ISSN 1563-0218; eISSN 2617-7498

OJI-OAPABMU ateinparst KAZAK ¥YJITTBIK YHUBEPCUTETI

XADBAPIIIbBI

buonorus CCPUsCHI

KA3AXCKHWI HALIMOHAJIbHBI YHUBEPCUTET nmenn AJIb-®APABU

BECTHHUK

Cepust Onosoruveckast

AL-FARABI KAZAKH NATIONAL UNIVERSITY

EXPERIMENTAL BIOLOGY

No2 (99)

Anmatsl
“Kazax yauBepcureri”
2024



ISSN 1563-0218; eISSN 2617-7498

A / \ / \ I XAGAPLIbI
azl cience - KaaYy Foinbimbi - Hayka Kaa BECTHUWK
e e e BUOJIOTMSI CEPUSICHI Ne2 (99) maychim IEa s

BIOLOGY
2(99)2024

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

Kyaaik Ne 16494-)K

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

KAYAINITHI XATIIbI

Mlokaraesa /I.X., PhD (Kaszaxcman)
e-mail: bb.kaznu.kz@gmail.com

PEJAKLUSI AJTKACHI:

Bucenbaes A.K., 6.r.1., KP YFA akanemuri (FbLIbIMEH
penaxrop) (Kasaxcmatr)

Bexkmanos b.0O., 0.F.K., TOUEHT (FBUIBIMU PEIAKTOPABIH
opsiHOacapsl) (Kazaxcmarn)

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

Konycnaesa I'.C., PhD, npodeccop (Kasaxcmarn)
MyxutaunoB H.M., 6.f.1., mpodeccop (Kasaxcmar)
Hyprasun C.T., 6.r.1., npodeccop (Kasakcmar)
Typycnexos E.K., 6.F.k., KaybIMIaCTBIpbLUIFaH podeccop
(Kasaxcman)

Bepcumbaes P.U., 6.7.11., mpodeccop (Kazaxcman)
HUckaxkos B.K., 6.F.1., mpodeccop (Kazaxcman)
Capboacos J1., PhD, npodeccop (AKLLI)
Opsinbaesa 3., PhD, npodeccop (AKLL)
Kypmamesa P.T., PhD (4AK11])

CamnapoaeB M., PhD, npodeccop (Ppanyust)
Hmenko A., PhD (®panyus)

Jloeb M., 6.5.1., mpodeccop (Pecetr)

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

TEXHUKAJIBIK XATIIbI
CwmexenoB M3at, PhD (Kazaxcman)

Kypnan maTepuangapblHia ayKbIMIbI OHOIOTHSIBIK MOceIeaepi — FRUIBIMH IOy, TCOPHSIBIK JKOHE DKCIEPUMEHTAIBIK

3epTTEYNIEPAiH HOTHKENEePi KapaCThIPbUIA/IbL.

Makananap OHOJOTHSHBIH Kesieci OemiMaepi 0oiibIHIIA KapusiaHaabl: 00TaHHKa, OMOTEXHOIOTHS, ONOXUMHUS, OCIMAIKTED
(bU3HONIOTHACH, TeHETHKA XKIHE MOJIEKYIIANIBIK OMOJIOT U, KJIETKAJIBIK OMONOrHs, Ono(pH3HKa, a1aM sKoHE sKaHyapiaap GU3nonorus-
Cbl, 300JI0TUsI JKOHE MXTHOJIOT UL, IUTOJIOT Ul KOHE TUCTOJIOTUsI, MUKPOOHOIOT Ul KOHE BHPYCOIOTHSL.

H-uuonanlnnmfi uentp d

rocyaapcraenHoR
HayuHO-TeXHUUECKOH
aKkcnepTU3bI

KA3AK
YHUBEPCHUTETI

BACMA YWl

7Kob6a menexxepi

Tynemupa Llaxkoszosa

Tenedon: +7 701 724 2911

E-mail: Gulmira.Shakkozova@kaznu.kz

bacna scypranoviy mominine scayan depmetioi

SworldCat [ RO®] RAAD =

POCCUCKINA MHAEKC

; Crossref HAYYHOIO LIMTUPOBAHWA
Content Science Index
Registration

Timimi 60x84/16. Kenemi 14,9 6.1. Tanceipsic Ne10427.
On-Dapadu aTeiHaarsl Kazak yITTIK YHUBEPCUTETIHIH
“Kazax yauBepcuteti” 6acna yidi.

050040, Anmars Kanacel, an-®apadu qanFbuIb, 71.

© On-®dapadu arsiaarsl KazYV, 2024



1-0emim
BOTAHUKA

Section 1
BOTANY

Pazmgen 1
BOTAHUKA



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne2 (99). 2024 https://bb.kaznu.kz

MPHTU 34.35.25 https://doi.org/10.26577/eb.2024.v99.i12.01

3.M. Cepra3zunoBa'” © , A.C. Yamun? © , A.T. Toney:xanoBa' ©

'HAO «Topaiireipos yHuBepcuteT», Kazaxcras, r. [laiaogap
2TOO «Jlanmmadr/usaitallaBnogap», Kasaxcran, r. [TaBiomap
‘e-mail: mszarinam@mail.ru

OLIEHKA COCTOﬂuHMﬂ 3EAEHbIX HACAXXAEHUIA
TEPPUTOPUUN MNMAPKOB TOPOAA AKCY
(MaBAoAapckasi 06AaCTDb)

B AaHHOM cTaTbe MpPeACTaBAEHbl PE3yAbTaTbl MHBEHTAPM3ALMM 3€AEHbIX HACAXKAEHMI MapKOBbIX
TeppuTopuin . Akcy [1aBAOAAPCKOM OBAACTM C OLEHKOWM COCTOSIHUS AEPEBLEB M KYCTapHWMKOB.
MpoBeAeH aHaAM3 KaXkKAOro Mapka M3 MMEIOLLIMXCS MSATH, ONpeAeAeHbl BUAbI, BO3PACT U KM3HEHHOE
COCTOSIHME PACTEHMI, OCYLLIECTBAEHA CPABHMUTEAbHAS OLLEHKA HAaCAXKAEHMI NapKoB. BbisiBAeHbI OTANUMS
He TOAbKO MO BMAOBOMY M BO3PAaCTHOMY COCTaBY, HO M MO KPUTEPMUSM >KM3HEHHOrO COCTOSIHWS
pactenuin. Hanboaee ycTonumBble pacTUTeAbHble COO6LLIECTBA NPEACTaBAEHb! B LieHTpaAbHOM napke
1 bapaHOBCKOM CaAy, 3TO Camble KPYyTHble MO MAOLLAAM MapKOBble TeppuTopuM ropoaa. B napkax c
MEHbLLIEN MAOLLAABIO HAOAIOAQIOTCS MOKA3aTEAM HAPYLLIEHHbIX BbIBEAEHHbIX M3 COCTOSIHMS PABHOBECUS
coobuects. Tak, B mapke Ha nepeceyeHun yaml, MameToBOM 1M Ay330Ba HabAIOAQETCS 06EeAHEHHbI
BMAOBOW COCTaB, BbICOKWUI YPOBEHb MOHOAOMMUHAHTHOCTM, MOKa3aTeAM MO >KU3HEHHOMY COCTOSIHUMIO
XapaKTepU3yIOTCS OTHOCUTEAbHO BbICOKOM AOAEN CPEAHE- U CUAbHOMOBPEXKAEHHbBIX HACAKAEHWI.
B ocraBwmxcs AByx napkax ([lapk Ha nepecedeHun yauu, MameTtoBoin n CTpouTeAein M napk Ha
nepecevenun yam, K. Mapkca u ActaHbl) HAGAIOAQETCS HeraTMBHasi AMHaMMKa MO BCEM OLIEHMBAEMbIM
nokasarteAasiM: 06eAHeHHbI BUAOBOM COCTaB, HEPAaBHOMEPHOE pacrpeAeAeHne BUAOB B COobLIecTBe,
MOHOAOMMHAHTHOCTb, C MPE06AaAAHMEM OAHOTO MAM ABYX BUAOB, HNU3KAsh AOASI MOAOABIX HACAXKAEHMI,
BbICOKMI MPOLEHT CMABHO MOBPEXAEHHbIX AEpPeBbeB. Kpome TOro, B Ka>kKAOM Mapke CTPyKTypa
COO6LIECTB AEPEBLEB M KYCTAPHMKOB Pa3AMyHA, C PasHbIMU AOMMHMPYIOLWMMK BuAaMK. [poBeaeHHas
MHBEHTApM3aLMs M OLEHKA COCTOSIHWMS APEBECHO-KYCTapHMKOBOrO COOOLIECTBA AQIOT BO3MOXHOCTb
BbISIBAEHMS MPOOAEMHBIX YUYACTKOB O3EAEHEHUSI C LEAbl0 PaspaboTky AaAbHENLNX 3DPMEKTUBHbIX
NPUPOAOCOXPAHHBIX MEPOMPUSTUIA MPOrPAMM 03EAEHEHMS U PEKOHCTPYKLMM HACAXKAEHUIA TeEPPUTOPUIL
006LLIero NoAb30BaHMs rOPoAQ.

KAtoueBble cAOBa: ropoA, Napk, 03eAeHeHme, BUA, >KM3HEHHOE COCTOSIHME.,
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Assessment of the condition of green places
in the park territories of the city of Aksu (Pavlodar Region)

This article presents the results of inventory of green areas of park territories of Aksu city of Pav-
lodar region with the assessment of the condition of trees and shrubs. The analysis of each park out of
available five parks was carried out, species, age and vital state of plants were determined, comparative
assessment of park plantings was carried out. Differences were found not only in species and age com-
position, but also in the criteria of plant life state. The most stable plant communities are represented
in the Central Park and Baranovsky Garden, which are the largest park territories of the city by area. In
parks with smaller areas there are indicators of disturbed out of balance communities. Thus, in the park at
the intersection of Mametova and Auezov Streets there is an impoverished species composition, a high
level of monodominance, the indicators of vital state are characterised by a relatively high proportion
of moderately and severely damaged plantings. In the remaining two parks (Park at the intersection of
Mametova and Stroiteley Streets and Park at the intersection of K. Marx and Astana Streets) negative dy-
namics is observed for all assessed indicators: impoverished species composition, uneven distribution of
species in the community, monodominance, with predominance of one or two species, low proportion
of young stands, high percentage of severely damaged trees. In addition, the structure of tree and shrub
communities is different in each park, with different dominant species. The conducted inventory and
assessment of the condition of tree and shrub community give an opportunity to identify problem areas
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of landscaping in order to develop further effective environmental protection measures of landscaping
programmes and reconstruction of plantings of public areas of the city.
Key words: city, park, landscaping, species, life condition.
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Akcy Kanacbl (IlMaBAoAap ayAaHbl) casiOaKTapbIHbIH,
TepPPUTOPHUSACHIHAAFbI XKACbIA KOLLeTTepAi OaFaray

BbyA mMakanaaa aralwiTap MeH GyTaAapAblH XKarFaarblH GaFaAai oTbipbir, MMaBaoaap 06AbICHI AKCY
KaAacbIHbIH casibak, ayMakTapbIHAAFbl XKaCbIA XKEAEKTEPAI TYreHAeY HaTUXKeAepi KeATipiareH. bap 6ec
casbakTbiH 9PKANCHICbIHA TaAAQY XKYPTi3iAAl, OCIMAIKTEPAIH TYPAEPI, >KacCbl XXoHe TIpLLUIiAIK XaFAaibl
aHbIKTaAAbl, casibakTapAblH KeLeTTepiHe CaAbICTbIPMaAbI GaFaAay >Ky3ere acblpblAAbl. TYpAEp MeH xac
Kypambl OOMbIHLLIA FaHa eMeC, COHbIMEH KaTap OCIMAIKTEPAIH TIpLIAIK >KaFAaiblHbIH KpUTepUiAepi
60VblIHLLIA AQ albIPMALLIIALIKTAP aHbIKTaAAbl. EH Typak Thl eCiMAiKTEp KaybIMAACTbIFbl OpTaAbIK casibakTa
>koHe bapaH 6akwacbiHAa OpHaAacKaH, byAap ayAaHbl 6OMbIHLIA KAAAHbIH €H YAKEH casibak, ayMakTapbl.
AyAaHbl a3 casibakTapaa Oy3blAFaH, Terne-TeHAIK >KaFAarblHAH LUbIFAPbIAFAH KaybIMAACTbIKTAPAbIH
KepceTkiwTepi 6arkarasbl. MaceaeH, MameToBa MeH Oye30B KOLIEAEPiHiH KMbIAbICbIHAQ OpHaAACKaH
casbakTa asairaH TYPAEP Kypambl, MOHOAOMMHAHTTBIABIKTbIH XKOFapbl AeHreni 6arnkasaabl, TipLiAik
KarFAarbl GOMbIHLLA KepceTKiluTep opTalla >KeHe KaTTbl 3aKbIMAAAFAH KOLIETTEPAIH, CAAbICTbIPMAAbI
TYPAE XKOfapbl yAeciMeH cunatTaraabl. KaaraH eki casbakTta (MameToBa MeH CTpomTEAb KOLLIEAEpPiHiH
KMbIABICBIHAAFBI casibak >xeHe K. Mapkc neH AcTaHa KelleAepiHiH, KMbIAbICbIHAAFbI casibak) OGapAbIK,
6aranaHaTblH KepceTkiwTep OoiblHIWIA Tepic AMHaMuKa 6GarKkaAaabl: TYPAEp KypamblHbiH a3aiobl,
KaybIMAQCTbIKTaFbl TYPAEPAIH OGipkeAki TapaAmaybl, 06ip Hemece eki TypAiH 6acbiM 6OOAybIMeH
6arikaAaTbiH MOHOAOMUHAHTTbIABIK, YKaC KOLLETTEPAIH TOMEH YAECi, KATTbl 3aKbIMAQAFAH aFalLTapAbIH
>Kofapbl narbi3bl. COHbIMEH KaTap, 8p casbakTa aFaliTap MeH OyTasap KaybIMAACTbIFbIHbIH, KYPbIAbIMbI
TYPAI AOMMHAHTTbI TYPAEPMEH OpPTYPAI BOoAbIn Keaeai. XXyprisiareH TyreHaey >xoHe araw-6yTta
KAYbIMAQCTbIFbIHBIH,  >KaFAalibiH  6aFaAay, KaAaHblH, >KaAmMbl MaAAAAHbIMBbIHAAFbI  ayMaKTapblHbIH
KOLeTTEePiH PEKOHCTPYKLMSAAY XKOHE KOraAAAHAbIPY GarAapAaMasapbiHbiH OAaH 8pi TMIMAL Taburat
KOpFay ic-llapaAapbIH 83ipAey MaKCaTbiHAQ, KOFAaAAAHABIPYAbIH MPOOAEMAAbIK, yUaCKeAEePiH aHbIKTayFa
MYMKIHAIK Gepea.

Ty#in ce3aep: Kaaa, casbak, KeraAAaHAbIPY, TYP, TIPLLIAIK XaFAarbl.

BBenenue

C pa3BUTHEM TOPOAOB M IPOMBIIUICHHOCTH
BOIIPOCHI OXPaHbl OKPY)KAIOIIEH Cpelibl CTAHOBSIT-
csl Bce Oonee CIOXKHBIMU. B menom 3a mocneanue
JIBECTH JIET HAOJIIOaeTCsl YCHICHHUE HETraTHBHOTO
AHTPOIIOTEHHOTO BO3JICHCTBHS HAa OKPYKAaIOIIYIO
Cpely, B TOM YHCJie ¥ Ha 3elieHble HacaXICHHS Io-
POJICKMX TEppPUTOpHH. DKoJormdeckas mpodiema
03€JICHEHHUS MTApKOBBIX 30H CTOMT OCOOEHHO OCTpPO
B NPOMBIIUICHHO-Pa3BUTBIX Toponax. JlpeBecHble
M KyCTapHHKOBBIE DAcTEHHs, KaK CpeJOBOCCTa-
HaBJIMBAIOIIAs CHCTEMa, PEryJIupyIoT (Qu3nuecKoe
U XMMHYECKOE 3arpsi3HEHHE TOPOACKOH Cperbl
u obecrieynBarOT KOMGOPTHYIO Cpely OOWTaHWs
4eJoBeKa B ropoje. 3elieHble HACaKICHUS HECyT
3HAUUTENBFHYIO Harpy3Ky, BBIIIOJHsSI CaHUTapHBIC,
ApXUTEKTYPHBIE, XO3IHCTBEHHBIC, ICTCTUYECKHE U
npyrue ¢pyakmun [ 1-3].

Poct roponoB mpu3HaeTcs Kak mpeoOpazoBa-
HHE TOKPHITOW PacCTUTEIBHOCTHIO MOBEPXHOCTH B

3aCTPOCHHYI0 TOBEPXHOCTb. JIpeBECHBII MOKPOB
IpeacTaBiIsieT co00i HpocTol crmocod OLEHHUTH
BEJIMYMHY TOPOJICKOIO JIeCa B LIEJIOM M €ro BO3-
JeficTBue Ha OKpyxXkarolyto cpeay. OgHako, y4u-
THIBasl CYLIECTBYIOLIYIO JINTEPATypy, IO CHUX IOP
HET €AMHOTO MHEHHS O TMHAMHKE 3€JICHBIX HAaCaX-
JICHUIA, BbI3BaHHOW ypOaHu3amuen. Pe3ynbraTsl uc-
clenoBaHul yueHbIX Kurtas, npoaHamu3npoBaBIINX
340 KuTANCKUX TOPOJOB IMOKA3BIBAIOT, UTO, XOTS
03€JICHEHHE PACTUTEJILHOCTH B IIEJIOM OTCTaBajo
OT pOCTa TOPOJOB B MEPHOJ MOHUTOPHUHTA, C TeUe-
HHEM BPEMEHH MOXXHO HAOIO/aTh TEHIACHIINIO €T
IIOCJIeI0BATENILHOTO yckopeHus. KimoueBoil BbIBOA
3aKIII0YaeTCsl B TOM, 4TO Oosiee ueM B 85 % ropo-
JIOB OTMEUEHO YBEJIINYCHHE 3€JICHBIX HACAKICHHH
Hapsy ¢ poctoM roponoB [4]. K npumepy, MokHO
BBIIETIUTH YCIEIIHBIN ONBIT O3€JIEHEHHSI TOPOJCKUX
tepputopuii CuHTramypa, KOTOPBI H3BECTEH Kak
«l"opoa-ca» B pasnuYHON NOIYJISIPHON U HAyYHOU
auteparype[S], Ocno Takxke SBISIETCS OOHUM U3
CaMBIX 3eJICHBIX TOPOJOB, CaJbl U MApKHA 3aHUMa-



OmeHKa COCTOSTHHUS 3€I€HBIX HACAKCHUH TEPPUTOPHI ITapKOB ropoaa AKCY

FOT TIOYTH JBE TPETH ILIOMAJN TOPOJIA, TTOKPBITOM
TyCcThIM JiecoM [6]. JIpeBecHBI MOKPOB B ropojax
CIIA umeeT e TEHIEHIINIO K YMEHBIIICHUIO, B TO
BpeMs KaK HEMPOHHUIIAEMbI MOKPOB (TOBEPXHOCTH
JIOpOT, 3[aHHi, TPOTYapoOB M MAPKOBOK) YBEIHYH-
Baetcs [7].

B mpouecce o3eneHeHHs BaKHBI HECKOJBKO
(bakroB. K HUM OTHOCATCS YeTKOE BUICHHE, TOJ-
KperieHHOe Y PEKTUBHOM MOTUTHKON TOPOJCKOTO
IUTAHUPOBAHUS U TIOJIJICPIKUBAIONICH TTPaBOBOM Oa-
30H, a Takke 2PPEeKTUBHOE YIIPABICHUE U PA3BUTHE
WHCTUTYTOB JUISl TPAKTUYECKOHN peann3aiuyl Moju-
THUKH 03eJieHeHus [6, 8—16].

l'opon AkCy — 3TO NpPOMBILIEHHO-PA3BUTHII
ropoj He Toyibko IlaBiomapckoit 00acTH, HO H
Kazaxcrana B wnenom. OcHOBHOE HampaBiicHHE
MIPOMBINIUIEHHOCTH TOpoa AKCy — 3TO YepHas Me-
TaJTyprus. 3/1eCh COCPENOTOYEHO OJHO W3 KpYI-
HEHIINX B MUPE METAJUTYPTUYCCKHUX TIPS IPUITHH —
Axkcyckuit 3aBoj (heppoctasos, prman AO «THK
«Kaszxpom». IIpoaykuus npeanpusTis JaBHO NpHU-
3HaHa Ha mupoBoM peiHKe (CIIA, KHP, npyrue
cTpansl). Kpome Toro, nmeercs ere psij KPyIHBIX
KOMMYHAaJIbHBIX MPEAIPUITHA U HECKOJIBKO COTEH
CyOBEKTOB MaJIOTO U CpeTHEro OU3Heca.

OcHOBOW (hOpMHUPOBAHUS CUCTEMBI O3CIICHCHHUS
Ha TEPPUTOPUU ropoja AKCY SBISIOTCS UMEIOIUe-
Csl 3eJICHBIC M PEKPEAlJMOHHbBIE 30HBI, CYLIECTBYIO-
11as 3acTpoiiKka TEPPUTOPUHU rOPO/Jia, TPAHCTIOPTHBIN
KapKac, coluaibHas U WHKEHepHas WHPpPacTpyK-
Typa. OCHOBHBIC 30HBI TrOpojia, Ha KOTOPBIX pac-
TOJIO’KEHBI 00BEKTHI, (POPMHPYIOIINE €TO CHCTEMY
0J1IarOyCTPONCTBA U O3CJICHEHHSI — 3TO OOIECTBEH-
HO-ZIETIOBBIEC, )KWJIBIE U PEKpEallMOHHBIC.

Ha nannsiii MOMEHT HaceseHue r. AKCY COCTaB-
nset 43 004 gemosek. OOmias miomaab 3eIe€HBIX
HacaXJIeHUI Ha TeppuTopuu ropoga B 2022 romy
cocraBmwia 579 061 ra. Ilokazarenb O3eleHEHUS
cocraBui 13,5 kM? 3eJeHBIX HacaXKIEeHHH o00lLe-
ro MOJIB30BaHMUsI Ha OJHOTO KHUTEINs roposaa AKCy.
OTO JOCTaTOYHO BBICOKUH YpOBEHb MPOJYKTUBHO-
CTH TEPPUTOPHUH TI0 KHCIIOpory. ['opoa Akcy umeer
XOPOIIHUH MoKa3aTesb M0 IO IN 03EICHEHHS, HO
B TEPCHEKTHBE KaK KPAaTKOCPOUHOM, TaK U JOJTO-
CPOYHOI, HEOOXOIUMO B3aMEH CTapEerOIINX pacTe-
HUH CBOCBPEMEHHO 3aKJIaJbIBaTh ITOCAJKYy HOBBIX
[17].

MartepuaJibl 1 METOABI HCCJIECAOBAHUS
B 2022 romy mpoBesneHa CIUIOIIHAs HWHBEHTa-

pu3alus 3eJCHBIX HACAKICHUN MapKOBBIX TEPpU-
Topuii ropojia Akcy. Bcero Ha Tepputopuu ropoja

Akcy mumeercs MATh NMapkoB: LleHTpanbHBIN Mapk,
BapanoBckuii can, napk Ha nepeceyeHuu yaun Ma-
METOBOW M Ay?330Ba, NMapK Ha MEPECCUCHHU YIIHI
MawmetoBoit u Ctpouteneil, mapk Ha NepeceUeHUH
ymun K. Mapkca u Acransl (pucyHok 1). IHBeHTa-
pu3anys OCYIIECTBIICHa B COOTBETCTBUH C HOpMa-
TUBHO-TIPaBOBBIMU akTamu PecryOnuku Kazaxcran
B oOmactu o3eneHenus [18-25]. B 2023 roxy BbI-
CaJIKM B MIapKax He MPOBOJIMIINCEH, 38 UCKIFOUCHHEM
napka Ha repecedeHun ynu MameToBoi u Aya3o-
Ba (BbicakeHO 100 3K3eMILISPOB).

HccnenoBanue MpOBOJIWIM MapIIpyTHO-BU3Y-
aNbHBIM METOZOM C HCIIOJIb30BAHHEM KaueCTBEH-
HBIX ¥ KOJHMYECTBEHHBIH IMOKa3aTenell JPEeBECHBIX U
KYCTapHUKOBBIX PACTEHUI.

Ha Ttepputopun NaHHBIX MapKOB YCTAaHOBJIEH
BHJIOBOH COCTaB JPEBECHBIX U KyCTaPHUKOBHIX Ha-
CaX<ZIeHUI. Boiaensui Tpu BO3pACTHBIE TPYIIIbL:

- Mouozibie (1o 10 ner);

- mpoxykruBHEIE (10 40 11eT);

- mepecTtoitabie (crapiie 40 mer).

O1neHKY KU3HEHHOTO COCTOSHHSI IPOBOAMIIH 1O
7 GanpHOM miKaye: 1 6amt — YCIIOBHO 3M0POBEIE, 2
0anna — Cnabo moBpexkeHHbIe, 3 6amia — CpenHe
noBpexxaeHHble 1 4 — CWIBHO MOBpEKACHHBIC, 5
6amtoB — CBexnii cyxocTol, 6 — CTapblil CyXOCTOMH,
nobaiieHa 7 KaTeropusi — ABapuiHbIE.

Jns cratuctudeckoil oO0pabOTKM MaTepuaia
OBUTH HCITONIb30BaHBI METOJbI OJHOMEPHOH W dYa-
CTHYHO MHOTOMEPHOM CTaTUCTHKH, PacueThl U IMO-
cTpoeHue rpadMKOB BBHINOJHEHBI B MpOrpaMmax
STATISTICA 6.0 u Excel.

Pe3yabTathl 1 ux o0cy:KaeHue

[Inomane TeppuTOPUHM 3€TEHBIX HACAKICHUN
o0miero monp3oBaHus (MSATH YKa3aHHBIX IapPKOB)
cocraBisieT 188 807,4 ra (33 % ot obmieit miomnia-
JI1 O3€JIEHEHUs], BKJIIOYas — TEPPUTOPUH OrPaHU-
YEHHOTO MOJIB30BAHUS U 03€JICHEHHBIC TEPPUTOPUU
YIIMYHO-AOPOXKHOHN ceTH). [ImoTHOCTE HacaxneHuit
B cpenHeM cocraniset 0,03 sk3/ra.

Bcero B pesynbrare uccienoBaHuii Ha TEPPUTO-
PHUSAX TIAPKOBBIX 30H OBLTO 3aperucTpupoBaHo 6331
3CJICHBIX HaC&)I(I[eHHﬁ, B TOM 4YHCIJIC:

- 4021 >K3eMILISPOB I€PEBHEB;

- 2310 9K3eMIUISIPOB KYCTAPHUKOB.

BunoByo npuHaIIeKHOCTh YUUTHIBAIM TOJIBKO
JUTSI )KUBBIX HACaXJCHHUM, 0e3 ydeTa aBapUHHBIX U
CyXOCTOMHBIX. B UTOre Ha TEppUTOpUU MATH Hap-
KOB OBUIO 3aperucTpupoBaHo 13 BUIOB J1€pEBHEB,
14 BUJIOB KyCTapHUKOBBIX HACAXKJICHUMU, B TOM UHUC-
nie 7 BUIOB TUIO/IOBBIX KyCTapHHUKOB (Tabmiwmma 1).
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Pucynox 1 — ITapku ropona Axcy
1 — Lentpanbublii napk; 2 — bapanosckuii can; 3 — napk Ha nepecedeHuu ynui MameroBoi U Ay330Ba;
4 — napk Ha nepecedeHu ynur Mamerosoit u Ctpourenei;
5 — napk Ha nepecedenuu yauu K. Mapkca u ActaHsl.

I[enmpansuslii napk T. AXCy TIPOTSHYT MEXITY
ymuiamu Jlennna u Ilymkuna. Ilo momanu 3t0
caMblil KpyNHBIMA TapK. 37eCh OTMEUEHO CAMOE BbI-
COKO€ KOJIMYECTBO IK3EMITIIPOB JEPEBBHEB U KyCTap-
HUKOB (3639) 1 0TMEUeHO caMoe BBICOKOE BHIOBOE
pasHooOpasue. Beero 3apeructpupoBano 17 BuIOB
3€TICHBIX HACAKACHNH, N3 KOTOPHIX 10 BHIOB COCTaB-
JSUTH IepeBbst M 7 BUIIOB — KycTapHUKU. COOOIEeCTBO
JipeBecHBIX (2620 3K3eMITISIPOB) U KYCTaPHUKOBBIX
(1019 sk3eMIUIIPOB) HACAKIACHWNA TAHHOTO MapKa
Oosiee BhIpaBHEHHOE M pa3HOOOpa3HOE, U, KaK Ipa-
BUIIO, OoJiee ycToitunBoe. Cpesu 1epeBbeB OTMEUEHO
MATh JOMHUHAHTOB: TOonoib (39,9%), knen (24,6 %),
enb (13 %). K BropocTeneHHbIM BUAAM MOKHO OT-
HectH stonoHro (8 %), uBy (4,5 %), 6epesy (4,4 %),
cocHy (3,7 %) u pssouny (1,5 %).

Penxo Bcrpeuarotest (Menee 1 %) akauusi, ob-
xa. Y KyCTapHHKOB aOCOJIOTHBIM JIOMHHAHTOM
BoicTynaer Bsi3 (77 %), CONOMHHHPYET CHPEHB
(17,86%), HMIMMIOBHUK 3aHUMAET BTOPOCTEIICHHOE
3HaueHue (2,45 %), ocranbHbIE BUIBI PEAKHUE: BHIII-
Hs, )KUMOJIOCTb, JIOX, CMOpoJiuHa. Bo3pacTtHol co-
CTaB, KaK JIEPEBbEB, TAK U KyCTAPHUKOB IPE/CTAB-
JIeH B OOJIbIIIeH CTENIEHH MOJIOIBIMU HACAXKICHUSIMHU
(64 %; 66 % COOTBETCTBEHHO), T.€. PACTCHHSIMH,
HE JIOCTUTIINMH BO3pacTa IUIOJAOHOIIEHUsS, a TaK-

e MpoayKTHBHBIMU (28 %; 29 % cooTBeTcTBEH-
HO) pacTeHusMH. HanMeHbBIIyI0 YacTh 3€JIEeHBIX
HaCaXJCHUHM COCTABIIAIOT TEpPEeCcTONHbIE JepeBbs
u kycrapauku (7,7 %; 4,9 % cOOTBETCTBEHHO), K
JITAaHHOW BO3PACTHOM TpyIIe OTHOCUTCS cTapas u
0OJbHAs PACTHTENLHOCTh, YTPATHUBIIAs CBOIO IPO-
JTYKTHBHOCTh. YUHWTHIBAasl KU3HEHHOE COCTOSHHE

3eJIEHBIX HAaCaXICHUI MapKOBON 30HBI, MOKHO CKa-
3aTh, YTO 3/I0POBbE PACTEHHH COOTHOCHUTCA C HX
BO3pacTHOM rpymmoii. Takum oOpa3om, Ha TEpPHUTO-
puu LleHTpanbHOro mapka 3aperucTpupoBaH OIUMH
M3 CaMbIX BBICOKMX IOKa3aTeJieil yCIOBHO-3/10pO-
BBIX, CJIa0OTOBpeXAeHHBIX HacaxaeHud (91,3 %)
[IEPEKIMKAACh C MOJOABIM BO3PAaCTOM, @ IIPOLICHT
CHJIbHONIOBPEKACHHBIX JEPEBbEB M KYCTapHUKOB
(3,9 %) cxomuTtes ¢ mepecTOMHBIM BO3PACTHBIM CO-
CTaBOM I1apKa.

Bapanosckuii cad — BTOpOil 1o BeJIMUMHE MapK
ropo/ia, pactoJIo’KeH Ha BOCTOYHON OKpanHe I AKCY.
Can Ha3BaH B 4ECTb OCHOBATEJNs — IIEPBOI'O CaZOBO-
na ITasmonapckoro Ipunpreimbs B. H. bapanosa.
3aech 3aperucTpupoBaHo 943 SK3eMIUIIPOB Jiepe-
BbEB ¥ KYCTaPHHUKOB, YTO [IOYTH B YETHIPE pa3a MEHb-
e, ueM B llenTpansHoM mapke. Otmeueno 11 BumoB
JICpEeBbEB M 7 BHUAOB KYCTapHUKOB. OCOOEHHOCTH
9TOro Caja 3aKJueHa B TOM, YTO OH OXBaThIBAET
TEPPUTOPHIO SIOJIOHEBOTO Cajla, YTO OOBSCHSET TIpe-
obnananue s65mouu (51 %) B cTpyKType coolriecTBa
npeBecHbIX pactennii. CogomuHMpyeT cocHa (22%),
K BTOPOCTETICHHBIM BUAaM MOKHO OTHECTH €l1b (9%),
oepesy (6%), Tormois (5 %), kieH (1,57%), k penkum
BHJIaM — UBY, OCUHY, pIOuHY, siceHb. Cpeau KycTap-
HUKOB JIMAUPYIOT TO 4HciaeHHocTH BHUIIHS (38%),
Bs3 (32%), cmopomuna (23 %). bonbmras yacTe Ha-
CaKJIEHUH IPeJICTaBIICHA MOJIOABIMH 3K3EMILLIPaMHU,
TaK Cpey AepPEBbEB J10JIs1 MOJIOIBIX cocTaBuia 89 %o,
cpenu KycrapHukoB — 91%. Ha tepputopun bapa-
HOBCKOI'O C€ajla 3aperucTpUpPOBaH Camblii BBICOKHH

MoKa3aTellb YCIOBHO-37I0POBBIX, CIA00MOBPEKICH-
HBIX HacaxaeHuit (95,4 %).
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Ilapk na nepeceuenuu yauy Mamemogoil u
Ay3s3zoea. Ha Tepputopun 1aHHOM MapKoBOM 30HBI
HacuutTeiBaetcs 1064 3eneHbIx Hacaxnenwil. M3
HUX OOJIBIIIYI0 YacCTh COCTABJISIIOT KyCTAaPHUKH —
70,6 %, MEHBIIYIO 3aHUMAIOT AepeBbs — 29,42%.
BumoBoiif cocTaB apeBecHBIX HacaxaeHwi (7 BU-
JIOB) TIpEJCTaBjieH pa3HOOOpas3Hee, yeM KycTap-
HUKOB (2 Bupa). CTpyKTypa cooliiecTBa aepe-
BheB 0Oojiee BBIPOBHEHA, JOMHHHPYIOT TOTOIb
(36,4 %), xnen (30 %), usa (14,7 %), kK BTopocTe-
MEHHBIM BUJAM OTHOCATCS cocHa (9 %), s0I0HsS
(5,1 %), 6epesa (2,9%), onmbxa (1,9 %), penkux
BHJIOB HE 3apEerHCTPUPOBAHO. A BOT CTPYKTypa
cooOmiecTBa KyCTapHUKOB XapaKTEPU3YyeTCsl He
TOJBKO OCTHBIM BHIIOBBIM COCTaBOM, HO U SIPKO
BBIPQXXCHHON MOHOJIOMHUHAHTHOCTBIO, JIHJIHPYIO-
iee MOJI0KEHUE 10 YUCICHHOCTHU 3]1eCh 3aHUMa-
et B3 (92 %), Ha TOJIF0 BTOPOTO BHJIA — IIUIIOB-
Huka npuxoautcs 7 %. [lo Bo3pacTHOMY cocTaBy
CpeaIu JepeBbeB M KYCTapHHUKOB NpeoOiajaroT
Momonbie (52 %; 55 % COOTBETCTBEHHO) M TPO-

1800 1679

1600

1400

1200

1000

800 [ 678

600

'a 204 202

200 64 29 % Y |5
0 . —r

Ilenrpanereni bapanoecknii  ITapk Ha Ilapx Ha TTapk Ha
TIapK cag TepeceyeHHH IlepeceueHHH IlepeceueHHH
yJHI Yy ymm K.
MawmeTtoBor B MameToBoli B Mapkca B
Ay330Ba Crponreneit AcTaHbl

EMONIOAble DIIPOAYKTHBHEIE O IepecTOHHEIE

JepeBbst

nyktuBHbeie (41 %; 42 COOTBETCTBEHHO) pacTe-
HUs. HanMeHbIIyI0 4acTh 3€JEHBIX HACaKICHUN
COCTAaBJISIOT IEPECTONHBIC IEPEBbS U KYCTAPHUKU
(6,3%; 2,5% COOTBETCTBEHHO).

B ornmume ot o0mieil cTaTHCTUKA JKU3HEHHOE
COCTOSIHME JICPEBBEB A3TOr0 Mapka HMMeeT Oosee
HETaTUBHYIO TUHaMHKy. HecMOTpsi Ha BBICOKYIO
JIOTII0  YCJIIOBHO-3/IOPOBBIX HacaxkneHuil (65,8 %),
3HAUUTETFHOE KOJIM4ecTBO nepeBbeB (19,5 %) ce-
pBE3HO TOBpeX/eHBI. [1oBBIIIIaeT PUCK TOSBICHUS
aBapUIHBIX CUTyallnii U 0O0ETHEHHs APEBECHON CO-
CTaBJIAIONICH Mapka MO OTHOIICHHIO K KyCTapHH-
KOBOH pacTUTEIHHOCTH M OTHOCUTEIHHO BBICOKAS
JIOJIST CPETHENOBPEKIEHHBIX HacaxneHui (14,7%).
DT0 MOXET OBITh CBSI3aHO HE TOJBKO C BO3PACTOM
JIEPEBbEB, HO U C 3arpsi3HEHUEM OKPYIKaIOIIeH cpe-
IIBI, 3apaXCHWEeM pacTeHHH (UTONATOTCHHBIMH
OakTepusMHu, BHPYCaMH, MUKPOOpPTaHHU3MaMH, OT-
CYTCTBUEM JIOJDKHOTO yxojia (HeCTaOWIBHBIN I10-
JUBHOW PEXMM) U PEIKUMHU BBICAJIKAMH MOJIOIBIX
JIEPECBBEB.
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LlenTpansHeli bapanosckuii  ITlapk Ha Tlapk Ha ITapx Ha
mapk cag MEPECCYCHAN IIEPECCUCHAN TICPECCUCHHH
YL Y ymH K.
MawmeroBoif 1 MameroBoiim  Mapkca B
Ay330Ba Crponreneii AcCTaHBI

EMoTogble  OTIPOTYKTHBHBIC O IICPECTOHHBIC

Kycrapuuku

Pucynok 2 — Bo3pacTHoii cocTaB peBeCHBIX
1 KyCTapHUKOBBIX HaCaKIEHHI MapKOBBIX 30H I'. AKCY

B 2023 rony B 1aHHOM MapKe BBICAXKCHBI €I1b U
TOMOJIb B 0011eM KoruecTBe 100 3K3eMIUISIpOB.

Ilapk na nepeceuenuu ynuy Mamemosoii u
Cmpoumeneii. B 1TaHHOM mapke 0TMEYEHO caMoe
HU3KO0€ KOJMYECTBO pacTeHHi — 219 sk3eMmis-
pOB, KPOME TOTO OH CaMblii MaJleHbKHUM IO ILJI0-
maau. BumoBoi coctaB mapka He OoraT M Hpej-
craBiieH 9 BHIamMH, U3 HUX 7 BHUJOB JEPEBHEB U
2 BHIA KyCTapHHUKOB. B CcTpykType coolimiecTBa

JIepeBhEB MPeobIanaoT XBOHHBIE TOPOHI (58%):
cocHa (36 %) u enb (22 %). JloMmuHaHTaMH TakKe
BeIcTymaroT 6epesa (20 %) u romomns (18 %), BTO-
pocrenennblit Bug — 1y0 (1,9 %). OcranbHbie nBa
BHUJIa peaKku — kieH u s0mous (menee 1 %). Co-
IJIaCHO JaHHBIM, B IMapKe MpeoOagaoT MOJIObIE
HACaXJICHUSI, KOTOPBIE COCTaBJISIIOT Oojiee 95 %
pacTeHwuii, B MpOJyKTUBHOM BO3pacTe BCTPEUYEHO
TeBTH IepeBbeB (4 %) 1 BCero 0HO TIEPeCTOHOe
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nepeso (0,5 %). Takum oOpa3om, mapk sBISETCS
JOCTATOYHO MOJIOJBIM, BBICOKONIPOTYKTHBHBIM
[0 KHCJIOPOAY, YTO JIeJIaeT ero OJaronpusTHBIM
JUISL OT/BIXa HACeJCHUs M JUISl DKOJIOTUU Topoja
B 1eioM. HecMOTpsi Ha BBICOKYIO JIONIO YCIIOB-
HO-3/10pOBBIX pacTtenuil (84,7 %), 3HauuTEIHHAL

ITapk Ha mepeceuenun yrun K. Mapkca H AcTaHBI

4acTh HAaCXJACHUM B MapKe HAXOIATCS B yAOB-
JIETBOPUTEILHOM COCTOSHUH U TPEOYyET TIIATEh-
HOTO YXO0Ja, CPEIHETOBOPEKICHHBIX DPACTCHHUI
otMeueHo 12 %, cuipHOmOBpexkACHHBIX 3,3 %
HacaxJeHnii. Pactenus tpeOyloT NMpUHATHSA aK-
TUBHBIX MEp 10 peadMINTaIUH.

Tlapk Ha mepeceueHHH I MaMeToBO# H = m
CrponTeneif

TTapk Ha mepecederHH ymHn MaMeToBOH H Ay330Ba

T—

20,0 40.0 60,0 80,0 100,0 120,0

B YV c10BHO-30POBEIIL, cTabonoBpexaeHnsii 0 CpeqHenoBpexaeHHasH B CINTBHOMOBPeKIeHHBIH

Pucynok 3 — J)KuzHeHHOE COCTOSTHHE IPEBECHO-KYCTAHUKOBBIX
HACAX/ICHUN APKOBBIX TEPPUTOPHIL I. AKCy

Ilapx na nepecewenuu ynuy K. Mapkca u
Acmanpl. JIaHHBIN TIApK XapaKTepu3yeTcst HeOOb-
IIOW TUTOINAJbI0, CPABHUMOM C IUIONIAAbIO MPEIbI-
ayuero napka. B mapke ormedeHo 466 sK3eMIUIs-
POB  IpEBECHO-KYCTapHUKOBBIX HAaCaXICHWH, W3
HUX 3HAYUTENBHYIO JOJIO0 3aHUMAIOT KYCTapHUKU
(75 %). BugoBoii coctaB oOelHEH: JEpPeBbEB — 6
BHUJIOB, KycTapHUKOB — 4 Buaa. Hecmotpst Ha 37O,
B CTPYKType cOOOIIecCTBa JEpeBhEB OTMeyaeT-
csl BBIPAaBHEHHOCTh pacnpeneneHus BuaoB. Ort-
MEYEeHO HECKOJBKO JIOMHHAHTOB: TOmmonb (41 %),
ssononst (16,2 %), 6epesa (15,4 %), kien (12,8 %),
BTOPOCTEIICHHBIX JiBa Buja — akanus (9,4 %), nyo
(5,1%), penxux BunoB Her. Ha Tepputopun nas-
HOTO Tapka B OTJIMYHE OT JAPYTUX HanOojee CIoxK-
Has CUTyallMs B BO3pacTHOM cocrase. Tepputopus
XapaKTEPU3yEeTCs BBICOKOM JOJIeH JAEPEBbEB U Ky-
CTapHUKOB MPOyKTUBHOTO Bo3pacTta (65 %; 55 %
COOTBETCTBEHHO), YeM MoJoabIX (29 %; 44 % co-
OTBETCTBEHHO), TEPECTONHBIX PACTCHHU OOJbIIe
00HapyXeHO cpean iepeBbeB (6 %), y KyCTapHUKOB
3apeructpupoBaHa He3HauntesnbHas goiss (0,2 %).
AHanoruyHasi OTpuLaTeNbHas AHHAMHUKA OTMEUYEHa
10 XKU3HEHHOMY COCTOSIHHIO pacTeHuil. Cpean Bcex

MapKOB 3aperuCTPUPOBAaHA caMasi HU3Kas OIS yc-
JIOBHO 3JIOPOBBIX, CIa0OMOBPEKIACHHBIX PacTCHUN
(31,6 %). DTOT paKT TOBOPUT O PUCKE YBEINUCHUS
[IEPECTOUHBIX PACTEHHUM B KPaTKOCPOUHOM U JOJTO-
cpouHO# mepcrnekTuBe. 51 % HacakIeHWH UMEIOT
MPOAYKTHUBHBIM BO3pacT, 3TO AOCTATOYHO BBICOKOE
3Ha4YeHHUE, B KPATKOCPOYHOM U JAOJITOCPOYHOM IIPO-
THO3€ OHM IEPEUAYT B KAaTETOPUI NEPECTOMHBIX.
[TosTOMY Ha naHHOU TeppUTOpUHU TpeOyroTCs Ha-
[IPaBJCHHBIC NPUPOIOOXPAHHBIE MEPOIPUATHUS TIO
OOHOBJICHHUIO 3€JIE€HBIX HACAKICHHH.

CornacHO CpaBHUTENBHOMY aHAJIN3Y Hacaxie-
HUH MTAPKOBBIX TEPPUTOPHIl roposia AKCY (PUCYHOK
4) HanboJpIIee CX0ACTBO UMEIOT COOOIIIecTBa map-
Ka Ha nepecedeHnu ynaui MameroBoii u CtpouTe-
Jel ¢ mapkoM Ha nepeceueHuu yiaun K. Mapkca u
Actanbl. UyTh MeHbIIIEE 3HAYEHNE CXO/ICTBA HMEIOT
coolmiecTBa mapka Ha mepecedeHun ynun Mame-
toBoil U Ctpoureneil u bapanoBckuil cana, ngaiee
nokaszaTelib CHkaeTca. OTCyTCTBHEM CXOJICTBA Xa-
pakTepusyloTcs coodmectBa LleHTpanbHOro napka
U MapKa Ha nepeceueHuu ynul MameToBoi u Aya-
30Ba, a Takxke LleaTpanbsHoro mapka u bapanoscko-
ro caja.
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Euclidean distances
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Pucynoxk 4 — CxoncTBo BUJJOBOTO COCTaBA JIPEBECHO-KYCTAPHUKOBBIX COOOIIECTB MAPKOB I. AKCY
1 — LenTtpanbHblil mapk; 2 — bapaHoBckuii cax; 3 — mapk Ha mepecedeHun ynui MameToBoi 1 Ay330Ba;
4 — mapk Ha nepecedeHuu yaun MameToBoit u Ctpouteneii;
5 — mapk Ha nepecedenun yiaui K. Mapkca u AcTaHsl.

3akaoueHne

B 3akiroueHre MOKHO OTMETHTB, YTO HanboJee
YCTOHYMBBIE COOOIECTBAa 3EJeHBIX HACAXKICHHIM
[IPE/ICTABICHbl B KPYMNHBIX IO IJIOIAAU IapKax
r.Axcy — LenTpanbpHblit mapk u bapanoBckuii caf.
3/1ech CpPaBHUTEIBHO BBICOKOE BHAOBOE PA3HOO-
OpasWe W YHCIEHHOCTh, BBIPABHEHHAS CTPYKTYpa
JIOMMHUPOBAHUS BHJIOB JI€PEBbEB M KYCTApHHUKOB
B cOo0OmIecTBax. 3aperucTpUPOBAaHbI CaMble BBICO-
KM€ I0Ka3aTelIu YCJIOBHO 3J0POBBIX M MOJIOIBIX
pacTeHuil.

B napke na nepeceuenun ynun MameToBoil u
Ayn30Ba HaOmrogacTcsl OOCAHEHHBIM BHIOBOM CO-
CTaB, BBICOKMH ypOBEHb MOHOJOMHHAHTHOCTH,
CpEeIHHE MOKA3aTENH M0 KU3HEHHOMY COCTOSHUIO.
B ocraBmmuxcs nByx mapkax (Ilapk Ha mepecede-
Huu ynun MametoBoit u CTpouTeneil u mapk Ha
nepeceyennn ynun K. Mapkca u Acranbl) HaOrO-
JIaeTCsl HETaTUBHAsl JIMHAMMKA 10 BCEM OLICHUBAE-
MBIM IIOKa3aTelsIM: OOeIHEHHBIM BHIOBOM COCTAB,
HEPaBHOMEPHOE pachpesieliecHue BUIOB B COOOIIIe-
CTBE, HU3Kas A0S MOJIOJIBIX HaCaXICHHH, BRICOKHI
MIPOLIEHT CHJIBHO OBPEXKJICHHBIX J€PEBbEB. DTO SB-
JISIETCS TTOKa3aTeJIeM HAPYIICHHBIX BBIBEJACHHBIX U3
COCTOSIHHSI paBHOBECHS COOOIIECTB.

Takue pa3nuuus B KOJMYECTBE U pazHOOOpa-
3UM TIAPKOBBIX HACAXJIEGHHH MOTYT OBITh 00Yy-

CJIOBJICHBI BIUSHAEM KIMMaTHYECKUX U MECTHBIX
0CcOOEHHOCTEH TOpoJa Ha PacTUTEIHHOCTh, OHO-
JIOTUYECKUMHU XapaKTEePUCTHKAaMHU PAacTeHUH (Ha-
puMep, YCTOWYHUBOCTHIO K OOJBIINM TIepernanam
TEMIIEpaTyp) U UX SKOJIOTHYCCKUMHU (YHKIUSIMU
(HmornouieHrne HEKOTOPBIX 3arpsA3HSIONINX Be-
mecTtB). Kpome Toro, 9T0 TakXe 3aBHCHT OT 4a-
CTOTHI BBICAJIOK MOJIOJIBIX Ca)KEHIIEB, 3a4acTYyIO
OOHOBJICHHE HACAXKIEHUH MPOUCXOIAT B KpYI-
HBIX IO TUIOMIAAW TMapKaxX, HeXedu HeOOIBIITNX
MapKOBBIX 30HAX.

B cBs3u ¢ 3TMM HEOOXOJMMOCTH MOHUTOPHUH-
ra COCTOSHHUS 3€JICHBIX HACaXICHWH, BBISIBICHUS
npobJieM U MoKcKa HOBBIX HAINlpaBJIEHUH pa3BUTHS
TOPOACKUX JaHAApTOB U 0JIATOYCTPOHCTBA B yC-
JIOBHAX KOMIUIEKCHON PEKOHCTPYKIMHM W HOBOTO
CTPOUTENHCTBA OUEBU/IHA.

Hcrounuk puHaHcupoBaHusi

3aKa34yMKOM B TPOBEJICHUH U (DUHAHCHPOBa-
HUU pabOT MO0 MHBEHTAPHU3AINHY 3€JIEHBIX HaCaXKIe-
HUI TEpPUTOPUHN MCCIIEIOBAHMUS BBICTYNAI AKMMAT
r.Axcy.

Kondaukt narepecon

ABTOpPBI HE UMEIOT KOH(DIINKTa HHTEPECOB.

11



OmeHKa COCTOSTHHUS 3€I€HBIX HACAKCHUH TEPPUTOPHI ITapKOB ropoaa AKCY

Jluteparypa

1. Murycosa H.A., Tony6ununii A.A. O3enexenne ropoackux repputopuii. [Ipo6nemsr u pemienust / CoBpeMeHHbIE HayYHbIS
nccienoBanus u uHHOBanuu. — Nel [Dnektpon. pecypc]. — 2017. — URL: https://web.snauka.ru/issues/2017/01/77684 (nara obpa-
menust: 03.01.2024).

2. I'akaeB P.A., Caryesa JI.JI. MaccuBbI 3e/IeHBIX HACQKICHUH ypOAHN3UPOBAHHBIX TEPPUTOPHUI U UX BIMAHUE HA HOPMAIHU3a-
LU0 OKpYy»XKatolei cpeast / F'opona Poccnu: mpobiemMbl CTPOUTENBCTBA, HHIKEHEPHOTO obecreueHus, 61aroyCTpoiicTBa u 9K0I0-
run: coopuuk ctareit X VIII MexayHapoaHoi HaydHO-pakTH4YecKoi koHdepenuu. — [lensa, 2016. C.10-16.

3. Makcumenko Anekcanap, Pesank Mapuna O3eneHeHne ropooB B YCIOBHSX INIOTHOW rOpocKoit 3actpoiiku // CTpouTesb-
CTBO M TeXHOTeHHas 0ezomacHocTb. — 2015. Nel (53). C. 12-14.

4. Sisi Yu, Tobias Leichtle, Zengxiang Zhang , Fang Liu, Xiao Wang, Xue Yan, Hannes Taubenbock. Does urban growth mean
the loss of greenness? A multi-temporal analysis for Chinese cities / Science of The Total Environment. — 2023. — Vol. 898, P.
166373 DOI: https://doi.org/10.1016/j.scitotenv.2023.166373

5. Puay Yok Tan,James Wang,Angelia Sia. Perspectives on five decades of the urban greening of Singapore //Cities. — 2013. —
Vol. 32. P. 24-32. DOI: https://doi.org/10.1016/j.cities.2013.02.001

6. Diana E. Bowler,Lisette Buyung-Ali,Teri M. Knight,Andrew S. Pullin. Urban greening to cool towns and cities: A system-
atic review of the empirical evidence // Landscape and Urban Planning. — 2010. Vol. 97(3). P. 147-155. DOI:10.1016/j.landurb-
plan.2010.05.006

7. David J. Nowak, Eric J. Greenfield. Tree and impervious cover change in U.S. cities// Urban Forestry & Urban Greening.
2012.—Vol.11(1). P. 21-30. DOI: https://doi.org/10.1016/j.ufug.2011.11.005

8. Buffoli, M., Villella, F., Voynov, N. S., Rebecchi, A. Urban Green Space to Promote Urban Public Health: Green Areas’
Design Features and Accessibility Assessment in Milano City, Italy. In: Calabro, F., Della Spina, L., Pifieira Mantifian, M.J. (eds)
New Metropolitan Perspectives. NMP 2022. Lecture Notes in Networks and Systems, Springer, Cham. — 2022. — vol 482. https://
doi.org/10.1007/978-3-031-06825-6_189

9. Xomnu B. A. Dxonorus ropojckoit cpensl: Yued. mocodue mis By3oB. — Omck: Mza-so Cu6A/IU, 2002. — 267 c.

10. John Brookes Garden Design: The Complete Practical Guide to Planning, Styling and Planting Any Garden. — Eastbour-
neUK: Gardners Books, 2005. — 384 p.

11. Tim Newbury. The Ultimate Garden Designer. London: Hamlyn, 2010. — 256 p.

12. Chris Van Uffelen. Collection: Landscape Architecture. — UNKNO, 2009. — 512 p.

13. Lou H., Yang S., Zhao C., Wang Z., Liu X., Shi L., Wu L., Hao F., & Cai M.. Combining multi-source data to explore a
mechanism for the effects of micrometeorological elements on nutrient variations in paddy land water // Paddy and Water Environ-
ment. —2017. — Vol. 15, No 3. — P. 513-524. https://doi.org/10.1007/s10333-016-0568-5

14. DuanJ., Wang Y., Fan C., Xia B., Groot R. Perception of urban environmental risks and the effects of urban green infrastruc-
tures (UGIs) on human well-being in four public green spaces of Guangzhou China // Environmental Management. — 2018. — Vol.
62, No 3. —P. 500-517. https://doi.org/10.1007/s00267-018-1068-8

15. Taylor L., Hahs A. K., Hochuli D. F. Wellbeing and urban living: Nurtured by nature // Urban Ecosystems. — 2018. — Vol.
21, No 1. —P. 197-208. https://doi.org/10.1007/s11252-018-0788-0

16. Tsai W.-L., McHale M. R., Jennings V., Marquet O., Hipp J. A., Leung Y.-F., Floyd M. F. Relationships between character-
istics of urban green land cover and mental health in US metropolitan areas // International Journal of Environmental Research and
Public Health. —2018. — Vol. 15, No 2. — P. 340. https://doi.org/10.3390/ijerph15020340

17. Ceprazunosa 3.M., Kykymesa A.H. K Bonpocy 0 cOCTOSHHM 03€IEHEHHBIX TOPOACKUX TEPPUTOPHHA M MX BIUSHUU Ha
kadecTBO cpennl r. Akcy // Bectauk KaszHy. Cepust 6uonorudeckas. — 2023. — Ne4 (97). C. 61-70. DOI: https://doi.org/10.26577/
€b.2023.v97.i4.06

18. Dxosnoruueckuit konexke Pecryomukn Kaszaxcran ot 2 siuBapst 2021 roga Ne 400-VI 3PK. Diekrpon. pecype. URL: https://
adilet.zan kz/rus/docs/K2100000400 (nata obpamenus: 03.06.2022).

19. Jlecnoit xonexc Pecybmuku Kazaxcran OOHoBnenHslil. Konexe Pecny6nuku Kazaxcran ot 8 urons 2003 roma Ne 477.
Dnekrtpon. pecypc. URL: https://adilet.zan.kz/rus/docs/K030000477 _ (nata obpamtenus: 03.06.2022).

20. CHull PK 3.01-01-2008 I'pagoctpoutenscTtBo [lmaHupoBka u 3acTpoiiKa TOPOJICKUX M CEIbCKUX HACENCHHBIX ITyHKTOB
Dnektpon. pecypc. URL: https://online.zakon.kz/Document/?doc_id=30503178 (narta obpamienus: 03.06.2022).

21. CHull PK 3.01-03-2010 [IpaBuna no 61aroycTpoiicTBY TEppUTOpPHUil HACETCHHBIX ITyHKTOB [ DNeKTpoH. pecype]. —2010. —
URL: https://online.zakon.kz/Document/?doc_id=30944162 (nara obpamienus: 03.06.2022).

22. CHull PK 1.03-06-2002 CtpouTtenabHOe MPOU3BOICTBO. OPTaHU3AIMsI CTPOUTENbCTBA NPEANIPUATHI, 31aHUH U COOPYKEHUH
[Drextpon. pecype]. — 2002. — URL: https://online.zakon.kz/Document/?doc_1d=30002343 (nata obpamenus: 03.06.2022).

23. 3akoH Pecnybmuku Kazaxcran OO0 apXUTEKTypHOH, TpaJOCTPOUTENBHON U CTPOUTEIBHON JesTenbHOCTH B PecmyOmuke
Kazaxcrau [Dnextpon. pecypc]. — 2001. — URL: https://adilet.zan kz/rus/docs/Z010000242  (narta obpamenus: 03.06.2022).

24. CIT PK 3.01-105-2013 BaaroycTpoiicTBO TeppUTOPHIi HACSICHHBIX MyHKTOB [DaekTpoH. pecype]. — 2013. — URL: https://
online.zakon.kz/Document/?doc_id=35427791 (nata obparuenns: 03.06.2022).

25. IIpaBuna comepskaHus M 3alIUTHI 3eNIeHbIX HacaxaeHuil [laBnonapckoii obnactu. — [laBnonap, 2018. — 106 c.



3.M. CeprazuHoBa u Jip.

References

1. Buffoli, M., Villella, F., Voynov, N.S., Rebecchi, A. (2022). Urban Green Space to Promote Urban Public Health: Green
Areas’ Design Features and Accessibility Assessment in Milano City, Italy. In: Calabro, F., Della Spina, L., Pifieira Mantifian, M.J.
(eds) New Metropolitan Perspectives. NMP 2022. Lecture Notes in Networks and Systems, vol 482. Springer, Cham. https://doi.
org/10.1007/978-3-031-06825-6_189

2. Chris Van Uffelen (2009). Collection: Landscape Architecture. - UNKNO, 512 p.

3. David J. Nowak, Eric J. Greenfield. Tree and impervious cover change in U.S. cities// Urban Forestry & Urban Greening,
11(1), 21-30(2012). DOTI: https://doi.org/10.1016/j.ufug.2011.11.005

4. Diana E. Bowler, Lisette Buyung-Ali, Teri M. Knight,Andrew, S. Pullin. Urban greening to cool towns and cities:
A systematic review of the empirical evidence // Landscape and Urban Planning, 97(3), 147-155(2010). DOI:10.1016/].
landurbplan.2010.05.006

5. Duan,J., Wang, Y., Fan, C., Xia, B., & de Groot, R. (2018). Perception of urban environmental risks and the effects of urban
green infrastructures (UGIs) on human well-being in four public green spaces of Guangzhou China. Environmental Management,
Vol. 62, No 3. — P. 500-517. https://doi.org/10.1007/s00267-018-1068-8

6. Gakaev R.A., Satueva L.L. Massivy zelenyh nasazhdenij urbanizirovannyh territorij i ih vlijanie na normalizaciju
okruzhajushhej sredy [Arrays of green spaces in urbanized areas and their impact on the normalization of the environment], Goroda
Rossii: problemy stroitel’stva, inzhenernogo obespechenija, blagoustrojstva i jekologii: sbornik statej XVIII Mezhdunarodnoj
nauchno-prakticheskoj konferencii [Cities of Russia: problems of construction, engineering support, improvement and ecology:
collection of articles of the XVIII International Scientific and Practical Conference], Penza, 2016. P.10-16.

7. Homich V. A. (2002) Jekologija gorodskoj sredy: Ucheb. posobie dlja vuzov. [Ecology of the urban environment:
Textbook. manual for universities] — Omsk: 1zd-vo SibADI, 267 p.

8. Jekologicheskij kodeks Respubliki Kazahstan ot 2 janvarja 2021 goda Ne 400-VI ZRK [Environmental Code of the Republic
of Kazakhstan] [Electronic resource]. Available at: URL: https://adilet.zan.kz/rus/docs/K2100000400 (Accessed: 03.06.2022).

9.  John Brookes (2005) Garden Design : The Complete Practical Guide to Planning, Styling and Planting Any Garden. —
EastbourneUK: Gardners Books, 384 p.

10. Lesnoj kodeks Respubliki Kazahstan Obnovlennyj. Kodeks Respubliki Kazahstan ot 8 ijulja 2003 goda Ne 477. [Forest
Code of the Republic of Kazakhstan] [Electronic resource]. Available at: URL: https:/adilet.zan.kz/rus/docs/K030000477
(Accessed: 03.06.2022).

11. Lou, H,, Yang, S., Zhao, C., Wang, Z., Liu, X., Shi, L., Wu, L., Hao, F., & Cai, M. (2017). Combining multi-source data
to explore a mechanism for the effects of micrometeorological elements on nutrient variations in paddy land water. Paddy and Water
Environment, Vol. 15, No 3. — P. 513-524 https://doi.org/10.1007/s10333-016-0568-5

12. Maksimenko Aleksandr, Reznik Marina Ozelenenie gorodov v uslovijah plotnoj gorodskoj zastrojki, [Greening cities in
dense urban areas ] // Stroitel’stvo i tehnogennaja bezopasnost’ [Construction and technogenic safety], 2015. Nel (53). P. 12-14.

13. Mitusova N.A., Golubnichij A.A. Ozelenenie gorodskih territorij. Problemy i reshenija [Landscaping of territories.
Problems and solutions], Sovremennye nauchnye issledovanija i innovacii, [Modern scientific research and innovation], Nel
[Electronic resource]. Available at: — URL: https://web.snauka.ru/issues/2017/01/77684 (Accessed: 03.01.2024).

14. Pravila soderzhanija i zashhity zelenyh nasazhdenij Pavlodarskoj oblasti (2018) [Rules for the maintenance and protection
of green spaces in Pavlodar region]. — Pavlodar. — 106 p. (Accessed: 03.06.2022).

15. Puay Yok Tan, James Wang,Angelia Sia. Perspectives on five decades of the urban greening of Singapore //Cities, 32,
24-32 (2013). DOI: https://doi.org/10.1016/j.cities.2013.02.001

16. Sergazinova Z.M., Kukusheva A.N. K voprosu o sostojanii ozelenennyh gorodskih territorij i ih vlijanii na kachestvo sredy
g. Aksu [On the issue of the state of green urban areas and their impact on the quality of the environment in Aksu], Vestnik KazNu.
Serija biologicheskaja [Vestnik KazNu. Biological series], 2023. Ne4 (97). P. 61-70. DOI: https://doi.org/10.26577/eb.2023.v97.
i4.06 (Accessed: 03.06.2022).

17. Sisi Yu, Tobias Leichtle, Zengxiang Zhang, Fang Liu, Xiao Wang, Xue Yan, Hannes Taubenbock. Does urban growth
mean the loss of greenness? A multi-temporal analysis for Chinese cities // Science of The Total Environment, 898, 166373 (2023).
DOI: https://doi.org/10.1016/j.scitotenv.2023.166373

18. SNiP RK 1.03-06-2002 «Stroitel’noe proizvodstvo. organizacija stroitel’stva predprijatij, zdanij i sooruzhenij».
[Construction production. organization of construction of enterprises, buildings and structures]. [Electronic resource]. Available at:
URL: https://online.zakon.kz/Document/?doc_id=30002343 (Accessed: 03.06.2022).

19. SNiP RK 3.01-01-2008 Gradostroitel’stvo Planirovka i zastrojka gorodskih i sel’skih naselennyh punktov [Urban planning
Planning and development of urban and rural settlements] [Electronic resource]. Available at: URL: https://online.zakon.kz/
Document/?doc_id=30503178 (Accessed: 03.06.2022).

20. SNiP RK 3.01-03-2010 Pravila po blagoustrojstvu territorij naselennyh punktov [Rules for the improvement of territories
of settlements] [Electronic resource]. Available at: URL: https://online.zakon.kz/Document/?doc_id=30944162 (Accessed:
03.06.2022).

21. SPRK3.01-105-2013 Blagoustrojstvo territorij naselennyh punktov [Improvement of territories of settlements]. [Electronic
resource]. Available at: URL:https://online.zakon.kz/Document/?doc_1d=35427791 (Accessed: 03.06.2022).

22. Taylor, L., Hahs, A. K., & Hochuli, D. F. (2018). Wellbeing and urban living: Nurtured by nature. Urban Ecosystems, Vol.
21, No 1. —P. 197-208. https://doi.org/10.1007/s11252-018-0788-0

23. Tim Newbury (2010). The Ultimate Garden Designer. London: Hamlyn, 256 p.



OmeHKa COCTOSTHHUS 3€I€HBIX HACAKCHUH TEPPUTOPHI ITapKOB ropoaa AKCY

24. Tsai, W.-L., McHale, M. R., Jennings, V., Marquet, O., Hipp, J. A., Leung, Y.-F., & Floyd, M. F. (2018). Relationships
between characteristics of urban green land cover and mental health in US metropolitan areas. International Journal of Environmental
Research and Public Health, Vol. 15, No 2. =340 p. https://doi.org/10.3390/ijerph150203408

25. Zakon Respubliki Kazahstan Ob arhitekturnoj, gradostroitel’noj i stroitel’noj dejatel’nosti v Respublike Kazahstan, 2001
[Law of the Republic of Kazakhstan On architectural, urban planning and construction activities in the Republic of Kazakhstan].
[Electronic resource]. Available at: URL: https://adilet.zan.kz/rus/docs/Z010000242 (Accessed: 03.06.2022).

Information about authors:

Sergazinova Zarina Mukhtarovna (corresponding author) — PhD, associate professor (associate professor) of the Department
of «Biology and Ecology» NJSC «ToraighyrovUniversity (Paviodar, Kazakhstan, e-mail: mszarinam@mail.ru)

Toleuzhanova Aliya Toleuzhanovna — Candidate of Biological Sciences, Associate Professor (Associate Professor) of the De-
partment of «Biology and Ecology» NJSC «ToraighyrovUniversity» (Paviodar, Kazakhstan, e-mail: aliya-tol@mail.ru)

Chashin Anton Sergeevich — Director of «LandscapeDesignPavilodary LLP, (Pavlodar, Kazakhstan, e-mail: landshaft-pavlo-
dar.ru@mail.ru)

Hugpopmayun 06 aemopax:

Cepeasunosa 3apuna Myxmaposna (koppecnonoenmuvlii asmop) — PhD, accoyuuposannulii npogeccop (doyenm) xagpeopwi
«buonocus u sxonoeusy HAO «Topaiievipos ynugepcumemy (Ilaénooap, Kazaxcman, e-mail: mszarinam@mail.ru)

Toneyocarnosa Anus Toneysicanona — k.6.1H., accoyuuposantulii npogeccop (doyenm) xageopwt «buonocus u sxonoeusy HAO
«Topaiievipos ynusepcumemy (Ilaenooap, Kazaxcman, e-mail: aliya-tol@mail.ru)

Yawun Anmon Cepeeesuu — oupexmop TOO «Jlanowagpm/luzainllasnooapy, ([laenooap, Kazaxcman, e-mail: landshafi-
paviodar.ru@mail.ru)

Tlocmynuna: 23 sneaps 2024 200a
Tpunsma: 20 mas 2024 200a



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne2 (99). 2024 https://bb.kaznu.kz

MPHTMU 34.29.15 https://doi.org/10.26577/eb.2024.v99.12.02

E.B. PaxumoBa'" ', A.A. AmetoB? ', A.Jl. MbIp3axaun'?"

"MucTuTyT 60TaHUKN ¥ GUTOMHTPOLYKITHH, KazaxcraH, . AnMars
’Ka3axcKuil HAlMOHABHBIA YHUBEpCUTET MMeHH anb-Papabu, Kasaxcran, . Anmars
*e-mail: myrzakhan_anel@mail.ru

U3YYEHUE PABHOOBPA3USA AMLLAMHUKOB
XPEBTA YYAAK

CBeaeHUs 0 AMWIanHMKax xpebTa YyAak nNpakTUUeCKM OTCYTCTBYIOT HECMOTPSl Ha TO, UYTO OHW
MMEIOT 3HAUMTEAbHYIO BMOMACCy U SIBASIOTCS OAHUM U3 CYLLECTBEHHbIX KOMMOHEHTOB GOAbLUMHCTBA
pacTUTeAbHbIX Co0bLLeCTB. [103TOMY LieAbIO Hallen paboTbl ObIAO M3yUMTb pa3HOOBpPa3ne AMLLIANHMKOB
Ha TeppuTopun Xxpebta YyAak M NPOBECTM aHAAM3 A@HHbIX MO WX pacnpocTpaHeHuto. HayuHas wu
npakTMyeckasl 3HaUMMOCTb PabOTbl 3aKAIOHAETCS B MOAYUYEHMM AQHHBIX O Pa3HOOOPA3NM AMLLIANHUKOB,
KOTOpble CAY>KaT MHAMKATOPamM TUMOB MOYB, FOPHbIX MOPOA U APYTUX MPUPOAHBIX IBAEHWIA, YTO MMeeT
MOAE3HOE AASI YEAOBEKA 3HAaUeHre. MaTepuacoM AASI CTaTbM MOCAY>KMAU COBCTBEHHbIE COOPbI ABTOPOB,
npoBeaeHHble B 2022-2023 rr. 1 xpaHsiwmecs B repbapmmn MHCTUTyTa 60TaHNKM U (DUTOMHTPOAYKLIMM.
[pvroToBAeHWe npenapaTtoB AMILIAMHUMKOB, MX M3yuYeHWe W MAEHTUMUKALMS OCYLLECTBASIAMCH MO
CcTaHAapTHOM MeToamnke. O6pasLibl M3y4aAMCh C MOMOLLbIO CBETOBOro Mukpockora Levenhuk MED D45T
LSD. B cTaTtbe NpMBOAMTCS CMMCOK BMAOB AMLLIAMHMKOB C ykasaHuem cybctpara m KoopAMHat cbopa.
Ha TeppuTopun nccaepaoBaHmin 06Hapy>KeHO 22 BMAA AMLLAMHWKOB, OTHOCSILLMXCS K TPEM KAACCaM.
Kaacc Candelariomycetes npeacTaBAeH OAHVM MOPSAKOM, OAHUM OAHOMMEHHbBIM CEMEINCTBOM U ABYMS]
BuaAamu. Kaacc Eurotiomycetes Tak>ke He MHOFOUYMCAEHHbIN: BCEro ABa BMAA M3 nopsiaka Verrucariales
n cemencrBa Verrucariaceae. Camblii KpyrnHbIA KAAcC Lecanoromycetes npeaACTaBAeH 7 nopsiakamu, 8
cemeirictBamu, 14 popaamu n 18 Buaamm. boabluasi yacTb onpeaseAeHHbIX BUAOB (14 BMAOB, 63,6%
OT 06LLero UMcAa BUAOB) MPUYPOUEHA K KaMHSM M BbIXOAAM OCHOBHbIX MOpoA. Ha mxax obHapyskeH
Bcero 1 Bua (4,5%). Tpn Buaa (13,6%) 6biAv OTMeuUeHbl Ha Kope BeTouek Atraphaxis sp. n BeTBen
Cerasus tianshanica. Tatb BUAOB (22,7%), BCTPEUalOTCS Ha MoYBe, NMpUYeM ABa MOTYT CYLLECTBOBATb
M KaK CBOOOAHO XuBylLMe, a Scytinium palmatum moxket obuTaTbh M Ha KamHsIx. Hamboaee yacto Ha
TEPPUTOPMM UCCAEAOBaHMIN OTMEYeHbl BUAbI Xanthoria elegans v Protoparmeliopsis muralis. ABa Braa
Scytinium palmatum v Anaptychia roemeri BnepBsble HaaeHbl Ha TeppuTopun KasaxcraHa. LieHHoCTb m
NpakTUyecKoe 3HaYeHne NpoBeAEHHOr0 MCCAEAOBaHMS 3aKAKOYAIOTCS B MOAYYEHUM AQHHBIX O BUAOBOM
COCTaBe AMLIANHMKOB, UX PACMPOCTPAHEHMM U NMPUYPOUEHHOCTHM K Pa3HbIM TUMam cy6CcTpaToB.

KatoueBble cAoBa: AMXeHOOMOTA, AMLIAMHMKOBASl MAHHA, MYCTbIHHbIE HWU3KOropbs, CybCTpaTHas
NPUYPOYEHHOCTb AULLANHUKOB.
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Studying of the lichens diversity in the Chulak ridge

There is practically no information about the lichens of the Chulak ridge, despite the fact that they
have a significant biomass and are one of the essential components of most plant communities. There-
fore, the purpose of our work was to study the diversity of lichens on the territory of the Chulak ridge
and analyze data on their distribution. The scientific and practical significance of the work lies in ob-
taining data on the diversity of lichens, which serve as indicators of soil types, rocks and other natural
phenomena that are useful to humans. The material for the article was the authors’ own collections
conducted in 2022-2023 and stored in the herbarium of the Institute of Botany and Phytointroduction.
The preparation of lichen preparations, their study and identification were carried out according to the
standard methodology. The samples were studied using a Levenhuk MED D45T LSD light microscope.
A list of lichen species is provided, indicating the substrate and the coordinates of the collection. 22
species of lichens belonging to three classes have been found on the territory of the Chulak ridge. The
class Candelariomycetes is represented by one order, one family of the same name, and two species. The
class Eurotiomycetes is also not numerous: only two species from the order Verrucariales and the family
Verrucariaceae. The largest class of Lecanoromycetes is represented by 7 orders, 8 families, 14 genera
and 18 species. Most of the identified species (14 species, 63.6% of the total number of species) are con-
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fined to stones and outcrops of basic rocks. Only 1 species (4.5%) was found on mosses. Three species
(13.6%) were observed on the bark of twigs of Atraphaxis sp. and branches of Cerasus tianshanica. Five
species (22.7%) are found on the soil, and two can exist as free-living, and Scytinium palmatum can also
live on stones. The species Xanthoria elegans and Protoparmeliopsis muralis are most often noted in the
research area. Two species Scytinium palmatum and Anaptychia roemeri were found for the first time in
Kazakhstan. The value and practical significance of the conducted research lies in obtaining data on the
species composition of lichens, their distribution and their association with different types of substrates.
Key words: Desert lowlands, lichen biota, lichen manna, substrate association of lichens.

E.B. PaxumoBa', A.A. AmeToB? A.A. Mbip3axaH'?"

'boTaHuMKa >keHe (OUTOMHTPOAYKLMSE MHCTUTYTbI, Ka3akcTaH, AAMaThl K.
29A-Papabu atbiHaarbl Kasak yATTbIK yHMBepcuTeTi, KasakcTtaH, AAMarhbl K.
*e-mail: myrzakhan_anel@mail.ru

LLloAak, )koTacbIHAAFbI KbIHAAAPADIH, aAYaHTYPAIAITiH 3epTTey

KblHaAap anTapAbIKTanm GrMoMaccara me >KoHe KenTereH eCiMAIKTEP KaybIMAACTbIFbIHbIH, MaHbI3AbI
Kypamaac OeaikTepiHiH 6ipi 6oAfaHbiHa KapamacTaH, LLloAak >kOTacblHAAFbl KbiHaAap TypaAbl
MOAIMETTEP iC XKy3iHAe XKOK. COHAbIKTAH Gi3AIH >KYMbICbIMbI3AbIH MakcaTbl LLloAak >oTacbiHAAFbI
KbIHAAApPAbIH aAyaH TYPAIAITIH 3epTTey >koHe OAapAblH TapaAybl TYpaAbl AEPEKTepAl Taaaay GOAbIN
TabblAaAbl. JKYMbICTbIH FbIAbIMA >KOHE MPAKTUKAAbIK, MaHbI3AbIAbIFbI TOMbIPAK, TYPAEPiHiH, Tay
>KbIHbICTaPbIHbIH XoHe 6acka Aa Taburn KyObIAbICTAPAbIH MHAMKATOPbl PETIHAE KbI3MET eTeTiH,
aAaMAAP  YILIH MarMAaAbl KbIHAAAPAbIH SPTYPAIAIri TypaAbl MOAIMETTEpP aAy OGOAbIM TabblAAAbI.
MakaAaHblH Matepuanbl: aBTopAapMeH 2022-2023 >KbIAAAPbI XKYPri3iAreH 3epTreyAep 0apbiCbiHAA
>KMHAAFaH >koHe BboTaHMKa XoHe (UTOMHTPOAYKLMS MHCTUTYTbIHbIH, repbapunii KopbiHAQ CakKTaAFaH
repGapuit yAriaepi. KpiHaaapaaH npenapaTrap AaibIHAQY, OAAPAbl 3€PTTeY XKoHe aHbIKTay CTaHAAPTTbI
aAic GoMbIHILIA >Ky3ere acbipbiAabl. YAriaep Levenhuk MED D45T LSD MMKpPOCKOObIHbIH, KOMeErimMeH
3epTTenai. KbiHaAap TypAepiHiH cyOCTpaTbl MeH >KMHAAFaH >KepiHiH KOOpAMHATTapbl KepceTiAe
OTbIPbIN Ti3iMi KeATipiaAi. LLIoAak >kOTacbiHAQ YL KAQCKA >KaTaTblH KblHAAAPAbIH 22 Typi TaBGbIAAbI.
Candelariomycetes kaacbl 6ip KatapaaH, 6ip TyKbIMAACTaH XoaHe eki TYpAeH Typaabl. Eurotiomycetes
KAaCbl Aa Ker TapamaraH: Verrucariales kaTapbiHbiH »koHe Verrucariaceae TyKbIMAACbIHbIH TeK eki Typi
faHa ke3aeceai. EH yAkeH Lecanoromycetes Kaacbl 7 KaTapAaH, 8 TykKbiMaacTaH, 14 TybicTaH >KeHe 18
TYPAEH TypaAbl. AHbIKTaAFaH TYPAEPAIH Kenuwiairi (14 Typ, 6apAbik, TypAepaiH 63,6%-bl) TacTapaaH
JK8&He Heri3ri Tay >KbIHbICTapblHAH aAblHFaH. MykTepaeH Tek 1 Typ (4,5%) aHbiKTaAAbl. Atraphaxis sp.
>xoHe Cerasus tianshanica 6yTakTapbiHbiH KabblFbiHaa yw Typ (13,6%) ke3aeceai. Tonbipak, 6eTiHAe
KbiHarapabiH Circinaria affinis, Endocarpon vagans, Scytinium palmatum, Candelariella aurella xxaHe
Romjularia lurida aeren 6ec Typi (22,7%) Ke3pecCeAi, OAApPAbIH, aAFallKbl €Keyi epKiH TipLiAik eTe
aAaabl, aAa Scytinium palmatum Tacka 6ekiHin Te ece anaabl. KebiHece 3epTTey anmarbiHaa Xanthoria
elegans >xaHe Protoparmeliopsis muralis Typaepi ke3aeceai. Scytinium palmatum v Anaptychia roemeri
AereH eki Typ KasakcTaH aymarblHAQ aAFall peT TabblAFaH. 3epTTey KYHAbIAbIFbl MEH MPaKTUKAAbIK,
MaHbI3AbIAbIFbIHA KbIHAAAPAbIH TYPAIK KypaMblH aHbIKTay, OAApPAbIH, TapaAybl XKeHe CcybcTpaTTapAblH
SPTYPAI TYPAEPIMEH LUEKTEAYI TypaAbl MOAIMETTEP aAy BOAbIN TabblAaAbI.

Ty#in ce3aep: AMxeHo6MOoTa, KbIHAAGp MaHHAChI, LUIOAAI aAaca TayAap, KbIHAAAPAbIH CyOCTPaTThIK,
LLIEKTEAYI.

BBenenne

Xpeber Yymak (Ilomak) sBisercs oro-3a-
MaJHbIM OTporoM JKyHrapckoro Amaray W mpea-
CTaBIisIeT coO0i HeBbIcokHe Topsl (1785 M Ham yp.
MOps1), OKaMMJICHHBIE MYCTBIHHO-CYTJIMHUCTON H
IeOHUCTON PaBHUHAMU (TaK Ha3bIBaEMbIC TYCTHIH-
Hble HHU3KOropbs). Hamboree BbICOKas BOCTOY-
Has dacth xpeodra (1500-1800 M), 3amamHas gacTs
3HaunuTeNbHO HWKE (1o 700-800 M) M mocTeneHHO
CHWXKasiCb NEPEXOIUT B MOArOpHyI0 paBHUHY. C
BOCTOKA U ceBepa XpebeT rpaHuduuT ¢ ropamu Ma-
tait (2880 M) 1 AnTeIH-DOMeTb, ¢ tora — ¢ nuniickoi
nonuHOH. Penbed B cpemHeropHoil BOCTOYHOMN Ya-
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CTH KPYTOCKJIOHHBIH, TIyOOKO pacwICHEHHBIH, B
3araHoN YaCTH — HU3KOTOPHBIH, MeCTaMu MPHUOITH-
JKarluics K Menkoconoynuky. g Yynaka xa-
PaxkTepHbI [IyOOKHE YIIeNbsi, KPYThle KAMEHUCTHIE
CKJIOHBI CO CKaJIaMH M OCBHIITAMA. MaTepHHCKHE T10-
POJIBl TIPEACTABIIEHBI JECCOBBIMU CYTJIMHKaMH, ra-
JICYHUKOBBIMH M TMIICOHOCHBIMU TPETHYHBIMU OT-
noxxeHusIMH. [10YBBI TOpHBIE CBETJIO-KAIITaHOBEIE
C BBIP@XXEHHBIM T'YMYCOBBIM Tropu3oHTOM. Kiumar
PE3KO KOHTHUHEHTaNbHbIA. CaMblil sKapKUil Mecsll
— mroib (1o +39,4° C), caMblii XOJIOTHBIN — STHBApPh
(mo -34° C). CpenneronoBas temmeparypa +9° C,
cpeaHeronoBoe KoauuectBo ocagkoB 200-300 mm.



E.B. Paxumosa u jip.

Pexn nmpenMyIIecTBEHHO CHETOBOTO IIMUTAHHMS, C Be-
CEHHHM IT0JIOBOJILEM, TTepechixatomtue [1].

CornacHoO aMMHHACTPATUBHOMY JEJIEHHIO, Xpe-
Oer Uynak pacnonoxeH Ha Teppuropun KepOymnak-
cKoro paiiona JKerwicyiickoi o0macTh, KpalHSA
3arajiHas ero 4yacTh — Ha TEPPUTOPUH 3eMedb T. Ky-
Haepa (Konae). BocTounas yacTb BXOANT B cOcTaB
ANTBIH-DMENbCKOTO HAIIMOHAIFHOTO TIapKa.

enp pabOThl — M3yYUTh BHJOBOW COCTaB JIU-
XeHOOnoTHI XpedTa Uynak u mpoBecTH aHaIu3 J1aH-
HBIX 110 PaCIPOCTPAHEHHIO JIUIIAHHUKOB.

MartepuaJibl U METOABI HCCIETOBAHUS

2.1. Coop obpazyos

OO0pas3ibel ObUTH COOpPaHBI HA TEPPUTOPUU XPeO-
ta Uynak (HeHTpajibHas U 3anagHas yactu) B 2022-
2023 rr. (Pucynoxk 1). 'eorpaduueckoe momgoxeHwe
Touek cOopa 00pa3IOB ObUIO 3aPETUCTPUPOBAHO C
ucnonpzoBanreM GPS (Germin). Bonbmias yacts
00pa3roB cobpaHa Ha KaMHSIX W BBIXO/aX TOPHBIX
MOpOJI, 3HAYUTEIBHO MEHBIE — HA BETOYKAX KY-
CTapHUKOB U MOJIYKYCTaPHUKOB.

Pucynok 1 — Kapra ¢ ormeTkamu Touek coopa o6pas3non

2.2. Ceemosasi MUKPOCKONUSL

Bunosas npuHaane)xHOCTh yCTaHOBJIEHA Ha OC-
HOBE MOP(HOIIOTHIECKIX M aHATOMHUYECKUX MTPH3HA-
KOB ¥ XUMHYECKHX PEaKIHi, CIeHUPUUECKUX IS
nUmaiHukoB. OO0pas3lbl M3Y4alauch C TOMOIIBIO
cBeToBoro Mukpockomna Levenhuk MED D45T LSD
(«(LEVENHUK», Kwurait). 13 mopdonorunyeckux
MPU3HAKOB OLEHUBAJIKCH: KU3HEHHAs (opMa; LBET
U XapaKTep BEpXHEW M HUKHEU MOBEPXHOCTH Tall-
JIOMa; HaJM4He, XapakTep M PacIloyIoKeHHe opra-
HOB NPUKPEIUICHUS; TUII, Pa3Mep U PacloioKeHNe
Ha TaJJIOME IUIOJOBBIX TEJl, WK COPEAU, U3UINUMI,
MUKHAI, U T.0. [2, 3]. AHaTOMHYECKHE MPU3HAKU

BBISABJICHBI TTPU MUKPOCKONIMPOBAHUU TOHKHUX CpPEC-
30B TalUIOMa M IUIOAOBBIX Tei. Ha Takux cpesax
OLICHUBAJIKCH: THUI TaJJIOMa, CTPOCHHE M CHUCTe-
MaTHYECKOE IMOJIOKEeHHE (POTOOMOHTA, THI U OCO-
OCHHOCTH BHYTPEHHEIO CTPOCHHS IUIOJOBBIX TEJ,
(hopMa u pa3Mepsl CyMOK, HAIWYHE Mmapagu3 U ux
CTPOCHUE, THUIL, [IBET U pa3Mepbl CIIOpP, UX KOIuYe-
CTBO B CyMKax.

2.3. Xumuuecxoe okpawiuanue

Onpenensiinch ONOXMMHUYECKUE XapaKTEPUCTH-
KH, SBIISTFOINUECS BAKHEHIITUMH TUATHOCTHYSCKIMU
npu3Hakamu. OKpallliBaHUE MPOBOAMIN C TIOMO-
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upto 10% BoAHOTO pacTBOpa rMJIPOXJIOpUAA Kajvs,
HaCBIIIEHHOTO BOJHOIO pacTBOpa THIOXJIOpUAA
KaJbIUsl U CIIUPTOBOTO pacTBopa Hoja. Buposad
MIPUHAUIEKHOCTh YCTAHOBJIEHA C MOMOIIBIO OTpe-
nenureneit [2-10].

Pe3y.m>TaT1>1 HCCJICJOBAHUA U X oﬁcymz[elme

B pesynbrare 06paboTku repOapHbIX 00pasLoB,
coOpaHHBIX Ha TeppuTOpun Xpedra Uynak, uneHTu-
¢unmpoBansl 22 BHUAA JTUIIAHHUKOB, CHCTEMaTHYe-
CKUI CIIHCOK KOTOPBIX NpUBOAUTCS HIXKE. CHHCOK
BUJIOB BBIBEPEH M PACIIONIOKEH IO CHCTEME, TIPUHS-
toit B baze manuprx Mycobank [11].

Knacc Candelariomycetes Voglmayr & Jaklitsch

[opsimox Candelariales Miadl.,, Lutzoni &
Lumbsch

CewmetictBo Candelariaceae Hakul.

Candelariella aurella (Hoffm.) Zahlbr. — Ha
3eMJISIHOM KOPKE B TPEIIMHAX BBIXOA0B TOPHBIX I10-
pon, KepOynakckwuii p-H, ropsl Uynak, 22.04.2012,
E.B. PaxumoBa. Illupoko pacmpocTpaHEHHBIH H
CHIOPaMYEeCKH BCTPEUAIOLINICS BUJ, HA MOYBAX U
KOpE [IepeBbEB, MPEUMYIICCTBEHHO Ha pPaBHUHE,
pexe HEBBICOKO B ropax [4].

Candelariella vitellina (Hoffm.) Mill. Arg. —na
OCHOBHBIX IOpoJax, BMecte ¢ Romjularia lurida
(Ach.) Timdal, KepOynakckwuii p-H, xp. Uynax, yu.,
T. 464,729 M H. y. M., N43°54'40.8", EO77°46'12.3",
19.05.2022, E.B. PaxumoBa. O4eHbp HIMPOKO pac-
MIPOCTPAHEHHBII M YacTO BCTPEUAIOLIMNCS Ha paB-
HUHAX U B TOpax JUIIANHNK, XapaKTepeH AJIsl BBIXO-
JIOB Pa3IMYHBIX TOPHBIX MOPOJI, Pexe HaOIro1aeTcs
Ha cTapoil 00pabOTaHHOH ApeBecHHE, APYTHX JIH-
maiHuKax u mxax [4].

Kracc Eurotiomycetes O.E. Erikss. & Winka

[Mopsinok Verrucariales Mattick ex D. Hawksw.
& O.E. Erikss.

CewmeiictBo Verrucariaceae Eschw.

Endocarpon vagans Nyl. (Parmelia vagans
(Nyl.) Nyl., Xanthoparmelia vagans (Nyl.) Hale)
(Pucynok 2, 3) — KepOynakckuii p-H, xp. Uynaxk,
LIKXPOKOE yII. ¢ BRIXOJOM Ha Iato, T. 466, 778 M
H.y.M., N43°5522.9" EO77°48'35.4",27.05.2022,
E.B. PaxumoBa. Buj xapakrepeH Mg H0KHBIX Ba-
PHAHTOB CYXHX CTENEH M JUII CEBEPHBIX IMYCTBHIHB

[4].

Dermatocarpon vellereum Zschacke (Pucy-
HOK 4, 5) — Ha ckayax, Ha kamHsX, KepOynakckuii
p-H, xp. YUynak, ym., 1. 463-2, 733 M H. y. M.,
N43°55'13.8", EO77°44'58.6", 19.05.2022, E.B. Pa-
XUMOBA; TaM ke, T. 464, 729 M H. y. M., N43°54'40.8",
EO77°46'12.3", 20.04.2023, E.B. PaxumoBa. Bux
XapakTepeH JUIsl CyXUX IMPOrpeBaeMbIX MOphupu-
TOBBIX M M3BECTHSKOBBIX CKall, IPEUMYIICCTBECHHO
B ropax. BcTpevaercs riiaBHbIM 00pa3oM B TpeLIH-
Hax, e UMeeTcsl 3eMIsTHas Kopouka [3].

Knacc Lecanoromycetes O.E. Erikss. & Winka

[Topsimox  Acarosporales Reeb, Lutzoni &
CL.Roux

CemeiictBo Acarosporaceae Zahlbr.

Acarospora macrospora (Hepp ex Nyl.)
A.Massal. ex Bagl. (Pucynox 6, 7) — Ha ckanax,
okpectHoctu Kamuaraiickoit '9C, ceBepo-BocTOU-
Hee noc. Yunrensapl, xp. Uymnak, Oeper pedkw, T.
28, 878 M H y. M., N44°02'24.4", EO77°47'43.2",
23.05.2023, E.B. PaxumoBa. Bun BcTpeuaercs Ha
CKajax Ha IOpOAax, COAEpKaIluX M3BECTh), OObIU-
HO B ropax, peJKo Ha paBHUHaX [4].

[Mopsinok Caliciales Nannf.

CemeiictBo Physciaceae Korb.

Anaptychia roemeri Poelt. — Ha KaMHAX U OC-
HOBHBIX TMOpOZAax, OKpecTHocTH Kamuaraickoi
I'2C, ceBepo-BocTounee noc. YnHrensasl, xp. Uy-
JIaK, OKPECTHOCTH MpyAa, Oeper peuky, T. 29, 961 m
HY. M., N44°04'56.7", EO77°52'22.0", 23.05.2023,
E.B. Paxumosa. (HoBsrit Buj nus Kazaxcrana)

Kurokawia mereschkowskii (Tomin)
S.Y.Kondr., Lokos & Hur (Physcia mereschkowskii
Tomin) — Ha kamusix, KepOynakckuii p-H, xp. Uy-
naK, yur., T. 463-2, 733 m H. y. M., N43°55'13.8",
EO77°44'58.6",19.05.2022, E.B. Paxumosa. Bctpe-
YaeTcsl Ha BBIXOAAX THIICOB M IIECYAHUKOB B CyXHX
CTEMAX U MOTYMYCTBhIHAX [5].

Phaeophyscia orbicularis (Neck.) Moberg —
Ha Mxax, okpectHoctn Kamuarabickoir ['9C, ce-
BEpO-BOCTOUHee Imoc. YuHrenpas, Xxp. Uynak,
OKpECTHOCTHU Ipynaa, Oeper pedku, 1. 29, 961 M H
y. M., N44°04'56.7", EOQ77°52'22.0", 23.05.2023,
E.B.Paxumosa. IlInpoko pacipoCcTpaHEeHHbIH HEMO-
panbHBII HUTPODMIBHBIN BU, OOBIYEH HA PaBHUHE,
BBICOKO B I'OpBI HE MOJHUMaeTcsa. BeTpedaercs Ha
KOpe JIMCTBEHHBIX IOPOJ| JIePEBbEB, Ha OOHAKEH-
HOM JJpeBeCHUHE U FOpHBIX Mopojax [5, 12-15].
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Pucynok 2 — BremHuii Buj ciioeBuiia
Endocarpon vagans

Pucynok 3 — Anarommdeckoe crpoenre £, PucyHok 4 — BHemnmii Buj ciioeBuma
vagans, mKaiga 35 MKM

Dermatocarpon vellereum

Pucynox 5 — ITonepeunsiii pa3pes uepes
neputenuit D. vellereum, mxana 30 MKkM

[opsimox Lecanorales Nannf.

CewmeticTBo Lecanoraceae Korb.

Lecanora argopholis (Ach.) Ach. — Ha kKaMHsIX
Y OCHOBHBIX opojax, KepOymnakckuii p-H, xp. Uy-
mak, yml., T. 463-2, 733 M H. y. M., N43°55'13.8",
EO77°44'58.6", 19.05.2022, E.B. PaxumoBa. OueHn
pacnpoCcTpaHeHHBIH U YaCTO BCTPEUYAIOIIUNCS apyI-
HBII BUJI. XapaKTepeH JJIsl BBIXOJ0B TOPHBIX OPO/I,
pexe — 1T MXOB M PACTUTEIBHBIX OCTATKOB [5].

Lecanora oxytona Ach. (Pleopsidium oxytonum
(Ach.) Rabenh., P. flavum Korb.) (Pucynoxk 8, 9) —
Ha KaMHsX, KepOymakckwmii p-H, Xp. Uynak, ymr., T.
463-2,733 MH.y. M., N43°55"13.8", EO77°44'58.6",
19.05.2022, E.B. PaxumoBa; Tam Xe, IIMPOKOE
VII. C BBIXOJAOM Ha 1uiato, T. 467, 829 M H. y. M.,
N43°55'54.4", EO77°48'25.9",27.05.2022, E.B. Pa-
XUMOBa. Bum BcTpewaercss Ha pa3IMUHBIX TOPHBIX
MOPOJax, CKanax v HeOOJIBIINX KAMHSIX B MEJIKOCO-
MOYHUKE U MyCTHIHHBIX HU3KOTOPhsX [4].

Pucynok 6 — BHemHuii BIJI cloeBuUILa
C anoTeLHAMHU Acarospora macrospora

Pucynox 7 — ITonepeunsiii pa3pes uepes
anoteuuit 4. macrospora, mkana 60 MKkM

Protoparmeliopsis garovaglii (Korb.) Arup,
Zhao Xin & Lumbsch (Placolecanora garovaglii
(Korb.) Raésdnen, Lecanora garovaglii (Korb.)
Zahlbr.) — Ha KaMHSIX U OCHOBHBIX TIopojax, Kep-
Oynakckuil p-H, Xp. Uynak, IIMPOKOE YIII. ¢ BBIXO-
JIOM Ha I1aTo, T. 466, 778 M H. y. M., N43°55"22.9",
EO77°48'35.4", 27.05.2022, E.B. PaxumoBa. Bun
BCTpeUaeTCs Ha BBIXO/IaX CHIIMKATHBIX KBAPIICOAEP-
JKAIIUX MOPOJI, MPEUMYIIIECTBEHHO B TOpax, Ha Cy-
XUX, XOPOIIIO OCBEIICHHBIX MecTax [5].

Protoparmeliopsis muralis (Schreb.) M.Choisy
(Placolecanora muralis (Schreb.) Risdnen) — Ha
KaMHSIX M OCHOBHBIX Tlopojiax, KepOynakckuii p-H,
xp. Uynak, yui., 1. 464, 729 M H. y. M., N43°54'40.8",
EO77°46'12.3", 19.05.2022, E.B.PaxumoBa; Tam
e, Ha BBIXOAAX TOpHBIX mopox, 22.04.2012,
E.B.Paxumoga; okpecrnoctu Kanuaraiickoit I'2C,
ceBepo-BocToyHee mnoc. YuHrenpasl, Xxp. Uynak,
OKpPECTHOCTH Tpyaa, Oeper peuku, T. 29, 961 M H
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y. M., N44°04'56.7", EQ77°52'22.0", 23.05.2023,
E.B. PaxumoBa; tam xe, T. 28, 878 M H y. M.,
N44°0224.4", EO77°47'43.2", 23.05.2023, E.B. Pa-
XUMOBa. By momumMopHBIN, IUPOKO pacnpocTpa-
HEHHBI B TOPHBIX, MYCTHIHHBIX H CYXHX CTEIsX,
MOJIYIYCTBIHAX, PEXKE B MyCTHIHSIX, HA BHIXO/IAX Pa3-
JUYHBIX TOPHBIX MOPOJ [5].

CewmeiictBo Parmeliaceae F. Berchtold & J. Presl

Lichen  chrysoleucus Sm. (Omphalodina
chrysoleuca (Sm.) S.Y. Kondr., Lékos & Farkas,
Rhizoplaca chrysoleuca (Sm.) Zopf, Placolecanora
rubina (Vill.) Sav.) — Ha KaMHSX ¥ OCHOBHBIX IIO-
pomax, xp. Yynak, yur., T. 463-2, 733 M H. y. M.,
N43°55'13.8", EO77°44'58.6", 19.05.2022, E.B. Pa-
XUMOBA; TaM ke, T. 464, 729 M H. y. M., N43°54'40.8",
EO77°46'12.3",20.04.2023, E.B.PaxumoBa; okpecT-
noctu Kamuaraiickoit 'DC, ceBepo-BoCTOUHEE TIOC.
Yunrensasl, xp. Yynak, oeper peuku, T. 28, 878 M
HY. M., N44°02'24.4", EO77°47'43.2", 23.05.2023,
E.B. Paxumosa. IIIupoko pacrnpocTpaHEHHBIH BUI,
BCTPEUACTCsl B TOPHBIX M CYXUX CTEISX, HA CKallaX
IO BBICOKOTOpHIA [5, 16].

Montanelia sorediata (Ach.) Divakar, A. Cre-
spo, Wedin & Essl. (Melanelia sorediosa (Almb.)
Essl.) (Pucynok 10) — Ha KaMHSIX U OCHOBHBIX II0-
pomax, okpectHoctu Kamuaraiickoir I'9C, ceBepo-
BocTo4yHee moc. YwmHrenbaer, xp. Uynak, okpecT-
HOCTH TIpyna, Oeper peukd, T. 29, 961 M H y. M.,
N44°04'56.7", EO77°52'22.0", 23.05.2023, E.B. Pa-
XUMOBa. BeTpeyaercs Ha KaMEHUCTOM CHIIMKaTHOM
cyOcTpare, peke Ha KOpe JepeBbeB, Ha paBHUHE U
B ropax [4]. Bux 3anecen B 4-e¢ uznanue Kpachoit
kuuru benapycu c kareropueit NT [17].

[opsnox Lecideales Vain.

CewmeiictBo Lecideaceae Chevall.

Romjularia lurida (Ach.) Timdal — Ha OCHOBHBIX
noponax, Bmecre ¢ Candelariella vitellina (Hoffm.)
Miill. Arg., KepOynakckwuii p-H, xp. Uynak, yur., T.
464, 729 m H. y. M., N43°54'40.8", EO77°46'12.3",
19.05.2022, E.B. Paxumosa. Bun xapakrepen ans
W3BECTHSKOBBIX CKall, HAHOCOB ITOYBHI B TPEIINHAX
CKaJ Ha COJIHEYHBIX MeCTaX, OOBIYHO B TOpax, HO
4acTo CITyCKaeTCsl B JIOJNUHBI, FOKHBIX BapHaHTaX
CTernel U B MyCThIHHBIX cTersX [4].

[opsinox Peltigerales Walt. Watson

CewmetictBo Collemataceae Zenker

Scytinium palmatum (Huds.) Gray (Leptogium
palmatum (Huds.) Mont.) — Ha moYBe M KaMHSX,
KepOymnakckuii p-H, xp. Uynak, mMIpoKoe yIiI. ¢ BbI-
XO0JI0OM Ha IJ1aTo, T. 466, 778 MH. y. M., N43°55'22.9",
EO77°48'35.4", 27.05.2022, E.B.PaxumoBa. Bupj
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BCTpEUacTCs HA MOYBE M MIIUCTBIX CKaJlaX, PEIKO
Ha KOpe JIepeBbeB, Ha paBHUHE U B ropax [8]. (Ho-
BBI BUA miist Kazaxcrana)

[opsinok Pertusariales M. Choisy ex D.Hawksw.
& O.E. Erikss.

CewmeticTBo Megasporaceae Lumbsch

Circinaria affinis (Eversm.) Sohrabi (4spicilia
vagans Oxner)— Ha TOYBe, OKpecTHOCTH Karmua-
raiickoii ['9C, ceBepo-BocTouHee moc. YuHremnb-
Jel, Xp. Yynak, OKpeCTHOCTH MpyJa, Oeper pedkH,
T. 29,961 M Hy. M., N44°04'56.7", EO77°52"22.0",
23.05.2023, E.B. PaxumoBa. Bun xapaktepen s
KaMEHHCTBIX CTEIEH, MyCThbIHb U HEBBICOKHX IO-
JIOTHX COTOK M BCTPEYAETCSl HA COJIOHLEBATHIX I10-
YyBax. SIBiseTCS MpEACTaBUTENEM TaK Ha3bIBaEMOMN
JTUTITAHIKOBOM MaHHBI [5].

Circinaria caesiocinerea (Nyl. ex Malbr.)
A.Nordin, Savi¢ & Tibell (Aspicilia caesiocinerea
(Nyl. ex Malbr.) Arnold) — na xamusx, KepOymak-
CKMI p-H, Xp. UyJlak, MUPOKOE YII. C BBIXOIOM
Ha miato, T. 466, 778 M H. y. M., N43°55'22.9",
EOQ77°48'35.4", 27.05.2022, E.B. PaxumoBa. Pac-
MPOCTPaHEH Ha KaMHSX, TaJIbKe, HA BBIXOJAX I1e0-
H$l, TUIOTHBIX TOPHBIX TOpon [5].

Iopsimox  Teloschistales D. Hawksw. &
O.E.Erikss.

CewmetictBo Teloschistaceae Zahlbr.

Calogaya lobulata (Florke) Arup, Frodén &
Sechting (Caloplaca lobulata (Florke) Hellb.) — na
BeTOUKax Atraphaxis sp., okpecTHOCTH Kamgaraii-
ckori I'DC, ceBepo-BocTOouHEee TOC. UMHTENBIHI,
JofiiHa MeXAy twiato MtkoH u ropamm UYynak,
cyxoe pycio, T. 25, 597 M H y. M., N44°00'19.4",
EO77°3328.9",22.05.2023, E.B. PaxumoBa. OueHn
BapraOebHBIN BUJI, BCTPEYACTCS HA KAMHSIX U COJI-
HEYHBIX CKallaX, HA PaBHUHE W MPEIrOpbhsX, PEKe
— B ropax [5].

Polycauliona candelaria (L.) Frodén, Arup &
Sechting (Xanthoria candelaria (L.) Th. Fr.) — Ha
kope BeTBeit Cerasus tianshanica Pojark., KepOy-
JaKkCKui p-H, Xp. Yynak, yuor., 1. 463-2, 733 M H.
y. M., N43°55'13.8", EQ77°44'58.6", 19.05.2022,
E.B. Paxumosa. IIIupoko pacnpocTpaHEHHBbIN BUJ,
BCTpEYaeTcs Ha KOpE JIEPEBbEB U KYCTapHUKOB Ha
paBHHHE U B TOpax [5].

Polycauliona  polycarpa (Hoffm.) Frodén,
Arup & Sechting (Xanthoria polycarpa (Hoftm.)
Th. Fr. ex Rieber ) — Ha xope BeTBelt Atraphax-
is sp., KepOynakckuii p-H, xp. Uynak, HIMpoKoe
yIl. ¢ BBIXOJOM Ha miuato, T. 466, 778 M H. y.
M., N43°5522.9" EO77°48'35.4", 27.05.2022,
E.B.PaxumoBa. Buj BcTpeuaeTcst Ha KOpe AepeBbeB



E.B. Paxumosa u jip.

Y KyCTapHUKOB, Yallle Ha PaBHUHE B OCBEIICHHBIX
MecTax, pexe — B ropax [5, 18].

Xanthoria elegans (Link) Th. Fr. (Rusavskia
elegans (Link) S.Y. Kondr. & Kérnefelt, Gas-
parrinia elegans (Link) Stein) (Pucynox 11, 12)
— Ha KaMHsIX M OCHOBHBIX mopojax, KepOymak-
ckuil p-H, Xxp. Uynak, MHUPOKOE YII. C BBIXOJOM
Ha mmiarto, T. 466, 778 M H. y. M., N43°5522.9",
EO77°48'35.4", 27.05.2022, E.B. PaxumoBa; Tam
xKe, yul., T. 464, 729 m H. y. M., N43°54'40.8",
EO77°46'12.3", 19.05.2022, E.B.PaxumoBa; Tam
ke, yul., T. 463-2, 733 M H. y. M., N43°55'13.8",
EO77°44'58.6", 19.05.2022, E.B. Paxumosa;
okpectHoctn Kamuaratickoit ['DC, ceBepo-Boc-

TouHee moc. YwumHrenapasl, Xp. UYymak, OKpecT-
HOCTH Tpyna, Oeper peudku, T. 29, 961 m H y.
M., N44°04'56.7", EO77°52'22.0", 23.05.2023,
E.B.PaxumoBa; Ha BbICOXINCH BeTKe Spiraea hy-
pericifolia L. 6e3 xopsl, okpecTHOCTH Kamuaraii-
ckoit I'DC, ceBepo-BocTouHEEe MOC. UMHTEIbIBI,
xp. Uynak, OKpecTHOCTH NpyJaa, Oeper peykH, T.
29,961 M H y. M., N44°04'56.7", EQ77°5222.0",
23.05.2023, E.B. PaxumoBa. Bua mupoko pac-
MPOCTPaHEH KAaK B CEBEPHOM, TaK U IOKHOM IIO-

NyIIapuy, BCTpevaeTcs Ha CKajiax, PAHUTHBIX
BaJlyHaX, BBIXOJAaX APYTUX TOPHBIX IOPOJ B YCIIO0-
BHSIX XOpOIIEH OCBEIIEHHOCTH. B ropax ormeua-
eTcd Jaile, Ha paBHHHE — pexe [5, 13, 19].

Pucynoxk 8 — BHemnuii Buj cioeBuia
Lecanora oxytona

Pucynok 9 — [lonepeunslii pa3pes yepes
anorenuii L. oxytona, mxana 40 MKM

PucyHnox 10 — BHeurnuii BuJ cioeBuIna
Montanelia sorediata

Pucynox 11 — BHennuii By cioeBuia
¢ anoreuusamu Xanthoria elegans

Pucynox 12 — ITonepeunslii pa3pe3
yepes arorennii X. elegans, mkana 30 MkM
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W3ydenne paznooOpa3us JINIIaitHUKoB xpebTa Uymak

OOHapyKEHHBIE BUJIbI OTHOCATCS K TPEM Kjac-
cam (Tabmuma 1). Knmacc Candelariomycetes npen-
CTaBJICH OAHUM IOPAAKOM, OJHHUM OJHOMMCHHBIM
cemeiictBom u nBymsi Bunamu Candelariella aurella
u C. vitellina, BCTpe4aronmmcs B KOMIUIEKCE BMECTE
¢ Romjularia lurida. Knacc Eurotiomycetes Taxxe

HEe MHOTOYHCIICHHBIN: Bcero nBa Buaa (Endocarpon
vagans u Dermatocarpon vellereum) n3 mopsinka
Verrucariales u cemeiictBa Verrucariaceae. CaMblii
KpynHbIi knace Lecanoromycetes mpezacrasineH 7
nopsiikamu, 8 cemeiictBamu, 14 ponamu u 18 Bu-
JIAMH.

Ta6auua 1 — TakCOHOMUYECKUI CIEKTP JUIIAHUKOB HA TEPPUTOpHH XpedTa Uymak

Kuace opsinox CemMmeiicTBO Pon KosmyecTBO BUI0OB
Candelariomycetes Candelariales Candelariaceae Candelariella 2
) ) ) Endocarpon 1
Eurotiomycetes Verrucariales Verrucariaceae
Dermatocarpon 1
Acarosporales Acarosporaceae Acarospora 1
Anaptychia 1
Caliciales Physciaceae Kurokawia 1
Phaeophyscia 1
Lecanora 2
Lecanoraceae
Protoparmeliopsis 2
Lecanorales
) Lichen 1
Lecanoromycetes Parmeliaceae
Montanelia 1
Lecideales Lecideaceae Romjularia 1
Peltigerales Collemataceae Scytinium 1
Pertusariales Megasporaceae Circinaria 2
Calogaya 1
Teloschistales Teloschistaceae Polycauliona 2
Xanthoria 1
Hroro 9 10 17 22

Bonpmas dacte ompeneneHHbIX BUAoB (14
BHIOB, 63,6% OT 00lIero 4mciia BUIOB) TpPH-
ypoueHa K KaMHSM W BBIXOJIaM OCHOBHBIX IIO-
pon (Tabmuma 2). Ha mxax oOHapykeH Bcero 1
Bun (4,5%). Tpu Buga (13,6%) Obuin OTMEYEHBI
Ha Kope BeTouek Atraphaxis sp. u BetBeit Cera-
sus tianshanica Pojark. Ilate Bumos (22,7%),
Circinaria affinis, Endocarpon vagans, Scytinium
palmatum, Candelariella aurella w Romjularia
lurida, BcTpewaloTcst Ha MOYBE, IPUYEM IEpPBHIE
JIBa MOT'YT CYLIECTBOBATh U KaK CBOOOJHO JKHBY-
mue, a Scytinium palmatum Moxetr oOUTaTh U HA
KaMHSX.

Haubonee yacTo Ha TEPPUTOPUN HCCICAOBAHUN
(B 4-x Toukax) oTMeueHbl BUABI Xanthoria elegans
u Protoparmeliopsis muralis, ipraeM TIEPBBIA BUT
TATOTEET K XOPOIIO OCBEIICHHBIM, CYyXHUM CKallaMm,
TOTJ]a KaK BTOPOU BUJ MPENIIOYNTAET 3aTCHEHHEIE,
0oJiee BIa)KHbIE MECTa.
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HBa Bunma Scytinium palmatum w Anaptychia
roemeri BIepBble HalAeHbl Ha Tepputopun Kazax-
cra”a. Bropo#i Bun Obin ommcaH n3 AdraHucraHa
W pacmlpocTpaHeH B OO0NACTAX KOHTHHEHTAIHHOW
apunHoit Azum, Tamxkukucrane, [larecrane [20, 21].

[Tpu ananu3e MMXeHOOUOTHI TEPPUTOPUH, HAXO-
ISAITAXCST B HETTOCPEICTBEHHOM OJTM30CTH OT XpedTa
Uyiak, yCTaHOBIIEHO, YTO BUJOBOM COCTAB JIMILIAK-
HUKOB rop Mamnaiicapel 1 Apxapibl HACUUTHIBAeT 15
BHUIIOB, Top JKenpaukapa — 4 Buaa, XpedTa AJTHIH-
Owmens — 7, Top Ymikapa — 7 u okpectHoctu Kamua-
raiickoii '9C — 24 Buna. [Ipu 3Trom Mexay xpeOTOM
Uynak u ropamu Mamnaiicapsl 1 Apxapisl oOHapy-
skeHbl 11 00IIMX BUIOB JTUIAHHUKOB, MEXKTY Xpeo-
toMm Yynak u ropamu JKenpaukapa — 4 o0mux Buja,
MeXay XxpeoTom Uymak u ANTEIH-OMENb — 4 00Immx
BUAA, M&X Iy XpeoToMm Uynak u ropamu Yuikapa — 6
o0mux BHUIOB, MeXIy xpedroMm Uynak u TeppuTO-
pueii ropoaa Konaes — 5 o6mux BuoB [22].



E.B. Paxumosa u jip.

Taéanna 2 — CyOcrparHas IpHypOUCHHOCTD JINIIAHHUKOB XpedTa Yynak

Ha xaMHAX B 0CHOBHBIX nopoaax o
pacTeHnu

Ha xope BbicIInX

Ha mouBe Ha mxax

Yucao
BH/IOB

Pox Pon

Yucao
BH/IOB

Yucao
BH/IOB

Yucao
BH/IOB

Pox Pox

Candelariella 1 Calogaya 1

Candelariella 1 Phaeophyscia 1

Dermatocarpon 1 Polycauliona 2

Endocarpon 1

Acarospora 1

Circinaria 1

Ju—

Anaptychia

Romjularia 1

Kurokawia

Scytinium 1

Lecanora

Protoparmeliopsis

Lichen

Montanelia

Scytinium

Circinaria

— === =N~

Xanthoria

p—
=
w

Hroro

CpaBHuBas auxeHobnorty xpedra Uynak u co-
MPEJINbHBIX CTPaH WIH CXOJHBIX TEPPUTOPHIA,
MOKHO OTMETHTbh, UYTO B JHXeHoOHoTax YUymaka u
Typuuu umerorcst 15 obmux Buzos [23]. B Harwm-
OHAJILHOM TpHUpoaHOM 3amnoBenHuke [luk Tomyp,
CunbIzsH, Kurait, ooHapyxeno 150 Bumos, 9 Bapu-
arit 1 9 Gopm JniaitHUKOB [24], 6 BUIOB SBIISIFOT-
cs1 00IIMMU TSt 3aroBeIHUKA U xpeOTa Yymak. [1pu
oTpeIeTICHIH 00pa3IoB JIMIIAWHUKOB, COOpaHHBIX
B TOpHBIX oOyactsix Mpaka Amanus u PoBanmy3
uaeHTuduuuposansl 47 BuoB U3 29 poaos u 14 ce-
MelcTB [25], oOmumu ¢ xpedToM YUyItak sBISIOTCS
Bcero 4 Buma. B kartanore mumraiiHukoB TauKHUKHA-
crana [20], BkirovaromeM 524 Buja, 0OHAPYIKEHO
14 Bumos, oOmux ¢ XxpedTom Uymak.

Ha teppuropun Oxanukcaiickoro OacceiiHa
(Y30ekucran) ObU10 0OHapykeHO 23 BHUJa JHILAN-
HUKOB U3 18 pomos [26]. K coxkxamenunto, OTCyTCTBHE
MOJTHOTO CIUCKA BHUJIOB HE IMO3BOJMIIO MPOBECTU
CpaBHEHHME ¢ TeppuTopueil xpeodra Yynak, Ho u3 13
CEeMENCTB, OTMeUYeHHBIX B OxaauKkcaiickoM Oacceii-
He, 9 npencraiensl B Uynake. OCHOBHOE BHJIOBOE
pa3HooOpasue CTEIHbBIX JIMIIaHUKOB rora Camap-
CKOIl 00JTacTH COXpaHEHO Ha TEPPUTOPHUIX MaMSIT-
HUKOB TPUPOBI, Ie oOutaeT 36 BUIOB, OTHOCS-
umxes kK 17 pongam, 12 cemeiictBam, 8 nopsiakam, 4
moJIKIIaccam, 2 Kiraccam oTzena Ascomycota, B TOM
gucie 9 papuTETHBIX BUAOB. JIMIIAafHUKKA OCBOUIIH
10 pacTuTenbHBIX accouuanuii U3 Kiaccos Gopma-
LM{ TUIYAKOBBIX CTENEH U MOJBIHHBIX cTeneil. 1o

OTHOIICHUIO K cyOCTpaTy BHAOBOE pa3HOOOpasne
JMIIAHHUKOB yOBIBaeT B psiAy: Ha mouse (19 BunoB)
> ga kaMHsx (10) > Ha pacTUTENBHBIX ocTaTKax (7)
>mna mxax (1) [27]. K coxkaneHuto, OTCyTCTBHE TOJI-
HOTO CIIMCKA BHJOB HE TIO3BOJIMIIO MIPOBECTH CPAB-
HEeHHe ¢ TeppuTopuel xpedra Uymak, HO B HaIIeM
cllyyae BHJOBOE pazHOOOpasue JIMIIaHHUKOB yObI-
BaeT B PALY: Ha KaMHIX M OCHOBHBIX mopojax (14
BHJIOB) > Ha TTo4Be (5) > Ha paCTUTEIBHBIX OCTATKaX
(3) > na mxax (1).

3akaouenue

Lenpto paGoThl OBUTO BBISBUTH BUbI JIHIIAT-
HHUKOB Ha TeppuTOopuu XpedTa Uymak. Marepuanom
JUISL CTaThbU TOCIYXUJIH COOCTBEHHBIE COOPBI aB-
TOpOB, XpaHsmmecs B repoapun Mucruryra bora-
HUKU U (GUTOMHTPOAYKITHH. OOpa3Isl U3YIAIHCh C
MOMOIIIBIO CBETOBOTO MUKpockona Levenhuk MED
DA45T LSD, nns npoBeieHUs [IBETHBIX PEAKIUN UC-
nosib3oBauch 10% BOIHBIN PacTBOP THAPOXIIOPH-
Jla KaJIisl, HACBILLIEHHBIA BOJIHBINA PaCTBOP TMIIOXJIO-
pHUa KabIs U CIUPTOBOW pacTBOp Hoja.

B crathe mpuBOAATCS CUCTEMAaTUYECKHM CHU-
COK 22 BHJOB JUIIAWHUKOB, OOHApyKEHHBIX Ha
tepputopun xpedra Uynak. Cimcok BKIFOYAET JJaH-
HbIE 0 CHHOHIMUKE, MECTOHAX0X/IeHNH, CyOCcTpaTe,
TOYHBIX KOOpJMHATaX cOOpOB. MakcuMaabHOE KO-
JMYECTBO OIpE/eTCHHBIX BUAOB (14) mpuypoueHa
K KaMHSIM W BBIXOJIJaM OCHOBHBIX ITOPOJ, Ha MXax
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Nzyuenune pasHooOpa3us TumaiHIKoB xpedra Uynak

OoOHapy»XeH BCEro OJWH BUJ, TPU BHJA OBLIM OT-
MEUEHBI Ha KOpEe BETOUCK Atraphaxis sp. M BEeTBeH
Cerasus tianshanica Pojark, nsaTe BUIIOB BCTpeua-
1oTcsl Ha mouse. Hamnbonee wacTo Ha TeppuTOpHH
HCCIIEIOBAaHUN OTMEUYCHBI BUIBI Xanthoria elegans
u Protoparmeliopsis muralis. JIsa Buna Scytinium
palmatum u Anaptychia roemeri BuepBble HaliJICHBI
Ha Teppuropun Kaszaxcrana. IlonyueHHble faHHbIE
pacIpsIIOT CBEIEHHUS O pazHOOOpa3uy JIHIIaiHU-
KOB Ha TeppuToprn xpedrta Uynak, MecTOHaX0XKIe-
HUM ¥ PACTPOCTPAHCHUU BUOB, KOTOPBIC CIYXKaT
WH/IMKaTOPaMH TUIIOB IOYB, TOPHBIX MOPOJ U JPY-
I'HX MPUPOJHBIX SBJICHUH, UYTO HMEET MOJIE3HOE IS
YeloBeKa 3HAUCHHE.

Kon¢paukr nurepecon

ABTOpBI CTaTbH TOATBEPXKIAIOT OTCYTCTBHE
KOH(JIUKTa MHTEPECOB C OPYTUMH YYCHBIMH HWIIH
YIEHaMH PEAKOJUIETHH KypHaa.

BaaropapHocTn

ABTOpBI KpaitHe npusHatenbHbl Uropro EBmo-
kuMmoBy (Kaparanna, Kazaxcran) u Jason Hollinger
(The Edgewood Institute, USA) 3a momo1up B orpe-
JICTICHAN BUJIOB JIMIAHHUKOB.
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AKTOBE OBABICbIHAA CYCLACHAENA XANTHIIFOLIA (NUTTALL)
FRESENIUS (ASTERACEAE) AATALUKbI TABbIABIMbI

Cyclachaena xanthiifolia (Nuttall) Fresenius CoATycTik AMepuka ecimairi, Kasipri yakbita Eypona
MeH CoATYCTiK A3nsaa 6eaceHAl eceai — «TpaHcopMmepAep» TYPAEP KaTapblHa >KaTaTblH MHBA3USIAbIK,
TYpi TabblAbin OTbIP, OYA ©CiMAIK Typi Taburu ecimaikTep GipAecTiriH Tybereiai e3repTyre >keHe
anMakTbIK, (hAOpParapPAbIH TaKCOHOMUSIAbIK, KaHe (PUAOTEHETUKAABIK, GiperenairiHe acep etyre KabiaeTTi.
AkTebe 06AbICbl MeH AKTebe KaaacbiHaarbl arpeccusTi 6eteH Typ C.xanthiifolia nonyAsumsicbiHbIH
TapaAybl MEH Kasipri >kaFAanblH 3epTTey, OHbIH OCbl aliMakTa OAAH 8pi TapaAyblHa >KOA Bepmey. Op
LieHOMOoNyAsUMsFa reob0TaHNKAAbIK, CUMaTTaMaAap HOTUXKEAEpi CTaHAAPTThbl BAICTEPMEH XKYPri3iAAi.
OCIMAIKTEPAIH CanaAblK MEALLEPI >KaArbl KabbIAAaHFaH dAiCTep OOMbIHLLA XXYPTi3iAAi

C. xanthiifolia ecimairi Ak Te6e KaacblHbIH ayMarbiHAA TaBbIAFaH >XOHE OHbIH, YL LLEHOMOMYASILMSCbI
cUMaTTaAFaH. 3epTTeAreH OApAbIK, LeHOMONyAsIuMsaAap 7-9 eCiMAIK TypAepiHeH Typaabl XX8He oAap
PYA€EPaAbAbl TYPAEPAIH, OKIAi.

bapabik yw ueHononyasumsaa C. xanthiifolia ecimairi Chenopodium album meH 6Gipre ecimaikrep
GipAeCTiriHiH, AOMUHAHTTbI TYpAepi GOAbIM TabblAaAbl, XXeKe eCiMAIKTEP >KabbiHbl 20%-Abl KypanAbl,
nonyAsuMsaAapAarbl TbiFbi3AblFbl 12,0+ 3,1-aeH 17,0+ 2,6 aaHa/m?, 6uikTiri 80,0+£9,3-TeH 138+ 14,0
cM-re aeltiH e3repeai. LleHononyasumsaapaa (Gypsophila paniculata, Helichrysum arenarium, Trago-
pogon orientalis) ke3peceTiH aana (pAopacbl TYPAepiHiH GeACEHAIAIr MUHMMaAAbI, GYA OAapAbIH
apamuienTep MeH aABEHTMBTI TYPAEPIMEH bIFbICTbIPbIAYbIHbIH HOTUXECI. 3epTTeyAep KOPCETKEHAEN,
C. xanthiifolia AkTe6e 0BAbICbIHbIH, ayMafFblHAQ KapKbIHAbI TapaAyAd, PYAEpPasAblK, GipAaecTikTepre
BeACeHAI TYPAE eHYAE XKBHe 8pTYPAI AeHrelAeri bIAFAAAQHABIPbIAFAH GipAECTIKTEPAE TapaAFaH.

Ty#nin ce3aep: Cyclachaena xanthiifolia (Nuttall) Fresenius, AkTe6e 06AbICbI, UHBA3USABIK, TYPAED,
MOMYASILMS KYPbIAbIMbI, TYPAEPAIH GEACEHAIAIT.
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New finding of Cyclachaena xanthiifolia (Nuttall)
Fresenius (Asteraceae) in Aktobe region

Cyclachaena xanthiifolia (Nuttall) Fresenius is a North American plant that is currently growing ac-
tively in Europe and Northern Asia, an invasive species belonging to the “transformer” species capable
of radically transforming natural plant communities and influencing the taxonomic and phylogenetic
uniqueness of regional floras. Studies of the distribution and current state of populations of the aggressive
alien species C. xanthiifolia in the Aktobe region and the city of Aktobe to prevent its further spread in
this region were carried out. As a result, geobotanical descriptions were carried out in each cenopopu-
lation using standard methods. Qualitative recording of plants was carried out according to accepted
methods.

The plant was found on the territory of Aktobe; three coenopopulations involving C. xanthiifolia
were described. All studied cenopopulations are species-poor and contain 7-9 species and consist of
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Axrebe obnsiceiana Cyclachaena xanthiifolia (Nuttall) Fresenius (Asteraceae) ayramrksl TaObITBIMBI

ruderal species. In all three cenopopulations, C. xanthiifolia together with Chenopodium album are the
dominants of plant communities, the partial projective cover is 20%, and the density in the populations
is from 12.0£3.1 to 17.0£ 2.6 pcs/m? individuals, the height varies ranging from 80.0+£9.3 to 138+ 14.0
cm. The activity of C. xanthiifolia is very high and is second only to C. album. The activity of steppe
flora species found in coenopopulations (Gypsophila paniculata, Helichrysum arenarium, Tragopogon
orientalis) is minimal, which indicates their displacement by weeds and adventitious species. Research
has shown that C. xanthiifolia intensively spreads throughout the Aktobe region, actively invades ruderal
communities and covers communities of varying degrees of moisture.

Key words: Cyclachaena xanthiifolia (Nuttall) Fresenius, Aktobe region, invasive species, population
structure, species activity.
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HoBas Haxoaka Cyclachaena xanthiifolia (Nuttall)
Fresenius (Asteraceae) B AKTIOOMHCKO#M 06AaCTH

Cyclachaena xanthiifolia (Nuttall) Fresenius — pactenne CeBepHoi AMEpPMKM, B HaCTOSILLEE BPEMS
aKTMBHO pa3pacTtaetcs B EBpone n CeBepHoil A3uu. MHBaA3MOHHBIM BMA, OTHOCSLIMIACS K BUAAM
«TpaHccopmepam» CrnocoOHbIM KOPEHHbIM 00pa3om MpeobpasoBbiBaTh €CTECTBEHHbIE PACTUTEAbHbIE
Co06LeCcTBa M BAMSTb HAa TAKCOHOMMYECKYIO M (PUAOTEHETUYECKYIO YHMKAAbHOCTb PErvoHaAbHbIX
rop. BbiAM MpoBeAeHbl MCCAEAOBAHUS PACPOCTPAHEHUSI U COBPEMEHHOTO COCTOSIHUS MOMYASLIMIA
arpeccmBHoro uvyxepoaHoro suaa C. xanthiifolia 8 AkTiobuMHCKOM 06AaCTM M ropoae AKTOOe AAs
NPeAOTBPALLEHUS ero AAAbHEMLLErO PACCEAEHUs B AQHHOM pervoHe. B pesyabTtate reobotaHunyeckme
OMUCaHUS MPOBOAMAMCH B KQXKAOW LIEHOMOMYASILMU CTAaHAQPTHbIMW MeToAamMu. KauecTBeHHbI yuert
pacTeHWIi NPOBOAMACS COrAQCHO MPUHSTHIM METOAMKAM.

PacteHune HaMAEHO Ha TeppuTOpuK I. AKTO6E, ONMMCcaHo TPK LeHononyAsumm ¢ ydactmem C. xanthi-
ifolia. Bce n3yueHHble LLeHOMOMYASLMU MAAOBUAOBBIE COAEPKAT 7-9 BUAOB U COCTOSIT U3 PYAEPAAbHbIX
BMAOB. Bo Bcex Tpex ueHononyasumsix C. xanthiifolia cosmectHo ¢ Chenopodium album siBasiioTcS
AOMMHAHTaMM PaCTUTEAbHbIX COOOLLECTB, 4YaCTHOE MPOEKTMBHOE MoKpbiTMe cocTaBaseT 20%.,
MAOTHOCTb B nonyAsumsx ot 12,0+£3,1 oo 17,0+ 2,6 w1/m? ocobernt, BbicCOTa M3MEHSIETCS B MPEAEAAX OT
80,0+£9,3 po 138+ 14,0 cMm. AktueHocTb C. xanthiifolia oueHb Bbicokast n yctynaet Toabko C. album.
AKTMBHOCTb BUAOB CTEMHOM (DAOPbI, BCTpeyarolmxcs B ueHononyasumsix (Gypsophila paniculata, He-
lichrysum arenarium, Tragopogon orientalis) MMHVMMaAbHas, YTO CBMAETEAbCTBYET 06 MX BbITECHEHMM
COPHbIMM 1 AABEHTMBHbIMM BuAaMM. MccaepoBanms nokaszaan, uto C. xanthiifolia vHTEHCMBHO
pacnpocTpaHsaeTcs Ha Tepputopun AKTIOOMHCKOM 06AACTM, aKTMBHO BHEAPSIETCS B PYAEpaAbHble
Co06LIEeCTBa M 0XBaTbIBAET COOOLLECTBA PA3HONM CTEMEHU YBAQKHEHMSI.

KatoueBbie caoBa: Cyclachaena xanthiifolia (Nuttall) Fresenius, AkTiob1HCKasi 0OA., MHBa3MOHHbIE
BUAbI, CTPYKTYpa MOMyASLMIA, aKTMBHOCTb BUAOB.

KbickapTynap MeH OedrijienyJiep:

A —typain 6enceniniri; CP — 1ieHOnomyisus;
IBIS — OoraHukanblK cuUnarTaManapibl OHICYTe
apHayraH Oarmapiama; P, % — oprama >kaObIHIBIK
xo00a; V, % — Typrepain naiaa 60ysbl.

Kipicne
XKahaunpik mnpobnemanapabiH  Oipi  ©ciMAiK-
TEpJIiH TIPUIUTIK OPTaChIHAH THIC KOHBIC ayIapysl

Ooubin TabbiIaaEl. By mponecc 6otaHUKTEp YIIiH
©3¢KTi, Oipak xahaHIbIK KIMMATTBIH ©3repyi jKoHe
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xahanmgany mporectepi OyJ1 MpoIecTi JKeeniere
tycri [1-3]. KenTeren ecimaikrep KINMATTHIK Ke-
JeprijiepAi >keHiM, oJapIblH Tapary aiiMarbl KEHEro-
ne [4,5]. TypaepaiH MUTpaHsUIBIK TPOIECTEePiHIH
skahaH/IBIK ayKbIMBIH JKOHE OJIAPJIbIH KOJIOTHSIIBIK
JKOHE SKOHOMMKAJIBIK CaJIJapbIHBIH OeNrici3mirin
€CKepe OTBIPHII, OCIMIIKTEp MUTPALHASACHIH 3epTTEY
JKOHE OYJI KYOBLIBICTBIH TAOUFU IKOKYHEre yKaFbIM-
ChI3 9CEPiH a3alTy FaJIbIMAAPBIH €H MaHBI3/IbI MiH-
neTi OOJIBI TadbIIams! [6-8].

Kazakcrannma OereH TypiepliH Tapaiy mpoo-
JIeMachl KON YaKbIT OTIece Jie, OJapJblH 0achIl
KipyiHE X0JI OepMey KoHE Of[aH KeJeTiH 3aJlaiIbl



B.A. Typanus xoHe T.0.

OapbIHILIA a3aiiTy YIIiH HAKTHI [Iapanap KaObuigay
KakeT. CralmoHapJIbIK >KOHE JKapThUIakl CTalno-
HapJIBIK 3€PTTEYJIEPIi Kypy, O6TeH TypJIep/IiH HOITy-
JISIUSICBIHBIH MOHUTOPHHT, SKOHOMHKAIIBIK YKOHE
SKOJIOTHSUTBIK 3USHIAPBI Oarajay oHe 00TeH Typ-
JiepJiiH 0achIl KipyiHiH ajJbIH-aly *oHE Oakbuiay
OOWBIHIIIA MTPAKTUKAIBIK YCBIHBICTAP/IbI KAMTUTBIH
0eTeH TYpJIEpAiH TapalyblH, CaHBl MEH MOJIIEPiH
3epPTTEYAIH YITTHIK OaFaapiamMachiH 93ipiiey KaxeT
00ITyBl MYMKIiH.

beten Typnepai eHrizy macmraObl ©Te YIIKeH.
OpTYpIIi eNep/IiH FaabIMIapbIHBIH 3€PTTEYJICPiHIH
HOTIDKECIH/IC Ta0UFU Tapaiy aliMarblHaH THIC Ke3-
nmecetin 13168 eciMmmik Typiepi (omemmik Quropa-
HBIH 3,9%-Fa KybIFpl) aHbIKTaFad [9-11].

b.M.Mupkun xone T.0. [12] s)xaHa aymakTapra
KaOU1eTTi TypiepiiH maiima O0ysl MEH Tapaiysbl
OouocepaHblH «aHTPONOICHIK T'OMOICHH3AIMSI-
CBhIHa» OKEJETiHiH aran oTTi. [lyHue xy3iHmeri 658
alfMaKTBIK (IIOpaHBI 3epTTeY 0OTEH OCIMIIK TypIe-
piHIH JYHHE KY3iHAEri alMakThIK (IiopanapbiH
TAKCOHOMUSUTBIK JKOHE (HIIOTCHETHKAIBIK Oipereii-
JITiHE KAHIIAJIBIKTHI KYIITI 9cep €TETIHIH KOpCeTTi
[11]. BeTen eciMaiKTep IiH HATYpATU3AIUICH] TAOU-
FU (hIopa KYpbUIBIMBIHBIH OY3bLTY JKOHE OJIApJbIH
TEeHETHUKAJIBIK OipereiIiriH KOFanTy KayIiH TYAbl-
pans [13].

AnaM opekeTiHiH ocepiHeH (Iopamarsl e3re-
picTtep, TaOWFU JKOXKYHeIepaeri 0oCEKeIeCTIKTIH
TOMEHJIEYl «Kapa TeCIKTepIiH» maina OoJyblHA
OKeNeal, oJap apKbuIbl OOTEH Typiep eHri3ijeni.
Omapapry Keibipeyrepi maiima Oonaapl na OipaeH
JKOFamaibl, OacKanapbl pyaepaibl TIpIIUTK OpPbIH-
JapbIH MEKEHJETI, COJI JKepJe ocel, all YIIiHIIie-
pi Oenrini Oip yakpITTaH KeiiH TaOWFHM KaybIMJiac-
TBIKTAp/Ibl HATYpAIM3AIMSIIAN anajbl )KOHE e3repTe
anmajael — OYJI TYpJiep «MHBA3HSUIBIKY JICT aTayajibl
[14], sram onmap TaOWFU OCIMAIKTEP KaybIMIACTHI-
FbIHA KOHBICTaHBIN KaHa KOWMai, oJapAbl TOJIBIFbI-
MmeH e3repreni. R.G. Olmstead [15] sxeprimikTi dto-
paHbl HHBA3HSUIBIK TYPIIEPAiH OAChI ayhl TIPIILTIK
€Ty OpTaChIHBIH >KOWBUIFAHHAH KeWiHTi OuoanyaH-
TYPJIIJTIKKE TOHETIH eKiHII MaHBI3bl Kayill OOJIBII
CaHANIATBIHBIH €CcKe cayajpl. IHBa3HUAIBIK TYypIiep-
JIIH Tapajybl SKOHOMHKAJIBIK KayilTepre e, SFHU
IKOXKYHENep/IiH OHIMILTITIHIH TOMEHJICYiHE aJIbIIl
KeJei, OyJI aybUTIIapyalibUIBIFEl JKOHE OpMaH Iia-
PYaUIBUIBIFBI YHBIMIAPbIHA TIKEeH 3UsH KenTipei
[14]. Onbig ycTiHE KelOip Typiep eCiMIiKTepAiH
Mapa3uTTIK HEMece KYKIAIbl aypyJapbIHbIH Tachl-
MaJIZIayIIbIChl OOJBIN TaObLIA I, MBICAIBI, OUAl-
Fa 3USH KENTIPETiH TaT CaHbIpayKYJIaKTapbIHBIH
Typaepi. Ambrosia artemisiifolia, Cyclachaena
xanthiifolia, Atriplex sagittata, Ulmus pumila »xein-

MEH TO3aHJaHATBIH OCIMIIKTEp Typiepi aiep-
THSUTBIK  aypynapabl TyFeansl [13]. Heracleum
sosnowskyi MHBa3HsUIBIK ©CIMJIITIHIH BEreTaTHUBTI
Kep YCTi opranaapsl Tepi (UTOAEPMATUTIH TYyHIbI-
pansr [16].

Ocpuiaiiina, WHBa3USUIBIK TYPJEPAIH Tapaiysl
IKOXKYHeNnepliy OuoamyaHTYpJIUIriHIH, KaWbl-
JTBIMIAP MEH WIA0BIHABIKTAPIBIH CallaChIHBIH TO-
MEHJIeYiHe, aJUIePTUsUIBIK aypyJIapAblH apTybIHA
okeneni. OkiHimke opait, Kasakcranma Oy Oa-
FBITTaFbl 3€PTTEY JKYMBICTApPBI iC JKY3IHAE XXYpPri-
3iMelii, keOiHece aTaliFaH KayilTi jKarjaaiiap
Eypona engepine Ton [16]. Mpicansl, OHTYCTIK
Cibipne Cyclachaena xanthiifolia 6ip TypaeH Ty-
paThlH  OCIMIIKTEp KaybIMJIACTBHIKTAPbl KOMIIMI1
apaMInenTep MEH >KapThUlall apamuienTepil aj-
MacTeipansl [17]. MHBa3USIBIK TYPIEPIiH TapaTysl
Taburn (GIopasblKk KeMeHASPAiH TYp e3repicTepine
JKOHE Tapa30HAJbIbl JKOHE MapanHTPA30HAIBIbI
OCIMIIIKTEp KaybIMIACTHIFBIHBIH  KaJbIITACYbIHA
oKkeneni. AN onapIblH HATypalInu3alusChl ©CIMIIK
(hopMarusITapbIHBIH CBIPTKBI TYPIHIH TOJBIK ©3Te-
pyiHe oxeneni. MHBa3UsIBIK TYpiepi >KEePrimiKTi
TYpJiepMeH OylIaHIACTBIPY JKoHE OeplIreH KIMMat
YILIiH arpeccuBTi TO3IMA1 OyaaHaapIbIH naiina 6oy
Kayrmi TysIHAai et [ 15].

Ocpbiran OaityiaHbICTBl AKTOOE OOJIBICHI ayma-
FBIHJAFbl MHBA3MUIBIK OCIMJIIKTEpIi KOca ayFaH-
Jla, aJBEHTUBTI (KE3MEHCOK) OCIMIIKTEPMiH TYPIiK
QITyaHJIBUIBIFBIH, OJIAPJBIH Tapaly epeKIIeNiKTepi
MEH HaTypallu3allusChIH aHBIKTay ©3€KTi Moceie
OOJIBIIT TaOBLIAIBI.

JKyMmbICThIH MakcaThl AKTeOe OOJIBICBI MEH
Axre0e KanachlHAArbl arpeccuBTi 0eTeH Typ
C.xanthiifolia mONynSIMACHIHBIH Tapalybl MEH Ka-
3ipri JkarJaiblH 3epTTEY, OHBIH OChI ailMaKTa OJaH
opi TapaybIHa X)0J Oepmey.

Akre0e o00mbichl Ka3zakcTaHHbIH OaThICHIH/IA
OpHaJacKaH >koHe OaThICTaH LIBIFBICKA Kapail mia-
MameH 800 MIaKbIPBIM, COJITYCTIKTEH OHTYCTIKKE
kapaii 700 miakplpbIMFa CO3bUIBIN KaTblp. OHBIH
ayMarbiHa yIiI Taburu aimak ToH [18,19]. Conrycti-
TiHJ/Ie ajalblK KIUMATTHIK OeNjiey, OpTalbIK 0ei-
TiH7E OHTYCTIKKE Kapal MeJIeHTTi ailMaKka aiMaca-
TBIH JKapThUIai NI KIMMATTBIK Oerney ToH. by
ITyaHTYPJIi KITUMATTHIK KaFaaiiap opTypili SKOJIO-
TUSUTBIK JKaFmaiira OediMIenTeH oCiMIIKTepIiH Ta-
panybiHa MYMKIHJIIK Oepesi. TombIpakThiH OipKeKi
eMecTiri MeH penbe(iHiH anyaHTypiiiirine Oaina-
HBICTBI opOip KIIMMATTHIK OISy MiH MIETiHAe 6CiM-
JiKTepAiH Oenrisi Olp 30HANBIK THNTEpiHEH Oacka
e31H/IIK el nana Janamadraps! kesneceni [20].

EH arpeccuBTi WHBa3WUTBIK TYpAEpAiH Oipi
amepukanblk Cyclachaena xanthiifolia (Nuttall)
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Fresenius Typi 6onbein Tadbutanel. byn Typ Eypo-
MTaHBIH KONTETeH eJjepiHe aJieyeTTi Kayilm TOHIi-
peni [16,20]. C.xanthiifolia-upiq Taburu Tapany
alilMarbl COJNTYCTIKAMEPUKAIBIK AaNalblK (hiopa-
cel [21]. Kazipri yakeiTTa 6y Typ A3usia xKoHe
Eyponanbin 28 ennepiHie KeHIHEH TapajraH.
Peceiine C.xanthiifolia «Tomn-100» WHBa3HIIBIK
typiiepre xipeni [22]. Kazakcranna C.xanthiifolia
anram pet Kaparanabima XX raceipabiH 80-mri
XKblnaapbinaa taOeuiran [23]. byn typ Talbui-
ranHaH Oepi 30 xbur imiane C.xanthiifolia e3i-
HiIH Tapaly alMarblH eldyip KeHeWrim, AJmMa-
1ol, lIsireic Kazakcrtan, Kaparannel, Kocranaii
kone IlaBmomap oOJBICTapbIHAH 1A TaOBUIIBI
[24]. C.xanthiifolia anTpOTIOTeHIIK 3aKbIMIaJIFaH
OCIMJIIKTEp KaybIMIaCTHIKTAPBIH/IA TaPaJIbIII, JKa-
HyapJiap OHBI )KeMEeHTIHAIKTEeH, iC KY3iHIe YIKEeH
Ouomacca Kypaitasl. Enji-MekeHiepae KapKbIHIbI
KOHE MOJI 6ciI, IYJIeHY Ke3eHIH/Ie allIepTHsIIBIK
aypynapasl Tyaeipanst [25]. C.xanthiifolia aittap-
NBIKTal ayMakTa Oip TypJieH TypaThlH Koma Ty3irl,
TaOuru Quopa TypJepiHiH KaHapyblHa K01 Oep-
Meit kegepri kearipemi. [17].

C.xanthiifolia 2022 sxbuibl AKkTe0€ 00JIBICHI-
HaH (AxTe0Oe K.) TaObbuabl. COHABIKTaH OyJl MHBA-
sustnelK TYp C.xanthiifolia TaOpurran KepiepaiH

MOMYJISIIIASCHIHBIH, KYPBUIBIMBIH 3€PTTEY MaHbBI3/IbI
0OJIBII TAOBLIAEL.

3epTTey MaTepHaJAap MeH daicTepi

C.xanthiifolia OiIpXbUIIBIK ©CIMJIIK, OWIKTIrl
(30) 40-150 cM, KbIpibl cabakThl, TOMEHI1 Oeiri
JKaJTaHaIll, KOFapFel Oeiri TykTi. JKambipakTapbl
KYPEK TOPI3Mi-KYMBIPTKA TOpPi3/i, Y3bIHIbIFEI 10
CM-Te JIeiiiH JkoHe eHi 6,5 cM-re feiiH, Kapama-Kap-
Chl OpHANACKaH (CH YKOFAPFBhUIAPBIH €CEeNTEMETeH-
JIe), carakThbl, TYOIHE Kapall cyHipJieHTeH, YIIbIH/Ia
CYHipJICHIeH, KUEKTEPi apa TiCTi, KbUILIBIKTHI TYK-
TepiHeH Kemip-Oyasipibl. CeOeTTepiHiH AmameTpi
2-4 MM, Kerl, reTeporamibl, cCaJObIPaHKbI, ipi, 0oC
CBITIBIPFBI TYJIIOFBIPEIHA KuHAFaH. Opama jKarlbl-
pakTapsl JKapThI map Topi3mai, KaOBICKaH, eKi KaTap-
ra opHayackad 10 >kambeipakmanan Typaasl. CeIpT-
Kbl JKalblpaKiIanapbl Kepi *KYMBIPTKA TOPi3ai, col
CYHip, IIeNTECIH, TYKTI, XKUEKTEPi Y3bIH O€31T1 TYKTI.
eTki rynaepi 5—y, aHAJIBIKTHI, )KEMICTI, TYJ cepiri
KBICKapFaH (cakuHa Topi3i). OpTaHFbI TYIIEpi KOC-
JKBIHBICTBI, caHbl 10-15, Oec Ticmieni KyaTem, aHa-
JIBIFBI JKETIJIMETEH KOHE 0OC JIEpJIiK TO3aHIBIKTHI,
crepuibai. Kynrenepi ambik-kackll HeMece cap-
FBITIT-KAchLT TYCTi [26] (1-cyperT).

1-cyper — Cyclachaena xanthiifolia (Nuttall) Fresenius AkreOeneri menzi nanaga
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WHBa3usIIBIK ©CIMIIKTEPiH TYPIIK KYpPaMblH
aHBIKTay OOWBIHINA 3ePTTEY >KYMBICTapbl AKTeOe
KaJlaChIHBIH ayMarbiaa 2022 KbUTABIH Ka3aH aifbIH-
Ja OapIblK TabuFy aliMakTap, KeHOip oKIMIIUIIK OK-
pyrTep MEH aybULABIK eNJli MEeKEeHAEPAE MapuIpyT-
TBIK 9JIICTICH JKYPTi3iJ1Ii.

Axrebe KamacbiHga «Camap» aBTOBOK3aJIbl
aynaHblHAA (2-CypeT) aHTPOMOTEHIIK (aKTopiap-
JIBIH 9CEPIHEH OpPTYpIl A9pPEeKee ©3repreH ecim-
JUKTEp J>KaMBUIFBICBIHAH TYPAThIH YydYacKelep/cH

AsTocTamuuA xcnpec
(= Pt iy

® Casgel
*38

C.xanthiifolia-HbIH yII TEHOIOIYJISIIUACH] aHBIK-
tamael: LII-1: cupek kapaaram (Ulmus pumila L.)
OTBIPFBI3BUIFAH TAC)KOJI OOWBIHAAFBl PYICPATIBIK
ecimikrep KaybimaacTeirbl; L[I1-2: kaparamThiH
(Ulmus pumila L.) >xanfel3 gaHagapbl Ke3aeceTiH
KYPBUIBIC KaJJIBIKTaphl Oap 16 aajaiarbl py/e-
panabIK eciMaikTep KaybiMaacToirbl; [II1-3: yakpit-
ma cy arbIChIHa JIeHiHTi Oerkeinepne, caiiapaa
JKoHe OCTOH IUIMTajap apachIHIAFbl PYACPaANIIbIK
OCIMAIKTEP KaybIMAACTHIFBL.

O GBss

2-cypert — AKTo0e KaJlaChIHJaFbl LIEHOOMYIISLIUSIIAPIbIH OPHAIACY b

Op LEHONOMYJISIUsFa Te000TaHNKAIIBIK CHUITAT-
TaMayap CTaHAAPTTHI SIICTEPMEH JKYPri3iimi. OciM-
JUKTEPJIIH CalayblK MOJIIIeP] Kajlbl KaOblIIaHFaH
onictep OolipiHIna Kyprizini [27]. Typ cansl (qana),
Ke3Jecyi, %, JKaiIbl JKoHe iITiHapa eciMAIKTep XKa-
ObIHBI, % aHbIKTAIABL TYpIiH KaybIMIACTHIKTAFbI

OPHBIH JKUBIHTBIK Oaranay YIIiH, OHbIH Ke3/IeCyl MeH
OCIMIIIKTEp KAOBIHBIH €CKEPEe OTHIPHIIN, (HUTOIEHO3
KYPBUILIMBIH/IAFBI TYPJICPIiH OpPHBIH aHBIKTAHTHIH
TYp OCJICEHIUNIriHIH MHTErpajabpl KOpCeTKil maii-
nmananeuael. Typ Oencenpinirin ecenrey IBIS xyiie-
ciage [28] ¢hopmyna OOMBIHIIA KYPTi3iIIi:

Act =

C><100%>< 2.4

i
1

Cx Ay ),

MYHJaFbl Act — MOHUTOPUHT aliMarbl YIIiH TaKCOH-
HBIH ecerTenreH oencenniniri naipzoex (0+-100%);

N — ecerike alry aiiMaKTapbIHBIH CaHBI (3JI€MEH-
TapJBIK METPII yirisiepi);

C — TaKCOH TYPAKTBUIBIFBI — TAKCOH TipKEJIreH
TipKey OpbIHJapbIHBIH a0COIIOTTI CaHBI;

A, —1i-111i 3epTTey y4acKeCiH/Ie TAKCOHHBIH OCiM-
JIKTEp KaOBIHBL;

=0 x——%

N

Ay — GapbIK 3epTTey y4acKelepiHIeri TaKCOH-
HBIH ©CIMJIIKTEP >KaOBIHBIHBIH KOCBIH/IBICHI.

OCIMIIKTEp KaybIMJIACTHIKTAPBIHBIH aHTPOIIO-
TeHJIK Jerpajanusi JopeKeci CHHAHTPONMHM3aLus
KO3 (UITUEHTIHIH KOMeTiMeH aHBIKTaIael [29].
CunaHTponH3anusi KOdI(QQHUIMEHTI CHHAHTPONTHI
KOHE TeMepoOoOThl TYpIEpHIiH Kajllbl Ke3AecyiH
ecenTeui.
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NaNaNb
K = Ya.x 100+ (Zai+ Zbl.)

i=1i=1i=l

MYH/IaFbI
Ks — curanTponm3ays Ko3QQUIIeHTi;
al — CHHaHTPONTHI TYPJIEP/IiH Ke3/ecyi;
Na — CHHaHTPONTHI TYPJICP/iH CaHBbL;
bi — remMepohoOTH TyprepiH Ke3ecyi;
Nb — remepodoOTHI TypJIepAiH CaHBI.

3epTrTey HOTHIKeJIePi :KIHE 0J1apAbl TAJIAY

UI1-1 — 7 Typnen typansi, Chenopodium album
noMuHAHTTHI (1-kecre). XKammer ecimikrep xaObI-
bl 80%-nb1 Kypaiiael;, C.xanthiifolia eciMaixrep
#abwiHbl — 10%); neHononysus ayaansl — 500 m?;
THIFBI3IBIFRI — 13,0+4,7 mana/m?, oprama eciMaik
oumikriri — 80,0£9,3 cMm (2-kecre).

HI1-2 — 9 typaen typansl, C. xanthiifolia no-
MUHAHTTHI (1-kecte). JKanmer eciMaikTep jKaOBbIHBI

95%-nb1 kypaiiner, C.xanthiifolia ecimuikrep xa-
OBl — 30%; neHomomysus ayaansl — 8000 m?%;
THIFBI3ABIFB — 12,0+3,1 mana/m?, opTamia eciMIiK
Ouikriri — 95+10,1 cm (2-kecre).

HI1-3 — 9 typmen Ttypanel, Chenopodium
album xoue C. xanthiifolia nomuHantTs (1-kecre).
Kanmer ecimaikrep xaObiHbl 80%-1bI Kypaubl;
C.xanthiifolia ecimaixrep xa0bHbl — 20%; 1IEHOMIO-
mysiust ayaansl — 1000 M2, TeIFBBABIEL — 17,0+2,6
nmana/M?, oprama eciMaik owmiktiri — 138+14,0 cm
(2-xecre).

Y neHonomyssiusiia oapibiFel 17 Typ Tip-
KelreH. bapiiblK 3epTTeireH 1eHOMOMyIIusIap a3
TYpJi pyAepaibIasl TypiaepaeH Typaabl. CHHAHTpPO-
nu3anms gapexeci 5S0-nen 66,7%-ra neitin. bapibik
YII [ICHOOIYJILUSHBIH J1a OCIMAIKTEp KaybIM1ac-
teireiaga C.xanthiifolia men Chenopodium album
JToOMHHaHTTap. Ailita kery kepek, C.xanthiifolia
Oencenniniri ere xorapel xxoHe C.album-HaH Ke-
HiH exiHmi opsiHAa. lleHomomymsanusIapaa Kes-
JleceTiH ganaiblk (iaopa TypJiiepiHiH OeJceHaiuTir
(Gypsophila paniculata, Helichrysum arenarium,
Tragopogon orientalis) MUHAMaNIbI, OYJI OJapIbIH
apaMIIeNTepMEH KOHE Ke3JeHCOK (aJBEHTHBTI)
TYPJEPMEH BIFBICYBIH KOPCETE/II.

1-xecte — Akrebe aymarbiHnarsl C.xanthiifolia KaTbICaThIH IEHONIOMYIISIIUSUIAPABIH TYP KYPaMbl

Ocimaik TypJepi II-1 II-2 II-3 *V,% P,% A
Chenopodium album L. 40 10 20 100 33,3 58
Cyclachaena xanthiifolia (Nuttall) Fresenius 10 30 20 100 20 44,7
Kochia scoparia (L.) Schrad. 10 10 66 6,7 21
Agropyron cristatum (L.) Beauv. 3 5 66 2,7 13,3
Lactuca serriola L. 2 5 66 2,3 12,3
Carduus crispus L. 10 33 3,3 10,4
Cirsium vulgare (Savi) Ten. 10 33 33 10,4
Festuca valesiaca Gaudin 10 33 3,3 10,4
Glycyrrhiza glabra L. 10 33 33 10,4
Polygonum aviculare L. 10 33 3,3 10,4
Polygonum gracilius (Ledeb.) Klok. 10 33 33 10,4
Atriplex tatarica L. 5 33 1,7 7,5
Descurainia sophia (L.) Webb ex Prantl 5 33 1,7 7,5
Gypsophila paniculata L. 5 33 1,7 7,5
Helichrysum arenarium (L.) Moench 5 33 1,7 7,5
Melilotus albus Medikus 5 33 1,7 7,5
Tragopogon orientalis L. 5 33 1,7 7,5
Cunanrponusanus ko3hummeHti, % 50 66,6 62,5

V, % — typaepain ke3necyi; P, % — opraia ecimMaikrep xa0bIHbI; A — Typ OenceHitiri
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3epTTeneTiH  OCIMIIKTep KaybIMJIACTHIFBIH/IA
HETI31HEeH apamiien Typiepi 6aceiM: Chenopodium
album, Cyclachaena xanthiifolia, Kochia scoparia,
Lactuca serriola. C.xanthiifolia — 3-4 xbln OypbIH
KOHBICTAHFaH YKaHa MHBA3USUIIBIK TYpJiep Kasip AK-
Te0e OOJBICHIH/A KEeH Tapajbll, TYPaKThl MOMyJIs-
[USUTAPABI KAIBIITACTHIPIBI.

HII-ma Typmep cansl a3, 7-9 Typ, OWI eciMmik
KaybIMJIACTBIKTAPBIHBIH aHTPONOTCHIIK TpaHCcdop-
MAaIUSCBHIHBIH JKOFaphl JOpPEKeciMeH OalIaHbICTHI.
JlereHMeH, JKaJbl ©CIMIIKTED JKaObIHBI AUTaPIIBIK-
Tai sxorapsl xkoHe 80-90%-nb1 Kypaiinbl, 6y apam-
HIeNTEP/IiH XOHE ©H aJJIbIMeH OChI JKarjmaiinapiaa

Oencenni oceriH xoHe 12-17 nmana/m? TBIFBI3IBI-
ro1 xorapel C. xanthiifolia ecyiMeH OailIaHBICTHI
(2-kecre).

C.xanthiifolia 1930 xpl1gapaplH opTachiHa Je-
i Peceline KapaHTHHIIIK TYpre KaTKeIBBUIAB [17].
Kazipri yakpITTa enji MEKeHIepJe OCIMIIKTepi
maly YCHIHBUIABI, OYJI TYKBIMIAP/IBIH TOIBIPAKKA
tycyin mekreiai [30]. by ka3ipain e3inge Akreoe
KaJIaChIHBIH TEPPUTOPHUSACHIHA KATBICThI. bakpuiay-
nel KaxeT eretin C.xanthiifolia eciMIiriHiH kaHa
TIPIIUTIK OPBIHJAPBIH YKOHE OHBIH Tapaiy OIIaKTa-
PBIH aHBIKTAY YIIiH AKTO0€ Kaiaackl MEeH O0JIbIC ay-
MaKTapblHa KEJICIIEKTE 3ePTTEYIIep KYPrizy KaxKer.

2-kecre — AkreOe Kanaceiunarbl C. xanthiifolia oy nAuUsIapbIHBIH KYPbUIBIMBI

Kepcerkim -1 -2 -3
Typaep causl, qaHa/100 m? 7 9 9
Kanmsr ecimaixrep xadbiust (OIIT), % 80 95 80
Buikriri, cm 80,049,3 95+10,1 138+14,0
THIFBI3IBIFGI AaHa/M? 13,0+4,7 12,0£3,1 17,0+£2,6

C.xanthiifolia »aHa ONIAKTapBIHBIH Maiga 00-
JybIH ko010 yuiH «JlyBapam», «Uucranan», «Top-
Hago», «Paynmym», «Yparan» TrepOUIHITEPiH
KoJIJIaHy YCbiHbLIaAb! [16,17,25]. [epOunuarepain
TUIMILIIT alTapibIKTai )KOFapbl, Oip aliaH Keiin
KyparaH eciMmikrepaiH yieci 84-ten 100% -ra ge-
HiH Kypaiabl, an Tipl KaJFaH ©CIMJIIKTEPIiH Kerl-
nriniri 3akeiMpanansl [17]. Ocepi BereTanusibik
KEe3eHHIH COHBIHA NIEHIH CO3BLIAIbI, OCIMIIKTEPIiH
KaliTa ecyi OalKaiMaiapl. XUMUSUIBIK 3aTTapaaH
0acka arpOTeXHHUKAIIBIK KYPecC MIapajiapbl KOJIaHbI-
JIaibl, MBICAITBI: ca0aH Ta3apTy, KY3IIK JXKBIPTY, eric
ANJIBIH/IAFB] TOTIBIPAK OHJICY, ETICTIK MaTepHaliblH
TYKbIMHaH Ta3apTy, KaTapJarbl JaKbljIap/aa Karap
apaiiblk eHaeyiep [17].

KopbIThIHIBI

AxTe0e OOJIBICHIHBIH TaOMFH-KIMMATTBIK dJeye-
Ti, COHJIAM-aK JaHMmapTapblH KOFapbl aHTPOIO-
TeHIIK TpaHCPOPMAITMACH KONTEreH aJIBEHTHBTI
TYPJICPAIH HATypaIu3alMsChiHA MYMKIHIIK Oepei.
Cyclachaena xanthiifolia (Nuttall) Fresenius eH arpec-
CHBTI, OCJICEH I TapalaThIH YKOHE IKOXKYHenepre acep
eteni. OciMiik AKTO0e TEPPUTOPHUSICHIHAH TAOBLIFaH,
C.xanthiifolia xatbicaTblH YIII LCHOIOIYJISIIUS CH-
maTTaIasl. A3 Typi 6ap OapibIK 3epTTENTreH IIEHOIOo-
nyJsysuiap 7-9 Typal KaMTHIBI JKOHE pyAepalib/ibl
TYPJIEp/ICH TYpajibl. bapiblk yIll IEHOOMYJISIHsIIA

C.xanthiifolia men Chenopodium album eciMaikTep
KaybIMJIACTBIKTAPbIHBIH JIOMUHAHTTAPbI OOJIBIN Ta-
ObLTa BRI, imiHapa eciMaikTep ka0btHbI 20%, MOy Is-
LUSIHBIH TRIFBBABIFLL 12,043, 1-nen 17,0+2,6 nana/m?,
ouiktiri 80,0£9,3-ten 138+14,0 cM-re neifiH aybIT-
xunpl. C.xanthiifolia ©enceHainiri eTe )KOFaphl )KoHE
C.album-HaH Ke#iH ekiHImi opbiHaa. Jlanansik ¢uio-
pa Typnepinin Oencenainiri (Gypsophila paniculata,
Helichrysum arenarium, Tragopogon orientalis) Mu-
HUMAaJJIBI, OYJT OJIap/IbIH apaMILenTepMeH KoHE Ke3-
JIEHCOK (aIBEHTUBTI) TYPIECPMEH BIFBICYBIH KOPCETE/I.
3eprreynep kepcetkeHnent, C.xanthiifolia Axreoe 00-
JIBICHI TEPPUTOPHUSICHIHIA KAPKBIH/IbI Tapasiaipl, py/ie-
palbJibl KaybIMIACTBIKTAP bl OCJICEH I Typae OachIn
anajpl JKOHE OPTYPIl BUIFAJIBUIBIKTAFBl KaybIMJIac-
TBIKTap/Ibl KAMTHIBL.

AxTe0e o0JbICHIHAAFEI Ja, Ka3akcTaHHBIH Oac-
Ka aifMaKTapbeIHIAFBl J1a WHBA3USIIBIK OCIMIIKTEp-
JUH HaTypaJIn3alUsChIHBIH JOPEKEC opTYpIIl kKoHE
HaTypaJln3alys MPOLECIHIH dPTYpii JUHAMUKACKI-
MeH cunartanansl. COHIBIKTAH arpecCHBTI OOTEH
TYPJICPAIH TapalyblHa K0JI OepMey YIIiH Kasipri
yaKbITTa TEK Tapally TCHJICHIUSICHIH KOPCETIIl JKaT-
KaH JKOHe aliMakTa KeH TapaJMaraH eCiMIIKTepre
Hazap aynapy kepek. OONbBIC TEppUTOPHUSCHIHIA
C.xanthiifolia-ably Tapainybl KeHEHeTIHAIKTEH, Oac-
Ka TeppUTOpHsIIapa KHHAKTAIFAH TOXIprOeIepIi
naiianana OThIPHII, OHBIH TapalyblH TEKEHTIH TeX-
HOJIOTHSJIapAbI 33ipiey Kaxer [18].
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OOnbIc TEPPUTOPHACHIHAA TYpJEpP WHBA3USICHI- Mynseiiep KAKTbIFBICHI
HBIH MAacIITa0bIH HEFYpIbIM OOBEKTHBTI Oaramay
vyt C.xanthiifolia-ap1H Tapaiybl MEH TaOUFU KO- bapnbIk aBTOpiap MakalaHbl OKBIFaH, Ma3My-

XKyienepre ocepiH aHbIKTay YIIIiH 3epTTeyJiep KKET.  HBIMEH TaHBIC KOHE MYJesep KaKThIFbIChI KOK.
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KYHTEN AAATAYbI XXAFAAUBIHAA CHELIDONIUM MAJUS L.
AOPIAIK TYPIHIH, KATbICYBIMEH ©CIMAIK )XAMbIATbICbIHbIH,
ITAAOHADBIK YYACKEAEPIH 3EPTTEY

Makanapa KyHrein AaaTaybiHbiH KasakCTaHAbIK, GeAiri aymarbiHaarbl Chelidonium majus L.
ABPIAIK 6CIMAITHIH KaTbICYbIMEH 3TAAOHADIK YUYaCKEAEPAi 3epTTEeY HOTUXKEAEPI YCbIHbIAFaH. OPTYPAI
OCIMAIK arMakTapblHbIH, TUNTIK KaybIMAACTbIKTapbl ((PAOPUCTUMKAABIK, Kypambl MEH KYPbIAbIMbI)
6ap 5 aHbIKTaMaAblK, yyackeHiH cunattaaraH. KyHren Aaartaybl — CoATycTik TsHb-LLlaHbHbIH
epeKlle XoHe KO3 TapTapAblK, aiiMafbl, 8pTYPAI TabuFu epekuieAikTepi 6ap yw 6GoTaHWMKaAbIK-
reorpaduaabiK, NpoBUMHUMSHbIH: OpTaablk, TaHb-LLlaHb-TpaHc-Aaan, etneai Kawkap-LUbiFbic
TaHb-LLlaHb aHe eTneAi XKoHFap alMarblHbIH, TYMiCKEH XXepPiHAE OpHaAackaH. 3epTTey anmarbl
6OTAHUKAABIK, aAYaHTYPAIAiri >kxoFapbl KbipFbidcTaH PecnyGAMKacbIMEH LeKapaAac aymMak, peTiHAe
KbI3bIFYLIbIAbIK, TyAblpaAbl. LLlekapaabik, M3UKaAbIK-reorpacmsAbiK, aFaabiHa 6aiAaHbICTbI
OHbIH  (PAOpaCbiHbIH  KaAbINTacyblHa 8PTYPAI ipi  6OTaHMKAAbIK-TeorpaUsiAblK, OpTaAbIKTap
(CoaTycTik xoHe batbic TaHb-LLlaHb) acep eTTi. XKoTaHbiH KentereH aymakTapblHAAFbl Taburu
KELWeHAEPAIH TYPAIK Kypambl OHblH KOAXETIMCi3AiriHe GaniAaHbICTbl TaOUFM KYMIHAE CaKTaAfFaH
skaHe Oykin CoaTycTik TaHb-LLlaHb ywiH hAopUCTUKAAbIK, 3TaAOH GOAbIN TabblraAbl. ABTOpAAp
KyHreit AaaTayAblH Ka3akCTaHAbIK OGOAiriHiH aymarbiHaa C. majus-Tbl TEKCepy >XaHe TapaTy
6OMbIHLLA 3epPTTey UMKAAAPbIH XKYPri3ai, 6YA Kasipri yakbiTTa 3epTTEAreH Typ NonyAauUMsSAapbIHbIH
6ap eKeHAIri, OAapAbIH 9PTYPAI 6CIMAIKTEP KaybIMAACTbIKTAPbIHAAFbI TIPLLIAIK €Ty epeKlleAikTepi,
OHbIH MONYASILMIAAPbIHA Tepic (PaKTOPAAPAbIH 8cep eTy A8peXXeCiH >XOHe OCblHAaM acep eTy
CaAAapblHbIH, Y3aKTbIFbIH aHbIKTay, OCbl TYPAIH 3KOAOTMSCHI TypPaAbl HEFYPABIM TOAbIK, MOAIMETTEP
aAyFa MYMKIHAIK 6epai. C. majus HerisiHeH TOMEHTI >KoHe opTa OGEeAAEYAEPAiIH TayAbl OHTYCTIK
6eTkenAepiHAe, KaAblH 6yTaAapAblH apacbiHAQ, ©3€H >KaFaAapblHAQ XXBHE CaAapAbIH COKMaKTapbl
MeH BeTKeNAepiHAE OCeTiHI aHbIKTaAAbI.

Tyiin ce3aep: Kynren Aaatay, Chelidonium majus L., ASPIAIK, 3TAAOHABIK, Y4YacKe, LaTKAAAAp,
TYp.
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Study of reference sites of vegetation cover with the medicinal species
Chelidonium majus L. in the conditions of Kungai Alatau

The article presents the results of the study of reference sites with the medicinal plant Chelidonium
majus L. in the Kazakh part of the Kungai Alatau. Descriptions of 5 reference sites with typical communities
(floristic composition and structure) of different vegetation belts are given. Kungai Alatau is a peculiar
and interesting region of the Northern Tien Shan, located at the junction of three botanical-geographical
provinces different in their natural features: Central Tianshan-Zaalai, Kashgar-East Tianshan transitional
and Dzungar transitional. The study region is of interest as a transboundary territory with the Republic of
Kyrgyzstan with a high degree of botanical diversity. Due to its border physical-geographical position,
the formation of its flora was influenced by different large botanical-geographical centers (Northern and
Western Tien Shan). The species composition of natural complexes of many parts of the ridge has been
preserved in a natural state due to its inaccessibility and represents a reference in floristic respect for
the whole Northern Tien Shan. The authors of the work conducted cycles of studies on the study and
distribution of C. majus on the territory of the Kazakh part of the Kungai Alatau Ridge. Kungai Alatau,
which allowed now to obtain more complete data on the existence of populations of the studied species,
the peculiarities of their habitat in different plant communities, the identification of the degree of impact
of negative factors on the population and the duration of the consequences of the negative impact. It was
found that C. majus mainly grows on mountainous southern slopes of the lower and middle belt, among
bushes, along the banks of rivers and along the plumes of slopes of gorges.

Key words: Kungey Alatau, Chelidonium majus L., medicinal, reference sites, gorges, species.
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MccaepoBaHME 3TAAOHHBIX YHACTKOB PACTUTEAbHOIO MOKPOBa
C yyacTuem AekapctBeHHoro Buaa Chelidonium majus L. B ycaoBusix KyHrei Aaaray

B AaHHOM cTaTbe NMpeACTaBAEHbI Pe3yAbTaTbl UCCAEAOBAHMIA 3TAAOHHbBIX YYACTKOB C yYacTUeM Ae-
kapcTBeHHoro pactenusi Chelidonium majus L. Ha TeppuTopun KasaxcrtaHckom vactu KyHren Aaaray.
[NpeAcTaBAEHbl OMUCAHUS MSTU STAAOHHBIX YUYACTKOB C TUMMYHBIMKU COOOLLLECTBaMM ((DAOPUCTUYUECKMIA
COCTaB 1 CTPYKTYpa), MPEACTABASIOLLMX Pa3AMYHbIE MOsiCa PaCTUTEAbHOCTM. XpebeT KyHrein Aaatay —
CcBOE00OpasHbIin 1 MHTEpecHbIt perroH CeBepHoro TaHb-LLlaHs, pacrnoAo>KeHHbI Ha CTbike pasHbIX Mo
NPUPOAHbIM OCOBEHHOCTSIM Tpex 6OTaHUKO-Teorpauueckmx NPoBUHUMIA: LieHTpaAbHO-T sHb-LLIaHCKO-
3aanarickon, Kawrapcko-BoctouHo-TaHb-LLaHckoM 1 AyKyHrapckoi nepexoaHoi. PernoH nccaeaoBa-
HUS MPEACTABASIET MHTEPEC B KauecTBe TPaHCrpaHuuHon ¢ Pecny6amkoi KbiprbiscTan Tepputopuet,
006AaAaIoLLEN BbICOKOW CTerneHbio 60TaHMueckoro pasHoobpasus. baaroaaps cBoemy norpaHnyHOMY
(pr3mKo-reorpadpmyeckoMy MOAOXKEHMIO HAa (POPMMPOBAHME ero (PAOPbl OKa3aAM BAMSHME pa3Hble
KpyrnHble 60TaHMKo-reorpaduyeckme ueHTpbl (CeBepHbii 1 3anaatbiii TaHb-LLlaHb). BuaoBoit coctas
NMPUPOAHbIX KOMIMAEKCOB MHOTMX YYaCTKOB Xpe6Ta COXPAaHUACS B eCTECTBEHHOM COCTOSIHWMM B CUAY €ro
TPYAHOAOCTYMHOCTM U MPEACTaBASIET COOO0M 3TAAOH BO (DAOPUCTMUECKOM OTHOLIEeHUN AAs Bcero Ce-
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Kymnreit anarays! xargaiisiana Chelidonium majus 1. 1opinik TypiHiH KaTbICybIMEH ©CIMAIK )KaMBUIFBICHIHBIH. ..

BepHoro TsaHb-LLlaHs. ABTOpamu NpoBeAEeHbl LMKAbI MICCAEAOBAHUIA MO U3YUEHMIO 1 PacnpoCTPaHeHUIO
C. majus Ha TeppuUTOPUM Ka3axCTaHCKOM Yactu xp. KyHrei AaaTtay, U4To MO3BOAMAO Ceivac MoAyYUTb
60A€ee MOAHbIE AQHHbIE O CYLLLECTBOBAHMM MOMYASILMIA MU3YYaEMOro BUAQ, OCOOEHHOCTEN MX OOMUTaHUS B
pa3HbIX PACTUTEAbHbIX COOOLLECTBAX, BbIIBAEHUE CTEMNEHN BO3AENCTBUS HEraTUBHbIX (DAKTOPOB Ha €ro
NOMYASILMM U AAUTEABHOCTM MOCAEACTBUI TaKOrO BO3AEMCTBUS SIBASIOTCS GOAEE MOAHbIMU U MPEAC-
TaBASIOT LEHHYIO MH(OPMALIMIO AAS MOHMMAHWUS SKOAOTMKM 3TOrO BUAQA. YcTaHoBAeHO, uto C. majus
B OCHOBHOM MPOM3pacTaeT Ha FOPHbIX I0XKHbIX CKAOHAX HWMXKHEro M CPEeAHEro nosica, CpeAn 3apocAen
KYCTapHMKOB, BAOAb HeperoB pek 1 no wAenam CKAOHaM YLLEAWIA.

KatoueBbie caroBa: Kyhreit Aaartay, Chelidonium majus L., AeKapCTBEHHbINA, STAAOHHbIA Y4acTOK,

YLEADBSI, BUA.

Kipicme

Kynreii Anarayst Conryctik Tsub-IIaHbHBIH
KaTIapiel aiiMareiHAa opHamackaH. OHBIH OacTaybl
OaTpicTarbl BOOM IIATKabl aiiMarbIH/A, CHIIKKE Ka-
KbIH OaFbITTa CO3BLIBII JKaThIp. JKoTa noraHbl Kypaii-
Jbl, OHBIH JIOHEC 0OJIIr CONTYCTIKKE Kapall, IIbIFbICTa

Kapkapa e3eHiHiH aHFapbIHa )KaKbIH JKep/ie asKTasa-
nel. HIsireicTa Kapkapa e3eninen 6ateicta Ly e3e-
HiHe JeiiiH jkoTa eHiK 0areiTTa 280 KM-Te XKYBIK CO-
3bUTBIT XKaThIp. JKoTaubiH oprama ouikTiri 3300-aeH
4400 m-re neiiin e3reperi[ 1 | skoHe KOTaHBIH eH OHiK
HYKTEC1 OpTaibIK OejiriHme opHamackan Illoxran
mibIHbI (4771 M) Gosbin Tadbu1a k! (1- cyper).

1-cyper — Kynreii Anaray »O0TachIHbIH Ka3aKCTaHIBIK 0oir

KyHnreii AnaTtaysr — cambICTBIPMAITBI TYPJIE €HCI3
aypIi Ti30eri, )OTachIHbIH eHi eH Ouik xepinge 30-
35 kM. EH xorapsl OuiktikTep [lloTKanm maccuBiH-
ne (4771 M) xoHe KOTaHBIH opTa Oemirinae Kemun
mibiHBIHAH (4643 M) conTycTik-0aThicKa Kapait lie
AnaTaysl )OTaCbhIHA Kapail OaFbITTalFaH MaCCUBTIK
OmikTiKKe ipremec opHaymackaH [2]. byn aiimakra
ouikriri 4500 — 4600 M OoJaTBIH KONTEreH d1eMi
mweIHgap Oap, an Ine men Kynreit — Anaray xota-
JIAPBIHBIH JKAKBIH/BIFBI COHIIANBIK, OJApPABIH TY3y
CBI3BIKTAFbI )KOTA ChI3bIKTAPhl apachIHAaFbl KAIIbIK-
TBHIK 8 KM-T€ JIeiiiH KbicKapajbl. Ynnko-Kemun ke-
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mipi aiiMakrarsl exi ipi e3en — llimik nen LlloH-Ke-
MUHHIH apachblHJIaFbl Cy alpbIFbl OOJIBIN TaObIIa b
JKota runmomeTpusiIbIK OUIKTIKTEpAiH alTapibIKTal
aTyaH/JBIFBIMEH JKOHE OpTYpIl penbedTik Oerrep-
MEH, MIIIHAEP/IiH 6Te TiK OCTKeHIepiMEH KoHE aii-
KbIH JICHI' €Il penbereH cunaTtanaibl.

Conrycrik Tsap-1llaHpHBIH 0acka IKoTamapsl
CHSIKTBI JKOTaHBIH epeKIe Oenrinepinin 0ipi acuM-
MeTpHsl OONbIN TaObUTAABI. SIFHM, Y3BIH CONTYCTIK
OeTkeinepi Tay apasblK OHMaHmapra KaparaHaa
JKeke cimempepre OeninreH. Kpicka oHTycTik Oet-
Keliepi Tay inriiik 6accelHaep MeH OOMIIBIK aHFap-
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JIapAbIH JKOFaphl KeTepiireH Oemirine Tipeneai [3].
JKoraneig meireic Oomiridig ererigme [imik neH
[lapbiH carachbIHBIH OHTYCTIK OOJIITiH aJbIl KaTKaH
JKananam anrapsl CO3BIIBI KaThIp.

Kynreii Anaray ’KOTachIHBIH KJIHMMATTBIK €peK-
HIeJIIKTEePl aliKbIH alMaKThIK CUIIATKA HE KOHE ay-
MaKThIH OWIKTIiri, OeTKEeWIepHiH SKCIIO3UIUSICHI
MeH TIKTIiTi, COHJail-aK ayMaKThIH OOiHYl CHSIKTHI
Taburu Qakropiap KeuieHiHe OaitnanpicTol. Tay ere-
TiHeri ayMaKThIH a0COIOTTI OMIKTITIHIH YIIFAIObI-
MEH aya bIIFaJIbUIBIFBIHBIH JKOFapblIaybl OaliKana-
IIbl, OYJT peTTe JKa3AbIH BICTBHIKTBIFBI a3aibII, KBICHI
JKBUTBI O0a el Tay eTeriHyeri Ka3bIKThIH OachIHAH
KapJibl TIBIHAApFa JeiiH kaumar OipTe-0ipre bic-
TBIK, KYPFaK oHE KYPT KOHTHHEHTTIKTEH BUIFaIJIbl
JKOHE ©Te CyBIKKa JeHiH aybicaabl [4], Oy aymak-
THIH CyMEH KaMTaMachl3 eTUTyiHe acep eTeIi.

Kynreit AnatayblHbIH IIBIFBIC OOJITiHIH ©CIM-
K >KaMbUIFBICBIHBIH cunaThl ConrycTik TsHb-
IlaHBHBIH OPTAIBIK OOJITIHIIET] ayMaKTHIH OpHaja-
CybIMEH aHBbIKTaJIaJbl. bacTankeiaa OyJl aliMaKThIH

ocIMIIK aMblIFbIChl MeH 30HachiH H.IT. CemeHOB-
Taup-11lanckwmii 3eprreni. benmikTepai aHbIKTay Ke-
3iHJE 0J1 9pTYPJIi Oenrinepre, OipiHII OOTaHUKAIBIK
(ecimzuik Typsepi), eKiHII MIapyalblIbIK MaHbI3AbI
cumnarTaManapra Heriznenred. byn OwmikTik-0e-
JUKTEp]Il KeHiH KONTEreH 3epTTeyIIiep 3epTTereH
JKOHE OCIMJIIKTEpre acep eTETiH KeNTereH (akTop-
JIapApl €CKepe OTBHIPBII, OHbI HAKThLIAI, TOJIBIKTBIP-
raH [5-8].

3epTTenreH aiiMakTa ©CiMAIKTEpIiH 0ackIM TYp-
JIepiHe YKoHE OJapAblH KOMOWHAIMIIaphIHA CYHeHe
OTBIPKIMN, OeJIeyJIepiH 116, Jaja, OPMaH/Ibl Iaj-
FBIH, CyOaJblli, ajblli, MOHI1 Kap OenjeyiHe aKbl-
paryra 6omaner. lllen ecimmikrepi JKamanam Ttay
Oekrtepinne, e Anaraysl MeH KeTMmeH xoTanapbl-
MeH Ty#ickeH xepae, Llapein maTkansiHa ipreiec
xaTkaH lllapeiH TepeH OWBIFBIHBIH OOWBIH/IA OaChIM
[9]. [enain xeke 37IeMEHTTEpi OWIK Taysbl Oell-
neyzae nie Kesaeceni[9], onap nana >koHe JKapThlIan
MIAFBIHABI-KPUOPWIBII  THIITETI  ©CIMIIKTEPMEH
KOpIasFaH (2- Cyper).

2-cypeT — OpMaH-IIaNFBIHABIK OeNaeyiHIH 6CIMIIIK )KaMBUIFBICHI

OCIMIIKTEp >KaMBUIFBICHIHBIH HETI3iH Kalay-
IIBUTAp Tay KQHE Tay eTeriHferi Stipa macroglossa
KaTbiCybiMeH, KaparaH (Caragana kirghisorum,
C.leucophloea), xycaunap (Artemisia borotalensis,
A. tianschanica, A. junica, A. sublessingencea)
JKOHE Kipmi TacOyibIprbiH (Nanophyton erinaceum)
menIepain kcepohmwibai Oyranap MEH el CH-
MATTAWTHIH TYpJIEep OO TaObLTAIBI.

Opranslk Asusnarsl JKoHFap NPOBHHLMUSACKI-
HBIH SHAEMUT1 Brachanthemum titovii (Asteraceae)
eceni. JKapractbl Oerkeiyiep MeH Tebenepliy
LWIBIHJAAPBIHAA CUPEK KesneceTiH Helianthemum
songaricum, Convolvulus tragacanthoides xayvm-
JacTeIkTapMeH kesre Tycemi [10-12]. AWMaKThIH
(hnopacel s3KOHOMUKANBIK [13] jkKoHE FBUIBIMHU TYp-
FBIIaH JKOFapbl KbI3bIFYLIBUIBIK TyAbIpaabl. by aii-
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MaKTarbl KaybIMJIACTBIKTAP/IBIH €H 0AaChIM TYpJIepi-
HiH Oipi — ynkeH cyiemmen (Chelidonium majus L.)

YnkeH cyienen KOHbIpkail Oengeyre Oedim-
JIeNITEH KoHe KoOiHece a30T MeJIIepi KOoFapbl aHT-
POTIOTEHIK TIPIILTIK OPBIHAAPHIH aafbl, OYJI OHBI
HUTpoMIII Typre alHamAbIpaabl. OCIMIIK ©31HIH
eMJIIK KaCHEeTIMEeH KeHiHeH TaHbIMall, oacipece bateic
koHe Asus ennepinge, Kerrail bl 1ocTypiri Menn-
[IMHa MEH roMeonarusiia OeliceH i KOJAaHbIIa bl
Eypomna ennepinne xone Kpitait ¢uronpenaparra-
PBIHBIH KYpaMbIHIA OpTYpIl aypylapMeH Kypecy
YIIIiH KeHIHEH Naianbuias [ 14-17].

3epTTey JKYMBICBIHBIH MakcaTsl KyHreit Anaray
JKOTACBIHBIH Ka3aKCTaHJBIK OOIIriHIH OCIMJIIK *Ka-
MbutrbichiHAa Chelidonium majus L. nopinik ecim-
Jiri ©CEeTiH 3TANOH/IBIK, yJacKenepAl 3epTTey O0JIbII
TaOBLUIAJIBI.

3epTTey MaTepHaJgapbl MeH JicTepi

Typnepain Kypambl MEH O©CIMIIKTEp KaybIMac-
TBIFBIH 3€PTTEY Ke3iHAe (IOPUCTUKAIBIK, IKOJIO-
THSUTBIK-TE€OTPAQHUSITBIK, T€0OOTAHUKAIBIK CHUSKTHI
KIIACCUKAIBIK 9JIICTEep KOJIJAHBLIIbI.

epOapuit MaTepuallbIH )KUHAY JKAIIBI KaObLI-
JAHFaH JaNajblK Te000TaHWKa ojicTeMeciHe Coii-
kec Ky3ere aceipeiiibl [18-19]. Typuix Tapanybi
aHBIKTAy YIIIH MapIIpyTTHIK Oapiay »oHEe CHpEK
KE3/IeCeTiH TYPJIEPAIH HAaKTHl IEHOMOIYIISIHsIA-
PBIH 3epTTey dicTepi Kouaaubuiasl. C. majus ecim-
JIK )KaMBUTFBICBIHBIH 3TAJOHBIK YUaCKeJIePiH 3epT-
Tey ke3eHinne Kencaii sxoHe Carbl maTKangapbiHa
€Ki SKCIIEAUIUSIIBIK MapIIPYT JKYPTi3iii.

KaybsIMaacThIKTaFbl CHPEK Ke3/IeCeTiH OcCiM-
JKTEp TypJepiH aHBIKTay OOMBIHIIIA MOHUTOPHHT -
TiK 3epTTeynep meHOepinae 5x10 (xkapracrapua),
10x20 (ManFbIHABIK KaybIMAACTBIKTApAa) KOHE
50x100 (opmaH IieHO3JAapbIHAA) CHIHAK ajaHAaphbl
KypbuLibl. TypliepliiH THIFBI3BIFBl MEH IOIMYJIs-
LUSHBIH aJIbII )KaTKAH ay/IaHbl OaraaHbIll, CAHJIbIK
ecern xypri3inmai. Jlamaneik 3epTTey 0apbhIChIH/IA CH-
naTTama HYKTeJepiH OaitaHbicThipy yiniH GPS Ha-
BHTAIVSUTBIK KYPBUIFBICHI, COHBIMEH KaTap MEKCH-
JIey OPTaChIHBIH KapTachl JKoHE KOPHEKi Ky)KaTTama
YIIiH nu@PIBIK KaMepa maiaaaaHblUIbL.

MOHUTOPUHITIK anaHaapisl Oenriiey KesiHjae
HeTi3ri OaKpUIaHATBIH TapaMeTpiiep PETIHAE abIIl
JKaTKaH ayJiaHbl, MOJIIBUIBIFBI, MPOCKIIMSIIBIK Ka-
MBUIFBICBI, JITAPAKTapABIH KOMTIri, TYJIACHYAIH
(memece »xemic Oepy) KONTiri, reHepaTHBTIK Ja-
pakTapblH (6CIMJIKTIH OMIKTIT), AaMyablH (eHO-
JOTHSIIBIK (ha3achl KoHE KOMBUTY Kaymi eCKepiii.
TakcoHOMUSIBIK 3epTTeynep OapwichiHma “Kazak-
cran ¢uopacer” [20], “Opranbik A3us eciMaikTe-
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piHiH aHbIKTaymbick” xoHe M.C. baiiTeHOBTHIH
Kazakcran dmopacer” sxuHaKTapsl [21-22] akma-
pat ke3zepi madaanansuiabl. Conpaii-ak, KyHreit
Anaray KOTachIHBIH (IOpackl MEH ©CIMIIKTepiH
3epITeyre apHajiFaH OachUIBIMAAD KOJJIAHBUIIBI
[23]. T'epbapuii MarepuaiIapblH HAKTHUIAY YIIiH
Boranwuka sxoHe QUTOMHTPOTYKITHSI HHCTUTYTHIHBIH
(Anmmartsl K.) TepOapuii KOpeIHBIH (AA) pecypcTapsl
naiaJsaHbUIIbL.

Ocimuik Typnepinin artaynapsl Plants of the
World Online (POWO) (URL: https://powo.science.
kew.org/) [24] men «[lmantapuym» (URL: https: //
www.plantarium.ru/) BeG-caiiTrapsl OoiibiHIIa Oe-
pinmi[25]. Ke#bip Typ:aep yImiH CHHOHUMIEP JKaKITa
itrHae Oepinared. JlapakrapplH KOITITl HI6NTECIH
OCIMIIKTEep/iH KONTiriH Oaranayra apHanran [pyne
HIKaachl apKbUTbl aHbIKTa kL. [1lkana keneci kate-
ropusutapbl KaMTHsl: solitatius (sol.) — xanFbi3;
sparsus (sp.) — a3; copiosus (cop.) — Kel, copiosae,
(cop,) — aidTapybIKTaii MO, copiosae, (Cop,) — Mo,
copiosae, (cop,) — eTe ke, socialis (soc.) — xarnmai
TOJIBIFBIMEH; Unicum (un) — Oip gana [26].

benrini 6ip aymakTarbl apTypii TypiepiH ¢e-
HOJIOTHSICBIH TajJiay BU3yasibl OaKbuIaylIap apKbl-
B Kyprizineai [27].

3epTTey HITHIKeIePi JKIHE 0J1apAbI TANIAY

Kyprizinren 3eprreynep Kynreit Anaray sxo-
TaCBIHBIH MIBIFBIC OOITIHCTI OPTYPJIi 6CIMIIK OelI-
JIeyJepiHiH (IOPUCTUKAIIBIK KypamMbl MEH KYPBLIbI-
MBIH KOPCETE OTBIPBIN, THITIK KaybIMJACTHIKTAp
CUNATTaJFaH alMaKTap/bl aHBIKTayFa MYMKIHJIIK
Oepai. by xywmbicta 613 Chelidonium majus eceTin
OpTYpJTi OMOTONITAPABI YCHIHAMBI3.

OmnapIplH ©Cy OpHBI MIBIPIIATEI OpMaHIap/a,
TayJbl JallaHbIH OHTYCTIK OeTKelsepiHae >KoHe
cyOanpmi  OyramapeiHna Oalikamanel.  Temenne
Chelidonium majus MeKeHIey OpbIHIAPHI AHBIKTAJI-
FaH ayMaKTapblH CHIIATTaMachl OEpiJIreH.

Nel aymak Tanmel e3eHiHIH OH KaranayblHAA
opHanackaH (3-cyper).

By aiimak e3eH jkarachlHJa jKOHE €HIiC COKIaK
OOWBIHIA ©CII KETKEH ipi TacThl INOTIHAIIEe OpHa-
JAcKaH WIBIPIIA MYK OpPMaHbl OOJBINT TaObLIaJIbL.
Myk Oackan llpenk mbipiracel 0acsiM 6opeanasl
MIBIpIIABEl opMaHaapaa Kamtuasl [28]. [eipma
aramTapblHbIH OMIKTIrT 25-30 M, TOXKIHIH TBIFbI3-
neiFel — 0,7. TombIpak KaMBUIFBICBIH/IA KACKLT MYK
6acemm. lenrecin ecimaikrepain yneci 10% — man
acmaiiael. GPS koopmuuattaper: N-42°59°50,4;
E-078°14°19,2”. buikrtiri — TeHI3 [IeHreillHeH
1804 M. 1-xecteme OCBHI YYacKeHIH TYp Kypambl
KOpCETIITeH.



A.b. JloctemecoBa xoHE T.0.

3-cypet — Tanzsl ©3eHi MATKAIBIHBIH OHTYCTIK OeTkeitinaeri Chelidonium majus

1-kecte — Nel-111i STaIOHIBIK aHMAKTBIH TYPIIiK KypaMbl

Typ araybt denodasa Mon1ubLUIBIFbI
1 2 3
Picea schrenkiana Fisch. & C.A.Mey. I'ynzen, sxemic Ty3rex Copl
Sorbus sibir.ica (Hedl.) Prain Tyneny asKranran Sol-Sp
(S. aucuparia subsp. glabrata)
Populus tremula L. Kewmic cany Sol
Lonicera stenantha Pojark.(L. caerulea subsp. stenantha) Bereranus ke3eHinae Sol
L. karelinii Bunge ex P.Kir. (L. webbiana Wall. ex DC.) XKewmic cary Sol
Rosa alberti Regel I'ynneny Sol
Ribes meyeri Maxim. I'ynneny Sol
Rubus idaeus L. I'ynneny Sol
R. saxatilis L. I'ynneny Sol
Aegopodium alpestre Ledeb. Bereranus ke3eHiHae Sp-Copl
Poa nemoralis L. I'ynnoeny Sp
Atragene sibirica L. (Clematis alpina subsp. sibirica (L.) Kuntze) I'ynneny Sol
Goodyera repens (L.) R.Br. I'ynneny Sol-Sp
Orthilia obtusata (Turcz.) Jurtzev Tyneny Sol
(O. secunda (L.) House)
Cystopteris fragilis (L.) Bernh. Cropa Ty3yze Sol
Chelidonium majus L. I'ynaeny Un
Polypodium vulgare L. Crnopa ty3yne Sol
Equisetum hyemale L. Criopa Ty3yze Sol
Moehringia umbrosa (Bunge) Fenzl. I'ynneny Sol
Viola acutifolia (Kar. & Kir.) W.Becker I'ynneny Sol
Agquilegia atrovinosa Popov ex Gamajun. Bereranus ke3eHiHae Sol
Lathyrus gmelinii (Fisch. ex Ser.) Fritsch I'ynneny Sol
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Kecmeniy orcanzacwor

Typ araybt Denodaza MonbUIBIFbI
1 2 3
Calamagrostis pavlovii Roshev. Bereramnus kezeHinae Sol
Polemonium caucasicum N.Busch Bereramus ke3eninge Sol
Impatiens brachycentra Kar. & Kir. Tynueny Sol
Geranium albiflorum Ledeb. T'ynneny Sol
Geranium collinum Stephan ex Willd. Tynueny Sol
Chamerion angustifolium (L.) Holub Bereramus kezeHinne Sol
Cicerbita azurea (Ledeb.) Beauverd Tynneny Sol
Cicerbita thianschanica Beauverd Bereramus ke3eninge Sol
Rhytidiadelphus triquetrus (Hedw.) Warnst. Bererarus ke3eHinae Copl
Rhytidium rugosum (Hedw.) Kindb. Bererarmus ke3eninge Sol
Pleurozium schreberi (Willd. ex Brid.) Mitt. Bererarus keseHinae Sol
Ptilium crista-castrensis (Hedw.) De Not. Bererarmus ke3eninge Sol

No2 aymak KypMeKkTi ©3eHiHIH COJI KarajiaybIH-
na, Kypmekri aybuibiHan 10 kM OHMIKTiKTE OpHasac-

KaH. By skapTacThIH acThIHIAFbI TIK OHTYCTIK OeT-
Kel, kesoey TIKTiri keiae 45°-taH acansl (4-cyper).

4-cypet — KypMeKTi e3eHi IIaTKaIbIHBIH OHTYCTIK OeTKeii
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A.b. JloctemecoBa xoHE T.0.

MyH/1a cychIMalTbl apIliaMeH CUITaTTaIaThIH XKap-
TACTHI Tay TAACHI KAJIBIITACKaH. OCIM/TIK )KaMBLUIFbI-
cbl mamameHn 60%-ra xereni. Tonbipak OeTi KUBIP-
IIBIK TACTAPMEH JKOHE JKapTacTapMeH >KaObLIFaH.
KaybsMaacThIKTBIH OyJ1 Typi opTa Tayniapia MIbIp-

2-kecte — Ne2-111i 5TaNOH/IBIK aMAKTBIH TYPIIK KYpaMbl

abl OpMaHIap MEH Jaaiap/IblH SKCIO3UIUSITBIK
yineciMi O6ap OHTYCTiK Oerkeitnmepae OaceiM. GPS
koopauHatTapel: N-42°58°18,3»; E-078°15°17,5».
Buikriri — teni3 nenreiinen 2462 M. Ne 2 3TaioHAbIK
YYaCKeHiH TYPIIK KYpaMbl 2-KecTe/le KOpCEeTiIreH.

Typ araybt denodasa Mon1ubuIbIFel
1 2 3

Picea schrenkiana Fisch. & C.A.Mey. Kewmic cary Sol
Juniperus sabina L. XKewmic camy Sp
Rosa spinosissima L. HKemic camy Sol
Helictotrichon altaicum Tzvelev Tyseny Copl
(H. desertorum (Less.) Pilg.)
H. hookeri
Helictotrichon hookeri (Scribn.) Henrard I'ynneny Sol
(Helictochloa hookeri (Scribn.) Romero Zarco)
Festuca valesiaca Schleich. ex Gaudin I'ynoeny Copl
(P veraeolor Bevry Pyanerty 5
Phleum phleoides (L.) H.Karst. I'ynneny Sol
Dactylis glomerata L. I'ynneny Sol
Carex aneurocarpa V.I..Krec-Z. Tyseny Sp
(C. pediformis var. pediformis)
fiti’;’:j}ll‘:n Zi:;tfal:;l]g::s él:)amp.) Turcz. ex Krasch. Tyneny Sol
Ajania fastigiata (C.Winkl.) Poljakov T'ynpeny Sol
Pulsatilla campanella (Regel & Tiling) Fisch. ex Krylov I'ynneny Sol
Allium carolinianum Redouté T'ynpeny Sol
Linum heterosepalum Regel I'ynpeny Sol
Ligularia alpigena Pojark. ['ynneny Sol
L. nai.'ynen.sis (C.Wink.l.) O.Ff:dtsch. & B.Fedtsch. Tyaery Sol
(Vickifunkia narynensis (C.Winkl.) C.Ren, L.Wang, I.D Illar. & Q.E.Yang)
Semenovia transiliensis Regel & Herder T'ynneny Sol
Ferula transiliensis (Regel & Herder) Pimenov I'ynoeny Sol
Codonopsis clematidea (Schrenk) C.B.Clarke I'ynneny Sol
Scutellariq trc.msilie'r.zsis Juz. Tyseny Sol
(Scutellaria sieversii Bunge)
Alfredia nivea Kar. & Kir. I'ynneny Sol
%?j;ﬁg;f ;iﬁlgzégtes (Schrenk ex Fisch. & C.A.Mey.) Tyseny Sol
Eremurus altaicus (Pall.) Steven I'ynneny Sol
Pyrethrum alatavic'um O.Fedtsch. & B.Fedtsch. Tyneny Sol
(Tanacetum alatavicum Herder)
Chelidonium majus L. I'ynpeny Un
Ziziphora clinopodioides Lam. I'ynneny Sol
Gentianella turkestanorum (Gand.) Holub I'ynpeny Sol
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Kecmeniy orcanzacwor

Typ arayst Denodaza MoOIIBUIBIFBI
1 2 3
Oxytropis lapponica (Wahlenb.) J.Gay I'ynnoeny Sol
Tragopogon L. T'ynneny Sol
Origanum vulgare L. I'ynaoeny Sol
Geranium collinum Stephan ex Willd. I'ynneny Sol
Bupleurum thianschanicum Freyn I'ynaoeny Sol
Asplenium ruta-muraria L. I'ynpeny Sol
Thalictrum simplex T'ynneny Sol
Rumex tianschanicus Losinsk. T'ynneny Sol
ﬁéﬁiﬁ;gnzggzlzrzlﬁufM.Schust. & Reveal) Tynneny Sol
Iris ruthenica Ker Gawl. I'ynpeny Sol

Ne3 aymak Tanapl mIaTKadbIHIA, ©3CHHIH OH
JKarallayblHbIH CONTYCTIK OeTKeiiHae, KemipAeH
anpic emec kepne, Kemncait-Kenmepi memiekerTik
YITTHIK TaOWFHW TapKiHIH KOpFajaTblH aiiMarbl-
HBIH IIETiHJe OpHajacKaH. byn ydackene Kasakc-

TaHHBIH KBI3bUT KiTaOBIHA €HTEH YII TYpi TipKen-
red Rheum wittrockii C.E.Lundstr., Kaufmannia
semenovii  (Herder) Regel xome Hepatica
falconeri (Thomson) Steward, Tik kapractap MeH
JKapracrtapja eceTiH (5- cyper).

5-cyper — Tanusr markansiagars! Chelidonium majus >xarmait ecyi
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A.b. JloctemecoBa xoHE T.0.

GPS xoopmunartapel: N 43°0220,5, E
078°15'15,3”, 6umikriri 1710 M. AJaHHBIH MeJIIEpi
10x10.

Kaufmannia semenovii (Herder) Regel —miomny-
JSAIASAIA TYP CaHBI cUpek, 10 reHepaTuBTi jkoHE 7
BereTaTtuBTi napakrap. [lomyssinmsga >Kakchl xKa-
Hapy, KOpiHIC allbIK JKachll, XeMic Oepe Oactaysl
Oaiikanaznsl. [IpoextuBTi *a0ObiH 45%, eciMmikTep
JKaMBUIFBICBIHBIH, OuikTIri 70-80 cMm.

Hepatica falconeri (Thomson) Steward — mo-
myJnsamust caHbiHa 7 epkeHi Oap 11 reHeparwBTi
napakrap kKipeai. [lomynsiust sxaHapy akchl, a

3-kecte — No3-1m1i 3TaTOHIBIK aifMaKTBIH TYPJIiK Kypambl

TBHIFBI3/IBIFEI cUpeK. TYpIIiH Karaaiisl sxakcol, «Ked-
caii-Kemmepi» MEMIIEKETTIK WITTHIK MTapKiHIH KOP-
FaJaThIH aiiMarbIHAAa OpHAJaCKaH.

Rheum wittrockii C.E.Lundstr. — momymsauust
TBIFBI3JIBIFBI 34 TEHEPaTHBTI JapakTapiaH TYPaJbl.
[MomysiusiHBIH Ka3ipri jKaFaaibl )KaKChl, KaHApy
OaiiKaabl )KOHE KeMICl MOJI.

Ned aymak Ne8 kapmonFa yKakbiH, TaiIsl e3eHi-
HIH COJI JKarajayblH/Ja opHajgackaH. [lomynsius aii-
MaFrbl JKbUTBI MUKPOKIUMATIICH ePEKIIeIICHEe 1, OyIT
KeI13b11 KiTanka enren Armeniaca vulgaris Lam. Ty-
piHiH ecyiHe bIKHau eTei(6 — cyper).

Typ arayst denodaza MonIubUIBIFBI
1 2 3
Ararrrap xoHe ipi Oyranap

Picea schrenkiana Fisch. & C.A Mey. Bererarus ke3eHinae Cop 1
Betula tianschanica Rupr. Kewmic cary Sol
Sorbus tianschanica Rupr. I'ynpeny Sol
Berberis sphaerocarpa Kar. & Kir. (B. heteropoda Schrenk ex Fisch. Kewmic camy Sol
& C.A Mey.)

Ribes meyeri Maxim. Kewmic camy Sol

Temenri Oyranap
Rosa alberti Regel T'ynneny Sol
Lonicera karelinii Bunge ex P.Kir. (L. webbiana Wall. ex DC.) XKewmic cany Sol
Lonicera stenantha Pojark. (L. caerulea subsp. stenantha) XKewmic camy Sol
[enTecin eciMaikTep

Polypodium vulgare L. Cropa Ty3yze Sp
Asplenium trichomanes L. T'ynneny Sol-Sp
Kaufmannia semenovii (Herder) Regel T'ynoeny Sol-Sp
Rheum wittrockii C.E.Lundstr. Bereranus kezeHinae Sol-Sp
Hepatica falconeri (Thomson) Steward Tynneny Un
Androsace septentrionalis L. T'ynneny Sol
Equisetum hyemale L. Cnopa ty3yne Un
Cystopteris fragilis (L.) Bernh. T'ynpeny Sol
Atragene sibirica L. (Clematis alpina subsp. sibirica (L.) Kuntze) 'ynneny Sol
Aegopodium alpestre Ledeb. T'ynpeny Sol
Goodyera repens (L.) R.Br. T'ynneny Sol
Ranunculus polyanthemos L. T'ynneny Sol
Moehringia umbrosa (Bunge) Fenzl T'ynneny Sol
Geranium albiflorum Ledeb. T'ynoeny Sol
Agquilegia atrovinosa Popov ex Gamajun. T'ynneny Sol
Polemonium caucasicum N.Busch T'ynoeny Sol
Lathyrus gmelinii (Fisch. ex Ser.) Fritsch T'ynneny Sol
Primula longiscapa Ledeb. I'ynoeny Sol
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Kecmeniy orcanzacwor

Typ arayst Denodaza MoIBUIBIFBI
1 2 3

Viola acutifolia (Kar. & Kir.) W.Becker T'ynpeny Sol
Fragaria vesca L. I'yaneny Sol
Dactylorhiza umbrosa (Kar. & Kir.) Nevski T'ynneny Sol
(D. incarnata subsp. cilicica (Klinge) H.Sund.)
Lamium album L. I'ynneny Sol
Amoria repens (L.) C.Presl (Trifolium repens) I'ynneny Sol
Poa nemoralis L. I'yaneny Sol
Rhodiola linearifolia Boriss.(R. kirilowii (Regel) Maxim.) I'ynneny Sol
Chelidonium majus L. I'ynneny Sol
Glaucium squamigerum Bunge (G. elegans subsp. elegans) I'ynneny Sol
Sedum hybridum L.(Phedimus hybridus (L.) ‘t Hart) I'ynoeny Sol
Sedum ewersii Ledeb. (Hylotelephium ewersii (Ledeb.) H.Ohba) I'ynneny Sol
Papaver croceum Ledeb. I'yaneny Sol
(Oreomecon crocea (Ledeb.) Banfi, Bartolucci, J.-M.Tison & Galasso)
Veronica anagallis-aquatica L. I'ynneny Sol
Urtica dioica L. I'ynneny Sol
Mpyosotis asiatica (Vestergr.) Schischk. & Serg. I'ynneny Sol
Doronicum turkestanicum Cavill. I'ynneny Sol
Anemone gortschakowii Kar. & Kir. I'ynneny Sol
(A. biflora var. gortschakowii (Kar. & Kir.) Sinno)
Taraxacum officinale FH.Wigg. (T. sect. Taraxacum F.H.Wigg.) I'ynoeny Sol
Galium boreale L. I'ynneny Sol
Galium apparine L. [I'ynneny Sol
Tussilago farfara L. I'ynneny Sol
Cortusa brotheri (R.Knuth) Losinsk. I'ynneny Sol

6-cypert — XKapracrapasiy eterinne Chelidonium majus L. KaybIMIaCTBIFBI
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A.b. Jloctemeco

Ba JKOHE T.0.

Ananna OwWiKTIri 5-6 MeTp, KaWbUTFaH ToXi
JKoHe MiHiHIH muamerpi 70 cM OonaTweIH Oip aramr
Oap. bepikapakar (Berberis sphaerocarpa), yui-
Kat (Lonicera altmanii) »xone nonana (Crataegus
korolkowii) GaceIM KaJIbIH OyTamap MEH IIaJIFbIH-
Ibl nana TyphepiHiHn Festuca vallesiaca, Phleum
oriophilla, Trifolium pratense, Geranium collinum,
Artemisia dracunculus, Origanum vulgare. KOCBIH-
NBICHIHA OCKEH.

AFaIIThIH JKarIaibl KONTEreH Kyprak OyTakra-
pHI Oap, cyOCHHMIIBIIK Aapak nen Oarainanansl. GPS

4-kecte — No4-11i 3TaNOH/IBIK aMaKTBIH TYPITIK KYpaMbl

koopauHartapel: N 43°02°20,5”; E 078°15°15,3”,
TeHi3 neHreWineH OwikTiri 1638 M. amaHHBIH ©I-
memaepi—10x10. [TomynsusHbIH KaJlllbl KOPiHiCI
JKAChUT-Capbl TYCTi, OOpiKapakaT TYIIIOFBIPHIHBIH
capbl Tyci 6achIM. AHBIKTaJIFaH MOMYJSAIUSAAA TYP-
JIH sxeMic Oepe OacTanysl OaiKaiaspl, OipaK Kemic
QJICI3 YKOHE MIANIBIPAHKGL. [IOMyISAIUSHBIH JKaHa-
pYBI 9JICi3 JKoHE CHpeK Jen OaraimaHalbl. OciMIiK-
Tep >KaMbUIFBICBIHBIH INPOEKTUBTI *kaObIHBI 40%,
menTiH OuikTiri-35-50 cm. 4-kecrene y4YacKeHiH
TYP KYpaMbI KOPCETITEH.

Typ arayst denodaza MonubuIBIFbL
1 2 3
Armeniaca vulgaris Lam. Kewmic camy Un
Lonicera altmannii Regel & Schmalh. T'ynneny Sol
Crataegus korolkowii L.Henry (C. chlorocarpa Lenné & K.Koch) Kewmic camy Sol
Spiraea hypericifolia L. T'ynpeny Sol
Alchemilla tianschanica Juz. 'ynneny Sol
Oxytropis lapponica (Wahlenb.) J.Gay I'ynpeny Sol
Urtica cannabina L. T'ynneny Sol
Urtica dioica L. T'ynoeny Sol
Mpyosotis asiatica (Vestergr.) Schischk. & Serg. T'ynneny Sol
Erysimum flavum (Georgi) Bobrov T'ynneny Sol
Iris ruthenica Ker Gawl. T'ynneny Sol
Draba hirta L. T'ynoeny Sol
Cerastium lithospermifolium Fisch. T'ynneny Sol
Taraxacum maracandicum Kovalevsk. T'ynoeny Sol
Carex turkestanica Regel T'ynpeny Cop 1
Artemisia dracunculus L. Bereranus ke3eHinue Sol
Chelidonium majus L. TI'ynpeny sol
gclzf;]jzii)consanguinea (Fisch. & C.A.Mey.) Giirke (L. squarrosa (Retz.) Tyneny Sol
Phlomoides oreophila (Kar. & Kir.) Adylov, Kamelin & Makhm. Bererarmus xe3eninge Sol
Plantago lanceolata L. Tynneny Sol
Chorispora sibirica (L.) DC. TI'ynpeny Sol
gijé;})ftg)ra bungeana Juz. (Z. clinopodioides subsp. bungeana (Juz.) Tyneny Sol
Mentha arvensis L. T'ynneny Sol
Festuca valesiaca Schleich. ex Gaudin Kewmic camy Sol
Trifolium pratense L. T'ynneny Sol
Geranium collinum Stephan ex Willd. T'ynneny Sol
Thlaspi arvense L. XKewmic camy Sol
Origanum vulgare L. T'ynneny Sol
Thalictrum simplex L. Bereranus kezeHinge Sol
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Kecmeniy orcanzacwor

Typ arayst Denodaza MoIbUIBIFBI
1 2 3
Dracocephalum grandiflorum L. I'ynneny Sol
Salvia nemorosa L. I'ynneny Sol

AliTa KeTy Kepek, Oy )Keple eCiMIIiK KaMbll-
FBICBIH/IA JKaHBIIBIMIBIK JeTpeccus Oenrinepi Oaii-
Kajasl.

Ne5 aymak ymin KypMmekTi markaisiHia MOHU-
TOPHUHT XYprizy Tanganasl. Ilomymsunsaga Kei3but
KiTarnka eHriziiren Adonis tianschanicus Typi Ha3ap
aynaptansl. OpHanackad xepi KypmekTi e3eHiHig

OH JKarbIHJIa, OHTYCTIK-IIBIFBIC OeTKeli Oap 1mai-
FBIHJIBI fajia OeTKeniHe.

5-kecTeie OChl YYaCKeHIH TYPJIK Kypambl Oe-
putren. TypnepiH amyaHTYNIIIri 9pTypii KcCIo-
3unusIapel O0ap OeTKeWnepAiH cHIaTTamaiapbiHa,
OJIapJIbIH TiK OOJIybIHA, COHJAM-aK apajbIKTap.IbIH
naijaa 0oaybIMeH OaiiaHbICThI (7-Cyper).

7-cypet — Kypmekri markansmaarsr Chelidonium majus

5-Kkecte —No5-111i ATAOHBIK AifMaKTBIH TYPIIK KypaMbl

Typ arays! denodasa MonmbuibiFst
1 2 3
Aegopodium alpestre Ledeb. XKewmic camy Cop.1
Spiraea hypericifolia L. T'ynpeny Sol
Spiraea lasiocarpa Kar. & Kir. I'ynpeny Sol
Rhodiola linearifolia Boriss. (Rhodiola kirilowii (Regel) Maxim.) I'ynpeny Sol
Artemisia dracunculus L. Bererarnus xe3eHinne Sol
Chelidonium majus L. I'ynneny Un
Mpyosotis asiatica (Vestergren) Schischk et Serg. I'ynpeny Sol
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Kecmeniy orcanzacwi

Typ araybt Ddenodaza MonIbUIBIFBI
1 2 3

Draba nemorosa L. XKewmic camy Sol
o venete i By R ST
Euphorbia glomerulans (Prokh.) Prokh. (E. esula subsp. esula) T'ynoeny Sol
Rindera tetraspis Pall. T'ynneny Sol
Carex turkestanica Regel I'ynaoeny Sol
Iris ruthenica Ker Gawl. T'ynneny Sol
Ligularia alpigena Pojark. 'ynneny Sol
L. narynensis (C.Winkl.) O.Fedtsch. & B.Fedtsch.

(Vickifunkia narynensis (C.Winkl.) C.Ren, L.Wang, [.D Illar. & TI'ynpeny Sol
Q.E.Yang)

Tulipa thianschanica Regel Kewmic camy Sol
Viola acutifolia (Kar. & Kir.) W.Becker T'ynpeny Sol
Linum violascens Bunge I'ynaeny Sol
Adonis tianschanica (Adolf) Lipsch. T'ynoeny Sol
Alfredia nivea Kar. & Kir. Bereranus ke3eHiHze Sol
Anemonastrum crinitum (Juz.) Holub T'ynneny Sol
Stellaria palustris Ehrh. ex Hoffm. Tynneny Sol

KopbIThIHABI

3eprrey HoTmwkecinae KyHreit Amaraysl xo-
TAChIHBIH Ka3aKCTaHJBIK OJIriHIH ayMarbiHIa
Chelidonium majus L. popimik ecimuiri eceriH 5
aHBIKTaMaJIbIK y4yacke cumartaiabl. OHBIH €H Kol
MOJIIIepl HIOFBIPJIAaHFaH ©CY OpPBIHAAPhl aHBIKTA-
JBIN, TaHJAIFAH DKOTONTApAa OJNAPABIH ecyiHe
OHTAMIIBI JKaFmaiap OenrireHai. OCiMIIK KaMblI-
FBICBIHBIH aWKbIHABUIBIFBIH KOPCETETIH IIBIMTE3EK-
TEPJIiH JKOFaphl MaNbI3bl KBI3BIFYIIBUIBIK TYJIbIpa-
nmel. Typ KypamblH Tannpay Oenriii Oip ayMaKThIH
JKOXKYHeNepl Typasibl TOJBIK TYCIHIK allyFa JKoHE
JKEPTUTIKTI  KaybIMJIACTBIKTHIH  KaJIBIITACYbIH A~

ro1 C. majus peJliH aHBIKTAyFa MYMKIHIIK Oepe/i.
3epTTenreH monymsAlpsiapaa Taburu KyObuTbicTap
(xemIkiHaEp, CEN aFbIHAAPHI) JKOHE Majl JKaro CHAK-
ThI KayiNITepre Tar OOJIATBIHBIH aTall 6Ty MaHbI3/IbI,
OyJ1 IOpiTiK OCIMIKTIH OMIipIIeHIIriHIH TeMeH-
JIeyiHEe oKelyl MYMKiH.

Ansiaran HoTHxkenep KyHnrelt Anataysl koTa-
CBIHBIH Ka3aKCTaHJIBIK OOJITIHIEr MopiliK TYPHIiH
Ka3ipri >Karmaaibl Typalbl MOTIMETTepIi KEeHEUTTI
JKOHE OOoJIalaKTa OHBI CaKTay IIapaliapblH d3ipJiey-
re ceHiMai Heriz Oonmel. C. majus eMIiK, COHIIK
JKOHE Oacka Ja Taimansl KacHeTTepi OHBI CaKTay
JKOHE TYPaKThl MaljallaHy YIIiH KYHJBI HbICAHFa
alfHaNIBIPATHIHBIH aTall OTKEH KO H.
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DIVERSITY OF MACROMYCETES OF RAVINE BIRCH FORESTS
ON THE LEFT BANK OF THE URAL RIVER WITHIN
THE WEST KAZAKHSTAN REGION

Biodiversity and its conservation remain fundamental aspects of contemporary biology, continu-
ally sparking interest and requiring active research. Presently, significant disparities persist in our
understanding of the distribution and habitats of various living organisms. Among the most diverse
and crucial groups warranting intensive and comprehensive analysis are fungi. The data obtained
significantly contributes to the study of macromycete diversity within the birch forests of the Ural
River valley. However, information regarding these fungi within the territory of Kazakhstan remains
incomplete and fragmented.

The article presents data on the biodiversity of the mycobiota within the ravine birch forests
situated along the left bank of the Ural River in the West Kazakhstan region. As of the current date,
the biota study has identified 43 species belonging to 26 genera, spanning across 17 families and
six orders. Predominant families include Polyporaceae, Russulaceae, Pluteaceae, Amanitaceae, and
Strophariaceae. The trophic analysis of the mycobiota within birch forests revealed a notable diver-
sity of xylotrophs, with 25 species identified, primarily associated with the families Fomitopsidaceae,
Polyporaceae, Pluteaceae, and Strophariaceae. Additionally, the group of mycorrhizal fungi comprises
15 species, predominantly represented by the families Amanitaceae, Boletaceae, Russulaceae, and
Paxillaceae.

Thus, the highest richness of macromycetes is noted in birch forests located in the lowlands of deep
gullies. Species diversity of macromycetes tends to decrease in birch forests growing along slopes of vari-
ous orientations, along the edges of gullies, and on eroded slopes. Moreover, in new pioneer sites such
as the sole of the indigenous bank of the Ural River, the species composition of mushrooms is notably
impoverished. This study represents the first taxonomic analysis of mycobiota diversity in the ravine
birch forests.

Key words: macromycetes, birch forests, Ural river valley, West Kazakhstan Region, species com-
position, biodiversity.

A.H. CapceroBa'*, C.A. Abues?, T.E. Aapbaesa’,
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M. ©TemicoB aTtbiHAaFbl batbic KasakctaH yHuBepcuteTi, KasakcraH, Opaa K.
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bartbic KasakcraH 06AbICbl XKaiiblK, ©3€HiHiH, COA YKaFaAaybl LUETiHAETi
6aiipaKTbl KailblH, OPMaHAAPbl MAKPOMMLETTEPAIH, aAyaHTYPAIAiri

BuoaayaHTYpAIAIKTI 3epTTey eHe cakTay MaceAeAepi Kasipri GMOAOIrUSIHbIH, ©3eKTi MaceAeAepi
60AbIN KaAa bepeai. byriHae apTypAi Tipi aFr3arapAbIH TapaAybl MEH KE3AECYi TypaAbl MaFAYMaTTapAbIH
3epTTey Adpexxeci aAi Ae bipkeaki emec. OcblHAAM KAPKbIHAbI, TYOErenaAi 3epTreyAi KaxeT eTeTiH
aAyaH TYPAI XK8He MaHbI3Abl TOMTapAbIH Oipi — caHplpayKyAakTap. AAbiHFaH HaTmxkeAaep KasakcTaH
ayMarblHAQ BAI KYHre AeriH MBAIMETTep XETKIAIKCI3 >kaHe pparMeHTTiK 60AbIN TabbiaaTbiH JKaiblk,
@3eHi aHfapbl 6anMpakTbl KarbiH, OPMaHAAPbI MAKPOMMULETTEPIHIH aAyaHTYPAIAITIH TaHyFa eAeyAi yaec
KOCaAbI.
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Makanraaa batbic Kasakcran o6AbIChI LweriHaeri XKanblk ©3eHiHiH COA XaFaAayblHAQ FaHa TapaAfaH
6aripaKTbl KanblHAbI OPMAHAAPbI MMKOOMOTAChIHBIH BUOAAYAHTYPAIAITT TypaAbl AEpPeKTep KaMTbIAFaH.
3epTTey HOTMXKEAEPI Heri3iHAe OyriHri TaHAa 61oTasa 6 katap, 17 TyKbIMAAC XKaHe 26 TyblcKa BipikkeH
43 Typ aHbIKTaAAbl. XKeTekui TykbiMaacTapabl Polyporaceae, Russulaceae, Pluteaceae, Amanitaceae,
Strophariacea kypanapl. KarbiH opmMaHAapbl MUKOOMOTACbIH TPOMUKAABIK, TAAAQY KCUAOTPOTapAbIH
BPTYPAIAITi >korFapbl ekeHiH kepceTTi — 25 Typ. Kecnaotpodrapabii 6ackim 6eairi Fomitopsidaceae,
Polyporaceae, Pluteaceae, Strophariaceae TyKbIMAQCbIHbIH, Heri3ri ekiaaepi. Mukopusa Tysyuwiirep
TOObI 15 TypAi Kypar, KCMAOTpobTapAaH KeriHri opbiHAQ. MukopusaTysylianep To06bl Amanitaceae,
Boletaceae, Russulaceae, Paxillaceae TykpiIMaacTapbiHa >kaTaAbl.

KaiiblH opMaHAapPbIHAAFbI MAaKPOMULIETTEPAIH TYPAIK KypaMbl TepeH CaAapAblH TynTepiHAe Ta-
paAFaH KanbIHAbI aAKanTa 6ai eKeHAIri aHblK, 6aKaAaAbl. OPTYPAI SKCMO3ULMSAAPAbIH GeTKENAepiH-
A€, CallAapAbIH TapaMAApbIHAQ >KOHE 3PO03USAbIK, OETKEMAEPAE OCeTiH KarblH OpMaHAAPbIHAQ MaK-
POMMUETTEPAIH TYPAIK SPTYPAIAITI a3asiabl. AA XKaHa MUOHEP >KepAepAe, MblCaAbl, YKanblK, 63€eHiHiH
6alibIpFbl XKaFacblHbIH TEriHAEe CaHblpayKyAaKTapAbIH TYPAIK Kypambl 9AAEKANAQ KEAEN eKEHIH Kepe
aAambi3. banpakTbl KarbiH OpMaHAApPbIHAAFbI MAaKPOMMLETTEPAIH, OPTYPAIAIriH 3epTTey, MukobroTa-
HbIH TAKCOHOMMSIABIK, KYPbIAbIMbIH aHbIKTay 3€pTTey aliMarbl YLLUIH aAFall PeT XKYPri3iAAi.

Ty¥in ce3aep: MakpomuLEeTTep, KarbiH opMaHAapbl, XKanbik e3eHi aHrapbl, batbic KasakcraH 06-
AbICbI, TYPAIK Kypambl, GMOaAYaHTYPAIAIK.
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Pa3zHooOpa3ue MakpoOMULLETOB BaipaUHbIX 6epe3oBbiXx AeCOB
B AeBoOepexbe p. Ypaa B npeaerax 3anapaHo-KasaxcraHckoi o6aactu

BuopasHoob6pasne 1 ero coxpaHeHue OCTAloTCS BaKHbIMM acrekTamy COBPEMEHHOM G1MoAormnm,
HEMpPEPbIBHO BbI3bIBAIOLMMM MHTEPEC U HEOOXOAMMOCTb aKTUBHbIX MCCAEAOBaHMIA. Ha ceroaHsawHmM
A€Hb HEPABHOMEPHOCTb B CTEMEHM M3YYEHHOCTU PaCrpeAEAEHMs 1 0OMTaHMS Pa3AMUHBIX XKMBbIX Opra-
HM3MOB MPOAOAXKAET OCTABATLCS 3HaUMTEAbHOM. OAHOM M3 CaMbiX Pa3HOOOPA3HbIX M BaXKHbIX rPYyMM,
TPeOYIOWMX MHTEHCUBHOMO M (DYHAAMEHTAALHOIO aHaAM3a, IBASIOTCS rpubbl. [oAyyeHHas MHopMa-
LM BHOCUT 3HAYMTEAbHbIN BKAAA B M3yUYeHMe pasHOOOpasms MakpoMMLETOB GaripauHbix 6epe3oBbix
AECOB AOAMHBI pekn YpaAa. CBeaeHMs O HUX Ha TeppuTopmum KasaxctaHa A0 CMX MOp SABASIOTCS HEAO-
CTaTOYHbIMM U (bparMeHTapHbIMM.

B ctaTbe npeacTaBAeHbl AaHHblE O 61MOPa3HOO6PasMM MUKOBMOTbI GaiipadHbix 6epe30BbIX AECOB,
pacnpocTpaHéHHbIX B AeBOGepeskbe p.Ypaa B npeaesax 3anasHo-Kasaxcratckoit o6aactu. Ha ceroa-
HALIHWIA A€Hb, HA OCHOBE PE3YAbTATOB MCCAEAOBAHMUS GMOTbI, ObIAO BbISIBAEHO 43 BMAA, OTHOCSLLMXCS
K 26 posam, 17 cemencTBam M LIECTU nopsaakam. Beayuimmm cemenctBamm aeasiotcs Polyporaceae,
Russulaceae, Pluteaceae, Amanitaceae, Strophariacea. Tpouueckmii aHaAn3 MMKOOGMOTbI Gepeso-
BbIX AECOB MMOKa3aA BbICOKOE pa3sHOOOpasme KCMAOTPOdOB — OOHAPYXKEHO 25 BMAOB. BOAbLIMHCTBO
M3 HMX OTHOCSTCS K cemencTBam Fomitopsidaceae, Polyporaceae, Pluteaceae v Strophariaceae. T'pyn-
na MMKoOpM3006pasylolmMx rpuboB BKAIOYAET 15 BUAOB, Yalle BCEro NMpeACTaBAEHHbIX CEMENCTBaMM
Amanitaceae, Boletaceae, Russulaceae v Paxillaceae.

Takmm 06pasom, HanboAblee 60raTCTBO OTMEYaeTCs B GepesHskax, KOTOpble NMpomn3pacTaloT no
AHMLLIAM TAY60Kkmnx 6aroK. BuaoBoe pasHoobpasmne MakpoOMMLIETOB YMeHbLLIAETCS B Gepe3Hsakax, KoTo-
pble MPOM3PacTaloT MO CKAOHAM Pa3AMYHbIX SKCMO3ULMIA, MO OTBepLLIKaM 6AAOK M MO MOAOTMM BaAKam,
5PO3MOHHbIM CKAOHAM. A MO HOBbIM MMOHEPHbBIM MECTaM, HarpuMmep Mo MoAOLLBE KOPeHHoro Gepera
p.YpaA BUAOBOIM cocTas rpuboB 6oaee GeaHbli. M3yueHne pasHoobpasms MakpoMMLETOB GaripayHbix
6epe30BbIX AECOB MPOBEAEHO BIEPBbIE AASI AAHHOMO paiioHa MCCAEAOBAHMS, BKAKOYAsi TAKCOHOMMUYE-
CKYIO CTPYKTYPY MUKOOMOTbI.

KAloueBble cAOBa: MakpomuLETbl, 6epe3oBble Aeca, AOAMHA pekn Ypaa, 3anaaHo-KasaxcraHckas
06AaCTb, BUAOBOM COCTaB, 6ropasHoobpasue.
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Introduction

Birchforestsrepresentvital ecosystemsrenowned
for their ecological significance and diverse array
of flora and fauna [1, 2]. Within these ecosystems,
macromycetes, or large fungi, play a crucial role
in nutrient cycling, decomposition, and symbiotic
relationships with plants [3-5]. Understanding the
distribution and diversity of macromycetes in birch
forests is essential for unraveling their ecological
functions and the impacts of environmental factors
and human activities [6-8].

The species composition and abundance of
macromycetes in birch forests are influenced by a
multitude of factors, including soil properties, mi-
croclimate, vegetation structure, and anthropogenic
disturbances [9-11]. Despite their ecological impor-
tance, there remains a considerable knowledge gap
regarding the specific factors shaping macromycete
communities within birch forest ecosystems.

This study aims to address this gap by conducting
a comprehensive analysis of macromycete diversity
and distribution patterns in birch forests across our
study area. By employing rigorous field surveys,
species identification, and statistical analyses, we
aim to elucidate the key environmental drivers
influencing macromycete communities.

Furthermore, understanding how macromycete
communities vary across different habitat types
within birch forests, such as lowland gullies, slope
gradients, and pioneer areas, will provide valuable
insights into their ecological preferences and habitat
associations.

Ultimately, the findings of this study will
contribute to advancing our understanding of the
ecological dynamics of birch forest ecosystems
and inform conservation and management
strategies aimed at preserving their biodiversity
and ecological integrity. By shedding light on the
intricate relationships between macromycetes and
their environment, this research endeavor seeks to
foster a deeper appreciation for the intricate web
of life within birch forests and the importance of
preserving their ecological balance.

The ravine forests are widespread in the steppe
zone. They occupy hollows and gullies that arise
as a result of deep soil erosion [15, 16] in the form
of refugiums, individual ravine tracts are living
witnesses of the ways of formation, migration and
imposition of the processes of vegetation and soil
evolution.

The relevance of studying ravine birch forests
is determined by the narrow-locality distribution
of small-leaved forests only on the left bank of

the Ural River in the West Kazakhstan region
[15]. Here, peculiar trophic connections of birch
and macromycetes are formed, which ensure the
decomposition of cellulose compounds of wood
and their return to the circulation of substances
necessary for the stable existence of the birch forest
[17, 18]. The relevance of the study should also
include the low level of knowledge of the biota of
the macromycetes of the ravine birch forests of the
studied region.

The research area is located in the West
Kazakhstan region, Terekti district (in the north-
eastern part of the West Kazakhstan region) on the
left bank of the Ural River between the settlements
of Kabyltobe (N51°18°’52” ES51°52°32”) and
Sharakap (N51°22°17” E51°57°47”). From here
begins the spurs of the Pre-Syrtic ledge, the height
of which is 90-100 m [15]. The territory is divided
by deep ravines and 9 gullies, their depth varies
from 7 to 13 meters, the deepest are the holes of the
Akhmadievskaya beam up to 15 m. The length of the
beams is from 2 to 5 km. They begin at the highest
point of the Pre-Syrtic ledge, which is 100 m and
flow into the floodplain of the Ural River. Gullies
overgrown with woody and shrubby vegetation
at one time Belgard called ravine forests, which
consist of formations of oak (Quercus robur) [19],
aspen (Populus tremula), birch (Betula pendula, B.
pubescens).

Materials and methods

The object of the study is the macromycetes of
the ravine birch forests on the left bank of the Ural
River within the West Kazakhstan region.

Macromycetes are understood to be a group of
fungi having macroscopic fruit bodies of a fleshy,
cartilaginous or leathery, cork consistency [20].

The aim of the work is to study the biota of
macromycetes in the birch formation in the valley of
the Ural River within the West Kazakhstan region.

The main tasks were as follows:

1. Conduct a geobotanical description of birch
formations.

2. Identify the species composition of
macromycetes in birch forests based on spatial
distribution.

3. 3. Determine the distribution regularities of
mycocenoses in different types of birch forests.

The study involved the utilization of our own
collections amassed between 2019 and 2023.
Collection, drying, and storage procedures for
fungal fruit bodies adhered to established protocols
in mycology and botany. Geobotanical descriptions
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of the birch formations were carried out, and the
species composition of macromycetes was delineated
based on spatial distribution patterns. Distribution
patterns of mycocenoses across different types of
birch forests were elucidated through meticulous
field observations and subsequent analysis.
Herbarization of collected material adhered to the
standardized procedure as outlined by Bondartsev
and Singer, with adjustments made to accommodate
modern requirements [21]. Detailed descriptions of
color and morphological features of fruit bodies,
encompassing cap shape, surface texture, color
palette, pulp structure, and numerical measurements
such as diameter and dimensions, were meticulously
recorded.  Photographic =~ documentation  was
extensively conducted for the majority of collected
samples, providing visual documentation of
morphological variations and ecological contexts.

Geobotanical studies were conducted according
to established methodologies (Shennikov, 1964)
[22]. Vegetation assessments involved describing
floral composition, canopy structure, shrub and
herbaceous cover, and considering species abundance
using the Drude scale. These descriptions enabled
the identification of dominants and subdominants
across different vegetation layers. Additionally, 27
birch trees were individually described.

Mushroom fruit bodies were photographed
using a Canon EOS 4000D camera. To prepare them
for herbarium and long-term storage, they were
disinfected in drying cabinets at 50-55°C for 30-40
minutes to eliminate pests. Each mushroom sample
was then stored in a uniquely numbered package,
including details such as the registration number,
species name, collection location and date, and the
collector’s name.

Fungal species identification relied on mor-
phological characteristics of the samples using
specialized determinants. Macro- and micro-
measurements of fruit bodies, basidia, and spores
were conducted and documented through binocular
magnifiers and an EVOS® FL/FL Color fluores-
cence microscope.

Plant names were provided in Latin, and
taxonomic changes were referenced based on the
compilation by S.K. Cherepanov (1995) [23] and
the “List of vascular plants of Kazakhstan” by S.A.
Abdullina (1999) [24]. Taxonomic classification
of mycobiota followed the system outlined in the
10th edition of Ainsworth & Bisby’s Dictionary of
Fungi (Kirk et al., 2008) [25], with updates from
modern data obtained from the Index Fungorum
electronic databases (www.indexfungorum.org) and
“MycoBank” (www.mycobank.org/MB) [26, 27].
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The trophic structure was characterized using
the trophic group scale proposed by A.E. Kovalenko
[27], with additional contributions by O.V. Morozova
[28]. The scale includes the following gradations of
indicators and their corresponding symbols (trophic
groups): saprotrophs (Fd: on litter (foliadejecta), St:
on litter (stramentum), Hu: on humus (humus), Le:
on wood (lignumepigaeum), Lei: on undisturbed
(lignumepigaeumintegrum), Lep: on destroyed
(lignimiepigaeumputridum), Lh: on roots and wood
buried in the soil (lignumhypogaeum), He: on rags,
plant stems (herba), M: on mosses (musci), Mm: on
fruit bodies of macromycetes (macromycetes), Ex:
on excrement (excrementum), C: on coals (carbo);
symbiotrophs (Mr: mycorrhizators, Lf: lichenophilic
fungi (lichenicolousfungi)); parasites (Pf: facultative
on trees and shrubs; P: obligate parasites).

These trophic group classifications were
employed to characterize the ecological roles of
fungal species within the study area. The assignment
of fungal species to specific ecological and trophic
groups was based on the author’s own field
observations as well as data from relevant literature
sources.

Data visualization was performed in R 4.2.2
(https://www.r-project.org/) and RStudio 2022.12.0
(https://posit.co/) software using the following
packages and the corresponding functions are given
in brackets. The package ggplot2 (ggplot, geom
bar) Wickham, 2016) was applied to make barplots
of taxonomy and dominant families [29]. The
function facet wrap was used to group the barplots.
In addition, the package patchwork (plot layout)
(Pedersen, 2022) was applied to merge plots into
one [30].

Results and discussion

The research area belongs to the fescue —
feathered grass steppes, among which the ravine
forests with their distinctive myco — and floral
complex stand out sharply.

A characteristic feature of the birch formation
(Betula pendula, B. pubescens) is its proximity to
the slopes and lower parts of the western and eastern
exposures, as well as growth in growing ravines
and along the erosive slopes of Akhmadievskaya
(N51°19.044>  E51°  54.648’), Vorovskaya
(N51°19.968 ES51° 55.951°) and Birch beams
(N51°20.677° E51° 56.584") (Figure 1).

Birch forests prefer the banks of streams,
springs, ponds in forested gullies, and sometimes
birch forests develop at the foot of the root bank of
the Ural River
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The basis of the stand is formed by birch. Quercus
robur, Ulmus laevis, Acer negundo, Fraxinus
exelsior and Populus alba, Populus nigra, Populus
tremula are found in the stand. Very rich shrub cover
consisting of forest species: Ribes nigrum, Euonymus
verrucosa, Frangula alnus, Padus racemosa,

Viburnum opulus, Malus sylvestris. On the edge of
birch forests are characterized by: Lonicera tatarica,
Rhamnus cathartica, Crataegus ambigua, Prunus
spinosa, Rosa majalis. At the same time, there are
steppe shrubs Amygdalus nana, Cerasus fruticose,
Chamaecytisus ruthenicus, Caragana frutex.

Figure 1 — Map-scheme of the study area

In the semi-shrub layer grows Rubus caesius,
Solanum dulcamara; and in the semi-shrub layer
there is a boreal species — Rubus saxatiles.

The herbage of birch forests is rare. Their
projective coverage is 40-50%. Poa pratensis,
Melic nutans, Bromopsis riparia, Bromus inermis,
Elytrigia repens, Calamagrostis canescens, Agrostis
albida, Phragmites australis, etc. are characteristic
of cereals.

Among the sedges, there are also species such
as Carex atheroides, C.melanostahya, C.leporina.
Of the various grasses, the most common are Viola
collina, V.hirta, Galiumboreale, Scrophularia
nodosa, Veronica longifolia, Inula salicina, etc.

It should be noted a rare combination of ferns
(Dryopteris  filix-mas,  Pteridium  aquilinum),
horsetails (Equisetum arvense, E. palustre, FE.

sylvaticum),  strawberries  (Fragaria  vesca),
elecampane (lnula helenium), Solomon’s seal
(Polygonatum odoratum). As can be seen from
the listed species, birch forests are diverse in their
structure, as favorable conditions for the growth of
forest mesophytic species develop here.

A total of 122 species have been registered
according to 27 descriptions, 52% of which are
forest species, meadow species are almost half
23%, forest-steppe make up 13%, meadow-steppe
— 9%. The proportion of the remaining groups is
insignificant.

The birch formation is represented by the
following associations: butterbur, sedge, bentgrass,
lily of the valley, bracken-fern, euonymus, rosehip,
reed, nettle. In the birch formation, we distinguish 4
groups of associations: butterbur, lily of the valley,
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fern, blackberry, couch grass, birthwort, sedge,
rosehip, reed, euonymus, horsetail, nettle, weed-
ruderal with tansy. The floral composition of the
associations ranges from 28 to 53 species.

There are a lot of dead wood in birch forests
— fallen birch trunks, as well as stumps, fallen
branches and small twigs. Therefore, xylotrophs,
an ecological group of basidial fungi, are the

component of forest ecosystems that ensures the
decomposition of ligninocellulose compounds of
wood and the return to the circulation of substances
necessary for the circulation of substances and for
the stable existence of the forest. During the study
period, 43 species of macromycetes belonging to
26 genera and 17 families were identified in the
territory (Table 1).

Table 1 — Taxonomic structure of the biota of the ravine birch forests on the left bank of the Ural River within the West Kazakhstan

region
Order Family n of genus Genus n of species
1 3
Amanitaceae
Amanita 3
1 1
Mpycenaceae
Mycena 1
1 1
Omphalotaceae
Gymnopus 1
1 1
Physalacriaceae -
Agaricales Hymenopellis 1
1 4
Pluteaceae
Pluteus 4
2 2
Psathyrellaceae Coprinellus 1
Coprinopsis 1
2 3
Strophariacea Kuehneromyces 1
Pholiota 2
Auriculariaceae 1 1
Auriculariales
Auricularia 1
2
Boletaceae 2 Leccinum 1
Xerocomellus 1
Boletales 1
Paxillaceae 1
Paxillus 1
1
Sclerodermataceae 1
Scleroderma 1
1
Hymenochaetales Hymenochaetaceae 1
Inonotus 1
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Table continuation

Order Family n of genus Genus n of species

1

Cerrenaceae
Cerrena 1
2

Fomitopsidaceae
Fomitopsis 2
1
Panaceae
Panus 1
Polyporales 9
Cellulariella 1
Fomes 1
Polyporaceae Ganoderma 1
Lentinus 1
Trametes 4
Trichaptum 1
Russulaceae 9
Russulales Lactarius 2
Russula 7
6 orders 17 families 26 genus 43 species

The leading families of the mycobiota under
consideration are Polyporaceae (9 species),
Russulaceae (9 species), Pluteaceae (4 species),
Amanitaceae (3 species), Strophariacea (3 species).
Boletaceae, Fomitopsidaceae, and Psathyrellaceae
were each represented by two species (Figure 2).

Additionally, one species was identified for each
of the following families: Auriculariaceae, Cerre-
naceae, Hymenochaetaceae, Mycenaceae, Ompha-
lotaceae, Panaceae, Paxillaceae, Physalacriaceae
and Sclerodermataceae. The leading position of the
first two of the noted families is characteristic of the
mycobiota of the ravine birch forests.

By trophic affiliation, the species were
distributed as follows: 25 species belong to
xylotrophs, the vast majority of which live on
destroyed, buried wood, as well as species that are
participants in the initial stages of wood destruction
and are marked on a whole or with a slight degree
of destruction of the shaft. Most xylotrophs are the
main members of the families Fomitopsidaceae,
Polyporaceae, Pluteaceae, Strophariaceae. The
macrofungi belonging to this group were commonly
found in living birch trees, as well as in the decaying
remnants of birch trees such as fallen trunks, which

are prevalent in ravine birch forests. Additionally,
they were observed on stumps, fallen branches, and
small twigs.

The mycorrhiza-forming group comprises 15
species, second only to xylotrophs. This group
includes species from the families Amanitaceae,
Boletaceae, Russulaceae, and Paxillaceae.

The humus saprotrophs are represented by
Coprinopsis atramentaria (Bull.) Redhead, Vilgalys
& Moncalvo, Scleroderma citrinum Pers. In birch
forests, the forest litter is well developed, with
Gymnopus dryophilus (Bull) Murrill being the sole
representative of the litter saprotroph.

The species composition of macromycetes in
the study area is influenced by a multitude of factors
operating in concert. These factors encompass
a range of abiotic elements, the characteristics
of the plant habitat, as well as human activities
impacting various facets of the ecosystem, thereby
directly or indirectly affecting all others. Fungal
species composition and their natural associations
within communities are intricately linked to all
environmental components, but are particularly
influenced by vegetation characteristics and
anthropogenic pressures on the biotope.
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Figure 2 — Taxonomic structure of birch forests

In the ravine forests, where the main factor
in our case is moisture, in this case a constant
watercourse, the following birch forests are formed:
birch rosehip association, birch reed association,
birch sedge association, birch bentgrass association,
birch horsetail association. In these associations
we have noted the following fungi: Leccinum
scabrum (Bull.) Gray, Russula fellea (Fr.) Fr.,
Russula betularum Hora, Trichaptum biforme (Fr.)
Ryvarden, Gymnopus dryophilus (Bull.) Murrill
(Collybia dryophila (Bull.) P. Kumm.), Lactarius
resimus (Fr.) Fr., Lentinus arcularius (Batsch)
Zmitr., Pholiota aurivella (Batsch) P. Kumm.,
Pholiota squarrosa (Vahl) P. Kumm., Pluteus
leucoborealis Justo, E.F. Malysheva, Bulyonk. &
Minnis, Xerocomellus chrysenteron (Bull.) Sutara,
Trametes hirsuta (Wulfen) Lloyd., Auricularia
auricula-judae (Bull.) Quél, Cerrena unicolor
(Bull.) Murrill and Trametes versicolor (L.) Lloyd.
Also here, along the slopes of various expositions,
Russula grisea Fr., Xerocomellus chrysenteron
(Bull.) Sutara are found in bedstraw birch forests
in combination with mouse peas, and Amanita sp.
grow in the mouse pea birch forest (Figure 3).

Ravine forests with a temporary watercourse,
where birch forests, lily-of-the-valley birch, nettle
birch, weed-ruderal birch with tansy are formed.
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Here we discovered such macromycetes as Amanita
pantherina (DC.) Kromk., Fomitopsis pinicola
(Sw.) P. Karst.,, Amanita muscaria (L.) Lam.,
Russula betularum Hora, Hymenopellis radicata
(Relhan) R.H. Petersen, Paxillus involutus (Batsch)
Fr., Fomes fomentarius (L.) Fr., Lenzites betulinus
(L.) Fr., Inonotus obliquus (Fr.) Pilat.

In the gullies where the groundwater is located,
completely different birch forests are formed.
They are represented by such birch forests: birch
lily-of-the-valley birch, birch bracken fern, birch
blackberry, couch grass birch, sedge birch, birthwort
birch. Here we have noted the following types of
macromycetes: [nonotus obliquus (Fr.) Pilat.,
Amanita muscaria (L.) Lam., Amanita pantherina
(DC.) Kromk., Fomitopsis pinicola (Sw.) P. Karst.,
Kuehneromyces mutabilis (Schaeff.) Singer &
AH. Sm., Ganoderma applanatum (Pers.) Pat.,
Trametes gibbosa (Pers.) Fr., Russula betularum
Hora, Leccinum scabrum (Bull.) Gray, Russula
fellea (Fr.) Fr., Pluteus leucoborealis Justo,
E.F. Malysheva, Bulyonk. & Minnis, Trametes
pubescens (Schumach.) Pilat, Trichaptum biforme
(Fr.) Ryvarden, Gymnopus dryophilus (Bull.)
Murrill, Xerocomellus chrysenteron (Bull.) Sutara,
Coprinellus micaceus (Bull.) Vilgalys, Fomes
fomentarius (L.) Fr.
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Figure 3 — Map-scheme of macromycetes distribution in ravine birch forests

At the foot of the root bank, a white birch, a sedge
birch tree develops. Mycena galericulata (Scop.)
Gray, Amanita pantherina (DC.) Kroos., Russula
fellea (Fr.) Fr., Pluteus leucoborealis Justo, E.F.
Malysheva, Bulyonk & Minnis, Trichaptum biforme
(Fr.) Ryvarden, Russula exalbicans (Pers.) Melzer &
Zvara, Russula anthracina Romagn., Xerocomellus
chrysenteron (Bull.) Sutara are formed there.

Conclusion

Thus, as evidenced by the observations in
the birch forests within our territory, the highest
richness of macromycetes is typically found in birch
forests situated in the lowlands of deep gullies.
Conversely, the species diversity of macromycetes
tends to decrease in birch forests growing along
slopes of various orientations, along the edges of
gullies, and on eroded slopes. Additionally, in new
pioneer areas, such as the foot of the riverbank of the

Ural River, the species composition of mushrooms
is notably poorer.

The taxonomic structure of mycobiota in ravine
birch forests was investigated for the first time in
this research area, aiming to explore the diversity of
macromycetes.
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MOP®OD®UINOAOTUYECKUE OCOBEHHOCTU
AAKTO30CBPAXUBAIOLLIMX APOXOKEM, BBIAEAEHHbIX
N3 KWCAOMOAOYHbDLIX MPOAYKTOB
CMELLUAHHOTI O bPOXEHWA

M3BeCTHO, UTO AAUTEABHOE XPaHEHWE KYABTYP C MOMOLLbIO NEPUOAMYECKMX NEPEeCceBOB He BCEraa
obecrneumBaeT CTabBMAbHOCTb MOPOAOTO-KYABTYPaAbHbIX U (PU3MOAOrMUYECKMX NMPU3HAKOB. B cBsi3n C
3TUM BCTAET BOMPOC O HEOBXOAMMOCTM M3YUEHUs AMara3oHa M3MEHUMBOCTU OTAEAbHbIX MPU3HAKOB
M BAMSIHWSI BHELUHEN CpeAbl Ha CBOWMCTBA reTePOreHHOCTU KOAAEKLIMOHHBIX KYABTYD U M3YUYEHWUS MX
MOPGOMDU3UOAOTUUECKMX CBOMCTB, Mbl COYAM LIEAECOOOPA3HbIM BHOBb BEPHYTbCS K W3YUYeHUIO
OCHOBHbIX TaKCOHOMMWYECKM 3HAUMMbIX (PEHOTUMMYECKMX MPU3HAKOB 3TUX APOX>Ken. B pesyabrarte
oTMeueHo, 4TO KyAbrypa Candida sphaerica KM95 He nposIBASIET eCTEeCTBEHHYIO WM3MEHUMBOCTD,
KOTOpasi BblpaxkaAacb Obl B MaKPOMOPOAOrMUECKOM reTePOreHHOCTU MOMYASLMA: MOYTH BCE KOAOHUM
MMEAM aHAAOTUYHble XapakTepucTuku. Y kyabTypbl Candida kefyr var. kumis 17 npu pacceBe Ha
MAOTHYIO CpeAy HabAIOAQeTCs 3ameTHasl BaprabeAbHOCTb Mo psiay MOPGOAOrMYECKMX MPU3HAKOB.
Tak, MoOnyASILMOHHbBIA COCTaB MPEACTABAEH HECKOAbKMMM TMMamMM KOAOHUM, OTAMYAIOLLMXCS APYT OT
Apyra rno pasmepy, usety, hopme, CTPyKType 1 T.M. B nomckax KyAbTyp, MHTEHCMBHO COPaskMBatOLLIMX
AQKTO3Y, ObIAO UCMbITAHO 25 WITAaMMOB APOXKEH, BbIAGAEHHbIX U3 Wy6aTa U OTHECEHHbIX K poay Can-
dida. B pe3yAbTate CpaBHUTEABHOIO M3y4YeHMsl (DEPMEHTATMBHON aKTMBHOCTM, MyTEM MCCAEAOBaHUS
CNoco6BHOCTM Pa3HbIX LWITAaMMOB COPaXKMBATb AAKTO3Y, BbiIBAEHbl Havboaee akTvBHble M3 HuUX — C.
sphaerica 1M wn C. sphaerica 3M. Mo Hawmm HaBAIOAEHUSAM UCCAEAYEMbIE KYABTYPbl CMOCOOHDI
hepMeHTMPOBaTb MAaAbTO3Yy MOCAE MX AAMTEABHOIO BblpalLMBaHMs Ha CyCAO-arape, OAHAKo, NMpy 3TOM
TEpsIeTCs CMOCOOHOCTb K POCTY Ha CPEAE C AAKTO30M.

KAtoueBble CAOBa: AAKTO30COpa>kMBatOLIME APOXOKM, MOPRO-(PU3MOAOTMUECKME CBOWCTBA,
BGPO>XKEHUS!, KOAOHUSI APOXKKEN, MUKPOPAOPA KyMbICa.

A.A. Sartayeva', Z. Orazayeva', E.M. Imanova’, E.A. Kyrbassova'",
M.Kh. Parmanbekova’, R.Zh. Berzhanova?, G. Baitasheva'
'Kazakh National Women’s Pedagogical University, Kazakhstan, Almaty

2Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: e.kyrbasova@gmail.com

Morpho-physiological features of lactose-fermenting
yeast isolated from fermented milk products of mixed fermentation

It is known that long-term storage of cultures with the help of periodic reseeding does not always
ensure the stability of morphological, cultural and physiological characteristics. In this regard, the ques-
tion arises of the need to study the range of variability of individual characters and the influence of the
environment on the heterogeneity properties of collection cultures and study their morphophysiological
properties. We considered it appropriate to return to the study of the main taxonomically significant phe-
notypic characters of these yeasts. As a result, it was noted that the culture of Candida sphaerica KM95
does not show natural variability, which would be expressed in the macromorphological heterogeneity
of the population: almost all colonies had similar characteristics. The culture of Candida kefyr var. kumis
17 when sieving on a dense medium, a noticeable variability is observed in a number of morphological
features. Thus, the population composition is represented by several types of colonies that differ from
each other in size, color, shape, structure, etc. In search of cultures that ferment lactose intensively, 25
yeast strains isolated from shubat and assigned to the genus Candida were tested. As a result of a com-
parative study of enzymatic activity, by examining the ability of different strains to ferment lactose, the
most active of them were identified — C. sphaerica TM and C. sphaerica 3M. According to our obser-
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vations, the studied cultures are able to ferment maltose after their long-term cultivation on wort agar,
however, the ability to grow on a medium with lactose is lost.

Key words: lactose-fermenting yeast, morphological and physiological properties, fermentation,
yeast colony, koumiss microflora.
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ApaAac cyT KbILLKbIA @HiMAEpiHeH 0OAIHIN aAblHFaH AAKTO3aHbl allibITaTbIH
aLLbITKbIAAPAbIH, MOP0-PU3UMOAOTUSIABIK epeKLIeAiKTepi

Mepsimai KaiTa ery apkblAbl KyAbTYpPaAapAbl y3ak, cakTay MOPOAOrMAAbIK, KYABTYPAAbIK, XoHe
(PM3MOAOTUSABIK, CUMATTAaMAAAPAbIH, TYPAKTbIAbIFbIH KamTamachi3 ete 6epmenTiHi GeAriai. OcbiFaH
6aAaHbICTbI JKeKe GeArIAePAiH 83repriluTik ayKbIMbIH XOHE KOAAEKLMSABIK, AAKbIAAAPAbIH F€TEPOreHA|
KacueTTepiHe KopLUaFaH OPTaHbIH 8CEPiH XXaHe 0AapAbIH MOPEO-(ON3NOAOTUSIABIK KACMETTEPIH 3epTTey
KAXKETTIAIr TypaAbl cypak, TybiHAAMAbI. COHAbIKTaH AQ, 6i3 OCbl ALLbITKbIAAPAbIH HET 3T TAKCOHOMMSIABIK,
MaHbI3Abl (PEHOTUNTIK BEATiAEpiH 3epTTeyre KaiTa opaAfaHAbl XX6eH Aen caHaablk. HaTukecinae Can-
dida sphaerica KM95 KyAbTypachl NOMYyASUMSHbIH MAKPOMOPOAOTUSIABIK, TETEPOTr€HAIAITHAE KOPIHETIH
TabuFK O3reprilTik KepceTnenTiHi 6ankasabl: GapAblK AepAiK KOAOHUSIAAP 6ip —6ipiHe yKkcac GOAADI.
Candida kefyr var. kumis 17 kaTTbl KOPeKTik opTaaa ecipreHae Gipkarap MOPOAOTUSAbIK GeArirepae
anTapAbIKTan e3repriwTik 6akassbl. COHbIMEH MOMyASLUMS Kypambl 6ip-6GipiHeH KeAemi, Tyci, nilwiHi,
KYPbIAbIMbI X8He T.6. GOMbIHLIA epeKLIeAEHETIH KOAOHMSAAPAbIH GipHelle TypAepiMeH YCbIHbIAFAH.
AaKTO3aHbl KApKbIHABI allbITAaTbiH KYALTYPAAApAbl i3Aey 6apbiCbiHAQ LyGaTTaH GOAiHIN aAblHFaH
albITKbIAAPABIH 25 WTamMbl 3epTTeAin, Candida TyKbIMAQCbiHA >KATKbI3bIAFAH. ALLUbITKbIAAQPAbIH
hepMeHTTIK BGEeACEHAIAITIH CaAbICTbIPDMaAbl TYpAE 3epTTey 06apbiCblHAQ, AAKTO3aHbl allbITaTbiH
albITKbIAAPAbIH eH 6eAceHAl WTammaapbl — C. sphaerica TM xoaHe C. sphaerica 3M eKeHi aHbIKTaAAbI.
bi3aiH 6akblAayAapbiMbI3 GOMbIHLIA, 38PTTEAreH KYABTYPAaAap CyCAO arap KOPEeKTiK opTacblHAQ Y3ak,
ecipreHHeH KeiiH MaAbTO3aHbl albITyFa KabiAeTTi, analaa AakTo3achl 6ap opTasa ecy KabiAerti

JKOFaAaAbl.

TYﬁIH CO3A€epP: AAKTO3aHbl allbITaTblH allbITKbIAAP, MOpCbOAOFVIFI/\bIK, KoHe CbVBVIO/\OFVIﬂAbIK,
K,acmeTTepi, AlbITY, allbITKbl KOAOHUACHI, KbIMbI3 Ml/leO(,bAOpaCbl.

BBenenue

Baxnble 1151 OMOTEXHOJIOIMH NPU3HAKU HEKO-
TOPBIX BHUIOB Jpoxokelt Kluyveromyces (CHHOHUM
Zygofabospora) npuBneKaroT OO0JbIIOC BHHUMaHHE
nccienosareieit [1]. Umerores psim paboT Mo Mo-
JIEKYJISIPHON OMOJIOTHH, TCHETUKE U MX CHCTEMATH-
ke [2-6]. OqHako UCIOIB30BaHKUE TeHO(POH A ITUX
JIPOXOKEH B IEHETHMYECKMX M NPHUKIAIHBIX pa3pa-
00TKax 3aTpyJHSIETCS] TEM, YTO MX CYIIECTBYIOIIASL
kinaccudukanus Gopmansha. Mexons uz cnenudu-
KH OMOJIOTMYECKUX CBOWCTB, MOAXOABI K CHCTEMa-
TUKE JIPOXIKEH OTIMYAIOTCS KaK OT CUCTEMAaTHKH
OakTepuii, TaK M OT CHCTEMAaTHKH MHIIEIHAIbHBIX
rpu6oB. CrienuanbHble PYKOBOACTBA 110 UX HIIEH-
TU(UKALMN TEPUOJNYECKH TOABEPraroTcsl HOBOM
MHTEPIIPETALMH B CBSI3U C pa3pabOTKON COBpEMEH-
HbIX noaxonoB [7, 8]. Ilperepriena uaMeHeHUs U
CHCTEMATHKa JIAKTO30COPKUBAIOIINX JPOKIKEH.
Hanpumep, apoxoku, BblIeIEHHBIE U3 KUCIIOMOJIOY-
HBIX IIPOAYKTOB, ObIJIM OTHECEHBI IIEPBOHAYAIBLHO K
Torulopsis kefir (Beijerink) (Lodder,1934); 3atem

k Candida kefir (Beijerink) van Uden et Buckley
(Lodder, 1970). Pa3neneHue nByX pOJOB HECO-
BepuieHHBIX npoxokeld Torulopsis m Candida Obuto
OCHOBAaHO HAa HAJMYUM ICEBIOMHULEIUS Y BUIOB
pona Candida u orcyTctBum TakoBoro y Torulopsis.
OjiHaKo B HACTOSIIEE BPEMsl TAaKOE pa3rpaHHYCHUE
yIOpa3fAHEHO W3-32 3HAYUTEIBHOH H3MEHYMBOCTHU
npu3Haka. beut mpoBeieH g poBol TAKCOHOMHUYE-
CKMH aHAM3 (EHOTUIHYECKUX XapaKTepUCTHK 147
HECOBEPIICHHBIX BUIIOB Apoxoken [9]. OtcyTcTBUE
OCHOBaHHMI TaKCOHOMHYECKOTO Pa3/ICICHUS MEKIY
pomamu Candida w Torulopsis cnenano BO3MOX-
HBIM CJIHSHUE 3THX POJAOB. B pesyibrate, panee
pasrpannumnBaeMbie poasl Candida w Torulopsis
OBLIIO MPEIIIOKEHO OO BETUHUTE.

B HacTosiee BpeMsi HEKOTOPbIE BUABI JIAKTO-
30COpaKUBAIOIINX APOXKIKEH CUUTAIOTCS KaK aHa-
Mopdhamu, Tak 1 CHHOHUMaMH poja K/uyveromyces
[10, 11]. KyapsBuer B.M. Bbigenun HECKOJb-
KO BHJIOB JIPOXOIKEH B CaMOCTOSTEIbHBIC POJIBI
Zygofabospora n Fabospora, no3xe, J. P. van der
Walt npumien K BEIBOIY, YTO 3TU POJIbI IPEACTAB-
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JSIIOT cOOOM OAMH U TOT K€ TakcoH: Kluyveromyces
van der Walt. Onaaxo, mo mHeHuto Haymosa I".1.,
OpWTHHANbHBIE OmNucaHud pojaoB Kuyveromyces
u Zygofabospora (Fabospora) He nmepekpbiBatoTcs
1 OXBaTHIBAIOT COBEPLICHHO Pa3jMYHbIC IPOAOKU
[12]. Aposxku siBasitoTcs Hambosee 3(pPeKTHBHbI-
MU MHUKPOOpPraHM3MaMH B MPOU3BOJCTBE 3TaHOJA
[13]. OgHako He Bce BHIBI 00JaJarOT XOPOIIEH
JIAaKTa3HOW AaKTHBHOCTBIO, a HEKOTOpBIE HECIOo-
COOHBI pacUICIUIATh JIAKTO3y W HamnpsMyro ¢ep-
MEHTHPOBATh CBEXEE MOJIOKO IJIsi MPOU3BOJICTBA
sTaHosa. JlJs 3TOro Ba)KHO BBIACIHUTH JIPOAOKH,
crocoOHbIe cOpakUBaTh JAKTO3Y M BIOCIEICTBUU
MIPOU3BOAUTD CIIUPT. DTO HCCIEAOBAaHUE ObLIO Ha-
MPABIICHO HA TO, YTOOBI BBIICTUTD U UICHTHPHUIIH-
poBath APOXKH M3 Kedupa U OXapaKkTepu30BaTh
HX CHOCOOHOCTH B Ka4€CTBE OTIEJIbHBIX 3aKBACOK
JUTs Ipou3BoJIcTBA Kedupa. Ha ocHOBaHMM MOpdo-
JIOTHYECKUX U (PU3HOJIOTUYECKUX OLIEHOK IOJIyde-
HO 15 MmpeanoyIoKUTEIbHBIX U30JISITOB JIPOXIKEH,
10 13 KOTOPBIX XOPOIIO POCIH Ha JaKTO30COep-
xKalmux cpenax. MomnekynsapHas WACHTU(DUKALNS
MOATBEPANIIA, YTO YETHIPE M30JIATa, IPUHAAIIEIKAT
Kluyveromyces marxianus [14]. ABTOpBI IpoBeIN
MOJIEKYJIIPHO-T€HETHYECKOE NCCIIET0BAHNE JPOK-
xeil Kluyveromyces lactis, BbIACIECHHBIX U3 pa3-
JIUYHBIX MOJIOYHBIX MPOJYKTOB B CTpaHax IOCT-
COBETCKOTrO IPOCTPAHCTBA U JPYIHX PETHOHAX
nakTo3sl. [logydeHHble pe3ynbTaThl IOKa3alu, YTO
MEXKIITAaMMOBasi THOPHIU3AIUST MOJIOYHBIX JIPOK-
xeit K.lactis sBnsercsi 3()(EKTUBHBIM METOJOM
CO3/1aHUs HOBBIX IITAMMOB C BBICOKOH (hepMeHTa-
TUBHON CIOCOOHOCTBIO. BhIeacHHBIC TPOXIKH C
HanOoJiee BBICOKOW CIOCOOHOCTBIO (PEPMEHTHPO-
BaTh JIAKTO3Y HPEICTAaBJIAIOT MHTEPEC Ui [alb-
HEUIINX MOJIEKYJISIPHO-TeHETUYECKUX HCCIeoBa-
HUH U CEeJIEKIIMOHHBIX Iporpamm [15, 16]. ABTOpHI
oOpamasii BHUMaHUE Ha BUJOBOH COCTaB MOJIOY-
HOKHCIIBIX OaKTepuil U ApoXKed u3 nrybaTa B pas-
HBIX pernoHax Kazaxcrana: Anmatsl, Kei3eiopaa,
[emmkeHT U AThIpayckas oomacts. [lokasaHo, 9To
BHUOBOM COCTaB M OOWJIME KAaKIOr'0 BHA 3aBUCHUT
OT KJIMMaTUYeCKuX ycioBuii [17].

MaTepnanbl U METOJAbI HCCJICAOBAHUSA

B paGore ncrons30Bannch Cleayonme KOJIeK-
LIMOHHBIE U CBEYKEBBIJICIIEHHOE KYJIbTYPHI JIAKTO30-
cOpakuBarIIUX Aposxokeit u3 koswekiuu HUU mu-
kpobuonoruu u Bupyconoruu MOH PK u xadenpsr
ouorexnonoruu KazHY um. Anp-®apadbu: Candida
(Torulopsis) kefyr var. kumis mramm 17, Bblne-
JIeHHast U3 KyMbica AnmMaTHHCKOW obmacth, Kapa-
catickoro pattona. Candida (Torulopsis) sphaerica
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mraMM KM-95, BeienieHHas U3 KyMbica AJIMaTHH-
ckoit 0011. Kerenckoro paitona. Candida sphaerica
mtamMm 1M u Candida sphaerica mramm 3M, BbI-
JIeNieHHbIe U3 1Iy0ara AJMaTHHCKOH oOmacT, c.
MpiHOaeBa.

[Mpn wm3yueHHWH KyJIbTYpalbHO-MOp(hOIOrHye-
CKUX M (U3HOIOTO-OMOXUMHUYECKUX TPHU3HAKOB
KYJIBTYPBbI HCIIOJIb30BAJIMCh CTaHJAPTHBIE METO.bI
KynbTHBHpOBaHu [18].

Pe3yabTaTthl HcciIe10BaHUSA U UX 00CYAKAEHHE

Panee u3 MuKpOQIOpH KyMbICa, NPOU3BO-
mumoro B Kaszaxcrane, Oblia BbIAENEHA KYJIbTypa
Torulopsis kefyr var. kumis miramm 17, kotopast 0T-
JMYaNach OT IPYTUX MO CKOPOCTH M YPOBHIO OpO-
YKeHHS 1 Oblila peKOMEHI0BaHa /IS UCTIOIh30BAHUS
B COCTaBE KyMBICHBIX 3aKkBacok [19]. poxoku ume-
T OBaJIbHYIO (OpMY KIIETOK pazmepoM (2,2-4,7) x
(2,6-5,2) mxMm. PazMHOXamch moukoBanueM. I1ces-
JIOMHILIEIHIA He 00pa3oBbiBasii. Ha cycio-arape, cbl-
BOPOTOYHOM arape (OopMUpOBAIM KOJIOHUU OEJI0ro
1[BETa, BBHIMYKJIbIC, Kpasi pOBHBIE, C HAPOCTOM B Ce-
penuHe, MOBepXHOCTh MopiuHUcTast. LTpux Kyib-
TYpBI JKEITOBATO-OCNbId, INaaKuid, Onectsmuil. B
KUIKOM cpene 00pa3oBEIBAIN 0CagoK. MakcuMaib-
Has Temneparypa pocta — 45°C. JIpoxiku XOpOIIOo
pasBuBanuch npu pH 5-8, cmabo npu pH10. Oxa-
3aJIUCh YCTOWYMBHI K TMOBBIIICHUIO KOHIICHTPAIHH
MoBapeHHOW conu: pasBuBanuchk mpu 2-5% NaCl,
npu BBeneHuu 7, 8 U 9% conu pocT apoxxkel 3a-
nepxkuBanca, a npu 10% coBcem mpexparianics.
MeUteHHO pa3KWKalnd JKelaTuHy, cliabo ycBau-
BaJlM HUTpAT Kanus. B xadyecTBe MCTOYHMKA yrie-
poJla MCTOIB30BAIM JIAKTO3Y, Caxapo3y, MEHBIIe
rasakto3y. Oopa3zossiBaiu 1,5-3,3 00. % cnupra Ha
Mouoke. IIpenensnas xkucnotnocts 55°T. U3 yrie-
BOJIOB COpa)KMBAIH TIIOKO3Y, Caxaposy, JIAKTO3y,
cnabo coOpaxuBaiu padduHO3y, HEe COpaKUBAIH
apabuHo3y. Bwlaenennas KynbTypa, 1o paHee Cy-
IIECTBOBABIINM OTIPEICTUTENSIM, ObLIa OTHECeHa
K Torulopsis kefyr, HO OTIMYaNACh CIIOCOOHOCTHIO
cOpakuBaTh MalbTO3y, ACCUMHIMPOBATH HHUTPAT
Kans, 0oabInei yectonuuBocThio kK NaCl. IToato-
MY aBTOPBI COWJIM BO3MOXKHBIM CUUTATh €0 HOBOH
Pa3sHOBUAHOCTBIO JaHHOTO BHUAA M ONPEACITHIIH,
kak T.kefyr var. kumis 17. B pe3ynprare n3ydeHus
MHUKPOQIIOpBI KyMbICA M3 Pa3IH4YHBIX OO0JacTel
Kazaxcrana Obuta BbiAeneHa KynbTypa Torulopsis
sphaerica KM-95. 3HadanpHOE €€ ONHCaHUE: B
KHUJIKOM cycie depe3 Tpu Ans mpu 25°C obOpasy-
eTcsl TOHKasl CIM3UCTAas IUIeHKa U ocaaok. Kietku
0T chepuIecKoi 10 OBaIbHOW (OPMBI pazMepaMu
(2,7-5,6) x (3,2-7,8) Mkm. Pa3zMHOKa10TCS TOYKOBA-
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HueMm. Yepes 7-10 cyrok npu 25°C Ha cycno- rio-
KO3HOM arape KOJIOHHH CE€POBaTO-)KeMUIYKHOTO
[[BETa, KPYIJIbIe, BBITYKJIBIE C POBHBIM Kpaem, To-
BEPXHOCTb Thajkasi, omectsimas. LLTpux KymbTy-
pBI cepoBaTO-0CIBIA, TIAAKUHA, ONECTAIUN, Kpal
poBHBI. [Ipu pocTe Ha CTEKJIE ¢ KyKYpYy3HbIM ara-
poM mceBnomuuenanii He obOpasyer. COpaxuBaer
TJTIOKO3Y, TaJIaKTo3y, caxaposy, JakTo3y, 1/3 pad-
¢$uHO3BI; HEe cOpakMBaeT MaibTO3y. ACCUMUIU-
pYeT IIIIOKO3Y, TajllakTo3y, caxapo3y, MalbTo3y H
JIAKTO3Y; Ha STUIOBOM CIUPTE U MOJIOYHOU KHCIIO-
Te HabJII0/1aeTCs JOBOJIBHO XOPOIIUH POCT, HUTPAT
Kajus He ycBamBaeT. OnTuManbHas TeMieparypa
pocra 37°C, makcumanbHas 42°C. YCTOWYHUB K 10-
BBIIICHUIO KOHLIEHTPALUU MMOBAPEHHOW COJIU: TPH
5-7% mnoBapeHHOH conM pocT XOPOIIHi, Tpu 8-9%
— poct 3anepxkuBaetcs, mpu 10% -moIHOCTHIO TIpe-
KpartaeTcsi. OTMEUYeH pOCT Ha CPEJIe C COJIepPIKaHM-
eM TI10Ko3bl. [Ipu pocte Ha cTekiie ¢ KyKypy3HbIM
arapom IiceBJIoOMUIIeTNi He o0pa3yer. COpaknBa-
€T TJIIOKO3Y, TaJlakTo3y, caxaposy, JakTo3y, 1/3
padduHO3bI; HE cOpakMBaeT MaabTO3y. ACCHUMHU-
JUPYET TIOKO3Y, TajJakTo3y, caxapo3y, MalbTO3y
W JIAKTO3Y; Ha STUJIOBOM CIIUPTE U MOJIOYHOW KHC-
Jote HaOII0AaeTCs TOBOJIBHO XOPOIIUK pOCT, HU-
TpaT Kanus He ycBauBaeT. OnTuMabHas TeMIiepa-
Typa pocta 37°C, makcumanbHas 42°C. YcToituus
K MOBBIIICHUIO KOHIEHTPAIMH MTOBAPEHHON COJIH:
npu 5-7% mMoBapeHHOW COJM POCT XOPOIIUH, TpH
8-9% — poct 3agepxkuBaercs, npu 10% -momHO-
CThIO0 mpekpamiaercs. OTMEUYEeH poCcT Ha Cpele ¢
cojiepKaHNeM TIIOKO3Bl. [lpeaBapurenbHO ObLI
MIPOU3BEIEH PACCEB CYCIEH3UI KIETOK Ha arapu-
30BaHHYIO cpeay. KonuuecTBo mosrydeHHBIX MOp-
(dosormueckuX BapUaHTOB YUWUTHIBAIH udepe3 3-7
CyTOK HHKYyOupoBaHwus npu temnepartype 35-37°C.
B pesynbprare ormeueno, uto kynbrypa Candida
sphaerica KM95 He TIpOsIBIISIET €CTECTBEHHYIO M3-
MEHYHBOCTH, KOTOpasi BhIpakajach Obl B MakKpo-
MOP(OJIOTHYECKOH TETEPOreHHOCTH TOMYJISIUH:
MOYTH BCE KOJIOHMHM WMEIU aHaJIOTWUYHBIE Xapak-
tepuctuku. Y KyneTypsl Candida kefyr var. kumis
17 npu pacceBe Ha IUIOTHYIO Cpedy HaOIromaeTrcs
3aMeTHas BapuaOelbHOCTh MO pAxy Mopdoioru-
YECKUX NpU3HAKOB. Tak, MOMyJISIIIUOHHBIN COCTAB
MPEICTaBICH HECKOJIBKUMHU TUIIAMH KOJOHHH, OT-
JUYAIOIINXCSA IPYT OT JIpyra Mo pa3Mepy, IBETy,
dopme, CTPYKType U T.II.

Ha 3 cytku pocta u3 o01iero 4ncia BIPOCIINX
kooHuni (oxono 2000) O6ww0 MONTydeHo 6 Mopdo-
JIOTHYECKHUX THUTIOB:

I mopdoTtun — xonmonun auamerpom 8-10 mm,
KpYTJIbIE, CeTKa BBIMYKIIbIE, Kpas BOJHHCTHIE, pe-
nbed McYepUeHHBIH, MPUCYTCTBYIOT CEKTOPa, Kpe-

MoBoro 11BeTa. Kosin4yecTBo KOJIOHUH TaHHOTO MOp-
¢otuna B nomyssiunu cocraBuio 52,8%.

IT MopdoTun — KOJIOHHK HeNpaBUIBHOW (op-
MBI, BBIITYKJIbIE, C 3BE€3JYaTBIMU KPasMH, INAIKHE,
OJIecTsT, CBETIIO-KPEMOBOTO IBeTa. Yactora BO3-
HMKHOBEHHMS TaKUX KOJIOHUI cocTaBuia 28,3%.

1T MmopdoTun — KOJTOHUK KPYTJbIE JHAMETPOM
10 MM, ¢ BBIIYKJIBIM COCKOM B IIEHTpE, 3y04aThIMU
KpasiMH, TJIafKue, OJeCTST, CBETIO-KPEMOBOTO IIBe-
Ta. BesaBiaeHo 7,4% TakuX KOJIOHUH.

IV mMopdoTun — KOJTOHUM KpyTible THAMETPOM
15 MM, CHITBHO BBITYKJIBIE C (DECTOHUATHIMH, CIIETKa
BOJIHUCTBIMU KpPasiMH, C KOJbLAMH MO TEepUPEpHH,
riaakue, onectart. Yacrora mossieHus — 6,5%.

V MOp(OoTUIl — KOJOHUM AMaMeTpoM 12 MM,
IUTOCKHE, Kpasi BOIHHUCTBIC, B LIEHTPE C1a00 BBIITY-
KJIbIe, TIepudepnuss 0eKeBOro MBETa, IIEHTP KPEeMO-
BhIil. KonuecTBo KoJIOHUI ¢ M3MEHEHHON MOp(ho-
sjoruei — 3,2%.

VI MopdoTHIT KOJIOHHH TUAMETPOM 3-5 MM,
KpYTJIble, BBIMYKJIbIe, [IMITUHAPHYECKHE (C KOHYCO-
BUIHBIM NpoduiIeM), Kpasi poBHbIE, penbed ucuep-
YEHHBIH, OJIECTAT, KpeMOoBBIe. KommaecTBO KOTOHUH
¢ no700HOM Mopdooruei cocraBuio 1,8 %.

Paznuumst B MOPQOIOTUU KOJTOHHUH, MPUCYIIUX
OJTHOW M TOW K€ TOMYJISINH, CBHIETEIbCTBYIOT 00
ux auddepennupoke. IlosiBaeHne HOBBIX (HopMm
MOJKET OBITh pe3yJIbTaTOM CIIOHTAHHOTO MYTaIlMOH-
Horo Tiporiecca. Tak, komonun VI Mopdorunria nme-
JHM pe3KHe OTIMYUS OT OCTAIBHBIX MOP(OTHIIOB:
JPO>KEBbIE KIETKH 0Opa30BBIBAIM KOJOHHUH, pa-
CTYIIIME BEPTHKAIBLHO C 00pa3oBaHUEM JUTMHHBIX (5
MM) TOHKHX MHOTOKJIETOUHBIX CTPYKTYp. Croco0-
HOCTh K 00pa30BaHUIO TaKUX CTPYKTYp C Hapylie-
HUEM KOHTPOJIS TOJSIPHOCTH KIJIETOK W ITPOIIECCOB
pa3BuTHs omucaHbl B JuTeparype [19] u Ha3BaHbI
MHOTOKJIETOUYHBIMH CTEOJIEBBIMU CTpyKTypamu. K
MIPUMeEPY, MTOT00HBIE KOJIOHUHA-MYTaHThI TTOTy9IEHBI
y C. albicans, S. pombe, E. coli nocne Bo3aeiicTBus
Ha HUX YD 00nyueHwms.

Komnonun BeImeonucaHabix MOP(OIOTHIECKIX
BapMaHTOB OTCEBAJM B MPOOMPKU HAa CKOIIEHHBIN
arap. Bcero Opiio oTobpano 120 BapmanToB Bcex
MOpP(OTHIIOB € TENbI0 MATbHEUIIET0 H3Y4YeHHS
ux (epMeHTaTUBHON akTHBHOCTH. [y 3TOTO MHC-
oJIb30Bai MeTonl ¢ TpyOkamu [lynGapa [18]. B
KadecTBe cyOcTpara s OpOKeHHS TPUMEHSIIA
0,5%-HbIi APOKIKEBOM DKCTPAKT, COJAEPIKAIINN OT-
JenbHbIe caxapa (TJ0KO03Y, TaIakTo3y U JIAKTO3Y),
JoBeJIeHHBIE /10 KoHIeHTpanuu 4% B cpene. [loces-
HOW MaTepuan BHocuics B konudecTse 2,00 %.

KonnuecTBeHHbIE COOTHOIIEHUS BapUAHTOB IO
HX CITOCOOHOCTH (hepMEHTHUPOBAThH TaHHEIC caxapa,
IIpUBEJEHBI Ha pUCYHKE 1.
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= aKTMBHO cbpaKuBatoLme

= CO CpepHe it a KTUBHOCTU

" C HM3KOM aKTUBHOCTbIO
He cbpakuBatowme

Pucynok 1 — I'ereporennocts nonynsun apoxxeit C. kefyr var. kumis 17/1
10 CTI0OCOOHOCTH (PepMEHTHPOBATh: A — IMIOK03Y; b — ramakro3y; B — makrosy; %

Kax BugHO M3 1-prucyHka OONBITUHCTBO BapH-
anToB (0osee 50%) akTHMBHO COpPaKMBAIOT TJIFOKO-
3y. Jloast BapuaHTOB cO cpeaHel cOpakuBarouen
aKTUBHOCTBIO cocTaBmiia 25,0%, ¢ HM3KOH crere-
HbIO0 akTHUBHOCTH 18,3%, BOBCe HE COpakMBAOIINX
[JIIOKO3y OKa3aJloch MHUHHMMAJIBHOE KOJIMYECTBO
— 1,66%. Ilo OTHOIICHUIO K rajakTo3¢ OOJbIIas
YaCTb BAPpUAHTOB IPOSABIIACT HU3KYIO U CPECAHIOIO
COpaKUBAIOIYI0 AaKTUBHOCTB: MX JIOJISI COCTABIISET
cooTBeTcTBeHHO 48,3 1 31,6%. AxTHUBHAs SHEPTHUY-
HOCTh OpoxeHusi HaOmronaercs: Toiabko y 10,83 %
BapHaHTOB, COBEPIICHHO HE COpakKMBaJIM TaJIaKTO-
3y — 9,16%. AHanoruyHasi cuTyalys OTMEUeHa Ha
cpeie C JaKTO30#: OCHOBHYIO YacTh COCTaBIISUTU
BApHAHTHI C KaTETOpUEN HU3KON U CpefHEel aKTHB-
HocTH OpokeHus. KoimdecTBO aKTHBHBIX ILTaM-
MoB coctaBuiio 20,0% He cOpakUBAIOIINX JIAKTO3Y
6,6%. Takoe pazgeneHue MOCITYKWIO MPEANOCHLI-
KOH K BBIOOpPY OOBEKTa Ui AalbHEHIIero m3yde-
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HUS (YHKIHOHAIFHOW AKTUBHOCTH JIPOXKEH B
YCIIOBHSIX AbIXaHUs U Opokenus. Hamo momaratb,
YTO UMEHHO CPEJIU MIPECTaBUTEIIeH aKTUBHBIX OpO-
JWIBIINKOB CJIEAYeT BECTH IOMCK KYJIbTYp ISl UC-
MOJIb30BaHUSI B OPOJIMILHON MPOMBIIUIEHHOCTH, U
HA00OPOT, aKTHBHO Pa3MHOKAIOIIUECS, JbIIIAIINE
3a CUeT YIVIEPOAHOro cyOcTpara IpOXiKH, Hpea-
CTaBIISIIOT MHTEPEC B MPOU3BOJCTBAX, OCHOBAHHBIX
Ha MOJy4eHur onomacchsl. B pe3ynbrate ckpuHuHra
0b110 oTOOpano 10 HanbosIee aKTHBHBIX BAPHAHTOB,
COpaXMBAIOIINX KaK TITFOKO3Y, TaK JIAKTO3Y U Taak-
T03y. W3 HUX 11 AanpHEHIINX UCCleJOBaHUH BbI-
Opana xioHoBas kynbrypa C. kefyr var. Kumis 17/1,
KOTOpasi P MHOTOKPATHBIX IepeceBax COXpaHsiia
CTaOMIIBHOCTH MOP(OJIOTHYECKUX U (PU3UOIOTHYEC-
CKHX TIPU3HAKOB (TI0 (DepMEHTATUBHOW aKTUBHOCTH
K BBIIIECYKA3aHHBIM caxapam).

Muxkpockonuueckast KapTuHa KyabTypsl C. Ke-
Syr var. kumis 17/1 B wunkoi cpeae nociue 3-x m1HEi
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npu 37°C mpencraBieHa KiIeTKaMH OT OKpPYIJIOH
0 MHJTHHAPHYECKOH (GopMbI pasmepamu (2,5-8,3)
x (4,1-14,3) MKM, pazMHOXarOIMecs MOYKOBAaHH-
eM: TIOUYKH 00pa3yloTcsl Ha Y3KOM OCHOBAaHHMHU KJIET-
KH, CIIOp He 00pasyioT. BerpeuaroTcss onnHOYHBIC
KIJIICTKH, IapaMu WX KOPOTKUMHU ICIIOYKaMH. Ha
TJIIOKO30-TIENTOHHON Cpejie KyJbTypa AaeT OOMIIb-
HBI XJIOTIBEBHUIHBIA OCaIOK, (GopMHpyeT ciaboe
MPUCTEHOYHOE KOJBI0, MIIEHKY He obOpa3yer. Ha
JIaKTO30-IIENTOHHOM Cpejie Uepe3 CyTKHU MpH TeMIle-
parype 37°C mrpux KyJbTypbl MATOBOTO HITH CBET-
JIO-KPEMOBOTO IBETa, TTAAKUHN, ONecTAmuii, Kpau
poBHBIA. XapakTep (OPMHPOBAHUS TUTAHTCKHX
KOJIOHMM M3y4ajid Ha IUIOTHOM MUTATENbHOU cpene
nocye 2-X HeJIeNbHOTO pocTa KyJnbTyp. I uranrckue

komouun guamerpoM 30-40 MM, MJIOCKHUE, CTEIIO-
IIHECS, C BJIAXKHBIM OJIECKOM, CJIErKa BOJHHUCTBHIM
KpaeMm, CBETJIO-KPEMOBOTO Wik OekeBoro mnpera. Ha
MTOBEPXHOCTH UMEIOTCS PEJIKUE KPYITHBIC U MEJIKHE
CKJIQJIKH, C IIEHTpa A0 Kpas KOJOHWUHU YTONIIEHBI
CEerMEHTOM, MPHUCYTCTBYIOT CEKTOpa, 3aMETHA JIeT-
Kasl painaibHO-KOHIICHTPUYECKAsl HCUSPUYCHHOCTD.

Du3no0ro-OMOXMMHUYECKHE CBOMCTBA HCCIIE-
IyeMOU KyJbTYpPhl B CPAaBHCHHH C YK€ HMMEIOIIU-
MUCSl JIaHHBIMH, TIOJYYCHHBIMH B pa3HOE BpeMs,
Ha4YWHAas ¢ BBICICHUS U HACHTU(UKAIINH 0 HACTO-
siimero BpeMenu [14; 20, 21], a Takke B COMOCTaB-
JICHUH ¢ HOBBIM Ha3BaHUEM JAHHOTO BH/IA COTJIACHO
MTOCIICTHAM OTPEICTUTEIIIM [7] TPEACTaBICHB B
1-Tabnuue.

Ta6auna 1 — OcHoBHbIC GusHONIOr0-6MoXUMHUYeckue cBoiictsa Candida kefyr var.kumis 17/1 B CONOCTaBACHUH C APYTUMHU TAaHHBIMU

N COpaxuBaror Accumunupyor
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[IpencraBnger nHTEepec UMEIOIIHMECS B JIUTE-
patype [22] cBeneHUsS O TOM, YTO OOBIYHO JPOK-
*KaM, (DepMEHTHPYIONINM JIaKTO3y, HECBOWCTBEHHO
¢depmentupoBath ManbTo3y. Ilo Hammm HabIO-
JICHUSM HCCIIeyeMble KyJbTyphl CIIOCOOHBI (ep-
MEHTHPOBATh MallbTO3y TIOCIE WX IJIUTEIHHOTO
BBIpAIMBaHUs Ha CyCllO-arape, OJHaKo, IpU 3TOM
TepsIeTCsl CIOCOOHOCTh K POCTY Ha Cpelie C JAKTO-
30i. B pe3ynbrare 4acThIX MEPECEBOB HA JIAKTO30-
MENTOHHYIO Cpely yJAaeTcsi BHOBb BOCCTAHOBMTH
paHee yTpayeHHYIO CIIOCOOHOCTh KYJIBTYPHI K (ep-
MEHTAIIU! JIAKTO3BI, HO CIIOCOOHOCTH COpakHBaTh
MajbTO3y ociabeBaeT, a 3aTeM U BOBce ucuesaer. B
nuteparype [23] OTMEUYEHO, UTO MaJIbTO30COIEPKa-
Iast cpesia CrnocoOCTBYeT BOSHUKHOBEHHIO Y JIPOIK-
JKel M3MEeHeHUil (hepMEHTALMOHHBIX U aCCUMMIIS-
LIUOHHBIX CBOWCTB.

ACCUMWIIALINS TIEIUTIONIO3BI, TI0 COBPEMEHHOM
HOMEHKJIAType, ABJSAETCS OJHUM W3 TaKCOHOMHUYe-

CKUX NPU3HAKOB Jposoked Buna K/. marxianus var.
marxianus u Kl. marxianus var. lactis. B cBsizu ¢
OTCYTCTBHEM TaKOH HMH(POPMAIIUU O HAIIHX OO0BEK-
Tax, HaMu ObLIa U3y4YeHa UX CIIOCOOHOCTH K YCBau-
BaHUIO IIEIUTFOJIO3bI HA )KUJIKOUM U TATEIBHOH Cpe/ie.
Kuakyro muTaTenpHYI0 Cpeay HaJIWBajIM TOHKHM
ClIoeM B KOJIOY M BKJIAQJbIBaJH B HEE CIOKECHHBIN
CKJIQJIKAMH CTEPWIbHBIN (QUIbTP. JIBYXCyTOUHBIN
ITIOCEBHON MaTepuall BHOCWJIM B KOHIIEHTPAIHH
3-5x10° kJIeTOK ¥ KyJIbTUBHUPOBAJIM B TeUeHHE 7 Cy-
TOK Ha Kavalike. B pe3ynbraTe ObLIO BBISICHEHO, UYTO
kyneTypa C. kefyr var. kumis 17/1 Ha )XuIKO# cpe-
Je oOnagaeT LEJUTIOJIONUTHICCKUMU CBOMCTBAMH,
(hopMupysl TpU 3TOM KOJOHHHM HENOCPEICTBEHHO
Ha Oymare. BeposTHO, ()epMEHTHI APOXOKEH, TH-
JIPOJIU3YIOLIHE 1EJITI0NI03Y, HE BBIJIENSIIOTCS B KYJIb-
TYIHYO KHUJIKOCTh, 2 CHHTE3UPYIOCS Ha KIIETOYHOM
CTeHKe, 00yCIIOBIIMBAs TPU 3TOM TTOBEPXHOCTHBIN
KOHTAKT JIPOKIKEH C LIEIOJI030M.
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B nuteparype [17] BbIieAsIOT rpyniy HUTpaT-
TTOJIOKUTENBHBIX M HUTPATOTPHUIIATEIHHBIX BUIOB
Candida. Boiplyto 4acTh IPOXOKEH 3TOTO Poja co-
CTaBISIIOT COPaXKMBAIOLIME HUTPATOTPHLATEIILHBIC
BH[IBI, KPOME TOTO, OTCYTCTBYIOT JIaHHBIE B OTHO-
HIEHNN C6pa)KI/IBaHI/I$I JIAKTO3bI HUTPATIOJIOKUTECIIb-
HBIMHU TpynnaMu. B manHom ciydae, ucciemyemas
KYJbTYp SIBIII€TES] OJTHOBPEMEHHO HUTPATIOIOKH-
TENILHOU U COpasKUBAIOIIEH YIIIEBOIbI, B Y4CTHOCTH,
JIAKTO3y.

B w3HavanpHO OIMyOIMKOBAaHHBIX NaHHBIX [19]
OTCYTCTBOBaJIM cBeicHUs1 00 otHomeHnn C. kefyr
var. kumis 17 K BLICOKOMY COZIEP’KaHHIO B CpeJie ca-
xapa (0CMOYyBCTBUTENHHOCTE). Hamu ObIT 0TMEUeH
pocT Ha cpene ¢ coaepxanueM 50% rmoko3sl. Kpo-
Me TOTO0, HUcclieyeMasl KyJbTypa yCTOWYHMBA K IO-
BBIILICHHOW KOHIIEHTpaIluu NoBapeHHou conu. [Ipu
1-9 % nabnronaercst JOBOJIBHO XOPOUIMH POCT, TIPU
10% — poct ymepeHnuslii, a npu 11-15% — monnHo-
cThIO mpekpamiaercs. [1o nanupM TuTepatypsl [24],
TOJICPAHTHOCTL K TIOBBIIICHHBIM KOHICHTpALUAM
COJIM M caxapa sBISIETCS OIHUM M3 (HU3HOJIOTHYe-
CKHX OCOOEHHOCTEH KYJIBTYp JTaKTO3HBIX APOKIKEH.
Ha Ham B3rasa, DpOTUBOPEUMBBIX PE3YJIBTATOB
MEXy IpeAbIIyLIIM OMTUCAHUEM BU/Ia U CBOWCTBA-
MU KyJIbTYpBI, HCCIEIyeMON IOCIe JITUTEIHFHOTO
XpaHC€HUs, HC BBIABJICHO.

Taxum 00pazom, u3yueHHas KyJabTypa 1o 00JIb-
IIMHCTBY MOP(]OIOTO-KYIbTYpAIbHBIX H  (U3HO-
JIOT0-OMOXMMUYECKUX MTPU3HAKOB OKasaiach OJH3-

Ka K omucanuto Kluyveromyces marxianus var.
marxianus [26]. OTpunarenbHble pPe3yNbTaThl 1O
00HapYKEHUIO TIOJIOBOTO MPOIecca MO3BOJIMIN OT-
HECTHU HCCIENYEeMYIO KyJIbTYpy K aHamopde JaHHO-
ro Buna apoxokeit — k Candida kefyr, a HeKOTOpBIE
0COOEHHOCTH, XapaKTepHbIe sl 00beKTa (aCCUMH-
JSIMS HUTpaTa KaJlusl ¥ MallbTO3bl, IPOTCOINTHYE-
CKasg aKTHBHOCTH) ITO3BOJIIOT pPacCMaTpHUBATh €e
KaK pa3HOBHHOCTb IAHHOTO BU/a, BEPOSITHO, SIBJISI-
IOLIEHCS TIOKAJIBbHOM reorpaduyeckoil momysuen.
B xukoii mutaTensHOM cpejie nociie 3-X JHel po-
cra nipu 37°C xnerku C. sphaerica KM95 umeror
pasmepsr (2,0-8,3) x (4,1-12,4) MKM, TOYKYIOTCH,
criop He oOpaszyror. LITpux KyabTypbl MaTOBOTO
1BETA, TJIJKUH, OJeCTAIMHI, Kpast poBHbIC. ['MranT-
CKHE KOJIOHUH 1uaMeTpoM 20-25 MM, KpyTJIble, Kpas
CJIeTKa BOJHHCTHIE, IIOBEPXHOCTH I IKast, OJIeCTHT,
c1a0O0BBIMYKIIbIE, €JIe 3aAMETHbIE CEKTOpa, LIEHTP KO-
noHun TemHee, yeM mnepudepus. ComnocraBiieHHE
HaIlIUX Pe3ylbTaTOB, C paHee MOJYYCHHBIMH JaH-
HBIMHU TIPH WACHTHU(PHUKALUN KyJIbTYpbl Torulopsis
sphaerica KM95, He BBIABUIO KapAMHAIBHBIX pa3-
mrauii. OmHako Ha KapToQenpbHOW cpele B aHa-
9POOHBIX YCIOBHMSX HMHOIJIA OTMEYAETCS JIOKHO-
MUIETHATIbHBIA pocT. COracHo MpencTaBICHHUIM
MOCTIETHEH CUCTEMAaTHKHU ApOosoKel [9], mo u3yyeH-
HBIM MOP(}OJIOrO-KYIbTYPaIbHBIM M (DU3HOJIOTH-
4ecKUM TNpu3Hakam, aApoxoku Candida sphaerica
KM95 seistrorcst anamopdoit KI. marxianus var.
lactis (tabmuna 2).

Ta6auna 2 — CorocraBieHe OCHOBHBIX (PH3HOIOT0-OMOXHUMHUYECKUX TIPU3HAKOB aApoxikeit Candida sphaerica n Kluyveromyces

marxiamus var.lactis
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W3BecTHO, YTO CBOCOOpA3HOM HUIIICH JUIS JaK-
TO30COPKUBAIOIINX JPOXIKEH SBISIOTCS KHC-
JIOMOJIOYHBIE MPOAYKTHl CMEIIAHHOTO OpOKEHHS.
B Kazaxcrane BecbMa TOITyJISIPHBI TPOIYKTHI U3
BEpOIIOKBETO MOJIOKA, KOTOPBIE SABJISIOTCS PE3yilb-
TATOM MOJIOYHOKHCIIOTO M CHHUPTOBOTO OPOKEHHS.
B Teuenue psjga set u3yvanachk IpoxokeBas ¢uiopa
3THX MPOIYKTOB. B pe3ynprate M3 HallMOHAIHLHOTO
HaIMTKa I1y0aTa ObUIH TIOJIYYCHBI M30JISThI JIAKTO-
30COpaXMBAIOIINX JIPOAOKEH [26].

B momckax KyneTyp, HMHTEHCHBHO COpau-
BAaIOLINX JIAKTO3Y, OBLIO MCIBITAHO 25 MITaMMOB
JIPOYOKEH, BBIICICHHBIX U3 IIy0aTa U OTHECEHHBIX
kK pony Candida. B pe3ynbraTe CpaBHUTEIBHOTO
u3y4yeHus: (pepMEHTATUBHON aKTUBHOCTH, IyTEM
UCCJICIOBaHUS CIIOCOOHOCTH pPAa3HBIX INITaAMMOB
cOpaxmBaTh JTakTo3y B TpyOKax [lynOapa, BbIsB-
JieHbl HanOoJiee akTuBHble U3 HUX — C. sphaerica
IM u C. sphaerica 3M. B xunkoi cpene oHU 00-
pasyroT KIETKH OT C(epudecKol 0 OBaJbHOM
¢dopmbl, pazmepamu (2,08 — 4,16) x (4,16 — 6,24)
MKM U (2,6 — 4,1) x (3,3 -6,0) MKM COOTBETCTBCH-
HO. POPMHUPYIOT OCAZOK, MPUCTEHOYHOE KOJBIIO.
PasMHOXal0TCS TOYKOBaHUEM, CIIOP HE 00pa3yIoT.
HITpux KyIbTypbl MATOBBIH, TTaAKAN, OJIECTAIINH,
Kpaii poBHbIN. KOJIOHUM KpyTJjible ¢ POBHBIMHU Kpa-
SIMH, TIIAJKUE, CIA00BBITYKIIbIC, CBETIO-0EKEBOI0
1BeTa.

My3seiiHble KyIbTyphl W OTOOpaHHBIE HOBBIC
IITAMMBI JIPOXOKEU MOJICPKUBAIMCH TIEPUOINYEC-
CKAM KYJbTHBHPOBAaHHEM Ha JIAKTO30COJIEprKaIIeh
cpelie C TENbI0 JTaJbHEHUIero U3y4eHUs UX MOp-
dodusnonaornueckux 0coOeHHOCTh. Mccneayembie

KYJIBTYPBI JIAKTO30COPaKUBAIOIINX OTIUYAIOTCS T10
MOP(OJIOTHUECKUM U (PU3NO0JIOTO-OMOXUMUICCKAM
ceoiierBam. Kynerypa C. kefyr var. kumis 17/1 BbI-
JICJIICTCS CIIOCOOHOCTBIO YCBauBaTh IICIUTHOJIO3Y,
SIBIISICTCS HUTPATITOIOKUTEIIHHON U NIPOSIBIISET (e-
HOTHUITUYECKYIO JBONCTBEHHOCTh

3akaouyeHne

B pesynbrare otmeueHo, uto kynbrypa Candida
sphaerica KM95 He poSBISET €CTECTBEHHYIO 3-
MEHYUBOCTbh, KOTOPasi BhIpaXkajiach Obl B MAKPOMOP-
(hostornyeckoi TeTepOreHHOCTH TOMYJISIIUU: TIOYTH
BCE KOJIOHWW MMEJH aHAJIOTUYHBIE XapaKTepHCTH-
ku. Y kyaetypbl Candida kefyr var. kumis 17 npu
pacceBe Ha IUIOTHYO Cpely HaOIIIoaeTCsl 3aMeTHAas
BapuabeIbHOCTh IO PAAY MOP(OIOTHYECKUX MPH-
3HaKoB. Tak, NOMyJIAIIMOHHBIN COCTAB MPEACTaBIEH
HECKOJIbKMMH THUTIAMH KOJOHHUH, OTINYAFOIIUXCS
JIpyT OT ZIpyra 1o pa3mepy, IBeTy, hopMme, CTpyK-
Type U T.1. B mouckax KyjiabTyp, MHTCHCUBHO cOpa-
YKUBAIONIHX JIAKTO3Y, OBLIO MCIIBITAHO 25 IITaMMOB
IPpOXOKEH, BBIICIEHHBIX W3 ITy0aTa W OTHECEHHBIX
K pony Candida. B pe3ynbprare CpaBHUTEIBHOTO U3-
ydeHus: ()epMEHTATHBHON aKTHBHOCTH, IyTEM WC-
CJICIOBAHUS CITOCOOHOCTH Pa3HBIX IMTaMMOB COpa-
JKUBATh JIAKTO3Y, BBISIBIICHBI HAH00JIee aKTHUBHBIC U3
nux — C. sphaerica 1M u C. sphaerica 3M. Ilo na-
UM HaOJIIOCHUSM HCCIETyeMble KyIbTYPhI CIIO-
COOHBI (PEpPMEHTHPOBATH MAJILTO3Y IMOCIE UX JIJIH-
TEJNBPHOTO BBIPAIIUBAHUS Ha CyCJO-arape, OJHaKo,
IIPH 3TOM TePSIETCS CIOCOOHOCTH K POCTY Ha Cpefie
C JIAKTO30M.
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SEQUENCING OF CANDIDATE GENES ASSOCIATED
WITH VALUABLE AGRICULTURAL TRAITS IN SHEEP
OF KAZAKH SELECTION

This study concentrates on the sequencing of candidate genes linked to desirable agricultural quali-
ties in Kazakh selection sheep, a region of considerable significance in improving sheep breeding and
agricultural practices. The main goal is to examine genetic markers that impact important characteristics
like as meat and wool quality, which are vital for the financial sustainability of sheep farming. The study
focuses on certain candidate genes, namely MSTN, CAST, FAT1, and FZD3, which have been identified
for their potential influence on agricultural features, using modern genetic sequencing techniques. The
process entails the sequencing of specific sections of the genome and conducting a thorough examina-
tion of these genes to detect changes and their associations with desirable agricultural characteristics.
The findings unveil significant genetic differences that are directly linked to the qualities of interest.
These findings are crucial not only for comprehending the genetic composition of Kazakh sheep but
also for their substantial impact on the domain of animal genetics and breeding. This work significantly
enhances the current understanding by clarifying the genetic elements that impact important agricultural
characteristics in sheep. Moreover, the discovery holds practical importance due to its potential appli-
cability in selective breeding schemes. Through utilizing the knowledge acquired from genetic analy-
sis, breeders can devise more effective and focused breeding tactics, ultimately resulting in enhanced
agricultural output and quality in sheep farming. Consequently, this research shows great potential for
progressing the field of animal genetics and enhancing the economic viability of sheep farming in Ka-
zakhstan and other regions.

Key words: sequencing, candidate genes, valuable traits, sheep.
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Kasak Ko# canacbiHA@ 6afFaAbl aybIALLAPYALUbIAbIK,
CUMaTTapbiMeH 6aiAaHbICTbI KAHAUMAQAT reHAEPiHiH, Ti3iAimi

ByA 3epTTey KoW LWapyallbIAbIFbI MEH aybIALLAPYALLbIAbIK, TOXKipMGECiH XaKCcapTy YiiH MaHbI3AbI
anmak, GOAbIN TabbIAATbIH Ka3ak, TYKbIMAbI KOMAAPAAFbl KaAayAbl ayblALLAPYALbIAbIK, GeAriAepiMeH
6aAaHbICTbI KAHAMAQT FrEHAEPiH CeKBEHMpPAeyre HGarbiTTaaFaH. Heriari MakcaT — KOM LapyaulbIAbIFbIHbIH
Kap>KbIAbIK, TYPaK TbIAbIFbI YLLIH MaHbI3AbI €T MeH XKYH Carnachl CUSIKTbl MaHbI3Abl GeAriaepre acep eTeTiH
reHeTUKaAbIK, MapKepAepAi 3epTTey. 3epTTey Kasipri 3aMaHfbl reHEeTUKAAbIK, CEKBEHUPAEY SAICTEpPiH
KOAAQ@HA OTbIPbIMN, ayblALLAPYALLbIAbIK, 6EATIAEpiHE BAeYeTTi acepAepi YlWiH aHbikTaaraH MSTN, CAST,
FAT1 >xeHe FZD3 cusaKTbl HaKTbl KAHAMAQT FreHAEpre Hasap ayAapAbl. ByA npouecc reHoMHbIH GeAriAi
6ip aMMakTapblH CEKBEHMPAEYAI >KOHE ©3repiCTepAl >koHe OAapPAbIH, KaXKeTTi ayblAlLAPYaLLbIAbIK,
cunaTTaMaAapblHa KATbIHACbIH aHbIKTay YLLUIH OCbl FEeHAEPAIH erKen-TerkenAi 3epTTeyAepiH XYprisyAi
KaMTuAbl. HoTuxkeAep Kbi3bIFYLIbIAbIK, GeAriaepiHe Tikeaem OalAaHbICTbl MaHbI3Abl FEHETMKAABIK,
arbIpMaLLIbIAbIKTapAbl kepceTeai. bya HaTMXKeAep Ka3ak, KOMAAPbIHbIH FeHETUKAAbIK, KYPaMblH TYCiHY
YLWIiH FaHa eMec, COHbIMEH KaTap OAaPAbIH FreHeTMKa MeH MaA LapyallblAbIFbl CAAACblHA alTapPAbIKTain
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acep eTyiMeH Ae MaHbI3Abl. ByA XKyMbIC KOMABIH MaHbI3AbI aybIALLAPYALLbIAbIK, CUNATTaMaAapbliHa acep
eTeTiH FeHEeTUKAAbIK, SIAEMEHTTEPAI HAKTbIAQY apKblAbl Ka3ipri TYCIHIKTI alMTapAblKTall KeHenTeAl.
CoHbIMEH KaTap, allbIAy OHbIH aCbIA TYKbIMAbI CXEMAAapAa SAEYETTI KOAAAHbIAYbIHA GANAAHBICTbI
NpPaKkTUKaAbIK 8cepre me. [eHeTUKAAbIK TAAAAYAAH aAbiHFaH OiAIMAI NarAaAaHa OTbIPbIN, CEAEKLIMOHEPAED
AHaFYPAbIM TUMIMAI >K8HE MaKCaTThl ACbIAAQHABIPY TaKTMKACbIH Xacar aAaAbl, OYA Caibin KEArEHAE,
aybIA LIAPYALLbIAbIFbI OHIMI MEH KOWM OHIMIiHIH canacbiH apTTbipyfa akeAeai. COHAbIKTaH OYA 3epTTey
>KaHyapAap reHeTMKachbl CaAachlH iArepiaeTy >oHe KasakcTaHAarbl eHe 6acka anmakTapAarbl KO
LLAPYaLLbIAbIFbIHbIH, 3KOHOMMWKAAbIK, TUIMAIAINIH apTTbIPYAbIH, YAKEH BAEYETiH KepCeTeAl.
Ty#in ce3aep: CekBeHMpPAEY, KaHAMAAT FreHAEpP, KYHAbI 6eAriAep, KonAap.
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CekBeHMpPOBaHHE FeHOB-KAHAMAATOB, aCCOLLMMPOBAHHDBIX C LLEHHbIMU
CeAbCKOX03SIMCTBEHHbIMM NMPU3HAKaMM Y OBell, Ka3aXCKOM CeAeKLiMU

Hacrosuee nccaepoBaHme cocpeAOTOUEHO HA CEKBEHMPOBAHMN MEHOB-KaHAMAATOB, CBS3aHHbIX C
>KEeAaeMbIMM CEAbCKOXO3S9MCTBEHHbBIMM KaueCTBaMM y OBeL, Ka3aXCKOW CeAeKLIMM, PErMOHa, MMeIoLLEro
GOAbLLIOE 3HAYEHME AAS YAYULIEHUS] OBLIEBOACTBA M METOAOB BEAEHUSI CEAbCKOrO XO034iCTBa.
OCHOBHa$l LeAb — M3YyUnTb FreHeTMUYeckrne MapKepbl, KOTOpPble BAMSIOT HA BaXkKHble XapakTepUCTUKK,
Takne Kak Ka4yecTBO M$cCa M LIEPCTH, KOTOPble MMEIOT XKM3HEHHO Ba)KHOE 3HauyeHue AAS (prHaAHCOBOM
YCTOMUYMBOCTM OBLIEBOACTBA. McCAeaOBaHME COCPEAOTOUYEHO Ha OMPEAEAEHHbIX FeHax-KaHAMAaTax,
a umeHHo MSTN, CAST, FAT1 u FZD3, koTopble ObiAM MAEHTUPULMPOBAHBI MO MX MOTEHLIMAABLHOMY
BAMSIHMIO HA CEAbCKOXO39MCTBEHHbIE XapakTEPUCTMKM C MCMOAb30BaHWEM COBPEMEHHbIX METOAOB
reHeTMYEeCKOro CEeKBEHMPOBAHUS. DTOT MPOLIECC BKAKOYAET B Cebs CEeKBEHMPOBAHME OMpeAeAeHHbIX
YYaCTKOB FeHOMa M MPOBEAEHME TLLATEABHOIO M3YyYeHUS 3TUX TE€HOB AAS BbISBAEHWS M3MEHEHUI U
MX CBS3M C >KEAAEMbIMM CEAbCKOXO3S9MCTBEHHbIMW XapakTepuCTMKamMu. Pe3yAbtaTbl packpbiBaloT
3HAaUMTEAbHble reHeTUYeCKMe Pa3Anumsl, KOTOPbIe HAMPSIMYIO CBS3aHbl C MHTEPECYIOLLMMM KayeCTBamM.
ITW pe3yAbTaTbl MMEIOT peLlalollee 3HauyeHMe He TOAbKO AASl MOHMMAHWSI FeHeTMYecKoro CocCTaBa
Ka3axCKUX OBeLl, HO U M3-3a UX CYLLECTBEHHOrO BAUSIHMS HAa OBAACTb FrEHETUKMN M CEAEKLIMM KMBOTHBDIX.
O7a paboTa 3HAYUTEAbHO PACIIMPSET HbIHELHEEe MOHMMAHWE, YTOUHSS FEeHETUUYECKME SAEMEHTbI,
KOTOpble BAMSIIOT HA BaXkHble CEAbCKOXO35MCTBEHHbIE XapaKTepucTukn osel. boaee Toro, oTkpbiTHe
MMeeT NPaKTUYeCKOoe 3Ha4YeHNE M3-3a ero NOTEHLMAAbLHOIO MPUMEHEHMS B CXeMaX CeAeKLMn. McnoAb3ys4
3HaHMS, MOAYYEHHble B PEe3yAbTaTe eHEeTMYECKOro aHaAM3a, CeAeKLMOHepbl MOryT paspaboTtatsb
6oree IPPEKTUBHYIO M LIEAEHANPABAEHHYIO TaKTUKY Pa3BEAEHUSI, UYTO B KOHEYHOM UTOre MpuBeAeTr
K YBEAMYEHMIO CEeAbCKOXO3SMCTBEHHOM MPOAYKLIMM M KayeCTBa OBLEBOACTBA. CAeAOBATEAbHO, 3TO
UCCAEAOBAHME TMOKa3blBaeT GOAbLION MOTEHLUMAA AAS PasBUTUS OOAACTU TEHETUKM >KMBOTHBIX W
MOBbILLEHUS SKOHOMUYECKON peHTabeAbHOCTM OBLEBOACTBA B KaszaxcraHe 1 Apyrnx permoHax.

KAloueBble cAOBa: CekBEHMPOBaHWE, reHbl-KaHAMAQTbI, LEeHHbIE NMPU3HaKKX, OBLIbI.

Introduction

Sheep farming is one of the most important areas
of animal husbandry, as sheep are valuable sources
of meat, wool, leather, and milk. In recent years,
researchers around the world have been actively
studying the genetic characteristics of sheep to
improve their agricultural characteristics, such as
disease resistance, wool quality, body weight, and
meat yield [1, 2].

One approach to identifying genetic markers
associated with desirable agricultural traits in sheep
is to use candidate genes. Candidate genes are genes
that are thought to play a role in the development of

certain traits based on their function or location in
the genome [3-8].

In this article, we investigated candidate genes
associated with valuable agricultural traits in sheep
and their connection to these traits. The use of genetic
markers in sheep breeding is an important tool for
improving the agricultural characteristics of the herd.
They can help increase productivity, endurance,
adaptation to various environmental conditions,
improve product quality, and reduce herd maintenance
costs. As part of the study, we analyzed the genes
MSTN, CAST, FATI, and FZD3, which are known
for their influence on muscle growth and development,
wool quality, and adipose tissue in sheep.
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The MSTN gene, also known as the myostatin
gene, is a genome that plays an important role
in regulating muscle growth and development.
Specifically, the MSTN gene produces a protein
called myostatin, which is a negative regulator of
muscle mass. Mutations in the MSTN gene in sheep
can lead to increased muscle mass and improved
meat quality, making it an important target for cattle
breeding programs [9-12].

The CAST gene is pivotal in encoding
calpastatin, a protein calpastatin, which is a specific
inhibitor of the protease calpain. Calpastatin plays
an important role in regulating the activity of calpain
in cells, which is important for a wide range of
physiological processes, including muscle growth,
protein development and metabolism. Studies have
shown that changes in the CAST gene can affect
the tenderness of meat, which is a highly desirable
property in the meat industry [13].

The gene FATI1 in sheep encodes the protein
FATI1, which is a member of the cadherin family
of cell adhesion molecules. FATI is involved in
several cellular processes, including cell polarity,
migration, and tissue development [14-16].

The gene FZD3 in sheep encodes the protein
Frizzled-3, which is a receptor for the Wnt signaling
pathway. The Wnt signaling pathway plays an
important role in regulating various developmental
processes, includingcell proliferation, differentiation,
and tissue morphogenesis. Variations in the FZD3
gene are associated with differences in wool fiber
diameter, fiber strength, and frequency of waves in
sheep wool [17, 18].

To summarize, the continuous investigation
into genetic markers for sheep breeding is of utmost
significance. The technology has the capacity
to revolutionize sheep farming by increasing
productivity, enhancing disease resistance,
facilitating adaptation to environmental changes,

Table 1 — Primers used in work

and promoting sustainable and ethical breeding
techniques. This research is essential for satisfying
the increasing worldwide need for sheep products and
also serves a critical function in conserving genetic
variety and enhancing the economic sustainability
of sheep farming. Therefore, it signifies a crucial
domain of concentration in the field of agricultural
genetics and animal management.

Materials and Methods

In order to determine the nucleotide sequence
of the genome and the associated agricultural traits,
partial genome sequencing was performed on an
ABI PRISM 310 instrument (Applied Biosystems)
using the BigDye Terminator v3.1 Cycle
Sequencing Kit (Thermo Fisher Scientific) reagent
set. Prior to sequencing, target DNA was amplified
using specific primers, the information of which is
presented in Table 1. The following components
were required for the amplification reaction: 300 ng
of target DNA, 3.2 pM of primer, 0.75X sequencing
buffer, 0.25X terminator, and volume adjustment to
10 pl with deionized water. A program compatible
with the ABI PRISM 310 genetic analyzer protocol
was used for sequencing.

The amplification program consisted of the
following steps: 1. Initial denaturation, 5 min —
94°C; 2. Cycling. 35 cycles: a) denaturation, 1
min — 94°C; b) primer annealing, 1 min — 62°C; ¢)
elongation, 1 min — 72°C.

To remove residual nucleotides, a mixture of
nucleic acids was amplified and then treated with
75% alcohol. To do this, 50 pul of 75% alcohol was
added to 10 pl of the mixture, and then incubated
at room temperature in a dark place for 15 minutes.
The mixture was then centrifuged for 15 minutes at
14,000 rpm in an Eppendorf 5427R centrifuge to
precipitate the solution.

Forward

For gene MSTN Reverse

5'-GAAACGGTCATTACCATGC-3'

5'-CATTTGGTTGCCTGAAATATG-3'.

Forward

For gene CAST Reverse

5'- TGGGGCCCAATGACGCCATCGATG-3’

5'- GGTGGAGCAGCACTTCTGATCACC-3'.
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1) FAT1-1
Forward
Reverse
For gene FAT1 (2 pairs of primers)

2) FATI1-2
Forward

Reverse

5'- GGAAAAAATACTAACGCTGAAGCACGA-3’

5'- GAGACGGTAGTTATCTGCTCCCCGA-3'.

5'- GCGTCGGGGAGCAGATAACTAC-3’

5'- TTCAGGTTCCTCTGGTTCCATAC-3'.

1) FZD3-1
Forward
Reverse
For gene FZD3 (2 pairs of primers) 2) FZD3-2
Forward

Reverse

5'- TGGCTGTGAGTAGGATCGTC-3’

5'- ATTGCTAAAGCTGCCGTCTG-3'.

5'- GATCCGGATTGGTGTTTTCAGCAT-3’

5'- AGAACAAGGTTTCCCTTACCTGATA-3'".

After successful precipitation, the precipitate
was left at room temperature on a chemical table to
dry. The precipitate was then dissolved in 10 pl of
formamide, and denaturation of the deoxyribonucleic
acid was carried out for 4 minutes at a temperature
of 96°C. After denaturation, the tube containing the
standard was left in ice for 3 minutes. The resulting
DNA was then loaded onto sequencing strips and
transferred to the genetic analyzer [19].

The analysis of nucleotide sequences was carried
out using the Sequencing analysis 5.2 program
and DNAMAN. The specificity of the nucleotide
sequences was determined using the Basic Local
Alignment Search Tool (BLAST) program. The
obtained sequences were then analyzed by alignment
using the Clustal Omega program [20].

Results and Discussion

Partial targeted sequencing of candidate genes
associated with meat and wool productivity,
mentioned in previously published sources [14, 21,
22], was conducted. SNP analysis was performed
for genes MSTN, CAST, FATI, and FZD3. For
the MSTN gene, PCR amplification targeting the
first intron was performed. The aim of the analysis
was to identify two SNPs located at positions
18 (rs119102825) and 241 (rs119102826). The
positions of single nucleotide polymorphisms were
indicated with respect to the site and nucleotide
position of the transcript of the gene (ISGC Oar_
v3.1/0viAri3).

These polymorphisms are associated with such
indicators as birth weight and average daily weight
gain [21]. The genetic variations of the MSTN gene
show differences in genotype among species and
families. The GG genotype for rs119102825 was
found to be common in the genome of all animals of
the Edilbay breed. For the Kazak Fine-wool sheep
and Akzhayik breeds, it corresponds to the TT
genotype. The polymorphisms between the T and G
alleles were observed in the Saryarka and Kazakh
semi-coarse wool sheep, while the SNPrs119102826
showed the same genotype for all breeds. The T
allele was observed for the Edilbay, Saryarka, and
Kazakh semi-coarse wool sheep breeds, while
the Kazak Fine-wool sheep and Akzhayik breeds
corresponded to the CC genotype.

The MSTN gene functions as a growth factor
in cells and also participates in the process of
differentiation [23, 24, 25]. The gene is a non-
coding regulator of skeletal muscle growth. The
association of the gene with meat productivity is
not only characteristic of sheep, but also of other
animals [26].

Genetic polymorphisms in the myostatin
(MSTN) gene associated with increased muscling
and growth have been detected in the Madras Red,
Mecheri, and Texel sheep breeds using PCR-RFLP
analysis in a prior study. The MSTN gene serves
as a suppressive regulator for muscle development.
Consequently, the rate of muscle growth in sheep
is multiplied by two when the function of MSTN is
compromised [27, 28].
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The obtained data for rs119102825 indicate a
connection between genotype and increased meat
productivity, specifically with higher birth weight.
These findings are supported by associations reported
by other authors [22]. Only the GG genotype in this
locus is significantly associated with increased birth

weight. The SNP probability at this position for the
Saryarkabreed may be explained by its greater age
and higher intensity of breeding compared to other
animals. The distribution of different genotypes for
MSTN and CAST genes among breeds is shown in
Table 2.

Table 2 — Percentage of occurrence of different genotypes for the MSTN and CAST genes among sheep breeds

Percentage of occurrence of genotypes in the breed, %

Position of ‘g9 b o

Gene SNP in the SNP é s s E» 2 E Ef:f
gene 2 L3 3 g z 53

K < ’ <2

GG 18,9 0,8 11,9 98,2 0,0

18 TG 81,1 5,5 81,2 1,0 8,8

TT 0,0 93,7 6,9 0,8 91,2

MSTN

TT 95,2 4,1 89,3 92,1 6,2

241 TC 0,0 0,3 0,0 0,0 0,6

CcC 4,8 95,6 10,7 7,9 93,2

GG 99.8 100,0 99,3 98,7 99,5

CAST 383 GA 0,2 0,0 0,7 1,3 0,5
AA 0,0 0,0 0,0 0,0 0,0

The TT genotype for the SNP rs119102826 is
also associated with higher average daily weight
gain for the breeds Edilbay, Saryarka, and Kazakh
semi-coarse wool sheep [22]. These findings are sup-
ported by phylogenetic analysis of these breeds. The
breeds most closely related to Edilbay are Saryarka
and Fat-tailed semi-coarse wool sheep, which also
have similar traits, such as high meat productivity
and thick or coarse wool.

The CAST gene, which is associated with mus-
cle mass growth and meat taste characteristics, rep-
resents another promising genetic mutation [29].
Mutations in the CAST gene are directly related to
animal muscle mass growth and, consequently, meat
productivity [30, 31]. Genetic comparisons have
shown SNP monomorphism for this gene among all
studied breeds Data on the genotyping of the CAST
gene is supported by data on the prevalence of GG
genotypes in sheep populations around the world
[21].

CAST plays an important role in muscle forma-
tion, as well as in the processes of degradation and
softening of meat after slaughter. It is an inhibitor
of calpain proteins, which are responsible for the
degradation of myofibrillar proteins. Changes in
the nucleotide sequence of the calpastatin protein
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are associated with changes in its physicochemi-
cal properties, which in turn affect its structure and
mechanism of action, including the control of the
activity of calcium-dependent sarcoplasmic reticu-
lum channels. This, in turn, affects the activity of
calpain proteins. The process of myofibrillar break-
down in animal muscle tissue after slaughter is di-
rectly related to the characteristics of the meat [21].

Since wool is an important agricultural product
and a vital source of income for sheep farming, re-
search on genetic properties related to wool produc-
tivity is an integral part of market-oriented breed-
ing. The value of wool is determined by properties
such as the average diameter of the wool fiber and
wool durability. When describing wool quality, sev-
eral genes related to the qualitative characteristics of
sheep wool are mentioned. Among them, the genes
FATI1 and FZD3 are the most significant. Studies
of published works describe a significant difference
in wool quality characteristics between different
sheep breeds. This difference in the expression of
the FAT1 gene can be used as a marker for evaluat-
ing the wool characteristics of the breed. The prod-
uct of the gene expression regulates the morphogen-
esis, cyclic functioning, and orientation of the hair
follicles in sheep by participating in the planar cell
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polarity (PCP) signaling pathway through cell ad-
hesions. The PCP signaling pathway controls tissue
polarity and cell movement by activating the RHOA
signaling cascades, c-Jun N-terminal kinase (JNK),
and NLK kinase. This pathway also regulates the
function of other tissues, including in humans, by
participating in the formation of ciliated epithelial
cells [32].

Amplification with subsequent genotyping of
gene FATI revealed the presence of four polymor-
phisms in exon 2. Using two pairs of primers allowed
obtaining two overlapping sequences with lengths
of 1692 bp and 1406 bp. Identified nucleotide poly-
morphisms are associated with wool productivity in
sheep and hair coat type [15]. Thus, according to the
results of allele analysis of the first polymorphism
in the breed of Kazak Fine-wool sheep, Saryarka ]
and Kazakh semi-fine wool sheep, the genotype GA
was found. In the breed of Akzhayik, a homozygous
genomic GG is possible, and in the breed of Edilbay
—AA.

In addition, SNP in position 218326 is also as-
sociated with the diameter of wool fiber [15]. As a
result, the genotypes were obtained: TC — for the
breed of Kazak Fine-wool sheep and Akzhayik, CC
— for the breeds of Edilbay and Kazakh semi-fine
wool sheep, and TT — for the breed of Saryarka.

Analysis of the nucleotide of a single polar bear
in position 16554 revealed the following genotypes

in populations: AA, corresponding to the Kazak
Fine-wool sheep, Akzhayik as well as Saryarka, GA
for the Edilbay, and GG, common in the Kazakh
semi-coarse wool sheep.

For the SNP in position 16563, the genotypes
are as follows: TT for Kazak Fine-wool sheep,
Akzhayik and Saryarka, TG for Edilbay sheep, and
GG for Kazakh semi-coarse wool sheep.

Analysis of published works on genotyped data
suggests an association of SNP (c.16203) GG with
higher wooliness in sheep compared to genotype
GA. Genotype AA is practically not associated
with wooliness. Additionally, analysis of another
SNP (c.218326) shows an association not only with
wooliness but also with fiber diameter. Genotype TC
is characterized by finer wool compared to genotype
TT, but greater wooliness compared to genotype CC
[15, 33].

The prevalence of different genotypes in the
FATI and FZD3 genes among sheep breeds is
shown in Table 3, 4.

The analysis of polymorphisms at positions
16554 and 16563 demonstrates the following asso-
ciations: the AA genotype for the SNP at position
16554 is associated with longer hair structure com-
pared to the genotypes GA and GG, while the TT
genotype (for the SNP at position 16563) is also as-
sociated with longer hair compared to the genotypes
TG/GG [15, 33].

Table 3 — Comparison of various genotypes by the FAT1 gene among sheep breeds

The percentage of genetic similarities we encounter in the population
2 e b =
Gene IS‘;;;TES&?; SNP % g g :% % § uE. g
gene 5 g g % E E § ‘E
GG 7,7 97,3 4,1 2,8 9,7
16203 GA 89,3 2,5 95,9 52 90,0
AA 3,0 0,2 0,0 92,0 0,3
cC 83,3 7,3 6,5 91,1 5.1
218326 TC 6,7 85,6 5,3 7,3 89,6
FATI TT 10,0 7,1 88,2 1,6 5.3
AA 5,2 82,7 87,3 2,2 93,8
16554 GA 3,6 12,3 9,1 97,2 6,2
GG 91,2 5,0 3,6 0,6 0,0
TT 2,7 85,1 75,3 10,3 91,2
16563 TG 53 13,7 20,1 88,9 8,8
GG 92,0 1,2 4,6 0,8 0,0
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Table 4 — Efficiency of meetings of different genotypes regarding the FZD3 gene among sheep breeds

Percentage of genotype occurrence in the breed
Positi‘on of Qé) —8 o 3 . é §
Gene SNP in the SNP n Z g z 5 = =
gene =85 S - = i3
TT 0,0 1,3 13,6 11,8 97,8
101771685 TC 18,7 88,6 12,9 6,1 1,9
CcC 81,3 10,1 73,5 82,1 0,3
FZD3
AA 83,1 76,3 75,8 16,8 81,1
101810848 AC 16,9 23,7 242 83,2 18,9
cC 0,0 0,0 0,0 0,0 0,0
The FZD3 (Frizzled3) gene is expressed in Conclusion

many tissues and organs of mammals and is also
associated with wool productivity. This is due to the
involvement of the gene and its product in the Wnt
signaling pathway, which regulates cell growth,
differentiation, development, and homeostasis. In
addition, the involvement of Frizzled family genes
in the development and functioning of skin and hair
cells has been demonstrated [34].

Amplification of the FZD3 gene region was
carried out to analyze polymorphisms in exons 1 and
3 (Table 4). The reaction products were of lengths
184 and 170 bp, respectively. Two polymorphisms
were identified. For the SNP (position 101771685)
located in exon 1, the genotypes observed in the
population were TT for some breeds, TC for others,
and CC for all remaining breeds. For the second
polymorphism (position 101810848), the AA
genotype predominated in all breeds except for
Edilbay, in which the AC genotype was found.

According to the research conducted by a group
of Chinese scientists, it was demonstrated that there
is an association of the TT genotype in position
101771685 with a smaller average diameter of the
hair shaft. In addition, a polymorphism in position
101810848, represented by the AA genotype, was
associated with a higher mass of straight hair fibers
[17]. Therefore, the genotype of Edilbay, which does
not have long and dense hairy coat, differs from all
the other studied populations.
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The conclusions of this article demonstrate
the potential of sequencing candidate genes for
improving agricultural production in Kazakh sheep
breeding. Analysis of the MSTN, CAST, FATI,
and FZD3 genes identified variations strongly
correlated with desirable traits such as meatiness,
wool quality, and fat content. These results can be
used for selecting animals with desired traits and
further breeding, which could increase farmers’
efficiency and improve product quality. This study is
an important step in the development of agriculture
and may be useful for practical application in the
industry.
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PACIMPOCTPAHEHHME CMELLUAHHbIX
BMPYCHbIX MHOEKLLIM KAPTO®EAS
B AAMATUHCKOWM OBAACTU KASAXCTAHA

MccaepoBaHe MOCBSLWEHO aHAAM3y PacrpoOCTPaHeHUst BUPYCHbIX MHGEKUMA KapTodeas B
AAMaTUHCKOM ob6AacTM KasaxctaHa. Pa6oTa MoOAYEPKMBAET 3HAYMMOCTb MPOBGAEMbI  BUPYCHbIX
3ab0AeBaHMIt KapTOeAs, yUMTbIBasi X BAUSIHUE Ha YPOXKaMHOCTb M KAYeCTBO CEAbCKOXO3SIMCTBEHHOM
npoAykumu. Lleab uccaeaoBaHusi — BbiSIBUTb HaMbGoOAee pacrpoCTPaHEHHbIE BMPYChl, Takue Kak Po-
tato virus Y (PVY), Potato virus S (PVS), Potato virus M (PVM) u Potato leafroll virus (PLRV), nposectn
aHaAM3 KOMHMEKLMIA U OLEHKY PacnpOCTPaHEHHOCTU BUPYCOB, @ Tak)Ke OLEHUTb MX BO3AENCTBME Ha
KapToeAbHbIE KYAbTYPbl.

B xoae umccaepoBaHMs ObiAM OOHapy>KeHbl HambBOAee pPacrnpOoCTPaHeHHble BUMPYCbl, KOTOpPble
NMPUBOAST K MOTEPE YPOXKast U YXYALLEHMIO KaueCTBa KapToeAs. AAS U3yUeHUs BAUSIHWS KOUHEKLMIA
BMPYCOB Ha CUMIMTOMbI 3a60AeBaHMS UCMTOAb30BAACS CUHEPreTUYeckmi acpdpexT. MccaepoBaHme nmeer
3HAUUTEAbHDBIA HAYUHBIN M NPAKTUYECKMIA CMbICA. HayuHas LeHHOCTb paboTbl 3aKAIOHAETCS B TOM, UTO
OHa paclMpseT HalM 3HaHWS O TOM, KaK BMPYCHble MH(EKLUMM PACpPOCTPAHAOTCS B AAMATUHCKOM
06AACTN M KaK OHU BAMSIIOT HA CEAbCKOXO3SMCTBEHHYIO MpoAykumio. NMpeasocTaBaeHue depmepam
MU CEeAbCKOXO3SIMCTBEHHBIM MPEANPUATUIM PEKOMEHAALMIA MO KOHTPOAIO M 6opbbe C BUPYCHbIMM
MH(EKLUMIMU UMEET NMPAKTUYHOE 3HaYeHMe.

B paboTe 1CNoAb30BaH MOAEKYASPHbIA METOA AAS AMATHOCTUKM BUPYCHbIX MHekLmin — RT-PCR aAas
o6Hapy>keHuns PHK Brpycos B o6pasiax AMCTbeB. Pe3yAbTaTbl MICCAEAOBaHUS BKAIOYAIOT O6HapysKeHme
HanboAee pacnpoCTpaHeHHbIX BUPYCOB KapTodeas, Takmx kak PVY, PVS, PVM n PLRV; onpeaeaermne
YPOBHSI KOMH(EKLMIA BUPYCOB, KOTOPbI MPUBOAMT K YCUAEHWUIO CUMITOMOB 3a00AEBAHWI U CHUXKEHUIO
YPOXXaNHOCTU.

Pe3yAbTaTbl UCCAEAOBAHMS MO3BOASIOT YAYULLUTb MOHMMAHKME PACNPOCTPAHEHHOCTU 1 BO3AEMCTBUS
BUPYCHbIX MH(DEKLUMI Ha KapTOeAbHbIE KYAbTYpPbl B pervoHe. [MoAyueHHble AaHHblE CMOCOOGCTBYIOT
pa3paboTke KOMIMAEKCHbIX cTpaTternii 60pbObl ¢ Bupycamu. [lpakTuyeckoe 3HaueHue padoTbl
BbIPAXKAETCS B BO3MOXHOCTU YAYULLNTb METOABI KOHTPOAS 32 BUPYCHbIMU MHEKLMAMU U YBEAUUUTD
3(pPeKTUBHOCTb CEAbCKOXO3SIMCTBEHHOTO MPOM3BOACTBA 3@ CYET MPUMEHEHMSI YCTOMUMBBIX COPTOB
KapToheAs 1 YCUAEHUSI MOHUTOPUHIa (OUTOCAHUTAPHOIO COCTOSIHUSI.

KAtoueBble cA0Ba: KapTOheAb, BUPYCbl, MOAEKYASIPHAsi AMArHOCTMKA.
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Distribution of mixed viral infections of potato
in the Almaty region of Kazakhstan

The study is dedicated to analyzing the spread of viral infections in potato crops in the Almaty region
of Kazakhstan. The research highlights the significance of potato virus diseases, considering their impact
on crop yield and the quality of agricultural products. The aim of the study is to identify the most com-
mon viruses, such as Potato virus Y (PVY), Potato virus S (PVS), Potato virus M (PVM), and Potato leafroll
virus (PLRV), to analyze coinfections and assess the prevalence of these viruses, as well as to evaluate
their impact on potato crops.

Throughout the research, the most prevalent viruses that lead to crop loss and decreased potato
quality were identified. The study utilized the synergistic effect of virus coinfections on disease symp-
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toms to assess their impact. The research holds significant scientific and practical value. Its scientific sig-
nificance lies in expanding our knowledge of how viral infections spread in the Almaty region and how
they affect agricultural production. Providing farmers and agricultural enterprises with recommendations
for controlling and combating viral infections has practical importance.

The work employed a molecular method for diagnosing viral infections—RT-PCR for detecting virus
RNA in leaf samples. The research results include the detection of the most prevalent potato viruses,
such as PVY, PVS, PVM, and PLRV; determining the level of virus coinfections, which leads to increased
disease symptoms and reduced yield.

The results of the study enhance understanding of the prevalence and impact of viral infections on
potato crops in the region. The data obtained contribute to the development of comprehensive strate-
gies for combating viruses. The practical value of the work is expressed in the possibility of improving
methods for controlling viral infections and increasing the efficiency of agricultural production through
the use of resistant potato varieties and enhanced phytosanitary monitoring.

Key words: potato, viruses, molecular diagnostics.

P.T. KerxkebekoBa' 2, A.C. MeHabibaeBa?, A.M. KanbitHa?, A.A. IpuueHko?*

'9A-Mapabu atbiHAarbl Kasak, yATTbiK yHMBepeuTeTi, KasakcraH, AAmarsl K.
2OCIMAIKTEP BUOAOTUSCHI )KOHE BUOTEXHOAOMSICHI MHCTUTYTbI, KasakcTaH, AAMaThb! K.
*e-mail: d.kopytina@gmail.com

K.a3akcTaHHbIH, AAMaTbl OOABICBIHAQ
KapTONTbIH, apaAac BUPYCTbIK, MH(eKLUMSIAAPbIHbIH, TApPaAYbI

3eptrey KasakcTaHHbIH AAMaTbl OOAbICbIHAQ KApTOM BUPYCTbIK, MH(EKUMACHIHBIH TapaAybiH
TaAAayFa apHaAFaH. 2KyMbICTa KapTOMTbIH, BUPYCTbIK, ayPyAAPbIHbIH aybIA LIAPYaLUbIAbIFbl OHIMAEPIHIH,
LUbIFbIMABIAbIFbI MEH CanacblHa TUTi3eTiH 8CEePiH eckepe OTbIPbIN, MPOBAEMACIHbIH MAaHbI3AbIAbIFbI aTar
eTiAreH. 3epTTeyAiH mMakcatbl — Kapton Bupycbl Y (PVY), kapton Bupyckl S (PVS), kapTon BupycChbl
M (PVM) »aeHe kapTon >karnblpafrbl BUpYyCbl (PLRV) cugKkTbl €H Ken TapaAfaH BUMPYCTapAbl aHbIKTay,
GipAecKeH MHGEKUMSIAAPAbI TaAAQY >KoHe 6araray. BUPYCTapAbIH TapaAybl >KOHE OAApPAbIH KapTomn
AAKbIAAAPbIHA BCepiH GaraAay.

3epTTey HOTUXKECIHAE eriHHIH XXOFaAyblHa )K8He KapTomn canacbliHblH HallapAayblHa 9KeAeTiH
€H Kern TapaAfaH BMpyCTap aHblkTaAAbl. CMHepreTMKaAblK, 8Cep BMPYCTbIK, KOMHMEKLMIAAPADIH,
aypy OeArinepiHe ocepiH 3epTTey YiliH MalAaAaHbIAAbl. 3epTTeyAiH MaHbI3Abl FbIAbIMM >KOHE
MPAKTUKAAbIK, MaHI 6ap. XXYMbICTbIH FbIAbIMU KYHABIAbIFbI OHbIH AAMAaTbl OOAbICbIHAQ BUPYCTbIK,
MH(EKUMAAAPABIH, KaAail TapaAaTbiHbl XOHE OAAPAbIH, aybIALLAPYALLbIAbIK, OHIMAEPIHE KaAail acep
eTeTiHi Typaabl GiAiMiMI3AT KeHenTyiHae. Depmepaep MeH ayblALLapyallbIAbIK, K&CiMOPbIHAAPbIHA
BUPYCTbIK MHGEKUMIAaPAbl Gakblray >keHe Gackapy 6orbiHIa HycKayAap GepyAiH NMpakTUKAAbIK,
MoHi 6ap.

JKyMmbICTa BUPYCTbIK, MHEKUMAAAPABI AMArHOCTUKAAQYAbIH MOAEKYAAABIK, 9AICI KOAAQHBIAABI
— >Kanblpak, yAriaepiHaeri PHK BupycTapbiH aHbikTay ywid RT-ITP. 3eptrey HaTuxkeaepi PVY,
PVS, PVM >aHe PLRV cusKTbl eH ken TapaAfaH KapTomn BMPYCTapblH aHbIKTayAbl KAMTUADI; aypy
OEATIAEpPiHIH KYLIEIOiHE XXOHE OHIMAIAIKTIH TOMEHAEYIHE OKEAETIH BUPYCTbIH KOMHMEKLUMSAChIHbIH
AEHreMiH aHbIKTay.

3epTTey HaTuxKeaepi 6i3AiH alMaKTaFbl KapTom AAKbIAAAPbIHA BUPYCTbIK MHGMEKUMSAAAPAbIH,
TapaAybl MeH ocepi TypaAbl TYCIHIKTI >KakcapTaabl. HeTukeaep BUpYyCneH KYpecyAiH KeLlleHAI
CTpaTermsAapbiH >kacayFa bikmaa eTeai. KyMbICTbIH,  MPaKTUKAAbIK,  MaHbI3AbIAbIFbI  BUPYCTbIK,
MH(DEKLMIAQPMEH KYPECY OAICTEPIH KETIAAIPY >KOHe KapTOMTblH TO3IMAI COPTTAapbIH ManAaAaHy
apKbIAbl aybIA LIAPYaLUbIAbIFbl OHAIPICIHIH TUIMAIAINIH apTTblpy >kKoHe (DUTOCAHMTAPABIK, >XarAaiFa
MOHWTOPUHITI KYLUENTY MYMKIHAIFHAE KOPIHEA,.

TyiiiH ce3aep: KapTomn, BUPYCTap, MOAEKYAAAbIK, AMArHOCTMKA.

Beenenne rinodanpHOrO pacrnpoctpaHenus. CerogHs oHa 3a-
HUMaeT 4eTBepTOe MECTO B MHpPE I10 BEIHYHHE
Kaprodens (Solanum tuberosum) — OCHOB-  TIPOJIOBOJILCTBEHHOW KYJBTYpPBI IOCIE KYKYpY3bI,

HOM MPOYKT MUTAHNS MUPOBOTO 3HAYEHHS, POJIOM
u3 rokHOaMmepukaHckuX AHJ. OH ObLI OJ0OMalll-
HeH npumepHo 7 000-10 000 ner Haszax, a ero 3a-
B03 B EBpony B 16 Beke 03HAMEHOBAJI HAYaJIO €ro
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MIICHUIBI U prca OJiarojaps CBOEH CIIOCOOHOCTH
aJlanTHPOBATHCS K Pa3HOOOPa3HOMY KIIMMATY H I10-
YyBaM, BBICOKOM IMHUTATEIbHON LIEHHOCTH M CIIOCO0-
HOCTH OBICTpee MPOU3BOIUTE 00JIee MUTATEIHHYIO



P.T. KenxebekoBa u 1ip.

MUIY Ha MEHBIIEM KOJMYECTBE 3€MIIM, YeM Jro0ast
npyrast KyneTypa. Kaprodens urpaer pemaromnyio
POJIb B MUPOBOM CEJIbCKOM XO3SIHCTBE, MPOJTOBOIb-
CTBCHHOW O€30MaCHOCTH W SIBIISICTCS KITFOUEBBIM
KOMIIOHEHTOM B 0Opb0E € rojoAoM U OeTHOCTBHIO
[1].

B HenaBHUX HccieoBaHHAX JIaHAMIA(T BhIpa-
HIMBaHUsI KapTOQes U ero MPOAYKTUBHOCTh OBLTH
NPOAHAIM3UPOBAHBl C AKIEHTOM Ha pPa3IUyYHbIC
pEeruoHsl, copra u BiusHUE OonesHel. Ilpumeua-
TEJILHO, YTO MCCIICAOBAHMS TIOKA3hIBAIOT, YTO BbI-
panBanue kapTodens uMeeT BaKHOE 3HAUYCHHE B
Kazaxcrane, npuyueM pazinyHble GaKTOPbI BIUSIOT
Ha €ro CTa0MJIBHOCTh M NPOLYKTUBHOCTh. K Takum
(dakTOopaM OTHOCSTCS YPOBEHb arpOTEXHHKH, TO-
TEpU TPU XPaHEHHU M JIOTHCTHKE, HEIOCTATOUYHBIC
00beMbl BHeceHHUs1 ynoopenuid. [loguepknyTto, 4yTo
HeoOXoauMa pa3paboTKa M peaau3aunus IporpaMmm
MOJJICPKKU  TIPOM3BOJMTENCH KapTrodens, Hapa-
[IMBaHUE CEMEHOBOJICTBA C AKIEHTOM Ha BBICOKO-
ypOXKalHble, 3aCyXOyCTOMUMBBIC U YCTOWYUBLIC K
0O0JIe3HSAM OTEUYECTBEHHBIE COPTA, & TAKXKE JOIOJ-
HUTEJIbHBIC WHBECTUIMH JJIsl TIOBBIIICHUS YPOBHS
WHTCHCU(HKALUK, YIYYIICHUS] KauecTBa MPOIYK-
LIUH. ¥ TIOBBICUTH KOHKYPEHTOCIIOCOOHOCTS [2].

Kpowme Toro, 0buI0 MOKa3aHo, YTO BHEIAPEHHE
TEXHOJIOTHH TOYHOTO 3eMIICJICIUS TIPH TPOHU3BO/I-
CTBE CEMsIH 3HAUYUTEIIHLHO MOBBIIIACT YPOKAHHOCTh
M KayecTBO KiyOHel kaprodens B CeBepHoMm Ka-
3axcraHe. B xone uccnenoBanus ObuM npencTaBsie-
HBI JJaHHBIE 00 ypO)KalHOCTH M KadecTBe KITyOHe!
0C3BUPYCHBIX COPTOB KapTOQensi, 4TO yKasbIBaeT
Ha TIEPCIIEKTUBHOE HANpaBJCHHE MOBBIMICHUS Ka-
4YecTBa ceMsH U o011ei 3 pekTHBHOCTH TPOU3BO/I-
crtBa [3].

B napyrom uccienoBanuu, nposeaeHHoM Ha Ce-
Bepo-BocToke Kazaxcrana, oneHuBanocs pa3BuTue
U TIPOLYKTUBHOCTH COPTOB KapTo(ens, CEIeKIH-
OHMpOBaHHBIX B KazaxcraHe, BBISBISUIMCH COPTA,
MIPUTO/IHBIC JJISl BRIPAIIMBAHKS B PETHOHE IO ypO-
JKaMHBIM XapaKTePUCTHUKaM U YCTOWYHMBOCTH K 00-
JIE3HSIM U BPEIUTENSIM [4].

PacnpoctpaneHHOCTh PEKOMOMHAHTHBIX
mraMMoB Bupyca kaptodens Y (PVY) B Boc-
TouHo-Kazaxcranckoid 00yacTH MOJYEPKHUBAET
OCTPYI0O HEOOXOIMMOCTh HCCIICIOBAaHMA M pas-
paboTku 3PGHEeKTUBHBIX CTPATETUil MO CHIDKCHHIO
pacmpocTpaHeHUs] ITHX IITaMMOB. DTOT BOIPOC
MOJYEPKHUBACT BAXKHOCTh BHEIPEHUS WHHOBAIIH-
OHHBIX TEXHOJIOTUH U BBIBEACHUS YCTOHUUBBIX CO-
pTOB KapTodemns st MOBBIINICHUS! YCTOHYUBOCTH
MPOU3BOJICTBA [5].

OTH pe3yabTaThl NPEANONaratoT MHOIOIpaHHBIN
MOJIXO/1 K YJIyYLICHHUIO BBIpAIlUBaHUs KapTodens B
Kazaxcrade, BKIIIOUAIOIIAA TEXHOJIOTUYECKUE [10-
CTHKCHHUS, CEJICKIIUI0 COPTOB U OOPHOY ¢ O0Ie3Hs-
MH, YTOOBI YZOBJIETBOPUTH MECTHBIC MOTPEOHOCTH
1 MTOBBICUTh 3KCIOPTHBINA MOTEHIHA [6].

Bupycsr mpeacraBisior co0oil  cepbé3HOE
OHMOJIOTMYECKOE MPENMATCTBUE TIPU BhIpAIIMBAHUU
kapTodens. 3a mpomeqmunid BeK, HaYMHAsA C 00-
HapyXCHHS IEPBBIX BHPYCOB KapTodens, Haie
IMOHUMAaHHUE ITUX BO30yauTENeH O0e3HeH 3HaUN-
TENBHO YriyOWinock. DTH 3HaHUST 0COOEHHO pac-
LIMPWIINCH 3a TOCJEIHUE IecsTh JIeT Onaronaps
MIPOrpeccy B TEXHOJOTUAX BBICOKOIPOU3BOAN-
TEJIHHOTO CEKBEHHPOBAHMS B NCCIIETOBAHUN (PUTO-
BUpYycoyoruu [7].

Cpenn HUX BUpPYCHBIC MH(EKIHMU MPEICTABIS-
10T c000#l 3HAaUMTENBbHBIE MPOOJIEMbI, MPUBOII K
3HAYUTENBHBIM €XETOIHBIM MOTepsM. bbuto uiaeH-
tuduiporaHo okosio 40 BupycoB kaptodes,
HanOoJiee BPEJOHOCHBIMH U3 KOTOPBIX SIBIISIFOTCS
PLRV, PVM, PVS, PVX u PVY [6]. Otu BupyCHI
MOTYT PaclpOCTPAHATHCS Yepe3 TAKUX HACEKOMBIX,
KaK TJIsI, IUKAJKH, OEJIOKPBUIKH U HEMATO/Ibl, a TaK-
JKE Yepe3 MEXaHWYEeCKHH KOHTaKT U MHOI/Ia 4Yepes
MbUIBILYY U ceMeHa [7-12].

KaprodenbHple pacTeHHss MOTYT HCIBITHIBATH
NEpBUYHBIC W BTOPWUYHBIC BHPYCHBIC WH(EKINH.
[lepBruunas mH(EKINS TPOUCXOIUT BO BpEMs Be-
reTalOHHOTO I1epro/ia, KOTraa BUPYC pacipocTpa-
HSETCS OT MH(UIIMPOBAHHBIX K 3/I0POBBIM CTEOISIM,
HaKaIJINBasCh B KIYOHSX, XOTSl HEKOTOpPBIC M3 HUX
OCTarOTCs HEMH(PHUUMPOBaHHBIMU. BTopuuHnas wH-
(beK1yst BKIIFOUAET CUCTEMATHIEeCKOE IepeMEILCHNE
BHpyCa OT MaTePHHCKOTO KIyOHsS KO BCEMY pacTe-
HUIO, 3aTparuBas Bce jodyepHue KiIyOoHH. CHUMITO-
MBI BHPYCHOH WH(EKIHMH BKIIOYAIOT Pa3InuHbIC
MO3aW4HbIE y30pPbl, HEKPO3, 3aBUBAHUE JIMCTHEB U
BEpXYyIIEYHYIO po3eTKy. OIHaKO ATH CUMIITOMEBI HE
BCer/ia SIBJISIIOTCS] 3aMETHBIMH MJIM BbIPaXKEHHBIMH,
YTO 3aTPYyIHSET TOUHOE OIpENIEIeHNE KOHKPETHBIX
BUPYCOB Ha OCHOBE BHEIIHUX IIPU3HAKOB [7, 8].

Bupyc Y xaprodens (PVY) sBnsercs 3nauu-
TEJILHBIM TJ00ATBHBIM TIATOTEHOM, MOPAXKAIOIINM
kapropens. OH wu3BecTeH CBOEH HHUTEBUAHOM,
m3BuiucTO (popmoit m omuomenoueuHor PHK-
reHoMoM. PVY B OCHOBHOM mnepenaercst TiIEH U
TaK)Ke MOXKET PAacIpOCTPaHAThCS MexaHnuecku. OH
MO’KET 3HAYUTEILHO CHU3UTDH YPOXKAHMHOCTH KapTo-
¢esnst, nnoraa go 40%, a Mpu CoYETaHUM C IPYIHU-
MU BUPYCaMH MTOTEPH MOTYT OBITH erie Bbime. PVY
UMEET HECKOJBKO IITaMMOB, KaXKIbIH M3 KOTOPBIX
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XapaKTepU3yeTcsl Pa3IUYHBIMH OUOJIOTUYCCKIUMHU
cBolicTBaMHU U cumnTomamu [ 13, 14].

Bupyc S xaprodens (PVS) mmpoko pacmpo-
CTpaHEH B KapTO(ENbHBIX KYJIbTypax, H3BECTCH
CBOUM OECCHMITTOMHBIM WJIH €200 BBIPAKCHHBIM
BO3JICICTBHEM, YTO 3aTPYIHSET €T0 OOHApYKEHHE.
Oto Carlavirus, mepearoniniics yepe3 BereTaTuB-
HOE Pa3MHOXKCHUE U KOHTAKT MEXIY PACTCHUIMHU,
U MOXET CIOCOOCTBOBATh CHIDKEHUIO YPOXKAHHO-
CTH, OCOOEHHO TpHU CMemaHHBIX WHpeKusax [15-
17].

Bupyc M kaprodens (PVM), npunamiexammii
k pony Carlavirus, nepegaercss BEereTaTUBHO 4epes
KITyOHH W MeXaHH4eCKH. XOTS OOBIYHO OH BBI3HI-
BacT HE3HAYNTEIbHBIC TIOTEPH YPOXKasi, OH MOXKET
MPUBECTU K 3HAYUTEIHLHOMY CHUXCHHUIO YpOXKaii-
HocTH, B nuana3one ot 10 mo 40%, ocobeHHO mpH
cMemaHHbIX nHpeknusx. PVM BBI3bIBaeT CHMIITO-
MBI, TAKUE KaK MPaMOPHOCTH, MO3aWUYHBIC Y30PHI,
MOPIIUHUACTOCTH U 3aBUBAaHME JTUCTHEB [18, 19].

Bupyc ckpyuuBaHHS JHCTBEB KapTodens
(PLRYV) Bo13bIBaeT 10 90% motepb ypoxasi BO BCeM
mupe. OH cHMXKaeT ypoxaiinocts Ha 20-60% u 0o-
Jiee BPEACH MPU COUYECTAHUU C JPYTUMHU BUPYCAMH.
PLRYV c ero ognornenouyeynsiM reHoMHEIM PHK B
OCHOBHOM TIEpeHOCHTCS Tielt Myzus persicae 1 Mo-
JKET PaCTIPOCTPAHATHCSA uepe3 KIIyOHU, UCTIONb3Ye-
MbIe J1s mocaaku [20, 21].

B coBokynmHOCTHM 3TH BHUPYCHI MNPEACTABISIIOT
CIIOKHYIO TTPOOIIeMy ISl KyJIbTHBHPOBAHUS KapTO-
(hemst, Tpedyst BCCOOBEMITIONTNX CTPATETH WX KOH-
TPOJISI JJIsi MUHUMHU3AIUU UX BIUSHUSI Ha TJI00aJTh-
HOE 1 JIOKaJIbHOE TIPOU3BOJICTBO KapToders.

Lenpro paboTHI SIBISIIOCH TIPOBE/ICHUE THATHO-
CTHKH JIOKATBHOTO copTa KapTodensi, pacmpocTpa-
HEHHOTO B AJIMATUHCKOW 00JIACTH, TIPU MOMOIIH
MOJICKYJIIPHBIX METOJOB Ha HAJIMYUE CMEIIAHHBIX
BHUPYCHBIX MH(EKITHH.

MaTepI/IaJIbI U METOAbI UCCJICTOBAHUA

BronornueckuM MartepuanoM Uil HCCIIEAOBa-
HUH SIBJSUIMCH JIMCThSI IOOETOB JIOKAJILHOTO COpTa
KapToderns, HanbojIee MHUPOKO BHIPAIINBAEMOTO B
AnmartuHckoit obnactu. beuto cobpano 79 o6pasz-
LI0B, UIMEIOIINX T€ WJIM NHBIC CUMIITOMBI 3apayKEHHUS
BHPYCHOM HH(pEKINEH.

PHK Beiensuiu u3 250 Mr 3aMOpOKEHHOTO
npu -80°C pacTUTENBHOTO MaTepuana, BKIIOYas
(bparMeHTBl JTUCTBEB W MOJOABIX ToOeror. O06-
pasiel U3METLYATICh B TOMOoTeHn3aTope Beadbug
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6 microtube homogenizer (Benchmark, CIIIA) B
OPUCYTCTBUM | MJI NpeABapUTENIBHO HArpeToro
(mpumepHo mo 60-65°C) Oydepa ISl BBIACICHUS,
cozaepxaiero 2% rexcaJeuITpUMETHIaMMOHUS
opomuga (CTAB), 2% nonuBUHUINUPPOIUAOHA
(PVP), 2M xumopuna Hatpus, 25 MM stineHana-
munrerpaarnerara (EDTA) pH 8.0, 100 MM Tpuc-
(TuapokcuMeTHI)JaMHHOMEeTaHa ruapoxiopuaa pH
8.0, ¢ nobasnenuem 30 M 3% 2-mepkanTodTa-
Hona. OOpa3ipl MHKYOMpPOBalu B MUKPOLEHTPHU-
¢yXHBIX poOupKax odbemoM 2 mut mpu 65°C B
TeueHue 30 MUHYT C PEryJIApHBIM BCTPSIXUBAHHEM
(1,300 06/mun). [Tociie maKyOauu 0Opa3Ibl MO-
BEprajuch LEHTPU(PYIHPOBAHUIO TNPH CKOPOCTHU
14,000 o6/mun B Tewenwne 10 muH. [lomydeHHBIH
CyMepHaTaHT MEPEHOCHIN B HOBYIO MPOOUPKY U
CMEIIMBAJIHM C PAaBHBIM 00BEMOM XJIOPOPOPM-H30-
amuioBoro crmpta (24:1), 3arem meHTpUDYTH-
poBanu mpu 4°C co ckopocthio 12,000 o6/mMuH B
teuenne 15 munyt. [locne unentpudyrupoBanus
BEPXHIOIO IPO3pauHyIo a3y CHOBa 3KCTparupoBa-
JU paBHBIM 00BEMOM XJIOPO(OPM-H30aMHUIIOBOTO
CIIUpTa € TOCIHEAYIOMNM IEHTPU(PYTHpOBaHHEM
MIpH TeX Xke ycIoBUAX (1pu 4 co ckopocThio 12,000
00/mMuH B Teuenue 15 munyt). [lomyunBmmiics B
pesynpTaTe LEHTPU(YrHMpOBaHHS CyNEpHATAHT
MEPEHOCHIIM B YHUCTYIO MPOOUPKY H J00aBIsIIH
K Hemy 1/3 obobema 8M xmopuna nutus. CMech
octaBnsu Ha HOUb nipu 4°C. [locne nHKyOHpOBa-
HUsI cMeCh OTKpyuuBasiu npu 4°C co CKOPOCTHIO
12,000 o6/Mun B Teuenne 60 munyT. Hamocamgou-
HYIO XUAKOCTh YJaJsUIM, a 0CaJ0K MPOMBIBAIHU B
0,8 M 70% »sTaHona M UEHTPU(YTHPOBATU TPHU
4°C, 12,000 o6/mun B Teuenue 15 muH. [Ipomsbr-
ThI€ OCAIKU CYIIMIIA TIPU KOMHATHOM TeMIeparype
B Teuenue 10-15 muH, a 3atem pactBopsiu B 50
Mk ountnenHot ot PHKa3er Bonbl. [lonyuennas
PHK xpanunace npu —20 °C.

[ns cunresa nepsoit nenu kJIHK ncnons3zoBa-
mu 2 mkr obmieir PHK ¢ mpumenenuem mpaiimMepa
onmuro(dT) u oOpaTHO¥ TpaHCKPUNTA3bl B KOHEUHON
koHueHTpauu 10 nmons. [Tonyuyennyro k/IHK ana-
JTU3UPOBAIM HA HAJHMYHE BUPYCOB METOJOM MYIIb-
TuruiekcHou I111P.

Ammuinpukanuo MetoaoM MyibTuruiekc-I11P
MPOBOJMIIM B peIuiMKax (3-KpaTHOM MOBTOpE) Ha
ammumdukarope SimpliAmp™ Thermal Cycler
(ThermoFisher, CILIA) ¢ nocnenytomeit nerekuueit
Ha arapo3HoM reie. [IpoTokon A aMmmuuKanmu:
94°C — 3 mun, manee {96°C — 20 ¢, 55 °C — 20 c,
72°C — 1 mun} 29 nukios, gamee 72°C — 5 muH.
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[paiimepsr as ammudukanun ObH pa3pado-
TaHBI JUIl KOHCEPBAaTUBHBIX PErHOHOB HYKJICOTH-
HBIX TIOCIIE/I0BATEILHOCTEH BUPYCOB, KOUPYFOIIIX

Taomuua 1 — [locienoBarebHOCTH IpaiitMepoB

6enkoB obonouku PVS, PVY u PVM u PLRYV. Ilo-
CJICZIOBATEIBHOCTD MPaMEPOB, HCIIOIH30BAHHBIX B
paborte, mpencrapieHa B Tadbmuie 1.

[Ipaiimep Hyxneorunnas nocienoBaresibHOCTb Pasmep pparmenra
PVY-Forward 5" - GCATCCAGTCAAACCCGAAC -3’
PVY-Reverse 5’ - GCATAACGCGCTAAACCCAC -3’ >
PVM-Forward 5"— CCGTCCATAGAAGCACTCAGCCG -3’
PVM-Reverse 5’— CTCAGTCGGCACACCTAGCC -3’ H
PVS- Forward 5’ - CTTGAGCCGACCCCTGAAAT -3’
PVS — Reverse 5’ - CCAGCGATGTCAGCAGTGAT -3’ 13
PLRV-Forward 5’— GCCGCTCAAGAAGAACTGGAG -3’
PLRV-Reverse 5"—~ GGGGGTCCAACTCATAAGCGAT -3’ 249

Pe3yabTaThl Hcc/ie10BAHUSA U UX 00CYKIEHHE

CornacHo TPOBEIEHHOMY CTaTUCTHYECKOMY
aHAJIM3Y HAJIWYMSI M OTCYTCTBHSI KaXKJIOTO BHpYca
B oOpasmax kaptodens, OblIa paccunTaHa JacTo-
Ta BCTPEUAEMOCTH U HE BCTPEYACMOCTH KaXKJOTO
BUpyca B HaOope naHHbBIX. [[poBeeHHBIN TeCT Xu-
KBaJ[paT Ha HE3aBUCHMOCTh MO3BOJIMI OMIPECIIHTS,
€CTh JI KaKHe-T100 CTaTHCTUYCCKH 3HAYMMBIC CBSI-
3M MEX/Ty BUPYCAMHU.
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Pacmipenenenne o6pa3ioB kapTodess 1Mo KO-
4ecTBY 00HApYKEHHBIX BUPYCOB MPOJIEMOHCTPHPO-
BaHO Ha pHUCYyHKE 1.

YacroTa BCcTpedaeMOCTH KaXI0T0 BUpyca B 00-
pasmax ciemyromias: BUpyc Y OTCYTCTBYET B 3 00-
pasnax M IpUCyTCTBYeT B 76; BUpyc S He oOHapy-
eH B 66 o0pasmax, Ho oOHapyxeH B 13; Bupyc M
OTCYTCTBYeT B 9 oOpasnax u npucytcTByer B 70;
PLRV orcytctByer B 16 00pa3uax u npuCyTCTBYET
B 63.

59.49%

4

KombuHauwsa supycos

Pucynox 1 — Pacnipenesnenue o0pasioB kapTodesist 10 KOJIUYECTBY 00HApYKECHHBIX BUPYCOB
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Janee ObuUIM TPOBEICHBI TECTHI XU-KBaApaT Ha
HE3aBHCHUMOCTb IS OLIEHKH CBSI3€H MEX/1y HaIU4H-
€M KaXJ0M mapbl BUPYCOB. Pe3ynbTarsl Tecta Xu-
KBajpaT Ul acCOLMAIMi MeXay HaTu4heM Kax-
JIOW TIapbl BUPYCOB CJIEAYIOIHE:

Cpasnenne Bupyca Y ¢ Bupycom S, Bupycom
M u PLRV noka3ano xu-kBaapat 0.0 u p-3HaueHue
1.0, yTO yKa3bpIBaET Ha OTCYTCTBHE CTATUCTUYECKON
CBSI3H.

Bupyc S no cpaBuenuro ¢ Bupycom M u PLRV
MOKa3ajl HE3HAYUTEJIbHYIO CBA3b C P-3HAUYCHUSIMH
oko110 0.3488 1 0.3923 cOOTBETCTBEHHO.

CymecTBeHHas CBs3b OblIa OOHApy>KEHa MEX-
ny Bupycom M u PLRV c xu-kBagpar 16.9846 u
p-3HaueHuem npumepHo 0.0000376846, uro yka-
3bIBAET HA CTATUCTHYECKU 3HAUHMYIO aCCOIMALINIO
MEXIy HaJIMYMeM 3THX JBYX BHPYCOB B 00pa3slax.

Pacnpenenenue Bupycos B 0Opasiax, OAHOBpe-
MEHHO HMHQUIMPOBAHHBIX TPEMsI BHUpyCaMmu, cje-
nyromee: BUpyC Y TMpHCYTCTByeT B 48 oOpasmax,
Bupyc S — B 1 oOpasie, Bupyc M — B 48 oOpasmnax,
PLRYV — B 47 o0pa3ax.

Pacnpenenenue BupycoB B 0Opasiax, OAHOBpe-
MEHHO MH(QHUIUPOBAHHBIX JBYMSI BUPYCaMH, BBITJIS-
JIUT CIeIYIOIUM 00pa3oM: BUpyc Y oOHapyskeH B 9
o0pasuax, BUPYC S OTCYTCTBYET BO BCeX oOpasiax
c IByMs BUpycaMu, BUpyC M mpucytcTByet B 9 00-
pasuax, PLRV — B 4 o6pa3nax. O6pasiel, HHGULIH-
pOBaHHBIE IBYMsI BUPYCaMH Yallle BCErO BKIIOYAIOT
Bupyc Y u Bupyc M. PLRYV Ttakxe npucyTcTByer B
HEKOTOPBIX U3 ATUX 00Pa3LoB, OTHAKO BCTPEUACTCS
pexe.

CH0XHOCTh KOMH(EKINH Y PACTEHUH, IPH KO-
TOPOH OJIHO PACTEHHE 3apa’KaeTCsl HECKOJIbKHMHU
BHUPYCaMH, MpPEACTaBsieT coOOM CIOXKHOE SBIIE-
HUE, BO3HUKAIOIIEE BCIIEICTBHUE B3aMMOJICHCTBUSA
MEXIY Pa3IMYHBIMM BUpPyCaMH. DTH B3aUMOAEH-
CTBUSI MOTYT OBITh KaK CHHEPrHUYECKUMH, KOTIa
MIPUCYTCTBHE OJJHOTO BUPYCa YCWIMBAET I€HCTBHE
JIpyroro, Tak ¥ aHTarOHUCTUYECKUMHU, KOT/1a OAMH
BUPYC HMHTHOMPYET PEIIMKALUI0 WU JeHcTBHE
apyroro. XapakTep 3THX B3aUMOJAEHCTBUH Mo-
KET CYIIECTBEHHO MOBJMSTH Ha TKECTh 3a00I1e-
BaHUH W o0IIee COCTOSHHE 3A0POBbS PacTCHUs
KapTodens.

BsaunmoneiicTBusl Mex1y BUpycaMu B KOMH(U-
LUPOBAHHBIX PACTCHHUAX KapTOQesss MOTYT CHIBHO
pa3nuyaThCs MO CBOEM BapMaTHUBHOCTH B 3aBHUCH-
MOCTH OT HECKOJIbKUX (akTopoB. K HUM oTHOCSTCS
KOHKPETHBIE IITaMMBbI 33]JIeiICTBOBAaHHBIX BUPYCOB,
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YCIJIOBUS OKpYKarollel cpeabl U TeHETHYECKUI co-
ctaB pacteHust kaprodens. To ecTb, HEKOTOpBIE
KOMOMHAIIMU BUPYCOB MOTYT IIPUBECTHU K OoIee ce-
PBE3HBIM CUMIOTOMaM M OOJbLICH MOTEpe ypoxKas,
B TO BpeMsI KaK Jpyrue MOTyT UMETh MEHee 3HauH-
TEJbHBIE TOCIIECTBUSL.

IloHnMaHue CIOXKHOCTH M M3MEHUYHMBOCTH BH-
PYCHBIX B3aUMOACHCTBHH B KOMH()HUIMPOBAHHOM
KapTodene nMeeT periaroniee 3HaueHue st 00pb-
Obl ¢ O0Ne3HIMH. DTO MOXKET MOBJIMATH Ha pele-
HUSI, Kacalollyecsi ceBOOOOPOTa, HCIMOJIb30BAHUS
YCTOMUYUBBIX COPTOB KapTO(EIsi U CTpaTeruii 0opb-
Obl ¢ mepeHocuMKaMu BHpyca. Eciam nBa Bupyca
HaxoAsTcsd B CHHEPrU4eCKOM B3aWMOJIEHCTBUH,
yIpaBJICHHUs] OAHUM U3 BUPYCOB MOXKET OBITH HE/I0-
CTaTOYHO JUII KOHTPOJISL OOLIEero BO3JCHCTBUS 3a-
OoJieBaHMSI.

HccnenoBanus, paHee MpoBEAEHHbBIE TPYIIION
uccienosareneil B llakncrane, BBISBUIM KOWH-
(eKuMu M BBICOKYIO PacCHpOCTPAHEHHOCTh MHO-
JKECTBEHHBIX BHPYCOB KapTodeis, Briodas PVY,
PVS, PVM u PLRYV, B 00cienoBaHHbIX paiioHax.
HccnenoBanne mnpeanonaraer MOJOKUTEIBHYIO
KOppEeJSILMI0O U CHHEPIHMYecKOe B3auMOJIEHCTBHE
MEXy KOMHQHUIHUPYIOIUMH BUPYCaMH, IPH 3TOM
HauOonpIIas 4acToTa BCTPEYaEMOCTH HaOIroaa-
nachk Mexay BupycoM kaptodens X (PVX) u PVS
[22].

HccnenoBanne COBMECTHOW WH(EKIHMU BUPY-
coMm kaptodens Y (PVY) u Bupycom ckpyunBanus
mucteeB kKaprodens (PLRV) B kaprodene moxasa-
JIO 3HAUMUTEIBHOE CHUKEHHE YPOXKAMHOCTH, KOJH-
YyecTBa TOBApHBIX KIYOHEH Ha pacTeHHE, BBICOTHI
pocTa pacTeHUI U CUIIBI PACTEHHUH 110 CPAaBHEHUIO C
OJIMHOYHBIMU. MH()EKLNH, BHI3BAHHBIC JIIOOBIM BH-
pycom [23].

B Kazaxcrane npobiema KonHGEKIHUN H3ydaeT-
csl Tak e aKTMBHO. BBUTM MpOBENEHBI HCCieI0Ba-
HUS1, KOTOpBIE TOKa3aJii, YTO paclpoCTPaHEHHOCTh
PVM u PVS B o6pasnax nuctbeB kapTodens B Ka-
3axcrane cocraBuia 84,3% u 46,6% cOOTBETCTBEH-
HO, IPHYEM BCTPEUAIUCH CITy4au KOMH(EKIH 000-
MU BUpycaMH [24].

XOTSl 3TO HE KacaeTcsl HanpsMyl KOMOWHa-
muu PVM u PLRV, sTt0 momuepkuBaeT oOiiee
BIusiHuEe KouH(peknuii kaprodens. Tema komOu-
HUPOBAHHBIX BUPYCHBIX HMH(EKUUH KapTodens,
oco0eHHO Mexay BupycoMm kaptodens M (PVM)
U BUPYCOM CKpYYUBaHHUs JHCTHEB KapTodens
(PLRV), Becbma crieriupuyHa, 1, IPsSMbIE HCCIIe-
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JIOBaHUS ATOW TOUHOH KOMOMHAIIMM OTPaHUYCHBI.
Opnnako B crydae PVM u PLRV, a Ttakxxe npyrux
BHUPYCOB KapTogens, TakKuX Kak BUPYC KapTode-
s X (PVX), Bupye Y kaprodens (PVY) u Bupyc
kaprodens S (PVS), kounpekunn yacto MpuUBO-
AT K Oosiee TSKEJIBIM CUMIITOMaM 3a00JIeBaHusl.
Hanpumep, PVX cam mo cebe He sBisieTcs Ty-
OMTENbHBIM ISl PACTEHHSI, OJHAKO B COYCTAHUHU
¢ IpyruMH BUpycamu, Takumu kak PVY, PVS u
PVA, on npuBoauT k ru0enu pacTeHUN U cepbes-
HBIM TIOTEPSIM ypoxas [25].

Wzyuenne xkomH]eKIUH BUpyca B KapTodene
MPEJICTaBIIsIET COOOW Cephe3HyI mpobiemy. DTo
TpeOyeT He TOJNBKO BBISBICHHUS HAMYMS HECKOJb-
KHX BUPYCOB, HO U TIOHHMAaHHs WX WHJUBHyaJlb-
HOTO U COBMECTHOT'O BO3JIEHCTBMSI Ha pacTEHHE.
Jnst packphITHA ATHX CIIOXKHBIX B3aUMOJEHCTBUIM
4acTO HCIOJB3YIOTCS NMEPEAOBbIE MOJIEKYJISIPHBIE
METO/IbI, B TOM YHCJIE CEKBEHHPOBAHNE HOBOI'O TO-
KOJICHHUS.

ClOXKHOCTh B3aMMOJEMCTBHS BHPYCOB B
KapTodene MMeeT 3HaueHUEe ISl Mporpamm ce-
neknuu. CeneKkIMOoHepPH! JTOKHBl YUUTHIBATh HE
TOJBKO YCTOMYMBOCTB K OT/AENIBHBIM BUpYyCaM, HO
U TO, KaK pa3JM4HbIe BUPYCHl B3aUMOJAEHCTBYIOT
BHYTPHU pacTeHUsd. DTO MOXKET MPUBECTH K CO3-

JAHUIO COPTOB KapTodesi, yCTOMYUBBIX K ONpe-
JEJCHHBIM KOMOWHALUSAM BUPYCOB, TEM CaMbIM
MOBBIIIAs YCTOWUNBOCTh CEJIBCKOXO3HCTBEHHBIX

KYJIbTYD.
3akiIouyeHnne

HccnenoBaHue BBHISBIISCT HCO6XOI[I/IMOCTI> KOM-
INICKCHOT'O 110AX0J4, BKIOYAIOIICTO CCICKIHMIO
YCTOfIQHBBIX COpPTOB, KOHTPOJIb 3a BCKTOpAMU H
NPUMCHCHHUC AarpoOTCXHHUYCCKHUX MCEP. P€3y.]'II>TaTBI
pa60T1>1 MOTYT CJIYXXHUTb OCHOBOM JUI Z[aJ'IBHCﬁ-
X I/ICCJ'IG)IOBEIHI/Iﬁ B oOjacTu (bHTOHaTOJ'IOFI/II/I u
CCIICKIINU.

HcTouyHuK (pMHAHCHPOBAHUSA

PaboraBrimonnena pamkax npoexkta AP19678215
«MeTareHOMHBIH U TIOMYJISIIMOHHBIN aHa3 BUPY-
COB U BUPOUIOB KapTOoQesi U M3yUYeHUE MEXaHU3MOB
UX B3aUMOJICHCTBUSI C YCTOWYMBBIME COPTaMH H TH-
Opunamu kaprodens» Ha 2023-2025 ronsl.
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CHARACTERISTICS OF THE MODERN
TAXONOMIC COMPOSITION OF THE PHYTOPLANKTON
IN THE KAZAKHSTAN PART OF THE IRTYSH RIVER

The transboundary Irtysh River flows through the territory of three countries. The Irtysh River is
subjected to intense anthropogenic impact. In the Kazakhstan part of the Irtysh River basin, there are
zones of industrial influence in the cities of Pavlodar and Aksu. Hydroelectric power, ferroalloy plants,
and coal pits are located in the territory of these cities. The study of the species composition of phy-
toplankton is a basic method in bioindication. Phytoplankton plays an essential role in evaluating the
ecological status of aquatic ecosystems. The algae flora of the transboundary Irtysh River has not been
studied thoroughly enough. Most hydrobiological studies in the Kazakhstan part of the Irtysh River
basin were devoted to studying reservoirs. Based on this, the relevance of studying the planktonic
communities of the Kazakhstan part of the Irtysh River is increasing. This study aimed to analyze the
richness of phytoplankton species in the Kazakh part of the Irtysh River basin. The research was con-
ducted in July 2023 at 27 stations. The selection sites were located on the upper and lower reaches
of the Irtysh River. Sections of the Black Irtysh, from the border with the Altai to the confluence with
Lake Zaisan, and sections in the Pavlodar region were surveyed. We registered 153 species and sub-
species of algae from Heterokontophyta (69), Chlorophyta (61), Cyanobacteria (16), Charophyta (4),
Euglenophyta (2), and Dinoflagellata (1) in the phytoplankton. A high level of similarity characterized
phytoplankton of most of the surveyed sites.

Key words: phytoplankton, taxonomic composition, taxonomic similarity, genus, species, Irtysh
River.
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EpTic e3eHiHiH, Ka3aKCTaHAbIK, OOAIriHAEr OUTONAAQHKTOHHDIH,
Ka3ipri TaKCOHOMMUSIAbIK, KYPaMbIHbIH, CUMATTaMachl

TpaHcwekapaAblk, EpTic ©3€eHi Yyl MeMAeKeTTiH aymarbl apKblAbl 6Teal. EpTic e3eHi KapkblHAbI
aHTPOMOreHAIK acepre yuiblpanAbl. EpTic e3eHi 6GacceiHiHiH KasakcTaHAbIK GeairiHae [NaBaoaap
oHe AKCY KaAaAapblHblH OHAIPICTIK acep eTy ammakTtapbl 6ap. Bya KaaaaapAbiH aymarbiHAQ
CY 3AEKTP CTaHUMSIAQpbl, KOMIp LlaxTaAapbl >8He eppoKopbITia 3aybITTapbl OPHAAACKAH.
IMAQHKTOHABIK, KaybIMAACTBIKTAPAbIH TYP KypPambiH 3epTTey GMOMHAMKALMSHbBIH, ipreAi aaici 6oAbIn
TabbiraAbl. DUTOMAAHKTOH CY 3KOXKYMEAEpiHiH 3KOAOMMSABIK, XXafaablH 6GaFrarayAd MaHbi3AbI POA
aTkapaabl. TpaHcuwiekapablk, EpTic e3eHiHiH 6aaabipAaap (PAOpPAChl TOAbIK, 3epTTeAamereH. EpTic
©3eHi 6acceirHiHiH Ka3aKCTaHAbIK, OOAIrHAEri FMAPOOMOAOTMSABIK, 3EPTTEYAEPAIH KOrLiAiri cy
KOVMaAapblH 3epTTeyre apHaAraH. OcbiFaH 6anAaHbICTbl, EpTic @3eHiHiH Ka3akCcTaHAbIK, BGeAiriHaeri
NMAQHKTOHAQP KAybIMAACTbIFbIH 3€PTTEYAIH ©3€eKTIAIr apTyaa. byA 3epTTeyaiH makcatbl — EpTic e3eHi
6acceiHiHiH Ka3aKCTaHAbIK, 6OAIriHAEr (PUTONAAHKTOHHbIH, TYPAIK GaiAbIFbIH Taapay. 3epTTeyaep
2023 XbIAAbIH WiAAe ailblHAQ 27 cTaHuMsgAa Xyprisiaai. CbiHaMa aay opblHA@pbl EpTic e3eHiHiH,
JKOFapfbl >K8He TOMEHTi arbiCblHAQ OpHaAackaH. Kapa EpTicTiH KbiTaliMeH wekapacbiHaH 3akcaH
KOAIHE KysIpFa AeWMiHri ydackeAepi, coHaar-ak [laBAoAap OOGABICBIHAAFbI YYaCKEAEpi 3epTTeAAI.
DuUTONAAHKTOH KypambiHAa 153 TypAaep MeH TypLieAepi TipKeAAi, atan anTKaHAQ reTepoKOHTTap
— Heterokontophyta (69), »xacbin 6aaabipaap — Chlorophyta (61), umato6aktepusiaap — Cyanobac-
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teria (16), xapaaap — Charophyta (4), sBraeHarap — Euglena (2) >xeHe anHOpUTTI Garabipaap — Di-
noflagellata (1). AAanTbiH 3epTTEAreH aymakTapbiHbiH KOMLWIAITiHiH (ODUTOMAAHKTOHAAPbI YKCACTbIK,
AEHTFeMiHIH )XOFapbIAbIFbIMEH CUMATTAAADI.

Tykiin ce3aep: (PUTOMAAHKTOH, TAKCOHOMMSIABIK, KYPaMbl, TAKCOHOMMSIAbIK, YKCACTbIK, TYKbIMAAC,
TYp, EpTic e3eHi.
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XapaKTepMCTMKa COBpPEMEHHOIo TaAKCOHOMMYECKOro coctaBa
CbMTOI'lAaHKTOHa Ka3aXCTAaHCKOM 4YacCTH peku Mprll.U

TpaHcrpanmyHag peka MpTbill npoTekaeT MNMo TeppuTopumm Tpex rocyAapcts. Peka WMpTtbiw
NMOABEPraeTCsi MHTEHCMBHOMY aHTPOMOreHHOMY BO3AeMCTBMIO. Ha KkasaxcraHckoiw uactu bacceiHa
pekn MpTbil eCTb 30Hbl MPOMBILIAEHHOTO BAMSIHUS ropoaoB [laBaoasap u Akcy. Ha Tepputopmmn
3TMX TOPOAOB PaCMOAOXKEHbI TMAPOIAEKTPOCTAHUMM, YrOAbHbIE Kapbepbl M 3aBOAbl (PepPOCMAABOB.
M3yueHne BMAOBOrO COCTaBa MAAHKTOHHbBIX COOOLLECTB SBASIETCS (DYHAAMEHTAAbHBIM METOAOM
GronHamkaumn. MUTONAAHKTOH MIPAET CYLIECTBEHHYIO POAb B OLIEHKE 3KOAOMMUYECKOro COCTOSIHMS
BOAHBIX 3KOCMCTEeM. AAbrohAoOpa TPaHCrPaHMUYHOM pekn MpTbill M3yyeHa HeAOCTaTOYHO MOAHO.
BOABLIMHCTBO ’MAPOOGMOAOTMUECKMX MCCABAOBAHMIA HA KAa3axCTaHCKOM YacTy 6accernHa peku MpTbiiu
ObIAO MOCBSLLEHO M3YUYEHUIO BOAOXPaHUAMLL. MICXOAS M3 3TOrO akKTyaAbHOCTb M3YUYeHUs MAQHKTOHHbIX
COO6LECTB Ka3axCTaHCKOM 4actn peku MpTobitn Bo3pacTtaer. Lleablo HacTosiero mccaeaoBaHUs
ObIA aHaAM3 BMAOBOro 60rarcrBa (UTOMAAHKTOHA Ka3axXCTAHCKOM 4acTu GaccerHa peku MpTbii.
MccaepoBaHms 6bian npoBeaeHbl B mioae 2023 roaa Ha 27 craHumsx. Mecta ot6opa pacrnoAaraAmch
Ha BEpXHEeM M HUXKHEM TeueHuu peku MpTbiul. bbian o6caepoBaHbl yyactkn YepHoro MpTtbiwa, ot
rpaHuubl ¢ Kutaem A0 BnaaeHus B 03epo 3aicaH, a Takxke ydyactku B [laBaopapckoi obaactu. B
cocTaBe (PUTOMAAHKTOHA ObIAO 3aperncTpupoBaHo 153 BMAQ M MOABMAQ BOAOPOCAEN U3 OTAEAOB
retepokoHTbl — Heterokontophyta (69), 3eaexbie — Chlorophyta (61), umano6aktepumn — Cyanobacteria
(16), xapoBble — Charophyta (4), aBraeHosble — Euglenophyta (2), u anHodaareaaatsl — Dinoflagellata
(1). ®UTONAAHKTOH GOAbLLEN YacTU 06CAEAOBAHHbIX YUACTKOB GaccerHa XapakTepu30BaACs BbICOKUM

YPOBHEM CXOACTBaA.

KAroueBble caoBa: (bVITOﬂAaHKTOH, TAaKCOHOMMYECKUIN COCTaB, TaKCOHOMMYECKOe CXOACTBO, POA,

BMA, peka MpTbiLu.

Introduction

The study of phytoplankton in transboundary
rivers is essential for assessing water quality.
Bioindication is a fundamental technique to
evaluate water quality. Algae, most of which are
autotrophs, form the basis of a trophic chain in an
aquatic ecosystem. Phytoplankton, using biogenic
nitrogen and phosphorus compounds, participates
in producing organic substances. The biogenic
load’s intensity impacts plankton communities’
development and their species richness.
Therefore, indicators of abundance, biomass and
species composition are used in bioindication
methods. A significant link in bioindication
is the study of the species composition of
phytoplankton communities [1]. Phytoplankton is
a crucial element of the trophic chain of aquatic
ecosystems and is important as a food base for
fish and planktonic invertebrates.

The length of the Irtysh River is 4248 km. Its
length is 1,700 km on the territory of Kazakhstan.
The Irtysh River is a water source for agriculture,
industry, and the population [2].

The study of phytoplankton in the Irtysh River
was started in the 60s of the last century [3-5].
According to available data, the species richness of
phytoplankton of the middle and lower parts of the
Irtysh River varied from 158 to 211 species from
9 departments [6]. Hydroelectric power stations
are located along the upper reaches of the Irtysh
River: Bukhtarminskaya, Ust-Kamenogorsk and
Shulbinskaya. Many phytoplankton studies in the
Kazakh river basin have been conducted at the
Bukhtarminskoye and Shulbinskoye reservoirs [7-
11]. In the algae flora of the upper Irtysh, 8 divisions,
13 classes, 22 orders, 56 families, 347 species and
401 varieties and forms of algae were noted [12-19].
Two hundred forty-nine species have been recorded,
including 73 new species not previously found in
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the Bukhtarma reservoir and 176 new species in the
middle Irtysh.

The study of phytoplankton communities in
the Irtysh River basin is multidirectional due to its
large geographical extent. Most of the studies were
conducted in the Russian territory of the Irtysh River
basin. The phytoplankton of the Kazakhstan part of
the Irtysh River has not been studied thoroughly
enough. In this regard, the relevance of the study of
this site for the analysis and further assessment of
water quality arises.

The study aims to analyze the species richness
and distribution of phytoplankton in the upper and
lower reaches of the Kazakhstan part of the Irtysh
River basin.

Materials and methods

The study of the Kazakhstan part of the Irtysh
River was conducted in July 2023 at 27 stations in 4
sections (Figure 1).

Section I covered the Black Irtysh, from the
border with China to its confluence with Lake Zaisan
(5 stations). Section II was located above the cities
of Pavlodar and Aksu (7 stations). The following
section combined five stations located in the zone of
influence of the Pavlodar and Aksu cities. Section [V
was located below the city of Pavlodar (10 stations).

" industrial cities
at

L]

Coordinates, water transparency, temperature and
pH were recorded at the sampling stations.

Phytoplankton samples were taken from the
surface layers by stretching and scooping 1 litre
of water [20]. Water samples were fixed with 40%
formalin. After the phytoplankton deposition, the
samples were brought to a volume of 30 ml, and
with a high density of the green film on the surface
of the water, up to 100 ml. At this stage, before
quantitative analysis, phytoplankton samples were
examined under a microscope to determine the
species composition. Next step, a thick drop of
sediment from the bottom of the vial was taken
from the total sample. Determinants were used to
identify species and their systematic classification
[21-29]. The abundance of planktonic algae was
estimated on a six-point scale [30]. The numerical
values correspond to the designations, where 1
is single, 2 is rare, 3 is not rare, 4 is common, 5
is very common, and 6 is massive, according to
the Corde method [31]. Due to the large tabular
material, it was decided to divide the data
into four selection sites. The JASP statistical
program was used for comparative analysis of
phytoplankton communities [32]. Changes in the
modern systematics of algae were tracked using
the AlgaeBase database of marine and freshwater
algae [33].

Y The zone of influence of

IL ITL, TV research areas

\ Black Irtysh
e \,} I research area

I W

Figure 1 — Research areas in the Kazakh part of the Irtysh River basin in July 2023
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Results and Discussion river phytoplankton. The genera Desmodesmus
(12 species), Nitzschia (9 species), Scenedesmus (8
One hundred fifty-three species belonging  species)and Navicula (6 species) were characterized

to 86 genera and 6 phyla have been found in the by the most species richness (Table 1).

Table 1 — The species composition of phytoplankton in the Kazakhstan part of the Irtysh River (July 2023)

Taxa I I I v
Heterokontophyta

Amphora pediculus (Kiitzing) Grunow 1875 +
Amphora ovalis (Kiitzing) Kiitzing 1844 +
Asterionella formosa Hassall, 1850 + + + +
Aulacoseira distans (Ehrenberg) Simonsen 1979 +
Aulacoseira granulata (Ehrenberg) Simonsen 1979 + + + +
Aulacoseira italica (Ehrenberg) Simonsen 1979 +
Cocconeis placentula Ehrenberg 1838 + + + +
Cylindrotheca closterium (Ehrenberg) Reimann & J.C.Lewin 1964 +
Cymbella affinis Kiitzing 1844 +
Cymbella cistula (Ehrenberg) O.Kirchner 1878 + +
Cymbella tumida (Brébisson) Van Heurck 1880 +
Cymbella turgidula Grunow 1875 + + +
Cymbopleura naviculiformis (Auerswald ex Heiberg) Krammer 2003 +
Diatoma vulgaris Bory 1824 + + + +
Didymosphenia geminate (Lyngbye) Mart.Schmidt 1899 +
Dinobryon divergens O.E.Imhof 1887 +
Diploneis ovalis (Hilse) Cleve 1891 +
Diploneis parma Cleve 1891 +
Encyonema elginense (Krammer) D.G.Mann 1990 +
Encyonema minutum (Hilse) D.G.Mann 1990 + + +
Encyonema ventricosum (C.Agardh) Grunow 1875 +
Epithemia adnata (Kiitzing) Brébisson 1838 +
Pinnularia viridis (Nitzsch) Ehrenberg 1843 +
Fragilaria capucina Desmaziéres 1830 + +
Fragilaria crotonensis Kitton 1869 + + + +
Fragilaria rumpens (Kiitzing) G.W.F.Carlson 1913 +
Fragilariforma constricta (Ehrenberg) D.M.Williams & Round 1988 +
Fragilariforma virescens (Ralfs) D.M.Williams & Round 1988 +
Gomphonella olivacea (Hornemann) Rabenhorst 1853 + + + +
Gomphonema parvulum (Kiitzing) Kiitzing 1849 +
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Table continuation

Taxa I 1I I v
Gomphonema micropus Kiitzing 1844 +
Gyrosigma acuminatum (Kiitzing) Rabenhorst 1853 +
Hannaea arcus (Ehrenberg) R.M.Patrick 1966 +
Iconella biseriata (Brébisson) Ruck & Nakov 2016 +
Navicula exigua W.Gregory, 1854 +
Navicula recens (Lange-Bertalot) Lange-Bertalot 1985 +
Navicula rhynchocephala Kiitzing 1844 + +
Navicula cryptocephala Kiitzing 1844 +
Navicula radiosa Kiitzing 1844 + +
Navicula rostellata Kiitzing 1844 +
Navicymbula pusilla (Grunow) Krammer 2003 +
Neidium ampliatum (Ehrenberg) Krammer 1985 +
Neidium iridis (Ehrenberg) Cleve 1894 +
Nitzschia acicularis (Kiitzing) W.Smith, 1853 + + + +
Nitzschia filiformis (W.Smith) Van Heurck 1896 +
Nitzschia fonticola (Grunow) Grunow 1881 +
Nitzschia linearis W.Smith 1853 + + +
Nitzschia perminuta Grunow 1881 +
Nitzschia dissipata (Kiitzing) Rabenhorst 1860 +
Nitzschia longissima (Brébisson ex Kiitzing) Grunow 1862 +
Nitzschia palea (Kiitzing) W.Smith 1856 + + +
Nitzschia vermicularis (Kiitzing) Hantzsch 1860 +
Odontidium hyemale (Roth) Kiitzing 1844 +
Placoneis elginensis (W.Gregory) E.J.Cox 1988 +
Reimeria sinuata (W.Gregory) Kociolek & Stoermer 1987 + +
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot 1980 +
Rhopalodia gibba (Ehrenberg) O.Miiller 1895 +
Pseudokephyrion poculum W.Conrad 1939 + +
Sellaphora pupula (Kiitzing) Mereschkovsky 1902 + + +
Stephanocyclus meneghinianus (Kiitzing) Kulikovskiy, Genkal & Kociolek 2022 + + + +
Stephanodiscus hantzschii Grunow 1880 + + +
Surirella angusta Kiitzing 1844 +
Surirella librile (Ehrenberg) Ehrenberg 1845 +
Surirella minuta Brébisson ex Kiitzing, nom. illeg. 1849 +
Tryblionella hantzschiana Grunow 1862 +
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Taxa

11

111

v

Tryblionella scalaris (Ehrenberg) Siver & P.B.Hamilton 2005

Ulnaria danica (Kiitzing) Compere & Bukhtiyarova 2006

Ulnaria goulardii (Brébisson ex Cleve & Grunow) D.M.Williams, Potapova & C.E.Wetzel

2022

Ulnaria ulna (Nitzsch) Compere 2001

Charophyta

Cosmarium punctulatum Brébisson 1856

Hyalotheca dissiliens Brébisson ex Ralfs 1848

Staurastrum cingulum (West & G.S.West) G.M.Smith 1922

Staurastrum gracile Ralfs ex Ralfs 1848

Chlorophyta

Actinastrum hantzschii Lagerheim 1882

Ankistrodesmus arcuatus Korshikov 1953

Ankistrodesmus fusiformis Corda 1838

Ankyra ancora (G.M.Smith) Fott 1957

Chlorotetraedron incus (Teiling) Komarek & Kovacik 1985

Coelastrum astroideum De Notaris 1867

Coelastrum microporum Négeli 1855

Coelastrum pulchrum Schmidle 1892

Coenochloris pyrenoidosa Korshikov 1953

Comasiella arcuate (Lemmermann) E.Hegewald, M.Wolf, Al.Keller, Friedl & Krienitz 2010

Desmodesmus abundans (Kirchner) E.H.Hegewald 2000

Desmodesmus armatus (Chodat) E.H.Hegewald 2000

Desmodesmus brasiliensis (Bohlin) E.Hegewald 2000

Desmodesmus caudatoaculeatus(Chodat) P.M.Tsarenko 2000

Desmodesmus communis (E.Hegewald) E.Hegewald 2000

Desmodesmus costatogranulatus (Skuja) E.Hegewald 2000

Desmodesmus intermedius (Chodat) E.Hegewald 2000

Desmodesmus magnus (Meyen) P.M.Tsarenko 2000

Desmodesmus multicauda (Masjuk) P.M.Tsarenko 2000

Desmodesmus serrato-pectinatus (Chodat) P.M.Tsarenko 2000

Desmodesmus spinosus (Chodat) E.Hegewald 2000

Desmodesmus subspicatus (Chodat) E.Hegewald & A.W.F.Schmidt 2000

FEudorina elegans Ehrenberg 1832

Golenkiniopsis solitaria (Korshikov) Korshikov 1953

Granulocystopsis decorata (Svirenko) P.M.Tsarenko 2000
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Taxa I I I v
Hegewaldia parvula (Woronichin) Préschold, C.Bock, W.Luo & L Krienitz 2010 +
Heleochloris pallida Korshikov 1953 + +
Messastrum gracile (Reinsch) T.S.Garcia 2021 +
Micractinium pusillum Fresenius 1858 + +
Micractinium quadrisetum (Lemmermann) G.M.Smith 1916 +
Monoraphidium griffithii (Berkeley) Komarkova-Legnerova 1969 + + + +
Monoraphidium contortum (Thuret) Komarkova-Legnerova 1969 + + + +
Monoraphidium minutum (Ndgeli) Komarkova-Legnerova 1969 + + +
Mucidosphaerium pulchellum (H.C.Wood) C.Bock, Proschold & Krienitz 2011 + + + +
Mpychonastes jurisii (Hindak) Krienitz, C.Bock, Dadheech & Proschold 2011 +
QOocystis borgei J.W.Snow 1903 +
QOocystis elliptica West 1892 +
Oocystis submarina Lagerheim 1886 + +
Paradoxia multiseta Svirenko 1928 +
Pediastrum duplex Meyen 1829 + + + +
Pseudopediastrum boryanum (Turpin) E.Hegewald 2005 + +
Raphidocelis sigmoidea Hindak 1977 + + + +
Raphidocelis danubiana (Hindak) Marvan, Komarek & Comas 1984 +
Scenedesmus apiculatus Corda 1838 +
Scenedesmus circumfusus Hortobagyi 1960 + +
Scenedesmus ellipticus Corda 1835 + + +
Scenedesmus intermedius var.acutispinus (Y.V.Roll) E.Hegwald & An 1998 +
Scenedesmus obtusus Meyen 1829 +
Scenedesmus semicristatus Uherkovich 1966 +
Scenedesmus semipulcher Hortobagyi 1960 + +
Scenedesmus soli Hortobagyi 1960 + +
Sphaerocystis planctonica (Korshikov) Bourrelly 1974 + + + +
Stauridium tetras (Ehrenberg) E.Hegewald 2005 +
Tetradesmus incrassatulus (Bohlin) M.J.Wynne 2016 + + + +
Tetradesmus lagerheimii M.J.Wynne & Guiry 2016 + + + +
Tetradesmus obliquus (Turpin) M.J.Wynne 2016 + +
Tetraédron minimum (A.Braun) Hansgirg 1889 +
Tetraspora imperfecta Korshikov 1953 + +
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Tetrastrum elegans Playfair 1917 +
Tetrastrum staurogeniiforme (Schroder) Lemmermann 1900 +
Willea apiculate (Lemmermann) D.M.John, M.J.Wynne & P.M.Tsarenko 2014 + +

Cyanobacteria
Anathece clathrate (West & G.S.West) Komarek, Kastovsky & Jezberova 2011 +
Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault 1886 +
Aphanocapsa delicatissima West & G.S.West 1912 +
Aphanocapsa planctonica (G.M. Smith) Komarek & Anagnostidis 1995 +
Aphanocapsa elachista West & G.S.West 1894 +
Aphanocapsa incerta (Lemmermann) G.Cronberg & Komarek 1994 +
Aphanothece salina Elenkin & A.N.Danilov 1915 +
Chroococcus minutus (Kiitzing) Nageli 1849 +
Gloeobacter violaceus Rippka, J.B.Waterbury & Cohen-Bazire, nom. cons. 1974 +
Heteroleibleinia kuetzingii (Schmidle) Compére 1985 +
Limnothrix redekei (Goor) Meffert 1988 + +
Merismopedia minima G.Beck 1897 + +
Merismopedia tenuissima Lemmermann 1898 +
Microcoleus autumnalis (Gomont) Strunecky, Komarek & J.R.Johansen 2013 +
Microcystis aeruginosa (Kiitzing) Kiitzing 1846 +
Synechocystis planctonica Proskina-Lavrenko 1951 +

Euglenophyta
Lepocinclis oxyuris (Schmarda) B.Marin & Melkonian 2003 +
Trachelomonas hispida (Perty) F.Stein 1878 +

Dinoflagellata
Peridiniopsis quadridens (F.Stein) Bourrelly 1968 + +
Total: 86 62 44 69
Sites: I — The Black Irtysh, from the border with China to its confluence with Lake Zaisan, II — above the city of Aksu, III — in the
zone of influence of the cities of Pavlodar and Aksu, IV — below the city of Pavlodar

The species richness decreased in the direction
from site I to site I1I and then increased again in the
lowest reaches of the Kazakhstan part of the Irtysh
River basin.

Sixteen species of diatoms and green algae
were found everywhere: Asterionella formosa,
Aulacoseira  granulata, Cocconeis placentula,
Fragilaria crotonensis, Gomphonella olivacea,
Nitzschiaacicularis, Stephanocyclus meneghinianus,
Ankistrodesmus arcuatus, Monoraphidium
griffithii, M.  contortum,  Mucidosphaerium

pulchellum, Pediastrum  duplex, Raphidocelis
sigmoidea, Sphaerocystis planctonica, Tetradesmus
incrassatulus, T. lagerheimii.

Each site has a different species composition of
planktonic communities. Forty-two unique species
have been identified in the Black Irtysh. In the zone
of influence of the cities of Pavlodar and Aksu, 12
and 6 new species were identified at sites II and
III, respectively. In the lower reaches of the Irtysh
River, the species richness increased again to 24
species (Figure 2).
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L]

Figure 2 — The similarity of the phytoplankton species
composition in the model sections of the Irtysh River
according to the analysis of the JASP program

The thickness of the line shows the strength
and direction of the correlation. Dark blue is a
positive correlation, light blue is a weak positive
correlation, and red is a negative correlation. The
first and fourth sections of the study have a negative
correlation. The species richness of phytoplankton
varies significantly in these areas. The Black
Irtysh has its unique species composition of
phytoplankton.

The general trend shows that the species diversity
of phytoplankton communities decreases from the
upper part of the river to the lower. The change in
the species diversity of river phytoplankton depends
on the flow velocity, the time of material collection,
and the anthropogenic impact. The phytoplankton
sampling area was in the zone of influence of
industrial cities. By government study and statistics
the quality of the waters of the Irtysh River is
assessed as class 1 — the best quality [34]. However,
in the impact zone of the cities of Pavlodar, Aksu,
rural districts of Zhanabet and Priirtyshskoye,
exceedances of MPC values for copper in the waters
of the Irtysh River were recorded [35]. There are
several industrial sources of chemical pollution in
the Pavlodar region: the hydroelectric power plants,
coal pits, and a ferroalloy plant. The upper reaches
of the Irtysh River are subject to organic pollution
due to the insufficient purification of industrial and
household wastewater [36].
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Conclusion

One hundred fifty-three species and subspecies
of algae were found in the summer phytoplankton
of the Irtysh River. Most species richness was
characteristic of diatoms and green algae. The
species richness of planktonic algae decreased from
the upper to the lower reaches. However, in the area
below the city of Pavlodar, the species richness of
phytoplankton increased again. The difference in
the number of species at the four sites was slight,
which indicates that species may have adapted
to the physical and chemical factors of the river
environment. However, the species composition of
planktonic communities was unique in each site. The
JASP program indicates the similarity of the species
richness of phytoplankton between the sites of the
Black Irtysh and the zones of influence of the cities
of Pavlodar and Aksu. The negative trend indicates
a discrepancy in species richness between the first
three and the fourth sites.

Compared with previous studies, the number of
phytoplankton species in the Irtysh River remains
almost unchanged. However, it is worth noting that
the research covered areas of the middle Irtysh, its
tributaries, ponds, and lakes near Omsk [3,5]. Our
research covers only the bed of the Kazakhstan part
of the Irtysh River, which may affect differences in
the number of species.

This study was conducted in one season.
Differences in the number of species can be explained
by the territorial vastness and temporal coverage, as
well as the characteristics of the selected sites for
collecting material. Considering these factors is
important when comparing the results of different
studies.

Further study of phytoplankton in the Irtysh
River is essential for a deeper understanding of
changes in its species composition, distribution and
dynamics. This requires systematic data collection
in different seasons and studies on different river
sections to study phytoplankton dynamics.
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OHTYCTIK-LUbIfbIC KASAKCTAHHbIH,
ATALL XAPTbIAAU KATTbIKAHATTbLIAAPDI
(HEMIPTERA, HETEROPTERA)

Makanapa OHTycTik-LUbiFbic KasakcTaHAQ afawl >kapTblAai  KATTbIKAHATTbiAapbiHa 2023
>KbIAbI XKYPTi3iAreH 3epTTeyAep HaTuxeAepi 6epiAin oTbip. 3epTrey HaTuXkeciHAe arawl JKapTbiAai
KATTbIKAHATTbIAAPbIHbIH, 8 TyKbIMAACbIHA >KaTaTblH 37 Typi aHbikTaAAbl. byaapabiH iwiHAeri
TyKbIMaacTap: XKari ke3wecizaep (8 Typ, 22 %), LLiaTepai kaHAaAarap (7 Typ, 19%), ¥Ycak XbIpTKbiLUTap
(6 TYP, 16%), AHWbI KaHAAAaAap, XKep kaHAaraAapbl (4 TypaeH, 11%), Aralwl KaAKaHLWaAblAapbl,
Harbi3 KaakaHwaabirap (3 TypaeH), KabbikacTbl kaHAaraAapbl (2 Typ) 6eAriai 60AAbl. XKapTbiaai
KaTTbIKAHATTbIAAP TIPWIAIK €Ty opTacblHa Kapan araluTa, arauw-0yTaaa, araw-6yTa-wenTteci
OCIMAIKTE, aFaw-lIenTeciH 8CiMAIKTE TipluiAik eTeTiHAep 00oAbin GeAiHeal. Arall KaHAaAaAapbl (24
TYp), araw-6yTa KaHAaAaAapbl (8 Typ), aralu-OyTa-LenTeciH TypAepi (2 Typ), aFall-WenTeciH TypAepi
(3 TYp). Onap KOpeKTiK GarmAaHbIChbl >KafblHaH XXbIPTKbiWTap (11 Typ), apasac kopekTiaep (4 Typ),
ecimaikkopekTinep (20 Typ: KeH eciMaikkopekTiaep (5 Typ), Tap eciMaikkopekTiaep (2 Typ), ken
ecimMaikkopekTiaep (13 Typ) >XeHe caHblpayKyAakkopekTiaep (2 Typ) 60Abin 6eAiHeai. OHTYCTik-
LbiFbic KasakCTaHHbIH aFalll XapThiAar KaTTbIKaHATThIAAPbI XKbiAbIHA GEPETiH yprak, caHbiHa Kapari
4 Tonka 6eAiHeAl: XbiAbiHa 1 peT ypnak 6epeai (25 Typ), XblAblHa 2 peT yprak, 6epeai (7 Typ),
>KblAbIHA 3 peTTeH apTbik, ypnak 6epeai (3 Typ), 6ip keseHae 6ap Aamy caTbicbl 6ap (2 Typ). 3epTTey
ariMarblHAAFbl TYPAEP 3KOAOTMSIABIK, YKaFblHAaH KAAbIMTbl bIAFAAAbI (36 Typ) >XKOHe bIAFAAAbIKYaH,
(tek 1 typ — Orsillus maculatus) 60oAbin 6eAiHeal. XKapTbiaail KaTTblKaHATTbiAQP LWAAA TYPAEHInN
AAMUTBIH >XOHAIKTEpre >KaTaAbl XOHE AaMyAbIH KeAeCi Ke3eHAEPIiHEeH 8TeAl — XYMbIPTKA, AEPHBCIA
>KaHe epecek aapacbl. OAap AamyAblH 8pTYPAI Ke3eHAepiHAe KbicTarAbl. KenTereH Typaepae
KbICTay Ke3eHi epecek Aapachl CaTbiCbiHAA (28 Typ), KYMbIPTKA caTbICbiHAQ (6 TYp) KOHE AepHaCiA
catbiCcbiHAQ (3 Typ) 60Aaabl. OHTYCTiK-LUbiFbic Ka3akcTaHHbIH, aFall >kapTbiAaid KaTTbIKaHATTbIAAPbI
13 300reorpacmsAbiK, TapaAy anMMakTapbiHAQ Ke3AeCeAi: HEOTPOMMKAABIK-TOAAPKTUKaABIK, (1 Typ),
rOAQpPKTUKaAbIK, (5 Typ), TpaHCNaAeapkTUKaAbIK (6 Typ), TpaHCnaAeapkKTUKaAblk-3pmonTbik, (1
Typ), 6GaTbiCraAeapKTMKaAbIK (5 Typ), LibIFbICMIAAEAPKTMKAABIK (3 Typ), TpaHceypasusiAbiK, (8 Typ),
6aTbiceypasusiAbiK, (2 Typ), opTateTuitaik (1 Typ), optatetunaik-tnbet (1 Typ), TypaH (1 Typ), TypaH-
robuit (2 Typ), upaH-typaH (1 Typ).

Ty#in ce3aep: OHTYCTiK-LUbIFbic Ka3akcTaH, aFall xapTblAai KaTTbiKaHaTTbiAapbl, Heteroptera.
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Arboreal hemiptera (Hemiptera, Heteroptera)
of South-Eastern Kazakhstan

The article presents the results of studies of arboreal hemiptera in South-eastern Kazakhstan, con-
ducted in 2023. As a result of the study, 37 species of arboreal hemiptera belonging to 8 families were
identified. They are Miridae (8 species), Tingidae (7 species), Anthocoridae (6 species), Nabidae, Lygaei-
dae (4 species each), Acanthosomatidae, Pentatomidae (3 species each), Aradidae (2 species). According
to their habitat, arboreal hemiptera of South-eastern Kazakhstan are divided into several groups: dendro-
bionts (24 species), dendro-tamnobionts (8 species), dendro-tamno-hortobionts (2 species), dendro-hor-
tobionts (3 species). They are divided by food connections into zoophages (11 species), zoophytophages
(4 species), phytophages (20 species) and mycetophages (2 species). According to the number of genera-
tions per year, all species of woody hemiptera of South-eastern Kazakhstan can be divided into several
groups: 1) monovoltine (25 species), 2) bivoltine (7 species), 3) polyvoltine (3 species), 4) acyclic species

116 © 2024 Al-Farabi Kazakh National University


https://doi.org/10.26577/eb.2024.v99.i2.010
https://orcid.org/0000-0002-5947-8514
https://orcid.org/0009-0007-2854-5052
mailto:esenbekova_periz@mail.ru
mailto:esenbekova_periz@mail.ru

I1.A. EcenbexoBa, X.F. Kopranbek

(2 species). Different species of hemiptera have different requirements for the degree of moisture content
of the habitat. On this basis, the following ecological groups of species can be distinguished: mesophiles
(36 species) and mesoxerophile (only Orsillus maculatus). Hemiptera belong to insects with incomplete
transformation and go through the following stages of development — egg, larva and imago. They are
characterized by wintering at different stages of development. In most species, winter diapause occurs
at the imago stage (28 species), at the egg stage (6 species) and at the larva stage (3 species). Arboreal
hemiptera of Southeastern Kazakhstan are found in 13 zoogeographic regions: Neotropical-Holarctic (1
species), Holarctic (5 species), Trans-Palearctic (6 species), Trans-Palearctic-Ethiopian (1 species), West
Palearctic (5 species), East Palearctic (3 species), Trans-Eurasian (8 species), West Eurasian (2 species),
Orthatetic (1 species), Orthatetic-Tibetan (1 species), Turanian (1 species), Turano-Gobi (2 species),
Iranian-Turanian (1 species).
Key words: South-Eastern Kazakhstan, arboreal hemiptera, Heteroptera.
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ApeBecHble noAyxecTkokpbiabie (Hemiptera, Heteroptera)
lOro-BocrtouHoro Ka3saxcraHa

B cratbe npeacTaBAeHbl pe3yAbTaTbl MCCAEAOBAHMIA APEBECHbIX MOAY>KECTKOKPbIAbIX B HOro-
BoctouHom KazaxctaHe, npoBeaeHHbix B 2023 1. B pe3syabTaTe nccaepoBaHWSs BbisBAEHO 37 BMAOB
APEBECHbIX MOAY>KECTKOKPbIABIX, MPUHAAAEXaWMX K 8 cemeilcTBam. M3 HMX ObIAM OMpeAeAeHbl
caepytolme cemenctea: CaenHsku (8 BuaoB), KpyxxeBHuupl (7 BUAOB), KpOLWKK-XMLLHWKK (6 BUAOB),
Kaonbl-oxoTHWkKM, HazemHukn (no 4 BuaQ), ApeBecHble WWTHUKK, HacTodume wntHMkK (Mo 3 BMAQ),
[MoaxkopHUkM (2 BMAQ). T10 MPUYpPOUEHHOCTM K MecTam OBMTaHMsS APEBECHbIE MOAYXXECTKOKPbIAbIE
lOro-BoctouHoro KasaxctaHa MnoOApa3AEAdioTCS Ha HECKOAbKO Tpynn: ApeBecHble (24 BMAQ),
APEBECHO-KYCTapHMKOBble (8 BMAOB), APEBECHO-KYCTAapPHWMKOBO-TPABAHWUCTbIE (2 BWAQ), APEBECHO-
TpaBsHUCTble (3 BUAQ). ApeBecHble MOAY>KECTKOKPbIAbIE MO MULLEBbIM CBSI39M MOAPA3AEASIOTCS
Ha caeaytowme rpynnbl: 300darmn (11 BMAOB), noandmtodarn (4 Bnaa), utodarmn (20 BMAOB) M
muueTodarn (2 BuAQ). Tak>ke MO YMCAY MOKOAEHWMIA B rOA BCe BUAbI ApeBecHbix HOro-BoctouHoro
KazaxcraHa MO>XHO pa3AeAMTb Ha HECKOAbKO Fpyrn: MOHOBOAbTUHHbIE (OAHO MOKOAeHMe B roa) (25
BMAOB), OMBOAbTUHHbIE (ABA MOKOAEHUS B rOA) (7 BUAOB), MOAMBOABTUMHHbIE (HECKOABKO MOKOAEHMMU
B roa) (3 BMAQ), aUMKAMYHbIE BMABI (2 BUAQ). Pa3Hble BMAbBI MOAYXXECTKOKPbIAbIX MMEIOT Pa3AMYHbIe
TpebGOoBaHUS K CTEMEHN YBAQKHEHHOCTM MECTOOOMTaHMs. 10 3TOMy npm3aHaky MOryT ObiTb BbIAEAEHbI
CAEAYIOLLME SKOAOTMYECKME TPYMMbl: YMEPEHHOM BAQXXHOCTU (36 BMAOB) M Me30kcepodurA (ToAbko 1
BuA Orsillus maculatus). NoAy>XeCTKOKPbIAbIE OTHOCSITCS K HACEKOMbIM C HEMOAHbIM MpeBpalleHem
MU TPOXOAST CAeAylolMEe CTaAUMM PasBUTUS — SO, AMUYMHKA M MMaro. AAS HMX XapakTepHa
3MMOBKa Ha pasHbIX CTaAMSx pasBuUTUS. Y OGOAbILUMHCTBO BMAOB 3UMHSIS AMariay3a MpPOUCXOAMT
Ha CTaAMM B3POCAOM 0COOM (28 BMAOB), Ha CTaamu siila (6 BUAOB) M Ha CTAAMM AMUMHKM (3 BMAQ).
ApeBecHble MoAyKecTKOoKpblAble KOro-BoctouHoro KasaxcraHa HaxopsTcs B 13 300reorpadmyeckmx
006AaCTSX: HEOTPOMNMKO-TOAapKTMUeckast (1 BMA), roAapkTmyeckas (5 BMAOB), TpaHCnaAeapkTuyeckas
(6 BMAOB), TpaHCnaAeapkTuuecko-acpmonckas (1 Bua), 3anapHocrnaseapkTuyeckas (5 BMAOB),
BOCTOYHOCMaAeapKTnyeckas (3 BMA), TpaHceBpasmnaTckas (8 BMAOB), 3anasHoeBpasmatckas (2 BUAQ),
opraretnyeckas (1 Bua), opraretmyecko-tnbertckas (1 BuA), TypaHckas (1 BuA), TypaHo-robuiickas (2
BMAQ), MpaHO-TypaHcKas (1 BuA).

KaroueBble caoBa: KOro-BoctouHbiii KazaxcraH, ApeBecHble NMoAy>KeCcTKOKpblAble, Heteroptera.

Kipicne

XKaprtpinalh KaTThIKaHATTBUIAp HEMece KaHja-
Janap — HaCeKOMIap KJIACHIH/IAFbI CH YJIKEH OTPsi-
Tapably Oipi. Onap Typii OuoronTtapia TipHILIiK
eTill, OMOTEOIeHO3AaFbl OMOJIOTHSIIBIK IPOIIECTEP-
Jle MaHbI3JBI pei artkapajsl. OnapislH apacbiHua
JKBIPTKBIII KOHE OCIMJIIKKOPEKTI TYpJiep KemTer
Ke3zecemi. OCIMIOIKOPEeKTI Typiepi kammai kebe-
Hin, opMaH MIapyambUIBIFBIHA 3USHBIH KETipeli.

AJ KBIPTKBILI TYPJIEPI OPMaH IapyarbUIbIFbIHIA-
FBI 3USHABI TYPJIEPAIH CAaHBIH PETTEII, alJalbl acep
eTeni.

XKapreinaii KaTTBIKAHATTBLIAP OTPSIIBI KAMIIbI
COHFBI JKbUIAAPJIAFhl MIETEIIK 9feOueTTepre mory
JKacacak, JKapTbulaif KaTThIKAHATTHUIAPIBIH CHCTE-
MaTHKAChl, OMOJIOTHUSICHI, IKOJIOTUSACH MEH IBOJIIO-
LUSICBIHBIH COHFBI JKbUIIAPAAFbl JKETICTIKTEpPI XKe-
KeJlereH TYKbIMacTap: KaOBIK acThl KaHJalajaapsl
[1-2], minTepninep [3-6], mWOKDapabUIap MEH Kep
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KaHjaananapsl [7], HaFreI3 KaJKaHanbuiap [8], xai-
61 JKapTeinail KaTTRIKAHATTHUIAP YKAHITBI MOJIIMET-
tep [9-10] ockl OackuIbIMIAPIa KOPCETITEH.

Onrycrik-UIerpic KazakcTannma aramn xapThi-
JIall KAaTThIKAHATThUIAPbIHA apHAilbl 3epTTEYy KY-
MBICTapbl KYPri3iJIMEreH, COHABIKTAH OYJI JKYMBbI-
CBIMBI3 ©3€KTi.

3eprrey MakcaTeIMbI3 — OHTYCTIK-1IBIFBIC
KazakcTan TeppUTOPHSCHIHBIH arall KapThlaai
KaTTHIKAHATTHUIAPBIHBIH TYP KYpPaMbIH, OHOJIOTHSI-
CBI, DKOJIOTHSCHIH JKOHE TapaTyblH 3ePTTEy.

Martepuajgap MeH 3epTTey daicTepi

Hacekompmap ecimaikrepai apHailbl 3HTOMO-
JOTHUSIJIBIK aya CY3TICIMEH «Opy» OHiCIMEH KoHE
aramTap MeH Oyramapjpl aKk Marara Kary apKbLIbl
JKUHAJIZBI, )T YCaK HACEKOMJIAp Ibl YCTayFa dKCrayc-
Tep acnaObl maiaanaHbUIIbl. TYHT] )KapbIKKa YIIBII
KEJIETIH HAaCEKOMJAap apHalbl JKaphIK KO3IepiHEH,
ABTOKOJIIK JKapbIKTapblHaH ycTamabl. COHbIMEH Ka-
Tap HAaceKOMIAapAbl eCIMIIKTepAeH Ke30eH Kaparl,
CypeTKe TyCipir, 0aKpuIay >KYMBICTaphl KYPri3iiii
[1-3]. ¥craraH >KOHIIKTEP/Ii yJIaHABIPATHIH BIbIC-
TYHIIBIKTBIPFBIII BIIBICKA KUHANABI [1].

TYHIIBIKTBIPFBINT BIABICKA JKWHAIFAH JKOHJIIK-
TEpJli )KAHChI3IaHFAHHAH KeHiH, Oip/IeH SHTOMOJIO-
THSUTBIK MHETE Ti3reH Aypbic. MyHnal KOHIIKTEp
KOJUIEKIIMAA CaKTaJaIbl )KOHE OJIap/Ibl aHBIKTAy Ja
OHail Oosajnel. MHere Ti3y yakbITThI Tajuar eTe,-
COHJIBIKTAH CaKTayJbIH €H THIMJII TOCiJIi-MaKTaJ aH
JKacallFaH MaTpaciianapa cakray [1-3]. XKunanran
MaTepHual Typajibl MOJIMET Jlana KYHAEJIriHe *kKa-
3BUTBIN KaHa KOWMal, MakTa MaTpaclIaHbIH OcTiHe
ITHKETKA JKa3bLIaJIbl.

DTUKeTKaa MaTepUaJI/Ibl )KUHAFaH JKEP aTaybl,
OHMOTOIIBI, YaKbITHl MEH XUHaFaH MaMaH aThI-KOHI
*a3putaapl. JKrHaran Oap MaTepuall MakTa MaTrpac-
IaJIApPMEH KaTThl KOPAIKa CaJIbIHAIbI.

HacexompmapabiH Typ Kypambl 3epTXaHAIBIK
JKaFaiila MUKPOCKOIIIIEH YKoHE aHBIKTaFbIIIITAPMEH
AHBIKTAJIJIBI.

3epTTeEy HITH:KEJIEP] KIHE 0JIaP/AbI TAJay

TemeHne 3epTTey HOTHKECIHNIE TaOBUTFaH TYP-
JIep JKauiIel MOJIIMETTEP OSPiTIIT OTHIP.

Iinrepainep TykbiMaacel — Tingidae

Monosteira discoidalis (Jakovlev, 1883). Anma-
ThI 00J1bICHI, EHOEKIIIIKA3aK ayaaHbl, Macak aybuIbl,
Illenex o3eni anrapsi, 09.07.2023, 39, 34. Aram
Typi (aK TepekTepie, Taaaapaa KoHe O0acka 1a jka-
MBIPAKThl aFalliTapja >KambIpakTapabl 3aKbIMIAy
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apKbUIBl aWTApIBIKTal 3USH KeNTipeadl, KaHjaama-
JIap JKambIpaKTapIblH TOMEHT1 OCTiHAC YIKEH TOII
OOJIBII JKWHAIA/IBI); KAJIBINITH BUIFAIABI JKepeple,
KebiHece k0N OOMBIHAAFBI eKIenepie, casdoakrap-
Ila, KaJaJIBIK arail eKIreepinae keueceni [4]; keH
OCIMIIIKKOPEKTI; )KbUIbIHA €Ki peT yprak oepei (0u-
BOJIBTUH/II), €peceK Japanapbl KbicTanel. OpraTe-
THHJIIK TYD.

Monosteira inermis Horvath, 1899. Xericy
Amnarayel, KosiHaeitay, Y¥3piHOynak, KaibiHast
wartkangapsl, 14.07.2000, 22, 24, Aram Typi; Ka-
JIBINITBI BUIFAJIIIBL JKEPJIep/e; KEH OCIMIIKKOPEKTI
(>kambIpaKThl aFaliTap/ia); KbUIBIHA €Ki PeT ypHaK
Oepemi, epecek mapamapsl KbicTaiiapl [5]. Typan
TYpi.

Monosteira unicostata (Mulsant & Rey, 1852).
Anmatsel o0npicel, EHOekmika3ak aymansl, Macak
aybuibl, Illenek e3eni anraper, 21.07.2023, 59, 43,
Bankam aynansl, Musuibl ayblisl MaHbl, [ne e3eHi
anrapsl, 07-08.07.2023, 359, 38, Tanua, kaparai-
Ta JKaIlmai Ke3/1ecTi, aramTap 3aKbIMIaHFaH. AFall
TYpi (TOpaHFbI, TaJl, TEPEK, KapaFraIlTa); KaJbIIThI
BUIFAJIZIBI JKepIepAc; KeH OCIMIIKKOpPEKTi (Karbl-
paxTapabl 3aKbIMIAlIbI, oJlap/a capbl JaKTap naii-
Jla 00Ja/bl )KOHE KATThI 3aKbIMJIAIFaH KAIbIPaKTap
Mep3iMiHEH OYPBIH TYCIIT KeTemi, OYJI eCIMIiKTep-
JIH KaJBIITHl 6CyiHe ocep ereai) [5]; KbUIbIHA eKi
per ypmak oepefi, epecek napanapbl KbicTaiiabl. ba-
ThICTIaJICapPKTUKAJIBIK TYP.

Physatocheila distinguenda Jakovlev, 1880.
Anmatbl 001bIckl, KbI3bIITaH OpMaHIIBUIBIFRL, [e
e3eHi anrapsl, 18.07.2023, 39, 34 lenapo-TaMHO-
OMOHT; KaJbINThl BUIFAJIBI JKepiepae (e3eHaAepIiy
JKallblIIMaiapbl MEH aThIpayJiapblH/Ia); Tap OCIMIIK-
KOpekTi (Tanma Salix); ®KbeUIbIHA Oip peT yprak Oe-
peni, epecek napanapbl Kpictaiiasl [S]. Tpanceypa-
3HSUTBIK TYP.

Physatocheila putshkovi Golub, 1976. Xe-
ticy Anaraybl, llomak Taysl, Taiifak mIaTKabl,
27.07.2023, 39, 24; Anmarel Kanackl, 300JI0THS
MHCTHTYTHI MaHbl, 12.07.2023, 29, 24, Aram Typi;
KaJIBIIThI BUTFAJIJIBI )KEpIepAe; Tap OCIMIIKKOPEKTI
(Mo¥iBLI, MIeTeH Ie); KBIIbIHA Oip peT yprak Oepei
(MOHOBOJNBTHH]II), €PECEK Aapaiapbl KbICTAHIEI [5].
[IpiFpIcTIaNIEAPKTUKATIBIK TYP.

Physatocheila smreczynskii China, 1952. Xe-
ticy Amnaraysl, lllomak Taysi, Taiifak maTKaibl,
28.07.2023, 39, 34 Aram-6yra Typaepi (Payuian-
TYJIIIEp TYKBIMIACHI aramTapbl MEH OyTallapbIH-
I1a); KaJBINITHl BUIFAIILI Kepiepae (opmaH Owo-
tonrtapbiHa, Tayiaapaa 900-1300 m xgeiiin [5]; keH
ecimuikkopekTi (Rosacea TYKbIMIachl); >KbUIBIHA
2-3 pet ypmak 0epeni, epecek mapairapbl KbICTAHIbL.
TpancnajieapKTHKaJIBIK TYP.



I1.A. EcenbexoBa, X.F. Kopranbek

Stephanitis pyri (Fabricius, 1775). AnMater 06-
meickl, EHOexmrika3ak aymansl, Macak aysuisl, [le-
nex o3eni aHrapel, 23.07.2023, 29, 2J3'; Ine o3eni
anrapsl, Kei3beiran opMaHmbuibiEsl, 18.07.2023,
129, 83 Aram-6yra Typnepi(Pyrus, Malus, Ulmus,
Tilia, Sorbus, Rosa xoHe Oacka jia araiirap MeH 0y-
Tajapiaa); KajbllThl UIFAJJIbI KEpIEp/e; KOmecim-
TIKKOPEKTI; KBUIbIHA 2-3 peT yprak Oepeli, epecek
Japayiapel KpICTainbl [5]. baTeicmaieapKTUKaIBIK
TYP.

AHIIBI KaHAAMaJap TyKbiMaackl — Nabidae

Himacerus apterus (Fabricius, 1798). Onrtyc-
tik-lIsrreic Kazakcran, ite Anaraysi, Akcaii mat-
kanbl. 01.07.2023. 1923 Aram-6yra Typnepi(xa-
MBIPAKThl, KBUIKAH KaIbIPAKThl KOHE Kaparauiibl
opMmaHAapmaa, casbakTapma, Oakrapaa, >KalblaMa-
7Bl arani-OyTansl Toraiiapa), 1 sxoHe 2 mamy ca-
TBICBIH/IAFbI JCPHICUIACD MIONTECIH 6CIMIIKTEP/IC,
ax 3 mamy caThICBIHJIAFBI JepHACinaepi OyTanapra,
COJIaH KeWiH aramitapra aybicajabl [6]; KaJbIIThI
BUTFAJIIBI XKepiiepae (Taylibl opMaH Typi, cyOaib-
MUTIK ITAJFBIHIApFa KOTEPiiaedi); JKBIPTKBITT (GKYM-
CakK JKaObIH/IbI KEHEJICPMEH JKOHE YCaK HKOHIIKTEP-
MeH KopekrteHeni) [7, 8]; xblabiHA Oip peT ypnax
Oepeni, )KYMBIpTKaIapbl KbICTaiabl. | omapkTuka-
JIBIK, TYP.

Himacerus mirmicoides (O. Costa, 1834). On-
tycrik-1lIereic Kazakcran, Ime Amaraysel, Axcaif
warkansl, 14.07.2023, 43, 39; Kelpraybuiasl mat-
Kaiel, 13.07.2023, 14, 29. Jenmpo-TaMHO-XOp-
TOOWOHT (OPTYPJi INONTECIHII KOHE MONTEeCIHIi-
OyTaJbl, araiiThl, HET131HCH KaKChl KbI3IbIPbLUIFaH
JKOHE OpTallla KaJbIIThl bUIFAJJIBI JKEpIepae XKep-
Jiepe); KaJabIIThl BUIFAIIBI JKepiepae (opMaH ai-
KarTapblH/Ia, CUPEK OpMaH JKaMbLIFbICHI aCThIH/IA,
Oakrapna, casOakrapna, MIa0bIHIBIKTAP/IA); KBIPT-
KBITI (YCaK MKOHMIKTEP: OCIMIIK OUTTEepi, KoOerek
KYIBI3KYPTTAPHI, JKall Ke3Ieci3 KaHaaaanap KoHe
T.6. KopekreHei) [6]; *buIbIHA Oip peT ypnak Oepe-
Ili, epecek Japaiapsl KeICTanbl. batpicnaneapkTa-
KaJIBIK TYP.

Nabis (Aspilaspis) pallidus Fieber, 1861. Anma-
ThI 00116ICHI, EHOCKIITIKa3aK ayaanbl, Macak aybuibl,
Ilenek o3eni anrapsl, 22-24.07.2023, 829, 23'; ban-
Kalll ayanbl, MUsUIBI aybUibl MaHbl, Liie ©3¢Hi aHFa-
pe1, 05.07.2023, 49, 63 + II-IV mamy caTbiChIHIa-
FBI JepHacinmepi; «AnteiHemen» M¥TII, Ine e3eni
anrapbl, 22-24.07.2023, 59, 54. Bankam KemiHiH
contyctik xaranaysiHaH V.M. KepxHep aram oTTi
[6]. Ararmn Typi (KBIHFBUIAA); KAJBIITHI BUIFAJIIBI
JKepIeplie; KBIPTKBII (OpTYPJli KOHAIKTEPMEH KO-
pEeKTeHe/1); KBUIBIHA eKi peT ypIiaK Oepelli, epecek
Japanapbl KeicTaiibl. TypaH-roOuid Typi.

Nabis (Aspilaspis) viridulus Spinola, 1837. Aun-
MaTbl OOMbICH, bankamn aymanbl, MUSUIBI aybUIbI
MaHgl, Le o3eni anrapsl, 15.07.2023, 49, 43, «An-
teiHeMe» MY TII, Ine e3eni anrapsi, 15.07.2023,
89, 49. Ararr TYpi (KbIHFBLIIA); KAJIBINTHI bUIFAJ-
JIbL JKepIieplie; KBIPTKBII (PTYpPIi KOHIIKTEPMEH
KOpEeKTCeHe i: ©CIMJIIK OWUTTepi, KaHJajJaliaplblH
JKYMBIPTKAJIApHI KoHE JAepHOCcUIaepi) [6]; KbIIbIHA
0ip pet yprak Oepeii, epecek napajapbl KbICTak b,
D(HONTHIK-TpaHCTATCAPKTHKANBIK TYP.

¥Ycak  KBIPTKBIIITAP
Anthocoridae

Acompocoris alpinus Reuter, 1875. Iie Ana-
Taybl, YakeHd Anmatel ke, 23.07.2023, 29, 2J.
Aramn Typi (KbUIKaH JKaIlbIpaKThl aramrapia: Abies,
Picea. Larix, Pinus), taymapra 1200 M OWikTiKKe
JICHIH JKOHE OJIaH JKOFapbl KOTEPIIeli; KaJbINThI
BUTFAIIIBI Kepiep/e (OpMaH aliMarbliHa, KeOiHece
Taynap/a); *KBIPTKBI (HETi3iHeH ociMIIiK OUTTEpi-
MeH KopekTeHei) [9]; skbiibiHa 0ip peT yprak oepe-
Ili, epeceK Japaiiapbl KpicTaiiibl. TpaHceypasUusiIbiK
TYp

TYKBIM/IACbI -

Anthocoris angularis Reuter, 1884. OHTYyCTIK-
[eireic KazakcTan, lne Anaraysl, Akcail maTKaibl.
01.07.2023. 3927 Aram Typi (e3eH aHFapIapbIH-
Jla, MbIPFaHaKTa, Tajjap MEH TOPaHFbUIApIA); Ka-
JIBINITHI BUTFAJIJIBI JKEPJICPJIC; JKBIPTKBINI (HKAIbIPaK
Oyprenepi MEH opTYpPJIi KOHIIKTEPIIH JepHICiIIe-
piMeH KopekTeHe i) [9]; sxbuibiHa Oip peT yprak Oe-
peni; epecek gapanapsl KelcTaiapl. Typan — roouit
TOFa Typi.

Anthocoris confusus Reuter,1884. Anmarsr 00-
neicel, Kapacaii aymanbl, Anaray aybUlbl MaHBI,
16.07.2023, 39, 2d'; «Anteiemen» MY TII, MbIH-
Oynak Kopaousl, 16.07.2023, 19, 23'; llsran kop-
noubl, 17.07.2023, 39, 14, Opman typi. Aram Typi
(opTypiti JKambIpaKThl aramTapia, CHPeK KbUIKaH
JKaTBIPaKThl aramTapia kesneceni: Acer, Betula,
Alnus, Quercus, Populus, Salix, Ulmus); KaapInTsl
BUTFAJIZIBI KepIIepIe; KBIPTKBIT (01 6CIMIIIK OUTTe-
pi, KambIpak Oypresiepi, KeOeleK KYJIIbI3KYPTTa-
pPBIMEH KOpEKTEHel); ®bUIblHa Oip per yprak Oe-
pexni; epecek Aapanapsl KeIcTaiiabl. SAKyTusaa Tanaa
tipmitik ereai [10]. TomapkTukansik Typ.

Anthocoris flavipes Reuter, 1884. XKericy Ana-
taybl, KosHzmpiTay Taybl, ¥3BIHOYIAK IIATKAIIbI,
29.07.2023, 12, 24; Ine Anaraysl, Meney mar-
Kaiel, 12.07.2023, 29, 2d. Jenapo-xopToOuoHT
(aramTap MeH ipi MeNTeCiH OCIMIIKTEPIE), KaIBIIT-
THl BUTFANIBI xKepuepnae (taymapaa 1800-3000 m
ouikTikTe) [9]; KBIPTKBILI; KbUIbIHA Oip pPeT yprax
Oepemi; epecek mapanmapbl KpicTaiapl. OpraTeThii-
JK-THOET Tay Typi.

119



Onrycrik-11Isrpic Ka3zakcTaHHBIH aFant xapTbutaid KarThIKaHaTTeIapsl (Hemiptera, Heteroptera)

Anthocoris limbatus Fieber, 1836. Anmatsl 00-
nbickl, bankam aygansl, Musiisl aysuibl MaHbl, Lie
eseni anrapel. 29, 1J; Kapacaii aynansl, Anaray
aybUIbl MaHbl, 16.07.2023, 29, 2d'; «AnTeiHEMED
MYTII, Wlsran kopaonsl, 17.07.2023, 19, 1J3.
Aram Typi (opMaHIBI Janana, nanajaa, KOKTEepeK-
KalblH TOFainapbelHAa, ©3€HAEpIiH >KalblaMaia-
PBIHIA, COHAl-aK apajiac OpMaHAap/aa, TalIap/a);
KaJIBINITBl BUIFAJIJBI JKEPJCP/C; JKBIPTKBIII (YCaK
KOHIIKTEPMEH, OJIAPIBIH JepHOCUIEPIMEH KOHE
JKYMBIPTKAJapbIMEH KOPEKTEHE); KBLIbIHA Oip
peT ypmak 0epei; epecek napaiapsl KbICTalasl [9].
TpaHceypasusuibIK TYP.

Anthocoris nemorum (Linnaeus, 1761). An-
Mathl 00bickl, Kapacaii ayaansl, XKanaocos eni
Mmekeni Manbl, 15.07.2023, 19, 2d; «AntbiHe-
mem» MYTII, MemOwIak kopaousl, 10.07.2023,
49, 34 XKaurorail kopaoHsl, lne ©3¢Hi aHFaphl,
11.07.2023, 29, 2J. Henapo-xopToGHOHT (9p-
TYpJIi aramTap MEH IIeNTeCiHIi eciMAIKTepIe),
KaJIBIIITHl BUIFAJIIBI XKepiiepae (Tayjabl opMaHap,
ANBIUTIK JXKoHe cyOanbrimk Oenpeynepae, 1000-
3000 M pmeiiin, OakTapma Ke3aecemdi, aaMa aralrbl-
HBIH 3USHKECTEPIHIH CaHBIH PETTEYJIC YJIKEH pe
atkapanbl (IlyukoB, 1961); xbIpTKbI (6CiMIIK
OuTTEpi, KEHEIEep, ChIMBIpIAp, TPHUIICTEP, TYH KO-
OeNeKTepiHiH KYMBIPTKAIAphl )KOHE KYJIIBI3KYPT-
TapbIMEH KOPEKTEHE[li; XbUIbIHA 2-3 peT ypIlaK
Oepeni; epecek gapaiapbl KeIcTaiasr [9]. Tpancma-
JICAPKTUKAJIBIK TYP.

Kaii ke3mecizaep tykbimaachl — Miridae

Deraeocoris olivaceus (Fabricius, 1777). XKe-
ticy Anaraysl, KossHapiTay Taybl, KaibiHab! mat-
Kaiel, 28.07.2023, 19,2d. Aram Typi (eprypmi
JKaJITaK JKaIbIpaKThl aFamTap MeH OyTaiapiaa); Ka-
JBIITHL BUIFAIJIBL KEPIIeP/Ie; apanac KOPEKTi; JKbI-
JeIHA Oip peT yprmak Oepei; KYMBIPTKaIaphl KbIC-
Taiipl. TpaHceypasusbIK TYP.

Deraeocoris pilipes (Reuter, 1879). AnmaTst 00-
nbickl, bankam ayganel, Musiisl aysuibl MaHbl, Lie
e3eHi agrapel. 05.07.2023. 19, 14'; AnMatsl 061bI-
cel, EHOekinika3ak aymanbl, Macak aybuisl, [llenek
e3eni anrapsl, 16.07.2023, 29, 23, Aram Typi (xa-
MIBIPAKTHI aFaliTapaa: Tepek, Tal JKoHe T.0.); Kalbl-
ThI BUIFAJIJIBI JKEPJICPJIC; apallaC KOPEKTi; KbUIbIHA
Oip peT yprak depei; epecek mapanapsl KbICTaH b
Wpan-Typan Typi.

Deraeocoris lutescens (Schilling, 1830). Ine
Anaraysl ereri, Anaray aysuisl MaHbl, 23.07.2023,
29, 243; Ynken Anmartsl e3eHi anrapsl, 23.07.2023,
19, 2&. Aram Typi (9pTypiii KambIpakThl *KOHE
JKeMic aramTapblHa, OyTamapia, MeNTeCiH ociM-
TIKTEep/ie CHUPEK Ke3Zecel); KalbINThl BUIFAJ/IbI
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Kepiepe (apTyputi Me30uTTI bnoTronTapaa, Tayaa
opMaH OenjeyiHfe); KBIPTKBIIT (OciMIiKk OuTTepi
XKoHe 0acKa Jia yCaK JKOHIIKTEpMEH KOPEKTEHE1);
JKBUTIBIHA €Ki peT yprnak Oepesi; epecek aapaiapbl
KBICTAHBI (6CIMIIK KaJIBIKTAPHl acThIHAA). Moir-
JaBUsAZa OJ €MEH arallTapblHaa >Kul Ke3aecel
JKoHe oHfa kanmai kebOeiieni [11]. Tpancnaneapk-
THKAJIBIK TYP.

Deraeocoris ruber (Linnaeus, 1758). OHTYCTIK-
Isirpic Kazakcran, Ine Anataybl, AKcail maTKasbl.
01.07.2023. 192&. JleHapo-TaMHO-XOPTOOHOHT
(aramTapyia, HEri3iHEH INONTECIH OCIMIIKTepIe);
KaJIBINITHI BUTFAJIIBI XKepiep/e (keOiHece OpMaHHBIH
METTePiHAE JKOHE ITaOBIHABIKTAPBIHA, JKAHBII-
MaJibl IHAJFBIHIAP/A); apajiac KOPEKTI; JKbUIbIHA
0ip per ypnak Oepeni; KYMBIPTKaIapbl KbICTANUIBI.
HeoTponukaibIK-rolapKTHKAIBIK TYP.

Agnocoris rubicundus (Fallen, 1807). Anmatbl
00mbIchl, banmkam aymanbl, Musiipl aybulbl MaHBI,
Ine esemi amrapmi, Tamma, 15.07.2023, 29, 1J.
Aram Typi (KanbIpaKThl, )KEMiC aFalirTapbl MeH Oy-
TaJapbiHIa, KeOiHece Tajsia); KaJbINThl bUIFaJIbI
xkeprepae (apamac opmas, kaiemManapma, 800-
2300 M Taynapaa); KerneciMIiKKopekTi (Salix Tansi-
HBIH TYKBIMBIMEH KOPEKTEHEli, YHEeHKI jkoHe T.0.);
JKBUTBIHA Oip peT yprak Oepeli; epecek aapajapbl
KbICTal b, ByJ1 skeMic MakbuIapbl 3USHKECTEPiHIH
KarapbiHa xkataabl [12, 13], Gipak OyJI IIBIHABIKKA
colikec kenMemi. ['omapKTHKaIBIK TYP.

Apolygus limbatus (Fallen, 1807). Anmars! Ka-
nacel, bac 6oranuka Garbl, 21.07.2023,29, 33; An-
MaThl 00ubIchl, banmkam aynansl, bakanac enni me-
keHi MaHpl, Ine o3eni anrapsl, 15.07.2023, 39, 44.
Arai Typi; KaJdbIIThl BUFAIIBI JKepiiepae (opMaH
aliMarsel); KOMOCIMIAIKKOPEKTI (HEeTi3iHeH Taigapaa,
COHMaM-aK KaWblH MEH KaHJbIAFallTa); JKbUIBIHA
€Ki per ypriak Oepefli; KYMBIPTKAIAPbl KBICTAMUIBI.
TpanceypazusiibIK TYP.

Lygidea illota (Stal, 1858). Anmatrbl Kajachl,
Bac Goranuka Garbl, 21.07.2023, 19, 24'; Anmartsl
o0ubIchl, bankam aymaanel, MUsIIBI aybUTbl MaHBI,
Ine e3emi adrapel, Tamma, 15.07.2023, 39, 24.
Aramn Typi (Tanmapa); KaJbIThl bITFAJJIBI XKepiep-
e (CkalbUIMaJTbl TOFaiiiapa); KemeCiMIiKKOPEKTi;
KbLIbIHA O1p peT yprak oepeni [14]; epecek mapana-
pbI KbIcTai b1, LIBIFpICTIAIEAPKTHKAIIBIK TY].

Lygocoris contaminatus (Fallen, 1807). Anmatst
Kanackl, bac Goranmka Garer, 21.07.2023, 39, 24,
Mapem M¥TII, apsia e3eni anrapsl, 08.07.2023,
29, 2. Aram Typi; KaJabINThl BUIFAIIBI KepIepie
(apamac opMmaHnaapiaa); KeneciMIiKKopekTi (Salix,
Betula wone T.0.); )KBUIBIHA €Ki peT yprak Oepei;
KYMBIPTKaIapbl KbicTaiapl [15]. ['omapKTHKAIBIK

TYP.
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KaObIK acThl KaHaajganap TYKbIMIAChl —
Aradidae

Aradus betulae (Linnaeus, 1758). AmmaTsI Kaa-
cbl, bac 6oranuka 6arer, 23.07.2023, 49, 33, Aram
TYpi (Ha OONBHBIX ¥ MOrKOMKX Oepe3ax v Ha APYTHX
JIMCTBEHHBIX AEPEBbSIX, IOPAKEHHBIX TPYTOBUKAMHU
u3 rpynmsl Polyporacea [16]; Munierodar; KaabInTsl
BUTFAJIIBI JKEPIIEPAE; auuKiai; OapiblK 1aMy CaThl-
CHIH/IAaFBI ACPHICIIACPI MEH epeceKTepi KbICTANIbI.
TpancnaneapKkTUKAIIBIK TYP.

Aradus cinnamomeus Panzer, 1794. Anmatsl
Kanackl, bac Goranmka Garel, 22.07.2023, 29, 34.
Arain Typi (3kac Kaparaiiap/ia); KaJbIlThl bIIFaJIIbI
JKepieplie; CaHbIpayKYJIaKKOPEKTi, CaHbIpayKyJlaK
IIBIPEIHBIMEH KOPEKTECHE I, aIlluKIIl; OapIIbIK 1aMy
CaTBICBIHJIAFBI JACPHICUIIEPI MEH epeceKTepi KbIc-
Taiasl [17]. bateiceypasusuibIk TYP.

7Kep kanpananapsl TyKbiMaachl — Lygaeidae

Arocatus roeselii (Schilling, 1829). OxTycTikK-
LIsrreic Kazakcran, Ine Anataysl, AKcail maTKabl.
01.07.2023. 42, 33 Aram Typi (KbUIKaH KambIpak-
ThI aFallITap.IbIH KaObIFBIHBIH aCTHIH]IA, KaH/IbIaFalll
Alnus xemictepiame) [18]; KambIIThl BITFAIIBI )KEp-
niepye; KemeCciMIIKKOPEKTi; )KbUTbIHA Oip peT yprak
Oepeni; epecek mapanapbl KbICTaiabel. batbicma-
JIEapKTUKAIBIK TYP.

Arocatus melanocephalus (Fabricius, 1798)
— Kaparam Kanpganacekl. OHtycrik-IbeiFreic Kazak-
craH, [ne Amataysl, Akcait matkaner. 01.07.2023.
129, 203'; AnmaThl Kanackl, 300JI0THS HHCTHTYTEI
manpl, 03.07.2023. 239, 21J'; Bac 6oranuka Garbl,
23.07.2023, 149, 133; Ine Anaraysl, ByTakoBka
markaiel, 30.07.2023, 129, 108, Aram Typi (on
aramTapiplH KaOBIFBIHBIH acThIHAA (dcipece eMeH-
IEpMiH), aFall CYperi caHplIayJapblHAa, OpTYpIi
aramTap/blH SKamnblpakTapblHAa (HETi3iHeH Kapa-
ramra) ke3zgecesi [18]; KaJbINTHI BUFAIIBI Kep-
Jiepie; KemeCIMIIKKOPEKTi; KBIIbIHA Oip PeT yprak
Oepeni; epecek aapanapbl KbicTaiasl. TpaHceypa-
3USUIBIK TYP.

Orsillus maculatus Fieber, 1861. e Anaraysi,
Ynken AnMarsl matkansl, 18.07.2023, 29, 33'; Ine
Aunataybl, ByrakoBka martkaner, 30.07.2023, 29,
24, Aram Typi (Kaparaii, cayblparam 5KoHE apiua
OypimikTepinae); Me30Kcepoui, KeH OCIMJIIKKO-
PEKTI; *KbUIbIHA Oip peT yprak Oepeli; >KYMbIPTKa-
napel Keictaiiael. Kunpae Cupressus sempervirens
oypiuikrepinge ke3naeckeH [18]. baTbiceypasusibik
TYP.

Kleidocerys resedae resedae (Panzer, 1797).
Anmartbl o0nbickl, EHOekmikazak aypansl, [lenex
e mekeri, 19.07.2023, 19, 24'; AnMarsl Kanacsl,
Bac Goranmka 6arsl, 23.07.2023, 29, 34 Jlenapo-

TaMHOOMOHTTap (KalblH MEH KaHxplaram Oap Oap-
JBIK JKepAe Ke3Iecemi); KalbIIThl BIUIFAIIBI Kep-
nepjae (opmansl nana, tayiaapaa 2000 M OHIKTIKKe
JeiiH  keTepiieni); kemeciMaikKopekTi (Betula,
Fraxinus, Alnus, Ledum, Spiraea, Corylus); xbl-
JblHA Oip peT yprnak Oepeni; V aaMy caThIChIH/A-
FBI JISPHOCLIIEP] MEH €peceK Japaiapbl KbICTAHIbI.
KaitbIH TYKBIMBIHBIH OHIMIH YKOSIBI. 3aKbIMIAIFaH
JKarplpakTap HICTTEPiH acThIHFBI JKarblHa Oyreni
[19]. TpaHnceypa3usmbIK TYP.

Aram  KaJKaHIIAJbLIAD
Acanthosomatidae

Acanthosoma spinicolle Jakovlev, 1880. Anma-
TBI Kajacel, bac Goranuka Garel, 23.07.2023, 29,
23 29.07.2023, 39, 24 Aram Typi (KanbipakThl
JKOHE KBUTKAHKAMBIPAKTBI aFalirap/a); KaJbIIThl
BUTFAIIIBI JKepliieplie (apajac opMaHaapia, Tayna
900-1000 ™M OWiKTiIKKE JEHWiH); KOMOCIMIIKKOPEKTI;
JKBUTBIHA Oip peT yprak Oepeli; epecek aapaiapbl
KpicTaiiael [20, 21]. LLpIFpicTiaTeapKTUKATIBIK TYP.

Acanthosoma haemorrhoidale haemorrhoidale
(Linnaeus, 1758). AnMatsl Kayrachl, 300JI0THS HHC-
taTyThl MaHbl, 10.07.2023, 29, 1J4. Aram-6yra
TYpJiepi(>kanbIpaKThl aramitapaa: Betula, Guercus,
Crataegus, Corylus, Tilia, Carpinus, Prunus, Sorbus
JKOHE T.0.); KaJIBINThI bUIFAIIIBI )KepIIep/ie; KOIociM-
TIKKOPEKTI; JKblIbIHA Oip peT yprak Oepeni; epecek
nmapanapsl KeicTauasel [21, 22]. TpaHcmaneapKTHKa-
JIBIK TYP.

Elasmotethus interstinctus (Linnaeus, 1758).
Ine Anaraysl, ByrakoBka markansl, 30.07.2023,
29, 24; Meney matkansl, 10.07.2023, 12, 3J.
Aram-Oyta Typrnepi(Kaiiblg, Taj, KaHablaFaliTa, CH-
PEK KOKTEPEK, YIIKATTa); KAJBIIThI BUIFAJJIbI XKep-
nepje (opMaHap/a); KerneciMIiKKOPEKTI; )KbUIbIHA
Oip per yprak Oepelii; epecek aapaiapbl KbICTal bl
[22, 23]. 'omapKTHKAIBIK TYD.

TYKbIMJIACbl —

Harpi3 KaJgKaHIIAJABLIAP TYKBIMIACKI —
Pentatomidae

Arma custos (Fabricius, 1794). Oxrycrik-11Is1-
reic Kazakcran, Ine Anataysl, AKcall mIaTKajbl.
01.07.2023. 192&. Jlenapo-xopToOHOHT (3Keke
arairap MeH OyTanapiaa, Kyprak OejecTep MeH Tay
OeTkelnepine, casdaKTap/a, KOJICHKE bITFaIbI
JKoHe 0aTHakThl OpMaH alKanTapblHAA, )KalblIMa-
JBl OpMaHaapia, acipece Salix Tanna xoHe Alnus
KaH/bIaFallTa); KaJbIITHl BUIFAIIBl JKEpIICpAe
(apayac KadbINITHl BUIFAIIBI JKEePJIEPACHIAl OpMaH-
napnaa, tayiaapaa 900-1300 m OwuikTikke ACiHiH);
KBIPTKBILI (SPTYPJIi ycak OybIHAsKThIIIAPMEH, KO-
OiHece KaIbIPAKKET I KOHBI3Aap IbIH IepHICIIIe-
pIMEH KOpPEKTEHE/li, KEMTIKTepiH OeJICeH/II Typ/e
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137eii/1i); KplIbIHA O1p peT yprak Oepei; epecek aa-
pamapsl KeicTaiiasl [22, 23]. TpaHceypazusibIK TYP.

Palomena prasina (Linnaeus, 1761) — xachiin
najomeHa. Anmatel o0nbicel, Kapacail aymansl,
JKangocos enni Mexeni manpl, 15.07.2023, 29, 24;
e Anaraysl, ByrakoBka markaisi, 30.07.2023,29,
14; Ine Anaraysl, Akcail markansl. 01.07.2023.
39, 24&. Aram-6yra Typnepi(aramTapaa, epecek
Japanapbl KbpICTayJaH UIIBIKKaHHAH KEWiH amibIK
JKepJiepre, COHBIH iIIiHAe MOJICHH alKallTapra yia-
IIbI, KeHiHIpEeK oJlap OpMaHIapra opajaabl, Oipak
HETi31HEeH OpMaH HIeTTepiHe 00Jaabl; IepHICLIIe-
pi mwenTecin eciMAIKTep MEH OyTanapaa AaMuabl);
KaJIBIITHI BUTFAIIBI Kepieple (amma jKoHe apanac
OopMaHIap/ia); KeneciMIiKKoOpekTi (keOiHece OyTa-
nap MeH aramrapaa: Ribes, Rubus, Rosa, Quercus,
Crataegus, Prunus, Sorbus, Acer, Fraxinus, Tilia,
Betula, Alnus xone T1.0.); KbUIbIHA Oip peT yprak
Oepeni; epecek aapanapbl KblcTaipl. TaMbI3abIH

OaceIHaa ’KaHa ypriakTapsl mbiFaasl [24]. bareicna-
JICAPKTHKAJIBIK TYP.

Palomena viridissima (Poda, 1761) — ambIk a-
ChUI masomeHa. AnmMatsl o0nbickl, Kapacaii ayna-
uel, JKanmocos eni MekeHi Magsl, 15.07.2023, 39,
24; Ine Anarayel, Akcail markanel. 01.07.2023.
49, 34. Aram-6yra typnepi(Paymanryminep Ty-
KbIMJIaChl araliTapbl MeH OyTajlapblH/a); KaJbIIThI
BUTFANIJIBI JKEpIIep/Ie; KOOCIMIIKKOPEKT] (kobiHece
JKanbIpakThl aramtapaa [22]; xKbuiblHa Oip peT yp-
mmak Oepei; epecek mapanapsl KplcTaiiasl. TpaHca-
JIEAPKTUKAIBIK TYP.

Temenne 3eprrey HoTHXKeciHae Tadburan OH-
tycTik-1lprFeic  KazakcTaHHBIH aFamr KapThUTal
KATTBIKAHATTBUIAPBl JKAMIBl MOTIMETTEep Oepinin
otelp (kecte 1).

3eprTey HoTWXKeciHme aramr JKapTeutaii Kat-
THIKAHATTBUIAPBIHBIH 8 TYKBIMJIAChIHA XKAaTaThiH 37
TYpi aHBIKTaI Bl (CypeT 1).

1-kecte — OHTYCTiK-11IBIFRIC Ka3akcTaHHBIH aFam )kapThlIaid KaTTeikaHaTThUIApH (Hemiptera, Heteroptera) Typ Kypambl

Stephanitis pyri (Fabricius, 1775)

Physatocheila putshkovi Golub, 1976
Physatocheila smreczynskii China, 1952

TykpiMaac Typ Cansl %
Monosteira discoidalis (Jakovlev, 1883)
Monosteira inermis Horvath, 1899
Monosteira unicostata (Mulsant & Rey, 1852)
intepminep Physatocheila distinguenda Jakovlev, 1880 7 19

ARIIBLKARAATANAD | b llidus Fieber, 1861

Nabis viridulus Spinola, 1837

Himacerus apterus (Fabricius, 1798)
Himacerus mirmicoides (O. Costa, 1834)

Anthocoris confusus Reuter,1884
Anthocoris flavipes Reuter, 1884
Anthocoris limbatus Fieber, 1836

¥ cak JKbIPTKBILITAP

Acompocoris alpinus Reuter, 1875
Anthocoris angularis Reuter, 1884

Anthocoris nemorum (Linnaeus, 1761)

XKaii ke3mieciznep

Apolygus limbatus (Fallen, 1807)
Lygidea illota (Stal, 1858)

Deraeocoris olivaceus (Fabricius, 1777) Deraeocoris pilipes (Reuter, 1879)
Deraeocoris lutescens (Schilling, 1830)

Deraeocoris ruber (Linnaeus, 1758)

Agnocoris rubicundus (Fallen, 1807)

Lygocoris contaminatus (Fallen, 1807)

Aradus betulae (Linnaeus, 1758)
KalOpIkacTbl KaHAaIaIapsl

Aradus cinnamomeus Panzer, 1794

HKep Kanpananapot Orsillus maculatus Fieber, 1861

Arocatus roeselii (Schilling, 1829)
Arocatus melanocephalus (Fabricius, 1798)

Kleidocerys resedae resedae (Panzer, 1797)
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TyxpiMaac

Typ Canst %

AFall KaJgKaHIIaIblU1apsl

Acanthosoma spinicolle Jakovlev, 1880
Acanthosoma haemorrhoidale haemorrhoidale (Linnaeus, 1758) 3 8
Elasmotethus interstinctus (Linnaeus, 1758)

Arma custos (Fabricius, 1794)
HarbI3 KaJKaHIIAIbLIap

Palomena prasina (Linnaeus, 1761)
Palomena viridissima (Poda, 1761)

37 100

Pentatomidae
Acanthosomatidae
Lygaeidae
Aradidae

Miridae
Anthocoridae
Nabidae

Tingidae

1-cyper — Typnepai TykbiMaacTapra 6eiy

CyperTe KepceTinreHae TYp KypaMbl KarbIHaH
OaceiM TykbpIMmacTap: JKail kesmecizmep (8 Typ,
22%), lWintepminep (7 Typ, 19%), ¥ cak ®bIPTKBIIII-
tap (6 Typ, 16%), AHmbl Kannananap, XKep xkanga-
nanapsl (4 Typaen, 11%), kanrad TyKbIMaacTapaaH
TeK 2-3 TypJeH FaHa Oenrisi OOJbI.

Aramn  kapThUTall  KAaTTHIKAHATTBUIAD KOPEK-
TiK OaiJIaHBICHI KaFbIHAH JKBIPTKEIIT Tap (11 Typ),
apaiac Kopekrtiiep (4 Typ), ecimaikkopektiiep (20
TYP) JK9HE CaHbIpayKyJIaKKOpeKTisiep (2 Typ) 6ok
OemiHem.

Ocimuikkopekrinep (20 Typ): Ken ecimmik-
Kopektiiep (5 typ): Monosteira discoidalis, M.
inermis, M. unicostata, Physatocheila smreczynskii,
Orsillus maculatus. Tap eciMaikkopexTinep (2
TYp): Physatocheila distinguenda, P. putshkovi.
Kemecimaikkopektinep (13 Typ): Stephanitis pyri,
Agnocoris rubicundus, Apolygus limbatus, Lygidea
illota, Lygocoris contaminatus, Arocatus roeselii,
A. melanocephalus, Kleidocerys resedae resedae,
Acanthosoma spinicolle, A. h. haemorrhoidale,

Elasmotethus interstinctus, Palomena prasina,
P.iridissima.
Keprkprurap  (11):  Himacerus — apterus,

H. mirmicoides, Nabis pallidus, N. viridulus,
Acompocoris  alpinus,  Anthocoris — angularis,
A.confusus, A. flavipes, A. limbatus, A. nemorum,
Arma custos.

Apanac xopekrinep (4): Deraeocoris olivaceus,
D. pilipes, D. lutescens, D. ruber.

Canplpaykyiiakkopekriiep (2 Typ): Aradus
betulae, A. cinnamomeus.

Onrycrik-UIeirpic KazakcraHHBIH arain sxap-
ThUTAW KammulKaHamMmuliapsl SKbIIbIHA Oepemin
ypHnak canvina Kapa 4 monxa OOIHENI: XKBLUTbIHA
1 per ypnak 6epeni (25 Typ), KbUIbIHA 2 peT yprax
Oepeni (7 Typ), XKbUIbIHA 3 PETTEH apTHIK yprak Oe-
pexni (3 Typ), O6ip ke3eHme 6ap mamy caThIChl Oap (2
TYP).

Kreueina 1 per ypmak Oeperin Typuep (25
TYp): Physatocheila distinguenda, P. putshkovi.
Himacerus apterus, H. mirmicoides, Nabis viridulus,
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Acompocoris  alpinus,  Anthocoris — angularis,
A.confusus, A. flavipes, A. limbatus, Deraeocoris
olivaceus, D. pilipes, D. ruber, Agnocoris
rubicundus, Lygidea illota, Arocatus roeselii,
A.melanocephalus, Kleidocerys resedae resedae,
Orsillus maculatus, Acanthosoma spinicolle, A. h.
haemorrhoidale, Elasmotethus interstinctus, Arma
custos, Palomena prasina, P.viridissima.

JKbibiHa 2 pet yprnak 6epetin Typuep (7 Typ):
Monosteira discoidalis, M. inermis, M. unicostata,
Nabis pallidus, Deraeocoris lutescens, Apolygus
limbatus, Lygocoris contaminatus.

JKbutbiHa 3 perTeH apThIK ypriak OeperiH Typ-
nep (3 Typ): Physatocheila smreczynskii, Stephanitis
pyri, Anthcoris nemorum.

Bip ke3enne Oap namy cateicel Oap (2 Typ):
Aradus betulae, A. cinnamomeus.

3epTTey alMarbIHIAFbl TYPJCP SKOJOTUSIIBIK
JKaFbIHAH 36 TYP KaJIBINThI bUIFAIIBI JKEPIIEpIIe, TEK
Orsillus maculatus ITFanIBIKyaH Kepiepae.

XKaprputaii KaTThIKaHATTBIIAP MIaja TYPICHII
JAMHUTBIH KOHJIIKTEPre JKaTalbl KOHE JaMyJIbIH
Kelleci Ke3eHACPIHeH oTel — JKYMBIPTKA, JECPHICLT

Hpan-Typan s ]

JKOHE epecek aapachkl. Omap namyAblH SpTYpIl Ke-
3eHJepiH/e KbICTaiIpl. KenTeren Typrepe Kpictay
Ke3eHI epeceKk Japachl carbichlHIa (28 Typ), Ky-
MBIPTKa caTbIChIHAA (6 TYp), €peceK Iapachl kKoHE
IepHaCLI caThIChIHAA (3 TYp) OOJIaIbI.

JKapTblail KaTThIKaHATThLIAP/BIH 300T€0rpa-
(UAIBIK TapalyblHa KJIMMATTHIK >KaFJaiaapablH
nuddepeHITHauAChl alTapiabIKTall ocep eTel.
JKonpgikrepain sxep OeriHme TapanyblHA €H YiI-
KCH ocep eTeTiH €Ki KIMMAaTTBIK KypaM OeJiri
Oap: TemmepaTypa MEH BUIFAJABIIBIK. JKapThimai
KAaTTBIKAHATTBUIAPABIH TI'eorpausIblK Tapanysbl,
0acka KOHMAIKTEP CHSIKTHI, HETi31HEH KypJIBIKTa-
FBI 0acKa opranu3Mepre OETial 3aHIbUIBIKTapFa
OarbiHanbl. Kazakcran JKaprTeuialh KaTThIKaHAT-
TBUTAPBIHBIH 300Te0rpaUsIBIK TaApaybIH TANIAY
ymria 60i3 A.®. EMenbsHOB YCBIHFaH OMoreorpa-
(GUSIIBIK ayaaHAacThIpy ChI30aChlH KaObLIIAbIK
[35].

Temenme Omnrtycrik-1sreic  KazakcTangarb
aranl JKapThljlail KaTThIKAHATTHUIAPBIHBIH 300T€0T-
paduANBIK Tapaidybl >Kailibl MoJiMeTTep Oepimim
oThIp (cyper 2).

Typan-ro0nii —— 2

Typan s ]
OprarteTnfinik-THOeT W ]
OprateTniinix 1

baTbiceypasyANbK =~ E— )
TpaHCeypasHAILIK, e §

HIpFecIaneapKTHKATBIK
BatsicnianeapKTHKAIBIK

D(HONTHK-TPAHCIANCAPKTHRANEIK ~ m— ]

TpaHC]‘[a]Ieap[{T]/[[{a]]LIK I

HEOTpOl'[HKa]]:BIK-TDJIapKTHKaEB[K

T'oMapKTHKANBIK, S 5

2-cypet — Typnepxi 300reorpausuibIK Tapary aiMakTapbiHa 0oy

HeoTtponukaiblK-roiapKTUKaIbIK Tapaly aiMa-
reiHaH (1 Typ): Deraeocoris ruber.

[Naneapktuka ™eH HeapkTukaHbl KaMTH-
THIH TOJAPKTUKAIBIK Tapany aiMarsliHaH (5 Typ):
Himacerus apterus, Anthocoris confusus, Agnocoris
rubicundus, Lygocoris contaminatus, Elasmotethus
interstinctus.

TpancniasieapkTUKaJIBIK ~ Tapajly — aiiMarblHaH
(6 TYp): Physatocheila smreczynskii, Anthocoris
nemorum, Deraeocoris lutescens, Aradus betulae,
Acanthosoma haemorrhoidale haemorrhoidale,
Palomena viridissima.
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TpancnaneapKkTHKaIBIK-2(HUONTHIK Tapary ai-
marbiHaH (1 Typ): Nabis viridulus.

bateicnianeapkTUKAIbIK ~ Tapaly  aiiMarbl-
HaH (5 TYp): Monosteira unicostata, Stephanitis
pyri, Himacerus mirmicoides, Arocatus roeselii,
Palomena prasina.

[IpiFpicTIaNieapKTUKAJIBIK  Tapally alMarblHaH
(3 typ): Physatocheila putshkovi, Lygidea illota,
Acanthosoma spinicolle.

TpanceypasusiislK Tapaimy aiiMarbiHad (8 TYp):
Physatocheila distinguenda, Acompocoris alpinus,
Anthocoris  limbatus, Deraeocoris olivaceus,
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Apolygus  limbatus, Arocatus melanocephalus,
Kleidocerys resedae resedae, Arma custos.

batbiceypa3usiiblK Tapaiy aitmMarbiHaH (2 Typ):
Aradus cinnamomeus, Orsillus maculatus.

Opraretnitik Tapamy anMarsiHaH (1 Typ):
Monosteira discoidalis.

Oprareruitnik-Tuder Tapany aiimarbiHan (1
TYp): Anthocoris flavipes.

Typan Tapany aiimarsinan (1 Typ): Monosteira
inermis.

Typan-roduii Tapany aiimareiHat (2 Typ): Nabis
pallidus, Anthocoris angularis.

Upan-typan Ttapany aiimarbiHan (1
Deraeocoris pilipes.

TYp):

KopbIThIHIBI

JKapreutaii  KaTTBIKAHATTBUIAD TIPHIUTIK €Ty
opTachlHa Kapai aramr Typi, arami-Oyra, araii-
OyTa-menTeciH OCIMIIK, aFall- MIeNTECIH ocCiM-
ik Typyepi Oomnbim OeiiHeni. Aram Typiepi
(24 typ): Monosteira discoidalis Monosteira
inermis, Monosteira unicostata, Physatocheila
putshkovi, Physatocheila smreczynskii, Nabis
pallidus, Nabis viridulus, Acompocoris alpinus,

Lygidea illota, Lygocoris contaminatus, Aradus
betulae, Aradus cinnamomeus, Arocatus roeselii,
Arocatus melanocephalus, Orsillus maculatus,
Acanthosoma spinicolle. Aram-Oyra typiuepi (8
TYP): Physatocheila distinguenda, Stephanitis pyri,
Himacerus apterus, Kleidocerys resedae resedae,
Acanthosoma haemorrhoidale haemorrhoidale,
Elasmotethus interstinctus, Palomena prasina,
Palomena  viridissima. ~ Aram-0Oyra-menTtecin
ecimaik Typiuepi (2 Typ): Himacerus mirmicoides,
Deraeocoris ruber. Aram- 1menrteciH OCIMOIK
typiepi (3 Typ): Anthocoris flavipes, Anthocoris
nemorum, Arma custos. OHrycTiK-mbIFbIc Ka-
3aKCTaH[a MEKCH eTETIH arall »KapThUlail KaTThl-
KaHATTBUIAPBIH TAKCOHOMHUSJIBIK KYpPaMbl MEH
OMOJIOTUSACHI Typajibl MOJIMETTEp COJl aliMaKThIH
9KOJIOTUSIIBIK TYPAKTBUIBIFBIH Oaranayra MYMKiH-
Ik Oepei.

Mynaesnep KaKThIFbICHI

Bapnbik aBTOpIsIap MaKagaHbIH Ma3MYHbIH OKBIII
TaHBICKAH KOHE MYeNIEp KAKTBIFBICHI JKOK.

JKyMBICTBIH  KapXbUIbIK  Kosijay ke3i TTH
BR18574058 «Ka3akcTan xaHyapiaapbIHbIH KpI3bL1

Anthocoris  angularis,  Anthocoris  confusus, KITaOBIH JKOHE CHUPEK KE3/IECEeTiH JKOHE KYPBII KeTy

Anthocoris  limbatus, Deraeocoris olivaceus,  Kaymi TOHreH )aHyapijap OOMBIHIIA >IEKTPOHIBIK

Deraeocoris  pilipes, Deraeocoris lutescens,  nepexrep 0a3acblH 93ipiey» TaKbIPbIObI OOMBIHIIIA

Agnocoris  rubicundus,  Apolygus  limbatus, MaKCaTThl Kap)KbUIAaHABIPY OaFmapiaMachl.
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KA3AKCTAHHbIH OHTYCTIK-BATbICbIHAATbDI
YPBAHAAAFfAH AYMAKTAPADBIH K¥CTAP ®AYHACDI
(KbI3bIAOpPAA KAAACbl MbICAAbIHAQ)

BroapTYpAIAIK  TypakTbl Aamy LLAPTTapbIHbIH Herisi OOAbIN  TabblAaAbl, AErEHMEH XaAbK,
CaHbIHbIH ©CyiHe 0GaiAaHbICTbl OFaH KenTereH (hakTopAap Kayin TOHAIPeAi. OAEMHIH KapKbIHAbI
ypbaHAaAybl kahaHAbIK, GMOaAyaHTYPAIAIKKE KEHIHEH ocep eTeal, aA ypbaHAAAY FaAaMAbIK, GMOTaHbIH
rOMOreHM3aumMsCbiHa bIKMAA €TeTiH NpouecTepAiH 6ipi 6oAbin caHaraabl. Kasipri yakbitta Apaa
OHIpi Ka3akCTaHAbIK, GOAIriHIH apUATI >KaFAaMAapbiHAQ KAAAAbIK, 3KOXKYMEHIH OMOaAyaHTYpAIAiriHe
AHTPOMOreHAIK XXYKTEMEHIH KyLuetoi 6ankaaabl. bya GipkaTap »aFbIMCbI3 YPAICTEPAIH AaMyblHa bIKMaA
eTeAl (TabuFn opTa KypblAbIMbIHbIH, ©3repyi, 9KOAOMMSIAbIK, SAEYMETTIK-9KOHOMMKAABIK, >KaF AANAbIH
HawapAaybl). CarpapbiHaH GUMOAOTMSIABIK, KOPAAPAbIH aHTPOMOrEHAIK acepre, COHAAM-aK, eHipAe
GakaAaTbiH KAMMATTbIK, ©3repictepre acepiH 3epTTey KaXKeTTIAIr TybIHAAMAbI. AMMaKTbIH hayHacsl
MeH (PAOPACHI KYPbIAbIMbIHAAFbI TYPAEP OaAbIFbl MEH aAyaH TYPAIAITIHAETT ©3repicTepAiH KapKblHbIH
3epTTeyre >koHe Oararayra OaFbITTaAFaH KeWEHAI 3epTTeyAep >KYPridy KaXKeTTIAiri TybIHAQMAbI.
TaburaTTarbl Ke3-KeAreH e3repictepre cesiMTaAAblFbiHA 6GaiAaHbICTbI KycTap ¢hayHachl KopLiarFaH
OpTaHblH, KaAmMbIHA KeAY KepceTKilTepiHiH 6ipi 6OAbIN caHaAaAbl. ABMayHaHbl CaHABIK, €Cerke aAy
KyCTap bayHacbiHbIH KypaMbIHAAFbl ©3repiCTepAiH Kelae eH Ha3iK PEeHKTEPiH TaAAAyAblH CEHIMAI
aAici 60Aa anaabl. Kasipri yakpitta Kbi3bIAOpAAAQ KAAa ayMaFblHbIH, KEHEMIM, KYPbIAbIC HbICAHAAPbIHbIH,
KenkabaTTbiK, OMIKTIr KapkblHAbI apTKaHbl 6ankasaabl. bya opHMTOMayHaHbIH, >KaiAbl eMip cypyiHe
GipkaTap Ty3eTyAaep eHrizeai. KoaxeTimai aaebuertepae Kpi3blaOpaa Kasacbl aBmdayHaCbIHbIH,
MOHMTOPUHTI GOMbIHLLIA AepeKTep >OK,. YKoFapblaa alTbIAFAHAAPAbI €CKepPe OTbIpbIM, K06a aBTOpAapbI
2019 xbiapaH 6actan KbisblnOpAaAa KyCTapAblH ecebiH >KbiA 60bl XKYprisin oTbipAbl. ByA FbiAbIMM
MaKaAa FbIAbIMUW 3ePTTEYAEPAIH HOTUMIXKEAEPIH apaAblK, TAAAQY MAKCATbIHAQ YABIMAACTBIPBIAABI.

Ty#iH ce3aep: KaraAbIk dKOXYite, ypbaHAAAFaH ayMak TbiH aBudayHachl, Kbi3bIAOpAa, BUOAOTUSABIK,
KOPAAp, aHTPOMOreHAIK KYKTEME.

N.S. Sihanova'”, I.I. Rahimov?, D.D. Orynbekov', Y.A. Shynbergenov’
"1Korkyt Ata Kyzylorda University, Kazakhstan, Kyzylorda
2Kazan Federal University, Russia, Kazan
*e-mail: sihanova.nurgul@mail.ru

Bird fauna of urbanized territories of south-west Kazakhstan
(on the example of Kyzylorda city)

Biodiversity is a fundamental part of sustainable development, but it is threatened by numerous fac-
tors related to population growth. The rapid urbanization of the world has a profound impact on global
biodiversity, and urbanization is considered one of the processes contributing to the homogenization
of the world’s biota. Currently, there is an increase in the anthropogenic load on the biodiversity of the
urban environment in the arid conditions of the Kazakh part of the Aral Sea region. This contributes to
the development of a number of negative processes (transformation of components of the natural envi-
ronment, violation of the ecological, socio-economic situation). As a result, there is a need to study the
response of biological resources to anthropogenic impact, as well as to climate changes observed in the
region. There is an urgent need to conduct comprehensive research aimed at studying and evaluating
the pace of changes in species richness and diversity in the structure of the fauna and flora of the region.
One of the indicators of environmental transformation is considered to be the bird fauna, due to its sen-
sitivity to any changes in nature. Quantitative accounting of avifauna can serve as a reliable method for
analyzing the sometimes subtle shades of changes in the composition of the bird fauna. Currently, there
is a rapid increase in the horizontal area and the number of floors of buildings in the vertical direction

128 © 2024 Al-Farabi Kazakh National University


https://doi.org/10.26577/eb.2024.v99.i2.011
https://orcid.org/0000-0003-1605-4794
https://orcid.org/0000-0002-4016-6764
https://orcid.org/0000-0001-8028-1815
https://orcid.org/0000-0001-8412-434X
mailto:sihanova.nurgul@mail.ru
mailto:sihanova.nurgul@mail.ru

H.C. Cuxanosa xoHe T.0.

in Kyzylorda. This makes an adjustment to the comfortable existence of the avifauna. There are no data
on monitoring the avifauna of the city of Kyzylorda in the available literature. Taking into account the
above, the authors of the project have attempted to conduct year-round bird counts within Kyzylorda
since 2019. This scientific research was initiated for the purpose of an interim analysis of the results of
scientific work.

Key words: Urban ecosystem, avifauna of urbanized territories, Kyzylorda, biological resources,
anthropogenic load.
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®dayHa nT1L, yp6aHM3UMPOBaHHbIX TEPPUTOPMIt loro-3anasa Kasaxcrava
(Ha npumepe ropoaa Koizbinopaa)

buopasHoobpasme 9BAsieTCS  (DYHAAMEHTAAbHOWM YacCTbl0  YCTOMUMBOIO Pa3BUTUS, OAHAKO
eMy Yrpo>KaloT MHOIrOUMCAEHHblEe (haKTOpPbl, CBSI3aHHbIE C POCTOM HaceAeHus. CTpemuTeAbHas
ypbaHM3aums Mupa oOKasblBaeT TIAyOOKOe BO3AENCTBME Ha rAobaAbHOe O6uopasHoobpasne, u
yp6aHM3aLmsl CUMTAETCS OAHWMM M3 MPOLECCOB, CMOCOOBCTBYIOLMX FTOMOreHM3aUnMmnm MUPOBO BUOTHI.
B HacTosilee Bpemsi HaOAIOAQETCS YCMAEHME aHTPOMOreHHOW Harpysku Ha 6OuopasHoobpasuve
rOPOACKOW CPeAbl B apUAHbIX YCAOBMSIX Ka3aXxCTAHCKOM YacTu permoHa Npuapasbs. 310 cnocobcTyet
Pa3BUTHIO LIEAOTO PSIAQ HEeraTMBHbIX MpoLeccoB (MpeobpasoBaHMe KOMMOHEHTOB MPUPOAHOW CPeAbl,
HapyLLeHre 3KOAOrMUYECKOro, COLMAaAbHO-3KOHOMMYECKOrO NMOA0XKeHUs). Kak CAeACTBME — BO3HMKaeT
HEOOXOAMMOCTb M3YUeHUs OTKAMKA OMOAOrMUYECKMX PecypCcoB Ha aHTPOMOreHHOe BO3AEWCTBME,
a TakXke Ha KAMMAaTM4yeckue u3meHeHusi, Habalopaoumecs B obaacti. Habaopaercs ocTpas
HEOOXOAMMOCTb B MPOBEAEHMU KOMMAEKCHbIX MCCAEAOBAHUM, HAMPABAEHHbIX AAS U3YUYEHUS U OLLEHKM
TEMIMOB MPOUCXOASILLMX U3MEHEHWI BUAOBOrO 60ratcTea 1 pazHoobpasus B CTPYKType cayHbl 1 (hAOpbI
pernoHa. OAHUM M3 MHAMKATOPOB TPaHCOPMALMM OKPY>KAIOLLE CPeAbl cuMTaeTcs hayHa nTuu,
BCAEACTBME YYBCTBUTEABHOCTU K AOObIM M3MeHEHMSM B nprpoae. KoAnuecTBeHHbIN yueT aBuayHbl
MO>ET CAY>KWUTb HAAEXHbIM METOAOM aHaAM3a MOAYAC TOHYAMLLIMX OTTEHKOB M3MEHEHWI B COCTaBe
chayHbl nTML. B HacTosuiee Bpems B Kbi3blnOpAE HAOAIOAQETCS CTPEMUTEABHOE YBEAMYEHME MAOLLAAM
B FOPU30HTAAbHOM M 3TAXKHOCTM 3aCTPOEK B BEPTUKAAbHOM HarnpaBAEHWUU. ITO BHOCUT KOPPEKTUPOBKY
B KOMCOPTHOE CyllecTBOBaHMe OpHUTOMayHbl. B AOCTYMHOIM AMTepatype OTCYTCTBYIOT AdHHble
MO MOHUTOPUHIY aBuayHbl ropoaa Kbi3bIAOPAbI. YuuTbiBas BblleCKa3aHHOE, aBTOpamu MpoekTa
HaumHaga ¢ 2019 ropaa npeAnpuHATa NOMbITKA MPOBEAEHMS KPYFAOTOAMYHbBIX YUETOB MTULL B NMPeAeAax
Kbi3binopabl. HacTosiee HayuHoe MccaeaOBaHME MHULMMPOBAHO C LIEABIO MPOMEXKYTOYHOIrO aHaAM3a
pe3yAbTaToOB Hay4HOW PaboThl.

KAtoueBble CAOBa: TrOpOACKas 3KocucTeMa, aBudayHa ypOaHWM3MPOBAHHbIX TEPPUTOPUH,
Kbi3binOpAd, BHOAOTMUECKME PECYPChl, QHTPOMOreHHas HarpyskKa.

Kipicne

BHONOTUSIBIK OPTYPIIUTIKTI CaKTay/IbIH THIMJII
nrapanapbliHbIH 0ipi — Oesnrini Oip aliMakThiH (aopa-
CBbI MCH (payHACHIHBIH aHBIKTAYBIIITAPBIH (Kara3 He-
Mece JISKTPOHIBI TYpIe) sxapusiiay. Kazipri yakbIT-
Ta ypOaHmal faH ayMaKTapAblH KycTap (ayHachlH
ecemnke aimy OOWBIHIIA OipKaTtap FBUIBIMH-3EPTTEY
JKYMBICTaphl Oap, aram aiTKaHaa, aHBIKTAyBIIITap,
FBUIBIMU MakKajajiap, OpPbIHIAIFAH YKYMBICTAPIbIH
aKTiiepi, FBUIBIMHA JKOOamapabl TPAHTTHIK Kap-
JKBUTAHABIPY JKOHIHJAET1 ecenTep, MapyanbuIbIK-
IIAPTTHIK HETI3JIeri KbI3METTIH HoTkenepi. by
pecypcTap HbICaHAIIBI MaKCaThl, 3epTTey IMoHi (aBU-
(ayHaHBIH TOJBIK KypaMbIMEH HEMece KEKellereH
TYpPIMEH CHUNAaTTalaTbiH), JICPEKTEPAiH AIIBIKTHIK
Topeskeci koHe T.0. OOUBIHIIIA KYHeTeHe .

ONeMAIK KaybIMAACTBIK HU(PIaHIBIPY Kypaj-
JIapbIH TIalijaliaHa OTBIPBIT, OUOIOTHSUIIBIK OPTYP-
JUTIKTI cakTay »eHIHJer ic-mapanapasl OenceHmui
xysere aceipansl. lller memnekeTTep yIIiH Aepek-
TEp KO3Jepi oTe ayKbIMIbl YCHIHBUIFAH, aliKbIH J10-
jen perinae «JlyHuexysimik KycTtap IepeKKOpHI
— Avibase» xahaHIBIK KOPBIH KepceTyre Oonapl,
aTalFaH OHIMIe QJIEMHIH OapJIbIK MEMIIEKETTEPiHIH
JKOHE eJl INIHJET] J)KeKeJIereH oHipiepaiy aBuday-
HACBIHBIH TYPJIK KYpambl OipiKTipiJIT€H, MBICAIIbI,
Kp13p110p/1a  OOJBICHIHBIH KYCTapbIHBIH OaKblIay
Tizimi Oap [1]. TlocTkeHEeCTIK KEHICTIK eepiHie
«Peceiinin OMBIPTKaJBl >KaHyapiapbl» CaHTbIHIA
YCbIHBUIFaH «Peceil KycTapbl» pecypcehbl epekiiie Ha-
3ap aygapans! [2].

KaszakcTaHHBIH OpPHHUTOJIOITApbl KYPacThIpFaH
KOJDKETIM/II OHIMAep Typajbl aiTa OTBHIPHIN, €H
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angeIMeH ipreni reuibIMU eHOek «IItuier Kazaxc-
TaHa» O0ec TOMIBIFBIH [3] KoHE 3aMaHayH, TYpPIi-
TycTi ¢oTokapramapmeH cyperrenreH «llojeBoit
onpenenutens nTUl Kazaxcrana» 0achbUIBIMBIH [4]
JJEKTPOHIBIK JIEePEKKO3ACpPAeH, >KapKbIH MbICaAJ-
napnabiH 0ipi «KaszakcraH KycTapbD» ©HIMIH artar
eTyre Ooajpl [5], aTanFaH )KYMBIC €1 ayMaFbIH/1a
KE3MIECETIH TYPJICPIiH CHITaTTaMaChIHBIH KoHE (DO-
TOMaTePUAIAAPBIHBIH TOJBIK KUBIHTHIFBI OOJIBII
TaObLIaIbL.

[lleren omebumerTepin Tanmmay OapbICBIHAA Op-
HUTOJIOTTapAbIH aliFa KOWFaH jKOHE COTTI IIEHIKeH
KeH ayKbhIMJIbI MIHJCTTEPIH KOPCETeIi: KalalblK
JKarmalIarel KYCTapAblH e3apa OaimaHbpIchl [6-9],
KaJlanblK JaHamadTTeiH aBudayHara acepi [10-
18], aKOMOTHSIIBIK 9pTYPIIiiK [19-24], mbIOBICTHIK
cumnatramanap [25-27], KbIPTKBIMTHIK [28], aHTpO-
MOTEeH/IIK Iy IbIH KycTap ¢dayHackHa ocepi [29, 30]
XKoHE T.0.

KazakcrannplH ypOaHmanFaH ayMaKTapbIHBIH
OPHHTOIIEHO3HI 9P TYPJIi, KYCTap (ayHaChIH 3epTTeY
Jopexeci Jie op Typui. FeutbiMu sxapusuiaHbIMIapra
LI0JIy KOPCETKEH e, KyCTapAbl ecenke ainy AyMa-
Thia [31], eMiMIi3iH CONTYCTIK-IIBIFBICHI MEH Oa-
teicbiHa ([TaBmomap, Ockemen, Akray xoHe T.0.)
ipikrer xxyprizinmi [32, 33]. By perre Kazakcran-
HBIH ipi )KOHE OpTa KaJlaJlapbhIHbIH 0achiM OeiriHie
FBUIBIMHU 137ICHICTEp JKYpri3inimeiai Hemece Oachl-
JIBIM OCTTEpiHIe JKapHsUTaHOAWIBI, METCHMEH Tip-
LIUTIK €Ty OPTACBhIHBIH Carachl KYCTap/IbIH KbI3bIFY-
IIBUTBIFBIH TYABIPAIBL.

Onemue ypOaHOanFaH ayMaKTap/AblH KycTa-
PBI Typasbl aKNMapaTThIK KYHelep MeH MalliMeTTep
KOpBI COTTi *kyMbIc icTerai. Kepmri meminekerrep-
neH Peceit denepalvsicbIHBIH 3JIEKTPOHJIBIK KOpP-
napeiH, Mbicanbl, «OHIANH JHEBHUKH HaOo/e-
HUI» JIEPEKKOPBIH €pPEKIIe aTan OTKeH JKOH, OHJa
Peceii aiimakTapsl MEH KOPIIiIEC MEMIICKETTEPIIH
KYC TYpJICPiHiH Ti3iMJiepi kuHaKTanFaH [34], Oy
0arpITTa MOCKEYJIIK OpinTecTep ayKbIMIBI KYMBIC
aTKapIel, onap Mackey Kamackl MeH Mackey 00-
JIBICBIHBIH, KYCTaphl OaraapiiamachiH skacansl [35],
MyHaH 6einek «Mockey KycTapbIHbIH aTiiacs [36],
«Mackey oOIBICBIHBIH KycTap atiackd [37] xoba-
JapbIH 93ipJyiesli, COHBIMEH Karap, Mockey 0O0JbI-
CBIHBIH KYCTapbIHBIH ©3 aJJIbIHA KEKEe CalThl Oap
[38], ameymertik >xeminepae «KpIpbiM KycTapbD»
[39], Pazanp «Kycrapy ximyOsr [40] mapaxmiaiapsr
alIbUIIBL. AJIBIC IIET eNJIep/Ie MYHIal eHiMaep oTe
keI, MbIcaibl, «JIoHmoH Kyctape» [41]; «Hpio-
Mopk xycrapsi» [42] sxone T.6. Kycrapasl ecenke
QITyABIH KOJJIAHBICTAFbl IICTEIIIK OHE OTaHJIBIK
JEPEeKKOpIIapblHA KYPTi3UITeH KeH ayKbIMIIBI IOy
Kazipri yakpiTTa KbI3BUIOPIAHBIH KaJAJIbIK YKOXKY-
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Henepiniy aBu(ayHacblHa apHAJFaH JCPEKKO3Iepi-
HiH KOKTBIFBIH KOPCETTI.

Kaszipri yakpeitta Kazakcranma Kycrap/sl ecen-
K€ allyJIbIH OipHeIe JIePEKKOPhI YChIHBUIFaH, ajaii-
na, OipiHIIIICH, pECMU calTTapaa KepceTiareH ¢o-
TOCYPETTEP MEH TYPJICP/IiH CUIIATTaAMAaChl HET131HEH
Jlaa JKarJaiblHa JKacalFaH JKOHE KallaIbIK JKO-
JKYHenepai ThIM CHUpeK Kepcerteni [43], ekiHmiaeH,
KOJIZJAHBICTaFbl MaTepualiap, MbICalbl AJMaThI
HeMmece AcTaHa KaJlachIHBIH aBU()ayHACHIHBIH JKEKe
Mapakmiacel KoHE T.0 IereH CEKUIIi opaaibIM KY-
tenenoewmi [5].

3epTTey MaTepHaJAapbI MeH JicTepi

3eprrey aiimarsl Kaszakcran PecmyOnmkachi-
HBIH OHTYCTIK-OaTeic Oedirinme, Ceipaapus ©3eHi-
HiH OMIK OH jKarajlaybIH/1a opHayiackaH Kpi3bLiopaa
KaJIaChIHBIH ayMaFblH KaMTUbl. OHBIH KaJIIbl ay-
ma"el — 240 kM2, Jlana MaTepHaIIapbiH KHUHAKTAY
2019 sxpuiman 2022 xpUIFa JACHiH TOPT MaychiMIa
(KBIC, KOKTEM, Ka3, KY3) )KYprizuimi.

3epTTey ayMarbiH aBH(ayHaHBIH SKOIOTHSIIBIK-
(dayHaJbIK KeIIeHACPIHIH Ke3IeCyiHe ajIblH aia
Tajnay MbIHaIail OWMOTONTapIbIH TapaiFaHIbIFbIH
aHBIKTAJBI: a3 KaOATTHl €CKi TYPFBIH-YH ajlanTaphl;
Ken KabaTThl jKaHa TYPFBIH-YH ayaaHaapbl, jKeKe
TYPFBIH-YH aliMaKTapbl, <«oKachbul aiiMakrapy» (cas-
Oaxrap, casbakrap, Tyi3apiap, casskoimap, oakrap,
3UpaT ayMaKTaphbl), allbIK KeHICTIKTep (dIEKTp Ta-
paty xeninepi, Kajga MaHbl), CeIpiapus jkaraiaybl
MEH Cy ainbIHbI (cypeT 1).

Kycrap dayHacklH 3epTTey Kanumbl KaObLIaH-
FaH oicTep Herizinme xyprizineni [44, 45]. Kyc-
TapJbl ecenke amy OapbIChIHA €CeTl Y3aKThIFBl MEH
YaKbITBIH aJIJ[bIH-aJ1a aHBIKTAWTHIH TaJalTapablH
Oipi — 3epTTey OOBEKTIHIH TOYJIKTIK OEICeHILIIr
00J1BIT TaOBLTAIBI )KOHE OJ1 MAYChIMFa OAIaHBICTHI
e3repicke Tycinm oteipajabl. JKocnapiaaHraH ecerl-
TeyJepre aya-pailbl JKargainapsl ga Oenrini Oip
JIeHTelifie Ty3eTyJep eHTi3e/i, MbICAJIbI, )KaHOBIPIIBI
aya-paiibiHia Oakpuiayyiap KYpriziiMeiai; 3epT-
Tey aiiMarbl KOKTEM MEH Ky3 ME3TiTiHIE COJITYC-
TIK-IIBIFBIC OAFBITTAFBl KEINIIH YAalbl COFyBIMEH
cunartaiansl; CelpJapus ©3€HIHIH JKaKbIH/IbIFbIHA
0aiiIaHBICTBl — KbIC ME3TLTIHJIE JKUi TYMaH OOJIBIIL,
€CenTepiH XYypyiHe acep eTeli, cedbedi KycTapisl
Kepy MYMKIiHiri Hamapiaaiael. CaHaK ©TKI3IIeTiH
yaKbIT OOWBIHIIIA KOHE KYPINl 6TKEH MapuipyT Ka-
IIBIKTHIFBI OOWBIHINIA €CETIKe alTyIblH KO OeJiriH
JKa3Fbl ecenTeyiep ajajibl, OUTKeHI KBUIJBIH OCHI
YaKkbITBIH/AA TYPJIEPIiH OPTYPJIUIri MEH Japanap
caHbl TypakTbl. KexTeM MeH Ky3Ze op CaHaKThIH
V3aKTBIFBI aya-paiibiHa OaIaHBICTHI KEM JETeHAC 2
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caratrThl Kypaiiibl. KpICKbI Ke3eH Ie CaHBIK €Cerke
aly MapuIpyTTBIK IICTIEH KYpri3iyieai, al KalFaH
yaKbITTa MapIIPYTTHIK KOHE allaHJbIK €CEIKe aly

KoJaHbiIaabl. ONTHKANBIK KypaiaapiaH 8 ece xa-
KBIHATaThIH yp0i, (hoToammapaTypa mnaiiiataHbl-
JIaTBIH O0JIa/bl.

Kasaxcran

[Ce13bLnkapMa

\
i 5 Kelaeinopga Qé.”ub\t:rbm
\ TApAXA-en KeTaHy My3eji

S, 4 \

F,e NbKOND

/

1-cyper — 3eprrey aymarsl: 1 — a3 KabaTThl €CKi TYPFBIH YH ananrtapsl; 2 —Ken KabaTThl kaHa TYPFbIH Vil aylaHIapsbl,
3 — JKeKe TYPFBIH-YI aliMaKTapbl, 4 — «Kachl1 aiiMakTapy (6axrap, casbaxrap, ryisapiap, caspkoiiiap, 3upaT ayMakTaphl),
S — albIK KEHICTIKTEp (RIEKTP TapaTy JKeliiepi, Kaia MaHbl), 6 — CeIpaapusi yKaraiaybl MEH Cy ailJIbIHBI

Marepuanipl KHHAY CHI3BIKTBIK TPAHCEKTiNEp
(MapIIpyTTBIK €CerKe ajy) )KOHE ayMaKTapabl Kap-
Tara Tycipy (aJJaHIOBIK ecemKe aly) oMicTeMeci He-
rizigge kyprizineni. TpaHcekTa 9Jici KycTapIbiH
TYPJIIK KYPaMbl MEH CAJIBICTBIPMAIIBI THIFBI3BIFBIH
aHBIKTay MaKcaTbiHAa Komaneutansl [46-49]. Kap-
Tara TYCipy 9JIici KakeT OOJIFaH jKarjaiaa Oenrini
Oip yuackezieri TypJiepiiH, 1apajiap/IblH HAKThI (He-
Mece aOCOJIIOTTIre JKaKbIH) CAaHBIH OeNTiiey VIIiH
OacIbUIBIKKA ambIHABI [46, 50].

1) MapumIpyTTBIK €cenTepji XKYprizy KesiHie
OIICTEMEITIK HETi3 peTiHIe aIlblK KEeHICTIKKE Ty3e-

tymeH A.C. Boronto6oBThiH [47], FO. C. PaBkunHIH
[46] sxymbIcTapbl KolgaHbUIAbL. KycTap Kajanblk
omoTonTapma TYpakKThl, Oipak KaTaH OeKiTiiMe-
I'eH CBI3BIKTHIK MaplipyTTapAa apacklHa Oip amra
CaJIbIN, KaWTallaHBIl ecenTenli. bakpliayibIHbIH
eCenTey/IeTi KO3FalIbIC )KBUIIAM/IBIFbI CaFaThIHA 2,5
KM, OakKbUIayIIbl CaraThiHA 2 KM JKbUIJAMJIBIKIICH
KO3FaJIaThIH KBICKBI OakpLIayjap/bl KOCIHaraH/a,
MapIIPYTTHIH €H TOMEHT1 €CENTIK KIIOMETPAKBI 5
KM KYpalabl, COHKECiHIIe TPaHCEKTa Y3bIHIBIFEI 4
KM Oounbin OekiTtineni [46]. Mapupyrra OenrisieH-
reH OapiblK KycTap OaKpUIayImbIFa ACHIHTI TY3y
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CBI3BIK OOMBIMEH apaKallbIKTBIKTHI aHBIKTAH OTHI-
pHBIN, KSHIHHECH ajlaHFa HHTEPBAIBIK 9TiCTICH KaiTa
€CeIITeH OTHIPBIT TiPKEIIEI.
Kyctapasl aHBIKTay apakalibIKTBIFBl TOPT TOT-
Ka OeuriHemi:
1) Gactel xkomnak — 0-1eH 25 MeTpre aeiiH;
2) KochIMIIIa koiak — 25-ten 100 meTpre aeiiiH;
3) ymriamri xomnak — 100-men 300 meTpre neidin;
4) teprinmi xxonak — 300-gen 1000 meTpre ieiin.
KyctapaplH TOnyJsiiiyst THIFBI3ABIFEL (hopMyITa
OOWBIHIIIA aHBIKTAJIAIbI:

406x + 10K+ 3y + 1T
LK,

Ntyp=

MyH1arbl NTYp — | 11apiiibl IaKbIPhIMFa IaKKAH1a-
FBI Jlapanap/blH THIFBI3IbIFBI; 00k —OalKalFaH Ke3-
Jie 0acThI JKOJAKTa TIPKEITECH NapanapiblH CaHbI;
KX — KOCBIMIIIA JKOJIAK; YK — YIIIHIII JKOJIAK; T —
teprtiHi xomnak; 40, 10, 3 sxoHe 1 KepceTkimTepi
— Kaiita ecentey K03 HUIIUEHTTEP], IITK — KYPIITCH
JKOJ, )KYPIIl OTKEH MIAKBIPHIM KAIIBIKTHIK [47].

TypnepaiH THIFBI3IBIFBIH CHUTIATTAY Ke3iHIE
MOJIIIBUTBIKTHIH 5 aTay/iaH KypasiFad 0ayuIIbIK IIKa-
J1achl KaObLIAaHbI [49]:

1) canbl 6TE Kon Typiep — | mapiibl MaKbIPbIM-
ra 100-999 napa;

2) xer — 10-99 nmapa;

3) xaneinThl — 1-9 napa;

4) cupek — 0,1-0,9 mapa;

5) ete cupek — 0,01-0,09 napa.

KycrapaplH nomyisnuschiHIAFbl TYPIIH KaTbl-
cy yneci MpiHa (hopmyia OOMBIHINA €CENTEIeT:

D Ntyp * 100%
B N

MyHJarel N Typ — Oenrini Oip TypAiH AapanapbIHbIH
TBIFBI3ABIFBI; N —3epTTey aiMarblHOa TipKeJIreH
KYCTapAblH OapibIK TYPJICPIHIH JapalapbIHBIH ThI-
FBI3JIBIFbI.

A.I1. Ky3IKWH YCBIHFaH YCTEMIIK JIOPEkKECiHIH
rpaganuscel [49] yir Heri3ri atayasl KapacThIpasbl:

1. JOMHMHAHTTap — TYPIiH JapanapbiHbIH CaHbI
10-aan 100%-ra neiin 0OmabI;

2. exinmii gapexem — 1-9,9%;

3. yurinom gapeskeni — 0,1-0,9%.

MapipyTThIK €cenTepAe THIFBI3IBIK KOpCeT-
KiITepi KIKTEYeH ThIC OOIAThIH TYPIEPAiH OOTYBI
MYMKIiH OOJIFaH/BIKTaH, 013 Keleci TONTapabl KOoc-
TBIK:

4. cupek — 0,01-0,09%;

5. ete cupek — 0,001-0,009%.
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2) aymakTapnabl KapTara TYCipy omiciMeH Kyc-
TapIbl €celKe ally KyHiHe 2 peT: TaHEpTEeH >KoHe
KEIIKe, HEeri3ri ydJacke ayMaFblH erKeh-TersKeii
Kapar, OipHeme peT OakbUIAWTBIH YKOHE CypeTKe
TYCipeTiH OeKITINTeH alaHmapma >xyprizireni [50,
53]. 3epTTeynep SKOJOTUSIBIK >Karaailmapasl ec-
Kepe OTBIPBIN XKYPri3ijeai, onapaslH Herisriiepi —
OCIMIIIKTEP/IIH OCy J9peKeci, TONBIPAKTHIH BIIFa-
JIBUTBIFBL, JKapbIK PeXHUMi, OackiM sxenjep. MyHaH
0eJieKk aHTPOMOTEH/IK XKYKTeMe Jie Oenriii Oip pen
aTKapassbl.

ABugayHaHbIH (hayHaIbIK-TeHETHKAIBIK KYpPbI-
neiMbiHBIH TYpiepi B.K. Hrerman [56], T.K. bru-
HoBa, FO.C. PaBkuH [57] OoifbIHINIA KEATIPreH.

Typain mayceiMabik keznecyi A.D. Kosmiape
[58] OoiibIHIIA KacaIaibl JKOHE Kelleci opinTik Oel-
riiepMeH aHbIKTananel. «R» — 3eprrey aymarbiHia
KBUT OOWBI KE3/IECETIH OTHIPBIKIIBI TYP; «B» — ys
caslaTbhlH, OYJ1 TYPJEpIiH YSCHI, XYMBIPTKAJIapbl
HeMece Oanamanmapsl TaObUTFaH; «b» — Ke3meicoK
HEMECE OTE€ CUPEK Y canaTbiH; « W» — KbICTAaUThIH,
KbIC ME3TLTIHAC OMIp CYPETiH; «W» — JKaJFbI3 He-
Mece Ke3/1eMCOK KbICKbI Ke3necyiiep; «M» — yIbin
OTe/Il, KOIII-KOH Ke3CHIH/IE TIPKEIIT'CH; «IM — YIIIbII
eTelli, KOHBIC ayJapy Ke3iHAe CHpPEeK Hemece Ke3-
NEHCOK KE3MEeCel; «V» — VIIBIN OTYIIH 6Te CHPEK
Ke3JIeCeTiH KarIaiibl — OyJl ayMakKa TOH eMeC TYP;
«A» — ymibIn xKypeTid, KpI3piiopaa merinae sxa3rbl
Ke3eHl OTKi3emi; «a» — ka3na OalKamamel, Oipak
cupek kezneceni. Kymonni xkarnaiina Typ «?» 0ei-
riciMeH OenrineHeni.

Kyc typrnepiHiH opbIciia oHE JaThIHINIA aTay-
Jlapbl, COH/Ial-aK OJiap/ibl OPHAJIACTHIPY KE3eKTiJIi-
ri « IItuuer Kazaxcranay xkenToMIbiFbl OOMBIHIIA
A.®. Kosmaps (2012), B.K. Psabumer xone T.0.
(2014) onmebuerTepi OolibIHIIA KeiOip e3repictep
MEH TOJIBIKTBIPYJIapMEH KenTipiarex [3].

Marepuangapapl  CTaTUCTUKAIBIK  OHJICY
Microsoft Excel akmaparThIk xyiieci apKbUIbI Y-
3ere achIpbUIa/IbI.

Kaprorpadusnsixk Matepuanmap MHTEpHET *Ke-
JICIHIH albIK KO3AepiHeH alblHAbl. 3epTTey ayma-
FBIH KapTara Tycipy Google Earth HaBuranmsibik
OarmapimaMaceiHIa «Oenrinep», «arayiapy», «ChbI3-
FBIIID) JKOHE T.0. Kypanmap/pl maiijanaHa OTHIPBII
Kyprizineni (Anomuenko, 2010).

3epTTey HITHIKeIePi JKIHE 0J1apAbI TANIAY

Kp3putopiia  KanachlHbIH —KycTap (ayHachl-
HBIH CaHJABIK Kypambl 22 TypleH KypajiraH 8 oT-
psaareiy eximuepi: Ciconiiformes, Falconiformes,
Gruiformes, Charadriiformes, Columbiformes,
Strigiformes, Coraciiformes, Passeriformes. An-
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JIBIH aJia OOoJDKaFaHIal, apudayHa KYPbUTBIMBIHBIH
sapteIchl (50%) TopraiiTopizminep.

OpHuTodayHaHbIH KYPBUTBIMBIHA KAJIAJIBIK 9KO-
JKYHEHIH OPHHUTOLICHO3BI MOMYJISIIHUSICHIHBIH CHIa-
THIH aHBIKTAHTBIH KYCTapIbIH €Ki TOOBI Kipemdi: eH
KTl TYPJIEPJICH KypaJFaH Heri3ri TOI — CHHAHTPOII-
TBI KYCTap, OJapiblH TipLIUNIK €Ty OpTachl HIem-
Ti-OYTalbl KEIMICHACPMEH ipreiec >KOHE aHTPOIIO-
TeHJIK TEKTeC KYPbUIBIMIAPMEH, SIFHH KOHBICTAHY
nangmagTTapbIMEeH OalIaHBICTBI; €KiHILI TOM — Ka-
nanbIH CeIpapus ©3eHiHIH )KaFachIHa OPHAJIACYbI-
Ha OalIaHBICTBI CYJIbI-0AaTIAKThI MEKSHIEP/IIH KYC-
Tapebl.

KpI3pu10p/1a KaacklHBIH aBH(ayHACKIHBIH KO-
JOTHSJIBIK-(payHaIBIK KelleHIepi MeriHae KycTap-
JIBIH TapaTyblH KapacThIPalbIK

Kananvix konvicmany mypi

A3 KabaTThl €cKi FUMaparTap/blH y4Jackenepi —
Columba livia, Streptopelia senegalensis, Hirundo
rustica, Corvus corone, Passer domesticus;

Kenka0aTThl sxaHa TYPFBIH-YHIIEp ydacKenepi —
Columba livia, Corvus corone, Passer domesticus;

JKeke TYpFBIH-YH aitMakTapel — Ardea purpurea,
Grus grus, Columba livia, Streptopelia senegalensis,

Hirundo rustica, Motacilla personata, Corvus
corone, Saxicola caprata, Passer domesticus;

Kacwin aifimakTapasiH ydackenepi — Scolopax
rusticola, Columba livia, Bubo bubo, Motacilla
personata, Acridoteres tristis, Corvus frugilegus,
Corvus corone, Corvus cornix, Bombycilla garrulus,
Erithacus rubicula, Passer domesticus;

AmTsIK KeHicTiKTep — Merops apiaster, Pica pica.

CyJibl-cy MaHbI y4acKeJIEpiHiH TypJiepi:

Celpnapust xkaranaysl MeH aaelHbl — Circus
aeruginosus, Fulica atra, Larus ridibundus, Larus
canus, Columba livia, Corvus corone, Passer
domesticus.

Bip per Hemece oTe CHpeK Ke3JeCKeH KycTrap
(cBIOBIpNAK aKkKy, OapbUIIAayBIK YHPEK, KbIPFH, aK-
KaHaT TOKBUIJAK) XKIKTEeyTe KipMeii.

3eprTey OapbIChIHIA TIpKEITeH KYCTapIblH
kermriyiri (11 Typi) ’kachul KEHICTIKTEpAi TIyip
KOPETiHI aHBIKTAIIbl. EcenTenren TypiepiiH caHbl
OolbIHIIIA CyOJOMUHAHTTHI KaFail KeKe TYPFBIH-
-yisiep alimarbiHa ToH (9 Typi), 9p TYpii KadaTThl
FUMapaTTapAbl TIPLIIK €Ty OpTachl peTiHe aJije-
Kaija a3 TypJep TaHJalibl. AIIBIK XKepiepJie Kyc-
TapJbIH caHbl a3 6omyel — 2 Typ (1-kecte).

1-kecte — JKikTey cXeMachIHBIH TaKCOHAAPHI OOMBIHINIA KYCTap MOMYJISIIUSICBIHBIH CUIIATTaMackl (TYpJiep CaHbl / KBl CAHBIHBIH

yuteci, %) Keizemiopaa, 01 xkenrokcan 2019 — 30 maycbim 2022 k.

Kb mesrini
Ne Typ, Typuie Bapnbirst
KOKTEM xKasz KY3 KbIC

1 | KonsicTany Gemnneyi 18/81,8
2 |a3 KabaTThl eCKi TYPFHIH-YH ajanTapsl 1 1 - 57227
3 | kem KabarTThI XKaHa TYPFEIH-YH ayTaHaapel - 1 - 3/13,6
4 | xeKe TYpFbIH-YH aliMaKTapbl 3 6 2 2 9/41
5 | «Kacsln aifMaKTap (casbaxTap, ryizapiap, casskonaap, Oakrap, 4 3 ) 6 11/50

3MpaT ayMaKTaphbl)

AIBIK KEHICTIKTEp (Kalia MaHbI, SJICKTP KEIUICPiHIH ChIMAAPHI) 1 1 - - 2/9,1

CyInbI-Cy MaHBbI

ChIpapus jKaranaybl MCH Cy aliIbIHbI 4 3 2 2 7/32

«Kacpur aiiMakTap» Kycrap YIIiH (TypJiep caHbl
OolibIHIIA) KbUT OOWBI TapThIMIBI, ChIpaapus xa-
Fajaybl MEH aillbIHBIHAA — KOKTeMJE, ajl TYpPFbIH-
yi ananrtapbiH/ia — HET131HEH jKa3/1a KOHbICTaHAIbI.
Chlppapusga KyCTapAbIH KOIIIJIr KOKTeMrl Yy
Ke3iH/e Ke3/1ecesIi, all s cally YIIiH MYHJaFbl JKaF-
Jaiinap oHa TapTeiMIsl eMec. Cy MaHBIHAAFBI Tip-
HIUJTIK €Ty OPTAChl YUIBI KTy )KoOHE KOILTelNi TYp-
nepaiy exdyip Oeiride cas 6omazsl. XKazna «xachit
alimMakTap» ydackesjepi OOJIMraTThl CHHAHTPOIITAap
YILiH ys1 cayFa *af/1ail KaJIbIITacybIMEH KOJIAHIIBL,
aJl KbICTa —KOPEKTiH MOJIIBIFBIMEH KOIUIENl KOHe

OTBIPBIKUIBI TYpJiepre Koiaiibl. KemkadarTsl xkaHa
TYPFBIH-YIJIEp MeNTeKayJaHNapblH MEKEH ETCeTiH
TYPJIEP/IiH CAHBIHBIH Map IbIMCBhI3 00Ty Bl — OJTAPIbIH
AQHTPOTIOTCH/IIK OY3BbUIFaH TOIBIpaKTapAa OpHaa-
CYBIMEH K9HE ©CIMJIIK )KaMbUIFBICBIHBIH a3 HEMece
MyJigeM OoimaybsiMeH OaimanbeicThl. Kycrapnabia
ajlaMJiap KOHbICTAHFaH JIaHadrrapa eMip cypyi
aBuQayHa Typiepinin Oeilimaeny MyMKiHAIKTEpiHE,
oJlapra JiereH ajaMIap/blH Ko3KapachklHa KOHE Op-
HUTO(ayHAHBIH JKaHA JKarjaniapaa e31HiH Herisri
KaXKETTUTIKTEpiH, SFHU, KOPEKTEHY, KOOCK KoHE
T.0. KaHaFaTTaHABIPY KaOUIeTIMEH aHBIKTATa Ibl.
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Kycrapas! ecenke amymeH katap Kpi3buiopaa ka-
JIACBHIHBIH KYCTap (ayHaCHIHBIH IEKTPOHMIBIK ICPEK-
Tep KOPBIH KAIBIIITACTHIPY XKYprizinyae. byn pecype-
Ka TYPIiH aTaybl OpbIC TUTIHE, FHUIBIMH (JIaTHIHILA)

JKOHE Ka3ak TLTIH/E, Ke3AeCTipy KyHi MCH OpHBI, Ke3-
JIECY MayChIMJIBUIBIFBI, (JOTOCYPETTEp JKOHE T.0. TY-
panbl akmapar eHrizineni. Jlepekrep KOphIHBIH MPO-
TOTHIIHIH Y31HAICI 2-CypeTTe KOPCEeTIIreH.

Ciconiiformes - Auctoobpastsie

2-cypeT — «KpI3bII0p/Ia KATACHIHBIH KYCTap (ayHaChD) IEPEKTep KOPBIHBIH MPOTOTHIT

JlepexTep KOpBIH d3ipieyneri MiHIeTTepIiH
0ipi — 3eprTeyJepAi JKaIFacTblpy HOTHKECIHIIE
EHTI3UIETIH aKMmapaTThl TOJBIKTHIPY >KOHE/Hemece
TY3€Ty MYMKIiHAIri OOJbIT TabuIajpl. bojamakra
x00a aBTopnapsl «KpI3bUIopia KalacblHbIH KyCTa-
pBD» MaMaHAAHABIPHITFAH MYJIbTU(YHKIIMOHAI B!
reoaKnaparThiK )KYHeciHIH MPOTOTHIIH ICKEe ackipy
HYCKACBhIH KapacTelpyaa. Kansinrackan reokop He-
rizinze anram pet Kpl3putopaa KanacbiHbIH aBUDay-
HACBIHBIH TapalybIHbIH Ka3ipri 3aMaHFbI JKarIalbIH
CHIIATTAMTBIH AJICKTPOH/IBIK TAKBIPHINTHIK KapTaiap
JKUBIHTBIFBI )KACAATBIH OOTA bl

KopbIThIHABI

Ocplnaiiima, KYCTapIblH TapalybIHIAaFsl  op-
KEJIKUTIK Kaja KeJeMIHJE XKYPri3iieTiH KypbUIbIC
JIOPEKECIMEH, JKachUl alMakTapra peKpeanusIbIK
KYKTEMEMEH JKOHE TOIBIPAKTBIH BUIFAJIBUIBIK
neHreiiiMer OaiinaHpIcThl. TypliepIiH MeKeH eTy
OpPTachlH TaHJay/Aa KOPEKTeHY >KaFdaiaapblHBIH
e3repyiHe JKoHE s caly MYMKIHJIIKTepiHe Oaiina-
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HBICTBI MayChIM/IBIK albIPMAIIBUIBLIKTAD OaWKaIIbI.
KycTappIlH KeMIIiIiri )KachblUl-)KelIeK ayMaKTapbIH,
a3 OeJiri ambIK JKepiepAeri TIPLIIiK eTy OpTachlH
taHAaiael. JKui Ke3meceTiH TYpJIepAiH CaHbIHBIH
Ke0eroi OMOoTOI ayJaHbIMEH MPONOPIUOHAIIBI TYP-
ne Oaitmaneicanpl. AymaHbl HIAFBIH ydacKeJeple
KYCTap/blH KE3IECCTiH TYPJEPIHIH CaHbl MapJIbIM-
ChbI3. OpHHE, FHUIBIMHU JKYMBICTA KEITIPUITeH Ti3iM
Ke3butopaa KaacklHbIH KycTap (hayHachIHBIH TO-
JBIK Ti30eci Oona amMalabl KOHE OCHI OAFBITTAFbI
JKYMBICTAp JKaJIFacThIPbUIATBIHBI CO3CI3.

MYIlIle.Tlep KaKTbIFbIChI

Bap:pik aBTOpIap MakagaHbIH Ma3MYHBIH OKBITI,
TAHBICTHI KOHE MYIENIEP KaKTHIFBICH JKOK.

Kap:xbpuianasipy kesi
By 3eprreyni Kasakcran PecrnyOnmukacer Foi-

JIBIM JKQHE JKOFapbl O11iM MUHHUCTPIIriHiH FbutbiM
KOMUTETI KapKbUTaHasIp bl (rpant MPH22685801)
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NOVEL PHYTO PLANT OF POP-PESTICIDES:
ENERGY CROP MISCANTHUS SINENSIS

The collapse of agricultural infrastructure in Kazakhstan and other countries worldwide has resulted
in the transfer of ownership or abandonment of plant protection chemicals storage facilities. Despite
legislative measures and international conventions, the issue of persistent organic pollutants (POPs)
remains unresolved. The measures to restore POP-pesticide-contaminated areas present limited options.
Hence phytotechnology emerges as a promising strategy due to eco-friendliness and the absence of sig-
nificant capital investments. One of the key aspects of technology is the search for novel plant species
capable of accumulating and transforming these contaminants into less toxic compounds. Current study
investigated the potential of the energy crop Miscanthus sinensis Anderson (M. sinensis) as a novel phyto
plant for remediating POP-pesticide-contaminated soils. The experimental layout comprised cultiva-
tion of M. sinensis in POP-pesticide-contaminated (2.4-DDD, 4.4-DDD, 4.4-DDE, 4.4-DDT, o-HCH,
B-HCH, y-HCH, and 8-HCH) soil. Biomass productivity, physiological parameters, and phytoremedia-
tion potential were assessed at harvest. Our findings revealed that POP-pesticides influenced productive
and physiological parameters of M. sinensis differently, specifically: reduced aboveground biomass and
chlorophyll pigments content by up to 23 and 37%, respectively, and increased root biomass by up to
17%. Furthermore, the plant exhibited a remarkable tolerance to severe POP-pesticide contamination,
as evidenced by a tolerance index of 0.99. Evaluation of phytoremediation coefficients revealed that M.
sinensis employed distinct strategies depending on POP-pesticide: phytoextraction and phytostabilisa-
tion. 4.4-DDT, B-HCH, and y-HCH were accumulated in aboveground biomass with translocation fac-
tors of 1.18, 4.04, and 84.0, respectively. Whereas metabolite 4.4-DDE was accumulated in plant roots
with a bioconcentration factor of 2.07. Study results suggest that M. sinensis holds great promise for use
in POP-pesticides phytoremediation projects, particularly in Kazakhstan, owing to confirmed phytosta-
bilisation activity concerning 4.4-DDE, the final metabolite of 4.4-DDT degradation. Therefore, further
research should focus on optimizing M. sinensis phytostabilisation strategies for other POP-pesticides.

Key words: energy crop; Miscanthus sinensis; productivity; photosynthesis; phytoremediation; soil;
POP-pesticides.
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TOA-necTMumMaTEpre apHaAfaH XxaHa puTopemMeAMaHT:
Miscanthus Sinensis 3HepreTUKaAbIK, 6CIMAIK

KasakcraH >oHe 6acka Aa KONnTereH eAAEPAE ayblA LIAPYyaLlbIAbIK, MHQPaKYPbIAbIMbIHbIH,
blAbIpaybiHa 6aA@HbICTbI BCIMAIKTEPAT KOPFayFa apHaAFaH XMMMSIABIK, 3aTTapAbl CaKTanTbIH KOMMaAap,
COHAAM-aK, OAapAa CaKTaAaTblH MpenapaTTapAblH, KAAAbIKTAPbl >Keke MeHLUIIKKe eTTi Hemece Meci3
GOABIM KaAAbl. 3aHHAMaAbIK, aKTIAEpre >KoHe XaAblKapaAblK, KOHBEHLMsSIAAPFa KapamacTaH, eckipreH
NnecTUUMATEDP, OHbIH, iWiHAE TYPAKTbl OpraHMKaAblK, Aactaylbl 3atTapablH (TOA) Meceaeci TOAbIK,
wewiamereH. TOA-NecTMUMATEPIMEH AACTaHFaH aymMakTapAbl KAAMbIHA KEATIPY LIApaAapbl WEKTEYAI,
COHAbIKTaH (DUTOTEXHOAOTMS ©3iHiH DKOAOTUSIAbIK, Ta3aAblfbl MEH KYPAEAI Kap>Kbl >KYMCAAbIMbIHbIH
60AAbIpDMayblHa 6AMAAHBICTbI GOAALLIAFbl 30P TEXHOAOIMS GOABIN TabblAaAbl. TEXHOAOTMSIHbIH, MaHbI3AbI
Ke3eHAEPiHiH 6ipi — NecTUUMATEPAI >XMHAKTam, a3 YbITTbl KOCbIABICTapFa aiMHaAAbIPA aAaTbiH >KaHa
eCiMAIK TypAepiH Taby. Makarapaa TOA-NeCTUUMATEPIMEH AACTaHFaH TOMbIPAKTbl KAAMbIHA KEATIpY
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A.A. Nurzhanova et al.

YWiH XaHa AakbIA peTiHae Miscanthus sinensis Anderson (M. sinensis) aHepreTMKaAblK, AaKbIAbIHbIH
MOTEHLMAAbI KApPacTbIPbIAAbL. DKCNepnMeHTTIK o6a TOA-nectnumaTepimer (2.4-AAA, 4.4-AAA,
4.4-AAE, 4.4-AAT, o-TXU, B-IXUT, y-IXLI »xoaHe 8-I'XLIIN) AacTaHFaH TonbipakTa M. sinensis-Ti eci-
PYAI KaMTHAbI. Beretaumsiabik, KeseH asikTaAFaHHaH KeiiH 61MoMaccaHblH, OHIMAIAIT, (PM3MOAOTUSABIK,
napameTpAepi >keHe (UTOPEMEAMALIMSIAbIK, NMOTEHUMaAbl GaranaHAbl. AAbIHFAH HaTMXKeAep GOoMbIHLLA
TOA-nectMumaTep M. sinensis-TiH @HIMAIAIrIMEH (PU3MOAOTUSIAbIK, KEpCEeTKILITepre: Xep yCTi bromac-
CaCbIHbIH MEH XAOPOUAA MUIMEHTEPIHIH Kypambl TemMeHaeyi, 23 oaHe 37%-re aeiiiH coMKeciHLle,
TambIp >KyneciHiH 6romaccacbl 17%-Fa AeniH eckeHiH kepceTTi. Ocimaik TOA-NeCTULMATEPMEH AaC-
TaHyFa TO3IMAIAIFIH KepceTTi, Te3iMAiAIK MHAeKCE 0.99 kypaabl. DuUTopemearalms KepceTKilTepiH
baranay kesiHae M. sinensis TOA-NeCTULMAIHIH TypiHe 6aiAaHbICTbl AACTaHFaH TOMbIPAKTbI KAAMbIHA
KEATIPYAIH €Ki CTpaTernsacbiH KOAAQHFaHbl aHbIKTAAAbI: (DUTOAKKYMYASILMS KoHe UTOTYpaKTaHAbIPY.
4.4-AAT >xoaHe B-IXUI »oHe y-IT XL n3omepaepi AacTaHFaH TomMbipakTaH >KepycTi OOAIriHAE KMHaK-
TaAAbl, TpaHCAOKaums koapuumenTi 1.18, 4.04 xoHe 84.0, coikeciHiie; 4.4-AAE metaboanTi Ta-
MbIP XKYMECIHAE >KMHAKTaAAbl, OMOKOHUEHTpaumns KoadpduumenTi 2.07. ByA 3epTTeyAiH HaTMXKeAepi,
duToTypaKkTaHAbIPFbIW 6eAceHAiAiriMeH 4.4-AAT biAbipaybiHbIH COHFbI METab0AMTI 4.4-AAE yAbl Me-
TabOAUTTIH ©3apa 0aAaHbICTbIH, pacTaAFaHAbIKTaH M. sinensis-TiH TOA-nectMumMATepiH utopeme-
AMaumsiaay xobasapbiHAA KOAAAHY, acipece KasakcTaHAQ, YAKEH MOTEHLMaAFa Me eKeHiH KepCeTeA.
CoHABIKTaH, 0paH 8pi 3epTTeyAaepae M. sinensis (pUTOTYpaKTaHAbIPY CTPATErusiCbiH OHTAMAQHABIPY
6acka TOA-necTMumaTepre Kapcbl 6arbITTaAybl KEpek.

Ty#in ce3aep: sHepreTMkaablk 6CIMAIK; Miscanthus sinensis; 8HIMAIAIK; (boTOCHHTES; hrTOpEme-
Avaums; Tonbipak; TOA-nectuymaTep.
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Hosbiii putopemeanant CO3-necTuumAO0B:
sHepreTuyeckoe pacreHne Miscanthus Sinensis

C pa3BaAOM CEAbCKOXO03SIMCTBEHHOM MHbpaCcTPYKTYpbl B KasaxcTaHe 1 BO MHOTMX APYIMX CTpaHax
XPaHUAMLLA XMMMYECKUX CPEACTB 3alLIMTbl PACTEHUIM, KAaK M XPaHSLLMECS B HUX OCTATKM MpenapaTos,
NMepeLlAn B Y4aCTHOE BAAAEHMe, AMBO OKasaAMCb 6ecxo3HbiMM. HecMOTps Ha 3aKOHOAATEAbHbIE aKTbl
MU MeXXAYHApOAHbIe KOHBEHLMM npobAema CTOMKMX opraHudeckmx 3arpsizHuteaent (CO3) A0 KoHua
He pelleHa. Mepbl BOCCTAaHOBAEHUS TeppuTopuii, 3arpsidHeHHbix CO3-necTMumAaMm, orpaHuYeHbl, B
CBSI3M C 3TUM (PUTOTEXHOAOTMS IBASETCS MHOroOb6elLatoLLer 6Aaroaaps 3KOAOrMYHOCTU M OTCYTCTBUIO
KPYMHbIX KanuTaAOBAOXKEHMH. OAHUM M3 KAIOUYEBbIX MOMEHTOB TEXHOAOTMW SBASIETCSI MOWMCK HOBbIX
BMAOB PACTEHMIA, CMOCOOHbIX HaKamnAMBaTb M TPaHC(POPMMPOBATb MECTULMABI B MEHee TOKCUYHbIe
coeamHeHus. B ctaTbe paccMaTpmBaeTCs MOTEHUMaA SHepreTuyeckor KyAbTypbl Miscanthus sinen-
sis Anderson (M. sinensis), Kak HOBOW KYAbTYpbl, AASl BOCCTaHOBAEHMSI MOYB, 3arps3HeHHbix CO3-
nectuumaamMu. AmsarH skCrnepmmeHTa BKAIOYAET KYAbTUBMpPOBaHMe M. sinensis Ha 3arpsidHeHHo CO3-
nectuumaamm (2,4-AAA, 4,4-AAA, 4,4-AAE, 4,4-AAT, o-ITXUI, B-IXUr, y-rxXur v 6-rxuyr) nouse.
[MpPOAYKTMBHOCTb GMOMACChl, (hM3MOAOTMYECKME MapameTpbl U (UTOPEMEAMALIMOHHDIN MOTEHLMAA
OLIEHMBAAM MO OKOHYAHWMWM BEreTauMoHHOro nepmoaa. PesyabTaTbl nokasaau, uto CO3-nectmumAbl
OKa3bIBaAM BAUSIHWE HA MPOAYKTUBHbIE U (PU3MOAOTMUECKME NMOKa3aTeAU M. sinensis: CHUXKAAM Ha3eMHYIO
6MoMaccy M COAepIKaHMe MUIMEHTOB XAopodmara A0 23 M 37%, COOTBETCTBEHHO, WM MOBbILLIAAM
6GromMaccy KOpHeBoI cncTeMbl A0 17%. PacTeHne NpoAEMOHCTPMPOBAAO YCTOMUYMBOCTb K 3arPA3HEHMIO
CO3-nectmumaamMm, MHAEKC TOAepaHTHOCTM cocTaBuA 0.99. lNpu oueHke hUTOpEMEAMALIMOHHBIX
rnokasarteAei BbISBAEHO, UTo M. sinensis B 3aBUCMMOCTU OT BMaa CO3-nectuumaa UCMOAb30BaA ABE
cTpaTernm BOCCTaHOBAEHUS 3arPsi3HEHHOM MOYBbI: PUTOIKCTPaAKUMIO U huTocTabmAM3aumio. 4,4-AAT n
nsomepbl B-IXLIEC n y-F XL akkyMyAMpPOBaAMCb B Ha3eMHOI Bromacce, KoadrUMEHTbI TPAHCAOKALIMM
— 1.18, 4.04 n 84.0, cOOTBETCTBEHHO; MeTAab0AUT 4,4-AAE HakanAMBaACs B KOPHEBOM CUCTEMe,
KO3(pprUmeHT GMoKoHUEeHTpauun — 2.07. Pe3yAbTaTbl MCCAEAOBAHMUS MO3BOASHOT MPEAMNOAOXKMUTD,
4yTO M. sinensis nMeeT BOAbLLME NEPCNEKTMBbLI AAS MCMOAb30BaHMS B MPOEKTax Mo (huropemeamaLmm
CO3-nectmumaos, ocobeHHo B KasaxcrtaHe, 6Aaroaapst MOATBEP>KAEHHOM (DUTOCTabUAM3MPYIOLLEN
aKTMBHOCTM B OTHOLLEHUM TOKCUYHOTrO 4,4-AAD, KoHeyHOoro metaboAmta pasaoxkenus 4,4-AAT.
[103TOMY AaAbHENMLIME MCCAEAOBAHMSI AOAXKHbBI ObITb COCPEAOTOYEHbI HAa OMNTUMM3ALMKM CTpaTermm
dutocTabuamnsaumm M. sinensis B oTHoweHnn Apyrnx CO3-necTmumaos.

KAloueBble cAOBa: sHepreTMyeckoe pacteHue; Miscanthus sinensis; NPOAYKTUBHOCTb; (DOTOCUHTE3;
putopemeamnaums; nousa; CO3-necTMUUAbI.
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Introduction

Persistent ~ Organic  Pollutants  (POPs),
particularly organochlorine pesticides (OCPs), are a
long-lasted concern in environmental matrices
worldwide. The danger posed by POPs led to the
adoption of the Stockholm Convention in 2001,
which Kazakhstan signed on May 23, 2001, and
ratified on June 7, 2007. The convention aims to
reduce the production and use of POPs, recognized
for their harmful effects on humans and their ability
to travel long distances. Initially, the convention
listed 12 chemicals, including 9 pesticides (DDT,
aldrin, dieldrin, endrin, chlordane, heptachlor,
mirex, toxaphene, and HCB). By 2013, this list had
expanded to include 13 OCPs, with additions in
2009 such as chlordecone, o-HCH, -HCH, y-HCH,
and pentachlorobenzene [1].

Kazakhstan's recognition of the POP-pesticide
problem started with identifying numerous
anthropogenic activities leading to historical
pollution. In 2008, around 10,000 tons of banned
obsolete pesticides unsuitable were registered [2].
By 2012, 1,500 tons of obsolete pesticides and their
mixtures across the country along with 602 pesticide
storage facilities were recorded [3.4]. Nowadays,
according to the annual environmental monitoring
of the Republic of Kazakhstan, different
environmental matrices are regularly being
identified as contaminated with pollutants of diverse
origin [5]. Recent inventories revealed 727 pesticide
storage facilities and 5 operating landfills containing
approximately 2,101 tons of obsolete pesticides in
Kazakhstan [6,7].

A critical characteristic shared by all POP-
pesticides is their pronounced lipophilicity, leading
to their biomagnification in organs like the liver and
adipose tissue and causing significant detrimental
effects on human health [8-10]. In Kazakhstan,
prevalent POP-pesticides in soil are classified into
three categories: dichlorodiphenylethanes, chlorine-
ted benzenes and cyclohexanes, and chlorinated
cyclodienes [11]. The most common POP-pesticides
in soils near former pesticide storage facilities
include DDT, its metabolites, and HCH isomers.

Hence, there is a pressing need for ecologically
benign remediation approaches [12], with
phytoremediation emerging as a promising solution
that applies plants to uptake, accumulate, and
detoxify contaminants from environmental matrices
[9,11,13-16]. Energy crops have emerged as
exceptionally promising tools for phytoremediation,
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offering a dual benefit of environmental cleanup and
economic revenue generation through biomass
production [17-19]. Their biomass serves as a
valuable resource for biofuel production, as well as
raw materials for various industries, including
construction, insulation, and paper production. One
energy crop that has gained significant recognition
for its phytoremediation prowess is Miscanthus x
giganteus Greef et Deu [20,21]. It thrives on
marginal soils for extended periods, typically
spanning 20-25 years. However, it has a notable
limitation when it comes to tolerance for POP-
pesticides, maxing out at just twice the Maximum
Permissible Concentration (MPC), equivalent to
~200 pg kg' [13]. In the quest for a more robust
phytoremediation solution, attention has turned to
Miscanthus sinensis Anderson, a perennial Cy
energy crop with remarkable productivity, yielding
biomass at rates of up to 36.6 t DM ha™ yr' [22].
More importantly, the crop was found to tolerate
superior POP-pesticide contamination, up to
62xMPC [13,14]. Given its ability to grow in
organically contaminated soil, M. sinensis emerges
as a promising candidate for the remediation of
POP-pesticides contaminated soils, especially in
Kazakhstan, being not indigenous and having the
potential for large-scale recultivation.

Thus, the current study aimed to investigate the
biomass productivity and phytoremediation
potential of M. sinensis grown in historically POP-
pesticides contaminated soil collected in the vicinity
of a former pesticide storage facility.

Materials and methods

2.1 Soil collection

Two distinct soil types were employed in the
experiment, specifically: POP-pesticides
contaminated soil collected in the vicinity of a
former obsolete pesticide storage facility in
Kyzylkairat village (GPS 43°17'58.7" N 77°11'39.6"
E), district, Almaty region, Kazakhstan; and a
background, hereafter referred as “control soil”,
collected at the base of Peak Talgar (GPS 43°16'36"
N, 77°12'37" E), Talgar district, Almaty region,
Kazakhstan. Soil collection was performed
following ISO 18400-205:2018 [23], in particular
the ‘envelope’ method: five soil samples were taken
from a 5 x 5 m test square at a depth of 0-0.6 m.
Subsequently, the soil samples were sieved (d = 3
mm) to remove plant debris and stones, thoroughly
homogenized, air-dried, sampled for agrochemical
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and chemical analyses [24,25], and stored at a
temperature of 4°C until the experiment
establishment.

According to the World Reference Base for Soil
Resources classification [26], research soils belong
to chernozem with a density of 144 g cm®.

Table 1 — Agrochemical profiles of the research soils.

According to the soil agrochemical profile (Table 1),
POP-pesticides contaminated soil demonstrated
significantly higher concentrations of mobile
phosphorus and potassium compared to control soil.
Whereas control soil was rich in organic matter and
nitrogen content (Table 1).

Parameter Unit Control soil Contaminated soil Measuring standard
Organic matter, C % 340+145a 6.10+0.02 b Tyurin method [27,28]
pH (H20) - 7.34+0.08 b 7.85+0.02a GOST 26423-85 [29]
Total N mg kg'! 432+551a 96.7+7.20b Tyurin & Kononova method [30]
P20s mg kg'! 230+10.0b 400+5.00 a Machigin method in CINAO
K20 mg kg'! 440 +40.0 b 885+25.0a modification [31]
Ca mEq/100 g 583+2.45a 20.8+0.75b Arinushkin method in Grabarov
Mg mEq/100 g 837+0.45a 3.70+0.23 b modification
Na mEq/100 g 0.28+0.01b 0.38+0.01a Antipov-Karataev & Mametov
K mEq/100 g 027+001b 1.04+0.03 a method in Grabarov modification

Notes: different letters within one parameter indicate a statistical difference at p <0.05.

Table 2 — POP-pesticides concentrations (ug kg™') in historically contaminated soil.

POP-pesticide MPc Contaminated soil
KZ [32] EU [33]
DDT and metabolites
2.4-DDD - - 14 072 £ 5239
4.4-DDD - - 11434 +7302
4.4-DDE - - 778 £292
4.4-DDT - - 10 023 £2 471
> DDTs 100 10.0 36 307
HCH isomers
a-HCH - 220 89.2+0.0
B-HCH - 92.0 25.5+16.4
v-HCH - 0.01 488 £ 152
8-HCH - - 67.4+13.7
> HCHs 100 - 670

2.2 Experimental layout

To assess the biomass productivity and
phytoremediation potential of Miscanthus sinensis
Andersson in POP-pesticide contaminated soil, a
controlled pot experiment was conducted in
greenhouse conditions.

The preparatory phase of the experiment
commenced on November 13, 2019, entailing a
structured process for filling the pots. Initially, 1 kg
of keramzite was placed at the base of each pot,
serving as an effective drainage layer. This was
followed by a second layer of 1 kg of sand. The third
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layer consisted of 2 kg of soil, differentiated across
pots as either POP-pesticides contaminated soil or
control soil. To mitigate soil desiccation, a final thin
layer of sand was uniformly applied atop each pot.
In total, the experimental design incorporated 6 (six)
pots, arranged to facilitate 2 (two) experimental
variants, each replicated thrice.

On November 14, 2019, M. sinensis rhizomes
were planted in prepared pots to facilitate plant
acclimatization and adaptation during the winter
period. The rhizomes were sourced from the
plantation located on the premises of the Institute of

Plant Biology and Biotechnology (GPS
43°13'38.161"N, 76°54'59.443"E; Almaty,
Kazakhstan).

Plant physiological parameters, including plant
height, length, width, and number of leaves, were
measured monthly. Soil moisture was adjusted to
50% by irrigation every third day.

At the end of the vegetation season (September
15, 2020) when leaves turned yellow, M. sinensis
biomass was harvested. The collection of soil and
plant samples, comprising both roots and
aboveground biomass (AGB), was performed
following GOST 17.4.4.02-2017 [24] and ISO
18589-2:2022 [34]. The soil samples were dried and
sieved (d = 2 mm). The roots of M. sinensis were
thoroughly cleansed under running tap water to
eliminate residual soil particles. Then, plant samples
were dried at a temperature of 105 °C until a constant
weight was achieved. The dried roots and AGB
samples were finely using the IKA All basic
analytical mill and stored at room temperature in
labelled zip-lock bags until chemical analysis.

2.3 Chlorophyll pigments content

The content of chlorophyll pigments, specifi-
cally chlorophyll a (Chl a), chlorophyll b (Chl b),
and carotenoids (Car), in the leaves of M. sinensis
was determined according to Gavrilenko et al. [35].
30 g of fresh leaves were finely ground in 2 mL of

cooled 96% ethanol. Then, the produced
homogenate was subjected to centrifugation at 7,000
rpm for 10 min. The supernatant was carefully
transferred into a test tube. The absorbance levels of
photosynthetic pigments within the supernatant
were measured using an Evolution 60
spectrophotometer (Thermo Scientific, USA) at
wavelengths of 440.5, 649, and 665 nm. The
concentrations of Chl a, Chl b, and Car were
calculated employing eq. 1-4:

Chl,(mg L™%) =

=11.63 X D665 —2.39 % D649 (1)
Chl,(mg L™) = @)
= 20.11 x D64~9 - 5.18 X D665
Chlgyp(mg LY = (3)
= 645 X D665 + 17.72 X D649
Car (mg L™Y) = @)
= 4.695 X Dyyq5 — 0.268 X Chly,,

2.4 Chemical analysis

The concentrations of target POP-pesticides in
soil and plant samples were measured by gas
chromatography with an electron capture detector
(Gas Chromatography Agilent Technologies
6890N) equipped with the autosampler Combi-PAL
(CTC Analytics AG, Switzerland) in accordance
with standards ST RK 2131-2011 [25] and ST RK
2011-2010 [36], respectively. A detailed description
of the procedure was published earlier [14,15,37].

2.5 Phytoremediation potential

In order to evaluate the resilience of M. sinensis
to POP-pesticide contamination as well as its
phytoremediation potential, tolerance index (TI),
bioconcentration factor (BCF), and translocation
factor (TLF) were calculated following eq. 5-7 [38—
41].

[Plant growth parameter] in contaminated soil

TLF =

TI = 5
[Plant growth parameter] in control soil )
BCF — POP — pesticide concentration in plant tissue (ug kg=?') ©)
B POP — pesticide concentration in soil (ug kg=1)
POP — pesticide concentration in aboveground biomass (ug kg™1) R

POP — pesticide concentration in roots (ug kg=1)
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2.6 Statistical analysis

The data analysis was conducted using RStudio
software (version 2023.06.0 Build 421, RStudio
PBC, 2023). Tukey HSD tests were performed for
the pairwise comparisons of the means, while
ANOVA was wused to confirm statistical
significance. Subsequently, the treatments were
categorised by letter in descending order, and graphs
were generated. Significance was declared at p <
0.05.

Results and discussion

3.1 Influence of POP-pesticide contamination
on M. sinensis biomass productivity

M. sinensis plants underwent a complete
developmental cycle in both control and POP-
pesticides contaminated soils. In March 2020,
seedlings in control and contaminated soils
exhibited average heights of 16.3 + 0.5 and 16.0 +
1.2 cm, respectively (p = 0.68). At harvest, the plants
had attained heights of 48.2 £ 0.3 c¢cm in control soil

a B Control

Height, cm

20T

and 45.8 = 0.5 cm in contaminated soil, with a slight
but still significant (p < 0.01) decrease observed for
plants grown in contaminated soil (Fig. 1a).
Furthermore, a notable increase of 10.8 (p < 0.001)
and 16.9% (p < 0.01) was observed in the roots’
length and weight of M. sinensis grown in
contaminated soil, respectively (Fig. 1b, c).
Conversely, AGB DW of plants cultivated in POP-
pesticides contaminated soil showed a substantial
decrease of 23.1% (p < 0.001).

Consequently, the mean TI of M. sinensis when
cultivated in POP-pesticides contaminated soil was
computed to be 0.99. In particular, individual TI
values were calculated to be as follows: the height
TI - 0.95; AGB DW - 0.77; roots DW — 1.17; and
roots length — 1.11. Thus, the ability of M. sinensis
to maintain nearly normal growth and even
enhanced root development under severe POP-
pesticide contamination in soil cumulatively
evidence the remarkable resilience of M. sinensis
and its potential to be utilized as a promising phyto-
agent in remediation projects.

A Contaminated

March April May

b

=} @
i I

Dry weight, g
=
1

2 4

AGB DW

+
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Figure 1 — Biomass productivity of M. sinensis grown in control and POP-pesticides contaminated soils:
a) growth dynamic; b) AGB and roots DW; ¢) root length. Different letters
within one parameter indicate a significant difference between values
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3.2 Influence of POP-pesticide contamination
on chlorophyll pigments content

Currently, research into indicators of plant
tolerance to contaminants, identifying resilient plant
species, and discovering species capable of
accumulating toxic substances for phytoremediation
is crucial. Hence, certain plant physiological
parameters have emerged as essential bioindicators
of abiotic stress caused by anthropogenic activities.
These parameters include a decrease in the Chl a/b
ratio and an increase in the Chl (a+b)/Car ratio. A
notable reduction in the key photosynthetic pigment,
Chl a, in response to an increase in auxiliary

[ Control

0.20 +

8

> 0.16 4

0.12 4

o

o

[+7]
1

0.04 4

Chlorophyll pigments content

Chla Chib Car

pigments such as Chl b and Car, indicates an
adaptive response to xenobiotic stress [42].

In our study, the stress response of M. sinensis
grown in POP-pesticides contaminated soil was
evident in the reduction of Chl a, Chl b, and Car
content by 30%, 37%, and 29%, respectively (Fig.
2a). This reduction suggests an adaptation of the
plant's photosynthetic apparatus to severe POP-
pesticide contamination. Consequently, we can
infer that alterations in chlorophyll pigment ratios
may serve as reliable indicators of the
photosynthetic apparatus’s adaptation to POP-
pesticide exposure.

A Contaminated

b

0.17

0.06 +

0.037

0.04 4

0.031

Chl a+b/Car

Chla+b Chl alb

Figure 2 — Chlorophyll pigments content in leaves of M. sinensis grown
in POP-pesticides contaminated soil: a) pigments mass; b) non-unit ratio indicators

3.3 Phytoremediation potential of M. sinensis
concerning POP-pesticides

The molecular weights (M,) of DDT &
metabolites range from 318.0 to 354.5 g mol™.
Notably, among DDT metabolites, 4.4-DDT
exhibited the highest hydrophobicity coefficient
(log K,) of 6.91 and the largest M, at 354.5 g mol™".
The log K, for 4.4-DDE was slightly lower at 6.51,
with an M, of 318.0 g mol'. The lowest
hydrophobicity coefficient was observed for 2.4-
DDD (log K., = 5.87) with a M, of 320.0 g mol™,
even though the log K, for 4.4-DDD was higher at
6.02.

The accumulation of DDT & metabolites in M.
sinensis tissues demonstrated a clear pattern: both
24-DDD and 4.4-DDD showed minimal
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concentration in the biomass, with bioconcentration
factors (BCF) for AGB and roots being below 1
(Fig. 3a). This indicates a lack of significant
accumulative capability in the plant for these
pesticides. In contrast, the highest BCF was
observed for 4.4-DDE, particularly in the root
system, with a BCF of 2.07, while its BCF for AGB
was 1.02 (Fig. 3a). According to the translocation
factor (TLF) values, M. sinensis predominantly
accumulated 4.4-DDE in the roots evidencing
phytotabilization potential in relation to this POP-
pesticide (Fig. 3b). Conversely, a slight
phytoextraction potential was observed for 4.4-DDT
(Fig. 3b).

Therefore, it can be inferred that M. sinensis able
to bioconcentrate both 4.4-DDE and 4.4-DDT (BCF
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>1), activating phytostabilization (TLF < 1) and
phytoextraction (TLF > 1) strategy, respectively
(Fig. 3a, b).

The M, of HCH isomers (a-, -, §-, and y-) range
from 290.8 to 296.9 g mol”'. Within this group, &-
HCH exhibits the highest hydrophobicity coefficient
(log Kow=4.14), while y-HCH has the lowest (3.72),
even though M, of these isomers are identical.

The accumulation of HCH isomers in M.
sinensis tissues predominantly followed the
phytoextraction strategy: three out of four isomers
were more concentrated in AGB than in the root
system, with a-HCH being evenly distributed
throughout the plant (Fig. 4a, b). However, BCF

o0

EAGB [ Roots

2.07

Bioconcentration factor (BCF)

24-DDD

44-DDD 4.4-DDE

4.4-DDT

values indicate that M. sinensis cannot concentrate
o- and -HCH (BCF < 1). Among these POP-
pesticides, the highest accumulation was observed
for f-HCH, which had a BCF of 6.55 in the AGB
and 1.62 in the root system, accompanied by a TLF
of'4.04. On the other hand, y-HCH, due to its lower
hydrophobicity, predominantly migrated from the
roots to the AGB (TLF = 84), resulting in
significant ~ accumulation in  the latter.
Consequently, M. sinensis demonstrated a capacity
to bioconcentrate the less toxic isomer (f-HCH) in
considerable quantities, whereas for the more toxic
v-HCH, the bioconcentration was relatively lower

(~1).

Translocation factor (TLF)

24-DDD 44-DDD 4.4-DDE 4.4-DDT

Figure 3 — M. sinensis phytoremediation potential concerning DDT & metabolites: a) BCF; b) TLF
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Figure 4 — M. sinensis phytoremediation potential concerning HCH isomers: a) BCF; b) TLF

Investigation of M. sinensis phytoremediation
potential  evaluating  solely = POP-pesticides
concentrations data presents certain limitations. In
general, POP-pesticides distribution in M. sinensis

tissues correlates with their log K, values: higher
hydrophobicity (log Kov) typically leads to reduced
accumulation. However, this trend did not hold for
two substances: 2.4-DDD and S-HCH.
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Indeed, low concentrations of 2.4-DDD in the
plant biomass could be attributed to its transient
state during the anaerobic degradation of DDT,
eventually forming 2,2-bis(4-chlorophenyl)-acetic
acid [43]. Furthermore, the correlation anomaly for
DDD might be due to its high octanol-air partition
coefficient (log Kos = 10.1, compared to 9.82 for
44-DDT and 9.68 for 4.4-DDE). Organic
compounds with low log K, but high log Ko values
could not typically accumulate in plant tissues [44].
Further, the peculiar behaviour of 2.4-DDD could be
linked to its metabolically activated nature and
potential breakdown into two metabolites: o.p™
DDA and 0.p-DDE [45].

To understand the behaviour of f-HCH, its log
Kos value should be taken into account. This
coefficient is crucial for understanding the dynamics
of organic compounds between air and
environmental matrices such as soil, vegetation, and
aerosol particles. For f-HCH, the log Ko41s equal to
8.1, while for y-HCH, it is 9.7, which accounts for
the lower accumulation of the latter. Moreover,
contaminants with low log K, and high log Ko4, as
in the case of f-HCH, were reported to be unable to
significant bioaccumulation [44].

Thus, the phytoremediation potential of M.
sinensis in relation to POP-pesticides detected in
research soil is summarized in Table 3.

Table 3 — Summary of M. sinensis phytoremediation potential in relation to studied POP-pesticides.

POP-pesticide BCF>1 TLF>1 Phytoremediation potential
AGB Roots Mean
DDT and metabolites
2.4-DDD - - - - No potential
4.4-DDD - - - + No potential
4.4-DDE - Phytostabilization
4.4-DDT + Phytoextraction
HCH isomers

a-HCH - - - + No potential

p-HCH + + + + Phytoextraction

v-HCH + - - + Phytoextraction

6-HCH - - - + No potential
Conclusion Furthermore, M. sinensis has also demonstrated

The investigation into the potential of M.
sinensis as a tool for POP-pesticides-contaminated
soils has yielded promising results. This novel phyto
plant has exhibited robust growth, showcasing its
resilience and adaptability in POP-pesticides-
contaminated environments. Furthermore, our study
has confirmed its ability to effectively accumulate
the studied POP-pesticides. The process of POP-
pesticide accumulation within M. sinensis was
found to be influenced by several key factors,
including pesticide hydrophobicity, molecular
weight, and concentration in soil. These variables
played a crucial role in determining the extent and
efficiency of contaminant translocation within the
plant. Importantly, our findings revealed that POP-
pesticide accumulation mostly occurred uniformly
across both aboveground biomass and roots.
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remarkable adaptability by employing distinct
phytoremediation strategies depending on the
specific POP-pesticides present in the contaminated
soil. Our observations have revealed that M. sinensis
exhibits phytoextraction capabilities concerning
4.4-DDT, B-HCH, and y-HCH, achieving TLF of up
to 84. Conversely, the plant displayed
phytostabilization activity when encountering 4.4-
DDE, a critical compound that marks the final
degradation product of DDT, the primary POP-
pesticide found in Kazakhstan. Given the
hydrophobic nature of 4.4-DDE (log Ko of 6.51),
M. sinensis effectively stabilizes this compound
within its roots.

In conclusion, M. sinensis ability to apply
distinct phytoremediation strategies depending on
the specific contaminant present in soil positions it
as an asset in addressing soil contamination while
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MORPHOMETRIC PARAMETERS AND LEAF ASH CONTENT
OF TREE PLANTS: INDICATION OF TECHNOGENIC LOAD
IN THE CONDITIONS OF AN INDUSTRIAL REGION
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This article is dedicated to studying the influence of ash element distribution in the tissues of woody
plants™ foliar organs on the fluctuating asymmetry of leaf blades in industrial areas. The research goal is
a comprehensive study of the trends in the relationship between ash content and fluctuation of morpho-
metric parameters of leaf blades under conditions of increased anthropogenic impact, using Pavlodar
as an example. The research hypothesis states that the increase in ash element content in the tissues
of leaf blades is directly proportional to significant variations in morphometric parameters within the
sample and serves as an indicator of environmental pollution. The research objects are leaves of Populus
balsamifera, Betula pendula, Acer negundo. According to the location of industrial emission sources,
they were divided into three zones: northern, eastern, and central. The leaves were collected at the end
of the 2023 growing season, with subsequent measurements of the length and width of the leaf blade
and calculation of the standard deviation. The significance of differences between samples was assessed
based on the results of variance analysis. Ash content determination was carried out by the dry ashing
method of leaves in a muffle furnace. It was found that the maximum concentration of ash elements is
characteristic of Populus balsamifera and Acer negundo, with the highest degree of atmospheric air pol-
lution identified for the Alumina Plant, consistent with the significant results of the range of variation
in morphometric indicators within the sample. An increase in mineral accumulation in leaf blades from
southeast to northwest within the central and eastern industrial zones (excluding the Alumina plant) was
noted. The obtained results confirm a direct proportional relationship between significant fluctuations
in morphometric parameters as ash content increases, which can be used as an indicative method of
anthropogenic pollution in industrial regions.

Key words: bioindication, fluctuating asymmetry, technogenic pollution, industrial zone.
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Afauu ecimAiKTepi XanblpakTapbiHbiH, MOP)OMETPUSIABIK, MapaMeTPAEpPi MeH KYAA(AIri:
OHEepPKICINTIK alMaKTaFbl TEXHOr€HAK XXYKTeMeHiH, MUHAMKALLMSICbI

BbyA Makaaa afall eCiMAIKTEpPiHIH >Kanblpak, MyLUeAepiHiH TiHAEpIHAEri KYA 3AEMeHTTepiHiH
TapaAybIHbIH ©HEpPKaCINTIK afiMaKTapAarbl >Karblpak, aAakaHAAPbIHbIH TepBGEAMEeAi acMMMeTpUsICbiHA
acepiH 3epTTeyre apHaAfFaH. 3epTTeyAiH MakcaTbl — [1aBAOAADP KAAACbIHbIH, MbICAAbIHAQ TEXHOTEHAIK
9CEPAIH >KOFapblAaybl >KaFAalblHAQ KYA LLAMACbIHbIH, >Kanblpak, arakaHAAPbIHbIH, MOP(OMETPUSABIK,
napameTpAepiHiH aybITKybIMeH ©3apa 6anAaHbICbIHbIH TEHAEHLMSAAPbIH KELIeHAT 3epTTey. 3epTrey
rMnoTesacbl — >Kanblpak, aAakKaHAAPbIHbIH TIHAEPIHAEr KYA DAEMEHTTEpIiHIH Kebeloi YAri wweriHaeri
MOP(OMETPUAABIK MapaMeTPAEPAIH alTapAbIKTa ©3repyiHe TikeAel NPOonopLMOHAAAbI )KaHe KopLUaraH
OpTaHblH TEXHOTFEHAIK AACTaHybIHbIH KOpceTKilli 60AbIn TabblAaabl. 3epTTey HbicaHaapbl — Populus
balsamifera, Betula pendula, Acer negundo ><anbipakTapbl. ©OHepKaCiNTiK WbiFapbIHAbIAAP KO3AEPIHIH
ayMakTbIK, OpHaAacyblHa COMKEC OAap YW anMakka OOAIHAi: COATYCTIK, LWbIFbIC XXOHE OPTaAbIK.
XKanbipakTapbl 2023 XbIAAbIH, BEreTalUMsAbIK, KE3eHiHiH COHbIHAQ YXMHAAAbI, COAQH KeMiH >Karblpak,
AAAKAHbIHbIH Y3bIHAbIFbI MEH €Hi OALLIEHAI >K8He opTalla KBaAPaTTblK aybITKybl ecenteAai. YAriaep
apacbiHAAFbl ablPMALLbIABIKTAPAbIH, MaHbI3AbIAbIFbIH GaFaAay AMCMEPCUSIAbIK, TAaAAQY HaTMKeAepi
6oMblHLLIA aHbIKTaAAbl. KyAAIH KypamblH aHbIK Tay MydeAb neliHAeri xkanblpakTapAbl KypFak, KyAAEHAIpY
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BAICIMEH Xy3ere acbipbiAAbl. KyA sAeMEeHTTEpiHIH MakC1MaAAbl KOoHUeHTpaumscbl Populus balsamifera
>koHe Acer negundo-Fa ToH eKeHi aHbIKTaAAbl, COFaH CaMKeC AAIOMMHMIA 3aybITbl YLLIiH aTMOCKEPAAbIK,
ayaHblH, AACTaHyblHbIH €H >KOfapbl ASPEXeCi aHbIKTaAAbl, OYA YATi iWiHAEr MOP(OMETPUSIAbIK,
KOpCEeTKIlTEepPAiH ©3repy AManasoHblHbIH MaHbI3Abl HOTMXKeAepiHe calikec KeAeai. OpTaAblK, >KaHe
LUbIFbIC OHEPKCIM aiMarbl (AAIOMUHUIA 3aybITbIH KOCMaFaHAQ) LWeriHAe KaAaHblH OHTYCTiK-LUbIFbICbIHAH
COATYCTiK-0aTbICblHA Kapam >KanblpakK, aAakaHAAPbIHAA MWMHEPAAAAPAbIH >KMHAKTAAYbIHbIH — ©CYi
6GanKaAAbl. AAbIHFAH HOTMXKEAEP KYA KOPCETKILLTepi 6CKeH CarbiH MOPGOMETPUSIABIK, MapamMeTPAEPAIH
aNTapAbIKTaM aybITKYbIHbIH TiKEAEH MPOMNOPUMOHAAAbI OaAa@HbICbIH pacTaiAbl, OHbl ©HEPKACIMTIK
anMak, XkarAarblHAQ TEXHOTEHAIK AaCTaHYAbIH MHAMKALIMSIABIK, 9AICI peTiHAe naiaasaHyra GOAAAbI.
Ty#in ce3aep: 61MOMHAMKALMS, TEPOEAMEAT aCUMMETPUSI, TEXHOTEHAIK AaCTaHy, OHAIPICTIK anmax,.
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MopdomeTpuueckmue napameTpbl U 30AbHOCTb AMCTbEB APEBECHBIX PacTeHMit:
MHAMKALLMSI TeXHOT€HHOM Harpy3ku B YCAOBMSIX MPOMbBILLAEHHOTO perMoHa

AaHHas cTaTbhsl MOCBSLLIEHA M3YUYEHUIO BAMSIHWUS PACMPEAEAEHUSI 30AbHbIX IAEMEHTOB B TKAHSX
(pOAMAPHBIX OpraHax APEBECHbIX PACTeHUI Ha (PAYKTYyaLLMOHHYIO aCMMMETPMIO AUCTOBbIX MAACTMH B
YCAOBMSIX MPOMbILUAEHHbIX 30H. LIeAb MCCAEAOBAHMS — KOMIMAEKCHOE M3yuYeHne TEHAEHLMI B3anMoC-
BSI3M BEAMUMHbI 30AbHOCTU C (DAYKTYaLmen MOPOMETPUYECKMX MAPAMETPOB AUCTOBbIX MAACTUHOK B
YCAOBMSIX MOBbILLEHHOrO TEXHOrEHHOro BO3AEMCTBMS Ha npumepe ropoaa lMaBaoaap. Mvnotesa wmc-
CAEAOBAHUS — POCT COAEP>KAHMS 30AbHbIX IAEMEHTOB B TKAHSIX AUCTOBbIX MAQCTUH MPSMO MPOMNOPLIM-
OHAAEH 3HAUYMTEAbHOW BapmaLMm MOPMOMETPUUECKMX MApaMeTPOB B NMPeAeAax BbIGOPKM U SBASIETCS
MHAMKATOPOM TEXHOreHHOro 3arpsi3HeHust okpy>kaiollen cpeAbl. OObeKkTbl MCCAEAOBAHUS — AUCTbS
Populus balsamifera, Betula pendula, Acer negundo. CoraacHo TeppMTOPMAAbHOMY PACTIOAOXKEHMIO
MPOMBbILIAEHHbBIX MCTOYHMKOB BbIOPOCOB, OHU ObIAM pa3AEAeHbl Ha TPU 30Hbl: CeBepHas, BOCTOYHAst
M UEeHTpaAbHasi. AMCTbst OTOOpaHbl B KOHLE BereTaumMoHHOro nepuroaa 2023 roaa C NMoCAEAYOLIMM
M3MepEeHUEM AAMHBI U LUMPUHBI AMCTOBOM MAQCTMHKM U PACUETOM CPEAHEKBAAPATUUYECKOrO OTKAOHe-
Hus. OUeHKa 3HAYMMOCTU Pa3AMUMIA MEXKAY BblOOpPKaMK OMpeAeAeHa Mo pe3yAbTaTamM AMCIEPCUOH-
HOro aHaamsa. OnpeAeAeHre CoAepIKaHusi 30Abl OCYLLEECTBASIAM METOAOM CYXOrO O30AEHMsI AUCTbEB
B MyDeAbHOW neun. BbIIBAEHO, UTO MaKCMMaAbHasi KOHLEHTPALMS 30AbHbIX SAEMEHTOB XapakTepHa
AAs Populus balsamifera v Acer negundo, B cOOTBETCTBUM C YeM HambBOAbLLIASH CTEMEHb 3arpsi3HeHMs
aTMOCEPHOro BO3AYXa BbISIBAEHA AAS AAIOMMHMEBOIO 3aBOAQ, UTO COTFAACYeTCsl CO 3HAUYMMbIMKU pe-
3yAbTaTamu AMarasoHa BapbUpOBaHUs MOPOMETPUUECKMX MOKa3aTeAer BHYTPM BbiIbopkn. OTMeueH
POCT HAKOMAEHUS MUHEPAAbHbIX BELLECTB B AUCTOBbIX MAACTMHKAX B HAMpPaBAEHUM C IOrO-BOCTOKA Ha
CeBepo-3arnaa ropoaa B npeAeAax LEeHTPAAbHOM M BOCTOYHOM MPOM3OHbI (32 UCKAIOUYEHMEM AAIOMU-
HMEBOrO 3aB0AA). [ToAyUEHHbIE PE3yAbTaTbl MOATBEPXKAAIOT MPSMO NMPONOPLIMOHAABbHYIO B3aUMOCBSI3b
3HAUUTEABHOM PAYKTYaLMU MOPPOMETPUYUECKMX MAPAaMETPOB MO MEPE POCTA NMOKa3aTeAEN 30AbHOCTH,
YTO MO>KET MCMOAb30BATHCS B KAaYeCTBE MHAMKALIMOHHOIO METOAQ TEXHOTEHHOIO 3arpsi3HEHUS B YCAO-
BUSIX MPOMbILLAEHHOTO PermoHa.

KatoueBble cAoBa: GMOMHAMKALMS, (DAYKTYyaLMOHHAs aCMMMETPMsl, TEXHOreHHOe 3arpsi3HeHue,
MPOMbILUAEHHAs 30Ha.

Introduction

One of the most promising indicators of plant
susceptibility to changes in the environment,
particularly the composition of atmospheric air, is
the accumulation of ash-forming elements by plants,
which form a mineral residue. The content of these
elements is reflected in the ash residue that remains
after the removal of organic substances.

The concentration of ash-forming elements
in the tissues of leaf blades of woody plants is
determined by several factors, among which the most
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characteristic ones are the quality of the environment
and genotypic features of plant predisposition.
Equally important in forming the ash composition
of plants are environmental conditions such as
temperature, acidity, and soil salinity, as well as
moisture levels and shading [1, 2]. Leaf ash content
indicators can reflect the degree of technogenic load
on atmospheric air within a region, characterising the
assimilation capacity of plant organisms and serving
as a phytosignaling indicator of air pollution levels,
although the relationship between these indicators
is not always confirmed in practice [3]. The study
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of ash content indicators plays an important role
not only in terms of their importance for plant
organisms but also from the perspective of the
migration of these elements into other components
of the ecosystem. Equally important is the aspect
related to the influence of ash-forming elements on
plant vitality, where excessive accumulation of such
elements affects plant growth retardation, disrupts
nutrient balance [4], cell structure, damages proteins
and lipids, stimulates the accumulation of active
oxygen forms [5], inhibits enzyme activity, disrupts
respiratory and photosynthetic processes, damages
stomatal function and structure [6, 7], and inhibits
vital processes [8, 9].

It is important to note that one of the directions
in the field of phytoindication today is studying the
variation of morphometric parameters of plants or
their organs [3]. Methods for phytoindication of
technogenic pollution [10] based on assessing the
asymmetry of leaf blade parameters (length and
width) are being widely implemented, which is
particularly relevant for industrial centres in the
country [11, 12].

Currently, many regions of the Republic of
Kazakhstan face the issue of air pollution from
various emission sources [1]. Pavlodar is a city
of regional significance and one of the significant
industrial centres of the Republic of Kazakhstan.
This role subjects the city to a substantial level of
negative impact due to emissions of pollutants
into the atmosphere by industrial enterprises. The
seriousness of this problem is further compounded
by mobile sources of pollution (transport). Materials
collected near factories were studied as part of the
research since these infrastructure objects constitute
a significant portion of pollution sources.

According to the national report on the
environment state in the Republic of Kazakhstan,
26% of all emissions into the atmosphere are
attributed to the city of Pavlodar. The main
contribution to the city’s pollution comes from fuel
and energy complexes, which account for 66.2% of
emissions. Just under a quarter (23.5%) of emissions
come from enterprises engaged in metallurgical
activities [13].

According to the data from the Department of
Ecology of the Pavlodar Region of the Committee
for Environmental Regulation and Control of
the Ministry of Ecology, Geology, and Natural
Resources of the Republic of Kazakhstan,
emissions from first category industrial enterprises
in 2023 amounted to 182.932 thousand tons, while
emissions from stationary sources of the second
and third categories totaled 9.851 thousand tons.
In comparison, similar figures in 2022 comprised

199.145 thousand tons and 1.2 thousand tons
(including the fourth category), respectively. The
decrease in emissions from industrial sources of
the first category is compensated by an increase
in the share of emissions from sources belonging
to categories Il and IIl. The main proportion of
pollutants released into the atmosphere is attributed
to carbon monoxide (exceeding MPC in 783 cases),
hydrogen sulfide (exceeding MPC in 640 cases),
and nitrogen dioxide (exceeding MPC in 566 cases).
Nitrogen oxide concentrations (exceeding MPC 32
times) and suspended particles (exceeding MPC
36 times) also play a significant role. The share of
airborne particles in the form of dust was 1.8 MPC.
The study of air quality using the Air quality index
(AQID) equal to 4 characterised it as a low level;
Standard Index (SI=7.6) indicated a high level of
pollution; and the assessment based on Maximum
Repeatability (MR=9%) demonstrated an elevated
level [14, 15]. Despite various measures aimed at
reducing industrial emissions, the overall quality of
air according to different evaluated parameters does
not show a consistently low level. This emphasises
the relevance of the research based on the selected
parameters and research methods.

In accordance with this, the research goal is
defined as a comprehensive study of the relationship
between ash content and fluctuation of morphometric
parameters of woody plants’ leaf blades under
conditions of increased anthropogenic impact in
the city of Pavlodar (one of the industrial centers of
regional and national importance). According to the
stated goal, the research hypothesis is determined:
the increase in ash content in leaf tissue of woody
plants is directly proportional to significant variation
in morphometric parameters within the sample and
serves as an indicator of environmental pollution.

Materials and methods

The objects of the study were leaves of some
trees, which are most common near industrial fa-
cilities: Populus balsamifera, Betula pendula, Acer
negundo. Leaf selection was carried out on the ter-
ritory of seven industrial enterprises in the northern,
eastern, and central industrial zones of Pavlodar (ac-
cording to varying levels of technogenic load).

Considering the locations of industrial facilities,
they were divided into three zones: northern (Pavlo-
dar Oil Chemistry Refinery LLP (POCR), CHP-3),
eastern (CHP-1, Pavlodar Alumina Plant (Alumin-
ium of Kazakhstan JSC), Kazakhstan Electrolysis
Plant JSC) and central (Pavlodar Machine-Building
Plant JSC and Pavlodar Plant of Pipeline Fittings
LLP).
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Leaves were collected at the end of the growing
season (from October 1 to October 7, 2023) from in-
dividual trees (at least five for each point, at a height
of 1.5-2 metres) approximately of the same age.
Twenty maximally healthy, well-developed, and un-
damaged leaves were selected from each tree. The
length and width of the leaf blade were measured
for each selected leaf sample, as well as the standard
deviation for each parameter, reflecting the degree
of dispersion of random variable values relative to
their mean. To assess the significance of differences
between samples, the obtained data underwent anal-
ysis of variance.

The ash content was determined by the method
of dry ashing of leaves in the muffle furnace. The
experiment was conducted in three replicates for
each sample. Ash content was calculated using the
formula [16]:

Mygh ) * 100 (1)

Ash content (%) =
Mgry sample(g)

where:
m_, —mass of ash;

M mple — MASS of dry sample.

The mathematical processing of the obtained
data was carried out in Microsoft Excel 2019.

Results and discussion

The most sensitive organisms constantly ex-
posed to pollutants in the atmosphere are plants,
where woody plants are of particular interest. The
leaves of woody plants are the assimilation or-
gans that come into contact with the atmospheric
air, accumulating various pollutants (which enter
from the atmosphere) on the surface and in their
tissues. The influence of these pollutants begins
after interacting with plant organs and often being
absorbed by leaf blades [17]. Toxic substances
can accumulate in photosynthetic organs during
the process of performing their assimilation role
by absorbing toxicants from the surrounding en-
vironment [18].

Different levels of technogenic impact affect
the development of foliar organs, which is reflected
in the formation of their morphometric parameters
[19, 20]. Table 1 presents the main morphometric
parameters of leaf blades of woody plants under in-
dustrial conditions in Pavlodar city.

Table 1 — Main morphometric parameters of woody plants’ leaf blades under industrial conditions in Pavlodar city

Pavlodar Oil Kazakhstan Pavlodar Machine- Pavlodar
Morphometric Chemistry . Building Plant JSC, Alumina Plant
Type of tree Electrolysis CHP-1 L
parameter Refinery LLP Plant ISC Pavlodar Plant of (Aluminium of
(POCR), CHP-3 & Pipeline Fittings LLP Kazakhstan JSC)
length, cm 8,20+1,91 7,38+1,92 7,78+0,91 7,74+0,63 8,40+1,24
Populus width, cm 8,12+0,76 4,34+0.9 6,74+1,56 5,64+0,48 7,78+1,20
balsamifera standard deviation,
9
length, cm 5,36+0,55 5,38+0,28 6,20+0,64 5,36+0,87 6,6240,66
Betula width, cm 4,38+0,65 4,60+0,63 4,80+0,63 4,56+0,66 5,66+0,41
pendula | yandard deviation,
c
length, cm 7,60+0,53 7,82+1,63 8,76+0,72 7,48+0,72 6,42+1,12
Acer width, cm 4,6%+0,56 3,68+0,60 5,00+1,28 3,86+0,57 3,38+0,35
negundo standard deviation,
c
Note: standard deviation parameters of length are represented in the numerator, and width — in the denominator

The data presented in Table 1 indicates that the
length parameters of poplar leaf blades exhibit dom-
inant values in samples collected in the northern and
eastern parts of the industrial zone (near the Pavlo-
dar Alumina Plant). The central industrial zone and
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CHP-1 show slightly lower values for leaf blade pa-
rameters, which may be attributed to the emissions
from these facilities and the cumulative impact of
neighbouring stationary sources due to air mass mi-
gration. The reduction in leaf parameters of trees
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growing near the Kazakhstan Electrolysis Plant is
explained by the mass emissions of pollutants from
this facility, as well as the proximity to the Pavlodar
Alumina Plant and CHP-1.

Morphometric parameters of birch and maple in
the central industrial zone and areas furthest from the
city’s stationary sources (Pavlodar Oil Chemistry
Refinery, CHP-3 and Kazakhstan Electrolysis Plant)
exhibited similar variability. Overall, parameters
within the same species fluctuated insignificantly,
but more developed foliar organs were found within
the boundaries of the Pavlodar Machine-Building
Plant and Pavlodar Plant of Pipeline Fittings, which
may be due to lower environmental impact from
these facilities and smaller production volumes com-
pared to the industrial giants in Pavlodar (Pavlodar
Oil Chemistry Refinery and Kazakhstan Electrolysis
Plant). Similar trends were observed for leaf width
parameters in the studied areas, except for maple
growing near the Electrolysis Plant (average leaf
width was 20% smaller compared to samples from
the Pavlodar Oil Chemistry Refinery, CHP-3, and
more than 25% smaller than those from the central
industrial zone), which can be attributed to weaker
leaf blade development influenced by abiotic condi-
tions and significant atmospheric pollution.

The length and width parameters of birch and
maple samples from CHP-1 and Pavlodar Alumina
Plant showed an inversely proportional relationship.
The difference between similar leaf blade param-
eters of birch samples collected near the Pavlodar
Alumina Plant and CHP-1 was 20% in favour of
the former. The investigated parameters of maple
in these territories prevailed by approximately 15%
in samples from CHP-1 compared to those from the
Pavlodar Alumina Plant.

The analysis of the standard deviation of length
and width for assimilation organs demonstrated sig-
nificant fluctuations in length within the sample of
Populus balsamifera from territories of the Pavlodar
Oil Chemistry Refinery, CHP-3, Kazakhstan Elec-
trolysis Plant, and Pavlodar Alumina Plant (ranging
from 1.00 to 1.55). Considerable variation in width
was observed for Alumina Plant, Machine-Building
Plant and Plant of Pipeline Fittings samples (rang-
ing from 0.97 to 1.26). This indicates a substantial
dependence of leaf blade parameters on the degree
of technogenic load. Moreover, a difference in stan-
dard deviation of 0.03 was observed between leaf
blade parameters of samples from the Alumina
Plant, indicating relatively unstable morphometric
indicators within the obtained samples. This sug-
gests that the emissions from this plant manifest in a
more significant variation of these two main param-
eters within the sample. Significant fluctuations with

a similar tendency are characteristic of Acer negun-
do samples collected near the Electrolysis and Alu-
mina Plants (length parameters) and in the central
industrial zone (width parameters). The variation in
these parameters indicates that emissions from the
Electrolysis and Alumina Plants primarily affect the
length of Acer negundo leaf blades, while pollut-
ants released into the atmosphere by facilities in the
central industrial zone impact the width parameters
of this plant species. Betula pendula showed a mi-
nor range of variations in morphometric parameters
compared to each other, which may be related to
the physiological characteristics of leaf blades and
a low susceptibility to pollutants.

Therefore, the results of morphometric analysis
indicate that the main fluctuations in parameters are
characteristic of Populus balsamifera, which may
be a result of strong technogenic impact, as well as
the predisposition of this tree species to accumulate
chemical elements. In other cases, significant roles
may also be played by some other abiotic factors.

The assessment of the reliability of differences
between morphometric parameters of woody plants’
leaf blades near sources of anthropogenic emissions
in industrial zones was carried out based on the re-
sults of dispersion analysis presented in Table 2 and
Figure 1. To ensure the objectivity of the relation-
ship between indicators and location of plants, the
results are territorially distributed by zones.

The obtained results of analysis of dispersion
complexes, including the length and width of leaf
organs, demonstrate an excess of the F-criterion
value for the length parameter of Betula pendula in
three industrial zones compared to the F-critical. A
similar situation was observed for the F-criterion of
the leaf blade’s width of Populus balsamifera in the
northern and eastern industrial zones. The degree
of technogenic load is clearly reflected within the
eastern industrial zone for all parameters and tree
species, except for the length of the leaf blade of
Populus  balsamifera. The overall assessment
of indicators across all industrial enterprises
demonstrated a statistically significant difference
in parameters of the studied assimilation organs
under the influence of technogenic pollutants in
various magnitudes. This confirms that this criterion
objectively determines the influence of atmospheric
pollution on the formation of morphometric
characteristics of leaf blades, which can be used in
practice as an objective method of indication.

The average indicators for leaf blade ash
content are presented in Table 3 and in Figure 2 (the
distribution of indicators is indicated from Pavlodar
Oil Chemistry Refinery to Pavlodar Oil Chemistry
Refinery according to the sequence in Table 3).
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Table 2 — Results of dispersion analysis of averaged parameters of foliar organs’ length and width (three industrial zones of Pavlodar)

Fisher—Snedecor test
Length Width

Plant species under study

Fcrit. (p = 0’05)

Northern industrial zone

Populus balsamifera f . (1;18)=4,41

f (1;26)=4,22

crit.

£ (1:26)=4,22

Betula pendula

Acer negundo

Eastern industrial zone

Populus balsamifera £ (2:27)=3,35
Betula pendula £, (2:24)=3,40
Acer negundo £, (2;33)=3,27

Central industrial zone

Populus balsamifera £, (1,20)=4,35
Betula pendula £, (1;18)=4,41
Acer negundo £, (1;18)=4,41

General indicators for three industrial zones

Populus balsamifera

Betula pendula £, =2.87

Acer negundo

Note: when f, o S riiear 8FOUp mean values of the sample differ insignificantly (marked in green); when faxp > [ iea — they differ
significantly (marked in blue).

0 1 2 3 4 5 6 7 8 9 10
70 441 422 4,22 a2 A1 44l i c
60 !
4
50 3,5
40 3
2,5
30 2
20 1,5
1
10 0,5
0 0
N E C N E C N E C
Populus balsamifera Betula pendula Acer negundo

B Length  be=d Width e=@==Fcrit.

Figure 1 — Distribution of Fisher’s criterion values for morphometric parameters of foliar organs
of woody plants in three industrial zones of Pavlodar city (N — Northern industrial zone,
E — Eastern industrial zone, C — Central industrial zone)
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Table 3 — Average ash content indicators of leaf blades of trees in industrial zones of Pavlodar (average results for three replicates), %

Industrial plants
Pavlodar Oil Kazakhstan Pavlodar Machine- Pavlodar Alumina | Average by
Type of tree Chemistry Electrolvsis | Building PlantJSC, | . | Plant (Aluminium type of woody
Refinery LLP Plant Jg C Pavlodar Plant of of Kazakhstan plant
(POCR), CHP-3 Pipeline Fittings LLP JSC)
Populus 10,01 13,80 16,09 14,85 16,00 14,1
balsamifera
Betula pendula 7,32 6,74 9,48 6,47 10,90 8,2
Acer negundo 14,45 15,78 12,62 15,69 19,10 15,5
Enterprise average 10,6 12,1 12,7 12,3 15,3 12,6

Populus balsamifera

Betula pendula

Acer negundo

Figure 2 — Average ash content of trees’ leaf blades in industrial zones

of Pavlodar (in 3 replicates), %

According to the obtained data, it has been
revealed that the ash content of Populus balsamifera
and Acer negundo is higher compared to Betula
pendula in all selected samples, regardless of the
industrial plant's location, which is confirmed
by the research of other scientists [2, 21-22].
Meanwhile, the ash content of birch in all territories
was below 10%, except for the Pavlodar Alumina
Plant area (10.90%). The ash content of poplar and
maple samples did not decrease below 10%. The
maximum level of mineral residue was observed in
leaf samples of trees growing within the Alumina
Plant area. High levels of mineral accumulation are
also characteristic of poplar and birch growing near
the central industrial zone plants. Other ash content
indicators varied depending on the sampling point
and the species of the studied tree.

The study of average ash content by tree species
and industrial plants allowed us to establish that the
maximum level of ash content is characteristic of
maple (15.5%), while the mineral residue of birch
samples was almost half as much (8.2%) compared to
poplar. At the same time, the ash content of poplar did

not vary significantly compared to maple and was 1.4%
lower. The highest indicators of technogenic load were
characteristic of the Alumina Plant, with an average
ash content value for all studied tree samples of 15.3%.
The minimum average indicators were associated with
Pavlodar Oil Chemistry Refinery and CHP-3 (10.6%).
The results obtained for the central industrial zone
plants and the eastern industrial zone (excluding the
Pavlodar Alumina Plant) ranged from 12.1% to 12.7%
from southeast to northwest of the city. Overall, the
total average ash content for all samples of the studied
trees and all industrial plants was 12.6%.

It should be noted that the increase in ash content
indicators correlates positively with a wide range of
variation in morphometric parameters, manifested
in the predominance of the Fisher’s criterion value
over the F-critical value. This demonstrates the
reliability of the determined ash content indicators
and their direct relationship with the parameters
of the studied phytocomplex (in the course of
investigating atmospheric pollution), as well as the
possibility of using these indicators in assessing the
degree of technogenic pollution.
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Conclusion

Modern conditions of man-made loads, particularly
in an industrial region of the country, require diverse
approaches to assessing the degree of air pollution and
the environment as a whole. One of the most obvious
factors showing the consequences of industrial load on
the environment can be the indicators of growth and
development of woody plants, where the objective
result of a specific vegetation period is the parameters
of foliar organs™ development.

A study of the morphometric parameters of
leaf blades of three woody plant species and the
proportion of mineral content (ash content) in
them revealed that a significant level of influence
from man-made emissions leads to fluctuations in
the length and width of leaves over a wide range,
sometimes with suppression of the development of
these parameters. It was found that the highest degree
of air pollution is characteristic of the Pavlodar
Alumina Plant, which is reflected in a significant
range of wvariation in morphometric indicators
within the sample and relatively small differences
in the case of each individual sample. The average
ash content indicators for the central and eastern
industrial zone factories (excluding the Alumina

Plant) varied between 12.1% and 12.7% from the
southeast to the northwest of the city. The minimum
average indicators were recorded in samples taken
from the Pavlodar Oil Chemistry Refinery, CHP-3
(10.6%). The highest level of deposition of mineral
substances in tissues is characteristic of Populus
balsamifera and Acernegundo (all zones). Theresults
demonstrate a positive correlation between a wide
range of fluctuations in morphometric parameters
and an increase in ash content in the corresponding
samples, which may be a manifestation of further
consequences inhibiting the development of the
entire woody plant as a whole.
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MCTOPUI ®OPMUPOBAHUSA U AHAAUTUYECKUIM OB30P
KOAAEKUNOHHbIX ®OHAOB
TAABHOIO BOTAHHUYECKOTIO CAAA
(r. AAMaTbl)

I'T. Cutnaesa ™ , JI.M. I'pyn3unckas ™

AaH 0630p MCTOPUM M AMHAMMKM (DOPMUPOBAHUS >KMBbIX KOAAEKUMIA TAaBHOrO GOTaHMYECKOro
Capa C MOMEHTa ero 06pasoBaHns A0 CEroaHsAIWHNX aHern. OBCy>KAaeTCs pacrpeAeAeHe TakCOHOB
MO 3KCMO3MLMIM U KOAAEKLIMOHHbBIM ydacTKaM, CMCTeMaTnyeckasl MPUMHAAAEXXHOCTb, KOAMYECTBEHHbIN
COCTaB B pasHble nepnoabl cyuectsoBaHuns [6C, 0cob6eHHOCTU OHTOreHe3a y pasHbIX FPyrn TaKCOHOB.

O6beAMHEHHbIN  >KMBOM  KOAAEKUMOHHBIA  hoHA T[BC  BKkAlouaeT 3225 TakCOHOB  BbICLIMX
pacteHuin B coctaBe 150 cemeincts, 667 poaos, 1853 Brnaos, 343 dopmbl n 1076 cOpTOB pacTeHuit,
NPEACTaBASIOLLMX OTEUECTBEHHYIO M MUPOBYIO (DAOPY M3 Pa3AMUHbIX PErMOHOB 3eMHOr o Lwapa. Hanboaee
npeACTaBUTEAbHbI cemercTBa Asteraceae, Lamiaceae, Rosaceae n Fabaceae; oaHako, GOAbLIMHCTBO
cemencTB (78) npeACTaBAeHbl TOAbKO 1-2 Buaamu. 10 UMCAY BUAOB BbiaeAsiioTcs poaa Allium n Cratae-
gus (no 43 Bnaa), Iris (36), Pinus (23), Acer (21), Betula (20). o copToBoMy pasHooOpasuio Hanboaee
npeacTtaBuTeAbHbl Rosa — 175 coptos, Syringa vulgaris — 126 coptoB, Hemerocallis hybrida — 102
copTa, upucol (82 coprta), Narcissus hybrida (72 copta). [peacTaBUTEAbHbI COPTOBbIE KOAAEKLMK Tulipa
hybrida (41 copT) 1 Hosta hybrida (38 copToB).

>KnsHeHHoOe coCTosiHMEe GOABLIMHCTBA PACTEHMIA BMOAHE YAOBAETBOPUTEABHOE, OKOAO MOAOBMHbI
KOAAEKLMOHHBIX PACTEHUI B YCAOBMSIX MPEArOPHOM 30Hbl 3aMAMIACKOrO AAaTay MPOXOAST MOAHbIN
LUMKA OHTOM€HEeTMYECKOro PasBUTUS U MPOAYLIMPYIOT BMOAHE >KM3HECrnocobHble cemeHa. Ele okoao
30% KOAAEKLMOHHbIX PACTEHMIH AOCTaTOUYHO aKTMBHO LIBETYT, HO PAa3MHOXKAIOTCS TOAbKO BEr€TATMBHO.

KAtoueBble CAOBa: XKMBble KOAAEKLIMM, SKCMO3ULMM, TAKCOHbI, BUAbI PACTEHWUI, OHTOreHes.
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History of formation and analytical review
of collection funds of the main botanical garden
(Almaty)

An overview of the dynamics of the quantitative composition of the Main Botanical Garden’s (MBG)
living collections from the time it was formed to the present day is given. The distribution of taxa by
expositions and collection sites, their systematic affiliation, peculiarities of the formation of collections
in different periods of the existence of MBG, and features of ontogeny in different groups of taxons are
discussed.

The combined living collection fund of the MBG includes 3225 taxa of higher plants in 150 families,
667 genera, 1853 species, 343 forms, and 1076 plant varieties representing domestic and worldwide
flora from different regions of the globe. The most represented families are Asteraceae, Lamiaceae, Ro-
saceae, and Fabaceae however, most families (78) are represented by only 1-2 species. The genera Al-
lium and Crataegus (by 43 species each), Iris (36), Pinus (23), Acer (21), and Betula (20) are distinguished
by the number of species. By varietal diversity the most representatives are Rosa — 175 varieties, Syringa
vulgaris — 126 varieties, Hemerocallis hybrida — 102 varieties, irises (82 varieties), Narcissus hybrida (72
varieties). The varietal collections Tulipa hybrida (41 varieties) and Hosta hybrida (38) are also represen-
tative.

The vital state of most plants is quite satisfactory; under our conditions, about half of the collection
plants pass the full ontogenetic development cycle and produce completely viable seeds. Another 30%
of the collection plants are highly active in flowering but breed only vegetative.

Key words: living collections, exposition, taxa, plant species, ontogenesis.
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bac 6oTaHMKaAbIK, 6K TbiH KYPbIAFaH Ke3iHeH GacTan OyriHri KyHre AeMiHri Tipi KOAAEKLMSAAAPbIHbIH
CaHAbIK, KYPaMbIHblH ~AMHAMMKACbiHA LOAY >KacCaAAbl. TaKCOHAQPAbIH — 3KCMO3MUMSAAp  MeH
KOAAEKLMSABIK >Kep TeAIMi G0MbIHLLIA TapaAybl, OAAPAbIH XKyieAi GaiiAaHbicbl, BBB emip cypyiHiH apTypAi
Ke3eHAEPIHAET T KOAAEKLMSAAAPADBIH KAAbINTACy epekLIeAiKTepPi, TaKCOHAAPAbIH 8PTYPAI TOMTapbIHAAFbI
OHTOreHe3 epeklIeAiKTepPi TaAKbIAQHAADI.

BBB GipAeckeH Tipi KOAAEGKUMSAbIK, KOPbIHA 3225 >KoFapbl 6CIMAIK TakCOHAApbl KypambiHa 150
TYKbIMAQC, 667 Tybic, 1853 Typ, 343 dopma XKeHe SAEMHIH BpPTYPAI aMakTapblHaH OTaHAbIK >KoHe
aAeMAIK baopatbl GiaaipeTiH 1076 ecimaik copTTapbl Kipeai. Asteraceae, Poaceae, Rosaceae <oHe
Fabaceae TykbIMAAChl €H, K6r; AereHMeH, TYKbIMAACTapAbIH, KOmLWiAiri (78) Tek 1-2 TYpAeH TypaAbi.
TypaepaiH caHbl 6ombiHwa Allium xewne Crataegus (epkaicbicbl 43 Typ), Iris (36), Pinus (23), Acer (21),
Betula (20) TykbiMaapbl epekiueseHeai. CoOpTTbIK, 8pTYPAIiAiri 6oibiHwa Rosa — 175 copt, Syringa vul-
garis — 126 copt, Hemerocallis hybrida — 102 copt, npuc (82 copt), Narcissus hybrida (72 copT) eH
oKiAai. Tulipa hybrida (41 copr) sxeHe Hosta hybrida (38 copT) COPTTbIK TONTamaAapbl YCbIHbIAFAH.

KentereH ocCiMAIKTEPAIH TIPLWIAIK >Kafaaibl  KaHaraTTaHApAbIK, Gi3AIH  >KaFAaMbIMbI3AAFbl
KOAAEKUMSIABIK, ©CIMAIKTEPAIH >KapTbICbIHA >KYblFbl OHTOrE€HETUMKAAbIK AAMYAbIH TOAbIK, LIMKAbIHAH
eTin, eMiplueH, TyKbiMAap WbiFapaabl. KOAAEKUMAABIK, 6CiMAiKTepAiH TaFbl 30% — bl HBEACEHAT TypAe
rYAAEMAI, 6ipak TeK BeretaTtmBTi X)KOAMEH Kebeiteai.

Ty#HiH ce3aep: Tipi KOAAEKLMSAAP, IKCTMIO3MLUMAAAP, TAKCOHAAP, OCIMAIK TYPAEpi, OHTOreHes.

CoxpanieHusi 1 0003HaAYEHHS:

I'BC — I'maBubiii Ooranuyeckuii cam, UYU —
WHpexc ycnenrHocTH HHTPOTYKITHH.

BBenenue

B coBpemeHHOM MuUpE HENb3d TEPEOLEHUTD
3HaYeHUE OOTAaHMYECKHUX Ca/J0B KaK Hay4HO-IIPO-
CBETHUTEJIbCKUX, KYJIbTYPHBIX M PEKPEalMOHHbIX
00BEKTOB, MX TJIO0ATBHYIO POJIb KaK B JKU3HEIES-
TEJILHOCTH YeJIOBEYECKOro 00lIecTBa, Tak M JUIs
JIUKOU npupoisl. IMEHHO mO3TOMYy BO BCE€ HCTO-
pHUecKHe BpeMeHa, JIto0oe 3peroe 00IIeCTBO MpH-
XOJMJIO K HeOOXOANMOCTH CO3JJaHusl BHYTPH CBOCH
JIOKAalMM LEHTPOB KOHLEHTPALUHN PaCTUTEIbHBIX
00BEKTOB, Ha3bIBas UX CajlaMH, MapKamH, JeHIpa-
pusiMd U T.I. Bakneimei muccueir 00TaHMUECKUX
CasloB, HAIPSMYIO HAIPABJICHHBIX HA BBIOJHEHUE
[IeJIeBOM ycTaHOBKHU [ T0OaNBHOM cTpaTeruu coxpa-
nenus: pacrenuii (I'CCP), siBisieTcs coxpaHeHue u
pasBUTHE KOJJIEKIMOHHBIX (DOHIOB >KUBBIX pacTe-
HUI ex—sifu, repOapHbIX KOJUICKINH, 0aHKOB CEMSIH.

Lenp HacTosAmel paboOTbl — NPOCIEAUTh AWHA-
MHUKY U 3aKOHOMEPHOCTH (OPMHUPOBAHMSI KHUBOT'O
KOJUICKIIMOHHOTO (oHma [maBHOro OOTaHWUUECKO-
ro caza, pacrmojoKEHHOTO B MPEATrOpHON 30HE 3a-
uimiickoro Anaray.

OOBEeKThl HCCIEeNOBAaHUS — JKHUBBIE PACTEHUS
MHUpOBOH (propbl Ha Kcio3uImax 1 yyactkax ['BC,
MIPUBJICYEHHBIE B KOJUIEKLIUU B Pa3HbIE TOJIBI.

AHaNMM3UPOBAIINCH: CHCTEMAaTHYeCKas MPHHA]-
JISKHOCTH 00paslia, Ku3HeHHas popma, ToJ1 U MMyHKT
MPUBJICYEHNU B KOJUIEKLHUIO, YCIEUIHOCTh HUHTPO-
IYyKUUU B KOHKPETHOM akcnozuuuu. CuctemaTuka
pacTeHui naHa B COOTBETCTBUU ¢ cuctemoir APG
IV (Angiosperm Phylogeny Group) [1, 2]. O0mmii
CIMCOK KOJUIEKIIMOHHOTO (DOHJIA KUBBIX PACTCHHUN
chopmupoBaH B ai(aBUTHOM MOPSJIKE 1O JIATHH-
CKOMY Ha3BaHHIO TAKCOHA, BBHIBEPEH U CHCTEMAaTH-
3WpOBaH M0 MEXTyHapoaHOU BeO-cucteme “Plants
of the World Online” [3].

[Ipu ananu3e UHTPOAYKUMOHHBIX JAHHBIX HC-
10JIb3YETCsI TAKOM NoKazartenb Kak «Haekc ycnen-
HocTH UHTpoAyKuum» (M1YW), koTopslit Xxapakrepu-
3yeT *U3HEHHOE COCTOSHUE TaKCOHA M IO3BOJISET
CPaBHHMBATh MHTPOAYKIIMOHHBIE OCOOCHHOCTH pac-
TEHUW Pa3HBIX >KU3HEHHBIX (OpPM, cUCTeMaTHYe-
CKOU MPUHAICKHOCTH U 1p. [4].

Pe3yabTaThl M 00cy:K1eHHE
B 1932 rony B Kazaxcrane OblT OpraHM30BaH
AnMaaTHHCKHUIM OOTaHWYECKUN Cal, KOTOPBIH B pa3-

HbIE EPUO/Ibl CYIIECTBOBAHMS MOBBILIAJ CBOM CTa-
tyc no Llearpanbnoro, Pecrybnmukanckoro u I'nas-
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Horo. B HacTosmee Bpemst [ maBHBII OOTaHWYECKHiA
cax MuctuTyra OOTaHMKHM W (DUTOMHTPOAYKIIUU
(UB®) KJIXOKM MOITIP PK siBsiercst ocobo ox-
paHseMoli IPUPOJHOIN TeppUTOpHUEH peciyOInKaH-
ckoro 3HaueHus. OH pacrionaraercs B MPearopbsx
3aunuiickoro Ajatay Ha IMpaBOOEpPEKHOM Teppace
peku Ecentait, Ha BeicoTe 856-906 M Han yp. M. U
3aanMaeT mromanb 103,6 ra (pucyHok 1). XKusbie
kojutekiuu ['BC pasMemnieHsl Mo 5-u AKCIIO3UIIN-
M U 9-M KOJUICKIIMOHHBIM YyYacTKaMm; PacTeHUS
3aKpBITOTO TPYHTA TPEJCTaBICHBI MO 30HAM TIPO-
u3pactaHus B 5-u oTnenax (OHAOBOW OpaHkepen
1 3-X TPOU3BOJCTBEHHBIX TEIUIHIIAX. B cBs3m ¢
MIPOM3BOJICTBEHHON HEOOXOAWMOCTBIO YacTh II0-
CTYTIAIOIIETO B IOCJIEIHIE T'0JIbl HOBOTO COPTOBOTO
MaTepuana pa3MemlaeTcsi Ha OTACTbHBIX yYacTKaxX
MPOU3BOJICTBEHHOMN 30HBI.
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[To nanneiM unBeHTapuzanuu 2020 ronxa, neH-
nposiornyeckue kosuiekuuu I'BC comepxkar 1020
TaKCOHOB; I[BETOYHBIC PACTEHHUS OTKPBHITOTO TPYH-
Ta — 608 TaKCOHOB; pacTEHHs 3aKPBITOTrO IPyHTA —
410 TakCOHOB; JUKOPACTYLIUE IUIOJOBbIE PACTECHUS
— 317 TakcoHOB; JeKapcTBeHHbIE pacTteHus — 410
TaKCOHOB; anbOUHApui — 282 BHUAA; HKCIO3ULIUU
«SImonrckuit can» m «Cax TpaB» — 72 TakcoHa; 00-
mecTBeHHas 30Ha — 280 TaKCOHOB; MMTOMHHK — 67
TakcOHOB. Takum 00pa3oM, Ha CETOAHSIIHUN JCHb
B uBbIX Kosuiekuusx ['bBC mnpencrasienHo 3466
TAKCOHOB BBICIIMX PAacTCHUH MHUPOBOW (IIOPHL,
nyOIMpoBaHWE BUAOB B PA3HBIX KOJUICKIHSX CO-
craBuiio okoito 7%. Ilocie 0ObeAUHEHUS CITUCKOB
M KaTaJIOTM3alid BUJOB B OOBEIUHEHHBIN KUBOI
kosuekinonHbIi (horn I'BC BritoueHo 3225 takco-
HOB BBICIIIUX PACTEHUM.
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Pucynox 1 — CoBpeMeHHas cxeMa PacIoIOKEHUS SKCIIO3ULUN U KOJUIEKLIMOHHBIX Y4aCTKOB
Ha TeppuTopuH [J1aBHOrO OOTAHUUYECKOTO caja

XKusble koyuteknuu ['MaBHOTO OOTAHUYECKOTO
caza (OpPMUPOBAIMNCH C MOMEHTA €ro OpraHu3a-
uun. Camble cTapble U3 CYLICCTBYIOIIMX pacTeHHUN
— Phellodendron amurense Rupr. (1932 1.), Corylus
avellana L., Corylus heterophylla Fisch. ex Trautv.,
Juniperus virginiana L. (1934 r1.), Caragana
arborescens Lam. (19351.), Flueggea suffruticosa
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(Pall.) Baill., Maackia amurensis Rupr., Pyrus ussu-
riensis Maxim. (1936r.), Acer ginnala Maxim., Acer
tataricum L., Crataegus macrocarpa Hegetschw.,
Fraxinus mandshurica Rupr., Juglans mandshurica
Maxim., Tilia amurensis Rupr., Tilia mandshurica
Rupr. & Maxim., Ulmus davidiana (Rehder) Nakai
(1937 1.). CoproBas xoyuteknust Syringa vulgaris
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L. nauvana gopmupoBarbes B 1953-1954 rr., xorna
OBUIH TIpUBIIEYEHBI cpa3y 26 copToB cupenei. Ta-
KM 00pa3oM, OCHOBHOHM BHIOBOW (POHI JEHAPO-
JIOTHYECKHUX KoJuleKUui gopmuposaics B 50-70-¢
TOJIBI TIPOIIIOTO CTOJIETHSI M MHOTHE TaTpUApXH
pacturenbHoro mupa (Ulmus glabra Huds., Acer
monspessulanum L., Quercus macranthera Michx.
U JIp.) CYIIECTBYIOT B COCTaBE AKCIIO3UIINH JI0 Ce-
TOJIHSIIITHETO BPEMCHHU.

B Hacrosimee Bpemsi OOBbEIMHEHHBIH >KUBOW
kosutekimonnbIit (houn I'BC Brimrowaer 3225 Tak-
COHOB BBICIIMX pacTeHuil B coctaBe 150 ceMeicTB,
667 ponos, 1853 Bunos, 343 ¢popmbl u 1076 copros
pacTeHn#, MPENCTaBISIOMNX OTEUECTBEHHYIO W
MUPOBYIO (IIOpY M3 Pa3IMIHBIX PETHOHOB 36MHOTO
nrapa.

ITo xonmuyecTBY poaoB B uMciie nepebix 10-Tu
BBIZICIIIIOTCSL CeMeicTBa Asteraceae (55 pomos),

Rosaceae (42), Lamiaceae (38), Fabaceae (28),
Asparagaceae (26), Cactaceae (22), Ranunculaceae
(18), Araceae (17), Apiaceae (15), Poaceae (14). I1o
KOJIMUYECTBY BHUJIOB MIPEBATUPYIOT Te ke 6 u3 10-tu
BBIIICTIEPEYUCICHHBIX CEMEHCTB, HO B APYTOM IIO-
psiike (tadbmuna 1). HanbonbImmm KoJm4ecTBOM co-
pToB oTimuarotcs cemeiictBa Oleaceae (133 copra),
Iridaceae (84), Asphodelaceae (80) m Rosaceae
(6onee 200). dopmoBoe pa3zHOOOpasue obecreye-
HO, TMPEHMYILIECTBEHHO, CENIEKIMOHHBIMH padoTa-
MU C TUIOJIOBO-ATOJHBIMU PACTEHUSIMH TTPHPOTHON
¢doper Kazaxcrana u XapakTepHO JJISI CEMEWCTB
Rosaceae — 263 ¢opmoodpasua (Armeniaca vul-
garis Lam. (65), Malus sieversii (Ledeb.) M.Roem.
(160 ¢/00p.), Prunus sogdiana Vassilcz. (27 ¢/
00p.) U Ipyrux po30LUBETHHIX) U ceMelicTBa Juglan-
daceae (59 dopm Juglans regia L.), oTOOpaHHBIX B
ropax KOsxnoro n KOro-Bocrounoro Kazaxcrana.

Tadmuua 1 — CooTHOIIEHNE KOTMYECTBA TAKCOHOB (TI0 pojiaM, BUaM, copTam, hopmam) B ooObeme 10-TH BeayImux ceMeicTB

Cemeiictso KonmuuectBo Cemeiicrso Konmnuectso Cemeiictso Konnuectso Cemeiictso KonunuectBo
ponos BHJIOB COpTOB hopm
Asteraceae 55 Rosaceae 213 Oleaceae 133 Rosaceae 263
Rosaceae 42 Lamiaceae 117 Iridaceae 84 Juglandaceae 59
Lamiaceae 38 Asteraceae 115 Asphodelaceae 80 Betulaceae 5
Fabaceae 28 Asparagaceae 90 Rosaceae 78 Asteraceae 4
Asparagaceae 26 Pinaceae 65 Hydrangeaceae 57 Asparagaceae 3
Cactaceae 22 Amaryllidaceae 56 Amaryllidaceae 51 Lamiaceae 3
Ranunculaceae 18 Fabaceae 55 Asparagaceae 46 Fabaceae 2
Araceae 17 Ranunculaceae 53 Liliaceae 41 Ranunculaceae 2
Apiaceae 15 Oleaceae 50 Asteraceae 36 Ixioliriaceae 1
Poaceae 14 Iridaceae 47 Berberidaceae 36 Poaceae 1

B xommexknmonHOM (OHIE JXKHUBBIX PacTCHUI
npejcTaBieHo 788 OpeBecHBIX TakcoHOB (24%),
1012 xycrapuukoB (31%), 57 npeBecHBIX U Tpa-
BaHUCTHIX JuaH (0,2%), 1316 muoromeTHUX (41%)
u 52 (1,6%) OJHOJNETHUX TPaBSIHHUCTBIX PACTEHUI.
B cocraBe komreknuii BoipamuBatotcs 378 (12%)
BHJIOB PACTCHHM Ka3axXCTaHCKOW (Iopel, B TOM
gucie — 55 BUJIOB, 3aHeCeHHBIX B KpacHyro KHHTY
Pecrryonku Kazaxcran: Adiantum capillus-veneris
L., Alcea froloviana (Litv.) 1ljin, 3 Buna Allium, Ag-
uilegia vitalii Gamajun, Atraphaxis muschketowii
Krasn., Celtis caucasica Willd., Fritillaria pallidi-
flora Schrenk, Gymnospermium altaicum (Pall.)
Spach, lkonnikovia kaufmanniana (Regel) Lincz.,
Incarvillea semiretschenskia (B.Fedtsch.) Grierson,
6 BunoB Iris, Jurinea robusta Schrenk, Lonicera il-

iensis Pojark., Paeonia anomala L., Paris quadri-
folia L., 2 Buna Rheum, Spiraeanthus schrenkianus
(Fisch. & C.A.Mey.) Maxim., 8 BunoB Tulipa u np.
[5].

B ycnosuax I'BC PK ampobupoBan u Bech-
Ma 3(deKTuBeH MeToa POAOBBIX KOMILIEKCOB
®.H.Pycanosa [6]. [lo uynciy BHIOB cpeau ApeBec-
HBIX TaKCOHOB BhIAeNsitoTCs pona Crataegus (43
Buna), Pinus (23), Acer (21), Betula (20), Quercus
(18), Malus (17), Fraxinus u Picea (no 15), Tilia
(14) n Juglans (13 BunoB). Cpean KyCTapHHUKOBBIX
TaKCOHOB BBIIICISIOTCS poja: Spiraea v Syringa (1o
23), Berberis (22), Rosa (20), Philadelphus (16), Vi-
burnum (15), Cotoneaster v Lonicera (no 14), Cor-
nus u Euonymus (o 12), Amelanchier, Dracaena u
Prunus (mo 11 BumoB).
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Cpenyt TpaBIHUCTBIX TAKCOHOB MHOTOBHJIOBBIX
POJIOB 3HAYHMTEIILHO MEHbIIE, YEM Y JAPEBECHO-KY-
CTapHUKOBBIX, ITOCKOJIBKY Y IBETOYHO-IEKOPATUB-
HBIX PAaCTCHHU MPEeNNoYTeHUE MPU HHTPOIYKIHN
OTIaeTCsl COPTOBOMY MaTepuany. PonoBeIMH KOM-
IJIeKcaMu TpencTaBieHsl Allium (43 Buma), Iris
(36), Tulipa (15), Eremurus (7) B KOJUICKIINH ajb-
nmiickux pacrennii,; Hosta (15), Scutellaria, Sedum,
Thymus (no 8), Artemisia (7 BUIOB) B KOJUICKIIASX
JICKAPCTBEHHBIX U [[BETOYHBIX PACTEHUN OTKPHITOTO
rpynta; Euphorbia (11), Agave n Mammillaria (no
8), Aloe (7) B KONIEKIHIX OpaHKEPEHHO-TCTUINY-
HOTO KOMIIJIEKCA.

ITo copToBOMY pazHooOpasuro Hanbosee mpe/-
craBuTenbHBI Rosa— 175 coptos, Syringa vulgaris L.
— 126 copToB, BHyIIUTEIHLHO COPTOBOE pa3HOOOpa-
3ue y Berberis thunbergii DC. — 35 coptoB, Spiraea
Japonica L. — 30 coprtoB, Hydrangea paniculata
Siebold — 29 coproB. Cpenu TpaBsIHUCTBHIX MHOTO-
JIETHUKOB HAHOOJIBITNM Pa3HOOOpa3reM OTIHYAI0T-
cst muneitnuku Hemerocallis x hybrida hort. — 102
copra, upucel (Iris ensata Thunb.— 5 coptos, Iris
x hybrida hort. — 68 coptos, Iris sibirica L. — 6 co-
pToB, Iris reticulata M. Bieb. — 3 copta), Narcissus
x hybrida hort. (72 copra). [IpencraButensHbl co-
proBeie kosuekuuu Tulipa x hybrida hort. (41 copr)
u Hosta x hybrida hort. (38 coptoB). 11-14 copra-
MU TIPEJICTABJICHBI ACTHIILObI, THAIIMHTHI U (DIIOKCHI
(Astilbe — 11, Hyacinthus orientalis L. — 14, Phlox
paniculata L. — 12 coptoB).

dopmMupoBaHue  KOJUIEKIMH  OOTaHHUYECKO-
ro caJila Ha4aJoch ¢ MOMEHTA ero opraHu3anuu. B
nepBoM IlyreBoautene mo Anma-ATHHCKOMY 00-
TaHMYECKOMY caay, u3faHHoM B 1945 romy, yka-
3aHO, YTO CpEOU JPEBECHBIX W KyCTApPHUKOBBIX
mopox uchbeITaHo 550 TakCOHOB, MPMKHIIUCH 360
TaKCOHOB, IIBETYT U IUIOJOHOCAT — OoJiee MMOJIOBH-
HBI U3 HUX, JaHBI KpaTKue omucaHus 79 Hamboiee
ycnemHslx BuaoB [7]. Cpean JeKkopaTHBHBIX IIBeE-
TOYHBIX KYJBTYp OTKPBITOI'O I'pyHTa yKazanbl 150
copToB po3, 30 copToB MHOHOB, 40 COPTOB UPUCOB,
JIUITAH, HAPIIUCCHI, THAITUHTBI, TIOJBITAHbI, 0KOJI0 40
COPTOB JAECKOPAaTHUBHBIX MHOT'OJETHHKOB. B Kosiek-
[USIX OpAH)KEPEHHBIX KYJIBTYP YIIOMUHAIOTCS aJI03,
MaJbMbl, OCTOHMH, AMAPUIITUCHI, IUTPYCOBBIE, KaK-
TYCBI, JIpalleHbl W Jp. TakCOHBI. OT/EN MOJE3HBIX
TPaBSHUCTBIX PACTCHUH HMMEET B CBOEM COCTaBE
1020 BumoB 1 hopM TEXHUICCKUX, TCKAPCTBEHHBIX,
MTUILEBBIX, KOPMOBBIX, T'a30HHBIX M CEJIECKTUBHBIX
KYJIBTYD, B 3HAYUTEILHOW YaCTH MPHUBIICUCHHBIX U3
TuKoH mpupoabl. CaMbIM KPYHHBIM 1O IUIOIIAAN
SIBISICTCST OTJIEJ TUIOJIOBOJICTBA, TJIE MPEACTaBICHBI
202 copTa 5161101, 37 COPTOB BUHOTPaJa, S COPTOB
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abpukoca, 10 copToB BHIITHH, 5 COPTOB CIUBEI, 30
COPTOB ATOJHBIX KyNbTYp. HauaTel ceneximonHbie
paboThl MO 0TOOPY MECTHOTO «ypIOKa», Hambojee
MePCIIEKTUBHBIE COPTO-00pa3Ipl MepeaaroTCs IS
MIPOU3BOACTBEHHOr0 HcIbITaHus. Co3/1aH y4yacTOK
npupoiHoi Guopsl KazaxcraHna, r/ie 0IHOBPEMEHHO
MOCESHO U BbIcakeHO okoJio 100 BUIOB pacTeHui, B
qrciie KOTOPBIX deapa, HPUCHI, IPEMYPYCHI, 31aKH
u jp.

Bropoii IlyreBogurens no I'ocymapcTBeHHO-
My Pecnybnukanckomy Ooranmueckomy camxy AH
Ka3CCP Bwimen B 1951 romy [8]. U3 nndpoeix
noKasaresnel KOJUIEKIIMOHHOTO (OH/Ia YITOMUHAIOT-
csa 1500 takconoB (oxoso 400 BHIOB) KOPMOBBIX
pacteHnii, okono 150 TakCOHOB TEXHUYECKHX pac-
TeHui, cBeime 150 BUAOB IeKapCTBEHHBIX U 3(up-
HOMACIMYHBIX pacteHuil, 350 BHIOB pacTeHHH
npupoHoii Guopsl Kazaxcrana. B cexrope moso-
BO-ATOAHBIX KyJIBTYp coOpanbl kojutekiuu u3 101
coprta s16;10HM, 12 COpTOB rpy1II, 3 COPTOB a0pUKOCa,
10 copToB cnuBbl, 25 cOpTOB BUHOTpaja, 15 copToB
MaJuHBL, 15 COPTOB CMOPOIUHEI, 35 COPTOB 3eMIISI-
HUKH, a TaK)Ke COPTOB BUIIIHH, YEPEIIHHU, €XKEBUKH,
upru u np. 11o KOMIeKIIMOHHBIM yYacTKaM JIpeBec-
HO-KYCTapHUKOBBIX KYJBTYp NMPHUBOJATCS KpaTKHE
onmcanus 91 Buna pacrenuii. Komekmmst Tpormmde-
CKHX pacTeHuil pacmmpunack 10 200 TakcoHOB, a
[BETOYHBIX PACTEHUH OTKPBITOrO TpyHTa — A0 800
TaKCOHOB.

[TyreBomurens mo lleHTpansHoMy OoTaHWdYe-
ckomy cagy AHKa3CCP [9] 6onee nHpopMaTuBeH
B TIPEJCTAaBICHNUN KOJUYECTBEHHOI'O COCTaBa JKH-
BBIX KoJulekiuil: axcno3unuu dnopel Kazaxcrana
npeactaBngioT 230 BUIOB JIepeBbEB M KyCTapHH-
KOB; TISITh AKCIIO3ULUNA OTAENIa JPEBECHBIX pacTe-
HUHN cozepkar B o0miei crnoxkanoctu 970 BUAOB H
(dopM; KOJUTEKIIMOHHBIN po3apuii — 6omee 1500 co-
pToB; cupunrapuii — 23 Buma — 120 copToB; cucrte-
MaTH4YeCcKUi ydacTok — okoso 500 BUI0B; y4acTOK
JIEKapCTBEHHBIX pacTeHWi — 175 BHUAOB; y4acTOK
ra3oHHBIX TpaB — 87 BHUJOB; Y4acCTOK JEKOpPATHB-
HBIX I[BETOUYHBIX pacteHni — 146 BumoB u 190 co-
PTOB; yY4aCTOK JTYKOBUYHBIX U KIIyOHEITYKOBUYHBIX
pactenuii — 103 Buna u 347 copToOB; SKCHO3UIH-
oHHas opamxepes — 6onee 700 BUIOB; mapTepHas
gacTh — 20 copToB po3 u 19 copToB cupenu. Ma-
TEMaTHYECKUH TMOJCUET TaKCOHOB JaeT B oOImiel
cnoxkaoctH 1udpy B 5130 BUI0B, hOopM U COPTOB,
OJ/IHAKO TIPH TaKOM IOJICUETE HE YUUTHIBAETCS He-
peakoe nyOoIMpoBaHME OJHUX U TEX YK€ TAaKCOHOB
pazIUYHBIMUA  KOJJIEKIIMOHHBIMH ~ CTPYKTYypamH,
KOTOpOE€ MOJKET JAOCTUTaTh JeciaTKa U Ooyee mpo-
LIEHTOB.
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B cBonke E.X. Y3enbaeBa u 1p. «boranndeckue
caxpl Kazaxcrana» [10] mpuBoanuTCcs KpaTKkuii aHa-
T3 KOJIMYECTBEHHOTO COCTaBa KOJIJIEKIMOHHOTO
¢donma PecrmybmmkaHcKoro OOTAaHWYECKOTO cafa,
HaCYUTHIBAIONIETO K KoHILy 1958 roga cBeime 6000
TBICSIY BHJIOB, ()OPM U COPTOB, MPUYEM TOJIBKO 3a
nepuon 1953-1958 rr. KOJJIEKUUU MOMOJHUIUCH
3500 Takconamm.

HroroBas cBOJKa MO COCTOSHUIO KUBOTO KOJI-
JIEKITMOHHOTO (poHAAa TpHBEIeHAa B IOOMICHHOM
coopamke «[nmaBHBI OoTanmueckuit cam» [11],
rae 0000IIEHB OCHOBHBIE JAaHHBIE IO JABWKECHUIO
JKUBBIX KoJuleKIMi 3a 50 JeT MHTPOAYKIMOHHOM
nestensHoctd I'BC (1932-1982 rr.). K aTOMY Bpe-
MEHH Ha HKCIO3UIHNAX U KOJJIEKIIMOHHBIX y4acTKax
®noper Kazaxcrana mpomspacrano 710 BHIOB u
($opM IpeBECHBIX, KYCTAPHUKOBBIX U TPABSHUCTBIX
pacTeHnii; KOJJISKIIMH OT/Aeja JPEBECHBIX pacTe-
HUM HacuHuThIBaIU 1433 TakcOHA; KOJIJICKIIMOHHBIN
(hOHJT TeKOPAaTUBHBIX [IBETOYHBIX PACTEHUH HACUH-
ThiBasl Oosiee 2000 BUIIOB M COPTOB; B OpaHKepee
U TeIMmax coxaepxkanock 6omee 1000 TakcoHOB
TPONHMYECKUX M CYOTPONMUYECKHX PAaCTCHUH; Haya-
JIOCh BOCCTAHOBJIEHHE KOJUICKIIMH TUIOIOBO-ATOI-
HBIX KYJBTYP, BBITIAJI KOTOPBIX B HEOJIArONPUSATHBIC
50-e roasl cocraBmi 6onee 60%. IIpumepHslii 00-
MIMH KOJUIEKUMOHHBIN (oHA KuBbIX pacteHuid ['BC
B ATOT MEPHOJ cOCTaBsn 5143 takcoHa.

HaxkomeHust 0CHOBHOTO KOJUIEKIIMOHHOTO (pOH-
ma I'bBC mo3Bonmmimm mMpoBEeCTH WHTPOAYKIMOHHBIC
0030pBI OTAETBHBIX KOJUICKLUH, DKCTIO3UINN 1 JaKe
OoJee KpyImHBIX PACTHTENBHBIX 00benuHeHni. Tak,
B KoHIe 70-x — 80-X roJloB MPOLLIOr0 CTOJECTHS
00001IIeHBI TaHHBIE [T0 UHTPOIYKITUH B IPEATOPHON
30He 3aunuiickoro Anaray eBponeickux [12] u ce-
BepoaMepukaHckux [13] BUAOB AepeBbeB U KycTap-
HUKOB, KOJUIEKIINH XBOWHBIX mopon [14], cupenei
[15], muan [16] u np; maH 0OCTOATEIHHBIA IKOJIO-
ro-reorpauuecKuii 0030p HHTPOTYKINOHHBIX OCO-
OEHHOCTE IIBETOYHBIX pacTeHUi OTKpbITOrO [17] 1
3akpbIToro rpyHTta [18]. Ilo3xe ObLIM AaHBI aHAH-
TUYECKHe 0030PbI KOJUIEKINH JIeKapcTBEHHBIX [19]
U IUIOJIOBBIX PacTEHUH, HA OCHOBE KOTOPOIO pas-
paboTaHa cTpyKTypa TeHO(POHIA TUKUX TIIOJOBBIX
pactenuit Kazaxcrana [20], naHa oleHKa COBpEMEH-
HOT'O COCTOSTHHSI KOJIIEKITUH PEIKUX W YHIEMUYHBIX
pacteHuit [21]. AHamu3 KOJUYECTBA M COCTOSHUS
obmero komekimonnoro ¢ouna I'bC npuBoanuTtes
B 0030pHBIX cTarhsx . T. Curnaesoii [22].

ITocnenoBaBmme B 90-x rojgax M3MEHEHHUS CO-
UaJIbHO-9KOHOMHUYECKUX YCIOBUM PecmyOnuku
Kazaxcran npuBenn K CHWXKEHNIO 3((HEeKTHBHOCTH
MHTPOAYKIMOHHBIX MCCIIEJOBAHUN U COKPAIIEHUIO

OCHOBHBIX KOJUJICKIIMOHHBIX (OHIOB OOTaHHMUYECKO-
ro cajia, HEKOTOPOE OKMBJICHHUE W TIOMOJIHEHHE KO-
TOPBIX HAYAJIOCh TOJILKO B KOHLIE IepBoro 10-netus
HOBOTO cTojeThs. [1o uToramMm MHBEHTapU3AIUH KH-
BBIX KOJUIEKIMI OBIJI COCTABIICH TOJHBIN NEPEeYCHb
KOJUIEKIIMOHHOTO (POH/Ia pacTEHHI OTKPBITOTO U 3a-
KpBITOI'O TPYHTA, Mpou3pacTaomux B [ maBHOM 00-
TaHMYECKOM cany MHcTuTyTa 60TaHUKH M (PUTOUH-
tponykuuu KH MOH PK. Ilo cocrosinuto na 2014
roj oH BkJro4aj 2343 TakcoHa, 00ObEIUHEHHBIX B
154 cemeiictsa [23]. [Ins ynoOcTBa HHTPOYKIIMOH-
HOTO aHajM3a BKJIIOYEHBI TaKWe ITOKa3aTelH, Kak:
KU3HEHHas! (popMma, TMPOUCXOKICHNUE U COCTOSHHE
pacTeHus.

[locnenuuii KaTaqor KOJUIEKIHMOHHOTO (oHAA
JKUBBIX pacTeHnil ['7laBHOTO OOTaHMYECKOTO caja
[24] cobpan o uroram naBeHTapusanuu 2021 roxa
u comepxuT 3225 takconoB u3 150 cemeiicT. JlaH-
HBIC ISl KaTajuora MpeiCTaBICHbI B BUAC TaOIHLIBI,
OTpaXKaIOIIEeH CHCTEMAaTHYECKYIO MPUHAIEKHOCTh
o0pasua, KU3HEHHYI0 (OpPMY, TOA U IMMyHKT IpHUBIIC-
YeHHsI B KOJUICKIIHIO, YCTIEITHOCTh HHTPOAYKIIUU H
9KCITO3UIIHIO, TJIe KOHKPETHBIN TAKCOH COIEPIKUTCS.

B cocrtaBe coBpeMeHHBIX KOJUIEKIIMH BBIpa-
muBaroTcsd 378 BHUIOB pacTeHHH Ka3aXCTAaHCKOM
(hopsl, B TOM YHCIIE — 55 BUIOB, 3aHECCHHBIX B
Kpacnyto xnury Kazaxckoit CCP [24] u B Kpac-
nyto kaury Kaszaxcrama [5]. U3 HUX TOIBKO B
COCTAaBE KOJIJIEKIMH JIEKAaPCTBEHHBIX pPacTEHUH
BBIpaIuBaeTcs 22 BUAa, B TOM uncie: Alcea fro-
loviana (Litv.) lljin, Armeniaca vulgaris Lam.,
Arum korolkovii Regel, Astragalus glycyphyllos
L., Convallaria majalis L., Corylus avellana L.,
Crocus alatavicus Regel et Semen, Eminium lehm-
annii (Bunge) Kuntze, Gymnospermium altaicum
(Pall.) Spach, Iris alberti Regel, Lilium martagon
L., Lonicera iliensis Pojark., Paeonia anomala L.,
Paeonia hybrida Pall., Paris quadrifolia L., Pulsa-
tilla patens (L.) Mill., Rhaponticum carthamoides
(Willd.) Iljin, Rheum compactum L., Rheum wit-
trockii C.K. Lindstr., Spiraeanthus schrenkianus
(Fisch. & C.A. Mey.) Maxim., Tulipa greigii Re-
gel, Tulipa kaufimanniana Regel.

B pabouyro Tabmuily JaHHOTO KaTajiora BBe-
JIeH Takoi mokaszaTenb kak «MHpaekc ycremHocTu
naTpoaykuun» (MYU), KOTOpBIii XapakTepusyeT
KU3HEHHOE COCTOSHUE TaKCOHA M MO3BOJISIET CPaB-
HUBATh WHTPOIYKIIMOHHBIE OCOOEHHOCTH PAaCTECHHH
Pa3HbIX JKU3HEHHBIX (OPM, CUCTEMaTHYECKOHN NpH-
HAJJIC)KHOCTH | Ap. [4]. AHAIU3 3TOTO MOKA3aTels
CBUJICTEIBCTBYET O TOM, 4TO Oosiee 17% TakcoHOB,
MIPOM3PACTAIONIUX B KOJUIEKIHSX, WMEIOT pacTs-
HYTBI IMKJI OHTOTEHETHYECKOTO PAa3BUTHS, JIJIH-
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TeNbHOE BpeMs (MHOT/Ia JCCSITUICTHSI) HAaXOMIsCh B
ctanuu BereratuBHoro pocra (MYU=2). [Ipu stom,
okouo 0,3% Takux pacrenuii (Dracaena suffruticosa
(N.E.Br.) Byng & Christenh., Hedera helix L.,
Helxine soleirolii Req., Ophiopogon japonicus Ker
Gawl., Saxifraga sarmentosa L. f., Acorus calamus
L. u 1p.) akTUBHO PaCIPOCTPAHSIOTCS BET€TaATHBHO
u Hepeako copauuaroT (MYU=2(5). Okomo 30%
KOJUISKIIMOHHBIX PAcTeHUH XOPOIIO PacTyT B Ha-
IIUX YCIOBHUSX, JOCTATOYHO AKTUBHO M TPOJIOJIKH-
tenpHOE Bpems 1BeTyT (MYU=3), Ho HuUKOrzIa He
JTAIOT CEMSH IO CaMbIM pa3HbIM NpuyrHaM. OObIY-
HO, 9TO OpaHXXepEeHHbIC KYJIbTYypPbl HJIU COPTOBBIC
LIBETOYHBbIC U JICKOPATUBHBIC TPABSIHUCTBHIC pac-
TEHUS, WHTPOAYKIMNOHHBIE TMOMYJSIIIHA KOTOPBIX
MOJIICP)KUBAIOTCS BereraTUBHO. Cpeli HUX Tak-
e Berpevarotcst 0,4% pacTeHuid, KOTOpBIE JOCTa-
TOYHO AaKTHBHO PACIpPOCTPAHSIOTCS BEreTaTUBHO
(MYW=3(5): Albuca spiralis L., Aloe aristata Haw.,
Dracaena pethera var. pulchra (N.E.Br.) Byng &
Christenh., Drimiopsis botryoides Baker, Eucomis
bicolor Baker, Hoya bella Hook., Ophiopogon ja-
buran (Siebold) G.Lodd., Orbea variegate (L.)
Haw. u gp.

ITouT MONOBHMHA KOJUIEKIIMOHHBIX PacTEHUN
(48%) — uBETET ¥ MIIOAOHOCHUT C PA3HON MHTCHCHUB-
HOCTBIO, TPOAYIUPYS BIOJHE >KU3HECIOCOOHBIE
cemena (UYU=4); 7,5% xomnexunonHoro (oumga
I'maBHOTO ©OTaHWUYECKOTO Ccaja MOTYT OBITH IO-
TEHIMAIFHO arpeccuBHbIMUA Bujgamu (MYU=5):
Achillea millefolium L., Allium longicuspis Regel,
Amorpha fruticosa L., Aquilegia vulgaris L.,
Centaurium erythraea Rafn, Genista tinctoria L.,
Lonicera tatarica L., Papaver rhoeas L., Populus
tremula L., Rosa acicularis Lindl. u Mu. np. B 60:1b-
IIMHCTBE CBOEM — 3TO PACTEHUS JEKOPATHBHBIX Tpa-
BSIHUCTBIX MJIH JICKAPCTBECHHBIX KOJIJICKI[UI, MHOTHE
U3 HUX SIBJISFOTCS MPEJICTABUTEIISIMU Ka3aXCTaHCKOM

(haopsL.

3akjoueHne

OOBeTMHCHHBIN YKUBOW KOJUICKITMOHHBIA (HOH.T
I'bC Bxitouaet 3225 TaKCOHOB BBICIIUX PAaCTEHUN
B coctaBe 150 cemelictB, 667 ponoB, 1853 BumoB,
343 dhopwmet u 1076 copToOB pacTeHU, TIPeICTaABIIA-
IOIIMX OTEYECTBEHHYIO M MUPOBYIO (IIOpY M3 paz-
JIMYHBIX PETHOHOB 3€MHOr0 Iapa. B KouiekuuoH-
HOM (POHIE >KMBBIX PACTCHHM IpeacTaBIIeHO 788
JIpeBECHBbIX TakcoHOB, 1012 xycrapHukoB, 57 ape-
BECHBIX U TPABSIHUCTHIX JiMaH, 1316 MHOTOJIETHUX U
52 OJHOJIETHUX TPABSHUCTHIX pacTeHU. B cocTaBe
KOJUICKITUI BBIpAIMBAIOTCS 378 BUIOB pacTCHUM
Ka3axCTaHCKOH ()JI0PbI, B TOM YHCIIE — 55 BUIOB, 3a-
HeceHHBIX B Kpacuyro kanry Kazaxckoit CCP u B
Kpacnyto kaury Kazaxcrana.

DopMHUpOBaHKE KUBOT'O KOJJICKITHOHHOTO (HDOH-
Jla B pasHbIe TIEpHOJIBI CYIIECTBOBAHMS OOTaHMYe-
CKOT'O Cajia MPOUCXOAMNIIO C pa3IMYyHOW MHTEHCHB-
HOCTBIO, JIOCTUTHYB MakcumyMa B 70-80-e rojsl
rpornioro crosetus (0koiro 6000 TakCOHOB).

JKuznennoe coctostHie OONBIIMHCTBA PACTEHHH
BIIOJIHE YJOBJIETBOPUTENILHOE, OKOJO IOJOBHHBI
KOJUICKITMOHHBIX PACTCHHM B TIPEATOPHON 30HE 3a-
WIMKHCKOro Anatay IpoXOAsT MOJHBIN IIMKJI OHTO-
FEHETUYECKOr0 PA3BUTUS U MPOLYLHUPYIOT BIOJIHE
XKHU3HEecTIocoOHbIe ceMeHa. Eme oxomo 30% koi-
JIEKIIMOHHBIX PACTEHUN JOCTATOUYHO aKTHUBHO IIBE-
TYT, HO Pa3MHOKaIOTCSI TOJIBKO BEr€TaTUBHO.

HcTounuk puMHAHCHMPOBAHUS

Anamm3 xuBblXx kouiekiuii ['BC BeIIONMHEH
B paMKax Hay4YHO-TEXHHUYECKOH IpOorpaMMbl:
BR10264557 «KagactpoBast OlleHKa COBPEMEHHOIO
9KOJIOTMYECKOTO COCTOSHUSI (PJIOPBI U PACTHTENb-
HBIX pecypcoB AJIMaTHHCKOM 00JIacTH Kak Hay4Has
ocHOBa Ui 3((EKTUBHOTO YHPABJICHUS pPecypc-
HBIM ToTeHIragom» (2021-2023 rr.).
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PERSPECTIVES OF BIOTECHNOLOGICAL DEVELOPMENT
IN KAZAKHSTAN IN TERMS OF MONOCLONAL AND OTHER
RECOMBINANT ANTIBODIES AND VACCINES AGAINST SARS-COV2

Kazakhstan became one of the few cohorts of countries that were able to produce its one vaccine
against the COVID-19 virus. This fact showed the way of new development paths in the biotechnologi-
cal direction, especially, since the current situation in the world. Kazakhstan’s location allows its bio-
technological development to attract not only academic but also investment interests to make everything
possible for producing not only vaccines against the SARS-COV?2 virus but also to make biotechnological
oriented drug development and antiviral drug production. Also, this article gives the generalized view on
current clinical success in combating COVID-19 using novice approaches in biotechnological advance-
ment like humanized 1gG ‘Xenomice’ technology in hybridoma technology — REG N10987, produced
from transgenic mice and SARS-CoV-2-infected patients [1-3] as well as in human recombinant I1gG
derived from monoclonal B-cells via Phage display- CT-P59 scFv phage display library generated from
cells of a convalescent SARS patient [4]. Along with ‘classical monoclonal IgG LY-CoV555, human An-
tibody gene cloning of B cells from a COVID-19 patient [5]. All these three ‘antivirals’ are already used
and approved by the FDA (U.S. Food and Drug Administration) clinically and demonstrate trustworthy
therapeutic effects. The biggest upper hand of these approaches is that they can be used not only against
the COVID-19 virus but also against various receptor-dependent disorders like lupus or some types of
cancer and/or malignant tumors. Last three decades, two main approaches or methods became headlin-
ers in research and clinical implementation Hybridoma (B-cell-fusion with ‘immortal’ myeloma cells),
and recombination technologies — bound with phage display technologies.

Key words: Vaccines, Virology, monoclonal antibodies, NGS (next generation sequencing) Receptor
binding domain, RBD-inhibiting, hybridoma, phage display, recombinant antibody, neutralizing immu-
noglobulin, transgenic mice, monoclonality, humanization.
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SARS-COV2-re KapCbl MOHOKAOHAAADI XX9He 0acKa peKOMOMHAHTTbI aHTUAEHEAEep
MeH BaKLiMHaAap TypFbicbiHaH KasakcTaHAaFbl GMOTEXHOAOTMSIABIK,
AAMy MepcreKkTMBaAapbl

KazakcrtanH COVID-19 BMpyCbiHaKAPCbl 63iHiH >KaAFbl3 BakLLIMHACBIH LLbIFApAaAFaH CaHaYAbl EAAEPAIH,
6ipiHe KasakctaH COVID-19 BupycbiHa KapCbl ©3 BaKUMHACbIH LUblfapa aAfaH CaHayAbl €AAEPAIH
GipiHe arHaAabl. Bya dakT, acipece aaemaeri Kasipri xxarAanAbl eckepe OTbIpbir, GMOTEXHOAOTUSIABIK,
GarbITTarbl AAMy >XOAAAPbIHbIH MEPCNEKTMBAAbIK, OaFbiTTapbiH KepceTTi. KasakCTaHHbIH OpHaAacybl
OHbIH OMOTEXHOAOTMSIAbIK, AAMYbIHA TEK aKAAEMMSABIK KaHa eMeC, COHbIMEH KaTap MHBECTULMSIAbIK,
Myaaenepai TaptyFa, SARS-CoV2 BupycblHa Kapcbl BakUMHAAapAbl ©HAIpPY YLWiH faHa eMmec,
COHbIMEH KaTap 6MOTEXHOAOTMSIAbIK, BarAapAaHFaH ASPI-ADPMEKTEPAI 83ipAey XXeHe BMPYCKA Kapcbl
npernaparTapAbl 6HAIPY YLiH KOAAQH KEAreHHiH 6apiH >kacayra MyMKiHAIK 6epeai. CoHbIMeH Kartap,
OYA MakaAaAa TPAHCTeHAI ThilKaHAApAaH xeHe SARS-CoV — 2 >yKTblpFaH NnaumMeHTTepAEH aAblHFaH
Reg n10987 rmbpuAOMAbIK, TEXHOAOTMSICbIHAAFbI TYMaHM3aUmMsIAaHFaH |g “KceHOMbILIb” TEXHOAOTUSIChI
CUSIKTbl BMOTEXHOAOTUSIABIK, XKETICTIKTEP CaAaCbIHAAFbI XKaHa TOCIAAEPAI KoAAaHa oTbipbin, COVID-
19-MeH KypecyAeri Kasipri KAMHWMKAAbIK >KETICTIKTepre >KaAMblAaHFaH Keskapac 6GepiareH [1-3],
coHpar-ak, dar amcnaeni — CT-P59 apkbliAbl MOHOKAOHAAABI B >KacCyllaAapblHAH aAblHFAH aAAMHbIH,
pekomburHaHTTbl 1gG-ae. SARS 6ap caybifbill KeAe XXaTKaH HayKacCTblH >KacyllaAapblHaH >KacaAFaH
scFv dpar ancnaein kitanxaHacobl [4]. “Kaaccukanblik, MoHOkAOHaAAbI 18G LY-CoV555”-nen katap, CO-
VID-19 nauumeHTTiH B >acylwaAapbiHblH aaaM aHTUAEHECIHIH reHiH kaoHaay [5]. Ocbl yw “Bupycka
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Kapcbl npenapatTbiH” 6apabiibl FDA  (AKLL-TbIH A3bIK-TYAIK >8He Adpi-AdpMeK 6ackapmachl)
KAMHMKAABIK, TYPAE KOAAQHAAbI XOHE MAKYAAAFaH >KOHE CeHIMAI eMAIK acepAepiH kepceTeai. bya
TOCIAAEPAIH eH YAKeH apTbIKWbIAbIFbl-oAapAbl Tek COVID-19 BupycCbiHa FaHa eMec, COHbIMEH KaTap
KbI3bIA Xeri Hemece kenbip KaTepAi iCikTep XXKeHe/Hemece KaTepAi ICIKTep CUSIKTbl peLienTopra ToYeAA|
BPTYPAI aypyAapra Kapcbl KoApaHyFa 60Aaabl. COHFbI YL OHXKbIAAbIKTA €Ki Herisri TociA Hemece AiC
3epTTeyAep MeH KAMHMKAAbIK iCKe acblpyAa 6acTbl POA aTKApPAbl: TMOPMAOMA (B >KacyluaAapbiHbIH
“OAMENTIH” MMeAOMa >KacyllaAapbiMeH Oipiryi) >keHe har AMCMAEN TEXHOAOTMSCbIMEH OaiAaHbICTbI
PEKOMOMHALIMS TEXHOAOTUSIAQPbI.

Ty#Hin ce3aep: BakuuHanap, Bupycoaorus, moHokAaoHaasbl aHTuaeHeAaep, NGS (keaeci ypnak,
CEKBEHLMSICbI) peLenTopAapbiH 6AMAAHbICTbIPATbIH AOMEH, PBA-HbI TexenTiH, rubpruaomMa, dartapabl
KOpCeTeTiH, PEKOMOMHAHTTbI aHTUMAEHEAEP, UMMYHOTAOOYAUHAI 6GerTapanTaHABIPATbIH, TPAHCTEHAI
ThILLKAHAQP, MOHOKAOHAAADIABIK, i3riAeHAIpY

C. K. Xanaapos*, MaaH TyAabmaH

KoAAeasK CeAbCKOro X0351MCTBA, 3APABOOXPAHEHMS U MPUPOAHBIX PECYPCOB, OTAEAEHME NMAaTOOMOAOT 1M
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MepcnekTuBbl 6UOTEXHOAOrMYECKOro pa3BuTus B Kazaxcrave
B YaCTU MOHOKAOHAAbHbBIX M APYTMX PEKOMOMHAHTHBIX AHTUTEA
1 BakuMH npotus SARS-COV2

KasaxcraH crtan OAHOM M3 HEMHOTMX CTPaH, KOTOPbIE CMOFAM MPOU3BECTU CBOK COBCTBEHHYIO
BakuMHy npotmB Bupyca COVID-19. 3ToT akT ykasaA MepcrieKTMBHOE HarpaBAeHUs MnyTen
pasBUTKS B BUOTEXHOAOMMUYECKOM HamNpaBAEHMM, OCOBEHHO C YYETOM COBPEMEHHOM CUTYyaLMK B MUpE.
Pacnoaoxkerue KasaxctaHa Mo3BOASieT ero GMOTEXHOAOTMUECKOMY PasBUTUIO MPUMBAEYUb HE TOAbKO
aKaAEeMMYEeCKME, HO M MHBECTULIMOHHbIE MHTEPEChbl, CAEAATb BCE BO3MOXKHOE AAS MPOM3BOACTBA He
TOAbKO BakUMH npoTuB Bupyca SARS-CoV2, HO 1 6UOTEXHOAOTMUYECKM OPUEHTUPOBAHHOM pa3paboTku
AEKapCTB M MPOM3BOACTBA MPOTMBOBMPYCHbIX MpenapatoB. KpoMe Toro, B 3TOM CTaTbe AaeTcy
06006L1EHHbI B3rASIA Ha TEKYLLME KAMHUYecKkue ycrnexu B 6opbbe c COVID-19 ¢ ncrnoAb30BaH1EM HOBbIX
NMOAXOAOB B 06AACTU OUOTEXHOAOTMYUECKMX AOCTUKEHUI, TAKUX KaK TEXHOAOTMS 'YMMaHU3MPOBAHHOIO
1gG «KceHoMbiLLb» B TMBPUAOMHOI TeXHOAOTMM — REG N10987, NOAYYEHHbI 13 TPAHCTeHHbIX MbILLE
M NaumeHToB, MHpULMpoBaHHbix SARS-CoV-2 [1-3], a Takxke B pekomOuHaHTHOM IgG yenoBeka,
MOAYYEHHOM M3 MOHOKAOHAAbHbIX B-kAeTok nocpeactBom parosoro aucriaes — CT-P59. bubanoreka
daroBoro amcraes scFv, co3paaHHas M3 KAETOK Bbi3AOpaBAMBalolLlero naumeHta ¢ SARS [4]. Hapsay
C «KAQCCMYECKMM MOHOKAOHaAbHbIM 18G LY-CoV555», KAOHMpPOBAHWE reHa YeAOBevYecKoro aHTUTeAa
B-kaeTok naumeHTa ¢ COVID-19 [5]. Bce 3K Tpu «MpOTUBOBUPYCHbIX MperapaTtas y>kKe UCMOAb3YIOTCS
n op06perbl FDA (YnpaBaeHue Mo KOHTPOAIO 3a npoAykTamu u AekapctBamu CLUA) kAMHMYecKm
M AEMOHCTPMPYIOT 3acAyXXuBalolme AoBepusi TepaneBtuyeckue 3¢hdektbl. CambiM  GOAbLIMM
NPeMMyLLEECTBOM 3TUX MOAXOAOB SBASETCH TO, YTO MX MOXHO WMCMOAb30BaTb HE TOAbKO MpPOTUB
Bupyca COVID-19, HO 1 NPOTMB Pa3AMUHbIX PELENTOP-3aBUCUMbIX 3a60AEBaHMI, TaKMX KAk BOAYAHKA
MAU HEKOTOpble BUAbI paka WU/MAM 3AOKAQUECTBEHHbIE OMYyXOAW. 3a MOCAEAHME TPU AECITUAETUS ABa
OCHOBHbIX MOAXOAQ MAM METOAQ CTaAWN XEAAAMHEPAMM B MCCAEAOBAHMSAX M KAMHUYECKOW peaAm3aunmn:
rmépuaoma (CAnsiHme B-KAeToK € «6eCCMEPTHBIMU»Y KAETKaMN MUEAOMbI) M TEXHOAOT UM PEKOMOMHALLMN,
CB$13aHHbIE C TEXHOAOTMSMM (DaroBoro AMCMAes.

KAtoueBble caoBa: BakuyHbl, BUPYCOAOrMSl, MOHOKAOHaAbHble aHTUTeAa, NGS (cekBeHMpoBaHWe
HOBOrO MOKOAEHMS!), peLenTop-CBs3blBatolimin AomeH, RBD-mHrnbuposatve, rubpnaoma, arobiii
AVCTIAEN, PEKOMOMHAHTHOE AHTUTEAO, HENTPAAMBYIOWMIA MMMYHOTAOOYAMH, TPAHCTEHHbIE MbILLK,
MOHOKAOHaAbHOCTb, N'yMaHW3aums

SARS-COV-2 represented the great challenge
worldwide for health care systems in 2020 and re-
vealed the poor readiness to treat the infected pa-
tients in properly effective way to take the pan-
demic under control both in terms of treating and
preventing as well. The immediate response on
Covid19 outbreak was to develop the effective and
safe vaccines that could tread the health care sys-
tems at least to plateau of infection rates and ide-
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ally to form so called ‘collective immunity’ during
the first period of pandemic [6]. Kazakhstan’s sci-
entist in 2022 sequenced two local SARS-COVID2
genome variants, one is complete and the second
one near-complete Genome, namely: Virus Strain,
Variant B.1.1, Sampled from Kazakhstan and Vari-
ant B.1.1.7 Virus Strain Isolated in Kazakhstan. All
these works were performed in Republican State
Enterprise on the right of economic management
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«Research Institute for Biological Safety Problems»
(RIBS) of the Ministry of Health of the Republic
of Kazakhstan by the research groups that were in-
volved in designing first Kazakh vaccine — QazVac
[7,8]. The best way to develop the fighting strategy
against SARS-CCOV-2 viral spreading- is to un-
derstand how single stranded RNA positive sense
coronavirus enables its entry into host cell [9]. The
term ‘CORONA’ (crown) stands for the clear char-
acterization of COVID-19 virus that consist of sin-
gle stranded positive sense RNA genome inside the
viral membrane with Spike proteins that allow vi-
ruses to insert the genome into the host cell cytosol.
To make it happen, the spike (S) protein must bind
to its receptor, angiotensin-converting enzyme 2
(ACE-2), and mediate subsequent membrane fusion
(Walls A., 2020). The reason for the COVID-19
Variants concern is adaptation capacities or muta-
tion rates in COVID-19 genome, especially, the
structural proteins regions — S-proteins, and Spike
proteins, up to 90% of all mutations or variants
forming [6]. To spread viruses, multiply by copying
their genome over and over. Through this molecu-
lar copying, the original strain becomes ‘imperfect’
and these imperfect versions of the SARS-COV2
virus are termed as ‘variants’ Usually, these sings
of genome infirmity or mutations don’t change the
viral behavioral pattern biology. Sometimes, these
so-called mutations make current variants weaker
than original strains. However, in very rare occa-
sions, mutation can change the virus in some impor-
tant ways. It could become more infectious or more
able to hide from or avoid the immune system. The
more a virus is allowed to replicate unchecked or not
inhibited, the more chance it has to accumulate these
rare beneficial mutations. That opportunity for viral
evolvement can occur when viruses are allowed to
spread quickly through a population or they encoun-
ter a host that is less likely to repel the viral infection
[9,10]. If a particular set of mutations makes a vari-
ant more successful, it might become more promi-
nent than the other strains or ‘imperfect’ copies, and
that is when it gets noticed some of them could be
termed as variants of concern, such as P.1 (Brazil),
B.1.351 (South Africa) and P.1.1.7 (UK) — strains/
variants [11]. Mutations are changing the properties
of particular virus types through populations and
time that give them the upper hand. Some variants
are fast spreading and there are some hints that cer-
tain mutations could start to weaken or even evade
natural and vaccine-driven immunity [6, 9, 12]. The
D614G Mutation known as ‘DOUG’ spread wildly
in the early periods of pandemic and can be seen in
roughly all variants. It affects the spike protein that

enables a virus to penetrate the host cell. A muta-
tion in a genome changes one amino acid for another
and makes the new variant more infectious than the
original virus. There are also many other variations
of mutation in spike protein that seriously improve
its original properties [13,14,15,16].

Receptor-binding protein (RBD)

Viral spike protein is glycolyzed*, S1-Domain,
ACE-2-recognition, Furin, S2-Domain, TMPRSS2,
cell and viral membrane fusion.

The viral infection of SARS-COV-2 begins with
RBD and consists of two subunits S1 and S2 respec-
tively. They are non-covalently associated subunits.
The Sl1-subunit binds to ACE-2 and S2-subunit
anchors the S2-protein to the membrane. The S2-
subunit possesses the fusion peptide and other mo-
lecular machinery needed to mediate membrane fu-
sion upon invasion of a new host cell, so the viral
genome can enter the cytosol [8,17].

After contact with the spike protein, Furin cuts
off accurately the outer part of the spike protein
called the S1 domain, releasing the inner core of the
spike protein called S2 domain which also gets cut
by transmembrane serine protease 2 (TMPRSS2)
[18]. After these, spike protein unfolds itself and an-
chors into the host cell membrane. Thus, the viral and
host cell membrane starts to fuse, allowing the viral
genome to enter the host cell cytosol (a ribosome
meets the viral RNA and initiates to translate its ge-
netic code. It results long protein chain containing
non-structural proteins (NSPs). NSPs are capable to
cut the neighboring chains. First, they release short
NSPs which are capable to grab onto a ribosome and
occupy it in such a way that the grabbed ribosome
can read only the viral RNA and not own host cell
messenger RNA (mRNA). From this very beginning
phase, we can say that infected host cell starts to be
virus building factory thanks to control over the cell
translation machinery [18]. Meanwhile, nsp3 cuts
other ‘neighbors’ before it sets itself free. It worth
to mention that the production of NSPs stops due
to pseudoknot in the viral RNA on purpose to pre-
vent the remaining RNA which codes for proteins
involved in viral genome replication from passing
through the ribosome, saying it differently to sepa-
rate nsp-encoding from structural protein synthesis:
(S-Spike, N-Nucleocapsid, M-membrane, E- En-
velope- proteins) [18]. The further following NSPs
that are embedded into the endoplasmic reticulum
membrane cause it to curve and that forms the struc-
ture called a double membrane vesicle or DMV. The
DMV is responsible in a host cell for creating a safe
enclosed environment for the viral genome to be cop-
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ied. Inside the DMV, the newly created NSPs build
up both types of viral RNAs, full length and a set of
shorter RNAs strands — subgenomic RNAs(sgRNA)
that are designed to create new viral particles. The
subgenomic RNA exists in the cytosol through the
nsp pores in the DMV these short sgRNAs return
to a ribosome and it gets translated on purpose to
make four structural (main) proteins that will con-
stitute the new SARS-COV-2 viruses. The nucleo-
capsid proteins have a very essential role both inside
the host cell and outside it because it holds together
newly replicated genome RNA and inside the viral
‘husk’ (envelope and membrane) [19].

Glycolyzed*-means that Spike protein or S-pro-
tein has glycosylation on its surface that allow it to
keep itself discrete for host immune cells and most
mutations of concern come to S-protein or glycopro-
tein known as D416G [18].

Immunoglobulin (IgG)

Immunoglobulin G (IgG) is one of the inex-
haustible proteins in human blood and constitute
adjacent 10-20% of plasma proteins. Human IgG
could be a part of the five classes of immunoglob-
ulins. Immunoglobulins or antibodies constitute
mainly the humoral immune system and neutralize
the agents of antigen of interest. In most mammals
1gGs get produced and matured in B-cells (lympho-
cytes) to be specified against antigen [19]. The vari-
able domain with two indistinguishable Fab parts
associated to a steady domain serve particular ca-
pacities of the IgG [19]. The ‘Fab’ region enables
the binding interactions with antigens, however,
the ‘Fc’ region interacts with accessory molecules
to trigger the mediation of indirect effector func-
tions, like antibody-dependent cellular cytotoxicity
(ADCC), antibody-dependent cellular phagocytosis
(ADCP) and complement-dependent cytotoxicity
(CDC). Some animal models implied Fc- mediated
effector cell recruitment functions as responsible for
tumor-targeting antibodies, also they are involved in
infectious diseases by carrying out efficient patho-
gen clearance [20]. The neutralizing antibodies
(NMAbs) that we are discussing in this review have
some common aspects and features:

* They are all IgGs

* All human, humanized or gained from the
blood of human COVID-19-infected patients of mi-
nor or moderate conditions.

* Renominated or/and monoclonal

 Target: Receptor binding protein (RDB)

Nevertheless, all three of them represent differ-
ent technologies and methods with comparable cost-
effective and clinical-related aspects, and which is
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most effective or expensive depends on either equip-
ment or skilled employees engaged in biomedical
activity.

CT-P59-NMAD characterizes itself as a compe-
tition- agent with ACE2 in binding with RBD and
as it was mentioned earlier the scFv phage display
library was implemented to gain this neutralizing
antibody from the patients [4].

Neutralizing antibody-REG N10987 is gained
from the transgenic mouse that is incapable of pro-
ducing mice antibodies and produces human IgGs
only. This approach represents many advantages
like productivity and pure yield; however, it could
be improved by next-generation hybridoma technol-
ogy that would improve not only the quality of anti-
bodies of interest but also the quantity of antibodies.
Unlike, the previous antibody, the Xenomouse anti-
body is clinically confirmed in blocking the binding
of ACE2 to the RBD [18]. The monoclonal neutral-
izing IgG LY-CoV555 is designed to interfere with
the binding of RBD to cell receptor ACE2. It is a
product of IgG-gene cloning of B cells from a CO-
VID-19 patient [5]. To sum up the introduction part
it makes sense to repeat the main points and direc-
tion of this review article. First and foremost, all
these neutralizing antibodies gained and oriented to
clinical use and human well-being to fight effective-
ly (therapeutically) the SARS-COV-2 infection in
minor and moderate illness stages. Secondly, three
human and monoclonal antibodies were produced
by three different approaches and to some extent,
in the levels of biotechnological advancement ways
with one common result — to get effective, safe,
and relatively cost-friendly monoclonal antibodies-
based drug items. Last but not least, even though all
three antibodies aimed to target the ACE-2- RBD,
they are effective in their way: to compete to bind,
to block the binding, and to interfere with binding,
respectively.

CT-P59-Neutralizing antibody

CT-P59 is a strong binding IgG with a high af-
finity for RBD with a KD value of 27 pM with a
clear chemical feature: CT-P59 causes complete
steric hindrance with ACE-2 receptor by blocking
substantial areas of the ACE2 interaction regions,
and further mitigation of SARS-COV-2 infection
both in-vivo and in-vitro, therefore, inhibits SARS-
COV-2 virus spreading [4]. The S-protein — D416G
— mutations from various SARS-COV-2 isolates
worldwide demonstrate the highest interest in vac-
cine and antiviral drug development. The mutations
of this S-protein enhance and improve the cellular
entry and subsequent viral transmission and its rep-



S.Zh. Khaidarov, E. Tulman

lication. Some mutations of viral D416G- Spike pro-
teins make SARS-COV-2 more adaptive and accel-
erate the infecting capacities of particular variations
of SARS-COV-2, distinguished as ‘strain’ [5]. It
was learned that the overwhelming part of the ACE2
blocking CT-P59-like antibodies adopt a similar ori-
entation when bound to RBD. Each of these anti-
bodies belongs to the immunoglobulin heavy-chain
variable region genes (IGHV) 3 germline and is the
most frequently used IGHV gene among the known
SARS-CoV-2- neutralizing antibodies [4,21]. To
sum up, the CT-P59 mAb (monoclonal antibody)
gained from the PBMC (Peripheral blood mono-
nuclear cells) SARS-COV-2 negative patients and
after the fresh mRNA-isolation, it was immediately
converted into cDNA via commercial reverse tran-
scriptase set for Phage display library generation
and RBD-specified- antigen epitope- CT-P59 IgG
variable region (VL and VH). The single chain vari-
able fragments (scFvs) needed to be made by link-
ing VL and VH fragments and directly cloned into a
phagemid vector, pComb3xSS, for library construc-
tion [4,21]. This approach offers us relatively fast
but highly specified and effective mAbs- production
that neutralizes SARS-COV-2 infection effectively
competes with other antibodies and does not lose its
special affinity on RBD of ACE-2. This monoclonal
antibody is recommended for use in combination
with remdesivir and dexamethasone (corticosteroid
that suppresses carefully the immune excessive re-
action) both to prevent COVID-19 replication and
its further spreading.

Phage display technology

The relatively old but robust and reliable tech-
nology that allows researchers to adapt the in vitro
findings and principles such as tests and screening
run into in vivo models as a new drug for instance
[22]. The term library in this topic plays a critical
role because cDNAs gained from PBMC mRNAs
or DNA samples for encoding proteins must run
screening match procedures to sort out whether
affinity or epitope reaction (antigen) of protein of
interest would bring the desired result. One of the
most widely spread library constructs is based on
the use of filamentous phage, a virus that is found
in Escherichia coli [24]. Phage display has clearly
demonstrated to be an outstanding technique for the
interrogation of libraries containing millions or even
billions of different peptides or proteins. One of the
foremost effective applications of phage display has
been the isolation of monoclonal antibodies using
large phage antibody libraries [25-26]. The single

chain fragment (scFv) belongs to the basics of phage
display methodology. It consists of the VH and VL
domains fold correctly (both stabilized by an intra-
molecular disulfide-bridge) and pairing to form a
functional scFv [27,29]. The scFv usually gets pro-
duced through the fusion of the coding sequence of
the antibody variable (V) regions encoding a single-
chain Fv (scFv) to the N-terminus of the phage mi-
nor coat protein plll using a phage vector based on
the genome of fdtet [28]. So, through infecting the
E. coli-strain with nonlytic filamentous phage, fd, or
M13, and its genome encodes on the bacterial the
single stranded circular plasmid genome and pro-
duce the virion proteins that then released in media.

Monoclonal
REG N10987

REG N10987 is yet another successful example
of ‘IgG- engineering’ using transgenic mouse spleen
or PBMC to get human or humanized, monoclonal
IgG with high antigen specificity without the need to
immunize a human. The generation of mAbs against
the SARS-CoV-2 spike protein (altered through mu-
tation of glycoprotein- D416G) by using combinato-
rial phage-display libraries from PBMC of COVID-
19-recovered patients became ‘the mainstream’ in
therapeutic research for finding new ways to take
under the control the never-ending mutation of vi-
ral RBD [29]. The phage display is now one of the
most spread techniques to ‘discriminate’ or choose
the right Fabs or ligands of monoclonal antibodies
from millions or even billion combinations of RBD
epitope from so-called libraries. In vivo, studies on
mammals showed and show the prophylactic as well
as therapeutic effects of such modified monoclonal
antibodies [29]

neutralizing antibody- IgG-

Neutralizing IgG LY-CoV555

LY-CoV555isrelatively well known monoclonal
human IgG that mostly was used in combination
with other neutralizing antibodies like REG N10987
in clinical trials. Since there was a need to neutralize
the SARS-COV-2 virus ‘for sure’, the clinical trials
used so called cocktails of many neutralizing agents
that strive to bind on viral RBD with strong affinity,
demonstrating the higher therapeutic outcome than
the solo trials of individual mAbs types. Interfering
with the binding of RBD to cell receptor ACE2 is its
main purpose as drug and the more thoroughly was
run so called either phage display or other cDNA-
based libraries the higher the affinity and more
diverse the Fab’s repertoire for better RBD -epitope
recognition [30].
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Transgenic gain of IgGs and Hybridoma
technology

Xenomice technology ground principles rest on
transgenic technologies of transferring human genes
in embryos of model animals, such as mice. First
and foremost, the insertion of IgG’s genes (human
light and heavy chain genes) into mouse embryo
stem cells needs to be performed carefully on a
mouse individual and it is needed to inactivate the
mouse IgG genes in another specimen, resulting in
the first individual can produce both human along
with murine antibodies, whereas another mouse
is not able to produce murine antibodies and start
to breading this pair till a Xenomouse germline is
produced that can generate human antibodies only in
first F1-generation. The Xeno-Mouse germline then
could be used for lymphocyte producers as PBMC or
spleen biological source for further manipulations of
various implications [31]. It is important to note that
to succeed the blastocyst injection, the further steps
must be respected before and after aggregation-
platting takes place:

*  ES- compatibility (embryonic stem) line for
the germline with the method of chimera production

*  EScell lines are recommended to be derived
from 129 inbred agouti mouse strains

*  The F1 generation fathered by a germline
transmitting chimera has to be examined for the
presence of the transgene or genome modification,
since ES cells are normally heterozygous for such
a modified allele, only 50% transmission will be
observed within F1-generation

*  Oneofthemostoptimalchoicesforanembryo
donor can be used usually an outbred strain of albino
mice, because their purchase price and maintaining
is reasonable, provide satisfying embryo yields,
especially, after superovulation, and the chimerism
can be easily identified by the coat color and eye
pigmentation characteristics [32].

The transgenic mice method or it is termed as
‘knockout” mouse is a powerful tool in hands of
researchers duetotworeasonsatleast. First,in 90s and
early two thousand it revolutionized biotechnology
feasibilities to identify of such a rare event as the
recombination between a target vector and its
homologous sequence within the target genome
that theoretically made possible to manipulate the
murine genome in that way to modulate in the mice
phenocopies human diseases [33]. Secondly, the
further decades showed that using mice as spleen and
PBMC-donors after intensive and highly selective
antigen-specific immunization gave new frontiers in
biomedical research, allowing us to produce human
proteins like immunoglobins relatively cheap and
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fast combining it either with PEG (Polyethylene
Glycol) -driven or fusion hybridoma technology
or with more advanced BCT (B-cells targeting) —
fusion associated hybridoma technology.

Hybridoma

To fuse intact cells with each other was one of
the greatest breakthroughs last several decades in
biological science. The purpose of cell fusion was
not clearly understood at the beginning but the
fact of hybridization of cells and especially their
separate genetic materials — nucleus was far more
promising. The second greatest challenge was to
keep a fused cell biologically intact and therefore
three main hybridoma technologies were invented:
the first with vector as virus (HVJ), the second with
chemicals as PEG- cell membrane ‘opener’, third
through electrofusion thanks to dielectric nature
of cell membrane. The great challenge was to
increase the sensitivity as well as the productivity
of highly potent hybridized B-cells, to get more
intact and immortal B-cells yield and their products
— monoclonal antibodies via novel and cutting
edge — BCT (B-cells targeting) technology than the
previous three approaches could offer [34]. Among
technologies and approaches, it is profoundly
important to mention what tools need to be used to
get each of these four approaches effective and to
some extent sophisticated, such as phage display,
YAC (yeast artificial chromosome), fast and reliable
sequencing, etc. [32-33].

The main idea of hybridoma technology consists
of fusing or hybridizing valuable but not infinite
antibody-producing B-cells from the spleen of a
mammal with almost immortal myeloma cells which
the term — hybridoma stands for. That allows to get
the profound yield of monoclonal antigen-specific
Igs from the limited numbers of cells. The first
documented successful practice of artificial gain
of monoclonal Igs (immunoglobulins) via fused
mRNA synthesizing cells (murine spleen) with
myeloma cells was made by Koéhler G, Milstein C.
in 1975[34] with the help of HVJ or Sendai-virus.
This first successful manipulation was run under
the HAT (hypoxanthine-aminopterin-thymidine)
selective medium and the phenotypic link between
the V and C regions [29]. Interestingly, in this paper
[35], the somatic fusion of sensitized B lymphocytes
with myeloma cells to generate hybridoma cells
secreting mAbs was made by Sendai virus giving the
reference link to [36], wherein 1965 The hybrid cells
from the human and murine cells were successfully
derived with Sendai virus or HVJ without knowing
that they initiated the first steps of transgenic and
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monoclonal (in some extent humanized) antibody
synthesis era outside the human body.

Hemagglutinating virus of Japan (HVJ) or
inactivated Sendai virus-fusion

The hemagglutinating virus of Japan was the
very first conducted to cause cell fusion as the
basis of cytotechnologies [34]. Hemagglutinating
virus particles — virus envelope containing the
HN-glycoprotein, that enables the clear exhibition
of blood cell agglutinating activity were used to
fuse the cells of interest. The cells that are needed
to be fused (via virus agglutinating cells) possess
the HVJ receptors on the cell membrane and cause
cell fusion efficiently enough to detect the targeted
fusion. The protocol [37] shows a relatively simple
laboratory setup to ease the cell fusion, however,
the viral-receptor fusion does have many practical
drawbacks, and the most profound of them is the
viral genome interference into fused cells therefore
many laboratories prefer to avoid the hybridization
in research purposes, and only as training and
teaching technique that clearly demonstrate the
cell-to-cell fusion possibility in biologically driven
and systemized way. As we discussed earlier the
successful viral cell entry of SARS-COV-2 is
strongly bound to spike glycoprotein recognition
too.

Hybridoma: PEG-driven fusion

In 1974 Vicia hajastana Grossh — Anatolian
peas were fused with Pisum sativum L- the sowing
peas were the first plants and biological models
that were fused with the help of Polyethylene
Glycol (PEG) [35]. The cells’ protoplast-fusion
was made possible non-specifically with adhesion
between the free protoplasts from the same species,
different species, and even genera. The fusion was
improved by enrichment of the PEG solution with
calcium ions [36]. Interestingly, the Ca** enrichment
in aerobic conditions was necessary during the
Hemagglutinating virus fusion too [37].

The semi-solid media protocol shows one of
the handiest ways to produce hybridomas via PEG-
fusion without the help of electrofusion or other
techniques. The most advantageous point of this
approach is a capability to isolate slow and fast-
growing colonies from each other that ensures firmly
the high monoclonality, allowing us to escape the
sloth subcloning procedures. Thus, the minimum
equipment is needed to embrace the satisfied results
in yield of MAbs of interest as much as purity and
specificity of antibodies producing machinery.
This [34]. protocol heavily relies on ‘Clone cell

— HY hybridoma cloning kit’ that consists of five
main steps. The step 3 characterizes itself in our
case as most important, because the myeloma- and
splenocytes- fusion takes place under PET driven
conditions. Most commercial Kits require to conduct
the serum free manipulations otherwise PEG will
not be able to fuse to cell membranes and fusion
frequency will fall dramatically. PEG is contained
in all medium solutions to ensure fusion where step
one or step two is bound on cellular preparations
that can and recommended be run simultaneously
[34,38]. Importantly to not, that PEG-must be added
and held only for 15min incubation in a 370C water
bath and then PEG must be washed out for further
10-14 days incubation under 370C and 5%CO2
with a petri without lid on the top in the middle of
the culture dishes with lids filled with sterile water
to mature the cell cultures during the incubation
period [34,38]. The discussed protocol provides us
with an information about forming the cell colonies
that will enable us to provide with productive cell
suspension with further four days incubation and
assays to be sure what antibodies type is going to be
yielded. The fusion step independently what kind of
approach is going to be applied, whether it is PEG,
HVI, electrofusion or B-cell targeting, must take
into consideration some principles:

1) HAT-media selection stage (hypoxanthine-
aminopterin-thymidine): Replication ways- Salvage
pathways.

2) During fusion, apart from hybrid cells of
interest other cell fusion types could take a chance
to form: fused plasma cells (splenocytes), fused
myeloma cells as well as unfused cells of both types.

3) Cell colonies of survived hybridoma cells
after two weeks of incubation can have different
properties and survival rates, especially, if we
consider a clinical approach where HVJ — approach
is not applicable at all due to the discussed reasons
above.

HAT-Media -Selection

HAT media is a milestone of Hybridoma
technology, the headliner of succeeding the
monoclonality and productivity. During the
incubation the (mostly carefully mashed) splenocytes
cell count ~ 1*108cells and myeloma cells not less
than the cell count ~ 2*107cells [32,35,37] must run
the fusion procedures under the chosen technique
and artificial media [38-39]. During the incubation,
the selection appears, one type of cell dies out others
survive by forming colonies, fused myeloma, and
splenocytes — hybridomas. In HAT- media the so-
called de novo pathway of new nucleotides from
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provided sugars and amino acids for replication
machinery in daughter cell proliferation cannot
be performed due to the presence of aminopterin,
which inhibits the dihydrofolate reductase [34,39].

Main principles of cellular features during two
weeks of incubation:

» Salvagepathwayisonlyavailablefordaughter
cell proliferation in HAT-media

* Salvage pathway ‘recycles’ the degraded
nucleotides thanks to HGPRT (hypoxanthine-
guanine phosphoribosyltransferase) enzyme that
relies on hypoxanthine and thymidine as a precursor.

* Plasma cells or splenocytes do possess
HGPRT-enzyme-driven replication but myeloma
cells do not.

*  Duetotheshortlife span of splenocytes, they
will not survive after a 14days incubation period and
myeloma cells are not capable of growing in HAT-
media because of the absence of HGPRT enzyme
and blocked de novo pathway due to aminopterin.

*  Hybrid—-immortal monoclonal antibodies
synthesizing cells (colonies) are present and the
cancerous cells are excluded due to the absence of
required grow-friendly conditions

Hybridoma: Electrofusion

The electrofusion in ‘classical’ hybridoma
technology is the most technically sophisticated
and requires not only skilled operating staff but
also thoroughly well-tuned equipment during the
procedures as well as after, cleaning and rinsing the
apparatus [40]. Unlike PEG-mediated cell fusion,
E-fusion (Electrofusion) provides faster results,
and no 10-14 days incubation period is needed.
PEG-driven fusion is still in practice, however,
even the handful of commercial kits requires 18-
21 days till the whole cycle is over [34, 41]. The
second point that seriously repels the researchers
from using PEG is that the side-product of PEG-
cell membrane interaction is the generation of
extremely cytotoxic H202-build, one of the
oxygen reactive species (ORS) both inside the cell
and outside that is hard to ignore on experimental
results and some fluctuations from one run to
another one appears [41]. The E-Fusion, however,
does not have such a burden on experiments. First
and foremost, E-fusion conducts the electricity (DC
(direct current) as well as AC (alternating current))
to align and fuse cells. As it was mentioned before
the cell membranes in general both in plants and
animals are dielectrics, thanks to these properties,
versatile capacities could be used the AC brings
cells into contact, whilst the DC-pulses enable
the cells to be fused, moreover, the alternating
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current preserves compression during the running
experiments [39,42,40,41].

In light of this advantageous versatility, the
E-fusion technique can be included in:

*  Nuclear transfer

e Embryo manipulation

*  Hybridoma production

*  Plant protoplast fusion

Interestingly, the first successful PEG-driven
cell fusion was -performed on plant protoplasts
in 1974 [36], the electrofusion finds even here its
upper hand over PEG, not solely in hybridoma
production respectively. Yet, the most obvious
advantages of E-fusion in comparison to PEG is
the efficiency of hybridoma production, up to 10
folds, presenting, lower time of production, instead
of waiting 10-14 days in selection media alone till
only hybrid cells survive (not subcloning included),
the e-fusion provides almost 100% fusion rates [41].
Several hours instead several weeks of experiments
conducted, in hybridoma production, show us not
only the fast solutions but also reliable and clear
outcomes that could be trusted and reproducible.

Human hybridomas

It was only a matter of time before human tissue
became the next object of so-called ‘immortalization’
through hybridoma fusion. So, in 1980 the very first
attempt took place in the USA [42]. The myeloma
cell line was fused with removed spleen cells from
the patients suffering from untreated Hodgkin’s
disease to get highly antigen-specific monoclonal
antibodies. According to [43], the cell fusion was
run under PET and left in HAT media for some time.
HAT-resistant hybrids grew out within §-14 days,
but incubation in HAT medium was continued for
at least 3-4 weeks respectively. The main result of
this publication was to confirm that human-human
hybridomas are possible to generate, namely:
“The U-266 human myeloma cell line is incubated
in the presence of 8-azaguanine, and a rapidly
growing, 8-azaguanine-resistant, hypoxanthine-
amethopterin- thymidine (HAT) medium-sensitive
mutant line, U-266ARI’ (Yew C., 2016: 225-
33, pp. 5429). Already in the 80s, the transgenic
interactions: from murine myeloma cell lines to
human lymphocytes were bound with one crucial
problem — the human cells’ chromosome damage
that led to the instability of cell cultures [43-44]. Any
hybridoma manipulations are generally orientated to
gain satisfactory yield rates of human or humanized
IgG, including human—human hybridomas.
Nevertheless, mono-species cell fusion shows better
monoclonal antibody production, however antigen
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sensitization on humans and human tissue could be
ethically troublesome to conduct worldwide [43].

Among already discussed hybridoma IgG-
production techniques, either animal (mostly mice)
spleen cells or splenocytes or human tissue were
required to isolate the needed cell suspension
that leads to serious health conditions or to death
by removing mice spleen. Driven by ethical and
progressive urges, new techniques are already
available. Instead of using splenocytes, nowadays
thanks to the development of new biotechnological
methods, the blood samples or the PBMC (plasma)
is enough to isolate mRNA for compilatory DNA
(cDNA) generation which in turn could be used for
further experiments. The new era of monoclonal
antibody production without animal tissue and
animal sacrifices. The first patent on humanized
antibodies was claimed in the USA, in 1996
[34]. The clinical application of murine or other
non-human monoclonal antibodies represents
various difficulties and the most obvious of them
is T-cell activation, which seriously downgrades
the efficiency of the therapeutic potential of many
monoclonal antibodies-based drugs like OKT3
-for prevention of rejection symptoms, anti-
CD3 antibody, OKT3 is derived from murine
monoclonal antibodies that have the specific epitope
recognition immune suppressive properties [37].
Already in 80s before the antibody’s humanization
took place, the murine and other mammalian
monoclonal antibodies properties were discovered
[38]. Thus, the intermediate solution was found
— chimeric antibodies. The variable regions of
murine antibodies genes were combined with
human constant antibodies regions genes, resulting
the better immunological neutrality as well as body
tolerance like six times longer circulation time,
and demonstrated significantly less immunogenic
reactions than the murine protein parts [43,45-46].

There have been two main directions in
biotechnological ways to produce monoclonal
antibodies since the middle 1970s. The phage display
technology strongly relies on the transcription and
translation machinery of e-coli bacteria [47-48,].
The hybridoma technology is mostly bound by
spleen cell isolation from the immunized mammals
and thanks to new advancements in transgenic
methods, human monoclonal antibodies could be
provided by mice, rabbits, etc. [48-49].

Hybridoma: BCT-driven fusion

Since BCT (B-cell targeting) also known as PEF
(pulsed electric field — method) or even SST (stereo
specific targeting) technology nowadays is most

epitope-specific and antigen-sensitive technology
without hampering low molecular molecules like
sugars, etc. involved in cell fusion step; there are
few open-access articles on this topic and only
fractured information is available to make some firm
statements about its effectiveness and productivity,
only principles and general experiments results,
claiming the better results as ever was registered
before in monoclonal antibodies synthesis.

The ever first publication on first BCT [50] was
made already in 2006-2007. The most advanced
and efficient technological edge of hybridoma.
This approach includes three main steps to follow:
1) ‘antigen-based preselection of B lymphocytes’
2) ‘formation of antigen-selected B lymphocyte
and myeloma cell complexes’ 3) ‘selective fusion
of B-cell-myeloma cell complexes with electrical
pulses’ [50]. In nut shell, this technique requires both
in vivo immunizations, as well as in vitro. A young
mouse must run at least 3 immunizations (human
insulin in case of [50] intervals within 15 days with
adjuvants or immune boosters to get highly dense
concentration of B-cells [50]. In vitro, immunization
exposed on extracted splenocytes according to
(Davis C., n.d.). As mentioned, step I and step Il
as well the preselection stages of B-lymphocytes
and Myeloma cell complexes proceedings. During
the B-cell targeting the insulin-avidin conjugates
(antigen-avidin) were added to the spleen cell
suspension. The Biotinylation of myeloma cells is
very important to build the cell complexes since
biotin has strong and specific interactions with
antigen-bound avidin (Ag-Av), the B-cells and
myeloma cell complex with antigen specificity (Ag-
Av) forms with NHS-biotin proceeded myeloma
cells (M-bio) the B-Ag-Av — bio-M -complex that
is ready to be fused via PEF-method to get fused
cells (BM) [50-51].In modern science, there is no
so-called ‘one—sided’ approach or versatile formula
for only one technique and this stereo-specificity
or single-cell attachment of the antigen-selected B
lymphocytes to myeloma cells was achieved thanks
to the B-cell targeting in a combination of PEF-
method. Interestingly, the method is so effective that
even 5%PEG-mediated fusion showed higher rates
of fused cell and cell survival and lower cell toxicity
[52].

Artificial chromosomes

Apart from hybridoma, phage display
(display library techniques), and humanization
biotechnologies  (transgenic  mice), artificial
chromosomeslike Y AC(yeastartificial chromosome)
or BAC (bacterial artificial chromosome) became a
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significant alternative for other widespread genome
editing techniques (recombinant clones generating).

YAC (yeast artificial chromosome)

According to the basics of biology, the
eucaryotic genes (mammalian) are generally
unstable in bacterial cloning vectors like plasmids,
conventional bacteriophages, or even cosmids. These
three procaryotic systems often underrepresent the
eucaryotic gene sequences or delete some critical
regions due to relatively limited cloning capacities,
starting from 10kb (plasmids) up to 50kb (cosmids)
and of course bacteriophage 100-150kb [52]. Yeast
chromosomes, however, can incorporate thousands
and sometimes millions of base pairs, allowing the
researchers to work on full-scale profound genomes
and essential coding regions of genes of interest
in mammals [52]. Already in 1994 [52], YAC
demonstrated advantageous properties in cloning
large regions of DNA. YAC was a great milestone
in cloning technologies and examining the big DNA
-regions up to 2000kb for genes and active DNA
sites [52, 53].

The components of YAC

* Two copies of a yeast telomeric sequence

*  The yeast centromere

* The yeast ARS (autonomously replication
system)

*  Origin of replication (bacterial Ori)

*  Multiple cloning site (MCS)

»  Selectable markers (for bacteriaas well as for
yeast) (Ramsay M., 1994: 181-201).

The YAC technology consists of many steps
and represents some complicated principles of
preparation as well as the running procedures. In
the first stage, the YAC vector is propagated as a
circular plasmid inside the bacterium, utilizing
the bacterial Ori sequence [53-54]. Secondly, the
YAC vector must be isolated from the bacterial
host for downstream processes that are needed for
further DNA purification [55,56]. Thanks to the
YAC construct, the researchers can make big YAC
libraries in genome studies but in our case replicate
the GOI (gene of interest) of organisms that have big
expressing sequences that could be used in transgenic
manipulations of humans, mice, and even plants.
[55-57]. As with any biotechnological approach, it
has also some drawbacks as only one vector occurs in
one yeast cell despite the fact the yeast cell division
(mitosis) runs relatively fast but not fast enough as
plasmid replication in bacteria because hundreds of
plasmids (vectors) can be replicated continuously
per one bacterium. In addition, bacterial vectors like
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plasmids and cosmids are more stable than the YAC
[54].

So, we have already discussed that all vectors can
be used to modify many techniques, starting from
Sendai virus (Hybridoma), plasmids and cosmids
(BAC — bacterial artificial chromosomes), and
YACs. Indeed, in a nutshell, nowadays researchers
have two main directions. The first is recombination
and phage display priorities that allow studies to
focus on so-called ‘featuring’ the functions that
are of interest like novel nanobodies or transgenic
organisms with the help of which a particular gen
product can be generated like in transgenic mice
producing human IgGs [56]. The second pathway’s
foundations heavily rely on hybridoma technologies
and their improvement.

Active immunity

Vaccine types: QazVac, Sputnik (inactivated)

In Kazakhstan, the most popular vaccines were
QazVac and Sputnik, especially, at the beginning
of the pandemic. Both belong to the group of so-
called inactivated vaccines with a shoot procedure
pattern. Both had and have relatively high
concentrations of antigen to ensure active immunity
within several weeks. According to WHO (World
Health Organization), by 29th April 2023, 38 355
605 vaccine doses had been administered and 12
443 364 individuals got vaccinated with at least one
dose, among them, QazVac and Sputnik took the
major numbers.
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Conclusion

All three clinically approved drugs are based
on monoclonal (humanized) antibodies or IgGs
show a therapeutic effect on SARS-COV2 infection
their neutralization gives us a powerful medicine
based on adaptive immunity product that saves
time, subsequently lives to engage yet another very
effective and safe antiviral drug. A long way had
to be passed till the true potential of monoclonal
antibodies could be revealed and a new era in
biotechnology was initiated. The recombinant and/
or conformation-specific monoclonal IgGs that
were selected in phage display and in their various
phage display libraries make monoclonal antibodies
an extremely precise tool in scientific studies as
well as in drug development [59]. The memory

B-cells taken from COVID-19 patients are the main
foundation of recombinant monoclonal antibody
production through the phage display selection [60-
62]. The hybridoma technologies however require
the splenocytes from mouse or other mammalian
spleen to be proceeded and animals often die from
this type of surgery. The IgGs synthesizing B-cells
(memory B-cells, splenocytes) are the main target
of both technologies that provide us with highly
effective and sensitive monoclonal neutralizing
humanized antibodies. Hybridoma technology has
been showing price and time efficiency, especially,
the latest methods like electrofusion assay, and
seems to be more biologically friendly and reliable
towards antibody production rates and quality.
However, the phage display shows more progressive
development directions sparing animal tissue from
extraction, still in terms of cost and time effort, it
is still seriously inferior to hybridoma-orientated
research and practice.
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BCE€ 3aM€UaHUsl U UCIIPABJICHUSA 110 CTAThE. Baxno YKa3aTb Z[efICTByIOL[[HI)‘I 3J'I€KTpOHHI;IfI aApeC U KOHTAKTHBIC JAaHHBIC ITPU MOJa4U
CTaTbu.

1. Coxpamenus 1 0003HAYEHHS — €CIIU UMEIOTCSL.

v' Aunotauusi 06beMoM He Menee 150 ciioB, He 6osiee 300 CJIOB Ha PYCCKOM, Ka3aXCKOM U aHIVIMICKOM A3BIKAX.
o Crpykrypa anHotanuu Bkiarodaet B cebds crnenyrone OBSI3ATEJIbHBIE nyHkThI:

1. BerynuTenbHOE CI0BO O TeME UCCIIEIOBAHMUS.

2. Llenb, OCHOBHBIE HAIIPABIEHUS U WEH HAYYHOTO UCCIIEOBAHMSL.

3. Kparkoe onricanvie Hay4HOH U MPAKTUYECKON 3HAYUMOCTH PabOTHI.

4. Kparkoe onricaHnue MeTOJI0JI0TMH UCCIIEIOBAHUSI.

5. OCHOBHBIE Pe3yJIbTAThI U AHAJIN3, BHIBOJIBI HCCIIEIOBATEIBCKON paOOTHI.

6. LleHHOCTH IPOBEICHHOTO UCCIIECIOBaHMS (BHECECHHBIN BKJIA]] JAHHOW Pa0OThI B COOTBETCTBYIOIIYEO 00JIACTh 3HAHUH ).
7. IlpakTmueckoe 3HaYCHHE UTOTOB PAOOTHI.

v' KiioueBble CJI0BA/CJI0BOCOUETAHUST — KOJIMUECTBOM 3-5 Ha PYyCCKOM, KA3aXCKOM M aHTJIMHCKOM SI3bIKaX.

Hocnedyrowana cmpanuya (nosas):
Beenenue

Marepuajbl 1 MeTobl
Pesynbrarel n O0cyxaenue
3akiT0ueHmne, BHIBOIBI
Baaropapnoctn

Hctounnk puHAHCHPOBAHUSA
Konduukr narepecos
Jlureparypa

BBeeHue cOCTOUT U3 CIEAYIOLUMX OCHOBHBIX 2JIEMEHTOB:

v' O6ocHOBaHHE BBHIOOPA TEMBI; aKTYyaIBLHOCTh TEMbI WM NpobiieMbl. B 000cHOBaHNM BBIOOpA TEMBI HA OCHOBE OIMMCAHUS
OTIBITA MPEINICCTBCHHUKOB COOOMIACTCS O HAIMYHK MPOOJIEMHOM CUTyaIiu (OTCYTCTBHE KaKUX-JIMOO HMCCIICIOBAHUIA, TIOSIBICHUE
HOBOTO O0BEKTA U T.JI.). AKTYaJIbHOCTh TEMBI OIPENENISCTCS OOIIUM HHTEPECOM K U3YUCHHOCTH JJAHHOTO 00BEKTa, HO OTCYTCTBHEM
HMCYEPIBIBAIOUINX OTBETOB HA UMEIOLIMECS BOIIPOCHI, OHA JIOKA3bIBACTCS TEOPETUUYECKON MIIM MPAKTUUYECKON 3HAYUMOCTHIO TEMBI.

v' B ceKuuu I0/KHBI ObITH OXBadeHbl (DyHIAMEHTAILHBIE W HOBBIE TPY/IBI M0 MCCIIEAYEMON TEMATUKE 3apyOekKHBIX aBTOPOB
Ha aHTIIMIICKOM si3bIKe (HEe MeHee 15 Tpy[oB), aHaIHM3 JaHHBIX TPYIOB C TOYKH 3PEHUS MX HAYYHOTO BKJIAJA, a TAKXKE MPOOEIB B
HCCIIeIOBaHNU, KOTOpBIe BEI JlomonHsieTe B cBOEi cTaThe.

v' Ompenenenre o0beKTa, NpeaMera, IeJied, 3a1ad, METOIOB, TOJAXOJIO0B, TMUIOTE3bl M 3HaueHHs Bamiedl paborel Llennb
HCCIICIOBaHMsI CBSI3aHA C JIOKA3aTeIbCTBOM TE3HCa, TO €CTh IMPEACTABICHHEM IPEIMETa HCCIICIOBAHUS B M30pPAaHHOM aBTOPOM
acIieKTe.

Marepuanabl 1 MeToAbl — JOJDKHBI COCTOSTH W3 ONMCAHMS MaTepHajoB M Xoia paboThl, a TaKKe ITOJHOTO OIHCAHMS
HCIIOJIb30BAHHBIX METOJIOB.
v’ XapakTepuCTHKa MM ONIHCAHHIE MaTepUajia HCCIEOBAHMUS BKITIOUAET €r0 MPE/ICTABICHHIE B KAYECTBEHHOM U KOJIYECTBEHHOM
OTHOIICHNH. XapaKTepUCTHKa MaTepraja — OUH N3 (JaKTOPOB, ONPEACIISIONINH JOCTOBEPHOCTE BBIBOIOB M METO/IOB HCCIICIOBAHMS.
v B 9TOM pasiene OMKMCHIBAETCs, Kak TMpoOneMa Obuta W3ydeHa: moapoOHas wH(opMmanus Oe3 MOBTOPEHUs paHee
OITyOJIMKOBAHHBIX YCTAHOBJICHHBIX IPOLENYp; HCIIONB3yeTCS HACHTU(GHKAIUS 000pyIoBaHHs (IIPOrPaMMHOTIO OOECIIeueHus) n
OIMCaHNe MaTepHajIoB, C 00s13aTebHBIM BHECEHUEM HOBH3HBI IIPH HCIIOJIb30BAHIH MAaTEPUaIOB U METO/IOB.
Hay4nast MeTO010THsI TOJDKHA BKJIIOYATh B CEOs:
- ICCIIE/IOBATEINILCKUIT BOIIPOC(-Bl);
- BBIJIBUTAEMYIO THITOTE3Y (TE3HC);
- 9TaIlbl UCCIIEIOBAHNUS;
- METO/Ibl CCIIE0BAHNUS;
- pe3yabTaThl UCCIEJOBAHUS.
HEJZIOITY CTUMO Hanu4ne MHOXECTBa CCBUIOK, HE MMEIOIINX OTHOIICHHUS K paboTe, M HEYMECTHBIE CY>KACHHS O BaIlINX
COOCTBEHHBIX JJOCTH)KEHHUSIX, CCHUIKH Ha Bamm npeapirymue padoTsl.

AV NN N NN

Pe3y.m,TaT1,1 u Oﬁcymeﬂne — [IPUBOAUTCA aHAJIU3 U 06Cy)KZ[eHI/Ie MOJIYYCHHBIX BAMU PE3YJIbTATOB UCCIICAOBAHUS. HpI/IBOZ[ﬂTCSI
BbIBOJY IO IOJYYCHHBIM B XOJAC UCCIECHOBAaHHUS PE3yJbTaTaM, PAaCKpPbIBAE€TCSA OCHOBHasA CYTb. W 5T0 0oMH M3 CaMbIX BaKHBIX
pas3aciioB CTaTbu. B Hem HCO6XOZ[I/IMO IIPOBECTHU aHAJIU3 PE3YJIbTATOB cBOCH pa60TI)I u 06Cy)KZ[eHI/Ie COOTBETCTBYIOIIUX PE3YIbTATOB
B CpaBHEHHU C NPEAbIYIITUMU pa60TaMI/I HWHOCTPAHHBIX U OT€YETCBCHHBIX aBTOPOB, aHAJIM3aMU U BbIBOJJaMU.
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3akJ/09eHHe, BbIBOJAbI

O0o6uiene 1 MoABEICHUE UTOrOB pabOThl HAa JAHHOM 3Tarlle; MOATBEP)KICHHE NCTUHHOCTH BBIIBHTAEMOTO YTBEPKICHHUS,
BBICKa3aHHOTO aBTOPOM, M 3aKIIOUEHHE aBTOpa 00 M3MEHEHUH HAyYHOTO 3HAHUS C yYETOM MOIyUYeHHBIX Pe3ynbTaToB. BeiBObI HE
JIOJKHBI OBITh a0CTPAKTHBIMM, OHM JOJKHBI OBITH MCIONB30BaHbI IJIs1 000OLIEHHs Pe3ynbTaToB MCCIEN0BAaHNS B TOH MM MHOU
Hay4yHOI 001aCTH, C OMMCAHUEM MPEATIOKEHUN M BO3MOXKHOCTEH AanbHeie paboThl.

CTpyKTypa 3aKII0UeH s JOIKHA COAepIKaTh CIeayIore Bompockl: KakoBbl 1ienn u MeTosib! nccaenosanus? Kakue pesymbrars
noy4deHbl? KakoBbl BEIBOBI? KakoBbI MEPCIEKTUBBI M BO3MOYKHOCTH BHEIPEHHS, TPUMEHEHHUS pa3padoTKu?

KoH(puIMKT HMHTEepecoB — >KeJlaTelbHO yKa3aTh MMeElolmuecs KOH(QIMKTI MHTEPECOB CO CTOPOHBI aBTOPOB M COaBTOPOB
KacaTeJIbHO MaTepuajoB cTaTbi. ECIM HET HUKaKUX KOH(IMKTOB K OIyOIMKOBAaHUIO MAaTEPHANIOB B CTAThe, YKa3aTh, YTO aBTOPHI HE
UMEIOT KOH(IMKTa HHTEPECOB.

Bnarogapnoctn — IlepeuncnuTe mofel, KOTOpbIE OKa3aly TOMOIIb BO BpeMs HCCIENOBaHUS (HAmpHMep, MPefoCTaBUIN
MOMOIIIb B IEPEBOJIE, THCHMEHHYIO OMOIIb WIIH TIPEOCTABHIIN MaTepuai/o00pya0BaHue Ul padOThI U T.11.)

Hcrounuk ¢punancupoBanus — CreqyeT yka3aTh B paMKax KakKoro NMPOEKTa WIIM MpOrpaMMbl Obla BBITIONHEHa padora,
yKa3zarb TOJl 1 HOMEP JI0roBOpa 0 NPOEKTY/IIporpamme.

Jluteparypa

CrHcoK HCTOb3yeMoil uTeparypsl, Hin bubnuorpaduuecknii CIUCOK COCTOUT W3 HE MeHee 25 HaMMEHOBAHHUH JIUTepaTyphl
JUISL €CTECTBEHHOHAYYHBIX M TEXHMYECKHX HAIPAaBICHUH U U3 OOIIEro 4ncia HAMMCHOBAHMN Ha aHIIMHCKOM SI3bIKE JOJKHO OBITH
He meHee 50%.

Jli1s eCTeCTBEHHOHAYYHBIX CTaTeH CChUIKM OOPMIISIOTCS B KBAIPATHBIX CKOOKAX C YKa3aHHEM HyMEpalUH [0 Mepe MOSIBISCHHS
HUTHPYEeMBIX paboT B Tekcte. CTuiib odopmieHus crucka autepatypsl cortacio [OCT 7.1-2003 «bubnunorpaduyeckas 3amuch.
bubnuorpaduueckoe onucanue. OOiue TpeOOBaHUs U IpaBUiia COCTaBICHHs (TpeOoBaHHe K M3aHHUIM, BXOSIIUX B MEpeYeHb
KKCOH).

[Hanee cnenyet BTopoii cincok nutepatypsl (References, koTopblif gomkeH ObITH MpegocTaBlIeH B Apyroil popMe, TO ecTh —
pomaHH3upoBaHHBIM andasutom (TpaHciutepariys). References TOJIBKO Te paboTsl, KoTOpble HUTHPYIOTCS B TekcTe. Reference
oopmitsiercst B anaBUTHOM mopsiake!

PoMaHH3MPOBAHHBIN CIIMCOK JINTEPATYPBI JOJDKEH BBIISAJIETh B CIEIYIOLUIEM BUJIE JUISl HCTOYHUKOB HAa KUPHILIMIIE: aBTOP(-bI)
(TpancauTepanus) — (roJ B KpyIIbIX CKOOKax)—Ha3BaHUE CTATbU B TPAHCIUTEPUPOBAHHOM BapHaHTE [[I€peBOA HA3BAaHUS CTaThU
Ha aHIVIMHCKUIL S3bIK B KBAJIPATHBIX CKOOKAX ], HA3BaHUE PYCCKOSM3bIYHOTO HCTOYHUKA (TPAHCIUTEPALMS, TMOO0 aHIINICKOE Ha3BaHe
— €CJIH €CTb), BHIXOIHBIC JaHHbIE ¢ 0003HAYEHUSMU Ha aHIIIMHCKOM SI3bIKE.

Hanpumep: Gokhberg L., Kuznetsova T. (2011) Strategiya-2020: novye kontury rossiiskoi innovatsionnoi politiki [Strategy
2020: New Outlines of Innovation Policy]. Foresight-Russia, vol. 5, no 4, pp. 8-30.

Ctunb odopmitennss POMaHH3MPOBaHHOTO CIMCKA JINTEPATYPhl N3 HCTOYHUKOB HA aHIIMIICKOM (JPYroM HHOCTPAHHOM) SI3bIKE
JUTSl €CTeCTBEeHHOHAYyYHbIX U TeXHUYecKuX Harpasinennii — Chicago Style (www.chicagomanualofstyle.org).

Cramer W., Bondeau A., Woodward F.I., Prentice I.C., Betts R.A., Brovkin V., Cox P.M., Fisher V., Foley J.A., Friend A.D.,
Kucharik C., Lomas M.R., Ramankutty N., Sitch S., Smith B., White A., Young-Molling C. (2001) Global response of terrestrial
ecosystem structure and function to CO, and climate change: Results from six dynamic global vegetation models. Glob. Change
Biol., vol. 7, pp. 357-373.

B n1aHHOM pa3jeiie HEOOX0UMO Y4eCTh:

- IlutupyroTcs OCHOBHbIE Hay4HbIe IyOJIMKAllMM, MEPEeOBble METOABI MCCIEN0BaHMs, KOTOPbIe NMPUMEHSIOTCS B JaHHOMN
00s1lacTy HayKu M Ha KOTOPBIX OCHOBaHa paboTa aBTopa.

- U30eraiiTe upe3MEpHBIX CAMOLIMTUPOBAHHM.

- MU30eraiite upe3mepHbIx ccbiiok Ha myOmukamuu aBropoB CHI/CCCP, ucnonssyiite mupoBoii omsiT (Pubmed, Web of
Science). He cneyer cchuiaThest Ha SHIMKIONEANH, MOHOTpad My, TUCCePTALIMU U MAaTEepUaIbl, Ha KOTOPbIE HET OOIIEero A0CTyIa.

- bBubnuorpaduueckunii Ciucok JOMKEH conepkarb (QyHIaMEHTaJIbHble U HauOojIee aKTyalbHbIe TPYAbI, OMYOINKOBAHHbIC
U3BECTHBIMH 3apyOeKHBIMH aBTOPAMH M HCCIIEI0BATEISAMHU 110 TEME CTAThH.

Croumocts mydaukanuu — 2000 Tenre/cTpaHuia
PexBu3nTBI:

Hexommepueckoe akunonepHoe o01mecTBo «Kazaxckuii HaMOHaIBHBIN yHUBEpCUTET UMeHH Anb-Dapaduy
Hugexc 050040

azapec: I. Anmarsl, mp. anb-Papadu 71

BUH 990140001154

KBE 16

AO «First Heartland Jysan Bank»

NHMK KZ19998CTB0000567141 — Tenre

MK KZ40998CTB0000567151 — USD

BUK TSESKZKA
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