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MPEABAPUTEAbHbIM AHHOTUPOBAHHbDIN CMUCOK BUAOB
MUKO- U AUXEHOBUOTbl MAHTMCTAYCKOM OBAACTU

K HacTosiuieMy BpemeHu MUKO- U AMXeHOOMOTa MaHrMCTayckoi 06AaCTU SBASIIOTCS MPaKTUUeCKM
He M3y4yeHHbIMM, 3AeCb ObIAO OTMEYeHO BCero 5 BUAOB rpnboB M rpubonoA06HbIX OpraHM3moB. B
CBSI3M C 3TUM, LIeAbIO Hallei paboTbl ObIAO M3yueHKe BUAOBOrO COCTaBa MMKO- M AMXEHOOMOTbI MaH-
rMCTaycKor OBAACTM M COCTAaBAEHME aHHOTMPOBAHHOrO crncka BMAOB. O6pasibl AAS CTaTbu OblAM
cobpatbl B 2024 r. Ha Tepputopun Manrucrtayckon obaactu. [purotoBaeHue npenapatos rpuboB u
AVILIAMHWMKOB, UX M3YUYeHMe C MOMOLLbI0 CBETOBOro Mmkpockona Levenhuk MED D45T LCD u uaeH-
TMUKALMS OCYLLECTBASIAMCH MO CTAaHAAPTHOM MeToAauKe. B pesyAbrate 06paboTKM AMTEpATYypHbIX
AQHHbIX U repbapHbix 06pasLOB, COCTaBAEH aHHOTUPOBAHHbINA CMMCOK FPUBOB, rprbonoA0GHbLIX opra-
HM3MOB M AMLLIAMHUKOB MaHrucTayckon o6aactu, Bkalovatowmin 102 Buaa n3 aByx uapcts Chromista v
Fungi. UapctBo Fungi HacumTbiBaeT 101 BMA, M3 KOTOPbIX LWECTb 3aHMMAIOT HESICHOE CUCTEMATUYeCKoe
noao>keHue, 10 BUAOB OTHOCSATCS K 6asmAmManbHbIM rprbam (noauapcteo Basidiomycota), 85 BUAOB — K
cymMuatbiM (moauapcTBo Ascomycota). NoauapctBo Ascomycota HacuMTbiBaeT 6 KAQCCOB, M3 KOTOPbIX
CaMbIM KpYMHbIM siBAsieTcs kaacc Dothideomycetes ¢ 6 nopsiakamu, 16 cemencreamu, 23 poAamu 1
42 Bupamu. Tpu kaacca Candelariomycetes, Eurotiomycetes 1 Lecanoromycetes npeacTaBAeHbl BUAA-
MU AUXEHU3MPOBAHHbIX TPUGOB (AMwaHKMKOB). [MoauapctBo Basidiomycota HacuMTbiBaeT 3 KAacca,
4 nopsaka, 5 ceMencTs, 7 poaos 1 10 BMAOB. B MaHrmncrayckon o6AacTv HanboAee LMPOKO MPeACTaB-
A€Hbl canpoTpodbl (43 BUAQ), CMMBMOTPOGBI BKAIOYAIOT 34 BUAQ, A NMapasuTbl — 25 BUAOB. AUAMPYIO-
WMMM CEMENCTBAMM BbICLUMX PACTEHUI, MPEACTaBUTEAM KOTOPbIX BbICTYMAlOT B KauecTBe cybcTpata
MAM X039MHA, aBASIOTCS cemeinctBa Chenopodiaceae, Poaceae, Fabaceae, Asteraceae, Rhamnaceae.
HanboAbluee KOAMYECTBO BUAOB rprbOB, rpnbOnoA0GHbLIX OPraHM3MOB U AMILIARHUKOB (58) BbISIBAEHO
Ha TeppuTopmM TynkaparaHCcKoro paroHa. LIeHHOCTb 1 npakTuyeckoe 3HauyeHWe HaLlero MCCAeAOBa-
HMS 3aKAIOYAIOTCS B MOAYYEHMUM AQHHbIX O BUAOBOM COCTABE MMKO- M AMXEHOBMOTbI MaHrMcTaycko
06AaCTH, PacrnpoOCTPaHEHUN FPUOOB U AULIAMHMKOB, MX IKOAOTMUYECKMX FPyMmax U NpuypoYeHHOCTH K
pasHbIM THNam cybCTpaTos.

KAtoueBble cAroBa: rpubonoA06HbIi OpraHuaMm, AnxeHobuoTa, MaHrucrayckas 06AacTb, MUKOBUO-
Ta, NapasuT, pacTeHne-xo3suH, canpotpod, cumbroTpod, cybcrpar.

L.A. Kyzmetova, A.D. Myrzakhan*, E.V. Rakhimova, G. Sypabekkyzy

Institute of Botany and Phytointroduction, Almaty, Kazakhstan
*e-mail: myrzakhan_anel@mail.ru

Preliminary annotated list of myco- and lichenobiota species
of Mangystau region

To date, myco- and lichenobiota of Mangistau region remain poorly studied, only 5 species of fungi
and fungus-like organisms have been recorded here. In this connection, the aim of our work was to study
the species composition of myco- and lichenobiota of Mangistau region and to make an annotated list
of species. Specimens for the article were collected in 2024 in the territory of Mangistau region. Prepa-
ration of specimens of fungi and lichens, their study using a light microscope Levenhuk MED D45T
LCD and identification were carried out according to standard methods. As a result of processing of
literature data and herbarium specimens, an annotated list of fungi, fungus-like organisms and lichens
of Mangistau region including 102 species from two kingdoms Chromista and Fungi was compiled. The
kingdom Fungi includes 101 species, of which six are of unclear systematic position, 10 species belong
to basidiomycetes (subkingdom Basidiomycota), 85 species — to ascomycetes (subkingdom Ascomy-
cota). The subkingdom Ascomycota has 6 classes, of which the largest is the class Dothideomycetes with
6 orders, 16 families, 23 genera and 42 species. Three classes Candelariomycetes, Eurotiomycetes and
Lecanoromycetes are represented by species of lichenised fungi (lichens). The subkingdom Basidiomy-
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cota has three classes, 4 orders, 5 families, 7 genera and 10 species. In Mangistau region, saprotrophs are
most widely represented (43 species), symbiotrophs include 34 species, and parasites — 25 species. The
greatest number of species of fungi, fungus-like organisms and lichens (58) was found in the territory of
Tupkaragan district. The value and practical significance of our study lies in obtaining data on the spe-
cies composition of myco- and lichenobiota of Mangistau region, distribution of fungi and lichens, their
ecological groups and confinement to different types of substrates.

Keywords: fungal-like organism, host plant, lichenobiota, Mangistau region, mycobiota, parasite,
saprotroph, substrate, symbiotroph.
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MamngbicTay 06AbICBIHBIH, MUKO- )KOHE AMXEHOOUOTA TYPAEPIHiH,
AAAbIH aAa aHHOTALMSIAAHFAH Ti3IiMi

ByriHri TaHAa MaHFbICTay OBABICHIHBIH, MMKO- XK8HE AMXEHOOMOTACh! iC XKY3iHAE 3epTTeAMEreH,
MYHAQ TeK 5 Typi FaHa caHblpayKyAakTap MeH CaHblpayKyAaK, TOpi3Al OpraHM3MAEep peTiHAe TipKeA-
reH. OcblFaH 6aAaHbICTbl Hi3AIH XYMbIChIMbI3AbIH, MakKCaTbl MaHFbICTay OOAbICbIHbIH MUKO- K8HE AU-
XEHOOMOTACbIHbIH TYPAIK KypaMbiH 3e€pTTer, TYPAEPAIH aHHOTaUMSIAAHFaH Ti3iMiH >kacay 60AAbl. Ma-
KaAara apHaAraH yAriaep 2024 xbiAbl MaHFbICTay 0OAbICbI ayMarbiHaH >KMHaAAbI. CaHbipayKyAakTap
MEH KbIHaAap rnpernaparTapbiH AarbiHAQy, oAapAbl Levenhuk MED D45T LCD >kapbik, MUKPOCKOTbIHbIH
KOMerimMeH 3epTTey XKoHe MAeHTUdMKaLMIAay CTaHAAPTTbl dAICTEP GOMbIHLLA XKYPri3iAai. DAebu aAe-
pekTep MeH repbapuii YATiAepiH eHAEY HBTMXKECIHAe MaHFbICTay OHIpiHAEri CaHblpayKyAaKTapAbiH,
CaHblpayKyAaK, TEKTEC OPraHM3MAEPAIH >KOHE KbIHaAApAbIH aHHOTALMSAAHFAH Ti3iMi XKacaAAbl, OHbIH,
iwinae Chromista xeHe Fungi eki natiwaAblFbiHbiH 102 Typi aHbIKTaAbIM, eHri3iAAil. Fungi natiwabiFbl
107 TypA€H TypaAbl, OAAPAbIH aATayblIHbIH XKYMEAIK OpHbI aHblKTaAMaraH, 10 Typi 6a3nanomMmuueTTep-
re (Basidiomycota cybnaTiaabliFbiHa), 85 Typi KaATaAblaapFa (Ascomycota cybnaTiiaAblfbiHa) >KaTaAbl.
Ascomycota cybnaTilaAbiFbl 6 KAACTaH TypaAbl, OAAPAbIH, iliHAErI eH yAkeHi Dothideomycetes kaacbl
60AbIN TabbiAaabl, OA 6 KaTap, 16 TyKbIMAAC, 23 TybIC XaHe 42 TypAeH Typaabl. Candelariomycetes,
Eurotiomycetes >xaHe Lecanoromycetes KAACTapblH KblHa TOPIi3AEHTeH CaHblpaykyAakTap (KblHaAap)
TYpAepi Kypanabl. Basidiomycota cybnaTwanblfbl yiu KAACTaH, 4 KaTapAaH, 5 TyKbIMAACTaH, 7 TybICTaH
>koHe 10 TypAeH TypaAbl. MaHFbICTay 0OAbICbIHAQ aca KeHIHEH TapaAFaH canpoTpodTap (43 Typ), CMM-
6uotpodprapra 34 Typ, aA, napasmuttepre 25 Typ XaTaAbl. OKiaaepi cybcTpaT Hemece MeAik-8CiMAIK
KbIBMETIH aTKapaTblH >KOFapbl CaTblAafbl OCIMAIKTEPAIH, XeTekli TykbiMaacTapbiHa Chenopodiaceae,
Poaceae, Fabaceae, Asteraceae, Rhamnaceae TykpiMpacTapbl >kaTaAbl. CaHblpayKyAakTapAblH, Ca-
HbIpayKyAak, TEKTEC OPraHM3MAEPAIH >KOHe KblHaAapAbIH eH Ker caHbl (58) TynkaparaH ayAaHbIHbIH,
TEPPUTOPUSICbIHAA aHbIKTaAAbl. Bi3AiH 3epTTeyiMi3AiH KYHABIAbIFbI MEH TaXKipnOEAiK MaHbI3AbIAbIFbI
MaHfbICTay 0BAbICBIHbIH, MUKO- )K8HE AMXEHOOMOTAChIHbIH TYPAIK Kypambl, CaHbIPAyKyAaKTap MeH Kbl-
HaAQpAbIH TapaAybl GOMbIHLLIA MBAIMETTEP aAyFa >K&HE OAAPAbIH 3KOAOTMSIAbIK, TOMTAPbIH aHbIKTar,
BPTYPAI cybCTpaT TypAepiHe 6eRiMAEAYLLIAITIH aHbIKTayFa HEri3AEAreH.

TyniH ce3aep: caHblpayKyAak, TOpPi3Ai opraHuam, AMxeHobmoTa, MaHfbicTay 06AbICbI, MMKOOMOTA,
napasuT, MeAik eciMaik, canpoTpod, cumbuoTtpod, cyberpar.

Beenenue MUMEIOTCS JIUIIb BPEMEHHBIE BOJOTOKH M KOJIO/IIBI;
¢ 3amajia Tepputopusi ombiBaercs Kacnuiickum Mo-
Masrucrayckas 00nacTp, wiomanpo  peM. Knumar pe3ko KOHTHHEHTaJIbHBIN, apUIHBIN.

165 642 xm? pacrionokeHa Ha roro-3amnae Kasaxcra-
Ha. CeBepHas 4acTh 00JIaCTH C OOIINPHBIMH COJIOH-
YaKaMH, ropaMy U TMeCYaHbIMH MAacCUBaMH PacIo-
noxkeHa Ha [Tpukacnuiickoii HUBMEHHOCTH, FOXKHAs
YacTh BKIIIOYAET TOpbl MaHrucray, miaro Y cTopT,
Mamnrucray, Kenpepnu-Kascanckoe. B mpenenax
IUIATO BBIACISIIOTCA CyOMEpPHIMOHAIBHBIE KPYII-
Heiimmune BrmaguHbl Kaparue (-132 m) u Kapbinxa-
pBIK (-68 M) 1 cyOImMPOTHBIE HEOOIBIINE BIIAAUHBI
Kapamsiaaeioac, Y3enb, Kyannsr u npyrue. O6Boa-
HEHHOCTh MaHrucrayckoit oonactu KpaiiHe criabas,

CaMbIif XOJOZHBIN MecCALl STHBapb CO CPEIHEH TeM-
nepatypoit -7°C, caMblil JkapKHuil — HIOJIb CO Cpe-
Hel temneparypoid +27°C. OcagkoB BbIIAAAET BCe-
ro okoyio 100—150 mm B rox. [1].

VY4uuThiBas  BBIIEHU3IIOKEHHOE, TEPPUTOPUS
Masnrucrayckoil 001acTH OTHOCUTCS K 3acCyLIJIH-
BOIi 30HE C KpaifHe HeOJIaronpUsTHBIMU YCIIOBHSIMHU
JUISL COCYJIHMCTBIX PAaCTEHHH: BBICOKAs COJIHEYHAS
MHCOJISALIUS, PE3KHE CYTOUYHbIE M CE30HHBIE KoyeOa-
HUS TEMIIEPATyp W BIAXKHOCTH BO3/1yXa, OCTHOCTD,
3aCOJICHHOCTh M MEJIKONPO(QHUIBLHOCTh MoYB [2].
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®rnopa BBICIIMX pacTeHHH 00JACTH SBISETCS THU-
MMMYHO MyCTHIHHOM [3, 4] 1 HacunThIBaeT 675 BUIOB
u3 69 cemeiicts u 300 ponos [5]. K momunupyro-
oM cemeiictBam  Chenopodiaceae, Asteraceae,
Brassicaceae, Poaceae n Fabaceae oTHOCUTCS T10-
JIaBIIsIIONIEe OOJIBIIMHCTBO TPEJICTaBUTENCH (IIOPHI
[5, 6]. B pesynbrare duopuctuiyeckux o0OcieaoBa-
Huit repputopun B 2010-2023 rr., 6bUT0 BBIsBIIE-
HO 14 reorpaduueckux HOBMHOK Ui MaHrucray-
ckoii oonactu: Artemisia sieversiana Willd., Ribes
aureum Pursh, Tulipa gesneriana L. (T. schrenkii
Regel), Malus siversii (Ledeb.) M. Roem., Urtica
dioica L., Epilobium hirsutum L., Rosa canina
L., Portulaca oleracea L., Hordeum murinum L.,
Atriplex verrucifera M. Bieb., Cakile maritima
subsp. euxina (Pobed.) Nyar. u ap. [4, 7-9]. Hnsa
Masrucrayckoit 001acTH, Kak U JJ1sl BCeX apHuIHbIX
TEPPUTOPHIA, XapaKTepHO Pa3HOOOpa3ue BUIOBOTO
COCTaBa BECCHHUX M PaHHEJETHUX pacTeHuil (3¢e-
MEpOB M 2PEMEPOUIOB), TIPH ITOM UX JIOJISI COCTAB-
nsiet oxoio 30% ot obmiero coctasa diopsi [3, 4].

Muko- n nuxeHobmora MaHrucTaycko oba-
CTH SIBJIAIOTCS MTOYTH HE M3ydeHHbIMH. Ha TeppuTo-
pPHUH UCCIIEIOBAHNH OBIJIO OTMEYEHO BCEro 5 BHJIOB
rpuboB u rpuOONOJOOHBIX OpraHu3MoB (Albugo
candida, Strickeria pomiformis, Wilsonomyces
carpophilus, Inonotus hispidus, Dictyocephalos
attenuatus), coopanabix B 1940-1965 rr. pasHeiMu
komuiektopamu [10]. HyxHO OTMETUTH, UTO BH[
Wilsonomyces carpophilus, BBI3BIBAIONINI JbIpUa-
TYI0 MSATHUCTOCTh JINCTBEB, BCTPEUACTCS Ha JIBYX
MIPEACTABUTENAX CeMeHcTBa Rosaceae Juss.: Ha
Prunus armeniaca v P. avium. JJOCTaTOYHO XOPOLLIO
M3yYeHbl MHKCOMHMIIETHI MaHTHUCTayCKOW 00JacTu
[11]. Ix BugoBoii coctaB HacuuThiBaeT 40 BUAOB U3
13 pomos.

Lesnpto Hamreld paboTbl OBUIO U3yYCHHUE BHIOBO-
IO COCTaBa MHUKO- M IUXEHOONOTH MaHTHUCTayCKOM
00JIaCTH M COCTaBJIEHHE aHHOTHPOBAHHOI'O CIIHCKA
BHUJIOB.

MaTepnaﬂu U METOAbI UCCJICTOBAHUA

Coop obpasyos

OOpasup! 0bun coOpansl B 2024 T. HA TEPPUTO-
puu Manrucrayckoit o6mactu. beumn 00cienoBaHbI
okpectHocTH cen Koizpuicait, llerne, Kapmpi, Ky-
sanbl, Hlaitsep, Kennepiu u ap., Y cTroprekuii rocy-
JapCTBEHHBIN TPUPOAHBIN 3alIOBETHHUK ((hparMeHThI
necuyaHoro MaccuBa Kapsimkapbik, kopaoH Onepe,
y poaHuka, ropel Tpu Opata), mobepexbe Kacrmii-
CKOTO MOp$, TOPHBI MaccWB AKMBIIITAY, TOJTMHA
3aMKOB ApakTsl, ypouuia Topsiml, bozxsipa, Tu-

pamucy, ymense Kamamcail, Mpic JXKeirsuiran, Ye-
peraiibe 03epo U FOKHBIC MYCTHIHU MTPUTPAHUYHBIX
tepputopuit Typkmenucrana (Pucynox 1-6).
I'eorpadmueckoe mosyoxkeHne To4ek cobopa 00-
Pas1oB ObUIO 3aPETUCTPUPOBAHO C UCIIOIB30BAHHEM
GPS (Garmin) (Pucynok 7). Bcero Os110 00cneioBa-
Ho: B Tynkaparanckom p-ae — 13 touex (1. 1, 3,6 km
oT Hekponoiist «Kammman kopeim», 183 M Ham yp.
M., N43°55'04.74", E051°01'45.97", 12.05.2024;
T. 2, Ha 53 kM oT T. AKTay, 1O JOPOTEe B ypOUH-
me Caypa, 266 M Haj yp. M., N44°06'19.24",
E051°00'39.16", 12.05.2024; 1. 3, va 79 k™ ot
r.Akray,noaoporeByp. Caypa, psg10M KaMEeHHBI Ka-
PBEP IS CTPOUTENIBCTBA, MTOJIBIHHO-KYCTaPHUKOBOE
coobuiectBo, 276 M Hax yp. M., N44°09'43.75",
E050°58759.01", 12.05.2024; T. 5, BOCTOYHOE
nobepexxbe Kacnuiickoro mops, psaom o3. Cay-
pa (Yepenmamme 03.), yp. Caypa, 94 M Hag yp. M.,
N44°13724.92" ,E050°48'17.69",12.05.2024; 1.6,
03. Caypa (Yepenamnbe 03.), yp. Caypa, — 70 M Haxq
yp- M., N44°2236.6" ,E051°20"39.6",13.05.2024;
T. 7(406), nopora k moc. Cyat u XXsirsuiran, 12,4 km
ot yp. Caypa (Yepenambe 03.), 246 M Hax yp. M.,
N44°1838.03", E050°51'49.93", 13.05.2024;
1.8(408), TP, nopora k Cyar u XsIrbuiras, 2,7 KM He
JToe3Kast 10 HEKPOIOsI «AKIopa», 292 M Haf yp.
M., N44°25"44.95", E050°50"43.29", 13.05.2024;
T. 9(409), nmopora x moc. Cyar u JKpITBIITaH,
okpecTHOocTH  Hekporosida  «Kaparamrer  Ay-
mue», 279 M Ham yp. M., N44°28'17.64",
E050°52702.68", 13.05.2024; T. 10, MpbIc JKBITBLI-
rad Tymkaparanckoro moixyocTpoBa, 170 M Hax yp.
M., N44°36'45.92", E050°49 ' 58.23", 13.05.2024;
1. 11(59), xanvon Kamamcaii, 34 M Ham yp. M.,
N44°24134.43", E051°04'42.24", 14.05.2024;
1. 12(60), 3amagaee 3,5 KM OT MOA3EMHON MEUETH
«akmak-ATa», 143 M Hag yp. M., N44°24752.62",
E051°11'56.40", 14.05.2024; 1. 13(61), mo no-
pore B yp. Topsimn ot Hlakmakcas, 110 m Hag yp.
M., N44°24703.03", E051°12"16.49", 14.05.2024;
T. 14(62), mapoBble KoHKpenmuud yp. To-
peim, 245 ™M Ham yp. M., N44°19'25.87",
E051°35"45.27"14.05.2024; B Manrucrayckom
p-ae — 4 Touxu (1. 16(63), ropHBI MaccuB AKMBIIII-
Tay, 1oJMHa 3aMKoB AlipakTel, 180 M Hajg yp. M.,
N44°15'04.49", E052°08'22.51", 16.05.2024;
1. 17(64), roper Kaparay, mexay noc. Ulerne u
Kapmerm, 226 M Hamg yp. M., N44°09'17.90",
E052°18"14.79", 16.05.2024; T. 18(65), 3amax-
HBI 4nHK YcTiopta, cop Tys3bamp, 73 M Ham yp.
M., N44°02'19.68", E053°09'31.79", 16.05.2024;
T. 19(66), 3amaguenii 9uHK Y cTIOpTa, cop Ty30aup,
2 M Hag yp. M., N44°02'20.09", E053°09"31.43",
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16.05.2024); B Kapakusinckom p-ne — 18 Touek
(1.21(68), yp. Kei3eikyn (Tupamucy), -2 M Hag yp.
M., N43°29'31.11", E053°47'41.00", 16.05.2024;
T. 23(70), nopora B Meueth «beker Atay, 5 KM OT
c. [lonan ATtel, 162 M Hag yp. M., N43°32709.00",
E053°16'36.44",  17.05.2024; 1.  24(71),
okpectHoctu moc. Kennmepnu, 36 M Hang yp. M.,
N42°48729.65", E052°40'41.72", 17.05.2024;
1.25(72), BOsn3u ot rpanuusl TypkmenucTana, Ka-
crimiickoe mMope, 3ainuB Kocamsl, -88 M Hax yp. M.,
N42°03'02.16", E052°26'43.23", 18.05.2024;
1.26(73), BOMM3M oT TpaHunbl TypKMeHHCTaHa,
I0)KHBIC TEIJIO-yMEpPEHHbIE MyCTHIHU, -3 M Haa yp.
M., N42°02'12.87", E052°29'03.38", 18.05.2024;
T. 27(74), npurpannynsie Tepputopun TypKMeHH-
cTaHa, cTemb, 24 M Ham yp. M., N41°57755.47",
E052°36'23.09", 18.05.2024; T. 28(75), mpu-
IpaHUYHbIE TEPPUTOPUH TYpPKMEHHUCTaHA, CTelb,
44 mHan yp. M., N42°05700.62", E052°45702.16",
18.05.2024; 1. 29(76), mpurpaHUYHBIE TEPPUTO-
pun Typxkmenucrana, crens, 103 M Ham yp. M.,
N42°15750.52", E052°55'16.91", 18.05.2024;
1.30(77), Yerioprckuil 3amoBeHUK, KOpaoH OHe-
pe, y ponHuKa, 88 M Ham yp. M., N42°16'05.54",
E052°54743.98", 19.05.2024; T. 31(78), Teppuro-
pust YCTIOPTCKOTO 3allOBEJHMKE, -73 M Hajd yp. M.,
N42°34750.87", E054°09'03.72", 19.05.2024;
T. 32(79), Ttepputopusi YCTIOPTCKOTO 3ario-
BeAHUKa, MO jJopore B yp. Kennepnm, TaksIp,
22 MmHAI yp. M., N42°29'31.82", E054°15'51.01",
20.05.2024; T. 33(80), VYcrropTcKuil 3amoBe-

Pucynok 1 — O3. Caypa (Uepenanibe 03.)

HUK, 10 gopore B yp. Kennepnu, 89 M Hag yp. M.,
N42°30'05.55", E054°33'39.02", 20.05.2024;
T.34(81), Tepputopust YCTIOPTCKOTO 3arlOBEIHH-
Ka, 1o mopore B yp. Kenmepmu, ropst «Tpu Opatay,
83 M Hag yp. M., N42°35'44.41"  E054°17'48.12",
20.05.2024; 1. 35(82), Teppuropust Y CTIOPTCKO-
ro 3amoBeJHHMKa, Oapxanel, -30 M Hajg yp. M.,
N42°41'27.89", E054°07'10.88", 21.05.2024;
1.14, 72,5 xM™ 1oro-3anaanee c. KaHaoszeH, okpecT-
HOCTH Mbica TOKMak, CIa0OBOJHHUCTas paBHUHA,
OMIOPIYHOBO-KEHPEyKOBOE co00MIecTBO, 141 M Hax
yp. M., N42°51'28.38", E052°17'33.07",09.2024,
A.®. Ucnamrynosa; 1. 46, 125 kM 1oro-3anaaHee c.
’Kanao3zen, ciraboBoHHCTas paBHUHA, MHOTOJIETHEE
COJISTHKOBOE COOOILIECTBO C MOJIBIHBIO B KOMIUIEKCE
C ©KOBHHMKOBO-JIUIIAWHUKOBBIM TI0 TaKbIPOBHU/I-
HBIM mouBaM, 143 M Hag yp. m., N42°13738.72",
E052°46'03.61", 09.2024, A.d.Ucnamrymnosa;
1.58, 121 kM roxHee c. XKaHao3eH, BOIHUCTAs paB-
HHHA ¢ Oyrpamu, 167 M Ha yp. M., N42°19717.48",
E053°20727.98", 09.2024, A.®. Hcnamryno-
Ba; T. 475, 115 xm 1oxHee c. JKanaoseH, cimabo-
BOJIHACTasl PaBHHUHA, IOJILIHHO-KEHPEYKOBOE CO-
obmectBo, 187 M Ham yp. M., N42°20'07.38",
E052°47738.17", 09.2024, A.®. Hcnamrynosa).
OO6pasiel, TAe HE yKazaHa (haMUITHsT KOJUICKTOpPA,
cobpansbl JI.A.Kb13MeTOBOM.

st poTOCHEMKH CHMITTOMOB TPUOHBIX 00J1€3-
HEH, TIOIOBBIX TEJI Ha Pa3IHYHBIX CyOCTpaTax MM
TaJIOMOB JIUIIIAHHUKOB UCTIOIb30BaJICs (poToarma-
pat Canon EOS 600D.

Pucynok 2 — Yuiense Kanamcait
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Pucynoxk 3 — I'opsl AkMblITay Pucynox 4 — Jlonuna 3aMKOB AHPaKThI
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Pucynok 7 — Kapra Manrucrayckoii 06acti ¢ oTMeTKaMu Touek cOopa 00pas3os
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2. Unentudukanus BUIOB

M3yuenne rpuOOB U JTUIAHHIKOB IPOBOAMIOCH
M0 CTaHJAPTHBIM METOJUKAaM C ITOMOIIBI0 MUKPO-
ckona Levenhuk MED D45T LCD npu pa3nu4sbix
yBemmueHusx (ot 10* go 100 ¢ MacistHON HTMMep-
cueil) [ 12]. OxpammBanne TUIARHIKOB TPOBOIUIN
¢ nomonieto 10% BOJIHOTO pacTBOpa THAPOXIOPUAA
KaJIMs, HAaCBIIIEHHOTO BOAHOI'O PAacTBOPA TUIIOXJIO-
puaa Kanblys U CIIMPTOBOrO pacTBOpa Hoza.

Bunosas npuHaane;KHOCT TPHOOB U JIMIIAHHU-
KOB YCTAHOBJICHA C IIOMOIIbIO COOTBETCTBYIOLIMX
onpenenureneit [12-15]. Crcok BUIOB BEIBEPEH U
pacrosnokeH Mo CUcTeMe, MPUHATON B baze naHHBIX
Mycobank [17].

Pe3yJIl>TaTBI HCCJICAOBAHUA U UX oﬁcymenne

B pesynbrare 00pabOTKH JIMTEpaTYPHBIX JIaH-
HBIX W repOapHBIX 00pa3noB, cOOpaHHBIX Ha TeEp-
putopun MaHrucTtayckoli 007acTH, COCTaBJIeH
AHHOTHUPOBAHHBIA CIHMCOK TPUOOB, TpuOONOI00-
HBIX OPraHW3MOB M JIMIIAWHUKOB, BKJIIOYAIOIINN
102 Bupma. Cnucok mpuBOAUTCS HUXE. B crucke
npuHAThl cokpauieHusi: KP — KapakusHckuil p-H,
MP — Manrucrayckuii p-H.

Chromista Caval.-Sm.

Oomycota Arx

Peronosporomycetes Locq.

Albuginales Thines

Albuginaceae J. Schrot.

Albugo candida (Pers. ex J.F. Gmel.) Roussel
(A.candida var. candida) — wa Neotorularia torulosa
(Desf.) Hedge & J. Leonard, MP, n-oB MaHrbIII-
nak, yp. Cuiy-Kapa, noiy3akperieHHbIE IECKH,
20.05.1941, H.T. Areesa.

Fungi Bartling

Incertae sedis

Strickera atraphaxis Kravtzev — Ha Atraphaxis
frutescens (L.) Eversm., 1. 29(76); Ha Atraphaxis
spinosa L., T. 12(60), T. 6, 1. 25(72).

Dikarya Hibbett, T.Y. James & Vilgalys

Ascomycota Caval.-Sm.

Incertae sedis

Dematium  graminum Lib. (Cladosporium
graminum  (Pers.) Link) — Ha  Leymus
racemosus (Lam.) Tzvelev, 1. 25(72).

Strickeria haloxyli Kravtzev — Ha Haloxylon
ammodendron (C. A. Mey.) Bunge ex Fenzl,
T.21(68).

Strickeria kochii Korb. — na Atraphaxis spinosa
L., T. 34(81).

Strickeria pomiformis Kravtzev — va Atraphaxis
decipiens Jaub. & Spach, KP, mmato YctiopT, aB-
ryct 1940, 3BOpBITHH.

Strickeria scutellata Kravtzev — na Haloxylon
ammodendron (C. A. Mey.) Bunge ex Fenzl,
T.31(78).

Pezizomycotina O.E. Erikss. & Winka
Candelariomycetes Voglmayr & Jaklitsch
Candelariales Miadl., Lutzoni & Lumbsch
Candelariaceae Hakul.

Candelariella  vitellina  (Hoffm.)  Miill.
Arg. — Ha OCHOBHBIX MOPOJIaX B KOMIUIEKCE C
Circinaria calcarea (L.) A. Nordin, Savi¢ & Tibell,
T. 7(406); HA OCHOBHBIX NOPOAAX B KOMILIEKCE C
Verrucaria muralis Ach., T. 2.

Dothideomycetes O.E. Erikss. & Winka

Dothideomycetidae P.M. Kirk, P.F. Cannon,
J.C. David & Stalpers ex C.L. Schoch, Spatafora,
Crous & Shoemaker

Botryosphaeriales C.L. Schoch, Crous &
Shoemaker

Botryosphaeriaceae Theiss. & P. Syd.

Diplodia astragali Golovin — na Astragalus sp.,
T. 5.

Diplodia sp. — na Nitraria schoberi L., T. 16(63).
o cux mop Buas! poaa Diplodia Fr. Ha cenuTpsiHKe
HE OTMEYAJTHUCh.

Guignardia alhagi Bubak — na Alhagi pseuda
lhagi subsp. persarum (Boiss. & Buhse) Takht.,
1.23(70).

Guignardia herbarum Vasyag. -
longiscapa Ledeb., 1. 23(70).

Phoma artemisiae Kalchbr. & Cooke — Ha
Artemisia sp., 1. 23(70), 1. 14(62).

Phoma rhamni Richon — wa Rhamnus
erythroxyloides subsp. sintenisii (Rech. fil.) Mabb.
(RA. sintenisii Rech. fil.), T. 11(59).

Phoma sp. — na Alhagi pseudalhagi subsp. per
sarum (Boiss. & Buhse) Takht., 1. 23(70). Buuast
poma Phoma Sacc. Ha BepOIIOXKbEH KOTIOUKE PaHEe
HE OTMEYAJTHCh.

Ha Iris

Capnodiales Woron.

Capnodiaceae (Sacc.) Hohn. ex Theiss.

Leptoxyphium fumago (Woron.) Crous (Fumago
vagans Pers.) — wma Haloxylon ammodendron
(C.A.Mey.) Bunge ex Fenzl), T. 30(77).
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othideales Lindau

Dothioraceae Theiss. & P. Syd.

Selenophoma artemisiae Kalymb. —na Artemisia
sp., T. 14(62).

Selenophoma curva (P. Karst.) Petr. — Ha
Phragmites australis (Cav.) Trin. ex Steud. subsp.
australis, T. 30(77).

Cladosporiales Abdollahz. & Crous

Cladosporiaceae Chalm. & R.G. Archibald

Cladosporium macrocarpum Preuss — Ha Ferula
sp., T. 25(72).

Mycosphaerellales (Nannf.) P.F. Cannon

Mycosphaerellaceae Lindau

Cercospora alhagi Barbarin — na Alhagi
pseudalhagi subsp. persarum (Boiss. & Buhse)
Takht., 1. 5.

Rhabdospora ephedrella Golovin — Ha Ephedra
strobilacea Bunge, T. 33(80), T. 28(75).

Septoria  nicaeensis Thim. (Rhabdospora
nicaeaensis (Thiim.) Sacc.) — w©a FEuphorbia
sclerocyathium Korovin & Popov, T. 5.

Pleosporomycetidae C.L. Schoch, Spatafora,
Crous & Shoemaker

Pleosporales Luttr. ex M.E. Barr

Coniothyriaceae W.B. Cooke

Coniothyrium acanthophylli Woron. — Ha
Acanthophyllum pungens (Bunge) Boiss., . 34(81).

Coniothyrium insitivum Sacc. — Ha Rhamnus
erythroxyloides subsp. sintenisii (Rech. fil.) Mabb.,
T. 6.

Coniothyrium tamaricis Oudem. — Ha Tamarix
laxa Willd., . 11(59), T. 6.

Coniothyrium zygophylli Syd. & P. Syd. — na
Zygophyllum ovigerum Fisch. & C. A. Mey. ex Kar.,
T. 32(79).

Coniothyrium sp. — Ha Malacocarpus
crithmifolius (Retz.) Fisch. & C. A. Mey., T. 25(72).

Cucurbitariaceae G. Winter

Cucurbitaria caraganae P. Karst. —na Caragana
frutex (L.) K. Koch, T. 17(64).

Cucurbitaria transcaspica Rehm — na Atriplex
cana Ledeb., T. 18(65).

Dacampiaceae Korb.
Dacampia hookeri (Borrer) A. Massal. (Pleospo-
ra hookeri (Borrer) Keissl.) — va Artemisia sp., T. 1.

Didymosphaeriaceae Munk

Didymosphaeria ephedricola Frolov — Ha
Ephedra intermedia Schrenk & C.A.Mey., T. 10.
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Dothidotthiaceae Crous & A.J.L. Phillips

Wilsonomyces carpophilus (Lév.) Adask.,
JM.Ogawa & E.E. Butler (Stigmina carpophila
(Lév.) M.B. Ellis) — wa Prunus armeniaca L.,
Prunus avium (L.) L., okpectHOCTH T. AKTay, 1964,
JI.J. Kazenac.

Leptosphaeriaceae M.E. Barr
Leptosphaeria artemisiae Auersw. — Ha
Artemisia terrae-albae Krasch., 1. 1, T. 7(400).

Phaeosphaeriaceae M.E. Barr

Hendersonia artemisiae Sacc. — Ha Artemisia
sp., T. 23(70).

Hendersonia mori Kalchbr. (Camarosporium
mori (Kalchbr.) Schulzer) — wa Morus alba L.,
T.11(59), 1. 10.

Pleosporaceae Nitschke

Alternaria alternata (Fr.) Keissl. —na Alhagi pse
udalhagi subsp. persarum (Boiss. & Buhse) Takht.,
1. 23(70); Ha Bromus squarrosus L., T. 6.

Pleospora lactucicola Ellis & Everh. — Ha Stipa
capillata L., T. 9(409).

Pleospora sp. — Ha Anabasis salsa (C.A.Mey.)
Benth. ex Volkens, 1. 27(74); na Astragalus
turcomanicus (Bunge) Bunge, 1. 34(81); na Bassia
prostrata (L.) Beck, 1. 26(73); wa Convolvulus
fruticosus Pall., 1. 17(64); wva Morus alba L.,
1.11(59); na Peganum harmala L., T. 7(406).

Pyrenophora  ipomoeae Clem. (Pleospora
ipomoeae (Clem.) Wehm.) — nHa Oreosalsola
arbusculiformis (Drobow) Sennikov, 1. 19(66).

Stemphylium vesicarium (Wallr.) E.G. Simmons
(Pleospora herbarum (Pers.) Rabenh. ex Ces. & De
Not.) — wa Allium sp., T. 10; Ha Artemisia terrae-
albae Krasch., 1. 13(61).

Teichosporaceae M.E. Barr

Teichospora  bakuana  Rehm  (Strickeria
bakuana (Rehm) Koshk. & Frolov) — Ha Atriplex
cana Ledeb., 1. 10; Ha Oreosalsola arbusculiformis
(Drobow) Sennikov, T. 34(81).

Torulaceae Corda
Torula antiqua Corda — na Convolvulus
fruticosus Pall., 1. 6.

Pleosporineae M.E. Barr

Camarosporiaceae Wanas.,
K.D.Hyde & Crous

Camarosporium alhagi Koshk. & Frolov —
Ha Alhagi pseudalhagi subsp. persarum (Boiss. &
Buhse) Takht., T. 23(70).

Wijayaw.,
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Camarosporium caraganae P. Karst. (Pucynox
8) — na Caragana frutex (L.) K.Koch, 1. 17(64), T.
10; va Caragana grandiflora DC., 1. 11(59).

Camarosporium  eurotiae Kalymb. — Ha
Krascheninnikovia ceratoides (L.) Gueldenst., T. 10.

Camarosporium haloxylicola Kravtzev — Ha
Haloxylon ammodendron (C. A. Mey.) Bunge ex
Fenzl, T. 21(68).

Camarosporium rhamni Allesch. — va Rhamnus
erythroxyloides subsp. sintenisii (Rech. fil.) Mabb.,
T. 6.

Camarosporium roumeguerei Sacc. — Ha Bassia
prostrata (L.) Beck, T. 10.

Camarosporium salsolae Urries — Ha Bassia
prostrata (L.) Beck, 1. 23(70).

Camarosporium sp. — Ha Convolvulus
fruticosus  Pall., 1. 17(64); w©Ha Rhamnus
erythroxyloides subsp. sintenisii (Rech. fil.) Mabb.,
T. 12(60).

Eurotiomycetes O.E. Erikss. & Winka

Chaetothyriomycetidae Doweld

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

Verrucariaceae Eschw.

Clavascidium lacinulatum (Ach.) Prieto — Ha mo-
uyBe B KOMIUIeKCe ¢ Diploschistes scruposus (Schreb.)
Norman, T. 11(59).

Verrucaria muralis Ach. — Ha OCHOBHBIX TIOpO-
nax, T. 18(65); Ha OCHOBHBIX MOPOJIaX B KOMIUIEKCE
¢ Candelariella vitellina (Hoffm.) Mill. Arg., 1. 2.

Verrucaria nigrescens Pers. — Ha OCHOBHBIX
nopoaax B kommuiekce ¢ Circinaria calcarea (L.)
A Nordin, Savi¢ & Tibell, T. 12(60); Ha 0OCHOBHBIX
nopojax, T. 6.

Lecanoromycetes O.E. Erikss. & Winka

Acarosporomycetidae Reeb, Lutzoni & CL
Roux

Acarosporales Reeb, Lutzoni & Cl. Roux

Acarosporaceae Zahlbr.

Acarospora cervina A. Massal. — Ha OCHOBHBIX
nopojiax B komriuiekce ¢ Calogaya saxicola (Hoffm.)
Vondrék, T. 5; Ha mouse, T. 14(62); Ha OCHOBHBIX
nmopojiax B KOMIUIeKce C Aspicilia desertorum
(Kremp.) Mereschk., 1. 31(78).

Acarospora fuscata (Schrad.) Arnold — Ha oc-
HOBHBIX TIOPOIaX B KOMIUIEKCE ¢ Protoparmeliopsis
muralis (Schreb.) M. Choisy, T. 17(64).

Acarospora molybdina (Wahlenb.) Trevis. — Ha
OCHOBHBIX TOpoJiax, T. 31(78).

Acarospora strigata (Nyl.) Jatta — Ha OCHOBHBIX
ropoaax, T. 18(65), T. 14(62), T. 6.

Lecanoromycetidae P.M. Kirk, P.F. Cannon,
J.C. David & Stalpers ex Miadl., Lutzoni & Lumbsch

Lecanorales Nannf,

Lecanoraceae Korb.

Lecanora argopholis (Ach.) Ach. (Pucy-
HOK 9)—Ha OCHOBHBIX TOpofax, T. 14(62), 1.17(64).

Lecidella carpathica Korb. — Ha OCHOBHBIX T10-
pomax, T. 14(62).

Lecidella  stigmatea  (Ach.)
Leuckert — Ha OCHOBHBIX ITOpOJIaX, T. 6.

Protoparmeliopsis  garovaglii (Korb.) Arup,
Zhao Xin & Lumbsch — Ha OCHOBHBIX ITOpPOJAX, T.
17(64).

Protoparmeliopsis muralis (Schreb.)
M.Choisy — Ha OCHOBHBIX MOPOJAaX U B KOMIUIEKCE
¢ Acarospora fuscata (Schrad.) Arnold, T. 17(64).

Protoparmeliopsis peltata Ramond ex Arup,
Zhao Xin & Lumbsch (Pucynox 10) — Ha OCHOBHBIX
nopojax, T. 17(64), 1. 14(62).

Hertel &

Parmeliaceae F. Berchtold, J. S. Presl

Evernia esorediosa f. terrestris Tomin (Pucy-
HOK 11, 12) — Ha pacTUTETBHBIX OCTATKaX, T. 26(73);
Ha rouBe, T. 46, T. 14.

Parmelia teretiuscula Wallr. (PucyHnok 13) — Ha
OCHOBHBIX MOpojiax, T. 17(64), T. 16(64).

Xanthoparmelia pulla (Ach.) O. Blanco, A.Crespo,
Elix, D. Hawksw. & Lumbsch — Ha 0cHOBHBIX OpO-
Jax B KoMIuteKce ¢ Protoparmeliopsis peltata Ramond
ex Arup, Zhao Xin & Lumbsch, 1.17(64).

Psoraceae Zahlbr.

Psora decipiens (Hedw.) Hoffm. — Ha mousge,
beiineyckuit p-n, N45°26'11.0", E055°21'59.0",
04.06.2017, I1. T'opOyHOB; T. 21(68), T. 24(71).

Lecideales Vain.

Lecideaceae Chevall.

Lecaimmeria cupreoatra (Nyl.) C.M. Xie — Ha
OCHOBHBIX MOpoJIax, T. 16(64).

Rhizocarpales Miadl. & Lutzoni ex Miadl. &
Lutzoni

Rhizocarpaceae M. Choisy ex Hafellner

Rhizocarpon geographicum (L.) DC. — Ha oc-
HOBHBIX IOPOJIax, T. 16(64); Ha OCHOBHBIX MTOPOJIAX
B komrutiekce ¢ Circinaria caesiocinerea (Nyl. ex
Malbr.) A. Nordin, Savi¢ & Tibell, 1. 17(64).

11
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Pucynoxk 8 — Camarosporium
caraganae na Caragana frutex

Pucynox 10 — Protoparmeliopsis peltata

Pucynox 11 — Evernia esorediosa f.
terrestris

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

Teloschistaceae Zahlbr.

Laundonia flavovirescens (Wulfen) S.Y. Kondr.,
Loékds & Hur (Gyalolechia flavovirescens (Wulfen)
Sechting, Frodén & Arup) — Ha OCHOBHBIX TIOpOJaX,
T. 6.

Caloplacoideae Arup, Sechting & Frodén

Rufoplaca arenaria (Persoon) Arup — Ha OCHOB-
HBIX mopoaax B komiuiekce ¢ Circinaria calcarea
(L.) A. Nordin, Savi¢ & Tibell, 1. 12(60).

12

Pucynok 12 — Evernia
esorediosa f. terrestris

Pucynox 13 — Parmelia teretiuscula

Xanthorioideae Arup, Sechting & Frodén

Calogaya decipiens (Arnold) Arup, Frodén
& Sechting — Ha OCHOBHBIX TIOpojax, T. 16(63),
T.14(62).

Calogaya lobulata (Florke) Arup, Frodén
& Sechting (Seawardiella lobulata (Florke)
S.Y.Kondr., I. Kérnefelt & A. Thell, Caloplaca
lobulata (Florke) Hellb.) — ma Nanophyton
erinaceum (Pall.) Bunge, 1. 18(65).

Calogaya saxicola (Hoffm.) Vondrak — na oc-
HOBHBIX MTOpofax, T. 14(62); Ha OCHOBHBIX TIOPOIaX
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B KOMIUIEKCE ¢ Acarospora cervina A. Massal., 1.5;
Ha OCHOBHBIX mopojax B komiuiekce ¢ Circinaria
caesiocinerea (Nyl. ex Malbr.) A. Nordin, Savi¢ &
Tibell, . 5, 1. 6.

Rusavskia elegans (Link) S.Y. Kondr. &
Kérnefelt — Ha ocHOBHBIX TIOpOjax, T. 17(64).

Ostropomycetidae Reeb, Lutzoni & Cl. Roux

Graphidales Bessey

Graphidaceae Dumort.

Diploschistes diacapsis (Ach.) Lumbsch — Ha
nmouse, T. 27(74), T. 46, 1. 475, 1. 58, 1. 14, T. 7(406).

Diploschistes scruposus (Schreb.) Norman — Ha
nouBe B komruiekce ¢ Clavascidium lacinulatum
(Ach.) Prieto, 1. 11(59).

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

Megasporaceae Lumbsch

Aspicilia desertorum (Kremp.) Mereschk. — Ha
OCHOBHBIX TIOpofax, T. 14(62), . 31(78); Ha ocHOB-
HBIX TIOpPOJIaXx B KOMIUIEKCE ¢ Acarospora cervina
A.Massal., 1. 31(78).

Aspicilia cinerea (L.) Korb. — Ha 0CHOBHBIX TI0-
poxnax, T. 21(68).

Circinaria affinis (Eversm.) Sohrabi (Aspicilia
vagans Oxner) — Ha OCHOBHBIX TTOpoAax, T. 18(65).

Circinaria caesiocinerea (Nyl. ex Malbr.)
A.Nordin, Savi¢ & Tibell — Ha OCHOBHBIX TTOpOAx,
T. 14(62), 1. 12(60), T. 18(65); Ha OCHOBHBIX MOPO-
Jlax B KoMIUIeKce ¢ Rhizocarpon geographicum (L.)
DC., 1. 17(64); Ha OCHOBHBIX ITOPOIaX B KOMILIEKCE
¢ Calogaya saxicola (Hoffm.) Vondrak, 1. 5, T. 6; Ha
nouse, T. 31(78).

Circinaria calcarea (L.) A. Nordin, Savi¢ &
Tibell — Ha ocHOBHBIX TIOpoAax, T. 14(62); Ha KaM-
He, T. 46; Ha OCHOBHBIX MOPOJIaX B KOMIUIEKCE C
Rufoplaca arenaria (Persoon) Arup u Verrucaria
nigrescens Pers., 12(60); Ha OCHOBHBIX MOPOJAX B
koMmiuiekce ¢ Candelariella vitellina (Hoffm.) Miill.
Arg., T. 6, T. 7(406).

Circinaria fruticulosa (Eversm.) Sohrabi — Ha
nouse, T. 31(78).

Leotiomycetes O.E. Erikss. & Winka

Leotiomycetidae O.E. Erikss. & Winka

Helotiales Nannf.

Erysiphaceae N.K. Sredinsky

Blumeria graminicola M. Liu & Hambl. — Ha
Poa pratensis L., 1. 6.

Blumeria graminis (DC.) Speer — na Bromus
tectorum L., T. 11(59).

Erysiphe cruciferarum Opiz ex L. Junell (Pu-
cyHOK 14) — Ha Alyssum dasycarpum Stephan ex

Willd., . 8(408), T. 16(63); Ha Camelina microcarpa
Andrz. ex DC., 1. 10.

Erysiphe ranunculi Grev. (E. aquilegiae var.
ranunculi (Grev.) R.Y. Zheng & G.Q. Chen) — Ha
Ranunculus sceleratus L., T. 6.

Golovinomyces cynoglossi (Wallr.) Heluta
(Erysiphe cynoglossi (Wallr.) U. Braun) — Ha
AsperugoprocumbensL.,1.11(59);na Lithospermum
officinale L., 1. 6.

Neoerysiphe galii (S. Blumer) U. Braun — Ha
Galium aparine L., 1. 6, T. 11(59).

Sordariomycetes O.E. Erikss. & Winka

Sordariomycetidae O.E. Erikss. & Winka

Diaporthales Nannf,

Coryneaceae Corda

Coryneum ephedrae Kravtzev — na Ephedra
intermedia Schrenk & C.A.Mey., T. 7(406).

Coryneum mori Nomura (Stegonsporium mori
(Nomura) Sacc. & Trotter) —ua Morus alba L., 1.10.

Cytosporaceae Fr.

Cytospora auerswaldii (Nitschke) L. Lin &
X.L. Fan (Leucostoma auerswaldii (Nitschke)
Hohn.) — na Rhamnus erythroxyloides subsp. sinten
isii (Rech. fil.) Mabb., T. 12(60).

Basidiomycota Whittaker ex R.T. Moore

Agaricomycotina Doweld

Agaricomycetes Doweld

Hymenochaetales Oberw.

Hymenochaetaceae Imazeki & Toki

Inonotus  hispidus (Bull.) P. Karst. — Ha
Morus alba L., KP, Manrsmuiak, yp. Capsibaina,
29.06.1952 r., H.T. Areesa.

Agaricomycetidae Parmasto

Agaricales Underw.

Pleurotineae Aime, Dentinger & Gaya

Pleurotaceae Kiithner

Pleurotus  eryngii  (DC.) Quél. — KP,
N42°44'31.0", E054°07'04.0", 25.04.2023, I1. Top-
OYHOB.

Agaricineae Fr.

Agaricaceae Chevall.

Agaricus bitorquis (Quél.) Sacc. — MyHalnuH-
CKHH P-H, B OKpECTHOCTAX T. AkTay, N43°34'30.0",
E051°16'37.0", 23.04.2023, M. llafikuHa.

Dictyocephalos attenuatus (Peck) Long &
Plunkett — Ha mouse, MP, MaHrsinuiak, y mojaHo-
’bsl ckiioHa Kaparay, BbIXOJIbI FOPCKUX OTJI0XKEHUH,
23.07.1950, H.T. Areesa, C. Typnues.
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Montagnea candollei (Fr.) Fr.(M. arenaria (DC.)
Zeller) — 1. 3, 1. 2, T. 35(82), 1. 23(70), T. 16(63).
[IInpoko pacrpocTpaHEHHBINH BU/JI, BCTPEUYAOLUICS
B OCHOBHOM B CYXHUX, OTKPBITBIX, TIECYaHBIX MECTaX,
B JIIOHAX, MTyCTHIHSX, MOTYMYCTHIHAX U cTersx [18].
B Mowuronuu Montagnea candollei — camblii pe-
Kul rpu0, ONMCAaHHBIN U3 JBYX MECTOOOWTaHMH Ha
ceBepo-3amaze crpansl [19].

Pucciniomycotina  R.  Bauer,
J.P.Samp., M. Weiss & Oberw.

Pucciniomycetes R. Bauer, Begerow, J.P.Samp.,
M. Weiss & Oberw.

Pucciniales T. Caruel

Pucciniaceae Chevall.

Puccinia graminis Pers. (I11) — va Leymus sp., T. 6.

Begerow,

Pucynoxk 14 — Erysiphe cruciferarum ua
Alyssum dasycarpum

Ha  rtepputopun  Manrucrayckoii  o0ia-
CTH HaMH OOHApYXEHBl TPEJCTABUTEIH JIBYX
uapctB Chromista w Fungi. IlepBoe u3 Hux
MPEJCTABICHO BCEro OJHMM BHJIOM U3 Kiacca
Peronosporomycetes, nopsinka Albuginales, cemeii-
ctBa Albuginaceae — Albugo candida, mapazutupy-
oM Ha Neotorularia torulosa.

HapctBo Fungi nacuuteiBaet 101 BuA, u3 xo-
TOpPBIX LIECTh MpEACTaBUTENEH poaoB Dematium,
Strickera n Strickeria 3aHUMaIOT HESICHOE CHCTEMa-
TAYeCcKoe moJiokeHue, 10 BUIOB OTHOCATCS K Oa3u-
TUabHBIM TpuOam (ToamapcTBo Basidiomycota),
85 BUAOB — K cyMYaThIM (TIOIIApPCTBO Ascomycota).

[MonumapctBOo  Ascomycota  HaCUUTHIBACT
6 KJ1accoOB, U3 KOTOPBIX CAMBIM KPYITHBIM SIBIISICT-

14

Pucynok 15 — Puccinia magnusiana ua
Ranunculus sceleratus

Puccinia lactucarum P. Syd. — na Lactuca sp.,
T. 6.

Puccinia magnusiana Korn. (Pucynok 15) — Ha
Ranunculus sceleratus L., T. 6.

Puccinia recondita Roberge ex Desm. (II) — Ha
Bromus sp., 1. 25(72).

Ustilaginomycotina  R.  Bauer,
J.P.Samp., M. Weiss & Oberw.

Ustilaginomycetes R. Bauer, Oberw. & Vanky

Ustilaginales G. Winter

Ustilaginaceae Tul. & C. Tul.

Ustilago turcomanica Tranzschel (PucyHok
16) — va Eremopyrum orientale (L.) Jaub. & Spach,
T. 18(65).

Begerow,

Pucynoxk 16 — Ustilago turco-
manica Ha Eremopyrum orientale

cs xnacc Dothideomycetes ¢ 6 mopsiakamu, 16 ce-
MeiictBamu, 23 poxgamu u 42 Bugamu. B pomax
Camarosporium Schulzer u Coniothyrium Corda
OTMEUCHO HAUOOIbIIIee KOJIMISCTBO BUIOB (8 1 5,
COOTBETCTBEHHO).

Tpu knacca Candelariomycetes, Eurotiomycetes
u Lecanoromycetes TIpeICTaBICHBl BHUJAMHU JINXE-
HU3UPOBAaHHBIX rPrOOB (JHIaitHUKOB). 13 epBoro
knacca ormeueH onuH Bun Candelariella vitellina
(Candelariales, Candelariaceae), 3 BTOPOTO — TpH
Clavascidium lacinulatum, Verrucaria muralis n
V. nigrescens (Verrucariales, Verrucariaceae),
a kjacc Lecanoromycetes HacumThiBaeT 31 BUA
u3 17 ponos, 9 cemeiictB u 7 mopsiikoB. CaMbl-
MU KpPYIHBIMH POAAMHU SIBISIOTCA Acarospora A.
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Massal. u Circinaria Link, ¢ 4eTblpbMsi BUIaMH
Kaxabii, Protoparmeliopsis M. Choisy u Calogaya
Arup, Frodén & Sechting, koTopble HacuuTHIBa-
0T 10 Tpu Buja Kaxielii. Ha teppuropun MaH-
TUCTayCKOW 00JacTH HanOojee ITUPOKO pacmipo-
crpanensl Circinaria caesiocinerea, C. calcarea,
Acarospora cervina, Psora decipiens, Aspicilia
desertorum. O0pa3Ibl MOCIICTHETO BUIA OTIHYAIOT-
Csl OT €BPOIEHCKUX 00pa3I0B HAIMYHEM TOJICTOTO
TaJNIOMa, KPYIHBIX AarloTEeIMEB, PaCHOJOKEHUEM
BOJIOpOCIIel B KITyOOYKaxX, MO Kparo aroTelneB U
orcyrcTBueM actuinmaa [20, 21]. B apumgabix
TeppuTopusax Antas B npenenax A. desertorum s.
l. BBIAENIeHO 7 HAKWIHBIX BUAOB [22]. B Manru-
CTayCKOW OO0JIACTH OTMEYEHBI JBa KOCMOIIOJIHTA:
Candelariella vitellina (Ha ckanax, Wwin Kope, pexe
Ha OIMPOKOM CIEKTpe apyrux cyOctpartos [23]) u
Rhizocarpon geographicum (Ha KPEeMHHCTBIX TIO-
pollax Ha BCEX BBICOTax); JBa CyOKOCMOIIOJIHUTA:
Lecidella stigmatea (Ha W3BECTHAKOBBIX IOPOAAX
Ha BCEX BBICOTaX, HO HamOoJee pacripocTpaHeH
Beie 1000 m [23]) u Protoparmeliopsis muralis
(Ha W3BECTHAKOBBIX WJIM KPEMHHCTBIX MOpOJax
Ha BcexX BBIcOTax [23]). M3 BHIOB, MIUPOKO pac-
MpoCTpaHeHHBIX B A3uu [23], 3aperucTpupoBaHbI
Acarospora cervina, A. fuscata, Calogaya lobulata,
C. saxicola, Diploschistes diacapsis, Aspicilia
cinerea; B TOM YHUCIIC HA U3BECTKOBBIX UM KPEMHH-

CTBIX MOPOJaX Ha pa3IH4HbIX BbicoTax — Lecidella
carpathica, Protoparmeliopsis garovaglii (Ha BbICO-
te 80—1850 m) Calogaya decipiens (THIUYHBIH 00U-
TaTedb Pa3HOOOpa3HbIX KapOOHATHBIX NOpoA [24]),
Aspicilia desertorum (Ha KPEeMHHCTBIX ITOpOAAX,
BAIyHAaX WM HEOONBIINX KaMHSX, Ha W3BECTKO-
BBIX MOPOJAx, B MYCTBIHSX, 3aPOCISX KYCTAPHUKOB
WM Ha OTKPBITBIX MECTaX C PEIAKHUMH JICPEBBIMH,
Ha BbIcoTe 240-2170 ™ [20]); Ha KpPEeMHHCTBHIX
nopogax — Xanthoparmelia pulla (Ha BbICOTE
0-1500 ™), Lecaimmeria cupreoatra, Diploschistes
scruposus, Circinaria caesiocinerea, C. calcarea
(Ha pa3NUYHBIX BBICOTAX); HA HEU3BECTKOBBIX MIOPO-
nax — Parmelia teretiuscula (1a Beicote 0—1500 M,
BbIme 1000 M oTMeUeH peako); Ha U3BECTKOBBIX I10-
yBax — Psora decipiens.

[onmapctBo  Basidiomycota  mpencTaBieH
Tpemsi Kjaccamu, 4 TOpsSAKaMu, 5 ceMeHCTBaMu,
7 ponamu u 10 Bumamu. Hanbonee KpynHbIM SIBIISI-
ercst kinace Agaricomycetes ¢ 5 Bunamu. M3 kiac-
ca Pucciniomycetes HEOOXOIUMO OTMETUTH POJ
Puccinia Pers., npeactraBieHHbIN 4 BUTAMU.

Uro kacaeTcst pasjesieHusi BUAOB IpruOOB, TpH-
0OTOZI00HBIX OPTAaHM3MOB U JIMIIAWHUKOB IO KO-
JIOTMYECKUM TpyMIiaM, TO Hanbosee HIMPOKO Mpea-
CTaBJICHBI canpoTpodsl (43 BUOA), CHMOUOTPODEI
BKJIfO4aroT 34 BHIa, a mapasuTel — 25 BunoB (Pu-
CyHOK 17).

30 1~

25 1

10 1

Honuvuecteo B waoe
P
=]

CUMBUoTpODEl

B canpoTpodbl

H napa3uTel

Knacecel rpuboe

Pucynok 17 — PacripenenieHne nmpeacTaBUTeNe MAKO- U JINXCHOOUOTHI
Manrucrayckoif 00J1aCTH 110 SKOJTOTHYECKUM IPyIIaM
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HauGonpiiee koauuecTBO JHIIAHHUKOB (28)
B KadecTBe CyOcCTpaTa HMCHOIB3YIOT BBIXOJBI OC-
HOBHBIX Topof (Pucynok 18). Ha mouBe oGutaroT
7 BUIOB TPUOOB W JIMIIAWHUKOB. JlaupyrommmMu
CeMEeMCTBaMM BBICIIMX PACTEHUM, MPECTaBUTEIN
KOTOPBIX BBICTYIIAIOT B KadeCcTBE CyOCTpaTa WM
X031Ha, SBISAIOTCS cemeilictBa Chenopodiaceae,
Poaceae, Fabaceae, Asteraceae, Rhamnaceae. Ha
npencraBuTensx cemeiictBa Chenopodiaceae 006-
HapyxeHo 11 BUIOB rpuOOB, Ha MPEICTABUTEISNX
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cemeiicts Poaceae n Fabaceae mo 9 Bumos, Ha
ceMelcTBe Asteraceae — 8 BUIOB U Ha CEMEHCTBE
Rhamnaceae — 6 Bu0B.

Ha Tteppuropun Tynkaparanckoro panioHa
BBISBIICHO HAWOOJNbBIIEe KOJUYECTBO BHIIOB TpH-
00B, rpruOOITOIO0HBIX OPraHU3MOB M JIMIIAWHUKOB
(58 BugoB) (Tabnuma 1). B Kapakusackom paiione
oOHapyxeHo 39 BUI0B, a B MaHTHCTayCKOM — 29 BH-
noB. Ha teppuropun belineyckoro u MyHalinH-
CKOT'O pallOHOB BBISIBIIEHO BCETO IO OJTHOMY BUJIY.

PacteHua-xozsAesa unu cybetpar

Pucynoxk 18 — PacnipeneseHue npeacTaBUTEICH MUKO- U IMXCHOOMOTHI
Manrucrayckoif 061acTs o cyOcTparaM 1 pacTeHUSIM- X03sieBaM

Ta6muua 1 — Pactipenenenue npeacTaBuTesIeld MUKO- M JIMXEHOOUOTHI TI0 paiioHaM MaHTucTayckoit oonactu

Yuci10 BUAOB 110 palioHam:

Koace Beiiney-ckuit | Kapakusa-ckuit | Manrucray-ckuii | MyHaiinua-ckuii | Tynkaparan-ckuid
Peronosporomycetes - - 1 - -
Incertae sedis - 6 - - 1
Candelariomycetes - - - - 1
Dothideomycetes - 18 7 - 23
Eurotiomycetes - - - - 2
Lecanoromycetes 1 11 17 - 16
Leotiomycetes - - 1 - 8
Sordariomycetes - - - - 3
Agaricomycetes - 3 2 1 1
Pucciniomycetes - - - 3
Ustilaginomycetes - - 1 - -
Hroro 1 39 29 1 58
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[Ipu cpaBHEHNU TUXECHOOMOTHI MaHTUCTAYCKOM
00JacTi M COTpENeNbHBIX WIH CXOTHBIX IO KIIH-
MAaTUYECKUM YCIOBHUSIM TEPPUTOPHI, MOKHO OTME-
THTb, YTO C TUXeHoOHnoTol Poccuu numeercs 24 00-
mux Bumaa [25], ¢ muxenoouoroit Kuras — 10 BumoB
[26], Monrommu — 22 Buma [27, 28]. B nmpensapu-
TETPHOM cIucKe numaiHukoB Kazaxcrana [29]
OTCYTCTBYIOT nBa Buaa — Acarospora molybdina
u Evernia esorediosa f. terrestris, oOHapyXeHHbIE
HamM¥ B MaHrHcTaycKoi o0macTy.

CpaBHEBas MHKOOWMOTY MaHrucrayckoit 00-
JIACTH C MUKOOMOTOM apuUIHBIX TEPPUTOPUN FOTO-
3anmajga Poccuu, HY>KHO OTMETUTh 3HAYUTEIbHOE
KOJIMYECTBO TPHOOB M TPUOOMOIOOHBIX OPTaHM3-
MoB B Poccum (2993 Buuma, u3 KoTopbix Ooiee
1200 BumoB — makpomurets [30, 31]. O0muMu
I MaHTHCTayCKOH 00JacTH M apUIHBIX TEPPH-
Topuii 1oro-3amana Poccun sBisitorcs 27 BHUIOB.
Ponst Strickeria Korb. u Camarosporium Schulzer
HamOoJee MUPOKO TMPEJICTABICHbl Ha TEPPUTOPUU
Masnrucrayckoit 00J1acTH, 3/1€Ch )K€ OTMEUYEH POl
Selenophoma Maire, He OTMEUCHHBII HA TEPPUTO-
puu Poccum.

3akiaoueHne

Leunbto Hamield paboThl OBUIO U3yUYEHHE BHIOBO-
ro COCTaB MHUKO- U JIMXEHOOMOTH MaHrHucTaycKon
001acTM M COCTaBJICHHME AHHOTHPOBAHHOI'O CIIM-
cka BuaoB. OOpa3bl st cTaThby OBUTH COOpaHbI B
2024 r. Ha Tepputopun MaHrucTtayckoi odnactu.
[IpuroTtoBienne mnpenaparoB rpuOOB W JIMIIAWHU-
KOB, X W3yUY€HHE C MOMOIIBI0 CBETOBOTO MHKPO-
ckona Levenhuk MED D45T LCD u naentuduka-
LISl OCYILECTBIISUINCH 110 CTAaHJAPTHON METOMKE.

B cratbe npuBOAUTCS aHHOTUPOBAHHBIM CIU-
COK rpuOOB, IpUOOIMONOOHBIX OPTaHU3MOB H JIH-
IAHUKOB MaHTHCTayCKOW OO0JIacTH, BKJIFOYA0-
it 102 Buna u3 aByx mapctB Chromista v Fungi.
Crucok cocTaBiieH Ha OCHOBE 00pabOTKH JUTEpa-
TYPHBIX TAHHBIX M T'epOapHBIX 00pa3IoB U BKIIIO-
YaeT JaHHbIE O CHHOHUMHKE, MECTOHAXOXIICHHH,
cyOcTpare (M pacTeHUU-XO35IMHE), TOYHBIX KOOP-
muHatax coopos. IloamapcTBo Ascomycota Hacuu-

THIBa€T 6 KIJIACCOB, U3 KOTOPBIX CAMBIM KPYITHBIM
sBisieTcst kmace Dothideomycetes ¢ 6 TOpsIKaMH,
16 cemeiictBamu, 23 pomamu u 42 Bumamu. llon-
napctBo Basidiomycota HaCUUTHIBA€T TPHU Kilacca,
4 nopsigka, 5 cemeiict, 7 poaoB u 10 Bumos. B
Masrucrayckoit oonactu Hanboiee NIMPOKO Mpe-
cTaBJieHbl canpoTpodsl (43 BuIa), CUMOHOTPOQHI
BKJItOUalOT 34 BHJa, a mapasuThl — 25 BUJIOB. JIu-
JUPYIOIIMMH CEMENCTBAMU BBICIIUMX PACTECHUM,
MPEJICTABUTEIN KOTOPHIX BBICTYIAIOT B KayeCTBE
cyOcTpaTa WM XO3s5IMHA, SBIAIOTCS CEMecTBa
Chenopodiaceae, Poaceae, Fabaceae, Asteraceae,
Rhamnaceae. Hanboubliee KOJIMYECTBO BUJIOB TPH-
00B, TPHOOITOAOOHBIX OPTAaHU3MOB U JIUIITAWHIKOB
(58) BbIsiBIEeHO Ha TeppuTOpUM TymnKaparaHcKoro
paiiona. LleHHOCTh M IpaKkTHYECKOE 3HAYCHUE Ha-
[IeTO MCCIIeIOBaHMs 3aKITIOYAIOTCS B TOJIYYSHHUH
JAHHBIX O BUJIOBOM COCTaBE MHKO- U JINXCHOOHOTHI
Manrucrayckoit 001acTH, paclpoCTpaHEHUH TPH-
0OB ¥ JMIIAHHUKOB, MX DKOJOTHUECKUX TPYIIax u
NPUYPOYECHHOCTH K Pa3HBIM THIIaM CyOCTPaTOB.

Kondaukr unrepecon

ABTOpBI CTaTbU MOATBEPKIAIOT OTCYTCTBHUE
KOH(JINKTa MHTEPECOB C JPYTUMH YUYCHBIMH WIIH
WIeHAMH PeAKOJUIETHH KypHaa.
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IAE AAATAYbI TYPTEH LUATKAABIHAATDBI ROSA POTENTILLIFLORA
CHRSHAN. ET. M. POP. KEBAECETIH ©CIMAIKTEP
KAYbIMAACTbIfbIHbIH, @AOPAAbIK K¥PAMbI

Makanaasa Iae AaaTaybiHbiH, TypreH LWaTKaAblH AQ CMpPeK Ke3AeceTiH, 3HAeMAiK Typ Rosa
potentilliflora Chrshan. et. M. Pop. ke3aeceTiH 6CiMAIKTEpP KaybIMAACTbIKTapbiHbIH (DAOPACHIHA TAAAQY
»KacaAblHFaH. KaybIMAACTBIK, KypaTblH ©CIMAIKTEPAIH XKOFapfbl KepceTkilli peTiHae Fabaceae Lindl.,-
TyKbiIMAQChl 10 Typ KyparaHbl aHbikTaAFaH. OA sxaAnbl haopatbid, 12,6% 6epeai. AHbIKTaAFaH KepceT-
KilTep GoMbIHLLIA eKiHLWIAIK KaTapAa Labiatae Juss. >kxoHe Asteraceae Dumort. TykbiIMAACTapbl 6epiAreH.
Srun 8 Typ, aemek bapanbiH 10,1% 6epeai. Conrbl kaTapaa Poaceae Gaertn.xeHe Rosaceae Juss.
TYKbIMAQCbIHbIH aHbIKTAAFaH TYPAIK XXUbIHTbIFbIHbIH, XKAAMbl CaHbl 7, OA (pAopaHbiH, 8,8 % kepceTTi. Ke-
AECi KaAFaH TYPAIH CaHAbIK, KypambiH Apiaceae Lindl. xeHe Scrophulariaceae Lindl. TykbiMaacTapbiHa
€HEeTIH TypAep aAbin »atblp. CaHABIK, KepceTKili 4 Typ >oHe daopaHbiH 5,06% KyparaHbl aHbIKTaA-
Abl. Kernbip caHbl >kaFblHaH KOPCETKILITIH MOALLIEPI TOMEHAEIEH TYPAEPAIH CaHbl 2-3-TeH acnaabl. OA
JKaAMbl 3epTTey aymarblHAAFbl (hAopaHbiH 39,2% FaHa KypaFaHbl aHbIKTaAAbl. BYA TypAiH opMaHAbI
GEeAALYAIH TEK KYH >KaKCbl TYCETIH OHTYCTIK XXOHE OHTYCTIK — LbIFbIC 3KCMO3MLUMSACbIHAA OCETIHAIT ait-
Tbiraabl. CoHbIMeH Gipre Iae AAaTaybiHbIH KYH KaKCbl TYCETIH OHTYCTIK — LWbIFbIC 3KCMO3ULIMSAAPbIHbBIH
eciMAiKTep >KabblHbl MEH (PAOPAABIK, KYPaMbIHbIH Ka3ipri >karAaiblHa FbIAbIMM TYpPFbiAaH Gara GepiAAi.
Ine AAaTaybIHbIH (PAOPACH MEH BCIMAIKTEP KabblHbIHbIH AQMY AEHIeMiHIH KAAbINTbl XXaF AANAQ EKEHA -
ri atan kepcetiareH. OraH lae — AAaTaybl YATTbIK, MapKiH YMbIMAACTbIPYAbIH bIKMAAbl KOFapbl 6OAAbI.
[apKTiH Herisri MiHAETIHE, OCbl Tay >KOTaCbIHbIH, Tamalia, 6an (AOPaAbIK, KypamMbl MEH BCIMAIKTED >Ka-
OblHbIH, €H AAAbIMEH CUPEK KE3AECETIH, XXOMbIAY Kayri TOHIM TYPFaH SHAEMAIK XKOHe PEAUKT TypAepiH
Kopray 60AbIn TabblAaabl. 3epTTey 06bekTiCi TabUFK KOAMEH, KATTbl HOCEPAI XaHObIp Xayap Ke3ae
Hai3arait oiHarl, >kai Tycyi MyMKiH. MyHAQil XKaFAanAQ epT LbIFbIM KETY Kayrni 6OAbIN TypaAbl. MyHbIH
eKeyiAe a3 FaHa XXepAe eCeTiH, TapaAy aymarbl LIEKTeYAi, sHAeMAIK Typ Rosa potentilliflora ecimairi
ywiH aca kayinTi. COHAbIKTAHAQ IAe AAaTaybl YATTbIK, NMapki MeH TypreH opmaH LiapyallblAblFbl CEKIAA
MEeKEMEAEPAIH >KayarTbl KbiI3MeTKepAepi Rosa potentilliflora eciMairiHiH, KOprayAbl KaXXeT eTeTiH 3H-
AEMAIK TYp eKeHAiriHeH xabapaap 6G0AyAapbl THICTI XkaHe OHbl YHeMi GakblAayaa GOAAAbI.

Tyiiin ce3aep: haopa, MONyASLMS, SHAEM, AOMUHAHT, Me30UT, KCeEPOMUT, FeMUKPUNTODUT, Te-
poduT.

Ch.Zh. Aldassugurova, A.A. Ametov, S.T. Nazarbekova,
A.Zh. Childibaeva, T.B.Ryskali, Mankibayeva S.A., M.Kh. Narmuratova

Kazakh National University named after al-Farabi, Almaty, Kazakhstan
*e-mail: aldasygyrova.chinar.77@gmail.com

The floral composition of the plant community Rosa potentilliflora chrshan.
et. m. pop. in the Turgen gorge of the trans — Ili Alatau

The analysis of the flora of plant communities where a rare, endemic species Rosa potentilliflora
Chrshan. et. M. Pop is found in the Turgen gorge of the Trans-Ili Alatau. Among the plants forming the
community, Fabaceae Lindl. is in the first place, the genus consists of 10 species, or 12.6% of the flora.
Labiatae Juss. and Asteraceae Dumort are in second place. it consists of genera. Their totality makes up
39.2% of the flora. It is said that this species grows only in the Southern and southeastern parts of the for-
est zone, where the sun is well illuminated. At the same time, a scientific assessment of the current state
of vegetation and floral composition of the southeastern expositions of the Trans-lli Alatau with good
sunlight was given. It is noted that the level of development of flora and vegetation of the Trans-Ili Alatau
is in moderate conditions. He was greatly influenced by the organization of the lle-Alatau National Park.
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The main task of the park is to protect the magnificent, rich floral composition and vegetation of this
mountain range, primarily rare, endangered endemic and relict species. The object of the study can be
in a natural way, with thunderstorms and just falling when there is a heavy downpour. In this case, there
is a risk of fire. Two of them are especially dangerous for the Rosa potentilliflora plant, an endemic spe-
cies with a limited distribution area growing on a small plot of land. Therefore, responsible employees
of institutions such as the Trans-Ili Alatau National Park and Turgen Forestry should be aware that the
Rosa potentilliflora plant is an endemic species requiring protection and is under constant supervision.

Keywords: flora, population, endemic, dominan, mesophyte, xerophyte, hemicryptophyte, tero-
phyte.

Y.K. Aapacyryposa*, A.A. AmeTtos, C.T. Hazap6ekoBa,
AK. Ynaambaesa, T.b. Poickaan, C.A. MaHkunbaesa, M.X. HapmypaTosa

Kazaxckuit HauMOHaAbHbIN YHMBEpcUTeT uMern aab-Dapabu, AamaTtbl, KasaxcraH
*e-mail: aldasygyrova.chinar.77@gmail.com

dDAopUCTUUECKMIT COCTAB pacTUTEAbHOro coobuuectBa Rosa Potentilliflora Chrshan.
Et. M. Pop. B TypreHckom yuieAbe 3auAMNCKOro Aaatay

lNpoBeaeH aHaAM3 (DAOPbI PACTUTEAbHbIX COOOLLECTB, rAe B TypreHCKOM ylieAbe 3aMAMIMCKOro
AAatay BCTpeYaeTcsl peAkuit, 3HAeMUYHbIN BUA Rosa potentilliflora Chrshan. et. M. Pop. Cpeam pac-
TeHuin, obpasylolmx CooOLWEeCTBO, Ha NepBoM mecte Fabaceae Lindl., poa coctomt 13 10 BUAOB, MAN
12,6% cropbl. Ha BTopom MecTe Labiatae Juss. n Asteraceae Dumort. coctont n3 poaoB. Kaxxablii 13
HUX UMeeT 8 BUAOB MAM cocTaBAageT 10,1% daopbl. Ha Tpetbem MmecTe Poaceae Gaertn. n Rosaceae
Juss. poa coCTOUT M3 7 BUAOB B KaXKAOM M3 HUMX, UAM 8,8% daopbl. Ha yeTBepTOM MecTe Apiaceae
Lindl. n Scrophulariaceae Lindl. Kaxkabiin 13 HUX nmeeT 4 BMaAa MAM cocTaBAgeT 5,06% daopbl. B
Ka>kAOM M3 OCTaAbHbIX POAOB HacUMTbIBaeTCs 3 BMAQ, 2 BMAQ. VX COBOKYMNHOCTb cocTaBAageT 39,2%
dAopbl. [OBOPST, UTO 3TOT BMA pacTeT TOAbKO B KOXKHOM M 1Oro-BOCTOYHOM YacTU AECHOM 30HbI, FAE
XOPOLIO OCBELLAETCH COAHLIE. B To ke Bpemst BblAa AaHa HayyHas OLlEHKa COBPEMEHHOrO COCTOSIHMUA
pacTUTEAbHOrO MOKPOBA M LIBETOYHOIO COCTaBa IOrO-BOCTOYHbIX 3KCMO3MUMIA 3anuAMICKOro AAaTay C
XOPOLUMM COAHEYHbIM ocBellleHnemM. OTMeYaeTcs, UYTO YpPOBeHb PasBUTUSI (PAOPbI M PACTUTEAbHOIO
NnokpoBa 3aMAMINCKOro AAatay HaXOAMTCS B YMEPEHHbIX YCAOBUSX. bOoAbLLIOE BAMSHME Ha HEro okasasa
opranmsaumsi Mae-Aaatayckoro HaumoHaAbHOro rnapka. OCHOBHOM 3aaauert napka SBASETCS 3alimta
BEAMKOAEMHOro, 6oratoro LBETOYHOro COCTaBa M PAaCTUTEAbHOrO MOKPOBaA 3TOr0 ropHOro xpebra, B
nepByl0 OYepeAb PeAKMX, HAXOAILLMXCA MOA YrPO30M MCUE3HOBEHUS SHAEMUYHBIX U PEAMKTOBbIX BU-
A0B. OBbEKT MCCAEAOBAHUS MOXKET ObITb €CTECTBEHHbIM MyTEM, C FPO3aMM 1 NMPOCTO NAAEHMEM, KOrAd
MAET CUAbHBIA AMBEHb. B TakoM CAyyae BO3HMKAeT OMacHOCTb BO3ropaHusi. ABa M3 HMX OCOOGEHHO
onacHbl AAs pacTeHunst Rosa potentilliflora, SHAEMUYHOIO BMAA C OFPaHUYEHHO TEPPUTOPMEN PaChpo-
CTPaHEHMS, PaCTyLLEro Ha HeBOABLLOM ydacTke 3eMAM. [103TOMY OTBETCTBEHHbIE COTPYAHUKM TaKMX
YUPEXKAEHUNM, KaK 3aMAMIACKMIA AAATAYCKMIA HALMOHAAbHBIMA Mapk M TypreHckoe AecHoe XO3SMCTBO,
AOAXHbI ObITb OCBEAOMAEHbI O TOM, YTO pacteHune Rosa potentilliflora 9BASE€TCS 3HAEMMUYHBIM BUAOM,
TPeOYIOLWMM 3aLMTbl, U HAXOASTCS MOA MOCTOSIHHBIM HAOAIOAEHMEM.

KAroueBble caoBa: hAopa, NONyAsUMs, SHAEM, AOMUHAHT, Me30pUT, KCepouT, reMUKpUNToOuT,
TepoduT.

Kipicme

Ine AnarayblHbIH OpMaHJbl OHWIKTIK Oenjeyi
eciMAIKTep KaObIHBI MeH (UIOpaNIBIK Kypambl Oac-
Ka OMIKTIK OelmeyIepMeH CalbICTRIPFaHIa epEeKIe
Japananbii Typaabl. OHBIH CONTYCTIK DKCIIO3UIIHSI-
CBIH TYreJJel MIbIpIIaibl OpMaH >Kayblll TYPazbl.
Typren matkanbl — AJlMaThl KajJachblHaH IIBIFbICKA
kapait 70 1mmaxkeIpeIM skepae opHamackaH [1]. Lme
Amnaraysl TaOUFM NapKiHiH KOpiKTi kepiaepinin Oipi
Oomeint caHanmaapl. TaOWFaTBl KOPIKTI, ayachl, CYbI
taza. Typren markaibl lne AjatayblHbIH 0acThl
KOTaChIHbIH Tepickel OokTepiepineH Oacrtainsin 49
KM — JIeif CO3BIIBII KaThIp. TypreH maTkaimsl (iopa
MeH (ayHa anemine ote 6Oait [2,3].
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3epTTey OpTachIHBIH KaJIIbl aTFaHAaFb! (hiopa-
JIBIK, KYpaMbIH aHBIKTAIl TallJiay yKacay yKoHE CHPEK
KE3J/IECETiH, JKOMBUIyFa JKaKbIH, SHACMIIIK TypJe-
pIH aHBIKTAI, OJIAPABIH Ka3ipri Ke3jeri skaraaibiHa
Oara Oepy MEH Karap CUPEK KE3JECETiH, YHIAEMJIIK
TYpPACPAIH TAOWFU TOMYJSIUSIIAPBIH TIOMYJISIUS-
JIBIK JEHTeHIe 3epTTey KaxeT [4].

JKympicTeiH MakcaTel: lme Amataysl Typren
IaTKAJIbIHIA CUPEK, SHAeMIIK Rosa potentilliflora
Chrshan. et M. Pop TypiMeH Ke3/IeCeTiH oCIMIIKTEP
KaybIMJIACTHIKTAPBIHBIH (DJIOPAIBIK KYPaMbIH 3€pT-
Tey.

bi3 3eprTeyre anraH cHpek Ke3JeceTiH, dHIEeM-
nik Typ Rosa potentilliflora Chrshan. et. M. Pop.
oCiMAIriHiH TaOuFy MOMyJNALUMSICHIH 13eCTipy MakK-
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cateiiza 2022 — 2023 xpu1gapablH ka3 aiibiaga line
AnatysiHbIH TypreH matkaibl opMaHbl Oemnieyine
apHaibl AKCIETUINS YHBIMIACTBIPBIIBII, JKYPTi-
3UITeH 3epTTey JKYMBICTAPBIHBIH OapbICHIHIIA CH-
PeK Ke3zeceTiH, SHAeMIK TYp Rosa potentilliflora
Chrshan. et. M. Pop. ecimuiridig 0ip MOMyJIsIHs-
cel TypreH maTKaJdbIHBIH OpPMaHIbl OCJCYiHEH,
OCBI TATKAJIABIH Oip TapMarbl OOJBITT TaOBLTATHIH
baran miaTkanbIHBIH MaHbIHAH TEHI3 IEHTeliHEH
1650 — 1750 M abc. OMIKTIK apajbIFbIHAH TaOBLIJIBL.
GPS naBurarop npuOOpPBIHBIH KOPCETKIII OOWBIH-
ma koopauHatel: N 43°24°33.5" c.e. E 77°76°36.8"
11.0.

3epTTey HbICAHIAPHI MeH dicTepi

3eprrey HbIcaHaapbeiHa e Anaraysaeig Typren
HIATKAIBI OPMaHJbl OeNJIeyiHJe CHUpPEK Ke3JIECEeTiH,
sunemaik Rosa potentillifiora Chrshan. et. M.Pop.
TYpPIMEH Ke3JIeCeTIH OCIMIIKTEp KaybIMIACTHIKTAPHI-
HBIH (HIIOpaITBIK, KYpaMbl OOJIBIIT TaObLIa bl

Rosa potentilliflora eciMairi nonmymsiuusiiapbl-
HBIH OCIMIKTEpiHIH TepOapuiliepiH XKWHAY >KOHE
onapzapl kentipy A.K. CKBOpIOB ©IiCIMEH XKyp-
rizimi [S]. AHBIKTanFaH ©CIMIIKTEpIiH Ka3akiia
artaysl C.A.ApsbicTanranueB, E.P.PaMa3aHOBTbHIH
(1977x) OOTaHUKANBIK CO3IIKTEPIMEH TEKCEepPiIIi
[6]. YKorapsr caTbliarbl ©CIMIIKTEPAIH CHCTEMATH-
KacelH Oepyzae ©. Ameros, II. Meip3akysos, A.K.
Yunaubaera eHOekTepl manganaHsiasl [7,8,9].
JKanmel eciMaikTepaiH TYPIiK KypamblH aXbIpaTy
ooitpramIa 9 TOMIBIK «Kazakcran (iopacky mai-
nananbuipl [10]. CoHbIMEH KOCa, TYpJIEp/li aHBIK-
tayna KazakcraH eciMIiKTepiHIH HILTIOCTPALIUSITBIK
AHBIKTAFBIIIBIHBIH 2 TOM/IBIK JKABIHTHIFI Taiiana-
HeULIBI [11]. OciMaikTep CUCTEMAaTUKACHI JIATHIHIIIA
ataynapbl C.K.Yepenanos, C.A. A6aynnHa OOWbIH-
ma kenripinmi [12,13,], OciMaikrepai SKOIOTHSIIBIK,
tuntepre Oenyne JIBopokosckuii M.C. eHOekrepi
naiianassusl [ 14].

OCIMIIKTepi IIapyamIbUIBIKTAFbl  ITai1a-
JIbl KaCHETTEepiHE Kapai MaHbI3[bl TONTapFa 0eiy
H.B.IlaBioBTHIH KiaccuduKamuscbl OOWBIHIIA Ka-
camael [15].

Kasipri yakpITTa ©CiM/IIK IIMKI3aThl MEH OHBIH
KOMITOHEHTTEPIH (hapMaleBTUKAJIBIK OHIMICP/IH,
COHBIH IMIiHAE KOCMETHKAHBIH pEeLeNnTypachiHIa
KOJIJJaHy TEHJCHIMSAChIHA €peKIle Hazap ayJapy-
Ja, Oyn OENCEHIITIKTIH KeH CIIeKTpiHe, KCeHOOHO-
TUKAJIBIK, 9CepIiH OoMMaybIHa KOHE OPTraHUKaJIBIK
OCIMJIIK KOCBLIBICTAPBIHBIH YKOFaphl OMOMXKETIM/TiTi-
rine OatnanbIcThI [ 16-20]. @OTONPOTEKTOPIIBIK, ITO-
TEHINAJ 3ePTTEINIi )KOHE DKCIIEPUMEHTAJIBI TYpe
AHBIKTANIBI, ITMYPBIHHBIH KelOip TypJiepiHiy Ono-

JIOTHSUTBIK, O€JICeHIIi 3aTTapbIHBIH alKbIH aHTHUOK-
CUIAHTTHIK Oenmcenaimri [18-20]. YapTpakynrid
COyJIeNICHY/ICH KOpFayFa BIKMall e€TeTiH Mail KoM-
MIOHEHTTEPiHIH KapaTuHOuATapsl, E sxone F mopy-
MEHIIEpPi, TOTUKAHBIKIIAFaH (JIMHOJI KOHE JIMHOJICH)
KBIIIKBUIAPbIHBIH TPUIIIULEPUATEP] eceOiHEeH KYH
KOPFaHBICHIH 93ipliey ie )KeMic MaliblH Naianany-
IIBTH ©JICYEeTTI MYMKIHIIKTEpi aHBIKTAIILI [21-26].
HTMypbIH OMOMOJIEKYIaTapblHbIH KOFApbl OHOXKe-
TIMALIIT Typaibl AEpEeKTep KUHAKTAJIFaH, Ol agaM
TepiciHiH MumuUATI KabaThlHA yKcac Mal Kypambl-
MeH aHbIKTajmaabl. Ka3ipri 3aMaHFbl KyMbICTap/a
OCYIH BPTYPIIi TeorpadusUIbIK aiiMaKTapblHa TOH
HUTMYPBIHHBIH OPTYPJi TYpJiepi KapacThIPbUIFaH:
R. canina, R. nutkana, R. woodsii, R. psiocarpa,
R. rugosa, R. alba, R. borboniana, R. centifolia, R.
damascena, R. davurica, R. floribunda, R. gallica, R.
hybrida, R. moschata, R. multiflora, R. rubiginosa,
R. spinosissim xone T. 0., Oyn Rosa tekrec opra-
HUKAQJIBIK KOCBUIBICTAP/IBIH FBUIBIMU  JIOJICIJICH-
reH OeJCeHALIITIH koHe (hapMaleBTHKAJIBIK KOHE
KOCMETHKAJIBIK YIIiH >KOFapbl OHEPKOCINTIK KbI-
3BIFYIIBUTBIKTHI pacTainel [27,28]. Kazipri yaksIT-
Ta FampIMIApABIH HazapbelHOa Rosa platyacantha
Schrenk TypiHiH XMMUSUIBIK Kypambl SKCIIEPHMEH-
TaJaBl TYPHIE OpHATBUIFaH, Oipak (apMakoIoThs-
JIBIK, OETICEHIUTIK TYPFBICBIHAH KOCBIMIIIA TaJIIay bl
KOHE KOCMETHKANBIK (opMyraga OChl ©CIMAIKTIH
IIMKI3aThIH KOJJIaHY TMEPCIECKTUBACHIH KAXKET eTe-
I, KemeH i (UTOXUMUSIIBIK, CKPUHHHT JKEMIC ChI-
FBIHBUIAPEI MEH MaWbIHBIH OHMOMOJICKYyJIaapbiHa
TOH JIOJICTJICHICH AaHTHOKCHJAHTTBI, OaKTepusiFa
KapcChl, KaObIHYFa KapChl JKOHE KAJIbIHA KeNTipe-
TiH OCJICCHIUTIK Typalbl aliTyFa MYMKIiHIIK Oepeni
[18-29]. Onebu mepektepre COMKEC, HTMYPHIHHBIH
(UTOXUMUSITBIK, Kypambl TTOJUPEHOJIBI KOCBUIBIC-
Tapra, aTar anTkKaHja (hIaBoHOIIApFa (KBEPLETHH,
kemnepos, M30KBEPIUTPUH) Oaii (KBEpICTHHTE
987,8 mr) [29-30], kaTtexurnep (AMUTAIIOKATEXUH,
TaJJIOKATEXHH, AIHUTAIOKATeXUHTAILIAT, SIMUKATe-
XUHTaJUIAT), AHTOIMAHWH KOCBUIBICTApPhI XKOHE TaJll
kbIKbUIbE (3000 Mr/100r) [31]. Kasakcran diopa-
CBIHJIa UTMYPBIH TYBICBIHA YKATAThIH CHPEK Ke3Je-
CEeTIH OCIMIIKTEPIiH MOP(O — aHATOMUSIIBIK, JKOHE
OMOJIOTHSITBIK,  OCJICEH[I 3aTTap/blH KUHAKTATYbI
OOWBIHINIA OTAHJBIK FaJBIMJAP/IBIH KYPTi3Te€H FhI-
JBIMHE 3epTTeyIIepi ae 6ap [32, 33].

3epTTey HaTHIKeIePi :KaHe 0JIaPIbl TAJKbLIAY
3epTTey o0beKTiCi TapanFaH opta — o Typrexn
LIaTKaJbl, OHAAFbl OCIMIIKTIH KU1 Tapayly OpTachl

peTiHze opMaHIbl OeneyiHiH aHbBIKTaIFaH KOOP.IU-
HaTbl OOMBIHIIA OHTYCTIK >KOHE OHTYCTIK-IIBIFBIC
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Oedirinjeri skcro3uusckiHaa Rosa potentilliflora
KE3/IeCeTiH OCIMIIKTep KaybIMJIACTBHIKTAPBIHBIH
(hropaliblK KypamblHa JKYPri3iireH 3epTTeyJiepiH
HOTHXKEIIEpI MBIHAHBI KepceTemi. TayjblH JKarja-
WBIHAA 6CIMIIKTEp JKaOBIHBIHBIH KOHE OHBIH TYPIIIK
KYPaMbIHBIH Tapaiybl OWiKTiK Oenjeynep 3aHJbl-
JIBIFBIHA TOYeNi. HakThIpak aliTKaHma Col XKep/iH
TEHI3 IICHI¢iHCH KaHIIIAIBIKTHI ONIKTIKTE OpHaIac-
KaHbIFbIHA OaliyianbIcThl Oostansl. Omail nelTiHiMI3
TayablH JKaFgaiiblHAa TeHi3 JaeHreiineH ap 100m
OMIKTIKKE KoTepinreH caiibiH Temmeparypa 0,5 — 0,7
0 e3repesi, COFaH COUWKEC ayaHBIH YKOHE TOTMBIPAK-
TBIH BUIFAIIBUIBIFBI, aTMOC(epallblK KBICBIM ©3Te-
Pill OTBIPaJIbI, COFAH OAUTAHBICTHI BUTFAJIBITBIKTHIH
Jia, aTMOC(EpaIbIK KbICBIMHBIHJIA MOJIIIIEPI apTa/Ibl.
Byn e3 keszeringe ecimuikrep >kaObIHBI MEH OHBIH
(h0paIbIK KypaMBIHBIH ©3TepyiHe OKEeJil COKThIpa-
Jibl. OCIMJIIKTEp KaOBbIHBIHBIH ©3repyiHe ocep eTe-
TiH MaHbI3ABI (pakTopiapasiH Oipi, Tay KOTACHIHBIH
SKCTIO3HIFACBIMEH COJI JKepAiH kep Oemepi. SrHu
xep OelepiHiH a3araH e3repiciHiH 631 eCIMIIKTEp
JKaOBIHBIHBIH KOHE OHBIH TYPJIIK KYPaMbIHBIH ©3T¢-
pyiHE SKeliIl COKThIpaabl. byn acipece cupek kes-
JIECETIH, PHJCM[IK TYpJIEPiH TapalyblHaH aiKbIH
Oaifkamasiel. MpIcaibl 013 JKEpTTEyre ajaFaH dHICM-
nik Rosa potentilliflora ecimuiri Ine AnaraysiHma
Typren maTkajablHBIH OpMaHIbl OENeyiHiH, KYH

JKaKCHI TYCETiH OHTYCTIK JKOHE OHTYCTIK — HIBIFBIC
skcrosunmsiceiHaa 1680 — 1750 M OMIKTIK apaisl-
FBIHA Ke37iecei. SIFau ochl xkep Rosa potentillifiora
OCIMIIr YIIiH KOJalasl MUKPOKIMMAT OONBIN Ta-
obutael. COHBIMEH Oipre Tay >KOTachIHBIH COJTYC-
TIK )KOHE OHTYCTIK OETKEeHJIepiHiH TeMIepaTypabiK
PEXKHUMI MEH BUTFAIIIBLIBIFBI Oipsieit Oonmmaiinkt. YKo-
TaHBIH COJITYCTIK OeTKeHiHe jKayFaH Kap y3akK Ka-
TaJbl )koHe OipTiHaen Oasy epuai. Kextemue xoHe
JKa3 ailapblHia JKayFaH >KaHOBIPIBIHIA BUIFAIIBI
y3ak caktanaapl. Ce6ebi TaypIH CONTYCTIK OeTKe-
fiHe KyH Tikene# Tycneiini. Hotmwkecinme )KoTaHbIH
COJNTYCTIK OETKEHiHIe OpMaH TY3€TiH aFaluTapIbIH
ecyiHe KOJaiibl ykarjail Kameimracaabl. COHBIMEH
Karap Tay >KOTachIHBIH COJITYCTIK OeTKeHiHje To-
MBIPAKTHIH KapalmipiHaici >KOFapbel JeHreiae 0o-
TaJbl, SIFHU TOTBIPAKTHIH KYHAPJIBIFBI apTajbl. All
Tay JKOTACHIHBIH OHTYCTIK OETKeHiHJe TemIepary-
PAIBIK PEKUM MEH BUIFAIIJIBUIBIK MYJIJIEM OacKaria.
byn OGerkefire skcmo3uiusara KyH TiKeleH Tycei.
ConpnpikTanaa Oyn OeTkeie kayraH Kap Te3 epH-
Iti, )KaHOBIPJIBIH BUTFANBI T3 OynaHael. Coi cebern-
TEHJIC YKOTAHBIH OHTYCTIK JXOHE OHTYCTIK — IIBIFBIC
OeTKeMJIepiH/Ie bUIFAIIIBIH JKETICIIeYiHe OalaHbIC-
THI araill ecreii. OciMIiKTep )KaObIHBIHBIH HET131H
KOIDKBUIIBIK IIONTECIiH OCIMAIKTep MeH OyTaiap
Ty3e/i.

1-xecte — TypreH markagbsl OpMaHABl O€NIEYiHIH OHTYCTIK >KOHE OHTYCTIK IIBIFBIC SKCIO3MIWSIIapbIHAa Rosa potentilliflora
Chrshan. et. M. Pop. ke3necerin ociMIiKTep KaybIMAACTHIFBIHBIH (DII0pa KOHCIEKTiC

benim: Gymnospermatophyta...

Knacc: Chlamydospermatopsida..

1 Tyksimpacel: Cupressaceae Neger...

OciMaik araybl:

Tipurinik ¢popmackl, KOTHIT, TeOTpaPHSITBIK

I_I_Iapyambmbl KTarbl MOHI:

Taparybl:
Ne 2 3 4
1/1 Juniperus sabina L.; OyTa, Me30(hUT, maNeapKTHKAIIBIK; TIOPLITIK;
Benim: Angiospormatophyta;
Knacc: Monocotyledoneae;
2 Tyksimaac: Poaceae Gaertn.
2/1 Poa pratensis L.; KOTDKBUIIIBIK, KCEPODUT, TOTAPKTHKAIIBIK; MaJla3bIKThI,
3/2 | Agropyron pavlovii Nevski.; Kenxibmﬂbm’ Kcepodur SHIICM,
anTaii — )KOHFap TSAHBIIAH; MaJIa3bIKTHI;
4/3 | Alopecurus pratensis L.; KOTDKBUIIBIK, KCePODUT, MaJICapKTHKAIIBIK; MaJla3bIKThL,
5/4 | Phleum pratense L.; KOIDKBUIIBIK, KCePO(DUT, ManeapKTHKAIBIK; MaJa3bIKTHI;
6/5 | Bromus inermis Leyss.; KOIDKBIIJIBIK, KCePO(DUT TaneapKTHKAIIBIK; MAaJIa3bIKThI;
7/6 Trisetumsibiricum Rupr.; KOIDKBUIIBIK, ME30(UT, TOJapKTHKAJIBIK; MaJla3bIKThI,
8/7 Trisetum altaicum Roshev.; KOTDKBUIIIBIK, ME30(UT, TayIbICiOIp-TAHBIIAHBIK, | MAJIA3bIKTHI,
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3 Tykeimaac: Cyperaceae Juss;.
91 Carex polyphylla Kar.et Kir; KOIDKBUIIBIK, ME30(UT, MaJICapKTHKAIIBIK; MaJIa3bIKThI;
4 Tykemvnac: Alliaceae J. Agardh.
10/1 Alium altissimum Rvegel; — buix KOIDKBUIIBIK, KCepO(UT, MazeapKTHKANBIK, TaFraMJbIK;
xya — (JIyk BeIcouaimnii);
5 Tyksimaac: Liliaceae Juss.
11/1 | Eremurus tianschanicus KOIUKLUITEIK, KOepO(HT, anTaii- COHJIIK;
OpTANIBIKKA3aKCTaH-TSHBIIAH/IBIK;
12/2 | Tulipa kolpakowskiana; KOIDKBUIIBIK, KCePO(UT, )KOHFAp-TSAHBIIAHIBIK; COHIIK
Knacc: Dicotyledoneae
6 Tykeimaac: Saliaceae Mirb. ;
13/1 Salix niedzwieckii Goerz.; OyTa, Me30¢uT, TapOaraTaii-TIHbIIAHIBIK; COHJIIK;
14/2 Salix argyracea E. Wolf. OyTa, Me30(HT, KOHFAP-TAHBLIAH/IBIK; COHJIIK;
7 Tykemvpac: Betulaceae S. F. Gray
15/1 Betula procurva Litv.; |Tan, Me30(HT, TayJIbIOpPTa-a3UsIIBIK; | COHJIIK;
8 Tykempac: Urticaceae Endl;
16/1 Urtica dioica L.; | KOIDKBUIIBIK, ME30(DUT, TayIbICIOip-UPaAHIBIK; | JIOPLTIK;
9 Tyksivaac: Polygonaceae Lindl.
17/1 Rheum wittrockii Lundstr.; KOIDKBUIIBIK, ME30(DUT, )KOHFap-TIaMHPaIaiiIIbIK; JIOPLTIK;
18/2 Rumex confertus Willd.; KOIDKBUIIBIK, KCEPO(DUT, ManeapKTUKAIBIK; WK,
10 Tykeimnac: Caryophyllaceae Juss
19/1 Silene lithophila Kar.et Kir; KOIDKBULIBIK, ME3O(HT, JKOHFAPIIFbIC- apamIIert;
TSHBIIAHB/IBIK;
20/2 Melandrium viscosum (L.); CKDKBULIBIK, KCEPOPHT, MaJICapKTUKAIBIK; apamInert;
11 Tykemmnac: Ranunculacea Juss.
21/1 Thalictrum collinum Wall.; | KOIDKBUIIBIK, ME30(UT, IaIeapKTHKAIIBIK, | JIOpLITiK
12 Tykpmmnac: Berberidaceae Juss.
22/1 Berberis heteropoda Schrenk.; | OyTa, Me30(UT, AJITA-TSHBIIAHIBIK; |TaFaMIIBIK, OOSYIIBIK;
13 Tyxpimaac: Brassicaceae Burnett.
23/1 Cardaria repens (Schrenk.) KOIDKBLIILIK, KCCPOGHT, TayIIbi-OpTalbikasis- apamIert;
HPAH[IBIK;
24/2 Isatis costata C. A. Mey.; EKIKBUIIBIK, KCEPOPHT, TYPAH/IBIK; TOKBIMA;
14 Tykemvpnac: Crassulaceae DC;
25/1 Sedum hubridum L. KOIDKBUIIBIK, KCePODUT, TayIbICiOip-upaHIbIK; JIOPLTIK
15 Tyxbimaac: Rosaceae Juss. ;
26/1 Potentilla orientalis Juz.; EZI;:;SE;HK’ ME30QHT, Taytbi-OpTabIKa3Ms- apaMILert;
27/2 P. asiatica Juz., KOIDKBUIIBIK, ME30(UT, TayTbIOPTANBIKA3HSIIBIK; apaMILert;
28/3 P. nervosa Juz.; KOIDKBUIIBIK, KCePO(UT, TayIbI0pTaIbIKA3HSIIBIK; apamILelt;
29/4 Cotoneaster melanocarpa Fisch.; | Oyrta, Me30(uT, naseapKTHKAIBIK; COHJIIK;
30/5 I;;sg (f; ?tentilliﬂam Chrshan. et OyTa, Me30(UT, NaTeapKTHKAIbIK; JIOPYMEH]IIK, JIOPiIiK 3HIEM;
31/6 Rosa beggeriana Schrenk; OyTa, Me30(HT, TaylIbl OPTAJIBIK a3USUIBIK, JIOPYMEHIIK, TOPLITIK;
32/7 Geum urbanum L., KOIDKBUIIIBIK, ME30(DUT, MaJICapKTHKAIIBIK TaFraMJIbIK, TOPLUTIK;
16 Tykeimaac: Fabaceae Lindl.
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Ine Anaraysr Typren markansianarsl Rosa potentilliflora chrshan. et. m. pop. ke3xeceTin ociMIIKTep...

Kecmeniy orcanzacwor

33/1 Trifolium pratense L.; KOTDKBUIIIBIK, ME30(UT, aJleapKTHKAJIBIK; Malla3bIKTHIK;

. MaJjla3bIKTBIK, 0all;

34/2 Medicago falcata L.; KOTDKBUIIBIK, ME30(UT, NaeapKTHKAJIBIK; N KIBIC

JKUHANTBIH;

35/3 M. lupulina L.; OipKBULABIK, ME30(HT, MaJeapKTUKAIBIK; Malla3bIKThIK;

36/4 Lathyrus tuberosus L.; KOTDKBUIIIBIK, ME30(UT, MaeapKTHKAJIBIK; MaJIa3bIKTHIK, apaMIIen

37/5 Lathyrus pratensis L.; KOIDKBUIIBIK, ME30(UT, NaeapKTHKAJIBIK; Maja3bIKTHIK;

38/6 Onobrychis pulchella Schrenk.; OIpXKBUTIBIK, ME30KCEPODUT, JKOHFAP-UPAH/IBIK; MaJTa3bIKTHIK;
Caragana camilli — schneideri . .

39/7 & OyTa, Me30(UT, aNTai-TSHBIIAHIBIK; COHJIIK;
Kom.;

Astaragalus lanuginosus Kar. et N
40/8 Kir.- KOIDKBUIIBIK, KCepo(UT, TapOaraTali-TsHBIIAH/BIK; | MAIa3bIKTHIK;
.
41/9 Oxytropis macrocarpa Kar.et Kir. ; | KOIDKbUIIBIK, Me30(HT, TapOaFraTail-TAHbIIAHABIK | COHIK;
. . . KOTDKBUIIIBIK, ME30(UT SHJIEM;
42/1 Oxytropis almaatensis Bajt.; ARG ¢ A
TSIHBIIAH/IBIK; MaJIa3bIKTHIK;

17 Tyxeimaac: Geraniaceae L. ;

43/1 Geranium saxatile Kar.; KOTDKBUIIIBIK, ME30(UT, KOHFAP-TSHBIIAH/IBIK; COHJIIK;

18 Tykeimaac: Euphorbiaceae Lindl.

. KOIDKBUIIBIK, ME30(HT,
44/1 Euphorbia lamprocarpa Prokh.; B, fb > YIIBL;
JKOHFap-TIAMHPATANITBIK;

19 Tyksimaac: Celastraceae Lindl.

Euonymus semenovii Regel et . ..

45/1 Her d)'} & OyTa, Me30(UT, KOHFAp-NIAMHPAIIAIITIBIK; JIOPLIIK;

.

20 Tykeimnac: Tamaricacea Link
Myricaria squamosa Desv.; . .

46/1 OyTa, Me30KCepO(HUT, TaybICiOip-UpaHIIBIK; COHJIIK;

21 Tykempnac: Apiaceae Lindl. ;

471 Aegopodium Podgraria L.; KOIDKBUIIBIK, ME30(UT, NaeapKTHKAJIBIK; TaFaMJbIK;
Scaligeria setacea (Schrenk); KOTDKBUIIIBIK, KCepoduT;

48/2 8 ( ); N JWIK, KCepoQuT; OaIbIK;
Korov.; anTaii- TaymbIOPTAIBIKA3HSIIBIK;

493 Hymenolyma bupleuroides KOIDKBUIIBIK, KCePODUT, Tay bI0pTaIbIKa3HsIbIK- GAIIBIK:
(Schenk) Korov.; OpTaNbIKKa3aKCTaH IbIK; ?
Libanotis buchtormensis (Fisch. KOTDKBUIIBIK, KcepoduT

50/4 ( *PULIBIK, Koep ¢ GasbIK;

Ex Spreng.) DC.; ajTal- OPTAJIBIKKA3aKCTaH- TSHbIIAHBIK;

22 Tyxbimuac: Polemoniaceae Juss. ;

51/1 Polemonium caucasicum N. Bush.; | KOTDKBUIIBIK, ME30(UT, anTail-upaHibiK; | COHJIIK;

23 Tyxbivmaac: Boraginaceae Juss.

52/1 Lappula occultita M. Pop; | OIpKBULABIK, KCEPOHUT, JKOHFap-NIaMUPaTaIbIK; | apamILelt;

24 Tyksimaac: Labiatae Juss. ;

53/1 Lamium album L. KOTDKBUIIIBIK, ME30(UT, aleapKTHKAJIBIK; TIOPLTIK, TAaFaMJIBIK;

. e KOTDKBUIIBIK, ME30(UT, KOHFap-
54/2 Scutellaria transiliensis Juz., B b Hrap OaJIIbIK;
COJITYCTIKTSIHBIIAH/IBIK;
. JKapThUIail OyTa, kcepoduT, anrtaii- .
55/3 Thymus proximus Serg.; P YTa, KCepOuT, COHJIIK;
OpTaNbIKKA3aKCTAH-TSAHBIIAH/IBIK;
. YKapreuait 6yta, kcepodut, KoHFap- .

56/4 Thymus seravschanicus Klok. ; . COHJIIK;

MaMHPaIaiIbIK;
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Y. XK. Angacyryposa xoHe T.0.

Kecmeniy orcaneacwi

Stachyopsis lamiiflora (Rupr.) M.

KOIDKBUIIBIK, ME30(UT, JKOHFap-IIBIFbIC-

57/5 OaJIbIK;
Pop. &Vved.; TSHBIIAH/IBIK; ALK
58/6 Phlomis tuberosa L.; KOIDKBLIIBIK, KCEPO(HUT,eypasusuIbIK JallabiK, TaraMJIbIK, TOPLUTIK;
59/7 Eremostachys speciosa Rupr.; KOIDKBUIIBIK, KCepO(UT, )KOHFap- TAHBIIAHIBIK; COHJIIK;
60/8 Dracocephalum peregrinum L.; KOIDKBUIIIBIK, KCEPODUT, — JKOHFap- Tay CiOipIiK; COHJIIK;
25 Tykempac: Scrophulariaceae Lindl. ;
. . O1p>KBULIBIK, MEC30(HUT, aTac-OpTaIIBIK -Ka3aKCTaH
61/1 Rhinanthus songaricus (Stern.) P AP, ur, P K oRasar VB
TSHBIIAHIBIK,
62/2 Linaria transiliensis Kuprian.; KOIDKBUIIBIK, KCePODUT, )KOHFAp-MaMUPATAIbIK, | OaIabIK;
63/3 Veronica spuria L.; KOIDKBUIIIBIK, ME30(UT, aJICapKTHKAIIBIK; apaMIIert;
64/4 Pedicularis dolichorhiza Screnk.; | KeIDKBULABIK, Me30(UT, aTail — FTHUMAIANIIbIK; COHJIIK;
26 Tykevpac: Rubiaceae Juss. ;
65/1 Galium verum L., KOIDKBUI/IBIK, KCEPOME30(HT,TaIeapKTHKAIIBIK JIOPLTIK, Oal )KUHAWTHIH;
66/2 Galium aparine L.; 0ip>KBUIIBIK, KCEPOME30(HUT,rOTapKTHKAIIBIK; JIOPLITIK, apaMIIerr;
. KOTDKBUIIBIK, ME30(UT, aJITAMIIBIK -OpPTaJIbI .
67/3 Galium volgense Pobed.; AT ¢ K-op K 0osiay aJIbIHATHIH ©CIMIIK;
Ka3aKCTaH IbIK-TSHbIIAH/IBIK;
27 Tykeimaac: Valerianaceae S. Gray
L . KOIDKBIIIBIK, KCEPODUT, aaTaiIbIK- ..
68/1 Patrinia intermedia (Horn.); BTG pod K TIOPLITIK;
TayJIBIOPTAIIBIKA3USIIBIK
69/2 Valeriana turkestanica Sumn.; KOIDKBUIIBIK, ME30(UT, KOHFAP-TAHBIIAHIBIK TIOPLITIK;
28 Tyksimnac: Dipsacaceae Lindl. ;
. eKDKBUIIBIK HEeMeCe KOIDKBUIIBIK, KCepODUT.
70/1 Dipsacus azureus Schrenk.; PUIPIK JIIK, KCEPOGHT, apaMIIert;
aJITalIBIK-TayTbIOPTABIKA3USITBIK;
29 Tykeimnac: Campanulaceae Juss.
Codonopsis clematidea (Schrenk) .
711 KOIDKBUIIIBIK, ME30(UT, )KOHFApP-UPAH/IBIK; COHIIK;
Clarke.;
30 Tyxpimaac: Asteraceae Dumort. ;
. . KOIDKBUIJIBIK, ME30(HT, OpIIIiK, apaMIel, oaJ
72/1 Taraxacum officinale Wigg.; UL, ¢ #1op . P ’
TOJIAPKTUKAJIBIK; JKMHAUTBIH, TaFAM/IbIK;
apammierr, (pup Maubl,
73/2 Achillea millefoilum L.; KOIDKBUIIIBIK, KCEPO(DUT, ManeapKTHKAIBIK; MaJIa3bIKTHIK, HIIIK 3aTTap
OHJIIpIIeTIH;
. L. KOIDKBUIIBIK, ME30(UT, TayIIbICIOipIIiK-
74/3 Achillea asiatica Serg.; BT (b ¥ p apaMILell;
TAHBLIAH/IBIK;
75/4 Hieracium virosum Pall.; KOIDKBUIIIBIK, ME30(UT, aJIeapKTHKAIIBIK; TIOPLITIK;
. OIPXKBIIIBIK HEMECE EKIKBUTIBIK, ME30(UT, ..
76/5 Lactuca serriola L.; P JIBIK ALK b TIOPLITIK;
TOJIAPKTUKAJIBIK;
. CKDKBULIBIK, ME30(HT.
77/6 Tragopogon capitatus S.; AL, b, MaJIa3bIKThIK;
TayJIbI-OPTAIBIKA3HUSI -OPTAJIBIK Ka3aKCTaH/IbIK;
78/7 Acroptilon repens (L.) DC.; KOIDKBUIIIBIK, KCEPO(UT, MOHFOII-TYPaH-UPAH/IBIK; | YIIbI, APAMIIIONT;
Ajania fastigiata (C. Winkl. KOIIKBUIJIBIK, KCEPOPHUT, TayIbIOPTATBIKAZHSIIBI
79/8 4 Jastigiata ( ) JIDIK, KCEPOGHT, TayIbIop K K apaMIiert

Poljak.

-MpaHIbIK;

bi3 3eprreyre anran, | KecTeme KepceTiireH
CHUpeK Ke3JlleceTiH sSHAeMIik Rosa potentilliflora
ecimziri ke3neceTin TypreH MIaTKalbIHBIH OpMaH-
Ikl OCJJICYiHIH OHTYCTIK JKOHE OHTYCTIK MIBIFBIC

9KCHO3UIUACHIHAH JKOFapPhI CaThIIAFbI TYTIKTI OCIM-
TKTepIiH eKi Oeximre, 2 kiacka, 29 TyKbpIMIacKa,
66 TybBICKA JKaTaThIH OCIMIIKTEPIiH 79 TYpi aHBIK-
TaJIbII, repOapuii KUHAT, TIPKEIIK.
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Ine Anaraysr Typren markansianarsl Rosa potentilliflora chrshan. et. m. pop. ke3xeceTin ociMIIKTep...

2-kecTe — TypreH maTrKaJbiHaa Ke3£[eC€TiH JOMUHAHTTBI TYKbIMJIaCTap/AblH TAKCOHOMUSAJIBIK KYPaMbl

Ne TyKbIMIacTapblH aThl Typ caHbIK KepceTKimi Taiib3apIK Memmepo GoibIHIIa
1 Fabaceae Lindl. 10 12,6
2 Labiatae Juss. 8 10,1
3 Asteraceae Dumort. 8 10,1
4 Poaceae Gaertn. 7 8,8
5 Rosaceae Juss. 7 8,8
6 Apiaceae Lindl. 4 5,06
7 Scrophulariaceae Lindl. 4 5,06
Bapiabirbl: 48 60,8

Bynapman xorapbl caThIJarbl O©CIMAIKTEPIiH
Gtopanbik KypambiHaa 25 TYKbIMAAcKa KaTaTbIH-
JBIFBIH 2-111 KecTeleH kopyre Oonaabl, oi 67 Typ,
aj Japa)kapHaKThUIap KiacklHaH 4 TykbiMaac, 11
TYp Kesnecemi. JIOMUHAHTBI TYKbIMJACTap Kypa-
MBIHA JKQIIBl AIFaHJa TapajfaH OpPTaHbIH HETi3ri
oomirin Fabaceae Lindl.., Asteraceae Dumort..,
Labiatae Juss.., Poaceae Gaertn.., Rosaceae Juss..,
Brassicaceae Burnett.., Scrophulariaceae Lindl.
OCBl aTajFaH TYKbIMAACTap Kypalabl. 3eprrey ai-
MAaFbIHBIH KOPCETITeH JKeTi TYKBIMIACTHIH TYpIepi
Typren maTtkanbHbIH (Qropaiblk KypambiH 60,8%
MelIepiH Kypailasl. 3epTTey HOTHXKelepi OOHbIHIIA
Oipinmmmi opeiHAa Oypamakrap TYKbIMJAachlHA Ka-
tateiH 10 Typ anbikTannel. XKanmel anranga ¢uio-
paJIBIK KYPBIMBIHBIH 12,6 TMalbI3IBIK MOJIIepiH
Oepeni. Exinmm opbrama TayKagakaimap xKoHE Kyp-
JeNITyIIiep TYKbIMIAcTapblHa €HETiH TypJiep e
aHbIKTAN Bl JKanme! anranna apOip TYKBIMAACTHIH
8 TYpl aHBIKTAJIBII, OJ Tapajly OPTacHIHBIH (hiopa-
JbIK, Kypambiabiy 10,1% Tty3eni. YuriHmii opsiHIa
KOHBIpOacTap TYKBIMIACHIHBIH JKOHE pAyULAHZYjl-
Oiep TYKBIMAACTAphIHA €HETIH 7 TYP1 aHBIKTAJIBI,
JIEMEK, 0J1 iopaHbIH 8,8% MeJlepMeH KaybIM 1ac-
TBHIK TYE3TiHJIT1 Oenrimi G6onmbl. TepTiHII opeIHIA
MIATBIPTYJIAIIep KOHEe CaOBIHKOKTEP TYKbIMJIACTa-
pBIHA SHETIH TYpJepAe e aHbIKTa bl JKypriziiren
3epTTeyre CyleHeTiH OoJcaK, OChl aTallFaH TYKbIM-
Jlacka €HETIH TypJep caHbI 4-Ke JKeTTi, oi uropa-
HBIH 5,6% KyparaHbl Oenrini 60yl

dnopanblk KypaMbl OOHBIHINIA TTAHAIIBI ©CIM-
JiKTepre Tangay skacaaabl. JKalmbl anFaHaa Kerl
KE3JeCeTIH Maiaibl ©CIMIIKTEp KaTapblHA CHE-
TiH MaJa3bIKTHIK JKOHE COHMIK eciMmikTepaiH 17
TYp Ke3deceii, OJ MalbI3ABIK MeJIep OOWBIH-
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ma — 21,52 xerri. OpTagarsl ASPITIK 6CIMIIKTED
Ti3iM1 €KIiHII OPBIHABI HEMICHI, KaJIIbl aJIFaH-
na 14 Typ aHBIKTaJJIbl, OJ MalbI3/IBIK KOPCETKIII
ooiipramIa 17,72 xypansel. Keneci ke3ekre keH Ta-
paiFaH apamMien ecimaikTep 12 Typre >KerTi, o
15,19% xypanbl. CoHbIMEH KaTap, 0aj »KUHANUThIH
OCIMIIKTEpAiH caHbl 6 Typai Kypaasl, ox 7,59 %
KOPCETTI, aJl TaFaMIbIK OCIMIIKTep KaTapbelHa 5
TYp eHai, on 6,32% KepceTKilKe KeTTi. OCciMIiK-
TepliH (IopanblK KypaMblHAA YJbl, WIIK, I9pY-
MEHIK, 2¢up Maiiabl, 005y aiabIHATHIH, TOKbIMA
OHEPKOCIOiHe MalianaHblUIaThlH ©CIMIIKTEPIiH
caHbI 2-3 TeH acmabl, o1 colikecinmie 3,80% sxoHe
2,53% memmepai Kypassl.

3eprrey OapbIChIHAA OCIMAIKTEpPIH — TipIIi-
nik ¢opmaceiHa PayHkuepaiH Kiaccu(UKaUsChI
OoMbIHINIA Tangay ’kacajnmbl, 3-Kecteae OepinreH-
nei, MyHaa QruopaiblK KypaMbIHIAFbI TYPJIIK Ta-
paiy neHreii OOWBIHINIA KOIDKBUIIBIK IIONTECiH
eciMikTep OaceiM Oonzbl, o1 56 Typai Kypaunsl,
3epTrey 00BekTici Rosa potentilliflora ecimuiri-
HiH TypreH maTKaJblHAAFbl MTOMYJISIUACH KAITBI
anraaga — 70,89% »xerri. Tepodurrepnin Tapary
KeHicririnaeri xanmnel canbl 10 Typre sxerri. On
nomyssitius priopaceiHbiH 12,66% Ty3eni. JKanrer
TipIIiTiK (hopMackIHa )KaTaTHIH OCIMIIKTEP TYKBIMBI
apKbUIbl Te3 Kebeiieni. An mukpodanepodurrep
TepruoUTTEPMEH Karapiac, JeMeK caHbl -10 Typai
Kypaca, o1 2,66 % kepcereni. SIFHn Tipmiiik Gop-
Macel — Oyranap. Tepuodurrep, mukpodanepopuT-
TepJIeH KeHiHT1 Ke3eKTe XeMeO(UTTeP alIbIIT KaATHIP.
Omnapra Tipuritik ¢hopMackl JkapTeiiait Oytanap MeH
OyramibIKTap jkaraipl. XemeouTTepre eHEeTiH 3
TYP @HBIKTAJIbI, OJI IOy GopackiHbiy 3,8%
Kypaiasbl.



Y. XK. Angacyryposa xoHe T.0.

3-kecte — TypreH QuopacsiHa Ke3eceTiH oCIMIIKTepAiH TIPMLTIK (opMatapsl

Ne OciMaikrepain Tipurinik Gpopmanaps JKanms! Typ caHbl
1 IeMuKpHUNTOUTTEP-KOTHKBUTABIK 56,0
2 Tepodurrep-0ip-eKi KBUIIBIK, 10,0
3 Muxpodanepodurrep — Oyranap 10,0
4 Xameo¢urrep — xkapTeUIail OyTanap-OyTambIKTap 3,0
Bapnbirsr: 79,0
4-kecte — TypreH markanblHIa KE3IECETiH 6CiMIIKepAiH 0acKa aiiMak (propackiMeH OailTaHBICTHUIBIFBI
2 v g
EES| ExE & a & = E|
238 E| EQE g s b 52
Ne TeorpadusiibIK 2IEMEHTTED é % ';1 § EE s g é T §
25| E583| ¢ E | & s g
& ° s =
38 ®
1 TOJIAPKTUKAJIBIK, 2 3 - - 5 6,33
2 TaeapKTUKAIIBIK, 2 18 - - 23 29,11
3 AJTaUIIBIK-TAYJIBIOPTAA3USIIBIK, 1 2 - - 3 3,80
4 MOHFOJI-TYPaH-UPaH/IbIK - 1 - - 1 1,27
5 ajTai-upaHbIK, - 1 - - 1 1,27
6 JKOHFap-CONTYCTIK-TSHBLIAHIBIK - 1 - - 1 1,27
7 €ypa3HsUIbIK-/1aJIaIbIK - 1 - - 1 1,27
8 JKOHFap-TaycibipIik - 1 - - 1 1,27
9 aNTalJIBIK-TUMaJIaNJIBIK, - 1 - - 1 1,27
10 TayJIbI-OPTaJIbIKA3HsIIbIK-OPTAIBIKKA3AKCTaHIbIK 1 1 - - 2 2,53
11 TSAHBIIAH/IBIK - 1 - - 1 1,27

3eprrey OapbIChIHAA OCIMAIKTEPIiH Tapaiysbl
OoBIHIIIA OIpiHIT OPBIHAA TAJICAPKTUKAIIBIK dIIe-
MEHTTEp, JeMeK, 23 Typ aJbIHIBL. 3epTTey MOoIly-
JSIIMSCBIHBIH Tapayly OPTacCBhIHBIH TYPJIK KYpaMbl
29,11% xypausl.

3eprrey oowekrici Rosa potentilliflora ecimairi
MOMYJISIMSACHIHBIH Tapallybl OPTACBIHAAFBI OCIMIIIK-
Tep KypaMbl KeH KOHE ayKbIMIEI. 4 — KecTene Oepin-
I'eH YKOHFap-TIaMUPaIaiJIbIK 3JIEMEHTTEp TYpalsl 6
TYP (7,59%) xepcerTi. ['onapKTHKaIBIKTBIH Oapibl-
FBI 5 — TYp Kypaasl, on 6,33% Memmepre >KeTKEeH.
JlemMek aHbIKTay HOTHXKeJepi OOHBIHINIA Maneapk-
TUKAJIBIK TeorpagUsbIK >IEeMEHTTEePl MOMyJIsIus
¢dmopaceabiy 29,11 % xypaiiasl. Omapnan keifinri
OpBIHAAP/IA TaYJIbI- Ci0IPIIiK — UPaHABIK reorpadus-

JBIK dNeMeHTTepi OoibiHIIa 3 Typ (3,80%) Kpansl.
An xanraH reorpadUsIIBIK AJIEMEHTTEPIe COMKeCiH-
me 1-2 TypaeH FaHa aHbIKTanael. O JKajmbl ajaFaH-
na 2,53% xone 1,27 % Kyparadbl Oenrisii OOJIbI.
[TameapKTUKANIBIK JJIEMEHTTEPAIH aWKBIH OachIM-
JIBUTBIK, KOPCETY1 KaJIbl Talaay OapbIChIHAA XKYPIi-
31IreH reorpadusuIbIK SIeMEHTTEPIIH 1IiHAe HeTi3-
Tl 3aHabUTBIKTapFa coiikec kememi. Cebebi, Tamaay
OapbichiHa cyiieHeTiH OoJicak, lime Amnartaysl Asus
KYPJIBIFBIHBIH HETi3T1 OpTachlHIa OpHAJIACKAHBI
onedn monynap OOWBIHIIA aHBIKTaNFaH. OChIFaH
COUKECIHIIe, Kbl aHBIKTAIFAH TOJAPKTHKAIIBIK,
JKOHE TayJibl ailMaKTapMeH OalIaHBICTHI AJIEMEHT-
TepaiH 0ackIM OOJTYHI KYPTi3UIreH 3aHIBUIBIKKA Ccail
KeJei.
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Ine Anaraysr Typren markansianarsl Rosa potentilliflora chrshan. et. m. pop. ke3xeceTin ociMIIKTep...

5-kecte — TypreH martkais! GpIOpachIHBIH YKOIOTHSIIBIK THIITEP1

. ) Typiik KypaMbIHBIH CaHbI

Ne TipuIiik OpTachIHBIH 3KOTHITI - — -
AOCOMIOTTIK KOPCeTKIIIi a3 apIK Memepi

1 Me3zoduT sKoTHIT 45,0 57

2 Kcepodur sxornmi 30,0 38

3 Kcepomesodut sxoruri 2,0 2,5

4 Me3okcepodHuT SKOTHITI 2,0 2,5

Bapnbirsl: 79 100

OCIMIIKTEpiH SKOJOTHSUTBIK TUIITEPI OONBIH-
ma Me30(puTTep OachIMIBUIBIK TAaHBITTBI, 5 Kec-
Tenae Oepinrennmed, Me30puTTI opTaHbH 45 Typi
aHBIKTAIABI, AeMeK 56,96% Kypahasl. An Kcepo-
¢urrepre ererid 30 Typ OaliKanabl, OJ MOMYJIALUSL
(hnopacebiy 37,97% Ty3eni. Kanmeuiama tangay
HOTIDKETIEpi OOMBIHINA TaFbl a DKOTHUIITEPre Kce-
pome3o(duUTTEp MEH ME30KCepOPUTTED JIe KATabl,
3epTTey OaphICHIHIA OPKANCBHICHIHAH EKiJeH TYP
aHBIKTAIABl. DIOpanblK Tajmayna 3KOJOTHSUIBIK
TUNTEPIiH JKOFapblAa OepiireH TajjayblHa COii-
KECTIK JIeHTreliH KOPCeTTi, OJapAblH OChl OaFbITTa
opHanacysl 3aHAbUIBIK. Cebeli, BUIIaTBUTBIKTHIH
apTybl Tay JKaFJaiiblHa COMKECTiK KOpCeTTi, 0 op-
MaHIbl Oelnjey OONFaHIBIKTaH OPTaHbBIH BUTFAIIABIK
MeJTIIIepi KOFaphl JACHTEHIe SKCHIITIH IOJICTACHI.
3epTTey OOBEKTICIHIH Tapally opTachl OMiKTIK Oel-
JIeyTe JKaTaThIHIAAKTaH, O 6CIMIIKTED KaOBIHBIHIA
Me30uTTep 6achIM OOJIIHI.

KopbIThbiHABI

Kopurteiaaeiait  kenrenae Ine AnaTybIHBIH
Typren maTkaasl OpMaHIBl OeJjeyiHAe CHpEK
KE3IIeCeTiH, JHAEMIIK Typ Rosa potentilliflora
OCIMAIKTEp KaybIMIACTHIKTAPBIHBIH (DIOpajbIK KY-
pamMblHA JKaH — KaKThl TalJAy *acallbIHIBL Rosa

potentilliflora eciMAITI KBIT CAWBIH TYJIEI JKEMiC
Oepin typ. Typren markansl e Anaraybl yITTBIK
MapKiHiH TEePPUTOPHUACHIHA Kipeldi, COHABIKTaHAa
KaKChl KOpFajFaH. by »xepre Man »Karora, IIeIl
OpyFa XOHE JeMalyIIblIap/IblH KeJyiHe THBIM ca-
neiEFad. Jlei TypraHMeHie epTTeH O0JIaThIH Kayil-
Ti ’KOKKa IITBIFapyFa 00JIMaiIbI. OpT €Ki TypJIi KO-
MEH OpBIH alybl MYMKiH. BipiHmigeH, anamaapisiH
(TypHCTEp/IiH) OT >KaFbIll, OHBI OIIiPMEl KeTyiHEeH,
HEeMece TEMEKiHI eImpMeld Kypar TYpFaH IIOImKe
TacTaif cajdyblHAaH ©pPT OPbIH alybl MYMKiH. ExiH-
ITi/IeH, TaOWFU JKOJIMEH, KAaTThl HOcepii KaHOBIp
JKayap KesJe Haizarail oifHam, jkail TyCyl MYMKIiH.
MyHaail skaFmaiijia epT IUIBIFBIN KETy Kaymi 0o-
JBITT TYpaabl. MYHBIH €Keyisie a3 FaHa KepJe ece-
TiH, Tapally ayMarbl MIEKTEYi, SHAEMIIK TYp Rosa
potentilliflora ecimairi yuris aca xayinti. COHJIbIK-
TaHaa lne Anaraysl yITTHIK mapki meH Typren op-
MaH IapyanibUIBIFEl CEKUTII MEKEMEIEepIiH Kayarl-
ThI KbI3MeTKepIiepi Rosa potentilliflora eciMuirinig
KOpFayIbl K&KET €TEeTiH dHAEM/IIK TYP eKeHIITTHEeH
xabapmap O00IyIaphl THICTI XKOHE OHBI YHEMi OaKbI-
nayja ycraynapsl kepek. CoHbIMeH Oipre Oy Typai
Anmatsl 0ac O0TaHUKAIBIK, OaFbIHIA HHTPOTYKITUS-
Fa eHaipy KakeT. OCBl aTBIIFaH YCBHIHBICTAp Rosa
potentilliflora eciMairid )OUBLIBIN KETYJCH CaKTay-
JIBIH €H THIM/Ii JKOJITapbl OOJIBIT TaObLIAIbI.
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Kenin mycmi: 3 swcenmoxcan 2024 dcoin
Kabwvinoanowt: 20 mamwrz 2025 sicwin
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CURRENT DISTRIBUTION
OF THE SPECIES EREMURUS ROBUSTUS
AND E. TIANSCHANICUS

The article presents the results of the study of the genus Eremurus of the family Asphodelaceae,
which includes more than 70 species of perennial herbaceous plants with thickened roots and root
leaves. According to «Flora of Kazakhstan», 13 species of the genus are registered in Kazakhstan, but ac-
cording to M.S. Baitenov, their number reaches 15 species. Areal of the genus covers Western Asia and
Iran-Turan region, with the greatest species diversity in the south of Central Asia. The aim of the study
was to identify the current distribution of species of Eremurus robustus and E. tianschanicus, which will
help further research work will facilitate further field research. Literature sources were screened and more
than 130 herbarium specimens from major collections (AA, TASH, LE, MW) from 1988 to 2024 were re-
viewed. Based on the collected data, a distribution map of species of the genus Eremurus robustus and E.
tianschanicus was compiled. We have determined the ranges of the studied species according to the Bo-
tanical-geographical zoning of Kazakhstan and Central Asia: Eremurus robustus has the following range:
Region — Saharo-Gobian, Subregion — Irano-Turanian, Province — Mountain-middle — Asian — Dzun-
garian — Dzungaro-North Tianshan; Eremurus tianschanicus has the following range: Region — Saharo-
Gobian, Subregion — Irano-Turanian, Province — Mountain-middle — Asian — Dzungaro-North Tianshan.

Keywords: Asphodelaceae, Eremurus, range, floristic regions, ecology.
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Eremurus robustus xeoHe E. tianschanicus
TYPAePiHiH Ka3ipri TapaAybl

Makanapa Asphodelaceae TykbIMAACbiHa aTaTblH Eremurus TybiCbiHa XYPri3iAreH 3epTTey Ho-
TUXKEAepi YCbiHbIAFaH. ByA TybiCKa >KyaHAAFaH TambIpAAPbl MEH Ty >KarbipakTapbl 6ap 70-TeH actam
KOIMXKbIAABIK, LUBMTECIH BCiMAiKTEp XKaTaAbl. «<KasakcTaH paopachl» AepekTepiHe caiikec, KasakcTaHAQ
OYA TybICTbIH 13 Typi TipkeareH, aranaa M.C. banTeHOBTIH MoAIMeTTepi GolbIHLLA OAAPAbIH, CaHbl 15
Typre xeTeail. byA TybICTbIH TapaAy anmMarbl batbic A3us meH MpaH -TypaH 0OGAbICbIH KaMTUAbI, A Typ-
AIK aAYaHTYPAIAITI eH »koFapbl aiiMak, — OpTaAblk, A3USIHbIH, OHTYCTIri. 3epTTeyAiH MakcaTbl — Eremurus
robustus >aHe E. tianschanicus TypAepiHiH Ka3ipri Kesaeri TapaAyblH aHbiKTay. Bya MeAimeTTep aTaA-
FaH TypAepre KaTbICThbl 60AALLAK, AAAQABIK, 3ePTTeY XKYMbICTapblHa Heri3 6oAaabl. )KymbIiC 6apbiCbiHAQ
1988 xbirpaH 2024 XKbIAFa AEMIHTT Ke3eHAETT 9Ae0M AepPeKTEPre WOAY XKacaAbir, ipi rep6apmit KopAa-
pbiHAaFbl (AA, TASH, LE, MW) 130-aaH acTtam yAriaep KapacTbipbiAAbl. dKMHAaAFaH AepekTep HerisiHAe
Eremurus robustus xeHe E. tianschanicus TypAepiHiH TapaAy KapTachl >KacaAAbl. 3epTTEAreH TYPAEPAiH
TapaAy anmakTapbl KaszakcraH meH OpTabik, A3UsiHbIH, G0TaHUKAABIK-TeorpaUsIAbIK, ay AAHAACTbIPbI-
AybIHa COVKeC aHbIKTaAAbl: Eremurus robustus TypiHiH Tapaay anmarbl: Aiimak, — Caxapa — ['obwm, lwi-
Hapa anmak, — MpaH-TypaH, INMpoBuHumsi — Tayabl OpTanbik, A3us (OKeTicy-CoatycTik TsHb — LLlaHb);
Eremurus tianschanicus TypiHiH TapaAy aimarbl: Aimak, — Caxapa — F'obu, lwiHapa aimak, — Mpan — Ty-
paH, MNpoBuHumMsg — Tayabl OpTablk, A3usa (KeTticy-CoAaTycTik TaHb-LLaHb).

Ty#in ce3aep: Asphodelaceae, Eremurus, apean, (pAOPUCTUKAABIK, ayAaHAAP, SKOAOTUSL.
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CoBpemMeHHOoe pacrnpocTpaHeH1e BUAOB
Eremurus robustus v E. tianschanicus

B cTaTbe npeacTaBA€Hbl pe3yAbTaTbl MCCAEAOBaHMS poaa Eremurus cemencrtBa Asphodelaceae,
BKAIOYatoLlero 6oAee 70 BUAOB MHOFOAETHUX TPAB C YTOALLEHHbIMMU KOPHSAMM 1 MPUKOPHEBBIMU ANUCTbSI-
mun. CoraacHo «Daope KazaxcraHar, B KazaxcTtaHe 3apernctpupoBaHo 13 BUAOB poaa, OAHAKO MO AdH-
HbiIM M.C. baiTeHoBa, X KOAMYECTBO AOCTUraeT 15 BMAOB. ApeaA poaa OXBaTbIBaeT 3anaaHyto A3nio
1 UpaHo-TypaHcKyio 06AaCTb, C HAaMBOAbLLIMM BUAOBLIMM pasHooOpasmem Ha tore Cpeareit Asun. Lle-
AbIO MICCAEAOBAHUS BASIAOCH BbISIBAEHME COBPEMEHHOrO pacrnpocTpaHeHuns BUAOB Eremurus robustus
n E. tianschanicus, YTo NO3BOAUT NMPOBOAUTbL MOCAEAYIOLLME MOAEBbIE MCCAEAOBAHMS. B xoae paboThbi
ObIA OCYLIECTBAEH CKPUMHUHI AUTEPATYPHbIX UCTOYHMKOB M NPocMoTp 6oaee 130 repbapHbix obpas-
LOB 13 KpynHbix oHaoB (AA, TASH, LE, MW) 3a nepuoa ¢ 1988 no 2024 rr. Ha ocHoBe cobpaHHbIx
AAHHbIX COCTaBAEHa KapTa pacnpocTpaHeHus BUAOB poaa Eremurus robustus v E. tianschanicus. Hamm
OMpeAEAEeHbl apeaAbl M3y4aemblx BUAOB B COOTBETCTBMM C HOTaHMKO-reorpadmyeckmm panoHMpoBaHM-
em KasaxcraHa 1 Cpeaneit Asum: Eremurus robustus o6AaaaeT caeayowmnm apeasom: Obaactb — Caxa-
po-ro6uiickas, Moao6aacTb — MpaHo-TypaHckas, MposuHums — FlopHocpeaHas — A3maTckas — AXKyH-
rapckas — AxxyHrapo-CesepoTsHbluaHckas; Eremurus tianschanicus 06AapaeT CAEAYIOLIMM apeaAOM:
O6aacTb — Caxapo-ro6uickas, Noao6aacts — MpaHo-Typatrckas, MNposuHums — FopHocpeaHast — A3u-
atckas — AykyHrapo-CeBepoTsiHbLLIaHCKas.

KaroueBble caoBa: Asphodelaceae, Eremurus, apean, (PAOPUCTUYECKME PAOHbI, SKOAOTUS.

Introduction

Genus Eremurus M. Bieb. — is a perennial her-
baceous plant of the family Asphodelaceae, includes
about 70 species. Its main range is the mountain
steppes of Central and Eastern Asia; it is also found
in the Crimea, Caucasus, and Western Siberia. The
first description was given by P. Pallas in 1733.
Since the 1860s, Eremurus has been cultivated in
botanical gardens in Russia and Europe [1,3].

In 1819, M. Biberstein isolated Eremurus
(E. spectabilis). In 1842, Karelin and Kirillov iso-
lated Ammolirion and Henningia. Regel (1868)
included 4 species of Henningia, but Fedchenko
(1906) refuted H. aucheriana. In the late 19th cen-
tury Baker described new species from Persia and
Afghanistan, some of them synonyms. In 1921 Fed-
chenko described E. baissunensis, in 1932 Popov
mentioned E. copetdaghensis, in 1923 with Vve-
densky — E. hilariae, in 1928 Vvedensky isolated
E. regelii, in 1935 Fedchenko — E. korovinii and E.
saprjagajevii [4,6].

In Kazakhstan, according to «Flora of Kazakh-
stan», the genus includes 13 species, according to
M.S. Baitenov — 15, among which endemics E. hi-
lariae and E. anisopterus [7,11]. Eremurus are val-
ued as ornamental plants with large inflorescences,
used for bio-oils, glue and have medical potential
[12]. Foreign scientists conducted studies on mor-

phology, phylogeny and phytochemistry of Central
Asian representatives of the genus [13,17].

In Russia, acetyl groups in the roots of Erem-
urus zangezuricus were studied [18]. Chinese scien-
tists conducted studies on pollination of E. anisop-
terus, characteristics of a new galactomannan from
its roots, chemical composition, gynomonoecy and
population structure in different territories [19,23].
The phytochemistry of E. altaicus within its Chi-
nese range was also studied [24].

Iranian specialists performed a review of Er-
emurus species, including phytochemistry, phar-
macology and traditional uses, and also conducted
specialized studies of E. luteus roots [25,27]. In Ka-
zakhstan, the study of species of the genus Erem-
urus of the natural flora has not been studied so far.
Separate works on this group concerned the issues
of introduction [28]. The more so, multidirectional
analysis of species of this genus has not been carried
out.

In the conditions of the Zailiysky Alatau, spe-
cies of Eremurus robustus and E. tianschanicus
have been studied insufficiently. The lack of data on
their ecology, structure and distribution complicates
the understanding of their role in the ecosystems of
the region. The aim of the research is to identify the
current distribution of the species Eremurus robus-
tus and E. tianschanicus, which will help further
research work for in the field. These two species
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were chosen due to their ecological importance for
the region and insufficient study, which makes them
promising subjects for research aimed at solving
practical problems, such as landscaping and improv-
ing the urban environment.

Materials and methods

The objects of the study were the species Er-
emurus robustus and E. tianschanicus. Eremurus

robustus Regel is a 100-200 cm tall perennial with
a bluish smooth stem (up to 2 cm), spindle-shaped
roots and linear leaves (3-8 cm). The inflorescence
is dense, 40-100 cm long. Flowers are pink or white
with a yellow spot, 15-17 mm. Blooms in June-July.
Eremurus tianschanicus is a perennial plant 50-150
cm tall. Roots are spindle-shaped, leaves are keeled,
0.5-1.2 cm. Inflorescence is narrow, dense. Flowers
are pale pink with a yellow spot, 10-12 mm. Flower-
ing period: June-July (Fig. 1).

Figure 1 — Studied species of the genus Eremurus

Herbarium specimens from collections of the
Institute of Botany and Phytointroduction (AA,
Almaty, Kazakhstan), Lomonosov Moscow State
University (MW, Moscow, Russia), Komarov Bo-
tanical Institute (LE, St. Petersburg, Russia), Insti-
tute of Botany of the Academy of Sciences of the
Republic of Uzbekistan (TASH, Tashkent, Uzbeki-
stan) were analyzed during the study. The main ref-
erence books were used for species identification:
«Flora of Kazakhstan», «Determinant of Plants of
Central Asia and Kazakhstan» and others [7,29,30].
Latin and Russian names of plants are given accord-
ing to the databases International Plant Names In-
dex (IPNI, URL: https://www.ipni.org/) and Plants
of the World Online (POWO, URL: https://powo.
science.kew.org/). The map was prepared using the
QGIS 3.28 program.
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Results and discussion

According to «Flora of Kazakhstan», Eremurus
robustus is found in the foothills and on meadow
slopes of mountains up to the subalpine belt. This
species can be found in the Zailiysky Alatau, Chu-
Iliyskiy Mountains, Kyrgyz Alatau and Western
Tien Shan. The range covers Central Asia. Erem-
urus tianschanicus grows on wooded foothills and
rocky southern slopes of the lower mountain zone.
This species is found in the Zailiysky Alatau, Chu-
lliyskiy Mountains, Kyrgyz Alatau, Karatau and
Western Tien Shan. The general distribution is Cen-
tral Asia (Table 1). According to the «Central Asia
Plant Identifier», Eremurus robustus is found in Tien
Shan and Pamir-Alai, except Pamir. And Eremurus
tianschanicus is widespread in the Tien Shan and in
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the north-eastern part of Pamir-Alai. On the basis  tianschanicus) was made (Fig. 2,3). Data presented
of data on herbarium specimens, a distribution map  in herbarium collections AA, LE, MW, GBIF, Plan-
of species of the genus Eremurus (E. robustus, E.  tarium (Table 2).
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Figure 2 — Distribution map of the species Eremurus robustus Regel
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Figure 3 — Distribution map of Eremurus tianschanicus Pazij et Vved ex Golos
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Table 1 — Representation of herbarium specimens by floristic districts

Species Floristic district
WTSH DA ZA Alt Lug Uzb Tad Kyr Chl KA Kar
Er 4 1 46 2 12 32 7 11 - - -
E. t 11 - 17 - - 3 4 21 6 5 5

Note: Data provided in herbarium collections AA, LE, MW, GBIF, Plantarium [8,30]

Table 2 — Representation of two Eremurus species in different herbarium collections

GO/ED Floristic district
WTsH | DA | zA | Al | Lug | Usb | Tad | Kyr | cl | KA | Kar
E. robustus
AA 1 1 2 - - - - - - - 2
LE - - 8 - - 10 4 7 - - -
MW 2 - - - - 6 4 1 - - -
GBIF - - 30 - - - - - - - )
Pl 1 - 6 2 12 16 1 3 - - 3
E. tianschanicus
AA 1 - 9 - - - - - - 5 -
LE - - - - - - 1 6 - - -
MW 2 - 1 - - 2 1 7 2 - -
GBIF 6 - 6 - - - - - - - -
Pl 2 - 1 - - 1 2 8 4 - -
Note: Data presented in herbarium collections AA, LE, MW, GBIF, Plantarium [8,30] Designations of floristic areas:
WTSH — Western Tien Shan; DA — Dzungarian Alatau; ZA — Zailiysky Alatau; Alt — Altai; Lug — Lugansk; Uzb — Uzbekistan;
Tad — Tajikistan; Kyr — Kyrgyzstan; Chl — Chu-Ili Mountains; KA — Kyrgyz Alatau; Kar — Karatau.

Analysis of Eremurus robustus distribution
based on herbarium data. Eremurus robustus occurs
in various geographical regions of Central Asia, in-
cluding the Western Tien Shan, Dzungarian Alatau,
Zailiysky Alatau, Altai, Uzbekistan, Tajikistan and
Lugansk (cultural plantations). The bulk of the finds
are from Kazakhstan, Kyrgyzstan and Uzbekistan,
with the greatest concentration of data in the Zaili-
ysky Alatau and adjacent areas.

Geographic distribution. Western Tien Shan:
occurs in mountainous areas including the Ugam
Range and Chankalo Range. The altitudinal range
varies from 1800 m (Pavlov, 1954) to low foothill
areas. Dzungarian Alatau: noted in southwestern
spurs, mainly in canyons and among shrub thick-
ets (Goloskokov, 1955). Zailiysky Alatau: the most
extensive representation of herbarium data from
the XIX century (Fedtschenko, 1888-1909) up to
modern finds (GBIF, 2024). Occurs at different al-
titudes, in gorges, slopes, river valleys, and in an-
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thropogenic landscapes. Altai: found in culture in
Ust-Kamenogorsk, indicating possible introduction
of the species. Lugansk: data on cultivation of the
species in private farmsteads (Plantarium, 2013-
2021). Uzbekistan: recorded in the Fergana Valley,
Samarkand region, Chatkal and Gissar ridges, at
altitudes of 1500-2860 meters. Predominantly oc-
curs on mountain slopes, among shrub thickets and
junipers. Tajikistan: Data from the Gissar Range,
including western and south-western spurs, indicate
stable presence of the species. Distribution dynam-
ics: herbarium data indicate a significant increase in
the number of observations in recent decades, espe-
cially due to digital platforms (Plantarium, GBIF).
This may indicate both improved monitoring of
the species and possible changes in its distribution.
Ecological preferences: Eremurus robustus prefers
mountain slopes, stony and loess soils, and is found
among shrub thickets, in foothills and river valleys.
The altitudinal range varies from 1000m to 2860m
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above sea level. Eremurus robustus demonstrates
a wide ecological plasticity, occurring in different
conditions — from dry foothills to high-mountain
meadows. The range of the species covers Central
Asia, mainly mountain systems of Tien Shan and
Pamir-Alai, with the highest concentration of finds
in Zailiysky Alatau. Further research should be
aimed at studying the influence of climatic changes
on the range and population dynamics of the spe-
cies. This analysis allows us to better understand the
current status of Eremurus robustus populations and
predict possible changes in its distribution.

Analysis of Eremurus tianschanicus distribution
on the basis of herbarium data shows that the spe-
cies is distributed in mountainous areas of Central
Asia — Kazakhstan, Kyrgyzstan, Tajikistan and Uz-
bekistan. The study of herbarium collections from
the late XIX century reveals the peculiarities of
geography, preferred ecological conditions and dy-
namics of species occurrence.

Geographical distribution. Western Tien-Shan:
In this region Eremurus tianschanicus is found
on rubbly slopes, canyons and mountain slopes of
Karatau. Herbarium specimens have been recorded
since 1932, with most finds occurring in the mid-
twentieth century (1936, 1948, 1954, 1957, 1958,
1959). Occurrence has been noted at elevations of
1000-1200 m altitude. Modern data confirm its pres-
ence in the region, including finds in 2009 (Plantari-
um). Zailiysky-Kungei Alatau: This region includes
foothill and mountainous areas of Almaty Region.
Herbarium collections started in 1930, covering
loess foothills, Mai-Bulak, Kara-Kastek gorges,
Kok-Tyube mountain and Medeo sports complex.
The plant is found in the forest belt of mountains,
steppes and foothills at altitudes from 1000 to 1930
meters. Recent findings confirm its distribution in
the region (2020, 2024). Chu-Ili Mountains: Finds
are concentrated in the area of Kuyuk Pass and the
vicinity of Zhambyl region. Herbarium collections
have been recorded since 1948, in the last decades
(2011-2020) the presence of Eremurus tianschanicus
has been repeatedly confirmed. Kyrgyz Alatau: Col-
lections were made in Merken district, Taldy-Bulak
and Merke river valleys. The species was recorded
in steppe slopes, foothills and mid-mountains. The
data cover the period from 1933 to 1983. Karatau:
Findings of the plant belong to the Koksu and Bay-
aldyr gorges and the Kuyuk Pass. Herbarium data
cover the years 1958-2015, confirming the species’
stable presence in the region. Kyrgyzstan: A sig-
nificant data set for Kyrgyzstan covers the northern
slopes of the Altai Range, Fergana Range, Ak-Bura,
Chu, Yassy, Kara-Suu, Naryn, Aflatun river val-

leys. The altitudes vary from 850 to 2500 m. Find-
ings cover the period from 1947 to 2024, indicating
a stable distribution of the species. Tajikistan: The
species occurs on the slopes of the Gissar, Darvaz
and Turkestan ranges, as well as in the basin of the
Obikhingou and Almasy rivers. Herbarium speci-
mens are dated 1962-2017. Uzbekistan: The main
finds are on the northern slopes of the Zeravshan
Range and in the vicinity of Urgut. Cultivation of
the species in the Tashkent Botanical Garden has
also been noted (2018). Wide geographical range:
Eremurus tianschanicus is widespread in mountain
systems of Central Asia, preferring rubbly, stony
and steppe slopes at altitudes from 850 to 2500 m.
Despite its stable presence in the region, the influ-
ence of climatic changes and anthropogenic factors
requires further study and monitoring of population
status. Eremurus tianschanicus continues to be an
important element of the flora of Central Asia, and
its study provides a deeper understanding of the pro-
cesses of adaptation and spread of plants in moun-
tainous conditions.

In the course of the work 128 herbarium speci-
mens covering materials for the period from 1988
to 2024 were considered. As a result of the analysis,
Eremurus robustus was found to grow in the follow-
ing floristic areas: Zailiysky Alatau, Western Tien
Shan, Dzungarian Alatau, as well as in the countries
of Uzbekistan, Tajikistan and Kyrgyzstan. Gerbar
specimens were collected in May and June. The
largest number of specimens was collected by the
following scientists: A.l. Geld, O. Dubynin, O. Fed-
chenko and M.G. Popov.

The species Eremurus tianschanicus is found in
the following areas: Western Tien Shan, Zailiysky
and Kungei Alatau, Chu-Iliyskiy Mountains, Kyr-
gyz Alatau, Karatau, as well as in the countries of
Kyrgyzstan, Tajikistan and Uzbekistan. Herbarium
specimens were collected during the periods of June-
July. Among the scientists who collected the largest
number of herbarium specimens of this species are:
I.A. Gubanov, M.G. Pimenov, E.V. Kluikov, N.V.
Pavlov and L. Chilikina. Distribution points of the
species Eremurus robustus were found in the Altai
and Dzungarian Alatau. Since these regions are not
listed in the «Flora of Kazakhstan», this finding is
considered a geographical discovery that expands
the range of distribution of the studied species.

Conclusion
As a result of detailed analysis of literature

sources and study of more than 130 herbarium spec-
imens stored in large herbarium collections (AA,
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TASH, LE, MW), the following data were obtained.
The studied specimens cover a wide time range from
1888 to 2024, which allowed us to identify changes
in the distribution of Eremurus robustus and Erem-
urus tianschanicus species in space and time. On
the basis of herbarium data, we compiled a detailed
distribution map of these species. According to the
information presented in the «Flora of Kazakhstany,
earlier the ranges of these species were limited to the
floristic areas of Zailiysky and Kungei Alatau, Kyr-
gyz Alatau, Chu-Iliyskiy mountains and Western
Tien-Shan. However, the results of our study dem-
onstrate a wider distribution of Eremurus robus-
tus, which also occurs in the Altai and Dzungarian
Alatau regions, which extends the boundaries of the
known range of the species and requires clarification
of the existing floristic maps. Taking into account
botanical-geographical zoning of Kazakhstan and

Central Asia, we have determined the ranges of these
species: Eremurus robustus: Region — Saharo-Gobi-
an, Subregion — Irano-Turanian, Province — Moun-
tain Middle Asian — Dzungarian — Dzungaro-North
Tianshan; Eremurus tianschanicus: Region — Sa-
haro-Gobian, Subregion — Irano-Turanian, Prov-
ince — Mountain Middle Asian Dzungaro-North
Tianshan. The obtained data allow not only to
clarify the boundaries of distribution of these spe-
cies, but also to reveal new localities of their oc-
currence. This is especially important for further
floristic and geobotanical studies, as well as for
assessing the state of populations under condi-
tions of changing climate and anthropogenic im-
pact. Monitoring of the population structure of
Eremurus robustus and Eremurus tianschanicus
in extended ranges will be a promising area for
future research.
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EVOLUTIONARY DEVELOPMENT OF THE GENUS POPULUS L.
(SALICACEAE MIRB.) IN WESTERN KAZAKHSTAN

This article examines the origin, evolution, and phylogenetic relationships of the genus Populus
L. (poplars) within the family Salicaceae, with a focus on species occurring in Western Kazakhstan. An
integrative analysis of paleobotanical, morphological, and ecological data reveals the main pathways
of species formation and adaptation mechanisms of poplars in steppe and semi — desert environments.

Paleobotanical evidence shows that Populus L. diverged from its closest relative, Salix, in East Asia
at the end of the Cretaceous period (approximately 68 — 67 million years ago). In the study region, the
sections Leucoides, Tacamahaca, and Aigeiros were already established by the early Paleocene, with
some fossil remains dating to around 63 million years. From the Paleocene onward, poplars dispersed
into North America via high-latitude land bridges. The Trepidae subsection emerged between 15 and
3.5 million years ago, during the Miocene — Pliocene. These data confirm the key role of East Asia as the
primary center of origin and diversification of the genus.

Archaeological excavations near Taksai (Western Kazakhstan) uncovered Populus L. wood frag-
ments dated to 500 — 401 BC, demonstrating the long-term persistence of poplar floodplain ecosystems
in the region. Notably, P. x canescens is identified as one of the oldest natural hybrids of the genus,
known since the late Pliocene (about 3.5 million years ago).

The unique geomorphological and climatic features of Western Kazakhstan promote high ecologi-
cal plasticity, hybridization, and genetic diversity among Populus L. species. This makes the region an
important natural model for studying evolutionary processes, hybrid dynamics, and adaptive strategies
within the genus. The findings highlight the significance of local poplar populations for understanding
long-term environmental stability and provide a valuable basis for future studies on conservation, refor-
estation, and the management of floodplain ecosystems.

Keywords: Evolution of Populus, Populus systematics, paleobotany, Salicaceae, Western Kazakh-
stan.
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barbic Kasakcrtanaarbl Populus L. (Salicaceae mirb.)
TYbICbIHbIH, AAMY 3BOAIOLIMSCDI

Makanaaa 3epttey Populus L. (Tepek) TybICbIHbIH, LbIFY TEri MEH SBOAIOLIMSABIK, AAMY YAEpPiCTepiH,
Salicaceae TyKbIMAACBIHbIH (DUAOrEHETMKAAbIK, OPHbI MEH TapUXMU-reorpadmsAbIK, TapaAy epekLleAikTe-
piH Taapayra 6arbiTTasraH. XKymbicta baTtbic KasakcraHHbIH Taburn haOpacbiHAQ TapaAFaH TypAepre
epeklie Hasap ayAapblAbif, Mareob0TaHUKAAbIK, MOPGOAOTUAABIK, XKOHE DKOAOTUAAbIK, AEPEKTEPAIH,
WMHTErpaTmMBTi TaAAQYbl HETI3IHAE TEPEK TYPAEPIHIH KAAbINTACY KOAAAPbI MEH AdAQ XKOHE LUBAENT 3KO-
KyieAaepiHe GeniMAeAy TETIKTePI alkbiHAAAADI.

Populus L. Tybicbl COATYCTIK >KapTbl LIAPAbIH, KOHbIP>Ka OEAALYIHAE SBOAIOLIMSABIK, TYPFbIAAH Ta-
ObICTbI TapaAFaH TaKCOHAAPbIHbIH, Gipi GOAbIN caHaAaabl. [MaaeoboTaHMKaAbIK, MaTepuaaap Populus L.
MeH OHbIH eH >KakKblH TybICbl Salix (TaA) TybICbIHbIH (PMAOreHeTUKaAbIK, axkbipaybl LLIbiFbic A3usiaa bop
Ke3eHiHiH COHbIHAQ, lIaMaMeH 68 — 67 MMAAMOH >KbIA BYPbIH XKy3€ere ackaHblH KOpceTeAi. 3epTTey ait-
MarblHAQ epTe MaAeoLieH ke3eHiHAe Tepek TybICbiHbIH — Leucoides, Tacamahaca >xaHe Aigeiros cekums-
Aapbl KaAbinTackaH. Ocbl Adyipre >aTaTbiH Ka30a KaAAbIKTAPbIHbIH, iLIIHAE €H >Kacbl YAKEH LIaMameH
63 MUAAMOH >XbIA OOAQADI.

[NaAeoueHHeH GacTan TepekTep KYPAbIK, kenipAepi apkbiAbl COATYCTIK AMepurKa aymarbiHa GipHe-
e AMCNEPCUSIAbIK, KE3EHAEPMEH TapaAFaH.

15-3,5 MAH >bIA OypbiH Populus TybICbIHbIH MMOLIEH MEH MAMOLIEH Ke3eHaepiHae Trepidae kocaa-
Kbl cekumsicbl nanaa 60AAbl. 3epTTey 0apbICbIHAA TYbICTbIH, 3BOAIOLMSIABIK, KE3EHAEPI, (bruAoreHeTH-
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KaAbIK, 6aiiAaHbICTapbl XkaHe Populus TypAepiHiH, 6acTankpbl LWbIFY KeHe AMBepcudmKaLms OpPTaAbIfbl
peTiHae LLIbiFbIC A3MSHBIH LeLyLi POAI XaH-XKaK Tbl KapaCTbIPbIAAbI.

Takcai aybiAbl MaHbiHAQ (baTtbic KasakcTaH) >KyprisiAreH apXxeoAormsabik, Kazbasap 6apbiCbiHAQ
TabbiAFaH Populus aralubiHbIH KaAAbIKTapbl 0.3.A. 500 — 401 >bianaapra XKaTKbI3bIAAbL. ByA AepekTep
ariMaKTarbl TEPEKTEPAIH >KalblAMa 3KOXXYMEAEpiHiH eTe epTeaeH 6epi CakTaAbImn KeAe XKaTKaHblH Ad-
AeApenAi. Epekiie MaHbi3Fa e TypAepaiH 6ipi — P. x canescens, wamameH 3,5 MUAAMOH XKbIA BGYPbIHFbI
KeLll MAMOLEH Ke3eHiHEeH OeATIAI eH KeHe Taburn rmbpuAaTepAiH 6ipi eKeHi aHbIKTaAAbI.

baTbic KasakcTaHHbIH Giperert reoMopgOAOTMSIAbIK, KOHE KAMMATTbIK, XKaFAaiAapbl >karbiAMa Op-
MaHAApPAaFbl TEPEK TYbIChbl TYPAEPHIH 3KOAOTUSIAbIK, IKEMAIAITIH, TMOPUAM3ALMSCbIH apTTbIPyFa bIKMaA
eTeTiHi kepceTiaai. bya anmak, Populus L. TybICbIHbIH 3BOAIOLMSIAbIK, YAEPICTEPIH XXoHe 6erniMAeAy CT-
paternsAapbliH 3epTTey YLliH MaHbI3Abl MOAEAbAIK ayMak, GOAbIN TabblAaAbI.

Tyiin cesaep: Populus sBoawoumscol, Populus cucTtumaTtmkacbl (OKyeAaeHyi), naaeoboTaHuka,
Salicaceae, batbic KasakcraH.

P.K. AHaToamit, M.C. Kypmanb6aesa’, A.D. Kapabaraesa

Kazaxckuit HauMOHaAbHbIN YHMUBEPCUMTET UM. aAb-Dapabu, AamaTbl, KasaxcraH
*e-mail: meruyert.kurmanbayeva@kaznu.edu.kz

DBOAIOLIMOHHOE pa3BuTHe poaa Populus L. ( Salicaceae Mirb.)
B 3anapaHom KasaxcraHne

B cTaTbe MCCAEAYIOTCS MPOMCXOXKAEHUE M 3BOAIOLIMOHHbIE MPOLIECChl pa3BnTus posa Populus L.
(Tonoab), hnaoreHeTyeckoe rnoAoxkeHne cemerictea Salicaceae, a Tak)xe 0CO6€HHOCTU MCTOPUKO-TEO-
rpachMyeckoro pacrnpocTpaHeHust ero npeactasuteaein. Ocoboe BHUMaHME YAEAEHO BMAAM, Pacnpo-
CTPaHEHHbIM B NPUPoAHON haope 3anaaHoro KasaxcraHa. Ha ocHOBe KOMMAEKCHOrO aHaAM3a MaAeo-
60oTaHMYECKMX, MOPMOAOTMYECKMX U 3KOAOTMUYECKMX AQHHbIX BbISIBAEHbI MyTH (POPMMPOBAHUS BUAOB
TOMOAEN N MEXaHM3MbI MX aAQMTALMKM K CTEMHBIM M MOAYMYCTbIHHBIM 3KOCUMCTEMAM.

Poa Populus L. sBAsieTCS OAHOM M3 3BOAIOLMOHHO HamMbOAee yCrellHbIX rpyrnn APeBeCHbIX pac-
TeHW ymepeHHoro nosica CeBepHoro noAyiapums. NareoboTaHnueckne MaTepuanbl CBUAETEAbCTBY-
0T, UTO mAoreHeTmyeckoe pacxoxaeHune Populus n ero 6avkaiiiero poACTBeHHMKa — poaa Salix
(vBa) — NnpomsowAo B BocTouHOM A3MM B KOHLIE MEAOBOIO MepUoAd, NMPpUMEpPHO 68—67 MAH AeT Ha-
3aA. Ha TeppuTtopun Mccaea0BaHMs B paHHEM MaAeolieHe ChOpMMPOBaAMCh cekummn poasa Populus:
Leucoides, Tacamahaca n Aigeiros. Cpeamn MCKOMaeMbix OCTaTKOB 3TOr0 Nepruosa camble APEBHME Ad-
TUPYIOTCS NMPUOAMBUTEABHO 63 MAH AET.

HaunHag ¢ naneoLieHa, TOMOAS PaCNpPOCTPaHSAMCh Ha TeppuTopuio CeBepHO AMepUKM Yepes cy-
LLIeCTBOBaBLUME CyLUeBble MOCTbI, MPOXOAS HECKOABKO AMCMEPCMOHHBIX 3TanoB. B uHTepBare 15-3,5
MAH AET Ha3aA, B MMOLIEHE M MAMOLIEHe, chopMmupoBaAach noacekums Trepidae. B xoae nccaepoBaHus
NMOAPOGHO PACCMOTPEHbI IBOAIOLIMOHHbIE 3Tarbl POAQ, €ro (hMAOrEeHETUYECKME CBS3M U KAIOYEBAsi POAb
BocTouHom A3MmM Kak NepBOHAYaAbHOIO LIEHTPA MPOUCXOXKAEHMS U aAnBepcmndmkaumm Populus L.

[Npn apxeoAormyeckmx packorikax B panoHe ceaa Takcan (3anaaHbii KasaxctaH) o6GHapy>keHbl
dparmeHTbl ApeBecutbl Populus, aatpyembie 500—401 rr. A0 H. 3. DT HaXOAKM MOATBEP>KAQIOT CO-
XPpaHeHWe YCTOMUMBbIX MOMMEHHBIX TOMOAEBbIX 3KOCMCTEM PErMoHa Ha NMPOTSIXKEHNN MHOTMX CTOAETUI.
Ocobblii MHTepec npeacTaBaseT BuA Populus — canescens, OAMH U3 APEBHEMLIMX M3BECTHbIX ecTe-
CTBEHHbIX TMOPUAOB, MPOUCXOXKAEHUE KOTOPOIO MPOCAEXKMBAETCS AO MO3AHErO MAMOLIEHA — OKOAO 3,5
MAH A€T Ha3aA.

[NokaszaHo, YTO yHMKaAbHble reOMOPMOAOTMYECKME N KAMMATUYECKME YCAOBMS 3anaaHoro Kasax-
CTaHa Crnoco6CTBYIOT MOBbILIEHHOW IKOAOTMYECKOM MAACTUUHOCTM M rMBPUAM3ALIMM NPEACTABUTEAEN
poaa Populus B nonmeHHbIX Aecax. PEermoH SBASeTcst BaXKHOM MOAEAbHOM TEPPUTOPUEI AASI U3YYEHUS]
SBOAIOLIMOHHBIX MPOLLECCOB M aAANTALMOHHBIX CTPATErMiA TOMOAEN.

KaroueBblie caoBa: sBoaoums Populus, cuctematnka Populus, naneo6otanumka, Salicaceae, 3anaa-
HbI KazaxcraH.

Introduction

There are about 110 species of poplars on the
globe, of which 15 species of poplars are found in
the wild flora of Kazakhstan [1].

The genus Populus L. is broadly distributed
across the Northern Hemisphere, where numerous
species play significant ecological and economic

roles. Representatives of the genus are notable for
their rapid growth rates, high tolerance to environ-
mental stressors, strong vegetative propagation ca-
pacity, and the wide-ranging use of their wood in
various industries [3;4].

The genus Populus L. belongs to the family
Salicaceae, order Salicales Lindley (Salicinales),
superorder Dillenianae, subclass Dilleniidae, class
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Magnoliatae (Dicotyledones), and the division
Magnoliophyta (Angiospermae).

According to studies by A. L. Takhtajan, the
simple structure of the flowers in Salicales is a sec-
ondary feature that evolved as an adaptation to wind
pollination. For this reason, he places this family
in the subclass Dilleniidae and the superorder Dil-
lenianae. In his works, Takhtajan — drawing on the
research of N. Hallier (1911, 1912, 1918), H.Gobi
(1916), A. Cronquist (1957), and M. Gzyryan
(1955) — argues that the family Salicaceae origi-
nated from Flacourtiaceae, a hypothesis supported
by similarities in the wood anatomy and floral mor-
phology of these families [5].

It is believed that the flowers of Salicales
evolved from bisexual, insect-pollinated flowers
with a normally developed perianth. This hypoth-
esis is supported by pronounced rudimentary pro-
cesses observed in Salicaceae flowers and by the
presence of atavistic abnormalities, including the
occasional formation of bisexual flowers. Thus, the
reduction of the perianth and the shift to wind pol-
lination are regarded as relatively recent evolution-
ary changes associated with the specialization of
the family.

The family Salicaceae is relatively small in terms
of the number of genera and species. It is primar-
ily composed of three genera: the widespread and
ecologically important Populus, the highly diverse
genus Salix L., and the small, relict genus Chose-
nia Nakai, which occupies an intermediate position
between willows and poplars. These genera share
several morphological and anatomical features, in-
cluding similarities in wood structure, seeds, and
reproductive organs.

One of the best-studied and economically im-
portant genera of the family is Populus. In 1947, the
International Poplar Commission approved a divi-
sion of this genus into five sections: Leuce Duby,
Aigeiros Duby, Tacamahaca Spach, Leucoides
Spach, and Turanga Bge. For many decades, this
classification served as a basis for botanical and for-
estry research, since the sections reflect both mor-
phological distinctions and ecological specialization
among poplar groups.

In the following decades, various attempts were
made to clarify the intra- and interspecific relation-
ships within the genus. For example, S. Ya. Sokolov
(1951) proposed his own system, dividing Populus
into three subgenera: Turanga Bge., Leuce Duby,
and Eupopulus Dode. His classification incorporated
wood and bud morphology as well as biogeographi-
cal patterns, which made it convenient for floristic
and dendrological studies.

46

Later, R. V. Kamelin (1973), analyzing the de-
gree of primitiveness and evolutionary advancement
of particular traits, recognized five subgenera: Tsavo
(Iarn.) R. Kam., Turanga (Bunge) Dode, Tacama-
haca (Spach) R. Kam., and Populus. Of particular
interest is that Kamelin elevated Tsavo to the rank of
subgenus, emphasizing the pronounced morpholog-
ical and evolutionary distinctiveness of this lineage
[6]. His approach was based on a broad comparative
analysis that included not only morphology but also
ecological characteristics.

S. K. Cherepanov, who published an extensive
floristic review in 1973, adhered to a more conserva-
tive viewpoint and recognized only three subgenera:
Balsamifera Bugala, Populus, and Turanga (Bunge)
Dode [7]. His classification prioritized practical flo-
ristic usability and taxonomic stability, making it
suitable for identification guides and regional bo-
tanical treatments.

In the present study, we follow the classifica-
tion proposed by F. Guinier, which has gained wide
acceptance among botanists and foresters and is
used by specialists both in Kazakhstan and abroad.
Guinier’s system is noted for its logical structure
and good correspondence with morphological and
evolutionary data.

According to Guinier’s classification, the
genus Populus is divided into five sections:
— Turanga (Bge.), which includes ancient and xe-
rophytic forms found primarily in arid regions;
Leuce Duby (white poplars), characterized by
light bark and distinctly white-tomented leaves;
Aigeiros Duby (black poplars), widespread along
river floodplains and known for their ecological
plasticity; Tacamahaca Spach (balsam poplars), dis-
tinguished by their aromatic resinous buds and high
frost resistance; Leucoides Spach, a relatively rare
group notable for its distinctive fruit structure [8].

Thus, the diversity of approaches to the system-
atics of Populus reflects the complexity and ancient
history of its evolution, as well as the considerable
variability of its morphological traits. Guinier’s
classification appears most suitable for practical
application, as it integrates morphological, biogeo-
graphical, and ecological criteria.

The systematics of Populus L. remains the sub-
ject of ongoing debate, particularly concerning the
rank of individual taxa, their nomenclature, and
phylogenetic relationships.

These discrepancies are related to the high vari-
ability of Populus L. species across different geo-
graphical regions, which greatly complicates the
establishment of clear morphological boundaries
between subgenera and sections.
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Throughout the twentieth century, numerous
classification schemes were proposed, each reflect-
ing attempts to organize the considerable intra- and
interspecific diversity of the genus.

V. L. Komarov (1934) distinguished five major
taxonomic groups within the genus Populus: white
poplars (Leuce Duby), black poplars (dAigeiros
Duby), aspens (Trepidae Dode), turangas (Turanga
Bge.), and balsam poplars (Tacamahaca Spach) [9].
This system was among the first attempts to inte-
grate morphological, ecological, and geographical
characteristics, which made it possible to structure
the diversity of the genus to some extent.

Western Kazakhstan represents a unique natural
region that combines features of steppe, semi-des-
ert, and floodplain ecosystems. This combination of
landscapes makes the area particularly valuable for
botanical, biogeographical, and evolutionary stud-
ies. Both native poplar species, adapted to local cli-
matic contrasts, and introduced species used in ur-
ban landscaping and forest reclamation occur here.
Their coexistence creates favorable conditions for
studying hybridization, adaptation, introgression,
and natural selection within the genus Populus. It
is especially noteworthy that many species and hy-
brids in Western Kazakhstan exhibit a high degree
of ecological plasticity, making the region a kind of
“natural laboratory” for exploring evolutionary pro-
cesses in the genus.

The origin and geological development of the
West Kazakhstan region are closely linked to pro-
cesses occurring within the Precaspian tectonic de-
pression. This depression, bounded by major fault
zones, is the deepest subsiding block of the East Eu-
ropean Platform. The geological structure of the re-
gion has had a profound impact on its present — day
landscape, hydrological network, and vegetation
patterns.

Without delving into the full complexity of the
region’s geological history, we highlight only those
aspects most relevant to the formation of its mod-
ern landscape. The main features of the surface of
West Kazakhstan were established before the Qua-
ternary period, beginning in the Paleogene. During
this time, sedimentation, subsidence, and uplift oc-
curred, producing a mosaic of elevations, depres-
sions, ancient terraces, and drainage lines. These
geomorphological features played an important role
in shaping vegetation distribution, including natural
habitats of various poplar species.

Beginning in the Paleogene, several areas of
Western Kazakhstan began to rise above sea level,
most notably the Obshchiy Syrt and the Podural

Plateau. In the Pliocene (upper Neogene), renewed
subsidence of part of the Obshchiy Syrt allowed
the waters of the extensive Akchagyl Basin of the
ancient Caspian Sea — existing roughly 1.7 million
years ago — to once again occupy large parts of the
region. However, it is believed that the Akchagyl
transgression did not inundate the Podural Plateau,
as this area was experiencing uplift at the time.

Amid regional neotectonic uplift, local eleva-
tions and depressions formed within the plateau
as a result of salt-dome activity. Consequently, the
surface of the West Kazakhstan region within the
Podural Plateau has not been submerged by marine
transgressions since the mid-Paleogene and repre-
sents the oldest portion of the landscape.

After the retreat of the Akchagyl Sea, a further
significant uplift of the Obshchiy Syrt occurred,
preventing subsequent Caspian transgressions from
reaching this area. As a result, the northern part of
the region — lying 80 — 100 meters above sea lev-
el —is composed of heavily eroded Mesozoic (main-
ly Cretaceous) and Paleogene marine deposits.

On the pre-Akchagyl surface along the pres-
ent — day Ural River valley, a submeridional scarp
and a major fault zone can be traced. These struc-
tures likely played a decisive role in determining the
position of the Ural Valley during the regression of
the Lower Khvalyn Basin. Due to Quaternary tec-
tonic movements, an elevated step formed beneath
the Obshchiy Syrt, on which the high Lower Khva-
lyn terrace of the Caspian Sea developed, character-
ized by thin Quaternary deposits.

The southern part of the region, located along
the zero-metre contour, is underlain by an ancient
bedrock uplift that determined the shoreline of the
Upper Khvalyn Basin. This uplift is also believed
to be responsible for the endorheic nature of several
small steppe rivers that do not flow into major drain-
age systems.

The aim of this study is to analyze the origin
and evolution of the genus Populus L. in the context
of the natural conditions of Western Kazakhstan,
identify key factors influencing species distribution,
ecological plasticity, and variability, and assess the
role of hybrid forms in shaping local populations
and their adaptation to the geomorphological and
climatic features of the region.

Materials and methods
The study is based on an analysis of scientific

literature on the systematics, phylogeny, paleobot-
any, and evolutionary history of the genus Populus
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L. Sources published between 1905 and 2024 were
examined. A comparative and analytical review of
different taxonomic approaches and their correspon-
dence to modern molecular-phylogenetic data was
carried out. Latin names of vascular plants were
verified using the IPNI and POWO databases.

Wood fragments were obtained during archaeo-
logical excavations in the village of Taksai, Terek-
tinsky District, West Kazakhstan Region. Samples
were collected from a depth of 1.3 — 5.0 m. After
preliminary cleaning, the specimens were described
and photographed under standardized lighting con-
ditions.

Thin sections (transverse, radial, and tangential)
were prepared following the standard IAWA (2004)
protocol. Microscopic examination was performed
using a Leica DM500 microscope.The following an-
atomical parameters were measured:vessel diameter
,vessel density (no./mm?); fiber wall thickness, size
and height of wood rays.

In this study, no quantitative statistical methods
were applied, as the research is analytical and com-
parative in nature and is based on the examination
of published taxonomic, phylogenetic, morphologi-
cal, and paleobotanical data. Instead of numerical
analysis, a qualitative comparative approach was
employed to identify points of concordance and di-
vergence among various classification systems of
the genus Populus L. proposed by different domes-
tic and international researchers over time.

In comparing the works of Dode (1905), Ko-
marov (1934), Sokolov (1951), Kamelin (1973),
Cherepanov (1973), Eckenwalder (1996), Skvortsov
(2010), as well as modern molecular studies (Cer-
vera et al., Wang et al., Liu et al., Zhang et al., Zong
et al.) [10], a structural taxonomic comparison ap-
proach was employed. This included: (1) a compar-
ative analysis of taxa of the same rank proposed by
different authors, and an evaluation of the stability
of taxonomic characters used across various clas-
sification systems (leaf morphology, bud structure,
wood anatomy, pollen, seeds); and (2) a comparison
of historical — biogeographical scenarios of origin,
particularly the East Asian versus North American
hypotheses.

Particular attention was given to assessing
the consistency among different sources of evi-
dence — morphological, paleobotanical, and geo-
graphical. This made it possible to integrate the
findings into a unified conceptual framework that
characterizes the evolutionary development of the
genus within the environmental context of Western
Kazakhstan.
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Results and discussion

A.L. Takhdajian [11] believes that the family
Salicaceae is the closest to the family Tamarica-
les, especially Violates, in the structure of the gy-
noecium and a number of other features, and could
have originated from Flaoourtiaceae, with which it
is similar in the anatomical structure of wood and
morphology of flowers. Poplar species are charac-
terized by a diploid set of chromosomes (2 n =3 8),
some of them have an autotriploid set (2 n=57) —
P.alba L., P. tremula L., P. nigra L.- and even au-
totetraploid (2 n=7 6 ), in P. x canescens a form
with an allotriploid set of chromosomes 2 n = 57 is
known [12].

OECD reports report systematics and genus re-
mains a subject of scientific debate [13]. To date,
there are several scientific approaches to the sys-
tematics of the genus Populus, reflecting both mor-
phological and molecular-genetic diversity of repre-
sentatives. The most significant classifications were
proposed by such researchers as Dode (1905), Kom-
arov (1934, 1936), Kamelin (1973), Zsuffa (1975),
Starova (1980), Eckenwalder (1996), and Skvortsov
(2010), each of which takes into account the pecu-
liarities of the structure of leaves, buds, flowers, and
species ranges [141].

Despite the considerable number of studies de-
voted to the systematics and phylogeny of Populus
L., the internal relationships among its major sec-
tions and the precise delineation of their taxonomic
boundaries remain incompletely resolved. This per-
sistent ambiguity is largely attributable to several
complicating factors, including extensive natural
and artificial hybridization, pronounced morpholog-
ical plasticity, and substantial discrepancies in the
interpretation of diagnostic characters among differ-
ent authors. Such inconsistencies are evident in the
works of Cervera et al. (2005), Cronk (2005), Wang
et al. (2014), Liu et al. (2017), Zhang et al. (2017,
2018), Zhou et al. (2018), and Zong et al. (2019)
[15,16].

The question of the actual number of species
within the genus Populus has likewise long been a
matter of scientific debate, with estimates varying
widely among researchers. The greatest divergence
in opinion is observed in the works of Chinese bota-
nists, who typically recognize a substantially larger
number of species than their Western counterparts
(Fang et al., 1999; Wan & Zhang, 2013; [17]. As a
result, specialists from other regions consider these
traits unreliable, which complicates the accurate de-
limitation of species. At present, two primary hy-
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potheses address the origin of the genus Populus:
the North American hypothesis and the East Asian
hypothesis. The North American hypothesis pos-
its that poplars originated in the Eocene of North
America and subsequently dispersed into Eurasia
by way of Paleogene land bridges (J.M. Murillo,
2004; Manchester et al., 2006; D. Kalivas 2013; A.
Sasmaz, 2016) [20]. A key line of evidence is the
existence of Populus mexicana Wesm. ex DC., the
only extant representative of section Abaso, which
today is restricted to the warm regions of Mexico.
Fossil evidence indicates that ancient members of
Abaso were once widely distributed, extending as
far north as Alaska. The earliest fossil remains ten-
tatively assigned to Populus are derived from Paleo-
cene deposits of North America and date to approxi-
mately 58 million years ago. Modern P. mexicana
shows pronounced morphological affinity to the
well-substantiated fossil species P. wilmattae Cock-
rell, discovered in Middle Eocene strata (~48 Ma) of
northeastern Utah [21]. This fossil taxon is widely
employed as a calibration point in molecular phylo-
genetic analyses [22].

The early Paleogene fossil floras of Kamchatka
likewise contain abundant poplar remains, indicat-
ing that the genus was already well established in
northern Asia during this period. According to Bu-
dantsev (2006), the formation of the Paleogene flora
in the western part of Kamchatka, which took place
during the Late Paleocene — Early Eocene (approxi-
mately 55 — 60 million years ago), was accompanied
by the disappearance of several Mesozoic conifer
taxa, such as Ginkgo kamtschatica, Metasequoia oc-
cidentalis, and Trochodendroides arctica, while cer-
tain representatives of the Cretaceous period, partic-
ularly Platanus basicordata, persisted. During this
transitional period into the Cenozoic era, new flo-
ristic elements began to appear, including the early
representatives of the genus Populus [23]. Accord-
ing to modern phylogenetic reconstructions, the fos-
sil remains of Populus discovered in these deposits
represent geologically ancient forms that align well
with the current understanding of poplar evolution.
Molecular and paleobotanical evidence indicates
that the divergence between the genera Populus and
Salix occurred during the Late Cretaceous (approxi-
mately 68 — 67 million years ago), marking one of
the earliest branching events within the Salicaceae
family. This separation coincided with significant
global climatic changes and the rapid diversification
of angiosperms. Additional biogeographic studies
suggest that Populus most likely originated in East
Asia, which acted as a major evolutionary center

for early representatives of temperate woody flora.
From this region, ancestral poplar lineages subse-
quently migrated to North America, Europe, and
North Africa, likely using high-latitude land bridges
such as Beringia during warmer climatic phases of
the Paleogene [23]. Such migrations created condi-
tions for early diversification within the genus and
contributed to the formation of several distinct evo-
lutionary lineages. In the works of Du et al. (2022),
the section Populus (Leuce), which encompasses the
white poplars, is consistently regarded as a mono-
phyletic lineage [24]. This conclusion is supported
by concordant data from both morphological char-
acteristics — such as leaf structure, bark texture, and
seed morphology — and molecular markers including
chloroplast and nuclear DNA. The section is further
distinguished by clear reproductive barriers with
other sections, indicating long-term evolutionary
isolation. Recent phylogenomic analyses also rein-
force the early divergence of the Populus (Leuce)
lineage, suggesting that it may represent one of the
oldest surviving branches within the genus. Fossil
evidence from the Paleogene of Eurasia, combined
with molecular clock estimates, supports the hypoth-
esis that the evolutionary history of the white pop-
lars spans more than 50 million years. This makes
the group particularly valuable for understanding
long-term patterns of adaptation, hybridization, and
biogeographic dispersal within Populus.

This section also exhibits near — complete re-
productive isolation from the other sections of the
genus. The subsection A/bidae (commonly referred
to as the silver poplars; see Table 1) is currently rep-
resented by only a single extant Eurasian species,
P.alba L. In contrast, the North American represen-
tatives of this lineage constitute evolutionary deriv-
atives confined primarily to the montane regions of
tropical Mexico, within the Madrean floristic sub-
kingdom. It is presumed that their ancestral forms
dispersed into North America during the Paleocene—
Eocene interval, shortly after the earliest progeni-
tors of the genus Populus colonized the continent.
Comparable to members of section Turanga, the ex-
tant taxa of subsection A/bidae are widely regarded
as relict components of the Madrean — Tethyan flo-
ristic region, preserving ancient biogeographic sig-
natures that trace back to early Cenozoic vegetation
dynamics.

The analysis of biometric traits and fluctuating
asymmetry of the leaf blade revealed clear morpho-
logical differentiation among the examined sections
of Populus. The observed patterns of variation pro-
vide important insights into their taxonomic rela-
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tionships, adaptive strategies, and microevolution-
ary dynamics.

The consistently larger leaf dimensions recorded
for section Aigeiros align with its known ecological
association with more mesic environments, where
broader and longer leaves contribute to enhanced
photosynthetic capacity. In contrast, the smaller leaf
sizes characteristic of Trepidae likely reflect adapta-
tion to drier or more continental habitats, where re-
duced transpiration and smaller lamina surface area
are advantageous. The intermediate values found in
Albidae suggest ecological flexibility and occupa-
tion of transitional environmental niches (Table 1).

Intraspecific variability, expressed through co-
efficients of variation ranging from 9 to 25%, high-
lights substantial morphological plasticity within the
studied groups. Such variability is important for un-
derstanding microevolutionary processes and poten-

tial pathways of divergence. The fluctuating asym-
metry values, used as an indicator of developmental
stability, further support the presence of differential
environmental pressures acting upon the taxa.

A notable finding is that the morphometric pa-
rameters of Albidae exceed those of the parental
species. This pattern can be interpreted as evidence
of somatic and adaptive heterosis, reflecting en-
hanced growth performance and increased ecologi-
cal fitness. The morphological distinctness of Albi-
dae from both parental forms provides additional
support for its taxonomic autonomy and confirms
its intermediate but well-defined position within the
genus.

The results not only strengthen existing taxo-
nomic concepts but also contribute to understanding
the evolutionary trajectories of these groups in the
environmental context of Western Kazakhstan.

Table 1 — Biometric characteristics of the leaf blade in the sections Albidae, Trepidae, and Aigeiros

Indicators Albidae | Trepidae Aigeiros
Leaf blade length, cm
Mcp 6,5 495 7,14
+m 0,50 0,54 0,3
Kv 9,7 15,0 9,7
Maximum leaf blade width, cm
Mcp 4,5 4,35 5,65
+m 0,73 0,56 0,60
Kv 18,7 17,2 9.9
Petiole length, cm
Mcp 6,46 3,01 5,84
+m 2,07 0,39 0,73
Kv 16,9 20,2 12,6
Distance between the widest part of the leaf blade and its base, cm
Mcp 3,32 1,96 3,52
+m 0,14 0,71 0,3
Kv 10,6 22 2,78

The biometric characteristics of the leaf blade
clearly distinguish the sections Albidae, Trepidae,
and Aigeiros. The largest leaf dimensions are ob-
served in Aigeiros, reflecting its adaptation to more
humid environmental conditions. Albidae occupies
an intermediate position across all parameters. The
smallest values occur in Trepidae, indicating adap-
tation to drier or more continental habitats. These
differences confirm the diagnostic significance of
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leaf morphometry in delimiting the sections of the
genus Populus.

The subsection Albidae (the silver poplars; see
Table 2) currently includes only a single modern
Eurasian species, P. alba L. Their ancestral forms
are thought to have entered North America during
or shortly after the colonization of the continent
by the ancestors of the Abaso lineage in the Paleo-
cene — Eocene. As with representatives of section
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Turanga, modern Albidae taxa are regarded as re-
lictual elements of the Madrean — Tethyan floristic
region.

Paleobotanical evidence for fossil representa-
tives of the subsection Albidae is sparse, and all
currently known occurrences originate from the
European sector of Eurasia [25]. From Late Plio-

cene deposits of Kazakhstan, the species P. gokh-
tuniae Gabrielyan sp. nov. has been described,
exhibiting a high degree of morphological similar-
ity to modern P. alba (Table 3). P. alba itself is
reliably documented in the fossil record beginning
in the Pliocene, approximately 5 million years ago
[26].

Table 2 — Evolutionary timeline of modern species in the genus Populus, section Populus (Leuce)

Name of taxon Time of occurrence

Geographical localization of poplars of Kazakhstan

Subsection Albidae

P. alba Pliocene

Otrogo general syrt, Tobyl-Ishim, Irtysh, Semipalatinsk hog, Aktobe, Zaisan,
Balkhash-Alakul.

P. % canescens Late Pliocene

Altai.

Semipalatinsk hog, Aktobe, Turgai, Karaganda, Aktogai (Kounradsky), Zaisan,

Subsection Trepidae

P. tremula Pliocene

Alatau.

Otrogo Common Syrt, Tobyl-Ishim, Irtysh, Semipalatinsk Hog, Kokchetav, Pre-
Caspian, Aktobe, Mugodzhary, Turgai, Western and Eastern Cretaceous, Zaisan,
Altai, Tarbagatai, Dzungarian Alatau, Zailin Kungai Alatau, Ketmen-Terskey

Research indicates that the hybrid forms within
the section Populus have a very ancient origin, and
this conclusion is increasingly supported by new
evidence. Introgressive hybridization is recognized
as a key component of the reticulate evolution of
the genus Populus. However, information regard-
ing the timing of the emergence of modern spon-
taneous hybrids remains extremely limited and
fragmentary. Perhaps one of the few exceptions is
Populus x canescens (Aiton) Sm. — a natural spon-
taneous hybrid growing in the central floodplain of
the Ural River.

P. alba and P. tremula species with close vari-
ability are known from the late Miocene and early
Pliocene, and P. X canescens itself is recorded from
the late Pliocene about 3.5 million years ago (Table
2) from the territory of modern Armenia [25;27].

The object of the study are fragments of tree trunk
found during archaeological excavations conducted
by archaeologist Amangeldieva Yana on the terri-
tory of Taksai village of Terektinsky district of West
Kazakhstan region (GPS-coordinates: 51°19.635'N,
52°17.472'E; 51°19.590'N, 52°17.529'E).

The analysis showed that the morphological
features of the specimens allow us to assign them
to the genus Populus L. In terms of trunk structure
and fiber characteristics, these remains are similar

to species belonging to the Albidae subsection of
the Aigeiros section (Fig.1). Radiocarbon dating
showed that the age of these specimens corresponds
to approximately 500 — 401 BC.

Despite the fact that this period belongs to the
ancient time in the historical scale, the paleobotani-
cal data testify to the wide distribution of represen-
tatives of the poplar genus (Populus L.) along the
Uralsk since ancient times. These data confirm that
floodplain forests in the Uralsk region have been
preserved as sustainable bioecological systems for
a long time.

The subsection Trepidae — Aspidae is relatively
richly represented in the fossil record. However, in
contrast to other numerous groups, such as Tacama-
haca, aspens were not characterized by diversity in
the Paleogene; their peak of prosperity was in the
Miocene (Table 2).

The peak of evolutionary development within
the subsection Trepidae occurred during the Mio-
cene. In the Early Miocene, the species P. tremulifo-
lia Sap. was recorded in the territory of Kazakhstan,
whose ancestral forms later became widely distrib-
uted across Eastern Europe and the Caucasus. An-
other noteworthy finding within the Early Miocene
flora of Kazakhstan is the presence of P. orzhilanen-
sis Kornilova [28].
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Figure 1 — Samples of Populus L. species discovered as a result of the paleobotanical study

Within Eurasia, the youngest representative of
this subsection is P. tremula L., whose fossil remains
have been identified in Pliocene deposits of Arme-
nia, dated to approximately five million years ago.

In North America, ancestral lineages of modern
aspens began to expand across the continent dur-
ing the second half of the Miocene. By the end of
this epoch, these ancestral populations had already
diverged into two distinct species — P. tremuloides
Michaux and P. grandidentata Michaux [29].

Long-term studies by Z. S. Wang and colleagues
indicate that the section Aigeiros — the black pop-
lars (Populus nigra L.) — represents one of the most
evolutionarily advanced lineages within the genus
Populus (Table 3). According to phylogenetic data,
the origin of the sections Aigeiros and Tacamaha-
ca is likely hybrid in nature, having formed during
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the early stages of the genus’s evolutionary history
[30]. It is assumed that species of section Aigeiros
emerged as a result of ancient hybridization events
involving ancestral lineages of the sections Populus
and Tacamahaca. At the initial stages of divergence,
genetic differentiation among these lineages was
minimal, which is supported by evidence of ancient
plastid capture resulting from interlineage hybrid-
ization.

A notable example is Populus nigra, whose or-
igin is linked to an ancient hybrid lineage formed
through crosses between ancestral black and white
poplars. Analyses of chloroplast DNA reveal a high
degree of similarity between the plastid genomes of
P. nigra and species of the section Populus, provid-
ing strong evidence for an event of ancient plastid
capture [31].
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Table 3 — Divergence times of modern Populus species in the sections Leucoides and Aigeiros

Name of taxon Time of emergence

Geographical localization of poplars of Kazakhstan

Section Aigeiros

P. nigra Pliocene

Otrogo general syrt, Tobyl-Ishim, Irtysh, Semipalatinsk hog,
Kokchetav., Aktobe, Mugodzhary, Western Shallow Soil, Eastern

Shallow Soil, Zaisan, Altai.

At the same time, nuclear DNA markers and
morphological characteristics reported by Cervera
et al. (2005) and Wang et al. (2014) consistently
place P. nigra within the section Aigeiros, confirm-
ing its distinctiveness and phylogenetic cohesion.
It is noteworthy that natural hybridization between
representatives of the sections Aigeiros and Popu-
lus no longer occurs under present-day conditions,
whereas hybridization among species of the sec-
tions Aigeiros, Tacamahaca, and Leucoides is still
observed [32].

The earliest fossil remains resembling modern
P. nigra — designated as P. c¢f. nigra — have been re-
covered from Miocene deposits in the Kochkor Ba-
sin of Kyrgyzstan [33]. Analysis of paleontological
materials shows that the fossil remains of P. nigra
date back to the Pliocene, with an estimated age of
around five million years. Morphologically similar
and diagnostically comparable specimens have also
been identified in Late Pliocene deposits of Arme-
nia, confirming that ancestral forms of P. nigra were
already widely distributed across Eurasia by the end
of the Neogene [34]. These findings indicate that the
evolutionary lineage of black poplars developed on
the Eurasian continent significantly earlier than in
North America. In North America, the earliest fos-
sil evidence of representatives of section Aigeiros
appears only in Upper Miocene strata, suggesting a
later arrival and radiation of this group on the con-
tinent.

In recent years, representatives of section Taca-
mahaca — the balsam poplars — have been increas-
ingly used in the territory of Western Kazakhstan,
particularly in urban alleys, parks, and shelterbelt
plantations. Globally, this section comprises ap-
proximately ten recognized species, many of which
exhibit complex clonal or hybrid origins resulting

from prolonged natural selection and anthropogenic
breeding. The primary center of diversity for Taca-
mahaca is located in Asia, where most species and
endemic forms are concentrated; a considerably
smaller number occur in North America.

Evolutionary studies and paleobotanical data
indicate that in the past, the Tacamahaca section
possessed a much broader geographic range and
a higher level of species diversity than at present.
This is supported by numerous fossil findings from
Oligocene and Miocene deposits of Eurasia, which
demonstrate that balsam poplars occupied key eco-
logical niches within ancient forest communities.
The reduction of their modern distribution is associ-
ated with global climatic shifts during the late Ceno-
zoic and increased competition from more special-
ized woody taxa.

For Western Kazakhstan, species of the Taca-
mahaca section hold particular ecological signifi-
cance: they exhibit high adaptability, including tol-
erance to drought, frost, and anthropogenic stress,
making them promising candidates for urban green-
ing, afforestation, and the restoration of degraded
ecosystems. Furthermore, studying their genetic di-
versity and potential hybrid forms in the region can
substantially contribute to understanding adaptive
strategies within the genus Populus under extreme
climatic conditions.

Although such subdivisions can help organize
and interpret the substantial variation observed
among fossil balsam poplars, this structure is re-
garded as overly complex for the currently ac-
cepted modern species (see Table 4). It tends to
be favored mainly by proponents of an extremely
broad, monotypic interpretation of the genus Popu-
lus, who recognize around — or more than — one
hundred taxa.

53



Evolutionary development of the genus Populus L. (Salicaceae mirb.) in Western Kazakhstan

Table 4 — Evolutionary timeline for the origin of contemporary Populus species of section Tacamahaca

Name of taxon Time of emergence

Geographical localization of poplars
of Kazakhstan

P. balsamifera Late Miocene

In Kazakhstan it is found in urban plantings in Karaganda,
Semipalatinsk and Uralsk.

Fossil evidence from the Late Oligocene of
southern Western Siberia (approximately 24.5 mil-
lion years ago) documents the presence of P. bal-
samoides Goepp., a species that later became widely
distributed in the Miocene floras of Europe.

Assigning the North American representatives
of the section Tacamahaca — whether extant or fos-
sil — to any of the three previously discussed series
(Laurifoliae, Tacamahaca, Latifolia) is not consid-
ered appropriate. In North America, Populus spe-
cies capable of hybridization are phylogenetically
much more closely related to one another than to
their Eurasian counterparts.

According to studies by Dayanandan (2002)
and Eckenwalder (2009), among the modern North
American representatives of the section Tacamaha-
ca, the greatest morphological similarity and closest
phylogenetic affinity are observed between P. bal-
samifera and P. trichocarpa [37].

Phylogenetic analyses suggest that the diver-
gence between P. balsamifera and P. trichocarpa
may have taken place during the Middle or Late
Miocene. However, some studies propose a con-
siderably more recent divergence, suggesting that
the two species separated during the Pleistocene
glaciation, approximately 74.8 thousand years ago
[38].

Conclusion

Representatives of the genus Populus
L. — including two subsections (4lbidae, Trepidae)
and three sections (Tacamahaca, Aigeiros, Populus
(Leuce)) — have been present in the floodplain for-
ests of the Ural River valley within the studied re-
gion since ancient times.
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The evolutionary history of the genus Populus
L. in Western Kazakhstan reflects a long and com-
plex process of phylogenetic, biogeographic, and
ecological development. Analysis of paleobotani-
cal and morphological evidence indicates that rep-
resentatives of the three major sections — Populus
(Leuce), Aigeiros, and Tacamahaca — have been
present in the Ural River basin since ancient times,
forming stable components of the region’s flood-
plain and steppe — forest ecosystems. The earliest
known hybrid taxon, P. X canescens, is recorded
from the Late Pliocene, demonstrating that hybrid-
ization has long served as an important mechanism
supporting genetic diversity within poplar popula-
tions.

The unique climatic and geological conditions
of Western Kazakhstan create favorable prereq-
uisites for the formation of local populations with
high levels of species and genetic variability. The
identified patterns of hybridization and adaptation
in representatives of Populus in this region are of
considerable importance both for theoretical botany
and for practical applications in reforestation, land-
scape restoration, and sustainable bioresource man-
agement.

Understanding the mechanisms of adaptation,
hybridization, and dispersal within the genus Popu-
lus 1s crucial for both theoretical botany and evolu-
tionary biology, as well as for practical applications
in forestry, landscape restoration, and environmen-
tal management. Owing to their high tolerance to
drought, soil salinity, and anthropogenic stress, pop-
lar species remain among the most promising candi-
dates for green infrastructure development and the
rehabilitation of degraded ecosystems in Western
Kazakhstan.
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AHOMAAWU O3EPHBIX AI'YLUEK KOMITAEKCA
PELOPHYLAX RIDIBUNDUS 13 BOAOEMOB
MPHUPOAHOIO MNAPKA «POLLA BAYMA»

HA TEPPUTOPUN TOPOAA AAMATDI

LleAbtlo nccaeAOBaHMS SIBASIAOCH M3yUYeHWE aHOMAaAUI U U3MEHUMBOCTU psAa NMPU3HAKOB BHELLHEN
MOP(OAOrMU TOAOBACTMKOB, METAMOP(O3HbIX M IOBEHUAbHbBIX OCOOEI 03EepHbIX ASryLIeK KOMMAeKca
Pelophylax ridibundus n3 BoaoemoB npupoaHoro napka «Pouia bayma» ropoaa Aamartbl. bbiao mnccae-
AOBaHO 165 ocobert 13 AByX BbIGOPOK: 3a60A0UEHHOTO NpyAa y p. backapacy 1 BpemeHHOro Boaoema B
BoAbLIOM AAMaTMHCKOM KaHaAe. [puBeAeHbl pa3MepHble XapakTEPUCTUKM MCCAEAOBAHHBIX K3EMMAS-
poB. BbisiBAeHO, UTO BO BTOpPOW Bbibopke 2,8% 0cobeit 06AaAaAN aHOMAAMSIMU 3aAHMX KOHEUHOCTEN
(3KTPOMEAUS 1 TayMeAnsl, SIKTPOAAKTUAMS, reTepoxpoHust). Ocobm 13 oberx BbIBOPOK XapakTepuso-
BAAMCb BbICOKMM MPOLLEHTOM aHOMaAMiA POTOBOrO anrnapaTta AMUMHOK: 59,6% roAoBacTMKOB M3 nep-
BOM BbIOOPKM 1 67,4% — BO BTOpON. OTMEUEHDbI CAEAYIOLLME THUMbl OTKAOHEHWI: 1) pa3pbiBbl 3yOHbIX
pSAOB; 2) noTeps 3y6UMKOB; 3) MOAHAsl AWM YaCTUUHAs PeAYKLIMS 3yOHbIX PSAOB; 4) cpacTaHue 3y6OHbIX
PSAOB; 5) MCKpUBAEHME U AedpopMaumst 3yOHbBIX PSAOB, 6) CMELLEHNE U U3MEHEHME HanpaBAeHUs 3y6-
HbIX PSAOB; 7) Aebopmaliisl pOroBOro KAOBMKa. BbisIBAEH BbICOKMI NPOLEHT 0cober, KOTOPbI MMeAn
OAHOBpPEMEHHO 2—4 Tuna aHomaAmi (74,2% — B nepsoi Bbibopke 1 89,7 % — Bo BTOpoi). [ToAyyeHHble
noKasaTeAn MHOrOKPATHO MPEBbICMAM MOPOTr 0ObIYHOM ((POHOBOW) BCTPEUAEMOCTM aHOMAAMM, A TaK>Ke
AQHAAOTMYHble MOKa3aTeAM y O3EepHbIX ASITyLIeK M3 MPUPOAHbIX BOAOEMOB IOro-BoCTOKa KasaxcraHa,
UTO AQET OCHOBaHME OTHECTM MX K Pa3psiAy MAaCCOBbIX. B cTaTbe 06CyKAQITCS BO3MOXKHbIE MPUUUHDI
BbICOKOWM 4aCTOTbl BCTPEYAEMOCTN aHOMaAMI pOTOBOro annapata. Kak 0AMH M3 OCHOBHbIX (hbakTopoB
PacCMaTPMBAETCS XMMUYECKOE M BUOAOrMUYECKOe 3arpsi3HeHre BOAOEMOB. B LeAOM, AAs TBpuaHOI
NONyASILMK 03epHbIX AsiryLuek P. ridibundus 3 BOAOEMOB C aHTPOMOreHHOM Harpy3KoM AQHHbIE MO U3~
MEHUMBOCTU MPM3HAKOB BHELLHEN MOPGOAOrMN FOAOBACTUKOB, METaMOPO3HbIX 1 IOBEHUABHBIX OCO-
6eil MoAyUeHbl BNepBble.

KatoueBble caoBa: yp6OLLEHO3bI, aHOMAAMM 33 AHUX KOHEYHOCTE, aHOMaAMM POTOBbIX annaparos,
o3epHas Adryuika, komnaekc Pelophylax ridibundus.

I.I. Arifulova*, M.A. Chirikova

Institute of Zoology CS MSHE RK, Almaty, Kazakhstan
*e-mail: irina.arifulova@zool .kz

Anomalies of marsh frogs of Pelophylax ridibundus complex from
water reservoirs of the natural park “Baum’s Grove”
on the territory of the Almaty city

The aim of the study was to investigate anomalies and variability of a number of traits of external
morphology of tadpoles, metamorphosed and juvenile individuals of marsh frogs of Pelophylax ridibun-
dus complex from water reservoirs of the natural park “Baum’s Grove” of Almaty city. A total of 165 in-
dividuals from two samples were studied: a waterlogged pond near Baskarasu River and a temporary res-
ervoir in the Big Almaty Canal. The size characteristics of the studied specimens are given. It is revealed
that in the second sample 2.8% of individuals had anomalies of hind limbs (ectromelia and taumelia,
ectrodactyly, heterochrony). Individuals from both samples were characterized by a high percentage
of larval mouthparts anomalies: 59.6% of tadpoles from the first sample and 67.4% in the second. The
following types of abnormalities were noted: 1) ruptures of the dentition 2) loss of teeth; 3) complete
or partial reduction of the dentition; 4) accretion of the dentition; 5) curvature and deformation of the
dentition, 6) displacement and change of direction of the dentition; 7) deformation of the horny beak. A
high percentage of individuals with 2-4 types of anomalies concurrently (74.2% in the first sample and
89.7% in the second sample) was found.

The obtained indicators repeatedly exceeded the threshold of the usual (background) occurrence of
anomalies, as well as similar indicators for lake frogs from natural reservoirs in the south-east of Kazakh-
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stan, which gives reason to classify them as massive. The article discusses possible reasons for the high
frequency of occurrence of anomalies of the oral apparatus. As one of the main factors is considered the
chemical and biological pollution of water reservoirs. In general, for a hybrid population of Marsh frogs,
P. ridibundus from water reservoirs with anthropogenic load, data on the variability of signs of the exter-
nal morphology of tadpoles, metamorphosed and juvenile individuals were obtained for the first time.

Keywords: urbocenoses, anomalies of hind limbs, mouthparts anomalies, marsh frog, Pelophilax
ridibundus complex.

MN.N. Apucyaosa*, M.A. Ynpunkosa

KP F)XBM FK «300A0rvs MHCTUTYTbl», AAMaThl, KasakcTaH
*e-mail: irina.arifulova@zool.kz

AAMaTbI KAAACbIHbIH, ayMafbiHAaFbl “baym Tofaiibl” TaOMFU NapKiHiH,
cy aiabiHA@pbiHaH Pelophylax ridibundus kewueHiHiH,
KOA 6aKaAapbIHbIH AHOMAAMSIAAPDI

3epTTeyAiH MakcaTbl AAMaTbl KaAacblHbiH «bayM TOFambl» TabWFM MapKiHiH Cy anAblHAAPbIHAH
Pelophylax ridibundus keweHiHiH 6akalabakTbiH CbIPTKbl MOPGOAOrMSCbIHbIH, METaMOPO3AbI >KaHe
banaycapapakTapAblH GipkaTap 6eAriaepiHiH aHOMaAMSICbl MEH ©3reprilTirii 3eptrey 60AAbl. EKi TaH-
AaMaaaH 165 aapakTap 3epTTeAAi: backapacy e3eHiHiH XKaHbIHAAFbl 6AaTNAKTbl TOFAH XKoHe YAKEeH AA-
MaTbl KaHaAbIHAQFbl yakbITlla Cy KOMMAchl. 3epTTeAreH TaHAAMaAapAbIH, OALIEMAIK cvrmaTTamaAapbl
KeATipiareH. EkiHWI TaHAaMaaa AapakTapAbiH 2.8% apTkbl asgkTapblHbIH aHOMAAMSCHI (IKTPOMEAUS!
JKOHE TayMeAUsl, SKTPOAAKTUAMS, TeTEPOXPOHMS) BOAFAHADBIFbI aHbIKTAaAAbI. EKi TaHAaMaAarbl Aapak-
Tap AMUMHKAAAPAbIH aybi3 KYbICbIHbIH aHOMAAMSICbIHbIH, YKOFapbl NManbl3AbIAbIFbIMEH CUMATTaAAbI: OipiH-
i TaHAAMaAarbl 6akatiabakTapAbiH 59.6% XeHe ekiHLWiCiHAe — 67.4%. AybITKYAAQpPAbIH KEAECH TYpAe-
pi atan eTiaai: 1) Tic KaTapAapbIHbIH, aXblpaybl 2) TICTEPAIH TYCYi; 3) TiC KaTapAapbIHbIH TOAbIK, HemMece
ilwiHapa kemyi; 4) Tic KaTapAapbiHbIH, 6iTiCyi; 5) TiC KaTapAapblHbIH, KMCalobl KaHe AedopmMaLmsichbl, 6)
TiC KaTapblHbIH bIFbICYbl >X8He 6aFbITbIHbIH 63repyi; 7) MyMi3TyMCbIKTbl AepopMaLmsChl.

AAbIHFaH KOpPCETKIWTep aHOMaAMsHbIH aAeTTeri ((POHABIK) marnaa GOAy weriHeH, coHaan-ak, Ka-
3aKCTaHHbIH OHTYCTIK-LUbIFbICbIHAQFbI TAOUFU Cy alMAbIHAAPbIHAH KOA 6aKaAapbl! YLLUIH yKcac KepceT-
KilTepaeH GipHelle ece acbin TYCTi, YA OAapPAbI >Kanmnait caHaTKa >KaTKbi3yFa Heri3 6epeai. Makaraaa
ayblI3 KYbICbIHbIH aybITKYAApPbIHbIH, XXOFapbl XMIAIriHiH, bIKTUMaA cebenTepi TaAKblAaHaAbl. Herisri dak-
TOpAapAbIH 6ipi peTiHAE CYy OObEKTIAEPiHIH XMMMUSABIK XOHEe BMOAOTMSAbIK, AACTaHy KapacCTblpblAa-
Abl. TyTacTait aAraHAQ, KA 6aKaAapbiHbIH FTMOPUATI MONyAsUMsChl yiiH P. ridibundus aHTponoreHaix
KykTemeci 6ap ¢y KormaaapbiHaH GakatabakTapAblH, MeTaMopdO3Abl XXeHe GaaycapapakTapAbiH
CbIPTK bl MOPOAOTUSCHI GEATIAEPIHIH 63repriluTiri TypaAbl MOAIMETTED aAFalll PET aAbIHADI.

Ty#in ce3aep: ypboueHo3aap, apTKbl agkTapAblH aHOMAAMSIAAPbI, aybl3 annapaTtbiHbIH AHOMAAMSI-
Aapbl, keA 6akacel, Pelophylax ridibundus xelwueHi.

BBenenue

OTKIJIOHEHUS] OT HOPMAJILHOT'O Pa3BUTHS Opra-
HU3Ma BCET/Ia TPEACTaBIsUIN cOO0 WHTepec s
uccienoBareneii. OMOPHOHATEHOE U JIMYUHOYHOE
pasButre am(puOUN MPOXOAUT B BOJHOH cpere,
Mo3TOMYy (DaKTOpbI, TTOTEHIIMAIHHO BIHUSIONINE Ha
(dbopMHpOBaHHE aHOMAaIHH, JOCTATOYHO MHOTOYHC-
JICHHBI, Pa3HOOOpa3Hbl U HE M3YYEHBI 0 KOHIIA, UX
MepeUeHb MPOIOJDKACT YBeMnIuBaThes [ 1-4]. O3€p-
Has Jyiarymika (Pelophylax ridibundus Pall., 1971)
CUMTACTCSl yIOOHBIM OOBEKTOM JUISl NPOBEICHUS
(byHIaMEHTaTBHBIX W MPUKIATHBIX HCCIEeTOBAHMIM,
W OJHMM W3 Hauboyiee BBICOKOMH()OPMATHBHBIX
OMOMHIMKATOPOB 3KOJOTMYECKOTO COCTOSHHS BO-
JTOEMOB, TTOJIBEPTAIOIIIXCS aHTPOMIOTEHHOM HATrpy3-
Ke, B TOM 4Hcie ypOaHH3HMPOBaHHBIX TEPPUTOPUI
[5-10]. B HeOmaronpusTHBIX SKOJIOTHYECKUX YCIIO-

BUSIX Y O3€PHBIX JIATYIIEK PETUCTPUPYETCS O0IINp-
HBIU CIEKTP MOPQOIOTUIECKUX aHOMammid [2, 4, 11-
15]. BmecTe ¢ Tem, clelyeT OTMETHUTbh, YTO JIMIIb
HEMHOTHE HCCIIEJIOBATENN yJIeJsIi BHUMAaHUE Ba-
puabenbHOCTH MOP(OJIOTUM POTOBBIX aIAPaTOB
JUYMHOK O3€pHBIX JiArymek [16-18], a npuuuHbl
ux (OPMHUPOBAHUSI IO CUX TIOP OCTAIOTCS ¢1a00 U3-
YUYCHHBIMU.

Ha rtepputopum Kazaxcrana mnocineaHue uc-
CJIeIOBaHNsA, TOCBSAIIEHHbIE AaHOMAJIUSAM 3EMHO-
BOJIHBIX, IPOBOJIUIINCH B CEPEANHE MPOILIOrO CTO-
netust [19-21], u nuiib B MOCAEIHUE TOAbI CTAJIO
YAENATbCS BHUMaHHE M3MEHYUBOCTH M aHOMAaJH-
SIM TUYMHOYHBIX POTOBBIX AIIapaTOB O3EPHOM JIs-
rymku [22-24]. B pe3yJbTare 3TUX UCCIEA0BaHUN
OBIJIO CclleaHo MPEeANoioXKeHue o0 yBeIHMYEeHUU
MPOICHTA AHOMAJINM JIMYMHOYHBIX POTOBBIX aIra-
paToB IO BIUSHUEM aHTPOIOTEHHBIX (DaKTOPOB.
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OpHako UIsi OKOHYATEJIbHBIX BBIBOJAOB TpeOOBa-
JIUCH JIOTIOJIHUTEIFHBIE WCCIEIOBAHUSA B TOIYJIS-
LUSX JIOCTOBEPHO TOJBEPKEHHBIX BO3JICHCTBUIO
YeJoBeKa.

B pamkax ganHOW paOOTH HaMH OBUTH TIpOaHa-
JU3UPOBAaHBI MOP(OIIOTHUECKUE aHOMAITUH, B TOM
YHCIIe aHOMAJIMHU JINYMHOYHBIX POTOBBIX alliapaToB
JIATYIIEK, OOWTAIONIMX B BOJOEMax IPHUPOIHOTO
napka «Poma baymay, pacnoyioxKeHHOro B ropojie
Anmartel. Poma bayma — rocygapcTBeHHBIN mamsIT-
HUK TIPUPOIBI, YHUKATbHBIA IPUPOIHBIN KOMIUIEKC,
OJTHAKO €ro TEePPUTOPHS IMOJBEPIKEHA 3HAYHTEIIb-
HOM pEeKpealioHHOW Harpyske, BO3JIEHCTBHIO OT
ONMM3NeKaIMX KPYMHBIX TPAaHCHIOPTHBIX apTepuit
W 4acTHOro cektopa. Taxke paHee Oblia BBISBICHA
BBICOKasl CTENECHb 3arpsi3HCHHS OPraHUYECKUMH U
OMOTEHHBIMH BEIIECTBAMH, a TAKXKE TSKEIBIMU Me-
taimnamu p. backapacy, nporekaroleit uepes poiiy
bayma [25-26].

Crnemyer OTMETUTh, YTO COTJIACHO TOCIETHUM
JAHHBIM MOJIEKYJISIPHO-TE@HETHYECKOTO HCCIIeI0Ba-
HUs, B pouie bayma oOuTaioT mpeacTaBUTENH ABYX
TeHeTUYEeCKNX JIMHUIN KomIutekca P. ridibundus: P.
cf. bedriaga (anatonwiickas JSTYIIKA) U JSTYIIKA
(dhopmer «banxam» [27]. B cBete aTOro Takxke WH-
TEPECHO OLIEHUTHh YPOBEHb aHOMAJIUIl B THOPHIHOM
nomyJisiud. JlaHHOe HCClleIoBaHHUE SIBIISIETCS Tep-
BBIM IIIarOM B OIICHKE YPOBHS aHOMAJHUI y JaHHOU
rpynmbl aMpuOuii B CBSI3W C BO3ACHCTBHEM cpa3y
JIBYX BO3MOKHBIX (DaKTOPOB — aHTPOIIOTEHHOE BO3-
neiictBue (ropojckas cpeaa) u rudpunmzanus. [lo-
CKOJIBKY HIACHTHU(HUKANNS Pa3HBIX (OPM O03EPHBIX
JISITYIIEK 110 BHEITHEMOP(OJIOTHYECKUM TIPH3HAKAM
B HacTosilIee BpeMsi HE pa3paboTaHa, MBI paccMma-
TPUBAaEeM JaHHYIO BBIOOPKY KaK MpeJCTaBHTEICH
komruiekca P. ridibundus.

Lenpto nanHoii paboThl CTAJIO U3YYECHUE BHEII-
HelW MOpQOJIOTHUECKOH WM3MEHYHBOCTH TOJIOBA-
CTHKOB, METaMOP(O3HBIX M IOBEHHJIBHBIX 0cOOeH
03€pHBIX JITyIeK KoMiuiekca P. ridibundus u3 Bo-
J0eMoB IpupoaHoro napka «Poma baymay ropona
AJMaThI ¥ BBISIBICHHE aHOMAaJHI IPU3HAKOB.

MarepuaJjbl H METOABI HCCIETOBAHMS

CO6op ocobeii mpoBOAMIICS B IPUPOTHOM MapKe
«Poma baymay ¢ urons no asryct 2021 r. u3 n1Byx
BOJIOEMOB: HEOOJIBIIOrO 3a00J0YEHHOro mpyna
BOJIM3M p. backapacy (56 ronoBacTHKOB) U BpeMEH-
HBIX BOJIOEMOB Ha Tepputopuu bonvuioco Aima-
munckoeo kanana um. /[.A. Kynaesa (0anee BAK)
(77 ronoBacTukoB U 32 MeTamop(O3HBIX U IOBE-
HHUJILHBIX OCOOM).
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3abosoueHHbIN npy[ (BeIOOpKa 1) pacnonoxen
B cpenHeil wactu pou bayma BOmm3u p. backapa-
cy (Pucynok 1a). IIpubpesicnas u 6oonas pacmu-
menvHocms 800oema muoeoobpasua: Typha sp.,
Humulus sp., Carex sp., Lycopus sp., Taraxacum
sp., Urtica sp., Lemna sp. Ilo Bceil Teppuropun
npyza B BoZie U Ha Oepery HaMH ObUIO 0OHApPYKEHO
00JIBIII0E KOIMYECTBO OBITOBOTO Mycopa (OyThIIKH
1 OaHKU M3-TI0J| HANUTKOB, JIETCKHE TOATY3HUKH,
OyMasKHBIN 1 TIONUATHIICHOBBIN MyCOp, SKCKpEeMEeH-
THI )KUBOTHBIX ).

Bpemennsie BogoeMbl (BbIOOpKA 2) GopMupy-
I0TCSl JOKJICBBIMU U TaJIbIMHU BOJAMHU B BECEHHMI
nepuox Ha tepputopun bAKa (Pucynok 10), 3a-
MIOJTHEHHE BOJION KOTOPOTO YK€ HECKOJIBKO JIET He
npousBouTcsi. OOIUpPHBIE PA3IUBBI TIIYOUHOW 10
40 cM ciayaT MECTOM JUIsl pa3MHOXKEHUSI O3€pHOMI
narymky. Boia B Takux BogoemMax XOpoIio mporpe-
BaeTcs, a HAHOCHOHM WJI, TIOKPBIBAIOIIUI OeTOHHOE
JTHO KaHaJa, SIBIIIETCS TOCTATOYHBIM JUISI Pa3BUTH
TUIIMYHON B TIOAOOHBIX OMOTOMAX PacTUTEIHLHOCTH
(pa3nUYHBIX BUIOB OCOKOBBIX U 3JIaKOBBIX) H XOPO-
meil KopMoBO# 0a3oil s TooBacTHKOB. K oceHun
BpPEMEHHbIE BOJIOEMBI, KaK MPaBUIIO, IEPEChIXaroT,
BECHOH 3amoyHssICh 3aHOBO. TeppuTOpHs KaHaia
JTIOBOJIbHASI YHCTasi, MyCcOp TPHUCYTCTBYET, HO €ro
HeMHoro. OJTHaKo B X0/1€ MOHUTOPUHTOBOTO 00cIIe-
JIOBaHUsl TEPPUTOPUH, MIPOBOJUMOTO BecHOU 2022
rona, HaMu ObLT 3adyuKcupoBaH GakT cauBa B BAK
BOJIBI C YACTHOM aBTOMOMKH.

Cobpannbii Marepuan ¢ukcuposain B 10%-
HOM pacTBope popmanmna. /{71 onrcaHus BHEITHEH
MOp(OJIOTUM U CTAAMPOBAHHS JIMUMHOK HCIONb-
30BasiM OMHOKYJSIp «Mukpomen — MCly. Cragun
pa3BUTHUSL TOJIOBACTHKOB OMPEACISUIN 110 CXEeMe
E.H. T'nunenko [28]. CnenuaibHO€ BHUMAHHE MBI
YACTSIM ONMCAaHUI0 MOP(OIOTHH KOHEUYHOCTEH U
poToBBIX ammapatos. llpn uneHTHUKaIM aHOMA-
TN KOHEYHOCTEH ONMUPAINCh HAa KIacCHU(PHUKAIIHIO
B.JI. Bepmuauna [3]. Tlog anomanmusmu (Wid OT-
KIIOHEHUSIMH) B CTPOCHHH POTOBOTO armapara Io-
HUMaJH JI00ble OTKIOHEHHS OT POTOBOTO armapa-
Ta, OMMCAHHOIO B TaOJIUIE HOPMAJIBHOTO Pa3BUTHS
[28] Ha cooTBEeTCTBYIOMIEH cTaanu. BecTpedaeMocTh
0co0el ¢ OTKIIOHEHUSIMH PACCUUTHIBANH 110 (hopMmy-
e Pas=Nas/N*100%, rae P — BCTpevyaeMocTh aHo-
MaJIbHBIX 0c00€H, N — KOJIMYECKTBO aHOMAIIbHBIX
ocobeii, N — o01iee KonruecTBo ocobeit [29].

N3mMmepenne pa3mMepoB TOJOBACTHKOB MPOBOIH-
JIOCh 3JIEKTPOHHBIM MITAHTCHIUPKYJIEM C TOTPeI-
HocThio 0.1 mMMm. [lamee Mo TEKCTy HMCHONB3YIOTCA
cnenyromue obo3HaueHus: L — nnuna tena, Led —
mHa xBocrta, TL — oOmas mimHa.
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a

Pucynox 1 — Mecma cbopa ozeprotui 1seywxu é powe Bayma (2. Aimamor):
a) 3a00JI0UCHHBIH TPy B LEHTPAILHOM YacTH pouu bayma;
6) spemennviti 6o0oem na meppumopuu BAKa um. /[.A. Kynaesa

CraTuCTHYECKHE pacueThl MPOBENEHBI B TIPO-
rpamme Statistica 10.0. Kpuruueckoe 3HaueHue
YPOBHS CTaTUCTHYECKON 3HAYMMOCTH TIPH MPOBEP-
KE HYJICBBIX THUIIOTE3 MPUHUMANOCh paBHBEIM 0,05.
JleCKpUIITUBHBIC CTATUCTHUKU B TEKCTE IMPEJICTaB-
neHsl Kak M+m, rie M — cpeaHee, a m — ommoOKa
CpEeIHEeTO.

Pe3yabTaThl Hec/ieI0BaHAS
Ha rtepputopuu 3a00JI04EHHOTO Ipyna o3ep-

HBIC JIATYIIKA OBLTH BeCbMa MHOTOYHCIEHHBI. X
IJIOTHOCTh COCTaBWJIA 3—5 B3pPOCIBIX OcOOCH Ha

10 M2, a Ha OTAETBHBIX ydacTKaxX — 10 15 ocobeit
Ha 10 M. Bo BpeMeHHBIX BOJO€Max Ha TEPPUTO-
pun BAKa 0b1110 3aperucTpupoBaHo 00IbIIOE KO-
JIM4YECTBO TOJIOBACTHKOB, a IIO3AHEE U METaMop-
(ho3HBIX 0co0eil. B3pocibie srymky BCTpeyanauch
eanHnYHO. OTCYTCTBHE €CTECTBEHHBIX YKPBITHUH
1 Majas TiyOuHa BOZBI A€Aa0T UX JICTKOJOCTYII-
HOM 100bI4el st OpOJISTINX KUBOTHBIX U XUIIHBIX
IITUL, TIO3TOMY YHCJICHHOCTb B3pOCIBIX 0co0Oei
MUHUMAJIbHA.

B tabnuue 1 mpuBeneHbl pa3MepHbIE XapakTe-
PHUCTUKHU TOJIOBACTHKOB U3 BBIOOPOK 1 U 2 B cOOT-
BETCTBUU CO CTAAUSMU Pa3BUTHS.

Ta6auna 1 — PazmepHbIe XapaKTepUCTUKY TOJOBACTHKOB 1 IOBEHWIIBHBIX 0C00€H 13 BogoeMoB pomy bayma

Bri6opxka 1 Bri6opka 2
Craaus 56 7K3. 109 k3.
Pa3BUTHA Kon-Bo Kon-Bo
(5k3.) L (mm) Led (Mm) TL (Mm) (5k3.) L (Mm) Led (vm) TL (Mm)
35 - - - 1 18.1 22.7 40.8
14.8-17.2 14.9-19.0 29.6-36.2
36 4 15.940.65 17.2+0.87 33.1+1.44 ! 207 246 45.3
37 9 15.3-18.3 19.8-23.4 35.3-44.7 5 17.9-18.0 23.0-24.9 41.0-42.8
17.1£0.36 23.4+0.97 40.6£1.30 17.9 24.0 41.9
17.7-22.2 19.5-36.4 37.2-58.6
38 7 19.8+0.62 26.6+2.16 46.5+2.77 ! 20.0 239 43.9
39 13 18.5-23.9 25.1-36.8 44.4-60.7 3 18.3-20.8 20.2-25.9 41.0-44.2
21.6+0.43 30.9+1.09 52.4+1.39 19.3+0.76 23.2+1.66 42.4+0.94
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Continuation of the table

Bribopxa 1 Bri6opka 2
Craaus 56 9K3. 109 5x3.
pasBUTHA Kon-Bo Kos-Bo
(5k3.) L (mm) Led (mm) TL (mm) (5c3.) L (mm) Lcd (mm) TL (mm)
40 13 21.7-25.6 32.3-43.7 55.1-67.1 20 17.6-22.8 22.7-29.6 40.7-52.4
23.6+0.33 37.0+0.95 60.6+1.12 20.5+0.31 25.7+0.38 46.3+0.65
41 6 23.4-24.5 37.8-51.5 61.3-67.0 13 18.6-23.8 22.9-29.7 42.6-53.5
23.9+0.17 41.742.13 63.94+0.87 20.9+0.39 26.5+0.51 47.4+0.76
21.3-21.7 25.2-27.7 46.9-49.0
42 1 20.6 36.6 57.2 2 215 26.5 479
23.0-24.3
43 2 3.7 40.4 63.4 1 20.65 - -
44 1 22.4 243 46.7 33 - - -
46 - - - - 32 - 33 -
juv - - - 1 - 32 -

Pa3meprble mokazatenu ocobeil n3 BHIOOPKH 2
70 39 cTtaguy OKa3aluCh HECKOJIBKO BBHIIIE, YeM B
BbIOOpKe 1, Ha 39 crajuu OHU BBIPABHUBAIOTCA, a
yxe Ha Ooyiee MO3THUX CTaIUAX HA0OOPOT CTaHO-
BSITCSI HUXKE.

AHanu3 BHENTHEMOP(OJIOTHIESCKUX MTPU3HAKOB
TOJIOBACTUKOB W3 BBIOOPKH 2 BBISBUJ TPH CIIydas
AHOMAQJINK 3aJIHUX KOHEYHOCTEH. Y OJIHOTO TOJO0-
BacTUKa M JBYX FOBEHIJIBHBIX 0COOEH 03epHOM Jsi-
rymku (m3 109 ocobeit) ObUTH 3apeTUCTPUPOBAHBI:
1) skrpomenust (YKOpPOUEHHUE TOJICHH U CTOIbI) U
TayMmenusi (CHJIBHOE HapyIIeHHWE TUIaHA CTPOSHUS

CTOTIBI ) JIEBOM 3aJHEY KOHEYHOCTH Yy cerojerka (Pu-
CYHOK 2); 2) SKTPOJIaKTHIINS — OTCYTCTBHUE TPeX (a-
JIAaHT YETBEPTOrO Majblla Ha JICBOW 3aJlHEH KOHEU-
HocTh y ceronerka (Pucynoxk 3); 3) rerepoxponHus
— PacCUHXPOHM3AIINS B PA3BUTHU 3aHUX KOHCUHO-
CTEH y rojloBacTUKa Ha cTaguu pa3Buths 40: nmpasas
KOHEYHOCTh MMeJla KOHTYPHI 3-X MaibleB (CTaaus
36), a neBasg KOHEYHOCTh COOTBETCTBOBAJIA CTATUH
40 (Pucynok 4). Takum o6pa3om, Bcero 2.8% oco-
Ocit BEIOOPKH 2 NMENT aHOMAJIUH 3aJHAX KOHETHO-
creii. B BeIOOpKe 1 aHOMAaINK 3aIHUX KOHEYHOCTEH
BBISIBJICHBI HE OBLIH.

PucyHok 2 — DxTpomenns u TayMenus 3a{Heil KOHEYHOCTH y CETOIeTKA 03€PHOI JIATYIIKHI
(cmeBa — BUI CO CTOPOHBI OprOXa; CIipaBa — BHJI CO CTOPOHBI CITHHBI)
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Pucynoxk 4 — I'erepoxponust B popMHUPOBAHUN 33 JHUX KOHEIHOCTEH
Y TOJIOBACTHKA O3€PHOH JATYIIKI

AHann3 Mop(dororuu poTOBBIX ammmapaToB To-
JIOBaCTHKOB B 00EWX BBIOOPOK MOKa3ajl BBICOKHM
NPOLIEHT OTKJIOHEHUI OT HOpMBI. B BeIOOpKE 1 M3
52 roJI0BacTUKOB, IMEIOIINX CHOPMUPOBAHHBIN JTH-
YUHOYHBIH pOTOBOH ammapar, y 31 ocobu (59.6%)
0oOHapy KeHbl aHOMAJIMU TaHHOH cTpyKTypbl. Beero
OBUTO omrcaHo 66 aHOMANBHBIX MPHU3HAKOB POTO-
Boro ammapara (PucyHok 5), koTopbie Obuld pasz-
JIeJICHbl HAMH Ha IISTh THUIIOB OTKJIOHEHUH OT HOp-
MaJIBbHOTO CTpOoeHwHsI: 1) pa3pbIBbI 3yOHBIX psaoB (17

ciyqaeB — 25.8%); 2) morepst 3yOunkoB (4 cirydas —
6.1%); 3) moyTHas WM YacTUYHAS PEAYKIIUs 3yOHBIX
psnoB (18 cimyuaeB — 27.7%); 4) cpactanue 3yOHBIX
psnoB (2 ciayuast — 3.0%); 5) uckpusienue u nedop-
Marusi 3yOHbIX psiioB (25 cimyuaeB — 37.9%). [pu
aToM y 23 ocobeili (74.2%) HaOMIOAANOCH OT JBYX
JI0 YEeThIPEX Pa3IMIHBIX AHOMAIINH Ha OJTHY OCOOb.
B BbIOOpKE 2 U3 43 TOJOBACTHKOB, UMECHOIIUX
c(OpMHUPOBAHHBIN JIMYNHOYHBIH POTOBOH ammapar,
y 29 (67,4%) ocobeit ObITM OOHApYKEHBI aHOMA-
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mun. Bceero 6suio onucano 72 anomanvHuix npu-
3Haka pomogozo annapama (Pucynox 6), KoTopbie
ObLIHM TIOJPA3/ICIICHBI Ha nsamb munos. 1) paspuievi
3YOHbIX ps0os (18 cayuaes — 25.0%); 2) nonnas unu
yacmuynast pedykyus 3yOuvlx psoos (25 ciyuaes
— 34.7%); 3) cpacmanue 3y6HbIX padog (6 cryya-
es — 8.3%), 4) uckpusnenue u degpopmayus 3yoHvIx
paoos (18 cnyuaes — 25.0%); 5) cmewenue u us-
MeHeHUue Hanpasienus 3yOHbIX psioosé — (4 cayuas
—5.6%); 6) degpopmayus pocosoeo knosuxa (1 cry-
yai — 1.4%). V 26 sxsemniapos (89.7%) nabniooa-

J0Cb om 08YX 00 WeCU PA3IUYHBIX AHOMAIUL HA
00HY 0CO0b.

Msbl nomyckaem, uto (OpMUpOBaHHE aHOMa-
JIMH, BBIPAXKEHHBIX B Pa3pblBax U YaCTUYHOM IIO-
Tepe 3yOUHKOB, MOXKET ObITh Pe3yJbTaTOM MEXaHH-
YEeCKHUX TOBpPEXJICHUH WM TpaBM. OJHAKO Takue
AHOMAJIMH, KaK YaCTUYHAS WU TIOJHAsl PEIYKIIHS,
WCKpHUBIIEHHE W nedopMarusi, cpacTaHue 3yOHBIX
PSIOB ClieyeT OTHOCHUTH K ypojacTtBam. K Takum
ObLIO0 OTHECeHO 45 aHomanuit u3 66-tu (68.2%) u3
BbIOOpPKH 1 1 54 (75%) 13 72-X 13 BEIOOPKH 2.

HopMa

Pucynok 5 — AHoManuu B CTpOGHHU POTOBOI'O alapara roJ0BaCTUKOB
03€pHOH JISATYIIKH U3 BEIOOPKH 1
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Hopma

Pucynok 6 — AHOMaUH B CTPOSHHH POTOBOTO aIapara roJIOBaCTHKOB
03epHOH JISTYIIKH U3 BEIOOPKH 2

O0cy:xaenue

AHanu3upysi BHEIIHIO MOP(OIOTUYECKYIO
HW3MEHUYUBOCTD, MPEXKAE BCEro, CICAYET OTMETUTD,
YTO pPa3MEPHBIC XAPAKTEPUCTUKU [OJOBACTUKOB U
CEroJICTKOB U3 HUCCIICJOBAaHHBIX BBIOOPOK OTJIMYA-
JUCh OT MPUBOIUMBIX B juTeparype. CpaBHeHUe
MaTepHaJIOB HACTOSALIEIO MCCIECA0BAHUS, MOJIEBBIX
cOOpOB MPOIUIBIX JIET U JMTEPATYPHBIX JTaHHBIX
o rro-soctoky Kazaxcrana [22, 28] B HacTosee
BpeMsl OCJIO’)KHEHO T'€HETHYECKHM HEOIHOPOIHOMN
CTPYKTYpPOIl NOMYJIALMI 03€pHOM JISATYILIKU Ha 3TON

tepputopuH [27]. OTHaKO MBI BCE K€ OTMETHM, UTO
Ha QHAJIOTMYHBIX CTAAMAX PA3BUTHs I'OJOBACTUKU
u3 poun bayma ObuTH 3HAUNTENTLHO MEJIbYE rOJI0Ba-
CTHKOB U3 1oc. bypyHnait (AnmaruHCcKas 0011.) (Ha
craguu 40 3HaueHust L BapbupoBaiuch B npejenax
41-46 mm) [16] u kpynHee ToJI0BacTUKOB U3 FOx-
Horo [Ipubanxambst (Ha craguu 40 3HaueHust L B
IIATH BBEIOOPKAX BapbUPOBAIUCH B Ipeaenax 16.16-
20.0 mm) [22].

BrsiBieHHBIE B paMKaX HAcCTOSIIEro HCCIENo-
BaHMs aHOMAQJINH 3aJHUX KOHEYHOCTEH y rojo,a-
CTHKOB U CETOJIETOK O3€PHBIX JIATYIIEK MPeaCcTaB-
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JSIIOT o000t 0coObIid nHTepec. [locnennue nannsie
00 aHOMaJHSIX 33JHIX KOHeUHOoCTeH y aM(nuOmii Ha
tepputopun Kazaxcrana Oblin omyOarKoBaHbl ALA.
BoiiTkeBuyeM JiJisi CEroJe€TOK 03€PHOU JISATYIIKH U3
MIPYA0B NpUropoa r. Aama-Ata (HplHE TEPPUTOPHUS
r. Ammater) 6omnee 60 et Hazam [19-21]. Aroma-
7K ObUTH TIPEICTABIICHBI, TIaBHBIM 00pa3oM, pas-
JIUYHBIMHE BapuaHTaMH JTyTUTUKAIUN KOHEYHOCTEH
i ux yacten. [locae aTux pabot coolmieHnit 00
AHOMAJIMSIX KOHEYHOCTeH ampubuii ¢ TeppuTopun
Kazaxcrana nnurensHoe Bpems He mocTynaio. B
2022 1. 6bpUTH 3apETUCTPUPOBAHBI IKTPOMEINHS, TAY-
MEJHsI U aMeIHs 3aJHUX KOHEUYHOCTEN y CEroJIeTOK
LIEHTPAJIbHOA3MATCKON JIATYIIKU Rana asiatica 13
BpeMeHHOTr0 BojoeMa y T. Keren (FOro-Boctounsrii
Kazaxctan) [30]. [IporeHT aHOMAaNBHEIX 0COOEH B
BbIOOpKE OBUT JOCTaTouHO BBICOKUM — 30%, uTO
CBUJICTEIHCTBOBAJIO O MAacCOBOCTH aHOMAJUH, CO-
riacHo rpajnanuu JI.51. bopkuna ¢ komneramu [29].
Hamu 6611 0TMEUeH psil CXOTHBIX aHOMATHHA KOHEY-
HocTel y 2.8% rojloBaCTHKOB U CETOJIETOK 03EPHOU
narymku P. ridibundus w3 BomoemoB pomtu bayma.
OnHaKO KOJIMYECTBO aHOMAJIBHBIX 0coOel He mpe-
BBITIIANIO (hOHOBBIN TTOpOT (5%) [29].

[Tprunnoii popMHUpOBaHHUS aHOMATHMNA pa3IHy-
HBIX CTPYKTYp Yy amM(puOuii CUMTAIOT aHTPOIMOTEH-
HBIC U TPUPOJAHBIC (HAKTOPBI: MyTallld, BUPYCHBIC
areHThl, TEMIIEpaTypHbIe BO3IEHCTBHS, THOPUIH-
3allisd, aHOMAaJIbHBIE pEereHepanuy, 3arps3HEHHe
cpenbl, OOJE3HH U Mapa3uThl, SKOJIOTHYECKUE 0CO-
oennoctu Bunaa [2, 31-34]. B wactHOCTH, Ha (Op-
MHPOBAHUE PA3JIMYHBIX AHOMAJIUN KOHEYHOCTEH
MOTYT OKa3bIBaTh BIMSHUE TPEMATOIHbIC HHBA3HH.
OKCIepUMEHTaIbHO JOKa3aHO, YTO IIMCTHI, 00pa3o-
BaHHBIC METalEPKAPUSIMU TPEMATOl MOTYT IPUBO-
TUTHh K aMeNnd, OpaxuJaaKTHINH, YKTPOJAKTHIIUH,
9KTPOMEIIMUU U DALY APYTUX aHOMaJIMH KOHEY-
HOCTEH, a TakKe aHOMAJIMSIM OCEBOTO CKeyera [2,
4, 35-36]. OnHako ciexyeT OTMETHUTh, YTO B psfe
CIIy4aeB y 0co0€H ¢ aHOMAaTUsIMHU 33 THIX KOHETHO-
cteit [37] u oceBoro ckenera [2] MUCTHI TPEMATO
He ObUTH OOHapyXeHbl. MBI HE HCKIIOYaeM, 4YTO
(hopMHupOBaHNE aHOMAJIHMH 3aJHUX KOHEYHOCTEH Y
TOJIOBACTUKOB M CETOJIETKOB O3€PHOM JIATYIIKU U3
BO/I0eMOB poinu bayma MokeT ObITH BBI3BAHO Tpe-
MaTOJTHBIMU MHBA3USMH, OTHAKO MPOIIEHT 0co0eii ¢
aHOMAaJIMI HaXOIUTCS B IIpeieax HOPMBI, T.€. SIBJIS-
eTcst (POHOBBIM.

Heckonbko apyras curyanus cKajiblBaeTcs C
POTOBBIM  ammapaTroM JUYMHOK. Mopdororuye-
CKasl CTPyKTypa JUYMHOYHOI'O POTOBOTO ammapara
03EpHOM JATYIIKK — TPU3HAK JTOCTaTOYHO BapHa-
OelbHBIN M TUIacCTHYHBIN. B x01e Metamopdoza oH
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MpeTepreBaeT KapAWHaIbHbIE U3MEHEHUs, OJHAKO
SIBIIIETCSl BEChbMa Ba)XKHBIM OPTaHOM JUIS TTHTAHUS
1, COOTBETCTBEHHO, AJISl pOCTa U Pa3BUTHUs I0JIOBa-
cruka co cranuu 30 (Hagamo hopMHUpPOBAHUS POTO-
Boro ammapara) 1o craguu 40 (mpenxmeramopdos)
COTJIaCHO CXEMe HOPMAaJIbHOTO pa3BHUTHS BUAA [28].
BrIsiBIIEHHBIM HaMH MPOLIEHT 0coOed ¢ aHOMaHs-
MH POTOBOTO ammapara B BEIOOpKax M3 T. AJIMaThI
MHOTOKPATHO IPEBbIMIAET MOpor oObaHON (poHo-
BOIl) BcTpeuaeMoCTH aHoManui [29] u BbIme Bcex
roKasarenei, MoTy4YeHHBIX HaMH paHee Il APYTHX
JIOKaIMTETOB oro-Boctoka Kaszaxcrana [22]. [lpu-
9rHBl (OPMUPOBAHUSI AHOMAIIUI MOTYT OBITH paz-
nuaHeIMA. Hambomee BEpoOsATHOM, Ha HaIl B3I,
MOJKET SIBIISITCS aHTPONOreHHbIN (akTop. Tak,
C.M. PomanoBoii [25-26] Obla yCTaHOBJICHA BBI-
CoOKas CTeleHb 3arpsi3HeHus p. backapacy (panee p.
Moiika), KoTopast mUTaeT 3a00I0YCHHBIN TPy (BbI-
Oopka 1), opraHu4ecKuMH M OMOTCHHBIMHU Bellle-
CTBaMH, a TaKkKe TSHKETBIMU MeTajuiaMu. B mocnen-
HHUE TOABI FKOJIOTHYECKasl CUTyalusl B MPUPOTHOM
Mapke He yIydlImiach: cOpoc KaHAIM3aIMOHHBIX
BOJI M3 YAaCTHOT'O CEKTOpA, 3arpsi3HEHNE OBITOBBIMU
1 OMOJIOTMUECKHMH OTXOJaMHU, OOMIIHEe OpOmsInX
co0aK M KOILEK, BbIIAc CKOTa — (haKTOPBI, KOTOPBIE
OKa3bIBAIOT TIOCTOSHHYIO M CEpPhE3HYI0 Harpy3Ky
Ha cpeny oburanus. OTMEUYECHHBIN 0oJiee BHICOKHIA
MIPOIEHT 0c0o0ei ¢ aHOMATTMSIMH B BEIOOPKE 2 MOXKET
OBITB CBsI3aH ¢ e1lie 0o0JIee Xy MM COCTOSTHUEM MECT
0o0WTaHMs, TOCKOIBKY B HETIOCPEICTBEHHOMN OJIN30-
CTH HaXOJAWTCS KpyINHas aBTOMOOMJIbHAs pa3Bsi3Ka
C BBICOKMM Tpa(UKOM, BIUSIONIMM Ha KadecTBO
BOJBI M BO3AyXa. [IbIIb ¥ pa3iuyHble TEXHUYECKHE
3arps3HUTENN HAHOCATCS BETPOM M HAKATUTMBAIOTCA
B TeUEHHE MHOTHX JieT. BonHblil cioii, HeoOxoam-
MBI TS KU3HEACATEIBHOCTH JIATYIIEK (GOpMUpPY-
eTcsl, TJIaBHBIM 00pa3oM, 3a CUET OCAAKOB (JIO0XKIb
Y TaJIBI CHET), KOTOPBIE TaKXKe Co/IepkKaT O0bIoe
KOJIMYECTBO aHTPOIIOTE€HHBIX 3arpsI3HUTEIIEH.
Hpyrum ¢axTopoM, KOTOPBIH MOXET BIHUATH
Ha (OpMHpOBAHUE AHOMAJIMH JIMUYMHOYHBIX PO-
TOBBIX allapaTroB, B IOCIEAHHE TOABI CUUTAIOT
xutpuaueBbie rpuObl. C Hadana ABYXTHICSYHBIX
TOJIOB BEAYTCSl MCCIIEIOBaHMSA, W pa3padaThIBacT-
csl Teopusl O BIMSHUM Tpubka Batrachochytrium
dendrobatidis (maToreHHBIN TPUOOK, BHI3BIBAIOIIHNA
BBICOKOJIETAIbHOE 3200JI€BaHUE XUTPHIUOMHUKO3 Y
3eMHOBOJIHBIX ) Ha (hOpMHUpOBaHNE aHOMAJIHMIA POTO-
BOTO ammapara rojoBacTukoB am¢uouii. CornacHo
MHEHHIO psifa aBTopoB [38-40] xuTpuaneBsie TpH-
Obl MOTYT BBI3bIBaTh HMCTOHUCHHE M DPa3pyLICHHUE
POTOBBIX CTPYKTyp poroBoro aucka. OmHako, Ha
Halll B3IJIsiJ, B JAHHOM BOIIPOCE HET OJJHO3HAYHOIO
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MHenus. Mccenenosanue A. HaBappo-JlozaHo ¢ koi-
neramu [41] Ha aMYUHKAX OECXBOCTBHIX aMpuOnii
IIECTH BHJOB IOKA3aJlo, YTO HE BCE T'OJIOBACTHKH,
uMeBIHe nedopMaii POTOBOM TOJOCTH, OBUIH
uHpuuupoBansl Batrachochytrium dendrobatidis.
Hcxo0s uz smux pe3yibmamos, MOJICHO NOaa2amby,
umo ecmv u Opyeue gaxmopul, grusiowue Ha Gop-
Muposanue nodoOHbIX MOPGHOLOSULECKUX Hapyuie-
Hul. Ml He nposoduau anaaus na Batrachochytrium
dendrobatidis, mOPTOMY HE MOXEM JaTh 3aKJTFOYEC-
HHUE 0 HAJTMYUH WK OTCYTCTBUH 3TOTO IpUOKa y HC-
CIICJIOBAaHHBIX HaMHU oco0Oci. OHaKO cuMTaeM, 4To
CTENeHb Yy4YacTUsl XUTPUANEBBIX TPHOOB B (HopMHU-
POBaHUMU JAHHBIX AHOMAJIMN OCTAETCSA CIIOPHOW U
TpeOyeT JanbHeHIero n3y4eHusl.

Eme onanM hakTopom, BAUSIONIM HA (HOPMH-
pOBaHHE aHOMAaJUil MPU3HAKOB BHEIIHEH Mopdo-
JIOTUHU, MOXKET SABIAThCA rubpuanzanus [33], nme-
IOLIast MECTO U B HCCJIEIOBAaHHBIX HAMH BBIOOpKaX,
MOCKOJILKY Ha JIaHHBIA MOMEHT B polie bayma no-
CTOBEPHO TMOJTBEPXKIEHA I'E€HETHYeCKass HEOJHO-
POITHOCTH O3epHBIX IArymiek P. ridibundus [27].
Psan uccnenoareneil npuBOAUT BBICOKHH MPOLIEHT
aHOMAJINH W BBICOKYIO CTEIEHb BapHaleIbHOCTH
1o psiAy NPHU3HAKOB, TaKUX Kak JUIMHA XBOCTA,
¢dopma Tena u Apyrue mapameTphl, B THOPHUIHBIX
MOMYJIALHUAX OTACIBHBIX BUIOB aMmpudwmii [42, 43].
Cornacno nanueiM O.Jl. HekpacoBoii, B morryns-
UM JIATYIIEK KOMIUIeKca Rana esculenta cpenun
THOPUAHBIX 0co0el OBLT 3aperucTpupoBaH Oojee
BBICOKMH mporneHT aHomanuil [44]. @.O. Kyptsak
[45, 46] yTBepkmaeT, 9TO MEKBHUAOBAsT THOPHUIH-
3anusg aM(puOuil B IPUPOJHBIX YCIOBUSAX TPUBOAUT
K 00pa30BaHUIO Y TOTOMCTBA CPABHUTEITHLHO O0JTb-
HIero 4ucia aHoMaluil pas3BUTHA. Takke aBTOp
OTMEYaeT, YTO THOPUIHBIE 0COOH IO CpPaBHEHHUIO
C POOUTENBCKUMHU (HOpPMaMHU CPABHHUTEIBHO Halle
MO/IBEP)KEHBI AaHOMAIIUSIM PA3BUTHSI, CBSI3aHHBIM C
YCIIOBUSIMH CPEIbl, © MOTYT OBITH HCIIOJB30BaAHBI
B KadecTBEe WHJIWKATOPHBIX B OOJBIIECH CTETeHH,
HEeXXeNn HernOpuaHble monyisinun. MccnenoBanue
aHOMaJIN{ BHENTHE MOP(OIOTHYECKUX PU3HAKOB
B ruOpunnoi nonyisiuuu Pelophylax Kl. esculenta
13 3aKkaprarhs MOKa3ajlo HaJWMdhe aHoMaiuil 0o-
nee ueM y 60% ocoOeit [46].

Takxum 06pa3om, 0 HallleMy MHEHHUIO, Ha BBICO-
KYIO CTEIICHb BapHaOelbHOCTh POTOBBIX allapaToB
B HCCJICIOBaHHBIX BBIOOpKaX HamOoJiee BEpOSTHO
MOIJIM OKa3aTh BIMAHUE JBa (hakTopa: aHTPOIO-

TEHHOE 3arpsi3HEHUE BOJOEMOB U T'€HETHUYECKas He-
OJTHOPOJTHOCTD MOMyJIsIy. OCHOBBIBAsICH HA JINTE-
paTypHbIX 1aHHBIX [33, 45-46], mpennonaraeM, 4To
rUOpUAN3aNys MOTJIa YCHIIUTh BOCTIPUUMYHBOCTD
opranu3ma am(puOuil K aHTPOIOreHHOMY BO3ZCH-
CTBHUIO, B Pe3yJbTaTe 4Yero KOJWYECTBO OCOOeH ¢
QHOMAJIMSIMM 3HAYMTENIFHO MPEBBICHIIO IOKa3aTe-
T, PETUCTPUPYEMBIE paHee Ui JPYTUX PEerHOHOB
IOro-BocTtounoro Kazaxcrana [23-24].

3akiIouyeHnne

B xoze uccnenoBanus roroBacTUKOB, METaMOP-
(hO3HBIX W IOBEHHIIBHBIX 0COOEH 03EepPHBIX JIATYIIEK
koMrutekca P. ridibundus 13 BOJJOEMOB ITPUPOJTHOTO
napka «Poma bayma» . AnMartel Hamu ObuT 3ape-
rucTprupoBa (GOHOBBIN ypoBeHb aHoManui (2.8%)
3aIHUX KOHEYHOCTEN B OJHOM M3 JIBYX H3YUYEHHBIX
BBIOOpPOK. B TO e Bpems BCTpeuaeMoCTb aHOMa-
T POTOBBIX anmapaToB MHOTOKPATHO TIPEBHIIIaia
¢donoBbIil TIopor (5%), coctaBmsast 59.6% u 67.4%
B K&)XJ0W BBHIOOPKE COOTBETCTBEHHO. JTO Ompee-
JsIeT HeOOXOUMOCTD JabHEHUIIEr0 N3yUeHHs TaH-
HOTO TIpH3HAKa, KOMIUIEKca (DaKTOPOB, BIHAIOIINX
Ha (opMUpoBaHUE aHOMAIUH U OTPAOOTKH HIKAJIBI
aHoMaiui. Ha ganHOM J3Tare HucCclIeNOBaHUS MBI
MpUACP)KUBAEMCS TOYKH 3PEHHs, YTO OJHUM U3
OCHOBHBIX (DAaKTOpPOB, MOBIHUSABIIETO Ha (OPMHUPO-
BaHHUE BBICOKOT'O MPOLIEHTA aHOMAJIMH POTOBBIX all-
11apaToB, SABISAETCS BHICOKHI YPOBEHb XHMHYECKOTO
1 OHOJOTHYECKOTO 3arpsi3HEHMs] HCCIIEIOBAHHBIX
BOJIOEMOB, U, BEPOSITHO, THOPHIN3AIINS MEXKIY pa3-
HBIMU T€HETUYECKUMHU JIMHUSIMH.

BuaarogapnocTu. ABTOpBI NPHU3HATENBHBI Be-
IyleMy HayqHOMY COTpyIHHKY WHCTHTyTa 300-
noruun (Anmarsl, Kazaxcran) Tatesine Hukonaesne
yiicebaeBoii 3a TOMOITL B OOCYKIEHUU CTIOPHBIX
BonpocoB u Faitme HypnenckpIzsl 3a momouns B
cOope maTepuarna.

HUcrounuk ¢unancupoBanus. Pabora mop-
JepkaHa MUHHCTEPCTBOM HAayKd M BBICILIETO 00-
paszoBaHus B pamkax mporpammbel BR21882199
«Kanmactp AMKHMX )KHBOTHBIX apUHBIX TEPPUTOPUI
banxarmr-AnakoiasCKOTO OacceifHa ¢ OIeHKOH yrpo3
JUI. UX COXPAaHEHHUS U YCTOMYMBOIO HCIOJIb30Ba-
HUS», a TaKK€ T'OCYNapCTBEHHBIM PErHOHAIBHBIM
MIPUPOJHBIM MapkoM «Mezey».
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CPABHUTEAbHbIN AHAAU3 NMUTAHUSA TOAOTO OCMAHA
GYMNODIPTYCHUS DYBOWSKII B PEKAX LUEAEK 1 BOPOXYA3UP
(baAkawickui 6acceitH, Pecny6anka KasaxcraH)

M3yyeHne 1 coxpaHeHMe NPECHOBOAHDIX Pbl0 HEOOXOAMMO AASl COXPAHEHMS M YCTOMUMBOCTU BO-
AHbIX 3KocmcTem. CTpeMUTEAbHOE COKpaLLIEHUE Pa3HO00pa3ns abopureHHbIX Pbl0 IBASETCS CEPbE3HOM
Yrpo30i AAS BO BCEM MUPE, NMOCKOAbKY MPUBOAMT K HapYyLLEHWMIO MULLIEBbIX Liernei 1 GaraHca BelecTs
B NMPUPOAHBIX coobuiectBax. [oabit ocmaH Gymnodiptychus dybowskii sBasieTcs 0oAHUM M3 HanboAee
pacrnpocTpaHeHHbIX aBOpUreHHbIX 0BMTaTeAEN NMPEATrOPHbIX M FOPHbIX pek LleHTpaabHoM A3un. Lleabio
NPOBEAEHHOIO UCCAEAOBaHMS ObIAO CPABHUTEAbHOE M3yYeHME MUTAHMSI FOAOrO OCMaHa B ABYX pekax
baAkalickoro 6accerita, UCrbITbIBAIOLLMX PA3AMUHYIO aHTPOMOreHHYIO Harpysky. AAs aHaAm3a pbi6 nc-
MOAb30BaAM TPAAMLMOHHBIE MXTUOAOIMYECKME METOAMKM OTAOBA M 00paboTKM, MOP(OAOrMYECKMIA
aHaAM3 NPOBEAEH Mo 21 NAACTUYECKOMY NMPU3HAKY, CBI3aHHOMY C nMMTaHmem pbl6. CTaTuctuyeckas 06-
paboTKa NPoBeAEHa YHMBAPUAHTHLIM METOAOM, AASt CPABHEHMS! BbIOOPOK MCMOAb30BaH METOA FAABHbIX
KOMIOHEHT. B paumoHe roAoro ocMaxa BbisiBA€HO 38 06bekTOB: 37 KOMNOHEHTOB B p. LLleaek 1 30 Kom-
MOHEHTOB Yy pPbl6 13 pekn bopoxyasunp. OOGbekTaMmM NMUTAHUA CAYXKAT YepBM, PaKOOOPA3HbIE, AMUMHKM
HaCeKOMbIX, BOAOPOCAM, BbICLLIAS BOAHAS PaCTUTEAbHOCTb, AETPUT, MEeCOK, a TaKXKe HeornpeAeAeHHble
00beKTbl. B 0TAMUME OT U3BECTHbIX AAQHHbLIX BOAOPOCAM MPEACTABAEHbI GOAbLLMM pasHOOOpasnem u
SABASIIOTCSI BOXKHbIM KOMIMOHEHTOM MUTaHMs. MeXKAY NMOnyAIUMIMM 13 CPaBHMBAEMbIX PEK CYLLECTBYIOT
MopdOoAOrMYeCcKMe pa3Aanums. BoisiBAeHa BakHas POAb FOAOrO OCMaHa B PEryASLMM MOTOKAa 6UOreHHbIX
3AEMEHTOB U CAEPXKMBAHUM YMCAEHHOCTM KPOBOCOCYLLMX ABYKPbIABIX.

Karouesble caoBa: Gymnodiptychus dybowskii, roabin ocmaH, baaxauickuin 6acceitH, Tpodoaorums,
6eHTOC, BOAOPOCAM.

G.K. Khassengaziyeva, N.Sh. Mamilov

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: g96-17@mail.ru

Comparative analysis of the diet of naked Osman
Gymnodiptychus dybowskii in the Shelek and Borokhudzir rivers
(Balkhash basin, Republic of Kazakhstan)

The study and conservation of freshwater fishes is essential for the preservation and sustainability of
aquatic ecosystems. The rapid decline in the diversity of native fishes is a serious threat worldwide, as it
leads to the disruption of food chains and the balance of substances in natural communities. The naked
osman Gymnodiptychus dybowskii is one of the most widespread native inhabitants of the foothill and
mountain rivers of Central Asia. The purpose of the study was to comparatively study the nutrition of the
naked osman in two rivers of the Balkhash basin experiencing different anthropogenic load. Traditional
ichthyological techniques of catching and processing were used for fish analysis, morphological analysis
was carried out for 21 plastic features related to fish nutrition. Statistical processing was carried out using
the univariate method, and the principal component method was used to compare samples. 38 objects
were identified in the diet of the naked osman: 37 components in the Shelek River and 30 components
in fish from the Borohudzir River. Feeding objects include worms, crustaceans, insect larvae, algae,
higher aquatic vegetation, detritus, sand, and undefined objects. In contrast to known data, algae present
a greater diversity and are an important component of the diet. Morphological differences exist between
populations from the compared rivers. An important role of the naked osmanthus in the regulation of
nutrient fluxes and in restraining the abundance of bloodsucking dipterans was revealed.

Keywords: Gymnodiptychus dybowskii, naked osman, Balkhash basin, trophology, bentos, algae.
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CpaBHHTEIBHBII aHAIN3 IMTaHUS Tosoro ocMana Gymnodiptychus dybowskii B pexax Illenex u bopoxymsup

I'.K. XaceHrasmesa, H.LLl. MamunaoB

OA-Dapabu atbitaarbl Kasak, yATTbIK yHMBEpUCTeTi, AAmaTtbl, KasakcraH
*e-mail: g96-17@mail.ru

LLleaek xxaHe bopoxyA3up e3eHAepiHAeri KabblpLuakcbi3 Kekbac
Gymnodiptychus dybowskii 6aAbIFbIHbIH, KOPEKTEHYiH CAaAbICTbIPMAAbI TaAAQY
(baakaiu 6acceridi, Kasakcran Pecny6Amkachi)

Tylwbl cy 6aAbIKTapblH 3epTTey XXOHe cakTay Cy 3KOXXYMEAepiH TypakTaHAbIPY MeH cakTay YLiH
eTe MaHbI3Abl. AGOpUreHAl GaAbIKTapAbIH aAYaHTYPAIAITiHIH Te3 TemeHAeyi OYKIA 9AEMAE YAKeH Kayin
6OAbIN TabblAaAbl, OATKEHI OYA TabWFM KaybIMAACTbIKTapAAFbl KOPEKTIK Ti36ekTep MeH 3aTTapAblH
Tene-TeHAIriHiH Oy3biAybiHa akeAeai. Kabbiplakcbiz kekb6ac Gymnodiptychus dybowskii — OpTaablk,
A3USHbIH Tay 66KTEepi MEeH TayAbl ©3€HAEPIHIH €H KO TapaAFaH TYPAEpiHiH 6ipi. 3epTTeyAiH >KyMbICTa-
PbIHbIH MaKCaTbl 8PTYPAI aHTPOMOreHAIK acepre yliblparaH baAkauw 6accerHiHiH exi e3eHiHAe Kabbip-
LIAKCbI3 KOKOACTbIH KOPEKTEHYIH CaAbICTbIPMAAbI TYPAE 3epTTey GOAAbI. BaAbIKTbI 3epTTey yiiH ayAay
MEH BHAEYAIH ASCTYPAI MXTUOAOTUSIABIK BAICTEPI KOAAAHBIAALI, MOPGIOAOTMSABIK, aHAAM3 BAABIKTbIH,
KOpeKTeHyiMeH 6aiAaHbICTbl 21 MAACTUKaAbIK, GEAri Herizae >Kyprisiaai. CTaTUCTUKAABIK, OHALY YHU-
BEPCAAAbI BAICMEH XKY3ere acblpblAaAbl, YAFIAEPAI CAAbICTbIPY YLLUIH HEri3ri KOMMOHEHTTEP BAICI KOA-
AQHBIAAADI.

Kabbipluakcbl3 Kek6aCTbIH paumoHbiHAa 38 00bekT aHblkTaAAbl: LLleaexk e3eHiHAe 37 KOMMOHEHT
>koHe Bopoxyasup eseHiHeH wbikkaH GaabikTapaa 30 komnoHeHT. KopekTik o6bekTiAepi-KypTTap,
LIAsiH TOpPI3AIAEp, XKXOHAIKTEPAIH AMUMHKAAAPbl, BAaAAbIPAAP, XKOFapbl CYy OCIMAIKTEPI, AETPUT, KYM,
coHpan-ak, GeArici3 3aTTap. bisre 6eAriAi MOAIMETTEPAEH aMbipMallbIAbIFbl, GAAAbIPAAP aAyaH TYPAi-
AIKMeH YCbIHbIAFAH >KoHE KOPEKTEHYAIH MaHbI3Abl KypaMaac 6eairi 60AbIn Tabbiraabl. CaAblCTbIpMa-
Abl ©3EHAEPAIH MOMNYASLUMSAAAPbI apaCbiHAQ MOPMOAOTUSIABIK, ariblpMallblAbIKTap 6ap. Kabbipluakcbi3
KOK6ACTbIH BUOreHAIK SAEMEHTTEpP aFbiHbIH PETTEYAEri )KOHe KAHCOPFbILL KOCKAHATTbIAAPAbIH CaHbIH

Te>|<eyAeri MaHbI3Abl p6Ai AHbIKTAAADbI.

Ty#in cesaep: Gymnodiptychus dybowskii,

6eHTOC, 6arAbIpAap

BBenenne

PrI0BI sIBIISIIOTCS caMOii pa3HO00Opa3HOit U MHO-
TFOYHMCIEHHONW TI'PYNION MO3BOHOYHBIX >KUBOTHBIX
[1,2]. B npecHOBOJHBIX BOAOEMAX COCPEIOTOUECHO
OTPOMHOE pa3zHooOpa3zue KOCTHCTHIX PBIO [2-4].
B Hacrosiiee BpeMsi pOCT YHMCICHHOCTH Hacele-
HUS ¥ PacTylIue MOTPeOHOCTH KaKIOTO YeIoBeKa
OKa3bIBAIOT OONBINOE BIHMSHUE Ha Omochepy [5].
Haubonpuyro aHTPONOTeHHYIO HAarpy3Ky HCIIbI-
THIBAIOT IMEHHO MPECHOBOIHBIE YKOCHCTEMEI, TO-
CKOJIbKY BOJa SIBJIACTCS XKU3HCHHO HeOGXO]II/IMLIM
pecypcoM i OOJIBIIMHCTBA HA3€MHBIX OpraHM3-
MOB, a TaKXX€ HCIIOI3YETCS YeTIOBEKOM ISl OBITO-
BbIX, CEJIbCKOXO3SIUCTBEHHBIX U IMPOMBIINIJICHHBIX
HYKJ, pbIOOJIOBCTBA, aKBAKYJIbTYPHI, @ TAKKE OT-
apixa [5-7]. IloaToMy B Hacrosllee BpeMs Pouc-
XOJIUT CTPEMUTETFHOE COKpAIlleHHe pa3Hoo0pa3nus
a0opureHHbIX BUAOB pbiO [8-11]. DTO BBI3BIBAET
OOJBIIYI0 00ECTIOKOEHHOCTH B CBSI3H C IKOCHCTEM-
HBIMHU yCJIyraM#u, KOTOPBIC BBIIIOJIHAIOT pI)I6BI JJIA
nojJepXKaHus O0JaronoIydusi IPECHOBOJHBIX KO-
cucteM [12-14].

Pecniy0Onmka KaszaxcTtan, HecMOTpsi Ha cBOe I10-
JoxeHue B 1ieHTpe EBpasuiickoro KoHTHHEHTA, 00-
najaeT OONBITUMH 3armacaMu MpecHoi Bo bl OmHa-
KO MPECHOBOJIHBIE BOJIOEMBI PacIpeiesieHbl KpailHe
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>KaAaHaw ocMaH, baakaw 6acceiiHi, Tpodoaorus,

HEpaBHOMEPHO: OoJibIIasi MX 4YacTh HAXOAWUTCS Ha
IOTO-BOCTOKE M BOCTOKE CTpaHbl. bacceilH o3zepa
Bankam siBisieTcst 0HUM M3 HanOoJiee KPYIHBIX 0a-
3ucoB LleHTpanbHOl A3uu, MO3TOMY KOHLIEHTpAaLUs
HaCeJIeHUs 3[IeCh HAMHOTO OOJIbIIe, YeM B APYTUX
pernoHax. OTO MPUBOAUT K HApacTaHHIO 3KOJO-
IMYECKUX M COLMAJIbHO-3KOHOMHMUYECKHX HpoOieM
[15-18]. IlosTomy BcecTOpOHHEEe H3y4YEHHE PBIO
W3 pa3IMyHBIX BOJHBIX 3KOcHcTeM bamnkarickoro
OacceiiHa numeer OOJbIIOE HAYYHOE 3HAUYCHHUE IS
MOHMMaHUS MX aJaNTallMOHHBIX BO3MOXXHOCTEH M
MPAKTUYECKUH HHTEpeC JUIi MOHMTOPHHIA SKOCH-
CTEM.

W3yvenne muTaHWS W THIIEBBIX B3aMMOOTHO-
HIEHUH OPraHU3MOB ABJISETCS OJJHUM M3 KIIOUEBBIX
BOIIPOCOB ISl TMOHMMaHMA (YHKLHMOHUPOBAHUS
MOO0BIX THIOB 3dKocucteM [19-21]. Tomblid ocman
Gymnodiptychus dybowskii (Kessler, 1874) — ato
OJIMH U3 HauboJiee paclpoOCTPaHEHHBIX oduTarenen
pEK pearopHON U TopHOH 30H LleHTpansHoil A3znn
[22,23]. Mopdosiornyeckoli U3SMEHUYUBOCTH U pas-
JMYHBIM 4epTaM OMOJIOTHM 3TOTO BHIA YIEJseTcs
JIOCTaTOYHO BHUMaHUA [22,23], oAgHAKO IaHHBIE
M0 MUTAHUIO OTPaHUYEHBI HECKOJBKUMHU HCTOYHH-
KaMu. M3BeCTHO, YTO MOJIOJb T'OJIOI0 OCMaHa UMe-
€T 3HaYeHHE B PETYJSIUN YUCIEHHOCTH JTUYMHOK
KpPOBOCOCYIIMX KOMapoB, a 0ojee B3pocible 0coon
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NPEANOYNTAIOT MEIKUX PbIO, OOKOIUIABOB U MOJI-
TockoB [24,25].

Llenpro MpoBEEHHOTO HAMHU HCCIIEOBAHUS SIB-
JISJIOCh CPABHUTENIBHOE M3YUYEHHE MUTaHMsI TOJIOTo
OCMaHa B JIByX pekax bankamickoro Oacceifna, mc-
MBITBIBAOIUX PA3JIMYHYI0 AaHTPONOTCHHYIO Ha-

TPY3KYy.
MaTepna.m,l U METOJAbI HCCJICAOBAHUSA

Marepuanamu Uit paOOTHI TTOCITY>KHAIH COOpPBI
pBi6 u3 pex bopoxymup 2021 r. u p.llenex 2022
r. (pucyHok 1). Ppi0 oTnaBmumBanyd ¢ MOMOIIBIO
MaJIbKOBOM BOJIOKYIIM M (hpukcupoBanu B 4% BO-
JTHOM pacTBope (opmanbaeruaa. Mopdo-ouoso-
THYECKUH aHaJIM3 PbIO MPOBOJMIIM 110 CTaHAAPTHON
Metoguke [26,27]. Jlns oOo3HaueHUs TPU3HAKOB
UCIIOJIb30BaHbI CIIETYFOINE CUMBOJIBI: a0COTIOTHAS
uHa — L, ctangaptHas qyuHa (amuHa tena) — SL,

nonHasg macca — QQ, Macca Tena 0e3 BHYTPEHHO-
CTel — q, B I); C — AJIMHA TOJIOBBI, a0 — JUIMHA PbUIA,
0 —IUaMeTp TJa3a, Op — 3arja3HUu4YHOe PaccTosi-
Hue, Imx — amuHa BepxHel yemocty, Imd — aimuHa
HWDKHEH 4enocTH, wm- IHMpUHa pra, hco — BeICO-
Ta TOJIOBBI HAa YPOBHE TJa3a, hc — BBICOTA TOJIOBHI Y
3arbpiika, H — HanGonpmas BeicoTa Tena, hca — BbI-
coTa XBOCTOBOTO cTeOs, h — HauMeHbIas BpICOTa
Tela, 10-MeXKIIa3HUIHOE PACCTOSIHUE, tC — MIMPHHA
TOJIOBBI 3a T71a30M, |tmp — IKUpPHHA TOJIOBBI Y 3aThUI-
ka, HTT — naubonpmas mmprHa tena, htt — rommm-
Ha XBOCTOBOTO cTeOiisi. M3MepeHus: mpoBOAMIIHCH
mranreHiupkyiaem (ILL-1, Matrix, Ku-Matrix,) ¢
TouHOCTBEIO 70 0,1 MM. PpIO B3BemIMBa/IM Ha DJIEK-
TpoHHBIX Becax (Scout-Pro, OHUS,) ¢ TouHocThIO
10 0,1 r. Bce mpomeps! Tena nepeBoAMINCH B TIPO-
LIEHTbl OT CTaHAAPTHOM JuMHbI. WHIEKc ynuraH-
HocTH TI0 DyNbTOHY paccUUTHIBAIM 1O (opMyIie
Fulton = 100 x Q/SL" [28].

Pucynoxk 1 — Kapra-cxema paifoHa ncciIeoBaHHI ¢ yKa3aHHEM MecT 0TOopa mpod:
1 —p. lenex, 2 — p. bopoxyn3up

ConepsxaHue JKupa W CTAJAHWIO 3PEIIOCTH TOJIO-
BBIX MPOJYKTOB ONPEeNsiin Bu3yaibHo [29]. Ana-
JIU3 MTUTaHMS] IIPOBOTUIICS IO METOLY WH/IHBH/ Ty alTh-
HOTO cOopa M 00pabOTKU KEITyJOUHO-KHUIIICTHOTO
tpakTa [30-34]. IIpu onpeneneHun BHIOB OeCIo3-
BOHOYHBIX HCIIONB30BaIM omnpeaenutenu [35-37].
Mg uaeHTuUKanuii HU3IMIUX PACTCHUH OBLIH HC-
nosib3oBaHbl onpenenutenu [38]. Ha3Banus Bomo-

pocieli MpUBECHBI B COOTBETCTBUE ¢ 0a3zamHu JiaH-
sbix GBIF [39] u AlgaeBase [40]. Bo Bcex ciyuasix
UICHTU(DUKAIINIO O0BEKTOB TUTAHMUS IIPOBOIIIIH IO
TAKCOHOMHYECKOTO YPOBHS, HE BBI3BIBAIOIIETO CO-
MHEHUI B TOYHOCTH ompejesieHus. Becero u3 aByx
BOZIOEMOB Il TPO(OIOrHYecKoro aHamuza ObLIO
B3s1T0 40 0co0ei rostoro ocMana. Onpeessics cTe-
[ICHb HAIOJIHEHUS THIICH KeNlyIOYHO-KHIICYHO-
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ro TpakTa Mo mectd OamapbHOH mKkane: 0 — mycro,
1 — eAMHUYHO, 2 — MaJio€ HAMOJHEHHE, 3 — CpeIHee,
4 — MHOTO (TIOJTHBIN KETyTOK-KUIIEYHHK), 5 — Mac-
ca (pacTsiHyThIi) [29,33].

[lepBrunas craTucTHdeckas o0pabOTKa TIpo-
BOAMJIACh YHUBApUAHTHBIM MeTosoM. CraTucTuye-
CKHE MoKa3aTenu 0003HaueHBbI: Min — MUHUMAaJlb-
HOE 3HAa4YeHHWe, Mmax —MaKCHMaJbHOE 3HaueHHe,
M — cpennee 3HaueHHE, £S5 — CTAaHAAPTHOE OTKIOHE-
nue, CV — koappuuneHT Bapuauni. YpoBeHb pas-
JIMYKA OIIEHUBAJIM 110 MOJIBUAOBOMY Kputeputo CD,
npemioxxkeaaomy J.Maiipom [41]:

cD = (Mp—Mg) (1)
(25 tsp)

rjae:

M,, M , — cpenHune 3HaUCHUS IPU3HAKA,

S, S, — CTAHIAPTHBIE OTKIOHEHUS JJIs CPABHU-
BaeMBbIX BHIOOPOK.

Jns olleHKM JOCTOBEPHOCTH pa3IMUUM  HC-
nonp3oBau Kputepuid CthiogeHTa Tst u paHro-
BbII KpuTepuil Ywunkokcona (ManHa-Yutau) U

[42-44]. MHOrOMEpHBIM aHaIU3 C MOMOIIBIO Me-
ToAa TJIABHBIX KOMIIOHEHT (principal component
analysis — PCA) ncnosip30Banu AJisi OUEHKH CXOJI-
CTBa-pa3Iuyunil BBIOOPOK U3 JIBYX PEK MO COBOKYII-
HOCTH BCEX MPU3HAKOB [45].

Pe3yabTaThl 1 ux o0cy:KIeHue

B nepuon uccnenoBaHui ToJblii OCMaH SIBJISLI-
Csl OJJHMM M3 OOBIYHBIX BHUIOB B 00CHUX HCCIEIO-
BaHHBIX peKaxX. buoyormyeckme Ioka3aTeiad WC-
CJICIOBAHHBIX BBIOOPOK MPEICTABICHBI B TA0JIUIIC
1. OGe BBIOOPKH MPEACTABICHBI HEKPYITHBIMH OCO-
OsSIMH pa3HOTO pasMepa, BEPOSITHO, B BO3PaCTe OT
1 mo 4 monHBIX JeT. B cpaBHEHUH ¢ U3BECTHBIMU
JNaHHBIMH CPEAHSI YNUTAHHOCTh TOJOr0 OCMa-
Ha B p.lllenex HaxoamWTCst Ha XOpOIIEM ypOBHE, B
p-Bopoxynzup — Beicokasi. B o0enx BrIOOpKax Ha-
Onro1aroTCsi OOJNBIITUE Pa3lIMYUsl B MHJIUBH]IYab-
HOH yIUTaHHOCTHU HE CBSA3aHHBIE C pa3MepaMu phi0
(-0.25<r<0.25), uro MOXeT OBbITh O0OYCIIOBJICHO
BHYTPUBHUAOBOU KOHKYPEHIIUCH.

Ta6auna 1 — buonoruyeckue nokasarenu rojoro ocMana u3 p. lllenex u p. bopoxynzup

P.lllenex, n= 11 7k3. P.bopoxynzup, n= 29 3k3.
[Ipuznaku Tst U
min-max M+s ()% min-max M+s ()%
L, mm 51-121 77.0£21.9 28.5 70.8-141.3 | 100.4+19.7 19.6 3.49 63
SL, MM 40 -95 60.5£17.3 28.6 59.3-120.0 | 82.8+16.5 20.0 3.99 74
Q,r 1.04- 12.32 | 3.734£3.99 106.9 3.38-25.58 | 10.30+6.18 60.0 3.38 36
Fulton 1.08-1.61 1.32+0.152 11.5 1.48-2.03 1.66+0.161 9.7 6.04 36

B netHmit mepuoj; Bce MCCIEOBAHHBIE PHIOBI
aKTUBHO MHTAJHCh. B mutanun pri6 u3 pek lllenex
n Bopoxym3up Obuir 0OHapy)KeHbI IMpeaCcTaBUTE-
JIU pa3HBIX OMOJOTHYECKUX M TaKCOHOMHYECKHUX
rpynn (tabnmuma 2): 9epBH, pakooOpasHble, JH-
YUHKH HAaCEKOMBIX, BOJOPOCIH, BbICHIAas BOIHAsS
PaCTHTEIBHOCTh, JETPUT, MECOK, HEONO3HAHHBIE
00BEKTHI (JacTH OECIO3BOHOYHBIX Ha Pa3HbIX CTa-
IUsIX TepeBapuBaHusi). PacTUTenbHbIE OOBEKTHI
MIPEJICTaBICHBl OOJBIINM pa3HooOpazueM. Panmon
royoro ocmana u3 peku lllenex 6omee pazHOOOpa-
3eH, 4yeM B p.bopoxymsup, u Bkimouaiot 37 TakcoHa.
B nutanum ronoro ocmana u3 p.lllenex oTmedeHs
Cladophora sp., Cosmarium sp., Mougeotia sp.,
Microcystis aeruginosa, Melosira sp., Fragilaria
crotonensis, Nematoda sp., Ostracoda sp., He 00-
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HapyXeHHBIE y TOJIOT0 ocMaHa u3 p.bopoxymsup.
YV ocmaHOB U3 p.bopoxy3up B MUTAaHUU OTMEYEHA
Bojiopocib Diatoma vulgaris, He Ipe/iCTaBICHHAS B
nmuTaHuu ocMaHoB u3 p.lllenexk.

Haubonee pacmnpocTpaHeHHBIM KOMIIOHEHTOM
IIUTaHusg B O6CI/IX PCeKax OKa3aJuCh JIMYUHKU [IBY-
KPBUTBIX HaceKOMBbIX. Kpome Toro, B paruone peid
OTMEYEHBI KOJIOBPATKH, OJUTOXETHI, BECTIOHOTHE H
BETBUCTOYCBIC pauKH, OCTPAKOAbl, BOAHBIC JIMYNH-
KH HACEKOMBIX — B OCHOBHOM CTpPEKO03, KOMapOB H
KyKoB. CIIeKTp MUTaHUS pa3HOpPa3MEpPHBIX 0coOeH
XapaKTEPU3yeTCs 3HAYUTENIBHBIM CXOACTBOM. JIn-
YHHKH KPOBOCOCYIUX KoMapoB Culex OTMEUEHHI y
100 % ocobeii Tooro ocmMana B 00euX pekax, 4To
MOJTBEPXKIACT BAKHOE 3HAUYECHHE ATOTO BHJA Kak
napsudara [24].
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Taomuma 2 — Yactora BCTpE4aeMOCTH PA3IIMYHBIX 00OBEKTOB B MUTAHUH T'OJIOT0 OCMaHa

Bopoxynsu Ilenex
OOBeKTHI pn:}lflll p 1=29
PacturensHble 00BEKTHI
Chlorophyta- 3enensie
Pediastrum boryanum 0,273 0,103
Cladophora sp. 0,000 0,034
Cosmarium sp. 0,000 0,034
Spirogyra sp. 0,636 0,103
Ulothrix sp. 0,455 0,207
Zygnema sp. 0,455 0,138
Mougeotia sp. 0,000 0,138
Hormidium sp. 0,364 0,138
Cyanophyta- cuHe3eIeHbIe
Microcystis aeruginosa 0,000 0,931
Bacillariophyta -auaromoBbie
Melosira sp. 0,000 0,034
Diatoma vulgaris 0,091 0,000
Gomphonema sp. 0,364 0,207
Tabellaria 0,273 0,207
Synedra acus 0,364 1,000
Cymbella cymbiformis 0,545 0,276
Amphora sp. 0,455 0,345
Nitzschia sigmoidea 0,455 1,000
Navicula mutica 0,455 1,000
Pinnularia sp. 0,545 0,138
Phormidium sp. 0,091 0,034
Fragilaria crotonensis 0,000 0,034
Other algae 0,182 0,276
OcTaTky BbIcLIel BOAHON paCTUTEIBHOCTH 0,455 0,276
JKuBoTHBIE OOBEKTHI
Nematoda sp. 0,000 0,103
Rotifera sp. 0,455 0,310
Oligochaeta sp. 0,545 0,310
Cyclops sp. 0,364 0,241
Daphniidae sp. 0,364 0,207
Ostracoda sp. 0,000 0,034
JInunnku HacekombIx Insecta
larva Chronomidae 0,273 1,000
larva Culex 1,000 1,000
larva Coleoptera 0,182 0,310
larva Odonata 0,455 0,690
larva Ephemeroptera 0,364 0,552
Insecta sp. 0,545 1,000
Hpyroe

JIETPUT 1,000 0,103
MECOK U MUKPOJIUTHI 1,000 0,103
HEOITO3HAHHBIC 00BEKTHI 0,455 0,172
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VY po16 u3 peku lllenex ObuM 0OHApYsKEHBI Ma-
pasUTHYECKHE IIJIOCKUE YEPBU B OPIOLIHOM I0I0CTH
Y HEMaTO/Ibl B KUIIICYHUKE.

[lo Tumy nuTaHus TOJNBIH OCMaH CUYUTAETCS
oentodarom [22]. MI3BecTHBIE JaHHBIE IO COCTABY
MUTaHUS TOJOr0 OCMaHa HECKOJIBbKO Pa3InyaloTcs
y pa3HbIX aBTOpoB. PaHee cunTanock, 4To MOJIO/b
rojoro OCMaHa MHTAETCsI B OCHOBHOM JIMYHMHKA-
MH HAaCEeKOMBIX, HEIOJIOBO3peJble PBIOBI TaKkKe
MUTAIOTCS] BOJHON PAacTUTENbHOCTHIO, B MEHBIICH
CTEIIEHN MOJUIFOCKAaMH, KpyIHbIE 0CO0M — Tpe-
MMYIIECTBEHHO MOJITIOCKAMH, OTYaCTH MEJKOH
pei6oii [46]. [lo npyruM JaHHBIM, TOJBIA OCMaH

Ta6muua 3 — [InacTuyeckne MPU3HAKH TOJIOTO0 OCMaHa

MUTACTCsS OOUTAIOIIMMHU Ha JTHE OCCIO3BOHOYHBI-
MU (JINYMHKH ¥ KYKOJIKH HACEKOMBIX, OOKOIIIaBHI,
MOJIJTIOCKH), PAacCTHUTENIbHOCTh COCTaBIIA€T HE3Ha-
YUTENBbHYIO 00 panuona [22]. Ilo Hamum nas-
HBIM, KPOME OPraHU3MOB 3000€HTOCA, B NMULIEBON
CHEKTpP TaKKe BXOASIT Makpo(HTHI, NeTPUT U (u-
TOIIAaHKTOH. KpyIHBIE TakCOHBI, 00OHApy>KEHHBIE
B IIUTaHUH TOJOTO OcMaHa B Oacceiine p.Mie, co-
BIQIAIOT C JaHHBIMH IO BceMmy apeany [47]. B oT-
JMYMe OT paHee MOJYyYCHHBIX CBEICHUH, HAM yJa-
JIOCh YTOYHUTH ¥ PACIIMPUTH CIIUCOK BOJOPOCIEH,
MPHUCYTCTBYIONIUX B MUTAaHUU rojoro ocmana (Ta-
onuna 3).

Bopoxymzup. n=11 enex. n=31 Pazmans
[Tokazarenu

M s? M s? Tst CD U

L 100.4 387.65 75.6 480.43 3.49 0.60 63
SL 82.8 273.79 59.4 298.80 3.99 0.69 74
Q 10.30 38.247 3.56 15.260 3.38 0.67 36
Fulton 1.66 0.026 1.33 0.023 6.04 1.08 36

B % or SL

c 26.3 0.77 27.3 1.04 3.31 0.56 73
ao 9.3 0.33 8.7 0.75 2.71 0.44 83
o 52 0.24 7.0 1.15 7.58 1.18 20
op 13.5 0.43 13.3 1.17 0.72 0.11 143
Imx 7.7 0.38 8.4 0.16 3.52 0.69 55
Imd 6.3 0.34 7.2 0.26 4.28 0.78 55
wm 8.8 0.39 8.5 0.25 1.52 0.28 112
hco 12.1 1.43 11.7 0.74 1.03 0.20 108
he 15.9 4.41 15.3 1.00 0.96 0.20 102
H 21.4 2.83 20.6 1.60 1.47 0.28 124
hca 10.3 0.23 10.2 0.28 1.06 0.18 163
h 8.0 0.45 7.7 0.30 1.73 0.32 163
io 8.8 0.44 9.7 0.45 4.08 0.71 163
tc 10.9 0.75 11.2 0.48 0.80 0.15 151
Itmp 13.9 2.15 14.2 0.40 0.56 0.12 162
HTT 14.6 0.88 15.2 0.83 1.56 0.28 128

htt 7.0 0.16 5.1 0.53 10.53 1.66 8

B%orc

ao 35.4 4.07 31.7 8.69 4.57 0.74 42
o 19.6 2.65 25.5 11.89 7.52 1.17 21
op 51.5 2.23 48.8 12.46 3.51 0.54 63
Imx 29.1 2.45 30.6 2.22 2.78 0.49 83
Imd 24.0 3.10 26.2 243 3.67 0.66 58
wm 334 4.78 31.0 3.79 3.26 0.59 58
hco 46.0 14.87 42.8 7.03 2.57 0.50 78
he 60.4 52.82 55.9 13.91 1.98 0.41 83
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TIpooonacenue mabauyvl

Bopoxymsup. n=11 Henek. n=31 Paznmuns
ITokazarenu
M s? M s? Tst CD U
H 81.5 44.51 753 26.48 2.77 0.52 71
hca 39.4 4.96 37.2 4.59 2.84 0.50 84
h 30.7 8.22 28.0 3.26 2.86 0.57 70
io 333 5.41 355 3.76 2.78 0.51 80
tc 41.6 7.70 40.9 6.41 0.76 0.14 142
Itmp 53.0 23.02 52.0 6.11 0.68 0.14 115
Kpurnueckum 3nauenuem s CD snsiercs 1.28. ans Tst =2.04; U=237.2 npu p<0.05

Bribopka rosoro ocmana u3 p.bopoxymzup
npejcTaBiieHa 0ojiee KPYIMHBIMU OCOOSIMU. YTIIH-
TaHHOCTH TOJIOTO OCMaHa B 3TOH peKe TakkKe J0-
CTOBEPHO BbIIIE. PBIOBI U3 CpaBHUBAEMBIX MOIY-
JMAUUA pa3IndarTcs 1Mo (GopMe U MPOMOPIHUIM
TOJIOBBI: y PBIO M3 p.bopoxya3up oTHOCHUTETbHAS
JUTHHA TOJIOBBI OOJIbIIE; 32 CUET MEHBIIETO JHa-
MeTpa Tiia3a phUIO JITMHHEE, POT MEHbINe; J00
yxe. Taxke y peidb u3 p.bopoxyn3up XBocToOBOU
cTebesib 3HaUuTEeNbHO TOMNIe. OJHAKO Tepeync-
JICHHBIC PA3JIUYMsl HEe TOCTUTAIOT YCIOBHOTO MO~
BUA0BOTO ypoBHs 1Mo kputeputo CD. Ilo dopme
ry0 Bce HCCIEJOBaHHbIE OCOOM TOJIOTO OCMaHa
MPUHAJUICKAIH K TUMHYHOU (popme: TyObl yme-
PEHHOM TOJIIMHBI, HUXKHUM Kpall pOTOBOW Ijia-
CTUHKH 0€3 pexXylleil MIacTUHUKH.
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Amnanu3 riaaBHBIX KOMIIOHEHT ITOKa3all pasinyune
OCMAaHOB M3 JIByX CPaBHHBaEMBIX PEK MO COBOKYII-
HOCTH WCCIIEIOBAaHHBIX MPHU3HAKOB: MPOBEACHHBIC
C JOBEpUTEIHHBIM MHTEPBATIOM 95% JIITUTICHI TS
BbI0OPOK U3 pek [lenek n bopoxyn3up sBHO pacxo-
JIUITACh B MPOCTPAHCTBE |-U W 2- rIaBHBIX KOMIIO-
HeHT (puc. 2). Harpy3ku 1-3 rIaBHBIX KOMIIOHEHT
npencTaBieHsl B Tabnuie 4. Ha mepByro rinaBHyrO
KOMITOHEHTY HaWOOJBIIYIO MOJIOKUTENFHYIO Ha-
TPYy3KYy OKa3bIBa€T BbLICOTA I'OJIOBbLI, OTPULATCIIb-
HyI0 — AuaMmeTp mia3. Ha BTOpyro TIaBHYI KOM-
MTOHEHTY HaMOOIBIIYI0 OTPULATENEHYIO HArpy3Ky
JaeT JUTMHA pbuta. Ha TpeThio TIIaBHYI0 KOMIIOHEH-
Ty HaWOOJBIIYI0 OTPUIATEIHHYIO HArpy3Ky Har0T
IIMpUHA PTa, HANOOJBIIYIO TTOJIOKUTENHFHYIO — pac-
CTOSIHUE 3a TJ1a30M JI0 KaOCPHBIX KPBIIICK.

-30.0

Component 2

-20-

T
375

Component 1

Pucynox 2 — [Nonoxenue ocobeii rosoro ocmana u3 pek lllesnek (cunue Kpyxku u syuuic) u bopoxymzup
(buosieTOBBIC KPYXKKH U JUIHUIIC) B IPOCTPAHCTBE 1-if U 2-if TIIaBHBIX KOMITIOHCHT,
3€JICHBIM I[BETOM ITOKa3aHbl BEKTOPBI IPU3HAKOB
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Ta0nmmua 4 — Harpysku 1-3 raBHOM KOMIIOHEHT Ha IUIaCTUYECKHE IIPU3HAKY I'OJIOr0 OCMaHa

[Tpuznaku PC1 PC2 PC3
ao 0.0292 -0.4390 -0.2735
o -0.0596 0.6570 0.3218
op 0.0411 -0.3577 0.6845

Imx -0.0091 0.1046 -0.0637
Imd -0.0045 0.2454 -0.0668
wm 0.1818 -0.0464 -0.3576
hco 0.4197 0.0316 0.0721
he 0.7637 -0.0529 0.2394
io 0.0388 0.2739 0.0176
tc 0.1903 0.1876 -0.2935
Itmp 0.3846 0.1667 -0.2157
c -0.0452 0.0860 0.1092
H 0.0950 -0.0004 -0.0324
hca 0.0230 0.0250 0.0247
h 0.0331 0.0177 0.0111
HTT 0.0363 0.0652 -0.0520

[lomydeHHbIe pe3ynbTaThl BBISBHIA Pa3ITAYHS
B IUTaHuH, (hopMax roJOBBI U POTOBOIO arrmapara
roJIOTO OCMaHa W3 JBYX CpaBHHMBaeMBIX pek. [lo-
JOOHBIC PE3yJIbTAThl OBUIH MOJNYUYEHBI JJIsI HEKOTO-
peIx apyrux BuaoB pei0 [48-50]. Ha mmeromemcs
MaTeprane HEBO3MOXXHO YCTaHOBUTh MPUYHHHO-
CJICJICTBCHHYIO CBSI3b MOP(OIOrHK 1 0COOCHHOCTEH
nutanusa. Hwxauil yuactrok Illenek pacnosnoxxeH
B 30HE HHTEHCHMBHOW XO3AMCTBEHHOW JEATEIb-
HOCTH YeJIOBEeKa, YTO MPHUBOIUT K IBTPOQHKAIIH
BOjZiOEMa, B Pe3yJbTaTe 4Yero BO3pacTaeT Pa3HOo-
Opasue BOJOpOCIel W 3apak€HHOCTh PHIO Mapa-
3utaMu. [IIOTHOCTH HaceneHusI B UCCIIEOBAaHHOM
yuactke p.lllenek ropasmo Beiue, yem B Oacceiine
p.bopoxymsup [51]. Pexa bopoxym3up HCIBITEIBaCT
MEHBIIIYI0 aHTPOIOTEHHYI0 Harpy3ky. Takum o0-
pa3oM, BBISIBIICHHBIC Pa3iduds B [MUTAHHH U MOP-
(hormoruu TONOTO OCMaHa W3 JIBYX PEK OTPaKaroT
pa3iauurs B YCJIOBHSX OKPYXKArOIIEH Cpelibl 3TUX
MOy JIALHN.

Bo Bcem mupe HaOmogaeTcs TEHACHIUS yBeE-
JIMYCHUST O HAceNeHUs, MoObIBatomel pei0y B
HeOONBIINX BHYTPEHHUX BOAOEMax. JTO Tpelyer
Pa3HOCTOPOHHETO U3YYCHHUsSI COCTOSIHUS U OUOJIOTH-
YECKUX OCOOCHHOCTEW PhIO, ABISIONINXCS 00BEKTa-
MU JTIFOOUTENBCKOTO PhIOOIOBCTBA [7]. B Oacceiine
o3zepa Hccebik-Kynb romnsiif ocMaH siBisieTcs Mpo-
MBICJIOBBIM OOBEKTOM, OOBEKTOM aKBAKYJbTYPhI
U BbLIABJIMBaeTCs B OoJbIMx oObemax [46, 52]. B
Bankamickom GacceifHe 3TOT BU TAKXKE BHICOKO Tie-
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HUTCS PhIOAKaMH-TIOOUTEISIMUA M IUPOKO HCIONb-
3yeTcs B MHIILY MECTHBIM HaceleHueM [25], oqHako
B HACTOSIIIIEE BPEMSI €My HE yJIIENSETCS JOCTOWHOTO
BHUMaHUs. [lonmyueHHble HAMU JTaHHBIC MMOKA3aly,
YTO TOJIBIA OCMaH UIPaeT BaXXHYIO POJIb B CUCTEME
CaMOOYHIICHUST TOPHBIX PEK U PETYJSIIIUN YHCIICH-
HOCTH KPOBOCOCYIIIUX HACEKOMBIX.

3akioueHne

B nernuii nmepuon ronsie ocMaHbl B 00e€nX MC-
CJICJIOBAHHBIX PEKaX aKTHBHO MUTAIUCH U XapaKTe-
PH30BATHCh XOPOIIMMHU TOKA3aTENSAMK YITUTAHHO-
ctu. Beero B panpone rojgoro ocMana oOHapyKeHO
38 xommoHeHTOB. Panmon prid B p.lllenek coctosn
13 37 KOMIOHEHTOB, B p.bopoxyazup —u3 30 kommo-
HeHTOB. Hanbonbuum pasHooOpasuem npeacrasie-
HBI BOJIOPOCIU: TUATOMOBBIC (Bacillariophyta), 3e-
nensie (Chlorophyta) u cunesenensie (Cyanophyta).
OCHOBY MUTaHUS TOJOTO OCMaHa B peKax Mo BHJIO-
BOMY COCTaBY M YaCTOTE BCTPEUaEMOCTH COCTaBIIS-
eT epu(uTOH, OJTHAKO JIOJISI INYMHOK HACEKOMBIX B
MUILEBOM CHEKTpe Takxke cymecTBenHa (Odonata,
Ephemeroptera, Coleoptera, Chironomidae). Ilony-
YCHHBIC TAHHBIC BBISIBUIIN BXKHYIO POJIb TiepeduTo-
Ha B palMoOHE rojoro ocMana. Mexay AByMs MO-
MYJSIIASMU CYIIECTBYIOT SIBHBIC pa3indus B popme
TOJIOBBI M CTPOCHUM POTOBOTO aIllapara, YTo SB-
JSIETCSl PEe3yJIbTaTOM HIIU CIIEJICTBUEM pa3iniuii B
MUTAHUH.



I'K. Xacenrasuesa, H.I11. MammuiioB

HcToyHUK (PMHAHCHPOBAHMSA Opaszust uxtuodpayHsl Ajaray» IpaHTOBOM (UHAH-
Hayuno-uccienoBarenbckas padoTta BbloJIHE-  cupoBaHuM Komuter Haykn MHHUCTEpPCTBA HAyKU
Ha B pamkax npoekta AP26100721 «MccnenoBanne  u Bbiciiero oopasoBanus Pecryomukn Kazaxcran
TaKCOHOMUYECKOTO W (YyHKIHOHAIBHOTO pa3Hoo-  Ha 2025-2027 rosl.
Jluteparypa

1. NelsonJ. S., Grande T. C., Wilson M. V. H. Fishes of the World. — New Jersey: John Wiley & Sons, 2016.P 752.

2. Fricke, R., Eschmeyer, W. N. & Van der Laan, R. (2020). Eschmeyer’s catalog of fishes: genera, species, references. http://
researcharchive.calacademy.org/research/ ichthyology/catalog/fishcatmain.asp. Electronic version accessed 29 May 2024.

3. Leveéque, C., Oberdorff, T., PAUGy, D., Stiassny, M. L. J., Tedesco, P. A. Global diversity of fish (Pisces) in freshwater //
Freshwater animal diversity assessment. — 2008. — C. 545-567.

4. Khatri, K., Jha, B. R., Gurung, S., Khadka, U. R. Freshwater fish diversity and IUCN Red List status of glacial-fed (Bheri)
and spring-fed (Babai) rivers in the wake of inter-basin water transfer //Journal of Threatened Taxa. —2024.—T. 16.—Nel.—C. 24535-
24549. doi.org/10.11609/jott.8084.16.1.24535-24549

5. Smil, V. Harvesting the biosphere: The human impact//Population and development review. —2011.—T.37.—Ne4.—C. 613-
636. doi.org/10.1111/j.1728-4457.2011.00450.x

6. Dodds, W. K., Perkin, J. S., Gerken, J. E. Human impact on freshwater ecosystem services: a global perspective //
Environmental science & technology. —2013. — T. 47. — Ne. 16. — C. 9061-9068. doi.org/10.1021/es4021052

7. Lynch, A. J., Cooke, S. J., Deines, A. M., Bower, S. D., Bunnell, D. B., Cowx, L. G., Beard Jr, T. D. The social, economic,
and environmental importance of inland fish and fisheries //Environmental reviews. — 2016. — T. 24. — Ne. 2. — C. 115-121. doi.
org/10.1139/er-2015-0064

8. Darwall, W.R.T.; Freyhof, Y. Lost fishes, who is counting? The extent of the treat to freshwater fish diversity. In
Conservation of freshwater fishes. Camridge University press: Cambridge, 2016; pp.1-36.

9.  Closs, G.P.; Angermeier, P.L.; Darwall, W.R.T.; Balcombe, S.R. Why are freshwater fish so threatened? In Conservation
of freshwater fishes. Camridge University press: Cambridge, —2016. — T. 37.

10. Reid, A.J., A.K. Carlson, L.F. Creed, E.J. Eliason, P.A. Gell, P.T. Johnson, K.A. Kidd, T.J. MacCormack. Emerging threats
and persistent conservation challenges for freshwater biodiversity //Biological reviews. — 2019. — T. 94. — Ne. 3. — C. 849-873. doi.
org/10.1111/brv.12480.

11. Su, G., Logez, M., Xu, J., Tao, S., Villéger, S., &Brosse, S. Human impacts on global freshwater fish biodiversity //
Science. —2021. — T. 371. — Ne. 6531. — C. 835-838. doi.org/10.1126/science.abd3369.

12. Holmlund C. M., Hammer M. Ecosystem services generated by fish populations //Ecological
economics. — 1999. — T.29. — Ne2. — C. 253-268. doi.org/10.1016/S0921-8009(99)00015-4.

13. Biswas S. R., Vogt R. J., Sharma S. Projected compositional shifts and loss of ecosystem services in freshwater fish
communities under climate change scenarios //Hydrobiologia. —2017. — T. 799. — C. 135-149. DOI 10.1007/s10750-017-3208-1.

14. Pelicice, F. M., Agostinho, A. A., Azevedo-Santos, V. M., Bessa, E., Casatti, L., Garrone-Neto, D., ... & Zuanon,
J.Ecosystem services generated by Neotropical freshwater fishes //Hydrobiologia. — 2023. — T. 850. — Ne. 12. — C. 2903-2926. doi.
0rg/10.1007/s10750-022-04986-7.

15. Sala,R.,Deom,J. M., Aladin, N. V., Plotnikov, I. S., Nurtazin, S. Geological history and present conditions of Lake Balkhash
//Large Asian Lakes in a Changing World: Natural State and Human Impact. — 2020. — C. 143-175. https://doi.org/10.1007/978-3-
030-42254-7.

16. Mischke S., Zhang C., Plessen B. Lake Balkhash (Kazakhstan): Recent human impact and natural variability in the last
2900 years //Journal of Great Lakes Research. —2020. — T. 46. — Ne. 2. — C. 267-276. doi.org/10.1016/j.jg1r.2020.01.008.

17. Karazhanova A. B., Kerimbek, N. M., Lovinskaya, A. V., Kolumbayeva, S., & Abilev, S. Genotoxicity of Esentai and
Ulken Almaty rivers water on animal test-systems //European Journal of Entomology. — 2021. — T. 66. — C. 18-28. https://doi.
org/10.26577/EJE.2021.v66.11.02.

18. Lovinskaya A. V., Kolumbayeva, S. Z., Suvorova, M. A., lliyassova, A. L., Biyasheva, Z. M., Abilev, S. K. Complex
study of potential toxicity and genotoxicity of water samples from natural sources of the suburban zone of Almaty //Ecological
genetics. —2019. — T. 17. — Ne. 2. — C. 69-81. doi.org/10.17816/ecogen17269-81.

19. Douglas M. E., Matthews W. J. Does morphology predict ecology? Hypothesis testing within a freshwater stream fish
assemblage //Oikos. — 1992. — C. 213-224. doi.org/10.2307/3545012.

20. Braga R. R., Bornatowski H., Vitule J. R. S. Feeding ecology of fishes: an overview of worldwide publications //Reviews
in Fish Biology and Fisheries. —2012. — T. 22. — C. 915-929. DOI 10.1007/s11160-012-9273-7.

21. Hahn, N. S., Fugi, R., Cyrino, J. E. P., Bureau, D. P., & Kapoor, B. G. Environmental changes, habitat modifications and
feeding ecology of freshwater fish //Feeding and digestive functions of fishes. Science, New Hampshire, USA. —2008. — C. 35-65.

22. Murpodanos B.I1., dykpaser I.M., MensaukoB B.A., banmberoB A.A., u np. Pei0os1 Kasaxcrana. Anma-Ata: Hayka, B
S-tuT. T.3. 1988. 304 ¢, 93-105 c.

23. Tumupxanos C. P., Kapadexosa [I. V. I'omsrit Ocman (Gymnodiptychus Dybowskii (Kessler, 1874)) LienTpansHoit A3uu:
00630p U Cucrematnueckas Ctpykrypa //Hayka, HOBBIe TexHOJIOTHN 1 HHHOBauu# Keiprescrana. —2015. — Ne. 4. — C. 119-122.

24. TypnaxoB @. A. Pei6s1 Kuprusun. — @.: AH KuprCCP, 1963. — 284 c.

83



CpaBHHTEIBHBII aHAIN3 IMTaHUS Tosoro ocMana Gymnodiptychus dybowskii B pexax Illenex u bopoxymsup

25. Awmmpranues H. A., Tumupxanos C. P., Ansneiicos 11I. A. xtnodayna u sxosorust AJIakoiIbCKOW CHCTEMBI 03ep. — AJl-
martsl: bacray, 2007. — 367 c.

26. IlpaBaun U.®. PykoBoacTBo 1o usydeHuro nutanus psio — M.:[Tumesast npombinuieHHOCTS. 1966. — 376 c.

27. Kottelat M., Freyhof J. Handbook of European Freshwater Fishes. Kottelat, Cornol, Switzerland and Feyhof, Berlin,
Germany. 2007. 646 p.

28. Caldarone E. M., MacLean S. A., Sharack B. Evaluation of bioelectrical impedance analysis and Fulton’s condition factor
as nonlethal techniques for estimating short-term responses in posts molt Atlantic salmon (Salmo salar) to food availability //Fishery
Bulletin. — 2012. — T. 110. — Ne. 2. P.257-270.

29. Richardson J. Fish health profile manual. NIWA Technical Report 38. 1998. 89 p.

30. Meroauyeckoe ocoOue MO U3YUCHHUIO MUTAHUS M MUIIEBBIX B3aMMOOTHOLICHUH B €CTECTBEHHBIX YCIOBHSX/ OTB. PEl.
E.B. bopyuxkuii. M.: Hayka, 1974. 254 c.

31. Hyslop E. J. Stomach contents analysis—a review of methods and their application// Journal of fish biology. 1980. V17.
Issue 4. P.411-429 https://doi.org/10.1111/j.1095-8649.1980.tb02775 .x.

32. BapxanoB P.M. Mertoaunueckoe ykazaHue 1mo cOopy u o0paboTKe MXTHOJOTMYECKOro MaTepuaia. Maxaukana: M3a-Bo
AT, 2014. 108 c.

33. Manko P. Stomach content analysis in freshwater fish feeding ecology. Vydavatel'stvo: Vydavatel'stvo PreSovskej
univerzity, PreSov, —2016. — T. 116. — Ne. 5. — C. 1-25.

34. Amundsen P.A., Sanchez-Hernandez J. Feeding studies take guts—critical review and recommendations of methods for
stomach contents analysis in fish //Journal of Fish Biology. —2019. — T. 95. — No. 6. — C. 1364-1373. DOIL: 10.1111/jtb.14151.

35. bBupmreiina SI.A., Bunorpanosa JI.T'., Konnakosa H.H., Kyu M.C., Acraxosoii T.B., Pomanosoit H.H. Atnac 6ecro3Bo-
HouHbIX Kacnniickoro mops/mox pen. M.: [Iumesas npomsinieHHOCTh, 1968. 416 c.

36. Ilomockun A., Xauto B. [loneBoii onpeaennTesns TPeCHOBOAHBIX 0ecro3BOHOYHEIX — M., 2006. — 16 c.

37. UYepronpyn M.B., Uepronpyx E.C. Kparkuit onpenenurens 6€ClIO3BOHOUHBIX MPECHBIX BOJ LeHTpa EBpomeiickoii Poc-
cul. — 4-e u3n., ucnp. u goun. M.: ToBapumectso Hayunblx uzganuit KMK, 2011. 219 c., .

38. Ompenenurens npecHoBoAHBIX Bogopocieid CCCP. Tom 1.2.4.5. Penkon.: mpodeccopa M. M. [Nomiepbax3a ci. Jesr. Ha-
yku PCOCP B. I1. CaBuu (o1B. pea.) M.1951-1954 rr.

39. GBIF Secretariat (2023). GBIF Backbone Taxonomy. Checklist dataset https://doi.org/10.15468/39omei accessed via
GBIF.org on 2024-06-12.

40. Guiry M.D. in Guiry, M.D. Guiry, G.M. 15 August 2023. AlgaeBase. World-wide electronic publication, National
University of Ireland, Galway. https://www.algaebase.org; searched on 12 June 2024.

41. Maiip 3. [Ipunnumsl 30010ruueckoit cucteMaTuku. — M.: Mup, 1971. 455 c. Ha ¢.217-219.

42. Dunstone T., Yager N. (ed.). Biometric system and data analysis: Design, evaluation, and data mining. — Boston, MA:
Springer US, 2009. 268 p.

43. McDonald, J. H. Handbook of biological statistics. — Baltimore, MD: sparky house publishing, 2009. — T. 2. — C. 6-59.
313 p.

44. Stumpf M., Balding D.J., Girolami M. Handbook of statistical systems biology. John Wiley & Sons.2011.530 p.

45. Legendre P., Legendre L. Numerical ecology. — Elsevier, 2012. — 852 p.

46. Jlebenes B. /1., Cmanosckas B. /1., CaBBauroBa K. A., Cokosnos JI. U., Llenkun E. A. Peiopt CCCP. — M.: Mbicib, 1969.
—C. 191-192.

47. Froese, R. and D. Pauly. Editors. 2024. FishBase. World Wide Web electronic publication. www.fishbase.org, version
(02/2024). Accessed 31 May 2024.

48. Carroll, A. M., Wainwright, P. C., Huskey, S. H., Collar, D. C., & Turingan, R. G. Morphology predicts suction feeding
performance in centrarchid fishes //Journal of Experimental Biology. — 2004. — T. 207. — Ne. 22. — C. 3873-3881. doi.org/10.1242/
jeb.01227.

49. Luczkovich, J. J., Motta, P. J., Norton, S. F., & Liem K. F. (Eds.). Ecomorphology of fishes. — Springer Science & Business
Media, 2013. —T. 16.

50. DeLaurier A. Evolution and development of the fish jaw skeleton //Wiley Interdisciplinary Reviews: Developmental
Biology. —2019. — T. 8. — Ne. 2. — C. e337. doi.org/10.1002/wdev.337.

51. Hacenenune Pecriy6onukn Kasaxcran 1 Tom. — Actana: AT€HTCTBO 10 CTPAaTerHYeCKOMY IUIAaHUPOBAHUIO U pedopmam Pe-
cnyonmku Kazaxcran. Bropo HanmonanbsHOl cratuctiky, 2023. — 217 c.

52. Kustareva L. A., Naseka A. M. Fish diversity in Kyrgyzstan: Species composition, fisheries and management problems //
Aquatic Ecosystem Health & Management. —2015. — T. 18. — Ne. 2. — C. 149-159. doi.org/10.1080/14634988.2015.1028309.

References

1.  Amirgaliev N. A., Timirhanov S. R., Alpejsov Sh. A.(2007). Ihtiofauna i ekologiya Alakolskoj sistemy ozer.[ Ichthyofauna
and ecology of the Alakol lake system]. — Almaty: Bastau, 367 s.

2. Amundsen P.A., Sdnchez-Hernandez J. (2019). Feeding studies take guts—critical review and recommendations of methods
for stomach contents analysis in fish //Journal of Fish Biology.T. 95. — Ne. 6. — C. 1364-1373. DOI: 10.1111/jtb.14151.

3. Barhalov R.M.(2014). Metodicheskoe ukazanie po sboru i obrabotke ihtiologicheskogo materiala.[ Methodological
guidelines for the collection and processing of ichthyological material]. Mahachkala: 1zd-vo DGPU, 108 s.

4. Birshtejna Ya.A., Vinogradova L.G., Kondakova N.N., Kun M.S., Astahovoj T.V., Romanovoj N.N.(1968). Atlas
bespozvonochnyh Kaspijskogo morya.[ Atlas of invertebrates of the Caspian Sea]./pod red. M.: Pishevaya promyshlennost. 416 s.

84



I'K. Xacenrasuesa, H.I11. MammuiioB

5. Biswas S.R., Vogt R. J., Sharma S.(2017). Projected compositional shifts and loss of ecosystem services in freshwater fish
communities under climate change scenarios //Hydrobiologia. T. 799. — C. 135-149. DOI 10.1007/s10750-017-3208-1.

6. Braga R. R., Bornatowski H., Vitule J. R. S.(2012). Feeding ecology of fishes: an overview of worldwide publications //
Reviews in Fish Biology and Fisheries.T. 22. — C. 915-929. DOI 10.1007/s11160-012-9273-7.

7.  Caldarone E. M., MacLean S. A., Sharack B.(2012). Evaluation of bioelectrical impedance analysis and Fulton’s condition
factor as nonlethal techniques for estimating short-term responses in postsmolt Atlantic salmon (Salmo salar) to food availability //
Fishery Bulletin.T. 110. — Ne. 2. P.257-270.

8. Carroll, A. M., Wainwright, P. C., Huskey, S. H., Collar, D. C., & Turingan, R. G. (2004). Morphology predicts suction
feeding performance in centrarchid fishes //Journal of Experimental Biology. T. 207. — Ne. 22. — C. 3873-3881. doi.org/10.1242/
jeb.01227.

9.  Chertoprud M. V., Chertoprud E.S.(2011). Kratkij opredelitel bespozvonochnyh presnyh vod centra Evropejskoj Rossii.[A
brief definition of invertebrates of fresh waters of the center of European Russia]. —4-¢ izd., ispr. i dop. M.: Tovarishestvo nauchnyh
izdanij KMK. 219 s, il.

10. Closs, G.P.; Angermeier, P.L.; Darwall, W.R.T.; Balcombe, S.R.(2016). Why are freshwater fish so threatened? In
Conservation of freshwater fishes. Cambridge University press: Cambridge. pp.37-75.

11. Darwall, W.R.T.; Freyhof, Y.(2016). Lost fishes, who is counting? The extent of the treat to freshwater fish diversity. In
Conservation of freshwater fishes. Cambridge University press: Cambridge. pp.1-36.

12. DeLaurier A. (2019). Evolution and development of the fish jaw skeleton //Wiley Interdisciplinary Reviews: Developmental
Biology. T. 8. — Ne. 2. — C. ¢337. doi.org/10.1002/wdev.337.

13. Dodds, W. K., Perkin, J. S., Gerken, J. E.(2013). Human impact on freshwater ecosystem services: a global perspective //
Environmental science & technology. T. 47. — No. 16. — C. 9061-9068. doi.org/10.1021/es4021052.

14. Douglas M. E., Matthews W. J.(1992). Does morphology predict ecology? Hypothesis testing within a freshwater stream
fish assemblage //Oikos. C. 213-224. doi.org/10.2307/3545012.

15. Dunstone T., Yager N. (2009). Biometric system and data analysis: Design, evaluation, and data mining. — Boston, MA:
Springer US. 268 p.

16. Fricke, R., Eschmeyer, W. N. & Van der Laan, R. (2020). Eschmeyer’s catalog of fishes: genera, species, references. http://
researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp Electronic version accessed 29 May 2024.

17. Froese, R. and D. Pauly. Editors.(2024). FishBase. World Wide Web electronic publication. www.fishbase.org, version
(02/2024). Accessed 31 May 2024.

18. GBIF Secretariat (2023). GBIF Backbone Taxonomy. Checklist dataset https://doi.org/10.15468/390omei accessed via
GBIF.org on 2024-06-12.

19. Guiry M.D. in Guiry, M.D. & Guiry, G.M. (15 August 2023). AlgacBase. World-wide electronic publication, National
University of Ireland, Galway. https://www.algaebase.org; searched on 12 June 2024.

20. Hahn, N. S., Fugi, R., Cyrino, J. E. P., Bureau, D. P., & Kapoor, B. G.(2008). Environmental changes, habitat modifications
and feeding ecology of freshwater fish /Feeding and digestive functions of fishes. Science, New Hampshire, USA. C. 35-65.

21. Holmlund C. M., Hammer M. (1999). Ecosystem services generated by fish populations //Ecological economics.
T.29. — Ne2. — C. 253-268. doi.org/10.1016/S0921-8009(99)00015-4.

22. Hyslop E. J. (1980). Stomach contents analysis—a review of methods and their application// Journal of fish biology.V17.
Issue 4. P.411-429 https://doi.org/10.1111/j.1095-8649.1980.tb02775.x

23. Karazhanova A. B., Kerimbek, N. M., Lovinskaya, A. V., Kolumbayeva, S., & Abilev, S. (2021). Genotoxicity of Esentai
and Ulken Almaty rivers water on animal test-systems //European Journal of Entomology. T. 66.—C. 18-28. https://doi.org/10.26577/
EJE.2021.v66.i1.02

24. Khatri, K., Jha, B. R., Gurung, S., & Khadka, U. R. (2024). Freshwater fish diversity and [UCN Red List status of glacial-fed
(Bheri) and spring-fed (Babai) rivers in the wake of inter-basin water transfer //Journal of Threatened Taxa. T. 16. — Nel. — C.24535-
24549. doi.org/10.11609/jott.8084.16.1.24535-24549.

25. Kottelat M., Freyhof J. (2007). Handbook of European Freshwater Fishes. Kottelat, Cornol, Switzerland and Feyhof,
Berlin, Germany. 646 p.

26. Kustareva L. A., Naseka A. M. (2015). Fish diversity in Kyrgyzstan: Species composition, fisheries and management
problems //Aquatic Ecosystem Health & Management. T. 18. — Ne. 2. — C. 149-159. doi.org/10.1080/14634988.2015.1028309.

27. Legendre P., Legendre L.(2012). Numerical ecology. — Elsevier, 852 p.

28. Lebedev V. D., Spanovskaya V. D., Savvaitova K. A., Sokolov L. I., Cepkin E. A. (1969). Ryby SSSR.[ Pisces of the
USSR]— M.: Mysl,, S. 191-192.

29. Levéque, C., Oberdorff, T., PAUGYy, D., Stiassny, M. L. J., & Tedesco, P. A. (2008). Global diversity of fish (Pisces) in
freshwater //Freshwater animal diversity assessment. C. 545-567.

30. Lovinskaya A. V., Kolumbayeva, S. Z., Suvorova, M. A., Iliyassova, A. I., Biyasheva, Z. M., & Abilev, S. K. (2019).
Complex study of potential toxicity and genotoxicity of water samples from natural sources of the suburban zone of Almaty //
Ecological genetics. T. 17. — Ne. 2. — C. 69-81. doi.org/10.17816/ecogen17269-81.

31. Luczkovich, J. J., Motta, P. J., Norton, S. F., & Liem K. F. (2013). Ecomorphology of fishes. — Springer Science &
Business Media, T. 16.

32. Lynch, A. J., Cooke, S. J., Deines, A. M., Bower, S. D., Bunnell, D. B., Cowx, 1. G., Beard Jr, T. D.(2016). The social,
economic, and environmental importance of inland fish and fisheries //Environmental reviews. T. 24. — Ne. 2. — C. 115-121. doi.
org/10.1139/er-2015-0064.

85



CpaBHHTEIBHBII aHAIN3 IMTaHUS Tosoro ocMana Gymnodiptychus dybowskii B pexax Illenex u bopoxymsup

33. Majr E. (1971). Principy zoologicheskoj sistematiki.[ Principles of zoological systematics]. — M.: Mir,. 455 s. na s.217-
219.

34. Manko P.(2016). Stomach content analysis in freshwater fish feeding ecology. Vydavatel'stvo: Vydavatel'stvo Presovskej
univerzity, PreSov, T. 116. — Ne. 5. — C. 1-25.

35. McDonald, J. H. (2009). Handbook of biological statistics. — Baltimore, MD: sparky house publishing. T. 2. C. 6-59. 313 p.

36. Mischke S., Zhang C., Plessen B. (2020). Lake Balkhash (Kazakhstan): Recent human impact and natural variability in the
last 2900 years //Journal of Great Lakes Research. T. 46. — Ne. 2. — C. 267-276. doi.org/10.1016/;.jglr.2020.01.008.

37. Mitrofanov V.P., Dukravec G.M., Melnikov V.A., Baimbetov A.A., (1988). Ryby Kazahstana.[ Fishes of Kazakhstan ]
Alma-Ata: Nauka, V 5-ti t. T.3. 304 s, 93-105 c.

38. Metodicheskoe posobie po izucheniyu pitaniya i pishevyh vzaimootnoshenij v estestvennyh usloviyah. [Methodological
guide to the study of nutrition and food relationships in natural conditions]. / otv. red. E. V. Boruckij. M.: Nauka, 1974. 254 s.

39. Naselenie Respubliki Kazahstan 1 tom.[Population of the Republic of Kazakhstan 1 volume] — Astana: Agentstvo po
strategicheskomu planirovaniyu i reformam Respubliki Kazahstan. Byuro nacionalnoj statistiki, 2023. — 217 s.

40. Nelson J. S., Grande T. C., Wilson M. V. H.(2016). Fishes of the World. — New Jersey: John Wiley & Sons, P 752.

41. Opredelitel presnovodnyh vodoroslej SSSR. [Determinant of freshwater algae of the USSR]. Tom 1.2.4.5. Redkol.:
professora M. M. Gollerbahza sl. deyat. nauki RSFSR V. P. Savich (otv. red.) M.1951-1954 gg.

42. Pelicice, F. M., Agostinho, A. A., Azevedo-Santos, V. M., Bessa, E., Casatti, L., Garrone-Neto, D., Zuanon, J. (2023).
Ecosystem services generated by Neotropical freshwater fishes //Hydrobiologia. T. 850. — Ne. 12. — C. 2903-2926. doi.org/10.1007/
s10750-022-04986-7.

43. Poloskin A., Haitov V. (2006). Polevoj opredelitel presnovodnyh bespozvonochnyh. [Field determinant of freshwater
invertebrates].— M., 16 s.

44. Pravdin LF. (1966). Rukovodstvo po izucheniyu pitaniya ryb.[ A guide to the study of fish nutrition].— M.: Pishevaya
promyshlennost. 376 s.

45. Reid, A.J., A.K. Carlson, L.F. Creed, E.J. Eliason, P.A. Gell, P.T. Johnson, K.A. Kidd, T.J. MacCormack. (2019). Emerging
threats and persistent conservation challenges for freshwater biodiversity //Biological reviews. T. 94. — Ne. 3. — C. 849-873. doi.
org/10.1111/brv.12480.

46. Richardson J.(1998). Fish health profile manual. NIWA Technical Report 38. 89 p.

47. Sala, R., Deom, J. M., Aladin, N. V., Plotnikov, 1. S., & Nurtazin, S. (2020). Geological history and present conditions of
Lake Balkhash //Large Asian Lakes in a Changing World: Natural State and Human Impact. C. 143-175. https://doi.org/10.1007/978-
3-030-42254-7

48. Smil, V. (2011). Harvesting the biosphere: The human impact //Population and development review. T. 37.—Ned. —C. 613-
636. doi.org/10.1111/1.1728-4457.2011.00450.x.

49. Stumpf M., Balding D. J., Girolami M. (2011). Handbook of statistical systems biology. John Wiley & Sons. 530 p.

50. Su, G., Logez, M., Xu, J., Tao, S., Villéger, S.,Brosse, S. (2021). Human impacts on global freshwater fish biodiversity //
Science. T. 371. — Ne. 6531. — C. 835-838. doi.org/10.1126/science.abd3369.

51. Timirhanov S. R., Karabekova D. U. (2015). Golyj Osman (Gymnodiptychus Dybowskii (Kessler, 1874)) Centralnoj Azii:
Obzor I Sistematicheskaya Struktura. [Naked Osman (Gymnodiptychus Dybowskii (Kessler, 1874)) Of Central Asia: A Review And
Systematic Structure]//Nauka, novye tehnologii i innovacii Kyrgyzstana. Ne. 4. — S. 119-122.

52. Turdakov F. A. (1963). Ryby Kirgizii.[ Fish of Kyrgyzstan] — F.: AN KirgSSR, 284 s.

Ceeoenusn 06 asmopax:

Xaceneasuesa I'ynonyp Kyanviuwosna — cmapwuti npenodosamens KasHY umenu anv-Dapabdu (Anmamel, Kazaxcman, e-mail:
296-17@mail.ru);

Mamunoe Haoup llamunesuy — kanouoam 6uonocuueckux Hayx, acc. npogeccop, KazHY umenu anv-@apadou (Armamot, Ka-
s3axcmat, e-mail: mamilov@gmail.com).

Information about authors:

Khassengaziyeva Gulnur, Senior Lecturer at Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: g96-17@
mail.ru)

Mamilov Nadir Shamilevich — Candidate of Biological Sciences, Associate Professor, Al-Farabi Kazakh National University,
(Almaty, Kazakhstan, e-mail: mamilov@gmail.com)

Aemopnap mypanvl monimem:

Tynnyp Kyanviukwizol Xaceneazueéa — On-Papabu amvindazvl Kazax yimmoulx yHusepcumeminiy aza oKblmyublcsl, (Aimamol,
Kazaxcman, e-mail: g96-17@mail.ru)

Mamunos Hooip Llamunvesuy — 6uonocus 2ulibIMOapulubly Kanoudamsl, ooyenm, On-Dapabu amvindazvl Kazax ynimmolk
yHusepcumemi, (Aaimamoi, Kazaxcman, e-mail: mamilov@gmail.com)

Hocmynuno 16 utons, 2024 2o0a
Ipunsmo 20 aszycma 2025 200a

86



3-0011M
QKOJIOT'US

Section 3
ECOLOGY

Pazmen 3
IKOJIOI'Us1



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne3 (104). 2025 https://bb.kaznu.kz

MPHTU 31.27.01 https://doi.org/10.26577/bb202510437

I'.A. Konapo6aena' © , 3.M. Cepra3zunona*” © , B.B. I¢mun’ ©

'MucTuTyT nouBoseaeHus u arpoxumun CO PAH, HoBocubupcek, Poccus
HAO «TopaiirsipoB yauBepcutet», [laBmomgap, Kasaxcran
‘e-mail: mszarinam@mail.ru

K BOIPOCY O INOTEPAX bPOMA B NMOYBEHHbIX OBPA3LIAX
B PE3YABTATE AAUTEABHOTO XPAHEHUS

B AaHHOM cTatbe M3yyeHa npobaema notepb Gpoma npu AAMTEABHOM XPaHEHUM MOYBEHHbIX 006-
pa3uoB. AASl 3TOr0 GbIAM MCCAEAOBaHbI MOYBEHHbIE 06pasLbl KyAyHAMHCKOM paBHUHbI. OCHOBY Mo-
YBEHHOrO MOKPOBA 3TOM PaBHMHbI COCTABASIOT Y€PHO3eMbl M KalUTAHOBbIE MOYBbI HA BOAOPA3AEAbHbIX
MPOCTPAHCTBax, Pa3BMBAIOLLMXCH B OTPbIBE OT FPYHTOBbLIX BOA. Ha CKAOHaX M B MOHMXKEHUSX LLUIMPOKO
pacrnpocTpaHeHbl MOAYTMAPOMOPHbIE U TMAPOMOPMHbIE COAOHLbI U AYrOBbl€ MOYBbI, YaCTO 3aCOAEH-
Hble. B nmouBeHHbIX 06pasLax, 0TO6PAHHbIX MO FEHETUYECKMM FOPU30HTaM, OMPEAEAEHbI COAEPIKAHME
rymyca, rpaHyAOMeTpM1YecKuii coctas no KaumHckoMy ¢ npo6onoAroToBKor nupodocaTom HaTpus,
pH — noTeHunomeTpryecknMm MeTOAOM. Pe3yAbTaTtbl MCCAEAOBaHMS MOKa3aAM, YTO AAUTEABHOE Xpa-
HEHWe MOoYBEHHbIX 06PA3LLOB NMPUBOAMT K OUEHb 3HAUMTEABHbBIM MOTEPSIM BAAOBOTO GHPOMA, YTO MOXKET
BAMSITb HAa AOCTOBEPHOCTb arpO3KOAOrMYECKMX 1 DKOAOTUKO-TEOXMMNYECKMX OLLeHOK. [1poLIeHT noTepb
6pOMa B MCCAEAOBaHHbIX MOYBax BapbMpyeT B MHTepBaAe oT 86,36 % A0 100 %. ITO 0CO6EHHO Ba>kHO
NPV MOHUTOPUHIE COCTOSIHMS arPOAQHALLIA(TOB, OLEHKE BUOreOXMMMYECKMX LIMKAOB M MAQHUPOBAHMM
YCTOMUYMBOIO 3eMAENOAb30BaHus. Hanboablime notepu 6poma HabAAaOTCs B ropnsoHtax BC (100
%) n C (100 %) AYyroBoi COAOHYAKOBOWM CAABGOryMyCMPOBAHHOM CynecyaHoi nousbl KyAyHAMHCKOM
paBHMHBI, a TaKk)Ke B ropn3oHTe B2 (100 %) KalwTaHOBOWM AErKOCYrAMHWCTOM MOUBbl. AHAaAM3 MOYBEH-
HbiX 06PA3LLIOB Ha CoAep>KaHMe GpomMa AOAXKEH ObiTb MPOBEAEH CPasy MOCAE MX BbICYLUMBAHMS U pac-
TMpPKKW. Hamu Takoke n3yueHbl noTepu nmoAa. [NpoLeHT notepb MoAa BapbmpyeT B MHTepBaAe 2-39,02 %.
CTporoit 3aKOHOMEpPHOCTU B MOTEPSIX He 06Hapy>keHo. OnyBAMKOBaHHbIE MCCAEAOBAHMS MO MOTEPSM
MOAQ BbIMOAHEHbI AOCTAaTOYHO AABHO, O NMOTepsix 6poMa BOOOLLE OTCYTCTBYIOT AaHHblIE. AHAAM3 NMOTEepPb
060MX raAOreHOB 3a pasHble NMePUOAbI XPAHEHMS UMEET BbICOKYIO 3HAUMMOCTb AASl arPO3KOAOTMM, OCO-
6EHHO B 30HaX C MHTEHCHBHbBIM CEAbCKOXO3SIMCTBEHHbBIM MCMIOAb30BAHMEM.

KatoueBble cAoBa: nouBa, 6poMm, 110a, NOTePsl, AETy4YeCTb.

G.A. Konarbaeva', Z.M. Sergazinova?’, V.V. Demin'

'Institute of soil science and agrochemistry Siberian Branch, Russian Academy of Science, Novosibirsk, Russia
2NJSC «Toraigyrov University», Pavlodar, Kazakhstan
*e-mail: mszarinam@mail.ru

On the question of losses of bromine in soil samples
as a result of long-term storage

In this article the problem of bromine losses during long-term storage of soil samples is studied.
For this purpose, soil samples from the Kulunda Plain were studied. The soil cover of this plain is based
on chernozems and chestnut soils on watershed areas developing in isolation from groundwater. Semi-
hydromorphic and hydromorphic solonetz and meadow soils, often saline, are widespread on slopes
and in depressions. In soil samples taken according to genetic horizons, humus content, granulometric
composition according to Kachinsky method with sample preparation by sodium pyrophosphate, pH -
by potentiometric method were determined. The results of the study showed that long-term storage of
soil samples leads to very significant losses of gross bromine, the analysis of soil samples for bromine
content should be carried out immediately after their drying and rubbing. We have also studied iodine
losses. The percentage of iodine losses varies in the range of 2-39.02 %. No strict regularity in the losses
was found. Published studies on iodine losses have been carried out quite a long time ago, there are no
data on bromine losses at all. Analysis of losses of both halogens for the same soil sample for different
storage periods would be very useful for making recommendations on storage periods.

Keywords: soil, bromine, iodine, storage losses, volatility.
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¥3ak Mep3iMAi caKTay HOTHXKeCiHAE TOMbIPak, YAriAepiHAeri
OPOMHDIH, XKOFAAYbI

BbyA Makaraaa ToMbIpak, YAriAepiH y3ak, yakbIT cakTay Ke3iHAe OPOMHbIH >KOMbIAY MOCEAEC] 3epT-
TeAareH. OA ywiH KyAbIHADBI >Ka3blfbIHbIH, TOMbIPAK, YATiAepi 3epTTeAAl. ByA >Ka3bIKTbIH, Xep YKaMbIAFbl-
CbIHbIH, HEri3i XXep acTbl CyAapbiHaH GOAIHIN AaMUTbIH BGOAIHETIH KeHICTIKTepAeri Kapa TornblpakTap
MEH KbI3bIA TOMbIPakTapblHAH TYpaAbl. beTkenaepAe xXoHe TOMEH KepAepAe >KapTblAar TMAPOMOPdThbI
KOHE TMAPOMOPMTHI COPTAHAAP MeH KebiHeCe TY3Abl LAAFbIHAbI TOMbIPAKTAP KeH TapaAfaH. [eHeTu-
KaAbIK, rOPM30HTTap GOMbIHLIA iPIKTEArEH TOMbIPAK, YATIAEPIHAE Kapa WipiKTiH Kypambl, HAaTPUIA NMpo-
docdartbiMeH CbiHama AanblHAAY KaunMHCKMIAAIH, rpaHyAOMETPUSIABIK, Kypambl, Ph — noteHumomeTtpms-
ABIK, BAICI @aHbIKTaAAbl. 3epTTey HoTMXKeAepi ToMbIpak, YAriAepiH y3aK, yakbIT CakTay arpoO3KOAOTMUSABIK,
KOHE DKOAOTMMSIABbIK, MEH FeOXUMMSIAbIK, GaFarayAapAblH, AYPbICTbIFbIHA 8CEp eTyi MYyMKIHAIr >KaArmbl
OGPOMHbIH, afTaPABbIKTal XKOFaAyblHA SKEAETIHIH KOpCeTTi. 3epTTeAreH TornblpakTarbl GPOM LbIFbIHbI-
HbIH Naibi3bl 86,36%-aaH 100%-Fa aAeriH e3repeai. byA acipece aybliAlIapyallbIAbIK, AAHALIAg TTAPbI-
HbIH >KaFAanblH 6akblAdy, GMOreOXMMMSIABIK, LIMKAAAPADBI GaFaray KoHe KepAl TypakThbl ManAaAaHyAbl
>KOCMapAay KesiHae eTe MaHbI3Abl. BpomHbIH, eH yAkeH wbiFbiHbl BC (100 %) >xeHe C (100 %) kek-
JKMEKTEPIHAE, COHAAM-aK, KbI3bIA >KEHIA Ca3Abl TombipafrbiHbiH B2 (100 %) kekkueriHae GankaAaAbl.
Bpom KypambIHAaFbl TOMbIPAK, YATIAEPIH TaAAQY OAAPAbI KENTIPin, CYPTKEHHEH KeriH OipAeH XYprisiAyi
kepek. COHbIMeH 6ipre HOATbIH, >KOFAAYbIH 3epTTeAA. MOATBIH, KOFaAy Maiibisbl 2-39,02% apaAblFbiH-
Aa e3repeai. LLbIFbIHAQPABIH KaTaH 3aHABIAbIKTapbl TabbIAFaH >KOK. MOATbIH XOMbIAYbI TypaAbl >Ka-
pUSIAQHFaH 3epTTeYAep y3aK, yakbIT O0Mbl XXYPri3iAAi, OPOMHbIH XKOMbIAYbI TYPaAbl MOAIMETTED MYAAEM
JKOK. Op TYPAI CakTay Ke3eHAEpiHAEri eKi FaAOreHHIH, Ae >KOMbIAYbIH TaAAQy arpO3KOAOIUsl, acipece

aybIA LIAPYALLbIAbIFBIH KO MalAaAaHaTbIH aiMakTap YLUiH >KOFapbl MaHbI3Fa Me.
Ty#in ce3aep: Tonbipak, 6POM, MOA, JKOFAAYbI, YLLMAABIABIK.

BBenenune

Cormacuo [1,2] 6poM — CHIIBHONETYYHH 3JIe-
MEHT, a €ro CoJH JierkopactBopuMsl. Kpome Toro,
M0 MHEHHIO 3THX K€ aBTOPOB BOINPEKU HaOmoaae-
MOH copOuuu O0pomMa OpraHMYECKUM BELIECTBOM U
TIMHAMHU, OH W3BECTEH KaK JIETKOBBIIIEITauynBac-
MBI{ 3JIEMEHT U3 MOYBEHHOTO MPOQUIIS, YTO MOXKET
CBHUJIETENIBCTBOBATh O €ro IOTepsAX B mpoduiie
mouB. Ha nerydectp Opoma yKa3bIBaeT W psif
aBTOpOB. bpom — neTyunii, TOKCUUHBIN 351eMeHT [3-
6]. B cBobogHOM cocTosHUM OpoM HMeEeT
JIBYXaTOMHOE cTpoeHue Br; (B mapax oOHapy>KeHbI
MoJiekyibsl  Bry)  oOycioBieHHOE — BBICOKOH
JIETYYECThIO U HU3KOW PHTANbNIUEH ucnapeHus [7].
[To muenuto Ilepenmbmana [8] BBHAY BBICOKO
XUMHYECKOW aKTHBHOCTH, OpOM TOABMKEH B
mo00i  reOXMMHYECKOW  0OCTaHOBKE,  JIETKO
MUTPHUPYET B BHIE PACTBOPUMBIX COCAMHEHHMH,
penko oOpasys TBepbie MUHEPAIbHbBIC (HOPMBI.

B 10 xe Bpems X0Tenoch Obl OTMETHTH, YTO B
KJIACCUYECKMX Yy4YeOHMKax [0 HEOpPraHMYecKOH
XMMHAM HaMd He HaljaeHo, dYro OpoM —
cupHONETYyund anement [9-10], HO Tpm 3TOM
Pemu [9] momguepkHyTa 3HAYUTENBHO OOJbINIAS

JIETYy4eCTh TaJloT€HOBOJOPOJIOB 0 CPABHEHUIO C
raJIOreHUIaMH IIETOYHBIX METAJIJIOB.

Tak kak B moBezieHUN OpoMa W Hoja B TOYBAx
MHOTO OJIMHAaKOBBIX MOMEHTOB, IIO9TOMY MBI
MOJyMaJd, 4TO B ciydae ¢ OpOMOM M €ro MoTepu
BO3MOJKHBI B PE3YJIbTaTE JUINTEIBHOTO XPAHCHUS.

AHanu3 ipo6 rOpHBIX MOPOJI CBUACTEIHCTBYET
0 CYIIECTBEHHOM CHM)KEHUHU KOHIIEHTpaluy Hoja B
o0Opasax B Ipouecce HX XpaHeHus. Baosoe
coJiepKaHle Hojia TOcCje MATHIETHETO XpaHEHUs
po0 TOPHBIX IMOPOJ CHIKAJIOCH B CpPEeIHEM B 3
pasza, a B OTHENBHBIX ciydasx- B 10-kpaTHBIX
pa3mepax [11].

[lo panneiM Kammnua [12] npu XpaHeHuu
HU3MENBYCHHBIX Npo0 B OyMaKHBIX MaKeTax B
TE€YEHNUU 5 MECSALEB U3 HUX yIeTy4duBanoch 10 80%
(B cpennem 30%) ioma (moaBmxHOM Qopmsl). Tak
YTO 10 MHEHHIO HCCIIEJOBATeNs, HaWIyUlINM
CHoco0OM MpenoTBpAaIleHNs] HOTeph Hoaa SBIsIETCS
COKpallleHHe [0 MHHHMyMa CpPOKOB XpaHEHHUS
mpoo.

Hamu taxke usyuens! notepu ioxa. Ilousen-
Hble 00pa3lbl U3 LIECTH Pa3pe30B, KOTOpPHIE Xpa-
HWIH YIIaKOBAaHHBIMH B JIBOIHBIE IO TUICHOBBIE
MaKeThl, ObUTH MPOAHANIN3UPOBAHBI C MHTEPBAJIOM B
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K Bompocy o morepsix 6poma B MOYBEHHBIX 00pa3Iax B pe3ylIbTaTe QIHTEIBHOTO XPAHCHUS

mIeCTh MecsieB. HekoTopbie pe3ynabTaThl aHaIU3a
npuBeneHsl B tabmune 1. [13]. [Ipoment moreps
fioma Bapeupyetr B uHTepBane 2-39,02 %. Ctporoit
3aKOHOMEPHOCTH B TIOTEPSX HE OOHApYyKEHO,
OJHAKO HEOOXOIMMO OTMETHUTH, YTO OOIBIIHI
MPOTICHT MOTEPh HAOJIOMAETCS B MOYBAX JIETKOTO
TPaHyJIOMETPUIECKOTO COCTaBa, 3TO OOYCIIOBJICHO

CKOpee BCero TeM, YTO B HHUX MeEHbIIE iofa,
XMMHYECKH CBSA3aHHOTO C KOMIIOHEHTaMHU IOYBEI.
VY epxkuBaeMoCTh TMOYBOM HOJa, CBSI3aHHOTO IO
MeXaHU3MaM COpOLMH, KOTOPOH COOTBETCTBYET
JecopOuus, ropasao cinadee, HOITOMY OH M3 IOYB
JIETKOTO TPAaHYJIOMETPUYECKOTO COCTaBa, K TOMY
e 00eTHEHHBIX TYMycOM, TepsieTcs 6osbie [14].

Ta6auna 1 — M3MeHeHne conepxanus Hoaa B HOYBAX B Pe3yJIbTaTe [UIUTEIBHOTO XpaHEHHUs! 00pa3LioB

IToura I'my6una, cm I, MI/KT 1OYBBI CHIKeHHe
Caexuii 00paser Yepes 6 mec. KkoHueHrpauuu I, %
XpaHEH.
[oazon uimoBHaILHO- 6-12 0.16 0.12 25.00
ryMYCOBO-KeJe3UCThIN 12-16 0.13 0.09 30.70
16-22 0.48 0.32 33.33
27-34 0.98 0.82 16.32
39-50 0.25 0.20 20.00
80-90 0.30 0.24 20.00
100-110 0.36 0.28 22.22
I'myGokonepHoBas 4-9 1.98 1.88 5.05
IITyOOKOIOA30IIHCTas 12-16 0.31 0.28 9.67
20-25 0.83 0.76 8.43
45-50 0.63 0.52 17.46
50-58 0.72 0.56 22.22
58-63 0.40 0.32 20.00
IToa3011 HILTIOBHATIEHO- 2-4 0.81 0.75 7.40
JKEJIe3UCThIN 21-27 0.009 0.06 33.30
41-49 0.45 0.31 31.11
57-64 0.69 0.55 20.28
64-69 0.41 0.25 39.02
Cooap sryrosast 10-18 0.70 0.64 8.57
23-30 1.17 1.08 7.69
40-50 2.49 2.44 2.00
67-77 4.51 4.28 5.09
85-95 3.98 3.56 10.55
JlepHoBoO-TI0/130)1MCTAS CO 6-9 1.72 1.60 6.97
BTOPBIM I'YMYCOBBIM 9-14 0.51 0.48 5.88
TOPU30HTOM 14-23 0.44 0.32 27.27
23-32 0.62 0.56 9.67
33-43 0.27 0.19 29.62
44-55 0.40 0.32 20.00
72-82 0.48 0.40 16.67

Kpome toro, morepu Opoma u iioma B pe3yib-
TaTe JUINTEIFHOTO XPAHCHHsI TIOYBEHHBIX 00pa3IioB
00yCIIOBIIEHBI TIPOIIECCAMHU BBICYIIMBAHUS HX, TaK
KaK OIpe/eNieHHe 3JEMEHTOB B CBHIPBIX IMpobax
BO3MOJKHO JIMIF B OYCHHb PEAKUX ciaydasx. [Ipu
BBICYIIIMBAaHUU OOPA3I0B MPOUCXOJUT HCIAPCHUE
cozep:Kalelics B HeH BIIard, a Takke MOTepHU Jer-
KOJIETYYUX XUMHYCCKUX DJIEMEHTOB, K KOTOPHIM
OTHOCATCS OpoM W HOM, TOCIEIHUNA B OOJBIICH
crenienu. [lorepu Opoma, Takke Kak U Hoza, MOTYT
MIPOUCXOANTh B TPOILECCE PACTHPKUA IOYBEHHBIX
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00pa3ioB, KOrja CTAHOBUTCS BO3MOXHBIM YIETY-
yiBaHWE OpomMa W HoJa, €CIM OHM HAXOHATCS B
COCTaBe XHMMHYECKHX COCIMHEHHUH, CIOCOOHBIX K
paspyIIeHHIO.

IToTepu 6poma u ¥ioma, 00yCIOBIICHHBIE XpaHe-
HUEM 00pa3lloB, UMEIOT HE TOJBKO aHAIUTHYEC-
KYI0, HO M arpo’KOJIOTUYECKYI0 3HAYUMOCTb, TaK
Kak MOTYT BJIHATh Ha Pe3yJbTaThl OLCHKH I10Y-
BEHHOTO IJIOZ0PO/INs, OMOJOCTYITHOCTH MUKPO3JIe-
MEHTOB, a TaKKe O0IIETr0 YKOJOTHYECKOTO COCTOS-
Husl arponaHamadToB. B ycnoBusx aHTpomnores-
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HOU HArpy3Kd TOYHAs OIEHKA COJICPIKAHHS dJe-
MEHTOB CTAaHOBUTCS OCOOCHHO Ba)KHOW i pa3-
pabOTKH Mep M0 OXpaHe M BOCCTAHOBIICHUIO TTOYB.

Matepuajabl 1 METOABI HCCIECTOBAHUS

g nanHOTO MICCNIEeNOBAaHUS MBI HCIIOIb30BAJIH
MOYBeHHbIE 00pa3nbl KynyHIMHCKON paBHUHBL.
OCHOBYy TIOYBEHHOI'O TIOKpOBa 3TOW pPaBHUHBI
COCTaBJISIIOT YEPHO3EMbI M KaIlITAaHOBBIE MOYBHI HA
BOJIOPA3/IEIbHBIX MPOCTPAHCTBAX, PA3BUBAIOIIUXCA
B OTpBIBE OT TPYHTOBBIX BoJ. Ha ckioHax u B
MOHMKEHHSIX HINPOKO pacrpocTpaHeHsbl
NOTYTHAPOMOP(HBIE U THAPOMOP(HBIE COTOHIIBI U
JIYTOBBIE TIOUBBI, YaCTO 3aCOJICHHBIE.

[TepBblii KIIOYEBON Y4acTOK pacrojarajics Ha
Oepery pexu baran (HoBocuOupckas o6sacts). B
Me3openbede ObUIM  BBIICICHBI TPH MO3UIMU
(9:1r0BHANIBHAS, TPAH3UTHAS U aKKyMYJISITHBHas). B
JMIOBHAIFHOW 30HE PACIONIOKEH HYEePHO3EM IOXK-
HBIH 1e()OPMHUPOBAHHBIH MaIOMOIIHBIN JIETKOCYT-
JIMHUCTBIN ocosopenbiil (paspe3 1). B TpansutHoi
30HE — JIyroBas CHJIbHOCOJIOHIIEBATasi MajOMOIL-
Hasi TO4YBa MAJIOTYMYCHasi M JIETKOCYTJIMHHCTAs
(pa3pe3 2). B akkyMynATUBHOH 30HE — COJIOHEI
YEPHO3EMHO-TTyTOBOM MEJIKUHA CpeIHECYTJIMHUC-
THIH (paspes 3).

Bropoii y4yacTok pacnoyioXX€H Ha HHU3MEHHOU
paBHHHE B M3Ny4YHHE peku bypna (psmom ¢ cenom
bypna Adraiickoro kpas). Taxoke 3amoxeHa
MOYBEHHAs] KaT€éHa W3 Tpex pas3pe3oB. B amo-
BUAJBHON 30HE pAacHoOJIOKEHa KaIlITaHOBas OCO-
Joaenasl cpelHEeMOIIHAsl JIETKOCYTJIMHHUCTAasl 1104YBa
(pa3pe3 6). B TpaH3WTHOH 30HE — COJIOHEIN Yep-
HO3EMHO-JIyTOBOM  COJIOHYAKOBBIM  BBICOKOTHII-
COBBIH MEJKHI JIETKOCYTIMHHUCTHIA (pa3pes 4) u B
aKKyMYJIITUBHOW — JIyTOBasl COJIOHYAKOBasi Mallo-
TyMycCHas JeTKOCYTJIMHUCTas ouBa (paspes 5).

VYyacrok B nonuHe pexu KynmyHna HaxoauTcs B
ee cpenHeM TeueHuM y c. Huxusas Yymanka Au-
TaliCKOro Kpas. B am0BHANBHON 30HE pAacIoio-
JKEHa JTyTOBO-4YepHO3EeMHasi MaJlOMOIIHas cadory-
MYCHUpPOBaHHasl cynecuaHas mousa (paspe3 7), B
JMIOBHAIEHO—AKKYMYJIITUBHOW 30HE — COJIOHEI]
YEepHO3EMHO-JIyTOBONW COJIOHYAKOBBIN JIETKOCYTIIH-
HUCTBIN (pa3pe3 §8), B aKKyMYJIATUBHOW — JyroBas
COJIOHYAKOBasi MAaJIOMOIIHAs CIIab0TyMyCHpPOBaH-
Has cyrecuaHas rmouna (paspes 9).

B Tabnuue 2 mpuBeneHbl HEKOTOpBIE (HU3HKO-
XUMHYECKUE II0Ka3aTeI U M3MEHEHHE BaJOBOI'O
colepkaHusi OpomMa 10 W TIOCIE AJIUTEIHHOTO
XpaHEHUs! B MOYBEHHBIX 00pa3lax H3yYeHHBIX
katedH. Cpenuue norepu Br (%): 97.53. Cran-
JIapTHOe OTKIIOHeHHe notepsb Br (%): 2.59.

Ta6auna 2 — HekoTopbie pU3NKO-XMMUUECKIE ITOKA3aTeN U U3MEHEHHE BAJIOBOTO COAEPKaHUs OpoMa J0 M MOCIe AIHTEIEHOTO

XpaHCHUA B IOYBECHHBIX 06pa311ax N3YYCHHBIX KaTCH

] . E O RN 215, 2.7 &5

) 2 g g S = S | | EE|c35E| g4

] o = = 5 = =) B, S E Oz o ©

~ = g 2, > - S = =% | 28| &35

~ = 5 [ & 5] =

A+AB | 0-20 1,96 23,3 146 | 62 | 104 0,14 98,65

Pl Baran | UlePHO3CM 10biii B 30-40 | 0,14 24,4 16,7 | 66 4.8 0,37 92,29

JIETKOCYTIMHUCTBIN Bk 62-72 0,09 14,2 2,2 7,4 2,1 0,13 93,81

BC 90-100 0,05 28,1 18,5 7,4 2,3 0,00 100,00

A 0-10 3,81 23,2 7,1 6,3 20,9 0,16 99,23
Anax. 14-24 1,94 26,0 12,0 6,2 - 0,35 -

P2 Baran | JIYTOBaA MaTOMONIAA [T 30-40 | 0,93 36,7 262 | 75 | 167 | 037 | 97,78

HeFKOCyFHI/IHI/ICTaﬂ

B 45-55 0,59 47,0 33,3 7,8 12,5 0,21 98,32

80-90 0,34 63,4 35,8 8,4 10,2 0,11 98,92

A 0-10 3,94 21,4 49 6,4 5,8 0,02 99,66

B 1020 | 2,18 34,6 21,7 | 7,6 9,2 0,05 99,46

P3 Baran Cononert B 20-27 1,30 45,5 31,1 8,3 21,4 0,06 99,72
B 29-39 0,77 40,5 27,7 8,8 - 0,14 -

BC 45-65 0,44 50,6 34,3 9,2 14,1 0,23 98,37

C 90-100 0,22 44 4 27,7 9,2 7,4 0,13 98,24

P4 Bypna CoJ1oHel YepHO3EMHO- A 0-4 5,76 15,1 39 73 5,8 0,15 97,41

JIyroBasi COJIOHYAKOBas B 4-16 2,44 41,4 27,1 - 9,2 0,35 96,20
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Ipooonscenue mabauywvl

JIETKOCYTJIMHHUCTAst B2 23-33 0,71 40,9 28,4 8,7 21,4 0,18 99,16
moyBa B3 38-48 0,54 44,8 31,3 8,2 14,1 0,29 97,94
BC 50-60 0,48 49,2 32,0 8,0 7,4 0,42 94,32
CD 75-85 0,23 21,4 15,2 8,1 5,1 0,21 95,88
103-113 0,25 28,8 19,4 8,2 - 0,10 -
Agepn. 0-7 4,34 25,0 8,8 7,5 23,9 0,11 99,54
A 7-21 2,00 30,4 18,4 7,8 21,0 0,19 99,10
MOI\{ oE/ HYT‘I’;:;OCF;JL‘;Z‘:;’;"BM AB 22-32 1,07 29,6 197 | 84 | 177 0,36 97,97
P5 Bypia JIETKOCYTIHHHCTAs B 50-60 0,54 35,4 24,0 8,3 12,5 0,46 96,32
BC 80-90 0,27 26,0 18,3 7,9 - 0,32 -
C 100-110 0,24 273 18,9 7,7 8,2 0,23 97,20
Asepn. 0-4 3,40 20,4 7,7 6,5 2,0 0,10 95,00
Acrapnax. 4-20 2,12 21,1 8,0 6,7 2,1 0,14 93,33
Kamrranosast B1 22-32 1,14 25,7 16,8 6,5 - 0,08 -
P6 Bypna
JICTKOCYTJIMHHUCTAs B2 45-55 0,75 18,1 12,0 6,8 1,3 0,00 100,00
BCA 65-75 0,61 21,6 14,1 7,6 2,4 0,24 90,00
95-105 0,28 - - 8,0 2,6 0,18 93,08
Anax. 0-20 2,03 11,6 4,7 6,3 3,3 0,06 98,18
7 JIyroBo-uepHo3eMHas | Acrapnax. 20-32 0,97 10,9 5,6 6,7 2,7 0,01 99,63
Kynyna c1ab0ryMyCHpOBaHHAS AB 32-39 0,57 11,2 5,8 6,6 2,2 0,05 97,73
cymnecyanas B 47-57 0,25 11,2 8,4 6,7 1,7 0,16 90,59
BC 85-95 0,19 14,7 10,6 6,9 2,2 0,30 86,36
A 0-11 3,61 16,0 4,3 6,7 6,0 0,05 99,17
P8 COTOHEIL YePHO3EMHO- B 11-24 2,09 442 29,2 8,3 10,4 0,08 99,23
Kynyna JyTOBOM 3 B> 40-50 0,40 32,0 21,7 8,9 14,1 0,09 99,36
JICTKOCYTTTHHUCTBIN BC, 65-75 0,30 36,4 26,6 8,9 23,7 0,21 99,11
C 88-98 0,22 34,5 23,0 8,7 23,0 0,00 100,00
Ax 20-30 0,71 22,3 12,8 7,7 11,7 0,14 98,80
py | Jlyrosai cononuaxosas Mg 43-53 | 025 23,5 173 | 8,1 9,5 0,04 | 99,58
Kynyna | CA0CTYMYCHPOBAMRAS ™50 ™1™ 5090 1013 | 186 | 134 | 84 | 82 | 000 | 100,00
cyrecuaHas
Ck 93-103 0,11 17,9 11,7 8,3 7,9 0,00 100,00
Wupexcpl ropu3oHTOB: Apax. — MAXOTHBIM TOPU30HT, U3MECHEHHBIM BCHAMIKOH; Apxepn. — JAEPHOBBIM TOPU3OHT; Acrapmax. —

CTaponaxoTHHIH Tropu30HT; BCg — TOPH30HTEI ¢ IpU3HAKAMH OTJIeeHHST; Ak — TYMYCOBBII TOPHU30HT ¢ kKapOoHaTaMu; Bk — ropu3oHT
¢ HakoruieHHeM kapboHaToB; BCx — nepexomuslif ropu3oHT ot B k C ¢ npu3Hakamu HakoruieHus! kapooHatos; Ck — MaTepUHCKast

rnopojaa ¢ Kap6OHaTaMPI.

Cymika 00pa3oB MpOU3BOIMIACE TTPH KOMHAT-
HOW TeMIlepaType B CIECIHaIbHO 000pYyIOBAHHOM
nomeneHun. Pacrupanu obpasipl B ¢apdoposoit
CTYTIKE, W TIpocenBaiu dyepe3 cuto 1 MmM. OOpa3ibl
XpaHUJIUCh B IIBOf/iHBIX ITOJIMOTHUJICHOBBIX ITaKETaX
Ip¥ KOMHATHOM TeMIiepatrype u 0e3 JoCTyma cCBeTa.

Onpenenenne OpoMa MPOBOAUIOCH HOIOMET-
pUYEeCKHMM METO/JO0M, N0 MeToanke BuHkiepa.
[IpenBapurensHOe 030JCHUE U NIEPEBOJ B PACTBOP
ocyuecTBisuics no mertonuke B.®. Kamenesa [15].

B mouBeHHBIX 00pasmax, oTOOpaHHBIX IO Te-
HETHYECKHM TOPHU30HTaM, ONpEAETICHbl COJep-
JKaHHE TyMmyca, TPaHyJIOMETPUYECKHI COCTaB IO
Kauunckomy ¢ nmpobonoaroroskoit nupodocharom
Hatpus, pH — NOTEeHIMOMETPUYECKUM METOIOM.

92

Pe3yabTarhl HCCIeI0BAaHUSI M HX O00CYXK-
AeHue

IIpeobnamarorie  GopmMer OpoMa B  pa3HBIX
IIo4yBax:

- B menoyHbIX noysax (pH > 7) npeobnaxator
opomatel (BrOsz™), kotopele oOmagaroT OoJjiee
BBICOKOH  YCTOWYHMBOCTBIO K TIOTEpe dYepes
WCTIapeHUe U BBIIIeTIaYNBaHUE;

- B HEUTpaNBHBIX U CITA0OKHUCIBIX mouBax (pH
5,5-7) ocHOBHBIMH (opMamMu Opoma SBISIOTCS
Opomuzpl (BrT), KOTOpbIE MOTYT OKHCISTBCS HIIU
aJicopOUpOBaThCs HA OPraHMYECKOM BEIECTBE U
MUHEepaax;
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- B kucieix nousax (pH < 5,5) morepu O6poma
HaubOoyiee  3HAYUTENBHBI H3-32  BO3MOXKHOTO
OKHCTICHUSI OpPOMHIIOB IO 3JIEMEHTApHOTO Opoma
(Br2), KOTOPBIH JIETKO YIETy4YHBAETCS.

CornacHo Tabnuie 2, OKHCIeHHe OpPOMHIIOB B
KHUCJIBIX MOYBaX MOATBEPKIEHO BBICOKOM IMOTEpei
6poma (1):

2Br+2H*+%02 — Br, + H,0 (1)

BoccraHosienre OpoMaToB B IIEJIOYHBIX MOY-
BaX, OOBSICHSET OTHOCHUTEIHHO HHU3KHE MOTEPU
opoma (2):

100

97+

96

MoTepu Br, %

95+

X
92k i i

BrO; +3H,0+6e” — Br” +60H™  (2)

UccnenoBanne moteph OpomMa B IOYBEHHBIX
o0paslax IMOKa3alo 3HAYUTEJIbHOE YMEHbLICHUE
€ro CcoJIepXKaHusi B 3aBHCUMOCTH OT YCJIOBHI
XpaHeHus. BaxxHeiMu QaxkTopamu, BIUSIOMIMMHA Ha
norepu, sABIA0TCs pH  mouBBI, rpaHyJOMeET-
PHUECKHI COCTaB U COAEP)KaHUE I'yMyca.

3aBucuUMOCTh TOTeph Opoma oT pH mouBwl —
nmorepu OpoMa BhIIIE B KHCIBIX IOYBaX, HO
OCTalOTCA 3HAYMTENBHBIMM M B  IIEJIOYHBIX
yCIOBHSIX (PUCYHOK 1).

I -

6.5 7.0 7.5
pH no4sbl

8.0 8.5 9.0

Pucynok 1 — 3aBucumocts notepb 6poma ot pH mouBsr

3aBUCUMOCTh TIOTEPh OpoMa OT COIEPIKaHUS
TMIMHBL — TOTepu OpomMa CHWXKATCAd TpHU
YBEIMYCHUH COJIEPXKaHMs TJIMHBI (PUCYHOK 2).
Hawnbomee BBICOKME TOTepu HAOMIOMAOTCS B
TMECYaHbIX U CYIIECUAHbIX ITOYBaX.

3aBHCHUMOCTh TOTEPh OpOMa OT COAEpKaHMS
ryMyca — IpH YBEIHMYEHUHU TyMyca MoTepu Opoma
YMEHBINAIOTCA (PUCYHOK 3). DTO CBSI3aHO C BBI-
COKOH COpOILMOHHOM  CIIOCOOHOCTBIO  OpraHH-
YEeCKOT0 BEIIECTBA.

YcTaHOBJIEHHBIE 3aBUCHMOCTH TMOTEpPh Opoma
ot pH, rpaHynOMeTpHUYECKOr0 COCTaBa U COJEp-

JKaHUST TyMmMyca TOAYEPKUBAIOT HEOOXOAMMOCTH
KOMIUIEKCHOTO arpo3KOJOTHYECKOr0 MOoaXoda K
XpaHEHUI0 W aHalu3y MOYB. DTO OCOOEHHO aK-
TyaJIbHO TIPY arpoXMMHUYECKOM MOHUTOPHHTE, Pa3-
paboTKe TEXHOJIOTHHA yCTOWYMBOTO 3eMIICHCITHS, a
TaKKe MPU MPOCKTHPOBAHUM OE30MACHOI0 XpaHe-
HUS OOpa3loB B pPaMKax JOJTOCPOYHBIX DSKOJO-
TUYECKUX HAOMIONeHN. 3HAaYUTENbHBIE IOTEPH
OpoMa MOTYT WCKa3UTh KapTUHY 3arps3HCHUS
MOYB, CAENaTh HEAOCTOBEPHBIMU arpOXUMHUUYECKUE
KapThl M MPHUBECTH K OMHMOKaM B MHTEPIpPETAINH
Pe3yJIbTaTOB SKOJIOTUYECKOTO MOHUTOPHHTA.
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Pucynok 2 — 3aBHCHMOCTH IOTEPh OpOMa OT COEPKAHUS TIINHBI
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Pucynok 3 — 3aBrcuMocTh OTEPb OpoMa OT CofiepIKaHUsI TyMyca
Kpome Toro, roBopst 0 BO3MOXXHBIX HOTEPSAX IO; +6e+3H,0 — I'” +60H 3)
o 3
Opoma 1o aHaJIOTHUH C HOAOM, JKeIaTeIbHO COTOC-
TaBUTh XUMHYECKHE pEaKIHH, KOTOpblE MOTYT
Bo3moxkna peaknus  (4) MeXAy —OTUMH
MIPOUCXOANTH C 3TUMH TaJIOTEHAMH U CIIOCOOCTBO- -
raJIoreHaMu 1 aHnoHOM ruapokcuna OH [9]
BaThb UX NOTEPsSM. BepoATHOCTH OCYIIECTBICHUS
3TUX peakuui 3aBucAt ot pH noussl. B menounoit ~ ~
cpene OpoMaT- 1 HoJlaT-aHUOHBI O0JIee YCTOMYUBHI, I''+OH =1"+HOr, “)

XOTSI BO3MOKHO MX BOCCTaHOBJICHUE JI0 aJIOTCHU-
agmonoB [10]. VYpaBHeHus, KoTopsle OyayT
MIPUBEACHBI HUXKE, XapaKTepHBI Kak AJisl Opoma, Tak
1 fiofa, mo3ToMy uctoib3dyeM cuMBod «I» (3).
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Uro xacaercss peakmum (2), TO TepMOIUHA-
MUYeckass HeycToWuuBocTh aHnoHa Ol mpuBoauT
ero K peakuuu (5) AUCTIPONOPLHMOHHUPOBAHHS C
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00pazoBaHUEM YCTOMYMBBIX aHHOHOB B IIEIOYHOM
cpene

370" =2I" +I0;, (5)

CKOPOCTh KOTOpPO# OBICTPO  BO3pacTaeT MpH
nepexone ot Br k I, a manee mu6o non 'Oz oc-
Taercs, b0 mo peaknuu (1) BoccTaHABIMBASTCS
JIO TaJloreHu 1- anuoHa [,

[ToMrMMO  OKHCIMTENBHOTO  pacmaga  Jyis
opomuosatuctoit (HOBr) m nognosarucroit (HOI)
KHCJIOT XapaKTepHbl PEaKIuu 10 CJeayroIIen
cxeme (6):

3HOI =2HI + HIO, 6)

Benymue K obpazoBanuio OpomuoBaroit (HBrOs)
win oguosatou (HIOs3) kucnor.

Takum o0Opa3zoMm, peaknud C ydacTHEM
pa3IUYHBIX aHUOHOB OpoMa U Hoja, MPOTEKaoIINe
B IIOYBAX C HEHWTpanbHOH M c1abOKUCIIOH cpenoH,
MPHUBOJAT TONBKO K aHWoHaMm Br um [, a B mie-
JIOYHOH cpene — K OOJBbIIeMy YHCITy MX Hanbolree
YCTOHYMBBIX aHHMOHOB. U dYeM TmpoyHee OHHU
CBSI3aHBI, TEM MEHBIIIE BEPOSITHOCTh UX MTOTEPH.

[TockonmpKy Hac MHTEPECYIOT MOTEPH Opoma Mo
aQHAJIOTUU C HOJOM, TO CIEeAyeT OTMETHTh, YTO B
KHCJIBIX oYBax (Hammpumep, JIEPHOBO-
MOJI30JIUCTBIE TIOYBBI) BO3MOXKHBI peakuuu (7, 8)
MEXIy WoHaMH Opoma W ioma ¢ oOpa3oBaHHEM
CBOOOJHOTO #oAa, B JalbHEWIIEM YJIETY4H-
Baromierocs [16]:

BrO™ +2I" +2H" =1, +Br + H,0, (7)
BrO; +41" +4H* =21, + Br~ +2H,0, (8)

Haubonee ocymecTBuMOii MOXKET OBITH peak-
us o ypaBHeHHIO (7), Tak Kak IS MPOTEKaHMS
peaknuu Mo ypaBHeHHUIo (8) Tpebyercs Ooiee BBI-
COKas KHCJIOTHOCTb CpeIbl, IIOYTH HE BCTpe-
Yalomascs B MOYBaxX 3TOro Ttuma. Tak 4ro OpoM B
KaKOW-TO Mepe CIocoOCTBYeT moTepsaM Homa. s
OpoMuA- U HOAWA-aHMOHOB XapaKTepHa B KHCIOH
cpene emie oxHa peakius (9), HO yxe ¢ moTepei u
OpomMa w® Homa: OpOMHUIBI KOJHYECTBEHHO
OKHUCJIISIOTCS 10 Opoma, a Homuasl — o Hona, (Tae
X = Cl, Br, I) HO ans ocCylIeCTBIEHHSI STHX
peaknuii TpedyeTcsl CHIIBHOKHCIAs cpena [4]:

XO; +5X +6H" =3X,+3H,0, (9)

CymecTByeT W eme OIHO pa3iudyhe MEXIY
OpomoMm m HomoMm. Ilom melicTBHEM COJTHEYHOTO
CBETa M KHUCIIOW cpellbl TPOUCXOJUT OKHCIICHHE
HoJa KHCIOPOAOM BO3AyXa M BO3MOXHBI €ro
MOTEPH C TOBEPXHOCTH MOUBHI (10):

4I_+02+4H+=2]2+2H20, (10)

Jns OpoMa Takas peakius HE XapakTepHa, U
OHA MO3BOJISIET HAM MPEANOI0KUTh, YTO U3-3a ITOU
peaKkMu BO3MOXKHO YBEIUYCHHE BEPOSTHOCTH
MoTeph Hoxa.

Tenepr kpaTko 00CYIUM MPOYHOCTH CBS3H
OPraHMYeCcKOTO BEIleCTBA C MHTEPECYIOUIMMU HaC
raJioreHaM#, JAPYTMMH  CJIOBaMH  TIpoOiieMy
XUMHYECKOTO B3aWMOJICHCTBUS Opoma u Hona ¢
OpPraHMYeCKUM BEIIECTBOM ITOYBBI, BO3MOXKHOCTb
peanu3anuy KOTOPHIX B IMOYBE JOCTATOYHO MHOTO.
BzaumopeiicTBUEe OpraHMYeCcKUX COEIMHEHUN C¢ Br
u | anamornyHo, HO HMeEeTCs OIHO pa3iIUyue.
Bouiblilyto CKJIOHHOCTh OPraHUYECKUX COEIMHEHUIN
K OpOMHUpPOBaHHMIO, HEXEIW K HOJUPOBAHMUIO,
MOKHO OOBACHUTH BO3MOXHOM peakumei pis Cl,
Brul: I'; =1+ 1" [10]. YcroitunBocth noHa I3
3aBUCHUT OT MPUPOJIBI TATOTCHA U XapaKTEPU3YETCS
KOHCTaHTO# paBHOBecus (10):

]

I

paBHOii cootBercTBenHO i Cl, Br, 1 0,2; 16,0 n
700, 1. e ot Cl k I ycTofiunBocTh MoHa '3 OBICTpO
BO3PACTacT, YTO CIOCOOCTBYET B3aUMOJICHCTBUIO
OpraHu4eckux coeauHeHuit Toiapko ¢ Cl u Br . U3
3TOr0 CJleAyeT, YTO MO, B3aUMOJCHCTBYIOIIUI C
OpPraHMYeCKUM BEIIECTBOM, YJIEPKUBAETCS JOCTa-
TOYHO TPOYHO, CIEJOBATEILHO, B 3TOM ClIydac ero
MOTEPH JTOJIKHBI OBITh MEHBIIIE, YeM Opoma.
HecMoTpst Ha 3HaYUTENBHOE KOJUYECTBO BO3-
MOXHBIX PEaKITUii OpoMa U Hoja ¢ OpraHNIeCKUMHU
COEIMHCHUSAMH, MPUCYTCTBYIOIIUMU B MOYBE, YTO
CBUJICTEIBCTBYET OO0 AaKTHBHOM WX CBSI3BIBAHUH,
HEOOXOJAMMO OTMETHUTh, UYTO CBSI3b 3Ta BpEeMEHHAs
u HenpouHas. [lpu Hanmuyuum OJIArONPHUSTHBIX
YCIIOBUM 00pa30BaBIIMECS 110 3TUM PEAKIHIM
OpraHuYecKre rajJouANpPOU3BOIHBIC MOTYT
BCTyMaTh B pEaKIUd C OOMEHOM rajoreHa Ha

(10)

95



K Bompocy o morepsix 6poma B MOYBEHHBIX 00pa3Iax B pe3ylIbTaTe QIHTEIBHOTO XPAHCHUS

Jpyrue aHWOHBI WM TPYIIBI aHUOHOB, YTO MOXET
[PUBOAUTH TNPH OJArONPUATHBIX YCIOBHAX K
notepsM Opoma uiH Hoja, MO0 K MX COBMECTHON
MOTEPH.

I'mopokcunbHas rpynmna KapOOHOBBIX KHCIIOT
JIETKO 3aMelnaeTcs aHMOHaMu Opoma M Homa ¢
0o0pa3oBaHUWEM TAIOMJAHTHIPUIOB KHUCIOT THIA
CnH2:+1COT', a HeHachllleHHbIE KapOOHOBBIE KHC-
JOTHl TaK)Ke JIETKO B3aMMOJICHCTBYIOT € rajore-
HAMH U TaJOTeHOBOJIOPOJAMH, IPHCOCTUHEHUE
KOTOpBIX MPOUCXOAWUT MO ABOWHOM cBsizu [16].
Bonee Toro, kak npucCOeAWHEHHE Tajlouaa IO
KpPaTHOM CBS3U, TaK U 3aMCILCHHE UM aJKHIBHOTO
BOJOpOJA B 3aBHCUMOCTH OT MPUPOABI Tanounaa
MPOTEKaeT €  Pa3IUYHBIM  DHEPreTHYECKUM
adexTomM: XJIOpUpOBaHHE U  OpOMHpOBaHUE
MIPOTEKAIOT C BBIJCIEHHUEM, a HOJUpPOBaHHWE — C
noryomenuem Terta [10,17-19].

@deHOn M ero NPOU3BOAHBIE OPOMHUPYIOTCS
JaXe Jierde, 9eM apOMaTHYeCKHe YTIIEBOIOPOJBI,
TaK KaKk BOJOPO] TUAPOKCUIBHON IPYIIIBI, SBISACH
3aMECTUTENIeM  IEpBOr0  POAa,  HaNpaBisieT
BCTYIAIOIIME aTOMBbl I'aJIOTEHOB B OpPTO- U IApo-
MOJIOKCHUS], 110 AHATOTUYHON CXEeMe MPOHCXOIUT
raJouAMpPOBaHHE apOMAaTU4YEeCKUX aMUHOB, B
KOTOPBIX aMHHOTPYIIINA, TAKKE KaK TMAPOKCUIIbHAS
B (peroNax obmerdaer 3toT mporitecc [17]. Boobme
IIpU B3aUMOJIECHCTBUUA apOMATUYECKUX COECIUHEHUN
C TaJIOTeHaMu, MOCJIeTHUE CBSI3BIBAIOTCS Hanboee
MPOYHO WMEHHO MpPU BHEIPEHHUH B OEH30JbHOE
KOJNBIO, YTO JAaBHO YCTaHOBIEHO. Jlpyrumu
clloBaMH, ecid OpoM W Hoo BHEIPEHH B
OEH30JIbHOE KOJIBIIO, TO B 9TOM CIIydae UX HOTEpU
OyayT 3HAYUTEILHO MEHBIIIE.

UT0OBI TOBOPUTH O BO3MOXKHBEIX MOTEPSAX Opo-
Ma, clefyeT 00CyIuTh Kakue IOYBeHHBIE (pakTophI
MOTYT BIUSTh HAa MEXaHH3Mbl B3aMMOJICHCTBUS
OpoMa W Homa C KOMIIOHGHTAMH TIOYBHl |
HAacCKOJBKO B 3TOM clyyae B 0OOpa3syromuxcs
COEAMHEHMAX OpOM U Hox OyAyT MPOYHO CBS3aHbI.

[lo HameMy MHEHHWIO, K HAM OTHOCSITCS MpO-
mecchl  copOIuu, OOMeHa ©  KOMILIEKCO-
00pa3zoBaHUs.

Hawnbomee mpocToii MeXaHW3M CBS3BIBAHHS
aHMOHOB OpoMma u Hoja — ¢u3nuecKas copOuus, B
MPOIIECCE KOTOPOH OCAKIAOIIUMUCST OOBEMHBIMH
aMOp(HBIMU OCaJKaMU OKCHJIOB H THJIPOKCHJIOB
TIOMUHHS M JKelie3a MPOUCXOJUT COPOIHS U OK-
KITIIO3USl pa3IMYHbIX MOHOB OpoMma u Hoga. CopO-
LUsI BO3MOJKHA 3a CUET NPHUCYTCTBHS aMOpgHBIX
0C3JIKOB OKCHJIOB WM THIPOKCHIOB QIIOMUHHS U
xKeJesa, a Takke Na — MOHTMOPHJUIOHUTA, OJJHAKO
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¢dusnueckas copOIHs COMPOBOXKAACTCS J1ecopO-
[UEH, CIeIOBaTEeIbHO, B 3TOM CIy4ae BO3MOXKHBI
MoTepu Kak Woma, Tak u Opoma. Ecmm xe mmeer
MECTO OKKIJIFO3HsI, TIPH KOTOpPOH BO3MOXKHO BHE]I-
peHre OpomMa U HoJia B yCTOThI, 00Pa3yIOLINXCS B
OKPHCTAITM30BAaHHBIX MUHEpaiax Ioj JeiicTBHEeM
BJIaTM W TEMIIEPATYPHI, TO B ITOM CIIydac HHTE-
pecylole Hac TajoreHbl JOJKHBI YIepKUBATHCS
MpPOYHEe, YTO MOXKET B KAKOW-TO CTEIIEHW CHU3HTH
nx notepu. K o6pazoBaHIIO KOMITJIEKCHBIX HOHOB C
M30BITKOM HMOHOB OpomMa M HoJa MPOSIBIISIOT
CKJIOHHOCTh QIIOMUHUH M JKeje30, 4YTo Ooee
BEIPaXKEHO B "MHTPa30HAIBHBIX MOYBax,
000TaICHHBIX TaJIOTCHAMH.

Bcenencreue nerydectu 6poma, 0 KOTOPHIX CBH-
NETENBCTBYIOT psix aBTopoB [1,3,4, 20] BO3MOKHBI
€ro MoTepyu M C MOBEPXHOCTH IOYBBI, MPH STOM
OOJBINNI MPOLEHT MOTEPh JOKEH OBITh B MOYBAX
JIETKOTO TPaHYJIOMETPUYECKOTO COCTaBa, B KO-
TOPBIX, MOXKET MPeodJiazaTh OPOM, CBSI3aHHBIN 110
MEXaHU3MaM COpOIMM M OKKIIIO3MH, HEKENIH 32
cYeT XUMHUYeCKHx peakiuil. IlomMmumo peakmuu
MTOYBEHHOW CpeNbl M COJepKaHMsI TyMyca Ha Mpod-
HOCTh CBSI3BIBaHUS OpoMa B TOYBEHHOM Tpoduie
M0 aHAJIOTUU C MOJOM BIIMSIOT TPaHYJIOMET-
puueckuii  coctaB 1mouB. bojee  3HaumMoe
KOJMYECTBO  WIUCTOM  (ppakmmm  crmocoOHO
yAEpKUBATh U OO0JIbIIICE KOJIMYSCTBO T'aJIOTeHA.

[lo Hamemy MHeHUWIO, 0oJee HeXelaTeIbHBIM
SIBJISTFOTCSI TTIOTEPH HOJ[a HE TOJIBKO TI0 MPUINHE €TO
JIOCTATOYHO HU3KUX KOHIIEHTPAIUi B IOYBax Iora
3amagHort Cubupu [21], UCKIIOUEHUEM SIBIISIOTCS
WHTPa3OHAGHBIE TOYBBI, HO W MO TOH PO,
KOTOPYIO OH MIPAeT B JKU3HH KHBBIX OPraHHU3MOB.
Bpom Takxke HEOOXOIMM JUIsS YKUBBIX OPTaHU3MOB
[22-25], x0T moaroe BpeMsi €ro 3CCEHIUaTbHOCTh
He ObLTa TOYHO MOJTBEP)KIACHA W TOJBKO HEJIABHO
yueHble BaunepOunbsckoro yausepcutera (CILIA)
YCTaHOBWIH, 4TO Oe3 Opoma MOJIEKYJbl KoJlareHa
IV tuna, urparomue BaXHYH pPOJib B COXPaHEHUU
SMUTEIUAIBHBIX M SHAOTCIHANBHBIX KICTOYHBIX
000J104eK, HE MOTYT CBSI3BIBATHCS JIPYT C IPYTOM
OJDKHBIM  00pa3oM st 0O0pazoBaHUs CTPYKTYp-
HOro OenKa COeAWHWUTENIbHOM TKAaHH, YTO MOXKET
MIPUBECTHU K HapyIIEHUIo e€ pa3BuTHs [26].

Takum 00pa3oM, BEICOKast MOIBUKHOCTh Opoma
B PAa3IUYHBIX T'€OXUMHYECKHX YCIOBHSIX H €ro
CIOCOOHOCTh MUTPHUPOBATh B BHJIC PACTBOPHMBIX
COCTUHCHHUI MOTYT OOBSCHATH 3a()MKCHPOBAaHHBIC
B JIaHHOM HCCIIEZIOBaHUU 3HAYUTENbHBIE TOTEPH
3JIeMEeHTa TP JUTUTEIHHOM XpaHeHHH 00pa3noB. B
MpOLECCE  XPaHEHHS  BO3MOXKHBI  INPOLIECCHI
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UCIIapeHUs] PACTBOPUMBIX COCIUHECHUU Opoma, ero
JIecCOpOIMM C TIOBEPXHOCTU TMOYBEHHBIX YACTHI] H
MOCJICYIOIIETO BBHIMBIBAHHUSI, OCOOCHHO B YCIIO-
BUSX W3MCHCHUS BIAXHOCTH oOpasios. s
OIICHKH IMOoTeph OpoMa B Tpolecce XpaHEeHUs
BOXHO YYHTHIBATH €0 HCXOIHOE COIEp’KaHUe B
cBexxux oOpasitax. [IpoBeseHHbIN aHATU3 MTOKa3all,
YTO KOHIICHTpaIus OpoMa B CBEKUX 00paslax 3Ha-
YUTENBHO BBIMIE, YEeM IIOCNIE IITUTEIILHOTO Xpa-
HEHUs, IPU 3TOM THoTepu AocTuraioT 86,36—100%.
OTO MOATBEPXKIAET, YTO HEMEJICHHBIA aHalu3
cpasy mocie oTOopa MNpod TMO3BONSIET TONYYHTh
HanOoJiee TOYHBIC MAHHBIC O CONEPKaHWH OpoMa,
WCKJIFOYAas BIUSHHUE JICTYYCCTH U BhIIIEITAYUBAHMSL.
OnTUManeHBIA TIEPHOJ COCTaBIsieT He Oonee 3—5
ITHEH TTOoCIIe BBICYIIMBAHUS W PACTHPKH, TaK KaK B
3TOT HUHTEPBAI IMOTEPU DJIEMEHTa MUHHUMAJIbHBI,
I[lpu  HEOOXOMUMOCTH 0ojiee  JUIMTEIILHOI'O
XpaHEeHHS CJIeIyeT WCIOIb30BaTh TEePMETHUHYIO
VIIAaKOBKY, MCKJIIOYAIONIYI0 KOHTAKT C BO3IYXOM H
BJIArOM, a TaK)Ke MOHIKEHHYIO TeMIIepaTypy, 4To
3aMeJUIUT UCTIapeHHE U 1ecopOIvio Opoma.

3akjaroueHue

Takum 00pa3om, NpoBeNEHHBIE HAMH HCCIIe-
JO0BaHHA IIOKasaJii, 4YTO IJIUTCIbHOC XpaHCHUC
MOYBEHHBIX 00pa3loB (B HamieM ciydae 3 roja)
NPUBOIUT K KpailHE 3HAYUTENbHBIM MOTEPSIM
BaJIOBOT'O OpOMa, 4TO MOXKET UCKa3UTh PE3YIIbTAThI
MOYBEHHO-IKOJIOTUUECKOT0 aHanu3a. JTO HMeeT

BQXKHBIE IKOJIOTHUECKHE MOCIEACTBUS, MOCKOIBKY
BIUSAET Ha TOYHOCTh OIEHKU COACpNKAHUS
MHKPOJJIEMEHTOB, HEOOXOIUMBIX ISl arpodKOJI0-
FHYECKUX, OMOTCOXUMHUUECKUX ¥ MOHUTOPHHIOBBIX
uccienosanuil. [lorepu Hoaa Takke 3HAYUTEIbHBI,
OCOOCHHO B YCJIOBHSAX IIOYB C HH3KUM COJIEp-
JKaHUEM TyMyca, 9TO JOTOJHUTEIBHO YCIOXKHSICT
arpOXMMHUYECKYI0 HHTEPIPETANIO JaHHBIX. J[7s
o0OecrieueHus] JTOCTOBEPHOCTH OJKOJOTHYECKUX U
arpOXMMHUYCCKUX 3aKITIOUCHUN aHaIN3 ITOYBECHHBIX
o0pa3lioB Ha cojaepkaHue OpoMa U ioja
HEOOXOJMMO TPOBOJUTh B KpaTyalllie CPOKH
[I0CJI€ UX BBICYIIMBAHUS U PACTUPKU. 3HAYUMOCTh
MOJIyYEHHBIX JaHHBIX BO3pacraeT Ha (OHE BHI-
30BOB, CBSI3aHHBIX C OOECIEUCHUEM IPOJIOBOIb-
CTBEHHOHN 0€301acHOCTH, OXPAaHOH arpo’KOCHCTEM
U YCTOMYMBBIM 3€MJIETNIOJIb30BaHUEM. Pe3ynbTarhbl
JAHHOTO HCCJIEOBAHUS MOTYT CIY>KUTH OCHOBOM
U pa3pabOTKU MPAKTHYECKUX PEKOMEHIAINH 10
arpo3’KOJIOTMYECKOMY ~ MOHMTOPHUHIY, 3KOJIOTH-
YECKA  OPUCHTHPOBAHHOMY  IPOEKTUPOBAHHIO
CENBCKOXO3IMCTBEHHBIX CHUCTEM M MUHHUMU3AIUI
MOTEPD JIETYUHX JIEMEHTOB B OYBEHHOM cpene. C
Y4ETOM TOTO, YTO OIyOIMKOBAHHBIE FICCIIEIOBAHI
[0 TIOTEPSM #OAa OBLIM BBIMOJHEHBI JIOCTATOYHO
JABHO, a JaHHBIE O TMOTEpsAX OpoMa MPaKTUYECKH
OTCYTCTBYIOT, OCOOEHHO B COIIOCTAaBIEHHH C
HomoM, aKTyaJIbHBIM u MIEPCTIEKTUBHBIM
HalpaBJCHUEM MPECTaBISACTCS CHUCTEMAaTHYECKOe
M3y4YeHHE NWHAMHUKHU TMOTeph O0OWX TallOTEHOB B
3aBUCUMOCTH OT CPOKOB U YCIIOBUI XpaHEHUSI.
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ENVIRONMENTAL AND BIOLOGICAL FEATURES
AND ASSESSMENT OF THE CURRENT STATE
OF ZYGOPHYLLUM FABAGO L. (ZYGOPHYLLACEAE)
POPULATIONS IN THE ILE-BALKHASH REGION

The scientific article highlights the ecological and biological characteristics of populations of Zygo-
phyllum fabago L. (Zygophyllaceae) growing in the lle-Balkhash region of Almaty Region. The article
analyzes the current state of Zygophyllum fabago L. cenopopulations, its morphological features, life
forms, and ecological reactions in saline and semi-desert ecosystems of the lle-Balkhash region. The flora
of Zygophyllum fabago L. populations consists of 71 species from 47 genera and 20 families. The domi-
nant ecological groups are xerophytes (42.25%), mesoxerophytes (28.17%), and mesophytes (14.08%).
The leading families are Chenopodiaceae (21.13%), Fabaceae (16.90%), and Asteraceae, which together
make up 60.56% of the total flora. The study revealed the high salt tolerance of Zygophyllum fabago
L., which allows it to play an important role in soil stabilization and biodiversity conservation in the
lle-Balkhash region. In traditional medicine Zygophyllum fabago L. is widely used as an antiseptic, anti-
inflammatory, and wound-healing agent. A taxonomic, ecological, and geographical analysis of the flora
of Zygophyllum fabago L. populations emphasizes the uniqueness and biodiversity of the ecosystems in
the lle-Balkhash region. The data obtained emphasize the need to take measures to preserve this species
and ensure the sustainable use of its resources.

Keywords: Zygophyllum fabago L.; Zygophyllaceae; coenopopulation; lle-Balkhash region.

I. KaripaHoBa'*, A. Mamyposa', I'. EcxxaHoBa',
A. PaxbimxkaH', A. benaTtabl?
'9A-Mapabu atbiHAaFbl Kasak, yATTbIK yHMBepceuTeTi, aa-Dapabu 71, Aamarsl, KasakcraH

2 MeamumHa fbiabIMAApbIHbIH, YHuBepcuTeTi, blctambya, Typkus
*e-mail: gulzat-amanzholova@mail.ru

Ine-baakawu enipinaeri Zygophyllum fabago L. (Zygophyllaceae) nonyAsiuMsiAapbIHbIH,
3KOAOTUSIAbIK, YKOHE OMOAOTUSIAbIK, epeKILeAiKTepi MeH Kas3ipri )xaFAaibiH 6aFaray

fbiAbIMM MakaAapa AAMaTbl OOAbICHIHBIH, IAe-baAkall eHipiHae eceTin Zygophyllum fabago L.
(Zygophyllaceae) nonyAumMsAapbliHbiH 3KOAOTMSIAbIK, )KoHE BUOAOTUSIABIK, €pEeKLLIEAIKTEPI KapacCTbIPbIA-
faH. Makaaapsa Zygophyllum fabago L. ueHononyAsumscbiHbIH, Kasipri >karAanbl, Iae-baakain eHipi-
HiH TY3Abl >)K8HE LLUOAENTTI dKOXKYeAepiHAeri MOPOAOTUSABIK, epeKLIeAiKTepi, TIpLWiAik (hopMarapsl
MEH 3KOAOTMSIAbIK, peakumsiAnapbl TaapsaHaAbl. Zygophyllum fabago L. nonyasumsicbiHbiH, haopach! 47
TYKbIMAQC MeH 20 TYKbIMAACTbIH 71 TypiHeH TypaAbl. bacbiM 3KOAOTMSAbIK, TONTapFa KcepoduTrep
(42,25%), me3okcepopuTtTep (28,17 %) aHe mezoputTep (14,08%) >kaTtaabl. XKeTekLli TyKbiIMaaCcTap-
ra Chenopodiaceae (21,13%), Fabaceae (16,90%) »xoHe Asteraceae >kaTaAbl, OAAP XaAMbl (PAOPaHbIH
60,56% Kypanabl. 3epTTey HaTuxeAaepi Zygophyllum fabago L. eciMairiHiH Ty3Abl TOMbIPAKKA XOFapbl
TO3IMAI eKeHiH KepceTTi. ByAa KacueT oraH lae-baAkall aMarblHAAFbI TOMbIPAKTbl TypakTaHAbIPYFa
KOHe BMOaAYaHTYPAIAIKTI cakTayFa eAeyAi YAeC KOCyFa MYMKIHAIK 6epeai. XaAblk, MEAMLIMHACLIHAA
Zygophyllum fabago L. aHTUcCenT1KaAbIK, KabblHyFa KapChl XXOHE XapaAapAbl EMAENTIH areHT peTiH-
A€ KEHIHEeH KOAAaHbIAaabl. Zygophyllum fabago L. nonyasumsianapbiHblH (PAOPAChIHA TAKCOHOMMSIABIK,
DKOAOIUSIABIK, >KOHe reorpadmsAbiK Taaady Iae-baAkall alMarblHbIH, 3KOXKYMEAEPiHIH, aipbIKLLbIAbIFbI
MeH 61OoaAyaHTYPAIAITiH KepceTeAl. Makaraaa kepceTiareH HaTuxkeaep Zygophyllum fabago L. TypiH
caKTay >KoHe OHbIH PecypCTapbiH TYPaKTbl MaiAaAaHYAbl KaMTaMachi3 €Ty GOMbIHLLA WapaAapAblH, Ka-
XKETTIAITIH KepceTeai.

Tyiiin ce3aep: Zygophyllum fabago L.; Zygophyllaceae; uenononyasums; Iae-baakaii eHipi.
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DKOAOTMYECKHEe M BUOAOTMUYECKME 0COGEHHOCTHU M OLLeHKA TeKYLLLEero COCTOSIHMS NMOMYASILLMHI
Zygophyllum fabago L. (Zygophyllaceae) B ne-baAxailickom permoHe

B HayuHOM cTaTbe paccMaTpUBalOTCS 3KOAOrO-OMOAOTrMYECKME OCOOEHHOCTM MOMYASLMIA MapHO-
AVUCTHMKA 00bIkHOBEHHOTO (Zygophyllum fabago L.) (Zygophyllaceae), npouspacraiowero B Mae-baa-
XalCKOM parioHe AAMaTHMHCKOM obAacTu. [NpoBeAeH aHaAn3 COBPEMEHHOIO COCTOSIHUS LIEHOMOMYASLIMIA
napHoAncTHUKa 6060Boro (Zygophyllum fabago L.), ero MOpgOAOrMUYecknx 0COBEHHOCTEN, KM3HEH-
HbIX (DOPM M IKOAOTMYECKMX peakLiMii B 3aCOAEHHbIX M MOAYNYCTbIHHbIX 3KocucTemax Mae-baaxalucko-
ro permona. MAopa nonyAsumii NapHOAMCTHMKA 6060Boro (Zygophyllum fabago L.) npeactasaeHa 71
BMAOM 13 47 poAOB U 20 ceMencTB. AOMUHUPYIOWMMU IKOAOTUYECKMMM TPYNNaMM SIBASIOTCS KCepo-
duTbl (42,25%), me3zokcepouTbl (28,17%) 1 me3outbl (14,08%). Beaywimmm cemencTBamm SBAS-
io1cs Chenopodiaceae (21,13%), Fabaceae (16,90%) n Asteraceae, KOTopble B COBOKYMHOCTM COCTaB-
Aft0T 60,56% OT 00Len pAopbl. B pesyAbTate MCCAEAOBAHUS BbISIBAEHA BbICOKAsi COAEYCTOMUYMBOCTb
Zygophyllum fabago L., 4To No3BOASET emy UrpaTb BaXkKHYIO POAb B CTaBMAM3ALIMM MOYB U COXPAHEHWM
6ropasHoobpasms B Mae-baaxauickom pervone. B HapoaHon MeaunumHe Zygophyllum fabago L. wm-
POKO MCMOAb3YETCS KakK aHTMCENTUUYECKOE, MPOTMBOBOCTIAAUTEABHOE U PAHO3AXKMBASIOLLIEE CPEACTBO.
TakCOHOMMYECKMI, IKOAOTO-reorpacmueckmin aHaams aopbl nonyasumuin Zygophyllum fabago L. noa-
YepKMBAET YHUKAAbHOCTb M BropasHoobpasme skocuctem Mae-baaxawckoro pernoHa. IoAyyeHHble
AaHHbIE MOAYEPKMBAIOT HEOOXOAMMOCTb MPUHATUS MEP MO COXPAHEHMIO 3TOTO BMAA M OOECneYeHUto

YCTOMYMBOrO UCMOAb30BaAHMS €ro pecypCcos.

KaroueBble caoBa: Zygophyllum fabago L., Zygophyllaceae, ueHononyasums, Mae-baaxatuckmi

PErnoH.

Introduction

The Ile-Balkhash region is located in the cen-
tral part of Kazakhstan, covering an area of approxi-
mately 200,000 km?. It includes the Ile River Basin
and the northern shore of Lake Balkhash. The region
encompasses semi-desert, steppe, and mountainous
areas, highlighting its unique landscape. The cli-
mate in the Ile-Balkhash region is characterized by
significant seasonal temperature variations. In sum-
mer, temperatures can rise to 40°C, while in winter,
they drop below -30°C, with average annual temper-
atures ranging from 7°C to 12°C in some areas [1].

The Ile River is a vital water source for both
humans and wildlife. Originating in the Tien Shan
Mountains, it flows into Lake Balkhash. The re-
gion’s topography is diverse: the northern part fea-
tures flat terrain and gentle slopes near the Ile Basin,
whereas the southern part is characterized by rising
landscapes leading to the hills of the Alatau Moun-
tains. Additionally, the Ile River delta contains wet-
land areas that serve as crucial stopover sites for mi-
gratory birds [2]. The region supports a wide range
of biodiversity, including salt-tolerant plants and
desert species. Many of the species inhabiting the
area have developed adaptations to survive its harsh
environmental conditions. Although agricultural ac-

tivities are present, the region faces challenges such
as water scarcity, desertification, and pollution [3].

To protect the ecosystem of region, including its
endangered species, and to maintain biodiversity,
the Ile-Balkhash State Reserve was established. It
is situated between 45° N latitude and 75°-80° E
longitude, extending from the Ile River in the west
to the eastern shores of Lake Balkhash. To the north,
it is bordered by the Chu-Ili Mountains, while its
southern boundary is adjacent to the Gobi Desert.
In addition to its ecological significance, the reserve
holds economic value in agriculture, wildlife con-
servation, and sustainable tourism [4].

The Ile-Balkhash region in the southeastern part
of Kazakhstan is a part of the lager Ile River Basin.
It has various desert, semi-desert landscapes, saline
wetlands and river valley [5]. The structure of this
environment makes the region suitable to study Zy-
gophyllum fabago L., salt-tolerant plant species be-
longs to the family of Zygophyllaceae. 1t has ability
to survive in saline soil conditions of Central Asia [6].
Zygophyllum fabago L., a perennial herbaceous plant
normally found in solonchaks of Ile-Balkhash region,
has developed adaptations to extremely salt environ-
ment and possesses the ability to store moisture dur-
ing dry periods because of drought-resistant leaves.
The plant typically reaches a height of 30-75 cm and

101



Environmental and Biological Features and Assessment of the Current State of Zygophyllum fabago L....

displays a branching growth form. Its capsule is cy-
lindrical in shape, short or long, drooping or deflected
downwards with a length of 15-40 mm. Flowering
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occurs primarily between April and June months,
with the species favoring desert steppe ecosystems,
particularly in salty or sandy substrates [7-8].
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Figure 1 — Map of the Ile-Balkhash region, Almaty district

Zygophyllum fabago L. plays a crucial role in
stabilizing erosive soils; this feature allows it to
reduce the effects of wind and water degradation.
It contributes to the long-term maintenance of soil
structure and fertility. Additionally, this plant is an
important component of the local food web, serving
as a food resource for various desert-adapted her-
bivores and providing shelter for insects and other
small animals. All these features make Zygophyllum
fabago L. one of the major contributors to biodiver-
sity conservation in the region’s saline and semi-
arid environments, further enhancing its ecological
importance in this fragile habitat [9-10].

Studies on the distribution of Zygophyllum fa-
bago L. within the Ile-Balkhash region demonstrate
a strong correlation between its prevalence and the
ecological conditions of solonchak habitats. The

102

species exhibits exceptional adaptability to high-
salinity soils and is one of the few dominant plant
species capable of thriving in such environments.
Therefore, it plays an essential role in shaping the
structure and composition of local plant communi-
ties.

Additionally, Zygophyllum fabago L. has eco-
nomic significance. Its seeds have been used in med-
icine, and chemical analyses have been conducted
to study its biological properties. This highlights its
potential applications in the pharmaceutical and ag-
ricultural sectors [11].

Recent ecological surveys on Zygophyllum fa-
bago L. populations in the Almaty region have re-
vealed significant environmental pressures affecting
the species. While the plant has developed a strong
capacity for survival in saline and arid conditions, it
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remains highly vulnerable to prolonged disturbances
in the region’s water balance. It also faces additional
threats, such as overgrazing, agricultural expansion,
and urban sprawl, which further endanger its habi-
tat. Conservation initiatives have been undertaken
to protect solonchak ecosystems, contributing to the
persistence of this valuable species amid environ-
mental changes [12—13].

Materials and methods

2.1. Research objects

Species Studied: Zygophyllum fabago L.
from the family Zygophyllaceae. The studies
were conducted in 2024 within the natural phy-
tocenoses of the Ile-Balkhash region, Almaty re-
gion (Table 1).

Table 1 — Cenopopulations of the species Zygophyllum fabago L. were discovered during field studies

Species, P/CP number Geographical distribution GPS coordinates & elevation
Z.Fabago L. Balkhash-Alakol Flora Reserve, Almaty Region, Balkhash N 45,05190519;
P1/CP1 District, Near the settlement of Topar. Delta of the Ili River. E 75,00765995; h-362 m.
Z.Fabago L. Balkhash-Alakol Flora Reserve, Almaty Region, Balkhash N 45,06234703;
P1/CP2 District, Near the settlement of Topar. Delta of the Ili River. E 75,07622249; h-360 m.
Z.Fabago L. Balkhash-Alakol Flora Reserve, Almaty Region, Balkhash N 45,07735082;
P1/CP3 District, Near the settlement of Topar. Delta of the Ili River. E 75,14082324; h-355 m.
Z.Fabago L. Balkhash-Alakol Flora Reserve, Almaty Region, Balkhash N 44,91989194;
P2/CP1 District, Near the settlement of Bakanas. Saryesik-Atyrau. E 75,982814; h-389 m.
Z.Fabago L. Balkhash-Alakol Flora Reserve, Almaty Region, Balkhash N 44,8617504;
P2/CP2 District, Near the settlement of Bakanas. Saryesik-Atyrau. E 76,15751952; h-396 m.
Z.Fabago L. Balkhash-Alakol Flora Reserve, Almaty Region, Balkhash N 44,8071172;
P2/CP3 District, Near the settlement of Bakanas. Saryesik-Atyrau. E 76,32089236; h-400 m.
Z.Fabago L. Balkhash-Alakol Flora Reserve, Almaty Region, Balkhash N 44,57463061;
P3/CP1 District, Near the settlement of Bakbakty. Saryesik-Atyrau. E 76,69245509; h-415 m.
Z.Fabago L. Balkhash-Alakol Flora Reserve, Almaty Region, Balkhash N 44,52143244;
P3/CP2 District, Near the settlement of Bakbakty. Saryesik-Atyrau. E 76,73579867; h-415 m.
ot | Pt Ao o Ko M oo Bl | s
P3/CP3 strict, Neat the settiement of Viyaly. Along te canal. E 76.740675; h-420 m.
Saryesik-Atyrau.

Notes: P-populations; CP — coenopopulations; N — north, E — east; h — above sea level.

Research methods

The main methods used to study the morpho-
logical and biological characteristics of Zygo-
phyllum fabago L. included observations of its
morphological signs, biological characteristics,
taxonomy, and floristics. Traditional geobotanical
research methods were applied, focusing on the
coenopopulations of Zygophyllum fabago L. and
their interactions with the environment. The geo-
botanical characterization of the coenopopulations
was conducted as extensively as possible, and their
locations were recorded using GPS (Garmin eTrex
22x).

Fieldwork employed a route reconnaissance
method, in which plants were identified and sampled
while moving along predetermined routes. This ap-

proach allowed for the survey of large areas and the
assessment of species diversity. Population studies
were conducted using standard methods in modern
plant population biology [14—19].

Herbarium samples were collected and pro-
cessed following established procedures. Zygo-
phyllum fabago L. specimens were placed in her-
barium folders with detailed information on the
collection locality, date, and collector. The mate-
rial was dried and examined under binocular mag-
nifying glasses after fieldwork. Herbarium sample
collection and preparation adhered to traditional
procedures [20].

Species identification and taxonomy were car-
ried out in the laboratory using multi-volume refer-
ence books [21-23]. The species and generic classifi-
cation of Zygophyllum fabago L. in the Ile-Balkhash
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region was based on the classifications of Abdulina
and Cherepanov [24, 25]. The analysis of life forms
followed the classification system of Serebryakov
[26]. To confirm species identification, a portion of
the collected material was preserved and shipped to
the Institute of Botany and Phytointroduction, Al-
maty, Kazakhstan, for herbarium storage (voucher
no: 05/337).

During the field survey, three populations of
Zygophyllum fabago L. were identified, each con-
sisting of three coenopopulations, totaling nine coe-
nopopulations. The morphological characteristics of
the species were examined in both living plants and
herbarium specimens.

Statistical review of measurement data in Mi-
crosoft Excel 2019. The methods of the described
statistics were compared, including the calculation
of mean values, standard deviations (SD). Statistical
significance was assessed at a mean innovation level
of p <0.05.

Results and discussion

Plants population identification

To determine the natural habitats of Zygophyl-
lum fabago L. around the Bakanas settlement area
in the Ile-Balkhash and Almaty regions, expedi-
tion routes were mapped, flowering periods were
recorded, and ecological niches were studied. This
research was conducted through the examination of
herbarium specimens from the central collection of
the Institute of Botany and Phytointroduction.

The natural habitats of Zygophyllum fabago L.
in these regions are characterized by yellowish, low-
humus soils (Figure 2).

As a result, to the survey of expeditions, there
were three large populations (each population has
three coenopopulations) of Zygophyllum fabago
L. recorded in varied phytocenotic and ecological
habitats. They were found on parent rocks outcrops,
low-humus sands, and loamy sandy soils (Fig. 2).

Figure 2 — Population of Zygophyllum fabago L. identified in the Ile-Balkhash, Almaty district

Ecological groups of populations

The flora of the studied populations of Zygo-
phyllum fabago L. in the Ile-Balkhash region of the
Almaty region comprises 71 species from 47 gen-
era and 20 families. Key indicator species include
Sophora alopecuroides, Petrosimonia brachiata,
Ceratocarpus arenarius, Krascheninnikovia cera-
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toides, Climacoptera lanata, Ceratocarpus utricu-
losus, Acroptilon repens, Descurainia sophia, and
Lepidium perfoliatum. The primary factors limiting
the distribution of these species are intense compe-
tition within phytocenoses, anthropogenic impact,
and specific ecological requirements. The main eco-
logical groups of plants in the populations of Zygo-
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phyllum fabago L. are as follows: Mesophytes — 10
species (14.08%), Mesoxerophytes — 20 species
(28.17%), Mesohygrophytes — 5 species (7.04%),

AT THE SPECIES LEVEL

AT THE GENUS LEVEL

u Other families

Cruciferae (Brassicaceae) » Asteraceae

u Chenopodiaceae

u Selanaceae

Xerophytes — 30 species (42.25%), Hemixero-
phytes — 2 species (2.82%), Hygrophytes — 2 spe-
cies (2.82%), Euryhaline plants — 1 species (1.41%)

u Polygonaceae

u Fabaceae

Figure 3 — Leading flora families of Zygophyllum fabago L. populations
a) At the Genus Level; b) At the Species Level

The results indicate that the dominant families
in the flora of Zygophyllum fabago L. in the lle-
Balkhash area are Chenopodiaceae and Fabaceae,
comprising 15 species (21.13%) and 12 species
(16.90%), respectively. Along with Asteraceae,
Cruciferae, and Polygonaceae, these families ac-
count for 43 species (60.56%) of the vegetation in
these populations. In comparison, the remaining 15
families collectively represent 28 species (39.44%).

Floristic diversity typically depends on the eco-
logical conditions such as soil salinity, low humus
content, and periodic water scarcity. Regional het-
erogeneity and climate are also significant factors
that affect the flora of Zygophyllum fabago L. popu-
lations in the Ile-Balkhash region. The life form
analysis indicated that herbaceous plants, predomi-
nantly xerophytes, were the most frequent. These
species are best adapted to the specific conditions of
salt marshes and sandy soils, where high salt levels
and low soil fertility set the terms for plant existence.
Shrubs and semi-shrubs (hemicryptophytes and mi-
crophyllophytes) account for a smaller proportion
of the flora (Table 2). This is due to the harsh con-
ditions of salt marsh and sandy landscapes, where
shrub growth is limited by high salinity and poor
nutrients. Overall, the flora mainly consists of spe-
cies typical for salt marshes and poor sandy habitats.
As already stated, the most conspicuous life forms
of this area are annuals and herbaceous perennials,

which have a wide ecological range and are salt-
tolerant to thrive in salt soils. Shrubs, however, are
least characterized by a life form since their growth
is limited by salt marsh and sandy soil environ-
ments. Semi-shrubs are also not abundant and are
mostly encountered in relatively more humid and
less saline areas. This life pattern develops in the
flora of Zygophyllum fabago L. and is a reflection
of the climatic regime of the region, emphasizing
its mesophytic and mesoxerophytic character, typi-
cal of arid and saline habitats where vegetation is
adapted to conditions of extreme salinity and nutri-
ent deficiency.

Table 2 — Spectrum of dominant life forms found in Zygophyl-
lum fabago L. populations

Life forms Species %

Mesophytes 10 14.08%
Mesoxerophytes 20 28.17%
Mesohygrophytes 5 7.04%
Xerophytes 30 42.25%
Hemixerophytes 2.82%
Hygrophytes 2.82%
Euryhaline plants 1.41%
Total 71 100 %
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Plants with economical or industrial impor-
tance.

The significance of plants growing in salt marsh-
es and low-humus sand as a resource extends across
multiple fields, such as animal husbandry, agricul-
ture, and medicine. Species known as halophytes
and xerophytes, which are adapted to the extreme
characteristics of saline soils that are deficient in or-
ganic matter, hold great importance.

The Ile-Balkhash region of Almaty province
contains a diverse plant collection of flora Zygophy!-
lum fabago L., valued for their medical, ornamen-
tal, forage, honey-bearing, and technical properties.
These species include: Krascheninnikovia ceratoi-
des — a forage plant that is used as an effective tool
for stabilizing sands and maintaining soil integrity;
Climacoptera lanata — serves as a crucial part of
the forage base for livestock; Petrosimonia brachi-
ata — valued for its medical benefits and potential
applications in herbal medicine; Ceratocarpus are-
narius — utilized as animal feed for camels and small
herds, predominantly in xeric ecosystems; Suaeda
salsa — a salt-tolerant plant employed in tannin pro-
duction and optimizing soil health.

Research on the advantageous characteristics
of salt marsh flora underscores their economic and
ecological significance while emphasizing the im-
portance of their sustainable usage.

Table 3 — Plant groups with economic & industrial importance
within the Zygophyllum fabago L. populations

o
Plant Group NlSlglel::?:SOf Contri/:)ution
Weed 25 10.96
Forage 80 35.09
Medicinal 25 10.96
Poisonous 5 2.19
Melliferous 35 15.35
Food (Edible) 18 7.89
Essential Oils 7 3.07
Ornamental 18 7.89
Dye 7 3.07
Industrial 8 3.51
Vitamin-bearing 3 1.32
Total 228 100.0

Flora of Zygophyllum fabago L. populations in Ile-Balkhash
district of Almaty region:
Economic potential and environmental considerations.
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The flora of the Ile-Balkhash region, particular-
ly with Zygophyllum fabago L. ecological clusters,
consists of diverse vegetation types that hold com-
mercial and industrial value. These plants are cru-
cial for various sectors, such as medicine, agricul-
ture, and industry. Below is a categorized summary
of plant groups based on their uses, along with the
number of species and their percentage contribution
to the total flora.

The plant diversity within Zygophyllum fabago
L. populations in the Ile-Balkhash district of the
Almaty region holds valuable prospects for the en-
hancement of key fields, including pharmaceuticals,
forage plants, honey production, and economically
valuable crops, with special attention given to the
prominence of salt marshes and saline soils.

The region possesses a wide range of economi-
cally valuable species, many of which thrive in the
saline conditions of the salt marshes that dominate
the area and play a special role in shaping the re-
gional flora. An important portion of this flora is salt-
tolerant. Zygophyllum fabago L., along with species
such as Krascheninnikovia ceratoides, Alhagi pseu-
dalhagi, and Artemisia terrae-albae Krasch., are
well adapted to the challenging conditions of saline
soils. This adaptation highlights the potential use of
these species in salt-tolerant agriculture, signifying
their promise for future economic development in
the region. In fact, the unique conditions of the Ile-
Balkhash region highlight substantial capacity for
sustainable progress in the healthcare, farming, and
industrial sectors.

Based on Ilyin [27] and Pavlov [28, 29] clas-
sifications, the plant resources and floral heteroge-
neity in the area allow for the identification of 11
economically valuable plant groups (Table 3). For-
age plants: 80 species (35.09%) — These are highly
important financially, as they support pastoral ac-
tivities. Species such as Medicago falcata [30], Tri-
folium pratense [31], and Zygophyllum fabago L.,
as well as grasses like Elytrigia repens [32], form an
essential part of local livestock production and sus-
tain forage for cattle and sheep. Melliferous plants:
35 species (15.35%) — The floral variety in the region
supports the production of high-quality honey, which
has medicinal and nutritional properties, increasing
its value for both local and regional producers. Me-
dicinal plants: 25 species (10.96%) — The region is
home to plants with medicinal properties, such as
Zygophyllum fabago L., Descurainia sophia, and
Peganum harmala [33], which form a fertile field
for the pharmaceutical industry. Industrial plants:
8 species (3.51%) — Industrial plants such as Cera-
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tocarpus arenarius [34], Petrosimonia brachiata,
and Alhagi pseudalhagi provide raw materials for
the production of natural dyes, fibers, and medicinal
compounds. Weeds: 25 species (10.96%) — Some
weeds thrive in the region’s disturbed soil, such
as Convolvulus arvensis and Chenopodium glau-
cum. Food plants: 18 species (7.89%) — This group
includes plants such as Rosa alberti, whose fruits
are rich in vitamin C, as well as other berry plants
utilized in the food and cosmetic industries. Dye
plants: 7 species (3.07%) — Plants such as Arnebia
decumbens [35] are valuable for their dyeing prop-
erties. Essential oil plants: 7 species (3.07%) — In-
cludes species of the Umbelliferae family [36], such
as Daucus carota and Carum carvi, used to pro-
duce essential oils. Ornamental plants: 18 species
(7.89%) — Plants used for ornamental purposes in
landscaping and floriculture. Vitamin plants: 3 spe-
cies (1.32%) — This group encompasses species like
Rosa alberti, which are high in vitamins and can
be applied in nutrition-related aspects. Poisonous
plants: 5 species (2.19%) — Some plants, such as
Peganum harmala, depending on their usage, ex-
hibit both toxic and therapeutic properties [37].

Conclusion

This study examines the eco-biological charac-
teristics and present status of Zygophyllum fabago
L. in the Ile-Balkhash region, emphasizing its con-
tribution to the semi-desert and saline ecosystems
of Kazakhstan. The field survey conducted in 2024
identified nine coenopopulations, assessing the
plant’s morphological and ecological adaptations,
such as aridity resistance and salt tolerance. The as-
sociated flora, comprising 71 species from 47 gen-
era, reflects the ecological specificity of the region,
with dominant families such as Chenopodiaceae
and Fabaceae. Zygophyllum fabago L. demonstrates
high adaptability to the arid regions of southern Ka-
zakhstan, allowing it to maintain stable populations
in extreme environmental conditions and contribute
to the stabilization of degraded soils. Its presence
plays a crucial role in preserving local biodiver-
sity and serves as a biological indicator of soil sa-
linization. The findings highlight the importance of
conserving this species and developing sustainable
management strategies for the fragile ecosystems of
the Ile-Balkhash region.
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ECOLOGICAL AND GEOGRAPHICAL FEATURES
OF ASTRAGALUS AMMODENDRON (FABACEAE)
IN KAZAKHSTAN

The study examines the ecological and geographical characteristics of Astragalus ammodendron, a
typical species of desert ecosystems in Central Asia. The species is distributed in Kazakhstan, Uzbekistan,
Turkmenistan, and China, preferring sandy and clay deserts, where it forms stable phytocenoses. The
aim of the study is to analyze the ecological and geographical plasticity of A. ammodendron, its adap-
tive mechanisms, and its role in ecosystem stabilization. The research employs route reconnaissance,
ecological-systematic, and ecological-geographical methods. A comparative analysis of contemporary
and historical herbarium data from collections in Kazakhstan, Russia, and Uzbekistan was conducted,
along with cartographic modeling of the species’ range using QGIS 3.34. The obtained data confirm the
species’ drought resistance, its ability to stabilize sandy substrates, and its formation of specific com-
munities with Haloxylon aphyllum, Calligonum leucocladum, and Artemisia terrae-albae. In some areas,
population fragmentation has been observed due to anthropogenic factors, including livestock grazing
and changes in the hydrological regime. This study contributes to understanding the ecological and geo-
graphical patterns of desert plants and their phytocenotic role. The practical significance of the results
lies in their potential application for monitoring, conservation, and restoration of ecosystems undergoing
degradation due to climate change and anthropogenic impact.

Keywords: Astragalus, Fabaceae, ecology, geography, herbarium.

3. Hypakpit', b. TeiHbi6ekoB!, O. blabipbic?, M. HypTaesa?,
H. MambiToBa', E. Typaposa'# M. MmaHaaneBa?*

'OA-Papabu aTbiHAaFbl Kasak, yATTbIK, yHMBepcuTeTi, AAMaTbl, KasakcraH
’broMeAMUMHAABIK, 3epTTey opTaAblFbl, OA-Papabu aTbiHAaFbl Kasak, yATTbIK, yHMBEpcUTeTi, AAMaTbl, KasakcraH
3»MamaHA@HAbIpbIAFaH AnLer N2126» KOMMYHaAAbIK, MEMAEKETTIK Mekemeci, AAMaThl, KasakcTtaH
“boTaHunKa KaHe (PUTOMHTPOAYKLUMS MHCTUTYTbI, AAMaTbl, KasakcraH
*e-mail: moldirimanalieva19@gmail.com

Astragalus ammodendron (fabaceae) Typinin, KasakcraHaasbi
3KOAOTUSIABIKTeorpacdhusIAbIK, epekiLeAikTepi

bya 3epTTey A. ammodendron TypiHiH 3KOAOIUSIAbIK-TeorpachmsIAbIK, epeKLLIeAiKTepiH KapacTbipa-
Abl. A. ammodendron KasakcTaH, ©36ekcTaH, TypikMeHCTaH xoHe KbITalAbiH LWOAAI aiMaKTapbiHAA
TapaAFaH, Heri3iHeH KYMAbI >)KOHe Ca3Abl LUOAAEPAT MEKEHAEMAI, OHAQ TYpaKTbl (DUTOLLEHO3AAP TY3e-
Al. 3epTTeyAiH MaKkcaTbl — TYPAIH SKOAOTUSIAbIK, MKEMAIAITIH, OENIMAEAY MEXAHM3MAEPIH >KOHE LA
SKOXKYMeAepiH TypakTaHAbIPYAaFbl POAIH 3epTTey. 3epTTeyAe MapLIpyTTbIK-PeKOrHOCUMPOBKAAbIK,
SKOAOTMSAABIK-XKYMEAIK YKOHE 9KOAOrO-reorpadmsAbiK, sAICTEP KOAAAHBIAABL. Ka3zakcTaH, Peceit >xoHe
©O36eKkcTaH repbapuin KOPAapPbIHbIH Ka3ipri >koHe Tapuxm MaAIMeTTepi caAbICTbIpbiAAbl, QGIS 3.34 ke-
MeriMeH apeaAAblH KapTorpaUsIAbIK, TaAAQYbl XKYPrisiaai. HaTuxxeaep A. ammodendron-HbiH KypFak-
LIbIABIKKA TO3IMAIAITIH, KYMAbI CybCTpaTTapAbl TypakTaHABIPY KabireTiH sxaHe Haloxylon aphyllum,
Calligonum leucocladum, Artemisia terrae-albae cuUsSKTbl ©CIMAIKTEPMEH TypakTbl KAybIMAACTbIKTAP
Ty3eTiHiH kepceTeai. Keibip aiMakTapaa aHTponoreHAik acepaepre 6anAaHbICTbI MOMYASLUMIAAPABIH
hparmeHTaUMACHI 6ANKAAAABI, OFAH MaA Xato >KOHE MMAPOAOTUSIAbIK, PEXKUMHIH ©3repyi bIKNaA eTeAi.
3epTTey WeA 6CIMAIKTEPIHIH TapaAy 3aHABIAbIKTApPbIH XX8HEe OAAPAbIH (PUTOLLEHO3AaFbl POAIH TepeH;-
peK TYCiHyre yAec Kocaabl. [1pakTUKaAbIK, MaHbI3bl — KAMUMATTbIH ©3repyi MeH aHTPOMoreHAIK akTop-
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AQPAbIH 9CEpiHEH AerpasaumsFa YlblpaFraH 3KOXKYMEAEPAI MOHUTOPUHITEY, KOPFAy >K8HE KaArbiHa
KEATIpY LwapaAapbiH a3ipAeyre Heri3 6OAybIHAQ.
Ty#in ce3aep: Astragalus, Fabaceae, skoaorus, reorpacums, repbapmii.
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JKoAaoro-reorpadpuueckme 0Co6€HHOCTH
Astragalus Ammodendron (Fabaceae) B Kasaxcrane

B uccAepoBaHMM  paccMaTpuMBAlOTCS  9KOAOroO-reorpapuueckme  XxapakTepucTuku A,
ammodendron — TUNMYHOIO BMAA MYCTbIHHbIX 3KOCMCTEM LleHTpaAbHOM A3mn. Bua pacnpocTtpaHeH B
KasaxcraHe, Y306ekucrane, TypkmenuctaHe n Kutae, npeanoynTas necyaHble M rAMHUCTbIE MYCTbIHK,
rae opMm1pyeT yCTonumBble oMToLIeHO3bI. LieAb nccaepoBaHMS — MPpOaHaAM3MpPOBaTb 3KOAOrO-reorpa-
dmyeckyto naacTMUHOCTb A. ammodendron, ero apanTaUMOHHbIE MEXaHM3Mbl M POAb B CTabMAM3aLMmM
aKocucTeM. B paboTe npuMeHeHbl MaplLpPyTHOE PEKOrHOCLMPOBOYHOE, SKOAOrO-CUCTEMATUYECKOE U
3KOAOro-reorpagmyeckoe Metoabl. [poBeAeH CPaBHUTEAbHbIN aHAAM3 COBPEMEHHbIX 1 MCTOPUYECKMX
rep6apHbIX AQHHbIX M3 KOAAeKUmii KasaxcTaHa, Poccumn 1 Y36ekmcTaHa, a Takxke KapTorpaduyeckoe
MOAEAMPOBaHME apeara BMaa C mcrnoAb3osaHem QGIS 3.34. [oAyYeHHble AaHHbIE MOATBEPXKAAIOT
3aCyX0yCTOMUMBOCTb BMAQ, €r0 CMOCOBHOCTb CTabMAM3MPOBATb NecyaHble cy6cTpaThl 1 (hopMMpoBaTh
cneumdmueckme coobwectsa ¢ Haloxylon aphyllum, Calligonum leucocladum v Artemisia terrae-albae.
B psiae paitoHOB OTMeueHa (pparMeHTaums NONyASLMiA M3-3a aHTPOMOreHHbIX (DaKTOPOB, BKAIOYAst Bbl-
nac ckoTa M M3MEHEHMs TMAPOAOTMYECKOrO peXkmma. AaHHOe UCCAeAOBaHME CroCOOCTBYET MOHUMa-
HUIO 3KOAOTO-reorpamueckmx 3aKOHOMEPHOCTEN MYCTbIHHbIX PACTEHMI M KX (DUTOLEHOTUYECKOM
poAun. NpakTnueckas 3Ha4YMMOCTb PE3YAbTATOB 3aKAKOYAETCH B MX MOTEHLMAABHOM MPUMEHEHMN AAS
MOHMTOPMHIa, COXPaHEHMS M BOCCTAHOBAEHMS SKOCUCTEM, NMOABEPraloLLMXCS AErPaAaLMM B PE3yAbTa-

Te KAMMaTUYeCKMX M3MEHEHUI U aHTPOMOreHHOr0 BO3AENCTBUSI.
KatoueBble caroBa: Astragalus, Fabaceae, akoaorus, reorpacus, repbapmit.

Introduction

The genus Astragalus L. is one of the most poly-
morphic taxa within the Fabaceae family, character-
ized by extensive species diversity and high ecologi-
cal plasticity [1; 2]. The Fabaceae family includes
woody, shrub, liana, and herbaceous life forms,
demonstrating considerable morphological variabil-
ity. A distinctive feature of many Fabaceae mem-
bers is the formation of root nodules, resulting from
the interaction between proliferating parenchymal
tissue and nitrogen-fixing bacteria. Currently, the
family comprises about 700 genera, with Astraga-
lus being the largest, represented by approximately
2,200 species worldwide [1; 2; 4].

The study of Astragalus began with its first for-
mal description by Carl Linnaeus, who classified
its representatives into three morphological groups
based on shoot architecture: (1) species with leafy,
erect stems; (2) species with leafy, branched stems;
and (3) species with bare, leafless stems [5].
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In Central Asia, unique representatives of As-
tragalus occur, many of which form dense cushion-
like dwarf shrubs adapted to arid environments.
These species demonstrate a variety of anatomical
and morphological adaptations, such as dense pu-
bescence on leaves, calyxes, and petals, which re-
duces water loss and protects against overheating.
The cushion growth form also minimizes excessive
evaporation and helps withstand strong insolation,
allowing these plants to dominate the vegetation
structure of arid landscapes [6; 7].

Several Astragalus species are narrow-range
endemics and are listed in the Red Data Book. At
the same time, mesophilic species occur in more
humid habitats, typically as perennial herbaceous
plants with well-developed stems, larger leaves, and
reduced pubescence [1; 8]. The polymorphism of
the genus is expressed in the coexistence of various
morphological forms—ranging from herbaceous
types to dwarf shrubs—within limited geographical
areas. Unlike some other representatives of Faba-
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ceae, Astragalus does not include tree-like or liana
forms and does not develop specialized underground
storage organs [7; 8].

Most representatives of the genus are light-lov-
ing and are widely distributed in steppes, deserts,
tundras, and well-lit forest edges. Despite their dom-
inance in arid regions, Astragalus species generally
do not exhibit extreme xeromorphic specialization
typical of some other Fabaceae taxa [9]. Annual
species complete their active life cycle during wet
seasons, whereas perennial species may shed leaves
during drought. Only a small number exhibit suc-
culent traits characteristic of gypsum-loving plants,
and no hydrophilic forms are known within the ge-
nus [9; 10].

The arid ecosystems of Kazakhstan provide
a unique setting for studying plant adaptations, as
these environments promote the development of
specific mechanisms of survival under limited wa-
ter availability and high temperatures [11]. One of
the key species in these ecosystems is Astragalus
ammodendron, a dwarf shrub with high ecological
plasticity that thrives under desert and semi-desert
conditions [12].

Despite its wide distribution in Kazakhstan, the
ecological and geographical characteristics of 4.
ammodendron remain insufficiently studied [13].
Comprehensive data on its spatial distribution,
the influence of climatic factors, and adaptation
mechanisms are currently lacking. Considering ac-
celerating climate change and increasing anthropo-
genic pressure (overgrazing, habitat degradation),
the study of this species has become particularly
relevant [14; 15].

The relevance of this research lies in the need to
conduct a systematic analysis of the ecological and
geographical factors determining the distribution
of A. ammodendron in Kazakhstan, its ecological
preferences, and adaptive strategies. Such an analy-
sis will help assess the resilience of the species to
changing environmental conditions and contribute
to the development of scientifically grounded con-
servation strategies [1; 2; 5; 16; 17].

The object of the study is the A. ammodendron
populations in Kazakhstan, while the subject en-
compasses their ecological and geographical char-
acteristics, including distribution patterns, habitat
conditions, adaptive mechanisms, and ecological
plasticity; the aim of the research is to determine the

ecological and geographical features of 4. ammo-
dendron and to identify its distribution patterns and
adaptation strategies across natural zones, for which
the study sets the following tasks: reviewing exist-
ing literature on the ecology and geography of the
species, delineating its distribution in Kazakhstan
using field records and cartographic data, assess-
ing key ecological and physiological traits such as
soil preferences, water and light requirements, and
temperature tolerance, and evaluating its ecological
role in desert and semi-desert ecosystems; the work-
ing hypothesis assumes that the distribution of 4.
ammodendron is shaped by ecological and climatic
factors, with its adaptive mechanisms enhancing re-
silience to arid conditions and influencing popula-
tion differentiation; the scientific significance lies
in improving understanding of distribution patterns
and adaptive potential of this ecologically important
species, whereas the practical significance is reflect-
ed in the study’s ability to support predictions of
climate-driven range shifts and to provide guidance
for ecosystem restoration and sustainable rangeland
management.

Materials and methods

The object of the study is 4. ammodendron (Fa-
baceae), growing within the territory of Kazakhstan
(Figure 1).

In the course of the research, classical botanical
methods were used, including route reconnaissance,
ecological-systematic, and ecological-geographical
approaches. Herbarium materials from the collec-
tion funds of the Institute of Botany and Phytoin-
troduction (AA, Almaty, Kazakhstan), Lomonosov
Moscow State University (MW, Moscow, Russia),
Komarov Botanical Institute (LE, St. Petersburg,
Russia), and the Institute of Botany of the Academy
of Sciences of the Republic of Uzbekistan (TASH,
Tashkent, Uzbekistan) were studied.

For the identification of collected material,
fundamental references such as Flora of Kazakh-
stan, The Plant Ildentifier of Central Asia and Ka-
zakhstan, and others were used. Latin and Russian
names follow the nomenclature of the International
Plant Names Index (IPNI, URL: https://www.ipni.
org/) and Plants of the World Online (POWO, URL.:
https://powo.science.kew.org/). The map was cre-
ated using the QGIS 3.34 software.
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Figure 1 — 4. ammodendron in nature

Results and discussion

The genus Astragalus is one of the largest and
most polymorphic among the representatives of the
Fabaceae family. The diversity of life forms within
this family, including herbaceous plants, shrubs, and
trees, is explained by their wide geographical distri-
bution and adaptation to various ecological condi-
tions. This genus demonstrates a high degree of eco-
logical plasticity, which is expressed in the presence
of both mesophilic and xerophilic species, as well as
rare representatives included in the Red Data Book
[21; 22].

Particular attention should be given to the mor-
phological and anatomical characteristics of le-
gumes, among which specific features of flower and
fruit structure stand out [23]. The butterfly-shaped
corolla, the presence of a staminal tube, and special-
ized pollination mechanisms make Fabaceae one
of the most successful plant groups in co-evolution
with insect pollinators. In some cases, self-pollina-
tion and cleistogamy mechanisms have been noted,
contributing to successful reproduction even under
limited pollinator access [24-26].

The study of the Astragalus genus dates back
to ancient times when representatives of this genus
were first described by early botanists. Over time,
the systematics and classification of Astragalus
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have undergone changes, and today, about 2,200
species are known. Herbarium collections and lit-
erature sources indicate their wide distribution, from
the arid zones of Central Asia to the temperate lati-
tudes of Europe and Siberia [1-5; 27; 28].

Studies on the Anatomy and Ecology of Astrag-
alus

Anatomical studies of the Astragalus genus re-
veal adaptive features aimed at reducing moisture
evaporation, protecting against high temperatures,
and efficiently utilizing limited water resources
[29]. Xerophytic species are particularly note-
worthy, exhibiting dense leaf pubescence, modi-
fied leaf blades, and cushion-like structures that
enhance survival in arid conditions. At the same
time, some Astragalus species retain mesophilic
characteristics, growing in regions with moderate
humidity [30].

Geobotanical studies indicate that representa-
tives of the Astragalus genus form plant communi-
ties in various ecosystems, including steppes, des-
erts, foothills, and mountain zones. A significant
ecological feature of these species is their high
photophilous nature, explaining their preference for
open spaces, canyon slopes, and semi-desert areas
[1-5; 21-25; 31].

During field research conducted in 2024, we
recorded five populations of the studied species,
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A. ammodendron, within Kazakhstan. Addition-
ally, screening of literature sources and examina-
tion of available herbarium specimens from major
collections—including the Institute of Botany and
Phytointroduction (AA, Almaty, Kazakhstan), Lo-
monosov Moscow State University (MW, Moscow,

Russia), the Komarov Botanical Institute (LE, Saint
Petersburg, Russia), and the Institute of Botany of
the Academy of Sciences of the Republic of Uzbeki-
stan (TASH, Tashkent, Uzbekistan)—enabled us to
create a preliminary distribution map of the species
within Kazakhstan (Figure 2).

Figure 2 — Distribution map of 4. ammodendron in Kazakhstan

The herbarium specimens (AA, LE, MW,
TASH) of A. ammodendron (Figure 3) include re-
cords from various regions.

In the Pre-Caspian Flora Region, specimens
were collected from Koilebay (hilly sands, T. Asta-
pova, 31 May 1930, MW0844660), Western Ka-
zakhstan (Urdinsky District, 30 km northwest of
Ushtagan, Gilkomova, 24 May 1952, LE; Glike-
mova, 30 May 1952, LE), and Guryev Region
(Novobogashinsky District, 1 km east of Koilak, Sh-
vyryaeva, 11 September 1957, MW0411700; Novo-
bogatinsky District, 1 km east of Koshalak, clay hill,
Shvyryaeva, 11 September 1957, MWO0411703).
Another specimen was recorded in Atyrau Region
in a saline clay desert between Dossor and Kulsary
(N47°24"19" E53°43'38"", V. G. Onipchenko, 6 May
2011, MW0844659).

In the Aktobe Flora Region, specimens were
collected from Tabak-Bulak (V. Pelts, E. Ispolatov,

12 March 1914, LE) and the Temir District of Ak-
tobe Province (Martuk, in basin depressions, S. A.
Nikitin, 11 June 1925, LE).

In the Mugodzhar Flora Region, a specimen was
recorded 10 km northeast of Karabau in Ural, Gu-
ryev, and Aktobe Regions (I. N. Safronova, M. P.
Andreev, N. M. Kalibernova, A. P. Mishenkova, 24
May 1975, LE).

In the Emba Flora Region, collections include
multiple records from the Bolshie Barsuki Sands
near the Cheklkar railway station (N. V. Androsov,
25 May 1908, LE), the Kum-Kuduk Sands in the
Temir District (D. N. Borodin, B. P. Uvarov, V. M.
Shits, 30 May 1908, LE), and the Kuan-Kuduk Sands
in the same district (D. N. Borodin, B. P. Uvarov, V.
M. Shits, 30 May 1908, LE). Additional specimens
were collected on the Aral Peninsula, Kos-Aral, on
the sandy northeastern shore of the bay (M. Kuily-
us, scattered, I. Raykova, M. G. Popov, 3 July 1921,
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LE), and from the Emba River, Kum-Tugai basins
in Ural Province (S. A. Nikitin, N. Bazevskaya, 21
June 1927, LE).

Herbarium specimens from the Turgay Flora
Region were collected in the following locations: on
the outskirts of the Air-Kyzyl Sands in the Turgay
Region (V. Savich, S. Kucherovskaya, 04 May 1909,
LE) and 22 km downstream along the Turgay River
from the village of Amangeldy and the town of Tur-
gay, at the foot of hilly sands (Yu. D. Soskov, P. A.
Lubenets, 17 July 1971, AA).

In the Northern Ustyurt Flora Region, speci-
mens were collected in various locations, including
the Kara-Kum Sands in the Ural Region (V. Duby-
ansky, 01 June 1904, LE), sands near the banks of
the Emba River (V. Dubyansky, 08 June 1904, LE),
the Aya-Daparbi Sands between the Emba River
and Ustyurt in the Aday District (Bash-Ragbil, R.
Rozhevits, M. Ilyin, M. Avramchik, 08 June 1926,
LE), the eastern part of Ustyurt, south of Asmantay-
Matay Lake (R. Yu. Rozhevits, A. O. Heinrichson,
08 October 1926, LE), and in the Turaumbet Tract,
Mangystau District, Guryev Region (Vashchenok,
16 May 1956, LE).

Additional specimens from the Guryev Region
in Kazakhstan were recorded at the northern out-
skirts of the Kara-Kum Sands, 20-25 km south of
Kulsary village (I. I. Rusanovich, A. E. Matsenko,
S. M. Udintseva, 06 May 1983, MHAO01486006), as
well as 70-75 km south of Kulsary, in dense turf-

covered sands (/. I. Rusanovich, A. E. Matsenko, S.
M. Udintseva, 06 May 1983, MHA0148607).

Collected from various locations within the
Mangyshlak floristic region, these specimens include
those collected by A. Bekker in 1869 in Mangysh-
lak (MW0844664); K. Inuryushchenko on April 16,
1912, in the Trans-Caspian region (Dzhebel Balla-
Ishem) on clay soils (LE); V. Drobov on April 24,
1916, in the Dzhebel region of the Trans-Caspian
region (TASH00204258); M. D. Spiridonov on June
5, 1926, between the Cham spring and Ayrakty tract
on loose gypsum-bearing clays (AA); F. N. Rusanov
on June 7, 1926, on the northeastern slope of a cliff
3 versts east of the Udyak colony (AA); and A. D.
Gozhev and N. N. Gratz-Guseva on June 7, 1937,
on the coast of the Kulandy Peninsula in an area of
hilly sands (LE).

Additionally, the figure includes specimens col-
lected by U. K. Kisyakov on May 4, 1951, in the
Dzhelgimai tract on sandy loam soils (AA); G.
Cherkasova on July 21, 1973, in the Northern Ak-
tau Ridge, near the village of Tigen, at the base
of chalk slopes on sandy soil with chalk gravel
(MW0844661); G. M. Kudabaeva on June 3, 1986,
in the vicinity of Aksu village on sandy soils (AA); as
well as specimens recorded in the Munaily District
of Aktau on April 21, 2009(coordinates N43°27°41”
E51°19°22”, iNaturalist Observation) and in the
Mangystau region on May 20, 2009(coordinates
N43°27°56” E51°18°36”, iNaturalist Observation).

Figure 3 — Herbarium specimens stored at the Komarov Botanical Institute (LE, St. Petersburg, Russia)

116



Z. Nurakyn et al.

Aral Sea region: “Turgay Province, Irgiz Coun-
ty, B. Baranki. V. Dubyansky. 27 IV 1904” (LE);
“Turgay Province, Irgiz County, near the Aral Sea.
V. Dubyansky. 04 V 1904” (LE); “Turgay Province,
Irgiz County, S. part of B. Baranki. V. Dubyansky.
08 V 1904” (LE); “Turgay Province, Irgiz County,
Kashkar-Ata. V. Dubyansky. 12 V 1904” (LE);
“Turgay Province, Irgiz County. V. Dubyansky.
12 V 1904” (LE); “Turgay Province, Bolshie Bar-
suki Sands, Chelykar Station. N. V. Androsov 21 V
1907” (LE); “Bolshie Barsuki Sands near Chelykar
railway station. Androsov N. V. 25V 1908” (AA);
“Kazakh SSR. Bolshie Barsuki Sands. Near Che-
lykar railway station. N. V. Androsov 25 V 1908”
(LE); “Kazakh SSR. Bolshie Barsuki Sands. Near
Chelykar railway station. N. V. Androsov. 25 V
1908 (LE); “Kazakh SSR. Bolshie Barsuki Sands.
Near Chelykar railway station. N. V. Androsov 25
V 1908 (MW0844665-1)"; “Kazakh SSR. Bolshie
Barsuki Sands. Near Chelykar railway station. N. V.
Androsov 25 V 1908 (MW0844665-2)”; “Kazakh
SSR. Bolshie Barsuki Sands. Near Chelykar railway
station. N. V. Androsov 25 V 1908 (MW0844666-
1)”; “Kazakh SSR. Bolshie Barsuki Sands. Near
Chelykar railway station. N. V. Androsov 25 V
1908 (MW0844666-2)”; “Turgay Province, Irgiz
County, Eastern part of Mal. Barsuki. Sand dunes.
N. A. Desyatova. 04 V 1914” (LE); “Turgay Prov-
ince, Irgiz County, Isen-Chagyl Sands. Mobile sand
dunes. N. A. Desyatova 15 V 1914” (AA); “Turgay
Province, Irgiz County, Isen-Chagyl Sands. Mobile
sand dunes. N. A. Desyatova. 15 V 1914” (LE);
“Tashkent Railway, between Sapak and Chumysh
Stations. V. Titov. 19 V 1914” (LE); “Turgay Prov-
ince, Irgiz County, between Barbi Kum Sands and
Nary Kyzyl. Sand dunes. Sary Bas depression. N.
A. Desyatova. 14 VI 1914” (LE); “Between Aral
Sea Station and Aralsk city. Slightly hilly sands.
Malo. I. Raykova, M. G. Popov. 28 V 1921” (LE);
“Between Aral Sea Station and Aralsk city. Slightly
hilly sands. Malo. I. Raykova, M. G. Popov. 28 V
19217 (LE); “Between Aral Sea Station and Aralsk
city. Slightly hilly sands. Malo. 1. Rachkova, M.
G. Popov. 29 V 19217 (TASH00204286); “Aktobe
Province, Chelkar County, Muyn-Kumy Sands,
top of a sand dune. M. D. Spiridonov. 11 VI 1927”
(AA); “Aktobe Province, Chelkar County, Western
spurs of the northwestern end of the sands. O. E.
Knorring, N. P. Belov. 11 VI 1927” (LE); “Aktobe
Province, Chelkar County, 7 versts to the east of
Ak-lin. O. E. Knorring, N. P. Belov. 16 VI 1927”
(LE); “Aktobe Province, Chelkar County, Karato-
kay District, 22 km southeast from the shores of
the Tshe-Zae Bay, re-blown sands of Karatyuben.

A. A. Sergeev. 04 VII 1927” (LE); “Aktobe Prov-
ince, Chelkar County, Kashkar-Ata Sands. Low-
lands between dunes. G. I. Rilenko. 28 VII 1927~
(LE); “Aktobe Province, Chelkar County, west
of Kurgan-Tuz. Plain terrace of a lake basin, san-
dy steppe. T. A. Spiridonov. 07 VIII 1927” (LE);
“Near Aral Sea Station. Protected island on the Aral
Sea. S. G. Gorshkova. 29 V 1930” (LE); “Near Aral
Sea Station. Protected island on the Aral Sea. S.
G. Gorshkova. 30 V 1930” (LE); “Malye Barsuki.
Koilebay. Sand dunes. T. Astapova. 31 V 1930
(MW0844669)”; “Bolshie Barsuki. A. D. Gozheyv,
N. N. Gratz-Guseva, A. V. Mizerov. 02 VI 1930~
(LE); “Malye Barsuki, small almost bare basin,
N47°24'43" E60°50'30". E. Serova, N. Pavlov. 23
V 1931 (MW0844668)”; “Malye Barsuki, large ba-
sin. N47°24'43" E60°50'30". E. Serova, N. Pavlov.
29 V 1931 (MW0844662)”; “On a sand dune near
the shore of Tamerlane. N47°25'58" E60°48'15".
E. Serova, N. Pavlov. 07 VI 1931 (MW0844663)”;
“Western Kazakhstan, Urdinsky District, 30 km
northwest of Ushtagan. Gilkomova. 24 V 1952”
(LE); “Western Kazakhstan, Urdinsky District, 30
km northwest of Ushtagan. Gilkomova. 30 V 1952”
(LE); “Northern Aral Sea region, Aktobe Region,
southeast of Chelkar, near Lake Jamankultuz. O. U.
Lushpa. 07 V 19577 (AA); “Northern Aral Sea re-
gion. Kyzylorda Region, Aral Karakum Sands. O.
U. Lushpa. 27 V 1957” (AA); “Kazakh SSR. Aktobe
Region, Chelkar District. Isen-Chagyl Sands. Tas-
Kura. Semi-fixed sand dunes. Nukhimovsky. 07 VI
1963 (MWO0844667)”; “Northern Aral Sea region,
Malye Barsuki Sands. B. A. Bykov. 11 V 1967”
(AA); “Malye Barsuki Sands, Northern Aral Sea
region. B. A. Bykov. 14 VII 1967 (AA); “Aral Dis-
trict, N46°24°16” E59°35°25” 13 V 2010. (https://
www.inaturalist.org/observations/98167829)”
Kyzylorda floristic region: “Kazakhstan. Priaral
Karakums. Sandy overgrown hills near Ashchesay.
A. Yarmolenko, M. Mikulin. 23 VI 1930” (LE).
Betpak-Dala floristic region: “Island in the north-
ern part of B. Chiganak, formed by station, settle-
ment, and several unnamed bays. Scattered. 1. Rach-
kova, M. G. Popov. 03 VI 1921” (TASH00204287).
Moyynkum floristic region: “Syr-Darya region.
(Tian-Shan) Moyunkum. A. Golbek. 20 V 1910~
(LE); “Syr-Darya region. (Tian-Shan) Moyunkum.
A. Golbek. 20 V 1910” (LE); “Suzak district, N
44°31°15” E 68°38°23” 11 V 2010 (https://www.
inaturalist.org/observations/98168930)”.
Balkhash-Alakol floristic region: “Sands of the
Lepsy River valley. K. N. Paraskiv. 14.06.1956”
(AA); “Zhambyl district, N 44°19°52” E 75°33°07”,
11 V 2021, A. Bazdyrev. (iNaturalist); “Zhambyl
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district. N 44°25°46” E 75°29°52” B. B. Osmonali.
03 V 2024 (iNaturalist).

Southern Ustyurt floristic region: “Ustyurt, Ku-
gusem tract. A. P. Gamayunova. 06 V 1965” (AA);
“Southern Ustyurt. 50 km south of Sarykamysh
Lake, in saxaul groves. V. V. Fisyun. 04 V 1978”
(AA); “Southern Ustyurt. Near the Tokhlenkum sta-
tion, on overgrown sands, among fruiting juzguns.
V. V. Fisyun. 13 V 1978” (AA); “Ustyurt. Vicinity
of Aisu settlement. On sands. G. M. Kudabaeva. 03
VI 1986” (AA).

Kyzylkum floristic region: “Turkestan. Near
Aral. Bulyuk-Kulk. L. Berg. 04 V 1900” (LE);
“Turkestan. Near Aral. Bulyuk-Kulk. L. Berg. 04 V
1900 (LE); “Turkestan. Near Aral. Tugun. L. Berg.
08 V 1900” (LE); “Kyzyl-Kums. Soft deposits of
the slopes of Altyn-Tau. F. N. Rusanov. 07 X 1928”
(AA); “Turkestan. Near Aral. Barsa-Kelmes. L.
Berg. 25 VI 1900” (LE); “Turkestan. Near the Aral
Sea. L. Berg. 07 V 1902” (LE); “Amu-Darya dis-
trict, Kuduk-Vansbay. N. I. Smirnov. 19 IV 1914”
(LE); “Amu-Darya district, Kuduk-Vansbay. N. I.
Smirnov. 19 IV 1914” (LE); “Amu-Darya district
of the Syr-Darya region. Kyzyl-Kums between
Sultan-Uiz-Beg and Talyk-Bay tract. I. Krashenin-
nikov. 01 IV 1915” (LE); “Amu-Darya district of
the Syr-Darya region. Mount Kube-Tau, steppe
dominated by Artemisia. I. Krasheninnikov. 18 IV
1915” (LE); “Bank of the Syr-Darya River; near
Kanl-Oryn. On sandy hills near Karaul-Tyube, N
44°54'18" E 65°3122" M. 1. Nazarov. 12 V 1930
(MWO0844658); “Aral Sea, Perovsky Bay, Sary-
Basat tract, coastal sands. Astapova. 05 VI 1930.
(MW0844657)”.

The genus Astragalus, being one of the most
polymorphic genera in the Fabaceae family, is rep-
resented by various life forms, ranging from her-
baceous plants to shrubs. The study confirmed the
widespread distribution of A. ammodendron Bunge
in the arid and semi-arid zones of Kazakhstan, indi-
cating the high ecological plasticity of the species
[1-5;21-28; 32-34].

Based on herbarium data and literature sources,
A. ammodendron is found in various regions of Ka-
zakhstan, including the Precaspian, Aktobe, Mu-
godzhar, Embinsky, Turgay, and Ustyurt floristic
regions. This indicates its ability to adapt to differ-
ent conditions of arid ecosystems. In particular, the
densest populations of this species have been re-
corded in the sands of Bolshie Barsuki, Karakum,
and Malye Barsuki, as well as in the saline and clay
deserts of the Atyrau region [1-5; 22; 25; 28; 35-37].

The ecological adaptation of 4. ammoden-
dron is expressed in its xerophytic traits— a deep
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root system, a well-developed leaf surface cov-
ered with trichomes to reduce evaporation, and
the ability to fix nitrogen symbiotically. These
characteristics provide the plant with competitive
advantages in sandy and semi-sandy soils [1-3;
25-28; 38; 39].

Additionally, herbarium specimens collected in
the 20th century and in recent decades were ana-
lyzed, allowing an assessment of the distribution
dynamics of A. ammodendron under anthropogenic
impact and climate change. The data show that the
species’ range remains relatively stable; however,
local populations may undergo fragmentation due to
landscape changes and habitat degradation [1-5; 25;
28; 40-41].

A comparative analysis of herbarium data in-
dicates the predominance of A. ammodendron in
sandy and clay deserts, where competition from
other species is low. Under these conditions, the
plant forms stable phytocenoses, where it can act as
a dominant or subordinate component within desert
communities.

An interesting observation is the presence of A.
ammodendron populations in Southern Ustyurt and
Kyzylkum, which suggests its ability to survive in
extremely arid climates. This may be attributed to
its high degree of adaptation to sandy soils and its
deep-rooting system, which allows access to mois-
ture from deep soil horizons.

Thus, based on herbarium data and the analy-
sis of phytocenotic conditions, it can be concluded
that A. ammodendron is a resilient component of
Kazakhstan’s desert ecosystems. However, due
to increasing anthropogenic pressure and climate
change, further research is needed to monitor popu-
lation status and develop conservation measures.

The results of the analysis of herbarium data and
literature sources indicate that A. ammodendron has
a broad distribution range covering various regions
of Kazakhstan, including the Precaspian, Aktobe,
Mugodzhar, Embinsky, Turgay, North and South
Ustyurt, Kyzylkum, Betpak-Dala, Moyynkum, and
Balkhash-Alakol floristic regions.

The species’ primary habitats are confined to
arid, sandy, and semi-desert territories, highlighting
its adaptation to extreme conditions. In particular, 4.
ammodendron prefers hummocky sands, stabilized
dunes, and sandy plains with varying levels of sa-
linity. In some locations, its populations have been
recorded in clay and saline deserts, further demon-
strating its high plasticity to different soil types.

The phytocenotic role of A. ammodendron var-
ies depending on the region. In some areas, it acts
as a dominant species in plant communities, form-
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ing characteristic phytocenoses, while in other loca-
tions, it occurs in a scattered distribution. In Western
Kazakhstan and the Mangyshlak region, it is more
frequently found as isolated individuals on sandy
and clay soils. In the Aral Sea region and Kyzyl-
kum, it is more commonly found on shifting sands,
indicating its role in substrate stabilization and ero-
sion prevention.

A comparative analysis of historical herbarium
data shows that 4. ammodendron populations in
some areas are subject to anthropogenic impact.
For example, in Northern Priaralye, its populations
may be declining due to intensive economic activ-
ity, grazing pressure, and changes in the hydrologi-
cal regime. At the same time, in remote and hard-

to-access areas such as Ustyurt and Moyynkum, its
population remains stable.

Thus, this species represents a key component
of plant communities in the desert and semi-desert
zones of Central Asia, demonstrating high adapt-
ability to extreme conditions and a broad range of
ecological strategies.

Phytocenoses involving 4. ammodendron de-
velop under arid conditions on sandy and sandy
loam soils in Central Asia and Kazakhstan, most
commonly within desert and semi-desert ecosys-
tems. This species often plays the role of a subdomi-
nant or associated component in plant communities,
forming stable groupings with other xerophytic and
psammophytic species (Figure 4).

Kyzylorda Region, Kazaly District,
Priaralye Floristic Region

Almaty Region, Balkhash District,
Balkhash-Alakol Floristic Region

Figure 4 — Phytocenoses with the participation of 4. ammodendron

A. ammodendron is most frequently found in
association with Haloxylon aphyllum, a key woody
component of desert communities, forming patchy
woodlands with an open herbaceous layer. In
sandy desert conditions, its constant companions
include Calligonum leucocladum and Atraphaxis
replicata, which form a shrub layer, as well as Kra-
scheninnikovia ceratoides and Artemisia terrae-al-
bae, which contribute to the stabilization of sandy
substrates. Bassia prostrata is often present in the
herbaceous cover, creating a mosaic phytocenotic
structure.

In addition to these species, the phytoceno-
ses involving 4. ammodendron exhibit significant
diversity of herbaceous and shrubby plants from
various families. Among the shrubs and subshrubs,
Calligonum aphyllum and Ephedra intermedia are
present, demonstrating resilience to arid conditions.

Among grasses and sedges, Carex physodes,
Poa bulbosa, Eremopyrum orientale, and Eremopy-
rum distans play a dominant role due to their high
adaptation to sandy and saline soils.

Ephemeral and ephemeroid species exhibit dif-
ferent ecological strategies. For example, the spring
ephemeroids Eremurus inderiensis and Eremurus
anisopterus are essential components of the early
spring vegetation aspect. Other typical elements of
the ephemeral layer include Descurainia sophia,
Scorzonera sericeolanata, Heliotropium dasycar-
pum, Delphinium camptocarpum, Alyssum deserto-
rum, and Erysimum siliculosum, which contribute to
a temporary increase in phytocenotic productivity
during favorable seasons.

The herbaceous cover also frequently includes
representatives of the Fabaceae family, such as
Astragalus flexus and Astragalus physocarpus,
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which, along with Ceratocarpus arenarius, are
capable of nitrogen fixation, enriching the soil.
Xerophilous and psammophilous species are of-
ten part of the plant communities, including Ero-
dium oxyrhinchum, Nonea caspica, Neotrinia
splendens, Salsola tragus, and Lappula squar-
rosa, which play a crucial role in forming stable
sandy ecosystems.

Thus, A. ammodendron is a significant compo-
nent of phytocenoses in sandy and semi-desert ar-
eas, forming complex interactions with xerophytic
and psammophytic species. Its ability to fix nitrogen
and stabilize the soil substrate contributes to main-
taining biodiversity and ecosystem resilience under
the extreme conditions of arid landscapes.

Conclusion

A. ammodendron has a vast range, encompass-
ing sandy and semi-desert ecosystems of Kazakh-
stan, indicating its high ecological and geographical
plasticity. The species prefers stabilized and shifting
sands, as well as saline clay soils, playing a crucial
role in landscape stabilization and erosion preven-

tion. In some regions (e.g., the Aral Sea region,
Kyzylkum), it serves as a key component of plant
communities, whereas in others (e.g., Mangyshlak,
Northern Ustyurt), it occurs in a more scattered dis-
tribution.

Anthropogenic factors such as livestock grazing
and changes in the hydrological regime may nega-
tively impact A. ammodendron populations, particu-
larly in Northern Priaralye. To ensure the conserva-
tion of this species, it is recommended to monitor
its distribution, especially in areas with intensive
economic activities, and to develop conservation
measures.
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INFLUENCE OF DISTURBANCE FACTORS ON THE COMPOSITION
AND STRUCTURE OF VEGETATION IN THE DESERT PART
OF THE SYRDARYA RIVER VALLEY (KYZYLORDA REGION)

The article examines in detail the impact of various natural and anthropogenic disturbance factors on
the composition, structure, and spatial organisation of vegetation in the desert part of the Syrdarya River
valley within the Kyzylorda region. Field studies carried out during 2015-2023 indicate widespread
and progressive degradation of vegetation cover, resulting primarily from intensive year-round grazing,
unsustainable rice cultivation practices, expansion of irrigated agriculture, and the growing influence
of transport and industrial infrastructure. These pressures lead to the simplification of plant communi-
ties, reduction of phytocoenotic stability, and fragmentation of habitats. The most heavily transformed
areas are marked by a sharp decline in species richness and the displacement of fodder and ecologically
significant taxa by weedy, ruderal, and often toxic species such as Peganum harmala L., Zygophyllum
fabago L., and Pseudosophora alopecuroides (L.) Sweet, which form persistent secondary communities.
The study also highlights the role of soil salinisation, periodic droughts, and microrelief changes in ac-
celerating vegetation degradation under arid-climatic conditions. The conclusions underline the impor-
tance of integrating disturbance assessment into regional land-use planning and developing evidence-
based programmes for the rehabilitation, conservation, and sustainable management of degraded desert
ecosystems.

Keywords: anthropogenic impact; degradation; Kyzylorda region; Syrdarya river valley; vegetation.

.B. BeceaoBa, .M. Kyaabaesa, A.LLl. Abamasaros’, C. YceH

boTaHuKa >xeHe PUTOMHTPOAYKLMS MHCTUTYTbI, AAMaTbl, KaszakcTaH
*e-mail: abdildanovO0@mail.ru

CbIpAapus ©3eHi aHFapbIHbIH, LIOAEHT 0OAiriHAeri (Kbi3bIAOpAa 06AbICDHI)
OCIMAIKTEPAiH, KypaMbl MeH KYPbIAbIMbIHA OY3bIAY (DAKTOPAAPbIHbIH, dCEpi

Makara Kbibinopaa 00AbICbI aymarbiHAaFbl CbIpAapusi ©3€eHiHiH WeAeNT GOAIriHAEri eciMAiK
>KaMbIAFbBICHIHBIH KypambiHa, KYPbIAbIMbIHA >KOHE KeHICTIKTIK yMbIMAACYbIHA SPTYPAI TabuFn >koHe
AHTPOMOreHAIK OYAAIPY (hakTopAapbIHbIH 9CEPIH >KaH->KaKTbl KapacTbipasbl. 2015-2023 >KbiAAapbl
JKYPFi3iAreH AQAAAbIK, 3epTTEYAep OCIMAIK >KaMbIAFbICbIHbIH, KEH TapaAFaH >KeHe YAeMeAi Aerpasaums-
CbIH aHbIKTaAbl. OHbIH Heri3ri cebenTepi — >biA GOMbl KAPKbIHAbI MaA >Kalo, Kypill 6CipyAiH THUIMCI3
dAICTepi, cyapManbl eriHLWIAIKTIH KeHeloi, COHAAM-aK, KOAIK >KoHe eHepKaCin MHMPaKYPbIAbIMbIHbIH, KY-
Werin KeAae »aTkaH bikMaAbl. ByA KbICbIMAQDP ©CIMAIK KaybIMAACTbIKTAPbIHbIH, KaparnanbiIMAAHYbIHA,
(PUTOLLEHO3AAPAbIH, TYPAK TbIAbIFbIHbIH TOMEHAEYIHE XXOHE MeKeHAEY OPTaCbIHbIH, (hparMeHTaLMsCbiHa
aKkeneai. EH ken e3repicke yliblpaFraH yyackeAepAe TYPAIK aAyaHADBIKTbIH, KYPT a3atobl XkeHe Peganum
harmala L., Zygophyllum fabago L., Pseudosophora alopecuroides (L.) Sweet CbiHAbI apamLIeNTIK dpi
KU YbITTbl 6CIMAIKTEPAIH, 6acbiM GOAYbI HOTUXKECIHAE KYHAbI MAA a3blKTbIK, >KOHE SKOAOTUSIAbIK, Ma-
HbI3AbI TYPAEP bIFbICTbIPbIAFAH. 3epTTey COHAAM-aK, TOMbIPAK TbIH TY3AaHYbl, MEP3IMAI KyaHLUbIAbIKTAp
>KoHe MUKpopeAbedTiH e3repyi cUaKTbl (hakTOPAAPAbIH, KYPFaK, KAMMAT >KaFAalblHAQ A€rpaAaLMsHbI
KEAEAAETETIHIH aTan eTeal. KopbITbIHAbIAAP BYAIHY AEHIeniH OHIPAIK KepAi nanaaaHy ocnapAaybi-
Ha eHri3yAiH, COHAQM-aK WIOAEMTTEHreH SKOXKYMEAEPA] KAATbIHA KEATIPY, caKTay »eHe TypakTbl 6ac-
Kapyfa GarblTTaAFaH FbIAbIMU HEri3aeAreH GarAapAamManap a3ipAeyAiH MaHbI3AbIAbIFbIH KOPCETEAI.
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BAusiHue hpakTOpPOB HAPYLLIEHHOCTH HA COCTaB U CTPYKTYPY PaCTUTEAbHOCTH
B MYCTbIHHOM YacTu AOAMHBbI pekn CbipAapbm (KbI3bIAOPAMHCKO#M 06AACTH)

CraTtbsl NOAPOOHO paccMaTpUBaeT BAMSIHUME PA3AMUHbBIX MPUPOAHbIX M @HTPOMOreHHbIX (PakTOPOB
HapyLUEHHOCTM Ha COCTaB, CTPYKTYPY M MPOCTPAHCTBEHHYIO OPraHU3aumio pacTUTEAbHOCTM B MYCTbIH-
HOM YacTu AOAMHBI pekn Cbipaapbst B npeaeaax KbidbinopanHcKoi o6aacTu. [oAaeBble MCCAEAOBaAHMS,
npoBeaéHHble B 2015-2023 rr., CBUAETEABCTBYIOT O LUMPOKOM PacCrnpOCTPaHEHUU U MPOrpeccupyto-
LEeM XapakTepe Aerpapaumu pacTUTEAbHOrO MOKPOBA, 0OYCAOBAEHHONM MPEXKAE BCEr0 MHTEHCHMBHbBIM
KPYrAOrOAMYHBIM BbIMACOM CKOTQ, HEYCTOMUMBBIMM METOAAMM BO3AEAbIBAHMS pUCa, pacluMpeHnem
MAOLLAAE OPOLLAEMOrO 3EMAEAEAMS, @ TaKXKe BO3PACTAOLMM BAMSAHMEM TPAHCMOPTHOM M MPOMbILLI-
AEHHOM MHGPaACTPYKTYPbl. ITW (hAKTOPbl MPUBOAST K YMPOLLEHNIO PACTUTEAbHbIX COOOLECTB, CHU-
SKEHMIO (PUTOLIEHOTUYECKOM YCTOMYMBOCTM M pparMeHTaummn mectoobutanmin. Hamboaee tparcgop-
MMPOBAHHbIE YUACTKM XapaKTepu3ylTCs PE3KMM COKpaLLeHMEM BUAOBOIO 6OraTtcTea v BbITECHEHMEM
KOPMOBBIX M 3KOAOIMYECKM 3HAUMMbIX TaKCOHOB COPHbIMM, PYAEPAAbHBIMU U HEPEAKO TOKCUYHBIMM
BMAAMU, TakmMmn Kak Peganum harmala L., Zygophyllum fabago L. n Pseudosophora alopecuroides
(L.) Sweet, hOpMMPYIOLLIMMM YCTOMUMBBIE BTOPUYHBIE COOOLECTBA. B MccAeaOBaHMM TakKe MOAYEP-
KMBAETCS POAb 3aCOAEHMS MOYB, NEPUOAMYECKMX 3aCYX M M3MEHEHMIA MUKpOopeAbeda, YCKOPSIOLWMX
AErpasaLmMIo paCTUTEABHOCTU B apPUAHDBIX KAMMAaTUYeCKMX YCAOBMSX. B BblBOAAX akLeHTMpyeTcs He-
06XOAMMOCTb YUYETA CTEMEHM HAPYLIEHHOCTW MPU MAAQHUPOBAHWUM PErMOHAABHOTO 3EMAENOAb30BaHUS
1 pa3paboTke HayuyHO 06OCHOBAHHbIX MPOrpamMm Mo BOCCTAHOBAEHMIO, OXPAHE U YCTOMUYMBOMY yrpaB-
AEHMIO AErPAAMPOBAHHBIMM MYCTbIHHBIMU 3KOCUCTEMAMM.

KAloueBble cAOBa: aHTPOMOreHHOe BO3AENCTBUE, Aerpasaums, AoArHa CbipAapbu, PacTUTEAb-

HOCTb, KbI3bIAOpAMHCKast 06AACTb.

Introduction

The desert part of the Syrdarya river valley, cov-
ering a vast territory located within the West-North
Turan subprovince of the North Turan subprovince
of the North Turan province of the Iran-Turan sub-
region of the Sahara-Gobi desert area in accordance
with the modern botanical and geographical zon-
ing [1]. The considerable length of the river causes
its crossing of different types of desert landscapes,
including the entire subzone of medium (peren-
nial saltwort) deserts, stretching from south-east to
north-west. At the same time, in the delta area, near
the Small Aral, the vegetation cover is influenced by
the northern desert subzone, where wormwood-type
plant communities dominate.

In accordance with the modern scheme of soil
zoning of Kazakhstan, the study area belongs to the
subzone of typical deserts, characterised by grey-
brown, light-brown and associated soils [2-4]. The
Syrdarya river valley in this region is a complex
natural complex, where soil-forming processes take
place in conditions of both zonal and intrazonal
character. Within the river valley and delta intra-
zonal soils are formed on layered mottled alluvial
sediments developing under conditions of additional
groundwater moistening. These soils are character-
ised by a high degree of salinity, presence of carbon-
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ates and water-soluble salts of different chemical
composition [5-7].

A special place is occupied by alluvial-mead-
ow and riparian soils formed in the floodplain and
delta part of the Syr Darya. They serve as a basis
for meadows and riparian forests, and areas with the
most fertile soils are actively used for rice cultiva-
tion. Along with this, solonchaks, takyr and takyr-
like soils, formed in various hydrothermal condi-
tions, are widespread in the territory. Along the right
bank of the river, west of Kyzylorda city, as well as
in the adjacent areas of Northern Kyzylkum along
the left bank of the Syr Darya, aeolian sands prevail
[8-10].

It should be noted that there is a considerable
diversity of hydrological conditions in the valley,
determined both by the water content of the river
and the degree of distance of the floodplain areas
from the channel. This affects the depth of ground-
water table and, consequently, the type of soils. In
the areas of irrigated agriculture, on the sites of an-
cient deltas and in the zones of artificial watering
hydromorphic soils of swamp-meadow series pre-
vail, which when drying up transform into meadow-
meadow, deserted soils. Such diversity of natural
conditions makes the region an important object for
complex ecological and geobotanical studies. The
floristic diversity of the desert part of the Syrdarya
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river valley reflects the complex nature of its forma-
tion due to the action of many interrelated natural
and anthropogenic factors [11-15]. The composition
of the flora of this territory includes both species
inherent in intrazonal floodplain vegetation and a
wide range of representatives of placustrine com-
munities, in particular, psammophytic flora of Ky-
zylkum, penetrating into the valley from the south
through sand massifs formed here in the course of
long-term natural processes [16]. Human activity
also has a significant impact on the formation of the
floristic appearance of the region — high density of
settlements, intensive land use and various forms of
interference in the natural environment significantly
transform the vegetation cover, giving the flora ad-
ditional complexity and mosaic.

Materials and methods

Classical botanical methods, including route-
reconnaissance, ecological-systematic, ecological-
geographical and phytocenotic approaches, were ap-
plied during the study [17]. These methods allowed
a comprehensive characterisation of the flora and
vegetation of the study area.

Collection of herbarium material was carried out
according to the classical method of A.K. Skvortsov
[18], which ensured the accuracy of species identi-
fication and reliability of the obtained data. Deter-
mination of plant species was carried out according
to floristic summaries: «Flora of Kazakhstan» [19],
«Illustrated flora of Kazakhstan» [19], «Illustrated
identifier...», «Identifier of plants of Central Asia»
[20, 21].

The taxonomy of species was brought in accor-
dance with the Internet resource Plantarium [22].
The available materials of herbarium collections

were also studied: Herbarium (AA) of the Institute
of Botany and Phytointroduction (Almaty, Kazakh-
stan), Herbarium (MW) of the Lomonosov Moscow
State University (Moscow, Russia; https://plant.
depo.msu.ru/), as well as scientific papers devoted
to the study of the flora of the Syr Darya River val-
ley [23-25].

Results and discussion

As a result of field studies conducted in 2021-
2023 covering the arid part of the Syrdarya river val-
ley and adjacent territories, the presence of a set of
factors that have a negative impact on the state of
the vegetation cover of the region was established.
Among the most significant anthropogenic impacts
due to the area coverage of degraded lands, inten-
sive grazing and ploughing of soil massifs for crops,
in particular rice, prevail.

In this regard, grazing farm animals is the domi-
nant form of landscape use in the Syrdarya valley.
In the surveyed areas, especially near rural settle-
ments (Figure 1A, B), a high level of vegetation dis-
turbance was recorded. In such areas, vegetation is
degraded to remnants of rare shrubs and single indi-
viduals of weedy and toxic plant species, including
Pseudosophora alopecuroides, Peganum harmala,
Zygophyllum fabago and Karelinia caspia.

As one moves away from residential settlements
towards more remote areas, a gradual change in veg-
etation composition is observed: at the first stage,
the proportion of weed species increases, but as
one moves further away, their abundance tends to
decrease. This distribution reflects the gradient of
anthropogenic load and the degree of vegetation re-
covery depending on the distance from the sources
of destructive impact.

Figure 1 — Landscape use near rural settlements
A—Start of the cattle route (100-150 m from the edge of the settlement),

B—Continuation of the cattle route (500-700 m) from the edge of the settlement)
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Rice cultivation in the study region is geograph-
ically conditioned by biological peculiarities of rice
crop, which require abundant and stable water sup-
ply. In this regard, its cultivation is concentrated
exclusively within the Syrdarya river valley. How-
ever, long-term extensive use of agricultural land
without observing agrotechnical norms, especially
crop rotation rules, has led to a significant deteriora-
tion of soil conditions. The most pronounced nega-
tive consequence of this approach was secondary
salinisation of soil horizons, which, in turn, caused
a decrease in land productivity and their subsequent
exclusion from agricultural turnover.

Assessment of the current state of unused land
within the study area indicates a significant spread
of degradation processes. According to statistical
data of 2001, under the influence of cumulative
negative factors, including mismanagement of land
(21,159 ha), secondary salinisation (19,320 ha) and
waterlogging (22,296 ha), 62,775 ha were taken out
of agricultural turnover, which constituted 21.83%
of the total area of irrigated land. To date, including
arid areas of the Syrdarya river valley, the area of
abandoned and fallow lands in Kyzylorda province
is 54,008 ha, which is equivalent to 18.78% of the
total irrigated land fund (287,525 ha).

Field surveys and results of geobotanical moni-
toring confirm that a significant share of previously
actively used land for rice cultivation is currently
in fallow condition. The main reasons for this state
are intensive processes of secondary salinisation, as
well as limited and unstable water supply, prevent-
ing sustainable agrotechnical use of these territories.

The following agricultural lands are indicative
examples of degraded plots:

- plot 3, 6th check, 3rd crop rotation (coordi-
nates: N 45°48'739", E 61°52'488"; absolute height
—51 m, farm ‘Syr-Marzhany’ LLP), which has been
in fallow condition for more than 10 years. The main
degradation factor — pronounced secondary salinisa-
tion of soil profile;

- plot No.1, 5th crop rotation, located on the left
bank terrace of the Syrdarya river (coordinates: N
45°34'356", E 61°50'313"; altitude — 76 m, ‘Syr-
Marzhany’ LLP), not used for farmland since the
termination of irrigation more than 6 years ago. The
main limiting factor is the high hypsometric posi-
tion, which prevents the provision of a stable water
regime.

These examples illustrate the systemic nature
of degradation of reclamation lands in the Syrdarya
river valley, caused both by unfavourable natural
and climatic conditions and the lack of effective

128

management in the sphere of agrarian policy, espe-
cially about the regulation of water resources and
sustainable land use.

Among additional factors influencing the state
of vegetation within the study area, anthropogenic
and transport impacts are of particular importance.

Technogenic interference is of a local-planar
nature and is associated with the construction and
operation of economic, industrial and infrastructur-
al facilities, including hydraulic structures aimed at
regulating the flow of the Syrdarya River and the
construction of irrigation canals. Such activities
lead to the transformation of natural landscapes
and disturbance of the hydrological regime of eco-
systems.

Transport impacts, primarily road degradation,
represent linear and localised forms of disturbance.
In zones of constant transport pressure, complete or
partial destruction of vegetation cover is recorded,
accompanied by mechanical damage to the soil ho-
rizon and accelerated erosion.

Additional destabilising factors affecting the
structure and stability of vegetation cover in the arid
zone of the Syrdarya valley include: Cutting of tree
and shrub vegetation used to be a significant factor
in the destruction of phytocenoses. However, in re-
cent years, due to the implementation of gasification
programmes for settlements, its impact has signifi-
cantly decreased and does not pose such a threat as it
did 10-15 years ago. Pyrogenic impacts (natural and
anthropogenic fires) have a local-area character and
lead to complete degradation of vegetation cover in
the affected areas, disrupting succession processes
and ecosystem stability. Recreational pressure, es-
pecially near settlements and along motorway ar-
teries, contributes to soil compaction, displacement
of native species and formation of disturbed com-
munities dominated by weedy flora. Bank erosion
as a result of the unstable hydrological regime of
the Syrdarya River also has a negative impact on
coastal ecosystems, leading to mechanical destruc-
tion of the soil profile and loss of vegetation cover
in erosion-prone areas (Figure 2 A, B).

Based on the generalisation of materials ob-
tained in the course of research work conducted
both under the current project and in the course of
implementation of previous grants — ‘Monitoring
of vegetation composition of livestock rangelands:
scientific approach to sustainable use of desert pas-
tures of Kazakhstan (on the example of Kyzylorda
oblast)” (2015-2017) and ‘Monitoring studies of
restoration of natural vegetation on abandoned rice
fields in Kyzylorda oblast’.
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Figure 2 — Bank scour as a result of the hydrological regime of the river
A — Burnt trunks of turanga trees, B — Tributary of the main channel of the Syrdarya river

with coastal woody vegetation

Species composition of lands used for pastures

The updated list includes 90 species of vascular
plants regularly occurring on degraded pastures lo-
cated in the arid zone of the Syrdarya valley. This
list reflects the diversity of life forms and taxonom-
ic breadth of the flora formed under the influence
of pasture degradation and related environmental
changes: Alliaceae: Allium sabulosum; Apiaceae:
Ferula capsica; Asclepiadaceae: Cynanchum si-
biricum; Asparagaceae: Asparagus brachyphyllus;
Asteraceae: Acroptilon repens, Artemisia terrae-
albae, Cancrinia sp., Cousinia microcarpa, Hyalea
sp., Karelinia caspica, Kochia iranica, Koelpinia
linearis, Lactuca tatarica, Scorsonera sp., Senecio
jacobaea (B cooTBeTcTBHU ¢ pucyHkoM 3A), Tarax-
acum officinale, Xanthium strumarium, Boragina-
ceae: Arnebia decumbens, Lappula patula, Lappula
semiglabra, Lappula spinocarpus, Nonnea caspica;
Brassicaceae: Arabidopsis sp., Descurainie sophia,
Isatis sp., Lepidium obtusum, Leptaleum filifolium,
Meniocus linifolius, Srtigozella brevipes, Strigosella
circinata, Tauscheria desertorum, Tetracme recur-
vata, Caryophyllaceae: Acanthophyllum pungens,
Silene nana; Chenopodiaceae: Atreplex tatarica,
Bassia eriophora, Bassia prostrata, Ceratocarpus
arenarius, Ceratocephala falcata, Ceratocephala
testiculata, Climacoptera lanata, Climocaptera bra-
chiata, Corispermum declinatum, Halostachys be-
langeriana, Haloxylon aphyllum, Krascheninniko-
via ceratoides, Krascheninnikovia ewersmanniana,
Petrosimonia sibirica, Salsola arbuscula, Salsola
arbusculiformis, Salsola nitraria, Salsola orientalis,
Salsola tragus, Suaeda linifolia; Convolvulaceae:
Convolvulus arvense; Cyperaceae: Carex pachysty-

lis, Carex physodes,; Euphorbiaceae: Euphorbia sp.;
Fabaceae: Alchage kirgisorum, Alhagi pseudoalha-
gi, Ammodendron bifolium, Pseudosophora alope-
curoides (B cOOTBETCTBHU ¢ pucyHkoMm 3B), Glyc-
yrrhiza wuralensis, Halimodendron halodendron;
Fumariaceae: Fumaria officinalis;Geraniaceae:
Erodium oxyrhynchum; Hypecoaceae: Hypecoum
parviflorum,

Lamiaceae: Lallemantia royleana, Salvia
sp.;Papaveraceae: Roemeria refracta; Peganaceae:
Peganum harmala; Scrophulariaceae: Veronica
sp.,Plumbaginaceae: Limonium otolepis, Poaceae:
Aeluropus litteralis, Anisantha tectorum, Bromus
squarrosus, Eremopurum Poacynum, Eremopyrum
orientalis, Eremopyrum triticeum, Leymus multi-
caulis, Phragmites australis; Polygonaceae: Cal-
ligonum aphyllum; Ranunculaceae: Clematis ori-
entalis, Delphinium leptocarpum,; Rosaceae: Rosa
persica, Scrophulariaceae: Dodartia orientalis; So-
lanaceae: Hyoscyamus niger, Hyoscyamus pusilla,
Lycium turkomanicum,; Tamaricaceae: Tamarix
elongate; Zygophyllaceae: Zygophyllum fabago (B
COOTBETCTBHHU ¢ pucyHKoM 3C).

Considering that the composite list includes spe-
cies growing on different edaphic types of territories
disturbed as a result of grazing, the general structure
of the family spectrum reflects the hierarchy of the
leading taxa characteristic of the flora of the desert
part of the Syrdarya river valley (in accordance with
Figure 4).

The graph illustrates changes in the species com-
position of vegetation on degraded lands depending
on the degree of their disturbance is presented in
Figure 5.
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Figure 3 — Plants found in degraded pastures
(A— Senecio jacobaea, B— Pseudosophora alopecuroides, C— Zygophyllum fabago)
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Figure 4 — Distribution of species by families
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Figure 5 — Changes in vegetation species composition of
pastures about the degree of site disturbance
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Within the framework of the grant project
«Monitoring studies of revegetation of abandoned
rice fields in Kyzylorda oblast: prospects for their
use» (2018-2020), a list of characteristic species of
the flora of fallow lands in the region was compiled.
The above list included 81 species belonging to 63
genera and 27 families. The taxonomic structure in-
dicates the dominance of the families Chenopodia-
ceae (22 species), Asteraceae (13 species), Fabaceae
(9 species) and Poaceae (5 species), which reflects
the typical spectrum of desert and semi-desert flora
of the region.

In the framework of the current stage of the
study, the work on the study of vegetation of fal-
low lands was continued and expanded by surveying
abandoned rice and melon lands in other adminis-
trative districts of Kyzylorda oblast. This made it
possible to supplement and update the existing list
of species characteristic of fallow lands of former
agricultural lands and to identify regional features
of their floristic composition.

On 22 May 2023, 6 km south of Zhanakor-
gan towards Shieli (coordinates: N 43°59'56"; E
67°12'32"; absolute altitude — 70 m), a geobotani-
cal description of the site of an old deposit, which
is more than 30 years old, was carried out. In the
surveyed area, a secondary phytocoenosis commu-
nity of licorice-briar type has formed, dominated
by Rosa persica Michx. ex Juss. and Glycyrrhiza
glabra L., and Halimodendron halodendron (Pall.)
Voss is also present. The community contains 27
vascular plant species, and the total projective
cover is 60-65%, indicating a fairly high degree of
revegetation.

In contrast to the floristic composition of peren-
nial deposits of rice fields of the Kazalinsk massif,
only one species of the Chenopodiaceae family —
Ceratocarpus utriculosus Bluket ex Krylov — was
recorded at this site. The greatest species diversity
is represented by the family Brassicaceae, including
8 species, including Tauscheria lasiocarpa, Cho-
rispora tenella, Camelina sp., Cardaria sp., Desc-
urainia sophia, Diptichocarpus strictus, Litwinowia
tenuissima, and Goldbachia sp. The families Poa-
ceae (Aeluropus littoralis, Eremopyrum bonaepar-
tis, Eragrostis minor) and Ranunculaceae (Cerato-
cephala, Consolida, Ranunculus) are represented by
three species each. Other families have 1-2 species,
which reflects the specificity of phytocenotic diver-
sity at the site with a long fallow period and slightly
saline soils.

Notable differences in the floristic composi-
tion of fallow lands located in different areas of the
Syrdarya valley are due not only to the significant

geographical distance between the sites, but also to
the peculiarities of soil-edaphic conditions, primarily
the degree of soil salinity. Thus, the above-analysed
site near the town of Zhanakorgan, characterised by
the dominance of representatives of the Brassica-
ceae family and the presence of species typical of
slightly saline soils, geobotanically belongs to the
Turkestan floristic region. This is explained by its
relative proximity to the foothills of the Syrdarya
Karatau and the absence of pronounced salinisation,
in contrast to most of the surveyed areas belonging
to the Kyzylorda floristic region, where saline and
saline soils prevail.

It should be noted that in previous periods the
main focus was on the study of vegetation of fallow
rice fields in Kazaly district. However, under the
current grant, geobotanical surveys were expanded
to include new sites in other administrative districts
of Kyzylorda region. Despite the limited scope of
field surveys due to the broad focus of the project,
the previously identified trends in the hierarchy of
the leading families were confirmed, as presented in
the summarised analysis (Figure 6).

Thus, atotal of 77 species of higher vascular plants
were identified during the grant, which surveyed
abandoned rice fields of varying degrees and dura-
tions of fallow:— Asclepiadaceae: Cynanchum sibiri-
cum; Asteraceae: Artemisia terrae-albae, Acroptilon
repens, Cirsium arvense, Inula britannica, Karelin-
ia caspia, Lactuca tatarica, Saussurea salsa, Sene-
cio jacobaea, Xanthium strumarium,;Boraginaceae:
Argusia sibirica,;Brassicaceae. Descurainia sophia,
Cardaria draba, Chorispora tenella, Lepidium ob-
tusum, Strigosella circinata; Capparaceae: Cappa-
ris herbacea; Chenopodiaceae: Atriplex tatarica,
Climacoptera aralensis, Climacoptera brachiata,
Climacoptera lanata, Halocnemum strobilaceum,
Halostachys belangeriana, Kalidium caspicum, Ka-
lidium foliatum, Petrosimonia sibirica, Pyankovia
brachiata, Suaeda altissima, Suaeda crassifolia,
Suaeda linifolia, Suaeda microphylla, Atriplex sag-
ittata, Kochia iranica, Climacoptera lanata, Kochia
prostrate; Convolvulaceae: Convolvulus arvensis;
Cyperaceae: Bolboschoenus maritimus, Bolbos-
choenus maritimus var. compactus; Cuscutaceae:
Cuscuta campestris, Elacagnaceae: Elaeagnus oxy-
carpa, Elaeagnus angustifolia;Euphorbiaceae: Eu-
phorbia jaxartica; Fabaceae: Alhagi pseudalhagi,
Glycyrrhiza glabra, Goebelia pachycarpa, Lotus
corniculatus, Medicago sativa, Sphaerophysa sal-
sula, Halimodendron halodendron, Melilotus albus;
Frankeniaceae: Frankenia hirsuta; Hypecoaceae:
Hypecoum parviflorum; Iridaceae: [Iris tenuifolia;
Juncaceae: Juncus jaxarticus,; Lythraceae: Lythrum
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salicaria; Nitrariaceae: Nitraria schoberi; Plum-
baginaceae: Limonium otolepis; Poaceae: Aeluropus
littoralis, Calamagrostis pseudophragmites, Cryp-
sis aculeata, Eremopyrum bonaepartis, Eremopy-
rum orientale, Lasiagrostis splendens, Phragmites
australis; Polygonaceae: Polygonum arenarium,
Polygonum aviculare, Polygonum patulum; Scroph-

s

9%

ulariaceae: Dodartia orientalis; Solanaceae: Lycium
dasystemum, Lycium ruthenicum, Tamaricaceae:
Tamarix hispida, Tamarix ramosissima, Tamarix
elongata; Zygophyllaceae: Zygophyllum fabago,
Zygophyllum oxianum. Variation of quantitative
composition depending on the terms of fallow is
shown in Figure 7.

= Chenopodiaceae
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= Cyperaceae

' Polygonaceae

= Tamaricaceae
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Figure 6 — Taxonomic composition of vegetation families
of the studied rice deposits (2021-2023)
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Figure 7 — Dynamics of vegetation species composition of abandoned rice fields
depending on fallow dates
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Thus, the dynamics of vegetation species com-
position on rice paddies depending on the duration
of their non-use demonstrates parabolic depen-
dence, which allows us to consider this regularity
as a potential basis for the construction of predictive
models and scales for assessing the state of vegeta-
tion at specific sites.

Since during the project implementation the data
on rice deposits were mainly clarified and supple-
mented based on previously obtained results, the
main focus of the present stage of research work was
on studying the floristic composition of abandoned
cucurbits. The table presents the species composi-
tion of vegetation of cucurbits located in the desert
part of the Syrdarya river valley, established during
the field surveys in 2021-2023.

Analysis of the obtained data showed that the
floristic composition of the vegetation of abandoned
melon lands includes 47 species belonging to 20 bo-
tanical families. The highest species diversity (Figure

8) was observed in the Chenopodiaceae family (19%),
followed by Brassicaceae and Fabaceae (10% each),
Asteraceae (8%) and Poaceae (6%). The remaining
families are represented by 2-3% of the total num-
ber of species. In terms of life forms, perennial plants
predominate — 45% (21 species), while the share of
annuals is 32% (15 species), which reflects the char-
acteristic features of phytocenoses of disturbed desert
agro-landscapes. In general, the taxonomic structure
of the leading families of cucurbits is like the fam-
ily spectrum of the flora of the floodplain zone of the
Syrdarya River. In both cases, the Chenopodiaceae
family retains the leading position, but there are dif-
ferences in the hierarchy of other taxa. Thus, in the
studied deposits, Brassicaceae and Fabaceae occupy
the second and third places by the number of species,
which is explained by the abundance of weed forms,
whereas in floodplain communities they correspond
to Asteraceae and Poaceae, typical for most arid re-
gions of Kazakhstan.

Table 1 — Species composition of abandoned gourds in the desert part of the Syrdarya river valley

Ne Species Life form Economic significance
1 2 3 4
1. Asclepiadaceae
1 Cynanchum sibiricum Willd. Perennial Weedy
2. Asteraceae
2 | Acroptilon repens (L.) DC. Perennial Weedy, poisonous
3 | Artemisia terrae-albae Krasch. Small subshrub Forage
4 | Karelinia caspia (Pall.) Less Perennial Medicinal
5 | Lactuca tatarica (L.) C.A. Mey. Perennial Weedy
3. Boraginaceae
6 | Arnebia decumbens (Vent.) Coss. & Kralik Annual
Nonea caspica (Willd.) G. Don Annual
4. Brassicaceae
Cardaria pubescens (C.A. Mey.) Jarm. Perennial Weedy
9 | Chorispora tenella (Pall.) DC. Annual Weedy
10 | Lepidium obtusum Basiner Perennial
11 | Strigosella circinata (Bunge) Botsch. Annual
12 | Strigosella trichocarpa (Boiss.et Buhse) Botsch. Annual Weedy
5. Capparaceae
13 | Capparis herbacea Willd. Subshrub Edible
6. Chenopodiaceae
14 | Atriplex sagittata Borkh. Annual
15 | Climacoptera brachiata (Pall.) Botsh. Annual Forage
16 | Climacoptera lanata (Pall.) Botsch. Annual
17 | Kalidium caspicum (L.) Ung.-Sternb. Shrub Forage
18 | Bassia odontoptera (Schrenk) Freitag & G. Kadereit Annual
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Continuation table

Ne Species Life form Economic significance
1 2 3 4
19 | Petrosimonia sibirica (Pall.) Bunge Annual Forage
20 | Salsola nitraria Pall. Annual
21 |Salsola tragus L. Annual Forage
22 | Suaeda microphylla Pall. Subshrub
7. Convolvulaceae
23 | Convolvulus arvensis L. | Perennial Weedy
8. Cuscutaceae
24 | Cuscuta lupuliformis Krock. | Annual
9. Euphorbiaceae
25 |Euphorbia Jjaxartica (Prokh.) Krylov | Perennial Medicinal
10. Fabaceae
26 | Alhagi kirghisorum Schrenk Subshrub Medicinal
27 | Alhagi pseudoalchagi (Bieb.) Fisch. Subshrub Medicinal
28 | Glycyrrhiza uralensis Fisch. ex DC. Perennial
29 | Halimodendron halodendron (Pall.) Voss Shrub
30 | Pseudosophora alopecuroides (L.) Sweet Perennial Weedy
I1. Fumariaceae
31 | Fumaria officinalis L. | Perennial
12. Peganaceae
32 |Peganum harmala L. | Perennial Medicinal
13. Plumbaginaceae
33 |Limonium otolepis (Schrenk) O. Kuntze | Perennial Tannin
14. Poaceae
34 | Aeluropus littoralis (Gouan) Parl. Perennial Forage
35 | Phragmites australis (Cav.) Trin. ex Steud. Perennial Technical
36 | Eremopyrum bonaepartis (Spreng.) Nevski Annual
15. Polygonaceae
37 | Polygonum pseudoarenarium Klokov Perennial
38 | Polygonum patulum M. Bieb. Perennial
39 | Polygonum aviculare L Perennial Weedy
16. Ranunculaceae
40 | Clematis orientalis L. Shrub
41 | Ceratocephala falcata (L.) Cramer Annual
17. Scrophulariaceae
42 | Dodartia orientalis L. | Perennial
18. Solanaceae
43 |Lycium depressum Stocks | Shrub
19. Tamaricaceae
44 | Tamarix elongata Ledeb. Shrub Ornamental
45 | Tamarix ramosissima Ledeb. Shrub Ornamental
20. Zygophyllaceae
46 | Zygophyllum fabago L. Perennial Medicinal, poisonous
47 | Zygophyllum oxycarpum Popov Perennial
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Figure 8 — Family spectrum of abandoned gourds in the desert part of the Syrdarya river valley

In the surveyed melon fields, 26 plant species
with economic value were identified. Among them,
weedy forms (9 species), as well as fodder and me-
dicinal plants — 6 species each, respectively — pre-
dominate. Ornamental species are represented by
two taxa, the other groups of useful plants include
1-2 species each.

In total, the anthropophilic component of the
flora found in fallow areas of former rice checks and
melon fields comprises 89 species, which indicates
a high degree of transformation of the vegetation
cover under the influence of agricultural use and
subsequent self-restoration.

Conclusion

The vegetation cover of the desert part of the
Syrdarya valley has undergone significant trans-
formation under the influence of a complex of an-
thropogenic factors. The most destructive impact
is caused by: uncontrolled grazing, intensive agri-
cultural development (primarily rice cultivation),
anthropogenic construction, transport loads and
pyrogenic processes. These factors contribute to
the degradation of biodiversity and replacement of
natural communities by synanthropic and weedy
species. Species diversity decreases with increasing
disturbance, especially in the vicinity of settlements
and livestock routes. The most characteristic indica-
tors of severe degradation are as follows — Pseu-
dosophora alopecuroides, Zygophyllum fabago,

Peganum harmala, Karelinia caspia. These species
are displace fodder, medicinal and native plants,
which worsens the ecological and economic quality
of lands.

Field and geobotanical surveys in 2015-2023
revealed consistent differences in flora composition
on pastures and fallow farmland (including rice and
melon). Chenopodiaceae, Asteraceae and Fabaceae
dominate on pastures, while the presence of Brassica-
ceae and Poaceae is increasing in some cases on old
fallow lands. Plots with many years of non-cultiva-
tion show tendencies to restore natural phytocenoses,
especially in areas with reduced salinity. Indicator
species of succession include: Halimodendron halo-
dendron, Glycyrrhiza glabra, Rosa persica (in typical
communities), as well as Ceratocarpus utriculosus n
Descurainia sophia in the early stages. The family
spectrum of flora of pasture and fallow ecosystems
corresponds to the typical hierarchy of arid territories
of South Kazakhstan, where Chenopodiaceae retain
the leading position. However, in zones with lower
salinity and proximity to foothills, the role of Brassi-
caceae and Poaceae is increasing, which indicates the
importance of taking into account soil and orographic
factors in ecological assessment.

Graphical modelling of the dynamics of spe-
cies composition depending on the period of fallow
showed a parabolic dependence, allowing the use of
such regularities for predicting the natural recovery
of vegetation and optimising the timing of phytome-
lioration interventions.
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Tay HOTMXKEAEpi YCbIHbIAABI. BapAblFbl OH GaKkTepUaAAbl U3OAST aAblHAbI, OAAPAbIH YLIeyi rpamTepic
JKOHe XeTeyi rpaMoH MUKPOOPraHM3MAEPTe >KATKbI3bIAAbIL. M30ASTTapAbIH pocaTTbl epiTy KabiAeTi
>KoHe (hepMeHTaTMBTIK 6eACEHAIAITT GaFraraHAbl. TOPT M30AST ankbiH hochaTCoAOOMAMBALMAAAY OEA-
CEHAIAITIH KepCeTTi, OAApAbIH, iLIHAE eH, >XoFapbl epiTy nHaekci SJ3 (0,93+0,11), SJ5 (0,79+0,012),
SJ9 (0,49+0,01) »xoHe SJ10 (0,49+0,01) wramaapbiHAQ aHbIKTaAAbl. [poTeasanbik, 6eaceHAiAik SJ3
(2,6£0,26),5)5 (2,73+0,25) xxaHe SJ9 (2,83 £0,29) n30A9TTapbiHAA >KOFApbl BOAAbI; aMMAA3aAbIK, GEA-
ceHAiAiK S)3 (2,6 +0,45), SJ)9 (2,5+0,17) >aHe SJ10 (2,65+0,15) wramaapbiHaa 6eariaeHai. EH >kora-
pbl LIeAAIOAABAABIK, GeAceHAIAIK S)3 (2,83 £0,26) >xaHe SJ10 (2,8 £0,22) n3oAaTTapbiHAa 6aikaAAbl, aa
AMMA3aAbIK, GEACEHAIAIK aHbIKTaAMAADI.

CoHbiMeH KaTap 6eAiHreH 6akTepusiAap UMTPATTbI MalAAAAHYFa XKOHE KOMIPCYAapAbl (DepMeHTTey-
re KabiAeTTi eKeHAIri KepCeTiAAl: TOPT M3OAATTbIH YLLEYi FAIOKO3aHbl (DEPMEHTTEAl, OAapAbIH bipeyi
ras Ty3Ai. AAblHFaH HOTMXKeAep (DepPMEHTATUBTIK BEACEHAIAIKTIH pr306aKTEPUSAAPADBIH aHTArOHUCTIK
MOTEHLMAAbIHAQ MaHbI3AbI POA aTKAPATbIHbIH ABAEAAEHAI, OA (PUTOMATOreHAEPAIH XacyLa KabbipFa-
CbIH OY3blIM, OAAPAbIH 6CYiH TEXENAI XKOHE BCIMAIKTEPAIH, aypyAapFa TO3IMAIAIrH apTTbipaAbl. BeAiH-
reH LITaMAApP COSt OHIMAIAIMH apTTbipyFa GarbiTTaAFaH BuonpenaparTap peTiHAe api Kapai 3epTreyre
NepcrnekTMBaAbl 6OAbIN TabblAaAbI.

Ty#iH cesaep: pr3obakTepusi, cos, hepMeHTaTMBTIK BEACEHAIAIK, aMMAa3a, NPoTeasa, LEAAIAA3a,
docdatTbl cCoAOMAMBALMS.
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Enzymatic Properties and Plant Growth-Promoting Potential
of Soybean Rhizobacteria

This study presents the results of isolation and characterization of rhizobacteria with phosphate-
solubilizing ability from the rhizosphere of the soybean cultivar Zhansaya grown in the Almaty region.
A total of ten bacterial isolates were obtained, of which three were identified as Gram-negative and
seven as Gram-positive microorganisms. Their phosphate-solubilizing capacity and enzymatic activities
were evaluated. Four isolates exhibited pronounced phosphate-solubilizing potential, with the highest
solubilization index values recorded for strains SJ3 (0.93+0.11), SJ5 (0.79+0.012), SJ9 (0.49+0.01),
and SJ10 (0.49+0.01). Among these isolates, high protease activity was observed in SJ3 (2.6 +0.26),
SJ5 (2.73£0.25), and SJ9 (2.83+£0.29), while amylase activity was detected in SJ3 (2.6+0.45), SJ9
(2.54+0.17), and SJ10 (2.65+0.15). The strongest cellulase activity was observed in SJ3 (2.83+0.26) and
SJ10 (2.8 +£0.22), whereas lipase activity was not detected in any of the isolates.

Additionally, the isolates demonstrated the ability to utilize citrate and ferment carbohydrates: three
of the four isolates fermented glucose, and one of them produced gas during fermentation. The results
indicate that the enzymatic activity of rhizobacteria plays a key role in their antagonistic potential,
contributing to the degradation of phytopathogen cell wall structures, suppression of their growth, and
enhancement of plant resistance to diseases. The selected strains represent promising candidates for
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further development as agronomically valuable bioagents that promote sustainable growth and increase
soybean productivity.

Keywords: rhizobacteria; soybean; enzymatic activity; amylase; protease; cellulase; phosphate solu-
bilization.
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®epmeHTaTHBHbIE CBOMCTBA M
POCTCTUMYAUPYIOLLIMIA NMOTEHLIMAA PU306AKTEPHUIi COM

B aaHHOI paboTe NpeACTaBAEHbl PE3YAbTATbl BLIAGAEHUS M XapPaKTEPUCTUKM pU30OaKTepuin, 00-
A3AQIOLIMX CMOCOBHOCTBIO K COAOOMAM3aLmm hocdatos, M3 pusocdepbl coeBoro coprta «KaHcas»,
BbIPALLEHHOrO B AAMATMHCKOM 00AAcTM. Bcero 6bIA0 MOAYHYEHO AECATb GaKTepUMaAbHbIX M30AATOB,
CPeAM KOTOPbIX 3 OblAM OTHECEHbI K FPaMOTPULATEAbHbIM M 7 K TPAMMIOAOXKMUTEAbHbIM MUKPOOPra-
H13Mam. OueHeHbl X CNoCoBHOCTU K hocdhaTHOM COAOOMAM3ALMM U (hePMEHTATMBHAS aKTUBHOCTb.
YeTbipe M30AsiTa MPOSIBUAN BbIPAaXKEHHYIO (pOC(aTCOAOUANZMPYIOLLYIO aKTUBHOCTb, MPUYEM HaMBbIC-
LIME 3HAYEHMs MHAEKCA COAIOOMAM3ALIMM OTMEYeHbl Y wTtammos S)3 (0,93 +0,11), SJ5 (0,79+0,012),
SJ9 (0,49+0,01) n SJ10 (0,49+0,01). Cpeant HMX BbICOKYID MPOTEA3HYD aKTUBHOCTb MoKasaAu S)3
(2,6+0,26), SJ)5 (2,73+0,25) n S)9 (2,83 +0,29), ammaasHyto — SJ3 (2,6 +0,45), SJ9 (2,5+0,17) n SJ10
(2,65+0,15). Hanboaee BbipaxkeHHas LeAAIOAA3Has aKTMBHOCTb 3aperncrpuposaHa 'y SJ3 (2,83 +0,26)
1 SJ10 (2,8 +£0,22), B TO BpeMs Kak AMMNasHas akTMBHOCTb Y BCEX M30ASTOB HE BbISIBAEHA.

AOMNOAHUTEABHO MOKa3aHO, YTO BblAEAEHHbIE OaKTepMM CMOCOOHbI YCBaMBaTh LMTPAT U (DEPMEH-
TUPOBATb YIAEBOAbI: TPU U3 YETbIPEX M30AITOB (PEPMEHTMPOBAAN TAIOKO3Y, OAMH — C 0Opa3oBaHemM
rasza. [ToAyyeHHble pe3yAbTaTbl MOATBEPXKAQIOT, UTO (PEPMEHTATUBHAS aKTMBHOCTb PU300aKTepuit aB-
ASIETCS BaXKHbIM (PaKTOPOM MX aHTarOHMCTUYECKOrO MOTEHLIMAAA, CMOCOBCTBYS Pa3pyLLEHUIO CTPYKTYP
KAETOUHbIX CTEHOK (PUTOMATOreHOB, MHIMOMPOBAHMIO MX POCTA M MOBLILEHUIO YCTOMYMBOCTM pacTe-
HMIA K 3a00AEBaHMSM. BbiaA€AEHHbIE LWTaMMbl MPEACTABASIOT MHTEPEC AASI AAABHEIMLLIErO M3YUYeHUs B Ka-
YeCTBe MOTEHLUMAAbHbIX arPOHOMMYECKN LIEHHbIX 610areHToB, CNoCOOCTBYIOWMX YCTOMUYMBOMY POCTY M

MOBbIWEHNIO MPOAYKTUBHOCTU COU.

KatoueBble cAoBa: pu3obakTepun, cosl, (pepMeHTaTMBHas akTMBHOCTb, aMMAA3a, NPoTeasa, LIeAAIO-

Aa3a, ochaTHas coatobuAM3aums.

Kipicne

Cos (Glycine max (L.) Merr.) OypIiuak TYKbIM-
JaChIHA KATATBIH, KOFAPbl TAFAMJIBIK KYHIBUIBIFbI
Oap MaHbBI3/IbI aybUIIIAPYAIIBUIBIK JAKbLIIIAPbIHBIH
0Oipi Oousbin TaObUIaABl. OHBIH KYPaMbIHIAFBI ©CIM-
JIiK TeKkTec aKybI3 Memmepi 38-42% apaibIFeIHIA,
OYJ1 OHBI KYHJIbI a3bIKTBIK KOHE Mala3bIKThIK pe-
Cypc peTiHle KeHiHeH maijananyra MYMKIHAIK Oe-
peni. CoraH KapamacTaH, Ka3ipri yaKeITTa COSl ©H-
Jipici TYTBIHYIIBUIBIK, CYPaHBICTBIH TEK HIaMaMEH
35,1%-b1H FaHa KamTamachi3 eTin oTblp. OcChIFaH
0alTaHBICTBI COSI OHIMAUTITIH apTTHIPY arpapibIk,
CEKTOpJIaFbl ©3€KTi MocenenepaiH Oipi 0okl Ta-
ObLTA b

OHIMIITIKTI JKOFapBUIATYABIH AOCTYPIl TOCLI-
JICPiHiH O01pi XUMHSIIBIK ThIHAUTKIIITAP bl KOJJIAHY
0OJIBITT TAOBUTFAaHBIMEH, OJIAPIIBIH KYHBIHBIH KOFa-
pBI OOJTYBI JKOHE TOMBIPAK, IKOKYHECIHE y3aK Mep-
3IMJII KAFBIMCBI3 ©Cepiiepl IKOJIOTHSIIBIK Kayirci3
9Pl IKOHOMUKAIBIK TYPFBIIaH THIMJII OallaMmaliap bl

i3mey i Tanan ereai. MyHaait Oanamanap/IbiH iliH-
Je OCIMIIK OCyiH CTUMYJSLMSUIAUTBIH pH30oche-
paibIK OakTepusyIapFa HETi3AeNTeH OHOJIOTHSUIBIK,
THIHAMTKBIIITAD €peKile Ha3apra ue. OCIMIIKTIH
oCyiH BIHTaJAaHIBIPaThIH pusobaktepusuiap (Plant
Growth-Promoting Rhizobacteria, PGPR) ecimuik
TaMbIp aliMarbIH/Ia TIPLIUTIK €Till, OHBIMEH CUMONO-
TUKAJIBIK ©3apa OailjlaHbIC KaJbIITACTBIPAIbl )KOHE
Oipkartap OWOXMMISUIBIK MEXaHU3MIEP apKbLIbI
OCIMJIIKTIH KOPEKTIK 3aTTap/bl CIHIPY THIMJILIITIH
apTTeipanas! [1-3].

PGPR TombIpak KyHapJIbUIBIFBIH JKOHE ©CIMIIIK
ecyiH OipHelIe OJMEH peTTed amaapl: a3oT (HuK-
cauusiiay, (ocdarrapasl epity, (uTOoropmoHaap
(MHIOICIPKE KBIIIKBLTIBI, TUTOKHHUHIEP, THOOSpEIT-
TUHACP) CUHTE3NIEYy, ayblp MeTalaapabl OceiiTapar-
Tay, OPraHUKAJIBIK 3aTTap/bIH MHHEPAIIaHYbIH XKe-
NIENJIETY JKOHE (PUTONATOTCHIEP/IiH JaMybIH TeXey
[4-7]. ConapapiH iminae Gocdar CoMOOMTU3ACYIIT
OakTepusIap epekiie MaHbI3Fa He. TombIpaKTarbl
hochop kebiHece oCIMIIKTEpPre KOJDKETIMCI3 MH-
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Hepanabl gopmana kesgeceni. docdar comooOu-
IM3IeyIi OaKTepusiap OpraHUKAaNBIK, KBIIIKBIIIAp
MeH (epMeHTTEp O6IIin mbIFapy apKbUibl Gocdop-
JIbl ©CIMJIIKTEp OHAH CIHIPETiH epiriu Typre aiHai-
IBIPAIbl, HOTIKECIHAE OCIMIIKTEpAIH KOpPEKTEeHY
JKaFIaiIapel JKakcapajbl )KOHE OHIMIUIIK apTajibl
[8—-10].

PGPR xongany TYKBIMHBIH ©HYIH JKaKCcapTaThl-
HBI, TAMBIP JKYHECIHIH JaMyblH KYIICUTETiHI )KOHE
OCIMIKTIH 0acTankpl 6Cy KapKbIHBIH JKeAeIIeTeTi-
Hi aHBIKTAJIFaH, OYJT aKbIP COHBIHIA COSTHBIH OHIM/Ti-
JiriH apTThIpyFa okeneni [11]. Typakrsr aybur ma-
pyalIbUIbIFBIHA KOy OapbIChIHIA ©CIMIIKTepAiH
OMOTHKAITBIK KOHE aOMOTHKAIIBIK CTpece (haKkTopiia-
pBIHA TO3IMIIUTITIH KYIIEHTY YIIiH TOMBIPAK MUKPO-
OMOTACBIHBIH OJICYeTiH KOJIaHy Herisri OarbITTap-
IBIH Oipi 60161 TabbLIamb! [12,13].

PuzobakrepusuiapplH,  arpOHOMHUSIIBIK,  THIM-
JUTITIHIH MaHBI3JIbI aCTIEKTUIEPiHiH Oipi oJlaplbIH
THAPOJIUTHKAIBIK (hepMeHTTep (ammiraza, mporea-
3a, IeJUTI0Na3a, MEeKTHHA3a, XUTHHA3a KoHe T.0.)
cuHTe3/iey Kabineri Oonbin Tadbuianst [14,15]. byn
(bepMeHTTEp OpraHUKAIBIK 3aTTap/ bl MHHEPAJITaH-
JIBIPY/IBI KEEIICTIN KaHa KoiMak, eCiMIIKTepAiH
¢uTonarorenepre Kapchl KOpPFaHBIC peaKLusiia-
pbIH KymedTeai [16—18]. MeIcamsl, 1ieTiona3a MeH
mpoTeaza MaTOreHAEP/iH JKacylla KaOblpralapbl-
HBIH KYPBUIBIMBIH OY3bIII, OJIApJbIH 6CYiH TEXEH ],
aJl aMHJIa3a TONBIPAKTAFbl KOMIpCyIap aifHaIBIMBI-
Ha ©Cep eTe OTBIPHII, OCIMIIKTEP/IiH KOPEKTIK 3aT-
Tapbl CiHIpyiH oHTainanabIpaast [17-21].

Ocpuratima, PGPR-meiH  docdarter  comoou-
Ju3alusiay Kaoineri xkoHe (EpPMEHTATHBTIK Oell-
CEHJUIIr cOsl OCIMIITIHIH TYPaKThl ©Cyi MEH OHIM-
IUTITIH apTTRIpyJa IIENIyln peil aTKapaisl. by
OarpITTa JKaHa MEPCIEKTHUBABI ITaMAapAbl 0ein
ary KOHE OJIap.IbIH arpOOHOTEXHOIOTUSUIIBIK dJIeye-
TiH Oarajay Kasipri aybll MIapyamIbUIBIFBl YIIH
epeKIIle MaHbI3/bI.

3epTTey MaTepHuaJAapbI MeH daicTepi

Anmatel 00sbIcEIHIA opHaTackaH «Kasak erin-
IIUTIK KOHE OCIMJIIK IIapyanbUIbIFb! FeUTbIME 3epT-
TEy MHCTUTYTBIHIIA» ocipineTin «Kancas» cos cop-
TBIHBIH YITUIEpi albHIbl. OCIMIIKTED TaMBIPHIMEH
Ka3bUIBII, TOTBIPAK KaJJBIKTAPhl Ta3ajJaHFaH COH,
YITiIep CTepWibJi KOHTEHHEepre OpHAIACTBIPHIIL,
3epTXaHara KeTKI3iIi.

2.1 Puzocghepanvix baxmepusnaposl Oonin auy.
CostHBIH pu3ocdepacblHaH MUKPOOpPTaHU3MIEp Ke-
neci oxicien O6eminai. 10 rp TombIpak YATICI ayibl-
HBIT, CTEPWIBII BIABICKA CANBIHABI, oFaH 90 mi
¢dusnonorusbik, epitinai (0,85% NaCl) kocbuib.
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Mukpoopranu3Maepai Oemin any YIIiH, CyCHEH-
3ustHbl 1erikepae 30 muHyT 60it61, 150-200 aitn/
MUH KbUIIAMJIBIKIICH apaiacThIp/bl. AJBIHFAH CyC-
nersustHbiH 1071, 102, 1073, 10, 1075, 10° cepusuibik
cydpuITynap (pU3HONOTHSIIBIK epITIHAIHI KOoJa-
Ha OTBIPBIN JalbIHIAIIBI. OpOip cyhbiTyaan 0,1
MJI QJIBIHBIN, CTEPWJIB/I IIMATEIb/IH KOMETIMEH
[lerpn Tabaxmanapeiagarel LB (Jlypua bepranm)
(Himedia, India) arap Oerine Oipkenki Tapaijsbl.
[etpu Tabakmanapsl 28°C Temneparypana 5-7 KyH
0O0IBI MHKYOAIMsIIaH/Ibl, HHKYOAIHs Ke3eHIHIe KO-
JIOHUSIAP/IBIH ©CY IWHAMUKACHI OaKbLITaH/IbI.

Konpanbuiran LB (Jlypua Bepranum) arap xo-
PEKTIK OpTaHBIH KYPaMbI:

- Tpunron: 10 T

- ATIIBITKBI 3KCTPAKTi: 5 T

- NaCl (marpwuii xmopumi): 10 T

-Arap: 151

- luctunpenred cy: 1 mutpre nedin

2.2 Mopgonoeusinvi cunammama scone I pam
oouviHwa anvixmay. V3onarrapabiH MOpGOIOTHs-
JIBIK, CUTIATTaMalapbl, COHBIH iITiH/IE KOJOHUsIIAp-
IBIH TIATMEHTI, MIIiHI, JXUEKTepl JKOHE OHMIKTIri
seprrengi. [lurmentrepain ty3inyi LB arapeiana
37°C temneparypana 24—48 cararTtaH KediH OaKbl-
nmaHabl. M30asaTTapapIy jKacyma KaObIpraaapbIHBIH
Kypambl ['pam 0osty omici apKbUIbI aHBIKTAJIBI.
I'pam GoiibiHIIa OOSTy TIPOIIE Iy PACHIHIA KPUCTAIIBI
KyaTiH, ['pam ¥om, criupT/aneToH TYCCi3meHIipTiT
peareHTTep *)oHE cadpaHUH KOJIAHBULIBI. AJIBIH-
FaH HOTWXKEIIEP HETI3iHAC H30JSITTApIbIH OUOXH-
MHUSUTBIK, KACHETTEP1 CHITATTAABI [22].

2.3 ©@ochammer comodunruzayusiay Kabiiemin
sepmmey. DocaTThl COMOOMITH3ANUSIAYIBIH Cara-
TBIK, Tanaay [IMKoBckas KOPEKTiK OpTachIHIA KYP-
rizingi, sFHU oraH Tpukanbimidochar Casz(PQ4):2
KochlIbl [23]. bakTtepusuibiK u30asSTTapabH (oc-
¢datTel  comoOWIM3anusIay KaOimeTi  camalbik
KOHE CaHJBIK TYpFbIIaH OaranaHanbl. M3omsrrap
[TukoBckass KopekTik opTackinaa 28+2°C Ttemme-
patypana 6-7 Toyiik 00iibl HHKyOanusIaHbl. bak-
TEPUSUIBIK, KOJIOHUSJIAP/AbIH alHalachlHIa alKbIH
allMaKThIH Taina OoXybl M3OJSITTHIH (ocharTh
comoOmm3anusiay KabineTiH pacraiisl. WMHKY-
OanusgaH KediH u3oaaTTapAbiH (HocdarThl COIFO-
Oownmuzanusuiay KaOineri epirimtik wHAaekciH (SI)
aHBIKTay apKbUIbI OaralaH/bl, O Keneci Gpopmyrna
OolibiHIIa ecenTenai [24]:

SI= (d xonouus+d rano aitmarsr)/D xononus (1)
MyHzarbl d — quamerp.

2.4 @Depmenmmik OeiceHOINiKmi  aHvlKMay
odicmemeci. AHBIKTaNFaH puzochepaiblk OakTe-
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PUSUIBIK M3OJISITTAPJIbIH KpaXMaljibl, IeJuTioa3a-
HBI, aMHJIa3aHbl JKOHE JIUMA3aHbl THAPOU3ICHTIH
(depMeHTTEpi OHIPY KabineTi colikec CyOCTpaTTh
KAMTHUTBIH KATThl KOPEKTIK OpTara HW30JIATTap/Ibl
ery apKpUIbI 3epTTenii. MHKyOanusaan ke, erep
(depMeHT cyOCTpaTThl BIABIPATCA, KOJOHUSIAPIIBIH
alfHalachIH/A TY3UITeH aliMaK OHBIH OEJICeHIITITiH
KepceTTi [25].

®epmenrarustik unnekc (EI) kemeci dpopmyna
OOMBIHIIIA ECENTEN/II:

El=depmenT alimarbIHbIH AuamMeTpi /
KOJIOHUSIHBIH, THaMeTpi 2)

Wzonsatrap gepmeHT eHaipyre KalineriHe Ka-
paii keneci Tonrapra 6emiHAl: GEepMEHT CHHTE3eH
anmaitTeH (EI = 0), ToMeH neHrefiae gepMeHT CHH-
te3neit anareiHaap (0 < EI < 2), oprama neHreiiae
¢depment cuntesneit anateiaap (2 < EI < 4) xone
JKOFaphl JeHTelIe GepMEHT CHUHTE3IeH anaThIHaap
(E1>4) [26].

2.5 Ilpomeasanvi 6encenoinikmi 3epmmey
oo0icmemeci. V3omaTTapablH TpoTeaza (pepMeHTIH
OHJIIpYy KaOlIeTiH 3epTTey YIIiH MalChI3IaH IbIPbLI-
raH cyT arapel (SMA) (Himedia, India) Gap cre-
pwibai Iletpy TabakmagapblHa HYKTETIK OJIICITCH
ery ypriziai. M3omsrrap 28+2°C temneparypana
48 carar Ooitpl WMHKyOarwsuanapl. HKyOanusian
KEeWiH OakTepus KOJOHWSUIAPBIHBIH alHAaJaChIHIA-
FbI MOJIJIIP aliMaKThIH Taia OOJybl MPOTea3aIbIK
OenceHainikTiH OOJIybIH KOpCETTi, SIFHU CcyOcTpat
nmporeaza (pepMEHTTEpi apKbUIBI BIABIPAFAHBIH J0-
nengeni [27].

2.6 Amunazanvix Oencendinikmi 3epmmey a0ic-
memeci. BakTepusIIbIK U30JATTap KpaxMaln arapbl-
Ha (cublp eTiHiH dKcTpakThl — 3,0 T, mentoH — 5,0
r, epirim kpaxman — 2,0 t, arap — 15,0 r, quctui-
nenreH cy — 1 i) [lerpu TabakmanapsiHa HYKTEITIK
auicnen eringi xoHe 30°C Temmniepatypana 48 carar
Ootibl mHKYyOarusuTanapl. UHKyOanus askTairaHHaH
ketiin [letpu Tabakmanapeiaa 1% #ox epiTiHmiciH
kyibin (300 mur guctrnaenren cyra 2,0 r Kl sxoHe
1,0 r #iox), 6ip MUHYT yCTaJIbIIl, COJJaH KEHiH epiTiH-
ni Terini. Mo kpaxmanMeH opeKeTTecin, KoK TyCTi
KOCBUIBIC Ty3eqi. JleMeK, KOIOHHsIap/AbIH aifHana-
CBIHJIAFBI TYCCi3 aliMaKThIH Maiaa 00JTybl aMuIIasa
(dbepmenTiHiH OenceHainTiH kepceremi [28].

2.7 enmonazaneix, 6encendinikmi 3epmmey
o0icmemeci. PuzocdepalblK 0aKTEpUSIIBIK H30-
naTTap kapookcuMeruimemntoiao3a (KML) kemip-
teri ke3i perinae Koaaanbuiran, NaNOs, Ko:HPOa,
KCI, MgSOs4, FeSO4, ambITKbl AKCTPAKTHI >KOHE
arap KaMTHTBIH KaTThI KOPEKTIK OpTara HYKTEIIK
ouicnen erinai [29]. [Terpu Tabakmanap 28°C Tem-

nieparypana 48 carat 0oiibl HHKyOanmsuanabl. MH-
KyOanmsiaH KeiiH yacymiaiaH ThIC eJUTI0Ia3aIbIK
oencenainikti 1% #on epitinaici (300 M qucTui-
nenred cyaa 2,0 r Kl sxkene 1,0 r lox)kockuibln, 3-5
MUHYT YCTaJIABI, COJaH KeiliH epitinai Terinai. Ho-
THXKECIH/IC KOJIOHUSIIAPIbIH aifHaIachIH/Ia TY3UINCH
MeJIIIip aiMakK, IEeJUTHI03aHbIH THAPOIU3/ICITCHIH
KepceTin, GpepMeHT OeNCEHIUTITIH canalbIK TYpIe
monengeni [30].

2.8 Jlunazanvix bencenoinikmi 3epmmey a0ic-
memeci. Jlumaza QepMeHTiHIH OenceHAuTIriH 06a-
Fajmay YIIIH W30JTTap YKYMBIPTKAHBIH CapbIChl
arapel (EYA) (Himedia, India) 6ap oprara Hykre-
ik omicnen eringi sxone 3042 C Temneparypana 2
KYyH Ooiibl mHKyOanusutanapl. Conan keiiin [letpu
TabaKIIagapblHa KaHBIKKAH MBIC CyJb()aThIHBIH
(CuSO,) epitingicimen 10-15 MunyT ongenin, ap-
ThIK peareHT Toriai[30]. Jlunasaasik OenceHaIir
0ap KOJOHUSITAPABIH alfHAJIACKIH/IA KACBUI-KOK TYC-
Ti aliMak maiiga OOJIbIT, OH HOTHKE KOPCETTI.

2.9 Lumpammely ciyipinyin anvikmay odic-
memeci. Puzo0akTepusIapAblH KOMIPTEKTI HEp-
TUs Ke3l peTiHxe maianaHy KaOileTiH aHBIKTay
MakcatbiHaa oiap Cummonc murpat- arap (SCA)
(Himedia, India) kopekTik oOpTachiHIA ©Cipiii.
KopekTik opTanslH Kypamsl: 0,2 T HaTpHid ITUTpa-
o1, 0,02 1 MgSO,, 0,5 r NaCl, 0,1 r ammoHu#i au-
rugpodocdatsl, 0,005 r 6Gpomtumon xeri, 100 mu
JUCTUIIIEHTeH ¢y, 4 1 arap; pH 6,9 xone 28+2°C
Temreparypana 24 carat OOWbl MHKYOAIUsIIAH]IBI.
HuTpaTThiH CiHIpUTYiHIH OH HOTHXKECI KOPEKTIK
OpTaHBIH TYCIHIH 24 caFraT imIiHAC YKachlUITaH KOK
TYCKE ©3repyl apKbUIbl aHBIKTAJbI, OYJI pU300aK-
TepUsUIapIbIH HUTPATTHI Naiganany KaOuleTiH pac-
taimaer [31].

2.10  Kewmipcyrapovly  hepmenmayusicoln
anvikmay o0ici. BakTepHsUIBIK HW30JSTTapIbIH
KeMipcynapasl (pepMeHTTEy KaOimeTi ymr KaHT-
tei-reMipii arapga (TSIA) (Himedia, India) eci-
py apkpuibl OaranaHibl. baktepus mramMmmaapbr
30+2°C Temmeparypana 24 carar 060Wbl HHKyOa-
nusianbl. Kopektik opTaHbiH 0eTi MeH TYOiHIH
caprarobl OaKTepHUsIIAPABIH EKCTPO3aHbI, JIAKTO-
3aHBI KOHE caxapo3aHbl (HepMEHTTETCHIH KOPCET-
Ti. ©cipy opraceiHblH pH MoHI puzobakrepusiiap-
JbIH (hepMEHTAIUSIIBIK OCIICeH IITITIHE 8cep eTTi.
IIpoGupkanbIH TYO1 capbl, air keiaoey 0eTi KBI3BLT
OonFaH jKardaiiia TeK NEKCTPO3aHBIH BIJBIPAYbI
Oaiikanasl. KOpekTik opTaHbIH Kaparobl KYKipTTi
cyterinig (H2S) Ty3inyiH, an opTaHbIH BIABIPAYHI
HEMece KOTEepuIilm KeTyl ra3 TY3UIyiH KepceTTi
[32].

2.11 Cmamucmuxanvik oyoey. bapibIK TOXIpH-
Oerep yuI KalTanbIMIa KYprizii.
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SE = E

‘/,E

Aneraran HoTmokenep Microsoft Excel 2021

OarmapiaMachelHAa OHJENIN, MOJIMETTep opTalia

MoH (M) xoHe craHmapTThl Karenik (+SE) Typinzae

kepceTinmi. AlisipMambsuIsiKTap p < 0,05 geHreiiin-
Jie ceHimai mem ecenrenai [33].

EaHE 11— 3

3epTTEy HOTH:IKEJEpPi KaHe oJapAbl Taj-
aayJap

ATMaTBI OOJIBICBIHIIA OCIPUITEH COST OCIMIITIHIH
pu3ochepalnblK aitMaFbIHAH Kbl OH OKIIAyJIaH-
FaH OakTepualIbl M30JAT OeiHIn ajbiHAbl. bak-
Tepusiapasiy LB arapibl opTaga ©CKeH KOJOHUS-
JIapbl TYCi, POPMACHI, )KHETl MEH OCTKI KYpPbUIbIMbI
OoiibiHma Oip-OipineH epekmenenni (1-kecre). Op-

Oip OemniHIN aJbIHFAH M30JIATTBHIH MOP(OIOTHSITBIK
KOHE OCy epEeKIIeNIKTepl ermKenl-Ter e 3epTTe-
ni (1-cyper).

JKanmel anblHFaH OH HM3OJATTHIH YLIeyi rpam
Tepic, an skeTeyi rpamMm oH OakTepusiap TOObIHA
KaTaTHIHBI AHBIKTAIJIbI.

1-cyperTe 3epTTey OapbIChIHAA OOIHIN aJbIH-
FaH pu3ochepasiblK OaKTepUIIApABIH Ta3a MaKblI-
JIlapbl KOpPCETUIreH. OpOip H30MIST KEKEe KOPEKTIK
opTtaza ecipiiin, MOpPQOIOTHUSIIBIK OIpKEIKITIKKe
KOJI ’KETKi3y MaKcaThIH/a OipHeIIe peT KaiTa erimi
TazapTelUabl. [lnacTUHKanmapaa ecipiireH miram-
JapAbIH KOJIOHUSUTAPHI TYCI, MillliHi, IeTi MeH OeTKi
KYPBUIBIMBI OOHBIHIIIA Oip-OipiHEH epeKIIeIeHEeTiH]
KepiHeai. byn MophonorusuiblK, albIpMalIbUIBIKTap
M30JISITTApIbIH TaKCOHOMMSJIBIK allyaH TYPIUITiH
KOPCETII, OJIAPABIH OPTYPIIi 0aKTEPHUSIIBIK TONITAPFa
JKATaThIHBIH JTOJIEIIIEH/II.

1-cypet — Beninin anbHFaH N30IATTapABIH Ta3a OITaMIaphl
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A.C. Kucray6aesa xoHe T.0.

1-kecte — OKIayiaHFaH OaKTEPUSUIBIK, H30JIATTAPIBIH MOP(HOIOTUSIIBIK CHITATTAMACHI

U3zonsat OnTHKAaIBIK L. . . ... | Koncucrennu-
. Timmini Kueri Kyposuteiver | Komonus Tyci | Ocy nerreiii
Tap Kacueri SICBI
SJ1 MeJIIip eMec meHoep TyTac Teric
SJ2 MeJIIip eMec | OIpKeJKi emec | IKil Topi3ai Teric KiJerei
. Mabl
SJ3 meHoep TyTac Teric AKIIBIT
KYPBUTBIM/IBI
SJ4 MOJIIip emec TYPaKTBI TyTac Teric
SJ5 MeJIIip emec | OipKesKi emec Teric AKIIBLT
SJ6 MOJIIZIip eMec meHoep JKaOBICKAK, aIlIbIK Capbl
MeJIIip emec | OipKesKi emec Teric AXIIBLT
TOJKBIH .. MamiIbl
nreHoep N JKEeTIMIL Ax
TOpI3Ai KYPBUTBIM/IBI
MeJIip eMec | OipKesKi emec JKaOBICKAK, aKIIBUI Caphl JKaJTaK KiJerei
SJ10 MeJIIip emec | GipKesKi emec Teric AKIIBLT JKAJITAK Kijereitni

I-kectene opOip OKIIaylaHFAH M30JSTTBHIH KO-
JIOHUsT MOP(OJIOTUAICHIHA TOH HET13T1 Oenriyepi ca-
JTBICTRIPMAITBI TYpae OepinreH. M3omarrap onTuka-
JIBIK, KaCHeTi (MeJAip HeMece MOIIIp emMec), MilliHi
(mreHOep HeMece KiIl Topi3Ji), KOJOHUS JKUETiHiH
CHUTIATHI (TYTAC, TONKBIHIBI), OETKI KYPBUIBIMBI (Te-
ric, ®eNiMJIi, xkaObICKaK), TYCI, eCy JeHreii (1eHec,
JKaIMAaK, OPTAChl KOTEPIHKI) )KOHE KOHCHCTEHIIUACHI
(IIBIPBIMITHI, KiJIETEHITi, MaiiTbl) OOWBIHIITA alfbIpMa-

IIBUIBIKTaptra ue.

Atanran MOP(QOJOTHSJIBIK CUIaTTaManap Oak-
TepusIapasl OacTamkbl (PEHOTHUNTIK HUIACHTH(HKA-
usiay/ia MaHbI3Ibl pell atkapaasl. Macenen, SJ1,
SJ4 sxone SJ6 n30ATTaphl KBI3FBUIT-CAPBI TYCKE HE
Oomca, SJ3 xone SJ8 MalIbl KYPBUIBIMIIBI, MOJIIIP
kosioHus Ty3ineni. An SJ2, SIS, SJ7, SJ9 xene SJ10
M30JIITTAphI XKill TOPI3li Hemece OipKelKi emMec Mi-

LIH[I, KiIerein HeMmece HIBIPBHIIITH KOJOHUsIIAp
TY3iII, OJIapAbIH 3K30M0JIHCaXapyu]] CUHTE3Aey Kaoi-
n1eTi 00TyBl MYMKIH €KeHIH KOpCeTe .

JKanmel, anbiHFaH MOP(OJIOTUSIIBIK, JCPEKTEP

OakTepusIapAblH TaOMFU SPTYPIUIIriH alKbIHAAI,
OJapIbH (U3HOJIOTHSIIBIK JKOHE OHMOTEXHOJIOTHS-
JIBIK KaCHUETTEpiH opi Kapail 3epTTey YIIIH Heri3
OoJ1a anajbl.

3.1 @ochammol conrodburuzayusiay Kaodiiemin

3epmmey

docharTer

2-kecte — OKIIayTaHFaH H30IATTapAsH (HochaTTs epiTy 30HANIAPEIHBIH ANaMeTPi xKoHe epirimTik naaekci (SI)

epiTeTiH aliMak eJIeMIepiH
koHe epirimTik uHaekcin (Solubilization Index,
SI) kepcereni. SI MoHI OakTepusIapIbIH epiMeii-
TiH MUHEpaJIIbl pocaTThl OCIMAIKKE KOIKETIM-
Ii epuTiH Gopmara alHAIABIPY THIMIIIITIH CH-
MaTTaTBIH HET13T1 KOPCETKII OOIBIN TadbIIaIb!
[34].

W3zonar Atimak (Mm) £+ SE Wunexce (SI) + SE Bencenninix nexreii
SJ3 10+ 0,29 0,93 £0,06 2Korapsl
SJ5 8+0,23 0,79 £+ 0,007 Opramia
SJ9 5+0,17 0,49 + 0,006 Temen
SJ10 5+0,17 0,49 + 0,006 Temen
Ecxepry: bapmsik Toxxipubenep ymr kKairansiMaa sxxyprizinai. Hotmkenep oprama mon (M) = cranmaptrsr Kareinik (SE) Typinge
KOPCETUITeH.
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SJ3 en sxorapel Qocdar comoOuIU3aANMATIAY
HHJEKCIHEe 1e, OYyJI MTaMMHBIH TOTBIPAKTaFbl (oc-
(dopMeH KamMTaMachl3 €Ty THUIMJLIIr KOFapbl eKe-
HiH Kepceteni. MyHaall mTaMMaap OHOJOTHSUIIBIK
THIHAUTKBIITAPABIH HETI3ri KOMITOHEHTI pEeTiHIe
KYH/IBL.

SJ5 oprama genreiini OesceHIUTIK KopceTeni,
OJ1 JIa arpOTEXHOJIOTHSIFa KOJIIaHyFa sKapaMIbl.

SJ9 xene SJ10 Gencenainiri ToMeH, Oipak KOM-
OMHUPJICHTeH MHUKpOOManIsl KOHCOPLUHUYM Kypa-
MBIH/Ia OJIap J1a SKOJIOTHSUIIBIK TeIe-TeHIIKTI CaKTay
HeMmece KochIMIa (PepMEHTAaTHBTIK dcepiiep apKbl-
JIbl MaHBI3Fa He 00JIybl MYMKIiH.

2-cypeTt — bakrepusiiapasie pocharTs
COTFOOUITM3AIMSITIAY OCICEH LTI

2-cyper, cos puzochepacblHaH OKIIAyJIaHFaH
OaktepusiiapablH  GocdaTTsl  comoOuIu3anmIay
KaOuteTiH kepceremi. [IWKoBCckas arapiabsl opTa-
ceina (PVK-agar) docdarrer epity OenceHmimiri

KOJIOHUSTHBIH aifHaJachIH/Ia Taina OoJFaH MeIip
alilMaKTBIH JTHaMeTpi OoWbIHIIA OaramaHmbl. Meir-
JIip aliMaKThIH OOJIybl OaKTEePHsUIAPIbIH OPTAHBIH
pH-bIH TOMEHJETEeTIH OpraHWKAIIBIK KBIIIKbLIIAP
TY3€ OTBIPHIN, epiMEHTIH (hochaT KOCHLIIBICTAPBIH
ociMIIKKe KOJDKeTiMIi (opMmara alHaNABIpy Ka-
Oinerin Oinmipeni. CypeTrTeH KepiHiN TypFaHaa,
topT u3omAT (SJ3, SJS5, SJ9 xone SJ10) allkeIH CcO-
JIIOOMIIM3AlMs alMaFrbIH TYy3.1, Oyl ojap/siH (oc-
¢darTel epitymni OakTepusuiap KaTapblHa KaTaTbl-
HBIH Joienaehai. Ocipece SJ3 HW30mATBIHAA 30HA
alfMarbIHBIH €H YJKeH 60mys! (10 MM) OCBI IITAMM-
HBIH KOFapbl OCIICEH/IUTITIH KOpCceTe Il KOHE OHBIH
arpOHOMUSUIBIK TYPFBIAAH OJIeyeTi 30p eKEHIITiH
aWKpIHganab [31-32].

®docdarTel comoOmM3anusIay OeICeHUTITI-
HIiH JKOFapbl OOJNybl 9aeTTe OaKTepHsuIapIbIH Op-
TFAaHUKAJIBIK KBIIKBIIIAP (MbICAJIBI, TIIFOKOH KBIIII-
KBUIBI, CYT KBINIKBUIBI, (PymMap KBIMIKBLUIBI) TY3€
aiy KabinmeTiMeH, COHNai-aK ChIPTKbI opTa pH-bH
TOMEHIeTy PYHKIUSIChIMEH OainanblcThl. COHJIBIK-
tan SJ3 xone SJS mramaapsl ¢hochop TammbLIbI-
FBI Oap TOIBIpAKTapAa OCIMIIKTEpAiH MHHEpal-
JIBIK, KOPEKTEHYIH jKaKCcapTy YIIiH IepPCIIeKTHBAIIBI
OMONOTHSITBIK, areHTTep Oounbll TadbuiaAbl. byn
MITAMMJIAPJIBIH  KOJJAHBUTYbl XUMUSUTBIK, (hochop
THIHAUTKBIITAPBIH 1lIiHApA aJIMacThipa OTBIPHIIL,
JKOJIOTUSIIBIK, TYPAKThI aybLI MIAPYaIlbUTbIFbIHA KO-
mryre MyMKiHAIK Oepeni [30].

3.2 Ilpomeasanvix, 0OenceHOiNiKMI aAHLIKMAY.
MaiichI3IaHIbIPBUTFAaH CYT arapblHJa KYPri3UIreH
ToXKiprOeae mpoTeasanslk OenceHmimik 10 u3omsr-
THIH 9-bIH/A aHBIKTANABL. byl HoTHXE pH30ochepa-
JBIK, OaKTepusap apachlHAa MpoTea3a CEeKperus-
CHIHBIH aNTapibIKTal BapuaOeNIIimiri OOJaTHIHBIH
pacraiinel. ®epmentaruntik uHaekc (EI) monaepi-
HE CYHEHE OTBIPBIT, H30JISTTap OCIICEHAUTIK ISHT elii
OotipramIa TonTacTeIpell (Kecte 3).

3-kecte — [Iporeasa, ammiasa koHE IEIUTIONA3AIIBIK OSIICEHALTIKTI Oaranayra apHanFaH (pepMeHTaTuBTik HHAeKe (EI)

W3zonar [poreasa (M = SE) Awmmaza (M + SE) Hemmonaza (M + SE)

Sl 2.43+0.23 0+0 0+0

SI2 0+0 0+0 2.07 +£0.03
SJ3 2.60+0.15 2.60 +0.31 2.83+0.17
SJ4 2.00 +0.00 1.88 £0.32 2.40+0.31
SJs 2.73+0.15 2.37+0.19 2.27+0.37
SJ6 2.53+0.26 2.30+0.17 0+0

S17 1.97 +£0.09 1.97+0.26 2.17+0.17
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Continuation table

W3zomnsar IIpoteaza (M + SE) Awmunaza (M £ SE) Hemnronaza (M + SE)
SJ8 2.43 +£0.30 2.32+0.20 1.93 +£0.09
SJ9 2.83+0.17 2.50+0.10 0+0
SJ10 1.23 +£0.15 2.65 +0.09 2.80+0.15

kepcetiarex. p < 0,05.

Ecxkepry: bapibik Tokipubenep yi Kaitansivaa xxyprizinni. Hotmwkenep oprama mon (M) + cranmaptTsl Karemik (SE) Typinne

XKoraper Oencennpinik (EI > 2): SJ3 (2,60 +
0,15),SJ5 (2,73 £0,15), SJ6 (2,53 £0,26), SJ8 (2,43
+0,30), SJ1 (2,43 + 0,30) xone SJ9 (2,83 +0,17).

Ocipece SJ9 xone SJ5 Gapiblk KalTanbIMaapaa
TYPaKThl KOFapbl MOHJIEP KOPCETIN, OpraHUKaJIbIK
a30TTHl MHHEpaJaHIBIPy KOHE (hUTOIATOTreH Iep-
re Kapchl OMOOaKbUIay MEXaHU3MJICPiHE OeJICeH I
KAThICa aJaThIH MEPCIEKTUBAIIBI ITAMMIAP OOJIBII
TaOBLUIAEL.

Oprama 6encenainik (1 < EI <2): SJ7 (1,97 +
0,26) xone SJ4 (=2,0), O6yn mrammaapasiH dep-
MEHT TY3y KabineTi ¢pyHKIHOHaIABI, OipaK cabic-
TBIPMAJIBI TYPJIC TOMEH €KCHIH KopceTe/Ii.

Bencenainik OaiikanMaran: Oip M3014TTa MpPO-
Tea3a CEeKPEHHsIChl aHBIKTaIMaAbl, Oyl (QepMeHT
9KCIPECCHSCHIHBIH PETTENY epPeKIIeNiKTepiMeH He-
Mece opTa KOMIOHEHTTEPiHiH dcepiMeH OaiiaHbic-
THI 0OJTyBI MYMKIH.

3-cypet — U3onsTTap/biH MpoTeasabik,
OenceHminik npodui

[IpoTeasa GpepMeHTTEP] TOMBIPAKTAFBI AKYBI3/IBI
3aTTap/ibl aMUHKBIIIKBUIIAPBIHA JICHIH BIBIPATHIII,
OCIMIIK YITiH KODKETIMII a30T KOPBIH apTTHIPAIBI,
COHBIMEH Oipre KeiOip ¢uTOmaTroreHaepIiH Xa-
cylia KaObIpFajapblH Oy3a OTBIPBIIT aHTATOHUCTIK
ocep kepcetreni. Ocwl Typreima SJ9, SJ5 sxone SJ3
U30JIATTAPbl SKOJOTHSUIBIK THIMII OMOTHIHAWTKBIIII-
Tap MEH OMOKOHTPOJIb areHTTEePiH d3ipJiey YLIiH He-
ri3ri kanauaarrap oomnsit Tadbutazas! (Cyper 3).

3.3 Amunazaneix 6encenoiniKmi anHblkmay.

AwMunazanap Kpaxmall xkoHe 0acka moJjmcaxa-
PUATEPII TITI0KO03a JKOHE MaIbTO3a CUAKTBI OCIMIIIK
YIIIH KOJDKETIMII 3HEPTus Ke3iHe alHalbIpajibl
x)oHe puzochepasia KoMipTeK aliHaIbIMBIH JKaKcap-
Taapl. TYKbIM ©HY Ke3eHIHIe OCIMIIK O3iHIe KH-
HaJFaH KpaxMaJlIbl mainananansl [29].

Awmmuiazanbl OeseTiH OakTepusuiap OyII mporec-
Ti JKEACTACTIN, TaMBIP )KYHECIHIH KbUIAaM KaJIbIIT-
TacyblHa BIKIAJI €TeIi. AMUIA3aJbIK OCICEeHITIK
PGPR-zbIH ©CIMAIKTI KOPEKTIK 3aTTapMEeH KaMTa-
MachI3 €Ty JKOHE CTPEecC JKarJalblHa TO3IMIUIITIH
apTThIpy KaOUIETIHIH MaHbI3bl HHIAUKATOPHI 0O-
JIBIT CaHANIATBIHABIKTAH KeJieci 3epTTeyiep OoiHim
anpiHFal 10 M30MATTHIH aMIIIONUTHKAIBIK, OeNICeH-
JIITITT KpaxMalyibl arap oprachinia 6aramanasl. SJ3,
SJ4, SJ5, SJ6, SJ7, SJ8, SJ9 sxene SJ10 uzonsatrapsl
OaKkTepuaNIbl KyJIbTypa alHAIAChIHIA AWKBIH MOJI-
Iip aiimMakTap KepcerTi, OyJl oNapAbIH KpaxMaJIbl
TUIPOJU3ACYAC KOFaphl OCICEH/IUTIKKE Ue SKCHIH
KepceTesi.

3-kecTe HOTMKEIIePIHeH KOPIHII TYpFaHaai, exi
30T amuiazanbl Oene anMansl. EI mani 0 < EI
< 4 60MaThIH W30JIATTAP AMIUIOTHTHKAIBIK, OCIICEeH-
JUTIKTIH TOMEH HEMECe opTaliia JIeHreiiH KepCeTTi.
An EI = 2,5 monine ue SJ3, SJ9 xone SJ10 uso-
JATTApPBI JKOFaphl (DepPMEHTATUBTIK MTOTEHITHAIFA e
EKEeHIH KepceTTi (4-cyper).
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4-cyper — Kpaxmaiisl arap/ia aMiIa3asbIK
OEJICeHAUTIKT] aHBIKTAY HOTHIKENEepi

Kpaxmanapl arapna Kypriziaren ToxipuOenae
10 n30ATTHIH 8-1 alfKBIH aMHIIa3aJIbIK, OSICEHIITIK
KOPCETTI, all €Ki M30JAT OCJICEHUIIK TaHBITIAJbI.
Hon epITIHIICIMEH OHJEINTeHHEH KeWiH KOJOHUS
MaHBIHJAFbl aIlbIK aiiMaKTap KpaxMalJIblH bIIbI-
paybIH KOPCETTi.

Oprama 6e1ceHaiTiK KOpceTKeH n3omsatrap SJS,
SJ8, SJ6, SJ7 xoue SJ4 El mMoHmepiHIH TYpPaKThI
OoJsica J1a, CalBICTBIPMaibl TYpAE TOMEH ACHIeHiH
kepcerri (1,88-2,37 apanbirbiana). by mrammuaap-
ma (epMEHT CEeKpemrsIChl Oap, Oipak 0J KOPEKTiK
opTara HeMece HMHAYKLUS IIapTTapblHa TOYENIi
0oxysr MyMKiH. Exi u3onsaTTa ammiaza 6emiHOereH
cox cebenTeH OeJceHaUTIK OalikammMaraH. AMuIas3a-
Jlap OpraHUKaNbIK KAJIIBIKTapIbIH MUHEpaAaHybI-
Ha KaTbICa OTHIPHII, OCIMIIKTEP/IiH YHEPTeTUKAIBIK
JKOHE METaOOIMKAIBIK, MMPOIIECTePiHe MAHBI3IBI KO-
Mipcynapabl KOJKETIM/L eTeIi.

Conppikran SJ10, SJ3 xene SJ9 m3onaTTaps
JKOFaphl (pepMeHTATUBTIK moTeHInansl 6ap PGPR
peTiHe epeKile KYHAbl M30JST Jel KapacThIpyFa
MYMKIHIK OepEeTiH/IIT1 aHBIKTAJJIBL.

3.4 Jlunaszanvix, 6encendinikmi aHblkmay.

Jlunazaneik OelnceHAUTIKTI aHBIKTay pPH300aK-
TEepUATApIBIH OPTaHUKAIbBIK 3aTTapAbIH MHHe-
pangaHybIHa, ©CIMAIKTEPIiH KOPEKTiK 3aTTapMeH
KaMTaMachbl3 €TilyiHe >koHe (QUTONaTOreHaepre
Kapchl KOPFAaHBIC MEXaHM3MJIEPIH KYIIEHTyre Ka-
TBICY OJieyeTiH Oaramayra MyMKiHAiK Oepexmi [28-
29]. ConapIKTaH JIMNa3aHbl OHIIPETIH OaKTepusIap
OMOTBEIHANUTKBIIIITAD MEH OMOKOHTPOJEL areHTTEPiH
o3ipieyne MaHbBI3ABl OMOTEXHOJIOTHSIIBIK, KYHJIbI-
nbIKKa ue. Ocbl perte, okumayiaanFad 10 U305 TThIH
numasa pepMeHTiHIH OeICeHIUTIT1 OaFaTan bl
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S-cyper — M3onsaTTapabIH JUNa3aibiK
OeJICeHITITiH aHBIKTay HOTHXKENepi

3epTTey HOTMKECIH IC KOJOHUSIAp IbIH aifHaa-
CBIHJIA JIMIA3AJIbIK, OCJICCHIITIKTI KOPCETETIH MeJI-
nip aiiMak OaiiKaiamalbl, SFHH OapiblK H30JSITTap
Tepic HoTmke kopceTTi (Cypet 5). by 3eprrenren
OakTepusIIapIbIH JMna3a GepMeHTIH 0ol MmbIFap-
MaraHbIH KOPCETKIIlli, SFHU 3€TTENICH H30JIATTap
KoMipcy HeMece aKybl3 TEKTEC OPraHMKAIBIK KOCHI-
JIBICTAP/IbI BIBIPATyFa OeHiM eKeHIH KOPCETE/I].

JlunazanplH OoMMaybl M30JSATTApIABIH arpoHO-
MUSUTBIK, KYHJBUIBIFBIH TOMEHAeTHeiai. bym u3o-
JIAITTap OCIMIIKTEPJIiH O6CyiH 0acka MaHBI3bl Me-
XaHU3MAEP apKbUIbl KoJinmainael: ¢ocdartsl epity,
KOMipcymap/bl JK9HE aKybI3JapAbl BIABIPATY, PH-
30cdepaarbl KOPEKTIK 3aTTap IbIH alfHAJIBIMBIH Ke-
JIENJIETY CeKiII.

3.5 ennonazanvix Oencenoinikmi aHblkmay.

Keneci 3eprreyae OesiHiN ajibIHFAaH W30JLIST-
TapJblH [EJUTI0NIA3aNIbIK OCJICEHITiH aHBIKTAIBIK.
Hemmromazamap eciMmik jkacymia KaObIPFAaCBIHBIH
HET13T1 KOMITIOHEHT] OO0JIBIN TaObLIATHIH 1EJUIF0JI03a-
HBI TJIFOKO3a JKOHE OJIUTrocaxapuiarepre JIediH rui-
pONM3IEHTIH (hepMeHTTEp TOOBI OOJIBIT TaOBLTAIEI.
Pusocdepana nemmonasanbik OeICeHAUTIK OipHeIe
MaHbI3/IbI (PYHKIIUS aTKAPaJIbI:

- OCIMIIIKTIH TaMbIpJIapbl aifHATACKIHIAFI Opra-
HUKAJIBIK KaJJIBIKTAPJIbIH MUHEPAJIAHYBIH KeIe-
neTenl;

- TOTBIPAKTAFBl KOMIPTEK TEH KOPEKTIK dJe-
MEHTTEP/IiH alfHAJIBIMBIH KaJIBIIIThI YCTANIbI;

- TaMbIp JKYHECiHIH KEHEIiHEe JKOHE KaHa Ta-
MEBIpIIaIapI6IH Maiiga 00JIysIHA KOJAHIBI MUKPOO-
TBIK OpTa JKacaiibl;

- Kelbip ¢uronarorenaepliy xacyma KaObIp-
FaJIapBIH OY3BIT, ONOKOHTPOJIb BCEPiH KaMTaMachl3
ereni [26-27].
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6-cypet — L{emutono3anbIH epMEHTATHBTIK
THIPOJIH3IIK aiiMaKTaphl

6-cyperT, LeIUTIoNa3IbIK, OJICeH ILTITT 3epTTe-
reH OaKTePHSUIBIK H30JIATTapbIH KbI3bLI OOSUIFaH
arapJibl OpTaJiarbl ecyin kepceresi. Kononus aiiHa-
JIACBIH/IAFBI AlIBIK-CApbl MOJIIIp aiiMakTap IeIlIio-
7032 CyOCTpaThIHBIH (EPMEHTATHBTIK THIIPOJIN3I
HOTWIKECIHJIE Maiaa 0omaapl. AMMaKTBIH JUaMETpi
HEFYPIIBIM YIKEH Oo0Jica, COFYPIBIM IEJII0Ia3a-
HBIH CEKpEeIus ACHT el )KOFaphl OOJIBIT €CENTENE]I.
CyperTeH KOFapbl OCJICCHIIUTIKKE Ue ITaMMaapaa
OCBIHJAM allbIK aiMakK alKbIH XOHE KEH E€KESHJITI
KepiHedi, Oy oJapIbIH MEJUTIOI03aHbI THIMI1 BIABI-
pary kabinerin pacraiiabl [26-28].

PuzobakTeprsi HM30JIATTAPBIHBIH  [IEJUTIONONH-
THKAJIBIK, OCJICEHIITIK WHACKCI Oip-OipiHeH alTap-
neIKTal epekmeneri. 10 monarreiy yieyi (30%)
aliKpIH aliMak Ty30ei, SFHU oJlap IeJutroio3a dep-
MEHTIH 06N MIBIFApYyIIBl PETIHAE KapacThIPBLI-
Majel. A sxeTi w30t (70%) menoaa3albl bIabI-
patyna »kakcel eHiMainik kepcerTi (2 < EI < 4,0)
(Kecte 3). En »xorapsr 6encenainik SJ3 sxone SJ10
n3onsATTapbIHa Tipkenai (exeyi ne EI = 2.8).

EH >xorapel wemitonasanblk UHAECKC SJ3 xoHe
SJ10 uzomsiTTapeiHaa aHBIKTAIAE (ekeyinme ne EI
=2,8+£0,22), Oy onapabH;

- OCIMIK KaJIBIKTapbIH THIM/II BIIBIPATYFa,

- KOPEKTIK DJJIEMEHTTePAiH OMOKETIMIUIITIH
apTThIpYFa,

- TaMblp alMarblHAa TOIBIPAK KYPHUIBIMBIH
KaKCapTyFa KOFAPFBI KACHUETIH DN/

SJ4, SJ7 xoene SJ§ Topizai oprama OenceHmi
mTaMMIap Ja dKOXyhele MaHbBI3[bl POojib arKapa
anajpl, ce0eOi omapabiH (EepMEHTATUBTIK OEJICCH-
mimiri 6acka THAPOIHUTHKAIBIK (QEpMEHTTEPMEH
(mporeasa, aMuiaza) CHHEprusizia 9cep €Tyl MYMKiH.
Bencenniniri ansiktaamarad SJ1, SJ2 xone SJ6
W30JIATTAphI [EJUTIOJI03aHbI BIIBIPATyFa MaMaH aH-

FaH emec, anaiiia onap Oacka OmodyHKuMsIIapaa
(MpIcaimel, GocdarThl COMOOHTU3ANNIAY, aMIIIa-
3aJIbIK, OCJICEHIITIK) MaHBI3/IbI POJI aTKapa ajabl.

SJ3 xene SJ10 memmronazanbik OeICEeHILTI-
Tl eH >KOFapbl M30JATTap 00JblT TadbuTamel. Omap
TOIBIPAKTa OPTaHHWKAJBIK KaJJIBIKTapIbIH MHHE-
pagaHybIH KeJeNAeTyre, OCIMAIKTIH KOPEKTeHYiH
KaKCapTyFa xKoHe pru3ocepaiblk MUKPOOTHIK KOH-
COPIIMYMHBIH TYPaKTBhUIBIFBIH KaMTaMmachl3 €Tyre
KabineTTi nepcrnektuBainbl PGPR m3onsrraper 6o-
JIBITT CAHATIAIBI.

3.6 Humpammuly CiHipinyin anvlkmay OOUbIH-
wa nomuoicenep.

HutpatTer ciHipy (utilization test) Gaxrepus-
Jap/blH KOMIPTEK KO3/epiH opTypiii MaiianaHyra
OCHIMIITITIH aHBIKTAayFa apHAFaH MaHbBI3bI OUO-
XUMUSIIBIK, KOPCETKIIT O0JIbIT TabblIaabl. by tect
pU300aKTEepHSIIAPIBIH YKOJIOTHSIIBIK, KOHE (H3HO-
JIOTHSUTBIK, OCHIMIIUTITIH Oaranayja epeKIie MOHTe
ne, cebeOi: LluTpaTThl maiimanaHa amaThlH OakKTe-
pusIap KOPEKTiK OpTafarbl KOMIPTEK TaIIIbUIBIFbI
JKaFIaibIHAa Aa TIPIIUIriH cakTaid anajsr; Llurpar
KaTaboMM3MI HOTFDKECIHIIE TY3IJIETIH CLITUI OHIM-
Jiep CeIpTKBI opTa pH-BIH peTTeyre acep eteni, Oy
TaMmbIp aiiMarbIHIAa MHKPOOTBHIK Tere-TeHIIKTI yc-
Tanm TypyFa Kemekrecenmi; MyHmaii Oakrepwusiiap
OCIMJIIK TaMbIpbl 06JIETIH OpPraHUKAJbIK KHIIIKbLI-
JapAabl cyOcTpaT peTiHae maiaaianslin, puzocdepa-
Jla TYPaKThl KOJOHUS Ty3€ anausl [25-27].

CoOHJIBIKTaH IUTPATThl CIHIpY KaOineri pu3o-
OaKTepusUTapAbIH TaMbIp aliMarblHAA Y3aK YaKbIT
TYPaKTHI TIPIIUTIK €Ty KaCHUEeTiH Oaranay/ia MaHbI3-
IIbl OnoMapkep OOJIBIT caHaIA/IbI.

3epTTenred M30ATTApAbIY iminge SJ3 uzomns-
TBIHJA [UTPATTHI TaljallaHy OH HOTHXKE KOPCETTi:
KOPEKTIK opTa OeTiHje ecy OalKasjbl XoHE OpTa
KaHbIK KoK Tycke ue 0oinpl. CinTini xapOoHaTTap
JKoHE OMKapOOHATTap IUTPAT KaTaOOIM3MIiHIH JKa-
HaMa eHIMi peTiHJe TY3iIel, COHBIMEH Karap opra
pH moni 7,6-ra neiiin ketepineni. Hotmxecinae
OpPOMTHMOJT KOK UHIUKATOPHI 0aCTAIKbI Kachll TY-
cin kek tycke e3repreai (Cyper 7).

7-cypeT TUTpaTThl TaiijajaHy TECTiHIH HOTH-
JKeepiH kepceremi. TecT ymriH Simmons ITUTpaT
arapbl KOJIaHBUI/IBL.

Erep u30yT HUTPATTHI KAIFBI3 KOMIPTEK K631
peTiHe maiganana ajxca, 0JI OpTaja OHIM-KETiIeTi.
LuTpaTThiH BIABIPAYHI KE3iHIE CLITLI KapOoHATTap
TYy311e/i, HOTHXKeCiH e opTaHblH pH- 7,6 xoHEe ofaH
JKOFaphI JeHTelre kotepinemni [24-26]. bpomtumon
KoK MHAMKaTopsl pH e3repiciHe xayam Oepim, a-
CBUIJIaH KOO KOK Tycke e3repeni. CyperTen Oaikai-
raHnai, SJ3 u30NATHIHAA 6CYy alKBIH KOpiHe/Ii )KoHe
OpTa TYCI KOK TYCKE aybICKaH, Oy OHBIH IIUTPATTHI
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TUIM/II KaTaOOJM3/1eH alaThIHBIH pacTaiipl. Kanran
M30JIATTapIa TYC ©3repici 00aIMaIb, SFHU OJIap IIHUT-
paTThl KOMIPTEK KO31 peTiHJie maigananoaraH.

7-cypeT — LluTpaTThl naiiganany KabileTiH aHBIKTay

SJ3 M30NATHIHAAFBI LUTPATTHI CiHIpY KaOime-
Ti: OHBIH METaOOJM3MIiHIH MKEMIi €KCHiH, pHU30C-
(dbepajia KOMIPTEKTIK CTPECKE TO3IMJUIITT JKOFaphl
OakTepusi eKeHiH, OCIMIIKIIEH y3aK Mep3iMIi CHUM-
OMOTHKAJIBIK KapbIM-KAThIHACThI KOJI/1ail ajlaThIHbIH
kepcereni. byn kacuer PGPR mrammaapeia 6uon-
penapat KypaMblHa TaHJayJla MaHBI3Ibl, OUTKEHI
THIM/TI KOJIOHHU3AITUS — OMOTHIHANTKBIIITEIH (HyHK-
LIMOHAJJIBI OOJTYBIHBIH HETI3I1 MIapThl OOJIBIT TaObI-
JaIbl.

3.7 Komipcynapowr gepmenmayusiay Kadi-
nemin manday. Ym Kauttel Temip arapbl (TSIA)
(Central Drug House (P), India) kopekTik opTachIH-
Jla TYC ©3repyi OH HOTIDKE OOJIFAaHBIH KOPCETTI.

TSIA opracelHAa yII U30JSTTa TIIOKO3a Qep-
MEHTaIMsIChl OalKalbl, OipeyiHme ra3 Ty3uryiMeH
Oipre xypai. byn OakrepusutapasiH: aHA3pOOTHI
HeMmece (paKyJbTaTHBTI aHadpPOOThI METa0OIU3MIE
KaOLIeTTi eKeHiH, SHEPTHUs ally KOJIapPbIHBIH allyaH
TYpJIl eKeHiH, pu3ochepansa OTTETi KOHIICHTPAIIUSI-
Chl ©3repPI'CH JKaFJaiijia ja ece aJaThbIHbIH Kepce-
teai. H2S Ty3inmyiHiH 0oiMaysl oNlapIbliH KYKIpPTTi
KOCBUIBICTAP/IbI TOTHIKCHI3AHBIPY JKOJIbIHA TYC-
neiTinin Oinnmipeni, Oyn eciMIiKke yJbl 9CepaiH
JKOKTBIFBIH KOPCETETIH OH OCNTiHIH KOPCETKIIII.

SJ3 m30mATEIHIA TATPAT KaTa0OIN3Mi MEH TITIO-
KO3aHbl (epMeHTalMsIay KaOlleTiHiH YHiecyi,
OHBIH pu3ocdepasa TYPaKThl KOJOHUS TY3yTe, TYP-
JIi KOPEKTIK opTajia oCyl CaKTayFa )KoHe OCIMIIIKKE
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KOJIAMIIbI MUKPOOPTa KAJIBIITACTRIPYFa KOFaphl Oc-
WIMIUTITIH CUIIATTaNIbL.

KopbIThiHABI

Byn 3eprrey OapbichiHIa ANMaThl OOJIBICHIHA
ecipinren cost (Glycine max) eciMAiriHiH pu3oc-
(dhepaceiHaH OOIIHIN abIHFAaH OAKTEPUSIIBIK H30-
JSATTAPJBIH arpOHOMUSIIBIK, MaHBI3Jbl KacHeTTe-
pi kemenai typae Oaramanapl. bapaeik 10 uzomsar
MOP(OJIOTUSIIBIK JKOHE OMOXHUMHUSIIBIK CHTIATTaMa-
napel OOMBIHIIA aWTapIBIKTAll reTeporeHIIIK Ta-
HBITTBI, Oyl pusocdepanblk MHUKPOOHOLEHO3IBIH
KYPBUIBIMABIK, KYPICTITITT MEH JKOJIOTHSUIBIK, Oe-
HIMJICNTIIITITIH KOPCeTe .

®docharTel  coMFOOMTM3AIMIIAY  CHIHAKTAPHI
topT m3omATThIH (SJ3, SJ5, SJ9, SJ10) ecimmik-
Ke KOJDKeTiMIi ocdopiabl kebelTy KabineriHe ne
eKeHIH aHBIKTANIBL. Ocipece SJ3 xone SJS5 wu3o-
JATTAPBIHBIH EPITIMTIK WHIEKCIHIH KOFapsl 0o-
Tybl onapasiH (Gochop TaNIbUIBIFBI KaFAalbIHIa
OCIMJIIKTEP/Il KaMTaMachl3 €Ty/Ie KacHeTi YKOFaphl
SKCHIH moJrenaeimi. by Kacuer amibIk Jgaa skarma-
WbIH[IA XUMMSUIBIK THIHAWTKBIIITAP/bI IIIiHApa aj-
MacThIpyFa MYMKIHJIK Oepei.

lMunpomutukaneik  depMeHTTepai  (IpoTeasa,
aMuiIa3a JKoHE IIeJUII0JIa3a) eHIpy KaOiIeTiHiH
Tajnaybl puU300aKTEePHSIIAPIbIH TOIBIPAKTAFEI Op-
TaHUKAJIBIK 3aTTapAblH OHOTpaHC(HOpMANHICHIHA
KOHE (PUTOMATOreHIepre Kapchl TAOUFU KOPFay Me-
XaHM3MJICPIHEe KaThICAThIHBIH KepceTTi. [IpoTeasa-
JIBIK, JKOHE aMUJIa3ajIbIK, OCICCHAUTIKTIH €H KOFaphI
kepcerkimTepi SJ3, SIS xone SJ9 uzonsTTaphIHAa
Tipkenai, an SJ3 sxone SJ10 nemmonazansl OenceH-
Il CHHTE3ACHII eKHIITI aHBIKTANIbl. byl ¢pepmen-
TATHBTIK MPOQUIbL aTallFaH IITaMMIapAbIH OpTraHu-
KaJIbIK, a30T TICH KOMIPTEK aifHAJIBIMBIH KEICIICTY
ApKBUTBI OCIMJIIKTIH OCYiH KaH-KaKThl KOJIIai aa-
TBHIHBIH JDJIEJACH .

LutparTe! naiiganany kabingeri SJ3 n30maThIH-
a aHBIKTAIIBI, OY7 OHBIH KOMIPTEK Ke3JepiHiH
TalIBUIBIFBI KaFIalbIHAA J1a TIPIILUIK eryre Oe-
Himainiriy, sFEA pusocdepana y3ak Mep3iMal Ty-
PaKThl KOJIOHH3AIH Kacay MYMKIHIITIH Kepcere-
ni. CoHbIMEH KaTap, TJII0K03a (pepMEHTAIUSICHIHBIH
aHBIKTATYbl OYJI TITaMMIApABIH SHEPreTHKAIBIK
MeTa0OMM3MIHIH WKeMIi ekeHiH kepceremi. HaS
TY31IMEYl 3epTTENIreH OaKTepPHUsIIAPIbIH O©CIMIIIKKE
YBITTBI BCEP CTHEHTIHIITTH alKbIHAN b,

JKanmer anranna, 3eprrey motmkenepi SJ3, SJS,
SJ9 sxone SJ10 u3onaTTapBIHBIH OCIMJIIKTIH KOPEK-
TIK 3aTTapFa KOJDKETIMIUIITIH apTThIpy, OpraHuKa-
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JBIK KaJIBIKTapAbIH MUHEPAJIIAHYbIH JKEACIETY
J)koHE pm3ocdepama OMOKOHTPOIb OCEPiH Ky3ere
aceIpy cHsIKTBI Ken pakTopibsl PGPR mexannuzmue-
piHe ue ekeHiH kepceTTi. Ocipece SJ3 n3oMATHIHAA
dochar comobOnunm3anmsiay, Mmporeasa, aMmuiIasa,
HeJUToIa3a  OeJCeHIUNIr KoHe IMTpaT KaTabo-
nu3Mi Oipire OTBIPBIN, OHBIH OWoONpenapar peTiH-
Jle KOJNJIaHyFa eH TEepPCHEeKTHBTI KaHAWJIAT eKeHIiH
JIes e .

Kap:xbuianabipy

byn 3eprrey Kazakcran Pecrrybmukache! Feutbim
JKOHE KOFapbl OiiM MHUHUCTpPIIrT FhUTbIM KOMHUTE-
TiHiH KojmaybiMeH AP23490702 «buomacca xai-
JIBIKTAPbIH KYHJIBI OHIMIEPre TYPAKThl KOHBEPCHSI-
Jlay MaKcaThIHJia OMOYapIbIH JICKOHTAMUHAIUSIIAY
TEXHOJIOTHUSCKHIH B3ipIiey» jK00achl asChIHJIA JKY3ere
ACBIPBLIIBI.
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IMPACT OF EDUCATIONAL PROCESS FACTORS
ON THE HEALTH OF TEACHERS
OF EDUCATIONAL INSTITUTIONS

Continuous changes are commonplace in modern society, and health issues, including the health of
teachers, are becoming one of the most important. The complication of the conditions of professional
and scientific work of teachers requires constant tension, which negatively affects their health, the indi-
cators of which have been deteriorating recently. The purpose of the study was to assess the influence of
the leading factors typical for the educational process on the health and morbidity of teachers of general
educational institutions. As part of the study, data on the health status of teachers of general education
institutions (GEI) were analyzed using the methods of sociological surveys and statistical analyses. The
results showed that the most common diseases among teachers of GEl are diseases of the musculoskel-
etal system, diseases of the digestive system, respiratory system and cardiovascular system. The main
cause of diseases, according to most teachers, is the specificity of their professional activities, which is
associated with constant overstrain, overloads and traumatic factors. Occupational stress is also increas-
ingly becoming a cause of psychosomatic diseases. It was revealed that teachers’ health problems are as-
sociated with a low level of motivation and value attitude to their own health, as well as with insufficient
awareness of risk factors and methods of prevention of occupational diseases. In conclusion, it was noted
that further work is needed to develop social and medical prevention programs aimed at preserving the
health of teachers and introducing them into the practice of general educational institutions.

Keywords: questionnaire survey, teachers of general educational institutions, factors affecting health,
morbidity, stress, fatigue, prevention.

A.O. ApbictaHbain*, H.K. Cmaryaos, .M. TbikexxaHoBa
E.A. bekeToB aTbiHAaFbl KaparaHAbI YATTbIK, 3epTTey YHUBEPCUTETI,
KaparaHabl, KazakcraH
*e-mail: adilgazina-07@mail.ru

JKaanbl 6iAiM Gepy mekemeAepiHAEri MyFaAiMAEpAiH, AeHCayAbIFbIHA
oKy npoueci pakTopAapbIHbIH, 9Cepi

3amaHayu KoFamAQ TYPaKThbl ©3repiCTepMeH AEHCAYAbIKTbl CaKTay, OHbIH, iLUIHAE MYFAAIMAEp YLUiH
A€ MaHbI3Abl MBCeAeAepAiH 6ipi 6OAbIN TabbiAaabl. Kaciby neaarormkanblk, XXOHE FbIAbIMU KbI3MET
YLWIiH >KaFAalAapAbIH KYPAEAEHE TYCYi COHFbl yakbITTa KepceTKilTepi HalapAaraH npodecCopAbIK-
OKbITYLLUBIABIK, KYPAMHbIH AEHCAYAbIFbIHA 8CEp €TETIH KYLU-)KIrepAi YHEMI apTTbIpyAbl TaAan eTeai. XKy-
MbICTbIH MakcaTbl: >KaAMbl OiAiM 6epeTiH MeKEMEAEPAETT MYFaAIMAEPAIH AEHCayAbIK, KOpCeTKilluTepiHe
>KOHEe CblpKaTTaHyblHa 8Cep eTeTiH Heri3ri hakTopAapAbl aHbIKTay. 3epTTey 0ObeKTiCi — XaArnbl GiAiM
6epy yibiIMAApPbIHbIH MyFaAimaepi (KBB). CoumMoAormsAbIK, cayaaHama XXeHe CTaTUCTUKAABIK, dAicTep
KOAAaHbIAABL. CayaAHaMa HaTuxkeAepi OGovibiHIa GiAiM 6epy yibIMAAPbIHbIH MyFaAiMAepi apacbiHAQ
HO30A0MMs BOMbIHLLA aypyAap KYPbIAbIMbIHAQ TiPEK-KMMbIA annapaTbiHbiH aypyAapbl GipiHLLi opbiHFa
WbIKTbl. OAQH KeMiH ac KOPbITY MYLUEAEPIiHiH, TbIHbIC aAy MYLLEAEPIHIH, XXYPEK-Tamblp >KYMECiHIH ay-
pyAapbl 6OAAbI. AypyAapAbiH Herisri ce6ebi MyraAiMAEPAIH KOMLWIAIr ©3AepiHiH KaCibn KbI3METiHIH,
epeKLIeAIKTEPIH LWaMaA@H ThIC >KYKTEME, MCUXOTPABMATUKAAbIK, (paKTOPAAPMEH, COHbIH, ilLiHAE MCU-
XOCOMAaTUKAAbIK, aypyAapAbIH, KO3AbIPFbILL (haKTOPAAPbl PETIHAE dpeKeT eTeTiH Kacibu CTpeccTepmeH:
HEeBPO3, ULLEMMSABIK, X8HE TMMePTOHUSIABIK, aypyAap, ackasaH-illek >KOAAAPbIHbIH, 3aKbIMAAHYbI, 3H-
AOKPUHOMaTUsIMEH BalAQHbICTbI AEM CaHarAbl. MyFaAiIMAEPAIH AEHCAYAbIFbIHA KATbICTbl MPOOAEMaAap
OAAPABIH AEHCAYAbIFbIHA, AEHCAYAbIK, MOAEHUETI MEH CaAayaTTbl ©Mip CaATbIHA MOTUBALMSABIK-KYHAbI-
AbIK, KQTbIHACbIHbIH TOMEH AEeHreriMeH, Kayin pakTopAapbl MEH KOCIMNTiK aypyAapAbIH, aAAbIH aAy XKOA-
Aapbl Typaabl xabapaap 6OAYbIMEH OAMAAHBICTbI EKEHAITT aHbIKTaAAbl. MyFaAIMAEPAIH AEHCAYAbIFbIH
cakTay YLiH 9AEYMETTIK XK8He MeAMLIMHAABbIK-MPOMUAAKTUKAABIK, OaFAapAaMarapAbl 93ipAeyre XoHe
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eHrizyre, 6iAiM 6epy MeKemMeAepiHiH MpakTUKaCbIHAQ AEHCAYAbIKTbl CaKTayAblH NMeAarormKaAblk, TOCIA-
AEpiH iCKe acblpyFa Ker KeHiA 6OAYy KaXKeT.

Tyiin ce3aep: cayaaHama, >KaArnbl GiAiM Gepy MekemMeAepiHiH MyFaAiMAepi, AeHCayAblKKa acep
eTeTiH (hakTopAap, CbIPKATTaHYLbIAbIK, CTPECC, WapLiay, aAAbIiH aAy.

A.O. ApbictaHb6ain*, H.K. Cmaryaos, .M. TbikexxaHoBa

KaparaHAMHCKMI HaUMOHAABbHBIN MCCAEAOBATEAbCKUI YHUBEPCUTET UM. akapemmuka
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BAusiHue hakTopoB 06pa3oBaTeALHOrO NpoLecca Ha 3A0pPOBbe
yuuteAei o011e00pa3oBaTeAbHbIX YUYPEXAEHUH

B coBpemeHHOM 06LLLECTBE C €ro NMoCTOSIHHbIMM TPAHCOPMALMIMU BOMPOCH! 3A0pOBbechepeske-
HWSI, B TOM YMCAE M MEAQrOroB, CTOST B PSAY 0CO60 3HAUMMbIX. Y CAOXKHEHUE YCAOBMI MPOheCcCUOHaAb-
HOW NMeAarorMyeckon 1 HayYHom AeSITEAbHOCTH TpebyeT MOCTOSIHHOIO MOBbILLIEHHOT O HAMPSXKEHUS CUA,
4TO CKa3blBAETCSl HA 3A0POBbE MEeAArorMyeckmx paboTHUKOB, NMOKa3aTeAM KOTOPOro B MOCAEAHEE Bpe-
M3 yXyALLatoTcs. LleAb paboTbl: onpeAeArnTb OCHOBHbIE (hakTOPbl, BAUSIIOLLME Ha NOKa3aTeAM 3A0POBbS
1 3a60AEBaEMOCTb yunTeAen obleobpasoBaTeAbHbIX yupexkAeHnin. OObeKT MCCAEAOBAHUS — YUMUTEAS!
ob6ueobpasoBateAbHbix yupexaeHunin (OOY). McrnoAb3oBaAMCb METOAbI COLIMOAOTMHYECKOrO OrMpoca,
CTaTUCTMYecKMe MeToAbl. [10 pe3yAbTaTam aHKETMPOBaHUS B CTPYKTYpe 3a00AEBaHWI MO HO30AOT M-
am y yunteaeir OOY Ha nepBoe MecTO BbILUAM GOAE3HM KOCTHO-MbILLIEYHOM CUCTEMbI. AaAee LWAK Mo
y6biBatoLLelrt 3a60AeBaHNS OPraHoOB MULLEBAPEHUs, OPraHOB AbIXaHWs, CEPAEYHO-COCYAMCTON CUCTe-
Mbl. [AQBHOM MpMUMHOM 3a60AEBaHMIT BOABLLUMHCTBO YUMTEAEIH CUMTAIOT Ccrieumndmnky cBoei npodec-
CMOHAAbHOM AESTEABHOCTM, CBS3AHHYIO C MEepPeHanpsi>keHnem, neperpyskamm, NCMxXoTpaBMMpPYOLLMMA
dakTopamm, B TOM UMCAe M NMPOdECCMOHAAbHbBIE CTPECCHI, KOTOPble BCE Yalle BbICTYMaloT MPUUMH-
HbIMM (hAKTOPaMM MCUXOCOMATUYECKMX 3aBOAEBaHMI: HEBPO30OB, ULLEMUYECKON U TMNepTOHUYECKOWM
6oAe3Hel, MopaXKeHUM KEAYAOUHO-KMLLEYHOrO TPaKTa, SHAOKPUHOMATUIA. BbiIBAEHO, YTO NPOGAEMbI
CO 3A0POBbEM Y MEAAroroB 00yCAOBAEHbI HU3KMM YPOBHEM MOTUBALLMOHHO-LLEHHOCTHbIM OTHOLLIEHUEM
K CBOEMY 3A0POBbIO, KYAbTYPbl 3A0POBbsI M 3A0POBOr0 06pasa Xm3HW, OCBEAOMAEHHOCTbIO O (haKTo-
pax pucka u cnocobax nporAakTUKM NpoeccMoHaAbHbIX 3aboAeBaHMi. AAS COXPaHEeHWsI 3A0POBbsI
neAaroroB HEOHXOAMMO YAEASTb GOAbLLIOE BHMMaHWe pa3paboTke U BHEAPEHMIO COLMAAbHBIX U MEAM-
KO-NPOMAAKTUYECKMX MPOrPaMM, pean3aLmm B npakTrke 06paszoBaTeAbHbIX yUPEXAEHUI Neaaror-

YEeCKMX MOAXOAOB K 3A0POBbECOEPEXKEHMIO.

KAtoueBble CAOBa: aHKETHbIN OMPOC, yuuTeAsl 06LLe006pa3oBaTeAbHbIX YUPEXAEHMI, (DAKTOPbI,
BAMSIIOLLIME HA 3A0POBbE, 3a00AEBAEMOCTb, CTPECC, YTOMAEHUE, NPOgUAAKTHKA.

Introduction

Pedagogical work plays a key role in shaping
the student’s personality and preparing him for life
in society. This is a responsible activity that requires
not only considerable time, but also emotional ef-
forts. A modern teacher has to make non-standard
decisions, switch abruptly and adapt to rapidly
changing conditions, work in conditions of uncer-
tainty, lack of time and an abundance of information
[1].

Professional risk factors for the health of teach-
ers [2] are the peculiarities of work, such as a high
degree of responsibility, the length of working
hours (including outside educational institutions),
an intense load on assimilation, preservation and
transmission of information, significant loads on the
voice apparatus, as well as checking written works
of students and preparing for lessons.

According to the manual R2.2.75599 [3], the
teacher’s work is characterized as overstressed, as-
sessed by the third level of the third grade of nervous
tension, especially in terms of intellectual and sen-
sory loads [4]. Due to the intensive work schedule,
physical and emotional stress, teachers often have
health problems.

The professional health of a teacher, on the one
hand, is the basis for successful work in a modern
school, and on the other hand, it becomes a strategic
problem of education [5]. This problem is especially
relevant for teachers working in large industrial cit-
ies and in areas with high levels of anthropogenic
pollution.

Of particular importance are the intense psy-
choemotional loads and stresses faced by teachers
and which significantly affect their health [6, 7].

Psychoemotional stresses are increasingly be-
coming the cause of a number of psychosomatic
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diseases (neuroses, coronary heart disease, diseases
of the digestive system, diseases of the endocrine
system and oncology) [8, 9].

Consequently, teachers can be classified as a
high-professional risk group, which includes cri-
teria such as academic workload, financial situa-
tion, social security, the level of their own health
and medical activity [10]. To solve health prob-
lems, it is necessary to further study the features
of teachers’ professional activities, identify the
leading factors characteristic of the educational
process that can have a negative impact on the
state of health.

The purpose of the work was to identify the main
factors affecting the health indicators and morbidity
of teachers of general educational institutions.

Materials and methods

The study involved 128 teachers of general edu-
cation institutions of Astana city aged from 21 to 64
years.

The research design corresponded to a descrip-
tive cross-sectional study.

The participants were divided into three age
categories: group 1 — 26 teachers under 30 years
old (average age — 26.2+0.42 years, work experi-
ence — 4.8+0.44 years); group 2 — 50 teachers from
30 to 45 years old (average age — 36.6+0.636 years,
work experience — 13.7+£0.758 age); group 3 — 52
teachers over 45 years old (average age — 54.3+0.711
years, experience — 29.9+1.105 years).

Inclusion criteria: — employment as a full-time
teacher at a general education institution; — age 21—
64 years; — work experience of at least 1 year; — ab-
sence of acute illnesses at the time of survey; — vol-
untary consent to participate.

Exclusion criteria: — severe chronic diseases in
the stage of decompensation (cardiovascular, endo-
crine, respiratory, oncological); — current use of an-
tihypertensive, psychotropic or hormone-modifying
medications that may affect physiological indica-
tors; — temporary disability (sick leave) at the time
of survey; — refusal to participate.

Participation in the survey was anonymous and
voluntary; therefore, no separate written consent was
required, and the return of the questionnaire was re-
garded as signed informed consent to participate in
the study and permission for data processing. The
study was approved by the Local Bioethics Commit-
tee of the Non-Commercial Joint Stock Company
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‘Karaganda Medical University’ (Protocol No. 17,
dated October 22, 2024).

The assessment of medical and preventive activ-
ity and health status was carried out using a ques-
tionnaire survey [11]. The analysis of morbidity by
nosological groups was performed using the WAI
(Work Ability Index) questionnaires [12], which
take into account the presence of diseases diagnosed
by a physician. The number of steps was recorded
with a Tanita AM-120 pedometer (Japan). Height
and weight measurements were conducted, and
the body mass index (BMI) was calculated using
the standard formula: Body weight (kg) / Height x
Height (m).

Statistical analysis of the research results was
performed using the standard software package
STATISTICA 10.0. The mean value of each vari-
able, its standard error, and Student’s t-criterion
were calculated. For the statistical processing of
percentage indicators, the proportion of individu-
als meeting a specific criterion relative to the total
number in each group was determined, along with
the percentage error. Differences were considered
statistically significant at p < 0.05.

Results and discussion

The analysis of morbidity by nosological groups
showed that the diseases of the musculoskeletal sys-
tem came out in the first place among the teachers
of GEIL

An analysis of the results of a questionnaire sur-
vey in age group 1 showed that diseases from the
musculoskeletal system (Table. 1), identified by a
doctor, were observed in 23 £+ 0.016% of the sur-
veyed teachers of general educational institutions, in
two other groups (30-45 years old and over 45 years
old), there was an increase to 46.94 + 0.01% and
41.51 £ 0.009%, respectively.

More than half of the respondents answered pos-
itively to the question «Have you ever experienced
back or neck pain» (Table. 2), in addition, with age,
there was an increase in positive responses from
73 £ 0.017% in age group 1 to 87.7 = 0.006% in
age group 2 and 90.5 £ 0.005% in age group 3.

Respondents in age group 1 indicated the cervical
and lumbar spine to the question «In which part of the
spine do you often feel pain?» (34.62% each). In age
group 2, 28.57% respondents chose the cervical spine,
22.45% respondents chose the lumbar spine, in age
group 3 —32.08% and 37.74%, respectively (Fig. 2).
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Figure 1 — The structure of morbidity among teachers of GEI
Note: MSS — diseases of the musculoskeletal system; CVS — diseases of the cardiovascular system;
RS — diseases of the respiratory system; DS — diseases of the digestive system,;
URS - diseases of the urinary and reproductive system; MD — diseases associated with metabolic disorders.

Table 1 — Answers to the question «Have you ever felt back pain, neck pain?»

Age Yes No
Under 30 years 73 £0,017% 26,9 +0,017%
30-45 years 87,7 £0,006% 10,2 £ 0,006%
Over 45 years 90,5 = 0,005% 9,4 +£0,005%

O Up to 30 years B 30-45 years O Over 45 years

40 27’7A
28,3
19,2304
216 .
,66
3,85
T 1
Cervical Thoracic lumbar Sacral In several
departments

Figure 2 — Answers to the question «In which part of the spine do you often feel pain?»
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According to the results of a questionnaire sur-
vey, the presence of diseases of the digestive system
was also noted among teachers of GEI, an increase
in the age aspect was recorded from 26.9+0.017%
in age group 1 to 36.7+0.009% and 33.9+0.008% in
age groups 2 and 3, respectively.

To the question «Do you consider your diet to be
rational?» (Table 2) 50% respondents in age group
1 answered negatively, 38.4+0.018% — positively,
11.5+0.012% respondents found it difficult to an-

Table 2 — Answers to questions about nutrition

swer. In age group 2, 42.8+0.01% respondents an-
swered this question negatively, 22.4+0.008% — pos-
itively, 26.5+£0.009% respondents found it difficult
to answer. In age group 3, 35.8+0.009% respondents
considered their diet irrational, 37.7+0.009% — ra-
tional, 22.6+0.007% respondents found it difficult to
answer. Among the causes of irrational nutrition, the
majority of respondents noted a violation of the diet
(53.8+46.9%), monotonous diet (13.2+11.5%) and
excess carbohydrates (sweets, pastries) (23+28.5%)).

Age Under 30 years 30-45 years Over 45 years
1. Do you consider your diet to be rational?

® Yes 38,4 +£0,018% 22,4 +0,008% 37,7 +0,009%
e No 50 +0,019% 42,8 +£0,01% 35,8 +£0,009%

I find it difficult to answer

11,5+0,012%

26,5 +0,009%

22,6 £0,007%

2. The causes of irrational diet

e Eating disorders

53,8+ 0,019%

46,9 +£0,01%

33,9 +0,008%

e Monotonous meals

11,5+ 0,012%

8,1 +0,005%

13,2 +0,006%

e Excess carbohydrates

23 +£0,016%

28,5 +0,009%

13,2 +0,006%

e Other

3,8 +0,007%

4 +0,004%

11,3 +0,005%

Calculations of BMI in age dynamics showed
(Fig. 3a) that the «Excess» indicator was observed
in 1,19.2+0.015% teachers in age group 1, in 57.4%
teachers in age group 2 and in 39.64+0.009% teach-
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ers in age group 3. The «Obesity» indicator was
registered in 11.5+0.012% teachers in age group
1, in 10.6+0.006% teachers in age group 2 and in
32+0.008% teachers in age group 3 (Fig. 3).
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Figure 3 — Distribution of body mass index (a) and number of steps (b)
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The number of steps per day (Fig. 3b) was
6026.3+473.85 steps for teachers of age group 1,
4393.2+165.82 steps for teachers of age group 2
and 3392.5+£170.59 steps for teachers of age group
3 (p<0.05). At the same time, according to the ques-
tionnaire survey, the teachers of GEI had insuffi-
cient physical activity, especially in age groups 2
and 3 (Table 3). Thus, 53.8% respondents in age
group 1 agreed that their physical activity is suffi-

Table 3 — Physical activity

cient, 46.1% believe that their physical activity is in-
sufficient. In age group 2, 28.5% respondents noted
sufficient physical activity, 51% respondents replied
that they lacked physical activity. In age group 3,
37.7% respondents chose the answer «Sufficient»,
and 45.2% respondents replied that they had insuffi-
cient physical activity. The answer «I find it difficult
to answer» was chosen by 12.2-13.2% respondents
in age groups 2 and 3.

Age Sufficient Insufficient I find it difficult to answer
Under 30 years 53,8+0,019% 46,1 £0,019% 0+0%
30-45 years 28,5 £ 0,009% 51+0,01% 12,2 +0,006%
Over 45 years 37,7+ 0,009% 45,2 £0,009% 13,2 +0,006%

The results of the questionnaire on the identifi-
cation of respiratory problems revealed an increase
in the percentage of respondents with problems from
11.5+0.012% in age group 1 to 22.6+0.007% in age
group 3 (Fig. 1).

The results of the questionnaire on the iden-
tification of problems with the cardiovascular
system showed an increase in the percentage of
respondents with cardiovascular problems from
7.6£0.01% in age group 1 to 33.9+£0.008% in age
group 2.

The following results were obtained to the ques-
tion «Do you feel stress while working» (Table. 4):
in age group 1, 42.3% respondents chose the answer

«Rarely», 38.4% chose the answer «Often», and
11.5% chose the answer «Constantly». In age group
2, 26.5% respondents chose the answer «Rarely»,
34.6% chose the answer «Often», and 12.2% chose
the answer «Constantly». In age group 3, 30.1% re-
spondents chose the answer «Rarely», 26.4% chose
the answer «Often», and 33.9% respondents did not
feel stress.

When asked about specific factors that negative-
ly affect health (Fig. 4), 26.5-28.3% respondents re-
plied that they did not have enough time to rest, espe-
cially in age group 1 (50%), 40,8+42,3% respondents
indicated production factors, 16.3+24.5% — external
and 18.3+24.5% —inadequate sleep.

Table 4 — Answers to the question «Do you feel stress while working?»

Age No Rarely Often Constantly
Under 30 years 7,6 £0,01% 42,3+0,019% 38,4+0,018% 11,5+ 0,012%
30-45 years 18,3 £ 0,007% 26,5 +0,009% 34,6 = 0,009% 12,2 £ 0,006%
Over 45 years 33,9 +0,008% 30,1 = 0,008% 26,4 +0,008% 5,6 £0,004%
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Figure 4 — Survey results on factors negatively affecting health

To the question «Do you take enough care of
your health?» 19.2% of the surveyed teachers in age
group 1 answered «Enough», 57.69% teachers chose
the answer «I could care more» and 23.08% teach-
ers chose the answer «Not enough» (Fig. 5). With
age, the number of those teachers who believed that
they cared «Enough» («Not enough») about health
increased — from 22,4+0,008% (24,4+0,008%) in
age group 2 to 28,3+0,008% (37,7+0,009%) in age
group 3. On the contrary, the number of those teach-
ers who considered «I could care more» decreased
from 44.8+0.01% in age group 1 to 30.1£0.008% in
age group 3.

To the question «Do acute illnesses force you
to take a sick leave or a certificate of temporary dis-
ability?» the majority of the surveyed teachers of
GEI answered «Yes, if the disease is serious» (Ta-
ble 5). With age, the percentage of such respons-
es decreases from 69.3+0.009% in age group 2 to
54.7+£0.009% in age group 3. On the contrary, the
percentage of those respondents who do not take
sick leave increases — from 30.7+£0.017% in age
group 1 to 45.2+0.009% in age group 3.

Almost half of the respondents (46.15+41.51%)
answered «Rarely» to the question «How often do
you visit a doctor?» (Fig. 6).
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E]I::.I,- 28,3 30,19

] 22,45 23,08 24,49

(= 20 19,23 O Under30vyears
M 30-45 years
O Over 45 years

0 T T 1
Enough | could care more Not enough

Figure 5 — Answers to the question «Do you take enough care of your health?»
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Table 5 — Answers to the question «Do acute illnesses force you to take a sick leave or a certificate of temporary disability?»

Age No Yes, if the disease is serious Constantly
Under 30 years 30,7 +0,017% 65,3 +£0,018% 3,8+ 0,007%
30-45 years 26,5 +0,009% 69,3 +0,009% 0+ 0%
Over 45 years 45,2 +0,009% 54,7 £ 0,009% 1,8 +£0,002%
50 75,15
41,51
0 , 38,46 38,78
3 30 642
“I:-‘r 2041 O Under 30 years
2 )
2 20 A 1538 — M 30-45 years
O Over 45 years
10 —
0 T T 1
Often Rarely I didn't count

Figure 6 — «How often do you visit a doctor?»

In age group 1, according to the results of the
questionnaire, 26.9+0.017% respondents indicat-
ed preventive examination as the reason for visit
to a doctor, 30.7£0.017% orespondents — poor
health and acute illness occurrence, 15.3+0.013%
respondents — exacerbation of chronic diseases.
In age group 2, 18.3+0.007% respondents indi-
cated preventive examination as the reason for
visit to the doctor, 34.6+0.009% — poor health,

Table 6 — Reasons for visit a doctor

18.3+0.007% — exacerbation of chronic diseases,
22.4+0.008% — acute illness occurrence. The high-
est rate was recorded in age group 3 (32+0.008%).
This means that teachers of this group regularly go
for routine checkups. Poor health and acute illness
occurrence were chosen by 24.5+0.008% respon-
dents as the reason for visit to the doctor, exacer-
bation of chronic diseases — 18.8+0.007% teachers
(Table 6).

Age Preventive examination Poor health Exacerbcallitizgs(;ts" chronic Acute illness occurrence
Under 30 years 26,9 +0,017% 30,7 £0,017% 15,3 +0,013% 30,7 +0,017%
30-45 years 18,3 +0,007% 34,6 + 0,009% 18,3 +0,007% 22,4 +0,008%
Over 45 years 32 +0,008% 24,5 +0,008% 18,8 £ 0,007% 24,5 +0,008%

Teachers’ professional performance is closely
related to the functional state of the body and the
level of physical fitness, as pronounced functional
strain refers to a state of increased physiological
load characterized by the depletion of adaptive re-
serves, reduced work capacity, and greater fatigue
resulting from prolonged psycho-emotional and

physical stress. A decrease in these parameters leads
to poor health, decreased performance and increased
fatigue. In recent years, numerous studies [13, 14]
indicate extremely low indicators of physical and
mental health of teachers. These indicators decrease
with service length increasing [15]. Constant over-
exertion can lead to the development of somatic
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diseases such as stomach ulcers, coronary heart dis-
ease, diabetes mellitus and hypertension. According
to the data, most teachers have all the listed risk fac-
tors after fifteen years of professional activity [16].
Older age, in particular the age over 45, is associated
with the highest incidence [10].

The teaching profession ranks first in terms of
tension and the presence of harmful factors in the
workplace [16]. Among these factors are physical
exertions, emotional stress, and a high degree of
sensory stress on the organs of vision and hearing,
as well as an intense load on the speech apparatus.
Physical activity includes both kinetic and static
loads on the musculoskeletal system and the cardio-
vascular system. Teachers whose work is related to
mental often lead a sedentary lifestyle, which con-
tributes to an increase in the incidence of diseases of
the musculoskeletal system.

The results of a questionnaire survey of teachers
of general education institutions showed that dis-
eases of the musculoskeletal system occupy the first
place among other diseases. In recent years, there
has been a significant increase in the number of dis-
eases of this group. Studies show that up to 60%
of the adult population of our country suffers from
structural and functional disorders of the musculo-
skeletal system. This is due to insufficient physical
activity, eating and rest disorders, psychological
stress and other factors [17, 18]. This phenomenon
is not uncommon, including among teaching staff. In
teachers, diseases of the musculoskeletal system, in
particular structural and functional disorders of the
spine are often associated with physical inactivity
[19]. Studies also show that from 12 to 23% teach-
ers involved in the educational process suffer from
diseases of the musculoskeletal system [20, 21].

Osteochondrosis is a dystrophic degenerative
change in the intervertebral discs. The majority of
the world’s population (35+80%) suffer from this
disease. According to recent studies, many diseases
that are closely related to the musculoskeletal sys-
tem and connective tissue are also often associated
with osteochondrosis.

To the question «Have you ever felt back pain,
neck pain?», more than 50% of the surveyed teach-
ers answered positively, and with age, the percent-
age of positive responses increased from 73.0 +
0.017% to 90.5 £ 0.005%.

The modern lifestyle is characterized by insuf-
ficient physical activity and lack of mobility [23,
24]. This factor leads to a violation of blood circu-
lation and nutrition in the paravertebral muscles, a
decrease in their functional activity and, ultimately,
to their atrophy.
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The respondents chose mainly the cervical and
lumbar spine as the answer to the question «In which
part of the spine do you often feel pain?». In age
group 1, 34.62% respondents indicated pain in the
cervical and lumbar spine. In age group 2, 28.57%
teachers chose the cervical spine, and 22.45% chose
the lumbar spine. In age group 3, the index of cervi-
cal spine was 32.08%, and the index of lumbar spine
was 37.74%. To date, osteochondrosis of the cer-
vical spine is a widespread disease and has social
significance [25]. Approximately 40% cases of all
neurological and orthopedic diseases are attributed
to this disease. Many researchers believe that one
of the likely causes of the development of early
osteochondrosis in young people is the general ur-
banization of the population, which contributes to a
sedentary lifestyle and prolonged stay in an uncom-
fortable position (for example, at a computer or in
class) [24].

A stressful professional environment can lead
to the development of various chronic occupational
diseases affecting the integrative life support sys-
tems of the body, including the digestive system
[14, 15].

According to the results of the questionnaire,
the teachers of GEI also noted the presence of dis-
eases of the digestive system (from 26.9+0.017% to
36.7+£0.009%). Analyzing the age characteristics ac-
cording to data [16], it was found that diseases of the
digestive system are most common among teachers
under the age of 45. Diseases of the digestive system
can be a consequence of both mental stress and work
stress in the workplace, as well as eating disorders,
which are often found in the implementation of ped-
agogical activities.

The percentage ratio between the answers «Yes/
No» to the question «Do you consider your diet to be
rational?» was 38.4/50.0 in age group 1, index was
22,4/42.8 in age group 2 and 37,7/35,8 in age group
3. Among the reasons of irrational diet, the major-
ity of respondents noted a violation of the regime
nutrition (53.8+46.9%), monotonous diet (13.2-
11.5%) and excess carbohydrates (sweets, pastries)
(23+28.5%), which may be the result of fast snacks
in between classes. In the study [10], only 17.5%
of the surveyed teachers have a normal and regular
diet. 31.7% of the respondents try to maintain a nor-
mal time regime, which is not always possible due
to the peculiarities of the educational process. The
rest (27.5%) eat according to the principle of «as it
turns out».

Due to eating disorders, diseases associated with
metabolic disorders develop in teachers. According
to the results of the questionnaire survey, the highest
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indicator was observed among teachers of age group
3 —15+0.006%, in age group 2 — 14.2+0.007%. The
lowest indicator was registered in the age group 1
and amounted to 11.5+0.012%.

Among the main risk factors affecting the health
of teachers, many respondents note that among the
causes of morbidity among teachers there are physi-
cal inactivity and orthostatic loads. An analysis of
the factors influencing morbidity [5] showed that
about 70% of the surveyed teachers noted a certain
specificity of professional activity — low physical
activity. In addition, more than 60.8% of the sur-
veyed teachers note a sedentary lifestyle character-
ized by spending their free time in front of the TV,
books reading or computer related activities. L. Ye.
Nadeina notes in her research that teachers spend a
lot of time on their feet during classroom and class-
room activities, which is combined with insufficient
physical activity [14].

The results of counting the number of steps
taken by the teachers of GEI per day showed
6026.3+473.85 steps per day in age group 1,
in age group 2 — 4393.2+£165.82 steps, in age
group 3 — 3392.5£170.59 steps. The reason for
the low number of steps per day is not only dis-
eases of the musculoskeletal system, but also BMI
increase.

Respiratory diseases are one of the urgent prob-
lems of modern medicine, as they affect the qual-
ity of life and social functioning. According to M.S.
Mikerova [27], the incidence of respiratory diseases
among teachers was 36.0 per 100 respondents. This
type of pathology is one of the most common due
to the peculiarities of teaching, including a signifi-
cant strain on the vocal cords. Chronic bronchitis
(18.1%), chronic pharyngitis (17.1%), chronic ton-
sillitis (15.1%) and chronic laryngitis (9.7%) are
most often registered [28].

The results of the questionnaire on the identifi-
cation of respiratory problems showed an increase
in the percentage of respondents with problems
from 11.5+0.012% in age group 1 to 22.6+0.007%
in age group 3.

Eating disorders and physical inactivity often
lead to an increase in body weight. Thus, BMI cal-
culations in age dynamics showed that the «Norm»
criterion decreased from 69.2+0.017% in age group
1 to 28.3+0.008% in age group 3, while the sum of
the criteria «Excess» and «Obesity» increased from
30.7 to 71.6%. These results are consistent with the
data of P.M. Abdurakhimova’s study [9], accord-
ing to which, the majority of the studied teachers
were overweight (54.2%) and obese I and II degrees
(19.2%).

Teachers experience significant emotional stress
associated with intense psycho-emotional stress.
They spend most of their working time in a state
of high tension: they need to constantly concentrate,
face emotionally intense work, and be responsible
for the lives and health of children. In addition, the
lack of a stable work and rest schedule, constant
overwork and changes in the schedule of classes
[16] enhance this effect. Constant stress leads to the
development of a number of somatic diseases, in-
cluding diseases of the cardiovascular system, such
as coronary heart disease, hypertension and others.

The results of the survey on the detection of
diseases of the cardiovascular system showed an
increase in the percentage of respondents with
this problem from 7.6+0.01% in age group 1 to
33.9+£0.008% in age group 3. Diseases of the cir-
culatory system are mainly manifested in teachers
by such nosologies as coronary heart disease (up to
8.9% of all cases), hypertensive heart disease (up to
11.4%), cerebral circulatory disorders (up to 8.1%)
[29].

The cause of problems with the cardiovascular
system, in addition to the above, is stress [30].

This is confirmed by the results of a question-
naire survey, where the question «Do you feel stress
while working?». The following responses were re-
ceived: in age group 1, 42.3% respondents chose the
answer «Rarely», 38.4% respondents chose the an-
swer «Ofteny, and 11.5% teachers chose the answer
«Constantly». In age group 2, 26.5% respondents an-
swered «Rarely», 34.6% — «Often», 12.2% — «Con-
stantly». In age group 3, 30.1% respondents pre-
ferred the answer «Rarely», 26.4% — «Often», 33.9%
respondents replied that they do not feel stress. The
analysis of stress factors in modern teachers allowed
identifying the main causes of psychological stress
in the pedagogical sphere; these are information
load, uncertainty in information, a sense of respon-
sibility, lack of time, interpersonal and intrapersonal
conflicts [1]. The information load is one of the most
characteristic features of pedagogical work. The
amount of information that needs to be processed
often exceeds the mental capabilities of teachers.
This high cognitive load becomes a powerful source
of stress, increasing tension [1]. The lack of time is
associated with constant pressure on time. This is
due not only to the numerous tasks and functions
that need to be performed, but also to the strict time
constraints in which the teacher must work [1].

When asked about specific factors negatively af-
fecting health, 26.5+28.3% respondents replied that
they did not have enough time to rest, especially in
age group 1 (50%), 40,8+42,3% teachers pointed to
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production factors, 16.3+24.5% — to external factors
and 18.3+24.5% — to inadequate sleep.

The main cause of diseases in 87.5% of teach-
ers is the peculiarities of professional activity due to
the presence of high voltage, overloads and stress-
ful situations at work [10]. The results of the survey
[10] also show that 28.3% (34) respondents con-
sider themselves practically healthy and assess their
health as good, 59.2% (71) consider it satisfactory,
and 12.5% (15) consider it bad. However, accord-
ing to the survey [31], 68% respondents consider
themselves healthy, while medical examinations
show that only 20.9% teaching staff are practically
healthy. This is largely due to the fact that many
teachers do not consider myopia as pathology, al-
though it accounts for 33.3% of the total morbidity
of teaching staff.

Analysis of the answers to the question «Do you
take enough care of your health?» showed that in
the age group 1, almost 20% of the surveyed teach-
ers take care of their health «Enough» and «Not
enoughy, and more than half of the respondents an-
swered «I could care more». With age, there was an
increase in the number of «Enough» («Not enough»)
responses, and a decrease in those who believed that
they could care more.

Data on the attendance of teachers in medical
institutions can serve as an indicator of their state of
health, on the one hand, and the level of organiza-
tion of medical care for this contingent, on the other.

It should not be forgotten that in most cases, the
morbidity of teachers due to unaccounted cases is
latent, i.e. hidden, which makes it difficult to ob-
tain reliable results [21]. Annual preventive medical
examinations of teachers reveal 3-3.5 times more
diseases than registered in medical records. This
is due to the extremely low attendance of teachers
at medical institutions for registration of disability
certificates, which is confirmed by the results of a
sociological survey.

The majority of the surveyed teachers answered
«Yes, if the disease is serious» to the question
«Do acute illnesses force you to take a sick leave
or a certificate of temporary disability?». With age
the percentage of such answers decreases from
69.3£0.009% to 54.7+0.009%. On the contrary,
the percentage of respondents who do not take
sick leave increases with age from 30.7+0.017% to
45.240.009%. Usually, disability certificates are is-
sued by teachers with up to 20 years of work experi-
ence. With more than 20 years of experience, teach-
ers, especially women, more often continue to work,
suffering illnesses «on their feet» [1]. The work of
teachers, despite the existing standards, is not nor-
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malized, and therefore teachers practically do not
have time to go to the doctor. Similar results were
obtained by M.S. Mikerova [27]. According to her,
14.2% of teachers do not feel the need for a disabil-
ity certificate, which may be due to the schedule of
classes or the possibility of colleagues replacing an
absent teacher, 10.1% do not go to the doctor be-
cause of «distrust of doctors in clinicy.

An equally important aspect in the context of
teachers’ health is their insufficient motivational
and value attitude to their own health, a low level of
healthy culture and lifestyle, as well as insufficient
awareness of risk factors and methods of prevent-
ing occupational diseases [32]. Almost half of the
respondents answered rarely (46.15+41.51%) to the
question «How often do you visit a doctor?».

Teachers have different reasons for visit a doc-
tor. The results of the questionnaire showed that in
age group 1 26.9+ 0.017% respondents go for a pre-
ventive examination, in age group 2 — 18.3+0.007%,
in age group 3 — 3240.008%. Poor health and the oc-
currence of acute illness were chosen by 24.5+34.6%
respondents as reasons for going to the doctor, and
exacerbation of chronic diseases — 15.3+18.8%.

The subjective assessments received from
teachers confirm the information revealed during
preventive medical examinations, where there was
a predominance of diseases from the circulatory and
respiratory organs, musculoskeletal and digestive
systems, and others. However, the authors note sig-
nificant differences between subjective assessments
of teachers’ health status and actual morbidity,
which, in their opinion, indicates an unsatisfactory
quality of medical examinations. This is confirmed
by the dissatisfaction of teachers (24%) with the
organization of medical examinations, including in-
sufficient attention from doctors and long queues at
the polyclinic.

The teaching staff often does not show a suf-
ficient level of medical responsibility, that is, con-
trol over their health, and often does not have stress
management skills.

According to [16], in modern conditions, the pro-
fessional activity of teachers negatively affects their
health: 60% teachers constantly experience psycho-
logical discomfort, 85% teachers are in a constant
state of stress, and work negatively affects family
relationships of 85% female teachers, which leads
to diseases of the nervous system in 1/3 of teachers.
According to L.E. Nadeina [14], only 10.4% teach-
ers are within the functional norm. Primary preven-
tion plays a key role in maintaining the health of
teachers, which is closely related to their lifestyle.
Understanding the characteristics of nutrition, phys-
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ical activity and attitudes towards bad habits helps
to develop specific preventive measures.

Conclusion

According to the results of the survey, mus-
culoskeletal diseases were in the first place in the
structure of diseases among teachers of educational
institutions. They were followed by decreasing dis-
eases of the digestive system, respiratory organs,
and cardiovascular system. Most teachers associate
the causes of their illnesses with the characteristics
of their professional activities, such as overstrain,
excessive stress and psychological trauma.

Psychoemotional stresses are increasingly con-
tributing to the growth of psychosomatic diseases
(neuroses, ischemic and hypertensive heart disease,
as well as diseases of the digestive system and endo-
crine disorders).

Teachers’ health problems are caused by in-
sufficient motivational and value-based attitude to
their own health, a low level of health culture and a
healthy lifestyle, as well as limited knowledge about
risk factors and methods of occupational diseases
preventing. Further work is needed to develop social
and medical prevention programs aimed at preserv-
ing the health of teachers and introducing them into
the practice of educational institutions.
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CHANGES IN HUMORAL IMMUNITY AMONG INDIVIDUALS
WITH EARLY-STAGE HIV INFECTION

The present study aimed to comprehensively assess humoral immune parameters and cytokine sta-
tus in individuals newly diagnosed with HIV infection. A total of 783 patients were examined, and
serum immunoglobulin profiling was performed in 90 of them. Quantification of IgA, IgM, 1gG, IgE, and
cytokines (IL-1B, IL-6, IL-4, IL-10) was carried out using ELISA.

Compared with healthy controls, patients with early-stage HIV infection demonstrated pronounced
dysregulation of humoral immunity. Serum IgA, IgM, and IgG levels were significantly elevated (1.95-
fold, 1.51-fold, and 2.46-fold increases, respectively), indicating activation of both local and systemic
immune responses. Despite this enhancement, the heterogeneity in magnitude of change suggests strain
on the primary immune response and an insufficient secondary response. Strikingly, IgE concentrations
increased 84.88-fold, pointing to a highly sensitized allergic background likely driven by opportunistic
infections accompanied by secondary immunodeficiency.

Similarly, cytokine levels were markedly increased. Pro-inflammatory cytokines showed differential
enhancement: IL-1p levels rose 5.75-fold, while IL-6 increased 1.50-fold, suggesting a dominant role of
IL-1B in inflammatory signaling and antiviral immunity. Anti-inflammatory cytokines also increased sig-
nificantly: 1L-4 by 6.21-fold and IL-10 by 1.94-fold. This imbalance between pro- and anti-inflammatory
mediators reflects complex immune dysregulation associated with early HIV infection.

Overall, these findings demonstrate substantial activation yet imbalance of humoral immunity in
primary HIV infection. The coexistence of heightened immunoglobulin and cytokine synthesis, exces-
sive IgE production, and insufficient secondary immune response indicates an early breakdown in coor-
dinated immune regulation. These results provide important insights for monitoring immune dysfunction
and improving clinical management during early stages of HIV.

Keywords: HIV infection, humoral immunity, cytokines, immune dysregulation, immunoglobulins,
IL-1B, IgE
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AUTB-uHeKUMSACbIHbIH, epTe CaTbICbIHAAFbI TYAFAAAPAbIH,
ryMopaAbAbl MMMYHHUTETIHAETI @3repicTep

ByA 3epTTeyain mMakcaTbl — aAfalll aHbikTaAFaH AMTB-xyknacbl 6ap TyAFraaapAa ryMopaAbAbl M-
MYHUTET KOPCETKILLTepi MeH UMTOKMHAIK MapTebeHi KeweHAl 6arasay. bapAbiFbl 783 naumeHT 3epT-
TeAAl; oAapAbiH 90-bIHAQ MMMYHOTAOOYAMH AeHrenAepi aHbikTaaAbl. KaH capbicybiHAarbl 1A, 1gM,
1gG, IgE xoHe IL-1B, IL-6, IL-4, IL-10 uMTOKMHAEPIHIH KOHUEeHTpauusAapbl MDT saiciMeH eALLEHAI.

Cay apamMa@pMeH caabiCTbipFaHaa AMTB-XyKnacblHbIH epTe caTbICbIHAQFbl HayKacTapAa rymMo-
PaAbAbl UMMYHUTETTIH aiKblH AUCPErYASILMAICH] aHbIKTaAAbL. IgA, 1gM >aHe IgG aeHreriaepi THiciHwwe
1,95; 1,51 xeHe 2,46 ece >korapbl OOAAbI, OYA XKEPTIAIKTI >KOHE >KYMEAIK MMMYHADBIK, XKayanTbiH, Ky-
LIeloiH KepceTeai. ©3repicTep KapKbIHABIAbIFbIHbIH PKEAKIAIr 6acTankbl MIMMYHAbIK, XKayanTbiH, 9ACi-
peyiH >KeHe KarTaraMa MMMYHADIK, >KayanTblH XXETKIAIKCI3AIriH cunaTTanabl. Epexiie Hazap ayAapatbiH
>kanT — IgE aAeHreniHin 84,88 ecere apTybl, OYA EKiHLLIAIK MMMYHTaMLbIAbIK, XXaFAaiblHAQ AQMMUTbIH Ofl-
MOPTYHMCTIK MHEKUMIAAPMEH BANAAHBICTbI aNKbIH AAAEPIUSABIK, (DOHHbIH KAABINITACYblH KOPCETEAI.

CoHbIMEH KaTap LUMTOKMHAEPAIH aiTapAbIKTal >KOFapblAaFraHAbIFbl aHbIKTaAAbl. KabbiHy Meama-
TOpA@pblIHbIH, iiHAe IL-1B AeHreitiHin 5,75 ecere, IL-6 aeHreniniH 1,50 ecere ecyi Tipkeaai, 6yA IL-1p-
AiH KabblHY MeH BMPYCKA KapCbl UMMYHMUTETTIH KAAbINTACybIHAAFbI 6acbiM poAiH kepceTeai. KabbiHyra
Kapcbl UMTOKMHAEP — IL-4 (6,21 ece) >aHe IL-10 (1,94 ece) KOHUEHTpauUMsAapbl AQ apTTbl, BYA MMMYH-
AbIK, AUCPETYASIUMSIHBIH, KYPAEAI CUNATbIH aiKbIHAQMADI.
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Kaanbl aaraHaa, AMTB->KyknacbiHbiH 6GacTarnkpl KE3eHIHAE FyYMOPaAbAbl MMMYHUTETTIH aiKbiH
GeAceHyiMeH KaTap OHbIH TEeHrepiMcisAiri 6arkasabl. IgE AeHreiiHiH KypT apTybl, UMTOKMH CUHTE3i-
HiH KYLLEIOi >K&He KanTaAama MMMYHABIK XKayarTbiH XXeTKIAIKCI3AIrT MMMYHABIK, PETTEAYAIH epTe By-
3bIAYbIH KOPCETEAi. AAbIHFAH AEPEKTEP MMMYHADIK, e3repictepai 6akbiray xxeHe AMTB->KyKnacbiHbIH,
epTe Ke3eHiHAE KAMHUKAAbIK, 6aCKapyAbl XKakKCapTy YiliH MaHbI3AbI.

Ty#in cesaep: AMUTB-KyKnacbl, r'yMOpaAbAbl UMMYHWUTET, UMTOKMHAEP, UMMYHADBIK, AMCPEryAs-
uMs, MMMYHOTAOOYAMHAED, IL-1B, IgE.
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M3meHeHUsI TYMOPAAbHOrO0 UMMYHHUTETA Y AMULL,
C paHHei ctapamert BUY-undekumn

LleAblo HacTosILIEro UCCAEAOBaHMS OblA@a KOMMAEKCHAs OLLeHKA MoKa3aTeAei MyMOpPAaAbHOrO MM-
MYHUTETA U LUMTOKMHOBOIO CTaTyCa Yy AWL, C BrepBble AMarHoctTMpoBaHHoW BY-mHdekumen. Beero
o6caepoBaHbl 783 naumenTta; y 90 M3 HMX MPOBEAEHO OMPEAEAEHUE YPOBHEN MMMYHOTAOOYAMHOB.
KoanuyectBeHHoe onpeaeaenue IgA, IgM, IgG, IgE, a Takxke umtokmHos (IL-1B, IL-6, IL-4, IL-10) B cbiBO-
poTKe KPOBM OCYLLECTBASIAM MeToaoM MDA,

o cpaBHEHMIO CO 3A0POBbIMU AMLIAMM Y MALIMEHTOB C paHHen ctaamein BMY-nHpekumm BoigBAeHa
BbIPKEHHAs AMCPEryASLMS TYMOPaAbHOrO uMmyHuTeta. YpoBhu IgA, IgM 1 IgG GbiAn 3HaUMTEAD-
HO noB.biwweHbl (B 1,95; 1,51 n 2,46 pasa, COOTBETCTBEHHO), YTO YKa3blBaeT Ha aKTMBaLMIO MECTHOIO
M CUCTEMHOTO MMMYHHOrO OTBeTa. [1py 3TOM HEOAMHAKOBAS BbIPAXKEHHOCTb M3MEHEHWIA OTpakaeT
Hanps>KEHHOCTb NMEPBMYHOIO MMMYHHOIO OTBETA M HEAOCTATOYHOCTb BTOpUYHOro otBeta. OcobeHHo
3HAUMMbIM OKa3aAOCb yBeAMueHue KoHueHTpaumm IgE — B 84,88 pasa, uTo ykasblBaeT Ha BblpaXke€HHbI
aAAepruyeckmin (ooH, BEpoSTHO hopMMpYyeMbIi Ha (POHE BTOPUYHOIO MMMYHOAe(MLUMTa U Pa3BUTUS
OMMOPTYHUCTUYECKMX MHAEKLIMIA.

Tak>ke 06Hapy>KEHO CyLLEeCTBEHHOE MOBbILWEHNE YPOBHS LMTOKMHOB. Cpean MpOBOCMAAUTEAbHbBIX
MeAMATOPOB OTMEYEHO AOMMHMpOBaHMe IL-10, KOHUEHTpaumMsg KOTOpOro yBeAMumaach B 5,75 pasa,
Toraa kak IL-6 — B 1,50 pasa, 4To NoATBEPXKAAET HOAEe 3HaUMMYIO POAb IL-1B B pasBmnTimM BocnaseHms
M NPOTMBOBMPYCHOrO MMMYHUTETA. YPOBHU MPOTMBOBOCMAAUTEABHBIX LIUTOKMHOB Tak)Ke BO3PacTaAW:
IL-4 — B 6,21 pasa, IL-10 — B 1,94 pasa, YTo OTparkaeT KOMIMAEKCHbIN XapakTep UMMYHHOM AMCPEryAs-
umn.

Takmum obpasom, B paHHen pase BMY-mHdpekumMn HabAIOAAETCS CyLLeCTBEHHAs aKTMBAUMS, HO
OAHOBPEMEHHO M AMCOAAAHC T'YMOPaAAbHOIO MMMyHUTETA. Pe3koe mnosbiluerune IgE, ycuaeHne cuHTesa
LUMTOKMHOB M HEAOCTATOYUHbIA BTOPUYHbBIA MMMYHHbI OTBET CBUAETEALCTBYIOT O PaHHEM HapyLLeHWM
PeryAsiuiMn UMMYHHOM CUCTeMbI. [TOAyUYeHHbIE AQHHbIE Ba>KHbI AASI MOHUTOPMHIA MMMYHHbBIX Hapylue-
HWIA 1 YAYULLEHUS KAMHUYECKOrO BEAEHWS MaLMEHTOB Ha paHHMX aTanax BMY-nHdexkumm.

KatoueBble caoBa: BUY-nHpeKLNS, r'yMOPAAbHbIA MMMYHUTET, UMTOKWHbI, UMMYHHast AUCPEryAs-
uMs, UMMYHOTAOOYAMHBI, IL-1B, IgE.

Introduction

A decline in the activity of the immune sys-
tem (secondary immunodeficiency) leads to a re-
duced ability to combat infections, the emergence
of opportunistic infections, and a weakened defense
against tumors [1-3].

HIV infection is a slowly progressing pathologi-
cal condition caused by a virus from the Retroviri-
dae family, genus Lentivirus [4-7]. Once inside the
body, the virus targets T-helper/inducer cells that
express CD4+ receptors on their surface. HIV can
also infect monocytes, macrophages, Langerhans
cells, dendritic cells, and microglial cells that pos-
sess these receptors [8-10].
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Damage to these immunocompetent cells results
in decreased immune system activity, ultimately
leading to the development of acquired immuno-
deficiency syndrome (AIDS). CD4+ cells play a
crucial role in the immune response by transmit-
ting antigen-related information to B-lymphocytes,
promoting their differentiation into plasma cells,
and facilitating antibody synthesis [11-13]. This
highlights the significance of CD4+ cells in immune
regulation [5, 14-15].

Although extensive research has been conduct-
ed by both domestic and international scientists on
the etiology, progression, pathogenesis, transmis-
sion routes, early diagnosis, antiretroviral therapy,
and prevention of HIV infection, studies focusing
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on immune system function, its alterations, and age-
related characteristics remain limited and fragment-
ed [16-17].

The aim of the study was to examine and eval-
uate the immune status of individuals newly diag-
nosed with HIV infection.

Materials and methods

For the purpose of conducting the study, blood
sera of a total of 783 individuals with primary HIV
infection were examined. Of these, 59.51+1.75%
(n=466) were men, while 40.49+1.75% (n=317)
were women. It is noteworthy that men were signifi-
cantly (P<0.05) more prevalent than women.

12.39+1.18% (n=97) of individuals with HIV
infection were permanent urban residents, while
87.61+1.18% (n=686) were permanent rural resi-
dents. The higher prevalence of HIV infection
among the rural population is attributed to the large
number of labor migrants working in various coun-
tries. The study revealed that 73.95+1.57% (n=579)
of the participants were married, while the remain-
ing 26.05+1.57% (n=204) were unmarried individu-
als.

It was determined that the majority of those
diagnosed with HIV infection were citizens aged
31-40 years (39.08+1.74%) and 41-50 years
(33.46%1.69%). The least common age group was
21-30 years old (11.244+1.13%). The fact that the
majority of labor migrants fall within this age range
(31-50 years) is characterized by a high prevalence
of this infection among them.

An apparatus manufactured in 2022 (MR-96A
Mindray Co.Ltd, China) was used to perform en-
zyme-linked immunosorbent assay (ELISA) on

blood serum samples from HIV-infected individu-
als. The concentration of IgA was determined using
test kits from Vector Best LLC (Novosibirsk, Rus-
sian Federation), while the levels of IgM, IgG, and
IgE were measured using test kits from XEMA LLC
(Moscow, Russian Federation).

Test kits from “Vector-Best” LLC (Novosi-
birsk, Russian Federation) were used to determine
the concentration of cytokines. These kits were used
to measure the concentrations of IL-1p, IL-4, IL-6,
and IL-10 in blood serum. The tests were conducted
according to the instructions provided with the test
kits.

Statistical processing of the obtained materials
was carried out using traditional methods of varia-
tional statistics, utilizing the “Excel” program. The
statistical analysis was performed on a personal
computer with a Pentium IV processor, employing a
software package designed for medical and biologi-
cal research.

Results and discussion

Medical records of individuals aged 21-60 years
with primary HIV infection were examined. Among
these, the concentration of immunoglobulins in
blood serum was determined for 90 subjects.

The study evaluated the degree of changes in
the concentrations of IgA, IgM, IgG, and IgE in
blood serum. For a comparative assessment of the
obtained results, 20 healthy individuals were also
examined (Table 1).

As shown in Table 1, changes in the concentra-
tions of immunoglobulins in blood serum were ob-
served, revealing a quantitative imbalance. Both the
trends and intensities of these changes varied.

Table 1 — Results of studying humoral immunity parameters in individuals with primary HIV infection

Parameters Healthy individuals, n=20 HIV-infected persons, n=90
IgA, g/l 1,2620,15 2,460,06* 1
IgM, g/l 1,32+0,14 1,99+0,09* 1
IgG, g/l 13,53+0,89 33,2240,06* 1

IgE, IU/ml 0,64+0,06 54,3243,20% 1

Note: * — sign of reliable difference in relation to healthy individuals; 1 — direction of change.
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Considering that IgA, particularly in its secre-
tory form (sIgA), is the primary protein responsible
for local, humoral immunity and serves as the «first
line of defense» in the body’s resistance on mucosal
surfaces and in biological fluids, and is frequently
found in secretions on mucosal surfaces, it becomes
evident that its concentration in the blood is depen-
dent on the state of local immunity, the quantity of
antigens entering the body, and the intensity of their
entry into the organism.

The study conducted revealed that the IgA level
in the blood serum of individuals with primary HIV
infection was significantly higher, by 1.95 times,
compared to that of healthy individuals — 2.46+0.06
g/l versus 1.26+0.15 g/l, respectively (P<0.001).
Such an increase in IgA levels indicates enhanced
synthesis resulting from the increased strain on local
immunity resistance factors.

IgM stands out among all immunoglobulins for
being a pentamer, having a large molecular mass,
and primarily providing the primary immune re-
sponse. When an antigen enters the organism, [gM
is synthesized first, and its concentration reaches a
maximum in blood serum. After 5-6 days, it begins
to decrease quantitatively.

In the study, the serum concentration of IgM
in the examined pathology was 1.99+0.09 g/l,
which was significantly higher by 1.51 times com-
pared to the same indicator in healthy individuals
(1.32+0.14 g/1) (P<0.05). The tendency of IgM in-
crease was similar to the previously mentioned im-
munoglobulin; however, the intensity of changes
was relatively low. This condition is associated
with the low strength of the primary immune re-
sponse despite a high viral load on local immunity.
In our opinion, due to the damage to T-helpers/in-
ducers, which are the «targets» of HIV infection,
information about the virus does not fully reach B-
lymphocytes, resulting in insufficient synthesis of
IgM, which is responsible for the primary immune
response.

Considering that IgG has the smallest molecular
mass among all immunoglobulins, is the only im-
munoglobulin that can cross the placenta, consti-
tutes 75% of all immunoglobulins, and primarily
provides a secondary immune response, we can un-
derstand its crucial importance for the functioning
of the immune system. The coating of the antigen
surface with IgG molecules (opsonization) enables
phagocytes to quickly recognize, engulf, and elimi-
nate them. Additionally, it contributes to the elimi-
nation of antigens by activating the complement
system through the classical pathway.
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According to the results obtained in the study,
it was found that the concentration of primary
HIV infection in blood serum significantly in-
creased by 2.46 times, unlike the levels of IgA and
IgM — 23.22+0.06 g/l compared to 13.53+0.89 g/l,
respectively (P<0.001). Such an enhancement of
humoral immunity is undoubtedly associated with
a quantitative deficit of immunocompetent cells,
since humoral immunity is part of the overall im-
mune system and is closely interconnected with
other components.

The observed quantitative imbalance in the in-
tensity of changes among the studied IgA, IgM, and
IgG was indeed attributed to negative alterations in
immune system function, strain on this system, and
issues in the formation and development of both pri-
mary and secondary immune responses.

Along with the immunoglobulins mentioned
above, the concentration of IgE in blood serum was
also studied. Considering that IgE causes the release
of inflammatory mediators into the bloodstream in
response to antigen (allergen) entry and leads to al-
lergic reactions, we understand the necessity of de-
termining the level of potential allergic background
in HIV infection.

The study results revealed that the concentra-
tion of IgE in blood serum of individuals with this
pathology was statistically significantly (P<0.001)
84.88 times higher than in healthy individu-
als — 54.3243.20 IU/ml compared to 0.64+0.06 1U/
ml, respectively.

The high allergic background observed in the
studied individuals was attributed to the formation
and development of opportunistic infections in their
bodies, manifesting as protozoa (parasites) and fun-
gal infections. This was explained as a consequence
of secondary immunodeficiency developing in the
organism due to the influence of HIV infection.

To provide a clearer picture of the differences
in the obtained results, the indicators showing the
degree of change in the concentrations of major im-
munoglobulin classes in the blood serum of HIV-
infected individuals were presented in comparison
to the parameters of healthy individuals (Table 2).

As evident, all the presented indicators have
changed significantly (P<0.001). While the trend of
changes in their values was practically uniform, a
pronounced imbalance in the intensity of changes
was observed, indicating alterations in the immune
system of these individuals. It should be particularly
noted that among the four immunoglobulins, the
most significant changes were observed in the con-
centrations of IgG and IgE.
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Table 2 — Ratio of serum immunoglobulin levels of individuals
with primary HIV infection to indicators of healthy individuals,
in times

Immunoglobulins HIV-infected persons, n=90
IgA 1,95% 1
IgM 1,51% 1
IgG 2,46% 1
IgE 84,88* 1

Note: * — sign of reliable difference in relation to the indicators
of healthy individuals; 1 — directions of change.

It is also important to conduct a comparative
study of cytokine concentrations, which are other
representatives of humoral immunity, in the blood
serum of individuals with primary HIV infection.
Although these indicators were studied and de-
scribed in detail by Zalyaliyeva M.V. and Ruzibaki-
yev R.M. [8], they were determined in relation to the
stages of the disease, and individuals with primary
HIV infection were included in the general group.
For this reason, the necessity of studying them and
evaluating their results arose.

It is known that for complete protection against
HIV infection, the participation of CD4+ cells is

required in addition to cytotoxic T-lymphocytes.
This is because CD4+ cells synthesize cytokines
and chemokines that inhibit HIV replication [8].
Two types of CD4+ cells are distinguished: T-
helper type 1 (Thl) and T-helper type 2 (Th2),
both of which are derived from their common pre-
cursor, ThO [1, 5]. Thl helpers produce cytokines
that stimulate cellular immunity, while Th2 helpers
ensure the production of cytokines that facilitate
the transformation of B-lymphocytes into plasma
cells.

As demonstrated, IL-1 is an inflammatory cyto-
kine that acts as a mediator of immunity and inflam-
mation. It is synthesized by macrophages, stimulat-
ed B-lymphocytes, T-lymphocytes, keratinocytes,
and fibroblasts. In the primary immune response, its
production triggers pathogenetic changes associated
with the disease that caused its production [2-4].
Taking into account the aforementioned facts, it was
deemed necessary to identify this cytokine in viral
infections, including HIV infection.

The study revealed that the serum concentration
of IL-1P in individuals with primary HIV infection
reached 46.36+2.67 pg/ml, which shows a signifi-
cant (P<0.001) 5.75-fold increase compared to the
same parameter in healthy individuals (8.06+1.23
pg/ml) (Table 3).

Table 3 — Results of the study of humoral immunity parameters of individuals with primary HIV infection

Parameters Healthy individuals, n=20 HIV-infected persons, n=90
IL-1B, pg/ml 8,06+1,23 46,36+2,67 * 1
IL-6, pg/ml 6,80+1,06 10,20+0,76 * 1
IL-4, pg/ml 5,85+0,99 36,33+1,88 * 1
IL-10, pg/ml 17,31£3,00 33,49+2,13 * 1

Note: * — sign of reliable difference in relation to healthy individuals; 1 — direction of change.

Its increase leads to the formation and develop-
ment of disease symptoms and HIV-induced Thl-
cell deficiency. Consequently, an increase in IL-1B
concentration is associated with Th1-cell deficiency,
and this pathological state contributes to the devel-
opment of inflammatory disease symptoms (fever,
anemia, weight loss, and pathological changes in the
skin and mucous membranes).

IL-6 is another cytokine characteristic of inflam-
mation that plays a significant role in HIV infection.
Considering that IL-6 is synthesized by activated
macrophages and Th2 cells, stimulates the immune

response, serves as one of the crucial mediators in
the acute phase of inflammation, promotes the pro-
liferation and differentiation of T and B cells, stimu-
lates leukopoiesis, and activates lipid synthesis in
the liver, we can be certain of its importance as a
cytokine [6, 9].

The study found a statistically significant
(P<0.05) increase of 1.50 times in the con-
centration of IL-6 in individuals with primary
HIV infection compared to healthy individu-
als — 10.20+0.76 pg/ml versus 6.80+1.06 pg/ml,
respectively (Fig. 1).

175



Changes in Humoral Immunity Among Individuals with Early-Stage HIV Infection

60

46,36
50 m&nm

40

30

20

8,06

10

IL-1
BHealthy

10,2
6,8

ey

IL-6

MHIV-infected

Figure 1 — Parameters of pro-inflammatory cytokines in the blood serum
of individuals with primary HIV infection, pg/ml

The lower intensity increase of IL-6 in blood se-
rum compared to IL-1p indicates the formation and
development of the inflammatory process and its
relatively minor role in antiviral immunity.

In the subsequent stage of the study, the concen-
trations of anti-inflammatory cytokines (IL-4, IL-
10) in blood serum were comparatively analyzed.

Today, it has been demonstrated that IL-4 is an
anti-inflammatory cytokine that induces the differ-
entiation of ThO cells, is synthesized by Th2 cells,
eosinophils, basophils, and mast cells, enhances the
proliferation of T and B lymphocytes, facilitates the
differentiation of B lymphocytes into plasma cells,
and serves as an important regulator of humoral and
adaptive immunity [7].

It has been determined that the cytokine IL-4
inhibits the expression of HIV co-receptors on the
surface of T-lymphocytes, thereby reducing the
likelihood of viral entry into the cell. However, si-
multaneously, through tat-dependent mechanisms, it
enhances HIV replication in the cells of the virus-
infected organism [8]. Hyperproduction of IL-4,
especially in the early stages of HIV infection, in-
creases the ability of infected cells to form syncytia,
which facilitates a more rapid progression of HIV
infection.

In the conducted study, the concentration of IL-4
cytokine in blood serum was found to be 36.33+1.88
pg/ml in individuals with HIV infection, which was
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statistically significantly higher (6.21 times) than the
indicators in healthy individuals (average 5.85+0.99
pg/ml) (P<0.001).

IL-10 is one of the anti-inflammatory cytokines
that possesses numerous pleiotropic effects, includ-
ing anti-inflammatory and immunoregulatory prop-
erties. It inhibits the induction of TNF-a and IL-1§
cytokine secretion by Thl cells, effectively sup-
pressing the inflammatory process that has devel-
oped in the body [11].

The study revealed that the concentration of this
cytokine in the blood serum of individuals with pri-
mary HIV infection significantly increased by 1.94
times compared to healthy individuals — 33.4942.13
pg/ml versus 17.31£3.00 pg/ml respectively
(P<0.001). Although the intensity of changes was
lower compared to IL-4, the trend of changes re-
mained the same. Consequently, a sharp increase
in the concentration of anti-inflammatory cytokines
was observed in HIV infection (Figure 2).

The results obtained from studying the concen-
trations of anti-inflammatory cytokines in the blood
serum of individuals with primary HIV infection
were similar to those reported by many researchers,
including Zalyaliyeva M.V. and Ruzibakiyev R.M.
[8]. In this context, a comparative analysis was con-
ducted on the degree of changes in all studied pro-
inflammatory and anti-inflammatory cytokines rela-
tive to healthy individuals (Table 4).
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Figure 2 — Parameters of anti-inflammatory cytokines in the blood serum
of individuals with primary HIV infection, pg/ml

Table 4 — The ratio of cytokine levels in the blood serum of individuals with a primary HIV infection to the parameters of healthy

individuals, in times

Cytokines HIV-infected persons, n=90
. IL-1B 5,75 %1
Pro-inflammatory
1,50 * 1
. 6,21 %1
Anti-inflammatory
IL-10 1,93 * 1

Note: * — sign of reliable difference in relation to healthy individuals; T — direction of change.

As evident, hyperproduction of all cytokines
(both pro-inflammatory and anti-inflammatory) was
detected and significantly altered compared to the
indicators in healthy individuals. It is noteworthy
that while the trend of changes is consistent, the in-
tensity of these changes varies.

Individuals with primary HIV infection exhib-
ited significant changes in immunoglobulin con-
centrations compared to healthy individuals, dem-
onstrating a quantitative imbalance. Although the
trend of changes was consistent among these indi-
viduals, the intensity of changes varied. A statisti-
cally significant increase was observed in the exam-
ined individuals compared to healthy subjects: IgA
levels were 1.95 times higher, [gM levels were 1.51
times higher, and IgG levels were 2.46 times higher
(P<0.001). This situation indicated a strain in the
primary immune response alongside strengthened
local and humoral immunity, while also revealing a
clear deficiency in the secondary immune response.

A significant and sharp increase in IgE levels
in the blood serum of HIV-infected individuals by

84.88 times (P<0.001) indicates the formation and
intensification of an allergic background in the bod-
ies of these individuals. In our opinion, this condi-
tion is associated with an increase in the number of
protozoa (parasites) and microscopic fungi (oppor-
tunistic infections) due to the development of sec-
ondary immunodeficiency in the body. Consequent-
ly, the formation of secondary immunodeficiency in
individuals with HIV infection was manifested by a
quantitative imbalance of immunoglobulins in their
blood serum.

The levels of pro-inflammatory cytokines (IL-
1B, IL-6) in the blood serum of individuals with
newly diagnosed HIV infection were found to be
quantitatively increased in the studied pathology.
Although the trend of increase was similar for both
cytokines, the intensity of quantitative changes var-
ied. Compared to healthy individuals, the increase in
IL-1B was 5.75-fold, while for IL-6 it reached 1.50-
fold. Evidently, the role of IL-1p in the development
of the inflammatory process and antiviral immunity
was more significant than that of IL-6.
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It was noted that the concentrations of both cy-
tokines in this group were significantly higher com-
pared to healthy individuals, by 6.21 and 1.94 times
respectively (P<0.001). The detection trend of both
cytokines and the intensity of changes relative to
healthy parameters were practically identical. It was
acknowledged that both of the interpreted cytokines
play a role in antiviral immunity, including immu-
nity against HIV infection.

Conclusion

1. Although individuals with primary HIV in-
fection showed similar trends in changes of serum
immunoglobulin concentrations, the intensity of
these changes varied. In the studied subjects, IgA
levels increased by 1.95 times, IgM by 1.51 times,
and IgG by 2.46 times compared to healthy indi-
viduals (P<0.001). This situation indicated the pres-
ence of strain in the primary immune response along
with the strengthening of humoral immunity, but a
pronounced deficiency in the secondary immune re-
sponse.

2. A significant 84.88-fold increase in IgE levels
in the blood serum of individuals with HIV infection
indicates the formation and intensification of an al-
lergic background in the bodies of these individuals.
The development of this allergic background was
considered to be associated with an increase in op-
portunistic infections due to the secondary immuno-
deficiency that has developed in the body.

3. The concentrations of IL-1p and IL-6 in the
blood serum of individuals with primary HIV infec-
tion were quantitatively increased. Compared to the
levels in healthy individuals, the increase was 5.75-
fold for IL-1p and 1.50-fold for IL-6. The role of
IL-1p in the formation of the inflammatory process
and antiviral immunity was more significant than
that of IL-6.

4. The levels of IL-4 and IL-10 in the blood se-
rum of individuals with primary HIV infection were
found to be significantly higher than in healthy in-
dividuals, by 6.21 and 1.94 times respectively. The
detection trend of both cytokines and the intensity
of changes relative to the parameters of healthy in-
dividuals were practically identical.
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INTERNATIONAL EXPERIENCE OF RESEARCH
ON PLANT BIODIVERSITY CONSERVATION

The relevance of this study is driven by the need to understand the role of plant diversity conserva-
tion in the face of global environmental challenges and is reflected in the growing number of publica-
tions in the Scopus database (1973-2024), where 44,334 works were identified using the search terms
“conservation” and “biodiversity”. The aim is to reveal the main trends and directions emerging in the
international scientific field focused on flora protection. The methodology is based on collecting and
statistically processing publications, as well as conducting digital analyses that make it possible to deter-
mine research dissemination dynamics and assess the contributions of different scientific disciplines and
institutions. The theoretical significance of the work lies in the systematization of scientific knowledge
about ecosystem-based approaches to species conservation, the interdisciplinary nature of the research,
and global scientific collaboration. Its practical significance of the study is determined by the possibility
of using the results obtained to adjust environmental strategies, optimizing resource planning and form
international collaboration. The results obtained demonstrate a significant increase in research interest,
which is confirmed by a steady increase in the number of scientific publications, especially noticeable
since the end of the 20th century and continuing to the present. The conclusions emphasize the critical
importance of a comprehensive approach and concerted efforts by the scientific community, govern-
ment bodies, and the public in ensuring the long-term maintenance of plant biodiversity worldwide.

Keywords: plant, conservation, biodiversity, environment, ecosystem.
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TAGar aTbiHAaFbl Ka3ak YATTbIK, MeAarormkaAblk, yHMBepcuTeTi, Aamarsl, KasakcraH
2A.H. TymuaéB aTbiHAaFbl Eypasus yaTTbIK, yHUBepcuTeTi, AcTaHa, KasakcraH
*e-mail: maral.bakytzhanova@mail.ru

OcimaikTepAiH 6MOBPTYPAIAIriH cakTay 60¥ibIHLLA
XaAbIKApaAbIK, 3epTTey TaXxipuoeci

ByA 3epTTeyAiH ©3€eKTIAIr 3KOAOTMSIAbIK, CblH-KATEPAEp XaFAalMbIHAQ ©CIMAIKTEPAIH BPTYPAIAIriH
CaKTayAbIH POAIH TYCiHY KQ>KEeTTIAITiHEH TybIHAQMAbI >kaHe Scopus (1973-2024 xblAAap) MOAIMETTED
6a3acbIHAAFbI XKapusAaHbIMAAP CaHbIHbIH CTaTUCTUKAABIK, ©CYiHEH KOpIHeAl, oHAA “conservation” >xaHe
“biodiversity” cypatbicTapbl 6onbiHWA 44 334 >xymMbic TabbiAAbl. MakcaT-hAopaHbl KopFayFa apHaA-
faH XaAblKAPAAbIK FbIAbIMM CaAaA@ KAAbIMTAaCKaH Herisri TeHAEHUMSIAAP MeH 6arbITTapAbl aHbIKTay.
DaicTeme 6ACbIABIMAAPAbI XKMHAYFa >KOHE CTaTUCTUKAAbIK, BHAEYTe, COHAAM-aK, 3ePTTEYAEPAIH TapaAy
AVHAMMKACbIH aHbIKTayFa >XoHe 8PTYPAI FbIAbIMU MBHAEP MEH MHCTUTYTTapAbIH YAECTepiH Gararayra
MYMKIHAIK 6epeTiH TaaAayAbIH CaHAbIK, TYPAEPIH XXyprisyre HerizaeAreH. XyMbICTbIH TEOPUSIABIK, Ma-
HbI3ABIAbIFbI TYPAEPAI CaKTayAblH 3KOXYMEAIK TOCIAAEPI, 3epTTeyAepAiH MOHAPAAbIK, CUMATbl YKaHe
>kahaHADbIK, FbIAbIMW KOOTMepaumsi TypaAbl FbiAbIMM BIAIMAIL XKyrieaey 6GOAbIn Tabbirasbl. 3epTTeyAiH
MPaKTUKaAbIK, MaHbI3AbIAbIFbI TaOUFATTbl KOPFay CTpaTerMsiAapbiH Ty3eTy, PecypCTbiK, KOCMapAapAbI
OHTAMAQHAbBIPY XK8HE XaAbIKAPAAbIK, bIHTBIMAKTACTbIKTbl KAAbINTACTbIPY YLUIH aAbIHFAH HOTUXKEAEPAI
narAaAaHy MYMKIHAIFIMEH aHbIKTaAaAbl. HaTuxKeAep FbIAbIMU KbI3bIFYLIbIABIKTbIH alTapAbIKTan ecyiH
KepceTeAi, OYA FbIAbIMM XKapUSIAQHBIMAAP CaHbIHbIH TYPaKTbl 6CYyiMEH pacTaAaabl, acipece XX facbip-
AbIH asiFbiHaH 6acTan Kasipri yakplTka AeiiH 6arkaraabl. HaTuxkeAep eciMaiKTepAIH, OMOBPTYPAIAIriH
>kahaHAbIK, AEHrenAe y3ak Mep3iMAi KOAAQY iCIHAE FbIAbIMM KAybIMAACTBIKTbIH, YKIMETTIK KYPbIAbIM-
AAPAbIH K8HE KOFaMHbIH, KelleHAI Ke3Kapacbl MeH GipAeCKeH KyLi-KirepiHiH MaHbI3Abl MaHbI3AbIAbI-
FbIH KOpCeTeA|.

Ty#iH ce3aep: eciMAiK, TabUFaTTbl KOpFay, BMOBPTYPAIAIK, KOpLIaFaH 0pTa, SKOXKYHe.
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MeXXAyHapOAHDIH OMbIT UCCAEAOBAHMI
Mo COXpaHeHUI0 6MopPa3HO0Opa3nsa pacTeHUH

AKTYaAbHOCTb AQHHOTO MCCAEAOBAHMUSI MPOAMKTOBaHA HEOOXOAMMOCTBIO OCMbBICAEHUSI POAU CO-
XpaHEHWs PAaCTUTEABHOrO Pa3HOOOpasus B YCAOBMSX IKOAOTMYECKMX BbI3OBOB M OTPaXkeHa B CTaTu-
CTUYECKOM poCTe umcAa nybamkaumini B 6ase AaHHbix Scopus (1973-2024 roabl), rae no 3anpocam
«conservation» u «biodiversity» o6HapyxeHo 44 334 paboTbl. LleAb cOCTOUT B TOM, UTOObI BbISBUTb OC-
HOBHble TEHAEHLMM U HaNPaBAEHMSI, CKAQAIBAIOLLMECS B MEXKAYHAPOAHOM Hay4YHOM MOAE, MOCBSILLEH-
HOM oxpaHe hAOpbl. MeToAOAOrMS onupaeTcst Ha cOop M CTaTUCTMYECKY0 06paboTKy MyOGAMKaLmMiA, a
Tak>Ke NPOoBeAEeHMe LM(PPOBbIX BUAOB aHAAM3a, MO3BOASIOLMX ONPEAEAUTb AMHAMUKY PACTPOCTPaHe-
HUS MCCAEAOBAHMIA U OLLEHUTb BKAQA PA3AMUHBIX HAyUHbIX AUCUMIAMH U MHCTUTYTOB. TeopeTunyeckas
3HAUMMOCTb PABOThl 3aKAIOUAETCS B CUCTEMATM3ALIMM HAYUYHbIX 3HAHWI 06 3KOCUCTEMHbIX MOAXOAAX K
COXPAHEHUIO BUAOB, MEXKAMCLMINAMHAPHOM XapakTepe UCCAEAOBAHMI U TAOOAABHOI HayuHOM Koore-
pauuu. MNMpakTryeckas 3HAUYMMOCTb MCCAEAOBAHUS OMPEAEASIETCS BO3MOXKHOCTbIO MCMOAb30BaHUS MO-
AYYEHHbIX PE3YAbTATOB AASl KOPPEKTUPOBKM MPUPOAOOXPAHHbIX CTPATErMiA, ONTUMMU3ALMK PECYPCHbIX
MAQHOB 1 (DOPMMPOBAHMS MEXKAYHAPOAHbBIX KOAAaBOpaLmii. [ToAyUeHHble pe3yAbTaTbl AEMOHCTPUPY-
0T 3HAUUTEABHOE YBEAMUEHUE UCCAEAOBATEABCKOIO MHTEPECA, YTO NMOATBEPXKAAETCS YCTOMUMBbBIM PO-
CTOM UMCAQ Hay4YHbIX NMy6AMKaLLMIA, 0COOEHHO 3aMETHbIM C KOHLLA XX BEKa M COXPAHSIOLLIMMCS MO HACTO-
suiee Bpems. BbIBOAbI YKa3bIBalOT HA KPUTUUECKYIO BaXKHOCTb KOMIMAEKCHOTO MOAXOAQ M COBMECTHbIX
YCUMAUI HAay4YHOrO COOOLLECTBA, MPABUTEAbCTBEHHBIX CTPYKTYP M OOLWECTBEHHOCTU B AEAE AOATOCPOY-

HOro NnoaAep>kaHus 61opasHoobpasms pacTeHmin Ha rA0GaAbHOM YPOBHE.
KAtoueBble cAOBa: pacTeHue, oxpaHa NpupoAbl, GropasHoobpasne, okpysKatollas CpeAa, KOCU-

cTema.

Abbreviations and designations

NGO - National Government Organisation;
CNRS - French National Centre for Scientific Re-
search; INRAE — France’s National Research Insti-
tute for Agriculture, Food and Environment

Introduction

Plant biodiversity conservation is a key prior-
ity in modern science, as plant ecosystems play a
crucial role in maintaining ecological balance and
ensuring sustainable human development. Analyz-
ing publications in the international Scopus data-
base makes it possible to identify current trends,
knowledge gaps, and promising research directions
in this field. Such research is particularly relevant
in the context of global climate change, degradation
of natural landscapes, and increasing anthropogenic
pressure, which call for enhanced scientific dialogue
and knowledge exchange among researchers in dif-
ferent countries.

Under current conditions, in which ecosystems
are experiencing increasingly evident transforma-
tions, specialists pay special attention to conserving
plant biodiversity through the use of local species,
comprehensive habitat restoration, and active com-
munity engagement. This is confirmed by numerous

studies showing, for example, the necessity of plant-
ing local flora in urban landscapes [1] and high-
lighting the importance of such flora in maintain-
ing vital ecological functions [2]. They also point
to the significant resilience of ecosystems to inva-
sions and climate change when indigenous plants
are introduced [3]. Meanwhile, effective measures
for creating and maintaining migration corridors
support species diversity [4], and overlooking the
risk of gradual forest shading may reduce biologi-
cal diversity levels [5]. In the context of combat-
ing invasive species, the benefits of comprehensive
monitoring of community structure have been noted
[6], which is particularly relevant when involving
local residents in joint projects and agroecological
programs [7, 8]. Restoration practices show prom-
ise for both the use of spontaneous succession in
disturbed areas [9] and the incorporation of mutu-
ally beneficial interactions among species, includ-
ing collaboration between plants and bivalves [10].
Meanwhile, managing peatlands with an awareness
of climate fluctuations becomes both economically
and ecologically significant [11], aligning with find-
ings that indicate a tight link between microbial and
plant diversity [12]. Engaging citizens in monitoring
and supporting projects also brings about positive
shifts in ecosystems [13, 14], while comprehensive
planning and adaptive management aimed at both
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preserving biodiversity and developing “green” en-
ergy help mitigate the impacts of fragmentation and
climate change [15].

Between 1973 and 2024, 44,334 publications
referring to “conservation” and “biodiversity” were
recorded in the Scopus database, indicating growing
scientific interest in protecting and conserving bio-
diversity. Researchers in the United States are the
most active, with 11,037 papers, significantly out-
pacing colleagues in the United Kingdom (6,534)
and Australia (5,177), reflecting strong support for
environmental research in these countries. Notable
contributions are also made by scientists in China
(4,522) and Germany (3,746), along with coun-
tries in South America and Europe — such as Bra-
zil (3,174), Canada (2,879), France (2,802), Spain
(2,531), and Italy (2,479) — demonstrating the mul-
tidimensional nature of global collaboration. India
(1,854) and South Africa (1,668) also represent
substantial research capacity in developing regions,
underscoring the value of a transnational approach
to biodiversity conservation. Other participants in-
clude Switzerland (1,639), the Netherlands (1,528),
Sweden (1,368), and Portugal (1,143), illustrating
the distribution of interest across Europe. Latin
American countries — such as Mexico (1,055), Ar-
gentina (630), and Chile (506) — showcase the re-
gion’s high environmental priorities, and the activity
in Asian countries, including Japan (971) and Indo-
nesia (870), highlights the wide geographic engage-
ment in nature protection research. Even states with
a relatively smaller number of publications, such as
Kazakhstan (35) or Luxembourg (40), contribute to
the overall body of knowledge in this area, indicat-
ing that biodiversity conservation extends beyond
local boundaries and becomes a collective human
challenge requiring multifaceted and cross-cultural
cooperation.

Our study, “Plant Biodiversity Conservation:
A Scopus-Based Publication Analysis”, aims to
provide a comprehensive review of scientific lit-
erature retrieved by the keywords “conservation”
and “biodiversity” and indexed in the Scopus da-
tabase for the period from 1973 to 2024. We seek
to identify major scientific trends, methodological
approaches, and the most significant thematic areas
shaping today’s agenda in plant conservation. Ob-
jectives include performing a quantitative analysis
of publication activity, determining how interest in
this issue has changed over time, and identifying the
leading research groups and organizations influenc-
ing the development of this field. Special attention
will be paid to defining the most influential journals
and authors, examining the geographic distribution
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of studies, and finding potential knowledge gaps.
Based on the acquired data, we plan to outline prom-
ising future research directions, which will not only
deepen our understanding of plant biodiversity con-
servation processes but also facilitate the design of
effective ecosystem protection strategies at regional
and global levels.

Studies devoted to ecological restoration and
sustainable habitat management emphasize the need
for an integrated approach that combines ecologi-
cal, social, and economic dimensions, as reflected
in the works by Wei et al. [16], Ma [17], Tian et al.
[18], and Hong [19]. Rather than simply restoring
the original structure of ecosystems, the objective
is to enhance their functional potential in order to
ensure long-term resilience against anthropogenic
pressures and climate changes [20, 21]. A key fac-
tor is the prioritization of restoration areas based on
analyses of ecological patterns [22, 23] and vulner-
ability [24], as well as the involvement of local com-
munities and consideration of their needs to increase
the effectiveness of implemented measures [25].
Moreover, the use of modern technologies such as
remote sensing and geospatial modeling allows for
a more accurate assessment of disturbed sites and
the success of restoration activities [26], opening up
prospects for more effective natural resource man-
agement.

In addition to on-site restoration of native com-
munities, a variety of methods for preserving plant
diversity outside their natural habitats are being ex-
plored. In-situ efforts include protecting species in
their natural ecosystems and maintaining natural
ecological interactions [27-29], whereas ex-situ ap-
proaches rely on establishing genetic resource re-
positories, botanical gardens, and similar facilities
[30, 31]. The consolidation of these strategies is con-
sidered within the “One Plan Approach”, in which
both methods complement each other to improve
the chances of conserving and restoring endangered
species [32-34]. Tools such as seed banking and
genetic analysis help respond quickly to emergen-
cies and supplement work in protected areas, form-
ing a foundation for sustainably replenishing wild
populations [35-38]. It is also important to take into
account geographic and genetic gaps, as well as to
engage local communities and farming enterprises,
to strengthen the role of traditional knowledge and
practices in plant conservation [39-41].

The involvement of local residents and the for-
mation of effective policy in biodiversity conserva-
tion are directly linked to the successful implemen-
tation of the measures described. Valdez [42] shows
how collaborative decision-making that includes
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community input fosters sustainable planning in
the Andes and provides a more precise informa-
tion framework. Similar conclusions are drawn by
Simon et al. [43], underscoring that cooperation
among scientific institutions, authorities, and the
public simplifies resource monitoring and heightens
citizens’ awareness. Vogel [44] likewise points to
the importance of community participation in pre-
serving remaining woodland areas in Malawi, while
Madaki [45] and Crowley et al. [46] emphasize the
value of traditional knowledge. The role of effective
communication in conservation efforts is explored
by Uggla [47], illustrating how the emotional as-
pect of policy can be essential for garnering public
support. Citizen-led initiatives and citizen science
projects [48, 49] add impetus to implementing pro-
biodiversity practices, and the analysis of how local
politics and NGOs affect conservation [50] indicates
that accounting for social, economic, and cultural
factors is key to successful environmental actions.

Hence, regarding these three aspects — ecosys-
tem restoration, integrating in-situ and ex-situ strat-
egies, and community involvement — it emerges that
a comprehensive approach, where scientific advanc-
es, policy mechanisms, and social engagement rein-
force one another, is most effective for preserving
plant diversity.

Materials and methods

2.1 Materials

The analysis of publications addressing plant
biodiversity conservation is based on a broad corpus
of data collected over the period from 1973 to 2024,
encompassing 44,334 academic works. Searches
were performed in the Scopus database using the
keywords “conservation” and “biodiversity”. The
discovered materials exhibit considerable diversity
in format, with the majority accounted for by scien-
tific articles (34,988), followed by reviews (3,899),
conference papers (2,215), book chapters (914), as
well as notes (675) and letters (644). A smaller yet
noteworthy proportion of publications consists of
short surveys (491), editorials (325), books (89),
“Data Papers” (69), retracted articles (9), reports
(7), errata (6), and conference reviews (3). This wide
range of publication types illustrates the interdisci-
plinary nature of the topic and highlights the variety
of research perspectives.

Among the journals most frequently publishing
works in the selected area, Biological Conservation
(1,786), Conservation Biology (1,406), Biodiversity
and Conservation (1,378), PLOS ONE (1,197), and
Forest Ecology and Management (988) stand out.

Science of the Total Environment (939), Ecological
Indicators (829), Journal of Environmental Man-
agement (737), Nature (716), and Science (714) also
make noteworthy contributions. This distribution of
publications indicates that plant biodiversity conser-
vation involves not only strictly biological and eco-
logical dimensions, but also a wide range of related
fields — from resource management to analyzing
anthropogenic impacts on ecosystems. In addition,
specialized journals focusing on particular aspects
of ecology, forestry, and agriculture (e.g., Forests
and Agriculture, Ecosystems and Environment), as
well as comprehensive interdisciplinary outlets such
as Scientific Reports and Global Change Biology,
further broaden the landscape. Such a breadth of
coverage and variety of sources supply a founda-
tion for an all-encompassing investigation into the
evolution of scientific interest and trends in plant
conservation studies, as well as for identifying ad-
vanced practices for ecosystem preservation.

2.2 Instrument

Initial processing and statistical evaluation of
the collected sample are performed using the SPSS
software package, which enables basic descriptive
analyses (means, medians, modes, standard devia-
tions). The choice of this tool is justified by its rec-
ognized efficiency for handling extensive data sets,
its flexibility in result visualization, and its wide ar-
ray of statistical methods suitable for environmental
and related scientific research.

2.3 Procedure

At the initial stage, data was collected through
a targeted search for publications in the Scopus da-
tabase. The search filters took into account the time
frame (1973-2024), as well as the specified key-
words relevant to the research topic. Further, each
entry (article, review, conference report, etc.) was
pre-sorted to remove duplicate results and materials
unrelated to the topic. At the same step, a database
was created indicating the type of source, the year
of publication, the name of the journal, the list of
authors, and other metadata.

The second stage was the statistical processing
of the selected materials using SPSS. Here, general
indicators of publication activity were calculated,
the distribution of works by year, and the main sta-
tistical characteristics (averages, medians, and stan-
dard deviations) were identified.

In the final step, content analysis tools were used
for qualitative research of text fields and metadata.
As part of this analysis, the encoding of the most
frequently encountered keywords, expressions, and
thematic areas was carried out. The results of statis-
tical and content analysis were summarized in gen-
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eral diagrams, tables and graphs, forming a system-
atic picture of research activity, which provided a
holistic view of the structure, focuses and dynamics
of accumulated scientific knowledge on plant biodi-
versity conservation.

Results and discussion

A comprehensive statistical and content anal-
ysis made it possible to identify a number of key
trends and focal points in studies on plant diversity
conservation and protection. As part of the analy-
sis, changes in publication counts over time were
examined, providing insights into how scientific
interest evolved during the observation period. The
geographic scope of research indicated the contribu-
tion of various countries to the development of this
field, revealing worldwide distribution of researcher
activity. Investigation into branches of knowledge
and leading organizations shed light on the most in-
fluential research centers shaping the study agenda.
An analysis of journals identified major platforms
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for publishing relevant works, while an assessment
of keywords in article titles helped pinpoint princi-
pal thematic focuses and the most frequent terms.
Finally, the study of citations enabled the selection
of the most influential research, which frames the
current debate and sets the course for the ongoing
advancement of scientific thought in this domain.

An examination of the number of publications
from 1973 to 2024 related to plant diversity conser-
vation showed a stable upward trend. In the early
part of this timeline, data were almost absent (only
isolated studies appeared in 1973, and for an extend-
ed period afterward no publications were recorded),
but starting in the mid-1990s, a gradual increase was
observed. A more marked rise began after the year
2000: from 260 works in 2000 to 1,486 in 2010,
underscoring the growing interest among research-
ers in plant biodiversity issues. From 2011 onward,
the number of publications has continued to climb,
reaching 2,880 by 2020 and 3,251 by 2021, indicat-
ing heightened global scientific attention to the topic
(Figure 1).

2010 2020 2030

Figure 1 — Dynamics of publication activity in plant biodiversity conservation research: analysis
of Scopus data for 1973-2024

(Source: authors’ calculations based on Scopus-indexed publications)

Against the backdrop of this growth, a maximum
value (3,716) was recorded in 2024, pointing to a fur-
ther expansion of research interest. High figures for
2023 (3,242 publications) and 2022 (2,934) likewise
underscore that ongoing support for public aware-
ness campaigns and scientific programs related to
protecting and restoring plant communities continues
to drive active publishing. The consistent increase in
the number of studies, particularly in the last few de-
cades, indicates that plant biodiversity conservation
research has firmly established itself in the scientific
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discourse, promoting the growth of multidisciplinary
research and informing scientifically grounded envi-
ronmental management strategies.

An analysis of the geographical distribution
of publications on plant biodiversity conservation
shows the United States in the lead, with 11,037
works. Next are the United Kingdom (6,534) and
Australia (5,177), highlighting the active involve-
ment of researchers from these countries in advanc-
ing this scientific area. China (4,522) and Germany
(3,746) complete the top five, demonstrating sub-
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stantial contributions from their research teams and
confirming the extensive international character of
the subject matter. Brazil (3,174), Canada (2,879),
France (2,802), Spain (2,531), and Italy (2,479) also

register significant figures, forming a top-10 group
of countries with the highest volume of publica-
tions, and reflecting a diverse range of interest in the
topic (Figure 2).
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Figure 2 — Top 10 countries by the number of publications on plant biodiversity conservation: analysis
of Scopus data for 1973-2024

(Source: authors’ calculations based on Scopus-indexed publications)

Other nations — ranging from India (1,854) to
Kazakhstan (35) — also make a notable contribu-
tion to the global body of knowledge, underscoring
that the protection of natural resources and the ge-
netic diversity of plants resonates worldwide. Ex-
amination of this distribution not only reveals the
scientific activity in each country but also clarifies
the extent of national research development on this
issue, the level of collaboration among states, and
the opportunities for mutually beneficial exchange
of expertise aimed at more effective solutions to the
planet’s environmental challenges.

An analysis of publication distribution by field
of knowledge showed that studies on plant biodiver-
sity conservation are most actively pursued in Envi-
ronmental Science (27,137 works) and Agricultural
and Biological Sciences (24,624), underscoring the
priority of ecological and biological dimensions in
this subject area. Meanwhile, a sizable portion of
publications is found in Social Sciences (4,936),
pointing to the importance of a sociocultural con-
text and an interdisciplinary perspective in nature

conservation. Multidisciplinary (3,791) also plays a
substantial role, combining research that cuts across
different scientific domains and promotes a holistic
examination of how ecosystems and societies inter-
act (Figure 3).

Other fields, including Earth and Planetary Sci-
ences (3,605) and Biochemistry, Genetics and Mo-
lecular Biology (3,519), reflect the fundamental un-
derpinnings of biodiversity research and the search
for genetic adaptation mechanisms in plants. Engi-
neering (1,284), Computer Science (1,271), and En-
ergy (1,219) illustrate the development of applied
approaches, examining technological solutions for
preserving biodiversity and optimizing energy and
technical processes with ecological requirements in
mind. Medicine (1,159), Decision Sciences (996),
and Economics, Econometrics and Finance (872)
round out the overall picture, emphasizing health
issues, socio-economic analysis, and policymaking
considerations — factors without which it is difficult
to realistically assess and implement strategies for
safeguarding plant diversity.
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Figure 3 — Top 12 fields by the number of scientific publications
on plant biodiversity conservation: analysis of Scopus data for 1973-2024

(Source: authors’ calculations based on Scopus-indexed publications)

An analysis of publication counted by organi-
zations indexed in Scopus indicates a high concen-
tration of scientific activity in the largest research
centers. Leading the list is the Chinese Academy
of Sciences (1,558 works), followed by the CNRS
Centre National de la Recherche Scientifique
(1,270) and The University of Queensland (1,026),
attesting to these institutions’ particular focus on
environmental issues. The University of Oxford

University of Chinese Academy of Sciences
Wageningen University & Research
University of Cambridge

Sveriges lantbruksuniversitet

INRAE

(662) and the Commonwealth Scientific and Indus-
trial Research Organisation (658) also significantly
advance research in plant diversity conservation.
INRAE (640), Sveriges lantbruksuniversitet (614),
the University of Cambridge (608), Wageningen
University & Research (588), and the University
of Chinese Academy of Sciences (582) complete
the top 10, underscoring its multinational character
(Figure 4).
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Figure 4 — Top 10 organizations by the number of scientific publications
on plant biodiversity conservation: analysis of Scopus data for 1973-2024
(Source: authors’ calculations based on Scopus-indexed publications)
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In addition to these entities, others such as Na-
ture Conservancy (581), The Australian National
University (557), James Cook University (554), and
various other educational and conservation organi-
zations actively study and implement practices for
preserving plant communities. The considerable
presence of universities, research institutes, and
NGOs in this list highlights the global scale and
broad spectrum of research interests aimed at solv-
ing major environmental problems.

An examination of the contribution of scientific
journals to studies on plant biodiversity conservation
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points to a clear lead for Biological Conservation,
with 1,786 publications, followed by Conservation
Biology (1,406) and Biodiversity and Conservation
(1,378). PLOS ONE (1,197), Forest Ecology and
Management (988), and Science of the Total Envi-
ronment (939) also hold steady positions. By synthe-
sizing findings from diverse research areas — ranging
from applied cases to general theoretical issues — these
journals help form a systematic understanding of
tasks related to ecosystem protection and the genetic
diversity of plants, while fostering new approaches to
restoring natural landscapes (Figure 5).
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Figure 5 — Top 10 scientific journals by the number of publications
on plant biodiversity conservation: analysis of Scopus data for 1973-2024

(Source: authors’ calculations based on Scopus-indexed publications)

The ranking also includes journals covering
related facets of ecology, sustainable resource use,
and applied research, such as Ecological Indica-
tors (829), Journal of Environmental Management
(737), Nature (716), and Science (714). The pres-
ence of both specialized journals focusing on con-
servation and high-profile general-interest journals
underscores the significance of the topic for a wide
range of researchers and demonstrates the multidis-
ciplinary character of modern scholarship on plant
diversity conservation.

Occupying top positions by citation count are
foundational works that address various aspects of
biodiversity conservation and the related ecological
risks. The most-cited publication is “Biodiversity
hotspots for conservation priorities” by Myers, N.,
Mittermeler, R.A., Mittermeler, C.G., Da Fonseca,
G.A.B., and Kent, J. (2000), with 22,942 referenc-

es, highlighting its role in shaping major directions
in nature conservation studies. Next are “Global
consequences of land use” (Foley, J.A., DeFries,
R., Asner, G.P., et al., 2005) with 9,782 citations
and “4 safe operating space for humanity” (Rock-
strom, J., Steffen, W., Noone, K., et al., 2009) with
8,404, reflecting a strong focus on land-use change
and global environmental security. Also included
in this group of highly influential publications
are “Food in the Anthropocene: the EAT-Lancet
Commission on healthy diets from sustainable food
systems” (Willett, W., Rockstrom, J., Loken, B.,
et al., 2019), with 6,329 citations, and “Solutions
for a cultivated planet” (Foley, J.A., Ramankutty,
N., Brauman, K.A., et al., 2011) with 5,913, un-
derscoring the significant role of the food system
in the context of ecology and global development
(Table 1).
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Table 1 — Top 10 most-cited works in plant biodiversity conservation: Scopus-based analysis for 1973-2024

Title of the Work Authors Source Year Citations
. . . Myers, N., Mittermeler, R.A.,
A’”decéﬁi‘r"v‘;‘tﬁff‘tryig‘r‘i’;se"s‘)ts for | Mittermeler, C.G., Da Fonseca, | @7e ;5033f§z;2)’ TP | 2000 | 22942
P G.AB., Kent, J.
Review 2. Global consequences of | Foley, J.A., DeFries, R., Asner, G.P., | Science, 309(5734), ctp. 2005 9782
land use Ramankutty, N., Snyder, P.K. 570-574
Short Survey 3. A safe operating Rockstrom, J., Steffen, W., Noone, Nature, 461(7263), cTp. 2009 2404
space for humanity K., Crutzen, P., Foley, J.A. 472-475
Review 4. Food in the Anthropocene:
the EAT-Lancet Commission on Willett, W., Rockstrom, J., Loken, The Lancet, 393(10170), 2019 6329
healthy diets from sustainable food B., Nishtar, S., Murray, C.J.L. cTp. 447-492
systems
. . . Foley, J.A., Ramankutty, N.,
Article 5. Solutions for a cultivated Brauman, K.A., Tilman, D., Zaks, Nature, 478(7369), cTp. 2011 5013
planet 337-342
D.PM.
Article 6. Extinction risk from Thomas, C.D., Cameron, A., Green, Nature, 427(6970), ctp. 2004 5357
climate change R.E., Phillips, O.L., Williams, S.E. 145-148
Review 7. A general framework for .
analyzing sustainability of social- Ostrom, E. Science, 325(5939), cp. 2009 5426
. 419-422
ecological systems
Review 8. Freshwater biodiversity: Dudgeon, D., Arthington, A.H., g;o;jl(;i;fjalelif}\;]e;;}i o{itc};e}
Importance, threats, status and Gessner, M.O., Stiassny, M.L.J., . 8 P 2006 5424
. . Society, 81(2), ctp. 163—
conservation challenges Sullivan, C.A. 130
Proceedings of the
Article 9. Global food demand and . . National Academy of
the sustainable intensification of Tilman, %;E)theé’ LC - Hill, J, Sciences of the United 2011 5404
agriculture > States of America, 108(50),
ctp. 20260-20264
Article 10. Global threats to human | orosmarty, C.J., Melntyre, B, 4677315), cp.
. . L. . Gessner, M.O., Liermann, C.R., 2010 5346
water security and river biodiversity Davies. PM 555-561

(Source: Authors’ calculations based on the database of indexed articles in Scopus, Export Date: 4 January 2025)

Also noteworthy are other works, including “Ex-
tinction risk from climate change” (Thomas, C.D.,
Cameron, A., Green, R.E., et al., 2004), cited 5,857
times, as well as “A general framework for ana-
lyzing sustainability of social-ecological systems”
(Ostrom, E., 2009) and “Freshwater biodiversity:
Importance, threats, status and conservation chal-
lenges” (Dudgeon, D., Arthington, A.H., Gessner,
M.O., et al., 2006), with 5,426 and 5,424 citations
respectively, indicating the interdisciplinary nature
of this research and the widespread demand for its
results in scientific discussions. Publications such as
“Global food demand and the sustainable intensifi-
cation of agriculture” (Tilman, D., Balzer, C., Hill,
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J., Befort, B.L., 2011; 5,404 citations) and “Global
threats to human water security and river biodiver-
sity” (Vorosmarty, C.J., Mclntyre, P.B., Gessner,
M.O., et al., 2010; 5,346 citations) round out the
top 10, underscoring strong interest in agricultural
production, water security, and the preservation of
freshwater ecosystems in the context of overall sus-
tainable development.

An analysis of the five most-cited articles reveals
principal lines of research in the study of linguistic
conflicts and the interplay of language with human
cognitive and emotional processes. In “Correspon-
dence of the brain’s functional architecture during
activation and rest” by Smith et al. (2009), resting-
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state fMRI was used to explore structural connec-
tivity in the brain, potentially resolving language
conflicts at the neural level. Accumulating 3,947
citations, this article emphasizes the importance of
investigating the brain’s functional architecture to
elucidate how language perception and regulation
operate.

A comparative analysis of five of the most
significant studies on plant biodiversity conserva-
tion reveals a range of theoretical and applied ap-
proaches to addressing global environmental is-
sues. The review includes “Biodiversity hotspots
for conmservation priorities” (Myers, N., Mit-
termeler, R.A., Mittermeler, C.G., et al., 2000),

“Global consequences of land use” (Foley, J.A.,
DeFries, R., Asner, G.P., et al., 2005), “4 safe
operating space for humanity” (Rockstrom, J.,
Steffen, W., Noone, K., et al., 2009), “Food in
the Anthropocene: the EAT-Lancet Commission
on healthy diets from sustainable food systems”
(Willett, W., Rockstrom, J., Loken, B., et al.,
2019), and “Solutions for a cultivated planet”
(Foley, J.A., Ramankutty, N., Brauman, K.A., et
al., 2011). These works employ both qualitative
and quantitative methods, along with interdisci-
plinary principles, to elucidate the link between
the state of natural ecosystems, agricultural pro-
duction, and human well-being (Table 2).

Table 2 — Top 5 comparative analysis of studies on plant biodiversity conservation: methods, results, and conclusions (top 5)

hotspot contain endemic
plant species comprising at
least 0.5% of all plant species
worldwide. The analysis
incorporated data from over
100 scientists with extensive
experience in the relevant
countries and utilized around
800 references from the
professional literature. Key
questions regarding species/
area ratios and congruence
among taxa were also
addressed, allowing for a
comprehensive assessment of
biodiversity in these critical

regions.

Authors The title of the Methods Used Results Conclusions
work
Myers, N., Article The study employed a The findings revealed that the | The study concluded that
Mittermeler, | 1. Biodiversity |combination of qualitative identified hotspots contain a | focusing conservation efforts
R.A., hotspots for |and quantitative analyses significant number of endemic | on biodiversity hotspots is

Mittermeler, conservation | to identify and evaluate species, with the total number | essential for maximizing the

C.G., Da priorities biodiversity hotspots. of endemics being almost impact of limited resources.

Fonseca, The researchers expanded three times greater than in By identifying and prioritizing
G.A.B., Kent, their criteria to include 25 previous studies. For instance, |these areas, conservation

J. hotspots, requiring that each | the Tropical Andes was planners can effectively address

noted to have at least 20,000 | the threats faced by unique
known plant endemics, while |species and their habitats. The
the Cape Floristic Province authors argued that even in
was reported to have exactly | the face of data uncertainty,
5,682 known plant endemics. |it is crucial to evaluate

The study highlighted the potential hotspots to ensure
variability in data precision that their conservation needs
and accuracy, emphasizing are recognized and addressed.
that while some figures are Ultimately, the research

rounded, they still provide a |advocates for a strategic
sound basis for conservation | approach to conservation

prioritization. The results that prioritizes regions with
underscored the urgent need | high levels of endemism and
for targeted conservation significant threats, thereby
efforts in these biodiversity- | enhancing global biodiversity
rich areas. preservation efforts.
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Continuation of the table

Authors The title of the Methods Used Results Conclusions
work
Foley, J.A., Review In the article «Global The results of Foley’s Foley concludes that modern
DeFries, R., 2. Global Consequences of Land Use,» | research indicate significant | agricultural practices, while
Asner, G.P.,, | consequences |Jonathan A. Foley employs negative consequences of aimed at increasing food
Ramankutty, ofland use | a comprehensive review of current land use practices on | production, often result in
N., Snyder, existing literature and data to | both agricultural productivity |long-term ecological damage
PK. analyze the impacts of land | and ecological health. that undermines future
use on global ecosystems and | The study highlights that agricultural viability. The
agricultural productivity. The |approximately 1.5 million article calls for a reevaluation
study synthesizes findings hectares of arable land are lost | of land use strategies
from various disciplines, annually due to salinization to prioritize sustainable
including ecology, geography, | and soil degradation, leading | practices that balance food
and environmental science, to an estimated $11 billion in | security with environmental
to assess the effects of land lost agricultural production. | conservation. It advocates for
conversion, agricultural Furthermore, it reveals that integrated land management
practices, and urbanization up to 40% of global croplands | approaches that consider the
on biodiversity, soil health, are experiencing issues such | ecological impacts of land use
and ecosystem services. By | as soil erosion, reduced decisions, emphasizing the
integrating quantitative data | fertility, and overgrazing. need for policies that promote
on land use changes with The findings also emphasize | biodiversity, soil health, and
qualitative assessments of the detrimental effects of the preservation of ecosystem
ecological consequences, the | habitat loss on pollinator services essential for sustaining
research provides a holistic | populations, which are agricultural productivity in the
view of the challenges posed | crucial for food production, |long run.
by modern land management | thereby illustrating a trade-
practices. off between short-term
agricultural gains and long-
term sustainability.

Rockstrom, J., | Short Survey | The article employs a The findings indicate The article concludes that
Steften, W., 3. A safe framework based on the that three of the nine humanity is approaching
Noone, K., | operating space | concept of «planetary identified planetary critical thresholds that
Crutzen, P., for humanity | boundaries» to assess boundaries—namely, could lead to catastrophic
Foley, J.A. the limits within which the rate of biodiversity environmental changes if

humanity can safely operate
without causing significant
environmental degradation.
This framework integrates
data from various scientific
disciplines, including
ecology, climate science,
and biogeochemistry. The
authors analyze key Earth-
system processes and their
control variables, using both
qualitative and quantitative
methods to evaluate the
current state of these
processes against established
thresholds.

loss, climate change, and
human interference with

the nitrogen cycle—have
already been exceeded.

The analysis reveals that
these transgressions pose
significant risks to the
resilience of Earth’s systems,
potentially leading to abrupt
and irreversible changes.
The results underscore the
urgent need for global action
to mitigate these impacts and
restore balance within the
Earth system.

not addressed promptly. It
emphasizes the importance
of recognizing and respecting
planetary boundaries as a
means to ensure sustainable
development. The authors
call for immediate and
coordinated global efforts to
reduce human impacts on the
environment, highlighting
that failure to act could result
in severe consequences for
both ecosystems and human
societies.

(Source: authors’ calculations based on Scopus-indexed articles; top 10 by number of citations)
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The analysis of methods shows that — from
identifying endemic “hotspots” of flora to assessing
the impact of agricultural practices on soil and cli-
mate — the authors provide a comprehensive view
of priority tasks in environmental conservation.
The results, whether highlighting the rapid loss of
biodiversity, evaluating risks to the food system, or
defining planetary boundaries, underscore the press-
ing need for global actions and strategic planning.
In their conclusions, the researchers unanimously
point out that only by shifting toward sustainable
resource management, preserving crucial ecosystem
functions, and prioritizing the protection of unique
endemic species can we ensure the long-term sta-
bility of the biosphere and the well-being of future
generations.

Overall, the statistical and content analysis con-
ducted indicates a sustained and steadily increasing
interest among the global scientific community in
plant biodiversity conservation, fostered by the in-
terdisciplinary nature of research, broad geograph-
ic coverage, and the active role of large scientific
organizations and journals. Year-by-year publica-
tion trends show a remarkable growth in the num-
ber of studies, confirming the lasting importance of
the topic and its strong foothold in recent decades’
scientific discourse. Geographic distribution data
reflect the involvement of researchers from almost
every region of the globe and the formation of in-
ternational scientific networks aimed at tackling key
environmental problems. Examination of subject
areas reveals a leading role for ecology and biol-
ogy, while also highlighting the contributions of so-
cial, economic, and technical fields, illustrating the
multifaceted tasks of nature protection. Analysis of
leading organizations points to a handful of major
research centers that generate a significant volume
of results and shape the primary directions of scien-
tific inquiry, while the study of prominent journals
underscores the widespread demand for this topic
both in specialized and interdisciplinary outlets. Fi-
nally, the assessment of citation counts for key pub-
lications and the review of methodological features
in the most notable works confirm that sustainable
ecosystem management, strategic prioritization of
protected areas, and the synthesis of knowledge
from multiple scientific spheres remain fundamental
requirements for effective plant diversity conserva-
tion.

The goal of this study was to systematize and
characterize publication activity related to plant
biodiversity conservation based on Scopus data, en-
compassing an analysis of publication trends, geo-
graphic distribution, subject-area structures, leading

scientific organizations and sources, as well as the
most-cited works.

A noticeable and steady rise in publications since
the late 20™ century underscores an increasing con-
cern for flora conservation and demonstrates the sci-
entific community’s recognition of the significance
of this topic. Active research has been identified in
numerous world regions, with leading participation
from countries that possess traditionally strong sci-
entific infrastructures and extensive experience in
environmental studies, as confirmed by the quantity
and quality of their publications.

Subsequent analysis showed that in addition to
biological and ecological investigations, a substan-
tial portion of studies is devoted to social, economic,
and engineering approaches to preserving plant di-
versity. These interdisciplinary aspects underscore
the need for integrated studies that bring together
knowledge from various scientific domains, while
the high citation rate of key articles reflects the rel-
evance and value of their findings in global science.

The outcomes indicate that sharpening the focus
on plant biodiversity conservation could substantial-
ly improve nature protection strategies, lead to more
effective management and legislative frameworks,
and foster the development of international partner-
ships and collaborations. Expanding and refining the
empirical data pool will enhance the understanding
of ecosystem processes, which in turn will boost the
effectiveness of existing programs and help shape
new initiatives targeting the long-term safeguarding
of vulnerable plant communities. Notably, insight
into genetic and ecosystem-level processes, as well
as an assessment of the socio-economic factors in-
fluencing plant health, enables a more targeted and
specific approach to preserving and restoring plant
resources. Such a comprehensive strategy ultimately
strengthens ecological stability in various regions
and promotes a globally resilient network of natural
systems.

Looking forward, the development of more
precise biodiversity monitoring methods — includ-
ing remote sensing and genetic analysis — and col-
laboration among research teams in diverse regions
and fields are recommended for an all-encompass-
ing perspective on the challenges. Particular atten-
tion should be paid to the economic, cultural, and
social factors shaping decision-making around
plant ecosystems, ensuring that proposed strategies
remain both viable and grounded. The use of Big
Data and innovative digital platforms for collecting,
analyzing, and sharing information opens the door
to quicker, more accurate scientific conclusions,
potentially guiding adaptive policies and manage-
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ment solutions. Involving local communities and
NGOs in the planning and execution of flora protec-
tion measures, as well as advancing citizen science
initiatives, can significantly broaden the scale and
accelerate the pace of data gathering. Ultimately, ef-
fectively addressing the tasks of plant biodiversity
conservation requires consolidated efforts among
researchers, governments, international organiza-
tions, and businesses, guaranteeing a long-term and
ecologically responsible utilization of resources.

Conclusion

The analysis performed enabled the tracing of a
multi-decade trajectory of scientific interest in plant
biodiversity conservation and identified key clusters
of research activity. The rise in the number of pub-
lications, particularly in recent decades, points to
heightened attention to ecological issues and under-
scores the necessity of strategic approaches that in-
corporate not only biological and genetic concerns,
but also social, economic, and political factors. Pin-
pointing the major global research centers and lead-
ing journals in this field indicates the existence of
established collaborative networks among research-
ers, experts, and practitioners working collectively
to address the challenge of preserving unique flora.

The multifaceted nature of research-ranging
from specialized morphological and genetic studies
to wide-ranging reviews of ecosystem services and
resource management policies — demonstrates the
significance of an interdisciplinary approach. As-
pects such as community involvement, the examina-
tion of legislative measures, and the application of
remote sensing and other digital technologies have
become crucial parts of a comprehensive strategy
that can ensure long-term effectiveness in conserva-

tion efforts. The high citation counts of numerous
fundamental and applied studies signal the broad
demand for results that define future research path-
ways and establish a scientific base for management
decisions.

The consolidation of knowledge and experi-
ence accumulated across different countries, as
well as the adaptation of proven best practices to
local contexts, are pivotal in enhancing the suc-
cess of measures aimed at preserving and restoring
valuable ecosystems. A deep understanding of bio-
diversity dynamics, including evaluating extinc-
tion risks and habitat shifts due to climate change
or anthropogenic factors, offers opportunities for
proactive planning. Global partnerships that unite
scientists, policymakers, the business sector, and
civil society can be a mainstay for creating more
sustainable economic models oriented toward safe-
guarding natural heritage. This form of cooperation
overcomes fragmented efforts and unifies diverse
resources to support strategic research, implement
new technologies, and launch outreach programs
dedicated to fostering a culture of responsible
stewardship toward plant life.
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MUTTEPAIH, TYKbIMbIH CAKTAIT KAAY YLUIH
OAAPADbIH TEPMOITAA3MACDBIH
KPMOKOHCEPBALIUAAAY SAICTEPIHE SOAEBU LLUOAY

CoHFbl GipHeLe OHXKbIAABIKTA Y XKaHyapAapbiHbIH KY3AEreH 3K30TUKAAbIK, TYPAEPi MEH TyKbIM-
Aapbl >koFaaabl. COHAbIKTaH Kayin TeHreH 6acka »KaHyapAapAblH >KOMbIAbIN KeTyiH 6oAalakTa 6oA-
AblpMay YLUIH XK8He OAapAbIH aMaH KaAyblH KaMTamacbl3 eTy YLiH KyTKapy CTpaTerunsAapbiH a3ipaey
SKOHE OAAPAbI KOAAAHY 6Te MaHbI3Abl. JKOMbIAbIN KETY Kayri TOHreH xabarbl XeHe Y aHyapAapbl-
HbIH TYKbIMbIH CaKTarn KaAyAblH Gip >KOAbl — OAAPAbIH raMeTaAapbliHbiH, KPMOGaHKiH KypacTbipy 60-
AbIMN Tabbiraabl. Kasipri yakbITTa 0Cbl MakCaTTa >OoWblAbIN 6apa >KaTKaH >XaHyapAapAbIH FreHETUKAABIK,
MaTepuaAblH CaKTay YLIiH >KaHyapAapAblH CMepMaTO30MATAPbIH, OOUMTTEPIH, SMOPUOHAAPBIH KaHe
aHaAbIK, 6e3 yAMacblH KpMOKOHCEPBALIMSIAQY SAICTEPIH NanAAAAHY KApKbIHAbI AAMbIN KeAeAi. UTTepaix
(Canis lupus familiaris) rameTaaapbl MEH XbIHbIC 6e3AepiH KpMOKOHCEepBaLmsAayaa 6asty My3aaTy >keHe
BUTPUMKALMSIAQY DAICTEPI KOAAAHBIAAADBL. BYA 8A€6M LLIOAYABIH MaKCaTbl OCbl KPUOKOHCEPBALMSIAQY
BAICTEpI TypaAbl >kaHa MAiMeTTep Gepy. MyHAQ KPMOKOHCEPBaLMSIAQY Ke3iHAE aTaAFaH KacyllaAap
MEH YAMaAapAblH, KYPbIAbICbIHA 8Cep eTeTiH KPUOo3aKbIMAAHY TYPAEPi >KoHe 3akbIMAAHY ©CepAepiHeH
>KacylarapAbiH (YHKUMOHAAbAT BY3bIABICTApPbl MEH OAAPAbl GOAABIPMAYAbIH CTPATErUSIAbIK, TOCIAAEPI
KapacTblpblAaAbl. KacyllarapAbl XKeKe >KaHe yAna TYPiHAE KPUOKOHCepBaLMSAQyAblH YKCACTbIKTapbl
MEH albIpMaLLIbIAbIKTapPbl, COHAQM-aK, KPUOKOHCEPBALMSAAYAbIH, GEAriAl 6ip TYpiH TaHAQYAbIH ABAEA-
AEMEAEPI MEH HEri3ri MPUHUMITEPI aHbIKTaAaAbl. DPTYPAI TAAAQY aCMeKTIAepi MeH BYA XKaHyapAapAblH
>KacyllaAapblH KPUOKOHCEPBALMSAQYAAFbl KEAEPTriAep MeH >KaKCbl HOTUXKE aAbIHFAH TYCTapbl TaAKbl-
AQHaAbl. BYA yCbIHbIAFAH MOAIMETTED ©3 Ke3seriHae 6oAallakTa OCbl SAICTEPAIH TUIMAI LWIELWIMAEPIH
KYPacTbIpy YLliH nainAaAbl GOAYbl MyMKIH.

Tynin cesaep: UTTep, ramera, KPUKOHCEpPBALMSAQY, CMEPMATO30MA, OOLMT, >KbiHbIC Ge3aepi,
KpuornpoTekTopAap, 6asty My3aaTy, BUTpUUKaLIMsAQY.
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Literature review of cryopreservation methods for
dog germoplasm to preserve their breed

Many hundreds of exotic species and domestic animal breeds have been lost over the course of
the last few decades. Therefore, it is very important to develop and apply rescue strategies to ensure
the other animals threatened with extinction to ensure their survival for the future. One way to protect
the endangered species of wild and domestic animals is to the creation of cryobanks of their gametes.
Currently, to achieve this goal, the use of cryopreservation methods for sperm, oocytes, embryos and
ovarian tissues of animals is rapidly developing to preserve the genetic material of endangered species.
Slow freezing and vitrification methods are used in cryopreservation of dog gametes and gonads (Canis
lupus familiaris). The purpose of this review is to provide new data on these cryopreservation methods. Here
we consider the types of cryoinjury that affect the structure of these cells and tissues during cryopreser-
vation, as well as functional disorders of cells from the effects of damage and strategic ways to protect
them will be discussed. Differences and similarities between single cell or tissue cryopreservation will be
highlighted, together with the evidence and basic principles of choosing a particular type of cryopreser-
vation. The analysis of different aspects that still hamper the success of cryopreservation these animals’
cells can help clarify where research is most needed. The data provided, in turn, can contribute to the
development of effective solutions to these methods in the future.

Keywords: dogs, gamete, cryopreservation, sperm, oocyte, gonads, cryoprotectors, slow freezing,
vitrification.
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AuTepaTtypHblit 0630p METOAOB KpMOKOHCEpPBaLLMK
repmornaasmbl C06aK AASl COXpaHEHMS UX MOPOAbI

3a nocaeaHME HECKOABKO AECSTUAETUIA BbIAM MOTEPSIHbI COTHM 3K30TUUECKUX BUAOB M MOPOA AO-
MallHUX XXMBOTHbIX. C LIEAbIO MPEeAOTBPALLEHNS MOAOBHOIM yUacT APYIMX >KMBOTHbIX, HAXOAALIMXCS
MOA YrpO301 BbIMMPaHMs, KparHe BaXkKHO pa3paboTaTth M MPUMEHWUTHL CTPATErMK CriaceHusl, YTobbl obe-
cneuntb Mx BbKMBaHWe B Byayliem. OAHMM M3 CMOCOGOB COXPAHEHMS MCUYE3aloLIMX BUAOB AMKUX U
AOMaLLHMX XMBOTHbIX SBASIETCSI CO3AaHME KpMobHaHKa M3 UX rameT. B HacTosilee BpemMsi AAST AOCTUXKE-
HMS 3TOM LieAM ObICTPO Pa3BUBAETCS MCMOAb30BaHWE METOAOB KPUOKOHCEPBALMM CriepMbl, OOLMTOB,
SMOPUOHOB M TKAHEN IMUYHMKOB >KMBOTHbIX AASl COXPAHEHMWSI FEHETMUYECKOro MaTepraca HaXOASLLIMXCS
noA yrpo3oi ncuesHoBeHus. [pu KpMoKoHCepBaLMKM rameT 1 roHaa cobak (Canis lupus familiaris) nc-
MOAb3YIOTCSl METOABI MEAAEHHOTO 3aMOpaXkMBaHUs U BUTpUdMKaumn. LieAblo AaHHOro AMTepaTypHOro
00630pa ABASETCS NPEeAOCTaBAEHME AQHHbIX 00 ITUX METOAAX KPUOKOHCEpBaLUMU. 3AECh paccMaTpmBa-
I0TCSl TUMbI KPUOMOBPEXKAEHNIN, BAUSIIOLLMX HA (DYHKLMIO M CTPYKTYPbl KAETOK MPU KPMOKOHCEPBALLMMK,
M cTpaTernyeckme noAxoAbl K UX NMpeAoTBpallleHnio. byAyT BblA@AEHbl Pa3AMUMS U CXOACTBA MEXAY
KPUOKOHCepBaLMen OTAEAbHbIX KAETOK MAM TKaHel, a Tak>XKe AOKA3aTeAbCTBA M OCHOBHbIE MPUHLMIbI
BbIGOpa OMPEAEAEHHOro TUMa KprMokoHcepBaumm. OO6CY>KAAIOTCS pa3AMUHbIE acneKkTbl aHaAM3a U 6a-
pbepbl AAS KPUOKOHCEPBALIMM KAETOK STUX >KMBOTHbIX, @ TaK)K€ MOMEHTbI, KOrAa ObIAM MOAYYeHbl XO-
polune pesyabtaTbl. [1peaoCTaBAEHHbIE AQHHbIE, B CBOIO OUYEPeAb, MOMYT CroCOBCTBOBaTH pasdpaboTke

3(pPEKTUBHBIX PELLEHMI YKa3aHHbIX METOAOB B BYAYLLEM.
KaroueBble cAroBa: cobaku, rameTta, KpMOKOHCEPBALMS, CMIEPMA, OOLMT, FOHAAbI, KPMOMPOTEKTOPbI,

MeAAEHHOEe 3aMOpa>kmBaHne, BVITpVICbVIKaU,VIﬂ.

Kipicme

Comnrsl 100 kb1 iTmiage 013 )kabailbl CYTKOPEKTI
JKaHyapJap TYPJIEPiHiH Te3 XKOHE Y3/IKCi3 a3aloblHa
JKOHE YH JKaHyapJIapblHBIH TYKBIMJIAPbIHBIH TaH-
JIAYChI3 CYPBINTATyblHA OaiNIaHBICTHI CYWBLTYbIHA
Tan 00JIIBIK. ByKi aemie CyTKOpEKTi )kaHyapIap-
JIbIH ©pOip TOPTIHII TYPiHIH KOUBUIBIN KETY Kayiri
Oap >KoHE arTa caiibIH OpTa eCeMIeH eKi Yi TYKBIMBI
xoitpuTyna [1, 2].

Kazak xaikpl exelJieH KOIIIeHIi eMip CaIThIH
YCTaHFaH/IBIKTaH DPTYPIl UT TYKBIMIAPBIH Vil Ka-
HyapnapbiH (KOH, CUBIp, KBUIKbI, TYHe) Oaryna, aH
aynayja JK9He KY3eTII peTiH/Ie KEHIHEH KOJIJIaH-
ran. Kazakcranjga kesleceTiH YITTBIK TYKBIMIIbI
UTTEPIH IIBIFY TErl Ka3akK XaJIKbIHbIH €XKEJT1 Taii-
NaJlapbIHbIH KBUIKBIHBI KOJFa YHpETIN MiHyiMeH
OaitmaHbICTBI AereH aepektep Oap. Kasipri kesme
Kaszakcranaa ke3/1eceTiH Ta3bl MCH TOOET TYKbIM/Ia-
pel 3eprrenyne. byn Tykempapnabl ata-6abanapbl-
MBI3 KONTETeH FachIpiap OOUBI KEpPTiTiKTi TaOUFU
JKaraiiapeiHa Oeitimzen cypbinTan anraH. COHFbI
OipHemie omXbULIBIKTa KazakcTanma Ke3JeceTiH
KOIITETeH YKePTUTIKTI YITTHIK TYKBIMIBI XKaHyapap-
JIBIH JKOMBUIBIIN Oapa jKkaTKaHbl Oenriii. YITTBIK UT
TYKBIMJIAPBIHBIH J1a TOMYJISIIUSICHIHBIH a3alibIl 0apa
KaTKaHbl Oaitkamansr [3, 4]. COHOBIKTAH TEHETHKA-
JIBIK, OPTYPIUTIKTI caKkTay YIIiH, dcipece )KONbUIBII

KeTy KayIli TOHI'€H TYpJIep MEH Y )KaHyapiapbIHbIH
JKEPTUTIKTI YITTHIK TYKBIMIAPBIH Ta3a KYHIHIE CaK-
Tay OaraapiiaMaliapblH KYpPacThIpy aca KaKeTTi Yp-
Jiic 00JIBIN TabbLIAIBI [S].

Kasipri Tannma 3amaHayn OHMOTEXHOJOTHSIIBIK
dJIicTep, SIFHU TaMeTaiap/bl KpHOKOHCEepBaIHsIay
OMOJIOrTapAbIH, 19pirepaepaiH koHe Yil KaHyapia-
PBIHBIH UeNepiHiH Ha3apblH aylapy/ia. YJITTBIK UT
TYKBIMIAPBIHBIH T€HOTHITIH CaKTayaa Hemece Oe-
rini 6ip TeHOTUNTEPIiH TapalyblH KEHEHTyTe, KO-
WBLTy KayTli TOHTEH >KaHyapliapJblH OHOaTyaHTYp-
JIUTITIH caKTay YIIH MaliJaiaHbUIaThIH OJICTePAIH
xaTTamajapsl KpUiap 00ibl KypacTeipbutyna. by
calajarel 3epTTeyNiep i Je epKeHIen Kenemi [6,
7].

Uttepnin rameranapblHbIH KPHOOAHKIH KYpPY
olapja Ke3JeceTiH aypy TYpJiepiH OomapipMmay,
MIiHE3-KYJIBIK YHJICCIMCI3MIrT TYbIHJIAFaH JKaFai-
Jla, KCHETTEH OJIIIT KeTYi Ke3iHe, CHHXPOHJIbI eMeC
JKETIJTy )KOHE aTallbIK HEMECE aHANBIK YPBIKTAPIbIH
OonmMail Kay >KarFmaiibIHa aca KakeT 00JIaabl. Op-
TYpJIi PENpOXYKTHUBTI OAICTEpAiH KETICTIKTEpiHEe
KapaMacTaH OyJ TypJepAiH HeTi3Ti PernpoyKTHBTI
OHMOJIOTHSICHI Typajbl OUTIMHIH JXKOHE >KaHyapJiap-
JbIH TCHETUKAJIBIK MaTepUaNIbIH CaKTayZblH CTaH-
JApTThl XaTTaMajapblHBIH OOJMaybl JKOHE Typa-
paNBIK, alBIPMaIIBUIBIKTAD MIEKTEYIN (akTopiap
0o TabbLIA Nk [7, 8, 9].
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KpuokoncepBanusiianFan ~ CIiepMaTo30UATap
ypFambel UTTEePAi YPBIKTaHIBIPYFa OHTAMIIBI JKOHE
CeNIeKI[OHepJIep MeH OYJI >KaHyapiaplblH Hele-
piHIH apachlHIa TaHBIMAIl BJIC OOJBIN CaHaJAIbI.
Cebebi KpHOKOHCEpBAIUSIAHFAH —CIIEPMATO30H/I-
Tap erep jKaHyapiap opTypJi Kepiiepie eMip cyp-
ce HeMece Oip yakpITTa Ke3zece alMaca OHTAWIIbI
yakbIThIH/IA MaiilajdaHyFa JailblH JKOHE Y3aK Yya-
KbIT cakTanazasl [ 10, 11]. Kpuokonceppamusianran
cniepmaro3ouarap oOenrim Oip QpeHOTHHTIK cumat-
Tapsl 0ap acklT TYKBIMIBI UTTEPIi HeMece Oenrii
Oip KYMBICKa mNaijanaHyra OalIaHBICTBI JKOFaphl
KabueTi Oap (MbIcaibl, KayilCi3miK CallaChIHIAFbI
AIHATANBIK, )KYMBICIIBI UTTEP) KYHABI CyOBeKTiIep-
JIiH TeHETUKAJIBIK MaTepHaJIbiH JKOHE OPTYPIUIITIH
cakTay YIIiH naimansl 60ibn cananas [9, 12].

CoHbIMEH KaTap KpHOKOHCEpBAIlWsIAaHFaH
CIIepMAaTO30MATAPAbl KOJNJAHy YPBIKTAHIBIPY J0-
3aJlapblH JYPBIC TaHJayFa KOHE I'CHETHUKAaJBIK CY-
PBINITAY BT KEACIAETY YIIIiH Hai/laaHbUIaabl, SFHU
ypFalibl UTTEpAIH Kem Oediri Oipueit dsKyIsTHeH
YPBIKTaHABIPBUTYBl MYMKiH [7]. MyHnail sxarnaii-
Jla JKaHyapjlap apachlHIAFbl TiKeJed OailaHbICKa
KO OCpiTMEHTIHAIKTEH ONapblH PENpOMLyKTHBTI
JKBIHBICTBIK, )KOJIMEH OSpiJICTiH aypyJiapbIHbIH Tapa-
JyBIH a3aiTy ymiiH Taimai 6ombmn Ttadbutagsl. Co-
HBIH 1IIiHIE, KacaH/bl YPBIKTAHABIPY YIIIH CIiep-
MaTO30MATAP/Abl KPHOKOHCEpBaLusIay Opylesie3
JKOHE TepHec BUPYCHIHBIH HH(M)EKIHACHI CHSIKTHI
JKBIHBICTBIK YKOJIMEH OepilieTiH aypyJap/AblH ajIbIH
anaapl KOHE Tipi jKaHyapjapFa KapaHTHH Ke3iHe
KOJITaHyFa BIHFAMIE [13].

Kenreren sxanyapiap/plH Typl YILIiH criepma-
TO30HU/ITap/bl KPUOKOHCEPBAIMSAJIAY MEH YKACaH]IbI
YPBIKTaHABIPY HEMece JKCTPaKOPIOpaIb/i YPBIK-
TaHJIBIPY OJICTEPiH MaijaNaHy apKbUIbI OJapIbIH
(GepTUIIBAIIITIH caKTay KYIUTI Kypanra aiHalabl
[14, 15]. Kepicinme, aHaNbIK TameTajlapabl Cak-
Tay 9Ji Jie KHBIHABIK TYFbI3yJa *oHe Oy OarbITTa
JKacallFaH 3epTTEeYJCPAIH HOTHKEIEPIHIH TaOBICTHI
Ooxys! mekreyini [16]. bynm xprokoHcepBamusiiay-
Fa HEMece YKCTPaKOPIopalib/i YPBIKTaHY bl JKY3e-
re acelpyFa KaXXeTTi OOLMTTEPIiH MeOJILICPiHiH a3
0OJTyBIMEH JKOHE KpPHOKOHCEpBAlHMsUIayJaH KeWiH
OJIapJIbIH OMIpIICHIrIHIH ToMeH OoiybiHa Oaii-
nanpIcThl. COHBIMEH KaTap KeNTereH jkadailbl xa-
HyapJiap TaOUFU OpTaja perpoyKTHBTI KETLTy xKa-
ChIHA XKETIel HEMECe 3CTPaJIb/l [IUKII Ke31H/Ie OJIiIl
KQJIaTBIHJBIKTAH KPHUOKOHCEpBAIUsIAyFa KaXeT
OOIUTTEP/I1 ATy KUBIH/IBIK, TYFBI3aIbI.

CoHJIBIKTaH FalbIMAAP KOWBUIBIT KETY KayIli
TOHT'eH TYPJEPAl CaKTayabIH TaFbl Oip YKOJBI, SFHH
OOIIUTTEP/IIH IyJIBI KOIT CaKTallFaH aHaJIBIK 0e3 yII-
MachlH KPHOKOHCepBalysiay OarbIThIHAA 3epTTEY-
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nep skyprize Oacraapl. byn oaic mpumopauanbai
XKoHe OIpIHIIUIK (OJUTMKYIAApAbl KO MeJIep/ie
cakrar, Ooyamiakra oilapiaH YPBIKTaHABIpYFa Ke-
PeKTi oomuTTepAi Oemin amyFa MyMKIHIIK Oepeni.
AHaIBIK 6€3 YIITachIHBIH KBIPTHICTHI OO TIT1H/IE KOTT-
TEreH ycak TIpeaHTpasblli, aTan alTKaH1a mpuMop-
muanbai Gommkyngap 6ap. byn ¢ommukynnapaan
aJIBIHFAH OOIUTTEPIiH KOIIILIIT] eIIKaIlaH TOJIBIK,
JaMBIMaWIbl, SFHU YPBIKTaHY KaOineTi 6ap oounuT-
Tepai Ty30eiai. Ockl KimkeHTal (OUTMKYIAAPIBIH
MyJIBIH CaKTay JKOHE OJIapJIbl YPBIKTaHyFa Kalineri
Oap oouuTTepi Oap KETIAreH Ke3eHiHe ACHiH ecipy
ypFalibl JKaHyapJapJIblH JKacbhlHA, PEMPOyKTHB-
Ti Ke3€HiHE KapamacTaH (epTHIIBIUIrIH cakTayFa
MYMKiHIIK Oepeni. COHBIMEH KaTap, aHalbIK 0e3
VIITIACBIHBIH ~ KBIPTBICTBI  OOJITiHJE OpHAJIACKAH
MPUMOPANATLII (OILTHKYIIAPBIH MY31aTyIaH Ke-
HIHTT eMIpIICHINHIH KOPCETKIII JKEKe KETUITeH
OOLIUTTEpPre KaparaHJa JXaKChl OOJIBIIT CaHaaJbl.
AHaIBIK 0€3 YIIackIHIAFB TIPUMOPIAATLII (POIITH-
KyJIZlap/ia OpHAIAaCKaH OOLUTTEPIi JOHOPFa ayTOT-
paHCIUIaHTaNUsIay apKbpUIbl (ajaMaapia) Hemece
MMMYHOAE(DUIIUTTI pEIUIUEeHTTepre KCEHOTPAHCTI-
nmaHTanmsnay (GKOWbLIBII Oapa KaTKaH KaHyapiap
JKaFIafibIHA) apKBLTBI KETULAIpin, Oein amyra 060-
manet [17, 18].

JKorapeina atanran macenenepi KOPbIThIHIbI-
nai Kkene 6y MaKaiaHbly MaKcamsl UTTEPIIiH TaMe-
TaNapblH KPUOKOHCEPBAIMSIAY CallaChIHJIAFbl JKe-
TICTEKTEP MEH TYBIHJAUTBhIH MOCEJIeNIEPre KaThICThI
aJBIHFaH HETi3T1 HOTIKENepre Moy JXKoHe 0oma-
IaK 3epTTeyJIep MEH MepCIeKTHBANIApFa CHITATTaMa
Oepy 00JIbIIT TaObLIAIBI.

1. Hmmepoiy cnepmamo3ouomapvii KPUOKOH-
cepeayusanay

JKanyapnapaplH = criepMaTo30MATAPBIH  KPHO-
KOHCepBalusIay MY3JaTy epiTiHICiHe TIIHIEepHH
MEH TayBIKTBIH Capbl YbI3bIH KPUOIIPOTEKTOP PETiH-
Jie KOCYAbIH MalachIHbIH Oenrini OomysiHaH Oac-
Tan KeH Tapaijbl. 1969 KblIbl My31aThlIFaH criep-
MaTO30UTAPMEH KACaH/Ibl YPBIKTAH/IBIPY OICIHIH
coTTi eryiHeH [19] Oactam KpHOKOHCepBalusiay
XaTTamMaJlapel MEH KOJIAHBUIATBHIH epITIHALIepIl
3epTTeyIe KONTEreH KETICTIKTepre KO KeTKi3iai
[20]. Crnepmarozouarapisl KpHOKOHCEpBALUIIAY
YIIIH YOI TYPJi MY3/4aTy SicTepi KOJIaHBLIaIbI:
JIOCTYpAl MY3J1aTy ojici, OaFbpITTaqFaH MY3JIaTy
JKOHE BUTpUUKAMATIAY.

1.1 Jlocmypnai myzoamy o0ici

Hdoctypni mysaary opici OarmapiiamaiaHfaH
KoHe OarmapramManaHOaraH J9CTYPIl My3[aTy el
ekire OeJliHEe i, OHBIH 1MIIHAC KOJIMEH MY3/1aTy -
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ci eH ke KojmaHbuaasl [9]. barnapnamananOaran
IOCTYPIII ©ICTEe CYUBITBIIFAH CIEPMATO30HITap-
MeH ToaTeipbutFad 0,25 nemece 0,5 mu muacTuka-
JBIK KPHOTYTIKIIENEPIi CYMBIK a30T OyiapblHaa
(LN,) 4-5 cm OmikTiKTe 15 MUHYTTaH aClaiThIH ya-
KbITKa (MyH1a 10 MUHYT YCBIHBIIA/IbI) YCTAI, MY3-
JaTbUIFaH COH CYHBIK a30TKa OaTbIpazbl. My3naTy
KeuTHaMaelFel  ~60°C/MuH.  barmapimamananraH
JIOCTYPIl MY3[aTy ofiiciHAe apHalibl OMOMY3HaT-
KBIII armnaparbl KOJIJaHblIaabl. OpTYpili Temrepa-
Typa auarna3oHaapsl YIIiH 8pTYpili My34aTy/KaTeIpy
JKBUIIAM/IBIFBI €HI13UINeH OaFapiamMma apKblUIbl OChI
amnmapaTTa MY3JIaThUIBII aTbIHFaH KPUOTYTIKIIETEp
apThIHIIA CYMBIK a30TKa LN, OGarbipbinaasl. Mys-
JIaTy OaFmapiaMachl jKaHyapJjapJblH TypiHe Oaki-
JIAHBICTBl MY3JATBUIBIN/EPITUITeH CHepMaTo30u/I-
TapAbIH OMIPIICHAITIHIH calackblHa OaiJIaHBICTHI
e3repir oTeIpasl [21].

Bbyn wmy3naty omicrepinpe maiima OonaThlH
KPHO3aKbIMJIaHy TYpJEpiH a3aiTy YIIiH MY3IaTy
JKBUIIAMJIBIFBI )KOFAphl HEMECe TOMEH eMec, OITH-
Maupai 6oy kepek. Ce6eli, My31aTy KbUIIaMIbIFbI
JKOFapbl 0oJIca JKacymailIiiik My3 KpUCTalIaHybl-
HaH OONaThIH (U3UKAIBIK, 3aKbIMJIAHY TYBIHIAHIBI.
Al erep TeMeH 0oJica, jKacylIagaH ThIC My3 KpHC-
TaJlaHybIHA JKayarl peTiH/e MaMa/IaH ThIC KacyIia-
JIBIK, IETHIpaTalUsIaH OoJaThiH “epiTiHil ocepi”,
SFHH OCMOCTBIK 3aKbIMIaHy maiina Oomanel. [lon
OCBIH/Iall TIPUHIUI €piTy >KBUITAaMIBIFbIHA J1a Ka-
TBICTHI, ce0ebi TeMnepaTypaHblH KPUTHKAIBIK JTHa-
Ma30HBIHAAFBl TOMEH epiTy Kpuimamablrsl (-60°C
-15°C) my3apIH KaiiTa KpucTalganybiHa OaiTaHbIC-
THI (Killli MY3 KpHCTaIIaphl leopMalusiaHFaH He-
Mece YIKEHIpeK MY3 KpHCTaIJapblH KaJbIIITACThI-
Py YUIIH arjoMepanusiiaHybl) CIIEpMaTO30HITapFa
OCMOCTBIK 3aKbIM KenTipeai. MyHmall >xarmaiina
KPHOIPOTEKTOPJIAp >KacyllaJaH Te3 LIbIFa aaMaii-
TBHIHJIBIKTaH, )KacyIIaJad ThIC CYBIH JKacyIa inriHe
OCMOCTBIK CHYIHE, JKacylaHblH icinyine (45-60 ce-
KyHJl apaibIFbIHAA) ansin keneni [14, 21]. My3aa-
TBUTFaH CIIEPMAaTO30UTHl YPBIKTAHIBIPYIaH OYpPbhIH
epiTin, epireHHeH KeiiH OipAieH YPBIKTaHABIpY Ke-
pek. Kpuoryrikmenepai KOHTEHHEpIEH allbIll Tac-
TaraHHaH KeWiH onapael LN, KOHTEHHEpIHE KanWTa
cairyra 6onMaiinel. JlereHMeH, criepMaTo30UaTapIbl
KPHOKOHCEPBALMSIIAYIbIH COTTI OTYl JKaJIbl MY3-
JIaTy OpTachl MEH KPHUOIPOTEKTOPIApP/BIH TYpiHE,
JICIIUTHH HEMece aKybl3 Ko31 ()KYMBIPTKAHBIH Capbl
YBI3BI, COSl CYTI HEMECE TOMEH THIFBI3BIKTAFbBI JIH-
MTOTIPOTEUATEP) CHAKTBI (haKTOpJapra, COHmAM-aK
TaMIIBLIATY, CYHBUITY, apalacTelpy, Oopay, cakTay
JKOHE TachbIMajJay CHSKTBI CHEpMaTO30UATap.IbI
oHjIeyTe OalIaHBICTHI MEXAaHHUKAJBIK TOCUIACPTe
GaitmanpICThI [22].

Tpuc — )KyMBIPTKAHBIH Capbl YBI3bI — TIIUIEPUH
KOCTIaChIHAH TYpaThiH Oydepai UT criepMaTo30HI-
TapblH MY37aTy YIIIH epiTiHII peTiHJe KeHiHEeH
KOJIaHapl. bipak >KYMBIPTKAHBIH Capbl YBI3bIH
KOJITaHyFa Kapchl mojenaep kebeiim kememi. He-
ri3ri KeMIIUTIKTEp — MapTUsUIap apachbHIAarbl KY-
PaMHBIH ©3TepPTillITITi )XOHE KaHyapIap.IblH SPTYp-
71 aypy KO3JBIPFBIITAPBIMEH JIaCTaHybl. COHFBICHI,
KPHOKOHCEPBaIMsIIaHFaH CIIepMAaTO30UATAP b
XaJIbIKapasiblK, aIMacy Ke3iHJe KOJJaHyAa Mocene
TYFBI3Yybl MYMKIH. ATall aliTKaH/a, TaybIK }KYMBIPT-
KACBIHBIH Capbl YbI3bl JKaKbIHIA TapajlFaH KyC TY-
Maybl CHAKTBI KYCTap/a Ke3/IECEeTiH SHAEMUSUIBIK
300HO3/IBIK aypyJiapblHa OaiIaHBICTBl OMOJIOTHS-
JIBIK, KQyinTi KOCBUIBIC OOJIBINT TaObLIambl [23, 24].
COHJIBIKTaH XYMBIPTKAHBIH Capbl YBI3bIH aJIMaCThI-
paThIH OajaMa epiTiHALIepIl 3epTTey KaKeT JKOHE
MaHbI3bl.  Kasipri TaHma crnepMaro30uTap/ibl
KPHUOKOHCEpBALMSUIAY YIIIH OPTYPJi KPHUOMPOTEK-
TOpJap KOCBUIFAH EpITIHAIIEpIi >KaKcapTy YIIiH
OPTYpIl XarTamanap 3eprrenyne. benrini Hemece
TipKeNreH epiTiHaIepre KaHT NMeH aHTHOKCUIAHT-
TapIbl KOCyFa Hemece Oap epiTiHIUIepaiH KOMIIO-
HEHTTEpiH 0acKa XMMHSJIBIK 3aTTapMEH ajaMacThbl-
pyFa KeIlTereH 9peKeTTep Kacaiibl. Anaina, ocsl
MoauUKanusATIaHFaH epiTIHAIIepAl KOJIAaHy ap-
KBUIbI KPUOKOHCEPBAIIMSUIAHFaH CIIePMAaTO30U/ITap-
IIbl KacaHIbl YPHIKTaHBIPYFa OipHelIe 3epTTeyep
FaHa THIPBICTHL. BITIMHIH KETICTIEYIIIiri UTTepre
PENPONYKTUBTI OMOTEXHOJIOTHSI DIICTEpPiH KOJjJa-
HyJIaFbl HETi3T1 KUBIHABIKTapAbl KOPCeTe .

My30aTBUTBII-EPITIATEH CIIEPMaTO30HUITaP IbIH
OMIPIICH/IITIHIH CalachlH aHBIKTANTBIH HETI3ri ma-
pamerpiepiHe oJIapAblH KO3FaJIFBIITHIFBIH JKOHE
[UTOILIA3MAITBIK, MEMOpaHaChl MEH MUTOXOHJIPHSI-
HBIH TYTAaCTBIFBIH JKaTKbI3a/bl. JKoFapblna cumnar-
TaJIFaH/Ial, YKYMBIPTKAHBIH Caphl YHI3bI Y3aK YaKbIT
OOMBI UTTEPIiH CIIEPMATO30UATAPHIH KPHOKOHCEP-
BalMsIay YIIiH JKacyllara eHOCUTIH KPHOIpPOTEK-
TOp PETiHIE KOJIAAHBUIBII KEJNreHiHe KapaMmacTaH
CTaHIAPTTHI XaTTaMaiap acalMaraH JKOHE aypy-
JapAblH KYFy Kaymi Oap. COHABIKTaH >KYMBIPTKA
capbl YbI3bIH aIMacThIpa allaThlH KPHOIPOTEKTOP-
Jap peTiHae OipHeme MaTepwangap 3¢pTTETCH.
Conap/ply ilIiHAE TEK THIFBI3ABIFEI TOMEH JIUIIOII-
poreunrep (TTJI) [25] men maiich13 cyT [26] criep-
MAaTO30HATAPIBIH OMIPIICHIITIHE XKaKCHI oCep eTe-
TiH epiTiHaUIep peTinae xakchl Oaramananasl. TTJI
MY3/aTy Ke3iHIe CIepMaTo30uATapIblH MeMOpa-
HachbIHIa OpHajacKaH (HochOIUITHATED MEH XO0JIeC-
TUPUHHIH aFbIll KETyiHE O OepMeiii, KepiciHie
oJlapAbIH MeMOpaHara KOChITybIHA dcep eTeni [25].
UtTepnin criepMaTo30MATapbIH KPHOKOHCEPBAIHSI-
Jlay YUIH MaichI3 CYTKe KOCHIMIIA TIIF0K03a, padu-
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HO3a HEMece Tperano3a KaHTTapblH KPUOIIPOTEKTOP
peTiHze MmalgananFan 3epTreyiep 6ap. MyHaa rimo-
KO3aFa KaparaHJa OChUIapJbIH IiHIiHAe paduHOo3a
MEH Tperano3a KaHTTapbl KpHOKOHCEepBalMsIayAaH
KEHiH CIiepMaTo30UATapAbIH KO3FAIFBIIITHIFEl MEH
opTalia KbUIJAMJIBIFBIH CaKTayJa >KaKChl HOTIKE
kopceTkeH. COHBIMEH KaTap, JICLMTHH, JUIIOIPO-
TEHH JKOHE JIMITOCOMAIIAP )KYMBIPTKAHBIH Caphbl YbI-
3bIH QJIMACTHIPAThIH OanaMa epiTiH/Ii PEeTiHIe crep-
MaTO30MATAP/AbIH KO3FAJIFBIIITHIFBIHA JKaKChl DCEp
eTeTiHi Typaubl 3epTTeyiep oenrini [27, 28].

Ut ciepmaTo3ouaTapsl YIIiH TIUIEPHH KPHOII-
POTEKTOPHI JKAaCYMIAILIIIK KPUIIPOTEKTOP PETiHAEe
KeH Komaneutansl [29]. CoHpIMEH KaTap, STHUJICHT-
JIUKOJIb, TPOIMUICHIIIHKONb, TUMETHICYIb()OKCHT
(AMCO), merundopmamMua, AUMETHIPOPMAMHU,
MeTmaneramus xoHe NN-mumeruindopmamMus xa-
CYIIAILIIIK KPHOTIPOTEKTOPIIAPHI 1A KU1 KOJIaHbI-
nayel [30, 31, 32, 33].

HocTyprni my3naty ofmicTepiMeH OaillaHBICTHI
KEeMIIUTIKTepre MblHANAp jkaTaabl: 1) rereporeH-
I MY3/bIH Taiia 00Jybl HeMece JKbUIAaMABIK TTeH
MOpPQOJIOTHS TYPFHICBIHAH OaKbIIaHOAWTHIH MY3
KpPHUCTAIJAPBIHBIH 6CYyi, OYJI CIepMaTo30UATAP/IbI
Oy3aapl KOHE ©JdTipeli, 2) >KachIPbIH >KbUTYIbIH
TUIMCI3 Tapaiybl, SFHH JXacyllajlapra MeXaHHKa-
JIBIK, 3aKBIM KEJTIpEeTiH My3/1bl (PPOHTTAFbI KalTasa-
HATBIH MY3/1aTy/epiTy UUKIgapel. bya kemuiinikrep
KPHOKOHCEPBAITUSIHBIH KaHa dJIiCIHEe, aTall alTKaH-
Jia OarbITTAJIFaH MY3/IaTy OJIICIHE aJIbI KeJIe .

1.2 bazvimmanzan my30amy o0ici

KpuokoHcepBanusiayipiH O0anama ojici — Oa-
FBITTAJIFAH MY37aTy oaici. byn axicre ken Tepmusi-
JIBIK TPaJWeHT aIlmapaThlH TMadgamaHanbl [22].
Kpromy3naTkeii epiTiHaiCiMeH CYHBITBUIFAH CIIep-
MaTto3ouarapabl 4-5°C neitid camKbIHAaTaabl, COIaH
KCHIH aJIIbIH aJla CaJKBIHAATBIIFaH MPOOHpKalapra
(xememi 5, 8, sxoHe 12 mu) ky#bim ~0,3°C/MuH My3-
JaTy SKbUIAaMABIFBIMEH KaTblpansl. [Ipobupxanap
CBI3BIKTHIK TeMIlepaTypa TPaaueHTi apKpuiel 5°C-
taH (kbUIbI 0J10K) -50°C-Ka nedin (CybIK 0J0K) Ty-
pakThl KeupaMasikineH 1 mm/cek (1,0-1,5 mm/cex)
ereni. Ocwinan keiin 60 CeKyH/T iTiHIe CUIUHT XKY-
3ere achlpblIajbl XKOHE CYBIK OJIOK apKbUIbI arma-
parThIiH Keneci Oenirinae nmpoOupkanap KuHay Ka-
mepacbiHa (-100°C) aysicteipinanbl. Coman Keiin
Oys1 mpoOupKanap >KUHANbIIN, CaKTay VIIiH CYHBIK
a30TKa LN, 6aTeIpblianbl. MysaaTbuiran criepMaro-
30MATAP/IbIH CallachlH Oaranay YIIiH mpoOupKamap-
16l 0esMe Temnepatypacbiaia 90 ceKyH1 ycTaibl,
comaH keiin 60 cexynn iminge 37°C TemmepaTty-
pachlHIa Cy MOHIIACHIHBIH iITiHE TMPOOUpPKaIapIbI
epiTyre apHairaH apHaiibl KoHIbIprbiFa (Interface
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Multigrad Technology) opnanacteipaapl. Saragusty
J. ')xoHE OHBIH opinTecTepi OAFBITTAIFAH MY3AaTy
OJIICIH KOJIZIAHYy apKbUIbI CIIEPMATO30UITAPbI YJI-
KEH KeJIeMJIe MY3/1aTy Ke3iHJle CUIMHT KaKeT eMec
eKeHIITiH ychIHFaH [34]. KeliHipek KYHIbI aTaIbIK-
TapJblH CIIEPMATO30MATAPBIH MallaaHy YIIiH KO-
capJaHFaH MY3JaTy ofici eHrizinai. MyHna Kongan
YPBIKTaHIBIPYFa apHAJIFaH CHEePMaTO30HIATAPIbI
ANJIBIMEH MY3AaTajbl, COJaH KeiiH OaFbITTaliFaH
MY3J1aTy 9/1ici apKbUIbI €KiHIII PET KaTbIpaasl [35].

ABTOMATTHI Typzae OailaHBICKAH CHAMHT, Oip-
KEJIK1 CaJTKBIHJIATY, )KACBIPBIH JKbUTYAbI THIMII Tapa-
Ty JKOHE caKTay YHEMAUTITiHiH KOFapbl 00Iybl Oy
BIIICTI IBCTYPIII MY3/IaTy 9/IiCIMEH CaJbICThIPFaHAA
THIMJII KOHE KaKChl eKeHIH kepcereai [36]. By
oJic mpoOupKajIapAbl KOl peT NaijanaHyFa jkoHe
CIIEpPMATO30MATAp/Bl YIIKEH KeJeMae My3JaTyFra
MyMKiHAIK Oepemai. On 63 Ke3eriHae My3AaThUIbII
epITUITeHHEH KeWiH CIepMaTO30MATapAbIH eMip-
HICHJIITIHIH KOFapbl OonybIHa ambin kememi [37].
Ocbl aTanFaH 9Mic apKbUIbl CIIEPMATO30UATAPIbI
KPHOKOHCEpBaLUsIIAY YH KOHE jka0alibl skaHyapiap
Typaepinae [38] KkeH ayKpIMIa CHIIATTAIFaH KOHE
KPHOTYTIKIIENepIe MY3IaTbUIATBIH JIOCTYPII dic-
K€ KaparaHJa THIMIipeK.

1.3 Bumpudghurxayusiiay

Burpuduxanus — KypamblHAa KPHOIPOTEKTOP-
JApABIH KOFAapEI MeJIIepi 6ap epiTinaigeri Onomo-
THSUIBIK  MaTepuajiapibl MY3 KpHCTaJlapblHBIH
TY3iTyiH OoJablpMay YIIiH TOMEHT1 TeMIepary-
paza eTe Te3 JKbUIIAMJIBIKTa MY3/AaTBUIBII [IBIHBI
TOpi3Jie Kylre alHaybl. BUTpupUKaUSHBIH COTTI
OTY BIKTUMAJABIFBIHA OCEeP €TETiH Heri3ri (hakTop-
Jap: My3JaTy KbULAAMJBIFBI, epPITIHAIHIH TYTKBIP-
JIBIFBL JKOHE KeyieMi. Byl KapKbIHABI JaMbIll Keie
JKaTKaH 9ICKe jKaTajbl koHe 06acka KpHOKOHCEp-
BaIus ojicTepine Kaparanma taimai. Cebedi MyH-
Jla SKBUIIMOpALUsl yaKbIThl KbICKA, MY3JIaTy *KbLJI-
JaMJBIFBI Te3, KbIMOAT MY3JaTy anmapaTrhl KaXeT
eMec KoHe Kacymanapasl GU3UKAIBIK 3aKbIM/Iai-
TBIH MY3 KpUCTalaapsl Ty3inmeiini. byn axic 6acka
OIICTEpPMEH CallbICTBIPFaH/ia CalbICTHIPMAJIbI TYP-
Jie ap3aH, KOJJIaHyFa BIHFAIIIBI )KOHE KO yaKbITThI
aJIManibl.

CriepMaTO30MATapAbl BUTpUPHUKALUSIIAY OIi-
ci anmramksl pet 1938 xbutel Basile J. Luyet nen
Eugene L. Hodapp raneiMaapeiabiH 0aka criepma-
TO30MATAPbIH KaThIpyblHaH Oactanapl. Mrtrepae
BUTpH(UKAINS XaTTaMachlH KOJJIAHBII JKapHsIaH-
FaH 3eptreyiep a3 [39, 40] sxoHe UTTEp/IiH crepma-
TO30MATAPbIH KPHOKOHCEpBaMsIay YUIiH KeOiHece
Oasty My3zaTy dJIici kui KojmaHeuaael. by crep-
MaTO30HMITHl BUTPUUKAIMSIAYFA KOJIAHBUIATHIH
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epiTiHAl KYpaMbIHIAFbl JKacyllara SHETIH KpHOII-
POTEKTOpIAPABIH JKOFAPFhl KOHIEHTPAIHSCHIHAH
(30-50%) TybIHIAHTBIH JIETAJNIbI OCMOCTBIK ©Cep-
re OaimanbicThl. bipak, Isachenko V. xoHe oHBIH
apilnTecTepi CriepMaTo30uATap/IbI )KACYIIIaFa EHETIH
KPHOIPOTEKTOPJIApbl KoNiaHOal BUTpUDUKAIHS-
Jan epiTKeHHEH KeHiH crepMaTo30uATapIblH KO3-
FAIIFBIIITHIFBIHBIH,  KPHOMPOTEKTOPIIAD KOCHUIFaH
JOCTYPI MY3JIaTy DJIICIMEH CalbICThIPFaH/Ia JKOFa-
pBl OonaThIHBIH KepceTTi. Onap anaMHBIH criepMma-
to3ouaTapeiH 0,25 M KeJeMiHIeri YPBIKTaHIbIpY
TYTIKIIeNepiHe KPUOTIPOTEKTOpIap KOCBUIFaH J9C-
TYPJII My3/aTy ©Jici MEH KPHOIPOTEKTOpIap KO-
ChIIMaFaH BUTpUUKaNusIay (BUTpU(pHUKAIHIAY
epiTiHfici: ajgaM crepMmachiHa 1% ajgaMHBIH capbl
cy anb0ymuHi MeH 0,25 M caxapo3a KOCBUTFaH) 91i-
ciMeH canbICTIpbl. Butpudukanusnay ymria 0,25
MJI KOJIEMIHJETi YPBIKTaHIbIpy TyTikmenepin 100
MKJI CliepMa CyCIEH3USICHIMEH TOJNTHIPHIN, KeJeMi
0,5 M1 TyTiKIIeIepiHe OPHAJIACTBIPHII, €Ki YKAFBI-
HaH TePMETHKAIBIK TYPJIE KaybIT CYHWBIK a30TKa 0a-
TeIpAbl. CriepMaTO30MATapAbIH OMIPUICHIIrH TEeK-
cepy ymiH Tyrtikmenepai 42°C temreparypana cy
MoHmackiHAa 20 cekyH ] ycTaapl. MyHa eKi oficTe
yKcac HOTHXKE KepceTkeH [41]. Amam cmepmarto-
30UATAPBIHBIH BUTPU(PHUKAIMICH! OH JKBUIIAH acTaM
yaKbIT OO¥bI KEHIHEH 3EPTTEII/II )KOHE KOIITEIeH 03-
reprynep eHrizinni [42]. AnaM criepMaTo30MaTaphl
Oacka >kaHyapJiapblH CHepMaTO30UATAPHIMEH Ca-
JIBICTBIPFAH/Aa ©TE KINIKEHTAl >KOHE MaKCHMaJIbl
KPHOCTaOMIIBALTIKTI KepceTeni. Erep kpuocradumnb-
TIUTIK KaCHUETiH TOMEH/IEY PeTIMEH OpHAaJIacThIPCaK
KeJecifiel cxema anambl3: aJlaMHbIH CIIEpMaTO30H-
JBI>KBUTKBI>UT>MBICBIK>KOSH>KOH>0yKa>Ka0aH.
byka MeH KaOaHHBIH CIIEpPMATO30UATapbl OACKIHBIH
YJIKEH, XKaJllaK jKoHe TbIIIaK Topi3/ai 0omybiHa Oaii-
JAHBICTBl MY3/aTyFa TO3IMIIIIri TOMEH OOJFaH-
IBIKTaH BUTpU(UKANWsAIAy MpOLeciHe ToTen Oepy
BIKTHMAJIJIBIFBI TOMEH. JKaIbl, criepMaTo30uaTap-
JIbIH OacChIHBIH MOJIIepi MEH BUTPHU(DHUKAIMSIHBIH
COTTUIITI apachIHIA Tepic KOppesaIus OalKaiambl
[43]. Cnepmaro3ouarapisl BUTpUQHKALUSIIAY Op-
TYPJIi HOTHIKENEepMeH HurTepae [44], MBICBIKTapaa
[45] xoHe xomkapmapma [46] TipkenreH. Nouri
Gharajelar xoHe OHBIH dpiNTECTEPi CYT HEMECE KY-
MBIPTKAHBIH Capbl YBI3bIH KOCY apKbUIbI ajbIHFaH
epiTKimTepae BHTPUGUKAIMUIAHFAH —CIIEPMAaTO-
30UATAPJbIH OMIPIICH/IITT MEH KO3FaJIFbIIITHIFbI-
HBIH JKaKChl HOTHKE KOPCETKEeHI Typalibl xabapia-
raH. Sanchez C. >xoHE OHBIH OpiNTecTepi caxaposa
MEH Tperajio3aHbl BUTPUPHKALUSIIAY epiTiHIICiHEe
konganbin, 0,25 M caxapo3aHbIH CIIEPMAaTO30HM/-
TapIblH carachlHa — OMIPIICHIITIHIH CaKTallyblHa
JKaKChl ©Cep €TETIHIH KOPCETKeH, Oipak akpocoma-

HBIH TYTACTBIFbI SIFHU KO3FAJIFBIIITHIFBI TOMEH 00JI-
raH [47]

JKorapbiia arajgFaH KeITEreH 3epTTeysiepie
CYHBIITY epiTiHAici peTiHae 06TeH XKaHyapiapIblH
aKybI3/1apsl (CHBIP caphl Cy albOyMUHI, CYT HEMece
JKYMBIPTKAHBIH Capbl ybI3bl) KOJIAHBUIIbI, MYHIA
JKOJIMEH MY3JIaTBUIFaH CIIEPMATO30H/ITap XaJbIKa-
PaJIBIK, TaChIMAIIay 1a KUBIHJIBIK TYFBI3Ybl MYMKIH.
UtTtepain crnepMaTro30uaTapbl Typajbl JKaKbIHIA
JKapUsIaHFaH 3e€PTTEY/Ie COs JICIIUTUHIHIH KPHOKOH-
CepBalMsJIAHFaH UT CIIEPMATO30MITAPBIHBIH MUTO-
XOHJIPUSIJIBIK, OCJICCHAUIITIHE JKOHE KO3FaJIFBIIIThI-
FbIHA, SIFHU OMIPIICHJITIHE JXYMBIPTKAHBIH Caphbl
yBI3bIHA YKCAC aIbTEPHATUBTI ©cep eTeTiHi Oenrimi
00s1161. COHBIMEH Kartap, COsl JICIIUTHHI HETi3iHe
JANBIHAAFaH epITIHAIe MY3[aThUIFaH YITiLIepAe
JKYMBIPTKAHBIH Capbl YbI3bl HETi3iHAC JalbIHIaI-
FaH ePITIHIUICPMEH CaJbICTBIPFAHIa JIMITUATCPAIH
ACKBIH TOTBIFYBIHBIH TOMEH OOJIFaHBI KOPCETUITCH.
Byn ere MaHBI3IBI, OUTKEHI TOTHIFY CTpecci crep-
MaTO30UATAP/Ibl KPUOKOHCEPBALIUsIAYaFbl HET13T1
Mocenenepaid Oipi 6onbin TaObans! [48].

CriepMaTo30MATap/Ibl  KPUOKOHCEPBALIUSIIAY-
Ja OarbpITTaliFaH MY37aTy JXKOHE BHTpU(UKAIHSIAY
9IicTepiHiH 0ipa3 apTHIKMIBUIBIKTApbIHA Kapamac-
TaH, JOCTYPJII KPUOKOHCEpBaNuMsay ofaici yil xa-
HYyapJIapbIHbIH CIIEPMATO30MATAPbIH MY3/aTy YIIiH
BIIEMJICT] CH KCH TapajFaH 9ic OOJIBIN CaHaJa Ibl.

2. Ummepoiy ooyummepi meH d2MOPUOHOAPBIH
KPUOKOHCEPSAYUSLAY

AHAIBIK, KBIHBIC TaMeTaJapblHbIH KeJieMi YII-
KeH acyurajgap ekeHi Oenrimi. OmapabiH OeTTiK
ayJlaHbl YIIKEH JKOHE Cy MeJIIepi )Korapel. Kenem-
IiK KaTBIHACKI, zona pellucida, xefine xeTinMereH
OOIMTTI KOpIIAIl TYPFAaH KYyMYJYCTBIK JKacymiaiap
Cy MEH KpHOIIPOTEKTOPIapbIH JKacylia MeMOpaHa-
ChIHA €HyiHE KeJepri jkKacarll, )Kacymiana My3 KpHuc-
TaJJIapPbIHBIH TY311yiHe OalIaHbICTBI OOLUTTEPAIH
KPUOKOHCEPBAIMSCHIH KHBIH/IATaIbl, MEMOpaHaap
MEH JKaCyIIailIiiK OpraHOUATAPABI 3aKbIMIAHIbI.
OHbIH YCTiHE, ONapJblH OOIUIa3MachlHla OpHa-
JacKaH JMIHUATIK TaMIObUIAPJABIH €9Yip MeJmepi
KPUOKOHCEPBAIIUSUIAYFa Ce3IMTANIBIKTI PTTHIPYHI
MYMKiH [49, 50]. ATtanraH KUbIHIbIKTapFa Kapamac-
TaH OOIMTTEPJIiH KPHOOAHKIH Kypy Kasipri keszie
MaHbI3/Ibl TAKBIPBIT. OOIUTTEP MEH SMOPHOHIAP BT
KPUOKOHCEpBalUsIay Ke3iH/e Jie eKi My3aaTy oi-
CiH maiinanananel: 6asy My3/aaTy >koHE BUTpH(UKa-
UsIIay.

Wt oonmtTepi AMaMeTpi xKoHE UTOIIA3MAIbIK
JMMUATEPIIH KOFApFBl MOJIIIEpi OOMBIHIIA IIOLIKA
oonutTepine ykcac. Coir ceOenTeH IIOITKA OOIHT-
TEPiH KPUOKOHCEpBAIMsUIAy YIIIH KOJIIaHbUIAThIH
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WTTepnid TYKBIMBIH CaKTall Kally YIIiH OJap/blH TepMOILIa3MachlH KPHOKOHCEpBAIHSIAY diCTepiHe e0H M0y

9JIIC UT OOLUTTEPIHE J€ KapaMIbl OOJYbl MYMKIH.
UtTepnin KyMyiryC OOIUT KOMILIEKCI aHAIBIK 0e3-
nepaeH Oeminin ansiaFad coH JJMCO (DAP213)
KOCBUIFAH ~epITIHIIAE KpUONMpOOMpKana Heme-
ce stwieHrKob (E30S) kochUIFaH epiTiHIiae
KPHOTOI IUIACTUHKACHIHJA BUTpHUDUKAIMSIIAFAaHIa
epITUITeHHEH KeHiH eKi dJIiCTiH apackiHna Mopgho-
JIOTHSUTBIK, albpIpMammbUIbIK, (59%—62%) Oatikanma-
FaH [51]. XKeTiiMereH UT OOLMTTEPiHIH IIUTOIIA3-
MaJIbIK MEMOpaHACBIHBIH TYTacThIFbIH 44% [52]
CcaKkTail OTBIPBHINT BUTPU(DHUKAIUIAN, COMAH KEHiH
MeHO03/1bl KalTa jKaHapTy apKbUIbI OOLUTTEP/II Me-
tadaza Il ke3eHiHe AeiiiH AaMbITyFa Oonaasl [53].
OMOprOHIapabl KPHUOKOHCEpBaNUsiIay >KOHE
oNapAbl apThIHIIA TPAaHCIUIAHTALUSIIAY aybUIIIa-
PYalIbUIBIK, XaHyapJiapblH KoOeHTyre xoHe anam-
JIapabelH OeNeyJiriH eMzeyre YIKeH YJeC KOCTEHI.
Anaiina uT SMOPHOHAAPBIH KPHOKOHCEpBAIHsIAY
OolibIHIIIA 3epTTeyiep a3 KYPri3iial ®KoHe oJapabl
ToXipuOuene KOJmaHy TYCIHIKCI3 OONBIN KalIbl
[54, 55]. My3naTeuiFran SMOpUOHAAPAAH UTTEP/IIH
QJFAIlIKbl YPIIAKTApPBIHBIH Taiga OOJybl Typasbl
2011 xwutel [54], am dKCTPaKOPIOPaIbIi YPBIK-
TaHJIBIPY HOTHIKECIHJC ajbIHFaH ypIiaKrap Typa-
asl 3eprreynep 2015 xputsl [17] xapuananasl. An
agamMaapaslH eH OipiHII TpoOWpKamaH ajdbIHFaH
OaylaHbIH JIYHHEre Kelyl *aiibl akmapatr 40 xbul
OypbIH >KapusulaHFaH OonaTbiH. WTTepaiH 3uro-
Tajgapel MeH sMOpumoHmapeiH E30S epitiHmicinme
BuTpudukanusiarasga onapabiH 80% ken Oesiri
1 sxacymanbl Ke3eHHEH MOpYJFa ACHiH KaJbIITHI
MOP(OJIOTUICHH KOPCETKEeH. AJaiiia, KpHOKOHCEp-
BallUsUUTAHFaH OJlacTOIMCTaIap/bl CPITKCHHEH Ke-
HiH KeNIIUIriHae MOP(OIOTHSIIBIK 3aKbIMAaHyIap
Oaitkamrad. Mop(OJOTHSIBIK TYPFBIAAH KaJIBIIT-
TBI AMOPHOHAAPBIH OMIPIIEHIT HIH KOPCeTKIli
1-16 xacymana 90-100%, mopynana 50% sxone
bacrommcranga 40% xepcerkeH. Vmrutantanus aji-
JIBIHIAFbl UTTEPIH 3MOPHOHAAPBIHBIH auddepeH-
LUSIIMACHL OJIApABIH BUTpUGHUKALMsIAY Ke3iHIeTi
cesiMTanaeIFeIHa ocep ereni. CoOHBIMEH KaTap, UT
OOIUTEPI/SIMOPUOHIAPBIHBIH ~ KPUOKOHCEPBAI[HSI-
Jay Ke3iHJeri Ce3IMTaJABIFBIHBIH JKOFapblIaybl
OJIApJIBIH IIUTOIIA3MACHIH/IAFbl JIMIUAATEPAIH KOl
Medepae 0oirybiHa OalIaHBICTBI OOyl MYMKIH.
OnapaplH ~ KpUOKOHCEpBalMsIIayFa  TO3IMALTITIH
apTTHIPY YIIiH JUMUATEPAIH MOJIIepiH a3alTy Ke-
pek. Ozipiie MYHJai TEXHOJOTHS 3epTTeIMEreH.
En Oipinmii xxapusiianFan 3epTTeye CYWBbIK a30TTa
cakTairaH 4 jkacymaisl MOpyJa JIeHreHiHae cak-
TanFaH 77 BUTpU(UKAIVMIAHFAH SMOPUOHIAPIBI
aHaJBIK PEUMIUCHTEpre TpaHCIUIaHTAlMsIIaFaHa
Oeceyi Oya3 Oosrran. OmapaplH TepTeyi 7 KYIIiK
tyFaH (9,1%) [53]. An, 8-neH 16-Fa neitinri xacy-
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HIaJbIK JJaMy Ke3eHiHzeri SMOpHOHIapIbl TPaHCII-
nmaHTanusIaragaa wotmwke 15,9% (7/44) wepcer-
keH [55]. En Oipinmi my3naTbuiFaH SMOpHOHHAH
aJbIHFaH UTTIH KYLIiKTepi 4 Kacymanbl Ke3eHiHIe
BuTpuduKanmsuianFad 19 sMOpHOHAApABl XUPYP-
THSJIBIK, )KOJIMEH aHaJIBIK PEIUIEHTKE TPaHCIUIaH-
TalusIaFaHHAH KeWiH abIHFaH [54].
OMOpHOHAApAbl KPUOKOHCEpBANMATAY JKOHE
TpaHCIUIAHTAIMsIIAY OIICTEPiH KYpacThIpy YIIiH
OapIBIK CYTKOPEKTUIepIiH OacTamKel in vivo 3MO-
pHUOHANBI JaMy Ke3eHJIEPiH KaKChl TYCIHY Kepek.
Anaiija penpoayKTUBTI epeKuIeNikTepine Oaiina-
HBICTBI JIaMyJblH OacTamkbl MEXaHU3MAEpPl, SFHU
OOIUTTEPAIH JKETUTyl, YphIKTaHy 0HEe >MOpHO-
reHe3 KeseHuepi Oacka YH >kaHyapiapbIMEH ca-
JIBICTBIPFaH/a UTTEPAC TOJBIK 3EPTTEIMEIeH KOHE
OaxputanOaran. OcbIFaH KapaMacTaH, Oy ©/1iC Kell-
TEreH CYTKOPEKTi KaHyapliapJblH OOIUTTEpPi MEH
SMOPHOHIAPBIH KaThIPyFa KeH KOJIaHbLIA b

3. Ummepoiy dicvinvic Oe30epiniy Yanaiapvlt
KPUOKOHCEPBAYUALAY

PenpoaykTuBTi MeIUIIMHAIA aaMIapIbIH aHa-
TBIK 0€3 YIMacklH KPHOKOHCEPBALUSIIAY apKbLIbI
(GepTUIBALTIKTI caKkTay »akChl HOTHXKeNIep Kop-
cetkeH [17]. bipak uTTepiH aHANBIK, 0€3 YIITachIH
KPHOKOHCEPBAIUSIIAY TYpajbl 3epTTEyJiep OTe a3.

WtTepain ananbIK 63 yIAIachIHBIH COTT1 KPUO-
KOHCEpBAIMACHI WMMYH TaIllIBIIBIFEI Oap THIMI-
KaHJapra MYy3JaThUIbII EPITUIeH aHaJbIK 0e3i
YJINIAaChlH KCEHOTPaHCIUIaHTAlMsUIayiaH OacTalibl
[56]. AHanbIK Oe3 YIIachlH TpaHCIUIAHTAIHSIIAY-
JBIH HETI3T KEeMIIUIri peBacKyJsipu3alusHbIH
Keliryine OalJaHBICTBl WIIEMHSHBIH OCEpiHEH
(homuKyIIapABIH KOUBITYBl MEH aromnTo3 Ypaici-
HIH XKYpyl Oosbin TaObLIaabl [57]. UtTepain ana-
nblK, 0e3 yhnacelH BuTpuukauusiay [58] sxone
KCeHOTpaHCIUIaHTanusay [59] xaitnel OipHerre
3epTTeynep 6ap. byi sepTreynep UTTepAiH aHAIBIK
0e3iH KpUOKOHCEpBalMsJIay YIIiH KCEHOTpPaHII-
nmaHTanusiay kesinge [60] kemrereH (ommmky-
JIap/IbIH KOWBLUTYbIHA KapaMacTaH BUTPUQUKAIIHSI-
Jay SICiH KOJJaHFaH THIMJI Jien kepcerendi [61,
62]. Utrepain aHanmbelK O€3iH BUTpHPHUKAIUAIAY
YIIiH 3PUTPOTOITHH]II KOJJIaHY KCEHOTpaHCILIaH-
TanusIayAal Kelin (QoJTHKYIAapAbIH KOUBUTYbIH
azaiiTkan [62].

Kpuonporekropnap sy >KOFapFbl KOHIIEHTpa-
LUSICBIH  TaiilanaHy OOLMTTepre LUTOTOKCHHIIK
JKOHE OCMOCTHIK, 2P (PEKT JKOJIBIMEH Kepi ocep eTim
3aKbIMIaUTBIHBL Oenrini. KpuonpoTekrop KOCHIH-
JBUIAPBIHBIH,  THIMIUNC  KaHyaplapAbslH —TypiHe
OaitTaHBICTEI OPTYPIIi Oomanbl. COHIBIKTaH OPTYPIIi
KaHyaplapra THIMAI KPUOIPOTEKTOp TYPiH JKOHE
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OHBIH MUHUMaJIBA1 3(PGEKTHBTI KOHLEHTPALUICHIH
3epTTen Tady HETi3ri XaTTamalapisl KypacThIpy
VIIiH eTe MaHbBI3Abl OOJIbIT TaObuIaAbl. MBbICAIbL,
Oasty Mmyszary omicinae 1,3-mpomanamon Kemip-
rimrrepain (Dasyprocta aguti) GonmuKynaapbIHBIH
yAbTpa KYpbUTBICHIH cakTayga JIMCO-mieH cambic-
TBIPFAH/Ia )KaKChl KOPCETKIMI KopceTce [63], an em-
kimep ymrin AMCO kepiciHmie (ouMKyIIapIbH
TYTACTBIFBIH CaKTayJa >KaKChl HOTH)KE KOPCETKECH
[64]. Claudio A. >xoHe OHBIH OpinTecTepi UTTEPAIH
aHaTBIK Oe3iH Oasgy My3maTy dJiciMeH KPHOKOH-
ceppanusiay yuiH JIMCO wmen 1,3-nponasanont
KPHOIPOTEKTOPJIAPbIH  CAIBICTBIPBII  3€PTTETeH-
ne 1,3-mponmanamonra (49%) kaparama JAMCO
KpUOTIPOTEKTOPBIH (65%) KonmaHy My3daTyldaH
KeWiH (OJUTMKYIAAP/ABIH OMIpIIiHIIriHe KaKChI
ocep eTKeHiH XabapmaraH [65]. Kefibip rameimaap
KPHOIPOTEKTOPJIAPIbIH, TOKCHHIUIITIH TOMEHIETY
YIIiH JKacyllara €HOCWTIH CHHTETHKAJBIK IOJH-
Mep — noJuBHHUITHPpoHIoH MeH JIMCO kpuor-
POTEKTOPBIHBIH KOCBHIH/IBICHIH NaianaHy apKbLUIbl
UTTEpJIiH aHaJbIK 0e3 yIrmacslH BUTpUHUKALMsIA-
raH. byn 3eprreyne BuTpudrKanusIaHFaH aHAIBIK
0e3 yimachIHIaFbl POUTMKYIIIAP/IbIH OMIpIICHIITH
3epTTey YIIiH KCEHOTPAHCIUTAHTAIUSIIAY 9/1iCi KOJI-
nmaHbpUTFaH. HoTrokeciHae atanrad eki KpHOIPOTEK-
TOpJIap/bl )KE€KE KOJIIaHFaHHAH, eKeYIHIH KOChUIFaH
KOMOHMHAIMSCBIH TailalaHy THIMII eKeHi Oenrii
OomraH [66].

WtTtepain aHanbIK 0€3 YIINACBIH KPHOKOHCEp-
BalusIay OOWBIHINA JKapUSJIAHFAH 3€PTTEYJICPAiH
HOTWKEIepi Oasgy My3Jary djiciHe KaparaH/ia BUT-
puduKanusay 97ici THIMJII €KeHIH KOPCETTI.

TajakbL1ay

Tipuriiik OpTacklH cakTay TYPJIEPIiH eMip CYpyi
YIIiH oJap/bl KOPFay MEH eCipy/AiH JKalIbl KaObUI-
JTaHFaH TOCLT OONBIN TaOLUTaAbI. Alaiiia, aJaMHBIH
ic-opekeTi OipHele TYpJepaiH CaHBIHBIH, OPTYpIi-
JITiHIH )XOHE TapallybIHBIH TOMEH/ICYiHE OKENTeHIH
eckepy kepek. CHpeK Ke3leceTiH TYKbIMIAp/bIH,
JKOUBLIIBII KETY KayIli TOHTCH TYPJCPAiH KOHE KOM-
MEPUUSIIBIK, KBI3BIFYIIBUIBIK TYIBIPATBIH JKaHyap-
JIap/AbIH TEHETHKAJIBIK MaTepPUANbIH CaKTayFa MyM-
KiHZIK Oepy apKblIbl KPHOOHOIOTHSI peNpOTyKTHUBTI
3epTTeye YIKeH TOHKEpIC jKacaabl Jieyre 00Iaibl.
Baraibl yit s)xaHyapiiapbl MEH CUPEK KE3JIECETiH XKa-
Hyapyap TYpJICPiHIH YpPBIK KacylIaJapblH CaKTay
rameranap KpHOOaHKIH KYPYZIBIH HETi3ri MaKcaThl
Oounbin TaObUTABI. MyHIaH KaHyapiapra TeHETH-
KaJIbIK, KYHIBUIBIFBI )KOFaphl YIITTBHIK, UT TYKbIMIA-
pPBIH N1a >KaTKbI3yFa Oonazapl. broamyaHTypmimikTi
caKTay YIIiH jKayapliapJblH aTalblK KOHE aHAJIBIK

raMeranapbl MeH 3MOPHOHIApPBIH KOIl MeIIIepAae
JKOHE KOTITEreH JOHOpIapAaH airy Kepek [67].
KpuokoHcepBanusiiiay 9AicTepiH Maiganiany
apKBUIBI CIIEPMATO30MATAPbI Y3aK CaKTayFa, ajbIiC
JKepJiepre CTpecci3 TachIMalay apKbUTbI NIBIFBIH-
Jlap/bl a3alTyFa )KOHE CAHUTAPIIBIK [IEKTeY Ke3iH/Ie
Kenepriciz TaceiManaayra oonaasl [68]. Cnepmaro-
30HMITapAbl KPUOKOHCEPBAIMIIAY YIIH IOCTYPIi
MY3lIaTy, OaFbITTalFaH My3/1aTy jkoHe BHUTpH(UKa-
nusuiay onictepi yeeinbanel. Kasipri tTanma Gasty
MY37aTy UTTEpIIiH CHepMaTO30UATAPHIH KPHOKOH-
cepBalysiiay YIOIH KOJAAHBIIATBIH CTaHIAPTTHI
ouic Oonbin TabbuIaABl. Byn ofic y3ak »KBHINO-
panusiay yaxkbITBIH, apHaWbl epiTiIHAUIEpAl KOHE
KYpAET KYPBUIFBIHBI KOKET eTe/li )KOHEe MY3 KpHC-
TaJIapBIHBIH Mai1a 00yblHa OalIaHBICTBI TEMIIE-
paTypasiblK JKOHE OCMOCTBHIK CTPECCTEp TYFBI3HIIM,
Ke0iHece CIepMaTO30MATAPABIH  3aKbIMAATYbIHA
aJIBIN KesteAi. My3 KpucTanapbIHbIH Naiiga 0oTysbl-
HaH 00JaThIH 3aKbIMAAYIIAPAbI OOIIBIPMAY/IBIH Oip
JKOJBI — CIIEPMATO30MITap/Abl BHUTpUUKAIHSIAY
[69], on opTypmi >kaHyapiiapAa >koHE agaMiapAa
Oasty My3/1aty 9jiciHe Oaama peTiHjie 3epTTeNTeH
[69, 70]. KpuonpoTekTopiaapaslH >KOFapFbl KOH-
LEHTPALUSCHIH Mai1a1any apKbUIbl BUTPU(UKALHS-
Jay Ke3iHIe MY3 KpUCTalaphl maifa Ooimaiimbl,
)Kacylla CYHBIKTBIFBIHBIH TYTKBIPJIBIFBIHBIH JKOFa-
phUIaybIHa OaiaHbICTEI MY3/aTy KE3iH/Ae OJ1 OHEK
TOpI3AI KaThIl Kajdaabl. bipak, My3 KpUCTaJImapbl
BUTPU(PHUKALMSITAHFAH KacyIalap/Ibl epiTy Ke3iHe
naiiza 60yl MyMKiH )K0HE KPHOIIPOTEKTOPIAPIbIH
JKOFapFBhl KOHIIEHTPAIUSCHI JKacyIalapFa TOKCHH-
I ocep eTim, TOTBIFYy cTpecciH Tyrbi3anbl. Crep-
MaTO30MATAp KPHONPOTEKTOPJIAPABIH  YKOFAPFbI
KOHIIEHTpaIsChIHA oTe ce3imTan. CrepMaTo30u/-
TapJbl KPUOKOHCEPBALIMSUIAY IbIH HEri3ri Moacereci
MY3/aTy YPAICTEpiHEH TYBIHAAWTHIH 3aKbIMayIap-
IBI OoJaBIpMay OoJBIT TaObUIaABl. KprokoHcepBa-
UsIay 9Jici JKacyIaHbIH METOOOTH3MIIK MpoIiec-
TEpiH TOKTATy apKbUIbI caKkTayFa OarblITTaiFad. by
IPOIIECC JKacyIaapabl Tipi KyHiH/E y3aK yaKbITKa
caKTayFa MYMKIHJIIK Oepce jie My3/1aTy XKoHe epiTy
Ke31HJe TyBIHIANTHIH TeMIIepaTypaHblH TOMEHILY1,
COJIaH KeiiH jKOFaphlIaysl, acipece ~ —15 °C xoHe
—60°C 30HaCBIHIaFbI TEMIIEpATypa apajiblK e3repic-
Tep [71] Kpmo3akbIMIaHyJap TYFBI3BIN, OJIAPJbIH
eJliMiHe aJbIll Kedyi MyMKiH. XKacymanap MeH yiI-
nanap/pl KpHOKOHCEpBaIUsIay Ke3iHle TemIepa-
TypaHbIH KYPT e3repyi (TeMmmepaTypajblK CTpecc-
Tep), KPHOMIPOTEKTOPJIapFa OalIaHBICTHI OCMOCTBIK
HeMece TOKCHH]II CTPecCcTep KOHE HEeTi31HEH TOTBIFY
cTpecciHe OalIaHbICTHI Malia O0NIFaH OeJICeH Il OT-
TET1 TYpIEPiHiH dcepi OJIapIbIH KYPBUTBIMIBIK, KOHE
(YHKIMOHANBIK 3aKbIMIATYbIHA OKEIE/I].
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Temnepamypanvix cmpecc TUNUATEPHiIH (aza-
JIBIK, ©3TepicTepiHe xKoHe MeMOpaHaHBIH (yHKIIHO-
HaJIBJ1 KyWiHiH e3repyiMeH OaiinmanbicThl. Cebebi
MY3/1aTy JKOHE epiTy Ke3iHzue MeMOpaHnaja (hazaibik
OexiHy, AFHM CYWBIK KYHIEH Trenb Topi3mi Kyire
e3repyi Oaiikananel [72]. byn xarnaiina memoOpa-
HaHBIH 3aKbIMIAHYBIH TOMEHAETY YIIiH OipHerie
KajaMaap jkacainraH. Mys3aary epiTiHIiciHe IHK-
JIOJICKCTPUHHIH OPTYPJIi KOHIEHTPALUSUIAPBIH KOCY
apKbUIBI ipi Kapa mannapra [73], OyiBon Oykana-
pbiHa [74], xoitnapra [75], aitFbipiapra [76] sxoHe
kKaOaHapra [77] »acajiFaH 3epTTeyjiepie crepMma-
TO30MTAPbIH MY3AaTy/JaH KEHIHT1 eMIpIICHIIT-
HiH JKakcapraHbl Oalikayiran. KpwmokoHcepBarms-
nay Ke3iHJIe TYBIHJaWTBIH TEMIIePaTypaIIbIK, CTPECC
CIEPMAaTO30MATAPIbIH aKPOCOMACHIH 3aKbIMAANIbI
[78]. byn ciepmaTo3onaTapIbIH OACKIHBIH KOJIeMi-
HiH e3repyiHe anbil Kenenai. basy my3naty KesiH-
Jie CIIePMAaTO30MATapbIHBIH OachIHBIH Killipenyi,
an BuTpudUKanusAiIay Ke3iHJe KepiciHIe YIKeroi
OaiikanraH. TemmepaTypaiblk cTpeccTi OO0JIIbIp-
May YLIiH My34aTy epiTiHAIHIICiHe aKybI3[ap MEH
JKacymiara eHOEHTIH KpHONpPOTEKTOPIIAphIH Koca-
nel. Byn 3aTtap my3naTty KesiHze jKacyllanaplbiH
MeMpOaHACBHIHBIH TYTACTBHIFBIH CaKTayFa OH 9cep
ereni. UTtepain cepmMaTo3onaTapblH KPHOKOHCEP-
BaIMsIayia CYT, )KYMBIPTKAHBIH Capbl YbI3bl KOHE
caxapo3a ui KoJgaHsl1agel. CYT TEeH >KYMBIPTKA
capsl ybI3bl XKacyIlaJaH ThIC MY3 KPHCTaJIAAPbIHBIH
TY31UTyiH OOJIIBIPMAi/Ibl, CIIEPMATO30MATAPIBI KET-
KUTIKTI TYpJe SHEprusMeH KaMTaMachl3 eTelli )KoHe
(hocharteik Oydepain perniH arkapansl. Anaiifa,
Oy 3aTTapibpl KOJIJAaHy MY3IATBUIFaH YPBIKTapbl
XaJbIKapablK, alMacyia Kojjpay Ttanmnaiasl. CoH-
IBIKTAH Caxapo3aHblH OPTYPJl KOHLEHTpalusia-
PBIH TEKCEpreH 3epTreyiiepie UT CIepMaTO30M/I-
TapblH KPUOKOHCEpBauusuiay yuiH oHbliH 0,25 M
KOHIIEHTPAIMCHIH EPITIHITe KOCY JKaKChl HOTHKE
KepceTeTiHl aHbIKTaFaH [47].

My3znaty epiTiHaiciHe KpPHONPOTEKTOPJIAP.IbI
KOCY OJIapJIbIH JKacyllIajiapra eHy KaOineriHe Oaii-
JIAHBICTBI OCMOCHbIK HeMece MOKCUHOL cmpeccmep
TyFbI3agbl. byl crpeccTep My3 KpHUCTalJapbIHBIH
TY3UTyiHIH HOTHXKECIHIEe MYy3IaTbUIMaraH ¢pak-
LUSAIAFbl OCMOCTBIK KbHICBIMFa OaiylaHbICTBI OOJa-
Ibl. MyHIa# cTpeccTi TOMEHAETY YILIiH FalbIMIaap
MY37aTy epiTiHAiIepiHe |pTypii aHTuhpHU3AEpai
KOCY/Ibl YCBIHQ/IBI. AHTU(GPU3IEPl OPTYPIIi MOJISIpP-
JBIK Oenzieyie TIpIIUTK eTeTiH jKaHyapiapAaH He-
Mece CyBIKKa Te31M/Ii eCIMAIKTepAeH OOl anaibl.
MyHpali 3epTTey JKYMBICTaphI ipi Kapa MaJap/IbiH,
KOWJIapIblH JKoHEe OyHBOIIApIbIH CHEPMAaTO30MA-
tapbiH [79, 80, 81] my3naty ke3iHze KOJJaHbUIFaH.
My3naTy TpoIEeCciHIH THIMALIITIH apTThIpy YIIiH
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MY3/aTy KBULIaMJBIFBIH, KPUOIPOTEKTOPIAPIBIH
TYpi MEH KOHIICHTPAIIMUSCHIH JYPhIC TAHJAIT Ty Ke-
pek. UtTepain criepMaTo30UATapbIH KPUOKOHCEP-
BalMsUIAY YIIIH TJIMIEPUH KPHOMPOTEKTOPHIH KUi
kommaHaae! [29, 30, 31]. I'mumepuHHIE OCMOCTBIK,
JKOHE TOKCHHJIIK ocepi 0ap koHe 0acKa KpHUOIPO-
TEKTOpJIapFa KapaFaHjJa CIIEPMaTO30MJ Kacylla-
CBIHBIH MeMOpaHachlHaH OTy KalineTi TemeH [82].
COHJIBIKTaH FalbIMJIap TIUIEPUHIL dTHICHIJINKOIb
KPHONPOTEKTOPBIMEH ~CAJIBICTBIPFAH. DTHIICHTJIH-
KOJIBJIIH MOJICKYJIAJIBIK, Maccachl MIMIIEPUHTE Kapa-
FaHJIa Killli, 0J1 TOKCUHIIJIIKTI TOMEH/ICTIII, )KacyIa-
Fa eHy KabiJjeTiH KorapbliaTybl MyMKiH [29]. Bipak
3eprreydin HoTHXeci 5%, 10% STHIEHIIINKOIB
KOHIICHTPAIMSACHIH Oasty My3/1aTy Ke3iHae KOJJaH-
FaH/1a OJIap/IbIH TIIUIEPUHHEH apTHIKIIBLUIBIFBI KOK,
eKeHIH KOpCeTKeH. OTHIeHTTuKombIiH 10% koH-
HEHTPALHUSICH CIIEPMATO30MTapFa TOKCHUH/I 9cep
eTkeH. JKanmel crepmMaro30uj KacylachblHbIH KY-
PBUIBICHIHBIH JKOHE KBI3METiHIH TYTACTBIFbIHA JTH-
JICHTJIMKOIBIiH 5% KOHIIEHTpAIMAChIHA KaparaH/a
5% rIunepuH KpUOMPOTEKTOPHI KAKCHI OCep eTEeTi-
Hi 6enrimi 6o1as1 [30].

KpuokoHcepBausiiay Ke3iHJE TYBIHIANTHIH
momuley cmpecci criepMaTO30HITapAbl epiTKEHHEH
KEHiH oJIapBIH carmachlHa Tepic 9cep eTETiH MaHbI3-
Iel pakropiapasiH Oipi Oonbin TaObansl. TOTHIFY
cTpecci OTTeriHiH OeJCeH Il TYpJIepiH OHAIpY MEH
OMOJIOTHSUTBIK, XKYHEHIH 0JIapJbl JETOKCHKAIIHSIAY
KaOlJIeTl apachIiHAaFbl JUCOAIAHCTHIH Maiga 0o-
JybIHAH, SFHU TOTBIKTBIPFBINITAD AHTHOKCHUIAHT-
TapaH achlll KeTKeHAE TybIHAaWael. OTTeriHiH
OesncenH i TYpJiepi KPUOKOHCEpBaLUsIay MPOIeIy-
PachIHBIH OapJIbIK, Ke3eHiHAe makaa Oonaapl. Anai-
Jla, OJIap/IbIH IIaMaJIaH ThIC MeJIIepl KOITereH 3a-
KbIMJIaHYJIap TYFbI3aAbl. TaOWFATBIHBIH >KOFAPFBI
peaKkTUBTLNIriHE OalyaHbICTHI oslap 0acka aa MoJie-
KyJIalapMeH OalJIaHbICKIIN, OJIap/Ibl TOTBIKTHIPHIIL,
HOTIDKECIHJIE JKAaCYIIaHBIH KYPBUIBIMIBIK JKOHE
¢$yHKUMOHAIBA1 OY3bIIBICTApbIHA ajbIl Kenei. XKa-
CyIIaHBIH OapIJbIK KOMIIOHEHTTEP1, COHBIMEH KaTap
JTUMAATEP, aKybI3[ap, HYKIEHH KBIIKbUIIAphl MCH
KaHTTap TOTBIFY CTPECCiHIH NOTEHLMAbA1 HbICAHA-
chbI 00JTBITT TaOBUTA Bl CTIepMaTO30MATAPABI KPHIIO-
KOHCEpBalMsuIay Ke3iHAe TOTBIFY CTpEecCiH azalTy
YUIiH OTTeriHiH OeJceHal TypJepiH HeWTpaiusa-
[usTayFa HeMece CTPECCTIH IMaiiaa 60Ty Ke3IepiHiH
JIeHTelliH ToMeHaeTyre 0oasl. MyHal sxarnaiaa
(dbepMeHTTIK, PepMEHTTIK eMec, 6CIMIIK aHTHOKCH-
JAHTTApbIH HEMECE TOTHIKCHI3AH BIPFBIIITAPIbI
naigananyra 0osaasl. DepMEHTTIK aHTHOKCHIAHT-
Tapra CyNEpOKCHIJMCMYyTa3a, Karajasa, TIJIyTa-
THOHIICPOKCHIa3a KOHE TIYTATHOHPEIYKTA3aChl
xKaraabl. A, pEepMEHTTIK eMeC aHTHOKCHIAHTap-



A.C. CeiicenbaeBa xoHe T.0.

ra C xone E Butamuuzepi, temip cynbdartsl, B12
BUTaMUHI, acTakcaHTHH, L-rmyramuH, padduHo3sa,
Tperanosa, TaypuH, HICTEHHMEIATOHUH T.0. KerlTe-
T'eH XUMISUTBIK, 3aTTap *Kataabl. Maja Z. »koHe OHBIH
opinTecTepi UT CMEPMATO30MATAPBIH BUTPHU(PHKA-
[USUTAUTBIH ePITIHAIre aHTHOKCUAAHT peTiHae 1%
COsI JISLIUTUHIH KOCY apKbUIbI )KacaJlFaH 3epTTeyiH-
Jie My3JIaTyJaH KeHiH CIiepMaTo30uTapIbIH eMip-
meHairinig 59% OosiranbiH xabapiiaran. MyHzia
COsI ICHIUTUHI aJIbOYMHH JKOHE KYMBIPTKAHBIH Capbl
YBI3bI CUSIKTBI JKaHyapilap aKybI3bIH aJIMacThIPaThIH
aKybl3 peTiH/Ae KOJJAaHbLIAaIbl. Byl XalblKapasbik
anMacy Ke3iHae mocese Tyrbi30aiapl. bipak Oyn
3epTTeyle CHepMaTo30Mi EpITIHAUIepiHiH TaM-
HIBUTAPBIH 33 MKJI KeJeMiHIe CYHbIK a30TKa 11 cM
OMIKTIKTE TaMIIBUIATHIN, BUTpUHUKALMAIAL, MY3-
JaTbUIFaH TaMIUbUIAPIbl KPUIPOOMPKAFa Calblll,
a30TKa OaTeIpraH. byn CyHBIK a30TTa caKTalaThiH
KeiOip OakTepusulapMeH —CHEepMaTO30UATAP.IBIH
JacTaHyblH TYFBI3bII, YPBIKTAHABIPY KE31HIE HH-
(bexnusIapabIH KYFyblHA bl Kexyi MyMKiH [48].

Utrepne Butpudukanusiay XxaTTaMachlH KOJ-
JlaHa OTBIPHIT YKapHUsITaHFaH 3epTTeyiep ore a3 [40.
44]. ConppIKkTan Oasty My3JIaTy 9ici o1l KyHre Jie-
HiH UT criepMaTO30MATAPBIH KPUOKOHCEpBALHUsIIAY
YILIH KOIl KOJAAHbIIa bl

UtTepnin criepMaTo30MITapbIH KPUOKOHCEPBa-
mysiIay/ia skaHyapiapAblH aKybI3AapbiH Konganoay,
JKacylllara €HeTiH HeMece E€HOEWTIH KPHOIpPOTeK-
TOPJIAP/IBIH ONITHMAJIb/II KOHLIIEHTPAIUSCHIH TaH Al
any, SKBWIMOpanusiay yakbITBIH JYypPBIC aHBIKTAY,
onapIbl My37aTy Ke3iHAe CYHBIK a30TTKa TiKeneu
TaMIIIBUIATATBIH OMICTEP/Il MiAJalaHy Ke3iHJe WH-
(EeKIUAIBIK areHTTEPiH KYFY MYMKIHAITH ecKepy
JKOHE OMIPIICHIITIH TeKcepy KesiHme Mopdoro-
THSJIBIK JKOHE KOBFAIFBIIITHIK KacheTiHeH Oacka
YIIBTPaKYPBUTBIMABIK Oaranay dicTepiH naiganan-
FaH eH Jien ecenteriMi3. COHBIMEH KaTap 3epTrey
Ke3iHJIe allbIHFaH CHepMaTo30UATapIbIH MOpQo-
JIOTHSAJIBIK ©3TePICTepiHIH HOTHXeNepiHe Konaa-
HBUTFaH 0Osly OJiCTepiMEH OHJEY, MHUKPOCKOIITHI
naijagaHy Hemece apHaiibl Oaranay Oargapiiama-
JIapBIHBIH Ocepi e 00Iybl MYMKIiH, 3€pTTey HOTH-
JKeJepiH KOPBITBIHBIIAY Ke3iHe Oyl MoceseHi e
eckepy KaxeT. COHIBIKTaH UT CIIEPMATO30HITaAPbIH
KPHOKOHCEpBALUsIIay OAICTEPiH KEeTUAipy o Jie
3epTTeyl KaXKeT eTeli.

JKanyapnapiblH YpBIKTapblH CaKTay/blH TaFbl
0ip KOJBI OOLUTTEP MEH SMOPHOHIAP/BI KPHOKOH-
cepBanusiay d/ici pernpoayKTUBTI TEXHOIOTUSHBIH
axplpamac Oip Oemiri Gonbin Tadbuianel. Pempo-
JQYKTUBTI TEXHOJOTHSIIAPBl UTTEPre KOJAaHy IbIH
Herisri kemeprici IVM-uen (in vitro maturation)
KeHiHri sketinren oouutrep (sFHu Metadaza I,

MII) maiibI3bIHBIH TOMEH OOJTYBI OOJIBIT TaObLIAIBI.
Kaszipri yakpITKa A€ifiH 3epTTeNTeH CYTKOPEKTI Ka-
HyapJIapMEH CaJIbICThIPFaHa WTTEPIIH OOLHUTTEPI
epekure. Onapza oByJISIMA KbUTbIHA Oip HEMece eKi
peT Kypeni xoHe 0acka CYTKOPEKTi KaHyapiapia
OBYJIsIIIMS Ke3iHge Oeninred oomuttep MII cragus-
ChIHJa OOMaThIH 0OJICca, UTTEP/IC OOLUTTEpP MEH03-
IeIK, OeminynmiH mpodasza | cragusceiHaa Oomael
JKOHE 0J1ap JKYMBIPTKA KoJbiHAa 60-72 carar iriH-
JIe SITTPOJIBIK KeTimy i askTaiasl [83]. OonuTrepain
in vitro *eTUTyiH *aKcapTy MaKcaThIHIa OipHere
3epTTeyJiep JKYprizuiii, amaiiga UT OOLMTTEPiHIH
spontblK, KeTinyi 20% acmazaper [84, 85]. Cyiibik
a30TTa MY3/aThUIFaH JKOHE CaKTajJFaH KPHOKOH-
cepBalMsJIAHFaH THIIIKAH OOIUTTEPIHEH Tipi YpHaK
anbIHFaHbl Typansl 1977 xpuiel xabapianran. Ke-
WIHHCH OONMTEPIiH COTTI KPHOKOHCEPBAIMSICHIHA
CYTKOpeKTiIepaiH Oacka Typiepinae [86], COHbIH
imiHge agamuapnaa aa [87] Kom xkeTkizimmi. Amnaii-
Jla UTTEPHC in Vitro KETIITCH OOIUTTEPICH aJIbIH-
FaH SMOPHOHIAP/BI TPaHCILIAHTAIMSATIAY APKBLIBI
TYBUTFAH KYIIIKTEp Typaibl Xadapijamaiap oK.
Wtrepain oormutTepinin [VM THIMIUTITIHIH ToMeH
OoiyblHa KapamacTaH OOLMUTTEpIi KPHOKOHCEpBa-
LUsUIAYy OIICIH KYpacThIpy *KOUBUIBIN Oapa KaTKaH
WUT TYKBIMJIAPBIHBIH KPUOAHKIH KYypyZa MaHBI3IIBI
Oombin TabbLIaR! [84].

1970 XbUTbl THIIKAHIAPABIH SMOPHOHIAPHIH
COTTI KPHOKOHCEpBAIlMsJIaFaH COTTEH OacTam Oy
TEXHOJIOTHSI KONITETeH CYTKOPEKTI kaHyapiapaa Ke-
HiHeH Tapannsl [88]. backa cyTKopekTi xanyapnap
CUSKTBI UTTEP YIITiH JIe SMOPHOHIAPABI KPHOKOHCEP-
BaIMsIay, OJ1aH KeWiH TpaHCIUIAaHTAIUSIIAY TeHEeTH-
KaJIbIK, pecypcTap/pl ONTUMAIbB/II Tailaany YIIiH
MaHBI3/1b1 00JTBIT caHaaabl. KprokoHcepBamusiiay-
JlaH KeHiH 3MOPHOHAAP/BIH ©MIpIIEHIIriHe acep
eTeTiH (pakTopiapra MbIHAIAP/IBI )KaTKbI3aMbI3: UT-
TiH TYKBIMBI, SMOPHOHAAPABIH 1AMy CaTBICHI, IIIBIFY
Ke3i (in vivo HeMece in Vitro), KpHOKOHCEpBalUsIay
TOCII, KPUOIPOTEKTOPJIAp KOHE IMUTOILIa3Maillli-
JK JIAAATEPIiH Memmepi. UTrepain aMOpruoHma-
pPBIH KPHUOKOHCEpBALUsIAy Ke3iHJe TYbIHJANThIH
€H MaHBI3/IBl MOcesenepliH Oipi muTOoIIa3Ma arsl
JTUTUATEPIAIH Kol Meuepi. JIumuari Tammeuiap
HIOIIKAJIAp MEH CHBIPJIAap/IbIH YMOPHOHIAPBIHIA 12
Oaifkanasel, Oipak UT SMOPUOHAPBIHIAFBI JIUITH-
TepIiH THIFBI3ABIFEI oIeKaiiaa xorapsl [53]. Kim
Y. 5)xoHE OHBIH BPINTECTEPi MNIMIEPHUH KPUOIIPOTEK-
TOPBIH Nalijanany apKbuIbl Oasy My3/aaTy dIiCiMEeH
AT SMOPHOHAAPEIH KPHOKOHCEpBAIMsIaFaH, OipaK
ollap epireHHeH KediH AMOpUOHIAP/bIH eMipIIeH-
JiriH TeKCepMereH oHEe epiTiIreH SMOPHOHAAP b
YpFalllbl-pelUIINEHT WTTEpPre TpaHCIUIAaHTalHsIa-
FaHHaH KeliH yprak anmarat [89]. Kepicinme, Abe
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Y. >)xoHe OHBIH dpinTecTepi UT YMOPHOHIAPBIH BUT-
puduKanusiay apKeUIbl SMOPHOHIApIAH MOpyia
carbicbiHga 50% jkoHE ONacToICcTa CaTHICHIHIA
40% emipmenairine Kon xerkizreH. 2011 Kbubl
Abe Y. j)xoHE OHBIH OpINTeCTEPi KPHOKOHCEPBAIIHS-
JIAHFaH TOPT KacyIllalaH MOPYJIa caThIChIHA JACHIHT1
IMOpHOHIAPB! 9 YPFalIBI-PEUUNUEHTTEPIe XUPYP-
THSUTBIK, €MeC KOJIMEH IMTOCKOIT apKbUIbI TPaHCI-
JMaHTAIMsIAY apKbUlbl 4 PEHUNHEHTTeH 7 KYIIiK
aJIFaHbl Typauisl skapusiiaran [53]. Butpudukanms-
JIaHFaH SMOPHUOHIAP/IbIH TPaHCIUTAHTAIMIIAYFa Je-
HiHT1 AaMybIHa KeAepri KenTipeTiH (akTopiapibiH
asiFpIHA JACUIH AYpBIC 3epTTEIMEreHiHe KapaMacTaH
WUTTepIiH SMOPHUOHIAPBIH KPHUOKOHCEPBAIHIAY
yIIiH BUTpHUKausiay d/ici THiMII OObIN TaObI-
JaJIbl.

WUt MoHOACTpanbai MOMUOBYISAIMSIIBIK May-
CBIMJIBIK €MeC KaHyap TypiHe karaabl. Trepnig
PEenpOAYKTUBTI (DU3MONOTHACH Oacka CYTKOPEKTi
JKaHyapJapIaH aWTapibIKTail epekmmeneHeni UWr-
TEpJiH OOLMUTTEPl aHAJBIK JKbIHBIC OE31HEH YPBIK
KOMIPUIIri caThICBIHAA OBYJISLMSIIAHAIbI )KOHE JKY-
MBIPTKA JKOJIBIH/Ia MEHO3IBIK, KETUTY I asKTaiIbl.
Ocblnaifiiia, WTTEPIiH OOLUTTEPI MEH 3MOPHUOH-
Japel MMIUIAaHTALMSUIaHYFa JCHIH PEnpoOmyKTHBTI
JKOJIJIa KOTI yaKbIT )KyMcaiibl. ATalFaH epeKIIeiK-
TepiHe 0alJIaHBICTBI UTTEPC OOLUTTEPAIH KETUTY1,
YPBIKTaHy jkoHE dMOpHOreHe3 Ke3eHi 6acka CyTKo-
PEKTiIepMEH CalbICTBIPFaH/Ia TOJBIK, 3€PTTEIMETEH.
OMOpHOTeHe3 yaKbIThl, IFHA OBYJISIUSIaH OacTtarl
SMOPHOHIAPBIH, JKaThIPFa HMMIUIAHTALUSIAaHYbIHA
JIEHIHT1 YaKBITHl aHBIKTaIMaraH [90].

Bonamak 3eprreynepae OOIUTTEp MEH SMO-
pHOHAAPIBI KPHOKOHCEpBALMsIay OAICTepiH OfaH
Opl KETIAIPY YIIiH 3MOPHOHAAPABIH /1AMy KbIJI-
JaMJIBIFBIH JKaKCapTy KepeK JKOHE BUTpHU(HKa-
oUsUlay YIIH THICTI SMOpHOHAIBII Ke3eHHAEpiH
3eprTey Kepek. CoHmai-ak YMOPHOHIAPIB TPAHCTI-
JIAHTALMSIAY YIOIH PELUITUECHTTePAIH JIIOTESHH]IIK
ropMmonaapeiablH  (JII') skoFapbutayblHAaH KeHiHT1
KOJIAMIIBI yaKbITThl QYPBIC TaHIAN ajdyIbl 3epTTey
KasKer.

Ananplk 0e3 YyAmachlH KpUOKOHCEpBaLUsIay
aHAIIBIK, KBIHBIC JKACyIIaJapblH KOl MeJIIepie
cakTayra 0OJaThIH, COHBIH iIIIHJE MpemyoepTanbIi
KE3CHJIC OJITCH YKaHyapJap/IblH aHaJbIK jKacyliaja-
PBIH CaKTayIbIH KAIFBI3 JKOJIBI OOJBIN TaObLIAIbI.
Cebe0i, aHanmbplk O€3/iH KOPTHKabIi KadaTbIH-
Jla MbIHJaFaH NPUMOpAHaibIi (ojumkyngap Oap,
oJlap »KaHyap OJTeHHEH KeliH OipHemie carar eTce
Jie OMIPIICHIITIH caKTaipl. By Goumkynmapsl
aJIBIl, KPUOKOHCEpBaUMsuIan, Ooyamakra KCeHOT-
paHcaHTanusayra [91] Hemece dhomMKyIapabI
aHaJbIK Oe3/ieH 06N albll YpbIKTaHyFa KaOineTTi
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OOLMTTEPAl aly MaKcaThIHAA in Vitro ecipyre 0oia-
ne1. OcpuTaiiina, aHabIK, TaMeTaIap sl CaKTay YIIiH
TyTacTall aHaJbIK O€3Jli, OHBIH KBIPTHICTHI OOJIriH
HeMece KeKe OOJiHINM ajblHFaH (QOJUTHKYIIAPIbI
KpHOKOHCEpBAIUsIIAI, TeHOMOHATH KeHEUTyTe 00-
nanel. AHaNBIK 0e3 YIIachlH KPHOKOHCEepBaIHsIay
yLIiH 0asy My3JaTy XKoHe BUTpHUQHKALUSIIAY dic-
TepiH KOJJTaHambl. AHAIBIK O€3 YJIachlH CakTay
KPHOOHOJIOTHSUTBIK, TYPFBIIAaH KHUBIH, ce0edi OHBIH
KYpaMbIHa KOITETeH jKacylla TYpJIepi KoHe apHa-
WBI J)KacyIIIa/IaH ThIC MATPUKC KOMITOHEHTTEPI Kipei
[18]. Anaiina, kpruo3akbiMaaHy (akTijgepiHe Kapa-
MacTaH OChI TEXHOJIOTHSI apKbUIb OPTYPIIl JKaHyap-
JIapFa sKacaliFaH 3epTTeyliepAe ThImKanaapaa [92],
ereykyupeikrapaa [93], kosamapnaa [17], xoitmapaa
[94] xxoHe agamuapna [61] KeTUIreH 0oUTTep MEH
Tipi TYBIIFaH YpHaKTap Typabl JKapHusIaHFaH.

Kazipri Tanzia aHajiblk 0e3 YIImacklHbIH KCEHOT-
PaHCIUIAHTALMSACH! JKOMBUIBII KETY Kaymi TOHTEH
TYpJIep YIIiH CHITaTTaJFaH JKaJFbI3 MYMKIHIIK 0o-
nein Tabbanel. On kebiHece aHANBIK 0e3 yImachl-
HBIH KPHOKOHCEPBALMSICHIMEH OipiKTipiieai >koHe
OCBI YaKbITKA JICHiH ChIHAIFAH OapIIbIK MOJEIbIEP-
JIe epITIINGHHEH KeHiH TPaHCIIAHTAHTTBIH JKOHE
OHBIH ilIiHJE OpHaJlaCKaH MPUMOPAUANbBIl (osm-
KyJIapIblH OMIPIICHIITIHIH >XaKChl CaKTaJFaHBI
Typaiel 3eprreynep 6ap [91, 95].

Bonamakra omi e KeTiNipyni Tamam eTeTiH
ollicTepre TpaHCIUTAHTANMSUIAHFaH aHAIBIK —0e3
YJIMAChIHAAFEl  (POILTHKYIIApABl  aHTpaiblIi  (o-
JUKYJIapFa JAeHiH WHIYKOMsIAy, COHAaH KeWiH
OOIUTTEPAIH JKETiTyl JXOHE DKCTPOKOPIIOpabi
YPBIKTaHBIPY SIICTEPi KaTaIbl.

KopbIThIHABI

JKakpiH apana anamaapiplH ic-9peKeTiHiH ace-
piHEH KeITereH jaHyapiap Typiepi MeH TYKbIM-
Jlapbl JKOWBLIBINT KeTyi MyMKiH. COHJABIKTaH per-
POIYKTHBTI OMOTEXHOJIOTHUSIAFBI JKaHA dJICTEePi
KaJiaii maiijaanyra OOJIaTBIHBIH KapacThIPy KaXKeT.
JKoWbUTBITT KETy KayIi TOHTeH TYpJep MEH TYKbIM-
JApJIbIH COMAaTHKAJIBIK VIIAIapbl Kas3ipri Kes3zie
yiama OaHKTepiHIe cakrainraH. JKOHBUIBII KETKEH
Capra pyrenaica pyrenaica CYTKOPEKTI TYPIiHIH
MY30amblI2aH COMAMUKATBIK JHCACYULALAPBIH KIIOH-
O0ay >KoHE PENPOyKTHBTI TEXHOJOTHIAP/BI Taii-
JlaJlaHy apKbUIbl YpIIaK albIHFaHbI Typalbl JAepeK-
Tep Gap [96].

TyKpIMIapael cakTay OaFmapiamaiiapbl YIIiH
PENPONYKTUBTI 0OacKapy callaChIHIAaFbl JKETICTIK-
Tepre KapaMacTaH jka0aibl kaHyapjap MEH Kell-
TETreH KEePruTiKTi Yi jKaHyapiIapbsl TYKbIMIAPbIHBIH
PEeNpOAYKTUBTI (DU3UOJOTHACHI TOJBIK 3€pTTE-
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METEeH JKOHE MYHIAll >kaHyapiapFa penporlyKTHB-
Ti OHMOTEXHOJOTHA OHICTEPiH KOJJaHYy apKbUIBI
3ePTTENITCH KYMBICTAP/BIH COTTI HOTHXKEIepi ere
a3. Herisri mekreymi ¢akTopiapra TYpiepaiH
PENPOTYKTUBTI OMONIOTHACKHI Typajibl OLTIMHIH Ke-
TICTICYIIUTIriH, aHANBIK TeHETHUKAIBIK MaTepHal-
JapAbl CaKTayJblH CTaHIAPTTHl XaTTamMajlapbIHBIH

0OJIMaybIH JKOHE TYPapaJbIK albIpMAaIIbUIBIKTapAbI
KATKbI3aMBbI3.

Kapxpuianasipy ke3i

Makana KP F)KBM FK nemepi BR21881977
MEMJICKETTIK IPaHThI asChIH/A Ka3bUIAbIL.
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1. CoxpameHus 1 0003HAYEHHS — €CJIU UMEIOTCSL.

v' Aunotauusi o6beMoM He Menee 150 ciioB, He 6osiee 300 CJI0B Ha PYCCKOM, Ka3aXCKOM U aHIVIMICKOM A3BIKAX.
o Crpykrypa anHotanun Bkiarodaet B cebds cnenyrone OBSI3ATEJIbHBIE nyHkThI:

1. BerynuTenbHOE CI0BO O TeME UCCIIEIOBAHMUS.

2. Llenb, OCHOBHBIE HAIIPABIEHUS U UEH HAYYHOTO UCCIIEOBAHMSL.

3. Kparkoe onricanvie Hay4HOH U MPAKTUYECKON 3HAYUMOCTH PabOTHI.

4. Kparkoe onricaHue MeTOJI0JIOTHUH UCCIIEIOBAHUSI.

5. OCHOBHbIE Pe3yJIbTAThI U AHAJIN3, BHIBOJIBI HCCIIEIOBATEIBCKON paOOTHI.

6. LleHHOCTH IPOBEICHHOTO UCCIICIOBaHMS (BHECECHHBIN BKJIA]] TAHHOW paOOThI B COOTBETCTBYIOIIYEO 00JIACTh 3HAHUH ).
7. IlpakTHueckoe 3HaYCHHE UTOTOB PAOOTHI.

v' KioueBble CJI0BA/CJI0BOCOUETAHUST — KOJIMUECTBOM 3-5 Ha PYyCCKOM, Ka3aXCKOM M aHTJIMHCKOM SI3bIKaX.

Hocnedyrowan cmpanuya (nosas):
Beenenue

Marepuajbl 1 MeTobl
Pesynbrarel n O0cyxaenue
3akiT0ueHmne, BHIBOIBI
Baaropapnoctn

Hctoynuk puHAHCHPOBAHUSA
Konduukr narepecos
Jlureparypa

BBeeHue cOCTOUT U3 CIEAYIONMX OCHOBHBIX 2JIEMEHTOB:

v' O6ocHOBaHUE BBIOOPA TEMBI; AKTYaILHOCTH TEMbI HJIH MPOOeMbl. B 060cHOBaHNH BEIGOpA TEMbI HA OCHOBE OTUCAHUS
OTIBITA TIPEIIICCTBCHHUKOB COOOIIACTCS O HAIMYHUHU MPOOJIEMHON CUTYaIUH (OTCYTCTBHUE KAKUX-THOO MCCIICIOBAHUI, OSBICHHE
HOBOTO O0BEKTA U T.J1.). AKTYaJIbHOCTh TEMBbI ONPEICISCTCs OOIMM HHTEPECOM K H3YUCHHOCTHU JIAHHOTO 00BEKTa, HO OTCYTCTBHEM
HMCYEPIBIBAIONINX OTBETOB HA UMEIOLIMECS BOIIPOCHI, OHA JOKA3bIBACTCS TEOPETUYECKON HIIM MPAKTUUYECKOH 3HAYUMOCTHIO TEMBI.

v' B ceKuuu I0/KHBI ObITH OXBayeHbl (DyHAMEHTAILHBIE W HOBBIE TPY/IBI 10 MCCIIEAYEMON TEMATUKE 3apyOekKHBIX aBTOPOB
Ha aHDIUICKOM si3bIKe (He MeHee 15 Tpy/IoB), aHAIU3 JaHHBIX TPYIOB C TOYKH 3PCHHUS MX HAYYHOTO BKIIAJIA, & TAKIKE MPOOEIIBI B HC-
cJIeJIOBaHUH, KOTOpbIe Bl jononHsieTe B CBOeH cTarke.

v Omnpenenenre 00bEKTa, NpeaAMETa, LEJEH, 3a1a4, METOJIOB, MOIX00B, THIIOTE3bl U 3HAYEHUS Balel paboTsl. Llens nccie-
JIOBaHHS CBsI3aHA C JIOKA3aTEIIbCTBOM TE3UCA, TO €CTh MIPEACTABICHUEM MPEIMETA UCCIICIOBAHNSI B U30PAHHOM aBTOPOM aCIICKTe.

Marepunaiabl 1 MeToABI — TOJDKHBI COCTOSTH U3 OITMCAHMS MaTePUAIOB M X0a PAabOTHI, a TAK)KE MOJIHOTO OMHCAHMUS HCIOIb-
30BaHHBIX METOIOB.

v’ XapakTepHuCTHKa WJIH ONMCAHNE MaTepHala UCCIEIOBAHMS BKIIIOYAET €ro TPECTABIECHNE B KAYECTBEHHOM M KOJIMYECTBEH-
HOM OTHOLIEHHH. XapaKTepHUCTUKa MaTepuaia — OAWH U3 (aKTOPOB, ONPEACISIONINN JOCTOBEPHOCTh BHIBOJJOB U METO/IOB HCCIIe-
JIOBaHUSL.

v B 9TOM pasielie OIUCHIBAETCs, Kak mpobiema Oblia n3ydeHa: noapobHas wHdopMaus 6e3 IOBTOPEHHsT paHee OImyOiu-
KOBaHHBIX YCTAQHOBJICHHBIX MPOLEIYD; HCIOIb3yeTCsl HISHTH(HUKAIM 000pyaoBaHus (IIPOrPaMMHOTO 0OeCIedeHHs) U ONHCaHNe
MaTepHaoB, ¢ 00s3aTeJIbHEIM BHECEHUEM HOBU3HBI IIPU UCIIOIb30BaHHN MaTepHAaIoOB U METO/IOB.

Hay4Hast MeTO010THsI TOJDKHA BKJIIOYATh B CEOs:

- ICCIIE/IOBATEINILCKUIT BOIIPOC(-Bl);

- BBIJIBUTAEMYIO THITOTE3Y (TE3HC);

- JTaIbl UCCIIE/IOBAHNS;

- METOJIbI HCCIIE/IOBAHYS

- Pe3yJNIbTaThl UCCIIEJOBAHMS.

HEJZIOITY CTUMO Hanu4ne MHOXECTBa CCHUIOK, HE MMEIOIINX OTHOIICHHUS K paboTe, M HEYMECTHBIE CY>KAEHHS O BaIlINX
COOCTBEHHBIX JJOCTH)KEHHUSIX, CCHUIKH Ha Bamm npeapirymue padoTsl.

AV NN N N NN

Pe3y.m,TaT1,1 u Oﬁcymeﬂne — [IPUBOAUTCA aHAJIU3 U 06Cy)KZ[eHI/Ie TOJIY4YEHHBIX BAMU PE3YJIbTATOB UCCIICAOBAHUS. HpI/IBOZ[ﬂTCSI
BbIBOJY IO IOJYYCHHBIM B XOJAC UCCIECHNOBaHHUS 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 NPEAbITYITUMU pa60TaMI/I HWHOCTPAHHBIX U OT€YETCBCHHBIX aBTOPOB, aHAaJIM3aMU U BbIBOJJaMU.

3akiT0ueHne, BHIBOIBI

O000IICHHEe U TIOJBEJCHUE UTOTOB pabOThl HA JTAHHOM 3Talle; MOATBEPKICHUEC MCTUHHOCTH BBIJIBUTAEMOTO YTBEPXKICHHUS,
BBICKa3aHHOTO aBTOPOM, U 3aKIIFOYCHHE aBTOpa 00 M3MEHCHHWU HAYYHOTO 3HAHUS C YYETOM IONYUYCHHBIX PE3yJbTaTtoB. BEIBOIBI He
JIOJDKHBI OBITh a0CTPAKTHBIMHU, OHH JIOJDKHBI OBITh MCIIONB30BaHBI JIJIsl 0000IICH!US PE3yJIbTaTOB MCCIICAOBAHUS B TOM WM WHOU
HAyYHOU 00aCTH, C OIMMCAHUEM MPETIOKEHHII HITH BO3MOXKHOCTEH JabHEHINEH padoThI.

CrpyKTypa 3aKJII04eHUs I0JIKHA COIePKaTh Cleytolue Bonpochl: KakoBbl 11eu U MeTobl uccieaoBanus? Kakue pesynsrars
nony4eHbl? KakoBbl BEIBOJIBI? KaKkoBBI IEPCHIEKTUBBI M BO3MOKHOCTH BHEJIPECHUSI, IPUMECHEHHS pa3padoTKu?
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KoH(puIMKT HMHTepecoB — >KeJlaTelbHO yKa3aTh MMeEIolmuecs KOH(QIMKTI MHTEPECOB CO CTOPOHBI aBTOPOB M COABTOPOB
KacaTeJIbHO MaTepuajoB cTaTbi. ECIM HET HUKaKUX KOH(IMKTOB K OIMyOIMKOBAaHUIO MAaTEPHANIOB B CTAThe, YKa3aTh, YTO aBTOPHI HE
UMEIOT KOH(IMKTa HHTEPECOB.

BaaropapHoctu — Ilepeuncinte Jrozel, KOTOpbIe OKa3ajiM MOMOLIb BO BpeMs HCCIENOBaHHsA (HampuMep, MPeIoCTaBHIN
MOMOIIIb B IEPEBOJIE, THCHMEHHYIO OMOIIb WIIH TIPEOCTABHIIN MaTepuai/o00pya0BaHue Ui padOoThI U T.11.)

Hcrounuk ¢unancupoBanus — Crexyer ykasaTb B paMKax Kakoro MPOEKTa WM IporpaMMbl OblIa BBIIIOJIHEHA padoTa,
yKa3arb TOJl U HOMEP JI0roBOpa 0 NPOEKTY/IIporpamme.

Jluteparypa

CrHcoK HCTOIb3yeMoil uTeparypsl, win bubnuorpaduueckuii CIUCOK COCTOUT W3 HE MeHee 25 HaMMEHOBAHHUH JIUTepaTyphl
JUIsL €CTECTBEHHOHAYYHBIX M TEXHMYECKHX HAIPAaBICHUH U U3 OOIIEro 4nucia HAMMEHOBAaHMN Ha aHIIIMHCKOM SI3bIKE JOJKHO OBITH
He meHee 50%.

Jli1s eCTeCTBEHHOHAYYHBIX CTaTeH CChUIKM OOPMIISIOTCS B KBaIPATHBIX CKOOKAX C YKa3aHHEM HyMEpalUH [0 Mepe NOSIBIISCHHS
HUTHPYEeMBIX paboT B Tekcte. CTuiib odopmieHus crucka autepatypsl cortacio [OCT 7.1-2003 «bubnunorpaduyeckas 3amuch.
bubnuorpaduueckoe onucanue. O0iue TpeOOBaHus U IpaBUiia COCTaBICHHs» (TpeOoBaHHe K M3IaHHUSIM, BXOSIIUX B MEpeYeHb
KKCOH).

[Hanee cnenyet BTopoii crincok nutepatypsl (References, koTopblif 1o/mkeH OBITH MpegoCTaBlIeH B ApYyroil popMe, TO ecTh —
pomaHH3upoBaHHBIM andasutom (TpaHciutepaiys). References TOJIBKO Te paboTsl, KoTOpble HUTHPYIOTCS B TekcTe. Reference
oopmitsiercs B anaBuTHOM mopsiake!

PoMaHH3MPOBAHHBIN CIIMCOK JINTEPATYPBI JOJDKEH BBIIAJIETh B CIEIYIOLUIEM BUJIE UISl HCTOYHUKOB HAa KUPHILIMIIE: aBTOP(-bI)
(TpancauTepanus) — (rof B KpyIIbIX CKOOKax)—Ha3BaHUE CTAaTbU B TPAHCIUTEPUPOBAHHOM BapHaHTE [[I€peBOJ HA3BAaHMS CTaThbU
Ha aHIVIMHCKMIL S3bIK B KBA/IPATHBIX CKOOKAX ], HA3BaHUE PYCCKOSM3bIYHOTO HCTOYHUKA (TPAHCIUTEPALMS, MO0 aHIINICKOE Ha3BaHUe
— €CJIH €CTb), BHIXOIHBIC JaHHbIE ¢ 0003HAYEHUSAMHU 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 POMaHU3MPOBaHHOTO 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 HEOOX0MMO Y4eCTh:

- IluTHpyroTCs OCHOBHBIC HAay4YHbIE MYOINKAIINH, IEPETOBBIC METOBI HCCIIEI0BaHMS, KOTOPbIC NPUMEHSIOTCS B JIAHHOW 00-
JIACTH HAYKH M HA KOTOPBIX OCHOBaHa paboTa aBTopa.

- U30eraiiTe upe3MEpHBIX CAMOLIMTHPOBAHHM.

- U30eraiite upe3mepHbIX ccblU1oKk Ha myoukannu aBropoB CHI/CCCP, ucnionb3yiite mupoBoii onbiT (Pubmed, Web of Sci-
ence). He ciemyer ccbutaTbest Ha SHLIMKIIONEMH, MOHOTpa(UH, IMCCEPTALNH ¥ MAaTEpPHAIIbI, HA KOTOPBIE HET OOIIEro JI0CTyma.

- bBubnuorpaduueckuii cnucok JODKeH coaepxarh QyHIaMeHTalIbHbIC 1 HanOoJee aKTyalIbHbIE TPY/bI, OITyOIMKOBAHHBIE
U3BECTHBIMH 3apyOeKHBIMH aBTOPAMH M HCCIIEI0BATEISAMHU 110 TEME CTAThH.

Croumocts mydankanuu — 2000 Tenre/cTpanHuia
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

221



MA3M¥HbI — CONTENTS - COAEPXAHUE

1-60AIM Section 1 Pasaen 1
boranuka Botany boranuka

JL.A. KeizmeroBa, A.Jl. Meip3axaH, E.B. Paxumosa, I. CrimaOeKxKbI3b
[IpenBapuTenpHbIil aHHOTUPOBAHHBIN CITUCOK BUIOB MUKO- M TMXEHOOHOTHI MaHIHCTAYCKOM OOMACTH......cveveenreneeneerenreneenenes

Annacyryposa U.)K., AmetoB A.A., Hazapbekosa C.T., Unnnubaesa A.)K., Peickanu T.b., Maunku6aesa C.A.,

Hapmyparosa M. X.

Ine Anaraysr Typren markansianarsl Rosa potentilliflora chrshan. et. m. pop. ke3meceTiH oCiMIiKTep KaybIMAACThIFBIHBIH
(DITOPAITBIK, KYPAMBI ... cueaveatetteteetteutentestetesteseesueeseebeeseestestente s e seebeeh e eh e eb e es b estemtea e et e eb e e bt ebeebees e eatemtea b e b e e bt ebeebeeheeb b estes b e e e ntenaeebeebeebeas

K.A. Daulet, A.B. Kusmangazinov, S.T. Nazarbekova, A.l. Baidauletova
Current distribution of the species Eremurus robustus and E. tiansChaniCus .............ccooivieiieiiinieiieeeeseee e

R.K. Anatoliy, M.S. Kurmanbayeva, D.E. Karabalayeva
Evolutionary development of the genus Populus L. (Salicaceae mirb.) in Western Kazakhstan...........c.coccovveveoiicniiennnincnennne

4-60AiIM Section 4 Pasaen 4
3oonorns Zoology 3oonorus

WN.U. Apudynosa, M.A. YUnpukosa
AHOMa# 03epHBIX JIATYIIEK KoMIutekca Pelophylax ridibundus u3 BomoeMoB pupoaHoro mapka «Pomra 6aymay»
HA TEPPHUTOPHH TOPOIA ATIMATB .....evenvevitenteteteuteteseeteeseuteteseeseeseseesesseseesesteseas ettt et e ese st et et es e et eatebesaesteaentesesaentetentesenaeseebeneesesseneeuens

I'K. Xacenrasuesa, H.I11. MammioB
CpaBHHTEIBHBII aHAMN3 TIMTaHUA Tooro ocMana Gymnodiptychus dybowskii B pexax Illenex u bopoxymsup
(Bamkamckuit 6acceitH, PecyOmIKa KABAXCTAH) ... .c.veieieteitietietiete ettt ettt sttt ettt et et et e b bt et e eaeese e st e st ensentesbesbeeneeneenean

3-60AiM Section 3 Pazaen 3
DKoAOrus Ecology DKoAorus

I''A. Konapb6aesa, 3.M. Ceprasunosa, B.B. JIémun
K Bomnpocy o morepsix Opoma B OYBEHHBIX 00pa3Liax B PE3YJIbTATe JIIHTEIBHOTO XPAHECHIS «...o.veviveneereeeniareneenenaeniaseeenenseseanens

G. Kairanova, A. Mamurova, G. Yeszhanova, A. Rakhymzhan, A. Beyatli
Environmental and Biological Features and Assessment of the Current State of Zygophyllum fabago L. (Zygophyllaceae)
Populations in the Tle-Balkhash REZION..........cicieiiiiiiieieieee ettt ettt tessesseeseesaeseeseensesesensessesseeseenes

Z. Nurakyn, B. Tynybekov, A. Ydyrys, M. Nurtayeva, N. Mamytova, E. Turarova, M. Imanaliyeva
Ecological and geographical features of astragalus Ammodendron (fabaceae) in Kazakhstan............cocccoveoinenicncninienncnccnnns

P.V. Vesselova, G.M. Kudabayeva, D.Sh. Abdildanov, S. Ussen
Influence of disturbance factors on the composition and structure of vegetation in the desert part of the Syrdarya river valley
(KYZYIOTAA TEZION) ...ttt b ettt ekt b et b e ettt e b et ee e et et eb e s e st e b et ea et en e e b e e es e et et ebe st eseanens

5-60AIM Section 5 Pasaena 5
buotexHonorus Biotechnology buotexHonorus

A.C.Kucray6aesa, JI.H.Caiinymnaesa, XK.K.barbikosa, A.A.MamupoBa, Y.K.AxaHoB
Cos pu3ocdepacbiHan 6eiHreH pru300aKTepusIapabiH (ePMEHTATHBTIK KACHETTEePl MEH OCYiH bIHTAIAHABIPY MOTSHIIUAIIBI ...

222



6-66AIM Section 6 Pasaen 6
AAam MeH >kaHyapAap Humans and ®u3nonrorns yeroBeka
cu3znonormscol animalsphysiology M )KMBOTHbIX

A.A. Arystanbay, N.K. Smagulov, G.M. Tykezhanova
Impact of educational process factors on the health of teachers of educational INSHIULIONS ........ccccevuirieiririeineiieieneirceane

N.F. Murotov, N.B. Yuldashev, F.P. Sultanov
Changes in Humoral Immunity Among Individuals with Early-Stage HIV Infection ..o

LlloAay makaAranap Review articles O0630pHbIe CTaTbK

M. Bakytzhanova, K.Kh. Makhmudova, A.U. Tuyakbayeva
International experience of research on plant biodiversity conservation

A.C. Ceiicenbaena, C.E. Oonikepim, A.Jl. Tenecbaepa, I.M. AGbuikacsiMoBa, A.B. [lepdunsea
Wtrepid TYKBIMBIH CaKTAaIl Ky YILIiH OJIapblH repMOIUIa3MachiH KPUOKOHCEPBAIUSIIAY OIICTEPIHE OJEOU MIONY ..................

ABTOPIAPFA APHATFAH AKITAPAT .......euvenrenrireetteureerententetensentesteeseeutestessessessesesseaseeseeuteatessensersessesae st e estebeesteseensensensensesuesueeueereennennenne 194

223



