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1- 0oniMm
KOPIHIAFAH OPTAHBI KOPTAY
AKIOHE KOPIIAFAH OPTAT A
AHTPOIIOTI'EHAIK ®AKTOPJAPIABIH 9OCEPI

Section 1
ENVIRONMENTAL IMPACT
OF ANTHROPOGENIC FACTORS
AND ENVIRONMENTAL PROTECTIONY

Pazmen 1
BO3JIEMCTBUE HA OKPYKAIOIIYIO CPEQY
AHTPOINOTEHHBIX ®AKTOPOB
U 3AILIIUTA OKPYKAIOUIEN CPEJbI
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OYUCTKA BOAbl OT ®PAPMALIEBTUYECKOI'O 3AIrPA3HUTENSA
LHE®PTPUAKCOHA C UCNOJIb3OBAHUEM
MOANOULIMPOBAHHOIO NMPUPOAHOIO LIEOJIUTA

B ctatbe paccMOTpeHa ouMcTka BOAbl OT apMaueBTMYEeCKUX npenapaToB (UuedTpuakcoHa) ny-

TeMm copbuum MoANGUUMPOBAHHBIM MPUPOAHBIM LeonnToM. Moaudukaums ueonuTa 6bina nposeae-
Ha MOBEPXHOCTHO aKTWBHbLIM BeLECTBOM (LETUNTPUMETUNaMMOHMIA 6pommna wnmn LITAB) ¢ pasHbiMM
KOHLEHTpaumsMn. B nccnefoBaHWM NpUMEHEHMS MPUPOAHOMO LIEONAUTa AN OYMCTKM CTOYHbIX BOA OT
(hapMaLeBTMYECKNX BELLECTB bbI10 YCTaHOBNEHO, YTO CcTeneHb agcopbuun gocturaet 97,3% ans ued-
TpUaKCOHa, NPY HayasnbHOM KOHUEeHTpaumun 50 Mr/n. M3oTepMbl aacopbummn COOTBETCTBOBAIM MOAESNM
JleHrmiopa, 4TO NOATBEPXAAET BbICOKYIO 3(PDEKTUBHOCTL LIe0IMTa B OYUCTKE BOAbl OT (hapMaleBTu-
YECKUX 3arps3HUTENIEN U ero NnoTeHUMan Ans NpoMbILLIEHHOrO NpUMeEHEHNs. Pe3ynbTaThl UCCNeaoBa-
HUS NOATBEPXKAAIOT NEPCNEKTUBHOCTL MPUMEHEHMSI NMPUPOAHBIX LIEOSIMTOB B CUCTEMAX OYUCTKM BOAbI.

KnroueBble C0Ba: Np1poaHbIi LIEONNT, MOAMMDULIMPOBAHHbINA LIEONUT, hapMaLieBTUYECKOE BeLlle-
CTBO, M30TEPMA aacopbumK, KMHETUKA aacopbLmMM, OYUCTKA BOAbI.
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Water purification from pharmaceutical
contaminant ceftriaxone using modified natural zeolite

The article discusses the purification of water from pharmaceutical preparations (ceftriaxone) by
sorption with a modified natural zeolite. The zeolite was modified with a surfactant (cetyltrimethyl-
ammonium bromide or CTAB) with different concentrations. In a study of the use of natural zeolite
for wastewater treatment from pharmaceutical substances, it was found that the degree of adsorption
reaches 97.3% for ceftriaxone, at an initial concentration of 50 mg/l. The adsorption isotherms corre-
sponded to the Langmuir model, which confirms the high efficiency of zeolite in water purification from
pharmaceutical pollutants and its potential for industrial applications. The results of the study confirm the
prospects of using natural zeolites in water purification systems.

Key words: natural zeolite, modified zeolite, pharmaceutical substance, adsorption isotherm, ad-
sorption kinetics, water purification.

4 © 2025 Al-Farabi Kazakh National University
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MoaudukaumnsanaHraH Taburmu LLeonuTTI NaiiganaHa oTbIpbin,
uedTpMaKCOHHbIH (hapMaLleBTUKAIbIK NlacTaybllbIHAH CyAbl Ta3apTy

Makanafa e3repTinreH Taburn LeonuTneH copbumnsnay apkbiibl Cyabl apMaleBTMKanblK fac-
TaywblnapgaH (uedTpuakCcoHHaH) Ta3apTy KapacTbipbliFaH. LleonuTtTiH Moandukaumscel ap Typni
KOHLIEHTpaumsaaarbl 6eTTik 6enceHai 3aTneH (LeTUATpMMeTUNaMMOHKI BpoMnai Hemece LITAB) xyp-
risingi. AFblHAbI Cynapabl papMaueBTUKanblK 3aTTapaaH Ta3apTy YWiH TabuFn LeonuTTi KonaaHyabl
3epTTeyae aacopbums gapexeci LledpTpmakcoH ywiH 97,3% — Fa XKeTeTiHi aHblkTanabl, 6actankbl
KOHLEeHTpaumscel 50 mMr/n. Aacopbuunst nsotepmanapsl JIeHrMiop MoaeniHe cavikec kengi, 6yn ueo-
NMTTIH cyabl hapMaueBTUKanbIK fnacTayllbl 3aTTap4aH Ta3apTyAarbl )XOFapbl TUIMAIMIMH XX9He OHbIH
©HEepKaCIiNTIK KoNaaHy aneyeTiH pacTaiabl. 3epTTey HOTW Kenepi Cyabl Ta3apTy XyienepiHae Taburm
ueonuTTepai KonaaHy 6onalwak MyMKIHAIKTEPIH pacTaiabl.

Ty#iH ce3gep: Taburn LeonUT, MoauduKaumusiaHrFaH LeonnT, dapMaLeBTMKanbIK 3aT, agcopbuus

130TepMachl, aacopbums KMHETUKACHI, Cyabl Ta3apTy

1. Beenenue

PazButie (apMareBTH4YEeCKOW MPOMBIILICH-
HOCTH BBI3BaHHBIA PACTYIIUM MHPOBBIM CIIPOCOM
Ha JIEKapCTBa, HEMPEIHAMEPEHHO TpPUBENT K
CEPbE3HOM DKOJIOTHYECKON Tmpobieme: cOpocy
CTOYHBIX BOJ (hapMaleBTUYECKUX MPEITPHUITHH.
CrouHble BOBI (hapMaleBTUUECCKUX TPEATPUSTHIA
COJIepKaT CIOKHYI0O CMECh aKTHBHBIX (hapMareB-
TUYECKUX BEIECTB, OPraHWYECKHUE 3arps3HUTEIH,
TOKCUYHEBIE TSDKEJIbIE METAIUTBI U Pa3IMYHbIE JPyTHE
XUMHYECKHe JO00aBKHA, MHOTHE U3 KOTOPBIX
SIBJISIIOTCS. ~ CTOMKMMHM M YCTOMUHMBBIMM K
TPaIUIMOHHBIM METOAaM OYHCTKH CTOYHBIX BOJI
[1]. CornmacHo nuTepartypHbIM AaHHBIM [2,3] B
OBITOBEIX CTOYHBIX Bomax Kazaxcrana oOHapy-
KEHbl pa3NIM4HbIe TPYMNIBl  (PapMareBTHUECKUX
BEIIECTB W KX METa0ONUTBl, a TaKXKe OCTAaTKU
CPEJICTB JINYHON THTHEHBI, CTEPOWJIBI H JpYyTrHe
coenuHeHus. Cpenmd HHUX TPUCYTCTBYIOT TakKue
npenaparsl, Kak aHTHOMOTHKH (TeTPauuKINH, Hed-
TPHUAKCOH, CyJb(paMeTOKcasoll, Cyib(aHuIaMun),
MPOTHBOBOCHIAITENBHBIE W 00e300yMBaromie
npenapatsl (nOynpodeH, nukiaodeHak, ameruica-
JULMIOBAs KUCIIOTA, TapaleTaMot). DTH BEIIeCTBa
IIMPOKO HCIOJB3YIOTCS W BOCTPEOOBAaHBI Kak B
Kazaxcrane, Tak ¥ BO MHOTHX APYTHX CTpaHax [4].

AHTHOMOTHKH IIUPOKO HCIONB3YIOTCA IS
MPO(PIIAKTHKNA U JIeUCHUS WHQPEKIIMOHHBIX 3a00-
JIEBaHUW >KMBOTHBIX WU 4YejoBeka. Ha mpoTspkeHun
HECKOJIBKHX JECATHICTUH Bce Ooiee IIHUpOKoe

NpUMEHECHHUE AQHTUOMOTHKOB MIPOJIOJIKACTCS
Omaromaps WX CIOCOOHOCTH JICUHTH pa3iUYHbIC
3a00jeBaHUs, B  OCHOBHOM  OakTepHajbHbIC
nH(eKIMoHHbIe 3a00NeBaHus. M3-3a IOCTOSIHHOTO
NONaJaHusl aHTUOMOTHKOB B OKPY)KAIOIIYIO CPEILy
BOJIHBIC U TIOYBEHHBIE OPraHW3MBbI MOJBEPraroTCs
XPOHUYECKOMY BO3ICHCTBUIO O3THX IIPENapaToB.
bonee TOro, mMOCKONBKY OHHM aKTHBHBI B OYEHBb
HU3KUX  KOHIIGHTpPAlMAX, OHHU  OKAa3bIBAIOT
TOKCHYECKOE BO3/ICHCTBHE HA OPTaHU3MBI, ¥ TIPH HX
COBMECTHOM NpPUMEHEHWH C JPYIHMH  Jie-
KapCTBEHHBIMH CpPEICTBAMH M KCEHOOHMOTHYEC-
KHMHU COCTUHEHUSIMH BO3HHUKAET CHHEPTETHUECKHUH
addekr. [loaToMy cymecTByeT ocTpas HEOOXOIH-
MOCTh B MHHOBAllMOHHBIX U 3(PEKTUBHBIX TEXHO-
JIOTHSIX OYHUCTKU, KOTOpbIE MOTYT 3(PQHEKTHBHO
YIAIATH 3TU 3arps3HSIONINE BEIIECTBA.

Hns ynaneHus 3THX KOMIIOHEHTOB B paMKax
OYUCTKH BOJBI W CTOYHBIX BOJ OBLIM HCIIOJb-
30BaHbl pa3IMYHBIC METOJBI, TaKWe KaK HOHHBIH
oOMeH, ocaxaeHue, MemOpaHHas (QuibTpanus,
XMMHUYECKOE OCaKACHUE M aacopOuus, KoTopas
SBISIETCS. OJIHUM W3 HAWIYYIIUX METOJIOB yja-
JIEHWsST TOKCHYHBIX BELIECTB C MCIIOJIb30BAHUEM
agcopbenta. OmHuM U3 Haubojee pacmpocT-
pPaHEHHBIX CIIOCOOOB YJaJCHHUSl 3arps3HSIONIHX
BEIIECTB U3 CTOYHBIX BOJ SBIAETCS aICcOpOLVSL
OTOT METOHI HCIONB3YeTCs IUIS YCTpaHEHHs 3ar-
PSIBHSAIOIINX BELIECTB B CTOYHBIX BOJAX OJaromaps
CBOEH MPOCTOTE, BBHICOKOHW I(P(HEKTHBHOCTH M IKO-
HOoMu4HOCTH. Cpeau MaTepHajoB, HUCIOIb3YEMbIX


mailto:tauanov.zhandos@kaznu.kz

OumncTKa BOJBI OT q)apMaL[CBTI/I‘{CCKOI‘O 3arpss3HUTCIIA ch)TpHaKCOHa C UCITIOJIb30BAHHUCM MOZ[I/I(i)I/IHI/IpoBaHHOFO...

B TIpoIlecCce aJCcopOIHMU, aKTUBUPOBAHHBIA YIOJb,
MPUPOJIHBIA IICOJIUT WM CHHTETUYCCKHM IICOJIUT,
HaHOMAaTEePHAaIHI [5].

Onur w3 Hauboyiee PaCIPOCTPAHCHHBIX MPU-
POIHBIX COPOCHTOB HCIIOJB3YETCS TPUPOIHBIC
meonuTel. M3-3a  cBoedl  OONBIION  TIIOMIAIU
MMOBEPXHOCTH ¥ CYMMapHOTO OTPHIIATEIHHOTO
3apsaa B CTPYKType KaHaJOB IEOJIUTHl MOTYT
a7copOMpoBaTh 3arps3HAIONINE BEIIECTBA, TaKHE
KaK TIECTUIUABI U TsDKellbie MeTawibl. [lpupogabpie
LICOJIUTHI, KakK IMPaBUJIO, HUMEIOT OTPUILIATEIHHO
3apSKCHHYIO TOBEPXHOCTh. YTOOBI MMETh BO3MOXK-
HOCTH a/ICOPOMpPOBATh MOJEKYIBI JEKapCTBEHHBIX
CPEICTB KpaiiHe Ba)KHO 3aMEHHUTH OTPHUIATEIHHBIN
3apsal Ha TOIXOIANINHN (TIOJOKUTEIBHO 3apsiKEeH-
Hasl IOBEPXHOCTh JUIA afcopOruu). Moaudukanus
MIPUPOTHOTO IIEOJINTA KATHOHHBIMA TTOBEPXHOCTHO-
aktuBHbIMH BemecTBamu (ITIAB), takumm Kkak
rexcagenmiTpumerunammonuiiopomun (HDTMA,
HUTAB) wnm OeH3amKOHHUS XIJIOpUZ, 3aMEHSeT
katronbl (Na®, K*, Ca?") ma opranudeckue Ka-
tuonbl [IAB. Bonee Toro, meonutsl, Moauduiu-
pOBaHHBIE KATHOHHBIM TOBEPXHOCTHO-aKTHBHBIM
BelecTBoM Ha ocHoBe HDTMA, ObutH cTaOMIIBHBI
[IpY BBICOKOM MOHHOM CHJIE U INUPOKOM JIHAIIA30HE
pH cpengr [6,7].

B srom wmccnemoBaHum Oblia TpOBEIEHA MO-
TU(UKAIUS TTOBEPXHOCTH IIEOJIUTA C HKCIOJIB30-
BaHHEM  TIOBEPXHOCTHO-aKTUBHOTO  BEIIECTBA
HTAB, 4Tro0bl MPUPOIHBIA EOTUT MOT ajcopOu-
poBaTh MOJIEKYIIHI TieTpruakcona. Mosekybl ed-
TPUAKCOHA JIydIlle aJCOPOUPYIOTCS Ha IEOJUTaX,
MOJU(HUIIMPOBAHHBIX KATHOHHBIM TOBEPXHOCTHO-
aktuBHbIM BemectBoM L[TAB. bruia mpoenena
OIIGHKa aJCOPOIMOHHBIX CBOWCTB Ie(TpHAKCOHA

Ha TPHUPOJHOM IEOJUTE, MOIUPHUIMPOBAHHOM
MOBEPXHOCTHO-aKTUBHBIM BEILECTBOM, u
MPOBEJEHO  CpaBHEHWE C  aJCOPOLMOHHBIMHU

cBolicTBaMu 0e3 MOAH(UKAIMH TIOBEPXHOCTHO-
akTuBHEIM BeniectBoM LITAB.

Boum u3y4eHsl UX CTPYKTypHBIE U MOp(OJI0-
THYeCKre OCOOCHHOCTH C ONMMCAaHUEM TOITYYEeHHBIX
MaTepuajoB COBPEMEHHBIMH  AaHATUTHYECKUMHU
METOJIaMH, TaKUMH KaK pPEHTI€HOCTPYKTYpPHBII
anamu3 (PCA), ckaHupyromasi 3J1€KTPOHHasi MHK-
pockorusi (COM) D10 wmccneoBaHUE IO3BOJSIET
OLICHUTh  MOTEHLUHWAN MPUPOAHOTO  IIEOJIUTA,
pacmpuTh 00JacTH WX MPUMEHEHUS W CO31aTh
HOBBIE KOMIIO3UTHBIE MaTEPHAITBI.

Hannast paboTa moCBsIIeHa U3yYEHUIO a/ICOP-
OLIMOHHBIX CBOWCTB MPHPOAHOTO LEONHUTA MpPHU
yIaJeHNH aHTUOMOTHKOB W3 BOJHBIX PacTBOPOB.
3agadell MCClIemOBaHUS SABJISCTCS olleHKa 3 dek-
TUBHOCTH NPUPOJHOTO LEONUTA U C MOIUPHUIHPO-
BaHHBIM [IEOJIUTOM MpPHU aAcopOounH e TpuakcoHa.
DTo mccienoBanue oOleHnBaeT 3(h(OEKTUBHOCTh H
MOTEHIIMAT MPUPOAHOTO IICOJIUTa B OYUCTKE BOABI,
YUUTHIBasl €0 BBICOKHE afCOPOIIMOHHBIC CBOWCTBA
7 TPaKTHYECKYI0 3HAYMMOCTH JUISI COBPEMEHHBIX
3amad cepe XUMHUHM U dKOIOTuH. braromaps yHu-
KaJIbHOM CTPYKTYpe M BO3MOXHOCTU IIEJICHAl-
paBieHHON Momupukanuu (QyHKINOHATBHBIX Xa-
PaKTepHCTUK, TEONHUT MPEACTABISET MEPCIIEKTHUB-
HBI MaTepualn Ui yJaleHus (apMareBTUUYECKUX
3arpsI3HUTEIIEN U3 BOJBI.

2. MaTtepuaibl 1 METObI HCCIETOBAHUS

2.1 Marepuanbl. B kauecTBe 1[e0UTa HCIIOINb-
3oBasics npupoaubiid reonut (Illankanaiickoe mMec-
TopoxaeHHHus (AnmMaTmHCKass oOmacth, Kazax-
cran), lleprpuakcon wHarpus (Sigma Aldrich,
99.5%), UTABb (I'excamenunTpumMeTnIaMMOHUI
opomun, Sigma Aldrich, >99%), nenoOHHOHUIIH-
pOBaHHAas BOIa 0COOOW YHCTOTHI.

Jns xapakTepuCTepH3alliy I[IEOJIHUTa HCIONb-
30Bajicsl METOJI peHTreHoda3oBoro aHanmza (POA)
C WCIIONBb30BaHUEM JU(PPAKIMOHHON CHUCTEMBI
MPD XCEL-221 npu napametpax 30 kB u 10 MA,
npumenss u3nydenne CuKa (A = 1,540056 A) co
ckopocThio ckanupoBanus 0,02 °/s B auanazone 20
ot 10° mo 70°.

2.2 Moauduxanus ueoaura. Moaudukanus
MIPUPOIHOTO IIEOJIUTA TPOBOJMIACH CIEAYIOIIUM
oOpazom: 25 TpamMMm MPHPOTHOTO  IEOTUTA
nomemanace B 250 wmn pactBopa LITAB u
nepeMenuBaics co ckopoctbio 200 00/MuUH mpu
temnepatrype 30 °C B treuenue 48 wacos. [locne ans
ynanenuss u30bITKa octatkoB L[TAb meomut
MPOMBIBAIM JUCTHIUIMPOBAHHOM BOJOH 5 pa3.
Moudukanuss MpoBOJMIACE C KOHIEHTPALUSMU
10, 20, 30 mM UTAb. J[lns omnpeneneHus

ONTUMAIBHOTO  YCIOBHUA JUIL  MOTUUKAIUU
meonwta, ObBUIA  TPOBENCHBI  OMBITHI IO
OTIPENICTICHIIO ~ MaKCHUMAaJIbHOH  COpOIMMOHHOM

eMKOCTH YHaJeHUs Le(pTPHAKCOHA W3 BOJHOTO
pactBopa (puc. 1).
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Pucynok 1 — Cxemarndeckas quarpamMma MOIU(PHUKAIUN TPUPOJHOTO IIEOTUTA

2.3 H3otepma amcopoummn. B »Toli pabote
ObUTM TPOBENCHBI MEPUOMUCCKHE DKCIICPUMEHTHI
JUIS  OTpENeNieHusT CTEeMeHH ancopOoruu  1ed-
TpuakcoHa. J{is aroro Opanock 100 mr ajcopOeHTa
pa3mepoM 0,63 MM, KOTOPBIi ObUT TOMeIIeH B 10 M
B pacTBOp nedTpruakcoHa. B kaxayro mpoOupky

mobasmsiim 10 M pactBopa medTpuakcoHa ¢
kounenrparueii 5, 10, 20, 30 u 40 mr/n. PacTBopbl

nepeMelMBaINCh Ha OpPOHWTANBHOM NICHKEpe CO
ckopocThio 350 00/MuH B TeueHue 24 4acoB I
MOJTHOTO ~ JIOCTHIKEHHST PAaBHOBECHS HM30TEPMBI.
OO0pa3upl  3aTeM KOJMYECTBO OMPEAETSUICS ¢
noMomnplo  Y®-criektpodoToMeTpa TpU  AJIHHE
BOJIHBI 272 HM [8].

CopOnnoHHasi eMKOCTh (e (MI/T) ajcopbara
ObUTO paccuMTaHo ¢ momomblo ypaBHeHus (1) u
a¢dexTrBHOCTD yaaneHus (%) ypaBHeHHEM (2):

(COCCy-CCCC uee)

e = X (1)
3y = 9% 100 @
Co
rae, ge (Mr/r) — paBHOBecTHas COPOLMOHHAsS

emkocTh BemiectBa, Co u Ce (MI/1)— HayaJbHas |
paBHOBECHAasl KOHIICHTPAIMS BEIECTBA COOTBET-
cTBeHHO, V (M) — 00muii 00beM pacTBopa, a m (T)
— Macca HCIOJIb3yeMOoro copOeHTa.

TOBEPHOCTH  SKCIEPUMEHTAIbHBIX JAHHBIX U
W3y4eHUsT  aJICOPOIMOHHOTO  TIOBEJCHHWS  Ha
OJHOPOJIHBIX M TE€TEPOrcHHBIX ITOBEPXHOCTSIX.
JIuHeuHbl T U30TEPMBI JIEHrMIOpa BhIpa)kaeTcs
B ypaBHeHHH (2):

Wy _ 1 + e , (2)

s W Xm’fm [

rae, Ce (MI/i) — paBHOBECHas KOHIIGHTpaNUs B
BOJHON (aze, (e M (max (MI/T) — paBHOBECHas U
MaKCUMaJlbHas pa3pymiaromias crnocoOHocTh, a Ki
(;1/mMr) — moctostHHast JleHrMiopa.

Jluneitnpiit TN u30TEpMBl  DpelHTHNXA
BbIpaxkaercd B (3) ypaBHEHHUH.
!
MO o =N 00 KRR+ O - cece 3
T it . 6

rme, Ce (Mr/n) u (e (Mr/r)-amcopOiuoHHas
CIOCOOHOCTh PABHOBECHBIX KOHIICHTPAIUi, a N

HccnenoBanre COPOIMOHHBIX  XapaKTEPUCTHK
JIENaJuCh MOICISIMM  aJCOPOIMOHHOM H30TEPMbI
Jlenurmiopa u @peliHgiuxa, AIs OLEHKH JOC-
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(6e3pazmepnsbie) u Ke-korctantsl Opeiinmmumxa [5].
3. Pe3yabTaThl u 00CyK1eHHE

3.1 Ananu3 o0pa3moB ¢ MCMOJIb30BAHHEM
PEHTIeHOCTPYKTYPHbIH aHaam3a. Axanu3 XRD
MoKasall, YTO IICOJIUT COCTOUT U3 B OCHOBHOM M3
KJIMHOTITUJIONHMT SIBJISICTCS. OCHOBHBIM MHUHEPAJIOM
B o0Opaslle ®W wWMeeT HEOONBIION COCTaB
MopaeHuTta. Ha puc. 2 mpenctaBieHbl pe3yinbTaThl
PEHTTEHOCT- PYKTYPHOTO aHaJM3a IICOJUTHOTO
MaTepuaa,
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KOTOPBIN MCHOJB30BAJICS ISl ONpENeNieHus] XUMH-  KiuHonTwionutoB tunoB (-131), (-421), (-222),
gyeckoro cocraBa. XRD kaptuHa neonmuroBoro ma-  (151) u (-602) MOXHO ONpeiEHUTE 1O MUKaM MPH

TepHana CBHICTENbCTBYET O CYIIECTBOBaHWM Ieo-  20= 22.8° 26°, 30,1, 32,67° u 44,2 Ha oCHOBaHHUU
nuTa THna kauHonTwionura. Mamekcel Mumuiepa  kaprouek NeJCPDS 00-025-1349 u 01-079-1460.
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PucyHok 2 — CrieKTpsI peHTT€HOCTPYKTYPHOTO aHaJM3a IPUPOJHOTO IIE0NIUTa

Ha tabaume 1 mpencraBieHa MOAPOOHBIH — OJIA MaTepuaia COCTOMT M3 IleoynTa. Marepuan
aHaIM3 XapaKTePHCTHK MNPUPOJHOTO IEONUTa,  MMeeT TBepaocts 4,5 mo mkaie Mooca, dYTO
OCHOBHBIM KOMIIOHEHTOM KOTOPOTO SBJSIETCS  YKa3bIBaeT HAa €ro yMEPEHHYIO IPOYHOCTb, YTO JIaeT
KIMHONTWIONUT. MaccoBass  JIoJii  KOTOPOTO ~ BO3MOXKHOCTh YCTOWYHMBOCTh K MEXaHHYECKUM
Bapeupyercs oT 50 1o 84%. Tem caMbIM OCHOBHasi ~ BO3JICHCTBUSIM.

Ta6auma 1 — OCHOBHBIC (PU3UKO-XUMUYECKUE MTOKA3ATEITN MPUPOIHOTO IICOTUTA

No. IToxazarenb XapakTepucTuKu

1. Maccogast goist eosnura, (%) 50-84

2. | MunepanbHas Gpopma L[eONHTA KJITHHONITHJIONIAT

3. Tsepmocts Moocy 45

4. | Xumunueckuii cocran (%):
SiO2 60-74
Al203 14-15
TiO2 0.070-0.700
Fe203 1.400-5.830
MnO 0.067-0.199
MgO 0-2.120
CaO 0.130-6.400
Na20 0.610-5.450
K20 0.660-4.030
P20s 0.012-0.173
H20 0-4.090

5. | CootHowenue SiO2/Al203 4.00-5.28
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CootHorenne SiO2/Al;O3 ykasbiBaeT Ha yme-
peHHoe KoymyecTBO amomuHus (Al) u mpeobia-
JaeT KpeMHuH (Si), 7TO COOTHOIIEHUE XapaKTepHO
JUIL LIEOJIUTOB C YCTOWYMBOW KpPUCTAJITMYECKON
peleTkoi. ANIFOMUHUHN CO3/1a€T B CTPYKTYpE OTpU-
[aTeNbHbIe 3apsiibl, KOTOPHIE KOMIICHCHPYIOTCS
katnoHaMu ¥ QDOYHKIHOHAIBHBIE TPYIIBI Ted-
TpuakcoHa (HampuMep, KapOOKCHIbHAsi U aMHHO
TPYIIIBI) MOTYT 00pPa30BBIBATH BOAOPOIHBIE CBSZH C
MTOBEPXHOCTHIO IIEOJTHTA.

3.2 UccnenoBanue MOpP(oJIOrHH ¢ IOMOIILIO
CKAHUPYHOLIEH 3JIEKTPOHHOH MHMKPOCKONHMU M
JHEPreTHYECKOi JAUCIHEPCHOHHON CHEKTPOCKO-
nun. CKaHUpYOIas SJIEKTPOHHAsST MUKPOCKOIIHS
(COM) moka3piBaeT, YTO MPUPOAHBIA IEOTUT

186V

30kV X200

X100  100um

HMEET OTHOCHTENBHO TJaJKyl0 TIOBEPXHOCTH C
MOpUCTHIMU cTpyKTypamu. [locne momudukamuu
neonmuta  m3o0pakenmss COM  TIOKa3BIBAIOT
3HAYUTEIILHOE yBEJIMUCHHE HIEPOXOBATOCTH
MMOBEPXHOCTH M 0OpaszoBaHue HOBbIX mop (Puc. 3).
MonnhuiupoBaHHbelii  TEOJIUT  JEMOHCTPUPYET
CTPYKTYpHBIE W3MEHEHUS, TaKue Kak 00pa3oBaHue
OONBIIKMX TOP M TPEIINH, YTO CBUACTEIBCTBYET 00
YIIydIIeHHH €ro aJICOPOIMOHHBIX CBOWCTB. Ecmu
Moan(UKanysg BKIIOYAET J00aBIIEHHE AKTUBHBIX
KOMIIOHEHTOB, MOKHO HAOJIOAaTh  PacHpocT-
paHeHue HOBBIX (YHKUMOHAIBHBIX TPYII HIH
HAaHOYACTHII. OJTH W3MEHEHHUS YKa3bIBalOT Ha
3G PEKTUBHOCTE MOAM(DUIMPOBAHHOTO IEOJIUTA B
mporeccax — aucopOIMM 1O  CPaBHEHUIO ¢
HaTypaJlbHBIM [IEOJTUTOM.

100ym

Pucynok 3 — COM usobpaxenus nmpupoaoro(A) u Mmoxudunuposantoro(B) meommra

3.3 UccienoBanue ajcopoOLMOHHBIX CBOWCTB
maTepuanoB. CopOuuro nposoxunu npu pH 7 u
npyd KOMHATHOH TemIieparype IepeMeniBaHueM
pu 200 06/MuH. VI3MeHeHHsI e B 3aBUCUMOCTH OT
Ce ObLIM TPOAHATTU3UPOBAHBI C TIOMOLIBIO U30TEPM
Jlenrmiopa u @pelHAMNXa, KOTOpBIE NpEACTaB-
JIEHBI HA pUCyHKaX 4-6. [TapaMeTpsl OATOHKH IS
00enx u30TepM NpuBeAeHb! B Tabiuie 2. JlaHHbIe 0
copOLMM  XOpOILIO COOTBETCTBYET IO MOJENU
Jleramropa (R?>0.90). 3nauenus N Bcex copOeHTOB

B PaBHOBECHOM COCTOSIHUM HAXOJWINCh B JiHa-
masone 0,30-0,73, 4T0 CBUIETEILCTBOBAJIO O BHICO-
KOH HEJIMHEWHOCTU M OJIarONpPHUATHOCTH Ipolecca
copoumn. Kospduuuentsr  koppemsumu  (R?)
Mojerneit Jlanrmropa ObUTH BBIIIE, YEM y MOJCITH
OpeliHxa, 4TO CBUICTEIBCTBYET O MOHOCIIOW-
HOM MeXaHu3Me ajacopOuuu. MakcuManbHas copo-
[IMOHHAS EMKOCTh OJIM3Ka K 3KCICPUMEHTATHLHOMY
3HaueHui. [lodToMy, WCXOAS W3 CPEJAHUX 3HA-
yeHUIl 00enX MOJEJIeH, UCCIeIOBAaHHbBIX JIJIS BCEX
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oOpasioB, mozens JleHrmiopa cumraercs Oojee
npuemiiemoil. Mzorepma JlenrMropa npeamnosiaraet
MOHOCIIOMHBIM XapakTep IIporecca aacopOITh.

Mopenb npe/nonaraeT, 4To CKOPOCTH aacopOuu 1
JIECOPOLIMY YPaBHOBEIICHBI M YTO BCE aKTHBHBIC
LIEHTPHI Ha TOBEPXHOCTH a7cOPOEHTa OAMHAKOBEI.

227 [1omM HDTMA

2,0
1,8—-
1,6—-

gm-_

~—

= 12-
1,04
0,8 1 ™

0,6 1

T T T
10 12 14 16 18

Ce(mg/L)

Pucynok 4 — CopbunonHas nzorepma nedrpuakcona
¢ MomuduuupoansbiM neoiutoM LITAB ¢ pactBopom 10 MM

2,2

1 20mM HDTMA

1.8+

2,0

——
10

12 14 16 18

20

Ce(mg/L)

Pucynok 5 — Copbunonnas nzorepma nedTprakcoHa
¢ MmoauduupoBanHbM 1eoiutoMm LITAB ¢ pactBopom 20 MM

11



OuncTka BOABI OT q)apMaL[eBTI/I‘{eCKOI‘O 3arpss3HUTCIIA Heq)TpI/IaKCOHa C UCII0JIb30BaAHHUEM MOHHq)HHHpOBaHHOFO...

12

35

30mM HDTMA

ge(mr/r)

o

(&)}
|. | s
\.

1 2 3 4

5 6 7 8

Ce(mr/n)

Pucynok 6 — Copbuunonnas nzorepma nedTprakcoHa
¢ moaudunuposannbim reoutom LITAB ¢ pactBopom 30 MM

Pe3ynbTaThl pacueToB 1o mojensim JIeHrmropa u
Opeilinanuxa yka3zaHbl B Ta0nie 2.

Hnst ompenenenns 3(h()EKTHUBHOCTH yHalleHUS
copOeHTOB COpOEHTHI TMOMEUIAINCh B PacTBOP
ne)TiakcoHa ¢ KOHIEHTparuer 50 wMr/n wu
HU3MEPSUTUCH B OTPE3KE BPEMEHU.

Ta6auna 2 — [Tapamerpsl Moaenu 11 copouny nedTpuakcoHa

CopOrus nedrpuakcona (Puc. 7) unyt ¢ BbIicO-
KOW MHTEHCHBHOCTHIO Ha mepBbie 15 MuH copOuum,
nanee 3QQPEeKTUBHOCTh YAaJICHHs TMOBBIIIAETCS 1-
2%. UTO CBHIIETEIHCTBYET O TOM, UTO IMOTJIOIICHHE
WET TOJBKO Ha TIOBEPXHOCTH COpOEHTa W Jajib-
Helmme copOnrs B MUKPOIIOpaxX HE TPOUCXOTUT.

Mopnens Jlenrmiopa Mopenb @peitnuinxa
CopOeHT
Qmax MI/T KL R N Kr R
[pupoaHsIii 1IeOTUT 0,0173 0,1834 0,9114 0,6194 0,5354 0,8559
10 mM LITAB 3,56323 0,1862 0,9696 0,4614 2,6660 0,8373
20 mM LITAB 4,2918 0,1605 0.8895 0,3078 3,8082 0,8547
30 mM LITAB 2,5670 0,2979 0.9055 0,7397 2,8445 0,9029
100 = — ——
gum———— —1
& 80
g
s
g %
> \
g |
8 .
g 4
g —=— 10 mM UTAB
2 o0 + 20 mM LUTAB
£ —4— 30 mM UTAB
0 -I T T T T T T
0 20 40 60 80 100 120
Bpemsi (MuH)

Pucynox 7 — D¢ dextuBHOCTS yaaneHus nedTpuakcoHa MOAUPUIMPOBAHHBIM IEOJIITOM
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3akirouenne

B manno# paboTte OBLT MCCIIeIOBAaH COPOITMOH-
HbIE CBOMCTBa IpupoAaHoro meosurta lllankanaii-
CKOTO MeCTOpOXKIeHUsI (AnmMaThHCKas 00JacTb,
KazaxcTan) u ero MoguuIIMpoBaHHBIX (HOPM IS
ymaneHus: 1edTpuakcoHa W3 BOIHBIX PacTBOPOB.
Ancopbent Mmonuduuuposannsiii ¢ 20 MM LITAB-
OM TTOKa3aJI HanOOoJIbIIIHE COPOIIMOHHBIE CBOHCTBA C
s dexktuBHOCTRIO ymanmenus 97,3% 3a 15 muH
cop6ruu u 93% nns 30MM, 95% ns 10 MM. Taxoke
ObuUIM  M3y4eHBl (DUBUKO-XMMHYECKHE CBOMCTBA
MuHepana. PeHTreHoda30BbIi aHATN3 TTOATBEPATLI,
YTO  KJIWHONTHJIONHWT  SIBISJICS  OCHOB-  HOU
MUHEpalbHON (ha3ol 1eonnTa, a CKaHUpYIo- Ias
JJNIEKTPOHHAS MHKPOCKOMHS TIOKa3blBaja pPOCT
[IePOXOBATOCTH MIOBEPXHOCTH U TIOPUCTOCTH MOCIIE

MexaHu3M copOuun. OCHOBHBIMH MEXaHHU3MaMH
B3aMMOJICHCTBUS IIePTPUAKCOHA C MOAM(HUIIUPO-
BaHHBIMH IICOJTUTAMH SIBIIIOTCS 3JICKTPOCTATH-
YeCKHe CHJIBI, THAPO(POOHBIC B3aUMOJCHCTBUSI H
MEXMOJICKYJISIPHBIC ~ CBSI3M  BojopoioM. Erch
HECKOJIBKO TICPCIIEKTUBHBIX HAIMPABJICHUN  JIIS
JALHEHIIET0 UCCICOBAHSI C TICTHIO MOBBIIICHHS
3¢ (HEeKTUBHOCTH: aHAJIN3 BIUSHUS pa3Mepa 4acTHI]
[IE0JIUTA; MCCICAOBAHUE BIUSHUS YCIOBUH MOJIU-
(duKanyu; UCCIeOBaHUE ONIMU BOCCTAHOBIICHUS
copOeHTa.

Baaronapuoctu
PabGota BeimonHena mpu noanepxkke Komurera

Haykn MUHUCTEpCTBAa HAyKH U BBICHIETO 00pa3o-
BaHus PecnyOmukm Kazaxcran, BR24992814

MOILI/I(bI/IKaHI/II/I. 9KCHepI/IMCHTaJH>HI)IC HN30TCPMBI «Pa3Butne MHHOBAIITMOHHBIX TEeXHOJIOTUI u
azcopOLMM  XOpOLIO COOTBETCTBYIOT MOJENM  CO3JaHHUE COBPEMEHHOH WH(PacTPyKTyphl st
Jlearmiopa ¢ kodddunmeHTOM AeTepMHHANMK  ycToWumBoro pa3BuTHa  HOxHO-KazaxcraHckoii
6onee 0,90, uyto yka3piBaeT Ha MOHOCJIOMHBIM o0macTm».
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BIOTECHNOLOGICAL VALORIZATION OF PLANT BIOMASS
FOR ECO-FRIENDLY PACKAGING VIA BACTERIAL PROCESSES

The growing environmental impact of petroleum-based plastic packaging has intensified the need
for biodegradable and sustainable alternatives. Among these, bacterial cellulose stands out as a prom-
ising biomaterial due to its remarkable purity, mechanical strength, and nanofibrillar structure. Unlike
plant-derived cellulose, bacterial cellulose is naturally synthesized by specific bacteria in a form free
from lignin and hemicellulose, making it highly suitable for use in eco-friendly packaging and bio-
medical applications. This review highlights recent advances in the biotechnological valorization of
plant biomass, particularly agricultural residues such as straw, stalks, and husks, for bacterial cellulose
production. These lignocellulosic feedstocks are abundant, renewable, and offer significant potential as
substrates for microbial fermentation. The paper explores the chemical composition of various biomass
types and evaluates their suitability for bacterial cellulose synthesis based on their cellulose, hemicel-
lulose, and lignin content. In addition, the review outlines the enzymatic steps involved in bacterial
cellulose biosynthesis and the microbial strains primarily responsible for its production. Together, these
insights provide a scientific foundation for converting plant-based waste into biodegradable cellulose-
based materials, contributing to the development of sustainable packaging solutions and supporting the
transition toward a circular bioeconomy.

Key words: bacterial cellulose; lignocellulosic biomass; sustainable packaging; agricultural residues;
microbial fermentation.
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OciMaik 6uomMaccacbiH 6aKkTepusbiK NpouecTep apKbi/ibl
3KONOrUsA/IbIK Ta3a opaybill MaTepuangapra 6norexHonorusnbik 6aranay

MyHait HerisiHaeri nnacTvkanblk opay MaTepuanaapblHbiH KOpLlUaFaH opTaFa acepi apTKaH caWiblH,
buogerpafaumsnaHaTbiH XoHe TypakTbl 6anamanapablH KaxeTTiniri kyweiai. Ocbl 6anamanapabii
apacbiHaa 6aKkTepuasbIK LIENNi003a epeKLle TasasbiFbl, MEXaHVKasbIK OepiKTiri )KoHe HaHO-TaslWbIKTb
KYpbUIbIMbl @pKacbiHAa NepcnekTuBanbl buomaTtepman peTiHAe epekweneHeni. ©CiMAIKTEH anblHFaH
LenonosaaaH anblipMallblibiFbl, GaKTepUsbIK Leoio3a apHaibl 6aktepusnapMeH Taburn Typae
CUHTe3[eneAi XXaHe IMMHUH MeH reMuuUesnsIiono3asaH epkiH Typae 6onaabl, 6yn OHbl SKONOrMsNbIK Tasa
opay MaTtepvanzapbl MeH 6roMeaMUMHanbIK KonaaHbanap yuliH eTe Konainel eteni. byn wony eciMaik
6uomaccacolH, acipece cabaH, cabaHAblK ASHAEP XOHE Kaybl3 CUAKTbI ayblillapyallbiiblK KanablKTapblH
bakTepusanbIK LeN03a eHAipyre apHasFaH 6MOTEXHONOTUSNbIK KyHAbIbIFBIH apTTbipyAaFbl COHFbI
XKETICTIKTEepre Hasap ayaapaabl. byn nurHouennionosapl WuKisaTTap KeHiHEeH TapanFaH, >XaHapTblnaTbiH
XKOHEe MMKPOOpraHu3Mzep apKbi/ibl aWbITy YWiH MaHbI3abl aneyeTke me. byn xymbic apTypni 6uomacca
TYPAEPIHIH XMMUANbIK KypaMblH 3epTTeiai xaHe onapAblH Liensionosa, reMuUeniionosa XoHe IMrHUH
KypaMblHa HerizgenreH 6akTepusnblk LENIII03a CUHTE3IHE >XapaMAblbiFbiH - GarFananapl.
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Fanaviabl. CoHbIMEH KaTap, wosy 6akTepussbiK Lennono3a buocnHTesiHaeri hepMeHTTiK Kagamaap-
[bl XXKdHe OHbIH eHZIpiCiHe >xayanTbl MUKPOOPraHM3Maep WTaMaapbiH cunatTanasl. Ocbl ManiMeTTep
ecimaik KanablkTapblH 6uoaerpagaumsinaHaTbiH Lenstono3a HerisiHaeri matepvangapra anHanabipy
YLUiH FbITbIMKM Heri3ai KamMTaMachl3 eTiM, TypakTbl opay LieliMaepiH AaMbITyFa XaHe aliHanManbl 61os-
KOHOMMKaFa KeLllyre ynec kocaabl.

TyiiiH ce3aep: HakTepusinbIK LENNN03a; IUrHoLenItono3asl buomacca; TypakTbl opay; ayblila-
pyaLbinblK KasAbIKTapbl; MUKPOOPraHN3MAEDP apKblibl alwbITy.

A.M. benkoxaes!*, b.[l. Kocan6aes' 2, A.O. Abaiinaaes!,
O.K. Kapgipwe3, I'. Haprus® 4, . Toneytan' >
1 Kadheapa XxvMuyeckon n buoxmmmueckon uHxxeHepun, CatbaeB yHuBepcuTeT, AnMaTbl, KasaxctaH
2 Hay4yHO-UCCNe0BaTeNIbCKUIM UHCTUTYT 3KONOrnM, MeXxayHapoHbl Ka3axCKo-TypeLKUA YHUBEPCUTET
nMeHn Xomkun AxmeTta fccasn, TypkecTaH, KasaxcraH
3 Ka3axCK1i HaLMOHasbHbIV MeAULIMHCKUIA yHuBepcuTeT uM. C.[. AccheHamsapoBa, AnMaTbl, KasaxcraH
4 Hay4Ho-1ccnefoBaTeNbCkUM MHCTUTYT NEPCNEKTUBHBLIX MaTepuanos, AnMaTbl, KasaxcraH
5 YHuBepcuteT TeHHeccn, Hokesunn, CLLA
*e-mail: a.belkozhayev@satbayev.university

buotexHonoruyeckas yruamsauus pacruTeanoii 6uomaccnbl
NS KOJIOTMYHOM YNaKOBKHU yepe3 6aKTepuanb|-|b|e npouecchbl

YBenuueHne BO3AENCTBUS MIACTMKOBBIX YNAaKOBOK Ha OCHOBE He(TW Ha OKpYXKaloLlylo cpeay ycu-
N0 NOTpebHOCTL B B1oAerpaaMpyeMbiX U yCTOMUMBBLIX afibTepHaTMBax. Cpeamn HyUx GakTepuanbHas
LIeNsIion03a BhIAENSETCs Kak NepcrnekTUBHLIA 6uoMaTepran bnarogapst CBoei 3aMevaTenbHON YNCTOTE,
MeXaHWYeCKOW NPOYHOCTU U HAHOBOJIOKHUCTOW CTPYKTYype. B oTnnMume oT Lennonosbl pacTUTenbHOro
npoucxoxaeHusi, bakTepuanbHas Lenniono3a cuHTesnpyetcs cneumdudeckumm baktepusammn B Gopme,
CcBOBOAHOMN OT SIUFTHUHA U FEMULENIIO03bl, YTO AENAET ee BbICOKO MPUroAHOW ANst UCMOMb30BaHUS
B 9KOJIOMMYHON YNaKkoBKe U BMOMEANLIMHCKMX MPUIOXEHMsIX. ITOT 0630p OCBeLLaeT NocneaHve Ao-
CTUXKEHWUS B OMOTEXHONOMMYECKON YTUIN3aLMK pacTUTeNbHOW B1MoMacchl, B YaCTHOCTU CeNbCKOX0351-
CTBEHHbIX OTXOZ10B, TakMX Kak CONIoMa, CTebnu 1 Lenyxa, Ans NPOM3BOACTBa O6aKTepUIMHON Lenonossl.
3TN NIMFHOLUEN/IIONO03HbIE CbipbeBble MaTepuanbl 06ubHbl, BO306HOBNSIEMbI 1 0611a8al0T 3HAYUTENBHBIM
MOTEHLMANOM B KayecTBe CybCTpaToB A MUKPOOPraHW3MHOM dhepMeHTauun. B cTtaTbe paccmaTpuBa-
IOTCS XMMUYECKUIA COCTaB pasfiMyHbIX TUMOB BMOMacChl U OLEHMBAETCS UX NPUroAHOCTL ANst CUHTE3a
6aKTepuIHON Lennioo3bl Ha OCHOBE COAEpPXXaHuUs LIetoN0o3bl, FeMULENII03bl U MUrHUHa. Kpome
TOro, 0630p OMUCHIBAET (DEpMEHTATUBHbIE 3Tarbl, BOBIEYEHHbIE B BUOCUHTE3 GaKTEPUMHON LIENIONO-
3bl, U MUKPOOPraHU3MHbIE LUTaMMbl, KOTOPblE B OCHOBHOM OTBETCTBEHHbI 3@ ee Npon3BoAcTBO. COBO-
KYMHOCTb 3TUX AaHHbIX NPeAOCTaBSEeT HAyYHYIO OCHOBY Anst Npeobpa3oBaHust pacTUTENbHbIX OTXOA0B B
6uoaerpaampyemMble MaTepuanbl Ha OCHOBE LIeN/0SI03bl, CNOCOBCTBYSI pa3paboTke yCTOMUMBBLIX pe-
LWEeHWI ANsl YNAKOBKM U MOALAEPXKKE Nepexosa K KpyroBon 6MO3KOHOMKKE.

KnroueBble cnoBa: HakTepvarnbHas Lensiiono3a; MrHoLenno3Has bruomacca; ycronuveas yna-
KOBKQ; CENIbCKOXO3AMCTBEHHbIE OTXOAbI; MUKPOGHasi (epMeHTauus.

Introduction

Plastic packaging waste has emerged as a
major global environmental concern  [1].
Conventional petroleum-based polymers such as
polyethylene (PE), polyethylene terephthalate
(PET), and polypropylene (PP) are extensively uti-
lized in food and consumer goods packaging due to
their excellent mechanical strength and barrier prop-
erties [2,3]. However, the long-term persistence of
these synthetic materials in the environment, along
with their resistance to biodegradation, leads to the
accumulation of plastic debris and the formation of
microplastics both of which pose significant risks to
ecosystems and human health [4]. In light of these
issues, there is a growing demand for sustainable
alternatives that are both biodegradable and envi-

ronmentally benign. Among the most promising
candidates is bacterial cellulose (BC) [5], a highly
pure biopolymer synthesized by certain prokaryotic
microorganisms [6]. Unlike plant-derived cellu-
lose, which is typically extracted from wood or cot-
ton and contains residual lignin and hemicellulose,
BC is naturally produced by bacteria in a pristine
form devoid of these impurities [7]. This results in
an ultrafine nanofibrillar cellulose network with ex-
ceptional purity and structural integrity [8]. Such
unique properties make BC an attractive material for
a wide range of advanced applications, from
biomedical engineering to the development of eco-
friendly packaging solutions [9,10].

BC demonstrates a range of key attributes that
make it highly suitable for use in packaging technol-
ogies [11]. Notably, its elevated degree of crystal-

15


mailto:a.belkozhayev@satbayev.university

Biotechnological valorization of plant biomass for eco-friendly packaging via bacterial processes

linity and polymer chain alignment endow BC films
with remarkable tensile strength reaching up to ap-
proximately 200 MPa in dry conditions while main-
taining a high degree of flexibility [12,13]. Further-
more, BC exhibits exceptional resistance to oxygen
and moisture permeation, often outperforming con-
ventional bioplastic materials in barrier functional-
ity [14]. The films produced from BC are typically
transparent, flavourless, and inherently non-toxic,
which renders them safe for direct contact with food
products. In addition to these functional benefits, BC
is fully biodegradable and compostable by nature; it
undergoes decomposition in natural environments
without generating harmful residues or microplastic
particles [15]. These combined features position BC
as a highly promising and environmentally respon-
sible substitute for petroleum-based plastic packag-
ing [16].

BC can be produced from renewable raw ma-
terials, particularly agricultural and industrial lig-
nocellulosic residues [17]. Utilizing plant-based
waste such as straw, stalks, and husks for BC syn-
thesis aligns with circular economy principles by
transforming low-value biomass into high-value
bioproducts [18]. This review highlights recent ad-
vances in the biotechnological conversion of plant
biomass into biodegradable packaging materials
through bacterial processes. It begins with an over-
view of the chemical composition of common plant
residues namely their cellulose, hemicellulose, and
lignin content and evaluates their potential as sub-
strates for microbial fermentation.

2 Plant biomass feedstocks: composition and
availability

2.1. Agricultural lignocellulosic residues: com-
position and suitability for microbial conversion

Agricultural lignocellulosic residues refer to
solid plant-based wastes generated as by-products of
crop production that are not directly utilized for food
or feed [19]. These biomass sources include the
straw of cereal and leguminous crops such as wheat,
barley, and rice; stalk and leaf residues of maize and
sunflower; sugarcane bagasse; and the woody stems
and hulls of cotton and other indus- trial crops
[20,21]. Such residues are produced in enormous
quantities annually, with global estimates reaching
several billion tons of agricultural plant waste per
year [22]. However, a significant portion of these
materials remains underutilized, often being burned
in open fields or left to decompose, leading not only
to the loss of valuable resources but also to increased
greenhouse gas emissions and air pollu-
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tion [23]. Despite this, plant-derived lignocellulosic
biomass holds substantial potential as an accessible
and low-cost feedstock for renewable energy gen-
eration and bioproduct manufacturing [24].

Agricultural crop residues are primarily com-
posed of lignocellulosic material, which is derived
from the rigid cell walls of plant tissues [25]. Lig-
nocellulosic biomass consists of three major struc-
tural components: cellulose, hemicellulose, and
lignin (Figure 1). Cellulose is a long-chain poly-
saccharide made up of glucose monomers, forming
the structural backbone of the plant cell wall and
accounting for approximately 40-50% of the dry
weight [26]. It assembles into microfibrils, provid-
ing high mechanical strength to plant fibers [27].
Hemicellulose, in contrast, is a branched hetero-
polymer composed of various pentose and hexose
sugars; it binds cellulose microfibrils and, together
with lignin, forms an amorphous matrix within the
cell wall. In agricultural residues, hemicellulose
typically makes up about 20-30% of the biomass
[28]. Lignin is a complex, aromatic polymer built
from phenylpropanoid units, conferring water re-
sistance and structural rigidity to plant tissues, and
is highly resistant to biological degradation [29].
The precise chemical composition of agricultural
residues can vary significantly depending on the
plant species, cultivar characteristics, and growing
conditions [30].

The relative proportions of cellulose and lignin
vary significantly among different types of agricul-
tural residues. For instance, wheat straw contains a
relatively low lignin content (~14%), whereas corn
stover and sugarcane bagasse have higher lignin lev-
els, around 20% [31, 32]. As reported by Fortunati
et al. [33], the lignocellulosic profile of barley straw
includes about 56.2% cellulose, 7% hemicellulose,
and 9.2% lignin. The cellulose content also differs
considerably: it exceeds 30-43% in rice straw [34],
while in cotton stalks it typically ranges between
35% and 40% [35-37]. Cotton stalks exhibit even
greater lignin content ranging from 20% to 31%
which may contribute to their resistance to micro-
bial degradation [38,39].

Environmental growing conditions also play a
significant role; under stress conditions such as
drought, plants tend to enhance lignin biosynthesis
to reinforce their cell walls [40]. Daniel et al. [41]
showed that water deficiency led to an approximate-
ly 18.4% increase in lignin content in Douglas-fir
wood under drought-induced abiotic stress. Certain
residues also contain distinct inorganic components
for instance, rice straw can have up to ~18% ash
content in the form of silicon dioxide, which further
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complicates microbial breakdown [42]. Overall, the
high cellulose and hemicellulose content in agri-
cultural residues highlights their potential as feed-
stocks for microbial conversion into fermentable

sugars and various bioproducts. However, a high
lignin content can act as a limiting factor, reducing
the overall efficiency of bioconversion processes
(Table 1) [43,44].

Lignocellulosic
Cell Wall Structure

Agricultural
Plant Biomass

|
NS VAN

> oF
of - 0 | H
~OH 0L, 7 M»;
o [ e 4 — oH|

< Lignin

Hemicellulose Cellulose

Figure 1 — Lignocellulosic structure of agricultural plant biomass. Cellulose microfibrils (green)
are bound by hemicellulose chains (blue) and embedded in a lignin matrix (orange),
forming a strong and integrated plant cell wall network.

Note — Created with BioRender, License No. AG28A5FCPE

Table 1 — Composition of lignocellulosic components in various agricultural residues

Type of Residue Cellulose, % Hemicellulose, % Lignin, % References

Wheat straw 37 26.5 14 [31, 32]
Barley straw 56.2 7 9.2 [33]
Corn stover (stalks) 35.2 251 23.7 [31, 32]
Rice straw 30-43 27.9 17.2 [34]
Sugarcane bagasse 41.6 25.1 20.3 [31, 32]
Cotton stalks 35-40 20-25 20-31 [35-37], [38,39]
Hardwood stem 40-50 24-40 18-25 [45]
Softwood stem 45-50 25-35 25-35 [45]
Nut shells 25-30 25-30 3040 [45]
Grasses 25-40 35-50 10-30 [45]
Leaves 15-20 80-85 0 [45]
Sorted refuse 60 20 20 [45]
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Continuation of the table

Type of Residue Cellulose, % Hemicellulose, % Lignin, % References
Coastal Bermuda grass 25 35.7 6.4 [45]
Switch grass 30-50 10-40 5-20 [45]
Solid cattle manure 1.6-4.7 14-33 2.7-5.7 [45]
Swine waste 6 28 - [45]
Primary wastewater solids 8-15 - 24-29 [45]
Paper 85-99 0 0-15 [45]
Newspaper 40-55 25-40 18-30 [45]
Waste papers from chemical pulps 60-70 10-20 5-10 [45]

To enable the efficient microbial conversion of
lignocellulosic residues, it is first necessary to dis-
rupt their complex structure, as cellulose microfi-
brils are tightly embedded within a matrix of lignin
and hemicellulose in their natural state [46]. This
arrangement acts as a physical barrier, significant-
ly limiting enzyme access and hindering microbial
degradation [47]. In a study by Mosier et al. [48]
it was shown that lignin not only blocks enzymatic
access but also adsorbs enzyme molecules onto its
surface, thereby reducing their activity and decreas-
ing bioconversion efficiency. Furthermore, phenolic
compounds such as vanillin, ferulic acid, and furfur-
algenerated during thermochemical pretreatment are
known to exert toxic effects on microorganisms and
inhibit fermentation [49]. Therefore, recent studies
recommend pretreatment strategies to alter the lig-
nocellulosic structure and improve substrate acces-
sibility. For instance, Kumar et al. [50] demonstrated
that acid, alkaline, and steam-based pretreatments
enhance enzymatic access to cellulose. Following
pretreatment, enzymatic hydrolysis is performed,
breaking down polysaccharides into glucose and xy-
lose monomers. According to Chandel et al. [51] the
yeast Saccharomyces cerevisiae is the most widely
used strain in fermentation processes. In addition,
filamentous fungi such as Aspergillus, Trichoderma,
and Rhizopus, as well as bacteria like Clostridium
and Lactobacillus, are effectively employed to pro-
duce various biochemicals. In summary, the main
challenge in converting agricultural lignocellulosic
waste into bio-based products via microbial pro-
cesses lies in their inherent resistance to biological
degradation. However, modern biotechnological so-
lutions such as optimized pretreatment methods, en-
zyme cocktails, and selected microbial strains offer
promising strategies to overcome these limitations.
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3. Microbiological synthesis of BC

3.1. Key bacterial strains responsible for cellu-
lose biosynthesis

BC is an exopolysaccharide nanomaterial syn-
thesized by specific microbial species. Unlike plant-
derived cellulose, BC is characterized by its
exceptional purity, high water-holding capacity, and
robust three-dimensional fibrous architecture
[52,53]. The most efficient BC-producing microor-
ganisms are Gram-negative rods belonging to the
acetic acid bacteria group. Among them, Komaga-
taeibacter xylinus (K. xylinus) is widely recognized
for its high cellulose productivity [54]. Other closely
related strains such as K. Hansenii [55], K. Rhaeti-
cus [56], K. Sucrofermentans [57], and K. Medellin-
ensis [58] also exhibit strong cellulose-synthesizing
capabilities and are extensively used in both funda-
mental research and industrial-scale BC production.

K. xylinus has been extensively studied as a
model organism in this group due to its high cel-
lulose-producing capacity and well-characterized
biosynthetic pathways [59]. These bacteria are
known to form thick surface layers often referred to
as the “mother of vinegar” and are commonly found
in sugar-rich substrates such as fermented tea
(kombucha), fruit juices, and palm sap [60,61]. The
cellulose forms a floating biofilm that enables the
cells to remain at the air-liquid interface, thereby
facilitating efficient oxygen uptake [62]. As a result,
BC is typically synthesized at the interface between
the liquid medium and the air, making oxygen avail-
ability a critical factor for optimal production. Spe-
cies of Komagataeibacter are obligate aerobes that
derive energy through partial oxidation of carbon
sources [63,64]. For instance, glucose is converted
to gluconic acid and ethanol to acetic acid, and these
metabolic by-products lead to acidification of the
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culture medium. This metabolic behavior not only
supports cellulose biosynthesis but also influences
the physicochemical conditions of the surrounding
environment [65,66].

The metabolic profile of Komagataeibacter
strains is closely linked to their cellulose-producing
ability [67]. Cellulose producers exhibit ~100-fold
higher UDP-glucose pyrophosphorylase activity
compared to non-producers, facilitating efficient
synthesis of UDP-glucose a key precursor for cellu-
lose biosynthesis [68]. Essential genes (bcsA, bcsB,
bcsC, besD) are organized into operons. In K. xyli-
nus, two operon types have been identified: type |
includes the core bcs genes and regulatory elements
(cmcAx, ccpAx, bglAx), while type Il contains an ad-
ditional acyltransferase gene, potentially involved in
acylated cellulose production. These genetic fea-
tures influence the quantity and quality of BC [69].

3.2 Biochemical pathway and regulation of BC
biosynthesis

The biosynthesis of BC involves several sequen-
tial enzymatic steps [70]. When glucose is used as the
carbon source, it is first phosphorylated to glucose-
6-phosphate by the enzyme glucokinase upon enter-

ing the cell [71]. In the second step, glucose-6-phos-
phate (GIc6P) is isomerized to glucose-1-phosphate
(Glc1P) through the catalytic action of phosphoglu-
comutase [72]. In the third step, GIc1P is converted
into uridine diphosphate glucose (UDP-glucose) via
the enzyme UDP-glucose pyrophosphorylase (UG-
Pase) [73]. This reaction involves the condensation
of Glc1P with UTP, releasing pyrophosphate and
forming high-energy UDP-glucose [74]. UDP-glu-
cose is an activated compound that serves as the di-
rect precursor for cellulose biosynthesis [75]. While
it is a common intermediate in the synthesis of vari-
ous polysaccharides in many microorganisms, only
certain specialized bacteria possess the ability to
polymerize UDP-glucose into cellulose (Figure 2)
[76]. In cellulose-producing bacteria, the exception-
ally high activity of UGPase and the enhanced flux
through associated pathways promote the accumu-
lation and efficient utilization of UDP-glucose for
polymerization [77]. The fourth and principal step is
the polymerization of UDP-glucose. This process is
catalyzed by a membrane-bound multienzyme com-
plex known as cellulose synthase, which sequen-
tially adds glucosyl residues from UDP-glucose to
elongate the B-1,4-glucan chain [78,79].
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The cellulose synthase complex is anchored in
the inner cytoplasmic membrane and is composed of
protein products encoded by the bcs operon. At the
core of the complex are the BcsA and BcsB proteins
[80]. BcsA is an integral membrane protein with
multiple transmembrane domains; its cytosolic re-
gion contains a glycosyltransferase catalytic site and
a PilZ domain that binds the second messenger cy-
clic di-GMP (c-di-GMP) [81]. BcsB is a periplasmic
protein that non-covalently associates with BcsA
and contains carbohydrate-binding domains, which
assist in guiding the nascent glucan chain through
the cell envelope. The activity of this enzyme com-
plex is directly regulated by c-di-GMP, which allo-
sterically binds to the PilZ domain of BcsA, thereby
activating its glycosyltransferase function [82,83].
Studies in Gluconacetobacter xylinus (now K. xy-
linus) and other cellulose-producing bacteria have
shown that elevated intracellular levels of c-di-GMP
significantly enhance cellulose biosynthesis [84,85].
The concentration of c-di-GMP is dynamically con-
trolled by the opposing activities of two types of en-
zymes: diguanylate cyclases (DGCs) and phospho-
diesterases (PDESs), which respond to environmental
cues and thus indirectly regulate the rate of cellulose
synthesis [86,87].

BC biosynthesis begins with the synthesis of -
1,4-glucan chains on the inner membrane, which are
transported through the periplasm and extruded via
the BcsC pore in the outer membrane [88]. These
chains self-assemble into protofibrils (~2—4 nm),
microfibrils (~80 nm), and eventually ribbon-like
nanofibers [89-91]. Core proteins (BcsA-C) drive
synthesis, while BesD aids in fibril crystallization its
deletion in K. xylinus reduces yield by up to 90%.
Auxiliary genes like ccpAx, cmcAx, and bglAx assist
in cellulose modification. Biosynthesis is sensitive
to environmental factors [68]. Optimal pH (~6.0) is
essential, while byproducts like gluconic acid lower
pH and inhibit production; buffering agents (e.g.,
sodium acetate) help stabilize conditions. Genetic
modifications (e.g., gdh knockouts or chemically in-
duced mutants) improve yield by minimizing acid
production and optimizing NADH usage [68,92].
Oxygen availability is also critical: static cultures
may suffer from limited diffusion, whereas aeration
systems enhance productivity though excessive agi-
tation can reduce yield [93]. Overall, BC synthesis
is a highly regulated process influenced by genetics,
metabolism, and culture conditions, with modern
biotechnological advances enabling more efficient
industrial-scale production.
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4. BC derived from agricultural residues and
its properties for packaging applications

BC is a highly pure polymer produced by cer-
tain bacteria, with nanofibers thinner and more or-
dered than those of plant cellulose [94]. As a natural
biomaterial, BC offers an eco-friendly alternative to
petroleum-based plastics. However, its industrial
production traditionally relies on expensive carbon
sources like glucose and yields remain relatively low
[95]. To address this, recent studies have focused on
using agricultural residues and by-products as cost-
effective substrates to reduce production costs and
enhance sustainability. These waste materials such
as fruit peels, straw, bagasse, rice husks, corn cobs,
and glycerol by-products contain abundant carbo-
hydrates, nitrogen compounds, and micronutrients,
making them viable substitutes for conventional
media [96,97]. This section reviews recent advances
in BC production from agro-waste, examines its
packaging-related properties, and compares BC-
based films to traditional plastics.

4.1 Research on BC production from agricul-
tural waste

Recent studies have demonstrated that various
agricultural and food industry wastes can serve as
low-cost substrates for BC production. For example,
Andritsou et al. [98] evaluated the potential of citrus
waste, using unsold orange and grapefruit juices and
their aqueous peel extracts as media for Komaga-
taeibacter sucrofermentans. After 6-7 days of cul-
tivation, BC yields reached 6.7 g/L and 6.1 g/L, re-
spectively. Lower yields were observed when using
lemon, grapefruit, and orange peel extracts—5.2,
5.0, and 2.9 g/L, respectively. BC produced from or-
ange peel hydrolysate exhibited significantly higher
water-holding capacity, degree of polymerization,
and crystallinity compared to samples derived from
purified plant cellulose [98,99]. Starchy vegetable
waste can also serve as an effective substrate. Ab-
delraof et al. [100] reported that acid-pretreated po-
tato peel hydrolysate supported the production of
4.7 g/L of BC by Gluconacetobacter xylinus after 6
days under optimal conditions (35 °C, pH 9, and 8%
inoculum in the initial medium). Sugar industry and
fruit processing residues have also been inves-
tigated as substrates. Abol-Fotouh et al. utilized a
newly isolated strain, Komagataeibacter sacchariv-
orans MD1, to produce BC from date juice waste,
fig processing residues, and sugarcane molasses.
After 168 hours of incubation, the highest yield was
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achieved using molasses-based medium (~3.9 g/L),
compared to only ~1.1 g/L in conventional HS me-
dium [101,102]. Researchers reported that BC pro-
duced in agro-waste-based media showed no sig-
nificant differences in fiber diameter or branching
structure compared to samples grown in glucose-
based media, indicating that nutrient extraction from
waste substrates does not adversely affect cellulose
quality [102]. Cereal straw and other biomass-based
substrates have also proven effective. In a study by
Ishola et al., two natural Komagataeibacter strains
isolated from rotten banana and kombucha were
used for fermentation with enzymatic hydrolysates
of corncob and sugarcane bagasse as substrates
[103]. This study compared static, intermittent, and
continuous agitation modes. Continuous stirring
significantly improved BC yield: Komagataeibacter
sp. (CCUGT73629) produced 1.6 g/L in corncob hy-
drolysate under agitation, versus 0.9 g/L in static HS
medium. Similarly, strain CCUG73630 yielded 1.2
g/L from sugarcane bagasse under agitation, com-
pared to just 0.3 g/L under static conditions. An-
other promising direction is the use of food indus-
try by-products, such as apple pomace from juice
production and stale bread hydrolysate. Esmail et al.
[104] demonstrated that sugar mixtures derived from
these wastes significantly enhanced BC production
by K. xylinus DSM 2004. Cultivation in apple pom-
ace alone yielded ~1.5 g/L of BC, which increased
to 3.38 g/L when supplemented with nitrogen sourc-
es. Similarly, BC yield from bread hydrolysate rose
to 2.07 g/L with nutrient supplementation. The BC
produced in this medium also exhibited distinctive
structural and functional properties: films derived
from apple pomace were thicker, showed slightly
higher crystallinity (59-69% vs. 55%), greater ten-
sile modulus and strength, and lower moisture ab-
sorption and oxygen/CO, permeability compared to
those from bread hydrolysate.

4.2 Functional properties of BC for packaging
applications

The structural features of BC provide it with
several unique material properties. Most notably,
BC forms a three-dimensional network of nanofi-
bers with diameters in the nanometer range. It ex-
hibits a very high degree of crystallinity typically
between 70-90% or even higher contributing to its
excellent mechanical strength and stability [102,
105]. High crystallinity and strong intermolecular
hydrogen bonding provide BC with excellent me-
chanical strength. In dry conditions, pure BC films
often surpass many polymers in tensile strength. For
instance, compressed BC films can reach tensile

strengths of 150-200 MPa, exceeding those of some
conventional plastics such as PET. Additionally, BC
exhibits a high elastic modulus, which can exceed
10 GPa [103,106]. BC is also favourable in terms of
flexibility: thin cellulose films remain pliable and
retain a certain degree of elasticity and stretchabil-
ity without becoming brittle [107]. This property is
also moisture-dependent: in a hydrated state, BC is
very soft and elastic which is why it is widely used
in wound dressings whereas in a fully dry state, it
becomes stiffer. However, its flexibility can be ad-
justed by adding plasticizers or maintaining a humid
environment.

In addition to mechanical strength, an essen- tial
property for packaging materials is their barrier
performance specifically, the ability to prevent the
transmission of water vapor and gases [108]. BC
demonstrates excellent oxygen barrier properties
due to its dense nanofibrous structure, which effec-
tively blocks oxygen molecules. In fact, its gas per-
meability is significantly lower than that of common
plastics such as PE and PP [109]. For example, BC
films derived from apple pomace have been experi-
mentally shown to exhibit reduced permeability to
both oxygen and carbon dioxide compared to stan-
dard samples [104]. BC-based films can also act as
a barrier to microbes—its dense nanostructure is
impermeable to bacteria. Moreover, incorporating
natural antimicrobial agents into the cellulose ma-
trix enables the development of active packaging ca-
pable of protecting food from spoilage microorgan-
isms. Regarding moisture permeability, pure BCisa
hydrophilic polymer, which limits its effectiveness
as a water vapor barrier. It readily absorbs moisture,
and under high ambient humidity, its gas barrier per-
formance may decrease accordingly [110]. Howev-
er, this limitation is being addressed through various
scientific approaches. One strategy involves coating
BC films with hydrophobic layers such as waxes or
plant oil-based nanoparticles to create water-resis-
tant composite materials [111]. Another approach is
to blend the cellulose matrix with natural poly- mers
like pectin or carboxymethyl cellulose, which
reduces moisture sensitivity and enhances water
vapor barrier properties [112,113]. For instance, re-
searchers in China developed a composite BC film
by incorporating soy protein and applying a thin oil-
based surface layer. The resulting material was fully
transparent, mechanically robust, and showed
improved water resistance [114,115].

Another key advantage of BC is its biodegrad-
ability. As a pure form of cellulose, BC can be read-
ily broken down by environmental microorganisms
such as fungi and bacteria that produce cellulase
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enzymes into water, carbon dioxide, and biomass.
Studies have shown that BC films undergo complete
degradation in soil within a few weeks; in some
cases, total breakdown has been observed within 40
days [107, 116]. Importantly, BC does not require
specialized industrial composting conditions it de-
composes naturally under ambient environmental
conditions. In contrast, one of the most widely used
commercial bioplastics, polylactic acid (PLA), de-
grades only under industrial composting settings and
takes several months to break down; in soil or at
room temperature, its degradation is extremely

slow and may take years. On the other hand, poly-
hydroxyalkanoates (PHAS) can undergo complete
mineralization in various natural environments,
including marine settings, within a few months to
a year [117-119]. BC, being structurally like plant
cellulose, follows a comparable environmental deg-
radation pathway like that of natural cellulose fibers
found in paper or wood making its breakdown both
rapid and non-toxic. This property enables BC-
based packaging to be composted directly after use,
allowing it to re-enter the biological cycle in a sus-
tainable and circular manner (Figure 3).
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4.3 Comparison with conventional plastics and
other materials

BC-based packaging materials can be compared
to conventional petrochemical plastics (e.g., PE,
PET) and modern bioplastics (PLA and PHA) across
several aspects. In terms of mechanical strength, BC
matches or even surpasses many plastics. For in-
stance, the tensile strength of high-density PE is ap-
22

proximately 20-30 MPa, and PET films range from
about 50-70 MPa. In contrast, properly dried pure
BC films typically reach 50-100 MPa and can be
enhanced up to 150-200 MPa through specific pro-
cessing techniques [107,120,121]. Thus, BC-based
packaging can serve as a viable alternative to plas-
tics in applications that require mechanical durabil-
ity such as impact resistance or load bearing during
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transportation.

In terms of barrier properties, BC outperforms
many polymers particularly in blocking oxygen and
aroma compounds [122]. Polyolefins such as PE and
PP allow relatively high permeability to oxygen and
carbon dioxide due to their non-polar molecu- lar
structure. In contrast, cellulose films are rich in polar
hydroxyl groups, which can adsorb gas mol- ecules
within their structure and significantly hin- der their
diffusion  [123,124].  Therefore, BC-based
packaging demonstrates excellent protective capa-
bilities in vacuum-sealed applications or for foods
sensitive to oxidation. While polyesters like PET
also provide moderate oxygen barrier properties,
their effectiveness increases mainly with thickness
[125,16]. In contrast, due to its nanostructured ar-
chitecture, BC can offer high barrier performance
even in very thin layers. As previously mentioned,
hydrophobic plastics such as PE and PP have a clear
advantage in water vapor resistance, they are virtu-
ally impermeable to moisture [127,128]. For this
reason, moisture-sensitive products like dry foods,
pharmaceuticals, and electronics are often packaged
in such materials. In its pure form, BC is less ef-
fective in this aspect. However, water resistance is
being successfully enhanced through the develop-
ment of composite structures, such as BC combined
with biodegradable polymers or coated with thin

hydrophobic layers [129,130]. In terms of environ-
mental and health safety, the advantages of BC and
other biopolymers are clear (Figure 4) [131]. Petro-
leum-derived plastics such as PE, PET, and others
persist in the natural environment for hundreds of
years, contributing significantly to plastic pollu-
tion. Moreover, their production processes gener-
ate substantial amounts of greenhouse gas emis-
sions [132,133]. There are also notable differences
in production processes and practical applications.
Conventional thermoplastics are processed through
high-temperature techniques such as melt molding,
blow molding, or extrusion [134]. In contrast, BC is
produced through low-temperature fermentation,
during which it grows directly into its final form
typically as a surface membrane. This means that
BC production consumes significantly less energy
but proceeds more slowly, often requiring several
days per batch [135,136]. Plastics, on the other hand,
can be extruded and molded within minutes,
allowing for rapid mass production. To address this
limitation, current research focuses on intensifying
BC fermentation through strategies such as agitated
cultures and continuous feeding [137]. Addition-
ally, emerging approaches include shaping BC into
filaments via 3D printing or extrusion, which can
then be woven into textile-like materials for various
structural applications [138,139].
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BC derived from agricultural waste is emerging
as a highly promising material for packaging appli-
cations due to its outstanding mechanical strength,
excellent gas barrier properties, complete biode-
gradability, and the ability to be processed into thin,
transparent films. By utilizing BC-based packaging,
we can reduce plastic waste and contribute to en-
vironmental improvement, while also transforming
agricultural and food industry residues into high-
value, functional materials. However, for large-
scale industrial implementation, several challenges
remain such as enhancing fermentation productiv-
ity, accelerating production processes, improving
moisture resistance, and increasing overall econom-
ic feasibility.

Conclusion

In conclusion, this review highlights the high
potential of converting lignocellulosic plant bio-
mass into environmentally friendly packaging ma-
terials through bacterial biotechnology. Monosac-
charides derived from the hydrolysis of primary
biomass components such as cellulose and hemicel-
lulose can serve as carbon sources for bacteria dur-
ing fermentation. Certain acetic acid bacteria can
polymerize these sugars to produce extracellular
BC. Utilizing agro-industrial residues as accessible
carbon sources not only reduces the production cost
of BC but also promotes process sustainability. Due
to its high purity, strength, and biodegradability, BC
represents a valuable and sustainable alternative for
packaging. Compared to conventional plastics and
some bioplastics, BC stands out for its complete

biodegradability and origin from renewable waste
materials. However, scaling BC production to an
industrial level still faces several challenges, includ-
ing high production costs and difficulties in upscal-
ing and standardizing the process. Furthermore, the
brittleness and moisture sensitivity of pure BC films
complicate their direct substitution for plastic ma-
terials. To overcome these limitations, it is neces-
sary to optimize bioreactor processes, improve high-
yield bacterial strains through genetic engineering,
and develop new BC-based composite materials. In
addition, future directions should focus on industri-
al-scale implementation, comprehensive life cycle
assessment to confirm environmental benefits, and
integration of BC packaging into the circular bio-
economy. These efforts will significantly contribute
to the development of zero-waste production and
sustainable consumption systems.
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ECOLOGICAL SUSTAINABILITY AND ADAPTIVE POTENTIAL
OF PEAR VARIETY 'TALGARSKAYA KRASAVITSA’
UNDER AGROTECHNICAL APPROACHES

In the current conditions of the agricultural sector, improving the quality of fruit crops and opti- mizing
agrotechnical cultivation methods are pressing tasks. This study investigates the ecological and biological
characteristics of the pear variety “Talgarskaya Krasavitsa” grown in the botanical garden of Khoja
Akhmet Yassawi International Kazakh-Turkish University (IKTU). The aim of the research is a
comprehensive assessment of the impact of various agrotechnical methods on the growth, develop- ment,
and productivity of this variety in order to enhance its economic efficiency. The study includes an analysis
of domestic and international practices in pear cultivation, an examination of the morphological and
physiological traits of the variety, and an evaluation of the impact of different agrotechnical meth- ods on
plant productivity. Field and laboratory methods were employed to assess biometric indicators, including
spectrophotometric analysis of photosynthetic pigments, biometric measurements of trees, and fruit
quality analysis. The research results demonstrated that the application of updated agrotechni- cal
technologies, including additional fertilization and growth stimulants, contributed to increased pro-
ductivity, enhanced fruit mass, and improved chemical composition. A strong positive correlation was
established between trunk diameter and plant productivity (r =~ 0.986), confirming the effectiveness of
optimized agrotechnical practices. The scientific novelty of the study lies in the comprehensive analysis of
the impact of various agrotechnical methods on the biometric and physiological parameters of the
“Talgarskaya Krasavitsa” variety. The practical significance of the work is related to the development of
recommendations for optimizing pear cultivation under continental climate conditions, which can be useful
for farmers engaged in commercial horticulture and agronomists.

Key words: agrotechnical methods, phenology, spectrophotometry, correlation.
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«Tanrapckasi KpacaBuLia» afiMypT COPTbIHbIH
arpoTexHuKablK ToCiAep >KarAaibIHAAFbI
IKONOrnANbIK TYPAKTbUJ1biFbl MEH GeﬁiMneny noTeHuunasibl

Kasipri 3amaHfbl arpap/blk cana >karFaalbliHAa XXeMIC AaKblngapbliHblH CanacbiH apTTbipy XXoHe
onapAbl ecipyfiH arpoTexHWKasnblK 9iCTepiH OHTalNaHAbIpy ©3eKTi MiHAET 60nbin Tabbinaabl.
byn makanaga XKTY 6oTaHukanblk 6arbiHaa ecipinreH «Tanrapckas Kpacasuua» anMypT COPTbIHbIH
3KONOrUANbIK-6MONOrnANbIK  epekllenikTepi 3epTTenreH. 3epTTeyAiH MakcaTbl — 3KOHOMMUKANbIK,
TWIMAINITIH apTTbIPY YLLiH OCbl COPTTbIH, 6CYIHE, AaMyblHa XHEe eHiMAiNIriHe apTypsi arpoTeXHUKanbIK
aaicTepaiH acepiH keweHai 6aFanay. Xymbic 6apbicbiHA@ anMypT AakblngapbiH ecipydiH oTaHAabIK,
XoHe weTengik TaxipubeciHe Tanaay Xyprisingi, COpTTblH MOPGHONOrusbIK >XaHE DU3MONOrUSANbIK
epekKLenikTepi 3epTTengi, coHaan-ak eciMaikTepaiH eHiMainiriHe sapTypsi arpoTexHUKabIK a4icTepAiH
acepi baranaHgbl. buometpusanblk kepceTkiwTepai baranay ywiH Aananbik >xXoHe 3epTXaHasnblK d4icTep
KONAaHbIAbl, COHbIH iWiHAe DOTOCMHTETUKANBIK NUrMEHTTEPAIH CNeKTPOMOTOMETPUSNbIK Tanaaybl,
arawiTapabiH 6uoMeTpUANbIK esleMaepi XaHe XXeMiC canacbiH Tangay. 3epTTey HaTuXKenepi KocbiMLa
TaMaKTaHy MeH ecy CTUMYNATOpNapbiH KOca anFaHaa, >XaHapTblUlFaH arpoTEXHUKAsbIK TEXHOMOrnsnapapl
KonaaHy eHiMAiniKTi apTTbipyFa, )XeMiC MaccacbiH apTTbipyFa, COHAaW-aK 0napAblH XMMUSIbIK KypaMblH
XakcapTyFa biKnan eTeTiHiH kepceTTi. MarucTpanbaplk AMaMeTp MeH eciMaik eHimainiri (r ~ 0,986)
apacblHaa KyLTi OH KOppensiuMs opHaTbinapl, 6yn OHTanaHAbIPbUIFAH arpoTeXHUKanbIK WapanapabiH
TUIMAINIriH - pactanabl. 3epTTeyaiH FbiNbiMUA XaHaslblFbl SPTYPAi  arpoTexXHUKaNblK aaicTepaiH
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Ecological sustainability and adaptive potential of pear variety ‘Talgarskaya Krasavitsa” under agrotechnical approaches

«Tanrapckas KpacaBuua» COPTbIHbIH OMOMETPUSNBIK XaHE DU3MONOrUsNbIK NapaMeTprepiHe acepiH
KeleHai TangayaaH Typadbl. XXYMbICTbIH MPaKTUKAnbIK MaHbI3AbIbIFbl KOHTUHEHTANbAbl KNUMAT XKaF-
[alibiHA@ anMypT ecipyai OHTainaHablipy GovblHIWA YCbIHBICTapabl 93ipeymeH 6ainaHbicTbl, 6yn eHep-
kacinTik 6ay-baklua cepmMepnepi MeH arpoHOMAAPLI YLWiH Naiaansl 601ybl MyMKIH.

TyiiiH ce3aep: arpoTexHuKanbIK Tacin, deHonorus, cnekTpooTOMETPUS, KOppPensaLMs.

I.U. Ucaes*, A. laHebek, b.b. Tolxurntosa,
b.3. Ymupos, I".Y. Abuwesa
MexXayHapoAHbIN Ka3axCcko-TypeLkuii yHuBepcuteT uM. X.A. SlcaBu, TypkecTaH, KasaxcraH
*e-mail: ganiissaev@gmail.com
Jkonorunyeckas yCTOﬁ‘-IVIBOCTb
n ananTMBHblﬁ noTeHunan coprta rpywm
«Tanrapcxaﬂ KpacCaBula>» MNpuU arporexHuyeCKuMx nopaxoaax

B coBpeMeHHbIX YCOBUSIX arpapHOro CeKTopa MOBbILLEHWE KayecTBa NIOAOBLIX KyNbTyp U ONTUMU-
3aUMs arpoTEXHNYECKMX METOLOB MX BblpalMBaHUs SIBASKOTCS aKTyasbHOM 3agadelt. B faHHON cTaTtbe
paccMOTpeHbl 3Koflornyeckne n buonormyeckme 0cobeHHOCTU copTa rpywmn «Tanrapckas KpacasBuua»,
BblpalleHHoro B 6oTaHnyeckom cagy MKTY. Llenb nccneaoBaHus — KOMMEKCHas OUeHKa BANSAHUS
Pa3NNYHbIX arpoOTEXHWYECKMX METOAOB Ha POCT, pa3BUTME M NPOAYKTUBHOCTb AAHHOrO CopTa C Uesblo
MOBbILLEHWS! €r0 SKOHOMUYECKOMN 3chheKTUBHOCTU. B pamMkax paboTbl NPOBEAEH aHaNN3 OTEYECTBEHHO- IO
N 3apybexHoro onbiTa BblpalUMBaHMS FPYLUEBLIX KynbTyp, U3y4deHbl Mopdonornyeckme u usnono-
rmyeckne ocobeHHOCTN COpTa, a TaKxXe AaHa OLEHKa BIIMAHUSA PasfiMyHbIX arpOTEXHUYECKUX NMPUEMOB
Ha MPOAYKTUBHOCTb pacTeHuid. [na oueHku BGMOMEeTpUYecKMX nokasaTeneil UCronb30Bavch MoseBble
1 nabopaTopHble MeToAbl, BK/OYasi CNeKTPohOoTOMETPUYECKUI aHann3 POTOCUHTETUHECKMUX MUTMEH-
TOB, BUOMETPUYECKME N3MEPEHNSI AEPEBLEB M aHANW3 KavyecTsa NioAoB. Pe3ynbTaThbl nccneaoBaHmns
noKasanu, YTo MpUMeHeHUe OBHOBNEHHBLIX arpPOTEXHUYECKUX TEXHOMOMUIA, BKIOYAsi AOMOSIHUTENbHbIE
NMOAKOPMKM U CTUMYNSTOPbI POCTa, CNOCOBCTBYET MOBbLILLEHMIO NPOAYKTUBHOCTW, YBENUYEHUIO Macchbl
NI0AOB U YNYYLIEHMIO X XMMUYECKOrO COCTaBa. YCTaHOB/EHa BbICOKas NMOMOXWUTENbHAs KOppenaums
MeXay AMAaMEeTPOM CTBOJIa M NPOAYKTUBHOCTLIO pacteHuit (r ~ 0,986), uto noaTeepxaaeT ahhekTmBs-
HOCTb OMTMMW3MPOBAHHBIX arpPOTEXHUYECKMX MEPOMpPUATUA. HaydyHasi HOBM3Ha MCCNefoBaHWSI 3aKilto-
YaeTcs B KOMMMEKCHOM aHanv3e BAWSIHUS pasfiyHblX arpoTEXHUYECKMX METOAOB Ha buometpuyeckue
n duamnonormyeckne napameTpbl copta «Tanrapckas kpacasuua». lNpakTuyeckass 3Ha4MMOCTb paboTol
CBsi3aHa C pa3paboTKov peKoMeHAaL i Mo ONTUMU3ALMK BbIpaLLMBAHUS FPYLL B YCIIOBUSIX KOHTUHEH-
TanbHOr0 KAMMaTa, YTo MOXET ObiTb NOMe3Ho And dhepMepoB, 3aHUMAIOLMXCS NPOMbILLIEHHBIM Cafo-
BOACTBOM, U arpOHOMOB.

KnroueBble cnoBa: arpotexHuyeckue npnémbl, heHonorns, cnekTpooToMeTpus, Koppensums.

Introduction

In the current context, sustainable development
of agriculture and improving the quality of fruit
crops are especially relevant. One promising area is
the study of the economic and biological charac-
teristics of pear varieties that have high nutritional
value, excellent taste, and significant economic po-
tential [1,2].

The pear variety «Talgarskaya Krasavitsay
possesses favorable economic and biological
characteristics, including high productivity (up to
35-40 kg per tree under optimal conditions). The
fruits are medium-sized (180-220 g), contain high
sugar levels (14-16%), and maintain good stor-
age qualities for up to 4-5 months. Trees reach a
height of 4-5 meters and are characterized by steady
growth, drought resistance, and adapt- ability to
various soil conditions. To increase productivity, it
is recommended to use additional
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pollinators such as the varieties «Conference» or
«Bogatyr» [3-5].

According to Zargar et al., their study demon-
strated that foliar fertilizers under drought condi-
tions contribute to improved pear tree productivity
and efficient utilization of water resources. Addi-
tionally, fertilizers have a positive ecological impact
by preserving soil fertility. Foliar feeding methods
reduce harmful environmental effects, offering an
effective solution for sustainable development in
agriculture [6].

Sozaeva et al. studied the pectin content and
physicochemical properties of various fruit crops.
The researchers compared the pectin composition in
different fruits and determined its role in enhancing
the nutritional and functional characteristics of plant
products. The results showed that pectin contributes
to improving the structure, taste, and consistency of
fruits, highlighting its significant applications in
agronomy and the food industry [7].
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In her study, Alekseenko S. investigated eco-
nomically valuable traits of introduced and local
pear varieties adapted to the climatic conditions
of the Almaty region. The researcher compared
yield, fruit quality, resistance characteristics, and
adaptability of various varieties to environmental
conditions, identifying the most efficient culti- vars.
The findings revealed the most suitable pear
varieties for the Almaty region, offering opportu-
nities to increase productivity in pear cultivation [8].

According to Bondareva et al., the level of in-
festation by pests, specifically Eriophyes pyri PGST
(Acari: Eripphyoidea), on different pear varieties
(Pyrus communis L.) was studied in the Fomin Bo-
tanical Garden. The researchers assessed the resis-
tance of various pear cultivars to pests and their im-
pacts on productivity and fruit quality. The results
allowed for identification of pest-resistant character-
istics in each variety, providing valuable informa-
tion for selecting effective pest control methods in
pear cultivation [9].

Verbesselt et al., in their studies, explored the
biological and pomological characteristics of certain
pear varieties in the Republic of Macedonia. The au-
thors analyzed growth patterns, fruiting processes,
and productivity levels of different varieties. The
research also considered variety adaptability and the
influence of climatic conditions. Results indi- cated
the importance of selecting pear varieties and
considering their specific characteristics to improve
fruit quality and cultivation efficiency [10].

In his study, Rubtsov examined the geographi-
cal distribution of the genus Pyrus, focusing on pri-
mary trends and factors in its evolution. The author
analyzed the distribution of various pear species
across different regions, emphasizing their adapta-
tion to climatic, soil, and ecological factors. Evolu-
tionary changes and their impacts on the biological
characteristics and geographical localization of pear
species were discussed. Furthermore, the article
highlighted the agricultural importance of pears and
their future development potential [11].

Despite substantial research by both internation-
al and domestic scientists on fruit crops, compre-
hensive assessment of the economic and biological
indicators of specific varieties remains insufficiently
studied [12-14].

The relevance of this research lies in the neces-
sity to optimize agrotechnical methods and adapt
current cultivation technologies to contemporary
agricultural production demands. Such comprehen-
sive research will not only deepen the understanding
of ecological features of the «Talgarskaya Krasav-

itsa» pear variety but also identify promising direc-
tions for further investigation and implementation of
innovative agrotechnical solutions in modern ag-
riculture.

The aim of the research is a comprehensive
study of the ecological stability and adaptive po-
tential of the «Talgarskaya Krasavitsa» pear variety
under various agrotechnical practices.

Materials and methods

Study area

The research was conducted at the Botanical
Garden of the International Kazakh-Turkish Uni-
versity under continental climate conditions. The
“Talgarskaya Krasavitsa” pear variety was selected
as the research object. This variety was grown both
in open field and greenhouse conditions, allowing
for a comparative analysis of climatic influences.

Experimental materials

The research materials included fruits, leaves,
and woody tissues collected from 30 randomly se-
lected trees. Samples were gathered during the ac-
tive fruiting period (September-October). The ex-
periment was divided into three main groups:

Control group — plants grown without additional
treatments.

Standard agricultural practice group — plants
treated using conventional cultivation methods.

Modernized methods group — plants receiving
additional fertilization, growth stimulators, and mi-
cronutrient treatments.

Research methods

Biometric measurements. Tree height, trunk
diameter (at 1.3 m height), and shoot length were
measured [15].

Fruit mass was determined using analytical
scales [16].

Sugar content was measured using a refractom-
eter, while total acidity was assessed by titrimetric
analysis (GOST method).

Assessment of leaf condition. Spectrophotomet-
ric method [17]: Concentrations of chlorophyll a, b,
and carotenoids were measured at wavelengths of
665 nm and 649 nm.

Morphological inspection [18,19]: The presence
of disease or stress symptoms (spots, deformation,
discoloration) on leaves was evaluated.

Levels of photosynthetic pigments were com-
pared across the three groups, with higher values
observed in the modernized methods group. This
demonstrated the efficiency of agricultural enhance-
ments aimed at increasing plant productivity and
disease resistance.
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Phenological observations

Key phenological phases (flowering, fruit set-
ting, and ripening) were recorded throughout the
vegetation period. Climatic indicators such as air
temperature, humidity, and precipitation levels were
monitored using a meteorological station [20,21].

Data processing and statistical analysis

The collected data were processed using MS
Excel, SPSS 26.0, and STATISTICA software [22].
The following analytical methods were employed:

Correlation and regression analysis: to identify
relationships between measured parameters.

ANOVA (Analysis of Variance): to assess sta-
tistical differences among groups at a significance
level of p < 0.05 [23].

Results and discussion

Analysis of the obtained data allows concluding
that agrotechnical methods significantly influence
the development of the “Talgarskaya Krasavitsa”
pear variety at the Botanical Garden of the Inter-
national Kazakh-Turkish University (IKTU), con-
firming its high adaptability and productivity. Three
groups were employed for a comprehensive evalu-
ation: the control group (plants without additional
interventions), the group applying standard agri-
cultural practices, and the group using modernized
methods (additional fertilization and growth stimu-
lators). A comparative analysis of biometric indica-
tors is presented in Figure 1.
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Figure 1 — Biometric indicators of the “Talgarskaya Krasavitsa” pear variety

The results presented in Figure 1 demonstrate
that applying modern agrotechnical methods signifi-
cantly and positively impacts the growth, develop-
ment, and fruiting of the “Talgarskaya Krasavitsa”
pear variety. Baseline measurements were observed
in the control group without additional interven-
tions: average tree height was 3.5 £ 0.2 m, trunk
diameter was 6.5 + 0.3 cm, fruit weight was 190 +
10 g, productivity reached 28 + 2 kg per tree, sugar
content was 14.5 + 0.3%, and acidity was 0.43 +
0.05%. The use of standard agricultural practices
improved all these indicators: tree height increased
to 3.7 £ 0.3 m, trunk diameter to 6.7 = 0.5 cm, fruit
weight to 195 + 15 g, yield to 32 = 3 kg per tree,
sugar content to 15.0 = 0.4%, and acidity decreased
t0 0.42 £ 0.05%.
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The most significant improvements occurred
in the group employing modernized methods, in-
cluding additional fertilization and growth stimu-
lators. Here, the average tree height reached 4.0
+ 0.2 m, trunk diameter was 7.0 + 0.4 cm, fruit
weight reached 200 + 10 g, productivity increased to
36 + 3 kg per tree, sugar content rose to 15.5
+ 0.4%, and acidity decreased to 0.40 £ 0.04%.
These results illustrate that enhanced agrotech- nical
methods not only accelerate growth and biomass
accumulation but also optimize plant nutrition and
stimulate  physiological ~ processes, thereby
significantly improving the qualitative
characteristics of the fruit. Improvements in mor-
phometric indicators such as growth and trunk
diameter suggest more efficient resource accumu-
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lation essential for high-quality fruit formation.
Furthermore, increased fruit weight and produc-
tivity confirm the beneficial effects of additional
measures on plant productivity. Higher sugar con-
tent and reduced acidity in fruits from the mod-
ernized methods group indicate improved taste,
enhancing their commercial value and suitabil- ity
for processing. Thus, these findings confirm that
integrating additional agrotechnical practices

maximizes the biological potential of the “Talgar-
skaya Krasavitsa” variety, enhances adaptation to
local climatic conditions, and ensures competi-
tiveness in commercial horticulture.

Phenological observations further revealed im-
proved synchronization of major developmental
phases when applying modernized methods. Details
of key phenological phases across the three study
groups are presented in Table 1.

Table 1 — Phenological indicators of the three groups (flowering, seed development, and fruit ripening)

Phenological phase Group Start date End date Duration (days)
Control 18.04.2024 25.04.2024 7
Flowering Standard treatment 18.04.2024 25.04.2024 7
Modernized treatment 17.04.2024 24.04.2024 7
Control 05.06.2024 12.06.2024 7
Seed development Standard treatment 05.06.2024 12.06.2024 7
Modernized treatment 04.06.2024 11.06.2024 7
Control 22.09.2024 29.09.2024 7
Fruit ripening Standard treatment 22.09.2024 29.09.2024 7
Modernized treatment 21.09.2024 28.09.2024 7

According to Table 1, data on the phenological
phases—flowering, seed development, and fruit rip-
ening—demonstrate high stability, with each phase
consistently lasting 5 days across all groups: control,
standard, and modernized. Despite identical dura-
tions, slight but systematic variations were observed
in the start and end dates of these phases among the
groups. Specifically, the flowering phase in the
control group began on 18.04 + 1.2 and ended on
25.04 £ 1.0, matching the standard group’s results
(start 18.04 + 1.1, end 25.04 + 1.0). However, in the
group using modernized methods, flowering com-
menced one day earlier (17.04 £+ 0.9) and concluded
one day earlier (24.04 + 0.8), indicating accelerated
phenological cycles. A similar trend was evident
during the seed formation phase: the control and
standard groups registered the beginning on 05.06
(with slight deviations of 05.06 + 1.5 and 05.06 +
1.4, respectively) and concluded on 12.06 (10.06 +
1.3 and 10.06 £ 1.2, respectively), while the mod-
ernized group recorded the start of seed formation as

04.06 = 1.2, ending on 11.06 £ 1.1. The fruit ripen-
ing period further supported this pattern: the control
and standard groups began ripening on 22.09 (22.09
+ 1.4 and 22.09 + 1.3, respectively) and ended on
29.09 (29.09 + 1.2), whereas the modernized group
started ripening one day earlier (21.09 + 1.3) and
completed it on 28.09 £ 1.0. These consistent shifts
suggest that the introduction of modernized agro-
technical measures, including additional fertiliza-
tion and growth stimulators, influences the timing
rather than duration of phenological phases, poten-
tially optimizing pollination processes, seed forma-
tion, and fruit ripening, thereby positively impacting
overall productivity and crop quality. Despite main-
taining constant phase durations, these temporal
adjustments offer valuable insights into effectively
utilizing agrotechnical methods to regulate plant life
cycles and enhance adaptability of the «Talgarskaya
Krasavitsa» variety to varying climatic conditions.
Results from spectrophotometric assessments of
photosynthetic pigments are presented in Table 2:
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Table 2 — Content of photosynthetic pigments (mg/g of fresh mass)

Group Chlorophyll a Chlorophyll b Carotenoids
Control 1.8+0.1 0.8 +0.05 0.6+0.03
Standard treatment 2.1+01 1.1 +£0.06 0.6 £0.04
Modernized treatment 2.6 +0.15 1.3+£0.08 0.8+£0.05

According to Table 2, the analysis of collected
data demonstrates that agrotechnical practices posi-
tively impact the content of photosynthetic pig-
ments in the leaves of the «Talgarskaya Krasavitsa»
pear variety. In the control group without additional
treatments, baseline pigment levels were recorded:
chlorophyll a at 1.8 = 0.1, chlorophyll b at 0.8 +
0.05, and carotenoids at 0.6 + 0.03 mg/g fresh mass.
Applying standard agricultural practices increased
these values to 2.1 + 0.1 for chlorophyll a, 1.1 + 0.06
for chlorophyll b, and 0.6 = 0.04 for carotenoids, in-
dicating improved photosynthetic activity compared
to the control group. The group employing modern-
ized methods, including additional fertilization and
growth stimulators, exhibited significant increases
in pigment concentrations: chlorophyll a reached
2.6 + 0.15, chlorophyll b rose to 1.3 + 0.08, and ca-

rotenoids increased to 0.8 £ 0.05 mg/g fresh mass.
These findings suggest that additional agrotechni-
cal measures such as growth stimulators and sup-
plementary fertilization significantly enhance the
content of major photosynthetic pigments, thereby
improving light absorption efficiency and overall
photosynthetic activity. Increased chlorophyll con-
tent directly correlates with higher potential for light
energy absorption, while elevated carotenoid levels
enhance protection against oxidative stress. Con-
sequently, modernized methods not only improve
the physiological condition of the leaves but also
increase their resilience to adverse external factors,
positively influencing productivity and fruit quality
of the «Talgarskaya Krasavitsa» pear variety.

Visual assessment results for phytopathological
symptoms are as follows:

Table 3 — Assessment of phytopathological symptoms (leaf damage index on a scale from 0 to 5)

Group Mean damage index Percentage of leaves with symptoms (%)
Control 2.7+03 45%
Standard treatment 22+02 35%
Modernized treatment 1.5+02 20%

Data analysis from Table 3 indicates that agro-
technical measures significantly reduce the severity of
phytopathological symptoms in leaves of the «Talgar-
skaya Krasavitsa» pear variety. In the control group
without additional interventions, the average damage
index was 2.7 &+ 0.3, with 45% of leaves showing vis-
ible symptoms, highlighting high plant sensitivity to
stress factors and diseases in the absence of additional
care. In the group employing standard agricultural
practices, including regular irrigation, basic fertiliza-
tion, and standard protection measures, the damage
index decreased to 2.2 + 0.2, and the percentage of af-
fected leaves reduced to 35%. This demonstrates that
standard care positively impacts plant health but does
not completely prevent damage.

The greatest reduction in leaf damage occurred
in the group applying modernized methods, which
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included additional fertilization and growth stimula-
tors. Here, the average damage index was notably
lower at 1.5 + 0.2, and the percentage of leaves ex-
hibiting phytopathological symptoms decreased to
20%. These findings reflect a significant improve-
ment in leaf condition, likely due to optimized nutri-
tion and stimulated metabolic processes, enhancing
plant resistance to pathogens and stress factors.

Thus, this study confirms that modernized agro-
technical practices not only increase photosynthetic
activity but also significantly reduce the likelihood
of phytopathological changes, thereby potentially
enhancing the productivity and quality character-
istics of the «Talgarskaya Krasavitsa» pear vari- ety.
These results suggest promising prospects for
broadly implementing these methods in agricultural
production.
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In conclusion, the following points summarize
the overall findings:

Application of modernized agrotechnical meth-
ods significantly increased the content of photosyn-
thetic pigments, indicating enhanced overall health
of the photosynthetic apparatus and potential in-
creases in plant productivity.

Visual inspection revealed fewer visibly dam-
aged leaves and a lower damage index in plants
receiving additional fertilization and growth stim-
ulators, demonstrating the effectiveness of these
methods in reducing the negative impacts of patho-
genic factors and stresses.

The combination of spectrophotometric analy-
sis and morphological assessment provided a com-
prehensive evaluation of plant conditions, correlat-
ing and validating the effectiveness of modernized
agrotechnical practices in improving physiologi- cal
conditions and reducing phytopathology in the
«Talgarskaya Krasavitsa» variety.

A detailed correlation analysis, focusing on the
relationship between trunk diameter and produc-
tivity based on group average biometric indicators
presented in Figure 1, was conducted. Pearson’s
correlation coefficient (R) was calculated using the
following formula:

2?:1(){:'_*?](1’:'_?]
S, — B)? 5% — ) W
"'JI ST "'«Il i=1h i

where, n — 3.
Thus, the correlation coefficient:

2,0
r= 7 0,986
2,027

The calculated coefficient of r ~ 0.986 indicates
a very strong positive correlation between trunk di-
ameter and productivity. This demonstrates that an
increase in trunk diameter, indicative of biomass
accumulation and overall plant health, is closely
linked to higher productivity.

This result confirms that the integration of mod-
ern agrotechnical methods—specifically, the use of
additional fertilizers and growth stimulators—ef-
fectively unlocks the potential of the «Talgarskaya
Krasavitsa» pear variety. Improved biometric indi-
cators directly contribute to increased yield quantity
and quality, which are crucial for commercial gar-
dening and further cultivation.

Thus, the conducted correlation analysis not
only highlights the strong relationship between key
indicators (trunk diameter and productivity) but also
validates the effectiveness of modernized agrotech-
nical practices in enhancing the productivity and
adaptability of the «Talgarskaya Krasavitsa» pear
variety.

Discussion

In our study, the impact of modernized agrotech-
nical methods on the “Talgarskaya Krasavitsa” pear
variety was clearly observed. These results demon-
strate trends that are consistent with the findings of
other researchers.

In our research, the use of growth stimulators
and additional fertilizers increased tree height, trunk
diameter, and productivity. These results are sup-
ported by other studies as well. For example, the ap-
plication of Mival-Agro and Buton preparations has
been shown to increase fruit weight by 5.2-10.7%
and yield by up to 7.8-13.8 kg per tree [24].

In our study, modernized agrotechnical methods
increased the concentration of chlorophyll a and b,
as well as carotenoids. This led to enhanced pho-
tosynthetic activity. Other studies have also shown
that growth stimulators improve the functioning of
the photosynthetic apparatus and enhance the physi-
ological condition of leaves [25].

Our study demonstrated that modernized agro-
technical methods significantly reduced the leaf
damage index and the percentage of leaves showing
phytopathological symptoms. This may be associ-
ated with increased plant resistance to pathogens and
stress factors. Other research has confirmed that
growth stimulators strengthen the plant immune
system and improve disease resistance [26].

Overall, the results of our study are in line with
the findings of other researchers and confirm that
modernized agrotechnical methods have a positive
effect on the growth and productivity of the “Talgar-
skaya Krasavitsa” pear variety.

Conclusion

The study’s findings confirm that optimizing
agrotechnical methods significantly enhances the
productivity and biological characteristics of the
«Talgarskaya Krasavitsa» pear variety. Results
demonstrated that introducing updated agrotechni-
cal practices substantially optimizes morphological
and physiological indicators.
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Comparative analysis revealed that increased
plant biomass, enhanced photosynthetic activity,
and reduced phytopathological symptoms were di-
rectly related to additional agrotechnical interven-
tions, such as the application of growth stimulators
and balanced nutrition. These practices not only ac-
celerate tree growth and development but also en-
sure high-quality fruits by increasing mass, sugar
content, and reducing acidity.

Comparing the results with previous research
confirms the effectiveness of modern agrotechni- cal
solutions in fruit cultivation. Unlike traditional
cultivation methods, updated technologies optimize
plant development, resulting in stable and high-
quality yields.

The scientific novelty of this study lies in its
comprehensive approach to evaluating the impact of
various agrotechnical methods on the «Talgarskaya
Krasavitsa» variety. For the first time, a detailed
correlation assessment between biometric indicators
and productivity was conducted, revealing a strong
positive relationship between trunk diameter and

plant productivity.

The practical significance of this research is in
providing recommendations to enhance cultivation
technologies for this variety, beneficial to farmers
and agronomists involved in commercial horticul-
ture. Optimized agrotechnical practices improve
plant adaptability to changing climatic conditions,
reduce disease risk, and ensure stable and competi-
tive yields.
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ONMUCTOPXO03. HOBbIE JAHHDIE
OB 3KOJ1I0Ir'm n anNMAEMmoJiormm

Bo3byanTtenb onuctopxo3a, TpemMatoga Opisthorchis felineus (Rivolta, 1884) — oanH 13 Hanbo-
Jlee pacnpoCTpaHeHHbIX BUAOB Mapa3svnTOB YeIoBEKA M XXMBOTHBIX Ha TeppuTopun Poccun, KasaxcTa-
Ha, cTpaH BocTouHoi EBponbl. BMecTe ¢ 6/IM3KOPOACTBEHHBIMM BUAAMU MeYeHOYHbIX TpeMatos O.
viverrini (Poirier, 1886) n Clonorchis sinensis (Loos, 1907), apeanbl KOTOPbIX pacnonoxeHbl B KOro-Boc-
TouyHo A3umn 1 Ha danbHeM BocToke, O. felineus cocTaBnseT Tpuaay aNUAEMUONIONMUYECKU 3HAYUMBbIX
TpemaToa ceMelictBa Opisthorchiidae. MNMonoBo3penbie ocobu O. felineus Napas3MTUpyOT B renaTobu-
JIMapHOM CUCTEME MITEKONUTAIOLWMX, BKIIOYAs YeloBeKa U Npy ANUTENbHOW MHMEKUNM NPOBOLMPYIOT
pa3BUTUE TSXKESbIX OC/TOXKHEHWUI. OfIHAaKO, HECMOTPSI Ha 3HAYMMOCTb, OMMUCTOPX03 OTHOCUTCS K rpymnne
3abbITbIX 3a6oneBaHuin (neglected tropical diseases). JaHHble 3aboneBaHus, nopaxatowme 1,65 Muniu-
apAa 4efnioBek B M1pe, NOoNy4Ynv CBoe Ha3BaHWe He NPOCTO Tak: 3Tu 3abosieBaHus, 04N N PErNOHBI,
KOTOpbl€ OHW Nopa)atoT, 06bIYHO OcTatoTcs 6e3 BHUMaHWS.

B 0630pe KpaTKO CYMMUpPOBaHbI Pe3yfibTaTbl COBPEMEHHbIX UCCNEA0BAHMI BMONOrMKN U 3NNLEMU-
onoruu TpemaTog cemelictea Opisthorchiidae, obcy)aeHbl pe3ynbTaTbl UCCNeA0BaHNUIA, NOTYYEHHbIX
KaK Ha MOAENbHbIX XXMBOTHbIX, TaK U AaHHble N0 NauneHTaM. AKTyanbHOCTb UCCNeAO0BaHUiA TpeMaTos
NnoAYepKMBAETCS MX CNOXHBLIM XWU3HEHHBIM LMKIOM, ANWUTENbHbIM 6eCCMMNTOMHBLIM NepuoaoM 3abone-
BaHMSI; OTCYTCTBMEM AOCTAaTOUYHOM MH(OPMaLUM O BIMSIHAM FeNIbMUHTOB Ha OpraHbl, He OTHOCALLMECS
K MecTaM MX HenocpeACTBEHHOMN NIOKan3aLmMK, LWNMPOKOE pacnpoCcTpaHeHWe B SHAEMUYHbLIX PErvoHaXx.
OTKpbITas MUrpaLMOHHas MOSIMTUKA M FaCTPOHOMMUYECKMI TYpU3M paclumpsieT reorpaduto npobnemsl
3TUX MHdEKLMI 3a Npeaesnbl JIOKabHbIX 04aroB, KOraa nauueHTbl C OMUCTOPX030M U KITOHOPX030M
MOryT O6HAPYXXMBATLCA BAANN OT SHAEMUYHBIX TEPPUTOPUNA.

KnroueBble cnoBa: TpeMaToabl, ONUCTOPX03, cMcTeMHoe 3abonesaHue.

Y.K. Kapushchak, O. Zaparina®, A.V. Kovner, M.Y. Pakharukova
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Opisthorchiasis. Updates on ecology and epidemiology

The causative agent of opisthorchiasis, the trematode Opisthorchis felineus (Rivolta, 1884) is one of
the most common species of human and animal parasites in Russia, Kazakhstan, and Eastern European
countries. Together with closely related species of liver flukes O. viverrini (Poirier, 1886) and Clonorchis
sinensis (Loos, 1907), the species endemic to Southeast Asia and the Far East, O. felineus makes up a
triad of epidemiologically significant trematodes of the Opisthorchiidae family. Adult worms of O. fel- ineus
parasitize the hepatobiliary system of mammals, including humans, and provoke the development of
severe complications during chronic infection. However, despite its importance, opisthorchiasis is
considered a neglected tropical disease (NTDs). NTDs, affecting 1.65 billion people around the world, are
so named for a reason: these diseases, the people and regions they affect, are usually have been
overlooked, receiving very little global attention for research, prevention, and control efforts.

The review briefly summarizes the results of latest research of the biology and epidemiology of
trematodes of the Opisthorchiidae family, discusses the results of studies obtained both on model ani-
mals and on patients. The significance the research is emphasized by the complex life cycle of the liver
flukes, a prolonged time of the human infection with no apparent symptoms; lack of sufficient informa-
tion on the effect of helminths on organs not related to the places of their immediate localization, wide
distribution of trematodes in endemic geographical areas. Open migration policy and gastronomic tour-
ism expands the geography of the problem of these infections beyond local foci, when patients with
opisthorchiasis and clonorchiasis can be found far from endemic areas. Overall, opisthorchiasis can be a
serious drain on a country’s economy.

Key words: trematodes, opisthorchiasis, systemic disease.
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S1.K. Kanymaxk u ap.

A.K. Kanywak, O. 3anapuHa®, A.B. KosHep, M.10. NaxapykoBa

CB PFA LIMTONOrNs aHe reHeTuKa UHCTUTYThl, HoBocbupck, Peceli
*e-mail: zp.oksana.93@gmail.com

OnUCTopx03. IKONOrMsCbl MEH
3NUAEMMNONOrMACH] YXOHIHAETI XKaHa AepeKTep

OnuncTopxo3 Ko3ablprbiwbl, Opisthorchis felineus (Rivolta, 1884) Tpematoaackl — Peceit, Kazak-
CTaH xoHe LLbiFbic Eypona enaepiHae agamMaap MeH xaHyapnap apacbiHAa KeH TapasFaH napasvrrep- 4iH
6ipi 60onbin Tabbinagbl. byn Typ OHTyCTiK-LUbIFbIC A3us MeH Kublp LUbIFbiCTa ke3geceTiH 6aybip
TpemaToganapbliHa xaTtaTtbiH O. viverrini (Poirier, 1886) »xaHe Clonorchis sinensis (Loos, 1907) Typ-
nepimMeH 6ipre Opisthorchiidae TykbiMAACbIHbIH 3NUAEMUONONMSSIBIK MaHbI3bl 6ap YLWTIrH Kypanabl.
O. felineus-TiH XbIHbICTbIK XETINreH Aapanapbl aaM MEeH CYyTKOPEKTINepAiH renatobunuaprbik xyne-
ciHae napasuTTiK TipWinik eTedi xaHe y3ak Mep3iMai MHheKuns KesiHae ayblp acKblHy/aprFa akenyi
MYMKiH. Anaiiaa, ocbl MaHbI3AbINbIFbIHA KapaMacTaH, ONMMCTOPX03 YMbIT KasFaH TPONMUKanblK aypyniap
(neglected tropical diseases) TobbiHa XaTaabl. Byn aypynap anem 6oibiHWwa 1,65 Munnunapa agamabl
3aKbiMAaiabl XKoHe «yMbIT KanFaH» Aen atanybl Aa 6ekep emec: 6yn aypy/iapMeH ayblpraH agamaap MeH
oflapAblH eMip cypeTiH aliMakTapbl kebiHe HasapAaH TbiC Kasbin XaTazbl.

byn wonyaa Opisthorchiidae TyKkbiMAacbiHa XaTaTblH TpemMatoganapablH, 6MONornscbl MeH ann-
JAemMuonorusicbl 60MbIHILA 3aMaHayu 3epTTey HOTWKeNepi KbiCKalla >XMHaKTanFaH, COHAaii-ak Moaesb-
[i >xaHyapnap MeH HaykacTapra XYpri3ifireH 3epTTey AepeKkTepi KapacTblpblisiFaH. Tpematoaanapabl
3epTTeyaiH e3eKTiniri onapabiH Kypaeni AaMy UMKNAEpIMEH, aypyablH Y3aK YakblT 60Mbl CUMITOMCHI3
eTyiMeH, NMapasuTTepaiH Tikenei opHanacy opblHAapblHAH ThIiC arF3anapra acepi Typasbl XeTKINKCi3 aK-
napaTrneH, CoHAaln-akK 3HAEMUSIIbIK alMaKTapaa KeH TapanybiMeH 6alinaHbiCTbl. ALbIK KeLi-KOH cas-
caTbl MEH racTPOHOMUSIbIK TypM3M 6y MHbekumnsnap npobnemMachbiHblH reorpadmsacbiH KEHENTY e,
OMMUCTOPX03 XKSHE KIIOHOPXO03 AepeKTepi SHAEMUASbIK eMec alMakTapaa Aa TipKesnreH.

Ty#iH ce3aep: TpemMaToAanap, ONMCTOPX03, XXyHeni aypy.

Beenenne JIEHHST 0 HOBBIX A((EKTUBHBIX IperapaTax, Halpu-
Mep, TpruOeHMMHTIH [9].
Omnucropxo3  SBISETCS  AHTPOMO300HO3HBIM O. viverrini mpeuMyIIecTBEHHO pacupoCTpaHeH

napasuTapHbIM  3a00JieBaHHEM TrenaTtoOMInapHOn
CUCTEMBI, KOTOpO€ MPHBOAUT K BBIPAKEHHOW Ma-
toornun miedeHu [1,2]. Ilpuumnoii 3aboneBaHUs
SIBJISIIOTCS TpeMaTo/ibl cemerictBa Opisthorchiideae,
KOTOpOE€ BKJIFOYAET TPH 3ITHIEMHUOIOTHYECKH 3HAUH-
MbIX Tapasutuyeckux Buma: Opisthorchis felineus,
Opisthorchis viverrini u Clonorchis sinensis.
OcHoBHo#t ovar uapekuu O. felineus nokanu-
30BaH Ha Tepputopun O0b-UpThimickoro dacceiina,
B 3anannoit Cubupu. OmHaKo, cirydan 3apaxeHus
KOILIAYbe JBYYCTKOH PEryJIIpHO OTMEyaroTcs Ha
tepputopun 3amaaHo — Kazaxcranckoii oOmactu
n Ha ceBepe Pecrrybnmku Kazaxcran. Kpome toro,
MUMEIOTCSI CBEACHUS O CIMHUYHBIX CIydasx HHQU-
uupoBanuss B Wranuu, Mcnanuu, Ilopryramum u
I'epmanun [3], a Takke Ykpanne u benopyccun
[4,5]. Yposens 3apaxenus O. felineus orernBa- 1ot
B | MJH., OJHaKO 3Ta OIEHKA, I10-BHIUMOMY,
ABJISIETCS CWJIBHO 3aHMmKeHHOH. OT ommcTopxosa
CTpajlaeT MIPEUMYIIECTBEHHO CEJIbCKOE HAacEJICHUE:
TaK YPOBEHb 3apa)KCHHUSI CEIbCKOTO HACEICHUS B
Tomckoit o6nactr MOKeT nocturath 60% B OTAEIE-
HBIX NEPEBHAX [6], YTO 3HAYMTEIHHO IPEBBIMIACT
CpeHepernoHaNbHy0 OleHKy [4]. Ilpu aTom enuH-
CTBEHHBIM IIpenapaToM JUIsl JIEYEHUS OIIUCTOPX03a
ocTaercs npa3ukBaHTen [7,8], XOTs U UMEIOTCS CBe-

Ha Tepputopun FOro-Boctounoit Azun. OCHOBHOM
ouar nH(M)EKINU JIOKAIU30BaH B TamiaHje, 0JTHAKO
BBICOKHI YPOBEHB 3apaKCHHUS TaK)Ke OTMEYAeTCs B
Jlaoce, Kambomxu, Mesiame (Bupme), a Takxke BO
Brername [10,11]. YpoBens 3apakeHus B 3TOM pe-
rHoHe gocturaet 12 miH. yenosek [12].

C. sinensis HanOollee pacmpoCTpaHEeH Ha Tep-
putopun BocTouHoli A3znu, B NEpBYHO O4Yepeqb B
Kurae n IOxnoit Kopee. Ha nannpiii MOMEHT KO-
JINYECTBO JIIOJIEH, 3apa’KeHHBIX 3TOM TpeMaTolIoH,
oreHuBaeTcs B 15 miH. genosek [13,14].

Tpemaronsr cemeiictBa Opisthorchiidae nme-
FOT CXOXUH KU3HEHHBIN LUK, BKIIIOYAIOIIUNA JIBYX
MPOMEXYTOYHBIX M  OJHOTO  OKOHYATEIHHOTO
X03siMHa. B poim mepBOro NmpoMexyTOYHOro XO-
31MHA BBICTYNAIOT NPECHOBOJHbBIE OpPIOXOHOTHE
MOJITIOCKH, BTOPBIM — PBIOBI CEMENHCTBA KapIIOBBIX
(Cyprinidae), koTopble HMEIOT CEILCKOXO3SHCTBEH-
HO€ W MPOMBICIIOBOE 3HaueHue. l3BecTHO, Takxe,
YTO Tpu 3apakeHuu 1-2% MOIIIIOCKOB B BOJOEME,
WHQHULIUPOBAHUE S3€1 B TOM K€ BOAOEME MOXKET J10-
XonuTh 10 98% [4].

AKTyaJIbHOCTh HCCIIEIOBAaHUS TPEMAaTOJ IOJ-
YEPKUBACTCS MX CIIOKHBIM JKU3HCHHBIM LIUKIIOM,
JUTHTEIHHBIM OECCUMITOMHBIM MEPHOIOM 3aboire-
BaHUsI, OTCYTCTBUEM JOCTATOYHON MH(OpMALNU O
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BIUSTHUY T€IbMUHTOB Ha OPTaHBI, HE OTHOCSIINE- CS
K MeCTaM WX HENOCPEICTBEHHON JIOKalN3allnHy,
LIIMPOKOE paclpOCTpaHEHHE B HHJIAEMUYHBIX PEru-
oHax. OTKpBITas MHUTpaMOHHAS TOJUTHKA M Ta-
CTPOHOMHYECKHI TYpH3M pacHIupsieT reorpaduio
Mpo0IeMbl STHX HHGEKLIUH 3a MPeaesbl JJOKATbHBIX
0YaroB, KOT/Ia TIAIIMEeHTHI C OIICTOPX030M FITH KJIO-
HOPXO030M MOTYT OOHapyXHMBAThLCs BAATU OT DH/JE-
MUYHBIX TEPPUTOPHUIA.

B nmammoit paboTe paccMOTpEHBI OCHOBHBIC
CXOJICTBA W OTIMYHUS MEKIY Tpems OIM3KOPOA-
cTBeHHBIMU BHnaMu cemerictBa Opisthorchiideae,
OCHOBHBIC KIIMHUYECKHE MPHU3HAKU 3a00JCBAHUS H
MaTOJOINYCCKNUE UBMCHCHUA B OpraHax, B TOM 4UC-
Jie B TIOYKaX, IPU OMMUCTOPXO3E.

OHHCTOpXO?.: CXO0ICTBA U pas3/inuus

Onwucropxo3 — napasurapHoe 3a0ojeBaHuE re-
MaTOOMIIMAPHOM CHCTEMBI, KOTOPOE TIPUBOJIMT K I1a-

tonorun nnedenu [1,2]. [puannoii 3a001eBaHKs BBI-
CTymaroT TpemaTozsl cemerictBa Opisthorchiideae:
Opisthorchis felineus, Opisthorchis viverrini u
Clonorchis sinensis. OmucTopxumsl 00Iamal0T Psi-
JIOM CXOJCTB U paziuuuil. B 11es0M, KM3HEHHBIN
LUK OMUCTOPXUA CXOACH Y BCEX TPEX BUJIIOB, XOTS
n o01amaeT HEKOTOPBIMH BHAOCTICITH(DIICCKUMHI
ocoOeHHOCTAMU. JKU3HEHHBIN LUK BKIIOYACT ABYX
MIPOMEKYTOYHBIX X0351€B ¥ OJTHOTO OKOHYATEITHHOTO
(Puc. 1A-F) [1]. HaunHaeTcss UK C TTOTIIOMICHUS
OpIOXOHOTMM MOJUTIOCKOM cemelicTBa Bithyniidae
(Puc. 1B n 1C) sum mapasura, IOMABIINX B OKPY-
KAIOIIYI0 cpeay ¢ (eKanusMu OKOHYATEIBHOTO
xo3smHa. Jlas Opisthorchis felineus mepeeiM mpo-
MEXYTOYHBIM XO35UHOM SIBIISIETCS IPECHOBOJ- HBIE
Bithynia leachi, Bithynia troscheli u Bithynia inflate
[1], a mms Opisthorchis viverrini — Bithynia
funiculata u Bithynia siamensis [2]. T Clonorchis
Sinensis B 93TOMl poONM BBICTYNAIOT MOJUTFOCKU
Parafossarulus manchouricus u P. striatulus. [15].

100 um

PucyHok 1 — Dxonorust komrauseit qpyycrku Opisthorchis felineus
[Ipumeuanue — A. [IpecHoBoaHEII BomoeM I. HoBocubupcek, 3anaanas Cubupb, cpeia 00UTaHHUSI MOJITIOCKOB U PHIOBL.
B. Mosmtocku poaa Bithynia. C. Momttock pona Bithynia, kpymasrii man. D. Merauepkapust. E. SI3u. F. B3pocisie ocoou.
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B opranmnsme Mosutiocka U3 siidlia BHICBOOOXK1a-
eTcst MUpaLMIMsL, KOTOpas 4Yepe3 HECKOJIbKO CTaHi
pasBUTHs IpeBpaiaeTcs B uepkapuro. llepkapus
SBIISIETCS CBOOOMHOKMBYINEH CTaaued, OHA MPO-
HUKaeT B MBIIIIBI U MO YEHIyI0 PhIObI ceMeiicTBa
KapIoOBbIX, II€ NPEBPAILACTC B METALEPKAPUI0 —
muctHyto Gopmy napasuta (Puc. 1D) [1]. dus O.
viverrini u O. felineus B kauectBe BTOpPOro MpO-
MEKYTOUHOI'O XO35SMHAa MOKET BBICTYNATh TOJBKO
peiba cemeiictBa kapnoBeix (Puc. 1E), B oTimame
C. sinensis kpyr BTOPBIX IPOMEKYTOUYHBIX X035~ €B
KOTOPOTO INUPE M BKIIOYAET TaKKe KpPEBETOK
Macrobrachium nipponense [15]. Criektp okoHua-
TENBHBIX X03seB Tst C. SINENSIS Takke CyIecTBeH-
HO HIMpE, ¥ BKIIIOYAET, B TOM YHMCIIE, KPyIHOpOTa-
TBHIN CKOT [4].

B kadecTBe OKOHYATENIBHBIX XO35€B MOIYT
BBICTYIIaTb MHOI'MC BHUJbI pr60$[I[HbIX MIJICKOIIN-
TaromuXx, MPpeUMYIIECTBCHHO XHWIIHUKOB, XOTA 3a-
pakeHre OMMMCTOPX030M OyPYHIYKOB, 600pOB, Ka-
CIIUICKOW HEPIIBI U AP. TAKXKE BO3MOXKHO. B ponu
OKOHYATCJIbHOI'O XO3sIMHa BBICTYNACT U YCJIOBEK,
3apa)KeHHEe KOTOPOIro IMPOUCXOIUT IIPpH yrorpeoiie-
HUM B IUIIY HEJIOCTATOYHO TEPMHUYECKH 00pabo-
TaHHOW 3apaKECHHOW PBIOBI CEMEMCTBA KapIOBBIX
— 513b, IJIOTBA, Kapach u ap. [4]. B xenygouno-ku-
LIEYHOM TPaKTe OKOHYATEILHOI'O XO3SMHA MPOMUC-
XOJIMT BBICBOOOX/ICHHE NTapa3nuTa U3 IHUCTHI, TOCTe
YCro OH NPOHUKACT B )KCIIUYHBIC ITIPOTOKU CUCTEMY
MIEYEHH, PEKE B IPOTOKH MOPKEITYIOUHON JKeIIe3bl.

[ToMmumo ocoOGeHHOCTEH >KU3HEHHOTO IHKIIA,
MEX/]Ty BUJIaMHU OTIMCTOPXH/] CYHIECTBYET psijl Ooliee
CYLIECTBEHHBIX OTINYMH. B mepByto ouepenb crout
OTMETHTB, YTO apeaJibl ONHUCTOPXU reorpapuuecKu
YIaJIEHBI JpyT OT Ipyra W IIPaKTUYECKH HE Iepe-

CCKarTCH. prrI/IM BAaXXHBIM OTJIMYUEM SABJISICTCA
xpomocomHbIi Habop. KonmuecTBo xpomocom y O.
viverrini 12, mpu atom y O. felineus u C. sinensis 14
xpomocom [16].

CamMoe BaXKHOE OTJIMYME 3aKJIIOYAETCS B KaH-
LHEPOreHHOM MoTeHnuane onucropxuia. CoriacHo
JaHHBIM, KOTOpBIE MPEICTABICHBl MEXKIYHAPO-
HBIM areHTCTBOM 1o uccienoBanuio paka (IARC)
[17,18], O. viverrini u C. Sinensis npu3HaHbl KaHIe-
poreHamu 1-o¥f Tpynimbl, TO €CTh CYILECTBYIOT yoOe-
JUTCIIbHBIC JOKA3aTCJIbCTBA TOI'O, YTO 3TU TPEMATO-
Jbl ABJIAIOTCA KaHUEPOT€HaMU JIs 4YC€JIIOBEKA, B TO
Bpems kak O. felineus 6bu1 oTHECEH K rpymie 3, TO
€CTb €ro KaHIEPOTeHHBII MOTEHIMAN I YeJIOBeKa
HE yCTaHOBJICH [17], XOTS TIpH MCCIENOBAaHUAX Ha
MO/JICJIbHBIX )KUBOTHBIX KaHLIEPOI'€HHBII NOTEHIINAI
onucTopxu cxojeH [19].

Kaunnveckne npu3Haky onucTopxo3a

Knuanveckast kapTuHa OMTUCTOPX03a 3a4a- CTYIO
CTepTa M HE HMMEET KaKHX-THO0O XapakTep- HbIX
Mpu3HaKoB. B ocTprrit mepron nndeximm, Hanbdoaee
pacrpoCTpaHEHHBIM IIPOSIBIICHUEM OIM- CTOPXO03a
ABISIETCSL  Pa3BUTUSL  renaroOMiMapHo-  TO
CHUHIIpOMa, KOTOPBIH XapakTepusyeTcs OOIbio B
IIpaBoOM ToApeOdephe (CTOUT OTMETUTD, UTO dTa 00JIb
MOXET HMppaguupoBaTh B 00NACTh JIOMATKA HIH
Jake KIIOYMIBI, TakUM 00pa3oM CMa3bIBas
KIMHAYECKYIO KAapTHHY), AUCIEICUYECKUMH CHUM-
NITOMaMH{, HaIpuUMep, TOIIHOTOH, PBOTOW W/HMIN
MU3KOrod. 3aboyieBaHHE MOXKET COMPOBOXKIATHCS
pasBuTeM aumaped. llpu omucTopxose BO3MOKHO
pa3BuUTHE XOJecTa3za, KOTOPBI 00yCIIOBIIEH OOTY-
paryeil KeIUHbIX MMPOTOKOB OMUCTOPXUIAMH. DTO
MPUBOJIUT K PA3BUTHIO OOTYPAallMOHHOW >KENITYXH
C TOBBIIIEHUEM YPOBHEH KIMHUYECKH 3HAUYUMBIX
MapkepoB (menouHoi ¢ocdaraspl, ramMma-TIIyTa-
MUWJITPAHCIICIITUAA3bl U KOHBIOTUPOBAHHOI'O 6I/IHI/I'
pyOuHa) B CBIBOPOTKE KpoBH. [IpenmyiiecTBeHHO B
OCTpPBIN TIeproJT 3a00JeBaHus, 10 4-X HE/Ielb, BO3-
MOYKHO Pa3BHTHE HMHTOKCHKAI[MOHHOTO CHHAPOMA,
KOTOPBI XapaKTEpU3YETCs, IOBBILIEHUEM TEMIIE-
parypsl, Koje0aHus KOTOPOH OOBIYHO HAXOASTCS B
nuanazone ot 37°C mo 39°C u JUTeNbHOCTBIO OT
Tpex JHeW JI0 HECKOJBKHX Hejenb. JInxopajika yva-
CTO COIIPOBOKAAETCsI 0OJIbIO B MBIIILAX, CyCTaBax M
pa3BUTHEM KOXXHBIX pEakUMi, Harmpumep, dK3aH-

Tem [3].
XpoHuueckass CTaausi OMUCTOPXO03a  3aua-
CTyl0 mportekaeT OeccumnTomMHo. [lpu sTOM

OTHMCTOPX03 HEPEIKO COUeTaeTcs C pa3BUTHEM
racTpolyoJ€eHaabHOM mnaTojoruu. lacTpuThl, ra-
CTPOJIyO/ICHUTSI, sI3BeHHAs1 00JIe3Hb Kenyaka u 12-
TH NEPCTHOM KHUIIKM YacTO  COIPOBOXKAAKOT
onuctopxo3. CTOWT OTMETHUTh, YTO HAa JaHHBIN
MOMEHT HE JI0 KOHIa OYeBUIHO, IPUBOJIUT JIH He-
MOCPEACTBEHHO 3apa)K€HHE ONMMCTOPXHUJIAMHU K 3a-
0oeBaHMAM Kenmynka W 12-TH TEepCTHOW KHIIKH
WIN UX COYETaHHE CBA3aHO C OCOOCHHOCTSIMH 00-
pasa KHU3HM JIIOJEH, CTPaJarolIMX OIMHUCTOPXO30M.
CTOUT OTMETHTH, UTO KETYJAOK U 12-TH mepcTHas
KHIITKa JIeKAT Ha MyTAX MHUTPAIlMU Tapa3uTa, a 3a-
pakeHHe ONMHMCTOPXaMH HPUBOJAUT K aHOMAIUSIM B
cOCTaBe MHKPOOMOTHI KEeTYHbIX NpoTOoKoB [20].
IIpn 3TOM, OIMHUCTOPXO030M CTPAAAIOT IPEUMYIIE-
CTBEHHO JIIOJIU, TPOKUBAIOIINE B CEIbCKUU paiio-
HaX, TJ€ KauecTBO NPO(UIAKTUKU, IUArHOCTHKH
U MEIUIMHCKON IOMOLIM HE BCerja siBJIeTCs Oll-
TUMAJIbHBIM.
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H3meHeHus1 B IeYeHH MPHU ONMHCTOPX03e

OcHoBHBIE TATOMOP(OIOTHIECKUE MTPOSBICHHS
OITUCTOPX032a BKIIIOYAIOT: MPOJIU(EPALIUIO KETUHBIX
IIPOTOKOB, KOTOpasi, B AMHAMHMKE MH()EKLUH, MPH-
BOJUT K PAa3BUTUIO XOJNaHTHO(PHUOpO3a; pa3BUTHE
(nbpo3a B TMepUAYKTAIHHON 30HE; BBIPAKEHHYIO
MHOUIBTPALMIO IEYEHU BOCHAJIUTEIbHBIMU KIIET-
KaMH; HEOIUIACTUYECKUMHU U3MEHEHUSIMU STIUTENHS
JKETIHBIX TIPOTOKOB [2, 17,21, 22, 19].

[Tpu nnuTensHOM TedeHHH 3a00JieBaHUS B 30-
Hax Tnpoyinepaluy KEIYHBIX IPOTOKOB pa3BHU-
BaeTCs XPOHWYECKOE BOCHAJICHHE M Pa3pacraeTcs
COCAMHUTENbHASI TKAHb — X0JIaHTHOo(HUOpO3 U mepu-
OyKTaIbHBIH (uOpo3 (oOpa3oBaHHe COCAMHUTEIb-
HOW TKaHW BOKPYT KPYHHBIX XKETUHBIX IPOTOKOB).
[MepunykTanbhbiii  GuOpPO3 OMACHOE COCTOSHUE,
Hapywammue TpoYUKy M PpereHepaTHBHBIA I10-
TeHman Tkanu. [lomumo storo, npu 3apakenun O.
Viverrini ObUIO MOKa3aHO, YTO HAIMYUE KPYITHBIX
04YaroB TMEpPUAYKTAIBHOTO (hrOpo3a MOXKeT OBITh
acCouMrpoOBaHO C MOBBIIICHHBIM PHUCKOM pa3BUTUA
XOJIaHTHOKApIIMHOMEI [23].

XOoNaHTHOKapIMHOMA — 3TO 3JI0KAYeCTBEHHAS
OITYXOJIb JIIUTCIINA KEJIYHBIX MNPOTOKOB, KOTOpas
XapaKTepu3yeTcs CIOXHOCTBIO paHHEH AMarHo-
CTUKH W BBICOKOH jeTanbHOCThIO [21]. PanHuUM
NMPEABECTHUKOM XOJIAHT'MOKAPIIMHOMBI BBICTYIIACT
HEOIUTa3Usl SIUTENHS KEITIHbIX TpoToKoB. Ilpu He-
OIIa3MH KIETKH YTPayMBalOT CBs3b ¢ OazanbHOU
MeMOpaHOM, MEXKJIETOUHbIE KOHTAKTBI, a TaKXKe
pHOOPETAIOT BHICOKYIO NPOIH(EepaTUBHYIO aKTHUB-
HOCTb, YTO CIIOCOOCTBYET OHKOT'€HE3y B NeueHu [22,

19, 24].
Ol'[PICTOpX03 KaK CHCTEeMHOe 3a00/1eBaHue

CucteMHbIe 3a00JI€BaHUS — 3TO IPyIIIA [1ATONO-
THH, B KOTOPYIO C K&KIBIM ['0JIOM BKITIOYAIOT HOBBIE
3a0oseBaHus. TpaguLMOHHO, K CHUCTEMHBIM MAaTo-
JIOTUSIM OTHOCST 3a00JI€BaHNS UNMMYHHON CHUCTEMBI
Wi MeTabonrueckoi cucreM. Hanpumep, ayTonm-
MYHHBIE 3a00JIeBaHHS, BKJIIOYasi CHCTEMHYIO Kpac-
HYIO BOJTYaHKy [25, 26] niin peBMaTOHIHbIH apTPHUT
[27,28] HOCAT CUCTEMHBIN XapaKTep Mmopaxas MHO-
rue opraubl. MeTaboInIecKuil CHHIPOM TaKKe Ha-
HOCHUT yIliepO BceMy OpraHu3My B IEJIOM, BKITIOYAst
Me4YeHb, MOYKH, CeTYaTKy riasa u ap. llogsusercs
BCe OOMbIIEe CBEIACHUH, YTO MH(MEKIMOHHBIC arcH-
Thl TaKK€ MOTYT BO3JEHCTBOBATH HA OpPraHHU3M
CUCTEMHO, U HECMOTPSI Ha TO, YTO MHOTME MH(pEK-
U 00JTalal0T CHCITU(PUIHOCTRI0O K KaKOMY-THOO
opraHy, Bo3JIeliCTBUE MOXKET OBITh OOHAPYKEHO U 32
ero nipenenamMu. OOBITHO 3TO BO3JCHCTBHE OITOC-
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PEIOBAHHOE U CBS3aHO C AHOMAJIHUAMU CO CTOPOHBI
MMMYHHOHM CHCTeMBI MM oOMeHa BemiecTB. [louku
B OTOM IUIaHE 3aCiIyXXHBalOT OCOOOr0 BHUMAaHUSI.
B Hactosiiee BpeMs HakariMBaeTcsi BCe OOJIbIIE
JIOKA3aTeJIbCTB 00 MX BOBJICYEHHOCTH B IIATOJIOTHU-
YeCcKHid MpOLECC MPH Mapa3uTapHbIX 3a00JeBaHU-
SIX, K€ €CIM OHU HE SIBJIIOTCSI 04aroM HMH(QeEK-
LMU. BBUTO POAEMOHCTPUPOBAHO, YTO 3apakeHUE
Fasciola hepatica MoxxeT pUBOANUTH K Pa3BUTHIO
[IOYEYHOH MaTOJIOTMK HECMOTPSI Ha TO, YTO 3Ta Tpe-
MaroJia napasutupyer B nedenu [29]. Schistosoma
mansoni, KoTopasi mapasuTHpPyeT B cOCyaax OpbI-
JKEUKH, U MyTH MUTPALUA KOTOPOU HHUKAaK HE CBs-
3aHbI ¢ TIOYKaMH, TEM HE MEHEee OKa3bIBAaeT Ha HUX
BozzeiicTue. [Ipy 3TOM MaToJIOrMuecKuil mporecc
MOYET OBITh JOCTATOYHO BBIPaKEH, BIIOTH JI0 pPa3-
BUTHSI IPOTEUHYPHH, TJIABHOTO NMPHU3HAKA IJIOMEPY-
nouedpura [30].

BosaeiicTBue onucTOPXUA HA MOYKH

OnucTropxuapl, MO-BHIUMOMY, TOXKE MOTYT
OKa3blBaThb CHCTEMHOE BO3JCHCTBHE HAa OpPraHU3M
yenoBeka. TeM He MeHee, KOJIMYECTBO HCCIEHO0-
BaHMI, CIIOCOOHBIX PACKPBITH OIMHCTOPXO03 Kak
CHCTEMHYIO IaTOJIOTHIO, KpaiiHe orpaHuueHo. Cy-
IIECTBYIOT OTJIEJIbHbIE CBHJIETENBCTBA Pa3BUTHUS
MATOJIOTUH TIOYEK Y JIIOJCH MpU 3apakeHUH BCEMH
tpemst Bumamu. B 2013 roxy, npu 3apaxkenun O.
Viverrini 6pu10 0OHAPYKEHO TOBBIIICHHE YPOB- HsI
IgG nmporus ommcropxa B Moue. Ero ypoBeHb
KOpPpEIMPOBal C BBIPAKEHHOCTHIO (UOpo3a meue-
uu [31]. HemaBno, xomanga u3 Tawmanma mpoje-
MOHCTPUPOBAJIA OTJIOKEHUE AaHTUT€HOB I1apa3uTa B
momepynax [32]. Jlanueie o BosnaeiictBum C.
sinensis 3a mpenenaMu TEYEHU KpaliHE OrpaHu-
4yeHbl. B gacTHOCTH, B paMKax MpPOBEIEHHOTO TIO-
MyJSIUOHHOTO HccienoBanua B Kurtae w3yuminu
CBA3b KJIOHOPXO03a M MOBPEXJIEHUs moyek y 4122
4enoBeK, u3 KOTopbix 33.8% Obumn 3apa)keHbl HC-
xirounrensHo C. sinensis, a 5% wuMmenu coderas-
Hoe 3apaxenue C. sinensis u Helicobacter pylori.
Kax B rpymnme ¢ moHowH(peKIHed, Tak U Ipu 3a-
pakeHHH IBYMSI MH(EKIMOHHBIMU areHTaMu ObUTH
OTMEYEHbl W3MEHEHUS YPOBHS KpeaTHHWHA |
CBIBOPOTOYHOTO P2-MukporiaodynuHa. CKOpocTb
KJIyOOYKOBOH (puiibTpaluu Oblla CHWKEHA, HO
TOJIBKO B TpyTie ¢ konHpexmueit [33].

HmeroTes 1aHHbIE O IATOJOIMHU ITOYEK IIPH OIH-
cropxo3e O. felineus kak Ha sKcIIepUMEHTAITBHON
momenu Mesocricetus auratus, Tak u Tpu aHaIuM3e
ayTONTAaTOB, MOJyYEHHBIX OT ManueHToB [34,35].
Bruto 0OHapy>KeHO MOBBILICHUE COEpKaHUs OeKa
B MOY€ U KPEaTHMHUHA B CHIBOPOTKE KPOBU, KOTOPOE
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3aBUCEJIO OT JIUTEITLHOCTH HH(PEKIINH, YTO YKa3bI-
BAJI0 Ha BEPOSTHOCTH MOBPEXKICHUS MOYEK. bpuin
BBISIBIICHBI PACHIMPEHUs] MPOCTPAHCTBA KAarCyJibl
Boymena, oOpazoBaHue LMIMHAPOB B KaHAJIbLAX
mouku (Puc. 1), coennHUTEIRHAS TKAaHL B MEXKKa-
HaJILIIEBOM MTPOCTPAHCTBE MOUYKH — MHTEPCTUIHATIb-
HBId QuoOpo3. OKpacka ¢ MOMOIIBI0 UMITPETHAIIH
cepeOpoM TO3BONIMIIA BBIABUTH MpoJudepanuio
ME3aHTHaJIbHOI'0 MAaTpPUKCa, NPEUMYILECTBEHHO 3a
CYET OTJIOKEHMS KOJUUIAr€Ha, YTO SIBJISIETCS KpaiHe
B)XHBIM NPH3HAKOM, KOTOPBI COMPOBOXKIACT I10-
BPEXKACHUE TIIOMEPYISIPHOTO GUIbTPa U OOBSICHS-
eT pasButue nporeuHypun [34]. IloBpexparommm
(hakTopoM B riiomepyiie HepoHa MOTYT BBICTYNATh
LUPKYJIUPYIOIHE UMMYHHBIE KOMILIEKCHI, COCTOSI-
[IME U3 aHTUTEHA U KOMIUIEMEHTAPHOTO €My aHTH-
TeJa, 4TO U ObUIO OOHAPYXKEHO 110 MOBBIIICHHOMY
ypoBHIO IgA B riiomepyiie HepoHa. AHAIOTUYHBIM
00pa3oM MaToJOTHs OYEK Pa3BUBACTCS MPH 3apa-
xenun Tpemarogamu S. mansoni [30] u F. hepatica
[36, 29]. Mapkeps! MOYEUHO TATOJOTHH MIPH OITH-

[eMaTOKCUIMNH-303UH
T L\ TR

KoHTponb

0. felineus

CTOPX03€ YAAIOCh TAKKE BATMANPOBAT TIPH aHAIIH-
3e MaTepuasa IoYeK ManrueHToB. Y Jrofei Obutn 00-
Hapy>KeHbI Mposndepanyst COeAUHUTEIBHON TKaH
B TIoMepyJie HepoHa, KOTopas COMPOBOKAATACH
OTIIOKEeHUEeM IgA m pa3BuTHE MHTEPCTHIIMATBHOTO
¢ubpo3a [35].

CpaBHUTENBHBIA aHAIHM3 TPEX BHUIIOB OIHCTOP-
xunx Opisthorchis felineus, Opisthorchis viverrini
u Clonorchis sinensis mo3sosui cienaTh BLIBOJ, O
toM, yto uMenHo O. felineus okaseiBaeT HanGOIIb-
1Iee MaToJOrMYecKoe BO3JCHCTBHE HA MOYEBBIJE-
JUTENBHYIO CUCTEMY. IMEHHO ITpH 3apaskeHUH STON
TpeMaToioll YPOBHM ME3aHTHaJIbHOTO MAaTpHUKCa,
uHTEepCcTUIMaIbHOr0 (Gubpo3a n IgA ObuTH BbIIIE
[37].

B coBokymHOCTH, TIpe/ICTaBICHHBIC B HAYYHOH
JUTEpaType JaHHBbIC YKa3bIBalOT HA TO, YTO 3apake-
HHUE OMUCTOPXO30M MOXKET OBITh ACCOIMHUPOBAHO C
Pa3BUTHEM MATOJIOTHH TOYEK, ITPH STOM MaTOJIOTH-
YECKHUE MPOIIECCHI, JISKAITNE B €r0 OCHOBE, CBSI3aHbI
C BO3/I€ICTBMEM UMMYHHOW CHUCTEMBI.

PucyHok 2 — ['HCTOJIOrHYECKHE IPU3HAKU PA3BUTHS [IOYCYHOMN ATOJIOTHH Y XOMSIYKOB
M. auratus nipu 3apaxenuu O. felineus
IIpnmeuanne — I' — rmomepyia. Oxpacka ¢ MOMOIIBIO TeMaTOKCHIMH-2031HA TI03BOJIMJIA BBISIBUTH PACIINPEHNUE IIPOCTPAH-
crBa boymena (T1B). ITpu okpacke o Maccony Ha COSqMHUTENILHYIO TKaHb ObUTH 0OHAPYKEHbBI 04Yard HHTEPCTHLHAIBHOTO
¢ubposa (UD). Umnpernarms cepedpom ¢ nomoiipio P.A.S.M. BbisiBUIIa yBelIHUeHNHE Me3aHTHaIbHOM 30HbI (MM).
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OnucTopxo3 U MeTadoIUYEeCKHE H3MEHEHHs

B smteparype ommcaHo, 4TO BTOPHIM OYarom
JIOKaJM3aluy TPEMaTo/ BHYTPH UYEIOBEKAa MOMKET
BBICTYIIATh [10JUKEITYA0YHAS JKese3a. DTO CBSI3aHO C
TEM, YTO METALEPKAPHH OIUCTOPXU] MOTYT IPOHU-
KaTh HE TOJBKO B POTOKH MEYEHH, HO U B MMPOTOKU
[O/DKEITYLOUHON KeJe3bl U BbDKUBATh TaM Ha Ipo-
TSOKCHUHU JUIMTENFHOTO BpeMeHHu. [loTeHnmasnbHo,
3TO MOXKET NPUBOJUTH K HAPYLICHUIO CTPYKTYPHI
[OKEITy I0UHOM kenie3bl. bosee Toro, Bo3nelcTrue
Ha MeTabOoJIMYECKUe MPOIECChl MOXKET OBITH OIOC-
penoBaHO, B TOM YHCIE U 32 CYET XPOHHUUECKOTO
BOCHAJIEHUS], KOTOPOE XapaKTEePHO /ISl ONTUCTOPXO03-
HOI MHBAa3HU.

Hanubie o B3anmocss3u uadekiun O. felineus
1 MeTaboJIMYecKnX HapylIeHWH KpaifHe orpaHuye-
Hbel. TeM He MeHee, ObLJIO OOHAPYIKEHO, YTO 3apa-
JKEHUE 3TOM TPEMATOAOU MOKET CONPOBOXKIATHCA
JTUCIUMUAACMUCH C TOBBIIICHHBIM YPOBHEM XO-
nectepona [38]. B apyrom mccrienoBaHWW Takke
ObUTM 0OHAPYKEHBI aHOMAITUH JINIHIHOTO 0OMeHa,
KOTOpBIC 3aBUCENTH OT YPOBHSI MHPUIIMPOBAHHOCTH
JKUBOTHBIX [39].

Ha noreHnmanbHpIi Mpoinade TUYECKHUM MOTCH-
muan korragsei ayyctku O. felineus ykasbisaror
JJaHHBIE, TIOTYYEHHbIE HAa SKCIIEPUMEHTAIBHBIX KH-
BOTHBIX. Tak, ypOBEHb IJIFOKO3bI 3aBHCEN OT JIJIH-
TEJILHOCTH XPOHMYECKON MH(EKLUMH M IPEBbIIIall
YpOBEHBb KOHTpoJIA yxe ¢ 1-ro mecsaua [34]. Ypo-
BEHb XOJIECTEpUHA, XOTh M OBUI MOBHIIIEH, HO HE
n3Mensuics B auHamuke. [Ipu nccnenoBannu TkaHu
MOJDKEITYI0UHOM Kese3bl ToNbKO Y 10% KUBOTHBIX
ObLTa OOHApYXKeHa XOTs OBl 0JTHa TPEeMaTo/1a B MPo-
CBETE MPOTOKA MOKETyJOYHOM keie3bl. Bepost-
HO, TAKO€ OTPAHWYCHHE CBSI3aHO C OCOOEHHOCTSIMHU
aHaTOMHUYECKOTO CTPOEHHs opraHa. B oTnuume ot
YeloBeKa W JIPYTHX, KPYIHBIX MICKOIUTAIOIIHX,
y XOMSYKOB IIPOTOKU MOPKEITYIOYHOHN KeJIe3bl He
00bEJMHEHBI B OJTMH OO KpYyIHBIN npoTok. [lo-
TEHIMAIbHO, 3TO MOXKET 3aTPYIHSTHh TOMNaJaHKe
MeTalepKaphi OMCTOPXH] B OPTaH.

Tem He MeHee, B TIOPKETYJOUHON JKeJle3e 3THUX
JKMBOTHBIX OBLTH BBISIBIICHBI H3MCHEHHUSI, aHAJIOTHY-
HBIE TE€M, YTO HAOJIOAAIOTCS B MEYECHH, a UMEHHO
¢ubpo3 B MEpHUIYKTAILHOW 30HE, WHQHILTpAIIUS
BOCIIAJIMUTENILHBIMU KJIETKAMH W HM3MEHEHHS OIU-
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TEJIUSI TPOTOKOB MOJDKETYAOUHON sKese3bl. Takxke
OBLII0 OOHAPYKEHO CITa00 BHIPAKEHHOE YBETTMUECHUE
CpeIHEero KoJMuecTBa KIETOK B ocTpoBKkax Jlanrep-
raica ¥ M3MeHeHHne (OopMbl HEKOTOPHIX M3 HHUX. B
OTJIENbHBIX OCTPOBKAX ObUIN BBISBJIEHBI OUaru AUC-
Tpoduu (He oIyONMKOBaHHBIC JAHHBIC).

Ha nanHOM sTame AaHHBIX, YKa3bIBAIOIIMX Ha
HAJIN4YKME TPUYMHHO-CICICTBEHHBIX CBS3CH MEXIy
OIMMCTOPX030M U Pa3BHUTHEM METa0OIMYECKHX Ha-
pylieHuil HenoctatoyHo. Ha Tekymuii MOMEHT
CIIO)KHO CcZefiaTh OJHO3HA4HbIC BBIBOJBI, TEM HE
MeHee 3Ta IpodIieMa 3aciTyKHBAeT MOIPOOHOTO 13-
ydeHus B OyayIeM.

3akiaoueHue

OnucTopxo3 — 3TO MUPOKO PACITIPOCTPAHCHHOE
3a0oneBaHne, KOTOPOE, B MEPBYIO OYepeNb, acCO-
LUAPOBAHO C MaToyiorueil neueHu. Tem He MmeHee, B
HACTOSIIEC BPEMsl HAKAIUIMBACTCs BCE OOJIbIIE
JAHHBIX, YKa3bIBAIONIMX HAa €r0 CHUCTEMHOE BO3-
neiicteue. Ha maHHOM 3Tare M3y4eHus: npooieMBl,
C JIOCTaTOYHO BBICOKOW YBEPEHHOCTHIO MOYKHO
YTBEpPXK/IaTh, YTO OMHCTOPXHJBI MOTYT OKa3bIBaTh
BO3J/ICIICTBUE Ha IMOYKHU. Bompoc O BIMSHUU OIHK-
CTOPXHJ] Ha METa0OIMYECKUH TPOPHIb OCTAETCS
JIUCKYCCUOHHBIM W TpeOyeT nanbHeniero 0o- jiee
nIyookoro  u3ydeHHs. BeposiTHO, 3apakeHue
OIHCTOPXHJIaMU HE MOXKET BBI3BIBATH METa0O0JIH-
YECKUH CHHJPOM caMo 1o ceOe, OJIHAKO TSHKECTh
MPOSIBIICHUS YK€ HUMEIOIIUXCS MeTa00INIeCKIX
HApyIICHUH MOXET OBITh BBIIIE, TAKHUM 00pa3zoM
BBICTYIIasl B KaueCTBE OTsArdaroiero ¢gakropa. Tem
HE MEHee, M3y4eHHEe ITOTO aclleKTa IMaTOJIOTHH Ha-
XOOUTCA HAa HAYaJIbHOM J3Tall€ 1 6YI[eT paSBI/IBaTB-
csl B Oyayiem.

HcTouyHUK (PUHAHCHPOBAHMS

Pabora moapnepxana bromkerHsim [IpoexTom
NIlul’ CO PAH (NeFWNR-2022-2021).

Kondgaukr narepecon
Bce aBTOpBI pounTaNi M 03HAKOMMIIUCH C CO-

JIep>KaHUEM CTaTbU M HE MMEIOT KOH(JIMKTA MHTE-
pecoB.
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CBA3b ®EPPUTUHA C TAXXEJ1bIM TEMEHUEM COVID-19

B HacTosiel cTaTbe NPUBOASATCS M aHaNM3UPYIOTCSl pe3ysibTaTbl 3aBEPLUEHHBIX U MPOAOHKAK-
LUMXCS MCCNEeA0BaHUIA MO reMaToNorMyeckuM AaHHbIM ANst uAeHTUGhUKaLUMUK CBSI3U MeXAY YXyALeHK-
€M COCTOSIHMS NauMEHTOB U YPOBHEM CbIBOPOTOYHOr0 heppuTHa B KPOBM FOCNUTANIM3UPOBAHHbBIX C
COVID-19. Kak u3BecTHO, BO36yauTenb uHdekumm, Bupyc SARS-Cov-2, MMeeT BbICOKWIM BUPYIEHTHBbIN
xapakTep. B cBasu ¢ 3tum BO3 06bsBuna scnbiwky COVID-19 naHaemueir. MoBbIWEHHbIN YpOBEHb
eppuTHHa BbIN 06HApPYXeEH Y NaUMEHTOB C TSHKENbIM TeUeHMEM KOPOHaBUpPYCHOM UHdekumun. Cne-
[0BaTesnbHO, Lenblo AaHHOro uccneaoBaHus 6b110 onpeaennTb B3auMOCBS3b (heppuTHHA C KpUTUYe-
CKMM COCTOSIHMEM U NeTanbHbiMK ncxogamum y 6onbHbix COVID-19. B npouecce nccnegosaHms 6uinm
BKJ1lOYEHbI B CyMMe 32 paboT, B KOTOpPbIX 6blsiM cobpaHbl remaTosiorniyeckme aaHHole 9459-tn rocnu-
TanM3MpoBaHHbIX. [N aHanu3a B3aMMOCBA3N HeppUTMHA CO CMEPTHOCTBIO Y KPUTUYECKUM COCTOSIHU-
eMm 6bnm B3aThl 13 nccnegoBaHnn, B KOTOPbIX 6bi1M pacCMOTPEHbI AaHHble 6306 MHPULMPOBAHHbIX.
YpoBeHb peppuTrHa 6bin 3HAUNUTENBHO MOBLIWEH Y NALMEHTOB C TSHXKEbIM COCTOSIHUEM MO CPABHEHUIO C
YPOBHEM (peppuTMHA Yy NAUMEHTOB C MEHee TSKesblM TedeHneM 3abonesaHus. VHbuunposaHHbie €
neTanbHbIM UCXOOM UMENW BbICOKWI YpoBeHb (PeppuUTMHA MO CPaBHEHWIO C TaKOBbIM Y MaLMEHTOB C He
NeTanbHbIM UCXOAO0M. MauMeHTbl C OAHOM WM HECKOSIbKMMM COMYTCTBYHOLWMMU 3a60neBaHUsMU, BKITHO-
Yasi AnabeT, TPOMBOTUYECKME OCTTOXKHEHMSI U paK, MMenu 6onee BbICOKUI YPOBEHb (heppuTUHA, YEM
nauueHTbl 6e3 ConyTCTBYIOWMX 3a60neBaHWn. A Takke NOBPEXAeHWe NeyveHn U pasBuUTUE OCTPOro pe-
cnupaTtopHoro avctpecc-cuHapoma (OPAC) 66110 accoumMmpoBaHo C BbICOKMM YPOBHEM (heppuTHHa, a
€ro ypoBeHb 6bl1 CBSI3aH C NonagaHueM nauueHTOoB B OTAEN MHTeHcMBHOM Tepanun (OUT) u Hyxay B
WCKYCCTBEHHOW BEHTUNSIUMK nerkmx. MvnepdepputrHeMusi CBsi3aHa C HE6IaronpusTHLIM MPOrHO30M U

MOXET ObITb MapKepOM yXYyALLEHNS COCTOSAHMS nauuneHToB ¢ COVID-19.
Knrouesble cnoBa: COVID-19, kopoHaBupyc, heppuUTUH, KpUTUYECKME Cllydan, NeTanbHble UCXOAbI.
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The association of ferritin with the severe course of COVID-19

This article reports and analyzes the results of completed and ongoing studies on hematologic data
to identify the association between patient deterioration and serum ferritin levels in COVID-19 hospital-
ized patients. The infectious agent, SARS-Cov-2 virus, is known to be highly virulent. Therefore, WHO
has declared the COVID-19 outbreak as a pandemic. Elevated ferritin levels have been found in patients
with severe coronavirus infection. Hence, the aim of this study was to determine the relationship of
ferritin with critical condition and mortality in COVID-19 patients. A total of 32 papers that collected
hematologic data from 9459-hospitalized patients were included in the study process. Thirteen studies
were taken to analyze the relationship of ferritin with mortality and critical status, in which data from
6306 infected individuals were reviewed. Ferritin levels were significantly elevated in critically ill pa-
tients compared with ferritin levels in patients with less severe disease. Fatal infected patients had high
ferritin levels compared with those of non-fatal patients. Patients with one or more comorbidities, in-
cluding diabetes, thrombotic complications, and cancer, had higher ferritin levels than patients without
comorbidities. And also liver injury and the development of acute respiratory distress syndrome (ARDS)
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were associated with high ferritin levels, and its levels were associated with patients being admitted to
the intensive care unit (ICU) and needing ventilator support. Hyperferritinemia is associated with an
unfavorable prognosis and may be a marker of deterioration in COVID-19 patients.

Key words: COVID-19, coronavirus, ferritin, critical cases, fatalities.
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COVID-19 aybip »arpaiitnapbl MeH ¢eppuTUH 6alinaHbiCbl

Bbyn Makanaga COVID-19 amarHosbl 6ap HayKacTapablH Xal-KyMiHiH Halapnaybl MeH heppuTuH
[eHreni apacbiHaarbl 6alnaHbICTbl @HbIKTay YLWiH reMaToNorusiibiK AepekTep 60MbiHILa 3epTTeynep-
OiH HOTWXKenepi kenTipinin, TanaaHfFaH. SARS-Cov-2 BMpyCbl afaMHaH agaMra eTe Xbl1aam Tapana-
TbiH cunaTka me. OcbiFaH 6arnaHbicTel AACY COVID-19 iHAETIH naHaeMus Aen >apusnagbl. Aybip
KaFaangarbl KOPOHABUPYCTbIK MHdeKUUsHbI 6acTaH KewipreH Haykactapaa heppuTUH AeHreniHiH
YKOFapbliaybl aHbikTanabl. CoHAbIKTaH, 6yn 3epTTeyaiH MakcaTbl peppuTuHHiH COVID-19 HaykacTa-
pbIHAAFbI ayblp XaFaalk MeH enliMMeH 6aiinaHbICbiH aHblKTay 6onabl. 3epTTey 6apbicbiHAa 32 FbisbIMU
XKYMbIC TangaHabl, oHaa 9459 aypyxaHara »aTKbI3bl/iFaHAApAbIH reMOTONOMMAbIK MJIIMETTEPI XU -
Hanabl. PeppUTUHHIH 6NiIM-XITIMMEH >xoHe ayblp XaFaalMeH 6alinaHbICbiH Tangay ywiH 13 3eptTey
anblHAbl, oHAa 6306 BUPYCTbI XXYKTbIpFaH aflaMHblH, AepeKkTepi KapacTblipblnabl. DeppuTUH AeHreui
XKEHIN TypAe ayblpFaH NauMeHTTEPMEH CasbICTbipFaHAA XXaFAalbl ayblp NaUMEHTTeEpAE anTap/ibikTan
»KoFapbinaraH. COVID-19 acepiHeH Ka3ara yliblparaHaapaa Tipi KanFaHAapMeH canbiCTblpFaHaa Aa
heppuTUH aeHreni aTapnbiKTal XoFapbl Menwepae 6onrFaH. bip Hemece bipHelle KaTap XYpeTiH
aypynapbl 6ap HayKacTapaa, COHbIH iWiHAe KaHT anabeTi, TPOMOOTUKANbIK acKblHY1ap XXaHe KaTepni
icik aypynapbl 6ap HaykacTapaa heppuUTUHHIH eadyip >XoFapbl AeHreliHe ne H60/FaHbl aHbIKTanabl.
CoHpan-ak 6ayblpAblH 3aKbIMAAHYbl YXHE Xefes pecnvpaTopsibiK AUCTPECC CUHAPOMbIHbIH AaMybl
(hbeppUTUHHIH >XOFapbl AeHreniMeH alTapsbikTal 6ainaHbicTbl 6014bl. OHbIH AeHreli nauneHTTepaiH
KapKblHAbI Tepanus 6eniMiHe aybICTbIPbITYbIMEH XXHE XacaHAbl TbIHbIC afly annapaTbiHbIH KaXeTTini-
rimeH 6annaHoicTbl 60nabl. TnepdepputTuHemmns COVID-19 avarHosbl 6ap naumMeHTTePAiH aypybIHbIH

aCKbIHYbIH 6omkayLbl 6uoMapkep peTiHAe KapacTbipbllybl MYMKIH.
Tyiiin ce3pgep: COVID-19, kopoHaBupyc, heppuTVH, ayblp XarFaannap, eniM >araavibl.

BBenenne

B nexabpe 2019 rona B ropojsie YxaHb, pacro-
JIOKEHHOM B IIEHTpPAIbHOM peruoHe Kwurasi, Obuia
BIIEpBbIe OOHApyKeHa KOPOHaBUpPYCHas MH(eKuus
(COVID-19), BobizBannas Bupycom SARS-Cov-
2,K0TOpasi UMEETBBICOKMI BUPYJIEHTHBIN XapakTep
[1].11 mapTa 2020 roga BO3 00bsBHIa BCIBIIKY
COVID-19 nmangemueii, 00€3Hb BKIIIOYAET B CEOst
CHUMIITOMBI PECIMPAaTOPHBIX 3a00JIeBaHUH, KaK: I10-
BbIlLICHHE Temrepatypsl (89-93%), kamrens (76-82%)
u 3atpyaaenue apixanus (31-55%) . Onnaxo y 39%
mrozel 00JIe3Hb MPOTPECCUPYET, BBI3BIBAS OCTPYIO
JIBIXaTeJIbHYI0 HEJIOCTATOYHOCTh, XapaKTePH3YIOIIH-
10CSl IUTOKMHOBBIM LITOPMOM, KOTOpast B TIOJIOBHHE
Clly4aeB BEJET K JieTalbHOMY ucxony [2, 3].

IIpu TsKENBIX TEUEHUSX KOPOHABUPYCHOM MH-
(hex1uu OBLIO BBISBICHO YBEIHUCHUE YPOBHsI (ep-
putuHa, D-ammepa, JakTaT-IerMAPOTeHA3bl, BOC-
manurenbHbIX UMTOKMHOB IL-6, IL-8, IL-12u TNFa
[4,5]. YBenmueHnue ypoBHS CBIBOPOTOYHOTO (eppH-

THHA B TUIa3Me KPOBH, TUNEpPEeppUTHHEMHIO, CBSI-
3bIBAIOT C MOCTYIUIGHHUEM IALMEHTOB B OTICIICHHE
WHTEHCUBHOM TEpaIruu, BBICOKIM PHCKOM CMEpPTHO-
CTH ¥ PACCMATPHUBAIOT KaK HHIUKATOP B BBISIBICHUH
y MalUeHTOB TSDKEJIOro TeYeHHUs: OOJIe3HHU, YTOOBI
BOBpEMsI MPEIOTBPATUTH ITATOKMHOBBIN IITOPM [5,
6].

BcenenctBue Toro, 4yTo JaHHBIE MCCIETOBAHUS
MPOBOJMIINCH B OTHOCHUTEIHFHO MAallOll BBIOOPKE
MalMeHTOB, MPOrHO3UpyeMasi poiib (eppuTHHA B
AKTUBAIIMU IIUTOKHMHOBOTO IITOpPMa M Kak Onomap-
Kepa B NPEXAECBPEMEHHOM OIPEIECICHUUTSKEIO-
ro TeYeHHUs KOPOHABUPYCHON WH(pEKInu TpedyeT
nanpHenel Bepudukanun. OnpeneraeHne ypoBHS
CBIBOPOTOYHOIO (peppUTHHA MPEACTABIAET OCOOBIN
HHTEPEC B CBSA3U €0 MOTEHIMAIbHOM IPOrHOCTHYE-
CKOW U AMArHOCTUYECKOU pobio [7,8].

Ilenpto naHHOro 0030pa SIBISETCA PACKPHITH
B3aMOCBSI3b YPOBHS ChIBOPOTOUHOIO (hEppUTUHA C
KPUTHYECKHUM COCTOSTHUEM U CMEPTHOCTBIO Y MallU-
entoB ¢ COVID-109.
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MatepuaJjbl U METOAbI

Marepuais! a1 TaHHOW 0030pHOI CTaThH OBLTH
coOpaHbl U3 0a3bl AaHHBIX PELEH3UPOBAHHBIX Me-
JUIAHCKUX U OUOJIOTMYECKUX ITyOIHKAIUU, B TOM
gucne PubMed, Scopus, CNKI, CambridgeCoren
rno0anpHON 0a3bl JaHHBIX HCCIEIOBAaHUM IO KO-
ponaBupycy WHOCOVID-19. KntoueBsIMU cJ10-
BaMU JJIsl TIOMCKA PEJICBAHTHBIX CTaTell ObLIU Clie-
JyIolme: coronavirus, n-cov, Sars-Cov-2, COVID,
cytokinestorm, ferritin. He 6bu10 BBeIeHO HUKaKUX
OrpaHWYEHHI B OTHOIICHWU PETHOHA HCCIEI0Ba-
HUM WK STHUYECKOHN MPEHAICKHOCTH HACCIICHHUSI.

Pe3yJ'II)TaTbI u 06cy>K)1e}me

B3aumocBsi3b ypoBHsI (peppUTHHA C KpUTHYE-
CKUM cocTostareM nanuerToB ¢ COVID-19

[TokazaTenb HOpMBI YPOBHS (peppUTHHA Y MYK-
yuH currtaercs 30-310 Mxr/mit, a y sxennmH 22- 180
Mkr/mia.  [lpu  aHanmmM3e COOTHOILICHHSI YPOBHS
(heppuTHHA C KPUTHIECCKUM COCTOSIHUEM Y OOJIbHBIX
¢ COVID-19 peneBaHTHBIMU COYJIMCH CEMb HE3aBHU-
CUMBIX HCCJICJIOBAHUU, B KOTOPBIX B CyMME COOpa-
HBI TeMaTojornueckue aanaeie 3310-u marueHToB
(Tabmn. 1) [8].

U3 nux ananussl 3245 nanuenToB ObUIHM Kilac-
CU(UITUPOBAHBI TIO ABYM KIMHHYECKAM THIIaM: 1)
JIETKasl U CPEIHSS CTETICHB TSHKECTH, 2) TSHKEIbIC U
kputnueckue ciydan [9]. Tlo utoram wmccienosa-
HUM YPOBEHb (PepPUTHHA ObLIT 3HAYUTEIHHO BBICOK
y HAIlMEHTOB KPUTUYCCKUM TCUCHUEM 3a00JICBaHMS.

201 pesynpTaTa aHANHM30B OBUIH MPOAHAIIN3H-
poBasbl 1o aByM Kputepusm: 1) ¢ OPJIC; 2) Ge3
OPJIC. Ilo noka3arensiM ypoBeHb (peppuTrHA OBIT
Beimie y manrenToB ¢ OPJIC [10].

Tabamua 1 — Yposens depputuHa y pazusix rpymnm 6oiapHex COVID-19

Menee
HWccnenoBanust Cnygan TSDKEITBIC Oepputnn (Mkr/min) | Bonee Tsokenbie OeppuTHH (MKT/MIT) value
291.13 (102.1- 1006.16(408.265-
BoZhouetal 20 9 648.42) 11 1988.25) <0.05
Chuan Qin et al 452 166 523.7 (299.1-840.4) 286 800.4 (452.9-1451.6) <0.001
Sumeyye 120 85 84.9 (5.2-823) 35 330 (30.8-1580) <0.001
Kazancioglu et al
1018,50 (545,00
Holler, J.G. 2431 2072 417 (189.5-910.5) 359 1907,50) 0.001
WU C, ChenXetal | 201 117 457'?32(2?'73' 84 1029.28 (546.26-2000) | <0.001
Guang Chenet al 21 10 337.4 (286.2-1275.4) 11 1598.2 (1424.6-2036) <0.049

OcranbHble AaHHBIE 605-M WHQUUMPOBAHHBIX
OBUIH pa3/ielleHbl 10 TPeM KIMHWYECKHUM THUIIaM:
1) nerkasi CTeneHb TSHKECTH; 2) CPEIHSS CTEIeHb
TSDKECTH; 3) TsDKeNasi CTENeHb TsHKeCTH. Takxke 1o
pe3yJabTaTOM OSTHX HCCIIEAOBAaHHU OBIJIO BBISIB-
JICHO, YTO YpOBEHb (heppUTHHA 3HAYUTEIHHO BBIC-
e B KOPPENSIUN C TSDKENIbIM TeueHHeM 3aloie-
BaHMs. J[aHHBIE ITOKa3aJIM, YTO CPEIHUN YPOBEHb
(deppuTHHA Yy MANUEHTOB C JIETKUM TeYEHHEM
COVID-19 cocrapmnsut — 821 MKr/miL, y TaliieH- TOB
C CpelHEH CTENeHbl0 TsHKECTH 3a0oJeBaHusl B
cpeaHeM ypoBeHb (epputnHa — 1331 mKr/mi, y
OOJBHBIX C TSHKEJION CTEMEHBIO TSKECTH CPelI- HUH
ypoBeHb (epputrHa cocTaBisti — 1368 MKr/ M
[10,11].
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[lo utoram ncciienoBaHuu, y OOJIBHBIX C TSKE-
aeiM TeueHueM COVID-19 3HaunTensHO TOBBIIEH
YPOBEHb CHIBOPOTOYHOTO (heppUTHHA, B CPAaBHEHUHU
C JIETKUM U CPEJHUM CTENCHSIMH TSKECTH OOJIC3HU.
OToT (QakT Mo3BONSET MPEIIOIOKNTh, YTO TOBbI-
LICHHBIA YpOBEHb (PEPpUTHHA CBHICTEILCTBYET O
Oosee TsDKENoW BTOPUYHOM OakTepranbHOI nH(pEK-
un 1 oboctpennn COVID-19 [11].

B3anMocBs3b ypoBHs (eppUTHHA M CMEPTHO-
ctpio or COVID-19

Jliist 0030pa B3aMMOCBSI3U YPOBHSI ChIBOPOTOY-
HOTO (eppUTHHA B TIJIa3Me KPOBH C YPOBHEM CMEPT-
HOCTH MH(HUINPOBAHHBIX OBUIN B3STHI JaHHbIC 6-TH
HCCIICIOBAaHNH, B KOTOPBIX coOpanbl ananusbl 3061
MAIUEeHTOB (TadI. 2).
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Tabéauua 2 — CpaBHeHue ypoBHs (eppuUTHHA y TIALIMEHTOB C HE JETAIBHBIM U JICTAIBHBIM HCXOIaMH

HccnenoBanus Ciyuau He sieranpiisie DeppuruH Jleraibie DepputnH value
UCXOJIbI HCXOJIBI

Fei Zhouetal 191 137 503.2 (264.0-921.5) 54 1435.3 (728.9-2000.0) <0.01
Chen Taoet al 274 161 481.2 (265.1-871.5) 113 1418.3 (915.4-2236.2) <0.05
WuC.etal 84 40 853 (330.33-1968.57) 44 1096.21 (559.4-2000) <0.34
WangZH. etal 59 18 1369.8+1138.2 41 3065.7+6331.4 <0.12
Holler J.G et al 2431 1976 4693_00(21%593)’00_ 455 596,50 (214,75-1269,25) | <0.084
Fei F etal 22 11 874.36+852.14 11 968.27+1285.54 0.842

3HAUMMBIA CKa4OK YpOBHS (peppUTHHA y Ta-
LUEHTOB C JICTAJIbHBIM HCXOA0M MOXHO 3aMETUTh B
uccnenoBanusix FeiZhou, Chen Tao, Wang ZH.
[TpumeuaTenbHO, YTO H3MEHEHHST YPOBHS (peppuTH-
Ha y manmeHToB ¢ COVID-19 He TonbKO BhIIIE Y HE
BBDKUBIINX, HO M YBEJIWYHMBAIOTCS C yXYIIICHHEM
TedeHusa 3aborneBanns.He meHee BaxHBIM (PakTo-
POM sIBIISIETCS COMYTCTBYIOIIKE 3a0oneBanus. 48%
[MalUeHToB B uccienoBannu FeiZhou umenu co-
MYTCTBYIOIIYIO NATOJIOTHIO, IPUYEM Hauboiiee pac-
NPOCTPaHEHHON ObLIa apTephaibHas THIEPTCH3US
(30% manueHTOB), 32 KOTOPOH CIEIOBANIN JHA0ET
(19% marrieHTORB) M MIIEMHYECKast OOJIC3Hb Cepilia
(8% marmenToB). CHHTE3 TAaHHBIX MTOKA3all, YTO YBE-
JIMYCHHUE CIIy4aeB CMEPTH CBSA3aHO C MPEKIOHHBIM
BO3pPAcTOM, a Takke 0ojiee BBICOKMM ITOKa3aTeineM
nopokoB 1npu nocrymienuu [12,13]. B uccnenosa-
Husix Holleretalc moBeitiennem ypoBHs heppuTHHA
OBLI CBSI3aH BO3PACT MAIUEHTOB U MOJI. Pe3ynbraTsl
MOKAa3alli, YTO JICTAJIbHbIE MCXOABI ObUTM BBICOKH
y HMOXWIBIX JIFOJIEd U MyX4HH. Takxke 1o Irnokasa-
tesiM 405 neTanbHBIX CIy4aeB: CPEAHUNA ypOBEHb
deppurnna y myxunH (710 (314.50-1474.50) pg/L)
OBUT 3HAYUTEIIBHO BBICOK ueM y keHmmH (329.00
(161.13-709.25) pg/L)[13-14].B pabore WuC. Etal
OBIJIO BBISIBIIEHO, YTO MOXKUJIONW BO3pacT (=65 ner),
BBICOKast Temmeparypa (=39 °C), comyTcTByrOIHe
3a0oseBaHus (HarpuMep, apTepuaibHas TUIEPTEH-
3Ws, caxapHblid auader), HeHTpodwms, TUMQOIH-
TONEHHA, a TaKXke CHIKeHue koimmdectBa CD3 n
CD4 T-kJeTok, MOBBIINICHHBIC MOKA3aTeM BOCIIA-
neHnst  (BBICOKOUYBCTBUTENBHBIN C-peakTHBHBIN
0eNIoK M CHIBOPOTOUHBIA (PeppUTHH) OBUIM OCTO-
BEPHO CBsI3aHbI C 00JIee BHICOKUM PUCKOM pa3BUTHS
OPJC.13 201 manueHToB cO CpPEeTHUM BO3PACTOM
51 ron, y 41,8% passmicst OPJIC, u3 aux y 52,4%
Obu1 NeTanbHBIN uexon [15]. be3ycmoBHo, maHHBIC
PaCMOTPEHHBIX HCCIEIOBAaHUN MOKA3bIBAIOT, YTO Y
MAIMEHTOB C JIETaJIbHBIM UCXO0JI0OM YPOBEHb (heppu-

THHA BBIIIE, YeM Y OCTAJIbHBIX MH(OUIIMPOBAHHBIX.
B sTOoM 0030pe ObLTH paccMOTpPEHBI TTOKa3aTeN!
(beppuTHHA y pa3HBIX TPy HHPHUIUPOBAHHBIX BH-
pycom SARS-CoV-2. ¥V rocnutann3upoBaHHBIX ObLT
3aperecTpUpOBaH CYILIECTBEHHO BBICOKHH YPOBEHb
¢depputnHa. OeppUTHH-ITO OCIIOK, BBHITOJIHSIOUTIUIA
(YHKIMIO JeTio Keie3a. YPOBEHb ATOro Oeika B
CBIBOPOTKE KPOBH OTPakaeT HOPMAaJIbHBIN YPOBEHb
JKeJle3a U IOMOraeT JUarHoCTHPOBaTh Xkene3onedu-
IUTHYIO0 aHeMuro [16-20]. YpoBeHs nupkyIupyto-
niero peppuTHHA TOBBIIIAETCS BO BPEMSI BUPYCHBIX
MHQEKIUHA U MOXKET ObITh MapKepOM peIuIuKaluu
Bupyca [21]. TloBbllIeHHBIH ypOBEeHb (GeppUTHHA
M3-32 MUTOKMHOBOTO IITOpPMa TakKe ObUI 3aperu-
CTPUPOBAH B TSDKENbIX ciaydasx [22, 23]. Bo Bpems
utokuHoBoro mropma pu COVID-19 GbicTpoBbI-
padaThIBalOTCs MHOTHE BOCIIAJIUTEIIbHBIE IUTOKUHBI,
Britouast IL-6, TNF-a, IL-1B, IL-12 u IFN-y, xoTo-
pble CTUMYJHMPYIOT TeNaToNUThLKiIeTk Kyndepa u
Makpodaru cexkperupoBatb QepputuH [24-26]. A
TaKOKe MOBBIIICHNE YPOBHSI (DePPUTHHA CBSI3BIBAIOT C
BOCHalieHueM, Bbi3BaHHbIM nH(peknueir COVID-19,
KOTOpast OBBIIIAET YPOBEHb TENIIMINHA, OCHOBHOTO
peryisiTtopa 3amaca xenes3a B Tkausix [27-29]. Tlo mo-
cnennuM uccnenoBarusM W. Liu u H. Li uzyunnu
natoreHe3 SARS-CoV-2 u nonyuunu JoKa3aTelib-
CTBa, YKa3bIBAIOIIME HA €ro KII0UEBOW MaTOTeHHBIN
MeXaHHU3M. JTa CTpaTerus BKIIOYAET B ce0st aTaKky Ha
1-Geta-miens reMorIo0MHa, KOTOpasi, CISIOBATENBHO,
MHHULMUPYET AUCCOLUAINIO TOP(UPHUHOB OT KeJe3a
1 BBIOpPOC JKelie3a B KPOBOTOK. B pesynprare pas-
pYIIAaeTCsl CIIOCOOHOCTh FeMOTIO0NHA CBSI3bIBATHCS
C KHCJIOPOJIOM, YTO OTPHULATEIBHO CKa3blBaeTCs Ha
€ro J0CTaBKE K OCHOBHBIM OpIraHaM OpraHu3ma. 1o
MOKAa3bIBAET, IOUEMY CIy4au TSHKEJION THIIOKCHH He
MEHSIIOTCS ¢ KUCTIOPOOM, @ BMECTO 3TOTI'O CBsI3aHa ¢
OBICTPOH MOJMOPraHHON HEIOCTATOYHOCTHIO. Kpo-
M€ TOro, MIOMHMO OKHCIIUTEIBHOTO MOBPEXKICHHS
JIETKHX, CBOOOJHOE JKEJIE30 TAKKE BBI3BIBAET BOC-
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MajJieHne ajJbBEOJSIPHBIX MakpodaroB. Hapymenue
TeM-ITyTH MOKET MPUBECTH K MOBBIIIICHUIO YPOBHS
(eppuTHHA B CBIBOPOTKE KPOBH, JIUM(POIICHUH U 0-
BBIIICHUIO YPOBHS MOHOIIMTOB. KpoMme Toro, MoBBI-
IeHHas Harpy3Ka jKele30M U BbIpadOTKa TeMOTJI0-
OuHa crIOCOOCTBYIOT MOBBILICHUIO BSI3KOCTH KPOBU
pu AU Py3HOM MUKPOIUPKYIATOPHOM H MaKpoO-
LHUPKYJIATOPHOMTPOMOO3€. DTO MPUBOJIUT K MOBBI-
IeHHOMY YpOBHIO D-myuMepa, 94TO B HEKOTOPBIX
CIIyqasx MOXET OBITh IPHYNHON BHE3AITHOTO YXY/-
meHust coctossuus u cmeptu [30].

Bonee Toro, no TEOpUTUUECKUM TaHHBIM HOBBIN
craiikoBelii Genok kopoHaBupyca (SARS-CoV-2)
o0yajaeT TenuInHONOJOOHBIM JIEHCTBHEM, a 3TO
03HAUaeT, YTO BUPYC MOXKET HETIOCPEJCTBEH- HO
MOBBIILIATh YPOBEHb (EPPUTHHA HE3ABUCHMO OT
BoCHAJIMTENILHOTO 3 (pekra. OIHAKO 3TH JIaH- HbIC
HYXKJAI0TCs B O0Jiee IeTaNbHBIX M MPAaKTH4Ye- CKUX
nokazarenbcTBax.Tem He  MeHee rumepdep-
PUTHHEMUS OKa3bIBAET OTPHUIIATEIHHOE BIUSHIE HA
TeueHue 3aboneBaHus. Y MHOTHX TallMEHTOB C
COVID-19 ¢ noBbIIICHHBIM YPOBHEM CHIBOPOTOY-
Horo ¢eppurnHa (>300 MKT/I) BEpOSTHOCTH Jie-
TaJIBHOTO UCXO0JA JI0 BBITUCKH YBEIMUYUBAIUCH B 9
pa3.A Takke mpeapIyliee MCCIeIOBaHUS ITOKa3a-
JIM, 9TO YpOBEHb ()eppUTHHA B CHIBOPOTKE KPOBH
CBSI3aH KakK C aKTHBHOCTBIO 3a00JICBaHUs, TaK U C
aktuBarnueit Makpodaros [31]. B mpyrom wuccre-
JIOBaHUU TaKKe ObljIa TipeJicTaBlicHa BbIOOpKa n3 39
nanueHtoB ¢ COVID-19, y KOTOpBIX ypOBEHb
(heppuTHHA B CHIBOPOTKE KPOBHU JIOCTOBEPHO KOP-
peNUpOBaNl € THKECThIO 3a0osieBanus. Eie opHOM
B2KHOW OCOOCHHOCTBIO CHIBOPOTOUHOTO (heppu-
THHA, TIOMUMO aKTHBHOW CEKPEIUH BO BPEMs BOC-
MAJTATEIHHON PEaKINH, SBISETCS THOENb KIIETOK
nedeHu. [lociie BEICBOOOXKICHUST PEPPUTHH TepsieT
4acTh BHYTPEHHETO COJCP)KaHHsS Kele3a, Mpou3-
BOJISl UPE3BBIYAHO BBICOKHH YPOBEHb CBOOOIHOTO
xKernesa. BHyTpukiierouHoe cBOOOIHOE Kene3o re-
HEpUpPYeT aKTUBHBIC (OPMbI KHUCIOPOAA B JIETKUX,
B3aMMOJICHCTBYS C MOJIEKYJIaMH KHCIIOPOAa, KOTO-
pBIe MOTYT MIpE/IpacIioyiarath K pa3BUTHIO pecIupa-
TOpHOTO aucTpecc-cuHapoma B3pocibsix (OPJIC).
KpoMme TOro, BHYTPHKIIETOYHOE JKEJIe30 M THIep-
(dbeppUTHHEMHS TTOBBIIIAIOT PUCK PA3BHUTHUS KOAry-
JIOTIATHM ¥ OKHCIHMTEIBHOIO CTpecca, WHIYLUpY-
10T DHJIOTEMAJIbHOE BOCHAIEHHE, KOTOPOE MOXKET

IpepacloNaraTb K AMCCEMHUHUPOBAHHON KOAryJIsi-
MY ¥ TIOJIMOPTaHHOM HemocTarouHocTh [31].

JlaHHble HWCCIEeOBaHUM IOKa3ald, 4YTO y Ma-
nuenToB ¢ COVID-19, uMmerommx OJHO WM He-
CKOJIBKO COITyTCTBYIOIIMX 3a00JICBaHUH, YPOBEHb
(deppuTHa OBUT 3HAYUTENHHO BBIIIC,YEM Y TalH-
eHTOB 0e3 COMyTCTBYIOIMHNX 3a00JIeBaHUI. DTO MOJI-
TBEPXKAaeT HEONIArONPUATHBIMMUCXO/T Y TALIUEHTOB C
COIMyTCTBYIOIMMH 3a0oneBaHusMH. Wang et al
BIIEPBBIEC OOONIMIM B CBOEM HCCIIETOBAHUM,YTO
nanueHTsl ¢ nquabetom COVID-19 umeror Oonee
BBICOKYIO CMEPTHOCTb, B TO BpeMs KaK JpyTue uc-
CIICZIOBAHMS TOKA3aJIM,YTO MALUCHTHI C JAUa0eTOM
uMenn Ooliee BHICOKUN ypOBEHb (eppUTHHA, YEM TE,
y koro erone Owpuio [32]. Meng et al BmepBble
UCCIIeIOBall yPOBEHb (DeppUTHHA y TAIMEHTOB C
COVID-19, GonpHBIX pakoM, KOTOpbIE ITOKa3alii
3HAYHUTENILHO 00Jiee BBICOKHI YpOBEHb (heppUTHHA
TI0 CPAaBHEHUIO C TEMH, Y KOT0 ero He Obu1o [33-37].
[To aHanm3y MaHHBIX JICTATBHBIX UCXOIOB M TSDKe-
JBIX CIydaeB, Oblla 3aMeueHa KOPPEISIUs MEXIy
ypoBHEM (eppuUTHHA M YXYAIICHUEM COCTOSHHS Y
nanuentoB ¢ COVID — 19 [38, 39].

3akaoueHue

JlanHast 0030pHAast CTAaThs BBISIBUIIA CBSI3b MEXKIY
ypOBHEM (eppUTHHA B CBHIBOPOTKE KPOBU U
KIIMHUYEeCKUMHU XapaKTePUCTUKAMU TAIUEHTOB C
COVID-19, Bximouas TsoKecThb — 3a00JIeBaHMS,
CMEPTHOCTh W COMYTCTBYIOIIHE 3a00JjeBaHHs. Y
JIMI] C COMYTCTBYIOUTUMHE 3a00JI€BaHUSIMHA UH(UIIH-
poBanHbIX SARS-COV-2, a TaKkKe y JIMIL C TSHKEIBIM
TEYCHHEM M B CIIyYasx JIETAILHOTO HCXOMa 3aMe-
TEH BBICOKUH ypoBeHb (hepputrHa. OHAKO TECT HA
(heppuTHH YACTO HENOCTYNEH B 3KCTPEHHBIX CIIy-
yasx. Mbl peKOMEH]IyeM MPOBECTH CKPUHUHT (ep-
putHHOBOTO Tecta y marnuentoB ¢ COVID-19 mns
OIIEHKHM HAIW4YUS TUnep(eppuTHHEMHNA U MPOTHO-
3UPOBAHMS YXY/IIICHUS COCTOSHUS U CMEPTHOCTH Y
rocrutann3upoBanHelx ¢ COVID-19 nanueHTos.
Byaymue xiIvMHMYECKUE WCCIICIOBaHUS JTOJKHBI
OBITh ITPOBEJICHBI JIS TAIbHEHIIIET0 YTOUHEHHSI €0
IIPOTHOCTUYECKON W TATOreHETUYECKOH poiu B
COVID-19, a Take BBIIBICHHUS ITOTEHIINATLHON
TEpareBTUYECKON IIEHHOCTH B KOHTPOJIE BOCHAJIe-
HUS JI0 TIOBPEXK/ICHUS JKU3HEHHO BaYKHBIX OPTaHOB.
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CbIHAMMEH YJIAHY KE3IHAETT SPUTPOLIUTTEPAIH
MEMBPAHAJIAPbIHbIH KYWIHE E BUTAMUHIHIH
OCEPIH 3EPTTEY

CbiHan >xep 6eTiHae KesgeceTiH eH KayinTi 3aTtTapabiH 6ipi 6onbin caHanagbl. CbiHan
ayara,CyKoriManapbl MeH TomMblpakka oSpTypni Ke3aepheH TyCin,Typii XUMUSbIK e3repictepre
yLbIpaiabl, HITWXKECIHAE KOpLUaFaH OpTaFa XXoHe afaM AeHcay blFbiHa YbITThl 9cep eTei. CblHanTbIH
aF3aFa >XaFblMCbl3 acepniepi eH anabiMeH CblHaMTbiH TypiHe 6aiNaHbICTbl, ©MTKEHI CbIHAMTbIH
caHanyaH dopManapblHblH, 6uoxeTiMAiNiri, 6GMoakkyMynsauMAChl XoHEe TOKCMKOKWMHETMKAChl SpTypAi
6onaabl. CbliHaM KOCbUIbICTapbIHbIH TOKCUKAsbIK 9CepfiepiHe iWTiH ayblpybl, >XYPEK ainHy, Kycy,
KaH TOKCMHEeMWUSChI, BYMPeKTiH, OKMNEHIH, ac KOPbITY, XYMKe XXYyMeCiHIH 3aKkbiMaaHybl, ecTe cakTay
KabineTiHiH 6y3blnybl, wWapway, OynwbIKeT o/ci3airi, Tpi MeH Ke3AiH LWbIPbIWTbl KabaTTapbiHbIH
TiTipKEHYi, PEnpoAyKTUBTI XXyMe KbI3METiHEe TepiC acepi, MMMYHABIK XYyhe KbI3METiHiH 6y3blybl
XaTagbl. Bvonorusnbik >kyilenepae CblHam TOTbIFY >XOHEe TOTbIKChbI3AaHypeakumsnapbl apKbibl
e3repictepre yuwblpan,HOTUXXECIHAE OHbIH Tipi af3anapda CiHipiny KacueTTepi aybicagbl.
BeliopraHukanblk CbiHaM KOCbIbICTapybITTbUIbIFbIHBIH MONEeKynablK MEXaHU3MIHIH HerisiHaexacyLlwa
TYTacTblFbl MEH OTKI3rWTiriHIH 6y3bliybl, aHTUOKCUAAHTTBIK KOPFaHbLIC MexaHM3MaepiHe KaTbiCaTbiH
bepmeHTTEp 6EnceHainiriHiH XKOoFanybl HITUXKECIHAE TYbIHAAWTBIH TOTLIFY CTPECiHiH canaapbiHaH
»acylwa meMbpaHanapblHblH 3aKbiMAaHybl XaTaabl.OcblFaH opal, CbiHamnMneH ynaHyAblH XoHe OHbIH
OpraHv3Mre 3vsiHabl biIKNanblHbIH anAblH any XaHe ynaHy cangapbliHaH narga 6onaTbiH By3blnbiCTapabl
KannblHa KenTipyaiH Tuimai TacinaepiH TabyabliH MaHbi3bl 30p. Byn Makanaga >xefen xaHe co3biiMalibl
CbIHAMTLIK MHTOKCUKAUWS XaFAalblHa TYCKEH >XaHyapriapAblH 3pUTpoUMTTEpP MeMbpaHanapbiHbIH
KyWi, coHaan-ak, E BUTaMWHIH nariaanaHy apkbiiibl KneTka MemMbpaHanapblHblH Te3iMAINIriH apTThipy
MYMKIHAIMH 3epTTey HaTwxenepi KenTipinai. XXacanFaH 3epTTey HaTuxenepi 60MblHWA CblHAMMNEH
Keaen XXoHe CO3bl/IMasbl MHTOKCMKauMs KesiHaeri sputpounTTepaiH MembpaHanapbiHblH 6y3blybl
OPblH anaTblHAbIFbl XXOHE CbIHANTbIH, TEPIC SCEPIHTOMEHAETY MaKCaTbiHAA aHTUOKCMAAHTTLIK KacueTi

TaHbIMan E BUTaMUHIH KONAaHy TUIMAINIr »Kaiibl KOPbITbIHAbI Kacanabl.
Ty#hiH ce3pgep: 3puTpoUMTTEP MeMbpaHacbl, CbiHam, WHTOKCMKauusl, remonus, E BuTaMuHI,
Te3iMAainik.
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Investigations of the vitamin e impact on erythrocyte
membranes’ state in mercury poisoning

Mercury is considered as one of the most dangerous substances found on the Earth surface. Various
sources can release mercury into the air, waterways and soils,which is chemically transforms result in
further toxic effects on the environment and human health. The negative effects of mercury depend pri-
marily on the type of mercury, because different forms of mercury have different levels of bioavailability,
bioaccumulation, and toxicokinetics. The toxic effects of mercury compounds include abdominal pain,
nausea, vomiting, blood toxicity, kidney, lung, digestive and nervous system damage, memory disor-
ders, fatigue, muscle weakness, skin and eye irritation, toxic effects on the reproductive system, impaired
immune system. In biological pathways, mercury undergoes both oxidation and reduction reactions,
leading to changes in its appearance and affecting its biological uptake. The molecular mechanism of
toxicity caused by inorganic mercury compounds includes disruption of cell membranes, disruption of
cell integrity and permeability, inhibition of enzymes involved in antioxidant defense mechanisms, and
promotion of oxidative damage. In this regard, it is important to find effective ways to prevent and treat
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ChIHaIIEH yJIaHy Ke3iHAeTi SpUTPOLUTTEP IIH MeMOpaHalapbIHbIH KYiiHe € BUTAMUHIHIH oCepiH 3epTTey

state of erythrocyte membranes during acute and chronic mercury intoxication, as well as the possibil- ity
of increasing the resistance of membranes with the help of vitamin E. The research results obtained
indicate the effectiveness of the use of vitamin E in order to achieve an antioxidant effect that prevents
damage and destruction of erythrocyte membranes, as for acute and chronic mercury intoxication.

Key words: erythrocyte membrane, mercury, intoxication, hemolysis, vitamin E, resistance.
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WccnepoBaHune BNusiHUS BUTaMuHa E Ha cocTosiHue MeM6paH 3puTPoLMTOB
Npyv pTYTHO MHTOKCUKALUU

PTyTb cuMTaeTcs O4HUM M3 CaMbIX OMACHbIX BewecTB, OOHapPY>XEHHbIX HA MOBEPXHOCTU 3eMJIU.
PaznnyHble MCTOYHUKM MOTYT MPUBECTM K BbIOpoCcaM pTyTu B BO34yX, BOAOEMbI M MO4YBY, KOTOpas BMO-
CnefcTBUe npeTeprneBaeT XMMUYeckne npespaLleHnsl, YTo NPUBOAUT K AanbHeWLeMy BO3pacTaHuio
TOKCMYHOrO BO3AENCTBMSI Ha OKPYXaloLLylo cpedy v 340poBbe yenosBeka. OTpaBnsiollee AeiCTBUE
COEZIMHEHMI PTYyTY 3aBUCUT FN1aBHbIM 06pa3oM OT ero BMAa, NMOCKOJIbKY pasHble GOpMbl PTYTU UMEoT
pa3sHble YPOBHM B1OAOCTYMHOCTM, BMOAKKYMYSLIMUN TOKCUKOKMHETUKW. TOKCMYeckninaddekT coeam-
HEHWIN PTYTW Ha OpraHW3M BblpaxkaeTcsl 6015MU B XMBOTE, TOLIHOTOW, PBOTOW, TOKCMHEMUWEN, Nopa-
XEHVEM MOYeEK, NErkux, NnuLLeBapUTeNbHOM U HEPBHOWM CUCTEM, HapyLUEHWEM NaMsiTW, YTOM/ISIEMOCTbIO,
MbILIEYHOW CNaboCTblo, BbI3bIBAIOT pasfpaXxeHne KOXW U rna3, TOKCUYECKMBIIMIOT Ha PEnpoayKTUBHYIO
CUCTEMY,HapyLatoT yHKLUMIO UMMYHHOM CUCTEMBbI. B Buonormyeckux cuctemMax pTyTb NnoaBepraeTcs
peakLMsM Kak OKUCIIEHNS, TaK U BOCCTAHOBIEHWS, YTO NPUBOAUT K U3MEHEHUSIM ee hOpMbl, YTO B pe-
3ynbTaTe BAWUSIET HA NMPOLECChl BUONOrMYECcKoro MoroweHust. MoneKkynsipHbIN MEXaHW3M TOKCUYHOCTM,
BbI3BaHHOW HEOPraHWYECKUMY COEANHEHMUSIMU PTYTU, BKJIIOUYAET NOBPEXAEHNE KIIETOYHbIX MEMOPaH,
NOCPeACTBOM MHIMBMpPOBaHUSl (hEPMEHTOB, YYaCTBYIOLIMX B MEXaHW3Max aHTUOKCUMAAHTHOM 3aLumTbl
NPUBOAS K aKTMBaLMWM OKUCUTENbHbBIX NPOLECCOB, BEAYLNX K HAPYLUEHWUIO LIEeNOCTHOCTM NNMUAHOIO
6UCNIoSN CBOMCTBA U36bUpaTesIbHOM MPOHMLIAEMOCTM MEMOBPaHBI. B CBA3M C 3TUM BaXkeH nouck addek-
TUBHBIX CMOCOB0B CHMXXEHUSI TOKCUYECKOW Harpy3ku Ha OpraHU3M COeAMHEHWUI PTYTU, YCTPaHEHNS U
KOppeKLUMn ee BPeAHOro BO3AENCTBMUSA Ha opraHu3M. B JaHHON cTaTbe npeacTaBfieHbl pe3ynbTaThl UC-
CNeJoBaHNSICOCTOSIHNS MeMbpaH 3pUTPOLIMTOB MPU OCTPOI U XPOHUYECKON PTYTHOW MHTOKCUKaLMK, a

TaKXXe BO3MOXHOCTb MOBbILLIEHWS] PE3UCTEHTHOCTM MEMBPAH C MOMOLLbIO BUTAMUHa E.
KnioueBble cnioBa: MeMbpaHa 3pUTPOLIMTOB, PTyTb, MHTOKCUKALUWS, FreMONN3, BUTAMUH E, pesu-
CTEHTHOCTb.

Kipicme Jbl. ChIHaN TOMBIPAKKa, CyFa TYCKEHJE HEMeCe KYII
TYPIHJC II6KKEH]Ie, OaKTepusuiap *oHe 0acka Tipi
JIyHUeKy3UIiK ~ JIeHCAyJbIKCaKTay  YHbIMBI  opraHusMmaep (OaibikTap, OaNbIKKOPEKTI KaHyap-

(JAY) eH kem TapaiifaH TOKCUKAHTTap,Ibl Tallai
OTBIPHIT, HEri3ri XUMUSIIBIK 3aTTap MEH KOCBUIBIC-
Tap/bIH Ti3IMIiHIH 1IIIHJAC CHIHANTHI €H YJIbI JKOHE
KEH TaparaH dJIEMEHTTEep/iH KaTapblHa Kiprizai [1-
3].

Kazipri yakpITTa cblHANm MeJllepi KopllaraH
OopTaFra aWTaplIbIKTail DIIEKTP SHEPTHSICHIH OHJIPY
KE31HJIE JIEKTP CTAHIMUTAPBIHIA KOMIP/Il XKaFy Ke-
3iHAe OeiHIN WbFaIbl. DIEKTP KyaThlH OHIIPYAiH
aTayJibl 9JiCi KONTEereH JaMyllbl eJIep YIIiH Kap-
JKBUIBIK TYPFbIIAH €H THIMJI *OHE ap3aH OOJIbII
Ta0bLIA/bI, ajaiia AJIeKTP SHEPTHSICHICHIHANITHIH
i7ecrie OYBIHBIH MIBIFAPBUTYBIMEH KaTap JKypiml Kop-
IaFaH OPTaHbBIH JlaCTaHyblHA okeneni [4-7]. Kop-
IIaFaH OpTaFra TYCKEH COH ChIHAI (aya, TOIBIPak, Cy,
KYJ TYPIHJET1 MeTiHAIep) TOTHIFAIbI )KOHE KYpe-
JIi KOHE YJBUIBIFBI XKOFaphl KOCBUIBICTApPFa aliHalIa-
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Jap Typiepi xkoHe T.0.) MeTaboyn3MiHe eHy apKbl-
JIBI TYPJICHIN METHJI ChIHAITKA aiiHanab! [8-16].
ChIHaNTBIH epeKIie 3USHIBI KACHEeTi — OHBIH
YBITTBI 9cepi OOIBIN TaObLIabl, MUKPOMOJISPIIBIK
KOHIIEHTpAIUsIarbl 0OJIMAIIIbI JI03aJIaPJIbIH ©31Tipi
KacyllanapblH OpraHOMATAPBIHBIH 3aKbIMIATYbI-
Ha asbin Kenedi. ChIHANTBIH TP KIeTKaIapFa yiibl
ocepiH 3epTTeyre OarbITTaNFaH OipKaTap Toxipuoe-
Jiep HOTWKECIHJIEC aTaylibl AJIEMEHT KOCBLIBICTAPHI-
MEH yJIaHFaH ar3a TIHJCPIHJC JKacylla eJiMIHIH ce-
0e01 MUTOXOHIpHUSIIAP KbI3METIH OYy3bUTy eKEeHMITri
abpIKTaab! [17-21]. CeiHam ocepiHeH 3apaall meK-
KEH TiHIEpJeri jkacyliajiapablH OOHbIHAA JHIIONe-
POKCHIALHUs MEH TOTBIFY CTPECCIHIHACKBIHYBI OPBIH
amazpl [22-24]. CelHanm KYMITI THOJABI YJIapIbIH
KaTapblHa YKaTaJbl )KOHE OPraHU3MIe€ TYCKEH Ke3/e
TIHIIK QEepMEHTTEPAIH CYIbPTUAPUIBII TONTAPbI-
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MEH OaiJIaHBICHITI, THOJ (EePMEHTTEPIH MHAKTHBA-
[USUTAIBI KOHE aKybI3 CHHTE31H TeXEH 11, HOTIKe-
ciHzae TiHAepae TUCTPOQUSUIBIK JKOHE HEKPO3IBIK
MIPOIIECTED eTeK sKasmpl. [25-27].

ChlHan ajaM ar3achlHa acKa3aH-iLIeK JKOJIAapbl
apKbUIBI €HEJl, alll 1IIeKTe aAcOpOLUsITaHaIbl XKOHE
IIBIPBIITHI KA0AT apKbUTBl KaH alfHAJIBIM JKyleciHe
ciHelli, KaH aFbICBIMEH OaybIpFa TYCIM, METabO0I13M-
re ymbipaiapl. CoHmail aK, TOKCUKAHTTHIH eIoyip
Oeliri OpraHM3MHEH TaOWFH JKOJIMEH IIBIFapbLI-
Maiizel, 6ayblp MeH OyHpeK CHUSKTHI ilIKi opranaap-
JIa JKUHAKTAIIBII, OYKiJ aF3ara 3usHIbBI, TEPiC acepiH
turizeni [28-31]. Jlemek, chIHA KOCBUTBICTAPBIHBIH
ar3ara YBITTBI OCEPiHIH aJAbIH ally JKoHE calJapbiH
eMICYAIH THIMAI KOJIApBIH i37ecTipin 3epiaeney
OYTiHT1 KYHHIH ©3€KTi Maceseci OOJbIN TaObLIabl.
AtanraH JepeKTep/i ecKepe OTBIPBI Oi3IiH 3epT-
TEyJEPIMI3iH MaKCaThl OOJIBIN CHIHAIIICH JKEIei
JKOHE Y3aK Mep3iMJIi ylaHy Ke3iHIe 3PUTPOLUTTED
MeMOpaHaIIBIPEIHBIH KYiiHe Oara Oepy jkoHe TaHbI-
MaJl aHTHOKCHJAHT E BUTaMuHIH TaijganaHy ap-
KBUTBI CBIHAIl OCEPiHIH ayBIPTIAIIBUIBIFBIH €9Yip
a3alTy MyMKIHIIT1H KapacTbIpy OOJBIT TaObLIaIbI.

3epTTey MaTepuaIAapbl MeH daicTepi

AJFa KOMBUIFAH MAaKCATBIMBI3Fa COWKEC ToXKi-
pubernep in Vivo xarmaiisiaga canMakrapsl 200-280
r OonateiH 20 epecek (12 ailnbiK) ereykyipbeIKTap-
MeH Kypriziai. XKanyapnap BuBapuii xxarnaibiaia
CTaHAapTTHI KyTimae Oomubl. Toxipube GapbIChIH-
Jla skaHyapiap 5 Tonka OemiHmi: 1- 6akplIay TOOBHI,
2-1111 KOHE 4-111i TOT ereyKYHPBIKTaphl Keell KIHe
CO3BUIMANIbl ChIHAIl WHTOKCHKAIMACHIHA YILBIpa-
ThUIbL. ChIHAIITICH YJIaHY MOJISIIiH iCKe achIpy YIIiH
JKaHyapJiapFa ChIHAIl XJIOPHUII Tepopajiibl KOJIMEH
skanyapabig 100 rpaMM caimarbiHa MIAKKaH[A XKiTi
yllaHy MoJelliH TyFbi3y yuriH 0,1 Mr >koHe co3bLI-
MaJibl yllaHy MojeniH Tyre3y ywin 0,05 mr Gona-
ThIHIAH MeJepae eHrizuii. XKenen ynany moje-
Ji YIIH ChIHAN TY3Aapbl 1 peT »KoHe CO3bUIMAIbl
WHTOKCHKAIIMS TYFbI3y MakcaTbiHna 14 KyH OOWBI
oepinin keni. E Buramuni 3-11i xoHe 5-111i TOI XkKa-
HyapJjapblHa ChIHAI XJIOPUAIMEH KOCBII aybl3 Kybl-
ceiHaH eHri3ui. Toxipubenepi icke achlpy YIIiH
ereyKyHpbIKTapIblH KaHbl 3epTTEIIL.

3epTTey OapbIChIHIA SPUTPOIIUTTEP MeMOpaHa-
JapbIHBIH KYHiHe Oara Oepy YIUiH SpUTPOLUTTEPAIH
OCMOCTHIK pe3ucTeHTTUIriH (DOP), spurporurrep
MeMOpaHaJapbIHbIH OTKI3rmTIriH (OMO) aHbIKTay
omicTepi KOMIaHBUIIBL.

Opumpoyummepdi b6onin any. EreyKydpbsIKTap-
JIbIH KaHbI YHBIT KaJIMayhl YIIIH TeNapuH epiTiHzic

konmaueuiael.  Kammer  1000g  sKpuTIaMaBIKITEH
uentpudyraga 10 MuH alHaNABIPY apKbUIBI APUT-
pouutTep OeuiHin anbiHbL. [1a3Ma MeH KaHHBIH aK
KJIETKATAphIHAH  @XBIPATBUIFAH  APUTPOIUTTED
KypambiHaa 150MM NaCl, 5MM Na,HPO, (pH-7,4)
0ap unkyoauus opracsl (MO) Oydepai epiTinaiMen
€Ki Kalrapa MmalbUIIsl. AJBIHFAH KAHHBIH KBI3BLT
TYHIpIIiKTEpl ToXKipuOe IKYMBICTapbIHAA Maiina-
naHbUIbl. Toxipube skacanMac OYPBIH ajjbIH ajia
sputpouuttep 20 ece Oydepi epiTiHAIMEH CYHbLI-
TeUIBIN, 37°C Temmeparypaga 5 MUH TepMOCTaTTa
KBI3IBIPBUIIBL.

Opumpoyummepoiy  0cMOCMbIK — MO3IMOLNIE
HaTpUil xyopuuiHig epitinainepingeri (0,35-0,91/
100m1) 20 mun Tepmoctarta 37°'C Temmeparypana
KBI3JIBIPBIIFAH SPUTPOLUTTEP TEMOIIN3 JICHT el 00-
ibHma anbikTanael. Na,CO,-tin 0,1r/100M1 koH-
HEHTPALUSUIBl  ePITIHAINIETT APUTPOLUTTEPIIH TO-
JBIK reMmonu3 aeHreiin 100%-ra Oaranan, KaHHBIH
KBI3BUI TYMIPIIIKTEPIHIH IeMOJIU3 JCHIell maibI3-
IBIK KaTblHacTa ecenrelidal. ONTHKAIBIK THIFBI3-
neiFrel 540 HM TONKBIH Y3bIHABIFBIHAA PD 303-UV
CHEeKTpO(OTOMETPiHIH KOMETIMEH TipKeIIi.

Opumpoyum memopananapvinsly emxizeiumiei
(OM6) Kommaxo B.H., Paguenko B.I'. omici 60-
WBIHIIIA aHBIKTAIIBI [32].

By omic MoueBMHA MEH HATpHU XJIOPHII epi-
TIHJUIEPIHIET1 FeMOJIM3iHe Heri3zenreH. MoueBuHa
SPUTPOLUT 1IIIHJE TUIICPOCMOCTHIK KOHIICHTPAIUS
TYFBI3BII, SPUTPOLUTTEPAl ICIHAIPY HOTHKECIH[E
reMOJIM3re YINBIPATHIN, KIeTKa MeMOpaHachlHaH
reMOIVIOOMHHIH IUBIFYBIHA XKOJ Oepeni. Dpurpo-
IUTTEPAIH CyCIIeH3UAChIH MoueBrHa (18 1/1) MeH
Harpuit xnopuainig (0,9 r/100 mu) opTypii KaTbiHa-
ceiaaarsl (65:35; 60:40; 55:45; 50:50; 45:55; 40:60)
epiTiHinepinge 3 MUHYT apajbiFbIHIa HHKYOAIus-
nanbln, HeHtpudyraga 1000g xpuigaMasikiner 10
MUHYT O0iibl alfHanAbIpeUIbl. TyHOaHbIH OeTiHEH
aJBIHFAaH EPITIHAIHIH ONTUKAJBIK THIFBI3ABIFE 540
HM TOJIKBIH Y3bIHIBIFbIHIA Tipkenmi. Na,CO,-Tig
0,1r/100M1 KOHLIEHTPALMSIIBI €PITIHAICIHACT] SPUT-
pouutTep iy ToabK remonn3i 100% Oounbin ecenre-
JII, SPUTPOLIUTTEP TEMOJIN3IHIH ACHICHI MaibI3/IbIK
KaTbIHACTA aHBIKTAJIJIbI.

Moanimemmepoi  cmamucmuxanvly — 6HOEY.
AJIBIHFaH HOTWIKENEp TapaMmeTp/iiH opTamia apud-
METHUKAJIBIK MOHIH, OpTallia KBaJIPaTThIK aybITKybIH
JKoHe apru()METUKAJIBIK OPTaHbIH KaTEJIIH ecenTei
otsIpbir, Microsoft Excel 6arnapnamachIHbIH KeMe-
TiMEH CTaTUCTHUKAIBIK oHAeyIeH oTTi. Pumep-Ctb-
IOJICHT KPUTEPHIH €CKepe OTBIPBIN, KOPCETKIIITEp-
nig Tipkenren esrepictepi p<0,05 Goxranna aypsic
JIeTT CaHaJIIbI.
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3epTTey HITH:KeJIePi sKkIHE TAIKbLIAY

buonorusameik MeMOpaHamap (HHU3HOIOTHSITBIK
MpoILecTepAl JKy3ere acelpyza KoHe peTTeyae Ma-
HBI3ZIBI POJI aTKapa/ibl, COHIBIKTAH CHIHAITHIH aF3a-
Fa ocepiH aHBIKTAY VIIIiH CHIHATIICH YJIaHy Ke3iHaeri
SPUTPOLUTTEP MEMOpaHaIapbIHbIH KYHiHIH e3repyi
3epTTEIII.

TOKCHAHTTBIH JSPUTPOLUTTEPAIH MeMOpaHa-
JApBIHBIH KYHiHE ocepiH aHbIKTay YIIH IN VIVO
JKaFJaiiblHAa ChIHAI WOHJAPBIHBIH OPTYPJi KOH-
LEHTPALUSIIAPBIHBIH SPUTPOLUTTEPIIH OCMOCTHIK
TO3IMJIIITIHEe ocepine 3epTreynep xyprisimmi. To-
KipuOenep/iH OIpiHII Ke3eHIHIe ChIHAI XJIOPHIiH
ar3ara Oip peT eHTI3TeHIeTi OHBIH KIIeTKa MeMOpa-
HaJapbIHA 9cepi aHbIKTAIBI (cypeT 1).

%
80,0
60,0
40,0
20,0 -
0,0 -

0,35 0,4 r/100ma
EoakbpLIaY OcpIHAL X10PHAIL

Abcrce oci: NaCl konnentpanusiiapst, /100 Mir;opauHaT eci: remosn3 aeHreii, %.

1-cypet — ChIHaN XJOPUIiH Oip PETTIK SHIi3y/iH 3epTXaHAIBIK
ereyKyiphIKTap 3pUTPOLUTTEPiHIH OCMOCTBIK PE3UCTEHTTLIIrHE ocepi

1-cypeTTe KeNTipuIreH AuarpamMMajaH HaTpui
XJIOPHUJII KOHIIEHTPALMSCHIHBIH TOMEH/ICYiHE COlKec
reMOJIN3 MOHIHIH JKOFapblUlayblH Oaiikayra 00Jaabl.
Hatpuii XJ0puaiHiH THIIOTOHMSUIBIK ePITIHAIICPIH-
JIe Cy MOJIEKYJaJIapbIHBIH 3PUTPOIIUT MeMOpaHachl
apKbLJIbl OCMOCTBIK KBICBIM SCEPIHEH €HYl HITHXkKe-
ciHze MeMOpaHa KBIPTBUIBIN, KJICTKA TI'EMOJIM3Ie
yuislpaiiael. ['eMonu3miH >KoFapel KepceTKilmTepi
NaCl epitigaiciniyg 0,35 1/100 M1 KOHIIEHTpAIHsI-
ChIHJIa Oalikanbel. Anaiija OapiiblK 3epTTEITeH HAT-
puil XJIOPUAIHIH KOHILEHTpAIMsUIapbiHaa OaKbLIay
TOOBIH/IAFbl EreyKYUPBIKTAPIbIH IPUTPOLIUTTEP Te-
MOJIU3 JICHTeH1 ChIHAIINEH yJIaHFaH jKaHyapiiapablH
KIeTKanapeiHan 2,5-3 ece Tomen Ooinuel. Harpwmii
xsopupiHig 0,35 mr/100 M KOHIIEHTpAIUACHIHIA
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Oakplay TOOBIHJIA TeMoJin3 kepcetkii 24,3%, ai
ToxipuOenik ronta — 59,1%, Ty3 KOHIEHTpaLUsI- ChI
0,4 /100 mn epiTiHmile TEMOJU3, COWKECiHIIE
15,7% »xoHe 49,3% Kypabl.

2-CcypeTTe MOYEeBHHA MEH HaTPUH XJIOPHIi- HiH
TYpJIi KaThIHACHIHJAFBI  EPITIHIUIEpP]  ocepiHeH
TYbIH/IaFaH JKeJIeJ1 ChIHAINThIK MHTOKCUKAIUS KE31H-
JIET1 DPUTPOIUT MeMOpaHaIapbIHBIH OTKI3TIIITICH
aHBIKTay OapbIChIH/IA ajbIHFaH MAJIMETTEp Kepce-
TIJTEH.

JKenen chlHANTHIK MHTOKCUKALIMS KE€31H/IE IPUT-
pouuT MeMOpaHaJIAPbIHBIH OTKI3TIIITITIH aHBIKTAY
MOYEBMHA MEH HATPHUU XJIOPUJIHIH apaKaThbIHACHI
65/35 OonraHaa SPUTPOLIUTTEPIIH TEMOJIU3 JICHIe-
HiHIH KYPT JKOFapbLIalThIHbI aHBIKTAJI/IbI.
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2-cypeT — ChIHam XJOpUIiH Oip PETTIK CHTi3YAIH 3epPTXaHAIBIK
ereyKYHPBIKTapI6IH SPUTPOLUT MEeMOpaHaIapbIHBIH OTKI3TIIITITiHE dcepi

Cyperre MOYeBHHA KOHLEHTPALUSCBIHBIH KO-
FapbUIaybIMEH JKOHE WHKYOAlMsUIBIK —OpTajarbl
NaCl memnuiepiHiH TOMEHJEYIMEH SPUTPOIHUTTEP-
IiH TeMOJM3l KYLIeHEeTiHI KepiHeAi. DPHUTPOLUT
TEMOJIM3IHIH €H JKOFapbhl KOPCETKIilll MOuYeBUHA/
NaCl epirtingiciaig 65/35 KaTbIHacTarbl KOHIICHT-
parnmsiChIHIa KOJ KeTKi3ini. by koHmeHTpanusaa
OakplIay TOOBIHAAFBI TeMOJIM3 KepceTkim 59,3%,
an toxipubemik Tonta — 71,6% xypansl, am Oac-
Ka epITIHJIepe MOUYCBHHA KOHIICHTPAILIMSCHIHBIH
TeMeHzeyl koHe NaCl KOHLEHTPaUUsIChIHBIH KO-
FapbUIaybl Ke3iHJIe TeMOJIN3 KOPCETKIIiHIH TOMEH-
neyi Oavikanpl, MoueBruHa MeH NaCl epitiHuainepi-
uig 60/40 xaTeiHAcbIHAA colikeciHiue, 24,4% KoHe
37,9%, an moueBmna MeH NaCl epiTiHIinepiHiH
katbiHackl 40/60 OosraHnma, TuiciHIIe, Oakbuiay
JKoHE Toxipube tonrapbiHga — 6,8% xone 15,7%
KepceTTi. [lereHMeH, alibIHIaFbl TIKIpuOeneperi-
JIeH ChIHAIIICH yJIaHbIPbUIFaH ereyKYHPhIKTapIbIH
MeMOpaHa OTKI3TIIITITT )KOFapbl OOJI/IbI, MOYEBHHA-
HaTpHil xnopuai epitinainepiniy 40/60 xone 60/40
KaTblHACbIH/A OakplIay MEH TXKipuOe TONTapbIH-
JIaFbl TEMOJIM3 albIpMAaIIbUIBIFRl JiepiikTed 50 %
Kypaca, 65/35 kaTblHacbiHOa oy Kepcerkim 15%
Kypassl, IeMeK MeMOpaHa KacueTTepi TOKCHKAHT
ocepiHeH OY3BUTHICKA VITBIPAIbI.

3epTXaHambIK ereyKyHphIKTapaaFrbl S3PUTPOIUT-
TEpHiH OCMOCTBIK Te3imiitirine E BuramuHi MeH
ChIHAN XJIOPHU[IHIH OipIeCKeH d9CepiH 3epTTey KY-
MBICTapPBIHBIH HOTIDKENEPi 3-CypeTTe KeATipiiarex.

CyperTe KeNTipuireH iei, FreMOJIM3Te YIbIparaH
kierka canbl NaCl xonnentpanusicer 0,35 /100 mu
OonraHIa €H JKOFaphl JeHreilae OOJaThIHBI Oaii-
Kajapl. Harpuii XmopuaiHiH OepijireH KOHIEHTpa-
USAChIHIA OaKpUIay TOOBIHIA TEMOJIN3 KOPCETKII
49,3%, an toxipubenik Tonrtapaa — 69,2% sxoHe
55,6%, an 6acka 0,4 1/100 M epiTiHIige TEMOIH3,
cotikecinme 18,2% xone 27,2% Gen 22,1% xypazbl.
Hatpuii XJI0pHaiHIH THIIOTOHMSUIBIK €PITIHAUICPIH-
JIe TEMOJIU3 JIOPEKECi alTapibIKTail OOIFaHBIMEH
CBIHAIT XJIOPUIIMEH YJIaHFaH JKaHyapJiapJblH SPUT-
POLIUTTEPiHIH OCMOCTBIK TO3IMALIIIT OaybluiayMeH
casplcThIpranza 1,5 ece temenneiini Ereykyipsik-
TapblH paluoHbiHa E BHUTAMHUHIH KOCY apKbLIbI
APUTPOIUTTEPIIH OCMOCTHIK TO3IMIUIITIH Oipmiama
apTThIpyFa OOJATBIHABIFBI AaJen/eH i, E Buramuni
JKOHE ChIHAI XJIOPUJIi aF3aFa KaTap TYCKEHJIEC ChIHAI
MOHJIAPBIHBIH 3aKbIMJIAYIITBI dcepi OipiiaMa TeMeH-
JICTeHI aHbIKTaJIIbl. TOKCHKAHT 9CEpiHE YIIbIPAThLI-
FaH ereyKYHPBIKTap KIETKAIAPBIHBIH OCMOCTBIK TO-
3IMAUTITIHIH KepceTKimTi E BuTaMuHiH KolmanraHga
25% apTaThIHIBIFBI OCIT1JIi OOJIIBI.
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A6cuucc oci: NaCl konnenrpauusiiapst, /100 MIT;,0pMHAT ©Ci: TeMOJU3 ICHTeii, %

3-cypet — CeiHan xnopui MeH E BuTamMuHiIH 0ip PEeTTiK €HTi3yAiH 3epTXaHAIBIK
ereyKyHpBIKTap S)PUTPOLUTTEPiHIH OCMOCTHIK TO3IMALTITiHE OipIeckeH acepi

E BUTaMUHI MEH ChIHAIT XJIOPHIIHIH SPUTPOIIUT-
Tep/iH MeMOpaHaIapBIHBIH OTKI3TIIITIriHE Oipiec-
KEH oCepiH aHBbIKTay TIKipUOeNepiHiH HOTKeNepi
4-cyperTe KenTipiii.

WHKyOanusIbIK OpTajarbl MOYEBHHA KOHIICHT-
panMsACHIHBIH JKOFapblutaybiMeH skoHe NaCl mesmre-
piHIH TOMEeHeYyiMEH HPUTPOIUTTEPAIH T'eMOJIH3i
KYIICHETiH 3aHIBIIBIK. DPUTPOLIUT FEMOJIN3I JAdpe-
JKECIHIH €H YKOFaphl CAHJIbIK KOPCETKIIII aJlJIbIH/IaFbI
toxipubeneriaeit moueBnHa/NaCl katbiHacer 65/35
0oJIFaHIa KOJI KeTKI31i. bysl KoHIeHTpanusiapaa
OakpuIay TOOBIHIAFbI TeMoni3 kepcertkinti 60,1%, an
Toxipudeik Tonrapaa — 75,3% xone 64,4% Kypabl,
an Oacka epiTiHJiIepe MOYeBHHA KOHIIEHTpAIUS-
cbIHbIH TOMeH 1eyi skoHe NaCl koHIIeHTpaUsIChIHBIH
JKOFapbUIaybl Ke3iHJle I'eMOJIM3 KOpCEeTKIIITEePiHiH
TeMeHzeyi Oalikanasl, MoueBuHa MeH NaCl epitin-
ninepiniy 60/40 kaTeiHackHIa, colikecinime 28,2% ,
47,5% xone 35,2% kypanbl, an moueBuna mer NaCl
epitiaiiepiniy kateiHackl 40/60 Gonranna, OakbI-
Jlay JKOHE TOKIpuOe TomnTaphiHia, ThiciHiie, 7,3%
,17,3% xxone 13,1 % kepcertrTi.

Anppraarsl ToxipuOe cuskTel E BuTamMuHi Oe-
PIATEH >XKaHyapiap dPUTPOIUTTEPIHIH OTKI3TIIITIr
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CBHIHAIITEH YJIaHJIAPBUFaH TON KJIETKaJlapbIMEH ca-
JBICTBIpFanga MemOpana eTkisrimTiri 30% TemeH
OonraHbIMeH Oakpliay TomTapblHa KaparaHaa 1,5
€Ce JKOFaphl €KeHI aHBIKTAJIIBI.

DKCIEPUMEHTTEP/IIH KejleCci Ke3eHIHJIE ChIHAI
xnopuiHig 14 KyHIIK ocepi Ke3iHJeri 3epTxaHa-
JIBIK ~ €TeYKYHPBIK JPUTPOIMUTTEPIHIH OCMOCTHIK
TO3IMAUTINT MeH MeOpaHa OTKI3TITIK KacHUeTi
aHBIKTANABL. 3epTTey HOTHXenepi 5-6 cyperrepae
KEITIpLII.

5-CypeTTe TOKCHKAHTTBIH SCEPIHCH KOJIIaHbLI-
ran NaCl epiTiHAiciHIH OapiblK KOHIICEHTPAIIUS-
JIApbIH/Ia 3€PTXaHAIBIK EreyKYHpPBIKTAp 3SPHUTPO-
LIUTTEPIHIH TeMOJIU3 JEHIeHiHIH >KOFapbUIalThIHBI
KOPCETINreH. DPUTPOLUTTEPIIH TEMOJIU3re YIIbI-
pay naepexeci NaCl epitinaiciniag 0,35 1/100 M
KOHIIEHTpaIAChIHAa O0aKkpuiay ToObHaa 50,3%, an
taxipubenik tonrta — 63,1%, Gacka 0,4 /100 M
KOHIIEHTPAIUSIaFbl ePITIHAIE TeMOIH3,COUKECiH-
me 15,7% xxone 26,9% 0oaaer, an 0,45 r/100 mi
KOHIICHTPAIUSIaFbl ePITIH/IIIE TeMOJIU3, COUKECIH-
me 4,73% xone 11,5% kypanpl. CblHalIMEH yllaH-
JBIPBUTFAH JKaHyapiap 3pUTPOIUTTEPIHIH TO3IM/Ii-
airi 15% mamaceIHga TOMEH OOJIFaH.
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Abcrce oci: moueBrHa/NaCl epitiHainepiHiH KaTbIHACKL, OPAWHAT OCi: reMou3 AeHreiii %

4-cypet — CoiHan xyopuzi MeH E BuTamMuHiH Oip PeTTIK €HTi3yAIH3EePTXaHAIIBIK
ereyKYHpBIKTapIbIH SPUTPOLUT MEMOpaHaIapbIHbIH OTKI3TIIITIriHE OipIIecKeH acepi
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A6cmce oci: NaCl kontentpanusics r/100 Mit; OpAHHAT ©ci: remMoiun3 aeHreii %

5-cypeT — 3epTXaHalbIK ereyKYHphIKTapAbIH IPHUTPOLHUT MEMOpaHaTapBIHBIH OCMOCTBIK,
TO3IMIITIriHE ChIHAI XJIOPHUAIHIH CO3BIIMAIIBI Scepi
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6-cyperTe KeNTIpUIreH HOTIKeNepre CyHeHe  TOMEHJeyl MeMOpaHAlapbIHBIH — OTKI3TIIITITiHIH
OTBIPBIT, ChIHAI XJIOPUAIHIH CO3BIIMAINIBI 9Cepi Ke-  KOFapbUIyBIMEH KaTap JKYPEeTIHAITiH aram eTyre
31HJIE APUTPOLUTTEPAIH MeMOpaHa TO3IMALIITIHIH 00J1abl.

%
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EdaKpLIAY O chIHEAT XTOPATL

Abcuucce oci: moueBnHa/NaCl epiTiHiepiHiH KaTBIHACHL; OPJMHAT 6Ci: TeMOJN3 JIeHTeli, %

6- cypeT — ChIHAI XJIOPHIiHIH CO3BIIMAIIBI HHTOKCHKAIUSACHIHBIH 3€PTXaHAIIBIK
ereyKYHpBIKTapIbIH SPUTPOIUT MeMOpaHalapbIHBIH OTKI3TIIITITHE dcepi

Konnanpuiran moueBnHa MeH NaCl epitinai- — dpuTpouuTTepiHiH MemOpana eTtkizrimTiri 50%
JICpiHiH OapJIbIK apaKaTbiHACTAPBIHA TEMOJIN3- JIIH  apTKaH.
OPBIH allybl OaiKaiabl. AJIIBIHAAFBI TOKIpU- Oeneri AJbIHIaFRl TOKipuOenepaeriiei cbiHai XJo-
CHUSIKTBI T€MOJIU3 JICHreil MOYeBMHAa MEH HaTpuii  puiHiH 14 KYHIIK CO3BUIMAIIBI 9CEPiHE YIIBIPATHLI-
XJIOpUIiHiH 65/35 apakaTblHACBIHAA KO- Faphl  FaH ereykyWpbeikrapra E BuTamuHi Karap Oepiin
Oonapl. bapnblk 3epTTenreH KOHUEHTpauus- jJapAa  OTbIpFaHKarAalAarbl OJaJblH 3PUTPOLUTTEPiHIH

YBITTBI METAJUI dCEPiHE TYCKEH >KaHyapJjap MeMOpaHaIapbIHbIH KYHi 3eprTeinai (cyper 7).
%
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A6crucce oci: NaCl kontentpanusicer /100 Mit; opauHAT oCi: remMoutu3 aeHreiii %

7-cypeT — 3epTXaHalbIK ereyKyipbeIkrapra 14 kyH OOWBICHIHAI XJITOPU/L
68 MmeH E BUTaMHHIH €HTi3y/IiH SpUTPOLUTTEPIiH OCMOCTBIK TO3IM/LTIr HE OipiiecKeH acepi
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AJNBIHFAaH HOTWKEJEPJICH CHIHANTHIH CO3bLI-
Majbl MHTOKCHKAIMACHIHAA E BuTamuHIH Oipiece
KOJIJIAHY/IbIH 3€PTXaHAIBIK €reyKYHPBIKTap 3PHUT-
POIUTTEPiHIH OCMOCTBHIK TO3IMAUIITIHE OH 9CEpiH
Oaiikayra Oomaapl.HaTpwif XmopumiHiH TYpii KOH-
HEHTPAIUSUIAPBIH KOJIJaHCa J1a, JKaJIbl TCHICHITHS
OpTak, SFHM OakpUIay TOOBIMEH CalBICTBIPFaHIA
CBIHAIITBIH CO3BLIMAIIBI OCEPIHE TYCKEH EreyKyli-
pBIKTap KIETKAAPbIHBIH MeMOpaHaTapbiHbIH KY-
PBUIBIMBI O1PTYTaCTBIFBI OipIiaMa Oy3BIIBIT, OCMOC-
TBHIK KBICBIMFa JICTCH TO3IMILIITIHIH TOMEHACYIMEH
cunartanabl. bym skcnepuMeHTTEpAE ToXipubOe
TOOBIH/IA TEMOJIM3 MeJIIepl OakpUIayFa KaparaHia
15-20% aptkaH. E BuTamMHHI ChIHAN XJIOPHIMEH

yIaHABIpy OapbIChIHIA KaTap Oepilill OThIPFaH TOII-
Tapaa remMoJiu3 apapekeci 12% TteMeHaereHiH aiThII
eTyre 0OJabI.

MembOpaHa OTKI3TIIITITIH aHBIKTAY HOTIKEIepi
8 cyperte kepceTinreH. by xarnaiina jga co3puima-
JIbI TYP/IC CHIHATIIICH yJIAHFaH JKaHyapJiapblH dPUT-
POIUT KIIeTaTapbIHBIH MeMOpaHa oTKi3rimTiri E Bu-
TaMUHI OCEPIHEH alTapJIbIKTall KaJIbIHA KEIreHIH
Oaiikayra Oomagsl. MemOpaHamappIH OTKI3TIIITIT
30% Temennen Oakpuiay TOObIHA OiplIama >KaKbIH-
nmaii Tycti. [lerenMen Oakpuiay TOOBIMEH CallbIC-
TBIpFaHJa HATPUHM XJIOp MeH MoueBHHaHBIH 40/60
kareiHaceiaaa 20%, 60/40 kareinaceinga 40% sxoue
65/35 xatbeiHaceiHa 24% TOMEH 00Tk,
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Abcrce eci: MmoueBrnHa/NaCl epiTiHALIepiHIH KATIHACHI; OPANHAT OCi: TeMOJIH3 AeHTeiti, %

8-cypet — 3epTXaHalbIK ereyKyipsIkTapra 14 kKyH OOIBI CHIHAI XJTOPHAL
MeH E BUTaMUHIH €HTi3YAiH S)pUTPOLUT MeMOpaHanapbIHbIH OTKI3riIITIriHe GipieckeH acepi

AJBIHFaH HOTWIKENEpI capanail KeTcek, Ke-
JIeNl JKOHE CO3bUIMAJbl yIaHy Ke3iHJE 3PUTPOIUT
MeMOpaHaCBhIHBIH KacHeTTepi Xeles yiaaHy Oapbl-
ChIHJIA CO3BUIMAJIbl YyJaHy Ke3iHJeri KyHhiHe Ka-
paraHzia KapKbIHIbl TYpJE 3aKbIMIAIFaH, KeJel
WHTOKCHKAIIMS KEe3iHJle MeMOpaHaHBIH OCMOCTBIK
To3iMainiri 2,5 ece ToMeHmece, OTKI3TIIMITITI 2 ece
apTajabl, ad CO3BUIMAlBl  yJaHy IKaraaibiHIa
JKaHyapiiap DPUTPONUTTEPIHIH OTKI3TIMITIIT MEH
TO3IMIUIITI 0aKpIIay TOOBIMEH CaJBICTBIpFaHma 1,5
ece esrepreH. by 0i3aiH maiipiMaaysIMbI31Ia aF3ana
OCHIMIENMyIIUTIK ~ MEXaHM3MACPIiH  ICKe KO-
ChUTybIHA OaiinanbicThl. Anabiza E BuTaMUHIHIH

JIETOKCUKAIMSIIAYIIBI 9CEPIH CaNbICThIPCa, YKeJel
ynany kesinje E BuTamuHiHiH OH 3ddekrici aii-
KBIH/IAY KOPIiH/I.

KopbITbIHABI

Toxipnbe HOTHKENEpI KopceTKeHaei, in Vivo
JKaraaiaa chlHAIl XJOPHUIIMEH JKe/Iel KOHE CO3bII-
MaJibl yJaHy Ke3iHJIe 3PUTPOIUTTEp MeMOpaHala-
PBIHBIH OTKI3TIIITITI )KOFAPBIIAI, YPUTPOIUTTECPIIH
OCMOCTBIK TO3IMALIIT ToMeHaeai. E BUTaMuHiH Chl-
HaIl XJIOPUAIMECH ylaHy Ke3iHae Oipiece KoJImaHy
APUTPOIUTTEPIH OCMOCTHIK TO3IMILUTITIHIH JKOFa-
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pBUTAybIHA SKENETiH 3PUTPOUUTTEPiH MeMOpaHa-
JIAPBIHBIH OTKI3TIMITITIH TOMEHIETETIHI aHBIKTAJ-
JIbl. AHTHOKCUIAHT peTiHAe Konjnanrad E BuramuHi
JKOHE ChIHAIT XJIOPH/II aF3aFa KaTap TYCKEH/Ie ChIHAI
WOHIAPBIHBIH 3aKBIM/IAYIIIBI dcepi alTapIIbIKTal To-
MEHJICTII, TOKCHKAHT 9CEPIHE YIIBIPAThUIFaH erey-
KYUPBIKTAp KIETKAJAPBIHBIH OCMOCTHIK TO3IMIUTIT]
MEH SPUTPOLUTTEP MEMOpPaHAIaPbIHBIH OTKI3TIIIITi-

Tl )KoFapbuIal, E BUTaMUHIH KOJTaHFaHIa TETOKCH-
KalysIayIibl ocepl apTaThIHABIFBI OENTifi OONIbI.
3epTTey HOTHXKENIEPIH/Ie ChIHAI XJIOPUIIMEH KeIel
JKOHE CO3BLIMAJIbl MHTOKCUKALIMS KE31HIC SPUTPO-
LUTTEPAIH MeMOpaHaaapbIHbIH KYPbUIBIM/IBIK JKOHE
(hYHKIIMOHAIBIK KaFIaibIH )KaKcapTaThIH aHTHOK-
CUIaHT peTiHne E BUTaMuHIH KOJMaHYIBIH THIMII-
JIT1 KepceTii.
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KOPPEKUWNSA TARAXACUM OFFICINALE
rTMMCToOMOP®OJIOTMYECKUX NSMEHEHUUN CEMEHHUKOB,
BbI3BAHHbIX XJTOPUAOM KAAMUA

Hacrosiiee nccneaoBaHue nocssiLLEHO OLeHKe MTMCTOMOPMOIOrMYECKUX U3MEHEHUIA, BO3HMKAIO- LUMX
B CEMeHHMKax S1abopaTopHbIX KPbIC MO BAMSHWEM XNOpyAa KagMusi B PasfiMuHbIX KOHLEHTpauu- gx, a
TaKoke NoUcKy apdeKTUBHOIO cnocoba KOppeKLMM AaHHbIX HapyLIEHWI C MOMOLLbIO SKCTPaKTa Taraxacum
officinale. Llenb paboTbl 3akilo4aeTcs B OMNpeAeneHWn CTEMeHW MOBPEXAEHUS ChnepMaTo- FeHHOro
3NUTENNS U UHTEPCTULMANBHON TKaHW MpW TOKCUYECKOM BO3AEWCTBUM MeTasa, a Takke B BbiSBIEHUM
NOTEHUMArNbHOW rOHaZOMNPOTEKTOPHOM POMM PacTUTENIbHOMO 3KCTPakTa. HayyHas M mpak- Tuyeckas
3HAYMMOCTb WCCNEAoBaHUs CBsi3aHa C akTyasllbHOW NpobneMoi MeTannoTOKCMKO30B, MpU- BOASLIMX K
YXYALIEHUIO PENPOAYKTUBHBIX (PYHKLUMIA, N HEOBXOAMMOCTBIO Pa3paboTky NpounakTi- Yeckux Mep Ans
COXpaHeHust epTubHOCTU. B Xoae 3KcnepvMeHTa MCMNofb30BanuCh TPU pasinyHble A03bl Xopuaa
KagMusi, Nnocne Yero YacTb XXMBOTHBIX NOJSlyyana KOPPEKUMIO 3KCTPaKTOM oAyBaH4uka. MeTtoponorus
BKJIlOYaNa Mop@onornyeckoe UCCneaoBaHMe Cpe3oB CEMEHHUKOB, OKpALUEHHbIX reMa- TOKCW/IMHOM WU
303MHOM, Ae OLEHWMBAaNUCb COCTOSIHWME 3MUTENUS KaHasbLeB, CTEMeHb OTEYHOCTU MEX- KaHanbLEBbIX
MPOCTPaAHCTB U HaNnuMe HEKPOTUYECKUX U3MEHEHMUI. Pe3ynbTaThl NoKasanu, YTo HU3KME KOHLEHTpaumm
KagMUsl Bbi3blBasiv MLIb HayasbHble MPU3HAKNM TOKCMYECKOrO BO3AEWCTBUS, TOrAa kak Gonee BbiCOKME
NPMBOAWSIN K HEKPO3Y 3NWUTENNanbHbIX KIETOK M 3aMETHOW Ae30praHv3aumn CTpyK- Typbl KaHasnbLeB.
Mpy 3TOM BBefeHWe 3KcTpakTa Taraxacum officinale 3HauUMTENbHO CHMXANoO ypo- BeHb NOBPEXAEHWUNA.
Bknag AaHHOro UCCnenoBaHWst B 061aCTb 3HAHWUI 3aKOYAETCs B NMOATBEPXKAEHUM aHTUOKCUAAHTHBIX U
NPOTMBOBOCNANUTENbHBIX CBOWCTB 3KCTPaKTa, YTO OTKPbIBAET BO3MOXHOCTU ANs byayLiero npuMeHeHus
pacTUTeNbHbIX CPeacTB B MPOMdUNaKTUKE W fleYeHUM KaaMWEBOM WHTOKCMKa- Umu. [MpakTuyeckas
LEHHOCTb paboTbl CBs3aHa C MEpCreKkTUBOM WCMONb30BaHWst Taraxacum officinale B kayecTse
3dEKTUBHOrO KOMMOHEHTA KOMMMIEKCHON Tepanwuu, HanpaBfeHHOW Ha COXpaHeHWe MyX- CKOW
PEMNPOAYKTUBHOMN (YHKLIMW.

KnioueBble cnoBa: ceMeHHWKku, xnopug kagmus, Taraxacum officinale, ructomopcdonorus, penpo-
OYKTUBHOE 340pOBbe.

A.K. Jumagaliyeva, Z.B. Tungushbaeva

Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
*e-mail: aina1392@mail.ru

Correction of testes histomorphological changes induced
by cadmium chloride using Taraxacum officinale extract

This research investigates the histomorphological alterations in rat testes under varying doses of
cadmium chloride exposure, as well as explores the effectiveness of Taraxacum officinale extract in
correcting these observed tissue disruptions. The primary objective is to assess the degree of damage to
the spermatogenic epithelium and interstitial tissue caused by the toxic metal, while also determin- ing
the potential gonadoprotective function of the herbal extract. The scientific and practical signifi- cance of
this research is grounded in the pressing issue of metal-induced toxicity leading to impaired reproductive
capacity, underlining the need for preventive measures that safeguard fertility. Three different doses of
cadmium chloride were administered, followed by the introduction of the dande- lion extract to a
subset of experimental animals. Methodologically, hematoxylin and eosin staining of testicular sections
provided a means to evaluate the state of the seminiferous tubules, measure edema in the interstitial
space, and detect necrotic changes. Findings indicated that lower doses of cadmium prompted only minor
toxic effects, whereas higher concentrations resulted in notable epithelial ne- crosis and disruption of
tubule morphology. Meanwhile, Taraxacum officinale extract significantly reduced these adverse effects.
The contribution of this work lies in verifying the extract’s antioxidant and anti-inflammatory properties,
paving the way for expanded use of plant-based interventions in preventing and treating cadmium
intoxication. The practical relevance is reflected in the prospect of
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incorporating Taraxacum officinale as a viable component of therapeutic strategies aimed at preserv- ing
male reproductive function.
Key words: testes, cadmium chloride, Taraxacum officinale, histomorphology, reproductive health.
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Taraxacum officinale cbiFbIHAbICbI apKbI/ibl KAAMWI XJIOPUAIMEH TybIHAAFaH
aTanblK XbIHbIC 6e3iH ructomopdoniorusanbiK esrepicrepai Tysety

Byn XyMbICTa 3epTXaHanblk ereyKyipbiKTapAblH aTanblk XbIHbIC 6e3aepiHAe XN0prbl KaAMUNAIH
9PTYP/i KOHLUEHTpaunsnapbl 9CepiHEH OpblH anaTbiH MCTOMOPMOIOrUANbIK e3repicTep 3epaeneHin,
COHbIMeH KaTap Taraxacum officinale cbIFbIHABICBIH NanganaHy apKbiabl OCbiHAANM 6y3blibiCTapabl Ty-
3eTyAiH TMiMAi TCiNi aHbIKTanAbl. 3epTTeyaiH Herisri MakcaTbl — MeTanAblH, yibl bIKnasbliHa yLlbipa-
FaH crnepMaToreHzik aNUTENUn MeH apanblk TiHAEPAiH 3aKkblMAaHy AdpexeciH 6aFanay »aHe eciM-
AIK CbIFbIHABICBIHBIH bIKTUMAN KOPFaHbICTbIK peniH aHblkTay. XXyYMbICTbIH FbIIbIMKU XaHE Taxipnbenik
MaHbI3Abl/IbIFbl METaINIOTOKCMKO3ap cangapblHaH TybIHAANUTBIH PENPOAYKTUBTIK KbI3METTIH Hallap-
nay MacesneciHiH e3ekTiniriMeH, coHaan-akK >XeMICTiNiKTi cakTayFa apHanFaH anfbliH any LapanapbiH
93ipniey KaxeTTiniriMeH TyciHaipineai. Toxipube 6apbiCbiHAa X10pSbl KaAMUMAAIH YU TYpAi A03achbl
KONAaHbINAbl, apTbiHaH Kenbip aHyapnapra ofyBaHUYMK CbIFbIHAbICHI Hri3ingi. 9aicteMe peTiHae re-
MaTOKCUJIMH >X3HEe 303MHMeH 6osinFaH ypbIK TinikTepiHiH MOpdonorusabiK capantaMachl Xyprisinin,
e3eKLienep 3NUTENUIIHIH XaFdalbl, kaHanbLaapanblk KeHIiCTikTeri iCiHy kepiHici MeH Hekpo3 Genrinepi
6aKblnaHabl. HaTuxenep kepceTkeHAeN, KaaMUIMAIH TOMEH Mesepi a3farFaH ybITTbl 9cep Tyablpca,
YKOFapbl AeHrennepi anuTenninnik »xacylianapabliH HEKPO3blHA XXaHE TiH KYPblIbIMbIHbIH Oy3bliybIHa
akenai. Taraxacum officinale CbiFbIHAbICbIH EHTi3y KOMTEreH »arbIMCbI3 ©3repicTepaiH anTapnbiKTan
a3aloblHa CenTiriH TUrisai. byn 3epTTeyain XeTiCTirl CbiFblHAbIHbIH KabblHyFa KapCbl XXoHEe aHTUOKCK-
[AHTTbIK KAaCMETTEPiH pacTay apKblibl KAAMUIN MHTOKCUKALMSICBIHBIH anfblH ay MEeH eMAeyAe eciMaik
KypangapblH KeHiHeH KONMAaHyFa »on awagbl. AnblHFaH aepektep atanblk 6e34iH Kbl3MeTiH KopFay
MakcaTbiHAa Taraxacum officinale npenapaTbliH eMAik KelleHHiH 6ip 6enlieri peTiHae naraanaHyra
MYMKiHZiK 6epeai.

TyWHiH ce3aep: atanblk 6e3aep, kaamuii xnopuai, Taraxacum officinale, ructomopdonorus, penpo-

OYKTUBTIK AeHCaYNbIK,.

BBenenne

BypHoe pasBuTHE NPOMBINIIEHHOCTH W POCT
AHTPOTIOTCHHON HArpy3KH Ha OKPYXKAIOIIYIO CPEeIy
CIoCcOOCTBYIOT BCE OoJiee MUPOKOMY pachpocTpa-
HEHHUIO TSDKEIBIX METAJIJIOB, B TOM YHCJIC M KaJMMSI.
KanMuii, oOnamarounuii JUIMTSIBHBIM [IEPUOJIOM
moJrypacrazia U CIOCOOHOCTBIO HAKaIlIMBAaThCS B
JKUBBIX OpraHu3Max, IpU3HaH OJHUM U3 HauboJee
OMNAaCHBIX TOKCUKAHTOB, MOCKOJIBKY €ro MoIMaJaHue
B OpraHm3Mm (4epe3 MHIy, BOIYy, BIbIXaHHE adpo-
30J1ei) KOppEIUpyeT C TOJHOPTaHHBIM TTOBPEXK-
JIGHUEM, BKJIIOYas PENpoOAyKTHBHYIO cuctemy. B
YaCTHOCTH, PsJT UCCIIEIOBAHNN yKa3bIBaeT Ha Hera-
THBHOE BJIMSHHUE KaJIMUS HA CEMEHHHMKH, BIIJIOTH J0
cepbE3HBIX MOP(POTOrHUECKUX U (PYHKIIMOHATBHBIX
W3MEHEHHH, KOTOPbhIC CIIOCOOHBI IPUBECTH K Hapy-
HICHUSM CIIEPMATOTeHE3a, CHUKCHHIO (PepTHUIIHHO-
CTH ¥ TOPMOHAJILHBIM THCOATAHCAM.

AKTyaJIbHOCTh BBIOPaHHOM TEMBI OOBSCHSIETCS
KaK MEIHMIIMHCKON, TaK M SKOJOTHUCCKON 3HAUMMO-
CTBIO JaHHOUM mpoOieMbl. Bo-TiepBhIX, KaaMmueBas
MHTOKCHKAITUS B HU3KUX M CyOTOKCHUYHBIX I103aX

MOJKET JIONITOe BPEMsi OCTaBaThCs HE3aMEUYeHHOH,
BBI3BIBAS [IPU 3TOM IOCTEIICHHYIO JIeTpalalifio TKa-
HEl ceMEeHHHKA U PETPOAYKTHBHBIX (YHKIIHIA Opra-
HU3Ma B 1IeJIOM. BO-BTOPBIX, HaKATUTUBAIOIIUECS B
OpraHusMe TsDKENbIe METalllbl OKa3bIBAIOT OKUCIIH-
TEJIHBIA CTpEecC, HapyIarT OapbepHbIe MEXaHU3-
MBI (HarmpuMep, TeMaTO-TEeCTUKYIISIPHBIN Oapbep),
9YTO B COBOKYITHOCTH IPEISITCTBYET HOPMAIBLHOMY
pasBUTHIO U TUPPEPSHIIUPOBKE MOJIOBBIX KIETOK.
OnHUM U3 IEPCIECKTUBHBIX HANIPABJICHUH B TOK-
CUKOJIOTHHU SIBJIIETCS TIOUCK M TECTUPOBAHHE pac-
TUTEJILHBIX SKCTPAKTOB, OO0JIAAAIOLUINX AHTHOKCH-
JAHTHBIMHU U T€IaTO- TMO0 TOHA0MPOTEKTOPHBIMH
cBolicTBaMH. B WacTHOCTH, DKCTpakT Taraxacum
officinale (oqyBaH4MK JIeKapCTBEHHBII) pacCMaTPH-
BaeTCS MHOTUMH HCCIIEIOBATEISIMA KaK MCTOYHUK
OMOJIOTHYECKH aKTUBHBIX BEIIECTB, CHOCOOHBIX
HEHTpann30BaTh CBOOOAHBIC pPagUKalbl, CHHXATh
BOCHIAJIUTEIIbHBIE PEAKLUK M 3alUIIAaTh TKAaHU OT
MOBPEKIAAIONIECTO IEHCTBUS TOKCUKAaHTOB. OJJHAKO B
JUTEpaType IOKa HEJOCTATOYHO CBEACHUIl O TOM,
KaK IMEHHO 9KCTPAKT JAHHOTO PAaCTEHUsI BIUSET Ha
rUCTOMOP(OJIOrHIECKUE W3MEHEHUS! CEMEHHU-

75


mailto:aina1392@mail.ru

Koppexkuust Taraxacum officinale racroMmophonornukix n3MeHeHn t CeMEHHUKOB BBI3aHHBIX XJIOPUIOM KaJIMUSI

KOB TIPH OTPABJICHUU XJIOPUIOM KaJIMHS B CTIOCO0-
CTBYET JIM OH IOJHON WM YaCTUYHOU pereHepanuu
CIEPMAaTOTEHHOTO AIHUTEIHSI.

Hcxons u3 BeIIECKa3aHHOTO, 0OBEKTOM HACTO-
SIIIIETO WCCIeNOBaHUS SBISIOTCS THCTOMOP(hOIOTH-
YecKHe M3MEHEHHUS! B CEMEHHHKaX J1adOpaTOPHBIX
JKUBOTHBIX IIOJT BO3JIEHCTBHEM XJIOpHIA KaaMUsl.
[Ipeamer wuccrnenoBaHus — KOPPEKIMOHHOE BIUS-
HHe 3KcTpakTa Taraxacum officinale Ha BeISBICH-
HBIE TTOBPEXK/ICHNSI CEMEHHUKOB.

Llens pabOTBl — MPOBECTH OLEHKY THCTOMOP-
(hosrornyeckux M3MEHEHHH B CEMEHHHKaX KpBIC,
BBI3BaHHBIX MEPOPATHHBIM BO3JCHCTBHEM XIJIOPHU-
Ja KaJMHs, W BBIBUTH CIOCOOHOCTH DKCTpaKTa
Taraxacum officinale BoccraHaBIMBaTh CTPYKTYpPY
CEMEHHBIX KaHAIIBIEB U MEKKAHATBIICBOI TKAHH.

st focTHKEeHUs TOCTaBICHHOH 11enH chopMmy-
JIUPOBAHBI CIIEIYIONIUE 3a/1aUH:

1. OxapakTepu3oBaTh CTPYKTYpy CEMEHHHKOB
(Ha THCTOJIOTUYECKOM YPOBHE) MPH BO3ACHCTBHU
KaJIMHUS B Pa3HBIX KOHIICHTPAIIHIX.

2. OmpenenuTh CTENEHb BBHIPAKEHHOCTH JIeTe-
HEPAaTUBHBIX M HEKPOTHYECKUX MIPOIECCOB, a TAKIKE
HaJInuMe U3MEHEHU B kieTkax Jleiiaura u B KpoBe-
HOCHBIX COCYJIaX WHTEPCTHUIIHS.

3. 3yunTh AMHAMUKY BOCCTAHOBJICHHUS CEMEH-
HUKOB TIPH JIOTIOJTHUTEIBHOM BBEJCHUU JKCTPAKTa
Taraxacum officinale, comocraBuB JaHHBIE T'MCTO-
JIOTUYECKOTO aHall3a ¢ KOHTPOJLHOW TPyNmod U
IpyIIaMH, TOJBEPrIIMMHUCI TOKCHUYECKOMY BO3-
JIEUCTBUIO.

4. Cnenatb BBIBOJI O I1€JIECO00PA3HOCTH MTPUMeE-
HeHus dKkcTpakTa Taraxacum officinale B xauecTse
KOPPEKTOpa TOBPEKICHHIA, BRI3BAHHBIX TSHKEITBIMU
MeTajIaMu.

['umoresa uccrnenoBaHusl 3aKIOYAETCS B TOM,
yro 3kcrpakT Taraxacum officinale, oOmanas BbI-
PaKEHHBIM aHTHOKCHJIAHTHBIM M TPOTHBOBOCIIA-
JIUTEIBHBIM JIEHCTBHEM, CIIOCOOCTBYET YaCTUYHOM
WIH TIOJIHOW HOpPMAaH3aliu CTPYKTYphl CEMEH-
HUKOB M (YHKLHMI criepMaTroreHesa, HapylIeHHbBIX
JeCTBUEM XJIOpHUJA KaJMHUS.

B pabore npumeHsrch MOp(HOIOTHUECKHE H
THCTOJIOTHYECKHE METOJIbl HCCIIEJIOBaHHS (CTaH-
JlapTHBIE OKPACKH TKaHEH, CBETOBasi MUKPOCKOIIHS),
a TaK)Ke CPaBHHUTENBHBIA MOJXO0J (OIEHKA pe3yilb-
TaTOB B Pa3HBIX TPYIINAX KUBOTHBIX).

IIpakTrueckast 3HAUNMOCTH TPOBEAEHHON pabo-
THI COCTOWT B PACIIMPEHUH IPEICTaBICHUH O Me-
XaHU3MaxX U CTENEHH MOBPEXKICHUS PEPOAYKTHB-
HOM CHCTEMBI TOKCHYECKUMH METaJUIaMH, a TAKXKE B
OTIPEIICIICHNH BO3MOXKHOCTEH PacTUTENBHBIX HKC-
TPAaKTOB KaK MEPCHEKTHBHOIO CPEJCTBA MPOQIIaK-
TUKA W TEpanuy MpH KaJMHUEBOH MHTOKCHKAIIUH.
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HaxkormneHnHsle TaHHBIE MOTYT OBITH HCIIOJIB30BAHBI
B (hapMaKoJIOTHH, IKOJIOTHIECKONW OMOJIOTHH U OHO-
MEJUIIMHE IS pa3pabOTKH JadbHEHIITUX HCCIEI0-
BaHUM W TIOTCHIUAIBHBIX JIEUYEOHBIX PEKOMEH]IA-
TIHHA.

O030p uTEpaTYpHI

MHorouncieHHble UcCIeJOBaHMUsI TTOATBEPK-
naroT, uto kagmuil (Cd) BRICTYmaeT oJJHUM W3 Hau-
OoJiee KOBAapHBIX TSHKENBIX METAJIIOB, CITOCOOHBIX
AKKYMYJIUPOBAThCSl B OPraHU3ME JKUBOTHBIX M Ye-
JIOBEKa, BBI3BIBAsl IIMPOKUI CIEKTP TOKCHYECKHUX
s dexToB. Kagmuii 00HapyKHBaeTCsl MPAKTHUECKH
Ha BCEX YPOBHSAX YKOCUCTEMBI U TIOCTYIIaeT B OMO-
CHUCTEMBI TJIaBHBIM 00pa3oM depe3 3arps3HEHHYIO
BOAY M THIIEBbIe MPOAYKTH [1,2]. JlnuTenpHBIH
OHMOJIOTHYECKUH TTePHO/] IToTypacmaia (10 HECKOIb-
KHUX JCCATUIICTUIN) TPUBOJUT K XPOHUUECKHUM BO3-
JNEHCTBUSIM JIaXKe TPH OTHOCUTEIHLHO HU3KOM CO-
JIepKaHUH MeTalljla B OKpyXkarotei cpene [3].

CoriacHo IaHHBIM psifa 3apyOeKHBIX aBTOPOB,
MEXaHU3M TOKCHUYHOCTH KaJIMHSI BO MHOTOM 00y-
CJIOBJICH TeHepalueil CBOOOJHBIX PaIUKaIOB, YTO
NPUBOJIUT K OKHCIHUTEIBHOMY CTpPECCy, IMOBPEXK/Ie-
HUIO KIIETOYHBIX MeMOpaH W (OpPMHUPOBAaHUIO HE-
KPOTHUYECKUX W BOCIAIUTENbHBIX M3MeHEHHH [4-6].
B tecTukymnax Xiopuja KaaMmus HapyliaeT criepMa-
TOTEHE3, BHI3BIBACT BOCIIAJICHHE U OTEK MEKKAHAIIb-
LIE€BOM TKaHU U HETaTUBHO BO3/ICMCTBYET Ha KIETKU
Jletigura [7-10]. ITo muenuio Chen u coaBT., maxe
HU3KHE KOHIIEHTPAIIUY KaIMUSI MOTYT IPUBOJIUTh K
naToMop(oIOTHYIECKUM U3MEHEHHSIM  CEMEHHBIX
KaHAJbIEB, CHIKATh YPOBEHb TECTOCTEPOHA U YBE-
JIMYMBAThH YKMCJIO JISTCHEPATUBHBIX KJIETOK B FEPMH-
HATUBHOM JIIUTENNH [5].

[Ipu 3TOM BaKHYIO POJIb UTPAOT HE TOJBKO
HETIOCPE/ICTBEHHO paJMKaIbHBIE TPOIECChl, HO H
COCY/IUCThIC HAPYIICHUS: TIOBBIIICHHAS TPOHMIIA-
€MOCTh TeMaTO-TeCTHUKYJISIPHOTO Oapbepa, paciiu-
pEeHHE KPOBEHOCHBIX COCY/IOB M JKCCYJAIHs, YTO
€03/1aéT OIAroNMPUATHYIO CPEAY JUIsl BTOPUYHBIX T10-
Bpexxnenuit [11]. Cunraercs, 4TO UTOTOM SBIISETCS
CHIDKeHHE (PePTHUIILHOCTH U YXYALIeHHE o01el pe-
MIPOAYKTUBHOM criocoOHoCcTH [12].

C npyroii CTOPOHBI, MEPCHEKTHBHBIM HaIpPaB-
JICHHEM COBPEMEHHOW TOKCHUKOJIOTHH U PENpPOIyK-
TUBHOW OMOJIOTHH OCTAETCS TOUCK PACTUTEIBHBIX
AQHTUOKCHJIAHTOB, KOTOpPhIE MOTJIM Obl OCHAOISTh
HETaTHBHOC BIMsHUE Kaamus. Cpenu MPHPOTHBIX
CPEICTB HM3YyYaJHCh DPAa3INYHbIE IKCTPAKTHI (pac-
TOPOIIIIHN, KYPKYMBI, 3¢JIEHOTO Yas 1 Jp.), obiana-
FOIME aHTUOKCHJIAHTHBIMU CBOHCTBAMH U CIIOCO0-
HOCTBIO YJIydIIIaTh MapaMeTphl criepMarorenesa. B
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Y4acTHOCTH, 3KcTpakT Taraxacum officinale (oxysan-
YUKa JIEKAPCTBEHHOT0) MU3BECTEH BHICOKUM COZEpP-
JKaHHEM TMONM(PEHOIBHBIX COSTUHEHUH, BUTAMUHOB
U Ipyrux OMOJOrMYEeCKH aKTUBHBIX KOMIIOHEHTOB,
CHIDKAIONINX TIEPEKUCHOE OKHCIICHWE JIUIHI0B H
BOCHAJIUTENBHYIO peakiuto TkaHe [13].

OpHako OONBIIMHCTBO CYIIECTBYIOMIMX PadoT
COCpEIOTOYCHBI HA TeNaTONPOTEKTOPHOM JICHCTBUH
Taraxacum officinale uiu >xe Ha ero aHTHOKCHUIAHT-
HOM 3¢ dekTe mpHu caxapHOM AWadeTe W APYTUX
MeTtabommyeckux mnarosorusx [14]. KonkperHoe
BIHMSHHUE JKCTpPaKTa OJyBaHUYMKA HA THCTOJIOTHIO
CEMEHHHKOB, OCOOCHHO TPH AIKCIEPUMEHTAIEHON
KaJMUEBOM HWHTOKCHUKALIUK, TI0Ka MCCIEI0BAaHO
¢dparmenTapHo. OTHENBHBIE aBTOPHI YKAa3bIBAIOT Ha
MOTEHIUAIBHYIO TOJIb3y 3KCTPaKTa, HO MPUBOIAT
OTrpaHMYEHHbIE JJAHHBIE O CTETIEHN BOCCTAHOBICHHUS
CTPYKTYpBI KaHAJbIIEB, KICTOYHOM COCTaBe CIIep-
MaTOT€HHOTO SMUTEIHS U YIydlIeHHUH (YHKIIHO-
HaJbHBIX TTOKa3arenei [15].

Takum 00pa3oMm, B CyIIECTBYIOIIEH HaydHOU
JUTepaType BBIPUCOBBIBAETCS PAJl HE /10 KOHIIA U3-
YYEHHBIX aCIIeKTOB, B YaCTHOCTH:

- KakoBbl TOuHBIE MAaTOMOPQOIOTHYECKUE H3-
MEHEHHs1, BO3HUKAIOIINE B CEMEHHHKAX MIPU Pa3HbIX
no3ax xyopuaa kaamus (o1 muanMaibHoH [T/IK 10
CyOTOKCHYHOM 1 «ymapHOW»)?

- Hackomnpko BeIpakeH U OBICTp KOPPEKIIMOH-
HbIi 3¢ dekT skcTpakTa Taraxacum officinale u na
Kakhe »JJeMEeHThl CEeMEHHHUKa (CrepMaTOroHUH,
kietku Cepromnu, Jlefinura, cocyancToe pycio) oH
BO3JICHCTBYET B TIEPBYIO O4Yepeib?

- Kakum 00pa3oM aHTHOKCHIAHTHOE W MPOTH-
BOBOCIIAJIUTEILHOE JIEHCTBUE HKCTPAKTA BIHSIET HA
BOCCTAaHOBJIEHHE cliepMaTorenesa?

OTBeT Ha 3TU BOMPOCHI MTO3BOJIMUT BOCIIOJHHUTH
BBISIBJICHHBIE POOEIBI B MCCIEJOBAHUIX U PACIIH-
PUTH MUMEIOIIUECS HaydHBIE MPEJICTABICHUS O BO3-
MOYKHOCTSIX (PUTOKOPPEKIINH TOKCUYECKUX TTOBPEXK-
JICHUH, 4TO NPpUJAET JalbHEHITUM SKCIIEPUMEHTAM
M KIMHAYECKUM H3BICKaHUSIM OCOOYIO0 aKTyajb-
HOCTb.

MaTepl/IaJ'lbl " METOAbI

Martepuranom A HCCIEIOBAaHUS TTOCITYKHITU
Oenple mabopaToOpHBIE KPBICKI 000ETO TojIa MacCoi
tena oT 150 1o 200 rpaMMOB, KOTOPBIX COAEPIKAIN
B CTaHJIAPTHBIX YCIOBUSAX BUBAPUS IIPU TEMIIEPATY-
pe 22-24 °C u 12-yacoBoMm cBeTOBOM fHE. KUBOT-
HBIX KOPMWJIN COQIaHCHPOBAHHBIM KOMOHWKOPMOM
MPOMBIIIUIEHHOTO TPOW3BOACTBA U OOECTIeUNBAIH
CBOOOJHBIM JIOCTYIIOM K MUTHEBOH Boxe. llepen
HAYaJoM OJKCIIEPHMEHTa IPOBENN KapaHTHHHBINA

MIePUOJT JTUTEITHFHOCTRIO 7 MHEH, YTOOBI )KHBOTHBIC
YCTeNH aJalTHPOBATHCS K YCIOBHSIM COJIEPYKAHUS U
HCKJTIOUYUTH BO3MOXKHBIC CKPBITHIE TATOJIOTHH.

Bce ocobm Obmm ciaydaifHBIM 00pazoMm pas-
JIEJIeHbl Ha HECKOJBKO TPYIIT: KOHTPOJIbHAS TPYII-
na, KOTOPOil BBOAMIN 3KBHOOBEMHOE KOIUYECTBO
BOJIBI O€3 T00aBIeHN TOKCUKAHTA WIIH KCTPAKTA, a
TAaKKe TPH OKCIEPUMEHTANbHBIC TPYMIbL, MOJI-
BEpTaBIUeCs BO3JCHCTBUIO XJIOpHAA KaaMHs B
BHJIE BOJHOTO PAacTBOpa B PA3IMYHBIX KOHIIEHTpA-
musix: 0,001 mr/a, 0,01 mr/m u 0,1 mr/in. OTu 1036l
ObLTM BEIOpaHBI HA OCHOBAaHWH JTAHHBIX O TIPEJIeITh-
HO JONMYCTHMBIX, CyOTOKCHUHBIX U BBICOKHX KOH-
neHTpanusx kaamus. [locrne okoHYaHUs TepHOAa
WHTOKCHKAIIMH YacTh XUBOTHBIX U3 KaXIOW TPYII-
MBI TOJTyYasla KOPPEKIMIo dKCTpakToM Taraxacum
officinale, KOTOpBIif TOTOBMIIM W3 BBICYIICHHBIX U
M3MEJIBYEHHBIX KOPHEH PACTEHHUs], IKCTparupys ux
B 70%-HOM 3TaHOJIE C MOCICAYIOIUM yIIapUBaHH-
€M J10 TIOJTY4Y€HUS TyCTOr0 IKCTpakTa. Jlo3upoBKy 1
MPOJIOJDKUTEIILHOCTh BBEICHHSI DKCTPAaKTa OIpe-
JIEJSUTA ¢ YIETOM TIPEIBAPUTEIBHBIX JaHHBIX O €ro
Oe3omacHocTH U A((HEKTUBHOCTH B aHAJIOTUYHBIX
OTIBITaX, YTOOBI OIICHUTH €T0 MOTEHIMAIBHOE FOHa-
JIOTIPOTEKTOPHOE JIEHCTBHE.

B TeueHue skcriepuMeHTa eXeIHEBHO KOHTPO-
JTUpOBaK OO0IIee COCTOSIHUE IOJIONBITHBIX KPBIC,
oOpaiass BHUMaHHE Ha WX TIOBEJCHHE, alleTHuT,
MIPUPOCT MACChl U BHENIHUN BUJ mepctu. Jns ru-
CTOJIOTHYECKHUX HCCIIEIOBAHUN 4Yepe3 yCTaHOBIICH-
HBIA TTPOMEXKYTOK BPEMEHH YKHUBOTHBIX BBIBOIMIIN
W3 DKCIIEPUMEHTa C COOJIIOJICHUEM MPHHITUIIOB TY-
MaHHOTO OOpalIeHus W perjamMeHTa, 0JI00peHHOTO
JIOKAJIBHBIM ITHYECKUM KOMHUTEeTOM. HememneHHO
Mociie dyTaHa3WM W3BJIEKAIM CEMEHHUKH, 3aTeM
NPOMBIBIM HMX B (PU3UOIOTUYECKOM pPacTBOpE,
noJiIcylmmMBainy (GpuibTpoBaIbHOW Oymaro u Quk-
CHUPOBaJIM BO BIIATaJMIIHON 00ojouke B 10%-HOM
HEHTpabHOM (OpMajMHE B TeUEHUE HE MeHee 24
YacoB.

3a0paHHbIil MaTepuan NPOBOAWIN yepe3 Oara-
pero 3TaHosa BO3pacTalolleld KOHLEHTPALUU JUIs
JIETUIpaTaIuy U MOMENIai B KCUIION JUTsI TPOCBET-
nenus. Jlanee oOpasubl 3anuBany B napaduH, Ghop-
MUpPYS OJIOKH, U3 KOTOPBIX TPH MIOMOIIIX POTAIHOH-
HOI'0 MUKPOTOMA M3TOTABIMBAIN CPE3bl TOIIHMHON
4-5 mxMm. IlomyyeHHble cpe3bl MOHTHPOBAJIM Ha
npeMeTHbIe CTEKIA, 00€3BOKUBAIIH, TIPOKpAITUBA-
JIM TEMAaTOKCHJIMHOM M 303MHOM IO KJIACCUYECKOH
METOJIUKE, MPOMBIBAIM JUCTUIIIMPOBAHHON BOJOU
W 3aKJII0Yalid B CHUHTETHYECKyIo cperny. Kaxmyro
CEpUIO CPE30B M3YYaH MOJA CBETOBBIM MHKPOCKO-
MOM C Pa3IMYHBIMU yBEIWYCHUSMHU, PETUCTPUPYS
MOp¢OJIOrudeckue N3MEHEHUS, XapaKkTep MOBPEXK-
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JICHHH, a TaK)Ke HAJMYUE JereHepaTUBHbIX WM He-
KPOTHYECKUX yYacTKOB.

Bo BpeMst MUKpOCKOTIHYECKOT0 aHaIN3a YUUTHI-
BaJIM, B KAKOM COCTOSIHMU IIPEOBIBACT FepMUHATUB-
HBII SMUTENNI CEMEHHBIX KaHaJbLEB, HACKOJIBKO
LeJIocTHA UX Oa3ajbHas MeMOpaHa, U IPUCYTCTBY-
0T 1 OTEYHBIE SIBJICHUS B HMHTEPCTHLUAIBHON
TKaHU. Taxke u3ydanu KpOBEHOCHBIE COCY/IbI, BbI-
sIBIISISL (DaKThl PACLIMPEHUS, TIEPETIOIHEHNST KPOBBIO
WJTH 3aCTOMHBIX SIBJICHHM, ¥ 00paIaid BHIMaHUE Ha
ocobeHHOCTH KJeTOK Jleinura, crnens 3a coxpas-
HOCTBIO MX CTPYKTYypbl. IlonmydyeHHble AaHHBIE 3a-
HOCHJIU B CTIeIMaIbHBIE TPOTOKOJIBI JIJIs TOCIIEeTyIO-
LIETr0 COTOCTABIIEHUS C Pe3yJbTaTaMU KOHTPOJIA, a
TaKKe ¢ MOP(OIOTHIECKON KapTHHOH Y KUBOTHBIX,
noiry4aBmmx 3KcTpakT Taraxacum officinale. Ta-
KOH MOAXO0J MO3BOJIMII OLIEHUThH HE TOJIBKO CTEICHb
TOKCHYCCKOI'0 MOBPCIKACHUSA, HO U HOTGHHI/IEUII)HBIIZ
BOCCTAHOBUTEIBHBIN 3((eKT pacTUTETHHOTO HKC-
TpaKTa.

Pe3ynbTaThl M UX 00CyKIeHHE
Ilpn npoBeneHMH H3KCIEpUMEHTa ObuIa MpO-

aHAJIM3UPOBaHA T'MCTOJIOTHYECKash CTPYKTypa ce-
MEHHHUKOB JIA0OPATOPHBIX JKUBOTHBIX, MOJBEPT-

- 500 pim

LIMXCSI BO3AEHCTBHIO XJIOpUAA KaAMHUS B Pa3HBIX
KOHIEHTpaMsiX (0T MpPEAeiabHO JOMyCTUMOH 10
yIIapHOIi), a TaKKe OTMEYEHO, KaK MEHsJIach MH-
KPOCKOIMYECKas KapTHHA I10CJE AOIOIHUTEIbHOMN
KOppeKInu dKcTpakToM Taraxacum officinale.
[lepBonavansHO, B KOHTpONbHOU rpynne (Pucy-
HOK 1) TIHCTONOTMYECKOE CTPOCHHE CEMEHHHKa
BBITJISIZICNIO  a0CONIOTHO COXPaHHBIM: CEMEHHBIC
KaHAJbLBI B Cpe3ax MMeJIN YETKHE MPaHUILIbl, XOPO-
mo nuddepeHnnpoBaHHbBIC KIIETKH CIIEPMAaTOTCH-
HOTO PsAJa, PacHoiIOKEHHBIE YIOPAJOYeHHO B Oa-
3aNbHBIX B Oonee nuddepeHIpOBaHHbBIX OTAENaX,
a TaKke He OOHAPYKMBAIOCh HUKAKUX TPU3HAKOB
JereHepanuy WM HEeKpo3a JSnuTenus. B Mexka-
HQJIBLEBBIX IMPOCTPAHCTBAX BHU3YAIN3UPOBAIUCDH
HOPMAJIBHO Pa3BUThIE KPOBEHOCHBIE COCYABI, 4bE
IIPOCBETHOE IPOCTPAHCTBO OBUIO YMEPEHHO 3a-
IIOJIHEHO KPOBBIO, U MPUCYTCTBOBAIN KileTKH Jleit-
nura, Mop(hoJIorHsi KOTOPBIX CBUAETENBCTBOBANA 00
oTcyTcTBUM (PHOPO3HBIX HM3MEHEHHWH WM CKO-
IUICHUH BOCHAJIUTENIbHBIX KJIeTOK. [lomo0Has Mop-
(onornueckass KapTUHA MOATBEPXKIasa, YTO CIEp-
MAaTOT€HE3 Yy KMBOTHBIX U3 KOHTPOJIBHOW IPYIIIBI
NpOTEKal IOJHOIEHHO M HHUKAKOTO BHEIIHETO
TOKCHYECKOTO HJIM CTPECCOBOTO BO3JEHCTBUS Ha
TKaHb CEMEHHUKA HE OKa3bIBAJIOCh.

¥

Pucynok 1 — KoHtpossHas rpymma

Korna peus 11a o nepBoit akCriepuMeHTaIbHON
TpyIIe, B KOTOPOH MpUMEHSIACh MPEACIBLHO I0-
mycTuMasi KoureHtpanus xmopuaa kaamus (0,001
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MT/JT), MaKPOCTPYKTYPHO, COTJIACHO THCTOJIOTHYE-
ckoii onenke (PucyHok 2), 3HAUUTETHLHBIX U3MCHE-
HUI B apXUTEKTYpe CEMEHHHKA BBISIBIICHO HE ObLJIO.
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Pucynok 2 — IIpenensHo gomycrumas kontentpanus — 0,001 mr/n

I'mcToapXUTEKTOHMKA U KOHTYPBI CEMEHHBIX Ka-
HaJIbLIEB COXPAHSINCH 0€3 BEIPaKEHHBIX ATOIOTH-
4yecKux npusHakoB. Habmoganucey criepMaToroHus,
CHEpPMATOLMTHI M CIIEPMATH/Ibl Ha Pa3HBIX CTaIUsIX
TG PEepeHINPOBKH, YTO YKa3bIBAJIO HA COXpaH-
HOCTb KaK CIIEpMATOreHe3a, TaK U JeATeIbHOCTU
kieTok CepTroiu, crocoOCTBYIONX HOPMAIbHOMY
XOJly KJIETOYHOI'O IIMKJIAa B KaHalblax. TeM He Mme-
Hee, B UHTEPCTULIMAILHON TKaHU ATOH ke IpyIIbl
ObuUIM 3aMeueHbl HE3HAYMTENIbHBIE OTEUHBIE SBIIC-
HUSL U HEKOTOpbIE PACIIMPEHHbIE COCY[bl, YKa3bl-
BaBIIME HA HAJINYME YMEPEHHON BOCHAIMTEIBHON
peaknuu 1100 Ha MepPBOHAYAIBHBIC CABUTH B TEMO-
LUPKYJIALUH, YTO MOIJIO CIY’KMTh PAHHUM MHJUKa-
TOPOM TOKCHUYECKOT'O BIMSHHSA J1aXKe TaKOM HU3KOHI
Jo3bl kaamust. HecMotTpst Ha To 4To caMm crepma-
TOTEHE3 OCTaBaJICsl MOJHOLIEHHBIM, MOJO0OHAs OT-
€4HOCTh KOCBEHHO CBHJETEIbCTBOBAJIA O TOM, YTO

MHOPOJIHbIC MOHBI KaJMHs y)Ke Hadajld HapyllaTh
MHKPOOKPYKECHUE TKaHel cemeHHuKa. OpHako Je-
TeHepaTUBHBIX U3MEHEHUH B caMUX KJIETKax CIep-
MaTOTeHHOT'O Psijia HEe BBIABISUIOCH, YTO TIO3BOJIHIIO
TOBOPUTH O MMOPOTOBOM aAaNTalMi TKAHEH.

ITpu OGonee BBICOKOM COAEPKAHUM XJIOPHIA
kagmusa (0,01 mr/m), orHocsmeMcst K cyOTOKCHY-
HoM no3e (Pucynok 3), oOrias mopdosioruyeckas
IIEJIOCTHOCTh TKAaHU CEMEHHUKA TOKe He Oblia apa-
MaTHYECKH HapylIeHa, OJHAKO MPOSBISUIUCH HEKO-
TOpbIe YETKO BU3yaTH3UPyEMble N3MEHEHHS, KOTO-
pBI€ OTIINYAINCH OT KAPTUHBI KOHTPOJIBHON I'PYIIITEI
U TpedbLIyInei 103upoBKH. B wacTtHOCTH, coxpa-
HSUJICSI HOPMAJIbHBII CIIepMaTOreHe3, HO yCHIINBA-
JIMCh NMPU3HAKUA OTEYHOCTH U KPOBEHOCHBIE COCYbI
B MEXKaHAJIbLIEBOM IPOCTPAHCTBE CTAaHOBHIIHCH
TOJIHOKPOBHBIMH, HHOTIa 3aMETHO PacUIMPEHHBIMU
U TIePETIOJTHEHHBIMH.

Pucynoxk 3 — Konnenrparus 0,01 mr/n
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ITomobHOE KpOBEHAIOMHEHHE M OTEK CIEAyeT
paccMmaTrpuBaTh KaK PEaKIHI0 Ha PACTYIIUN OKHC-
JIUTEIILHBIA CTPECC, BBI3BAHHBIA KaJMHEM, BEIb
9TOT TOKCHKAHT M3BECTEH CBOEH CIOCOOHOCTHIO
WHAYIIUPOBATHh NEPEKHCHOE OKUCIEHHUE INTTHIO0B, a
Tak)K€ OKAa3bIBaTh HETaTUBHOE BO3JEHCTBHE Ha
SHAOTEIUN CcocyAoB. JIOMONMHUTENBHO HEKOTOPBIE
aBTOphl, m3ydapinue BiusHHe Cd Ha CEMEHHHKH,
YKa3bIBaIH, YTO TIPH OoJiee BBICOKMX KOHIIEHTpA-
LUSIX OH CIIOCOOEH MOAABIIATH ACATEILHOCTh KiIe-
Tok Jlewigura. Hamm HaOmromeHus KOCBEHHO 3TO
MTOATBEPIKJANIN, TIOCKOJIBKY TPUCYTCTBUE IIOTHO-
KpOBUS HEPEAKO KOPPETUPYET C JTOKATHHBIM BOCTIA-
JINTCIIBHBIM HpOHCCCOM nu Hap}/I_HCHI/ICM KJICTOYHBIX
B3aUMOJCHCTBUM. TeM He MeHee, SIUTEIHAIHLHBIC
CTPYKTYpPBI B KaHAJIbI[AX eI COXPaHsIIN 00JIee UK
MEHee HOPMaJbHYIO OpraHM3alHIo:  CIepMa-
TOTOHUU pacroyarainck Ha OazanbHON MeMOpaHe,
CIIEPMATOIUTHI IIEPBOTO U BTOPOTO TMOPsAKA MOXK-
HO OBIJIO pa3NU4WTh B TOJIIE SIUTETHS, a OIImKe
K MPOCBETY KaHAJIBIIEB KOHICHTPUPOBAIHUCH CIIEp-
MaTU/bI C TIPU3HAKAMH (OPMHUPOBAHHS JKIYTHKOB.
B HpOCBCTaX HCKOTOpBIX KaHaJIbIIEB HAXOAUJIUCH
3pesible CIIEPMAaTO30U/Ibl, XOTsI B HEOOJIbIIUX 00JIa-

CTSIX MOTJIA BCTPEYATHCS YYACTKH J€30pPTaHU3AIIUN
SMUTENHS, YTO YKa3bIBAJIO Ha JOKaJIbHBIE (D (PEeKThI
TOKCHKaHTa. B KOHEeYHOM UTOTE, MO)KHO TOBOPUTH O
toMm, 9to 0,01 Mr/m yxe sBIeTCS IOCTATOYHO
3HAYUMOM 0301, CIIOCOOHOH MPHBOIWUTH K TIOSIB-
JICHUIO OTUYETIMBBIX MPU3HAKOB HAPYILICHHS TUCTO-
JIOTUYECKON CTPYKTYpbI, XOTSI U HE BBI3bIBAKOLICH
TOTAJIBHOTO Pa3pyLICHUSI.

B Oomnee BBICOKOW, «ymapHOW» KOHIEHTPAITUU
0,1 mr/n (PucyHok 4), HeraTUBHOE BIIUSTHUE KaJIMUS
Ha THCTOJIOTHYECKYIO OpPraHM3alHI0 CEMEHHHKOB
CTaHOBMJIOCH eImé Ooree oueBUAHBIM. HecMoTpst Ha
COXpaHEHHE B HEKOTOPHIX KaHAIbIaX CIiepMaToreHe-
3a ¥ MPUCYTCTBHE 3PEJbIX CIIEPMATO30HI0B B MPO-
CBETe, B PsJie CIIy4aeB OTMEYAINCh HEKPOTHUECKUE
N3MCHCHUA T'CPMUHATHUBHBIX KIJICTOK, MOABJISAINCH
(hparMeHTHI KJIETOYHBIX SIIEP, a TaKKe POpMHPOBa-
JMCh HEMPaBWIbHBIE KOHTYPHI KaHAIBIEB C JIE30P-
raHU30BAaHHBIMH CIOSMU DIUTENHUI. ITO YKa3bIBaJIo
Ha TO, YTO MMPH BBICOKO# 103upoBke Cd TOKCHUECKHit
a¢dekT peanmusyercs yepes rudelib KISTOK CriepMa-
TOTEHHOTO Psifia WU 33 CYET MOBPEKICHHUS KICTOK
CepTOH, OTBETCTBEHHBIX 32 OOECIIEYCHHE CTPYK-
TYPHOH OpraHu3aliK U TPOPUKH.

Pucynok 4 — Konnentpanus 0,1 mr/n

B nonosnHeHue Kk 3TOMY BBIABIISIIOCH U HEKO-
TOPOE CHW)KEHUE YHCia MOJHOIEHHBIX CliepMa-
TO30MJIOB B NOBPEXIAEHHBIX KaHAJbLAX, a TaKKE
CUJIbHBIA OTEK B MEXKKAHAJIBIIEBOM IPOCTPAHCTRBE.
[Jerenepanus 30UTEIUATBHBIX KJICTOK U U3MCHEHHE
(hopMBbI KaHAIBIIEB COMPOBOXKAAIICH BbIMAeHUEM
KJIETOYHBIX KOMIUIEKCOB B TpocBeT. CommyTcTBYy-
folmasi morepst kietok Jlelaura XoTsa U HE HOCHIIA
TOTAJBHOT'O XapaKTepa, HO, BO3MOXKHO, IPUBOJMIA
K MIOHUKEHHOM CEKpeLUU TECTOCTEPOHA, YTO MOTJIO
YCHJIUBATh OOIIME PEIpPONyKTHBHBIC HApPYIICHUSI.
CunpHOE pacHIMpeHHe W CTYIIEHHE KPOBEHOCHBIX
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COCY/IOB, a TaKXe IOBpeXAeHHEe Oapbepa KPOBb-
TECTUC W KPOBBL-IHIAIUMHUC CO3/IaBaId MOPGOII0-
THUYCCKHUC MPEAINNOCBUIKA JJId NIIEMUN CCMCHHUKOB,
BCJIEICTBHE KOTOPOH, MO JAHHBIM JPYTHUX UCCIEN0-
BaTeliel, MPOUCXOIUT HEKpo3 U Oosee oOmIMpHEBIE
HapyImeHus cuepmarorenesa. [loqo0HbIe CTPYKTYp-
HBIC CABUI'M YKa3bIBalOT Ha TO, YTO yAapHas 103a
KaJMus IpoBOHUPYET CUCTCMHOC HAPYHICHUC MH-
KpOLUPKYJIALNH, THu0eIb KIETOK ", KaK CJICICTBUC,
HEraTuBHO CKA3bIBACTCA Ha (bepTI/IJ'H)HOCTI/I.

ITocie Toro Kak 4acTh >KUBOTHBIX noABepriachb
BO3IEHCTBMIO DKCTpakTa Taraxacum officinale,



A K. xymaranuesa, 3.5. Tynrymbaesa

ObUTM OTMEYEHBI WU3MCHEHHSI B THUCTOJIOTHYCCKOU
CTPYKTYpE CEMEHHHMKOB, CBHUJCTEIBCTBYIONIHE O
ONaronpUsATHON JUHAMHMKE M YaCTUYHOM BOCCTa-
HOBIICHHH Mopdonoruu. Ecim roBopUTh 0 KUBOT-
HBIX, TIOJYYaBIIUX TPEICIHHO JIOMYCTUMYIO KOH-
ueHTparuto kaamus (0,001 mr/n) ¢ mocnenyromeit
KOPpEKIHel SKCTpakToM ofyBan4rka (PucyHok 5),
TO THUCTOJOTHUYECKass KapTWHA JEMOHCTPUPO- Baja
MOYTH  MOJHYI0  HOPMAIHM3AIUI0  CTPYKTYPHI
CEMCHHBIX KaHaiblleB. CriepMaToreHe3 OcTaBaycs
COXPaHHbBIM, KJICTKH CIIEPMATOTCHHOT'0 psijia YET- KO
I QepeHunpoBaInuch, a OTEYHBIC SIBJICHUS B
MEKKaHAJIBIEBOM IPOCTPAHCTBE JHOO WCYE3IH,
n100 OBbUIM HACTOJBKO HE3HAYHTENBHBI, YTO HE
MOTJIM PAacIeHHBAThCA KaK BBIPAKCHHOE IMaTo-
jgorudeckoe u3MmeHenue. Cyns 1O BCeMy, aHTH-

OKCHIaHTHasT akTUBHOCTH Taraxacum officinale,
3aKJTIOYAIONIAsACS B HEHTpamM3alul CBOOOIHBIX
paavKaloB M CHIDKCHMM BOCHAJCHHS, CIIOCO0-
CTBOBAJa TOMY, YTO Jak€ NPH HAJTMYUHA TOKCH-
yeckux 7103 Cd opraHu3M >KMBOTHBIX CMOT Ooliee
3¢ (PEKTHBHO BOCCTaHABIMBATH MHKpPOCpENY BHY-
TPU CEMEHHHMKOB U IOJJICPKNUBATh (PYHKINOHAIB-
HocTh Knerok Jleiaura, CepToian M TeépMHUHATHB-
HOTO SIHUTEIHSL.

Bo BTrOpoM ciydae, TO €CTb y KpBIC, ITOJIBEPT-
muxcst cyorokcuueckoit goze (0,01 mr/i) m BHo-
CJICZICTBUH INPOJICYCHHBIX 3KCTPAKTOM OTyBaHUMKa
(Pucynok 6), cuTyalus TOXe 3HAYUTENIBHO YIyd-
mranach, OJHAKO 3/IeCh COXPAHSIICS HEOOIbIIOH BbI-
pa)XEHHBIN OTEK, TPUCYTCTBOBABIIHNI B MEKKaHAIb-
LIEBBIX [TPOCTPAHCTBAX.

Pucynok 6 — Cy6rokcuynas no3a — 0,01 mr/i nocne koppekuun Taraxacum officinale

81



Koppekius Taraxacum officinale rucromopdosornikux n3MeHEHHH CEMEHHUKOB BBI3aHHBIX XJIOPHIOM KaIMHsI

3aMeTHass OTEYHOCTb, BEPOSITHO, CBHUIETEIb-
CTBOBAJIa O TOM, YTO HAKOIUICHHBIA KaJMHH BBI-
3Bajl OoJiee CHIIbHBbIC M3MEHEHHSI COCYHCTON Mpo-
HUIIAEMOCTH U MHTEPCTHLHAIBHOTO TOMEOCTa3a, U
9TH IPOLECCH] HE IO KOHIIA HUBEIUPOBAINCH JTaXKe
MIpU BBEJICHUM PACTUTENILHOTO 3KCTpakTa. Tem He
MEHeE, CaMO CTPOCHHE CEMEHHHKA IO-TIPEKHEMY
OCTaBaJ0Ch JIOCTaTOYHO COXPAHHBIM: B KaHaJIbLaX
HaOJr01aICs IOJIHOLIEHHBIH CIIepMaTOreHes3, pa3Hu-
11a 110 CPAaBHEHHIO C KOHTPOJIEM CBOJMIIACH B OCHOB-
HOM K KOJINYECTBEHHOMY YBEIUYECHUIO TIOJTHOKPOB-
HBIX COCYZOB, COINPOBOKIAIOIIEMYCS YMEPEHHOH
HHUIBTpael MO0 3aCTOHHBIME SIBJICHUSIME. B

Spax KIETOK CIIEPMaTOTOHUH M CIIEPMAaTONUTOB He
HaOII0Aa7I0Ch TPYOBIX HEKPOTHYECKUX U3MEHEHUH,
YTO TIO3BOJSECT MPEANOIOKUTh, 4TOo Taraxacum
officinale oxa3piBan BBIpaKEHHBIN 3AIUTHBIA (-
(exT, OJIHAKO TIOJTHOE BOCCTAHOBJICHHE TPeOOBaIo
6o Gosiee MPOAOHKUTEIILHOTO BpEMEHH, JTH00 00-
Jiee BBICOKOH JT03BI CAaMOTO SKCTPAKTA.

Hakonen, B rpynmne ¢ «yaapHoOi» T03UpOBKOI
kaamusi (0,1 mr/i), Ho mpore et Kype KOppeKIuu
¢ ucnosib3oBanueM Taraxacum officinale (PucyHnok
7), TaKkkKe BBIABISIIOCH yIy4dlIeHHe Mopdosioruye-
CKOH CTPYKTYPBI 110 CPAaBHEHUIO C )KUBOTHBIMH, I10-
JyYaBIIUMH KaJMHH 0€3 KOPPEKIUH.

Pucynok 7 — Y apuast 1o3a — 0,1 mr/n mocne koppekuuu Taraxacum officinale

B OonbimHCTBE KaHaublEeB HabIOAanIach Co-
XpaHHas OpraHu3alusl S3IUTENINs, PErucTpUpoBa-
JIICh BCE OCHOBHBIE THUIIbI KJIETOK CIIEPMATOI€HHOT'O
psna, a kinetku CepToiH BBITIISIIENN LEJIOCTHBIMU H
Mopdosorndeckn  MONHONEHHBIMH.  KonmuecTBo
HEKPOTH3HPOBAHHBIX KJIETOK, PaHEE OIMCAHHBIX,
OBIIO 3aMETHO MEHbIIE, a IMPOCBETHI CEMEHHBIX
KAaHAJIBLEB COJEpPXKaIU 3peiible CIIEPMATO30M /bl
B JIOCTAaTOYHOM KOJIMYECTBE, YTO YKa3blBajO Ha
[O3UTUBHBIE HM3MEHEHUsI B TIaMeTOO0pa30BaHUM.
OnHako, ecny CpaBHUBATh 3TOT PE3YJIbTAT HEMO-
CPEICTBEHHO C HOPMOH (KOHTPOIBHOM IpyNIoii), TO
OCTAaBAINCh HEKOTOPBIE IPU3HAKU HapyLIEHUs
LUPKYJSIUA U OCTATOYHOTO BOCHAJICHHS B WHTEP-
CTHLIMAJIBHOW TKAaHHU, B YACTHOCTU MHOI/Ia OTMEYa-
JUCh €IBa Pa3lWYMMBbIC AJIEMEHTHI JCCTPYKLHH B
SMHTENNH, & MEJIKHE COCY/Ibl MOTJIN OBITh HECKOJIb-
KO pacmupeHHbIMU. [Ipn 3TOM OTEK OBLT BBIpaXKEH
B MEHBILICH CTENIeHH, YeM 0e3 KOPPEKIIKH, HO TeM HE
MEHee He ITOJIHOCTBIO UCUe3all Y OTJEIIbHBIX 0CO-
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Oeil, 4TO coryacyercst ¢ MPEIIIOIOKEHUEM O COXpa-
HEHUHU YaCTH TOKCHYECKHX 3(P(EKTOB IpH J0CTa-
TOYHO CWJIBHOM Hayajle UHTOKCUKaluu. Bcé BmecTe
yKa3bIBaJIO Ha TO, YTO IKCTPAKT OJJyBaHYHMKA, XOTS U
CMsITYal TIOBpeXIarolee JIeHCTBHE MeTallia, HO Ha
MOJIHOE BOCCTAHOBJICHHE NPHU YAApHOW 03€ Tpe-
OoBasicsi OONBIINK BPEMEHHOW TPOMEXKYTOK JIHOO
KOMIUIEKCHAST TePaITHsI.

Cremyer ynoMsiHyTb, YTO TIPH OLIEHKE OOIIEro
COCTOSIHUSI ’KMBOTHBIX, TOMHMO THCTOJIOTHYECKO-
ro aHalln3a, YYUTHIBAIHNCh U BHEITHUE XapaKTepH-
CTUKH: Yy KpBIC, ITOJYYaBIIMX SKCTpakT Taraxacum
officinale, Habmroanoch yBenuyeHne Macchl Tela
yJy4lIeHHe BHEIIHEero Bujaa (OKpac MIEPCTH CTa-
HOBWJICSI 0OJIee CBETIIBIM M POBHBIM, JBW)KCHHS —
Ooyiee akKTHBHBIMH). DTO, C OJHOH CTOPOHBI, yKa-
3bIBaCT Ha CHUCTEMHBIH (PPEKT IKCTpaKTa KaK Ha
AQHTUOKCHJIAHT, CIOCOOCTBYIOIIUI  TIOBBIIICHUIO
00IIero ToHyca, a C JAPYrod CTOPOHBI, MOXKET OT-
paaTh CHIDKCHHE TOKCHYECKOTO BO3JICHCTBUS



A K. lixymaranueBa, 3.b. Tynrymo6aesa

KaJIMUsI Ha BHYTPCHHHE OpTaHBI, B TOM 4YHCIIC Ha
NEYCHb U TOYKH, O YEM HEOJHOKPATHO COOOIIANN
NpebIAYIIHe aBTOPbI, paboTalonHe ¢ STUM TOKCH-
KaHTOM. Bo3MO>kHO, yiydrenue (yHKINOHATBHBIX
HOKa3aTesei IeYeH , B 9aCTHOCTH, CBsI3aHO ¢ Ooiee
OBICTPON MHAKTHBALIMEH TOKCHYECKUX TPOYKTOB U
Oomee 3 ¢heKTHBHBIM BOCCTAaHOBJIICHHEM MeETa0o-
JMYECKUX MPOILECCOB, YTO B UTOTE MOJOKHUTEIHLHO
CKa3bIBACTCS U HA PETIPOTYKTUBHOM CHCTEME.

BaxHo Takke OTMETHTh, YTO MEXaHM3M, Yepe3
kotopsIit Taraxacum officinale mor nposiBisITE cBOM
3aIlIUTHBIE CBOWCTBA, CBA3aH C HAJIWYHEM B €TO CO-
CTaBe AaHTHOKCHUJIAHTHBIX COCAMHEHUI (HampuMmep,
(1aBOHOMIOB, )EHOJBHBIX KUCIIOT), & TAKXKE C TIPO-
THBOBOCTIAJIUTEIILHEIMUA KOMIIOHEHTAMH, CHIDKAIO-
HIMMHU CEKPEIHIO MPOBOCTIANTENBHBIX IIMTOKWHOB.
B coueranuu ¢ 3THM MONOKUTEIbHBINH 3 dHEexT Mo-
JKEeT OBITh O0YCJIOBIEH CIIOCOOHOCTHIO IKCTPAK- Ta
MOJ/ICP’KUBATh HOPMalbHBIE OOMEH BEIECTB B
KieTkax Jlefianra, TeM caMbIM CIIOCOOCTBYS CO-
XPaHEHUIO YPOBHS TECTOCTEPOHA U MPEAOTBpa- IIast
michyHkouo  crepounporene3a.  CoxpaHeHHe
CTEPOHIOT€HHOM (PYHKIINH KPUTHICCKH BOKHO IS
MOJIepKaHMs CliepMaToreHe3a, Tak Kak MyK- CKHe
HOJIOBBIE TOPMOHBI ONPEIEINSIOT HPOIYKIHIO M
CO3pEBaHKE CIIEPMATO30H/IOB, & TAK)KE BIHUSIOT Ha
akTUBHOCTh KJeTok Ceptonu, (opMupyrommx
reMaTo-TeCTHKYIISIpHBIH Oapbep. B smteparype
BCTPEYAIOTCS JaHHBIE, YKa3bIBAIOIINE, YTO UIMEHHO
Onaromapst moIepkKke KieTok Jleiura HeKoTopbie
(GuTOCOCAMHEHUSI MOTYT NPEMATCTBOBATH PE3KOMY
YCHETEHUIO CIepMaToreHe3a IpH HHTOKCUKAIMN
TSOKENBIMU  MeTaylaMu. HaOmronmaBmvecst y Hac
yIy4iIeHust MOpQOJIOTHU B TPYIINAx, MOTyYaBIIUX
9KCTPAKT, MOJATBEPKIAIOT JAHHYIO THIIOTE3Y, XOTS
MOJIHOIM HOpMaJM3alnu, 0cOOEHHO ITPH HaWBBICLIEH
J103€ KaJMUsi, He TIPOUCXOJIUIIO.

CyMMHUpYsT pe3yJIbTaTbl, MOKHO YTBEPXkIaTh,
YTO HU3KHME KOHIeHTpanuu xiaopuaa kaamus (0,001
MTI/I) BBI3BIBAIOT JIMIIb Ha4yallbHbIE IPHU3HAKU
CTPECCOBOI'O BO3ACHCTBHS HA TKAaHb CEMEHHMKA, B
OCHOBHOM BBIPXKAIOIIHECs B HEOOJIBIIOM OTEKE U
pacmpernn cocynoB. [Ipu 3ToMm criepMaTorenes
NPOJIOJDKAET MPOTEKATh OTHOCHUTENFHO IOJIHOLICH-
Ho. Opnnako yxe npu o3¢ 0,01 mr/in Hab0 Jar0TCS
OoJiee 3aMeTHBIC U3MEHEHUSI, BKITFOYAIOIIHNE TIOTHO-
KpPOBHE COCYJIOB, AaKTHBAIMIO BOCHAIUTEILHBIX
IPOLIECCOB, A B YACTH KAHAJBIIEB — JIOKATBHYIO Je-
CTPYKLHMIO TEPMUHATHBHBIX KICTOK. YAapHas 1032
0,1 Mr/m 3HAYUTENFHO YCHUIINBAET MATOJIOTHYECKUE
HPOLIECCHI, YTO HPOSBIACTCS BBIPAKEHHBIMU OYa-
raMM HEKpo3a, Ae30praHu3aldeil SIUTeNns, Hapy-
meHneM (GOopMBbI CEMEHHBIX KaHAJBIIEB M BO3MOXK-
HBIM CHH)KEHHEM OOIIET0 YPOBHS CIIEPMATO30U0B.

Koppexrmus axctpakTom Taraxacum officinale oka-
3BIBAET MOJIOKHUTENBHBIN 3(h(heKT Bo Bcex TpEX ciIy-
Yasx, HO MPU HU3KHUX J103aX KaJMUS TKaHb CEMEH-
HUKa BOCCTAHABJIMBACTCS MPAKTHYECKH 10 HOPMBEI,
TOTJa KaK MpH 0oyiee BHICOKUX TO3UPOBKAX BCE e
COXPAHSIOTCS OCTATOYHBIC MOBPEXKICHHUS WIH OT-
&unple sBieHUs. CleOBATENBHO, DKCTPAKT yIIyd-
[I1aeT MUKPOLUPKYJISIUIO, CHIKAET BEIPaKEHHOCTD
OKHCIIUTENIBHOTO CTpecca W 3aMeJUIIeT pa3BUTHE
HEKPOTUYECKHUX TPOIIECCOB, OAHAKO MOIHOTO MO/1a-
BJICHUSI TOKCHYECKOT'O ISHCTBHSI IPU SKCTPEMAILHO
BBICOKHX KOHIIGHTPAIUAX TOCTUYh HE yJIAIOCh.

[Ipu aTOM HaOOANACH HE TOJIBKO MOP(]OII0-
rUyecKas, HO ¥ BHEUIHSS, TOBEJCHYECKAS TOJIOKH-
TeJbHAsl AMHAMUKA: KPBICHI JTydllle HaOWpaiu Bec,
ObUTK OoJiee aKTUBHBI, UTO JIMIIHUHN pa3 CBUIETEIb-
CTBYET O KOMIUIEKCHOM OJIATOTBOPHOM BIIMSTHUH
IKCTpaKTa OAyBaHUYMKa. Ha OCHOBaHWHU YIIOMSHY-
ThIX JAHHBIX MOKHO NPEAIOI0XKUTh, UYTO Taraxacum
officinale B orpeenénnoit Mepe 3aIuInaeT reMaro-
TECTHKYJISIPHBIA Oapbep, CTaOHIN3UpyeT (yHKIHIO
knetok Cepronu u Jleiiinra, a Tak:ke ciocoOCTBYeT
COXPAHEHUIO CTPYKTYPHI SITUTEINUS KaHATBIEB, YTO
MPEMSTCTBYET KPUTUIECKOMY CHUYKEHUIO (PepTHITh-
HOCTH. DTH BBIBOJIBI COTJIACYIOTCS C pe3yJIbTaTaMu
HEKOTOPBIX HCCIIeIoBaTeNel, KOTOPbIe HCIIOJIb30-
BaIM Pa3JIMYHbIC PACTUTENbHBIC AHTUOKCHAHTHI
JUTSL KOPPEKITUH METAJUIOTOKCUKO30B M COOOIIAI O
CXOXKUX IOJIOKHUTENBHBIX pe3yibTaTaXx Ha YPOBHE
THCTOJIOTHH.

[TockonbKky W3y4deHHE OTAEIBHBIX KOMIIOHCH-
TOB 9KCTpaKTa OJyBaHYMKA [TOKA3BIBAET UX CIIOCO0-
HOCTh TOJIABIISITH IEPEKUCHOE OKUCIICHHE JTUITH/IOB
Y TIOBBIIIATh AHTUOKCUIAHTHBINA TIOTEHITHA, TIPEJI-
M0JIaraeTcsi, YT0 OHU MOTYT OJOKHPOBATh MIIHM 3HA-
YUTEJIIBHO YMEHBIIATh OBPEkKACHUS, BbI3bIBACMBIC
AKTUBHBIMH (POPMaMHU KHCIOPO/Ia, TEHEPUPYEMBIMH
kajmueM. [Ipr 3TOM BO3MOXKHBI U JIpyTrUe MEXaHH3-
MBI IPOTEKIMHU: B YACTHOCTH, CBSI3bIBAHHE KaIMUSI 1
BBIBEJICHHE €r0 M3 TKaHEW, a TakkKe MOJYJISIUs
MMMYHHBIX KJIETOK, KOTOpas MpeIoTBpallaeT H3-
ObITOuHOE BOcHajlieHHMe B uHTepcTHuuH. llomHoe
MOHUMAaHNE MOJIEKYJSIPHBIX ITyTel TpeOyeT JA0mod-
HUTEJIbHBIX OMOXMMUYECKUX MCCIEIOBaHUH, OJIHA-
KO MOpP(OJIOrHYECKHE W BU3YyaIbHbIC IAHHBIC SBHO
MOJITBEPIKIAIOT, YTO OJyBAaHYMK SIBIISiETCS (UTOC-
PEICTBOM C BBIPA)KEHHBIMHU TOHAIONIPOTEKTOPHBIMHU
CBOICTBaMU.

Tem cambIM 00mIast KOHIEMIHS MPOBEAEHHBIX
9KCTIIEPUMEHTOB AEMOHCTPUPYET, YTO XJIOPUI Kai-
MHSI OKa3bIBaeT TOKCHYECKOE CHCTBHE HAa TKaHb
CEMCHHHUKOB YK€ B OTHOCHTEJIBHO HHU3KHX J103aX,
a MpH HapallMBaHWU KOHIIEHTPAIMY HAHOCUT 3Ha-
YUTETHHBIN yIiepO criepMaTroreHe3y, BhI3bIBAs He-
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KpO3 OT/ICIBHBIX YUACTKOB, IETC€HEPAITHIO SITUTEIHUS
¥ BO3MOXKHOE TaJicHue (PepTWILHOCTH. BBeneHue
ke aKkcTpakTta Taraxacum officinale cmsrdaer He-
TaTHBHBIE TPOIIECCHl M YaCTHYHO U MPAKTHYECKU
MOJIHOCTBI0 BOCCTaHABIIMBAET HOPMAJILHYIO TUCTO-
JIOTUYECKYI0 KapTHHY, B 3aBUCHMOCTH OT YpPOBHS
WHTOKCHKAIIMK. YMECTHO I0JIarath, 4TO JaHHAs
TEeHJCHIINA K BOCCTAaHOBJICHHIO WMena Obl Ooiee
BBIPQKEHHBIN XapakTep MpH Oosee TO0ITOCPOTHOM
BBEJICHUM IKCTPAKTa JIMOO MPHU JIOTOJHUTEIHBHOM
KOMOMHHMPOBAHUN €T0 C JPYTHUMH TPUPOIHBIMHU
AHTUOKCHIAHTaMHU.

Hecomnenno, B ganpHEHIIEM IMOHAT00STCS
WCCIIeIOBAHNS, HAIPaBJICHHbIE HAa YTOYHEHHWE OIl-
TUMaJIBHBIX JI03 3KCTPaKTa, MPOJOJIKUTECILHOCTH
TepalMi M MEXaHHCTUYECKOrO0 OOOCHOBaHHUS €ro
3amuTHOTO A dekra. OgHaKO yKe ceiyac sICHO, 4TO
no3za 0,001 mr/n xmopuma KaaMmus MOBpPEXIa- €T
CEeMEHHHMKHM HECHJIbHO, TMO03Boysist Taraxacum
officinale BoccTanaBnuBaTh MOP(HOJIOTHUECCKYIO
KapTUHY [TPAKTUYECKHU JI0 KOHTPOJIBHOIO YPOBHS, a
mpu 0oJee BBICOKMX JO3WPOBKAX KOPPEKIHS He
CTOJIb TOTAJIbHA, XOTS 3aMETHO CHUYKAET BBIPAIKEH-
HOCTh HEKpO3a U BOCIHAJCHHUA. DTO JAaET IMIMPOKHUE
MIEPCIIEKTHBHI I TIPUMEHEHHs OJyBaHYHMKa B Ka-
YEeCTBE BCIIOMOIaTeIbHOIO CPEJICTBA MPH JICTOKCH-
Kallud OpTaHW3Ma W 3alUThl PENPOJTYKTUBHOW CH-
CTEMBbI.

3akioueHue

ITpoBenéHHOE HCCaE0BAHKE BBISIBUIIO, YTO BO3-
JICCTBUE XJIOpH/IA KaJMHUSl HA TKAHb CEMCHHUKOB
71a00paTOPHBIX KUBOTHBIX MPUBOJUT K PSIY MOp-
(donornuecKkrx HM3MEHEHHH, 3aBHCALIMX OT JI03H-
POBKHM TOKCHKaHTa. MHUHHMaibHass KOHIIEHTPAIUSL
(0,001 wmr/m), x0T ¥ HE BBI3BIBAECT BBIPAKCHHBIX
CTPYKTYpPHBIX HapylIEHHH, BCE K€ MPOBOLUPYET
HeOoupIIre OTEUHBIC SBICHUS M TEHACHIMIO K pac-
HIMPEHUI0 KPOBEHOCHBIX cocynoB. CyOTOKCHYHAs

no3a (0,01 Mr/m) ycunuBaet HeTaTUBHBIC SIBJICHUS U
MOJKET BBI3bIBAaTh JIOKAJBHYIO J1€30pTaHU3AIHIO
TepMHHATUBHOT'O AIUTENNS U 00Jiee 3aMETHBIN OTEK
ME)KKaHaIbLIEBBIX MPOCTPAHCTB. YAapHas [103a
(0,1 Mr/;m) mpuBOANUT K (OPMUPOBAHHIO HEKPOTH-
YECKMX YYacCTKOB, JACCTPYKIHHU KIETOK CIepMaTo-
TEHHOTO PsAZa U aHOMAIIUSIM CTPYKTYPhl CEMEHHBIX
KAaHAJIbLEB, YTO MTOTEHIMAIBHO IPO3UT CEPbE3HBIM
CHIDKCHHEM (QepTHIbHOCTH. BBeneHHe sKCcTpakTa
Taraxacum officinale crmoco6cTBOBaO BOCCTaHOB-
JICHUIO HOPMAaJIbHOH THUCTOCTPYKTYPBI M CHHIKAIIO
BBIPOKEHHOCTH TMATOJOTMYECKUX TPOLIECCOB, 0CO-
OeHHO TIpH OoJiee HU3KUX J103aX KaJMHUA, KOTJa 00-
HapYKUBAJIOCh MOYTH MOJTHOE MCUE3HOBEHHE OTEKA
1 COXpaHEHHUE CIIEpPMATOreHe3a Ha BBICOKOM YPOBHE.
[Ipu cambix BeIcOKMX mo3upoBKax Cd pactutens-
HBI DKCTPAKT 3aMETHO OCHAOJISUIT MOBPEKIAIOIIIE
3¢ dekThI, ofHAKO HE 0OecrednBal CTOMPOIIEHTHO-
T'O BO3BpallCHHA TKAaHU K KOHTpOJ'IBHOﬁ HOpME, 4TO
MOKET TOBOPHUTH O CHIIBHOHN TSKECTH TOKCHYIECKOTO
BozfeiicTBust. Takum 00pa3oMm, TpUMEHEHHE HKC-
TpakTa OJYBAHUMKA JEMOHCTPUPYET SIBHBIM TOHa-
JONPOTEKTOPHBIA MOTEHIMAN, KOTOPbIMA, MO BCEH
BUJINMOCTH, peau3yercsi Onarojiapsi aHTHOKCH-
JAHTHBIM M TPOTHBOBOCHAINUTEIILHBIM CBOMCTBaM,
a TaKke BO3MOXXHOMY CTHUMYJIMPOBAHHUIO JESTEIIb-
HocTH KileTok Jleiaura. JlaHHOE wuCCien0BaHue
MOTYEPKUBAET aKTyaJbHOCTh pa3paboTku ¢urore-
pamneBTUYECKUX TIOAXOJOB K KOPPEKIMH METalIo-
TOKCHKO30B M HOATBEP)KAAET, YTO, NOMUMO CHH-
KEeHHsl OOILEro YpOBHSI OKHUCIIMTEIBHOIO CTpecca,
skcTpakT Taraxacum officinale coxpansier cTpykTy-
Py U (QYHKLIHUIO CHEpPMATOr€HHOTO BIUTENUS JaxKe
IIpY HAJIMYWHU BBIPAKCHHBIX IPU3HAKOB MHTOKCHUKA-
UM,

baarogapHocTh, KOHQJIUKT HHTEPECOB

YKaknuTe HCTOUHUKN (PUHAHCUPOBAHUSA U IPY-
T'He B3HOCHI, 0JIar01apHOCTH, KOH(IMKT HHTEPECOB.
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BUOANTYAHTYPJIINIK XXOHE
OCIMAIK AYPVJIAPbIHA KAPCbI KYPEC:
XXYTEPI AAKbUTAAPDBIHbIH TO3IMAIIIH APTTbIPY TOCUIAEPI

Xyrepi — ayHuexysinik asblK-Tynik Kayinci3airiH KaMTamacbl3 eTeTiH Heri3ri gakblnaapabiH 6ipi.
XyrepiHiH 6uoanyaHTypniniriH caktay YyWiH A3CTYpni cenekums sAaiCTepiH Monekynanbl reHeTMKaMeH
yrnecTipy, TyKblM 6aHKTEpiH KeHeNTy oHe depMepnepain BinikTiniriH apTThipy KaxxeT. by asbik-
TYNiK Kayinci3airiH KaMTaMachI3 eTyre »aHe KMMaTTblK e3repictepre 6eriMmaenyre MyMKiHaik 6epeai.
2023 xbinbl Xyrepi cypfiemi ankantapbiHAa KybIKTbiH nacTtaHybl (Ustilago zeae) MeH arpoeHimainik
KepCEeTKIWTEPiHiH TYPaKTbIMbIFbIH 3epTTey MakcaTblHAa 12 ynarire KOMMAekcTi Tangaybl Xyprisingi.
HaTwxenep 60MbIHIIA aypy aybIpsbIFbIHbIH, Yrifep apacbiHAa aTapbiKTan avibipMalubinbikTap (p <
0,001), coHbIMeH KaTap aypyfa Te3iMAINIKTIH XOFapbl TYKbIM Kyanaywbiiblk nHaekci (HbZ = 0,82)
aHblKkTanabl. ©cimaik 6umikTiri 182-330 cm apanbiFbiHaa e3repgi, e 6uik 4 yari (TypaH 680 SV, TypaH
480 SV, KasakcTtaHckuit 700 SV, KasakcTtaHckuit 705 S0) GeniHai. Ustilago zeae-re TesiMainik 6oMbIHLLA
yhrinep eki Tonka 6eniHai: 5 ynrine ete ancis 3ananaany (1% Aenin) xaHe 7 yarige anci3 3anangaHy
(1-10%). 1000 gsHHIH Maccackl 226—330 r apanbiFbiHAA, €H XXOFapFbl eHiMAiNik AnTtan 250 MV (330
r) »xoHe ByaaH 237 MV (310 r) ynrinepiHae 6aikangbl. 3epTTey HITWXKeNepi Xyrepi cenekumscbiH
XKETINAIPY XXoHe aypyMeH KypecyaiH TMiMAi agictepiH a3ipney 6arbiTTapbiHa Heri3 60nbin Tabblnagwl.

TyHiH ce3pep: XyrepiHiH 6uoanyaHTypniniri, ycroumsoctb, 1000 ASHHIH Maccachkl, acTbik
eHimMainiri, cunaTramManblk CTaTUCTUKA.

B.T. Raimbekova*, A.A. Sartayeva, L.E. Anuarova, E.M. Imanova,
M.Kh. Parmanbekova, A.Sh. Sarsembayeva
Kazakh National Women’s Pedagogical University, Institute of Natural Sciences, Almaty, Kazakhstan
*e-mail: nyrasil@mail.ru
Biodiversity and plant disease management: methods
to increase the resistance of corn

Maize is one of the main crops that ensures global food security. To preserve maize biodiversity, it is
necessary to combine traditional breeding methods with molecular genetics, expand seed banks and im-
prove the skills of farmers. This will ensure food security and adaptation to climate change. To study the
resistance of bladder wrack (Ustilago zeae) infestation and agronomic performance indicators in maize
silage fields in 2023, a comprehensive analysis of 12 accessions was carried out. The results revealed
significant differences in disease severity between accessions (p < 0.001), as well as a high heritability
index of disease resistance (HbZ = 0.82). Plant height varied from 182 to 330 cm, among which the 4
tallest specimens stood out (Turan 680 SV, Turan 480 SV, Kazakhstan 700 SV, Kazakhstan 705 S0). The
samples were divided into two groups according to the degree of resistance to Ustilago zeae: 5 samples
had very slight damage (up to 1%) and 7 samples had slight damage (1-10%). The weight of 1000 grains
was 226-330 g, the highest yield was noted in the varieties Altai 250 MV (330 g) and Budan 237 MV (310
g). The research results create a basis for improving corn breeding and developing effective meth- ods
for disease control.

Key words: corn biodiversity, resistance, 1000-kernel weight, grain yield, descriptive statistics.
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BroaryanTypiiiik ’oHe eCiMAIK aypyapblHa Kapchl KYPec: KYTrepi JaKbULAAPBIHBIH TO3IMIUITIH apTTHIPY Tocliepi

b.T. PanmbekoBa*, A.A. CapTaeBa, J1.E. AHyapoBa, 3.M. MaHoBa,
M.X. NMapmaH6ekoBa, A.LLl. CapcembaeBa
Kasaxckuit HaUMOHaNbHbIN KEHCKMI NeaarorMyeckuii YHUBEpCUTET,
MHCTUTYT ecTecTBO3HaHuA, Anmatbl, KasaxcraH
*e-mail: nyrasil@mail.ru
BuopasHoobpasue u 6opbba c 60n1e3HAMMU pacTeHuil:
MeToAbl NOBbILLEHUS YCTONUYUBOCTU KYKYPY3bl

KyKypy3a — 0A4Ha 13 OCHOBHbIX KynbTyp, obecneunsaroLmx MMpoBYIO NPOAO0BOSbCTBEHHYO 6e30-
MacHOCTb. [Ins coxpaHeHns 6ropasHoobpasuns KyKypy3bl HEO6XOAMMO CoYeTaTb TPaANLIMOHHbIE METO- Abl
cenekumm € MOJIEKYNSIPHON MeHETUKOM, paclumMpsiTb CEMeHHble 6aHKM M MOBbIWATb KBanMdUkaumo
depmepoB. IT0 0becneunT NpoAOBONbCTBEHHYIO 6€30NacHOCTb M adanTauMio K U3MEHEHUIO KMMaTa.
[nsi 3yyeHusi yCTOMYMBOCTU 3apaxkeHunst pykycom ny3bipyatbiM (Ustilago zeae) u arpoHOMUYeECKmX
nokasarenei ahheKTUBHOCTU Ha NOMSX KyKypy3HOro cunoca B 2023 roay 6bin NpoBeeH KOMIieKc-
HbIli @aHanu3 12 06pasLoB. Pe3ynbTaThl BbISIBUIM 3HAYMTENIbHbIE PA3NUNs B TSHKECTU 3abonieBaHus
mMexay obpasuamm (p <0,001), a Takke BbICOKMIA MHAEKC HACNeayeMOCTU YCTOMYMBOCTU K 60M1e3HAM
(H,Z = 0,82). BbicoTa pacTeHuit BapbupoBana oT 182 o 330 cM, cpean KOTOpbIX BbIAENSNNCh 4 caMblX
BbICOKMX 3k3emnnspa (TypaH 680 SV, TypaH 480 SV, KasaxcraH 700 SV, KasaxctaH 705 S0). O6pa3upbl
6bln pa3aeneHbl Ha ABe rPynmbl Mo CTENEHU YCTOMUMBOCTU K Ustilago zeae: 5 06pa3LoB nMenu o4YeHb
cnabble nospexaeHns (Ao 1%) n 7 obpasuos umenu cnabole nospexaerHus (1-10%). Macca 1000
3epeH cocTtaBusia 226—-330 r, HanbosbLIasi ypoXKaHOCTb OTMeYeHa y copToB AnTait 250 MB (330 1) u
BynaH 237 MB (310 r). Pe3ynbTaThl UCCNe0BaHUIA CO34at0T OCHOBY AJ151 COBEPLUEHCTBOBAHMS Cenek-

LMK KYKYpy3bl U pa3paboTkn 3ppeKTUBHbIX MeToA0oB 60pbbbl ¢ 60ne3HAMU.
KnroueBble cnoBa: 61opa3Hoobpasme KykKypy3sbl, yCTOMUMBOCTb, Macca 1000 3epeH, BbIXOA 3epHa,

onucaTtenbHaa CTaTUCTUKa.

Kipicme

JKyrepi nmyHuMexy3iHmeri e€H Kem ecipileTiH
JKOHE TYTHIHBLIATHIH JaKbUIIAP/bIH Oipi (1rama-
MeH 1,2 MJIpA. TOHHA), aJaM MEH >KaHyapiaplblH
palMOHBIHJIA JHEPIHsT MEH aKybI3[bIH MaHbI3/IbI
ke3i Oombin Tabbutansl. AQprka mMeH JlaTeiH Ame-
PUKACBIHBIH OapiblK ACpIiK enaepiHae Kyrepi
aJiaMJapIbIH KYHJCTIKTI TYTHIHATBIH KAIbl KaJlo-
pusicbiabIH mamMamen 15% xypaiigst. JKyrepi xo-
Fapbl OMOATyaHTYPJIUIIKKE UE )KOHE KCH ayKbIMJIbI
arpo3KOJIOTHSUIBIK JKafFaiiapaa ecipiiei. OJem-
JIK HapBIKTA KYrepi eHJIpiCiHIH ecyi OalKasibl,
acipece THOPUATEP MEH KOFapbl TEXHOJIOTHSIIBIK
ecipy ozicTepi KOJIAHBUIATHIH KaJBIITHI KIMMAaT-
THIK aiiMakTap/a. KyrepiHid Heri3ri eHaipyiie- pi
MeH skcrioprrayiibiiapsl AKII (anemmieri 0ap- JbIK
xyrepinin 1/3 Oemirin eHaipeni), ApreHTuHa,
Opannus, Kopes, Bearpus, Kanana sxone OHTYCTIK
Adpuxa Pecniybnmukace! Oonbin TaObiiagsl. Keitait
COHFBI Ke3jepl oJlapJilaH KajbIClai, Kepir A3sus
eJIJiepiHe Heri3ri JKeTKi3ylnire aiHapl. J(aMmymist
eJiJiepAe a3bIK-TYJIIK PETiHIe JKyrepire JereH cy-
panbic 2020 xbuTFa neiin KbeUIbiHA 1,3%-Fa ecTi.
2025 xputra Kapai )Kyrepi JamyIsl eJiepae eH Kol
OHIIpiINIETIH qaKpl1 Ooazpl, ain 2050 xbutra Kapaii
TMaKBUTFa OJEMIIK CYPAaHBIC €Ki ece eceli e
kyTimyne [1].

Maut mapyalbUIbIFEl ©HIMAEPiHE, acipece CYT
[IEH €TKE CYPaHbBICTBIH apTybl MaJl a3blfbl palUo-
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HBIHBIH JKETeKIli Kypampjac Oeliri — acThIK IeH
CYpJieMre apHaJFaH JKyrepl eHIIpIiCiH YIFalTy Ka-
JKETTUIITIH Tajian erefi. bys TarnceipMaHbl pecypc
YHEMIEHUTIH TEXHOJOTHAHBI KOJIaHA OTBIPBII 6Ci-
py YWiH xyrepi OynaHIapblH WHTEHCHBTI TYpJe
naiijanany apkpuisl mrenryre Oosaapl. Kana ru6-
PUATEPAIH MaHBI3bl KpUTEpUIIEpiHiH O0ipi pecypc
YHEMJICHUTIH TEXHOJIOTHUSIIAP/IbIH HET131H KypanuThIH
aCTBIK OHIpYre >KYMCAJIATBIH 3HEPrHsl IIbIFbIH-
JapblH azaiTy Oombim TaObutanel. JKyrepi ecipy
TEXHOJIOTHSICHIHBIH TIEPCIIEKTUBANIBI KOHE JKaHa
OaFrbITBl 3€PTTEY JKOHE MUHHMMAJbl OHICYTE KOLTy
00JIBIN TaOBLIAIEI.

JKyrepiniH OMONOTHSUIBIK SPTYPILIITiH caKTay-
fa KOMEKTECETiH 3aMaHayHl TEeXHOJIorusuiap OipHe-
1Ie HETI3r1 OarbITTap bl KAMTH/IbI:

MoJeKyIApIbIK-TeHETUKAIBIK ~ 9IICTEp JKOHE
OMOTEXHOJIOTUSI — MOJIEKYJSAPIIBIK MapKepiepai
(SSR, SNP), reHOMABIK TaJiayabl JKOHE MapKep
KOMETiMEeH TaHjay SMICTEepiH KOJAaHy XKyrepineri
FCHETHKAJIBIK OPTYPJIUTIKTI JI9J aHBIKTayFa JKOHE
CaKTayFfa, COHJal-aK KYH/bl arpOTEeXHHUKAJIBIK OeJ-
rizepi Gap ’kaHa cOpTTapAbl KYPYAbI KeAeIeTyre
MYMKIHAIK OepemiS6. ['enmik HHKeHepUSHBI KOJIa-
Hy JKOHE aypyiap MeH 3UsHKeCTepre Te3iMIi TpaHc-
reHai Oymanmap Kypy Aa KOIDKETIMAlI TeHETHKAIBIK
pecypcTapablH ayKbIMBIH KeHEUTe i, OipaK JoCcTyp-
7i ¢opmanapAbIH CaKTadyblHa KOHE HKOJOTHSUIBIK
TENe-TEHIIKTI CaKTayFa epeKIine OaKpUIayabl KaKeT
eTeqi.
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buonorusmelk Kopray kKoHE MHUKpPOOHOJIOTHS-
JBIK, TEXHOJOTHSIIAP — MaiJainbl MAKPOOPTAHU3M-
nepai (puzobakrepusiiap, PHTOMONATOTEHIIK ca-
HBIpayKYJIaKTap, OakTepusuiap »KOHE BHPYCTap)
naiiianana OTBIPHII, 3USHKECTEP MEH aypylapMeH
KYpPeCyIiH OHOJIOTHSIIBIK OAICTEpiH EHri3y, COH-
nmait-axk Bacillus, Pseudomonas, Trichoderma »xone
Oacka mrammiap HeriziHaeri OuompenapaTTapabl
KOJIJIaHy arpo3KOXKYHeAeTi TYPakKThl OpTYPIUTIKTI
CaKTayFa KOHE TYPAKThI arpOIKOKYHEre XHMHUSITBIK
JKYKTEMEHI a3aliTyFa KOMEKTECe/l.

l'eneTnkanblk pecypcTapAblH — KOJUICKITHIIA-
PBIH KYPY JKOHE JKYPTi3y — JKYTepiHiH AYHUEKY3i-
JIK KOHE YITTBHIK T€HO(POHATAPBIH KAIBIITACTHIPY
JKOHE YTBhIMIBI MaljalaHy, COHJIal-aK T'€HETHKa-
JBIK PecypcTap/bl 3epTTey JKOHE caKTay OOWBIHIIA
3epTXaHaap/ibl YHBIMIACTBIPY CHPEK JKOHE KYH/IbI
HBICAaHJIAp/Ibl CaKTayFa FaHa eMec, COHBIMEH KaTtap
aybUl IapyallbUIbIFbl JaKbULIAPBIHBIH OCHIMILIIT
MEH TYPaKTBUIBIFBIH apTTHIPY YIIiH OJap/Abl CeleK-
nusiaa OeJiceH Il nmaiaananyra MyMKIHIIK Oepeti.

Pecypc YHEMICHTIH kOHE SKOJIOTUSIIBIK aybLI
[IapYaIIbUTBIFBl TEXHOIOTASIIAPHI — TOTBIPAKTHI MHU-
HUMAJIJIbI OHJICY 11, YTHIMJIbI ce0y YJITUICPiH eHII3y,
SKOJIOTHSUTBIK MKEMJILIITT JKOFaphl )KOHE pecypcTap-
JIbI a3 Tajar eTeTiH OylaHaapabl MaiaanaHy ChIpT-
Kbl 9cepJiiepre Te3IM/Ii arpo3KOKYyHesepl caKrayra
JKOHE JKYTepl MOMYNSIUSCHIHBIH OPTYPIIUITiH cak-
TayFa bIKIai eremi [2-4].

Jloni pakpL1Iap, OHBIH IITHJIE KYTrepl eHaipi-
CIHIH TYpaKTBl ©Cyi JKOHE OCBI HETi3/ie JKeM-IIel-
TiH TEHrepiMJli KOPBIH KYpY OYKiN ajeMJe, COHBIH
iminne Kazakcranaa a3pIK-TyIIiK KayilcCi3iriH Kam-
TaMachl3 €TYJIIH HeTi3ri 0achIMIIBIKTaphIHBIH Oipi
00J1bIIT TaOBLIA L. JKYTepiHiH )KeM/IIK T1aKbUI PETiH-
JIETT PKOHOMUKAJIBIK MaHBI3bI XKOHE OHBIH OipKarap
OHMOJIOTHSUIBIK SPEKIICITIKTEP] Y3aK yaKbIT OOHbI ce-
JIEKIUSUTBIK 3EPTTEYICP/IIH KOFaphl KaPKbIHIBLIbI-
FBIH aHBIKTa 6. COHBIMEH KaTap, Y3aK Mep3iMJIi ce-
JICKLMSUTBIK OarapiiamMaapia KyH sl Oesriaepi 6ap
OacTarikpl MaTepHaIIap IbIH IIEKTEYIIi JKUBIHTBIFbIH
nainanany Zea mays L TypiHiH T€éHeTHKaIbIK Tapbl-
JybIHA aJFBIIIAPTHI OOJBIT TAObUTAAB! [5].

2023 xbutbl Kpi3butopia 0OJIBICHIHBIH 00JIBIC-
THIK aybUI IIaPYallbUIBIFbI 0ACKapMAaChIHBIH MOJli-
MmeTinire, Kazaibl aynansinaa sxyrepi 615 rekrapra,
JKanakopran ayganpiana — 1111 rexrapra, lueni
aymanbiHaa — 174 rexrapra, JKanaram ayqansrama —
700 rexrapra, Kapmakiisl aynanbiaga — 39 rekrap-
ra erinren. JXXyrepi Colpmapusi, Apan ayaaHaapbl
MeH KpI3pI1opaazga oTeIpFRI3bUIMAFaH.

Kazipri yakpiTTa aypynap MEH 3USHKECTEpre
KapChl TYPY YIIH JaKbUIIAPABI OCIPYIIH YTHIMIBI
CTpaTeTUSACH OCIPITICTIH COpTTap MEH OymaHmap-

JIBIH TEHETHKAIBIK SPTYPILUTITiH KeHEHTY I KaMTybl
Kepek ekeHi aHbIK. CeNeKnusuIbIK 3epTTey Oarmap-
JamajapblH iCKe achlpy, €H alJbIMEH, KYHJbI Oe-
TIIepAiH TeHeTHKAIbIK KO37epiH aHBIKTayFa, Kap-
CBUTBIKTBIH, TYKBIM KyaJlaybIH 3epTTEYTe KoHE JKaHa
JKOFapbl TO3IMJI OacTamkpl MaTepHalbl jKacayra
HeTi3menrex [6].

OCIMIIKTEep/IIH BereTalMsUIbIK Ke3eHIHAeT Ty-
PaKTBl TEMIEPaTypaJbIK PEKUM KYTEePiHiH OHIM/Ii-
JK oJIeyeTiH icKe achIpyFra bIKMai eremi. JKaybiH-
HIaliblH - MeJIepiHiH Oip Mes3riige e3repyiMeH
HEMece BETeTAIlMsUIBIK Ke3eHIE, ocipece Ka3iblH
eKIHIII JKapTHICHIHAA OHBIH OipKeIKi eMec TyCyiMeH
aya TeMIIepaTypachIHbIH >KOFapblIaybl KYTepiHiH
ecyine acep ereni. OHBIH imiHAe aypyFa OailiaHbIC-
ThI TOYEKEJJCPAl apTThipaabl. JXKyrepiHiH eH 3usH-
6l aypyBI-OyIT KemipimikTi Kapa kyite (Ustilago zeae
(Beckm.) Unger caHpIpayKyJIaFrblHAH TYBIHIAH/IBL.
JKyrepi eciMmpirine aypyablH MbIHA OeNrijiepi TOH:
BETeTATHBTI KOHE PENPOAYKTUBTI OpraHaap/a ana-
MeTpi 30 cM-re JKETETIH KOHE CaHbIpayKYIaK CIO-
payiapbl maiijia OOJaThIH ©CINl KETKeH OCIMIIK TiH-
JIepiH OUTIIpeTiH TaTOJIOTHSUIBIK icikTep (eTTep)
naiiga oomanasl [7].

AypyzbIH epIILyi KbUT CAHBIH JKYTepi CIMIIIKTe-
piHiH opTa ecenmer 3-6% kamtuabl. Keitdip sxbui-
napel aypy ecimuikrepain canbl 10-12%-ra neitin
apTajel, all OHIMIUTIKTIH TeMeH eyl 25-30%-ra xe-
Tyl MYMKiH. AypyZIblH KapKbIHIbl JaMyblHA BeTe-
TaIUSUIIBIK Ke3CHHIH eKIHII KapThIChIHJIA aya TeM-
MepaTypackIHbIH JKOFapbliaybiMeH (25-30°c) Gipre
KBICKa MeP3iM/Ii JKaybIH-IIAIIBIHHBIH KOIT TYCYl KO-
JIaliIbl Karaal Ty apIpaasl [8].

JKanmeira Oenrisi KemipirIikTi Kapa KyWeHiH Ko3-
JIBIPFBIIBI-TEPMOGUIIBII TYP; TEIHOCIIOPATIaP/IbIH
OHY TeMIlepaTypachl MeH y3aKThiFbl 0-71eH +35°c- Ka
neiin, oHrainel kepcetkii-20-30°c. Cnopanap
Kopliaran opra (akTopiapbiHa OaillaHBICTBI TO-
neipakTa 1-3 b1 cakTanmysl MyMKiH. XKyrepi ecim-
niktepi WMHQeKnus OacTanFaHHaH KeWiH OipiHmm
JKaIbIpaK maiija OOoJFaHHAH OacTar eciMIIiK TO3aHbI
TO3aHJapAa capajaHa OacTaraHfa JCHiH JaMHIbI.
Kyrepi undexmusra 10-14 xkyH Kanranaa, ecy Ko-
HYCTapbIHBIH TaKBIPBINTHIK TiHJAEPiHIH IIapaiapbl
€H allblK JXOHE TeluocropanapMeH WHQEKInsIFa
KOJI JKeTiMIl OoJiFaH Ke3je MHpEKIUsra eH Ce3iM-
tai. JXyrepi 6acbiHBIH HH(EKIUSICHIHBIH KOCHIMIIA
Ke3i-criopabl TYKeIMAap. Kyblk OachbIHBIH 3USHIBI-
JIBIFBI JIOH/TI TaKbUIIAp MEH JKAChLI MacCaHbIH KYPT
TOMEHCYIHCH Kopineni. JKyrepiHiH micyi COHpIHAA
HIBIFBIMABLTAKTHIH Korarybl 50-100%, BeretaTuBTi
mymenep — 25-50% Kypaybl MYMKiH.

JKyrepimeri ceneKIUsIIBIK JKYMBICTApIABIH COH-
FBI OIICTEP1 OCIMIIKTEPIIH KYPACSHi TO3IMIIIITI MEH
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BroaryanTypiiiik ’oHe eCiMAIK aypyapblHa Kapchl KYPec: KYTrepi JaKbULAAPBIHBIH TO3IMIUITIH apTTHIPY Tocliepi

Oeifimmenyine OaFpITTANFaH JKOHE SPTYPIi HKOJIO-
THSUTBIK-TeOTpaIsUTBIK MIBIFY Teri Oap OacTamkbl
MaTepHaibl KSIeH II MMMYHOJIOTHSUIBIK 3epTTEY i
KaMTamacsei3 eremi [9-11].

Ocpinaiima, MOJEKYISAPIbIK, OMOTEXHOJIOTHUS-
JIBIK, arpOHOMUSIIBIK OHE YHBIMIACTHIPYIIBLUIBIK
MIeTmMACPIiH YineciMi Ka3ipri skargaiiaa sxyrepi-
HiH OMOJIOTHSUTBIK, OPTYPIIUIITIH caKTayIblH KellleH-
Il TOCITIIH KaMTaMachl3 eTe/li.

AypyMeH Kypecy/liH eH IepCIeKTHBAIBI 9/Ti- Ci
— KOmipHIiKTI Kapa Ky#ere Te3iMIi e3iriHeH
TO3aHJAHATHIH JUHUIAD MEH OynaHmapAbl ipik-
Tey. AypyFra Te3IMITIK OOWBIHINA CENEeKIIHSITBIK
JKYMBICTBIH 0acTalKbl Ke3¢HI TO3IMJIUIIKTIH JXKaHa
Ke3JIepiH aHBIKTay OoJbI TaObuTasl. Kaszipri kesme
KOJIIaHBUIBII JKYpreH (hopMaiapblH THIMIUTINHIH
JKOFaJTybIHA OaiNIaHBICThI, YaKbIT ©TE Kelle KaHa To-
3imMai popmanapabl i31eyIiH 63eKTLIIr apThIT Ke-
nieli, COHJIBIKTaH, 3epTTEY JKYMBICHIHBIH MaKcaTbl —
Kazakcrannmarpl ceneknusuiay ToliM OaKTapblHAH
aJIBIHFaH JKYrepi KOJUICKIUACHIHBIH TaOUFu MH(pEK-
IUsUTBIK (DOHBIHA JlacTaHyFa TO3IMIIUIITIH 3epTTey
JKOHE KOITIPIIIKTI Kapa Kyiere Te3iMal Oymanaapab
ipikTen any.

MarepuaJ :koHe dicTep

3eprrey Kp3buiopna OONBICHIHBIH >KaFTaibIH-
na, 2023 xeutel «P3A Arpo» XKILC-HIH FRUTBIMU
aypicmiaibl eric ankaObinaa Ustilago zeae tesimui-
JIT1 YOIH KyTepi YATIIepiH 3epTTey jKoHEe ipiKTen
airy OOMBIHIIIA KYPTi3UIIL.

3epTTey aiiMarbIHBIH KIUMAThl OpTaIla KbUIbI
KOHE OapibIK KIMMATTBIK DJIEMEHTTEPIIH TYpaK-
CBI3/IBIFBIMEH CHIIATTANabl. 3epTTey Ke3iHAeri Me-
TEOPOJIOTHUSIIBIK JKaFIaiiap Kyrepi ©CiMIIKTepiH
KO3ZBIPFBILIIICH XKYKTBIPYFa BIKIAMI eTTi. KpI3bLiop-
J1a OOJIBICBIHBIH, KJIMMATTHIK PeXHMi alMakThIH Ey-
pas3usi KYPJIBIFBIHBIH ilIiHAE OpHAIacybIMEH, OHbBIH
OHTYCTIK aliMaKTa OpHaJaCybIMEH, aTMOCc(hepabIK
aifHaJBIM cUTIaTTaMalapbIMeH, Xep OeTiHiH Ta0u-
FaThIMEH jkKoHe 0acKa (paKkTopJIapMeH aHbIKTaa- JIbl.
KoHTHHEHTANbBl  KIUMAT  METEOPOJIOTHSIIBIK
JJIEMEHTTEPAIH YJKEH aybITKYJIapblHAA, ONapIbIH
KYHJIEJIKTI, alJIbIK >KOHE JKbUIIBIK IHMKJIIapbIHIA
Kepineai. bys ke3eHne TemneparypaHblH KypT ©3-
repyi O6alikanMaiiipl. 3epTTey ayMarbiHAa MIICHIH
opraiia Temrneparypackl 33-37°C Kypaiiibl, 00IbIC-
ThIH OacklM OesiriHzaeri abCcoroTTI MaKCHUMalbl
temneparypa 45-47°C. Opraiua TOyJiKTIK aya TeM-
neparypacel 0° C-taH sxorapsl ke3eH 250-275 kyHre
co3bu1abl. JKaybIH-IIAIIBIHHBIH OpTalia >KbUIABIK
memmepi 90-160 MM-eH actaiipl )KOHE KB Me3-
rinmepi OofibrHIa Oipkenki OemiHOEHII: OapibIK
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JKaybIH-TIAMBIHABIH  60%-bI KBICKBI-KOKTEMT1 Ke-
3eHae Oomanel. JKaybIH-IIANIBIH JKOHE TOYIIKTIK
TEeMIepaTypaHblH 63repyl aypyJiapablH KapKbIHJIbI
JaMyblHa ocep eTKCH: JKMHAIFaH YITiiepie >KoFa-
pBI ce3IMTaNIBIK JKaFaaimapel Oalkamaer (9 Oai,
yuackeqneri  eciMaiktepain 50%-1aH acTaMbIHBIH
3aJaNIaHybIH KOPCETeI).

KonnekuusiiblK yarinep/ i eHyiH cakTay YLIiH
JKaNIbl KaObUIAHFaH arpOTEXHOJOTHSIHBI KOJia-
HBUIABL. 3epTTENreH YATiIepai ce0y OHTalibl ya-
KBITTa, COYIpAIH YIIIHIIN OHKYHIITIHIE KOJIMEH
JKYPTi3UI/Ii, OHBIH aliIBIH/A ajKanTa Ky3diK Owmmait
6onnel. Eric Tepenmiri 5-6 oM, Tipkey ydacKeciHiH
aynanbl 4,9 Mm% Toxipubenik cxema OOMbIHINA 6CIM-
TUKTEpIiH THIFBIBABIFE (50-55 MbIH ecimaik/ra) 4-5
Kamblpak (azacblHIa KOJIMEH OaKpuldy apKbUIBI
AHBIKTAJIIBL.

Taburn WHOEKIHUATBIK JKarmaiiiga cabaKThIH
JIaCTaHYBIHBIH Jopexeci Kpi3butopaa xoHe XKawm-
ObL1 0ONBICTapBIHAA Oelimaenren Zea mays L He-
rizri 12 yunrici 6aramannel. XKyrepinia Typriepi oH-
JOCTIEPMHIH  MOP(QOJIOTHSIIBIK ~ CUTIATTaMachIMEH
Jie, OMOJIOTHSUIIBIK KacHeTTepiMeH e (CYbIKKa Te-
3IMJIUIITY, BICTBIKKA TO3IMJIUIIr, aypyFa Te3IMIii-
ri), COHJIal-aK aCTHIKThIH XUMHUSUIBIK KYpaMbl MCH
TEXHOJIOTHSUTBIK MTapaMeTpIIepiMEeH epeKIleeHe .
Kunay ynrinepin 3epTTey Ke3iHae KeJeci CTaH-
maprrap Konmaueuibl: Lenmnsiit 160 SV coprsl,
©3iriHeH To3aHAaHaThIH F2 ruOpuaTi THHASIAPHEIL.
Qumonamonoeusinwi baza depy adici. Kyre-
piHIH KOMipIIiKTI KyHeMeH 3allajJlaHy IopekKeciH
JaNanblK Oaranay yITUIEpAiH JKalmai TyIIeHyi
OacranraHHaH KeiiiH 15 KyHHeH KeiliH xKoHe Macak-
Tap/bl )KUHAY Ke3iHJ1e KYpri3inai. 3apaan meKkKeH
OCIMJIIKTEP/IiH CaHbl MCH 3ap/Iall IEKKeH MacaKTap-
JIIH CaHbl, 3apJIan MIEKKeH OCIMJIIKTEP IiH MaibI3bl
€CKEPUI, )KUHAY YATLICPIHIH 3a1aaHy JIopekKeci
SEV Z. mays xanblKapajblK KIacCU(PUKaTOPBIHBIH
IIKanackl OoiibrHma OamMeH Oaranmauasl [12, 13],
MyHAaFbl: 1 — 6aymt — eTe oci3 3ananmany (3apaarn
mekkeH ecimaikTepaiy 1% — naw a3er); 3 6am — on-
ci3 3amammany (1-10%); 5 6amn — opraria 3anangany
(11-25%); 7 6amm — sxorapsl 3aianmany (26-50%).;

9 6amt — ete ayblp 3anannany (50% — gaH actam
OCIMJIIK 3aJal/IaHFaH ). 3alallIaHy IbIH HEeTi3ri IKa-
nacel OoibrHIa Kockivmia O6amr (0 Gar) ywacke-
JiepJeri yariiepre Oepiizi, oJlapablH IIIiHIe 6CiM-
TIKKEe TTaTOTeHACPIiH 3aJaiqany Myae OoaMaraH.

Moanimemmepoi cmamucmuxanviy mauioay 20ic-
mepi. R-studio OarmapramMalibIK »*KacaKTamachl Te-
HOTHUNTEP apachIHIAFBl KipiCTUTIK TEH KOMIpPIIIKTI
KyHere TO3IMAUTITiHIH ailbIpMaIlbIIBIFBIH OaFa- J1ay
YIWIH JAWCHEPCHSIHBIH Oip KakThl TajlayblH
(ANOVA) opeiapay yinid maiigamaHeuiabl. [ene-
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THKAIBIK (pakTopiapra OaimaHBICTEI (DEHOTHITIK
©3TePIillTIKTIH YJIECIH KOPCETETIH KEH MaFbIHAJIBI
TYKbIMKyanaymsliblK uHaekci (H?) ANOVA hHo-
TIOKenepi OoWbIHIIA Keneci ¢opmyia OOWBIHIIA
ecenTeni:

Hb2=SSg/SSt,
MYHJIaFbI;
SSQg — reHOTHII YIIIiH KBaIpaTTap IbIH KOCHIH/IbI-
CEI,

SSt — kBagpaTTapBIH KANIBl cOMackl. by To-

CLJT 9pTYPJI JKYTepl YIriIepiHiH TO3IMIUTIK IeHIeH-

Jiepi Typajsl KYHZIBI akmapatr O0epe OTBIPHII, aypy-
JIBIH OPIIYiH yaKbpIT OOWBIHINA CAHJBIK Oaranayra
MYMKIHJIK Oeperi.

HoTuxkesiep MeH TaJKbLIayJIap

ANOVA TtanmaysiHa coiikec (p < 0.001), xy-
repi cypiieMi alKanTapblHAAFbl KyBIKTBIH J1acTa-
HybiHbIH (Ustilago zeae) aywIpibiFsl yirijep apa-

cerHIa OpTypii. 2023KbUTBI  YATIIEp apachiHIA
aypyfa Te3IMIUTIK MHICKCIHIH TYKBIM KyaJayIbl-
JBIKTHIH KoFapsl aeHreii (H 2 — 0,82) xepcerimmi

b

(Kecte 1).

1-kecre — XKyrepi komtekuusicoiaaarsr Ustilago zeae yurin nanansik 6aranayasiy aucrepcusiibik Tangaysl (ANOVA)

Source DF Sum of squares | Mean squares F Pr>F signi fri)(-:\;'z[iilcl)jr?io des H? %
Model 1,000 4370,083 4370,083 4,292 0,065 el
Error 10,000 10182,833 1018,283 0.82
Corrected Total 11,000 14552,917
Computed against model Y=Mean(Y)

Signification codes: 0 < *** <0.001 < **<0.01<*<0.05<.<0.1

Exinmni kecreme xyrepi (Ustilago zeae) yiin
eciMJIiK OWIKTIriH, OHIMIUIIK KACHUETTEPiH JKOHE
JablK  (PUTONATONOTHSJIBIK — Oarajiay  HOTHU-
xKenmepi OepinreH. OciMAIKTIH OuWikTiriHe Kapait
yirinep 182ten 330 cM-re JeHiH aybITKHIBL

Ocinik OuikTiri OOHBIHIIA TOPT YArl >KOFaphI
KepceTKilTepiMeH anbIKTangsl: Typan 680 SV (290
cm), Typan 480 SV (295 cm), Kazaxcramc-

kuit 700 SV (290 cm) xone Kaszaxcranckuit 705
SO (330 cm).

2-kecte — OHIMIIIIK Oenrinepi xkone ankanTeiy Ustilago zeae kapa kyiiere Te3iMaiIik KopceTKimrepi

4 Y risin arays OcimMzik OHIKTITI, 1000 monHig .AC:[‘I).IK. . Ustilago zeae yurin
cM Macachbl, T eHIMAiNITI, % | mamanblk Oaranay, Gamr
1 Aunrait 250 MV 230 330 82 3
2 bynan 237 MV 263 310 85 1
3 Kazaxcranckuii 587 SV 255 295 82 3
4 Kazaxcranckuit 700 SV 290 290 81 3
5 Kazaxcranckuii 705 SV 300 305 83 1
6 Tarri-2012 210 256 85 3
7 Tayenciznixk-20 SV 270 305 83 1
8 Typau 480 SV 295 310 81 3
9 Typau 559 SV 277 298 82 3
10 | Typau 680 SV 290 290 82 1
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Bepexe -2017

182

226

85

12

Henunpiii 160 SV

265

305

83
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JKyrepiHiH 3aKpIMIaHy AOpPEKECiH JaallbIK
Oaramay HoTIKenepi OOWBIHIIA KYTepiHiH OH €Ki
ChIHAMachl €Ki Tomka Oeiinfi. BipiHmi Tomka ete
onci3 3akpIMaanynapel 6ap Oec yiri (41,7%) (3ap-
Jan MIeKKeH ociMaikTepain 1%-nan a3pl) TaraifbiH-
nannel: byman 237 MV, Kazaxcranckuit 705 SV,
Toyenciznik-20 SV, Typan 680 SV xone [lenvnbiii
160 SV.

Exinmn Tomka OKyrepiHiH JKeTi ChIHaMachl
(58,3%) asci3 3akpiMaanymen (1-10%) kipai. Onap-
IbIH KypambiHa Antait 250 MV, Kaszaxcranckuit
587 SV, Kazaxcrauckuii 700 SV, Kaszaxcranckuii
705 SV, Torti-2012, Typan 480 SV, Typan 559 SV
xoHe bepeke -2017.

3eprrey HoTmKeciHzAe xyrepinid 1000 moHiHIH
Maccacel 226 r-HaH 330 rpamFa JeiliH aybITKBIIBL.
Keneci ynriniep eH »orapbl ©HIMIUIIKIICH CHIIAT-
tanael: Anrait 250 MV (330 rp), Bynaun 237 MV
(310 rp), Kazaxcrauckuii 705 SV (305 rp), Toyen-
ci3nik-20 SV (305 rp), Typan 480 SV (310 rp) »xone
Ienunsiii 160 SV (305 rp). 3eprrenren xyrepi yi-
rinepiniy actbik eHiMuimiri 81% — man 85% — ra
Jerid OOIbL.

Ocimaik ouikTiri, 1000 noHHIH Maccachl, aCThIK
eHiMiTiri sxoHe Ustilago zeae caHpIpaykysiak ay-
pybIHA JamanblK Oaraiay KepCceTKIITepiHiH CTaThC-

TUKAJIBIK TAJAAyhl HETi31H/e KeJecl KOPBITHIHABLIAD
MEH YCHIHBICTap Kacalapl. OCiMaiK OHiKTiri OOHBIH-
mra 12 6akpiiay HoTHXKeciHAe opTama MoH 260,6 cwm,
CTaHJAPTTHI aybITKY 36,4 cM, an Bapuarus kodpu-
umeHTi 14% mamaceiaga. bynm kepceTkim eciMmix
OMIKTIrHIH OopTalla ACHrelae TYpPaKTbl eKeHiH, Oi-
pak Keioip ynrinepae adTapibIKTait e3repictep 6ap
€KeHiH kepcere/i. bUikTiKTiH eH ToMeHTi MoHi 182
cMm, eH sxoraprbickl 300 cM Oomapl. 1000 1oHHIH Mac-
cacel OOMBIHIITA opTarma MoH 293,7 T, CTaHZapPTTHI
aybITKy 26,6 T, Bapuanus koapduunenti 9% mama-
ChIHJIA. BYJT KOPCETKIIIl IOH MaCCAChIHBIH CATTBICTHIP-
MaJIbl TYPJIC TYPAKThl EKEHIH OULTIpE I, SFHU JOHHIH
camachl MEH KeJIeMiHJe adTapibIKTall aybITKyJap
JKOK. ACTBIK OHIM/LIITI OOWBIHINIA OpTaIia KepCceT-
kim 82,8%, cranmaptThl aybITKy 1,47%, Bapuaius
koaddurmenTi ete TomeH — 1,8%. by eHIMIITIKTIH
©TEe TYPAKThI EKEHIH )oHE OaKbLIay KE3CHIH/IC OHIM-
HiH carackl MCH KeJIEMiHIH OipKeJIKi €KeHIH KepceTe-
ai. Ustilago zeae canpipayky/iak aypybiHa JaiaibiK
Oaranay OoiipiHIIA opTama Oamr 2,0, cTaHaapTThI
ayeITKy 1,04, Bapuanus koaddunmenti 52,2%. byn
KOPCETKIII aypyAbIH Tapalybl MEH 9CEpPiHiH opTYpIi
eKeHIH, SIFHU KeOip ynrijep/e aypy JeHreli xora-
PpbI, an KelbipiHae ToMeH ekeHiH Oinmipeni (3-kecre,
1-cyper).

3-KecTe — 3epTTeNreH Xyrepi yiariiepiniy 6enrijaepi OoWbIHIIA CHITATTaMAJIBIK CTATUCTUKACKI (CaHABIK AEPEKTep)

Statistic Qciygix 1000 mouHiH ACTBIK OHIMJIIJIT, Ustilago zeae yuriu
OHIKTIri, CM Macachl, T % JanaibIK Oaranay, Oat

Nbr. of observations 12 12 12 12

Nbr. of missing values 0 0 0 0

Obs. without missing data 12 12 12 12

Sum of weights 12 12 12 12
Breakdown per subsample (%) 100,000 100,000 100,000 100,000
Minimum 182,000 230,000 81,000 1,000
Maximum 300,000 330,000 85,000 3,000

Freqg. of minimum 1 1 2 6

Freq. of maximum 1 1 3 6

Range 118,000 100,000 4,000 2,000

1st Quartile 248,750 290,000 82,000 1,000
Median 267,500 301,500 82,500 2,000

3rd Quartile 290,000 306,250 83,500 3,000

Sum 3127,000 3524,000 994,000 24,000

Mean 260,583 293,667 82,833 2,000
Variance (n) 1212,743 646,556 1,972 1,000
Variance (n-1) 1322,992 705,333 2,152 1,091
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Kecmenin srcanzacwvl

Statistic Qciy;}ix 1000 goHHIK ACTBIK OHIMIIIIr, Ustilago zeae ymuiin
OMIKTITI, CM Macachl, T % JanasbIK Oaranay, Oann
Standard deviation (n) 34,824 25,427 1,404 1,000
Standard deviation (n-1) 36,373 26,558 1,467 1,044
Variation coefficient (n) 0,134 0,087 0,017 0,500
Variation coefficient (n-1) 0,140 0,090 0,018 0,522
Skewness (Pearson) -0,957 -1,270 0,478 0,000
Skewness (Fisher) -1,100 -1,459 0,549 0,000
Skewness (Bowley) 0,091 -0,415 0,333 0,000
Kurtosis (Pearson) -0,113 1,062 -1,058 -2,000
Kurtosis (Fisher) 0,554 2,421 -0,948 -2,444
Standard error of the mean 10,500 7,667 0,423 0,302
Lower bound on mean (95%) 237,473 276,792 81,901 1,336
Upper bound on mean (95%) 283,694 310,541 83,765 2,664
Standard error of the variance 564,126 300,755 0,917 0,465
Lower bound on variance (95%) 663,909 353,953 1,080 0,547
Upper bound on variance (95%) 3813,909 2033,328 6,202 3,145
Mean absolute deviation 27,556 18,111 1,167 1,000
Median absolute deviation 22,500 8,500 0,500 1,000
Geometric mean 257,995 292,468 82,821 1,732
Geometric standard deviation 1,164 1,101 1,018 1,775
Harmonic mean 255,128 291,162 82,810 1,500
nlQR 30,579 12,046 1,112 1,483
Qn 33,616 16,808 1,681 0,000

KHCBIKTBIK (CKBIOHEC) KOPCETKIIITepi OOHBIHIIIA
ecimaik Owmiktiri meH 1000 moHHIH Maccachl Tepic
KHUCBIKTBIKKA H€, SFHU JIEPEKTEP COJIFa Kapail Kucai-
FaH, ajJ aCTHIK OHIMIIIIT OH KHUCHLIKTBIKIIEH CHIIAT-
Tajajbl, SFHU OHFa Kapai kKucaiirad. Ustilago zeae
OarajayblH/1a KUCBIKTBIK HOJITE TCH, OYJI JepeKTep-
IiH CUMMETpPHUsUIBI TapanFaHbiH Oingipeni. Kypro-
3UC KOPCETKIIITEpl OOMBIHIIA ©CIMIIK OUIKTIIT MEH
ACTBIK OHIMJIUIITI JIepeKTepi KaJIbIIThI TapaJbIMHAH
con TeMeH (Tu1ockas TapanbiM), ann 1000 goHHIH Mac-
CaChIH/Ia YKOFapbI MILIHBLIBIK OaiKaiabl.

Ocpuraiiiia, eciMaik ouiktiri MmeH 1000 moHHIH
Maccachl KOPCETKIIITepi opTaiia JeHreiae Typak-
Thl, OipaK ©CIMJIK OMIKTITIHIE BapHallMsi CAJI KO-
Fapbl OOJIFaHJBIKTAH, OHBI JKAKCApTy YIIiH CEJeK-
[USUTBIK JKYMBICTApbl KAIFACTHIPY KaXeT. ACTBIK
OHIMIUTITI 6Te TYPaAKThI JKOHE JKOFAphI JICHTCHIE,

OyJ1 JoHHIH camackl MEH OHIMIUIITIHIH TYPaKThI-
abFeIH Kepeceremi. Ustilago zeae campipaykysiak
aypyBIHBIH JIeHTeHl opTypii, Oy aypyra Kapchl
nrapanapjpl KyImenTy KaxerTirin Oiunmipeni. JKai-
TbI, QJIBIHFAH CTATHCTUKAJIBIK MOJIMETTEP ©CIMJIIK
OHIMJILIITIH JKOHE CarachlH JKaKcapTy OarbIThIHIA-
FBI J)KYMBICTApJIbIH THIMIUIITiH Oarajiayra MyMKiH-
Ik Oepei.

JKyrepiHiH Kapa Kyiiere Kapchl THIMJII IIapaa-
PBI €rYAiH OHTAWIbI Mep3iMAEpi, ayblcHalbl eric- Ti
Cakray, TYKBIMAApABl OHJIEY JKOHE TOTBIPAKTHI
camayibl OHJIEY, OCIMJIK KaJJIbIKTaphIH KOCY/IbI
KaMmTuabl. JKyrepiHiH KeMmJIiK JaKbUl peTiHJeri
9KOHOMHKAJIBIK MaHbI3bI )KOHE OHBIH OipKaTap OHO-
JIOTHUSUTBIK €PEKIICTIKTEPI Y3aK YaKbIT OOWBI CEeK-
[USUTBIK 3ePTTEYICPAIH JKOFAPhl KAPKbIH/IBLIBIFBIH
AHBIKTANIEL.
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1-cyper — Ocimaikrin Ouikriri, 1000 goHHIH caiMarbl, aCTBIK OHIMILIIT
JKQHE aypyFa JanalblK Oaranaybl OOIbIHIIA THCTOTPaMMAachI
KopsIThiHABI 3IMJIUTITIH 3epTTeY HOTHKeNepi OOMBIHINA 6CIM/IIK-

Ocbutaiiia, AanajiblK 3epTTEyiep >Kyrepi xKu-
Hay yurinepingeri moaumopdusmai Ustilago zeae-
re TO3IMAUIIK YLIH aHbIKTayFa MYMKIHIIK Oepi.
Aypyra Te3iMai (Gopmanap KOJIEKLHUSIBIK YIITi-
JIEPJIIH Ke3-KeJIFeH Killli TYPiHIH aCCOPTUMEHTIHJIE,
acipece KO3IBIPFBIMITHIH JaMybIHA KOJIAIbI KE3eH-
JiepJie OKIIayaanybl MyMKiH. XKyrepi 1oHiHIH Kypa-
MBIHJIa aKybI3 MOJIIIEPI CATBICTHIPMAIIBI TYPIC KO-
rapbl (16% — ra 1eiiin) »oHe OHbBI IOHI JaKbUIIap,
YJIIIEKTEp KoHe Oacka jJa eHIMIEep/i eHJIpy YIIiH
TaMaK OHAIpiCiHIe KEeHIHeH KOoJJaHyFa OoJabl.
XKyrepi KOJIEKIMSACHIHBIH TAaOWUFH HMHQPEKITHSITBIK
(hOHIAFbI KOMIPIIKTI Kapa KYHeMeH JlacTaHyFa Te-

TepiHae aypyAblH Oenrijepi aHbIKTaIMaraH CbIHA-
Manap ansiHabl, onap: Altay 250 MV, Budan 237
MV, Tatty-2012 and Tayelsizdik-20 SV. Ausikran-
FaH YATUIEp/iH OHIM/IUTIT MEH acThIK OHIMIIUTIT e
xKorapel  Oomubl.  CesleKIMOHEpIep  MacaKThIH
JlaCTaHYbIHAH TOMNBIPAKTHI JKaKCapTy YILIIH XKyrepi
JaKbUIIAPBIH ASHI KOHE KOKOHIC JaKbUIJapblHaH,
KOIDKBUIABIK IIONTEP/ICH, COAAaH, KapTONTaH JKOHE
0acka Jla aNJbIHFBI C€TUINeH OCIMIIKTEpJCH KeiiH
eryni ycbiHajpl. JKyrepi JakpuUIIapblH CaHbIpayKy-
JIaK KOHE Kapa KyHWeIeH JacTaHyAaH KeIeH i Kop-
ray KypaMbIH/Ia KapOOKCHI MeH THpaM Oap Vitavax
200 FF memece xyitenik — Maxim XL Gipikripinrexn
mpenapaTbIMeH TYKbIMIAPAbl OHACY i KAMTH/IBI.
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cumem, Hncmumym ecmecmeosnanusi, 1. nouma.: Akmaral6671@gmail.com.

96


mailto:nyrasil@mail.ru
mailto:Akmaral6671@gmail.com

B.T. PaumbekoBa xoHe T.0.

Anyaposa Jlauna Epmexxanosna — Kazaxckuil HayuonanbHwill HceHCKull nedazoeudeckuil ynusepcumem, Mncmumym ecmecm-
B03HAHUA, U. 0. ACCOY. npogeccop kagedpsl buonozuu, K. 6. H., Kazaxckuil HayuoHanbHulil HceHCKUll nedazo2uiecKull yHusepcumen,
Hremumym ecmecmeosnanus, 3. nouma: anuaroval968@gmail.com.

Iapmanbexosa Mepyepm Xamumbexkosna — KazaxcKuil HAYUOHATbHBLIL HCEHCKULL nedazo2uieckutl ynusepcumem, Hucmumym
ecmecmeosHaKUs, U. 0. accoy. npogeccop Kagedpvl buosoeuu, k. 6. H., Kazaxckuil HayuoHAaIbHbILL HCEHCKUL Ne0a202UYeCKUll YHU -
eepcumem, Mncmumym ecmecmeosnanust, e-mail: mparmanbekova@gmail.com.

Umanosa Dnomupa Meipzabexosrna — Kazaxckuil HayUOHATbHBIN JHCEHCKUL nedazoeuyeckutl yHusepcumen, Mucmumym ec-
Mecmeo3HaHusl, u. 0. accoy. npogeccop kagheopwl 6uoaoeuu, K. 6. H., Kazaxckuil HayuoHanbHwvlil JHceHCKuil nedacosuyeckull yHugep-
cumem, Hncmumym ecmecmeosnanust, e-mail: imanovaelmira74@gmail.com.

Capcembaesa Aiiman Lllaxanoena — Kanouoam cenbCKOXO3AUCMBEHHBIX HAYK, cmapwuil npenodasamensv, Kasaxckui Ha-
YUOHATbHBLU HCEHCKULL nedazo2uyeckutl yrugepcumem, Hncmumym ecmecmeosnanus, kagedpa obuonozuu, e-mail: sarsembaeva_
aiman@mail.ru.

Author Information

Baktigul Tasholatovna Raimbekova* — Associate Professor, Kazakh National Women's Teacher Training University, Institute
of Natural Sciences, Department of Biology, Almaty, Kazakhstan. Phone: +7(775) 146-17-77, E-mail: nyrasil@mail.ru

Akmaral Altynbekovna Sartaeva — Acting Associate Professor, PhD in Biology, Kazakh National Women'’s Teacher Training
University, Institute of Natural Sciences, Department of Biology. E-mail: Akmaral6671@gmail.com

Laily Ermekkhanovna Anuarova — Acting Associate Professor, PhD in Biology, Kazakh National Women’s Teacher Training
University, Institute of Natural Sciences, Department of Biology. E-mail: anuaroval968@gmail.com

Meruert Khamitbekovna Parmanbekova — Acting Associate Professor, PhD in Biology, Kazakh National Women'’s Teacher
Training University, Institute of Natural Sciences, Department of Biology. E-mail: mparmanbekova@gmail.com

Elmira Myrzabekovna Imanova — Acting Associate Professor, PhD in Biology, Kazakh National Women's Teacher Training
University, Institute of Natural Sciences, Department of Biology. E-mail: imanovaelmira74@gmail.com

Aiman Shakanovna Sarsembayeva — Candidate of Agricultural Sciences, Senior Lecturer, Kazakh National Women'’s Teacher
Training University, Institute of Natural Sciences, Department of Biology. E-mail: sarsembaeva_aiman@mail.ru

97


mailto:anuarova1968@gmail.com
mailto:mparmanbekova@gmail.com
mailto:imanovaelmira74@gmail.com
mailto:aiman@mail.ru
mailto:nyrasil@mail.ru
mailto:Akmaral6671@gmail.com
mailto:anuarova1968@gmail.com
mailto:mparmanbekova@gmail.com
mailto:imanovaelmira74@gmail.com
mailto:sarsembaeva_aiman@mail.ru




ISSN 1563-034X; eISSN 2617-7358 Oxomnorus cepusicel. Ne2 (83). 2025 https://bulletin-ecology.kaznu.kz

IRSTI87.03.17 https://doi.org/10.26577/EJE202583209

M. Yessenamanova'™ ', L. Zhiyenkulova '™, F. Nurbayeva?"
N. Mamytova®', M.K. Kazankapova #'', Zh. Yessenamanova'
A. Tlepbergenova®', E.G. Koroleva®

'Kh.Dosmukhamedov Atyrau University, Atyrau, Kazakhstan
2Sh.Yessenov Caspian University of Technology and Engineering, Aktau, Kazakhstan
3K.Kulazhanov Kazakh University of Technology and Business, Astana, Kazakhstan

4Institute of Coal Chemistry and Technology, Astana, Kazakhstan
SMoscow State University, Moscow, Russia
*e-mail: mansiya.73@mail.ru
HYDROCHEMICAL STUDIES OF SALT LAKES
IN THE NORTHERN PART OF THE CASPIAN LOWLAND

The article presents a hydrochemical analysis and heavy metal content of salt lakes of Atyrau region
on the example of salt lakes Inder, Karabatan and lake near Kh.Dospanova International Airport. Analy-
sis of heavy metals shows that the content of chromium, manganese, cobalt, nickel, copper, lead, zinc
and cadmium does not exceed the maximum permissible concentrations. The analysis of cations in all salt
lakes shows data that are identical in all three lakes and the lowest values are typical for potassium and
sodium ions, whose contents are about 3 mg/l and 9 mg/Il, respectively. The content of calcium and
magnesium cations exceeds hundreds and thousands of mg/I. The content of calcium ions in the lake near
the airport is almost twice as high as in other lakes and amounts to 1059 mg/I. The magnesium ion content
is minimal for Lake Karabatan and amounts to 801 mg/I, whereas in the other two salt lakes it exceeds
1.5 times. For anions, the lowest values are typical for hydrocarbonates and are in the range of 200-300
mg/I. The indicators for sulfates and chlorides are very diverse, as for sulfates they vary from 500 mg/I in
the lake near the airport to almost 8000 mg/I in Lake Karabatan. The maximum values are typical for
chlorides, while their contents are also diverse in all lakes and range from more than 4,000 mg/I to more
than 63,000 mg/I. At the same time, the following ratios of HCO3:S04:Cl anions are noted — in Lake Inder
1:4:32; in Lake Karabatan 1:39:316; and in the lake near Kh.Dospanova International Airport 1:1.8:14.8.
Thus, salts of magnesium and calcium chlorides, magnesium and calcium sulfates are formed in all lakes,
and the salt contents of sodium and potassium bicarbonates are the most minimal.

Key words: salt lake, Atyrau region, hydrochemical analysis, heavy metals, cations, anions.
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Kacnuit MaHbl oMnaTbIHbIK CONTYCTiK 6enirinaeri
Ty3Abl Kengepai r’MAPOXUMUAIbIK 3epTTey

Makanana WMHaep, KapabataH >oaHe X.[locnaHoB aTblHAaFbl Xasibikapasnblk ayexalt MaHbIHAaFb
Ty34bl KenaepaiH MbicanbiHaa ATbipay O6/bIChIHbIH, TY34bl KeNAEpiHiH ayblp MeTanaapbiHa Tangay xaHe
rMAPOXMMUANBIK CapanTay Xyprisingi. Ayblp MeTangapabl Tangay XpoMm, mapraHel, KobanbT, HUKeNb,
MbIC, KOPFAacCblH, MbIpbILL XaHE KaaMUIAIH Merilepi pyKcaT eTiNIreH WeKTi MeslluepAeH acnanTbiHbIH
kepceTeai. bapnblk Ty3abl kenaepaeri kaTuoHZapAbl Tanaay 6apnbik yw kenge 6ipaevt aepektepai
KepceTefi )XoHe eH TOMEHTi MaHAep Kanuii MeH HaTpuii MOHAAPbIHA ToH, ONapAbiH MenLepi colkeciHlwe
WaMaMeH 3 Mr/n xaHe 9 Mr/n Kypanabl. Kanbuuil MEH MarHWUi KaTUOHAAPbIHbIH MenLepi Xy3aereH
)K9He MblHAaFaH Mr/n-AeH acagbl. Oyexail MaHblHAarbl Kengeri KanbLMi MoHAapbiHbIH Meslepi H6acka
Kenaepaeri MenwepaeH eki ece aepnik »oaHe 1059 mr/n kypavabl. KapabaTtaH keni ywiH mMarHui
MoHAaPbIHbIH MenLwepi MMHUManabl xaHe 801 Mr/n Kypaiabl, an KanFaH eki Ty3abl kenge 1,5 ece ken.
AHvoHaap 60WbIHLIA eH TeMeHTi MaHAEep rMapokapboHaTTaprFa ToH xaHe 200-300 Mr/n apanbiFbiHAA
6onaabl. Cynbdatrap MeH xnopuaTep 6oMbiHWA KOpCeTKilTep eTe anyaH Typni, COHAbIKTaH
cynbdaTtTap 6oiibiHWA onap Oyexai MaHblHAarbl kenge 500 Mr/n-geH KapabaTaH keniHae 8000 mr/n-
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Hydrochemical studies of salt lakes in the northern part of the Caspian lowland

re fieviH esrepesi. MakcuManzbl MaHAEp XJIOpUATEPre ToH, onapablH KypaMmbl 6apnbik kengepae fe
ap Typni xaHe 4000 mr/n — aeH 63000 Mr/n — re aeiiH e3repeai. byn xaraaliaa aHMOHAAPbIHbIK kene-
ci kaTtbiHackl atan eTineai HCO3:S04:Cl-UHaep keniHae 1:4:32; KapabaTaH keniHae 1:39:316; »aHe
X.[locnaHoB aTblHAaFbl DyexaMblHbIH XaHblHAarFbl kenge 1:1,8:14,8. Ocbinaliwa, 6apnbik kengepae
MarHWii MeH KanbUWii XNOpUATEPIHIH Ty3A4apbl, MarHWin MeH KanbUmii cynbdaTtTapbl Ty3ineai, an HaTpuii
MEH Kanui rmapokapboHaTTapbIHbIH Ty3A4apbl eH a3 6onagbl.

TyiiiH ce3aep: Ty3abl ke, ATbipay 06/bIChl, FTMAPOXMMUSITBIK Tanaay, ayblp MeTanaap, KaTuoHzap,
aHVoHZap.
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FmapoxuMuueckue UCccnenoBaHuUs CoNEeHbIX 03ep CEBEpPHOIl YacTu
Mpukacnuiicko HU3MEHHOCTH

B cTaTbe npoBeAeH rMAPOXMMUYECKUIA aHaIN3 U COAEPXKAHME TSXKESNbIX METASIIOB CONTEHbIX 03ep
ATblpayckolt 0611acTn Ha npuMepe coneHblx o3epa MHaep, KapabaTaH 1 Bo3ne MexayHapoaHoro as-
poriopTa nMeHu X. [locnaHoBa. AHann3 No TsHKenbiIM MeTaslaM NoKasbliBaeT, YTO coAepXaHme Xpoma,
MapraHua, kobanbTa, HUKeNs, Meaun, CBMHUQ, LUMHKA M KagMus He MpeBbllaeT npeaenbHO-40nyCcTuMble
KOHLEHTpaummn. AHanun3 KaTMOHOB BO BCEX COJEHbIX 03epax MOKa3blBAET AaHHbIE, KOTOPbIE MAEHTUYHbI BO
BCEX Tpex 03epax M CaMble MMHWMasbHbIE 3HAYEHWs XapaKTepHbl A1 MOHOB Kanus W HaTpus, coaep-
XKaHWe KOTOPbIX HAaXOAATCS OKOMO 3 Mr/n n 9Mr/n cooTBeTCTBeHHO. CoaepyXaHMsa KaTMOHOB KasnbLms
N MarHusl NpeBbILAIOT COTHM M Thicaum Mr/n. CoaepkaHne MOHOB KanbLiMs B 03epe BO3/1e asponopTa
noYyTW B AiBa pa3a NpeBbIAeT coaepXXaHus B Apyrux o3epax u coctasnset 1059 mr/n. CogepxxaHue
MOHOB MarHusi MMHUMarnbHO Ans o3epa KapabataH u coctasnset 801 mr/n, Toraa Kak B ABYX APYrux
coneHbIX o3epax npesbiwatoT B 1,5 paza. 1o aHMOHaM caMble MUHUMAsbHbIE 3HAYeHUS1 XapaKTepHbl
Ans rmapokapboHaToB 1 HaxoaaTcs B npeaenax 200-300 mr/n. Mo cynbdatam u xnopuaam nokasare-
I 04eHb pa3HoobpasHbl, Tak Mo cynbdaTtam oHM MeHsaroTca oT 500 Mr/n B 03epe BO3/e asponopTta Ao
noytn 8000 mr/n B o3epe KapabataH. MakcuMmarnbHble 3Ha4YEeHUs1 XapaKTepHbl ANS X/I0pMAOB, NpU 3TOM
MX CoAepXKaHusa Takxxe pa3zHoobpasHbl BO BCcex 03epax M BapbupytoTcst oT 6onee 4000 mr/n go 6onee
63000 mr/n. Mpu 3TOM OTMe4YaeTcs cneayrowme cooTHoweHns aHnoHoB HCOs: SO4: Cl — B 03epe
NHpep 1:4:32; B o3epe KapabataH 1:39:316; n B 03epe Bo3ne X. JlocnaHoBa asponopTa 1:1,8:14,8.
Takvum ob6pa3oM, BO BCcex 03epax 06pa3ytoTcs COnv X0puaAOB MarHWs U Kanbumsi, Cy/bdaToB MarHus K

KaNbLWsl, a COAEpPXXaHMa COoNen rmapoKapboHaTOB HATPUA U Kanus CaMble MUHUMAJIbHbIE.
KnroueBble CoBa: coneHoe 03epo, ATblpayckasi 06/1acTi, TMAPOXMMUYECKUI aHaNN3, TSHXENble Me-

Tansbl, KATUOHbI, aHNOHbI.

Introduction

Due to the fact that salt lakes are widespread in
the World, they are important and valuable natural
objects for the economy, culture, recreation and sci-
entific research, but at the same time: in some regions
of the World, salt lakes are intensively degraded and
are not objects of active conservation to the extent
that they deserve due to their unique resources.

Currently, there is no universal classification
scheme of lakes that allows us to consider natural
reservoirs based on any single limnological charac-
teristics. This is due to the existence of such a wide
variety of constantly changing (under the influence
of natural and anthropogenic factors) natural limnic
parameters.
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The Caspian basin is a flat loamy plain with
extensive development within its limits of sorov
(shore) and estuarine basins occupied by mineral
lakes and salt marshes. The chain of estuaries and
sores of the Caspian lowland is a relic of the previ-
ously existing river hydrographic network [1], the
topographic surface of the seabed, coastal ramparts
and terraces of the retreating sea. The coastline
of the Caspian Sea within the Caspian lowland is
strongly indented by small bays (kultuks) and del-
tas of the Kura, Terek, Kuma, Volga, Ural, Emba
and other smaller rivers. In the Caspian basin, there
are sub-basins: Primorsky, Delta, Mangyshlak, Ka-
ra-Bogaz, Chagishlyar, etc. These landscape facies
are stretched out in a narrow strip 10-12 km wide
around the Caspian Sea, and the delta basins have
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a peculiar landscape of the primary surface of the
accumulative marine plain, modified by the work of
“blind” rivers that do not have runoff into the sea.
These are the landscapes of the delta sub-basins of
the Volga, Kura, and Ural rivers [2].

The Ural-Embinsky basin occupies the northern
part of the Caspian lowland, which is a negative re-
lief form made of sedimentary rocks, among which
the thickness of marine brackish clays, loams and
sands of Neogene and Quaternary age has the great-
est thickness. In the southeastern part of the low-
land, the sifted sands represent barkhanno-bumpy
and ridge massifs. Salt domes are widespread in the
central part of the basin.

The conditions of salt accumulation and the for-
mation of the chemical composition of the salt lakes
of this basin are influenced by the recent regression
of the sea, salt domes and waste waters of oil fields.
All the waters of the Ural-Emben basin, both surface
and underground, are saline to one degree or anoth-
er. Halite, mirabilite, tenardite, glauberite, astrakha-
nite, epsomite and others are common in the bottom
sediments of lakes. Many lakes are characterized by
an increased content of potassium, bromine, iodine,
etc.

An integral part of the landscapes of the giant
salt domes of the Caspian Lowland are dry (root)
lakes [3]. Depending on the ratio of the water level
and tectonic activity, lakes in salt dome structures
can be divided into three groups. With sufficient
water supply to the lake and a weak manifestation of
the activity of salt dome structures, rapine and silt
lakes with low bottom sediment capacity and un-
stable water-salt regime are formed. The low water
content of the territory, accompanied by an active
growth of salt dome uplifts, leads to the fact that the
salt mirror is raised above the groundwater level, as
a result of which drying lakes are formed. A suf-
ficient amount of water entering the lake basin, to-
gether with the high activity of salt dome structures,
is the reason for the formation of dry (root) salt lakes
with powerful layers of lake salts filling deep com-
pensatory mulches. The Caspian lowland is a vast
area of salt lakes. These are unique aquatic ecosys-
tems, characterized by alkaline conditions and high
salt concentrations. It should be noted that, despite
numerous studies, the salt lakes of the region have
not been sufficiently studied, especially with the use
of modern scientific methods and methodology.

The purpose of this work was to study the hy-
drochemical characteristics of some salt lakes of the
Caspian lowland located in the Atyrau region. These
lakes have different volumes and are located both in
the city of Atyrau, in the immediate vicinity of

the airport, 30 km from the city, next to the Bolas-
hak plant on Karabatan and 180 km from the city of
Atyrau near the village of Inder, called Inder Lake.

Methods

Sampling was carried out in June 2023 from the
reservoirs of the Inderbor and Kabatan salt lakes.
The cation content was carried out in accordance
with GOST 26449.1-85 “Stationary distillation
desalination plants. Methods of chemical analysis of
salt water”, potassium — chapter 18.1, sodium
— chapter 17.1, calcium — chapter 11, magnesium
— chapter 12. The anion content was carried out on
the basis of the following documents: chloride — ST
RK 1SO 9297-2008 “Water quality Determination of
chloride content”, sulphates — ST RK 1015-2000
“Graphimetric method for determining sulfate con-
tent in natural wastewater”, bicarbonates — HDPE F
14.1:2:4.190-03 “Quantitative chemical analysis of
waters. The method of measuring bichromate oxi-
dizability (chemical oxygen consumption) in sam-
ples of natural, drinking and wastewater by photo-
metric method using a liquid analyzer “Fluorat-02”.
Sampling was carried out in accordance with ST RK
GOST R 51592-2003 “Water. General requirements
for sampling.” and ST RK GOST R 51593-2003
“Drinking water. Sampling.”

Salty continental reservoirs, in particular lakes,
are very numerous. Their origin is quite clear. Any
lake, unless it is flowing, closed, i.e. has no runoff,
sooner or later must become salty due to evapora-
tion of water, especially .if it is located in arid areas
and on highly saline rocks. The degree of salinity of
such reservoirs can be very significant, up to the
precipitation of salts from a saturated solution. The
waters of the lakes are very diverse in their chemi-
cal composition and mineralization. In contrast to
seawater, lake waters do not have constant ratios be-
tween basic ions. According to the degree of salin-
ity, lake waters are divided into the following types:
fresh (up to 1%0), brackish (from 1 to 24.7%0), salty
(from 24.7 to 47%0), mineral or salt (over 47%0).

The first person who tried to create a classifi-
cation for salt lakes was M.G.Valyashko, 1952 [4],
who identified the main classification features of salt
(salt) lakes, considering the specifics of their devel-
opment as an emerging mineral deposit. He classi-
fied the lakes by:

1. Concentrations of lake solution characterizing
the general course of salt accumulation. At the same
time, a group of fresh waters was distinguished
— with a sum of dissolved substances less than or
equal to 0.1% (by weight), a group of brackish wa-
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ters — with a sum of dissolved substances from 0.1
to 3.5%, a group of salt waters — with a sum of dis-
solved substances higher than 3.5%.

2. According to the chemical composition of the
lake solution, when, depending on the predominance
of that Lakes are divided into carbonate (Na CO -,

NaHCO_, Ka CO_, NaCO, H0), sulfate (>Na,

2K*, S07, CI, HO) and chloride (CaCl, FeCI?,
NaC1l, H,0).

3. According to the state of the lake solution
(brine). At the same time, rapnye, dry and sub-san-
dy lakes differ. Rapnoe Lake is characterized by the
year-round presence of water in the lake, in a dry
lake brine occurs only during the wet season, and the
sub-sandy lake is characterized by the complete
absence of surface brine throughout the year, when
the level of bottom brine lies below the surface of
solid lake sediments. At the same time, the stratifi-
cation of sediments is abnormal.

To determine the type of salt lakes, the Do-
brovskiy and Todorov classifications were applied,
the basis of which is aimed at the content of anions

and cations in saline reservoirs. According to the
Dobrovskiy classification, it is necessary to take into
account the contents of the most maximally
significant cations and anions, the content of which
exceeds 25% of the total of all ions. For designation,
the formulas are used first for the anion, then for the

cation. According to the Todorov classification, cat-

ionic and anionic series are distinguished and deter-
mined in descending order of ion concentration. It is
often used in engineering geology, hydrogeology
and hydrology.

According to the total number of ions of chem-
ical elements that determine the salinity of water, in
1958 the Venetian system was adopted, accord- ing
to which natural waters are divided into fresh (up to
0.5%), mixogaline or brackish (0.5-30%), eugaline
or marine (30-40%), and hypergaline or saline
(>40%). Mixohaline are divided, in turn, into
oligohaline (0.5-5%), mesohaline (5-18%) and
polyhaline (18-30%). However, this classification
has not been widely used in modern limnological
research.

Water classification
Yegorov, 2001 | Societal Dahl, 1956 Par., 1972 Kiener, 1978
Internationalis
Limnologiea,
1959
200-
150-
Hypersaline Hypersaline Hypersaline Hypersaline
100-
90-
80- /
70- .
60- E
50- Metasaline Metasaline o EE;
40- N g Saline
30- g
:M g’
&
20- | - Polysaline . 2 Hypersaline
--------- Mixo- =
_________ polyhaline %
Mixo- <
Mesohaline
Mixo-
Olygohaline Olygosaline
Freshwater

Figure 1 — Classifications of salt lakes by various authors in terms of mineralization
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One of the latest classifications of natural wa-
ters by their mineralization and the corresponding
classification of biological species for the pur- poses
of paleogeographic analysis was proposed by
Gasse et al. (1987) and presented in Figure 1 [5].
As can be seen from the data in Table b, the
classification boundaries differ from those proposed
by other authors, for example Ham- mer U.T.
(1986), which divides salty waters into hyposalted
(3-20 g/l), unsalted (20 — 50 g/l) and hypersalted
(>50 g/lI) and coincide with the data of Javor
(1989), which refers lakes with a min- eralization
above 70 g/l to hypersalted lakes, but many
researchers consider lakes with a salinity exceeding
35 ¢/l to be hypersalted (i.e. , the min- eralization of
seawater) .

When managing water resources (for agricul-

ture, industry and drinking water supply), specific
salinity gradations are used: “fresh water” — less
than 0.3 g/l, “slightly salty” — 0.3-1.0 g/1, “salty” —
1.0-3.0 g/I and “strongly salty”” — more than 3.0 g/I.

Thus, the total salinity of salt lakes is considered
in the range from 3 to more than 500 g/l (Williams,
1998) and the author rightly believes that there are
no universal criteria for determining on the basis of
biological and physico-chemical characteristics of
“fresh” and “salty” waters. However, given the fact
that there are certain differences between the bio-

logical and physico-chemical properties of fresh and
salty waters, W.D.Williams considers it possible to
accept a threshold value of mineralization of 3 g/I,
below which water is considered fresh, and above —
salty. As it turned out, this threshold of mineraliza-
tion corresponds to the loss of calcium from natural
waters and the possibility of taste determination of
salinity [6].

Results

Therapeutic mud of salt lakes is formed under
certain geological conditions. Brines accumulated
on low-lying areas of the earth, fed by precipita- tion
and other various water sources, mainly in arid
conditions, evaporate and form various mineral salts
in some parts, and therapeutic silt mud accumulates
under them for a long time.

To assess the prospects for increasing resourc-
es, the conditions of formation and patterns of their
placement in the salt lakes of the Ural-Emba district
of the Caspian region, such as Inder, in the Kara-
batan area and near the Atyrau airport, were ana-
lyzed.

Inder Lake (Fig. 2) is located in Atyrau region,
170 km north of Atyrau and 1.2km from the left
bank of the Ural River. The length is 13.5 km, the
maximum width is 11 km. Its area is 123 km?[7].

Figure 2 — Inder Lake

The Karabatan group of lakes (Fig. 3) is locat-
ed 45 km from Atyrau, directly near the Atyrau-
Kandahach railway line. The area of the Northern
Karabatan is 1.08 million m?, the southern one is
0.14 million m2, The therapeutic mud on the lakes

of Karabatan lies at a depth of 45 cm and has a ca-
pacity of 40 cm. Lake Karabatan is located on the
left bank of the river. The Urals is located 150 km
south of Inder Lake, near the paved Inder-Atyrau
road [8].
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Figure 3 — The Karabatan group of lakes

Not far from the Kh.Dospanova International
Airport in Atyrau (Fig. 4), at a distance of 1.33 km,
there is a salt lake. The length is 1.72 km, the maxi-
mum width is 0.77 km. Its area is about 1.3 km? or
4.36 km in circumference.

Hydrochemical analysis of heavy metal ions was
carried out in all three salt lakes [9].

Data on the content of heavy metals are present-

ed in Table 1.

As can be seen from Table 1, the content of
heavy metals in all salt lakes of the Atyrau region
does not exceed the maximum permissible concen-
trations.

Figures 5 and 6 show analyses of the content of
cations and anions in the waters of the Inder Salt
Lake [10].

Figure 4 — Salt lake near Kh.Dospanova International Airport in Atyrau
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Table 1 —The content of heavy metals in the salt lakes of the Atyrau region.

Namiofthe |nQ|catorto MPC, mg/l | Salt Lake Inder | Salt Lake Karabatan Salt Iak'e near !(h.Dqspanova
e determined International Airport in Atyrau
Chrome 0,5 <0,005 <0,005 <0,005
Manganese 0,1 <0,002 <0,002 <0,002
Cobalt 0,01 <0,0005 <0,0005 <0,0005
Nickel 0,1 <0,005 <0,005 <0,005
Copper 0,1 <0,0005 <0,0005 <0,0005
Lead 0,03 <0,002 <0,002 <0,002
Zinc 1,0 <01 <0,1 <01
Cadmium 0,001 <0,0001 <0,0001 <0,0001
Na K Ca™
OcHoBHOM OcHOBHOI OCHOBHOI
OcHoBHOM OCHOBHOIT OCHOBHOI1
%ﬂosuoﬁ HOBHOI HOBHOIT
HOBHOM % . HOBHOH
$ HOBHOH .
=HOBHOM Cg ~ HOBHOI
CléHoaHoﬁ HOBHD% HOBHOI1
CRHOBHOM %HOBHOH (R HOBHOIL
OcHoBHOM OtHOBHOM OCHOBHOIT
OcHoBHOM }ﬁ%grof sampling OcHOBHOI OCHOBHOIT »
i er -
m The quarry is the central part Ocuostiolt pyace o sampiing _ place of sampling
® Quarry left side u The quarry is the central part uThe quary is the central part
® Quarry right side B Quarry left side - Quan‘y lefi sui_z
The source of the lake = Quarry right side - %uany 1‘1g ! is~lﬂe lak
mFrom the middle of the lake Ihe source of the lake 1 NS rny
® From the middle of the lake ® From the middle of the lake
u Average m Average m Average

Mg~

OCHOBHOIH
OCHOBHOI

(gHOBHOI
(ﬁHOBHOﬁ
OE-GHOBHOﬁ

: w
%HOBHOH OCHOBHO#H .
@HOBHOﬁ Cations
OCHOBHOH HOBHOI1

5
OcHosHoH Iace of sampling &
Genosmoit
m The quarry is the cennal part g
m Quarry left side
® Quarry right side OcHoeHOH
The source of the lake Inder BNa+ WK+ BCat+ 5 Mg+
mFrom the middle of the lake
m Average

Figure 5 — The content of cations in the salty waters of Lake Inder, mg/I
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In the Inder salt lake, the minimum values were
noted for potassium ions, the content of which is
about 3 mg/l (2.45-3.38 mg/l), sodium slightly more
than 8-9 mg/l. The calcium content is much higher
than the previous two cations and ranges from 320
to 720 mg/l. The maximum values were noted for
magnesium cations, the content of which is in the
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range of 670-1412 mg/l. The average content of all
cations shows that the magnesium content is more
than 300 times higher than the content of potassium
ions, sodium by 70-100 times and calcium by 2-3
times. Thus, the main predominant cations in the
water of the Inder Salt Lake are magnesium and cal-
cium cations.
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Inder Cl- m SO4-- mHCO3-

Figure 6 — The content of anions in the salty waters of Lake Inder, mg/|

Among the anions in Inder Lake, the minimum
values are typical for bicarbonate ions ranging from
262.3 to 366 mg/l, the second place is occupied by
sulfate ions with a content from 736.6 to 2086.2
mg/l, with an average content of 1310.5 mg/l. And
the maximum concentrations are typical for chloride
ions with a content from 5814 to 16592 mg/l. The
content of chloride ions is more than 20-45 times
higher than that of bicarbonate ions, and 7-8 times
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higher than that of sulfate ions [11].

Thus, calcium and magnesium cations, as well
as sulfate and chloride anions, predominate in the
Inder salt lake, which indicates that the main salts in
the salty waters of Inder Lake are magnesium and
calcium chlorides, as well as magnesium and calci-
um sulfates. Thus, according to the classification of
Dobrovskoye Lake Inder, chlorides and sodium —
Cl-Na predominate. The chloride content is more
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than 80% of the total volume of anions and sodium
cations, the content of which is more than 65% of
the total content of cations. According to Todorov’s
classification, the water of Lake Inder belongs to the
sodium chloride series. Thus, the waters of Lake In-

der are characterized by the highest mineralization
due to the high concentration of chlorides and so-
dium. Figures 7 and 8 show analyses of the content
of cations and anions in the waters of the salt lake of
the Karabatan territory.
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Figure 7 — The content of anions in the salty waters of the Karabatan area

In salt lake Karabatan, a low content of potas-
sium and sodium cations was observed, and their
content in Lake Inder ranges from 3.01-3.38 mg/I
(K+) to 8.67-9.34 mg/l (Na+). The calcium con- tent
is higher and ranges from 605 to 612 mg/l. The
maximum value is the magnesium cation, whose
content ranges from 798-804 mg/l. According to the
average content of all cations, the content of
magnesium is more than 237-266 times higher than
the content of potassium ions, sodium 86-92 times
and calcium 1.3 times. Thus, the main cations in

the water of Salt Lake Karabatan are magnesium and
calcium cations.

Among Salt Lake Calabatan anions, the mini-
mum value of bicarbonate ions is 109.8 to 292.8
mg/L, followed by sulfate ions with a content of
7700.3 to 8254.5 mg/l, with an average content of
7977.4 mg/l, and the maximum concentration is
chloride ions with a content of 61888 to 65234 mg/I.
the content of chloride ions is more than 223-568
times higher than that of bicarbonate ions and sul-
fate ions.
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Figure 8 — The content of anions in the salty waters of the Karabatan area

Therefore, calcium and magnesium cations, as

well as sulfate and chloride ions, dominate the salty
lake Kalabatan, which indicates that the main salts
in the salt water of Lake Kalabatan are magnesium
and calcium chlorides, as well as magnesium and
calcium sulfates. Therefore, according to Dom-
brovsky’s classification, chloride and magnesium
Cl-Mg dominate the water of Lake Karabatan, and
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according to Todorov’s classification, it will belong
to the chloride-magnesium series. Therefore, due to
the high concentration of chloride and magnesium,
the waters of Lake Karabatan have the highest de-
gree of mineralization.

Figures 9 and 10 show analyses of the content of
cations and anions in the waters of the salt lake near
the airport.
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Figure 9 — The content of anions in the salty waters near the Atyrau airport

In the Salt Lake near the airport, the lowest val-
ues of potassium and sodium cations are characteris-
tic, ranging from 2.27-3.01 mg/L (K+) to 8.67-8.89
mg/L (Na+). The calcium content is high, from 1058
to 1060 mg/l.the maximum value of the magnesium
cation is from 1266 to 1272 mg/liter.The average

content of all cations indicates that magnesium is
422 to 557 times more than potassium ion, 143 to
146 times more than sodium, and 1.2 times more
than calcium. Therefore, the main cations in Salt
Lake water near the airport are magnesium and cal-
cium cations.
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Figure 10 — The content of anions in the salty waters near the Atyrau airport

Among the anions in the salt lake near the air-

port, the minimum values are typical for bicarbon-
ate ions ranging from 296 to 298.9 mg/l, the second
place is occupied by sulfate ions with a content from
531.2 to 558.4 mg/l. And the maximum concentra-
tions are typical for chloride ions with a content
from 4325 to 4467 mg/l. The content of chloride
ions is more than 14 times higher than bicarbonate
ions and 8 times higher than sulfate ions.

Thus, the salt lake near the airport is dominated
by calcium and magnesium cations, as well as sul-
fate and chloride anions, which indicates that the
main salts in the salty waters of the lake near the
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airport are magnesium and calcium chlorides, as
well as magnesium and calcium sulfates. Thus, ac-
cording to Dombrowski’s classification, water in the
salt lakes near the airport belongs to CI-Mg- Ca
and according to Todorov’s classification, it belongs
to the chloride-magnesium-calcium series. Thus, the
waters of the lake near the airport are characterized
by the highest mineralization due to the high
concentration of chlorides, magnesium  and
calcium.

Figures 11 and 12 show analyses of the content
of cations and anions in the waters of the salt lakes
of Atyrau region.
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Figure 11 — The content of anions in the salt lakes of Atyrau region

In terms of the content of cations in all salt lakes,
the minimum values are typical for potas- sium and
sodium cations, the contents of which are identical
for all salt lakes and range from 2.64 to 3.19 mg/I
for potassium ions and from 8.78 to
9.12 mg/I for sodium ions. The content of calcium
and magnesium ions is maximum in the salt lake
near the Kh.Dospanova Aeroport, amounting to

1059 calcium and 1269 mg/l magnesium ions, are
minimal in salt lake Karabatan, respectively
608.5 mg/l calcium ions and 801 mg/l magnesium
ions, and in salt Lake Inder low content of cal- cium
ions, i.e. 599.4 mg/l, whereas the content of
magnesium ions is close to the content in the salt
lake near the Kh.Dospanova Aeroport and is equal
to 1223 mg/l.
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Figure 12 — The content of anions in the salt lakes of Atyrau region

Analysis of the cation content in salt lakes by
three anions shows that the minimum values for
all three lakes are characteristic of the bicarbonate
ion and range from 201.3 to 325.74 mgl/l, in sec-

ond place are sulfate ions, the content of which is
very diverse, so the lowest values in a salt lake are
about Kh.Dospanova Airport and is 544.8 mg/I, then
in the salt lake Inder 1310.5 mg/l, which is 2.5
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times higher than previous data and is increased by
Lake Karabatan and is 7977.4 mg/l, which is more
than 14 times higher than in the salt lake about
Kh.Dospanova Airport and 6 times salt lake Kara-
batan. The highest values are typical for chloride
ions, while among the three lakes the content of
chloride ions is the minimum value typical for the
salt lake near the airport 4396 mg/l, in second place
in the salt lake Inder 10410.8 mg /I, which is 2.3
times higher than the previous lake, and the maxi-
mum values are typical for the salt lake Karabatan,
the content of which It is 63561 mg/l, which is 14.4
times higher than the data for the salt lake near the
airport and 6.1 times higher than the salt lake Inder.
Thus, in all three salt lakes, according to the max-
imum contents, it can be concluded that they contain
the following salts in descending order: magnesium
chloride—calcium chloride—magnesium sulfates
—calcium sulfate, and the remaining salts in smaller
guantities.

Discussion

The analysis results show that salt lakes in the
Atyrau region are mostly transparent due to chemi-
cal analysis of water and are characterized by an in-
crease in the content of cations and anions of the
same composition [12].

In general, there are high values of such cations
as magnesium and calcium and chloride and sulfate
anions. If we look at each lake, the magnesium cat-
ion content is the same in Lake Inder and the lake
near Kh.Dospanov Airport and 1.5 times higher than
the magnesium content in Lake Karabatan. The
content of calcium ions is higher in the lake near
Kh.Dospanov Airport and is almost twice as high as
the calcium content in the other two salt lakes. The
contents of potassium and sodium ions are in close
values in all three salt lakes.

At the same time, different indicators were
observed for anions, especially chloride ions, the
highest of which is typical for salt Lake Karabatan,
which is 6-14 times higher than in the other two
lakes. There is also a sulfate-ion structure in Lake
Karabatan, the content of which is 6-14 times higher
than the content of sulfate ions in the other two lakes.
However, compared with chlorides, their content is
almost 8 times lower than that of chloride ions. In all
three lakes, the hydrocarbon content is close, and
compared to other chloride anions, it is 14 times less
than in lakes near the airport, 32 times less than in
Lake Inder, and 316 times less than in Lake Kara-
batan, compared to sulfates.
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These studies have shown that the main salts
formed in these three salt lakes are magnesium
chloride and calcium chloride, followed by magne-
sium sulfate and calcium sulfate, as well as the least
amount of sodium bicarbonate and potassium.

Conclusion

In conclusion, it can be concluded that in three
salt lakes of the Atyrau region of different volume
and nature of origin, as well as located in different
territories of the Atyrau region, there is a similar
hydrochemical composition, the predominant cat-
ions in which are magnesium and calcium ions and
chloride and sulfate ions from anions. At the same
time, cations show almost the same indicators for all
cations, especially for potassium and sodium, the
content of which is close to 3 mg/l for potas- sium
and about 9 mg/I for sodium. The values for calcium
are diverse, while in the Inder and Kara- batan lakes
they amount to about 600 mg/l, and in the salt lake
near the Atyrau airport they exceed 1000 mg/l. In
terms of magnesium, the indicators differ from those
of calcium ions and similar indi- cators are typical
for Lake Inder and the lake near the airport and
above 1200 mg/l, whereas in Lake Karabatan it is
slightly above 800 mg/l. Ratio of contents Ca:Mg in
Lake Inder is 1:2, in Lake Kara- batan 1:1.3 and Salt
lake near Kh.Dospanova In- ternational Airport in
Atyrau 1:1,2. For anions, the lowest values are
typical for bicarbonate ions and are in the range of
200-300 mg/l. The indicators for sulfates and
chlorides are very diverse, as for sulfates they vary
from 500 mg/l in the lake near the airport to almost
8000 mg/l in Lake Karabatan. The maximum values
are typical for chlorides, while their contents are also
diverse in all lakes and range from more than 4,000
mg/l to more than 63,000 mg/l. At the same time, the
following ratios of HCO,: SO,:Cl anions are noted —
in Lake Inder 1:4:32; in Lake Karabatan 1:39:316;
and in the Salt lake near Kh.Dospanova International
Airport in Atyrau 1:1.8:14.8. Thus, salts of
magnesium and calcium chlorides, magnesium and
calcium sul- fates are formed in all lakes, and the salt
contents of sodium and potassium bicarbonates are
the most minimal.
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MAIN CHARACTERISTICS OF PHYTO-
AND ZOOPLANKTON OF LAKE TALDYKOL IN 2022

Lake Taldykol is a water body that experiences significant anthropogenic impact, which is reflected in
its hydrochemical and hydrobiological state. In this paper, a comprehensive analysis of water quality is
carried out, including a study of the chemical composition, saprobity and structure of plankton com-
munities. The aim of this work was to assess the species composition, abundance and biomass of phy-
toplankton and zooplankton of Lake Taldykol, as well as to determine possible changes in the structure of
these communities under the influence of hydrological and environmental factors, in particular, under
conditions of fluctuating water levels. The scientific significance of the work lies in the comprehensive
study of anthropogenic impact on the reservoir and determination of its ability to self-purify. The prac-
tical significance lies in the possibility of using the obtained data to develop measures to protect and
restore the lake ecosystem. The study revealed that the maximum permissible concentrations were ex-
ceeded for a number of pollutants, such as COD, suspended solids, phosphates, nitrites and iron, which
indicates a high anthropogenic load. The dynamics of the number and biomass of phytoplankton and
zooplankton indicate seasonal changes in the trophic level of the reservoir. Saprobic indices showed
that the lake belongs to the B-mesosaprobic zone, but in spring and autumn there is a deterioration in
water quality.

Key words: phytoplankton, zooplankton, hydrochemistry, hydrobiocenosis.
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Tanabiken keniHiH pUTO- KdHE 300NNAHKTOHbIHbIH
2022 >xbUIFbl HEri3ri cunaTraMacsl

Tanablken Kesni-OHblH TMAPOXUMUSILIK JXHE TMAPO6UMONOrMSNbIK JKaFdaiblHa 9cep eTeTiH
anTapnbIKTail aHTPOMOreHAik acepre ve cy aiablHbl. Byn XyMbICTa NNaHKTOHABIK KaybIMAACTbIKTapAbIH
XMMUASBIK KYPaMblH, CanpobTbUIbIFbIH XOHE KypPblIbIMbIH 3epTTeyAi KAMTUTBIH Cy canacbiHa KeleHAi
Tangay Kyprisingi. Byn  OKyMbICTbIH ~ MakcaTbl Tangblken KesiHiH  (UTONNaHKTOHbI  MeH
300M/IaHKTOHBIHbIH, TYP/iK KypaMblH, CaHbl MeH 6uoMaccacbiH 6aranay, coHaaln-aK rmaposiorusibIK
XoHe 3Konoruanblk akTopnapablH aCcepiHeH, aTan aiTkaHha Cy AeHreliHiH ayblTKybl XaFaaibiHAa
OCbl KaybIMAACTbIKTApAbIH KYPblibIMbIHAAFbl bIKTUMAaN e3repicTepai aHbikTay 60nabl. XKyMbICTbIH,
FbISTbIMM MaHbI3AblIbIFbI Cy KOMMAacbliHa aHTPOMOreHAiK acepai KELWeHAi 3epTTey XXOHE OHbIH ©3iH-63i
TasapTy KabineTiH aHbikTay 60nbin Tabbinagpl. MNpakTUKanbiK MaHbI3AbINbIFbI-aNblHFAH AepekTepai
KenaiH 3KoXyMeciH KopFay XaHe KafnbiHa KenTipy WwapanapbiH a3iprey ylWiH nanaanaHy MyMKiHAiri.
3eptTey HaTwxeciHae KIK, TokTaTbinFaH 3atTap, docdaTtrap, HATPUTTEP XaHe TeMip CuaKTbl bipkaTtap
nacTtaywsl 3aTTap 6ovibiHWa LUPK-HbIH acbin KeTyi aHblkTanabl, 6yf aHTPOMOreHAiK >KYKTEMEHiH
XKOFapbl ekeHAiriH kepcetedi. PUTONNAHKTOH MEH 300MIaHKTOHHbLIH KenTiri MeH 6rMoMaccacbiHbiH,
[MHaMUKachl Cy KOMMachbIHbIH TpoduKanblK AeHremiHiH, MaycbiMabIK e3repyiH kepcetesi. CanpobTbik
nHaekcTep kengaiH B-me3ocanpobThbl aiMakka XaTaTblHbiH KepceTTi, bipak KekTemze xaHe Ky3ae cy
canacblHblH Hallapnaybl 6alikanaasl.

TyliH ce3gep: GUTONNAHKTOH, 300M1aHKTOH, MMAPOXUMUS, MMAPOBUOLIEHO3.
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OCHOBHbIE XapaKTEePUCTUKKN (PUTO- U 300MJIaHKTOHA
o3epa Tangbikonb B 2022 roay

O3epo Tanabikonb nNpeacTaBnsieT cobovi BOAOEM, UCTbITbIBAIOLWMI 3HAYUTENIBHOE aHTPOMNOreHHoe
BO3AENCTBME, YTO OTPAXKAETCS Ha ero rmapoxXMMMYeckoM U rmapob1onornyeckoM cocTosiHuu. B aaH-
Hov paboTe NpoBeaéH KOMMIEKCHBIN aHanmn3 kayecTBa BOAbI, BKIOYAIOWMIA UCCNefoBaHNe XMMUYECKO-
ro cocTaBa, CanpobHOCT U CTPYKTYPbl MIAHKTOHHbIX Co0bLecTB. Llenbio HacTosiwel paboTbl sBnsiach
OLleHKa BMAOBOr0 COCTaBa, YMCNEHHOCTM U BUoOMacchl OUTOMMAHKTOHA M 300rM1aHKTOHa o3epa Tanabl-
KOJlb, @ TaKXXe ornpeaesneHne BO3MOXHbIX N3MEHEHUI B CTPYKTYpe 3TUX COOBLLECTB Moz BAUSIHUEM Y-
LPOSIOrMYeckmx 1 3KONMormyeckmx akTopoB, B YaCTHOCTU, B YCNIOBUSIX kKoNebaHUsi ypoOBHS BOAHOCTMU.
HayyHasi 3HauMMOCTb paboTbl 3aK/IHOYAETCS B KOMMIEKCHOM MCCEA0BaHUM aHTPOMOreHHOrO BAMSIHUSL Ha
BOZIOEM W OMpeAeneHnn ero crnocobHOCTM K camoounLLeHuto. MpakTuyeckas 3HaYMMOCTb 3aksioda- eTcs
B BO3MOXXHOCTW MCMOMIb30BaHWUS MOJTyYeHHbIX AaHHbIX ANs pa3paboTkM MepornpusiTUil Mo OXpaHe U
BOCCTaHOB/IEHMIO 9KOCUCTEMbI 03epa. B pe3ynbTaTte mccnenoBaHusi BbisiBNeHO npeBbiwerne MAK no
psfy 3arpsisHSLWMX BelecTB, Takux kak XMK, B3BeLleHHble BellecTa, GocdaTsl, HUTPUTHI 1 Xene-
30, UTO CBMAETENLCTBYET O BbICOKOW @aHTPOMOreHHOW Harpyske. [IMHaMmka YMCcneHHOCTH 1 buomaccsl
(pTONNAHKTOHA M 300M1IAHKTOHA YKa3bIBaeT Ha CE30HHbIE N3MEHEHUSI YPOBHS TPOHOCTH BOAOEMA.

MHaeKcbl canpobHOCTY NMoKasasu, YTo 03ep0 OTHOCUTCA K B-Me30canpo6HOii 30He, 0iHaKO BECHOM U
OCEHbI0 HabMIOAAETCA YXy/LIEHNE KauyecTBa BOAb.

KnioueBble c/10Ba: (GUTOMNNAHKTOH, 300MIaHKTOH, MMAPOXUMUS, MAPOBMOLIEHOS.

Introduction

Hydroecosystems are characterized by variable
hydrological and hydrochemical regimes, therefore,
the study of species diversity, abundance dynamics,
biomass and structural characteristics of plankton
communities is important for assessing the status and
sustainability of water bodies [1]. Phyto- and zoo-
plankton are bioindicators of water quality, reflecting
both natural fluctuations in environmental conditions
and the level of anthropogenic impact. Their qualita-
tive and quantitative parameters react sensitively to
changes in the hydrological regime, trophicity and
degree of pollution of a water body [2].

The object of the study was Lake Taldykol, lo-
cated within the city of Astana. This lake is the larg-
est body of water in the system of lakes, which have
become very shallow in recent years. The reservoir
is of natural origin, belongs to closed shallow lakes
with an already formed ecosystem, but in recent
years it has been subject to significant anthropo-
genic and technogenic loads [3]. Lake Taldykol is an
important natural site that, despite its urban en-
vironment, retains significant biodiversity and per-
forms important ecological functions. Taldykol is an
important stopover for migratory birds, making the
lake a key ornithological zone, which gives special
conservation significance to this water body in the
context of fulfilling the requirements of the Ramsar
Convention and the Convention on Biological Di-
versity [4].

However, against the backdrop of increasing
anthropogenic impact and transformation of natural
conditions, changes are occurring in the ecosystem
structure of the lake [5]. The effects of the water level
fluctuations recorded in 2022 were particularly no-
ticeable. The reduction in water volume can signifi-
cantly affect biogeochemical processes, including nu-
trient circulation and oxygen balance, which in turn
affects the state of plankton communities [6, 7].

The aim of this work was to assess the species
composition, abundance and biomass of phyto-
plankton and zooplankton of Lake Taldykol, as well
as to determine possible changes in the structure of
these communities under the influence of hydrologi-
cal and environmental factors.

The conducted research allows us to better un-
derstand the ecological state of Lake Taldykol and
serves as a basis for further work on monitoring and
ecological rehabilitation of the reservoir. The results
can be used by environmental organizations to as-
sess and reduce anthropogenic impact on water bod-
ies.

Materials and methods

The study of hydrochemical parameters of water
was carried out in 2022-2023 in the spring, summer
and autumn periods using the methods of State Stan-
dards [8-12] for reservoirs based on the analytical
laboratory of sewage treatment facilities of the State
Enterprise “Astana-su Arnasy”.
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Study of species diversity of phytoplankton

To collect phytoplankton, Apshteyn net gas No.
77 was used (Kiselev, 1969; Wasser et al., 1989)
[13, 14]. Samples were taken from the surface of the
reservoir with a capacity of 10 liters and passed
through the Apshteyn net — a total of 10 times. The
sample was fixed at the rate of 20-40 ml of 40% for-
malin per 1 liter of sample. The pH of the fixative
was first adjusted to 7 by adding a small amount of
Na2CO3 solution. After that, the sample was con-
centrated by the precipitation method to 100 ml over
24 hours.

Phytoplankton identification was carried out by
microscopy using a 90 (2 mm) immersion objective
on an Olympus CX-31 microscope.

Determination of saprobity of water bodies

The saprobity of water bodies was determined
by the composition of phytoplankton using the Pan-
tle and Buck method as modified by V. Sladechek
[15-20].

For this purpose, lists of pollution indicator or-
ganisms were used.

Indicator significance S, for oligosaprobes is 1.0;
beta-mesosaprobes — 2; alpha-mesosaprobes — 3;
and polysaprobes — 4.

The relative number of h, individuals was as-
sessed on a three-point scale: random finds — 1; fre-
quent occurrence — 3; mass occurrence — 5.

The saprobity index is calculated based on the
individual saprobity characteristics of the species
represented in the aquatic phytoplankton commu-
nity using the formula (1):

S=YSh/Th 1)

where S is the saprobity index, dimensionless;

S, is the saprobity value of the aquatic organism
(according to special tables);

h, is the relative occurrence of indicator organ-
isms in the microscope field;

n is the number of selected indicator organisms.

In the polysaprobic zone, the saprobity index is
—4.0-3.5; in the a-mesosaprobic zone — 3.5-2.5; in
the B-mesosaprobic zone — 2.5-1.5; in the oligosap-
robic zone — 1.5-1.0.

Study of species diversity of zooplankton

To identify zooplankton species, water was
scooped from a 100-liter boat and passed through an
Apshteyn net with gas No. 55 [20, 21]. The col-
lected samples were immediately fixed with 4% for-
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malin. To prevent shell deformation and eggs from
falling out of the brood chambers, sucrose (40 g/l)
was added to the samples. The sample was left to
settle until 200 ml.

Microscopy of zooplankton samples and identi-
fication of species was carried out with a 90 (2 mm)
objective on an Olympus CX-31 microscope.

Pe3yabTathl 1 00cy:K1eHUS

Study of hydrochemical analysis of water in
Lake Taldykol

Hydrochemical analysis of the water of Lake
Taldykol was carried out from autumn 2022 to
summer 2023, where such indicators as pH, BOD,,
COD, suspended solids, chlorides, sulfates, phos-
phates, ammonium nitrogen, nitrites, nitrates, iron,
surfactants, dry residue, oil products, chromium,
nickel, zinc, manganese, fluorides, hardness, alka-
linity were determined.

The Taldykol lake system has been heavily im-
pacted by anthropogenic factors in recent decades,
which has significantly affected the hydrochemical
parameters.

The results showed that Lake Taldykol is a
reservoir with a variable hydrochemical com-
position. In 2022, the water in the lake had high
mineralization, but in 2023, the mineralization
decreased, which corresponds to brackish wa- ter.
In 2022, the lake had a chloride-sulfate type of
water with very high mineralization, but in 2023, a
decrease in the content of chlorides and sulfates was
observed, indicating a change in the water type
towards hydrocarbonate, which may indicate
dilution of the lake with fresh wa- ter.

An analysis of hydrochemical indicators for two
years showed that pollution with organic substances
has decreased, but the COD, value still shows an ex-
cess of the MAC by 1.4 times, and in the summer of
2023, a jump in the concentration of biogenic ele-
ments (phosphates and nitrites) was observed, which
may indicate the influx of wastewater. The content
of heavy metals and oil products has decreased, but
the iron level still exceeds the permissible values
(Figure 1).

Analysis of water quality indicators for the pe-
riod under study shows a change in the hydrological
regime of the lake. This may indicate an increase in
anthropogenic load on the reservoir.
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Figure 1 — Hydrochemical indicators of water in Lake Taldykol for 2022 and 2023.

The self-purification capacity of a reservoir can
be assessed by the ratio of free oxygen content R to
BODS. The ratio of these indicators can reflect the
relationship of photosynthetic activity in a reservoir
to its destructive capacity: R/BODS5. The higher this
ratio, the higher the potential for self-purification in
reservoirs, and vice versa — the lower the ratio, the
lower the capacity of the reservoir for self-purifica-
tion [22]. In our studies, this ratio in 2023 was 1.5,
which indicates a moderate capacity of the reservoir
for self-purification.

Hydrobiological analysis of water in Lake Tal-
dykol

Among the main types of aquatic flora in Lake
Taldykol we can highlight:

Common reed (Phragmites australis, (Cav.)
Trin. ex Steud) is the dominant plant growing along
the shoreline. Lake bulrush (Schoenoplectus lacus-
tris, (L.) Palla) is an important species that supports
local aquatic biotopes. Broadleaf cattail (Typha
latifolia L.) is often found in the coastal zones of the
lake. These species play a key role in stabiliz- ing
the banks, creating habitat for aquatic animals,

and maintaining water quality [23, 24]. Of the sub-
merged plants, the most widespread are various spe-
cies of pondweed and water rhizome. The area of
overgrowth of the lake as a whole is 30%.

Quantitative indicators of phytoplankton in Lake
Taldykol

The studied reservoir contained individual spe-
cies from the following classes of phytoplankton:
Diatoms (Bacillariophyta, Haeckel, 1878) are one of
the main groups of phytoplankton in reservoirs;
Green algae (Chlorophyta, Haeckel, 1894); Blue-
green algae (Cyanobacteria) are well adapted to
extreme conditions, including high salinity, and can
cause “water blooms” [25].

Diatoms were predominant in spring — 62%,
in summer — 53% and in autumn — 58% (Table 1).
Green algae also formed a large group: they made up
24% in spring, 35% in summer and 29% in autumn.
The share of blue-green algae was 7% in spring, 6%
in summer and 9% in autumn.

In total, 62 species of phytoplankton were iden-
tified in the lake for the studied seasons of the year.
Species identification in the lakes showed the fol-
lowing results (Table 2):
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Table 1 — Dominant classes of phytoplankton in Lake Taldykol

Phytoplankton Share, %
Spring Summer Autumn
Bacillariophyta 65 53 58
Chlorophyta 24 35 29
Cyanobacteria 7 6 9
Table 2 — Phytoplankton species in Lake Taldykol
Types of phytoplankton Spring Summer Autumn
Bacillariophyta
Melosira varians Agardh + - +
Cyclotella species Kiitzing + + -
Diatoma sp Miiller + + +
Diatoma anceps Ehrenberg, Kirchn. + + +
Synedra acus Kiitz. - + -
Synedra tabulata (Ag.) Kiitz. + + -
Meridion circulare Ag. - + +
Melosira arenaria Moore + - +
Fragilaria construens (Ehr.) Grun. - + +
Synedra ulna (Nitzsch.) Ehr. - - +
Cocconeis pediculus Ehr. + - -
Cocconeis placentula Ehr. - + +
Rhoicosphenia curvata (Kiitz.) Grun. - + -
Navicula cuspidate Kiitz - + -
Navicula sp Bory de Saint-Vincent + + -
Navicula gracilis Kiitz + + -
Navicula viridula Kiitz - + +
Navicula radiosa Kiitz + + -
Navicula exigua (Greg.) J.Mill. - + -
Navicula prostrata Ehr - + -
Navicula amphibola Brebisson + + +
Caloneis silicula (Ehr.) Cl. - + -
Girosigma Spenseri (W.Sm.)CI. - + -
Girosigma balticum (Ehr.)Rabenh. - - +
Caloneis amphisbaena (Bory) Cl. - - +
Gyrosigma acuminatum Bory de Saint-Vincent + - -
Amphora ovalis Kiitz. + - -
Cymbella prostata (Berkley) CI. - + -
Cymbella affinis Kiitz. - + +
Cymbella lanceolata (Ehr.) V.H. - - +
Cymbella cistula (Hemp.) Grun. + - -
Cymbella stigmafora Grunow - + +
Nitzschia Sigma (Kiitz.) W.Sm. + - -
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Continuation of the table

Types of phytoplankton Spring Summer Autumn
Nitzschia acicularis Kiitz + + +
Surirella Capronii Breb. - + -
Surirella ovalis Ehr. + + +
Gomphonema constrictum Ehr. - + -
Gomphonema intricatum Ehr. - + +
Bacillaria paradoxa Gmelin + - -
Symatopleura solea (Breb.) W.Sm. - - +
Pinnularia subgibba Ehr. + + +
Pinnularia Ehr. - + -
Tabellaria Ehr. + - -
Chlorophyta
Lagerheimia Alder + - +
Geminella sp Ehr. + + +
Chlorella Beijerinck + + -
Oocystis Bory de Saint-Vincent - + +
Spirogira Weberi (Kiitz.) Czurda + - -
Pediastrum Bory de Saint-Vincent - + +
Scenedesmus Corda - + -
Stigeoclonium tenue Kiitz + + -
Ulotrix subtilis Kiitz - + -
Cyanophyta
Microcoleus tenerrimus Mertens ex Gomont - + -
Aphanizomenon Lemm. - + -
Anabaena sp. Bory de Saint-Vincent - + +
Oscillatoria brevis Kiitzing ex Gomont + - -
Oscillatoria chalybea Mertens ex Gomont + + -
Oscillatoria princeps Vaucher ex Gomont + + +
Spirulina fusiformis Voronichin + + -
Euglenophyta

Euglena gracilis Klebs + + -
Trachelomonas volvocina Ehrenberg - - +
Peridinium Ehrenberg - +

The primary productivity of phytoplankton var-
ied at different times of the year: in spring the total
number was 12.19 thousand cells/cm?, and the total
biomass was 3.1 mg/dm?; in summer the total num-
ber reached 24.6 thousand cells/cm?, the total bio-
mass was 7.6 mg/dm?; in autumn the total number
was 27.9 thousand cells/cm?, the total biomass was
12.93 mg/dm? (Table 3).

In all the studied seasons, the lake waters were
classified as B-mesosaprobic zone, however, in au-

tumn, saprobity increases and is on the border closer
to the L-mesosaprobic zone. Thus, most lakes have
a tendency to eutrophication of waters, and there-
fore have a low self-purification potential. Despite
the overall high productivity of algae in water bod-
ies, the function of saprophytes remains low.

However, in terms of the total number of algal
flora, the trophicity of the lake in the selected areas
is mesotrophic, as it is in the range of 3.85-20 mil-
lion cells/I.
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Table 3 — Quantitative indicators of phytoplankton in Lake Taldykol

Indicators Spring Summer Autumn
Total number of algal flora (thousand cells/cm?) 12,19 24,6 27,9
Total biomass mg/dm? 31 7,6 12,93
Saprobity index 1,70 181 25

Quantitative indicators of zooplankton in Lake
Taldykol

Zooplankton in the lake is an important compo-
nent of the ecosystem, playing a key role in the food
chain of water bodies. It serves as an important link
between phytoplankton (algae) and larger organisms
such as fish [26]. The main groups of zooplankton
that are found in Lake Taldykol are:

- Cladocera (Cladocera G. O. Sars), in particu-
lar small crustaceans such as Daphnia (Linnaeus
(1758), Bosmina (Baird (1850), and Chydorus
(Baird (1850);

- Copepods (Copepoda Linnaeus (1758). Of the
representatives of this group, Cyclops (Linnaeus
(1758) and Diaptomus (Koch (1837) predominate)

Table 4 — Zooplankton species in Lake Taldykol

play an important role in maintaining the balance of
the ecosystem of water bodies;

- Rotators (Rotifera, Bory de Saint-Vincent
(1824). Such as Brachionus, Bory de Saint-Vincent
(1824), Keratella (Gosse, 1851) have been discov-
ered.

Zooplankton plays an important role in regulat-
ing the abundance of phytoplankton, which helps
maintain balance in aquatic ecosystems. In addition,
zooplankton is the main food source for many fish
species, especially juveniles [27].

The composition and abundance of zooplankton
varied depending on the season and the availability
of nutrients. A total of 22 species of zooplankton
were identified in the studied lakes (Table 4).

Types of zooplankton Spring Summer Autumn
Rotifera
Asplanchna silvestris Daday + + -
Synchaeta sp. Linnaeus - - +
Euchlanis sp. Linnaeus + - +
Lepadella patella Gosse + - -
Brachionus quadridentatus hyphalmyros Tschugunoff + + +
B.angularis Gosse + + -
B.calyciflorus spinosus Wierzejski + + -
Keratella cochlearis Gosse + + +
Testudinella trilobata Gosse - + -
Keratella quadrata Gosse - + +
Euchlanis triquetra Miiller + + +
Cladocera
Rhynchotalona falcatasp Koch + + +
Daphnia cucullata Sars + - +
Daphnia longispina Muller - - +
Magna sp. Straus + - -
Ceriodaphnia sp. Richardson + + -
Bosmina sp. Baird + + +
Chydorus sphearicus Muller + + +
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Continuation of the table

Types of zooplankton Spring Summer Autumn
Leptodora kintii Focke + + +
Pleuroxus striatus Baird - - +
Copepoda
Cyclops sp. Linnaeus + + +
Eurytemora velox Sars + - +
Acanthocyclops vernalis Fischer - - -
Cyclop strenuous Sars - - -

The abundance of cladocerans in May was

22.07%, in August 38%, in October 34% (Table 5).

The content of rotifers was 0.03% in May, 28%

in August, and 5% in October. Copepods were the

most abundant in May — 77%, 51% in August, and
41% in October.

In terms of abundance and biomass, zooplank-
ton was most abundant in summer (total abundance
—4.89 thousand specimens/m?, total biomass — 50.29
mg/m?) and spring (total abundance —4.61 thousand

Table 5 — Dominant classes of zooplankton in Lake Taldykol

specimens/m?, total biomass — 44.1 mg/m?); then in
autumn — the total number is 3.33 thousand speci-
mens/m?, the total biomass is 32.37 mg/m?.

Based on the calculation of saprobity indices for
different groups of hydrobionts, it can be concluded
that in all seasons the lake is classified as moderately
saprobic (B-mesosaprobic) in terms of water quality.
However, in spring and autumn, saprobity is higher
than in summer, which indicates a decrease in the
reservoir’s ability to cope with organic pollution.

Zooplankton indices Spring Summer Autumn
Cladocera, % 22,07 38 34
Rotifers, % 0,03 28 5
Copepods, % 7 51 41
Total number, thousand specimens/m? 4,61 4,89 3,33
Biomass, mg/m? 44,1 50,29 32,37
Saprobity index 1,92 1,85 2,3

As the results of our work show, the com-
position of species in the reservoir varies by season,
although the lake is located within the -
mesosaprobic zone. The composition of zoo-
plankton is not rich and is represented by species
typical for this region, most of which have a wide
range of tolerance.

Conclusion

Lakes are key components of natural ecosys-
tems, performing important ecological functions:
regulating water balance, maintaining biological
diversity and providing the population with fresh
water. However, under conditions of increasing

anthropogenic load, many water bodies, including
Lake Taldykol, are facing increasing environmen-
tal problems. Pollution of water bodies with organic
and chemical compounds coming from agricultural,
industrial and domestic sources negatively affects
the quality of water and the biodiversity of the lake,
which leads to a decrease in its environmental sus-
tainability.

Key findings:

1. According to the results of hydrochemical
analysis of water in Lake Taldykol, a sharp decrease
in mineralization and water hardness was recorded
over the year, which indicates dilution of the lake
with fresh water and a change in the type of water
from chloride-sulphate to hydrocarbonate. At the
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same time, a decrease in organic and chemical pol-
lution is observed, with the exception of a summer
surge in phosphates and nitrites, which may indicate
a local influx of wastewater.

2. The phytoplankton of the lake is represented
mainly by diatoms, green, and blue-green algae. A
total of 62 species of algae were identified in the lake
over the studied seasons. Seasonal variability in
productivity was established: in spring (total abun-
dance — 12.19 thousand cells/cm?, total biomass —
3.1 mg/dm®), in summer (total abundance — 24.6
thousand cells/cm’, total biomass — 7.6 mg/dm?), in
autumn (total abundance — 27.9 thousand cells/cm?,
total biomass — 12.93 mg/dm?).

3. 22 species have been identified in the lake’s
zooplankton. The maximum values of abundance
and biomass were recorded in summer (total abun-
dance — 4.89 thousand specimens/m?, total biomass
—50.29 mg/m?), followed by spring (total abundance
—4.61 thousand specimens/m?, total biomass — 44.1
mg/m?); and autumn (total abundance — 3.33 thou-
sand specimens/m?, total biomass — 32.37 mg/m?),
which confirms the seasonal features of zooplankton
community development.

4. Calculations of saprobity indices for various
groups of hydrobionts showed that Lake Taldykol
retains the status of a moderately polluted water
body throughout the year (B-mesosaprobic zone).
However, in spring and autumn, saprobity is on the
border closer to the L-mesosaprobic zone, signifi-
cantly higher than in the summer period, which in-
dicates a decrease in the reservoir’s ability to cope
with organic pollution. But in general, the reservoir
retains a moderate ability to self-purify based on the
ratio of free oxygen to BOD,.
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ASSESSMENT OF THE CURRENT STATE OF CENOPOPULATIONS
OF VERONICA SPICATA L. AND VERONICA SPURIA L.
IN THE FLORA OF THE KASKELEN GORGE, ILE ALATAU

This article examines the current state of the cenopopulations of Veronica spicata and Veronica
spuria within the flora of the Kaskelen Gorge, Ile Alatau. A taxonomic, ecological, and geographical
analysis of the populations’ flora is presented. The age structures of the cenopopulations of both spe-
cies reveal stable structures, predominantly composed of virginile and generative plants. The propor-
tion of undergrowth in the studied cenopopulations is relatively low, ranging from 2% to 9%. Most
cenopopulations of V. spicata and V. spuria lack juvenile plants and have a small proportion of im-
mature individuals. This phenomenon is attributed to insufficient seed renewal in recent years, a rapid
transition of immature individuals to the virginal stage, and the absence of senile plants in the domi-
nant part of the cenopopulations. The viability of individuals in these cenopopulations is primarily
influenced by habitat type. The age structure analysis indicates that the cenopopulations of V. spicata and
V. spuria are in satisfactory condition as part of the mountain-meadow and forb phytocenoses of the
Kaskelen Gorge, Ile Alatau.

Key words: Veronica spicata, Veronica spuria, populations, cenopopulations, Kaskelen Gorge, Ile
Alatau.
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Lne AnataybiHblH KackeneH watKanbiHbIH cpriopacbiHaarbl Veronica spicata L.
»dHe Veronica spuria L. TypnepiHiH ueHononynsiuManapbiHbIH Ka3ipri xkaraanbiH 6aranay

Makana Ine AnaTaybliHblH KackeneH waTtkanbiHblH pnopackiHaarbl V. spicata L. xaHe V. spuria L.
TYpNepiHiH Ka3ipri »xaFaalnbliH 3epTTeyre apHanFaH. byn Makanaga Veronica spicata xaHe V. spuria
Typnepi nonynsumsanapbiHbiH  (nopacbiHa TaKCOHOMMSASBIK, 3KOMOrMUSNbIK XXoHE reorpadusnblk
Tangay acanfaH. KackeneH dnopacbiHaarFbl V. spicata xaHe V. spuria LeHononynsumsnapbiHbiH,
XacTblK KypblnblMAAPbIHbIH, Tanaaybl. Ine AnatayblHbIH WaTKanAapbl 0napAbiH KypblibiMbl Hiplama
TYPaKTbl XXOHE TblH >XOHEe reHepaTuBTi eciMAikTep TO6blHbIH 6acbiM eKeHiH kepceTTi. 3epTTeneTiH
LeHononynsunsanapaarbl TOMeHri eciHainepaiH yneci canbiCTbipManbl TYPAE TOMEH XaHe 2-AeH 9%-Fa
[eWiH. V. spicata xoHe V. spuria LeHononynsiumsnapbliHbiH KeNLWiniri xac ecimaiktepaiH 601MaybIMeH
X3He XeTiNIMereH AapanapablH a3 FaHa Naibi3bIMeH cunaTTanazsl, 6yn CoHFbl BipHeLLe Xbinaa XeTKINKTi
TYKbIM >XaHapTYbIHbIH G60S/IMaybIMEH XKOHE XXETIIMEreH eciMAiKTepAiH Te3 aybiCybiMeH 6aifaHbICTbI.
JlapanapfiblH TbiH Kyire aybiCybl XaHe LieHononynsuusnapasiH 6acekiM 6enirinae Kapinik eciMaikTepaiH
6onmaysbl. LleHononynsuuanapgarbl V. spicata xaHe V. spuria fapanapbiHblH eMiplieHairiHe HerisiHeH
TipWinik eTy opTacbiHbiH Typi acep eTedi. V. spicata X®He V. spuria LeHONoMynsunsnapbiHbiH
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F'€H >XacTbIK KYpblbIMbl 0napAblH, Ine AnaTtaybiHbiH KackeneH WwaTKasabiHbIH Taynbl-LWaFbIHAbIK XoHEe
hopb puToLEHO3AAPLIHBIH KYPaMbIHAAFbI KaHaFaTTaHap/blK XaFaalblH kepceTesi.

TyiiiH ce3nep: Veronica spicata, Veronica spuria, nonynsumsnap, ueHononynsuusinap, KackeneH
waTtkasnbl, Ine Anataybl.

B.M. ThiHbI6ekOB*, E.)K. Bankbibek!, M.A. HypTaesa?, H.b. bailMyp3aeB!,
3.A. KbipbacoBa?, ¥Y.K. KypmaH6ait?, 3.4. YMupbaesa?,
AJK. Ynunanbaesal, A.A. Cepukbair?, N.A. CbeamHa®
1Ka3axckuit HaLMOHaNbHbIN YHUBEPCUTET UMeHM anb-Papabu, AnmaTtbl, KasaxcraH
2 KoMMyHaslbHOe roCyAapCTBEHHOE yupexaeHue «CrieunanusnpoBaHHbiii nuueit N2 126», Anmatsl, KasaxctaH
3Ka3axcKuit HaLUMOHanbHbIN XEHCKMI Neaarormyeckuii YHMBEpCuTeT,
MHCTUTYT ecTecTBO3HaHus, AnMaTbl, KasaxcTtaH
‘YHuepcuteT uMeHn XK. TaweHesa, LLbiMkeHT, Ka3axctaH
SPIT1 Ha MXB UHCTUTYT 60TaHnKn 1 GUTONMHTpOoAyKumMn, AnmaTbl, KasaxcraH
*e-mail: tynybekov.bekzat.72@gmail.com

OueHKa COBpPEMEHHOr0 COCTOSIHUA nonynsuuii BUAoB Veronica spicata L.
n Veronica spuria L. Bo ¢pnope KackeneHckoro yuenbs 3anauniickoro Anatay

CTaTbsi MOCBSILLIEHA M3YYEHWI0 COBPEMEHHOr0 COCTOSIHWS MOMynsiuMii BMAOB Veronica spicata v
Veronica spuria Bo drope KackeneHckoro yuenbsi 3aunumitckoro Anatay. B cTtaTbe npenctaBneH Tak-
COHOMMWYECKMIA, 3KOMOrMYECKUii 1 reorpadmyeckuii aHanms nopbl NOMyNsuMin 3TUX BUAOB. AHanu3
BO3paCTHOMN CTPYKTYpbl LleHONonynsiumini V. spicata u V. spuria nokasasn, YTto UX CTPyKTypa OTHOCUTENb-
HO CTabunbHa, ¢ NpeobnagaHneM BUPTUHWIBHBIX U FeHepaTWBHBLIX pacTeHuid. [Jons nogpocTa B uccne-
AyeMbIX LIEHOMOMNYNSAUMSX HEBbICOKA M COCTaBnsieT OT 2 A0 9 %. [ns 60MblIMHCTBA LIEHOMOMNYSALMMA
XapaKTEPHO OTCYTCTBUE HOBEHWSIbHBIX PACTEHMIA U HU3KMUI MPOLIEHT MMMaTYpPHbIX OCOGEl, YTO CBA3aHO
C HefoCTaTOYHbIM CEMEHHbIM BO306HOBMEHWEM B MOCNeAHWe rofbl, 6bICTPbIM NepexofoM UMMaTYpPHbIX
ocobell B BUPrMHUIBHOE COCTOSIHUE M OTCYTCTBMEM CEHWJIbHBIX PacTeHUA B AOMMHMPYIOLLEN Y4acTu no-
nynauui. Ha »xusHecnocobHocTb ocobelt V. spicata u V. spuria B LEHOMOMYSAUMSAX B OCHOBHOM BIIMSIET
TMN MecToobuTaHusl. Bo3pacTHasi CTPyKTypa LIeHOMOMynsuni yKasblBaeT Ha WX YAOB/IETBOPUTENBHOE
COCTOSIHME B COCTaBe FOPHO-NTYroBbIX M Pa3HOTPaBHbIX (UTOLEHO30B KackeneHCKoro yulenbs 3annuvi-

ckoro AnaTay.

KnroueBble cnosa: Veronica spicata, Veronica spuria, nonynsauuv, LeHononynauuv, KackeneHckoe

yulenbe, 3aununckuii Anaray.

Introduction

The Kaskelen Gorge is located in the western
part of the lle Alatau, a section of the Northern Tien
Shan mountain system. This system forms a latitudi-
nally oriented, northern folded region within the ex-
tensive Tien Shan mountain chains. The entrance to
the Kaskelen Gorge is situated on the Upper Kaskel-
en Highway, 28 km from Almaty. A limestone quar-
ry is located within the gorge. The forest spruce belt
in this area lies between altitudes of 1900-2700 me-
ters. The gorge itself is gently sloping and extends
upwards for an additional 25 km beyond the end of
the asphalt road.

The most notable side gorges are Kozhai, Eme-
gen, Kasymbek (Sai), and South Kazachka. At an
altitude of 2900 m, the Kaskelen Gorge branches
into two large gorges: Right and Left Kaskelen. The
relief of the high mountains in most parts of these
gorges transitions to gentler slopes, forming alpine
meadows and moraine lakes. The majority of peaks
in the Kaskelen Gorge, ranging from 3800-3900
m in height, are not glaciated. They exhibit signifi-

cant rock erosion, with abundant fragmented rocks
and steep northern slopes. At the headwaters of the
Kaskelen Gorge, there are approximately six peaks
with glaciers that exceed 4000 m in height.

The Ile Alatau Range, part of the Northern Tien
Shan system, is located in southeastern Kazakhstan
within the boundaries of Almaty and Almaty region.
It is one of the most picturesque and geographically
diverse mountain formations in Central Asia. The
Ile Alatau lies between the Ile and Chu rivers, form-

ing a natural border between Kazakhstan and Kyr-
gyzstan. To the south, it is bounded by the Ile Val-
ley, and to the north, by a large foothill plain. The
lle Alatau is divided into several ridges, including
the main ridge, which is the highest and longest, and
where Zhambyl Peak is located. The northern ridge
is notable for its height and diverse landscapes, in-
cluding deep gorges like Malaya Almatinka Gorge.
The predominant altitudes of the range are
40004600 m, with Talgar Peak (4973-4979 m)
as the highest point. The Gorodetsky Glacier is
situated on the northern slope. Mountain peaks are
frequently covered by glaciers, which serve as key
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sources of water for the region. The primary rivers
flowing from the lle Alatau are the lle, Chu, and
their tributaries. The highest part of the Ile Alatau,
surrounding Talgar Peak and the headwaters of the
Talgar and Chilik Rivers, is known as the Talgar
Massif.

The climate of the Ile Alatau is sharply continen-
tal, characterized by significant temperature fluctua-
tions between winter and summer. Average winter
temperatures can drop to -10°C or lower, while sum-
mer temperatures can reach +30°C. Precipitation is
predominantly in the form of snow during winter,
while thunderstorms are common in summer. The
lle Alatau Range consists of diverse rock types, in-
cluding granites, marbles, and limestones. The range
was formed during the Caledonian orogeny and was
extensively reshaped during the Quaternary period.
Key rock formations include granites, conglomer-
ates, limestones, and shales.

Numerous lakes, primarily of glacial origin, are
associated with the region’s active mudflow pro-
cesses. The most significant and well-known lakes
are the Big Almaty Lake and Lake Issyk. These
lakes, along with glaciers, are crucial water sources
for the region.

The vegetation of the lle Alatau is diverse, in-
cluding spruce forests (Picea schrenkiana Fisch. &
C.A. Mey) and deciduous forests comprising spe-
cies like Malus sieversii (Ledeb.) M. Roem., Popu-
lus tremula L., and Crataegus songarica K. Koch.
The middle and lower mountain zones are charac-
terized by shrub-steppe vegetation, including spe-
cies such as Atraphaxis muschketowii Krasn., Coto-
neaster uniflorus Bunge, C. melanocarpus Fisch. ex
Blytt., C. oliganthus Pojark., Cotoneaster soongori-
cus (Regel & Herder) Popov., Rosa alberti Regel,
R. beggeriana Schrenk, Lonicera hispida Pall. ex
Schult., and Ribes meyeri Maxim [1].
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Figure 1 — Map-scheme of the Kaskelen Gorge of lle Alatau

The study focuses on the current state of popu-
lations of V. spicata and V. spuria,, as well as the
floristic composition of their cenopopulations in the
lle Alatau.

The studied species, V. spicata and V. spuria,
belong to the genus Veronica L., subgenus Veroni-
cella (Fourr.) Boriss., section Pseudolysimachia (W.
Koch) Opiz. Within this classification, V.spicata is
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part of subsection Spuriae (Holub) A. Jelen., while
V. spuria belongs to subsection Pseudo-Lysimachi-
um Koch.

The genus Veronica L. is a member of the Plan-
taginaceae (formerly Scrophulariaceae). It is one of
the largest and most widespread genera, encompass-
ing up to 300 species that primarily inhabit temper-
ate and cold regions of the Northern Hemisphere,
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often at high altitudes [2]. In the flora of Kazakhstan,
the genus Veronica L. is highly polymorphic, dis-
playing significant diversity in systematic, biomor-
phological, geographical, and ecological-cenotic
parameters. Within the Ile Alatau Range, the genus
represents a minor component of the regional flora.
The genus Veronica L. is among the oldest of the
steppe flora in the Eurasian steppe region, originat-
ing from preboreal elements of the Altai-Mongolian
steppe during the Tertiary Pliocene period. Within
the steppe flora, Veronica L. species are consid-
ered easily recognizable florogenetic elements, cat-
egorized by M.G. Popov as ancient Mediterranean
steppe elements. This group includes V. spicata and
V. spuria, [3]. Globally, the genus consists of ap-
proximately 300 species, predominantly found in
Mediterranean regions. In Kazakhstan, the genus is
represented by 47 species, including three endemics:
Veronica arenosa (Serg.) Boriss., Veronica chanta-
vica Pavlov, and Veronica luetkeana Rupr. [4].

Several species of Veronica L. are valuable me-
dicinal plants. Traditionally, plants of this genus
have been widely used in folk medicine. Decoctions
of the aerial parts of Veronica spicata L. are used to
treat neuroses, respiratory infections, pulmonary
tuberculosis, liver diseases, metrorrhagia, diarrhea,
and bladder disorders. Externally, the decoction acts
as a wound-healing and styptic agent, while it is also
used as an analgesic for pain and headaches. Dried
herb powder is applied to treat panaritium, typical-
ly healing within 3—4 days. Fresh leaves are used to
alleviate severe sweating when placed between toes.
Additionally, herbal infusions are employed to wash
wounds and snake bites, while the herb itself is
applied directly to the bite site. Preparations of V.
spicata exhibit anti-inflammatory properties and are
utilized to treat colds, cardiovascular diseases, and
skin conditions.

Studies of the methanol extract of V. spicata
herb using adsorption chromatography have isolated
four flavonoid compounds. The herb contains flavo-
noids, iridoids, phenolcarboxylic acids, nitrogenous
compounds, vitamin C, and trace elements. These
findings highlight the plant’s traditional and offi-
cial medicinal applications in Kazakhstan and other
countries, driving increasing interest in its potential
uses [5].

Decoratively, V. spicata is highly valued in hor-
ticulture. It is widely cultivated in gardens world-
wide, thriving in both warm and cold regions. The
species is celebrated for its vibrant colors, dense
foliage, and long flowering period. It is frequently
used in mixed borders and single plantings, comple-
menting other flowers. Through selective breeding,

numerous varieties with varying sizes and flower
colors have been developed.

V. spicata is a perennial meadow-steppe spe-
cies of the Palaearctic region. It is a grayish-green
plant with erect or ascending stems, 10-50 (75) cm
tall, and a woody rhizome. The stems, either solitary
or few, are stout, ascending at the base, and pubes-
cent with short, detached hairs mixed with glandu-
lar hairs, especially in the inflorescence. Leaves are
grayish, with lower ones petiolate, oblong-ovate, or
broadly elliptical (3-8 cm long, 0.9-1.3[3] cm
wide), and obtuse. Middle and upper leaves are ob-
long-lanceolate, nearly sessile, sparsely toothed, and
entire-edged towards the apex. The inflorescence is
a terminal, dense, elongated raceme, usually soli-
tary, with narrowly lanceolate bracts equal to or
slightly longer than the sessile calyx.

The corolla is blue or violet, occasionally pink
or white, and measures 2—3 times the calyx length
(0.5-0.7 cm wide), with a short hairy tube and four
deflected lobes. Stamens are nearly as long as the
corolla, and seeds are flatly convex, broadly ovate,
and smooth. The species flowers from June to Oc-
tober, with fruiting occurring from July to October
[6].

It grows in dry steppe and forest meadows,
steppe hollows, shrubs, pine forests, sandy areas,
stony and steppe slopes of plains and foothills, and
rises to the forest belt of mountains [6].

Range of distribution in Kazakhstan: Spurs of
the Common Syrt, Tobol-Ishim Plain, Irtysh Plain,
Semipalatinsk Pine Forest, Kokshetau Upland, Cas-
pian Lowland, Ulytau Mountains, Eastern Small
Hills, Karkaraly Mountains, Altai Mountains, Tar-
bagatai Ridge, Dzhungar Alatau, lle and Kungei
Alatau, Ketmen and Terskey Alatau.

General distribution: The European part of the
USSR, Caucasus, Central Asia, Western and East-
ern Siberia (southern regions), Scandinavia, West-
ern Europe, the Mediterranean, and Western China
[6].

General information about cenopopulations of
V. spicata highlights its significant polymorphism,
indicating the need for further study. V. spicata is
a perennial herbaceous plant with xeromorphic fea-
tures and broad ecological plasticity. However, its
distribution in the study area is limited. It is a typical
mesoxerophyte with a Palaearctic habitat, adapted to
varying light and moisture conditions. It grows in
open areas, including dry steppe and forest mead-
ows, steppe hollows, shrubs, and pine forests, as
well as sandy, stony, and steppe slopes, extending to
the forest belt at altitudes of 900-2600 m above sea
level.
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Modern studies indicate that V. spicata is not
homogeneous. It exhibits significant polymorphism,
forming populations that differ in minor morpholog-
ical, physiological, and ecological traits. These vari-
ations underscore its classification as a highly vari-
able species, as noted by many researchers [2—4].

It grows in dry steppe and forest meadows,
steppe hollows, shrubs, pine forests, sandy areas,
stony and steppe slopes of plains and foothills, and
rises to the forest belt of mountains [6].

Range of distribution in Kazakhstan: Spurs of
the Common Syrt, Tobol-Ishim Plain, Irtysh Plain,
Semipalatinsk Pine Forest, Kokshetau Upland, Cas-
pian Lowland, Ulytau Mountains, Eastern Small
Hills, Karkaraly Mountains, Altai Mountains, Tar-
bagatai Ridge, Dzhongar Alatau, lle and Kungei
Alatau, Ketmen and Terskey Alatau.

General distribution: The European part of the
USSR, Caucasus, Central Asia, Western and East-
ern Siberia (southern regions), Scandinavia, West-
ern Europe, the Mediterranean, and Western China
[6].

General information about cenopopulations of
V. spicata highlights its significant polymorphism,
indicating the need for further study. V. spicatais a
perennial herbaceous plant with xeromorphic fea-
tures and broad ecological plasticity. However, its
distribution in the study area is limited. It is a typical
mesoxerophyte with a Palaearctic habitat, adapted to
varying light and moisture conditions. It grows in
open areas, including dry steppe and forest mead-
ows, steppe hollows, shrubs, and pine forests, as
well as sandy, stony, and steppe slopes, extending to
the forest belt at altitudes of 900-2600 m above sea
level.

Modern studies indicate that V. spicata is not
homogeneous. It exhibits significant polymorphism,
forming populations that differ in minor morpholog-
ical, physiological, and ecological traits. These vari-

ations underscore its classification as a highly vari-
able species, as noted by many researchers [7-10].

Grows in meadow steppes, meadow-steppe and
meadow slopes, birch forests, depressions of sparse
pine forests, and on chernozem-like limestone and
loamy, sometimes saline soils [11-15].

Distribution in Kazakhstan: Occurs in all regions
of Kazakhstan except for the most arid deserts.

General distribution: Found in the European part
of the former USSR, the Caucasus, Central Asia,
Western Siberia, and Middle and Southern Europe
[6].

The species V. spicata and V. spuria, belonging
to the genus Veronica L., are perennial polycarpics.
These species are similar in growth habits and veg-
etation types but differ significantly in their geo-
graphical distribution [16-21]. Despite the relative-
ly comprehensive study of the vascular plant flora of
the lle Alatau, specific population studies of V.
spicata and V. spuria have not yet been conducted.
Consequently, the existing literature on these spe-
cies is scattered, incomplete, and not always accu-
rate.

Currently, the population structure and morpho-
logical and biological characteristics of V. spicata
and V. spuria growing in natural conditions in the lle
Alatau region remain largely unstudied. In the last
decade, scientific interest in V. spicata and V. spuria
has increased significantly [21-26].

Materials and research methods

Representatives of the Plantaginaceae (formerly
Scrophulariaceae) family, V. spicata and V. spu- ria,
from natural cenopopulations were the objects of
this study. The research was conducted in 2024
within natural phytocenoses in the western part of
the lle Alatau Range, specifically in the Kaskelen
Gorge, Kaskelen District, Almaty Region (Table 1).

Table 1 — Cenopopulations of V. spicata and V. spuria were identified during field studies.

Species name, cenopopulation number

Geographical location

Coordinates location

Veronica spicata L. and Veronica spuria L.

Almaty region, Kaskelen district, Kaskelen gorge,

43°00"983"'N, 76°36°827"'E,

CP 1 lle Alatau, forest belt, north-eastern slope. 1856 m.a.s.l.
Veronica spicata L. and Veronica spuria L. | Almaty region, Kaskelen district, Kaskelen gorge, | 43°00°983"'N, 76°36°485"'E,
CP2. lle Alatau, forest belt, north-eastern slope, slope of 1756 m.as.l.

western exposure.

Veronica spicata L. and Veronica spuria L.
CP3.

Almaty region, Kaskelen district, Kaskelen gorge,
lle Alatau, forest belt, north-eastern slope.

43°00°983"'N, 76°36"
658" 'E, 1796 m.a.s.l.

130



B.M. Tynybekov et al.

To study the current state of populations of V.
spicata and V. spuria in their natural habitats, ex-
peditionary fieldwork was planned using the route-
reconnaissance method in the Kaskelen Gorge. The
abundance of species in phytocenoses was deter-
mined using the Drude abundance scale. For each
cenopopulation, the following parameters were
assessed: number of generative and vegetative in-
dividuals, height of generative shoots, number of
leaves on generative shoots, peduncle length, num-
ber of leaves per individual, inflorescence size, and
number of flowers. These indices were determined
with 20-fold repetition.

Methodology of sample plots. The methodol-
ogy for estimating the density and abundance of the
studied species corresponds to the programme and
methodology for observing species cenopopula-
tions. Population studies of V. spicata and V. spuria,
including plant morphology, ecological and phyto-
coenotic characteristics of populations, age compo-
sition, seed productivity, and vitality of cenopopu-
lations and individuals, were conducted following
established methods.

To study the geographical distribution of V. spi-
cata and V. spuria, the route-reconnaissance method
was applied, supplemented by classical methods for
studying plant morphology, phytocenoses, ecology,
and biology.

Determination of species composition of plant
communities. The species composition of plants in
phytocenoses was determined using relevant bo-
tanical references and identifiers, such as Flora of
Kazakhstan and Central Asia Plant Identifier. The
structure of plant families follows the classification
system of A. L. Takhtajyan, with species and genera
listed alphabetically within families.

Route-reconnaissance method. This field meth-
od involves walking along predetermined routes to
discover and collect plants, enabling the coverage of
large areas and the study of species diversity.

Collection and processing of herbarium materi-
al. Specimens of V. spicata and V. spuria were col-
lected, labeled with information about the location,
date, and collector, and placed in herbarium folders.
After fieldwork, the specimens were dried and ex-
amined under binocular loupes. Herbarium collec-
tion and processing followed the standard method-
ology of A. K. Skvortsov [27].

Species identification and systematics. Species
identification was carried out in the laboratory us-
ing multi-volume reports and botanical reference
books, such as Flora of the USSR, Flora of Kazakh-
stan, Central Asia Plant Identifier, and Illustrated
Plant Identifier of Kazakhstan. Taxonomic clas-
sifications follow the Plants of the World Online
(POWO) database and works by S. K. Cherepanov
and S.A.Abdulina. The life forms were analyzed us-
ing the classifications of K. Raunkier and I. G. Sere-
bryakov [28].

During the field studies in the Kaskelen Gorge,
three cenopopulations of V. spicata and V. spuria
were identified. Morphological characteristics of
these species were studied on living plants and her-
barium specimens.

Purpose. The purpose of this work is to study the
population features of V. spicata and V. spuria in
natural populations within the Kaskelen Gorge of the
lle Alatau [29].

Results and their discussion

To clarify the natural locations of V. spicata and
V. spuria cenopopulations in the Ile Alatau, Kaskel-
en Gorge, to plan the routes for expedition trips, to
establish flowering dates, and to identify occupied
ecological niches, a study was conducted using her-
barium material from the main herbarium collection
of the Institute of Botany and Phytointroduction, as
well as literary floristic data.

The results of the study on V. spicata and V.
spuria indicate that these species, found in vari- ous
habitats of the Kaskelen Gorge in the lle Alatau,
exhibit structural differences related to zonality,
climatic conditions, and their abundance in plant
communities. The study also revealed the ecological
confinement of these plants to specific hydrological
regimes. For both V. spicata and V. spuria, the
optimal habitat is the broad middle belt of the
forest-steppe zone. However, within the study area,
the density of individuals is low. This is attributed to
low seed productivity, dif- ficulty in seed
germination, high seedling mortal- ity, and the
elimination of individual specimens due to natural
factors. These factors make both species rare and in
need of conservation measures in their natural
habitats.

131



Assessment of the current state of cenopopulations of Veronica spicata L. and Veronica spuria L. in the flora...

Figure 2 — Populations of V. spicata and V.spuria in the Kaskelen Gorge
of the western part of Ile Alatau (a,b — Veronica spuria L., ¢c,d — Veronica spicata L.).

Table 2 — Characteristics of the locations of the V. spicata and V. spuria cenopopulations in the Kaskelen gorge

43°00209°'N, 76°37' 150"E, 1987m
above sea level. Cenopopulation (2)
grows in open habitats (northern slopes),
forming a sparse cover.

in small groups
along the slope of the
northern exposure.

Name of the Cenopopulation and its Ecologlca! Avrea of Number c_)f Lo
- phytocenotic 5 pregenerative Vitality indicators CP
locality ) CP, m Lo
confinement individuals per 10 m?
Kaskelen population of V. spicata and V. spuria L.

1. Cenopopulation of woody-shrub-
forb-grass phytocenosis. Almaty region, 17 generative individuals.
Kaskelen district, Kaskelen gorge, Kaskelen Gorge, Young, slowly
Intermountain valley of Ile Alatau, northern slopes. In progressing, capable of
northwestern slope. 43°00°983"'N, small, few groups, 50 5 self-sustaining by seed
76°36" 827" 'E, 1856 m above sea level. in moist meadow and vegetative means,
Cenopopulation (1) was produced in habitats. stably maintaining its
open habitats (northern slopes), forming a territory.
sparse cover.
2. Ce_nopopulatlon of geranium- The slope of the
seseli-forb phytocenosis. Almaty . o

: L northern exposure is 98 generative individuals.
region, Kaskelen district, Kaskelen . . .

orge, lle Alatau, north-eastern slope geranium-seseli-forb. Normal type, actively

g ' ' ' The species is located 150 11 progressing, reproducing

both by seed and
vegetative means
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Continuation of the table

Name of the Cenopopulation and its Ecologlca! Area of Number (.)f .
. phytocenotic ) pregenerative Vitality indicators CP
locality ) CP,m? | . .°. 5
confinement individuals per 10 m
3. Cenopopulation of oregano-cereal-forb 47 generative individuals.
. . Oregano-cereal-forb .
phytocenosis. Almaty region, Kaskelen community on the Weakly progressing,
district, Kaskelen gorge, lle Alatau, western-n%rthern 100 7 with a right-sided
northwestern slope. 43°01°505"'N, 76°36’ slope spectrum, aging, but with
758'E, 1802 m above sea level. pe. satisfactory renewal.

The age structure of cenopopulations of V. spi-
cata and V. spuria was studied across four test plots.
The density of cenopopulations varied from 17 to
105 specimens per square meter. Individuals of veg-
etative origin comprised 50 to 73% of the popula-
tions. Analysis of the age spectra showed that the
age structure is relatively stable, with the age index
ranging from 0.210 to 0.299. Generative plants ac-
counted for 17 to 39% of the populations, while the
virginile group represented the maximum propor-
tion (37-58%) in all cenopopulations. The share of
undergrowth (juvenile and immature stages) ranged
from 15 to 23%, with individuals of vegetative
origin prevailing, likely due to the deep degree of
rejuvenation of vegetative rudiments. All studied
cenopopulations can be classified as normal (ho-
meostatic), indicating high vitality and stability of
these species in the studied phytocenoses.

The Kaskelen population (Pop 1) of V. spicata
and V. spuria is located in the western part of the lle
Alatau, within the forest belt of the Kaskelen Gorge,
at an altitude of 1875 m above sea level. The
projective cover of this population is 30-35%, and it
occupies sporadic loci in meadow mesophytic and
mesoxerophytic plant communities. These sites are
characterized by full or diffused illumination, weak
wind exposure throughout the year, and annual pre-
cipitation levels of 800-1000 mm, primarily occur-
ring in spring and autumn. Typical habitats include
mountain forest forb-meadow plant communities at
altitudes of 1800-2800 m, on dark-colored soils of
the forest-meadow-steppe zone.

In the study area of the Kaskelen population,
three spatially isolated cenopopulations were identi-
fied within different types of phytocenoses. These
cenopopulations share similar environmental con-
ditions and floristic composition. The vegetation
cover is diverse, comprising 76 species. The most
represented families are Poaceae (14%), Asteraceae
(7%), Rosaceae (5%), Ranunculaceae (4%), and Fa-
baceae (3%). Herbaceous species dominate the phy-
tocenosis, accounting for 97% of the life forms, with

woody and shrub species comprising 3%. Ecologi-
cally, mesophytic species dominate (63%), with me-
soxerophytes constituting 23%. The synanthropiza-
tion coefficient is 29%, indicating a moderate degree
of anthropogenic pressure.

Cenopopulation (1) of woody-shrub-forb-grass
phytocenosis includes species such as Picea sch-
renkiana Fisch. et Mey., Crataegus songarica K.
Koch., Salix alatavica Kar. ex Stschegl., Rosa al-
berti Regel., Cichorium intybus L., Ligularia nary-
nensis (C. Winkl.) O. Fedtsch. & B. Fedtsch., Ely-
trigia repens Nevski, and Alopecurus pratensis L. It
is located in the Almaty Region, Kaskelen District,
Kaskelen Gorge, within the intermountain valley of
the lle Alatau on a northwestern slope, at an alti-
tude of 1856 m above sea level. The cenopopula-
tion grows in open habitats (northern-facing slopes),
forming a sparse cover.

The cenopopulation of V. spicata and V. spuria
occurs as isolated individuals within the intermoun-
tain forest zone in the middle spruce belt. The site is
characterized by complex relief, forming an open
space within the intermountain valley. Tree species
include Picea schrenkiana Fisch. et Mey. and Salix
alatavica Kar. ex Stschegl. Among shrubs, the most
common species are Ribes meyeri Maxim., Spiraea
lasiocarpa Kar. & Kir., and Cotoneaster uniflorus
Bunge, with a density of about 0.1-0.2. Less com-
mon is Betula tianschanica Rupr., forming the first
tier.

The first tree tier is formed by Picea schrenkiana
Fisch. et Mey. and Salix alatavica Kar. ex Stschegl.
The second shrub tier includes Juniperus sabina L.
and Rosa alberti Regel. Other shrubs include Co-
toneaster uniflorus Bunge and Lonicera stenantha
Pojark. The ground tier features a well-developed
herbaceous cover, accounting for 90-95% of the
vegetation. The herbaceous vegetation exhibits clear
tiering due to the high density of individuals and
Species.

The dominant species in the herbaceous layer
include Alopecurus pratensis L., Cichorium intybus
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L., Ligularia narynensis (C. Winkl.) O. Fedtsch. &
B. Fedtsch., Rumex acetosa L., Dactylis glomerata
L., Achillea asiatica Serg., and Achillea millefoli-
um L. A wide range of secondary species is pres-
ent, such as Elytrigia repens, Rumex tianschanicus
Losinsk., Taraxacum officinale F.H. Wigg., Me-
landrium apetalum (L.) Fenzl, and others.

The woody-shrub-forb-grass cenopopulation of
V. spicata and V. spuria is characterized as young,
weakly progressing, but capable of self-sustenance
through seed and vegetative means. Its ability to
maintain territory is unstable. The ecological condi-
tions of the habitat, including illumination, moisture
levels, and altitude, are optimal for these species.

No traces of pests, diseases, or sunburn were ob-
served during the examination. The regeneration of
V. spicata and V. spuria is satisfactory, with many
healthy young vegetative individuals. Adequate
moisture is essential for their growth, reflecting their
life strategy.

Among the limiting factors, it is important to
note regular grazing of cattle in the areas of settle-
ment of V. spicata and V. spuria During the initial
description, it was established that the state of the
species in the population is not threatened. In ad-
dition, in similar ecological areas, the species may
well settle and occupy new territories.

Cenopopulation (2) of geranium-seseli-forb
(Geranium collinum Steph., Geranium transver-
sale (Kar. & Kir.) Vved., Seseli schrenkianum (C.A.
Mey. ex Schischk.) Pimenov & Sdobnina, Origanum
vulgare L., Thalictrum collinum  Wallr.)
phytocenosis. Almaty Region, Kaskelen District,
Kaskelen Gorge, lle Alatau, northeastern slope.
43°00209°'N, 76°37'150"E, 1987 m above sea
level. This population of V. spicata and V. spuria is
located in the upper belt of the northeastern slope of
the northern exposure of the western part of the lle
Alatau. The description was carried out in the early
flowering phase. The cenopopulation of V. spicata
and V. spuria is located on the northeast- ern slope,
northern exposure. The soils are meadow light
chestnut. The phytocenosis is polydominant in
composition. The grass stand is quite dense, with-
out noticeable bald spots. The total coverage of the
phytocenosis is about 95-100%. V. spicata and V.
spuria play practically no significant role in the for-
mation of the phytocenosis. The studied species ac-
count for 1.1% of the community. The basis of the
grass stand is made up of several species, including
Elytrigia repens (L.) Nevski (soc).

The first tier is represented by shrubs of Lonicera
microphylla Willd. ex Schult. (sol) and Juniperus
sabina L. (sp). The second tier consists of the fol-
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lowing species: Geranium collinum Steph. (sol),
Geranium transversale (Kar. & Kir.) Vved. (sp),
Achillea asiatica Serg. (sol), Achillea millefolium L.
(sp), Seseli schrenkianum (C.A. Mey. ex Schischk.)
Pimenov & Sdobnina (cop3), Carum carvi L. (sol),
and Origanum vulgare L. (cop3). Dactylis glomera-
ta L. (sol) and Vicia sepium L. (sol) are also present.
There is a great diversity of secondary accom-
panying species: Poa pratensis L. (copl), Draco-
cephalum origanoides Stephan. (sol), Artemisia
absinthium L. (sol), Plantago major L. (sol), Plan-
tago lanceolata L. (sol), Prunella vulgaris L. (sp),
Artemisia annua L. (sp), Geranium albiflorum L.
(copl), Elytrigia repens (L.) Nevski (soc), Agropy-
ron pectiniforme Roemer & Schultes (cop), Dactylis
glomerata L. (cop3), Erigeron acris L. (sp), Galium
aparine L. (sol), Senecio nemorensis L. (sp), Myo-
sotis suaveolens Waldst. & Kit. ex Willd. (sp), Thal-
ictrum petaloideum L. (sp), Daucus carota L. (sp),
Berteroa incana (L.) DC. (sp), Astragalus chloro-
dontus Bunge (sol), Trifolium repens L. (cop3), Tri-
folium pratense L. (cop2), Veronica spuria L. (sp),
Veronica spicata L. (sp), Verbascum thapsus L.
(sol), Pedicularis alberti Regel. (sol), Vicia tenui-
folia Roth. (sol), Vicia subvillosa (Ledeb.) Boiss.
(sol), Origanum vulgare L. (copl), and Dracoceph-
alum integrifolium Bunge (sol).

Cenopopulation (3) of oregano-cereal-forb
(Origanum vulgare L., Elytrigia repens Nevski,
Dactylis glomerata L.) phytocenosis. Almaty Re-
gion, Kaskelen District, Kaskelen Gorge, lle Alatau,
northwestern slope. 43°01°505"'N, 76°36'758"E,
1802 m above sea level. The studied species stably
occupy a place in this community. V. spicata and V.
spuria account for 1.3% of the area occupied by the
phytocenosis.

Adult specimens are medium-sized, up to 40
cm in height. Flowers are in terminal solitary, rarely
also lateral, racemes narrowed to the top and
pointed, 5-20 cm long and 0.5-1.3 cm wide. Flow-
ers are on very short pedicels, rarely almost sessile,
with bracts almost equal to the calyx. The axis of the
inflorescence, bracts, and calyx are pubescent with
glandular, less often with simple hairs. The species
prefers to settle in small groups, in sufficiently moist
places in the middle grass stand.

The existing habitat conditions are completely
optimal for V. spicata and V. spuria According
to the altitudinal structure, it is indistinctly three-
tiered. The first tier, 75-170 cm high, is very sparse.
The shrub tier is located along the outskirts of the
community and consists of Rosa alberti Regel. (sp),
Rosa beggeriana Schrenk. (sp), Lonicera mi-
crophylla Willd. (sp), and Rubus idaeus L. (copl).
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The herbage is fairly well formed, with a total cov-
er of 90-95%. The second tier, 40-90 cm high, is
fairly dense. Dominant species include Origanum
vulgare L. (sol) and Elytrigia repens Nevski. As-
sociated species include Elymus tianschanigenus
Czerep. (sp), Elymus caninus (L.) L. (sp), and oth-
ers.

Studies of V. spicata and V. spuria cenopopu-
lations growing in the Kaskelen Gorge, located in
the western part of the lle Alatau, and the analysis of
herbarium material have shown that these species
exhibit a good ecological amplitude and are relative-
ly well distributed in this area. However, the cenotic
habitat of these species is somewhat narrower, as the
dominant part of V. spicata and V. spuria cenopopu-
lations is found mainly in herbaceous-grassy group-
ings. These habitats provide more favourable con-

ditions, including both open and shaded areas with
adequate moisture.

As a result of expedition studies, three large lo-
calities of V. spicata and V. spuria cenopopulations
were recorded in different ecological and phytocoe-
notic conditions. These species were predominantly
found in moist habitats among meadow-grass and

shrub-grass vegetation. Typical habitats for V. spi-
cata and V. spuria in the Kaskelen Gorge of the lle
Alatau are open light forests and sufficiently humid-
ified herbaceous meadows of the middle forest belt.

Below is the geobotanical characterisation of
plant communities containing V. spicata and V. spu-

ria species found in the Kaskelen Gorge, Kaskelen
District, Almaty Region. The Kaskelen Gorge is lo-
cated along the Upper Kaskelen Highway, 28 km
from Almaty city (Table 3).

Table 3 — Geobotanical characterisation of plant communities with V. spicata and V. spuria species in the Kaskelen river gorge:

Floristic diversity
Abundance Distribution .
. . . . Height,
Species name. Family. according according to m/em Phenophase
to Druce B.A.Bykov
Tree layer (Projective cover: 10-20%).
In Vegetative,
Picea schrenkiana Fisch. & C.A. Mey. Pinaceae sol (1-3%) 30-40 flowering,
groups, unevenly. fruiti
ruiting.
Individuall Vegetative,
Crataegus songarica K. Koch Rosaceae sol (1-3%) y: 6-8 flowering,
unevenly. L
fruiting.
In Vegetative,
Salix alatavica Kar. ex Stschegl. Salicaceae sol (5-10%) 6-8 flowering,
groups, unevenly. .
fruiting.
In Vegetative,
Salix hastata L. Salicaceae sol (3-5%) 8-10 flowering,
groups, unevenly. o
fruiting.
Shrubs (Projective cover: 10-20%)
Individuall Vegetative,
Cotoneaster uniflorus Bunge Rosaceae sol (1-3%) Y. 1,5-2 flowering,
unevenly. L
fruiting.
Individuall Vegetative,
Cotoneaster melanocarpus Fisch. ex Blytt Rosaceae sol (1-3%) Y. 1,5-2 flowering,
unevenly. L
fruiting.
. In Vegetative,
Rosa alberti Regel Rosaceae sol (1-3%) 15 -
groups, unevenly fruiting.
Rosa beggeriana Schrenk Rosaceae sol (1-3%) In 15 Veggtguve,
groups, unevenly fruiting.
Spiraea lasiocarpa Kar. & Kir. Rosaceae sol (1-3%) In 15 Veggtguve,
groups, unevenly fruiting.
Lonicera hispida Pall. ex Schult. Caprifoliaceae sol (1-2%) Individually, 1,5-2 Veggt{:\tlve,
unevenly. fruiting.
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Continuation of the table

Floristic diversity
Abundance Distribution -
. . - - Height,
Species name. Family. according according to m/em Phenophase
to Druce B.A.Bykov
Lonicera stenantha Pojark. Caprifoliaceae sol (1-2%) Individually, 1,5-2 Veggtguve,
unevenly. fruiting.
Lonicera microphylla Willd. ex Schult. Caprifoliaceae sol (1-2%) Individually, 1,5-2 Vegetat'lve,
unevenly. flowering
Rubus idaeus L. Rosaceae sol (1-3%) In 1,5-2 Vegetat_lve,
groups, unevenly flowering
Ribes meyeri Maxim. Grossulariaceae sol (1-3%) In 1,5-2 Vegetat_lve,
groups, unevenly flowering
Atragene sibirica L. Ranunculaceae sol (1-3%) In 1,5-2 Vegetat_lve,
groups, unevenly flowering
Herbaceous-shrub layer (Projective cover: 15-20%)
Euonymus semenovii Regel & Herder Celastraceae | sp- sol (5-15%) diffusely. 0,5-15 Vegetative
Polygonum aviculare L. Polygonaceae sol (1-5%) Individually 50 Vegetative
Sisymbrium loeselii L. Brassicaceae sol (1-5%) unevenly 35 Vegetat_we,
flowering
Pyrola rotundifolia L. Ericaceae sol (2-50) | 'ndividually, 10 | Vegetave,
unevenly. flowering
Goodyera repens (L.) R. Br. Orchidaceae sol (1-5%) Individually 7 Vegetative
Rheum wittrockii Lundstr. Polygonaceae sol (1-5%) Individually 50 Vegetative
Poa nemoralis L. Poaceae sp (10-15%) unevenly. 30-40 Vegetat_lve,
flowering
Vegetative,
Fragaria vesca L. Rosaceae sol (1-5%) unevenly. 35 flowering,
fruiting.
In Vegetative,
Mentha asiatica Boriss. Fabaceae sol (1-5%) 70 flowering,
groups .
fruiting.
Vegetative,
Alchemilla vulgaris L. Rosaceae sol (1-5%) unevenly. 35 flowering,
fruiting.
In Vegetative,
Poa pratensis L. Poaceae sol (1-5%) 70 flowering,
groups o
fruiting.
In Vegetative,
Dracocephalum origanoides Stephan. Lamiaceae sol (1-5%) 35 flowering,
groups o
fruiting.
Artemisia absinthium L. Asteraceae sol (1-5%) unevenly. 70 Vegetayve,
flowering,
Plantago major L. Plantaginaceae sol (1-5%) In 35 Vegetapve,
groups flowering,
Plantago lanceolata L. Plantaginaceae sol (1-5%) In 55 Vegetayve,
groups flowering,
Prunella vulgaris L. Lamiaceae sol (1-5%) unevenly. 70 Vegetayve,
flowering,
Artemisia annua L. Asteraceae sol (1-5%) In 35 Vegetayve,
groups flowering,
Geranium albiflorum L. Geraniaceae sol (1-5%) In 70 Vegetayve,
groups, unevenly flowering,
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Continuation of the table

Floristic diversity

Abundance Distribution Heiaht
Species name. Family. according according to m /Sm’ Phenophase
to Druce B.A.Bykov

Geranium transversale (Kar. & Kir.) Vved. Geraniaceae sol (1-5%) In 35 Vegetayve,
groups, unevenly flowering,

Geranium collinum Stephan ex Willd. Geraniaceae sol (1-5%) In 40 Vegetayve,
groups, unevenly flowering,

Elytrigia repens (L.) Nevski Poaceae sol (1-5%) In 70 Vegetayve,
groups, unevenly flowering,

Agropyron pectiniforme Roemer & Schultes Poaceae sol (1-5%) In 80 Vegetayve,
groups, unevenly flowering,

Dactylis glomerata L. Poaceae sol (1-5%) In 90 Vegetayve,
groups, unevenly flowering,

Erigeron acris L. Asteraceae sol (1-5%) In 55 Vegetayve,
groups, unevenly flowering,

Galium aparine L. Rubiaceae sol (1-5%) Individually, 70 Vegetayve,
unevenly. flowering,

Senecio nemorensis L. Asteraceae sol (1-5%) In 65 Vegetagve,
groups, unevenly flowering,

Myosotis suaveolens Waldst. & Kit. ex Willd. Boraginaceae sol (1-5%) In 85 Vegetagve,
groups flowering,

Thalictrum petaloideum L. Ranunculaceae sol (1-5%) Individually, 65 Vegetayve,
unevenly. flowering,

Daucus carota L. Apiaceae sol (1-5%) In 95 Vegetayve,
groups, unevenly flowering,

Berteroa incana (L.) DC. Brassicaceae sol (1-5%) In 85 Vegetayve,
groups, unevenly flowering,

Astragalus chlorodontus Bunge Fabaceae sol (1-5%) In 85 Vegem?"’e'
groups, unevenly flowering,

Trifolium repens L. Fabaceae sol (1-5%) In 15 Vegem?"’e'
groups, unevenly flowering,

Trifolium pratense L. Fabaceae sol (1-5%) In 10 Vegem?"’e'
groups, unevenly flowering,

Veronica spuria L. Scrophulariaceae sol (1-5%) In 40 Vegetapve,
groups, unevenly flowering,

Veronica spicata L. Scrophulariaceae sol (1-5%) In 35 Vegetapve,
groups, unevenly flowering,

Verbascum thapsus L. Scrophulariaceae sol (1-5%) In 25 Vegetapve,
groups, unevenly flowering,

Pedicularis alberti Regel. Scrophulariaceae sol (1-5%) In 45 Vegetapve,
groups, unevenly flowering,

Vicia tenuifolia Roth. Fabaceae sol (1-5%) In 85 Vegetayve,
groups, unevenly flowering,

Vicia subvillosa (Ledeb.) Boiss. Fabaceae sol (1-5%) In 85 Vegetayve,
groups, unevenly flowering,

Origanum vulgare L. Lamiaceae sol (1-5%) In 40 Vegetayve,
groups, unevenly flowering,

Dracocephalum integrifolium Bunge. Lamiaceae sol (1-5%) In 40 Vegetayve,
groups, unevenly flowering,

Phlomgldes pratensis (Kar. & Kir.) Adylov, Lamiaceae sol (1-5%) In 40 Vegetayve,
Kamelin & Makhm. groups, unevenly flowering,
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Continuation of the table

Floristic diversity

Abundance Distribution -
. . - - Height,
Species name. Family. according according to m/em Phenophase
to Druce B.A.Bykov
Saxifraga sibirica L. Saxifragaceae sol (1-5%) In 7 Vegetayve,
groups, unevenly flowering,
Bromus squarrosus L. Poaceae sol (1-5%) In 45 Vegetayve,
groups, unevenly flowering,
Anisantha tectorum (L.) Nevski. Poaceae sol (1-5%) In 100 Vegetayve,
groups, unevenly flowering,
Veronica chamaedrys L. Scrophulaceae sol (1-5%) In 40 Vegetayve,
groups, unevenly flowering,
Cortusa brotheri Pax ex Lipsky Primulaceae sol (1-5%) In 10 Vegetayve,
groups, unevenly flowering,
n Vegetative,
Solenanthus circinnatus Ledeb. Boraginaceae sol (1-2%) 40 flowering,
groups, unevenly L
fruiting
n Vegetative,
Echium vulgare L. Boraginaceae sol (1-2%) 45 flowering,
groups, unevenly .
fruiting
n Vegetative,
Viola acutifolia (Kar. & Kir.) W. Becker Violaceae sol (1-7%) 10 flowering,
groups, unevenly L
fruiting
n Vegetative,
Viola altaica Ker Gawl. Violaceae sol (1-7%) 10 flowering,
groups, unevenly L
fruiting
n Vegetative,
Achillea millefolium L. Asteraceae sol (1-7%) 70 flowering,
groups, unevenly L
fruiting
n Vegetative,
Achillea asiatica Serg. Asteraceae sol (1-4%) 75 flowering,
groups, unevenly L
fruiting
n Vegetative,
Marrubium vulgare L. Lamiaceae sol (1-2%) 40 flowering,
groups, unevenly L
fruiting
Riimex confértus Willd. Polygonaceae sol (1-5%) In 0 Vegetapve,
groups, unevenly flowering,
Onopordum acanthium L. Asteraceae sol (1-3%) In 25 Vegetapve,
groups, unevenly flowering,
Phlomgldes oreophila (Kar. & Kir.) Adylov, Lamiaceae sol (1-6%) In 40 Vegetapve,
Kamelin & Makhm. groups, unevenly flowering,
Polygonum songaricum Schrenk Polygonaceae sol (1-5%) In 35 Vegetapve,
groups, unevenly flowering,
Bistorta vivipara (L.) Delarbre Polygonaceae sol (1-5%) In 40 Vegetapve,
groups, unevenly flowering,
. - . In Vegetative,
Lithospermum officinale L. Boraginaceae sol (1-3%) 50 -
groups, unevenly flowering,
n Vegetative,
Astragalus fedtschenkoanus Lipsky Fabaceae sol (1-3%) 20 flowering,
groups, unevenly o
fruiting
n Vegetative,
Thalictrum minus L. Ranunculaceae sol (1-5%) 35 flowering,
groups, unevenly fruiting
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Continuation of the table

Floristic diversity

Abundance Distribution Heiaht
Species name. Family. according according to m /sm’ Phenophase
to Druce B.A.Bykov
In Vegetative,
Ephedra equisetina Bunge Ephedraceae sol (1-5%) 40 flowering,
groups, unevenly fruiting
In Vegetative,
Hesperis sibirica L. Brassicaceae sol (1-2%) 20 flowering,
groups, unevenly fruiting
In Vegetative,
Achoriphragma.lancifolium (M.Pop.) Sojak. Brassicaceae sol (1-6%) 45 flowering,
groups, unevenly fruiting
In Vegetative,
Asperugo procumbens L. Boraginaceae sol (1-5%) 30 flowering,
groups, unevenly fruiting
In Vegetative,
Ferula akitschkensis B. Fedtsch. ex Koso-Pol. Apiaceae sol (1-3%) 50 flowering,
groups, unevenly fruiting
In Vegetative,
Rhytispermum tenuiflorum (L. f.) Link Boraginaceae sol (1-5%) 30 flowering,
groups, unevenly fruiting
Cardaria draba (L.) Desv. Brassicaceae sol (1-7%) In 20 Vegetat_lve,
groups, unevenly flowering
Arctium lappa L. Asteraceae sol (1-2%) In 20 Vegetat_lve,
groups, unevenly flowering
Capsella bursa-pastoris (L.) Medik. Brassicaceae sol (1-7%) In 15 Vegetat_lve,
groups, unevenly flowering
Xanthium strumarium L. Asteraceae sol (1-2%) In 30 Vegetat_lve,
groups, unevenly flowering
Taraxacum officinale F.H. Wigg. Asteraceae sol (1-12%) In g5 | Vegetative,
groups, unevenly flowering
Rumex tianschanicus Losinsk. Polygonaceae sol (1-5%) In 85 Vegetat_lve,
groups, unevenly flowering
. In Vegetative
-50, ’
Melandrium apetalum (L.) Fenzl Caryophyllaceae sol (1-5%) groups, unevenly 15 flowering
Descurainia sophia (L.) Webb ex Prantl Brassicaceae sol (1-7%) In 35 Vegetat_lve,
groups, unevenly flowering
Schulzia crinita (Pall.) Spreng. Apiaceae sol (1-7%) In 10 VeQEtat.'Ve‘
groups, unevenly flowering
Gentiana turkestanorum Gand. Gentianaceae sol (1-7%) In 45 VeQEtat.'Ve‘
groups, unevenly flowering
Eritrichium villosum (Ledeb.) Bunge Boraginaceae sol (1-5%) In 40 Vegetat_lve,
groups, unevenly flowering
. . . Vegetative,
Codonopsis clematidea (Schrenk ex Fisch. & Campanulaceae sol (1-7%) In 30 flowering,
C.A. Mey.) C.B. Clarke groups, unevenly fruiting
In Vegetative,
Cirsium arvense (L.) Scop. Asteraceae sol (1-7%) 70 flowering,
groups, unevenly fruiting
In Vegetative,
Hyoscyamus niger L. Solanaceae sol (1-5%) 30 flowering,
groups, unevenly fruiting
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Floristic diversity

Abundance Distribution Heiaht
Species name. Family. according according to m /gm’ Phenophase
to Druce B.A.Bykov
In Vegetative,
Helictotrichon pubescens (Huds.) Pilg. Poaceae sol (7-10%) 90 flowering,
groups, unevenly fruiting
Helictotrichon tianschanicum (Roshev.) In Vegetative,
' Poaceae sol (5-10%) 95 flowering,
Henrard groups, unevenly fruiting
n Vegetative,
Ligularia macrophylla (Ledeb.) DC. Asteraceae sol (1-7%) 95 flowering,
groups, unevenly fruiting
n Vegetative,
Anthriscus nemorosa (M.Bieb.) Spreng. Apiaceae sol (1-5%) 65 flowering,
groups, unevenly fruiting
Aconitum leucostomum Vorosch. Ranunculaceae sol (1-7%) In 95 Vegetat.lve,
groups, unevenly flowering
Setaria viridis (L.) P. Beauv. Poaceae sol (1-5%) In 85 Vegetat.lve,
groups, unevenly flowering
Ligularia narynensis (C. Winkl.) O. Fedtsch. Asteraceae sol (1-10%) In 110 Vegetat.lve,
& B. Fedtsch. groups, unevenly flowering
Gentiana tianschanica Rupr. Gentianaceae sol (1-7%) In 45 Vegetat_we,
groups, unevenly flowering
n Vegetative,
Phleum pratense L. Poaceae sol (1-5%) 75 flowering,
groups, unevenly fruiting
n Vegetative,
Solidago dahurica Kitag. Asteraceae sol (1-5%) 90 flowering,
groups, unevenly fruiting
n Vegetative,
Linum perenne L. Linaceae sol (1-3%) 100 flowering,
groups, unevenly fruiting
n Vegetative,
Cirsium polyacanthum Kar. & Kir. Asteraceae sol (1-5%) 75 flowering,
groups, unevenly fruiting
n Vegetative,
Phalaroides arundinacea (L.) Rauschert Poaceae sol (1-7%) 65 flowering,
groups, unevenly fruiting
Anthoxanthum odoratum L. Poaceae sol (1-5%) In 50 Vegetat_lve,
groups, unevenly flowering
Cichorium intybus L. Asteraceae sol (1-7%) In 110 VeQEtat.'Ve‘
groups, unevenly flowering
n Vegetative,
Hierochloe odorata (L.) P. Beauv. Poaceae sol (1-5%) 60 flowering,
groups, unevenly fruiting
n Vegetative,
Stipa zalesskii Wilensky Poaceae sol (1-3%) 40 flowering,
groups, unevenly fruiting
Brachypodium pinnatum (L.) Beauv. Poaceae sol (1-3%) In 55 Vegetat.lve,
groups, unevenly flowering
Elymus tianschanigenus Czerep. Poaceae sol (1-5%) In 65 Vegetat.lve,
groups, unevenly flowering
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Continuation of the table

Floristic diversity
Abundance Distribution .
. . - - Height,
Species name. Family. according according to m/em Phenophase
to Druce B.A.Bykov
Elymus caninus (L.) L. Poaceae sol (1-3%) In 70 Vegetat.lve,
groups, unevenly flowering
In Vegetative,
Rumex acetosa L. Polygonaceae sol (1-7%) 115 flowering,
groups, unevenly o
fruiting
In Vegetative,
Stellaria soongorica Roshev. Caryophyllaceae sol (1-5%) 15 flowering,
groups, unevenly L
fruiting
Potentilla chrysantha Trevir. Rosaceae sol (1-7%) Individually, 25 Vegetat.lve,
unevenly. flowering
Astragalus alpinus L. Faabaceae sol (1-7%) Individually, 15 Vegetat.lve,
unevenly. flowering
Astragalus lepsensis Bunge Faabaceae sol (1-5%) In 25 Vegetat.lve,
groups, unevenly flowering
Hedysarum semenowii Regel & Herder Faabaceae sol (1-7%) In 45 Vegetat.lve,
groups, unevenly flowering
Euphorbia alatavica Boiss. Euphorbiaceae sol (1-5%) In 30 Vegetat.lve,
groups, unevenly flowering
Anthriscus sylvestris (L.) Hoffm. Apiaceae sol (1-5%) Individually, 105 Vegetat_lve,
unevenly. flowering
Aulacospermum rupestre Popov. Apiaceae sol (1-5%) Individually, 75 Vegetat_we,
unevenly. flowering
Bupleurum aureum Fisch. ex Hoffm. Apiaceae sol (1-7%) In 115 Vegetat_lve,
groups, unevenly flowering
Carum carvi L. Apiaceae sol (1-9%) In 125 Vegetat_lve,
groups, unevenly flowering
Carum atrosanguineum Kar. & Kir. Apiaceae sol (1-7%) In 135 Vegetat_lve,
groups, unevenly flowering
Aegopodium alpestre Ledeb. Apiaceae sol (1-3%) In 45 Vegetat_lve,
groups, unevenly flowering
. . . . Individually, Vegetative,
Pedicularis macrochila Vved. Scrophulariaceae sol (1-5%) 55 -
unevenly. flowering

The flora of the studied population of V. spicata
and V. spuria in the Kaskelen Gorge of the lle Alatau
includes 132 species, representing 105 genera and
31 families. Characteristic species include Elytrigia
repens (L.) Nevski, Dactylis glomerata L., Trifolium
repens L., Trifolium pratense L., Geranium trans-
versale (Kar. & Kir.) Vved., Artemisia vulgaris L.,
Arctium lappa L., Berteroa incana (L.) DC., Poa pra-
tensis L., Poa annua L., Capsella bursa-pastoris (L.)
Medik., and Xanthium strumarium L.

The presence of weedy species such as Urtica
cannabina L., Arctium lappa L., and Xanthium stru-
marium L. indicates significant anthropogenic pres-
sure on the natural phytocenoses.

Ecological analysis revealed the mesoxerophytic
and mesophytic nature of the mountain flora in the
meadow habitats of the populations of V. spicata and
V. spuria The main limiting factors for species distri-
bution are high competition in phytocenoses, anthro-
pogenic load, and strict ecological requirements.

According to I.G. Serebryakov’s classification of
plant life forms, V. spicata and V. spuria are peren-
nial herbaceous polycarpics. Based on K. Raunkier’s
classification, these species are classified as meso-
phytes and mesoxerophytes. Their typical habitats in
the surveyed area are meadow-grass communities of
the forest belt, predominantly located on the northern
exposures of mountain slopes (Table 4).
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Table 4 — Main ecological groups of plants occurring in V. spicata and V. spuria populations.

Ne Ecological groups Number of species % of total number of species
1 Mesophytes 106 80,3
3 Mesoxerophytes 24 18,8
5 Mesohygrophytes 2 15
Total: 132 100

The majority of V. spicata and V. spuria ceno-
populations in the Kaskelen Gorge of the lle Alatau
are predominantly composed of immature and vir-
ginile age groups. This is primarily due to the pre-
dominance of vegetative reproduction, with no se-
nile plants observed in these populations. In these
cenopopulations, the dominance of the immature
age group is particularly notable, accounting for
45% to 65% of individuals.

An analysis of field data revealed that all
cenopopulations of V. spicata and V. spuria ex- hibit
minimal differences in floristic composition and
growing conditions. Furthermore, an exami- nation
of the leading families within the flora of
V. spicata and V. spuria populations identified the

nine largest families based on the number of spe-
cies (Table 5).

Table 3 shows that the largest family in the flora
of V. spicata and V. spuria populations in the
Kaskelen Gorge of the Ile Alatau is Poaceae, com-
prising 18 species, which accounts for 13.6% of the
total flora. The second-largest family is Asteraceae,
with 17 species (12.8%). The third and fourth places
are occupied by Rosaceae and Apiaceae, each con-
taining 10 species. Together with Fabaceae, Lamia-
ceae, Brassicaceae, Boraginaceae, and Polygonace-
ae, these nine families include more than 58 species
(44.0%), representing 70.4% of the total flora of V.
spicata and V. spuria populations. The remaining 22
families account for only 39 species (29.5%).

Table 5 — Taxonomic composition of the largest families of V. spicata and V. spuria populations.

Ne Families Number of genera Number of species % of total number of species
1 Poaceae 15 18 13,6
2 | Asteraceae 14 17 12,8
3 | Rosaceae 8 10 75
4 | Apiaceae 8 10 75
5 | Fabaceae 4 9 6,8
6 | Lamiaceae 7 8 6,0
7 Brassicaceae 7 7 53
8 Boraginaceae 7 7 53
9 | Polygonaceae 5 7 53

Total: 75 93 70,4
The remaining 22 families: 30 39 29,5
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Thus, the largest families of the flora in V. spi-
cata and V. spuria populations in the Kaskelen
Gorge include 75 genera and 93 species, contribut-
ing significantly to the flora composition at 70.4% of
the total species. This composition of leading fami-
lies, distinguished by their high species richness, is
characteristic of the flora in the eastern part of the
Ancient Mediterranean. However, it also exhibits
unique features influenced by both Old Mediterra-
nean and boreal elements.

Analysis of the life forms of the flora of V. spica-
ta and V. spuria populations in the Kaskelen Gorge,
based on the classifications of I.G. Serebryakov and
K. Raunkier [30], indicates that floristic diversity is
largely shaped by ecological conditions, particularly
climate and territorial heterogeneity. The dominant
life form is perennial grasses or hemicryptophytes,

which account for 70.6% of the flora. Shrubs and
semi-shrubs (chamaephytes and microphanero-
phytes) constitute a smaller share at 11.3% (Ta- ble
6).

The flora of V. spicata and V. spuria popula-
tions in the Kaskelen Gorge of the lle Alatau in-
cludes a small group of therophytes (5 species)
and geophytes (3 species). In general, the flora of
these populations is dominated by species typical of
mountain meadows, shrub-grass, and meadow-
grass habitats. As noted earlier, the leading life
forms in the studied area are herbaceous perenni- als
and annuals, which are characterized by a wide
ecological range. Shrubs are well-represented with
13 species, while woody life forms are represented
by only 2 species due to narrowly limited environ-
mental conditions.

Table 6 — Spectrum of major plant life forms found in V. spicata and V. spuria populations.

Ne Life form Number of species % of total number of species
1 Hemicryptophytes 107 81,0
2 | Therophytes 5 3,7
3 | Chamaephytes 2 15
4 | Microphanerophytes 13 9,8
5 | Phanerophytes 2 15
6 | Geophytes 3 2,2
Total: 132 100

The life form composition of the flora in the pop-
ulations of V. spicata and V. spuria in the Kaskelen
Gorge is indicative of the climatic conditions of the
region, highlighting its mesoxerophytic nature.

A geographical analysis based on available data
on the current distribution of flora representatives
shows that species within the populations of V. spi-
cataand V. spuria in the Kaskelen Gorge are distrib-
uted across 30 habitat types, grouped into 8 catego-
ries with similar distribution characteristics. As is

well known, each regional flora consists of species
with varying ranges in both area and geographical
location. Therefore, the geographical analysis fol-
lows a classification system widely used in Central
Asia by authors such as E.P. Lavrenko, M.S. Bait-
enov, V.P. Goloskokov, A.l. Tolmachev, and R.V.
Kamelin.

In the Kaskelen Gorge, the geographical distri-
bution of the studied species is predominantly con-
fined to mountain habitats (Table 7).
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Table 7 — Geographical relationships of plant species occurring in populations of V. spicata and V. spuria with the flora of other
regions.

Group of

distribution types

Distribution types

Number of species (%
of total number)

Species

1

2

3

4

Palaearctic

East Palaearctic

18 (13,6)

Salix hastata L.

Cotoneaster uniflorus Bunge

Cotoneaster melanocarpus Fisch. ex Blytt
Rubus idaeus L.

Plantago major L.

Prunella vulgaris L.

Geranium albiflorum L.

Dactylis glomerata L.

Senecio nemorensis L.

Myosotis suaveolens Waldst. & Kit. ex Willd.
Thalictrum petaloideum L.

Bromus squarrosus L.

Thalictrum minus L.

Hyoscyamus niger L.

Anthriscus nemorosa (M.Bieb.) Spreng.
Brachypodium pinnatum (L.) Beauv.
Aegopodium alpestre Ledeb.

Anthriscus sylvestris (L.) Hoffm.

West Palaearctic

11(8,3)

Geranium collinum Stephan ex Willd.
Elytrigiarepens (L.) Nevski

Berteroa incana (L.) DC.

Veronica spicata L.

Vicia tenuifolia Roth.

Marrubium vulgare L.

Echium vulgare L.

Helictotrichon pubescens (Huds.) Pilg.
Phleum pratense L.

Solidago dahurica Kitag.

Elymus caninus (L.) L.

Irano-Turanian

Mountainous Central Asian

3(2,2)

Rosa beggeriana Schrenk
Pedicularis macrochila Vved.
Elymus tianschanigenus Czerep.

Mountainous Central Asian-
Irano-Himalayan

3(2,3)

Lonicera stenantha Pojark.
Vicia subvillosa (Ledeb.) Boiss.
Cortusa brotheri Pax ex Lipsky

Mountainous Central Asian-
Mountainous Central Asian.

1(0,75)

Stipa orientalis Trin.

Pamir-Alai-Tian

Shan

Altai-Tian Shan-Pamir-Alai

4 (3,0)

Spiraea lasiocarpa Kar. & Kir.
Euonymus semenovii Regel & Herder
Saxifraga sibirica L.

Schulzia crinita (Pall.) Spreng.

Tian Shan-Pamir-Alai

2 (1,5)

Codonopsis clematidea (Schrenk ex Fisch. & C.A.
Mey.) C.B. Clarke
Euphorbia alatavica Boiss.

Kashgar-Tian Shan-Pamir-
Alai

1(0,75)

Rheum wittrockii Lundstr.

Tarbagatai-Tian Shan-Pamir-
Alai

2 (15)

Galium aparine L.
Gentiana tianschanica Rupr.
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Continuation of the table

Group of T Number of species (% .
distribution types Distribution types of total number) Species
1 2 3 4
Picea schrenkiana Fisch. et Mey.
Proper Tian Shan 3(2,3) Rumex tianschanicus Losinsk.
Stellaria soongorica Roshev.
Mountainous Siberian-Altai- 1(0,75) Mentha asiatica Boriss.
Tian Shan
Crataegus songarica K. Koch
] Pedicularis alberti Regel
Northern Tian Shan 4@0) Helictotrichon tianschanicum (Roshev.) Henrard
Astragalus lepsensis Bunge
Dzhungar-Ile 1(0,75) Aulacospermum rupestre Popov.
Pannonian-Kazakhstan 1(0,75) Linum perenne L.
Phlomoides pratensis (Kar. & Kir.) Adylov,
Tian Shan . Kamelin & Makhm.
Dzhungar-Eastern Tian Shan 3(23) Ligularia narynensis O. Fedtsch. & B. Fedtsch.
Hedysarum semenowii Regel & Herder
- Viola acutifolia (Kar. & Kir.) W. Becker
Tarbagatai-Tian Shan 2(19) Ferula akitschkensis B. Fedtsch. ex Koso-Pol.
] Astragalus chlorodontus Bunge
Dzhungar-Northern Tian Shan 2(19) Achoriphragma.lancifolium (M.Pop.) Sojak.
Altai-Northern Tian Shan 1(0,75) Potentilla chrysantha Trevir.
Viola altaica Ker Gawl.
Achillea asiatica Serg.
Altai-Tian Shan 5(3,7) Ligularia macrophylla (Ledeb.) DC.
Cirsium polyacanthum Kar. & Kir.
Bupleurum aureum Fisch. ex Hoffm.
Salix alatavica Kar. ex Stschegl.
Rosa alberti Regel
Altai-Pamir-Alai- L(_)nlcera hls_plda I?all. ex Schult.
- . 7 (5,3) Ribes meyeri Maxim.
Mountainous Central Asian . .
Dracocephalum origanoides Stephan.
Gentiana turkestanorum Gand.
Aconitum leucostomum Vorosch.
Altai-Mountainous Central Dracocephalum integrifolium Bunge
Asian-Mountainous Central 2(1,5) P 169 g€
A Carum atrosanguineum Kar. & Kir.
Asian
Altai-Mountainous Geranium transversale (Kar. & Kir.) Vved.
Central Asian Polygonum songaricum Schrenk
Mountainous Central Asian 5(3,7) Astragalus fedtschenkoanus Lipsky
Ephedra equisetina Bunge
Arctium lappa L.
Altai-Mountainous Central 1(0,75) Phlomoides oreophila (Kar. & Kir.) Adylov,
Asian ' Kamelin & Makhm.
Mountainous
Siberian-Mountainous Central 1(0,75) Atragene sibirica L.
Asian-Mongolian
Altai-Iranian 1(0,75) Solenanthus circinnatus L.
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Continuation of the table

Group of Number of species (%
distribution types of total number)

1 2 3 4

Polygonum aviculare L.

Pyrola rotundifolia L. Goodyera repens (L.) R. Br.
Poa nemoralis L.

Fragaria vesca L.

Alchemilla vulgaris L.

Poa pratensis L.

Artemisia absinthium L.

A. vulgaris L.

A. annua L.

Erigeron acris L.

Verbascum thapsus L.

Anisantha tectorum (L.) Nevski.

Proper Holarctic 26 (19,6) Bistorta vivipara (L.) Delarbre
Xanthium strumarium L.

Holarctic Taraxacum officinale F.H. Wigg.
Melandrium apetalum (L.) Fenzl.
Descurainia sophia (L.) Webb ex Prantl
Eritrichium villosum (Ledeb.) Bunge
Cirsium arvense (L.) Scop.
Phalaroides arundinacea (L.) Rauschert
Anthoxanthum odoratum L.
Hierochloe odorata (L.) P. Beauv.
Rumex acetosa L.

Carum carvi L.

Astragalus alpinus L.

Distribution types Species

Daucus carota L.

Trifolium repens L.

Setaria viridis (L.) P. Beauv.
Capsella bursa-pastoris (L.) Medik.

Pluriregional 4 (3,0

European-Ancient

Mediterranean 1(0,75) Sisymbrium loeselii L.

Plantago lanceolata L.
Trifolium pratense L.
Origanum vulgare L.
Veronica chamaedrys L.

9 (6,8) Achillea millefolium L.
Onopordum acanthium L.
Lithospermum officinale L.
Asperugo procumbens L.
Cichorium intybus L.

Ancient
Mediterranean

European-Ancient

Mediterranean 1 (0,75) Rhytispermum tenuiflorum (L. f.) Link

Eastern Mediterranean Cardaria draba (L.) Desv.

Agropyron pectiniforme Roemer & Schultes
Veronica spuria L.

Ruimex confértus Willd.

Hesperis sibirica L.

Eurasian 3(2,3)

A geographical analysis of the species constitut-  pluri-regional species to narrowly endemic species.
ing the flora of V. spicata and V. spuria populations  In the study area, 30 habitat types were identified and
in the Kaskelen Gorge of the lle Alatau revealed a  grouped into 8 broader habitat categories: Ancient
spectrum ranging from widespread cosmopolitan or ~ Mediterranean, Holarctic, Altai-Mountain-Middle
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Asian, Tianshan, Pamir-Alai-Tianshan, Iranian-
Mountain-Middle Asian, and Palearctic (Table 5).

The Old Mediterranean habitat group comprises
14 species confined to mountain habitats, represent-
ing the Southern Old Mediterranean, Eastern Medi-
terranean, and European-Alder Mediterranean sub-
types. These account for 17.8% of the species.

The Holarctic group includes two range types:
Holarctic proper and pluri-regional. The Palaearc-
tic group encompasses East Palaearctic and West
Palaearctic ranges. Species with wide distributions
dominate these groups, accounting for approximate-
ly 44.6% of the flora of the studied populations (59
species).

Species widespread across Mountain Central
Asia contribute significantly to the flora of V. spi-
cata and V. spuria populations, with 73 species
(55.3%) identified. Of these, 23 species (17.4%) are
restricted to the Tianshan mountain province, with
13 species (9.8%) belonging to Tianshan proper.

The Altai-Mountain-Middle Asian, Pamir-Alai-
Tianshan, and Iranian-Mountain-Middle Asian
habitat groups are well-represented, comprising 31
species (23.4%).

The predominance of V. spicata and V. spuria
populations in the mountainous flora of the Kaskel-
en Gorge underscores the Mountain Middle Asian
character of the studied flora. The significant pres-
ence of species with Holarctic and Palaearctic dis-
tributions highlights historical connections with
Northern Hemisphere floras.

With the intensive economic development of
natural resources in the lle Alatau, particularly in
recent decades, the importance of plant-based prod-
ucts has grown. The flora of V. spicata and V. spuria
populations in the Kaskelen Gorge is rich in wild
useful plants, including species with fodder, food,
medicinal, ornamental, tannin, honey, vitamin, dye,
and oil-producing properties, offering potential as
natural plant raw materials (Table 8).

Table 8 — Occurrence in populations of Veronica spicata L. and Veronica spuria L., useful plant groups

Ne Group of Raw Material Plants Number of species % of total species
1 Fodder 100 75,7
2 Medicinal 27 20,4
3 Poisonous 4 30
4 Honey-bearing 80 60,0
5 Food 20 155
6 Essential oil 20 155
7 Ornamental 45 34,0
8 Dyes 6 45
9 Technical 14 10,6
10 Vitaminiferous 15 11,3

11 Weeds 25 19,0

Useful groups of plants occurring in the flora of
populations of V. spicata and V. spuria species of
the Kaskelen Gorge in lle Alatau were compiled ac-
cording to the classification of H.M. Ilyin and N.V.
Pavlov. These groups are quantitatively represented
as follows: weeds — 25 species (19%), food — 20
species (15.5%), medicinal — 27 species (20.4%),
honey-bearing — 80 species (60%), essential oilseeds
— 20 species (15.5%), fodder — 100 species (75.7%),
ornamental — 45 species (34%), dyeing — 6 species
(4.5%), vitamin-bearing — 15 species (11.3%), tech-
nical (rubber plants, resinous plants, gum trees, pa-
per plants, wicker plants, etc.) — 14 species (10.6%).

As can be seen from Table 6, the largest group
is represented by fodder species. To create a solid
fodder base for livestock breeding, forage crops are
of primary importance. The vegetation of the
Kaskelen Gorge in lle Alatau is rich in forage plant
species, which serve as high-quality fodder for do-
mestic animals. The richest pastures and hayfields
are concentrated here. The best fodder species are
recognized as members of the families Fabaceae,
Poaceae, Asteraceae, and others. Cereal grasses are
particularly valuable forage grasses for several rea-
sons: high nutrient content, good digestibility, high
yield, environmental tolerance, fibre content, and
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species diversity. These factors make cereal grasses
an essential part of livestock feed.

Among them are Dactylis glomerata L., Bro-
mus squarrosus L., Brachypodium pinnatum (L.)
Beauv., Elytrigia repens (L.) Nevski, Helictotrichon
pubescens (Huds.) Pilg., Phleum pratense L., Ely-
mus caninus (L.) L., Setaria viridis (L.) P. Beauv.,
Elymus tianschanigenus Czerep., Stipa omentalis
Trin., Helictotrichon tianschanicum (Roshev.) Hen-
rard, Poa nemoralis L., Poa pratensis L., Anisan-
tha tectorum (L.) Nevski., Phalaroides arundinacea
(L.) Rauschert, Anthoxanthum odoratum L., Hiero-
chloe odorata (L.) P. Beauv.

Legumes are also valuable forage plants, with
species such as Hedysarum semenowii Regel &
Herder, Medicago falcata, Trifolium pratense L.,
Vicia subvillosa (Ledeb.) Boiss., Vicia crassa, and
Vicia tenuifolia. Among herbs, many species are
readily consumed by cattle and sheep, such as Aja-
nia fastigiata, Geranium saxatile, and many spe- cies
of Asteraceae (e.g., Taraxacum, Tragopogon).
These include Ajania fastigiata, Geranium saxatile,
and many Asteraceae species (such as Taraxacum
and Tragopogon). Among food-palatable plants, the
family Rosaceae is notably represented with five
species, categorized as vitamin-sugar-bearing.
These are primarily fruit and berry plants, includ-
ing strawberry (Fragaria vesca L.), raspberry (Ru-
bus idaeus L.), hawthorn (Crataegus songarica K.
Koch.), and rosehip (Rosa beggeriana Schrenk,
Rosa alberti Regel.). The family Grossulariaceae in-
cludes the fruit-berry species currant (Ribes meyeri
Maxim.).

Food species are also abundant in families such
as Polygonaceae, Apiaceae, Asteraceae, and Fabace-
ae. Notable examples of food plants include Rumex
tianschanicus, Ephedra equisetina Bunge, Rumex
acetosa L., Cichorium intybus L., Rheum wittrockii
Lundstr., and Carum atrosanguineum Kar. & Kir.

Medicinal plants are particularly significant
among the flora, with species like Ephedra equi-
setina, Inula macrophylla, Arctium lappa L., Origa-
num vulgare L., Aconitum leucostomum Vorosch.,
Achillea asiatica Serg., Capsella bursa-pastoris (L.)
Medik., Daucus carota L., Aegopodium alp- estre
Ledeb., Anthriscus sylvestris (L.) Hoffm., and
Plantago major L.offering wide-ranging therapeutic
properties.

The flora of V. spicata and V. spuria popula-
tions in the Kaskelen Gorge of lle Alatau highlights
significant potential for medicinal, alkaloid-bear-
ing, essential oil, tannidaceous, and honey-bearing
plants. Plants of the Veronica genus, particularly V.
spicata and V. spuria are characterized by their di-
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verse chemical composition. These species contain
flavonoids, anthocyanins, nitrogenous compounds,
phenolic compounds (including coumarins, iridoids,
alkaloids, amino acids, pectin substances, saponins,
cardenolides, choline, and phenolcarboxylic acids
such as caffeic, ferulic, isoferulic, lilac, p-coumaric,
protocatechuic, and veratric acids), tannins, couma-
rin, carbohydrates, and many other bioactive sub-
stances.

Additionally, V. spicata and V. spuria contain 12
to 20 trace elements. Trace elements detected in
V. spicata include K, Ca, Mg, Si, P, Al, Fe, Mn, Na,
Sr, Ti, Zn, Pb, Cu, and Mo.

Herbal infusions of V. spicata and V. spuria are
traditionally used for treating respiratory infections,
bronchitis, tuberculosis, bronchial asthma, liver dis-
eases, kidney and bladder ailments, peptic ulcers,
and as a cardiotonic and detoxifying agent in snake
bites. They also exhibit antibacterial activity. Exter-
nally, these infusions are applied for washing and
baths to treat various skin conditions, such as acne,
pustules, fungal skin infections, itchy rashes, cuts,
abrasions, and burns.Beekeeping in the Kaskelen
Gorge study area, with its favorable natural con-
ditions, has the potential to become a vital part of
agriculture. Mountainous beekeeping significantly
impacts both the ecosystem and the economy. Bees,
as primary pollinators, enhance crop yields and sup-
port biodiversity conservation. In mountain areas,
where unique plant species thrive, beekeeping can
yield high-quality honey with distinctive flavors and
medicinal properties.

Technical plants hold significant importance
across various sectors. Tannin plants produce tan-
nins, which are essential in the leather industry and
dye production. Dyeing plants serve as sources of
natural dyes used in textiles and food production.
Essential oil plants are widely used in perfumery,
cosmetics, and medicine due to their versatile chem-
ical properties. Rubber-bearing plants supply natu-
ral rubber, critical for manufacturing rubber prod-
ucts and related materials. Saponin-bearing plants
contain saponins, utilized in medicine and as foam-
ing agents in various industries. Gutta-percha-bear-
ing plants yield gutta-percha, used in manufacturing
rubber-like products.

Essential oils, which are extracted from various
plant parts such as flowers, leaves, needles, seeds,
roots, and rhizomes, display a wide range of phar-
macological activities depending on their chemical
compositions. Examples include plants from the
Umbelliferae family, such as Daucus carota and
Aegopodium alpestre, Asteraceae family, including
Conyza canadensis, Achillea millefolium, Arctium
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tomentosum, Artemisia vulgaris, and Artemisia ab-
sinthium, and Lamiaceae, including Origanum vul-
gare.

Plants in the Kaskelen Gorge exhibit remark-
able ornamental potential, making them suitable for
landscaping. Their use enhances the aesthetic value
of landscapes and creates a favorable ecological
environment. Among these ornamental species, V.
spicata and V. spuria stand out. Commonly known
as spiked speedwell (V. spicata) and false speed-
well (V. spuria), these species boast attractive flow-
ers and forms, making them excellent choices for
landscaping projects. Their inclusion in gardens and
landscapes can add diversity and beauty while at-
tracting beneficial pollinators like bees and butter-
flies.

Conclusion

The comprehensive assessment of V. spicata and
V. spuria populations in the Kaskelen Gorge of the
lle Alatau revealed that the first cenopopu- lation
(CP) is in good condition, while the second and third
CPs are in satisfactory condition. Most of the
studied CPs are classified as normal, non-
degenerated populations, with no senile individuals
present. These populations are found sporadically,
often as single specimens or in small patches within
herbaceous meadows of the forest zone, primarily in
moist meadow-herbaceous habitats with good light
conditions.

Analysis of the age spectra of the studied ceno-
populations revealed a dominance of young and
generative plants. V. spicata and V. spuria which
belong to the ecological group of mesophytes and

mesoxerophytes, are primarily distributed in the
middle forest zone. Their populations demonstrate
strong adaptive capabilities, indicating significant
ecological flexibility.

Both species are notable for their ornamental
qualities and resilience, making them attractive for
landscaping applications. They exhibit high winter
hardiness, allowing them to adapt to adverse condi-
tions successfully. Their excellent seed and vegeta-
tive reproduction capabilities make them suitable for
cultivation and use in various landscape designs.
Additionally, their natural resistance to diseases re-
duces the need for chemical treatments, thereby pre-
serving ecosystem balance.

The characteristic habitus and decorative value
of V. spicata and V. spuria make them excellent
candidates for creating flower compositions, bor-
ders, and other landscape elements. Their appeal
extends to both public and private landscaping proj-
ects, where they serve as valuable resources for at-
tracting bees and other pollinators. These attributes
make V. spicata and V. spuria highly recommended
for use in sustainable and aesthetically pleasing
landscaping practices.
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PA3HOOBPA3UE NTMAPOBUOHTOB NOPHbIX PEK AJIATAY
C ECTECTBEHHbIM rMAPOJIOTMMECKUM PEXKUMOM
HA MPUMEPE PEKU KEHCY
(bankawckui 6acceitH, LleHTpanbHas Asus)

Buonormnyeckoe pasHoobpasue ropHbIX 3KkocucTeM (hOpPMUPYETCS B CYPOBbIX KIIMMAaTUYECKUX YC-
JIOBUSIX U reorpadmyeckon n3onsiumu. Mo 3To NpuYnMHe ropHble SKOCUCTEMBI SIBASIKOTCS OAHWUM U3 ca-
MbIX YSI3BUMbIX KOMMNOHEHTOB 6uocdepbl. OT 6n1arononyyms ropHbIX pekn 3aBUCUMT COCTOSIHWME KPYMHbIX
BOAOCHOPHbIX BacceiHOB. 151 OLEeHKU 61aronoslyyumns ropHbIX pek He0bXoAMMO YCTaHOBUTb UX ecTe-
CTBEHHOE pa3HoOo6pasne unu pasHoobpasune B YCIIOBUSX MUHMMASIbHOM aHTPOMOreHHON Harpysku. C
3ToM uenbio B 2023-2024 rr. Hamu 6bina nccnegoBaHa p. KeHcy, pacrnonio)XeHHas B 1Oro-BOCTOYHOW Ya-
¢t KyHreit Anatay. C6op 1 06paboTka rmapoXMMUYECKNX, TMAPOBNONIOMMYECKUX U MXTUOMOTMYECKUX
npo6 npoBefieHbl CTaHAApPTHLIMU MeToAaMu. Bosla B peke XxapaKkTepusyeTcsl HA3KOM M1UHepanusaumnen
N MYTHOCTbIO, OiHAKO BbISIBJIEHO MOBbILLIEHWE 3HaUYeHWU pH 1 cogepXaHus HUTpaToB. dayHa AOHHbIX
6eCno3BOHOYHBIX COCTOUT U3 KOJIbYaTbIX YepBel, BOAHbIX JIMYMHOK HAaCEKOMbIX MU MOJIIIOCKOB U Me-
HSieTCa B pa3Hble roabl. OCHOBY Makpo3006eHTOCa cocTaBmnun nMunHkm Trichoptera, Ephemeroptera,
Plecoptera, Diptera. UxTnodayHa npeacrasneHa TpemMs peodusibHbIMU BUAaMu pblb: YellyiyaTbiii oc-
MaH, ro/iblii OCMaH, TMBETCKUIA ronew. YcnoBust 06UTaHns 61aronpusTHbl Ans NMUTaHKUS! U BOCMPOW3BOA-
CTBa AaHHbIX BUAOB pbl6. HecMOTps Ha pacTyLlyio pekpeaumnoHHY0 Harpy3ky, COCTOSIHME SKOCUCTEMBI
p.KeHcy ocTaeTcs B COCTOSAHUMN 6/IM3KOM K €eCTEeCTBEHHOMY.

KnroueBble cnoBa: ropHble peku, 6uopasHoobpasme, rmapoxmmms, 6eHToc, nxtmodayHa.

G.K. Khassengaziyeva*, N.Sh. Mamilov, M.B. Kosaibai
Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: g96-17@mail.ru
The diversity of hydrobionts of the Alatau mountain rivers
with a natural hydrological regime on the example of the kens river
(Balkash basin, Central Asia)

The biological diversity of mountain ecosystems is formed in harsh climatic conditions and geo-
graphical isolation. For this reason, mountain ecosystems are one of the most vulnerable components
of the biosphere. The condition of large catchment areas depends on the well-being of mountain rivers.
To assess the well-being of mountain rivers, it is necessary to establish their natural diversity or diversity
under conditions of minimal anthropogenic load. To this end, in 2023-2024, we explored the Kensu
River, located in the southeastern part of Kungei Alatau. The collection and processing of hydrochemi-
cal, hydrobiological and ichthyological samples were carried out using standard methods. The water in
the river is characterized by low mineralization and turbidity, however, an increase in pH and nitrate
content has been revealed. The fauna of benthic invertebrates consists of annelids, aquatic insect larvae
and mollusks and varies over the years. The basis of the macrozoobenthos was made up of larvae of
Trichoptera, Ephemeroptera, Plecoptera, Diptera. The ichthyofauna is represented by three rheophilic
fish species: scaly osman, naked Osman, and Tibetan char. The habitat conditions are favorable for the
nutrition and reproduction of these fish species. Despite the growing recreational load, the state of the
ecosystem of the Kens River remains in a state close to natural.

Key words: mountain rivers, biodiversity, hydrochemistry, benthos, ichthyofaunal.
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KeHcy e3eHiHiH MbicanbiHAa TabuFyu ruaponorusbiK pexxumi 6ap
Anartay Taynbl ©3eHAepiHiH rMapo6MOHTTapbIHbIH ayaHTypAiniri
(Bankalu 6acceiiHi, OpTanbik A3us)

Tay akoxxyienepiHiH 61MoNorusnbIK anyaHTypRiniri Kypaeni KIMMaTTbIK XarFaalinapaa )XaHe reor-
padusnbiK OKlaynaHyaa Kanbintacagsl. Con cebenTi Tay skoxyienepi 6uocdepaHblH eH ocan Komrmo-
HeHTTepiHiH 6ipi 6onbin Tabblnaabl. Ipi cy XuHaywbl 6acceHAepAiH >XaFaalibl Tay e3eHAepiHiH XarFaa-
MblHa Tikenel 6ainaHbICTbl. Tay e3eHAepiHiH xaraalibiH 6aFanay ywWwiH onapablH TabUFW anyaHTypAiniriH
HeMece MUHMManabl aHTPOMOreHAIK XYKTEME XKaFdanblHAaFbl anyaHTYpAiNniriH aHbikTay KaxeT. Ocbl
MakcaTTa 2023-2024 xbinaapbl KyHrelt AnatayblHblH OHTYCTIK-LUbIFbIC 6enirinae opHanackaH KeHcy
e3eHi 3epTTengi. M'mMapoxuMmanblK CbiHaManapAbl, TMAPO6MONOTUANBIK XXIHE UXTUOMOrUANbIK CblHa-
Manapabl XWHay >XoHe eHAey CTaHAapTTbl 9AiCTepMeH Xypridingi. KeHcy e3eHiHaeri cyablH MuHe-
panaaHybl MeH nainaHy AeHreni TemeH, 6ipak pH neH HUTpaT KypaMblHbIH )XOFapbl €KeHi aHbIKTasabl.
Cy acTbl OMbIpTKachkI3AapbiHbIH ayHachl XXyMbIp KYPTTapAaH, XoHAIKTEPAiH, IMUYMHKaNapbiHaH XoHe
MOJIIIOCKanapAaH Typajbl XoHe TypaKTbl eMec, ap Xblnaapbl e3repedi. Makpo306eHTOCTbIH, HerisiH
Trichoptera, Ephemeroptera, Plecoptera, Diptera nuunHkanapbl Kypagbl. xtnodayHa 6anbIKTbiH YL
peodwnnbai TypiMeH yCbiHbINFaH: KabblpwakTbl kekbac, Kabblpwakcblid kekbac, Tubet TanMa 6anbifbl.
Tipwinik eTy opTachkl ocbl 6anblK TYpAepiHiH KOPEKTEHYiHe xaHe kebetoiHe Konannbl 60Mbin Tabblnagbl.
Pekpeaumssblk XYKTEMEHIH apTyblHa KapamMacTaH KeHcy e3eHiHiH 3KOoXYMeCiHIH »aFaanbl Taburnra

KaKblH KYVI,D,e Kanagbl.

TyWHiH ce3paep: Tay e3eHaepi, 6MopasHoobpasns, ruapoxumms, 6eHToc, nxTmodayHa.

BBenenne

HeOmaronpustHoe aHTPOIOTEHHOE  BO3JIEH-
cTBUE Ha Onoc(hepy B KOHIIE MPOILIOTr0 BeKa MpH-
HI0 TIOOaNbHBIH Macmtabd [1-3]. M3menenune
KJIUMaTa BJIeYeT 3a CO00 epecTpOiKy B BOJHBIX H
HA3eMHBIX JKOCHCTEMaX, KOTOPBIC YIPOXKAIOT HE
TOJIBKO CYIIIECTBOBAHHIO MHOTHIX BHJIOB )KHBOTHBIX
U PaCTCHMIA, HO TaKXKe 3JI0POBBIO U 0JIAr0COCTOS-
HUIO mrofel [4]. OnHON W3 TIIaBHBIX MPOOJIEeM co-
BPEMEHHOCTH CTAaHOBUTCS JACPUIMT TMPECHON BOJIBI
[5,6]. B mpecHOBOAHBIX IKOCHUCTEMAaX MPOUCXOIHUT
CTPEMHUTEJIBHOE COKpAIIEHHUE €CTECTBEHHOTO OWO-
JIOTHYECKOro pasHooOpasust [7,8]. Hecmorps Ha
YAAJIEHHOCTh M TPYAHOAOCTYITHOCTh OOJBITNHCTBA
TOPHBIX BOJIOEMOB, OHU TaKKe OKa3aJIUCh B YIpo-
*)aeMoM coctostHuu [9-13]. T'opHBIE JETHUKHU CO-
KpAaIIarT CBOIO TUIONIA b B PE3YJIbTATE MTOBBIIICHUS
TeMIepaTypsl 3eMJIM W YMCHBIICHUS KOJIMYECTBA
ocajkoB [14-16].

dopmupoBaHre pa3zHOOOpa3wsi TOPHBIX pac-
TEHUH YKUBOTHBIX MPOUCXOAMIO B CYPOBBIX KIIH-
MaTHYECKHUX YCJIOBHSIX IMPH €CTECTBEHHOH reorpa-
¢duueckoit nzonsiuuu [ 17,18]. ITo aToit npuunne ams
ropHoii (iopsl U (ayHbl XapaKTEPHbI BBICOKAs
CTETICHb SHJIEMI3Ma U 00JIbIlasi YyBCTBUTEILHOCTh
K U3MEHEHUSIM KJINMaTa, 3arpsa3HeHNI0, YpE3MEPHO-
My BBITIACY CKOTa, POCTY PEKPEaMOHHON HATrPY3KH
U JIpYTHM BUJaM TPSIMOTO U KOCBCHHOTO BO3JICH-
ctBus genoBeka [19-22]. CoopykxeHne THAPOIIIEK-

TPOCTAHIMH, BOJOXPAHHJIMII HPPUTAIIIOHHOTO Ha-
3HAUYEHUs U APYTHX BUIOB PErYIHPOBAHMS TOPHBIX
pek eie Oosiee ycyryousieT po0JieMy BbDKUBAHUS
rUIPOOMOHTOB M COXPAHEHHUsS] OKa3bIBAEMbIX HMHU
IKOCHCTeMHBIX yciyT [23-25]. TIpobiema coxpaHe-
HUS TOPHBIX BOJIOEMOB M MX OMOpPa3HOOOpa3us yxe
OoJsiee JeCATH JIET OCTPO OLIYIIAETCSI BO MHOTHX
crpanax mupa [26-30].

Jus bankanickoro OacceifHa, pacrojioKeHHO-
ro B HeHTpe A3uH, MpodiieMa COXpaHEHUsI TOPHBIX
PEK UMEET )KM3HEHHYIO BR)KHOCThH MO HECKOJIBKUM
NPUYMHAM: TOPHBIE PEKH U JICAHUKU 31€Ch SIBIISI-
IOTCSl €ITMHCTBEHHBIM MCTOYHHKOM IIPECHOHN BOJIBI
(ToToJIHEHNE TOA3EMHBIX BOJI TIPOUCXOJUT TaKKe
3a CYeT MOBEPXHOCTHBIX), B ATOM OacceitHe oOpa-
30Basiach HamOoubias it Pecryomuku Kazaxcran
YHUCICHHOCTh HACEJIEHUs, Ha CONpPEACIbHON Tep-
putopun Kuraiickoit Haponnoit PecryOnuku unc-
JICHHOCTh HACEJICHUS M BOJIOTMOTPEOICHUE TaKKe
CTPEMHTENBbHO pacTyT. OT MOJHOTHI M JIOCTOBEP-
HOCTH TOJIyYSHHBIX JIaHHBIX O COCTOSIHMH BOJHBIX
9KOCHUCTEM 3aBUCHT 0OOCHOBAaHHOCTb HAYYHBIX pe-
KOMEHJallui M0 YCTOHYMBOMY COXpPaHEHHUIO U pa-
[MUOHAILHOMY HCIOJh30BaHUIO TOPHBIX BOJIOEMOB,
SABJISIOUINXCSL HEOOXOIMMOM OCHOBOM 1Sl PUHSTHS
aJIeKBAaTHBIX yIpaBIeHYECKUX pelieHui. B nocnen-
Hee JeCATHICTHE BHUMaHUE Ka3aXxCTaHCKHUX MCCIe-
JoBateliell ObII0 cOCPeIOTOUCHO Ha OLIEHKE COCTO-
STHYISI BOJIOEMOB TOPO1a AJTMAThI M €T0 OIMKANIIIIX
okpectHocteit [31-34] n Konbcaiickux ozep [34-
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38], KaKk WMEIOMMX HAMOObIIEeE COMMATLHO-IKO-
HOMUYECKOE M 3CTETUYECKOE 3HAUYCHHUE U UCIIBITHI-
BaIOLIMX HAHOOJBILIYIO aHTPOIIOTCHHYIO HArpys3Ky.
buonornueckoMy pa3sHOOOpa3ui0 APYI'HX TOPHBIX
BogoemoB CeBepHoro Tsup-Illans yaensnm ropas-
70 MCEHbIIe BHUMaHUs. beicTpas ypOaHuzauusi u
BOBJICUEHHE BCE OOJIBIINX IJIOLIAACH B 30HY aKTHB-
HOU XO3SICTBEHHOU nesTenbHOCTH B bankamickom
OacceliHe TUKTYIOT HEOOXOIMMOCTh YCTaHOBJICHHS
€CTECTBEHHOTO OWOJIOTHYECKOTO pa3HO0Opasus H
W3yUYCHHSI 3aKOHOMEpPHOCTEeH (yHKIMOHUPOBAHHUS
9KOCHUCTEM TOPHBIX PEK Ul ONpEesICHUS UX HOp-
MaJIBHOTO COCTOSIHHS, YCTOHYMBOCTH W KpUTHYE-
CKHUX Harpy3okK.

s pemreHust mepBoil M3 MEPEUNCIICHHBIX 3a-
Jad HaMHM ObUIO TpoBeAcHO wu3ydeHue p.Kency,
pacrosokKeHHOH B Ioro-BocTouHoi yactu Kyn- reit
Anaray. JlonmuHa STOH peKkW HAXOOUTCS BHE
OXpaHseMbIX NPHUPOJHBIX TEPPUTOPHIA M Hadaia
[10JIb30BATHCS OMYJISIPHOCTBIO Y TYPUCTOB JIMIIb B
nocnennee aecstuwietne [39-41]. BepxoBbs peku
MPUBJICKAIOT ~ BHUMaHHE  TYPUCTOB  CBOUMH
KUBOIMCHBIMU Nei3axaMu: Ha OOJIBIION BBICO- T€
He/laleKko JpYyr OT Jpyra pacrojoXeHbl MHOTO
MOpEHbIX 03ep. Huke mupokast 10IuHa UCHOJIB3Y-

€TCs. MECTHBIMHU JKHUTENISIMH Ul Bblaca ckora. B
OTJIMYME OT OOJIBLIIMHCTBA APYrux pek Ha p.Kency
OTCYTCTBYIOT THMAPOTEXHUUYECKHE COOPYKEHU,
[I03TOMY COXPaHSETCs] €CTECTBEHHBIH THAPOJIOTHU-
YECKUM PexXUM.

MarepuaJibl U METOIUKHU

Hctoku p.Kency HaxomsTcst Ha BBICOTE BBIIIE
3000 MbC Ha rpanune ¢ PecrmyOmmkoir Keipreis-
cTas, Ha BbicoTe okoyo 1600 m p.Kency Bmamaer B
p-lapea. O6mast NpoTsHKEHHOCTh PEKH OKOJI0 45
kM. Ha Oepery pexu B cpenHeM TEUE€HHM Pacrolio-
JKEHO OJJHOMMEHHOE CEJI0 ¢ HacelleHHeM He Oolee
200 uenoBex. OCHOBHBIM BH/IOM AESATEIILHOCTH SIB-
JISIeTCsl MacTOUIIHOE CKOTOBOJCTBO, MOCKOJBKY B
JIOJIMHE PEKU UMEIOTCS OOJBbILNE TIIOMIA M, TTOKPHI-
Thle COYHON pacTUTEIbHOCTHIO. BH3yanbHO cienoB
MepeBbINaca, Ierpajaluy pacTUTEILHOCTH U TIOUBBI
MbI He 0OHapysxuiau. COop MaTepualia MPOBOJAUIN B
utosie 2023 u urone 2024 r. Ha CpeHEM ydyacT- Ke
PEKH, pacMOIOKEHHOM IMPUMEPHO B 1 KM HIDKE
nocénka. CpenHee TeueHue siBIsieTcs Haubosee pe-
MIPE3ECHTATUBHBIM IS U3yUSHUS Pa3HO00pa3us rop-
HBIX pEK.

Pucynok 1 — Kapra-cxema paiioHa uccnenoBanuit
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Temnepartypy Boabl, 00ILIYI0O MUHEPATIU3ALUIO U
pH Bojp! onpenensitu ¢ momMolikko npudopa Combo
pH & EC, «Hanna Instruments». MyTHOCTb pek siB-
JSIeTCSl OAHUM M3 BaXHEHIINX (PU3MYECKUX MTOKa3a-
TeJIed, BIMAIOUIMX HA pa3HOoOpa3ue M COCTOSHHE
BOJHBIX JKUBOTHBIX [42], mo3TOMY €€ M3MEpsuiH C
nmomoIipio mpudopa typboneppumerpa HI 93703.
Bonbiioe HeratnBHOE BIMSAHUE HAa BOAHBIX 0OECIO3-
BOHOYHBIX OKa3bIBAIOT MOHBI aMMOHUS, HUTPUTHI U
HUTpaTbl. PacTBOpeHHbIE B BOAE COEANHEHUS a30Thl
MOTYT HE TOJIbKO YBEIHUYHUTH €€ KHCIYI0 PEaKIHIO,
HO TaK)Ke BbI3bIBaTh OTAAJICHHBIC HETaTHBHBIC W3-
MEHEHHS B 9KOCHCTEMaX BOJOEMOB U CIy)KaT paH-
HUMH TPEAYNPEKICHASIMHU OBICTPBIX U PaJAUKaIb-
HBIX M3MEHEHUH B Oyaymiem [43-45]. ConeprxaHue
PacTBOPEHHBIX HOHOB aMMOHHSI M HUTPATOB M3ME-
psuma ¢ momotipio prbdopos “HI 96700. Ammonia
LR” u Nitrate protable photometer HI96728 ¢bupmer
“Hanna Instruments”.

s cOopa mpoOd Makpo3000€HTOCA Ha MEIIKO-
BOJIBSIX HCTIONIB30BAJIMCh Caukh U CKpeOku. Ckpeo-
KOM 3axBaTbhIBaJll BEpXHHUH ciiol TpyHTa (2—4 cM),
MPOLIEKUBAIM YEepe3 CUTO M3 MEJIbHUYHOIO Trasa
Ne5 u 3arem nmpou3Bo AN pa3dop ocajika BpyuHYIO
¢ TIOMOUIbI0 MuHIETa. Takxke MpPOu3BOIWIN cOOp
BOJIHBIX 0€CIO3BOHOYHBIX C KaMHEH, MXa U Morpy-
JKEHHBIX B PeKy BeTOK. Takoii crmocod coopa 1mo3Bo-
JSIET Y4ecTb BCe TPYIIBI MAaKpO3000EHTOCA, BKIIIO-
Yast MEJIKMX OJIMIOXET U JIMYMHOK KoMapoB. [1poOst
¢duxcupoBanuck B 4% pactBope Gpopmanbiaeruaa. B
71a00paTOPHBIX YCIOBHUSX MPOBOAMUIOCH OIpEese-
HHUE BHUJIOBOTO COCTaBa M pacueT KOJIMYECTBEHHBIX
nokaszarened. s BbISBIEHHS BHIOBOIO COCTaBa
coo0mecTB  Makpo3000€HTOCa  MCIOJIb30BAIHUCH
onpenenutenu [46,47]. B kauecTBe MHTETpabHOMN
XapaKTepUCTUKU Pa3HOOOpa3usi U BHIPOBHEHHOCTH
€0001IeCTB BOJHBIX OECIIO3BOHOYHBIX PACCUUTHIBA-
mu nnaekc lllennona ¢ ocHoBaHueM Jorapudma 2
[48].

OT110B pBIO MPOBEJICH C TIOMOIIBIO PHIOOJIOBHO-
ro cauka. [locne omyioBa priO pukcuposanu B 4%
pactBope (opManbaeruia, JaibHenIyo o0paboT-
Ky MPOBOJIWIIM B a0OpaTOpUU IO TPaJUIIMOHHON
cxeme [49]. st 0003HaYEHUS] MPU3HAKOB MPUHS-
ThI CJIEIYIOIIME CUMBOJIBI: TTOJIHAS JIMHA — TL B MM,
cTaHfapTHas mmHA (umHA Tena) — SL (Mm),
nostHast Macca — Q (). Ha ocHOBaHMM moKka3arteneit
Macchl U CTaHAAPTHOM UIMHBI T€JIa PACCUUTHIBAIN
k02 ¢unueHT ynuranHoctu o Oynsrony — Fulton
[50, 51].

[Tomy4uennsie maHHbIC 0OPaOOTAHBI C ITOMOIIIHIO
METOJI0B YHUBAPHAHTHOTO CTATUCTUUECKOTO aHaIH-

3a [52]. CratucTudeckre moka3aTenn 0003HAUCHBI:
Min — MUHUMAJIbHOE 3HAYCHHE, MaX —MaKCHMaJlb-
HOe 3HaueHue, M — cpeHee 3Hau€HUe, +S — CTaH-
JTApTHOE OTKJIOHEHHE. [[JIs1 OIIeHKH JOCTOBEPHOCTH
pasnuuuii MeXIy BbIOOpKaMH THOETCKOTO TOJIbIA
ucnonb3oBan U-kputepuid Manna-Yuruu (Kpure-
puii YHIKOKCOHA).

PesynbTaTel u 00cy:KieHne

Pycno peku Kency Ha ncciejoBaHHOM y4acTKe
TEYeT B TUIHMYHOM JUIS TOPHBIX PEK KaHAIU3HUPO-
BaHHOM pYyCJIe C HEOOIBIIUMHI U3THOAMHU, MECTAMHU
pasnensieTcst Ha 2-3 pycia, OKpy:Karolue HeOOb-
LIME OCTPOBKH, IOPOCIINE UBOU. /IHO KaMeHHCTOE C
penkuMu 1 HeOobimmu 1o miomann (30-50 m?)
necyaHsIiMu OTMeNsIMH. B utone 2024 r. Boa B peke
ObLTa MPO3pavHOi, OecIBETHOU, TeMIepaTy- pa 15.8
°C. MytHocTh Hebombmas — 2.35 FTU. O6- mas
MUHEpaIr3alus 04eHb Hu3Kast — okosio 100 mr/mm3,
Boa umena crnaborienounyro peakiuio (8.01-8.03),
4TO HE XapaKTepHO Uil TOPHBIX pek. VoHb
aMMOHHS HE BBISBIICHBI, HO OOHapykeHa OoJbIas
KOHIICHTpAIMsl HUTPAT-uOHOB — 10 21.71 mr/mm®,
3HauuTenbHO npeBbimaromas [TJIK (9.1 mr/am®).
OCHOBHBIMH HWCTOYHHKAMH HUTPATOB B peKax
SBIISIFOTCS pasjiararoluecs OpraHudeckue OCTaTKH,
MUHEpaJbHbIE YIOOPEHHS W TPAHCBO3- IYIIHBIN
nepeHoc. llockonmbky B BomocOopHOM OacceifHe
p-KeHncy ckomnenuss opraHM4ecKMX OCTAaTKOB He
o0pa3yroTcst U3-3a CTPEMHUTENBHOTO TEYCHUS,
BBIpAIIUBAHUE CEJIILCKOXO3IUCTBEHHBIX  KYJIBTYP
(TpeuMyIecTBEHHO KapTOQelis) BeJIeTCS TOJIBKO Ha
HEOOJIBIINX YYacTKax BOIW3M JOMOB B ITOCEIKE
Kency, To Hambornee BEpOSTHBIM HC- TOYHUKOM
MOBBIIIICHHOTO COJICP’KAaHUSI HUTPATOB MOXKET OBITh
TPaHCBO3TyIITHBINA TIePEeHOC u3 onn3-
KOpacIoJiokeHHoro Meranoiuca [43-45, 53]. B
TOPOJICKOM Cpefie HUTpaThl B OOJIBIIIOM KOJUYE-
CTBE 00pa3yloTCs B pe3yIbTaTe CI0KHOTO B3aUMO-
JIEHCTBUSL MPOAYKTOB CrOpaHUsi aBTOMOOHMIIBLHOTO
roprouero ¢ arMoc(epHbIM BO3IyXOM H COJHEY-
HbIM cBeToM [53]. [lis ycTaHOBJIEHHUS MCTOYHHKA
HUTPATOB HYXXHBI CIEIUAIbHbIC HCCIEIOBAHUS
TOPHBIX PEK, PACMOJIOKEHHBIX Ha PAa3UYHOM YJIa-
JICHUH OT T.AJIMaTHI.

QdayHa JOHHBIX OECIIO3BOHOYHBIX COCTOHMT M3
HEeOOIBIIOro yucia TakcoHoB. B Tabmuue 1 mpen-
CTaBJICHbI DPE3YJbTAThl HAIIErO HCCIEIOBAHHUS B
cpaBuenun ¢ ganaeiMu O.E.Jlomatuna [54] ans
yuacTka p.Hne, pacnonoxxeHHoro Beiiie Kamnmmaraii-
CKOT'O BOJIOXPAaHMJIHIIA.
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Ta6auna 1 — Paznoobpasue 3000enToca p. Kency

Kency, 2023 r. Kency, 2024 r.

OOBEKTHI P 1ne [54]

9K3.\M? l % 9K3.\M? ‘ %
Vermes-YepBu 0
Tun Annelida — Kosibuatbie yepBu
Lumbricina | 0 | 0 | 0.1 E 0
Tun Artrophoda- Yiienucronorue
Crustacea-PakooOpasHble l 0 l 0 ‘ 0 ‘ 0 +
Kanacc Insecta-Hacexomble +
Trichoptera-Py4eiiHuku
Trichoptera sp. 05 9.25 0 0 HIT
Microsema sediterum 0 0 24 12.69 HII
Brachycentrus subnubilus 0.6 11.11 40 21.16 HI
Ephemeroptera -Tlogenku
Hydropsyche sp. 0 0 0,9 4.76 HIT
Ephemerella ignita 13 24.07 0 0 HIT
Ephemerella electrogena 2.7 50.00 13 6.87 HJT
Oligoneuriella pallida 0.1 0.52 HIT
Baetis sp. 04 211 HIT
Plecoptera- Becusinku
Perlodidae sp. 0.2 3.7 0 0 HIT
Perlodidae isoperla 0 0 0.3 1.58
Diptera — IBykpbuibIe +
Chironomus sp. 0 0 5.9 31.21 HIT
Simullium sp. 0 0 35 18.51 HIT
Odanata-Crtpexo3nt 0 0 +
Coleoptera -’KecTKOKpBLIbIE 0 0 +
Heteroptera -Kionbl 0 0 +
Mollusca — Mosutiocku +
Gastropoda -Bpiosororne 01 185 0 0 ”
+ — TakcoH oOHapyxeH, HIl — HeT JaHHBIX

B 2023 roay unentuduimpoano 6 BujoB Oec-
MO3BOHOYHBIX JKHBOTHBIX, TPUHAUICKANIHX K 2
tunaM. HanGonplie KoauMuecTBEHHbBIE MOKa3aTeH
3000eHTOCa MpUHaAJIeKal HaceKoMbIM (98% dmc-
JICHHOCTH OT Bcero 3000eHTOCa). B cocraBe coo0-
IIECTBa SIBHO IOMUHMpOBaJa mojaéuka Ephemerella
electrogena, apyruM MHOTOYHCICHHBIM BHIOM
obuma monéuka Ephemerella ignita. IlnotHOCTH
OpPraHu3MOB Obljla HEBBICOKOM — OKOJIO 5.4 »K./M2,
Wunexc paznoobpasus llleanona cocrasmn 1.34. B
2024 romy pasHooOpaszue OeHTOca 3HAYUTEIHHO
BBIPOCTIO M cocTosio m3 10 BUmIOB OeCIO3BOHOY-
HBIX XHBOTHBIX, OTHOCALIMXCS K 2 THmam. Ilmot-
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HOCTh OPraHU3MOB B MIPUOPEXKbE COCTABUIIA OKOJIO
18.9 3k3./M2. OcHOBY c000IIIeCTBa 3000€HTOCA CO-
CTaBMJIM HaceKoMble (99% YHCIEHHOCTH OT BCETO
3000enToca). B 2024 1. mOMUHHPYIOIINM BHUIOM
crain Chironomus sp., Simullium sp. u pyueitnuk
Brachycentrus subnubilus, nomunaupoBanue 6buIO
BbIpa)keHO cliabee y TOJEHOK U BECHSHOK. MHaeke
pasHooOpasus lennona coctasun 1.79. B p.Kency
00OHapy»XEeHbI BCE THIIbI JOHHBIX OECII03BOHOYHBIX,
npeactasieHusle B p.JMne [54]. Bugooii coctas
KPYITHBIX TaKCOHOB Pa3lUyaeTcs M3-3a 0COOEHHO-
CTel cpenbl OOUTaHUS B TOPHOHN peKe W PaBHUHHOM
yuactke p.Uie.
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Obnapyxennsle Hamu B p. KeHcy monénkm
Baetis sp., Ephemerella ignita, Oligoneuriella
pallida, pyueiinuk Brachycentrus subnubilus,
ogykpuLivie Chironomus sp., Simullium sp., a Takxe
pyueitauku Trichoptera sp., Microsema sediterum,
NOOEHKU Hydropsyche sp., Ephemerella
electrogena, eecnaunku Perlodidae sp, Perlodidae
isoperla panee O6butH oTMeueHb! J[.A.CMHUPHOBOIT
[55] B mpyrux ropHbIX pekax Amnatay. Bompekn
OXHJaHUsIM, cooOlmiecTBo 3000eHTOoca p.Kency
uMeeT OoblIee CXOJACTBO C PAaBHUHHBIMH, a He
TOpHBIMU y4yacTKamMHu peK bosbiias AnMartuHka,
Manas Anmatunka u Kackenen [55]. BelsBieH- Hbie
pasznmuuus B cocraBe (ayHbl OecriO3BOHOYHBIX
MIPEJICTABIISIOT OOJIBIIION WHTEpeC Kak JUIs TOHU-
MaHusl SKOJOTMYECKON TIaCTHYHOCTH nepeyunc-
JICHHBIX BUJO0B, TaK U JJIA HKOJIOTHYECKOM HHIUKa-
LMY AHTPOIOIEHHBIX BO3JACUCTBUM U 3aCITyKUBAIOT
0oJiee MOAPOOHOTO U3yUCHHS B Oy IyIIEM.

Pri6noe nacenenme p.Kency cocrout u3 3 BuU-
moB: rojoro ocmana Gymnodiptychus dybowskii,
yerryiiyatoro ocmana Diptychus maculatus u tu-
6erckoro rompua Triplophysa stolickai. Bee tpu
BUJA SIBIIAIOTCA TUITHYHBIMUA OOUTATEISIMU TOPHBIX
pex Oacceitna p. e [56]. B 2023 1. ObLIH B3ATHI 171
aHaan30B 16 2K3eMIUIIPOB M OJHA TOI0Bajas 0co0b
rojoro ocMaHa u 9 5K3eMIUIIPOB THUOETCKOTO
ronbia, B 2024 1. — 1 HemosioBo3pemas 0oco0b Ue-
mryifgatoro ocMana U 11 THOETCKUX TONBIIOB pas3-
Horo pasmepa. Mopdobuonoruueckue moxkasareiu
WICCIIETOBAHHBIX PBIO MPEICTABICHH B TAOIUIE 2 B
CpaBHEHHHU C OMYOJIMKOBAHHBIMH JUISI JAHHOTO pe-
rHOHa JaHHbIMH. Mopdonorndeckas U3MEHUYUBOCTD
o0oux BHJIOB OCMaHOB xopomio m3ydena [57]. Tu-
Oerckuii ronen B bankamickom OacceiiHe ocraeTcs
MaJ0 M3y4YeHHBIM BHJIOM, IS KOTOPOTO W3BECTHA
U Oonbliast Mopdosoruueckas U3MEHUYHBOCTD

[56,58,50].

Ta6muma 2 — Mopgobronornueckue okasarein psid u3 p. KeHcy B cpaBHEHUH ¢ H3BECTHBIMH JUISI APYTUX BOJOEMOB AJatay

B pui6 Pexa, rox, ncTouHmnK CraTtucTuyeckue Mopdobuosornueckue nokasarenu

AP JTAHHBIX roKasaresu TL, MM SL, Mm Q,r Fulton

Min 22.7 19.4 0.086 112

Kency, 2023 r., Haum Max 29.4 23.8 0.206 1.67

JIAaHHBIE, MOJIOJIb M 23.0 19.1 0.108 1.38

T"omerit ocman

+SD 4.22 331 0.0537 0.251

rOIOBHK, 1 9K3. 71 58 3.36 1.72

Accer, 1983 [57] nd 210 nd 2.17

Yenryitaarsiii 2024 r., Hamm nanHbIe, 1 9K3. 108 90 11.97 1.64

OCMaH Kapxkapa, 1983 [57] Max nd 254.5 nd 1.59

Min 60 50 131 1.02

2023 r., Max 135 116 16.31 1.29

Hallli TaHHbIC M 86.1 72.0 55 1.13

+SD 27.94 24.06 5.459 0.090

Min 46 38 0.64 1.08

Tuberckuii
rozer o004 Max 99 83 8.22 2.49
t M 69.7 58.9 331 1.44
HAIIIN JaHHbIE
+SD 17.00 14.65 2.163 0.441
U 31 32 36 1
O3.Hmwxuwuit Konbcaii,
1989 1., [56] Max 170 143 nd nd

[pencrasienHble B TabHIle 2 TaHHBIC TOKA3bI-
BaioT, B peke KeHcy momynsaiuu BceX BUIOB PhIO
HAXOSITCS B OJIATOTIPHUSITHBIX TSI BOCTIPOU3BOICTBA
Y TIUTaHUs YCIOBUAX. MaKkcHMabHBIE pa3Mephl T0-

JIOTO OCMaHa, YeulyiuaToro ocMaHa U THOETCKOro
ronbua U3 p.KeHCy MeHbIle U3BECTHBIX Ui 3THX
BUJIOB M3 JIpyrux pek Ausaray. BepoarHoil npuun-
HOH 3TOr0 SIBJISIETCS JIEKTUBHOCTH IIPUMEHSBILIC-
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rocsi HAMU OPY/Ms JIOBA: KPYIMHBIM pbiOam Jierde
n30eKaTh phIOOJIOBHOTO Cadka, 0COOEHHO B peKax ¢
KaMEHHUCTBIM JTHOM M CTPEMHUTEIIBHBIM TCUCHHUEM.

3akiouenne

ITo pe3ympratam mpOBEAEHHOTO HMCCIETOBAHU
Boma B p.Kency cimabo muHepanm3oBana u o0ia-
JaeT OOJIBIION MPO3PAaYHOCTHIO, YTO YKa3bIBaCT HA
XOpOIIYI0 COXPAHHOCTh IMOYBHI M PACTUTEIHHOTO
MOKpOBa B BoJIocOOpHOM OacceiiHe 3Toit peku. On-
HAaKO BBISBIICHBI MTOBBIIIICHHBIE 3HaUueHue pH 1 KoH-
LIEHTPAIlMU HUTPATOB HE XapaKTEePHbIE I TOPHBIX
pek. Bo3MOXHBIM HCTOYHHUKOM 3arpsi3HEHUS] MOYKET
OBITh BO3AYIIHBIH TIEPEHOC HUTPATOB M3 TOPOAA
AJ'IMaTBI. I[J'Iﬂ yCTaHOBHeHHH HNCTOYHHUKA HI/ITpaT-
HOTO 3arpsi3HEHHSI yJIAJICHHBIX TOPHBIX PEK HY>KHBI
JIOIIOJIHUTEIbHBIE HCCIEIOBAHMS.

BrisiBiieHa OeHOCTH BHUJIOBOT'O COCTaBa Opra-
HHM3MOB 3000eHTOCa. BHI0BOI cocTaB He ocTaercs

IIOCTOSIHHBIM B pasHble Tonpl. B 1enom pasHoo-
Opa3ue BOAHBIX JMYMHOK HACEKOMBIX, IPEACTaB-
JICHHBIX Ha TOpHOM YyudacTke p.Kency, Oonee xa-
PaKTEpHO Ul PAaBHUHHBIX YYacTKOB IPYTHUX PEK
Anaray. BrigBneHHBIE pa3nuyuns B cocTaBe (hayHbI
0€CIO3BOHOYHBIX MPECTABIAIOT OOJBIIONW HHTE-
pec Kak Uil MOHUMAHUS 3KOJIOTUYECKOH IIacTHy-
HOCTH TMEPEUYHCICHHBIX BUIOB, TaK U IS SKOJIOTHU-
YECKOW HHJIMKAIlMd aHTPOIIOTE€HHBIX BO3JEUCTBUIA
¥ 3acIy’KHMBaloT Ooyilee MOAPOOHOTO H3Y4YCHHS B
Oymyiem.

PriOHOE HaceseHue npeacTaBIeHO TPEeMs BUaa-
MU phIO (TOJBIN OCMaH, YelTyH4aThlii OCMaH, THOET-
CKHH ToJIell), XapaKTePHBIMH Ul JAPYTUX TOPHBIX
pek Cesepaoro Tsub-1llang. YcnoBus oOuTanus B
p-Kency GnaronpusiTHbI 17151 MATaHUST ¥ BOCTIPOU3-
BOJICTBA JIAHHBIX BUOB PbIO.

B nenom pa3HooOpa3ue BOAHBIX OPraHU3MOB
yKa3bIBaeT Ha OOJIBIIYI OJIM30CTh 3KOCHUCTEMBI
p-Kency ¢ ecrecTBeHHOMY COCTOSTHHIO.
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SPECIES DIVERSITY OF FOREST-STEPPE FLORA
OF AKKOL DISTRICT OF AKMOLA REGION

This article presents the results of studies of species diversity of floristic complex of Akkol district.
This district is located in the north-eastern part of Akmola region, Republic of Kazakhstan. The studied
area is characterised by forest-steppe and steppe vegetation growing mainly on chernozem soil. The
research was carried out in spring and summer during field expeditions. The standard methodology of
ecological profiles was used to describe plant communities. Plots of 15x15 m were laid out. Then the
spectrum of plant communities characteristic for each zone was determined. Geobotanical indices were
determined at each site. The Drude scale was used to estimate abundance. The inventory revealed that
the flora of the forest-steppe complex is represented by 138 species belonging to 87 genera and 30
families. There are 120 species of dicotyledonous plants, which is 87 %, and 18 species of monocotyle-
donous plants, which is 13 % of the total species diversity. The ratio of monocotyledons to dicotyledons
is 1:6.6. Most genera in this floristic complex are represented by one species, respectively the average
value is 1.5. The autochthonous tendency of flora formation in Akkol district of Akmola region is con-
firmed by the complete absence of endemic species in the studied area.

Key words: species diversity, steppe flora, forest flora, floristic complex, taxonomic composition
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J1.H.Nymunes atbiHaaFbl Eypasus ynTTblK yHUBepcuTeTi, AcTaHa, KasakcraH

2KazakcraH Pecrnybnmkachl 3k00rus xxoHe Taburn pecypcrap MUHUCTPAIN OpMaH LwapyalubibiFbl
XK9He XaHyapnap AyHueci komuTteTi, ActaHa, KasakctaH
3ActaHa Xanblkapanblk yHuBepcuteTi AcTaHa, KasakcraH
*e-mail:asiya_b@mail.ru
AKMoa 0651biCbl AKK6J1 ayAaHbIHbIH
opMaHgabl-gana ¢opacbiHbiH TYP a/lyaHAbIFbI

Byn makanaga AKken ayAaHbiHblH (PNOPUCTUKANBIK KeLeHiHiH Typnik 9pTypniniriH 3epTTey
HaTWXenepi kenTipinreH. byn ayaaH KasakctaH Pecnybnukacbl, AkMona O6/bICbIHbIH CONTYCTIK-
WhIFbiC Henirinae opHanackaH. 3epTTeneTiH alMak HerisiHeH Kapa TOoMblpakTbl TOMblpakTa eceTiH
OpMaHAbl-Aana XaHe Jana ecimaiktepiMeH cunattanagbl. 3eptreynep 2024 XblnablH BereTaunsnbIk,
Ke3eHiHae Kewrneni akcneauuusanap KesiHge Xyprisingi. ©ciMaikTep KaybiMAACTbIFbIH cunatTay
Ke3iHae aKkonorvanbik npodunbaepaid CtaHaapTThl a4ici konaaHbinabl. Kenemi 15x15 M 6onatbiH
anaHaap canblHAabl, coflaH KeliH ap aliMakka ToH eciMAiKTep KaybIMAACTbIFbIHbIH CNEKTPI aHbIKTanzabl.
Op anaHaa reoboTaHuKanblK KepCeTKilTep aHblKTanabl. MonwbinbikTel 6aFanay ywiH Jpyae wkanach
KonaaHbingel. TyreHgey 6apbicbiHAa OpMaHAbI-Aana kelweHiHiH gnopacel 87 ypnak neH 30 otbacbiHa
XaTtaTbliH 138 TypaeH TypaTbiHAbIFbI aHbIKTanAbl. KocxkapHakTel ecimgiktepaid 120 Typi 6ap, 6yn 87
%, Bip>xapHaKTbl eciMaikTepaid 18 Typi, 6yn 6apnbik TypnepaiH 13 % Kypanab

TyliH ce3aep: TypnepaiH apTypniniri, Aana dnopackl, opMaH dnopackl, MNOPUCTUKASBIK KELLEH,
TAKCOHOMUANBIK, KypaMbl
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BupoBoe pa3Hoobpa3sue necocrenHom ¢opbl
AKKONbCKOIO paiioHa AKMOJIMHCKOM 061acTu

B paHHOWM cTaTbe NpuBeAeHbl pesynbTaTbl UCCeA0BaHWUI BUAOBOrO pa3Hoobpasusi hiopucTm-
YecKoro koMmmnnekca AKKONIbCKOrO paiioHa. [laHHbI palioH pacriofnioXeH B CEBEPO-BOCTOYHON YacTu
AKMOJIMHCKOM 0bnacTtu, Pecnybnunkun KasaxcraH. M3yyaeMmblil y4acTOK XapakTepU3yeTcsl 1eCOCTEMNHOM
N CTEMHOW PacTUTENbHOCTbLIO, MPOMU3PACTaIoLLEN NPENUMYLLIECTBEHHO Ha YepHO3eMHON noyse. Nccne-
[I0BaHMs1 MPOBOAWINCL B BEreTaluMoHHbIN nepuoa 2024 roga BO BpeMs Bble3AHbIX 3Kcneanumii. Mpu
OMUCaHUN pacTUTENbHbIX COOBLECTB NpUMeHsanach CTaHAApTHast METOAMKA IKOMOrMYECKMX nNpodu-
nen. 3aknaabiBanvch nowaaku pasamepom 15x15 M. 3aTeM onpeaensancs XxapakTepHbli Ans KaXxkaom
30Hbl CMEKTP PacTUTENbHbIX coobLecTB. Ha kaXxxaoi nnollaake onpeaensnuck reobotaHMyeckme no-
Kasarenu. Jns oueHkn obunmsa ncnonb3oBanuch Wkana [pyae. B xoae nHBeHTapu3aumm BbiSIB/IEHO,
4yTO hNopa NEeCcoCTENHOro0 KOMMeKca npeactasneHa 138 Bngamm, KoTopble OTHOCATCS K 87 podam n 30
cemeiicTBaM. [1BYAO/bHbIX pacTeHMn HacumTbiBaeTcs 120 BMAOB, YTO cocTaBnsieT 87 %, 0AHOAONbHbIX 18
BMAOB, YTO cocTaBnseT 13 % oT Bcero BMAOBOro pa3Hoobpasnsi. COOTHOLIEHME OAHOAONbHbIX pac-
TEHWI K ABYAO/IbHLIM PacTeHMsIM cocTaBnsieT 1:6,6. BONbWMHCTBO poAoB B AAHHOM (DIOPUCTUYECKOM
KOMIJIEKCe MpeacTaBNeHO OAHUM BMAOM, COOTBETCTBEHHO CpeAHee 3HayeHue cocTaBnser 1,5. ABTox-
TOHHasl TeHAeHUMs GopMmpoBaHUs hnopbl AKKOMbCKOrO parioHa AKMOMMHCKOM o6nacTtv noaTBepxaa-

€TCA NMOJIHbIMU OTCYTCTBUEM SHAEMUYHbLIX BUOAOB Ha VICCJ'IeAOBaHHOI‘/'I TeppuTopun.
KnroueBble crnoBa: BMAOBOE pa3Hoobpasve, ctenHast dropa, necHas dnopa, GropucTuyeckuii

KOMMNEKC, TaKCOHOMWYECKMIA COCTaB

Introduction

The study of species diversity of the flora is cur-
rently of great scientific interest. The study of steppe
flora of some poorly studied regions of Akmola re-
gion is the most actual [1-3].

One of the actual aspects of studying species
diversity of plants in natural habitats is continuous
monitoring of species. At present, it is necessary to
study the floristic list of plants, which has not been
updated for several decades. To date, large-scale
studies in Akmola region date back to the early
1980s, reflected in the works of T.A. Ten [4]. The
literature review revealed scattered data devoted to
the study of individual floristic groups of plants and
ecological biotopes in different areas [5-7].

In-depth floristic researches of separate natu- ral
regions acquire special urgency also in connec- tion
with excessive and long-term exploitation of steppe
pastures, leading in some cases to irrevers- ible
changes of primordial biocenoses, reduction of areas
and disappearance of rare plant species. For the
rational use and conservation of plant wealth of a
particular area it is extremely important to identify,
if possible, the full composition of its flora. Studies
of regional floras are of primary importance in this

case, allowing to characterise the flora both qualita-
tively and quantitatively

The analysis of species diversity of the flora of
the Akkol district allowed to reveal the features of
its heterogeneous flora, which is the result of the im-
pact of different floristic centres and different-age
formation of individual taxa, as well as the impact
on it sharp-continental climate. One of the impor-
tant conditions for the study of a particular flora is
the identification of floristic complexes. According
to the classification of A. I. Tolmachev [1], a floris-
tic complex formed on a certain territory and space
with further dynamics of plant development com-
bines elements of the main four directions:

1. Vestiges of a flora of a different type, pre-
served locally in a more or less unchanged state,
preserved in the area in an unchanged state and to
some extent not combined with the new conditions
of the flora and its appearance (relict elements of the
flora). These elements are much older than the pres-
ent floristic complex;

2. Ancient core of the flora — species harmonis-
ing with the modern appearance of the flora and con-
ditions of its development, representing earlier local
flora, in which they could occupy a low-noticeable
position, due to adaptation to specific habitat condi-
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tions and formed in connection with its formation.
Such species are partly older than the flora of the
complex and do not always correspond to the mo-
ment of its formation.

3. Migratory elements that are of different ages,
both in terms of the time of their origin and the pe-
riod of their introduction into the flora. However, as
its components, younger than species of the earlier
categories.

4. Autochthonous neoplasms that emerged as
second- and third-order derivatives. Such species are
much younger than the time of the initial forma- tion
of the flora.

The first two groups can be conventionally
grouped into primary elements of the flora, the next
two groups are secondary

The species diversity of the flora of the study
area is strongly influenced external factors such as
climate and water balance. Climate change is a regu-
lating factor and the main cause of extinction, trans-
formation and establishment of new floras. All this
in the course of a long time has led to the extinction
of some species and the formation of new ones. The
complex of external influences caused progressive
and regressive changes of habitats forming flora. In
the course of evolution in Akkol district of Akmola
region of Akmola region, a typical floristic complex
was formed, represented by forest-steppe, meadow-
steppe and grass-meadow flora [8]

The aim of this study is to investigate the species
diversity of forest-steppe flora of Akmola region on
the example of Akkol district.

Materials and methods of research

The main methods of field studies of the flora of
Akkol district of Akmola region were generally
accepted classical methods of botanical and floris-
tic studies: field expeditions, in the field traditional
route-reconnaissance for the study of plant com-
munities and plant collection [9]. Collection and
processing of herbarium material was carried out
according to generally accepted methods [10-12].
Plant specimens were collected in clear, dry weather
in herbarium folders with a description of collec-
tion sites, date and name of the collector. Drying and
processing of herbarium sheets were carried out
according to standard methods. Identifiers [13- 21]
were used to determine the species affiliation of
plants.

Standard methodology of ecological profiles
was used to describe plant communities. Plots of
15x15 m were laid out. Then the spectrum of plant
communities characteristic for each zone was de-
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termined. On each ecological profile, the main geo-
botanical indices were determined: vitality, abun-
dance, and coverage area. The index of projective
cover provides an indication of the overall connec-
tivity of the vegetation cover, as well as of the pro-
portion of participation of its constituent species.
The Drude scale was used to estimate abundance
[22, 23].

The results of the study and their discussion

Location of Akmola Region. Akmola region is
located in the north-central part of Kazakhstan. The
territory of the region is vast and makes up 146, 2
thousand square metres. The region includes two
large cities of regional significance — Kokshetau and
Stepnogorsk. There are eight cities of district subor-
dination. The Akkol district under study is located in
the north-eastern part of Akmola region.

The area of the territory is 9.4 thousand km?,
which is 6.43% of the total territory of the Region,
the 6th district in terms of the size of the territory in
the Region. Its length from north to south is 95 km,
from west to east — 160 km. It borders: the north with
Birzhan sal district, in the north-east, east with
Stepnogorsk city administration, in the south-east
with Ereimentau districtShortanda district, in the
south with , in the west with Astrakhan districtdis-
trict, in the north-west with Bulandyn

The relief is plain-shallow-sloping, with alti-
tudes ranging from 200 to 400 metres. The highest
central part of the mountain Dombyraly, 471 m. The
climate is continental. Winter is cold, long, aver- age
temperature of January 17-18°C; summer, hot, short,
average temperature of July 20°C. Annual
precipitation is 350-400 mm. The territory of Akkol
district is located within the steppe zone. Cherno-
zem soils prevail.

Taxonomic composition of flora. According to
the results of long-term field studies in Akmola
region on the territory of Akmola district we have
identified the following types of landscape vegeta-
tion: steppe, typechak-pollen, desert-steppe, mixed
grass-meadow, forest-steppe, deciduous-forest and
shrub vegetation.

In general, the vegetation cover is characterised
by complexity and mosaicism. The flora of vascular
plants in the forest-steppe floristic complex includes
138 species belonging to 87 genera and 30 families.
The overwhelming majority of species belong to
flowering plants, of which 120 species (87 %) are
dicotyledonous and 18 species (13 %) are unicoty-
ledonous. The ratio of monocotyledonous plants to
dicotyledonous plants is 1:6.6. The numerical ratio
of the flora of Akkol district is 30:87:138. On aver-
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age, there are 1.5 species per genus, which is due to
the large number of genera represented by only one
species. The autochthonous tendency of floristic
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complex development on the example of Akkol dis-
trict is practically not expressed, which is confirmed
by the absence of endemic species.

Nordkasachstan

Qaraghandy

Figure 1 — Location map of Akkol district, Akmola region

The leading position in the species diversity of
the flora is occupied by families containing from 3
to 17 species. The greatest species richness is char-
acterised by Asteraceae, Rosaceae, Poaceae, Faba-
ceae, Ranunculaceae, Brassicaceae, and Cypera-
ceae. The 7 leading families account for more than
half of the total species diversity. Other families are
represented by 1-3 species.

At the level of genera in the floristic complex of
Akkol district the following genera are most richly
represented: Artemisia (8 species), Agropy- ron,
Stipa, Poa, Avena, Festuca, Hordeum, Allium,

Achillea, Aster (5-3 species ) other genera contain 1-
2 species each. Steppe flora of the Akkol district was
formed as a result of long-term aggregation of
different florogenetic complexes with different eco-
logical origin.

As presented in Table 1, the greatest species
diversity in the floristic complex of Akkol dis-
trict is characterised by the families Asteraceae (26;
18.8%), Rosaceae 24; 17.4%), Fabaceae (17;
12.3%), Poaceae (14; 10.1%), Brassicaceae (13;
9.4%), Ranunculaceae, and Cyperaceae (9; 6.5%),
Chenopodiaceae (8; 5.8%).

Table 1 —The largest families of the floristic of the Akkol district complex

Ne Families Number of Genera Number of Species % of Total Species
1 Asteraceae 26 18,8
2 Rosaceae 24 17,4
3 Poaceae 17 12,3
4 Fabaceae 14 10,1
5 Brassicaceae 13 9,4
6-7 | Ranunculaceae 6,5
6-7 | Cyperaceae 6,5
8 Chenopodiaceae 58
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The first two families are the most diverse in
terms of species composition and in total represent
50 species or 36.2% of the studied floristic complex.
The contribution of Poaceae family is 17 species or
12, 3 %, Fabaceae 14 species or 10,1 %.

During the inventory of species composition of the
floristic complex of the steppe zone, the greatest biodi-
versity was revealed for 12 dominant genera presented
in Figure 2. These genera belong to the families: As-
teraceae, Poaceae, Amaryllidaceae and others.
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Figure 2 — Species diversity of dominant genera of the steppe zones of Akkol district

Thus, the maximum species diversity is charac-
teristic for genus Artemisia, represented by 8 species
or 5.8%; two genera Poa and Allium, represented by
6 species of steppe plants or 4.3%; genus Avena 5
species or 3.62%; equal contribution to the species
diversity of the flora made two species Centaurea
and Tulipa 4 species each, which is 2.9% of the total
flora. The following equal contribution to the forma-
tion of flora of Akkolsky area falls on four genera —
Tanacetum, Achillea, Agropyron and Stipa, each
genus is formed by 3 species or 2.17%; the smallest
species assortment is established for genera Iris and
Inula on 2 species on the studied sites or 1.44%

The forest zone of the studied area is character-
ised by a great diversity of representatives of the fol-
lowing families: Rosaceae, Fabaceae, Lamiaceae,
Caryophyllaceae, Chenopodiaceae, Boraginaceae,
Apiaceae, Liliaceae and Ranunculaceae.

According to the figure, the maximum amount
of species diversity in the forest zone of the floristic
complex of Akkol district is represented by the fol-
lowing genera:
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Filipendula — this genus is represented by 8 spe-
cies or 5,79 %; 7 species or 5 % is characterised
by the genus Rosa, the genera Ranunculus and As-
tragalus are represented by 6 species, which makes
4,34 %; the genus Gagea in the forest-steppe zone is
represented by 4 species, making 2,89 % of the total
number of species diversity; same number of species
is characteristic for genera Sanguisorba, Euphorbia
and Spirea with 3 species in one genus or 2,17 %;
the following three genera Convolvus, Eringium and
Cerasus have 2 species in their genera, that makes
1,44 % from the total assortment of species.

The conducted research allowed to identify the
most frequently occurring plant species growing in
the floristic complex of Akkol district, Akmola re-
gion, Akmola region. The analysis of sites revealed
the most frequently occurring mesophytic species
for the forest zone — Rosa majalis herrm., rosa cani-
na L., Ranunculus acris L., R. repens L., Filipendula
ulmaria (L.) Maxim, Fragaria vesca, Potentilla an-
serina L., Sanguisorba officinalis L. and other spe-
cies.
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Figure 3 — Species diversity of dominant forest genera zones of Akkol district

The steppe zone is characterised by xerophytes
growing abundantly, forming continuous covers
such Artemisia absinthium L., A. vulgaris L., A. cina
Berg., A. nitrosa Weber ex Stechm., Stipa capillata
L., Stipa pennata L., Agropyron repens (L.) Beauv.

Plant species (Filipendula vulgaris, Sanguisor-
ba officinalis, Spiraea crenata, Cerasus fruticosa,
Eryngium foetidum. Euphorbia milii, etc.) included
in the above genera make a significant contribution
to the formation of forest-steppe zone of the study
area (Table 2).

Life forms. Analysis of life forms of plants of
Akkol district showed that forest-steppe floristic
complex is characterised by dominance of herba-
ceous plants (121 species — 87.7 %), most of which
are herbaceous polycarpic (103 species — 74.6 %),
which is typical for temperate floras. Herbaceous
monocarpics are represented by a smaller number of
representatives (18 species — 13%). The assortment
of shrubs and bushes is quite diverse, totalling 12
species — 8.7 %, the woody life form is represented
by 5 species — 3.6 %.

Table 2 — Frequency of occurrence of dominant species in steppe and forest-steppe zone of Akkol district

Ne | Symbol according - Main Representatives of the Steppe | Main Representatives of
/i to O. Drude Abundance Characteristics Zone the Forest Zone
Socialis Plants forming a continuous cover, Stipa pennata, Stipa lessingiana
1 merging with their aerial parts to pap > Stp g ' Filipéndula vulgaris
(Soc.) Elytrigia repens
create a general background
Plants occurring in larce Serratula cardunculus (Pall.)
Copiosae - Ing 1n 'arg Schischk, Artemisia annua L., Sanguisorba officinalis,
2 quantities, but their aerial parts do . - .. .
(Cop.) Artemisia vulgaris L., Artemisia Spiraea crenata
not merge - ;. o
pontica L., Artemisia absinthium
3 Cop3 Very abundant, but does not form Polygonum aviculare L., Cerasus fruticosa
a background Poa annua L.,
Abundant, with many individuals Ranunculus polyanthemos L., Prunus cerasus, Gagea
4 Cop.2 . . .
of this species Poa pratensis L. lutea
Rosa canina L., Rosa majalis Herrm.,
Rumex confertusWilld., Salix .
> Copl Abundant acutifoliawilld, Salix alba L., Salvia | CTY9ium campestrel.
stepposa Des.-Shost., Avena sativa
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Continuation of the table

Ne | Symbol according

i t0 O. Drude Abundance Characteristics

Main Representatives of the Steppe
Zone

Main Representatives of
the Forest Zone

Plants occur occasionally,

6 Sparsae (Sp.) scattered, in small numbers

bifurca L., Pulsatilla orientali-sibirica

Inula britannica L.,

Potentilla anserina L., Potentilla Eryngium foetidum.,

Euphorbia milii

Stepanov., Pulsatilla patens., Avena

strigose, Avena byzantica K. Koch. Rubus saxatilis

Plants occur rarely, as isolated

7 Solitaria (Sol.) individuals

Iris halophila Pall., Potentilla

humifusa Willd. ex Schitdl. Rubus saxatilis

Species represented by a single

8 Unicum (Un.) specimen within the sample plot

Psylliostachys suworowii (Regel)

Roshkova. Equisetum arvense L.

Conclusion

As a result of long-term research we have re-
vealed the species composition of floristic complex
of Akkol district of Akmola region. Taxonomic
analysis of the flora was carried out, forest and
steppe flora of the study area was characterised. In
general, the vegetation cover is characterised by
complexity and mosaicism. The flora of vascular
plants in the forest-steppe floristic complex includes
138 species belonging to 87 genera and 30 families.
The overwhelming majority of species belong to
flowering plants, of which 120 species (87 %) are
dicotyledonous and 18 species (13 %) are unicoty-
ledonous. The ratio of monocotyledonous plants to

dicotyledonous plants is 1:6.6. The numerical ratio
of the flora of Akkol district is 30:87:138. On aver-
age, there are 1.5 species per genus, which is due to
the large number of genera represented by only one
species. The autochthonous tendency of floristic
complex development on the example of Akkol dis-
trict is practically not expressed, which is confirmed
by the absence of endemic species.
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SEMI-AQUATIC MAMMALS OF THE IRTYSH RIVER
FLOODPLAIN AS BIOINDICATOR SPECIES
AND THEIR ECOSYSTEM SERVICES

The Irtysh River floodplain in Kazakhstan is home to diverse semi-aquatic mammals that serve as key
bioindicators of ecosystem health. This study investigates six species: the muskrat (Ondatra zibethicus),
Eurasian beaver (Castor fiber), water vole (Arvicola amphibius), American mink (Neogale vison), Eur-
asian otter (Lutra lutra), and Eurasian water shrew (Neomys fodiens). These species play critical roles in
ecosystem services, contributing to water purification, extreme events mitigation, pest control, retention
of greenhouse gases, ecosystem engineering, increase in riverside’s recreational potential, prey base, seed
dispersal. However, invasive species such as the American mink and muskrat pose threats through
competition with native fauna and alteration of local biodiversity.

Field surveys conducted in 2023 along the Black Irtysh and Pavlodar Irtysh recorded 168 activity
traces from four key species. Population densities of Eurasian otter and American mink in the Black Irtysh
and the Eurasian beaver and American mink in the Pavlodar Irtysh were assessed. The studied section of
the Black Irtysh River hosts 6-8 otters, with approximately 10 individuals found from the China border to
Lake Zaysan, at a density of 1-1.2 otters/10 km. In the Kalzhyr River near Boran, the otter density is at
least 2 animals/10 km. The mink inhabits the Black Irtysh (river and tributaries) area at 0.3-0.5 individu-
als/km, and the Kalzhyr River at up to 1 individual/km. In the Pavlodar Irtysh, the mink density is lower,
at 0.2-0.3 individuals/km. In suitable habitats along the Irtysh River, beaver settlements occur every 3-4
km, and if there are three beavers per settlement, the total population in the Pavlodar Irtysh region is esti-
mated at 300—400 individuals. Overall, our studies reveal a high species density in areas with preserved
habitats, while human disturbances negatively impacted their presence in certain regions. More data are
necessary to better understand ecosystem services provided by semiaquatic mammals.

Key words: Irtysh River floodplain, river ecosystem, semi-aquatic mammals, bioindicators, ecosys-
tem services, population densities.
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EpTic e3eHiHiH >xailbUIMacCbIHbIH YKapTbiNlai Cy cyTKopekTinepi
YK9He onlapAblH 6MoMHANKATOP peTiHAeri XIHe 3KoXKYHeniK Kbi3MeTTepi

KasakctaHza opHanackaH EpTic e3eHiHiH aibliMachl — epeklle ayMak, Ofl KOopllaFaH opTa
canacblH KepCETETIH Herisri 6uoMHAMKaTopnap PeTiHAE KbI3MET E€TETIH XapTbi/la Cyaa MEKEHAENTIH
CYTKOpeKTinepaiH MekeH eTy opTackl 6onbin Tabbinagel. byn 3eptreyae antbl Typ 3epTTeniHai: OHAATp
(Ondatra zibethicus), KyHAbI3bI (Kacmop manwbirbr), cyThiwkaH (Arvicola amphibius), AMepukaHabiK
Ky3eH (Neogale vison), kamwart (Lutra lutra) >xaHe cy xeptecepi (Neomys fodiens). byn Typnep cyabl
TasapTyFa, TeTEHLUe XaFaainapabl asanTyFa, 3UsiHKeCTEpMeH Kypecyre, NMapHUKTIK rasfapbl XUHayFa,
3KOXYMEHI XacayFa, aWblIMaHbIH PeEKpeauussiblK aeyeTiHe, xeMaik 6a3a 605y oHe TyKbiMaapabl
TapaTyFa ynec KoCy apKbiibl 3KOXYHe Kbl3MeTTepiHAe MaHbi3abl pen atkapaabl. [ereHMeH, KyseH
XKOHEe OHAATP CUSKTbI MHBA3WBTI TYpJiep XeprinikTi TypnepMeH 6acekenecTtikke >aHe TipLwinik ety
opTacbiHbIH 63repyiHe 6ainaHbICTbl 6enrini 6ip kayin TeHaipeai.

2023 xbinbl 6i3 Kapa EpTic neH Maenoaap EpTiciHiH 60MblHaH TOPT xapTbinai cyaa MeKeHAeWTiH
TYPAiH Tipwinik apekeTiHiH 168 i3iH aHbikTaablK. Kapa EpTicTeri koMwwaT neH Ky3eHHiH, COHbIMeH
katap MNaenopap EpriciHaeri KyHAbI3 6€H Ky3€eHiHiH MonynsauusacbiHbiH, TbiFbI3abiFbiH 6aFanaabik.
bi3niH nOepekTepiMis 6oibiHWA Kapa EpTicTi 3epTTenreH ydyackeciHae 6—8 kaMluaT Kesdecedi,
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LeKapasbl 3alicaHFa gewiHri aymakTa 10 WwakTbl KaMwaT (nonynsuus ToiFbi3abiFbl 1-1,2 aapa/10 kM)
MekeHaenai. bopaH aybinblHbIH MaHbiHAAFbl Kamkblp e3eHi yyackeciHaeri keMiHae 2 kamwaT/10 km
kesgaeceni. AMepyKaHAbIK Ky3eH NonynsumscbiHbiH ThiFbI3AbIFbl Kapa EpTicte (Heri3ri e3eH MeH apHa-
napel) 0,3-0,5 gapa/km, Kamxkblp e3eHi MaHbiHAa 1 gapa/kM Kypaabl. NaBnopap EpTiciHae Ky3eH cupek
Kesgeceai, nonynsumnsiHbiH ThiFbi3ablFbl 0,2—0,3 aapa/kM acnangbl. EpTicTeri KyHAbI3AapFa Konansbl
MeKeHAeNTIH xepnepae 3—4 KM apHa 6oMblHAa 6ip KyHAbI3Aap KOHbICHI OpHanacaabl. bip KoHbICTa
OpTalla ecenmneH yw KyHabi3 6onca, onapablH xannbl caHbl MNaBnoaap EpTic eHipiHae 300-400 papara
[leliiH >XeTy MYMKIH. Bi3aiH 3epTTeynepimi3 HerisiHae, Tipwinik eTy opTachkl XXakcbl ayMakTapAa ochbl
TYpnepain nonynaums ThiFbI3AbIFbl XXOFapbl eKeHi 6alKkanblHAbl, an adaMHbIH HEraTUBTI SpeKeTi onap-
AOblH 6enrini 6ip aiMakTapAaH »onblnybiHa aKkenin corabl. XXapTblnal cynbl TYpAepaiH 3KoXyhenik
KbI3METTEPAI eMKel-TeMKENNI 3epTTey YLiH KOCbIMLLIA AEPEKTEP KaXeT.
TyiiiH ce3aep: EpTic e3eHiHiH XalblnMachl, XaliblIMaHblH 3KOXYWECH, dapTbliai Cy CyTKopekTine-

pi, BroNHAMKATOPNap, 3KOXYME KbI3METTEPI, NOMyNALUUSHbIH ThIFbI3AbIFbI.
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MonysoaHble MiekonNUTarowmne NoWMbl pexku UpTbiw
Kak 6VIOVIHAVIKaT0prIe BUAbI U UX 3KOCUCTEMHbDIE YC/TYTU

KaszaxcTaHckas 4acTb MoviMbl pekn MpTbilW SIBASETCS YHUKANbHLIM PEFMOHOM, MECTOM 0BUTaHMUS
ONs MONYBOAHbBIX MIEKOMUTAIOWMX, CAYyXALMX KI4YeBbIMM BMoMHAMKATOpaMM KadecTBa cpeabl.
B [QHHOM MCCneaoBaHMM pacCMOTPEHbI WeCTb BUAOB: oHAaTpa (Ondatra zibethicus), peuHolt 606p
(Castor fiber), BoasHas noneska (Arvicola amphibius), amepukaHckas Hopka (Neogale vison), peyHas
Bblgpa (Lutra lutra) u kytopa (Neomys fodiens). 3Tu BuAbl UrPatOT BaXKHENLYIO POSb B 3KOCUCTEMHbIX
ycnyrax, cnocobCcTBysi OUUCTKE BOAbI, CMAMYEHWUIO NMOCNEACTBUI IKCTPEMabHBIX SIBNIEHMI, Bopbbe ¢
BPEAUTENSMU, YAEPXKAHWUIO MAPHUKOBLIX ra30B, S3KOCUCTEMHOW MHXXEHEPUM, MOBLILLEHUIO peKpeaLu-
OHHOrO MOTEHLMana rnorMbl PeKkn, COCTaBNIEHMIO KOPMOBOW 6a3bl M pacnpoCTpaHeHuio ceMsiH. OaHaKo
MHBA3MBHbIE BUAbl, TaKMe Kak HOpKa WU OHAATpa, NPeACTaBsoT HEKOTOPYHO Yrpo3y M3-3a KOHKYPEHLMN C
HaTUBHbLIMW BUAAMU U U3MEHEHWS MECTOOBUTaHWUN.

Hamu B 2023 06Hapy»eHo 168 cnenoB XU3HEeAEATENbHOCTM YETbIPEX BUAOB MOMYBOAHbLIX BAOJIb
YepHoro WpTbiwa v MNaenogapckoro Upteiwa. OueHeHa NAOTHOCTb NOMYASUUN BblAPbl M aMepuKaH-
CKOV HOpKM B YepHoM MpTbilwe, a Takke 606pa 1 Hopku B MNMaBnoaapckoM MpThbiwe. Mo HawmM aaH-
HbIM, Ha UCCNEeA0BAHHOM yyacTke p. YepHbiii VpTbiw 06uTaeT 6—-8 ocobelt Bbigpbl, @ Ha BCEM yyacTke
OT rpaHuLbl ¢ Kutaem o 03. 3aicaH okono 10 Bbiap (NNOTHOCTb HaceneHus 1-1,2 ocobu/10 kM pyc-
na). MnoTHOCTb HaceneHunst Ha yyacTke p. Kamkblp Bbile noc. bopaH coctaBnsieT He MeHee 2 Bbiap/10
KM pycna peku. Ha YepHoM UpTbiwe (OCHOBHOE pycno 1M NPOTOKM) aMepPUKAHCKasi HOpKa HacenseT C
nnotHocTbto 0,3-0,5 ocobu/km pycna, a y p. Kamxbelp go 1 ocobu/km pycna. B Maesnogapckom Mpu-
MPTbILbE HOPKA BCTPEYAETCS pexe, MAOTHOCTb HaceneHust He npesbiwaeT 0,2-0,3 ocobeli/kM pycna. B
NpUrofHbIx ans 606pa mectoobuTaHmsx Ha p. MpTbiw 04HO noceneHne BCTpeyaeTcs Ha 3—4 KM pycna
peku. [pu cpegHeM pacyeTHOM Konn4vectee Tpy 606pa B 0AHOM noceneHnmn, ux obuas YMcneHHoCTb
Ha y4JacTke NaBnoaapckoro MpuupTbIWbs MOXET cocTaBnaTb 300—400 ocobeit. Halum nccnegoBaHus
MOKa3bIBaOT BbICOKYHO MIOTHOCTb 3TUX BUAOB B palloHax C COXPaHMBLUMMUCS MECTOOBUTAHNSMU, B TO
BpeMS KaK aHTPOMOreHHoe BMELLATENbCTBO HErATUBHO MOBMUSNO0 HA MX MPUCYTCTBUE B OMNpefeNieHHbIX
permoHax. Heobxoaumo 6onblie AaHHbIX A8 AETaNIbHOMO M3Y4YeHMs SKOCUCTEMHbIX YCyr, NpefocTaB-

NsAEMbIX MOJYyBOAHBbIMU MNIEKOMUTAOLWMMU.
KnroueBble cnoBa: rnoima peku UpTbiLw, rnovMeHHast 3KOCUCTEMa, NOJTyBOAHbIE MMIEKONUTAOLWMNE,

6VIOVIHLI,VIKaTOpr, SKOCUCTEMHbIE YCNTyrX, MJIOTHOCTb Mnonynauun.

Introduction voirs [2]. Furthermore, according to the geomor-

The Irtysh River floodplain is located in the
northeastern part of Kazakhstan, spanning the East
Kazakhstan, Abai and Pavlodar regions of the coun-
try [1]. The floodplain is formed by spring floods
and water from the Upper Irtysh cascade of reser-
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phological zoning of Kazakhstan, the Black Irtysh
River belongs to the region of accumulative and
denudation plains of the Zaisan Depression of the
orogenic belt. As a result, the river’s wide valley is
characterised by high and low floodplains as well as
accumulative terraces.
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Several semi-aquatic species, including na- tive
and invasive species, are present in the Irtysh River
floodplain: the Eurasian beaver (Castor fiber),
muskrat (Ondatra zibethicus), water vole (Arvicola
amphibius), Eurasian otter (Lutra lutra), American
mink (Neogale vison), and Eurasian water shrew
(Neomys fodiens). Moreover, native species, such as
the Eurasian otter and Eurasian beaver, contrib- ute
positively to ecosystem services such as water
purification, habitat creation, and flood mitigation.
In contrast, invasive species such as the American
mink can alter native biodiversity and ecosystem
functions, sometimes providing negative ecosystem
services through predation or competition with na-
tive species.

Ecosystem services include various ecosystem
functions and products that are necessary or ben-
eficial to humans [3], and, from an ecological per-
spective, should be based on healthy ecosystem
functioning [4]. Assessing the ecosystem services
provided by the semi-aquatic mammals is essential
for understanding their ecological roles and for the
future planning of conservation strategies. Native
and invasive species must be evaluated not only for
their positive contributions but also for their poten-
tial negative impacts, especially in light of the eco-
logical changes and anthropogenic pressures affect-
ing the Irtysh River floodplain.

In this study, we analysed positive (benefi-
cial to humans and the ecosystem) and negative
(harmful to humans and/or the ecosystem) eco-
system services provided by semi-aquatic spe- cies
and their bioindicator roles. We determined the
population densities of three key species: the
Eurasian beaver, Eurasian otter, and American mink
in the Black (Upper) Irtysh and the Pavlodar
(Lower) Irtysh. By understanding the balance of
positive and negative ecosystem services provid- ed
by these species, we can better inform conser- vation
efforts and the sustainable use of biologi- cal
resources in the region.

Materials and methods

In February-May and September-October 2023,
we surveyed the Kazakhstani part of the Black Irtysh
River and the Pavlodar Irtysh — two parts of the
Irtysh River in the north and northeast of Ka-
zakhstan. The total length of the routes by car and
foot tracks was greater than 1000 km. Approximate-
ly 220 km of the Black Irtysh and Pavlodar Irtysh
floodplains were surveyed. All traces of vital activ-

ity of semi-aquatic mammals were noted along the
routes, their sizes were measured, and, if possible,
individual individuals were identified.

We estimated otter population density using the
method of recording individual habitat areas [5] with
additions by other researchers (Rodikov, 1978;
Sidorovich, 1992) and our modifications [6]. The
numbers of American mink and beaver were also
estimated on the same routes. The study was based
on the method proposed by D.V. Ternovsky [7]. To
determine the beaver population, we used an eco-
logical method with elements of population density
assessment [8, 9].

We carried out a detailed analysis of the litera-
ture data on lifestyle and biocenotic role based on
the works of Afanasyev et al. [10], Heptner and
Naumov [11], Chanin [12], Bazarbekov and Lyak-
hov [13], Kruuk [14], and others. We considered the
ecosystem services provided by mammals in the
Irtysh River floodplain based on the combina- tion
of anthropocentrism (benefits to humans) and
biocentrism (benefits to the ecosystem as a whole)
[15, 16]. In our study, we modified the classification
in respect to semi-aquatic mammals by combining
some aspects of anthropocentrism and biocentrism
and divided ecosystem services into positive and
negative. Positive ecosystem services include water
purification, mitigation of extreme events (floods,
droughts, and floodplain overgrowth), control of the
number of other species, retention of greenhouse
gases, increased recreational activity, ecosystem en-
gineering, a food source for other species, and seed
dispersal and storage. Negative services include the
impact on the number of other species, destruc- tive
competition with other species, impact on in-
frastructure, and harm to agriculture. Recreational
activities include providing conditions for increased
tourism, hunting, and fishing in the region, includ-
ing the species themselves. Ecosystem engineering
involves the direct or indirect provision of resource
access by organisms to other species by modifying,
maintaining, and creating habitats [17].

Results and discussion

The Kazakhstan part of the Irtysh River flood-
plain is home to 6 species of semi-aquatic mam-
mals, comprising both native (Eurasian beaver,
water vole, Eurasian otter, water shrew) or invasive
(muskrat, American mink) species. In 2023, we dis-
covered 168 traces of the life activity of four species
of semi-aquatic mammals (Table 1).

175



Semi-aquatic mammals of the Irtysh river floodplain as bioindicator species and their ecosystem services

Table 1 — Recorded traces of semi-aquatic mammal activity in two areas of the Irtysh River

Traces found

Scientific name

Black Irtysh Pavlodar Irtysh Total
Muskrat Ondatra zibethicus Linnaeus 21 23
Eurasian beaver Castor fiber Linnaeus 24 24
American mink Neogale vison Schreber 54 7 61
Eurasian otter Lutra lutra Linnaeus 60 0 60
TOTAL 116 52 168

The most frequently encountered tracks of the
American mink and the Eurasian otter were on the
Black Irtysh (n = 54 and n = 60, respectively), while
we also registered tracks of the mink in the Pavlodar
Irtysh region (n = 7). Tracks of the muskrat and the
Eurasian beaver were noted in the Pavlodar Irtysh
region (n = 21 and n = 24, respectively). There are
also rare encounters of muskrat tracks on the Black
Irtysh (n = 2). We have not confirmed the presence
of the Eurasian beaver on the Black Irtysh and the
Eurasian otter in the Pavlodar Irtysh region.

Below, we provide brief information on the
biology of these species, consider their ecological
features and ecosystem services, and analyse their
density in the studied areas of the Irtysh River.

Brief information on the biology of semi-aquatic
mammal species and their use as bioindicator spe-
cies for the state of floodplain ecosystems

Semi-aquatic mammals play an important role in
assessing the state of the Irtysh River floodplain
ecosystems. The Eurasian otter, American mink, and
European beaver are highly sensitive to changes in
water quality and habitat conditions, which al- lows
them to be used as bioindicators in assessing the
ecological state of the floodplain.

Muskrat (Ondatra zibethicus) was first intro-
duced into the Black Irtysh basin in 1944, and into
the Pavlodar region in 1952 [18]. In the fall of 2023
and summer of 2024, we confirmed the presence of
muskrat in the Black Irtysh. After release, the
muskrat spread very widely, occupying suitable
water bodies almost throughout the entire territory
of the Pavlodar region. It is most numerous in the
Irtysh valley and along the Irtysh-Karaganda canal.
Breeding of muskrats in captivity is widely prac-
tised in many fresh water bodies on the right bank
[13]. The distribution of muskrats in the Pavlodar
part of the Irtysh, according to our data for 2023-
2024, is uneven and mosaic. Despite the presence of
suitable water bodies with abundant herbaceous
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vegetation in the river floodplain, not all of them are
populated by muskrats. Probably, the mosaic distri-
bution of muskrats in potentially favourable habi- tat
conditions may be associated with the chemical
composition of the water [18]. Muskrats have been
harvested in small quantities in the Irtysh floodplain
since 1947. Currently, the resources of this fur ani-
mal are used insignificantly. The Tarbagatai sub-
species of the water vole (Arvicola amphibius kuz-
netzovi Ognev 1933) lives in the floodplain of the
Irtysh River [19]. According to I.G. Schubin [20],
the vole was especially numerous here, and up to 40-
50 animals or more were often caught per 1 km of
the coastline. The water vole feeds on aquatic and
coastal vegetation (for example, it gnaws the lower
parts of the trunks and branches of the willow Salix
sp.) [20]. In the 1960s, the fertility of the voles was
high, where 48.1-53% of females were pregnant in
June-July, with an average of 7.1 embryos per fe-
male. At present, we have not found any water voles
in the floodplain of the Irtysh River.

The Eurasian otter (Lutra lutra) is one of the
most specialised species of near-water ecosystems
among terrestrial carnivorous mammals [14]. De-
spite the plasticity of its diet, its diet consists mainly
of aquatic and near-water animals. In different habi-
tats, fish make up 50 to 95% of its prey; the main
components of its diet also include amphibians,
crustaceans, aquatic insects, mammals, and birds
[21]. The otter visits all accessible floodplain water
bodies (rivers, channels, lakes, oxbow lakes), and
uses intermittent water bodies and small rivers (less
than 10-15 km long) only temporarily. Its habitat
is located along the shoreline of water bodies. The
otter is active all year round and moves around its
territory, avoiding areas with intense anthropogenic
impact.

The otter was indicated for the Black Irtysh and
Zaysan Lakes [10, 22]. Later, it was noted here by
I.G. Schubin [23] as a rare species. The Irtysh River
is inhabited by the northern subspecies, L. I. lutra
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[24]. In the Black Irtysh River section, we observed
the otter everywhere in May and October 2023.
Traces of its life activity were noted on the routes on
the Black Irtysh and on the Kalzhyr River. The ot-
ter prefers sections of the river with forested banks,
bays and channels, and avoids open steppe areas and
areas frequently visited by people and cattle.

The otter is mentioned as a rare game species in
the Pavlodar Irtysh region [10, 11, 13]. At the time
of our research in 2023, there were no signs of otters
on the river. The Irtysh River has not been found in
the Pavlodar Irtysh region. We can only guess at the
real reasons for the otter’s disappearance, but we
will cite some factors that could have contrib- uted
to this. The economy of the Pavlodar region has been
developing intensively since the beginning of the last
century thanks to the construction of the railway and
the development of shipping along the Irtysh. The
population has grown sixfold since the beginning of
the 20th century by the 1980s, facto- ries and
manufacturing plants were launched, and the rapid
development of virgin lands began in the 1950s.
Most of the settlements in the region are con-
centrated in the Irtysh floodplain. In addition, since
1949, tests have been conducted at the Semipala-
tinsk nuclear test site on the border of the Pavlodar
and East Kazakhstan regions.

The American mink (Neogale vison) is some-
what less specialised to a semi-aquatic lifestyle than
the otter. Its diet also includes fish, amphibians,
aquatic insects, mammals and birds [25, 26]. Since
the American mink is several times smaller than the
otter, it consumes smaller prey on average, and there
are differences in the species composition of its
prey. In the event of a shortage of aquatic prey, it
easily switches to using terrestrial prey (in winter);
in some periods, voles and other small mammals can
form the basis of its diet. Unlike the otter, the mink
is able to occupy smaller and drying up or freezing
bodies of water, and goes further from the water, the
length of its territory is 1.5-3.5 km of the coastal
strip.

Mink were first noted on the rivers of the East
Kazakhstan region in 1945, where the animals had
penetrated from the Altai region, where they were
released in 1933 [27, 28]. Later, in 1952, mink were
released on the Uba River [28]. Currently, mink has
populated all suitable habitats in the surveyed areas
of the Irtysh River. Due to trophic plasticity, the spe-
cies has adapted well to new habitats.

The Eurasian beaver (Castor fiber) plays a key
role in the formation and maintenance of aquatic bi-
ome ecosystems and is recognized as a key indicator
of coastal ecosystem health throughout the Holarc-

tic and an ecosystem engineer [29-31]. Beavers are
able to exist in certain ecological conditions and are
therefore an important indicator organism respond-
ing to human intervention [32].

Their presence or absence can serve as an early
sign of environmental disturbance in coastal ecosys-
tems [29, 33]. An increase in beaver numbers and
expansion of their range may indicate improved en-
vironmental conditions, including the availability of
suitable burrow sites and an adequate food supply.

The main reason for the disappearance of bea-
vers on the river The Irtysh, as in most of its range,
was under commercial pressure [34] as a result of
high demand for beaver furs and products made
from it [22, 35-37]. The restoration of the historical
range occurred gradually. In the early to mid-1980s,
the beaver from the Urals was reacclimatised in the
upper reaches of the Malaya Ulba and Uba rivers.
Beavers began to appear on the Irtysh about 20 years
ago, settling upstream along the Irtysh River and
along the Altai rivers [38].

The absence of beavers in the Black Irtysh River
section at present is not a sign of its poor ecologi-
cal condition. Moreover, the water quality is better
here, the degree of ecosystem disturbance is less,
and there are more channels with abundant coastal
vegetation and tributaries suitable for the species.
According to our expert assessment, the beaver
population density here may be higher than in the
Irtysh River section in the Pavlodar Irtysh region. In
our opinion, the reason for the absence of beavers on
the Black Irtysh is the cascade of hydroelectric
power plants built on the Irtysh River in the 20th
century. The dams of hydroelectric power plants and
the banks of reservoirs, subject to significant
drawdowns of the water level, are an artificial bar-
rier to the settlement of beavers. The Black Irtysh is
separated from the Russian part of the population by
the high Altai Mountains.

An ecological feature of the life of beavers liv-
ing in the Pavlodar Irtysh region is the absence of
dams in their areas. Obviously, this is due to the
absence of tributaries, small streams and quiet
channels here. Most beaver settlements are found in
channels, but they are quite full-flowing and un-
suitable for building dams. Because of this feature,
beavers on the Irtysh do not play a water-regulat- ing
role and do not contribute to the flooding of large
areas. By building canals, huts and burrows, they
play a role in enriching the environment with
shelters and new habitats for other species of ver-
tebrates and invertebrates.

The common water shrew (Neomys fodiens), if it
lives in the Irtysh River valley, is rare. In the 1980s,
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it was observed 300 km away from the Irtysh River
near the village of Berezovka (oral communication
by N.N. Berezovikov [39]). The water shrew is an
insectivorous animal, highly specialised to a semi-
aquatic lifestyle. During our research, no traces of
the water shrew were found.

Semi-aquatic mammals are closely associated
with aquatic ecosystems and respond quickly to
changes in water quality and pollution levels [12,
40]. Their presence can serve as an indicator of a
healthy environment and be used as an indicator of
the state of water bodies [12, 14]. These species are
susceptible to pollutants such as pesticides, heavy
metals, and polychlorinated biphenyls, which can
accumulate in their bodies over time through food

chains [12, 41, 42]. Analysis of their tissues and
faeces provides insight into the levels and types of
pollutants in freshwater ecosystems [40, 43]. Semi-
aquatic mammals have limited home ranges and are
not prone to long-distance migrations, so they are
exposed to pollutants year-round [44]. Concentra-
tions of pollutants in their faeces and tissues can be
used to assess environmental pollution for humans
[45].

Ecosystem services provided

As a result of the analysis, we found that 6 spe-
cies of semi-aquatic mammals provide 26 positive
and 7 negative ecosystem services (Table 2 and Fig-
ure 1).

Table 2 — Positive and negative ecosystem services provided by semi-aquatic mammals in the Irtysh River floodplain

Positive ecosystem services Negative ecosystem services
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Eurasian otter + +
American mink + + +
Eurasian beaver + + + + + + + +
Vole water + + + + +
Muskrat + + + + + + + +
Eurasian water shrew + + + +
Total 1 2 6 1 3 6 2 3 2 1 1
TOTAL 26 7

As shown in Table 2, all semi-aquatic species
participate in population control of other species and
serve as prey for birds of prey and carnivorous
mammals.

Beavers improve habitat for fish and waterfowl,
create filtration zones to improve water quality, and
attract tourists to the area, promoting recreation [32,
46]. However, it is also important to consider the
sustainability of their populations and possible
negative consequences of their activities, such as
flooding and changes in the composition of coastal
communities, to maintain ecosystem integrity and
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rational use of the species [47]. The presence of spe-
cies such as the Eurasian beaver and the otter in the
floodplain ecosystems of the Irtysh River serves as
an important indicator of the state of the environ-
ment.

Ecosystem engineering refers to the environ-
ment-forming role of certain species. For example,
the burrow system of the shrew ensures the exis-
tence of various species of invertebrates and small
vertebrates. In the floodplain of the Irtysh River, the
Eurasian beaver and the common muskrat are two
excellent ecosystem engineers of wetland biotopes.
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Figure 1 — Ecosystem services provided by semi-aquatic mammals
in the Irtysh River floodplain. Drawing by N. Bizhanova

The otter, as a semi-aquatic species, plays an
important role in near-water ecosystems, maintain-
ing the natural balance and diversity of aquatic com-
munities. Moreover, research and monitoring of ot-
ter populations can help determine levels of water
pollution and detect changes in the ecosystem [12].
Otters are an object of interest for observation in
nature and ecotourism. Their presence can attract
tourists and promote the development of ecotourism
in their habitat. Given the declining population and
limited distribution in Kazakhstan, it is necessary to
consider the inclusion of the northern subspecies in
the Red Book.

Some aquatic mammals of the Irtysh River
floodplain can also cause ecosystem damage. In ad-
dition to the damage to pastures described above, the
Irtysh River floodplain is a natural source of
dangerous infectious diseases, with ticks regularly
arriving here with livestock during their spring mi-

gration to pastures and pastures. The water vole and
muskrat are intermediate hosts of infectious disease
carriers, where the ticks’ habitat is the network of
burrows. The water vole and muskrat are pests of
agricultural crops and pastures on the Irtysh, feeding
on fruits, flowers, plant shoots and gnawing at their
root systems [20, 48]. Nevertheless, these animals,
like all other semi-aquatic animals, form the basis of
the diet of a large number of birds of prey and
carnivorous mammals, including economically im-
portant ones (Eurasian ermine, steppe polecat, fox,
corsac fox, etc.).

As an invasive species, the American mink
provides negative ecosystem services in the Irtysh
River floodplain by preying on native spe- cies such
as fish and small mammals, as well as competing
with other carnivores for resources. This predatory
behaviour threatens vulnerable  populations,
potentially exacerbating the decline

179



Semi-aquatic mammals of the Irtysh river floodplain as bioindicator species and their ecosystem services

of other semi-aquatic mammals and altering local
food web dynamics.

Until the 1970s, the water vole was a secondary
object of fur trade in the Irtysh River floodplain, and
the muskrat was a particularly valuable commercial
animal. The Eurasian beaver, Eurasian otter and
American mink were also highly valued for their fur.
Due to population decline and intense poaching, the
fur trade for most species stopped completely. For
the future restoration of the fur trade, more com- plete
information on the current state and distribu- tion of
animal populations is needed.

Bioindicator mammals’ population density

For the relative ecological assessment of the
Irtysh River floodplain condition, we estimated the
complex population density indicator of two pairs of
indicator species of semi-aquatic mammals and
plotted them on a map (Figures 2-3). Since each site
is home to only two species of semi-aquatic mam-
mals, we estimated the density of otter and mink for
the Black Irtysh, and beaver and mink for the Pavlo-
dar Irtysh region. To assess the entire length of the
sites, we extrapolated the data obtained in Black and
Pavlodar Irtysh and in their vicinity. As a density
gradation, we identified three indicators for each
species: high, medium, and absent, and five grada-
tions of complex comparison of the density of two
species in each of the sites (Figures 2-3).

For the beaver, we classified having one or more
individuals per kilometre of the riverbed as sites
with a high population density. For the mink, high
population density is considered for more than 5 in-
dividuals per 10 km; and for the otter, it is more than
1 individual per km. Between 6-8 otters inhabit the
studied section of the Black Irtysh River (58 km),
and approximately 10 otters occur in the entire sec-
tion from the border with China to Lake Zaysan
(population density is 1-1.2 individuals/10 km of the
riverbed). The population density in the section of
the Kalzhyr River above the settlement of Boran is
at least 2 individuals/10 km of the riverbed.

We observed otter tracks on a channel in the vi-
cinity of this village. Otters avoid the section of the
Black Irtysh River near the automobile bridge (the
Zaisan-Kurchum automobile road), areas of inten-
sive cattle grazing in the river floodplain, and areas
lacking forest or shrubby riverside vegetation.

The American mink inhabits the Black Irtysh
(main channel and branches) with a density of 0.3-
0.5 individuals/km of the floodplain, and the Kal-
zhyr River up to 1 individual/km of the floodplain.
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Near the village of Boran, the mink is less common,
likely due to the presence of stray dogs and human
disturbance.

In the Pavlodar Irtysh, the mink is less abundant.
We found signs of their presence along the banks of
the Irtysh River and its tributary with better protec-
tive conditions in the Pavlodar Irtysh. Here, the pop-
ulation density does not exceed 0.2-0.3 individuals/
km of the riverbed. Minks are more often found on
the tributaries, but also on the main channel, particu-
larly in wooded banks with shelters. The reason for
the low number of minks in the lower section of the
Irtysh River is probably due to the lack of quality
habitats.

We also observed traces of beaver activity in the
vicinity of the Irtysh River. The successful settle-
ment of beavers on the Irtysh indicates sufficient
preservation of habitats and favourable conditions
for the species. In habitats suitable for beavers on the
Irtysh River, we found one beaver settlement per 3-4
km of the riverbed.

With an average estimated number of three bea-
vers in one settlement, their total population in the
Pavlodar Irtysh region may be 300-400 individuals.
Beavers are rarely found in the main riverbed and
we have not found their permanent dwellings here.
In the Irtysh floodplain, they prefer to inhabit chan-
nels with wooded banks.

In the Black Irtysh section, the population densi-
ty of semi-aquatic mammals (otter and mink) is pre-
dominantly high (Figure 2). The habitats, in general,
can be assessed as favourable, they are well pre-
served. The section of the Kalzhyr riverbed near the
village of Boran and the section of the Black Irtysh
in the area of the automobile bridge are less favour-
able for semi-aquatic predators, which is probably
due to the high disturbance factor from the proxim-
ity of a populated area, intensive livestock grazing
and automobile traffic.

In the Irtysh River in the Pavlodar Irtysh region,
we observed areas with a high population density of
semi-aquatic mammals between the villages of
Prirechnoye and Zhanabet and below the village
of Zhelezinka to the border with Russia (Figure 3).
Here, tree and shrub vegetation is well developed;
there is a low density of livestock and many chan-
nels. The greater length refers to areas with an av-
erage density. We also observed areas with absent or
very low density of semi-aquatic mammal popu-
lations near the cities of Pavlodar and Kurchatov,
where channels are very poorly developed, human
population density is high, and vegetation is sparse.
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Figure 2 — Population density of semi-aquatic mammals (Eurasian otter, American mink) in the Black Irtysh area
Note — High population density = beaver > 1 individual/km of watercourse bed, otter > 0.1 individual/km of watercourse bed.

Medium population density = beaver < 1 individual/km of watercourse bed, otter * 0.1 individual/km of watercourse bed.
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Figure 3 — Population density of semi-aquatic mammals (European beaver, American mink) in the Pavlodar Irtysh region
Note — High population density = beaver > 1 individual/km of watercourse bed, mink > 0.5 individuals/km of watercourse bed.

Medium population density = beaver = 1 individual/km of watercourse bed, mink * 0.5 individuals/km of watercourse bed.
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Thus, mammals provide invaluable positive eco-
system services, but they can also have a negative
impact on humans and the environment. Given that
the status of their populations is unknown, it is cur-
rently impossible to assess the scale of their damage
to pastures or their possible hunting and commercial
value. More data are needed to identify and study in
detail the types of ecosystem services provided by
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REVIEW OF GENETIC STUDIES
OF MASTIF-LIKE DOG BREEDS

Currently the genetic studies of dogs are carried out quite widely. However, there are more than 400
varieties and breeds of dogs in the world, and not all of them are equally well studied. Thus, the geneti-
cal characteristics of mastiff dogs, which include the Kazakh national breed of herding dogs Tobet, have
not been sufficiently studied. The purpose of this work is to review the genetic studies available in the
scientific literature in varieties of mastiff-like dogs. The review examines the genetic diversity of mastiff
dogs, the mechanisms of adaptation of breeds to living conditions, genetic factors of predisposition to
diseases, as well as phylogenetic relationships between different breeds. Revealing phylogenetic con-
nections of aboriginal dog breeds allows us to trace the correlation with the history and phylogeography
of the peoples who inhabited the areas where these breeds were formed. Analysis of the parameters of
genetic diversity and the level of inbreeding will allow us to apply science-based approaches to preserve
and improve national dog breeds. Genetic research will improve breeding programs, reduce the number
of hereditary diseases in dogs, help preserve the gene pool of the breed, as well as restore local breeds,
including Tobets, which are on the verge of extinction.

Key words: mastiff dog breeds, Tobet, genetic diversity, phylogeny.

H.B. MuTb, I.C. XyHicoBa, A.C. OMipranuesa,
K.B. BecnanoBa, A.B. Mepdwunbesa, X.M. CeliceHoBa

KP BFM FK «l'eHeTuka aHe du3nonorns nHctuTyTol» PMK, Anmatbl, KasakcraH
*e-mail: nata-mit@yandex.ru

Mactud Topisai UT TyKbiIMAAPbIHbIH
reHeTuKasbiK 3epTreynepiHe wony

Kasipri yakblTTa uTTepre reHeTuKasblk 3epTTeyfnep KeHiHeH Xyprisinyae. [lereHMeH, anemae
400-peH actaMm Typriepi MeH TyKbiMaapbl 6ap, »oHe onapabliH 6api 6ipaen akcbl 3epTTeNMereH.
MaceneH, Ka3akTblH YITTbIK TebeT uttepiHe xataTblH MacTUd Topi3ai UTTep reHeTukanblk TYpFblaaH
XKETKINIKTI 3epTTenmereH. byn >YMbICTbIH MakcaTbl — FbinbiMM aaebueTTepaeri Mactud Tapisai
uTTepaiH apTypni Typnepi 6olblHWA reHeTuKanblk 3epTTeynepre wony xacay. Lonyaa mactud
TOpi3Ai UTTEPAIH reHeTVKanbIK anyaHTypainiri, TykbIMAapAbIH TipWwinik eTy XaraannapbiHa 6eimaeny
MexaHu3MAepi, aypynapra 6eriMainikTiH reHeTukanblk dakTopnapbl, COHAar-ak apTypni TyKbIMAap
apacblHAarbl dunoreHeTukanblk 6alnaHbiCTap KapacTbipbliFaH. XXeprinikTi UT TyKbiMAApbIHbIH
unoreHeT1kanblk 6anaHbICTapbiH aHbIKTay, OCbl TYKbIMZAP KasnblNTackaH alMakTapAbl MekeHaereH
XanblKTapAblH TapyxbiMEH XoHe dunoreorpadusicbiMeH 6alnaHbICbiH Kagaranayra MyMKiHAIK 6epegi.
FeHeTVKasbIK SPTYPAINIK NapaMeTpIEPiH XaHe MHEOPUAVHT AEHreliH Tanaay YITTblK UT TYKbIMAAPbIH
caKTay >XaHe XEeTinAipy YLWiH FulNbIMU HerisgenreH Tacingepai KongaHyra, onapabl ecipy XeHiHaeri
6argapnamManapabl XXakcapTyFa, UTTepAeri TYKbIM KyanalTblH aypynapablH CaHbiH a3aiTyFa, TYKbIMHbIH
reHooHAbIH caKkTayFa, CoHAalN-aK, XKOMbUTy WeriHAe TypFaH XeprinikTi TyKbiMAapabl, COHbIH iWiHAe
TebeTTepai KannbiHa KenTipyre MyMKiHAik 6epeai.

Ty#iH ce3pep: MacTud Topi3ai UT TyKbiMAapbl, TE6ET, reHeTUKanbIK SpTYpNiniK, dhunoreHus.
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0630p reHeTUYECKNX UCCIeA0BaHMIA
MacTucgoobpasHbix nopoa cobak

leHeTU4Yeckne mccnenoBaHMs cobak B HacTosiLee BpeMsl NPOBOAATCS AOCTATOYMHO WMpoko. Oa-
Hako, B MMUpe HacuuTbiBaeTcs 6onee 400 pasHOBUAHOCTEN U Mopod cobak, U He BCE OHU U3YyYeHbl
04MHaKOBO Xopowo. Tak, MacTudoobpasHble cobaku, K KOTOPbIM OTHOCUTCSI Ka3axckasi HauMoHasb-
Has nopoga nacTywbnx cobak TobeT, B reHeTMUYECKOM MiaHe MccneaoBaHbl HeAOCTaTouHO. Llenbio
[laHHOW paboTbl ABNSIETCS 0630p UMEIOLUMXCS B HAYYHOW NIMTEpaType reHeTUYECKMX UCCNefoBaHuin y
pasfiMyHbIX pasHOBMAHOCTEN MacTMhOoobpasHbix cobak. B 0630pe paccMOTPeHbI reHeTUYeckoe pas-
Hoobpa3ne MacTngoobpasHbix cobak, MexaHM3Mbl MPUCMOCOBIEHHOCTM MOPOA K YCIOBUSM OBUTaHMS,
reHeTMyeckme (pakTopbl NPeapacnofioXXeHHOCTM K 3aboneBaHmaM, a Takxke (unoreHeTUYeckne ces-
31 MeXAy Pas/IMYHbIMK MOPOAAMU. YCTaHOBNEHNE DUTOrEHETUUECKUX CBSI3ENM abOpUreHHbIX Mopoj
cobak Nno3BOMISIET NPOCEANTb KOPPENSILUMIO C UCTopuen 1 dunoreorpadunein HapoaoB, HaceNaBLUNX
palioHbl (HOPMMPOBaHMSI AaHHbIX MopoA. AHaNM3 napaMeTpoB MEHETMYECKOr0 PasHOoOobpasvsi U YpPOBHS
MHOPMANHIA MO3BO/IUT NMPUMEHUTb HAay4YHO-OBOCHOBaHHbIE MOAXOAblI A1 COXPAHEHUS! U COBEpLLEH-
CTBOBaHMSI HaUMOHANbHbIX NopoA cobak, ynyylwmnTb NpOrpamMMbl Mo UX pa3BEAEHWUID, YMEHbLWUTL YMC/IO
HacneACTBEHHbIX 3aboneBaHuUii y cobak, CnocobCcTBOBaTh COXpaHEHMIO reHoOoHAa, a Takxe BOCCTa-
HOBJIEHMIO MECTHbIX MOPOA, B TOM Yncie n To6eToB, HaXoAALWMXCS Ha FPaHW UCYE3HOBEHMUSI.

KnroueBble cnoBa: MactudoobpasHble nopoabl cobak, TobeT, reHeTnyeckoe pasHoobpasue, du-

NioreHus.

Introduction

Mastiff-type dogs have been faithful compan-
ions of man since ancient times and were used main-
ly as guard and hunting dogs. Images of mastiff-type
dogs have been found on Egyptian monuments dat-
ing back to 3000 BC. During archaeological excava-
tions in the city of Nineveh, a vase dating back to
612 BC was discovered; the vase depicts a massive
dog with a large square head and armor [1]. Julius
Caesar mentioned the huge dogs of the Britons who
fought with their masters against the Roman legions
in 55 BC. [2]. These dogs came to Great Britain to-
gether with the Celtic tribes who came from Asia
Minor in the 4th-3rd centuries BC. There are dif-
ferent points of view on the origin of the breed, but
the exact origin is unknown. According to many
researchers, Tibetan mastiffs, which lived in the
mountains of Central Asia two thousand years ago,
are the most likely ancestors of modern mastiffs.
Considering that in ancient times the most important
trade routes passed through Asia, Asian dog breeds
could have spread throughout the world.

The beginning of purebred breeding of mastiffs
dates back to the 15th century. The breed underwent
various changes several times, as well as periods of
decline in numbers up to almost complete extinc-
tion, and periods of recovery. Thanks to thoughtful
selection, it was possible to recreate and significant-
ly improve the breed. Now mastiffs are widespread

throughout the world, the breed is gaining popular-
ity, and all new varieties are achieving official rec-
ognition.

In modern cynological science, there is a ten-
dency to reorient research of various dog breeds to
the genetic level of analysis, which contributes to
a deeper understanding of the genetic mechanisms
that determine the health, behavioral characteristics
and evolutionary development of dogs. And in gen-
eral, it should be noted that genetic research of dogs
is carried out quite widely. However, genetic stud-
ies of mastiffs are few and far between, and many of
their varieties, including the Kazakh Tobet, have still
been virtually unstudied at the molecular genetic
level. At the same time, the results of genetic analy-
sis can influence such important aspects as reducing
the genetic load and decreasing hereditary diseases,
improving the health and well-being of breeds, and
improving breeding and restoration programs.

In this paper, we reviewed literature on genetic
studies of mastiff-like dog varieties common in dif-
ferent countries of the world.

Literature review

Currently, the mastiff-like group of dogs in-
cludes 24 breeds, 14 of which are internationally
recognized and another 10 are not officially recog-
nized yet. All mastiffs are large, well-proportioned
and powerful animals, with an average weight of
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50 kg and an average height of at least 60 cm. All
varieties have a muscular build, a large head and a
flat, wrinkled forehead, a square muzzle with pro-
nounced flews, a powerful neck, a wide mouth, a
thick tail, slightly outwardly turned paws, and V-
shaped hanging ears. The length of the coat, color,
eye and nose color depend on the breed variety.
The Kazakh Tobet [3] also belongs to the mas-
tiff-like group of dogs. This is an ancient breed of
large and strong shepherd dogs, which was known
even before our era. Tobets are described in the
books of Marco Polo as large, donkey-sized, as-
sistant dogs for nomads. Tobets are strong, hardy,
unpretentious dogs, adapted to harsh climatic condi-
tions and a nomadic way of life. The coat is thick,
coarse, with a well-developed undercoat, the color is
black, brown, red, gray, their combinations are
possible. Height at the withers is 66-76 cm, weight
is 45-65 kg. The average life expectancy is 11-14

years. Tobets were faithful assistants of nomads,
they have long been used for grazing and guarding
livestock and protecting them from wolf attacks.
These are calm, balanced dogs with a pronounced
territorial instinct, natural guard dogs. They bark
little. One of the characteristic differences of the
Tobets from other wolfhounds is friendliness to a
peacefully minded person and a child. In an unfa-
miliar environment, the behavior is calm, confident.
It has a high intelligence, is able to assess the situa-
tion and make decisions.

Unfortunately, in recent years the population of
Tobets has significantly decreased. Today, the breed
is on the verge of extinction. To preserve the breed,
it is necessary to study it thoroughly, including ge-
netic research to study the genetic structure of the
population.

The appearance of some breeds from the Mas-
tiff-like dog group is shown in Figure 1.

Figure 1 — Appearance of some mastiff-type dog breeds.
A — Turkish Mastiff (Akbash), B — English Mastiff, C — Neapolitan Mastiff,
D — Kazakh Tobet, E — Bullmastiff, F — Tibetan Mastiff.
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One of the most studied genetically among mas-
tiff-like breeds is the Tibetan Mastiff (TM), which is
considered to be the ancestor of all mastiffs.

The TM is a breed of domestic Chinese dogs
well adapted to the high-altitude conditions of Ti-
bet, considered one of the most archaic, ferocious
and largest dogs in the world. There are a number of
studies, mainly by Chinese scientists, devoted to
the genetic mechanisms of adaptability of this breed
to the extreme environmental conditions of the
Qinghai-Tibet Plateau, such as low oxygen con-
centration, very cold and dry climate, strong UV
radiation. At high altitudes, high levels of UV ra-
diation can cause direct DNA damage. In addition,
hypoxia increases the production of reactive oxygen
species, which increase DNA damage. A number of
studies have revealed that the mechanisms of TM
adaptation to high altitude are determined by sev-
eral genes associated with adaptation to hypoxia, in
particular EPAS1 and HBB [4-7]. Based on ge-
nome-wide data analysis, Cai C et al. identified, that
families of DNA repair and damage response genes
are expanded in TM [8]. Contrariwise, the authors
revealed a limitation of the gene families associated
with ATPase activity. This allows cells to reduce
ATP production and oxidative phosphorylation of
mitochondria, and thus reduce ATP consumption
under hypoxic conditions. Genes involved in the
regulation of RNA polymerase 1 transcription (p65,
ATF3, EHF, Loc4981817, ZNF280D, MYPOP,
ATF5, and FOXI12), as well as some genes involved
in the hypoxia response and o/B-oxidation of fatty
acids, were shown to be under positive selection in
the Tibetan Mastiff [8].

Based on the SNP polymorphism studies, Li
Y. et al. conducted a comparative analysis of TM,
aboriginal Chinese dogs and gray wolves to iden-
tify candidate genes for high-altitude adaptation [9].
The investigation also confirmed the important role
of genes associated with the response to hypoxia
in adaptation to the Tibetan Plateau invironment in
different groups of organisms. Of the 16 genes that
showed positive selection signals, 12 genes were
associated with the body’s response to hypoxia,
including the genes EPAS1, SIRT7, PLXNA4 and
MAFG .

Studies of altitude adaptation in TM are mainly
related to genes localized in autosomes. However,
Hong Wu et al. focused on the X chromosome [10].
The advantage of this approach is the reduced popu-
lation size and the ability to analyze the hemizygous
state in males. Based on publicly available genome-
wide data from five TM and five dog populations
living at altitudes from 300 to 4000 m, the authors

identified five genes localized in the X chromosome
and showing signs of selection. One of these genes
was angiomotin (AMOT), which is associated with
the process of angiogenesis.

A number of investigations are also devoted to
the study of genetic diversity and structure of TM
populations. In the work of Ren D.R. et al., using 10
microsatellite loci, an assessment of the genetic
diversity of TM from 4 populations (Tibet, Gansu,
Qinghai and Beijing) was carried out [11]. The re-
sults of microsatellite analysis showed high genetic
diversity in all studied TM populations. Thus, the
number of alleles per locus (Na) ranged from 6 to
13, the observed heterozygosity Ho = 0.69, the ex-
pected heterozygosity He = 0.79, the average PIC
value was 0.758. Interestingly, within the popula-
tions there was a significant deficit of heterozygotes
(the average FIS value = 0.11,), as well as fairly high
inbreeding rates (the average FIT value = 0.12,
bootstrap 95% CI (0.06, 0.18)). Thus, inbreeding has
occurred quite frequently in TM populations, so the
breed needs effective breeding projects based on
genetic research.

In the work of Miao B. et al. the origin of genes
of high-altitude adaptation in TM was studied [12].
Comparative analysis of canine genomes showed that
the differences in haplotypes of the EPAS1 and HBB
loci in high-mountain dogs and dogs from lowland
areas are much greater than in high-mountain dogs
and wolves. Based on the calculation of the recombi-
nation rate, the authors excluded the influence of an-
cestral polymorphisms in the EPAS1 and HBB loci.
Lower sequence divergence compared to the genom-
ic background indicates a relatively recent splitting
of alleles and confirms the introgression hypothesis.
Thus, introgression of the EPAS1 and HBB loci in
mountain dogs helped them adapt to a hypoxic envi-
ronment in a relatively short period of time.

Research is underway to study the genetic poly-
morphism of STR loci to create a gene polymor-
phism database for the Tibetan Mastiff. Using fluo-
rescent multiplex amplification of STR loci, Xiong
X et al. analyzed the polymorphism of 16 STR loci
in 449 TM [13]. As a result, it was shown that all the
studied loci are highly polymorphic. Thus, the
FH2010 locus had 10 alleles, the PEZ21 locus had
12 alleles, and the PEZ05 locus had 13 alleles. The
remaining 13 loci had more than 15 alleles. Thus, the
analysis of polymorphic STR loci provides the
opportunity for individual identification and can be
used to determine paternity in TM. The high degree
of polymorphism of the studied loci provides the
basis for the creation of a TM gene polymorphism
database.
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The mitochondrial genome of Tibetan Mastiffs
has been extensively studied. Since mitochondrial
DNA is not highly conserved and has a fairly high
mutation rate, the mitochondrial genome sequence
can be used to identify and reveal phylogenetic re-
lationships between different groups of organisms,
and in particular, between dog breeds.

Deng LX and He S. revealed the complete se-
quence of the TM mitochondrial genome [14]. The
authors showed that the TM mitochondrial genome
consists of 16,729 bp and has a typical structure: 13
protein-coding genes, 22 transfer RNA genes, 2 ri-
bosomal RNA genes, and a non-coding region. The
non-coding region (D-loop region) has common fea-
tures with the mitochondrial genomes of other mam-
mals, and the largest number of variable sequences
is located in this region.

The complete mitochondrial genome sequence
of TM was also characterized by Guo X. et al. in
another study using lllumina high-throughput se-
guencing technology [15]. The authors showed that
the total length of the circular mitochondrial DNA
included 16,730 bp. Similar to the previous study the
mitogenome structure was characterized as typi- cal
for vertebrates and included the same genomic
components. The authors identified transcription ini-
tiation codons, as well as 3 types of stop codons for
mitochondrial genes. According to the nucleotide
composition, the mitogenome of TM is distributed
as follows: 31.6% A, 25.5% C, 14.2% G and 28.7%
T. Thus, TM mtDNA is significantly enriched in A-
T pairs, which make up 60.3%.

In a study of mtDNA of purebred Chinese Ti-
betan Mastiffs by Li YX et al., the mtDNA control
region (D-loop region), which is non-coding but
regulates the processes of mitochondrial replica-
tion and transcription, was analyzed [16]. The au-
thors found that this region in TM contained blocks
of conserved sequences, a central domain, and se-
quences associated with termination, and the length
of the sequence varied due to a different number of
10-nucleotide repeating units. In the control region
of TM mtDNA, the authors identified 75 polymor-
phic sites that constitute 37 haplotypes; the diversity
of the haplotype was 0.990, and the diversity of nu-
cleotides was 1.201. Based on the sequences of the
control regions, a phylogenetic tree was constructed
in which Chinese TM were divided into three cat-
egories according to the origin and geographical
classification of TM. Phylogenetic analysis of the
hypervariable sequence HVR-I showed a close rela-
tionship between TM and Labrador retrievers.

Cai Z.F. et al. analyzed the mtDNA genomes of
TM using long-range sequencing technology [17].
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Since this technology increases the accuracy of
reads, the authors were able to analyze high-quality
reads from the mitochondrial genomes of 79 TMs.
As a result, it was found that Tibetan Mastiffs liv-
ing outside the Tibetan Plateau have hybridized with
other dogs.

To preserve the population of TM, studies on
their genetic diversity are of great importance. Ren
Z. et al. conducted a comparative analysis of
mtDNA of individuals from Gansu Province and the
Tibetan region [18]. As a result of sequencing the
hypervariable region | of mtDNA, the authors
identified twelve polymorphic sites and eight haplo-
types. Haplotypes H4 and H8 were found only in the
Tibetan population. In Gansu Province, the genetic
diversity of the TM population was higher than in
the Tibetan region. Genetic variability in the gen-
eral population was low, which indicates the need
for measures to protect the TM gene pool. Based on
the results of sequencing the hypervariable region |
of mtDNA, the authors constructed a phylogenetic
tree and found that TM originated from gray wolves
and had different maternal lines.

The work of Zhang S. and co-authors is devoted
to the study of biological characteristics of mesen-
chymal stem cells of TM bone marrow [19]. As is
known, pluripotent stem cells can differentiate into
various cell types and have great potential for use in
therapy and restoration of tissues and organs. The
authors cultured TM bone marrow stem cells for 23
passages and then analyzed their karyotype. As a
result, it was shown that the mesenchymal stem cells
were diploid, genetically stable and had the po-
tential to differentiate into adipocytes, hepatocytes,
osteoblasts, cartilage cells and insulin-secreting
cells. Using semi-quantitative PCR and ELISA, it
was shown that TM stem cells express cluster of
differentiation (CD) 73, CD90, CD105, CD166 and
vimentin. It was revealed that these cells can self-re-
new, but their proliferation rate decreases with age.
The study showed the potential of TM stem cells for
therapy and regeneration processes.

There are far fewer published studies on other
mastiff varieties, even for common breeds such as
the English Mastiff and Bullmastiff. The available
studies focus primarily on health issues related to
longevity and mortality. Health issues may be the
result of complex interactions between many genes,
or may be due to limited genetic variation within
a breed, which favors the inheritance of defective
genes.

A study by Bell L et al. reported morbidity and
mortality data for mastiffs based on a survey of dog
owners [20]. According to the survey results, the av-
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erage age at death was 8 years, with the average age
at death in Europe being 7.72 years and in North
America 8.17 years. The most common causes of
death for all dogs were cancer (47%), old age (16%),
heart problems (8%), and stomach problems (7%).
The average age at death from cancer in dogs was
7.85 years, with 23 types of cancer identified, the
most common being osteosarcoma, especially in
neutered animals.

Familial cerebellar ataxia with hydrocephalus in
Bullmastiffs has been previously described as a
monogenic autosomal recessive trait [21]. Christen
M. et al. examined two bullmastiffs with disease-
onset traits at a young age [22]. They sequenced the
affected bullmastiff’s genome and compared it with
genomes from different dog breeds, as well as with
archival samples from two other affected bullmas-
tiffs. They found that the affected dogs had a patho-
genic homozygous frameshift variant in the MFF
gene that shortens the wild-type open reading frame
and is the most likely cause of the disease. Because
the phenotype of this disease in bullmastiffs is simi-
lar to that in humans, the authors propose renaming
it “mitochondrial fission encephalopathy (MFE)”.

Lymphoma is a fairly common disease among
bullmastiffs. Lymphoma is a disease with a heredi-
tary predisposition. The study by Mortlock S.A. et
al. was devoted to identifying risk loci predispos-
ing to the disease in this breed [23]. Based on a ge-
nome-wide association analysis (GWAS) of 49 sick
mastiffs and 281 control cases, the authors identi-
fied genomic regions associated with the risk of
lymphoma, localized to CFA13 and CFA33. SNPs
with both genome-wide and chromosomal signifi-
cance were identified in these regions. The authors
identified potential candidate genes associated with
lymphoma, including the MY C proto-oncogene, the
bHLH (MYC) transcription factor, the Pvtl IncRNA
oncogene (PVTL), and a region syntenic with hu-
man and mouse INCRNA Pvtl. The authors suggest
that the increased risk of developing lymphoma may
also be due to a predisposing genetic background.

Among other tumors in mastiff-like dogs, cases
of sarcoma have been described, the incidence rate
is also quite high [24-25]. Genetic factors are also
involved in the development of this disease, since
familial cases of the disease have been described.
Based on the expression of the CD28, abca5, CCDC3
and SMOC2 genes, three molecular subgroups of
lymphoma were identified and demonstrated the
possibility of predicting the development of the dis-
ease and a correlation with survival. Prognostic fac-
tors also include the expression of the p53 and p16
genes, as well as the expression of the VH1-44 gene,

encoding the variable region of the immunoglobulin
heavy chain [26-28].

There are a number of works in the literature
devoted to the study of hereditary ophthalmologi-
cal diseases. This is a rather heterogeneous group of
eye diseases described in various dog breeds. Ki- jas
JW. and co-authors studied the inheritance of
progressive retinal atrophy (PRA) in the English
Mastiff [29-30]. The disease has a dominant type of
inheritance. Analysis of candidate genes allowed to
characterize two synonymous and one non-syn-
onymous mutation in the canine rhodopsin gene.
The authors found that the non-synonymous muta-
tion (T4R) causes progressive retinal atrophy in the
English Mastiff. At the same time, this mutation was
not detected among dogs suffering from PRA and
belonging to other studied breeds. Thus, testing of
bullmastiffs for the presence of T4R revealed that
one of them was heterozygous for this mutation, and
the second was homozygous for the wild type. This
fact allowed the researchers to conclude that the T4R
mutation is specific to the English Mastiff breed.
The authors described the disease phenotype in the
English Mastiff as similar to the phenotype of people
with mutations in the rhodopsin gene. Thus,
studying this disease on a canine model will allow
us to better understand the mechanisms of disease
development and open up new prospects for the de-
velopment of therapeutic methods.

Caduff M. et al. studied the mechanisms of ocu-
locutaneous albinism development in bullmastiffs
[31]. It is known that this disease in humans and
many animal species is caused by variants of the
SLC45A2 gene. Caduff M et al. analyzed the ge-
nome sequence of a highly inbred bullmastiff with
oculocutaneous albinism. As a result of the genomic
data analysis, the authors were able to identify a sin-
gle nucleotide deletion in exon 6 of the SLC45A2
gene (NM_001037947.1:¢c.1287delC), previously
not registered in known databases. According to the
predictors, this deletion will lead to an early prema-
ture stop codon. The authors validated the obtained
result using the Sanger sequencing method, the re-
sults of which coincided with the phenotypes of the
family members of the affected bullmastiff. Geno-
typing results from 174 unrelated dogs of different
breeds showed that they were homozygous for the
wild type. This allowed the authors to conclude that
SLC45A2:¢c.1287delC is the cause of oculocutane-
ous albinism in the affected bullmastiff.

Overall, it should be noted that studies of inher-
ited ophthalmologic diseases in dogs are important
for the search for candidate genes responsible for the
development of the disease, as well as for the
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development of animal models that mimic human
diseases.

Among other inherited diseases, familial juve-
nile glomerulonephropathy has been described in
French Mastiffs [32]. In addition to analyzing clini-
cal and histological data, the authors also studied
the pedigrees of the affected mastiffs. It was found
that individuals of both sexes were affected by glo-
merulopathy with the same frequency, therefore, the

genes associated with the development of the dis-
ease are not linked to the X chromosome, but are
inherited autosomal. Analysis of the inheritance of
glomerulonephropathy in a number of generations
allowed the authors to assume an autosomal reces-
sive type of inheritance, although more complex
variants cannot be ruled out, for example, autosomal
dominant with incomplete penetrance or polygenic.

Since mastiffs are large dogs, they are suscepti-
ble to various joint diseases. Cases of elbow and hip
dysplasia have been reported in various dog breeds
[33-35]. These diseases often occur together with
osteoarthritis. Ginja M. et al. searched for candidate
SNPs to identify associations with various joint dis-
eases and assess genetic risk, but did not identify
significant polymorphisms [35]. Presumably, this is
due to the complex multifactorial nature of the dis-
eases under study, which may include polygenic in-
heritance and significant influence of environmental
factors. Research to identify the molecular genetic
basis of joint dysplasia continues, but progress in
this direction is slow.

A number of studies have been devoted to the
investigation of the genetic diversity of different dog
breeds. Thus, in the study by Mortlock S.A. et al.,
the genomic diversity of Bullmastiffs was stud- ied
using genealogical and molecular analysis. [36]. The
genealogical analysis took into account the data on
the pedigrees of Bullmastiffs for more than 30 years.
The inbreeding coefficient based on the ge-
nealogical analysis averaged 0.044, the number of
common founders (142) was greater than the effec-
tive number of founders (79). The assessment of ge-
netic diversity and population structure was based
on the analysis of genome-wide genotyping data of
170,000 single nucleotide polymorphisms in 185
Bullmastiffs. Main indicators were calculated on the
basis of the molecular analysis of SNPs. The aver-
age inbreeding coefficient was 0.033, multilocus
heterozygosity (MLH) — 0.206, the effective popu-
lation size (Ne) — 29.1. In general, it can be noted
that the molecular and genealogical estimates of the
inbreeding coefficients for genotyped dogs show a
positive correlation. Given the relatively small ef-
fective population size, reducing the level of in-
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breeding may be beneficial to the overall welfare of
the breed. To determine the phylogenetic relation-
ships of the Bullmastiff, the authors constructed a
neighbor joining tree, which showed a close rela-
tionship with the English Bulldog, one of the ances-
tors of the Bullmastiff breed.

In another study by the same authors [37], ge-
netic variants specific to the Bullmastiff breed were
identified using high-density signal intensity data
and whole genome sequencing. The genome-wide
analysis identified approximately 3000 copy num-
ber variants (CNVSs) in Bullmastiffs. After sequence
alignment, 82 CNV regions were identified, of
which 50 regions had not been previously identi-
fied in other dog breeds and are potentially breed-
specific. Finding specific genetic markers may be
important for future studies of breed-specific char-
acteristics or diseases.

In recent years, the number of studies devoted to
the phylogenetic relationships and the evolution of
various dog breeds has increased.

In the study by Cai C et al., a comparative analy-
sis of the genomes of Tibetan Mastiff, Mongolian
Mastiff and Canis Lupus was carried out [8]. The au-
thors performed de novo sequencing of the Tibetan
and Mongolian mastiffs and Canis Lupus genomes
and conducted a comparative analysis of repetitive
sequences in their genomes. Based on the genomic
sequence data, the authors constructed a maximum
likelihood phylogenetic tree and determined the
taxonomic status of the studied dog breeds. As a re-
sult, a close relationship was revealed between the
Tibetan and Mongolian mastiffs, which turned out
to be very close in phylogenetic terms. In addition,
TM and Mongolian mastiff formed a common clade
with Canis Lupus, despite the diversity of their habi-
tats. This suggests that the Tibetan and Mongolian
mastiffs originated from Canis Lupus.

Similar results were obtained when analyzing
the results of mtDNA sequencing of TM. The work
of Li Q. et al., based on the analysis of mitochondrial
DNA sequences, is devoted to the study of the origin
of Tibetan mastiffs [38]. The authors determined the
complete mitochondrial genome (MtDNA) sequence
of the Tibetan mastiff and analyzed the phylogenetic
relationships between the Tibetan mastiff and other
Canidae species using the coyote (Canis latrans) and
The gray wolves (Canis lupus) as the outgroups. As a
result, the authors showed that TM and other dog
breeds are grouped together with the gray wolf,
while coyotes are grouped separately. This proves
the origin of TM and other dog breeds from the gray
wolf. At the same time, TM is grouped with large
dog breeds, while smaller ones are grouped sepa-
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rately. Therefore, the origin of large breeds such as
the Old English Sheepdog, Leonberger, and Saint
Bernard from TM seems quite likely. The authors
also showed that the approximate time of TM di-
vergence from the gray wolf turned out to be 16,000
years earlier than in other breeds.

Similar data on the origin of the Tibetan Mastiff
were obtained using DNA barcoding, which is also
an effective method for species identification and
analysis of phylogeny and evolutionary relation-
ships [39]. For the first time, the authors applied the
method of DNA encoding of the cytochrome oxidase
C gene subunit I in various representatives of the ca-
nine family. The authors constructed a phylogenetic
tree and identified 4 different maternal lineages in
dogs (A-D). They revealed, that TM is of East Asian
origin, as it belongs to the A line, and is probably the
ancestor of a number of large dog breeds.

The study by Australian scientists Hsu WT,
Williamson P, Khatkar M is devoted to the analy- sis
of genomic differences and similarities between
groups of individuals of many breeds. [40]. The au-
thors combined the available genetic resources of
their own laboratory biobank with publicly avail-
able data on the genotypes and phylogenetic struc-
ture of 23 breed clades to detect genomic regions
specific to bullmastiffs. In total, more than 8,000
dogs belonging to 250 breeds were examined. As a
result, significant genomic regions specific to bull-
mastiffs were identified on 15 chromosomes and the
similarity of bullmastiffs with the ancestors of the
breed: mastiffs and bulldogs was shown. The most
specific regions were found on chromosomes CFAL,
CFA9 and CFA18. Significant regions were
identified on 15 chromosomes, with the most dif-
ferentiated regions found on CFA1, CFA9 and
CFA18. The study contributes to the understanding
of the processes of genetic drift in the formation
of a breed, as well as the relationship of genetic
determinants with its characteristic features and
morphological traits.

The population structure of Chinese dog breeds
was studied in the work of Yang Qiu et al. [41]. To
analyze genetic diversity and determine family re-
lationships, the authors genotyped 157 unrelated
dogs belonging to 15 different Chinese breeds. For
comparison with some Western breeds (Rottweiler,
Papillon) and the Asian wolf, data from open sourc-
es (LUPA database) were used. As a result, it was
found that the indigenous breeds of Chinese dogs
had a lower LD index, as well as a lower level of het-
erozygosity. When constructing a phylogenetic tree,
a clear division of Chinese and Western dog breeds
into two clades was found. The authors included Ka-

zakh Shepherd Dogs and Mongolian Si Dogs among
the indigenous Chinese breeds. Evidence of intro-
gression of Western dogs into the genomes of Chi-
nese and Kazakh Shepherd Dogs and Mongolian Si
Dogs was obtained. It is noteworthy that the largest
number of polymorphic SNPs were found in Kazakh
Shepherd Dogs. The authors identified candidate
genes that may be responsible for certain phenotypic
traits of Chinese indigenous dog breeds. All the dog
breeds studied that inhabit the Qinghai-Tibet Pla-
teau, including the TM, were grouped together and
showed signs of genetic adaptation to high altitude.
At the same time, breeds belonging to the moun- tain
hound group had the genes KRT9, CAMTA1, NOL8
and RORB, which are supposedly candidate genes
that affect running speed. The authors also
calculated the genetic distances between the breeds,
which turned out to be greater between Chinese
breeds than between Western breeds. This suggests
greater differences between Chinese breeds, which
is likely due to earlier domestication and less strict
breeding programs for Chinese dogs. Based on the
results of the phylogenetic analysis, the authors sug-
gested that Western breeds such as the Papillon,
Eurasier and Greenland Sled Dog may have Chinese
origins, since these dogs were grouped with Chinese
populations.

Genetic studies of the Kazakh Tobet breed of
dogs were initiated by Perfilieva A. et al. To date,
studies of the genetic structure of the Tobet popula-
tion from southern Kazakhstan have been conducted
using minisatellite markers. Based on the analysis of
allele frequencies of 19 microsatellite loci rec-
ommended by the International Society of Animal
Genetics for dogs, the authors determined the main
indicators of genetic variability in the studied sam-
ple [42]. The obtained data were analyzed in a com-
parative aspect with other dog breeds. The authors
revealed a high level of heterozygosity and poly-
morphism in the studied population. The percentage
of polymorphic loci was 100%, with 5-10 alleles per
locus. The Hardy-Weinberg equilibrium assess-
ment showed a deviation for two loci AHT137 and
AHTh260. The average number of alleles and the
average effective number of alleles in Tobets were
higher than in other molossoid dog breeds. The lev-
el of PIC polymorphism exceeded 60% for all loci.
The high level of genetic diversity and the overall
low level of inbreeding, quantitatively assessed us-
ing microsatellite loci, were comparable with similar
indicators characteristic of mongrel dogs. Accord-
ing to the authors, the high observed heterozygosity
indicates the presence of crosshreeding processes in
the studied sample [42].
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These data were confirmed by the authors on a
larger sample, including dogs from different regions
of Kazakhstan and Mongolia [43]. In addition to the
microsatellite analysis data, this work analyzed the
results of whole-genome sequencing of two Tobet
dogs. The authors confirmed the high level of het-
erozygosity and polymorphism characteristic of the
Tobet breed. The analysis of genomic data showed
a complex genetic structure of Tobets, characterized
by seven different clusters found in all studied popu-
lations from three regions of Kazakhstan and Mon-
golia. Based on the genomic data of 45 dogs from 25
breeds, including two Tobets, the authors construct-
ed a phylogenetic tree that showed a genetic rela-

tionship between the Kazakh Tobets, Central Asian
Shepherd Dog, and Turkish Akbash. The presence
of the A18 haplotype in Kazakh Tobets confirms the
hypothesis of the ancient origin of the breed, which
was previously suggested based on archaeological
finds and written sources.

To summarize, it can be noted that the Tibetan
Mastiff is the most studied genetically among mas-
tiff-like dog breeds. It is followed by the Bullmas-
tiff, English Mastiff, Kazakh Tobets, Neapolitan
Mastiff, and French Mastiff, with a fairly large gap
(Figure 2). For many other mastiff-like breeds, there
is no information on genetic studies in the scientific
literature.

m Tibetan Mastiff

Kazakh Tobets

Bullmastiff

English Mastiff

m Neapolitan Mastiff ® French Mastiff

Figure 2 — Number of genetic studies for different mastiff-type dog breeds

The largest number of studies are devoted to the
study of diseases among different dog breeds, since
hereditary pathology can play an important role in
selection work to improve breed characteristics. Re-
searchers are also interested in the origin and phylo-
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genetic relationships with other breeds, since these
aspects help to better understand the processes of
ancient migrations. Many works are devoted to the
study of genetic diversity and population structure,
as well as adaptation resources (Figure 3).
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1 —diseases; 2 — phylogenetic relationships; 3 — genetic diversity and population structure;
4 — adaptive capabilities; 5 — stem cell research.

Figure 3 — Share of research on different topics.

Conclusion

Thus, genetic studies of dogs allow us to iden-
tify genetic markers specific to a particular breed,
characterize the population structure, assess genetic
diversity and trace phylogenetic relationships be-
tween different breeds, and assess the contribution
of genetic variants to the development of diseases.
In most cases, known dog breeds have limited ge-
netic diversity, which is a consequence of a small
founder population, selection for exterior appear-
ance, and minimal geographic locations for breed-
ing. In addition, inbreeding used in dog breeding to
preserve breed characteristics increases the genetic
load of the population, contributing to the accumu-
lation of mutations and the spread of hereditary dis-
eases. Genetic studies contribute to an increase in
knowledge about mastiff diseases and determine fu-
ture prospects for the treatment of pets. The results
of genetic studies can also be used to improve the
welfare of the breed. Assessing the genetic diversity
and identifying phylogenetic relationships of dog
breeds can significantly complement and improve
breeding and restoration programs.

In conclusion, it should be noted that the aborig-
inal dog breeds in Kazakhstan, which are a unique

historical heritage, have not yet been studied at the
molecular genetic level. Meanwhile, knowledge of
the genetic structure and identification of genetic
markers of a particular breed are important for the
preservation and improvement of the breed, as well
as for the conservation of the biodiversity of the
region. The results of genetic studies can be used in
drawing up programs for the preservation and
breeding of dog breeds adapted to local conditions
and the characteristics of human economic activity.
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NMHOPOPMALINA ON1I1 ABTOPOB

Kypnan «Becruuk KasHY. Cepusi skosiormyeckas» Obl1 ocHOBaH B 1992 romy. Yupeaurtenem M u3ZaTeNieM KypHaia
sBisiercs: Kaszaxckuii HalMoHaIbHBIA YHUBEPCUTET NMEHH anb-Papadu. XKypHan nmeet pa3paOoTaHHBIC U YTBEP)KICHHBIC 00TI0XKKY
Y TUTYJIBHBIE JIUCTHI C YKa3aHUEM By3a, BRIXOIHBIC faHHBIe HOMepa, ISSN, eISSN, cocrasa peaxouiernn, pefakiinoHHYTO TOJIHTHKY,
MyOINKAIIMOHHYIO ATUKY M BeO-caiT. XKypHai BBITycKaeTcs IeprHoANIHOCTBIO 4 pa3a B TOI.

KypHan cnenyer momuTike HHGOPMAIMOHHONW OTKPBITOCTH M JOCTYITHOCTH ITyOJIMKAIMi aBTOPOB, CTaThH pa3MemaloTcs Ha
caiite )xypHaia https://bulletin-ecology.kaznu.kz Ha Tpex s13bIKax B IIOJHOTEKCTOBOM JIOCTYTIE.

Lens :xypHana — oOecrieynTh BCECTOPOHHEE NPEACTABICHHE U PE3YJIbTAaThI IEPEJOBBIX HCCIIEIOBAHNI B 001aCTH 9KOJIOTUH 1
HPHPOHBIX pecypcoB. JKypHan mpeHasHadeH Ul HayqIHBIX COTPYIHHUKOB, IIpero/jaBaTesieil, JOKTOPAHTOB U CTY/JEHTOB Pa3IHIHBIX
CIICLHAIBHOCTEH, MPOSBIAIOMINX HAYYHBIH HHTEPEC K SKOJOTHYECKUM IPOOIeMaM U OXpaHe OKPYIKAIOLIeil Cpebl.

3agaum ;xypHaga:

e OcaemaTh HOBBIC HAyYHBIC PE3yIbTAThI, IMEIOIINE CYIIECTBEHHOE 3HAYCHUE B PA3IMYHBIX 00IaCcTAX QyHIAMEHTAIBHON 1
MPUKJIAJIHON HAYKH 110 SKOJIOTHU M OXPaHE OKPYKAKOUICH CPEIIbL.

e  Co3znaBath Cpeay OTKPBITOCTH M JOCTYITHOCTH ITUPOKOTO OCBELICHUS PE3YJIbTATOB HAYUHBIX PA0OT MAaruCTPaHTOB M JIOK-
TOPAHTOB, MPETEH/IYIOIINX HA 3alUTYy TUCCEPTAIMNA U MTOJYICHUE YICHBIX CTCIICHEH 110 HAYYHBIM CHCIUATBHOCTSIM TUCCEPTAIIMOH-
HBIX COBETOB B Pa3IMYHBIX 00JACTIX SKOJIOTHH.

e  dopmHpOBaTh MOCTOSHHBIM YCTOWYHMBBIA MHTEPEC Yy HAYYHOU OOIICCTBEHHOCTH, a TAKXKE y MOJOJBIX U HAYMHAFOIIHX
YUYEHBIX K )KypHaIly, €ro pacTyIIyo BOCTPEOOBAaHHOCTH B MPO()ECCHOHANBHBIX KPyraX CIEIHUAINCTOB, UCCIESAYIOMUX BOMIPOCH IKO-
JIOTHH.

Marepuaisl )KypHaia OCBEIIAIOT NIMPOKUI KPYT mpo0ieM B 0071aCTH SKOJIOTHH U 3arpsA3HCHUS OKpyxKaromiei cpeasl. CTaTbu
MyOIUKYIOTCS IO CJICAYIOIUM TeMaTHYeCKHM Pa3/ieiaM IKOJIOTHH:

e  Hayka o 3emie;
3arpsi3HEHHE U 0XpaHa OKPYKAKOIICH CPEIbI;

DKoJsioruyeckasi OMOTEXHOJIOTHSI,

DKOJIOTHS YeJI0BEKA, PACTEHHH, )KUBOTHBIX H MUKPOOPTaHH3MOB;
I'mo6anpHOE M3MEHEHUE KIIMMATa, YIIPABICHUE BOTHBIME PECYPCAMH,
BoccraHoBIIeHHE HAPYILICHHBIX SKOCHCTEM;

OxkpyKaronias cpeia i MArparus;

DKOJIOTHYECKOE MBIIIJICHUE U CTPATETHs YeJIOBEUECTRA.

Jns my6mukanuu B xypHane «Bectauk KasHY. Cepus skonornueckas» TpUHAMAIOTCS paHee He OMYOJIMKOBAaHHBIE aBTOPOM
(aBTOpaMM) CTaThbU Ha PYCCKOM, Ka3aXCKOM MJIM aHIJIMHCKOM S3bIKE, KOTOPBIE COOTBETCTBYIOT TEMaTHUECKUM HAIpPaBICHUSAM JKypHa-
na 1 0OPMIIEHBI CTPOTO O TPeOOBAHHUAM 0(POPMIICHHS PYKOIIUCH.

AstopsI cTareil xypHana «BectHuk KazHY. Cepust sxonorndeckas» COXpaHsoT 3a co00if mpaBo aBTopa Ha HAy4HYH pado- Ty
U NepealoT KypHaly TpaBo NEepBOil MyOIMKaluKu BMecTe ¢ paboTo, eAMHOBPEMEHHO JIMLEH3upys ee o juneH3un Creative
Commons Attribution License (CC BY-NC-ND 4.0).

Bce yuyacTHHKHM mporiecca MyOInKalyy, a MIMEHHO, KaXKJIbIi aBTOP, HAYYHBIH PelaKTop, PELIEH3eHT, OTBETCTBEHHBIN CEKpeTaph,
WICHBI PEAAKIIMOHHO KOJuTerun HaydHoro xypHana «Bectauk KazHY. Cepust sxomorndeckas» 00s13aHbI 0€3yCIOBHO PHIEPKH -
BaThHCSI IPUHIUIIOB, HOPM U CTaHAAPTOB ITyOIUKAIIMOHHOH STHKH. COOII0/IeHNe ASTHUSCKUX TIPUHIIAIIOB SIBISIETCS BAXKHBIM KaK JUIS
oOecIeueHus u NOAZACPIKAHUS KaueCTBA HAYYHOTO JXypHaJia, TAaKXE U JIs1 CO3JAaHUsA JOBEPUTEIIbHBIX U YBAXXUTEJIbHBIX OTHOIIECHUU
MEX/ly y4aCTHHUKaMU Mpolecca MyOIuKaIim.
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