM2.5, PM10. The problem of air purification from
pollutants can be solved biologically using Sphagnum moss. Moss crops are practical, as they easily
absorb substances from the atmosphere with their surface, are not whimsical in care, and moss cultivation
does not require a long period. The purpose of this work is to determine the effectiveness of a moss plant
culture used in a biotechnological filter as an air purifier from pollutants. A species of Sphagnum moss
has been selected for research, which has a high absorption capacity and the ability to capture harmful
substances from the environment, and a biotechnological filter has been created, which is located on
the territory of EXPO, Astana. According to the results obtained, t has no significant changes over time
and has a level ranging from 26 to 37°C. The level of particles PM2.5 and PM10 (ug/m3) at the input
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lower than at the input. The level of carbon dioxide remains stable at 0.01% at the entrance to the
biofilter. This may indicate the efficient operation of the purification system, as well as the absence
of serious sources of CO, emissions. Experimental data have confirmed the effectiveness of moss in
absorbing CO, and releasing oxygen during the daytime. This highlights the potential of moss plants used
in the biotechnological filter as a tool to mitigate climate change. Mosses are a promising resource for
improving air quality and mitigating the impact of anthropogenic factors on the environment.

Key words: moss Sphagnum, biotechnological filter, heavy metals, Smart City, air purification.
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Taburu ecimaik MaaAeHueTi HerisiHaeri
6MOTEXHOAOTUSIAbIK (DUABTPMEH ayaHbl Ta3aAayAblH, TMIMAIAITi

AHTpOMOreHAiK 6EACEHAIAIKTIH apTybl XKEPTiAIKTi, aliMaKTbIK, >koHe xkahaHAbIK, AEHrenAe 3KoXKYye-
Aepre TikeAei Hemece )KaHama acep eTeTiH KAMMATTbIH, aTMocdepaHbiH, G1MocdepaHblH, XKaHe XepAiH
KpurocdepacbiHbiH, ©3repyiH TyAblpaTbiH Heri3ri pakTop 60AbIN TabbliAaAbl. AHTPOMOreHAIK hakTopAap
HerisiHaeri 6acTbl rasabl AacTayLlbl 3aTTap — KemipkbilwkbiA rasbl (CO,), kemipteri okcnai (CO), kykipT
amnokenai (SO,), asot okenatepi (NO ), ayblp MeTarAap, COHAaM-ak PM2.5, PM10 katTbi 6eAlieKkTep
60AbIN TabblAaAbl. AyaHbl AaCTayllibl hakTOpAapAaH Ta3apTy MaceAeciH Sphagnum myriHiH kemerimeH
OGMOAOTMSABIK, >KOAMEH etyre 60AaAbl. MyK AakbIAAAPbI MPAKTUKAAbIK, OOAbIM TabblAaAbl, OATKEHI
oAap aTMmocepasaH 3aTTapAbl ©63 AeHeCiMeH OHall CiHipeAil, KYTIMAI TaAfamaliAbl, COHbIMEH KaTap
MYK 6Cipy y3aK, yakbITTbl KaXKeT eTrenAi. byA XXyMbICTbIH MaKcaTbl BUOTEXHOAOIMSABIK, (PMABTPAE aya-
Hbl AacCTayllbl 3aTTapA@H Ta3apTKblll PeTiHAE KOAAAHBIAATbIH MYK ©CIMAIK AAKbIAbIHBIH, THUIMAIAITIH
aHblkTay 60AbIN TabblAaAbl. 3epTTey XKYPri3y YLWiH KOpLuaraH OpTaAaH 3MsSHAbI 3aTTapAbl CiHipy Kabi-
AeTi MeH ycTay KabiaeTi xxorapbl Sphagnum mMyriHiH Typi TaHAAAbI, COHAAM-aK, ACTaHa KaAaCbIHAQFbI
EXPO aymarblHAQ OpHaAackaH OMOTEXHOAOTMSIAbIK, (DUMABTPI >KacaAaAbl. AAbIHFAH HOTMXKEAEpre ConKec,
t yakbIT ©Te KeAe alTapAblKTait e3repmenai >keHe 26-aaH 37°C-ka AeniHri aeHrenre ne. TaapaaHaTbIH
00ObEKTIHIH, Kipici MeH wWbIFbICbiHAAFbl PM2,5 xeHe PM10 (ug/m3) GeAwlexkTepiHiH AeHreni TytacTait
aAFaHAa OYA BOALLIEKTEPAIH LWbIFLICHI Kipicke KaparaHAa TOMeH ekeHiH kepceTeai. KeMipKbIlKbIA ra-
3biHbIH, AeHrenti (CO,) 6uocmabTpre Kipe 6epicte 0,01% TypakTbl 60AbIN KaraAbl. ByA ayaHbl TasapTy
XKYWMECIHIH, TMIMA| XKyMbICbIH XKoHe CO, WwbliFapbiHAbIAAPbIHbIH MaHbI3AbI KO3AEPIHIH KOKTbIFbIH KOp-
CeTyi MYMKIH. DKCNepPUMEHTTIK ABAEAAEP MYK AQKbIAAAPbIHbIH KOMIPKbILWIKbIA FadblH CiHipYAEri >keHe
KYHAI3ri OTTEriH LWbIFApyAaFbl TUIMAIAITIH pacTaabl. ByA KAMMAaTTbIH ©3repyiH a3anTy KypaAbl peTiHAe
6GMOTEXHOAOTUSIABIK, (DUABTPAE KOAAQHBIAATBIH MYK ©CIMAIKTEPIHIH MOTEHUMaAbI 6ap eKeHiH KepceTeAi.
MykTep aya canacblH >KakcapTy >KoHe aHTPOMoreHAIK (pakTopAapAbIH KOpLIaFaH opTara 8CepiH azanTy
YLiH NepcrneKkTMBTI pecypc 60AbIN TabbIAAAbI.

Ty#in cesaep: Sphagnum myri, 6MOTEXHOAOTMSABIK, (PUALTP, ayblp MeTaasap, Smart City, aya Ta-
3aAay.

CoxpaieHusi 1 0003HAYEHUSI:

CO, — yraekucinprii raz; CO — okcun yriepoa,
SO, — muokeus cepbl; NO_— okeunpl azora; TTIJIK —
MPENEIIBHO JONYyCTUMAas KOHIICHTpALus; NHZOH —
ruapokcunamun; CH, — MeTan; HM — HaHOMETD; g/
m?3 — MEKpOTpaMM Ha KyOWd4ecKuii MeTp

BBenenue

VYBenuueHne aHTPOIOreHHOH e TeNbHOCTH SIB-
JSIeTCs TTIaBHBIM (PaKTOPOM, BBI3bIBAIOLINM H3MEHE-
HUS B KIIMMate, arMocdepe, ornochepe u kpuochepe
3eMiu, KOTOpbIE HEMOCPENCTBEHHO MM KOCBEHHO
BIIMSIIOT HA DKOCUCTEMBI Ha JIOKAJIBHOM, PETHOHAb-
HOM U TJI00aJIbHOM YpPOBHSX. Jl0 TIpOMBIIIIEHHON

PEBOIIIOLIMK  3arps3HSIONINA (hakTop OBUT CBSI3aH
C TIPUPOJTHBIMU TPUYWHAMH, HO C HACTYIICHHEM
MIPOMBIIIUIEHHOW PEeBOIONMH B 19 Beke Hara sKo-
CUCTEMa Havalla [oJIBePraThCs 3arPS3HEHUIO B Pa3bl
OoJbime. YBeNMn4eHne 3arps3HeHNs MPUBOIUT K Ta-
KM TIOCTIC/ICTBHSM KaK 3acyxa, YBEIMYCHHUE IycC-
TBIHH, TJI00AJThHOE MOTCIUICHHUE, TasHUE JICTHUKOB
u ap. [1-6] PasBuBarommuecs: cTpaHbl cTtaiam Ooiee
YSI3BUMBIMH U3-32 JeMOrpaduieckoro pocra, ObICT-
PO¥ MHAYCTpUAIM3ANNN 1 PA3BUTHS METaIroJIHCOB.
B pesynbraTe, KauecTBO BO3AyXa, BOJBI U TOYBHI
yXyIIIaeTcs, a 3MJIM MOJBEPraloTCs JerpajaliH.
OTU HEOJaroNpHUATHBIC TOCIEICTBUS MPHBOIAT K
YBEITUYICHHIO 3a00JICBAHUI TBIXaTeITLHON CUCTEMBI,
KEMyJOYHO-KHIICYHOTO TPaKTa U CEpIeYHO-COCY-
IucTou cucteMsl [7-9].
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OCHOBHBIMH Ta30BbIMH 3arpsi3HUTEISIMA AHT-
POIIOTEHHOTO MPOMCXOXKICHHS SIBISIIOTCS YTJICKUC-
JNBIA Ta3 (COZ), okcun yriepoga (CO), muoxcunu
cepnl (SO,), oxcuapr azora (NO,). Kpome Toro, k
3arpsI3HAIONIMM areHTaM MOJKHO OTHECTH TSKeIbIe
METaJlIbl, & TaKkxke TBeplble yacTuipl PM, ., PM, .
HyXHO OTMETHTB, UTO YaCTHIIBI PAa3MEPOM MEHBIIIE
2,5 MUKpOH Mary0HO BIHSAIOT HA IbIXaTENbHYO CHUC-
TEMy YeJIOBeKa, NPOHUKas B riryOb Jierkux [10-11].

CornacHo eXeJHEBHBIM JaHHBIM OIOJUICTCHU
COCTOSIHMS BO3yIIHOTO Oacceiina Ne335 cocrosiHue
aTMoc(epHOro Bo3ayxa B I'. AyiMaThl Ha 1 nexaOps
2022 rona Owut0 creayrouM. KoHieHTpanus yac-
tu PM-2,5 mpesbimano IIJIK B 3,3 xpaTtHOCTH,
PM-10 — 1,8, oxcun yrnepona — 1,7, auokcua a3ora
—2,4, okcun azora — 1,3. [12].

[TomrydeHHbIE TOKa3aTENN KaK IIPUMEDP JIEMOHCT-
PUPYIOT BBICOKMM ypoBeHb npeBbiieHus [1JIK, yto
B TIOCIIEACTBUY TPOBOLIUPYET OOJIE3HH JbIXATEIh-
HBIX ITyTeH WM MOKET MMPUBECTH K JIETATBHOMY HUC-
xonay. B Kazaxcrane B roj1 okoJio 16 Teicau cmepTeit
CITy4aroTCs U3-3a 3a00JI€BaHNH, BEI3BAHHBIX HU3KAM
KadecTBOM BO3yxa. Takwe MaHHbIE TPUBET MPE/C-
taButenb [Iporpammer passutus OOH B Kazaxc-
taHe fkyn bepum. B wuccnemoBanmsax CORE mo
BBISIBJIGHUIO CTETIEHH 3a00J1eBaeMOCTH OO0JIe3HAMU
BEPXHHX JIBIXaTEIbHBIX IyTeH, AUAarHOCTUPOBAHNE
C TIOMOIIBIO CIHPOMETPUH MOKa3alo, 4to B Kazaxc-
TaHe 6,7% HacelneHHs CTpajaroT OT XPOHMYECKOU
00CTpYKTHUBHOM OoJe3Hu jerkux [13].

B nenom ecnu oOpatuThea K CTATUCTHYECKUM
nokasareisiM oT biopo HalMOHANbHOW CTaTUCTUKU
ATEHTCTBa 10 CTPATETHYECKOMY TUIAHUPOBAHHIO H
pedopmam PK, oM HelicTBUTENEHO MTOITBEPKIAAOT
MIPOTPECCUBHYIO TUHAMHUKY COBOKYITHBIX BHIOPOCOB
HapHHUKOBBIX ra3oB B okBuBanente CO, — ¢ 216,19
MiH.T/Tog 1o 342,87 muH.T/Tox B nepuon 1990-
2020 rr., rIe TUK BBIOPOCOB ¢ mokaszareieM 392,75
MH.T ObuT B 2018 romy [14] 2neKTpO3HEPTETUKY C
WCTOJIb30BAaHMEM YTOJIBHBIX TETIOAICKTPOCTAHITHHA
SIBIIICTCSL TJIABHBIM HMCTOYHUKOM BBIOPOCOB Tap-
HUKOBBIX Ta30B, AOCTUTIHYB mokazarenas 940 Thic.
ToHH. B 2018 romy. Hanpumep, B 2022 roay 35iext-
pudeckas YHeprus, BrIpabaTeiBaeMast Ha TETUIOBBIX
JMEKTPOCTAHIUAX, CKUTAIOIMINN YTOJIb, COCTABISET
78,1% [15]. danee, ropHO-METAILTYPTHUSCKHH CEK-
TOp UMEET BTOPOE MECTO C 00beMOM BEIOpOCcOB 760
TBIC. TOHH B T'OJ], 32 KOTOPHIM CIIeIyI0T HedTe0-
Obr4a (520 ThIC. TOHH B T'OJ[) U CEKTOPBI TPAHCIIOPTA
U CEJIBCKOTO X03sHCTBa ¢ 00beMaMu BhIOpocoB 320
TBHIC. TOHH B TOJ [16].
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B GosbimmHcTBEe ropoao Kasaxcrana yacTHbie
JIOMa, WCIOJB3YIOIINE MeYd CO CKUTaHWeM YTJId,
SBIIIIOTCS MCTOYHMKAMH 3arpsi3HEHUS BO3AyXa
MEJIKOH TbUIbI0, 00pa3yromuii cMor. [IpakTnueckn
OJIHA TIOJIOBMHA CH)KUTAa€MOTI0 YISl OCTAaeTCs B BUJIE
30JIbl, TaK KaK 30JbHOCTH KoJeOneTcs: B mpenenax
40-50% [17-18]. 3071a, B BUAEC MEIKOJUCIEPCHOM
e PM2.5, 00pa3yrot cMor Haja ropojioM. B cro-
JIUIIE CTPaHbl COTIACHO JaHHBIM BIOpo HAaIMOHAIb-
HOH CTaTUCTUKM HacuuThiBaeTcs 24 393 yacTHBIX
nomoB [19-20].

['moGanbuelii cpeannii mokaszarens CO, B 2015
roxy npubnusuics k nopory 400 Ha ypoBue 399,4
yacteil Ha MuinoH [21]. Coaep:kaHue yriekuc-
Joro rasa B Bo3ayxe B 2021 roay coctaBisi npu-
MepHO 419 yactell, 4yTO sABJISETCS PABHBIM IOKa-
3aTento 4 MIIH JeT ToMy Ha3an. CTOUT OTMETHTb,
YTO B TOT TEPUOJ CpeIHss TeMIiepatypa ObLia
oospmie Ha 13,9°C, ypoBeHL MOps BhIIIE Ha 24
M. YueHbIE YTBEPKIAKT, uTO coaepxanne CO, B
atMocdepe 3eMIu Ha JaHHBIA MOMEHT SIBISICTCS
pexopanbM. Kaxnblit rox B atMmocdepy npubdas-
nsgeTcs okoiao 40 MUIIHapI0B TOHH YIJIEKUCIOTO
rasza [22-23].

B nccnenoBanusix [24] npuBeneHa nHdopmanus
00 MCTOYHMKAx BBIOPOCOB M MX BIMSHHS Ha 3]10-
poBbe YenoBeka (tadmuma 1).

3akuck azora (N,O) sABISETCS OJHUM U3 TJIAB-
HBIX Ta30B, KOTOPbIE YMEHBINAIOT KOHIIEHTPAIUIO
o3ona (O,) B cTparocdepe, 4TO MOKET NPUBECTHU K
YBEIUYCHHIO COTHEYHOU pauaIiu, JOCTUTAIOIeH
MMOBEPXHOCTH 3EMIIM, U YBEIUYCHHUIO TEMIIepaTy-
poI [25]. CornacHo otueTy MeXIpaBUTEIHCTBCH-
HOH TpYIIBI SKCIEPTOB MO U3MEHEHMIO KJIMMAaTa
(IPCC) 3a 2021 rox, N,O sBiseTcs TPETbUM IO
BAXHOCTH MapHUKOBBIM Ta30M MOCJE YTIEKHCIIO-
ro raza (CO,) u merana (CH,). On otnnuaercs ot
JIPYTUX MapHUKOBBIX T'a30B TEM, UTO €70 KOHLEHT-
pamus B aTMocdepe HaMHOTO MEHBIIIE, HO €To I0-
TEHIIAAJ BO3/EHCTBUS Ha TII00abHOE TOTEIICHIE
Ha €MHUILY MACChI BBIIIIE, YEM Y CO2 i CH . [26-
27].

OO6menpusnano, yro oxkucnenne NH,OH, nut-
puduIUpyomas ICHUTPUPUKAINS H TEeTePOTPOP-
Has AeHuTpuduumpyromas 1eHuTprupuKanus Obun
TpeMs. OCHOBHBIMHM MyTsiMH oOpazoBanus N O B
mporecce OMOJIOTMYECKON KOHBepcUM aszora [28-
29]. 910 o3navaert, 4to N,O MOKET BBIAEIATLCSA U3
OO0JIOTUCTBIX MECT B pe3ylibTare OumoTpaHcdopma-
UM C JTFOOBIM BUIOM HEOPTaHUYECKUX COSANHEHUN
azoTra B CTOYHbIX Bojax [30].
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Tadmuma 1 — Mcrounuky BHIOPOCOB, ITyTH IPOHUKHOBEHHS, BO3/ICHCTBHE Ha 3/I0POBLE

3arpsi3HUTeb
P HcTounuk TokcMKOKUHETHKA Bausinue Ha 310poBbe
BO3IyXa
ABTOMOOWIIBHEIE BBIXJIOITHEIE Ta3bl,
MIPOU3BOJICTBO AIEKTPOIHEPTHH, ActMa, OpOHXUT, CHIDKEHHE (yHKIHN
HuxkHsis IbIXaTeNbHas
PM MeJIKast [bLIb, KUJIbIC KAMHHBI, cricTeMa (umra ) JIETKHX, PaK U OTPABJICHHE TSUKEIBIMA
ucreMa (MHT SIS
TPYHTOBEIE JIOPOTH U ITPOMBIIILICHHBIE MeTaulaMu
OOBEKTHI

BeHBHAL. [1ABKA. AKKYMYISTODL OpraHbl U MATKHE TKaHU | AHEMUs, BBICOKOE KPOBSIHOE JaBIICHHE,
Pb n, OI/I3BO,I((’:TBO }s;dznn P, (nmpornarsiBaHue U pak, HEBPOJIOTHYECKUE PACCTPONUCTBA 1

P BJIbIXaHHE) HHTEIJIEKTyalIbHas TUCHYHKINSL

Coxuranue S-cozieprkaiero .
paeatit PaznpaxeHne u BocnaneHue TKaHeH,
S0 HCKOITAeMOT0 TOILIHMBA, JlpIxarenbHas cHCTeMa XDHUITBL, CTECHEHIE B FDYH 1
2 HedTenepepaboTKa, MPOU3BOACTBO (MHTaSIHA) p § Py
. OJIBIIIIKA, aCTMa, OPOHXHUT U dMpu3eMa
CEepHOI KUCJIOTHI, TIJTaBKa
o Cucrema
co Hemnonnoe cropanue Tommsa (60% ot KPOBOOGPALLE Ortpasnenne NO2, acTMa 1 CHIJKCHHUE
B IEHUS
ABTOTPAHCIIOPTHBIX CPEICTB UMMYHHUTETa OpraHu3Ma
p(I/IHraJ]:ﬂuMﬂ)

BricokoTeMiepaTypHbI€ POLIECCHI Orpasienne CO, creHokapiis,

NO O (Half Hildpe MO”l]“:)O Hbte JlpIxaTenbHas cHCTeMa HEBpOJIOTrHYecKas AUChyHKIHS,
2 P PHMED, P (MHT TSN MOBPEKACHUE MO3Ta, aHOMAJIHH IO/

JIBUTaTENIN) P
DKCTpeMalibHOE pa3pakeHue,
0 DOoTOXUMUYECKHE PEAKIIH MEXKIY JlpIxaresnbHast cucTemMa BOCIAJICHHUE JIETKUX, O0JIb B TPY/IH,
3 VOCs, NOZI/I O2 (VHTASIHSA) CHIDKEHHUE DJIACTUYHOCTH JIETKHX,
TOIIHOTA ¥ BPEMEHHBIN Kalllellb

Kpowme Toro, 6omora MOTYT OBITH TIOJIBEPIKEHBI
AHTPOIIOTCHHOMY 3arpsi3HCHHI0 OKCHJIaMHU a30Ta,
KOTOPBIC BBIJCISIOTCS B PE3yJIbTaTe MPOMBIIILICH-
HOW JIesITeTbHOCTH, aBTOMOOIIILHOTO TPAHCIIOPTA U
npyrux uctounukos [31-32]. Oanako, eciu 6onora
HAXOJSTCS B OTIAJIICHHBIX MECTaX OT MUCTOYHUKOB
AHTPOTIOTEHHOTO 3arPs3HEHNS, TO BBIJIEIIEHUE OKCH-
JIOB a30Ta MOXET OBbITh CBSI3aHO C €CTECTBEHHBIMH
MPOIECCAMHU, TAKUMHU KaK HUTPU(DUKALIUS U JICHUT-
pudukamms [33-35].

HexoTtopsie uccienoBanus Takke MOKa3bIBaIOT,
410 00JIOTa MOTYT UMETh POJIb B yJIABJIMBAHUU OK-
CHJIOB a30Ta W APYTUX 3arpsA3HUTENIeH W3 aTMOC-
¢epsr [36-37]. Takum oOpa3zom, 60I0Ta MOTYT Kak
BBIJICIISTh OKCHUJI a30Ta, TaK W YJIaBIMBaTh €ro U3
atMocdepsl B 3aBUCUMOCTH OT MHOTHX (paKTOpPOB,
BKJIFOYAs YCIIOBUS OKPYIKAIOIICH CPe/bl M HCTOYHH-
KU 3arpsi3Henus [38].

Hccnenopanme [30] moka3sIBacT, YTO Ha BBIO-
pocbl N,O U3 MOCTPOEHHBIX BOJHO-00JIOTHBIX yIo-
Ui BIUSIOT BOAHBIM a30T W pacTHTEIbHAs OHO-
Macca. Kpome Toro, mccrnenoBanue yka3blBaeT Ha
BaXHOCTh TPABWJIBHOTO BBIOOpa THMA pPaCTEHHUU
JUTSL TIOTJIOIICHUSI COOTBETCTBYIOMUX (OpPM azoTa
B BOJIHOM CpeJie B LENAX KOHTPOoJs BeiOpocos N,O

13 COOPYXXEHHBIX BOJHO-OOJIOTHBIX YTOIWH Ipu
OYHCTKE a30TUCTHIX CTOYHBIX BOJI.

B uccnenoBaHusX MO M3YYEHUIO BIHSHUSA I10-
TerieHus Ha motok N,O B perrone Beunoit mepaiio-
Tl CeBepo-Bocrounoro Kuras yuensiii Qian Ciu
npyrue [39] B xoe 3KCIEPUMEHTOB 10 U3MEPEHUIO
OKCHJIa a30Ta Ha MUHEPOTOP(HBIX TOPPSHUKAX, T/IC
JOMUHHPYIOT MOXOBBIE KYJIBTYpbl Kak Sphagnum
HPHUIIIK K BBIBOAY, 4TO MUKU N,O IIpUX0JuIuch Ha
cepelMHy aBr'yCTa M Hadajia CEHTSOps U3-3a 3aBep-
IIICHUS BEreTallMOHHOIO Mepro/ia. B akTuBHOI (ase
pocTa Mxa, TO €CTh UIOHb U UI0JIb, CHUKEHUS YPOB-
a1 N,O, BEpOATHO, CBA3aHO C TOIJIOMIEHUEM MUHE-
pPaNBbHOTO a30Ta PaCTUTENBHBIMU KylIbTypamu [40].

B necax ¢orocuntes mxoB cocraisger 10-50%
00IIIeTo MOTJIOMIEHNs YTIeKUCIIoro ra3a [41].

HazemHble pacTeHHsT UTPalOT BaXHYIO POJIb B
MOTJIOIICHUN YTJIIEKHCIOTO Ta3a, a3oTa M3 BO3IY-
xa [42]. U3-3a MemieHHOr0 pocta Mxa cdarHyma
B JISTHUH MEPUOJ], B MPOIEcCe JbIXaHUS OH TOTJI0-
aeT HeOOJIbIIOE KOJUYECTBO YIIICKUCIOoro ra3a. B
MepeyBIAKHEHHOM cpene MOX 00pasys Topd 3amen-
JSIETCSl B IIXaHHWH, TO €CTh MOTJIOIIEHUH YTIIEKHC-
Joro ra3a ymeHsliaercst B pasbl. Ho oOpasyemsie
obmupHBIe TOPQSHBIE 00JI0Ta CIOCOOHBI TIOTJIO-
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D¢ PeKTHBHOCT OYUCTKH BO3AyXa OMOTEXHOJIOTHUECKUM (DHIIBTPOM HA OCHOBE €CTECTBEHHOM PAaCTUTEIBFHOH KYIBTYPBI

mark OOJNBIIOE KOJWYECTBO YIJIEKHCIIOTO raza u3
Bo3ayxa [43-44].

Pesynbrarel paboT yuensix Bhagawan Bharalil
u Jeffrey W. Bates moka3siBaroT, 4yTo 100aBICHUE
MOOEroB MOXOBBIX KYJBTYP TO3BOJISIET YCKOPHTH
npouecc Tpancpopmanmu SO, 10 Ge3BpPemHBIX
cyibdar-nonoB uinu cyiabpuaos. [loteps Gucyib-
(buTa MPOMCXOUT 3a CYET IMPOLIECCOB OKMCIICHUS
C TIOMOIIBIO META00JINYECKON SHEPTHH, KIETOUHON
abcopOuum u nerokcukamuu SO, B MeTabomsMe
[45].

Mxu 3HAYUTEIBHO OTIUYATCA 10 MOpQo-
JIOTUHM ¥ aHATOMHH OT COCYAHCTBIX PACTEHHUH, Tak
KaK He UMEIOT Takhe TKAaHbl KaK Kcuiema u (Ios-
Ma. MXU SIBJISIFOTCS. KATHOHOOOMEHHHMKOM, 33 CUYET
CcrocoOHOCTH abCOPOMPOBATH BEIIECTBA U3 BO3ILY-
xa. bakrepmanpHas TUIeHKa, 0Opa3oBaHHAs Ha IIO-
BEPXHOCTH MXa, MIO3BOJISICT UM TPAaHC(HOPMHUPOBATH
HEOpPTaHWYEeCKHE BEIIEeCTBA, B TOM YHUCIIE TBEPJbIC
gactursl (PM 2,5 u 10) B qocTynmHyI0 opraHudec-
Kyto hopmy [46].

B ropoackoii arMocdepe COAEPKUTCS MHO-
JKECTBO TOKCHYHBIX TSXKEJIBIX METAJIJIOB, TAKUX KaK
uuHK (Zn), kagmuii (Cd), menp (Cu) u cBunen (Pb),
KOTOpBIE MOTYT HAKAIUTUBATHCSI B OPraHU3ME Yello-
BeKa [P KOHTAKTE Yepe3 KOXKY, MOMNagaHui BHYTPb
OpraHu3Ma, Harpumep, 4epe3 adcopOIHio, mporia-
ThiBaHWE WM Bibixanue [47]. Korna Tsoxenbie me-
TaJUTBI TIOTIAIAl0T B CHCTEMY MTUTAHUS YEIOBEKA Ue-
pe3 BOJIOCHA0KEHUE WITH TIHIIY, OHU MOTYT BhI3BaTh
CEepbe3HbIe MPOOIEMBI CO 3I0POBbEM. DTH METAIIIIBI
MMEIOT BBICOKYIO TOKCHYHOCTh M CTOUKOCTH B OK-
pyXaromie cpeae, 4To O3HadaeT, YTO OHU MOTYT
HaKaIlUIMBaThCA B TeJie YeJOBeKa W BBI3BIBAThH Pa3-
JINYHBIC 3200JICBaHMsI U HAPYIICHUS (PYHKIIUN Opra-
HOB [48]. [locTymeHue TSKEIbIX METaIOB, TAKUX
kak Cd, Zn, Cu u Pb, B opranusm deioBeka gepes
MUIIIEBAPEHHUE WK BJIbIXaHHE MOXKET BbI3BIBATH Pa3-
JUYHBIC 3a00JIeBaHUs M HApYIICHUs (QYHKIHHA Op-
TaHoOB, TaKWe KaK CepJ/IeYHO-COCYUCThIE 3a00eBa-
HUS, TUCYHKIHUS JICTKUX, TTOBPEXKICHUE HEPBHOM
CUCTEMBI U NH(EKIIUY ITeYCHH. Y YUTHIBAS BRICOKYIO
TOKCHYHOCTb TSDKENBIX METaNIOB W WX BPEIHOE
BO3JICHCTBHE HA 3]I0POBBE 4YEJIOBEKa, HEOOXOIUMO
MIPUHUMATh MEPbl 110 CHIDKCHHIO KOHICHTPAIHH
9THX METAJJIOB B OKPYXKAIOIIEeH cpesie, OCOOCHHO B
BO3/IyX€ U MOYBE.

MoxoBbI€ KyJIbTYpPbI B TCYCHHE MHOTHX JIET IITH-
POKO HCTIONB3YIOTCS TSI TIPOBEACHUS MOHUTOPHH-
ra TSDKETBIX MeTaIIoB [49-51] v MOMUIUKINYECKUX
apOMaTUYECKUX YIIIEBOAOPOAOB [52-53]. Mxu Buaa
Sphagnum =apsay ¢ Bumamu Hypnum, BBHITY CBOUX
MOP(}OIOTUYECKUX U (PU3UKO-XUMHUYECKUX CBOWCTB
[IPUMEHSIOTCSI B METOAE MEUIKU ¢ MXaMmu [54-56].
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I'maBHBIM MEXaHU3MOM OHOAKKYMYJISIIHH TSKEIBIX
METaJJIOB B MXax SIBIISICTCS MOHHBIH OOMEH, KOTO-
PBIN TTO3BOJISIET METalIaM HaKaIIMBaThCs BHYTPH
KJIETOYHBIX CTPYKTYp MXOB. DTOT IPOLECC TOAT-
BEPKAAETCS YIaCTHEM THAPOKCHIIBHBIX, aMUHOBBIX
1 KapOOHHMIIBHBIX TPYMI B Ipollecce OMocopOImu
KaTHOHOB MeTaJlIoB [57].

BriepBble UIsi MOHHMTOpPHHTA paaAMOLE3Ud B
BO3JyXe IIOCJie aBapuM Ha AaTOMHOW 3JEKTPOC-
taniun dykycuma Jladinutu B 2011 r. ydeHsle u3
SImoHMK MCTONIB30Balld MEHIKU co Mxom [58].
Jlns MOHHWTOpPWHTAa paguoKe3us OBUIH BBIOpa-
Hbl Tpu Buaa Mmxa: Sphagnum palustre, Hypnum
cupressiforme u Hypnum plumaeforme. B xoxe
9KCIIEPUMEHTOB OBLITO BBISBIECHO, YTO BCE TPU BUAA
MXOB CMOTJIM OIpEJIeIUTh HAIUYUe Paguole3nil B
BO3/yXE CIYCTS § JIET MOCJIE aBapuyd Ha aTOMHOMU
anekTpocTanimi. Mox S. palustre okazajncst Hau-
JTYYIIUM OMOCEHCOPOM JIJIsl HAKOIUICHUS PaaHO-
Ka3usi, MPU ATOM OH JISMOHCTPHPOBAI BBICOKYIO
YYBCTBUTEIBHOCTh K PAa3IWYCHUIO MECT BO3JIEHCT-
BHS HA OCHOBE X YPOBHS 3arpsi3HEHUS.

B romosom oruere 3a 2022 r. mo Hay4dHOMY
mpoekty BR10965311 «Pa3paboTka WHTEIIEK-
TyaJbHBIX MH(OPMALMOHHO-TEICKOMMYHUKAIIOH-
HBIX CHCTEM IS TOPOJACKOW HWH(PPACTPYKTYPHI:
TPAHCIIOPT, JKOJIOTHS, JHEPreTHKa ¥ aHaJUTHKa
JaHHBIX B KoHIenTe Smart City» ObLIH OMyOJIMKO-
BaHBI PE3yJIbTAThl SKCIIEPUMEHTOB 110 HAIWYHIO Tsi-
xenbix Metaiios (Pb, Cd, Zn, Cu, Fe, Ni, Co, Mn,
Cr) B Bo3zyxe I. AcTaHa ¢ OMOIIBIO MEILIOYKOB CO
mxoM Charaym. B miemom, Bce mokasarenu He mpe-
Boimanu 3Hadenus [1JIK, 3a uckiroueHnemM CBUHIIA,
KOTOpPBIN HaXxOJWIICSA Ha YPOBHE IIPeNENbHO JOIyC-
TUMOU KOHIIEHTPALIUH.

[pesunenrom Pecniyonuku Kazaxcran 2 geppa-
a5 2023 roga uznan Nel21 yka3 00 yTBepKIeHHU
CrpaTeruu JOCTUXEHUS YIVIEPOIHON HEUTPAIBbHOC-
tn Kazaxcranom no 2060 rona [59]. B pa3paboran-
HOU JIOKTpHHE MO TOCTHKEHUIO YIJIEPOJHON HEUT-
panbHOCTH B 2060 ro;1y MUHUCTEPCTBOM 3KOJIOTHH,
T€0JIOTHMH U TPHPOJIHBIX PECYPCOB YIIOMHHAIOTCA
JIBa KPYIHBIX SMHUTTEPOB MapHUKOBBLIX ra3oB: WH-
TeHCU(UKAIUS KUBOTHOBOJCTBA M Pa3BUTHE TPO-
MBIIIJICHHOCTH B OTPOCIH METAJLIYPrHH, HedTe-
raza, IpOM3BOJICTBA LieMeHTa u jp. Jns cBeneHus
BBIOPOCOB K HYJIO 3alJIAHUPOBAHO YBEIWYCHHE
JIECHBIX Haca)XJIeHHM, a TaKke pa3paboTKa TEeXHO-
JIOTHUH 110 YIaBIMBAHUIO M XPaHEHUIO YIIIepo/a.

[IpoGiemy mo OYMCTKE BO3AyXa OT 3arpsA3HAIO-
mHx (HaKTOpPOB, KOTOPBIM MOJBEPraeTcsi KayIIbIl
KUTEIb METAIOJIMCOB, MOXKHO PENINTh OHOJIOTH-
YecKUM IyTeM, ucmonb3yd Mox Cdaraym. Moxo-
BbIC KYJBTYPBI SIBISIOTCS MPaKTHYHBIMH, TaK Kak
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JIETKO TIOTJIONIAIOT BEIIECTBA U3 aTMOC(EpPhI CBOCH
MMOBEPXHOCTHIO, HE MPUXOTIMBBI B YXOJIE, a TaKKe
KyJIbTUBUPOBaHHE MXa HE TPeOyeT IJIUTEIbHOIrO
nepuoaa. KyabTypbl KpUIITOraMHYECKUAX TTOKPOBOB,
B TOM YHCJIE MXH, COTJIACHO HcciaemoBanusM [60]
IOrIOMAKT CTOJBKO ke CO,, CKONBKO BBIIEISIOT-
Csl B pe3yJIbTaTe CKUTaHUs JISCOB eXeroiHo. Taxxke
OHH OTJINYAIOTCSI BBICOKOW CTIOCOOHOCTBIO ACCUMH-
JIMPOBATh YIVIEKUCIIBIA a3 IIPU HAJIMYUU IPYHTO-
BBIX BOJI MJIM 0CaJIKOB [61].

Lenpro qaHHO# pabOTHI SABISIETCS OMpeEAeTeHIe
3(h(HEeKTUBHOCTH PACTUTEIBLHON KYJIbTYPhI MXa, UC-
MOJIb3YEeMOH B OHOTEXHOJOTHYECKOM (WIBTPE, B
KadecTBe OYHCTUTENS BO3IyXa OT 3arpsA3HSIONINX
BEIICCTB.

MaTepI/laJ'lbl U METOAbI HCCJICA0OBAHUA

Jis mpoBeZieHHsT WCCIIEIOBaHUN BBIOpAH BUJ
Mxa Sphagnum, KOTOpBIH 00J71a/1ae€T BBICOKOM TOT-
JIoHIaoeld CnocOOHOCTBIO M CITIOCOOHOCTBIO yIIaB-
JIUBATh BPEIIHBIC BEIIECTBA U3 OKPYIKAIOIICH CPEIbI.
Co3man OmorexHomorndeckuii GuibTp (pepma) B

YCIIOBHUSIX 3aKPBITOH CHCTEMBI, KOTOPBII COOEPKUT
BBIOpPAHHBIE MOX W 00ECIICUMBACT IOTOK BO3TyXa
yepes Hero (Pucynok 1). Mxu pa3Mmeliess! Ha cTe-
Ja)kax Ha MOBEPXHOCTH MOYBEHHOM cyOcTpare, [Uis
obecrieueHusT ONTUMAIBHON KOHTAKTHOW ITOBEPX-
HOCTH. YCT@HOBKA COCTOUT M3 BOCBMH BEPTHUKAJb-
HBIX JIOTKOB II0 JIBYM IPOTHBOIIOJIOKHBIM CTOPO-
HaM, I10 YeThIpe Ha KaxkJ10i. PazmMep BepTUKAIBHOTO
notka coctaBiseT 95x90 cM. Mexay BepTHKaIbHbI-
MU JIOTKAMHU YCTaHOBJICHBI IIECTh TOPH30HTAIBHBIX
notkoB. Pa3zmep ropmsoHTampHOTO JOTKa — 80X80
cM. JIOTKM M3rOTOBJIEHBI U3 HEPXKABEIOLIETO MaTe-
pHana u MoKpaleHsl OJUMepHOI kpackoil. O0mas
BeicoTa (hepMbl — 270 cM, 3aHMUMaemasl TUIONIA]h
3,24 m?. KynbTypa yKiaabiBaeTCsi B JJOTKH MOBEPX
BbIOpanHOrO cyOctpara. CyOcTparhl: cyXol MOX
caraym, KOKCOBBIH cyOcTpar, mousa. s ¢ukca-
UM MXa U cyOcTpara pu BEPTHUKAILHOM BBIPAIIH-
BaHUM NIPUMEHSETCS CETKa.

buotexnomornvecknii  GUIBTP  PaACTIOIOKEH
na tepputopuu EXPO B ropone Actana. Ouibtp
HaXOIMTCS BHE TEHHU 3AaHUH, B NMPOBETPHBAEMOM
MecTe.

Pucynox 1 — bruorexHonornieckuii Guibrp
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Jist opolieHust KyJIbTypbl UIMEETCsl pe3epByap
YCTAHOBJIGHHBIH I0A TOPU3OHTAIbHBIMU JIOTKA-
mu. O6peM pesepByapa coctasiser 0,32 m°. Han
KaXJIbIM TOpPU30HTAIbHBIM JIOTKOM YCTaHOBIJICH
oInpbICKUBaTeb BoAbL. [1o mepumeTpy J10TKa MOH-
THUPOBaHBI OLIMHKOBAHHBIE JIUCTHI JJI N30SI OT
Ope3r BoAbl. IlpM BepTHKaNbHOM BBHIpAIlMBAaHUU
MXa HaJ KaXIbIM JIOTKOM IPEAYCMOTPEHBI OT-
BEpCTHS JJI OpolIeHus KynbTyp. Bona moanaercs
B OIPBICKUBATENH C IMOMOILIBIO Hacoca JUIsl BOJBI.
JloTkH, Kak BEpPTHKAJIbHbIE, TaK M T'OPU30HTAIb-
HbIC, BBIIBUTAIOTCS I yIOOHOW SKCIUTyaTallHu.
Bce ycnoBust (HopMa BOABI, BIQXKHOCTb, TEMIIEPaA-
Typa, OCBEILIEHHUE) ISl BBIPAIIMBAHUS KYJIbTYPBhI
KOHTPOJIUPYIOTCS C TIOMOIIbIO aBTOMAaTHU3NPOBaH-
HOT'O KOHTPOJIIEPA.

Temnepamypa

B xome uccnenoBaHusi ObUT BBISBICH TEMIIe-
patypHbIil pexxum it caraymoB 3-22°C in vivo
nwm 10-20°C in vitro [62]. JlHem omTtuManbHAsA
TeMIeparypa BO3AyXa Ui BbIpalluBaHus charny-
Ma B 3aKpbITON cucteme siBisieTcst 22+1°C, HOubtO
16+1°C, cBeroBoit mepuosa 16 4acoB, OTHOCHUTEIb-
Hasl BIaXHOCTh 85+15%. Tak kak carHyMm siBisieT-
Cs1 MHOTOJIETHUM PacTEHUEM, OH CIIOCOOEH YXOANUTh
B 3UMHUHN TOKOH [63]. DKOHOMHYECKH HEBBITOTHO
BBOJUTH KYJITYpY B IOKOH B 3UMHHI NEpHOJ, Tak
KaK IIOCTOSIHHOE OXJIAXKICHHE BO3Iyxa Tpelyer
JIOTIOJTHUTENLHBIX 3aTpat. Kpome Toro, s pexTus-
HOCTb MXa B OUHMIIIEHUH BO3]lyXa CHUKAETCA 110 MU-
HUMaJIbHOTO YPOBHSI B IIEPHOJ ITOKOSI.

Ilonue

B BepTUKaJBbHOM M TOPH30HTAJIBHOM METOJaX
BBIpAIIMBAHM MXa YBII@XKHEHHE cyOcTpaTa obec-
MEYMBAETCS C TTOMOIIBI0 aBTOMaTHYECKOTO OpolIIe-
HUsl. B BepTHKanbHON cucTeMe BhIpAIlMBaHUS MXa
OpOIIIEHHUE YCTAHOBJIEHO B BEpXHEH 4acTH JIoTKa. B
CBSI3M C BEPTUKAJIBHBIM PACIOJIOKEHUEM HW3JIHMIIKU
BOJIbI OyIIyT CTEKATh 0] BIMSHUEM CHJIBI TSDKECTH
CBEpXY BHM3 B HAaKOIMTEJIbHYIO eMKOCTb. [Ipu ro-
PU30HTAJIBLHOM BBIPAIMBAaHUU MXa B JIOTKaX Tpe-
IYCMOTpPEHBl OTBEPCTHSl JUIsI CTEKAHUSI M3JIMILIECK
BOJBI C OHOTO YPOBHS Ha APYTOH, B LENSIX HENIO-
MyIeHus nepeysnaxHenus. [logaya Boabl B JOTKH
MIPOMCXOJUT B TEUEHHUE OJHON MHHYTHL. Tem ca-
MBIM, KyJbTYpa M CyOCTpaT HACBHIIIAIOTCS BIIAroi B
JIOCTaTOYHOU MeEpE.

Brasxcnocmeo

3a CcYeT JOTMYeCKHX CHCTEM KOHTPOJUIEPOB
BJIQ)KHOCTh BO3JyXa IOAJEPKUBACTCSI Ha ypPOBHE
80%. Mcnapenue Biaru oT CUCTEMBI IoJInBa odec-
MeYMBaeT B JJOCTATOYHON Mepe YpOBEHb yBIIaXKHE-
HUS BO3AyXa B OMOTEXHOJIOTHYECKOM (uibTpe. B
cllyyae HEJOCTaTOYHOI'O YPOBHS, YBIAXKHEHHUS BO3-

44

JtyXa KOMIICHCUPYETCS 3a CICT BCTPOCHHOTO YBJIaXK-
HUTEIS. YBIQKHUTEb BO3lyXa KOHTPOJIUPYETCS C
MTOMOIIBO JIOTHIECKUX KOHTPOJIIEPOB.

Ocsewenue

OcaellieHre MXa B BEPTUKAIBHBIX JIOTKaX 00ec-
MEYNBACTCSl €CTECTBEHHBIM ITyTeM. Y Mxa, BbIpa-
[IMBACMbIi B TOPU30HTAJIBHOM TIOJIOXKCHHH, HET
JIOCTyIa K €CTeCTBEHHBIM HCTOYHHMKaM cBera. U
MTO3TOMY OH OCBEIIAeTCs] HICKYCCTBEHHO, CTICTIHAb-
HBIMU JIaMIIaMH B T€YeHHE 16 4acoB B JICTHHI Tie-
puoa. C cepenuHbl OCEHH 10 Hayaia BECHBI MOXK-
HO YMEHBIIUTH TEPHOJ] OCBEIIeHns ¢ 16 yacoB B
neHb 10 10-12 gacoB. OcBenieHre OCYyIIECTBIISET-
Csl C TIOMOIIBIO0 CBETOJNOMHOTO (DUTOCBETHUIIBHUKA
FitoLED 20 monenu JICIT 02-20-003. /ImuHa BOJIHBI
hyper red cocraBnsier 660 um, deep blue — 451 Hwm.
duToNaMIbl pa3MELIeHbl HA BbICOTE 35 CM OT MXa.
Kaskprit 1oTOK ocBemaeTcst AByMsI (PUTOJIaMIIaMHU.

Cybocmpam

B kadectBe cyOcTpaTa 1 BeIpAlllUBaHUS MXa
B TOPHU30HTAIHEHOM IIOJIOKEHUU C YUETOM DKOHO-
MUYecKol 3(PQeKTUBHOCTH BbIOpaHa MOuYBa THIIA
yepHo3eM. TakKe MOXKHO HCIIOJIb30BaTh MOYBHI C
Top(dsiHBIMKM OCTaTKaMH. J[Is1 BEpPTHKAIBHOIO BbI-
palivBaHusl MMOYBEHHBINM cyOcTpar He OyneT moj-
XOJUTh W3-332 CHITyYero arperaTHoro COCTOSHHUSL.
B nmamHoM Metozie 1enecoo0pa3sHO HCIOIb30BATh
c(harHyM BBICYIICHHBIH C MOMOIIBID 3aKPEILICHUS
€ro Ha CEeTKY.

CormacHo uccienoBanusMm [64] BeicoTa CyOCT-
paTa moipKHa cocTaBiaTh He Oonee 1 cM. Tak kak
MOX CITocOOeH abcopOMpOBaTh TSHKEIBIC METaJLIbI
B OOJIBIIMX KOHIICHTPALUSAX, €0 CISIYET 3aMECHSTh
Kaxable 5-6 mecsieB [65-66].

3arps3HCHHBI BO3AYX, MOCTYIHUBIINNA B OWO-
TEXHOJIOTMYSCKUH (PUIBTP HU3MEPSIFOTCS Havallb-
HbIC KOHIIEHTPAIIUH 3arps3HUTENCH W yCTaHABIIH-
BaeTCs MOTOK BO3/yXa depe3 OMOTEeXHOIOTHIECKHHA
¢unpTp. 3aMep ToKazatenaeii YpoBHS YIVICKHCIOTO
ra3a MpOBOJUTCS HA BXOJIE U BBIXOJIE C TIOMOIIBIO
razoaHajm3aTopa MHOTOKOMIIOHEHTHOTO MAIT-6.
[ocne mpoxoxkaeHus depe3 OMOTEXHOJIOTHUCCKHIA
(UIBTp B TEUEHHWE OIPENEICHHOTO Teprojia Bpe-
MEHH U3MEPSIOTCS KOHIICHTPAINH Ta3a Ha BBIXOJIC.
CpaBHHMBAIOTCS HAYaJbHBIC U KOHCYHBIC KOHIICHT-
pamuu Uit ornpeneieHus dPQGEKTUBHOCTH OYHIIe-
HUS Bo3myxa Mxamu. PM2,5 u PM10 wactumbr us-
MEPSUTUCH C TOMOIIBIO TbiieMepoB PM 2,5-10

Pe3yabTaThl HCC/IeI0BAHUS U UX 00CYKIeHHE
B rtabmumax 2, 3 mpencraBieHbl JaHHBIE 00

YPOBHE 3arpsI3HECHUS BO3/{yXa Ha MPOTSHKECHUH 2 He-
nenb B uroiie 2023 roxa.
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Tadanna 2 — YpoBeHb 3arps3HEHUS BO3/yXa MeIIKoHCIepcHOit nsuibio PM2,5 1 PM10 Ha Bxoze 1 BbIXO/ie OMOTEXHOJIOTHIECKOTO
¢ubTpa 3a 1Be Helen

PM2,5, pg/m3 PM10, pg/m3
Hlara cpen. taus, C Ha BX0Je Ha BBIX0Je pa3HuIa na B’:ﬁge ne/ HA BBIX0Je pa3Huna

17.07.2023 36 11 10,56 0,44 10 9,6 0,4
18.07.2023 37 8 7,84 0,16 12 11,76 0,24
19.07.2023 30 9 8,55 0,45 11 10,67 0,33
20.07.2023 28 10 9,4 0,6 16,2 14,74 1,46
21.07.2023 29 15 13,5 L5 18 17,1 0,9
22.07.2023 28 8,7 7,83 0,87 14,5 13,195 1,305
23.07.2023 29 6 5,46 0,54 11 9,9 1,1
24.07.2023 28 9 8,1 0,9 12 11,4 0,6
25.07.2023 28 53 5,04 0,27 9 8,64 0,36
26.07.2023 26 5,6 4,98 0,62 8,9 8,01 0,89
27.07.2023 27 3,4 3,26 0,14 12 10,8 1,2
28.07.2023 29 9 8,82 0,18 14,1 13,82 0,28
29.07.2023 32 8,7 8,15 0,55 8,9 7,9 1
30.07.2023 32 8 7,76 0,24 10 9,4 0,6

Ta6iuua 3 — YpoBeHb YIVIEKHCIIONO ra3a Ha BXOJE M BbIX0Je OHOTEeXHOJIOorn4Yeckoro duibrpa 3a fase Hexenu (Y% 00beMHON 10au
CO, - 0,01 papusiercs 184,84 mr/m’)

CO2, % 006.1.
aara cpen.T qus, C Ha BXo/1e Ha BBIX0/e pa3Huia
17.07.2023 36 0,01 0,01 0
18.07.2023 37 0,02 0,01 0,01
19.07.2023 30 0,02 0,01 0,01
20.07.2023 28 0,03 0,02 0,01
21.07.2023 29 0,01 0,01 0
22.07.2023 28 0,02 0,01 0,01
23.07.2023 29 0,02 0,01 0,01
24.07.2023 28 0,01 0,01 0
25.07.2023 28 0,02 0,01 0,01
26.07.2023 26 0,01 0 0,01
27.07.2023 27 0,01 0,01 0
28.07.2023 29 0,03 0,01 0,02
29.07.2023 32 0,01 0,01 0
30.07.2023 32 0,01 0 0,01
13 Ta6J'II/II_[I>I 2 BUJHO, YTO CPEAHCCYTOUHAA TEM~ TeMnepaTypa HE UMEET 3HAYUTEIHLHBIX W3MCHEHHH

neparypa (cpen. t mus1, C) ocTaercs Ha ypoBHE OT 26 co BpeMeHeM. Y poBeHb yactuil PM2,5 u PM10 (ug/
1o 37 rpaaycoB llenbcust B TeueHUE IBYX Heledb.  m3) Ha BXOJIE M HAa BBIXO/IC aHAIIM3UPYEMOTO 00BhEK-
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Ta MOKAa3bIBAET, YTO B IIEJIOM YPOBEHb 3THX YaCTHIL
Ha BBIXOJE HIDKE, YeM Ha BXoje. PazHuma mexmy
BXOJIOM M BBIXOJIOM KoJieOercs B ripenenax ot 0,16
1o 1,46 pg/m3 mus PM2,5 u ot 0,24 1o 1,46 pg/m3
st PM10.

VYposenpb yriexucioro raza (CO,) B Bozayxe
TaKKe MOHHTOPHUTCS, U MPOLCHT ero 00beMHON
nomu octaercst crabmibHeIM Ha yposre 0,01% Ha
BX07ie B OMoGmibTp. PazHuia yriekucioro ra3a Ha
BXOJIC M BBIXOAE OMOTEXHOJOIMYECKOTO (UIBTpa
kosebnercs B mpenenax 0-0,02 %06.1. MoxHO OT-
METHTB, YTO Pa3HUIA MEXK]Ty [TOKa3aHUSIMH Ha BXOJIC
Y Ha BBIXOJIe JIIs BceX napameTpoB (PM2,5, PM10 u
CO,) 1oBoNLHO HEOOIBIIAS M B OONBIIMHCTBE CITy-
yaeB He npeBbimaet 0,1 equHUIBL. OTO MOXKET yKa-
3bIBaTh Ha 3(pPekTuBHYIO0 paboTy CUCTEMBI (PHUIIBT-
paIyy WM OYMCTKY BO3/IyXa, a TAaK)Ke OTCYTCTBUE
CEPbE3HBIX UCTOYHUKOB BbIOpOCOB CO,.

BaxHO Takxke OTMETHTh, YTO YPOBEHb YTJICKUC-
soro raza (CO,) B npenenax 0,01-0,03% oObeMHBIX
noneit (184,84-554,52 mr/m3) HaxoAuTCs B Ipe/e-
Jlax JIOMyCTUMOM HOPMBI JUIS BO3/lyXa Ha OTKPBITOM
BO3IyXe. DTOT HU3KUHA YPOBEHB 3arpsi3HEHHS BO3-
JyXxa B 00JIACTH, OXBAaThIBAEMON OMOTEXHOJIOTHYEC-
KUM (pUIBTPOM, OOBSACHSETCS €ro yIaIeHHOCTBIO OT
HMCTOYHHUKOB 3arpsI3HEHMSL.

3akioueHne

OKCIepUMEHTAIBHBIC TAHHBIE TOATBEPAIIN
3(h(PEeKTUBHOCTP MOXOBBIX KYJBTYp B IIOIJIOIIE-
HUM YTJEKUCIIOrO0 ra3a W BBIJECICHUH KHUCJIOPO-
Ja B JTHEBHOW MEpHOMA. DTO MOATBEPKIACT paHee

OmyOJIMKOBAaHHBIC JIMTEPATYPHbIC MCTOYHUKHA U
MOJYEPKUBACT IIOTEHIMAT MOXOBBIX PAaCTCHHUH,
HCIIOJIB3YEMbIX B OMOTEXHOJIOTHUECKOM (DHIIbTpE,
B KauyecTBE MHCTPYMEHTA JUIsl CMSATYEHUs HpoO-
JeMbl M3MEHeHHus kimmara. Kpome Toro, mxwu,
UCTIOJIb3yEeMbIE B KaueCTBE PACTHTEIbHBIX arcH-
TOB, BBINIOJHSIOT BAXHYIO ()YHKIHIO B TOTJIONIE-
HUU MEIKOJUCIIEPCHON MBUIM W Tpeodpa3oBa-
HUU €€ B OPraHMYECKUE OCTaTKU. DTOT MPOLEcC
CIOCOOCTBYET yIYYIICHHIO KadyecTBa BO3JIyXa B
Onu3ziexaniell TepPUTOPUU U MOXKET UMETh IT0JI0-
JKUTEIFHOE BO3JCHCTBUE HA 3I0pPOBBE YEIOBEKA U
9KOCUCTEMBI.

B 1menom, pe3ynbTaThl HCCIEIOBAHUS IOJT-
BEPIKAAIOT BAXHOCTD NAIBHEHIINX UCCIIEAOBAaHUN 1
pa3paboTKi METOJOB ymydrieHus 3(pPeKTHBHOCTH
OMOTEXHOJIOTHUECKOTO (PMIIBTPA B IKOJIOTHYECKHX U
KIMMAaTHYECKUX Nporpammax. MXu NpeacTaBisioT
€000 MepCIeKTHBHBIN pecypc IS yIIydIIeHns Ka-
YecTBa BO3JyXa W CMSTYCHHS BO3ICHUCTBHS aHTPO-
MOTeHHBIX (PAKTOPOB Ha OKPYKAIOLIYIO CPELy.

Hcrounuk puMHAHCHMPOBaHUS

JlanHOe wuCcnemoBaHNe BBITIONHEHO Tpu (u-
HaHCOBOM moanepkke Komurera nayku MOH PK,
noroBop Ne365 ot 07.09.2021 r. Ha mporpamMMmHO-
neneBoro ¢guHancupoBanus Ha 2021-2023 romsr:
Hayunbiit mpoekT NeBR10965311 «Pa3spabortka nH-
TEJUIEKTYyalIbHBIX WH(POPMAIIMOHHO-TEICKOMMYHH-
KaIMOHHBIX CHCTEM JIJISl TOPOJCKON HHPPACTPYKTY-
PBI: TPAHCTIOPT, PKOJIOTHS, DHEPTeTUKA U aHATTUTUKA
JaHHBIX B KoHIenmu Smart City».
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POA CYTOSPORA EHRENB.
HA I0IO-BOCTOKE KA3AXCTAHA

CBeaeHMsI 0 MUKHMAMAAbHBIX rprbax ro-Boctoka KasaxcraHa He AOCTaTOYHbl M 3HAUMTEALHO
ycrapeAr (0COBEHHO TaKCOHOMMS BMAOB) HECMOTPS Ha TO, UTO HEKOTOPbIE M3 HUX UMEIOT GOAbLIOE
SKOHOMMYECKOE 3HayeHue, Kak napasmTbl APEBECHbIX pacTeHuit. [103TOMy LeAblo Halen paboTbl
ObIAO BbIsSIBUTb BuAbl poaa Cytospora Ehrenb. Ha TeppuTopum toro-soctoka KasaxcraHa M nposectu
aHAaAM3 AAHHbIX MO WX PACMPOCTPAHEHUIO M KPYry pacTeHui-xo3sieB. HayuHas m npaktuyeckas
3HAYMMOCTb PabOTbl 3aKAIOHYAETCS B MOAYYEHUM AAHHbLIX O HOBbIX MECTOHAXOXAEHUSIX BMAOB POAA
Cytospora, umetolmx 6GOAbLIOE 3HaueHMEe KaK BO30OYAMTEAM PaKOBbIX 3a60OAEBAHMI U S93BEHHOM
GOAE3HM APEBECHbIX PACTEHMIN-XO35EB, MPUBOAALIMX K OTMMPAHMIO BETBEM AepeBbeB. MaTeprasom
AASI CTaTbM MOCAY>KMAM COOCTBEHHbIE COOPbI aBTOPOB, MPOBEAEHHbIE B PA3AMYHbIE FOAbI, repOapHble
00pasupl, xpaHsimecs B repbapum MHCTUTyTa 60TaHMKM M (DUTOMHTPOAYKLIMM, a TAKXKE AUTEPATYPHbIE
AaHHble. [1purotoBAeHue npenaparos rpnboB, UX M3yUYeHne U MAEHTUMMKALIMS OCYLLECTBASAMCD MO
cTaHaapTHOM MeToamke. O6pasLbl U3yYaAmCb M (POTOrpaUPOBAAMCh C MOMOLLBIO (DOTOMMKPOCKOMa
Polyvar ¢ nHtepdepeHumoHHomn ontukon Homapckoro. MNpUBOAMTCS aHHOTMPOBAHHBIN aAdaBUTHbIN
CMMCOK BUAOB C YKa3aHMeM pPacTeHUI-X035eB 1 KoopamHaT cbopa. M3 poaa Cytospora Ha Tepputopmm
toro-BocToka KasaxcraHa o6Hapy»eHbl 43 BUAQ. MakcMMaAbHOE KOAMYECTBO BUAOB (26) 06HapY>KeHO
B NMPeAropbsix 3anAminckoro Aaartay, B 3amaninckom Aaatay otmedeHo 20 BuaoB Cytospora, AAS FOPHbIX
xpebToB AxxyHrapckuin Aaatay, KyHrein Aaatay n AATbIH-DMeAb XxapakTepHbl 10, 9 1 7 NpeACTaBUTEAEN
pPOAa, COOTBETCTBEHHO. B MycCTbIHHBLIX TeppuTOpusx toro-soctoka KasaxcraHa o6Hapy>keHO 8 BMAOB.
Buabl poaa Cytospora BCTpeyvaloTCsl Ha MPEACTaBUTEASX COCYAMCTbIX PACTEHWM M3 29 CeMencTB.
HaunboAbluee 4nMcAO BMAOB OTMeYeHO Ha cemeinctBe Rosaceae Juss. (11 Bmaos), Salicaceae Mirb.
(7), Betulaceae Gray (4), Fabaceae Lindl. (3 BMaa). LlIeHHOCTb NMPOBEAEHHOrO MCCAEAOBaHMS M
npakTMYecKoe 3HaYeHMe 3aKAI0YalOTCS B MOAYUYEHMM AQHHBIX O MECTOHAXOXXAEHUM, pacrpoCTpaHEeHMUN
W NMPUYPOYEHHOCTU K X0391HY B1AOB Cytospora.

KatoueBble caoBa: [NMKHMAMAAbHBIM rprb, pakoBoe 3a00AeBaHME PACTEHWUI, PacrpoCTpPaHeHue,
pacTeHne-xo3s1MH, poa Cytospora, uMTocrnopos, toro-soctok Kasaxcrana.
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'Institute of Botany and Phytointroduction”, Kazakhstan, Almaty
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Genus Cytospora Ehrenb. In the south-east of Kazakhstan

Information about pycnidial fungi of southeast of Kazakhstan is significantly outdated, despite the fact
that some of them are of great economic importance as parasites of woody plants. The work aim was to
identify species of the genus Cytospora Ehrenb. on south-east of Kazakhstan and to analyze data on their
distribution and range of host plants. The scientific and practical significance of the work lies in obtaining
data on new localities of species of the genus Cytospora, which are of great importance as causative
agents of cancer and peptic ulcer disease of woody host plants, leading to the death of tree branches.
The material for the article was the authors’ own collections carried out in different years, herbarium
specimens stored in the herbarium of Institute of Botany and Phytointroduction and literary data. The
preparation of fungi specimens, their study and identification were carried out according to the standard
methods. The samples were studied and photographed using Polyvar photomicroscope with Nomarsky
optics. An annotated alphabetical list of species is provided with host plants and collection coordinates.
Of Cytospora, 43 species were found in the south-east of Kazakhstan. The maximum number (26) was
found in the foothills of the Zailiysky Alatau, 20 species were noted in the Zailiysky Alatau, 10, 9 and 7
representatives of the genus, respectively, are typical for the mountain ranges of the Dzhungarsky Alatau,
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Kungei Alatau and Altyn-Emel. In the desert territories of the southeast of Kazakhstan, 8 species were
found. Species of Cytospora are found on vascular plants from 29 families. The largest number of species
was recorded on the family Rosaceae Juss. (11), Salicaceae Mirb. (7), Betulaceae Gray (4), Fabaceae
Lindl. (3). The value of the study and its practical significance lies in obtaining data on the location,
distribution, and association with the host of Cytospora.

Key words. Pycnidial fungus, Cytosporosis, genus Cytospora, host plant, location, plant cancer,
southeast of Kazakhstan.
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OnrycTik-wbiFbic KasakcraHaarbl Cytospora Ehrenb Tybichbl

Ka3akCcTaHHbIH OHTYCTIiK-LbIFbICbIHAQ KE3AECETIH NMUKHUAMAAbI CaHbIpayKyAaKTap TypaAbl, OAAp-
AbIH Kenbip TypAepi aralll 6CIMAIKTEPiHIH MapasuTTepi peTiHAe 9KOHOMUKAABIK, YAKEH MAHbI3AbIAbIFbIHA
KapamacTaH MBAIMETTEp >KETKIAIKCI3 XXKaHe epdyip eckipreH (acipece TypAepAiH TakcoHoMUsICbl). CoH-
AbBIKTaH >KYMbICbIMbI3AbIH, MakcaTbl Ka3akCTaHHbIH, OHTYCTIK — WbIFbIC aymarbiHaa Cytospora Ehrenb
TYbICbIHbIH TYPAEPIH aHbIKTay >KOHE OAAPAbIH TapaAybl MEH MEAIK — eCiMAiIKTepi GobIHILIA MOAIMET-
Tepre TaAAay XXYpridy. 2KyMbICTbIH, FbIAbIMUW >K8HE MPAKTUKAAbIK, MaHbI3ABIAbIFbI aFall ©CIMAIKTEpPIHIH
GyTaKTapbIH KypaTbir, aFallTbiH, KATEPAI iCiri MEH OMbIK, XKapa aypyAapbiH TYAbIPATbIH KO3AbIPFbILITAP
peTtiHAe YAKeH MaHbI3bl 6ap Cytospora TybIChl TYPAEPIHIH XaHa HYKTeAepiH Taby, TapaAybl TypaAbl Mo-
AiMeTTepre HerizaeAmMeKk. MakaAaHblH MaTepUaAbl: aBBTOPAAPMEH 8P >KbIAAAPbI XKYPri3iAreH 3epTTeyAep
6apbICbIHAQ >KMHAAFaH >koHe boTaHukKa xaHe (PUTOUMHTPOAYKLMS MHCTUTYTbIHbIH repbapuili KopbiHAQ
cakTaAFaH repbapuit YAriAepi, CoHbIMeH Katap, aaebu aepekTep. CaHblpaykyAakTap rnpenapartapbi
AabIHAQY, OAAPAbI 3€PTTEY XKOHE aHbIKTay CTAHAAPTThl SAIC GOVbIHILIA XY3ere achbipblAAbl. YAriAep
Homapckuiiain, nHtepdepeHumsabik, ontukacbl 6ap Polyvar ¢hoToMMKPOCKOObIHBIH KOMeriMeH 3epT-
TeAAl X8He cypeTKe TYCipiAai. TYPAEPAIH MeAiK 6CIMAIKTEPI MEH YKMHaAFaH XepiHiH KOOpAMHATTapbl
KOepCeTIAe OTbIPbIN, aHHOTALUMIAAHFAH aAaBUTTIK Ti3iMi KeATipiaai. Ka3akcTaHHbIH OHTYCTiK-LUbIFbI-
cbiHaa Cytospora TybIChbiHbIH 43 Typi aHbIKTaAAbl. TYpAEpAiH eH ke caHbl Iae AAaTaybiHbIH 6eKTEpPiH-
Ae (26 Typ) Tabbiaabl, Iane AaaTaybiHaa Cytospora TybICbiHbIH 20 Typi aHbikTaAca, JKoHFap AAaTaybl,
KyHrernt Aaataybl koHe AATbIH — DMeAb Tay >KOTaAapbl YLWiH carkeciHwe 10, 9 xaHe 7 TybIC eKiA-
Aepi cunatTasraH. KasakCTaHHbIH OHTYCTIK-LUbIFbICBIHAQFbI LLUOAAI aliMakTapAaH 8 Typ aHbIKTaAAbl.
Cytospora TybICbIHbIH TYPAEpPI TYTIKTi 6CIMAIKTEPAIH 29 TYKbIMAACbIHAQ Ke3aeceAi. TYPAEPAIH eH Ker
caHbl Rosaceae Juss TykbiMaacbiHAQ (11 Typ) aHbIKTaAAbI, aA Salicaceae Mirb. (7), Betulaceae Gray (4),
Fabaceae Lindl. (3) TypaeH. XXyprisiareH 3epTTeyAiH KYHAbIAbIFbl KOHE MPaKTUKAAbIK, MaHbI3AbIAbIFbI
Cytospora TybICbl TYPAEPIHIH aHbIKTaAFaH Xepi, TapaAybl koHE MEAIK — eCiMAiriHe 6eniMAEAYi TypaAbl
MOAIMETTEPAI aAyFa HerisAeArex.

TyitiH ce3Aep: MUKHMAMAABI CaHbIpaykKyAak, ©CIMAIKTEPAIH KAaTePAI iCiK aypybl, TapaAybl, UeAiK-
ecimMaik, Cytospora TybICbl, unToCnopo3, KasakcTaHHbIH OHTYCTiK-LUbIFbICHI.

BBenenue

[IpencraButenu poma Cytospora Ehrenb. sB-
JSIOTCST DHAOPUTAMHU, campoOaMu W IKOHOMH-
Yeckd 3HaUYMMBIMH MAaTOr€HaMH, KOTOpbIE paci-
POCTpaHEHBl O BCEMY MHpPY, MMEIOT LIMPOKHH
KPYT X035IeB ¥ OOBIYHO CBSI3aHBI C PAKOBBIMH 3200-
JICBaHUSIMH | SI3BEHHOM 0O0JIE3HBIO IPEBECHBIX pac-
TEHUH-X0351€B, IPUBOISAIINX K OTMHUPAHUIO BETBEH
nepeBbeB. LluTocmopos (pak wim HEKPO3) SBISETCS
OJTHOH M3 CaMbIX Cepbe3HBIX TI'PHUOHBIX Oose3Hel
IUIOZIOBBIX U JIEKOPATHUBHBIX JAE€PEBbEB U KYCTAPHU-
KOB. bone3Hp 9acTo MpUBOANUT K THOETH OOJIBIIOTO
KonuuecTBa pactenuii [1, 2]. Tak, Hanpumep, B Hac-
TOsILIIee BpeMsl LIMTOCIIOPO3 Havall CO3/1aBaTh MPoO0-
JIeMBbl I KyJbTUBHUPOBAHMS BUIIHU B PymbIHUE.

Ecnu panee 3to 3a605eBaHme ObIJIO XapaKTepHO IS
CTapbIX AE€PEBHEB, TO ceiuac OOJIE3HB Yallle PETrUCT-
pHUpyeTcs Ha MOJIOJIBIX BUIHSX. 3200JI€BAOT MOJIO-
Jiple cafibl 5-8 JIeT, HEKOTOPbIE U3 HUX HaXOMAATCS B
TSDKEJIOM COCTOSIHMHM, KOT/Ia CIACTH PacTEHHs yKe
HEBO3MOYKHO, YTO XapaKTEpHO Ui BO3/EIbIBAHUS
YYBCTBUTENBHBIX cOpPTOB. LluTocnopos myure Bce-
IO Pa3BUBAETCS NPHU BBICOKMX TEMIIEpaTypax oOT
32°C (utonb-ceHTsIOph), KOTAa POCT ACPEBHEB HU3-
kuil. U3 BunoB Cyfospora, 3aperucTpupOBaHHBIX B
Pymbiaun, nanOonee yacteiM siBisiercst Cyfospora
leucostoma (Pers.) Sacc. [3].

Unentuduranus Bugos Cytospora 3aTpynHu-
TEJIbHA JI0 CUX I10P, IIOCKOJIbKY NUMEIOIUXCS B HAaC-
TOSIIIIEE BpPEMs JAaHHBIX O TOCJIENI0BATEIbHOCTIX
JHK nenoctarouno. OTcyTcTBHE KyIbTYp dKC-TUIA
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Pon Cytospora Ehrenb. Ha toro-Bocroke Kazaxcrana

WJIU HEBO3MOKHOCTH CBSI3aTh JJAHHBIC O MOCJICI0BA-
tenpHOCTIX JIHK Heckombkux reHoB B GenBank
C (UIOTCeHETHUECKUMH aHallM3aMH  OCIIOXKHSET
KJIACCU(UKAINIO TakCcOHOB Cytospora Ha YpOBHE
BunoB. IIpenBapurensHoe m3ydenne 34 oOpas3IoB
Cytospora u3 Hebombiioro peruona (EBpomnefickas
yacte Poccum), mpejcraBisioniee Ha4albHBIA BK-
Jaj B TMMOHWMaHHUE POAa, IMOKa3ajo, YTO BCETO TPHU
BUJIA SIBJIIIOTCS U3BECTHBIMU TaKCOHaMu, 14 BHIOB
OBLIN OIHMCAHBI, KaK HOBBIC [4].

B macrosimiee BpemMs B COOTBETCTBHH C 0a3o0it
nanubix Index Fungorum [5] pox Cytospora nacuu-
ThIBaeT B Mupe 387 npencraButencii.

Hensto nHamelt pabOThI OBUIO BHIIBUTH BHIIBI
pona Cytospora Ha TeppuTOpUHN 10ro-soctoka Ka-
3axCTaHa W MPOBECTH aHAJIN3 JAHHBIX 110 UX Pacl-
POCTPaHEHUIO B KPYTY PACTCHHI-X035EB.

MatepuaJibl 1 METOABI HCCJIETOBAHUS

Mukosoruyeckne o0cie10BaHus TPOBOAUIHCH
MapUIpyTHBIM METOJIOM Ha TEPPUTOPUHU FOTO-BOC-
toka Kazaxcrana B Teuenue psma jet (2013-2015,
2018-2021). Bo Bpems oOcieoBaHuii COOUPAIHCH
BETOYKH APEBECHBIX PACTCHUN C TUITMYHBIMU CUMII-
TOMaMU MOpakeHus1 nurocnopoil. IlpurorosiexHune
mpenapaToB OCYLIECTBISUIOCH TI0  CTaHAApTHOU
Metoquke [6]. OOpasibs! u3ydanuch u dororpadu-
poBaiKch ¢ Tomomipo (oromukpockona Polyvar
(Reichert-Jung, ABctpus) ¢ uHTepdhepeHINOHHON
ontukoii Homapckoro. Buner Oputi maeHTHGUIN-
POBaHBI C TIOMOIIBIO COOTBETCTBYIOIIMX OIPE/IEITHU-
Tenew [7, 8].

Ha3zBanus Buz10oB rpuOOB M aBTOPbI IPUBEACHBI
B COOTBETCTBHHU C 0a3oii gaHHbIX Index Fungorum
[5], Ha3BaHMs MUTAIOLIUX PACTCHUM — COrJIacHO
Catalogue of Life [9]. Marepuanom ans cratbu
MOCITYKUJIM COOCTBEHHBIE COOPBI aBTOPOB, Tepoap-
HbIE 00pasLbl, XpaHsumecs B repdapun Mucturyra
boranukn u QUTOMHTPOLYKUMH, a TaKXKe JUTEpa-
TypHble nanuble [10]. [lng Bcex BUIOB, COOpaHHBIX
aBTOPaMH, MPUBEICHBI TOUKH KOHKPETHBIX MECTO-
HaXOXIECHUH (C yKa3aHMEM KOOPAMHAT, BBICOTHI
HaJ YpOBHEM Mops, IaThl cOopa U (aMHUINH KO-
JIEKTOpPA).

Pe3y.]'[I>TaTbI HCCJIeA0BaAHUA U 06cy>lcne}me

N3 poma Cytospora, OTHOCSIIETOCS K Kiaccy
Sordariomycetes O.E. Erikss. & Winka, nopsaxy
Phomatosporales Senan., Maharachch & K.D. Hyde,
cemeiicTBy Valsaceae Tul. & C. Tul., Ha repputopuu
toro-Boctoka Kazaxcrana oonapysxens! 43 Buga. Ha
TEPPUTOPHH LIEHTPAIBLHOTO U ceBepHOro Kazaxcra-
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Ha oObHapykeHo 4 Buma poxa Cytospora: Cytospora
leucosperma (Pers.) Fr. na Betula pendula Roth.; C.
microspora Rabenh. Ha Crataegus sanguinea Pall.;
C. salicis (Corda) Rabenh. wa Salix fragilis L. n
Populus nigra L.; C. pseudoplatani Sacc. na Acer
negundo L. [11].

AndaBUTHBIN CITUCOK BUIOB C YKa3aHUEM pac-
TEHH-X0351eB U KOOPJHHAT cOOpa MPUBEICH HUXKE.

Cytospora acaciae Oudem. — Ha Amorpha
fruticosa L. u Robinia pseudoacacia L., npenropbs
3aunuiickoro Anatay, 23.06.1964, H.®. Ilucapesa.

Cytospora atra (Bonord.) Sacc. — Ha Morus alba
L., npearopes 3aunuiickoro Amnatay, 23.06.1964,
H.®. [Tucapega.

Cytospora atronitens Chevall. — na Salix caprea
L. u S. cinerea L., xp. 3aunuiickuii Anatay, Manoe
AnmatuHckoe yul., 20.06.1956, A.T'. Cemkuna; Tam
ke, 13.10.1948, C.P. llIBapuman; Ha Salix sp., Xp.
AnTeH-DMenb, yii. Y3sH-bynak, T. 498, 1577 M H.
y. M., N44°20'10.5", EO78°50'29.8", 27.05.2014,
E.B. PaxumoBa; ropel XaHTay, K [Oro-3amnanay OT
cr. XaHTay, cyxoe yuml., mepeBan, 704 M H. y. M.,
N44°1524.4", EO73°49'33.9", 25.06.2014, A.K.
J>xreHOeKoB.

Cytospora aurora Mont. & Fr. (Pucynox 1)
— Ha Salix alba L., ropet Kungukrac, o0be3Has
Tpacca Ha 1. Uy, 60koBoe ymI. ¢ peukoit, 900 M H.
y. M., N43°25'50.4", EO74°59'03.7", 08.03.2016,
E.B. PaxumoBa; ropsl Aiitay, yIll. HanpoTHB
cr. Kynakmem, 1004 M H. y. M., N43°47'49.0",
EO74°36'13.8", 04.06.2016, E.B. Paxumosna; Ha S.
capusii Franch., xp. 3aunuiickuii Anatay, Mamnoe
Anmatuackoe ymI., 11.06.1957, C.P. lIBapiman;
ropel Kungukrac, yui., y pyubs, 30.05.1958, 3.M.
bezoBa; Ha S. fragilis L., npenropbs 3aunuiicko-
ro Amnaray, 26.02.1937, I'.C. HeBomoBckuii; Ha S.
songarica Andersson, oiima p. Yapsein, 11.05.1943,
b.U. Kpasues; na Salix sp., xp. 3annwiickuii Ana-
Tay, yiml. bompmoe Anvaruuckoe, T. 262, 1926 M
H.y. M., N43°06'27.1", EO76°56'15.9", 27.04.2018,
VK. JxerureHona; xp. AnteiH-OMenb, 1150 m H.
y. M., N44°14'33.1", EO79°28'39.1", 09.05.2012,
E.B. PaxumoBa; HmkHee TeueHue p. Mnm, paiioH
Kynaesckoro mocta, 375 M H. y. M., N44°57'56.4",
EOQ75°47'32.3",23.03.2012, E.B.PaxumoBa.

Cytospora berberidis C.M. Tian, X.L. Fan &
K.D. Hyde — na Berberis sphaerocarpa Kar. & Kir.,
xp. Kynreit Anatay, yii. Tansl, TMCTBEHHBIN JIec, T.
305, 1677 mH. y. M., N43°01'56.7", EO78°15'19.2",
26.07.2020, A.M. Acbui0Oex.

Cytospora capitata Fuckel (Pucynok 2) — Ha
Malus domestica Borkh., 19 kM B cropony Kacke-
neHa, madyu, T 476, 767 M H. y. M., N43°14'40.0",
EO75°42'47.9", 25.10.2014, E.B. PaxumoBa; Ha
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M. floribunda Koidz., mnpenropbs 3auaHiicKo-
ro Amnartay, 05.09.1967, HM. ®unumoHOBa; Ha
M. sieversii (Lebd.) M. Roem., xp. JI>KyHrapckwuii
Amnaray, mpaBbiii 6eper p. Cpeanuii Tenrek, cme-
mIaHHbIN Jec, T. 453, 1044 M H. y. M., N45°46'49.4",
EO81°0627.1", 24.08.2021, T.A. YpmaHoB; Tam
ke, yur. noc. Canak, noMMeHHbIH Jec, T. 462, 995 m
H.y. M., N45°45'26.2", EO80°5321.1", 26.08.2021,
A.A. UmananuHoBa; Tam ke, yil. Kokcy, moiiMen-
HbIl nec, T. 408, 1308 M H. y. M., N44°40'58.0",
EO78°56"20.7", 18.06.2021, A.M. Acsuibex; xp.
3aunuiickuil Anatay, Manoe AnmaTHHCKOE YIII.,
14.07.1964, H.®. Ilucapesa; tam xe, [myOokas
menb, 24.07.1964, H.®. IlucapeBa; Tam ke, Xpe-
oer mexay p. Manoii AnmaruHkodi u byTakos-
KOH, 3arajHbli CKIIOH, HEOOINBIIOE YIII., IUCTBEH-
HEIA Jec, T. 391, 1496 m H. y. M., N43°10'19.6",
EO77°02"20.0", 28.07.2020, E.B. PaxumoBa; xp.
AnteiH-OMenb, Topbl OpHUKTHL, OE3BIMSIHHOE YIII.
c peuxoit, T. 5, 1457 m H. y. M., N44°11'27.9",
EO78°3224.1", 29.05.2014, A.M. Acbuibek; Ha
Malus sp., xp. Jxynrapckuii Amaray, nopora ot
ct. Koktyma no c. Kabanb6ait, ymi. nputoka p. XKa-
MaHTBI, BO3Jie 3a0pOIIeHHOTO cafa, T. 485, 1262 M
H. y. M., N45°45'53.5", E81°21'10.1", 19.07.2022,
E.B. PaxumoBa; Tam sxe, npassiii Oeper p. Kokrai,
IMOMMEHHBIN JUCTBEeHHBIN Jiec, T. 409, 1305 M H.
y. M., N44°35'50.4", EOQ78°58'45.2", 18.06.2021,
A.M. Acbuibek; 6 kM Ha ceBepo-3amaj ot ¢. bai-
nblk by, mpaseiii Oeper p. Kokcy, noiimMenHslit Jec,
T. 1, 535 M H. y. M., N44°54'58.6", EO78°14'42.5",
03.10.2021, A.M. Acpuibek; ropst CroraThl, FO’KHBIH
otmenok yui. Koknek, B KycTapHUKaX BAOIb PyYbs,
1. 1, 1003 M H. y. M., N43°29'57.3", E78°37'44.9",
02.05.2021, E.B. PaxumoBa; xp. 3aunmiickuit Ana-
Tay, bonbmoe AnmaruHckoe yur., T. 267, 1926 M H.
y. M., N43°06'27.1", EO76°56'15.9", 27.04.2018,
E.B. Paxumoga; xp. Kynreit Anatay, qopora ot yiil.
Kynypra x ym. Kypmers, T. 324, 1571 m H. y. M.,
N43°02'46.6", EO78°18'34.5", 21.08.2020, B.E.
JlxyHyckaHoBa; xp. XKeTblkoi, yiI. 1oro-3amnajgHee
noc. Akrepek, T. 19, 1069 M H. y. M., N43°15'14.2",
EO75°24'19.6", 27.06.2014, V. .K. JI)xeTureHoBa.

Cytospora carphosperma Fr. — na Malus
domestica Borkh., npenropes 3annmiickoro Ana-
tay, 12.03, 1.04.1936, I'.C. HeBomoBckwuii; Ha
M.sieversii (Ledeb.) M. Roem., xp. 3awnuiickuit
Anartay, Manoe AnmatuHckoe yul., 15.08.1948,
C.P. lIBapiman; Ha Malus sp., xp. JKyHrapckuii
Anatay, ym. CapkaHiackoe, eloBblid jec, T. 421,
1838 M H. y. M., N45°10'31.9", EO80°0123.8",
20.08.2021, A.A. Umananunosa; Ha Tilia cordata
Mill., npearopss 3annuiickoro Anaray, 26.05.1964,
H.®. Ilucapesa.

Cytospora ceratosperma (Tode) G.C. Adams &
Rossman — na Rosa alberti Regel., xp. 3annuiickuii
Anartay, Manoe AnmatuHckoe yul., 20.06.1956,
A.I. Cemkuna; Ha Rosa sp., xp. Typairsip,
23.07.1956, b.K. Kanpim6eToB; xp. AJIThIH-DMeEIb,
yiI. Y3eiHOyMaK, T. 11,1612 M H. y. M., N44°20'29.2",
E78°50'37.1", 17.06.2022, JI.A. Ks3meTOBa; TOPHI
Kenpaukapa, BnakHoe MOHMKEHUE, T. 482, 923 M
H. y. M., N43°31'42.8", E77°54'19.7", 16.07.2022,
E.B. Paxumosa.

Cytospora chrysosperma (Pers.) Fr.—na Populus
talassica Kom., xp. JxyHrapckuit Anaray, mpaBblit
oeper p. Cpeanuii TeHTek, CMEIIAHHBIA JieC, T.
452, 844 m H. y. M., N45°47'15.7", EO80°59'30.7",
24.08.2021, XK. A#iteiMOet; Ha P. tremula L., xp.
3amnuiickuii Anatay, bonbiioe AIMaTHHCKOE YIII.,
rpebenp xpedTa mo mpaBoMy Oepery peku, 2194 m
H.y. M., N43°06'60.7", EO76°56'65.8", 12.01.2012,
E.B. PaxumoBa; Ha Populus sp., npearopbs 3au-
nuiickoro Anaray, 1937, I'.C. HeBonoBckuii; Tam
ke, 23.05.1955, 3.M. brizoBa. DTOT BUA XapakTe-
peH ans npeacraButenei poga Malus, u o0paszyet
MHOT'OJIOKYJIbHBIE KOHUAHOMATHI [12].

Cytospora corni Westend. — Ha Cornus foemina
Mill., Swida alternifolia (L. £.) Small., S. australis
(C.A. Mey.) Pojark. ex Grossh., npearopes 3au-
nuiickoro Anaray, 5.06.1964, H.®. ITucapesa.

Cytospora dubyi Sacc — H©Ha Juniperus
turkestanica Kom. u J. virginiana L., npearopss
Baunmiickoro Anaray, 19.06.1957, b.K. Kansim6e-
TOB; TaM ke, 9.06.1947, A.11. Bnacenko.

Cytospora elaeagni Allesch. — Ha Elaeagnus
oxycarpa Schltdl., p. Yapem, 25.05.1943, B.U.
Kpasues; okp. c. Komgu, Oeper npyna Ecmayner-
Caii, 15.06.2004, JI.A. Ke3meToBa. B To e Bpe-
Msi, IITaMMBbI, BBIIENCHHbIE W3 BeTBH Elaeagnus
angustifolia ¢ cumnromamu nuTocrpo3a B CHHBII-
35H-YUTYpCKOM aBTOHOMHOM paiioHe Kwurtas, Ha
OCHOBaHUHM MOP(OJIOTHYECKOTO HAONIOACHUS U
MYJIbTHJIOKYCHOTO ~ (DHIIOTEHETHYECKOTO aHaJIH3a
(ITS, LSU, ACT u RPB2) oTtHECEeHBI K OTIEITHHO-
My HoBoMy Buny Cytospora elaeagnicola, xapaxte-
pHU3YIOMIEMYCSl TUCKOBUIHBIMH, TIOYTH TUIOCKHUMH,
MUKHANATFHBIMA KOHUTUOMaMH C THAJTMHOBBIMH,
AJNIAHTOMIHBIMU KOHUAUsMU [13].

Cytospora euonymi Cooke — Ha FEuonymus
bungeanus Maxim. u E. maackii Rupr., npearopss
3aunuiickoro Anatay, 6.09.1967, C.M. Jlonyxoga.

Cytospora  eurotiae  Kravtzev — —  Ha
Krascheninnikovia ceratoides (L.) Gueldenst., Tep-
putopus 1. Kanuaraii, p. Mnu, 12.06.1965, C.P.111-
BapuMan, M.H. Ky3nenosna.

Cytospora greschikii Bres. — wa Myricaria
bracteata Royle., xp. 3annuiickuii Anaray, Typ-
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reackoe ymi., 13.09.1964, C.P. llBapuman; xp.
Tepckell AnaTay, K I0ro-BoCTOKY OT noc. Kapkapa,
npaselii Oeper p. CapbiTacy, MOWMEHHBIH Jiec, T.
305, 1935 M H. y. M., N42°47'57.2", EO79°12'54.6",
12.09.2021, I'. CrinaOeKKbI3bI.

Cytospora grossulariae Laubert—ua Grossularia
acicularis (Sm.) Spach., npearopesi 3amimiickoro
Amnatay, 18.06.1954, b.K. KaasiMbeToB.

Cytospora halimodendri Kravtzev — Ha cyxoi
Betke Halimodendron halodendron (Pall.) Voss,
Oeper p. YaperH, scereBas poma, 15.03.1943, b.1.
Kpasues.

Cytospora horrida Sacc. — na Betula pendula
Roth, xp. 3annuiickuit Anaray, Mamoe AnmatuHc-
Koe yul., 0epesoBas poma, 14.07.1964, H.®. I1u-
capeBa; xp. Kynreit Anaray, ym. KaiisiHasl, Oepe-
30BBIN Jec, T. 252, 1734 M H. y. M., N43°00'04.6",
E78°27'07.3", 23.09.2020, 2.C. CametoBa; Xp.
xynrapckuit Anaray, nonusa p. Kokey, 1. 35, 1423
M H.y. M., N44°43'04.1", E79°03'11.0", 10.07.2014,
V.K. IxeturenoBa; tam xe, yul. Kopa, mpaBblii 6e-
per p. Kopa, nolimennsiii Gepe3oBslii sec, T. 396,
1465 m H. y. M., N44°5622.7", EO78°53'44.6",
16.06.2021, A.M. AcbuiOex.

Cytospora hulthemia Kravtzev — Ha Hulthemia
berberifolia (Pall.) Dumort., ropku JKam0bL1, y TIOC.
bupnuk, 20.06.1945, b.1. KpaBues.

Cytospora intermedia Sacc. (Valsa intermedia
Nitschke) — na Quercus robur L., xp. 3aunuiickuit
Anatay, Manoe AJMaTUHCKOE VYII., IOCAIKH,
12.07.1948, C.P. llIBapumMan; TaM e, arpoecxos,
3.08.1954, C.P. llIBapuman; wa Q. rubra L., npen-
ropest 3aunuiickoro Anatay, 1.09.1967, C.M. Jlo-
ITyXO0Ba.

Cytospora juglandina Sacc. — wna Juglans
fallax Dode, xp. 3amnuiickuii Anaray, Manoe Ain-
matuHcKoe ymI., 13.10.1954, C.P. IIBaprMan;
Ha J. mandshurica Maxim., npearopbs 3auiuiic-
koro Amnaray, 9.06.1947, C.P. IlIBapuman; Ha
J.ailanthifolia var. cordiformis (Makino) Rehder,
npenropbst  3awiuniickoro  Amatay, 1.09.1967,
H.M.®unumoHoga.

Cytospora leucosperma (Pers.) Fr. — na Acer
campestre L., xpeber Mexay p. Manoit AaMaTuH-
ko# u byrakoBkoii, HebombIoe yiI., T. 372, 1360 M
H.y. M., N43°10'40.4", EO77°01'04.5", 23.06.2020,
I'. Cemabekkobi3bl; Ha Carpinus betulus L. wu
C.cordata Blume, mpearopes 3annmiickoro Aua-
Tay, 5.09.1967, C.M. JlomyxoBa; TaM ke, 9.06.1947,
3.1IyxoBa.

Cytospora leucostoma (Pers.) Sacc. (Pucynox
3) — ma Sorbus tianschanica Rupr., xp. 3ammuiickuit
Anatay, Manoe AnmatuHckoe yul., 20.10.1946,
M.H. Ky3HenoBa; Ha Spiraea hypericifolia L., ropsr

56

Crorartsl, ym1. Kokmnek, ceBepHOe KaHROHOOOpa3HOE
OTBEeTBJICHUE, T. 276, 1047 M H. y. M., N43°29"23.1",
EO78°38'08.6", 23.05.2018, E.B. PaxumoBa; Ha
Rosa iliensis Chrshan., moiima p. nu, HrxkHee Tede-
Hue (Hwke bakanaca), 377 M H. y. M., N44°53'08.6",
EO75°58'08.7",01.07.2012, E.B. PaxumoBa. JtoT
BUJI OOBIYHO aCCOLIMUPYETCS C PAKOBOM 0OJIC3HBIO
Ha noacemeiictBe Prunoideae cemectBa Rosaceae B
Kurae [14].

Cytospora lonicerae Grove — Ha Lonicera
altmannii Regel & Schmalh., 1oxHbBIII Makpock-
noH xp. Kermens, 3a nep. KereH, BepXxHsisi 4acTh
yur. Axber, y pomnuka, T. 065, 1613 M H. y.
M., N43°10'74.9", EO79°13'71.9", 24.08.2016,
V.K.J[>)xeTureHona.

Cytospora microspora Rabenh. — na Crataegus
korolkowii L. Henry, xp. 3aunuiickuii Anaray, Ma-
moe AnmvartuHckoe yiI., 28.08.1956, A.I'. CemkuHa;
Ha C. pentagyna Waldst. & Kit. ex Willd., npex-
ropbs 3aunuiickoro Anaray, 12.09.1967, H.M.®u-
mumonoBa; Ha Crataegus sp., Xp. Ketmens, ymr.
JlapnaMTbl, 10 1€BOMY IPUTOKY, IIOMMEHHBIH JIec,
T.437, 1443 M H. y. M., N43°24'50.5", E80°03'43.6",
26.08.2021, E.B. Paxumosa; Ha Sorbus tianschanica
Rupr., xp. 3aunuiickuii Anaray, TypreHnckoe yur.,
3amagHBIN CKJIOH, MOMMEHHBIN Jec, T. 323, 1287 m
H. y. M., N43°16'17.1", E77°44'18.9", 20.05.2019,
E.B. PaxumoBa; Tam xe, Manoe AnMaTuHCKOE YIII.,
o nopore k Boporam Tyrokcy, 3.09.1967, M.I1.Ba-
CATWHA; TaM ke, yII. Arocail, CMEIIaHHBIN JIec, T.
307, 1877 m H. y. M., N43°05'26.0", E76°56'51.9",
28.08.2018, JI.A. Ke3meroBa; tam xe, ym. Ku-
Macap, T. 413, 2015 M H. y. M., N43°09'44.7",
E77°05'19.7", 10.09.2020, A.M. Acsuibek; xp.
Tepckeit Anaray, k tory oT noc. Kapkapa, yu.
MBIHKUIKY, TOMMEHHBIN CMENIaHHbIN Jiec, T. 302,
2169 M H. y. M., N42°44'15.8", EO79°16'53.7",
11.09.2021, A.M.Acwuioex; Xp. ANTBIH-DOMENb, YIII.
VY3biH-bynak, 1. 504, 1724 m H. y. M., N44°21'13.5",
EO78°49'39.2", 27.05.2014, A.M. Acsuibek; xp.
Jlxynarapckuit Amaray, p. Tepextsr, 30.05.1944,
Bb.U. Kpasues; Kacrekckuii xp., ymt. Kacrek, 1854 m
H. y. M., N42°59'70.7", EO75°53'30.3", 29.06.2012,
E.B. PaxumoBa. Bua xapakrepusyercs MHOI0JIO-
KyJibHBIME (Ooniee 10) KoHMOMOMAaTaMu C HEOKpa-
IICHHBIMH, U30THYTHIMH KOHUJIUSMU, pazMepoM 6,5
x 1.2 mxm [4].

Cytospora nivea Fuckel (Valsa nivea (Hoffm.)
Fr.) — ma Betula tianschanica Rupr., xp. Kynrei
Anaray, ym. Tamger, 1. 306, ocunnuk, 1677 M H.
y. M., N43°01'42.8", EO78°1529.8", 26.07.2020,
I'.Comabexxw3bl; Ha Populus koreana Rehder.,
npenropbst  3awimiickoro  Amatay, 5.09.1967,
C.M.JlonnyxoBa. Bun xapakrepusyercss MHOTIOJIO-
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KyJIbHBIMH KOHUJMOMATaM{ C WHIMBHIYaJTbHBIMU
OCTHOJIAMH U HEOKPAILlEHHBIMU, H30THYTIMU KOHU-
IusmMu, pazmepom 7,6 x 1.9 mxwm [4].

Cytospora oxyacanthae Rabenh. — na Crataegus
almaatensis Pojark., xp. 3annmiickuii Amaray, Ma-
moe AnmartuHckoe yml., 14.07.1964, H.®. Iluca-
pesa; Ha C. pinnatifida Bunge, npearopbst 3au-
nuiickoro Amaray, 5.09.1967, C.M. JlonmyxoBa; Ha
C.songarica K. Koch., xp. 3awnulickuii Anartay,
Manoe Anmarunckoe yui., 27.04.1937, M.H. Ky3-
HEIOBa; TaM e, byTakoBckas mens, 15.08.1948,
C.P. IIBapumas.

Cytospora personata (Fr.) Sacc. (Pucynok 4, 5)
— Ha Betula pendula Roth., xp. 3ammiickuii Ana-
Tay, bonbimoe ANMaTHHCKOE YIN., TPaHHUIA €Jlo-
Boro Jjeca, T. 330, 1579 M H. y. M., N43°06'00.5",
E76°56'52.0", 23.05.2019, E.B. PaxumoBa; Ha

Malus sieversii (Ledeb.) M. Roem., xpeber mex-
Iy p. Maoit AmMaTHHKON 1 byTakoBKO#, HEOOIb-
moe yml., T. 370, 1388 M H. y. M., N43°10'44.6",
EO77°01'10.3", 26.05.2020, A.M. Acsuibek; xp.
Jbxynrapckuii Anaray, ym. bombimioit Ycek, cme-
maHHselif nec, T. 310, 960 M H. y. M., N44°21'10.1",
EO079°53'23.9", 14.09.2021, A.M. Acsuibek; Ha
Malus sp., xp. Jxyarapckuii Anatay, ym. Kopa,
MOMMEHHBIH Oepe3oBbli jec, T. 397, 1456 M H. y.
M., N44°56'11.0", EO78°53'21.9", 16.06.2021,
A .M.Acbuibek; Ha Salix sp., xp. JkyHrapckuii Aja-
Tay, yiml. Yaxa, MONMeHHbIN JIMCTBEHHBIN Jec, T.
401, 1249 m H. y. M., N44°51'41.1", EO78°56'07.4",
17.06.2021, A.M. Aceinbex; Ha Rhamnus cathartica
L., xp. XKetbpkomn, yil. 1oro-3anagsee noc. AKTepex,
T. 18,1033 Mm H. y. M., N43°15'43.7", EO75°25'26.8",
26.06.2014, E.B. Paxumoga.

Pucynox 1 — Pucynox 2 — Pucynox 3 — Cytospora Pucynoxk 4 — Pucynox 5 — Cytospora
Cytospora aurora na  Cytospora capitata leucostoma ua Sorbus Cytospora personata personata
Salix sp. Ha Malus sp. tianschanica Ha Betula pendula Ha Malus sieversii
Cytospora  phellodendri  Gucevic — Ha Cytospora populina (Pers.) Rabenh. — Ha

Phellodendron amurense Rupr., npearopbst 3au-
nuiickoro Anartay, 5.06.1964, H.®. ITucapesa.

Cytospora  philadelphi ~ Pisareva — Ha
Philadelphus caucasicus Koehne., npearopes 3an-
ymiickoro Anaray, 23.06.1964, H.®. ITucapesa.

Cytospora pinastri Fr. (Valsa abietis (Fr.) Fr.) —
Ha Larix sibirica Ledeb., npearopsst 3annuiickoro
Anartay, 6.09.1967, C.M. JlonmyxoBa.

Amelanchier ovalis Medikus, mnpenropes 3am-
muiickoro Amatay, 23.06.1964, H.®. Ilucapesa;
Ha Celtis caucasica Willd., xp. Xersixon, yur.
oro-3anagiee noc. Axrepek, T. 24, 1129 M H. y.
M., N43°15'14.2", EQ75°24'19.6", 27.06.2014,
VY.K. Jlxxerurenosa; va Cotoneaster melanocarpus
Lodd., G. Lodd. & W. Lodd., xp. 3annmiickuit Aa-
tay, Manoe Anmatuackoe ymr., 03.10.1965, B.A.
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Koctun; Tam xe, ym. Ilpaseni Tanrap, 21.06.1979,
3.M. beosa; xp. Kynreit Anaray, ym. Komscaii,
oeper 03. Koubcaii, cmenanubiii jiec, T. 309, 1853 M
H.y. M., N42°59"27.6", EO78°19'31.1", 27.07.2020,
A .M.Acwinbex; Ha Crataegus korolkowii L. Henry,
xp. amnmiickuit Anatay, Majgoe ATMaTHHCKOE YIII.,
28.06.1956, A.T". CemkuHa; Ha Rosa sp., xp. Kynrei
Amnatay, ymi. Tannsr, T. 306, ocuHHHK, 1677 M H. y.
M., N43°01'42.8", EO78°15'29.8", 26.07.2020, T.
Ceimabexkbizbl; Ha Ulmus laevis Pall., npenropes
Samnmiickoro Amnaray, 26.05.1964, C.P. llIBapumMan.

Cytospora pruinosa (Fr.) Sacc. — na Fraxinus
sogdiana Bunge, p. Yapsin, 15.05.1943, b.1. Kpas-
1eB. Bux xapaktepusyercsi HaATHYUEM €IMHCTBCH-
HOM JIOKYJIBI M MEJIKMX KOHMJIUH pasmepoM 2—4 x 1
MKM [15].

Cytospora prunorum Sacc. — Ha Cerasus besseyi
(L.H. Bailey) Smyth., npearopss 3aunuiickoro Ana-
Tay, 5.06.1964, H.®. ITucapesa; na C. tianschanica
Pojark. ropsl Uynax, roro-3amnajnas 4actb, T. 94, 686
MH.Y. M., N43°54'34.1" EO77°46'08.2",21.12.2014,
E.B. Paxumoga; Ha C. vulgaris Mill., npearopss 3au-
nuiickoro Amaray, 16.03.1937, I'.C.HeBomoBckuii;
Ha Padellus mahaleb (L.) Vassilcz., npearopss 3au-
nuiickoro Amnaray, 26.05.1964, H.®.Ilucapea; Ha
Padus avium Mill,, xpebet mexny p. Manoii Anma-
TUHKOHN 1 byTakoBko#i, HeOombioe yiI., T. 370, 1388
MH.y. M., N43°10'44.6", EO77°01'10.3", 26.05.2020,
A.M. AcbuiGexk.

Cytospora pseudoplatani Sacc. — Ha Acer
negundo L., xpebet Mexay p. Manoir ATMaTHHKON
u byrakoBkoii, HeGombioe ym., T. 369, 1319 M H.
y. M., N43°10'41.2", EO77°00'59.0", 26.05.2020,
E.B.Paxumona; mHa A. rubrum L., Xp. 3annwmiickuit
Anatay, Manoe AnmatuHckoe yml., 12.08.1948,
C.P. UlBapuman; Tam xe, npearopbs, 5.06.1964;
H.®. ITucapesna.

Cytospora pyricola Westend. — ua Chaenomeles
japonica (Thunb.) Spach., mpearopsst 3awmnuiic-
koro Amartay, 6.09.1967, H.M. ®OummmoHOBa,
H.Kaxuesa.

Cytospora ribis Ehrenb. — Ha Ribes americanum
Mill., mpenropsst 3annuiickoro Amaray, 5.06.1964,
H.®. IMucapesa; Ha R. heterotrichum C.A. Mey.,
Xp. ANThIH-DMenb, Topbl OpHUKTHL, OE3BIMSIHHOE
VIII. C peuKoi, T. 4, 1445 m H. y. M., N44°11'27.9",
EO78°32'32.5", 29.05.2014, JK.M. TakueBa; Ha
R. meyeri Maxim., xp. 3annwmiickuii Anaray, [Ipo-
XOJIHOE VIII., €JIOBBIN Jiec, T. 346, 2240 M H. y. M.,
N43°03'51.2", E76°54'28.6", 16.07.2019, E.B. Pa-
XMMOBa; TaM e, YII. foro-zamagHee moc. Kascr-
poii, cMemaHHbId Jec, T. 462, 1636 M H. y. M.,
N43°15'52.3", E77°21'15.6", 28.09.2021, E.B. Pa-
xuMoBa; Xp. Tepckeit Amaray, ym. Llloxmap6aii,
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€JOBEIH Jiec, T. 295, 2277 M H. y. M., N42°35'51.9",
EO79°59'02.5", 09.09.2021, A.M. Acbuibek; Ha
Ribes sp., xp. Kynreit Anaray, ym. Kypmersr, eno-
BeId jec, T. 300, 1810 M H. y. M., N43°00"25.2",
EO78°17'05.4",25.07.2020, A.M. Acbui0eK.

Cytospora ruthenica Petr. — wa Caragana
balchaschensis (Kom.) Pojark., ropxu >KamObin,
04.06.1960, 3.M. bri3osa; na C. camilli-schneideri
Kom., ropsr Croratsr, ym1. Kokmnek, 60koBoe ceBep-
HOE KaHROHOOOpa3HOEe OTBETIEHUE, T. 276, 1047 m
H.y. M., N43°29'23.1", EO78°38'08.6", 23.05.2018,
E.B. Paxumosa.

Cytospora salicis (Corda) Rabenh. (Pucynok
6-8) — Ha Salix capusii Franch., xp. 3annuiickuit
Anatay, Manoe AnmatuHckoe yml., 22.09.1954,
C.P. llBapuman; Ha S. lucida Muhl., npearopbs
3aunuiickoro Anaray, 5.06.1964, H.®. Ilucapesa;
Ha S.tenuijulis Ledeb., xp. 3awnwmiickuii Amatay,
Uwunukckasi JecHas jada, FOro-3amajHblii CKIIOH,
12.07.1948, C.P. llBapuman; Ha S. triandra L.,
xp. Kynreit Anaray, ym. Tamnnel, T. 306, OCHHHUK,
1677 m H. y. M., N43°01'42.8", EO78°15'29.8",
26.07.2020, I'.CeimaOekkbI3bl; Ha S. viminalis L.,
xp. 3awnuiickuii Ajaray, Mamoe AJMaTHHCKOE
yii., 28.06.1956, A.T". Cemkuna; Ha S. wilhelmsiana
M. Bieb., p. YHapsa, 5.10.1941, b.U. KpaBues; Ha
Salix sp., ropel Croratsl, yIi. I0ro-BOCTOYHEE TIOC.
Hypa, 908 M H. y. M., N43°31'48.4", EO78°32'32.9",
04.05.2017, E.B. PaxumoBa; okpecTHOCTH C. BakThI-
0ait, mpaBbiii Oeper p. Kokcy, oroposl, 1. 2, 537 M
H.y. M., N44°55'44.1", EO78°15'25.0", 03.10.2021,
A.M.Acwibex; xp. JbxyHrapckwii AmaTtay, VIII.
Yaxka, MOWMEHHBIN TUCTBEHHBIH Jiec, T. 401, 1249 m
H.y. M., N44°51'41.1", EO78°56'07.4", 17.06.2021,
A.M. Acwuibex; Tam ke, ym. CapkaHICKOe, €10-
BBl jec, T. 421, 1838 M H. y. M., N45°10'31.9",
EO80°01'23.8", 20.08.2021, A.A. VMmaHanuHOBa;
3anajHee cT. Jlerncel, Tyraiineiil jiec p. Jlencel, T.
494, 392 M H. y. M., N46°13'16.4", E78°54'49.3",
9.08.2022, E.B. PaxumoBa; xp. ANThIH-DMEINb, Ce-
BEPHBIN MaKPOCKIIOH, YIII. Fo’KHEe 1moc. Tanapioyak,
1.478,1397MH.y. M.,N44°29'53.1" EO78°53"22.1",
21.06.2022, E.B. PaxumoBa; npearopbst 3auiniic-
Koro Amaray, 5.06.1964, H.®. Ilucapesa; xp. Kyn-
reit Amaray, ym. Kypmetsl, Baons p. Kypmersi,
MOMMEHHBIN JTMCTBEHHBIN Jiec, T. 302, 1835 M H.
y. M., N43°00'10.2", EO78°17'16.0", 25.07.2020,
I'. CpimabekkbI3bl; TaM ke, yil. Tayijasl, JTUCTBEH-
HbI nec, T. 305, 1677 M H. y. M., N43°01'56.7",
EO78°15'19.2", 26.07.2020, A.M.Acbuibek; Tam
ke, yil. Konbcait, enoBerit nec, T. 334, 2530 M H. y.
M., N42°55'04.7", EO78°20'37.2", 23.08.2020, b.E.
JlxynyckanoBa; Tam ke, 6eper o3. Kombcaii, cme-
maHHbli jec, T.309, 1853 M H. y. M., N42°59"27.6",
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EO78°19',31.1”, 27.07.2020, A.M. Acbu10¢eK; KaHb-
oH p. Tumepnuxk, 1132 m H. y. M., N43°15'34.1",
EO79°13'04.0", 06.07.2017, E.B. Paxumosa; Xp.
Tepckelt Anaray, K 0ro-BocToky ot mnoc. Kapka-
pa, TipaBsIid 6eper p.CapbiTacy, MTOWMEHHEBIH Jec, T.
305, 1935 m H. y. M., N42°47'57.2", EO79°12'54.6",
12.09.2021, I'. CpimabekkbI3bl; TaM ke, yil. boib-
moi Kakmak, moiiMennsiit jec, T. 300, 1798 M H. y.
M., N42°48'03.5", EO79°56'34.6", 10.09.2021, V.K.
JxetureHoBa; Tam ke, K 1ory or moc. Kapkapa,
yiIl. MBIHXKUIIKH, TTOUMEHHBIA CMEIIaHHBIN Jiec, T.
301, 2122 m H. y. M., N42°44'56.1", EO79°16'35.9",
11.09.2021, I'.ChimaOekkbI3bl; TaM XKe, MorMa p.
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Pucynok 6 —
Cytospora salicis Ha salicis na Salix sp.
Salix sp.

Cytospora sambuci Died. — na Sambucus nigra
L., npenropes 3aunmiickoro Auaray, 5.06.1964,
H.®. ITucapesna.

Cytospora tamaricella Syd. & P. Syd. — Ha
Tamarix hohenackeri Bunge, CroraTuHCKas JI0JIMHA,
yp. baproraii, tyrau Bgoas p. Unnuk, 13.05.1967,
H.M. ®unumoHoBa.

Cytospora translucens Sacc. (Pucynku 9, 10)
— Ha Salix alba L., xp. JLxyHrapckuii Anaray,
ym1. Texemn, Oepe3oBwrii sec, T. 389, 1756 M H.
y. M., N44°47'35.2", EO78°59'22.7", 15.06.2021,
JILA Ke13meroBa; xp. 3amnuiickuii Anaray, Tan-
rapckoe ymr., 19.10.1954, C.P. llIsapuman; Ha S.
depressa L., xp. 3aunuiickuii Anaray, Maioe An-

Pucynox 7 — Cytospora

Kapkapa, noiimeHHbIN THCTBEHHBIH Jec, T. 443, 1936
M H.y. M., N42°50'29.9", E79°13'49.8", 08.09.2021,
E.B. PaxumoBa; TaM ke, K 10r0o-3amnasy ot moc. Kaii-
Hap, noiima p. Tekec, MONMEHHBIN TUCTBEHHBIN JieC,
1.447, 1978 M H. y. M., N42°46'34.9", E79°40'00.1",
11.09.2021, E.B. PaxumoBa; tam xe, T. 445, 1941
M H.y. M., N42°5029.9", E79°13'49.8", 10.09.2021,
E.B. Paxumoga; xp. Kermens, yur. Cymoe, 1. 224,
1385 M H. y. M., N43°17'00.6", EO79°27'06.0",
27.08.2016, E.B. PaxumoBa; xp. KeTbpkos, 1oro-
3amagHee moc. Aktepek, T. 24, 1129 M H. y. M.,
N43°15'14.2", EOQ75°24'19.6", 27.06.2014, VY.K.
JxeTureHona.
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Pucynox 8 — Konunuu
Cytospora salicis,
mKana — 15 MKM.

MatuHCcKoe ymI., 15.08.1948, C.P. llIBapuman; Tam
xe, yimi. Kumacap, nogsem Ha @ypMaHOBCKYIO COTI-
Ky 1o xpeoty, T. 411, 1942 M H. y. M., N43°09'48.6",
E77°04'38.1", 10.09.2020, I'.A. YpmanoB; Ha S.
triandra L., xp. Kynreit Anatay, p. LLlenex, Tyraii-
HBIA Jec, T. 264, 1475 m H. y. M., N43°04'19.3",
E78°22'04.6", 25.09.2020, I'. CrimaOeKkKbI3bl; Ha
Salix sp., xp. Manaiicapsl, ropsl ApXapJiibl, mepe-
BaJl, BOCTOYHOE O0oKkoBoe ymI., T. 189-1, 1061 M H.
y. M., N44°14'17.1", EO77°42'47.7", 19.12.2021,
E.B. PaxumoBa; xp. [xyHrapckuii Anatay, yui.
KpyTtoe, moiiMeHHBIN JNHCTBEHHBIH Jec, T. 442,
981 M H. y. M., N45°3225.9", EO80°37'11.4",
22.08.2021, XK. AliteimOet. Bun xapakrepusyercs
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OJTHOJIOKYJIbHBIMH KOHHJIMOMAaTaMH C HEOKpaIlIeH-
HBIMH, U30THYTBIMA KOHUJUSAMH, pazMepoM 4,6 X
1,2 mxm [4].

Cytospora spiraeae X.L. Fan (Pucynox 11)—
Ha Spiraea hypericifolia L., ropsr Cioratsl, 10)KHee
yi1. Kokmek, miockoropse, T. 273, 1197 M H. y. M.,
N43°27'30.1", EO78°35'28.6", 16.05.2018, E.B.
PaxumoBa; xp. JxyHrapcknii Amaray, ym. Texe-
nu, 6okoBoe ymi. Coiyiarcaii, MORMEHHBIH Jiec, T.

-
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Pucynok 9 — Cytospora translucens
Ha Salix alba L.

MakcuManbHOe  KOJMYECTBO BHIOB  poja
Cytospora (26 BUIOB) OOHapYXEHBI B MPEArOPHsIX
3aunuiickoro Anatay (Pucynok 12), B HacTosIee
BpeMsI 9Ta TEPPUTOPHUSI BHECEHA B TPAHUIIBI TOpoa
Anmartel. B 3annmiickom Anatay otmedeHo 20 BH-
noB Cytospora. J1yst ropHbIX XpeOTOB JIKyHrapCeKuii
Anaray, Kynreii Anaray u ANTbIH-OMENb Xapak-
tepusl 10, 9, 7 mpencraBuTeneil poaa, COOTBETCT-
BeHHO. Heo0X0aMMO OTMETHTh, YTO B MYCTBHIHHBIX
TEeppUTOPUSX roro-Boctoka Kazaxcrana oOHapyxe-
HO 8 BunoB Cytospora (Pucynok 12). B npyrux no-
KalUsX KOJTUYECTBO OTMEUCHHBIX BHIOB HEBEIHKO.

Bunsl pona Cyfospora BcTpedaroTcst Ha mpeJic-
TaBHUTEIIAX COCYIHUCTHIX PAacTCHHHA M3 29 ceMelcTB.
Haubonpinee yrcio BUIOB OTMEUEHO HA CEMEHCTBE
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392, 1754 m H. y. M., N44°47'50.1", EO78°52'39.8",
15.06.2021, XK. A#teimOer; Uy-Unuiickue TOpHI,
Kymxkabachl, yiienbe C pOJHUKAMHU 3allajHee
r. Orap, T. 160, 1006 M H. y. M., N43°37'02.2",
EO75°06'43.3", 15.05.2016, E.B. Paxumosa. Buj
otnuuaercs ot Cytospora spiraeicola, BbI3bIBatO-
el pakoBBI HEKpo3 Spiraea salicifolia B Kurae,
0oJee KPYIMHBIMU TIEPUTCHUSIMHA U 00JIee KOPOTKHU-
MU ackocmopamu [16].

qé’\ \ "5!’.:‘

Pucynoxk 10 — Konunuu Cytospora Pucynox 11 —
translucens, mkana — 15 MKM. C. spiraeae na
OxpatunBanue cappanuaom O. Spiraea hypericifolia

Rosaceae (11 BumoB), Salicaceae (7), Betulaceae (4),
Fabaceae (3 Buga) (Pucynoxk 13). JIy11 ocTaIBHEBIX ce-
MeiicTB xapaktepHbl 1-2 Buga Cytospora. C MOMeH-
Ta cBoero oTkpuITHs Oonee 110 et Ha3ax pak, BbI-
3piBaeMbIil rpubamu Cytospora/Valsa, npeBparuics
B pa3pyHIUTEIbHYIO 00J1€3Hb 10JI0HN B BocTouHoM
A3suu. B Hacrosiiee BpeMsi HacuuTbiBaeTcst 21 Bua
Cytospora, cBsi3aHHBIN C S0JIOHEH, KaK X035 HHOM,
o BceMmy MUpy, 12 U3 HUX HASHTH()HUIIUPOBAHEI C
nomortpio mocnenoBatensHocted p AHK-ITS [17].
['maBHOI yrpo3oii [yist mpou3BoCTBa 500K B Upa-
He, BKJIFOYast POBUHIIMY 3anaHbiil A3epOaiikaH,
Uctaxan u Terepan, cunraercs Cytospora cincta.
[TosTOMyY 3TOT BO3OYIUTENH paka sSOJOHU JOJKEH
TIIATEIBHO KOHTpOIUpoBathes [18].
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Pucynox 12 — Pacipenenenue BunoB pona Cyfospora 1o TeppUTOpUN
1oro-poctoka Kazaxcrana
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CemelicTEa pacTeHHE-X035€R

Pucynok 13 — Pacnpenenenue BunoB pona Cytospora o ceMeiicTBaM pacTeHUI-X0351€B

3nauuTenpHoe 4ucio BuIOB Cyfospora Ha
npejicTaBUTeNsIX ceMeiicTB Salicaceae XxapakTepHO
HEe ToJbKO it KaszaxcraHa, HO M IO BCEMY MHPY
[1, 2]. [locTOBEpHO MX MOXHO PA3IHYUTh HA OCHOBE
(UITOTEHETHUECKOTO aHATU3a, 01aroapsi KOTOPOMY
OBLIM IPECTABIICHBI €IIE ACCSITh HOBBIX BHJIOB, BbI-
JeneHHbix u3 Salix, a umenno Cytospora curvata,
C. donetzica, C. erumpens, C. longiostiolata,
C. rusanovii, C. salicacearum, C. salicina, C.
salicacearum, C. salicicola u C. salicina. [4]. B Ku-
Tae Ha IMUPOKO KyJIbTUBUPYEMbIX BUIaX UBbI 00OHA-
PY)KEHO BOCeMb IpejactaBuTenicii poga Cytospora.
W3 vux nBa Buna (C. alba w C. paracinnamomea)

ObUIM OIUCaHbl KaK HOBBIE HAa OCHOBE MOpP(OJIO-
TMYM U aHajau3a moclieioBaresbHocTe TeHoB ITS,
act, rpb2, tefl-a u tub2 [19]. B mocaakax uBH U
tonojisi B Kurae oTMEUeHO MSATh U3BECTHBIX BHIOB
(Cytospora chrysosperma, C. translucens, C. fugax,
C. atrocirrhata, C. kantschavelii) 1 onH HOBBIA —
C. davidiana na tonone [20].

Ha ocHOBe QumoreHeTHYECKOr0 aHaIM3a IOC-
neposarensHocTert JJHK (ITS, LSU, ACT u RPB2)
JecaTh 00pas3loB, cCOOpaHHbIE U3 MEPTBOM JPEBECH-
uel B Kutae, Mtannu u Taunange, ObUIM OTHECEHBI K
pony Cytospora. Ha ocHOBaHMH UX MOP(OJIOTHH U
(bmoreHeTHYECKON XapaKTePUCTUKH OIMUCAHbBI Ye-
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TeIpe HOBBIX BUJA (C. diopuiensis, C. galegicola, C.
pingbianensis n C. pubescentis) 1 4eTsipe o0pasia
OTHECeHbI K u3BecTHBIM Bunam (C. cedri, C. cotini,
C. predappioensis u C. prunicola) [21].

Wzomster TpuboB poma Cytospora, cOOpaHHBIC C
OOJIBHBIX U 370pOBBIX JiepeBbeB B FOkHOI Adpuke,
ObUTH UAECHTU(HULMPOBAHBI HA OCHOBE MOP(OJIOrun
¥ TOMOJIOTHH TIOCIIEOBATEIbHOCTEH pHOOCOMAITh-
noii JIHK. Heckonbko BHUIOB SBISIOTCS HOBBIMHU
Haxonkamu s FOxxHoW Adpuku, 4TO BIBOE TIpe-
BBITIIACT TPEIBIAYIITIE COOOMIECHUST 00 ITUX TpHrbax.
B To xe Bpewmsi, Bunsl u3 Pinus, Populus, Prunus u
Salix Ha OCHOBE CXOJICTBa MEXIy FO’KHOA(DPHUKAHC-
KUMU M30JIATaMU U U30J19TaMu U3 ABctpanuu, EBpo-
bl WM AMEPUKH, SIBIISIFOTCSI 4y>KEPOAHBIMHU BHIa-
MU, TIPUYEM TIaTOTEHBI OBLTN 3aBE3€HBI C X03E€BaMHU
B Bujie oHA0¢uUTOB [1]. [Ipouspactarommii B FOxxHOM
Adpuke kapmoOpoTyc CbemoOHBIH, UCIIOIb3YyeMBbIi
MECTHBIM HaceJeHUEeM B IHIIY, OYeHb CHIIBHO II0-
pakaeTcs IHUTOCHOPO30M B pailoHax HEJalIeKo OT
Kefintayna. CuMITOMBI BKIIOYAIOT YBAAAHUE JTUCTh-
€B, CBSI3aHHOE C OTMUPAHHUEM OJIPEBECHEBIITNX CTEO-
JIe. AHanu3 JaHHBIX O TocienoBaTeasHocT JJTHK
n3 tDNA-ITS nokasan, 4yTo Tpud sBISETCS HOBBIM
Bugom Cytospora carpobroti. Ero mpoucxoxaeHue
HEU3BECTHO, U €CTh OIMACEHUS, YTO 3TO MOXKET OBITH
3aHECEHHBIN TATOTEH, YTPOXKAIOUIMKA COCTOSHHIO
ATOTr0 BaYKHOTO MECTHOTO pacTeHus [22].

MonexkysapHO-TeHETHUECKHE  HCCIEIOBaHUA
150 uzonsToB BeIABUIM 15 BUnoB Cyfospora, cBs-
3aHHBIX C SI3BaMU BETBEH W OTMHUpPAHUEM MUH/ATh-
HBIX, a0PUKOCOBBIX, BUIITHEBBIX, OJIMBKOBBIX, MEpP-
CUKOBBIX, (DMCTAIIIKOBBIX, CJIMBOBBIX, TPAHATOBBIX U
OpexOBBIX NepeBheB B Kamndopuuu [23]. JIBa Buna,
Cytospora vinacea w C. viticola, BbI3bIBAIOLIUE OT-
MUpPaHUE U SI3BbI BUHOTPAHOMN JI03bI, OBUIH OIUCa-
vel B CIIJA cpaBHUTENbHO HemaBHO [24]. M3omar
13 513B BUHOT'PAIHOM J103bl B BeHrpuu, noxoxuii Ha
C.viticola, obnapy>xen B EBpone Bnepssie [25].

Ha Tteppuropun Yxpannsl oOHapyxeHO 57 BH-
noB poaa Cytospora [26], B TO BpeMs KaKk Ha TeppU-
topuu Apmenun Bcero 8 BunoB (Cytospora annulata
Ellis & Everh., C. fertilis Sacc., C.flavovirens
Sacc., C. germanica Sacc., C. gleditsiae Ellis &
Barthol., C.hippophaes Thim., C. pruinosa Defago,
C.sacculus (Schwein.) Gvrit. [27].

[Ipoussenena onenka 52 Cytospora spp. B Ku-
Tae, MPEACTABICHHBIX 88 H30iATaMu U3 28 POJIOB
xo3seB. Ha ocHoBe koMOHMHanmu MOpQOIOTHU U
mectuiokycHou ¢miorennu (ITS, LSU, actl, rpb2,
tefl-a u tub2), BBeaeHB! 13 HOBBIX BHIOB M OJIHA
HOBasi KOMOWHaus. BOJBIIMHCTBO HCcien0BaH-
HBIX BHJIOB, MO-BUIMMOMY, CHEIM(UYHBI IJIST XO-
3smHa [14]. Tlpu umcciiemoBaHUU TEPPUTOPHH TOP
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Jyurnuar (Kutail) ObUIH MTOTyYeHBI CEMb H30JISTOB
U3 LIECTH JIepeBhEB-X03s€B cemeiicTB Betulaceae,
Juglandaceae, Rosaceae, Tiliaceae n Ulmaceae. Ha
OCHOBaHUHM MOP(OJOrHUECKOTO CPAaBHEHUS U (U-
JIOTEHETUYECKOTO aHalIn3a ¢ UCTIOIh30BAHUEM Yac-
tranoro ITS, LSU, act, rpb2, tefl-o u tub2, uxen-
TA(UIUPOBaHbI JBa M3BeCTHhIX Bupa (Cytospora
leucostoma w C. pruinopsis) ¥ IBa HOBBIX BHJA
(C.coryli m C. spiraeicola) [16]. Ha memune
(Corylus heterophylla) oTMe4eHbI JIBa U3BECTHBIX
Buna Cytospora u oguH HOBbIH [28].

Tpu Buga rpudos u3 pona Cytospora (Cytospora
populina (Pers.) Rabenh. (C. ambiens (Pers.) Sacc.),
C. grossularia Laubert u C. ribis Ehrenb.) oO6napy-
JKCHBI Ha YCHIXAIOUIUX BETBSIX CMOPOJIMHBI YEPHOM,
CMOpPOJUHBI KPacHOM, CMOPOJMHBI 30JI0TUCTON M
KPBDKOBHHKE B YETBIPEX PETMOHAX CPEAHEW IMOJIOo-
cbl Poccun [29]. 9 BUIOB OTMEUEHBI Ha ACPEBHIX B
nonuHe peku Yceeypu (¢ Kuraiickoit u Poccniickoit
cropoH): Cytospora caprea Fuckel na Salix spp.;
C. chrysosperma (Pers.) Fr. na Populus spp., Salix
spp.; C. leucosperma (Pers.) Fr. na Ulmus japonica
(Rehd.) Sarg., Acer mono Maxim.; C. leucostoma
(Pers.) Sacc. wa Populus spp., Schisandra
chinensis (Turz.) Baill.; C. personata Fr. na Betula
mandshurica (Regel) Nakai; C. pruinosa Defago na
Fraxinus mandshurica Rupr.; C. rubescens Fr. Ha
Padus avium Mill.; C. sacculus (Schwein.) Gvrit. Ha
Pinus koraiensis Siebold et Zucc.; C. vitis Mont. Ha
Vitis amurensis Rupr. [30].

[Ipu uccnemoBaHUM OMOTHI ACKOMUIICTOB IPH-
pomHoro 3amoBemHuka Hyparay (Y30ekucran),
ObLIO 3aperucTpupoBaHo 6 BujoB poxa Cytospora
(Cytospora capitata Sacc. et Schulzer on Pyrus
regelii Rehder; C. carphosperma Fr. on Malus
sp.; Cjuglandina Sacc. on Juglans regia L.;
C.microspora (Desm.) Rabenh. on Sorbus persica
Hedl.; C. rubescens Fr. on Sorbus persica Hedl.;
C.salicis (Corda) Rabenh. on Salix alba L.), na
obpasua (Cyfospora sp. 1 on Pistacia vera L.;
Cytospora sp. 2 on Crataegus pontica C. Koch)
UACHTU(DUIUPOBAHBI TOJIBKO JI0 POJa, IpuYeM 00a
HalijieHbl B Y30ekucraHe Briepsbie [31].

3akioueHne

Lenwio Hamei paboOTHI OBITO BHISIBICHHUC BUIOB
pona Cytospora Ehrenb. Ha TeppuTOpHUHN 10r0-BOC-
Toka KaszaxcraHa W MpoOBEJCHUE aHAM3a JAHHBIX
MO0 WX PACHPOCTPAHCHHIO U KPYry pPacTeHHH-XO-
3s5€B. B pesynbprare NMpoBEIEHHBIX HCCIIEIOBAHUN
Ha TEppUTOpUM Ioro-BocTtoka Kazaxcrana oOHa-
pyxensl 43 Buga poga Cytospora Ha 29 cemeicT-
Bax MPEJCTABUTEINSAX COCYAUCTBIX pacTeHHid. AHa-



E.B. Paxumosa u jip.

TU3UPYS paclpeseieHue MpeAcTaBuTeNei pona
Cytospora Ha TEpPUTOPUU HCCICAOBAHMMA, HEOO-
XOJIUMO OTMETHUTH, YTO OOJIBIIIEE YUCIIO BUIOB (26)
OTMEYEHO B MPEAropbsx 3annuiickoro Amaray. 20
BUJIOB XapaKTEPHBI TOJBKO IS TEPPUTOPHH 3au-
nuiickoro Amnaray, 10 BUIOB — AJ1 TOPHBIX XPeOTOB
Jlxynrapckoro Anatay, 9 BunoB — Kynreit Anaray
1 7 BUIOB — ANTBIH-OMeI. B MyCTBIHHBIX TEppH-
TOpHsIX oOHapykeHO 8 BuIOB. HanbounbIiee uncio
BunoB Cytospora OTMEUEHO Ha TPEJICTABUTENSIX Ce-
MmetictB Rosaceae Juss. (11 BumoB), Salicaceae Mirb.
(7), Betulaceae Gray (4), Fabaceae Lindl. (3 Buna).
IleHHOCTh TPOBEIEHHOTO HWCCIIEOBAHHUA W TIPaK-
TUYECKOE 3HAYEHHE 3aKII0Yal0TCS B MOTyYEHHUH
JAHHBIX O MECTOHAXOXKJCHUH, PACIPOCTPAHCHUN U
MIPUYPOYCHHOCTH K X03siMHY BUIOB Cyfospora.

DuHAHCHPOBaHHE

Pabora ObLi1a BhITIOJIHEHA TPH (PUHAHCOBO# 101
JIepKKe Hay4qHO-11eneBoi mporpammsl BR10264557
«KamactpoBas olleHKa COBPEMEHHOTO YKOJIOTHYEC-
KOTO COCTOSIHHSI ()JIOPBI M PACTUTENBHBIX PECYPCOB
AJNMaTHHCKOM 00JlacTH KakK HaydHash OCHOBa JUIs
3¢ (eKTUBHOTO YIIpaBIEHUS PeCypCHBIM MOTEHITHA-
JIOMY.

Kondumkr uarepecon
ABTOpBI CTaTbU MOATBEPKJIAIOT OTCYTCTBHE

(hvHAHCOBON WM KaKOH-TMOO WHOHM IOAIEPIKKA
UCCIICZIOBAHUS, MJTH KOH(DIIMKTA HHTEPECOB.
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ANALYSIS OF COMPLEX PHYTOCENOSES
OF IRON ORE COMPANIES DUMPS
OF THE KOSTANAY REGION

Restoring the biodiversity of technogenic landscapes, including quarry dump areas, is an acute
global problem. The study of the patterns of spontaneous formation of vegetation cover will make it
possible to determine the composition of the flora that is most suitable for potential reclamation work.

This article presents the results of a study of the degree of self-overgrowing of dump sites of
Sokolovsko-Sarbai Mining and Processing Production Association (SSGPO) JSC and Kachary Ruda JSC
at the stage of a complex phytocenosis, which is characterized by the presence of a closed vegetation
cover; with a capacity of phytocenoses of 20-40 species; and dominance of zonal flora species. In total,
in the course of our study, 63 geobotanical descriptions were compiled, 22 of which describe complex
phytocenoses, 26 — group-thicket communities, 15 — pioneer groups.

It was found that the rate of change in the stages of syngenesis and the general patterns of development
of the vegetation cover, including at the stage of a complex phytocenosis, differ on saline and non-saline
soils. The age of dumping has a lesser effect on the processes of flora restoration than edaphic factors.
On non-saline soils, a parazonal meadow-steppe community is formed, birch-aspen plantations are
formed with a small admixture of pine. On saline soils, communities form species with a wide ecological
amplitude.

Key words: complex phytocenosis, technogenic landscape, self-overgrowing of dumps, iron ore
companies dumps, syngenesis
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KocTaHaii 06AbICbIHbIH, TEMipP PyAaChl KSCiNOPbIHAAPbIHbIH,
KYPAEAi (hUTOLLEeHO3AapbIH TaAAQY

TexHoreHAIK AaHAWAQTTApAbIH, OHbIH iWiHAE Kapbep YMIHAIAEPiH OGMOBPTYPAIAITiH KaAMbiHa
KeATipy eTKip »ahaHAbIK, NpobAeMa 60AbIN TabblAaAbl. OCIMAIK KaMbIAFbICbIHbIH, ©3AiriHEH KaAblinTacy
3aHAbIABIKTApPbIH 3epTTey MOTEHLMAAAbl PEKYAbTUBAUMSIAIK, )KYMbICTapFa KOAaMAbl pAOpa KypamMbiH
aHbIKTayFa MyMKIHAIK 6epeai.

byAa mMakanapa «CokonoB-Capbiban Tay-keH 6anbiTy eHaipicTik Gipaectiri» (CCKOB) AK xaHe
«Kawwapbl pyaa» AK yRiHAIAEPiHIH KYpAEAi (PUTOLIEHO3 CaTbICbIHAQ ©3AINHEH 6CY ABPEXECIH 3epTTey
HOTUXKEAEPi KeATipiareH. byA keseH cunaTTtanasbl: >Kabblk 6CIMAIK >KaMbIAFbICbIHbIH 60OAYbI; 20-40
TYPAEri (OUTOLEHO3AAPABIH, CbIMbIMABIAbIFbI; >K8HE alMMakKTblK, (hAOpa TYPAEpPiHiH 6aCbIMABIAbIFbI.
bi3aiH 3epTTey GapbiCbiHAQ OGapAbiFbl 63 reobOTaHMKAABIK, CMMaTTaMa >KacaAAbl, OAApPAbIH 22 — Ci
KYPAEAI (hUTOLLEHO3AAPABI, 26-Cbl TOMTACBIH 6CKEH BCIMAIKTED >KMbIHTbIFbI, 15-i [MoHep TonTapbIH
cunaTTaAbl.

CurHreHes Ke3eHAEPIiHIH 83repy >XbIAAAMABIFbl XKOHE 6CIMAIK XXAaMbIAFbICbIHbIH, AAMYbIHbIH, >KaArbl
3aHADIAbIKTAPbl, COHbIH ilWIHAE KYpPAEAi (UTOLEHO3 Ke3eHiHAe, Ty3AaHFaH >XaHe Ty3aaHbaraH
TOMbIPaKTapAQ epeKLUEeAEHETIHI aHbIKTaAAbl. YRIHAI Tery >acbl 3AamsiAbIK, (hakTopAapFa KapaFaHaa
chAopaHbl KaAmMbiHa KEATIpY rnpouecTepiHe a3 acep eteai. TyaaaHOaraH TormblpakTapAa napasoHaAbAbl
LIAAFbIHABI AQAQ KAybIMbl KAAbINTacaAbl, KaparanAblH a3aaraH Kocrachl 6ap KanblH KOKTEPEK ekrneAep
Ty3ineai. Ty3aaHFaH TombIpakTapAa KaybIMAACTbIKTAP KEH 3KOAOIMSAbIK, aMAMTYyAachl 6ap TypAep
KYpanAbl.

Ty ce3aep: KYPAEAi (DUTOLEHO3, TEXHOTEHAIK AaHAWAMT, YRIHAIAEPAIH ©3AiriHeH ecin KeTyi,
TeMip KeHi eHepkaCiBiHiH YiiHAIAEPI, CUHreHes.
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AHaAM3 CAOXHBIX (PUTOLLEHO30B Ha OTBaAaX
)KeAe30pyAHbIx npeanpusaTuii KoctaHarickoi o6aacTu

BoccTaHoBAeHMe 61MOPa3HOOBpPasmMsi TEXHOrEHHbIX AQHAWAGTOB, B TOM YUCAE KapbepHO-OTBAAb-
HbIX TEPPUTOPMIA, SIBASIETCS OCTPOI FAOOGaAbHOM MPOOAEMON. M3ydeHne 3aKOHOMEPHOCTEN CaMor-
POU3BOALHOIO (hOPMUPOBAHUSI PACTUTEABHOTO MOKPOBA MO3BOAUT OMPEAEAUTb COCTaB (PAOPbI, Hanbo-
A€€ MOAXOASLIMIA AAS MOTEHLMAABHBIX PEKYABTUBALIMOHHbIX PaboT.

B AaHHOM cTaTbe MpuBeAEHbl Pe3yAbTaTbl MCCAEAOBAHUS CTEMEHN Camo3apacTaHns otBaroB AO
«CokonoBcko-Capbarickoe ropHo-o60ratMTeAbHOEe NPoM3BOACTBEHHOE 06beanHeHme» (CCIT10) u AO
«Kayapbl pyaa» Ha CTaAMM CAOXKHOTO (PUTOLEHO3a, KOTOPas XapakTepu3yeTCs HaAMYMEM COMKHYTOrO
PACTUTEABHOrO MOKPOBA; EMKOCTbIO (hUTOLLEHO30B B 20-40 BUAOB; 1 AOMMHMPOBaHMEM BUAOB 30HAAb-
HOM (bAOpbI. BCero B xoae Hallero nccaeAoBaHmst ObIAO COCTaBAEHO 63 reo60TaHMYECKMX OMMCcaHmsl, B
22 13 KOTOPbIX OMMCaHbl CAOXKHbIE (DUTOLEHO3bI, 26 — rPYMNNOBO-3apOCAEBble coobuiecTsa, 15 — nvo-
HepHble rPynnMpPOBKM.

BbIAO YCTAaHOBAEHO, UTO CKOPOCTb CMEHbI CTaAMIA CUHIeHe3a 1 o6LLMe naTTepHbl Pa3BUTUS PACTH-
TEAbHOIO MOKPOBA, B TOM UMCAE HA 3Tarne CAOXKHOro (hMTOLEHO3a, OTAMYAIOTCH Ha 3aCOAEHHbIX U He-
3aCOAEHHbIX NMoYBax. Bo3pacT oTChINKM 0TBaAa OKa3blBAeT MEHbLLEE BAMSHME HA NMPOLLECChl BOCCTAHOB-
AeHUS PAOPBI, YeM 3padrueckme hakTopbl. Ha He3aCoAeHHbIX FpyHTax (hOpMMpyeTCs Napa3soHaAbHOEe
AYrOBO-CTEMHOE COOOLECTBO, MPOUCXOAUT (hOPMMPOBaHME HGEPE30BO-OCHHOBBIX HACAXKAEHWIA C He-
GOAbLLIOM NMPUMECHIO COCHbI. Ha 3aCOAEHHbIX rpyHTax coo6wWecTBa (popMMPYIOT BUAbI C LUMPOKOM 3KO-

AOTMYECKOM aMMNAUTYAOMN.

KAroueBble cAOBa: CAOXKHbBIV (PUTOLLEHO3, TEXHOFEHHbIN AQHALLA(T, CaMO3apacTaHne OTBAAOB, OT-

BaAbl XEAE30PYAHOV MPOMBILLAEHHOCTH, CUHIeHe3.

Abbreviations

As — aspen, B — birch, CC — class of constancy,
CP — cenopopulation, LF — life form, P — pine, PP
— projective cover, TMF — Technogenic mineral
formations, TPC — total projective cover.

Introduction

The biodiversity of the planet is under constant
threat of decline due to human activities. The search,
extraction and processing of minerals necessary for
mankind to function and develop requires a change
in natural landscapes. Technogenic landscapes,
formed as a result of these processes, are striking-
ly different from natural ones: soil and vegetation
cover, fauna, hydrological and geochemical regime,
meso- and microrelief change up to the complete de-
struction of individual components and entire sys-
tems [1-5].

In addition, there is a clear violation of biogeo-
chemical cycles, resulting in dangerous phenomena:
dust emissions, water and wind erosion of soils, sub-
sidence and landslides, endogenous fires [1-5].

To restore even the semblance of systems close
in characteristics to natural ones, it is necessary to
carry out reclamation after the end of backfilling.

However, the high cost and resource consumption,
gaps and inaccuracies in the legislation, and more
often the lack of scientifically based technologies
suitable for a certain type of soil in given natural
conditions, lead to the fact that mining and process-
ing industries abandon this idea [3, 6-9].

The mining industry, using open pit methods,
turns large areas into a desert, since in addition to the
quarry itself, waste sterile rock dumps are formed.
Scientists from various countries are studying the
impact of industry on the environment. Many works
are aimed at finding ways to reduce the anthropo-
genic impact, preserve biodiversity, and restore dis-
turbed territories [1, 3-14].

Let us dwell on the main ideas common to most
of these studies. For example, Feng Yu et al be-
lieve that vegetation, which is an efficient biomass
generator, is the dominant factor in renewable sys-
tems. Jests D. Peco et al also emphasize the role
of vegetation and describe methods for recultivation
of open-pit dump areas, including the possibility of
phytoremediation, as a cheaper, but effective, meth-
od of restoring disturbed areas. Reconstruction of
soil and vegetation cover are interrelated and have
mutual influence, therefore, when bioremediation, it
is necessary to carefully select local zonal species,
as indicated by other authors, such as Swab R.M et
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al, Fernandez-Caliani J.C. et al. They also believe
that it is especially important to create favorable
edaphic conditions, including the formation of an
uncompacted soil environment [5, 8, 12, 14].

According to Pratiwi et al, revegetation of for-
mer mining lands not only protects soils from ero-
sion, but also improves the quality of the soil cover
itself. Also, as trees and shrubs grow, microclimatic
conditions in dump areas improve: lighting intensity
decreases, temperature decreases, air humidity in-
creases [13].

Hendrychova M. et al conducted a study of the
territories of coal mines and quarries, that complet-
ed the mining, of the Czech Republic. The authors,
describing the reclamation methods adopted in the
country, draw attention to the negative impact of
purely technical reclamation, including the anni-
hilation of local species, the destruction of natural
ecosystems and the depletion of the habitat in gen-
eral. Near-natural restoration is a more acceptable
alternative. Scientists have identified potential and
existing habitats in man-made landscapes after the
start of reclamation, and only 9.85% turned out to
be unproductive (scree-surface sites, saline soil,
orchards, and xerothermic grasslands) out of 6326
identified points, which proves the overall effective-
ness of reclamation [6].

All authors, to one degree or another, point to
the high cost of reclamation, while there is a watch-
ful waiting policy with a minimum investment of
resources. Self-overgrowing of technogenic land-
scapes is the second, slower, way to restore vegeta-
tion. The study of all stages of this process (pioneer
group, group-thicket community, and complex phy-
tocenosis) will, first of all, make it possible to deter-
mine the composition of the flora that inhabits the
disturbed territories and successfully survives under
these conditions. Establishing the rate of change of
stages on different soils will also make it possible
to draw up recommendations for accelerating the
processes of partial restoration of landscapes in ac-
cordance with the zonality [1, 3-14].

It should also be noted that scientists from neigh-
boring countries showed the greatest interest in the
problem of self-overgrowth of open-pit dump terri-
tories of various industries. In the course of separate
studies, they found that the formation of plant com-
munities on dumps is subject to the general patterns
of primary successions. For the emergence of the
initial vegetation cover on technogenic landscapes,
the proximity of natural vegetation massifs, which
are the source of seeds and have a significant impact
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on the species composition, number and distribu-
tion of seedlings, is most important. Settlement on
the dumps of plants that are not typical for a certain
territory has been repeatedly noted, which indicates
the potential possibility of moving plant ovules over
considerable distances. In the process of restora-
tion of vegetation cover on technogenic landscapes,
zonal and introzonal types of vegetation are formed.
Depending on the intensity of environmental fac-
tors, this process can continue for tens and hundreds
of years [1, 15-22].

The problem of overgrowing of technogenic
landscapes formed by industrial facilities is also
relevant for the Kostanay region. The growing vol-
umes of open mining of metal ores by enterprises
of the region lead to an increase in the formation of
waste rock dumps, which in turn leads to a violation
of the state of the surrounding natural ecosystem
and its significant transformation. According to the
“Sixth National Report of the Republic of Kazakh-
stan on Biological Diversity” (2018), Kostanay re-
gion ranks third in terms of the number of disturbed
lands in the Republic of Kazakhstan [23].

The purpose of our work is to study the patterns
of self-overgrowing of dumps of the iron ore indus-
try in the Kostanay region. This article presents the
results of studying the stage of a complex phytoce-
nosis on the dumps of the enterprises of SSGPO JSC
and Kachary Ruda JSC.

Materials and methods

There are two large enterprises processing iron
ore on the territory of the Kostanay region: SSGPO
JSC (Sokolovsky, Sarbaisky and Kurzhunkulsky
quarries) and Kachary Ruda JSC (Kacharsky quarry)
[24].

The studied dumps belong to deposits of
magnetite ores: Sokolov, Sarbay, and Kachar, are
located in the northwestern part of Kazakhstan in the
Turgai belt. The Turgai deposits are associated with
volcanic-sedimentary rocks of the Trans-Ural zone.
These deposits, together with other smaller satellite
deposits and manifestations, form an extended
magnetite-bearing belt extending in the NNE-SSW
directions [25, 26].

In the course of this study, the dumps of SSGPO
JSC (in the vicinity of the city of Rudny) were
studied: South-East of the Sokolovsky deposit,
South-West of the Sarbaysky deposit, South-West
of the Yuzhno-Sarbaysky site. The railway dump
No. 7 of Kachary Ruda JSC within the boundaries
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of the village of Kachar was an object of the study
along with previously mentioned dump sites.

It is important to note that dumps are the most
common type of technogenic massifs in the mining
industry, formed as a result of the placement of
waste (overburden) rocks or substandard mineral
raw materials on the surface. Technogenic mineral
formations (TMF) in the form of loose sandy-
argillaceous overburden rocks of the platform
cover, formed from gaize, sands and clays, were
transported to these dumps by road and rail transport.
The genetic type of the deposit-source of TMF is
contact-metasomatic [27-30].

The study was carried out in the spring and
summer period of 2022,

The objects of study are located in the Kostanay
region — in the northwestern part of the Republic of
Kazakhstan. A sharply continental climate with a
wide range of temperatures in winter and summer,
day and night, is typical for the entire territory of the
region. The northern and central part of the Kostanay
region, the territory of the city of Rudny belong to
a slightly humidified moderately warm agroclimatic
zone, which in general can be considered favorable
for plant growth [31].

The studied territories are characterized by the
presence of southern, loamy, low-humus, soloniform
chernozems. The mechanical composition is
dominated by heavy loamy and clayey soils, and a
large proportion of soils is sandy loam [27-31].

The route-expeditionary reconnaissance
research method was used to study the flora of
technogenic ecotopes. Trial areas of 100 m? were
determined for the study. A total of 63 geobotanical
descriptions were compiled.

Floristic data were processed using the IBIS 7.2
program developed by A.A. Zverev [32].

Qualitative and quantitative accounting of plants
was carried out in accordance with accepted general
botanical methods; occurrence (%), total and partial
projective cover (TPC, %) were noted [1].

Calculation of numerical data: herbage density
(pecs/m2), number of species (pcs), occurrence
(%), partial projective cover (%) — was carried out
according to the previously mentioned indicators.
The occurrence rate made it possible to single out
classes of constancy (CC) in the descriptions:

[ —0-20%; I — 21-40%; III — 41-60%; IV — 61-
80%; V —81-100% [1].

The geographical structure of the flora of
the dumps of the third stage of syngenesis was
determined according to the classification adopted in

the works of Manakov Yu.A.; life forms — according
to Serebryakov I.G. [1].

Results and discussion

As a rule, the stage of a complex phytocenosis
(also known as ‘diffuse community’) begins to form
15-30 years after the dumping of the TMF finished.
At this stage, well-formed layers appear with the
predominant participation of species of zonal
phytocenoses.

Criteria for determining this stage:

- the formation of a closed vegetation cover;

- the capacity of phytocenoses is from 20 to 40
species;

- dominance in the vegetation cover of species
of zonal flora [1].

At the diffuse community stage, 22 geobotanical
descriptions were made during this study: 11 on
saline soils and 11 on non-saline soils. During
our research we identified a division of edaphic
environmental conditions: favorable — non-saline
soils, unfavorable — saline soils. This affects number
of species, activity, projective cover etc.

The age (end of dumping) of the studied
dumps is from 14 to 40 years: CP-58-63 formed on
relatively young dump sites (14 years), those on the
oldest dump sites include CP-16-26 (40 years).

The beginning of the dumping of the oldest
dump — 1960 (Table 1, Fig. 1) [24].

In the course of the study of complex
phytocenoses on the iron ore dumps, a characteristic
of the communities was compiled. Characteristics
of cenopopulations of a complex phytocenosis are
presented in Tables 2 and 3. The CP numbers are
indicated taking into account all 63 geobotanical
descriptions made in the course of the whole study
of the iron ore dumps of the Kostanay region:

- CP-1-5, CP-43-52 — pioneer groups,

- CP-6-15, CP-27-42 —  group-thicket
communities,

- CP-16-26, CP-53-63 — complex phytocenosis.

The number of species in a CP at the described
stage of syngenesis varies widely from one (CP-
60) to nineteen (CP-22), which is associated with
differences in edaphic conditions.

The total projective cover on saline soils is 47%,
on non-saline soils — 36%. 32 species were found
on saline soils, and 58 species on non-saline soils.
Most often, Calamagrostis epigeios, Phragmites
australis and Festuca valesiaca are the dominant or
co-dominant in the presented CPs (Table 1).
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Figure 1 — Location of the studied plant ecotopes at the stage of complex phytocenosis
A — dump site of the Sokolovsky quarry;

B — dump site of the Sarbaisky quarry;

C — dump site of the Kacharsky quarry

Table 1 — Characteristics of cenopopulations of complex phytocenosis

CP No. Dominants Density Fofr;:rsl;itla; nd TPC % 25:131?;
CP-16 Hieracium umbellatum, Festuca valesiaca 03 9As+B 40 18
CP-17 IéZZZZ; Z;zr;;z;,e iB;}S’amopszs inermis, 05 10P 20 13
P18 | Cotammgronts eigeio 04 10As+B 30 10
CP-19 | Hieracium umbellatum, Poa angustifolia 03 10As 30 11
CP20 | e dracunculus 04 10As 0 14
CP-21 Artemisia dracunculus, Festuca valesiaca 04 5B5As 40 15
CP-22 Tanacetum vulgare, Festuca valesiaca 30 19
CP-23 Festuca valesiaca, Galium verum 30 15
crau |t e v | n
CP25 | Cutamagposts epgeio 04 i 50 12
CP-26 Festuca valesiaca, Phragmites australis 04 40 12
CP-53 Calamagrostis epigeios Phragmites australis 04 9B1As 25 6
CP-54 Calamagrostis epigeios Phragmites australis 03 5B5As 60 7
CP-55 Calamagrostis epigeios Phragmites australis 03 SB5As 10 5
CP-56 | Phragmites australis 03 8B2As 30 3
CP-57 | Phragmites australis 03 7B3As 50 3
CP-58 Calamagrostis epigeios, Polygonum salsugineum 90 14
CP-59 | Artemisia dracunculus, Calamagrostis epigeios 65 11
CP-60 Calamagrostis epigeios 40 1
CP-61 Calamagrostis epigeios, Polygonum salsugineum 40 4
CP-62 jftlézrzjirgzi jil;lg;;is Polygonum salsugineum, 40 7
CP-63 Calamagrostis epigeios 0,3 5B5As 70 6
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On the oldest dump sites, the age of which
exceeds 40 years, birch-aspen plantations with a
density of 05 are formed, the forest stand formula is
8B2As. Salix caprea and Rosa majalis occur in the
undergrowth. On saline soils, mosaic communities
are formed with the participation of single pines

(Pinus sylvestris) and birches (Betula pendula)
(Table 2).

Since often saline soils are associated with the
release of groundwater, numerous self-seeding of
birch was noted. In the CP on highly saline soils,
mass death of young trees often occurs (Figure 2 A).

Table 2 — Characteristics of communities at the stage of complex phytocenosis on saline soils

Plant species \A PPC A CC Plant species V* PPC A CcC
gﬁiﬁmagms”s epigeios (L) | g1 8 | 2455 | 4482 | V| Melilotus albus Medikus 182 | 009 | 128 | 1
Achillea nobilis L. 54.5 0.27 | 3.84 I | Pinus sylvestris L. 18.2 | 0.09 1.28 1
Betula pendula Roth 545 | 016 | 295 | w |Cory=acanadensis (L) 9.1 | 005 | 0.67 I

Crongqist
Phragmites australis (Cav.) | 54 5| 1091 | 2439 | I |Lactuca serriola L. 9.1 | 005 | 067 | 1
Trin. ex Steud.
Artemisia dracunculus L. 45.5 6.5 17.19 I | Sonchus arvensis L. 9.1 0.05 0.67 I
Pglygonum salsugineum 455 | 0.68 5.56 I Cirsium setosum (Willd.) 91 0.05 0.67 I
Bieb. Besser
Taraxacum officinale . .
F.H.Wigg. 364 | 0.18 | 2.56 Il | Erigeron acris L. 9.1 0.05 0.67 I
Chamaenerion angustifolium | 7 31 o 14 | 195 | 11 |Senecio jacobaea L. 9.1 | 005 | 0.67 I
(L.) Scop.
Lactuca tatarica (L.)
Populus tremula L. 27.3 | 0.12 1.81 11 C.AMey. 9.1 0.05 | 0.67 [
Chenopodium album L. 273 | 0.14 1.95 Il | Artemisia sieversiana Willd. | 9.1 0.05 | 0.67 |
Agropyron cristatum (L.) 182 | 0.09 128 I Trommsdorffia maculata (L.) 9.1 005 | 067 I
Gaertn. Bernh.
Chelidonium majus L. 18.2 | 0.09 1.28 [ Elaeagnus oxycarpa Schltdl. | 9.1 0.05 | 0.67 I
Cichorium intybus L. 182 | 000 | 128 | 1 |Melilotus officinalis 9.1 | 0.05 | 0.67 I
Medikus
Crepis tectorum L. 18.2 0.09 1.28 | Vicia sepium L. 9.1 0.05 0.67 [
Hieracium umbellatum L. 182 | 000 | 128 | 1 |FPopulusxsibiricaG. Kryl g 669 | g I
et Grig. ex A. Skvortsov
Artemisia nitrosa Weber 182 | 000 | 128 | 1 |Sofanum kitagawae 9.1 | 0.05 | 0.67 I
Schonb.-Tem.

*V — occurrence, %; PPC — partial projective cover, %; A — activity, points; CC — class of constancy

On saline soils, the only species Calamagrostis
epigeios has V class of constancy, its activity is
48.8 points. There are 5 species with a high CC —
I: Achillea nobilis, Betula pendula, Phragmites
australis, Artemisia dracunculus, and Polygonum
salsugineum. Sixty-nine percent of species are
characterized by class I constancy.

Due to the high degree of salinity, a complex
phytocenosis may have a small number of species;

such communities are found on highly saline clays
in the Betpak-Dala desert [33].

Despite the significant age of the dump sites
studied, the presence of weedy plants remains
high at this stage: Artemisia sieversiana,
Chenopodium  album, Conyza Canadensis,
Lactuca serriola, Melilotus officinalis etc.
On non-saline soils at the stage of a diffuse
community, natural birch-aspen plantations are
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formed, and on saline soils separate spots of tree
plantations are formed.

Tanacetum vulgare, Festuca valesiaca, Artemisia
austriaca, Betula pendula have the highest constancy
class V — 7%, other species: IV — 3%, III — 9%, I —
19%, 1 — 62% of all species on non-saline soils.

The taxonomic structure of complex
phytocenoses of dumps of SSGPO JSC and Kachary
Ruda JSC is presented in Table 4. The total number
of families represented in these communities on
saline and non-saline soils is 28, genera — 65, species
- 79.

Figure 2 — The stage of a complex phytocenosis
A — on saline soils
B — on non-saline soils

Table 3 — Characteristics of communities at the stage of complex phytocenosis on non-saline soils
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Plant species \'A PPC A CC Plant species A\ PPC A CC
Tanacetum vulgare L. 90.9 | 1.14 | 10.18 iﬁ’)‘j lessingiana Trin. et 182 | 032 | 241 I
Festuca valesiaca Gaudin 90.9 6.6 | 2449 V | Galium verum L. 182 | 032 | 242 I
Artemisia austriaca Jacq. 81.8 1.73 11.9 \% Veronica spicata L. 18.2 | 0.09 1.28 I
Betula pendula Roth 81.8 | 0.37 5.5 V | Veronica incana L. 182 | 0.09 | 1.28 I
Artemisia dracunculus L. 63.6 | 0.55 5.92 IV | Acer negundo L. 9.1 0.05 | 0.67 I
Egiﬁm"g’“”s epigeios (L) | 636 | 314 | 1413 | IV | Eryngium planum L. 9.1 | 0.05 | 0.67 I
Hieracium virosum Pall. 54.5 0.73 6.27 I | Falcaria vulgaris Bernh. 9.1 0.05 | 0.67 1
Achillea nobilis L. sa5 | 05 | 522 | mp |Artemisiamarschalliana 9.1 | 005 | 067 | 1

Spreng.
. . . Pilosella echioides (Lumn.)
Achillea millefolium L. 54.5 | 0.95 7.2 11 F. Schulz et Sch. Bip. 9.1 0.05 | 0.67 1
Chamacenerion angustifolium | s, s | 657 | 384 | 11 | Erigeron acris L. 9.1 | 0.05 | 0.67 I
(L.) Scop.
Medicago falcata L. 455 | 023 | 323 | w | Helichysumarenarium (L) | g g o5 | o 67 I
Moench
Phlomis tuberosa L. 36.4 1.55 | 7.51 I | Nonea pulla DC. 9.1 0.05 0.67 1
Hieracium umbellatum L. 36.4 1.55 | 7.51 1T | Sisymbrium loeselii L. 9.1 0.05 | 0.67 I
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Table continuation

Plant species \A PPC A CC Plant species V* PPC A CcC
. Alyssum turkestanicum var.

Centaurea scabiosa L. 36.4 | 0.18 | 2.56 II desertorum (Stapf) Botsch. 9.1 0.05 0.67 1
Stellaria graminea L. 364 | 0.18 | 2.56 Il | Gypsophila perfoliata L. 9.1 0.05 0.67 1
Astragalus buchtormensis 36.4 127 6.8 I Eupﬁorbza virgata Waldst. 91 0.05 0.67 I
Pall. & Kit.
Lonicera tatarica L. 27.3 0.14 1.95 I | Oxytropis pilosa (L.) DC. 9.1 0.05 0.67 I
Bromopsis inermis (Leyss.) | 573 1 1| 522 | 1 |Ribes aureum Purch 9.1 | 005 | 067 | I
Holub.
Poa pratensis L. 27.3 0.36 | 3.13 I | Plantago media L. 9.1 0.27 1.57 I
Phragmites australis (Cav.) .
Trin. ex Steud. 273 | 4.82 | 11.46 Il | Stipa pennata L. 9.1 0.05 | 0.67 I
Polygonum aviculare L. 27.3 0.36 | 3.13 Il | Elytrigia repens (L.) Nevski 9.1 0.05 0.67 I
Potentilla chrysantha Trevir. | 27.3 0.36 | 3.13 I | Poa palustris L. 9.1 0.27 1.57 I
Asparagus officinalis L. 18.2 | 0.09 1.28 I Agrostis gigantea Roth 9.1 0.05 0.67 I
Lactuca tatarica (L.) .
C.AMey. 18.2 0.09 1.28 I Rosa majalis Herrm. 9.1 0.91 2.88 1
Taraxacum officinale .

. 18.2 | 0.09 1.28 I Cerasus fruticosa Pall. 9.1 0.05 | 0.67 I
F.H.Wigg.
Hylotelephium triphyllum .
(Haw.) Holub 18.2 0.09 1.28 1 Salix caprea L. 9.1 0.05 0.67 1
Hippophae rhamnoides L. | 182 | 009 | 128 | 1 ﬁ'izl‘lm“ genistifolia (L..) 9.1 | 0.05 | 0.67 I
Astragalus testiculatus Pall. 18.2 | 0.09 1.28 I Valeriana tuberosa L. 9.1 0.05 | 0.67 I
Poa angustifolia L. 182 | 0.95 | 4.16 I Populus tremula L. 9.1 0.05 | 0.67 1

*V — occurrence, %; PPC — partial projective cover, %; A — activity, points; CC — class of constancy

The most numerous in terms of the number
of species and genera — Asteraceae (17 genera,
24 species) — 30% of all species, then Poaceae (9
genera, 12 species) — 15%, and Fabaceae (5 genera,
7 species) — 9%.

The genus with the largest number of species is
Artemisia (5), followed by Poa (3), then Achillea,
Astragalus,  Hieracium, Lactuca,  Melilotus,
Polygonum, Stipa, and Veronica — 2 species each.
Most genera contain only 1 species.

In total, there were 11 species found both on
saline and non-saline soils: Achillea nobilis, Artemisia
dracunculus, Betula pendula, Calamagrostis epigeios,
Chamaenerion  angustifolium,  Erigeron  acris,
Hieracium umbellatum, Lactuca tatarica, Phragmites
australis, Populus tremula and Taraxacum officinale.

The dominance of the families Asteraceae,
Poaceae, Fabaceae, noted by us at the stage of a
complex phytocenosis on dumps, is characteristic
of the taxonomic structure of the region as a whole
[34-37].

Table 4 — Taxonomic structure of complex phytocenoses of
dumps of SSGPO JSC and Kachary Ruda JSC

Taxonomic indicators Values
Total number of species 79
Total number of genera 65
Total number of families 28
Number of single-species genera 55
Number of single-species families 17
Number of homogeneous families 18
Share of species in 5 leading families, % 62
Share of species in 10 leading families, % 72

We also analyzed previous works related to the
dumps of SSGPO JSC.

In the previously mentioned 1974 study by
Terekhova E.B. et al indicated that already by the
beginning of the second decade, complex multi-
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species communities were formed on non-saline
soils, similar in characteristics to the stage of a
complex phytocenosis. Artemisia marschalliana,
Melilotus spp. predominate here. Significant
participation of steppe grasses and forbs was also
noted. Contrary, in the communities studied by us,
the role of Artemisia marschalliana is much lower,
this species did not act as a dominant or codominant
in any CP, and was noted by us only in non-saline
areas. The total number of species at the third stage
of syngenesis was 33 [16].

In the study of Konysbayeva D.T. 2003 on
a conditionally favorable substrate, the number
of species was 67, triad of dominant families:
Asteraceae, Poaceae, Fabaceae. The author also
notes the emergence of new forest, forest-meadow
and swamp-meadow species; at the previous
stage, steppe, meadow-steppe and steppe-meadow
coenotic groups predominated. On an unfavorable
substrate, the total number of species was 33; the
dominant families remained the same. There was
no significant change in the ratio of coenotic and
ecological groups in comparison with the previous
stages [3].

As can be seen, fluctuations in the floristic
composition of the dumps have occurred over
half a century. There was a change not only in the
dominant species on certain types of soils, but also
in entire coenotic groups.

In the course of our study, we analyzed the
ecological and coenotic structure of the dump flora
at the stage of a complex phytocenosis. We identified
5 ecological-coenotic groups in the dump flora:
meadow, forest, steppe, coastal-aquatic, weedy.

As can be seen from Figure 3, there are striking
differences in the distribution of species by coenotic
groups with respect to soil salinity:

- most types of saline soils are weedy species,

- meadow and steppe species predominate on
non-saline soils.

The coastal aquatic group is the least numerous
for both types of soils.

In the course of a systematic analysis, the
taxonomic structure of the flora, the composition
and ratio of the leading families (floristic spectrum)
were revealed, characterizing the belonging of the
floras to a certain botanical and geographical area.
The composition and correlation of geographical
elements reveal the features and specifics of the
studied flora. Five main groups of geographical
areas have been identified:

- Cosmopolitan — species that live in different
(sometimes all) regions of the globe,
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- Holarctic — plants growing in most of the
Northern Hemisphere, from the high-latitude Arctic
to the subtropical zone inclusive,

- Eurasian — a group of species distributed
in Europe, Western Siberia and the western part
of the Ancient Middle-earth (Pan-Eurasian,
Mediterranean-Asian,  East ~ European-Asian,
European-North Asian, Eurosiberian),

- Asian — plants of Siberia, Central and North
Asia (Asiatic, Central Asian, Siberian),

- American-Asian — the group is represented by
plants associated with the flora of North America
[1].

In the context of geographical elements, the pre-
dominance of the pan-Eurasian faction is noticeable
(13, 22) — 44% of all species in the dump flora on
this stage. Further in descending order for saline
soils: Cosmopolitan (6), Holarctic (5); for unsalted
— Mediterranean-Asian and Holarctic — 8 each, Cos-
mopolitan — 4. No species belonging to the Ameri-
can-Asian range has been found.

As a result of studying the patterns of natural
overgrowth of dumps of mining enterprises in the
Kostanay region of SSGPO JSC and Kachary Ruda
JSC at the stage of a complex phytocenosis, it was
established:

1) on non-saline soils, a parazonal meadow-
steppe community with a high class of constancy
is formed: Tanacetum vulgare, Festuca valesiaca,
Artemisia austriaca, Betula pendula. Here, birch-
aspen plantations (Betula pendula + Populus
tremula) are formed with a small admixture of Pinus
sylvestris.

2) on saline soils, communities form species with
a wide ecological range: Calamagrostis epigeios,
Phragmites australis, Artemisia dracunculus, and
others.

3) taxonomic analysis showed that the head
parts of the flora spectra iron ore dumps and flora of
Kostanay region coincide.

4) the flora of the dumps is dominated by species
with wide ranges — pan-Eurasian and Holarctic.

5) the representation of geographical groups in
the ecological-coenotic spectrum of the flora and
life forms distribution of dumps differs depending
on the degree of soil salinity.

The study of life forms (LF) makes it possible
from an ecological point of view to assess the
characteristics of the dump flora, as well as to find
some correlative relationships between the LF and
confinement to a certain type of community. The
classification we used is based on the structure and
lifespan of the aboveground skeletal axes of plants.
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Figure 3 — Characteristics of the flora on different soils

Note: geographical groups: C — Cosmopolitan, H — Holarctic, EA1 — Pan-Eurasian,
EA2 — Mediterranean-Asian, EA3 — East European-Asian, EA4 — European-North Asian,
EAS — Eurosiberian, A1 — Asiatic, A2 — Central Asian, A3 — Siberian. CA — coastal aquatic plants

At the third stage of syngenesis, we identified
the dominant LFs: for saline soils: long-rhizomatous
(8), annuals (6) and taproot (5); for non-saline —
short-rhizomatous (15), long-rhizomatous (14), and
taproot (12) (Figure 4).

On saline soils in the steppe coenotic groups,
long-rhizomatous (50%) prevail; in weedy — annual
herbaceous (33%) and taproot (27%) groups; in
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forest — trees (80%), in coastal aquatic — long-
rhizomatous (100%).

Taproot (33%) and short-rhizomatous (28%)
dominate on non-saline soils in the steppe groups,
long-rhizomatous (30%) dominate in weedy
group, and short-rhizomatous (45%) and long-
rhizomatous (30%) plants dominate in meadow

type.

SF

M Saline soils @ Non-saline scils

Figure 4 — Characteristics of life forms of plants growing at the stage of CPh

Note: life form according to the classification of I.G. Serebryakov (1962): T — trees, Sh — shrubs,
SSh — semishrubs, DSSh — dwarfs semishrubs, TR — taproot, ShR — short-rhizomatous,
LR — long-rhizomatous, Tf — turf, A — annuals, B — biennials, SF — stolon-forming.
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Conclusion

As a continuation of our study, it is planned
to resume work on the dump sites, compiling
geobotanical descriptions on the same geo
coordinates to compare the results, herbarization of
previously unidentified species.

Further, after analyzing the patterns of formation
of the vegetation cover of dumps at different stages
of syngenesis, recommendations will be drawn
up for the restoration of biodiversity by effective
scientifically based methods for the mining
enterprises of the Kostanay region, on the territory
of which the research was carried out.
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PHENOTYPIC VARIATION OF WINTER WHEAT COLLECTION
FROM CENTRAL ASIA HARVESTED IN KAZAKHSTAN

In this work, the ecological testing of 139 accessions of the winter wheat collection from Central
Asia was conducted on the field plots of the Kazakh Research Institute of Agriculture and Plant Industry
(Almaty region, South-east Kazakhstan) and Krasnovodopad Breeding Station (Turkestan region, South
Kazakhstan) during 2020-2021 and 2021-2022 growing seasons. The collection was analyzed using
12 traits: heading date, seed maturation date, vegetation period, plant height, peduncle length, spike
length, number of kernels per spike (NKS), number of productive spikes, weight kernel per plant, weight
kernel per spike, thousand kernel weight (TKW) and yield per square meter (YM2). The Pearson correla-
tion index showed positive correlations between yield component traits in the two studied regions. The
average YM2 value of 107 and 134 accessions exceeded the local check cultivars in Almaty (Zhetisu)
and Turkestan (Pamyat 47) regions, respectively. Seven cultivars (Karaspan, Mars 1, Pamyat, Dank, Zha-
min, KYIAL, and Talimi) were revealed to be highly productive for three traits (NKS, TKW, and YM2)
in two regions. The analysis of variance showed that genotype x environment interaction affected the
studied traits of the winter wheat collection from Central Asia under Kazakhstan’s conditions. The results
of this research will be used for further studies related to the adaptation and productivity of winter wheat
in the breeding program for the selection of best candidate lines and genome-wide association study for
yield and yield-related traits in winter wheat.

Key words: winter wheat, genotype x environment interaction, yield components.

A.bl. AManroBa ', M.A. Ecumbekosa?, A.K. OpTaes?, M.M. barimarambertosa’,
A.M. bypaxoaxa', C.1. Abyraamesa’, E.K. Typycnekos'*

'©cimMAiKTEp BMOAOTMSCHI XXOHE BGMOTEXHOAOTUSICbI MHCTUTYThI, KasakcTaH, AAMaThl K.
2Ka3ak, eriHIWiAiK K&He eCiMAIK LapyallblAbIFbl FbIABIMU-3€PTTeY MHCTUTYTbI, KasakcTtaH, AAMarThbl K.
3KpacHOBOAOMAA ayblA LiapyallbiAbIFbl TOXipnbe ctaHumsicbl, KasakcraH, TypkictaH 06AbIChI
*e-mail: yerlant@yahoo.com

KasakcTaH )kaFAaiblHAQ ©CIpIAreH OpTaa3UsIAbIK,
KY3AIK OMAQlM KOAAEKUMSCbIHbIH, DeHOTUNTIK e3repriluTiri

byA 3eptTey >xymbicbiHAQ 2020-2021 xaHe 2021-2022 XblAAapAaFbl BEreTauMsIAbIK, Ke3eHAEP
iwiHAe Kasak, eriHwWiAik >keHe 6CiMAIK LWapyallblAblFbl FbIABIMU-3EPTTEY WHCTUTYTbIHbIH, (AAMaTbI
OOABICbI, OHTYCTIK-LLbIFbIC) XoHe KpacHOBOAOMaA ayblA LIAPYALLbIAbIFbI TOXIPMOE CTAHLMACHIHbIH,
(TypkicTaH 06AbICbI, OHTYCTIK) ToxipnbeAik askanTapbiHAa ecipiareH OpTa A3UsIAbIK, KY3AIK 61Aan
KOAAEKLMSICbIHBIH, 139 YATICIHE 3KOAOTUSIAbIK, TECTiAY XXYPrisiaai. Koaaekums 12 6eari 6oibiHLLA
TAaAAQHAbBI: MacakTaHy YakbiTbl, MIiCYy yaKbITbl, BEreTauMsAbIK, KE3eH, ©CIMAIKTIH OMIKTiri, >korapfbl
OyblH apaAbIfblHbIH Y3bIHABIFbI, MACaKTbiH Y3bIHAbIFbl, MacakTarbl ASHAEpAiH caHbl (MAC), eHiMAI
MacakKTapAbIH, CaHbl, 6CIMAIKTEH aAbIHFAH ABHAEPAIH Maccacbl, MacakTaFbl A9H Maccacbl, 1000 ABHHIH,
maccacbl (MAM) xaHe 1 M2 eHiMAIAIr (M26). MNMnpcoH GOMbIHLIA KOPPEASILMS MHAEKCI 3epTTEAETIH
eKi aMakTa eHIMAIAIKKe GarAaHbICTbl OeAriAep apacbiHAAFbl OH 6GariAaHbICTbI KepceTTi. KoAAekLms
COpPTTapbiHbiH iwiHAE M26 opTawa MaHAep 6oibiHIA AAMaTbl OOAbICbIHAAFbI COPT-CTAHAAPT
(Kerticy) 107 yarici xoaHe TypkictaH obAbicTapbiHaa [Namsatb 47 copTbidbiH 134 yArici acbin TycTi.
KeTti copt (Karaspan, Mars 1, Pamyat, Dank, Zhamin, KYIAL >xaHe Talimi) exi aiiMakTa 6HIMAIAiKKe
GanAaHbICTbl Y 6eari (MAC, MAM, M26) 6onbiHa >KoFapbl KepceTkiwTepai kepceTTi. OpTaAbik,
A3BUSIAQH KEATEH KY3AIK OMAal KOAAEKUMSICbIHbIH AMCMEPCUSIABIK, TaAAdybl TEHOTMI X OpTa e3apa
KaTblHaCbIHbIH Ka3akCTaH >karAanblHAQ 3€PTTEAreH OeAriaepre acepiH KOpCeTTi. AAbIHFaH HOTUXKEAEpP
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KY3AIK 6MAAMABIH OERIMAEATILITIFT MEH OHIMAIAIriHE KATbICTbl KOCbIMLLA 3ePTTEYAEpP YLUiH, €H >KaKCbl
YMITKEP-AMHMUSAQPADBI TaHAQY YILUIH CEAEKLMSIAbIK, 6GarAapAaMasa >KoHe 6HIMAIAIKKEe 6GarAaHbICTbI
GeAriAepAi TOAbIK, FEHOMADBIK, aCCOLIMATUBTI TaAAQY YILIH ManAaAaHbIAYbl MYMKiH.

Ty#in ce3aep: Ky3AiK KyMcak, 61Aan, FreHOTUN X opTa KaTbIHACbI, OHIMAIAIK KOMMOHEHTTEPI.
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®eHoTHNMYECKasi UBMEHYUBOCTb KOAAEKLIUM 03UMOW MLLEHULLbI
n3 CpeaHei A3uu, BbipallleHHOM B ycAOBUSAX Ka3axcTaHa

B AaHHOM paboTe npoBeAeHO 3KOAOrMUYeckoe TecTupoBaHue 139 06pasiLoB KOAAEKLMM O3MMOM
nweHnubl 13 CpeaHeit A3unn, BblpalEeHHbIX HA OMbITHbIX MOASX Ka3axckoro Hay4YHO-MCCAeAOBaTEAbC-
KO0 MHCTUTYTA 3EMAEAEAMS M PaCcTeHMEBOACTBA (AAMATMHCKas 06AacTb, 10ro-BocTok) M KpacHoBo-
AOMAACKOWM CEAbCKOXO3SMCTBEHHOM OMbITHOM cTaHumm (TypkecTtaHckasi 06AaCTb, t0r) B TeyeHue Be-
reTaumoHHbIX neproaos 2020-2021 n 2021-2022 roaos. Koarekumsi 6biaa npoaHaAmsmnpoBaHa rno 12
NpM3HaKam: BpemMst KOAOLLIEHWS], BPEMSI CO3PEBaHM, BEreTaLMOHHbIN NePUOA, BbICOTA PACTEHMS, AAMHA
BEPXHEro MeXAO0Y3AUS, AAMHA KOAOCA, KOAMYECTBO 3epeH B KoAaoce (K3K), KoAnyecTBO NPOAYKTUBHbIX
KOAOCbEB, MaccCa 3epeH C pacTeHus, Macca 3epHa € koaoca, Macca 1000 3epeH (MT3) 1 ypoxxaitHOCTb
c 1 mM? (YM2). MHaekc KoppeAsiumm no [MMpcoHy nokasaa NMoOAOXKMTEAbHYIO CBS3b MEXAY MNMpU3HaKa-
MM, CBSI3aHHbIMM C YPOXKaMHOCTbIO, B ABYX MCCAeAyeMbIX pernoHax. Cpean copToB KoAAekummn 107
006pa3sLLOB NMPEB3OLUAM MO CPEAHMM 3HaUYeHMsIM YM2 copT-cTaHAapT B AAmaTuHckon (OKeTbicy) n 134
ob6pasua copt MNamatb 47 B TypkectaHckor obaactsx. Cemb copTos (Karaspan, Mars 1, Pamyat, Dank,
Zhamin, KYIAL u Talimi) npoaeMOHCTPMPOBaAM BbICOKME MOKasaTeAun rno Tpem npmsHakam (K3K, MT3,
YM2), CBS93aHHbIM C YPOXXaNHOCTbIO, B ABYX PerMoHax. AMCNEePCUOHHbBIN aHaAM3 KOAAEKLMM O3UMOM
nweHnubl n3 CpeaHelt A3nn NokKasaA BAUSHME B3aMMOAENCTBUS TEHOTUM X CPeAQ Ha M3YYeHHble Npu3-
Haku B ycaoBusx KasaxcraHa. MNoAyueHHble pe3yAbTaTbl MOMyT ObiTb MCMOAb30BaHbl AAS AAAbHEMLLINX
MCCAEAOBAHMI, CBA3aHHbIX C apanTaumeit M MPOAYKTUBHOCTbIO O3MMOW MLLEHWLbI, B MPOrpamMme CeAek-
LMK AAS OTOOPA AYULIMX AMHWMIA-KAHAMAQTOB, a Tak)Ke AASl MOAHOTEHOMHOIO aCCOLMATUBHOMO aHaAM3a

NMPU3HAKOB, CBS3aHHbIX C YPO>KAMHOCTbIO.

KAroueBble cA0Ba: 031Mas Markas nuweHnua, B3aMMOAENCTBME reHOTUN X cpeAd, KOMNOHEHTbI YPO-

JKag.

Introduction

The Central Asia region includes five former
Soviet Union Republics, including Kazakhstan,
Uzbekistan, Turkmenistan, Kyrgyzstan, and Tajik-
istan, and they collectively grow wheat in an area
of over 15 million ha [1]. Kazakhstan is one of the
top 10 bread wheat producers and exporters in the
world marketplace [2,3]. According to the Foreign
Agricultural Service of the US Department of Ag-
riculture (USDA), wheat production in Kazakhstan
in 2022-2023 is expected to reach 16.0 million tons
[4]. In Uzbekistan, estimated production will in-
crease to 6.6 million tonnes in 2022-2023. Wheat
production in 2022-2023 in Kyrgyzstan and Tajik-
istan is expected to reach 593 thousand tons and
820 thousand tons, respectively [4]. By the year
2050, the wheat yield should increase by 60% to
provide the world’s population with sufficient pro-
tein [5].

Kazakhstan is traditionally a large area of pro-
duction of high-quality grain of wheat. In Kazakh-
stan, wheat is mainly grown in the northern part
of the country, with a major focus on the spring
type of habitat. The main lands under winter wheat
are located in the south and south-east regions of
Kazakhstan [6]. The yield of winter crops is 25-
30% higher than that of spring type because they
productively use autumn and spring moisture. Ear-
ly ripening of winter wheat makes it possible to
carry out its harvesting in a warm, dry time, which
positively affects the grain’s technological quali-
ties [7,8]. The development of new cultivars is the
most important factor in increasing yields and im-
proving the quality of agricultural products. It is
important to study the agronomic traits to devel-
op high-yielding and high-quality cultivars. Ag-
ronomic traits such as heading date, plant height,
number of productive tillers, number of kernels per
spike, spike length, thousand-kernel weight, har-
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vest index, and kernel weight per spike are impor-
tant factors affecting wheat yield [9,10].

The genotype and the environment dramatical-
ly affect the grain yield and its components. Geno-
types are stable if they show only slight deviations
in the genotype performance across various growing
conditions. It has long been recognized that wheat
productivity and grain quality vary considerably
because of the genotype (G), environment (E), and
their interaction (G X E), but there is no consensus
about which of these factors is more important [11].
To increase the yield, the study of the effects of yield
components provides the basis for its successful
breeding program. Hence, yield increase can be im-
proved more effectively because of the performance
of yield components. Multiple genes usually control
agronomic traits, and a large number of quantitative
trait loci (QTL) for them have been reported on A,
B, and D genomes in bread wheat [12,13,14].

There is a necessity to pay special attention to
the breeding and genetic research of common wheat
using the best resources from other countries and re-
gions of the world in a breeding program, as well
as to apply modern methods of molecular genetics,
including new genomic technologies [14,15]. One
of these methods is genome-wide association study
(GWAS), which relies on genotypic and phenotypic
variation assessment of quantitative traits in large
and diverse collections [16,17,18]. As a result of
an international workshop between participants of
the countries of Central Asia and the UK, conduct-
ed by scientists from the UK and the Institute of
Plant Biology and Biotechnology, the Central Asian
Wheat Breeding Initiative (CAWBIN) was devel-
oped, where a special place was given to the breed-
ing of winter wheat [19]. One of the major parts of
the CAWBIN collection study is the evaluation of
the agronomic traits performance of a winter wheat
collection in the conditions of south and south-east

Kazakhstan, the main areas for winter wheat growth
in the country. The results may help to assess the
CAWBIN collection for the selection of best can-
didate lines for further breeding purposes of winter
wheat in these regions and play a vital role in the
identification of new QTLs for agronomic traits with
the following application of marker-trait association
approach in breeding schemes.

Materials and methods

Plant materials. The subject of the study is a
winter wheat collection consisting of 139 accessions
from Central Asian countries — Kazakhstan (KAZ,
42), Kyrgyzstan (KGZ, 52), Uzbekistan (UZB, 38),
and Tajikistan (TJK, 11).

Assessment of the field data. All genotypes were
tested in two regions of Kazakhstan — on the field
plots of the Kazakh Research Institute of Agriculture
and Plant Industry (KRIAPI, Almaty region, South-
east Kazakhstan) and Krasnovodopad Breeding
Station (KBS, Turkestan region, South Kazakhstan)
during 2020-2021 and 2021-2022 growing seasons.
The collection was analyzed using 12 traits: heading
date (HD, days), seed maturation date (SMD, days),
vegetation period (VP, days), plant height (PH, cm),
peduncle length (PL, cm), spike length (SL, cm),
number of kernels per spike (NKS, pcs), number
of productive spikes (NPS, pcs), weight kernel per
plants (WKP, g), weight kernel per spike (WKS,
g), thousand kernel weight (TKW, g) and yield per
square meter (YM2, g/m?). Studied accessions were
planted in a random design in double rows and two
replications per genotype. The distances between
rows were 15 cm [20]. The standard cultivars
“Zhetisu” and “Pamyat 47 were planted as check
cultivars for KRIAPI and KBS, respectively. The
meteorological data recorded during the trials are
shown in Table 1.

Table 1 — Location, environment, and weather data at two regions in Kazakhstan

Site / Region Almaty region (South-east of Kazakhstan) Turkestan region (South Kazakhstan)
Latitude / Longitude 43°21'/76°53' 41°46' / 69°45'
Soil type Light chestnut (humus 2.0-2.5%) Light serozem (humus 1.1%)
Conditions Rainfed Rainfed
Year 2020-2021 2021-2022 2020-2021 2021-2022
Annual rainfall, mm 464.7 568.9 279.4 421.0
Mean temperature, °C 10.5 12.2 17.5 11.7
Max temperature, °C 26.9 26.5 31.6 233
Min temperature, °C 1.8 1.1 2.7 4.0
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Statistical data analysis. The descriptive statis-
tical analyses of all traits and the yield graph were
conducted using MS Excel. Pearson correlation
analysis, analysis of variance (ANOV A), variability
of key yield traits, and principal component analysis
(PCA) have been calculated using the Rstudio soft-
ware [21].

Results and discussion

Phenotypic variability in yield components of the
winter wheat collection in two regions of Kazakhstan

The phenotypic variability of studied traits was
assessed in two regions over two years. The average
PH was higher in samples grown in the Almaty
region than in accessions harvested in the Turkestan
region (Table 2). The means of the yield components

(SL, NKS, WKS, TKW, and YM2) showed higher
values at KRIAPI. However, the average NPS was
higher at KBS in comparison to KRIAPI.

Theaverage value of YM2ranged from 80.9+2.55
g/m?> (KBS) to 423.5+8.10 g/m*> (KRIAPI). The
analysis of the means for YM2 revealed that 107 and
134 accessions exceeded the local standard cultivar
in south-east and south Kazakhstan, respectively
(Figure 1).

In addition, the results of YM2 showed that the
Central Asia winter wheat collection suits local en-
vironmental conditions (Figure 1). Seven cultivars
(Karaspan, Mars 1, Pamyat, Dank, Zhamin, KYIAL,
and Talimi) were revealed to be highly productive
for three traits in two regions (Table 3). They can
be successfully used for further breeding studies of
winter wheat in Kazakhstan.

Table 2 — Average values of agronomic traits of winter wheat collection growing in two regions of Kazakhstan

Traits Almaty region (KRIAPI) Turkestan region (KBS)

Heading date (HD, days) 102.5+0.23 99.3+0.23
Seed maturation date (SMD, days) 35.840.18 36.7+£0.24
Vegetation period (VP, days) 137.9+0.90 136.1+0.27
Plant height (PH, cm) 73.5+£0.95 45.2+0.40
Peduncle length (PL, cm) 24.3+0.44 18.8+0.32
Spike length (SL, cm) 9.7+0.09 8.1+0.06

Number of productive spikes (NPS, pcs) 3.6+0.07 4.4+0.06

Number of kernels per spike (NKS, pcs) 46.7+0.42 39.90+0.40
Weight kernel per spike (WKS, g) 1.8+0.02 1.27+0.02
Weight kernel per plant (WKP, g) 7.9+0.11 5.1+0.12

Thousand kernel weight (TKW, g) 39.2+0.41 32.9+0.30
Yield per square meter (YM2, g/m?) 423.5+8.10 80.94+2.55
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Note: check cultivar “Zhetisu” and “Pamyati 47" — red colour, accessions — blue and orange colour.
Over the red line are samples with the highest YM2 values compared to the local check cultivar

Figure 1 — The range of averaged YM2 of winter wheat collection in two regions
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Table 3 — The list of accessions of winter wheat collection showed the best average values for three yield components (NKS, TKW,
and YM2) in two regions

Cultivars Origin KRIAPL KBS
NKS, pcs TKW, g YM2, g/m?> | NKS, pcs TKW, g YM2, g/m?
Karaspan KAZ 51.3 455 359.1 41.8 31.0 64.3
Mars 1 UZB 54.4 433 479.4 37.3 35.4 82.1
Pamyat UZB 51.9 43.0 5253 473 35,7 124.4
Dank KGZ 54.3 43.9 534.5 30.0 31.1 68.0
Zhamin KGZ 51.6 47.1 549.6 37.8 34.7 99.8
KYIAL KGZ 52.0 47.5 399.6 38.8 355 80.6
Talimi KGZ 55.8 42.5 458.5 39.4 30.5 81.5
Local check cultivar 50.5 40.7 | 354.8 18.5 30.3 36.7

Pearson’s correlation analysis of studied traits
showed a negative correlation between HD with
SMD and HD with WKP in both regions (Fig. 2).
Also, it was revealed that SMD was favorable for
higher yield components (WKS, WKP, and YM2)
in KRIAPI. At the time, SMD was not a significant
factor in the yield in KBS. The PH and PL positively

TKW) in KRIAPI. In addition, in KRIAPI, there was
a predictable negative correlation between TKW
and NKS. Expectedly, the PL was noted as highly
significantly correlated with PH in both regions
(Fig. 2). The correlation analysis at KBS showed the
HD’s negative influence on WKS, TKW, and YM2
(Fig. 2B) and a positive correlation between yield

correlated with yield components (SL, WKS, WKP,  components (SL, NPS, NKS, WKS, WKP) (Fig. 2B).

a 0 » 0 o ~ [a} ® (5] 2] [ = o~
2 ¢ f 2 2 & % £ % E Z 5 & & 2 4 5 2 £ £ E 5
1 HD 028 0.13 0.09 0.2 -0.10 -0.08 033 02 04 022
HD 03 0.13 041 023 027 -0.14 -0.05 -0.06 -021 -0.03 0.02
08
08 SMD 0.02 0.10 -0.01 0.04 0.05 0.02 0.02 0.09 0.06
SMD 0.13 0.08 0.05 022 -0.04 0.13 021 0.15 0.14 0.15
06
06 VP 0.10 0.14 -0.04 -0.07 -0.06 028 -0.16 -024 -0.15

VP 032 0.10 025 -0.03 0.13 0.16 001 0.16 -0.09

04
04 PH. 037 03 016 0.04 008 -0.04 0.03
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WKP 028 027 WKP 0.4 0.24
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Note: Correlations with P < 0.05 are highlighted in color. The color indicates positive (blue) or negative (red) correlation.

Figure 2 — Pearson’s correlation index among means of 12 studied traits
in winter wheat collection in two Kazakhstan regions in 2020-2022

The analysis of variance (ANOVA) for 12 traits
showed a significant difference between three factors
(genotype, region, year) for YM2 (6.35). In addition,
a highly significant difference was observed for two

factors (year and region) in all studied traits (Table
4). The ANOVA showed meaningful genotype-by-
environments interaction (GEI) on studied traits of
the winter wheat collection.
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Table 4 — Analysis of variance of studies traits in the south-east of Kazakhstan.

Factor af HD SMD PH PL SL NPS
F-value
Genotype (G) 142 1.649 *** 0.602 4.090%** 2.061%** 0.673 1.124
Year (Y) 1 9735.907*** | 637.352%** 563.079%** | 220.863%** 5.220% 44.033 ***
Region (R) 1 143.862 *** 6.867%* 2040.203*** | ]78.558%** 11.602%** 84.263%**
GY 141 2.010 *** 0.542 0.795 0.823 0.560 0.874
G:R 138 1.877*** 0.362 2.971%** 1.331%* 0.316 1.061
YR 1 5499.367 *** | 12.312%** 1292.122%** | 786.465%** 1.131 0.899
G:RY 132 0.758 0.400PH 1.088 0.819 0.296 0.812
Factor df NKS WKS WKP TKW YM2
F-value
Genotype (G) 155 0.727 1.199 0.639 2.850%** 5.116%**
Year (Y) 1 6.975%* 129.654%** 58.686 *** 282.944**x* 3487.223%**
Region (R) 1 42.656%** 200.414%** 0.048 222.147%** 9168.193%**
GY 154 0.609 0.609 0.520 0.994 5.046%**
GRR 150 0.784 0.849 0.546 1.372% 6.703%*%*
YR 1 0.434 26.327%** 7.821 ** 64.386%** 2454.963%**
GRY 144 0.585 0.669 0.464 0.723 6.353%**
Note: P — values are provided with a significance level shown by the asterisks; * P < 0.05, ** P <0.01, *** P <0.001

Variability in yield components

Yield is a complex trait that is associated with
main components, such as the number of productive
spikes, number of spikelets per spike, SL, NKS,
kernel size, and TKW [22]. The correlation analysis
showed that PH, SL, NKS, and TKW are the major
yield components for the studied regions (Fig. 2),
and the phenotypic variability of these four traits was
marked by the wide range indicated in Table 2. The

Min. 25.4
Max. 58.5

Mean 39.9+0.42
40 Check cv. 18.5

Min 30.7
Max. 59.2
Mean 46.7+0.42

P Check cv. 50.5

=

§ 30 Region
el KBS
320 | KRIAPI
w

A 30 40 50 60
Number of kernels per spike (NKS, pcs)

mean of NKS ranged from 39.9 pcs (KBS) to 46.7
pcs (KRIAPI). The NKS assessment showed that thir-
ty-three samples of the collection exceeded the check
cultivar “ Zhetisu” in the Almaty region (Fig. 3A).
The values of the TKW, another important yield trait,
were varied from 32.9 g (KBS) to 39.1 g (KRIAPI)
(Fig. 5B). The evaluation of TKW values suggested
that the 50 and 101 accessions exceeded the check
cultivar “Zhetisu “ and “Pamyat’ 477, respectively.

Min. 23.6 Min 29.8
60 M::: 472 Max. 55.8
Mean 32.9+0.30 Mean 39.1+0.41
—_ Check cv. 30.3 Check cv. 40.6
=
S 40
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(&)
= B KBS
g " KRIAPI
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0 R
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Note: A — number of kernels per spike, B — thousand kernels weight

Figure 3 — The binomial distributions of major yield-related traits of winter wheat collection in two regions.
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The principal component analysis (PCA) for
the yield components divided the accessions of
winter wheat collection into two distinct principal
components: PC1 and PC2, which explain 23.6
% and 14.9 % total variation, respectively. Also,

PCA - Biplot

WKS StRiThPI o

Dim2 (14.9%)

NKS_KRIAPI ,

0.0
Dim1 (23.6%)

there was a similar negative correlation between
NKS and TKW at KRIAPI, with arrows pointing
in different directions (Fig. 4). The same trend
was noted using Pearson correlation analysis at
KRIAPI (Fig. 2 A).
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Note: accessions — point, directions of traits — blue color.

Figure 4 — Principal component analysis for the yield components in the winter wheat collection from Central Asia

The evaluation of yield components allowed
the selection of accessions, which could play an
important role in the future wheat breeding program
in south and south-east Kazakhstan. In addition, the
variation of the field data can be successfully used in
further activities related to GWAS for grain yield and
yield-related traits in winter wheat. The significant
difference in soil and weather conditions of the
two regions gave a variance in yield components
between South-east and South Kazakhstan.

Conclusion

This study described the field assessments
of the winter wheat collection from Central Asia
consisting of 139 accessions. The collection was
tested over the two years from 2020 to 2022 in the
fields of the KRIAPI (south-east Kazakhstan) and
KBS (south Kazakhstan). The field assessments
showed that the collection is a potentially important
genetic resource for winter wheat breeding
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projects, as it showed a wide range of variation in
yield-related traits, including PH, SL, NKS, TKW,
and YM2.

The average YM2 value of 107 and 134
accessions exceeded the check cultivars in Almaty
(Zhetisu) and Turkestan (Pamyat 47) regions,
respectively. The Pearson correlation index showed
positive correlations between yield-related traits in
the two studied regions. The ANOVA predicted a
significant effect of environmental factors on the
performance of winter wheat in the south and south-
east of Kazakhstan. Obtained results will be used
to select promising lines for winter wheat breeding
projects in Kazakhstan and for further studies related
to GWAS of yield and yield-related traits in bread
wheat.
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RISK ASSESSMENT OF SHEEP AND GOAT
POX SPREAD IN KAZAKHSTAN

Sheep and goat pox (SGP) disease is a highly contagious and dangerous viral infection, characterized
by fever, formation of papular-pustular lesions in the epithelium of the skin and respiratory tract of small
ruminants. This disease causes enormous damage to sheep breeding due to the death of animals, forced
slaughter, loss of productivity, costs for veterinary and sanitary and quarantine measures. The causative
agents are two closely related viruses: sheep pox virus and goat pox virus, belonging to the family
Poxviridae, the genus Capripoxvirus. SGP is considered an endemic in Kazakhstan and SGP outbreaks
have been registered in a number of regions both in our country and bordering states. The uncontrolled
spread of this infection can be associated with colossal economic losses and significant damage of
the image of our country as an exporter of lamb. Thus, it is important to monitore the epizootological
situation of SGP in the country, control outbreaks of infection, and develop veterinary and sanitary
measurements to adequately anticipate of the disease spread. Therefore, the purpose of this study is to
perform risk analyses of SGP transmission in Kazakhstan. As a result of the research, the SGP risk factors,
epizootological characteristics of this infection in Kazakhstan in the last 10 years, and the districts with
high risks regarding the possible occurrence of large outbreaks of SGP were identified and the epizootic
visualization map was created. This work provides valuable information on the importance of SGP
control and prevention programs in Kazakhstan.

Key words: epizootology, sheep pox, goat pox, virus, risk analysis.
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KasakcTtaHAa KO MeH
ellUKi LeLleK aypybiHbIH, TapaAy KayrmniH TaAAay

Kon mMeH ewki weweri (KELL) — eTe >kyknaAbl, kKayinTi BUPYCTbIK, MHPEKUMSABIK, aypy, OA YCak,
KYMiC KarblpaTbIHAQPAbIH >KayapAapAblH AEHE KbI3yblHbIH KOTEPIAYIMEH, TEPI XKOHE OKIe aNUTEeANiHAE
ManyAesAi-nmyCTyAsipAbl OLIAKTapAblH Manaa GOAybIMEH cumatTaraAbl. ByA aypy MasabiH KbIpbIAybl,
AMaACbI3 COI0, TOAAEYiIHIH TOMEHAeYi, BEeTEepPUMHAPUAAbIK-CAHUTAPUSABIK, >KOHE KayirncCi3Aik rneH
KapaHTMHAIK LapaAapFa >KYMCaAATbIH LWbIFbIHAQP CaAAAPbIHAH KOW LIApyallbIAbIFbIHA OpacaH 30p 3UsH
keATipeai. Kosapiprbilwtapbl — Capripoxvirus Tybicbl Poxviridae TykbiMAacbiHa >kataTblH 6ip-6ipimeH
ThbIFbl3 GaNAQHbBICTbI €Ki BMPYC KOM LLIELIEK BMPYCbl XXOHE eLiKi LWeleK BMPYCbl OOAbIN TabbiAaabl,
KELL KasakcTtaHaa sHAEMUSIAbIK, 60AbIN caHaraabl >xaHe KELLl owakTapbl 6i3aiH eAAiH Ae, lekapaAac
MEMAEKETTEPAIH Ae Bipkatap ariMakTapbliHAQ TipKeAreH. byA MHdekumsHbiH 6aKbiAQyCbi3 TapaAybl,
6i3AiH eAIMI3AIH 3KOHOMMKAABIK, 8A-ayKaTblHa OpacaH 30p LWbIFbIHAAP SKEAYIMEH KaTap, eAAiH KON
€TiH JKCMopTTayllbl PETIHAEr XaAKapaAblK MMUAXICIHIH alTapAbikTai Oy3blAyblHA 9Cep eTeAi.
Ocbinaniia, eaperi KELL ann300TOAOTMSIAbIK, >KaFaanblH 6akbiAdy, MHeKUMs narnaa 60AYybl MyMKiH
OLIAKTapblH KaAarblAay, aypyAblH TapaAy KaymiH 60AXKay YIiH BeTepUHAPUSIAbIK-CAHUTAPUSIAbIK,
eALLEMAEPAI 83ipAey MaHbI3Abl. COHABIKTaH, OyA 3epTTeyain Makcatbl — KasakcraHaarbl KELL Tapany
KayniHe Taaaay xacay. JKyprisiareH 3eptreyaep HoTmxeciHae KELLI TapaAybIHbIH Kayin pakTopAapsbl,
KasakcraHaarbl COHFbI 10 XXbIAAAFbI OCbl MH(EKUMSAHBIH 3MM300TOAOTMSAABIK, CMnaTTamachl >keHe KELL
ipi owakTapbiHbiH Manaa 6OAY Kayri >KOFapbl aiMakTap aHblIKTaAAbl, COHbIMEH Gipre 3MM300TUSIAbIK,
BM3yaAM3aLMs KapTachl XKacaaAbl. ByA aHaAnTHKaAbIK, 3epTTey >Kymbicbl KasakcraHaarbl KELL 6akbiray
>K8HE aAAbIH aAy 6ar AapAaMasapbiHbiH MaHbI3ABIAbIFbI TYpPaAbl KYHAbI aKkrapaT bepeai.

Ty¥iH ce3Aep: aMM300TOAOIMS, KOM LLELLEri, ewki weweri, BUpyc, Kayin Tarsaybl.
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AHaAM3 PUCKOB PacnpoCTpaHeHusi OCMbl OBell,
1 ko3 B KaszaxcraHe

Ocna oseu, 1 k03 (OOK) — BbICOKOKOHTarno3Hoe, oco6o onacHoe BMpyCHOe 3ab0oAeBaHME, Xa-
pakTepmayiolleecs: AMXOPAAKO, 0Opa3OBaHMEM MarNyAe3HO-MYCTYAE3HbIX BbICbIMAHMIA HA SMUTEAUU
KOXM M AbIXaTEAbHbIX MyTEN MEAKMX >KBAUYHbIX KMBOTHbIX. ITO 3a60AEBaHME HAHOCUT KOAOCCAAbHbIIA
yliep6 OBLEBOACTBY M3-3a MaAEXKa >KMBOTHBIX, BbIHY>KAEHHOIO Y605, MoTepu NPOAYKTMBHOCTH, 3aT-
paT Ha BeTepMHapHO-CAaHUTAPHbIE U OXPAHHO-KAPAHTUHHbIE MEPONPUSTUS. BO3OYAUTEASIMU IBASIOTCS
ABa 6AM3KOPOACTBEHHbIX BUPYCA: BUPYC OCIbl OBELL M BUPYC OCIbl KO3, MPUHAAAEXKALLME K CEMENCTBY
Poxviridae, poay Capripoxvirus. Benbitukn OOK 6biAM paHee 3aperucTpupoBaHbl B PSAE PErmoHOB
KazaxcraHa, uTo npuBeAO K 3HaUMTEAbHbIM SKOHOMWYECKMM NoTepsam. B cBg3M ¢ Tem, uTo 3Ta MHpeK-
LMst IBASIETCS SHAeMMUHOM B Ka3axcTaHe, BaXKHO CAEAUTb 3a 3MM300TOAOIMYECKON CUTyalmen B CTpa-
He, KOHTPOAMPOBATb BCTbILIKW MHPEKLMM 1 pa3pabaTbiBaTb BETEPUHAPHO-CAHUTAPHbBIE MEPONPUSTUS,
NMO3BOASIOLLME AAEKBATHO MPOrHO3MPOBaTb pacnpocTpaHeHne 6oAe3HU. B CBA3M C 3TUM, LeAbIO AaH-
HOIO0 MCCAEAOBAHMS SIBASETCS NMPOBEAEHME aHaAM3a puckoB pacrnpocTtpaHeHms OOK B KasaxcraHe. B
pe3yAbTaTe MCCAEAOBaHUSI HamK ObiAM BbisBA€HbI (hakTopbl pricka OOK, anmn3ooToAornyeckas xapak-
Tepuctka OOK B KazaxctaHe 3a nocaeaHue 10 AeT, onpeAeAeHbl PaioHbl C BbICOKMM PUCKOM BO3HMK-
HoBeHus KpynHbix Benbiwek OOK 1 pa3paboTtaHa anm3ooTmyeckas kapta. dta pabota npeAoCTaBAsieT
MHpOPMaLMIO, NMOAYEPKUBAIOLLYIO BaXKHOCTb MPOBEAEHMS MPOrpamMm KOHTPOASI U MPeAOTBpaLLEeHUS

pacnpoctpaHeHna OOK B Ka3zaxcTaHe.

KAroueBble cAOBa: 3MM300TOAOIMS, OCMa OBELL, OCMa KO3, BMPYC, aHAaAM3 PUCKa.

Introduction

Sheep and goat pox (SGP) is one of the most
economically significant diseases of small ruminants
(SRs). SGP is a highly contagious viral disease, char-
acterized by fever, the formation of papular-pustular
lesions in the epithelium of the skin and mucous
membranes, and lung damage [1]. Large outbreaks
of this infection usually have a cyclical nature (re-
curring in the same area in 3-5 years) [1]. Asian and
African countries are considered endemic.

SGP are caused by two viruses, the sheep pox
virus (SPPV) and the goat pox virus (GTPV), which
are combined into a single supraspecific complex,
capripox virus of small ruminants. These two vi-
ruses are genetically separable, but it is not possible
to differentiate them serologically even using a neu-
tralization reaction [2]. Both capripoxviruses can be
present in both goat and sheep populations. Like all
poxviruses, SPPV and GTPV are large (200450
nm in diameter) dsDNA viruses surrounded by
several layers of lipid—protein envelopes [3]. Like
all poxviruses, capripoxviruses encode a variety of
proteins that help them evade the host’s immune re-
sponse. Like all poxviruses, they encode analogs of
mammalian cytokines, but unlike most other pox-
viruses, their genome also encodes proteins that in-
hibit antigen presentation on molecules of the major
histocompatibility complex (MHC) [4]. Such adap-

tive mechanisms allow capripoxviruses to persist in
animal organisms for a long time.

The main ways of infection are aerogenic
(through the air), contact and alimentary (through
food). In addition, blood-sucking stable flies (Sto-
moxys calcitrans) have been implicated in infec-
tions through mechanical transmission of capripox-
viruses [5].

Clinical manifestations of the disease: eyelids
swell, discharges begin to flow from the eyes and
nose (first serous-mucous, then serous-purulent).
Breathing in animals becomes difficult and sniffling,
hyperthermia is observed (up to 40-41°C). A small-
pox rash begins to appear on the head, lips, around
the eyes, on the fore and hind limbs, on the scrotum
and foreskin in males, as well as on the skin of the
udder and the mucous membrane of the shameful
lips of females. The disease spreads in the form of
epizootics. After 2-4 weeks in the herd, if measures
are not taken in a timely manner, most animals in
the herd will be infected. Mortality in smallpox out-
breaks in regions endemic for the disease from the
disease itself is low (up to 2-5%), although it can
reach 100% in non-endemic areas, as well as among
imported livestock [2]. Mortality among young ani-
mals is much higher than adult animals.

The initial stage of SGP must be differentiated
from fungal scab, tick-borne scabies and papular
non-contagious eczema, as well as contagious pus-
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tular dermatitis of sheep (ecthyma). For this, viro-
logical, immunological and molecular biological
methods are used. serological methods allow as-
sessing the effectiveness of livestock vaccination, as
well as assessing the level of antibody prevalence in
herds that have not been vaccinated against the virus
[6, 7]. For the detection of capripoxviruses in MRS
herds, both by classical PCR and by real-time PCR,
the following loci are used: GPCR (G-protein-cou-
pled chemokine receptor gene), RPO30 (viral RNA
polymerase gene), P32 (P32 envelope protein gene
). Real-time PCR methods are an order of magnitude
more sensitive than viral DNA detection methods
based on regular PCR [8].

The chosen topic of the research is crucial as the
SGP is endemic in Kazakhstan, for 186 outbreaks of
this infection were recorded in the country during
the period from 1961 to 2000 [9]. Over the past 10
years, outbreaks have been recorded in Kyzylorda
(2013), Turkistan (2013 and 2015), East Kazakhstan
(2015), West Kazakhstan (2015, 2019), Mangystau
(2019) and Atyrau (2019) [10]. Previously, the dis-
ease was also recorded in other regions, for exam-
ple, in Pavlodar region (2010). These outbreaks led
to large economic losses in the country.

Vaccination is the most promosing method to
prevent spreading of SGP. In our country, where
more than 80% of the SRs livestock are concentrat-
ed in private backyards and small enterprises, the
total vaccination of SRs is therefore a rather difficult
task, which, moreover, is associated with signifi-
cant economic costs. At the same time, large-scale
monitoring of SGP has not been carried out over the
past 10 years, which was one of the reasons for the
outbreak of this infection in western Kazakhstan in
2019. Since this infection is endemic in Kazakhstan,
it is important to monitore the epizootological situ-
ation regularly in the country, control outbreaks of
infection, and develop veterinary and sanitary mea-
sures to adequately anticipate of the disease spread.
Therefore, the purpose of this study is to perform
risk analyses of SGP transmission in Kazakhstan.

Methods and materials

Epidemiological methods. All calculations of
epidemiological parameters were carried out using
the Epilnfo v. 7.2.2.2 (CDC).

Analysis of epizootological aspects. the epizo-
otological description of SGP in the world and in
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Kazakhstan was studied on the basis of electronic
information sources.

Cartographic analysis and GIS. The creation of
a GIS database and the determination of the geo-
graphical coordinates of farms and collection points
was carried out using GPS navigators of Android
mobile devices, as well as the database of GeoHack
(https://geohack.toolforge.org) and GoogleMaps
(https://www.google .com/maps).

Risk Analysis. For risk analysis and forecasting
chosen the method of analogy and modeling and we
used an additional add-in in Microsoft Excel — Deci-
sion Tools Suite 6.0 Professional from Palisade.

Calculation of the sample size for SGP monitor-
ing. The minimum (critical) sample size for con-
ducting an annual monitoring study in relation to
common sheep and goats is determined by the for-
mula [11]:

Sample size (n) = N* [Z> * p * (1-p)/e?] /
[N—1+2Z%p*(l-p)e’] (1)

Where:

N —is the population size;

Z —is the critical value of the normal distribution
at the required confidence level;

p — is the expected level of prevalence, %;

e —is the permissible error.

Results and discussion

Analysis of the epizootological process of SGP
in the world. SGP is widespread in Africa and
Asia [12]. According to the World Organization
for Animal Health (WOAH), SGP are notifiable
diseases due to the rapid spread of the infection
and the significant economic damage it can cause
[13]. As for nearby states, outbreaks of sheep and
goat pox were detected from 2018 to 2020 on the
territory of the Russian Federation, and in 2018 in
the Xijiang Uygur Autonomous Region of China,
bordering on the Republic of Kazakhstan [14],
in 2022 in Tajikistan [15]. Kyrgyzstan officially
denies the fact of outbreaks of sheep and goat pox
on its territory, but there are clear indications that
numerous outbreaks of infection of unclear etiology
of SRs that occurred in the republic in 2013 were
nothing more than SGP [16]. In general, data on
official outbreaks of SGP over the past 10 years are
presented in Figure 1.
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Figure 1 — The spread of SGP for the period 2011 — 2022yy. Red indicates
the regions and states in which the disease was detected by the WOAH [17]

Analysis of the epizootological process of
SGP in Kazakhstan. Outbreaks of sheep pox have
occurred in our country for the past five years. In
April 2019, an outbreak of sheep pox occurred
in the rural district of Kyzyl Ozen, Tupkaragai
district of the Mangystau region (about 50 animals
died). A quarantine was declared. On June 14,
2021, by the decision of the administration of the
Tupkaragai district, quarantine was lifted from
the territory of this district from the rural district
of Kyzyl Ozen. The outbreak also took place
from July 19 to August 12, 2019 in the village of
Suyunduk, Suyunduk rural district, Kurmangazy
district, Atyrau region [10]. A quarantine was
declared on August 12, 2019, by the decision of
the administration of the Suyunduk rural district of
the Kurmangazy district of the Atyrau region, in
connection with the implementation of a complex
of veterinary and quarantine measures to eliminate
the sheep pox disease, quarantine was officially
lifted from this territory. Before the outbreaks,
neither Mangystau nor Atyrau regions vaccinated
livestock against SPPV and GTPV, but after
2019, annual immunization of animals against this
infection was carried out in both regions. There is
also evidence that in the same 2019, an outbreak of
sheep pox occurred in the ‘Birlik’ breeding farm
in the Zhangalin district of the West Kazakhstan
region [9].

To clarify the reliable epizootic situation of SGP,
in 2021, the Kazakh National Agrarian Research
University, as part of the program, conducted
research in Mangystau, Atyrau, Turkistan, Zhamby],
West Kazakhstan, East Kazakhstan region (since
2022 Abay and East Kazakhstan) and North
Kazakhstan region. In seven regins of the Repub-
lic of Kazakhstan, 72 epizootic units (EU) were
studied. As a result of the study, 7 disadvantaged
regions for this infection were identified. These
are Mangystau region (Mangistau district, 1 EU.,
Tupkaragai district, 1 EU., Munailin district, 1 EU),
Atyrau region (Kurmangazin district, 2 EU), Turke-
stan region (Baidibek district, 1EU), Zhambyl re-
gion (Shu district, 1 EU), West Kazakhstan region
(Akzhaiyk, Koztal district, 2 EU), East Kazakhstan
region (Zaisan district, 1 EU), North Kazakhstan re-
gion (Akzhar district, 1 EU).

Analysis of the risk of infection spread across
the territory of Kazakhstan. The presence or ab-
sence of foci of infection in the past (at least within
the last ten years) and whether animals are immu-
nized against this infection are extremely important
parameters in risk assessment in relation to the pre-
diction of SGP. Table 1 presents data on the total
number of SGP-susceptible livestock and on the
plan for immunizing animals by region against this
infection for 2022. A map showing both of these pa-
rameters is shown in Figure 2.
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Table 1 — Livestock vaccination plan for SGP in 2022 year.

Oblasts total (I;z::lls):;;)f SRs Vac;:‘gj;::: dﬂ)lan Immunized percentage
Abay 14442 0 0,0%
Akmola 751,6 0 0,0%
Aktobe 15335 0 0,0%
Almaty 2981,9 2315,6 (77,7%)
Atyrau 723,6 569,5 (78,7%)
East Kazakhstan 773,6 0 0,0%
Karaganda 992,0 0 0,0%
Kostanay 526,2 0 0,0%
Kyzylorda 895,8 496,7 (55,4%)
Mangystau 357,0 200,9 (56,3%)
North Kazakhstan 624,7 0 0,0%
Pavlodar 818,9 0 0,0%
Turkistan 6044,2 48174 (79,7%)
Ulytau 449.0 0 0,0%
West Kazakhstan 15451 1053,2 (68,2%)
Zhambyl 39170 3860,4 (98,6%)
zhetysu 21219 1502,3 (70,8%)
Total in Kazakhstan: 28 023,7 14816,0
0 250 750 1000 KMm.

Aktobe

Pavlodar

Karaganda

—\
Zhambyl b
— Almaty =

(98.6%) 4 (77.7%

80%

= Locations where outbreaks of SGP were observed between 2011 and 2022

— = Oblasts where vaccination against SGP is carried out (2022). The-
(w percentage indicates the level of immunization coverage of livestock

susceptible to SPPV and GTPV..

Figure 2 — Locations of outbreaks of SGP in the territory of Kazakhstan
over the past 10 years and vaccination data (a plan for 2022)
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The greater the density of susceptible SRs in a given
area, the greater the risk of SGP epizootics and infection
spread. The highest density of sheep and goats is in the
south of our country, namely in the Turkistan, Zhambyl,
Almaty and Zhetysu oblasts (Figure 3). However, it
should be noted that sheep are raised throughout the
territory of the Republic of Kazakhstan, and the density
of sheep and goats even in the desert and semi-desert
regions of the country is quite sufficient for an outbreak
of this infection. At the same time, in regions of the
country with a low density of SRs, it becomes possible

to quickly localize outbreaks and prevent the spread of
infection to adjacent territories.

The total number of susceptible livestock is
also an important epidemiological indicator, as
it can indicate the potential risk of economic loss
associated with a given infection. The largest number
of sheep and goats in the country is concentrated
on the territory of the Turkistan oblast; followed
by Zhambyl, Almaty and Zhetysu oblasts, which
together account for more than half of the country’s
total number of SRs (Figure 4).

SRs on KM2
0-5
5-10
10-20
20-30
>30

Figure 3 — The density of SRs in the Republic of Kazakhstan
by region (data as of 08/01/2022) [18]

Turkistan
6159,7

Almaty
53947

Zhambyl
4080,8

Kostanay 5244

Mangystau 564,53
' North Kz 634,9

| Akmola 768,3
Atyrau6159,7

Pavlodar
- 8276
Kyzylorda
9268

Karaganda
6159.7

Alktobe
16369

EastKz
18157

West Kz
24019

Figure 4 — Number of goats and sheep in the Republic of Kazakhstan
(thousand) (01.06.2022) [18]
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Thanks to the State Program for supporting
domestic animal husbandry, favorable conditions have
developed for increasing the number of livestock in the
country. Over the past two years, there has been a sharp
increase in the number of literally all types of livestock
and poultry. Forecasts can be short-term, medium-
term and long-term. The medium-term forecast is
compiled for a year and serves as the basis for planning
veterinary-sanitary and preventive measures.

A parameter that can be tracked over a
sufficiently long period is the total number of sheep
and goats in the country. Due to the high correlation
of this indicator with the frequency of outbreaks of
sheep pox and goat pox, it can be used to extrapolate
data for risk assessment in the medium term.Goats
and sheep are no exception (data on changes in the
number of SRs for the entire period of independence
of the Republic of Kazakhstan are presented in
Figure 5. This circumstance significantly increases
the risk of new foci of infection in the country.

Analysis of the risks of importation and predict-
ing outbreaks of SGP. To analyze the risks of in-
troduction and spread of sheep pox, as well as to
assess the level of potential economic damage that
may be associated with the spread of the causative
agent of this disease. The method of analogy and
modeling was chosen for this risk analysis. This ap-
proach makes it possible, based on the available data
concerning the characteristics of the infection pro-

cess, the main factors of infection spread, and the
laboratory analysis data obtained during monitor-
ing, which characterize the current SGP situation in
the country, to carry out relatively technically sim-
ple risk calculations without resorting the complex
multifactorial mathematical models.

In the approach of risk analysis, the following
risk factors have been taken into account: 1) the
history of outbreaks of SGP in a given area; 2) the
density and total number of susceptible animals to
virus in the regions; 3) the way of transmission of
the pathogen; 4) the availability of preventive meth-
ods to minimize the risks associated with the spread
of infection (availability of vaccines), the degree
of implementation of these in practice (accessibil-
ity for households), and the availability of treatment
methods; 5) the genotype of the pathogen, mediat-
ing the degree of symptomatic manifestations, the
level of lethality, and the level of infectivity; 6) the
actual state of the sheep pox epizootological process
in a given region (country), including the average
level of antibody seroprevalence in herds; 7) the
risk of introducing infection from regions or states
endemic for the disease and assessing the potential
rate of infection spread by assessing the geographi-
cal features of the regions; 8) opportunities to eradi-
cate the disease from endemic areas; the presence or
absence of legislative acts to control or eradicate the
infection.

40 000,0

35 000,0

30 000,0

25 000,0

20 000,0

15 000,0

10 000,0

Number ot SRs. thousands
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1350 1392 1994 1996 1998 2000 2002 2004

2006 2008 2010 2012 2014 2016 2018 2020 2022
Years

Figure 5 — Change in the number of SRs in Kazakhstan [18]
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For each risk factor, the corresponding scores
were assigned from 0 to 5, the scoring was carried
out by regions of the Republic of Kazakhstan. Condi-
tional scores for each of the main risk factors for out-
breaks of SRs and the spread of the infectious agent
to non-endemic areas are presented in Table 2. It was
decided to consider the “Vaccination” parameter as
the most important factor determining the overall risk
of outbreaks of infection — whether animals are vacci-
nated in a given region of the country according to the
state program and how effectively this vaccination is
carried out (the breadth of coverage of the popula-
tion of the region by vaccination and the actual ef-
fectiveness of vaccination on the ground). The fact
is that even in areas with the smallest number of SRs
in the country, the number and density of goats and
sheep are sufficient for the rapid spread of infection.
This confirmed by outbreaks of SGP that occurred in
2019 in Atyrau and Mangystau regions. Thus, it is in

the regions of the country where mass vaccination of
livestock against SGP is not carried out that the most
economically significant outbreaks of infection can
be expected in the near future (West Kazahkstan and
Aktobe regions are of particular danger). Therefore,
vaccination should be considered when planning
public events.

Summing up these scores, the regions of the
Republic of Kazakhstan were ranked according to
the level of risk of new outbreaks of SGP in the
country in the medium term:

11 and < points — low risk level;

12-14 points — moderate risk;

15-17 points — medium risk;

18 and > points — high risk.

Based on all processed data, a risk map of the
main foci of SGP diseases, which may be present in
the territory of Kazakhstan, was created. The map is
shown in Figure 6.

Table 2 — Scores for assessing the risks of outbreaks of SGP for certain oblasts of Kazakhstan

Oblasts Outbreaks | SRs density Nurr;ll)::srs of Vaccination | Factual data ’l;?liel:tsil;:f Sum
Akmola+.Nur-sultan 0 2 2 5 1 2 12
Aktobe 3 2 3 5 1 5 19
Almaty+ Almaty 1 4 5 1 1 5 17
Atyrau 5 2 2 1 1 5 16
West Kazakhsatn 5 3 3 1 1 5 18
Zhambyl 1 4 4 1 1 4 15
Karaganda 1 1 3 5 1 0 11
Kostanay 0 1 2 5 1 4 13
Kyzylorda 2 1 2 5 1 3 14
Mangystau 4 1 2 3 1 3 14
Pavlodar 1 2 2 5 1 3 14
North Kazakhstan 0 2 2 5 1 4 14
Turkistan+Symkent 2 5 5 1 1 3 17
East Kazakhstan 2 2 3 5 1 4 17

The high risk areas were the West Kazakhstan
(due to the extremely high risk of maintaining
latent foci of infection) and Aktobe oblasts (mainly
because in the region there is no vaccination
of SRs against SGP, despite a sufficiently high
number of susceptible livestock in the region and
the proximity of the regions of Kazakhstan and
the Russian Federation, where outbreaks of sheep
pox were recorded most recently). Turkistan,
Zhambyl, Almaty, and Zhetysu Oblasts require

careful attention from regulatory authorities due to
the very high density of SRs, optimal conditions
for the spread of infection, and the presence of
borders with states where the disease considered
endemic. Abay and East Kazakhstan oblasts remain
at medium risk of outbreaks due to the lack of
livestock vaccination programs against sheep pox,
the relatively large number of SRs, and the borders
with China’s Xinjiang Uyghur District. Atyrau
and Mangystau oblasts are also at risk, where had
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recently been recorded outbreaks of SGP. In the
Kyzylorda oblast, the most risky area is the vicinity
of Kyzyl-Orda, which is a kind of crossroads for
the movement of livestock. At times, the density
of livestock susceptible to SGP, which reaches

I - High risk of outbreaks
[ - Medium risk of outbreaks

critical values, and the observed rotation of herds
contributes to the introduction of infection from
regions of the country endemic to the disease.
In addition, outbreaks of SGP have previously
recorded in the oblast.

Pavlodar

Karaganda

- Moderate risk of outbreaks

- Low risk of outbreaks

Figure 6 — Map of risks in relation to the occurrence of large outbreaks
of SGP in the territory of Kazakhstan (as of 01.09.2022)

Also in the research work, target indicators for
the effectiveness of the implementation of veterinary
measures have been determined, as it is possible
to control the effect of measures to prevent the
introduction of SGP into the republic and the spread
of infection to non-endemic territories:

- The percentage of vaccinated animals among
those selected for monitoring;

- The percentage of SRs covered by the
vaccination plan in the regions;

- Level of seroprevalence of antibodies to
capripoxviruses in vaccinated animals;

- Level of seroprevalence of antibodies to
capripoxviruses in unvaccinated animals;

- The percentage of herds, whose samples were
detected by PCR-positive animals, or animals with
signs of SGP with confirmation of virus carriage
by the method of neutralization reaction or electron
microscopys;

- Number of new outbreaks of SGP by region.

Zoning and regionalization of the territory of
Kazakhstan. Based on the above information, an
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epizootic visualization map has developed with
indicators of the epizootic process of SGP in the
Republic of Kazakhstan for 2019-2022. It included
the data from the visual inspection of livestock
during monitoring, the data on outbreaks of
infection that occurred in given areas, the density
of SRs, climatic characteristics, and the presence
of borders with regions of other countries where
the infection is common. The zoning map of the
territory of the Republic of Kazakhstan shown in
Figure 7.

The isolates of both SPPV and GTPV
were isolated in the country, and their genetic
characterization was carried out, including whole
genome sequencing of isolates of these viruses [7].
Taking into account the results of the risk analysis,
as well as actual evidence of the circulation of SPPV
and GTPV throughout the country, a regionalization
map of the territory of the Republic of Kazakhstan
was developed in relation to the recommended
measures for the control of SGP in the country

(Figure 8).
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0 250 500 750 1000kMm
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Designations: the numbers indicate areas with a high degree of intensity of the epizootic situation for SGP.
In the Mangystau oblast: 1 — Tupkaragai district, 2 — Aktau, 3 — Mangystau district; in the Atyrau oblast:
4 — Kurmangazy district; in West Kazakhstan oblast: 5 — Kaztalov district, 6 — Akzhar district; in North Kazakhstan oblast:
7 — Akzhar district; in the Kyzylorda oblast: 8 — Kyzylorda, in the Turkistan oblast: 9 — Baidibek district; in Zhambyl oblast:
10 — Shu district; in East Kazakhstan oblast: 11 — Zaisan district.

Figure 7 — Epizootic visualization map with indicators of SGP epizootic process in Kazakhstan
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Figure 8 — Regionalization of the territory of Kazakhstan in relation to measures
to minimize the risks of outbreaks and the spread of SGP
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Risk assessment of sheep and goat pox spread in Kazakhstan

In order to prevent the occurrence of outbreaks
of SGP and ensure the effective implementation of
preventive measures, it will be recommaned that the
territory of the Republic of Kazakhstan conditionally
divided into 3 zones:

- Zone 1 — unfavorable for SGP, where the
infection can be spread in a latent form (West
Kazakhstan, Mangystau and Atyrau Oblasts);

- Zone 2 — favorable for SGP, with a risk
of occurrence and spread of infection (North
Kazakhstan, East Kazakhstan, Aktobe, Kyzylorda,
Turkestan, Zhambyl, Almaty, Zhetysu, Abay,
Akmola, Pavlodar, Kostanay oblasts);

- Zone 3 — favorable for SGP, with a low risk
of infection, without vaccination (Ulytau and
Karaganda oblast).

In the 1st and 2nd zones, it is recommended to
vaccinate SRs against SGP with a wide coverage
of livestock (more than 70%), introduce mandatory
livestock monitoring and strengthen veterinary
and sanitary measures. In these areas, it is also
recommended to conduct annual monitoring using
both serological and molecular biological methods
of analysis to identify the facts of the circulation of
viruses that cause SGP in this area. In the 1st zone,
it is additionally recommended to strengthen control
by veterinary services regarding the identification
of animals with signs that can be attributed to
manifestations of this infection. In the 3rd zone, it
is recommended to carefully check for the presence
of clinical symptoms of SGP of animals delivered
to this zone from the other two zones or from other
states. Total vaccination is optional.

Sample size determination for SGP monitoring.
As of 06/01/2022, according to the official data
of the Bureau of Statistics in the Republic of
Kazakhstan [18], the country contains 28023.699
thousand heads of sheep and goats. Since no large-
scale monitoring of SGP has been carried out in the
country before, the level of antibody seroprevalence
should be taken equal to 50% (according to [11]).
For epidemiological studies, the confidence interval
in the vast majority of cases is assumed to be 95%,
so this value is recommended for calculations;
therefore, the Z value for this confidence interval is
1.96 [1, 11]. The allowable error is usually assumed
to be 5% in calculations [19]. Thus, for groups of
five to thirty animals, the minimum required number
of animals is estimated to be 400 per year. As a rule,
the number of animals exceeding the critical sample
size by at least 10% is involved in monitoring, since
some proportion of the samples may not be suitable
for analysis (for example, serum may be hemolyzed,
and blood clotted).
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A specified number of samples taken for
monitoring purposes should be distributed among
collection points (sampling should be carried
out at a minimum of ten different locations, or
epidemiological units (EU)). It is desirable that
several districts of each of the areas covered
by the monitoring program be involved in the
monitoring. Within a given location (or EA),
the selection of animals for monitoring purposes
should be random (unless all animals show
symptoms attributable to SGP). It is important
that the animals selected for monitoring include
animals of both sexes and different age groups. If
animals are seen with symptoms similar to those
of SGP, they should be additionally selected
for laboratory analysis (semi-targeted sampling
aimed at detecting signs of virus circulation in
herds as efficiently as possible).

Conclusion

According to the conducted research, the
epizootological characteristics of the country’s
territory for the last 10 years on SGP have been
determined. Based on the results, an analysis
of the epizootic situation and an analysis of the
risks of SGP spread, zoning and regionalization
of the territory of the Republic of Kazakhstan
according to the degree of tension of the epizootic
situation of this diseases were carried out, as
wells as the sample size for SGP monitoring
was determined. These data will help to
increase the effectiveness of veterinary-sanitary
measurements for the prevention and control of
the spread of infection, and fully determine the
current situation regarding to SGP, as well as to
reduce or prevent the risk of new outbreaks of
SGP in Kazakhstan.
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EXTRAPOLATED DATA-BASED ANALYSIS
OF TERRESTRIAL GASTROPOD DISTRIBUTION
IN THE NORTHERN TIEN SHAN REGION

A considerable amount of published sources contain incomplete data, as significant
knowledge about the diversity of living organisms has been accumulated in museum collections
and monographic publications. Nevertheless, the problem of using already published incomplete
information remains quite relevant since the monographs covers a significant part of the biological
diversity and territories of the planet. In this paper, data on the findings of land mollusks in the
Northern Tien Shan were compiled from existing literature. Based on these incomplete data, the
distribution of terrestrial mollusks was reconstructed in the whole region. As a result species richness
of gastropods in the Northern Tien Shan is not dependent on geographic locality. The study found
significant similarities in the fauna of different mountain ridges, with spatial proximity being a
significant factor in determining faunal similarity. The difference in the malacofauna between lle
and Kungey Alatau is likely due to the uneven representation of Kungey Alatau in previous studies.
The data reconstruction method performed in the study proved to be a simple and quick approach
for preliminary estimating faunistic diversity. While this method has some limitations, they can be
avoided by incorporating environmental data.

Key words: Northern Tien Shan, gastropods, species distribution, extrapolation.
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Coatycrik TaHb-LLIaHbAaFbI XkepycTi 6aybIpasikTbl
MOAAIOCKAAApPABIH, TApaAybiH 3KCTPaNoOASILLMSIAAHFAH MaAIMeTTep
Heri3iHAe Tarpay

JKapusinanraH AEpeKKe3AEpPAIH eAdYip OGOAIri TOAbIK eMec MOAIMETTEPAI KaMTWMAbI, OMTKeHi
Tipi OpraHU3MAEpPAIH BPTYPAIAIri Typaabl GiAIMHIH 6acbiM KemMuWiAiri Mypaxkail KOAAEKUMSIAAPbIHAQ
>K8He MOHorpadmsAblK, 6acbiAbIMAAPAA KMHakTaAraH. OcbiFaH KapamacTaH, >KapusAaHFaH TOAbIK,
eMec aknapartThl MamAaAaHy MaceAeci eTe e3ekTi 6OAbIN Kara Oepeai, erTKeHi oAap MAaHeTaHbIH
GUMOAOTUSIABIK, OPTYPAIAIri MEH ayMakTapblHbIH eAdYip 6eAirii cunattamabl. Ocbl 3epTTeyae COATYCTIK
Tanb-LLaHb Tay xyreciHiH xxep 6eTiHAeri 6aybIPSKThl MOAAIOCKAAAPAbIH TaObIAYbI TyPAAbl XXapUSAAHFaH
aAebMneT AepekTepi namaasaHbiAAbl. OCbl TOABIK EMEC AepekTepre CyieHe OTbIpbIN, XXep OeTiHAEri
MOAAIOCKaAapAbIH ariMak, 60MbIHLLIA TapaAyblH KalTa Kypy >yprisiaai. Hatmxxkeaep CoatycTik TsiHb-
LLlaHb GayblpasikThl MOAAIOCKAAAPbIHbIH TYPAIK 6aiAblFbl reorpadmsAbiK, AOKaAM3aumsaFa 6aiAaHbICTbI
eMeC eKeHiH KepceTTi. OPTYPAI Tay >KOTaAapblHbIH, (payHaCbIHAQ aMTAPABIKTaM YKCACTbIKTap TabblAAbI,
KEHICTIKTIK >aKbIHAbBIK, (hayHa YKCACTbIFbIHbIH MaHbI3Abl aHbIKTayllbICbl 6OAABL. Iae AAaTaybl meH
KyHrei1 AaaTay >koTaAapbiHbIH MaAakogayHaChiHbIH arblpMallblAbiFbl OYPbIHFbI 3epTTeyAepae KyHren
AAatayblHbIH, TOAbIK, KOpPCeTIAMereHAiriHeH 6oAca kepek. 3epTTeyae ayHaAblK SPTYPAIAIKTI aAAbIH
aAa baranay KesiHAe AepeKkTepAiH XKETICMeyLiAiri opbliH aAca KapanambiM >KaHe >KbIAAAM BAICI BOAbIM
Wbk Thl. KopluaraH opTa KocbiMLLa (hakTOpAapbl TypaAbl AEPEKTEPAT KOCY apKblAbl OCbl SAICTIH Kerbip
LekTeyAepiH 6oAaabipMayFa 60AaAbI.

Tyiiin ce3aep: CoaTycTik TaHb-LLlaHb, ractponoaTap, TYpAepAiH TapaAybl, SKCTPANOASLMS.
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AHaAM3 pacnpeAeAeHusi Ha3eMHbIX OPIOXOHOTMX MOAAKOCKOB
B CeBepHom TsHb-LLlaHe Ha 0CHOBe 3KCTPANOAMPOBAHHbBIX AAHHbIX

3HauMTeAbHOE KOAMYECTBO 3HAHWIA O PA3HOOOPA3UNM SKMBbBIX OPraHM3MOB HAKOMAEHO B My3eiHbIX
KOAAEKLMSX M MOHOTpadmsx 1 NpeACTaBAEHO HEMOAHbIMM, PA3HOPOAHBIMU AaHHbIMK. Tem He MeHee,
npobAemMa MCMoAb30BaHMs yKe OnyOAMKOBAHHOWM HEMOAHOM MHMOPMALMKM OCTAETCS AOCTAaTOYHO aK-
TyaAbHOM, MOCKOABKY B HMX OMM1CaHa 3HAUMTEAbHAs YaCTb BUOAOrMUECKOro pa3Hoobpasus 1 TeppuTo-
puit nAaHeTbl. B paboTe BbiAM MCMOAb30BaHblI AUTEPATYPHbIE AQHHbIE O HAXOAKAX HAa3eMHbIX MOAAIOC-
koB B CeBepHOM TaHb-LLlaHe. Ha ocHOBE 3TUX HEMOAHbIX AQHHbIX OblAQ MPOBEAEHA PEKOHCTPYKLMS
pacnpeAeAeHu s HA3eMHbIX MOAAIOCKOB BO BCEM pernoHe. Pe3yAbTaTbl MoKasaAm, YTo BUAOBOE HoraTcT-
BO GpioxoHOrMx mMoAaatockoB CesepHoro TsiHb-LLlaHs He 3aBMCUMT OT reorpachMyeckon AOKaAM3aLLMM.
BbIAO BbIIBAEHO 3HAUMTEABHOE CXOACTBO B (hayHe padAMUHbIX TOPHbIX XPEOGTOB, MPU 3TOM MPOCTPAHCT-
BeHHasi 6AM30CTb OKa3aAaCb BaXkKHbIM (DAKTOPOM, OMPEAEASIOLIMM (DAayHMCTUYECKOE CXOACTBO. PasHum-
ua B ManakodayHe mexxay xpebtamu Mae Aaatay m KyHrenm Aaartay, BEPOSITHO, CBSI3aHa C HEMOAHOM
penpe3eHTaumen KyHrein Aaatay B MpeAbIAYLLMX MCCAEAOBaHMSIX. PEKOHCTPYKUMS AQHHBIX, MCMOAb30-
BaHHas B MCCAEAOBAHUM, MOKa3aAa ce6s MPOCTbIM U ObICTPbIM METOAOM AAS PEABAPUTEABHOM OLLEHKM
hayHMCTHUECKOro pa3Hoo6pasms Npu HEAOCTATKe AaHHbIX. HeKkoTopble orpaHuueHmst METOAQ MOXKHO
n36exartb NMyTemM BKAIOUYEHUS AQHHbIX O hakTopax CPeAbl.

KatoueBble croBa: CesepHbiit TsHb-LLIaHb, GPIOXOHOrME MOAAIOCKM, pacrpeAeAeHne BUAOB, IKCT-

panoAsums.

Introduction

A significant part of the information about bio-
logical diversity has been accumulated in museum
collections and faunistic or floristic monographic
publications [1, 2]. As a rule, such data are hetero-
geneous and are represented by numerous series of
field collections or single records made by different
methods in different seasons and for different pur-
poses. Many of the published sources contain in-
complete data on finding localities or circumstances
of collection of the studied organisms. This makes it
difficult to use these data. As a result, to solve ordi-
nary research or conservation problems, it is neces-
sary to organize new time-consuming and expensive
field expeditions. The collection and fixation of new
material, especially in the case of rare or protected
species, can be associated with harm to the environ-
ment.

The need for a detailed description of the pre-
liminary data and depositing them in open deposito-
ries has been emphasized many times in the special-
ized literature [3, 4, 5]. Nevertheless, the problem
of using already published incomplete information
remains quite relevant since the monographs covers
a significant part of the biological diversity and ter-
ritories of the planet.

In this work, I tried to reconstruct data on the
spatial distribution of terrestrial gastropods of the

Northern Tien Shan on the basis of incomplete lit-
erary descriptions. Based on the obtained dataset, I
presented preliminary analysis of malacofaunistic
complexes.

The Tien Shan is a mountain range located in
Central Asia, spanning across parts of Kazakhstan,
Kyrgyzstan, Uzbekistan, and China, between ap-
proximately 40° and 45° N latitude and 67° and 95°
E longitude [6]. The boundaries between Tien Shan
districts can be difficult to define precisely, as they
often pass into each other through the valleys. The
northern branch of the Tien Shan is located north
of Lake Issyk-Kul and is represented by Ile Alatau
(Trans-1li Alatau, Zailiisky Alatau), Kungey Alatau,
Terskey Alatau, Ketmen, and Kirghiz ridges [7].
The predominant elevation in this area is between
4000-4600 meters above sea level, making it a high-
altitude mountainous region.

Gastropods are one of the most species-rich
groups of animals, ubiquitous on land, in fresh and
salt waters. Within the Northern Tien Shan, mol-
lusks inhabit various types of habitats from high
mountains to river gorges [8]. High interspecific
diversity, dwelling in various biotopes, weak abil-
ity of mollusks to overcome geographical barriers
make them a convenient model object for ecological
research. Many gastropod species serve as interme-
diate hosts for parasitic helminths of humans and
domestic animals [9].
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Extrapolated data-based analysis of terrestrial gastropod distribution in the Northern Tien Shan region

Materials and methods

Data on the species composition and geographi-
cal distribution of terrestrial mollusks of Ile Alatau,
Kungey Alatau and Terskey Alatau ridges were ex-
tracted from monograph by Shileyko and Rymzha-
nov [10]. The monograph reports on 194 species of
terrestrial pulmonate mollusks in Kazakhstan and
adjacent territories, and is based on extensive data
collected by Shileyko and Rymzhanov between
1972 and 2007. However, the monograph does not
provide detailed information on the collection lo-
calities of the species including geographic coordi-
nates. Therefore, | reconstructed the missing coor-
dinate data.
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I extracted a total of 218 species record
from the Northern Tien Shan region. Of these,
166 were from lle Alatau, 37 were from Kung-
ey Alatau, and 15 were from Terskey Alatau
(Figure 1).

To conduct my analysis, I reconstructed geo-
graphic coordinates (latitude, longitude). Specimen
records ranged from 42.5° to 43.7° latitude and
75.5° to 80.2° longitude.

Since each record contains only data of the pres-
ence a single species, | divided the study area into
cells with a side of 0.2 degrees (in both latitude and
longitude). Thus, each cell represented a quasi-hab-
itat with its own species composition and was con-
sidered as a separate unit for analysis.

90

Figure 1 — Localities of reconstructed species records of the Northern Tien Shan. Different ridges
are marked by colored dots: blue — Ile Alatau, red — Kungey Alatau, green — Terskey Alatau

To analyze the spatial distribution of mollusks,
I used two types of data. First, data on the number
of species in each cell; second, data on the species
composition in each cell. To reconstruct the spe-
cies composition, | assumed that the each of the ob-
served species is distributed ubiquitously between
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the extreme localities. For example, if a species was
only collected at 75° and 80° in longitude, I assumed
it could be found at any longitude within that range.
Similar reconstruction was applied to latitudinal dis-
tribution data. The main drawback of this approach
is that the middle range may appear to have the rich-
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est fauna. To address this, I excluded one row on
each side of the overall analysis. Another flaw of
the applied method was that the extrapolation zone
included the territory of the adjacent Ketmen range,
which was not initially included in the analysis.

I conducted a correlation analysis to examine
the potential relationship between species richness
and geographic longitude and latitude.

In order to evaluate the similarity of the fauna
among the ranges, I employed one-way Analysis
of Similarities (ANOSIM) with 100,000 bootstrap
replications and constructed a dendrogram with
bootstrap support of 10,000 replications using the
Bray-Curtis similarity index [11]. The contribution
of individual species to differences between range
faunas was assessed using the Similarity Percent-
ages Analysis (SIMPER) [12, 13].

Routine data processing was conducted using
MS Excel. Classical clustering, ANOSIM and SIM-
PER analyses were performed in Past ver. 4.11 [14].
Maps were constructed in QGIS 3.28.2.

Results and discussion

The Northern Tien Shan was found to possess a
total of 81 species and 16 families of terrestrial mol-
lusks. The families Enidae (20 species) and Camae-
nidae (17 species) were the most abundant in terms
of species number, while the family Pyramidulidae
was the least numerous, represented only by a single
species.

Out of the three ridges studied, Ile Alatau dem-
onstrated the highest species richness with 72 spe-
cies, out of which 52 are unique, that is, found with-
in the framework of this study only there. Kungey
Alatau contained 23 species, with 5 being unique to
the area, whereas Terskey Alatau contained 13 spe-
cies, of which 4 are unique.

The Northern Tien Shan region contains three
species (Turcomilax turkestanus (Simroth, 1898),
Turcomilax tzvetkovi Likharev et Wiktor, 1980,
Pseudonapaeus schnitnikovi (Lindholm, 1922)) and
21 endemic species belonging to 8 genera (Columel-
la Westerlund, 1878, Deroceras Rafinesque, 1820,
Pupilla J. Fleming, 1828, Leucozonella Lindholm,
1927, Macrochlamys J. E. Gray, 1847, Ponsadenia
Schileyko, 1978, Pseudonapaeus Westerlund, 1887,
Turcomilax Simroth, 1902) [8]. Notably, some of
these species are only known from their type locales.

The number of common species for Ile Alatau
and Kungey Alatau ridges was 11, while only 2 spe-
cies were shared between Ile Alatau and Terskey
Alatau. There were no common species observed
between Kungey Alatau and Terskey Alatau ridges.

The total number of species presented on all three
ridges was 7.

By extrapolating the data, I obtained a total of
122 cells within the study area, which was reduced
to 87 after the exclusion of extreme rows (Figure 2).
The number of species observed in the studied cells
ranged from 1 to 36, as indicated by the varying siz-
es of the points on the map. The mid-range region
turned out to have the highest species richness.

I found significant differences in the spe-
cies composition between Kungey Alatau and Ile
Alatau (ANOSIM, R=0.0498, p=0.0246), while no
significant differences were observed between the
Kungey and Terskey Alatau (ANOSIM, R=0.0498,
p=0.3466), Ile and Terskey Alatau (ANOSIM,
R=0.0498, p=0.1857). Further analysis using SIM-
PER revealed that the greatest contribution to the
difference between Kungey and Ile Alatau ridges
was made by Cochlicopa lubricella (Porro, 1838)
— 6.5%, Pseudonapaeus dissimilis (E. von Martens,
1882) — 6.2%, Truncatellina callicratis (Scacchi,
1833) — 6.1%, Columella edentula (Draparnaud,
1805) — 5.4%.

Correlation analysis revealed no significant de-
pendence of the number of species on geograph-
ic latitude (p=0.8444, R=0.1159) and longitude
(p=0.6442, R=0.0993).

The dendrogram (Figure 3) of faunal similar-
ity of the studied cells showed the presence of two
groups. The Bray-Curtis similarity index between
cells depends on their spatial proximity to each
other, so the nearby cells in the dendrogram form
clusters with a high bootstrap support.

The data reconstruction method used in the
work is a simple and quick approach for estimating
faunal diversity. This technique is particularly use-
ful where data are limited, serving as a valuable tool
for preliminary analyses. However, it has certain
disadvantages. Firstly, the Northern Tien Shan is a
mountainous region with a complex landscape, so
the extrapolation remains an approximate method,
and the gastropods will be distributed only in areas
suitable for their ecological niches. For precise iden-
tification of mollusk distribution, the availability of
environmental data such as temperature, humid-
ity, etc. is necessary [15, 16]. Secondly, the middle
ranges exhibit the highest richness of fauna.

Correlation analyses showed that gastropod spe-
cies richness in Northern Tien Shan is not dependent
on geographic location. Dendrogram (Fig.3) indi-
cated that spatial proximity was a significant fac-
tor in determining faunal similarity between cells,
while the distribution of species between the differ-
ent ranges appeared to be roughly homogeneous.
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Figure 2 — Reconstructed species composition. The varying sizes of the points on the map indicate the proposed number
of species in the studied cells (from 1 to 36). The cell are gradiently colored according
to the similarity index to the central cell (brown).
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Figure 3 — Cluster dendrogram of faunistic similarity of the studied cells. Colored ordinal number
of studied cell signify different ridges: green — Ile Alatau, blue — Kungey Alatau, red — Terskey Alatau.
Bootstrap values are located at the nodes.
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In the previous works species communities of
the ridges was considered as a single entity and was
not differentiated between individual ridges [17,
18, 19]. However, Assylbek et al. [20] observed a
significant difference in the richness of the species
composition of fungi in the Ile and Kungey Alatau.
The authors explained this difference by the lim-
ited number of studies of the Kungey Alatau. In
my study, [ also found significant similarities in the
fauna of the Kungey and Terskey Alatau, Ile and
Terskey Alatau ridges. The difference observed be-
tween Ile and Kungey Alatau is likely due to the un-
even representation of Kungey Alatau malacofauna
in previous studies.

Conclusion
The geographic location does not affect the spe-

cies richness of gastropods in the Northern Tien
Shan. Also, there are significant similarities in the

fauna of different mountain ridges. The difference in
malacofauna between Ile and Kungey Alatau is like-
ly due to the Kungey Alatau’s uneven representation
in previous studies. The performed data reconstruc-
tion method is a simple and fast approach for pre-
liminary estimating faunistic diversity, although it
has some limitations that can be overcome by incor-
porating environmental data.
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COATYCTIK KA3AKCTAH CY KOMMAAAPBIHbIH,
KOCIMNTIK bBAAbIKTAPbIHbIH, MAPASUTO®AYHACHI

[MapasuTTik opraHM3maep TabuFK >koHe TEXHOrEHAIK TYPAEHAIDIATEH 3KOXKYMEAEPAIH adkblpamac
GeAiri 60Aa OTbIPbIMN, (PUIMOAOTUAAAFBI HEMECE XMMMUSABIK KYPamMAaFbl ©3repicTepmeH TipLIAiK eTy
OpTacblHbIH, ©3repyiHe xayan 6epeTiH, KoplaraH opTara acepAi KOpCeTeTiH MHAMKATOPAbIK, TYPAep
peTiHAE KbI3MET eTe aAaAbl. IKTOMAPasUTTEP KOpLUaFaH OpTaMeH 8pTYPAI TOCIAAEPMEH apekeTTece
aAaTbIHADBIFbIHA GAMAAHBICTbI KOpPLLUAFaH OPTaHblH TMAPO- KOHE reOXMMMSABIK, DOHbI TypaAbl aknapar
Gepe araabl. DHAOMAPA3UTTEP, 63 Ke3eriHAE YAbl 3aTTapFa a3 YIUbIPaiAbl >koHe GYA OAapAbIH 63
YAMaAapbiHbIH illliHe KOpLUaFaH opTa TOKCUMKAHTTapblH >XMHaKTay KabireTiH kepceTeai. KopuwaraH
OpTaHbIH, >KaFAarbl MapasuTTepre amTapAblKTalk acep eTeAi, OAapAbIH MOMYASUMS KYPbIAbIMbIHbIH
CaHADIK, XKOHE CanaAblkK, KOPCETKILLTEPIH aHbIKTalAbl. OCblFaH 6aNAAHbICTbI MHAMKATOPAbIK, TYP PETIHAE
GaAblK, nNapasuTTepiH namaasaHa oTbipbin, COATYCTIK KasakCTaHHbIH Cy arAbIHAAPbIHAQ >KOCMAPAbI
MOHMTOPUHITIK UXTMOMAPA3UTOAOTUSIAbIK, 3€PTTEYAEP XKYPridy KaXKeTTIAIr TyblHAQM OTbIP.

Makanaaa napasuTTik OpraHM3MAEpAiH 23 Typi, OHbIH, iliIHAE FTeAbBMUHTTEPAIH 300HO3AbI 1 Typi
(Raphidascaris acus) xxaHe >xorapbl BUpyAeHTTi 2 Typi (Gyrodactylus cyprini, Schyzocotyle acheilognathi)
aHbikTaAraH CoaTycTik KasakcraHHbiH (AkMoAa, [aBaoaap xxoHe CoATycTik KasakcraH o6AbicTapbl)
CYy alAbIHAQPbIHAQ >KYPri3iAre€H MXTMOMapPasMTOAOTMSABIK 3EPTTEYAEPAIH HOTUMXKEAEpi KeATipiAreH.
CoATycTik KasakcTaHHbIH Cy arAbIHAApbl YuiH aAfawkbl pet Gyrodactylus cyprini, Gyrodactylus
cernuae, Eudiplozoon sp., Diplostomum paraspathaceum, Diplostomum chomatophorum aHbiKTaAAbI.
Epric e3eHi cyanabbiHbiH YepHOSIP >KbIFbIAMACbIH 3Pra3uAes napasvTo3bl GOMbIHILA KOAQNChI3 Aer
caHayfra 6oAaAbl.

Ty#in ce3aep: CoatycTik KasakcraH, KacinTik 6aAblkTap, napasmTrep, FeAbMUHTTED, MHBA3USAbIK,
aypyAap, NapasmuTTik KaybIMAACTbIKTAP.
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Parasitic fauna of commercial fishes of reservoirs
of Northern Kazakhstan

Parasitic organisms, being an integral part of natural and technogenically transformed ecosystems,
can serve as indicator species that reflect the impact on the environment, reacting to changes in the
habitat with changes in physiology or chemical composition. Ectoparasites, due to the fact that they can
interact with the environment in various ways, they are able to provide information about the hydro- and
geochemical background of the environment due to their presence or absence. Endoparasites, in turn,
are less susceptible to toxic substances, demonstrating the ability to accumulate environmental toxicants
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inside their tissues. The state of the environment has a significant impact on parasites, determining their
quantitative and qualitative indicators of the population structure. In this regard, there is a need for
systematic monitoring of ichthyoparasitological studies in the reservoirs of Northern Kazakhstan, using
fish parasites as indicator species.

The article presents the data of ichthyoparasitological studies conducted in the reservoirs of
Northern Kazakhstan (Akmola, Pavlodar and North Kazakhstan regions), as a result of which 23 species
of parasitic organisms were identified, including 1 species of zoonotic (Raphidascaris acus) and 2 species
of highly virulent (Gyrodactylus cyprini, Schyzocotyle acheilognathi) helminths. Gyrodactylus cyprini,
Gyrodactylus cernuae, Eudiplozoon sp., Diplostomum paraspathaceum, Diplostomum chomatophorum
were first established for reservoirs of northern Kazakhstan. In the backwater of the Chernoyarsk basin,
the Irtysh can be considered unfavorable for ergasileous parasitosis.

Key words: North Kazakhstan, commercial fish, parasites, helminths, invasive diseases, parasitic
communities.
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MapasuTodayHa NpomMbICAOBbBIX Pbi6
BoaoemoB CeBepHoro KasaxcraHa

NapasuTnueckre opraH1smbl, SIBASSICb HEOTbEMAEMON YaCTbio MPUPOAHBIX U TEXHOTE€HHO-TPaHC-
hOPMMPOBAHHbBIX 3KOCUCTEM MOTYT CAYXXWMTb B KaueCTBe MHAMKATOPHBIX BUAOB, KOTOPbIE OTpaXkaloT
BO3AEMCTBME HA OKPYXKAIOLLLYIO CPEAY, pearmpyloLlme Ha U3MEHEHUs CPeAbl OOMTaHUS C M3MEHEHUSIMM
B (OhM3MOAOTMM MAM XMMUYECKOM COCTaBe. JKTOMapasuTbl, B CMAY TOrO YTO MOIyT B3aMMOAENCTBO-
BaTb C OKPY>KaloLLel CPEAOH Pa3AMUHbIMK COCOHaMM CMOCOOHbI MPEAOCTABAATb MH(POPMALLMIO O TMA-
pO- U FeOXMMMYECKOM (hoHE OKpYy>KatoLlen cpeabl BAaroaaps MpUCYTCTBUIO MAM OTCYTCTBUIO. DHAO-
MapasunTbl, B CBOIO OYepeAb, MeHee MOABEpPIKeHbl BO3AENCTBMIO TOKCUUHbBIX BELLEeCTB, AEMOHCTPUPYS
CMOCOBHOCTb aKKyMYAMPOBATb TOKCMKAHTOB OKPY>KaloLLen CpeAbl BHYTpU CBOMX TKaHer. CocTosiHue
OKpY>KatoLLen CcpeAbl 0Ka3blBaeT 3HAUMTEAbHOE BAMSHME HA Mapa3vToB, OMPEeAEASIOLLME X KOAUYECT-
BEHHbIE M KAYeCTBEHHbIE MOKA3aTeAU CTPYKTYPbl MOMyAsUMU. B CBS3M C 3TMM co3AaeTcs HeoOXoAM-
MOCTb MPOBEAEHWNS NMAQHOMEPHbIX MOHUTOPMHIOBbIX MXTUOMAPa3UTOAOrMYECKMX MCCAEAOBAHUI B BO-
soemax CeepHoro KasaxcraHa, MCMOAb3y$ MapasuToB pbib Kak MHAMKATOPHbIX BUAOB.

B ctatbe nprBeAeHbl AaHHbIE MPOBEAEHHBIX MXTHOMAPa3UTOAOTMUECKMX MCCAEAOBAHUI B BOAOEMAX
CesepHoro KasaxcraHa (AkmoAmHckasl, [laBaoaapckas 1 CeBepo-KasaxcraHckasi 06AacTu), B pe3yAb-
TaTe KOTOPOro YCTAaHOBAEHO 23 BMAOB MapasmvTUYecKMX OpPraHn3mMoB, B TOM uncAe 1 BUA 300HO3HOro
(Raphidascaris acus) 1 2 Buaa sbicokoBupyaeHTHbix (Gyrodactylus cyprini, Schyzocotyle acheilognathi)
reAbMMHTOB. AAst BopoemoB CesepHoro KasaxcraHa Brniepsble ycraHoBaeHbl Gyrodactylus cyprini,
Gyrodactylus cernuae, Eudiplozoon sp., Diplostomum paraspathaceum, Diplostomum chomatophorum.
3aToH YepHosipckuii 6accerHa MpTbilll MOXHO CUMTaTb HEGAArOMoOAyYHbIM MO 3PrasMAesHOMy napa-
3UTO3Y.

KatoueBble caoBa: CeBepHbii KazaxcTaH, MpoOMbICAOBbIE PbiObl, Mapa3unTbl, FEAbMUHTbI, MHBA3MB-
Hble 6OAE3HM, NapasmTnUeckre cooblecTsa.

Kipicoe

AnamzatrTeiH Onocepanan TexHocepara aybl-
CYBI KoTl (paKTOpIIBl aHTPOIIOTEH/TIK YKOHE TEXHOTESH-
IIK TPECCUHITIH TaOWFu OWOIEHO3MapFa, COHBIH
imrHae TUAPOOUOIICHO3/IapFa JCEpiHIH JaMybIHA
amprn kenai [1, 2, 3]. Ilapasurrtik opranmsmuep,
COJI OMOTICHO3IAPBIH KEeKe Kypamac 0eiri peTiH-
1e, 6CIMAIKTEp, CaHbIpayKyIaKTap MEH XaHyapiap
MOMyIAUSICHIHA 0acka (haKTopIapMeH ocep eTeTiH
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pETTEYIIIep opi IIMUMHUHATOPIIAP OOJIBIT Ta0BLUIABI
[4, 5]. [Tapa3uTTep, Oacka OMOTA OKIIAEP] CUSKTHI,
AQHTPOTIOTCH/IIK JKOHE TEXHOTEH/IIK KYKTeMeJIepMeH
TeXeyl MYMKiH OOJNFaHIbIKTaH, 63 Ke3eTiHie Ta0u-
FU 9KOXKYHeNepAiH KaFJaiibiH Oaranay YIIiH MHIW-
KaTOPJIBIK TYP PETiHJe KbI3MET eTe anajsl [6-9].
[Mapa3uTTik opraHM3MIep CaHBIHBIH KOOl Ccy
OOBEKTUICPiHIH OHOJOTHSIBIK JIaCTaHYbIHA — AJIbIIl
keneni. [lapasutTik opranmsmzaep Meiepi YIIiH YITbI
OOJIBIN TAOBUIATHIH KAJJIBIKTAP/IBI IIbIFApPaJIbl, OJap



B.1. Bap6ox xoHe T.0.

WECiHIH aF3aChIHA CBIPTTAH KEJIETiH XUMHSITBIK TOKCH-
KaHTTapMEeH CHHEPTeTHKAIIBIK ocep etexdi [10, 11, 12].
Taburu skokyienepaeri GhayHUCTUKAIBIK KelIeHIep-
JIiH OapibIK Kypamaac Oerikrepi Oip-OipiHe acep ere
OTBIPBITI, MOMYJSIIUSITBIK KYPBUIBIMBIH PETTEYII (hak-
TOp peTiHze dpeKeT eTei. MbIcalibl, Tapa3uTTiK Opra-
HU3MJIEP OMOLICHO3IIBIH KOHE OHBIH ayaH TYPIIUIri-
HiH Kypamzac 0eJ1iri Fana eMec, COHBIMEH KaTap OHBIH
opTYpii JieHrewzaeri mporecrepin kepceremi [13].
BroopTypiiiikTi cakTay MacenenepiH mapasurTiK op-
TaHM3MJICIIIH TIOMYJISIIMSCHIH €CerKe ajMail IIenty
MYMKiH €MeC, OMTKEeHI 300HO3/IBIK WHBA3USUIAP/IbIH
KO3/IBIPFBIIITAPBI CY JKOHE KYPIBIK SKOXKYHeNepiHaer
YKaHyapJap/IbIH CaHbIH JTUMUHALIMSIIAY JKOHE PETTEY-
Jie TSNy pei arkapajsl [14-17].

TeopHsUTBIK TYPFbIIaH, TAPA3UTTIK HHBA3USIIAP-
JIBIH TYPaKThI OIIAKTAPbl CUPEK Ke31eCe/ll, OUTKeHI
oJIapJIbIH CaHbI KONTEreH (pakTopiapra OaiiaHbIC-
Thl. MbIcallbl, TAOUFU KOHE TEXHOTCHJIIK dCep eTy
(akTopiapbl TiKeIeH HEMece OlapiblH OOJIUIaTThl
apaliblK HWeNiepiHe TapasuTTEpPIiH CaHBIH PETTEY-

re pIknan ere anansl [18]. COHOBIKTaH Mapa3uTTIiK
KaybIMJIACTBIKTAPIbIH KOMTIrT MEH TOMYJISIHs K-
PBUIBIMBI TYPAKChI3, OChIFaH OaiJIaHBICTHI MOHUTO-
PHUHTTIK 3epTTeyiepai KaxeT erexi [19].

3epTTey MaTepuaIapbl MeH daicTepi

JlananbeIk 3epTTeyiiep TPaHTTHIK )k00a asichIHaa
2022 >xbulablH e aibiga AxMona, [laBmonap
xoHe Contyctik Kazakcran oOmbicTapsl ayMarbIH-
Jla OpHajacKaH KeHOip cyKoMMasapjaH »KHHAJJIbI.
Marepuangap KuHaIFaH cykoWMmanap l-kectene

KOPCETIITeH.
Hananeik  3eprreynep  OapbIChIHAA  TYKBI-
texktectep (Cyprinidae), TapaxOaibIKTEeKTECTED

(Leuciscidae) amabyrarexrecrep (Percidae) »xome
mopranrektectep (Esocidae) TykpiMaacTapsina xa-
TaThlH 6 OaNbBIK TYpiHiH 89 JaHaChIHA TOJBIK Mapa-
3UTONIOTHSUTBIK, 3epTTeyaep Kyprizinmi. JXunanraxn
JKOHE OH/JICIITCH MaTepUaIIap/IbIH KeJieMi 2-KeCcTele
YCBIHBLIFaH.

1-kecTte — 3epTTenTeH CyKoiMaiap/IblH OPBIHAAPHI XKaHEe a0HOTHKAJIBIK KopceTKimTepi, minae 2022 s bt

Ne Cykoiimanap aTaysl Koopaurartap Aynanbl (km?) 0, pH
ESHJIIK OOMJIBIK (mr/am)
AKMOJ1a 00JIBICE
1 XKanteipken kei 50.995 71.836 1,60 5,6 7,71
2 MaiibasIk xemi 50.967 71.528 14.60 3.90 7.60
[TaBmomap oOIBICH!

UepHOsIp KBIFBUIMACH 52.523 76.800 - 12,01 7.65

4 MuuypHH >KbIFBLIMAChI 52.486 76.810 - 7,6 7.83
5 [Ipecnoe xomi 51.881 77.414 0.37 8.7 7.86

ConTtyctik Kazakcran oOIbICH
6 JleOsoxbe Ko 55.149 69.187 4.80 6.58 8.6

2-kecTe — KuHanFaH )KoHE OHJICITCH MaTepHalIapblH KeJeMi

Ne Banbik Typi 3eprTenreH KyHi Canbl
Kanreipken keuni (AxMomna 00JbICkD)
1 Cibip Toptacs! (Rutilus lacustris) 12.07.2022 3
2 | bosma menke (Carassius gibelio) 12.07.2022 10
Osen anadyracsl (Perca fluviatilis) 12.07.2022 10
Maiibansik keii (AkMosa 00JIbIChT)
1 Ci6ip Topracsk (Rutilus lacustris) 13.07.2022 5
2 | Isrreic ThIpaHbl (Abramis brama orientalis) 13.07.2022
3 | bosma meHke (Carassius gibelio) 13.07.2022 4
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Kecmeniy orcaneacwr

Ne Bansix Typi 3epTTenreH KyHi Cansl
4 | Osen anadyracsl (Perca fluviatilis) 13.07.2022 5
Yepnosip xbirbumMack! (I1aBnomap o6mbICH)
1 [optan (Esox lucius) 15.07.2022 2
2 | Cibip ropracsl (Rutilus lacustris) 15.07.2022 15
3 | O3en anabdyracel (Perca fluviatilis) 15.07.2022
4 | Komimri kekcepke (Sander lucioperca) 15.07.2022 2
Muaypus sxerrbuMacs! (ITaBmogap o6bICH)
1 Woptan (Esox lucius) 16.07.2022 5
2 | Cibip topracsr (Rutilus lacustris) 16.07.2022 5
[Ipecnoe keuti (ITaBnomap 06bICkD)
1 | Bosmia menke (Carassius gibelio) | 17.07.2022 | 10
Jle6spxne ke (ContycTik Kasakctan o0IbIChD)
1 | Bosmra menxe (Carassius gibelio) | 18.07.2022 5
Bapibirsl: 89
banbikrapAbplH ~ Mapa3UTONOTHSIIBIK — COMBII- Maiibanblk KeiHiH OallbIKTapbIHBIH ITapa3uT-

3eprrey E.W.beixoBckas-IlaBmoBckas momumduka-
LUSCHIHJIAFBl  KIIACCHKAJIBIK CTaHIAPTTHI dicTep
OoitbrHma okyprizinai  [20].  Ilapasutonorusibix
MaTepualIbl JKuHay koHe Oekity Jx.JI.xactun-
HIH YCBIHFaH 9jlicTeMe KeMerimeH jxacaiubl [21].
Kunanran napazurrep KCPO Tymisl cy OanbikTa-
PBIHBIH Tapa3uTTepiHiH 3 TOMJBIK aHBIKTAybBIIIbI
KOMETIMEH aHbIKTaIabI [22, 23, 24].

AHBIKTaJIFaH Mapa3uTTePIiH TYPIIiK KypaMbIHBIH
Ke3IIeCy JKHUIIT1 )KOHE OapIbIH COMKECTIri OOMBIHIITA
ayFamKel exzey xymbictapel MS Excel 2016 Oar-
napiamacbkiMeH eHzenii. [lapasurodayHaHbiH TypIiik
KYPaMBIHBIH YKCACTBIFBI )kKoHE 0aCThbl KOMITOHEHTTED
tanaaysl Past 4,07 crarucTukanblk Oaraapiama Koj-
JTaHOAChl KOMETIMEH JKy3ere achIpbUIIB [25].

3epTTey HITHIKeJIepi MeH TAJIKbLIay

JKanTeIpKest KemiHiH mapa3uTTiK TeIEMAHTTEPI-
HiH (ayHachl TEK MOHOTCHETHKAJIBIK JKOHE JTUTCHE-
TUKAJIBIK COPFBINITAPIAH TYPAJbl KOHE JIe TYpIep
KYpaMBbI ©T¢€ a3. 3-KeCTeIe KOpill OTHIPFaHbIMBI3IAMH,
XKanTeipken KeJiHEeH aylaHFaH CiOip TOPTACHIHBIH
HHBa3MsUIaHy SKcTeHcuBTiIiri 100%, nHBasus Kap-
KBIHIBUTBIFEI 2-7CH 7 MaHara NMeiiH, al KapaTeHOUT
aypybIHBIH KO3ABIpFBIIITApl  Posthodiplostomum
cuticola 6achIM TeJIBMUHTTEPMEH JacTanraH. JKa-
TBIPKOJI KOJIHJET MHU300TUSJIBIK JKaraaiabl (oH-
JIBIK Jiernt OaranayFa OoJiajibl, OUTKEHI OalbIK ar3a-
CBIH/Ia AHBIKTAJIFAH TeJIBMUHTTEP/IIH KAMTY WHICKCI
JKOFaphl eMec.
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TIK TeIbMHUHTTEP (hayHAChl )KaJIak KypTTapiblH 3
KJIAChIHA JKATaThIH 8 TYPIEH Typajbl: MOHOTCHE-
TUKaJBIK copreimrap (Monogenea), nuTeHeTHKa-
JBIK copreiTap (Digenea) *oHE Tacma KypTTap
(Cestoda) (4-xecre).

Epric e3eninin YepHOsp IKBIFBIMACBHIHIA
reIbMUHTTEpICH Oacka, OanbIKTapaa Iapa3uT-
TIK eCKeKasKThl masH Ergasilus sieboldi aHBIK-
Tanapl. JKypri3iireH WXTHOMapa3uTOJOTHSIIBIK
HOTIKEJIEpiHe CYHeHe OTBIPBIN 3pra3uie3 00-
WBIHIIIA AITU300TUSAJIBIK JKaFIalblH KOJTAUCHI3 T
canayra Oomanpl. CoHpmaii-ak 5-kecTeme Kep-
CeTINreHICH, MMIOPTAHHBIH JKaJFbI3 JaHACBIHIA
300HO3/BI JIeNl CaHalaTtblH Raphidascaris acus
AHBIKTAJIIBI.

6-kecrenie Kepceriirenaen, Epric e3eHi cyana-
Obl MUYypHH JKBIFBUIMACHIH/A Iapa3uTTIK oOpra-
HU3MJICPIHIH TYPIIK adyaHTYpIILUTITI 6Te a3, aj dIn-
300THSUIBIK XKaFaai QOHIBIK OOJIBITN CaHaa b,

[Ipecnoe keminnae (I1aBmomap oOIbICH) opTYpIIi
»kactarbl 10 maHa 0o3mIa MOHKETe TONBIK Tapasu-
TOJIOTHSUIBIK 3€TTEYJIep JKYPri3iin, HOTHXKECiHAe
Mapa3uTTiK TeIbMUHTTEPAIH 8 Typi aHBIKTaJJIbI.
3eprrey OapbICBIHIA 300HO3IBI TEITBMUHTO3IBIH
KO3JIBIPFBINITAPbl TAOBUFaH KOK. bapiiblK aHBIK-
TaJFaH TeIIbBMUHTTED MOHOTCHETHUKAJBIK JKOHE JH-
TCHETUKAJIBIK COPFBILITAPFa KaTa (bl, COHBIH 1IITH/IC
Gyrodactylus cyprini XOFapbl BUPYJICHTTI, O TY-
KBITEKTEC OaNBIKTapABIH TYPJIEPiHIH Kac aapaia-
PBIHBIH JKalai KbIPbUTYbIHA ajblll KeIyl MYMKIH
(7-xecre).



B.I. Bap6on sxone T.6.

3-kecTe — XKanTeIpkest KeiHiH OaNbIKTapbIHEIH MapasutodayHacsl, minge 2022 5xbut

Tapasut Typi 35 | 3¢ | w» | uMK@KOK) | mKC K1
Cibip TopTacst
Diplostomum spathaceum 3 1 33,33% 2(2) 0,67
Tylodelphys clavata 3 1 33,33% 2(2) 0,67
Posthodiplostomum cuticola 3 2 66,66% 3-7(5) 10 3,33
Bapnbirst 3 3 100% 2-7(4,5) 14 4,67
Bosmia mexke
Dactylogyrus wunderi 10 2 20% 22 4 0,4
Dactylogyrus zandlti 10 2 20% 5(5) 10 1
Diplostomum paraspathaceum 10 2 20% 4-5 (4,5) 0,9
Tylodelphys clavata 10 1 20% 2(2) 0,2
Bapibirsl 10 4 40% 2-5(6,25) 25 2,5
O3eH anadyrachel
Gyrodactylus sp. 10 1 10% 7(7) 0,7
Diplostomum chomatophorum 10 2 20% 2-4 (3) 0,6
baprbirst 10 3 30% 2-7 (4,33) 13 1,3

canbl, KU — kamTy mHIEKCI.

Eckeprynep: *3bC — 3eprrenren 6ansik cansl, 3[1C — 3apapnanran qapanap cansl, 1D — naBasusiany sxkcteHcuBTiiri, UK —
uHBa3WsUIaHy KapKelHABUTBIFBL, UKOK — nHBasusaHy KapKeIHABUIBIFBIHBIH opTamia kepcerkint, [IDKC — mapa3urrepaid skaims

4-kecte — MaiibanbIK KemiHICT1 OalbIKTap/blH MapasuTodayHacsl, mriue 2022 Kbt

Tapasut Typi 35C | 3AC 19 |MK(HKOK)| IDKC K
[Ibr¥pIc TaOAHEL
Dactylogyrus wunderi 3 2 66,67% 3-5(4) 2,67
Dactylogyrus zandti 3 1 33,33% 5(5) 5 1,67
Diplostomum spathaceum 3 2 66,67% 4-12 (8) 16 5,33
Bapinbirs 3 2 66,67% 3-13 (14,5) 29 9,67
Cibip TopTacs
Dactylogyrus rutili 5 1 20% 11 (11) 11 2,2
Gyrodactylus longiradix 5 1 20% 2(2) 2 0,4
Schyzocotyle acheilognathi 5 1 20% 1(1) 1 0,2
Tylodelphys clavata 5 1 20% 2(2) 2 0,4
Bapmbirst 5 3 60% 1-11 (5,33) 16 32
Bbosma meHke
Dactylogyrus wunderi 4 1 25% 3(3) 3 0,75
Schyzocotyle acheilognathi 4 1 25% 7(7) 1,75
Diplostomum paraspathaceum 4 1 25% 6 (6) 1,5
Tlodelphys clavata 4 1 25% 12 (12) 12 3
Bapnbirst 4 2 50% 3-12 (14) 28 6
O3eH anabyracsl

Ancyrocephalus paradoxus 5 1 20% 3 3 0,6
Tylodelphys clavata 5 2 40% 2-14 16 32
Bapibirsl 5 2 40% 2-14 19 3.8
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5-Kkecte — UepHOsIp JKBIFBUIMACK OAJIBIKTapBIHEIH MapasutodayHacs!, miaie 2022 kbt

Tapasut Typi 3 | 31c | w» | wk@kok) | mxc K1
Ilopran
Raphidascaris acus 1 50% 1(1) 1 0,5
Ergasilus sieboldi 2 100% 7-11 (9) 18 9
Bapnbirbt 2 2 100% 1-11 (9,5) 19 9,5
Cibip TopTacsl
Gyrodactylus sp. 15 2 13,33% 7-28 (17,5) 35 2,33
Diplozoon paradoxum 15 1 6,67% 3(3) 3 0,2
Diplostomum helveticum 15 1 6,67% 14 (14) 14 0,93
Diplostomum spathaceum 15 3 20% 2-10 (4,67) 14 0.93
Diplostomum paraspathaceum 15 2 13,33% 4-18 (11) 22 1,47
Camallanus lacustris 15 4 26,67% 1-11 (4) 16 1,07
Ergasilus sieboldi 15 2 13,33% 1-18 (9,5) 19 1,27
bapibiFst 15 8 53,33% 1-28 (15,38) 123 8,2
O3eH anabyracsl
Diplostomum chomatophorum 5 1 20% 18 (18) 18 3,6
Tylodelphys clavata 5 2 40% 2(2) 4 0,8
Ergasilus sieboldi 5 1 20% 303) 0,6
bapibirbt 5 3 60% 2-18 (8,33) 25 5
Komimri kexcepke
Diplostomum chomatophorum 2 100% 2-6 (4) 4
Ergasilus sieboldi 1 50% 2(2) 1
Bapibirsl 2 100% 2-6 (5) 10 5
6-KkecTe — MUYypHH KBIFBIIMACH! OATBIKTaPBIHBIH MapazuTodayHackl, miine 2022 Kpit
[Mapasur Typi 36C 3/1C | 156) VK (MKOK) IDKC KU
Iopran
Tetraonchus monenteron 5 1 20% 2 2 0.4
Tylodelphys clavata 5 2 20% 32 32 6,4
Ergasilus sieboldi 5 1 20% 1 1 0,5
bapibirbl 5 3 60% 1-32 (11,33) 34 6,8
Cibip TopTacsl
Eudiplozoon sp. 5 2 40% 3-5(4) 8 1,6
Diplozoon paradoxum 5 2 40% 4-5 (4,5) 9 1,8
TBylodelphys clavata 5 2 40% 2(2) 4 0,8
Camallanus lacustris 5 1 20% 1(1) 1 0,2
Bbapipirs 5 5 100% 1-5 (4,4) 22 4,4
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7-xecte — [IpecHoe kemiHIH OaNBIKTapBIHBIH HapasuTodayHackl, minue 2022 Kbt

Tapasur Typi 3BC | 3 W | MKMKOK) | ImKC K1

bozma menke
Dactylogyrus crucifer 10 1 10% 26 (26) 26 2.6
Gyrodactylus cyprini 10 2 20% 7-16 (12,5) 23 2,3
Gyrodactylus cernuae 10 1 10% 1(1) 1 0,1
Eudiplozoon sp. 10 1 10% 1(1) 1 0,1
Diplozoon paradoxum 10 1 10% 6 (6) 6 0,6
Diplostomum spathaceum 10 1 10% 12 (12) 12 1,2
Tylodelphys clavata 10 1 10% 12 (12) 12 1,2
Ichthyocotylurus pileatus 10 1 10% 3(3) 8 0,8
10 4 40% 1-27 (8) 32 32
bapnbirbl 10 8 80% 1-27 (15,13) 121 12,1

JleOsKkpe KoiHAEe TOJBIK Napa3UTONOTHSUIBIK
3epTTEyACH OTKEH OapiblK 5 003I1a MOHKeAe mapa-
3UTTIK TEILMUHTTEP/IIH SPTYPIi TypiepiMeH UHBA-
3UsiIaHFaH (8-KkecTe).

Oszen anabyraceiana Ancyrocephalus paradoxus
AHBIKTAJIZIBI, OJ1 OYPBIH KOJIMIT KOKCEPKEHIH KaTaH
cnenn(pUKaIbIK Napa3uTi OONbIN caHajFaH, anaina

Ka3ipri yakpITTa OHBIH OCHI Typre FaHa TOH €KCH-
IiriHe KYMoH TybIHAam oTeIp [26]. Cibip TOpTach!
MeH 003111a MOHKEICH KOFaphl BUPYJICHTTI a3UsIIBIK
OanbIk Tacnacel (Schyzocotyle acheilognathi) anbik-
TaJabI, OYJT TETEMUHT TypiMeH OHTYCTIiK skoHe OH-
tycrik-11Ibrbic KazakcTaHHBIH Cy alijbIHIapbIH/IA-
FBI AH300TUSIIBIK YIIBIFY JKaFail JKanFacy/a.

8-kecte — JleOsKbe KoJiHIH OaIBIKTapbIHBIH Hapa3uTodayHacsl, minge 2022 xbu1

Tapasur Typi 35C | 31C W | MKWUKOK) | ImKC K1
Bbozma menke

Dactylogyrus wunderi 5 2 40% 1-3(2) 4 0,8
Schyzocotyle acheilognathi 5 4 80% 1-3 (1,5) 6 1,2
Diplostomum spathaceum 5 1 20% 16 (16) 16 32
Diplostomum paraspathaceum 5 1 20% 18 (18) 18 3,6
Tylodelphys clavata 5 2 40% 2-8 10 2
BapibIrbt 5 5 100% 1-18 (10,8) 54 10,8

CepeHceH UHJIeKCl O0MBIHIIA )KYPIi3iIreH Kiac-
TEpJIK TaliayFa CoWKec CyKOMMamapAblH Tapa-
surodayHaceiHblH yKcacThirbl 0,133-ten 0,714-re
JeHiHri MoHII Kypanbl. KypacThIpbuFaH KiacTep-
JK Tanmay HOTIKECIHAE MIapTTHl Typlae 2 TOIKa
JKIKTENTeHIIrH Oalikayra Oomajel. BipiHmn TomnTa
Axmomna (JKanteipken men Maiibanpik) sxone Col-
tycTik Kazakcran (JIeOsxbe) 0OMBICTapBIHBIH KO-
nepin Oipikripce, an ekinmi Ton [laBnomap oOibI-
CBIHBIH CyKOWMasapbhIMeH epekieneri (1-cyper).

JKanrmbl 3epTTenred cykomanap/ia napasurrep-
IH TYpJiK Kypambl 5-10 Typ apanbIFblHAA Ke3Aecin
oTeIpAbl. TipkenreH mapasuTTeplliH CyKolMaiapaa
Ke3/Iecy JKUUIIri OOWbIHIIA Keleciiel Typiep epek-

menenni: Tylodelphys clavata (6) Diplostomum
spathaceum (5) Diplostomum paraspathaceum (4).
BacTbl KOMIOHEHTTEp Tajaaybl HOTHKENEPiHE COM-
KeC TIPKEJITeH Mapa3uTTiK ar3anapblH cyKonmanap
OOMBIHIIIA TapaTyhl 2-CypeTTe KopceTiareH. bipiamri
KOMITOHEHT OOMBIHIINIA OH KyKTeMe Maii0abIK KeJTi-
HE Tycce, Tepic xxykTeMe MuuypuH xoHe UepHosip
XKbIFpUIManapbeina tycri. Cedebi Ancyrocephalus
paradoxus, Dactylogyrus  rutili, Gyrodactylus
longiradix mapasutrep MaitOanblK KeliHIe FaHa
tipkence, an Camallanus lacustris xoue Ergasilus
sieboldi MuuypuH >xoHe YepHOsp JKbIFbLIIMaIapbiH-
Jla Ke37eCeTiH OaNbIKTapBIHBIH HETI3Ti mapasuTTepi
OO0IBITT TAOBLIAEI.
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Component 1

2-cypet — 3epTTeNreH CyKoMManapaplH napasuToayHacsl
TYPIIiK KYpaMbIHBIH 0ACThl KOMIOHEHTTEP TaJliaybl

Jananslk 3eprTeyiep OapbIChIHIA AHUIIIOCTO-

MUATEPAIH OipiHIN apaiblk uenepi Oonbin TaObl-
nartelH, Lymnaeidae TyKbIMIachlHA JKaTaTbIH YJIKCH
OereH yiybIHbIH (Lymnaea stagnalis) »orapbl OH1O-
Maccachl aHBIKTANBIN OThIp. OchlFaH OaiIaHbICTHI,
Oyl cy aWIbIHBIHAA OPTYPIl SMHM300TOIOTHUSIIBIK
JIeHrelieri OanbIKTap Ke3 TPeMaTo03JapbIHbIH Ta-
OWFH OLIaKTaphl IOFbIpIanFan [27].

KopbIThIHABI

2022 >KpULIBIH WIUIe aibIHIA CyKoWMalapra
KYPri3UIreH HMXTHONAPa3UTONIOTHSIIBIK 3epTTeyIiep
HOTWOKECIHIE Typre AeliH 21, Tyblcka neifin 2 ma-
PasuUTTIK OpraHm3Miep aHBIKTANIbL. OHBIH IIIiHIE
1 Typi 300H031b1 (Raphidascaris acus) xaue 2 Typi
(Gyrodactylus cyprini, Schyzocotyle acheilognathi)
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YKOFapbl BUPYJICHTTI TeIIbMUHTTEP OOJIBIT TAOBLIA/IBI.
Conrycrik KazakcTanHblH cy aliipIHIapbl YIIiH ai-
ram pet Gyrodactylus cyprini, Gyrodactylus cernuae,
Eudiplozoon sp., Diplostomum paraspathaceum
sxone Diplostomum chomatophorum Typnepi Tipken-
ni. Epric e3eHi cyanadbsr YepHOsp JKBIFBIIIMACHI dpTa-
3nIte3 OOWBIHINA KOJIAKCHI3 JIeT caHayFa OOJaJibl.

AJFbIC

FrouteiMu 3eprrey sxymbicTapsl Kazakcran Pec-
nyommkacel  Kazakcran PecryOmmkacer  Feuteiv
JKOHE KOFapbl OimiM MuHUCTpIir 2021-2023 xbui-
JlapFa apHaJiFaH IPAaHTTBIK KapXKbUIaHABIPY mIeHOe-
piane AP09259969 «Contyctik KazakcTan cy Koii-
MaJIaPBIHBIH YKOJIOTHSUIBIK MOHUTOPUHTD» K00ACHI
asICBIHJIA JKYPT1311.
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OUEHKA AAANTAUUOHHDbIX KAYECTB
MOAOAMU OCETPOBDBIX Pblb 10 PEAKLMAM
LUEHTPAAbHOW HEPBHOW CUCTEMbI

H.B. ByaaBuna' ™ , .M. MapaTtoBa

B crtathe npuBeAeHbl AaHHbIE MO OLIEHKE aAAMTaLUMOHHbIX KaueCTB MOAOAM OCETPOBbIX Pblb Mo
peakLMsaIM LLeHTPAaAbHOM HEPBHOM CUCTEMbI MPU MOMOLLM TecTa «OTKPbITOE NoAe». [puMeHsemMblit TecT
MO3BOASIET OLIEHUTb BbIPAXXEHHOCTb U AMHAMMKY MOBEAEHUECKMX PeakLMii Y MOAOAM OCETPOBbIX Pblf
B CTPEeCCOreHHbIX YCAOBMSIX. TeCT MPOBOAMAM KaK MHAMBMAYAAbHO, Tak M B rpymnrne no HecKOAbKO
ocoben. Hanboaee npuemaembiM BapuaHTOM OKasaAacb rpynna M3 natv ocoben A6GOro Buaa
OCeTpOBbIX, TaK KaK aHAaAM3 MO BUAEOCHEMKE AErkO BbIMOAHUM M KOAMYECTBO OCOGEN Mo3BOAseT
COKpaTUTb CEPUIO IKCNEPUMEHTOB. [ToAyUeHHble AaHHbIE MO OLEHKe aAanTaLUMOHHbIX Ka4eCTB MOAOAM
0CeTpoBbIX Pbib (CTEPASIAM, PYCCKOTO 0ceTpa, GeAyrv) no peakumsam LEeHTPAAbHON HEPBHOM CUCTEMbI
B LIEAOM M0Ka3bIBAIOT, YTO MOAOAb CTEPASIAM 0OAAAAET BbICOKOM MOABMMKHOCTBIO U OCTPOI peakuueit
Ha Takue pPasAPKUTEAM KAK SIPKMA CBET U BbICOKOYACTOTHBIA 3BYK, MOAOAb GEAYrM U pycCKOro
oceTpa 06AaAQIOT OCTPOTOM peaklMu Ha HU3KO- M BbICOKOUACTOTHbIE 3BYKWM. Bce BbilleckasaHHoe
MOAOXKMTEABHO XapaKTepPU3yeT NpeAHa3HAUYEHHYI0 MOAOAb AAS 3apbIBGAEHMS eCTECTBEHHbBIX BOAOEMOB.
Anpo61poBaHHbIE METOAMKM OLIEHKM KQuecTBa BbIMyCKAaeMONn MOAOAM AETKO MPUMEHVMbI B YCAOBUSIX
0CeTPOBbIX PbIGOBOAHBIX XO3SMCTB M PEKOMEHAYIOTCS K MPMMEHEHUIO HAa OCETPOBOM 3aBOAE, TaK Kak
MO>KHO M0 BbIGOPKE AATb OLIEHKY BCEM NapTum 3apbiOAsSembIX pbl6.

KAloueBble CAOBa: OLEHKA; CTEPASIAb; MOAOAb; peakLMs; LIeHTpaAbHas HepBHas CUCTeMa;
apanTaums.

N.B. Bulavina', G.M. Maratova?*, S.J. Asylbekova’, K.B. Isbekov'
'Scientific and Production Center of Fishery, Kazakhstan, Almaty
2Kazakh National Agrarian Research University, Kazakhstan, Almaty
*e-mail. guldana.maratova.91@mail.ru

Evaluation of the adaptive qualities of the fry
of sturgery fishes by the reactions of the central nervous system

The article presents data on the assessment of the adaptive qualities of sturgeon fry according
to the reactions of the central nervous system using the “open field” test. This test makes it possible
to assess the severity and dynamics of elementary behavioral acts in fish under stressful conditions.
The test was carried out both individually and in a group of several individuals. The most acceptable
option turned out to be a group of five individuals of any sturgeon species, since video analysis is
easy to perform and the number of individuals makes it possible to shorten the series of experiments.
The obtained data on the assessment of the adaptive qualities of juveniles according to the reactions
of the central nervous system as a whole show that sterlet juveniles have high mobility and an acute
reaction to such stimuli as bright light and high-frequency sound, beluga and Russian sturgeon
juveniles have a sharp reaction to low- and high-frequency sounds. All of the above positively
characterizes the fingerlings intended for stocking natural water bodies. The proven methods for
assessing the quality of released fry are easily applicable in the conditions of sturgeon fish farms and
are recommended for use at a sturgeon hatchery, since it is possible to evaluate the entire batch of
stocked fish from a sample.

Key words: assessment; starlet; juveniles; reaction; central nervous system; adaptation.
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OHCHKa aarnTalquOHHBIX Ka9€CTB MOJIOAN OCETPOBLIX pI)I6 I10 p€aKkusaImM HeHTpaJ’IBHOfI HepBHOﬁ CHCTCMBI

H.B. byaaBuHa', .M. Maparosa?”, C.)K. AcbiabekoBa’', K.b. Ncbekos'
’ ’ ’
'BaAblIK, LAPYaLLbIAbIFbIHbIH, FbIAbIMU-OHAIPICTIK OpTaAbiFbl, KasakcTtaH, AAMaThl K.
2K a3ak, YATTbIK, arpapAblk, 3epTTey yHuBepcuTeTi, Kasakcran, AAMaThl K.
*e-mail. guldana.maratova.91@mail.ru

OpTaAbIK, XYHKe XXYHecCiHiH, peakuusAapbl 60/bIHLLA
6ekipe wabakTapbiHbIH, 6eiiMAeAy canacbiH 6aranay

Makanaaa «auiblk, epic» CbiHafbl apKbIAbl OPTAAbIK, XXYMKE >KYMECiHIH peakumsAapbl OOMbIHLIA
Gekipe wwabakTapbiHbiH 6eMiMAEAY KacneTTepiH Garanay AepekTepi 6epiareH. bya cbiHak cTpeccrik
>KarAamAapAa OaAbIKTApAbIH, KaparnambiM MiHE3-KYAbIK, 9PEKeTTEpPiHIH ayblpAblfbl MEH AMHAMMKACHIH
Gararayra MyMKIHAIK 6epeai. TecT kekeaen xaHe OipHelle ToMNTaH TypaTbiH 0COObTAPFaAa >KYPri3iAAi.
EH KOAaiAbl HyCKa Ke3 KeAreH 6ec 6ekipe TyKbiIMAAC GaAbIKTaH TypaTbiH TOM GOAbIMN LWbIKTbI, OATKEHI
GerHe TaAAQy >KYPri3y OHai XKeHe AapaAap CaHbl 3KCMEPUMEHTTEP KaTapblH KbICKAPTYFa MYMKIHAIK
6epeai. LLlabakTapAbiH GEMIMAEAY KACMETTEPIH >KaAMbl OPTAAbIK, XKYMKE XYMEeCiHiH peakumsaAapbl 60-
MbiHWA GaFaAay TypaAbl aAblHFAH MOAIMETTEP CYMPiK OaAbIFbIHbIH LAGaKTapbl >KOFApbl KO3FAAFbILL-
TbIKKQ, TIKEAEI KapblIK, NMeH XKOFapbl XXMIAIKTErT AblObICTapFa, aA KOPTNa »KaHe opbIiC bekipeAepi ToemeH
>KOHE >KOFapbl XKMIAIKTEri AblObICTapra ©TKip peakumsra ne. XXKorapblaa aTaAFaH KepceTkiTep 60MbiH-
wa 6apAbIk WabakTapMeH Tabnrn cyanAbiHAAPAbI OaAbiKTaHAbIPYFa 60AaAbl. LLbirapbiaraH wabakTap-
AbIH carnacbiH 6ararayAblH ABAEAAEHTEH BAiCTepi Bekipe TyKbIMAAC GaAbIK, ©CIPETIH LWapyallblAbIKTap
>KaFAaibIHAQ OHaM KOAAAHbIAAABI XKoHe Oekipe TykbiIMAAC BaAbIK, 6Cipy 3ayblTbiHAA MaAaAaHyFa yCbl-
HbIAQAbI, ©ATKEHI CbiHama GOMbIHLIA GAaAbIKTAaHABIPATbIH GAABIKTAPAbIH, OapAbIK, MapTUSCbiH GarasayFra

6OAQADI.

Ty#in ce3aep: 6aranay; cynpik; wWabakTap; peakums; OPTaAbIK, XKYIKe XXYNeci; 6enimaey.

BBenenne

Pactymas Harpys3ka Ha eCTeCTBEHHbIC MOITYJIs-
LUH I'MIPOONOHTOB YaCTO NPUBOJUT K HETaTHBHBIM
W3MEHECHUSIM WX CTPYKTYpBI, CHUKCHHUIO UYHUCIICH-
HOCTH, MHOTAA JaXe K IIOJHOMY HMCUYE3HOBECHHIO.
Becpma moxaszatenbHa CHTyauus, CIOXKHMBLIAsCS
B HACTOSIIEE BpPEMs C INPEICTABUTEISIMH OTpsiza
oceTpooOpa3nbix Ypano-Kacnuiickoro Oacceiina.

Jli1s1 BOCCTAHOBJIEHUS! YMCIEHHOCTH OCETPOBBIX
pbi0 B Ypano-Kacnuiickom Gacceiine HE00X0ANMO
MOBBIIATh 3((EeKTUBHOCTh €CTECTBEHHOTO U WC-
KYCCTBEHHOT'O BOCIIPOHM3BOJCTBa. MHOTUMH aBTO-
paMu IPOaHATN3UPOBAHO COBPEMEHHOE COCTOSTHHE
€CTECTBEHHOT'O BOCIIPOM3BOJICTBA OCETPOBBIX PHIO
W TI0Ka3aHO, YTO B CHJIY IIETIOT0 PsJa MPUYUH €ro
3¢ GEKTUBHOCTh CBEIGHA K HYJIO, B TAKUX YCIIO-
BUSIX BO3PAcTaeT poiib M 3HAYCHHE MCKYCCTBEHHO-
ro BOCIPOU3BOACTBA, 3PPEKTUBHOCTL KOTOPOTO B
MOCJIeTHAE TOJIbI CHUYKAETCSI TI0 NMPUYUHE BO3pac-
Taromero AeuunuTa MpOU3BOIUTEICH OCETPOBBIX
pei0  mpupoaHBIX momylnsiuid. CBOEBpEeMEHHOE
(hopMHpOBaHUE MPOAYKLIHOHHBIX CTaJ B Ipylax Ha
2-X 0CeTpOBBIX PHIOOBOIHBIX 3aBoj1ax (OP3) mo3Bo-
nsieT obecneunBaTh prIOOBOIHBIC TIPOLIECCHI IO UC-
KYCCTBEHHOMY BOCHPOM3BOICTBY Ka4eCTBEHHBIMU
caMKaMU U CaMIaMU B YCJIOBHSIX CHIDKCHMS UX YHC-
JICHHOCTH B NPUPOJHBIX BojpoeMax. [lomumo 3To-
ro, He00X0ANMO MPOBOJUTH AHAIU3 MPUTOJHOCTH,
MOJYYCHHOW OT TaKUX NPOU3BOAUTENCH MOJIOIHM,
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Mpe/IHa3HAYCHHON JUIsS BBIMMyCKA B ECTECTBCHHBIC
BOJIOEMBI.

D¢ heKTUBHOCT 3apBIOJICHUS €CTECTBCHHBIX
BOJIOEMOB MOJIOZbIO OCETPOBBIX PHIO BO MHOTOM
3aBUCUT OT COCTOSIHUSI M KadyecTBa MOJIy4aeMoun
MOJIOJH, €€ >KU3HECTOMKOCTH M (PU3MOIOTHUECKON
TTOJTHOIIEHHOCTH. B CBSI3H € 3TUM aKTyalbHOM MPo0-
JIeMOH SIBIISIETCS OLICHKA COCTOSIHUSI BBIITyCKaeMOH
MOJIOJIK ¥ CTIOCOOHOCTD €€ K aJIalTally B YCIOBHUIX
€CTECTBEHHBIX BOJI0eMOB. OTHUM U3 HaIpaBICHUI
peleHHs BhIIEyKa3aHHOH Mpo0IeMbl proodpeTaeT
pa3paboTKa ¥ ajanTanus MPHKU3HEHHBIX METO/IOB
OIIEHKH KayecTBa MOJIOJH OCETPOBBIX PBIO, TUIAHH-
pyemoii k 3apb1oneHuto. OQHUM U3 TaKHX METOJIOB
SBIISIETCSl OLICHKA aJaNTallOHHBIX Ka4eCTB MOJIO-
JIM TIO0 PeaKIusiM IeHTPATbHOW HEPBHON CUCTEMBI
(ITHC), no3Bonsromuii OIeHUTh PEaKTUBHOCTH MO-
JIOJIY HA BHEITHUE CTUMYJIbI (3PUTENIbHBIC, TAKTHIIb-
HBbIE, THAPOJMHAMUYECKUE), €€ TPUTOTHOCTH ISt
BBDKUBAHMUS B €CTECTBEHHOH cpejie.

MHOTUMH YYECHBIMH TECT «OTKPBITOE IOJIE»
MPUMEHSIETCS JITIsl ONPeICTICHUS BIUSHUSI OUOTIOTH-
YEeCKHX, (PU3NUECKUX U XUMUYECKUX (PaKTOpOB (I10-
JIOBBIC W THUIOJOTMYECCKUE PA3IHYMsl, CE30HHOCTD,
W30JISIMSL, TpeHaTalbHasl THIOKUHE3Hs, HOHH3H-
pyroliee ¥ HEHOHHU3UPYIOIee U3ITy4eHUs], HUTOT-
pemapatsl U T.I.) HAa BPOXKJIEHHbIE (POPMBI MTOBEIE-
HUS TPBI3YHOB | rTHIl [ 1-2].

CucTteMHasi peakiys Ha CTPEcC, HampaBleHHas
Ha YCTpaHEHWE WM OCJIabJIeHHe cTpecca, COMpo-
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BOXKJIA€TCSl U3MEHEHUSIMU TIOBEJICHUYECKHX, BEreTa-
THUBHBIX, JIBUTATEIbHBIX, CEHCOPHBIX, KOTHUTHBHBIX
u 1pyrux GpyHkouii opranusma [ 1-10]. B Tecte «oTk-
pBITOE TI0JIe» W3MEHEHHS B HCCIEI0BATEIHCKOM
MOBEJICHUH ABISIOTCA (yHIaMEHTAJIbHBIM U3MCHE-
HHUEM, 00BIYHO XapaKTEePU3YIOIIEHCs IBUTaTeIbHON
TUTNEPAKTUBHOCTBIO W IMOBBIIIEHHBIM IIE€JIE€HANPaB-
JICHHBIM TIOBEJIEHMEM B OTBET Ha CUTHAJIBI OKpY-
JKaroled cpenbl. B To Bpemsi Kak JBUTaTENbHBIE
HapyIIeHUs 4acTO YIOMHUHAIOTCS B KayecTBe KIIH-
HUYECKHUX TMPOSIBIEHUN 3THX PacCTPOWCTB, OTHO-
CUTENIbHO HEMHOTHE SMIUPUYECKHE HUCCIEOBAHNUS
KOJIMYECTBEHHO OIICHUBAIM  HCCIIEJOBATEIBCKOE
[IOBEJICHUE 4YeIOBEKA. B 3TOH cTaThe IpescTaBiIeH
0030p AUTEPaTypPbl, XapaKTEePU3YIOILEH ABUraTeNb-
HO€ M HCCIIeIOBATEIbCKOE IMOBEIEHUE, CBSI3aHHOE
¢ OWIOJISIPHBIM PACCTPOMCTBOM, a TAK)X€ I'€HETH-
yeckue U (apMaxKoJIOrM4ecKue MOJEIH 3TOro 3a-
OoneBaHusl Ha >KUBOTHBIX. HecMOTpst Ha cloxHYIO
OIIEHKY UCCIIEI0BATEIbCKOTO TTOBEICHHSI TPBI3YHOB,
00BEKTHBHAs KOJUYECTBEHHAs! OLIEHKA JABUIATENb-
HOW aKTMBHOCTH 4eJIOBeKa Oblla OrpaHuyueHa B OC-
HOBHOM HCCJICIOBAaHMAMHM aKTUTpaQuU C HHU3KOH
MEXKBUJIOBOU TPAHCISIUOHHON LIEHHOCTHIO. bosee
TOTO, CUMIITOMBI, KOTOPBIE OTPa)KalOT KapIMHAIb-
Hble OCOOCHHOCTH OMITOJISIPHOTO PacCcTPOMCTBa,
0Ka3aJI0Ch TPYAHO YCTAaHOBHUTH HA MPEATIOIaraeMbIX

MOJIEIISIX 9TOr0 3a00JIeBaHM Ha )KUBOTHBIX. OIHAKO
B IOCJIEJTHEE BPEMSI HOBBIE HHCTPYMEHTHI, TAKUE KaK
Human Behavioral Pattern Monitor, o6ecrieunBaroT
MHOTOMEpPHBIC TPAHCISIIMOHHBIC TMOKA3aTEeNN JIBH-
raTeJabHON M UCCIIEA0BATEIbCKON aKTHBHOCTH, I103-
BOJISIST JIyUIlIe TIOHSTh HEHPOOUONIOTHIO, JICKAIIYIO B
OCHOBE TICUXHYeCKHX paccTpoiicts [11, 12, 13].

MaTepna.m)l U ME€TOAbI

OOBEKTBl MCCIEOBAHUN — MOJIOAb 3 BHIOB
OCETPOBEIX pbI0: Oemyra Huso huso, pycckuit oceTp
Acipenser gueldenstaedtii n crepisans A. ruthenus,
MIOJTy4YeHHasl B YCIOBHSIX OCETPOBOTO PHIOOBOJIHO-
ro 3aBoja PI'KII «Ypano-ATeipayckuii oceTpoBbIii
prIOOBOTHBIH 3aBOY (Maee OP3).

Uccnenoanus mpoBonmiuchk Ha 0Oasze PIKII
«Ypaiio — ATBIpayCKuil 0CEeTPOBBIA pPHIOOBOTHBIN
3aBO/» B ATbhIpayckoil obsiactu PecnyOsmku Ka-
3aXCTaH.

Henp uccnenoBanmii: OneHka KadecTBa TOINY-
YEeHHOH TIPY MCKYCCTBEHHOM BOCITPOM3BOJICTBE MO-
J0au oceTpoBbIX peid Ha OP3.

O0BEM coOpaHHOTO W TIPOAHATHU3UPOBAHHOTO
MaTepHaja Mo OLEHKE KauyecTBa IMOIy4YECHHOH Mpu
HCKYCCTBEHHOM BOCIIPOM3BOJICTBE MOJIOIH OCETPO-
BBIX pBIO yKa3aH B Tabnuie 1.

Tadanna 1 — O6séM cobpanHoro U npoananu3upoBaHHoro Marepuana Ha PI'KII «Ypano-Atsipayckuii oceTpoBslit 3aBoa» B 2022

roay 1o OEHKE Ka4€CTBa pLIGOHOC&Z[O‘IHOFO Marepuajia

Buz prIObI, KOIHYECTBO UCCIIEAYEMBIX PBIO, IIT
ITokazarens
Crepnsap Pycckuit ocetp Benyra
TecT «OTKpBITOE TIOJIEH 75 10 10
Pr160BOIHO-O1OTOTHUECKHE TTOKA3ATETH 340 105 22
Bcero 415 115 32

OTt60p 1 ompesieNieHre TaKUX TTOKa3aTelei BOIbI
Kak TeMIlepaTypa U COJEpKaHHe PacTBOPEHHOI'O B
BOJIE KUCJIOPOJa, IPH MPOBEJACHNUH IKCIIEPUMEHTOB
MIPOBOJMIIOCH TI0 OOIICTIPHHATHEIM MeToguKaM |1,
2]. 3mepenune TemriepaTtypbl BOJBI U COACPIKAHUS
KHCJIOpOJIa B BOJIC TIPOBOAMIIN NP MIOMOIIN aHaJIH-
3aTopa «MAPK-302D». [lpn aHamu3e THAPOXUMH-
YECKHUX YCJ'IOBI/Iﬁ IMPOBCACHUA DSKCIICPUMCHTOB HC-
MOJIB30BAIM 3apYOCKHYI0 HAyYHO-METOAMYECKYIO
muteparypy [2, 3, 4, 5].

O030p uTEpaTypHI
Pe3yabTaThl 1 X 00cyKaeHHE

MOHHTOPHHT KadecTBa MOJIOAN OCETPOBBIX
pI)I6 SABJIICTCA OAHHUM U3 BaXXHEUIINX SJIEMEHTOB
HCKYCCTBEHHOTO BOCIIPOHM3BOJICTBA OCETPOBBIX B
YCJIOBUAX TOBApPHBIX XO3SUCTB M XO3SIMCTB BOCII-
POM3BOICTBEHHOT0 KOMIUIEKCA M €ro HeoOX0AUMO
MIPOBOJNTH HE TOJIBKO TIEPE] BBITYCKOM MOJOIH
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B €CTECTBEHHBIC BOJOCMBI, HO U B TCUCHHE BCETO
TEXHOJIOTUYECKOTO ITMKJIa BRIPAIIMBAHUS HITH BOCTI-
POM3BOACTBA OCETPOBBIX PHIO [5].

B xo1e MOHUTOpHHTa KauecTBa MOJIOAN OCETPO-
BBIX PHIO HEOOXOIUMO OCYIIECTBIIATH KOHTPOJH 3a
COOTBETCTBHEM BCEX PEKOMEH/IOBAHHBIX HOpMATHU-
BOB. [lomMuMoO 3TOT0, TONMM(YHKINOHANBHAS OLIEHKA
HeoOXoamMa I 0TO0pa MOJIOIN PHIO B PEMOHTHBIS
CTaja B 1eJsX MOMOJHEHNsI U OOHOBJICHUS, BBIITYC-
Ka MOJIou (3apbIOJIEHUS) U TIOyYeHUS] TOBapHOM
OCETPOBOU MPOYKIMH U NUIIEBON UKPHI. B ciiydae
TOBAapPHOTO BBIPAIIMBAHHS MOJOAb OCETPOBBIX PHIO
JIOJDKHA UMETh BBICOKHE TEMIIbI POCTa, XOPOIIYIO
YIUTAHHOCTh, TOHWKEHHBIH KOPMOBOH KO3 u-
LUEHT, B TAaKUX YCJIOBHSX XECTKOCTH OTOOpa IO
aJaNTUBHBIM (PUTHEC TIOKa3aTelsiM He TpeOyeTcs.
HomectukarmmoHHbl 3GHeKT ocobell 0CeTPOBBIX
pBI0O B PEMOHTHO-MATOYHBIX CTaJax Ha OCETpPO-
BBIX 3aBOJIaX M XO3MHCTBaX, a TaKKe IOIYYECHHO-
ro OT HUX TOTOMCTBA, OOYCJOBJIEH TPOBOJAMMBIM
HCKYCCTBEHHBIM OTOOpPOM, OPHEHTHPOBAHHOTO Ha
MIPUCIIOCOOIEHHOCTh K MUCKYCCTBEHHBIM YCIIOBHSM
1 MOYKET HEONIAaromnpusTHO OTPA3UThCs HA BbDKHBA-
HUH MOJIOJM U COCTOSIHUU TOMYJISILUI B €CTECTBEH-
HBIX YCJIOBUSIX MIPH €€ 3apBIOICHNHN B €CTECTBEHHBIE
BOJIoeMbl. Kpome Toro, JoMeCTHKAIIHST MOXKET MPH-
BECTH K OCJIabJICHUIO MOKa3aTeel peakuny MOJIOAN
Ha BHEUIHHE pa3IpaKUTENH, BBIPAKAIOMIEMYyCS B
CHIYKEHHH PE3MCTEHTHOCTH K 3a00JIeBaHUSIM U HeO-
JarONPHUATHBIM SKOJIOTMYECKUM BO3ICHCTBHSAM U T.JI.
[Ipumensiemble WM PEKOMEHAyeMble TPHKU3HEH-
HBIE METOJIbI OLEHKU KaueCTBa MOJIOJIU OCETPOBBIX
pbIO, BhimyckaeMblx ¢ OP3 mOMmKHBI COOTBETCTBO-
BaTh CIICAYIONINM OCHOBHBIM TpebOBaHMM |35, 6, 7]:

* BKIIOYATH MOKa3aTeH BKYIEC XapaKTepH3ylo-
X (YHKIIMOHAIEHOE COCTOSHHE BBIITYCKaeMOM
MOJIOJT! OCETPOBBIX PEIO;

* [OJpa3yMeBaTh COKpAlleHHE BpPEMEHHBIX
OTPE3KOB TIPOBEACHUS HKCIEPUMEHTOB, CHUXXaTh
TpaBMaTH3alMIO0 ¥ THOENh HMCCIeIyeMOold MOJIOAN
OCETPOBBIX PHIO;

* TIpeyCMaTpUBaTh BO3MOXXKHOCTh OIIEHKH HH-
(dopManuu 0 MEpCHeKTHBaxX NANbHEHIEro BBIKHU-
BaHUsI, HOPMAJIBHOTO Pa3BUTHsI, BO3IACUCTBHM Ha
JKU3HECTIOCOOHOCTh M TeHETUYECKYIO CTPYKTYpY
MO JISIIIAH OCETPOBBIX;

* BKJIFOUATh CHCTEMY MOKa3aTeneH, IKoIorniec-
KW aJIeKBaTHO CBSI3aHHBIX C OCHOBHBIMH (haKTopa-
MH, OTIPEJICIISIONIMMHU BBKHBAEMOCTh MOJIOJIU TTOC-
Jie e€ BBIITyCKa B €CTECTBEHHBIE BOJIOEMBI [5].

Bcem BhIenepedncieHHbIM TPeOOBaHUSAM OT-
BEYACT MNPIKU3HEHHBIH TECT «OTKPBITOE TMOJIEY.
Bcero nccnenosano 562 ocobu. B Tecte «OTKpHI-
TOE TT0JIE» OIICHUBAJIICH CIIEIYIOIINE TIOKa3aTelH:
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- poHOBAsI aKTUBHOCTH MOJIOJI OCETPOBBIX PhIO;

- OPUEHTHPOBOYHAsI AKTUBHOCTH MOJIOAM OCET-
POBBIX PBHIO;

- TIOKa3aTesb PEaKTUBHOCTH MOJIOJM OCETPOBBIX
pBIO;

- TIOKa3aTelb aKTHBAIMd MOJIOIN OCETPOBBIX
pBIO.

[Ipu npoBeneHHMH 3KCIIEPUMEHTa (TECTa «OTK-
PBITOE TTOJIE) OTIPEIENSITH OCTPOTY PEaKIIny MOJIO-
JI1 U3 TECTUPYEeMOM BBIOOPKM Ha pa3iuyHbIe pa3/-
pakurenu (CBET M 3BYK pa3Hoii yacToThl). CHavana
OTIpEICTISUTH BEIMYNHY JIBUTATEIHHON aKTHBHOCTH
(KOMMYECTBO TepeceYeHUil JIMHUNM KOOPIUHATHOM
ceTkn) B mepBble 30 ceKyHH MOcCie BO3ICHCTBHA
MEPBOTO pa3/IpaKUTENsT — HU3KOYACTOTHOTO TMpsi-
MoyroJjbHoro curaia (dacrora 20-40 I'm) onpene-
nsud, Kak P1, en/mMuH. 3aTeM HCmob30Baincs BTOPOit
pasnpaxwurens (P2, en/MuH) — BBICOKOYACTOTHBIN
npsMoyroyibHbli curHan (dacrora 300 I'm). 3arem
WCTIBITBIBAIIA BO3JICHCTBHE ITOCTOSHHOTO HESPKO-
ro ceera (100 nk) — P3, ex/mun (Tpernii pasupa-
JKUTENB), TOCJIEe 3TOr0 MPHUMEHSIN BO3JEHCTBHE
nmoctosiHHOTO sipkoro ceeta (500 nk) — P4, en/mun
(ueTBepThI pasgpaxwurens). [locnennum pasmpa-
kuteneM PS, en/MuH ObUT IepeMEHHBIN SIPKUA CBET
[6]. OcBelIeHHOCTh U3MEPSIIN C MOMOIIBIO JIFOKC-
MeTpa y MOBEPXHOCTH BOJBI M Ha Kparo OacceifHa
(U1 9MCTOTHI IKCIIEPUMEHTA), 3aTeM CPaBHUBAIU
¥ KOPPEKTHPOBAIU IPKOCTH MIPH TIOMOIIN HAKIIOHA
mratvBa. Bo3nelicTBue 3ByKa U3MEPSUIIM PU TOMO-
1 ITyMOMETpa.

Tect mpoBoOmMIM KaK WHAWBHIYaTbHO, TaK H
B IpyIIe MO HECKOJIbKO ocoOel, momeras uccie-
IyeMblii 00BEKT (MOJIOJb OCETPOBBIX PBIO) COOT-
BETCTBEHHO METOAMKE B CIECLUAIbHBIN OacceiiH
C HAaHECEHHOW KOOpJHUHATHOM ceTkoil. J[yig 3Toro
WCIIONB30BAJICS KPYIJIbIA OacceiiH (amamerpom 1
M), JHO KOTOPOTO pa3iesicHo Ha 24 ceKTopa, Imoc-
Jie BBITycKa 00BEKTa PEerucTPUPOBAIN KOJIUIECTBO
nepecedeHnid peI0Ooif JIMHUH JTHA 3a OTpe/IeIeHHBIH
NP0/ BPEMEHH.

B TeueHue »sKcnepuMeHTa KOHTPOJIUPOBAIH
TEPMUYECKUN U KUCIOPOAHBIN pexxumbl. [Tokazare-
T BapbUPOBAJIM B ONTUMATBHBIX TIpenenax [2, 3].
[Ipy moHMXkeHUM ypOBHS PacTBOPEHHOIO B BOjE
KHCJIOPO/Ia OTKPBIBAIH BOJIOTIONAYY C OJTHOBPEMEH-
HBIM COPOCOM HM3ITUILIEK BOJIBI.

Jns obecriedeHUs] YUCTOTHI AKCIEPUMEHTa H
TOYHOTO TI0JICYETa UCTIOIH30BAII KaMepy IS 3aITH-
CH BCE€X DKCIIEPUMEHTAIBHBIX TPYII, 3aTeM 3aIHCH
MIPOCMATPUBAINCH U MOJCUYUTHIBAJIOCH KOJIMUYECTBO
MIEPECCUCHUH.

Ha onenky ogHOM mapTuv MOJOJIUA YXOAMIO
npumepHo 13 MuHYT. AnpoOupyemslii crocod Hec-



H.b. bynaBuna u ap.

JIOXKEH, OJTHAKO TaKOW aHaJIN3 TPeOyeT MOArOTOBKH
1 COOJIOZICHNUS aHAJIOTUYHOCTH B YCIIOBHSAX TPOBE-
neHus (Tpu BO3IEUCTBUM CBETOM CIEKTP JIOJDKEH
OBITh OZMHAKOBBIM JUIS BCEX MAPTUH PBIO, 3BYKOBast
BOJTHA TaK)Ke JOJDKHA UMETh OJIMHAKOBYIO YaCTOTY
U YPOBEHB IIyMa). TeCT «OTKPBITOE TMOJIe» B YCIIO-
Busix OP3 mpoBoauics BOepBbIE, IOATOMY ISl OI-
THMH3AITAN TIPOIIECCOB MPOBOIUIN IKCIIEPUMEHTHI
Ha TPYMIAX C Pa3HbIM KOJUYECTBOM HCIBITYEMOI
MOJIOJIN — UHIMBUYAJIbHO, 110 TPH, MSATh U JECAThH
ocobeii. OtpaboTaHHas cXema IPOBEACHHS TECTa
«OTKpBITOE TIONIE» C YKA3aHUEM TAMHHIOB IIPUBE-
JieHa B Taosuie 2.
OCHOBHBIC TTOKA3aTEIN PACCUUTHIBAIH 110 (op-
MyJiam:
1A% = OA/DA x 100% (D)

TIP = PA/®A x 100% 2)

rae, [1A% — mokazarens aktuBaruu, OA (em.
MHUH.) — OPUCHTUPOBOYHAs J[BUTATEIbHAS AKTHB-
HocTh, DA (enm. mMuH.) — (poHOBast IBUTATENBHAS
aKTUBHOCTD, [1P% — mokazarens peaktuBHOCTH, PA
(en. MUH.) — PEaKTHBHOCTH [5].

Tabauna 2 — XpoHosoruueckas cxema rposeieHus recra «OT-

KPBITOE I10JIE»

Bpewmsi, mun Crpeccopsl (pa3apaskuTern)
1-3 [lepuon apantanuu
Bo3zneiicTBre HU3K04aCTOTHOTO
3-5 MPSIMOYTOJIBHOTO CHTHAaJIa
(uacrora 20-40 I'm)
BoszelicTBre BRICOKOYAaCTOTHOTO
5-7 MPSIMOYTOJIBHOTO CUTHAja
(aacrora 300 I'm)
7.9 BoszelicTBrue N0CTOSHHOIO HESIPKOIo CBETA
(100 5x)
011 BoszelicTBue MoCTOSIHHOTO SPKOro CBeTa
(450 nx)
11-13 Bo3sneiicTBre nepeMeHHOro sIpKoro cBeTa
(sipxuii — 450 71K, 3aTeMHeHHBIH — 70 JIK)

st mpoBeneHus aHanm3a Obuta paspaboTaHa
crienuanpHas ¢opma (QUKCAlUM NEPBUYHBIX aH-

HBIX (Tabymma 3).

Taomuua 3 — [Ipennaraemas hopma BeneHuss HaAOMIOACHUH 1 aHaIHu3a TecTa « OTKPBITOE TOJIe» Ha MOJIOJH OCETPOBBIX PHIO

Benblky ceta (PA, en/mMuH)

MUH

Jlara Bun . Merton [Tonyuennoe
HanmenoBanune nokasaresns TaiMuHr
TIPOBEJCHUS | PBIOBI IOy 4EHUS 3HAUCHHE
OpHEHTHPOBOYHAS IBUTATCIbHAS
p p A IIepBbie 3 Mun Hab6monenne 95
aktiBHOCTB (OA, en/3 MuH)
OpueHtupoBoyHas nBuraresbHas | KoauuecTBo nepecedeHuii B
Pacuer 32
akTuBHOCTE (OA, en/mMuH) MUH
VepeaHeHHOe KOJTUUECTBO Pacuer
®donosas aktuBHOCTH (DA, en/ pea o .
nepecedeHnit B MuH (mocne | (00wI. rpynnoBoit 21
MUH) | MUH TIOCJIe aJlanTaiuu
aJianTanum) MOKa3aTeyb)
PeakTHBHOCTH HU3KOYACTOTHBIN Ilepsoie 30 cex nmocie
9 Hab6mronenue 10
3ByK (PA, en/ 30 cek) BO3JICIHCTBUS
PeakTuBHOCTH HU3KOYACTOTHBIN KonunuectBo nepeceuenuii B
Pacuer 20
3ByK (PA, en/mun) MHUH
PeakTuBHOCTH BBICOKOUACTOTHBII ITepssie 30 cex nocie
" Hao6monenne 18
3ByK (PA, en/30 cex) BO3/ICHCTBUS
PeakTuBHOCTBH BbICOKOUACTOTHBIN | KonmmuuecTBo nepeceyeHuii B
8.07.2022 1 | crepmsn P Pacuer 36
3ByK (PA, en/mun) MUH
PeakTHBHOCTP TOCTOSIHHBIH CBET Ilepsoie 30 cex mocie
. HabGmtonenue 4
100 mromen (PA, en/ 30 cek) BO3IICHCTBUS
PeakTUBHOCTB TTOCTOSIHHBIN CBET KonuuectBo nepeceuenuii B
Pacuer 8
100 mromen (PA, en/mun) MUH
PeakTuBHOCTH MOCTOSIHHBIN CBET ITepssie 30 cex nocie
. Ha6nronenune 19
450 nromeH (PA, en/30 cex) BO3JIEMCTBUSA
PeaxtuBHOCTB MOCTOSIHHBIN cBeT | KomuuecTBo nepeceuenuii B
Pacuer 38
450 nromen (PA, en/mun) MUH
PeaxTHBHOCTH KpaTKOBpEMEHHBIE
Ilepsoie 30 cex nmocie
Benbiky cBeta 450 momeH (PA, o HabOmronenue 11
BO3/ICICTBUS
en/ 30 cek)
PeakxTuBHOCTB KpaTkoBpeMeHHbIe | KommndecTBo mepecedeHuii B
Pacuer 22
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A — noAroToBUTENbHbBIC PAOOTHI U KOHTPOJIBHBIEC 3aMePbl OCHOBHBIX Pa3ipaxuTesiei,
b — mpoBenenune oneHky aganTalMoOHHBIX KAaUeCTB MOJIOAU OeyTH MO PeakHsIM LEHTPaIbHOW HEPBHOM CHCTEMBI

Pucynox 2 — [IpoBeneHne OLeHKH aJalTallMOHHBIX KaueCTB MOJIOAU OCETPOBBIX PHIO
[0 peakuusiM HeHTpaIbHOi HepBHOU cuctembl Ha PIKIT «Ypano-ATeipayckuii 0ceTpoBblid pIOOBOIHBIN 3aBOI»

[Ipu ampobanmm pa3HBIX BapHAHTOB HambOoOJee
MPUEMJIEMBIM OKa3ajlach TPyIIa U3 MSATH 0coOen
J000r0 BUAA OCETPOBBIX, TaK KaK aHAJIM3 IO BU-
JIEOCHEMKE JIETKO BBITIOTHIM M KOJIHYECTBO OCOOeH
MO3BOJISIET COKPATUTh CEPHUIO IKCIIEPUMEHTOB (Ta0-
nina 4).

Y IpoTeCTUPOBAHHON MOJIOJH OCETPOBBIX PHIO
MIPOBOJMIIN cOOp MoKa3zaresiell JUIMHBI U MacChl TeNa
(Tabmuma 5).

Mosons crepisinu Oblla caMOil TTOABMIKHOU
HanOoJiee aKTUBHO pearupoBaia Ha pa3ipasKuTeiH,
aKTUBHO TepeMeniasich 1o Oacceitny. Hanbomnee ak-
TUBHO pearupys Ha spkuii ceeT (PA,). [Tonmkenue
AKTUBHOCTHU HAOJII0JANIOCh TIPU BO3/ICHCTBUH BCITbI-
IIEK CBETA M HU3KOYACTOTHBIM 3ByKOM (PA ), uto u
OTpaXeHO B TabHIIE 6.
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OpueHTHpOBOYHAS [BUTATEIbHAsI AKTHBHOCTD
(OA) u poHoBas nBuratenbHas akTuBHOCTH (DA) y
CTEpJISIIN TAaKXKe UMEIOT CaMble BHICOKHE TTOKa3aTe-
n — 34 en/mund v 19 e/MAH COOTBETCTBEHHO, TOTIA
Kak y OeJIyTu U pycCcKOro oceTpa oHa cocTaBisieT 18
en/mMuH u 9 ex/mun (y pycckoro ocerpa) u 12 en/
MuH (y O€IyTH) COOTBETCTBEHHO.

Y Monoan pyccKoro ocerpa HabI0AaIoCh IMo-
BEHIIIIEHUE aKTUBHOCTH TIPU BO3JIEHCTBUH SPKOTO
cBeTa 710 24 ei/MHH 10 CpaBHEHHIO ¢ (POHOBOM aK-
TUBHOCTBIO B 2,6 paza U NMpH BO3JACHCTBUH HU3KO-
YaCTOTHOTO 3ByKa (22 en/MHH), 4ero He HabIoa-
JIOCh y MOJIOJTU cTepisiau. Taxxke, Kak Uy CTepIIsian
MOBBIILICHHE aKTUBHOCTH HAOIIONANOCH U MIPU BO3-
JIEHCTBUH BBICOKOYACTOTHOTO 3BYKa M COCTaBMIIA
17 en/MuH.



H.b. Bynasuna u np.

Taéanna 4 — KonnuecTBo MpOTECTHPOBAHHON MOJIOJM Pa3IMUHbIX BUI0B 0ceTpoBbIX pei0 PI'KIT «Ypano-Atsipayckuil oceTpoBbIit

PBHIOOBOJIHBIN 3aBOIY

Bun ps1ost KommuectBo ocobeit B rpymme KonnyecTBo nCIIBITAHHBIX TPYIIT
1 1
3 3
Crepinsiab
5 5
10 4
Pycckuit ocetp 5 2
benyra 5 2

Tadanna 5 — [Tokazaresnu TUMHBI U MacChl Tella TeCTUpyeMol Moiozin oceTpoBbix peid Ha PI'KII «Ypano-ATbipayckuil 0ceTpoBBIit

PBIOOBOJIHBIN 3aBOMI»

Bun pr1ost Cpennuii Bec, T JnHa Tena, cM
Crepisiab 11,07 15,2
Pycckuit ocetp 13,3 15
Benyra 15,8 18,3

Tabanua 6 — Pesynbrars! Tecta « OTKpPBITOE MOJIE» Ha MOJIOAN PA3IMUHBIX BHIOB o0ceTpoBbIX pei0 Ha PI'KIT «Ypamo-Atsipaycknit

OCETPOBBIN PHIOOBOIHBIN 3aBOMI

[Toxazarenn Pycckuii ocetp Crepnsagb benyra
OpueHTHPOBOYHAs ABUraTe/bHast akTUBHOCTD (OA), en/MUH
cp 18 34 18
MUH 11 29 15
Makxc 22 40 20
®onoBas nBuraTensHas akTHBHOCTH (DA), en/MuH
cp 9 19 12
MUH 8 16 10
Makxc 11 22 15
PeakTHBHOCTD Ha HU3KOIACTOTHBIH 3ByK (PA), en/mMuH
cp 22 22 23
MUH 18 16 20
Makc 32 26 28
PeakTMBHOCTB Ha BHICOKOIACTOTHBIH 3BYK (PA,) en/mun
cp 17 32 16
MUH 10 22 12
Makc 24 42 20
PeaxrnsrocTs Ha cBet 100 ik (PA,) en/mun
cp 15 12 22
MHH 10 8 20
Makxc 24 16 24
PeaktupHocTh Ha cBet 450 1k (PA ) en/mun
cp 24 | 46 26
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Ipoooncenue mabauywvl

[loxazarenn Pyccxkuit ocerp Crepnsian benyra
MUH 14 38 20
MaKc 32 62 32
PeakTHBHOCTH Ha KPaTKOBPEMEHHBIE BCTbIIKH cBeTa (PA,) e/mun
cp 15 18 12
MUH 8 14 8
Makc 22 22 16

Mosoap Genyri akKTHBHO pearupoBajia TOJIbKO
Ha BO3ACUCTBHE SIPKOTO CBETa, HAOJII01aI0Ch TIOBBI-
LIEHUE aKTUBHOCTH 10 26 e/MHUH.

ITokasaTesnb OPUEHTHPOBOYHON ABUIATEIBHON
aktuBHOCTH (OA) XapakTepu3yeT alanTaluio peio
K HOBBIM YCJIOBUSIM M 3TOT IIOKa3aTejlb BECbMa BbI-
COK y CTepJsiid, B CPaBHEHHH C JINTEPATypPHBIMHU
JAHHBIMU aHAJIOTWYHBIMU TOKa3aTeJsIMH 0o0nagaeT
mukasi hopma cesproru [8 — 15]. Jlannbrii mokasa-
TEJIb HU30K Y MOJIOJM PYCCKOTO OCeTpa U OemyrH,
OJTHAKO BO3MOXKHO HEOOXOJMMO IPOBECTH KOppe-
JISIIIAEO C BECOBBIMHM TTIOKA3aTEISIMH, TaK KaK MOJIOJIb
CTEPJISIAM M CEBPIOTH 00JIafaloT CXOXKHMHU pa3Mmep-
HO-BECOBBIMHU IIOKA3aTEJIIMU B OTJIMYME OT MOJIOAN
OeIIyTH U PYCCKOTO OCETpA.

3ak/IouyeHne

MHOTMMH OTEYECTBEHHBIMH U 3apyOeKHBIMU
WCCIIEIOBAaHUSIME TIOKa3aHa CBS3b MPOCTPAHCT-
BCHHOI'o " IMpeaAMETHOTO 3pCHUA, OINTHYCCKOIO
MOMEHTa W aKyCTHYECKOH CHUTHAJH3alH C KO-
JIOTHEW MOJIOIW PBIO, U C TOH POIBI0, KOTOPYIO
OpTaHbl 3pEHUS U YyBCTBA OOKOBOW JTMHUU, BOCII-
pUHHMMAIONIEH HHU3KOYaCTOTHBIE HH(Pa3ByKOBBIC
KoJieOaHMsI, WTpafIIue B OOIIEeM pelenTOPHOM
KOMIUIEKCE MOJIOJI OCETPOBBIX phI0. DTH MOKa3a-
TEJIM UTPAIOT POJIb B MPOSIBIICHUH PBIO Peopeakunu
1 peaKIuy peId Ha CBET, B TUIIIEBOM, 00OPOHUTEITh-
HOM U JpYyTuX THUIIaX TOBCIACHUSA, XAPAKTCPHBIX
IUI pBIO B ecTecTBEHHBIX ycnoBusx [8]. Octpora
peaknmii Ha TakKWe ITOKa3aTeld XapaKTepHU3yroT
aJIaNTUBHBINA MMOTEHIIMAT MOJIOAH pbIO. B pe3yib-
TaTe OJOMAIIHUBAHUS MPOUCXOAMUT NMPUTYILICHHUE
peaknuii Ha pa3apa’kuTeNH, YTO OYEBUIHO CBS3a-
HO C NMPHUBBIKAHHUEM K CTPECCOBBIM CUTYAllUAM SB-
JISFOIIIUXCS CIIEICTBHEM PHIOOBOJHBIX IPOIECCOB
u MeponpusTuid. [TonydeHHbIe JaHHBIE MO OIIEHKE
alaliTAlUOHHBIX Ka4€CTB MOJIOJAU 110 pPEaKIHAM
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LEHTPaJbHOH HEPBHOM CHUCTEMBI B LIEJIOM MOKa-
3BIBAIOT, YTO MOJIOAb CTEPNIAIN O0JIaTaeT BBICO-
KOH MOJBUYKHOCTBIO U OCTPOM peakLUeEN Ha TaKUe
pa3ApaKUTENN KaK SIPKUWA CBET U BBICOKOYACTOT-
HBIH 3BYK, MOJIOZIb OCIIYTH U PYCCKOTO OceTpa 00-
JMAJal0T OCTPOTOM peakuuu Ha HU3KOYACTOTHBIC
U BBICOKOYACTOTHBIE 3BYKHU. Bce BhIlIecKa3aHHOE
MTOJIOKUTENIBHO XapaKTepHU3yeT MpeaHa3HAUCHHYO
MOJIOZb JUISL 3apBIOJICHHS] €CTECTBEHHBIX BOJIOC-
MOB. B cBeTe pacmmpeHusi 0XBaTa UCKYCCTBEHHO-
ro BOCHpOM3BOJACTBAa B KazaxcTaHe JaHHBIC HCC-
JIETOBAHUS SBJISIOTCS aKTyalbHBIMH U BO3MOXKHO
HEOOXOIMMO PaCIIUPUTh CHEKTP aHATH3UPYEMBIX
peaxkuuii, HanpuMep, BO3/I€HUCTBUE DIEKTPUUECKUX
nojei, XUMUYECKUX BELIECTB, TEMIIEPaTyphl U TIp.
AmnpoOupoBaHHBIE METOAMKH OIIEHKH KadecTBa
BBIITYCKAaEMOM MOJIOJIH JIETKO IPUMEHUMEI B yCIIO-
BHSIX OCETPOBBIX PHIOOBOJIHBIX XO3SIHCTB M PEKO-
MEHIYIOTCSl K IPUMEHEHUIO HA OCETPOBOM 3aBOJIE,
TaKk KaK MOXKHO IO BBIOOpPKE NaTh OIICHKY BCEW
MapTUH 3apBIOJISIEMBIX PHIO.

Baoragapuocth

Beipaxaem OsaromapHocTh 3a BO3MOXHOCTD
npoBenenns padotr PIKIT «Ypamo-ATteipayckuit
OCETPOBBII PHIOOBOTHBIHN 3aBOJIY.

KondumkTr nurepecon

Bce aBTOpBI MpounTaIN U 03HAKOMIIEHBI C CO-
Jiep>)KaHUeM CTaThbU U HE MMEIOT KOH(JIMKTa MHTe-
pecos.

HcrouHuk GpuMHAHCOPOBAHUS

Jannpie uccienoBanus (GUHAHCHPYIOTCS Mu-

HUCTEPCTBOM 3KOJIOTUM W TIPUPOJHBIX PECYPCOB
Pecniyonuku Kazaxcran (I panm Ne BR10264236).
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MXTUOAOTNUYECKHNE MCCAEAOBAHUS B PEKE KOKCY,
Y3bEKUCTAH, MO BbISIBAEHUIO KAKOYEBbIX OXPAHSIEMbIX BUAOB
Pblb B YCAOBUAX PA3BUTUA MAAOU TUAPOIHEPTETUKHA

OxpaHa 6vopasHoo6pasus B KAIOUEBbIX paioHax OuopasHoobpasvs M NPUPOAOOXPAHHbIX
KOPMAOPAxX B LIEHTPAAbHO a3MaTCKOM FrOPHOM PErvoHe CTaHOBUTbCS BCe GOAee akTyaAbHbIM B CBETE
LUIMPOKOMACLUTABHbIX AHTPOMOr€HHbIX UHTEPBEHLIMIA B MPUPOAHYIO CPEAY, B YaCTHOCTM, MHTEHCUBHOE
pasBUTHE MAAON TMAPOIHEPTeTUKU MPUBOAMT K M3MEHEHMIO M (DparMeHTaumm Cpeabl 0OUTaHMS m
pPe3KOMy COKpalLeHMI0 pa3HoOOPa3ns BOAHbBIX OpPraHM3MOoB. B TO ke Bpems, Hayka He pacroaaraer
AOCTAaTOYHbIMU CBEAEHUSIMM O 300reorpaumn Aaxke TakmMx KPyrHbIX BOAHbIX OPraHM3MOB Kak pblb B
rOpPHbIX BOAHDBIX 3KocncTeMax CpeaHein A3uun. B HacTodLweit cTaTbe NPUBOASTCS pe3yAbTaTbl MOAEBbIX
NCCAEAOBaHMIA 3KOAOTMM pbi6, npoBeaeHHbix B 2021-2022 rr. B ropHoi peke Kokcy, 6accenH pekm
LlaxnumapaaH, @epraHa, Y3bekuncraH. Bonpeku yTBepxKAEHUSIM MECTHOTO HaceAeHust 06 OTCYTCTBUM
pblbbl B 3TOM peke BooOLLe, HaMU BrepBble ObIAO YCTAaHOBAEHO HaAMuMe B Heil 2 BUMAOB pblb:
MapuHkmn — Schizothorax eurystomus Kessler, 1872 mn roabua — Triplophysa ferganaensis Sheraliev
and Peng, 2021. AaAbHeiime NCCAEAOBaHUSI AOAXKHbI ObiTh HAMpPaBAEHbl Ha OLEHKE OMTUMAAbHOM
cpeAbl 06MTaHMS U M3YUEHMI0 0COBEHHOCTEN MUTPaLIMKM C LIEAbIO YCTPaHEHUS (dparMeHTaumMm Cpeabl
06MTaHMS 1 OXPaHbl UXTUOMAYHbI.

KatoueBble caoBa: MaposHepretuka, peka Kokcy, nxtmodayHa, mvrpaumm pbi6, doparmeHTaums
cpeAbl 06MTaHMs.

E.B. Karimov'", B.K. Karimov', Martin Schletterer?, Daniel S. Hayes?
“Tashkent Institute of Irrigation and Agricultural Mechanization Engineers”
National research University, Uzbekistan, Tashkent
2University of Natural Resources and Life Sciences, Vienna, Institute of Hydrobiology
and Aquatic Ecosystem Management, Austria, Wien
*e-mail: erkinkarimov92@gmail.com

Ichthyological research in the koksu river,
Uzbekistan to identify key fish species
in the context of small hydropower development

The study of biodiversity in key areas and conservation corridors in the Central Asian mountainous
region is becoming increasingly relevant in light of large-scale anthropogenic interventions in the natural
environment. Particularly, the rapid expansion of hydropower development leads to extensive habitat
alteration, fragmentation and degradation, reducing the biodiversity of aquatic organisms. At the same
time, science does not have sufficient information about the biogeography of large aquatic organisms
such as fish in mountain rivers of Central Asia. This study presents fish ecological data from field surveys
conducted in 2021-2022 at Koksu River, Shakhimardan river basin, Fergana Valley, Uzbekistan.
Contrary to statements about the absence of fish from Koksu River, we confirm the presence of two fish
species: snow trout (Schizothorax eurystomus Kessler, 1872) and stone loach (Triplophysa ferganaensis
Sheraliev and Peng, 2021). Further studies should assess habitat preferences and study fish migration
patterns to support the conservation and elimination of habitat fragmentation.

Key words: Hydropower, Koksu River, ichthyofauna, fish migration, habitat fragmentation.
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BBenenue

lopubie pexn LleHTpansHON A3WH TOIICPKU-
BalOT pazHooOpa3re MecTOOOUTaHHH BUIIOB PBIO U
JPYTUX OPraHU3MOB, KOTOPBIE €lle He TaK CHIBHO
IIOJIBEPKEHBI BIUSHUIO NESITEIbHOCTH YEI0BEKa 110
CPaBHEHUIO C PeKaMH, MPOTEKAIOIUMHU IO JOJTMHAM
u paBHuHaM [1; 2]. Ecinu ropHble peku U BOJOEMbI
YCIIOBHO pa3AeNUTh Ha BEICOKOTOPHBIE, CPETHETOP-
HbIE U MPEIropHbIE, TO JaXKe B MX Mpejesax MHO-
I'Me BUIbl BCTPEUAIOTCS] B ONPEAEICHHBIX BBICOTAX.
Hanpumep, roselii ocMaH 3aHHMAaeT CPEIHErOpbE,
HE BCTPEYAETCS B BBICOKOIOPhE U HUKOT/AA HE CITyC-
KaeTcsl Ha paBHUHHbIE Y4acTKU pek [3; 4]. Caenosa-
TEJBHO, TPOUCXOTUT M3OJISAIMS TOIYJIAIUN OTHOTO
1 TOT'O K€ BHJIA B [TpeJIeNax Jake pa3HbIX IPUTOKOB
OJHOro peyHoro OacceiiHa. JlaHHOe 00CTOSITENBCT-
BO MPUBOJIWIO K (POPMUPOBAHHIO BEChbMa CBOECOO-
pasHoil uxtuodayHbl TOpHBIX pek LleHTpanbHoON
A3HU CO MHOXKECTBOM LIEHHBIX 9HIEMHUYHBIX BUIOB
[5]. B TO xe Bpems, aHAIM3 UMCIOIIUXCS JTUTEpa-
TYpHBIX CBEJCHHMI IIOKa3bIBaeT KpalHE HeJocCTa-
TOYHYIO M3Y4YE€HHOCTb MXTHO(ayHbl LleHTpanbHO-
-Asmatckoro permoHa. Mwmeromuecs maHHbIE B
OCHOBHOM CHJIBHO YyCTapeBILHNE, KacaroTcs Hcce-
JIOBaHUH PHIOHON (PayHBI U pa3BUTHU PHIOOJIOBCTBA
Ha paBHUHHBIX BogoeMax 10 1990-x ronos [6; 7].

MexayHapoJHOE 3aKOHOAATENbCTBO TaKXKe
TpeOyeT 3KOJIOTrNUECKH YCTOMUNBOE Pa3BUTHE COB-
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PEMEHHOM T'HIPO3HEPTreTUKHU, & UMEHHO HEJOIyC-
TUMOCTb BPEAHOTO BO3JEHUCTBUS AHTPOIOTCHHOMN
JIeATEIbHOCTH Ha DKOCUCTEMBI PEK, KOTOpBIE COC-
TaBJISIFOT OCHOBY YCTOMYMBOIO PAa3BUTHSI THIPO3-
HEPreTHKH, K TPUMEpy OXpaHa OuopaszHooOpaszus
U OIICHKH SKOJIOTMUYECKUX CTOKOB B OKpY>Karouie
cpene. TeXHHKO-IKOHOMHYECKHE OOOCHOBAaHUA
00BEKTOB THIPOIHEPIETUKH C CaMoOro Hadvana
JTIOJDKHBI BKJTIOYATh 3KOJOTHYECKOe 000CHOBaHUE
[8; 9]. OmHako, B T€UCHUE MOCICTHUX ECATHIIC-
TUH, HayuHasg ¢ 70-X roJIoB MPOIUIOro CTOJETHS,
AHTPONOTr€HHOE M3MEHEHUs T'HAPOJIOTHYECKOro
pexumMa M KadecTBa BOJBI PEK MyTeM MpaKTH4ec-
KM MTOJIHOTO PEryJMpPOBaHMs CTOKA, CTPOUTENbCTBA
OIPOMHOI'0 YHMCJIa BOAOPACHPENEIUTEIbHbBIX TUJI-
POY3JIOB M BOJOXPAHIIIAIL, a TAaK)KE UPPHUTALNOH-
HOW CETH TOTaJbHO U3MEHHUIIO YCIOBHUS OOUTaHUS
abopureHHsIx Bum0B poio [10; 11]. bBomsmmaCcTBO
00BEKTOB THAPOTEXHUYECKOTO CTPOHUTEIHCTBA B
OacceifHaX peK MaJlblX, CPEIHUX U OOJBIIUX PEK
MPOU3BOMINCEH 0e3 ydeTa TpeOOBaHUS COXpaHe-
HUS YCJIOBHUH CYIIECTBOBAHMS PBHIOHBIX TOIYJIS-
003048

Llenpio HacTOSIICH paOOTHI SBISAETCS CMSTUE-
HUE U TIPEJOTBpPALICHHE BO3MOXHBIX OTPHIIATEIb-
HBIX 9 (EKTOB THAPOTEXHUUECKOTO CTPOUTENHCTBA,
IIyTEM IPOBEICHUS JNETAJbHBIX UXTHUOJOTHYECKUX
WCCJIEJIOBAHNH C TPUMEHEHNEM COBPEMEHHBIX NHCT-
PYMEHTOB AJ1s1 00€CTIEYeHUS] COXPAaHHOCTHU Pa3HOO00-
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pasust poi0 ¢ BBISBJICHUEM KIIIOUEBBIX OXPaHSIEMbIX
BUJIOB, OXpaHbl MeCT OOUTAaHUS PbIO U MUTPALIOH-
HBIX KOPUJIOPOB B YHUKaJIbHOU ropHOi peke Kokcy,
Ha KOTOPOM NPaBUTEIbCKOM Y30EKHCTaHa Mperyc-
MOTpeHo cTpoutenabcTBo Manod ['DC [9]. Cornac-
HO MPEIBAPUTEIIBHBIM CBEACHUSAM, NpUMepHO 65%
CTOKA PEKU OyAeT M3BATO I MOJAaYd B TYPOUHBI
reHeparopa, a OCTalIbHAas YacTb CTOKa OyJeT coxpa-
HEH B KauecTBa HKOJOTHYECKOTO IMOITYCKa IS COX-
paHeHHs yCIOBH OOMTaHHS BOJHBIX OPTAaHU3MOB H
9KOJIOTHYECKUX TPEOOBAHUH.

MaTepI/laJ'lbI U ME€TOJbI

OOBEKTOM HMXTHOJOTMYECKHX HCCIIEIOBaHUHU B
JaHHOM paboTe Oblia BeIOpaHa pexa Kokcey (puc.1),
gBIsitoInasicss npurtokoM peku laxumappancaii
(laxumapnaH), 30Ha (pOpMHUPOBAaHUS CTOKA, KO-
TOpasi pacroiio’keHa Ha Tepputopun KeipreicraHa
n Y3bexucrana (lllaxumapmanckuii skckiaB). B
ueHTpe skckiaBa [laxumapaan peka Kokey coenu-
HSETCS ¢ peKoil Akcy M oOpa3yer Ooyiee KpyITHYIO
peky Lllaxumapman (39°59°25.78» 71°48°22.96»).
Bonpmrast wacts Oaccefina peku lllaxumapman mwio-
maapio 1300 kM? sSBIsETCS BBICOKOTOPHOM, a JJTH-
Ha coctaBnger 112 km. B croke pexn lllaxumapaan
uMmeeTcs OoJiee JiecsATH 0aphepoB, OCOOCHHO B €¢
CPeZHEM M HW)KHEM TEUYEHHH, MHOTHE U3 KOTOPBIX
MOJHOCTBIO HEMPOXOAUMBI JUISI MHUTPUPYIOLICH
BBEPX 10 TEYCHHUIO PBIO.

3ona popmupoBanus ctoka peku Lllaxumapaan
Haxoxutes B npenenax Mcdaiipam-Ilaxumapnanc-
koro KPb (kitoueBoro paiiona 6uopaznooOpasus) u
B 50 kM ot KPb Cox (Coxckuii SkckiiaB Y30eKuc-
TaHa). Bea naHHas TeppuUTOpHS BXOIUT B IPHUPO-
nooxpaHHblil kopunop TypkectaHckue u Anaiickue
ropel B mpenenax pecmyonmuk Kuprumscran, Tan-
KUKUCTaH U Y30EKHCTaH COTJACHO OIpPEeICHUI0
®onrma CEPF [12] (Ponx coTpyaHHYecTBa IS
COXpPAHEHHUSI DKOCHCTEM B KPUTHYECKOM COCTOSI-
Hun). CaenoBaTensHO, MPOBEACHIE MCCIICTOBAHUI
MO M3YYCHHUIO M COXPaHEHHIO OMOpazHooOpa3us B
peke Kokcy, Bxogsmuii 8 KPb npuobperaer Bax-
HOE MEeXIyHapOJIHOE 3HaYCHHE.

Pexa Ilaxumapnan ObUT ACHCTBYIOIIMM TMpH-
TokoM peku Ceipaapes 10 1960-x rogos. [lo atoro
BpPEMEHH ITOTaMOJPOMHBIC BUJBI PBIO M3 HIKHHX
4acTei, BEPOsITHO, MOTJIN 3aIUIBIBATH J0 BEPXHETrO
teueHust peku Ulaxumapaan u ee nputokam. Of-
Hako, HaunHas ¢ 1960-x rogoB, pa3BUTHE WHTECH-
CUBHOTO 3200pa BOJBI TSI MOHOKYJIBTYPBI XJIOIKA
npuBeno K Tpanchopmanuu pycia pekn. CeromHs

pycio peku M300MIyeT KackaJaMH BoJaopaciperie-
JIMTEJBHBIX COOPYKEHUH U IUIOTHH Ha TEPPUTOPHUU
Kupruszcrana n Y36ekuctana 6e3 pplOOIpOITy CKHBIX
1 PbIOO3ALIUTHBIX COOPYXKEHHUH, KOTOPbIE OUYEBUA-
HO 00pa3yloT HEMPOXOJUMbIE MPErpajbl s PhIO,
IIPUBOSAIIMX K (PparMEeHTallUU paHee eIUHOM CHC-
TEMBbI PEK U PEUHbIX Y4acTKOB. B pesynbrare, Huxke
mocenka Byamun Y30ekucraHa peka IMOJHOCTHIO
pazbupaeTcs Ha oporieHue moyied Kupruscrana u
Y30ekucrana.

CornacHo cBeficHUSIM Y3THApPOMETa, CpeHe-
MecsuHbII pacxof Bojabl peku Kokcy konebiercs
B mpenenax 1.5 — 3.5 xy0.mM/c npu MHHUMAaJIbHBIX
1 MaKCHMAaJbHBIX €T0 3HAUCHUAX pazopoca oT 1.42
1o 6.64 xy6.m/c B mepuon 1980-2020rr. Cpenaem-
HOTOJIETHSST TemIepaTrypa Bojsl 3a nepuon 2011-
2020 rr. xonebnercst B npeaenax 9.3-9.7°C npu ee
MUHMMAJIbHBIX M MAaKCHMAJIbHBIX €I0 3HAYEHHUSX
pasbpoca: 3umoii ot 8.1 (staBaps) 10 9.0 (MEeKadph),
a jetoM oT 9.9 (uronn) 10.6 (aBrycrt). B Hacrosiee
BpeMs 9Ta peka OepeT Hayalo W3 TOPHOro 03epa
Kyp0OaHkypb BbIIIE 110 TEYCHUIO Ha BBICOTE OKOJIO
1725 M Hag ypoBHEM MOPS, KOTOPOE 00pa30BaoCch
B pe3yJbTaTe CHIBHOTO 3eMIICTpSICEHHUsI ¢ 0Opa3o-
BAHMEM €CTECTBEHHON HAaHOCHOW IIOTHUHBI B XVI
Beke. O3epo muTaeTcs 3a CueT TasHHUs CHEeTa U JIeA-
HUKOB, 4acTh €ro BOJ JPEHHUPYS uyepe3 HAHOCHYIO
IUIOTHHY BHU3Y nuTaeT peky Koxcy. JlanHoe o0c-
TOSATEJILCTBO MPEAONPEACISICT YHUKAIBHOCTD PEKU
Kokcy, pacxon, rogoBoii CTOK, U TeMIepaTypa Ko-
TOPOH MOABEPTacTCs JIMIIb HE3HAYNTEIIbHBIM KOJIe-
0aHusIM, a BOJIa OCTACTCA KPUCTAJIBHO MPO3PavHON
1 YUCTOM, a TAK)KE HE 3aMep3aceT B TeUeHHe roja (3a
UCKJIIOUYCHHUEM JIMIIb NIEPUOJA CEJIEBBIX ITOTOKOB).
HaBepHo mo3ToMy ¢ 1aBHUX BPEMEH HApOJ CUUTAET
PEKY CBSILEHHOM.

UccnenoBanns ObUM TPOBEAEHBI YUYECHBIMH
kadeapsl dKonoruu HarmumonansHOTO HccienoBa-
TEJIbCKOIr0 yHUBEpCUTETA « TAlIKEHTCKUN HHCTUTYT
WH)KEHEPOB UPPHTAllMK U MEXaHU3AIUH CETLCKOT0
xozsrictea (HUY TUMMMCX) o pyKoBOACTBOM
npodeccopa b.K. KapumoBa coBmecTHO ¢ yHUBEp-
CUTETOM IPUPOJIHBIX PECYPCOB M HAYK O >KU3HHU B
Bene (BOKU IHG), ABcTpusi U HAy4HO-UCCIIEI0BA-
TEJILCKUM MHCTUTYTOM HPUPOJBI U Jieca B benbrun
(INBO). B teuennn 2021 u 2022 1T. OpraHu3oBav
cepuio HayuyHbIX sKkcneauuuu B Lllaxumapaanckuit
9KCKJIaB. b o0cnenoBaHbl 8 pasHBIX y4acTKOB
PEKM HauMHAasg C BEPXHEr0 TEUCHMs 10 CIUSHHA C
pekoit Akcy m obpaszoBanus peku lllaxumapman B
LEHTpe OAHOMMEHHOro nocenka llaxumapnan (cM.
puc. 1).
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HeTaHa W Kiprsum

Pucynok 1 — I'eorpadudeckoe pacnonoxenne sxkckinasa lllaxumapnan (cieBa) 1 KOCMAYECKUI CHIMOK OacceiiHa
pexu Kokcy (Beicota H.y.M. — 1514 M — 1311M) ¢ yka3aHHEM TOUEK UCCIEIOBAHMUS NXTHO(DAYHEL.

B 2021 rony wccnemnoBaHus OBUTH MPOBEICHBI
4 skcniequnyy B 30Hy pexku Kokcy B TedeHue uioss,
aBrycTa, CEHTSIOpsI U HOSAOpS MecsLeB ¢ NpUMEHe-
HHAEM DPBIOOJIOBHBIX CeTeW W Mopaymiek, a B 2022
oAy C TaKke NPUMCHSIIM CepTH(QHULIUPOBAHHBIC
paHLEBBIC  3JIEKTPO-PHIOOTIOBHBIC HMHCTPYMEHTHI
Honda FEG 1500, 1.8 xkBt, Ha mpuMeHeHHE KOTO-
pBIX OBLIO TMOJY4YeHO OQHUIMAIBHOE pa3pelieHHe
rocynapcrBenHoro Komurera Pecnybnmku Y30e-
KHCTaH I10 SKOJIOT'MH U OXPaHE OKPY>KaIOLIeH cpe/ibl
(mucemo Ne(3-02/1-711 ot 01.04.2022). JlaHHbIN
HHCTPYMEHT HE OKa3blBa€T HHUKAKOI'O BPEIHOIO
BIUsHUS Ha pb10. Haobopor, oH mpemoTBparmiaer
rudenu pei0 W3-3a TPAaBMHUPOBAHUS WM YAYLIbS
[IpU NPUMEHEHUHM PBHIOOJOBHBIX CETEH, IO3BOJISIS
IPU 3TOM TPOBOAMUTH OBICTPHIA M IPPEKTHBHBIN
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JIOB PHIOBI HAa HCCIIEYEeMOM ydYacTKe pekd. B 3a-
py6exubix ctpanax (Eepomnetickuii Coro3, CIIA u
Ip.) JHMLECH3HOHHBIE 3JICKTPO-PHIOOIOBHBIE HMHCT-
PYMEHTBHI JIaBHO HCIOJB3YIOTCSI B HAy4YHO-HCCIIe-
noBarenbckux neisx (SIST EN 14011:2003) [13].
W nefictBUTENHEHO, BO BpeMs JIOBa PHIOBI B JaH-
HOM HCCJICJIOBAaHHH BBIJIOBJICHHBIC AJIEKTPOJIOBOM
PBIOBI YK€ Yepe3 HECKOJbKO MHHYT YyBCTBOBAJIN
ce0st OITATH BITOJIHE HOPMAIIBHO M OOIKO YIUIBIBAIH
NpU BBITyCKe X 00paTHO B peky. C y4eTom 3TO-
ro, 'ockomakonorun PecniyOnuku Y30ekuctan gan
pasperieHue Ha IPUMEHEHUE 3TOr0 HHCTPYMEHTA B
HayYHO-HCCIIeIoBaTeIbCKUX Hensix. [locie monmkun
ocobell MoIXoAsALIero pa3Mepa, ppld aHeCTe3UPOBa-
JIM ¢ IPUMEHEHHEM I'BO3MYHOI0 Macia AJIs 1oce-
JYIOIIETO BBIYCKA B PEKY IMOCIE BO3BPAILCHHS MX
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B HOPMAJIBHOE COCTOSTHHE. A 4acTh pbIO (PUKCHPO-
Bayy B 4%-HOM (opMalliHE W TPOBOIIIIN OTIpeie-
JIEHHE ToKa3aTeJiei JJINHBI, B€Ca W YIUTAHHOCTHU
MapHHOK, TaK KaK OHH SIBIISTIOTCS KITFOUEBBIM BUIOM
peI0 B maHHOU peke. M3ydenne pbid IpOBOIIIN 110
obmenpuHATEIM MeToAuKaM [14; 15].

Pe3yabTaThl 1 00CyKIeHHE

B Havane Hammx ucclieZIOBaHUH BOIIPOC CTOSUT
0 TOM, IMEETCS JTU BoOoOIIe prida B 3TOU peke. Tax
KaK JI0 CUX IIOp HUKTO HE TOA03pEBal, YTO B peKe
Kokcy, pacrionosxxenHoi B axckiaBe [llaxumapian B
V36ekucrane, ecTh pblda. MecTHOE HaCEIICHHUE OTI-
POILICHHOE HAMH TAaKXE B OJMH TOJIOC YTBEPKIalH,
YTO 37IeCh BOJIa OYEHb XOJIOJIHAS U MMEET B CBOEM
COCTaBe MHOTO CepHhI (TaK KaK MUTAETCS TPYHTOBOU
BOJIOI), M3-3a YEro ppida HE MOXKET BBDKHTH. Bce
yKazajnu Ha oOmie phIObI B COCeqHEH peke Akcy,
B OCHOBHOM MapWHOK (Schizothorax sp.). OTH yT-
BEPIKJICHUSI TAKXKe OBbLIM IMOJITBEPKICHBI MECTHOU
agMuHACTpanuei. Taxxke, 10 CErOAHSIIHETO THS B
JUTEpaType He ObUIO 3aperuCTPUPOBAHO CBEJICHHH
0 HaXOX/ICHUH PHIOBI B 3TOW peke. B To e Bpewms,
yCTOHYMBAsE TUAPOIHEPreTHKA TpeOyeT obecreue-
HUE MaKCUMallbHOM YKOJIOTUYECKOW 0e30MacHOCTH
B IUTAHE OXPaHbl OMOPa3HOOOpA3Us U IKOCHUCTEM-
HBIX YCIYT BOJHBIX IKOCHCTEM. B CBs3m C 3THM,
nepesi HaMH ObUTO TOCTaBJICHA 3a/1a4a HAY4YHO J10-
Ka3aTh, €CTh WM HET phIOa B IAHHOW peKe.

B wurome m aBrycte 2021 . ans JOBIM PHIOBI
ObLIH MMPUMCHECHBI TOJIBKO CTaBHBIC CCTU, KOTOPLIC
OKa3aIKuch OYeHb HEI(DPEKTUBHBIMU, U MbI HE CMOT -
JI CITIOBUTH HU OJTHOU pBIOBI. OTHAKO, €CTECTBEHHO,
9TO elle He MOTJIO OBITh JI0Ka3aTeIbCTBOM OTCYTCT-

BHS PBIOBI. B XOme mcciaenoBaHuid B CEHTAOPE MBI
pEIIWIN PUMEHUTh TaKKe HECKOJIbKO CaMOJIeIhb-
HBIX MOPAYIIEK, KOTOpBIE OKa3alch Oonee 3ddek-
THUBHBIMH, Y€M CTaBHBIC CETH. [[eMCTBUTEIBLHO, BO
BpeMsl HccienoBaHuii B ceHTsiope 2021 r. y mnas-
cuoHara Yykypcail (ctaHuusi 6) B yCTaHOBJIEHHBIE
3 MOpIyUIKA B MEPBBIM JIeHb MoMNajach OJHA Ma-
PWHKa, a BO BTOPOH JCHb JIBE MapHUHKH B Pa3HbIC
Mopaymiku. Takum oOpa3om, Hamu OBLIO JOKa3a-
HO CyIlecTBoBaHHE phIOBI B peke Kokcy, omHako,
MIPEIONIOKIIN, YTO TIOTHOCTH MOIMYJISIIIAA OYCHb
Hu3kas. [IpoBefeHHBIN aHanmM3 IMOKasaj, 4TO BCE
IMOMaHHBIC PBIOBI OTHOCUTCS K BUAY Schizothorax
eurystomus Kessler, 1872 [16; 17].

[To3anee, Bo BpeMs Haleil HOSOPHCKOW MOE3]I-
KM MbI BU3YQJIbHO 3aMETHITU CKOTIJICHUE CTalKH PhIO
10J1 MOCTOM y caHaTopust Maprunas (cranuus 5) Ha
TaJICYHUKOBOM JIHE PEKH T0JT MOCTOM. TOT ke JIeHb
TaM YCTaHOBMJIM 3 MOPAYIIKH ¥ 3a 2 THA CIOBUIH 24
9K3EMIUIIPOB MaprHOK. OHAKO, HECKOIBKO BBIIIC
ATOTO YyYacTKa, PACTOJIOXKEHHOTO BHIIIE HCKYCCT-
BEHHOTO Bojionaga (ctanuus 4 ) BBICOTOIO OKOJIO
3.5 M 10 UCTOKOB PEKH BOOOILE HUKAKOW PBHIObI HE
cMoriH Haiitu. Bee moiimanHbIe PBIOBI TaKKE OTHO-
CWJINCH K BUAY S. eurystomus. Bo3pacT nmoiiMaHHbIX
MapuHOK Kousiebascs ot 1 1o 3 jer, npu JuinHe Tena
oT 9.4 1o 22 cm u macce ot 15.5 1o 164.3 r. OcHo-
By yJ10Ba (66%) cOCTaBISsLTH TPeX ro/IoBajbie 0cOOn
JuHHOU oT 13.2 1o 22 cM u Maccoit 40.1-164.3 rp.
[TokazaTenmn ynmutanHOCTH Kak 1mo Dynbrony (1.5-
1.9), Tax u mo Kmapky (1.2-1.5) Bo Bcex BO3pacTHBIX
rpynmnax osuti oueHb 6mu3ku (Tab:m.1). [lo nanaeM
00paTHBIX PACYUCIICHHUH, YCPETHESHHBIA TEMIT pOCTa
MapHuHKHU cOCTaBisiia 7 ¢cM Ha 1 rox xwu3Hu, 4.1 cm
Ha 2 ToJ KU3HH, 3.3 ¢cM Ha 3 roJ1 )KU3HH.

Tadmuua 1 — Temn pocta mapuskH (S. eurystomus) u3 peku Kokey B 2021 1.

Bo3spact pbi0bI 10 rogam:

Iloxa3arenun . . -
Cpennsis qivHa (1), cm 10.6 14.6 16.2
Konebanue AInHbI, CM 9.4-11.5 14-17.5 13.2-22
Cpennuii Bec, r 20.5 54.1 74.7
Konebanue Beca, T 15.5-24.8 38.4-85.3 40.1-164.3
Cpennuit koaddunmeHT ynuranaoctd o Oynsrony — K(g) 1.7 1.7 1.6
Tpenens konebanus K(¢) 1.6-1.9 1.6-1.8 1.5-1.7
Cpennuit ko3 punmeHT ynu tanHocTH 1o Kimapky- K(k) 1.4 1.4 1.4
Ipenens konebanne K(k) 1.3-1.5 14-14 1.2-1.5
Kom-Bo 9k3. prI0 3 4 14
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Hapsiny ¢ aTuM cienyer OTMETUTb, YTO U3yue-
HHE 300-, 1 (puTO-OcHTOCA, a TaKXke mepuduToHa
PEKH MoKa3aJio CyIEeCTBOBaHNE OOTaTON KOPMOBOH
0a3bl A1 MAPUHKH, KOTOPAsi IUTACTCS B OCHOBHOM
JOHHBIMM OpraHM3MaMH, COCKaOiuBas HMX C IIO-
MOIIIBIO POTOBOTO YEXJINKA C KAMEHHUCTOro JHa. B3-
pociasi MapUHKa MUTAETCSI B OCHOBHOM PacTUTEIb-
HOW MUIIEH U JI€TPUTOM, KOTOPBIE COCTaBIISIIOT OT
50% mo 80% o61eit maces! uinu. [ToemaeT Tak xe
MaIAI0IIMX Ha BOJY HACEKOMBIX M OCTATKH YKHMBBIX
OpPTraHU3MOB, CHOCUMBIX BHM3 IO TEUEHUEM U MEJl-
Kylo pbIOy (rosen, MOAKaMEHBIIUK, MapuHKa) 10
4.9% ot o6meit maccel munin [ 18, 19]. BonpmmHCT-
BO cyOcTpara JHa COCTOSIIO U3 KPYIHBIX M CPeTHUX
BaJIyHOB, @ TaK’K€ MEJIKOI0 KaMH$ U IecKa, KOTOpbIe
OBbUIN I0BOJIBHO T'yCTO MOKPBITHL BOJOPOCIISIMH, KO-
TOPBIE CIYKUJIM OTIUYHBIM MECTOOOWTAaHUEM IS
3000eHTOCA.

B 2022 rony nepBblii oe3aka B pailoH uccie-
JIOBaHHUS TIPOBOIMIIOCH B MapTe, OJTHAKO HA 3TOT pa3
MBI HE NPEANPUHUMATN TONBITOK JIOBUTH PHIOY, a
N3yYWIN PACIOJIOKEHUE MUIPALIOHHBIX 0apbepoB
s peiO, kak B peke Kokcy, Tak U B pexax Akcy
n laxumapnan. B Hauane ampenst wHTepHaUUO-
HajJbHas KOMaHJa uccienoBatenel u3 ['epmanun,
ABctpun, bemprun u VY30ekucraHa OCYIIECTBH-
mu 10-1HEBHYIO MOE3AKYy B pailoH HCCleaoBaHUs.
Ha sToT pa3 Mbl, COBMECTHO C YYEHBbIMH U3 ABCT-
pUH TIPUMEHWIN CepTUQHUINPOBAHHBIN paHIIEBbIN
3JIEKTPOPHIOOIOBHBIN anmapar, ¢ MOMOIIbI0 KOTO-
pOTO JeTaahbHO OO0CIeOBAIM BeCh OAcCEHH pekh
[laxumapman B mpenenax yY30€KCKOTO 3KCKIIaBa
[Taxumapaas.

[IpumeHeHne 3IeKTPOPBHIOOIOBHOIO HHCTPY-
MeHTa B peke Kokcy Ha 3TOT pa3 MO3BOIMIIO HAM
B 100aBOK K MapHHKE, TaKKe OOHApy>KUTb IOJIbLA
(Nemachilus sp.) IACHTHYHOTO HAa TOTO XK€ BUIA B
pexe Ilaxumapnan. OjHako, 37€Ch TONBIBI ObLTH
Hal/IeHbl TOJIBKO B YCTHEBOW YacTH PEKH (CTaHLIMS
8) ¥ HECKOJIBKO BHIIIE. 3/1€Ch OBLIO ToMaHo 65 0co-

0eif MaprHOK pa3HOTo BO3pacTa, 3 0coOei roJIbIIOB.
[IpoBeneHHbIe TIIATENbHBIE UCCIEI0BAHUS JOKa3a-
JIM, 94TO PbIOA a0COIIOTHO OTCYTCTBYET BBIIIE BOJIO-
Maja. 4To MOATBEPAWIIO HAIIW JAHHBIE, MOJTYYEH-
Hble oceHbto 2021 1. YCcTaHOBIEHO, 4TO BCS PhIOa
HaKaIlUTMBAIOTCS B HIKHEM Obee MCKYCCTBEHHOTO
BOJIONA/a. JTO JIOKA3bIBAET, YTO BOJIOMA/T SBISETCS
HEMPOXOAMMBIM 0apbepoM ISl PHIO U HE MO3BOJISIET
UM MHTPUPOBATH BHINIE MO TedeHHto. CoriacHo
CBEJICHUSIM MECTHBIX CTapOKWIIOB, JAHHBIH BOJO-
naja Obul 00pa3oBaH B pe3ylbTaTe CTPOUTEIHCTBA
JIOPOTH M CBSI3aHHOW C 3THM TPOBEICHHUS B3DPHIB-
HBIX paboT 1o mepeHocy pycia peku B 1970x ro-
nax. BriomHe BO3MOXHO, UTO 70 3TOTO PHIOBI UMENN
BO3MOKHOCTh MUTPUPOBATH BBIIIE 3TOW TOUKH, IO
CaMbIX UCTOKOB PEKH.

[MockonbKy OBLTH TOWMaHBI BCETO 3 DK3. TOJIBIIA,
MBI PEITHIIA He IPUBOINUTD UX B TAOTHMIHOHN opMme.
CrangaptHas qyuHa tena: ot 113 1o 130 mm, macca
ot 10 no 13 r Bo3pacT u non noiiMaHHbIX TOJIBLOB
HE OIpeIeIsUTH.

Takum 00pa3oM, MPUMEHEHHE IICKTPOPHIOO-
JIOBHOTO HWHCTPYMEHTa TO3BOJHI HaM JI0Ka3aTh,
YTO B HACTOSAIIEE BPEMS YTO BO BCEH CUCTEME PEKH
[Maxumapnan oOUTalOT TOJLKO 2 BHJA PHIO: Ma-
punka (S. Eurystomus; puc.2) u rojeu IokKa Heus3-
BecTHOTO BHUaa (Nemachilus sp.; puc.3). Criemyer
OTMETHTb, uTo paHee Sheraliev & Peng [20] 3asBiisi-
JIX 0 HaXOJIKe HOBOT'O BHJIa TOJBIOB — Triplophysa
ferganaensis Sheraliev & Peng, 2021 B BepXOBBSIX
pexu Akcy B Oacceiine peku Lllaxumapnan. Kpo-
M€ TOTO, 9TH K€ aBTOPHI OOHAPYXWIH HEIAIEeKO
ot pexu lllaxumapaan npyroit Bun — Triplophysa
strauchii. [TpoBeneHHoe Hamu cpaBHEeHUE MOp(ho-
METPHYECKHUX ITOKa3aTeliell JaeT OCHOBAaHUE C He-
KOTOPOH YBEPEHHOCTBIO MpeArnoiarat, 4To 3TO
T.ferganaensis. OnHako, Ioka He OyJyT W3BECTHBI
pesyabrarsl JJHK-aHanu3a, HEBO3MOXHO C yBe-
PEHHOCTBIO CKa3aTh, K KaKOMYy BHJy OTHOCHUTCS
MOMMAaHHBINA HAMU TOJIEILL.

Pucynok 2 — Schizothorax eurystomus Kessler, 1872 naiinennsiii B pexe Kokcy (a)
1 ee poToBoii armmapar (b) ¢ 3aMeTHBIM OCTPBIM POTOBBIM YEXJIUKOM.
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(@)

Pucynox 3 — Nemachilus sp. naiinenusiii B peke Kokcey (a) u ee potoBoii anmapar (b).

B cBs3u ¢ Tem, uTo Temmeparypa B peke Kokcy
65u1a BHIIIE (9.5°C) ¥ KOMMYECTBO MOMMAHHBIX PHIO
OBLIO 3HAYUTEIIHHO OOJIBIIE, YeM [TOCJE CAUSHUSA C
pexoit Akcy (7.7°C), mbl npennonaraem, 4ro Oosee
BbICOKasi Temneparypa Kokcy Moxer sBIAThCS 00-
Jiee TIOAXOALIEH cpeaor Il 3MMOBAHUSI MApPUHOK
Y MOXKET UTpaTh KIIOUEBYIO POJIb B €€ KHU3HEHHOM
nukie. Kpome Toro, mocTosHHBIE pacXoAbl W CTa-
OunbHO Oosiee BBICOKAs TEMIIeparypa BOABI IpH-
BOJIUT K Pa3BUTHI0O KOPMOBOI 0a3bl pexu Kokcy B
TEYeHHE JaKe 3UMHHUX MEPHOJIOB, YTO MPHUBIEKAET
PBIO K MUTPALIMHU B 9Ty PEUHYIO CHCTEMY. YCTpaHe-
HUE JBYX IIOJIHBIX MHUTPAIIMOHHBIX OaphepoB: Oe-
TOHHOTO BOJIOPACIPEACITUTEIEHOTO COOPYKCHUS U
MCKYCCTBEHHOTO BOJIOIIa/1a BBICOTOIO OKOJIO 3.5 M B
pycie pexn Kokcy npuBenet k emie 0oibiemMy yBe-
JTUYCHUIO €€ 3HAYCHWS IS MOMYJLIIHi pe10. DTO
MPEATION0KEHNE MOXKET OBITh HAy4HO MOATBEPKIC-
HO TIOCIIE JTABHEHIIETO OTCIICKUBAHHUS MUTPAIUN
pBIO B OymyTmiem.

3aKkjoueHue

Hamu BmepBble ycTaHOBIEHO (akT CyLIECT-
BoBaHHUe pHIOBI B peke Kokcy, Oaccelin pexu 1lla-
xumapjaH, B dkckinaBe lllaxumapman @Pepranc-
koro parioHa @depranckoii obmactu PecrmyOnuku
V36ekucran. Uxtuodayna pexkun Koxcy cocrout
B OCHOBHOM 3 MapuHku (S. eurystomus Kessler,
1872), wm romeua (Triplophysa ferganaensis
Sheraliev & Peng, 2021). Ilocnenawnii Bux BCTpe-
YaeTCs TOBOJBHO PEIKO M TOJIBKO B HIDKHEM Tede-
HUM M YCTBEBBIX y4acTKax. MecTHOe HaceleHue
€CIIH paHbIlle HE 3HAJ0 00 OOWTAaHWUHU PHIOBI B UX
peKe, To ceifuac OHU y’Ke 0CBEIOMIICHBI O HATHYHH
pBIOHBI B pexe. Xots Hacenenue Llaxumapaana uza-
peBJe CIIaBUTCS CBOMMH TPAJAULHSIMH Oepedb 3Ty

(b)

PEKy Kak CBANICHHYIO, CTy4ar HEKOHTPOIUPYEMOU
JOOUTEIIBCKON JIOBIM PBIObI, 0COOCHHO B BECCH-
HUW HEPECTOBBINH MEPUOJI BCTPEUYAIOTCS JOBOJIBHO
4acTo. B ¢Bs3H ¢ 3TUM, BO3HHKAET HEOOXOTUMOCTh
MIPUHSTHUSL MEP 110 OXpaHe PHIOHBIX PECYPCOB ATOM
OYCHb YyBCTBUTEIHHON PEYHON HKOCHUCTEMBI, OCO-
OCHHO C YYETOM YCHIJICHHUS THIPOIHEPTETUIECKOTO
CTPOMTENLCTBA B OYIyIIEM.

Hamu pexkoMeHI0BaHO 00s3aTeIbHOE CTPOU-
TEJILCTBO PHIOO3ANMUTHBIX M PHIOOIPOITYCHBIX YCT-
poiicTB mpu HamedaemMoM cTpouTensctBe ['OC B
cpenneM teuenun peku Koxcy. Kpome toro, peko-
MEHJ/IOBAHO YCTPAHUTh BCE Oapbephl Ha IyTH MUT-
paumu pbid MO peKe, YTO MO3BOJIUTh BOCCTAHOBHUTH
€IMHCTBO YHHUKAJIBHOTO PEYHOTO KOHTHHYYMA.

Dkonornveckue yciaoBusi peku Kokcy, a Takxke
Bcero Oacceiina peku lllaxumapman BHONHE TMOA-
XOIAT JUIS CYNIECTBOBAHUS PHIOHBIX TOMYIISIIHA.
[MonoxxkuTenpHbIe CTOPOHBI JKOCUCTEMBI PEKH B
Ka4eCTBE MECTOOOUTAaHMS PbIO BKIOYACT B CEOS:
HAJINYHE KPYIJIOTOJMYHOTO CTOKA BOJBI C JOBOJb-
HO CTa0WJIBHBIMH PAacXOJlaMH BOJIbI, TTOCTOSTHCTBO
temneparypsl B mnpeaenax 8.1-10.6, orcyTcTBHE
JISJIOBBIX SIBJICHUH, a Takke CTaOMIbHOE pa3BUTHE
KOpPMOBOH 0a3bl B TEYCHUE BCETO rojia.

HUcrounukn puHancupoBanus

OTOT NPOEKT NOIy4nI PUHAHCHPOBAHHE OT UCC-
JIeJI0BATEJIbCKOM M MHHOBALIMOHHOMW porpamMmmbl EB-
pomeiickoro corosa "l'opuzont 2020" B COOTBETCT-
BHH C rpaHTOBBIM coramenueM Ne 101022905.

BaaronapHocTb, KOHQJIUKT HHTEPECOB

ABTOpBI 3asBJISIOT, YTO Y HUX HET KOH(IMKTA
HWHTEPECOB.
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STUDY OF THE INFLUENCE OF NITRATES
AND NITRITES ON EMBRYOGENESIS OF DANIO RERIO

An increase in the amount of environmental pollution caused by different hazardous elements and
anthropogenic pressure complicates and decreases Kazakhstan’s natural resources’ stable ecological
state. According to the Republic of Kazakhstan’s bulletin on the state of the environment, the content of
calcium and sodium nitrate and nitrite ions in water bodies grew by 13.5 and 7.5%, respectively, in the
first half of 2022, indicating that their actual concentration exceeded the background class. At the same
time, it was discovered that the level of nitrate and nitrite ions is surpassed not only in aquatic bodies,
but also in the Republic of Kazakhstan’s atmospheric air and soil. Furthermore, there was a decline in
aquatic organism diversification and abundance in the analyzed water bodies, which could be attributed
to nitrate-nitrite pollution and harmful effects on juveniles. As a result, the goal of this study was to look
at the effects of nitrates and nitrites on Danio Rerio embryogenesis. This object was chosen over others
for its lower maintenance expenses, rapid advancement of embryogenesis phases, transparency, and the
comparatively small size of the embryos for successful visual observation. Based on our findings, the
embryotoxic and teratogenic effects of calcium nitrate and sodium nitrite have been proven, resulting in
the death of fish. Calcium nitrate and sodium nitrite at concentrations of 1, 10, and 100 MPC have been
demonstrated to cause dose-dependent embryonic death. Furthermore, to a greater extent under the
action of sodium nitrite. Teratogenic diseases were discovered in surviving larvae, including edema of
the yolk sac and pericardium of the heart, curvature of the skeleton and asymmetry of the body, edema
of the retina, and aberrant formation of the organs of the oral cavity. The findings acquired are theoreti-
cally and practically important in the fields of ecology, ecotoxicology, and aquatic organism biodiversity
protection. They contribute to our understanding of the hazardous effects of naturally occurring nitrates
and nitrites, as well as the need to employ Danio rerio embryos and larvae as test objects for bioindica-
tion of polluted water bodies.

Key words: ecology, zebrafish, nitrates, nitrites, emryotoxicity, teratogenicity, histostructure.
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Danio rerio ambpuoreHesiHe HUTpaTTap
MeH HUTPUTTEPAiH, dCepiH 3epTTey

OPTYPAI KayinTi pakTopAapAbIH >K8HE aHTPOMOreHAIK KbICbIMHbIH, 8CepiHeH KOpLUaraH OpTaHblH,
AQCTaHy AeHremiHiH apTybl KasakcTaHHbIH TabuFn pecypcTapbliHbiH, TYPaKTbl 3KOAOMMSIAbIK, KaF AaiblH
KMbIHAATaAbl XkxaHe TemeHaeTeAl. KasakcraH PecrnybAnKacbiHbIH KOpLLAFaH OpTaHbIH >Kar-Kyni TypaAbl
6toaAeTeHiHe carkec 2022 XKbIAAbIH OipiHLI >KAPTbIKbIAABIFbIHAA CY aMAbIHAAPbIHAAFbI KAAbLIMIA
MEeH HATpUI HUTPATbIHbIH >XOHE HUTPUT MOHAAPbIHbIH, MeALlepi TuiciHwe 13,5 xaHe 7,5%-Fa ecTi,
SFHU OAQPABIH HakTbl KOHLLEHTPAUMSCbl (POHABIK, AeHreraeH acbin TycTi. COHbIMEH Kartap, HUMTpar
MeH HUTPUT MOHAAPbIHBIH AEHreni Cy amAblHA@pblHAQ FaHa emec, KasakctaH Pecny6AMKacbiHbIH
atMocdepaAblK, ayacbl MeH TOrMblpaFblHAQ A aCbIMn TyceTiHi aHblkTaAAbl. OFaH KOCa, 3epTTEAETIH Cy
00bEKTIAEPIHAE BUOAOTUSIABIK, AAYAHTYPAIAIK NEH Cy OPraHM3MAEPIHIH CaHbIHbIH TOMEHAEYI OaKaAAbl,
OYA HUTPAT-HUTPUTIIEH AQCTAHYMEH >KBHE >KaC OpPraHM3MAEpPre TOKCMKAAbIK, 9Cep eTyMeH 6aiAaHbICTbl
60Aybl MyMKiH. COHAbIKTaH OYA 3epTTeyAiH MakcCaTbl HMTpaTTap MeH HUTpUTTepAiH Danio rerio
ambpuroreHesiHe acepiH 3epTTey 6GOAbIN TabbiaAbl. backa cbiHak, 06bekTiAepiMeH CaAbICTbIpFaHAa
OYA OOBEKTIHI TaHAQY 3epTTeyre KeTeTiH WbiFbIHAAPAbIH TOMEHAITIMEH, aMOproreHes KeseHAEepiHiH,
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AeyiMeH, 3MOPMOH KabbIKLIACbIHbIH MBAAIPAITIMEH >KOHe COTTI BM3yaAAbl OakblAay YLIiH 3MOPUOHAAP-
AbIH CaAbICTbIPMaAbl TYPAE KilLKEeHTal eAlleMiMeH TYCIHAIPIAeAl. AAbIHFAH HOTUXKEAEpIMi3 HerisiHae
KaAbLLMI HUTPATbl MEH HaTPUM HUTPUTIHIH SMOPUMOTOKCUKAADIK, XKOHE TepaToreHAi acepi aHbIKTaAAb,
OYyA aKblp COHbIHAQ BaAbIKTapAbIH 6AiMiHe akeaeai.1, 10 xxoHe 100 LLIPK koHUeHTpaumscbiHAQ KaAb-
LUMIA HUTPATbl MEH HATPWMIA HUTPUTIHIH BCEPi A03aFa TOYeAAl SMOPUMOHABIK, OAIMAI TyAblpaTbiHbl KOp-
CEeTIATEH, OHbIH iLIHAE, HATPUI HUTPUTIHIH BcepiHeH kebipek aspexeae. Tipi KaAraH AEPHICIAAEPAE
TepaToreHAi 6y3blAbICTap 3MOPUOHHBIH, Capblybl3 KarliblFbl MEH >KYPEK MepuKapAbIHbIH, iCiHYi, KaHKa-
HbIH KMCAlObl )XOHE AeHEe aCCMMETPUSICbI, K63 TOPbIHbIH, iCiHYi, aybl3 KYbICbl MYyLUEAEPiHiH aHOMAAbAbI
TYPAE KaAbINTaCybl TYPIHAE aHbIKTAAAbI. AAbIHFAH MOAIMETTED 3KOAOTMS, IKOTOKCUKOAOTUS XKaHe Cy
OpraHM3mMAEepiHiH 6MoaAyaHTYPAIAITIH cakTay caracbiHAQ TEOPUSIAbIK, >KOHE MPAKTUKAAbIK, MaHbI3bl Gap.
beariai 6ip aAopexxeae oAap TaburaTTa KeH TapaAFaH HATPATTap MEH HUTPUTTEPAiH TOKCMKAABIK acepi
Typaabl GIAIMA| KEHENTEA], COHbIMEH KaTap AaCTaHFaH Cy 06bekTiAepiH OMOMHAMKALIMSIAQY YLLIH CbIHAK,
o6bekTiAepi peTiHae Danio rerio aM6proHAApPbI MEH AEPHBCIAAEPIH ManAaAaHy KaXkeTTIiAIrH pacTan-
Abl.

Ty#in ce3aep: aKoAorusi, 3e6paduil, HATPATTAP, HUTPUTTEP, SMOPUOTOKCHMHAIAIK, TepaTOreHAi-
AIK, TUCTOKYPbIABIM.
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UccaeaoBaHMe BAMSIHMSI HAITPATOB M HUTPUTOB
Ha smbOpuoreHe3 Danio rerio

[NoBbileHMe YPOBHS 3arpsi3HeHUst OKpYy>KaloLLleit CpeAbl MoA BO3AENCTBMEM PAa3AMYUHbIX OMACHbIX
(haKTOPOB M AHTPOMOreHHOM HArpPy3KM OCAOXKHSIET M CHUXKAET CTaBMALHOE DKOAOTMUECKOe COCTOsHME
NpuUpoAHbIX pecypcoB KazaxcraHa. Mo aaHHbIM GroareTeHs PK 0 cocTosHum okpyskaiolein cpeabl B
nepBom noAayroamm 2022 roaa copep>kaHne HUTPaT- M HUTPUT-MOHOB KaAbLLMS M HAaTPMS B BOAOEMAX
YBEAMYMAOCb COOTBETCTBEHHO Ha 13,5 1 Ha 7,5%, TOo ecTb hakTuyeckas Mx KOHLEHTpaLMs npeBbl-
crAa (DOHOBbBIN YpOBeHb. [py 3TOM YCTAaHOBAEHO, YTO YPOBEHb HUTPAT- U HUTPUT-MOHOB MPEBbILLIEH
He TOAbKO B BOAOEMax, HO M B aTMocepHom Bo3ayxe n nouse PK. [MomMnmo 3Toro HabAKAAAOCH
CHUXKeHMe 61MopasHOOOpasms U YUCAEHHOCTU TMAPOOUOHTOB B MCCAEAOBAHHbIX BOAOEMAX, BO3MOMXK-
HO, CBS13aHHbIE C HUTPAT-HUTPUTHbBIM 3arpsi3HEHMEM U TOKCMUYECKMM BAMSIHMEM Ha MOAOAb. [ToaTomy
LeAbIO AQHHOTO MCCAEAOBaHUS IBUAOCH M3YUEHME BAMSIHUS HUTPATOB M HUTPUTOB Ha 3MbBpuoreHes
Danio Rerio. BbiGop AaHHOro 06beKTa Mo CPABHEHUIO C APYTUMM TECT-0ObekTaMM 00YCAOBAEH BoAee
HM3KMMM PacXOAaMM Ha CoAepyKaHme, BbICTPbIM MPOTEKAHMEM CTaAMI SMOPUOreHesa, NPOo3padvHOCTbIO
MU OTHOCUTEABHO HEBGOAbLLIMM pPa3MepPoM 3MOPUMOHOB AAS YCMELIHOrO BUM3YaAbHOro HabAloaeHus. Ha
OCHOBaHUM MOAYYEHHbIX HAMW PE3YAbTATOB YCTAHOBAEHO SMOPUOTOKCUMUECKOE M TEPATOreHHOE AEMCT-
BME HMUTPATa KaAbLMSI M HUTPUTA HATPUS, NMPUBOASILLEE, B KOHEYHOM cUeTe, K rnbean pbib. MokasaHo,
UTO BO3AEMCTBUS HATPATA KaAbLMS M HUTPUTA HaTpma B KOHUeHTpauuu 1, 10 n 100 MNMAK Bbi3biBaloT
A0303aBUCUMYI0 CMEPTHOCTb SMOPUOHOB. [pryem npun BO3AENCTBUS HATPUTA HaTpUs B BOAbLLEN CTe-
neHu. Y BbKMBLUMX AMUMHOK OOHAPY>KMBAAMCh TEPATOrEHHbIE HAPYLLEHWS B BUAE OTEKA XKEATOUHOMO
MeLlKa 1 neprKapaa cepAlia, MICKPUBAEHMS CKEAeTa M aCUMMETPUK TeAa, OTeka CeTUYaTKM rAas3a U Her-
PaBMABHOrO (hOPMUPOBAHMS OPraHOB POTOBOM MOAOCTU. [TOAYUEHHble AQHHbIE MMEIOT TEOPETUYECKOe
M MpaKTUYeckoe 3HaveHure B 06AACTU IKOAOMMM, SKOTOKCUKOAOTUM U B Cchepe coxpaHeHusi Gropas-
HOO6pasus rMAPO6MOHTOB. OHM B M3BECTHOM CTEMEHU PACLUMPSIOT 3HAHUS O TOKCUUYECKOM AEMCTBUM
LLIMPOKOPACMPOCTPAHEHHbBIX B MPUPOAE MOAAIOTAHTOB — HUTPATOB M HUTPUTOB, @ Tak>Ke NMOATBEPIKAQIOT
hakT HEOOXOAMMOCTU MCMOAb30BaHUS SMOPUOHOB M AMUMHOK Danio Rerio B kauecTBe TeCT-06beKTOB
npu 6UOMHAMKALMM 3arPsIBHEHHBIX BOAOEMOB.

KatoueBble cAOBa: 3KOAOMMS, 3e6padpuill, HATPaTbl, HUTPUTbI, IMOPUOTOKCUUYHOCTb, TEPATOreH-
HOCTb, TMCTOCTPYKTYpa.

Introduction husbandry, and wastewater discharges, they may
reach the food chain as chemical contaminants in

Nitrites and nitrates are widely employed in the  water[1]. Plants use nitrates as their primary nutrition
preservation of meat and other consumable products.  in nature. The majority of nitrates used in commerce
Because of their use in intensive agriculture, animal  are inorganic fertilizers. Nitrates and nitrites are also
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employed in food preservation, some medications,
and ammunition and explosives manufacturing [2].
Because decomposition or denitrification happens
in modest amounts under aerobic circumstances,
nitrate leaks into the aquifer in significant quantities.
Nitrate is denitrified or nearly entirely degraded
to nitrogen under anaerobic circumstances.
Surface waters can also undergo nitrification and
denitrification depending on temperature and pH.
However, nitrate uptake by plants depletes nitrate
stores in surface waters. Nitrates are found in the air
mostly as nitrates and inorganic aerosols, but also as
nitrate radicals and organic gases [3].

Nitrates are extremely mobile in soil and can
migrate into groundwater due to their high water
solubility and limited soil retention. Because
nitrates and nitrites are not volatile, they can linger
in water until they are absorbed by plants and other
creatures [4]. Bacteria uptake ammonium nitrate,
and nitrate decomposition is faster in anaerobic
circumstances [5]. Nitrite can readily oxidize to
nitrate, and nitrate is the more prevalent component
in groundwater [6].

Calcium ions dominated precipitation by 13.5%,
sodium ions by 7.5%, and actual concentrations
of nitrite and nitrate anions, chemical oxygen
consumption exceeded the background class,
according to the Republic of Kazakhstan’s
information bulletin on the state of the environment
in the first half of 2022. In urban wastewater
discharges, exceeding quality criteria based on these
indicators is most common [7].

The amount of nitrate and nitrite ions is exceeded
not only in aquatic bodies, but also in the Republic
of Kazakhstan’s atmospheric air and soil, according
to biotesting data. At the same time, the active
expansion of industry, agriculture, and human life
pollutes water, land, and the atmosphere even more
[8-13].

Materials and reseach methods

The study’s subject and the conditions for its
content

The Danio rerio fish, which is widely used
in science as a model object to establish various
teratogenic effects of chemicals, pollutants, drugs,
and so on, was chosen as the subject of study [14].
Individuals with sexual maturity and a length of
4 cm were used in the experiment. Females were
distinguished from males by the presence of a large
round belly and mild back lines, while males had a
longer elongated body. The fish were kept in 15-liter
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aquariums with natural light, a saturation of about
80% oxygen, and a regular medium pH of 6.5-8. The
ideal temperature for breeding Danio rerio fish is 25-
28°C. The diet consisted of dry food supplemented
with vitamins and live A. crustaceans. To prevent
fungal infections, methylene blue drops were added
at each water change. 5 ml of the solution was added
for every 10 | aquarium water for fish treatment.
Males were kept apart from females and were only
kept in the same aquarium during spawning.

Principles and conditions for obtaining embryos
mastering the ZFET methodology

The Zebrafish embryotoxicity test (ZFET) is a
method for determining the toxicity of compounds
by observing their effects on zebrafish embryos.

It is based on the use of zebrafish embryos,
which are extremely sensitive to harmful chemicals
and grow quickly.

During testing, zebrafish embryos are immersed
in a variety of hazardous solutions before their
survival, growth, and development are assessed.
Changes in these characteristics may indicate a
substance’s toxicity. The ZFET methodology, which
can be used to analyze medications, insecticides,
and other chemicals, is an alternative to established
toxicity assessment methods such as animal testing.
Figure 1 depicts the procedure for carrying out the
ZFET methodology. The resulting embryos are
first disseminated on Petri dishes, then fertilized
embryos are picked using microscopy, and dead or
coagulated eggs are eliminated. It is also useful for
determining the environmental safety of substances
and materials [15-19].

For the ZFET method to work properly, eggs
must be quickly distributed among Petri dishes,
and they must be at the zygote stage at the time
of distribution (fertilized eggs) [20]. Embryos
distributed, 10-15 pieces each, on prepared Petri
dishes with a diameter of 90 mm that already
contain solutions of the test substances in various
concentrations. Every 12 hours, changes were
observed. To compare, a portion of the eggs in the
control filtered water were distributed. A Leica
DMLB?2 stereomicroscope and Micros MC20, were
used to record and photograph each developmental
change. The embryos’ transparent chorion and the
fry’s transparent shell allow for observation of their
development even after 72 hours.

Figure 1 shows photographs of Danio rerio em-
bryos fixed at different stages of development, from
an unfertilized egg to a hatched embryo at the 96-
hour development stage.
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Figure 1 — Danio rerio fish embryogenesis at various stages berfore 96 hpf development

Method for preparation different concentrations
of calcium nitrate and sodium nitrite solutions

Ca(NO,),, also known as calcium saltpeter
or calcium nitrate, is classified as dangerous to
living organisms in the third class. The OECD
recommended a maximum allowable concentration
of 40 mg/dm® for them. Aqueous solutions of
varying concentrations were prepared in accordance
with the ecotoxicological protocol:

Control: pure filtered water

1 MPC: 40 (0.04) mg/dm’ of Ca(NO,),
10 MPC: 400 (0.4) mg/dm’® of Ca(NO,),
100 MPC: 4000 (4) mg/dm’* of Ca(NO,),

Calcium nitrate is used in the chemical industry,
the match industry, industrial explosive production,
and fertilizer production. It is used as a raw material
in the production of reagents, as an additive to
industrial concrete mixtures and mortars, and in the
preparation of brines in industrial refrigeration. The
amount of nitrates in Kazakhstan reservoirs exceeds
5.628 mg/dm’.

NaNO,, also known as the nitrite salt or sodium
nitrite, is a white to slightly yellowish crystalline
powder that is hygroscopic and readily soluble in
water. It is a precursor to many organic compounds,

including pharmaceuticals, dyes, and pesticides,
but it is most well-known as the E250 food additive
found in processed meats and fish products. Belongs
to the first class of extremely dangerous substances.
MPC of sodium nitrite is equal to 3.3 mg/dm?:

Control: filtered water

1 MPC: 3,3 (0,0033g) mg/dm’ of NaNO,
10 MPC: 33 (0,033g) mg/dm’ of NaNO,
100 MPC: 330 (0,33g) mg/dm’ of NaNO,

The amount of nitrates in Kazakhstan reservoirs
exceeds 0,342 mg/dm?.

Marginal propensities to consume (MPCs) are
established based on toxicological studies, risk
assessments for human health, and environmental
variables. Special experiments are carried out to
study the hazardous qualities of the chemical as well
as its influence on the human or animal body.

Based on the data acquired, safe levels of
exposure to the chemical that do not result in harmful
health effects are defined. MPCs can differ according
on the type of substance, the mode of exposure to the
body, the duration and frequency of exposure, and
other factors. They are established at the legislative
level and are used to control environmental and food
quality [21-23].
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Results of research and their discussion

Study the influence of calcium nitrate on the
development of Danio Rerio

Table 1 illustrates the results of a study on the
influence of calcium nitrates on the development of
Danio rerio where the mortality rate of embryos in
the control group is 3.3%, which is not higher than
the OECD mortality rate [24-25].

In the experimental group exposed to Ca(NO,),
at a concentration of 1 MPC, the lethality was 5.5%,
which exceeded the control by 1.6 times. When ex-
posed to Ca(NO,), at a concentration of 10 MPC,
embryonic mortality was 11.2%, which exceeded
the control values by 3.4 times. And when exposed
to a higher dose of 100 MPC, the mortality of em-
bryos was 32.6%, which is 9.9 times higher than the
control level.

Table 1 — The percentage of mortality of Danio rerio embryos in the control group (clean filtered water) and varied amounts of

calcium nitrate (Ca(NO,),) observed every 12 hours

Period, hpf Control 1 MPC 10 MPC 100 MPC

12 3.3% 3.3% 0% 4.4%
24 0% 2.2% 5.5% 0%

36 0% 0% 2.3% 5.8%
48 0% 0% 0% 6.9%
60 0% 0% 3.3% 6.6%
72 0% 0% 0% 8.9%

Total 3.3% 5.5% Mortality 11.2% Mortality 32.6% Mortality

Many variables and experimental groups were
employed throughout the experiment to assure the
experiment’s reliability and repeatability. The arith-
metic mean of mortality at 1, 10, and 100 MPC of
calcium nitrate solutions was computed.

There was a control group and two different ex-
perimental groups in the experiment. The control
group did not receive calcium nitrate, whereas the
other experimental groups did. Throughout the ex-
periment, many constants stayed constant. The time
and duration that each zebrafish was exposed to cal-
cium nitrate remained constant.

Study the influence of sodium nitrite on the
development of Danio Rerio

The results of the study of the effect of sodium
nitrites on the development of Danio rerio are shown
in Table 2. The mortality of embryos in the control
group is 3.3%, which does not exceed the mortality
rate according to OECD data.

In the experimental group of NaNO, at
a concentration of 1 MPC, the lethality of
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embryos was 5.5%, which is 1.6 times more
than in the control; under the influence of
NaNO, concentration of 10 MPC, the mortality
of embryos was 14.8%, which is 4.4 times more
than in the control. Moreover, exposure to a
higher dose of 100 MPC resulted in a death rate
of 42.5%, which is 12.8 times higher than in the
control.

When compared to the previous table, the data
clearly show that zebrafish exposed to sodium nitrite
had a higher rate of mortality and physical defor-
mities; however, both experimental groups experi-
enced similar mortality rates, and embryos exposed
to 100 MPC sodium nitrite had a much higher mor-
tality rate. Embryos exposed to MPC 1 and 10 also
hatched earlier than those that were not. These find-
ings suggest that sodium nitrite contributed to ab-
errant embryonic development and inappropriate
growth timing. These variables could have led to
the failure of poorly developed organs, resulting in
a greater death rate in embryos exposed to sodium
nitrite.
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Figure 2 — Danio rerio embryos in a 12, 24, 48, 72, 96-hour developmental study at different concentrations of calcium nitrate.
12 hpf (A) — embryo in the control group, 12 hpf (B) — embryo at 1 MPC, 12 hpf (C) — embryo in the group with 10 MPC, start of
protein coagulation, 12 hpf (D) — embryo at 100 MPC, complete coagulation and death of the embryo. 24 hpf (A) — embryo with

normal development, 24 hpf (B) — embryo at 1 MPC solution, 24 hpf (C) — embryo at 10 MPC with yolk sac edema, 24 hpf (D)
— dead embryo at 100 MPC. 48 hpf (A) — embryo in the control group with normal development, 48 hpf (B) — embryo at 1 MPC
of calcium nitrate solution, 48 hpf (C) — embryo in the control group 10 MPC with developmental delay,48 hpf (D) — Danio rerio
embryo at 100 MPC with yolk sac edema. 72 hpf (A) — control group at the hatching stage, 72 hpf (B) — group in 1 MPC solution,
72 hpt (C) — group with 10 MPC, the embryo with a developmental defect could not leave the chorion, 72 hpf (D) — group in 100

MPC solution completely coagulated. 96 hpf (A) — embryo in the control group with normal development, 96 hpf (B) — embryo

at a concentration of 1 MPC with developmental delay, 96 hpf (C) — Danio rerio embryo in the group with 10 MPC, scoliosis is
observed (indicated by an arrow), body asymmetry is indicated by a dashed line along the spine, 96 hpf (D) — Danio rerio embryo

at 100 maximum concentration limit with observed lordosis.

Table 2 — The percentage of mortality of Danio rerio embryos in the control group (clean filtered water) and varied sodium nitrite
(NaNO,) concentrations observed every 12 hours

Period, hpf Control 1 MPC 10 MPC 100 MPC

12 3.3% 5.5% 0% 6.7%

24 0% 0% 3.3% 8.9%

36 0% 0% 0% 0%

48 0% 0% 9.2% 4.7%

60 0% 0% 2.3% 13.9%
72 0% 0% 0% 8.3%

Total 3.3% 5.5% Mortality 14.8% Mortality 42.5% Mortality
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12 hpf

24 hpf

48 hpf

72 hpf
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Figure 3 — Development of Danio rerio embryos after 12 hours, where A is the control group, B is the experimental group with
I MPC NaNO,, C is the group with 10 MPC NaNO, the absence of somites is clearly visible, and D is the experimental group
with 100 MPC NaNO,, where the embryo perished due to coagulation. 24 hpf (A) represents normal development in the control
group, 24 hpf (B) represents a group with 1 MPC NaNO, — yolk sac edema (marked by an arrow), 24 hpf (C) represents a group
with 10 MPC NaNO, where yolk sac edema is visible (marked by an arrow), 24 hpf (D) represents an experimental group with
100 MPC NaNO, — developmental delay, abnormal somite division, the tail is not separated from the bodies. 48 hpf (A) represents
normal development in the control group, 48 (B) represents 1 MPC NaNO,, 48 (C) represents 10 MPC NaNO,, and 48 (D)
represents the experimental group with 100 MPC NaNO,. MPC is the turbid content of the chorion (indicated by an arrow), the
start of coagulation. 72 hpf (A) — a control group in which the embryo simply exits the shell (shown by an arrow). 72 hpf (B) —
experimental group with 1 MPC of NaNO,, there is pericardial edema and one eye is absent (shown by an arrow). 72 hpf (C) — 10
MPC NaNO, group, pericardial edema and yolk sac distortion (shown by an arrow), 72 hpf — 100 MPC group of NaNO,, body
curvature, tail deformity (indicated by an arrow), developmental delay. 96 hpf (A) — control group, 96 hpf (B) — experimental
group 1 MPC of NaNO,, immobile embryo, short fins (shown by an arrow), 96 hpf (C) — group of 10 MPC of NaNO,, curvature
of the body and tail, 96 hpf (D) — 100 MPC of NaNO,, body asymmetry, fin length difference, enlargement of the eye, oral cavity
malformations (marked by an arrow).

The arithmetic mean survival rates of zebrafish
embryos in varied MPCs of calcium nitrate and
sodium nitrite relative to the control are shown in
Tables 3 and 4, with significant differences between
control samples and solutions noted. The data were
reported as a standard deviation, and p<0.05 was
utilized as the statistical significance level.

Table 3 compares the survival of Danio rerio
embryos at various calcium nitrate concentrations
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to the control. The asterisks denote arithmetic
means that differ significantly from the control
group.

Table 4 compares the survival of Danio rerio
embryos at various sodium nitrite concentrations
to the control. The Student T-test method was em-
ployed to examine the significance of the differ-
ences between the control and experimental average
groups.
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Table 3 — Means of survival rate Danio rerio embryos at 12 hpf in different calcium nitrate MPCs in comparison with the control

Control 1 MPC 10 MPC 100 MPC
12 hpf 10.0+0.00 9.6+0.13 10.0+0.00 9.3+0.27
24 hpf 9.6+0.13 9.3+0.13 9.6+0.13 9.0+0.23*
36 hpf 9.6+0.13 9.3+0.13 9.3+0.27 9.0+0.23*
48 hpf 9.6+0.13 9.3+0.13 9.0+0.23* 8.3+0.36*
60 hpf 9.6+0.13 9.3+0.13 8.6+0.13* 7.0£0.40%*
72 hpf 9.6+0.13 9.3+0.13 8.6+0.13* 6.0+0.23*

Note: *p<0.05, n=18 for each groups

Table 4 — Means of survival rate Danio rerio embryos in different sodium nitrite MPCs in comparison with the control

Control 1 MPC 10 MPC 100 MPC
12 hpf 10.0+0.00 9.3+0.13 10.0+0.00 9.3+0.27
24 hpf 9.6+0.13 9.3+0.13 9.6+0.13 8.3+0.13*
36 hpf 9.6+0.13 9.3+0.13 9.6+0.13 8.3+0.13*
48 hpf 9.6+0.13 8.6+0.13* 8.6+0.13* 8.6+0.13*
60 hpf 9.6+0.13 8.6+0.13* 8.3+0.13* 6.3+0.36*
72 hpf 9.6+0.13 8.6+0.13* 8.3+0.13* 5.6+0.13*

Note: *p<0.05. n=18 for each groups

The findings of this experiment are similar with
previous studies in which zebrafish were exposed
to nitrate or nitrite. Scientists discovered that
exposing zebrafish embryos to nitrates and nitrites
causes them to have aberrant developmental traits
[26].

The data in photographs 2 and 3 show that
embryos exposed to nitrates and nitrites are at risk
of physical deformities such as curvature of the
embryo’s vertebral column, and the data in tables 3
and 4 show that the higher the concentration of the
test substance, the greater the mortality. Embryos
exposed to calcium nitrates and sodium nitrites
hatched with bent dorsal canals, demonstrating
that nitrates and nitrites caused the fish to develop
improperly and the bone structure to develop
differently than expected.

Conclusion

The investigation of the effects of calcium
nitrates and sodium nitrites on the embryogenesis
of the Danio rerio fish resulted in hypotheses. The
embryotoxic and teratogenic effects of calcium

nitrate and sodium nitrite were established based
on the findings. Calcium nitrate and sodium nitrite
at concentrations of 1, 10, and 100 MPC have been
provento cause dose-dependentembryonic mortality.
Furthermore, calcium nitrates and sodium nitrites
have been shown to impair the proper growth of fish
in the following ways. Increased exposure to these
toxins causes developmental defects such as yolk sac
and pericardium swelling, spinal canal curvature,
body asymmetry, immobility, eye edema and mouth
malformations. Data comparison demonstrates that
sodium nitrite is more embryotoxic and teratogenic
than calcium nitrate. Thus, Danio rerio embryos,
larvae, and mature species can be utilized as test
items for bioindication of water pollution. The
embryotoxic and teratogenic effects of calcium
nitrate and sodium nitrite were established based on
the results.
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ECOSYSTEM SERVICES AND PROBLEMS
OF REEDBED MANAGEMENT IN THE ILI RIVER DELTA

A characteristic feature of wetlands in the Ili River delta is the predominance of common reed
(Phragmites australis) in the composition of their plant communities. Reedbeds are ecologically valuable
ecosystems that play an important role in the nutrient cycle, carbon sequestration, oxygen production
and maintenance of biodiversity. The Ili delta, the largest river delta in Central Asia, and its adjacent
areas contain four protected areas of different conservation status, including Ramsar wetlands and
the State Nature Reserve “Ili-Balkhash” with unique landscapes and biodiversity. At the same time,
ecosystems in the Ili delta provide a wide range of ecosystem services and have been used by people for
economic purposes for centuries. The main types of ecosystem services of reed wetland coenoses in the
delta were investigated and various options for the management of reed communities were analyzed,
the existing complexities and conflict potential between biodiversity conservation and the established
economic activities of the local population and visiting hunters, fishermen and tourists were described.
Some innovative options for more effective and sustainable use of reed biomass for economic purposes
and ways of optimal management of reed coenoses, taking into account their functional importance in
the maintenance of biodiversity, are proposed.

Key words: Ili River delta, Phragmites australis, Ramsar wetlands, ecosystem services, reed
community management, importance of reed in protected areas.

C.T. Hyptasun®, 1.C. TaabimkaHoB, A.M. banbarbicos,
M.K. Mkaacos, |.E. boaat6ek, H.C. YHAQCbIH

OA-Dapabu atbiHaarbl Kasak, yATTbiK yHMBepcuTeTi, KaszakcraH, AAMarthl K.
*e-mail: nurtazin.sabir@gmail.com

DKocUCTEMAAbIK, KbI3meTTep XoHe IAe e3eHiHiH,
A€AbTa ayMarblHAAFbl KAMbICTbI 6aCcKapy maceAaeaepi

Ine  ©3eHi AEAbTaCblHbIH, CyAbl-6aTrnakTbl >KEpAepiHe TOH KAaCMEeT OAapAblH  ©CiMAiKTep
KaybIMAACTbIFbIHAQ KaMbiCTapAbiH (Phragmites australis) 6acbiv 60Aybl. KambiC aakanTapbl KOPeKTikK
3aTTapAblH, aiHaAbIMbI, KOMIPTEKTI CEKBECTPAEY, OTTEri 6HAIPICi >XaHe OMOBPTYPAIAIKTI cakTayaa
MaHbI3Abl POA aTKApaTbIH 3KOAOTUSIABIK, KYHAbI 3KOXYIeAep 60Abin Tabblaaabl. OpTaAbiK, A3MSAafbl
€H YAKEH @3eH AeAbTachl Iae AeAbTacbiHAQ >KOHE OFaH ipreAec ayMakTapAa apTYPAI KOpbIK, MapTebeci
6ap TepT epeklle KOpFaAaTblH aymarblHAQ OPHAAACKaH, OHbIH ilWiHAe Pamcap cyAbl-6aTnakTbl
KepAepi MeH Giperein AaHawadTTapbl MeH OGMOBPTYPAIAIri 6ap “Iae-barkawl” mMemAekeTTiK Taburn
pe3epBatbl. COHbIMEH KaTap, IAe AeAbTaCbIHbIH, 3KOXXYMEeAepi 3KOXKYMEeAIK KbI3METTEPAIH, KeH CreKTPiH
KaMTamMacbl3 eTeAl K8He OHbl AAAMAAp FacbipAap 60Wbl LWapyaLlbIAbIK, MaKcaTTa NanAaAaHbIM KEAEA.
AeAbTaHbIH CyAbl-6aTNaKTbl aAKANTAPbIHbIH, KAMbIC LEeHO3AAPbIHbIH 3KOXKYMEAIK KbI3METTEepiHiH Heri3ri
TYPAEpi 3epTTeAAl >KoHe KambIC LleHO3AapbiH 6acKapyAblH 9PTYPAI HYCKAAapblHa TaAAQy >KaCaAAbl,
6MOAAYaAHTYPAIAIKTI CaKTay MeH >KEpriAiKTi TypfblHAQP MEH KEAreH aHubiAap, GaAbiKlbIAAp >KaHe
TYPUCTEPAIH GEeATiAeHreH LiapyallblAbIK, KbI3MeTi apacblHAAFbl 6ap KMbIHAbIKTAP MEH KaWLbIAbIK,
aAeyeTi cunatTasAbl. LLlapyauibiAbik, MaKcaTTa KamblC G1oMaccacbiH HEFYPAbIM TUIMAT XK8HE TypakTbl
nanaAanaHyAblH Kenbip MHHOBAUMSIABIK HYCKAAapbl >XOHE OAapAbIH OMOAAYaHTYPAIAIKTI cakTayasafbl
(PYHKUMOHAAABIK, MaHbI3blH €CKepe OTbIpbiN, KAMbIC LLEHO3AapblH OHTaNAbl GACKaApPYAbIH, XOAAAPbI
YCbIHbIAFaH.

Tyiin cesaep: Iae e3eHiHiH, atbipaybl, Phragmites australis, Pamcap cyAbl-6atnakTbl >KepAepi,
3KOXKYMEAIK KbIBMETTEP, KaMbIC KaybIMAAPbIH 6ackapy, epekile KOPFaAaTblH ayMaK TapAaFbl KaMbICTbIH
MaHpbI3bl.
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Ecosystem services and problems of reedbed management in the Ili river delta

C.T. Hyptasun®, 1.C. Taabim>kaHoB, A.M. barbarbicos,
M.K. Ukaacos, MN.E. BoaaTbek, H.C. YHAACbIH

Kasaxckui1 HauMOHaAbHbIV YHMBEpCUTET UM. aab-Dapabu, KasaxcraH, r. AAMatbl
*e-mail: nurtazin.sabir@gmail.com

DKOCUCTEMHDBIE YCAYTM M NPOOAEMbI yripaBA€HUSI
TPOCTHUKOBbIMU 3aPOCASIMU A€AbTbI peku Man

XapakTepHon 4epTon BOAHO-60AOTHbBIX YTOAMIA AEAbTHI pekn MAn, aBageTcs npeobaasaHme TpoCT-
Huka (Phragmites australis) B cocTaBe 1x pacTUTEAbHbIX COO6LLECTB. TPOCTHMKOBbIE 3aPOCAM — 3TO 3KO-
AOTMYECKM LIEHHbIE 3KOCUCTEMbI, BbIMOAHSIOLME BaXKHYIO POAb B KPYrOBOPOTE GMOreHHbIX BELLECTB, B
CeKBeCTpaLMM YrAepOAQ, BbIpaboTKe KUCAOPOAA U B MOAAEPIKaHMM 6ruopa3Hoobpasns. B aeabte Maun,
KpynHe#nLuern 13 pednbiX AeAbT LieHTpaAbHOM A3MK, 1 B MPUAEraloWMX K HE TEPPUTOPUIX HAXOAATCS
yeTtbipe OOMT pa3AMUHOro NPUPOAOOXPAHHOrO CTaTyCa, B TOM YncAae Pamcapckme BOAHO-60AOTHbIE
yroabst 1 [oCcyAapCTBEHHbIN NMPUPOAHBIN pe3epBat «MAn-baaxall» € YHMKaAbHbIMKW AQHALLADTaMU K
6ropasHoobpasmem. OAHOBPEMEHHO 3KOCUCTEMbI AEAbTbI MAM 06ecneumBatoT WMPOKMIA CNEKTP KO-
CUCTEMHbBIX YCAYT U UCMOAb3YIOTCSI AOAbMU B XO39MCTBEHHO-9KOHOMMYECKMX LIeASIX Ha MPOTSXKEHMU
BEKOB. BbIAM MCCAEAOBaHbI OCHOBHbIE BUAbI SKOCUCTEMHbIX YCAYT TPOCTHUMKOBBIX LLlEHO30B BOAHO-00-
AOTHbIX YTOAMIA A€AbTbI U AQH QaHAAM3 PA3AMYHbBIX BAPMAHTOB YNPaBAEHWUS TPOCTHUKOBbIMM COOOLLECT-
BaMM, OMMCaHb! CYLLIECTBYIOLLME CAOXKHOCTU U KOH(PAMKTHbIM NMOTEHLMAA MEXKAY COXpaHeHMem G1opas-
HOO6pPa3ns U CAOXKMBLUIENCS XO3SMCTBEHHO-9KOHOMUYECKON AESTEAbHOCTbIO MECTHOMO HACEAEHUs 1
NPUE3XKUX OXOTHUKOB, PbIBOAOBOB M TYpUCTOB. MpeAAOKEHbI HEKOTOPbIE MHHOBALMOHHbIE BapMaHTbI
60Aee 3(H(HEKTUBHONO U YCTOMUYMBOIO MCMOAb30BAHUS TPOCTHUKOBOM GMOMACChI AASI XO3SMCTBEHHbIX
LeAen U MyTr ONTUMAAbHOIO YNPABAEHWS TPOCTHUKOBbBIMU LIEHO3aMU C YyUYeTOM MX (PYHKLIMOHAABHOIO

3HAYEHUS B MOAAEpKaHuM GropasHoobpasus.

KatoueBblie caoBa: aeabTa p. Man, Phragmites australis, Pamcapckime BeTAaHAbI, 9KOCUCTEMHbIE YC-
AYTM, MEHEAKMEHT TPOCTHMKOBbIX COOOLLECTB, 3HavYeHue TpocTHmka B OOIT.

Introduction

In the fundamental concept of the UN «The future
we wanty, that defines the main directions of human
development in the XXI century, «green economy»
is named as the basis for the transition to sustainable
development, which involves the preservation of
natural ecosystems that provide a range of services
necessary for human life. Great importance is given
to ecosystem services in many of the UN Sustainable
Development Goals for the period 2016-2030. In the
era of globalization and the gigantic development
of production forces, which have an increasingly
tangible negative impact on the biosphere, came the
understanding of the need for economic evaluation
and the development of international and national
mechanisms for payments for ecosystem services at
all levels, without which it is impossible to preserve
biodiversity as the basis of natural ecosystems and
bioproductivity [1,2]. It is the economic valuation of
ecosystem services that should underlie international
and national mechanisms of payments for ecosystem
services and consider the capacity of ecological donor
countries [3].

Based on the negative effects of the growth
of the global economy on the environment, much
attention has recently been paid to the sustainable
use of areas of little or no value for agriculture,
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including wetlands. Wetlands play an important role
in regulating the global climate, maintaining the
global hydrological cycle, protecting the diversity
of ecosystems and ensuring human well-being [4].
Value of ecosystem services of wetlands per hectare
is one of the highest among all types of ecosystems,
including forests [5]. In addition, wetlands provide
habitat for a large number of ecologically and
economically important species [6], retain flood
waters, absorb wind and tidal forces, protect
land from erosion, provide recreational areas,
complement the diversity and beauty of landscapes
[7], replenish and maintain groundwater resources,
prevent eutrophication of water and pollution of
vegetation, sequester carbon and release oxygen [8].
An important component of wetlands is the
common reed (Phragmites australis (Cav). Trin.
ex Steud), widely represented in almost all zones of
the globe [9]. Reed is the edificator and dominant
of wetland phytocenoses and largely provides their
most important ecosystem services: protection of the
banks of watercourses and reservoirs from erosion
by waves and currents, stabilization of soil and
water level, capturing nutrients, improving water
quality by sorbing various pollutants and heavy
metals, forming favorable environmental conditions
for other flora and fauna species [10,11,12,13,14].
At the same time, reed, being highly invasive,
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can suppress the development of other plant species,
often forming monodominant phytocenoses, thereby
limiting biodiversity on the landscape scale [15].
At the same time, common reed can grow up to 4
or more meters in height, surpassing most other
wetland macrophytes such as Typha, Scripus, or
Spartina [16]. Terrestrial mass in reed phytocenoses
varies widely depending on physical and geographic
conditions, the nature of plant flooding, nutrient
content in soil and water, total dissolved solids in
water, etc. The annual growth of reed biomass in
Kazakhstan averages 5-10 t/ha and sometimes
reaches 30 t/ha [17]. The bioproductivity of common
reed is due to the fact that this plant has an extremely
high ability to grow quickly in the shallow waters of
fresh and brackish reservoirs, as well as on soils with
high groundwater table [18]. Kazakhstan is among
the countries with the most extensive resources of
common reed (Phragmites australis) in the world [9].
Moreover, the largest wetlands in the country with
extensive reed phytocenoses are located in the delta
of the Ili River — the largest in Central Asia, with an
area of about 8,000 km?, located in the arid zone in
southeastern Kazakhstan. Four protected areas are
located in the Ili delta and its adjacent territory, at
the same time there is an active economic activity of
the local population and infrastructure for recreation
(amateur hunting, fishing, ecotourism) is developed.

The purpose of this study was to investigate
the current state and trends of changes in the reed
communities of the Ili delta wetlands, the features
of the ecosystem services they perform, the
effectiveness of reed management, the main risks
and threats.

Materials and methods

Study area

The modern delta of the Ili River lies in the
western part of the flat depression of the Ili-Balkhash
basin (Fig. 1) and adjoins the southwestern coast
of Lake Balkhash. Approximately 105-130 km
away from Lake Balkhash, the Ili divides into
three branches: east — Zhideli, central — Ili and
west — Topar, each of them in its turn divides into a
network of fan-like diverging to the west and north-
west deltaic channels with interstream depressions
and hummocky-ridgy sands as well as systems of
oxbow lakes. Towards the Balkhash coast the delta
increases in width up to 100-110 km.

According to the features of watering, the delta
territory is subdivided into three parts. The upper
narrow part is the zone of runoff formation, where

the largest volume of water passes; the middle part
is more deserted with wide inter-channel spaces;
the lower part is the widest part of the delta with
slow flow of Ili channels and water backflow from
the side of Balkhash with high groundwater level,
which forms small lakes in the relief depressions
(Fig. 2). In the most high-water years (2000, 2010,
2015), all parts of the delta, especially the upper part,
were flooded with water, contributing to the rapid
growth of floodplain and meadow reed associations,
especially in the following year.

Wetland soil cover is formed, as a rule, on
lowered elements of relief, where it forms various
combinations in conditions of more or less
constant moistening under hydrophilic vegetation.
The most numerous are marsh, meadow-marsh,
floodplain meadow and floodplain meadow-tugay
soils, as well as their dried variants. The state of
hydrophilic intrazonal wetland and reed ecosystems
is determined by fluctuations of water content in
the complex hydrographic network of the Ili delta.
According to climatic and geographical conditions,
the territory in question belongs to the zone of cold
deserts (BWk) with hot arid summer and cold winter.
The location of the studied region in the center
of Eurasia, its remoteness from seas and oceans,
determine a pronounced continental climate with a
large difference between day and night, summer and
winter temperatures. The highest average monthly
air temperature of +25 to +27 °C is observed in July,
with an absolute maximum of +44 to +46 °C; the
lowest average monthly temperature is noted in
January -13 to -15 °C, with an absolute minimum of
-45 °C. Sum of positive annual temperatures above
+10 °C amounts to 3500 °C, which determines high
potential evaporation capacity of 1000-1200 mm/
year and pronounced aridity of climate on the
background of average annual precipitation of 135-
150 mm/year. Duration of the period with stable
snow cover is 80-95 days, the highest average ten-
day snow cover height is 10-15 cm. The sum of
precipitation in a multi-year cycle is much less than
air humidity. Sharp increase in moisture deficit is
noted in early spring and decreases in autumn, which
causes intensive evaporation of moisture from soil
surface and drying of upper part of soil profile to air-
dry state. This creates sharply expressed features of
haloxeromorphism in the natural vegetation cover
and is reflected in the evolution and transformation
of'soils in the delta. Climatic features determine high
seasonal intensity of salinization of hydromorphic
soils in the lower reaches with high groundwater
table.
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Figure 2 — A typical landscape of wetlands in the delta of the Ili River
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Geobotanical methods

Geobotanical field surveys were conducted on
the territory of the delta to study the current state
of the wetland vegetation cover. The surveys were
carried out with the route method in accordance with
the Instruction on conducting large-scale (1:1000 —
1:100000) geobotanical surveys of natural forage
lands of the Republic of Kazakhstan, developed
in the land management system of the Republic
of Kazakhstan (1995) [19]. In the course of field
work, a previously prepared map of the region
was geo-referenced to the soil-vegetation cover on
the ground using handheld computers and Garmin
Oregon 750 GPS navigators and the boundaries of
the studied types of phytocenoses were delineated
based on remote sensing data. As part of the study
of soil cover, soil profiles and excavations were
made, GPS-coordinating of description points,
photography and collection of soil samples for
further laboratory study were also conducted. During
the study of wetlands, special attention was paid to
the study of area fluctuations and transformations
of reed phytocenoses as an edificator and dominant
vegetation of the wetlands.

During reconnaissance detours, a route
crossing the main types of wetlands was drawn and
descriptions of the different reed communities were
made. The determination of reed productivity was
carried out by the mowing method on representative
plots. At the description site, using 1x1 m square
frames, the mowing plots were bordered and on 4
plots the reed shoots were cut at a height of 2-3 cm
from the ground; the weight of stems and leaves
was determined separately in the wet and later in
the dry state. Shoot length and total leaf area per
hectare were also measured. While determining
the productivity, reed biomass was calculated in
centners per hectare.

The profile, morphological, comparative-
geographical, and comparative-historical methods
were used in soil studies. On the main types of
landscapes, the zonal type of soil was determined on
which the soil section was made, the morphological
description of the soil profile and sampling by
genetic soil horizons were carried out.

Dynamics of hydrological characteristics in
the lower reaches of the Ili River

Data from gauging station Kapchagai-37,
located 37 km downstream of the dam of the
Kapshagay hydropower station (43°58.864°N,
77°1.701’E) and gauging station Balkhash located
near Balkhash city (46°46.730’N, 74°58.554°E)
were used to analyse the dynamics of hydrological

regime of the lower reaches of the Ile River and the
level of Lake Balkhash (for the 2000-2020 period).
The regime of atmospheric precipitation and surface
temperature in the survey area was considered
according to the data of two meteorological stations:
MS Kuigan (45°22.984’N, 74°8.273’E) and MS
Karaoy (45°51.471°N, 74°47.009’E).

Thus, when studying ecosystem services and
management of wetlands and their constituent reed
phytocenoses of the Ili delta, all main natural and
anthropogenic factors affecting their changes were
considered, including variations in the annual flow
and hydrological regime, the dynamics of weather
conditions, the impact of economic activities, in
particular commercial fishing, cattle grazing, hay,
reed and fuel harvesting, recreational hunting and
fishing, recreational infrastructure, artificial fires,
etc. the dynamics of meteorological conditions,
influence of economic activities, in particular,
commercial fishing, cattle grazing, hay, reed and
fuel harvesting, recreational hunting and fishing,
recreational infrastructure, artificial fires, etc. [20].
In addition, authors used survey data from the local
population, ranging from farmers and professional
fishermen to protected area workers, forestry
employees, and tourists.

Results

Characteristic feature of arms, channels and
lakes of Ili River delta hydrographic system is
dominance of reed (Phragmites australis) along
their banks in coastal zone up to 1.5-2 m depth and
on the coast in form of extensive monodominant
reedbeds, as well as in mixed plant communities
with water macrophytes (Potamogeton pectinatus,
Najas marina), cattail (Typha angustifolia),
bulrushes (Scirpus lacustris), tamarisks (Tamarix
ramosissima), as well as in meadow-marsh and
meadow saline soils with high groundwater
table. Depending on the long-term flow fluctuations
in the lower reaches of the Ili River, the total area
of plant communities where common reed is either
dominant or an edificator varied in the period 2000-
2021 according to authors’ data between 1143.8 km?
to 2259.5 km? of the total delta area of 8 000 km?.

Reeded wetlands play an important role in the
substance cycle and in supporting biodiversity.
Authors studied the leading ecosystem services
of reed communities in the delta and analyzed
the main factors affecting them: the volume of
flow and hydrological regime of the Ili River,
as well as various scenarios of reed associations
management.

155



Ecosystem services and problems of reedbed management in the Ili river delta

According to the UN Report, ecosystem services
are divided into four categories [3]: 1) Provisioning
Services; 2) Regulating Services; 3) Cultural
Services; and 4) Supporting Services.

Provisioning ecosystem services

First of all, the huge biomass of reed in terms
of area and volume is an important component of
pasture in traditional livestock grazing (Fig. 3)
and in the creation of fodder reserves in winter for
various types of farms in the Ili delta [21].

Also, phytomass of reed has long been used by the
local population of Kazakhstan for various economic

purposes, first of all, as a construction material in the
manufacturing of wall insulating panels (kamyshit),
wood-fiber boards for houses, outbuildings and
fences for livestock (Fig. 4). Chopped dry reed from
autumn and winter harvesting is used as a filler in
the manufacture of concrete-based wall blocks. At
the same time, chopped dry reed stalks are used as
bedding in livestock buildings, and mixed with clay
(for fire resistance) as wall and roofing material. It
should be noted that in recent years, the use of reed as
a construction material has somewhat decreased for
various reasons, primarily due to the migration of the
active part of the village population to the cities.

Figure 3 — Meadow-reed communities used
for year-round pastures

Historically, reed has also served as araw material
for the production of pulp, paper and cardboard.
Currently, negotiations are underway between
Kazakh Invest and Chinese Qifeng New Material
companies on the possibility of implementing a
project to produce pulp and paper from reed. The
investor plans to gradually invest in the project 320
million U.S. dollars. The production volume of pulp
and paper from reed will be 200 thousand tons per
year [22]. A small part of the reed from the Ili delta,
selected according to the standards of the customer,
is exported to Germany by MMReedGroop LLP
(Fig. 5).

In recent years, one of the most valuable
qualities of reed has been recognized as the rapid
growth of green biomass, which provides reed
associations with the ability to release large amounts
of oxygen and sequester appropriate amounts of
carbon (in the above-ground and underground parts
of the reed) that would potentially be released into
the atmosphere as greenhouse gases (carbon dioxide
(CO2) and methane (CH4)).
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Figure 4 — An example of the use
of reed as a building material

Figure 5 — Reed bundles prepared
by MMReedGroop LLP for export to Germany.

The great practical importance of reedbeds
is also that they form a comfortable environment
for various aquatic plant species, invertebrate
and vertebrate fauna. In particular, water-logged
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reed communities satisfy the basic needs of fish
populations, providing them with food, shelter,
and places for spawning and feeding. The Ili River
flows into Lake Balkhash, one of the main fishery
reservoirs of Kazakhstan. Between 1960 and 1966,
an average of 18.1 thousand tons of fish were caught
in Balkhash annually [23]. After 1990, the catches
decreased 2-3 times, primarily because of overfishing
and poaching [24]. Due to the specially protected
status and prohibition of industrial fishing, the main
spawning grounds of commercial ichthyofauna,
providing replenishment of fish stocks in Balkhash,
were the channels and lakes of the hydrographic
network of the Ili delta.

At the same time, reedbeds of the delta are one of
the main habitats of game fauna. Of these animals,
such numerous species as wild boar (Sus scorfa)
and muskrat (Ondatra zibethicus), whose main
food in the Ili delta is reed all year round, should be
especially noted [25,26]. The annual volume of fur
hunting for muskrat introduced in the Ili delta in the
1930s once reached 5 million pelts [27].

Regulating ecosystem services

Pollution of water resources in the Ili-Balkhash
basin by industrial, agricultural and domestic
wastewater is a constant problem [28]. Moreover,
the main sources of surface water pollution in the
basin are metals [29,30,31]. Some of the above
pollutants occur either in nature or are formed as a
result of human economic activities on the territory
of the Kazakhstan part of the Ili basin, but others,
including significant loads on copper and zinc, are
transported to the lower part of the Ili basin from
China.

In recent decades, due to population growth
and the intensification of industry which are
accompanied by air and water pollution, reed
associations have become increasingly important
as natural biofilters. Being edificators and dominant
phytocenoses of delta wetlands, reedbeds largely
provide such an important ecosystem service as
purification of hydrographic network water from
various pollutants. Since the lower reaches and
the delta are completely dependent on the surface
waters of the upper Ili River, they are a recipient
of pollutants coming in with water [32]. Of course,
a filtering landscape element can contribute
significantly to the total large-scale retention of
pollutants only if most of the total transport of
water-borne pollutants passes through this element
[12]. The complex hydrographic network of the
delta, including hundreds of arms, channels and
lakes fringed with reeds, through which the runoff

of the Ili River flowing into Lake Balkhash passes
and is filtered, fully satisfies this condition.

It is also known that green spaces can
significantly affect the microclimate by lowering
the temperature and increasing the speed of air
movement. Plants primarily affect the radiation
regime, reducing the intensity of direct solar
radiation. The cooling effect of green spaces is
largely due to the expenditure of large amounts of
heat for evaporation and increased relative humidity.
Leaves of plants have a temperature well below the
ambient air temperature. According to authors’
data, 1 hectare of reed associations has a total leaf
surface area of 5-10 hectares. The combination of
extensive reedbeds and open water surfaces, with
high albedo in the warm season has a great positive
effect on the microclimate in the Ili River delta. At
the same time, wetlands and reed coenoses within
them perform protective functions for invertebrate
and vertebrate fauna during strong winds and other
natural phenomena.

Cultural ecosystem services

The picturesque landscape of the Ili delta,
including a mosaic of zonal desert and intrazonal
meso- and hydrophilic ecosystems, numerous
channels, lakes, riparian forests and meadows,
poorly fixed and loose sands, diverse invertebrate
and vertebrate fauna attracts ecotourists and
travelers. In a large part of the Ili delta, outside the
protected zone of SPNA, recreational hunting and
fishing are officially allowed, which has made these
areas popular among avid hunters and fishermen.
As a consequence, an infrastructure has appeared in
the delta and is expanding year by year, including:
parking lots, small guest houses and rest houses,
tourist bases and shelters, camping villages, bivouac
sites, country roads, services for renting motorboats
and boats, jet skis, water skis, etc.

Cultural ecosystem services can also be called
cultural-sociological services. These are those
spiritual emotions and joyful experiences, which a
person receives, enjoying communication with the
surrounding nature, receiving some educational and
scientific information, expanding one’s horizon,
understanding of the laws and interconnections in
nature, comprehending those ecological and socio-
economic problems, which are discovered when
traveling to the given region. In this aspect, a visit to
the Ili delta is interesting and informative.

Supporting ecosystem services affect human
living conditions indirectly and, as a rule, over a
long period of time. For example, in addition to the
hydrographic network of the Ili, soil, trees, reedbeds,

157



Ecosystem services and problems of reedbed management in the Ili river delta

and groundwater are also involved in maintaining
the water balance of the delta.

In the reedbed area, apart from trophic
relationships between plants and animals, there
are other no less important ones — the use of plants
as habitat, substrate for egg laying, as shelter and
building material. Many species of various organisms
are associated with coastal and aquatic plants. Thus,
thousands of invertebrate and vertebrate species
have food connections with reedbeds. In particular,
coastal submerged reedbeds are of great importance
for all 17 fish species living in the Ili delta. Reedbeds
with their rich invertebrate fauna play a particularly
important role for juvenile fish. In the course of
authors’ studies of ichthyofauna in the coastal part
of the Ile River delta, in reed thickets using dragnet
for fry, the juvenile fishes of the following species
were caught: roach — Rutillus rutillus, Prussian
carp — Carassius gibelio, pikeperch — Sander
lucioperca and a rare species of Balkhash perch —
Perca scherenki. Reedbeds play a special role in the
reproduction process of Eurasian carp — Cypruinus
carpio and common bream — Abramis brama,
which hatch their sticky eggs on aquatic vegetation.
Common reed in the Ili delta is an important food
resource for the grass carp — Ctenopharyngodon
idella. Due to its conservation status, water bodies
and watercourses of the Ili delta hydrographic
system play an important role in preservation of
Lake Balkhash as one of the main fishery water
bodies of Kazakhstan.

Depending on the orographic features of the
terrain and groundwater table, the arrangement of
biotopes often has the form of a “patchwork quilt”
consisting of a mosaic of different phytocenoses. The
characteristic composition of animal communities is
formed according to the type of vegetation, in which
a significant proportion of species are represented
by birds, which are often not permanent residents of
specific habitats. The Ili delta is recognized as a key
ornithological area (IBA) [33]. Although, usually
the stay in the reedbeds of the majority of birds is
seasonally limited and associated with migration,
breeding, molting and foraging during migration.

Traditionally, Ili delta wetlands are considered
as the main habitat of aquatic and semi-aquatic,
including rare and endangered bird species (Fig.
6). Moreover, in Ili delta wetlands, 70 bird species
have their vital activity inseparably connected with
reedbeds. Biological significance of reedbeds of
wetlands in the Ili delta is due to the fact that being
located in the arid zone, they provide production
of a huge biomass of aquatic and above water
invertebrates during the whole warm period,
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attracting representatives of local and migrating
ichthyofauna and batrachofauna, which, in turn,
are included in the trophic chains of waterfowl and
water-related birds (pelicans, herons, geese, ducks,
shepherds), regardless of the nature of their stay on
water bodies — nesting or transit. At the same time,
these biotopes provide a food base for many species
of insectivorous birds (small thrushes, wrens,
tits), or using seeds of reeds (bearded reedling —
Panurus biarmicus, buntings), barberry — Berberis
iliensis, Junghar hawthorn — Crataegus songarica
and oleaster — FElaeagnus angustifolia (finches,
greenfinches, redstarts). It is no coincidence that the
above-mentioned birds willingly nest or form mass
concentrations during the molt period in places of
solid perennial reed growth. Last year’s reedbeds,
which were not destroyed by fires, are often places
where herons, spoonbills, pelicans and cormorants
set up mass nesting colonies.

Figure 6 — Semi-aquatic and waterfowl
birds prefer reed and open water mosaic.

Discussion

Ecosystem services

Analysis of the main pressures on freshwater
ecosystems at the beginning of the 21st century
shows that the biodiversity crisis in the world’s
lakes, reservoirs, rivers, streams and wetlands is
only deepening [34]. In recent years, innovative
hybrid approaches have been proposed to conserve
freshwater as critical ecosystems for human
livelihoods as well as important foci of biodiversity
and ecological functions [35].

Due to its high invasiveness and growth energy,
common reed (Phragmites australis) is the edificator
or dominant plant community of most hydrophilic
plant communities in the azonal ecosystems of
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the Ili delta, where it plays an important role in
maintaining biodiversity and provides various
ecosystem services, in particular: microclimate
regulation, protection of channel and lake shores
from erosion by waves and flows, stabilization of soil
and water levels under fluctuating water availability,
capture of nutrients and various pollutants including
heavy metals, providing conditions for other plant
species, forage for livestock, material for roofing
and walls (Fig. 4), raw materials for pulp and paper,
[10,11,12]. Reeds also play a habitat-forming role
for dependent vertebrate and invertebrate fauna
[13,14,36]. In particular, wetlands and reedbeds in
the Ili delta have traditionally been the habitat of
birds, primarily waterfowl and near-water birds,
serving them as a food resource, shelter from wind,
sun, waves and predators, nesting and resting
places before migration. At the same time, reedbeds
support the biodiversity of fish, especially spawning
and juveniles, amphibians and reptiles, as well as
63 mammal species, five of which are included in
the Red Book of Kazakhstan. Taking into account
the exceptional landscape and biological diversity,
4 protected areas were organized in the Ili delta, as
well as an Important Bird Area (IBA) [33]. Species
diversity of birds is a good indicator of the overall
state of the wetland ecosystem [37].

In 2010, the Conference of the Parties to the
Convention on Biological Diversity [38] approved
the Strategic Plan, the concept of which states
that biodiversity ‘“supports ecosystem services,
maintains a healthy planet and brings benefits that
are essential for all people”. The most important
function of wetlands is to maintain biodiversity,
which is crucial for the sustainability of ecosystems,
determines the full range of ecosystem services and
among other things, representing of great economic
value [39].

Ecosystem services are the benefits directly or
indirectly received by mankind from ecosystem
functions [2], including providing, regulating,
supporting and cultural services [3], or other
categories from different classification systems
[40]. However, in recent decades, due to the
growing anthropogenic pressure, almost 60% of
global ecosystem services have been degraded
to varying degrees [41]. The spatial richness of
various ecosystem services in different regions has
decreased, which has led to a decrease in their total
cost [42] and may become one of the main problems
for the sustainable development of mankind. The
ecosystem services of the reedbeds of the Ili delta
are of particular importance to pastoral farmers and
the unemployed poor. Traditionally, all residents of

the Balkhash region keep cattle of native breeds,
which are grazed almost all year round in wetlands,
where the bulk of pasture vegetation is reed. The
main part of the insurance fodder for winter is also
prepared here.

Reed is also widely used in the region in the
construction of private houses and outbuildings
for livestock as a wall and roofing material, for
fences, bedding for livestock. At the same time,
the region has experience of industrial production
of forage pellets from reed, raw materials for pulp
and cardboard production, packaging materials and
reed bundles (Fig. 5) for export to Germany. Reed,
as a plant with a huge potential for biomass growth
and growing in unsuitable conditions for cultivated
plants, has a great potential for economic use. The
regulating ecosystem service of pollutant retention
in the landscape is closely related and may even be
critical to other types of ecosystem services, such
as providing clean water to biota, nutrient cycling,
and recreational water environments [3]. Thus, the
value of each of these other ecosystem services
depends on the service of pollutant retention at
the landscape scale. New parallel studies require
increased attention to trade-offs and synergies
between different ecosystem services [43], issues
of scale in the quantity and valuation of ecosystem
services [44].

Common reed is seen as a promising wetland
cultural plant [45] on wet or rewet peatlands it
combines productive use with preservation of the
peatland as a long-term carbon store [46]. Reedbeds
as part of the wetlands with the picturesque landscape
of the Ili delta areas, many channels, lakes, riparian
forests and meadows, poorly fixed and unfixed
sands, officially allowed outside protected areas for
recreational hunting and fishing, with an actively
developing infrastructure, attract an increasing
number of tourists, hunters and fishermen, providing
cultural, educational and recreational services to
local residents and visitors.

Reed management in the Ili River delta

Like all plant communities, reed associations
change over time. In various wetlands of the delta,
authors observed degrading reed coenoses at different
phases of succession, the final stages of which are
shrubs and forests. It is known that the management
of reedbeds is determined by two factors: the
hydrological regime and the timely removal of the
dying above-ground part of these plants. Numerous
experiments and observations have established that
common reed grows better in shallow water (<10 cm)
in fresh water and its growth slows down, especially
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in the early stages of vegetation, if the water depth is
increased [47]. A more or less stable and low water
level is optimal for reeds [48]. The survival, height,
density and biomass of cane shoots are strongly
influenced by seasonal floods and their duration.
Authors found that periodic floods in the Ili delta
provide a high and stable for a long time (1-2 years)
groundwater level with good reed productivity.
According to hydrological conditions, determined
by the volume of runoff in the lower reaches of the
Ili and the terrain, a significant area of the delta is
either constantly flooded or periodically flooded
and dries up. Accordingly, the area and biological
productivity of reed communities change. One of
the simplest ways to restore a degraded site can be
to change the hydrological conditions by increasing
the water level [49].

The next important factor for the healthy state of
reed communities is the timely removal of the above-
ground part of reed that has finished the vegetation
cycle, since last year’s shoots and the thick layer of
sediment (litter) sharply reduce the density of reed
growth and its biomass. This is probably determined
by the fact that the thick decaying layer of sediments
hinders the germination of young shoots, and
dead stems, which can persist for more than a
year in the arid climate of the Ili delta, shade the
light. Eutrophication, especially in stagnant water
bodies, was a key factor due to the accumulation
and decomposition of litter and allogenous organic
matter [50]. Removal of green reed biomass can
occur naturally when eaten by herbivorous animals
(invertebrate phytophages, herbivorous fish, birds,
and mammals). It has been shown that conservation
and restoration of reedbeds under conditions of high
density of gray geese is not feasible [51].

Options for artificial removal of last year’s reeds
are: burning, preferably in winter, mowing (by hand
or mechanical means) and grazing by livestock. In
particular, careful introduction of controlled fires is
recommended. But reed harvesting and burning have
reduced the number of passerine birds by about 60%,
probably due to a reduction in insects. Therefore,
the optimal reed management regime for the
conservation of bird and invertebrate populations in
reedbeds may be alternating short-term management
(1-2 years). In rangeland biomes, fire usually
promotes rapid increases in seed germination rates
and above-ground biomass production. Fire can
also increase ecosystem carbon stocks by stabilizing
soil humus substances and producing biochar that
can persist in the soil for centuries. In addition, fire
can change the short- and long-term bioavailability
of macro- and micronutrients. Fire has long been
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used as a management tool in natural areas of the
southeastern United States.

It was shown that rotational mowing of reeds for
30 years has no detrimental effect on birds. However,
the optimal mowing regime for birds should not be
too frequent. It has been experimentally shown that
it is better to mow every 3 years, and ideally even
every 6 years. Reed harvesting promotes the growth
of new shoots and even three years after harvesting,
reed stems were still more abundant compared to
reeds that had not been touched for 25 years. The
maintenance of reedbeds of different ages leads
to an increase in plant species diversity of habitat
heterogeneity and an abundance of invertebrate
fauna [52].

To summarize the above, authors emphasize the
urgent need for regular management of reedbeds
to avoid their degradation, especially in protected
areas, where these labor-intensive activities are
often neglected. Particularly great attention is
needed to the organization of fires, which often get
out of control. Much work should also be done on
the zoning of protected area lands in accordance
with the conservation functions performed and
the allocation of ecologically significant natural
landscapes and especially valuable ecosystems.

Conclusion

The management of reed communities by
grazing does not require large labor costs and
provides better growth of meadow vegetation than
haymaking, since grazing animals, by fertilizing the
soil, improve its fertility. At the same time, according
to experienced livestock breeders, grazing requires
regular monitoring, timely rotation of pastures,
without which reed communities degenerate into
grass communities with a predominance of poorly
eaten annual species in 3-4 years under the pressure
of overgrazing.

The state of reedbeds is also improved by
regulated fires, which are recommended to be carried
out regularly in the delta once every 2-3 years in
winter. At the same time, the topsoil is enriched
with ash elements, and the humus content increases.
During winter fires, the death of entomofauna,
batrachofauna and herpetofauna is practically
excluded.

Rational management of reed biomass, in
particular the practice of winter reed cutting, can
significantly reduce the risk of landscape fires and
bring economic benefits through the production of
reed as a marketable product in demand. Authors’
experiments on mowing reeds in the early stages of
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vegetation (May-June), when the height of shoots
slightly exceeds 1 m, showed that the aftergrass
(grass grown in hayfield or pasture after mowing)
have low growth energy and the total yield of reed
stands decreases noticeably in this case. Practice
shows that it is advisable to mow reeds once every
two years.

Speaking about reed management in the Ili
delta, it should be noted that for a variety of reasons
(protected area status, difficult accessibility of
many areas, high labor intensity of reed harvesting
as fodder, construction material, raw material
for industrial processing, etc.) the scale of this
work is small. However, in many respects, the
ideal conditions for both pristine wilderness with
wetland ecosystems, protected areas, recreational
areas, recreational hunting and fishing is to create
a heterogeneous natural structure, including water
bodies and watercourses, reedbeds and meadows,
riparian shrub and forest vegetation, ridge sands,
barchans, etc. Given the great landscape, ecosystem
and species diversity, the presence of protected
areas and land plots privately owned or leased in the
delta areas, it is necessary to perform zoning taking
into account the wide variability of habitat structure
reedbeds should contain a mosaic of sites of different
ages and with different management.

The growing anthropogenic pressure threatens
the protected areas located in the Ili delta because
the change in the system of land use and distribution
of land into private ownership and long-term lease
without regard for conservation interests has led to
the fact that in the last decade the Ili delta has been
intensively settled, and in the water protection zone
along all the main channels there have been many
farms, apiaries, tourist and fishing and hunting bases.
As a result, anthropogenic pressure on all, even
the most remote corners of the Ili River delta have
increased. The intensity of motorboat and speedboat
traffic increased many times along almost all main
river channels and lake beds, which worsened the
conditions for the growth of wetland vegetation.

To balance human needs and preserve
conservation goals within protected areas, it is
necessary to create mixed zoning schemes within
the Ili delta, including strictly protected core zones,
buffer zones that allow limited human use, and
experimental zones that consider different land use
and recreation options. The restrictions imposed by
protected areas on the use of natural resources and
land use options affect people’s incomes and further
exacerbate the abandonment of rural areas. There
are now many initiatives to link protected areas
with local social and economic development. The
integration of conservation and rural development
should focus on aligning protected area management
with the social and economic needs of the local
population.
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MOP®OAOTUYECKASI U BUOAOTUYECKAS XAPAKTEPUCTUKA
MECKAPS GOBIO CYNOCEPHALUS U3 P. bEUbITTbIBYAAK
(6acceitH p. UpTbiw)

H.C. CanapranueBa*

Meckapu (Gobio) OTHOCSTCS K OAHOMY M3 CaMbIX LUMPOKO PACNpPOCTpaHeHHbIX B EBpasun Bnaos
NPECHOBOAHbBIX KOCTUCTbIX pbi6. NMeckapu, HacAetosume Boaoembl KasaxcraHa, Cubupm 1 HGaccerHa
AMypa, OTAMYAIOTCS OT E€BPOMENCKUX BUAOB, MX CUCTEMATMKA HYXXAQETCS B MOAPOOHOM M3yueHuM.
HaemmuHbIA BUA neckaps G.acutipinnatus Men’shikov o6utaet B 03epe MapkakoAab. He sicHbiM
SBASIETCS TAaKCOHOMMYUECKMI CTaTyC mneckapsl, Haceasiouwero 6GaccenH p.Mptoiw. B 3aiicaHckon
KOTAOBMHE MHOTO MaAbIX PEK, M NMOAABASIOLLEE BOABLIMHCTBO M3 HWX MOYTH He n3ydeHo. Lleabio AaHHOM
paboThbl IBASAOCH YCTAHOBAEHWE TAKCOHOMMYECKOrO CTaTyCa M OLIEHKA COCTOSIHUS MeCKaps Ha npumepe
peku benbiTTbibyaak BoctouHoro Kasaxcrana. B 2022 r. neckapb SIBASACS OAHMM M3 MAaCCOBbIX BUAOB
pbi6 B peke benbITTbibyAak. B n3yueHHOM HaMK BbIGOPKE pbiObl UMEAM TUMUUHYIO AAS MECKapent (hopmy
M oKpacky Teaa. [NaacTrueckmne NpmsHakM BapbypyioT B LUIMPOKUX MpeaeAax. BHyTpu Bbibopku ocobum
pa3AMYaloTCs MO MOAOXKEHMIO MAABHMKOB U X hopme, (hopMe FOAOBbI U OTHOCUTEABHbIM pa3Mepam
pa3AnUHbIX ee yacTeit. Boibopka neckapen 13 p.benbITTbibyAak npeacTaBAEHa Pa3HOBO3PACTHbLIMU 1
pasHopasMepHbIMU pbibamu, MO3TOMY YCAOBUSI CYLLLECTBOBAHUS BIOAHE YAOBAETBOPUTEAbHbI AASI BCEX
CTaAMIM >KM3HU 3TOrO BUAQ Pbib.

KatoueBble cAoBa: p. berbiTTbibyAak, neckapb, NokasaTteAmn, MAACTUUECKME, CHETHbIE MPU3HAKM.

N.S. Sapargaliyeva*, A.L. Adilbekova, E.B. Kegenov, E.B. Kozhabayeva

Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: sapargalyeva.nazym@gmail.com

Morphological and biological characteristics gudgeon
Gobio cynocephalus from the Beyittybulak river (Irtysh river basin)

Gudgeons (Gobio) belong to one of the most widespread species of freshwater bony fishes in Eurasia.
Gudgeons inheriting the water bodies of Kazakhstan, Siberia and the Amur basin differ from European
species and their systematics needs detailed study. The endemic species of gudgeon G.acutipinnatus
Men’shikov inhabits Lake Markakol. The taxonomic status of the gudgeon living in the Irtysh River
basin is not clear. There are many small rivers in the Zaisan Basin, and the vast majority of them are
almost unstudied. The purpose of this work was to establish the taxonomic status and assessment of the
gudgeon on the example of the Beyittybulak River of East Kazakhstan. In 2022, gudgeon was one of the
mass fish species in the Beyittybulak River. In the sample we studied, fish had typical for gudgeons shape
and body colouration. Plastic features varied widely. Within the sample individuals differ in the position
of fins and their shape, head shape and relative size of its different parts. The sample of gudgeons from
the Beyittibulak River is represented by fish of different ages and sizes, so the conditions of existence are
quite satisfactory for all life stages of this fish species.

Key words: Beyittybulak River, gudgeon, parameters, plastic, counting features.
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beiitTioyrak e3eHiHaeri (EpTic @3eHiHiH, 6acceiti) Gobio cynocephalus
TeHre 6aAbIFbIHbIH, MOPPOAOTUSIABIK YKOHE OMOAOTUSIAbIK, CUMMaTTaMachl

Tenre 6anbiktap (Gobio) Tyuwibl cyaa MekeHAenTiH EBpasusiaa eH KeHiHeH TapaAFaH CyYMekTi

GaablkTaprakaTaabl. bipak Kasakcranaa, Cibip meH AMyp 6acceitHiHAe TipLiAiK eTeTiH TeHre GaAblKTap
eypornaAbIK, TYPAEPAEH epeKLIeAeHEAl, COHAbIKTAH OAAPAbIH CUCTEMATMKAChl TEPEH 3epTTeyAi TaAan
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eTeal. dHAeMMKaAbIK, TeHre Gaabik G.acutipinnatus Men’shikov Mapkakea keAiHae TapaaraH. AA Ep-
TiC ©3eHiHiH 6accenHiHAE MEKEeHAENTIH TeHre GaAbIKTbIH CTaTyCbl 9Ai GeArici3. 3ancaH omnarbiHAA
3epTTeAmereH ki eseHaep ete ker. COHABIKTaH, ByA XXyMbICTbIH MakcaTbl LLbiFrbic KasakcraHaarbl
3arcaH onnaTtbiHAQ OpHaAackaH beiiTTibyAak, e3eHiHiH MblCaAbIHAQ TeHre OAAbIKTbIH TACKOHOMMSIABIK,
CTaTYCbIH aHbIKTAy MEH Ka3ipri 3KOAOTMSIAbIK, >KaF AaiblH 6aFrasay 60AAbl. 2022 >biAbl TeHre Gaablk be-
MITTIOYAAK ©3eHiHAeri 6acbiM TapaAFaH Typre >kartTbl. 3epTTeAreH TeHre 6aAblkTapAbiH hopmachbl MeH
AEHeCiHiH Tyci coa 6aAbikTapFa carkec cunarta 60AAbl. [1AacTUKaAbIK, GeAriAep KeH aymakTa e3repAi.
IpikTeMEHIH iliHAE AapaAap KaHaTTapbiHbIH OPHaAaCybl MeH hopmMackl GobiHLLA, 6acbIHbIH (hopMachl
>K&HE OHbIH OOAIMAEPIHIH, CaAbICTbIPMAAbI OALLEMAEPIMEH epeKLIEAEHAI. 3epTTeAreH 6aAbikTap TYPAi
JKaCTarbl XXKOHE TYPAI OALIEMAET| AapaAapMEH KEeATIPIAreH, COHAbIKTaH 6i3AiH 3epTTeyAepimisAiH Ho-
TMkeAepi beniTtibyAak e3eHiHiH TIpLWIAIK eTy XaFAariAapbl TeHre 6aAbIKTbiH OapAbIK, TIPLWIAIK Ke3eH-

A€piHe KOAQMAbI EKEHAITIH KepceTTi.

Tyiin cesaep: benittibyaak e3eHi, TeHre OaAblk, KOPCETKIITEp, MAACTMKAAbIK, CaHaAATbIH

Gearinep.

BBeaenue

Kocrtuctbie ppiObI SIBISAIOTCS CaMblM Pa3HOO-
Opa3HBIM KJIacCOM TO3BOHOYHBIX XKMBOTHBIX. He-
CMOTpSl Ha TO, YTO INPECHOBOJIHBIE IKOCHCTEMBI
3aHUMAIOT JIUIIb 1% MOBEPXHOCTH CYIIH, B HUX CO-
CPEIOTOYEHO OTPOMHOE Pa3HOOOpa3he KOCTHCTHIX
pb10. M3ydenue sToro pasHooOpasusi He0OOXOAUMO
JUISL OTIPEJICJICHHSI COCTOSIHUSL KaXJI0TO BUAA U IO~
JIeprKaHus OJIaroroTydrs BOAHBIX KOCHCTEM B Iie-
oM [3, 4].

[leckapu (Gobio) OTHOCSATCS K OXHOMY M3 ca-
MBIX IIHPOKO PACIIPOCTPAHEHHBIX B EBpaznn Bua0B
NPEeCHOBOIHBIX PbIO [5]. [l aToro pona xapakrep-
Ha OorpIras Mopororniyeckasl I3MEHYHBOCTh. Ha
koHer] 2022 T B MHpe HaCUUTHIBAIIOCH 48-50 BUIOB
neckapeii [6]. Uncio BbIAEIAEMBIX B pa3HOE BpeMs
Bu0B Gobio BapeupyeT oT 15 10 50 [7, 8]. [leckapu,
HacJyerosme Bogoemsl Kazaxcrana, Cubupu u 6ac-
ceifHa AMypa, OTIIMYaroTCsl OT €BPONEHCKUX BUIOB,
WX CHCTEMATHKa HYXIaeTCs B TOJPOOHOM H3YUCHHUN
[9]. B macTosmiee Bpemst st penenax Pecrry6mu-
ku Kazaxcran A.JI.MapteiHoBa u E.J[.Bacunbena
(2021) yxa3siBatoT 3 BHjIa Ieckapeil. Bomkckwii me-
ckapb Gobio volgensis Vasil’eva, Mendel, Vasil’ev,
Lusk, Luskova, 2008 nacenser pexu Bonra u Ypai.
Typrecranckuii neckapb G.lepidolaemus Kessler,
1872 nacenser pexku FOxHOTO M, BO3MOXHO, L[eH-
TpansHoro Kazaxcrana. DHAeMHUUHBIN BUJ TIECKaps
G.acutipinnatus Men’shikov odburaer B 03epe Map-
Kakosb. He SCHBIM SIBIISIETCSI TaKCOHOMMYECKUI
CTaTyc meckaps, Hacemsowero dacceiin p.MpToim.
OmHu aBTOpPEI OTHOCAT ero K Buny G.cynocephalus
Dybowskii [10-13], apyrue anst cuOMpCKOTro Tie-
CKapsl CUUTAIOT NpaBWIbHBIM HazBaHue G.sibiricus
Nikolskii, 1936 [14-16]. 1o mocieqHUM TaHHBIM
G. cynocephalus ObUT TIOATBEPKJICH KAaK OTJEIb-

HBIW Buj B OacceitHe p. AMyp, IOITOMY HEOOXOIH-
MBI JTATbHEUIIINE NCCIIEIOBAHUS ISl YTOYHEHHUS €T
apeana [17].

B 3aiicaHckoli KOTIOBUHE MHOTO MaJIbIX peK, U
TTOJIABJIATOIIEe OONBITMHCTBO U3 HUX MOYTH HE H3Y-
4yeHo. [{enpio naHnHo# paboTHI SABISIOCH YCTAHOBIIC-
HUE TaKCOHOMUYECKOTO CTaTyca W OIIEHKa COCTOS-
HUS [IeCKaps Ha MpUMepe oJIHOM u3 pek BocTtouHoro
Kazaxcrana.

MaTepnaﬂu H METOAUKH

PbIOBI 17151 M3y4yeHus: ObLIIM OTIIOBJICHBI B HIOJIE
2022 r. B p.beHBITTEIOyIaK — OJTHOM W3 JICBBIX TIPHU-
TokOB p.Upteim Beime o03.3aiican. KoopamHatsl
MecTa oTiioBa pelo: 47°29°25.9” c.m. 85°11°01.3”
B.A. Peka beiitTnOynak pacnosnoxena B Bocrouno-
KazaxcTranckoit o6macTu, MpoTeKaeT Ha COTHECTHOM
BocToke ropel Cayp, oTHocuTCs K Oacceiiny Yep-
Horo HMptelmma. B BeceHHMe MecsIbl peka Hamod-
HSIETCS CHErOBBIMH, JIEIHUKOBBIMU BoJaMu. [ pyHT
KaMEHUCTHIH, necyanblii. CKOpOCTh T€UEHHS BObI
1o 1,25 m/cek, riryouna Bojst 10 70 cm. Boxa otHo-
CHUTCSl K KJlacCy I'MApPOKapOOHATHBIX, U3BECTKOBOM
rpynne, Il Tumy SCall. [18].

Uzyuenne Ouosnorndyeckux u mopdosoruyuec-
KHUX II0Ka3aTeJiel MPOBOJWIN IOCHe 3-X MECSLEB
XpaHeHus B QUKCHPYIOLIEM PacTBOpe, KOTa 3aBep-
LIMJINCh OCHOBHBIE TIOCMEPTHBIE M3MEHEHHs. buo-
JIOTUYECKUNA aHaJIu3 TPOBOJWIIA IO CTaHJIapTHOU
metoauke [19]. Usmepsim: TL — oOmyro mumHY
pBIOBI B MM, SL — nytuHy Tesia 6e3 XBOCTOBOTO IJIaB-
HUKa B MM,: Q — MMOJIHYIO Maccy Teia B Tpammax, q
—Maccy Tena 0e3 BHyTPeHHOCTEH B rpaMMax. 3aTeM
paccuntsiBanmu Fulton — ko3 dunmenT ynuranHoc-
1 1o ®ynprony u Clark — ko3 dunuenT ynuran-
Hoctu 1o Knapk.
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Pucynok 1 — Kapra-cxema paiiona HcClIeI0BaHUI ¢ yKa3aHHEM MecTa OTJIOBA PHIO

Mopdomorndecknii aHaan3 OBLI BBITOJHEH IO
MoaudumpoBanHon cxeme [9, 20]. st 0603HaUe-
HUSL MOP(QOMETPHUYECKUX MPU3HAKOB HCIIOJIb30Ba-
HBI CUMBOJIBL:

H — HambonbIas BeICOTA TeNla y Hadana CIWH-
HOTO TIJIaBHMKA, h — BeICOTa XBOCTOBOIO cTedIIs, Ipc
— IJIMHA XBOCTOBOTI0 cTedis, aD — antenopcanbHoe
paccrosiaue, pD — mocTaopcanibHOE paccTOSHUE,
aV — aHTeBEHTpaJbHOE PAaCCTOSHHE, aA — aHTea-
HaJbHOE paccTosiHue, P-V — mnekToBeHTpasbHOE
paccrosinue, V-A — BEHTpOaHAIBLHOE pacCTOSHUE,
|IP — nnuna rpynHoro minaBHuKa, 1V — amuHa Oprom-
HOTO IUIaBHUKaA, hD — BeIcOTa OCHOBaHMS CIIMHHOT'O
ItaBHuKa, hA — BbICOTa aHAJIBHOTO TUIaBHHKA, ID
— JUITMHA OCHOBAaHMS CIIMHHOTO IJIaBHUKA, 1A — 1iiu-
Ha OCHOBAHUS AHAJIBHOI'O IUIABHUKA, W — TOJILIMHA
XBOCTOBOTO CTEOJISl Y MOCIIEIHETO JIyda aHAIbHOT'O
IUTaBHUKA, C — JUITMHA T'OJIOBBI, O — TOPU30HTAIbHBIN
JuaMeTp riasa, He — HanGoubiias BbICOTA FOJIOBBL,
hc — BBICOTa TOJIOBBI Ha YPOBHE CEPEAMHBI I1a3a,
a0 — JUIMHA PbUIA, PO — 3ara3HUYHOE PACCTOSIHHUE,
WC — [IUPUHA TOJIOBHI, 10 — mupuHa j0a, Ib — 1u-
Ha ycuka. Kpome Toro, Hamu ObUIM U3y4yeHbl: aP
— aHTENEKTPaJbHOE PACCTOSHHE, OV — IUAMETP
rJlaza BEPTUKAIbHBIH, hop — BbICOTa >XeOCpHOM
MpeaKpbILKY, front — 1MHA TOOHBIX KOCTeH, temp
— JUTMHA TEMEHHBIX KOCTEeH, wm eX — IIUpUHa pTa
CHapyXxu, wm int — mmpunHa pra usHytpu, HTT —
HanOoJbILas IHUPHHA (TOJMIIKHA) Tena, hmin — Hau-
MeHbInas Beicorta tena, 1Cs, 1Ci, ICm — mymHa cooTt-
BETCTBEHHO BEPXHUX, HWKHUX M CPEIHUX Iyden
XBOCTOBOT'O IUIAaBHUKA. 11 CYETHBIX NPHU3HAKOB
HCII0JIB30BaHbl 0003HaueHus: Dr, Dsoft, Ar, Asoft,
Pr, Psoft — uncno HEBETBHUCTHIX M pa3BETBICHHBIX
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Hy‘leﬁ B CIIMHHOM, aHaJIbHOM W T'pyAHOM IIJIaBHU-
Kax COOTBETCTBeHHO; cmd, cop, cio, cso, ctmp —
YHUCIIO OTKPBITHIX MOP CEHCMOCEHCOPHOU CHCTEMBbI
COOTBETCTBCHHO Ha HIDKHEH YeNOCTH, XKaOepHOU
NPEIKPBILIKE, MOATTa3HUYHOM, HAATTa3HUYHOM U
TeMeHHOM KaHanax; 1l u llca — yncno wemnnyit B 60Ko0-
BOW JINHUM BCET'O M Ha XBOCTOBOM cTeluie; Vert corp
— TYJIOBUILIHBIX TO3BOHKOB, Vert inter — mepexon-
HBIX TTO3BOHKOB, Vert caud — XBOCTOBBIX MO3BOH-
koB, Vert total — Bcero mo3BoukoB; SPOTS — uucio
YEepHBIX ISITEH Ha Tele.

Craructryueckyro o0paboTKy TaHHBIX TTPOBOIH-
T yHUBapuaHTHBIM MeTonoM [21]. Crartuctuuec-
KHe ToKa3aTesii 0003HaYEeHbl: Min — MUHUMAJIBHOE
3HauYeHUe, max — MaKCHUMaJIbHOE 3HaueHue, M —
cpeanee 3HadeHue, £SD — cTaHAapTHOE OTKIOHE-
Hue, CV — ko3¢ duureHT Bapuanyu.

PesyabTaThl 1 00cyKIeHHe

B 2022 r. meckapp SIBASAICS OOJHUM W3 Macco-
BbIX BHJIOB pbIO B peke beiintOynak. buonornuec-
KM€ T0Ka3aTelad HCCIEAOBAaHHONW BBIOOPKU daHBI
B Tabmune 1. buomorms cubupckoro meckaps w3
BojloeMOB Bocrounoro Kazaxcrana He u3ydeHa
[11]. MakcumanpHble W CpeIHHE pa3Mepbl I
neckapeir u3 OacceitHa p.MpThiimr U CHOMPCKOIO
neckapsi He ycraHoBieHbl. Pexa MpTeim siBisieT-
cs1 mputokoM peku OOb. O3epo Mapkakonb pac-
mojoxkeno B Oacceitne p.Hptemm. B atom o3epe
o0uTaeT PHIEMUYHBIH BUJ — MaPKAKOJIbCKHIA TIec-
kapb Gobio acutipinnatus [22]. CpaBHeHHE HALINX
JAaHHBIX C HMMCHOIIUMUCA OaHHBIMH I JPYyTHUX
BHJIOB MECKapel MO3BOJISIOT MPEANONOKUTh, UTO
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yciioBUSl oOuTaHus B p.beHBITTRIOYNAK SIBISIOTCS
B IIEJIOM OJIArOMPUATHBIME I pocTa. [lockonbky
UCCIIeJIOBaHHAs HAMH BBIOOpKA MpeICTaBlIeHa pa3-
HOBO3PACTHBIMH M Pa3HOPa3MEpHBIMH 0CO0sMHU,
YCIIOBHSI BOCTIPOM3BOJICTBA TaKXKe CIEAYeT CUH-
TaTh yAOBIETBOPUTEIbHBIMHU. WHIMBHUyaIbHAS

YIUTAaHHOCTh BAapbUPYET B IIUPOKHUX Mpeaeiax,
YTO yKa3bIBaeT Ha BO3MOXKHYIO THINEBYI0 KOHKY-
pEHIINIO BHYTpH TOMyJsiiuu. OIHAKO MOJIOCTHOU
JKUP UMEJICS Y BCEX UCCIIEI0BaHHBIX HK3EMILISPOB,
MMOATOMY YCIIOBUS THTAHHUS TaKXKe CIEeAyeT CUH-
TaTh YJIOBICTBOPUTEIHHBIMU.

Taéanua 1 — CpaBHuUTeINIbHAS XapaKTePUCTHKA OMOJIOTMUYECKUX TT0Ka3aTeneil neckapeii u3 6accelina p.O6u

Vii (bacceitn O6m) 03.MapkakoJib
Hamu nanzeie [MapreiHoBa, (Menbmkos, 1938;
Hpusnaxu Bacuibesa, 2021] Murpodanos, 1988)
min max M +SD CvV min max min max
TL 54 120 91,0 18,78 20,64 99.1 126.2 70 174
SL 44 100 74,1 14,69 19,82 81.4 104.8 HET JaHHBIX
Q 1,31 16,88 8,09 4,425 54,67 HET JaHHBIX HET JaHHBIX
q 1,05 10,00 5,12 3,269 63,84 HET JaHHBIX HET JAHHBIX
Fulton 1,37 2,10 1,75 0,184 10,55 HET JaHHBIX HET JaHHBIX
Clark 1,13 1,74 1,39 0,190 13,62 HET JaHHBIX HET JaHHBIX

B u3yuenHoil HaMu BBIOOPKE PbIOBI UMETH TH-
MUYHYIO U1 TiecKapel GopMy ¥ OKpacky Teja (pu-
CyHOK 2a). TeJlo Ha monepeyHoM pa3pes3e OBaJIbHOE,
HEMHOT'O TPUTLTIOCHYTO ¢ OPFOIIHOM cTOpOoHBI. O0-
mmi (OH OKpacKH Cepo-KOPUYHEBBIN, Oosiee TEM-
HBII Ha CIIMHE, [0 HAIIPaBJICHUIO K OPIOXY OKpacka
CBETJICET, BJOJb OOKOB Tela C KaKIOH CTOPOHBI
9-12 4epHBIX TSITEH. Y HEKOTOPBIX 0cOOEH MsATHA
CIIMBAIOTCS B TOJIOCKY. OT ri1asza K peUly UACT TeM-
Hasl [10JIOCKA.

['pynHble MIIaBHUKH HE JOCTHTAIOT OCHOBAHMS
OpIOIIHBIX TJIABHUKOB; OpIOIIHBIC IUIABHUKH HE
JOXOZST O OCHOBAHHMS aHAJIBHOTO IUIABHUKA; Kpas
CIIMHHOT'O ¥ aHAJIHOTO INTABHUKOB CJ1a00 BOTHYTHIE;
HIOKHUW Kpal TOCJeIHe OpIONIHON (aKCHILISp-
HO¥) YeIIyiKd COSTUHSAETCS ¢ OCHOBAaHUEM OpPIOIII-
HBIX MJIABHUKOB MEMOpaHOH, JoCTHraromei namee
% UIMHBI Yeurydku (pucyHok 20). J{nnHa rosoBbl
cocrasisier Oonee 1/3 muwHBI Tena; y OOIBIINHCT-
Ba UCCJIEIOBAHHBIX 9K3EMIUISIPOB UIMHA Pblia YyTh
MEHbIIE 3arJa3HUYHOI0 PACCTOSHUS, YCUKU 3aX0-
JUAT 3a IIepEeAHMM Kpall ri1as3a; TOpu30HTaIbHbINA aHa-
METp TJ1a3a MEeHbIe IUPHUHBI J10a. ['opio u rpyns
BIICPEAN JIMHUH, COCOUHSIONICH 3aJlHUE KOHIIBI OC-

HOBaHUI TPYAHBIX IUIABHUKOB O€3 YellyH; 3a/Hsis
4acTh KaXKJOW MOJOBUHBI HIDKHEH I'yOBI OTAe]eHa
OT TiepeiHel HeOOJbINON BHIEMKOW (PHCYHOK 2B);
HAa COMHHOM M XBOCTOBOM IUTABHUKAX PSIBI YEPHBIX
KpanuHOK. CIIMHHOW M aHANbHBIN IJIABHUKHU C1a00
BbIEMUAThIe, 3aKPYTJICHBI HAa BEpIIUHE.

[TnacTuueckre NpU3HAKA BapbUPYIOT B IIU-
pokux mpenenax (tabmuna 2). BuyTpu BbIOOpKH
0cO0M Pa3IMYAIOTCS MO TOJIOKEHUIO TTABHUKOB H
ux ¢opme, GopMe TOJOBBl U OTHOCHTEIILHBIM pa3-
MepaM pazIHYHBIX €€ dYacTed. DTo oObACHSEeTCS
pasIyueM B pa3Mepax HCCIeAOBaHHBIX pPbIO. C
YBEJMYEHHEM Pa3MepOB MPOMOPIIHOHATIBHO YBEJIH-
YUBAIOTCSl PACCTOSHUS O IUIABHUKOB M pa3Mephl
rosnoBsl (1>0.95, p<0.05). B cpaBHennn c omy6mu-
KOBaHHBIMU [Tl CHOMPCKOTO MecKapsi u3 dacceiina
p-O6u nanHbIMH B BbIOOpKE U3 p.BelbITTBHIOYIIAK
€CTh 0COOM C JTaJIEKO OTCTABJICHHBIMU Ha3a]l CIHH-
HBIM, aHAILHBIM ¥ OPIOIITHBIMH TUTABHUKAMH, 00JIb-
IIMMH JUIMHHOW YCUKOB, PbUIa, INAMETPOM TJ1a3a U
3arJla3HUYHBIM paccTostHueM. PopMa CHMHHOTO U
aHaJBLHOTO TUIABHUKOB BapbUPYET OT MOYTH KBaJ-
paTHOTrO, /10 BHICOKOTO (BBICOTA IJIABHHUKA TIOYTH B
2 pa3za BBIIIE €TO0 JUINHBI).
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Taomuua 2 — [TnacTuyeckue mpu3HaKky BEIOOPOK meckapeii u3 dacceiina p.Oon

B

Pucynoxk 2 — OGuwmii Buj neckaps u3 p.belbITTeiOynax (a),
aKcWIUTApHast OproliHas Jyerryiika 1 MemOpana (0), pacronoxeHue denryu Ha oOproxe u popma ry6 (B).

Vit (6acceitn O6n) 0O3.Mapxkakons
Hamu gannsie [MaptsiHOBa, (MenpmmkoB, 1938;
[pusnaxn Bacubesa, 2021] Mutpodaros, 1988)
min max M +SD CvV min max min max
B % ot nnunbl Tena
aD 45.0 533 47.6 1.89 3.98 455 49.5 43,0 52,0
pD 34.0 42.7 39.3 2.15 5.46 373 40.7 39,0 47,0
aP 26.0 333 28.9 1.61 5.59 HET TaHHBIX HET TaHHBIX
aV 48.0 56.4 51.7 2.50 4.85 49.2 52.2 HET JJAHHBIX
aA 64.0 77.9 71.1 3.61 5.07 70.0 71.9 HET TaHHBIX
P-v 22.0 29.6 25.1 2.16 8.62 233 27.1 22,3 28,5
V-A 16.0 23.7 21.5 1.85 8.59 19.8 229 17,1 23,0
Ipc 18.0 23.5 20.7 1.73 8.35 17.9 20.1 19,0 26,0
c 25.1 29.3 27.1 1.13 4.17 26.6 28.1 23,0 28,0
ao 9.3 13.6 11.9 1.09 9.18 HET JaHHBIX 8.0 11,5
b 5.0 9.9 7.1 1.27 17.88 HET JIaHHBIX 4.5 8,0
o 5.0 6.8 5.8 0.51 8.84 4.8 5.7 HET JaHHbBIX
ov 4.0 6.8 5.3 0.68 12.92 HET JAaHHBIX HET JaHHBIX
po 11.5 15.0 12.8 1.03 8.01 HET JJaHHBIX 9.0 13,0
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Ipooonacenue mabauyvl

Vit (6accerin O0n) 03.MapkakoJib
Hamum nannasie [MapteinoBa, (MenbumkoB, 1938;
Tpusnaxn Bacunbesa, 2021] Mutpodaros, 1988)
min max M +SD (6)% min max min | max
hop 8.5 14.1 11.3 1.77 15.66 HET JTaHHBIX HET JIaHHBIX
he 11.7 16.7 13.7 1.12 8.18 HET JaHHBIX HET JaHHBIX
Hc 15.1 18.0 16.4 0.69 4.19 HET JaHHBIX 12.0 17,0
i0 7.1 9.6 8.5 0.66 7.83 HET JaHHBIX 55 8,0
front 6.2 11.3 93 1.24 13.39 HET JaHHBIX HET JaHHBIX
temp 4.7 8.0 6.9 0.77 11.26 HET JaHHBIX HET JaHHBIX
wm ex 8.9 12.5 10.9 1.15 10.55 HET JaHHBIX HET JaHHBIX
wm int 5.7 8.0 6.5 0.70 10.74 HET JaHHBIX HET JaHHBIX
we 17.0 20.0 18.6 0.90 4.83 8.1 | 9.6 HET JaHHBIX
HTT 15.1 20.0 17.3 1.43 8.31 HET JaHHBIX HET JaHHBIX
w 7.1 10.0 8.6 0.96 11.20 HET JaHHBIX HET JaHHBIX
H 17.9 229 206 1.43 6.92 189 | 207 135 | 205
h 10.0 12.7 11.1 0.65 5.84 HET JaHHBIX HET JaHHBIX
hmin 8.9 10.7 9.5 0.45 4.75 9.0 9.8 6,0 | 9,0
1D 13.6 17.3 15.2 0.94 6.19 12.4 13.9 HET JaHHBIX
hD 15.6 26.0 23.1 2.33 10.08 20.9 23.0 17.2 24.0
1A 8.3 12.3 10.1 1.16 11.49 7.5 9.2 5.0 8.5
hA 12.1 20.8 17.5 2.02 11.54 15.8 18.1 12.8 15.0
1P 17.8 24.7 20.9 1.97 9.43 17.9 21.8 17.0 23.0
v 14.0 19.8 16.9 1.36 8.07 15.5 17.7 13.0 18.0
ICs 18.9 24.1 22.0 1.78 8.10 HET JaHHBIX HET JaHHBIX
1Ci 18.5 23.7 21.8 1.87 8.56 HET JaHHBIX HET JaHHBIX
ICm 7.6 15.3 12.3 2.17 17.64 HET JaHHBIX HET JaHHBIX
B % OT JIMHEI TOIOBBI
Hca 37.5 47.6 41.0 2.71 6.62 31.9 36.6 HET JJaHHBIX
ao 333 52.6 43.8 4.29 9.81 41.8 46.0 HET JaHHBIX
oh 18.3 25.0 21.2 1.82 8.57 17.5 21.0 HET JTaHHBIX
ov 154 25.0 19.5 2.50 12.85 HET JJTaHHBIX HET JaHHBIX
op 429 57.7 473 3.80 8.04 39.7 45.2 HET JIaHHBIX
hte 60.0 76.5 68.8 5.12 7.45 56.7 70.6 HET JaHHBIX
hop 31.3 52.9 41.6 6.85 16.46 HET JaHHBIX HET JaHHBIX
hco 43.8 58.8 50.3 393 7.81 452 55.1 HET JaHHBIX
he 533 66.7 60.6 3.16 5.21 54.4 62.3 HET JaHHBIX
io 25.5 38.1 31.3 2.68 8.56 25.5 29.9 HET JaHHBIX
front 22.2 42.1 34.2 491 14.36 HET JAHHBIX HET JJaHHBIX
temp 17.4 30.8 253 291 11.49 HET JaHHBIX HET JaHHBIX
wm ex 333 47.1 40.4 4.77 11.78 HET JaHHBIX HET JaHHBIX
wm int 20.0 30.8 24.1 2.93 12.17 HET JaHHBIX HET JaHHBIX
wce 60.0 76.5 68.8 5.12 7.45 HET JaHHBIX HET JaHHBIX
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Ipooonacenue mabauyvl

Vii (6acceitn O6n) 03.Mapxkaxoib
Hamu gannsie [MaptsiHOBa, (MenbImkoB, 1938;
[pusnaku Bacubea, 2021] Mutpodaros, 1988)
min max M +SD ()% min max min | max
Ib 19.1 34.8 26.2 4.43 16.95 19.8 333 HET JIaHHBIX
Wnnexcer, %

hD/ID 100,0 183,3 152,4 15,78 10,35 157.0 179.8 HET JIaHHBIX
hA/IA 100,0 205,9 174,2 21,93 12,59 184.3 230.0 HET IaHHBIX
IV/VA 68,4 92,3 78,8 6,81 8,64 68.8 85.1 HET JaHHBIX
IP/PV 65,1 100,0 84,0 10,16 12,09 66.7 93.5 HET JIAaHHBIX
htca/hca 66.7 87,5 76,9 7,09 9,22 85.0 98.8 HET JAHHBIX
o/io 56.3 83.3 68.1 6.93 10.17 63.7 79.4 HET JaHHBIX
h/c 37.5 47.6 41.0 2.71 6.62 HET JAaHHBIX

M3MeHYnBOCTh CUETHBIX MIPU3HAKOB Y CHOMPCKO-
ro meckaps maiio usydena. Tak B pabore A.JI.Map-
teiHOBOM 1 K.J[.BacwmmbeBoit (2021) ans Oaccelina
p.O6u mamneie He mpuBomsatcs. B.IL.Mwutpodanos
(1988) 0600 M3BECTHBIC HA TOT MOMEHT JIAHHBIC
10 U3MEHYUBOCTH CYETHBIX TIPU3HAKOB CHOUPCKOTO
1 MapKakoJbCKOTO neckapeil. Ham ganHbie o us-
MEHUYMBOCTH CUETHBIX MPU3HAKOB CHOMPCKOrO IeC-

Ta6auna 3 — CueTHbIC MPU3HAKH BEIOOPOK TIECKapst

Kapsi IpeZICTaBIeHbI B TabmwIe 3 B CpaBHEHUH paHee
omy0nukoBaHHbMH [ 11]. Uucso nydel B rilaBHUKAX,
IO Ha TOJIOBE, Yellyil B OOKOBOH JMHUM U IISITEH Ha
Ookax Tenma y meckapeil u3 p.beHbITTEIOyIaK TaKKe
BapbUpyeT B OOJNBIINX MpEeAenax, OAHAKO JOCTOBEP-
HOH KOppeJSIMU C pasMepaMH Tejla HE BbISIBJICHO.
CBeneHus 0 9nclie Top B KaHAIaX CEHCOPHOW JINHUH

Ha rojioB€ NpUBOAATCA HaMU BIICPBLIC.

Hamm namsie Cubupckuii meckapb MapxkaxonbCckuii meckapb
TpH3HAKK [Murpodanos, 1988] [Murpodanos, 1988]
min max M +SD ()% min max min | max
Dr 1 3 2.1 0.39 19.22 3 HET JaHHBIX
Dsoft 5 8 74 0.80 10.84 6 8 7 BE
Ar 1 3 1.9 0.59 31.74 2 3 HET JaHHBIX
Asoft 5 7 6.0 0.54 8.97 5 7 7
Pr 1 2 1.3 0.47 36.17 HET JaHHBIX HET JJAHHBIX
Psoft 10 15 13.2 1.61 12.19 HET JIAaHHBIX 13 16
cmd 3 4 3.8 0.45 11.77 HET JaHHBIX HET JaHHBIX
cop 6 10 8.2 1.64 20.04 HET JaHHBIX HET JaHHBIX
cio 9 14 12.4 2.30 18.57 HET JaHHBIX HET JaHHBIX
Cso 4 8 6.8 1.89 28.04 HET JIaHHBIX HET JJAaHHBIX
ctmp 2 5 4.0 1.73 43.30 HET JaHHBIX HET JaHHBIX
11 37 44 40.3 2.13 5.28 34 45 41 42
llca 8 11 93 1.11 11.98 HET JaHHBIX HET JaHHBIX
Vert corp 13 17 15.6 1.26 8.11 HET JJaHHBIX HET JIaHHBIX
Vert inter 4 6 5.0 0.67 13.33 HET JaHHBIX HET JJaHHBIX
Vert caud 16 20 18.1 1.20 6.61 HET TaHHBIX HET JaHHBIX
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Ipoooncenue mabauyvl

Haum namssie Cubupckuii meckapb MapkakonbCKHii IeCKaph
[pu3HAKH [Murpoganos, 1988] [Murpoganos, 1988]
min max M +SD CV min | max min | max
Vert sum 35 41 38.7 1.70 4.40 HET JaHHBIX HET JaHHBIX
Vert total 37 40 38.4 1.17 3.06 HET JaHHBIX HET JaHHBIX
SPOTS 9 12 10.6 1.13 10.73 7 | 11 HET JaHHBIX

Ha ocHoBaHuu mpoBeiEHHOTO aHalM3a Mbl HE
BBISIBIUIA CYIIECTBEHHBIX Pa3IMUMil MEXIy TecKa-
pem u3 p.belbITTEIOYIaK 1 paHee ONMCaHHBIMH BbI-
OopkaMu cubupckoro neckaps u3 6acceiina p.OOb.
Hamm manHble mOKa3anmy 3HAYATENHHO OOIBIIYIO
W3MEHYUBOCTh IUIACTHYECKHX M CUCTHBIX MPH3HA-
KOB, UTO COTJIACYETCS C NaHHBIMHU [ 15] MO u3MeHuu-
BOCTH TUTACTHYECKUX MPU3HAKOB CHOMPCKOTO TIec-
kaps u3 LlentpansHoro Kazaxcrana.

B HayuHOIl nuTepaType s meckaped u3 BoO-
JIOEMOB ceBepa u ceBepo-BocToka Kazaxcrana Obutn
WCIIOJIb30BaHkbI JiBa Ha3Bauust Gobio cynocephalus u
G.sibiricus. [23, 24]cunTan neckapeii u3 OacceitHOB
Enmnces n AMypa pa3HbIME TTOJIBHIAMH, TI0JIaTast 9TO
nojeun G.gobio cynocephalus Hacenser peku Oac-
ceiina Amypa, a G.gobio sibiricus — pexu Cubupu.
K aToii Touke 3penus ckionsrores Take A.JI.Map-
teiHoBa U E.J[.BacunbeBa, 2021, HO yka3pIBalOT Ha
SIBHYIO HEIOCTATOYHOCTH OITyOJMKOBAaHHBIX Mare-
pHaNoB U HEOOXOIMMOCTh CHENUATBHBIX MOP(OIIO-

IMYECKUX U MOJICKYJISIPHO-TEHETHUECKUX UCCIIE0Ba-
Huii [14] cauraer, uto G.sibiricus ooutaet B p.Hypa,
Oacceitne Enuces,00u u B p.Cenenra, HO, TOJIBKO HE
B p.HpTthim. B kauecTBe AMarHoCTUYECKOro Mmpr3Ha-
Ka JIIst JIByX 3THX JIBYX (hopm neckapeii P.Banarescu
u T.Nalbant, 1973 [25] npemtoxunu GopMy CrUH-
HOTO IIaBHUKA: y cubmpckoro mneckaps G.sibiricus
OH MPSIMOHA, a y amypckoro G.cynocephalus — BbieM-
yatelil. B Hameii BeiOopke u3 p.beriturrybak y Bcex
phIO CITMHHOHM TUTAaBHUK OBLT BhIEMYATHIM (pHC. 2a).
Takum o0OpazoM, MBI cunTaeM 4To B Oacceitne Yep-
Horo Wpteimia odutaer umenno G.cynocephalus.

3ak/ouyenune

Brr6opka meckapeit u3 p.berbIrTeiOynak npesc-
TaBJICHA Pa3HOBO3PACTHBIMHM M Pa3HOPa3MEPHBIMH
prIOaMu, TIOATOMY YCIIOBHS CYIIIECTBOBAHHUS BITOJTHE
YJIOBIICTBOPUTENLHBI TS BCEX CTAIUI KHU3HU ITOTO
BHUJIa PBIO.
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BAUAHUE CKOPOCTU 3AMOPAXUBAHUA
HA NMOKA3ATEAU KAYECTBA CITEPMbl OCETPOBbBIX Pblb

B AaHHOW cTaTbe paccMaTpUBAIOTCS BOMPOChI HA3KOTEMMEPaTYpPHOro KOHCEPBMPOBaHUSI CriepMbl
0CeTpoBbIX pbib. Lleab paboTbl — M3yyeHMEe BAMSIHMSI CKOPOCTM 3aMOPaXKMBAHMS Ha MoKasaTeAmn
KauecTBa Crepmbl OCETPOBbIX Pbl6 M 3aBUMCMMOCTb ITMX MOKasaTeAen MexaAy cobor. Mateprarom
AAS MICCAEAOBAHUIA MOCAYXKMAM Crepma 3arOTOBAEHHBbIX CaMLIOB CTEPASAM U CEBPIOTM Ha Ypano-
ATbIpayCKOM OCETPOBOM pPblIGOBOAHOM 3aBOAE. pu M3yuYeHWM BAUSIHUSL CKOPOCTM 3aMOPO3KM Ha
KaueCTBO CrepMbl OCETPOBbIX PblO, ObIAM OMPEAEAEHbI ONTUMAAbHbBIE CKOPOCTM Ha 3Tarnax CTyrneH4arTom
3amMopo3ku. [pr 3aMOPO3KM CrIEPMbI CTEPASIAM HAMBBICLLIMI PE3YAbTAT ObIA MOAYYEH MPY OMTUMAAbHOM
CKOPOCTU 3aMOpPO03kM 17°C/MMH C MOABUXKHOCTbIO CrIepMaTo30MA0B 76,8 +1,25% 1 BpeMeHM >KM3HM
crnepmmeB 216,2 + 1,44cek. Cnepma camuUOB CEBPIOrM, 3aMOPO>KEHHAs B COAOMMHKAX MMEAW BbICOKYIO
CKOPOCTb B HavaAe 3aMOopo3ku B npeseAax 15-48°C/MMH, 4TO NMOBAMSIAO Ha Ka4eCTBO CriepMbl CEBPIOTH,
MOABMXHOCTb CMEPMMEB KOTOPbIX KoAebarach B npeaserax 12,0-19,5%, Bpemst >KM3HM CriepMueB
228,5-373,75cek. OTHOCUTEABHO XOpOoLLMe pe3yAbTaTbl BGbIAM MOAYYEHbI OT CMePMbl CaMLIOB CEBPIOTH,
3aMOPOXKEHHbIX B NPO6MpKax MMHAOPdA, KOTOPbIE MMEAM CaMytO BbICOKYIO CKOPOCTb 3aMOPO3KM AO
20°C/MuH. TTOABMXHOCTb CriepMMEB MPY 3TOM KoAebarach B npeasesax 27,75-44,75%, BpemMst >KM3HM
cnepmues 393,25-674,5cek. [Npu n3yyeHmnm HabAIOAAETCS NPSIMas 3aBUCUMOCTb MEXKAY NMOABUXKHOCTbIO
M BPEMEHM >XM3HM CMEepMbl OCETPOBbIX PbiB, a Tak>Ke M3 MOAYYEHHbIX PE3YAbTATOB MCCAEAOBAHMN
BMAHO, UTO HauboOAee OMNTMMaAbHOM CKOPOCTbIO 3aMOpaXkmBaHMsi CrepMbl AQHHbBIX BUAOB OCETPOBbIX
pbl6 9BASIeTCS CKOPOCTb A0 20°C/MMH, EMKOCTbIO, B KOTOPOI LIeAeCO06pa3HO 3aMopaXkmMBaTh 06pasLibl
SABASIOTCSI MPOBMPKM InnHaopda, o6bemom 0,5 MA, a PEXUM 3aMOPaKMBAHMSI MHOFOCTYTEHYATBIN C
MCMOAb30BaHMEM CreLuMaAbHOro 6okca.

KAtoueBble cAOBa: KpMOKOHCEPBALMS, KPMOMPOTEKTOP, CTEPASIAb, CEBPIOra, CrepMa.
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The effect of the freezing rate
on the quality of sperm of sturgeon fish

This article discusses the issues of low-temperature preservation of sperm of sturgeon fish. The aim
of the work is to study the effect of the freezing rate on the sperm quality indicators of sturgeon fish and
the dependence of these indicators among themselves. The material for the research was the sperm of
harvested males of sterlet and stellate sturgeon at the Ural-Atyrau sturgeon fish hatchery. When studying
the effect of the freezing rate on the quality of sperm of sturgeon fish, optimal speeds were determined at
the stages of stepwise freezing. When freezing sterlet sperm, the highest result was obtained at an optimal
freezing rate of 17°C/min with sperm motility of 76.8+1.25% and sperm lifetime of 216.2 £ 1.44sec.
The sperm of the male stellate sturgeon frozen in straws had a high rate at the beginning of freezing in
the range of 15-48°C/min, which affected the quality of the sperm of the stellate sturgeon, whose sperm
motility ranged from 12.0-19.5%, the life time of the sperm was 228.5-373.75seconds. Relatively good
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results were obtained from the sperm of male stellate sturgeon frozen in Epindorf tubes, which had the
highest freezing rate up to 20°C/min. The motility of the sperms ranged from 27.75-44.75%, the lifetime
of the sperms 393.25-674.5seconds. When studying, there is a direct relationship between the mobility
and the lifetime of sperm of sturgeon fish, and also from the obtained research results it can be seen
that the most optimal freezing rate of sperm of these species of sturgeon fish is a speed of up to 20°C /
min, the capacity in which it is advisable to freeze samples are Epindorf tubes, 0.5ml in volume, and the
multi-stage freezing mode using special boxing.
Key words: cryopreservation, cryoprotector, sterlet, stellate sturgeon, sperm.

A.C. AcbinbekoBa'*, I'.K. bapuHosa', I A. Aybakmnposa ', A.A. MycuHa'?,
A.B. Maxan6etoBa ?, )K.b. Kyanuaaees', C.E. MycuH'
'«C. CenicpyannH aTbiHAaFbl Kasak, arpoTexHuKanblk, 3eptrey yHuBepcuteTi» KeAK,
KasakcTtaH, AcTaHa K.
2 «OA-Mapabu aTbiHAarbl Kasak yATTbIK, yHuBepcuTeTi» KeAK, KasakcTaH, AamMarsl K.
3 «PecryGAMKaAbIK MaA LIAPYaLbIAbIFbIH aCbIAAAHABIPY «ACbIA TYAiK» AK, KasakcTaH, Kocuibl K.
*e-mail: gamily-05@mail.ru

bekipe TyKkbIMAAC 6aAbIKTapAbIH, LUSYETTEPiHiH,
camna KepceTtkilTepiHe My3AaTy XbIAAAMABIFbIHbIH, dCepi

byA Makanasa 6exipe TyKbIMAAC 6AAbIKTAPABIH, LLIBYETTEPiH TOMEH TemrnepaTypasa KOHCepBaLmsi-
AQy MaceAeAepi KapacTbipbiAasbl. XKYMbICTbIH, MakcaTbl — Gekipe TyKbIMAAC GaAbIKTapAblH, LIByeTTe-
piHiH cana KepceTKilTepiHe My3AaTy >KbIAAAMABIFbIHbIH 9CEPIH X8He OCbl KepCeTKIlUTePAIH, e3apa
TAYEAAIAIriH 3epTTey. 3epTTey matepuanbl JKanbik-ATbipay 6ekipe 6aAblk 6Cipy 3aybIThbiHAQ AAMbIH-
AaAFaH CYMPIK MeH LOKbIPAbIH LWByeTTepi GOAbIN TabblAAbl. bekipe TyKbIMAAC GaAbIKTapAbIH LIBYeT-
TepiHiH canacbliHa My3AaTy >KbIAAAMABIFbIHbIH 8CEPIH 3epTTey Ke3iHAE CaTblAbl My3AQTy Ke3eHAepiHAe
OHTaMAbI XXbIAAAMABIKTAP aHbIKTaAAbl. CYMpiK WaYTiH My3AATy Ke3iHAE eH >KOFapbl HOTUXKE OHTaMAbI
My3AQaTy >KbIAAAMAbIFbI 17°C/MUH GOAFaHAQ, CMEPMATO30MATAPAbIH, KO3FAAFbILITLIFLI 76,8 +1,25%
JKOHE CrepMaTo30MATAPAbIH 6Mip Cypy yakbiTbl 216,24+ 1,44cek 60AAbl. LLIOKbIPAbIH WOYETIH TYTiK-
LieAe My3AaThIAFaH My3AaTYAbIH 6acbiHAa 15-48°C/MUH apaAbIFbIHAQ >KOFAPbl KbIAAAMABIKKA Me 6OA-
Abl, GYA LWOKbIPAbIH, LISYETTIHIH carnacbiHa 8cep eTTi, OAAp CMepMaTO30MATAPAbIH KO3FaAFbILITHIFb
12,0-19,5%, cnepmaTo30MATapAbIH ©Mip CYpy yakbiThl 228,5-373,75cek apaabliFbiHAa 60AAbI. CaAblCc-
ThIPMaAbl TYPAE XKaKCbl HOTUMXEAEP DNUHAOPG NpobMpKarapAa My3AATbIAFaH LLIOKbIPAbIH LIBYETIHEH
aAbiHAbI, 0Aap 20°C/MUH AEMiH eH KOFapbl >KbIAAAMABIKKA e 60AAbl. CnepmMaTo30MATapAbIH, KO3~
FAAFBILTBIFbI 27,75-44,75%, CepMaTO30MATAPAbIH 6Mip Cypy YakbiTbl 393,25-674,5ceKk apaAblfbiHAQ
6oAAbl. 3epTTey KkesiHae Gekipe TyKbIMAAC GAAbIKTApAbIH CMEPMATO30MATAPbIHbIH KO3FaAFbILUTbIFbI
MeH eMip Cypy yaKbITbl apacbiHAQ TikeAen 6arAaHbiC 6ap ekeHi 6anKaAaAbl, COHbIMEH KaTap aAblHFaH
3epTTey HoTUXKeAepiHeH Bekipe TyKbiIMAAC GaAbIKTapAbIH OCbl TYPAEPIHIH, LLIBYETTepiH My3AATyAbIH eH
OHTaMAbI XbIAAAMABIFbI 20°C/MUH AEMIHTT XKbIAAAMADIK, YATIAEPAT My3AaTyFa 6OAATbIH ChIAbIMABIABIK,
KeAemi 0,5MA DnUHAOPGD NPoBMPKaAAPbI KEHE MY3AATY PEXKMMI KO CaTbiAbl apaHaibl GOKCTbI KOAAQ-
HY apKblAbl eKeHiH 6arkayra 60AaAbl.

TyiiH ce3Aep: KPMOKOHCEPBALMS, KPUOMNPOTEKTOP, CYMPIK, LOKbIP, WSYET.

BBenenne

B Hacrosimee BpeMsi Hapacraroliee aHTpOIIO-
TCHHOE BO3JCHCTBHE HA BOJHBIC DKOCHUCTEMBI HE
TOJILKO OKa3bIBAIOT BIMSHHE Ha (H3HOJIOTHYECKOE
COCTOsIHHE FI/I,HPOGI/IOHTOB, HO U IPUBOJAT K CHUIKE-
HUIO YUCIIEHHOCTH BUI0B. OCOOEHHO 3TO 3aMETHO
0 YUCJICHHOCTH OCETPOBBIX PHIO, €CITH paHee pycc-
KUK oc€Tp, ceBprora u Oemyra B Kacnmiickom Gac-
CeifHe MMEeJTH MPOMBICIIOBOE 3HAYCHHUE, TO B HACTOS-
1Iee BpeMsl X BBUIOB 3arpenieH. benyra u ceBprora
B OTHUX BOJOEMAx CTalIM HACTOJBKO PEAKUMH, YTO
MEepelUId B Pa3psijl HCUE3AIOIIUX BUIOB, a MOMYJIs-
IIUU PYCCKOTO OCETPa PE3KO COKPATHIINCH [1-7].

JUnst coXpaHeHHs W BOCHOJHEHUS YHCICHHOC-
TH OTJENBHBIX NOMYJSIIUN peIO pa3paboTaHbl OHO-
TEXHOJIOTHH HMCKYCCTBEHHOTO BOCIIPOM3BOCTBA
Ha Pa3IMYHBIX PHIOOBOIHBIX MPEANPHUITHSIX. B Mx
OCHOBY TOJIOXKEHBI MPUHIUIBI COJCPKAHUS U HC-
TIOJIb30BAaHUS IPOU3BOIUTENICH U3 MAaTOYHBIX CTal,
COZIEPIKAIIMXCS HA NPEANPHUSITHH, YTO, B CBOIO OUe-
pelb, OrpaHUYMBACT YUCIO OCOOCH, CKpeIInBaro-
IIAXCSL M@Ky COOOM, ¥ MPUBOJUT BIOCIEICTBUH K
nHOpuAMHTY [8].

KpuokoHcepBalys criepMbl pei0 siBIIsieTCs d¢-
(EeKTHBHBIM METOZOM COXPAaHEHUS M BOCCTAHOBIIE-
HHSL TeHO(OH/IAa HE TOJILKO PEAKHUX U HCUC3AIOINX
BUJIOB, HO 1 00OBEKTOB aKBaKYJIbTYPbI TI03BOJISISL Pe-

177



Brusane CKOPOCTH 3aMOpPaKUBaHUs Ha 1TOKA3aTCJIN Ka4€CTBa CIEPMBI OCETPOBBIX pBI6

aTh MHOTHE TIPUPOJOOXPAHHBIC, CEIICKIINOHHBIC H
Ipyrue HayuyHble 3agaun. Co3manne OaHKOB TCHOM-
HBIX PECypCOB, MOXKET IMPUBECTH K YBEITUUCHUIO
MOTEHIMAIBHON YHUCICHHOCTU Pa3MHOXKAIOLIEHCS
TIOMYJSIIAA 1 MUHUMH3AINA WHOPUIMHTA, YTOOBI
rapaHTUPOBATh MOJYUYCHHUE HAIJICKANUX TEHETU-
YECKUX KOMOHMHAIMH [9].

HecMoTpst Ha psiig moCcTmKEeHUH B KPHOOHOJIO-
THH CHEPMBI PbIO, TPOJIOIDKAIOTCS HCCIICIOBAHUS
[0 ONTHMHU3AIMU METOJIOB KPHOKOHCEPBUPOBAHUS
criepMbl peI0 [10-15]. OHu BKITIOYAIOT OOBIIHO COOP
CIIEPMBI, OIPEJICIICHUE KaueCTBa CIIEPMbI, pa30aB-
JICHUE CIIePMBI PACTBOpPAMH BUAOCTCIIH(PHIHBIX
MIPOTEKTOPOB, 3aMOPAXKUBAHUE TONYYCHHOH CycC-
[ICH3UH TI0 OTPECICHHON MporpaMMe, XpaHeHHE B
JKUJIKOM a30Te, pa3MOpaXKMBaHWE B ONTHMAaJIbHBIX
YCIIOBHUSIX M OIIEHKY pe3yibTaTa IO IMOJABMKHOCTH
oTTasiBIIeH criepmbl [16-18].

Ycnex KpHOKOHCEpBAIlUHM, T.€. COXpaHEHHE
3aMOpPOKCHHBIMH  KJIETKAMHU  JKH3HECTIOCOOHOC-
TH OIUIOJOTBOPSIONICH CIOCOOHOCTH, 3aBUCUT OT
MHOKECTBa (DAaKTOPOB: KadyecTBa HATHUBHOW cCIiep-
MBI, TOA00pa, ONTUMAJBHBIX IS JAHHOTO BHIIA
pBIO, COCTaBa KPHO3AIIUTHON CpeIbl, COOTHOIIE-
HUsl pa30aBIeHHS CIEPMBI CPENoil, PeKUMOB 3a-
MOpaXMBaHMsI U OTTaWBaHUs, CIIOCOOA aKTHUBAIMH
Pa3MOpPOXKEHHOW CIIEPMBI M APYTUX TEXHUYCCKUX
JeTanei, mod3ToMy NoTpeOHOCTh B ONTUMU3AIUHN H
COBEPIIICHCTBOBAHNUN TEXHOJIOTHI BCET/Ia OCTACTCs
aKTyampHOW. ['OpMOHANBbHAs CTUMYJISALIUS TaKXKe
WTPaeT BAKHYIO POJIb B yIyUIICHHN Ka4eCcTBa CBe-
JKEH CIIepMBI M CTIEPMBI TTociie oTTauBanms [19]. Ak-
TUBAIUS PA3MOPOKEHHOMN CIIEPMBI TAKXKE BIUSICT Ha
ycHex mpoiiecca KpHOKOHCEPBAINY B Ka4eCTBO pas-
MOPOXKEHHOM criepMbl. Y OOJIBIITMHCTBA BHJIOB PHIO
CIIepMaTO30M/Ibl, B3BEIICHHBIE B CEMEHHOM TL1a3Me,
HEMOJIBUKHBI U aKTUBUPYIOTCS TOIBKO MPH KOHTAK-
Te ¢ Bojoi [20-21].

HemanoBaxapiM (hakTOpoM B KpPHOKOHCEpBa-
A SBIISIETCSL TIOI00P peXuMa 3aMOpPaKUBAHUS U
OTTauBaHUs 00Pa3IOB CIEPMbI, 00CCIICYNBAOIINN
COXPaHHOCTh KJIETOK. B mporecce kprnokoHcepBa-
A KJIETKA TIOJIBEPTAIOTCSI BO3ACUCTBHIO IICIIOTO
KOMIUIEKCA CTPECCOBBIX (PaKTOPOB, KOTOPBIC BHI-
3BIBAIOT UX CTPYKTYpHBbIC W (PYHKIMOHAIBHBIC H3-
MEHEHHs. Pe3ynbpTaTbl HCCIEAOBAHUM CTPYKTYP
KJIETOK CBHJICTEIILCTBYIOT O TOM, UTO BIIHMSIHUE TITY-
OOKOI 3aMOPO3KH MOXET 3aTPOHYThH JIFOOBIE M3 MX
coctaBsromux. OnTuManabHas CKOPOCTh 3aMOPO3-
ku o0OecrieunBaeT OalaHC TPAaHCMEMOpPaHHOTO Mac-
cooOMeHa, B pe3ysibTaTe KOTOPOTO 00€3BOKMBAHIE
KJIETOK, C OJTHOM CTOPOHBI, SIBIIICTCS TOCTATOYHBIM,
YTOOBl HUCKJIFOUUTH BEPOSTHOCTh BHYTPUKIETOY-
HOTO JIbJI000OpA30BaHUs, a C JAPYTroil CTOPOHBI HE
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JIOCTUTAET KPUTUYECKOTO YPOBHS, MPUBOISIIECTO K
HEU30e)KHOMY TIOBPEXKJICHUIO KIETOK [22].

Lenvio uccredosarnuil SIBISAETCS N3yUNUTh BIIAS-
HHE CKOPOCTH 3aMOpPa)KMBAaHUS HA TOKAa3aTeIH Ka-
YecTBa CIIEPMBI OCETPOBBIX PBIO M 3aBHCUMOCTH
ATHUX MOKa3aTeJIel MEXIy COOOT.

MatepuaJbl 1 METOABI HCCJIEAOBAHUIM

Hayunsle nccienoBaHust Mo M3yYEHHUIO KpPHO-
KOHCEpBallMU CHEPMbI MPOBEACHBI OT 3arOTOBJICH-
HBIX CaMIIOB CTepiisinu (Acipenser ruthenus) u ceB-
proru (Acipenser stellatus) Ha Ypano-ATbIpayCcKoM
0CETPOBOM PBIOOBOJHOM 3aBOJIE B TIEPHO HEPECTO-
BOM KaMITAHUH.

OrneHka KadyecTBa CBEKEMONyUYEeHHON CIepMbl
OT CTUMYJHUPOBAHHBIX CaMIIOB OCETPOBBIX PBIO
MPOBOMIIACH TIYTEM OIPEAETCHHUS TOABMKHOCTH
CIIEPMAaTO30MJIOB C TOMOIUIbI0 MHUKpockomna. Ka-
YeCTBO CIIEPMBI oTpeessim 1o mkaie [lepcosa, mo
pe3yibpTaTaM KOTOPBIX OTOUPAITUCEH TTPOOBI C aKTHB-
HOCTBIO 4 1 5 6amioB [23]. CriepMy OLICHUBAJIH 110
BHEIIHEMY BHJIY I10 I[BETY M KOHCUCTEHIINU. Bpems
KU3HU YCTAHABIMBAIN C TIOMOIIBIO CEKYHIOMEpa.

KpuoxoHceppanys npoBoguiiach IO CIEIYIO-
e cxeme: pa30aBJeHHEe CIIEPMBI C KPUO3AIIUTHOM
cpesiol, SKBUIMOpaIus, 3aMOpakuBaHue, Jedpoc-
TUpOBaHUe. B mpomecce KpHOKOHCEpBalMU ObUIH
WCTIONB30BaH KPHOIPOTEKTOP, COJEpIKAIINN cie-
nmytorue komrmoHeHTsl: 30mM Tris, 23,4mM caxa-
po3sl, 0,25 KCI, 15% mertanon. OToOpaHHy0 mocie
OIIEHKH CTIEpMY CaMIIOB B OT/ICIBHBIX TIACTHKOBBIX
Tapax TMOMECTHIIN B XOJIOJAMIBHUK JUTSI OXJTaXKICHHS
no temmepatypsl 10-12°C B Teuenunn 15-20 muH.
[locne BeIpaBHUBaAHHS TEMIIEPATyphl CIIEPMY pas-
0aBISUTM OXJIAXKIICHHOHM JI0 TOH e TeMIlepaTyphbl
KPHO3AIIUTHOH cpeod B 0OBEMHOM OTHOLLCHHUU
1:1.

[TomyueHHast cycrnieH3ust criepMa — KpHO3aluT-
Has cpela passiMBalach B KPHONPOOMPKH DIHH-
nopda 00péMoM 110 0,5MIT U COJIOMUHKH 00BEMOM
0,2MJ1 ¢ TOMOIIBIO0 TTUTIETKH Ao3aTopa. [lanHas pa-
00Ta IPOBOIMIIACH HA OXJIAKICHHON TOBEPXHOCTH.
C MOMeHTa pa3nrBa 10 MOMEHTa 3aMOPO3KH BpeMs
He MPEeBBIIIATo 15 MUHYT, KOTOpast coCTaBIsjIa Mpo-
1ECC IKBIITUOPAITHH.

[lanee 3aMOpOKEHHBIN MaTepHall BEIICPKUBATIN
B I1apax a30Ta B Te4eHHE 15 MUHYT B CHEIMaIbHOM
Ookce 3 meHoriacta pasmepom 33,5x21cwm, BHI-
cotoii 26cM ¢ Hapyxu U 20cM BHYTPH, B KOTOPOM
cBepXy ObLI yCTAaHOBJICH IUIOT M3 MEHOIUIACTA Pa3-
MepoMm 14,5x14,3cMm ¢ Tonmmnoi 4cM. i KOHTpO-
TSl TEMIepaTypbl B OJIHY W3 MPOOUPOK TIOMECTHIIN
MPOBOJHOM JaTYMK OT HU3KOTEMIIEPATypHOTO Tep-
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MomMmeTpa. [1noT ¢ kpuonpoOupkaMu BbIAECPKUBAIN
B TeueHue 15 MHHYT, 3aTeM Bce KPHOMPOOHPKU
ObUTH TIepeHeceHbl B cocya Jlproapa mist IHTeNhb-
HOT'O XpaHeHHs pu Temneparype -196°C.

PasmopaknBanu KpronpoOHpKY B AUCTHILTUPO-
BaHHOU Boje mpu Temneparype 38°C B Tedenue 1
MHUHYTBI, C TOMOIIBIO BOJISTHON OaHH.

ITapameTps! neGpoCcTUPOBAHHON CIIEPMBI OBLITH
usydeHsl B yaboparopun AO «PecnyOiinkanckuii
LEHTP MO IUIEMEHHOMY Jely B >KMBOTHOBOJCTBE
«Acput Tynik». [ToIBHKHOCTE ¥ BpeMst JKU3HH CIIep-
MBI PETUCTPUPOBAIM HA MOHUTOpPE MEPCOHATIHLHOTO
KOMIIBIOTEPA C HCHOJIb30BAHHEM BHACONPHCTABKU
MOJT TPUHOKYJIAPHBIM MHKPOCKOIIOM C KaMepou
u nporpaMMHbIM obecrieduenneM CEROS kommb-
foTepHOl TexHosorun cucteMel CASA  (IMV-
technologies, ®@pannus). AKTHBUPOBAIN CIIEPMY C
IMIOMOIIBIO BOJIBI B cooTHOmIeHu# 1:300.

CratucTuueckyro 00pabOTKy MPOBOIMIN TIO
pykoBoactBy I'.®. Jlakuna [24] u na IIK ¢ mpu-
MeHeHueMm nporpammbl «Excel» [25]. PesynbraTsl
MIPEJICTaBIIEHBl B BHJE cpeaHero 3HaueHwe (M) =+

Tadmuua 1 — KagecTBo criepMbl CTepIIsiin A0 3aMOPO3KH

CTaHJIAPTHOTO OTKJIOHEeHHs (m). s ompenenenus
3HAYUMOCTH 3apETUCTPUPOBAHHBIX PA3INIUil B 3HA-
YEHUSIX TOJIBIKHOCTH CIIEPMATO30UI0B U BPEMEHU
JIBUTATEIHHON aKTUBHOCTH MEXIY HCCIETyEeMbIMH
00BEKTaMH UCTIONBH30BaH t-KkpuTepuit CThIONCHTA.

Pe3yabTaThl Mcc/ie0BAHNI M UX 00CYKIEHUS

UccnenoBanust ObUTM MPOBENEHBI B JBa 3Tara.
IepBbIM 3TaroM OBUTH U3YYCHBI CIIEPMa CTEePIISIH,
3areM criepMma ceBprord. [Ipu sKcrepruMeHTaTbHBIX
pabotax ObLIM OTOOPAHO MO 4 YUITHUPOBAHHBIX CaAM-
a oT Kaxjaoro Buja. [locie mMpoBeJCHUST OICHKU
Ka4yecTBa CBEKETIONYUYCHHON CIIEPMBI, BCE CaMIIBI
HMeITU NoKa3aTelu 1o 5 6amnoB. OT KaKA0ro camua
rosrydeHo 16-17 o0pa3noB KpromaTepuana.

[lpyn wu3yueHHH KPUOKOHCEPBAIMH CIIEPMBI
OCETPOBBIX PBIO OMpE/ICICHBI TOKA3aTeIN KayecTBa
HAaTHBHOU CITEPMBI, ITOCJIC SKBUIHOpaIny (Tadimia
1,2) u nocie nedpocranuu. Takxe U3yudeHO BIIHS-
HHUE CKOPOCTH 3aMOPa’KMBAHUSI Ha MOKa3aTeIH Ka-
YecTBa CIIEPMbI OCETPOBBIX PHIO.

[HonBuxHOCTH Bpewms xxu3nu [HoxBuxHOCTH Bpewms sxu3nn
Ne pr10BI Ne ypna HAaTUBHOM CIIEpMbl, | HATUBHOM CIIEPMBI, | CIIEPMHEB I1OCIIE CIIEpPMUEB T0CTIe
% c SKBUIHOpanuy, % | SKBHIMOpAIH, C
1 6703 86,6+1,52 256,4+1,92
2 2644 84,2+0,75 242 .4+1,68
3 0078 95,25%1,25 297,5%1.5 81,6+1,75 238,6+1,68
4 2583 88,6+1,25 258,2+1,84

[lo pesymbTaraM KpHOKOHCEPBALUU CIIEPMBI
CTEPISITM € HCIOJIB30BAHHEM KPHOIPOTEKTOpa
MeTaHola ¢ KOHIeHTpauued 15% nHauBbiciiei pe-

Ta6/una 2 — KauecTBO CriepMbl CEBPIOTH J0 3aMOPO3KH

3yJbTaT MOKa3aa caMerl ¢ uurnoM Ne2583 ¢ moaBIK-
HOCTBIO CIIEpMaTO30MI0B 88,6% U BpeMEHU KU3HU
criepmueB 258,2¢ mocne sxkBunubpammn (p<0,05).

IlogBmXHOCTH
ore . Bpewmst sxuzuu IToaBrXHOCTH Bpewmst xxuzuu
Ne prIOBI No ypna . p“MH " HaTUBHOM CIIEPMBI, | CIIEPMHEB I10CIIE CIIEpPMHEB TI0CIIE
HAaTUBHOH CIIEPMBI, o
% c SKBUIMOpanmu, % | SKBUIMOpAIuu, C
1 4386 82,75+0,9 751,5+1,3
2 4356 84,25+0,9 760,5+2,2
3 4371 95,7541,25 1200+4,7 84,75+1,5 742,5+1,7
4 0497 85,50+0,9 792,5+2.5
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Pr100BOIHBIC KauecTBa CIIEPMBI CEBPIOTH TTOKa-
3aJIM BBICOKHE [10KA3aTeJIM BPEMEHH J)KU3HU CIiepMa-
to3ou0B 1200c mo cpaBHEHHIO cO cTepisabio. U3
M3yYEHHBIX CaMIIOB CEBPIOTH JYYILIHE PEe3ybTaThl
OBLTH TTOJTY9IeHBI OT camIia Ne0497 ¢ TOIBIIKHOCTHIO
85,5% u Bpemenu xu3zau 792,5c¢.

CKOpoCTh 3aMOPO3KH OCETPOBBIX PHIO M3ydann
B CIIEL[MAJIBHOM OOKCE C IIOMOILIbIO HU3KOTEMIIEpa-
TypHOTO Aart4uka. [110T ¢ KpHonmpoOUpKaMu BbI-
Jep KUBaIK B TeueHue 15 MUHYT B OOKce, 3aTeM Bce
KPHUOTIPOOUPKHU OBLTH TIepeHECeHBI B cocyn Jproa-
pa Wi JUIMTEIBHOTO XpaHEHUs IpH TEMIeparype
-196°C.

Crnepma caMIOB CTEpJISAM Pa3iuBajach TOJb-
KO B mpobupku DnuHapoda. CKOpocTh 3aMOPO3KU
cnepMel camna crepiasan Ne6703 mosblianach B
TEUEeHHe MEPBLIX YeThIpeX MUHYT f0 15°C/MuH, na-
Jiee MOCTeNneHHo noHmkanack a0 4°C/mun. Criepma
camiia Ne0078 3amopakuBanach epBble TP MUHY-
ThI CO CKOpoCThiO 10 8°C/MUH, Clienyromue 2 MHu-

Temmneparypa, °C
&
=}

—4—Ne6703 ——Ne2644

HYTBI TOHM3MIach 10 2°C/MuH, nanee MOBbIIIANach
B TeueHune 6 MuHyT 10 14°C/MHH, ¢ JalbHEHIIINM
nmoumkenneM 10 6°C/mMun. Criepma camiia Ne2644
3aMOpaKMBAJIaCh CO CKOPOCTBHIO B MEPBYI0 MUHYTY
11°C/mun, B TeueHue ciaeayromux 3-x MuHyT 6°C/
MHH, B T€YCHHE 4-X MUHYT ckopocTh Obuta 8°C/
MUH, fanee B TeueHue 5 MUHYT 6°C/MUH U B MOC-
JICIHIO MUHYTY CHU3WIAch 10 3°C/MUH mpH 5TOM
MaKCHMaJbHasi CKOPOCTh OblIa B HAYAJILHOM dTare
3aMOpo3KkH U coctaBmia 11°C/MUH, 4TO IPUBETO K
MOBPEXICHUIO KIIeTOK. CKOPOCTh 3aMOPO3KH CaM-
na Ne2583 B mepByto MunyTy coctaBuia 8°C/muH,
¢ noHmwxkenueM 10 4°C/MUH BO BTOpOW MHHYTE, B
TEYCHHE CIEAYIONINX 3-X MHHYT MOBBICHIIACH [0
17°C/MuH, ¢ mocneayomuM noHmwkernem 10 6°C/
MmuH. [Ipyu cTyneH4aTOl 3aMOPO3KH CIIEPMBI CTEp-
JSAM ONTUMAIbHAS CKOPOCTh 3aMOpPO3KH ObLIA 10
20°C/MuH B cepeMHE dTana 3aMOpPaKUBaHMS, KPO-
Me camia Ne2644, ¢ MakCHUMalbHOH CKOPOCTBIO
11°C/MuH B Hauaye 3aMOPO3KH.

Bpems, mun

g8 9 10 11

12 13 14 15

Ne2583

Ne0078

PI/ICyHOK 1- CKOpOCTI) 3aMOPO3KH CIIEPMBI CTEPJIAAN IO CaMIlaM

N3ydenne ckopoCTH 3aMOPO3KH CHIEPMBI CEB-
PIOTH MIPOBOJMIHN B 32aBUCHUMOCTH OT KpUOTIPOOH-
POK M OT pacIioIoKEeHHs! X B CIELHaJIbHOM OOKce
B Teuenue 15 munyT (pucyHnok 2). CkopocTs 3a-
MOpPO3KH Kpuomarepuaja B COJIOMHUHKaX, pacio-
JIO’KEHHBIX Ha Kparo O0Kca, MOJy4eHHBIX OT caMLia
Ne0497 B mepBbie Tpu MUHYTHI cocTaBuia 40°C/
MUH, Ha yeTBepToit MuHyTe 20°C/MHH C TOHMKE-
auem 10 2°C/muH. I[Toxokas CKOPOCTh 3aMOPO3KH
Habmromaercs y camia Ne4386, criepma KOTOPOro
Obla pa3iIuTa B COJIOMUHKH M PACIOIOKEHHOTO
Ha Kparo OOKca MepBble 2 MUHYTHI CO CKOPOCTBIO
24°C/muH, Ha TpeTheit MunyTe 48°C/MHUH ¢ Aalb-
HEeHIIuM ckaukooOpa3HbIM noHmkeHuem ot 11°C/
muH 10 2°C/mun. Criepma camia Ne4356 3amopo-
JKEHHBIX B COJIOMHUHKAX, PAacloJ0KEeHHOW B IIEHT-
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pe Ookca mepBble 4 MUHYTHI 3aMOPaXUBajIach cO
ckopocThio 10 20°C/MHUH ¢ AanbHEHIIUM paBHO-
MepHbIM ToHMKeHneM ot 10°C/mun no 5°C/muH.
Cnepma camma Ne4371 B colloMHMHKax B LIEHTpE
Ookca 3aMOpa)kMBaslach IOCTENEHHO TOBBILIAS
CKOpOCTh 3aMopo3ku 10 14°C/MHH B TeueHHE
MEPBBIX MATH MHUHYT C NMOHWKEHHEM B TEUEHUeE
JanpHEHIUX 4YeTbipeX MuHYT oT 11°C/MuH 1m0
7°C/MuH, najgee TP MHHYTHI CKOPOCTH JepiKa-
nack 11°C/mun ¢ nonmwkenuem a0 8°C/mun. [pu
3aMOPO3KHU CIIEPMBI CAMIIOB CEBPIOTH B COJIOMHH-
Kax HaOJI0JaeTcsi BBICOKAs CKOPOCTb B Haydase
3aMOpO3KH. B comoMuHKaX, pacmoioKeHHBIX 10
KpasiM OOKca CKOPOCTb 3aMOPO3KHU J0X0auna 00-
nee 40°C/mMuH, IpH PacIoIOKEHUH B IEHTPE OOK-
ca ot 15°C/mMuH no 20°C/MuH.



A.C. AcputbekoBa 1 Jip.

Bpems, mun

-120

Temmneparypa, °C

-140
-160

150—5&4386 npodupka SmaHI0pha (11eHTp) = Ne4 386 Comomunka (Kpait)
Ned356 mpobupka ImuHmopda (kpait) Ned356 ComoMHHKa (TIEHTp)
= No437 1 mpobupka ImuHmopda (meHTp) = Ne4371 ComoMHHKa (TIEHTp)
= No(0497 npoSupka InurHaopda (kpaii) Ne0497 Conomunka (Kpaii)

Pucynoxk 2 — CKopoCTh 3aMOPO3KHU CIIEPMbI CEBPIOTH B 3aBUCUMOCTH
OT KPHONPOGHPOK U PACIONIOKEHH S B GOKCe

[Ipu 3amMOpO3KM CrIEpMBI CEBPIOTH B TPOOUpPKAX
OnuHaopda BBICOKAsi CKOPOCTh 3aMOPO3KH HaOIIO-
JlaeTcsl B cepeluHe 3aMopakuBaHus ¢ S 1o 10 MmunHy-
ThI. DNHUHAOPQBI PACTIONIOKEHHBIE 1T0 KpasiM Ookca
UMeI CKOpocTh 3amopo3ku oT 20°C/mun mo 25°C/
MHH, B TieHTpe Ookca ot 15°C/mMun mo 20°C/mwuH.
Crnepma camma Ned386 B mpoOupke DnuHuopoda,
PacHoIOKEeHHOT0 B LIEHTpe OOKca B TeUCHUE 4 MUHYT
HUMEJIH CKOPOCTh 3aMopo3ku Oomee 5°C/MuH, B Teue-
HHe AajbHeHx 5 muayT 10 20°C/MuH, manee cKo-
pocThb 3aMopo3ku Obua 5-10°C/mun. Criepma camiia
Ne4371 B mpobupke DnuHIOpha, pacIoIokeHHOTO B
HEeHTpe OOKCa NMEITH CKOPOCTh 3aMOPO3KHY B TEUCHHE
nepBoid MuHyTHl 10°C/MUH, B T€UCHHUE CIICTYIOIIMX
mByX MuHyT 1°C/MuH, nanee B Te4eHHe 6 MUHYT CKO-
pocTh moBkIIIATach 10 16°C/MUH ¢ TIOHKEHHEM B
HOCJICHUX MHHYTaX 3aMopo3ku 10 8°C/muH. 3amo-
po3ka criepMbl caMiioB Ne4356 1 Ne0497 mpoxomna
aHaJOTUYHO B TEYCHHUE IEPBOH MHHYTBHI CKOPOCTH
3aMopo3ku cocraBuia 7,5-10°C/mun, nanee 2 MUHY-
ToI 2-3°C/MuH, criexyroriye Tpiu MuHyTH 60iee 20°C/
MHUH, C IOCTETICHHBIM MOHMWKEHHEM B TTOCIIEAYIOIINX
MHHYTaX J10 5-4°C/MUH COOTBETCTBEHHO.

Pa3smopaxkuBanme  cHepMbl  OCYIIECTBIISIH,
M3BJIeKas MPOOUPKH C 3aMOPOKEHHOH criepMoii U3
JKUJIKOTO a30Ta M MOMEILAsi UX B BOJSHYIO OaHIO ¢
temrrepaTypoit 38-40°C, 3aTeM aKTHBHPOBAIH JIHC-
TUJUTMPOBAHHOU BOJI0M. B pazmoporkeHHbIX 00pa3-
[[aX OIPEeNeNsTA KOJHYECTBO MOBMKHBIX CliepMa-
TO30U0B U BpeMs KU3HU (PUCYHOK 3,4).

[lpu wu3ydeHunm mnokazaTeneil KauecTBa aed-
POCTUPOBAaHHOW CIIEPMBI CTEPIISIIA IO YETHIPEM
camIlaM TaKXe I[OKa3ald XOpPOIIWE pPe3yIbTaThl

HauMEHBIINH M3 KOTOPHIX MMOKa3al caMel] ¢ 4H-
noM Ne0O78 ¢ mNOABHIKHOCTBIO CIIEPMATO30UIOB
53,4+0,75% wu Bpemenu xm3Hu 76,4+1,68cex mpu
ONITHMAJIbHOM CKOpocTH 3aMopo3ku 14°C/muH Ha
9-10 MunyTax 3amopo3ku. Hausbicmmii pe3yabTar
nokasain camen] ¢ yuioM Ne2583 mo moaBHXKHOCTH
criepmaTto3ousioB 76,8+1,25% u BpeMeHU KU3ZHU
crepmueB 216,2+1,44cek mpu ONTHUMAIbHON CKO-
poctu 3amopo3ku 17°C/MUH Ha 5 MHHYTE 3aMOpO3-
ku. OnTuManbeHas CKOpocTh 3amoposku 11-14°C/
MUH TI0Ka3aJld OTHOCHUTENIBHO HE BBICOKHE PE3YJlb-
TaThl HOJBMKHOCTH M BPEMEHM JKU3HHU CIIEPMATO-
3ounoB crepisanu (p<0,05). M.benas u ap. B cBoux
HCCIICIOBAHUSAX CO CIIEPMOM CTEPIISIIN YTBEPKAAIOT
0 MEHBIIIEM [IOBPEKICHUH II0CIIE 3aMOPO3KH/OTTau-
BaHMs IPOUCXOAUT MPU CKOpocTH 3amopo3ku 10°C/
MUH [22]. YV caMIIOB CTepysiau MPH ONTUMaJIbHOU
CKOPOCTH 3aMOpo3ku crepMbl g0 20°C/MuH TI0-
JIOKUTENTFHO TOBIHMSI Ha TOKa3aTeld KayecTBa
CIIEPMBI.

Ilo pe3ynbpTaTtam KauecTBa criepMsbl IIOCIIE 3aMO-
paKMBaHHS/OTTAUBAHMUS ICHCTBHE METaHOJIA B KOH-
neHTpanuu 15% mokasai MoJIoKUTENbHbIE PE3yilb-
TaTbl. B mccienoBaHusX MHOIMX aBTOPOB 0co00€
BHHUMaHHUE YJENAI0Ch ONTHUMHU3ALNN KauyeCTBEHHO-
I'0 ¥ KOJINUECTBEHHOT'O COCTaBa MPOTEKTUBHOM cpe-
IIbI KaK BaKHEHIIHNH (akTop oOecredeHrs 3anuThl
CIEpMaTO30M0B OT MOBPEKAAIOIIEro AEHCTBUSA
HU3KUX TEMIIEpaTyp, [0 Pe3yJibTaraM KOTOPBIX yC-
TAHOBWJIM, YTO HawboJiee MOIXOMSANIMM KPHOIPO-
TEKTOPOM JJIsl CIIEPMBI OCETPOBBIX PBIO (CTEPIISIN)
SIBJISICTCS. METaHOJI oOecreyuBasl HaMIydIIylo Yc-
TOMYHMBOCTH K OKCHIATUBHOMY CTpeccy [26].
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Pucynox 4 — [Nokazarenu kauecTBa 1e(hpOCTUPOBAHHON CIIEPMBI CEBPIOTH

[Ipn wm3yueHnm moKaszarenell kadecTBa med-
POCTHPOBAaHHOM CHEpMBI CEBPIOTH HaOJIOAAI0TCS
HE BBICOKHE pPE3yJNbTAaThl 3TUX IIOKa3aTelleld Io
CpPaBHEHHIO C HaTWBHOH cmepmoin (p<0,05). U3
HUX BBICOKHE pe3yJbTaThl OBUIM MOJIyYEHBI OT
cnepmbl camna Ne0497, 3aMOpOKEHHOTO B IpO-
oupkax OnuHIOpdha IPH MOIBIKHOCTH CIIEPMHCB
44,7+1,25% u Bpemenu xu3nu 674,5+3,8cek, 4To
oOyciaBIuBaeTCsl IOATAITHONW KpHUCTAITU3aluen
BHE- U BHYTPUKIIETOUHOU BOJHOM cpenbl. B 11e1om
criepMa, 3aMOpOKeHHasi B mpoOupkax DnuHaopda
MMeJa BBICOKYIO cKopocThb (10 20°C/muH) B cepe-
JIUHE TIpoliecca 3aMOPaKWBAaHUSA, 9TO MUHUMU3H-
pYeT MOBpEXJEeHNUE BHYTPUKIETOYHBIX CTPYKTYpP
IIPU KPUOKOHCEPBAIIUH U TOKa3ajia OTHOCUTEIHHO
BBICOKHME TIOKA3aTeN KadecTBa CIEPMBbI, 110 CPaB-
HEHHUIO CO CIepMOii, 3aMOpPOKEHHON B COJIOMHH-
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kax (p<0,05). IIpu 3TOM MOABMKHOCTH CTIEPMATO-
304I0B B MpoOUpKax DnuHAOpda Koaedamuch ot
27,75% no 44,75%, a BpeMsl KU3HU CIEPMHUEB OT
393,25cek no 674,5cek.

Crnepma, 3aMOpOKEHHast B COJIOMMHKaX HMela
BBICOKYIO CKOpocTh (15-48°C/MuH B 3aBUCHMOCTH
OT pAacIOJIOKEHMs) B Hadajge Ipolecca 3amMopa-
JKUBaHUS, YTO TOBJHUSIIO Ha YCKOpPEHHE Ipolecca
KPHCTAJJIM3aLUU BHE- U BHYTPUKIIETOUHON BOJHON
cpensl. [1oaBIKHOCTD CTIEPMATO30HIOB B COJIOMUH-
Kax Ipu 3ToM Kosebanack ot 12% mo 19,5%, a Bpe-
Ms KU3HHU criepmueB oT 228,5cek 10 373,75cexk.

B xone mccnemoBaHuil M3y4eHBI 3aBHCHMOCTD
MEXK/Y TIOIBUKHOCTBIO U BpEMEHH JKU3HH, 3aMOPO-
JKeHHOW/OTTasIHHOM CIIEPMBI OCETPOBBIX DPBbIO, Ie
HaOMoIaeTCst psiMast 3aBUCUMOCTh MEXK/Y JJAHHBI-
MU MOKa3aressiMu (PUCYHKH 5, 6, 7).
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PucyHok 7 — 3aBUCHMOCTH M@Ky BEDKHBAaEMOCTBIO M BPEMEHH JKU3HU CIICPMaTO30HI0B CEBPIOTH,
3aMOpPOXKEHHBIX B COJIOMUHKAX (n=4)
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3akioueHne

ITo pesynpTaTram uccienoBaHUM N3yUEHbI BIIWS-
HHUE CKOPOCTH 3aMOPO3KM Ha KaueCTBO CIIEPMBI
oceTpoBbIX pbI0. HabmromaroTcs BBICOKHE Pe3yilb-
TaThl TOJBM)KHOCTH W BPEMEHH JKHU3HHU CIEPMBI
CTEPIISAIU TIPU ONTHMAILHON CKOPOCTU 3aMOPO3KH
10 20°C/MuH B cepeiMHe dTara 3aMOPO3KH.

[Ipn n3y4eHnn BAMSIHUA CKOPOCTH 3aMOpPO3KH
Ha KaueCTBO CIIEPMBI CEBPIOTH, ObIIO YCTAHOBJICHO,
YTO MaKCHMaJbHass CKOPOCTh 3aMOPO3KH CIIEPMBI
CaMIIOB 3aBHCea OT BU/Ia TPOOUPOK, B KOTOPHIX 3a-
MOpPaKHUBAJIaCh CIIepMa M PACTIOJIOKEHUS UX B CIIe-
[MATBHOM OOKCe, a Takxe Oblila pa3HOW Ha 3Tarax
CTyTeHUaTOu 3amopo3ku. CriepMa, 3aMOpOKCHHAS
B COJIOMHHKAX UMEJIH BBICOKYIO CKOPOCTh B Hadase
3aMOpo3KH B npenenax 15-48°C/muH B 3aBUCHMOC-
TH OT CaMIIOB M MECTa PACIIONIOKEeHHUs B OOKCE, 94TO
MOBJIUSUIO HA KAYECTBO CIIEPMBI CEBPIOTH, KOTOpast
rMesia TOJBUKHOCTh CliepMUEB B mpegenax 12,0-
19,5%, Bpems xu3uu cnepmueB 228,5-373,75cex.
OTHOCHUTEIILHO XOPOIIUE PE3yJIbTAaThl ObLIH IOJTY-
YEeHBI OT CTIEPMBI CAaMIIOB CEBPIOTH, 3aMOPOKEHHBIX
B mpobupkax OnuHI0p(ha, KOTOPhIE UMENN CaMyo
BBICOKYIO CKOpPOCTb B mpezenax 10 20°C/muH, B 3a-
BHCHUMOCTH OT CaMIIOB M MECTa PaCIIOJIOKECHUS B
Ookce. [lomBWKHOCTH CIIEpMHEB ObIIa B MpeAeiiax
27,75-44,75%, Bpems xu3Hu crepmueB 393,25-
674,5cex.

Kpowme Toro, mpu u3yuennn HaOIr0HaETCS MIPSi-
Masi 3aBUCUMOCTb MEXAY MOJBHKHOCTBIO U Bpe-
MEHH JKU3HH CIIEPMBI OCETPOBBIX PHIO, a TAKXKE U3
MTOJTYICHHBIX PE3yIbTAaTOB HCCIIEIOBAHWUN BHUIHO,
4TO HauboJiee ONTUMAJIBHONH CKOPOCTBHIO 3amopa-
JKUBAHUS CIIEPMBI JaHHBIX BHJIOB OCETPOBBIX PHIO

SBIISICTCSL CKOPOCTh B mpenenax no 20°C/muH, em-
KOCTBIO, B KOTOPOH I1e7Iecoo0pa3Ho 3aMOpakuBaTh
o0pasipl sBisieTcss poOupku DnuHAopda, 00be-
MoMm 0,5MJ1, a peKUM 3aMOpaKMBAaHUS MHOTOCTY-
MEHYATHI C MUCTIOIH30BAHUEM CIICIIHAIBHOTO OOK-
ca W3 MeHoruiacta pasmepom 33,5x21cM, BBICOTOM
26cM ¢ Hapyxku U 20cM BHYTpH, CBEPXY KOTOPOIO
OBUT yCTAaHOBJIEH IUIOT W3 TMEHOIIacTa pa3MepoM
14,5x14,3cM ¢ TONIIUHON 4CM.

Kondaukr unrepecon

Bce aBTOpBI MPOYKTANN U O3HAKOMIICHBI C CO-
JIep’KaHUEeM CTaTbu M HE MMEIOT KOH(JIMKTA HHTE-
pecoB.

Bbaarogapuoctu

ABTOpBI CTaThbW BBIPAXKAIOT CBOK OJarogap-
HOCTb PYKOBOJICTBY Ypajo-AThIpayCKOro OCeTpo-
BOTO PBIOOBOIHOIO 3aBO/Ia 332 OKa3aHHE MOMOIIU
MIPH TIOJTYYCHHUE CIIEPMBI OCETPOBBIX PHIO B MEPHUO]T
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