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COAEPXXAHUE XUMUYECKUX DAEMEHTOB
B 3OAE AUCTBEB TOINMOASA YEPHOTIO (POPULUS NIGRA L))
HA TEPPUTOPUN CEBEPHOT'O KA3AXCTAHA

AKTYaAbHOCTb PaboTbl 06YCAOBAEHA HEOBXOAMMOCTBIO M3YyUeHMS SAEMEHTHOrO COCTaBa 30Abl
AUCTbEB TOMOAS YepHoro (Populus nigra L.) kak camMoro pacnpocTpaHEHHOro BMAA BbICLLEro pacTeHms
Ha M3y4yaemMoMl TEeppUTOPUM U SBAIOLLErocs OMOMHAMKATOPOM OKpy>Kaiollen cpeabl. B cratbe
NPeACTaBAEHbl Pe3yAbTaTbl MCCAEAOBAHMS MO COAEP>KAHMIO XMMUUYECKMX SAEMEHTOB B 30A€ AUCTbEB
TonoAst yepHoro (Populus nigra L.), npouspactaiowero Ha Tepputopumn CesepHoro KasaxcTaHa,
MOAYYEHHbIE METOAOM MHCTPYMEHTAAbHOIO HEMTPOHHO-aKTMBALMOHHOIO aHaAu3a B AabopaTtopum
TOMCKOro MOAMTEXHMYECKOrO YHMBEpcUTETa. B 30Ae AMCTbEB OblAM OMpeAeAeHbl 28 XMMUUECKMX
aAnemeHTOB: Na, Ca, Sc, Cr, Fe, Co, Zn, As, Br, Rb, Sr, Ag, Sb, Cs, Ba, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Hf,
Ta, Au, Th, U. OnpeaeAeHbl CTaTUCTUYECKME MapaMeTPbl COAEPKAHMS XMMUUECKMX SAEMEHTOB B 30A€
AUCTbEB TOMOAS YepHoro (Populus nigra L.) Ha uccaeAyemMon TepprUTOpMK, KOTOPbIE MOKa3aAM, YTO OHM
MMEIOT HOPMaAbHbI U AOTHOPMaAbHbIM 3aKOH pacrpeAeAeHus. 1o pe3yAbTaTaMm KAQCTEPHOIO aHaAM3a
BbIIBAEHO 10 3HaUMMBbIX accoumaumi. bbiIAM MOCTPOEHbl reoXxMmMmMUyeckme psiabl C LIEAbIO BbISIBAEHUS
cneumdUUHbIX  SAEMEHTOB  AAd  AkMoamHckon 1 Cesepo-KasaxcTaHckon o6AacTeit, TaKOBbIMM
anemeHTamu aBagtotca: Cr, U, Sr, Au, Co, Ca, Na, Lu n Zn. A Takue aaemMeHTbl, Kak: Zn, Sr, Ca, Br, As,
Ba, aBAsiioTCS cneumuyUHbIMM OTHOCUTEABHO HOPMUPOBAHUS K AUTEPATYPHbIM MCTOYHMKAM.

KAloueBble CAOBa: XMMUYECKME SAEMEHTbI, GMOMHAMKATOP, 30Aa AUCTbEB TOMOAS YepHoro (Populus
nigra L.), MHCTPYMEHTaAbHbIN HEATPOHHO-aKTUBALMOHHbIN aHaAM3, CeBepHbIl KasaxcTaH.
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R.I. Bersimbaev?, A. Zandybay?, N.A. Baikenov'
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Content of chemical elements in the ash of black poplar (Populus nigra L.)
leaves in the territory of Northern Kazakhstan

The relevance of the work is due to the need to study the elemental composition of ash of black
poplar leaves (Populus nigra L.), as the most widespread species of a higher plant in the study area and
is a bioindicator of the environment. The paper presents studies on the content of chemical elements in
the ash of black poplar (Populus nigra L.) leaves growing on the territory of Northern Kazakhstan, ob-
tained by instrumental neutron activation analysis in the laboratory of the Tomsk Polytechnic University.
In leaf ash, 28 chemical elements were identified: Na, Ca, Sc, Cr, Fe, Co, Zn, As, Br, Rb, Sr, Ag, Sb, Cs,
Ba, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Hf, Ta, Au, Th, U. Statistical parameters of the content of chemical
elements in ash of leaves of black poplar (Populus nigra L.) of the studied territory were determined,
which showed that they have a normal and lognormal distribution law. According to the results of cluster
analysis, 10 significant associations were identified. Geochemical series were built in order to identify
specific elements for the Akmola and North Kazakhstan regions, such elements are: Cr, U, Sr, Au, Co,
Ca, Na, Lu and Zn. And such elements as: Zn, Sr, Ca, Br, As, Ba are specific with respect to standardiza-
tion to literary sources.

Key words: chemical elements, bioindicator, ash of black poplar leaves (Populus nigra L.), instru-
mental neutron activation analysis, Northern Kazakhstan.

4 © 2021 Al-Farabi Kazakh National University


https://orcid.org/0000-0002-4330-8625
https://orcid.org/0000-0003-3729-800X
https://orcid.org/0000-0002-3825-0625
https://orcid.org/0000-0002-9671-1178
https://orcid.org/0000-0001-8485-2988
https://orcid.org/0000-0003-3823-2424
mailto:guliander@bk.ru
mailto:guliander@bk.ru

I'.E. baiikenoBa u ap.

I'.E. barikeHoa'", H.B. bapaHoBckas?, A.A. Kakabaes’,
P.U. Bepcimbaes?, A. 3aHabi6ait®, H.A. baikeHoB'
'LL. YaanxaHoB aTbiHaarbl KekweTtay yHuBepcuteTi, KasakcraH, KekweTay K.
2ToMCK MOAUTEXHUKAABIK, yHMBEpcuTeTi, Peceit, Tomck K.
3A.H. TymmnaeB atbiHaaFbl Eypasung yaTTbiK, yHuBepcuTeTi, KasakcraH, Hyp-CyATtaH K.
*e-mail: guliander@bk.ru

Coatycrik KasakcTaH aymarbiHAarbl kKapa Tepek (Populus nigra L.)
)KanbIpaKTapbIHbIH, KYAIHAETT XMMUSIABIK, IAEMEHTTEPAiH, Kypambl

7KYMBICTbIH, ©3€eKTIAIr 3epTTeAeTiH aymMakTa >OFapbl OCIMAIKTIH €H, Kemn TapaAfaH Typi aHe
KOpLUaraH opTaHblH, GMOMHAMKATOPbI PETIHAE Kapa Tepek >KarblpakTapbl KyAiHiH, (Populus nigra L.)
IAEMEHTTIK KypamblH 3epTTey KaxkeTTiAirimeH 6arAarbicTbl. COATYCTIK KasakcTaH aymarbliHAQ ©CETiH
kapa Ttepek (Populus nigra L.) >kanbipakTapblHbIH KYAIHAETT XUMUSIAbIK, DAEMEHTTEPAIH Kypambl TOMCK
NMOAUTEXHWMKAABIK, YHMBEPCUTETIHIH 3epTXaHacblHAQ MHCTPYMEHTAAAbl HEMTPOHAbI aKTMBALMSIAQY
AHaAM3I BAICIMEH aAblHFaH 3epTTeyAep YCbiHbIAFaH. JKanbipak, KYAIHAE 28 XMMWSABIK, SAEMEHTTep
aHbikTaAabl: Na, Ca, Sc, Cr, Fe, Co, Zn, As, Br, Rb, Sr, Ag, Sb, Cs, Ba, La, Ce, Nd, Sm, EU, Tbh, Yb,
Lu, Hf, Ta, Au, Th, U. 3epTTeaertiH ayMakTbiH Kapa Tepek (Populus nigra L.) >kanbipakTapbl KyAiHAEri
XUMMSIAbIK, SIAEMEHTTEP KYPaMbIHbIH CTaTUCTUKAABIK, MapaMeTpAEpi aHbIKTaAAbl, GYA OAAPAA KAABIMTbI
>KOHE AOFHOPMaAAbI 3aH 6ap ekeHiH kepceTTi. KaacTepAik Taaaay HaTuxeAepi 6oibiHWwa 10 MaHbI3AbI
KaybIMAACTbIK, aHblKTaAAbl. AKMOAa >kaHe COATycTik KasakcraH 0OAbICTapbl yuliH CrneumdmKaAbik,
DAEMEHTTEPAI aHblKTay MakCaTblHAQ TEOXMMMUSIABbIK, KaTapAap cCaAbiHAbl. OA KeAecCi aAeMeHTTep:
Cr, U, Sr, Au, Co, Ca, Na, Lu >xaHe Zn. ©aebun Ke3aepre HopMaAayFa KaTbICTbl KEAECI SAEMEHTTEpP
cneumdmKanblk 6OAbIN caHaraabl; Zn, Sr, Ca, Br, As, Ba.

TyiiH ce3aep: XMMMSIAbIK, SAEMEHTTEP, BMOMHAMKATOP, Kapa TePEeK >arblpakTapblHbiH KyAi (Popu-
lus nigra L.), MHCTPYMEHTaAAbI HEMTPOHABI akTMBaumMsiAay aHaamsi, COATycTik KasakcTaH.

BBenenune

JesTensHOCTS UeNOBEKa HapymaeT OWOreo-
XUMHYECKHE ITUKJIBI MHOTHX 3JIEMEHTOB Ha HaIlei
rianere. K npumepy, BEIOPOCHI pTYTH B pe3yibTaTe
C)KUTaHMS TOIUTUBA, MOOBIYM 30J0Ta W TPOMBIIII-
JICHHBIX TIPOIIECCOB 3arPSA3HAIOT TKAHH KUBOTHBIX B
OTJJAJICHHBIX apKTHUECKUX dKocHcTeMax. Upesmep-
HO€ WCIOJIb30BaHME a30THBIX YAOOpEHUI Ha Celb-
CKOXO3AUCTBEHHBIX YTOAbSX MPUBEIO K PE3KOMY
MOBBIIIEHHIO YPOBHS HUTPATOB B peKaX. A MCIONb-
30BaHHE ATHIMPOBAHHOTO OEH3WHA MPHUBEIIO K yBe-
JIMYEHUIO KOHIIEHTpAlluK CBUHIA B TOPOJICKUX TIO-
yBax [1]. [ToaToMy HEOOXOMUMBI HCCIIEIOBAHHUS IO
M3YYEeHUIO0 XHMHYECKUX DJIEMEHTOB B KOMITOHEHTaX
OKpY’KaroIlel cpebl U MX BIUSHUS Ha 3J0pPOBbE Ha-
CEJICHUSL.

JIns OlIlEHKM COCTOSHMSI OKpY’Karolenl Cpeiibl
UCTIONIB3YIOT BBICIIME PACTCHUS B Ka4yecTBE OMOMH-
JIUKaTOpa, TaK KaKk OHM HAKaIUIMBAaIOT XUMUYECKHUE
3JIEMEHTHl B CBOeil cTpykType. OOHHM W3 TakKuX
pacteHuil sBIsieTcst Tonoib yepHsiid (Populus nigra
L.), KoTOpEIil IMeeT MUPOKYIO Teorpaduio pacipo-
CTpaHEHUs, TaKkeé MHOTUMH YUYEHBIMH OKa3aHO
€ro IpUMEHEHHE B KauecTBe OMOJIOTMYECKOTO HH-
nukaropa [2-5]. JIucThs SIBISAIOTCSI OpraHOM pacTte-
HUH, KOTOpBIE aKKYMYJIUPYIOT TSDKEIbIE METAJUIB U
Yaiie BCEro MPUMEHSIOTCS A OMOMOHHTOPHHIO-
BBIX MCCIIEOBaHUH [6-8]. A MTUCTBS TOMOJS YEPHO-
ro (Populus nigra L.) oTBeyaroT BceM TpeOOBaHUSM,

MPEIbSIBISIEMBIM K TEOXHMHUYECKHM HCCIeI0Ba-
HHASAM, W Ojarojaps aHAaTOMHYECKOMY CTPOCHHIO
KOHIIGHTPUPYIOT 3JIEMEHTHl U3 BO3IyXa U MOYBBI
[9].

MHuorumu 3apy0eXKHBIMH y4€HBIMU ObLT H3YUeH
AJIEMEHTHBIN COCTaB JUCTHEB PA3IMUHBIX PACTCHUIMA
[10-15], B TO BpeMs Kak Ka3axCTaHCKUE U POCCHIi-
CKHE HCCIIeIOBATENN OMyOJIMKOBAI HayYHBIE pa-
OOTHI C HCIIOIB30BAHUEM JIUCTHEB TOMOJIS YEPHOTO
(Populus nigra L.) kak caMmoro pacrnpocTpaHeHHOTO
JPEBECHOTO PACTECHUS, MPOU3PACTAIONIETO Ha Tep-
puropun Kaszaxcrana um Poccun c menpio oneHKH
COCTOSTHHS OKpY’Karoteh cpensl [2, 16-20].

Lenb paboThl — ONpeiCIUTE COEPKAHNE XUMU-
YECKHX 3JIEMEHTOB B 30JI€ JIUCTHEB TOIOJIS YEPHOTO
(Populus nigra L.) va teppuropuu CeBepHoro Ka-
3axcTaHa.

MarepuaJbl 1 MeTOAbI UCCIEA0BAHUI

B kadecTBe 00BeKTa HCCICIOBAHMS HAMU OBLIH
BBIOpaHBI JIHCThs Tomoiss depHoro (Populus nigra
L.), mpouspacraromero Ha tepputopun CeBepHOTO
Kazaxcrana. Mcciemyembplii 0OBEKT OTHOCHTCS K
CEMEMCTBY MBOBBIX M ITPOM3PACTAET HA TEPPUTOPUN
EBpormel, Azuu, Taxke Bcrpeuaercs B CeBepHOM
Adpuxe. Tormonp amantTupyercs B JIOOBIX KIUMa-
TUYECKUX YCIIOBUSIX WM CHOCOOEH MPOTHBOCTOSTH
HEraTHBHOMY BO3JICHCTBHIO OKpY’KaloLlel cpenbl.
KomnuectBo mpo6 nucteeB cocrasiser 21. Otdop
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CozneprxaHie XUMIYECKHUX 3JIEMEHTOB B 30J1€ JINCTheB Tomours yepHoro (Populus nigra 1) ...

npo® mpomsBoamica Ha Tepputopun CeBepHOro
Kazaxcrana (Axmommuckas (10 mpo6) u Cesepo-
Kazaxcranckas (11 mpo6) obnacTu) ¢ KOHIA aBTy-
cta o ceHtsops 2018-2020 r.r. U3 HUXKHEH YacTu
KpOHBI, Ha BbIcoTe 1,6—2 M. MakcuMmanabHOE KOJHU-
YEeCTBO BETOK OBIJIO OXBau€HO CO BCEX CTOPOH TO-
nosis. B mepBUYHOM CBIPOI Macce Bec MpoOkI COCTa-
BuJ cTo rpaMM (10—15 nHuCThEB C OAHOTO TOMONS).

Ha xadenpe reorpadun, 3K0JI0THH U TypU3Ma B
Kokmerayckom ynuBepcutete um. Il Yamuxano-
Ba TMPOBOAWIACH MPOOOIOATOTOBKA HCCIEILyeMO-
ro oowekra. [IpoOsl IMCTEEB TPOCYIIHBAIACH TTPH
KOMHATHOH TeMIIepaType W 3aTeM H3MENbYalliCh.
[Mocne Toro, kKak WM3MENBPYHIM HAa MEJKUE YaCTH,
B3BEIIMBAIHN Ha J1a0OpaTOpHBIX Becax. B myderns-
HOH meun B TeueHue 5 yacoB o3o0isutd mpu 450 °C
cocoboMm cyxoit MuHepanmuzanuu. [lociie o3omeHus
B3BEIIMBAIM HA TEX )K€ BeCax, YTO U B HAYaJie Mpo-
6omonroToBku. JlaHHast mporeAypa mo3Bosnia HaMm
paccuntaTth KO3(QQUIHEHT 030JeHU. 3aTeM Jallb-
HelIe pacueThl MPOBOAMJIMCH HA CYXYIO Maccy
cormacHo TpeboBanmsiM ['OCT 26929-94 [21].

28 XUMUYECKHUX DJIEMCHTOB B 30JI€ JIUCTHEB
tonojist uepHoro (Populus nigra L.). ompenensuu
METOJIOM MHCTPYMEHTAIBLHOT'O HEHTPOHHO-aKTHBA-

nuonHoro aHammza (MHAA) B akkpeauTOBaHHOM
naboparopu TOMCKOTO TIOJIHTEXHUYECKOTO YHH-
Bepcurera. C 1eNbl0 00pa0OTKHA CTaTUCTHYECKUX
JIAaHHBIX MCIIOJIB30BAJIHM MIPOrpaMMHOE OOecTieueHIe
STATISTICA 10. OcHOBHBEIC TTapaMeTpHI, TaKHe,
KaK: CpellHee 3HaueHHE, MUHUMAJILHOEC 3HAYCHUE,
MaKCHMaJbHOEC 3HAYCHWE, CTaHJApTHAs OIHNOKa,
MeJaHa, MOJla, CTaHIapTHOE OTKIIOHEHHE, KO3(-
($ULMEeHT BapHaluy, ObUIH OTpeeIIeHbI IPH CTaTH-
CTHUYECKOI 00paboOTKe TaHHBIX.

Pe3yabTaThl M uX 00Cy:KIeHHE

MeToioM MHCTPYMEHTAIBHOIO HEHTPOHHO-AK-
tuBanmonHoro ananusa (MHAA) onpenensivcey 28
xuMmudeckux sneMmenToB: Na, Ca, Sc, Cr, Fe, Co,
Zn, As, Br, Rb, Sr, Ag, Sb, Cs, Ba, La, Ce, Nd, Sm,
Eu, Tb, Yb, Lu, Hf, Ta, Au, Th, U. Bsuu onpenene-
HBI OCHOBHEBIE TTAPaMETPHI C TOMOIIBI0 TIPOTPaMMBI
STATISTICA 10, xoTopsle moxasajiu, YTO CHEL-
n(rKa 3JIEMECHTHOTO COCTaBa JIUCTHEB TOIIOJIS Yep-
Horo (Populus nigra L.) Ha u3ydaemoii TeppuTOpHH
3aKJII0YaeTCs B TOM, YTO MHOTHE XHMMHUYECKHE dJie-
MEHTHI IMEIOT HEOTHOPOIHBIA XapaKTep pacipee-
nenus (tabmuia 1).

Taéamua 1 — CratucTH4eckue TaHHbIE XMMUYECKHX JJIEMEHTOB B JIUCThX Tomons depHoro (Populus nigra L.) Ha Teppuropun

CesepHoro Kazaxcrana (N=21)
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B cocraBe mucteeB Tomons yepHoro (Populus
nigra L.) cobmtogaercs reoxuMuieckast 3aKOHOMep-
HocTh (3akoHbI Kiapka — Bepuaackoro u Opnmo —
T'apkunca) pacnpeneneHuss Bcex 28 XUMHUYECKHX
aneMeHToB. C TOMOIIEI0 KO3 GHUITHEHTa BapHaITiN
MOYKHO YBUJIETh, HACKOJIBKO OOLITMPHO OTHOCHTEINb-
HO€ pacCEeMBaHUE COJCPKAHWUN XUMHUYECKHX dJe-
MEHTOB B BEIOOpKax B CpaBHEHHH K cpenHeMy. Taxk,
JUTSL TIEPBUYHOM OLIEHKH T€OXUMHUYECKOTO U IKOJIO-
TUYECKOTO COCTOSIHASI PETMOHA MBI PacCMOTPEIH
pa3dbpoc MHHUMAIBHBIX 1 MAaKCUMaIbHBIX 3HAYEHHH
OTHOCUTENBHO cpeaHero. B tabnuue 1| MOKHO yBH-
JI€Th, YTO U3 28 AIIEMEHTOB TOJBKO 5 37IEMEHTOB, Ta-
kux Kak: kanpuuid (18 %), crponnnii (34%), Oapuit
(41%), nanrtan (47%), uepuii (47%), UMEIOT MUHH-
MAaJTbHBIH MTOKa3aTeNb KO3 PUIMEHTa BapUAIIH, TO
€CTb ITOTYMHSIOTCSI 3aKOHY HOPMAIILHOTO pacipeie-

nenusi. EcTb u 3nemMenTsl, O113Kue K HOpMajIbHOMY
pacmpenenenuto: Na, Sc, Fe, Co, Zn, Rb, Sm, Eu,
Yb, Lu, Hf u Th. Xumudeckue 351eMeHTbI, KOTOpPhIC
[IOJYMHEHbI HOPMAJILHOMY 3aKOHY paclpelesieHHs,
BEPOSITHEE BCErO, HOCAT NMPUPOAHBINA Xapakrep. Ta-
kue 3nemeHThl, kak: Cr, Ag, Cs, Nd, Tb, U, umerot
ko3 duuuent Bapuanuu Oonsiue 70%, cpenu Bcex
0c000 Ha ce0si 00pamarT BHUMAHNUE DJIEMEHTHI, Y
KOTOpPBIX KodpduuueHt Bapuauuu Oomnbuie 100%:
As, Br, Sb, Ta u Au. OcoO0eHHO BBIAEIIETCS MBI-
1IbSIK, Y KOTOPOT'O CaMblil BEICOKHUI ITOKA3aTeNb KO-
s¢¢unrenta Bapuanun — 427 %. DnemeHTam, ume-
IOLIMM JIOTHOPMAJIBHOE PpaclpeneieHue, MPHUCYIL
TEXHOTCHHBIA HICTOYHHK MOCTYTIICHUSI.

Hannapie Tabmuier 1 (cpemHee conepikaHUe,
CTaHAapTHAs OMMNOKAa, MUHUMYM H MaKCHMYM) OT-
paXeHbI Ha pUcyHke 1.

5E+05
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5E+03 E}' % E}
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|
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5E-02
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o Mean
[] MeanzSE

Na Sc Fe Zn Br Sr

Sb Ba Ce Sm Tb Lu Ta Th

T Min-Max

Ca Cr Co As Rb Ag Cs La Nd Eu Yb Hf Au U

Pucynok 1 — MHTepBan pa3bpoca 1 cpeiHee CoepiKaHne XUMUUECKUX HIIEMEHTOB
B JHCTHsIX Toroms yepHoro (Populus nigra L.) CeBeproro Kazaxcrana

Ha pucynke 2 npencTaBieHbl pe3yibTaThl Kiia-
CTEpHOTO aHalM3a SJIEMEHTHOTO COCTaBa JIMCTHEB
tonosst uepHoro (Populus nigra L.) Ceseproro Ka-
3axcraHa, KOTOpbIe MMO3BOJIIN HaM BBIICIUTh He-
CKOJIBKO TPYIIN 3HAYMMBIX acCOLUAIMNA 3JIEMEHTOB!

— 30JI0TO-pyOuAMiA

— Te3ui-0pom
TaHTaJ-LIUHK
ypaH-K00aJIbT

CTPOHIUN-KAJIbLINI
— LEpUN-TOPUN-TIAHTAH
HEOJIUM-XPOM
JMOTENUH-UTTepOuii-eBponnii-ra Hui->KeIe-
30-CKaHAuN

— camapuii-Oapwuii

— TepOuii-cepedpo.

Bo3mokHO, 3HauMTENbHAsA CBA3b MEXIY pel-
KO3EMENBHBIMU JJIEMEHTAMU M TOPHEM OTpa)kacT
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BIIMSIHAE POCCHIITHBIX MECTOPOXKICHUH PEIKUX 3e-
MeJib, KOTOPbIE aCCOIUUPOBAHbBI C TUTAH-IIUPKOHH-
€BBIMU NeckaMu. K TakuM OTHOCHUTCS WIBMEHHUT-
IUPKOH-PYTHIOBOE MecTopoxkaeHne OOyxoBckoe,
pacmonoxkeaHoe B CeBepo-Kazaxcranckoit o0ira-

CTU. A Take ClelyeT OTMETUTh CBSI3b PEIKUX U
peaKOo3eMeNbHBIX METAJIOB C XKEJIe30M. DTO CBS-
3aHO C TeM, 4TO HccieayeMas TeppUTOpHUs Haxo-
nuTcs B nojquMetanbHou Koxkmerayckoi pymHon
MIPOBHHIIHH.

Ward's method

1-Pearsonr=0,58

Linkage Distance

1 =

Lo Nl

Au Cs As Zn o Th

Rb Br Ta U Sr Ce La Cr Lu Eu Fe Sm

Nd Sb Yb Hf Sc Ba

| 1
T [

a

Pucynok 2 — JleniporpaMma KOppeJsIIMOHHOM MaTPHIBI TEOXHMHUUECKOTO CIIEKTpa
XHMHYECKHX 3JIEMEHTOB B JINCTHIX TOmoist yepHoro (Populus nigra L.),
npouspacraroniero Ha teppuropun Ceseproro Kasaxcrana

PervonanbpHyl0 TEOXMMHUYECKYIO CIEUUPHUKY
pEeruoHa OTpa)kaeT PacCUNTAHHBIN JJIS KaXKIOH 00-
JIACTH OTHOCHUTEIILHO CPEIIHEr0 10 BHIOOPKE KO-
(bUIIMEeHT KOHIICHTpPAluU (KK). B Cesepo-Kazax-
CTAaHCKOW 0O0JacTH HaKaIUIMBAIOTCA CIICAYIOIINE
anementsl: Tb, Th, Eu, Ag, La, Ba, Nd, Sm, Hf,
Ce, Yb, Fe, Sc, Sr, Ca, Zn, Cr, Na, Co, Lu, Ta, Au,
U, a B AkmoiMHCKO# oOnactu: As, Au, Br, Rb, Sb,
Cs, Co, Cr, U, Na, Ca, Zn, Sr, Lu. I'eoxumuueckuii
pan AxmomuHckoit u CeBepo-KazaxcraHnckoit 00-
nactell mokasal, 4To Crelu(pUIHBIMA 3JIeMEHTaMU
JUIsL IByX oOJacTeil sIBISIIOTCA: 30J10TO, KOOAJbT,
XpOM, ypaH, HATPUH, KaJbLUUN, LUHK, CTPOHUUH U
JIIOTELIUHN.

Cronp oOmMpHOE HAKOIJICHHWE DJIEMEHTOB B
AxmonuHcko# 1 CeBepo-Kazaxcranckoii o0macTsix
00BsICHSIETCA HAaXOXKACHHEM 00enX TeppUTOpUi B
kpynHoii CeBepo-Ka3zaxcTanckoil ypaHOBOpYIHOU
npouHIuu (CKVYPII), koTopas pacmomaraercs
Ha okpamHe Kazaxckoro mmra u 6orara ypaHOBBI-
MU MECTOPOXIEHUSMH THIPOTEPMANbHOTO THUIIA.

Takxe ¥ MHOTHE 30J0TOPYIHBIE MECTOPOKICHUS
00pa30BaIUCh 3a CYET THAPOTEPMANIBHBIX MpPOIEC-
COB, TAKOBBIM SIBJISIETCS U KPYTTHOE MECTOPOXKICHHE
BacunbkoBckoe, JIOKaIM30BaHHOE B AKMOJIHUHCKOM
obnactu. 30J0TOPYIHBIA O0BEKT OTpadaThIBacTCS
OTKPBITBIM CIIOCOOOM. PynHbIe MHHEpabl MecTo-
POXICHUSA: apCEHOMHPHUT, THPHUT, XaIbKOIHPUT,
BUCMYT CaMOPOJIHBIM, BUCMYTHH, MOJHUOJCHUT U
npyrue. Apcenonuput (FeAsS) — rinaBHbI pyAHBIN
MMHEPAJI 30JI0TOPYIHOTO paitoHa, Coiep Kallliid oc-
HOBHYIO Maccy 30J10Ta. Bbicokoe KOHIIEHTpHpOBa-
HUE MBIIIBSIKA U 30JI0Ta B JTUCTHIX TOIOIS YEPHOTO
(Populus nigra L.) B AKMOTHHCKO# 00JaCTH, BO3-
MOXXHO, ABJIACTCA BJIIMAHUEM MCECTOPOKACHUA Ba-
CHITBKOBCKOE.

KonnentpupoBanue peaknx W penKo3eMeib-
HBIX 37ieMeHTOB B CeBepo-Kazaxcranckoit obnactu
B HCCJEIyeMOM KOMIIOHEHTE JKOCHCTEMBI TECHO
CBSI3aHO C HAXOXJCHUEM TEPPUTOPUU B KPYIHOH
YPaHOBOPYIHOM MPOBHUHINH, KOTOPOH XapaKTepHBI
JTAaHHBIE DJIEMEHTHI.
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Cesepo-Kasaxcranckass  obmacte —  Th ,>
Th > Eu >Ag114>La > Ba, > Nd

1,14 1,13 1,08 _Sml,os

1 ,08 Cel 07 bl ,06 Fel 06> Scl 05> Srl 04> Cal 03>

Zn > Cr >Na—C0—Lu—Ta—Au—U>

1,02 1,01
Cs..>Rb . >Sb >Br >As

0 89 0,84 0,84 0,73 0,04
AxMonuHCKas 061acTh — As o~ Au,> Br >
Rb, > Sb ,> Cs, > Co, > Cr1 o Uy, 07> Na
Ca =7Zn=Sr= Lu > Sc, 88> Fe, 87> Cey > Nd =
HfO 83> Yb > Sm() 79> TaO 75 Ba() 75> LaO 73> Eu() 71>
Ago 7 Tho (3> Tb
JIIeMEHTEI, I/IMGIOH.II/IC ko3 pumHMeHT KOH-
LEHTPALUU BBIIIE €AMHUIIBI, BBIICICHBI KUPHBIM
MpPUQPTOM, 3TO TOBOPUT O TOM, YTO AAHHBIE 3JIe-
MEHTHI HAKaIUTMBAIOTCS B JINCTBSX TOTOJS YEPHOTO
(Populus nigra L.) B uccnenyeMbix pernoHax.
C uenbio BBIABICHUS TCOXMMUYECKOHW CIICIH-
NMM3aliA MCCIeAyeMON TePPUTOPHUH MBI TIPOBEIH
HOPMHUPOBAHHUE K JINTEPATyPHBIM UCTOYHHUKAM [22-

24] ¥ TOCTPOUIIU T€OXUMHUYECKHUE PSJIBI:

K Sr56> ASSO 3> Zn19 4> Au17 4> Ag10> Ca -
Ba> Br_> Co, Sb >Na & U~ Rb, —La>
Ce, > Fe Hf Sc > Cr0 0 Ndo’0 > Th0 o
YbO 07> TbO 06> LuO 05> CSO 03> TaO 02

K(pacrur.) Anekceenxko, 2000 6 — As, > Hf, >
Sr.,s> Tag>Se, > Ca, > Sb> Ba, ., >Co, =U,,

Th e Zn = Br > C5009> Ag05> Na > Rb023>
Fe > CeO 04> CrO 02 LaO 02> AuO 012>Nd > SmO 003
Yb0,001> Eu0,0007> TbO 0004> uO 0002

K(pactur.)

K(pactur.) Txamny, 1969 — As, . > Sr75’28 >
Ta>Hf, > Ca, > Sb > Ba, .>Co,,=U, =Th >

2,13 12 12 1,2

an Br S Cs,, 09> Ag, 5> Na, >Rb,>Fe > Ce 04>
Cr0,02: La() 02> AuO 012 Nd0,01> S1’1,10,003> YbO 001
1:""110,0007> Tb0,0004> LuO,OOOZ

K(pactutr.) Mapkeprt, 1992 As, > Th,>

Co > Na“2> U,> Sr > Ta,> Sc e Br346>

Zn178> Ca > Fe145> Au > La > Eu875> Sm, >
Ce>Lu >Yb >Nd>Ba >Tb>Hf >Cr >
Ag2 & Sb S Cs,, 95> Rbo’5

HoxasaTenL IUTsE HOOC(Eephl HCIOIB30BAIA B
KadecTBe 3HaueHUH Kirapka (Kk) [25]. I'eoxummae-
CKHE Ps/IbI ITOKA3alld BHICOKOE KOHIIEHTPUPOBAHUE
CTPOHIIMSI U MBIIIbSKA Ha U3Y4aeMOH TEPPUTOPHH.
Ocobenno oTnuJaroTcs manable b. Mapkepra. Bee
3JIEMEHTHI, KpOMe Lie3us U pyounus, nokasanu Kk
Oonbiie equHUIBI. BeposTHee Bcero, mokasaTtenu
JMAHHOTO aBTOpa TMPHUBEACHBI MJIS EBPOIEHCKOTro

pEerroHa, KOTOPOMY HE XapaKTepHBI CTOJb BBICO-
KHe KOHIEHTPAIMN N3yJaeMbIX 3JeMeHToB. Crienu-
¢uaneiMu 21emenTamu it CeBepHoro Kazaxcrana
OTHOCHTEIIbHO HOPMHUPOBaHHSA K JIHUTEPATypHBIM
HCTOYHUKAM SIBIISTIOTCS  CIIEAYIOIIAE 3JIEMEHTHI:
CTPOHIM, MBILIBSIK, IUHK, KaIbLUH, Oapuii 1 O6pom.
Hannume naHHBIX SJIEMEHTOB CBS3aHO C YHHKAb-
HBIMHU MOJIMMETATEHBIMI OCOOCHHOCTSIMH T€OJIOTH-
YECKOTO CTPOCHUS TEPPUTOPHUH.

BriBoabI

[To pe3ynbraTam aHaaM3a XUMUYECKHUX dIIEMEH-
TOB B JUCTBsIX Tomojist yepHoro (Populus nigra L.)
Ha Tepputopun CeBepHoro Kazaxcrana MoxHO cre-
JaTh CIEIYIOIINE BBIBOIBIL:

ConmeprkaHne W3YYEeHHBIX DIIEMEHTOB B 30II€
JUCTBEB HCCIEAYEMOTO pETHOHA TOAYUHSETCS
HOPMaJTPHOMY U JIOTHOPMAaJIbHOMY 3aKOHY pacripe-
JIEJICHUSI.

KrnacTtepHslii aHanu3 BBIABUI AECATh 3HAUMMBIX
aCCOIMAIMI AJIEeMEHTOB: 30JI0TO-PYOUANHA, Ie3Uii-
OpoM, TaHTaJN-IMHK, YypaH-KOOaJbT, CTPOHIUII-
Kanpluil, uepuii-topuii-nantad, Heogum-xpowm,
TIOTENUH-UTTEpOuii-eBponnii-rah Ui -k ere30-
CKaH/Wii, camapuii-0apuii, Tepouii-cepedpo.

BrisBneno, uto ana AxkmonuHckodt u Cesepo-
Kazaxcranckoit obOmacreit CeepHoro Kazaxcra-
Ha CCHU(QUYHBIMH 3JEMEHTaMH SIBISIOTCS: XPOM,
ypaH, CTPOHLMH, 30J10TO, KOOANbT, KalbLWM, Ha-
TPUH, JIOTEUHI U IIUHK.

OTHOCUTENFHO HOPMHUPOBAaHUS K JHUTEpaTyp-
HBIM UCTOYHHMKAM CIIEUU(PUIHBIMH IS H3y4aeMOro
pEernoHa SBISIOTCS CIEAYIONINE DJIEMEHTHI: IIHHK,
CTPOHIUM, KAIBIUI, OpPOM, MBIIIBSIK, Oapuii.

Hcxons w3 BHINIEU3IOKEHHOTO MarepHala,
MOXKHO CJIeNIaTh BBIBOJ O TOM, YTO Ha COJEp)KaHHE
XUMHUYECKUX DJIEMEHTOB B JIUCTHSIX TOMOJIS YEPHOTO
(Populus nigra L.) va tepputopun Ceeproro Ka-
3axXCTaHa BIMSAET B OOJbIIEH CTENEHN TPUPOTHBIN 1
B MEHbIIICH CTCIICHU TEXHOTCHHBIN (PakTop.

KoHdumKT nHTEpecoB
Bce aBTOpBI NpounTaNy U 03HAKOMIIEHBI C CO-

ACPKAaHUEM CTaTb U HE UMCIOT KOH(l)J'II/IKTa HUHTC-
pecoB.
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DYNAMICS OF HYDROCHEMICAL INDICATORS
AND WATER QUALITY OF LAKE MALOE CHABACHYE

Pollution and drainage of surface waters is a global and national environmental problem. This ar-
ticle presents the results of the dynamics of hydrophysical, hydrochemical indicators and water quality
in Lake Maloe Chabachye of the State National Natural Park “Burabay” by seasons for 2016-2020. The
dynamics of the content of biogenic elements and heavy metals; degree and chemistry of salinity, as
well as pollution index and water quality class have been studied. The research results have showed
that in term of water smell, color, pH, content of dissolved oxygen, biochemical oxygen demand and
general iron, the water in the lake corresponds to the maximum permitted concentration.The chemical
oxygen demand, mineralization degree, the content of ammonium ions, fluorides, chlorides, sulfates,
manganese, copper and zinc exceeds the maximum permitted concentration. Seasonal dynamics analy-
sis showed darkening of water color in spring. Dissolved oxygen content in winter and spring exceeded
the norm by 2.8 and 2.4 times; in summer and autumn — 2 and 2.1 times. Chemical oxygen demand
in winter and summer periods exceeded the norm by 6.6 and 6.7 times; in spring and autumn — by 4.9
and 4.4 times. There was a decrease in fluoride content in spring and autumn. In winter and summer the
water was salty; in spring and autumn it was brackish. Dangerous water pollution with copper cations
was evaluated in spring and autumn. An excess of zinc content was noted in September. According to
the pollution index (1.1-1.2), the water in the lake corresponds to the 3 class of pollution. According
to the Unified Quality Classification, the water in the lake belongs to the 4®class (in terms of biochemi-
cal and chemical oxygen demand, the content of copper, manganese, zinc and iron —the 1¢class; am-
monium —the 2Mclass; sulfates —the 4t"class; magnesium, mineralization, fluorides and chlorides —the
5tclass of pollution).

Key words: lake, hydrophysics, hydrochemics, mineralization, pollution.
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Kiwi LL1a6akTbl KOAIHIH, TMAPOXUMMUSIABIK, KOPCETKiLUTEepi
MEH CYy canacblHbIH, AMHAMMKACDI

)Kep yCTi CyAapbiHbIH AaCTaHybl MeH Kypfaybl — >KahaHAbIK >KOHE YATTbIK, 3KOAOTMSAbIK,
maceAae. bya makanapa «bypaban» MEMAEKETTIK YATTbIK Tabuem napkiHid Kiwi LLIabakTbl KOAiHiH
TMAPOMU3MKAABIK, TMAPOXMMMSIAbIK, KACMETTEPI MEH Cy camnacbiHblH 6ec >KbIAAbIK, (2016-2020 >K.)
AVHAMUKACbIHbIH 3epTTey HOTUXEeAepi KOpCeTiAreH. buoreHai aAeMeHTTep MeH ayblp MeTaAAap
KYPaMbIHbIH AMHAMMKACbl; TY3AbIAbIK, ABPEXECi MEH XMMMSCbI, COHAAM-AK, AACTaHy MHAEKCI MeH Cy
cara KAacbl 3epTTeAAi. 3epTTey HoTMXKeAepi CYAbIH, Uici, Tyci, pH, epireH oTTeriHiH Kypambl, OTTeri MeH
TEMIPAIH BMOXMMUSIABIK, LLIbIFbIHbI GOMbIHLIA KOAAETT CYAbIH LUEKTI PYKCAT €TIATEH MOALLEPIHE CoMKec
KeAeTiHiH kepceTTi. OTTeriHiH, XMMMAABIK, LWbIFbIHbI, MUHEPAAAAHY ABPEXEeCi, AMMOHUIA MOHAAPbIHbIH,
(PTOPUATEPAIH, XAOPUATEPAIH, CyAbdaTTapAbIH, MapraHeLTiH, MbIC NMeH MbIPbILTbIH MOALLEPi pyKcaT
€TIATeH LUEKTi MOALLEPIHEH aCTbl.

3epTTey >XbIAAAPbIHAA KOKTEM ME3TIAAEPIHAE CYAbIH TYCi KOHbIPAAy OOAFaHbl aHbIKTaAAbl. KbiC
J)KOHE KOKTEMAE CyAa epireH OTTeriHiH MeAlepi HopMaHbl 2,8 >xeHe 2,4 ecere apTTbipAbl; Xa3aa
>KoHe Ky3ae — 2 xxaHe 2,1 ece. XMUMMUSABIK, OTTEri LWbIFbIHbI KbICKbl XX8HE »a3fbl yaKbITTa HOPMaAaH
6,6 >x8He 6,7 ece acbln TYCTi; KOKTEM MeH Ky3ae — 4,9 xaHe 4,4 ecere. KekteM MeH Ky3ae pTop
MOALLEPIHIH TeMeHAEYI GalKaAAbl; KbICbl MEH >Ka3blHAQ CY Ty3Abl, KOKTEM MEH KY3AE Ty3Abl GOAAbI.
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Dynamics of hydrochemical indicators and water quality of lake Maloe Chabachye

CyAbIH MbIC KaTMOHA@PbIMEH KayinTi AaCTaHybl KOKTEM MeH Ky3ae GankasAbl. Kbipkyiek airbiHAQ
MbIPbILL  MOALLEPIHIH >KOFapbiAaybl 6arkasabl. AactaHy uHAekci GonbiHwa (1.1-1.2) keaaeri cy
AACTaHYAbIH 3 KAacblHa ColKkec KeAeAi. bipbiHFan cana >kiktemeci 6oMbIHIIA KOAAET Cy 4-CbIHbINKa
KaTaabl (BUOXMMMSIABIK, )KOHE XUMUSIABIK, OTTEriHIH, LblFbiMbl 6OMbIHLLIA, KypambiHAQ MbIC, MapraHeL,
MbIPbILL XX8HE TeMipAiH MeAllepi — 1-KAaCC; aMMOHWUIA — 2-KAAcC; CyAb(atTap — 4-KAaccC; MarHwi,
MUWHepaAM3aums, PTOp MEH XAOPUATEDP — AACTaHYAbIH 5 KAAcCbiHa AeWiH).

TyiiiH ce3aep: KeA, TMAPODU3MKA, TMAPOXMMUS, MUHEPAAAAHY, AACTaHy.
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AMHaMMKa rMAPOXMMHUYECKMX CBOMCTB M KayeCTBa BOAbI
B 03epe Manoe Yabaube

3arpsi3HeHMEe M UCCYLUEHWE TOBEPXHOCTHbIX BOA SBASIOTCS TAOOAAbHOM U HaUMOHAAbHOM
aKoAOrMyeckon npobaemMoin. B aAaHHOM cTaTbe MPUMBOASATCS PE3yAbTaTbl MCCAEAOBAHWMS AMHAMMKM
rMAPOU3NUECKNX, TUAPOXMMMYECKMX CBOMCTB M KadyecTBa BOAbl B o03epe Manoe YYabaube
[0CYAQPCTBEHHOMO HaLMOHAABHOIO MPUPOAHOro napka «bypabait» no cesoHam 3a 2016-2020 roab.
M3yueHbl AMHaMMKA COAEP>KAHUS BMOTrEHHbIX IAEMEHTOB, TSXKEAbIX METAAAOB; CTEMeHU XMMM3Ma
3aCOAEHMS, a TakXe MHAEKCa 3arps3HeHMs M KAacca KavecTBa BOAbl. Pe3yAbTaTbl MCCAEAOBaAHMA
rnokasaAu, 4To o 3anaxy, usety, pH, coaep>kaHWIO pPacTBOPEHHOrO KMCAOPOAQ, OGUMOXMMMUYECKOMY
NMoTpebAEHMIO KMCAOPOAQ M >KEeAe3a BOAA B 03epe COOTBETCTBYET TPEAEAbHO AOMYCTUMOMN
KOHUEHTpauuu. o XMMMUECKOMY NMOTPEOAEHMIO KMCAOPOAQ, CTEMEHU MUHEPAAM3ALIMM, COAEPIKAHMIO
MOHOB aMMOHM4, (HTOPUAOB, XAOPUAOB, CYAbDaTOB, MapraHLa, MEAM U LIMHKA — NMPEBbILLIAET NPeAEAbHO
AOMYCTUMbI€E KOHLEHTPALMK. 32 FOAbl UICCAEAOBaHWUS YCTaHOBAEHO NOTEMHEHME LIBETA BOAbI B BECEHHEE
Bpems. Coaep>kaHWe paCTBOPEHHOIO KMCAOPOAA B BOAE 3MMOI M BECHOM MPEBBILLAAO HOPMY B 2,8 1
2,4 pasa; AeTOM 1 0CeHblo — B 2 1 2,1 pasa. Xummueckoe notpebAeHUe KUCAOPOAA B 3UMHUI 1 AETHUIA
nepuoAbl NPEBbILLAAO HOPMY B 6,6 1 6,7 pa3a; BeCHOM M oceHblo — B 4,9 1 4,4 pa3a. OTMeyaroch
CHMXKEHME CoAepyKaHMs (DTOPUAOB BECHOM M OCEHbIO. 3UMOI U AETOM BOAQ OblAa COAEHOM, BECHOM U
0CeHbI0 — COAOHOBaTON. OnacHoe 3arpsisHeHe BOAbI KaTMOHaMM MEAM HABAIOAAAOCH BECHOM 1 OCEHbIO.
OTMeYeHO NMpeBbILIEHUE COAEPXKaHMS LMHKA B CeHT6pe mecsue. Mo nHaekcy 3arpssHenus (1,1-1,2)
BOAQ B O3epe COOTBETCTBYeT 3 Kaaccy 3arpsidHeHnsa. CoraacHo EAMHONM Kaaccudmkaumm KayecTsa,
BOAQ B 03epe OTHOCUTCS K 4 KAACCy (Mo GMOXMMMUYECKOMY M XMMMYECKOMY MOTPEOAEHUIO KMCAOPOA],
COAEPXKAHMIO MEAM, MapraHua, LUMHKa M »KeAe3a — 1 KAACCy; aMMOHMS — 2 KAaccy; cyAbdartos — 4
KAQCCY; MarHus, MMHepaAm3aumm, (GTOpUAOB M XAOPUAOB — K 5 KAACCy 3arpsa3HeHus).

KAtoueBble cAroBa: 03epo, rmApom3nKa, TMMAPOXMMUS, MUMHEPAAM3ALINS, 3arpa3HEHMe.

Introduction

The global environmental problems also include
pollution and dehydration of surface waters, which
poses a threat to the environment [ 1, 2]. In particular,
it causes the problem of providing the population
with high-quality water for drinking, recreational
and household needs. This problem is both global
and national; it exists even in economically
developed countries [3]. Among the post-Soviet
states, Kazakhstan belongs to the republic with the
lowest water supply. According to official data, the
water deficit in Kazakhstan by 2030 will be 40% of
the demand [4].

In connection with the global manifestation of
water shortage and pollution, the problem of rational
use, protection and restoration of lake resources
is of particular importance. The lakes of Northern
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Kazakhstan are not only an important part of the
hydrological system of the region, but also a source
of fresh water, recreation areas, as well as a habitat
for waterfowl and fish [5, 6].

One of the most important indicators of water
quality is the hydrochemical composition of
surface waters, which determines their geochemical
background, natural and climatic conditions
and anthropogenic sources of pollution [7].The
anthropogenic impact on surface watercourses is
manifested mainly in changes in the hydrological
regime, flow volume and dynamics of hydrochemical
properties. The ingress of pollutants into lakes
causes changes in the salt composition, an increase
in the content of suspended solids of organic and
inorganic nature in the water, which disrupt the
natural processes of self-purification of the lake,
impairing the vital activity of aquatic organisms [8§].
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The ecological state of the State National
Natural Park “Burabay” (hereinafter — the SNNP
“Burabay”) lakes have been studied by many authors
[9, 10, 11]. According to N.V. Myakishev and
Z.M. Zhumangalievathe park lakes by the degree
of toxic pollution are attributed to the third class
of satisfactory purity with the capacity of “slightly
polluted waters”. Moreover, the authors note that
the quality of water in lakes varies from “polluted”
to “highly polluted” [12]. In the studies of A.T.
Khusainov, S.K. Memeshov, Sh.N. Durmekbayeva
and others according to the pollution index, the
studied lake is also assigned to the 3rd class
“moderately polluted” [13].

In our studies, the hydrophysical and
hydrochemical indicators of the lake are considered
in dynamics over the years and seasons, differing in
meteorological conditions.

The purpose of the research. To study the
dynamics ofhydrophysical, hydrochemicalindicators
and water quality in Lake Maloe Chabachye of the
State National Natural Park “Burabay” for five years
—2016-2020 by seasons.

Lake Maloe Chabachye is located in the north
of the Akmola region, in Burabay region within
the SNNP “Burabay” [14]. The largest lakes of the
SNNP are Lake Borovoe, Bolshoye Chabachye,
Shuchye and Maloye Chabachye (Figure 1).

Figure 1 — Satellite image of the SNNP «Burabay» lakes https://yandex.kz/maps

Materials and research methods

The object of the study is Lake Maloe Chabachye.

The subject of research is the dynamics of
hydrophysical, hydrochemicalindicators, pollution
index and water quality class by years and seasons.

Lake Maloe Chabachye is located near the village
of Akylbay, Burabay region, with the geographic

coordinates of the lake 53 © 04’40 north latitude and
70 °© 08’20 east longitude. The lake is 13.6 km long
and 3.9 km wide. The catchment area is 16.8 km2,
the maximum depth is 15.5 m, the average depth is
4.68 m, the water volume is 0.0799 km3 [15].
Water sampling was carried out monthly. The
following hydrophysical indicators were determined:
the smell of water — organoleptic method according
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to GOST 3351-7; color — by visual determination
according to GOST 31868-2012; turbidity — by
photometric method according to GOST 3351-74
p.5[16, 17].

Hydrochemical indicators were determined in
accordance with GOST 26449. Ph of the medium
was determined by electrometric method. Carbon
dioxide, potassium, sodium, nitrates — by potentio-
metric titration. Dissolved oxygen, dry residue min-
eralization, permanganate oxidizability, hydrocar-
bonates, carbonates, chlorides was determined by
titrometric method. Sulfates, calcium, magnesium,
total hardness — complexometric method; chromium
(IIT) was determined by photocolorimetric method,
nitrites according to M 01 — 46 — 2013 was deter-
mined by fluorimetric method. General iron, zinc,
lead, cadmium, copper, cobalt, manganese, molyb-
denum, nickel, chromium, silver, strontium, beryl-
lium was determined by the method of flameless
atomic absorption spectrometry using the MGA —
915 spectrometer [18].

The index of water pollution belongs to the
category of indicators most often used to assess the
quality of water bodies [19].

The index of water pollution was calculated
using the formula:

1

IWP = —+3% ——,
n MPCi

Ci

where: C, — component concentration; n is the
number of indicators used to calculate the index;
MPC, — the established value of the water body
standard.

To calculate the water pollution index, the
following indicators were used: pH, biochemical
oxygen demand (BOD,), and dissolved oxygen
content.

The quality of surface waters was assessed
according to the “Unified system of classification
of water quality” (hereinafter — the Unified
Classification) and according to the “General
classification of water bodies by the degree of
pollution”.

The studies used data from the observational
network of the National Hydrometeorological
Service (RSE “Kazhydromet”). The results of
scientific research of physical and chemical
indicators for 2016-2020 are analyzed in seasonal
and interannual dynamics.

Research results and discussion

The lake is undrained. The water is clear,
the water surface is open, the shore of the lake is
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pebbly in places, smoothly turning into a sandy
beach. The southern part is mostly rocky. The main
anthropogenic sources of impact are the village of
Akylbay and tourists. Tables 1 and 2 present data
on organoleptic and biogenic indicators of Lake
Maloe Chabachye for 2016-2020 and their seasonal
dynamics.

Water temperature in the lake for 2016 -2020
ranged from 0 to 23.2 ° C, the average annual wa-
ter temperature averaged 7.3-10 © C. There was no
smell of water. The color of the water ranged from 5
to 35 degrees, averaging 10-16 degrees, which does
not exceed the norm (MPC = 0-20 degrees). In 2018
— 2020, there was an increase in the color of the wa-
ter up to 35 degrees in the spring period, the offset
of the ingress of silt fractions with water melts into
the water (Table 1).

In 2016-2018, the pH of the water extract in the
lake was alkaline (8.76-8.96), and in 2019-2020 it
was slightly alkaline (7.76-8.55), but did not exceed
the MPC — 6-9. The positive processes include the
activation of redox reactions due to the high oxygen
content in the water.Thus, the supply of water with
dissolved oxygen was high — 9.2-9.8 mg / I, higher
than the MPC by 2.3-2.4 times (MPC is not less
than 4 mg / 1); biochemical oxygen consumption in
water was 1.1-1.3 mgO, / 1, which is 2.7-2.3 times
lower than the MPC (MPC — 3.0 mg / 1). The high
oxygen content promotes the activation of oxidative
reactions in water: the amount of oxygen consumed
during the chemical oxidation of organic and
inorganic substances contained in water averaged
89.72 mgO2 / 1, which exceeds the MPC by 5.9
times (MPC is not less than 15). The decrease in
the quality of water in the lake is facilitated by the
high content of water-soluble salts, ammonium and
fluorine ions. The degree of mineralization reached
3.4-4.8 mg/ 1, the content of ammonium ions — 0.48-
1.23 mg /1 and fluorides — 10.78-12.50 mg / I, which
is higher than the MPC, respectively, in 3.4-4.8
times (MPC-1 mg / 1), 0.24-0.62 times (MPC-0.5
mg /1) and 8.09-9.38 times (MPC-0.75 mg / 1). The
general iron content exceeded the MPC by 0.015
times (MPC-0.1 mg /).

Seasonal changes of hydrophysical and
hydrochemical parameters were studied by Matta
G., Srivastaya S., Pandey R.R, Saini K.K, 2017. The
authors indicate that higher pH values were recorded
in summer seasons than in winter and rainy seasons,
which is associated with the influx of wastewater. In
Lake Maloe Chabachye, the source of wastewater is
septic tanks of residential buildings, most of which
are not sealed, so they enter water bodies through
groundwater [20].
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Table 1 — Organoleptic, generalized and biogenic elements of MaloeChabache (2016-2020)

Years
Index MPC Actual value
2016 2017 2018 2019 2020
Temperature, 0-21.5% 0-22.2 0-23.2 0-21.6 0-21.5 not normal- 0-21.99
°oC 8,3" 8,64 772 7,32 9,98 ized 8,41
Smell, points 0 0 0 0 0 -2
5-30 5-25 5-35 5-35 5-25 5-30
Color, degree 13 10,41 15,62 15,62 10,41 120 13,01
H value 8,84-9.2 8,78-9.07 8.31-8.90 7.54-8.92 7.72-8.89 69 8,23-9
p 8,96 8,04 8,76 7,76 8,55 8,65
Dissolvedoxy- | 7.75:11.57 | 655-1154 | 718-1205 | 734-1300 | 7241207 | .\ . l’%
gen, mg/ L 9,84 9,46 9,85 9,54 9.21 ’
BOD,, mg 0.66-2.12 0,50-2.78 0,16-2.81 0.42-3.95 0,60-4.71 30 0.47-3.27
0,/L 1,19 1,23 1,07 1,09 1,30 ’ 1,18
32.7-159.8 | 327-159.8 | 32.7-159.8 | 38.4-201.6 27-118 32.7-159.8
COD, mg/L 89,72 89,72 89,72 17,5 86,1 15,0 89,72
Mineraliza- | 2143-5253 | 2143-5253 | 2143-5253 | 3963-5352 324-5154 1000 2143-5253
tion, mg/L 3665 3665 3665 4811 3400 4105
?{iﬁ?‘;ﬁ% 0.55-1.75 0.65-2.95 0.55-1.8 0.59-2.17 0,59-2.17 05 0,59-2.17
- e 0,48 1,23 0,69 0,8 0,8 ’ 0,8
(NH,)
Fluoride, 5.33-12,9 8.78-13 11,1-15,68 9.45-13.4 8,67-13.5 075 8.67-13.7
mg/L 11,13 10,78 12,50 11,54 10,80 g 11,35
Common 0.14-0.16 0.14-0.16 0,14-0.16 0.14-0.16 0.14-0.16 ol 0.14-0.16
iron,mg/L 0,15 0,15 0,15 0,15 0,15 ’ 0,15

* numerator shows ranges of fluctuations of the indicators from minimum to maximum during the year;
** denominator is the average ofthe indicator values over 12 months.

Kumar, 2011; Singh, 2014 noted that the pH of
the water system is an important indicator of water
quality and the degree of pollution of catchments
[21,22].

According to Srivastava, 2011; Singh, 2012
the effect of wastewater discharge into a reservoir
is largely determined by the oxygen balance of the
system. Inorganic reducing agents such as H.S,
ammonia, nitrite, ferrous iron, and some oxidants
reduce the content of dissolved oxygen in water
[23, 24]. Dissolved oxygen data are important for
determining water quality criteria in an aquatic
system [25].

Dissolved oxygen levels decreased during the
summer season compared to the winter months
due to higher temperatures. The low BOD content
is associated with a higher productivity of algae,
as well as with increased oxygen solubility at
low temperatures, while the maximum BOD is
associated with the rapid use of oxygen at higher
temperatures [26].

Matta G., Srivastaya S., Pandey R.R., Saini
K.K., 2017 note that wastewater discharge is the
cause of high BOD and COD [20].

In our studies, the smell of water did not change
over the seasons. The color of the water in the lake
during the winter-summer-autumn periods did not
exceed the norm of 0-20 degrees and varied within
the range of 8-16.7 degrees. Darkening of the water
was noted only in the spring season, where the color
was 23.1 degrees, which is 1.2 times higher than the
MPC. These changes are associated with the melting
of ice, which contains suspended solids. The pH of
the water extract in the lake in spring and autumn was
slightly alkaline (8.0-8.5), in winter and summer it
was alkaline (8.7). The content of dissolved oxygen
in water in winter and spring increased to 11.0 and
9.6 mg /1, which is 2.8 and 2.4 times higher than the
MPC; in summer and autumn, it decreased to 8.0 and
8.5 mg /1, which is 2 and 2.1 times higher than the
MPC. The biochemical oxygen consumption ranged
within 0.7-1.7 mgO2 / 1, which corresponds to the
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MPC-3.0 standards. Chemical oxygen consumption
in winter and summer periods exceeded MPC by 6.6
and 6.7 times; in spring and autumn, this indicator
was significantly lower, higher than the MPC by 4.9

and 4.4 times. The content of ammonium and total
iron did not change significantly over the seasons.
There was a decrease in fluoride content in the
spring to 8.46 and in the fall to 7.94 mg /1 (Table 2).

Table 2 — Seasonaldynamics of the content of organoleptic, generalized and biogenic elements of Maloe Chabachye for 2016-2020

Seasonal value
(Minimum — Maximum)
Index - - MPC Notes
Winter Spring Summer Autumn
XI-1IT 1IvV-v VI-VIII IX-X
Temperature, °C 0,16-1 2,5-5,87 18,3-20,5 10,7-15,6 -/-
Smell, points 0 0 0 -2
Color degree 8 23,12 16,66 10 -/20 more
H value 8.63-8.91 7.99-8.97 8.32-9,06 4.46-9,06 6.9 ot more
P 8,75 8,54 8,75 8,01
Dissolvedoxy- 10,60-11,56 7.98-10,63 7.33-8.81 5.32-9.71 not less than 4
gen, mg/L 10,95 9,55 8,04 8,48
0,76-1,13 0,98-2.8 0,86-1,59 0.41-2,07
BOD,, mg O,//L 0.75 171 1.16 3,0 not more
50,72-148.,52 57.5-89,05 87.84-113 54,15-76,7
; R . R R R
COD, mg O,/L 99,62 73,27 100,42 65,42 15,0 fmore
Mineralization 5018 3159 4772 3850 1000 more
mg/L
Ammonium 0,58-5,05 0.75-5,15 0.4-4,89 0.33-4.8 05 more
salts, mg/L 2,24 2,0 2,49 1,9 ’
. 9.38-12.70 3,54-13.39 7.95-12.23 4,32-11.55
Fluoride, mg/L 11,45 8.5 10,57 4—1;9,48 0,75 more
Common 0,13 0,15 0,16 0,14 0,1 more
iron,mg/L

According to the degree of mineralization
in winter and summer, the water was salty (5-4.8
mg/l), in spring and autumn it decreased to brackish
—3.2-3.8 mg / l. A decrease in the degree of salinity
in spring is associated with the desalination of the
lake by flood waters, and in autumn — by rainfall
(Table 3).

The ion content in water mainly determines the
quality of the water. An important hydrochemical
indicator of surface waters is mineralization,
including the content of magnesium ions, sulfates,
chlorides and carbohydrates, which determine the
ionic composition of water. Chlorine ions are found
in natural waters in the form of sodium chloride,
magnesium chloride, calcium chloride and, in
rare cases, potassium chloride. Mineralization
is increased by an increase in chlorine ions. As a
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result of the death of living organisms, most of the
sulfate ends up in water, domestic and agricultural
wastewater. Magnesium enters water bodies during
weathering and washing out of mineral deposits.
Magnesium is often released into water from
industrial effluents. [27].

The seasonal dynamics of the anionic-cationic
composition and total salinity of water in Lake
Maloe Chabachye for the period under study is
shown in Figure 2. The concentration of chlorides
in winter and summer exceeded the MPC by 6.5-
6.05 times, in spring and autumn by 5.36-6 times (
MPC-300 mg / 1), the amount of sulfates exceeded
MPC by 10.9-12.8 times (MPC-100 mg / 1) and
did not change significantly over the seasons. The
magnesium content exceeded the MPC by 8.8-10.1
times (MPC-40.0 mg / ).
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Table 3 — SeasonalchangesinthetotalsalinityofwaterinMaloeChabachye2019-2020 (mg/L)

Seasonal
Year Winter Spring Summer Autumn
XI-II Iv-v VI-VIII IX-X
2019 5044 3963 4770 4714
2020 4991 2355 4774 2985
Average 5018 3159 4772 3850

Figure 3 shows the average monthly changes in
the content of heavy metals — Mn2 +, Cu2 +, Zn2
+ in Lake Maloe Chabachye on average for 2016-
2020. The manganese content in water exceeded
the MPC by 3-6.5 times (MPC-0.01 mg / 1). Sharp

hazardous water pollution with copper cations was
observed in spring (March, April, May) and autumn
(November), when its concentration exceeded the
MPC by hundreds of times. An excess of the zinc
content in September was noted by 7.3 times.

mg/L
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Mineralization

H Chloride ions
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2000 —

1000 —
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V-V
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Figure 2 — Seasonal dynamics of the content of macroions in the water
of Lake Maloe Chabachye (average for 2016-2020)

Our analyzes showed that over the years of
research, the index of pollutants was 1.1-1.2, which
corresponds to the 3rd class of pollution, mainly
due to the low content of soluble and biochemical
absorbed oxygen (table 4).

According to the Unified System of
Classification of Water Quality, the water in
Lake Maloe Chabachye, on average over five
years, in terms of pH (8.6) refers to the 4™ class
of pollution, in terms of BOD content (1.18 mg

O,/ L), COD (89, 7 mg / 1). By the content of
the following indicators like copper (0.14 mg /
1), manganese (0.05 mg / 1), zinc (0.03 mg / 1)
and general iron (0.03 mg / 1) — to the 1%class;
ammonium (0.8 mg / 1) — class 2, sulfates (1185
mg / 1) —th the 4%"class; magnesium (379 mg / 1),
total mineralization (4199 mg /1), fluorides (11.35
mg / 1) and chlorides (1792 mg / 1) — to the 5th
class of pollution. In general, the lake belongs to
the 4™ class of water quality.
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Figure 3 — Dynamics of the content of heavy metals
in Lake Maloe Chabachye by months (average for 2016-2020)

Table 4 — The index of water pollution in Lake Maloe Chabache 2016-2020

Years Xt £ v | e e Class
2016 1,6 1,56 1,44 1,5 1,53 3
2017 1,57 1,49 1,5 1,39 1,49 3
2018 1,55 1,58 1,36 1,57 1,51 3
2019 1,6 1,55 1,39 1,57 1,53 3
2020 1,57 1,44 1,35 1,41 1,45 3
Average 1,58 1,52 1,4 1,49 1,50 3

In accordance with the characteristics of the
4th class of water use, the water in Lake Maloe
Chabachye is suitable only for irrigation and
industrial water use, including hydropower, mining,
hydrotransport. For the purpose of recreation, this
lake is not recommended [28]. This is a big problem,
since the lake is located in a specially protected
natural area.

The high content of copper, zinc, sulfates,
fluorides, total iron, magnesium, total mineralization,
chlorides should be attributed to natural sources
of pollution. Apparently, this is due to the high
content of these elements in the soil. And the excess
content of ammonium and suspended solids should
be attributed to anthropogenic sources of pollution,
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which is explained by the presence of a livestock
farm in the village of Akylbay.

Conclusion

The study results of the dynamics of the
hydrophysical and hydrochemical indicators of
Lake Maloe Chabachye in 2016-2020 by seasons
showed that the hydrophysical indicators do not
exceed the norms. The smell was not detected, the
color of the water did not exceed the MPC in the
winter-summer-autumn periods was within 8-16.7
degrees, darkening of the water was noted in the
spring season, where the color was 23.1 degrees,
which is 1.2 times higher than the MPC.
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The pH of the water extract in the lake was
alkaline (8.76-8.96) and slightly alkaline (7.76-
8.55), but did not exceed the MPC. The content of
dissolved oxygen was high — 9.2-9.8 mg /1, 2.3-2.4
times higher than the MPC; biochemical oxygen
demand in water was 1.1-1.3 mg / 1, which is 2.7-
2.3 times lower than the MPC. The chemical oxygen
demand averaged 89.72 mg / 1, which exceeds the
MPC by 5.9 times. The degree of mineralization
reached 3.4-4.8 g / 1, the content of ammonium ions
—0.48-1.23 mg / | and fluorides — 10.78-12.50 mg /
1, which is higher than the MPC, respectively, in 3.4-
4.8 times, 0.24-0.62 times and 8.09-9.38 times. The
iron content was within the MPC. The concentration
of chlorides in winter and summer exceeded the MPC
by 6.5-6.05 times, in spring and autumn by 5.36-
6 times, the amount of sulfates exceeded the MPC
by 10.9-12.8 times and did not change significantly
over the seasons. The magnesium content exceeded
the MPC by 8.8-10.1 times.

By the heavy metals, the manganese content in
water exceeded the MPC by 3-6.5 times. Dangerous
water pollution with copper cations was observed in
spring (March, April, May) and autumn (November),
when its concentration exceeded the MPC by
hundreds of times. The zinc content in the water in
winter did not exceed the MPC, but an excess of the
zinc content in September by 7.3 times was noted.

The index of pollutants in the water was 1.1-
1.2, which corresponds to the 3rd class of pollution,

mainly due to the low content of soluble and
biological absorbed oxygen.

According to the Unified System of
Classification of Water Quality, the water in
Lake Maloe Chabachye, on average over five
years, in terms of pH (8.6) refers to the 4™ class
of pollution, in terms of BOD content (1.18 mg
O,/ L), COD (89, 7 mg / 1). By the content of
the following indicators like copper (0.14 mg /
1), manganese (0.05 mg / 1), zinc (0.03 mg / 1)
and general iron (0.03 mg / 1) — to the 1%class;
ammonium (0.8 mg / 1) — class 2, sulfates (1185
mg / 1) —th the 4%class; magnesium (379 mg / 1),
total mineralization (4199 mg /1), fluorides (11.35
mg / 1) and chlorides (1792 mg / 1) — to the 5th
class of pollution. In general, the lake belongs to
the 4™ class of water quality.

In accordance with the characteristics of the
4th class of water use, the water in Lake Maloe
Chabachye is suitable only for irrigation and
industrial water use, including hydropower, mining,
hydrotransport. An excess of the content of copper,
zinc, total iron, magnesium, total mineralization,
chlorides, sulfates, fluorides, ammonium and
suspended solids have been established.
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APAA TEHI3IHIH, BMOXXYUE KOMIMOHEHTTEPI
AETPAAALUUNSACBIHbIH, ®U3UOAOTUAADBIK
XXOHE BUOOU3NKAADIK YAEPICTEPIH 3EPTTEY

Makarapa TeHi3 AeHremiHiH, KyAAblpaybl MeH ApaA eHipiHiH 61oXyie KOMMOoHeHTTepiHe GaiiAa-
HBICTbI TybIHAQFAH 3KOAOTMSIAbIK, MPOOAEMaAapAbl LIELY >XOHIHAEr MPakTUKaAbIK, iC-luapaAapAblH
HOTUXKEAEPI )KOHE OAAPAbI 93ipAey TACIAAEPI KapaCTbipbIAAbL. APaA eHipiHAeri 61OoXKyine KOMMOHEHT-
TepiHiH AepasaumsFa yuibipay MOCEAEAEPIH LIeLly XOHIHAEr OypPbIH XKOCMapAaHFaH »KHe aHbIKTaAFaH
>KaHa 3KOAOTMSIABIK, MPOOAEMAAap MEH OAapAbI LLELyre apHaAFaH MPakTUKaAbIK, iC-LlapaAapra 9Aeom
LLIOAY TOAbIFbIMEH XXYPri3iAai. 3epTTey aaicTeMeci TeHi3AIH TMAPOU3NKAABIK, TMAPOXUMUSIABIK, XKOHE
TMAPOBMOAOTUSIABIK, KYMiHIH ©3repyiHe, COHbIMEH KaTap AaHAWAGTTapPAbIH aHbIKTaMAAbIK, aiMaK TapbIH
3epTTeyre XKeHe KeniHHEH FapbILWTbIK, CYPETTEPAIH HOTUXKEAEPIMEH CaAbICTbIPYFa apHaAFaH AQAAAbIK,
3epTTeyAEPAi KamTblAbl. FbIAbIMM 3€pTTEYAE OAKTEPMO-, (PUTO- XKOHE 300MAAHKTOHHbIH FTOPU30OHTAAbAbI
>KoHEe BepTMKaAbAbl TapaAy cunatbiH 3epTtTey, Chl-a >keHe heonMrmeHTTep KOHLUEHTPALMSICBIH BALLIEY,
(PUTO- >KOHE 300MAAHKTOHHbIH TAKCOHOMMUSABIK, KYPaMblH aHbIKTay apKblAbl OAAPAbIH ApPaA TEHI3iHiH,
NPOrpeccuBTi Ty3AaHYbl asiCbiHAAFbl KA3ipri >KarFAalblHbIH, CUMMaTTaMacbl KapacTbIpbIAAbL. FbiAbIMK
3epTTey XYMbICbIHbIH >kaHaAblFbl 2010 — 2020 >XbiAAapAaFbl MPOBAEMaHbIH, AaMy KE3EeHiH CUMaTTanTbiH
>)KaHa MaTepuasAapAbl, OPbIHAAAFAH FbIABIMW 3epTTeYAepAl >Ky3ere acblpy CaAAapbl aAfall peT
aHbIKTAAbIHAbL. TbIABIMM 3EpTTEY HOTMXKEAEpi TMAPOAOr, OMOAOr, 3KOAOr MamaHAap YuwiH Apaa
aMaFbIHbIH 8PTYPAI AAHALWAMTIK, 6HiPAEPIHAETT 3ePTTEYAEP MEH FbIAbIMU-TIPAKTUKAABIK, YXYMbICTAPAbI
TY>XXbIPbIMAQYAQ, OCbl MPOLECTiH BoAallaKTarbl TEHAEHLMSICbIHA SKOAOIMSABIK, BOAXKAMAADP KacayAa
KOAAQHbBIAYbI MYMKIH.

Ty#in ce3aep: Apaa TeHisi, pmtonaankToH, Chl-a, 3KoAOTMSIAbIK, AaFAQpbIC, ApaA AerpaAaumscChl,
6MOXKYIE KOMMOHEHTTEPI, reorpadusAbik, 60AXKaM, AaHAWADT.
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International Kazakh-Turkish University named after Khoja Ahmed Yasawi,
Kazakhstan, Turkestan
‘e-mail: a_altungul@mail.ru

Study of physiological and biophysical processes of degradation
of components of the Aral Sea biosystem

The article considers the results of practical measures to solve environmental problems arising from
the fall in sea level and the components of the Aral Sea biosystem, and approaches to their development.
A complete literature review of previously planned and identified new environmental problems and
practical measures to address the degradation of components of the Aral Sea biosystem is carried out.
The research methodology included field studies on changes in the hydrophysical, hydrochemical and
hydrobiological state of the landscape, as well as the study of the reference zones of the landscapes and
subsequent comparisons with the results of satellite images. The scientific study examines the character-
istics of their current state against the background of progressive salinization of the Aral Sea by studying
the nature of the horizontal and vertical distribution of bacterio-, phyto- and zooplankton, measuring the
concentrations of Chl-a and pheopigments,and determining the taxonomic composition of phyto-and
zooplankton. The novelty of the research work for the first time, the consequences of the implementation
of new materials, performed scientific research, characterizing the period of development of the problem
in 2010-2020, are determined. The results of scientific research can be used for specialists-hydrologists,
biologists, ecologists in the formulation of research and scientific and practical work in various landscape
zones of the island region, in the preparation of environmental forecasts for the future development of
this process.
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NUccaepaoBanme pnsamnonrornyeckmux 1 6Modpmanyeckmux npoueccos
A€rpasaL MM KOMIMOHEHTOB 6MOCHUCTEMbI ApaAbCKOro Mops

B cTaTbe paccMOTpeHbl pe3yAbTaTbl MPaKTUUYECKUX MEPOMNPUSITUIA MO PeLUEHMIO 3KOAOTMYECKMX
NpobAEM, BO3HMKAIOLWMX B CBS3M C MAAEHWEM YPOBHS MOPS 1 KOMINOHEHTaMu GrocmncTemsl [prapanbs,
M NMOAXOAbI K MX pa3paboTke. [MOAHOCTbIO MPOBEAEH AUTEPATYPHbIM 0630p paHee 3arAaHUPOBaHHbIX
W BbISIBAEHHbIX HOBbIX 3KOAOTMYECKMX MPOBAEM M NMPAKTUUYECKMX MEPOMPUSTUI MO pPeLLeHrio NPoOAem
AErpasaumm KOMMOHEHTOB 6GuocucTembl [prapanbs. MeToaMKa MCCAEAOBaHMS BKAlOYaAa B cebs
MOAEBblE MCCAEAOBaHMS, MOCBSLWEHHbIE W3MEHEHWMIO TMAPOMU3NYECKOrO, TMAPOXUMWYECKOTO W
r’MAPOOMOAOrMUYECKOTO COCTOSIHUS AAHAWA(TA, @ Tak>Ke M3YUYEHMIO ITAAOHHbIX 30H AAHALLIA(TOB U
MOCAEAYIOLLMM CPaBHEHUSIM C pe3yAbTaTaMM KOCMMYECKMX CHWMMKOB. B Hay4yHOM MCCAeAOBaHMM
paccMOTpeHa XapakTepucTMKa MX COBPEMEHHOrO COCTOSIHMS Ha (hOHEe MPOrpecCMBHOIO 3aCOAEHMS
ApaAbCKOro MOps MyTeM M3yYeHWs XapakTepa FOPM3OHTAAbHOIMO M BEPTMKAAbHOIO pacrpeAeAeHus
6aKkTepro-, GUTO- 1 300MAAHKTOHA, M3MepeHust koHueHTpauuii Chl-a u heonmrmeHToB, onpeaeaeHus
TAaKCOHOMMYECKOro COoCTaBa (PUTO- M 300MAAHKTOHA. HOBM3HA HayUYHO-UCCAEAOBATEAbCKOM PabOThI:
BMepBble OMnpeAeAeHbl MOCAEACTBUS peaAM3aumM  HOBbIX MaTEPUAAOB, BbIMOAHEHHbIX HayUHbIX
MCCAEAOBAHMI, XapaKTepM3YIOLMX MepuoA pas3eutms npobdaembl B 2010-2020 roaax. Pesyabrtartsl
Hay4HbIX WMCCAEAOBaAHUI MOryT ObiTb MCMOAb30BaHbl AASl CMELMAAUCTOB-TUAPOAOIOB, OGMOAOTOB,
3KOAOrOB MpW  (DOPMYAMPOBAHUM  MCCAEAOBAHUIA M HAYUHO-MPAKTUYECKMX PabOT B  PasAMUHbBIX
AQHALAGTHBIX 30HaX OCTPOBHOMO PErmoHa, NPy COCTABAEHUM IKOAOTMUYECKMX MPOrHO30B Ha Gyayliee

Pa3BUTHUE 3TOIr0 npouecca.

KatoueBble caoBa: Apaabckoe mope, utonaaHkToH, Chl-a, skorormueckuii kpusmc, aerpasaums
OCTPOBA, KOMMOHEHTbI 6UOCUCTEMDBI, reorpachmMyeckmin MPOrHo3, AaHALLAT.

Kipicne

Apan TeHi3iHiH Kypraysl 1961 xbuib1 6acTanasl,
ai TiKeJeW eNIIeydiH COHFBI IepeKTepi OoMbIHIIa
(2010 k. KpIpKYHEK) Kazipri kesje kep OeTiHeH
JNEHTeHIIH JKanmbl TeMmeHzaeyl 26,7 M Kypaimsl.
Ty3nanynelH MakCUMaIbl J)KOHE OpTala MIHIepi
[IaMajiaH JKOFapbl apThill, TCHI3AIH KYPFaybl OHbIH
rUAPO(DU3UKAIBIK PEKUMI MEH XUMIUSUIBIK KYHiHIH
TyOereiiii e3repyiHe aibIl Keai JKOHE OHBIH
OMOJNIOTHSITBIK ~ OIpJIECTIKTEpiH TyOereini Kaiita
KYypyFa MaxOyp eTTi.

Kenec Omarbr ke3inae Apan TeHi31 enmeri e
JKAKCBI 3EPTTEIINCH TCHI3 P IiH 0ipi 00161, TeHI3A1H
(bMBUKANBIK, XUMHSUIBIK JKOHE  OWOIOTHSITBIK
KYWi JKyHemi 3epTTey MeH OaKpUIayablH HeTi3ri
TaKbIPBIOBI OONBl. 3epTTey KeMelNepiHiH FhUIBIMU
casxarTapbl XYyWem TypAe >KYpri3ulim OTBIPIEI,
OJIApJBIH CaHbl Op JXKbULIAPBI ©3Tepill OTHIPATHIH,
Oipax >xymbIc icTen TypraH 11 TeHi3 xaraiaybl MEH
apaj MEeTEeOpOJIOTHSUIIBIK CTAaHIIMSIIAPBIHIA Y3/MIKCi3
TUAPOMETEOPOJIOTHSUIBIK ~ OJIIIeyJIep  SKYPTi3iimi.
My3 pexuMiH oyelneH Oaprnay jkoHe Oacka na
Oaxpimaymap okyprizinmi. Ocbkl  3epTTeylepliH
HOTWDKECIHE XKY3ACTeH Makajajiap MeH Oipkarap
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KiTanTap ’apblK Kep/i, oJapblH Keloipeysepi MbI-
canpl, [JLK. bimHOB «Apan TeHi3iHIH XUMHSICED)
(1956) nemece U1.B. PyGanoB «Apai TeHi3iHIH reo-
norusacel» (1987)] Apan TeHi3iHiH Ka3ipri 3aMaHFbl
MaMaHJaphbl YLIIH «KYMBIC YCTeNiHae» Kanaisl [1].
3.K. EpmaxaHoBTHIH oHe T.0. nmepekrepi
OoifpiHIIA y3aK y3umicTeH keiiH, Cwlpmapust ese-
HiHiH arpiHbl Kimi Apanm TeHiziHe Tyce OacTapbl.
OCBHIHBIH HOTIDKECIHJIE CaraybIK aiiMakTa TY3ChHI3-
JaHIBIPBUIFAH aiiMak maiiga OoJabl, OHAA Kell
xyrienepi meH CeIpmapus ©3eHIHEH OallbIpFBI
Kocinminik uxtnodayna naiina 6ona 6acransr [2].
CoHFBI OHXKBULABIKTApAa Apajl TeHi31 MEH OHBIH
alfHaIachIHAAFBl AyMaKTap MAceleci KeH KOFaMbIK
OyKapaHbIH, FBUIBIMH YKOHE YITTHIK 9KOHOMHUKAIIBIK
yiBIMIapaslH  Ha3apblH aynapisl. Apan  eHipi
SKOJIOTUSUIBIK ~anar aWMarblHa alHaiabl. Apan
TeHi3iHiH 631 50-mi skpulmapgaH Oacram OYpbIH-
COHZIBI OONIMaFaH aHTPOITMKAIBIK 9CEpre YIIBIPaIbl.
MyHz2a KeH ayKbIMAbI aKKJIMMaTH3aLHS] dKYMBICTAPhI
KYpri3ingmi, ramamaap cy KOWMAachbIHIAFbl TPOQH-
KaJbIK OailyaHplcTapAbl TYOereilni e3repTTi xoHe
TapUXW KAJIBIITACKAH JKOXyHele KaHWThIMChI3
e3repictep TypIpabl. Cy KOWMACHI Killli )KoHE YIIKCH
TEHi3Aepre *eKe THAPOIOTHITBIK-THAPOXUMHUSIIBIK
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pexxumzepMen OemiHmi, GayHamapablH KypaMblHAA
afBIPMAaITBUTBIKTAp Makaa 60as! [3].

20 racelpaplH,  OipiHIII JKapTHICBIHAA Apal
TEHi3iH/le KONTEreH KYH/IbI OaJbIKTap MEH Telarus-
JIBIK TUTAHKTOHO(ArTapablH 00Maysl KaXxeTTi (op-
Majiap/bl €Hri3y apKbUIbl OHal Ty3eTinmi. Auaii-
na, Oexipe TYKbIMAAc OajbIKTapAbIH, MYJUIET IeH
CaJIaKaHbIH CHTI3UTYiHIH JKETKUTIKTI OMOJOTHSITBIK
HETI3/IEMECIHCI3 JKoHE €H O0acThIChl Mapa3suTTEpAiH
omapMeH Oipre oKenmiHyi JKoHE ilecre TipIIiIiK
WeNepiH: aTepuH, TOOUIIH 7 TYpi, HHe-0aJbIK JKOHE
aciiasHmap Oipkarap KarbIMCBI3 Cajapra aJibIil
KeJli, OYJI TONBIK aHBIKTAIMaraH JXOHE 3epTTe-
MereH. 60-XbUmapabiH OachlHaH OacTtarl, TEHI3IIH
KYTUIETIH Ty3laHybl KapcaHblHIa Apan ¢ayHa-
CBIHBIH MaKCaTThI KAJBINTacybl Oactanapl, on 1986
KBUTFa JIEHiH Y31LTiCTepMEH KaJIFacThl. Apall TeHi3iHe
OMBIPTKACHI3AAPABIH 16 Typi *KoHe OabIKTapabIH 22
TYpl MakcarThl Typie HeMece Ke3[eWCOK EeHTI3Li,
300IUIaHKTOH, 3000€HTOC XoHEe MXTHO(ayHaga aK-
KIIMMaTu3aHTTap O0aceiM Ooma Gacramsl [3-4].

Cy TY3IBUIBIFBI JKaHyapilap VIIiH KOpIIaFaH
OpTaHBIH MaHBI3/Ibl A0MOTHUKAJIBIK (haKTOPJIAPBIHBIH
0ipi Oonbin TabbUTaABL. byn Oenrini 6ip cy Koiima-
CBHIHBIH (hayHACHIHBIH KOPIHICIH aHBIKTaUTHIH €PITeH
TY3ap/IbIH KypaMbl MEH MeJmepi. Apan TeHi3iHae
OalikajraH Cy TY3IBUIBIFBIHBIH OipTiHAEN apTybl
JKoHe (payHaIapAblH e3repyi >Kajmbl OMOIOTHSITBIK
MaHbBI3bl Oap Macenernepai memy yurH 0ail mare-
puait 60T TaObUTA B MBICAITBI, KOHTHHEHTABIbI
CyJIapAarbl TYIIBI Cy MEH TeHi3 (ayHachl apachblH-
JIaFbl MICKapaHbIH OpHANACybl, (PEHOTHIITIK ©3rep-
TIIITIKTI TOJNBIK KeJIEMJIE KY3€ere achblpy MyMKIHIIT1,
TYPACPAIH YCTEMAIK 3aHIBUIBIKTAPHI KOHE MEKEH-
JICHTIH JKEpJepJieri e3repill KaTKaH OpraHu3M-
JIepIiH caHbl MEH OHOMAacCachIHBIH AayBITKYHI,
OMOIIEHO3MapABIH CaO0AKTACTBIFBI, TYPJEPIIH IIEK-
TEYJ IKUBIHTBIFBl IKAFJANBIHAAFBl TPO(UKAIIBIK
KarbiHacTap [4-5].

CoHbIMEH, aHa MBIHKBUIIBIKTEIH OachIiHa
T€3 O3repeTiH TEHI3MIH (U3UKAIBIK, XUMHSIIBIK
JKOHEe OWOJIOTHSIIBIK IKYHENepiHiH KeNTereH CH-
nmaTTaMajapbel Hamap 3epTTenai, an Keibipeymepi
FBUIBIMU KaybIMJIACTBIKKA iC XKY3iHJE Oenrici3 6oJ-
Iel. Bip jkaFbIHaH, OCHl YaKbITKa IediH Apan TeHi-
31HIH DKOJIOTHSUIBIK JTaFaaphIChl KOpIIaraH OpTaFra
AHTPOTOTEHIK KayiNTiH HBIIIAHBl pETiHIE OYKiI
onmeMre TaHBIMan Oonmbl, OyKapaiblK akmapar
Kypajiiapbl TapalblHaH KbI3BIFYIIBUIBIK YHEMI ap-
TBHIT OTHIPJBL. EKIHIN JKaFbIHAH, TCHI3IIH HAKTHI
KYHi Typaipl HaKTHl OiLTiM JEHTeill Kem >karmaiiia
MYJIZIEM JKETKITIKCI3 00 b [6].

JKyMBICTBIH MaKcaThl )OFaphl/ia AU THUTFaHIapFa
0alTaHBICTBI, aKKIMMAaTH3AITUSIHBIH Apal TeHI31HIH

IKOKYHECIHE y3aK MeP3iIM/Ii 9CEepiH TalJiay *KoHE pe-
rpeccus Ke3eHiH/1e OHBIH OMOKYHie KOMITOHEHTTEPiH
3epTTey OOJBIN TaObLTA B

MaxkcaTka KOJ JKETKi3y VIIiH KeJecijei
MiH/CTTEp KOMBUIFaH:

Apan TeHi3IHIH OWOXYie KOMITOHEHTTEpI Ie-
TpaJalUsiChIH aHBIKTAY;

Buoxyiie KOMIOHEHTTEpl HAerpalalusIChIHBIH
(hM3UOJIOTHSITBIK €PEKIICIIKTePiH alKbpIHIAY;

Buoxylie KOMIOHEHTTEpi JerpajalusiChbIHbIH
O0Mo(M3UKAIBIK YACPICTEPIH 3ePTTEY;

gaicreMeJik 00JiM

I'maporeonoruss KypamMblHa  KIpeTiH  3€pT-
TEYJEpIiH TYypJepli, KeJieMiepi, KYHEIUIri MeH
omicTeMeci 3epTTEJeTiH ayNaHHBIH T'€OJOTHSIIBIK-
THAPOTEOJOTHSUTBIK — JKaFIallapelH  KOHE  3epT-
TEy alJblHIa KOWBUIFAH HETi3ri JKOHE KOCBIMIIA
MiHJETTepAi TaOBICTHI MICIIyAi €CKEPe OTHIPHII
HETi3Menyi JKoHE OpbIHAaIYyRl THic. Omap OypeIH
KYPTi3UIreH Te0JIOTHSIIBIK, MOP(OIOTHSIIBIK, THA-
POJIOTHSITBIK, OWONOTHSIIBIK OaKbLIayIapAbl K-
HayIbl KaMTHABL. Op TYpJi Jkepaeri Ke30eH Io-
JbIN OaKpUIay Ke3iHAE HEeri3ri OeHOCHTIH HKYMBIC
TypiepiHiH Oipi OoybIn TaOBUIATHIH KapTalaHFaH
ayMakThl ~MapUIPYTTBIK  3€pTTey  IpOIECiHIe
xyprizineni [7-8].

3eprrey omictemeci NaHAMAPTTAPABIH aHBIK-
TaMaJbIK aifMaKTapbhlH 3€PTTEYre XoHE KeHIHHEH
FapBIIITHIK CYPETTEpAiH HOTHXKEIEpPIMEH cablc-
THIpYFa apHAIIFaH AaJlaNbIK 3€PTTEYIep/Ii KAMTBIIBI.
JKobanapapl opbiHAay Ke3eHIHAE TEHI3MIH Keyir
KaJIFaH TYOiHE JKoHe ipreyiec ayMakKa dKCIICUIIHS
yiibiMIacToipelibl. Koopaunatrapaa 12-nen actam
CBIHAK YydYackelepi cumartTainrad, 11-meH acram
TOIIBIPAK y4acKesepi cansiarad [9].

JananeIk 3epTTeyepain KypaMbl MEH 9IiCTepi:

— Tl'upporeonorusi: kep acTbl CyJNapbIHBIH
JeHIeiii )KoHE OJIapblH MUHEpAIJaHybl;

— TombIparel: TeHETHKANBIK CHITATTAMACHI,
MEXaHHMKaJbIK Kypambl, Kapaulipik, kapOoHarTap,
THIIC, TY3/1aHY, T3 KYpaMbl, TONBIPAK TYPi;

— OciMaikTep: Kypambl, JKaFgaibl,
LUSIIBIK JKAOBIHEI;

— Dxonorus: TaHAmaPTTapAbIH TYPAKTHUIBIFHI,
TOYEKEIIUTIT;

— CnyTHUKTIK cyperTep OolbiHIIa xikTey [10].

Apan TeHi3iHIH OHOXYyiie KOMIOHEHTTEpI Aerpa-
JATVSICBIHBIH, (DU3HOJIOTUSIIBIK KOHE OMO(DH3UKAIBIK
yIepicTepiH 3epTTey KYMBICH YpMeli KalbIKTap
KeMmeriMeH xkyprizinmi. Ockl skcnienuipsia OakTe-
puorankToH, Chl-a sxoHe PUTOIIIAHKTOH XK3HE 300-
IUIAHKTOHHBIH TiK TapallyblHa 3epTTey KYPri3iimi.

MPOCK-
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Mgicansl (QUTOMUTMEHTTEPAl aHBIKTAY Oici:
Baromerpaen 500 mi cy mutacTUKaIbIK OoTeKeIepre
QIIBIHBII, 3ePTXaHaFa TackbiMall[iay YIIiH TePMOCTaT
KOHTelHepiHe oOpHamacTeipbuiansl. Karamayna
cerHamMaiiap GF/ F IIeIHbBI TaNIIbIK Cy3riiepi apKbLUTbI
0,3 aToMHaH acHalThIH BakyyMmaa jAepey Cy3uii.
Okcrpakuus 90% aneronga 20 °© C temnepaTtypana
KapaHfel kepme 14-16 car immiHAe Kyprizuimi
[11]. ChIFBIHIBLTIAP IBIH (hyopeceHIHsIChI
KBIIIKBUIIAHFaHFa JeHiH XKoHe omaH kel 10%
HCl exi tammbiceiMen Trilogy Turner Designs
(daroopoMerpinne  emmieHmai.  KypbuiFbl  Taza
XJIOpOGWIIT KOMETIMEH aJJIbIH aja KaluOpJeHreH.
XmopohWUImiH ~ «a»  KOHIIGHTPAIMSCHI ~ MEH
(deonurmenTTepai 9KCTPAKOPIIOPAIIBAbI
(hroopomerpus yuria [Crpuxnern, [lapconc] [12]
dhopmynacel GOMBIHITIA €CETITEII:

Chl-a = k*(Fb—Fay*(V._/ V.

IKCTP BO}IH)

®@uromurment = k*(R*Fb —Fa)*(V, _/V, )

k — KypBUTFBIHBIH KaMHOpIey KO3 PHUIIHEHTI;

Fb, Fa — colikeciHie KuIIKEUIJaHFAHFa JEHIHAT1
JKOHE KEHiHT1 3epTTeNeTiH epiTiHaiHIH (QIyopecieH-
IUSICHI;

R — KpIKpAaHABIpY K03 uiuenti;

V werp— ACETOH IKCTPAKTHIHBIH KeJIeMi;

soms— CY CHIHAMACBHIHBIH KOJIEMi.

Herisri Taburn KOMIIOHEHTTEPIIH — pebeTiH,
TOTBIPAKTHIH, OCIMIIKTEPIiH 63apa OaillaHbICHIH
MIHJETTI TYpe €CKEepe OTHIPHII, 3EPTTENETIH ayMaK
OOWBIHIIA TaKBIPHINTHIK KapTaliap MEH JaJIaIbIK
3epTTeyJepAl Tanjay Heri3iHae TaOuFHu-ayMakThIK
KeLIeHAePAiH JaHAmadTTapblHbIH HETi3T1 Typiepi
aHbIKTaae! [13].

Hatu:xesiep #He 0/1apAbI TAJIKBLIAY

Aran eTinreHacH, Apall TEHI3iHIH KyprayblHa
aHTPOTIOTCH/IIK Ke3eH MOP(POMETPHSIBIK, (pH3u-
KallbIK, XUMISUIBIK, OWOJIOTHSIIBIK JKOHE Oacka
napaMeTpiep/iiH alTapibIKTall e3repyiHe FaHa
eMec, COHBIMEH KaTap JKarajay alMarbIHIaFrbl
MH(PPaKypPBUIBIMHBIH ~ OY3bUTYBIHA  (METEOpPOJIO-
THSUTBIK CTAHIUSIIAP MEH JICHTCHITIK OJIIIETIIITePAiH
ke OeutiriH Koca anranna) okenmi. JlanamadTTeia
TUAPO(OM3UKAIBIK, TUAPOXUMUSIIBIK KOHE THUAPO-
OMONOTHSUTBIK, JKaFJalbIHBIH ©3TepyiH CIYTHHKTIK
MaomiMerTep 0Oa3zachlH KOJJAaHY apKbUIBI IKOHE
FApBIITHIK ~ CypPeTTEepAl  CANbBICTBIPY  HITHXKECI
HET131H/1e TONMBIKTRIPEULIBI (1-cyper).

2016

1-cyper — Apai TeHi3iHiH 3epTTeyIepiHiH CIlyTHUKTIK KopiHicTepi

Amnaiina, Apan SKOXKYHECIHIH KaJFachlll Keie
KAaTKaH e3repicTepiHe >KOHE Cy KOWMallapbIHBIH
Oip-OipineH Oepik OemniHyiHe OaifaHbICTBI Oi31iH
3epTTeynepimizaiH  reorpaduscel  KeHEWTLim,
2016 xbuTFa JeiiiH Apan TEHI3iHIH IIeKapachiH-
Jla OpHajJacKaH 3 Herisri cy KOWMAachblH KaMTBIJIBL.
Apan TeHi3iHIH opTypni OemikTepiHae Oip May-
ChIM NICHOEpiHIle CHYTHHK OakKbUIayJIapAbl THICTi
YHBIMAACTBIpY ONapAbIH apachlHAA camaibl KOHE
CaHJIBIK CANBICTBIPYIbI HEFYPIIBIM JJJ KYprizyre
MYMKIiHJiK Oepei. MbIcaibl, Apan TeHi3iHiH opTYypJIi
Oenikrepingeri TPM y3ak Mep3imai e3reprimTirin
Oakputay ymriH MSSST nepektep MaccuUBTEpiH
(Multi-Channel Sea Surface Ttemperature) xone/
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HeMece Pathfinder >xo6aceiaeiH mepekrepin (1985
KbUIIaH Oacram Kasipri yakbITKa naedin Myxwur
OeTiHIH TemIepaTypachl Typajibl >KOFaphl carma-
nel FamamMaeik MomiMerTep ©0a3achlH IIBIFApyFa
OarpiTTannran NOAA/NASA GipneckeH x00achl)
naigananyra 6onansl (2-cyper).

Apan TeHi3iHIH KypraraH TYOiHIH ayMarbiH
3epTTey Ke3iHJe CIyTHUKTIK CYpeTTepAiH €Ki Typi
konnaubabl — [RS LISS sxone Landsat — cyperrepmi
GTZ carpm anbiaael. CypeTTepae epeKiieneHeTiH
OOBEKTIIEPAIH €H a3 MOJIIIePIMEH CHIIATTaNaThIH
MOTIMETTEPIIH KEHICTIKTIK (TeoMeTpHSIITBIK)
aXbpIpaTeIMIBLUIBIFEI RS ymiin 23,5 M, an Landsat
CIYTHHTI YIIiH colikeciHme 28 M Kypaiabl.
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2-cypet — CpiHamMa ajbIHFaH HYKTEJIEPiHiH
TeMIlepaTypalibIK e3repicTepi

KypibIKTarbl 6CIMAIKTEPAIH Kal-KyHiH ejiey
YIIiH CIOYTHUKTEPJIEH €Ki HeMmece OJaH Ja Kol
CHEKTPJi KoJakTapAa OIpiKTIpUITeH CHUTHaJFa
HETi3/IeNreH OipHENIe BETeTAlUsIIBIK HHJICKCTED
JKacalpl.

Korapreiaa aiiteutrangail, OyTiHTl KyHre JOeiin
Apalt TeHi3iHJIeTi CYIbIH KeJeMi 6TKeH FaChIPIbIH
opraceiMeH canbicThipranna 10 ecegeH acramra
azaiinpl. TeHI3 KejeMi a3alifaH CalbIH OHBIH
muHepanaanysl 1960 sxbuter 10 T / kr-nan 2002
KbUTBI 82 T / Kr-Fa meiiin ecti [14] xxome 2010
*Kbuibl 114 r / kr-ra sxerti. Bepinren mamanap
Oarbic OacceiiHiHIH OeTki KabaThlH Oinmipenmi, ai
IIBIFBIC OacceiHIHIe TY3ABUIBIKTHIH apTyhl OJIaH /1a
MaHBI3/IbI OOJIBII OTHIP.

Byn ke3me Apan sKoxyHeciHIe KypT e3re-
picrep Oonasl [14-15], aBTOXTOHIBI TYPIEPIiH
KONIIUIITHIH KOMBUTYBIMEH JKoHE OuoamyaH-
TYPJUTIKTIH alTapibIKTall TeMeHIeyl OalKasbl.
Mpicanbl, MUHEpATAaHYABIH KYPT 6Cy Ke3eHiHne
1971 xbuiman 2002 sxputFa AeHiH (QUTOILIAHKTOH
TypJsiepiHiH canbl 375-ten 139 typre, an 300muaH-
KTOH 42-1¢H 4 Typre neiin azaimsl [16].

TyprepaiH ainyaH TYpJUTTIHAETI YJIKCH IIIbI-
FBIHJApFa KapaMacTaH, Apall TeHi3iHIH Ka3ipri 9Ko-
XKYHWeciH ein Oapa jkaTKaH Jel atayra OoIMaibl.
[lenaruanelk ailMakTa ©Te >KOFapbl TY3AbLIBIKKA
OeifimzenreH epekiie, Oipak eMipiieH ONOIOTUSITBIK
KaybIMIACTHIKTAp TIPIIUTIK €Teal >KoHe OesceHIi
s)kyMmebIc icteiai [17]. Ocel Typaepaiy Oipi — nena-

THSUTBIK TWJUT TaOaHAbl IasH Artemia partheno-
gepetica, TUTIEPTAJIMH Cy KOWMAaJIapbIHBIH THUITIK
TYPFBIHBL. YIKeH Apanga Apremus ek 2000 sxbUTbI
marima OOJabI, COJ Ke3lle TY3ABUIBIFBI 63 T/Kr-ra
neiin octi, an 2002 keLIbI OHBIH OMoMaccack! 0,3
r/M-re TeH Oonabl, Oy 300MJAHKTOHHBIH >KaJIIbI
MaccacslHBIH 99% Kkypans! [18]. Apremus Typnepi
OYKUI oJieMlie¢ KCHIHGH TapalifaH J>KoHE OapIibIK
xepae (yHIaMEHTaNAbl FBUIBIMH 3€pPTTeyJIepAiH
00BeKTICI peTiHAe (IKOJOTHSUIBIK, TEeHETHKAIIBIK,
IBOJIIOIHSAIIBIK, TAJEOHTOJOTHSIIBIK) )KOHE KOMMEp-
LUSIIBIK MaKcaTTapa KapKbIHIbI TYpJe 3epTTene/i,
OUTKEHI YHBIKTAN KaTKaH apTeMHUS )KYMBIPTKAIaphI
(xucTamapbl) KOMMEPILUSIIBIK MaHbBI3bl 30p JKOHE
aKkBapuyMJa KojnaHbeuiaael. JKakbiHma Apan Te-
Hi3iHAC TY3IBI acIIassHIAPABI JTaMBITY OCHI TYPIiH
KYMBIPTKAJIApBbIH JAeMallyFa KOCINTIK OalblK aynay
MYMKIHZITI TYPFBICBIHAH KeHOIp MIeTEeNIiK KOM-
TTaHUSIIAPABIH KBI3BIFYIIBUIBIFBIH Ty AbIpASI [19].

XKorapeiga OipHemie perT KepceTinreH YJKeH
Apangpl SKCHeIUIUSUTBIK OaKplIay OaraapiiaMachl
Ke3iHJe, THAPOPHU3UKAIBIK XKOHE TUAPOXUMUSIIBIK
KaraalnapIelH KYpT e3repyl ’kargaibiHma Apain
TeHi3iHIH OWONOTHSIIBIK KalTa KYpbUIBIMIAY
OarbITHIH, TYP KYPaMbIHBIH ©3TepyiH, MeNarusuiblK
KYHEHIH CaH/BIK )K9HE OHAIPICTIK cullaTTaMalapbiH
Oaramay OOMBIHIIIA 3ePTTEYIIEP KYPTi3LII.

By Moceneni miemry yIimH Keleci >KYMbICTap
KYpriziami:

1) 6akTepno-, GUTO- KOHE 300IIAHKTOHHBIH
TOPH30HTAJB/IBI JKOHE BEPTUKAIBIBI Tapalxy CUIa-
TBIH 3epTTey [20];

2) Chl-a xxoHe eonmUrMeHTTep KOHIICHTpAITHI-
CBIH OJILICY;

3) ¢uro- xoHE 300MIAHKTOHHBIH TAKCOHOMHUSI-
JIBIK, KYpPaMbIH aHBIKTAY;

4) Artemia parthegenetica-na >KyMbIpTKaiap-
JbIH KOPEKTCHY KOHE OHY KbUIIaMIBIFbIH SKCIIEPH-
MEHTTIK 3epTTey [21].

JKazrel — Ky3ri MaychbIM Ke3€HIHIE YJIKCH
Apangely OaThic amaOblHAa OaNABIpIApIBIH 56
Typi ke3necti (1-kecte), oHBIH 28 Typi muatomMmap
(Bacillariophyta), *acbul GalbIpiaplIblH TYpJepi
(Chlorophyta), 2 Typi xpunrrodurrep (Cpunmodghu-
ma), nuaodurrep (Dinophyta), anteir (Chrysophyta)
xoHe 3BrieHa (Euglenophyta) Ganapipinapbl, Kek-
xKacell (Suanophyta) Gangslpnapasie 5 Typi, dna-
remnartapasie 2 Typi (Flagellata) [22] xoHe mpa-
suHOGUTTepHiH (Prasinophyta) OGanasipiapibiH
1 typi. XKacem Oanneipnap, Chlamidomonas sp.,
MayChIM albIHfA koHe Oosustis cyOMapHHAChI, Ta-
MBI3BIH/IA JKOHE KBIPKYHETiHAe, 3epTTey Ke3eHiHAe
oNapbIH caHbl 0ackiM Oomabl (1-kecte). MaychiM-
Ja (uTormIaHKTOHAA TUaTOMAAp a 6ackiM OOJIIbI,
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Apai TeHi3iHiH OHOoXYiie KOMIIOHCHTTEP1 JeTPaIallisIChIHBIH (DH3HOIOTHSIIBIK )KOHE OMOPH3HUKATIBIK YACPICTEpPiH 3epTTeY

OJIApJIbIH KOMTIrl JKalmbl CaHBIHBIH 5%-7aH acmna-
Iel. bateic 6accefinaeri TypiaepaiH eH Ko caHsl (37
TYpi) MaycbIM ainapbiHaa TaObuAbl. TambI3 XKoHE
KBIpKYHeKk ainapbiaaa coiikecinme 20 sxaHe 33 Typ
Ke3neckeH [23].

XnopohuyuIIiH TiK Tapaty CHIAThl (PUTOIIAHK-
TOHHBIH TEPMOKINH KaOaThIHIAFbl MaKCHUMAJJIbI
KOHIICHTPAITMSCHI OOWBIHINIA TapallyblHA COWKEC
KeJl, o MaychiMIa 9, Tambizna 5,3, KeIpKYHEKTe
7,5 mxr Chl/ n 6one1. CeipTke! )xarpiHad Chl-a koH-
neHTparusiacel 1-2 Mkxr Kypaasl. Chl-a sxxorapbuiaysl
TeMeHri Kkabarrta »xui Oalikanmel. Cy OaraHbIHA
apranrad Chl-a oprara KOHIEHTPAUACH MayCHIM-
na 4,9 MKT / 1T Kypaabl )KOHE TaMbI3 OCH KBIPKYHEK
alllIapbIMEH CAIIBICTBIPFAH/IA AUTAPIIBIKTAN KOFapbl
Oomnapl (coiikecinme 3,2 xoHe 3,6).

211 r/ Xr TY3OBUIBIFBI Oap MIBIFRIC OaccelHiHAe
14 amatoMm Typi TaOBUILIBI, OJIAPIBIH imIiHae Oa-
ceiM TYpIepi Halamphora coffeaeformis[24], an
Fragilaria brevistriata, Halamphora holsatica,
Nitzschia amphibia xone Navicula spp. GapibIFbI
OanapIpIapaslH JKanmbl caHbIHBH 40%-maH acTa-
MBIH Kypajsl (1-kecte). XKackin 6anabipiap — Guro-
IUIAHKTOHHBIH KYPBUIBIMBI KOIITETCH CIIOpAIapMEH
YCBIHBUIFaH.

2008-2010 >kpuiAapAarel ¥Jbl Apall TEHi3i-
HiH (DUTOMJIAHKTOH KAaybIMJACTHIFBIHBIH KYpbI-
JMBIMBIHIIAFBI  ©3TepicTep l-cyperTe KepceTiireH.
OUTOIUTAHKTOHHBIH KYPBUIBIMBI MEH MOJIIBIFbIH-

JAFbl  YJIKEH aWbIpMaIlbUIBIKTap OaThic  JKoHe
IIBIFBIC  ajlanTapbl apachkiHia Oavkanael. 2008
JKBUTFBI MAyChIMJIa IIBIFBIC OACCEWHIHJET1 Kbl
¢urormrankToH nomysmusace 0,9 x 106 xacyma /
1, an xanmnel omomacca 93 mkr C / 1 Kypafpl, an
Oatpic anadbiHaa Oy kepeetkimTep 2,4 x 10 ° xa-
cymranap / 1 xoHe 538 xxerti MkT C / L colikeciniie.
[eiFbic anabbiHga (UTOTUIAHKTOH HETi3iHEH aua-
TOMJApAaH TYPABI, all oxapiablH KemnTiriHiH 20%-
Bl JKachbUT OasbIpiIapAbIH criopajapbl 00iapl. ba-
ThIC 0acCEHHIH/IE JKAChUI KOHE AMATOMIAp 0achIM
OonateiH Oapiblk (uTOmIaHKTOH TOomTapel 2008
JKBUTIBIH JKa3bIHIa YCHIHBUIIE (1-CypeTTi KapaHbi3).
TambI3 jxoHE KbIPKYHEK alapbiHa OallIbIpiiap IbiH
canbl (9,2 x 10 ° xacymanap / i xoHe 8,5 x 105
xKacymanap / J) MaychlMFa KaparaHaa Inama-
MeH 4 ece ken OOJIIbI, aJl OMOMacca alTapibIKTal
TeMeH OONIbI, ON TaMbI3fa 352 ’kacymamap MeH
kbipkytiekre 213 mxr C/ L kypansl. Byn xas3nein
eKiHIII >KapTHICBIHAA (UTOIJIAHKTOH KYpPaMBIHBIH
e3repyiHe OaWIaHBICTBI OOJIBI; ON ycak OanabIp
KacyllalapblHbIH, HETI3IHEH XJIOpOQUTANap.IbIH
a0CONIOTTI yCTeMIiriMeH cunarraiabl (3-cyper).
Batpic OGacceininig Tv3apuIBIFel 2008-2010 >x0k.
104-ten 117 t / xr-fa neitin ocTi, GUTOIIIAHKTOH
KaybIMJIACTHIFBIHBIH TYP KYPBUIBIMBIHIA OaiiKallFaH
KBUTApaNbIK  e3repicTep, €H aJIbIMEH, JKBUI
ME3TUIJICPiHiH ca0aKTacThIFbIHA OalIaHbICTBI 00JI-
Iel [25].

1-kecte — YIikeH Apa TeHi31HiH ’Ka3FbI-KY3T'1 MayCBIMBIHAAFBI (PUTOINIAHKTOH KYpaMbl

Typaep IsrFeIc Gaccceltn Bateic Gacceiin _
MayCBhIM MayCBhIM TaMBI3 KBIPKYHEK
Cyanophyta
Aphanotece clathrata West and West - - - +
Gomphosphaeria lacustris Chodat - - - +
Microcystis pulverea (Wood) Forti et. Elenk. - - - +
Synechococcus aeruginosus Nag. - + +
S. elongatus Nag. - M
Cryptophyta
Chroomonas sp. - + +
Rhodomonas salina (Wisl.)Hill et Wetherbee - +
Euglenophyta
cf. Euglenophytaa - - -
Trachelomonas cf. verrucosa Stokes - - -
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Kecmenin orcanzacei

IIsreic Oaccceiin

Barsic 6acceitn

Typae
Yprep MayChIM

MayChIM TaMbl3 KBIPKYHeEK

Dinophyta

Gymnodinium sp. 1 -

Gymnodinium sp.2 -

M — 6acbIM TypIiep (Kaimsl caHbIHBIH 5-15%)
«+» — KaIbl CaHbIHBIH <5% KypalTbIH TYpJep
«-» — ChIHaMaJia Ke3/1eclereH Typiep

KspipryHer - 6aTbic

MaychIM - MIBIFBIC

MaychiM - 6aTbic

Tampbi3 - 6aThIic

[0 Bacillarijphayta
B Cyanophyta

I Dinophyta

[l Flagellata
W Chiorophyta

W Chiorophyta

3-cyper — YikeH Apai TeHi3iHiH Ka3FbI-Ky3Ti
MayChIMBIHAAFbl (PUTOIIIAHKTOH KYPaMbl

X1OpoQHIUIIIH TIK Tapanxy cUIaThl (PUTOILIAHK-
TOHHBIH TEPMOKIUH KaOaThIHJIAFbl MaKCHMaJIbl
KOHIICHTpaIMsIChl OOMBIHIIA TapaimyblHa CoHKec
KeJi, o1 MaychiMaa 9, Tambizaa 5,3, KbIpKYHEKTe
7,5 mxr Chl / n 6ongel. CeipTkbl xarbiHan Chl-a
KoHIeHTpanmsichl 1-2 mkr kypamgsl. Chl-a xora-
phUIaybl TOMEHI KabaTTa skui Oaiikanael. Cy Oara-
HeiHa apHanraH Chl-a opramia KOHIIEHTpPAIUSACHI
Maycbimaa 4,9 MKr / 1 Kypaasl jKoHe TaMbl3 OeH
KBIDKYHEK aljapbIMEH CaJbICTBIPFaHAa auTap-
JBIKTAN )KOFaphl O0IBI (colikecine 3,2 xaHe 3,0).

YnkeH Apan TeHi3iHIH (UTOIUTAHKTOH KaybIM-
JIACTBIFBIHBIH KYPBUIBIMBIHIAFEI ©3repicTep 1-cy-
peTTe KepceTinreH. OUTOIITaHKTOHHBIH KYPBLUTBIMBI
MeH MOJIIBIFBIHAAFBI YIIKEH ailbIpMaImbUIbIKTap Oa-
TBIC JKOHE IIBIFBIC ajanTapbl apachlHIa OaWKaIIbI.

MaycbiMa TIBIFBIC OacCeiHIHET1 kKaimbl (Guro-
IaHkToOH nomyismusacer 0,9 x 106 xn/m, an
anmel 6momacca 93 mkr C/m Kypasnsi, anm OaThic
anabbIHIa coiikeciHme Oyn moHzep 2,4 x 100
kn/n xoHe 538 wmkr Mkr C/a-ra skerti. IIwiFbic
anabbIHIa (PUTOIIAHKTOH HET131HEH qUaTOMIapaaH
TYPJBI, &l ONapAblH KemmiumriHiyg 20%-bl kKachUl
OanmapIpmapAelH  criopamapel  Oonapl.  baTeic
aaObIH/a JKACKLI JKOHE JTUATOMIBI Oaibipiaap Oa-
CbIM OOJIaTBIH OapiblK (DUTOIJIAHKTOH TOMTAPHI
xa3fga Oonmbl (1-cypet). TaMbI3 koHE KBIPKYHEK
aftmapeiHga OGamapipiapasie cansl (9,2 x 10° xi/n
xone 8,5 x 10° ki/im) MaycbiMFa KaparaHjia Imama-
MeH 4 ece kel OOJIIbI, al OMOMacca alTaplbIKTai
TOMeH Oobl, TambI3aa 352, KpIpkyhekre 213 MKr
C/n xypanpl.
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ApaJ TeHi3iHiH OMOXKYiie KOMIIOHEHTTEPI JACTPalallUsAChIHBIH (GU3HOIOTHSIBIK KOHE ONMO(U3UKANBIK YACPICTEPIiH 3epTTEeY

KopbITBIHABI

3epTTey KYMBICHIH JXYpPrizy OaphIchIHIa Apai
OHIpIHIH OMOXKYHE KOMIIOHEHTTEP1 Jerpajaiuschbl-
HbIH (PU3HOJOTHSIIBIK JKOHE OMO(MM3HUKAIBIK YIe-
picrepiHe OalIaHBICTHI TYBIHIAFaH DKOJOTHSIIBIK
npobieManapabl HICHIy >KOHIHJAET1 ic-Iapanapasl
a3ipyiey Tocinepi KapacThIpbUlabl. FrUTBIME 3epT-
TE€y JKYMBICHI OYPBIH JXYPTi3UITCH TeOJIOTHSIIBIK,
MOPQOJOTHUSIIBIK, THAPOIOTUSIIBIK, OUOIOTHSIIBIK
OaxplIayapApl JKAHAYIBl KaMTBIOBL 3epTTeyie
YnkeH Apa TeHi31HIH TOMEHT1 On0oXKyiie KaybIMaac-
TBIFBIHBIH KEII KailiTa Ty3jaHy Ke3eHiHIe Kajal
KYPBUTBIMIATIFaHbI )KOHE 03TepPreHi KapacThIPBULIBL.

Apan  TeHI3iHIH TY3AbUIBIFbIHA  OaiiiaHbI-
CTBl OMOXYHe KOMITOHEHTTEPiHIH Aerpajalusra
YIIBIpay TPOIECiHIH Heri3ri 3 Ke3eHiH aran
KepceTyre 60IaIb:

— 1971-1976 xbinpapsl, Ty3AbUTBIFBl 12—14 1/
JI-JIeH acKaH[a, TYIIBI CY MIBIKKAH TY3/BI Cy TYpJepi
JKOFAIIBITT KETTi;

— 1986-1989 xpinpapel, TY3ABUIBIFBI 23-25
r / n-meH ackaHna, KacnuiieH MIBIKKaH TY3IbI-CY
TYpJIEpi KOHBUIIBL;

— 1990 xpinaapasiy asreiaga 2000 sxpuiIapasH
Oacerma. YJIKeH ApaiiaH, OHBIH TY3A6UTBIFEI 80-100
'/ JI-JeH acKaH/1a, TeHi3/iH IIbIFY TeT1 XKOFaja bl

1989 xpiiBl KeOy HOTHKECIHAE Apai TeHi3i eKi
Oemikke Oeminmi: conrycririnae Kimi Apam xoHe
OHTYCTIriHae YJKeH Apall.

buoxyiie KOMITOHEHTTEpIHIH JKaFrmalbl VI
HeTi3ri ce0en OOMbIHIIA 3ePTTEI/II:

— Makpodurrepain OipTiHAen bIIBIpayBl as-
CHIHJ/Ia TOIl OCHTHKAIBIK SKOKYHENepaiH OHIMIUTIT]
YIIiH Heri3 OOJAbl, COHABIKTaH OHBIH KYpPaMbIH
JKOHE OpTYPJIUIITiH Tagay KaskeT OOJIIbL.

— Muxkpodurrepain TaJI0TOJICPAHTTHIIBIFbI
OYphIH CHIIATTAJIFaHHAH e3remie OONybl MYMKiH.
OHBIH MIGKTEPiH aHBIKTAYy COHFBl YaKbITTarbl
[AJICOIKOJIOTHSIIBIK KOHE IaJCOKIMMATTBhIK KaiTa
KYpy/lla YJIKeH KOMeEK.

— IlporpeccuBTi Ty3maHy ascelHAa Apai
TEHi3iHe JKaHa cyOcTpaTTapaa IeHO3MapbIH Haiaa
0O0JTyBI KBI3BIKTBI TAOUFH TOKIpUOE OOIIBI.

— DKOJIOTHSUIBIK 3€pTTeY >KYMBICHIHBIH Maiina-
Chl TEK CY alJIbIHBIHBIH TEXHHUKAJBIK KOPCETKIII-
TEpiHiH JKaKcapybl FaHa eMec, OHipHaeri Ouono-
THSAJIBIK PECYPCTapIblH MONatobIHAa (0ajbIK KOpHI,
©CIMIIK XKaMBUIFBICHI, )KaHyapJap JIeMi, KyCTap IblH
caHbI ke0etoi).

«Kimi Apangel KanmblHa KENTipy» CHSIKTHI
KOpIIaraH  OpTaHbl  KajlblHA  KEIATIPYIiH
ayKbIMABI ’k00anapel MYKHSAT MOHHUTOPUHT XYP-
risyai kKaxer eteni. FeumbiMu 3epTTey HOTH-
XKenepi THAPONOr, OWOJIOT, JKOJIOT MaMaH-
Jap YUIiH KYTUITEH JKYMBIC HOTHXKECiH aiy
YUIiH FaHa eMmec, Kepi Oaiimansic Oepyre, »KaHa
ToKipubenepMeH anaMmacyfa, COHBIMEH KaTap
OCBIHJIAH 3epTTeyJiepi Oacka kepiepne e COTTi
OTKI3yre KOMEKTeCe/Ii.
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«CASPI BITUM» 3AYbITbIHbIH BYAAHY TOTAHbBIHAATDI
BUOTEHAI SAEMEHTTEPAIH, KYPAMbIH BATAAAY

Makanraaa «Caspi Bitum» 3aybITbIHbIH OHAIPICTIK KbIBMETI HOTMXECIHAE ManAa GOAATbIH aFbiHABI
CYAQPAbIH 3KOAOTMSABIK, MOHWUTOPUHIIHIH, HaTuxkeAepi KeATipiaai. KacinopbiHFa Tueciai 6GyaaHy
TOFaHbIHAAFbl OMOreHAI SAEMEHTTEPAIH KypamblHa, TapaAyblHa, AMHAMMKACbIHA TaAAQY >KYPri3iAAi.
BuoreHAi 3AeMeHTTEPAIH CY aAaHAAPbIHA BHAIPICTIK YXOAMEH TYCiM, CY alAbIHbIHbIH XMMUSIABIK, KyPaMbl
MEH CarnaAblK, KaCMeTTePiH e3repTin KaHa KonmMan, >KaraXKalnAapAblH Ty3AaHYbIHA aAbIn KeAyi OYriHri
TaHAQ ©3eKTi MoceAeAepAiH 6ipi 60AbIN oTbip. Cebebi, cy KoMMarap CybiHAAFbI OMOrEHAT SAEMEHTTEPAIH
AVHAMMKACbIH 6aKblAai OTbIPbIM OHbIH KyPamblH TaAAdy, CYy alAbIHbIHbIH XKaAMbl KOPIHICI TypaAbl
cunaTtama Gepyae Heris 6oAa aAaAbl. XKyprisiAreH 3epTTey >KYMbICTapbl AQ OCbl MaKCaTTbl HMET
eTTi. 3epTTey YWiH TaapayFa mMaTtepuan peTiHae 2018 XKbIAAbIH Ky3 Me3riaiMeH 2019 >KbIAAbIH, >Ka3
Me3riAi apaabirbiHaa «Caspi Bitum» 3aybITbiHbIH 6yAaHY TOFaHbIHAAFbl AAAAAbIK, 3€PTTEY KYMbICTAPbIH
>KYPri3y 0GapbICbIHAA XXMHAAFAH CYy CbiHAMAAAPbIHbIH, OHAEY HOTUXKEAEPi aAblHAbl. CbiHAMaAap aAAbIH
aAa GeAriaeHreH KoopAmMHaTtasap 6GOMbiHWA CyAblH 6eTki KabaTblHaH >XKMHAKTAAbIHbIM, 3€PTXaHAAbIK,
TaApamara Xibepiaai. CbiHamaAapAbl OHAEYAE KeAeCi OMOreHAl SAEMEHTTEP TaAKbIAQHAbL: aMMOHMIA
a3oTbl, ocdarTap, HATPUTTEP, HUTPATTap XkoHe deHOA. CoHAaM-aK, HOPMATMBTIK Ky>KaTTap 60MbIHLLA
OCbl 3aTTapAblH MeALlepi KapacTbipblAbin, LLIPK aAeHreirimeH caabiCTbipy >Kyprisiaai. CbiHaMaAapAbl
TMAPOXUMMSIABIK, TaAAdy (OTOMETPUSIAbIK, >KOHE MOHAbBIK, XpomaTorpadust oaiCcTeEpMeH ky3ere
acbipbiAAbl. Cy KypamMbiHAAFbl BMOTEHAT SIAEMEHTTEP BOMbIHILA MAaFAYMAT CYAaFbl SKOXKYMEHIH >KaAMbl
>KaFAarbl MEH AaCTaHyblH HOpMaAay MeH OakbiAayAa KOAAAHBIAGADI.

TyiiH ce3aep: arblHABI CyAap, BUOreHAl SAeMeHT, Ta3apTy, OyAaHy TOFaHbl, MyHalt 6HIMAEPI.
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Assessment of the content of biogenic elements
in the evaporation pond of the “Caspi Bitum” plant

The article presents the results of environmental monitoring of wastewater generated as a result of
the production activities of the» Caspi Bitum « plant. The analysis of the content, distribution, and dy-
namics of biogenic elements in the evaporation pond belonging to the enterprise is carried out. Today,
one of the most pressing problems is the industrial ingress of biogenic elements to water fields, which
leads not only to changes in the chemical composition and quality properties of the reservoir, but also
to salinization of beaches. Analysis of its composition, tracking the dynamics of biogenic elements in
the pond water allows you to describe the overall state of the reservoir. This study was conducted for
this purpose. The work is based on materials collected during field research on the evaporation pond
of the «Caspi Bitum» plant from autumn 2018 and summer 2019. Samples are collected from the water
surface at pre-set coordinates and sent for laboratory analysis. Chemical analyses of water samples were
performed for the following parameters: ammonium nitrogen, phosphates, nitrites, nitrates and phenol.
Also, the amount of these substances was reviewed and compared with the level of MPC according to
regulatory documents. Hydrochemical analysis of samples was performed using photometric and ion
chromatography methods. Data on biogenic elements in water allows predicting changes in the qual-
ity of water environments and is used in the regulation and control of the overall state and pollution of
ecosystems in water.

Key words: waste water, biogenic element, purification, evaporation pond, petroleum products.
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OueHKa COAepXKaHUSi OMOreHHbIX SAEMEHTOB
B NpyAe-ucnaputeae 3aBoaa «Caspi Bitum»

B cratbe npuBeaeHbl pe3yAbTaTbl MPOBEAEHMS 3KOAOMMYECKOrO MOHWUTOPWMHIA CTOYUHbIX BOA,
006pasyIoLMXCS B pe3yAbTaTe MPOU3BOACTBEHHON AEITEABHOCTM 3aBoAa «Caspi Bitum». MpousseseH
aHaAM3 COCTaBa, PaCNpPeAeAeHUs], AMHAMUKM BUOreHHbIX SAEMEHTOB MPyAa UCMApeHUs MPeAnpUsTUS.
OAHUM U3 aKTyaAbHbIX MPOOGAEM SBASIOTCS MOCTYMalOLME B BOAHbIE MCMApUTEAM MPOM3BOACTBA
OMOreHHbIE DAEMEHTbI, M3MEHSIOLME HEe TOAbKO XWMMMYECKMIA COCTaB M KauyeCTBEHHble CBOMCTBA
BOAOEMA, HO U MPUBOASILLME K 3aCOAEHMIO AQHHbBIX 06beKTOB. MOAOBHbIM aHaAM3 cocTaBa HUOreHHbIX
DAEMEHTOB B MPOWM3BOACTBEHHOW CTOYHOM BOAE MO3BOAMT MPOM3BECTU HAOAIOAEHME U MOCAYXKMUT
OCHOBOM OMPEAEAEHUS KApTUHbl AMHAMMKM MX WM3MEHEHUN, YTO U HABASETCA OCHOBHOWM LEAbIO
NMPOBEAEHHOr0 UCCAEAOBaHMS. MaTeprMaAOM MCCAEAOBaHUS SBUAMCH pe3yAbTaTbl 06paboTkm npob
BOAbI, OTOOpaHHbIX B XOAE MPOBEAEHUS MOAEBbIX MCCAEAOBAHWIA MpPyAa McnapeHus 3aBoaa «Caspi
Bitum» B nepmoa ¢ ocenn 2018 roaa no aeto 2019 roaa. Mpobbl 0TOOGPaHbI C MOBEPXHOCTH BOAbI MO
YCTaHOBAEHHbIM KOOPAMHATaM M HarpaBAeHbl Ha AaGOpaTOpHbI aHaan3. OcHoBOM 06paboTKM MPo6
OMOreHHbIX SAEMEHTOB SBMAMCb a30T aMMOHMUSI, hochaTbl, HUTPUTbI, HUTPaTbl, CYyAb(ATbI, XAOPUA U
¢eHoA. CoraacHO HOPMaTMBHBbIM AOKYMEHTaM MPOM3BEAEHO COOTBETCTBME C ypoBHeM [MAK AaHHbIX
BeLEeCTB. [MAPOXMMMYECKMI aHaAM3 MPOG6 OCYLIECTBASIACS METOAAMU (POTOMETPUYECKON M MOHHOM
xpomaTtorpacpun. Npu HOPMMPOBAHMM N KOHTPOAE COCTOSIHMS M 3arps3HEHUS BOAHOM 3KOCUMCTEMbI

MCTMOAB3YIOTCS! AAHHbIE MO COAEPXKaHUIO B BOAE GMOreHHbIX SAEMEHTOB.
KAtoueBble CAOBa: CTOYHble BOAbI, OMOreHHbIl IAEMEHT, OYMCTKA, MPYA McnapeHus, Hedre-

NMPOAYKTbI.

Kipicne

AJamM3aTTBIH aKbUI-OWBIHBIH, OPICIHIH JaMysbl
KOpIlIaFaH opTara Kepi ocepiH THTI3iM KaHa KO-
Mail, TEOPKOJOTHSUIBIK TPOIECTEPIiH KYPT >KaH-
JaHa TycyiHe ceOemmr Oonein oTblp. TaOurm Te-
Me-TEeHIIKTETT TEXHOTEH/TIK aybITKYJap YaKbIT eTe
KeJie KMHAKTaly KacueTiHe ue OOIbIN, HHXKEHEp-
JIK-TEO3KOJIOTHSUIBIK  YKaFJAMIap/iblH  OPHBIFHII,
KalTa KypbUTybIHA HETi3 00Ji/bl. HeIKTan opHBIKKaH
T'€0IKOJIOTHSUITBIK ITPOIIECTEPAIH Kepi acepiiepi Ta0bu-
FU OPTaHBIH, XKEP aCThl )KOHE XKep YCTi CyJIapbIHbIH,
TOTBIPAKTHIH XUMHUSUTBIK JIACTAHYBIHA AJTBII KEJIi.

Tepic Te03KOJOTHSUIBIK MPOLECTEPAiH Ja-
MYBIHBIH €H YJIKeH ceOentepiniH Oipi — TaOurm
OpTaHBIH, dcipece )ep YCTi )KOHE XKeP acThl CyIapbl
MEH TOIBIPAKTHIH XUMUSUIBIK JacTanybl. OCbiHaal
HETI3T1  JlacTayIIBUIAPJbIH  KeII0aCHIbUIAPBIHBIH
OipiHe MyHal ©HJICY 3ayBITTAPHI KaTaIbl.

MyHaii eHJiey 3aybITTapblHIa, acipece Ou-
TyM OHJIPY 3aybITTapblHAa aFbIHIBI CYJIapIbIH
KYpPaMBIHIAFBI HETI3TI YBITTBI JKOHE KayimnTi
JacTaylIbIHBIH Ke3i Ooyibll MyHal eHiMzaepi Ta-
ObUTa Bl AFBIHBI CYJaPAbIH KYPaMbI OPTYPIIi KOHE
oNapiblH KypamMbl MYHAWJbIH camacbiMeH »KOHE
OHBI OHJIEY TEXHOJIOTHSICBIMEH, COHIAH-aK OJapbl
TazapTy AspekeciMeH aHbIKTanans [1,2].

«Caspi Bitum» 3aybIThI HETI3Tl OHIMIH OHIIPY IS
Kapaxanbac keH OpHBIHAA OHIIPINETiH, KYKIPTTi
(maccacer 1,06%) xoHE CybI JKOFapbl KYpambl,
COHJIali-aK KyM TYPIHJIET1 MEXaHUKAJIBIK KOCIaIaphl
Oap MyHaiinbl maimanaHanel. OHIIpIC MpoleciHae
Maiipl CyCBI3MAHABIPY KOHE TY3ChI3IaHIBIPY Ke-
3iHAE, DJEKTPIIK TY3CBI3OAHIBIPY KOHIBIPFBI-
JapbIHIA CYIBIH KATTHl JIACTAHYbl OPBIH ajajlbl
[3]. ConbiH HOTHXKECIHAC Cyda KHUBIH TOTHIFATHIH
OpPraHMKAJIBIK  KOCBUIBICTAD  Makiiga  0ojajbl.
CoHpail-aK, TEXHOJIOTUSIIBIK PErIAMEHTKE COMKEC
KOCITIOPBIHHBIH aFBIH/IBI CYJaphIHIa epeKIIe dcep
€TEeTIH P TYPJIi OPraHUKAIBIK XKoHE OCHOPraHUKaIBIK
XUMISUTBIK,  KOCBUTBICTap 0ap. AFBIHIBI CyNapIibl
OJlaH 9pi MUKPOQHUIBTPIEPMEH KOHE KOMipTeri
Cy3riiepiMeH Tasanaiapl. KanbInTel Ta3apThUIFaH
arplHABI CY COPFBl CTAHIMSACHIHBIH Ta3apThUIFaH
aFblHIBl  CYJApBIHBIH ~ KaObUiay — KaMmepachiHa
TYCEIi OHE KBICBIM Kopi3 KOJUIEKTOPHI aPKBLIBI
Oynany ToraHbeiHa >xiOepinmemi [4,5]. YKyMBICTBIH
MakcaThl: KypambiHaa MyHaill KalabIKTapbl MEH
TY3IapAblH CapKbIHBI Oap aFbIHABI cy (MeHiHIIe
Ta3apThUIFaH) XXiOepinreH OyllaHy TOFaHBIHIAFHI
CYIIbl 3KOJOTHSUIBIK-TUTUCHANBIK Oarajay YILIiH
JacTaHy IOPEXKeCiH 3epTTey.

3epTTey OOBEKTICIHIH CHIATTaMachl. 3epTTey
oobekrici peringe «Caspi Bitum» XUIIC 3aywi-
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«Caspi Bitum» 3aybITHIHBIH OyJIaHy TOFaHBIHIAFBI OMOTCHAI IIEMEHTTEpIH KypaMbIH Oaranay

TBHIHBIH aFbIH/BI CYJIapBIH )KiOepeTiH OyIaHy TOFaHbI
TaHJAJIIbI.

Bynany TofraHbl 3aybIT anaHbIHAH OHTYCTIK-
LIBIFBICKA Kapail 5 KM KaIIbIKTBIKTa, CAHUTAPIIBIK-
KOpray aitMarbl IIEeTiH/Ie )KePTUTIKTI )KepIiH TaOuFu
TOMEH/ICyiHeH Maiiia OoiFaH OHBICTa OpHaJacKaH
(1-cypet). ToraHHBIH aygaHbl COJTYCTIKTEH OH-
TYCTiKke Kapait oprama eni 400 M 6omatea 1000 M
KAIIBIKTHIKKA CO3BLIFaH.

ToranHBIH TYO1Xa3ap ca3ibl KAOBIFBIHAH TYPAJIbI.
ToraHHBIH OHTYCTIK-0aThICBIH A KAJIBIHABIFBI 7 M-T€
JeiiiH KeTeTiH KyM MacCHUBi XKaTbIp, TOFAHAAFbl OKTi
ca3fapliaH KOHE OKTacTapjaH CallblHFaH cy Oeiy
Oaypalibl CONTYCTIK JKOHE COJTYCTIK-IIIBIFBICTA
KaiifackaH. KaJibIIThl Ta3apThUIFaH arblHABI CY-
JmapAael TOFaHFa TackiMannmay amamerpi 500 mm
acbomeMeHTTI KyObIp OOWBIHIIA KYpri3isiexdi, To-
FaHFa CyJbl KiOepy OpHBIHAAFBI KYOBIPIBIH Oachl
OyTOOETOHIBI OOJIBIT TAOBLIA B,

Cynsl Tazaprty Kyieci 3aybITTa ObLIail XKy3ere
acajpl: 3ayBITTaFbl OapIbIK aFbIHBI CyJIap ajlIbIMEeH
Ta3apTy KOHIBIPFBICBIHA adnananel. Herisri kosm-
JIEKTOPJICH Ta3aJlaHFaH Cy OpTallaJaHIBIPy TOFa-
HbIHA XiOepumin, oJaH opi cCypwINTay eJeriHeH

otkizineni. ComaH COH MeXaHWKAJBIK KOcCTaiap
(TyHba, KyM) MEH MyHall OHIMJEpiH XOI Mak-
catbiHAa coprbl apKbuTbl CPI (imki Koaryisnusibik
TUTIM) aligamael.

MyHaii eHiMEpiHEH, TYHOA XKoHE Kocnalap/aH
Ta3apThUIFAH Cy, KOAryJSHT JKOHE TOoJIuMep Oepi-
JETIH apanacTeIpy pEaKkIUsUIBIK pe3epByapblHa
Tycenmi. PeareHtrepnmi apanacThlpraHHaH —KeiiH
Cy O3[iTiHEeH araThiH (DIOTAIUSIIBIK KOHIBIPFBIFA
XKiOepiseni, OHAa PEIHUPKYISAIUS COPFHUIAPBIHBIH
KOMETIMEH CIHIPIJITeH ayaMeH KaHBIKThIPhLIA/IbI.

AyaMeH CiHIpUIreH KaHBIKKaH Cy apajblK pe-
3epByapFaKein Tyce/ i, COMaH KeHiH COPFRIIITapMeH
JKaHFaK KaObIFbI 0ap TIK aBTOMATTHI CY3Tijiepre
Oepineni. Cy3riln 2IeMeHT peTiHie KaHFaK-TIeKaH-
Kapa IrpeK >KaHFarbl KOCTIAChl ajbIHAIbI.

ABTOMATTBI CY3TIIUTETI CY3UIT€H CY YSIIBIKTHI
CY3TIIITE TONBIK TA3apTY/IaH O Te 11 ’KOHE Ta3apThLUIFaH
aFBIHIIBI CY pe3epBYaphIHa XKioepineni. TazapTeurran
Cy COpFBINTAP apKbUIBI OpTallajlaHFaH TOFaHFa
alIambIll, OJIaH opi CyJapHbl TONBIK Ta3anay *KoHe
Oy/aHy TOFaHbIHA OPHAIACTBHIPY OOMBIHINA AKBLIBI
KBI3MET KOpCEeTy IIapThiHA Colikec «MaHFbICTay
uaayctpuani napki» XKXUIC xibepinemi.

1-cypet — buty™m 3aybITEI MeH OyiaHy TOFaHBI OpHAIACKaH ayJaHHBIH
kapra-cxemachl (Google Earth GarmapiamMachIHEIH KeMeTriMeH OpBIHAAIIFaH)
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3epTTey MaTepuasaapbl MeH dicTepi

3eprrey Martepwangapbl 2018 SKBUIIBIH KY3
MmearimiMer 2019 xbUIBIH %Ka3 ME3rUTiHETI OyIaHy
TOFaHBIHBIH JKal-KYHiIH NANaiblK 3epTTey Ke3iHze
aneiHael. ChIHAMaNap amy YIIH TOFaH MaHBIHBIH
YII HYKTE OCJITICHIN aJIbIHIIbI (2-CypeT):

1-HYKTe — TOFaHHBIH COJTYCTiK-OaThic Oeri-
riageri H1 mykreci (cynsiH OacTay aimy HyKTeci);

2-HYKTe — TOFaHHBIH IIbIFBIC Oemiringe H2
HYKTeci;

3-HYKT€ — OHTYCTiK-0aThICTaFbl KYMJIbl MaCCHB-
te H3 HyKTeci (KyM MaccuBi).

OpOip HYKTee MaHail Karaiibl Ko30€H II0JIbI-
HBIII, ChIHAMAJIApP aJIbIH/IBL.

Cy comamanapeia ipikrey MEMCT P51592-
2000 coiikec )KYpri3iiai. AFBIHABI Cy ChIHAMAapbIH
cakray MEMCT 17.1.5.01-80 TanantapsiHa coiikec
KYPTi3inmi.

Tanmmayra keneci KOPCETKIIITEp HEri3 OOJIbI:
Awmmonuii-uon (NH,"), Hurpar-unon (NO,’), Hutpur-
noH (NO,), Pocdar-uon (PO,*), enon C H OH.

2-cypet — CrIlHama ayibIHFaH HYKTEJep/IiH OpHAIACcy OpPHEI

bakpimayra Heriz OoyrraH OHMOTEHII SJIEMEHT-
TEpIiH KYpaMmblH aHBIKTAy YIIiH CYy ChIHAMaJaphbl
Oerki kabarra" 1,5 1 kememal HukcunHiH miac-
TUKaJBIK OaroMmeTpiepiHe ambHAbL. Tammay xyp-
risredre jaeiin ceiHamanap 7°C TeMeH Temrepa-
Typajia CaKTaJI bl )KOHE CaKTairy Mep3imi 12 caraTTan
aprnanel. CelHaManapra Tajjuay cy3UIMereH Kyiine
JKYPri3iai.

IpikTenreH cy ChIHaMalTapBIHBIH XAMUSIIBIK
Taaysl eJIeyIepal Kypri3yaiH OeKiTuIreH aic-
TeMeNepiHe colikec AKTay KajacbiHaarbl «Tannem
Oxo» XKIIC akkpeIUTTENreH ChIHAK 3€pTXaHaAChIHa
OPBIHIAJIIBI.

®doTtoMeTpusTbIK, omictep (acmarn — KOK-2MIT,
Peceif) ackopOWH KBIMIKBUIBIH KaIbIHA KENTIPY
apkbutbl ((hocop KOCBUIBICTAphI YIIIH), a30T KO-
CBUIBICTAPBIHBIH KOHIEHTPALUACHIH aHBIKTAy VIIiH
Hecnep peaktuBin (aMMOHWMIA YIITiH), [ prC peakTHBIH

(HUTpHUTTED YIIiH), CANUIMI KBIIIKBUTBIH (HATpaTTap
YLUIiH) KOJaHa OTBIPHII aHbIKTAIAbL. DeHoIIapAbIH
kypambiH Tammay AGILENT 6890 (AKII) macc-
CEJICKTUBTI JETEKTOPHI Oap ras3lbpl XpoMaTorpadThl
naiiianana OTHIPBII XYprizuumi [6,7].

3epTTey HOTIKEIEpI MEH Talmayiapibl CTa-
TUCTUKANBIK, Tpadukaisik eaey «MS Excel» Oar-
Japiamanap MakeTiH MaijanaHa OTBIPHIT OpPbIH-
JTAJIJIBL.

leoakmaparteik  xyienep (I'AXK) omictepi.
I'AX (Google Earth, SAS Planet) ToOsIHBIH Oarmap-
Jamainapbl OUTYM 3aybITHl MEH 3€PTTEJIETIH aFbIH/IbI
CyJapAblH TOFaHBIHBIH OPHAJACTBIPY aydaHBIHBIH
KapTa-chbI30achlH, ChblHaMa ajly HYKTeJepiH Kypy
yIniH maigamaseuinel. KapTa-cxeMaHbl pelakius-
nay CorelDraw 11 xone Paint (Windows XP) rpa-
(ukanplk OarmapiaManapblHBIH KOMETIMEH OpBIH-
JAJIJIBL.
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3epTTEey HOTHKEJEPi, TAIKBLIAY KOHE YChI-
HBICTAP

Bynany ToraHBIHBIH KOpIIaFaH oOpTara ocep
€Ty JeHreiiH OaranayqbplH HETi3rl NPUHLMII Cy-
Jarel OMOTCHII AJIEMEHTTEPAiH Tajumay >Kypri3iry
Me3eTIHJeTi KOPCEeTKIMTEepiHiH [IaMacklH HOp-
MaTtuBTik [8,9] monaepmer (LLIPK) canpicTeipynan
Typambl. 3epTXaHANBIK  Tajmay  HOTHXKeENIepi
1-kecTene KenTipireH.

1-kecte — ByaHy ToraHBIHIAaFB OMOTEH/I DIIEMEHTTEPIIH KYpaMbl

Buorennep — Oenrini Oip OMOTOTHUAIBIK (QYHK-
OUSJIapAbl OPBIHAAY YIIH OpPTaHU3MICPIiH Kypa-
MBIHA KIpETiH 3JIeMeHTTep. Brorenai aneMeHTTepain
€H YBITTBICHI — HUTPUTTEP, COJaH KeHiH aMMOHUI
MOHIApHl JKOHE OJaH opi Tipi oOpraHm3Mmiepre
nraMainsl acep ereTin Hutparrtap [10,11].

BynaHy TOFaHBIHAAFbl OUOTCHIACPIIH Kypambl
OOWBIHIIA  JepekTep 1-Kecteme  KoOpCETiIreH,
IIPK neHreiiiHeH acaThlH MOJIIIEpJEp KapameH
OenriieHTeH.

Bynany ToraHbIHaH Cy ChIHAMAJIAPBIH ally HYKTEJIEPiHiH HOMIpi

Kepcertkim LIPK* 1 2 3
Ky3 2018 XKaz 2019 Ky3 2018 XKaz 2019 Ky3 2018 XKaz 2019
Ammonnit-uon NH,' 2,5 3,25+0,05 2,47+0,03 3,88+0,06 2,29+0,04 4,69+0,05 2,73+0,05
Hurpar-non NO - 45,0 47,8+0,04 46,2+0,05 42,7+0,03 41,5+0,06 39,5+0,03 42,6+0,05
Hurput-nor NO, 3,3 3,85+0,03 3,89+0,05 2,17+0,06 2,58+0,04 2,70+0,06 4,81+0,03
®ocdar-non PO > 35 0,81+0,03 1,734+0,05 1,96+0,06 2,17+0,04 2,05+0,06 2,48+0,04
®enon C.H,OH 0,05 0,041+0,05 0,063+0,03 0,018+0,03 | 0,026+0,03 | 0,033+0,03 | 0,039+0,03

Ammonnii-non (NH,"). AMMOHMI HOHIaPBIHBIH
koHIeHTparusace, 2018-2019 k. OenriieHreH
HYKTEIIepIeH ajblHFaH ChIHaMallap TaJAaybIHbIH
HOTH)KeCI  OOWBIHINIA  ayBITKYIIBUIBIK  OHIIA
Oaiikammaiinbel. 1 mHykreae, 2018 KbpUIIBIH KY3iHIE
aMMOHHI HMOHIAPBIHBIH Kypambl 3,25 wmr/am®
(IIPK memmepinen 1,3 ece apThik) Kypaca, 2019
KBUIIBIH JKa3bIHIA caparka ajblHFaH Ke3CHIep
apajbIFbIHAAFEl €H TOMEHIT KopceTkir 2,47 mr/am?
(ILIPK memnmiepiHeH acmalThIH) MOHIHE ne OOJIIbI.
2018 >KBUIABIH KYy3 ME3TUIIHAE aTaJMBIII IIama
nenreiiniyg [IIPK neHreiiineH acein keryi OymaHy
TOFaHbIHA aFbI3BUIATBIH TOYJIKTIK Cy MOIICPiHiH
Oynany ToranbiHbIH IIPT jx00ackiHna OenriieHreH
MeJIIIIepACH KeM KibepinreHiMeH TyCiHmipiaeTi.

NH, * en »orapbl KOHUEHTpaUHACH! (MIHi 4,69
mr / am?® (1,86 IIPK)) 2018 xbutapiH Ky3iHzae, Oy-
JIaHy TOFaHBIHBIH OaThICHIHAA 3-m1i HYKTeAe (Kym
MacCCHBI), COHJIAH-aK TOFaHHBIH 2-II1 HYKTECIHIC
(ontycrik-mibirpichinAa) IPK moninen 1,55 ece
acateiH MoH (3,88 wmr/am®) Tipkennmi. AMMOHHUUI
HMOHJIAPBIHBIH KOHIICHTPAIMSCHIHBIH KOFapbLIayhl,
o/lIeTTe, KY3Ti-KBICKBI Ke3eHIe Oailkanmaapl. by
TOFAH/JAFbl Cy OpPTaHM3MJEPIHIH eNiMiHe TiKeJen
GaitmanpicTh [12].

Kazrpl kepcerkimTepaeri 2-mn skoHe 3-mn
HykTenepain Maui 2,29 mr / am® (0,98 IIPK) sxone
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2,73 mr/nm? (1,1 IIPK) neiiin romenneni. CoHbIMEH
Oipre, 2-mi nykreae NH,” HopmachiHan achin KeTy
OaiikamMaiiipl, 3-111i HyKTe/Ie aybITKY [IaMalibl FaHa.
JKaznma aMMOHMI HOHIAPBIHBIH KOHIICHTPAIIUSCHI
TeMeHJleyl (OTOCHMHTE3 Ke3iHJe OCIMIIKTepIiH
NH 4*—Ti KapKBIHIIBI TYpJE CiHipyiMeH TYCiHAipineni
[13,14]. AMMOHU MOHAAPBIHBIH OyJTaHy TOFAHBIH/A
3epTTEIHIeH HYKTEJNep/ie a3 OOybl, Kallbl Opra-
HUKAJIBIK JaCTaHy IbIH a3]bIFBIH KOPCETEII.

3epTTeyre ajgbIHFaH YII HYKTEAC € KYy3 Me3-
TUTiHAEe aMMOHWH WOHJAPBIHBIH KOFapbUIAYbl CY
aF3aJIapbIHBIH  TIPIIUTITIHIH TOKTATBUTYBIMEH TY-
cingipineni. AMMOHUN HUTpUUKAIUSA TPOIECIHIH
€H TOMEHT1 CaThIChl OOJFaHIBIKTAH JXOHE jKa3na
KUHAKTAJIFAaH OPTaHU3MACPIIH BIOBIPAYbl — am-
MOHHMH HMOHAAPhl KYPaMbIHBIH OCBI ME3TLIJIC
epuryiHe cederkep 60IbL. Ocipece, aF3alap TONTaIl
KUHAKTAJFaH alMakTapblHIa KOPCETKIITEePIiH
OFapbl 0OJTYBI OCHI KaruaaTKa caiikec [15].

JKBUTIBIH JKBUTBI ME3TUTIEpiHIe aMMOHHUN HOH-
JTApBIHBIH KOHIICHTPAIUACHIHBIH ToMeHAeyl (oTo-
CUHTE3 Ke3iHJe OCIMIIKTepIiH KapKbIHABl Oy
3aTrTap/el CiHIpyl HOTIDKECiHAe maiina Oomassl
[16,17].

Hurpar nonst (NO,’). Hurparrap — Kypambinia
a30ThI 0ap KOPEKTIK 3aTTap IbIH TOTHIFYBIHBIH COHFBI
oHIMI. HuTparrap HHUTpUTTEpIACH HHUTPHUDHUKAITUSI
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MIPOIIEC] HOTHXKECIHAE makaa O0Naabl. Y BITTHUTBIFBI
JKarblHAH HUTPUTTEP HUTpATTapiaH OachIMbIpaK
keneni. Hwurtparrap Oapnblk cy KolMallapbiHaa
Ke3geceTiH 3yeMeHT. CyIslH HHTpPATTapMEH Jiac-
TaHYBIHBIH K631 — ©HEpPKICINTIK arblHAap MEH
JKaybIH-1nambiHaap. KeOiHe HUTpaTTapblH JKOFa-
pBl JleHreli e3eHiepie, TOFaHIapJa >KOHE Tas3
yHFbIMasiapja Oaiikanazapl. OnapablH JeHreli — cy
KO3iHIH CHUNAThIHA, TOFAaHAAPABIH OPTaHUKAJIBIK
3aTTapMEH JIaCTaHybIHa XoHE Oacka Qaxropiapra
OaitmanbIcThI ©3repemni [18].

ToraH cybIHAArbl 1-1i HYKTEJE HUTPAT HUOH-
JMapbIHBIH, Memmepi (cy mbFysl) 2018 KbUIIBIH
ky3inge 47,8 mr / am? (1,1 HIPK), an 2019 sxpuiapiy
JKa3bIHIA Iamaibl Temengen 46,2 mr / am® (1,02
INPK) xypansl. Hutpar MOHBIHBIH 3epTTeNiHTEeH
xoutaap imiage HIPK-HiH MoHIHEH apTybl [IaMalbl,
Oipak 2018 >xpuImbIH Ky3iHAe 1-mmi HyKTene 2-mii
KOHE 3-IIi HyKTenepMmeH canibicThipFanga NO,
KOHIICHTPAILMSICHI €H MKOFapbl 0OJIBI TaObLIAIbI.

HutparrapasiH KOFapel MeIiepi, 9eTTe Ono-
JIOTHSUTBIK Ta3apTydaH KEHiH CTaHIUAAaH KEJCTiH
cyna aHbIKTanbiHFaH. COHIIBIKTaH aFbIH]IBI CyJIap bl
Tery aiimarbina, sruu 1-mi Hykrene NO, memnmiepi
€H >KoFraphl OOJIIBI. 2-1111 JKoHe 3-111i HYKTeNep YIIiH
WOH HUTPATHIHBIH KOHIEHTpArsIchl 2018 >KbUIIbIH
ky3inge 42,7 mr/am?® xone 39,5 mr/am® mierinme
tipkeni, Oyi kepcetkimn [IIPK moninen as.

2-111i )K9He 3-1111 HyKTeNepAe ’Ka3Fbl Ke3eHre Kop-
CETKIIITep PYKCcaT eTUITeH, SFHU KOJIAMITbI ACHT eHIe
0onmbl. Hurparrap TypiHeri a30T — eCiMIIKTEepAiH
eCcyl MEH JaMyblHa KaKETTI KOPEKTIK 3JIEMEHTTEp
[19]. bynmany TofaHbIHAAaFbl HUTPATTBIH TOMEH
MOJIIIEP] OHBIH ABTPOGUKAIUSIIAHYbIHA OKSIIMEH 1.

Hutpur wonel NO,” TEXHOJOTHAIBIK KaXKeT-
TITTIKTEpre cy MAalblHAayJa HWHTHOUTOpP pETIHIe
XKOoJ OuTyMBIH eHZipyne KonmaHeiagsl [20].
ToraH CybIHIAFbl HUTPUTTEPAIH €H JKOFapbl KOH-
HeHTpanusachl  3-mi  HykTeme (KyM  MaccuBi)
tipkenai. Cy yiuriiepin Tangay — HOTHXKeENEpi
Ootipiama, 2019 KBUIIBIH JKa3bIHIA HUTPUT WOH-
JMApBIHBIH  KOHIEHTparmsicel 4,81 Mr/mm® MoHine
ue OOJBIN, MaKCHMaJbl KOHIIGHTPALUS IIEeTiHe
1,46 ece >xorapel Oommel. bipak, ocel 3-mii HYK-
tene 2018 >KpUIOBIH Ky3ri kepcerkiminze 2,11
Mmr/am3-re memmrepre a3 6onerm, 2,7 mr/mm (0,8
IIPK) xypanel. 2019 KpuiaslH oka3plHAA 3-mi
HYKTeIeri HUTPHUTTIH Oyl KepceTKimn, Cy ChIHa-
MaJIapbIHbIH 0acKa HYKTEJepiHAeri ojapAblH KOH-
LHEHTPALUACHIMEH CaJIBICTBIPFAHIA €H JKOFaphl
Oonmbl. Byn mesringe HUTPUTTEPIiH €H >KOFaphl
KOHIICHTpaIMsIFa ue OOy, 9JIETTE, JKa3 Ke3CHIHIH
COHBIH/A, (UTOTUTAHKTOHHBIH OEJICeH I 0OIybIMEH

tyciamipineai. Ky3ne HUTpUT HMOHIAPHIHBIH M-
Iepi COMKECIHIIE TOMEHICHII.

AFBIHIBI CyNapAbIH TOTiTy aiMarbl OOJIBII
Ta0bUIATHIH OacTanKp! 1-111i HyKTeIe NOZ' MoH1 2018
KBUIBIH Ky3iHzae xoHe 2019 KbUIIbIH Ka3bIHIA
oipaeit — 3,85 mr/am? (1,16 1IPK) sxone 3,89 mr/am?
(1,18 IIPK) monai kypansl. ToFaHHBIH OHTYCTIK-
IIBIFBIC OOMiriHeri 2-11i HYKTeIe HUTPUTTIH MoHi
TOMEHJIEY OOJIJIBI.

Cyna HHTPHUT a30ThIHBIH OOJybl JKOHE OHBIH
JNEHTeHiHIH JKOFaphlUIaybl MHUKPOOPTaHU3MAEPAiH
TIPIILIIK ~ OpPEKETI HOTHXKECIHIEC OPIraHUKAaJIBIK
3aTTapllblH  BIABIPAYBIHBIH TOTBHIFY MPOIECTEPiH
CHUITATTal bl KOHE JIACTaHYJIbIH KOPCETKIIi OOJIBIT
ta0butanel. Hutput azoreiaey [IPK menmepinen
JKOFapbl OOJYBI JKAKbIHIA OPraHUKAaJbIK JIACTaHY,
COHBIMEH KaTap OPraHUKAIBIK 3aTTapAblH MUHE-
panjgaHy TpOIECTEepiHiH OOJFaHIBIFBIH CHIIAT-
taiael [21,22]. OpraHukanblK 3aTTap MyHalablH
KYpaMBIHAAFBl KepCeTKiluTep OoJbin  Talblia-
Iel. bipHeme ke3eHIik TasanaynaH ©TKEH CyIbIH
KYpaMbIH/Ia OMOJIOTUSIIBIK TO3IMJIi, KUBIH TOTBIFa-
THIH OPTAHUKAIBIK OHIMACPIIH CAKTAJIbI KaTybl
Ta3apTy KYMBICTAPBIHBIH KaXeTTi JCHreiae Kyp-
risiMeyiHiH Kyoci. byran momen — 1-mni Hykteme
(cynwin Gacray amy Hykrecinae) NO,” MoHiHiH eki
KE3CHJIC JIe KOFaphl OOYHI.

®ocar uombl PO . dochaT HOHIAPHIHEIH
Heri3ri ke3i gocdar Kyrblll 3aTTapbl Oap arbIHIbI
cyiap ekenziri Oenrini. @ocharrap conbiMeH Oipre
aj1aM MeH jkaHyapJap TipLIUIIriHIH COHFBI @HIMAEPi
apajackaH arblHABI cyiapaaH mbFaasl [23]. Cy
YJITUIepiH Tangay HOTIDKeJepi OOWBIHINA, KY3Ze
TOFaH CYBIHAAFbl (ocdar HOHAAPBIHBIH MeJIepi
TPK-nmaH acmalTeIHABIFBI AaHBIKTAIIBI.

1-tmi mykreze, 2018 xbuiabiH Ky3idae PO 43' MOHI
0,81 mr/mm* (0,23 IIPK) kypaca, 2019 kbuiapIH
xaspiaaa 1,73 mr/om® (0,49 IIPK) neitin ecti, Oyt
pYKcar eTUIreH HopMaiaH TeMeH kepceTkim. doc-
(haT MOHIAPBIHBIH CaJBICTBIPMAJIBI TYPJE JKOFaphl
Memuepi 3-m1i HYKTeAe Tipkenmi (KYM MaccHBi).
bipak 2-mmi HykTene nme kepcertkimrep IIIPK-man
toMmeH Ooiiabl. CoHbiMeH, 2018 >KbUIABIH JKa3bIH-
na, 3-mi mykrene PO momi 2,05 mr/am’ (0,59
IIPK) monine me Ooica, 2019 >KBUINBIH >Ka3bIH-
na waaukarop 2,48 wmr/mv® (0,7 IPK) neiiin
ecti. Pocar Memnmepi HEFYpIBIM KOFapbl 3-mIi
HYKTege Tipkenni. Bynany ToransiHa ocdar noH-
JApBIHBIH K631, HEeTi3iHeH, KYMIbl TOIBIPAKTaH
HIeriHAIIEpMEH MabUIaThIH JKaHyapJIapablH Keyir
KaJIFaH Te3eKTePi apKbLIbl KeJe .

®docharrap TypiHgeri ¢dochop OCIMUIKTIH
KOpeKTiK 3arrapbiHa kaTanbl. COHBIMEH Karap
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OCIMAIKTEp YILUiH «KOp» pPEeTiHAe HUTpaTTap MEH
(hocdarrap epekre pen atkapansl. Cy eciMaikTepi
(Oannpipiap) OoWbIHAAFBl OapibIK a30T HeMece
(ochop KOpPBIH TONBIK TalialaHFaHINA ©CE/i.
AFBIHIBI CyJIapaarkl a30TTHIH HeMece (GochopapiH
JKOFapbl MeJIepi  OanublpiapAblH Te3 ecyiHe
BIKITAJT €Teli oHe OyJlaHy TOFaHBIHBIH T'YJJICHYiHE
oKeyeI.

3epTTey OKYPri3uIreH YakbIT — apajibIFbIHIA
tdochar nonmaper HIPK nenreliineH TemeH Kep-
CETKIIITepAi KepceTTi. 3epTTenreH cymarbl Qoc-
(batThIiH Memepi GOTOCHHTE3 MPOILECTEPiHIH Kap-
KBIH/IBUTBIFBIHA KOHE OPTraHUKAJBIK 3aTTapIblH
OMOXMMUAJIBIK TOTBIFYbIHA TiKeNeW OailIaHBICTHI.
Torannma ¢ocdar noHmapeiHbIH O0ap 00ybl, Oacka
Ja 3epTTeNiHreH OWOTeHIi »JIIEMEHTTEpP TEeKTecC,
CyHIaFrbl ar3ajlapblH TipIIUIITIH TOKTaTKAaHHAH COH
BIIbIpaybIHaH OPBIH bl [24].

denon CGHSOH. Kap6on  KBIIKBLIBI  —
KOMTEereH OHEPKACINTEP/IiH aFBIHIBl CYIapBIHBIH
KypaMblH/a Ke3JIeCEeTiH JacTaylbuiapably Oipi,
ocipece MyHall eHJEy OHIIpicTepiHle OeleH eTeK
KairaH [25]. AHTHCENTHKAIBIK XKoHE KOOIKTEHETIH
KacueTTepre ue >KoHe 031He TOH JKaFbIMCBI3 Hici Oap.
Cy yarinepidiy Tangaysl OoWblHIIA 1-11i HyKTene
henonmpr Memmepi 2018 xwpuiasiH Ky3inge 0,041
mr/am? (0,82 IIPK) moHin Kypaasl. CoHbiMeH Oipre,
2019 x)buTABIH XKa3bIHIA QEHOIIBIH KOHIICHTPAITH-
ce1 0,06 Mr/oM? kepceTkimmine sxeTim, 1,26 ece [ITPK-
JIaH achlll TycTi. TOFaHHBIH OHTYCTIK-IIBIFBICHIH/IA,
SIFHU 2-1IT1 HYKTeNe, KOPCETKIIl €H TOMEHTi MOHJII
kepceTTi. 2018 KBUTIBIH KY3iHAE TaNIay HOTHXKEC]
6oitprama denoaape Mommepi 0,018 mr/am® (0,36
IIPK), 0,008 mr/am® neitin ocTi.

2018 >xpurmbIH Ky3iHAe 3-mi HykTeae (GeHomn
momepi 0,033 mr/am® (0,66 TIPK) sxome 2019
KeUiablH, okaseiaga 0,039 mr/am® (0,78 IHPK)
Kypanbl. AFBIHIBI CyJarbl (DEHOJABIH TOMEH MeJ-

nIepi, OHBIH TOFaHFa TYCYiH OOJIBIpMay >KOHIHIET]
3aYBITTHIH TEXHUKAIBIK MIEITiMIMEH TYCIHIIpiIe .

ConbimeH, «Caspi Bitum» XXKIIC 3aybIThIHBIH
Cy Ta3aIalTBIH >KEPruUTIKTI KOHIBIPFBUIAPBIHIA
Ta3apThUIFAH CYJIbl CyMEH >XaOJbIKTayJbIH aiiHa-
JBIM KyHeciHe KaliTapy apkpuibl (eHosn Oeiry
KapacTBIPBLIFaH.

®eHon KypaMJibl aFblHABI CyJapabl MaHFbIC-
Tay OOJNBICHIHBIH BICTBIK KIMMATBIH €CKEpPE OTHI-
PBINl, CANKBIHAATKBIII TYPIHIET JKaOBIK JKBLTY
AJIMACTBIPFBINI  ammaparypajia KoJJaHy >Kocmap-
JaHyaa.

KopbIThIHABI

«Caspi Bitum» 3aybITBIHBIH aFbIHABI Cy Oyna-
HY TOFAHBIHBIH J>KaFaaiibl OWOTCHII JJIEMEHTTEP
KypaMbl OOMBIHIIIA 3ePTTEIIN, TAIKbLUIAHIbl. AMMO-
nuii-uon (NH,"), Hurpar-mon (NO,), Hurpur-
HOH (NQZ'), q).OC(b.aT.—I/IOH (PO,*), ®enon C.H.OH
KOPCETKIIITepi HeTi31H e CY ChIHaMallapbIHa TaIay
Kyprizinai. @ocdar sxoHe (HeHOI KOChUIBICTapbIHAH
esrenepi, Kem jgereHie Oip we3rir Oosica 1a
IIPK-HaH apThIK mama KepcerTi. byn nmereHimiz
— 3ayBITTBIH CYZIBl Ta3apTy KYHeCiH KaiTa Kapay
KEpeK JIeTeH TYKbIPhIMIaMaHbI aJIFa TapTTHI.

OliTKeHi, cy OOBEKTUIEepiHe TYCETiH 3USHIBI
3aTTap Cy 3KOXyHeciH TyOereiini e3repreni. CoHbI-
MEH Karap, arbI3bIHIBI Cy KYpaMbIHIAa TY3IapIbIH
Ooutybl OynaHy TOFaHBIHIAFBI YKaraKalJblH Ty3/a-
HyBIHA aJbIN Keneai. by 6ommac yirin OenrineHren
periaMeHTKe COWKeC arbIHIBI CyJlapFa XHMHSIIBIK
Tangay >Kyprizy *oHE aFbIHJbl CyJapibl Tazanay,
OJIap/ibl AYPHIC aFbl3y OOWBIHINA IIapajap Kadbuiaay
KaxerT.

AFBIHIBI CyNapIbl arbl3ylbl PETTEy, OJapbl
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FTAAOOUTTI AKCOPA (SUAEDA SALSA PALL.)
TYKbIMAAPDbIHbIH ©HYIHE
OP TYPAI TY3AAPADbIH OCEPI

AyrarouTTi AKkcopa (Suaeda salsa Pall.) TyKbIMbIHA 8Cep eTyLUi TY3Aap MeH TOrbIPakK, CbiFbIHAbICHI
epITIHAICIHIH cTpeccTik acepi 3epTTeAiHAI. DyrarouTTi Akcopa (Suaeda salsa Pall.) TykeiMaapbia Ty3Aap
(Na,SO, xare NaCl) MeH TonbIpak, CbIFbIHABICHI epiTiHAIAEPIHIH, 8p TypAi KoHUeHTpaumsacbiHaa (0;
0,6; 1,2; 1,8; 2,8; 3,6r/100 MA) eHAey. OHAEATEHHEH KeRiHri ecin WbIKKAH 3yraAoduTTi Akcopa
eckiHaepiHiH Tyspap (Na,SO, xaHe NaCl) MeH Tombipak, CbIFbIHALICHI epiTiHAIAepi apacbiHAaFbI
6anAaHbICbiH Gakbiray. CoHbIMEH Gipre ap TYpPAi TyY3Aap MEH TOrbIpak, CbIFbIHABICHI E€PITIHAIAEPIHIH
yKCaMaraH KOHUEeHTpauMsICbiHAQ 6CiM LbIKKAH 6CKIHAEPAIH 6Hy KepceTKilTepiHe cunattama 6epy.
dyrarouTTi AKCopa TyKbIMAAPbIHbIH 6HY KOpCeTKIlTepiHe HerispeAe OTbIpbin, TyKbiMHbIH Na,SO,
>kaHe NaCl Ty3aapbiHbIH, YKCamMaraH KOHLEHTPALMSCbl MEH TOMbIPAK, CbIFbIHABICHI €PITIHAICIHAE OOAFaH
TO3IMAIAITH aHbIKTay. AKCOpPa TYKbIMAAPbIHbIH TY3Abl CTPECCKe T3y KabiAeTiH 3epTTey. DKCNepuMeHT
HaTMXeAepi KepceTkeHAel, Akcopa eckinzepinin oprypmi Tysgap (Na,SO, >xeHe NaCl) xone tomsipak
CBIFBIH/IBICHI CPITIH/ICPIHACTT 6Cy KOpPCETKIITEePiHiH Typiilie OOJFaHIbIFBI AHBIKTAIABL. |YKbIMHbBIH, ©HY
KepceTkilliHe, Axcopa tyxeiMaapsiabi Na,SO, xkaHe NaCl tyspap men tomsipak epiTimamicinin op Typii
KOHIICHTPALMSACHIHBIH CTPECCTEpiHE dp TYpIi jkayan OepeTiHiiriHe Herisiene OThIpbIl, AKCOPa TYKbIMbIHbIH,
CTpeccTik acepiH TemeHaeri 6aitaaHbic 6oibiHwa NaCl > Tonbipak, cbiFbiHAbICHE > Na,SO, kepceTyre
60AaAbl. AKCOpaHbIH, Ty3 CTPECCiHe Te3IMAIAIriHe 6aiAaHbICTbI TY3AAHFAH COP XKOHE COPTaH XepAepre
KaTTbl 6eMiM eKeHAIrT aHbIKTaAAbI.

Ty#iH ce3aep: Ty3Abl TOMbIpak, raAouUTTi 6CiMAiIKTEP, AKCopa.
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Effect of different salts on the seed germination
of halophyte Aksora (Suaeda Salsa Pall.)

The stress effects of a solution of salts and soil extract on the seeds of euhalophyte Aksora (Suaeda
salsa Pall.) were studied. Treatment of euhalophyte Suaeda salsa Pall. seeds of salts (Na,SO, and NaCl) and soil
extract solutions in different concentrations (0; 0.6; 1.2; 1.8; 2.8; 3.6 g / 100 ml). Monitoring of the relationship
between salts (Na,SO, and NaCl) and soil extract solutions of grown Aksora seedlings after treatment.
Additionally, provide the description of the germination of seedlings grown at different concentrations of
solutions of different salts and soil extracts. Determination of endurance of seeds to different concentra-
tions of Na,SO, and NaCl salts and soil extract solution, based on the germination of Axora seeds. Study
of the endurance of Axora seeds to salt stress. The experimental results showed that the growth rate of
Aksora seedlings in different salts (Na,SO, and NaCl) and soil extracts is expected to be different. Based
on the germination rate of seeds and Aksora seeds respond differently to stresses of different concentra-
tions of Na,SO, and NaCl salts and soil solution, the stress effect of Aksora seeds can be expressed by
the following relationship NaCl> soil extract>> Na,SO,. Due to the endurance of Aksora to salt stress,
it was found that it is very prone to saline and saline soils.

Key words: Saline soils, halophytes, Aksora (Suaeda).
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Tanmodwurti Axcopa (Suaeda Salsa Pall.) TyKeIMIEapeIHBIH 6HYiHE op TYPIIi TY3AapABIH acepi
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AencrTBue pasAMUHbIX COAEH Ha NpopacTaHue CemsiH raAoPUToB
Ha npumepe CBeaa coroHvakoBasi (Suaeda salsa Pall.)

M3yyeHO cTpeccoBoe BO3AEMCTBME PACTBOPOB COAEM M MOYBEHHbIX 3KCTPAKTOB Ha CeMeHa
ayranocput CBeaa coaoHuakoBas (Suaeda salsa Pall.). CemeHa syrarocpmt CBeaa conoHuyakoBas (Suaeda
salsa Pall.) 6b1An 06paboTaHbl pasanyHbiMKM KoHLeHTpaumsimMn coaeit (Na,SO, 1 NaCl) n pacteopamu
nouseHHbIX 3KcTpakToB (0; 0,6; 1,2; 1,8; 2,8; 3,6 r/ 100 MA). INpoBeaAeH MOHUTOPUHI B3aMMOCBSI3U
npopociumx noberos Ceabl nocae o6pabotkn coasmm (Na,SO, n NaCl) n pacTBopami nouBeHHbIX
3KCTPAKTOB. AaHa XapaKTepucTuka MokasaTeAer BCXOXECTWM MPOPOCLuMX MO6GEroB rnpu CXOAHbIX
KOHLLEHTPALMSIX PA3AMUHbBIX COAEN M PACTBOPOB MOUBEHHbIX 3KCTpakToB. OnpeaeAeHa YCTOMUMBOCTb
CeMsiH K pasHbiM KOHLeHTpaumsim coaert Na,SO, 1 NaCl 1 pacTBopam MouBeHHbIX 3KCTPAKTOB Ha
OCHOBe rokKasaTeAeit npopacrtaHus cemsH CBeabl. M3yueHa cnocobHocTh cemsH CBeaa COAOHUAKOBas
NMPOTMBOCTOSITb COAEBOMY CTPecCy. Pe3yAbTaTbl 3KCNepMMeHTa NMoKasaAm, YTO TEMIbI POCTA NMPOPOCTKOB
Cseaa conoHuakoBas B pactBopax coaert (Na,SO, 1 NaCl) n pactBopax nouBeHHbIX 3KCTPAKTOB ObIAM
pa3HbiMKU. OCHOBBIBasICb Ha MOKa3aTeAe BCXOXKECTU CeMsH M Ha TOM, UYTo ceMeHa CBeAbl MO-pasHOMY
pearmpyloT Ha CTPECCOBOE BO3AEVCTBME Pa3AMUHbIX KOHLeHTpaumii coaert (Na,SO, 1 NaCl) v nouseHHbIX
pacTBOPOB, YCTAaHOBAEHA CAEAYIOLLAs B3aMMOCBSI3b BAUSIHUS COAEBOIO CTPECCa Ha MpopacTaHue CeMsiH:
NaCl > nousenHblit akcTpakT > Na,SO,. YcraHoBAeHO, uTo CBeaa COAOHYAKOBasi apanTMpPOBaHa K

3daCOA€HHbIM COAOHLIGM U COAOHUAM MN3-3a YCTOVILII/IBOCTVI K COAEBOMY CTpecCcCy.
KAloueBble CAOBaA: 3aCOAEHHble NMO4BbI, ['a/\OCbVITbl, CBeAa COAOH4YaKOBas.

Kipicne

TombIpakThIH TY30aHYbI JKep CUIKiHICI Heme-
Ce ayKbIMJIbl CYy TAaCKBIHBI CHSKTHI ajlanar 3UsSHBIH
TUTi30eyl MYMKiH, Oipak OYJ KopIIaraH opTara
ere Kayinrti. Kyprak >xoHe cyapMalibl Kepiep-
Jie CeriHHIH OHIMIUII MEH aybUIIapyamIblUIbIK
OHJIIpiCiHE Kepi ocepiH TYyIOBIPYbl MYMKiH, Oy
Kep MEH Cyzbl OacKapyIblH HallapJbIFbIHAH YKOHE
ayBUIIAPYyaIIbUIBIK AJKANTAPBIHBIH MIETKI KYpFak
KepJepre KeHEeI01HEeH TYbIHIaybl MYMKIH.

Ty3nman 3apian HIerin OTBIPFaH eNJepAiH JKep
KOJIEMiHE KaTBICThI CTATUCTUKA aBTOPIIAP/IBIH MIKipi
OOUBIHIIIA Op TYpJi, Oipak >KaJIbl CTAaTHCTHUKara
CYHMEHCEK JYHHUE Ky3i OOWbIHINIA IIaMaMeH | MuJi-
JAuapl TeKTapra KybIK eKeHZiri Oenrimi, Oyn ma-
MaMeH KYpJBIK Kep KejemiHiH 7% Kypaiinel. He-
Mece mamaMeH BenecysnaHblH xkep keneminiH 10
ececine, @pannusinan 20 ece yikeH [1].

Ty3many — eH MaHBI3IBl AOMOTHKAIBIK CTPECC-
TepAiH Oipi jkoHE O OCIMAIKTEpIiH TaMbIp XKyiie-
NepiHae TY3AapAbIH KOITeN >XHHAITYBl cajiapbl-
HaH OJIapJBIH OCYiH TEXeHIl KoHE ©CIMIIKTepPIiH
OHIMALTITIH mekTelai. Erep Oymany HoTmxecinme
maiiga OoONFaH TY3ABIH OJKOFapbl  OarbITTarbl
KO3FaJIbIChl TPaBUTAIMSIIBIK KO3FAIBICTAH TOMEH
Ooica, OHOa Tamblp aliMarblHOA TY3 >KHHANa-
. TombIpakTaFrel TY3IAPIBIH KOHIIEHTPALUSCHI
JAKbUIABIH TO3IMIUIIK IIEriHEH achll KETCE, OHBIH
ecyiHe kezaepri kentipeai [2].
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Tomnblpakrarbl HEMeCe Cydarbl  TY3JbUIBIK
MeJIepi eCIMIIKTEpIiH 6CyiH enoyip IMIEeKTEHTiH
ctpeccrepid Oipi 0ok TadbuIa ML ByKin anemae
empenred xepiuepmid 20%-maH acTambl TY3IBIH
JKUHAJTyBIHAH 3apAan mekce, Oyn kepcetkim 2050
KbUTFa Kapaih 50% neifiH eceTiHiri amaM3aTThl
anangaTanbl. Ty3IbUIBIK TYKBIMHBIH ©HYIH Hallap-
natagpl, OCIMIOIKTEpAiH IaMyblH TEXEWUIl >KoHe
JAKbUTIApBIH oHIMALIITiH Tomerneteni [3]. Horu-
JKECIHJIE, a3bIK-TYJIIK OHIMIEPI MEH JKeM-IIIONTEePIiH
TYPaKTBUIBIFBIHA JIETEH KO3Kapac rajJouTTi ecim-
JKTEpre AeTeH KbI3BIFYIIBUTBIKTH apTTHIP/IBI.

Ianodurrep — Oy 6acka 6CIMAIKTEP TYPJIEPiIHIH
99%-bIH 6NTIpETIH TY3 KOHICHTPALMSICHIHA TO3IMI1
OomaTelH  ecimzikrep. [amodurrep IKy3mereH
XKpUTIap OOMBI TaHBUIFAHBIMEH, ajlaiijja OJIapIbIH
aHbIKTaMackl Oipmed Ooibm kenmi. Taburu opTa-
la Ke3MIeCeTiH JKaFmailapra yKcac >Karmaimapaa
emipiik 1ukimiH kem jaererme 200 MM NaCl
TY37bl KOHIICHTpAIMsIla KAIFAacThIpy KaOileTiHe
ne eociMmik Typiaepi. TipmIimK UK Typaibl
aHBIKTaMaFra Heri3gene OTBIPBIT TajJoQUTTEp/Ii,
TY37bl JKarmaifa eMmip CYPMEWTIiH eciMIiKTep/eH
Oemyre MyMKiHIIK Oepmi [4, 5].

lanodurrepain 5000-6000 Typsepi Gap, onap
OapIBIK aHTHOCTIEPM ISP IiH ITaMaMeH 2% Kypanbl
[6, 7]. Ty3 xoumentpamusacsl >200 MM NaCl op-
Taja TIPUIUIIK €Tyre »oHe keOerore KaouIeTTi
eciMuikTepai ramodurTep Aem aranibl, ranopuT-
Tep caHbl oneMaik ¢uopansl mamameH 1%-Ha
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JIeiiHn aszadTTel. lamodurri TyprepaiH imiHme
a3 rana Oemiri (500 TypaeH a3bl) TEHI3 CYBIHBIH
TY3ABUIBIFBIHA TO3IM1, TATOQHUTTEPAIH KOIIIJIIri
TY3IbIH TOMEH KOHLEHTpauusAChIHA FaHa Te3iMi
Oora anampl. AybUIIIapyamIbUTBIK KYHEeCIHAET! Ty3-
JAHFaH TOMNBIPAKTHIH TY3/bUIBIFBI TEHI3 CYBIHBIH
JKapTHICBIHA TEH O0JIybl MYMKIiH, COHIBIKTaH Keoip
raouTTep TY3Fa TO3IMII MaKbLIAAp PETiHIE KOJ-
JAHBUTYbl MYMKiH. [amodurTepaiH TY3Ibl TOIbI-
pakTa Kamail Te3eTiHJITiH XaKChl TYCIHY, ©CIMIIK
CEJICKITMOHEPIIEPi MEH MOJIEKYJIAJIBIK OMoIorTapra
KOMIIMI JTAKBUIABIK OCIMIIKTePIiH TY3Fa TO31M-
JIUTITIH apTTBIpYFa KeMeKkTecei [8].

lamodurrep Taburm Typae AAMUTHIH ©CIM-
JUKTEpre jKarajpl, OJap Jep YCTi OCiMIIKTep
TypJiepiniH 2% kypaiinel. Kaszipri ragaa ranogurrep
KOMMEPIIHSUTBIK MaKcaTTa KeHIHeH KOJJIaHBbUIY/A,
COHBIH INIHJE TaMaK JXOHE KEM-IIeNTepIiH Ke3i
peTiHIe, COHBIMEH KaTap ajaM YIIiH XOII HiCTi,
KOCMETHKAIIBIK, OHE TaFaMIbIK KOCBUIBICTAP YIIiH
3eprrenyzne [9, 10].

Tanogutrep >xOFapel TY3 KOHIEHTPAIUSICHIH-
Jla ecil-IaMH ajiaThlH, TYJICHTIH, TY3Ibl CTpecc-
Ke OeHiMALIiri >KOoFapbl, ©3iHiH (U3UOJIOTHUSIBIK
HITIIITITIH  SKOJIOTHSIIBIK — 3apAammeH, acipece,
TY3ABUTBIKTHIH apPTYBIMEH KYPECe allaThIH OCIMIIIKTED
T0OBI. COHBIMEH KaTap, TajJo(UTTep 63 ynanapbiHa
KOl MeJIIepae Ty3 MKHHAI, TONBIPAKTAFbI TY3/bIH
MOJIIIePIH  a3alTaThlH MaHbBI3Abl  (PYHKIUSIBIK
KacHeTKe Hue.

Oyranopurti Akcopa — Oy Mapegvie (Che-
nopodiaceae) TYKbIMIIACbIHA  JKaTaThIH  raJio-
¢utTepaiH TybIcTapbl AKcopaiaH 0acka, OHBIH
Oipremre Typiepi Oenriii, MbeIcanmbl S. acuminata,
S.aegyptiaca, S. arcuata, S.argentinensis, S.australis,
S.baccifera. byn ecimuikrepaiH KenrtereH Typiepi
TY3[IbI HEMece CUITUII TOIBIpaKTa >KaKChI ©CEeIi,
MBICQJIBI, JKaFanaylnarbl TY3bl JKa3bIKTap MEH
HmIeTiHAl cynbl-0aTmakTel xepnep. Omap Ty3 Ken
KUHAJIFaH KepjepAe ecyre OediMaenred (raio-
¢unpai eciMaikrep). dyranodutti Akcopa (Suaeda
salsa Pall) 500 MM-re neiiiH Ty3IbUIBIKKA TO3IM/II
ekeHziri nonenaenreH. CoHbIMEH Oipre oJ MIeJIeT
JKepiepli, TY3[bl TEHI3NepAi JKoHe TEHi3 »Kara-
JayJapblH KallblHA KeNTipyae MaHbI3Ibl KinT 0o-
JIBITT caHamnazsl [6, 11].

Oyranodutrti Akcopa omerte (Suaeda salsa
Pall) xeyre OonaThIH XOHE XKeyre OOJIMAaWTHIH
MakcarTap YIIiH KOJJaHbUIaabl. Ocimiaik caba-
FBIHBIH YIOBIHIAFBl O6JIiKTEpl canarrapra >XKyM-
cayaJipl HeMece Ty3JIaFaH CYChIHapFa, CIpKe CYbI-
Ha eHjene i, ExiHmni xarbiHaH, 01 6CIMIIKTEPICH
MaiaIaHbpIl Ca0bIH JKacay ®oHe CONaHbIH (HaTpuid
KapOOHATHI) K631 peTiHae naiganany Oyn OipHelre

raceIpiiap OO¥bI KeH TapasFaH TKipruOe OO0k ca-
Hanael [12].

AKcopaHbIH Keibip Typiepi (MbIcambl, S.
salsa) 6Mo OTBIH eHAIpici, Man OopAaKbUIay JKOHE
Ty3 OCH Mail aiy YIIiH KOMMEPIUSUIBIK ayKbIMIa
ecipimeni. JKakpiHma OKYpTri3iireH 3eprreyiiep
AKcopaHbIH KelOip TypJepiHiH MBIPBIII IT€H MbIC-
THIH OMO-WHIMKATOPIIAPHI PETiH/IE KoJlaHyFa Ooma-
THIHABIFBIH KepceTTi. CoHbIMEH KaTap, AKcopa
OCIMJIIT1 TYKBIMBIHBIH EMJIIK JKOHE TaraMJIbIK
KacHeTTepi OFaH JIeTeH KbI3BIFYIIBLIBIKTHIH apTyhI-
Ha BIKna’a erTi [13, 14].

Byn ecimaikTepmiH maiimanaHy KejeMi KeH
OoJFaHBIMEH anaija TanoUTTEPAl MOJCHH OCiM-
IIKTep peTiHIe MaimanaHy Kemepruiepre Oaitia-
HBICTBI 911 JIe HICKTEIII OThIP, OJIAPJbIH KaTapblHa
TOTBIPAKTHl KOIICHITY JKOHE TYKBIMHBIH OipKelnki
eMec enyi xataapl. LlIpiH MoHiHAE, TadoduTTepAiH
Kei0ip TypJiepi kememni OyTa Ke3iHae Ty3Fa Te3iMIi
OonraHbIMeH, Oipak TYKBIMHBIH ©HYyl Ke3iHze
TY3IBUTBIKKA TO3IMII OSKOTHIITI Kepi peakimsFa
yusIpai st [15].

An KazakcraHgarel cop JKOHE COpTaH JXep-
Jepae eciMuikTepai ecipy eH airamr per 1948-
1950 xpmmapel  Oactanmapl. Opranblk  A3usjia
ranouTTep pecypcrapblH Oaranayja >KOHE HHIH-
KalUsJIbIK KacueTTepid aHbikrayaa H.U. AxokiriT-
OBaHBIH IKCTEKINLIITIMEH KOITEreH 3epTTeyiep
Kyprizinai. Ocel  3epTTeynepiH HOTHKECIHIe
OpranblK A3HSHBIH TY3/bI TOIBIPAKTHI JKepIepiHIe
ranodutrepnid 34 Tybicka xataTbiH 700-re KybIK
Typaiepi 6enrim 60mab1, oHBIH 30%-bIH YHACMUKTI
eciMaikTep Kypazsl [16].

OzerTe TYKIMHBIH OHTIIITIr Ta3a CyAa >KOFaphl
0oyampl KOHE TY3ABUIBIK JKOFApbUIaFaH CalbIH
OHTIITIri ToMeHneiai, 6ipak keibip Typiaepae, a3
MeJIiepie TY3 KOHIICHTPAIHUACHl TYKbIMHBIH OHYIH
BIHTATAHIBIPYE MYMKiH. Kebinece, >KaHOBIPIBI
KE3CHJIeP/ICH KEHiH TOMBIPAKThIH TY3bUIBIK JICHT i
TOMEHJIETeH Ke3Jle TYKbIMHBIH OHTIIITIT1 KOFaphl
0oJapl XKOHE TY3IBIH 6CIMIIK TYKBIMBIH CTPECCTEY
Kaymi azassl [17, 18].

OyranodurTi eciMaikrep kebiHece TY3IbI-0at-
MMaKTHI JKEpJIepAiH, OaTmaKkTapslH, TEHI3 Karajgay-
JApBIHBIH ~ JKOHE OalIIbIKTapAblH  IIETTEPIHIC
ke3neceni. Axcopa (Suaeda salsa Pall) ecimpiri
Salicornia europea cusakrel 500 mM-re nedin
TY3JIBUTBIKKA [IBIIAN aNaThIHABIFBI 3epTTeNreH [19].
[Heme#T >kepnepmi, TY3ABI TOMBIPAKTapAbl JKOHE
TEHI3 jKarajiayJapblH KaJllblHA KEJTIpyAe opacaH
30p yJiec KOCaThIHABIFEI 3epTTenreH [20].

lamodurrepni 3epTTeyliH HETI3ri MaKcaThl
— TOIBIPAK TY3JAHYBI KU1 KE3JICCETIH, COp JKOHE
COpPTaH JKepyeple OceTiH TalopUTTepAi aybll
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LIapYaIlbUIBIFBIHIA MAaHbI3Abl JKEM, a3bIK-TYIIK,
MaMIIbl, JOPLTIK pecypcTap peTiHaeri moTeHuaiaa-
pbIH Oaranay 0osbIn TaObUTa Bl Kenreren MameHu
JaKbUIAAp TY3bI cTpece OaphIChIHAA ©31EpiHiH 6cy,
JaMy JKoHE KoOCIOiHIH TeHETHKAIBIK ITOTEHITHAIIA-
PBIH TOJIBIFBIMEH KOpCETE alMalibl JKOHE TY3/IbI
CTpPECCTiH KapKBIHABUIBIFBI JKOFapbUIaFaH CalblH
oJlap O3IepiHiH PKOHOMHKAIBIK KYHIBLIIBIKTAPHIH
12 KOFaJITaIbl.

CoHJIBIKTaH OCBI 3¢PTTEY KYMBICBIHBIH MaKCaThI
Axcopa (Suaeda salsa Pall) TYKBIMIapBIHBIH Op
TYpJTi TY3Jap MEH TONBIPAK epiTiHAIci acep eTy
Ke3iHgeri ecy kepcerkimrepin Oaramay. Tysra
TO3IMAUTIKTI aHBIKTAY YIIIH HEFYPIBIM KOJAMIIBI
AJIEMEHTTEP/l JKOHE OJapiblH OHIMIUIr MEH
CEHIMJILIITiH apTTHIPY. Op TYPJIi HHIEKCTEDP apPKBLIBI
AKcopa TYKBIMBIHBIH OHTIIITITiH Oaranay OOHbIHIIA
3epTTEYNep KYPri3uigi. DKCIEPUMEHT HOTHKECIHE
cyiieHe oThIpbIN, KazakcTaHHBIH KeiOip cop jkoHE
COpTaH epiiepi MEH TY3/Ibl KeJIJiep MaHbIHA HaFbI3
ranouTTi eciMaik Typi OonFaH AKCOpaHBI ecipy
YCBHIHBUTAIBI.

3epTTey HbICAHIAPHI MeH dicTepi

Creaak Marepuangapsl 2019 KbeUIABIH KBIp-
Kylek alibiHbiH coHbIHAa [laBnogap oOmeickl Ma-
panmel  KeJi MaHBIHAAFBl TY3ABl TOMBIPAKTaH
JKUHAJIFAaH TOJIBIK YKOHE KETUIreH AKcopa ecimii-
riHiH TyKbIMaapbiHa skcniepuMenT JILH. ['ymuies
aTeIHAarel Eypasus ynTTeik yHUBepcuTeTi «Kopra-
FaH OPTaHbI KOPFayabl 0acKapy jKoHE HHKUHUPHHI
KadeIpachIiHbIH 3€PTXaHACHIH]IA JKACAJIBIH/IBL.

XKapeikteiH TyCcyi 12 caf/kyH, TeMrepary-
pa 25°C (kyHmiz)/15°C (TYH), caibICTHIpMAIbI
BUTFAIABUTBIFBL 75%-80% 00ybl OaKbUIAHBIN OTHI-
peutanel. ChIHAK JKacajdbIHATHIH HETI3TI Ty31ap:
NaCl, Na,SO, xoune Ilapnomap obnbickl Mapa-
JIbI KOJII MaHBIHAH aJIbIHFAH TOMBIPAK CHIFBIHIIBICHI
(anpmaran 10 rpamMm TOMBIPAK CBHIHAMACHIHAAFHI
Heri3ri anementrepaiy yineci Cl — 0,679%, K —
3,375%, Ca—2,326%, Fe — 8,819%. Ctpeccrik acep
eTymr Ty3napasiH KoHneHtpanwuscel: 0; 0,6; 1,2;
1,8; 2,8; 3,6 r/100 M.

OKCIEepUMEHT jkacay YVIIH TaHIan allbIHFaH
eciMIIiK TYKbiMaapbl 10% cyTeri TOTBIFBIMEH (HzOz)
10 MuHyT 3apapcei3ganabipbuianpl, 10 MUHYyTTaH
COH TYKbIMJIAp TUCTHJIJICHICH CyMeH OipHele per
[aibIl  TacTalbHAABI. Ta3apThUIFaH TYKbIMIAP
Cy3ri Kara3zma Kemripinmenmi. byn TykeIMmapIbIg
OakTepusIap MEH CaHbIpayKyJIaKTapiblH dCEPiHCH
LTIl KTy IiH allJIbIH ally VIIiH )KacaablHaIbI.

Opkaiiceickl [letpu TabakmiackiHa €Ki KabaT
CY3Ti Karasbl canbiHaabl (auamerpi 10 cM), cOChIH
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CY3ri Kara3plH YCTiHE 3ajaliChI3IaHFaH OCIMJIIK
TYKBIMBIHAH 25 maHa caybll, 6 MJ JadbIHIAIFaH
epITIHAIep KyWbUIanbl koHe mnapaduamen Ile-
Tpu TaOaKIIaCHIHBIH alHaNachl OpalbIHAIBL. Op
TYpJli epiTIHAIepal JaibIHIAyAa IUCTHIBICH-
TeH Cy MaiJlalaHbUIBIN, Op SKCICPUMEHT 4 peT-
TEH KaWTalaHbUIaABl. OCIpIIreH TYKBIMIAPABIH
CaHBIH KYHZENIKTI OaKpuTam, Ka3blll  OTBIPY
MIHJCTTI (TYKbIM KaOBIKIIACBIHAH OCKIH 2 MM OCiIl
mbIKKaHHaH OacTtarr) [21]. YKanmsl skcriepuMeHT Oa-
peichl 10 KyHAI Kypanbl.

3epTTey HITHKEJIEPi

Axkcopa (Suaeda Salsa Pall.) TykpiMbiabiH NaCl
EpITIHIICIHIH op TYpJi KOHIICHTPAIMSICHIHIAFbI
(r/100 M) eHTIITIK KOPCEeTKIITEPiHiH 3epTTey
HOTHXeJepi 1-cypeTTe KepceTiireH.

1-cyperreri Akcopa (Suaeda salsa Pall.) ecim-
JUTIHIH TYKBIMJIAPBIHBIH OHTIIITIK KOpCeTKIimTepi
aHBIKTAJIFaH HOTIXKENepre Herizaenrenae, 10 Toymik
imiane 6akpuraymer (0 r/100 M) cambICTHIpFaH/a,
NaCl ty3biabig 1,2 /100 M KOHIIEHTPALMACHIHIA
TykpiMaap 100% OypIik KapFaHAbIFbl aHBIKTAJIBL.

An 1,8 1/100 M KOHIEHTpaIUsICHIHAA 2-ToY-
mikre 71,43+0,05% (p<0,01) GipTingemn xxorapbLIan
10-toymikre  87,88+0,07%  (p<0,05) KeTkeH.
2,8 1/100 ™MI KOHIEHTpAIUMACHIHAA 2-TIYIIKTE
70,81+0,03%(p<0,01) Oacranpil  6-TOYIIKTE
73,55+0,05% (p<0,01), 10-toymikre 77,15+0,07%
(p<0,01) eHTIMITITIH KOPCETKEH.

An 3,6 1/100 My KOHIIEHTpAIMACBIHAA 2-TIY-
mikte 20,11+£0,03% (p<0,01) Oiprinmen »orapbuiar,
6-Toymikte 26,67+0,05% (p<0,001) xerken. 10-tay-
Jiikte Oy kepcetkim 33,19+0,05% (p<0,01) xeTkeH.

Axcopa (Suaeda salsa Pall.) ecimpiri Harb3
raloUTTI OCIMIIKKE XaTaabl, al Oi3diH ToXKi-
pudenepimizne NaCl ty3wiabig 1,2 /100 M1 koH-
[EHTPAIUACHIHAA OHBIH TYKBIMJIAPBIHBIH OHTIIITIK
kepcetkimi 100% ekeHi aHBIKTaIABL. AKcopa
oCIMJIIrT TYKBIMIApBIHBIH 6HyiHe eH Thimui NaCl
TY3BIHBIH KOHIeHTparusacel 1,2 — 2,8 /100 M
0O0JTaThIH/IBIFbI AHBIKTAJIIBI.

Axkcopa (Suaeda salsa Pall.) TYKbIMBIHBIH
TY37bl TOTIBIPAK EpITIHAICIHIH 9p TYpJi KOHIIEH-
TpauusiceiHaarbl (/100 M) OHTIITIK KepceTKill-
TEpiHiH 3epPTTeY HATIKENEPi 2-CypeTTe KOPCETIIreH.

2-cyperreri Akcopa (Suaeda salsa Pall.) ecim-
JUTIHIH TYKBIMJIAPBIHBIH OHTIIITIK KOpCeTKIiImTepi
aHBIKTAJFaH HOTWXKeJNepre Herizaenrenae, 10 Toy-
mik imiageri Oakputaymen (0 r/100 mur) cambic-
ThIpFaHJIa, TY3/bl TOMBIPaK epitinaicinig 1,2 r/100
MJI KOHIEHTpauusicbiHaa TykeiMaap 100% Oypurik
KapFaH]IBIFbI aHBIKTAJIIBI.
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2-cypert — [TaBnomap o6mnbicsl Mapans! keni MaHbHIarbl Akcopa (Suaeda salsa Pall.)
TYKBIMBIHBIH TOIBIPAK CHIFBIH/BICHI €PITIHAICIHAET] OHTINITIK KopceTkimi (%)

An 1,8 /100 My KOHIEHTpaIUACHIHAA 2-ToY-
mikre 71,93+£0,05% (p<0,01) Oiprinmen xora-
peutan, 10-toymikre 89,27+0,09% (p<0,05) xer-
keH. 2,8 r/100 MJ1 KOHIIEHTPANUACHIH/IA 2-TIYIIKTE
71,81+0,03%(p<0,01)  Gactainbin,  6-TOYNIKTEH
74,95+0,05% (p<0,01) 10-toymikre 78,35+0,07%
(p<0,01) eHriIUTIriH KOPCETKEH.

An 3,6 /100 M3 KOHUEHTpAIUACHIHIA 2-TJY-
mikre 23,14+0,02% (p<0,01) GipTinmen xorapbuiam,
6-toymikre 37,61+£0,07%  (p<0,001) xeTkeH.
10-toymikte Oyn kepcerkim 41,13+0,03% (p<0,01)
JKETKEH.

Axkcopa (Suaeda salsa Pall.) eciMairigiH TOTBI-
PaKk ChIFBIHABICHI epiTiHmiciHiy 1,2 1/100 M KoH-

[EHTPANUACHIHAA OHBIH TYKBIMJIAPBIHBIH ©HTIII-
tik kepcetkimi 100% ekeHi aHbIKTAIABL. AKcopa
OCIMIIITI TYKBIMIAPBIHBIH TOIBIPAK CHIFBIH/IBICHI-
HbIH KOHIeHTpanuscel 1,2-2,8 1/100 mu Ooinran
JKaFgaiia  eHTIITIK  KOPCETKINIHIH  KOFapsbl
0O0JIaTHIHABIFEI OaliKaraH.

[TaBnogap o6sbIckl Mapanapl kel MaHBIHIAFbI
Axkcopa (Suaeda salsa. Pall.) Tykpimbinbin Na SO,
TY3BIHBIH Op  TYPJl  KOHICHTPAIHUSCHIHIAFbI
(r/100 M) eHriTIK KOPCETKIIITEPiHiH 3epTTey
HOTHXKeIepi 3-CypeTTe KOpCeTireH.

3-cyperteri Akcopa (Suaeda salsa Pall.) ecim-
JiriHiH TYKBIMAAPBIHBIH OHTIMITIK KepCeTKiTepi
aHBIKTAIIFaH HOTHKeJepre Herizaenrene, 10 Toymik
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iminae 6akputaymer (0 /100 M) canbicThIpranza,
NaZSO , TY3bIHBIH 1,2 r/100 MJT KOHIIEHTPAASACHIH A
TykpiMaap 100% OypIik »KapraHAbIFbl aHBIKTAIIbL.

An 1,8 1/100 M KOHIEHTpaIUsACBIHAA 2-ToY-
mikre 74,53+0,07% (p<0,01) Oipringen xora-
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2-Taynik 4-TayniK

40
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6- Tay ik

peutant  10-toymikre 95,27+0,09% (p<0,05) >xert-
keH. 2,8 1/100 M1 KOHIIEHTPANHACHIH/IA 2-TIYIIIKTE
76,14+£0,05%(p<0,01)  Oacrampin  6-TOYJIKTCH
79,95+0,05% (p<0,01), 10-toymikre 85,93+0,05%
(p<0,01) eHTIMTITIH KOPCETKEH.

mOr/100mn

B 0,61/100Mmn
1,2 r/100mn
1,8 r/100mn

M 2,81/100Mmn

W 3,61/100Mmn

8- Taynik 10-Taynik

Toskipade Y3aKTBIFBI

3-cyper — [TaBnomap oOmeicel Mapanasl kel MaHbIHAAFEI AKcopa (Suaeda salsa Pall.)
TYKbIMBIHBIH Na,SO, epiTingicinmeri onrimTik kepcetkimi (%)

An 3,6 1/100 M  KOHUEHTpAIUSICHIHIA
2-toymikre 71,93+0,05% (p<0,01) Gipringen >xo-
rapeuian, 6-toymikre 75,35+0,07% (p<0,01) xer-
keH. 10-toymikre Oyn kepcerkim 83,27+0,05%
(p<0,01) xeTkeH.

Axcopa (Suaeda salsa Pall.) ecimpirinin Na,SO,
Ty3bIHBIH 1,2 1/100 MJT KOHIIEHTPAIUSCHIHIA OHBIH
TYKBIMJIAPBIHBIH OHTIITIK Kepcetkinn 100% exeHi
AHBIKTAIIBL. AKcopa ecCiMAIrT TYKBIMIAPBIHBIH
NaZSO , TY3bIHBIH KOHIICHTPAIHSCHI 1,2 -3,6 1/100
M1 OonFaH KaFjala eHTITIK KepCeTKILIiHiH
YKOFaphI OOJIATHIHIBIFBI OAKaITFaH.

[MaBnomap o6mbICEl Mapanasl Kei MaHbIHIAFbI
Axcopa (Suaeda salsa Pall.) tyxpimerabrH NaCl,
Na,SO, Ty3bIHBIH JKOHE Ty3/bl TONbIPAK €pi-
TIHAICIHIH op TYpJi KOHUIeHTpanmschiHAarsl (1,8
r/100 mm, 2,8 1/100 ™M, 3,6 r/100 mi) eHrimTik

KOPCETKIIMTEPIHIH  CaTbICTRIPMANIBl  HOTHXKENepi
4-cypeTTe KOpCeTiIreH.
4-cyperte Akcopa (Suaeda salsa Pall.)

eciMairi TyKeiMaapbiabiH NaCl, NaZSO4 TY3BIHBIH
JKOHE Ty3Jbl TOIBIPAK CPITIHIICIHIH 9p TypJi
koHHeHTpamusaceiaaarel (1,8 /100 mm, 2,8 /100
M, 3,6 /100 M) OHIIMTIK KOPCETKIMTEPIHIH ca-
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JBICTRIPMANIBI  HOTHKeJepiHe Herizgenrenae, 10
TOYJIK ilIiHIe alTapIbIKTal allbIPMAIIBUTBIKTAPIBI
Oaitkayra OOJIasIbI.

NaCl ty3wiabig 1,8 /100 M1 KOHIIEHTpALUs-
ceinaa 2-taynikre 71,43+0,05% (p<0,01) Gipringen
xorapeutan, 10-toymikre 87,88+0,07% (p<0,05)
JKETKEH.

Tombipak ceIFBIHABICH epiTiHaiciHaeri 1,8 /100
MJI KOHIIeHTparusacsiHaa 2-taynikre 71,93+0,05%
(p<0,01) Oiprinmen >xorapeiiam, 10-ToyIiKTe
89,27+0,09% (p<0,05) >xeTkeH.

Nast , TY3BIHBIH 1,8 /100 mMn KOHIEHTpanus-
ceiHAa 2-taynikre 74,53+0,07% (p<0,01) Giprinaen
skorapeutan, 10-toymikre 95,2740,09% (p<0,05)
KETKEH.

NaCl ty3wiabig 2,8 /100 M1 KOHIIEHTpAIUs-
cerafa 2-Toymikte 70,8140,03% (p<0,01) 6acranbim,
6-Toymikren 73,55+0,05% (p<0,01), 10-toymikre
77,15£0,07% (p<0,01) HTIMTIriH KOPCETKEH.

TombIpak CeIFBIHABICH epiTiHiciHaeri 2,8 /100
MJI KOHIeHTparusacsiHaa 2-taynikre 71,81+0,03%
(p<0,01) Oacrampin, 6-toynikren 74,95+0,05%
(p<0,01), 10-toymixre 78,35+0,07% (p<0,01)
OHTIIITITIH KOPCETKEH.
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TaKipHOe Y3aKTRIFBT

W NaCl 1,8 r/100nn
NaCl 2,8 r/100mn
m NaCl 3,6 r/100nn

W tonbipak 1,8 r/100mn

Na,504 1,8 r/100mn

W Tonbipak 2,8 r/100m1 M Na>S0,4 2,8 r/100mn
W Tonsipak 3,6 r/100mn M Na,S0, 3,6 r/100mn

4-cyper — Axcopa (Suaeda salsa Pall.) Tykeivbinbig NaCl, Na,SO, Ty3napsl
MEH TY3/II TOTIBIPaK epiTiHAICIHAET] OHTIITIK KopceTKimTepi (%)

NaZSO , TY3BIHBIH 2,8 r/100 M3 KOHIIEHTpaIHs-
ceiHfa 2-Tayiikte 76,14+0,05%(p<0,01) Gacransim,
6-toynikren 79,95+0,05% (p<0,01), 10-toymikTe
85,93+0,05% (p<0,01) eHTITITiH KOPCETKEH.

NaCl ty3siabiH 3,6 /100 MJI KOHIIEHTpALIUs-
ceiaaa 2-taynikre 20,114+0,03% (p<0,01) Gipringen
JKoFapeutan, 6-taymikre 26,67+£0,05% (p<0,001)
keTkeH. 10-Toayrikte Oyi kepcetkint 33,19+0,05%
(p<0,01) xeTkeH.

TormbIpak CEIFBIHABICH epiTiHaiciHaeri 3,6 /100
MJI KOHIIEHTpaIuschiHaa 2-tayinikre 23,14+0,02%
(p<0,01) Oipringen orapbuiaml, 6-TOYyJIKTE
37,61+£0,07% (p<0,001) xerxen. 10- ToymikTe Oy
kepcetkim 41,13+0,03% (p<0,01) sxeTkeH.

Na,SO, ty3pinbiH 3,6 /100 M1 KOHIIEHTpaLKs-
cerHa 2-Taymikte 71,93+0,05% (p<0,01) Giprinaen
JKorapbutan, 6-taymikre 75,35+0,07% (p<0,01)
xkeTkeH. 10-Toynikre Oyn kepcerkim 83,27+0,05%
(p<0,01) xeTKeH.

3epTTey HOTHKENEpi KOpPCETKeHAEW TOIbIpaK
epitiagicinig 1,2 1/100 MO KOHIICHTpAIHMSCHIH-
Jla TYKBIMHBIH ©HYl CHHEPreTHKalblK 3(dQexT
OaiikatkaH. OcbiFaH ykcac skymbictap Kepitait
XalblK pecnyOnukacel Xe Oell NpPOBHHIMACHL,
bun xait aymanel, Xaii CHHT OKPYTIiHIErl TY3.IbI-
cinrim xepnepingeri ecetin Puccinellia tenuiflora
[22], Clover, Suaeda salsa [23, 24], Puccinellia

tenuiflora [25], Salicornia salina [26, 27] ranodutTi
OCIMIIKTepre JKacalbIHFaH.

Axcopa ecimziri tykeiMaapbinbig NaCl, Na, SO,
TY3apbl JKOHE TY37bl TOMBIPAK CPITIHIICIHIH
Oipaeit KOHICHTPAIMSICHIHAAFbl OHTIIITIK MaibI3bIH
CAJIBICTBIPFaH/la aWTapibIKTall albIPMAIIBUIBIKTAp
Oaiikanran. 2-toyiikre NaCl, Ty31el TOmNBIpaK
epitingici, Na,SO, Ty3pHbIH 2,8 /100 M1 KOH-
LEHTPAIUACHIHIA OHTIIITIK MalbI3bl JKEKE-)KEKEe
70,81+0,03, 71,81+0,03, 76,14+0,05 OoaraHIBIFbI
anpikTanrad. 10-toymikre 77,154+0,07, 78,35+0,07,
85,93+0,05 6osraH.

2-toymikre NaCl, Ty3mbl TombIpak epiTiHici,
NaZSO4 Ty3bIHBIH 3,6 1/100 M) KOHIEHTpAaI[Hs-
CHIHJA OHTIMITIK Maib3el kKeke-keke 20,11+0,03,
23,14+0,02, 71,9340,05 Oonran. 10-ToymikTe
33,19+0,05, 41,13+0,03, 83,27+0,05 OoaraHIBIFbI
AHBIKTAJIFaH.

XKorapeigarel HOTHIKETe HeTi3[ene OThIPHII,
Axcopa TyKpIMBIHBIH 10 Toymikreri 2,8 r/100 mu
KOHIIEHTpaluACkIHIarbl Na,SO, TY3bIHbIH OHTIIITIK
KOPCETKINIIHIH €H OFfapbl OONFaHIBIFBI OemNTimi.
2-0pbIH/Ia TOMBIPAK CHIFBIHABICBIHBIH ©OHIIIITIT
0ozca, eH TeMeH kepcerkim Oaiikatkan on NaCl
TY3BIHBIH KOHIIEHTPAIUSICHL. AKcopa OCIMIITiHIH
TY3ap MEH TOmbIpaK epiTiHmicinig 3,6 1/100 mu
KOHI[CHTPAIMACHIHAAFbl OHTIIITIK KOPCETKIIIHIH
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HoTrkenepi periver Na,SO, >ToNbIpaK ChIFbIHBICHI
> NaCl OosrFaHABIFBl AaHBIKTAJIFAH.

KopbIThIHABI

Bapneik Ty3nap syranopurti Axcopa (Suaeda
salsa Pall.) TyKpIMAApBIHBIH ©HYiH aWTapibIKTan
TeXeHmi. Op TYpii TY3Ibl epITIHIIIEPIAETI TYKBIM
eHrimTiriHig Texenyi NaCl > Tomblpak dKc-
TpakThl epitingici > Na,SO, Gomabl. Tysael epi-
TIHIUICpAIH TYKBIMHBIH OHYIH TEXEyiHIH Herisri
ce0edi OCMOTHKAIIBIK 9cep EKeHMIT! IoNENICH]I.
Axcopa (Suaeda salsa Pall.) TyKbpIMOapeIHBIH
OHTIITITI  OPTYpPAlL  TY3  KOHIEHTPAIMICHIH-
Jla yKCcaMaraH JopeXKeNe TEKENCTIHI JKOHE Ty3
KOHLICHTPAIMSACHIHBIH JKOFapbUIayblHA OaiijlaHbI-
CTBHI TEXKEIy TOPEKECiHIH Ae OIpPTIHIeN eCeTIHIITI
AHBIKTAJIbI.

Axcopa (Suaeda salsa Pall.) TyxkpiMmapbl op
TYPJIi TY3 KOHIICHTPAIUSIAPBIHBIH CTPECCTIK acep
€Ty Ke3iHJe WHTrUOupIeHeli, COHBIMEH KaTap op
TYPIl TY3IapIblH MHTHOHMPIICHY JopeKeci apTypii
OONATBIHALIFEl AHBIKTAIABI. MHruOunms meHreini
TY3 KOHILIEHTPAIMSCBIHBIH JKOFapbUIayblHa COWKec
JKOFapbUIaiapl, OipaK op TYpJi TY3IbIH HHTHOUD-

Jey nopexeci aprypai Gosbin, Na,SO, en Temen
WHTHOUTOPIIBIK ocepre e OOFaHIbIFEl OalKaabl.

3epTTey KYMBICBIHBIH HOTHXKECiHIe AKcopa
TykpiMaapasiH NaCl Ty3bIHBIH CTpecCiHe eH Kell
kayarm OepeTiHfiri ansIKTanael. COHBIMEH Oipre,
TyKbIMIapabl opTypii Ty3napasiH (NaCl, Na SO,)
JKOFapbl KOHIIEHTPAIUSUIAPBIMEH OHJACY apKBLUIBI
TYKBIMHBIH OHYIHE €H THIMII TY3IBbIH KOHIICHTpPa-
musicel 1,2 /100 M eKeHIiri aHBIKTaIIEL.

Ocel MmakcatTa Akcopa (Suaeda salsa Pall.)
copTtaH okepiepai Tek KaHa IlaBmomap 00-
JBICBIHAA FaHa eMec, KaszakcTaHHBIH copTaH
TEPPUTOPHUSUIAPBIHBIH Kol OeJiriHAe KoJlJaHyFa
YCHIHBIC Oepyre Oonaapl. EH THIMII fmen caHaidraH
Oys1 ranouTTi OCIMIIKTI TY31bl TOMBIPAKTAH 3KC-
TpaKIUsIIay MaKCaThIHA BET€TATUBTI IEPHUOILIHBIH
COHBIH/Ia KWHAN aJbII, OHbI Mal a3bIFbl PETiH/E
KOJIJIaHy YCBIHBUIAABI. OWTKEHI TalopUTTePAiH
mrpyl  ypHiciHAe Kep COPTaHIBIFBl apTaTHIHBI
oenrimi. ConpiMeH Katap, Axcopa (Suaeda salsa
Pall.) TYKbIMBIHBIH TY3IBI CTpeccke OeJceHal *ka-
yan KaWTapyblHa HETI3[IeNIe OTBIPHII, TY3ABUIBIFEI
JKOFapbl ©3€H JKaranayliapbl MEH COp, COPTaHJIbI-
0aTmakThl JKepJep/e ©cipy apKbUIbl Ty3JaHFaH
XKepiepAi OHANTy A TaijaaHy YChIHBIIA/IbI.
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YPOXXAMHOCTb COPTOB COMU
PA3HbIX I'PYIIM CIEAOCTU B 3ABUCUMOCTU
OT NPEATNTOCEBHOM O6PABOTKU CEMSIH

Cos KaKk BbICOKOOEAKOBAsi U MAaCAMYHAsI KYABTYpPA MPU3HAHA CTPATErmuyeckn Ba>kHOM B MMPOBOM
perTUHIEe CeAbCKOXO3SMCTBEHHbIX KYAbTYP. MMpPOBOE MPOU3BOACTBO COEBbIX 6O60B HAaXOAMUTCS B
MOCTOSIHHOM AMHAaMUYECKOM pa3BUTUW. YBEAMUYEHME MOCEBHbIX MAOLLAAEN MOA 3TOM KYABTYpPOM
MPOMCXOAMT BO BCeX CTpaHax, BKAlYas KasaxcrtaH. CpeaHsis ypoxkalHOCTb cou no Kasaxcrany
cocTtaBasieT 21,5 u/ra. PoCT ypo>kalHOCTU KyAbTYpbl 00YCAQBAMBAETCSl HE TOAbKO CO3AAHMEM HOBbIX
BbICOKOYPOXKalHbIX COPTOB, HO W MPUMEHEHMEM COBPEMEHHBIX arpOTEXHOAOrMUYECKMX MOAXOAOB,
06pabOTKON CEMSIH 1 BErETUPYIOLLMX PACTEHMI CTUMYASITOPamMu pocTa. B paboTe npuBeaeHbl pesyAbTaTbl
NCCAEAOBAHUI BAMSIHWUS 0O6PabOTKM CEMSIH COPTOB COM Pa3HbIX FPYMMn CEeAOCTU a30TMUKCUPYIOLLIUM
npenapatom Histick u mukpoaaemerntammn Co, Mo. MNMpeanoceBHas 06paboTka CeEMSIH BbiSIBUAA COPTOBYIO
OT3bIBUMBOCTb Ha NMPUMEHEHNE CTUMYASTOPOB. Ha ypoykaiHOCTb yAbTpackopocneaoro copta Mayluka
HW OAMH MpenapaTt He OKa3aA MOAOXMTEABHOIO BAMSHUS. YPOXKaMHOCTb CKOPOCMeAoro copta bipAik
KB AocToBepHO yBeAnumaacb Ha 2,1 u/ra nmpu COBMECTHOM 06paboTke cemsiH a30T(UKCUPYIOLLIMM
npenapatom Histick u mmukposaemerTamn Mo + Co. Y cpeaHenosaHero copta XKaHcas 1 no3AHeCneAoro
copTa AacTtouka AOCTOBepHas NMpubaBKa ypoXKalMHOCTM OTMEYeHa TOAbKO Mpu 06paboTke cemsiH
asotdumkempyiowmm npenaparom Histick Ha 1,6 1 2,1 w/ra cooTBETCTBEHHO.

KatoueBble cAOBa: COSl, MMKPO3AEMEHTbI, MPU3HAKM MPOAYKTUBHOCTU, YPOXKANHOCTb.

S.V. Didorenko™, G.K. Kabylbekova?,
A.Zh. Saikenova’, R.Zh. Kassenov'
TLLP «Kazakh Research Institute of Agriculture and Plant growing»,
Kazakhstan, Almaty
2L.N. Gumilev Eurasian National University, Kazakhstan, Nur-Sultan
*e-mail:svetl_did@mail.ru

Yield of soybean varieties of different ripeness groups depending
on pre-sowing seed treatment

Soybeans as a high-protein and oilseed crop are recognized as strategically important in the world
ranking of agricultural crops. Global soya bean production is in constant dynamic development. An in-
crease in the area under this crop is occurring in all countries, including Kazakhstan. The average yield
of soybeans in Kazakhstan is 21.5 ¢/ ha. The increase in crop yields is due not only to the development
of new high-yielding varieties, but also to the application of modern agro-technological approaches and
the treatment of seeds and vegetative plants with growth stimulants. The paper presents the results of
research on the effect of treatment of soybean seeds of different ripeness groups with a nitrogen-fixing
preparation Histick and trace elements — Co, Mo. Seed pre-treatment revealed varietal responsiveness to
the application of stimulants. None of the preparations had a positive effect on the yield of the ultra-ripe
variety Ivushka. The yield of the early maturing variety Birlik KV increased significantly by 2.1 c¢/ha when
seeds were co-treated with the nitrogen-fixing preparation Histick and trace elements Mo + Co. In the
mid-late variety Zhansaya and the late-ripening variety Lastochka a significant increase in yield was not-
ed only when the seeds were treated with nitrogen-fixing agent Histick by 1.6 and 2.1 c/ha, respectively.

Key words: soybean, micronutrients, productivity traits, yield.
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TyKbIMA@PAbI aAAbIH aAQ 6HAEYre 6aiAaHbICTbl 9P TYPAI MiceTiH TonTapAarbl
KbiTai 6ypLuak, copTTapbIHbIH, OHIMAAITI

KbiTar 6ypLuarbli>KoFapbl akybl3Abl XK8HE MaMAbI AAKbIA PETIHAE 2y bIA LLIAPYALLBIAbIFbI AAK IAAAPbBIHbBIH
SAEMAIK PEMTUHIIHAE CTPATErUsIAbIK, MaHbI3AbI A€M TaHbIAAbL. KbiTal 6ypLuarbiHbiH SAEMAIK BHAIPICI
TYpaKTbl AMHaMMKaAbIK, AaMyAd. ByA AaKbIAAbIH eric aAKanTapblHbiH, yAFalobl KasakcTaHAbl Koca
aAFaHAQ, 6apAbIK, easepae opbiH aayaa. KasakcraH 6oiblHILA KbiTar OypLIaFbiHbIH OpTalla eHIMAIAITI
21,5 u/ra Kypamabl. AaKbIAAAPAbIH, OHIMAIAIFIHIH ©Cyi >KaHa >Oofapbl 6HIMAI COPTTapAbl KypyMmeH
FaHa emec, COHbIMEH KaTap 3amaHayu arpoTeXHOAOTMSAbLIK TOCIAAEPAI KOAAQHYMEH, TYKbIMAAP MeH
BEreTaTMBTI OCIMAIKTEPAI 6CYy CTUMYASTOpPAApbIMEH 6HAEYMeH Ae 0OaiiAaHbICTbl 6oAaabl. 3epTTey
>KYMbICbIHAQ 8P TYPAI MiCeTiH TonTapAafbl KbiTai GypLuak, copTTapbiHbIH TyKbiMAApbIH Histick azoTTbl
GekiTeTiH npenapatbiMeH eHe Co, MO MUKPOIAEMEHTTEPMEH GHAErEeHAEri 3epTTey HaTuXKeAepi
KeATipiAreH. TyKbIMAQPAbBI €ry aAAbIHAQFbl ©HAEY CTUMYASTOPAAPAbl KOAAAHFaHAQ ©p TYPAI acep
eTTi. MBylIKa yAbTpa Te3 miceTiH COpTbIHbIH, BHIMAIAITIHE Gipae-6ip npenapaT OH acep eTKeH XKOK.
bipAaik KB epTe niceTiH copTbiHbiH eHimaiAiri Histick asot 6ekiTeTiH npenapatbimeH >xaHe Mo +Co
MMKPO3AEMEHTTEPIMEH TYKbIMAAPAbI GipAecin eHaey kesiHAe 2,1 u/ra-Fa yaranabl. OpTa kel niceTiH
KaHcas >xeHe kel niceTiH «AacTouka» copTTapbiHAQ TYKbIMAbI a30TTbl 1,6 >oHe 2,1 u/ra-ra His-

tick eHAereHAe FaHa eHIMAIAIKTIH aiTapAbIKTalk apTKaHbl 6aikaAAbl.
Ty#iH ce3aep: KbiTal Hypluarbl, MUKPOIAEMEHTTEDP, BHIMAIAIK BeAriAepi, OHIMAIAIK.

BBenenune

Bormpocsr mmogopoaust MOYBHI, a TaKke Mpo-
OyieMa OMOJIOTUYECKOTO a30Ta OBUIM M OCTAIOTCS
aKTyaJIbHBIMU B YCJIOBUSX YXYAIIAIOIICHCS KOJIO-
TUYECKOH OOCTaHOBKH, OTCYTCTBHS HaydHO-000-
CHOBaHHBIX CEBOOOOPOTOB U HEJOCTATOYHOH 00e-
CIICYCHHOCTH CEIBCKOT'0 X035 CTBa MHHEPATLHBIMU
A30THBIMH YIOOpEHUSIMHU.

Pacuiipenue moceBHbIX IUIOMIAACH O] 3€PHO-
000OBBIMH KYJIBTypaMHU MOXET OKa3aTb ITOJOXKH-
TEeTBHBIA A((EKT B HANIPABICHUH YIIYYIICHUS I10-
YBEHHOTO TUIOIOPOIHUS.

Haunbonee crparernueckn BaXHOH KyJIbTypou
cpend BceX 3epHOOO0OOBBIX KYJNBTYP SIBISIETCS COS,
cnocoOHas gukcupoBaTh a0 100 kr/ra a3ora U3 Bo3-
JyXa ¥ aKKyMYJIIPOBAaTh ero Oiaromapst CMiMON03y ¢
azordukcupyrommumu Oakrepusmu [1, 2]. B Kazax-
cTaHe HaOJFOAeTCs TOJOKUTEIbHAS TCHICHIUS B
YBEJIMUYCHUH TOCEBHBIX IUIomaae mon coeil. Tak,
COTJIaCHO CTATHCTUYECKUM NaHHBIM, B 2020 romy
moJ1 coeli 06110 3aHsITO 127,7 THIC. Ta, CPEAHSAS yPO-
skafHOCTh coctaBuiaa 20,8 n/ra. o 95 % moceBHBIX
IJIOMAZCH COCPENOTOUYCHO Ha TTOJIMBHBIX 3EMIIIX
toro-soctoka KasaxcraHa, ypokaiiHOCTh Ha KOTO-
PBIX B cpeHeM gocturaeT 24,8 m/ra [3].

VYBeauueHue ypoKalHOCTH KYJIBTYPbl MOXKET
OBITH JIOCTUTHYTO JABYyMs myTsamu. IlepBoe — 3TO
CEJICKIIMOHHO-TeHETHYECKOe YIy4llIeHHe, BTOPOE
— NPUMEHEHHE HOBBIX arpOTEXHOJIOTHYECCKUX TPHU-

€MOB, B TOM YHCJIE MUKPO3JIEMEHTOB U CTHMYJIATO-
POB pocrTa.

MupoBoii OBIT MOKA3BIBACT, YTO MPOBOAUIVCH
SKCIIEPUMEHTHI TI0 U3yUEHHUIO BO3/IEHCTBHS OMOCTH-
MYJIITOPOB, KOTOPBIC MOKA3aJIi 3HAYUTEIHLHOE BITH-
SITHME Ha BCE MapaMeTPhl POCTa U YPOKANHOCTH COU
[4]. Ycunenns ponn a3oTpuKCHpYyOMUX OakTepuit
MOXXHO JOOHUTHCS MPEAOCEBHON MHOKYIISIITHCH ce-
MSIH aKTHBHBIMU [ITAMMAaMH, & TAK)KE MMPOBEICHHUEM
00pabOTKN CeMsIH MHUKPO3JIEMEHTaMH, YCHUIIHBAIO-
IIMMH TIPOIIECCHI a30TOUKcalyH |5, 6].

depMeHT HUTPOTEHE3a, KOTOPHIM y4acTBYeT B
Tpoliecce a30TO(HKCAINH, B CBOEM COCTAaBE COMIEP-
KuT MosnOeH. Cost IpeKpacHoO pearupyeT Ha BHE-
ceHue ynoOpeHwuii ¢ copepkanueM MonuOaeHa. Ha
PaHHMX dTamax pPa3BUTHS PACTEHUS MOJHOIEH MO-
JKET CIIOCOOCTBOBATh HAPACTAHUIO KOPHEBOU CHUCTE-
MBI, YCKOPSITh M CTUMYJIMPOBATh Pa3BUTHE aKTHB-
HOCTH KITyOeHBKOBBIX OakTepuil. TpaaummoHHo ero
MIPUMEHSIIOT JIJIsl TIPEIIOCEBHON 00pabOTKH CeMsIH
(ma 1 1 cemsH con — 30-50 T MOJTHOACHOBO-KHCIIOTO
ammonus — 50% Mo). Ilpu BHEKOpHEBOH MTOAKOPM-
K€ B IepHo/i OyTOHH3AIMK — HavaJla [IBETCHUS HOP-
Ma BHeceHHs cocTtaBisaeT mo 200 r/ra [7].

SINOHCKUMU yYEHBIMHU OBLJIO M3YUEHO BIHSHHUE
00pabOTKY CEMSIH COU COCIUHEHUSIMU MOJUOICHA
Ha YKOpPEHEHHUE DHEPTUU NMPOPACTaHUS B YCIOBH-
sx 3arormieHusa. [lo pe3yiapraraM HccieqOBaHUN
YCTaHOBIICHO, YTO YBEIIMYCHUE KOJIMYECTBA BCXO-
OB OBIJI0O OCOOEHHO 3aMeTHO MpU 00paboTke ce-
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YpoxaltHOCTH COPTOB COM Pa3HBIX IPYIII CHEIOCTH B 3aBICUMOCTH OT IIPEATIOCEBHON 00pabOTKN CeMsH

MsSH TpuokcunoM monubneHa [8]. [IpoBogmnuchk
WCCIIEIOBAHUS 110 U3YUYCHUIO BIUSHUS 00pabOTKH
colsiMH MONHOJIeHa W BOJNb(pamMa Ha PsJie CElb-
CKOXO3SHCTBEHHBIX KyJNbTyp. B coBokymHOCTH
3TH PE3yNbTATHI MPEANOIAraloT, 9TO COeTHHECHUS
Boib(ppama, a TakKe COCOTUHECHHS MOJHOIeHA
YIY4IIAIOT MPUKUBAEMOCTH MPOPOCTKOB B yCIIO-
BUSIX 3aTOIICHUA [9].

KobanbT HemocpejcTBEHHO y4YacTBYET B IpO-
1eccax YCBOGHHUS a30Ta W3 BO3JyXa, MOCKOJIBKY
KOHIIEHTPUpPYETCS B CaMHX KIyOeHbKax, CII0CO0-
CTBYSl Pa3MHOKEHHIO KIIyOSHBKOBBIX OaKTepui.
KoGanbT moBBIIIaET COEPIKaHUE JIETTEMOTIIO0NHA
B KIIyOCHbKaxX, KOHLEHTpamusi KOTOPOIO OIpere-
JISET MHTCHCUBHOCTh WX JAbIXxaHus. [lpu Hanmuuum
KoOasibTa mporiecc (PUKcauu a3oTa MpoXoauT 0o-
nee akTHBHO. OH UCTIONB3YETCS! TIPH BHEKOPHEBOU
MTOIKOPMKE U BHECEHWHU HEMOCPEICTBEHHO B TPYHT
[10].

HmeeTcst ombIT WcClieOBaHUS MO HEIOCTAT-
Ky W TOKCHYHOCTH IIMHKA M €r0 B3anMOCHCTBUIO
C IPYTHUMH MHUTATENFHBIMA BEIIECTBAMHU B KOPHSX,
JUCTBSIX U CeMeHaxX coW. bputo oOHapykeHO, UTOo
IHUHK (Zn) 3HAYATETHHO BIWSET HA BCE OCHOBHBIC
nurarenpHbie Bemectsa [11]. W. Sadok, T.R. Sin-
clair (2017) u W. Weisany ¢ coapropamu (2016) u3-
yyYalu BIUSHUE 00paOOTKU CEMsIH COM IIMHKOM Ha
CKOPOCTb TPAHCITUPAIMH B 3aBUCHMOCTH OT I'€HOTH-
ma, a TaKXKe BIMsSHUE NPUMECHEHHS [IMHKA Ha POCT,
abcopOuuIo U pacrpenesneHle MUTaTeIbHBIX MUHE-
paJIBHBIX BEUIECTB B YCIOBUSX COJIEBOI'O CTpecca
y cou [12, 13]. BeicokuX ypo>kaeB COM MOXKHO J10-
OWUTBCS IPH COBMECTHOM JIMCTOBOM MOAKOPMKE Zn
+ Fe [14].

UccnenoBanms Khaitov B. (2018) mo BIusHHIO
nHOKynsiuKy  Rhizobium w mpumeHeHHMs Maraus
YCTaHOBWIIN (POPMHUPOBAHHE MHOXECTBA KIIyOSHB-
KOB, yBelIW4YeHHe OnoMacchl U ypOKaWHOCTH IIO-
0eroB cowu, yBeIHYeHHE KOPHEBOW CHCTEMBI, a TaK-
e CO/Iep KaHUs UTATENbHBIX BEIMIECTB B CEMEHaX
[15].

3apyOe)KHBIMA YYCHBIMA HM3y4YajoCh BIIFSTHUE
COBMECTHBIX MHOKYJISIIIUM MHUKPOOHBIM HWHOKYJISH-
Tam, SHAO(DUTHBIMUA aKTHHOMUIICTAM U IITAMMaMH
Bradyrhizobium japonicum Ha kiIyOeHbKOOOpa3o-
BaHUE, NHTCHCUBHOCTb a30T(HHUKCALNH, HAKOTIICHHE
a30Ta B MEPHOJ POCTa COH, YPOKAHHOCTH U Maccy
CeMsIH pa3ju4HbIX copToB com [16, 17, 18, 19, 20,
21]. Joshua G. c coaBTopamu H3y4aiul aHTAPKTH-
YecKue pru3o0akTepuu. B ombITax OBLT IIPOAEMOH-
CTpUpPOBaH OOJBIION OTEHIHAN PU30CHEPHBIX MH-
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KPOOPIraHU3MOB, BBIICIIEHHBIX U3 OKCTPEMAaJIbHBIX
ycnoBui OKkpyskatomei cpeasl. OOpaboTka aHTap-
KTUYECKUMH PU300aKTEPHsIMU OKa3aja BIUSHHUE Ha
aApPXUTEKTYPHBIE OCOOEHHOCTH KOpHei [22].

PaboThl M0 MpUMEHEHHIO IpenapaToB MOJIHO-
neHa u koOanbTa mpoBoamnuck B Kazaxcrane B
60-x rogax OpoUUIOro CTOJIETHS IO PYKOBOJACTBOM
I0.I'. Kapsruna [23], omHaKo HBIHENTHEE pPa3HO-
o0pasme OTEYECTBEHHBIX COPTOB TPEeOyeT MOIOII-
HUTEJBHOTO M3YUYCHUSI COPTOBOW OT3BIBYMBOCTH Ha
pa3InvHbIC arpOXUMHUECKHE IPUEMBI.

Lens wuccnenoBanus. OnpenenuTb COPTOBYIO
OT3BIBUMBOCTH COM TPH WCIIOJIB30BAaHHU COJIEH KO-
0anpTa U MOJHOAEHA B COYETAHUH C a30TPHUKCHPY-
IOLIUM TIpEnapaToM.

MarepuaJibl 1 MeTOABI HCCIE0BAHMUI

Mecto npoBenenus onbiTa. [lorogHo-kimmMaTu-
Yyeckhe ycioBus roxaa. MccrnemoBaHus mpoBeneHBI
B 2020 roay Ha HOJIEBBIX CTALlMOHApaX OTAEIA 3ep-
H00000BBIX KyIbTyp TOO «Kazaxckuit HayqHO-HC-
CJIeTOBATEICKUI MHCTUTYT 3E€MIIEJIENNS U pacTe-
HUEBOJICTBAY. OTBITHBIE YYAaCTKH PACIIONOXEHBI B
AnmaTtuHCKO# 0o0macth, Ha BeicoTe 740 MeTpoB HaT
YPOBHEM MOpsi, reorpapuueckoe pacioioKEeHUE —
43°15' c. m1., 76°54' B. 1. IlouBeHHBIH TOKPOB Mpea-
CTaBJICH CBETJIO-KAIITAHOBEIMU U CYTJIMHUCTHIMU
nouysamMu. B teyenne 20 neT Ha JAHHOM OIBLITHOM
y4acTKe COsl HE BBICEBANACh, MPEAINICCTBEHHUK —
o3uMasi MIleHUIIA.

ITo manneiM Mmeteoctanmuun TOO «Kazaxckuit
HAyYHO-UCCIIC0BATENbCKII HHCTUTYT 3EMIICIEITHS
U pacTEHUEBOACTBAY, moroguele ycnonus 2020 rona
B palioHe TIPOBEACHUS UCCIEIOBAaHUIN CyIIECTBEH-
HO OTJIMYAJIUCh OT CPEIHEMHOTOJIETHUX 3HAUCHUI.
TemmnepaTypHbIii (hOH C Masi IO CEHTIOPH OB BBITIIE
CpeIHEMHOrOJIETHUX Moka3zatenei Ha 0,3-3,8 °C
(trabmunua 1). 3HaUNUTENBHBIE MPEBBIIICHUS TEMIIe-
paTypsl ObLTH OTMEUYEHBI B armpele, Mae, aBrycre u
ceHTsI0pe.

[IpeBbllieHne CpEeAHEMHOTOJIETHUX IIOKa3a-
Tenel ocamkoB B ampesie B 3 pasza OJaronmpusaTHO
OTpa3WiIOCh Ha BJAro3apske W IOCIETYIONINX
Bcxojax. Mail, HiOHb, HIOJNb, CEHTSOPH XapaKTepH-
30BaJIUCh YPOBHEM OCAJKOB, CPABHUMBIM CO CPEII-
HEMHOTOJICTHIUMH TIOKa3aTelsIiMu ocaakoB. Hemo-
CTaTOYHOE YBIAKHECHHE OBLTO OTMEYECHO B aBTYCTE
Mecsne. KonnyecTBo ocaikoB oT nocesa /10 yOopku
coctaBuio oT 164,2 MM 11 yIBTPacKOPOCIIETIOro
copta 10 212,8 MM s TO3IHECIIETIOTO COPTA.


http://toolserver.org/~geohack/geohack.php?language=ru&pagename=%D0%90%D0%BB%D0%BC%D0%B0-%D0%90%D1%82%D0%B0&params=43.25000001_N_76.90000001_E_type:city(1226000)_region:KZ_scale:100000
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Ta6auua 1 — CpeHeMecsiuHas TemIieparypa Bo3ayxa U ocaku B rnepuoj seretauuu, 2020 rona

Temmeparypa, °C Ocaznku, MM
Mecsn cpenHe- cpeiHe-
bakTrueckas MHOROTCTHES OTKJIOHEHHUE (bakruueckue MHOTONCTHAS OTKJIOHEHHUE

Anpens +14,2 +10,4 +3.8 146,7 56,5 +90,2
Mait +18.8 +16,4 2.4 73,5 61,6 +11,9
Hronb +22,0 +21,2 +1,2 42,6 53,9 -10,8
Wrone +24.4 +24,1 +0,3 31,8 26,6 +5,2
ABryct +24,0 +22,1 +2,1 437 21,3 +22,5
CeHTA0pb +18,7 +16,0 +2,7 20,8 15,9 +15,9

MarepuaJjbl uccjie10BaAHUMI

B nccnenoBanusax ncnonap30BaHbl cCOpPTa COM Ue-
THIpEX TPYTII CIIEIOCTH.

Copt cou JlacTouka — OTHOCHUTCS K TpyIIe
no3znHecnensix (I rpynmel cnenoctu), Bereranu-
OHHBIN TIepuo B ATMaTHHCKOM obmactu — 130-135
CYTOK. YpO3KaliHOCTB 3epHa Ha noJjiuBe — 35-40 1i/ra,
conepxanue Oenka B 3epHe — 39%, conmepxaHue
Macia — 19%. JlonymieH K UCToNb30BaHUI0 B AJTMa-
tuHckoi, JXamObuickoih u HOxHo-Ka3saxcraHnckoi
obrnacTsax.

Copr con JKaHcas — OTHOCHUTCS K TPYIIE Cpea-
Heno3auux (Il rpynma crenocTu), BereTalMoOHHbIH
nepuoa B AnmmaTtwHCKOW obmactu — 120-125 cy-
TOK. YpokaiHOCTB 3epHa — 39-45 1/ra, comepka-
Hue Oenka B 3epHe — 40-41%, comepkaHue Macia
—19%. nomy1ieH K Npou3BOACTBY O AIMATHHCKOU
obmacTu.

Copt cou bipnik KB — oTtHOcuTcst kK rpymme
ckopocrensix (0 Tpymma CHenocTH), BEereTalnoH-
e mepuog B BKO — 100-110 cyTok. Ypoxaii-
HOCTB 3epHa 23-25 11/Ta, coepikanue Oenka B 3epHe
— 40,7 %, conepxanue macna — 22,3 %. JlonymieH
K HCTIoNIb30BaHuIo B Boctouno-Kaszaxcranckoii 06-
JacTy.

Copt cou Byuika — OTHOCHTCS K TpylIe yib-
Tpackopocmensix (00 rpymnma CrenocT), BereTaim-
oHHBII nepuox — 90-95 cyTok. YpokaliHOCTb 3epHa
—20-22 mw/ra, conepxanue 6enka B 3epHe — 42,1 %,
coxepxanmue macna — 22,3 %. He moneraet. [Jomy-
el K ucnoak3oBanmio B Kocranaickoi, Ilasio-
JAapCKOi, AKMOJIIMHCKOM 00JIacTsIX.

Opurunaropom coptoB siisercst TOO «Ka3zax-
CKU HAYYHO-HUCCIIEIOBATEIHCKUI HHCTUTYT 3eMJIe-
TS M pACTEHUEBOACTBAY [24].

MeToabl UccJIe0BaHUI

3a Hemeo 10 MoceBa ceMeHa COM 00padaThI-
BaJHCh PAacTBOPOM aMMOHHUSI MOJUOJEHOBOKHC-
neIM 4 BonHBIM U3 pacueta 40 r Ha 100 Kr cemsiH U
ko0anbT (II) ceprHOKUCIBIM 7 BOTHBEIM U3 pacduera
4 r Ha 100 kr cemsH. B neHp moceBa cemeHna 00-
paboTaHBI IpemapaToM, CoIep KaIuM a30TPUKCH-
pyromue 6aktepun «Histick» u3 pacaera 400 r Ha
100 kr cemsH.

OKCIIEpUMEHT 3aJI0’KEH 0 CXeMe: KOHTPOJb —
0e3 00paboTku; 1 onbIT — 00paboOTKa ceMsH mpera-
parom Histick; 2 ombiT — 06pabotka cemssn Mo+Co;
3 onbIT — 00padoTka cemsiH Histick+Mo + Co.

IToceB ocymiectBieH 25 ampens. YueTHas Je-
nstHKa — 25 M2, HopMa BeiceBa ceMstH — 500 ThIC. IT./
ra, Mexxaypsanse — 30 cM, rmyOrHa 3aeIKU CEMSTH —
4 cm. IloceB peHIOMHU3HPOBAHHBIN B YETHIPEXKpAT-
HOW MOBTOPHOCTH.

[IpoBeneHre BceX arpOTEXHOJIOTHUECKUX Me-
pOTIPUATHIA 1O TMOATOTOBKE K TIOCEBY, YXOAY 3a
rmoceBaMH (ITOJIUB, PHIXJICHUE MEXIYPSIAnid, yHUU-
TOKEHUE COPHOM PacTUTENBHOCTH) OCYIIECTBIIECHBI
10 OOMIENPUHATHIM METOJMKAM M PEKOMEHIAIHSIM
JUTSL 30HBI TIPOBEICHUS UCCIIenoBaHui [25]. 3akman-
Ka OIBITOB, YOOpKa W Y4eT yposkasi MPOBEACHBI 1O
METOJIaM, OTICAHHBIM B METO/IMKE TIOJIEBOTO OIIBITA
HocmnexoBa b.A. [26]. CTpyKTypHBIif aHaJIN3 TIPOBE-
JleH o metoauke BUP [27].

CaMoTeuHble BEreTallMOHHBIE TMOIWUBHI Ha IIO-
JMBHOM YYacTKe OCYHIECTBISUTHCH TpWxabl — 20
ntoHd, 13 urons u 10 aBrycra ¢ nmonMBHON HOpMOM
1200 (m*/ra).

Craructrdeckas o0paboTKa Pe3yIbTaToB JKC-
NEPUMEHTOB I 00ecnieueHHs JOCTOBEPHOCTH JaH-
HBIX BBINOJNIHEHA B nporpammuoil cpene R (https://
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cran.r-project.org/) ¢ OTKpPBITBIM UCXOJHBIM KOJOM,
a Taxke B mporpamme Windows Excel.

Pe3yabTarhl nccjieqoBanui

WzyueHne copToB COM YETHIpEX TPYIII CIIENO-
CTH IIPHU Pa3JIMUHBIX BHAAX 0OpaOOTKU CeMSH He
BBISIBWJIO OTJIMYMH B NMPOXOXKIEHUU OCHOBHBIX (a3
pasBuTHs. Bce copTra Kak Ha KOHTpOJIE, TaK W MpU
00paboTKax co3penu B Npenaenax CBOEH TpyIIbI.
Bereranmonnsiii nepuoj; copra MByiika coctaBui
95 nueit, copta bipaik KB — 107 nueit, XKancas —
125 nueii m Jlactouka — 137 mHeH.

BeicoTa pacTeHus SBISETCS 3HAUUMBIM TIOKa3aTe-
JieM B (hOpMUPOBAHUM rabuTyca pacteHus. Jlist 30HbI
MPOBENICHUSI UCCIICIOBaHM HauOosee ONnTHMaibHas
BBICOTa pacteHus coctabisieT 80-100 cM, Tak Kak pac-
TEHMsI C MEHBILIEH BBICOTOM yCTYIAIOT I10 IIPOLYKTHUB-
HOCTH, a ¢ 00J1ee BBICOKOH — CKJIOHHBI K MOJIETAHHIO.
HccrenoBanus BBIIBIIIN, UTO 00pa0bOTKa MperrapaToM
Histick yBennumna BeICOTY CpeIHENO3IHETO U MO3-
Hecrienoro coproB Ha 8,1-10,0 cm (Tabmuia 2, pucy-
HOK 1-2,0). Y cxopocmenoro copta bipiik KB BeicoTa
pacTeHus1 yBenuuuiIach oiarogaps oopaboTke ceMsiH
Histik+ Mo, Co u Mo, Co Ha 6,8-9,1 c¢cM cOOTBeT-
CTBEHHO (Tabmimiia 2, pucyHok 1-B).

BricoTa mnpukperuieHus HIKHUX O00OB Kak
OJMH W3 IOKa3aTelieil TeXHOJIOTHYHOCTH COpTa HE

MMeJl 3HAYUTEIbHOTO BapbUPOBAHUS 110 BUAAM 00-
paboToK, ¥ B OOJIBIIEH CTENICHU SIBIISUICS COPTOBON
XapakTepucTuKoi. CaMbIM BBICOKMM MPHKPETICHH-
eM HIDKHUX 0000B xapakTtepuzoBaics coptT bipiik
KB ¢ nokaszarensimu 13,7-20,7 cm.

Buasl 00paboTOK Takke He MOBJIUSIIN Ha TOKa-
3arenb KoJarmdecTBa OOKOBBIX BeTBel. Cpemu n3yda-
€MBIX COPTOB HAHUOOIBIINM TOKa3aTeJIeM XapakTe-
pHU3YeTCsl yIbTPacKOPOCIENbIid copT cou MByIka ¢
rnokasaresnem 2,2-3,2 mT, HAUMEHBIIUM — CpeJIeHe-
no3auuit copt Kancas — 0,0-0,5 .

O6pabotka cemsH consimu Mo, Co cymiecTBeH-
HO YBEJIMYMJIA KOJIMYECTBO NMPOAYKTUBHBIX Y3JIOB
y coptoB bipnik KB u Xancas na 2,8 u 5,5 mryk
coorBeTcTBeHHO. OpHako HauOoinblIas mnpudaB-
Ka TI0 TPU3HAKY KOJIMYECTBO 000OB ¢ pacTeHUs
MO CPaBHEHHUIO C KOHTPOJIEM ObLIa OTMEYEHA y CO-
proB Jlactouka u XKancas mpu obpaboTke ceMmsH
npenaparom Histik u cocraBmna 11,1 n 13,7 mTyk
COOTBETCTBEHHO. Takye OTOT MpenapaTr oKazal
MOJIOKUTENIFHOE BJIMSHUE IO 3THM COpTaM Ha
MoKa3zarelb Macca CeMsiH ¢ pacreHus. [IpubaBka
[0 CPaBHEHUIO C KOHTpoJieM cocTaBuna 3,3 u 2,7 r
COOTBETCTBEHHO.

Veemnuenue maccel 1000 cemsH mo copram
Jlacrouka, XKancas u bipiik KB 06bu1o orMedeHo
npu 006paboTke cemsH npenaparom Histik, a o co-
pty UBymka — comsamu Mo,Co.

Taoauua 2 — [Tokazatenu 37eMEHTOB MTPOLYKTUBHOCTH COPTOB COH NPH PA3IMYHBIX BHIaX 00paboTKu

Bricora KommyectBo | KommuectBo | Kommuecto Macea censi
Copr | Bucor o | Jorne | Sommn | momyns | Gotome | iy | Vs 101
06000B, cM IIT. Y3JI0B, HIT. IIT. r
HNBymka (OO)

Konrpoib 63,6+7,5 5,842,2 3,2+0,2 13,4+2,1 19,8+10,2 8,3£10,7 170,0+ 4,1
Histik 54,4+4.,6 6,0+3,5 3,0+0,6 12,0+1,8 18,5+5,6 7,8+ 9,8 172,0+ 20,0
Mo,Co 60,4+9,2 6,4+2,6 2,240,4 13,0£1,6 26,0+8,8 9,5+ 15,9 202,3+ 39,8

Histik+ Mo,Co 63,4+8,8 9,242,1 3,4+0,6 11,0£2,3 24,2492 8,5+ 18,2 185,3+ 10,5
Bipnix KB (O)

Konrponb 86,2+7,4 13,7+3,2 1,7+0,6 14,7423 29,2+7,0 10,3+1,1 181,8+8,8
Histik 87,4+8,4 19,7+4,6 1,8+0,6 15,4422 29,0+4,9 10,3+1,3 200,3+£34,9
Mo,Co 95,3£11,2 19,1+1,7 1,7+0,7 17,543,1 33,4+8,6 9,4+2.2 180,0+11,0

Histik+ Mo,Co 93,0+6,5 20,7+1,5 1,8+0,3 14,8+1,3 29,0+2,8 10,4+1,6 177,0+7,1
Kancas (1)

Kourponb 84,7+6,2 7,8+2,8 0,0+0,0 10,5+1,1 21,6+7,9 11,2433 180,5+39,7
Histik 92,8+2,9 6,7+1,7 0,4+0,7 13,8+2,8 35,3+8,1 13,9+4.,4 192,0+13,7
Mo,Co 85,3+5,2 7,2+1,41 0,2+0,2 16,0+7,7 29,7+7,2 10,3+4,9 182,5+15,7

Histik+ Mo,Co | 83,8+13,3 5,6+2,0 0,5+0,3 13,742.1 29,2468 9,247 3 174,8424.2
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IIpoodonacenue mabauyvl

Bricora KomnuectBo | KommuectBo | Kommuectso
Macca cemsn
Copr Baicora. cm | TPHKpere- GOKOBBIX NpoAyKTUB- | ©000B c pac- ¢ 1 pactenus Macca 1000
? HUS HIDKHUX BCTBEH, HBIX TCHHUS, - ? CEMSH, I.
60008, cM IIT. Y3JI0B, WIT. IIT. :
Jlactouxka (IIT)

Konrtponb 88,3+6,6 5,2+0,8 0,7+0,4 10,2+1,1 28,1+6,9 9,9+£3,3 193,8+56,9
Histik 98,3+12,8 4,8+1,3 1,0+0,6 13,429 39,2+12,6 13,2+4,7 211,0+35,7
Mo,Co 96,6+13,1 6,2+1,9 1,5+0,5 12,1+2,4 353+12.4 12,1+4,0 188,5+39,8

Histik+ Mo,Co 88,2+7,0 5,4+0,9 1,1+0,5 11,1+0,5 32,3+2.9 12,7+£2,6 183,0+10,4

Ilo ynerpackopocnenomy copty MBymika pas-
JIUYHBIE BUJTBI 00paOOTOK HE BHECIH CYIIIECTBEHHBIX
W3MEHEHHUI B OOJBIIMHCTBO MapaMeTpoB. BricoTa,

KOJINYECTBO OOKOBBIX BETBEH, KOITUUECTBO MPOIYK-
THBHBIX y3JIOB, Macca CEMSH C PACTEHHs OCTAJIHCh
Ha YpOBHE KOHTpOJIA (Tabnuna 2, pucyHok 1-r).
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DECTEHMA, T

BeicoTa, cm

PacTeHMA, WT
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W Histik+ Mo,Co

maccacemaHc 1
DECTEHMA, T

m Mo,Co

BeicoTa, cm

ronuuectso Boboe ¢

pacTeHuA, WwT

macca cemaHc 1

pacTeHuA, r

BeicoTa, cm

M Histik

konuuectso HoboEe ¢

PacTeHMA, WT

B KoHTpOAb

a — Jlacrouka (II), 6 — XKancas (II), B — Bipmik KB (O), r — UBymika (OO)

PucyHok 1 — DiIeMEHTBI CTPYKTYPBI ypOXKasi COPTOB COM Pa3HbBIX IPYII CIIETOCTH
B 3aBUCHMOCTH OT MIPEANIOCEBHON 00pabOTKU CeMsH

macca cemAHcC 1

DacTeHMA, T

[IpennoceBnas 00paboTKa ceMsH BBIABHJIA CO-
PTOBYIO OT3BIBYMBOCTH HA IPUMEHEHHE CTUMYJISTO-
poB. Ha ypoxaifHOCTB yJIBTPacKOPOCHENIOro copra
VBymika HUM OIWH Ipenapar He OKa3al ITOJIOKH-

TEIBHOTO BIUAHUS. YPOKaHOCTH CKOPOCHEIOTo
copta bipnik KB mocroBepro yBenmmumiaces Ha 2,1
1/ra Ipyu COBMECTHOH 00paboTKe CeMsH a30T(hHK-
cupyromuM npenaparom Histick ' Mukposnemen-
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TamMu Mo, Co. ¥V cpennenosnnero copra Kancas
n mo3aHecnenoro copra Jlacrouka nocroBepHas
npubaBKa ypokalHOCTH OTMEUYEHa TOJBKO MPH 00-

paboTKe CeMsH a30TQUKCUPYIOIIMM MpPernapaToMm
Histick ma 1,6 m 2,1 m/ra cooTBeTCTBeHHO (TabiuIia
3, pUCYHOK 2).

Tabauna 3 — YpoxxaliHOCTh M Ka4eCTBEHHBIE XapaKTEPHUCTUKHI COPTOB COU IIPU Pa3IHIHBIX BUAX 00pabOTKI

Copr VpoxaitHocTs, 11/Ta Conepxanne 6enka, % | Comepxanue xupa, % CgpﬁMg :ﬂi‘;enc;ﬂ;; ;f/zl_
NBynika (OO)

KonTponn 16,5+£2,2 47,4+0,3 19,0+0,2 66,4+0,2
Histik 14,6+1,7 47,0+0,3 19,1+0,2 66,0+0,2
Mo,Co 16,3+4,2 47,2+0,5 19,1+0,1 66,3+0,3

Histik+ Mo,Co 16,7+2,8 47,7+0,3 20,2+0,3 66,8+0,3
HCP 1,77
Bipnix KB (O)

KonTposb 34,1+2,9 43,3+0,1 21,2+0,2 64,4+0,1
Histik 32,543,0 43,4402 21,1+0,2 64,402
Mo,Co 30,0+5,1 43,0+0,2 21,1+0,1 64,2+0,1

Histik+ Mo,Co 36,2+3,6 43,1+0,3 21,2+0,2 64,2+0,2
HCP 2,12
Kancas (1)

Kontpons 60,7+8,7 40,7+0,4 22,0+0,4 62,7+0,4
Histik 62,3+9,0 40,1+0,6 22,0+0,3 62,1+0,5
Mo,Co 57,3+4.,9 40,80,6 21,9+0,4 62,7+0,4

Histik+ Mo,Co 53,5+7,2 40,5+0,9 21,9+0,6 62,3+0,6
HCP 1,55
Jlactouka (III)

KonTpoinb 47,6+4,0 39,9+0,5 21,1+0,5 61,1+0,5
Histik 49,7+5,1 40,4+0,5 21,2+0,7 61,6+0,5
Mo,Co 48,7+1,2 40,1+0,5 21,0+0,7 61,1+0,6

Histik+ Mo,Co 47,8+3,7 39,8+0,5 20,9+0,2 60,8+0,5
HCP 1,99

Conepkanue Oeiika B CeMEHAX MMEET OTPHIIa-
TENILHYIO KOPPENSIHUIO C YPOXKAWHOCTHIO U BereTa-
LIMOHHBIM nIepro1oM. KosndecTBo Oeika mo copram
COCTaBWJIO: Y YJIBTPACKOPOCHENoro copra MBymka
— 47,0-47,7%, y ckopocnenoro bipmik KB — 43,0-
43,4%, y cpeaneno3anero XKancas — 40,1-40,8% y
no3aHecnesnoro Jlactouka — 39,8-40,4%. Jlnamazon
coJiep KaHus Macia MeHee BapbUPOBall U HAXOUII-
csa B npenenax 19,0-22,0%. Paznuunabie BUABI 00-
PpaboOTOK HE OKa3ajau MOJOKUTEIHLHOTO BIMSHUS Ha
KauyeCTBEHHBIH COCTAaB CEMSH.

B pesysbrare sKkcriepuMeHTa YCTaHOBJICHA CO-
PTOBast OT3BIBYMBOCTH HA TIPUMEHEHHE TPEITIOCEB-
HO# 00pabOTKH.
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BaytpucoproBass crnenuduyHOCT B OTHO-
[IEHUW OT3BIBYMBOCTH Ha MPUMEHEHHE pPa3HbIX
LITAMMOB pu300akTepuil Obula onrcaHa B paboTax
B.K. Janenko, u ap. (1995) [28]. Hamm nccienona-
HUS TIOATBEPXKAAIOT BHYTPUCOPTOBYIO crienupuy-
HOCTb HE TOJIKO B OTHOLIEHHUH BOCIIPUMMYHMBOCTU
k Rhizobium japonicum, Ho 1 k 06paboTKam ceMsH
comsimu Mo u Co.

Huskast OT3bIBUMBOCTH CKOPOCHEIBIX COPTOB
MOXET OBITh OOYCJIOBIICHa KOPOTKHM II€PHOIOM
BeTeHue-HauB 00008 (35-40 gueit). iMeHHO 3TOT
NEepUoJ SIBISETCS ONpENeNsomuM B (HopMHUpOBa-
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HUU YPOXKANHOCTH. Y CpPEeIHECTIENBIX U TO3IHECTIC-
JIBIX COPTOB MEPHOM IBETCHHUE-HAINB 0000B Ooiree
4yeM B 2 pasa UTMHHEe, YeM Y CKOPOCIIETBIX COPTOB
u coctaBiseT 70-80 mueii. bonee miutenbHOE BO3-
JIefiCTBHE CTUMYNIHPYIOMIETO (pakTopa Ha pacTeHHe
MPUBOJUT K 00JICe BBICOKUM IOKA3aTeIIsAM MPOIYK-
TUBHOCTA. CaMbIM OT3BIBUMBBIM COPTOM B OTHO-
IIIEHUH TIPEIIOCEBHON 00pabOTKM CeMSH OKa3ajcs
cpennecnensiii copT JXKancas. JlaHHBIN COPT SBIS-
€TCs caMbIM JOJTOIBETYIIMM W3 H3yYeHHBIX CO-
proB. Ilepuon nBEeTEHUS TaHHOTO copTa JumHTCS 60
JIHEW cO BTOpPOM JeKaabl UIOHS MO BTOPYIO JAEKaay
aBrycra.

Meyuwika (00)
bipnik KB (O)
Hawcasn (1)

Nacroura (1IN)

OCHOBHBIE MPOLECCHI, MPUBOAALINE K TOBBILIE-
HUIO YPOXKaWHOCTH, IIPOXOJIST HA TIEPBBIX CTAAUAX B
KOpHEBOH cucteme, Npu (POPMHUPOBAHUN aKTUBHBIX
KITyOeHbKOB ¢ yudactueM coneii Mo u Co. Jlutepa-
TYPHBIE UICTOYHUKH MOATBEPKIAIOT TOT (PaKT, 4TO Ha
paHHUX 3Tamax Pa3BUTHS PAcTEHUS MOJHOICH MO-
ET CIOCOOCTBOBATh HAPACTAHUIO KOPHEBOH CHCTeE-
MBI, YCKOPSATh H CTHMYJIUPOBATH Pa3BUTHE aKTHBHO-
CTU KITyOeHbKOBBIX OakTepwii [7]. Kobanbt, B cBOIO
o4epe.ib, MOBBIILACT COJEP KaHHE JIETTEMOTI00MHA B
KITyO€HbKaXx, CO/IEpKaHue KOTOPOTO ONPEACIsIeT HH-
TEHCUBHOCTb MX IbIXxaHus. [Ipn Hammumn xobanbTa
TIportecc GpUKcauy a30Ta MPOXOANT O0JIee aKTHBHO.

62,3
60,7

10 20

M Histik+ Mo,Co

Mo,Co

30

60 70

M Histik  ® KoHTponb

PucyHnok 2 — YpoxxailHOCTb COPTOB COM Pa3HbIX IPYIII CIIEIOCTH
B 3aBHCHMOCTH OT IIPEIIOCEBHON 00pabOTKH CeMsH

Ha Goxee mo3gHmx 3Tamax pa3BUTHS PaCTEHHS
BKJIaJ B (popMHpOBaHNE YPOXKAHHOCTH BHOCHT JIH-
CcTOoBas HOBCpXHOCTI), KOTOpa}I y‘{aCTByCT B HpO-
neccax (poTocuHTE3a W IBIXaHHUA. Y CKOPOCIENBIX
COPTOB BBICOTA PACTEHUS, KOJUYECTBO Y3JIOB Ha
pacTeHuu, a, CIelA0BaTEeIbHO, M KOJMYECTBO JIH-
CTBEB YCTYHAaeT CPEIHECIIEIBIM W TI03THECTICIBIM
copram. Ilnomaas JUCTOBOM MOBEPXHOCTH CKOPO-
CIIEBIX COPTOB COM TOpPa3l0 HUXKE IUIOUIAAM JIU-
CTOBOM MOBEPXHOCTU MO3AHECHENBIX COPTOB. JTO
MOJKET OBITh eIlle OJHUM (HaKTOPOM HHU3KOU OT3BIB-
YHUBOCTHU CKOPOCTIEIIBIX COPTOB Ha 00pabOTKY CeMSsH
coirssmu Mo u Co.

Ckopocnenpie copTa, KpoMe HU3KOPOCIOCTH,
OTJIMYAIOTCS MEHEE pa3BUTONM KOPHEBOM CHCTe-
MoO#. BciiencTBre MeHbIIEr0 KOJUYEeCTBa OOKOBBIX
KOpHEH, MeHbIero (OpMHUPOBAaHUS CHCTEMBI KITy-
OCHBKOB, IPUMEHEHHE MUKPOIJIEMEHTOB MeHee (-
(hEeKTHBHO, YeM Ha BBICOKOPOCIBIX CPETHECIIEITBIX
copTax.

3akiIouyeHne

[Ipennocesnast 00paboTKa CeMsH BBISIBHIIA CO-
PTOBYIO OT3BIBUMBOCTH HA IPUMEHEHUE CTUMYJISITO-
poB. Ha ypoxxaliHOCTb yJIbTPAacCKOPOCHENOro copTa
WBymka HY OZMH IpenapaT He OKa3al MOJIOKUTEb-
HOTO BIUSIHHA. YPOXKaHOCTh CKOPOCIIENOTo copTa
bipnik KB mocrtoBepro yBenmwumnack Ha 2,1 1/ra
IIPU COBMECTHOH 00paboTke ceMsiH a30THUKCUPY-
romuM miperrapatom Histick m MukposnemenTamu
Mo, Co. VY cpeaneno3anero copra JKancas u mo3z-
Hecresoro copta Jlactouka qocToBepHas mprubaBka
YpO’KallHOCTH OTMEYEHA TOJBKO Ipu 0OpaboTke
ceMsiH azoTdukcupyronmmM npenaparom Histick Ha
1,6 u 2,1 n/ra coorBeTcTBEHHO. MccnenoBanus He
BBISIBWJIM BJIMSTHUSL Pa3IWYIHbIX 00pabOTOK Ha Kade-
CTBEHHEI cOCTaB ceMsH (OEJI0K U MacJo).

Paboma evinonnena 6 pavxax Ipoepammno-ye-
ne6oco punancuposanusi MCX PK no 6r00acemnoii
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npoepamme 267, BR10764991 «Co30anue 6bicOKO-  MEXHOA02UU, 2eHEMUKU, Pu3UoI02UU, OUOXUMUL PAC-
NPOOYKMUBHBIX COPMOE U SUOPUOO8 MACTUYHBIX U MeHUll O YCMOUYUBO20 UX NPOU3BOOCHBA 6 PA3TUY-
KPYNAHBIX KYAbMYP HA OCHO8e OOCHUdMCEHULl OUO-  HbIX NOYBEHHO-KIuMamuieckux 3onax Kazaxcmanay.
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BIODIVERSITY OF FLORA IN PARKS
OF ALMATY CITY

The article provides an analysis of the biodiversity of flora in 13 parks in the city of Almaty. Accord-
ing to the results of many years of floristic research, the flora of the parks of the city of Almaty is repre-
sented by 360 species of vascular plants belonging to 201 genus and 70 families. Central Park of Culture
and Leisure 201 species; park “28 guardsmen Panfilov’s men” 111 species; Kok-Tobe park 110 species;
park “The First President of the Republic of Kazakhstan” 124 species; “Friendship” park 73 species; park
“Yuzhny” 98 species; park “Gulder” 76 species; Gandhi park 97 species, Seifulina park 74 species, Chil-
dren’s park Shvernik 76 species, Family park 142 species, Zheltoksan park 58 species. In terms of species
composition, the flora of Almaty parks is dominated by the department Magnoliophyta, which accounts
for 98.4% and 1.6% belongs to Pinophyta, Polypodiophyta, Lycopodiophyta, and Equisetophyta. The
analysis of the flora of the parks showed that about 35 species of trees and shrubs were common for all
parks, boulevards and squares. In the flora of all parks, the percentage of local aboriginal species is very
low (1-3%). Perennial grasses (46.1%) and trees and shrubs (54.0%) play the main role in the spectrum
of life forms of the parks flora. For the general flora of the parks of the city of Almaty, the prevalence of
xeromesophytes and mesophytes is expressed.

Key words: parks, city, flora, Almaty, green spaces.
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AAMaTbl KaAacbl casibakTapbiHbIH, (pAOPACHIHBIH,
O6MOaAYaAHTYPAIAIri

Makarapa AAmaTbl KasacbiHAAFbl 13 mapkTiH pAOpacbiHbIH - GMOaAyaHTYPAIAIriHe  Taaaay
sKacanasbl. Ken bIAABIK, PAOPUCTUKAABIK 3ePTTEYAEPAIH HOTUXEAEPi OOMbIHLLIA AAMATbI KAAACbIHAAFbI
casibakTapAbiH paopacskl 201 >kaHe 70 TYKbIMAACTbIKKA XKaTaTblH TaMbIPAbl ©CIMAIKTEPAIH 360 TypiHeH
TypaAbl. OpTaAbiK, MBAEHUET >kaHe AemanbiC casbarbl — 201 Typ; “28 reapAamsLLbIA-IaHMUAOBLIbIAGD”
casibarbi—111T1yp; “Kek-Tebe” casbarbi— 110 Typ; “KasakcraH PecriybamkacbiHbiH TyHFbiw [1pe3naeHTi”
casibarbl — 124 Typ; “Apyx6a” napki — 73 1yp; “KOxHbiin” napki — 98 1yp; “I'yaaep” napki — 76 Typ;
“FaHAn” casibarbl — 97, “Ceindpyarmnt” casibarbl — 74, “Aetcknin” casbarbl — 76, “Family” casibarbl —
142, “xeAtokcaH” casbarbl — 58. Typ Kypambl 60oibiHLIa AAMaTbI casbakTapbiHbiH (hAOpacbiHaa Mag-
noliophyta 6eaimi 6acbiM, OHbIH yAeciHe 98,4% Tueciai xxaHe 1,6% Pinophyta, Polypodiophyta, Lyco-
podiophyta >xaHe Equisetophyta >xataapbl. CasibakTapAbiH (PAOPAChIH TaAAQy afFall-6yTa 6CiMAIKTEpPIHIH,
35-ke XKyblIK Typi 6apAbik, casbakTapra, OyAbBapAap MEH aAaHAapFa OpPTaK, eKeHiH kepceTTi. bapAbik,
casibakTapAbiH (hAOPACbIHAA XKEPTIAIKTI 6arbipFbl TYPAEPAIH Manbi3bl 6T€ TOMEH Manbi3Abl KypariAbl
(1-3%). Casbakrap pAOpacCbIHbIH TipLWiAIK (DOPMaAApPbIHbIH CMIEKTPIHAE KOIMKbIAABIK, WwernTep (46,1 %)
>kaHe araw-6yta Typaepi (54,0%) 6acTbl peA aTkapaAbl. AAMaTbl KaAacbl casibakTapbiHbIH, >KaArbl
bAopacs! yiiH Kcepome3oduTTep MeH Me30UTTEPAIH 6acbiM GOAYbI GarkaaAbl.

Ty¥in ce3aep: casbakTap, Kaaa, Aopa, AAMATbI, KacCbIA KEAEKTep.
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buopasHoob6pa3sue chaopbl NapkoB
ropoaa AAmarbl

B cratbe npuBOAMTCS aHaAM3 OuopasHoobpasus Aaopbl 13 mnapkoB roposa Aamatbl. [lo
pe3yAbTaTaM MHOFOAETHUX (PAOPUCTUYECKMX MCCAEAOBAHMI, (AOpaA MapkoB ropoAa AAMAThbI
npeActaBaeHa 360 BMAAMM COCYAMCTbIX pacTeHui, oTHocsawmxca K 201 poay u 70 cemeiicTBam.
LleHTpaAbHbIA Mapk KyAbTypbl U oTabixa — 201 Bua; INapk «28 reapaeniues-naHguaosues» — 111
B1AOB; Mapk «Kok-Tobe» — 110 BMAOB; Mapk «[epBoro Mpe3uaeHTa Pecnybankn Kasaxcran» — 124
BMAQ; Mapk «Apy»ba» — 73 B1aa; napk «kOxHbin» — 98 BUAOB; napk «['yaaep» — 76 BUAOB; napk «aHAM»
— 97 BnaoB, napk «CendpyarHa» — 74 BUAQ, Napk «AeTckui» — 76 BUAOB, napk «Family» — 142 Buaa,
napk >KeatokcaH — 58 B1MAOB. [1o BUAOBOMY coCTaBy, BO (paope napkoB AAMATbl AOMUHUPYET OTAEA
Magnoliophyta, Ha aoAto koToporo npuxoamTcs 98,4 %, n 1,6 % oTtHocutcsa K Pinophyta, Polypo-
diophyta, Lycopodiophyta, n Equisetophyta. AHaAM3 hAOpbI MApPKOB MOKa3aA, YTO OKOAO 35 BMAOB
APEBECHO-KYCTapHMKOBbIX PACTEHMI OKA3aAUCh OBLLMMIN AAS BCEX MApKoB, GyAbBapoB 1 CKBepoB. Bo
pAOpe BCEX MApKOB MPOLEHT MECTHbIX aBOPUIreHHbIX BUAOB COCTABASIET OYeHb HU3KMIA npoueHT (1-
3%). B cnexTpe >kKn3HeHHbIX hopm (PAOPbI MAPKOB FAABHYIO POAb MIPAIOT MHOFOAETHWE TpaBbl (46,1 %)
N APeBECHO-KyCTapHMKOBble BUAbI (54,0%). AAs obuern Aopbl NapkoB roposa AAMaThbl BbipakeHo

npeo6AapaHme KCePOME30MUTOB 1 ME30(IUTOB.

KAtoueBble cAoBa: napku, ropoa, aopa, AAMaTbl, 3eAEHbIE HaCAXKAEHMS.

Introduction

Currently, urbanization is one of the main
trends in human development. The increase in
population, the growth in the number of cities and
territories that they occupy, have taken on a global
scale. Today, up to 60% of the population lives in
the cities of the world. The city has a huge impact
on the natural environment and all its components,
changing the climate, relief, hydrological regime,
soil cover, flora and fauna. In large cities, under
the influence of various anthropogenic factors,
there is a change in the natural conditions of the
environment, species composition and their ratio.
One of the most important problems of our time is
the study and conservation of biological diversity,
which is under constant anthropogenic impact. City
parks play an important role in the conservation
of biodiversity of vegetation, especially for local
rare species, including those with a disturbed
conservation status. [1]. City parks, like the entire
green area of the city, are of artificial origin, are
man-made transformed territories and belong to
active recreation parks. The problem of the state
of parks and the development of park zones, which
are decisive for the ecological problem in cities,
is urgent today. Many works are devoted to this
problem [2-7]. It is the city parks of culture and
recreation of the city of Almaty that are most
popular among the townspeople and guests of the

southern capital. They occupy a prominent place
among cultural and educational institutions they
are multifunctional complexes [8].

Until now, there have been no large summaries
on the flora and vegetation of the parks of the city of
Almaty. On the territory of the city of Almaty today,
there are 13 parks that were created in different
periods: the Central Park of Culture and Leisure, the
park of 28 Panfilov guardsmen of the 19th century,
modern city parks of the 20th and 21st centuries.
Intensified urban planning and expansion of urban
areas in the middle of the 20th century, both in
Kazakhstan as a whole and in Almaty, led to the
emergence of new forms of landscaping urban park
areas.

Almaty city is located in the center of the
Eurasian continent, in the south-east of the Republic
of Kazakhstan. Almaty is unique in its physical-
geographical and natural-climatic characteristics,
which form the ecological characteristics of its
territory. The city of Almaty is located in the
foothills of the Zailiyskiy Alatau, the total area of
which today is more than 683.51 square kilometers.
The city is located in the valley of the Bolshaya
and Malaya Almatinka rivers and their tributaries
flowing from the glaciers of the Zailiyskiy Alatau
and mountain gorges in the zone of increased
seismicity and mudflow hazard.

The aim of the study was to study the floristic
diversity of city parks in Almaty.
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Materials and methods

To study the urbanized flora of the parks
of Almaty, the generally accepted classical and
traditional methods of botanical and floristic research
were used. The studies were carried out between
2015 and 2019. The collection and processing of
herbarium material was carried out according to
the generally accepted method of A.K. Skvortsov
[9]. In the process of identifying the herbarium,
multivolume summaries were used as sources:
“Flora of Kazakhstan” [10], “Trees and Shrubs of
Kazakhstan” [11], “Plants of Central Asia” [12],
“Key to Plants of Central Asia” [13], “ Illustrated
guide to plants of Kazakhstan” [14] and others. To
clarify the specific and generic names, the latest

reports by S.K. Cherepanov [15], S.A. Abdulina
[16]. The types of life forms were carried out
according to the classifications of K. Raunkier and
L.G. Serebryakov [17]. We have identified the types
of habitats of the studied plant species according
to the classifications developed by E.P. Lavrenko,
A.l. Tolmachev, R.V. Kamelin, V.P. Goloskokov
[18,19,20,21]. We covered all parks in eight districts
of Almaty city by route research (Figure 1). To
carry out floristic research, the generally accepted
traditional methods were used. Herbarium material
was collected during the entire growing season, the
same places were visited repeatedly for the most
complete collection of herbarium samples. To carry
out a systematic, ecological, geographical analysis,
the morphological-geographical method was used.

Figure 1 — Scheme of the distribution of parks by districts of Almaty

1. Park “Halyk”. 2. Park “Gulder”. 3. Park “Zheltoksan”. 4. Park “Saken Seifulin”.
5. Children’s park Shvernik. 6. Park “Mahatma Gandhi”. 7. Park “Family”. 8. Park “Alibi”.
9. Park “Yuzhny”. 10. Park of the “First President”. 11. Park “Friendship”.
12. Park “Central Culture and Leisure”. 13. Park “28 Panfilov guardsmen”

Results and Discussion

Currently, the territory of Almaty is divided into
8 districts: Almaly, Turksib, Bostandyk, Medeu,
Alatau, Nauryzbay, Auezov and Zhetysu. Today,
over 8000 hectares of the urban area are occupied
by gardens and parks, squares and boulevards [22].
Below is a list of parks in Almaty.

As can be seen from Table 1, the analysis of the
number of parks in seven districts of Almaty showed
their uneven distribution across districts.

So, the first place in terms of the number
of parks is occupied by Bostandyk and Medeu
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districts, which have 3 parks each, which is 21.4%.
The second place in terms of the number of parks
is occupied by Zhetysu and Almaly districts, which
have 2 parks each, which is 14.2%. And, one park
(1; 7.1%) has Auezov, Turksib and Alatau districts

(Fig. 2).
Taxonomic analysis

We have investigated 13 parks of the city of
Almaty, where 360 species of vascular plants
belonging to 201 genera and 70 families were
found.
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Table 1 — List of parks in Almaty

Districts Name and location of parks Area, hectare
Almaly Park «Mahatma Gandhi» 7,6
Total: parks 1
Auezov Park «Family» 18,0
Bcero: napkos 1
Recreation park «Gulder» 13,3
Zhetysu
Park «Zheltoksan» 55,0
Total: parks 2
Alatau Park «Halyk» 3,0
Total: parks 1
Park «28 Panfilov Guardsmen» 18,0
Medeu Park «Central Culture and Leisure» 47,0
Park «Kok-Tobe» 12,0
Total: parks 3
Park «Yuzhny» 16,2
Bostandyk Park «The First President of the Republic of Kazakhstan» 70,0
Park «Friendship» 1,7
Total: parks 3
Turksib Park them. «Saken Seifulliny 8,7
Children’s Park named after «Shvernik» 2,84
Total: parks 2
Total: 13 parks

Figure 2 — Percentage of parks in seven districts of Almaty

Table 2 — The total number of families, genera and species in the parks of Almaty

Parks Number of families Number of genera Number of species
Central Park of Culture and Leisure 52 139 201
Kok-Tobe 36 88 110
28 Panfilov Guardsmen 39 82 111
Southern 33 36 98
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Ipoooncenue mabauyvl

Parks Number of families Number of genera Number of species
Friendship 28 62 73
Park of the First President of the RK 39 87 124
Gulder 31 58 76
M. Gandhi 35 82 97
S. Seifullin 28 53 74
Children’s park Shvernik 28 59 76
Family 46 99 142
Zheltoksan 46 89 103

Analysis of the taxonomic structure of the
flora of the parks in Almaty showed the absence
of lycopods in the flora of the parks, and a
relatively low representation of vascular spore
horsetails ferns Dryopteris filix-mas (L.) Schott.
The basis of the flora of the parks in Almaty is
Magnoliophyta (angiosperms), which accounts for
91.8% and only a small number of species belong to
Pinophyta (gymnosperms) 31 species or 7.8% and
a very insignificant percentage to Polypodiophyta
(ferns) 1 species or 0, 25%. The Liliopsida
(monocotyledonous) is represented by 4 families
(5.4% of the total number of families), 25 genera
(12.3%) and 31 species (7.8%), Magnoliopsida
(dicotyledonous) 65 families (91.7%) , 168 genera
(82.3%) and 330 species or 84.0% (Fig. 3).

Figure 3 — The general composition
of the flora of parks in Almaty

Among gymnosperms of woody and shrub
plants found in the parks of Almaty, the following
species are widely represented: Picea schrenkiana,
Picea obovate, Abies sibirica, Pinus sylvestris, Larix
sibirica, Juniperus sabina, Juniperus communis,
Juniperus turkestanica and Juniperus sibirica
which are indigenous, that is, local species of natural
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flora of Kazakhstan, and the remaining 26 (6.5%)
species are represented by cultivated plants: Pinus
pallasiana, Pinus nigra, Pinus mugo, Picea glauca,
Picea punpens, Thuja occidentalis, Juniperus
scopulorum, Juniperus virginiana, Pseudotsuga
menziesii, Larix gmelinii and other.

Analysis of the largest families of urbanized
flora of parks in Almaty allowed us to identify 21
leading families (by the largest number of species),
where we included only tree and shrub species in
the introduced flora of parks, and herbaceous plants
were included in the aboriginal flora, in addition to
tree and shrub species (Table 3).

The types of trees and shrubs that are leading
in terms of the number of genera from families are
widespread in the park construction of Almaty.
Rosaceae (42; 16,9%), Asteraceae (20; 7,8%),
Poaceae (18;7,0%), Pinaceae (15;5,9%), Fabaceae
(12; 4,7%), Aceraceae (12; 4,7%), Cupressaceae
(8; 3,1%), Salicaceae (8; 3,1%), Oleaceae (8;
3,1%), Brassicaceae (7, 2,7%), Caprifoliaceae
(5; 1,9%), Ranunculaceae (5; 1,9%), Ulmaceae
(4; 1,5%), Berberidaceae (4; 1,5%), Malvaceae
(4;1,5%). The first five families account for 62.2%
of the total number of plant species (Table 4). As
shown by the analysis of the flora of the parks in
Almaty, about 35 species of woody and shrub
plants were common for all parks in the city. The
percentage of local native species in the flora of
all parks in Almaty is a very low percentage, only
1-3%. Introduced species prevail in all parks of the
city: Berberis vulgaris, Cotinus coggygria, Syringa
vulgaris, Fraxinus excelsior, Fraxinus lanceolata,
Caragana arborescens, Crataegus sanguinea,
Sambucus racemosa, Pinus sylvestris, Juniperus
virginiana, Acer negundo, Catalpa bignonioides,
Aesculus hippocastanum, Salix matsudana, Picea
abies, Picea pungens, Quercus robur, Rhus glabra,
Larix sibirica and other species.
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Table 3 — The number of species in the leading families of the flora of Almaty

Introduced flora Aboriginal (local) flora
Ne Families Number of species Families Number of species
; Rosaceae 42 Asteraceae 25
3 Pinaceae 15 Rosaceae 19
4 Salicaceae 11 Brassicaceae 11
Caprifoliaceae 10 Pinaceae 5
5 Fabaceae 7 Polygonaceae 5
6 Aceraceae 7 Cupressaceae 4
7 Oleaceae 7 Scrophulariaceae 4
8 Cornaceae 4 Chenopodiaceae 3
9 Berberidaceae 4 Betulaceae 3
10 | Hydrangeaceae 4 Salicaceae 2
11 | Juglandaceae 3 Plantaginaceae 2
12 | Bignoniaceae 3 Tamaricaceae 2
13 | Anacardiaceae 3 Ulmaceae 2
14 | Grossulaceae 3 Grossulaceae 2
15 | Vitaceae 3 Malvaceae 2
16 | Viburnaceae 3 Aceraceae 2
17 | Sambucaceae 2 Fabaceae 2
19 | Tiliaceae 2
20 | Ulmaceae 2
21 |Rutaceae 2
Total: 137 97
Table 4 — Quantitative ratios of the leading families in the parks of the city of Almaty
Families
Parks Number of
species in
Central Park of Culture percent %
and Rest
Kok-Tobe Rosaceae Asteraceae Poaceae Pinaceae Fabaceae Total:
28 Panfilov Guardsmen 14,7 7.3 9,3 6,4 5,9 43,6
lffi‘;g‘desrgip 73 13,7 13,7 45 45 50,0
park of the First President 9.0 6.3 17,1 6.3 4.5 43,2
of the RK 12,2 13,2 20,4 4,0 3,0 52,8
Gulder 15.8 8.7 15,0 47 3.9 49,9
16,0 8,8 15,2 4,9 4,8 49,4
10,3 10,3 16,4 5,1 4,1 39,6
M. Gandhi 9,2 7,2 15,8 4,9 3,9 41,0
S. Seifullin 6,6 6,6 16,6 5.3 4,0 39,1
Children’s park Shvernik 6,6 6,5 16,3 5,3 4,1 38,8
Family 12,6 6,3 12,6 35 5,6 40,6
Zheltoksan 52 7,1 10,5 0,2 1,8 24,8
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Analysis of the herbaceous flora of the city parks
showed a large percentage of synanthropic flora
among perennial and annual plants. The predominant
synanthropic species are weeds and ruderal plants
such as Taraxacum officinale, Cichorium intybus,
Vicia cracca, Polygonum aviculare, Berteroa incana
and other species. In all parks, the following species
are marked: Amaranthus retroflexus, Hyoscyamus
pusillus, Cirsium arvense, Xanthium strumarium,
Abutilon theophrasti, Urticacannabina, Arctium
lappa, Chenopodium album, Taraxacum officinale,
Plantago major, Plantago lanceolata, Capsella
bursa-pastoris, Consolida revalis, Urtica urens,
Onopordum acanthium and other species.

The analysis of the largest genera of the
urbanized flora of the parks of Almaty showed that,
in terms of the number of species, the largest genera
were: Crataegus, Spiraea and Veronica, which
contain 11 species each. In second place is the genus
Acer with 10 species. In third place are Juniperus
and Populus with 9 species, followed by the genus
Picea and Pinus with 7 species each. The genera
Rosa, Syringa each have six species, the genera
Fraxinus and Artemisia each contain 5 species, and

four species each have the genera Ulmus, Salix,
Juglans, Malus, Prunus, Ribes, Berberis. These
nineteen genera contain 125 species (32.1%). Fifteen
genera: Cerasus, Pyrus, Elaeagnus, Sorbus, Padus,
Cerasus, Vitis, Viburnum, Lonicera, Cotoneaster,
Centaurea, Poa, Taraxacum, Potentilla, Prunus
contain 3 species each.

Biomorphological analysis

Biomorphological analysis of the flora of the
parks in Almaty showed that the life forms in our
studies were based on the life forms systems of
I.G. Serebryakov and K. Raunkier [17]. Analysis
of life forms according to I.G. Serebryakov showed
that herbaceous plants dominate in the urban flora
of Almaty parks 179 (46.1%) (polycarpics and
monocarpics) (Fig. 4). The leading position is
occupied by the group of herbaceous polycarpics
110 species or 27.2%, among which the group of
long-rhizomed plants dominates 18.4% (Bromopsis
inermis, Dactilys glomerata, Festuca pratens).
Monocarpics species are represented by 71 species
(18.0%).

Figure 4 — Correlation of life forms
of flora of parks in Almaty

Geographic analysis

The selection of the types of areas by us was
based on the analysis of the modern distribution of
species. The spectrum of the geographical elements
of the urban flora of the parks of the city of Almaty
shows the predominance of species with wide rang-
es. In this spectrum, the leading position is occupied
by the species of the Holarctic, Palearctic, North
American, cosmopolitan, East Asian, Eurasian, Eu-
ropean, Mediterranean and Central Asian mountain
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groups. As shown by the geographical analysis of
the urban flora of the parks of the city of Almaty,
the types of the Holarctic (58; 14.1%), The Pale-
arctic (77; 18.4%) and Cosmopolitan groups (31;
8.0%) are represented mainly by herbaceous plants,
which include most of the weed species: Ambrosia
artemisiofolia, Tribulus terrestris, Conium macu-
latum, Veronica anagalloides, Sisymbrium loeselii,
Xanthium strumarium, Descurainia Sophia, Da-
tura stramonium, Stellaria media, Urtica dioica
and other species. Of the tree species, the Holarctic
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group includes: Populus alba, Betula pendula, Ul-
mus pumila, Gleditsia triacanthos, Quercus robur,
Aesculus  hippocastanum, Juniperus communis.
From shrubs: Physocarpus opulifolius, Sambucus
nigra, Sambucus racemosa, Rhamnus cathartica,
Viburnum opulus, Pentaphylloides fruticosa, Juni-
perus sabina and other species. The North Ameri-
can group is represented in the urban flora of the
parks of Almaty in the plantings of parks, boule-
vards and squares. They make up a significant num-
ber 46 species or 11.6% of the total. North American
species in the urban flora of Almaty are represented
by tree and shrub species. Of these, the most wide-
spread and found everywhere: Picea glauca, Picea
pungens, Picea engelmannii, Thuja occidentalis,
Acer negundo, Juniperus virginiana, Acacia albida,
Acer saccharinum, Fraxinus lanceolata, Crataegus
macracantha, Crataegus submollis, Gymnocladus
dioicus, Catalpa speciosa, Juglans nigra, Rhus
glabra, Populus balsamifera, Fraxinus pennsylva-
nica. Cpeny KyCTapHUKOB BCTpedaroTcs: Amorpha
fruticosa, Aronia melanocarpa, Vitis quinquefo-
lia, Rhus glabra, Mahonia aquifolium and other.
The East Asian group is represented by 42 species
(10.6%). This includes mainly arboreal and shrub
species that grow in East Asia (China, Japan, Ko-
rea, Mongolia). These include: Ailanthus altissima,
Acer ginnala, Weigela florida, Cerasus tomentosa,
Lecpedeza bicolor, Spiraea nipponica, Rosa rugo-
sa, Juglans mandshurica, Salix Matsudana, Morus
nigra and other. The Eurasian group is represented
by 24 species or 6.1%. These include: Clematis ori-
entalis, Acer mono, Acer platanoides, Acer tatari-
cum, Ceratocephalus orthoceras, Salix purpurea,
Populus nigra, Populus italica, Rubrum rubrum,
Pyrus communis, Sorbus sibirica, Trifolium repens,
Rosa spinosissima, Potentilla erecta, Trifolium re-
pens, Vicia tenuifolia, Hippophae rhamnoides, Gle-
choma hederacea and other. The European group
is represented by 22 species or 5.6%. This includes
European-Western Asian species (3; 0.76%). Tilia
platyphyllos, Crataegus monogina, Pyrus pyraster,
Amygdalis nana, Spiraea billardii, Ficaria verna,
Daphna mezereum, Betula pubescens, Ulmus pumi-
la, Brassica elongate, Acer pseudoplatanus, Hedera
helix, Asperugo procumbens, Cirsium arvense and
other. Mountain Central Asian (21; 5.3%) and Cen-
tral Asian (1; 0.25%) groups are represented by
22 species or 5.6% Aquilegia atrovinosa, Berberis
sphaerocarpa, Corydalis schanginii, Populus diver-
sifolia, Rosa foetida, Potentilla pedata, Euonymus
semenovii, Populus tremula, Populus diversifolia,
Eremostachys speciose, Fraxinus sogdiana, Juni-
perus semiglobosa, Juniperus excelsa, Euonymus

semenovii, Veronica persica, Rochelia leiocarpa,
Taraxacum monochlamydeum, Acer semenovii and
other. The Mediterranean group is represented by 23
species (5.8%). Platanus orientalis, Brassica camp-
estris, Cardaria draba, Lepidium ruderale, Lavatera
thuringiaca, Abutilon theophrasti, Agrimonia asi-
atica, Geranium rectum, Impatiens brachycentra,
Veronica cardiocarpa, Rubia tinctorum, Fraxinus
rotundifolia and other. Tianshan group (12; 3.0%).
This includes the Tien Shan-Pamiro-Alai species —
Juniperus turkestanica, Juglans regia, Viola acu-
tifolia, Euphorbia lamprocarpa, Crataegus son-
garica, Sorbus tianschanica, Mentha interrupta,
Malus niedzwetzkyana, Juniperus turkestanica,
Taraxacum multiscaposum, Veronica cardiocarpa
etc. The Turano-Iranian group is represented by 4
species (1,0%) Tamarix laxa, Elaeagnus iliensis,
Elaeagnus oxycarpa, Papaver pavonium. The Eu-
ropean-Caucasian group is represented by only 8
species or 2.0% Corylus avellana, Ulmus glabra,
Crataegus orientalis, Crataegus pentagyna, Lotus
corniculatus, Daphna mezereum, Euonymus euro-
paea, Pyrus elaeagrifolia. The Caucasian-Crimean
group includes only 2 species or 0.50% Amelachier
ovalis and Pinus pallasiana. Euro-Siberian-Kazakh
group. Only 6 species or 1.5% Caragana arbore-
scens, Rubus idaeus, Euphorbia virgata, Humulus
lupulus, Cannabis sativa, Cuscuta europaea and
others. Siberian (5; 1.2%) and Siberian-Far Eastern
(2; 0.50%) species are represented by only 7 species
or 1.7%. These include: Larix sibirica, Larix gmeli-
nii, Abies sibirica, Pinus sibirica, Berberis thunber-
gii, Crataegus maximowiczii, Picea obovata. The
Pannonian-Kazakh group is represented by only 2
species Atrhaxis frutescens and Gagea bulbifera.
Altai-Caucasian species Lonicera xylosteum. Atlas
species Cedrus atlantica.

Conclusion

For the first time for the city of Almaty, we
carried out a complete inventory of the flora of the
park zone of the city of Almaty. As a result of our
research, a list of higher vascular plants found and
growing in parks, boulevards, squares, groves of
the city of Almaty was compiled. We examined
13 parks in Almaty, where during the inventory
it was revealed that the total number of species
in all parks is 360 species belonging to 201 genus
and 70 families: Central Park of Culture and Rest
201 species; park “28 Panfilov guardsmen” 111
species; Kok-Tobe park 110 species; park “The
First President of the Republic of Kazakhstan”
124 species; “Friendship” park 73 species; park
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“Yuzhny” 98 species; park “Gulder” 76 species;
Gandhi park 97 species; Seifulina park 74 species;
Children’s park Shvernik 76 species; Family park
142 species; Zheltoksan park 58 species. The
species of tree and shrub vegetation are widespread
in the park construction of Almaty, which are
leading in terms of the number of genera from
the families Rosaceae (43; 16.9%), Asteraceae
(20; 7.8%), Poaceae (18; 7.0%), Pinaceae (15;
5.9%), Fabaceae (12; 4.7%), Aceraceae (12;
4.7%), Cupressaceae (8; 3.1%), Salicaceae (8;

3.1%) , Oleaceae (8; 3.1%), Brassicaceae (7;
2.7%), Caprifoliaceae (5; 1.9%), Ranunculaceae
(5; 1.9%), Ulmaceae (4; 1.5%) , Berberidaceae
(4; 1.5%), Malvaceae (4; 1.5%). The first five
families account for 62.2% of the total number
of plant species. Perennial grasses (46.1%) and
trees and shrubs (54.0%) play the main role in the
spectrum of life forms of the parks flora. For the
general flora of the parks of the city of Almaty, the
predominance of xeromesophytes and mesophytes
is expressed.
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DIVERSITY OF ENDOPHYTIC MICROORGANISMS
OF PLANTS OF KAZAKHSTAN
AND THEIR BIOLOGICAL FEATURES

The article presents data on the isolation of endophytic microorganisms from 7 medicinal plants
(Achillea millefolium, Artemisia laciniata, Xanthium strumarium, Medicago sativa, Cloverus officinalis
and Salvia deserta) at the territory of Almaty region. The genus determination of bacteria and actinobac-
teria was carried out by studying the morphological, physiological and biochemical properties. From
various medicinal plants, 94 different bacterial isolates were isolated. It was shown that the maximum
number of endophytic bacteria was isolated from plants of Fabaceae family. Differences in the distribu-
tion of bacteria, actinobacteria, microscopic fungi and yeasts in the composition of plants belonging to
different families and species were revealed.

Among the isolated isolates, 27 were classified as Gram-negative, 30 as non-spore-forming gram-
positive, 19 as actinobacteria, and 16 as Gram — positive spore — forming bacteria of the genus Bacillus.

It is shown that the endophytic microbiota is mainly distributed in the underground part of plants, in
the root. This pattern is typical for bacteria, actinobacteria, and microscopic fungi. The largest number
of endophytic bacteria was isolated from plants of the species Medicago sativa of the Semirechenskaya
local variety (331.8 + 5.4 x10*CFU per 1 g of plant tissue), as well as in Cloverus officinalis with similar
results.

To activate the natural potential of microorganisms, it is important to choose the right nutrient medi-
um that can support the sustainable growth and development of endophytes, without creating favorable
conditions for the life of competing microorganisms. Cultivation was carried out under aerobic condi-
tions. Regardless of the taxonomic group of endophytes, it is necessary to use special nutrient media for
their isolation and cultivation.

Key words: medicinal plants, endophytic microorganisms, antagonistic and growth-stimulating ac-
tivity, bacteria, nutrient media.
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KasakcTaH eciMAKTepiHiH, SHAOUTTIK MUMKPOOPraHM3MAEPIHIH, aAAYaHTYPAIAIri
)KOHEe OAAPAbIH, OMOAOTMSIAbIK, epeKLLIeAiKTepi

Makarapa AAmMaTbl OOABICBIHBIH ayMaFbiHAA 7 ASPIAIK ©CIMAIKTEPAEH SHAOMUTTI AAKBIAAAPABIH
GeAiHyi Typaabl MoAiMeTTep keATipiareH (Achillea millefolium, Artemisia laciniata Xanthium strumar-
ium, Medicago sativa, Cloverus officinalis, Salvia deserta). baktepusianap MeH akTMHOGaKTEPUSAAPADI
MOPMOAOTUSIABIK, (PUSMOAOTUSIABIK, KOHE OUMOXMMMUSABIK, KacMeTTepiH 3epTTey 6GOMbIHIIA aHbIKTay
JKYPri3iAAi. Op TYPAI ASPIAIK ©CIMAIKTEPAEH 94 TYPAI GaKTEPUSIAbIK, MBOAITTAP OOAIHAL. 3epTTeyAep
HOTUXKECIHAE OCIMAIKTEPAEH OOAIHETIH 3HAODUTTIK OakTepusiAapAblH eH Kern caHbl Fabaceae
(bypLuak, TYKbIMAACTaPbIHbIH) O6KIAAEPIHE TOH EKEHAITT KOPCETIAAL. Op TYPAI oT6acbiAap MeH TypAepre
KaTaTblH OCIMAIKTED KYPaMblHAAFbl GAKTEPUSIAAPABIH, aKTUHOOGAKTEPUSAAAPABIH, MMKPOCKOMMUSIABIK,
CaHpblpayKyAaKTap MeH allbITKbIAQPAbIH TapaAyblHAQ alibipPMALLbIABIKTap aHbIKTAAAbI.

BbeAiHreH M30A9TTapAbIH iWwiHAe 27-Ci rpam-Tepic, 30 — cropa Ty36eiTiH rpaM-oH, 19-akTMHOOaK-
Tepusaap, 16-Bacillus TykbIMbIHbIH, Fpam-0OH criopa Ty3eTiH 6akTepusiaapbl aHbIKTAAAbI.

Herisri 3HAOMUTTIK MMKPOBMOTaHbIH OCIMAIKTEPAIH >Xep acTbl GOAIriHAE, TamblpAa TapaAfa-
Hbl KepceTiAreH. byA yAri 6aktepusinapra, akTMHoGaKTepUsiAapFa >KoHe MUKPOCKOMUSIAbIK, CaHblpay-
KyAakTapra ToH. DHAOMUTTI GakTeprsAapAbiH eH Ken caHbl Medicago sativa (KOHbILLIKA) TYPAEpPIHiH
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ecimaikTepiHeH, xepriaikTi XKeticy coptbiHaH (331,8 £ 5,4x10* KOE/r ecimaik TiHiHeH 104), coHaait-
ak, ocbiHAAM HaTvkeAepi 6ap Melilotus officinalis (ABpiAik >kOHbILLKA) GOAIHAI.

MukpoopraHusmaepAiH Taburn aAeyeTiH GeACEHAIPY YLIiH 68CeKeAeC MMKPOOPraHM3MAEPAIH
eMip cypyiHe KOAaMAbI XarFAan »acamar, S3HAOUTTEPAIH TypaKTbl 6CYyi MEH AaMybIH CaKTal aAaTbiH
AYPbIC KOPEKTIK OpTaHbl TaHAQy Kepek. ©cipy aspoOTbl >KarAamaa >KYPrisiaai. DHAODUTTEPAIH
TaKCOHOMMSIAbIK, TOObIHA KapaMacTaH, OAapAbl OOAIN aAy >XeHe AAKbIAAQY YLIIH TabWFM KOPEKTiK
OpTaAapAbl NanAaAaHy Kaxxer.

TyHiH ce3aep: ASPIAIK OCIMAIKTEP, SHAOMDUTTI MMKPOPraHM3MAEP, AHTArOHMCTIK >XOHE OcyAi
bIHTAAQHABIPYLLbI OEACEHAIAIK, BakTepusaAap, KOPEKTIK opTa.

A.A. YcmaHoBa*, A.B. MrHatoBa, A.A. ©Mipbekosa,
E.B. bpaxHukosa, A.P. Erambepamesa, P.K. Cbiabikbekosa, T.b. Cabbip>kaH

Kasaxckuil HauMoHaAbHbIN YHMBEpCUTET MMeHn aab-(Dapabu, KasaxcraH, r. AAMaTbl,
*e-mail: Aizhamalduszhanovna@mai.ru

Pa3Hoo6pa3une 3HAOUTHBIX MUKPOOPraHM3mMoB pacTeHuii KazaxcraHa
M UX 6UOAOrMYECKHUE OCOBEHHOCTH

B cTaTbe npeaACTaBAEHbI AQHHbIE O BbIAEAEHNN SHAODUTHBIX KYAbTYP U3 7 AeKAPCTBEHHbIX PACTEHNI
(Achillea millefolium, Artemisia laciniata Xanthium strumarium, Medicago sativa, Cloverus officinalis,
Salvia deserta) Ha TeppuTopum AamatuHckon obaactn. OnpeaseaeHue GakTepuin 1 akTUHOGAKTepUit
AO POAA MPOBOAMAM, M3y4das Mopdoaormyeckue, usmorormyeckme M OGUOXMMUYECKME CBOMCTBA.
M3 pasAMUHbIX AEKAPCTBEHHbIX pacTeHUI ObIAO BbiAEAEHO 94 GakTepuaAbHbIX M30ASTa. B pesyabTarte
MCCAEAOBAHMI ObIAO MOKA3aHO, YTO MaKCMMAAbHAsi YNCAEHHOCTb SHAOMUTHBIX GAKTEPUIA, BbIAGASIEMbIX
M3 pacTeHui, XapaKTepHa AAs NpeAcTaBuUTeAeint cemericTBa Fabaceae (bo60Bble). BbiiBAE€HbI pasAnumns
B pacrnpeAeAeHun GakTepun, akTMHOGAKTEePUn, MMKPOCKOMUYECKUX rPpUBOB M APOXOKE B COCTaBe
pacTeHuin, MPUHAAAEXALLMX K PA3AMYHBIM CEMENCTBAM U BUAAM.

CpeAn BbIAEAEHHbIX M30ASTOB 27 OTHECEHbI K rpaMoTpuuaTeAbHbiM, 30 — HECMOPOOOPa3sYIOLLIMM
rPaMMOAOXKMTEAbHbIM, 19 — akTMHOGakTepusaM, 16 — K rpamnoAOXKMUTEAbHbIM CMOPOOOPA3YIOLLUM
6akTepusm poaa Bacillus.

lMokasaHo, UYTO B OCHOBHOM 3HAO(MMTHAs MMKPOGMOTA pacnpocTpaHeHa B MOA3EMHOM 4acTu
pacTeHui, B KOpHe. AaHHas 3aKOHOMEPHOCTb XapakTepHa AAS OakTepuii, akTMHOBGAKTEpPUA U
MMKPOCKOMUYEeCKMX rpuboB. HanboAabluee YMCAO 3HAODUTHBIX BaKTePUit GbIAO BLIAEAEHO M3 PaCTEHMI
BMAOB Medicago sativa (atouepHa) copt CemumpedeHckas mectHas (331,8 + 5,4x10* KOE/r Ha 1 1
pacTuTeAbHOM TKaHM), a Takxke B Melilotus officinalis (10HHVK JIEKAPCTBEHHBIN) CO CXOIHBIMH PE3YJILTATAMH.

AAS aKTMBM3aUMM MPUPOAHOrO MOTEHLMAaAd MMKPOOPraHM3MOB BaXkHO MPaBMAbHO MOAOOPATH
MUTaTEeAbHYIO CpPeAy, CMOCOGHYI0 MOAAEPXKMBATH YCTOMUMBBLIA POCT M pasBUTME DHAODUTOB, He
Cco3paBasi MpU 3TOM OAAronpuUsITHbIX YCAOBUI AASl >KM3HWM KOHKYPMPYIOLWLMX MWKPOOPraHM3MOB.
KyAbTUBMpPOBAHME MPOBOAMAOCH B a3POOHBIX YCAOBMSIX. He3aBMCMMO OT TakCOHOMMYECKOM rpynribl
SHAO(UTOB AAS MX BbIAEAEHMSI U KYAbTUBMPOBAHWS HEOOXOAMMO WCIMOAb30BaTh E€CTECTBEHHbIE
nuTaTeAbHble CPEADI.

KAtoueBble cAOBa: AeKapCTBEHHbIE pacTeHMs, SHAOUTHbIE MUKPOOPIraHW3Mbl, RHTAarOHUCTUYECKas
M POCTCTUMYAMPYIOLLAS aKTUBHOCTH, GaKTEPMIA, MUTATEAbHbIE CPEADI.

Introduction

Endophytes are microorganisms (bacteria, fun-
gi, protists) that are able to penetrate into the inter-
nal tissues of plants and spend at least part of their
life cycle in this environment [1]. In recent decades,
much attention has been paid to the study of the
role of endophytic microorganisms in plant life. An
analysis of the literature data available to date shows
that most endophytes are classified as commensals
with as yet unknown functions in relation to their
hosts, and a smaller part of them are classified as
commensals — as having a positive (mutualism) or
negative (antagonism) effect on the life of plants [2].
The study of endophytic microorganisms that posi-
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tively affect the growth and development of plants,
the mechanisms of the growth-stimulating effect, as
well as the antagonistic action of endophytes against
pathogens, will allow us to develop safe biological
products for regulating the growth of cultivated
plants and effective biocontrol of phytopathogens
[3], [4].

The use of these bacteria is an attractive alterna-
tive to chemical fertilizers, which allows to reduce
environmental pollution, since they are isolated
from their natural habitat, namely from plants [5].
However, the effectiveness of endophytic bacte-
ria depends on the type of plant, the conditions of
their cultivation and many other factors. The abil-
ity of bacteria to stimulate plant growth is related
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to their three main properties: the production of
phytohormones that regulate plant growth; increase
under their influence the availability of nutrients for
plants, as well as the availability of water; protec-
tion of plants from diseases. These properties can
be manifested in different types of endophytic mi-
croorganisms or combined in the same species. At
the same time, the study of the interaction of these
properties can contribute to a more complete under-
standing of the mechanism of their action on plants.
The relevance of the search for effective natural
compounds for the creation of new medicines is pri-
marily due to the rapidly growing rates of antibiotic
resistance of microorganisms, pathogens of various
infectious diseases of humans.

The aim of this work was to isolate endophytic
microflora from plants of various families growing
in the foothill and sub-mountain plains of the Trans-
Ili Alatau; to study their prevalence in plant organs;
and to assess the antimicrobial and growth-stimulat-
ing potential of endophytic microorganisms isolated
from medicinal plants.

Materials and methods

The objects of the study are bacteria isolated
from medicinal plants of different families: 1. As-
teraceae family — species of Achillea millefolium
(Common Yarrow), Artemisia lercheana (White
sagebrush), Xanthium strumarium (Common xan-
thium); 2. Fabaceae family: species Medicago sa-
tiva (alfalfa) variety Semirechenskaya, Cloverus
officinalis (clover); 3. Lamiaceae family — species
Salvia deserta (Desert sage).

Plants were collected out in the period from May
to August 2020 in the foothill and sub-mountain
plains of the Trans-Ili Alatau. Plants were identified
using generally accepted manuals [6-8].

The plant shoots were cut at the base, placed in
craft bags, and before processing, the samples were
stored in the refrigerator at a temperature of +5°C.
The analysis was carried out within 7 days after col-
lection.

Research methods

Isolation of endophytic bacteria. Quantitative
accounting of endophytic bacteria to determine their
occurrence in plants was carried out by the method
of seeding on MPA. Selection of the optimal nutri-
ent medium for isolation and cultivation of endo-
phytic bacteria, the following standard nutrient me-
dia were used: MPA, MPA/Saburo, starch ammonia
agar (KAA) and Chapek medium with glucose. The

accounting of the grown colonies was carried out on
the 3rd — 10th day. The grown colonies were divided
into macromorphological types and the number of
colonies of each type was calculated [9-10].

Isolation of microorganisms from the roots.
The superficially sterilized roots were placed on an
agarized culture medium. First, the surface steriliza-
tion of the seeds was carried out by keeping them in
50% sulfuric acid for 20 minutes and then washing
them with sterile water [11]. Then the treatment with
a 5% solution of sodium hypochlorite was added to
the aging in sulfuric acid, which gave better results.
Several empirical variants of the soaking time were
tested. The final method of surface sterilization was
as follows: the material was kept for 40 minutes. in
50% H2S04, then washed twice with sterile wa-
ter, then 30 minutes they were kept in a solution of
sodium hypochlorite and again washed twice with
sterile water.

If the seeds are not washed thoroughly enough,
sulfuric acid and sodium hypochlorite can react, a
possible product of such a reaction is chlorine.

After placing the sterilized roots on a nutrient
medium in Petri dishes, they were incubated at room
temperature (from +18 to +25°C) for 4 weeks.

Isolation of microorganisms from leaves, stems,
fruits and inflorescences.

For surface sterilization of leaves and other deli-
cate plant organs, there are various recommenda-
tions: exposure in 4% copper sulfate for 10 minutes;
exposure in 2% solution of potassium permanganate
(KMp04) for 2 minutes; exposure in a solution of
sodium hypochlorite, for 15 minutes. [12].

After using any of the sterilizing agents, the
samples were washed in sterile water. This was fol-
lowed by incubation on a nutrient medium under the
same conditions as when isolated from the roots.

Determination of the amount of phytohormone
IAA. The amount of IAA produced by microorgan-
isms was determined by colorimetric method using
Salkovsky’s reagent. 1 ml of the supernatant (fil-
trate) was mixed with 2 ml of Salkovsky’s reagent
(1 ml of 0.5 M FeCl, in 50 ml of 35% HCIO,). The
color development time was 30-40 minutes. The op-
tical density of the colored samples was measured
on a spectrophotometer at a wavelength of 540 nm.
The control was an uninoculated medium with the
addition of a reagent. The concentration of [AA was
determined according to a calibration schedule con-
structed in the concentration range of the substance
10-8 — 10-2 g/1. The concentration of IAA was ex-
pressed in mcg / ml.

Isolation of antimicrobial metabolites and study
of their antagonistic activity. The cultivation of mi-
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croorganisms was carried out in a liquid nutrient
medium on a rocker at 240 rpm. At the end of the
incubation period, the biologically active metabo-
lites were extracted with acetone (1:1). After cen-
trifugation, the resulting metabolites were dissolved
using DMSO (100%). The antagonistic activity of
the obtained metabolites was studied by the well
method in relation to the phytopathogen Fusarium
graminearum. Flukonosol was used as a positive
control, and 10% DMSO solution was used as a
negative control [13-15].

Results and their discussion

Study of the abundance and qualitative
composition of the endophytic microflora of plants
of different families

Collected in the Almaty region medicinal plants
were analyzed within 5 days after collection.

It is known that endophytic microorganisms
are distributed unevenly in plant organs and tissues
[16, 17]. The main mechanism for the formation of
endophytic microflora is infection of plants through
breaks in the epidermis that occur during the growth
of lateral roots [16]. Therefore, the richest microflora
is found in the roots, from which microorganisms
migrate (mainly through conducting vessels) to the
aboveground organs.

In this regard, the number of endophytic
microorganisms inhabiting plant roots on media
that are universal for each of the isolated groups
of microorganisms was initially studied: bacteria
— MPA medium; actinobacteria — starch-casein
medium; microscopic fungi — Chapeka medium;
yeast — Saburo medium.

It was shown that the most frequently isolated
groups of microorganisms were bacteria. The number
of actinobacteria, microscopic fungi, and yeast was
significantly lower. Thus, the number of bacteria
reached 331.8 + 5.4x10* CFU/g of plant tissue.
The number of actinobacteria, microscopic fungi,
and yeasts is 289.7+6.2x10° CFU/g, 145.9+5.9x10°
CFU/g, and 79.8+4.4x10° CFU/g of plant tissue.

While in the work of Hassan G. O. O., the
results of isolation of endophytic microorganisms
of medicinal plants growing in the Republic of
Tatarstan showed that the most frequently isolated
groups of microorganisms were actinobacteria.
Endophytic microorganisms preferentially
colonized plant roots. The exceptions were the
plants common marigold, sagebrush bittersweet and
chicory vulgaris, which, according to the number
of endophytic microorganisms, dominated in the
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leaves. In general, the main number of endophytic
microorganisms in the work of Hassan G. O. O. it is
found in the roots (38.24%) and the smallest amount
— in the leaves (29.41%) of the studied plants. The
results on the quantitative correlation of endophytic
actinobacteria in different plant organs confirm the
data obtained by other authors when studying the
endophytic microflora of plants in Thailand [18],
China [19], and India [20].

The distribution of endophytic microorganisms
among plant families was also uneven. The infection
mainly affected representatives of the Asteraceae
and Fabaceae families. The largest number of
endophytes was characteristic of the Fabaceae
family

The number of bacteria isolated from plants of
this family ranged from 267.7+ 3.4 t0 331.8 + 5.4x10*
CFU/g of plant tissue. The number of endophytic
bacteria isolated from the roots of various medicinal
plants was determined (Figure 1).

There was a difference in the distribution of
endophytes within plant families. Among the
Asteraceae family), the most heavily infected plants
were Achillea millefolium and Artemisia laciniata.
The number of bacteria among these plant species
was 181.6 £ 5.2 and 203.4+3.1x10* CFU/g of plant
tissue, respectively.

Determination of the prevalence of endophytic
microorganisms in the tissues and organs of various
plant species

Despite the fact that the richest endophytic
microflora is detected in the roots of plants, from
which microorganisms migrate to the aboveground
organs, the study of stems and leaves is of great
interest for the study of endophytes. It is known
that aboveground organs have their own foci of
infection: for example, microorganisms can enter
plants through the stomata, becoming part of the
microflora of leaves and stems [16].

In this regard, to determine the prevalence of
endophytic bacteria in the tissues and organs of
various plants, along with the previously studied
roots, the results of infection of stems, leaves, as
well as inflorescences and fruits were analyzed.

The average number of bacteria in plant stems
ranged from 1.1 + 0.01 to 5.2 + 0.03x10* CFU/g of
plant tissue. Thus, the maximum number of bacteria
isolated from plants of the Fabaceae family was
found on these media and ranged from 5.3+ 0.05
to 18.1+ 1.6x10* CFU/g. The highest content of
endophytic bacteria 18.1+ 1.6x10* CFU/g of plant
tissue was found in plants of Medicago sativa of the
Semirechenskaya variety. The results of the studies
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showed that endophytic bacteria are found in the tissue. The maximum number of endophytic bacteria
leaves of plants of various families, the number of = was observed in plants of the species Cloverus
which reaches 17.1 &+ 3.1 thousand CFU/g of plant  officinalis (Figure 2).

Figure 1 — The number of endophytic bacteria isolated from
the roots of plants belonging to different families

Plant species

Salvia deserta

Melilotus gfficinalis

Medicago sativa

Xanthium
strumarivm

Artemisia laciniata

Achillea millefolium

m Leaves

B Stems

Figure 2 — The number of endophytic bacteria in the stem and leaves
of plants (thousand CFU per 1 g of plant mass)

Similar results were obtained in the study of  Jinbiao Ma, Dilfuza Egamberdieva. It was found

medicinal plants, such

as Ferula sinkiangensis,  that the average number of bacteria in plant stems

Glycyrrhiza uralensis, Ferula songorica and Thimus ~ ranged from 2.3 + 0.01 to 5.7 + 0.07x10* CFU/g
roseus Schipcz, growing in the arid lands of Xinjiang  of plant tissue. Also, a relatively high indicator in
(China), by a group of researchers Zulpiya Musa, relation to the occurrence of bacteria in the stems
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was shown in the leaves of plants, the number of
which reaches 26.1 + 1.1 x10* CFU/g of plant tissue.
The maximum number of endophytic bacteria was
observed on plants of the species Thymus roseus
Schipcz.

Also endophytic bacteria were isolated from the
fruits and inflorescences. In addition, it can be noted
that the number of endophytic bacteria in the stem
and leaves is one or two orders of magnitude lower
than in the roots.

Study of BAS of microorganisms with growth-
stimulating and antagonistic activities

Detection and quantitative evaluation of
phytohormones of the auxin group was carried out
by the colorimetric method using Salkovsky reagent.

The evaluation of the results showed that some
bacterial strains produce IAA quite actively on

the medium with L-tryptophan. Of the 94 studied
bacteria, 15 strains (16%) showed a positive
reaction to the production of IAA. According to
the concentration of IAA in the culture fluid, the
bacteria were divided into groups: active producers
(more than 10 mg/ml) — 6 strains, weakly active (6-3
mg/ml) — 9 strains, inactive (2 mg/ml) — 83 strains
(Table 1).

Analyzing the presented results, it can be noted
that the most intense IAA is produced by strain
Bacillus sp.A5 (19.1£1.5 mcg/ml), Pseudomonas
sp. A7 (15.1+£1.4 mcg/ml), Bacillus sp. C7 and
Agromyces sp. C3 on average (11.2+1.4 mcg/ml),
B. bassiana T15 (14.5+0.5), but the most active
producer of auxins is strain Bacillus sp. R4, in which
the total level of production reached 28.7 + 2.1 mcg/
ml. The relevant data are presented in table 1.

Table 1 — Detection of phytohormone IAA produced by microbial strains

Strain name

The amount of [AA, mcg/ml

Low-level producers (less than 10 mcg IAA, mcg/ml)

Bacillus sp. Al 3,1£0,15
Bacillus sp. A8 4,2+0,21
Bacillus sp. C2 4,1+0,2
Bacillus sp. C9 3,0+0,2
Pseudomonas sp. L5 4,14+0,21
Pseudomonas sp. 72 4,240,11
Pseudomonas sp. L4 4,2+40,15
Pseudomonas sp. L2 4,1+0,16
Bacillus sp. P4 6,0+0,15
B. bassiana T7 4,240,1
Penicilliumsp EF3 5,7+0,2
Penicillium sp.P1 7,640,2

High-level producers (more

than 10 mcg IAA, mcg/ml)

Bacillus sp. C7 11,2+1,4
Agromyces sp. C3 10,1+1,1
Bacillus sp. R4 28,7+2,1
Bacillussp.R5 13,1+1,4
Pseudomonas sp. A7 15,1+1,4
Bacillus sp.A5 19,1+1,5

B. bassiana T15 14,5+0,5
Trichoderma sp. D1 11,4+0,3
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Antagonistic activity

Aftera5-day fermentation ofthe microorganisms,
the biologically active metabolites were extracted
and their antagonistic activity was verified by the
well method in relation to Fusariumgraminearum.

Fluconazole was a positive control, and 10% DMSO
solution was a negative control.

It was found that the biomass and supernatants
of some bacterial strains showed different degrees of
antagonistic activity (Table 2).

Table 2 — Antagonistic ability of cell-bound and extracellular metabolites of bacterial strains

Strain name Growth suppression zones, mm
Biomass Supernatant

Bacillus sp. Al 5,1+£0,9
Bacillus sp. C9 15,2+1,3 20,2+1,1
Bacillussp. C7 28,1+1,9
Pseudomonas sp.Z2 - 10,3+0,9
Agromyces sp. C3 - 30,1%1,2
Bacillus sp.R4 - 11,2+1,1
Bacillus sp.R5 - 8,5+0,9
Pseudomonas sp.L4 10,2+1,1 27,1£1,8

Thus, the largest growth inhibition zones are
characteristic of strains C9, C7, C3 and L4 and
ranged from 20.2+1.1 mm to 30.1£1.2 mm. Minor
growth retardation zones showed the biomass of C9
and L4 strains, which was in the range of 10.2+1.1
mm and 15.2+1.3 mm.

Conclusion

As a result of research, it was shown that in
the territory of the Almaty region, endophytic
microorganisms are present in various plants. It
was found that the maximum number of endophytic
bacteria isolated from plants is characteristic of
representatives of the Fabaceae family. Differences
in the distribution of bacteria, actinobacteria,
microscopic fungi and yeasts in the composition of
plants belonging to different families and species
were revealed.

Using the methods of isolation of endophytic
microorganisms, 94 endophytes were isolated
from different plants, their organs and tissues. The
distribution by taxonomic group was as follows: 54
bacteria, 15 actinobacteria, 12 microscopic fungi,
and 11 yeasts.

It is shown that the endophytic microbiota is
mainly distributed in the underground part of plants,
in the root. This pattern is typical for bacteria,
actinobacteria, and microscopic fungi. The largest

number of endophytic microorganisms was isolated
from plants of the species Medicago sativa variety
Semirechenskaya (331.8 £ 5.4x10* CFU/g of plant
tissue), as well as medicinal clover (Medicinal
clover) with similar results.

To activate the natural potential of
microorganisms, it is important to choose the right
nutrient medium that can support the sustainable
growth and development of endophytes, without
creating favorable conditions for the life of
competing microorganisms. Cultivation was carried
out under aerobic conditions. Regardless of the
taxonomic group of endophytes, it is necessary to
use special nutrient media for their isolation and
cultivation.

Analyzing the presented results, it can be noted
that the most intense IAA is produced by strain A5
(19.1+1.5 meg/ml), A7 (15.1£1.4 mcg/ml), C7 and
C3 on average (11.2+1.4 mcg/ml), B. bassiana (T15
14.540.5), but the most active producer of auxins
is strain R4, in which the total level of production
reached 28.7 + 2.1 mcg/ml.

When studying the ability of microorganisms
to biocontrol phytopathogens — F. graminearum,
F. solani, Phytophtora infestans, it was shown that
the inhibition index was in the range from 1.0 to
3.6. The determination of the antagonistic activity
of cell-bound and extracellular metabolites of
cultures revealed the greatest antagonistic activity
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of exometabolites, the zone of suppression of the
growth of phytopathogens by active cultures was
from 37.0+2.2 to 64.32+2.25 mm.

The selected cultures of microorganisms with
growth-stimulating and antagonistic activities
are recommended for use in further model
experiments to study their effect on immunity
and stress resistance, as well as on growth

stimulation and crop structure of agricultural
crops.

This work was supported by the research
grant from the Ministry of Education and Science
of the Republic of Kazakhstan: AP(09261262
Biotechnology of microbial composition’s creating
to stimulate growth and increase the adaptive
potential of agricultural plants.
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