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OTbOP U XAPAKTEPUCTUKA
MHOTO®YHKUNOHAAbHbLIX MUKPOBHbBIX LUITAMMOB
AASl PABPABOTKU CTPATETMU ®UTOPEMEAUNALIMU

Xapaktepuctmka MrukpoopraHnamos PGPM sBASIETCS BaXkKHbIM 3Tariom npuv BbiGOpe BUAOB LTaM-
MOB B KauyecTBe OMOMHOKYASIHTOB. B AaHHOM MccaeaoBaHMM ObiAM oueHeHbl ceovictBa PGPM y 98 13o-
ASITOB, BbIAEAEHHDBIX M3 NMOYBbI, PU30CdeEpPbl 1 TKAHE PACTEHWUI, BblpalLleHHbIX Ha HeTe3arps3HeHHOM
noyee. bbIAO yCTaHOBAEHO, UTO U3 98 MCCAEAOBAHHbIX M30ASTOB 21,4% 0O6AAAAAM MPOTEOAUTUYECKON
AKTMBHOCTbLIO, 24,4% — aMMAOAMTMYECKON 1 9,2% — LIEAAIOAO30AUTMYECKOM akTMBHOCTbIO Ha arapo-
BbIX CpeAax co crneumndmuecknm cybctpatoM. INocae nepBUUYHOro ckpuHunHra otobparbl 20 U30ASTOB,
(N9, N11, MSM12, MSM3, MSM20, MSM21, MSM25, MSM20, V16, L5-2, L5-5, L5-6, L10-2, L10-6,
L10-12, L10-10, KP5, KB9, KP10 n C10) npoAeMOHCTPMPOBaBLUMX BbICOKYIO ABOMHYIO MAU TPOMHYIO
rMMAPOAMTUYECKYIO aKTMBHOCTb. METOAOAOIMS CTYMEHYATOro CKPUHUHIA MO3BOAMAA OTOOPATH LUTaM-
Mbl, MPOAEMOHCTPUPOBLLME BOAEE OAHOIO MAM HECKOABbKO cBoicTB ¢ PGPR cBoricTBamm, obecrneunsa-
IOLLMX POCT PACTEHMIA TaKMMM KaK: NMPOM3BOACTBO (PUTOrOPMOHOB, hmkcaums asota, cekpeums MYK,
NPOM3BOACTBO XEAATMPYIOLLMX COEAMHEHUI XXeAe3a, pacTBopeHne (hocaTtoB 1 CUHTE3MPYIOLLME Th-
ApoAuTHUeckue epmeHTbl. [1o3ToOMy MHOroyHKLMOHAAbHbIEe WTammbl ¢ PGPR-cBoiicTtBamu moryT
ObITb MCMOAb30BaHbl Kak HanboAee NMepCreKTUBHbIE MHOKYASIHTbI AASI YAYULLEHUS 3EKTUBHOCTU hu-
TopemeAmaL M HedTe3arpsa3HEHHbIX MOYB.

KatoueBble caoBa: MYK, 6akTepun, cnoco6CTByIOLWME POCTY pacTeHUI, cMAepodopbl, hrTorop-
MOHbI, hocdatbl, PUKCaLmMg a30Ta, NpoTeasa, LIEAAIOAA3]d, aMMAa3a.
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Selection and characterization of multifunctional microbial strains
for the development of phytoremediation strategies

Characterization of PGPM microorganisms is an important step in selecting strains as bioinoculants.
In this study, the PGPM properties of 98 isolates recovered from soil, rhizosphere, and plant tissues
grown in oil-contaminated soil were assessed. Of the 98 isolates tested, 21.4% exhibited proteolytic
activity, 24.4% exhibited amylolytic activity, and 9.2% exhibited cellulolytic activity on agar media with
specific substrates. After the initial screening, 20 isolates (N9, N11, MSM12, MSM3, MSM20, MSM21,
MSM25, MSM20, V16, L5-2, L5-5, L5-6, L10-2, L10-6, L10-12, L10-10, KP5, KB9, KP10 and C10)
demonstrating high double or triple hydrolytic activity were selected. The stepwise screening method-
ology allowed the selection of strains demonstrating more than one or several properties with PGPR
properties that ensure plant growth such as: phytohormone production, nitrogen fixation, IAA secretion,
production of iron chelating compounds, phosphate solubility and synthesizing hydrolytic enzymes.
Therefore, multifunctional strains with PGPR properties can be used as the most promising inoculants to
improve the efficiency of phytoremediation of oil-contaminated soils.

Keywords: 1AA, bacteria that promote plant growth, siderophores, phytohormones, phosphates,
nitrogen fixation, protease, cellulase, amylase.
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dutopemeamaL s cTpaTerusirapbiH a3ipAey YLUiH
KON yHKLIMOHAAABI MMKPOOTBIK LUTAMAAPADI ipiKTey XkdHe cunarTay

PGPM MMKpOOpraHMsMAEpiHiH cunatramacbl GMOMHOKYASIHTTAp PETIHAE LITaMM TYPAEPIH TaH-
AQyAarbl MaHbI3Abl KaAaM. BbyA 3epTTeyae MyHaliMeH AacCTaHFaH TOMbIpakTa ©CIpPiAreH eciMAiKTep
pu3ocepacbiHaH, TOMbIParblHAH >K8HE OCIMAIK YAMaAapbiHaH OOAIHIM aAbliHFaH 98 M30ASTTapAbIH
PGPM kacumettepi 6araraHabl. 3epTreared 98 n3oAaTTbiH 21,4% — NPOTEOAUTUKAABIK, GEACEHAIAITI,
24,4% — aMUAOAMTUKAABIK, >kaHe 9,2 % LIEAAIOAO3OAUTUKAABIK, GEACEHAIAIKKE Me eKeHi crieumdmKabik,
cybcTpatTapbl 6ap arapAbl OpTaAapbiHAA aHbIKTAAAbI. bacTankbl ipikTeyAeH KeniH >koFapbl eki Heme-
Ce YIUTIK TMAPOAUTUKAABIK, OEACEHAIAIKTI kKepceTkeH 20 n3oasaT (N9, N11, MSM12, MSM3, MSM20,
MSM21, MSM25, MSM20, V16, L5-2, L5-5, L5-6, L10-2, L10-6, L10-12, L10-10, KP5, KB9, KP10 >eHe
C10) ipikTeain aabiHAbl CaTbiAan CKPUHUHE XYprisy aaictemeci PGPR-kacueTTepi 6ap, eciMaikTep-
AiH 6CyiH KamTamacbi3 eTeTiH GipHelle Hemece GipAEH apTbiK, KACMETTEPAI KOPCETKEH LITaMMAAPADI
ipikTen aayra MyMKiHAIK 6epAi. OAapFa MblHAAAp >KaTaAbl: (PUTOrOPMOHAAP BHAIPY, a30TTbl (hMKCa-
umsaay, MCK cekpeumschl, TeMipAIH XeAaTTayllbl KOCbIABICTAPbIH 6HAIPY, (bocdaTTapabl epiTy xaHe
TMAPOAUTUKAABIK, hepMeHTTepAi cuHTe3aey. CoHAablkTaH PGPR-kacvetTepi 6ap KendyHKUMOHAAADI
LWITAaMMAAP MYHAMMEH AACTaHFaH TOMbIPaKTapAbIH (PUTOPEMEANALIMACBIHbIH TUIMAIAITIH apTTbIpy YLUiH

€H, nepcrekTBaAbl MHOKYASIHTTAp PeTiHAE NManAaAaHbIAYbl MYMKIH.
Ty#in cesaep: MICK, eciMaiKTepAIH 6CYyiHe biKNaA eTeTiH bakTepusAap, cuaepodopaap, putorop-
MoHAap, hocdpatTap, a3oTTbl GekiTy, NpoTeasa, LEAAIOAA3A, aMUAA3a.

BBenenue

3a mocienHee BpeMsi 3aMeTHO YCHJIWJIACH
3aMHTEepPeCOBAHHOCTD K HCIIOJIb30BAaHHIO MUKPOO-
HBIX TIPENapaToB W OMOMHOKYJISIHTOB, COJEpKa-
umx PGPR, nns BoccTaHOBIIEHHS 3arps3HEHHBIX
noYyBeHHBIX dKocucteM (Basu et al., 2021). Bonee
TOTO0, B TUTEparype u3BecTHsl mrTammbl PGPR, 06-
Ja/laroIInue CrIOCOOHOCTBIO K JIETpajlallii yTIIeBO-
JIOPOAOB HE(PTH, YTO JENaeT MX HCKIIOYUTEIHEHO
MEPCIEKTUBHBIMU U BXKHBIMH areHTaMu sl HC-
MOJIb30BAaHUSI B TEXHOJIOTHAX (PUTOpEMEnnaluyd U
Onopemenuanuu 3arps3HeHHbIX TouB (Mahanty
et al., 2018). MukpoOHBIE HHOKYJISHTHI 00JIa/Iat0T
CIOCOOHOCTBIO TOJICPKUBATh POCT PACTCHUH Kak
OpsSIMBIM, TaK M KOCBEHHBIM 00pa3oM, BBIIOJIHSSA
TaKkue BaKHBbIE (QYHKIUH, BKIOYaromme (Qukca-
LU0 a30Ta, pacTBopeHue (ochaToB, MUTATEIBHBIX
BEIIIECTB, BKIIIOYasi BHICBOOOXKACHUE CUAEPO(OpPOB
u nHAoN-3-ykeycHor kucnotel (MYK), depmenTs
JUTSL CTHMYJIMPOBAHHUSI POCTa M YCUJICHHE 3AIIUTHBIX
MEXaHM3MOB PAaCTEHUH Win 00J1anaTh KOMOWHAIIN-
el Bcex aTux cBoicTB (Zandi et al., 2017; Bhardwaj
etal., 2014).

Pa3pabotka u BHeqpeHHEe MHOTO(YHKIIMOHAIb-
HBbIX OMOWHOKYJISIHTOB, aJalTHUPOBAHHBIX K CHEL-
U(PUUECKUM MECTHBIM YCIIOBHSM U BBIJICIICHHBIX U3
MOYB, 3arps3HEHHBIX HE(PTHIO, C HCIOJIB30BAaHUEM

abopurennsix mramMmmoB PGPR, ycunusatomux ¢u-
TOpeMenanuio HePTIHBIX YIIIEBOIOPOIOB TIPE-
CTaBJIACT TICPCICKTUBHYK CTPATETHIO PEIICHUS
npobnemM HepTsIHOTO 3arps3HeHus. OOmmpHbIe
Tepputopun  ATbkipayckoli obnactu Kazaxcrana
WCTIBITHIBAIOT CHJIBHOE 3arpsi3HeHHe He(PTIHBIMH
YIICBOIOPOJIAMH, YTO MPHUBOAMT K JETrpajialludl H
cHmkenuto Twromopoaus mouB (Tokbergenova et
al., 2025). Takue 3arpsi3HEHUS CO3/Ial0T CEPhE3HBIC
IKOJIOTHYECKHE TPOOJIEMBI, BKIIIOUAsl ITO/IaBICHIE
AKTUBHOCTHU MOYBEHHBIX MUKPOOPTIaHU3MOB, Hapy-
[IeHUE CTPYKTYpPbl IOYBBI M TOKCHYECKOE BO3[IEH-
CTBHUE Ha pacTeHUs. B CBS3M ¢ 3TUM BO3pacTaeT ak-
TYaJIbHOCTB Pa3pabOTKH IKOJIOTUIECKU O€30MaCHBIX
1 3QPEKTUBHBIX METOJIOB BOCCTAHOBJICHUS TIOYB H
TIOBBIIIICHUS MX TPOTYKTUBHOCTH. B cBsi3n ¢ HEoO-
XOAMMOCTBIO COXPAHEHHUSI HKOJIOTHYECKOTO PAaBHO-
BECHS M yCTOMYMBOTO HCIOJB30BAHUS 3€MEIbHBIX
pecypcoB npobieMa BOCCTaHOBIICHHUsT HeTe3arpsi3-
HeHHBIX TouB Ka3zaxcrana mpuoOperaet 0ocoOyro ak-
TyallbHOCTh. [I[puMEHEeHNEe TPaAUIIMOHHBIX METO/IOB
OUYNCTKH He(pTe3arpsI3HEeHHBIX 3eMeNb, TaKhue Kak
¢usnuecKkue U XMMHUYECKUE CIIOCOOBI, YacTO SIBIISI-
IOTCSA JAOPOTOCTOANINMHE, YHEPTOEMKUMH M MOTYT
BBI3BIBATh BTOPUYHOE 3arpsi3HeHue cperpl. [1oaro-
My, ucronas3oBanne PGPR B coueranuu ¢ ycroitun-
BBIMH (PUTOTEXHOJIOTHUSMU SIBISCTCS COBPEMEHHOM
CTpaTernell SKOJOTH4YecKd Oe30macHOro BOCCTa-
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HOBJICHMsI 3arpsi3HEHHBIX MouB Kaszaxcrana, 4To
JIeNlaeT ATOT MOJX0J OCOOCHHO aKTyallbHBIM H I0-
MYJISIPHBIM.

Llenpro HACTOSIIETO MCCIIEIOBAHNS OBLIIO CKPH-
HUHT MUKPOOPTaHU3MOB, Ha OINpEICICHNUE UX IPs-
MBIX U KOCBEHHBIX CBOWCTB, CIIOCOOCTBYIOIIUX PO-
CTY pacTEHHH B YCIOBUIX HE(TSHOTO 3arpsi3HEHUS:
cekpenust cuaepodopos, GEepPMEHTOB, (HUTOTOPMO-
HOB, pacTBOpeHue GocdatoB u GuKcaus a30Ta.

MartepuaJibl U METOAbI MCCIEJOBAHNIA

O0bekT wucciaenoBanus. MUKpPOOPraHU3MBL,
BBIJICJICHHBIE U3 MTOYBBI, pr3ochephl U TKaHeW pac-
TEHHH, BRIPAILICHHBIX Ha HepTe3arpsi3HeHHOM T0UBe

BoisiBiieHMe (pepMeHTATHBHON AKTHBHOCTH Y
MHKPOOHBIX H30JISITOB

Onpedenenue npomeaznHoil  AKMUGHOCHIU.
[IpoTreomuTHYECKYI0 aKTHBHOCTH OaKTepHUaTbHBIX
H30JISITOB OLCHWBAIM KauyeCTBEHHO C HMCIIOJb30Ba-
HUEM Cpelbl Ha OCHOBE O00E3KMPEHHOTO MOJIOKa
(r/m): depmMeHTaTUBHBIN THAPONU3AT Ka3zeHHa — 5;
JEeKCTpo3a — 1; APOXKIKEBON DKCTPAKT — 2,5; cyxoe
o0ezxupenHoe Mojoko — 1; arap — 20 r/n. Ilocne
BBIpalBanus B cpeie LB OakrepranbHbIe H30IATHI
METOZOM IITpUXa nepeceBaiu Ha cpeny SMA. O06-
pa3oBaHME 30HBI TaJ0 CBUAETEIHCTBOBAIO O HAIU-
YHMH y ITamMMa nporeasHoi aktuBHocTH (Chandran
Masi et al., 2021).

Onpeodenenue uennona3HoOl aAKMUBGHOCHIU.
MeTabomMTHYeCKyI0 aKTUBHOCTH IEJITIONa3hl Ha-
Omomanu Ha cpeae KapOOKCUMETWIILEILIION030H
(KMLI). bakrepuanbHble U30JIATH HHOKYJIHUPOBAIIN
B vamky Ilerpu co cpemoit KMIl: NaNO; 0,2%,
K,HPO, - 0,1%, MgSO, - 0,05%, KCI - 0,05 %,
comu KapOokcuMmeTre uono3el — 0,2 %, men-
ToH — 0,02%, arap — 1,7% u muHKyOMpOBaiIH MpH
30°C B Teuenue 2 cytok. [Tocie nHKyOanny yanku
Iletpu okpammBanu kpacuresieM KOHro KpacHbIM
u npombiBanu. [lonokuTenbHas akTUBHOCTH LIEN-
JII0JIa3bI OTIPeIETIach o 00pa30BaHMIO Opeosia Ha
kpacHoM (one (Amit Bera et al., 2014).

Onpedenenue amuioIumuyuecKoil AKMuGHo-
cmu. AMUIOIUTHYECKYIO aKTHBHOCTH H30JISTOB
OLICHMBAJH MTyTEM UX KyJIbTHBUPOBAHHS HA YaIIKax
C KpaxXMaJIbHBIM arapoM, KOTOpBIE 3aTeM MOJBEp-
ranu nHKyOammu npu 28 °C B TedyeHne 48 4acos.
[loce sTOrO YaIIKK 3ajJMBajl PacTBOPOM Hoaunaa
kamus (KI). 3atem gamku ocymann. Hanmaue npo-
3pauHbIX OECIBETHBIX OPEOJIOB BOKPYT KOJOHHH
yKa3bIBAJIO HA THAPOJIN3 Kpaxmajia W MPOAYKIHIO
amwiassl (Ntabo et al., 2014).

XapakrepucTuka OakTepuii Mo NMpU3HaKaM,
CIOCcOo0CTBYIOLIMM POCTY pACTeHUIt

Cunme3z coeounenuii HYK. IlpousBon-
ctBo UYK mrammamun msywanm Ha cpene ¢ 0,1%
L — tpuntodana u uzmepsun ¢ IPUMEHEHHEM pe-
aktmBa CampkoBckoro (Ji et al., 2014). IlltamMmmbr
BeipatuBainy npu 30°C B Teuenue 48 yacos. [Tocne
neHTpudyruposanus npu 10 000 06. B reuenne 10
MUHYT CyTEpHATaHThl KyJNbTyp coOupaiu. 3areMm
2 MII cymnepHaTaHTa CMEIIMBaau ¢ 4 MJI peakTHUBa
CabKOBCKOTO M OCTABIISUTM B TEMHOTE ITPH KOMHAT-
HOHl TemmnepaType B TeueHue 30 muH. [losiBnenue
pO30BOro IBeTa yKkasbiBaeT Ha mpucyrcreue MYK
1 KonmaecTBo oOpaszopasmerocss YK usmepsimu ¢
nomoIipko criekrpodoromerpa nipu 530 H.M. (30 HM
(UV-1900, Shimadzu, Kuoro, Amonwus). [nst cpas-
HEHHS HCTIOIb30BaIM KOHTPOIBHYIO cpey 0e3 nHO-
kyasiuuu. Konnentpauuio UYK B kynbType onpe-
nensui 1o crannaptaoit kpuoit UYK (Gordon &
Weber, 1951).

Onpedenenue aKmueHOCmMU pPACMEOPEHUS
gochamos. CriocoOHOCTH OaKTEpHUAIBHBIX H30-
JSTOB PacTBOPSITH (hocaTel MpoBepsuid Ha cpe-
ne NBRIP ¢ 6pomdpenonoBsiM cuHmiA (11 pocTa
¢docharor HarpioHanbHOTO OOTAaHMYECKOTO HCCIIC-
JIOBATEeICKOTO HWHCTHUTYTa), coaepxkameit (1/m):
rmokosa — 10, Ca,(PO,), — 5, MgCl, - 5, MgSO,
x7H,0 - 0,25, KCl - 0,2, (NH,),SO, - 0,1 u nepac-
TBOPUMBIN TpUKanblmii Gocdar B KadecTBe eIWH-
CTBEHHOTO HcTOouHHKa (hocdopa. DphekTHBHOCTD
BBIJICJICHHBIX IITAMMOB B pacTBOpeHUH (ocdaTos
NpOBOAMJIACH IyTEM OTOOpa MHUKPOOPTaHH3MOB,
CIOCOOHBIX 00pa30BBIBATH TMPO3PAYHYIO 30HY Ha
qamke [leTpu 3a cuer 0Opa3oBaHUs OPraHUUECKUX
KHCJIOT B OKpyxkawomen cpene. Illrammel mocie
naky6anuu npu 30 °C B TeyeHne 7 cyTok oOpa3o-
BBIBaJIM MTPO3PAaYHbIC 30HBI, YTO YKa3bIBalIH Ha (oc-
¢arcomrobunmsupytomnyto aktuBHOCTh (Frey-Klett
et al., 2005).

IIpooykuus cuoepoghopos. CunepodopHyro
AKTUBHOCTh OaKTEepHaJbHBIX H30JSITOB OMpee-
JSUIM KaueCTBEHHO METOIOM II0CeBa Ha Cpeay ¢
peaktuBoM XxpomazypoioMm S (CAS-peakTuBoMm).
Cpeny CAS IONONHSIN T€KCaACUUITPUMETHI aM-
MoHuit 6pomuiom (HDTMA), kKaTHOHHBIM pacTBO-
putenem, crabunmsupyrommM komruieke Fe—CAS.
TamMMbl HHKYOUpOBaJI B TeueHHUE 4-5 CyTOK NpH
30 °C. bakTepuu, IpoayIUpyIOMIHe CHAEPOPOPHI,
WACHTH(QUIUPOBATN TT0 U3MEHCHUIO IBETAa CHHEH
cpeapl U O0pa30BAHUIO OPAH)KEBO-KENTOH 30HBI
(Schwyné&Neilands, 1987).

Qukcauyus azoma. CHOCOOHOCTH ILITAMMOB
(UKCHpOBaTH 30T OMpEICISUIN MO0 POCTY Ha cpe-
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ne Owbu (r/n): mamnur — 20,0, K HPO, - 0,2,
MgSO,x7H,0 - 0,2, NaCl - 0,2, K,SO, - 0,1,
CaCO, - 5,0, arap-arap — 15,0) (Tran et al., 2024)
nocne 5 nuelt kynpTuBHpoBanus mpu 28 °C. Lltam-
MBI CYHTAINCH AKTUBHBIMH, €CJIM POCT ObUT OOMIIb-
HBIM B T€UeHHE 72 4acoB KyJbTHBHpOBaHMA. bomree
HHU3Kasi CKOPOCTb POCTa MHTEPIPETHPOBATIACH KaK
c1a0BIid POCT.

Omnpenenenne  MNPUHAIEKHOCTH — M30JSTOB
K TPaMIIOJIOKUATENBHBIM M TPaMOTPUIIATEIEHBIM

Pucynok 1
Huszaiin axcnepumenma

98 u3onaToB

HE®TE3ArPA3HEHHAA 3KOCUCTEMA

JHA0-

®EPMEHTATMBHASA AKTUBHOCTb

CONBUNU3ALNA ®OCOATOB  DMKCALLMA A30TA

onpenensu ¢ momotibio Tecta KOH (Suslow et al.,
1982).

Cmamucmuyeckuii  ananu3. DKCIIEPUMEH-
THI TPOBOJUJIIUCEH B TPEX MOBTOPCHUSX, YUCIOBHIC
3HAUCHUS NPEJCTaBICHBI KaK CpeHee 3HaYCHUE =+
cTangaptHoe oTkioHeHue (SD) mo Tpem moBTOpe-
HUSM.

Ha pucyske 1 mokasana cxema 3KCIIEpUMEHTA,
HarnsagHo onenmBaromias PGPR cBoiicTBa, mccie-
JTyEMBIX H30JIATOB.

POCT-CTHMY/MPYIOLLME
CBOWCTBA |

PACTEHME

L
@ =
o @ puso-
Q

2/ /) NOUBEHHBIE

PesynbTaThl 1 X 00cyKaeHHE

BeokuBanuio pacteHuil B He(Te3arps3HEHHOM
MOYBE CIIOCOOCTBYeT pu3ochepHoe MHUKPOOHOE
coobmiecTBO  Onarojapst  (UTOCTUMYJHPYIOICH
AKTHUBHOCTH, a TAK)KE 3a CUET CHIDKEHHs (PUTOTOK-
CHUYHOCTH 3arpsi3HUTENSI BCICACTBUE €ro OHoze-
rpaganuu. B cBsi3u ¢ 3TUM MHTEpec MpeAcTaBIIsioT
MHKpOOpPraHu3Mbl, oTHocsmuecs k rpymnmne PGPR,
oOnanaroyie (PUTOCTUMYIHPYIOMEH U JeCTPYK-
THUBHOU AKTUBHOCTBIKO, B OTHOIICHHWH IIOJIJIFOTAaHTa
(Basu et al., 2021).

OaHMM 13 BaKHEHIINX KPUTEPHUEB YCHELIHOW
dburopemenany SBISETCS CTUMYJISILUS pocCTa
pactennii ¢ nmomomibto PGPR 3a cuer nmpoaykuuu
¢uTOrOpMOHOB, 0OECTIeYeHNsT OMOAOCTYITHBIM (hOC-
(dhopom, PUKCUPOBAHHBIM a30TOM, JCTIOHUPOBAHH-
eM jxenesa B cuaepodopax U CUHTE30M Pa3IMUIHbIX
¢depmentoB (Lucy et al., 2004). Bce nepeuncien-
HbIe (PaKTOPBI CIIOCOOCTBYIOT K YIYUIIEHHIO pOCTa
pacTeHust B yCcIOBUSX HEPTSIHOTO cTpecca.

CKPHHWHT BbIIENEHHBIX WTAMMOB

MPOAYKLMA CHLEPO®OPOB

Bl it et sy el

Hcnonb3oBaHue MHKPOOPTaHU3MOB, BBIICIICH-
HBIX M3 MECT, 3arpsA3HEHHBIX HE()TAHBIMU YTIIEBO-
JIOPOJIaMH, JUIsl CTUMYJUPOBaHUS pocta (uTope-
MEJIMAHTOB SABJISIETCA YPE3BbIYAMHO HWHTEPECHOU
M HWHHOBAIIMOHHOM 3ajaueii. MecCTHBIE IITaMMBI
oomnee d(h(PEeKTUBHBI B KOJIOHHU3AIMH KOPHEH pac-
TEHUU, YeM KOMMEPUECKHE INTAMMEI, TOCKOJBKY
KOJIOHM3AIMs KOPHEN U B3aMMOJICMCTBUE pacTeHUMN
C MUKPOOPTraHU3MaMU UHIYIHUPYIOTCS KOPHEBHIMHU
JKCCyaTaMH, KpOME TOTO, MECTHBIE MHKpPOOHBIE
IITAMMBI MOTYT OBITh META0OJIMYSCKH U TeHETHYEC-
CKM aJIalITUPOBAHBI JJIS1 Pa3BUTHUS 3TUX IIPOLIECCOB.
[TosToMy, 00O ITaMM, BBIACICHHBIH U3 TAKOTO
HCTOYHUKA, TOJKEH OBITh TIOJIBEPTHYT PSIy TECTOB
JUIsL OTMIPEIENICHUSI €r0 MOTECHIUAIBLHOTO TMPUMEHE-
uus (Ejaz et al., 2021).

B 00miei ci1o)XxHOCTH OBLIO BBLIEIEHO 98 u30-
JSITOB, KOTOPBIE OTOMPAITUCH ISl U30JISIIIMA Ha OC-
HOBE BH3YaJbHBIX MOP(OIOTUYCCKUX PA3IUUUN U
(hm3HOIOTHYECKNX MTPU3HAKOB, PA3IMYAIOIINXCS 110
MMUTMEHTAIUH, Pa3Mepy, KParo KOJIOHUU HIIH CKOPO-
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cTH pocTa. M3 98 n301MpoBaHHBIX H30JATOB — 68
W30JISITOB OBLITH BBIJIENIEHBI U3 TIOYBBI U PU30C(EPHI
pacrenuii ¢puropemennanToB u 30 M30IATOB H30-
JUPOBAHBI U3 TKaHel. BrigeneHHbe N30ATH O~
BEprajuch HECKOJIBKUM 3TanaM CKPUHHMHIA U Olle-
HHUBAIINCh pasnudHbie cBorictBa PGPR, Bxirouas
pactBopenue Qocdara, pukcanus a3oTa, CEKpenus
nH01-3-ykeycHor kucnoTsl (MY K), mponsBomcTBo
cUIepOQOpPOB M PA3TUYHBIX THIPOIUTHYECKHX
(hepmeHTOB.

WccnenoBanus mNoOKa3bpIBalOT, 4YTO POCT pac-
TEHUH BBIMIPBIBACT OT B3aUMOJICHCTBUSA C MHMKpPO-
OpTraHu3MaMHu, OCOOCHHO B YCIIOBHSAX CTPECCOBBIX
(hakTOpOB OKpYXKAromIel Cpeibl, TAKUX KaK 3arps3-
HEHHUE TO0YBBI, 3acojieHHue Wiu 3acyxa. llomoxu-
TENbHOE BIMSHUE MUKPOOPTAHU3MOB, HACEISIONINX
nouBy, pusochepy uian sHIOChEpy, TaKKe UMEET
pemaroriee 3HadeHHE B Mporecce (uropemenua-
LUH, MTOCKOJIBKY OHM MOTYT MOMOTaTh PacTEHHSIM
YAAIATH 3arPSA3HAIONINE BEIIECTBA U3 MOYBHI ITyTEM
pas3NoKeHHs YIrIIeBOJOPOAOB, MPOM3BOACTBA (ep-
MEHTOB U APYTUX (PaKTOPOB I CTUMYIHPOBAHUS
pocra pacrenuii (Montreemuk et al., 2024). Tax,
HampMep, MpoTeasbl OCYIIECTBISIIOT MUHEpaIn3a-
LU0 a30Ta, 60prOYy ¢ PUTONaTOreHaMH, BBISIBICHHE
po0JIeM yTIpaBJIeHUsI U €CTECTBEHHOTO BOCCTAHOB-
neHue aerpamupoBanHHbx mous (Lori et al., 2024;
Majumdar & Chakraborty, 2017).

W nmostomy Ha mepBOM 3Tare MHOTOCTYTEHYa-
TOTO CKPUHUHTA TPOBOAMICS OTOOp HM30JIATOB Ha
Hamure (epMEHTATUBHON akKTHBHOCTH. CKPUHUHT
Ha BHEKJIETOYHYIO (DepPMEHTATHBHYIO aKTHBHOCTb
(aMmmasa, nemIoNaza u npoTeas’a) OCyIIECTBISIICS

Pucynox 2

Ha cpejax: C KpaxMaJjioM, Ka3enHOM U KapOOoKcuMe-
THILEIUTI0N0301. [Ipo3paunblii Opeosn BOKPYT BbI-
POCIINX KOJIOHH W30JIATOB YKa3bIBal Ha ()epMeH-
TaTUBHYIO aKTUBHOCTb.

JBannars oguH U3 98 GakTepuaIbHBIX HITaM-
MOB IIPOSIBHITH CITOCOOHOCTH K TPOTEOTUTHICCKOH
aKTUBHOCTH Ha arapoBbIX CpeJaX C Ka3eHHOM.
[To pesynmbraTaM MOTYYCHHBIX DSKCIICPUMEHTOB
24 w30isTA TTOKA3aTU AaMUJIOJIUTHYECCKYIO aKTHB-
HOCTh Ha cpeJlie ¢ KpaxMaJoM W JHaMeTp 30HBI
rasio BapsupoBaincs ot 0,2 no 18 cm. OOpazoBa-
HUE€ TPO3pPAaYHBIX OPEOJIOB COOTBETCTBOBAJIO OT
0,7 mo 2,5 cMm. llemrono3onuTudecKas aKTUB-
HOCTbH BBISIBIICHA ¥ 9 M30I4TOB. JlaHHBIC W30JATHI
OB CIIOCOOHBI CO3/1aBaTh 30HBI OpPEOJIa TUaMe-
TpoMm oT 0,5 mo 1,7 cm. Ycranosneno, uto 21,4%
BBIJICJICHHBIX OaKTepHUANbHBIX MITaMMOB (24 n30-
ngTa) oOjamanu TMPOTEOJUTHICCKON aKTHBHO-
cThio, 24,4% — amunonuTudeckou, 9,2% — uen-
JIFOJTI030JIUTUYECKON aKTHBHOCThIO (Pucynok 2).
Crparerusi mpuMeHEHHsI CyOCTpaToB B cpeaax
MTO3BOJINJIA OTOOPATh IMMITaMMBI C MHOKECTBEHHOM
TUAPOTUTHYECKON AKTUBHOCTBIO. Tak, Ka)Ibli
M3 WCCIEIOBAHHBIX IITAMMOB OakTEepHil Mpoje-
MOHCTpPUPOBaN (PEPMEHTATUBHYIO aKTUBHOCTH B
oTHOIIEHNHN 1, 2 WIW BCeX MPOTECTUPOBAHHBIX
(bepMeHTOB.

Pe3ynbTaThl JaHHBIX MCCIEOBAHUM MPEJCTaB-
JIeHBI Ha pucyHKe 1. MUKpoOopraHu3Mel, 00Jagaro-
IUe TBYMS WTH 00JIee TUAPOTUTHICSCKIMHE CITIOCO0-
HOCTSIMHU, CJIY’)KaT BaXHBIM PECYPCOM B CTPATETHH
[0 CHIKCHHUIO BO3ACHCTBHUS HE(TSIHBIX 3arpsizHe-
HUU HA OKPYXKAIOLIYIO CPELy.

Konuuecmeso akmuénvix Uu3oJjisimoe, 06ﬂa()aiou4ux d)epjweumamueuoﬁ AKmMueHOCmuvlo
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[Tocne mepBUYHOTrO CKpUHUHTA OBUI BBIOPAHBI
20 U30JIATOB ¢ HAWTYYIICH aKTHBHOCTHIO HA CITCITH-
(uuecKUX KyJIbTypalIbHBIX Cpeiax U JEMOHCTPUPY-
FOINX BBICOKYIO JIBOMHYIO WJIM TPOHHYIO (hepmeH-
TAaTHBHYIO aKTHBHOCTh M YCJOBHO 0O0O3HAYCHHBIC
kak N9, N11, MSM12, MSM3, MSM20, MSM21,
MSM25, MSM20, V16, L5-2, L5-5, L5-6, L10-2,
L10-6, L10-12, L10-10, KP5, KB9, KP10 u C10.
Cpenu uccineJOBaHHBIX MHUKPOOPTaHW3MOB ILITaM-
Mel N9, MSM3, MSM25, L10-2, L10-12, KPS,
KB9, MSM21, KP10, C10 u N11 nponemMoHCcTpu-
pOBaN ABOWHYIO THUIAPOJUTHYECKYIO aKTHBHOCTD
nporeasbl U ammiasbl. I[lpumeuarenshno, uto N9,
MSM3, MSM21, MSM25, L5-2, L5-5, L5-6 u L10-
12 moxazanu TPOWHYIO TMIPOJMTHYECKYIO AKTHB-
HOCTB: TIPOTEa3bl, aMWJIa3bl M IEIUTIONa3bl. TakuM
00pa3oM, IITaMMBbI, MTOKa3aBIINE MHOXXECTBEHHYIO
THUAPOIUTHYECKYIO AKTHBHOCTb, BO3MOXXHO HMe-
10T BBICOKHMH MOTEHIMA IPUMEHEHHsI B IIpolieccax
OmopeMeTuaIum.

Bropoit sTan ckpMHHHIa TOCBAIIEH HCCIENO0-
BaHHUSAM II0 TPOBEPKE H30JSATOB HA HAIMYHE MHO-
JKECTBEHHBIX MPHU3HAKOB, CIIOCOOCTBYIOIIUX POCTY
pactenuii. OneHEeHbI TaKWE CBOMCTBA KaK CIIOCO0-
HOCTB pacTBOpATH hochop, 00pa3oBeIBaTH 3-MHIO-
JWTYKCYCHYIO KHCJIOTY, TPOXYIHPOBATh CHIEPO-
¢dopsl ¥ GUKCHUPOBATH MOJICKYJISIPHBIN a30T.

PactBopenue TBepapix QochaToB SABIAETCS
OUYEHb PACIPOCTPAHEHHON XapaKTEPUCTUKOMN cpenn
PGPR wmmukpooprannsmoB. Takuwe Oakrepun urpa-
10T 3HAYUTENBHYIO POJIb B ITOYBE Oyarogapsi cBoei
MeTabOoJINYecKOW aKTHBHOCTH, HAINpPUMEpP pPacTBO-
peHuio cioxHBIX GopMm ¢ocaTa B Gonee AOCTyN-
HBIE JUIA pacTeHui (HOPMBI, a TaKKe TOCPEICTBOM
MIPOLIECCOB MOAKUCIICHUS, XETaTUPOBAHUS U PEaK-
it oomena (Pan&Cai, 2023). Bce uzommpoBaH-
HbIE MITAMMBI OBUIM TPOBEPEHBI Ha CIIOCOOHOCTH
pacTBOpATh Heopranmdeckuii ¢dochatr MeTomaoM
TOYEYHOT'O I0CEBa OaKTEPHAIbHBIX H30JSTOB Ha
MonupuiupoBanHyto cpexy NBRIP ¢ ucnoin3osa-
HUEM TpuKajJbluidocdaTa B KauecTBe cyOcTpara.
OO6pazoBanue MPoO3pavyHbIX OPEOSIOB BOKPYT OaKTe-
PHAJBHBIX KOJOHHUN mocie 7 AHed MHKyOauuu mpu
temneparype 28°C cumrtanock mokasareneM (oc-
¢arpacTBopsitomied akTuBHOCTH. Tak, u3 98 mpo-
BEPEHHBIX M30JATOB 26 (26,5 %) mTaMMOB MOTIIH
co3naBaTh (QocdarpacTBOPSIOMINE YETKUE 30HBI
BOKPYT CBOWX KOJIOHHMH, YTO MOKET OBITH Pe3yib-
TaTOM 00pa30BaHUs OPraHUYECKUX KHCIOT HIIH T10-
JUCaXapuI0B, WIIN aKTUBHOCTH GepMeHTOB (hocda-
ta3bl. Cpeau uccienobanueix 30 (30,6%) mrammos
MOKa3allnd CIa0blid YPOBEHBL PacTBOPATH docdar, a
42 (42,9%) mwTaMMa BOBCE HE IMPOAEMOHCTPUPO-

BaJll CIIOCOOHOCTH K pacTBOpeHHI0 (docdara u He
rokasayu 30H rajo Ha vamike [lerpu ¢ NBRIP. Ta-
KUM 00pa3oM, ObII0 0TOOpaHo 26,5 % mrTaMMoB ¢
HaWTydIeit CToCOOHOCTHIO PaCTBOPATH hocdop u 5
H30JITOB MPOSIBIIIN (PEPMEHTATUBHYIO aKTHBHOCTD
(Pucynox 3).

Pucynok 3
H3onamer co mnooicecmeennoll gpepuenmamusnol u gpocgam-
MobunU3yIoUjel akmueHoCmAM

Ipumeuanue: (a) azompurcupyiowas axkmusnocms, (b) npo-
MEeONUMUYECKas, aKmugHOCMb, C) AMUTOAUMUYECKAS. AKMUG-
Hocmb, d) pocchammobunuzyowas akmueHoCmy, e) Yennonas-
HAsl AKMUBHOCTIb;

OHAOTEHHO NPOIYLUPYEMbIE MM SK30I'€HHO
MIPUMEHSIEMbIe OpPTaHUYeCKHEe COCIMHEHHS M3BECT-
HBI KaK PETYJSITOPBl pOCTa U Pa3BUTUSI PACTCHUN U
OKa3bIBAIOT BJIMSHUE Ha Mopdonornveckue u ¢u-
3M0JIOTHYECKUE Tpouecchl. Cpeau TakuX peryiis-
TOPOB POCTa pacTeHUi, HanboJee pacpoCTpaHeH-
HBIM sBisieTcs npoaykiust MY K, ctumynupyromux
pa3ButHe KopHeBoM cuctembl pacreHuil. YK kax
MPEACTaBUTENb TPYNIbl (UTOrapMOHOB, OOBIYHO
cuuTaeTcsi HauboJee BAKHBIM TPUPOJIHBIM ayKCH-
vHoMm (Kadmiri et.al., 2018; Singh& Jha, 2017). B
CBSI3M C YEM MPOBE/ICH CKPUHUHT, 3aKJIIOYAIOMINNCS
oroope PRRB, mpoayupyromux WHIOIYKCYCHYIO
kucioty. llItaMMbl OBUTH IPOTECTHPOBAHBI HA TPO-
nykuuto UYK konopuMeTpuyeckuM METOJIOM ¢
NoMoIIbio peaktuBa CalbKOBCKOTO U TapaHTHPYIO-
LIEr0 NPUCYTCTBHE TOPMOHA B CYNEPHATAHTE MHO-
KYJISIHTOB T10 TOSIBICHHIO SIPKO KPACHOM OKPACKH.
Tak, oOpa3oBaHNe MHIOIYKCYCHOW KUCIIOTBHI OBLIO
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XapakTepHO MOYTH JUIS BCEX BBIACICHHBIX 98 mTam-
MoB. OnHako, ypoBeHb oOpazoBanus YK Bapwu-
poBaics ot 1,2 no 159 MKr/ma B 3aBUCUMOCTH OT
mraMMa. B 3aBHCHMOCTH OT KOJIMYECTBAa CHHTE3H-
pyemoro UYK mtaMMbl OblIH pa3zieneHsl Ha TPyI-
el HU3K0 (oT 1 mo 11 Mxr/mur), cpemue (ot 12 mo
20) 1 BBICOKONPOIYKTHUBHBIE (CBBIIIE 20 MKI/MI).

N3 98 mporecTHpOBaHHBIX H30JSATOB B TPYIITY
Huzkonpoayuupyonme MYK O6bun BkitoueHs! 54
M30JITa, KOTOPbIEe CHHTE3WPOBAIH PAa3NUIHOE KO-
JMYECTBO ayKCHHa, Bapbupyromeecss oT 0,5 no 11
MKT/MJI ¥ 3TO cocTaBuiio 55,1 %. A Ko BTOpO# rpyIi-
ne ObTM OTHECEHBI 22 mTaMMa, MPOAYyLHPYIOLIHe
NYK B mpenemnax ot 14 mo 19,5 mxr/mn wnn 22.4
%. Tax, oTHOCHUTENBHO BBICOKOE coaepxkanne UYK
CBBIINIE 22 MKT/MJ OBIIO BBISBICHO y 21 mTamMmoB
(21,4 %), cpequ Hux 10 mrammos (10,2 %) oka-
3anmuch Jydmumu npoaynentamu UYK MSM17,
NI11, NB14, N10, V23, Cabl1, C11, L10-11, LbB7
n LbP9 mokasanu camslii Beicokmii ypoBeHb YK
oT 59 no 159 mrx/mn. Yposuu npoxykunn UVYK,
6nuzkue K 50 MI/J1 Wi IPEBHIIIAONTNE UX, OOBIYHO
CUUTAIOTCSl BBICOKMMH.

HekoTopsle nccrnenoBanns yKas3pIBalOT Ha TO,
yro cBoboanoxkuBymue (Chaudhary et al., 2002) u
CUMOMOTHYCCKHE a30TPUKCUPYIOITIE OAKTEPHH 00-
Jaat0T MOTEHIMAIOM YTHIIM3alUH YTIIEBOI0POJIOB.
Otn ¢akTel yKas3bIBAalOT Ha BO3MOXKHOE HAIMYWE
MMOYBCHHBIX OaKTepui, 00Janaromnux KOMOWHUPO-
BaHHBIM TOTEHIAJIOM JJIsl YTHIIM3AINN YTIIEBOJIO-
POIOB, QUKCALMHU a30Ta, @ TAKKE YCTOMYMBOCTH K
He(TAHBIM 3arps3HeHusaM. [loaTomy, oToOpaHHBIE
OakTepun, 00sajaoe BO3MOXKHOCTBIO K (HKca-
LMW a30Ta, MOTYT CTaTh IEHHBIMH OMOJIOTHYECKH-
MH CHUCTEMaMH, yJIy4IIAIOMUMH OHOpeMeTuanuio
oYB, 3arpsi3sHeHHBIX He(ThIo (Sorkhoh et al., 2010).

Jnsi CKpUHMHT@ HM30JIATOB Ha CHOCOOHOCTH K
(mkcanuu azoTa WCHOJB30BATACh 0€3a30THCTas
cpena Duou. M30m9ThI BRICEBAIM Ha MMOBEPXHOCTh
Cpenbl U WHKyOMpOBaIW B TEUCHHUE 3-5 AHEH MpH
28°C. OOpazoBaHUE XOPOIIIETO POCTa KOJIOHHH CBH-
JETETLCTBOBAJIO O CHMOCOOHOCTH M307ATa K (PHK-
caruu azota. M3 98 mpoBepeHHbIX TObKO 30 U30-
ATOB (hukcupoBamu a3zoT. Kpome Toro, 3 mramma
(Cabl1, Cl1u MSM25) npoayuupoBaiy Ciin3b, 9TO
SBIISICTCSI KOCBEHHBIM TPU3HAKOM TOTO, YTO OHH
CHUHTE3UPYET HK30IOJTUCAXapH/I.

OmanM n3 (GakTOpOB, JTUMHUTHPYIOIIUX CKO-
POCTb PAa3NIOKEHHST YTIIEBOJOPOAOB MUKPOOHBIMU
COOOIIECTBAMH, SIBISIETCS JTIOCTYHMHOCTh W MOTpPEO-
HOCThb TMHTATENbHBIX BEIIECTB, BKIOYAs MKeNe3o.
Muxkpoopranu3mbsl, CBS3aHHBIE C pu3ochepoil,

NPOAYUUPYIOT INHPOKHH CHEKTP CHUAECPOPOPOB.
U3zBectHo, uTO cuaepodopsl, CHHTE3yeMble OaKTe-
pHUsIMH, YYacTBYIOT B OHOAErpajali HETSIHBIX
YTIIEBOJIOPOJIOB TTOCPEICTBOM KOCBEHHOTO MeXa-
HU3Ma, o0Jjerdas yCBOGHHE >Keye3a Ierpagupylo-
NIMMH MHKPOOPTaHU3MaMH B cirydae JieuTa xeie-
3a (Barbeau et al., 2002).

Ha cnenytomem stame ckpuHuHTa BCe 98 BBI-
JINICHHBIX MHMKPOOPTaHU3MOB OBUIM HCCIIEJOBaHBI
Ha MpeaMeT TpoAyKIuu cuaepodopos. st oOHa-
pyXeHust cuaepodopoB MPOBOIWIN HHOKYJIISIIIHIO
n30JTOB B Teuenne 72 dacos mpu 30 °C Ha cpemy
CAS (Lynne et al, 2011). Cunepohop-ToiaoxKu-
TEJIHBIMU CYUTAIN TE€ U30JISITHI, Y KOTOPBIX HAOJFO-
JIaJTi N3MEHEHHUE [[BETA C CHHET'0 Ha OPaHKEBBIN BO-
KpyT MHOKYJIHpoBaHHOH obmactu. Tak, 9,1% nummn 9
W30JISITOB, Y KOTOPBIX TIPU CKPUHUHIE Ha arapoBoi
cpene CAS ObUIO OOHAPYKEHO HAIMYUE CHUICPO-
¢op, ocranbHbIe W30IATH 89, 9% HEe 00pa3oBbIBa-
W OpamkeBbIe 30HBI Tano Ha cpeae (PucyHok 4).
Takum 00pa3zoM, IITAMMBI, MPOAYLUHUPYIOLIHE CH-
nepodophl, SBISIOTCS 3KOJIOTUYECKH YHCTBIMH U
YCTOMYUBBIMH areHTaMH, KOTOpPbIE MOTYT CHOCO0-
CTBOBATH IMPOIIECCaM pEMEINAIIN U MOTYT OKa3aTh
BIUsIHUE B OOph0Oe co cTpeccoM pacteHuid. OTOOop
MEPCIIEKTUBHBIX ITaAMMOB OaKTepui, CEKpeTHPY-
IOIIMX cHAepodOpsl MOTYT BBICTYNATh KakK MOTEH-
UAITbHBIC HMHOKYJISTHTBI B CYIIECTBYFOIMX METOJaX
OYHUCTKH M MOT'YT IPUMEHSTHCS KaK MEePCIeKTHBHAS
U JKOJOTHYCCKH Oe30macHasi cTpaTerus s d¢-
(PEeKTHBHOTO BOCCTAHOBJICHHUSI He(Te3arps3HEHHBIX
nmouB (Ahmed& Holmstrom, 2014).

N3 98 nzomnsaros 12 (MSM16, MSM21, MSM25,
L5-6, L5-5, L5-2, L10-11, L10-4, L10-12, KPS,
KB9 u C10) nokasanu 0fHOBPEMEHHO MOJIOKHUTEb-
HBIN pe3ynbTar 1o 4etbipeM npusnakam (MUYK, pac-
TBOpeHHne QocdaroB, (UKcAHI0O U 00Pa30BaHUIO
cunepodopoB), CIIOCOOCTBYIONIUM POCTY pacTEHUH
(Pucynoxk 3). Kpome toro, mramm MSM25 nokazan
IIECTh TIPU3HAKOB, MOBBIIIAOIINX POCT PACTCHUI:
NVYK, pactBopenue ¢ocdaroB, GuKcanuio azora,
obpazoBannio cuaepodopoB, oOIamaT AMUIIONHU-
TUYECKOW W LEJUTIONO030JUTUHIECKON aKTHBHOCTBIO.
[Hrammer MSM16 u N10 mokazanu MONI0KHATETb-
HBIH pe3ynbpTaT 1Mo BceM msath PGPR mpusnakawm,
kak cuaTe3 YK, pactBopenne dhocdartos, pukca-
sl a3oTta, oOpasoBaHHE CHACPOPOPOB U LEIUIIO-
JI030THYECKON akTHBHOCTBIO. IllTamMvmper MSM21,
L5-5, L5-2 u L5-6 nemoHCTpHpoOBaiy cleayromnme
cBoiictea PGPR: ¢ukcanms azora, pacTBopeHme
¢docpaToB, obpazoBaHre CUIECPOPOPOB U MPOSBUIN
aKTUBHOCTD MPOTEa3bl, aMHJIA3bI U IEJITI0NA3HI.
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Pucynox 4

Konuuecmeso akmugnwix uzonsmos, oonadaiowux PGPR ceoticmeamu
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IItammer L10-4, L10-12, KP5, KB9 u C10 06-
JaIa’ny psiioM CBOMCTB Kak npoaykius MYK, pac-
TBOpeHue (ocdara, pukcanus azoTa, oOpazoBaHUe
cunepodop, KpoMe TOro, MpOAYLHHPOBAIH MPOTea-
3y, aMHJIa3y | HeJDTIoNasy.

Tabnuma 1 oTpaxaer pe3ysibTaThl KaueCTBCH-
HOM OIICHKH MPU3HAKOB, CBS3aHHBIX C POCTOCTUMY-
JUPYIOIIMMA CBOWCTBAMHM PACTEHUM TaKUMHU Kak:
nponykiuss MYK, dbukcamus azora, comroOnIm3a-
must ocdopa, 4TO BaXKHO IMPH BBHIOOPE KaHIWIA-
TOB-OMOMHOKYJISTHTOB JIJIsl CTUMYJIMPOBAHUS Pa3BU-
TUS PaCTEHUH.

Tadmuua 1
Panorcuposanue usonamog no konuuvecmsy PGPR-npusnaxos

Cpenn nccClaemOBaHHBIX KYJIbTYP OOJBITHH-
cTBO (76) IITaMMOB SBJSIIOTCS IPAMIIOI0KUTEIb-
HBIMH, 4YTO cocTaBisgeTr 77,5%, a ocTadbHBIMU
12 mrammoB (11,7%) oxaszanmuch rpaMmoTpuIa-
TenpHEIMU. HacTosimee nccnegoBaHme mMoKasza-
70, 9YTO OOJIBIIMHCTBO MITAMMOB, MPOIYIUPYIO-
mux MYK, saBasioTcss rpaMnoioXUTEIbHBIMH.
W3 naHHBIX TUTEpaTyphl CIEAYeT, YTO HEKOTO-
pble TPaMIIOJI0XUTEIbHBIE IMTAMMBI OTHOCSTCS
K OaxrepusMm pona Bacillus, N3BECTHBIM CBOEH
crocoOoHOCTRIO TTponynupoBaTth MYK (Wahyudi
etal., 2011).

Kosn-Bo PGPR-
M3onsaret IIpuznaku
MPU3HAKOB
NYK; pactBopenne pocdaros; puxcanus a3or;
L10-4, L10-12, KP5, KB9, C10 7 cuepoOphL; MPOTECOTUTHYECKAS, AaMUIOIUTHICCKAS 1

LIEJUTIONIO30JIUTHYECKast aKTUBHOCTH
NYK; pactBopenue docdaros; Gpukcaius azora;

MSM25 6 cuiepoOphl; AMUJIONIUTHYCCKAS U MIEILTFOI030IUTHIECKAS
AKTHBHOCTH
(ukcanus a3ora; pactBopeHue pocharos;

MSM21, L5-5, L5-2, L5-6 6 cUepo(OphL; MPOTECONUTHYECKAST, MHUJIOIUTHYECKAS U
LEJUTIOT030IUTHYECKasi aKTUBHOCTH
NVYK; pactBopenue pocdaros; puxcanus azora;
MSM16, N10 5 ;p p docdaros; puxcan ;
cuIepodOphL; U030 TUTHYECKAst aKTHBHOCTh
MSM16, MSM21, MSM25, L5-6, L5-5,
’ ’ . 4 NVYK; pactBopenue docdaros; Gpukcanus a3ota; cuuepodopst

L5-2,L10-11, L10-4, L10-12, KP5, KB9,

11
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PesynbraTel nccnenoBaHmil MOKa3bIBAIOT, YTO OT-
OOpaHHBIC INTaMMBI TIPEACTABILIFOT COOOW TepCIeK-
TUBHBIX KaHIUIATOB JJIs1 UCIIOJb30BAHUSI B KaUeCTBE
OVMOMHOKYJISTHTOB, TIpe/yiarasi yCTOWYMBYIO U SKOJIOTH-
YeCKU YHCTYIO CTpaTeruio OMOpeMenrayy MouB, 3a-
TPsI3HEHHBIX HE(PTSHBIMA yTIICOBIOpOoaaMu. biaromapst
ATUM TIPSIMBIM B KOCBEHHBIM 3()()eKTaM, BHI3bIBACMBIM
PGPR, oHM SBIISIOTCS MI€aIbHBIMU KaHAMIATaMH JIJIst
Pa3paboTKK ¥ KOMMEPIUATU3ALMH B KAYeCTBE OUOMHO-
KYJISTHTOB M (DUTOTIPOTEKTOPHBIX MUKPOOHBIX TTPOTYK-
TOB. D (heKTHBHBIE MHOTO(PYHKIMOHAIBHBIE [ITAMMBI
MOTYT OBITh UCTIOJB30BAHbI B KAUECTBE OMOMHOKYJISTH-
TOB KaK OTJICJIbHBIC IITAMMBI, TAK ¥ B KOMOWHAIHH IS
Oropemenmaniy Hedre3arpsa3HEHHBIX TIOYB.

KondumnkT naTepecos

ABTOpBI TIOATBEPXKAAIOT, YTO O3HAKOMIICHBI C
coJiep>)KaHUEeM CTaThbH U HE UMEIOT KOH(INKTA MH-
TEPECOB.

DuHAHCHPOBAHHUE

PaGora BrImomHEeHa B paMKax ~IPOEKTa
NeAP23489379 «DurocTtpaTerusi: BOCCTAaHOBIEHHE

MoYB ATHIpayCKOW 00JacTH, 3arps3HEHHBIX YyTJie-
BOJIOPOJIaMH C HCIIOJIH30BAHUEM PACTECHUN W OWO-
WHOKYJSIHTOB» Ha 2024-2026 TT. mpHu MOANEPIKKE
Komurera mHaykm MwuHHCTEpCTBa 00pa30BaHUS U
Hayku PecrryOnmku Kazaxcran.

BkJiax aBTopos

bepocanosa P.IK.: paspabomka xonyenyuu,
Memooon02Us, HaAyuHOe PYKOBOOCMBO, YNpasieHue
NPOEKMoM, pedaxmupoganue u 0opabomxa pyKo-
nucu.

Myxawesa T./].: pazpabomxa KoHyenyuu, Hayu-
HOe PYyKOBOOCMB0, pedaKmuposanue u 00pabomka
PYKonucu.

bexmuneyosa H.K.: ¢popmanvholli anaius, ea-
aUOayusl OaHHBIX, PeoaKmuposanue u 00pabomka
pyKonucu

Abaii I'.: npogedenue uccredoganus, coop u 0o-
padbomxa OanHwvIX, 8AIUOAYUSL OAHHBIX

Camwibanovr E.C.: nposedenue ucciedosanus,
coop u 0bpabomka OaHHbIX, BATUOAYUS OAHHBIX

Cuiovikbexosa P.K.: ¢popmanvuwiii ananus, éa-
auoayusi OaHHLIX, pedakmuposanue u 0opabomka
PYKOnucu.
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PEXXMM U AMHAMUKA UOHHO-COAEBOTO COCTABA BOADI
BOAOXPAHUAULLA TACOTKEAb U ETO NMPUTOKOB
(2014-2023 rr.)

[MprBeAeHbl pe3yAbTaTbl MHOTOAETHErO M3MEHEHWMS MUHEPAAM3aLMM M MOHHO-COAEBOr0O COCTaBa
BOAbI OAHOTO M3 Ba)KHEMLLMX MEAMOPATUBHbIX COOPY>KeHMi KaszaxcTtaHa — BoAOXpaHUAMLLA TaCOTKeAb
Ha p. Ly, ncnoab3yemoro B 0CHOBHOM AAst opolleHus 42,1 TbiC. ra 3emeAb B LLIyckom 1 MombIHKyM-
CKOM paitoHax >KaMObIACKO 06AaCTU. PacCMOTPEHO BAMSIHME OCHOBHbIX NPUTOKOB (KapabaaTta, Akcy,
TokTac) Ha hopMMpPOBaHME XMMMYECKOr0 COCTaBa BOAbl BOAOXPAHUAMLLA.

YcTaHoBA€HO, UTO B nepmoa ¢ 2014 no 2023 rr. o6uwas MMHEpPaAM3aLmMst BOAbI B BOAOXPaHMAMLLE
TacoTkeAb M3MeHsSAACh B peaeAax 289,3—714,2, cocTaBasisi B cpeaHem 556,9 + 11,0 Mr/am?, 1 He3Haum-
TEAbHO OTAMYAETCS OT CPEAHEN MMHEPAAM3ALIMM BOABI BEPXHEro yyacTka peku LLly 541,5 + 14,0 mr/am?.
boaee BbICOKYI0O MUHEpaAM3aUMio BOAbl MMeloT nputoku Kapabaata 1316,9+50,9 mr/am?, Akcy
773,4+16,8 mr/am® n Toktac 1050,0+ 38,0 mr/am®. B 1x MOHHOM cocTaBe yauie npeobAaAaIOT CyAb-
aTHble MOHbI U MOHbI HAaTPUS MAM MarHusi. Bo Bce ce30Hbl road, KpOMe OCEHHEro nepuoAa, Boaa
BOAOXPaHMAMLLA ObiAa KapOOHATHO-KaAbLIMEBOTO cocTaBa. OCeHbI0 BOAA BOAOXPAHMAMLLA MO KAACCH-
pukaumm O.A. AAeKMHa OTHOCUMAACh K CYAb(DaTHOMY KAQCCy, MarHMEBOWM UAM HAaTPUEBOWM rpyrnrne BTO-
poro Tuna. B 3ToT neproa npeo6AaAAIOLMMM COASIMU CTaHOBUMAMCL MgSO, 1 Na,SO,, NpMBHOCKMbIE
NPUTOKaMM.

BbisiBAEHO, UTO B HUXKHEM TedeHuun peku LLly (n. KoHaeB) 3adhmkcrMpoBaHO yBeAnUeHe MUHepa-
AM3aumm BoAbl Ha 80,1+ 13,4 Mr/aAM® MO CpaBHEHMIO C BEPXHMM Y4YacTKOM. B mocaeaHve Tpu roaa
nccaeaoBanms (2021-2023 rr.) HabAIOAAAOCL BOAEE BbICOKOE CPEAHErOAOBOE 3HAYEHME MUHEpPaAU-
3aumm Boabl pek Capbikay (1204,6+54,7), Kapabaata (1396,9+60,2), Akcy (812,3+23,2) 1 TokTac
(1153,8+58,9) no cpaBHEHMIO C NpeAbIAYLLMMK ropamm, cooTBeTcTBeHHO, Capbikay (1114,0+203,4),
Kapa6aata (1176,9+86,8), Akcy (725,2+21,2) n Toktac (925,0+£49,5).

OTHOCUTEABHO HM3Kasi MMHEPaAM3aLMsl BOAbI TaCOTKEAbCKOrO BOAOXPaHMAMLLA (MeHblie T r/am3)
1 npeobAasaHMe rMAPOKapOOHATHBIX COAEM KaAbLMSi OKa3blBaeT BGAAronpusTHOE MEAMOPATUBHOE BAM-
gHME Ha COAOHLIEBATble M LWEAOYHbIE MOYBbI palioHa UCCAeAOBaHUS. B cAyyae MCnoAb30BaHMS BOADI
pek KapabaaTa, Toktac u LLly AASI OPOLLEHUSt MAM TEXHMYECKUX LIEAEN BO3MOXXHO 0OpasoBaHue TBEP-
AbIX COAelt kapOoHaTa 1 CyAbdaTa KaAbLMs. BeposSTHOCTb MHTEHCMBHOMO OCaXKAEHUS 3TUX COAEN yBe-
AVMMBAETCS MPY HarpeBaHUM BOABI, YTO MOXKET MPMBECTU K 06Pa30BaHUIO HAKMIM U 3aCOPEHUIO TEX-
HMUeckoro ob6opyAoBaHms.

KaroueBble caoBa: TacoTkeAb, MMHeEpaAM3aLUmsi, MIOHHO-COAEBOM COCTaB, M’MAPOXMMMS, hbopmMrpo-
BaHMe XMMMUYECKOro COCTaBa BOAbI, 3KOAOT M.

S.M. Romanova“, A.S. Serikova, R.E. Makhmutova

«Institute of Zoology», Almaty, Kazakhstan
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Regime and dynamics of the ion-salt composition
of the Tasotkel reservoir and its tributaries (2014-2023)

This article examines the multi-year (2014—2023) changes in mineralization and the ionic-salt com-
position of one of Kazakhstan’s most important reclamation structures the Tasotkel Reservoir on the Shu
River. This reservoir serves as a primary water supply source for agriculture in the Shu and Moiynkum
districts of the Zhambyl region and is used for irrigating 42.1 thousand hectares of land. The study ana-
lyzes the impact of the main tributaries (Karabalta, Aksu, and Toktas) on the formation of the reservoir’s
chemical composition.

Between 2014 and 2023, the mineralization of the Tasotkel Reservoir varied within 289,3-714,2,
averaging (556,9 = 11,0) mg/dm?3, which is not significantly different from the average mineralization of
the upper section of the Shu River (541,5 + 14,0) mg/dm3. However, the high mineralization of the Kara-
balta (1316,9+51,0), Aksu (773,4+16,8), and Toktas (1050,0+38,0) rivers did not have a significant
impact on the overall salinity of the reservoir. Throughout all seasons except autumn, the reservoir water
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was of a carbonate-calcium composition. During autumn, according to Alekin O.A.’s classification, the
water belonged to the sulfate class and the magnesium or sodium group of the second type. During this
period, MgSO, and Na,SO, salts predominated, which was linked to the influence of the tributaries.

In the lower reaches of the Shu River (near Konaev settlement), an increase in water mineralization
by 80,1+ 13,4 mg/dm?® was recorded compared to the upper section. Over the last three years (2021-
2023), the average annual mineralization of the Sarykau (1204,6+54,7), Karabalta (1396,9+60,2),
Aksu (812,3+23,2), and Toktas (1153,8 +58,9) rivers was higher compared to previous years: Sarykau
(1114,0£203,4), Karabalta (1176,9+86,8), Aksu (725,2 +21,2), and Toktas (925,0 £ 49,5), respectively.

The relatively low mineralization of the Tasotkel Reservoir water (less than 1 g/dm?®) and the pre-
dominance of calcium bicarbonate have a beneficial reclamation effect on the saline and alkaline soils of
the study area. However, using water from the Karabalta, Toktas, and Shu rivers for irrigation or technical
purposes may lead to the formation of solid calcium carbonate and calcium sulfate salts. The likelihood
of intensive precipitation of carbonate and sulfate salts increases when the water is heated, potentially
leading to scale formation and clogging of technical equipment.

Keywords: Tasotkel, mineralization, ionic-salt composition, hydrochemistry, water chemical com-
position formation, ecology
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TaceTkeA cy KOMMACDhI )kdHe OHbIH, CaAaAapblHAAFbl CYAbIH,
MOHADBIK-TY3AbIK, KYpamMbl peXXMMi MeH AMHamukacbl (2014-2023 x.)

Makanraaa KasakcraHaarbl MaHbI3Abl MEAMOPALMSABIK, HbiCaHAAPAbIH 0ipi — )KamObIA 0BABICHIHBIH
LLly >xeHe MOWbIHKYM ayAaHAQPbIHAQ aybIA LWAPYALUbIAbIFbIH CYMEH KaMTaMachl3 eTyre apHaAfaH >KeHe
42,1 MbIH ra Xepai cyapyfa namaasaHbiAatbiH Ly e3eHiHaeri TaceTkeA Cy KOMMACbIHbIH MUHEPAAU-
3aUMACbl MEH MOHABI-TY3AbIK KypambliHbiH 2014—2023 >blAAQPAAFbl ©3repicTtepi 3epTTeaai. 3epTTey
GapbICbiHAA Heri3ri caraaapabiH (KapabaaTa, Akcy, ToKTac) Cy KOMMACbIHAAFbI XMMUSIAbIK, KYPaMHbIH,
KQAbINTaCyblHa 8Ccepi KApacTbIPbIAAbI.

2014-2023 xblAAQP apaAblfbiHAQ TaceTKkeA Cy KOMMacbIHAAFbl CYAbIH MUHepaAn3aumsicbl 289,3—
714,2, werinae e3repin, optawa meHi (556,9+11,0) mr/am® Kypaabl, 6ya LLly e3eHiHiH >KOFapfbl
arbICbIHAAFbI OpTalla MUHepaAn3aumsiaaH (541,5+14,0) mMr/am® aiTapAbIKTal anbipMaLLbIAbIFbl XOK,.
Anaiipa Kapabaata (1316,9+51,0), Akcy (773,4+16,8) >xaHe TokTac (1050,0+38,0) e3eHAepiHAEri
CYAbIH YKOFapbl MMHEPAAM3AUMSICbl CY KOMMACBIHbIH XaAAMbl TY3AbIAbIFbIHA alTapPAbIKTa 8Ccep eTrneA,.
Ky3 mesriaiHeH 6acka GapAblK, MayCbiIMAAPAA CYy KOMMACbIHbIH Cybl KaPOOHATTbI-KaAbLMIAAI Kypamaa
GOAABI. AA KY3AE CYAbIH XMMMSABIK, Kypambl AaeknH O.A. KaacCuMKaumMschbl 6oibIHILA CYyAbgATTbI
KAACKQ, eKiHLLi TUMTIH MarHMim Hemece HaTpui TOObIHA KaTaTbiHbl aHbIKTaAAbl. bya kesenHae MgSO,
>kaHe Na,SO, Ty3aapbl 6acbiM 60AABI, BYA CYy KOMMACbIHa KYSITbIH ©3EHAEPAIH 8cepiMeH GaiAaHbICTbI.

LLly e3eHiHiH TemeHri arbicbiHAQ (KOHaeB KeHTi) CyAblH MMHEPaAM3aLMSCbl XKOFApPFbl aFbiCKa Ka-
paraHaa 80,1+ 13,4 mr/am® xorapbl ekeHi aHbikTaAAbl. COHFbI yi Xbiaaa (2021-2023 >x.) Capbikay
(1204,6 £54,7), Kapabaata (1396,9+60,2), Akcy (812,3+23,2) >xaHe Tokrac (1153,8+58,9) e3eH-
AEpiHAEr MMHEPaAM3ALMSAHbBIH OpTalla XXbIAAbIK MBHI aAAbIHFbI XKbIAAQPMEH CAAbICTbIPFAHAQ >KOFapbl
6oAabl: conkeciHwe, Capbikay (1114,0+203,4), Kapabaata (1176,9+86,8), Akcy (725,2+21,2) xoHe
Tokrac (925,0+49,5).

TaceTkeA cy KOWMAaCbIHAQFbl CYAbIH — CaAbICTbIPDMAAbl  TYPAE TOMEH MWMHEepPaAM3aLMSsIChbl
(1 r/AM®-A€H TOMEH) XXOHE KaAbLM TMAPOKapBOHaTbIHbIH, 6aCbiM 6OAYbI 3€PTTEAreH aiMaK TbiH, COPTaH,
>KOHE CIATIAI TOMbIpaKTapbiHa >KaFbIMAbI MEAMOpPaALMSABIK, acep eteai. Aa Kapabaata, TokTac eHe
LLly e3eHAEpiHiH CyblH Cyapy HEMECE TEXHMKAAbIK, MaKcaTTapAa MamAaAaHy KesiHAE KaAbLMil Kapbo-
HaTbl MEH KaAbLMii CyAb(DATbIHbIH, KATTbl TY3AAPbIHbIH TY3iAyi MYMKiH. ©cipece, CyAblH KbI3AbIPbIAYbI
KapOOHaT neH CyAb(aT Ty3AapblHbIH KAPKbIHAbI LIOTY bIKTMMAAAbIFbIH apTTbIPbIN, GYA TEXHMKAABIK,
>kabAbIKTapAbIH GiTeAyiHe >koHe KaKTbIH nanAa 6OAybIHA OKEAYi MYMKIH.

Ty#iH ce3aep: TacoTkeA, MUHEpaAM3aLUMsi, MOHABI-TY3AbIK Kypam, TMAPOXUMUSI, CYAbIH XMMMUSIABIK,
KYPaMbIHbIH KAAbIMTaCybl, 3KOAOT M

Beenenue ra 3emenb B Illyckom 1 MoOWBIHKYMCKOM pailoHax
YKambbuickol obnmactu pecnyonuku Kaszaxcran. B
TacoTkenbckoe BOJOXpaHUIIMILE, TIOCTPOEHHOE  HacTosmee Bpems B KaszaxcTane spo3um mojBep-

Ha p. llly, ABisieTcss OCHOBHBIM BOJOCOOPHUKOM U TJIOCH OKosio 180 MJIH ra 3eMelnb, YTO COCTaBISIeT
UCIIONB3YETCs B OCHOBHOM JuLs opomieHus 42,1 teic.  60% Tepputopun crpansl. U3 Hux 41% nerpanu-
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poBano BcieactBue 3aconenus (Esembekova &
Esengeldieva, 2019; Kovda, 2008). B XKam0Os1CcKO#
00J1aCTH MOI3eMHBIE BOJIBI SBIISIFOTCS OCHOBHBIM HC-
TOYHHUKOM MHUTHEBOTO BOJOCHAOKEHMS HACEIeHMUs,
TOT/1a KaK MOBEPXHOCTHBIC BOABI IPEUMYIICCTBEH-
HO WCIOJIB3YIOTCS JUTSI HYK][ CEITBCKOTO XO3SHCTBA.

HecmoTps Ha Hamuume TaHHBIX O COCTAaBE BOJIBI
pexu lly n momzemubsix Box (Kaziev et al., 1971;
Zaurbek, 2005; Starodubtsev & Truskavetskii,
2007; Kunshygar & Kulebaev, 2011; Klimenko et
al., 2022), uccnenoBanue GOPMHUPOBAHUS XHUMUUE-
CKOTO cocTaBa BOJBI TacOTKENbCKOTO BOJOXpaHH-
JUINA U €r0 U3MEHEHHE B MHOTOJIETHEM IUKIIE JI0
CUX TIOp HE OBIIM TIOJTHOIEHHO M3Yy4YeHBI. B cBs3n
C 3TUM aKTyaJlbHbl HCCJIEIOBAHUS MOHHO-COJICBO-
ro coctaBa TacOTKENbCKOTO BOJOXPAHMIIMINA U €€
MPUTOKOB.

B pabote wncmonp30BaHBl OCHOBHBIE THIPO-
XUMHAYECKHE IO0Ka3aTeau BOAbI TacOTKEIbCKOTO
BOJIOXPAHIIIAIIA U €€ MPUTOKOB 3a mepuoy 2014—
2023 rr., onyOsukoBanHele B MHpopManmoHHbIX
OroNIeTeHsAX, a TaKkKe KaTaloKHble cBefeHns Kasz-
runpomera (Kazhydromet, 2014-2023).

Lemnpro nccnenoBanus SBISIETCS OIEHKA CE30H-
HBIX W TOJIOBBIX M3MEHEHHH HMOHHO-COJIEBOTO CO-
CTaBa BOJIbI BOJOXPAHUINIIA, a TAK)KE BIUSHHUE €ro
nputokoB Akcy, Tokrac, Kapabanrta u pexu Ly Ha
(opMupoBaHHE Ka4eCTBEHHOTO M KOJINYECTBEHHO-
TO COCTaBa BOJIBI.

TacoTkens — OHO U3 KPYITHEHIITNX BOTOXPAHH-
JIMIL B 10KHOU 4yacty JKamOsuickoit obiactu. OHO
pacnionoxeno Ha peke Ly, Hempamexo OT rpaHUIIBI C
Keipreizcranom. Bogoxpanunuiie ObIJI0 TOCTPOCHO
B 1963 roxay, a B 1974 romy mpomuio peKOHCTPYK-
IUIO U OBUIO MOBTOPHO BBEACHO B AKCILIyaTaLHUIO.
Ero o0mumii 006em cocrasisier 620 MIIH M3, 0JHAKO,
COIJIACHO YKa3aHHWIO OOJIACTHOTO KOMHTETa, M3-3a
CEeHCMUYIECKOM OTTaCHOCTH OBLIO pa3penIeHO HATIOI-
HSATb BOJOXPaHWIHILE TOJBKO 10 OTMETKHU 516,0 M,
9TO COOTBETCTBYeT 00Bbemy 420 muu M® (Krutov,
2020). /InuHa BOJOXpaHIIIUINA COCTABISCT 18 KM,
MakCcHManbHas MHUpWHA — 8,5 KM, MaKkCHMaibHas
riryOuna — 23 M, cpenusist riryouna — 8,1 m. TacoT-
KEeJIb SIBJISIETCS OJTHUM M3 BaXKHEHIINX MEITHOPATHB-
HBIX coopyxeHui Kazaxcrana. Bmoss ero Oeperos
PacTooKeHbl pa3INYHble MPUPOTHBIE CTAHIINU H
rmacrouia.

Pexa Illy nporekaer no teppuropun Kaszax-
crana u Kelpreizcrana, oxsarbeiBas Koppaaiickuii,
[yckuit, MolibiaKyMcknid 1 CapbICyCKUil pailoHbI
JKam6buickort obmactu. OHa dopmupyercs B pe-
3yabTaTe causiHug pek JKyanapbeik u Komkapkour,
OepylmMx Hadaio ¢ JeAHUKOB Tepckel Anaray u

Kuprusckoro xpe0ta, n BnagaeT B ALIBIKOIb-AK-
JKaWKpIHCKYT0 BraauHy. O6mas mmHaa [y cocras-
nset 1186 kM, U3 koTopblx 850 KM MPOXOAAT IO
tepputopun Kazaxcrana. [lmomans BogocO0pHOTO
baccetina — 200,36 TeICc. kM2, U3 HUX 164,56 THIC.
km? mpuHamnexkar Kazaxcrany. ¥ pexu Illy okomo
80 mpuTokoB. B cpeaHem TeueHUHU LIMpHUHA pycia
cocrasisier 50-100 M, B HmxHeM — 40-60 M. Oc-
HOBHBIE UCTOUYHUKH MUTAHUS — JICTHUKOBBIC, CHETO-
BBIC, TIOJI3EMHBIC U IOKICBBIC BOBI.

Peka Kapabanra pacnionoxena B gonuae Iy u
MIPOTEKAET ¢ Iora Ha CEBEP BIIOJIb yKJIOHA. Ee obmas
muHa — 129 kM, U3 KOTOPBIX 26 KM HaXoAATCs Ha
tepputopun Kaszaxcrana. IllupuHa pycma cocras-
asieT 4—-6 M, HA HEKOTOPBIX YYacTKax JOCTUTaeT
6—12 wm. I'my6una pexu Bapsupyet oT 0,2 10 1,0 M,
ckopocth TedeHus: — 0,5-2,0 M/c, muomanb BOJO-
coopa — 577 xm?. OCHOBHOE NHTaHHUE PEKH 00e-
CIICYMBACTCS JICTHUKOBBIMU U TAJILIMU CHETOBBIMHU
BojamMu. [10YBBI BIOTH PEKHU CIIOKEHBI AJTIOBHAITb-
HO-TIPOJIIOBUATIBHBIMU OTJIOKEHUSAMH HEOTCH-YET-
BEPTUIHOTO BO3PACTA, COCTOSIIIIUMHA U3 KPYITHO3EP-
HUCTBIX TECYAHO-TJIMHUCTBIX Mopon (Samibaeva,
2018).

Ha tepputopuu Keipreizcrana, B ropoae Kapa-
banta, ¢ 1955 roga pynkunonupyer Kapa-bantun-
CKUI TOpHO-000TaTUTEILHBIA KOMOUHAT, 3aHIMAFO-
i mwiomans 550 km2.

Pexa Toxmac (Toxmaw) npoTekaeT MO Tep-
putopun Mepkenckoro u Ilyckoro paiioHos. Ee
oOmrast ImuHA cocTaBiseT 115 kM, U3 KOTOphIX 32
kM HaxomsaTcs B Kaszaxcrade, 1uromanb BOJOCOO-
pa— 660 km?. McTOk peku pacnosio’KeH Ha JIeIHU-
kax Kuprusckoro xpedra. B Bepxuem u cpemnem
TEYCHUHU OHA MTPOTEKALCT YepPe3 KPYThIe OOPHIBUCTHIC
yiienbs. [luranme peku OCYIIECTBISICTCS 3a CUET
CHETOBBIX, JICTHUKOBBIX U MOJ3EMHBIX BOA. B 3uM-
HUU TIeproJ (Iekadpb—(peBpasib) Pyciao 3aMep3acT.
bepera pexu HCMONb3yHOTCS KaK CEHOKOCHBIE YIO-
Ibsi. Boma akTWBHO MPUMEHSETCS IJIST OPOIICHUS
CEIBCKOXO3SIICTBEHHBIX YTOIUM.

Pexa Axcy — nessrit mputok Iy, Oeper nHagano
Ha CeBEepHBIX CKIIoOHax Kuprusckoro xpedTa. lmuHa
peku coctapisiet 155 kum, 3 Hux 20,09 kM HaXOqUT-
cs B Kazaxcrane, miomans Bogocoopa — 483 kv B
OacceifHe peKr HACUUTHIBACTCS 5 MajIbIX IMPUTOKOB
oOIIIe# JUIMHOM 5 KM M HECKOJIBKO HEOOJIBIITNX 03ep
obuiel miomanaso 0osee 4,2 kM2 OCHOBHOE ITHUTa-
HUE 00eCIeYrBaeTCsl JIGAHUKOBBIMU U CHETOBBIMH
Bogamu. Okosio 70% TOMOBOTO CTOKA MPUXOTUTCS
Ha Mepuoj ¢ Mas 1o utoib. Boga npecnas, cpeausis
muHepanm3aius cocrabisger 130-140 mr/am® (mo
nmanabM 2003 rona). Bona pexkn AKCy MIMPOKO UC-
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MIOJIB3YETCSI JJ1s1 OPOLIEHHUS CETbCKOXO03HCTBEHHBIX
yroauii (Ayagan, 2003).

Pexa Capuwikay B npenenax tepputopun Keip-
reI3cTaHa HasbBaeTcs Caproy, omaHako HWHGpOpMa-
s 0 Hell BecbMa orpaHndeHa. OCHOBHBIE THIPOXH-
MUYECKHEe MOKa3aTeln U PACcXO]] BOJIBI IPHUBEICHBI
tonbko Kaszruapomerom [7-8].

Teppuropust KaMObUICKON 007aCTH OTHOCHT-
cs k 30He pacronoxenus Lly-Capricylickoro 6ac-
ceifHa, KOTOpBIA TMpPEJCTaBIgeT COOOW KpPYIHYIO
THJIPOTEO0JIOTMUECKYI0 CTPYKTYpPY, BKIIIOUYAIOIIYIO
MTOPUCTHIE ¥ TJIACTOBBIC TIOJ3EMHBIC BOIBI. JlaHHBIH
OacceifH xapakTepu3yeTcss MOIHBIMU HEOTeH-Kaki-
HO30MCKUMH PBIXJIBIMH OTJIOKEHUSIMU. OCHOBHBIMH
HUCTOYHUKAMH MHUTaHUs MPECHBIX M ClIadOMHUHEpa-
JU30BaHHBIX IOJ3EMHBIX BOX SABJSIOTCS Kuprus-
ckuil Anaray u xpeodet Kaparay.

OO0mmii pacxo] TOI3EMHBIX BOJ COCTABIICT
261,19 M*/c, U3 KOTOPBIX BOJBI C MUHEPATU3AIUCH
mo 1 v/m — 172,84 m3/c, a BOIBI ¢ MUHEpaTU3aIn-
et ot 1 go 3 r/nm — 87,36 m*/c. MyxamepkaHOBBIM
M.A. yCTaHOBIIEHO, YTO H3MEHEHHE KIMMaTHhye-
CKHX YCJIOBUH HE OKa3aJl0 3HAUYUTEJILHOTO BIMSHUSA
Ha (OPMHUPOBAHUE TOA3EMHBIX BOJHBIX PECYPCOB
B nanHoM perunone (Mukhamedzhanov & Tleuova,
2024).

Knumat ceBepHBIX paBHUH U LEHTPAIBHBIX J10-
JINH 3aCylUIUBbIA. JIeTHUE MecsIbl OUEHb JKapKHE,
CpeaHss TemMIepaTypa B utoje cocraniser 21-25°C,
MoxeT nocturath 45-48°C. 3umMoit B ceBepHOM
YacTH CpeAHsisl TeMIepaTypa BapbUpyeT OT —8 J0
—12°C, B 10%HBIX paiionax — ot —4 mo —7°C.

l'ogoBoe KONMMUYECTBO OCAAKOB Ha paBHUHE
coctaBmsuio 140-220 MM, B cpemHeM 135 MM, a B
npearopbsax —210-330 MM, B TOPHBIX paliloHaX peKH
[y — ot 363 1o 501 mMm. IIpn 3TOM MakcUMabHBIC
0CaJIKH MIPUXOAATCS Ha 3UMY U BecHy (Mustafaev et
al., 2019).

B paBHUHHBIX pailoHaX M3-3a CHJIBHBIX BETPOB
W HeIoCTaTKa BJIAard HCMApIeMOCTh JOCTHTaia
1000 mM. HauBelcmmii ypoBeHb HCIApEeHHs Ha-
OJIroTasIcs B MIOJIE, @ CaMbli HU3KHUI — B HOSIOpE.

B ropubix paiionax JKamOsuickoit obnactu
BEIMYMHA HCIAPSIEeMOCTH HW3MEHSIach B 3aBUCH-
MOCTH OT a0COJIFOTHOW BBICOTHI: Ha BbicoTe 2000—
2500 m — 480-500 mm; Ha 3300 M — cHMKaAJIaCh
10 230-290 mMm. B mpearopHsix paBHHHaxX HcHa-
pseMocCTh BappupoBasia B mpeaenax 630-790 mwm,
B cpenHeM cocrtaBisuia 570 mm (Batabergenova,
1978; Nekrasov, 1987).

B ropubix paidionax Kuprusckoro xpeGta
CPETHEMHOTOJIETHEE KOJHYECTBO aTMOC(EPHBIX

0ocaJkoB u3MeHsuioch B mpeaenax 600-800 mwm.
B mpenropHeix paBHHHAaX KOJUYECTBO OCAIKOB
3a MHOTOJIETHMH MEpHOJa BapbHpoBalo OT 129—
240 MM 1o 555-610 MM, B cpeaHEM COCTaBIISLIO
327-397 mMm. PacnpepeneHue ocakoB B Teue-
HUE TOJa HEpaBHOMEpPHOE, WX HAMOONBIINH 00B-
€M MPHUXOIUIICS Ha TEIUIbI CEe30H, MaKCUMAaJbHOE
KOJIMYECTBO OCAIKOB BBIMTAJAJIO B Mae, a Ha BHICOTE
2000 M — B HIOHE-HIOIE.

DopMHUpPOBaHHE XWMHUYECKOTO COCTaBa BOJIBI,
pasHooOpasue COJEeBOro COoCTaBa M NPOTEKaHHE
MPOIIECCOB €0 (POPMUPOBAHUS HATIPSIMYIO 3aBHCST
OT OKpYy>Karolei cpeasl (KIumMara, IOYBEHHOTO TM0-
KpOBa, COJIEpKaHMs W BHJIOB MHUHEPAJIOB B 3€MHOM
KOpE, JOHHBIX OTJII0KEHHUH, LIBETECHUS BOJIBI, MOP(O-
METPUYECKUX M THUAPOJIOTHYECKHX XapaKTCPHUCTUK
u ap.). Jdns pex oCHOBHBIMH NMPHUPOIHBIMH (HAKTO-
pamu SBISAIOTCS 00BEM BOABI M UTMHA PEKH, a IS
BOJIOXPAaHMIIHUIL — IJIONIA]Ib, CPEAHSS K MaKCUMaJlb-
Has TIyOWHBI, 00bEM BOJBI M IPUTOK peK. Bimsror
TaKXe U aHTPOIIOTEHHBIE (aKTOPbI: PEryIMPOBAHHE
PEYHOTO CTOKA, UCTIOIH30BAHNE BOABI ISl OpOIIIe-
HUSI, TIOCTYIUICHHE 3arps3HSIOMNX BEIECTB B BO-
ITHBIC OOBEKTHI U .

B Boze, Kak 1 B MouBe, BCTPEUAIOTCS pa3IndHbIe
comm NaCl, Na,SO,, NaHCO;, MgCl,, Mg(HCO,),,
CaS0,, Ca(HCO;),, HO B pa3HbIX COOTHOIICHUIX. B
pe3ynbTaTe OpOIIeHNUs, UCTIAPEHHUS X ITOIbeMa IPyH-
TOBBIX BOJ] CO/IEP>)KaHUE ITUX COJIEH B TOUBE MOKET
YBEIMYUBATHCS. XOTs 00IIee KOJINYECTBO COJeH B
MOYBE MOKET OBITh OAMHAKOBBIM, OJJHAKO COOTHO-
[IEHHE WX KaUYeCTBEHHOTO M KOJUYECTBEHHOTO CO-
ctaBa pasznuyaercs. Kak mpaBuiio, 3T0 HampsiMyro
CBSA3aHO C THIIOTETHYECKUM COJIEBBIM COCTaBOM KakK
MOJ3EMHBIX, TaK U MOBEPXHOCTHBIX BOJ, IIOCTYIAI0-
IIMX B MOYBY. BBICOKast KOHIIGHTpAIHS HEKOTOPBIX
CoJieli MOKET BBICTYNATh B KaueCTBE TOKCHKAHTa
JUISL pACTEHU I, HEraTUBHO BJIUSIS HA POCT U ypOXKaii-
HOCTb COJICUYBCTBHUTEJBHBIX KynbTyp (Mamontov
etal., 2012).

Ilockonpky TacoTkelnckoe BOJOXpaHMIHUILE
PacroiokKeHo B apuIHOW 30HE, C arPOHOMHYECKOI
TOYKH 3pEHHS BaKHBIM IOKa3aTeJeM IPH €ro Mc-
MOJIB30BAaHUM JJII OPOIICHHUS SIBISETCS OTpee-
JICHWE COOTHOIICHUS! TOKCHYHBIX M HETOKCHYHBIX
cosieid B Bojie. TOKCHYHOCTD COJEl JIsl pacTeHUi
M3MeHsieTcsl B cueayronieMm mopsinke (Minashina,
1974): owenp omacupie —Na2CO3> NaHCO3 >
NaCl; omacubie — CaCl2, MgCl2, Na2SO4; maio-
onacHsie — MgSO4, CaSO4.

B »ToM OTHOIIEHMH BBICOKHE KOHIIECHTpAIUU
HaTpueBbIX coleil (ocoberno Na,CO; nu NaHCO;)
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MOTYT MPHUBECTH K 3aCOJIEHMIO MOYBHI M yXyJIle-
HUIO €€ arpoXMMUYecKux cBoWcTB. Iloaromy cu-
CTEMaTHYEeCKUI aHaJIM3 HOHHOTO COCTaBa BOJBI,
WCTIONIB3yEeMOM JUI OPOIICHHSA, SIBISETCS BaXKHOU
3anaveii (Chowdary et al., 2005; Cruz et al., 2013).

Lenpro JaHHOTO WCCIIEOBAHUS ABISIOCH M3Y-
YUTHh OCHOBHBIE THIPOXUMUYECKHE TIOKA3aTEIN BO-
JoXpaHwiIna TacoTKeIb U ee MPUTOKOB B MEPHO
2014-2023 rr., npoBeCTH aHAIU3 U3MEHEHHUS HNOH-
HO-COJIEBOT0 cocTaBa BojblI pekn llly mo m mocne
BOJIOXPAHWININA B pa3iMyuHbIe FOJbl U ce30HbI. Mc-
CJIEIOBAaHHE COJIEBBIX B3aUMOJIECUCTBUM B BOJHBIX
00BEKTaxX, OIEHKa KadecTBa BOJbI, OINpEACICHUE
BO3MOXKHOCTH OCaXICHHS KapOoHaTa W cyibdara
KaJIbIUsI B BOJOXPAHWIMILE MO3BOJISIET JaTh PEKO-
MEH/IalMU 10 WCTIOJIB30BAHHUIO BOJBI B MPPHUTAIIH-
OHHBIX U TEXHUUYECKUX LEIX.

MarepuaJjibl 1 METO/bI

HccnenoBanue npoBeeHO MyTEM aHAIU3a Mep-
BUYHBIX KaJaCTPOBBIX U MOHUTOPUHTOBBIX JAHHBIX
Kasrunpomera, coopannsix B 2014-2023 rr. [7-8].
Jl1s omieHKH M3MEHEHUH (PU3NKO-XUMHYECKUX TI0-
KazaTeled BOJBI pPaccMaTPUBAIUCH CIEIYIOLIUE
rapaMeTphl: TeMIepaTypa, pacxoj BOJIbl, BOJOPO/I-
HBI TOKa3zarens (pH), comepikaHue W HACHIIICH-
HOCTH PACTBOPECHHBIM KHCJIOPOJIOM, KOHIICHTPAITHS
I1aBHBIX MOHOB. Kpome Toro, st cpaBHUTEIBHO-
ro a"ajn3a MUHEpalu3aluu BoAbl TaCOTKEICKOTO
BOJIOXPAHIIIUIIA OBLTH HUCIOIB30BAHBI COOCTBCH-

Taomuna 1

HbIC JTaHHbIe aBTOpoB 3a utonb 2004 u 2007 ronos
(Krupa, 2012).

Bce BomHbIe 00BEKTHI OepyT Havajio Ha Tep-
putopun KeipreisctaHa. Hamu uccrnenoBaHsl 3TH
00BexThl Ha TeppuTopun Kazaxcrana: TacoTkens-
CcKoe BomoxpaHwiHiie B XKaMObUICKOH 00MacTu u
peKH, cTaOMIBHO MUTAIOLINE €T0 C IOT0-BOCTOYHON
ctopons! Akcy, Tokram, KapaGanra, a Takxe peka
Capsikay, Bnagaromas B p. Ly mocie Bogoxpanu-
mumia (Puc. 1). ['unpomnocT BepxHEro TeUCHUS PEKU
Iy pacnonoxeH B 2,8 KM OT rpaHuilsl Kelprsiz-
crana, BOnm3u cena Kaiirmap, Kopmaiickoro paiio-
Ha. ['maponoctel pex Capsikay, Tokram n Kapa-
OasiTa HAXOAATCS B MPUTPAHUTIHON 30HE, TOTJa KaK
TUAPONOCT peku AKcy pacnonoxeH B 16,09 km
oT rpanuisl Kelprei3crana, HUKE MO TEYCHHUIO OT
AKCyCKOT0 BojoXpaHWInIa Ha 7,99 kM, BOIU3M
cerma Akcy. ['mapomocT HW)XHETrO TeUeHHUs peKu
Iy pacnonoxen B 47,65 kM oT TacoTkenbckoro
Bonoxpanwmimima, BOmm3nu cena Konaes. IlomHbie
JaHHBIE HCCIEAYEMBIX O0OBEKTOB IIPUBEICHBI B Ta-
omure 1.

Knaccudpukanys XMMHYECKOTO COCTaBa BOJBI
nposeaena o O.A. Anexuny (Alekin, 1970). Ouen-
Ka pacTBOPUMOCTH COJIEH B BOJIE OCYIIECTBIISIACH
IIyTEM pacyeTa B3auMoIeHCTBUIA HOHOB. M cnoib30-
BaHBI OCHOBHBIe KatnoHbl Ca**, Mg?", Na* + K* u
aanonsl SO,%, CI°, HCOg'. /lns cBsA3bIBaHUS MOHOB
B TMIIOTETUYECKHE COJIM KOHIIEHTPAIMsl OCHOBHBIX
HMOHOB BOJBI TOJDKHA OBITH BRIPAKCHA B MMOJIB/IM>
9KB.).

Teoepagpuueckue u cuoponocuyeckue Xapakmepucmuki UCCIeoyembix 00beKmos

BBICOTA HAJ KOOp/AMHATA
00bEeKThI JJTAHA B YaCTH CKOpOCTH pacxon KOJIM-
YpoBHEM Mope, K /¢ BOmBI, M*/c  4YecTBO
HCCIIe0BAHMS " Jonrora 1mpoTa a3axcraHa, KM Te4deHue, M bI,
Iy (Kaiinap) 526,32 43.291862 74.197591 30,00 1,28 70,0 62
TokTac 575,58 43.128624 73.879763 32,00 0,51 1,18 72
Axcy 530,10 43.250663 74.016463 20,09 1,50 14,2 65
Kapa6anra 546,41 43.224598 74.048832 26,46 1,06 0,45 66
Capbikay 583,08 43.118456 73.798775 61,91 0,24 0,81 56
Iy (Konaes) 456,31 43.627941 73.811315 47,65 1,17 46,96 44
TacoTkesn 499,00 43.383556 73.899202 18,00 HEeT JaHHBIX  Her maHHBIX 38
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Pucynox 1

Cxema Tacomxkenvbckoco eoboxpanwmma u enadaiou,mx 6 Heco peK

OmnpeneneHue TUMIOTETHYECKOTO COJIEBOIO CO-
CTaBa HANpsMYIO CBS3aHO C PAaCTBOPHMOCTBIO CO-
neil. BHayase cBsA3bIBaNIN MEHEE pacCTBOPUMEBIE COITU
U Jlaree CONM C YBEIWYMBAIONIEHCS pacTBOPUMO-
CThl0. B KauecTBe mpumMepa paccMOTPEHBI AaHHbIE
o peke Tokrac 3a okTss0ps 2022 Tona.

KaTHOHbI, MMOJIb/JIM> DKB. AQHUOHBI, MMOJI/IM® DKB.

Ca? 4,53 HCO, 4,46
Mg** 6,87 SO4* 9,24
Na*+K* 3,44 Cl 1,14
> 14,84 A 14,84

IIpy CIOXKEHWH BEJIWYHH CyMMa KaTHOHOB
paBHa cymMe aHHOHOB. Jlanee, B COOTBETCTBUU C
knaccuduranuein Jlepuenko (Levchenko, 1953),
Ha OCHOBE coeAuHEHWH coneil B peke Tokrac
OTIPEICIANIA WX DSKBUBAJICHTHBIC KOHIICHTPAIINH:
Ca(HCO;), — 4,46; MgSO, — 6,87; Na,SO, — 2,30;
NaCl - 1,14; CaSO, — 0,07 MMOJb/aM> DKB.

Ha ocHOBe 3KBHBAJICHTHOTO COCTaBa pPACCUU-
THIBAJI a0COIOTHOE KOJMYECTBO COJieH (B cymMme
nomkHo ObITh 100 % 9KB.):

Ca(HCO,), — 4,46 * 81=361,26Mr/mv* (30,04% 5kB.);
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3. KapaGanta
| 4. TokTac
5. Capsikay
6. 1lly (Konaes)
7. TacOTKETH

MgSO, - 6,87 * 60=410,40 mr/am’ (46,27% 5kB.);
Na SO, -2,30 * 71=163,30 mr/am* (15,53% 5kB.);
NaCl — 1,14 * 58,5=66,69 mr/am?® (7,67% 5kB.);
CaSO, - 0,07 * 68=4,76 mr/am’ (0,49% 5kB.).

Ha ocHOBe mMONYYEHHBIX JaHHBIX TPOBOJH-
U aHaMW3 W3MEHEHWH WOHHO-COJIEBOTO COCTaBa
BOJIBI HCCJIETyEMbIX O0OBEKTOB B Pa3IMYHBIC CE30HBI
2014-2023 rr. UTak, B Boae p. TokTarm mo mokasa-
TeJsIM 32 OKTSIOph 2022 T0/1a BBISIBIICHBI TISITh BUJIOB
conelt: THAPOKapOOHAT KalbIHs, Cyab(haT MarHus,
cynb(haT HATpHsl, XJIOPUI HATPUS U CYJIb(]AT Kaib-
. Ilo xmaccudukanuu O.A. AjeKuHa Boja OT-
HOCHJIACh K CYJIb(aTHOMY KIIACCY, TPYIIE MarHUs
BTOPOTO TUMA, UHIEKC SM¢ .

Pe3yabTaThl M X 00CyKIEHUE

3uaueHuss pH pedHbIX BOJI BO BCEX BOOEMax
BappupoBasid B npenenax 7,10-8,50. Oto cBume-
TEILCTBOBAJIO O TOM, YTO BOJA BO BCE CE30HEI TOJa
COXpaHsjia CTaOMJIBHYIO, Yalle CJIado0 IEI0YHYIO
peaKIuio.
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[To mokasarensiM KECTKOCTH HanOOJbLINE 3HA-
YeHHsI B TeUeHUe OOIbIIeii 9acTu roaa 3apuKCupo-
BaHHI B pekax: Kapabanra (6,46—22,28 Mr-akB/am?),
Caprikay (6,00-18,22 mr-sxs/nm?) u Tokrac (5,76—
15,09 mr-skB/am3). MakcumanbHas KECTKOCTb B
peke Kapabanra ormeueHna B netauii mepuona 2014—
2020 rr., 14,0-22,3 mr-sks/mm>. DTO CBSI3aHO CO
CHIDKEHHEM YpPOBHS BOJBI M TIOBBIIIEHUEM TEMIIe-
patypsl. [Tocie 2020 roga >xecTKOCTb BOBI CTa0H-
Tu3upoBanachk B mpenenax 7,22—11,80 Mr-sks/mm3.
Takxum oOpa3zom, Boja pexu Kapabanra xapakrepu-
30Bajiach BBICOKOW KECTKOCTBIO, 32 MCKIIOYCHHEM
mtons 2016 roxa, korna ObUT 3aperUCTPUPOBAH M-
HUYHBIN ciydall yMepeHHO# xkecTkoct 4,46 Mr-
skB/am®. Bona pex Tokrac n Capeikay Ha IpOTsIKe-
HUU BCErO I'0J1a 0CTABAJIACH HKECTKOM.

OOmast KeCTKOCTh BOABI pekH AKCy Ba-
ppUpOBaJIa OT MSTKOM [0 YMEpPEHHO JKECTKOW,
4,04-10,59 mr-skB/aM®, cocTaBisii B CpeaHEM

Tabaumna 2

7,63+0,15 mr-ske/mm®. JKecTKOCTh BOJIBI B peKe
[y yBennuuBanach BHU3 IO TEUECHUIO. B BepxHeM
ydJacTke, B paiioHe nocenka Kaiinap, 3HaueHus Ba-
peupoBamu ot 3,8 10 7,2 Mr-sks/am* (B cpemHem
5,48 Mr-ske/mm?), Torga Kak B HIDKHEM Y4YacTKe
pekwu, Ha Tuaponiocty KoHaeB, )KeCTKOCTh COCTaB-
nsuta 4,54-8,08 mr-ske/mm® (B cpegnem 6,15 mr-
9kB/am?). B Bomoxpanwmine TacoTkenh 3HAYCHUS
JKECTKOCTH HAXOAWIUCH B mpenenax 2,35-6,47 mr-
9KB/AM?, B cpemHeM 5,29 wmr-skB/am>. XKecTkocTh
BOJIbI B BOJIOXpaHWIHIIE TacoTKenb Majlo OTIHYa-
Jack OT JkecTkocTu Boawl peku llly, ocraBasch B
npeaenax CpeIHUX BEIIUYUH.

ITo mokazaTensM HACBIIIEHUS BOIBI KHCIOPO-
JIOM BCE HCCIIeJlyeMble OOBEKTHl B TCUCHHUE TOja
OCTABAIMCH B OOJBIIIMHCTBE CIIYIacB OUCHBb YUCTHI-
MU WK 9uCcThIMA. OCOOCHHO BBICOKOE COJIEpIKAHHE
KHUCJIOpOJa HAOI01aI0Ch B MIEPUOIBI HU3KUX TEM-
nepaTyp BoasI (Tabnuma 2).

IlpeoenvHble 3HaUEHUS OCHOBHBIX PUIUYECKUX U 2UOPOXUMUYECKUX NOKaA3ameell 600HblX 0Ovbekmos 3a 20142023 ze.

O2 KOCTKaACTh Mnﬂepaﬂn3aunﬂ
O0BbeKThI o
HCCIeT0BAHHA t,°C pH Mmr/om? MT-DKB/IM2 Mr/am3
% HaCbIIIEHIE cpenHue cpenHue
72-13.9 2.35-6.47 289.3-714.2
TacoTkeJb 2,0-28.0 7,40-8.,40 58113 5.2940.12 556.9411.0
5 8.1-12.4 3.80-7.20 408,9-994.8
Illy (Kaiinap) 2,2-25,0 7,50-8,50 71-120 5,47+0,08 55754140
72-13,4 4,04-10,59 435,2-1244.5
Akey 1,4-29.2 7,10-8,50 69-104 7.63£0.15 773,4+16,8
6.5-14.0 4.64-22.28 539,0-2054.0
Kapabaara 0,5-30,2 7,30-8,50 72-118 10,37+0,37 1316,9451,0
6.4-13.6 5.76-15,09 642.0-1959.0
Toxrac 0,6-30,2 7,20-8,50 74-115 9,52+0,24 1050,0+£38.0
7.4-14.9 434-8.01 447.2-897.8
Iy (Konaes) 1,6-25,2 7,50-8,50 58103 6.1540.12 621,6+13.4
6.2-13.4 6.40-18.22 695.9-1796.4
Capuiiay 1,0-31,2 7,80-8,35 73-135 10,19+0,30 1156,0+34,6

B MHOrONETHEM IMKIIE MHUHEPATU3aIUs BOJIBI
pek Tokrac, Kapabanra u Akcy koje0anach B IIu-
pokux npenenax ot 435,2 1o 2054,0 mr/am?®, To ecTh
BOJIa MIPUTOKOB M3MEHSJIACH OT OTHOCUTEIHHO I0-
BBIIICHHON COJIEHOCTH IO COJIOHOBAaTOM. MuHepa-
yu3anus Bojibl peku KapabanTa BapbupoBaa B mpe-
nenax 539,0-2054,0 mr/am®, B cpeiHeM COCTaBIIsIa
1316,9+50,9 mr/nmm3. B ocenHee Bpems Toj1a HA0JO-
JTAIOCh CHW)KEHWE TpaaueHTa MHHepann3anuu. B
nepuoa ¢ 2021 mo 2023 rox oTMeyanoch 3aMeTHOE

yYBEJIMUECHHE MHUHepaiu3auuu B pekax Toxrac, Ca-
peikay, Kapabanra u Akcy (pUCyHOK 2).
MuHepanu3zanus BoJbl B BoAOXpaHuiumie Tac-
oTtkenb B 2014-2023 romax BapbupoBaja B mpene-
nax 289,3-714,2 mr/aM?, co cpeaHHM 3HaYEHHEM
556,9+10,9 mMr/am®, mpuueM HaMMEHBIIICe 3HAYCHUE
obu10 oTMedeno 3umoit 2020 1. Ilo G6omee paHHUM
nmanabM (Krupa, 2012)B netnue neproast 2002 1 u
2007 r MuHepanu3ays BOAbl BOJOXPAHUIIUILA HE
BbIxouia 3a npeaenst 400,0 mr/om®. 3a nocienHue
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JeCATh JIET MUHEPAIU3alusl BOJbI B JIETHEE BpeMs
yBenmuunack B 1,42 pasa.

Munepanuzanust Boasl B peke Ly u Bogoxpa-
Humie TacoTkens uMmena 6nmskue 3Hauenus. Of-
HaKO HaOJIOAaIoCh yBEIMUYCHHE MUHEpaTu3alun
Boabl peku llly Ha BBIXOZE M3 BOJOXPAaHWIHIIA.
B wucchenyemblii mepuo ObUIO BBISBICHO MOCTE-
MEHHOE TOBBINICHUE MUHEPAIN3aI[MH BIOJb Tede-
nus pexu, Ha 80,0 mr/am3. Ilpexacrasnser uHTEpEC
MIPUBECTH JAAHHBIE MPEKHUX JeT 3a 1984-1992 1r.
Tak, B mmwxHeM TeueHuu, B 0,3 KM HIKe cena
VYianOen, MuHepajgu3alusi BOABI BapbHpOBana B
npenenax 684,0-6582,0 mr/mm?, ipu 3TOoM 3auK-
CHPOBaHO 3HAYUTEIBHOE YBEIMYCHHE KOHIICHTpA-
UK XJ10pua-uoHoB. OJHON M3 OCHOBHBIX MPUYHMH
9TOTO SIBISIETCS TO, YTO C TeppuUTOpun KBIprbiz-
CTaHa YK€ MPUXOIAT BOJIBI MOCIE HCIIOIb30BAHUS

Pucynok 2

B UPPUTALIMOHHBIX LesixX [6, 24]. B paitone ropo-
na Toxmak (KsIprezcran) MuHepanu3anus BOJbI B
peke Illly nMena OTHOCHUTENIBHO HM3KOE 3HAu€HHE
(281,1 mr/nm?) (Matveeva et al., 2010).

[Toctpoenue TpauKoB 3aBUCUMOCTH OOIIEH
MUHEpaIn3aIii 0T Pacxoaa BOJABI PEK MO3BOJIUIIO
BBISIBUTH clieaytoniee. OOBIYHO MPH €CTECTBEHHOM
pexXuMe MakCUMallbHOE 3HAYeHIEe MUHEPaIH3aIii
HaOII0aeTCs PU MUHUMAIBHOM PacXojie BOJBI.
B namem ciyuae Takash 3aBUCHUMOCTH BBISBIIE-
Ha ans pek: Tokrac — B 12, Ly B 8, KapaOanra,
Axcy — B 7, Cappikay — B 5 u3 32 ce30HOB Toja,
B OCHOBHOM B JIeTHe-oceHHM niepuon (Puc. 2). B
OCTaJIbHBIE CE30HBI MHOTOJIETHETO IUKJIA PEXKUM
peK, ObUT HapyLICHHBIH M3-3a XO3HCTBEHHOU Jie-
arenbHOCTH. OTMEUeH pOCT MHHEpATH3alUU 0
TeueHuro p. ly.

H3menenue obwell munepanuzayuu i pacxo008 600vl pex 8 muozonemuem yuxie (2014-2023 zz.)

1,00 Capsxay 2000

ToxTam
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Axcy

— DEONOL, EOAM, M3/ —EHEDIAHEALMR, MM

Kapabanta

— E00G, EOAB, M3

— MEHEPINHIINR, W AM3
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CornacHo knaccupukanun A.O. AnexuHa B
pekax Kapabanrta u Capbikay B TeUCHHE roja mpe-
oOmanaet cynbdaTtHbIil kiacc Boabl. B pexe Tokrac
cynb(haTHBIE KJIacChl BCTPEYAIOTCs B 57 ciydasx u3
72, a B peke Akcy — B 42 ciydasx u3 65. Hanuune
KapOOHATHBIX KJIACCOB HE 3aBHCHUT OT BPEMEHH T0/1a
Y U3MEHEHUH TeMIepaTypbl BOJbI, YTO OOBSCHSIECTCS
MOCTYTJIEHUEM KapOOHATHBIX MOHOB 3a CUET BHIMBI-
BaHMsI UX U3 MOYB BogocOopHoro Oacceiina. B ru-
JIPOXHMMUU ITEPEXO0/]T COCTaBa BOBI OT KApOOHATHOTO
K Cynb(paTHOMY THUIy PacCMaTpHBAETCs Kak Ipo-
1ecc MeTaMopQu3aIi XUMUIECKOTO COCTaBa, Mpo-
UCXOIIINHI B ipsiMoM HanpasieHuu (Valyashko et
al., 1965; Beremzhanov, 1987; Nikanorov, 2011).

Boxbr Iy u TacoTkenss XapakTepU30BaIUCh
npeoOnamanneM KapOoOHATHBIX HWOHOB. OmHAKO B
2019-2023 ronmax B paiione mocenka KonaeB Ha-
OJro1aNICs TIepexo CocTaBa BOJBI OT KapOOHATHOTO
K cyJb(haTHOMY KJlaccy, OCOOCHHO B OCEHHHE U JIET-
HUE MecsIpl. B 3uMHUNA niepuo BoJia MOJHOCTHIO
OTHOCWJIaCh K KapOOHATHOMY KIJaccy, BTOPOTO
THUTIA.

Ecnmn MuHepanmmzanus BOABI BOAOXpaHMIIMINA
TacoTkenb COOTBETCTBOBAJIA ITOKA3aTENsSIM PEKU
[y B paitone nocenka KaitHap, ogHako Mo XuMU-
YECKOMY COCTaBy BOJla XapaKTepH30BaJlach II0-
pa3HOMY B TE€UEHHE TOJUYHOTO M MHOTOJIETHETO
ukIIoB. HOeKehl coctaBa Bombl o Anekuay O.A.
BeTpewamuch C, S© o CNe o CMel - SN - SCNe |

Taoanma 3

S™e . Tak, B ocennue nepuoasl B Boge TacoTkens
YETKO MPOCIIEKUBATIACH TPUHAIICKHOCTH CYITh(aT-
HOTO KJIacca, YTO CBSI3aHO B ONPECICHHON CTENEHH
C BIIUSTHHEM cocTaBa Bojbl pek Kapabanra, Akcy n
TokTac, B KOTOpOW OTMEUYEHO NpeodiaaHue CyJib-
(haTHBIX MOHOB W MOHOB HATPHUS WM KajbIHs (Ta-
omuna 3). Boga p.1ly moctynaer B BOJIOXpaHUIHUILE
yaie kapOOHATHO-KaIbIINEBOTO cocTaBa (52 ce3oHa
u3 62), a Ha BBIXOJIC M3 BOJOXPaHMJIMIIA CTAHOBUT-
cs1 B OONBITMHCTBE CITy4aeB CyJb(haTHO-HATPUEBO,
KaJIbIUeBOW, MarHueBol (24 ce3ona u3 44). Otme-
4yeHo, 4To B BoJe p. llly B paiione nocenka Konaes
u Bojoxpanuiuiia TacoTtkenb HOHBI SO, yaiie
BCTPEUAJIUCh B JIETHUW TEPUOJ. YBEIUYEHUE BO-
JHOTO CTOKa W o0beMa Bojabl B pekax KapaOanra,
Toxram U AKCy, BHAJarOlUX B BOJOXPaHUIHUIIE
TacoTkenb, a TakKe CHM)KEHHE YpPOBHsI BOJBI B
OCEHHHE MECSIIBI MPUBOANIIO K YBEIHUYSHHIO JIOJIN
noHoB SO, u Na* o cpaBHEHHIO C APYTUMU Ce-
30HaMH.

B netnmii nepuon, korja Bojia MHTEHCUBHO HUC-
TT0JIB30BAJIACh IS CEIBCKOTO XO35IMICTBAa U yPOBEHb
BOJIOEMa U BOAOTOKOB CHIKAJICS, B BOJIE Mpeobia-
nmamu nousl HCO3™, SO,* m Mg?*. 310 CcBsI3aHO C
MPSIMBIM BIUSIHUEM pek Akcy, Kapabanra n Tokram
(Puc. 3). B 3uMHMe 1 BeCEHHNE MECSIIbI HOHHBIN CO-
CTaB BOJBlI BOJOXPAHMIMIIA COOTBETCTBOBAN pEKE
[y, B aToT mepuoxa npeodnananmu noasl HCO;™ n
Ca*.

CpeaH@MHOZOJZ@mHue nokasameiu UOHHO20 cocmasa eodoxpaﬂuﬂuu,;a Tacomxenv u 0CHOBHLIX ena()afomux 6 Heco pexK 3a 2014

2023 ze., me/om’

O6beKT HCO; Na*+K* Ca™ Mg* SO Cr

TacoTkes 218,758 60,1435 64,0416 253+1,1 163.6+6.7 25.0+1.4
Kapaoaara 306,1+6,5 207,6+16,1 102,7+3.,3 64,8+2,9 604,4+29,7 41,04£3,0
Iy (Kaiinap) 238.742.9 54.6+3.6 70.6:0.9 23.840.6 149.046.6 22.840.9
Akey 288.643.5 80.3+4.7 80.7+1.5 44,5413 266.7+410.2 21,8415
Toxtac 315,9+5,1 133.8+12,0 101,742,1 54.142.5 41152235 402426
IHly (Konaes) 2272467 66,2438 76,2413 28.6+1,1 187.8+7.9 29.6+1.6
Capbixay 332,846.8 154.9410.4 92,422 4 68.142.6 489,5:21.9 26.942.1
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Pucynok 3

Hsmenenue MuHnepaiusayuu U UOHHO20 cocmasd 600bl Tacomxkenbcko2o sodoxpaHu/zuu;a Uu e20 npumoKoe 6 MHocojslemnem yukKie,

2014-2023 ze.
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M3mMmeHeHuss B MOHHOM COCTaBe BOABI MOKHO
OIICHUTH IT0 3HAYCHUIO KOI(PPHUITHESHTOB CPABHCHUSI.
Tak, mokaszarenr Mg?/Ca*" B Boze p. Iy 3a 2019—
2023 rr. MOCTOSIHHO MEHbIIE 1, mpuyeM B BEpXHEM
yuactke y 11. Kaitnap menbine (0,56), 4eMm B HUKHEM
yuactke (0,63). Kak mpaBuiio, 0ospIieMy 3HaUYSHHIO
o011ell MUHEepaIu3alud COOTBETCTBYET U OOJIbIlIee
3Ha4YeHUeE 3TOro nokaszarens. B Boae TacoTkenbcko-
r'0 BOJOXPAHWIIUIIA 332 3TOT MEPHUOJ COOTHOIICHUE
Mg?*/Ca*" cranoButcsi paBHbiM 0,71, uTo cBHje-
TEJILCTBYET O BIMSHUM NpUTOKOB Kapabanta, Akcy
n TokTami, Thae 3TOT TOKa3areib, COOTBETCTBEH-
Ho, 1,00; 0,091 u 0,89. 3nauenus ko3ddunneHTa
Mg?*/Ca*>1 (1,04-1,58) BBIABICHBI B OCHOBHOM
B oceHHe-3uMHui niepuon 2014-2023 rr. 3a cuer
BITUSTHUS TPYHTOBOTO MUTAHUSA M TPOIECCOB, CIIO-
COOCTBYIOILUX yBEIMYCHHIO 1071 Mg** HOHOB B CO-
CTaBe BOJIbI IPUTOKOB.

HOCKOJII)Ky OCHOBHBIM HCTOYHUKOM IIOCTY-
IJIeHus cyiab(}haTtoB B BOJe, KaK IoJiaraet 00Jib-
HIIMHCTBO HCCHCﬂOBaTeJ’ICﬁ, ABJISACTCA T'HIIC (a
cynbGaThl HATPUS U MarHus MOSBIISIOTCS 32 CUET
MPOIIECCOB KATUOHHOTO OOMEHA), TO B PacTBOpE
OH 00pa3yeT 2KBHBAJEHTHOE KOJIMYECTBO MOHOB
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Ca> u SO/ [22, 23, 29]. Kanbuuii IpUBHOCHT-
Csl TAK)KE B BOJIBI IIPU PACTBOPEHUHU KapOOHATHBIX
mopoa. IToaToMy yarie Bcero B MPUPOIHBIX BO-
ax ch Cqosy. - OtHAKO OOpATUMCS K HALIUM
pacuétam. C 2021 mo 2023 rr Boga TacoTkenb-
CKOTI'0 BOJIOXpaHWIHIA XapaKTepU30BallaCh KO-
>¢ppuuuentom Ca*/SO,* pasubim 0,82-0,85, a B
2014-2020 rr — 0,96—1,08. Takoe COOTHOIICHHE
CBHUACTCIBCTBOBAJIO O MeTaMOp(bI/I3aHI/II/I BOJHI,
cBsi3aHHO# ¢ oOMeHoM Ca’" Ha Ipyrue MOHbBI, Ha-
npumep, Na'. KaTuoHHBII 0OMEH MOKET OBbITh
M300paKEH CIENYIONIMM YpPaBHEHUEM pEaKI[HK:
2Na (IIK) + CaSO, = Ca (IIK) + Na,SO,, rze
[IK — mornomaromuii komruiekc. COOTHOIIEHNE
Ca’/SO,*, paBHOe 1, CBUIETENLCTBOBAIO O IIO-
CTYIUICHUU COOTBETCTBYIOIIMUX HOHOB 3a CUET pac-
TBOpEHHUS rumca. B Bojie nputokoB ko3 HuuneHt
Ca’/SO,* mocTosiHHO MeHbIIe 1, KOTOPBIH MoKa-
3BIBAJT BO3PACTAIONIYIO POJb CYJIb()ATHBIX HOHOB
B (hopMHUpOBaHUU cocTaBa BOJbl. CpeIHETO0BbIC
3HaueHus kodpguuuenta Ca*/SO,> B Bome p.
Iy B BepxHEM y4acTKe U3MEHSIUCh B Mpejenax
0,96—1,33, yame Oosbiie 1, a B HUIKHEM ydacT-
Ke — OJIM3KHU K €TMHHIIE. DTO TOBOPHUT O TOM, YTO B
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HwxHeM yudactke p. Iy moctymnnenue nornos Ca**
1 SO,* B BOJy IPOUCXOUIO B OCHOBHOM 32 CHET
TUIICa, 2 B BEPXHEM yYacTKe — 3a CUET BhIMbIBa-
HUS KaJbIIMs U3 TUIICAa U U3BECTHSKA.
Koaddumumentr Na*/Cl- ans Bcex 0O0BEKTOB
Ooubire 1. DTO CBHAETEIBCTBOBAIIO O TOM, YTO HC-
TOYHUKOM XJIOPUJIHBIX MOHOB SIBIISJICS HE 3aX0pO-
nennbli NaCl (B Takom ciyuwae C = C), a mpo-
[ECC BHIBETPUBAHUS TIOJICBBIX IITIATOB.
Kosddunuent cpasuenns SO,*/Cl" nossomnser
CYIIUTh O COOTHOIICHNUHU dTUX MOHOB. Pacu€T moka-

Pucynok 4

3all, 4YTO B BOJIE€ BOJOXPAHWIHUINA U €r0 HMPUTOKOB
cynbdaTsl IpeodITanaii, a XJIOPUIBI UMEIH IO 91~
HEHHOE 3HA4YCHUE.

IIpu pacuére runoTeTHYECKOro COCTaBa BOJBI,
TO €CTh COOTHOIIECHHSI MOHOB, OOpa3yIoUIMX CTa-
OWMIIBHBIC COJIM TIPY HCTIAPEHUN BOJIBI, B BOAOXPAHH-
nuiie TacoTkesb ObUTM BBISBJICHBI OCHOBHBIE COJIH:
TUAPOKapOOHATHl KalblUA W MarHus, CyJib(aTsl
Mar"vs W HaTpus, a Takxke xjopuj Hatpus. Onac-
HBIE JUTSI TTIOYBHI COJM B OOJBIIMX KOJIMYECTBAX HE
3aukcupoBansl (Puc. 4).

Tlokazamenu ce30nnbIX cpedHux 2UNOMEMUYEeCKUX UBMEHEHUL CONLeB020 COCMABA 6000xpaHM]lM-

wa Tacomkenv 3a 2014-2023 ze.

400

200 II
0 —
Ca(HCO3)2 Mg(HCO3)2
M 3EMa

[Ipu ymopsaouMBaHUM CPETHETOJOBBIX ITOKa-
3aTesieii MUHEpAIbHBIX COJICH B MOpsiAKe yObIBAHUS
B BEpXHEM W HWKHeM TedueHuH peku Ly, a Taxke
B pekax Axcy, Toktac u BomoxpaHwimie Tacor-
KeIlb CpPEJHEr0JIOBbIe 3HAa4YeHHsS OBbUTH OJIMHAKO-
seivu: Ca(HCO,), > MgSO, > Na,SO, > NaCl >
Mg(HCO,), > CaSO,. B pexax Caprikay u Kapa-
OaJsita JaHHBIA PSJI OMPEACITUICS CIACIYIOIIUM 00-
pasom: Na SO, > MgSO, > Ca(HCO,), > NaCl >
Mg(HCO,), > CaSO,.

Taoanua 4

HBecHa

TacoTkens

Na2S04

[ ] |
MgSO04 NaCl

JIEeTO OCEeHb

OO6pazoBaHKe rHIICa OTMEYANIOCH B BoJe pek Ka-
pabanra, Toxtac u B HKHeM TeueHuu peku Lly.
ITpu stom rumc (CaSO,) ObL1 06HAPYKEH B pasIvy-
HbIe ce30HbI rofia. Tak, B peke KapabanTa ruric orme-
yayics 3umoi (0,40 mr/am?) u ocenbio (0,06 mr/am?),
B peke Tokrac — Becnoii (0,03 mr/nm*), a B HIKHEM
teueHun peku Ly — Bo Bce ce30HBI, kKpome 3uMbl. B
BOJIE BOJIOXpaHminIa TacoTkelnb, a Takke pek Ly
(Kaitnap), Akcy u Capbplkay HaJqudue TUICA HE 3a-
¢ukcupoano (Tadmuna 4).

Cpeonemnozonemusisi KOHyeHmpayus cunomemuyeckux coneti 3a 2014-2023 ze.

Ca(HCO), Mg (HCO,), MgSO, Na SO, NaCl CaSo,
O0BeKT
mr/amv2/ % dKB.

Iy (Kadimap) 285.01 27.84 94.15 106,07 37.22 0,00
y P 46,42 4,98 0,67 19,55 38 0,00
Kanatarra 402.66 4,76 305.96 513.26 69.06 7.94
P 27,28 0,36 27,59 37,91 6,22 0,64
Ak 324,34 52.00 172,06 179.86 34,87 0,00
y 37,45 6,69 26,70 23,60 5,56 0,00
Toxctac 404,87 7.67 267.03 293.45 65.60 0.45
35,11 0,79 30,41 26,28 7,36 0.05
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Ipooonscenue mabauywvl

Ca (HCO,), Mg (HCO,), MgSO, Na,SO, NaCl CaSoO,
O0BbeKT
Mr/nm3/ % SKB.

TacoTKeln 260,79 28.00 105,13 106,26 41,28 0.00
42,81 5,01 23,26 19,56 9,36 0,00
Capbixa 370,86 61.62 280,72 377,63 44,12 0.00
P Y 28,38 s 5 32,85 4,69 0,00
iy (Konaes) 305,62 2.74 126.79 132,33 62.56 8,04
y 4221 0,42 23,47 20,75 11,88 1,27

Ecnu paccmarpuBaTh 4acTOTy BCTPEYaeMOCTH
OTAEIBHBIX COJICH, TO MEPBbIC YETHIPE COCTUHEHUS
(Ca(HCOs),, MgS0,, Na,SO,, NaCl) BbISBISIIUCH
BO BCE CE30HBI roga. OHAKO YacTOTa BCTPEUaeMo-
CTH THIpOKapOOHATa MarHus U CyJjib(daTa KaJbLus
BapbUPOBaJIa B 3aBUCUMOCTH OT BOZOEMa HJIU BOJIO-
toka. B Tacotkene oOpa3zoBaHue Tuiica HaOJO/1a-
JIOCh OCEHBI0 U 3uMoi. B pexe Kapabanra B mepuos
2014-2021 romoB rUIc BCTpeyascs BO BCE CE30HBI,
onHako B 2022 roxy OblT 3apUKCHPOBAH TOIBKO B
nekabpe, a B 2023 roay — nuuib B ceHTsI0pe. B peke
ToxkTac rurc npucyTcTBOBaI BO BCE CE30HBI roja (B
43 mpobax Boabl u3 72), Torna kak B pexe Capsbi-
Kay €ro BCTPE4aeMOCTh IOpa3fo MeHbLIE, B 6 Ipo-
0ax Bosbl U3 56. B HkHeM Teuenun pexu Ly rurmc
Yalle BCero MOsBIIUICS JIETOM U OCEHBIO, B OTJINYHE
OT BEpXHETo y4JacTka. XJIOpU1 MarHus 01 oOHapy-
el B peke Kapabanta B stuBape 2020 rona, a B pexe
Toxtac — ocennro 2014 1 2023 roxoB.

KonuuecTBo paznuyHbIx cojiell B peuHON BOJE
M3MEHAJIOCh HE TOJBKO B TEYEHHE I0JI0OBOTO ITUKJIA,
HO M Ha NPOTSHKEHUH MHOTOJIETHETO IIepruoja. ITo
CBSI3aHO C BIJIMSTHHEM THJIPOJIOTHYECKUX (aKTOPOB
(pacxon BOJIbI, CKOPOCTb TEUYEHHUsS, BOIHBIN CTOK,
MOIMYCKH), TMOCTYIUIGHUEM COJIed ¢ BOJOCOOpPHO-
ro OacceiiHa BO BpeMsl MaBOJIKOB, aTMOC(EpHBIMU
0CaJIKaMH, a TaKke (PU3NKO-XUMHUYECKUMH MPoIiec-
caMH, IPOUCXOAALIMMU B CUCTEME «BOJIAa—JOHHBIC
OTJIOKEHHS — TIOYBa—PACTEHUS.

B mouBax Gacceiina pexu llly u ee Bogocoop-
HOW TEpPUTOPHUN MHHEPAJBI, CoJiepKalue cyibdar
Hatpus (Ty1ay0eput, MUpaOWIHT) U Cyb(aT MarHus
(Ku3epHT, BICOMUT), BCTPEUAIOTCS KpalHE pPerKo,
a xKapOOHAaThl KaJblMs U MarHus, Tumnc 0ojee pac-
npoctpanensl (Chu Valley Soils, 1971; Seitkaziev
& Maimakova, 2020; Mustafaev, 2023). B peruno-
HE HaWJEHbI TIOJ3eMHBIE BOBI PA3IUYHOIO XUMHU-
YECKOI'0 COCTaBa, BKJIIOYAsl CyJb()aTHO-XJIOPUIHO-
Hatpuesble (Smolyar & Burov, 2002; Absametov
et al., 2017; Tazhiyev, 2023). Kpome Toro, momno:i-
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HUTEJbHBIM UCTOYHUKOM TMOCTYIUICHUS CyNb(aToB
HATPHUS M KJIUS MOTYT SIBJISATBHCS BEILECTBA, IPUMe-
HSIEMBIE B arpOTEXHUKE BO3JEIILIBAHUS CEIBCKOXO-
3IHUCTBEHHBIX KYJIBTYp (yIOOpEHUS, SJOXUMHKATHI,
MEJIMOPAHTHI U JIP.) ¥ BHIMBIBAEMbIE U3 MTOYB BOJIO-
cbopHoro OacceiiHa.

3akjoueHne

AnHann3 u3MEHEHUM MOKa3aTeJIel cocTaBa BOIbI
B 2014-2023 romax moxasai, 4yTo ypoBeHb pH Bo
BCEX HCCIIEyeMbIX BOJHBIX OOBEKTaX OCTaBAJICA
CTa0WJIBHBIM Ha TMPOTSDKCHMH TOoAa M Koyebascs
OT HEUTpaJbHBIX JIO CJIETKAa IEIOYHBIX 3HAYCHHH
(7,10-8,40). XKecTkocTh BOABI B BOJOXPAHIIIUIIE
Tacotkens u pexu llly cpemHsisi, COOTBETCTBEHHO,
5,2940,12 u 5,47+0,08 mr-ske/nm?. Pexu Kapabai-
ta, Capbikay 1 TokTac Jarie UMel 09€Hb KECTKYIO
BOaYy, 110 15,09-22,28 Mr-skB/nm3,

CpeTHEeMHOTOJIETHHI YPOBEHb MUHEPATH3AIHH
BojioXpaHuauia Tacotkens coctaBuwil 556,9+10,9
mr/nm?. BeisgiieHo Bimsinue pek Tokrac, Kapabanra
1 AKCy Ha MOHHO-COJIEBOM COCTaB M MUHepaIH3a-
uuto Boabl Tacotkens. B ocennuil nmepuon, xorna
00BEM BOJIbI PEK YBEIHUYMBAJICS, BOJIa BOJAOXPaHH-
muima TacoTkens OTHOCHIIACH K CyJib(haTHOMY Kilac-
Cy, @ B OCTaJbHBIC CE30HBI T'0JIa KIACC COXPAHSIICS
KapOOHATHO-KAJIBIINEBbIM. JTO CBUETEIHCTBOBAJIO
0 TOM, YTO BJIMSIHHC BIAJAIONINX B HETO PEK IMPO-
SIBIISTIOCH B OCHOBHOM B TIE€PHOBI MOBBIIICHUS WX
BojiHOCTH. OCceHb0 00beM BoIOXpaHmInia TacoT-
KeIlb JOCTHraJl MHHUMAIbHOTO ypoBHA. Ilo Teue-
Huto p. llly mMuHepanu3anus MOBHIIIATACE B CPEIl-
HeM Ha 80,0 Mr/mM3, 94TO BBEI3BAHO BIHMSHUEM Oosiee
MHMHEPAIIM30BAHHOW BOJIbI BHAAAIOLEH B HEE PEKHU
Capelikay.

Paccunrannbie k03 pUIMEHTBI cCpaBHEHUS CBU-
JIETEIIbCTBOBAIN 00 M3MEHCHUSX MOHHOI'O COCTaBa
BOJIBI BO BCEX M3yUeHHBIX 00beKTaX. Tak, 3HaYCHUS
ko3 dunuenta Ca*'/ SO 42' u3MeHsuch ot < 1 g0
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> 1, 94TO CBHIETENHCTBOBANIO O MeTaMopduzamuu
BO/IbI, CBsI3aHHOU ¢ 0OMeHoM Ca*" Ha Ipyrue UOHBbI,
Harpumep, Na'. bonblueMy 3HaUY€HUIO TOKa3aTess
Mg?*/Ca?* cooTBeTCTBOBAJIO OOJIbIIICE 3HAUCHHE 00-
e MUHepaIu3aIyu.

B mopsiaxe yObIBaHHS CPEeIHET0JOBOTO COAEP-
JKaHUsl MUHEpasbHble coiu B Boae pek Iy, Akcy,
Tokrac u Bomoxpanwnuiia TacoTkenb pacronara-
mce B caepyrommid paa: Ca(HCO,), > MgSO, >
Na,SO,>NaCl>Mg(HCO,), > CaSO,. B pekax Ca-
prikay u KapabanTa qaHHBIN psiji OTIpeIesuiIcs clie-
nyromum obpasom: Na,SO, > MgSO, > Ca(HCO,),
> NaCl > Mg(HCO,), > CaSO,.

Conepsxanue coisei B Bone pek Toxrac, Kapa-
Oanrta, Axcy u Cappikay B OOJNBITUHCTBE CITydacB
IIPEBLIIIAIO 1 F/.]'I, YTO ABIACTCA HC6.H3FOHpI/I§ITHI)IM
(hakTOpOM TIpH UCTIOIH30BAHUK Ha opotreHue. [Ipe-
oOnaganue cynb(paToB HATPHUS U MArHUS B BOJIE PEK
Caprikay n Kapabanta MokeT mpuBecTd K 00pa3o-
BaHUIO COJICOTIIOKEHUH MPH TEXHUYECKOM H OBITO-
BOM HCITOJIb30BaHUH BOJIBI.

Bacceiin pexu llly pacrniosioskeH B 30He OYpbIX,
cepo-0yphIX U TAKBIPHBIX TIOYB, YTO JENAET ATOT pe-
THOH TMPEIPacIoNoKEeHHBIM K 3aconieHnto. OIHaKo
BBICOKOE COJIep)KaHWe THAPOKapOOHATa KaJbIlHs,
HaJIM4ye TUIIca U HU3KUi YPOBCHb MHUHCpAINU3allUN

BOJBI p. ]_Uy OKa3bIBarOT ITOJIOXKHUTCIHbHOC BIMAHUC
Ha COCTOAHHC ITOYBHI.
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Mse1 npusnatensHbl PITI «Kasruapomer» 3a
MOAEPKKY B MPEIOCTABICHUN THAPOXUMHYECKHUX
JTAaHHBIX.
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MEPCIEKTUBbI NMPOU3BOACTBA BUOSHEPTUN
13 PACTUTEAbHbIX OTXOAOB B BOCTOYHO-3AHITE3YPCKOM
IKOHOMMNYECKOM PAUOHE A3EPBANAXAHA

BbICTpbI POCT MMPOBOroO CNpoCa Ha 3HEPruio 1 UCTOLLIEHKME 3aMacoB MCKOMAeMoro TOMAMBA MOA-
YEPKMBAIOT BaXKHOCTb BMOMACChl — CEAbCKOXO3SIMCTBEHHbIX MOBOYUHBIX MPOAYKTOB — Kak BO30OHOBAS-
€MOro MCTOYHMKA 3Hepruun. baaronpmsiTHble NOYBEHHO-KAMMATUYECKME YCAOBUS BocTouHo-3aHresyp-
CKOrO 3KOHOMMYECKOr0 PafioHa, KPYMHOr0 CEAbCKOXO3S9MCTBEHHOIO PErmoHa, 3aHMMaloLLLEero Ba>KHOe
MECTO B 3KOHOMMKE A3epbaiaikaHa, CO3AAAN LUMPOKME BO3MOXKHOCTU AASI Pa3BUTUSI OMOIHEPrETUKM,
KaK aAbTEPHAaTMBHOIO MCTOYHMKA 3HEPruu B pervoHe. B ueasix BHeApeHMs YCTOMUMBOrO YrpaBAEHUS
CEAbCKOXO3SIMCTBEHHbBIMM OTXOAAMM B 3TOM 3KOHOMMYECKOM PaitoHe, 0ObSIBAEHHOM «3EAEHOIM 30HOM»,
OblAa MOCTABAEHA 3aAa4a OMPEAEAMTH MOTEHLUMAA MPOM3BOACTBA OMOIHEPrUM U3 PACTUTEAbHBIX OCTaT-
KoB. PacueT nponsBoACTBa 61orasa 1 noTeHUMasa OMO3HEPrnm M3 PaCTUTEAbHbBIX OCTaTKOB MPOBOAMA-
Cs Ha ocHoBe meToaoAormn BEFS Rapid Appraisal. bbiao ycTaHOBAEHO, UTO B BOCTOUHO-3aHre3ypckom
3KOHOMMYECKOM paiioHe exxeroaHo obpasyetcst 91431,65 T paCTUTEAbHbBIX OTXOAOB, M3 KOTOPbIX Hau-
6OAbLLIEE KOAMYECTBO OTXOAOB OCTAETCs Ha MOASIX 3€PHOBbIX M 6060BbIX KYAbTYp (49384 T/roa), nuie-
HMUb! (38751 TOHHA/TOA) M caxapHOM CBeKAbI (1424,9 T/rop). BbIAO YCTaHOBAEHO, YTO 3KOHOMUYECKMI
paroH UMeEeT MoTeHLMaA AAS Npon3BoacTBa 101592,992 MBT-u/roa 61M03HEpPrnm M3 BCeX pacTUTEAb-
HbIX OTXOAOB, M3 KOTOpbIX 43058,111 MBT-u/roa 6MO3HEPrMM MOXKET ObITb MOAYYEHO M3 OCTATKOB
nwexunupl, 54871,261 MBT-u/roa 13 ocTatkoB 3epHOBbIX 1 6060BbIX KYALTYP M 1583,443 MBT-u/roa
M3 OCTaTKOB CaxapHOM CBEKAbI. YUMTbIBasi MOTEHLMAA O1Orasa B COKpalLeHMM BbIOPOCOB, CBA3aHHbIX C
OTXOAAMM, B KAQUeCTBE YrA€POAHO-HENTPAAbHOM aAbTEpPHATUBbI MCKOMAeMOMy TOMAMBY, FOAOBOWM MO-
TeHumaA 61orasa B 3KOHOMUYECKOM pernoHe ObiA oueHeH B 18 286 330 M?, 4TO MOXET COKpaTUTb
BbIGPOCHI yrAekncAoro rasa Ha 307 210 toHH CO2-3KBMBaAEHTa B FOA M CMOCOOBCTBOBATL CHUXKEHMIO
MOCAEACTBUIN UBMEHEHMS KAUMATA.

KAtoueBble CAOBa: OTXOAbI PACTEHMEBOACTBA, 61MO3HEpreTMka, CoKpalleHre BbIBPOCOB YrAEpOAa.

M.M. Yusifova®, Sh.N. Alizade

Baku State University, Faculty of Ecology and Soil Science, Baku, Azerbaijan
*e-mail: mehluge_yusifli@mail.ru

Prospects for Bioenergy Production from Crop Waste
in the East Zangezur Economic Region of Azerbaijan

The rapid growth of global energy demand and the depletion of fossil fuel reserves highlight the
importance of biomass—agricultural byproducts—as a renewable energy source. The favorable soil and
climate conditions of the East Zangezur economic region, a major agricultural area that plays a sig-
nificant role in the Azerbaijani economy, have created significant opportunities for the development
of bioenergy as an alternative energy source in the region. To implement sustainable agricultural waste
management in this economic region, designated a “Green Zone,” the objective was to determine the
potential for bioenergy production from crop residues. Biogas production and bioenergy potential from
crop residues were calculated using the BEFS Rapid Appraisal methodology. It was found that 91431.65
tons of plant waste are generated annually in the East Zangezur economic region, of which the larg-
est amount of waste remains in the fields of grain and legume crops (49384 tons/year), wheat (38751
tons/year) and sugar beet (1424.9 tons/year). It was found that the economic region has the potential
to produce 101592.992 MWh/year of bioenergy from all plant waste, of which 43058.111 MWh/year
of bioenergy can be obtained from wheat residues, 54871.261 MWh/year from grain and legume resi-
dues and 1583.443 MWh/year from sugar beet residues. Considering the potential of biogas to reduce
waste-related emissions as a carbon-neutral alternative to fossil fuels, the annual biogas potential in the
economic region was estimated at 18,286,330 m?, which could reduce carbon dioxide emissions by
307,210 tonnes of CO2 equivalent per year and contribute to climate change mitigation.

Keywords: plant wastes, bioenergy, carbon emission reduction.
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O3ip6arixaHHbiH, LLbIFbiC 3aHre3yp 3KOHOMMKAADIK, alfMaFbIHAAFbI
AAKbIA KAAABIKTapblHAH GMO3HEPrUsl BHAIPYAiH NepcrneKkTMBaAapbl

OAEMAIK BHEPrUsiFa AEreH CYPaHbICTbIH Te€3 OCyi XKoHe Ka3ba OTbIH KOPAAPbIHbIH, a3atobl G1omMac-
CaHbIH, — ayblA WaPYyalbIAbIFbIHbIH KOCAAKbl OHIMAEPIHIH, — >KaHAPTbIAATbIH SHEPrust Kesi peTiHAeri
MaHbI3AbIAbIFbIH KepceTeAi. O3ipOaitkaH 3KOHOMMKACbIHAQ MaHbI3AbI POA aTKapaTbiH ipi ayblA Lia-
pYyaLUbIAbIFbI aiiMarbl 6OAbIN TabbiAaTbiH LLbIFbIC 3aHre3yp 3KOHOMMKAABIK, aliMarbiHbIH KOAAMAbl TO-
MbIPaK-KAMMATTbIK, XKaFAanAapbl anmakTa 6arama sHeprust Kesi peTiHAe 6MO3HEPrMsiHbl AAMbITY YLLUiH
anTapAbIKTan MyMKIHAIKTEP TyFbI3Abl. «XKacbIA aliMak» Aen 6eAriAeHreH OyA SKOHOMMKAAbIK, alfiMaKTa
ayblA LLAPYALLbIAbIFbI KAAABIKTAPbIH TYpPakThl GaCKapyAbl €Hri3yAiH MakcaTbl AAKbIA KAAABIKTapbIHaH
OGMOBHEPrUSt BHAIPY SAEYETIH aHblkTay 00AAbI. AaKbIA KaAAbIKTapbiHaH 61oras eHAiIpy xeHe 61o3-
Heprua aaeyeTi BEFS >keaeAa 6Garanay aAicHamacbiH KOAAAHa OTbIpbIn ecenteAai. LUbirbic 3aHresyp
3KOHOMMKAABIK, aliMaFblHAQ XKbIA CabiH 91431,65 TOHHA 6CIMAIK KAaAAbIKTapbl TY3iAETiHI aHbIKTAAAbI,
OHbIH, iLLIIHAE KAAABIKTAPAbIH, €H KOr MOALLIEPI ABHAI XoHe BypLuak, AaKbIAAAPbl (KbiAbiHA 49384 ToH-
Ha), 6uAaait (kblAbiHa 387571 TOHHA) XKOHE KAHT KbI3bIALIACHI (KbiAbiHA 1424,9 TOHHA) aAKanTapbiHAA
KaAaAbl. DKOHOMMKAABIK, aliMakTbiH GapAbIK, ©CIMAIK KaAAbIKTapbiHaH XbiAbiHa 101592,992 MBT/car
6103HEPrUs BHAIPY aAeyeTi 6ap ekeHi aHbIKTaAAbl, OHbIH ilwiHAe 43058,111 MBT/car 61o3HEprusiHbl
O6mnaait KaAAbIKTapbiHaH, 54871,261 MBT/car AgHAI XXeHe Oypluak, AaKbIAAAPbIHbIH KAAAbIKTapbIHAH
>koHe 1583,443 MBT/car KaHT KbI3bIALIACbIHbIH, KAAAbIKTapblHaH aAyFa 60Aaabl. buorasapiH, kasba
OTblHA@pbiHa KemipTeri-6enTapan 6aAama pPeTiHAE KaAAbIKTapMeH GarAaHbICTbl LiblFapbIHAbIAAPAbI
a3anTy 9AeYyeTiH eckepe OTbIPbIN, SKOHOMMKAAbIK, aiMaKTarbl KbIAAbIK, 61oras aAeyeti 18 286 330 m?
Aen 6aranaHAbl, 6YA KOMIPKbIWKbIA FasblHbIH LbIFapbIHAbIAAPbIH >KbiAbiHa 307 210 ToHHa CO2 3kBU-

BaAEHTIHE a3aiTyFa )XoHe KAMMATTbIH 63repyiH a3anTyFa bIKMaA eTyre MyMKiHAIK 6epeai.
Ty#in ce3aep: AaKbIA KAAABIKTapbl, GUO3HEPTUS, KOMIPTETi LWbIFAPbIHABIAADbIH a3aiTy.

BBeaenue

B pesynbrate rnoGanuzanuu, paclIMpeHHs
MCKAYHAPOAHBIX 3KOHOMHWYECKUX CBH3€I>'I, IIOBbI-
LICHUS] YPOBHS JKU3HU W POCTa HACEIEHUs MHUpa
MpoOJIeMbl SHEPreTHIECKOW 0e30MacHOCTH CTaHO-
BATCSI Bce OoJiee OCTPbIMU. XOTs CYIIECTBYIOLIHNE
3arachl yriieBOJIOPOJOB MOTYT yIOBIETBOPUTH Te-
KyIIui CIpoc, UX OBICTPOE HCTOILIECHUE MPEICTaB-
JSIeT MOTEHIHMAJBHYIO YIpo3y INI0OAILHOW SHEp-
rerudeckoil OezomacHoctn B Omwkaimue 40-50
JICT. AHTpOHOI‘eHHI)Ie OKOJIOT'MYCCKUEC HpO6HCMI)I,
0COOEHHO MOCIECTBUS M3MEHEHHUsl KJIMMaTa, eIle
OoJbllle MMOAYCPKUBAIOT BaKHOCTh PACHIMPEHUS
HCIONb30BaHMs  ANbTEPHATUBHBIX  HCTOYHHMKOB
9HEpPTuu. B 9TOM KOHTEKCTE TEeXHOJIOTHYECKOE CO-
BEPILICHCTBOBAHUE IPOU3BOJACTBA 3HEPIUU M3 BO3-
O6HOBH$ICMI)IX HCTOYHHUKOB, TAKMX KaK COJIHCYHas,
BeTpoBas U bromacca, uMeeT ocodoe 3HaueHue (e
But & ®aumxk, 2010).

[IpeoOpazoBanue CETbCKOXO3SHCTBEHHBIX OT-
XOZOB B OMOIHEPTHIO0 CHU)KAET IKOJOTUUECKUE PH-
CKH, CTIOCOOCTBYET DHEPTeTHIECKOl 0e30IacHOCTH,
NOoATBEPIKAACT YCTOIZHHBOC YHpaBJICHUC OTXOJaMU
1 o0ecrneynBaeT AOCTYN K YUCTBIM, AOCTYIHBIM U
HaAC)KHBIM MCTOYHHKAM 3HCPIUH. WUcnonp3oBanue
MHHOBAIlMOHHBIX TEXHOJIOTUH A MOHHUTOpPUHIA
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MpeIBapUTEIHHON 00PaOOTKH CHIPHSI, ONTUMH3AINH
napamMeTpoB Tpolecca Npeodpa3oBaHus U H3MEpe-
HUS 00BEMOB MTPON3BOJCTBA OMOIHEPTUH TTO3BOJIHT
YIIY4IIUTh S9KOCHCTEMY MPOU3BOJICTBA U UCIIOJIB30-
BaHus 6uosHepruu (ABordemu u ap., 2024).

Pacmmpenue ncnoabp30BaHUsS BO3OOHOBIISIEMbIX
WMCTOYHUKOB SHEPTHH M POCT TIOO0ANBHBIX IKOJIO-
TMYECKUX MPOOJIEM MOATAIKUBAIOT CTPAaHBI K KOJ-
JIEGKTUBHBIM JIEHCTBUSIM. MeEXAYyHApOJHOE AareHT-
CTBO MO BO300HOBJISIEMBIM HCTOYHHKAM SHEPrUU
(IRENA) moaziepKuBaeT pacuimpeHue CeKTopa Bo3-
0OHOBJISIEMOM SHEPTUH, TOMOTas CTpaHaM pas3pada-
THIBaTh COOTBETCTBYIOMIYIO MOJIUTUKY, TIPUBJIEKAThH
WHBECTUILIMH U MPEAOCTABIIATh IPAKTUYECKUE PEKO-
MeHAanru 1o 3¢ (eKTHBHOMY HCIIOIB30BAHUIO pe-
cypcoB (https://content.govdelivery.com/accounts/
USERE/bulletins/345078¢).

VY4uuThIBasi MPOTHO3UPYEMOE YBEIMUYEHHUE YHC-
JIEHHOCTH HaceJeHus mupa a0 10 MwmmapaoB K
2050 romy, 0XkHAaeTcsi poCT MHUPOBOTO CEIBCKOIO
XO3STHCTBA U €KETOHOTO 00pa30BaHUS MAJUTHOHOB
TOHH BO300HOBJISIEMBIX OTXOAOB. bynymnas uHTe-
rpamusi OMOMPOAYKTOB, MOITYYEHHBIX W3 CEIBCKO-
XO3SIICTBEHHBIX OTXOJOB, B arpolpOMBIIUIEHHBIE
CHUCTEMBI MOXET CHU3HUTh 00pa3oBaHUE OTXOJIOB,
MOBBICUTH 3P (PEKTUBHOCTH UCIONB30BaHHS pECYp-
COB U yCTOWYMBOCTh Ha MPOTSDKEHUM BCEU LENOoY-
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KM CO3/IaHUSI CTOMMOCTH, a TaKXe CII0COOCTBOBATh
Pa3BUTHIO PKOHOMHUKH 3aMKHYTOTO ITMKJIA, MUHH-
MU3UPYsI BO3ACHUCTBHE HAa OKPYKAIOUIYIO Cpely U
MOBBIIIAs TPOU3BOJUTEIBHOCTD CEIBCKOTO XO3sTii-
ctBa (I'podd u 1p., 2025).

CornacHo 0a3e qaHHbIX EBporneiickoii accorua-
nuu Onorasa 3a 2023 rop, celIbCKOX03sHCTBEHHBII
CEKTOp BHOCHT 3HAYUTENLHBIA BKJIAJ B MPOU3BOJ-
cTBO Omorasa u Ouomerana B EBpomne: 67% Ouo-
raza u 64% OWOMeTaHa MOIYYarT U3 CEIbCKOXO-
3siictBeHHBIX KynbTyp (https:/www.ieabioenergy.
com/blog/publications/202 1-country-reports/). 3To
JEeMOHCTPHPYET 3HAUYUTEIBHYIO POJIb CEIbCKOXO-
3SIICTBEHHOTO CHIPHS, TAKOTO KaK HaBO3, OCTATKH
ypokasi U Apyrue oTxojbl. B HemaBHO omyOIMKO-
BanHoM otuere Guidehouse «buoras 2040 u nanee:
pPEaNMCTUYHBI M YCTOMYMBBIA MyTh K KIMMATH-
YECKOM HEUTPAIBbHOCTH» MPOTHO3UPYETCs, 4YTO K
2040 romy celbCKOoe XO3SHUCTBO OyIeT oOecredn-
BaTh 82% moteHnuana 6uorasza: 43% u3 OCTaTKOB
ypoxasi, 20% U3 CelbCKOXO03IUCTBEHHBIX OTXOJIOB
n 19% u3 HaBo3a. DTO JEMOHCTPUPYET YCTOWUH-
BYIO MHTETPAIMIO CEIIbCKOXO3SIHCTBEHHOTO CEKTO-
pa ¥ mpou3BoICTBa BO300HOBIIsIeMoro ra3a (https://
www.europeanbiogas.eu/news/turning-farm-waste-
into-renewable-energy-the-alfa-story/).

Mogenu rocynapCcTBEHHO-4aCTHOTO MapTHEp-
ctBa (I'YIl) mmpoko MCHONB3YIOTCS B CTpaHax IO
BCEMY MHPY JUIS COACUCTBUS TPOM3BOJICTBY DHEP-
MM U3 OMOMAacChl. DTH MapTHEPCTBA B OCHOBHOM
peanu3yloTcsi B 00JacTAX HCCIeNOBaHUH, pas-
paboToxk W wWHHOBamwii. Kpome TOro, BO MHOTHX
CTpaHax CyOCHIWH, TPaHTBl W T'OCYJapCTBEHHBIE
COTJIAIICHHUSI O 3aKYIKE JJIEKTPOIHEPIHU HIPaioT
BXHYIO POJIb B TOJJIEPKKE YaCTHOTO cekropa. B
EBpomneiickom Cotoze B pamkax mporpammsl «l o-
pu3oHT 2020» OBUIO CO3l1aHO TOCYNAPCTBEHHO-
JacTHOE IMapTHEPCTBO B 00JaCTH OHOOCHOBAHHBIX
otpacneit npomsinuienHocty (I'UIT) EBpomnelickum
Corozom u KoHCcOpiimyMoM OHOOCHOBaHHBIX OTpac-
neit mpomeimuienHocTy (https://www.etipbioenergy.
eu/advanced-bioenergy/). 3a mnepuon 2014-2020
roJIOB B paMKax 3TOr0 MapTHEpCTBa ObUIO 00beIH-
HeHO 975 MIIITMOHOB eBpo ¢uHaHCHUpoBaHHS EC
(mporpamma «I"opuzont 2020») u 2,7 mummnapaa
€BPO MHBECTUIMH YaCTHOTO CEKTOpa, 4TO B 0OIIeH
CIIO)KHOCTH cocTaBujio 3,7 Muiimuapaa espo. Llens
WHHUIIMATHBBI — OOECTIEUUTh YCTOMUMBOE CHabXe-
HUE OMOMaccoi MyTeM CO3JaHHs HOBBIX IIETIOYEK
MOCTaBOK, ITPOBEICHHSI NCCIIEOBAHUH, TOBBITIICHHUS
s(pdekTuBHOCTH TIepepaboTKu Ha OuodadbpuKax,
(dbopMHpOBaHHS PBHIHKOB OHONPOIYKTOB M paspa-
OOTKH COOTBETCTBYIOIIUX IOJIUTHIECKHX WHCTPY-
menToB (MPEHA, 2022).

B CIIIA MuHuCTEpPCTBO PHEPreTHKU MOAMAEP-
JKUBAeT pa3paboTKy W KOMMEpIHaIH3aIuio Ono-
JHEPTEeTHUECKMX TEXHOJIOTHH uepe3 YIpaBlieHHE
ounonsHeprerndyeckux texHoyoruit (BETO). BETO
COTPYJHHYAET C YHUBEPCUTETAMH W YaCTHBIMU
KOMITaHMSIMUA U1 (DUHAHCUPOBAHUSI HCCIE0Ba-
TENBCKUX IPOCKTOB, MUJIOTHBIX YCTAHOBOK U Jie-
MOHCTPAIIMOHHBIX MPOEKTOB MO YIYYIICHUIO0 OWO-
torumBa u ouonpoaykros (https://openei.org/wiki/
Solar and Wind Energy Resource Assessment
(SWERA).

ConpnanbHO-9)KOHOMUYECKUE TIOCIICACTBUS HC-
TI0JIb30BaHUsl OMOMACCHI HE SIBJISIFOTCS OJTHO3HAYHO
KOHCTPYKTUBHBIMU. BBICOKHME WHBECTHIIMOHHBIE H
KanuTalbHbIC 3aTPAThl, TEXHOJIOTUYECKasl 3pENIOCTh
OMOTOITMBA, KPYMHOMACIHITAOHBIE MOCTABKH OWO-
MaccChl, a TaKXe TOJUTHYECKHEe W HOPMATHBHEIC
BOIIPOCHI OTHOCSITCS K YHCITY KJIFOYEBBIX TPOOIIEM.
Hecmotps Ha 3TH npoOiembl, IpU HAIWYHUH TIpa-
BWIBHBIX CTpaTeruil M penieHui ToJIHAs Iepepa-
0oTka Oromaccel noctwkuma (Pauna u np., 2024).

Bpasunbsckas mporpamma RenovaBio nampas-
JIeHa Ha COJEHCTBHE TPOHM3BOJCTBY OHMOTOILIMBA
MyTEM YCTaHOBJICHMs HAIMOHAIBHBIX I[CJIEBBIX
IoKasaTesieldl 1Mo BBIOpOCAM YIiepojia M BBITyCKa
YIJIEPOJIHBIX KpeauToB, HazbiBaeMbix CBIO. Ora
WHUIMATHBA TOJJICPKUBACT BBIOJHECHUE HAIUO-
HaJBHBIX TPeOOBaHWN K OMOTOILIUBY M COKpaIle-
HUE BBIOPOCOB IAPHUKOBBIX Ta30B TIOCPEICTBOM
roCyJJapCTBEHHO-4aCTHOTO mapTHepcTBa. Ha ce-
rogusiiani neHb BNDES npenocraBuna ¢unan-
COBYIO MOJJACPXKKY B pasmepe 195 MuminoHOB
nonapos CIIA B pamkax nmporpammbl RenovaBio
(https://greenfinancelac.org/resources/news/bndes-
renovabio-finances-energy-and-environmental-
efficiency-improvements-at-biofuel-plants-in-
brazil).

CellbCKOX034MCTBEHHBI CEKTOpP IPOU3BOJUT
3HAYUTENIILHOE KOJMYECTBO OMOMACCHI, BKIIOYast
HEUCTIOJb30BAaHHBIE YacTH (PPYKTOB H OBOIIEH.
[Ipumepro 14% oBomelr U (HPYKTOB €XKETOIHO
CTAHOBSITCS OTXOJaMH B IJIOOAILHOM MacIiTade,
YTO MPUBOJUT K CYIIECTBEHHOMY HAKOTJICHHIO TTH-
meBbIX 0TX0J10B. [loaToMy addhexkTrBHOE MCTIONH-
30BaHUE THILIEBbIX OTXOJOB, TAKUX KaK OBOIIU W
(bpYKTHI, MOXKET CTaTh CIIOCOOOM TIOMY4YESHHs OUO-
TOTUTUBA W CHW)KEHUS 3aBHCHMOCTH OT UCKOIIAeMO-
ro TorumBa. B pabdore Jleit u ap. (2024) 06001ieHb!
pe3yabTaThl UCCIIEAOBAaHUN MO pa3paboTKe OHOTO-
IUTMBA C WCMOJIB30BAaHUEM Pa3IMYHBIX TEXHOJIOTHH
OMOKOHBEpCHU U3 OBOIIEH W (QPYKTOB B KadecTBE
CBIPBSL.

B pabore Caxy u np. (2025) uccnenyercs 1o-
TEHIIMaJ MCIOab30BaHus buomaccel tuka (Tectona
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grandis) U1l TPOM3BOACTBA OWOHEPTHHU, OIHO-
BPEMEHHO pemiaercs mpodiieMa 3apakeHus TH-
KOBBIX IUIAHTAIUHA  HACEKOMBIMHU-BPEIUTEIISIMU.
Hccnenyercss moTeHIMaNbHAs WHTETPAHS TIPOU3-
BOJICTBa OMOPHEPTHHM CO CTpaTeTUsMU OOpBOBI C
BPEANUTEISIMH, U TTOTYEPKUBAIOTCS YKOHOMHUYECKIE
U JKOJOTMYECKUE MPEUMYINECTBA ITHX CHHEpre-
TUYECKHX ITOAXO0JIOB, Mperoiaras, 4T0 CTpaTeru-
YECKOE MCIOJB30BAHUE OTXOJOB THKA MOXKET 00e-
CIIEYUTH JIBOMHBIE NPEUMYIIECTBA: YCTOHYUBYIO
YTHIU3AIUI0 OTXOJ0B U CHUKCHHE YHCICHHOCTH
BpEIUTEIICH.

Ymnax u gp. (2025) B cBOUX UCCIIEAOBaHUSX
paccMaTpuBalOT B3aWMOCBS3b MEXAY TII00ATbHOM
IIPOJIOBOJIBCTBEHHOM 0€30MaCHOCTHIO U MPOU3BOJI-
CTBOM OMODHEPTHH, C YIETOM MPOOIIEM, CBI3AHHBIX
C POCTOM HACEJICHHUs, U3MECHEHUEM KJIMMAaTa U CO-
[MATbHO-9KOHOMUYECKUM HEpPaBEHCTBOM, Pa3yind-
HbIC aCIEKThI MPOJIOBOJILCTBEHHONH 0€30MacHOCTH,
OXBAaTBIBAIOIINE JOCTYITHOCTh, HCIOIB30BAHUE U
CTaOMIIBHOCTb, a TAKIKE OMO’HEPIHs KaKk BO30OHOB-
JITEMBIN UCTOYHUK DHEPTHH, TOTydaeMbIi U3 Ono-
JIOTUYECKUX MATEPUAIOB, TIIATEIBHO aHATU3UPYIOT
poOIEMBI YCTOHIMBOCTH, CBSI3aHHBIE C OMOdHEpTe-
TUKOM, TaKWe KaK M3MCHEHUS B 3€MJICTIONIb30BaHUH,
BBIOPOCHI TIAPHUKOBBIX Ta30B M OTPAaHUYCHHOCTD
pecypcos.

B pabdore Mypmy u ap. (2025) moka3siBaeTcH,
YTO KOPMOBBIE KYJIBTYPBI MOTYT HCHOJIb30BAThCS
JUTST TIPOM3BOJACTBA OMORHEPTHH, MOCKOIBKY (ep-
MEpbI YK€ UMECIOT OIBIT B METOJIaX YIPABICHUS H
pacroJiaraloT Heo0XoauMoi WH(PACTPYKTYpOH, a
Takke mpenmnonaraior, uto Kk 2030 rogy s mpo-
M3BOJICTBA OWOMAacchl ToOTpedyercs okoio 22,3
MUJJIMOHA TEKTApOB MAaXOTHBIX 3€MEJIb U MMacTOMII.
[TepeBoa 3THUX TUTOIMIAAEH O] TIPOMU3BOICTBO OHO-
SHEPTUM MOXET BBIHYJUTHh TPAJAUIMOHHBIA CEKTOP
KOPMOBOTO >KMBOTHOBOJICTBA HCKaTh HOBBIE Ta-
XOTHBIC 3€MJIA. A €CITH TIPOU3BOJICTBO OMOIHEPTHH
OyZeT MOOIIPATHCS Ha CENbCKOX03SMCTBEHHBIX yTO-
JIbsIX, OHO MOKET B KOHEYHOM HMTOTE KOHKYPHPO-
BaTh C BBIIIACOM KPYITHOTO POTaToOro CKOTA.

B uccnenosanuu 3ummep u np. (2025) mpen-
CTaBJIeHAa ’KOHOMHUYECKas OIIEHKa MOOMITLHBIX yCTa-
HOBOK ISl TIPEIBAPUTEIIBHON 00pabOTKU OCTaTKOB
J1ec03aroToBoK B Ymiu. Pe3ysbraThl OKa3bIBAIOT,
YTO MOOWJIbHBIC YCTAHOBKH HE MOTYT CPaBHUTHCS
10 KOHOMHH MacimTada ¢ KpyImHEeUIITIMHA KOMMep-
YECKUMHU TPEANPUATHSIMHA, HO X MOJyJIbHAS KOH-
CTPYKITUSI BBITOJHA NMPH MEHBIINX MOITHOCTSX. B
Ywiu oHM ObUIH OBl HaMOOJIEE MOAXOMAILMMHU UL
Oojiee ymaJeHHBIX MECT W Ui JCIEHTPATU30BaH-
HBIX KOHIICTIIIUH MCII0JIb30BaHUsI.
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Capkap u ap. (2023) npeanpuHsUIM TONBITKY
pPaccMOTpPEeTh YCTOMYMBOE UCTIOIB30BAHNE CEITbCKO-
XO3SHCTBEHHBIX OTXOJOB Il TIPOM3BOACTBA OMO-
SHEpPruH, 0COOEHHO B a3MATCKHUX CTpaHax, TaKUX
kak Kwurait, Uaaus, Beernam, Uagonesus, SInoxus,
banrnanem, I[lpu-Jlanka u ap. PaccMoTpeHns! no-
CTYTHOCTb Pa3JIMYHBIX CEIbCKOXO3SHCTBEHHBIX OT-
XOJIOB, MIX MTOTEHIIMAI JIJIsl TPOU3BOACTBA ONO3HEP-
THH U JIOTUCTHKA B Psijie a3MAaTCKUX CTPaH, a TaKXKe
nposener SWOT-ananus.

B paborax [laBaiist u ap. (2025) mokassiBaeTcs,
YTO UCIIOJIF30BaHUE OMOMACCHI COPHSAKOB JIJIS TTOITY-
YeHUS BO30OHOBIISIEMBIX OMOPECYPCOB MOKET CTATh
YCTOWYHMBBIM U SKOHOMUYECKH 3(h(PEeKTHBHBIM MO~
xo70M. HazemHbIe copHsikU, Takue Kak Parthenium
hysterophorus n Lantana camara, TpeCTaBISIOT
co00¥ Cepbe3HyI0 MPOOJIEMy B Pa3IHYHBIX CHUCTE-
Max 3eMJIENI0JIb30BaHUSI 110 BceMy MUpy. B 3Toil pa-
0oTe 00001IeH oTeHIKan obuomaccsl Parthenium u
L. camara B ponu3BOJCTBE OMO’HEPTUN B paMKax
CHCTEMBI ITepepabOTKN OTXOJI0B B IOJIE3HBIC pECyp-
chl. Takke 00CYXIAr0TCs HHHOBAIIMOHHBIC, YKOHO-
MHUYECKH 3(PPEKTHBHBIE M YCTOWYMBBIE CTPATEruu
YIpaBIeHUS M CHIDKEHUS KOJINYEeCTBA COPHOI OHO-
Macchbl B KOHTEKCTE MPOU3BOJICTBA OMOIHEPTHH.

[Iax3am u map. (2024) B cBoeM 0030pHOI pado-
T€ paccMaTpPUBAIOT MOTEHIUAN MEPEAOBBIX TEXHO-
Joruil mpeobpazoBaHusl GMOMACCHI, C aKIIEHTOM Ha
TEPMOXUMHUYECCKHE W OMOXMMHYECKHE MPOLECCHI
KaK KIIIOYEBbIE METOJBI ONTHMHU3AINH CTPATErHi
YOPaBIEHUSI  CEbCKOXO3AHCTBEHHBIMH — OTXO/JIa-
MU. B TO Bpems kak OMOIOTHYECKHE IPOIIECCHI
OrpaHUYEHBl JJHUTEIbHBIM BpeMeHeM 00padoTKu
W HU3KHUM BBIXOJIOM, TEPMOXHUMHYECKHE METOJIBI
CTaJIKUBAIOTCA C MPOOJIeMaMH, CBSI3aHHBIMU C BBI-
COKHMH 3aTpaTaMu Ha 00pabOTKy U TeMIIepaTypHbI-
MU TpeOoBaHusIMH. B 0030pe Taxke cpaBHUBAIOTCS
MPENMYIIecTBa M MPOOIEMBbI KaXI0TO METO/Aa IS
OLICHKH HX 0011l 3 PEKTUBHOCTH U IPUTOJHOCTH.

Bumxasaty u ap. (2025) B cBOMX Hccae10BaHH-
SIX MCIIOJIb30BAIM BUJ MANOpoTHUKA (Stenochlaena
palustris), TMAPOKO pacrpocTpaHeH B 3a00I0YCH-
HbIX paiioHax IOro-Bocrounoit A3zum, KOTOPYIO
MECTHBIE OOUTMHBI OOBIYHO MCTIONB3YIOT IS MPH-
TOTOBJIEHUS! THIIM M JIEKapCTB TOJIBKO MOJIOJIbIE
JIUCTHSI, BRIOPACHIBAs CTAphIE JIMCThS U CTEOIH, UTO
NPUBOIUT K HAKOIUIGHUIO OTXO/0B. Brepsrie Obu1
MPOBEJICH MUPOJHN3 3TUX OTXOAOB C IENbI0 H3yde-
HUS UX MTOTEHIIMAJIa B KAUECTBE UCTOYHHMKA YHEPTHH
M XMMHUYeCKHX BemecTB. Kpome Toro, OblT mpoBe-
JIeH 9KCIEPHUMEHT MO MHUPOJIU3Y Ul HCCIeT0BaHU
BIIUSTHHSI TEMIIEPATYPhl Ha BBIXOJI MMPOIYKTa U pac-
MpeJIeIeHne ero XMMHYeCKuX coefauHeHni. Codye-
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TaHUE KHHETUYECKHX M MHUPOJM3HBIX CBOWCTB IO-
3BOJIMJIN CJI€JIaTh BBIBOJ, UTO OCTATKU Stenochlaena
palustris TOTEHIIUATBHO MOTYT CTaTh MOJIE3HBIM HC-
TOYHHUKOM OMORHEPIMH WM XUMHYECKHX BEIICCTB
MOCPE/ICTBOM ITHPOIIU3a.

xapsuneH u ap. (2025) B cBoeit pabote npen-
CTaBWJIM aHAJIU3 TEXHOJOTUH M yCTONYUBBIX YPOB-
HEW WCIIOIL30BaHUA OMOMACCHI M OTXOJOB JUIS
MPOU3BOICTBA YHEPTHH, a TAKKE IPUMEHEHUI Ono-
SHEPIeTUKH B O0JIACTH YJIaBJIMBAHUS M XPaHCHUS
YIIepo/ia, TaKkKe PacCMaTPUBACTCSl MPOU3BOJICTBO
MaTepUaOB U XUMHUECKHUX BEIIECTB TaKUM 00-
pa3oM, 4TOoOBI 3TO CIIOCOOCTBOBANO JTOCTHUKCHHIO
meyieil kak B 00JIacTH KiMMaTa, Tak U B 00JlacTH
OXpaHbI MPHUPOJIBL. B 3akiroueHue OHM MPUXOIAT K
BBIBOJTY, YTO YCTOWYMBOE HCIIOJIb30BAHUE OHOMAC-
CBhI OTPaHUYCHO €€ 3HAYUTEIHHBIMU MOTPEOHOCTSI-
MH B 3€MEJIbHBIX PeCypcax M MOCIEIYIONUM Hera-
THUBHBIM BO3/ICHICTBHEM Ha OKPYIKAIOIIYIO CPELy.

MarepuaJjibl U METOABI UCCIETOBAHUS

C yderoM HCCIEA0BAaTENBCKUX METOAOJIOTHH,
MPUMEHSEMBIX B 00JIaCTH OMOPHEPTeTHKH, OIIEHKa
OMOdHEPreTHYEeCKUX pecypcoB Azepbaiiakana npo-
BOAUTCS TO crieayromuM HampasieHusM (https://
www.area.gov.az/az/page/yasil-teknologiyalar/
biokutle):

1. PacturenbHble oTx0nbl: B A3zepOaiimxane
O6moMaccy MOYKHO TIOJIYYHTh W3 PAaCTUTENBHBIX OT-
X0JI0B, 00pa3yrOIIMXCsl TPU BBIPALIMBAHUN OJHO-
JIETHUX CeJIbCKOXO3AWCTBEHHBIX KYyNIbTyp (3€pHO-
BBIX, KYKYpPY3bl, XJIONKa U JAp.). DTH OTXOJbl MOTYT
OBITP MCIOJB30BAHBI I MPOU3BOJCTBA Onorasa
WJIN TBEPIOTo OMOTOITUBA.

2. OpyKkTOBBIE W JecepTHhIE OTX0nbl: Dpyk-
TOBBIE OTXOJIbI, OOpa3yIOIIHecs B pErHOHaX BhIpa-
mmBaHus QyHIyKa W JIPYTHX TUIOJIOBBIX KYJIBTYP,
0co0eHHO cKkopiyna QyHIyKa, MOTYT OBbITh UCTIONb-
30BaHBI B KAUECTBE CHIPbS [T IPOU3BOJICTBA dHEP-
THH WK TOTUTUBHBIX OPUKETOB.

3. JKuBotHOBO1UeCcKHEe OoTXO0Abl: HaBo3 ABiseT-
Cs1 OJTHUM M3 OCHOBHBIX HICTOYHHUKOB ITPOU3BOJCTBA
Omorasa B mporiecce aHadpoOHOro pazioxeHus. [1o-
Jy4YeHHBI OMora3 MOKeT OBITh MCHOJIB30BaH IS
MIPOU3BOICTBA AIIEKTPOIHEPTHH U TETIIA.

4. Jlecusie orxoapl: OOpe3aHHbIe M CpyOIICH-
HBIE YaCTH JIPEBECHHBI, 00pa3yIoNIuecs B X0e Je-
COXO3SIICTBEHHOM /€ATENbHOCTH, pacCMaTpPHUBAIOT-
cs KaK TIOTEHIMAJIBFHOE CHIphE IS MPOU3BOJACTBA
OMOdHEPTHH.

5. beitoBele crouHBIE BOABL: OdpeKTHBHASL
OYHCTKA OBITOBBIX CTOYHBIX BOJ M MX HCIOJb30Ba-

HHUE B MPOU3BOJICTBE SHEPIHU TPEOyeT MPUMEHEHHS
COBPEMEHHBIX TEXHOJOTHH OYHCTKU. DTOT MPOIIECC
UTpaeT BaKHYIO POJIb KaK B YIPABICHUH OTXOAAMH,
TaK ¥ B 00ecIieueHIH YHEPTeTUIECKOi1 0e30MacHOCTH.

6. TBepaple ObITOBBIE OTXOIBI: B MexmyHapoa-
HOM TpakTHKE TBEpJble OBITOBBIE OTXOMABI paccMma-
TPUBAIOTCSI B KAUECTBE CBHIPbSI Il OMOIHEPreTUKU
TOJIBKO NP HATWYHH COPTHPOBOYHON HH(PACTPYK-
Typsl (OT4er 00 oLeHKe OMOIHEPreTHUECKOro IMo-
tTeHnuana Asepbaiimkana, 2024).

Haubonee HagexHOM M MIMPOKO MCIIOIB3yEMON
METOJIOJIOTHEN OLEHKH MOTEHIMANa MPON3BOJICTBA
Ouorasa U3 PacTUTENbHBIX OCTATKOB SIBISETCS Me-
tononoruss BEFS (buosneprernka u mpoaoBOIIh-
CTBEHHasi 0E30IaCHOCTH), KOTOpas TaKKe HCIIOJIb-
3yeTcs B HAITMX UCCIIEAOBAHUSX.

PactuTtenpHple OCTaTKM OIIEHHMBAIOTCA  JUIA
oTIpe/ieNIeHnsT KOJMYECTBA MOTEHIINATBHOTO CHIPhS
13 CEJIbCKOXO3SMCTBEHHOW MPOAYKLIUU U OTXOJOB
riepepaboTKH, IPUTOAHOTO JUIS MPOU3BOJCTBA OHO-
SHepruu. B 1aHHOM cilydae OCHOBHOE BHUMaHHE
yaAeTsieTcs MPOLyKTaM, KOTOpbIe TIPOM3BOIATCS pe-
TYJISpHO U B Oombuinx o0bemax. CorfacHO MOJXo-
ny BEFS, ncrionb3oBanue cenbCcKOX03IHCTBEHHBIX
OCTaTKOB B IIEJISIX OMOPHEPreTHKH HE JTOJDKHO OKa-
3BbIBaTh HETATHBHOTO BO3JIEHCTBHS Ha IPOJIOBOIH-
CTBEHHYIO 0€30I1aCHOCTD, 3aLIUTY YKOJOTMYECKOTO
OamaHca W COIMAIbHO-3KOHOMHYECKYIO CTaOWIIh-
HOCTB (pepMEpCKHUX XO3IUCTB, a, Ha000POT, JOIKHO
co3/aBath J100aBICHHYIO CTOMMOCTH. [Ipn orenke
CBIPbS ISl OMOHEPTeTUKN YUUTBIBAIOTCS TPH OC-
HOBHBIX TIOKa3aTeNs: MOCTYITHOE KOJIWYECTBO ChI-
pbsl; DKOHOMHUYECKash LEHHOCTH (AJIbTEpPHATHBHOE
WCTIONIb30BaHME, 3aTPaThl HA cOOp W JIOTHCTUKY H
T.J1.); DHEPreTUUECKOE KaueCTBO.

CenbCKOXO03SIMCTBEHHBIE OTXOALI OOBIYHO WC-
MIOJIB3YIOTCS AJIS1 PA3JIMYHBIX LIEJTeH, HO MpH Iepe-
paboTKe B SHEPrHI0 OHM MOTYT CO3/AaBaTh Ooiee
BBICOKYIO SKOHOMHYECKYI0 IeHHOCTh. Ilo 3roif
npuunae Mmetomonoruss BEFS pexomenmyer pac-
CMAaTpHBaTh JUIs MPOU3BOJICTBA OMOIHEPTHH TOJIBKO
HEWCIIOIh30BaHHBIC WIH HEAP(HEKTHBHO HUCTIONB3Y-
emble 0TX0abl. To ecTb, B KaueCcTBE OCHOBBI OepeTcst
pacder peajabHOro 00bheMa, IPUTOTHOTO I YHEp-
TEeTHUUYECKUX LIEJIEH, 1MOocie BblYETa OTXO/I0B, MPE-
Ha3HAYeHHBIX JUIS 3alUTHl TUIOJOPOANS TMOYBHI H
JOPYTUX HEOOXOAMMBIX LIEJIEH.

[Ipumenenue 3TOro Mmoaxoja BKIIOYAET CIemy-
IOILUE JTAIBI:

- OTpeAeNieHHE CPEJHETr0I0BOr0 KOJINYEeCTBa
PacTUTEIBHBIX OCTATKOB,

- ONpEeaeNeHHEe OTXOAOB, KOTOPBIE JIOJKHBI
0CTaBaThCs Ha MOJIE AJIS 3aIUThI TOYBBI,

33



HepCHeKTI/IBBI IIpOn3BOACTBA 6H03HepFI/II/I 13 paCTUTCIBHBIX OTXOJ0B B BOCTO‘{HO-gaHI‘C3prKOM OKOHOMHUYCCKOM...

- OIICHKA YacCTH, MpeAHa3HaYeHHOH 11 Ooiee
[ICHHBIX AJIbTEPHATUBHBIX IIEJICH,

- pacueT o01ero oobeMa 0TX010B, KOTOPBIE MO-
I'yT OBITh HaNpaBJICHbI Ha POM3BOJCTBO OMO3HEP-
THH.

JIoCTyITHBIE PACTUTEIbHBIC OCTATKH PACCUUTHI-
BatoTcs 1o cnenyromeit popmyne (BEFS RA, 2014):

POB>=YPO_ —PO -POU (1)

I'ne:

POBD (tomm/rom) — 00BEM paCTUTEIHHBIX
OCTaTKOB, IPUTOTHBIX U1 MPOU3BOACTBA OHOIHED-
THH,
PO .. (ToHH/TOR) — O0LIEe KOMMYECTBO PACTH-
TENLHBIX OCTAaTKOB, 00Pa30BaBIIMXCS 32 TO/L,

PO, (TonH/rom) — OCTaTKH, NpeaHa3sHAYECHHBIE
JUISL yXOJ1a 3a TMOYBOH | JIPYTUX HEIHEPreTHUECKUX
Leneu,

POI/I(i_j) — OCTAaTKH, MIPETHA3HAYECHHBIC IS IPY-
I'HX aJbTEPHATHUBHBIX IIETICH.

ITockonbKy HEKOTOpBIE BUJIBI PACTEHUI MTPOU3-

BOIAT Ooiee OAHOI'0 THUIIAa OCTATKOB, IPU PaCUCTC

Tao6uuna 1

nX OMO’HEPreTHYECKOTO MOTEHIMANa CIACYeT YUH-
TBIBAaTh KAXK/YH0 KaTErOPUIO OCTATKOB.

OaHUM M3 OCHOBHBIX NOKa3aTelel, XxapakTe-
PHU3YIOMIX OMOPHEPTETHUECKOE ChIPhE, SBISETCS
€ro CHocoOHOCTh MPeoOpPa3OBBIBATHCS B JHEP-
ruto. TermnoTBOpHAs CITOCOOHOCTh KaXKIOT'0 THIIA
CHIpbS — TOYHEE, HU3IIAsl TEIUIOTBOPHAS CIIOCO0-
Hocth (HTII) — oTpakaeT COBOKyIHOE BO3JCH-
cTBUE (U3UKO-XUMUYECKUX (PAKTOPOB, TAKHX KaK
yIriaepoa, BOAOPO, KUCIOPOA, a30T U Cepa, a Tak-
’K€ BIAXKHOCTh, JIETYy4YHE BELIECTBA U CBSI3aHHBIN
yraepoa. B uccnemosanusx BEFS HTII cuura-
€TCsl OCHOBHBIM II0KA3aTEJlEM, OIPEIEIISIIOIUM
JHEPreTHYeCKOe Ka4eCTBO CHIPhS. 3JE€Ch pasiiv-
YaloT JBa TUIIa HU3LIEH TEIIOTBOPHOHM crmoco0-
noctu (HTII):

1.HTII, nomyuyaemasi mpu HENOCPEACTBEHHOM
C)KUTAHUH OMOMACCHI MU B BUC OPUKETOB;

2. Ilokazarens HTII TomnuBa, momy4aeMoro u3
Oromaccel, TaKOro Kak OMoras, CHHTETHYECKHUN ra3
1 OMOYTOJTh.

B tabnume 1 mpuBeneHb HHU3MINE TEIJIOTBOP-
HBIE CIIOCOOHOCTH Pa3INYHbIX BHJI0B OHOMACCHI.

Huswasa mennomeoprnas cnocoonocmo (HTII) pasnuunuvix 6udos ouomaccol (Omuem o pacueme 6u0IHepeemuyecko20 nomeHyuanla

68 3eeHbIX IHepeemudeckux 30Hax, 2024)

Husmas rennorBopHas

Coxuranne (OpUKEThI/TICIIETHI,

Coipre cniocoonocts (HTII) MKT/KT) Tasuuicanus (wir/r)

XJI0TKOBasI HATh 14,5 14,45 18,26
Crebenb XJI0mKa 13,63 13,63 16,33
Cxoprnyna GpyHIyKa 17,21 18,42 19,93
[enyxa ¢pynmayka 17,24 18,42 19,93
Lemyxa apaxuca 15 20,1 19

Kykypy3sHblil mouaTtok 15,11 20,49 19,08
Kykypy3snas menyxa 13,31 6,35 17,68
Crebelb KyKypy3bl 16,75 22,03 20,36
PucoBas menyxa 13,8 20,03 18,07
Crebernb copro 15,81 23,68 19,63
Conoma copro 16,38 17,25 20,07
Conoma stuMeHs 14,5 16,29 17,5
[TmenunyHas menyxa 17,8 16,34 21,18
[TmeHnyHas comoma 16,63 13,42 20,27
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Jist cpaBHEHMS, HU3ILAs TEIUIOTBOPHAS CIIOCO0-
HOCTh HEKOTOPBIX TPAJAWIIMOHHBIX BUIOB TOIUINBA
cocTaBisieT: ceipas HepTh — 44 MJIK/KT, Tu3enpHoe
toruBo — 45 MJDx/kr, 6en3un — 46 MJx/kr, pu-
poansblif ra3 — 55 M/Dx/kr.

B mpouiecce mponsBoicTBa OMOIHEPTUN YUUTHI-
BAIOTCSI KaK JIEKTPHUYECKast, TAaK M TEIUIOBasi (POPMBI
SHEPIHH, TMOIyYaeMoil B pe3yibTare mepepadoTKu
Oromaccel, U OmpeneNseTcss MOTCHIUATbHBIN 00b-
€M TIPOM3BOJICTBA Ha €AWHUIYy »Hepruu. Ha sTom
JTare B Ka4eCTBE OCHOBBI OEPyTCs COCTaB M TEIIO-
TBOpHAsi CIOCOOHOCTH TOIIMBHBIX ra3oB (Omorasa,
OTXOMSIIHNX ra30B, IPUPOJHOTO Ta3a U T. [1.).

Ha ocHOBe npencTaBie€HHON BBILIE TEOPETHU-
YeCcKOW M METOJI0JIOTMYECKOW OCHOBBI CUMTAETCH,
YTO OIEHKa OMOPHEpPreTHYEecKOro MOTeHIHajla He
JIOJI’KHA OIPAaHUYMBATHCS TOJIBKO KOJIMUYECTBEHHBI-
MU TIOKa3aTesIMI PECYpPCOB, a JOJDKHA ITPOBOTUTH-
cs1 cOaJaHCUPOBAHHBIM 00Pa30M C yYETOM 3aIIUTHI
arpoOnopa3zHoo0pasus 1 MPOJTOBOILCTBEHHON 0€3-
omacHoctu (Caauros & MamxkayHiy, 2023).

[InannpoBanne OMOIHEPTETHUECKUX TIPOEK-
TOB B UyBCTBUTENBHBIX K MPHUPOJHBIM M CEJIBCKO-
XO35MCTBEHHBIM YCJIOBMSIM pailOHax, TakMX Kak
BocTouHO-3aHre3ypckuii 5JKOHOMUUYECKUI PErHOH,
JIOJDKHO KOOPAMHUPOBATHCS € (pakTopamMu 3emiie-
MOJIb30BaHM, SKOCUCTEMHBIX YCIYT M COLUAJIBHO-
skoHOMHYEcKoi ycroiumBoctn (I'ymmes, 2023).
[Ipumenenue merononorun BEFS nokassiBaer, uto
Ooree 1menecooOpa3Ho MPUBIICKATH IS TIPOU3BOI-
CTBa OMOPHEPTHH TOJIBKO HEUCTIONb3YyEeMbIE WIIN He-
s dexTuBHBIC pecypchl OmoMacchl. Takoi moaxon
MO3BOJIIET MPEAOTBPATHTH oOcialieHue arpoOno-
pa3HooOpasns W KOHKYPEHIIHIO C TPOU3BOJICTBOM
MPOAYKTOB nuUTaHusA. Ha Mol B3risiz, OoleHKH, Oc-
HOBAaHHbIE HAa MHTETPUPOBAHHBIX MPOCTPAHCTBEH-
HBIX, 9)KOHOMHUYECKHX M YHEPreTUYECKUX MOJEIX,
(hopMupyIOT O0JIee peaTUCTHYHBIC M MPUMECHUMEBIS
pe3ynpTaThl Ui pernoHa. CleoBaTeNnbHO, OLEH-
Ka OHODPHEPreTMYecKoro IOTEHIMaNla Ha Hayd-
HOWM OCHOBE MOJKET CTaTh BaXKHBIM MHCTPYMEHTOM
MIPUHATUS PEIICHUH B JOJTOCPOYHBIX CTPATETHsIX
yCTOHYMBOrO pa3BuTus BocTouHO-3aHre3ypckoro
SKOHOMMYECKOT0 paiioHa.

Pe3y.]'[I)TaTI)I HCCJICJOBAHUA U UX oﬁcymz]elme

BocTrouno-3anre3ypcknii 5JKOHOMHYECKUH paii-
OH pacIoI0KeH B BOCTOYHOM 4acTH 3aHTe3ypcKoro
TUIaTO, OKPYXKEeH 3aHTe3yPCKUM T'OPHBIM XpeOTOM B
Masom Kagkase, u 3anumaet oOniyto riomaas 744
800 ra. B coctaB 3TOro "KOHOMHYECKOTO PErHoHa
BXOJAT aJIMUHHUCTPATUBHBIC palOHBI 3aHTHIIaH,

I'ybanmu, dxabpaun, Jlaunn u Kanbamkap (Pu-
cyHOK). [Ipearopssi U paBHUHBI UCCIETYEMOH Tep-
puTOpHH, BbICOTAa KOTOpBIX gocturaer 300-400 wm,
XapaKTEPU3YHOTCS )KAPKUM JIETOM U MSTKOU 3UMOM.
Cpennsaa TeMIiepatypa TEIUIBIX MECALIEB COCTaB-
et 24°-26°C, a cpenmHsas TeMmIeparypa XOJo.-
HbIX MecsaneB — 1,0°-3,9°C. KinumaT HU3MEHHBIX U
CPEIHETOPHBIX pPAaliOHOB YMEPEHHBIH, CO CpeaHei
temnepatypoi 12-10°C B Tenmblie Mecsusl 1 1-2°C
B xoJoaHble (AOayppaxmanos, 2023).

Pucynok 1
Kapma pacnonoxcenus ucciedyemoii meppumopuu

[Ipu xapakTeprucTHKe pacTUTEIHHOTO MOKpPOBA
00BbEeKTa UCCIIeIOBaHUS B BBICOKOTOPHOW 30HE paii-
OHAa BCTPEUAIOTCSA ANBITUHCKHE W CYOQIBITHACKUE
Jyra, B CpEeAHETOpPHON 30HE IIMPOKO pachpocTpa-
HEHBI IIMPOKOJIMCTBEHHBIE JIECa U MTOCIIEIECHBIE JTy-
TOBBIC KYCTApHHUKH, a B MPEATOPhIX U HU3MCHHBIX
TOPHBIX 30HaX — CTEHBIE H CyXOCTEIHBIE PACTCHUS
(M6anmynnaesa u ap., 2023).

[TouBenuwIif MOKPOB BOcTOUHO-3aHTE3ypCKOTO
9KOHOMHUYECKOI0 paifoHa MOXKHO 0XapaKTepHU30BaTh
CIIEYIOIIMM 00pa3oM: B BBICOKOTOPHOH 30HE pac-
MPOCTPAHEHBI PA3NTMYHBIC TOATUIIBI TOPHO-TYTOBBIX
I0YB, B CPETHETOPHOI 30HE — OypBIe TOPHO-JIECHBIE
U KOPUYHEBBIE TOPHO-JIECHBIC TIOYBHI, B CpPelHE- U
HU3KOTOPHBIX pailoHaX — TOPHO-YEPHO3EMBI, TOp-
HO-CEPO-KOPUYHEBBIC TMOYBBI, a B MPEATOPBSIX U
paBHUHAX PACIPOCTPAHEHBI PAa3NUYHBIE TIOTHITHI
U BHJOBOE pazHooOpa3me cepo-KOPUYHEBBIX, CEPO-
OypBIX, CEpO3EMOB, CEPO3EMHO-TTyTOBBIX, TIOHMEH-
HBIX aJUTFOBHANIbHO-TYyTroBbIX mouB (FOcudopa &
Ammzane, 2025a).

Nsyuaemas TeppuTOopus MOIXOIUT HIJSl pa3BU-
THS 3€PHOBOJICTBA, BHHOTPagapcTBa, KapTrodeme-
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BOJICTBa, TaDAKaBOJICTBA, IIJIOJOBOICTBA, YACTHUYHO
IICIKOBOJICTBA M JKMBOTHOBOACTBA. HW3MEHHEBIN
U CPEIHETOPHBIN KIMMAT MO3BOJSIET BHIPALIUBATH
3/1eCh CEIHCKOXO3SICTBEHHbIE KYJNbTyphl B OoTap-
HBIX YCJIOBHUSIX.

Ouyenka nomenyuana npouseoocmea oOuo-
IHepeUU U3 PACHUMENbHBIX O0CHAMKOE8 CelbCKO-
X031 cmeeHHbIX Kyavmyp ¢ Bocmouno-3anzesyp-
CKOM IKOHOMUUECKOM paiione

Hcnonp3oBaHue OMOIHEPTHH B CEIBCKOM XO-
3SHCTBE B OCHOBHOM OCHOBAHO Ha PaCTCHHEBOI-
CTBE W >KMBOTHOBOJICTBE, YTO CIIOCOOCTBYET BHE-
JIPCHUIO0 WHTETPUPOBAHHON MOJEIN TPOU3BOJICTBA
OMOPHEPIrHH, OXBATHIBAIOIICH BBIPAIIBAHUE CEIIhb-
CKOXO3STUCTBEHHBIX KYJIBTYpP, >KHBOTHOBOJACTBO H
MIPOU3BOACTBO Ono3HEepruu. OTHAKO TOYHBINA BKIIA/T
TaKUX WHTETPUPOBAHHBIX CUCTEM B CMATUCHHE Pa3-
JUYHBIX JKOJOTHYECKUX MPOOJIeM, CBS3aHHBIX C
pacTEHHUEBOACTBOM U KHBOTHOBOACTBOM, OCTACTCS
HESICHBIM.

TpeBoxHBIN POCT TII00ANBHOM 3aBUCUMOCTH OT
HCKOIAeMOT'0 TOTUTUBA, TAKOTO KaK Yrojib, HePTh u
MIPUPOIHBIN Ta3, MPUBET K HCTOIICHHIO 3TUX PECyp-
COB. brICTpas HHIyCTpUATU3aLNS U POCT HACEICHUS
CYIIECTBEHHO YBEIWYHIIN CIIPOC Ha dHepruio. Jlo-
CTYN K YUCTOU M SKOJOTUYECKU YCTOMUMBOU IHEP-
TUU UMEET PEIIalolee 3HAYCHHE TSI YCTOWIUBOTO
Pa3BHUTHSI YEIOBEYECKOTO OOINECTBA W IS yJIOB-
JIETBOPCHHSI ATOTO TIOCTOSIHHO PACTYIIETO CIIpoca
(FOcudosa & Anumzazne, 20250). buomacca mpen-
CTaBJIAeT COOONH MHOTOOOEMIAIONINI aTbTepHATHB-
HBII UCTOYHUK JJI IPOU3BOACTBA YUCTON SHEPTUH.
Cpenu Hanboee KU3HECTIOCOOHBIX BAPHAHTOB BO3-
OOHOBIIIEMO¥ SHEPTUU JIJISl CO3/IaHuUs OoJiee yCTOoi-
YUBOHN AHEPreTUYECKON CUCTEMBI — UCIIOIb30BAHUE
pPaCTUTENBHBIX OTXO/IOB.

BocTouno-3anre3ypckuii 9KOHOMHUYECKHI pe-
THOH — 3TO KPYIHBIN CENbCKOXO3UCTBEHHBIN pe-
THOH, 3aHHUMAIOIIMH Ba)kHOE MECTO B DKOHOMUKE
Azepbaiipkana. biaronpusiTHbIE TOYBEHHO-KITUMa-
TUYECKUE YCJIOBHSI CO3JAN IMUPOKHE BO3MOYKHO-
CTH I Pa3BUTHS CEIBCKOTO XO3SIICTBA B PETHOHE.
Crenyer OTMETHTh, YTO IO OKKYTIAIIMH B 3TOM pe-
THOHE OBUIH IIMPOKO Pa3BUTHI PA3IMUHBIC OTPACITH
CEJIBCKOTO X035 CTBA — 36pHOBOE, BUHOTPAIapCTBO,
Ta0aKOBOJCTBO, KOPMOBOE 3eMIICCIUE, KapTode-
JIEBOJCTBO, OBOIIEBOACTBO, XJIOIIKOBOJICTBO M KHU-
BOTHOBOJicTBO (Bemues, 2020).

st pacueTa TIOTEHIMAJNA TTPOU3BOJCTBA OMO-
SHEPTUUM U3 PACTUTEIBHBIX OCTAaTKOB B BocTou-
HO-3aHTe3yPCKOM SKOHOMHYECKOM pailoHE B TIEp-
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BYIO odYepe/ib ObLT PacCCMOTPEH YPOBEHb Pa3BUTHS
CEITLCKOTO XO3SMCTBA M €r0 OCHOBHBIC TCHICHITUH
B peruone. Ha ocHoBe nmanubIX ['ocynapcTBeHHOTO
CTATUCTUYECKOTO KOMHUTETA OBLT TMPOBEICH aHAIHN3
COCTOSIHMSI HCITIOJIb30BaHUSI 3EMENbHBIX PECYPCOB
TEPPUTOPHUH TIOJ CEIIbCKOXO3SHUCTBCHHBIE KYJIIBTY-
pol (https://stat.gov.az/source/agriculture/).

JKWBOTHOBOZICTBO B HCCieIyeMoi obmactu 0o-
Jiee Pa3BUTO, YEM CEITHCKOE XO3HUCTBO: TACTOUIIA 1
3aroHsl 3aHuMaroT 209,8 THIC. ra, a MaxOTHBIC 3eM-
m — B 3,5 pa3za MeHbIie, 59,3 thic. ra. Hanbounbmas
TUTIOMIAIh 00padaTHIBAEMBIX 3€MENb MPUXOINUTCS Ha
Jxabpaunsckuit (20,5 ThIC. Ta) M ['yOammuHCKUit
(15,0 TBIC. TA) paitonsl. [lnomans 3eMensb MO MHO-
TOJICTHUMU KYJIbTYpaMH O4€Hb Masia, Bcero 11 ThiC.
ra. Hambospiiee KOMMIECTBO MHOTOJICTHUX KYJITb-
Typ (7,2 THIC. Ta) ¥ MaXOTHBIX 3eMenb (20,5 ThIC. ra)
HaxOJIUTCS Ha Tepputopun [[abpanabCcKoro paio-
Ha (Mamenos u ap., 2025).

CrenuanucTsl ATpapHOTO HCCIIC0BATEIIHCKOTO
HeHTpa pu MUHHUCTEPCTBE CEIBCKOTO XO3SHCTBA
AzepOaiimkanckoit Pecrryonmuku cocTaBmimm Tabim-
IbI, OTPAXKAIOIIAS TPOTHO3ZUPYEMBbIE ITAXOTHBIC 3EM-
JIA Ha TIEPUOJ TTOCJIE OCBOOOXKICHUS TEPPUTOPUU
B BocTtouHo-3aHre3ypckoM 3KOHOMHYECKOM paid-
oHe. CoriiacHO ATUM JaHHBIM, HaMOOJBIIAs TIIO-
/b TUTAHUPYETCSl K 3aCeBaHHUIO HA OOBEKTE WC-
CJIeTOBaHMS IO 3epHOBBIe KyIbTypsl (21 800 ra),
6 500 ra—mox ¢pykTs U siroasl, a 1 400 ra — mox
kaprodenb, oo u aeiHA. (https://agrodata.az/ ).

B mnacrosiee BpeMsi B HCCIEIyEeMOM SKOHO-
MHUYECKOM pailoHe 3epHOBBIC, OCOOCHHO TIIIICHHUIIA,
3aHUMAIOT OCHOBHOE MECTO B CTPYKTYpE IMOCEBOB
B 2024 Toay ¥ JOMHHHPYIOT KaK 1O TIIOMAIH TI0-
CEBOB, TaK M MO 00ImEeMy 00BbeMy MPOU3BOJICTBA.
OnHOBpeMEHHO HaOIIOAAaeTCs BBICOKAs YpOXKaii-
HOCTB KapTo(essi U OBOIIHBIX KYJIBTYP, YTO CBUJIC-
TeIbCTBYET 00 3((EeKTUBHOCTH OPOIICHHUS U arpo-
TEXHUUYECKUX Meponpuatuii. XOTsS YpOXKaWHOCTb
CaxapHOH CBEKIIbI OTHOCUTEILHO BBICOKA, IIOMIATH
MOCEBOB OCTaeTcs orpaHndeHHOi. I[lnomamu mox
IUIOZIOBBIC W BHUHOTPAJAPCKHE KYJIbTYPbl HMEHOT
MOTEHIUAIT JUIS PACIIUPEHUs, HO MOKA3aTeNd ypo-
YKaHOCTH TTOKa HAXOJSATCS Ha CpelHeM ypoBHE. B
1IEJIOM, TIOBBIIICHUE YPOXKAHHOCTH SIBJISICTCS TJIaB-
HBIM TIPUOPUTETOM JUIS YBEIUUEHUS [TPOU3BOCTBA
CEJIbCKOXO03SIMICTBEHHOM MPOYKIMH B PETHOHE (Ta-
osmma 2).

B Azep0Oaiimkane BeIpamuBaroT 14 BHIIOB pac-
TEHUH, MPUTOAHBIX I MPOU3BOACTBA COBPEMCH-
HOT'O TBEPJOTO0 OMOTOIUIMBA WM OWO3HEpruu (Ta-
osmma 3).
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Taoaumna 2

OcHogHbIe CellbCKOXO03UCTBECHHbLE KyJlbmypbol, 6030¢e/Ibl8ACMbLE 8 BOCmO'-lHO-3aH2€3prKOM IKOHOMUYECKOM paﬁone (Ca}leKOE XO-

saticmeo Asepbatioscana, 2024)

Kynbryphi [onoBoii 00bemM [Tnomans o6padarbiBae- [Ipou3BoaUTENBHOCTS,
MPOU3BOJICTBA, TOHH/TOJ MBIX 3€MEb, I'a TOHH/Ta
Irennma (o3umast u sipoBasi) 31 000,5 29 286,8 1,06
3naku U 3epHOO0OOBBIC (BCETO) 39507,2 327744 1,21
Kaprodenn 622.5 39,2 15,9
Osomu 1214,5 92,5 15,7
Baxuesnie 19,9 6,1 3,3
DpPyKTHI U SATOABI 1326,5 294,0 4.5
Bunorpan 2376 35,7 5,9
CaxapHas cBeKJa 14249 159,9 16,5
TTonconHeunuk (B kauecTBe 3epHa) 33,0 30,0 1,1

Tao6aumna 3

Buowl kynemyp u pacmumenvuvix ocmamios, npucoonsix 0Jis npousgoocmea buosnepeuu ¢ Azepbaiiodicamne

CenbCKOX03AHCTBEHHBIE KYIIBTYPBI Bun ocrarka

CenbCKOX03AHCTBEHHBIE KYIIBTYPBI Bun ocrarka

ITienunna cojioMa XJI0II0K Crebenb
nrenyxa HUTh
Slumens coiioma Tabak Crebenn
menyxa menyxa
Kykypysa crebenb Yait JIUCTBS
[I0YaTOK CaxapHas cBeKJIa Crebens
urexyxa Poxb conoma
TlogconHeunuk Crebenn IIpoco coioma
nrenyxa menyxa
Kmbix menyxa Copro menyxa
Puc coyioma Ogec coyioma
memyxa menyxa

Onenka 00pa3oBaHMs PacTUTEIBHBIX OCTATKOB
U WX TIPUTOJIHOCTH ISl TPOM3BOJICTBA OMOIHEPTUU
MIPOBOJMIACH C HUCIOJIB30BAHMEM METOMO0JIOTHYE-
ckoro moaxoma BEFS Rapid Appraisal. Ha ocuo-
B€ HAIMOHAJIBHBIX CTATHCTHYECKUX JaHHBIX OBUIN
onpesaeneHsl 00 00beM OCHOBHBIX PaCTHTENb-
HBIX OCTaTKOB, X TEKYIee UCTIOJIb30BAHUE H 0,
KOTOpasi MOTEHIMAIBHO MOYKET OBITh BBIIETICHA IS
nesneil GMOPHEPreTHKH.

Ha ocHoBe pe3ynbTaToB pacyeToB ObLIO ycTa-
HOBJICHO, YTO, COTIACHO O(UINATIBHOMN CTaTUCTHUKE,
B 2024 Tomy mo Bceil cTpaHe OBUIO COOpaHO IMpH-
Onu3uTenbHO 2 297 731 TOHH MIIEHUYHOMN COTOMEI,
1 158 269 ToHH sumeHHOU costombl, 704 593 TOHHBI
crebneit xsonka u 440 745 ToHH cTebielt KyKypy-

3bl. BBUTO OTMEUeHO, 4TO MPUOIM3UTENBHO 25 Tpo-
IIEHTOB COJIOMBI, COOPAHHOU C MIIICHUITBI M TIMCHS
(574 432,96 Tonusl u 289 567,24 TOHHBI COOTBET-
CTBEHHO), OCTABAJIOCh HA TOJISAX IS TTOANCPIKAHIIS
IJIOIOPOIMS TIOYBHI U TMOBBIIICHUS YPO:KaHHOCTH, a
OCTaJTbHAS 9aCTh B OCHOBHOM HCITOJTH30BATACh B Ka-
YECTBE KOpMa JJIs )KUBOTHBIX U MOACTUIIKU B CTOMU-
7axX. AHAJTOTUYHBIA MOAX0A OBUT MPUMEHEH K CTe-
OJIIM XJIOTIKA M KyKYpy3bl, U ObLIO MPUHATO, YTO B
CpemHeM 25 MPOIEHTOB 3THX OCTAaTKOB OCTaBAJIHCHh
Ha noJisix. Ha ocHOBe MOMyUEHHBIX CTAaTUCTHYECKHUX
JIAHHBIX OBLJIa COCTABJICHA TAOJIHIIA pACIPEICIICHUS
JOCTYIIHBIX PACTUTENbHBIX OCTATKOB IJI MPOU3-
BOJICTBa OMO’HEepTHu B BocTtouHO-3aHTE3ypcKOM
SKOHOMHUYECKOM paiioHe (Tabmnwuma 4).
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Tab6auua 4
Pacnpeodenenue docmynnvix pacmumensHuix 0CmMamko8 01 npouzeoocmea buosnepeuu 8 Bocmouno-3anee3ypckom skoHomuueckom
patione
Ob6miee konmnuectBo  OCTAaTOK PaCcTUTEIBHBIX OCTATKOB Ha MOJIE N
TInomanp OcTaTouHbIN
ChIpbe 0CeROB. 14 PaCTUTEIBHBIX . osKail. T/ra
H ’ OCTATKOB, TOHH/TO %o TOHH/TOL yp ’
IMmenuna 29 286,8 38 751 25% 9 688 1,32
3epHOBBIE 1 0000BBIE 32774,4 49 384 25% 12 346 1,51
Kaprodens 39,2 311 25% 77,75 7,93
OBoru 92,5 607 25% 151,75 6,56
baxueBnie 6,1 19,9 25% 4,975 3,26
DpyKTHI U SATObI 294 663,25 25% 165,8 2,26
Bunorpan 35,7 237,6 25% 59,4 6,66
CaxapHas cBeKJIa 159,9 14249 25% 356,2 8,91
ITonconmaeunnk 30 33 25% 8,25 1,10

[IpunsTHIC TOKA3ATENN:

DHepreTudeckas eMKocTh = 16 MJx/kr

Koaddunment none3noit paboTsl (IeCCUMUCTH-
yeckuil cuenapuii) = 25 % = 0,25

[IpeoOpazoBanme YHEPTUU:

1 MIx =0,2778 kBtu

Pacuem nomenyuana npouszeoocmea oOuo-
IHepeUU U3 PACHIUMETbHBIX 0CIAMKO8

Pacyer moteHImana mpon3BoACTBa OMOIHEPTHH
MIPOU3BOAMIICS CIEAYIONUM 00pazoM:

Ilomenyuan npouzgoocmea 6uosnHepeUulU =
Konuuecmeso docmynmwvix 011 npouzsoocmaea
buosnepauu ocmamxos x Kosgpgpuyuenm
npeoopaz08anus OCMamKo8 8 HNeKMpUIecKyio
anepeuto x Koaguyuenm nonesnoi

pabomwl

PesynpraThl pacuera moOTEHIMAlla MPOU3BOJI-
CcTBa OMOSHEPTHHM W3 PACTUTEIBHBIX OCTAaTKOB B
BocrouHno-3aHre3ypckoM 3KOHOMHYECKOM paiioHe
TIPEICTABIJICHEI B TAOIHUIIE 5.

OCmamKu — SNeKMpU4ecKas IHepeus. ( )

Ta6auma 5
Tlomenyuan npouszsoocmea buosHepeuU U3 paAcmumenbHblx 0Cmamkos 8 Bocmouno-3anee3ypckom 3KOHOMUYECKOM patioHe

KommuecTro PecypeHpiii noTemmma Ilorenunan nponsBoacTea

Tun pacrenus pacTUTENBHBIX Onosueprun

OCTaTKOB, TOHH/TO]] MJIx/ron MBrTeu/rox MJIx/ron MBTeu/rox
[Mmennma 38 751 620 016 000 172 232. 445 155 004 000 43 058. 111
3epHOBEIE 1 0000BBIE 49 384 790 144 000 219 485. 043 197 536 000 54 871. 261
Kaprodens 311 4976 000 1382.893 1 244 000 345.723
Osowu 607 9712 000 2 698. 354 2428 000 674. 588
baxuesbie 19.9 318 400 88. 464 79 600 22. 116
DpYKTHI U ATOBI 663,25 10 612 000 2948.014 2 653 000 737.003
Bunorpan 237,6 3 801 600 1 056.312 950 400 264. 078
CaxapHas cBeKJIa 14249 22 798 400 6333.770 5699 600 1583.443
[oncomneunuk 33 528 000 146. 678 132 000 36. 669
Hroro 91431.65 1462906400 406371.973 360027 101592.992

CrnemyeTr OTMETHTb, YTO PacyeThl IPOBOJIWINCH  CIIOCOOHOCTHh NMPUHHMAJach paBHoi 16 MJDxk/kr, a

Ha OCHOBEC OJHOI'O M TOro X¢€ METOIAOJIOTHYCCKOI'O
noaxoxa. Bo Bcex ClIydasaXx HUKHSS TCHIJIOTBOPHAA
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[[UaJT TIPOU3BOJICTBA OMO3HEPTUU U HOCST Mpe/iBa-
pUTENbHBIA OLIEHOYHBIN XapakTep.

Ponb 6uonepzuu é cokpaujeHuu NAPHUKOBHIX
2az08

[lonyyenne OHOPHEPrUM U3  CEIBCKOXO3Sii-
CTBEHHBIX OTXOJIOB SIBJISIETCA OJHOW U3 CTpaTeruit
YCTOHYHMBOTO YIpPaBJIICHUS OTXOJaMH Oriaromapst
MHOT'OYUCJIICHHBIM TIPEUMYIICCTBAM. HpOH?:BO)I-
CTBO OMO3HEpPrHH, KOTOpoe OOCIIaeT CHU3UTH 3a-
BUCHUMOCTH OT MCKOITA€MOTI'O TOIIJIMBA U COKPATUTH
BEIOPOCHI MTAPHUKOBBIX T'a30B, KOHKYPUPYET C Ta-
XOTHBIMH 3€MIISIMH M peCypcaMiu, UMEIOIMIUMHA pe-
miaroiee 3HaueHue JJi1 MPOU3BOJCTBA MPOIYKTOB
nutanus (Caguros u ap., 2025).

YuuThiBasi BC€ 3TO, Mbl MPOBEIU HIKECICHY-
omue pacyeThl, 4TOOBI OmnpeacInTbG, HACKOJIbBKO
COKpAIarTCsl BHIOPOCHI TAPHUKOBBIX Ta30B TpHU
WCTIOJIb30BaHUH OMODHEPTUH, MTOTyYEeHHON U3 OTXO-
JIOB pacTeHHeBOJIcTBa B BocTouHO-3aHre3ypckom
SKOHOMMYECKOM paiioHe:

IIpennonaraercst, 4To U3 1 TOHHBI CHIPbS B pe-
3yJNbTaTe WCIOJB30BAHUS PACTUTENHEHBIX OCTATKOB
B TIpoliecce aHadpoOHOro COpaKMBaHUS MOJTydaeT-
cs 200 m? 6uoraza. ['o1oBoO# 00BEeM pacTUTENBHBIX
OCTaTKOB, JOCTYITHBIX IS 1IeJIe OMOIHEPTEeTHKYU B
BocrouHo-3aHre3ypckoM 3KOHOMHYECKOM paiioHe,
coctaBisgeT 91 431,65 Toun. Ha »toit ocHOBe roj10-
BOIl 00BeM Omoraza pacCUMTBHIBACTCS CIIEIYIOIINM
oOpa3zom:

O, =91431.65 x 200 = 18 286 330 m*/ron (3)

C ydeToMm cojepkaHus MeTaHa B OUorase u Io-
TEHIMajJa TI00aTHHOTO TMOTETUICHUS MapHUKOBBIX
ra3oB, CHIDKEHHE BBIOPOCOB OIPEIENSsIIOCh CIIETY-
romuM KodhpumreHToM nepecyuera:

1 »* 6uoras = 0.0168 T CO, skB»

B »TOM cnyuae cHMKeHHE BRIOPOCOB B Pe3yJib-
TaTe HCIONb30BAHUS PACTUTENBHBIX OCTATKOB B
DHEPTEeTUICCKUX METISX:

CO, kB =18 286330 x 0.0168 =
=307 210 T CO, skB/rox 4)

beuto ompeneneHo, 4To Ha OCHOBE CYIIECTBY-
fomeil 06a3pl TaHHBIX MO OTXOJAM CEeIbCKOXO3SH-
CTBEHHBIX KyJIbTyp B BocTtouHo-3aHresypckoM
SKOHOMHYECKOM paifoHe BO3MOYKHO MPOU3BOJCTBO
npubau3uTenasHo 18,29 Mt M* 6uorasa, 4To MOXKET
MIPUBECTH K COKPAIEHUIO BHIOPOCOB YTIJIEKHCIOTO
raza Ha 307 210 Tonn CO,-5KB/ToS.

BriBoabI

bruto ycranosneno, uto B Boctouno-3anresyp-
CKOM 3KOHOMHYECKOM paliOHE €KEeT0IHO 00pasyeT-
cs1 91431,65 TOHH paCTUTEIBHBIX OTXOJ0B, U3 KOTO-
prix 54,01% npuxonurcs Ha 3epHOBbIE U O0OOBBIE
KyIbTypbl (49384 Tonubl/ron), 42,3% (38751 ToH-
Ha/ron) u 1,56% (1424,9 tonHBI/TON) — HA caxap-

HYIO CBEKILy.
CormacHo pacueraM, H3 PacCTUTEIbHBIX
OTX0JIOB, 0Opa3ymomuxcsd B JaHHOM 3KOHO-

MHYECKOM  palioHe, MOXHO  IPOU3BOJIUTH
101 592,992 MBt1'u 0Ouo3Hepruu B TroOj, U3
kotopeix 43 058,111 MBT4/ron OmosHeprH:
MOXET OBITh TOJYYEHO W3 OCTATKOB IIICHH-
ubl, 54 871,261 MBT-4/Tonq U3 oCcTaTKoB 3€pHO-
BbIX M 0000BBIX KyJbTyp, 1 583,443 MBt-4/rog
13 OCTAaTKOB CaxXapHOM CBEKJbI, a OCTaBIINECS
2 080,117 MBT'4/rog 6mosHEprun MOTYT OBITh
MOJIyYEeHBI U3 OTXOJO0B APYTHX PACTCHHUH (KapTo-
¢ens, oBoleid, PpyKTOB, TOJCOTHEYHUKA U T. II.).

CornacHo pacderam, MPOBEACHHBIM ISl OIIpeE-
JeNICHUsT PONIM OMOPHEPreTHYEeCKOro MOTEeHIIHAIa
HCCIIElyeMOr0 PEerMoHa B COKPAIIEHUH BHIOPOCOB
YIJIEKHUCIIOTO Ta3a, TOA0BOW MOTEHIMal Ouorasa B
BoctouHno-3aHre3ypckoM 3KOHOMHYECKOM paiioHe
cocranisieT 18 286 330 M?, 4YTO MOXKET MPUBECTH
K COKpAalICHUIO BHIOPOCOB YIJIEKHCIOTO Tasza Ha
307 210 ronn CO,-3kB/rox.

Jist cMArdeHusl SKOJIOTHYECKUX Yrpo3 M o0e-
CTICYCHHUSI DHEPreTHYECKOH Oe30MacHOCTH TMPOU3-
BOJICTBO OHMORHEPIrMM Ha OCHOBE CEJIbCKOXO3SH-
CTBCHHBIX OTXO/I0B B BocTouyHo-3aHre3ypckom
9KOHOMHMYECKOM paiioHe, MOXKET OTKpPbITh HOBBIC
NEPCIEKTUBBI B YCTOMYMBOM DHEPreTUYECKOM TPO-
H3BOJICTBE C TOYKHM 3PEHHUS BO300HOBIISIEMOCTH,
9KOJIOTHYHOCTH, KOHOMUYECKOH 3((EeKTUBHOCTH
1 COLMaNbHON NpueMieMocTu. B kauecTBe anbrep-
HATHBHOTO MCTOYHHKA SHEPTHU OTO TAKKE MOXKET
[IOMOYb CHHM3MUThH KOJHMYECTBO MAPHHUKOBBIX TI'a30B,
BBIJICNISIEMBIX [IPU COKUTAHUM MCKOTIAeMOT'0 TOTUIN-
Ba, CJIEJJOBATENIBLHO, 3TO MOKET CIIOCOOCTBOBATS J10-
CTHKEHMIO ceibMOM U TpuHaauatoi Lleneit ycroii-
guBoro pazsutusa (LIYP), koropas 3axmrodaercss B
o0ecreYeHur JI0CTyIa K Ha/Ie)KHOMW, COBPEMEHHON
1 yCTOWYMBOM 3HEPTHM Ul BceX U 0opbOe ¢ u3Me-
HEHUSIMU KITUMATa.

DuHAHCUPOBaHHE
JlaHHOE HCClie0BaHNEe MPOBOAMIOCH O3 Lelle-

BOTO (PMHAHCHPOBAHMUS M B paMKax COOCTBEHHOH
Hay4YHOW MHUIIMATUBBI aBTOPOB.
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Kondaukt narepecon BkJuiax aBTopos
ABTOpBI 3asBIISIIOT 00 OTCYTCTBUHM KOH(IMKTA Maxnyea FOcugosa: paspabomra kouyenyuu,
WHTEPECOB B OTHOIIECHUM JAHHON HCCIIENOBATENb-  HAYUHOE PYKOBOOCHMBO, PeyeH3Uposanue u peoakx-
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HOCTBIO OTpakalOT HAYYHYIO MO3UILIUI0 aBTOPOB U Hlamc Anuzaoe: uccredosanue, 0Opabomia
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COMPARATIVE ASSESSMENT OF HEAVY METAL CONTENT
IN SOILS OF INDUSTRIAL ZONES IN UST-KAMENOGORSK

In the city of Ust-Kamenogorsk, which is the largest industrial center of the East Kazakhstan region,
long-term activities of non-ferrous metallurgy and thermal energy enterprises lead to the accumulation of
heavy metals in the soil and form foci of sustainable man-made pollution. Among such pollutants, lead
(PB), cadmium (Cd), copper (Cu) and zinc (Zn) are especially dangerous because they persist in the soil
for a long time, accumulate in Biosystems and pose a serious threat to the ecosystem and human health.
The purpose of the study is to determine the actual concentration of heavy metals in the soil in the in-
dustrial zones of Ust-Kamenogorsk and compare them with the maximum permissible concentrations
(MPC) approved in the Republic of Kazakhstan, as well as assess the level of environmental risk in the
region. At the same time, the results obtained make it possible to compare the concentrations recorded
in industrial areas with natural levels in the background area, which is important in assessing the real
scale of the man-made load.

The scientific and practical significance of the study is that it provides new data reflecting the real
state of the soil in an area with a high level of industrial pollution and forms the necessary scientific basis
for planning environmental measures. The methodology was to take samples from a soil layer at a depth
of 0-20 CM, prepare them to use the acid dissolution method according to ISO 11466 standard and
determine the concentrations of Pb, Cd, Cu and Zn using atomic absorption spectrometry (AAS).

The results showed that in soils in the industrial zone, the content of Pb and Cd exceeds MPC by
5-11 times, Zn and Cu-by 2-5 times, respectively, and the concentrations in the background zone cor-
respond to the standards. Comparison with natural levels detected in the background area proves that
the accumulation of heavy metals was formed as a result of man-made impacts characteristic only of
industrial points and clearly shows the spatial differences between the sources of pollution. This proves
the High man-made impact of industrial facilities and the presence of a risk of heavy metal migration
in the region. The value of the study lies in the fact that it provides quantitative data that allows you to
determine the exact proportion of polluting sources, conduct environmental monitoring and plan resto-
ration work.

The practical significance of the work lies in the fact that the results obtained can be used in the
development of programs for environmental assessment of industrial territories, Zoning By risk levels
and remediation.

Keywords: heavy metals, soil pollution, atomic absorption spectrometry, maximum permissible
concentration, Ust-Kamenogorsk.
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OcKkeMeH KaAacCblHbIH, OHEPKACINTIK aiMaKTapbIHAAFbI
TOMNbIPAKTAPAAFbl ayblp METAAAAPAbIH MOALLEPIH CaAbICTbIPMAaAbI OaFaray

Lbirbic KaszakcraH OOGAbICbIHbIH, ipi ©HEPKSCINTIK OpTaAblFbl GOAbIN TabblAaTbiH ©OCKemeH
KAAACbIHAQ TYCTi METAAAYPrUs XKeHe >KbIAy 3HepreTuMka KacCinopblHAAPbIHbIH, y3ak, XXbIAABIK, KbI3MeTi
TOMbIPAKTa ayblp METaAAAPAbIH >KMHAAYbIHA SKEAIN, TypakTbl TEXHOMEHAIK AacTaHy OlUAKTapbiH
KaAbINTacTbipyAa. MyHAQM AacTaylibiAapAblH iwiHAe KopfFacbiH (Pb), kaamuit (Cd), mbic (Cu) >koHe
MbIpbIl (Zn) epekiie KayinTi, ce6ebi oAap ToMblpakTa y3aK, CaKTaAbin, OMOXYMeAepre >KMHaKTaAbIM,
3KOXKYIME MEH aAAM AEHCaYAbIFbIHA AEYAI Kayin TOHAIPeAi. 3epTTeyAiH MaKcaTbl — ©CKeMeH KAAaCbIHbIH,
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MaKTapblHAAFbl TOMbIPAKTaFbl ayblp METAAAAPAbBIH HAKTbl KOHLLEHTPALUMSIChIH aHbIKTar, oAnapAbl Kasak-
ctaH PecnybamkacbiHAa GeKiTiAreH LekTi pykcart eTiareH KoHueHtpaumsaapmed (LLIPK) caabicTbipy,
COHAQM-aK, aiMaKTbIH 3KOAOTUSIAbIK, TOYeKeA AeHreniH 6arasay. COHbIMEH KaTap aAblHFaH HOTMXXEAep
OHEepKaCINTiK aymakTapAa TIPKEAreH KOHLEeHTpaumsAapAbl (POHABIK, aiMaKTarbl TaBUFM AEHrenAepmeH
CaAbICTbIPYFa MYMKIHAIK 6epeAi, 6YA TEXHOrEHAIK >KYKTEMEHIH HaKTbl ayKbIMbIH 6ararayAa MaHbI3AbI.

3epTTeyAiH FbIAbIMU >KOHE NMPaKTUKAAbIK, MaHbI3AbIAbIFbl — OHEPKACIMTIK AaCTaHy AeHreli >KoFapbl
aMaKTarbl TOMbIPAKTbIH HAKTbl XKaFAalblH KOPCETETIH >KaHa AEPEeKTEePAl YCbIHYbl >KoHe TabuFaTTbl
KOpFay LapaAapblH KOCMapAayFa KaXeTTi FbIAbIMU HETi3 KaAbINTACTbIpybl. DaicTeme peTiHae 0—-20 cm
TepeHAIKTeri Tornbipak, KadaTbiHaH CbiHaMaAap aAy, oAapAbl ISO 11466 ctaHAAPTbl GOMbIHLLA KbILIKbIA-
Abl €piTy 8AICI apKbIAbl AQbIHAQY XK8HE aTOMAbIK, aOCOPOLMSAbIK, CrieKTpomeTpust (AAS) KemerimeH
Pb, Cd, Cu xeHe Zn KOHUEHTpaUMSIAapPbIH aHbIKTAy KOAAAHBIAADI.

HeTuxxeaep kepceTkeHAEN, 6HEepPKaCINTIK aiMakTarbl TonbipakTapaa Pb sxeHe Cd meawepi LLIPK-
AaH THiciHwe 5-11 ecere, Zn xaHe Cu — 2-5 ecere aAeniH apTblkK, aA POHABIK, aliMaKTaFbl KOHLEHT-
paumsinap HopmaTmeTepre comkec keaeai. DOHABIK, aiMakTa aHblKTaAFaH TabuFM AeHremAepmet
CaAbICTbIPY ayblp METAaAAAPAbIH XKMHAKTaAybl TEK ©HEPKSCINTIK HYKTeAepre ToH TEXHOrEeHAIK acep Ha-
TUXKECIHAE KAAbIMTACKAHbIH ADAEAAENAT XKBHE AACTaHy KO3AEPiHiH KeHICTIKTIK aiblpMaLlbIAbIKTapbIH
HaKTbl KepceTeAi. byA eHepkacinTik 06beKTIAePAIH TEXHOrEHAIK 8CepiHiH, XKOFapbl eKeHiH >kaHe aii-
MakTa ayblp METaAAAPAbIH MArpaLIMs KayriHiH 6ap eKeHiH ADAEAAENMAI. 3epTTeyAIH KYHABIAbIFbI — AAC-
TayLlbl KE3AEPAIH HAKTbl YAECIH aHbIKTayFa, 3KOAOTUSIAbIK, MOHUTOPWHI >KYPri3yre >XeHe KaArMbIHA KeA-
Tipy >KyMbICTapbIH >KOCMapAayFa MyMKiHAIK 6epeTiH CaHAbIK, MOAIMETTep BepyiHAe.

KYMbICTbIH, MPaKTUKAAbIK, MaHbI3bl — aAbIHFAH HOTMXKEAEPAT OHEPKCIMNTIK ayMaKTapAbl 3KOAOTM1S-
AbIK, TYpFblAaH 6aranay, Kayin AeHrenAepi 60MbiHLLIA 30HUPARY XXoHe pemeAmaums GarAapAamasapblH
a3ipAey 6apbiCbiHAQ KOAAAHYFA BOAATBIHAbIFbIHAA.

Tyiin cesaep: ayblp MeTaAAap, TOMbIPAK, AACTaHybl, aTOMAbIK, aBCOPOLMSAbIK, CMEKTPOMETPUS,
LWIEeKTi pyKcaT eTiAreH KOHUEeHTpaLms, ©ckemeH.
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CpaBHUTeAbHasi OLLEHKA COAEPXKaHUS TSHKEAbIX METAAAOB
B MO4BaX NMPOMBbILLUAEHHbIX 30H T. YcTb-KameHoropck

B ropoae YcTb-KameHoropcke, KOTOPbIN SBASETCS KPYMHENLLMM MPOMBILLAEHHbIM LeHTpomM Boc-
TOouHO-KazaxcTtaHCKonm 06AACTU, MHOTOAETHSS AESTEABHOCTb MPEANPUSTUIA LIBETHOM METAAAYPIM U
TENAOIHEPreTMKN MPUBOANT K HAKOMAEHMIO TSXKEAbIX METAAAOB B MOYBE 1 (POPMMPYET OYarn yCtonum-
BOIO TEXHOreHHOro 3arpsisHeHus. Cpean Takux 3arpsisHuteaert ceuHel, (PB), kaamumin (Cd), meab (Cu)
M UMHK (Zn) 0COGEHHO OMacHbl, MOCKOAbKY OHWM AAMTEABHOE BPEMSI COXPAHSIIOTCS B MOYBE, HaKarnAvBa-
l0TCS B GMOCHCTEMAX M NMPEACTABASIIOT CEPbE3HYIO YIPo3y 3KOCUCTEME M 3A0POBbIO YeroBeka. Lleabio
MCCAEAOBaHMNS SIBASIETCS OnpeAeAeHne (PaKTUHEeCKMX KOHLEHTPaLMA TSIXKEAbIX METAAAOB B MOYBE B
MPOMbILIAEHHbIX 30Hax YCTb-KameHOoropcka n cpaBHeHMe Mx C MPeAEAbHO AOMYCTUMbIMKW KOHLEHTPA-
umamm (MAK), yTBepxaeHHbIMM B Pecriybanke KasaxcraH, a Tak>ke oLeHKa YPOBHSI 3KOAOTMYECKOro
pucKa B permoHe. B TO >ke Bpemsi MOAyYeHHble pe3yAbTaTbl MO3BOASIOT CPABHUTb KOHLIEHTpALMM, 3a-
(UKCHMPOBaHHbIE B MPOMBILLUAEHHbIX 30HAX, C €CTECTBEHHbIMW YPOBHIMM B (POHOBOM 30HE, YTO BaXKHO
AAS OLLEHKM PeaAbHbIX MAaCLUTabOB TEXHOrEHHOM Harpy3Ku.

HayuHas 1 npakTnyeckas 3HaUYMMOCTb MCCAEAOBAHMS 3aKAIOHAETCS B TOM, YTO OHO NPeAOCTaBASeT
HOBble AaHHblEe, OTPaXKaloLLMe PeaAbHOe COCTOSIHME MOYBbI B PaliOHE C BbICOKMM YPOBHEM MPOMbILLAEH-
HOro 3arpsi3HeHusi, U opMUPYET HEOOXOAMMYIO HayUHYIO 6a3y AASl TAQHWMPOBAHMSI MPUPOAOOXPAHHbIX
MeponpusaTHii. MeToamMKa 3akAloUaAach B oT6ope npob 13 cAos MouBbl Ha ray6uHe 0—-20 cMm, 1x obpa-
60TKe METOAOM KMCAOTHOIO PacTBOPEHUs B COOTBETCTBMM CO cTaHaapTom ISO 11466 1 onpeaeaeHnmn
koHueHTpauuii Pb, Cd, Cu 1 Zn ¢ nomoLpbto aToMHO-abCOpOLMOHHOM criekTpoMeTpumn (AAS).

Pe3yAbTaTbl MOKa3aAu, YTO B MOYBAX MPOMbILLIAEHHOM 30HbI coAep>kaHue Pb 1 Cd npesbiwaet MAK
B 5—11 pa3, Zn 1 Cu — B 2—5 pa3 COOTBETCTBEHHO, a KOHLIEHTpaLuKn B (pOHOBOI 30HE COOTBETCTBYIOT
HopmaTtueam. CpaBHEHME C eCTECTBEHHbIMM YPOBHSIMM, OGHAPY KEHHbIMM B (POHOBOW 30HE, AOKasblBa-
€T, UTO HAKOMAEHME TSKEAbIX METAAAOB 06PA30BAAOCh B PE3YAbTATE TEXHOTEHHbIX BO3AENCTBUIA, Xa-
paKTePHbIX TOAbKO AAS MPOMBILUAEHHbIX TOYEK, M HAarASAHO NMOKa3blBAET NPOCTPAHCTBEHHbIE PA3AMUMNS
MeXKAY MCTOYHMKAMM 3arpsa3HeHnsi. ITO AOKA3bIBAET BbICOKYIO TEXHOTE€HHYIO HArpy3Ky MpOMbILLIAEH-
HbIX OObEKTOB M HAaAMUME PUCKA MUIPALMU TSXKEAbIX METAAAOB B pervoHe. LIeHHOCTb MccAeAOBaHMS
3aKAIOYAETCS B TOM, UTO OHO MPEAOCTABASIET KOAMYECTBEHHbIE AQHHbIE, MO3BOASIOLLNE ONPEAEAUTD
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Comparative assessment of heavy metal content in soils of industrial zones in Ust-Kamenogorsk

TOYHYIO AOAIO MICTOYHMKOB 3arpga3HeHns, NpoBOAUNTb 3KOAOrMYeCKUi MOHUTOPWUHI N MAQHNPOBATb BOC-

CTaHOBUTEAbHbI€ pa6OTbI .

MpakT1ueckas 3HaUMMOCTb PabOTbl 3aKAIOUAETCS B TOM, UTO MOAYYEHHbIE PE3YAbTAThbl MOTYT ObITh
MCMOAb30BaHbI NMPU pa3paboTKe NMPOrpamMm 3KOAOMMUYECKON OLEHKU NMPOMbILLAEHHbBIX TEPPUTOPUI, 30-

HMPOBaHMS MO YPOBHSIM PUCKA U PEKYABTUBALMM.

KAtoueBble CAOBa: TIXKEAbIE METAAAbI, 3arpsi3HEHME MOYBbl, ATOMHO-abCOPOLIMOHHAS CEKTPOMe-
TpU4, NPEAEABHO AOMYCTUMas KOHLLeHTpauus, YcTb-KameHnoropck.

Introduction

Soil pollution by heavy metals in industrial re-
gions of Kazakhstan is one of the most important
factors that pose a significant threat to environmen-
tal stability, Public Health and productivity of agro-
landscapes. Non-ferrous metallurgy, thermal power,
chemical industry and Urban man-made processes
contribute to the continuous ingress of toxic ele-
ments such as lead (Pb), cadmium (Cd), zinc (Zn)
and copper (Cu) into the soil. The chemical inert-
ness, non-biodegradability and long-term storage
capacity of heavy metals place them in the category
of environmentally hazardous pollutants (Amin et
al., 2020; Li et al., 2022).

The accumulation of heavy metals in the soil
changes its chemical, physical and biological prop-
erties, as a result of which the activity of the soil
microbiota decreases and the biological productivity
of plants deteriorates. In addition, heavy metals pass
through the root system to plants, and then enter the
animal and human body, leading to a violation of the
biological chain and the risk of chronic poisoning
(Lietal., 2022).

Industrial zones in Kazakhstan, especially the
cities of Karaganda, Ust-Kamenogorsk and Shy-
mkent, are historically characterized as territories
highly contaminated with heavy metals. Large met-
allurgical enterprises located in Ust — Kamenogo-
rsk —JSC “Kazzinc”, Ulba metallurgical plant (Ulba
metallurgical plant) and Ust-Kamenogorsk thermal
power plant-are the main sources of man-made
pollution in the soil. Recent studies prove that the
concentrations of Pb, Cd and Zn in the soils of the
Ust-Kamenogorsk region are several times higher
than the background level (Spychalski & Woszczyk,
2022; Ministry of Health of the RK, 2022).

The main reason for this situation is atmospheric
dust, wind transport of industrial waste, the spread
of sludge and ash formed in non — ferrous metal-
lurgy processes into the environment. Long-term
storage of heavy metals in the soil leads to their for-
mation of permanent man-made “hot spots”, which
increases the level of ecosystem risk (Huang et al.,
2022).
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The relevance of the problem of heavy metals
is also due to their danger to human health. The ac-
cumulation of Pb is distinguished by damage to the
nervous system, Cd — kidney pathologies and de-
struction of bone tissue, and excess Zn and Cu has
a negative effect on plant metabolism (Feng et al.,
2021). Therefore, a clear determination of the lev-
el of soil pollution with heavy metals in industrial
zones and its comparison with sanitary standards is
one of the main tasks of environmental monitoring.

The purpose of this study is to assess the level
of environmental risk by determining the actual con-
centrations of heavy metals (Pb, Cd, Zn, Cu) in the
soil of industrial zones in Kazakhstan and compar-
ing them with the maximum permissible concentra-
tions.

Soil pollution in industrial zones with heavy
metals is a complex geoecological problem that is
studied in many countries of the world. Long-term
storage of heavy metals in the soil, migration capac-
ity and biological availability make them among the
dangerous anthropogenic pollutants. In recent years,
a number of fundamental and applied research has
been carried out in this direction.

Most of the international research is aimed at
identifying the patterns of accumulation of heavy
metals in the soil, their sources of pollution and their
impact on the ecosystem. For example, Li et al. at-
tributed the high PB and Cd levels in China’s indus-
trial regions to long-term emissions from metallurgy
and coal energy (Amin et al., 2020). This study is
considered an important work that proved the mech-
anisms by which heavy metals enter the soil through
atmospheric deposition.

Shahid et al., studying the bioavailability of
heavy metals for plants, found their organomineral
bonds, soil pH and dependence on the amount of or-
ganic matter (Ali et al., 2022). This conclusion indi-
cates that the physico-chemical properties of the soil
directly affect the migration of heavy metals.

According to the level of pollution in industrial
zones, Zhang et al. The results of the study showed
that the concentrations of Cd, Zn and Pb in the vi-
cinity of metallurgical clusters are 5-10 times higher
than the background level (Khan et al., 2022). The
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authors explain the distribution of heavy metals by
the influence of atmospheric dust-pollen and tailings.

The influence of climatic factors on the distribu-
tion of heavy metals in the soil Huang et al. studied
(Huang et al., 2022). They showed that in arid re-
gions, high evaporation and low precipitation create
conditions for the accumulation of heavy metals in
the soil in high concentrations. This conclusion fully
corresponds to the climatic features of Kazakhstan.

Feng et al of the ecosystem consequences of
man-made pollution studied in detail and proved
that Pb and Cd disrupt the enzyme systems of plants
and reduce the intensity of photosynthesis (Woszc-
zyk et al., 2018). This means that heavy metals also
have a direct impact on the quality of agricultural
products.

Ali et al on cartography of soil pollution in in-
dustrial cities proposed effective ways to detect man-
made “hot spots” using geostatistical methods with
high spatial accuracy. This method is very relevant
for metallurgical regions such as Ust-Kamenogorsk
(Huang et al., 2022).

An important study on the sources and mecha-
nisms of distribution of heavy metals in the soil is
Liu et al. (Zeng et al., 2021). The authors attribute
metallurgy, transport emission, coal burning, im-
proper storage of industrial waste and the construc-
tion industry to the main sources of heavy metals.

The research carried out in geographical regions
close to Kazakhstan also lays an important scientific
foundation for our work. For example, in Central

Figure 1

Asia, the trend of man-made pollution is observed
by Rodrigues et al. (Zeng et al., 2021), noting that
Cd and Pb concentrations in industrial cities have
not decreased in the last 10 years.

According to the results of a comparative study
of the ecosystem hazard of heavy metals in the soils
of'industrial zones Kumar et al. (Shahid et al., 2021).
Affirms that Pb and Cd are the most toxic elements,
their excess of MPC poses a significant threat to hu-
man health.

The mechanism of atmospheric deposition was
clarified by Wang et al. The study (Li et al., 2022),
found that the PM2.5 fractions from metallurgical
enterprises contain high amounts of Cd, Pb and Cu.
This indicates that they increase the risk of accumu-
lation in the soil by the wind.

In addition, the evolution of soil pollution as-
sessment methods in industrial areas has been stud-
ied by Zeng et al. (Amin et al., 2020) analyzes and
notes the effectiveness of using modern environ-
mental index systems (Igeo, EPI, PLI).

Materials and methods

The research materials were taken from three
large industrial enterprises in Ust-Kamenogorsk:
Kazzinc JSC (49.9723° N, 82.6105° E), Ulba met-
allurgical plant (49.9865° N, 82.6441° E) and Ust-
Kamenogorsk thermal power plant (49.9817° N,
82.6032° E) and the background zone (49°56°51 “N
82°32°04” E).

Map of soil sampling points in the industrial zones of Ust-Kamenogorsk

Sampling points on the map of Ust-Kamenogorsk

Legend

[ -studyarea
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Comparative assessment of heavy metal content in soils of industrial zones in Ust-Kamenogorsk

Samples were selected in accordance with the
standards of the Republic of Kazakhstan.Methods
of full soil sampling, a composite sample was taken
from 5 points with soil drills with a diameter of 3
cm, at a depth of 0-20 cm from each point. The mass
of each sample was about 0.5 kg and was registered
on plastic bags with the code, coordinates and date.
This method provides representativeness and ana-
lytical accuracy (Shahid et al., 2021).

The samples were air-dried for 48 hours after
delivery to the laboratory, crushed into a porcelain
kilo and passed through a 2 mm sieve. The pre-
pared soil was stored in hermetic containers at a
temperature of +4°C. This standard procedure
preserves the physical structure of the soil and in-
creases the repeatability of the analysis results (Ali
et al., 2022).

Figure 2
Taking soil samples by the envelope method (GOST 17 .4 .4.0
2-84)

Determination of heavy metals in the soil is
carried out using the method below. Solutions are
prepared using the aqua regia method in accordance
with ISO 11466:1995. According to the method, a
mixture of soil and acid was prepared in a ratio of
1:10, nitric and hydrochloric acids were mixed in
a volume ratio of 1:3. The mixture was heated for
2 hours in a water bath at 80+2°C, then cooled to
room temperature and filtered through a 0.45 Mi-
cron membrane filter. The extracts were stored at
4°C before analysis. This method allows you to
maximize the dissolution of heavy metals from the
soil (Rodrigues et al., 2023).
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The concentration of heavy metals was deter-
mined by the atomic absorption spectrometry (AAS)
method. Measurements were made on the Varian
Spectra AA 220 FS spectrometer. Optical parameters
used: Pb — 283.3 Nm, Cd — 228.8 Nm, Cu — 324.8
Nm, Zn — 213.9 Nm. The detection limits for each
element were in the range of 0.002—0.01 mg/L. For
calibration, standard solutions in the range of 1-50
mg/L were used, the compliance coefficient of the
calibration line was ensured at r2 > 0.995. Each
sample was measured three times, and free solutions
and the NIST 2711a Montana (Spychalski & Wo-
szczyk, 2022). Soil benchmark were used to verify
the accuracy of the data. Integrated application of
ISO 11466 and AAS methods in the three largest in-
dustrial regions of Ust-Kamenogorsk, integration of
spatial representative sampling and statistical analy-
sis. Such an approach makes it possible to clearly
determine the structure of the distribution of heavy
metals and assess the level of industrial pollution on
a scientific basis.

Order of the Minister of health of the Repub-
lic of Kazakhstan dated August 2, 2022 No. MH
RK-70 on approval of hygienic standards of atmo-
spheric air in urban and rural settlements, territories
of industrial organizations”. Registered with the
Ministry of Justice of the Republic of Kazakhstan
on August 3, 2022 No. 29011 (Ministry of Health of
the RK, 2022).

Statistical analysis was carried out using the Mi-
crosoft Excel 2021 and OriginPro 2023 programs.
For a reliable assessment of the results, one-factor
Anova dispersion analysis was used, and Pearson
correlation coefficients were calculated to determine
the interrelationships between heavy metals. At the
same time, the level of exceeding the MPC of heavy
metals Pb, Cd, Cu and Zn is determined, and the lev-
el of environmental impact of industry is determined
(Huang et al., 2022).

Results and discussion

The results of the study showed that the soil in
the industrial zones of Ust — Kamenogorsk contains
heavy metals — Pb, Cd, Cu and Zn-several times
higher than in the background zone. The spatial ar-
rangement of the samples is given in Figure 1. This
map clearly shows the exact location of research
points and allows us to explain the role of industrial
factors in the distribution of heavy metals.
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Figure 3

Assessment of Pb, Cd, Cu, and Zn concentrations in soils of industrial and background
areas near the Kazzinc plant Ust-Kamenogorsk, Kazakhstan

Concentrations of Pb, Cd, Cu and Zn in soil
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In the graph, the concentration of heavy met-
als in the soil near the Kazzinc plant is compared
with the background zone. Indicators in the back-
ground Area: lead (Pb) — 0.0006 mg/ m3, cadmium
(Cd) — 0.00015 mg/kg, copper (Cu) — 0.001 mg/kg,
zinc (Zn) — 0.035 mg/ m3. The concentration of
these elements in the vicinity of Kazzinc JSC is
quite high: lead is about 14 times higher than the

Figure 4

Kazzinc plant

background level, cadmium is 22 times higher, cop-
per is 6-7 times higher, zinc is almost 7 times higher
(Amin et al., 2020), (Li et al., 2022), (Huang et al.,
2022). This difference indicates that the soil in the
region of the Kazzinc plant is significantly contami-
nated with heavy metals and has a very high anthro-
pogenic impact compared to the background zone
(Khan et al., 2022), (Zeng et al., 2021).

Comparative assessment of soil contamination with heavy metals in the impact zone of

the Ulba Metallurgical Plant

Concentrations of Pb, Cd, Cu and Zn in soils near the Ulba Metallurgical Plant
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Comparative assessment of heavy metal content in soils of industrial zones in Ust-Kamenogorsk

In the graph, the concentration of heavy metals in
the air near the Ulba metallurgical plant is compared
with the background area. Indicators in the back-
ground Area: lead (Pb) — 0.0006 mg/kg, cadmium
(Cd) — 0.00015 mg/kg, copper (Cu) —0.001 mg/kg,
zinc (Zn) — 0.035 mg/kg. Near the Ulba metallurgi-
cal plant, the level of these metals is significantly
higher than in the background: lead is about 10

Figure 5

times, cadmium is 14 times, copper is 5 times, zinc
is 5-6 times (Woszczyk et al., 2018), (Zeng et al.,
2021). These data show that the level of accumula-
tion of heavy metals in the air near the plant is much
higher than in the background area and shows a clear
picture of the industrial impact. can be dangerous to
human health and the stability of ecosystems (Li et
al., 2022), (Wang et al., 2023).

Comparison of Pb, Cd, Cu and Zn concentrations in soils near the Thermal Power
Plant and in a background area (Ust-Kamenogorsk, Kazakhstan)

Concentrations of Pb, Cd, Cu and Zn in soils near the thermal power plant
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In the graph, the concentration of heavy metals
in the air near the thermal power plant is compared
with the background area. Indicators in the back-
ground Area: lead (Pb) — 0.0006 mg/kg, cadmium
(Cd) — 0.00015 mg/kg, copper (Cu) — 0.001 mg/kg,
zine (Zn) — 0.035 mg/kg. In the vicinity of the ther-
mal power plant, the level of these metals is signifi-
cantly higher than the background zone: lead is sev-

Figure 6

Thermal power plant

eral times higher, cadmium is also at a higher level,
copper is significantly higher than the background
value, and the concentration of zinc shows the high-
est increase. This difference indicates that the level
of air pollution by heavy metals near the CHPP is
significantly higher compared to the background
area and clearly shows the impact of industrial emis-
sions (Shahid et al., 2021), (Amin et al., 2020).

Concentrations of Pb, Cd, Cu and Zn in soils of industrial and background areas (Ust-Kamenogorsk, Kazakhstan)

mg/kg

W Kazzinc plant

m Thermal power plant

- l III I
Cd Cu n Pb

m Ulba metallurgical plant

Background area
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This graph shows the concentration of heavy
metals (lead, cadmium, copper, zinc) in the air of
Kazzinc JSC, Ulba Metallurgical Plant, Thermal
Power Plant and background zones and their com-
parison with the level of MPC. Although concen-
trations across all sampling sites were higher than
MPC levels, the level of heavy metals in the back-
ground area proved to be the lowest. Lead (Pb):
the concentration in the vicinity of Kazzinc JSC is
8.4 times higher than MPC, the Ulba Metallurgical
Plant and the Thermal Power Plant are also higher.
Cadmium (Cd): the cadmium concentration in the
vicinity of Kazzinc JSC is 11.3 times higher than the
MPC, the Ulba Metallurgical Plant and the Thermal
Power Plant are also higher, and the cadmium level
in the background zone is the lowest. Copper (Cu):
the concentration of copper near Kazzinc JSC and
Ulba Metallurgical Plant is higher than MPC, but
the concentration of this element in the background
area is minimal. Zinc (Zn): the concentration of zinc
in the area of JSC “Kazzinc” is 5.2 times higher than
MPC, and in the background zone this level is low-
er. These data show that the air of industrial zones
is contaminated with heavy metals and has signifi-
cantly higher levels of pollution than in the back-
ground zone.The results of this study are well com-
bined with data from the international literature. For
example, Amin et al. (Amin et al., 2020). Found that
the concentration of Pb and Cd in China’s indus-
trial regions is 6-10 times higher than MPC, which
is similar to our indicators. Li et al. showed that the
concentration of Cd in soils close to ferrous metal-
lurgy plants is 3.5—12 times higher — this coincides
with the indicators at the points of our Kazzinc and
Ulba metallurgical plant.

Moghtaderi et al, conducted in Iran. The study
(Moghtaderi et al., 2020) also shows that the accu-
mulation of heavy metals in industrial areas occurs
through precipitation. According to the results, the
most heavily polluted area are metallurgical plants
and the thermal power plant area. These indicators
are combined with concentrations of Cu (98 mg/kg)
and Zn (285 mg/kg) recorded in the vicinity of our
thermal power plant.

Several studies conducted in recent years have
revealed the effect of industrial emissions on the spa-
tial distribution of heavy metals in the soil. For ex-
ample, Zhang et al. (Khan et al., 2022). Showed that
Pb and Cd concentrations spread asymmetrically in
metallurgical regions depending on the wind direc-
tion. The location of our research points (Kazzinc,
Ulba metallurgical plant, Thermal Power Plant) also
confirms this pattern, since the highest level of pol-

lution was recorded from points in the prevailing
wind direction. Feng et al. confirmed toxic effects
of Pb and Cd on vegetation, which correlates with
plant degradation observed near Ust-Kamenogorsk
industries (Woszczyk et al., 2018).

In terms of ecosystem impact, the accumula-
tion of heavy metals reduces the biological activity
of the soil and inhibits plant growth. Rafique et al
(Rafique et al., 2021). Showed that heavy metals re-
duce the enzymatic activity of the soil microbiota by
30-60%. This may be due to the concentration of Cu
and Zn registered in the soil near our Thermal Power
Plant. Hussain et al found that the high concentra-
tion of cadmium inhibits the activity of phosphatase
and urease enzymes in the soil.

Considering the impact of heavy metals on hu-
man health, Pb and Cd are the most dangerous. Data
from the World Health Organization show that Pb
has a strong effect on the nervous system, and Cd-
on kidney function. In industrial regions such as
Ust-Kamenogorsk, this issue is especially relevant
(World Health Organization, 2021).

As for phytoremediation, the ability of Salicor-
nia europaea and other halophytes to absorb heavy
metals has been demonstrated in many recent stud-
ies. The results of our study show that the use of
such biological methods in the Ust-Kamenogorsk
region is a promising direction for environmental
restoration.

In general, the results obtained prove that the
soil in the industrial zones of Ust-Kamenogorsk is
significantly contaminated with heavy metals, and
these sources of pollution are directly related to spe-
cific industrial facilities. Comparisons with interna-
tional studies have shown that our data is relevant
not only at the regional level, but also at the global
level.

Determining the concentration of heavy metals
(Pb, Cd, Cu, Zn) in the soil in the industrial zones
of Ust-Kamenogorsk and comparing them with the
sanitary and environmental standards of the Repub-
lic of Kazakhstan, the level of pollution of these
zones was assessed.

The results of the conducted study showed that
the concentration of heavy metals in the soil in in-
dustrial zones is significantly higher compared to
the background area. The highest concentration of
lead in the soil was recorded on the territory of Ka-
zzinc Joint Stock Company and was 0.0084 mg/kg.
This figure is higher than the levels of 0.0061 mg/
kg near the Ulba metallurgical plant and 0.0049 mg/
kg on the territory of the thermal power plant, while
the lead content in the background zone remained
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at only 0.0006 mg/kg. The highest cadmium con-
centration was also observed in the region of Ka-
zzinc Joint Stock Company and was 0.00339 mg/
kg, which is higher than 0.0021 mg/kg near the
Ulba metallurgical plant and 0.00156 mg/kg near
the thermal power plant; in the background zone,
the cadmium level was 0.00015 mg/kg. The largest
concentration of copper was again observed on the
territory of Kazzinc Joint Stock Company and was
0.0068 mg/kg. This value is higher than the indi-
cators of 0.0052 mg/kg near the Ulba metallurgical
plant and 0.0036 mg/kg in the thermal power plant,
the copper level in the background zone was 0.001
mg/kg. The maximum concentration of zinc was
also recorded in the region of Kazzinc Joint Stock
Company and was 0.26 mg/kg, which is higher than
the levels of 0.19 mg/kg on the territory of the Ulba
metallurgical plant and 0.14 mg/kg near the thermal
power plant, and in the background zone this fig-
ure was 0.035 mg/kg. Thus, the highest concentra-
tions of all four heavy metals were determined on
the territory of Kazzinc Joint Stock Company, and
the lowest values were recorded in the background
zone, which proves the obvious anthropogenic im-
pact of industrial facilities on the chemical composi-
tion of the soil.

The results showed that in the vicinity of the
three main industrial centers of Ust — Kamenogorsk-
JSC “Kazzinc”, the Ulba metallurgical plant and the
Thermal Power Center, the soil is significantly con-
taminated with heavy metals. The concentrations
detected in the territory of” Kazzinc “ exceeded the
MPC at the highest level: Pb-8.4 times, Cd — 11.3
times, Cu — 3.4 times, Zn — 5.2 times. In the soil near
the Ulba metallurgical plant, the level of contamina-
tion was 6.1 times higher for Pb, 7.0 times higher
for Cd, 2.6 times higher for Cu and 3.8 times higher
for Zn. Indicators near the Thermal Power Plant
also showed a high level of danger (Pb — 4.9 times,
Cd — 5.2 times, Cu — 1.8 times, Zn — 2.9 times).

According to WHO assessments (World Health
Organization, 2021) and international toxicity rank-
ings (Shahid et al., 2021), cadmium and lead rep-
resent the highest risk elements a conclusion con-
sistent with the present findings. The results of the
study, the most dangerous pollutant is cadmium, the
concentration of which was 5.2 -11.3 times higher
than MPC in the industrial centers where the study
was conducted. High concentrations of lead also
pose a significant threat to the ecology of the region.
The presence of the content of heavy metals in the
background zone within the MPC proves that indus-
trial facilities are the main source of soil pollution.
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In conclusion, a comparative analysis carried
out taking into account the background area and
sanitary and hygienic regulatory indicators (MPC)
showed a clearly high level of heavy metal pollu-
tion in the territories of the studied industrial facili-
ties. MPC values were set at 0.001 mg/kg for lead
(Pb), 0.0003 mg/kg for cadmium (Cd), 0.002 mg/kg
for copper (Cu) and 0.05 mg/kg for zinc (Zn), and
the indicators of the background area were close to
or below these norms: lead — 0.0006 mg/kg, cad-
mium — 0.00015 mg/kg, copper — 0.001 mg/kg,
zinc — 0.035 mg/kg. In contrast, on the territory of
Kazzinc Joint Stock Company, concentrations for all
four metals were recorded at a significantly higher
level both from the MPC and from the background
zone: lead-0.0084 mg/kg, cadmium — 0.00339 mg/
kg, copper — 0.0068 mg/kg, zinc — 0.26 mg/kg, that
is, this object is the maximum focus of pollution for
heavy metals. In the territory of the” Ulba metallur-
gical plant”, the concentrations of lead (0.0061 mg/
kg), cadmium (0.0021 mg/kg), copper (0.0052 mg/
kg) and zinc (0.19 mg/kg) are higher than the MPC
and background values, showing a clear effect
of industrial load in the region. Even in the terri-
tory of the” thermal power plant”, the levels of lead
(0.0049 mg/kg), cadmium (0.00156 mg/kg), cop-
per (0.0036 mg/kg) and zinc (0.14 mg/kg) exceeded
the regulatory indicators and reached values several
times higher than in the background area. Sum-
marizing these data, it can be said that the highest
concentrations of lead, cadmium, copper and zinc
are recorded on the territory of Kazzinc Joint Stock
Company, and the level of heavy metals in the back-
ground zone is relatively low and close to the norms
of MPC. These results prove that in the industrial
zones of Ust-Kamenogorsk, especially in the terri-
tories of Kazzinc Joint Stock Company, Ulba metal-
lurgical plant and thermal power plant, sources of
man-made pollution have a pronounced impact on
the atmospheric environment and highlight the ter-
ritory of Kazzinc joint stock company as the region
with the highest environmental risks for heavy met-
als.

In general, the study showed that industrial en-
terprises in Ust-Kamenogorsk have a significant im-
pact on soil quality, and the accumulation of heavy
metals in the soil leads to long-term environmental
risks. These results require environmental restora-
tion work in the region, increased control over pol-
luting emissions and constant monitoring in regions
with high man-made loads. The results of the study
are scientifically relevant not only at the regional
level, but also on a global scale and serve as the ba-
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sis for the development of new scientific and practi-
cal solutions to combat industrial pollution in Ka-
zakhstan (Rodrigues et al., 2023), (Woszczyk et al.,
2018).

Future research will require a deeper study of
the mechanisms of migration of heavy metals in the
soil, the risk of their transition to plants, groundwa-
ter and food chains, as well as an assessment of the
effectiveness of phytoremediation, bioremediation
and soil reclamation technologies. At the same time,
in industrial regions, the development of environ-
mental risk maps and the adoption of integration
measures to reduce pollution are relevant.
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INFLUENCE OF METEOROLOGICAL PARAMETERS ON PM,.;
AND ASSOCIATED AIR POLLUTION EPISODES
IN KARAGANDA, CENTRAL KAZAKHSTAN (2017-2024)

Karaganda, one of the most heavily polluted industrial cities worldwide, experiences severe air
quality challenges due to emissions from coal mining, metallurgical industry and coal-fired power plants.
This study investigates the influence of meteorological parameters on PMz2.s concentrations and
associated air pollution episodes in Karaganda, Central Kazakhstan, using a monthly dataset spanning
2017-2024. The meteorological parameters including temperature (°C), relative humidity (%),
atmospheric pressure (hPa), wind speed (m/s) and pollutant concentrations including suspended
particulate matter (dust, mg/m3), PMz2.s (mg/m?), PM1o (mg/m?3), sulfur dioxide (SO2, mg/m3), carbon
monoxide (CO, mg/m?3), nitrogen dioxide (NO2, mg/m3), ozone (O3, mg/m?), ammonia (NH3, mg/m?3),
and formaldehyde (HCHO, mg/m®) were analyzed to explore meteorology-driven variability in air
pollution. Time series analyses and correlation assessments were conducted, and three complementary
regression approaches, Multiple Linear Regression (MLR), Random Forest Regression, and Gradient
Boosting via LightGBM were applied to robustly characterize the relationships between meteorological
conditions and PMz.s levels. Results indicate persistently high pollution levels, with exceedances of
daily average concentrations observed for PMz2.s, PM1o, dust, phenol, formaldehyde, and ozone, with
PMa2.s showing the most pronounced exceedances. Air pollution episodes were particularly severe
during the cold season, driven by emissions from thermal power plants and residential heating. Multi-
year trends revealed increasing occurrences of high-concentration events, primarily due to PM2.s, PM1o,
SOz, and CO, highlighting the significant contribution of industrial and energy-related emissions to the
urban atmosphere. Meteorological conditions, particularly calm or low-wind periods (0-3 m/s), further
exacerbated pollutant accumulation during episode periods, with 106 such days recorded in 2024 alone.
These findings underscore the critical role of both emission sources and weather conditions in shaping
air quality in Karaganda and provide a basis for targeted mitigation strategies.

Keywords: Karaganda, PM2.s, meteorological parameters, air pollution episodes.
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Kaparanapl, OpTtaabik, KasakcraHaafbl PM2.5 KOHUeHTpauusacbiHa
)KoHe OHbIMEeH 6alAAHbICTbI ayaHblH, AACTaHY 3MU30ATapbiHa
METEOPOAOTUSIAbIK, MapaMeTpPAepAiH acepi (2017-2024)

OAEMAETi eH, AaCTaHFaH eHepKaCINTiK KararapAbiH 6ipi KaparaHabl kemip eHepkacibiHeH, 6oAaT

OHAIPICIHEH >K8He KOMIPMEH >KYMbIC iCTEMTIH SAeKTP CTaHLUMSAApPblHAH LUbIFATbIH 3USHABI 3aTTapFra
6aiAQHbICTbI aya CarnacbiHbIH, KYPAEAI MaceAeAepiHe Tan GoAbIN oTbip. bya 3epTTeyae 2017 xbiaaaH
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2024 XblAFa AEMIHTI arAbIK, AepekTepAai narmaasaHa otblpbin, OpTanblk, KasakcrtaHaarbl KaparaHAbl
KaAacblHAaFbl PM25 KOHUEHTpaUMSCbiHA XKaHe OHbIMEH GalMAaHbICTbI ayaHblH AaCTaHy 3MM30ATapbiHa
METEOPOAOTUSIAIK, MapamMeTPAEPAIH acepi 3epTTeaeai. MeTeopOAOTMSAbIK >KaFAaAapFa GaiAaHbICTbI
ayaHblH AACTaHYbIHbIH ©3reprilwTirii 3epTrey yuwiH Temnepatypa (°C), CaAbICTbIPMAAbI bIAFAAABIABIK,
(%), atmocdepanbik, KbicbiM (hPa), >keA >XbiIAAaMAbIFbI (M/C) >KoHe acrnaabl 6eAwexkTep (waH, Mr/m?),
PM2.0 (Mr/m3), PM1o (Mr/m3), kykipT amokcuai (SO2, mr/m®), kemipteri ToTbirbl (CO, Mr/m3), asor
amokenai (NOz2, Mr/m?), o3oH (O3, mr/m?), ammmak (NH3s, mr/m3) skeHe dpopmasbaermna (HCHO, mr/m3)
CUSKTbI AacTayllbl 3aTTapAblH KOHUEHTPALMIChI CUSKTbl METEOPOAOTUSIAbIK, MAapaMeTpAEpP TAaAAAHADI.
YaKkpbIT KaTapAapbiH TaAAQy >KOHE KOPPEAIUMSAbIK, 6araray >KYPri3iAAi, COHAAM-aK, Yl TOAbIKTbIPYLUbI
perpeccmst TaCiAi KOAAAHBIAABI: KOMTiK CbI3bIKTbIK, perpeccus (MLR), ke3aencok, opMaH perpeccmsichbl
>KOHE METEOPOAOIMSABIK, >KaFAanAap MeH PM2.5 AeHremaepi apacbiHAaFbl 6aNAaHbICTbI CEHIMAI TYpAe
cunarTay ywiH LightGBM kemerimeH rpaameHTTi KyweinTty. HaTtuxkeaep PMa2.s, PM1o, waH, deHoa,
opMarbaernA >KOHE O30HHbIH TOYAIKTIK OpTalla KOHLEHTpauMsCbiHAaH acbil TYCETIH AaCTaHy
AEHTeMiHiH, TypakTbl XKOFapbl €KeHiH KOpCeTeAl, eH ankbIH acbin KeTyAep PM2a.s ywiH 6ankasaspl.
AyaHbIH, AACTaHy 3MU30ATapbl 8Cipece CyblK, ME3MAAE XKbIAY IAEKTP CTaHUMSIAAPbl MEH TYPFbIH Y
>KbIABITY >KYMEAepiHeH WibiFaTbiH LibiFapblHAbIAAPFa OaAaHbICTbI GOAABI. ¥3aK Mep3iMAi ypaicTep
HerisiHeH PM2.0, PM1o, SO2 xaHe CO caapapblHaH >XOFapbl KOHUEHTPALMSIAbl OKMFAAAP CaHbIHbIH
apTyblH KepceTTi, 6yA Kara aTMocdepacbiHa OHEPKACIMTIK XKOHE SHEPreTUKAADIK, WbIFapbIHAbIAAPAbIH
aNTapAbIKTah YAECIH KepceTeai. MeTeopOAOrUsAbIK, >KaFAarAap, acipece TbIHbIW HEMECE BACI3 XKeA
keseHAepi (0-3 M/C), MyHAQM OKMFaAap Ke3iHAE AacTayllbl 3aTTapAbIH XXMHAAYbIH OAQH 8Pi KYLLEATTI,
Tek 2024 XbiAbl ocblHAaM 106 kyH Tipkeaai. bya aepektep KaparaHablAafbl aya canacbiH
KAAbINTACTbIPYAQFbl LUbIFapbIHABIAAD KO3AEPIHIH A€, aya parbl XKarAaMAapblHbIH, AQ MaHbI3Abl POAIH
KOPCETEAI )XOHE MaKCaTTbl a3alTy CTpaTermMsAapblHbIH, HETi3iH KaAalAbl.

Tyiin ce3aep: KaparaHAbl, PMa2.5, MeTEOpPOAOIrMsIAbIK —MapaMeTpAep, ayaHblH, —AacTaHy
3MMU30ATapbI.
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BAusiHne meteopoAornyeckmx napameTpoB Ha KOHUeHTpauun PMa.s
1 CBSI3aHHbIE 3MU30AbI 3arpsi3HEHUSI aTMOCChepHOro Bo3Ayxa
B r. Kaparanaa, LleHTpaabHbiii Kazaxcran (2017-2024 rr.)

KaparaHaa, OAMH M3 caMbIX 3arpsi3HEHHbIX MPOMbIWAEHHbIX FOPOAOB MMPA, CTAAKMBAETCS C
cepbesHbiMM npobAeMaMu KauecTBa BO3Ayxa M3-3a BbIBPOCOB OT YrOAbHOM MPOMbILLAEHHOCTH,
METAAAYPrMyeckoro npom3BOACTBA M YTOAbHbBIX SIAEKTPOCTaHUMA. B AQaHHOM MCCAeAOBaHMM M3yYaeTcs
BAMSHME METEOPOAOrMYECKMX MapaMeTpoB Ha KOHLUeHTpaumio PMa2.5 1 cBY3aHHble C 3TUM 3MU30AbI
3arpa3HeHus Bo3ayxa B KaparaHae, LleHTpaabHbi KasaxcTaH, C MCMOAb30BaHMEM eXeMeCauHbIX
AaHHbIX 3a nepuop 2017-2024 ropoB. AAS M3YyYEHUS M3MEHUMBOCTM 3arpsi3HEHMS BO3AYXaQ,
006YCAOBAEHHOW METEOPOAOrMYECKMMM YCAOBUSIMM, ObIAM MPOAHAAM3MPOBAHbI METEOPOAOTMUECKUE
napameTpbl, BKAloyasi Temriepatypy (°C), OTHOCUTEAbHYIO BAQXXHOCTb (%), atMocdepHoe AaBAeHue
(rf1a), ckopocTb BeTpa (M/C) M KOHUEHTpauMM 3arpsA3HSIOLMX BELLECTB, B TOM UMCAE B3BELUEHHbIX
yactumy, (NblAb, Mr/m3), PM2.s (Mr/m3), PM1o (Mr/m3), anokcunaa cepbl (SO2, Mr/m®), MOHOOKCHAQ YTAEPOAQ
(CO, mr/m?), amokcmnaa asota (NO2, mr/m?), o3oHa (O3, Mr/m?), ammmaka (NH3, Mr/m?) 1 hopmanbaermaa
(HCHO, mr/m3). Bbian NpoBeAeHbl aHAaAU3 BPEMEHHbIX PSAOB UM KOPPEASLIMOHHbBIE OLEHKM, a TakxKe
NpYMeHeHbl TPU B3aUMOAOMOAHSIOWMX PErpecCUOHHbIX MOAXOAQ: MHOXKECTBEHHAs AMHerHas
perpeccust (MLR), perpeccusi CAy4aHOro Aeca v rpaAMEeHTHbI GYCTUHE € ucrnoab3oBaHuem LightGBM
AAS HQAE>KHOM XapaKTepUCTUKM B3aUMOCBSI3eM MeXAY METEOPOAOTMYECKMMM YCAOBUSIMU W YPOBHAMM
PM2.5. Pe3yAbTaTbl yKa3blBalOT Ha MOCTOSIHHO BbICOKMIA YPOBEHb 3arpsi3HeHWs, C MNpeBblLEHNEM
CPeAHECYTOUHbIX KOHLEeHTpauui PM2.s, PM1o, nbiav, deHoAa, popManbaermaa M 030HA, MpUYEM
HanboAee BbiPa>keHHbIE MPEBbILLEHUs HAOAIOAAAUCH AAS PM2.5. Dnn3oabl 3arpsi3HeHUs BO3Ayxa OblAn
OCOGEHHO CUABbHbIMM B XOAOAHOE BpEMSl T0OAQ, YTO OblAO BbI3BAHO BblOpOCaMM  TEMAOBbIX
SAEKTPOCTAHLMI N CUCTEM OTOMAEHNS XKMABIX AOMOB. MHOFOAETHNE TEHAEHLMN BbISIBUAN YBEAUYEHWNE
UMCAQ CAy4YaeB BbICOKMX KOHLEHTpaumii, B OCHOBHOM u3-3a PMa2.s5, PMio, SO2 n CO, uTt0
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MOAYEPKMBAET 3HAUUTEAbHbIA BKAQA MPOMBIWAEHHbIX U DHEPreTUUEeCKMX BbIOPOCOB B FOPOACKYIO
atMocdepy. MeTeopoAornyeckme yCAOBMs, 0COOEHHO MEPUOADI LITUASI MAM cAaboro BeTpa (0-3 m/c),
ele 60AbLIE YCYryOASIAM HAaKOMAEHUE 3arps3HSIOWMX BELECTB B MEPUOAbl TakMX SBAEHWI, MpUUem
TOAbKO B 2024 roay 6biA0 3adpmkcmpoBaHo 106 Takmx AHER. DTU AaHHbIE MOAYEPKMBAIOT PeLLatoLLyto
POAb Kak MCTOYHMKOB BbIOPOCOB, TakK M MOFOAHbBIX YCAOBMI B (DOPMMPOBAHMM KauyecTBa BO3Ayxa B
KaparaHae 1 cAy>aTt OCHOBOWM AAS LIeA€HANPaBAEHHbIX CTPATErMiA MO CMIrYeHUIO MOCAEACTBUI.
KaroueBble caoBa: KaparaHaa, PM2.s, meTeopoAormyeckme napameTpbl, 3MM30Abl 3arpsi3HEHUS

BO3AyXa.

Introduction

Kazakhstan is among the world’s top ten
countries in terms of proven coal reserves, most of
which are located in Central Kazakhstan. The
Karaganda coal basin represents one of the
country’s largest and most strategically important
coal-bearing regions (Kopobayeva et al., 2024;
Kopobayeva et al., 2024; Safaei-Farouji et al.,
2025). Major metallurgical companies in the region
play a significant role in industrial activity and are
key sources of atmospheric pollutant emissions due
to their large-scale production processes. As a result,
the region hosts extensive coal mining, processing,
and coal-fired power generation activities, which
significantly contribute to atmospheric emissions
and make it one of the most polluted industrial areas
in the country (Safaei-Farouji et al.,, 2025; U.S.
Environmental  Protection = Agency, 2013;
Junussov& Mustapayeva, 2024). In particular, these
activities are major sources of primary PM,.5 and
gaseous precursors such as SO, and NOx, which
promote secondary aerosol formation, leading to
elevated fine particulate matter concentrations,
frequent air pollution episodes, and contributing to
global warming (Asif et al., 2025).

In Karaganda, urban air quality is influenced not
only by pollutant emissions but also by
meteorological and climatic factors. Periods of calm
weather, characterized by low wind speeds, promote
the accumulation of pollutants, leading to the
formation of air pollution episodes. Temperature,
wind, and precipitation directly affect pollutant
dispersion and removal, while broader climate
patterns such as shifts in prevailing winds, reduced
overall wind activity, and increased frequency of
calm periods can further contribute to the buildup of
suspended particles in the urban atmosphere.

PM,.5 originates from both primary sources—
direct emissions like coal combustion, industrial
processes, and vehicle exhaust-and secondary
formation, which occurs in the atmosphere through
chemical reactions involving gaseous precursors

such as SO,, NOx, and Volatile Organic Compounds
(VOCs) (Jiang et al.,, 2025; Hsu et al.,, 2025;
Ormanova et al.,, 2025). Many studies have
investigated the influence of meteorological
parameters on PM,.5 concentrations and associated
air pollution episodes (Martinez-Soto et al., 2025;
Wei & Sobrino, 2025; Rakhimberdina et al., 2025).
For example, analyses of meteorological factors
such as wind speed, temperature, humidity, and
atmospheric pressure have been used to quantify
their correlations with PM,.5 levels in urban
environments, demonstrating how  weather
conditions modulate pollutant accumulation and
dispersion (Wabinyai et al., 2026; Wang et al.,
2025). Research across China has shown that
temperature, humidity, and wind exert strong
influences on PM,.5 variability, with significant
spatial and seasonal heterogeneity (Gao et al., 2023;
Chen et al., 2020). In addition, studies focusing on
high pollution episodes in regional basins have
identified key meteorological factors such as
atmospheric boundary layer height, temperature
inversions, and wind patterns that contribute to the
onset and persistence of PM,.5 pollution episodes
(Shi et al.,, 2020; Zhang et al., 2020). PM,.5
pollution episodes are defined as multi-day events
during which fine particulate matter concentrations
substantially exceed daily air quality standards,
frequently associated with enhanced emissions,
secondary particle formation, and unfavorable
dispersion conditions (Wang et al., 2018).

However, before this study, there has been a
significant knowledge gap in understanding the
influence of meteorological parameters on PM,.5
concentrations and associated air pollution episodes
in Karaganda region. Addressing this gap is
essential for characterizing the city's air quality
dynamics and for providing a scientific basis for the
development of targeted mitigation strategies.

This study aims to quantitatively assess the
influence of meteorological parameters on PM,.5
concentrations and associated air pollution episodes
in Karaganda from 2017 to 2024.
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Materials and methods

Study area. Karaganda, located in Central
Kazakhstan, originated in 1857 with the
establishment of the Ivanovsky coal mine, marking
the beginning of the city’s development around coal
mining. The region hosts large industrial enterprises
involved in coal mining, machinery manufacturing,
metal processing, and the food industry. Currently,
Karaganda experiences some of the most severe
environmental conditions in the region. According
to data from the Department of Ecology of the
Karaganda Region, in 2024 there are 332 enterprises
in the region that emit pollutants into the
environment. The total annual emissions from
stationary sources amount to 585,000 tons. The
major sources of air pollution include motor
vehicles, solid waste landfills, combined heat and
power plants (CHPs), a foundry and mechanical
plant, railway enterprises, and motor transport
companies. The main sources of pollution include
the enterprises “Kazakhmys” Corporation LLC,
“ArcelorMittal Temirtau” JSC, and “TEMK”
(KhMZ) JSC which are among the major mining and
metallurgical enterprises operating in the area as
well as road transport, municipal solid waste
landfills, the combined heat and power plant, the
foundry and mechanical plant, railway transport
facilities, and other wvehicle-related enterprises
(Environmental Status Bulletin of the Karaganda
Region, 2017-2024).

The residential sector also contributes
significantly to urban air pollution, particularly in
areas affected by emissions from household stoves
and small boilers. The highest contributions are
observed in the (districts of Maikuduk,
Prishakhtinsk, and Kirzavod-1 and -2, where low
chimney heights in private households limit
pollutant dispersion. In contrast, industrial facilities,
schools, hospitals, and combined heat and power
(CHP) plants are equipped with taller stacks,
allowing pollutants to disperse at higher altitudes.
Another concern is the lack of control over fuel
quality; many residents use low-grade coal that does
not meet certified standards, and some rely on
‘Nedelka’ stoves, which are believed to emit more
soot than conventional household stoves.

The climate in Karaganda is sharply continental,
characterized by harsh winters, hot summers, and
relatively low annual precipitation, with snowstorms
and blizzards common during winter.
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Data collection and assessment. In this study,
monthly meteorological and air quality data for
Karaganda for the period 2017-2024 were obtained
from RSE “Kazhydromet” (Republican State
Enterprise ~ “Kazakhstan =~ Hydrometeorological
Service”) https://www.kazhydromet.kz/en/. The
meteorological parameters included temperature
(°C), relative humidity (%), atmospheric pressure
(hPa), and wind speed (m/s). Air quality
measurements comprised suspended particulate
matter (dust, mg/m?®), PM,.5 (mg/m?®), PM,
(mg/m?), sulfur dioxide (SO,, mg/m?®), carbon
monoxide (CO, mg/m?), nitrogen dioxide (NOg,
mg/m?®), ozone (Os, mg/m®), ammonia (NHjs,
mg/m?®), and formaldehyde (HCHO, mg/m?). Air
quality monitoring in Karaganda is conducted at 7
observation stations, including 4 manual sampling
posts and 3 automatic monitoring stations [19]. The
dataset provided monthly observations over this
eight-year period, which were used to assess
temporal trends, seasonal variations, and
relationships between meteorological conditions
and pollutant concentrations. These data allowed for
a comprehensive analysis of air pollution patterns in
Karaganda and the identification of factors
influencing atmospheric quality in both industrial
and residential areas.

Modelling framework. Prior to modelling, the
dataset underwent systematic preprocessing to
ensure numerical consistency and temporal
coherence. Numeric formatting was standardized by
converting decimal commas into decimal points,
followed by type casting of all predictor variables to
continuous numeric form. A unified temporal index
was reconstructed by combining month and year
fields into a single datetime variable, enabling
chronological ordering and time-series operations.
To capture cyclical seasonal behavior, temporal

features were encoded using trigonometric
transformations:
th . (an)
monthg;, = sin|———),
sin 12
2
month,,s = cos (%) (1)
This representation preserves continuity

between calendar boundaries and avoids artificial
discontinuities inherent in categorical encoding.
Because particulate matter exhibits temporal
persistence,  autoregressive  predictors  were
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introduced to account for carryover effects,
including a one-month lag of PM,.5 to capture short-
term memory and a twelve-month lag to represent
seasonal recurrence patterns. Observations with
undefined lag values were excluded to maintain
modelling integrity.

To robustly characterize relationships between
meteorological ~ conditions and  particulate
concentrations, three complementary regression
approaches were implemented. The selection
reflects a balance between interpretability, nonlinear
modelling capacity, and predictive performance.
The modelling task was formulated as a supervised
regression problem where PM,.5 concentration
(mg/m®) serves as the response variable.
Meteorological predictors were selected based on
established atmospheric transport and dispersion
theory and include air temperature (°C), relative
humidity (%), atmospheric pressure (hPa), wind
speed (m/s). These variables represent key
mechanisms governing pollutant accumulation,
vertical mixing, hygroscopic growth of aerosols, and
horizontal transport.

Multiple Linear Regression. A standardized
multiple linear regression model was adopted as a
transparent baseline. After feature scaling, the
model estimates relationships of the form:

PM; 5 = B, + Zil(ﬂiXi +¢) ()

where:

PM,s — observed concentration of fine
particulate matter (mg/m?) at a given time step;

Bo — intercept term, representing the baseline
PM,.5 concentration when all predictors are equal to
Zero;

?=1 — summation operator indicating that the
model aggregates contributions from all predictors,
where ppp denotes the total number of independent
variables;

B; — regression coefficient associated with the
iii-th predictor, quantifying the magnitude and
direction of its influence on PM,.5 concentration;

X; — the i-th predictor variable (e.g.,
temperature, relative humidity, atmospheric
pressure, wind speed);

p — total number of predictors included in the
model;

€ — stochastic error term capturing unexplained
variability, measurement noise, and the influence of
omitted factors.

This approach enables direct interpretation of
coefficient magnitudes and directional influence of
predictors. Although limited in capturing nonlinear
interactions, it provides an essential reference for
assessing added value of more complex algorithms.

Random Forest Regression. A Random Forest
ensemble was employed to model nonlinear
relationships and feature interactions without
imposing parametric assumptions. This method
constructs multiple decision trees via bootstrap
resampling of observations, randomised feature
selection, and ensemble averaging. Such an
architecture effectively captures threshold behavior
and multivariate dependencies commonly observed
in atmospheric systems.

2 _ 1 _ Zim0i-9)?
R*=1 Z?:l(Yi—y)z (3)

where:

y; — observed PM,.5 concentration;

¥, — predicted concentration;

y — mean of the observed concentration;

n — number of observations.

Gradient Boosting via LightGBM. To achieve
high predictive accuracy, a gradient boosting model
based on LightGBM was implemented. This algo-
rithm iteratively minimizes residual error by seque-
ntially fitting weak learners to gradient updates:

Fry1(x) = Fe(x) + yehe(x) 4)

where:

F;(x) — the current ensemble prediction function
at iteration ttt; it represents the aggregated output of
all previously constructed weak learners;

F;41(x) — the updated ensemble function after
incorporating the new weak learner at iteration
tH1tH1t+1;

x — the vector of input features (meteorological
variables, seasonal encodings, and lagged PM,.5
values);

h:(x) — the weak learner fitted at iteration ttt,
typically a decision tree trained to approximate the
negative gradient of the loss function (i.e., the
residuals);

Y — the learning rate (or step size) applied to the
weak learner, controlling the magnitude of its
contribution to the ensemble model.

LightGBM’s histogram-based optimization and
leaf-wise growth strategy provide computational
efficiency and enhanced modelling capacity for
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structured environmental datasets. Within the
modelling hierarchy, this approach functions as the
primary performance-oriented learner.

Forecasting methodology. Model assessment
followed a temporally consistent validation protocol
to reflect real-world forecasting deployment. Data
were split along the time axis, reserving the final
twelve months for testing. This approach prevents
information leakage and evaluates model
generalization under forward-prediction conditions.
To further assess robustness, expanding-window
cross-validation was applied using TimeSeriesSplit.
In each fold, the training horizon grows while
validation advances chronologically, providing
stability estimates across temporal regimes.

Model accuracy and explanatory strength were
evaluated using complementary measures, including
Root Mean Square Error (RMSE), which
emphasizes large deviations; Mean Absolute Error
(MAE), which measures the average magnitude of
error; the coefficient of determination (R?), which
captures explained variance; and Mean Absolute
Percentage Error (MAPE). Together, these metrics
quantify predictive precision, stability, and
descriptive adequacy.

Future PM,.5 concentrations for 2025-2026
were estimated using recursive multi-step
prediction. Since meteorological observations for
future periods are unavailable, a climatological
scenario was adopted whereby monthly mean
meteorological values derived from historical
records were assigned to corresponding forecast
months. This procedure approximates expected
seasonal atmospheric conditions without reliance on
external climate projections. Lagged pollutant
features were updated iteratively using model-
generated  predictions,  allowing  dynamic
propagation of temporal dependencies throughout
the forecast horizon.

Uncertainty quantification. To account for
predictive uncertainty, interval estimates were
constructed using the cross-validated RMSE of the
best-performing model. Assuming approximate
normality of residuals, bounds were computed as:
¥y, + 1.96 * RMSE. While ensemble models do not
inherently produce probabilistic outputs, this
pragmatic approximation provides interpretable
confidence envelopes suitable for applied
environmental forecasting contexts. Interpretation
of model behavior was conducted through
complementary analyses. Feature importance
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rankings derived from ensemble methods identify
dominant meteorological drivers, while
standardized linear coefficients reveal directional
relationships between predictors and pollutant
levels. Together these perspectives enhance
transparency and support environmental inference
beyond predictive accuracy alone.

Results and discussion

Between 2017 and 2024, pollution levels in
Karaganda have remained consistently high. The
descriptive  statistics indicate clear seasonal
variability in both meteorological parameters and air
pollutant concentrations across the sampling period
(Table-1). The mean air temperature was
4.44 + 12.33 °C, ranging from —18.1 to 23.9 °C,
reflecting strong seasonal contrast between winter
and summer months. Lower temperatures were
observed during the winter months (approximately
December—February), accompanied by higher
relative humidity (63.54 = 11.41%, range: 41-82%)
and reduced atmospheric mixing conditions. The
mean wind speed was 2.68 = 0.41 m/s (1.9-4.2 m/s),
and the mean atmospheric pressure was
954.12 + 5.53 hPa (942.4-966.0 hPa), indicating
relatively stable synoptic conditions during certain
periods (Figure 1). These meteorological factors
favor pollutant accumulation near the surface due to
temperature inversions, a shallow planetary
boundary layer, and limited dispersion.

Elevated concentrations of particulate matter
and combustion-related pollutants were primarily
associated with the cold season. The mean
concentration of PM,.5 was 0.136 = 0.136 mg/m?
(0.000-1.200 mg/m?®), while PM,, averaged
0.132 £ 0.107 mg/m* (0.000-0.790 mg/m?).
Suspended particulate matter (dust) showed a mean
of 0.125 £ 0.063 mg/m* (0.010-0.330 mg/m?). The
relatively high maximum values suggest episodic
pollution events, most likely occurring during
winter. Combustion-related gaseous pollutants also
showed substantial variability: CO averaged
1.25 £ 0.60 mg/m* (0.03-4.00 mg/m?®), SO,
averaged 0.024 = 0.006 mg/m* (0.010-0.046
mg/m?®), and NO, averaged 0.041 £ 0.019 mg/m?3
(0.014-0.150 mg/m3). These elevated
concentrations during colder months are consistent
with increased coal-based heating, thermal power
generation, and residential solid fuel combustion,
combined with unfavorable dispersion conditions.
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Table 1
Descriptive statistics for parameters (N=96)

Variable Mean Std Min 25% Median 75% Max
Date 6.702 3.47 1.202 3.952 6.702 9.452 12.202
Temperature (°C) 4.441 12.331 -18.1 -7.125 6.05 16.95 23.9
Relative Humidity (%) 63.542  11.407 41.0 54.0 64.5 73.0 82.0
Atmospheric Pressure (hPa) 954.119  5.533 942.4  950.575 954.9 958.325 966.0
Wind Speed (m/s) 2.683 0.412 1.9 2.4 2.6 2.9 4.2
Suspended particulate matter (dust), mg/m? 0.125 0.063 0.01 0.087 0.122 0.153 0.33
PM,.5, mg/m? 0.136 0.136 0.0 0.05 0.12 0.187 1.2
PM; ¢, mg/m? 0.132 0.107 0.0 0.048 0.12 0.18 0.79
Sulfur dioxide (SO2), mg/m? 0.024 0.006 0.01 0.02 0.021 0.027 0.046
Carbon monoxide (CO), mg/m? 1.249 0.602 0.03 0.915 1.155 1.411 4.0
Nitrogen dioxide (NO3), mg/m? 0.041 0.019 0.014 0.03 0.038 0.042 0.15
Ozone (O3), mg/m? 0.035 0.068 0.0 0.018 0.03 0.041 0.68
Ammonia (NH3), mg/m? 0.009 0.008 0.0 0.005 0.01 0.01 0.057
Formaldehyde (HCHO), mg/m* 0.013 0.01 0.0 0.01 0.01 0.013 0.1

In contrast, warmer months (approximately
May—September) were characterized by higher
temperatures and improved atmospheric mixing,
resulting in generally lower concentrations of
primary combustion pollutants such as PM,.s,
PM;,, CO, and SO,. However, O3 exhibited a mean
concentration of 0.035 = 0.068 mg/m? (0.000-0.680
mg/m?), with higher levels expected during warmer
periods due to enhanced photochemical activity
driven by stronger solar radiation and elevated
temperatures. Photochemical reactions involving
NOx and VOCs promote secondary ozone formation
under these conditions. Additional reactive
pollutants included NH; with a mean of 0.009 +
0.008 mg/m* (0.000-0.057 mg/m?*) and HCHO at
0.013 £ 0.010 mg/m? (0.000-0.100 mg/m?), which
may contribute to secondary aerosol and
photochemical processes.

Figures 1 and 2 present a time series analysis of
meteorological parameters alongside pollutant con-
centrations, providing a comprehensive understand-
ding of temporal variations in air quality in
Karaganda.

The correlation matrix reveals structured
relationships between meteorological conditions
and pollutant concentrations, indicating that

atmospheric variability plays a measurable role in
shaping air quality patterns (Figure-3).

Temperature  shows moderate negative
correlations with particulate matter fractions (PM,.5
and PM;,) and several gaseous pollutants,
suggesting that lower temperature regimes are
associated with increased pollutant accumulation.
This behavior is consistent with reduced
atmospheric mixing and more stable boundary layer
conditions that limit dispersion.

Relative  humidity demonstrates moderate
positive correlations with particulate matter
(r = 0.29-0.33) and several gaseous species, while
showing inverse association with temperature.
These relationships may reflect the contribution of
moisture-driven processes such as hygroscopic
particle growth or secondary aerosol formation,
which can influence measured concentrations under
humid conditions.

Atmospheric pressure exhibits one of the more
consistent associations across pollutant groups, with
positive correlations observed for PM,.5 (r = 0.41),
PMjg (r= 0.45), SO, (r = 0.48), and CO (r = 0.46).
Such patterns suggest that stable pressure systems
may favor pollutant retention by limiting vertical air
exchange, thereby increasing concentration
persistence near the surface.
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Figure 1
Time series of meteorological parameters
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Figure 2
Time series of pollutant concentrations (PM3.5, PM 1, SO5, NOx, and CO)
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Figure 3
The Pearson correlation of all parameters
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Wind speed generally shows weak to moderate
negative relationships with several pollutants,
particularly SO, and CO, supporting its role as a
dispersion mechanism. However, the overall
magnitude of these correlations remains limited,
indicating that wind-driven transport effects may be
episodic or nonlinear rather than strongly reflected
through simple linear dependence.

Collectively, these findings confirm that
meteorological variables are not merely background
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descriptors but active drivers influencing pollutant
variability. Their inclusion in predictive modeling
frameworks is therefore justified, as they capture
environmental dynamics directly linked to pollutant
transport, transformation, and accumulation
processes.

Model Performance Evaluation (MAE). The
predictive performance of the evaluated models was
assessed using walk-forward cross-validation, with
the results summarized in Table 2.
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Table 2

Predictive performance comparison of regression models evaluated using walk-forward cross-validation

Model RMSE (mean =+ std) MAE (mean = std) R? (mean = std) MAPE % (mean = std)
Random Forest 0.107 +£0.116 0.062 +0.041 0.185+0.468 110.94 + 132.15
LightGBM 0.132+0.109 0.087 +0.035 —0.563 +£0.416 168.91 £ 193.41
Linear Regression 0.239+0.179 0.141 +£0.058 —22.30+46.71 193.04 + 181.55

Among the three approaches, the Random
Forest model demonstrated the strongest overall
performance. It achieved the lowest mean RMSE of
0.107 mg/m?, indicating the smallest average
deviation between predicted and observed PM;.s5
concentrations. This model also produced the lowest
mean MAE (0.062 mg/m?®) and the most favorable
coefficient of determination (R? = 0.185 £ 0.468),
reflecting limited but positive explanatory capacity.
In contrast, the LightGBM model exhibited higher
prediction error, with a mean RMSE of
0.132 mg/m?, and reduced explanatory capability
(R* = —0.563 + 0.416), suggesting inconsistent
alignment with observed variance patterns. The
linear regression model showed substantially
weaker performance, yielding a mean RMSE of
0.239 mg/m* and strongly negative R? wvalues
(—22.30 £ 46.71), indicating an inability to capture

Figure 4

the underlying data structure. Additionally, elevated
MAPE values for both the linear and boosting
models (193% and 169%, respectively) highlight
instability in relative error magnitude.

Overall, these quantitative comparisons
suggest  that the relationship  between
meteorological variables and PM,.5

concentrations cannot be adequately described
using linear assumptions. Instead, nonlinear
ensemble methods appear more suitable for
capturing threshold effects and complex
multivariate interactions inherent in the data.

Test-Period Prediction Behavior. Figure 4
illustrates the comparison between observed PM,.5
concentrations and model predictions for the 2024
hold-out  period. Observed values ranged
approximately between 0.13 and 0.24 mg/m?,
reflecting moderate seasonal variability.

Observed versus predicted PM. s concentrations during the test period (monthly resolution)

PM2.5 — Observed vs Predicted on Test Set (Monthly)
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The Random Forest model tracked seasonal
dynamics closely, particularly reproducing the late-
year increase toward ~0.24 mg/m3. Linear
regression consistently underestimated concen-
trations, producing values near 0.00-0.15 mg/m?,
including unrealistic near-zero predictions during
mid-year months. LightGBM showed greater
responsiveness but also generated oscillatory
behaviour and local overestimations (e.g., exceeding

Figure 5

0.22 mg/m*® during transitional periods). These
observations visually reinforce the numerical
performance metrics and demonstrate the superior
temporal stability of the Random Forest approach.
Forecasting Analysis PM 5. ; concentrations for
2025-2026. Based on the validated models, PM,.5
concentrations were projected for 2025-2026 under
climatological meteorological conditions. The
forecast trajectories are presented in Figure 5.

Multi-model PM. s forecast for 2025-2026 using climatological meteorological inputs

PM2.5 Forecast 2025-2026 (Monthly) — Model Comparison
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The Random Forest forecast suggests seasonal
oscillations within a range of approximately 0.10—
0.35 mg/m?, maintaining amplitude comparable to
historical behavior. Linear model projections remain
smoother and confined to a narrower interval
(~0.03-0.22 mg/m?®), reflecting their limited
dynamic sensitivity. LightGBM produces the largest
variability, including transient spikes approaching
0.40 mg/m?, consistent with its higher variance
observed during validation. Despite differences in
magnitude, all models preserve the annual periodic
pattern, indicating that cyclical encoding and lag
features successfully propagate seasonal structure
into forward predictions.
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It should be emphasized that forecasts are
scenario-based and assume average meteorological
conditions. Consequently, they represent expected
seasonal tendencies rather than deterministic future
pollution events.

Uncertainty quantification. Prediction
uncertainty was evaluated for the best-performing
model (Random Forest) using cross-validated
RMSE as an error proxy. The mean RMSE of 0.107
mg/m* was used to construct approximate 95%
confidence bounds: ¥y, + 1.96 * RMSE resulting in
an uncertainty width of roughly +0.21 mg/m?
(Figure-6).
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Figure 6

Random Forest forecast with approximate 95% uncertainty envelope
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The uncertainty band indicates that projected
concentrations near 0.20 mg/m* may realistically
vary between approximately 0.0 and 0.41 mg/m?,
reflecting inherent atmospheric variability and
modelling limitations. While this interval does not
represent a fully probabilistic estimate, it provides
valuable contextual interpretation of forecast
reliability. The comparative modelling results
provide insight into atmospheric processes
governing particulate variability. The inability of
linear regression to represent observed dynamics
supports the hypothesis that PM,.5 concentrations
respond nonlinearly to meteorological drivers.
Ensemble methods capture interaction effects
between humidity, temperature, and transport
mechanisms more effectively, consistent with
established aerosol formation theory.

Conclusion

This study demonstrated pronounced seasonal
variability in both meteorological parameters and air
pollutant concentrations during the sampling period,
indicating that air quality dynamics in Karaganda
are strongly influenced by seasonal changes in
temperature, atmospheric stability, and dispersion
conditions.

Winter conditions, characterized by low air
temperatures, elevated relative humidity, and limi-
ted atmospheric mixing, promoted the accumulation
of primary pollutants. Elevated concentrations of
PM,.5, PM,, suspended particulate matter, CO,

2023 2024 2025 2026 2027

SO,, and NO, were observed during the cold sea-
son, reflecting the dominant contribution of com-
bustion-related sources such as coal-based heating,
thermal power plants, and residential solid fuel use.
Reduced wind speeds and stable synoptic conditions
further enhanced pollutant buildup near the surface,
leading to frequent air pollution episodes.

In contrast, warmer months were associated
with improved dispersion conditions and generally
lower levels of primary combustion pollutants. Ho-
wever, O3 concentrations increased during this pe-
riod, highlighting the enhanced role of photoche-
mical processes driven by higher temperatures and
stronger solar radiation. This seasonal shift unders-
cores the transition from primary emission domi-
nance in winter to secondary pollutant formation in
summer.

Exceedances of daily average concentration
standards were observed for suspended particles
(PM;.5, PMyy, dust), phenol, formaldehyde, and
ozone, with the most pronounced exceedances noted
for PM;.s. Such pollution is typical during the cold
season, associated primarily with emissions from
thermal power plants and residential heating. Over
the years, increases in the “highest frequency”
indicator have been largely attributed to PM,.s,
PMjq, hydrogen sulfide, and carbon monoxide,
reflecting the significant contribution of industrial
and thermal power plant emissions to urban air
pollution and the persistent accumulation of these
pollutants in the city’s atmosphere.
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Furthermore, the persistence of seasonal
oscillations in particulate concentrations across
forecast horizons using Multiple Linear Regression,
Random Forest Regression, and Gradient Boosting
via LightGBM indicates that climatic forcing
remains a dominant regulator of particulate behavior
in the region.

Overall, the findings confirm that winter air
pollution in coal-mining regions is primarily
governed by anthropogenic combustion emissions,
including those from residential heating and coal-
fired power plants, combined with unfavorable
meteorological conditions. In contrast, summer air
quality is more strongly influenced by atmospheric
chemistry and photochemical reactions. These
results emphasize the need for season-specific air
quality management strategies, such as reducing
emissions from coal combustion and residential
heating during winter, and controlling ozone
precursors and secondary pollutants during warmer
months. These findings underscore the importance
of implementing seasonally adaptive mitigation
strategies, rather than applying uniform air quality
policies throughout the year.
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BpeMeHHOVI AVNHAMUKN AMH3 MPECHbIX NMOA3EMHbIX BOA B NMeCHaHbIX MaCCMBax ATpraYCKOl;I n 3al'laAHO—
KasaxcraHckon obaacteinr. O60CHOBbIBAETCS BO3MOXHOCTb LeA€HalpaBA€HHOIo NCNMOAb30BaHMA MOA-
6apX3HHle AWH3 TPEeCHbIX NMOA3EMHbIX BOA AA4 O6BOAHeHVI$I I'IaCT6VILLI, N NMMTbEBOIO BOAOCHa6)KEHVI51.
yCTaHOBAEHO, 4YTO Npm OﬂpeAe/\éHHle NMOYBEHHO-TMAPOTreOAOrMYeCKNX N KAMMaTUYEeCKNX YCAOBUAX
Takme AMH3bl CocobHbI obecrneunTb YCTOVI‘—IVIBOQ BOAOCHa6)KeHl/Ie CTaHAQPTHbIX Y4aCTKOB OTFOHHOIo
KMBOTHOBOACTBA. I_IpeA/\araeTCﬂ METOAMKa paLl,VIOHaAbHOVI 3KCMAyaTaumMm l'IOA6apX&1HHbIX AVWH3 Tpe-
CHbIX MOA3EMHDbIX BOA, MAaBaloLLLEeN Ha 30HAAbHbIX BOAaX, OCHOBaHHA4 Ha NpUMeHeHNN WaAduero Crno-
coba BOAOOT60pa, MO3BOALAIOWEro OCYyWECTBAATb AAUTEAbHYIO 3KCIMNAYyaTauuto 6e3 YXYALWEHNA Kade-
CTBa NMOA3EMHbIX BOA,.

BbinoAHeHHOE nccaepOBaHMe MPUPOAHbIX YC/\OBI/IVI, T’MAPOreoAOrm4eCkmnx XapakTtepmcTtmk necya-
HbIX MaCCMBOB 1 O606LLI,€HVI€ MMEIOLLMXCA HayHYHbIX MaTEPUAAOB CBMAETEALCTBYIOT O BbICOKOWM nepcriek-
TMBHOCTU LUEeA€eHArNnpaBA€HHOIo OCBOEHNA AMH3bl NMPECHbIX MOA3EMHbBIX BOA Ha TEPPUTOPUN 3aﬂaAHOFO
KazaxcraHa. F]peA/\araeMbm MOAXOA SABAAETCA NPUHUMIMMAABHO HOBbIM KOMMAEKCHbIM pELUEHNEM 3a-
Aayun BOAOO6eCI’le‘~IEHMﬂ OTroHHOIro >KMBOTHOBOACTBA U 06/\aAaeT CyweCTBEHHbIM COUMAaAbHO-3KOHO-
MMYECKMUM NOTEHLMAAOM 3a CYET BOBAEYUEHMUS B XO39MCTBEHHbIN O60pOT AOKaAbHbIX BOAHbIX PECYpPCOB.

|_|OKa3aHO, YTO NMPMMEHEHNE aBTOPCKOIro METOAA waAgauen 3KCMAyaTaumMm obecneunsaet COXpaHe-
HWe TMAPOANMHAMNYECKOIO paBHOBECUA AMH3bI, MPEAOTBPALLAET NMOATArMBaHNE NMOACTUAAIOLLMX MUHE-
PAaAM30BaHHbIX 30HAAbHbLIX BOA U CHMXKAET PUCK 3aMAMBAHNA CbMAprOBOVI 30Hbl CKBa>XWMH.

KAloueBble CAOBa: AMH3bl MOA3EMHbIX BOA, lNnecyaHble MaCCuBblI, O6BOAHeHVIe ﬂaCT6VILLI,, MWHEpPa-
AU3alng.
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Hydrogeological conditions of formation and distribution
of fresh groundwater lenses to justify the creation of watering points
in livestock transmission sites

This article examines the hydrogeological conditions of formation and spatiotemporal dynamics of
fresh groundwater lenses in sandy massifs of the Atyrau and West Kazakhstan regions. The feasibility of
targeted use of sub-dune lenses of fresh groundwater for pasture irrigation and drinking water supply is
substantiated. It is established that, under certain soil, hydrogeological, and climatic conditions, such
lenses are capable of providing a stable water supply for standard transhumance areas. A method for the
rational exploitation of sub-dune lenses of fresh groundwater floating on zonal waters is proposed. This
method utilizes a gentle water extraction method, allowing for long-term operation without degrading
groundwater quality.

A study of the natural conditions, hydrogeological characteristics of sand massifs, and a summary of
available scientific data demonstrate the high potential for targeted development of the fresh groundwa-
ter lens in Western Kazakhstan. The proposed approach represents a fundamentally new, comprehensive
solution to the problem of water supply for transhumance and offers significant socioeconomic potential
by integrating local water resources into economic circulation.
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It has been shown that the use of the author’s method of gentle operation ensures the preservation
of the hydrodynamic equilibrium of the lens, prevents the drawing in of underlying mineralized zonal
waters and reduces the risk of siltation of the filter zone of wells.

Keywords: groundwater lenses, sand massifs, pasture irrigation, mineralization.
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Man wapyalubiAbiFbl aAKaNTapbiHAQ CyapTy MYHKTTEPiH KYPYAbl Herizaey yLuiH
TYLLbI )KePaCTbl CY AMH3aAaPbIHbIH, KAABINTACYbl MEH TaPaAYbIHbIH,
r'MAPOreoAOTUSIAbIK, XKaFAanAapbl

Makanasa Atblpay eHe batbic KasakctaH 06AbICTapbIHbIH KYMAbI MacCUBTEPIHAET TYLLbl XKe-
pacTbl CyAapbIHbIH, AMH3aAapPbIHbIH FTMAPOreOAOTUSIABIK, KAABINTACY >KaFAalAapbl XXKeHe KeHiCTik-yakbIT
AMHAMMKaChl KapacTbIpblAaAbl. XKaimblAbIMAAPAbI Cyapy >KaHe aybl3 CyMeH XabAbIKTay YLLiH TyLbl XKe-
pacTbl CyAapbIHbIH KYM aCTbIHAQFbl AMH3aAAPbIH MakCaTTbl MalAaAaHy MYMKIHAITT HerisaeAreH. beAriai
6ip ToMbIpak, rMAPOreOAOrMSIAbIK, XOHE KAUMATTbIK, XKaFAaiAapAa MYHAQM AMH3aAap CTaHAAPTThbl MaA
LIApYyaLUbIAbIFbl afMaKTapbiH TYPaKThl CyMEH >KabAbIKTayAbl KAMTamMachl3 €Te aAaTbiHbl aHbIKTAAAbI.
AMMaKTbIK CYAQPAQ KAKbIM >KYPreH TYLLbl )KepacTbl CYAQPbIHbIH KYM aCTbIHAQFbl AMH3aAapbIH YTbIMAbI
naaaAaHy 8AICi YCbIHbIAABL. ByA 8AiC >KepacTbl CyAapblHbIH, canacblH TOMEHAETMEN y3aK, Mep3iMAi
naMaanaHyra MyMKIHAIK 6epeTiH XKyMcak, Cy aAy SAICIH KOAAAHAADI.

KyM MaccrBTepiHiH TabuFn >KarAaAapbIH, TMAPOreOAOTMSIAbIK, CUMATTaMaAapbiH 3epTTey XKeHe
KOAXKETIMAI FbIABIMU AepeKTepAIH, KbiCKalla Ma3MyHbl batbic KasakcTaHAarbl TyLLbl >KepacTbl CyAa-
PbIHbIH, HblCAaHAAbl AQMYbIHbIH, >KOFapbl dAeyeTiH KepceTeAi. YCbIHbIAFAH TOCIA LUAAFail MaA Llapya-
LWbIAbIFbIH CYMEH >KabAbIKTay MOCeAeciHe TyGeremnai xaHa, KelweHAl welim 60AbIN TabblAaAbl XKaHe
XKepriAiKTi Cy pecypcTapblH 3KOHOMMKAAbIK, aliHaAbIMFA GiPIKTIPYy apKbIAbl alMTapAbIKTall OAEYMETTIK-

3KOHOMMKAABIK 9A€YEeT YCbIHAaAbI.

ABTOPAbIH >KYMCaK, >KYMbIC 9AICIH KOAAAHY AMH3aHbIH TMAPOAMHAMMKAAbIK, TEMe-TEHAIMH cakTay-
Abl KaMTaMachbI3 eTeTiHi, aCTbIHAAFbl MMHEPAAAAHFAH alMaKTbIK CyAapAbIH TapTbIAybiHA XKOA HGepMen-
TiHi )KOHEe YHFbIMAaAQPAbIH, CY3ri alMaFblHbIH AAMA@HY KayriH a3aiTaTbiHbl KOPCETIATEH.

TyiiH ce3aep: XKepacTbl CyAapbIHbIH AMH3aAapbl, KYMAbl MAaCCUBTEP, >KalbIAbIMAAPAbI Cyapy, Mu-

HepaAAaHy.

BBenenue

JIMH3BI TIPECHBIX TMOM3EMHBIX BOJA OTHOCSTCS K
0Cc000MY THITY T€O(PIITBTPAIIMOHHOTO TTOTOKA, KOTO-
PBIN XapaKTePU3yeTCs CYIICCTBCHHBIM MIPOSBICHUEM
B3aWMO/ICHCTBHSI TIPECHBIX U CONEHBIX BOJ. OcoObIi
WHTEpEC K WCCIICOBAHUIO JIMH3 TMPECHBIX MOI3EM-
HBIX BOJ OOYCJIOBIMBAETCS TEM, YTO OHU 3a4aCTYIO
SIBJISIFOTCSL  €IMHCTBEHHBIMM HMCTOYHHMKAMM  XO3SIH-
CTBEHHO-TIUTHEBOTO BOJOCHAOXKEHUS TEPPUTOPUH C
apUIHBIM | TToNyapuaHbM KnnmatoM (Kunin, 1963;
Absametov et al., 2017; Maksimov, 1967).

dyHIaMEeHTaTbHBIC PEACTABICHUS 00 YCIOBH-
X (pOpMHPOBAHUS M HKCIUTyaTAIUU JIMH3 TIPECHBIX
MTOI3EMHBIX BOJ coniepkarcs B padbotax B.H. Kynu-
Ha, B./l. baOymikuna, JI.M. Kana, H.W. [TnotHUKO-
Ba, B.M. Illecrakosa, C.ILI. Mup3aesa, H.H. Xoxu-
xkubaeBa, H. I'. llleBuenko, A. A. AkpamoBa, u
JIPYTUX UCCieIOBaTeNe.

B mpepenax mecyaHbIX MyCThIHb LIIMPOKO pac-
MPOCTPAHEHBI BBHICOKOMHHEPATHU30BAHHBIC TPYH-
TOBbIe BOIbI. [IpecHble BOIBI OTMEUAIOTCS HA OT-

ACJbHBIX YYaCTKax B BerHeﬁ YaCTH BOJOHOCHOI'O
TOPU30HTA W 3aJleraloT B BUJE JIMH3, TUIABAFOIINX
Ha COJICHBIX I'PYHTOBBIX BOJaX. XapaKTepHOU OCO-
OCHHOCTBIO TYCTHIHB SBJSETCA TO, YTO U TPECHBIC
1 COJICHBIC BOJbI HAXOOATCA B OAHOM BOAOHOCHOM
TOPU30HTE U HE IMEIOT Pa3TrPaHNYMBAOIIETO UX BO-
noynopa (Kunin, 1959; Ahmedsafin, 1950; Petrov,
1960; Davydov, 1962).

VYcioBus 3aneraHusi U paclpoCTpaHEHUs TPYH-
TOBBIX BOJ B TIECUAHHBIX ITyCTHIHAX BBIJIEICHO TPH
TUIIA JIMH3 NPECHBIX BOJ: MOATAKbIPHBLIC (I/IJII/I Ta-
KBIPHBIE), TIPEATOPHBIC (WU JTUH3BI OacceHOB Cy-
XUX JIOTOB) U MOTIECUYAHEIE.

ITecuanpie MaccuBbl AThIpaycKOM M 3amaaHo-
Kazaxcranckoii oOiacteli 3aHMMAIOT 3HAYUTEIIb-
HbI€ TUIOMAJW W TPAIUIIMOHHO WCIIONB3YIOTCS B
KadyeCTBEC HaCT6I/IHI Jist OTTOHHOT'O KHUBOTHOBO/I-
CTBa. DTU TEPPUTOPHH OOIATAIOT BEICOKHM TIOTEH-
LUAJIOM JUIsl TPOU3BOCTBA DKOJOTUYECKH YHCTOM
JKUBOTHOBOJTYECKON TIPOMYKIIUH, OJHAKO HX XO-
3SIICTBEHHOE OCBOCHHUE CYIECTBEHHO OrPAaHUYCHO
neUuIITOM TpecHbIX BoJ. OTCyTCTBHE COBpEMEH-
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HBIX, aJaNTHPOBAHHBIX K MPUPOIHBIM YCIOBHIM
pEeruoHa CHCTEM BOJIOCHAOKEHUSI SIBJISIETCSI OCHOB-
HBIM CJICPXKUBAIOIINM (AKTOPOM PA3BUTHSI OTPACITH
(Shevchenko, 1959; Plotnikov et al., 1978; Alekin,
1953; Sotnikov, 1971).

PesynbraThl paHee NPOBEAEHHBIX THAPOIeO-
JIOTHYECKUX HCCIICIOBAHUI CBUACTEILCTBYIOT O
HAJIMYHH JIMH3 TTPECHBIX MOJ3EMHBIX BOJI IO/ €CTe-
CTBCHHBIMH HeE3aKperuIeHHbIME OapxaHamu. Dop-
MHUPOBaHUE TAKUX JIMH3 00YCJIOBJICHO MHUIBTPA-
1uel aTMoc(EepHBIX 0CaTKOB, KOHCHCAIIMOHHBIMU
MporieccaMi M OTCYTCTBUEM TPAHCIUPAIUH BIIATH
pacTUTENBHBIM TOKPOBOM. BmecTe ¢ Tem Manas
MOIITHOCT JIMH3 U WX JIOKAJIBHBIA XapakTep orpa-
HUYHBAIA BO3MOXKHOCTH TPAKTHYECKOTO HCIOIb-
30BaHMS, YTO MPUBOJMIO K OBICTPOMY 3aCOJICHHUIO
TPaUIIMOHHBIX KOJIOIIEB MPU HHTCHCHBHOM BOJIO-
otrbope (Ahmedsafin, 1950; Petrov, 1960; Davydov,
1962).

B TO x€ Bpemsi SMIIUPUUYECKUIN OMBIT MECTHBIX
JKUBOTHOBOJIOB MOKA3bIBAET, YTO CO3JIaHHE TEXHO-
T'CHHBIX HE3aKPEIJICHHBIX 0apXaHOB IyTeM HHTCH-
CHBHOTO BBINTaca W BBITANTHIBAHUS CIIOCOOCTBYET
(OpMHPOBaHHIO TIPECHBIX ITOJI3EMHBIX BOJ, MpPHU-
TOJIHBIX JIJIsI BOJIOMOS ckoTa. HecMoTps Ha 370, 710
HACTOSIIIETO BPEMEHH OTCYTCTBYET HAyYHO 000CHO-
BaHHAask MOJIeSb (DOPMHUPOBAHUS, PA3BUTHUS U PaIly-

Pucynok 1
Venoesus popmuposanus noobapxanmwix aun3
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OHAJIBHOM AKCIUTyaTallMi TAKUX TEXHOTCHHBIX JINH3
(Davydov, 1962; Shevchenko, 1959; Plotnikov et
al., 1978).

Ilenbr0 HACTOSIIETO HCCIACHOBAHMS SIBIISCTCS
000CHOBAaHHE BO3MOXHOCTH IICJICHANPABICHHOTO
(OpMUPOBAHUSI TEXHOTECHHBIX JIMH3 MPECHBIX MMOJ-
3eMHBIX BOJ U pa3paboTKa HAy4yHO 0OOCHOBAHHBIX
PEKOMEHIAIMI 110 WX HCIOJIb30BAHUIO ISl CO3/1a-
HUS BOJIOTIOWHBIX MyHKTOB HAa YYaCTKaX OTTOHHOTO
JKUBOTHOBO/ICTBA, TAK)KC BBISIBIICHUE THIPOTEOJIO-
THYECKUX YCIOBUH (DOPMHUPOBAHHMS JIUH3 MPECHBIX
MOJI3€MHBIX BOJ M 00OCHOBAaHHE METOIMKH HX pa-
[UOHATLHON JKCIUTyaTallii Ha OCHOBE MIAJIAIICTO
BOJI00TOOpA.

IIpupoono-zuopozeonozuueckue yciosus pai-
OHa UCc1e008anull

Paiion uccnenoBanuii mpuypoyeH K MecyaHbiM
MaccuBaM 3amnajiHoi dactu KazaxcraHa, xapakte-
PHU3YIONIMMCSI PE3KO KOHTHHEHTAIBHBIM H 3aCyIl-
JUBBIM KIUMaToM. CpeaHerosoBoe KOJIUYECTBO
atMoc(epHbIX ocaakoB cocTaBisieT 120-180 mm,
OCHOBHAsl MX YacTh BBINAJIAET B XOJOIHBIN MepH-
ol roja. McnapseMocTh 3HAUYUTEIHHO MPEBbIIIACT
KOJIMYECTBO OCAJKOB, 4TO OOyClIaBIUBaeT oOIiee
apuIHOE BOJOXO3SHCTBEHHOE COCTOSHHE TEPPHTO-

pun (puc.l).
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B reomoruveckom paspese rmecyaHbIX MACCHBOB
peodJIaaloT S0JI0BbIC U AJLIIOBUAIBHO-30JIOBBIC
OTJIOKEHUSI, TIPEJICTABIICHHBIC MEJIKO- M CpEeIHE-
3ePHUCTBHIMU TECKAMU C BBICOKOW (hMIIBTPAIOH-
HOW crocoOHOCTRIO. [locThnaromue moposl, Kak
MPAaBHUJIO, CJOXKCHBI CYIrJIMHKAMH M TJIMHAMH, BbI-
MOJTHSIOIIMMH POJIb OTHOCHTEIBHOTO BOJOYIIOpa U
CIIOCOOCTBYIOIIMMU aKKyMYJISIIIUA UHOUIBTPALH-
OHHBIX BOJ| B BUJIE JIOKaNbHBIX JTuH3 (Alekin, 1953;
Sotnikov, 1971).

[Tom3emMHbBIC BOABI PETMOHA B OCHOBHOM COJIE-
HbIC M paccosibHbIe. [IpecHble BOJBI UMEIOT Orpa-
HUYCHHOE paCIpOCTPAaHCHUE U TPUYPOUYCHBI K
Mo/I0apXaHHbIM 30HaM, rae (pOpPMHUPYIOTCS JHMH3BI
Masioit MomHocTH (00b19HO 10 1,0-2,0 M), oTiinya-
FOIIMECS] BHICOKOH 4YYBCTBUTEIBHOCTBIO K PEIKUMY
BojiooTOOpa (puc.2).

Pa3BuTHe OapXaHHBIX MEPEBESHHBIX MMECKOB Ha
OTJICNBHBIX yYacTKaX PaclpOCTPAHEHUS MOPCKUX

Pucynox 2
Venosusa popmuposanusa noobapxannvix aunz

otnoxxkenuit (Taiicoiiran, Caitxun, Opma u 1p.)
co3llaeT OJaronpHsTHBIE YCIOBUS Ui (HOPMHPO-
BaHUsI MPECHBIX U CIa00COIIOHOBATHIX MOA3EMHBIX
BOJI, 3aJIeTafolX B BUJC JIMH3, HA COJICHBIX BO-
nax. MomHoctu ux paziauyssl ot 1,5 1o 15-40 M, a
IUTOINA/IM — OT TIEPBBIX COTEH KBaJPaTHBIX METPOB
o 11-850 km? C riryOMHOH MUHEpalu3anusi BOJ
B JIMH3aX BO3PACTACT, U JIUIIb B PEIKUX CITydasx
BOJIOHOCHBIC JIMH3bI Ha BCIO MOIIHOCTH COJEpIKaT
TpecHble W ci1abocosioHoOBaThie BOJBL. Hamboree
KpYITHBIE JIMH3B! BBIJEIICHBI HAa TIECYAaHOM MAacCHBE
Taiicoiiran u B Mexaypeuse JKaiipik-Bonra. Oco-
00ro BHUMaHUs 3acCIyKHBAET OT0-3amaHasi 4acTh
paccmarpuBaemoro Oacceitna (mecku Hapwin), Tae
Pa3BUTHI KPYITHBIE JMH3BI CyJIb(PaTHO-THAPOKapOo-
HATHBIX U CYJb(aTHBIX HATPUEBBIX IPYHTOBBIX BOJI
¢ munepanuzauuert 1o 1 r/n1 (Kacimov & Obnosov,
2019; Zhou et al., 2021; Hassan et al., 2019; Tang
& Yan, 2021).

IMeckn, mKpenicHnee
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Bonpmias 7OCTYymMHOCTh UCIIOIB30BAHUS IO~
3€MHBIX BOJI 0€3 NPUMEHEHUS CIIOXKHBIX TeX-
HUYECKUX CPEICTB, IMO3BOJSET HCIOJIb30BATH
nonzemubie Boael CeBepHoro llpukacnus nis
YAOBJIETBOPEHUSI MOTPEOHOCTEH CEIbCKUX Ha-

CCJICHHBIX IYHKTOB M >KMBOTHOBOJYECKHX XO-
35IUCTB HA y4acTKaxX Pa3BUTHS MPECHBIX, Cl1a00-
COJIOHOBATBIX M COJOHOBATHIX IMOA3EMHEIX BOJ
(Sun et al., 2023; Tang et al., 2024; Thissen et
al., 2025).
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MaTepI/IaJ'lbI U METOAbI UCCJICTOBAHUA

HccenenoBanust IpOBOIMINCE B HECKOJIBKO 3Ta-
moB. Ha mepBowm atarne ocymecTBisiics coop, 0600-
LICHUE W aHAIN3 MaTEePUAJIOB paHee BBITIOIHEHHBIX
THAPOTEOJIOTNYECKNX paldoT, MaHHBIX IWCTAHIIH-
OHHOTO 30HJIUPOBAHUS 3eMIIM W KIMMaTHYECKHX
XapaKTepUCTHK pernoHa. Ha ocHoBe aHanmza pas-

Pucynox 3
Buvie30 na nonesvie pabomoi 6 npedenax necuanvix Maccusos

palaTbIBaIMCh KPUTEpPHM BBIOOpa Hambosee mep-
CIIEKTHBHOTO YYacTKa JUIs OpraHU3aliy BOJIOCHA0-
skeHus (puc.3).

B moneBbie paboThl BXOJMIO PEKOTHOCIUPO-
BOYHOE 00cJIeI0BaHUE TEPPUTOPHU U BHIOOD ydacT-
Ka B Tpejiesiax MecyaHoro MacCuBa, NCIIOJIb3yeMOTo
JUTS OTTOHHOTO )KMBOTHOBOACTBA. Ha yuactke Obu1o
MpoOypeHo 5 CKBaXWH riryonHoit 4,67-4,75 m.

Pucynox 4
Bypenue cuopozeonocuieckux CK8aA@CUuH 6pyuHyio

Pucynok 5

74

Pucynox 6
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Pucynox 7

I'paghux usmenenus munepanuzayuu nOO3EMHbIX 600

MuHepami3anis BOIEL, I/
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® CKB. S —— YPOBEHE BOJBI, M

CkBakuHbl 000pYyJOBaHBl 00CagHON TpyOoOii
JuamMeTpom 32 MMm.

OTKauKy NPOBOAWIM CTYHNEHYATHIM CIOCOOOM
C MHCIOJIb30BAHHEM PYYHOTO HACOCA, OCHOBHBIM
NPUHIMIIOM KOTOPOro ObLIO MOHMKEHHE YPOBHS

Pucynox 8
Omkauxa npechotl 800bl U3 CKEANCUH

Pa3paboranHas METOJMKAa OTKAYKH BOJBI U3
CKBOKMH PYYHOTO OypeHHs, aJanTHpOBaHHAs K
YCIIOBUSIM TI€CYAHBIX MACCHBOB U JIMH3 TPECHBIX
MOJI3EMHBIX BOJI, 00€CIeUYnBaeT BO3MOXKHOCTh HX
JUTMTENIbHOM W ycTOMUMBOM skcrryatauuu. He-
MOJIb30BAaHUE PACYETHBIX MapaMeTpoB JeOWTa W
Koa(duienTa GUIbTPAIIUK TO3BOJISET MOBBICHTh

BozbI He Oonee uem Ha 0,5-1,0 M; yepenoBaHue Te-
PUOJIOB OTKAUYKM U BOCCTAHOBJIEHUS YpoBHs. IIpo-
JOIDKUTETBHOCTH OJTHOTO IIUKJIA OTKAYKH COCTABIISIT
20-40 MUHYT C TIOCIEAYIOIMHUM BOCCTAHOBICHHUEM
ypoBHs 110 80-90 % ot crarudeckoro (puc.7-8).

000CHOBAaHHOCTh TPOCKTHBIX PEIICHUI MPH cO3/1a-
HUU BOJOTIOWHBIX ITyHKTOB M JIOKAIBHBIX UCTOYHU-
KOB BOJIOCHA0KEHMUS.

Cnocoo IKcnstyamauuu MAalOMOULHBLX JIUH3

npecHvlx 600
Jis pa3nenbHON J00BIYH TPECHOM BOBI U3 Ma-
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JIOMOIITHOM BOJOHOCHOW TOJIIM MPEAJIOKEHa KOH-
CTPYKITUS BOJ03a00pHOM CKBaKUHBI. C1I0c00 OCHO-
BaH Ha PEryJIMPOBaHUU Pa3psLKEHUS, CO3aBaeMOr0
HAcoCoM, IMyTEM U3MEHEHHs 00BhEMa PelUPKYJIISAIIH
KHUJIKOCTH U MpeaycMaTpuBaeT GopMUpoOBaHUE pe-
T'YJIMPYEMOTO pa3psbKeHHsI BO BCachIBaOIIEH TpyoOe
Hacoca, 3a CU€T KOTOPOTO OCYLIECTBIISCTCS MOIBEM
KHUJIKOCTH.

Pucynok 9

OTIMYUTETFHONW 0COOSHHOCTBIO CITOCO0a SIBIISI-
€TCs PEryJMpOBaHUE YPOBHS Pa3psyKEHUs 3a CUET
M3MEHEHUS KOJIMYECTBA PEIHUPKYIUPYIOMICH KU-
KOCTH, TT0JIaBAEMOIl BO BCACBIBAIONIYIO TPYOy Ha-
coca. PerynupoBaHue OCyIIeCTBIISCTCS 3a/IBHIKKOM,
YCTaHOBJICHHOH B 3aMKHYTOM KOHTYpe TpyOOmpo-
BOJIa MEX/Ty HAarHETaTEILHOW U BCACHIBAIOIICH TPY-
6amu Hacoca (puc.9).

Cnocob omkauxu npeCHmZ 60001 U3 MAIOMOUHBIX JIUH3 C NOMOWBIO CKEANCUH

3ansuxka

e —

A

HarvetatensHas

PeuunpkynsaumoHHas | @1 | Tpy6a
Tpyba
BakyymmeTp
r ’
BcaceiBawowan
TpyBa
> <
Moctynnexune Moctynnexune
KUAKOCTH HUOKOCTH
AE==Eh
DuneTp

Pe3yabTarhl 1 HX 00Cy:KIeHUE

W3BecTHO, YTO 3HAYMTENBHBIE 110 TUIOMIAAH
recyanble MaccuBbl ATbIpayckoil m 3amaaHo-Ka-
3aXCTaHCKOW oOjacTtell 007amaloT BBICOKHM IIO-
TCHIIUAJIOM IS OpraHu3alv y4aCTKOB OTTOHHOI'O
JKUBOTHOBOJICTBA M IIPOM3BOJICTBA CYIIECTBEHHBIX
00BbEMOB IKOJIOTHYECKH YHCTOW IKHMBOTHOBOIYC-
ckoil mpoxykmun. OmHAKO OCHOBHBIM (DaKTOPOM,
C/ICPKUBAIOIIUM HX HIMPOKOE XO3SIHCTBEHHOE OCBO-
€HHe, 0CTaéTCs OTCYTCTBUE COBPEMEHHBIX U HAYYHO
000CHOBaHHBIX CHCTEM BOJ00TOOPA M BOJOCHAOXKeE-
HUS, aJJallTHPOBAHHBIX K CIIEU(PUISCKUM TIPUPOJI-
HBIM YCJIOBUSAM apuaHOI'0 peruoHa.

Pesynprarel paHee NPOBENEHHBIX THUIPOTEO-
JIOTHYECKUX HCCIIeIOBaHNH yOeIuTeNbHO CBHIE-
TENBCTBYIOT O HAIMYHMHU JIUH3 MTPECHBIX MTOA3EMHBIX
BOJI Ha €CTECTBEHHBIX y4acCTKax pacHpOCTpaHEHUs
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He3aKpeIUIéHHBIX OapxaHoB. Bmecte ¢ Tem, mpak-
THUYECKOE HCIIOJIb30BaHUE ITUX BOJHBIX PECYPCOB
B T€UEHHUE JIMTEIHLHOTO BPEMEHM OIPAHUYMBAJIOCH
JKCIUTyaTalueld HerNIyOOKWX MAaJIOJIeOUTHBIX KO-
nmonreB. VIHTEHCHBHBI BOZOOTOOP W3 TaKUX WC-
TOYHUKOB, KaK TPaBUJIO, TPUBOAUI K OBICTpOMY
HUCTOLIEHUIO JIMH3bI, MOATATMBAHUIO MUHEPaIU30-
BaHHBIX 30HAJBHBIX BOJ U NOCIEAYIOIIEMY 3acOJie-
HUIO JJ00BIBAEMOM BOJIbI, YTO CYIIIECTBEHHO CHHUXA-
JI0 yCTOHYMBOCTH BOJAOCHAOKEHHUSL.

B xone ananm3a nosneBbIX HAOMIOAEHUH U TTpaK-
THKH YCTAHOBJIEHO, YTO MECTHBIE dKUBOTHOBO/IbI Ha
MIPOTSDKCHUN ITUTEIHPHOTO BPEMEHU (DaKTHICCKH
(hOpMUPYIOT TEXHOTCHHBIC He3aKpeIUIEHHbBIE Oapxa-
HbI IyTEM MHTEHCUBHOI'O BbINIACa U BHITAIITHIBAHUS
PACTUTENBHOCTH HA OTHEIbHBIX Y4YacTKaX Iecda-
HbIX MacCHBOB. B JlanbHeiillieM UMEHHO B Mpejieiax
TaKUX Y4aCTKOB ITPOUCXOANT HAKOTUICHUE WH(HIIb-
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TPaIMOHHBIX BOJ U ()OPMUPOBAHHUE MOAOAPXAHHBIX
JIMH3 TPECHBIX MOA3EMHBIX BOJI, KOTOPHIE UCIOJIb-
3yIOTCA U1 BOJOIOS CKOTA.

HecMmoTpst Ha O4eBUIHYIO MPAKTHYECKYIO 3HA-
YUMOCTH JIAaHHOTO SIBJICHUSI, HAYYHO 000CHOBaHHBIC
MIPEICTABIICHUS O TUHAMUKE (OPMUPOBAHUS, TIPO-
CTPAHCTBEHHOM Pa3BUTHHU M YCTOMUMBOCTU TEXHO-
TEeHHBIX TO0APXaHHBIX JIMH3 B HACTOSIIEE BPEMS
OTCYTCTBYIOT. B JIOCTYNHBIX JHMTEPATYpPHBIX HC-
TOYHUKAX M OTUETHBIX MaTepuajax HE BbISBIICHbI
pe3yibTaThl KOMIUIEKCHBIX HCCIEIOBAaHUN, OXBa-
THIBAIOLIMX TIOJIHBIA LUK OT IIeJICHANPaBIECHHOTO
CO3/IaHUsI TEXHOT'CHHOTO HE3aKpeIUIEHHOTO Oapxa-
Ha JT0 OpraHU3alnd MOHUTOPHHTOBBIX HAOTIOICHU
3a (hOpPMUPOBAHUEM TIPECHOM JINH3BI BO BPEMECHU U
MPOCTPAHCTBE, OIIEHKHU €€ €CTECTBEHHBIX 3a11acoB 1
PECYPCOB, a Takke pa3padOTKH KOHKPETHBIX PEKO-
MEHJAIMI 0 palMOHAIbHON 3KCIUTyaTalluu IOJI-
3¢MHBIX BOJI.

TlpoBenénnplii aHaNM3 W HAKOIUIEHHBIM OMBIT
MCTIOJIh30BaHMS MAJIOMOIIIHBIX MO 10apXaHHbBIX JINH3
MMOKAa3bIBAIOT, YTO OHM JOCTATOYHKI JUIsi obOecrede-
HUSl yCTOMYMBOTO BOJOOTOOPA, OPHEHTUPOBAHHOTO
Ha HY>XIIBI BOJOIIOSI CKOTa, 03 pHCKa JerpagaIiuu
JIMH3BI U YXYJIIICHHUS Ka4eCcTBa BOJbI. DTO TO3BOJIA-
€T paccMaTpuBaTh LeJIE€HANIPABICHHOE UCTIOIb30Ba-
HUE MOJ0apXaHHBIX JIMH3 KaK MEePCIEKTUBHOE Ha-
MIpaBJICHUE PEIICHHS TPOOIEMBI BOI00OSCIICUCHIS
OTTOHHOTO ’KUBOTHOBOJICTBA B aPUAHBIX paiOHAX.

3akaoueHne

IIpoBeacuuslii aHamu3 NPUPOAHBIX YCIOBUH,
TUAPOTEOJIOTHICCKUX ~ OCOOCHHOCTEH  IeCUaHbIX
MAacCHBOB U CYIIECTBYIOIIMX HAYYHBIX JaHHBIX
MO3BOJISICT CJAENaTh BBIBOA O TMEPCIEKTUBHOCTH
[[EJICHANIPABIICHHOTO HKCITOJIb30BaHUs IO/I0apXaH-
HBIX JIMH3 TPECHBIX IMOJ3EMHBIX BOJ[ B YCIIOBHUSIX
3anaagnoro Kazaxcrana. Ilpennaraembiii moaxon
MIPEICTABIISICT COOOW MPUHIMITHAIEHO HOBOEC KOM-
TUIGKCHOE pelIeHne MPoOJIeMbl BOJ000ECIICUCHUS

OTTOHHOTO >KMBOTHOBOJCTBA M XapaKTepU3yeTcs
BBIPQKEHHBIM COIHAITbHO-IKOHOMUYECKIM 3 pex-
TOM 3a CUET BOBJICUEHMSI B XO3IHCTBEHHOE UCTIOIb-
30BaHMe JIOKATBHBIX BOJHBIX PECYpPCOB.

[lokazaHo, 4TO MPUMEHEHUE aBTOPCKOIO METO-
Jla maase sKCIuTyaTaluu obecrnedynBaeT coxpa-
HEHHUE TUAPOJNHAMHUYECKOTO PAaBHOBECHS JIMH3BI,
MPEeIOTBpaIIaeT TMOATATHBAHUE ITOCTHIIAIONINX
MUHEPATN30BAHHBIX 30HAJIBHBIX BOJ W CHMYKAET
pUCK 3aniuBaHUA (PUIBTPOBOW 30HBI CKBAKWH.
ObocHOBaHHAs cXeMa MOXKET CIY)KUTh PacuéTHON
OCHOBOM /ISl MCITOJIb30BAaHUS JIMH3 MPECHBIX TOJ-
3€MHBIX BOJI AJIs1 BOJOTIOS CKOTa M MMUTHEBOTO BOJIO-
cHaOxxeHus B 3ananHoM Kazaxcrane.

Pe3ynbprarel  BBITOJIHEHHOTO  HMCCIEIOBaHUS
MOTYT OBITh MCTIOJIB30BAHBI TPU Pa3pabOTKe perH-
OHAJIBHBIX TPOTPAMM PALMOHAIBHOTO HCIOJIB30-
BaHWS TACTOWIIHBIX PECYPCOB, MPOEKTHPOBAHHUH
BOJIONIOMHBIX ITYHKTOB M peaJln3alliy MEPONPUSATHH
[0 yCTOMYMBOMY pa3BUTHIO >KUBOTHOBOJICTBA B
apuaHbIX pailoHax 3amagHoro Ka3zaxcrana.
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bAAKALL KOAIHIH T¥3Abl BOAITIHIH AAbTO®AOPA K¥PAMbIH
3EPTTEY XKOSHE ®OTOTPO®Tbl MUKPOOPIAHNU3MAEPAIH,
AKCEHUKAADBIK AAKBIAAAPBIH BOAII AAY

ByA xymbicTa Baakaul KeAiHiH Ty3abl GOAIriHIH aAbroAOpacbiHbiH, TYPAIK KypPambl aHbIKTaAbII,
KeAeweri MOA MUKPOOBGAAABLIPAAD MEH LIMaHOOGaKTEPUSAAAPAbIH XKaHa AAKbIAAAPbI GOAIHIM aAbIHbIM,
OAapPAbIH  MOPMOAOTMSIABIK, AAKBIAABIK, K8HE (OU3MOAOTUSABIK KacueTTepi 3epTTeApi. Taaaay
HeTMXKeCiHAE baAKaLLTbIH WbIFbIC KaFaAayblHAH aAbIHFAH CY CbIHAMAAAPbIHbIH, aAbroAopa KypambIHAA
Amatomabl 6asabipaap (Bacillariophyta) 40,33 %, >acbia 6aaabipaap (Chlorophyta) 32%, Kek->kacbiA
Gaaapipaap (Cyanophyta) 19,33% >koHe 3BrAeHaAblk, Gaaapipaap (Euglenophyta) 8,33% kypaapl.
Onap 4 6eAiMre, 6 kaaccka, 6 katapra, 11 TyKbIMAACKA >KoHe 22 TybICKA >KaTaTbIHAbIFbI aHbIKTAAAbI.
MMKPOBMOAOTUSAABIK, DAICTEPI HETI3IHAE MUKPOBAAALIPAAP MEH LUMaHOOAKTEPUIAAPAbIH 8 aKCEHMKAADIK,
Tasa AakblApapbl GOAiHIN aabiHbin, oAap Oscillatoria sp, Nostoc sp, Arthrospira sp, Anabaena sp,
Chlorella vulgaris, Parachlorella kessleri, Dunaliella salina, Navicula sp. 60AbIN aHbIKTaAAbl. Op AAKbIA
YLWiH ©CIPYAiIH OHTaMAbl XXaFAaMAapPbl aHbIKTaAAbl. BOAIHIN aAbiHFaH LMaHOGaKTEPUS AAKbIAAAPbBIHbIH
ecy KapkblHAbIAbIFbI BG-11, 3appyka kopekTik opTarapbiHaa pH 7-9 kesiHae 28-32°C onTtuManAbl
Temneparypa apaAblFbiHAA 6anKaAabl. AA, OOAIHIM aAbIHFaH MUKPOGAAABIP AaKblAAAPbI, Tamums, ApTapms
>xoHe BG-11 kopekTik opTarapbiHaa pH 6,5-7,5 ke3diHae 27°C -30°C TemnepaTypa apaAblfblHAQ
TUIMAI ecy kepceTkiliH kepceTTi. byA Tasa AakbiApaap OHAIPICTIK 6MOTEXHOAOIMSIAQ, aTamn anTKaHAQ
OMOAOTUSABLIK, GEACEHA] KOCMaAap 83ipAeyAe epeKLle Kbi3bIFYLIbIAbIK, TYAblPaTbliH OObEKT.

Tyiin ce3aep: aAbropAOpa, aKCEHMKAAbIK, Ta3a AAKbIAAAPAbl GOAY, MUKPOOAAABIPAAP MEH
LUMaHOOAKTEPUS AAKbIAAAPDI, TY3AbI KOA.

A.K. Toktybay!, D.Salauat!, K. Bolatkhan!, S.K.Sandybayeva!, G.A.Akhmetova',
A.K. Kurmetkhan!, S.S. Sanatov!, P. Hrouzek? and B.K. Zayadan'*
TAl-Farabi Kazakh National University, Almaty, Kazakhstan

2Institute of Microbiology of the Czech Academy of Sciences, Center Algatech, Trebon, Czech Republic
*e-mail: zbolatkhan@gmail.com

Study of the algae composition of the saline parts of lake Balkhash
and isolation of axenic cultures of phototrophic microorganisms

The presented work defines the species composition of the algal flora within the saline region of
Lake Balkhash and involves isolating novel and promising cultures of microalgae and cyanobacteria, fol-
lowed by examining their morphological, cultural, and physiological traits. The taken results indicated
that the algal flora in water samples from the eastern coast of Balkhash is composed of diatoms (Bacil-
lariophyta) at 40.33%, green algae (Chlorophyta) at 32%, cyanobacteria (Cyanophyta) at 19.33%, and
euglenoids (Euglenophyta) at 8.33%. The specimens were classified into 4 divisions, 6 classes, 6 orders,
11 families, and 22 genera. Through the application of microbiological techniques, eight axenic pure
cultures of microalgae and cyanobacteria were successfully isolated and determined, including Oscil-
latoria sp, Nostoc sp, Arthrospira sp., Anabaena sp, Chlorella vulgaris, Parachlorella kessleri, Dunaliella
salina, and Navicula sp. Optimal cultivation conditions were determined for each strain. The isolated
cyanobacterial cultures exhibited the highest growth rate on BG-11 and Zarrouk nutrient media at pH
7-9 and an optimal temperature of 28-32 °C. The isolated microalgae cultures showed effective growth
on Tamia, Artaria, and BG-11 nutrient media at pH 6.5-7.5 and a temperature of 27-30 °C.The ob-
tained pure cultures are notably valuable in industrial biotechnology, particularly for the development of
biologically active supplements.

Keywords: algae, isolation of axenic pure cultures, microalgae and cyanobacteria cultures, saline
lake.
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M3yuyeHune cocTaBa aAbrohAOpbl COAEHbIX YacTel o3epa baaxalu
M BblA€AEHUE AKCEHUYHbIX KYAbTYP (DOTOTPOCPHBLIX MUKPOOPraHU3MOB

B AaHHOM paboTe onpeaeAéH BUAOBOI COCTaB aAbro)AOPbl COAEHOM YacTu o3epa baaxaul, Gbian
BbIAEAEHbI HOBbIE MEePCNeKTUBHbIE KYAbTYPbl MMKPOBOAOPOCAEN M LIMAHOBAKTEPUIA, @ TakK)Ke MCCAEAO-
BaHbl MX MOPOAOTMYECKME, KYAbTYPaAbHble 1 (hM3MOAOrMYECKME XapaKTepucTuku. 1o pesyAbTaTam
aHaAM3a YCTAHOBAEHO, YTO B aAbroAope npob BoAbl, 0TOOPaHHbIX Ha BOCTOYHOM nobepeskbe baaxa-
11a, AMaToMoBble BoaopocAun (Bacillariophyta) coctaBasiioT 40,33 %), 3eAéHble Bopopocamn (Chlorophyta)
32%, umaHobaktepun (Cyanophyta) 19,33% u 3BraeHoBble Bopaopocan (Euglenophyta) 8,33%. Otu
ObIAM OMPEAEAEHbI Kak MPMHaAAAeXKalle K 4 oTAeAaM, 6 Kaaccam, 6 psiaam, 11 cemeicteam 1 22 po-
AaM. Ha ocHoBe MMKPOBUMOAOrMUECKUX METOAOB ObIAM BbIAEAEHDI 8 aKCEHMUYECKMX UMCTbIX KYAbTYD
MUKPOBOAOPOCAEN 1 UMaHobakTepuii, ObiAM onpeaeaeHbl kak Oscillatoria sp, Nostoc sp, Arthrospira
sp, Anabaena sp, Chlorella vulgaris, Parachlorella kessleri, Dunaliella salina, Navicula sp. AAsi kaxxaon
KYAbTYPbI GbIAU OMPEeAEAeHbl ONTUMAAbHbBIE YCAOBUSI KYAbTUBMPOBAHUS. BblaeAeHHble KYAbTYpbI LiMa-
HOOAKTEPUIA AEMOHCTPUPOBAAM HaMOOABLLYIO CKOPOCTb POCTa Ha NuMTaTeAbHbIX cpepax BG-11 u 3ap-
pyka npv pH 7-9 1 ontnmanbHoi Temnepatype 28—32 °C. BbiaAeAeHHble KYAbTYPbl MMKPOBOAOPOCAEN
nokasaAu a(ppeKkT1BHbIE MOKa3aTeAN POCTa Ha NUTaTeAbHbIX cpeAax Tamumg, Aptapma n BG-11 npu pH
6,5-7,5 1 Temnepatype 27-30 °C. [MOAyYEHHbIE YUCTble KyAbTYpPbl MPEACTABASIOT 0COObIN UHTEpEC
AAS TIPOMBILLAEHHOM BMOTEXHOAOI MM, B YAaCTHOCTU AAS Pa3paboTKM BMOAOrMYECKM aKTHMBHbIX AOGABOK.

KaroueBble cA0Ba: aAbropAopa, BblAEAEHME aKCEHWMYECKMX YUCTbIX KYAbTYP, KYAbTYPbl MUKPOBO-

AOPOCAEN U UmMaHoBaKTepuin, COAEHOE 03epo.

Kipicne

Bankam keni — Opranbik Asusnarel bamkam—
AJakeJ1 OMBICBIHBIH OaThIC OeiriHe, TeHI3 ACHre-
fineH mamamen 340 M OMIKTIKTE OpHANAacKaH eH ipi
cy aineiHmapbeiHbH Oipi. Kem oHTycTik-OatbicTaH
COJITYCTIK-IITBIFBIC OAFBITBIHIA CO3BUIBII JKATHIP,
Y3bIHJIBIFBI IIAMaMeH 614 kM-re IeiiH )KeTe/l, all ¢y
neHreii 342 M OoNFaHaFkl KaIbl ayJaHbl IamMa-
MeH 16 400 km? kypaiiasl. Capslecik TyOeri bankarmn
KOJIIH eKi OeJjiKKe, TYIbI, Tas3 >KOHE KeH OaThIC
Oemirine (batpic bankanr), skoHe Ty3/bl, Tap JKOHE
tepeH mbFpic Oemirine (LerFrpic bankam) Oesemi
(Plotnikov et al., 2021).

Batbic Oemiri aymarbl KaFblHaH YJIKEHIpEeK
(>10 000 xm?) sxoHe Tas3 (Tepermairi 11 M-re geiin),
HIBIFBIC 0OJIirT ayMarbl skarbiHaH Kiti (>7 000 km?),
Oipak TepeHipek (26 m-re naeiiin). byn exi Oemikri
eHl ImamMaMeH 3,5 KM JKoHe TepeHIiri ~3 M 00IaThiH
VY3ynapan Oyra3el OadinaHbICTBIpaabl. KemmiH eHi
Jie alTapibIKTall e3repMeri: OaThiChiHAA 74 KM-Te
JIEHIH jKeTCe, all MBIFRICHIHAA 9—19 KM apabIFeIHIA
6omnanel (Tashenov & Zhangeldin, 2020). Bankai
KeJiHe KYSTBIH Oec e3eHHIH OapJybIFbl Taynapjaa
KanpInTacaapl. bateic bankamka KysSThIH KaJIFbI3
o3eH — lne o3eHi, OHBIH YJIECIHE XKalbl ©3CHIIK
arpIHHBIH, mamaMed 80%-b1 THecia, 1Isireic bam-
kamka — Kaparai, Akcy, Jlerici, Asre3 e3eHaepi Ke-
min Kysiuel. byn gakrop cy MaccanapbIHBIH TYpaKTh

OaFbITTaTYBIH — OaThICTaH LIBIFBICKA Kapal Ko3Fa-
JBICEIH KamTamachi3 erefi (Alimkulov et al., 2022).

Kenain munepangany meHreii 6atbicTaH IIIBI-
FBICKa Kapail OipTiHIeNn apThIM, WIBIFBIC OJiriHae
€H JKOFaprbl MoHIepre xereai. Ken cybHBIH opTa-
ma MUHEpaJiany JeHreii 2,2—2,94 r/m mamachiH-
na. Atan aiitkanna, bateic OesikTe MUHEpaiaHy
nenreii Tomen (1,1-1,6 1/1), aim MIBIFBIC OOIIriH-
ne on 3,3-4,7 v/n-re neitin aprtagpl, Keibip Tas3
JKarajay aiiMakTapbiHma 6—7 r/i-re JeiiH xeTei
(Muratkhanov et al., 2024)

bankamm kesiHiH MIBIFBIC OOJITIHAE EpireH Ty3-
nmapaeiH (TDS) menepi OaThicKa KaparaHJia KO-
Fapsl, s 6arbic OOJIKTIH TylIbLUIaY Ooysl Liie e3e-
HiHIH CyBl MEH OyTaHy KapKbIHbIHA OaiIaHBICTHI
(Krupa et al., 2020). batpic alimakTa HHUTpaTTap,
HUTPUTTED, Kambl Gochop, TeMip, MBIPBILI KOHE
MBIC KOTI, aJl MBIFpIcTa (hocdaTTap, OpraHUKAIBIK
3aTTap KOHE aybIp KOFaphl KOHIICHTpALUsIa Ke3-
neceni (Barinova et al., 2018; Kozhakhmetov &
Baimukanov, 2021).

JKanmer anraHma, 3epTTEYHIUICPAIH JICPEKTe-
pi bamkamn kesmiHiH IIBIFBIC OOJITIHIETI YKOFaphI
MUHEpaIn3aisl MEH KaJbITHl JeHTeHaeri JracTta-
HY (QOTOTPOPTHI MHUKPOOPTaHM3MICPAIH TYPIIK
KYPBUIBIMBIHA TIiKEJIEeW 9cep ETETiHIH IpIeNIeimi
(Abdullaev et al., 2023). Ocbl epeKmIeTiKTEp MIBI-
Fpic bankain akBaTOpUSICBIH AKCTpEMaIIbl JKaFan-
Jla TIPIIUTIK eTeTiH Talo(IIbAl KOHE Talo-Te3iMIi
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OamnpIpapasl 3epTTey YLIiH TaOUFU MOAETb PEeTiH-
JIe KapacThIpyFa MYMKIiH/IIK Oepei

Bankai kesiHiH anbrodiopacskl XUMHSUIBIK 3aT-
TapJIbIH MOJIIEPiHe Kapal 0aThICTaH IIBIFBICKA Ka-
paii caHBI JXOHE TYPJIK Kypambl OOMBIHIIIA ©3repe-
I, sxaimbl kesie 350-1eH actaM MUKPOOaIbIpIIap
TYpJiepi MEH TakcoHAap Kesneceni. Herisri momu-
HaHT TONTapFa THATOMIBI OaabIpIIap, Kachll Oall-
IBIpJap skoHe nanobaxkTepusiap xataasl (Wang et
al., 2023).

JKammer, bamkamr kesiHiH abrogropachIHBIH
KYPaMbIH 3epTTey KYMBICTApbIHAA (PUTOIIAHKTOH
KypaMmbIHZa 92 Typ TipkenreH: 29 »achl1 Oanisip,
27 nmarom, 21 nmaHoOaKTepHsi, COHOAH-aK Xapo-
¢durrep, 3BracHourTep, AUHOGUTTEP Oap ekeHi
agpikTasirad. Conpaii-ak barteic  OeJnikrer: »Ko-
JKYHEHIH TYIIBI OOJIFAaHABIFEI TYPIIK KYPaMHBIH
yoFapbl OonybiHa (74 Typ) kebinece Chlorophyta
TOOBI Oap EKeHJr aHBIKTAIIFaH, €H JKUi Ke3Jece-
TiH TYpIep — Peridinium sp, nuaromnsik Cyclotella
meneghiniana  Kiitzing  X9HE  DBIJICHAJBIK
Trachelomonas sp (Barinova et al., 2018). Anaiina
IIBIFBIC OOJIIKTE YKOFapbl MUHEpalJlaHyFa Te3iMi
MHUKPOOAIIBIp MEH HaHOOAKTEPHUSIIAP/IbIH TYPIIK
KYpaMbl HaKThI 3epTTEIMETECH.

ConpiMeH, bankam KeJriHiH IBIFBIC 0OJITTHIH
JKOFapbl MUHEpaNIaHybl Ty3[laHyFa OeHiM/enreH
($oTOTPOPTH MHUKPOOPraHU3AEpAl 3epTTey YLIiH
MaHBI3IBl TAOUFU MOJEITL OOJBIT TaOBUTAABI. by
aliMaKTarbl ajJbroIOpaHbl 3epTTEY Cy IKOXKY-
HeciHiH SKOJOTHUANBIK JKarnalblH Oaranay oHe
OMOTEXHOJIOTHIIBIK, TYPFbIIaH KYH/IBI JaKbIIAap-
JIbl aHBIKTAy YKYMBICTBIH ©3€KTLIIr1 O0JIbIN TaObI-
TaJIbI.

3epTTeyaiH MakcaThl — KOIIIH TY3Ibl aiima-
FbIHAH OOJIIHIN aJIbIHFAaH MUKPOOAJIBIpJIap MEH
HUaHOOAKTEPUSIIApIbIH TYPIIK KypamblH, MOp¢o-
JIOTHSUTBIK, YKOHE (DU3HOJOTHSIIBIK, CPEKIICITIKTEPiH
3epTTey, JKOHE aJbIHFAaH aKCEHWKAJBIK JaKbLIiap-
JIIH OoJalrakTa OMOTEXHOJIOTHS, MEIUIIUHA JKOHE
OMOJNIOTHSIIBIK,  KOCTIaJap OHAIPICIHAE KOJIIaHBLTY
TIOTEHITHANIBIH OaFanay.

MarepuaJjaap MeH aaicTep

3epmmey opviHOapwl JHcone ColHAMANAP ALY

3epTTey JKYMBICHI bankam ke IIBIFBIC OeJTi-
riHig Ty3ael Oemirinme 2024 xbUIbl ka3 albiHIA
KYprizinmi. 3eprrey OapbIChIHAA Cy ChlHaMajapbl
Bankamt kel aymarsIHIaFel apHAWBI TaHIAT AJBIH-
FaH VI HYKTEJCH aNbIHJBI, atamn aiitkanna, Jlerci
(46°20'49" N, 78°19'55" E), Ynbru (46.2872° N,
78.3186° E), xone Ymken (45.61677224320329,
78.10199725592088) (Plotnikov et al., 2021). Cy
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yarijepi KeygiH opTypii TepeHaik (1-5 M) xoHe
OPTYPII TY3/IaHy JKaF[aillapbiHaa OipHeIe HyKTe-
JIepACH anbIHABL, OyIl anbrodIopaHblH TapalyblH
Oaranayra MYMKIHAIK Oepei.

CrrHamanap aimry 6apbIChIH/Ia OipHeIIe MaHbI3IbI
(axTopnap ecernke anbIH[BI, OJap CYABIH (QH3HKO-
XMMUSUIBIK, KOPCETKILITEPI Cy TeMIIepaTypachl (Tep-
MOMETp apKbUIbl), MUHEPAIJIaHY, JKOHE TY3IBLIBIK
neHreinepi, cyabsiH pH genreiti canapik pH-merp
(HM Digital PH-80, AKI) apkpuibl mOTEHIHO-
METPHUKAJIBIK OMiCIIeH aHbIKTaNael (Muzafarov et
al., 1988). Yuarinepai amablH aja CTEPUIIbJICHTCH
1 JuTp KejeMiHAer! IUIACTHKAJIBIK OOTEIIKeNIep Ku-
Hanel. JKunanran cy ynrinepi 0,45 MKM OTKi3rimI
MeMOpaHayiap apKbUIbl CY3UIiI, opi Kapail eHJey
yurin 4°C TemmepaTypajgarbl TOHA3BITKBILTA CaK-
tanas! (Russian Institute of Standardization, 2022;
Standartinform, 2013). Bapneik ynrinep 3eprxaHa-
Fa XKETKI3UITeHHEH KeWiH MUKPOCKOIHSIIBIK Talgay
KOHE KYJIbTYpPalbIK ©Cipy 9IicTepi KOJIJaHBLIBIM,
anbroopanblH, MOP(MOJOTHSIIBIK, JKOHE KYJBTY-
pabABbIK CHIIATTaMaJIapbl KacajJlbl.

Iuanooaxmepusanap  Kypamvin
JHcaHe MopPon02uAnbLIK manoay

Berminin anplHFaH cy ChIHAMalapbl 3epTXaHa-
TBIK JKaFmaiiza TYpJiK KypaMblH aHBIKTay YIIiH
JKUHAKTAJIFaH YITiIepre MHUKPOCKOIMSJIBIK YKOHE
MOP(MOJIOTHSIIBIK,  Talmay OKyprizinmi. 3eprrey
Premere sxone Betical sxapblk MHUKpOCKONTAPBIHIA
x40—x100 ynkeWTy apajiblFbIHAA, MOHUTOpPFA IIbI-
Fapy MYMKiHairi Oap xyienepae OpsIHAAIABL. Op
yirigen 5 kadrtanbiM OolibiHIna 30—40 MUKPOCKO-
MUSUTBIK, KOPY Opici TajanaHAbl. AJBIHFaH MOJiMeT-
Tep Heri3iH/e ’Kacymrajgap caHbl 1 MIT CyZaFsl xKacy-
nrajgap caHbl TYPIiHZIE €CENTeN .

MukpoOanaplp MeH LuaHoOaKTepusIapIbl
aHBIKTay JKYMBICTaphl HATUBTI (Tipi) Kyiime ne,
(buKcHpIeHTeH KYhae ae xyprizinai. Pukcanusiay
yurid 4% dopmanpaerun epitinaici xoHe HOATBHIH
Jlroronb epiTiHAici KOMTAHBUIABL. MUKpOOATIIBIp-
Jap TYpmiK Kypambl CUpEHKO ojaicTeMeci OOMbIH-
ma  aHbIKTaFbiuTapMeHn okyprisingi  (Ergashev,
1979; Muzafarov et al., 1988; Tsarenko, 1990).
[{nanobakrepusuiap MeH MHUKpoOansipiap, Iua-
ToMbI Oanapipiapabl anbikTay Jifi Komarek sxone
opinTecrepinin Stffwasserflora von Mitteleuropa:
Cyanoprokaryota cepusiCbIHIAFbl 3aMaHAYH AHBIK-
TaFbILITAPbl KOJNJAHBUIABL. TakCOHAApIbIH ©3€KTi
aTayJapblH, CHHOHUMEpiH HakThIayra AlgaecBase
nepekkopiapel  (algaebase.org)  KOJJaHBLIIBI
(Guiry & Guiry, n.d.; Komarek, 2013; Krammer &
Lange-Bertalot, 1986—1991; The online database of
cyanobacterial genera, n.d.).

anvlKkmay
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Kopexmik opmaza omuipzui3y

Bemninin anblHFaH Cy chlHAMalapbl CTEPUIIbICH-
reH Kojbayapra KyuWeutein, 3appyka, BG-11, I'po-
MoB, Aptapus, Tamusi xoHe 04 CYHBIK KOPEKTIK
optanapra eringi. Jaxeuinap 20-32°C temmnepary-
pamga, 2000-5000 nx >kapwikTa, 16:8 doTomepnon
pexuminge, 1-2% CO, KoChbUIFaH a’panusMeH
ocipinai. Kopekrik opranapasie pH moani 5-10 apa-
TBIFBIHAA yeTamapl. Yaritepaid 0,1-1 mur cycren-
3MSICHI CYHBIK HEMeCe arapjiaHFaH OpTara eHII31UIII,
QITOJIOTHSUIBIK Ta3a JAaKbUIIapAbl aly YILiH arapra
LITpUXTaIl cely, *KeKe KOJIOHMSIApbl KalTa TaH-
Jay JKoHE MUKPOMAaHUITYJSILIUSUIBIK DIIICTep KOJaa-
HBULBI (Zayadan et al., 2013).

Cmamucmukanslk manoay

Kecrenep meH cyperrepue opdip KepceTkKil
VIIH eKi-yII KaWTajayiap >KoHEe op Kairaimayma
TepT-0Ocec xazda kepcerinren. P < 0,05 MoHiH Kam-
TaMachl3 €Ty YIIiH KaXKEeTTI KaWTalaylap CaHbI
NEPEKTEPIiH IIANTbIpay AOPEKECiHe Kapal aHbIK-
Tangpl. Herisri KkepceTkimTep YIIiH caiblcThpMa-
JIbl CTAaHJAPTTHIK Kate 2—5% Kypajbl, ajl KOCAJIKbI

1-cyper

KoMmnoHeHTTep yuriH 10%-nan a3 6onasl. lepexrep
CTaTHCTUKAJIBIK OHJICYICH OTKI3LIiII, OpTala MoH +
CTaHIAPTTHIK ayBITKY PETIHIEC KOPCETUIII.

3epTTey HATHKeIePi KOHE TAIKbLIAY

bankaw keniniy, my3owt 6enicinin anveognopa
Kypambol

Banka kesiniH Ty3/1b1 Oemiringeri Jlernci, ¥Yiib-
ru, YIIKeI ayJaHJapblHAH Cy ChIHAMaaphl aJbIH-
ne1. Cy temrieparypacel 24-25°C apanbIFbIHIA, Al
pH nenretii 7,2-8,2 xarnaibiga 6onasl (cyper 1).
IeiFpic GoMIriHIH Cy TeMmepaTypachl ChlHaMa alty
yakpIThiHaa 24-25°C apanbIFblHAA aYBITKBIIBI, Al
pH nenreiii 7-9 apanbirbiaga 6omapl. ChiHaMa ajib-
ro(IopaHblH, OPTYPJITIriH aHBIKTAY MaKCaTbIHIA
op HYKTeIE 5-6 Typili allMaKTapbIHAH aJIBIHIBL.

3epTTey HOTHXKECI OOWBIHIIA BPTYPIL TaKCO-
HOMUSUTBIK, TYpJIEp aHBIKTANbl. banxam KejiHiH
IUIAHKTOHABIK,  anbroiopacsl KypaMbIHaH MHK-
poGanubipiapabiH 48 TakCOHBI aHBIKTANABL. Onap
4 Gemim, 6 kmacc, 6 xatap, 11 TykpMzIac xoHe 22
TYBICKA KaTaJIbl.

bankaw xeninen cy yaeinepin any opvindapul (1 —Jlenci, 2 — Yaveu, 3 — Yuxeon)

Bankal KeniHi, WeFkIc SeniriHin, TY= a0 alimars!

1-Menci (46°20°49" N, 78-19'557E)

TasanbiFblH TEKCEDY

€

2-¥nerw (46.2872° N, 78.3186° E)

> 8 -

KOpeKTiK opTaFa ery

aHTMBMOTUKNEH SHARY

Tasa gakbin

3-Yween (45.61677224320329,
78.10199725502088)

CepUANBIK, CYRbINTY

arap BeTine
WITPUXTEN ery

1-3 anta

WHKyBaLma

JEKEe KONOHWAHBLI Ganin any
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3eprrey >KymbicTapel Oipinmn HykTe Jlemci
ayJaneiHaH (46°20'49” N, 78°19'55" E) Oacrai-
Ibl, cy Temmepatypacel 24°C an pH nenreiti 7,8
koepcerti. Cy chlHamanmapbl CTaHIUSHBIH OPTYPIIi
ayMaKTapblHaH >KWHAIl aJbIHBIHBII, MUKPOCKOTIHS-
JIBIK Tanmay skacanasl. Tanmmay HOTIKeci OOWBIH-
ma Jlenci ayJaHbIHBIH anbroduiopachbiHbIH HETi3iH
(mratomaer Ganmeipiap) Bacillariophyta eximnmepi
Kypar, ajmbl TYPJiK KypaMmHBIH 53% Kypaunsl,
xkacel Oanmeipiap (Chlorophyta) 24% xypaca,
Kok-kacwu1 Oangsipnap (Cyanophyta) 15% , 3Br-
TeHaBIK Oanmapipiap (Euglenophyta) 8 % Kypamsl.
(Bacillariophyta) nnatomuel 6anapipiap OOHBIHILA
Chaetoceros muelleri Lemm., Nitzschia closterium
Ehr., Thalassiosira weissflogii (Grun.) G.Fryxell &
Hasle, Thalassiosira sp., Cyclotella meneghiniana
Kiitz., Cyclotella sp. Navicula cryptocephala,
Chaethoceros sp, Entomoneis paludosa (W. Smith)
Reimer, Fragilaria acus (Kiitzing) Lange-Bertalot
, Pinnularia major, Pinnularia microstauron,
Pinnularia subcapitata typnepi keszmecti. bacbim
TYpi Navicula cryptocephala 6on0vl.

Kexk-xaceun  Ganapipnap (Cyanophyta) 60-
veHIIA Anabaena spiroides, Anabaena flosaquae,
Anabaena constricta, Phormidium foveolarum,
Microcystis sp, Chroococcus turgidus (Kiitzing)

2-cyper

Ndgeli, Oscillatoria  brevis,  Synechocystis,
Spirulina sp. xezdecmi. bacvim mypi Spirulina sp.
oonovl. An, xacen Oangeipnap (Chlorophyta)
ootiptaia  Chlorococcales  exinmepi  kesmec-
Ti, onap Ankistrodesmus minutissimus Korsch,
Chlorella  vulgaris var vulgaris Beijerinck,
Coelastrum  microporum Naegeli, Pediastrum
boryanum Pediastrum duplex Meyen var duplex,
Dunaliella salina, Scenedesmus obliquus Kuetz
var obliquus, cousiMen Oipre Volvocales TybICHI-
Ha JkatatbiH TYpiaep Chlamydomonas rubrifilim
Korsch, Chlamydomonas monadina Stein xe3nec-
Ti. baceimapik kepcetken Dunaliella salina owcone
Chlamydomonas  rubrifilim  Korsch. JBrieHa-
nbl Oangwipnap ekimine karatbiH (Euglenophyta)
Euglena viridis, Euglena caudata, Trachelomonas
Sp. Typiepi kesznecti (cyper 2).

Kemeci 3eprrey HykTeci YIbI'W aymaHBIHIAFbI
anbroguopa kypamsl (46.2872° N, 78.3186° E), cbI-
HaMa ajy OapbhIChIHIA Cy Temmeparypachl 23-24°C
apajbIFbIHAA ayBITKbIABL, an pH neHreiti 7,1 kep-
CEeTKIIIiH KepceTTi. by meHreit koOiHe Ty31bI )KOHE
MHUHEpaIU3AeHIeH Ccy xyHenepinae (oToTpodTsl
MHKpPOOpTaHU3M/IEP YIIIiH, 9cipece AuaToMaap MeH
KelOip sxachul Oanablpyiap YIIiH KOJaiabl OOJIBII
KeJesi.

bankaw xeniniy my3owl 6eniei, Jlenci aydanvinoaewl anveoguopa

KYPAMbIHbIY NAUbI30bIK KOPCEMKIiLi

A 50

Euglenophyta

A 159

Cyanophyta

A 2496

Chlorophyta

AR 539

Bacillariophyta

Tanmay motmkeci OoibIHINIA YIBTH ambrodiio-
paceiHaa xaceul oannsipnap (Chlorophyta) kesne-
cinm 38% kypaca, (Bacillariophyta) nnaToMas! 6ai-
JbIpIap OKuIAepi Kaimbl TYPIiK KypaMmHbIH 32%
Kypazasl, an Kek-xacwell Oanmsipiap (Cyanophyta)
20% KepCceTKill KOpCeTTi, IBIICHANBIK Oanasipiaap
(Euglenophyta) 10 % xypasl.

JKacein  Ganppipnap  (Chlorophyta) 6oiibiH-
ma Chlorella vulgaris var vulgaris Beijerinck,
Parachlorella kessleri, Coelastrum microporum
Naegeli, Pediastrum boryanum Turp Meneghini var
boryanum, Pediastrum duplex Meyen var duplex,
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Dunaliella salina, Scenedesmus obliquus Kuetz
var obliquus, Volvocales TyviCbIHA XaTaThIH TYp-
nep Chlamydomonas rubrifilim Korsch, xe3nec-
1i. Baceimabik kepcetken Dunaliella salina swcone
Chlamydomonas sp. (cypert 3).

Huatomael  Oamueipnap  (Bacillariophyta)
OotipiaIIa  Nitzschia sp, Nitzschia closterium
Ehr., Nitzschia sigmoidea (Nitzsch) W. Smith,
Thalassiosira weissflogii (Grun.) G.Fryxell & Hasle,
Thalassiosira sp., Cyclotella meneghiniana Kiitz.,
Cyclotella sp, Navicula sp. Navicula cryptocephala,
Chaethoceros sp, Entomoneis paludosa (W. Smith)
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Reimer, Fragilaria acus (Kiitzing) Lange-Bertalot,
Pinnularia subcapitata typnepi ke3gecti. backm
Typi Nitzschia sp, Navicula sp. 6010vl. DBriieHa-
el Oanmeipimap ekimiae >kataTelH (Euglenophyta)
Euglena viridis, Trachelomonas sp. Typnepi ke3-
nmecti. Kex-xaceur 6ammeipmap (Cyanophyta) 60-
weiHIMa Anabaena spiroides, Anabaena flosaquae,

3-cyper

Anabaena constricta, Phormidium sp, Phormidium
foveolarum, Aphanothece sp, Merismopedia glauca
(Ehrenberg)  Kiitzing, Chroococcus  turgidus
(Kiitzing) Ndgeli, Chroococcus turgidus (Kiitzing)
Ndgeli,  Oscillatoria  brevis,  Synechocystis,
Spirulina sp. xezdecmi. bacvim mypi Phormidium
sp, Spirulina sp.6ondvl

bankaw xeniniy myzowl 6eniei, Yaveu ayoanvinoazvl anveopropa

KYDAMbBIHbIY NAlbI30bIK KOPCeMKIuLl

A 100

Euglenophyta

A 2000

Cyanophyta

A 389%

Chlorophyta

A 3296

Bacillariophyta

3epTTey )KYMBICHIHBIH COHFBI HYKTEC1 YK ay-
nmanbl (45.61677224320329, 78.10199725592088)
cy temneparypacsl 23°C an pH nenretii 7,5. Yurin-
Il HYKTEAEH ChblHaMa ajly HOTIKECiHIEe aiabrod-
JIOpaHbIH OPTYPJILIIrT OalKaJIbl, aTtanm anTKaHIa
(muatomaer Oanmumeipnap) Bacillariophyta exinnepi
TYPJIK Kypambl OoiibiHma 36% Kypaabl, >Kachbul
Oannpipnap (Chlorophyta) 34% Kypaabl, KeK-xka-
cein Oanneipnap (Cyanophyta) 23%, 3BTIIEHAIBIK
Oanneipnap (Euglenophyta) 7 % xypansl.

Huatomner  OGanmeipnap  (Bacillariophyta)
oovietama  Tabellaria sp, Rhopalodia  gibba
(Ehrenberg) Otto Miiller, Nitzschia closterium
Ehr, Thalassiosira sp., Cyclotella meneghiniana
Kiitz, Cyclotella sp. Navicula cryptocephala,
Chaethoceros sp, Entomoneis paludosa (W. Smith)
Reimer, Fragilaria acus (Kiitzing) Lange-Bertalot,
Pinnularia  major, Pinnularia  microstauron,
Pinnularia subcapitata typaepi kesnmecti. bacbkim
TYPi Navicula cryptocephala 6010v1

Kek-xacbut  Oanneipinap (Cyanophyta) 6o-
WeiHIa Anabaena spiroides, Anabaena flosaquae,
Anabaena constricta, Phormidium foveolarum,
Microcystis sp, Oscillatoria brevis, Synechocystis,
Spirulina sp. xezdecmi. bacvim mypi Spirulina sp.
oonowl. An, xaceul Oangsipnap (Chlorophyta) 6o-
wietaIa Chlorococcales exinaepi Chlorella vulgaris
var vulgaris Beijerinck, Parachlorella kessleri,
Pediastrum duplex Meyen var duplex, Dunaliella
salina, Scenedesmus obliquus Kuetz var obliquus,
Volvocales tywiceina Chlamydomonas monadina

Stein mypi ke3gecTi. backIMABIK KOPCETKEH
Dunaliella salina sicone Chlamydomonas sp. IBrie-
HaJbI OanapIpiiap oKiiHe xKaTaTelH (Euglenophyta)
Euglena viridis, Euglena caudata, Trachelomonas
Sp. Typaepi ke3necTi (cyper 4).

CanpIcThIpMaibl TYpAE, YII HYKTEICH aJIbIHFaH
aneroduiopa KypambIHIa OachIMJIBIK KOPCETKEH
(nmaromnuel Ganueipiap) Bacillariophyta TakcoHO-
MUSUTBIK, TYPFBIZIAH JIFaH/a, THaTOMIBI OaIsipiap
KOJIJiH IUTAHKTOH KYpaMbIHAFbI TY3/1bl OpTaja Tip-
Itk eTyre OeiimMzenTeH HEeri3ri TomTapabiH Oipi
Ooubin TabbUTaaB! (CypeT 5). byn onapasiy GipHeme
epekmeniriMe TyciHaipineni. bipinminen, gua-
TOMJap KOINTEereH TYpJepi Ty3/bl )KOHE COJl MUHE-
PAM3JICHTeH OpTa/ia OMip Cype alla/ibl; KIeTKaIbIK
KaObIpFanapbl KpeMHuH 1 (S10,) KypambIHIa yCTarl,
OCMOPETYIISIHSIHBI KAMTaMachI3 eTelli, OYII TY3JIbIK
CTpecc JKaFaalbIHIA TIPIIUIK eTyre MyMKIHAIK Oe-
peni. ExiHmnizeH, onap opraHMKalbIK 3aTTapra Te-
3iM1i, SIFHU J-Me30canpoOThI calalibIK JKarJaibIHIa
JKaKChI TaMHIbI. Y IIHIINIICH, THATOMIap KOPEKTIK
3arTapAbl — HUTpaTTap MeH Qocdarrapapl THimai
naiganaHa OTBIPHIN, OOCEKENeCTIK KOFapsl OOJIFaH
xKarmaiaa na 6ackMIblkKa ue Oosanbl. COHBIHAA,
JIaToMap KapblK, Temreparypa jkoHe pH esre-
picTepine Te3iMIli Kenesi, all balKaliThiH IIBIFBIC
6emiringeri pH (7,5-8,5) xoHe TemmepaTypalbIK
IpaJveHT OJIAapAbIH ©CYyiHE KeAepri KenTipMeii.
OchI KacueTTepl TUATOMIBI OAJIIBIPIAPILI IIBIFBIC
Bankamrarel IIIaHKTOH KypaMblHIa 0achlM TOIKA
aitHanneipans! (Balycheva et al., 2023).
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4-cyper

Bankaw xeniniy my3oel 6eniei, Ywuken ayoansinoazsl anbeogiopa Kypamvlibly

naibl306lK KOPCemKiuli

A

Euglenophyta

L JEM
. EX3

Cyanophyta

Chlorophyta

A =0

Bacillariophyta

5-cyper

banxaw xkeniniy my30vl 6onicindesi anbeo@ropanvly canrblCmulpmMansl Kypamol
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Cyanophyta EE————— 2()0
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Chlorophyta

—— 2 4%

3
Bacillariophyta I 320

530/,

0% 10% 20%

Keneci maibI3fplk  yieci OOWBIHIA CKIHIII
OpBIH/A XKachll OaJabIpiiap OpHalAcalbl. KACHLI
Oanzpipiiap oOpHayacaabl. byn TONTBIH KeHOip
exinnepi Meicansl Chlamydomonas, Dunaliella,
Tetraselmis, Asteromonas TybICTapbl MHHEpaiJa-
HYBI JKOFapbl OpTara ©Te TO31MJi, JKOFaphl TY3/bI-
JIBIK, JKaFaaiibiHaa eMip cype anaisl (Jo et al., 2024).

Huano6akrepusinap (Cyanophyta) xacymanap-
JIaFbl Cy MEH MOHJIAP/bIH TEIe-TeH/IITIH CaKTaiThIH
OCMOPETYJISIMSIIBIK JKYHeaep MEH 0CMOIIPOTEKTOP-
JBIK, KOCBUIBICTAp (TJIMIEPUH, caxapo3a) apKbUIbl
KOFapbl TY3IbUIBIKKAa Te3iMIi. CoHBIMEH Karap,
a30T 1ieH (ocHOpabIH TOMEH KOHIICHTPAMSICHIHIA
Jla KOPEKTIK 3aTTap/ibl THIM/I MaiaanaHa ajaajbl, al
(PMKOIMAaHUH CHUSKTBI aJalTHBTI HUTrMEHTTEp (Ho-
TOCHMHTE3I1 THIMAI XKYprizyre MyMKiHAIK Oepeni.
Korapel pH, TemmepaTypanblK aybITKyJap XOHE
TY3IBIK CTpecC >KaFJaiiaapblHa TO3IMIUIr osap-
JIbIH 09CeKeTIecTiK opTajia 0achklM TOTKA alHATYbIH
kamTamachki3 ereqi (Gomez Leyva et al., 2024).

Ad, aBrienans! Oanasipiap LsiFeic bankamr ak-
BaTOPUSCHIH/A a3 O0IIyBI, OIpIHIIIICH, CYABIH XKOFa-
pbl MuHepanu3anusicol (3,3—4,7 /1, keit xepiaepe
6—7 /1) 3BriIeHANBIK OayJbIpiap YIIiH KOJaichI3
opTa Kypau/pl, O©TKeHI Ojap HEri3iHeH TYIIbI He-
Mece a3 MUHEpaJIM3/IeHIeH cyaa eceai. ExinmigeH,
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3 BykTe
2 pykre
34%
38% 51 nykre
6%
30% 40% 50% 60%

(U3UKO-XUMUSIIBIK, KaFaainap pH mMoniHiH 7,5-8,5
apalIbIFbl, KOFAphl OyllaHy JKOHE TEeMIIEPaTypaIbIK
TpaJIneHT dBIIICHATAP/BIH TIPLIUIITiHE CTpecc Ty-
JIBIPAJIBL.

Luanobaxmepus men MuKpoOandbIpIapObIY aK-
CEHUKATbIK OaKbLIOApblH 001in any dcoHe 0ONiHINn
anviHean 0aKuli0apObly MOPHONOSUAILIK epeKileni-
2IH cunammay

AKCEHUKAJIBIK JaKbUIIap/pl OeJIin ajny YIIiH
KJIACCHKAIIBIK MUKPOOUOJIOTUSUIIBIK, SIiCTEP KOJIIa-
HbeULABI. Oapra Ke3eH-Ke3eHIMEH KYPTri3lIeTiH Cy-
HBIITY, KaliTa ery, COHJIai-aKk MUKPOMaHUILYJISATOP
apKBUIBI JKEKE JKacyllaiapibl HEMECe JKIIenep i
MeXaHHUKaJbIK, 0oy axictepi xatansl (Nemtseva et
al., 2001). Byn saicTepain yiaeciMai KOJIIaHBUTYbI
Ta0WFW  ChIHAMAJNApJaH IMaHOOAKTEePUSIIAPIBIH
AKCEHUKAJIBIK, MOP(OJIOTHUSIIBIK JKOHE KYJIbTypa-
JBIK, TYPFBIIaH TYPAKThl JaKbUIAPBIH aTyFa MyM-
kiHaik Oepai. Ochutaiiiia, cy Y/ATICpIACH ajbIHFaH
3epTTeyNiep HOTIDKECIHAE IMaHOOaKTepusIapra
JKaTaThlH 4 OAKTEPUOJIOTHSUIBIK Ta3a JAaKbLI aHBIK-
tannel, onap Oscillatoria, Nostoc, Anabaena and
Arthrospira sp., ®oHEe MUKpOOAIIBIpIapra >Kara-
ThIH 4 OaKTepUsUIOTHUSIBIK, Ta3a nakwell Chlorella,
Parachlorella kessleri, Dunaliella salina, nnatom-
Itel Oanelp Navicula GeiHIIT aTbIH/IbL.
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Chlorella vulgaris Gipxacyabl )KachllI MUKPO-
Oanmeipiap ToObIHA XKaTaawl skoHe Chlorococcineae
KJIACBIHBIH MOP()OIOTHSIIBIK-(DU3HOTIOTHAIIBIK, Oe-
rizepin kepcerei. XKac sxkacymanapsl 2—4 MKM, TIIap
HeMece dJICI3 IJUIUIICOUATH; epeceK >Kacyllanaphbl
3—10 MKM, *KYKa KaOBIKIIACKI, OSIIIIK TOPi3di XPo-
MaTo(OpbI KOHE alKbIH TUpeHou 1 Ty3eli. KeOeroi
KBIHBICCBI3, aHAIBIK jkacymiaman 4—16 aBrocmopa
TY3i1y apKbuibl Kypeai. CycneH3usiaa xacymanap
OipkenKi Tapaiblll, TyHOA Ty30€imi, TyCli KOO Ka-
cbu1. 10-KyHI MUHEpanIbl opTajaa eciprenae 1-3 Mm
IUaMeTpIIi, TETiC, TOHEC, KOO JKaChUT KOJIOHUSIAP
naiia Oonazpl; xacymanapsl 3—7 MM, CucremaTh-
kachel Ootiprama [latmaneikyceti Eucaryota, [larma-
meiK: Plantae, Tlarmansikactel: Phycobionta, be-
nim: Chlorophyta, Knacc: Chlorophyceae, Katap:
Chlorococcales, Tyxkpimpnac: Chlorellaceae, Tywbic:
Chlorella xatansl.

Keieci MUKPOOAIJIBIP, Parachlorella
kessleri — Oyn GipxKacyIansl )KaChT MEKPOOIIBIP
Chlorococcineae naceiHa skarazapl. JKacyrramap-
IIBTH quamMeTpi 2—3,5 MKM, OeJTiHy albIH/A ©JIIIeM-
nepi 4-5 MkM Jeiiin yirasael. [lupenonarep Oaii-
KanMaiinel. JKacymamap kebine 2—8 aBTocmopara,
oTe CHpeK karaaiiga 16 aBrocniopara Oemineni. Cy-
HBIK KOPEKTIK opTaja ecipiIreHae kacyranap Ty-
OiHe TYHOAM I, BIBICTHIH KAOBIPFACHI JKaHbLIMA-
nel. KaTThl KOPEeKTiK opTaja MeHTeNeK, TeTic KoHe
JOHEC KOJIOHMsIap Ty3€Hi, JKUeKTepi OipKelki.
Komonumsmapasia muamerpi 3—4 MM, Tyci KOO kKa-
ceul. LlItamm aBTOTPOdTHI, aya TEMIIEpaTypachl 22—
32 °C apanerreiaga 04 xone Tamust KOPEKTIK Op-
TajapbelHIa Kakchl eceni. Cucrtemarnka OOWBIHIIA
IMarmansikycti: Eucaryota, Ilarmaneik: Plantae,
[Marmansikacter: Phycobionta, benim: Chlorophyta,
Kuacc: Chlorophyceae, Katap: Chlorococcales, Ty-
keiMaac: Chlorellaceae, Tyvic; Chlorella

Navicula sp. — dUHICTIK TiNTiHAEH Oacrar
CBI3BIKTHI-3JUIMAIICTIK HEMeCe JaHieT Topi3ai ¢op-
Majapra JeiiH e3repemi. Y 3bIHABIFEI 4,6—13,4 MKM
(oprama 8,3%+1,7 mkm), eni 2,1-3,8 mMxMm (opraria
2,740,4 mxm, n = 31). Conrsl Oemmaepi yImTapbl
Oac TopiziieH Ka3blK/allbIK TYPre, Kei1e cuMMeT-
pPHUACHI3 HEMEce AYPBIC eMeC INMIHTe We OO0JIasbl.
Tiric xiHiIIKe, TY3y, YIITapbl KapamaibiM, MPOK-
CHMAaJbIBI YIITAPHl aKBIH KopiHemi. OChbTik aiiMak
HIaMaiibl KepiHei, OpTalbIK aiiMak e3repMeni, ap-
TYPJIi emeMIi, poMO Topi3Jli KOHE COJI aCHMMET-
pusuibl miminre une. Cucremarukacsl OOMBIHILA: OJ1
Eukaryota Ilarmansikycti, Chromista I1aTmanbIrb-

Ha, Bacillariophyta beniminne, Bacillariophyceae
Kimaccena, Naviculales KartapweHa, Naviculaceae
TyKbpIMIAChIHA JKATAJIBI.

Dunaliella salina — 6ipkacymias! )Kacblll MUK-
pobanueip Chlorophyta 6eniminin Chlorophyceae
KJIacChlHA JKaTaapl. Kacymiamapbl SIUTHIICOMITHI
HEMeCe KYMBIPTKA TOPIi3]li, AMKAaJIbIbl YIIbIH/A €Ki
MYpPTIIAChl Oap, emmeMaepi ImTaMMmFra OalaHBIC-
Thl 2,840 MKM Y3bIHABIKTA, 1,5-20 MKM eHi Oap;
Oi3min 3eprreyme 11-25 MKM Y3BIHIBIK, 6—15 MKM
€H aHBIKTAN/bL. TYPIIiK TUIACTUKANIBIK, SSFHU KOpIa-
FaH OpTa JKaFJaiibIHa OaiTaHBICTHI MTIITIHIH ©3repTe
anajel. Knetkanapsl OesiCeH 11 KO3FaJIFbII, CYCIICH-
3usAa OIpKeNKi TapairaH; HaJbMelia OaifkamMaii-
1bl. KeOeroi BereTaTuBTIK KOJIMEH, JKacyIaliapIblH
KoeJfcHeH OeliHyi apKbUIBl Xypexdi. JKoraprel ca-
Thichl Eukaryota; llarmaneik Plantae; natmanbl-
Kycti Phycobionta; benimi Chlorophyta; Knace
Chlorophyceae; Karapwel Chlorococcales,; TykbpiM-
nac Dunaliellaceae; Tyvicel Dunaliella. (cypet 6).

Keneci, OeniHin anbiHFaH nHaHOOAKTEpHsIAP-
IIBIH TyBICTapbIHA TOKTanaMbI3. [lmanoOakrepusimap
rpamM-Tepic MPOKapHOTTap, Oip)Kacylianbl, Kacy-
maxapbl TOHTEICK, TasKIIa TOPi3fi, HUITCH, KOHE
KIN TOPI3/, KOJIOHUSIIBIK HEMECe KOIDKaCyIIallbl
KypbUTbIMFa ue. Onap opTYpIIi dKOJIOTHSUIBIK, KaF-
nainapra OeriMierne allaThiH, )KOFaphl TY3IbUIBIKKA
TO31M1, KoOiHEeCe BEreTaTUBTIK JKOJIMEH KOOeHeTIH,
(oTocuHTE3 I KYy3ere acklpa ajgaThlH GOTOTPOPTHI
MHUKPOOPTaHU3IMAEDP.

Oscillatoria sp. — Oscillatoriales xatapbiHa xa-
TaThIH ITMaHoOakTepus. [ eTeporucTTepi KoK, Tpu-
XOMaJaphl alllblK KOK-)Kachll, Ty3y, €HI 4—5 MKM,
KOJJICHeH KalKaHIIaJapbhIHBIH OOWBIHIA a3/1al Ki-
HIIIKEPreH, KeiJie JKeHIJ IOHEKTUIr Oalikananebl,
VIITaphl COJI XKIHIIKEPTEH XoHe uinreH. JKacymra-
JapbIHBIH Y3BIHABIFEI 2,5-5,7 MKM, €HiHE TeH He-
Mece eKi ece Kimri. 3appyka jkoHe [ poMOB KOpEKTiK
optaceinaa 25-32°C temneparypaa kaKkchl Oce/i.

Nostoc.sp. — ximmesnepi Kapa KoK »achll TyC-
Ti. TpuxomanapbIHbIH IUAMETPI IIaMaMeH 2-8 MKM.
meTTepl TapbuIFaH, Kajlka OpbIHIAPBIHAApPBIHIA
aliKpIH TapThutynap Oaiikanasnel. XKacymanap apa-
CBIHJIA TETEPOICTaIap MEH aKWHEeTTep Ke3Ieces.
Ken xarmaiiza rerepouucTaliapbl HHTEPKAISP-
e, Tpuxoma KeOero Oip Ka3bIKTBIKTa JKYPEIi.
CylbIK KOPEKTIK OopTaja IIbIHBbIFA OCKIHIIl ecei.
AstoTpodtel iITamMM. — Kitacc: Nostocophycideae,
Karap. Nostocales, Tyxpimnac: Nostocaceae, Tybic
Nostoc.
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Arthrospira sp. — rtanodunmi, amkamoduimi,
TEPMOQHIIL KOHE JKAPbIK CYWTill uaHoOaKTepusi-
nap 10081, Cyanobacteria Geniminiy Hormogeneae
KJacwiHa, Arthrospira TybICbiHA XaTajbl. byn kemn-
JKACyIIalibl, CUMOMOTHKAIBIK, JKinTopizai (pwuma-
MEHTO3/bl) OpraHu3M. TpHuxomanapbl BEreTaTUBTIK
yKacymianapaH KypajFaH, CIUpajhb TOPi3Al, MyIIUH-
Jli KATIIBIFEI )KOK. MOp(OIOTHsIChl UIMHIPII kKa-
CyIayiap/iaH TypaThIH CIIUPAITh TOPI3/i TpuxoMasap
apKpUTbl KepiHei. [TinniHi, emreMi xxoHe HipiMaLTiK
JeHreil KOopImaraH OpPTaHBIH (U3NKAJIBIK-XUMHUS-
JBIK, JKaFaaiiblHa OalIaHBICTBl ©3repill OTHIPAIbI
(cyper 7).

Anabaena sp. — Nostocales xatapblHa >KaTa-
TBIH LMaHOOAKTEPHsl, TPUXOMIAphl XKEKe, KbICKa,
aszjan uinreH, eHi 2,7-3,4 MKM, Y3bIHJABIFBI 2,84
MKM. ['eTepormcranaps! conakina, eti 3,5-4,5 Mk,
Y3BIHBIFBI 4—6 MKM. Criopaapsl 3JUITMIICOUITHI He-
Mece DIUTATICOUITHI-IIMITMHAPIIK MmiHAl, eHi 3,55
MKM, Y3BIHJBIFBI 6—7,5 MKM, KaOBIKIIAChl TYCCi3.
Krnertkamapsr xim TekTec, MPOKAPHUOTTHIK THITI,
KOK-XacbUl TYCTi, 2—6 MkM Mmemmepinge. Cucre-
MaTtuka OoiiprHma, Cyanophyta GeniMiHe >KaTapbl,
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o) Parachlorella kessleri

8) Dunaliella sp.

Knacwt — Hormogoniophyceae, Katap — Nostocales,
TykeiMaac — Anabaenaceae, Tyvic — Anabaena,
Luanobaxmepus 0axbLIOaApbIHbIY OCY HCA20AU-
JIapblH AHLIKMAY JHCOHE 6CY OUHAMUKACHIH 3epmme).
Beminim ansIHFaH aKCEHUKAITBIK IMAHOOAKTEPHS
nakeuinapel Oscillatoria s., Nostoc.sp, Arthrospira
sp, Anabaena sp. apHaiibl KOpEKTiK opTanapra 3ap-
pyka, BG-11, I'pomoB, Aprapus, Tamus OTBIpFbI-
3puIIEL. Nostoc.sp, Anabaena sp. NmaxbUIIApBIHBIH
BG-11 xopekTik opTajia }Korapsl ecyi OaiKalbl, an
Oscillatoria sp., Arthrospira sp. TaKbIIAAPBIH 6CIPY
YIIiH 3appykKa KOPEKTiK OpTachl KOJIAHIbl OOJIIbI.
Beminin anbiHFaH JaKbUIAApIBIH OCYiHE ONTH-
MaJIbJIbl OPTaHBl TaHJAY MaKcaThIHA, OaKblIay pe-
tinge 20°C, 24°C, 28°C, 30°C, 32°C remniepatypaaa
9 kyH 6oiib1, 2000—-5000 sk *xkaphIK AeHreinae, $ho-
Tornepuos petiaae 16:8 (KapbIK:KapaHFbl) PexXUMI
Konaaueuiasl, 1-2% CO, KocbUIFaH aya aFbIHBIMEH
aspamstanapl. KOpekTik OpTaHbIH KBIIIKBIIIBIFBI
(pH) 5-10 meringe TypakTaHABIPBULIBL. bacTamkbl
ONTHKAIBIK THIFEBRABIK (OD 750) 0.2+0.01 mama-
ChIHAA 0ONIBI, Op 2 KYH CaliblH OJIILIEY KYMBICTAPHI
JKYpPri3ini. Op Texipube yIn KaiTapa sKypriziimi
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7-cypet

banxaw xeniniy my3oul 6enicinen 6ONIHIN anblHean Yuanobaxmepus 0aKblioapsl

6) Arthrospira sp.

3epTTey HOTHXKEIEpi OoibIHIIA Anabaena sp.
x)oHe Nostoc sp. nnanobaktepusiapsl BG-11 ko-
peKTik oprachkiHAa 9 KyH OOWbI ecipinmi. Ocipy
ToXipuOenepi OChl WITaMAap YIIiH ONTHMAabIbI
temnepatypanslH 28°C — 30°C mamachelHIa exe-

8-cyper

6) Anabaena sp.

HIiH KOpCeTTi. Ocy TMHAMUKACHI OOMBIHIIIA aTallFaH
UaHoOOaKTepusUIap 7-TOYIIKTE €H JKOFapbl ONTH-
KaJIbIK, THIFBI3IBIKKA JKETT1, Oy 0JIapJIbIH OeNCeH i
(bU3HONOTUSIBIK KYyiijie OonFaHbiH Oungipeni (cy-
pet 8, 9).

Opmypai memnepamypa sxcazoaiinapvinoa Anabaena sp. 0axwlivinbly 6Cy KepcemKiuti

ONTHKAJIBIK THIFBI3ALIK, 750 HM

3
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2

1.5

< all II
1]

3-Taymik 5-Taymik

T-TayIiK 9-TaymIik

JaKbLIIaY YaKBITHI (TOY/IIK)
W20°C W24°C ®28°C 1 30°C m32°C
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9-cyper

Opmypai memnepamypa sxrcazoainapvinoa Nostoc sp. OaKbLibIHbIY 6CY KOPCemKili
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10-cyper

30°C m32°C

Opmypai memnepamypa sxcazoainapwinoa Oscillatoria sp wimammuinbly 6Cy KOPCEMKiwi
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o) 3-Taymik 5-Taymik 7-TayIiK O-TaymiK
JAaKBLIIAY YAKBITEI (TAYJIIK)

B 20°C m24°C W 28°C = 30°C W 32°C

Oscillatoria sp. mirambl 3appyKa KOPEKTIK OpTa-
ceiza ecipinin, 30°C — 32°C Temmnepatypaja KyJib-
TUBaLsUIAY OapbICBHIHIA 7-TOYIIKTE MAKCHMAIb/IbI
eCy KOPCETKILIH KopceTTi. Al Arthrospira sp. yiiH
eH KOJIalJIbl ecy JKaFmaillapel 3appyka OpTachIH-
na 28°C — 30°C remmnepatypana Oaiikanbim, on 1a
7-TOyIIKTE ONTUKAIBIK THIFBI3BIKTHIH MaKCHMY-
MbIHA keTTi (cypet 10,11).

JKyprisinren ToxipuOenep HOTHKECIHAE IKa-
HajaH OeJiiHiN aiblHFaH OapiiblK LUAHOOAKTEPHUs
JAKBbUIAAPBI YIIIH OHTAWIIBI 6Cy TeMIepaTypaiapbl
AHBIKTAIIBI. ATaJFaH Iapamerpiep opi Kapaurbl
OMOTEXHOJIOTHSUIIBIK 3€PTTEYJIEp, OCIpy HIaPTTaPhIH
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CTaHJApTTay XOHE OMoMacca OHIMJIIIITIH apTThIPY
YILiH MaHbI3/1bl KpUTEpHUitaepain Oipi 6ombim TaObI-
TaJIbl.

Kemneci ke3exre, OoIiHII ajaFaH HHaHOOAKTEPHsI-
JIapJIbIH 6CYy KOpCeTKilliHe, OnomMacca MKHUHATybIHA
optasblH pH meHreiinin acepi 3epTTeini, KenTereH
nuaHoOakTepusiiap OedTapanm HeMece Coll CUITLI
opTaja >KaKChl 6CYMEH CHIIATTalajbl, OACTTE oJap
YIIiH OpTaHbIH OHTainel pH MoHi 7-9 Kypaiabl.
OpraHblH KBIIIKBUIIBIFEl KOPEKTIK OPTAHBIH KOM-
MOHEHTTEPIHIH TYPaKThUIBIFbIHA, OJIAPJIbIH KOJIXKE-
TiMALJIITiHE, 9cipece ocy (akTopyiapbl MEH I9py-
MEHIePAiH CIHIMIUTIrHE ocep eTeni (cypet 12).
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11-cyper

Opmypai memnepamypa dcazoainapvinoa Arthrospira sp. wmammviHbly 6Cy KOpcemxiuli
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m20°C m24°C

12-cyper

m28eCc

30°C m32°C

Luanobaxmepus odaxwindapuinviy opmypni pH deneeiinepindeei 6uomacca HcuHanyviioiy

Kepcemkiuii

EpHS =pH7 =pH?Y9

Kypraxkouomacecar/n
t

Oscillatoria sp.

3epTTey HOTIKENEPl KOPCETKeHJEH, IHaHo-
OaxTepust makpuaapel pH neHreiinepi 5, 7 xoHe 9
JKaFafbIHAa OPTYPIIl 6Cy KOpPCETKIilliHe ue 00IIbl,
coliKeciHIe Oyl KepceTKill OrnoMacca MeJIIepiHiH
JKUHaITyblHA OCEp eTTi. ATan aiTkanaa, pH 7-7,5 Oeii-
tapan oprana Oscillatoria sp. 2,75+0,05 r/n mama-
chIHIa OuomMacca sxkuHaca, Nostoc sp. 2,84+0,06 r/n
mamackiana, Anabaena sp. 3,15+£0,07 r/a xyprax
Omomacca xuHait anmel, an Arthrospira sp. pH 8-9
neHreringe 3,56+0,04 r/n Kyprak Oromacca KuHar
CaITBICTBIPMANIBI TYPJIE KOFaphl HOTIKETe he OO0JI-
Jtel, 60mel (p<0.05).

3epTTenreH muaHo0aKTepus JTaKbUIIAPBI OPTYP-
mi pH nenrefinepinne ecipinai, pH 7-9 nuano6ak-
TepUsLIapIbIH (PU3HOIOTHSIIBIK OCJICEHAUIITH apT-
TBIPBIN, OMOMacca Ty3UIylH MaKCUMyMFa JKETKi3/i.

Nostoc sp.

£

Arthrospira sp. Anabaena sp.

Byn gepextep 3epTTeireH nUaHOOAKTEPHUSIIAPIBIH
ecy mpouecTepid oHTainanasipyaa pH kepceTkinmi-
HIH MaHbI3/Ibl POJI ATKAPATHIHBIH JAOJICICH I
Muxpobanodwip 0axvLIOapbIHblY 6CY AHCAZOAUIA-
PbIH AHBIKMAY JICOHE OCY OUHAMUKACHIH 3ePIme).
Beninin ansiaran MmukpoOanasipiapra Chlorella
vulgaris., Parachlorella kessleri., Dunaliella salina
Jicone  ouamomowl 6anowvip Navicula sp. spTyp-
JIi TeMIeparypa KepCETKIIIiHIH ocepi 3epTTeli.
Chlorella vulgaris, Parachlorella kessleri Tamus
KOpeKTiKk oprtaceiHma, Dunaliella salina Apra-
pHUsl KOPEKTIK OPTACBIHAA, al JHATOMIbI OalbIp
Navicula sp. BG-11 KopeKTik opTachiHa ecipiii.
Bakputay peringe 20°C, 24°C, 27°C, 30°C, 32°C
TeMIrepaTypa ajablHIbI, 9 KYH OOWBI KapbIK JCHIeH1
2000-5000 nk, doronepuon 16:8 (kapbIK:KapaH-
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Fb1), 1-2% CO, KOChUIFaH aya aFbIHBIMEH aj’pa-
nusiianbin ecipinai. Kopekrik opranbiy (pH) 6-9

meringe 0oiapl. bacTanmKkel ONTHKAIBIK, THIFBI3IBIK

13-cyper

(OD 750) 0.2+0.01 mamacbiHga 60161, 9p 2 KYH
CalbIH OJIIICY KYMBICTAPBI XKYPri3iil. Op TOKIPH-
Oe ym Kaifrapa sxypriziimi.

Opmypai memnepamypa srcazoainapuinoa Chlorella vulgaris oaxviivinwiy ocy kepcemriuii

=

[}

ONTHRAABIK TRIFBI3IBIK, 750
HM
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3-ToyIik

5-Toymik
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. aiillila l' _II _I II ol

7-ToyIiK 9-TayIik

Jakpl1aay YaKkbITHI (TOY.1IiK)

W20°C ®24°C m27°C

3eprTey OapbhICBIHAA OPTYPJL MHUKPOOATIIABIP
HITAMIAPBIHBIH OCIpy JKaFaaiaapeiHa TEMIEpaTy-
pa akTOpBIHBIH BIKMANLl Oaramanmel. Chlorella
vulgaris Tamust KOpekTik opTacbiHna, an Dunaliella
salina ApTtapusi KOPEKTiK opTachiHAa 9 KyH OOMBI
ecipinai. bakpuiay HoTkenepi Oyn mramaap yuriH

14-cypert

30°C m32°C

OHTaIITEI ecipy Temmeparypacsl 27°C -30°C mama-
CBIH/Ia €KCHIH KOpCceTTi. OCy TMHAMUKACBIHA KYPIi-
3UITeH Tanmayiap OOWBIHIIA MaKbUIIAP 7-TOYIIKTE
€H KOFapbl ONTHUKAJIBIK THIFBI3BIKKA XKETCTIHIHIIT
AHBIKTAJIIBI, OYJI OJapIbIH OeliceH Il ocy dha3achiHa
colikec kenemi (cyper 13,14).

Opmypai memnepamypa s’cazoainapwinoa Dunaliella salina oaxwiivineiy ocy kepcemxiui

(= L " B = ¥ s B =

3-Taymik

ONTHEAJBIK THIFBI3ALIK, 750 HM

Parachlorella kessleri Tamust KOpekTik opTta-
ChIHJa ecipiii. byn mraM yiniH eH KoJaiiibl TeM-
nieparypaisik xaraait 27°C — 30°C exeHi aHbIKTAN-
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5-ToyIik
JaRBLIAAY YAKBITHI (TAYJIIK)
W20°C W24°C m27°C
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T-TaymiK 9-TayIiK

30°C m32°C

IIl. ©Cy KapKbIHBIHBIH OaFajaHybl HOTHKeCiH e P.
kessleri ne 7-TOyNIKTE ONTUKAIBIK THIFBI3ABIKTHIH

eH JKOFaphl MOHIHE KOJI )KeTKi3zi (cypeT 15).
15-cyper
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Opmypai  memnepamypa ocazoaunapvinoa Parachlorella  kessleri  Oaxvinvinviy  ecy

KepcemKiudi
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3-Toymik 5-TayIiK

ONTHKAJBIK THIFBI3JLIK, 750 HM

m20°C

Navicula sp. muaromasl 6anaeipel BG-11 ko-
PEKTIK opTachiHIa KyimbTHBamsuiaHei, 20-24°C
Temreparypa apajblFbiHIa ocipinai. Toxipude Ho-
THXKeNepi OOWbIHINA OCHl auamnasonaa Navicula sp.

16-cypert

I I
T
IIIiI I

T-ToyIK 9-TaYIiK

JaKbBLIIAY YAKBITHI (TOYJIIK)
m24°C m27°C

30°C m32°C

7-TOyJIKTe MAaKCUMaJbl ©CY KOPCETKIIIiHE KETTi.
byn oHBIH cankpiH opTara OeHiMIENTEeHIH KOHE
OUaTOMIbl  OanfpIpiapFa TOH (H3HOJIOTHSIIBIK
epeKmenkTepai nanenaeini (cyper 16).

Opmypai memnepamypa s#a20auiapviHoa ouamomovt 6andeip Navicula sp. oaxviiviHbly

ecy Kepcemxkiuli

: el et ny
h ko h o L s Lh

=
o =

3-Taymik 5-Taymik

ONTHKAJIBIK THIFBI3ALIK, 750 HM

m20°C m24°C m27°C

JKanmel anranjga, ajplHFAH HOTHXKEIEp OpOip
MUKPOOAJIIBIP IITAMBIHBIH TeMIIepaTypara Oaiiia-
HBICTBI ©CY €PEKILIENIKTEPiH alKbIH KOPCETIII, 0J1ap-
JIBIH (PU3UOJIOTHSUIIBIK OCHIMIENTIIITITIH CUIaTTak-
nbl. By nepekrep opi KapalFbl OHOTEXHOIOTUSUIBIK
3epTTeyJiep MEH OHIIPICTIK ecipy MpoluecTepiHie
ONTUMAJ/IBl KYJIbTUBAIMS IIAPTTapblH TaHIAyFa
Heri3 0oua anajbl.

Keneci ke3ekre, OomiHIN anFaH MUKPOOAJIbIP-
JapJbIH 6Ccy KepceTkimiiHe, Onomacca KUHAITybIHA

I
I
I
a i - - -

T-TayIiK 9-TayiK

JaKbLIIaY YaKBITHI (TOY/IIK)

30°C m32°C

opraHblH pH jeHre#iHiH ocepi 3epTTe/Ii, KONTEreH
3epTTeY JKYMBICTapbIHJA MHKpPOOAIIbIpiap YIIH
opTtaHblH OHTaiyibl pH MoHI 6 — 9 KypalThIH/IBIFbI
anbIKTanFad (cyper 17).

3epTTey HOTHKENepi KOPCETKEH IEH, MUKpPOOa-
Iblp mwraMMaapsiabely pH nenreiinepi pH 6,5-7,5
KaraalblHAa OPTYPJi ©cy KepceTKilliHe ue 0oI-
Ibl, cOWKeciHIIe OyJl KOPCETKIll MHUKpPOOanIbIp-
napapiH OnoMacca >KUHATYBIHBIH MOJIIEpiHe dcep
erti. Artan aitkanna, Chlorella vulgaris pH 6,8
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nerreitinge 1,5+0,03 r/n mamacelHga Omomacca
xkwuHaca, Parachlorella kessleri pH 7 neHretinme
1.56+0,07 r/n mamaceIiHia, an JUaTOMIIBI OajIbIp
Navicula sp. 1,43+0,06r/n 6momacca pH 7,5 nenre-
ringe xepcerti, an Dunaliella salina pH 7,5 nen-
reiime 1,75+0,06 1/ mamMackiHAa CAJBICTBIPMATBI
TypAe Onomacca KepceTKili OOMbIHIIA KOFaphl HO-

17-cyper

Tokere ue 6omnpl. (p<0.05). AnbIHFaH HOTHIKENED,
MHUKPOOAJIIBIPIIAP/IbIH 6CY KapKbIHBI MEH OHOMacca
JKUHAKTATybIHBIH pH neHreiiiHe Tikenew Toyemmi
ekeHiH pacrtaapl. OcbuUlaiina, 3€pTTEIreH MITaMM-
JapJel KyJibTUBanusuiay kesigae pH Oaxpuiaybt
OJTAPABIH OHIMIUTITIH OHTAWIAHABIPY YIIIiH MaHbI3-
Iib1 (haKTOp OOJMBIN TaObIIa b

Muxpobanowip Jdaxwviioapuvinbiy spmypii pH Oeneeiinepindeci 6uomacca HCUHATYBIHBIH

Kepcemkiuti

—
[ 2 o5
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-
b =
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Kyprak énomacca, r/n
o i

Chlorella vulgaris Dunaliella salina

Parachlorella
Kessleri

Navicula sp.

mpHG6 mpH 7 mpHO

KopbITbIHABI

3epTTey IKYMBICBIHBIH KOPBITBIHABICH  00-
WbiHIIa, bankamn KeuiiHiH Ty3lbl O6JIriHIH ajlb-
ro(IOpachlHbIH,  TYPJIK Kypambl — aHBIKTABIII,
KeJlemeri MOJI MUKpOOasIpIpiiap MEH HHaHOOaK-
TEepUsIIapbIH KaHAa JaKbUIIapbl O6IiHIM aJbl-
HBIII, OJIAPJBIH MOP(OIOTHIIBIK, JaKbUIIBIK KOHE
(busnonornANBIK, KacuerTepi 3eprrenii. Tammay
HOTHIKECIHJIE, anbroduiopa KypambIHIA UATOM-
nbl Oanapipnap (Bacillariophyta) 40,33%, xacbul
Oanneipnap (Chlorophyta) 32%, xex-xacbul Oai-
nsipnap (Cyanophyta) 19,33% >oHe 3BrIIEHAJIBIK
Oanneipnap (Euglenophyta) 8,33% xypaasl. Onap
4 Oemimre, 6 xiaccka, 6 karapra, 11 TyKeMmac-
Ka JkoHEe 22 TYBICKA YKaTKbI3bULIbL. MHKPOOUOJIO-
THSUIBIK, ©iCTepl Heri3iHae MHUKpOoOaIabIpiIap MEH
IUaHOOAKTEPUSUIapIbIH 8 aKCEHHWKAJbIK Taza Ja-
KbpUIaphl OemiHin aneiHbn, onap Oscillatoria sp,
Nostoc sp, Arthrospira sp, Anabaena sp, Chlorella
vulgaris, Parachlorella kessleri, Dunaliella salina,
Navicula sp. 60IbIN aHBIKTAIABL. Op ITAMM YIIiH
ecipyIliH OHTAMIIbI JKaFnainapsl aHbIKTANAB: [[na-
HoOaktepust Nostoc sp. xoHe Anabaena sp. naKkbii-
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IapeIHBIH ocyi ymriH BG-11 KOpekTik opTachIHaa,
28°C —30°C apanbIFbIHIAFBl TEMIIEPATYPAHBIH OCe-
pi xorapel Oonca, Oscillatoria sp. MaKpUIBl YIIiH
3appyka KOpeKTik opTachkl )xaHe 32°C temneparypa
OHTaWJBI 00ABL. byn mmanobakTepus AaKbUIAAPHI
YIUiH OopTaHbIH OHTainasl pH MoHi 7-7,5 nuamazo-
HBIHAA 00Iabl. [Juanobaxmepus Arthrospira sp. na-
KbUIBI 3appyka KopekTik opracbina 28°C — 30°C
temriepatypana pH moni 8-9 apanbIiFpiHIa KapKbIH-
Ibl ecyl Oavikaniwl. An, mukpobanaep Chlorella
vulgaris Tamust KOpeKTik opTaceiana, ain Dunaliella
salina Aptapust KopekTik optaceinaa, 27°C -30°C
TeMIiepaTypa IaMachblHaa KapKBIHIBI ocyi Oaii-
Kayica, amaromuel Oamuelp Navicula sp. BG-11
KOpekTik opTackiHma 20-24°C Temmeparypana, ai
Parachlorella kessleri Tamust KOPEKTIK OpTachIHIA,
27°C -30°C Temmeparypa apajbIFbIHIA THIMII 6CY
KOPCETKIIliH KopceTTi. bapibik 3epTTenreH Aakbui-
nap yiriHa onTuMaibasl pH MoHi 6,5—7,5 apaabIFeiH-
n1a OOJLIBL.

byn taza gakpuinap eHAipicTik ONOTEXHOIOT -
Ila, aTan aiTKaHa OHOJIOTHSIBLIK OEICEeH Il KOcIa-
Jap 93ipiieyie epeKine KbI3bIFYIIbUIBIK TYIBIPaThIH
00BEKT OOJIBIN TAOBUTAIEI.
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Mypnaenep KaKThIFBICHI

bapinbik aBTOpIap MakajgaHbIH Ma3MYHBIH OKBbI-
IIbl )KOHE OJIApDMEH TaHBIC KOHE MYJIAEICp KaKTbl-
FBICBI XKOK.

AJIFBIC €03

Astopnap Algatech — 6angpipnap OHoTexHOIIO-
rusichl opranarbiHa (Yexus) MakanaHbl TalbIHIAY
0apbIChIHIa KOPCETKECH KYH/IbI FHIJIBIMU YCHIHBICTA-
PBI MEH KEHeCTepi YIIiH aFbIc Oiipesti.
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COMPARATIVE ANATOMICAL ANALYSIS
OF EREMURUS ROBUSTUS AND E. TIANSCHANICUS
GROWING IN THE ZAILIYSKIY ALATAU

The genus Eremurus (Asphodelaceae) represents one of the characteristic groups of the flora of
Central Asia, distinguished by its ornamental value and practical significance in traditional medicine.
However, the anatomical structure of its representatives under different ecological conditions remains
insufficiently studied. The aim of this study was to conduct a comparative anatomical analysis of two
species occurring in the lle Alatau. Leaves and stems were used as study material, fixed in 70% etha-
nol and processed according to a standard histological protocol with paraffin embedding. Transverse
sections 40 um thick were prepared using a rotary microtome and examined by light microscopy with
digital photodocumentation. Morphometric measurements included epidermal thickness, the size of
palisade mesophyll, the diameter of water-storage cells in the leaf, as well as epidermal thickness, the
size of primary cortex cells, and the diameter of water-storage cells in the stem. The study revealed that
both species exhibit xeromorphic traits: a uniseriate epidermis with a thickened cuticle and sunken sto-
mata, the presence of palisade mesophyll and water-storage cells in the leaves, and well-developed vas-
cular bundles. In the stem, a dense epidermis, a distinct primary cortex, and collateral vascular bundles
with water-storage cells were observed. Interspecific differences were also identified: the first species
had larger primary cortex cells and water-storage elements, reflecting a water-accumulating adaptive
strategy, while the second exhibited a more developed palisade mesophyll and greater stability in tissue
dimensions, indicating a photosynthetic type of adaptation. The results contribute to a better under-
standing of the ecological plasticity and intraspecific variability of Eremurus in the mountainous and
foothill ecosystems of Central Asia.

Keywords: Asphodelaceae, Adaptations, Anatomy, Eremurus, lle Alatau.
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Ire AraTtaybiHaa ecetiH Eremurus robustus xaHe
E. tianschanicus TypAepiHiH, CaAbICTbIPMAAbI aHATOMMUSIABIK, TAAAQYDI

Eremurus (Asphodelaceae) Tybicbl — OpTaablk, A3ust (pbAOPaCbIHbIH COHAIK MOHI >KOFapbl >KoHe
XaAblK, MEAMLIMHACbIHAQ KOAAQHbIAYbI >KafblHAaH MaHbI3Abl TOMTAPbiHbIH 6ipi. AAaiaa OYyA TybIC
OKIAAEPIHIH 8PTYPAI 3KOTOMTAPAAFbl @aHATOMMSIABIK, KYPbIAbICbI >KETKIAIKTI AEHremnaAe 3epTTeAMEreH.
JKyMbICTbIH MakcaTbl — lae AAaTaybl aymarblHAQ ©CETiH €Ki TYPAIH CaAbICTbIPMaAbl aHAaTOMMSIABIK,
TaAAayblH XKYpPrisy 60AAbl. 3epTTey MaTepuanbl peTiHae 70%-Ablk, cnupTTe GekiTiAin, napaduHre
KYIOAbIH CTAaHAQPTTbl [MCTOAOTUSIABIK, BAICI OOMbIHILIA OHAEBATEH OCIMAIKTEPAIH >KamblpakTapbl
MeH cabakTapbl aAbiHAbL. KaAblHABIFbI 40 MKM KOAAEHEH KEeCIHAIAED MWMKPOTOMHbIH KemerimeH
AabIHAAABIM, >KAPbIK, MUKPOCKOMMSICbI dAICI apKbIAbl 38PTTEAAI XKOHE CaHAbIK, (DOTOOEKITY XKYPri3iAAi.
MopdomeTpusiabIK, eAllemMAepre  3MMAEPMUC  KAABIHABIFbI, MAAMCaATbl  Me30MMAA  BALLEMAEPI,
>KarblpakTarbl CY >KMHAYLLIbI KACYLLIAAAPABIH, AMAMETPI, COHAAM-aK, CabaKTarbl AMMAEPMUC KAAbIHADIFbI,
aAFallKbl KabblK, >kKacylaAapbl MEH Cy >KMHayLLbl SAEMEHTTEPAIH MOALLEDI KipAi. 3epTTey HaTHXKeCiHAE
eKi TYpAiH Ae KcepoMopTbIK, BEAriAepre ne eKeHi aHbIKTaAAbl: KAAbIH KyTUKyAacbl 6ap 6ip kabatTbl
3MUAEPMUC >K8HE TepeH OpHaAackaH YCTbMLAAAP, MAAMCAATbl Me30MMAA MeH KarblpakTaFbl Cy
SKMHAYLLbl >KacyllaAap, >akcCbl AambiFaH eTkisriw wokTap. Cabak, GeAiriHAe TbiFbl3 3MUMAEPMKC,
aAFaLLKbl KabblK >K&HE Cy >KMHayLIbl XacyliaAapbl 6ap KOAAATEPaAbAbI LLOKTAP aHbIKTaAAbl. TypAaep
apacbiHAQ arbIpMaLLbIALIKTAD 6GarkaAAbl: GipiHWI TypAe aAfawkbl KabblK, >KacyllaAapbl MEH Cy
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bIAFAA KOPbIH CakTayfa GeniMAEAy CTpaTernscbiH KOPCETEA; aA eKiHLL TYPAE MaAMCAATbl ME3O(UAA
KaKCbIpak, AAMbIFaH XK8He YAMa OALEeMAEPIHIH TYPaKTbiAblFbl GanKkaAaAbl, 6YA (hOTOCUHTETUKAADIK,
™mnTeri 6enimaeayai GirAipeAi. AAbiHFaH HaTMXKeAep Eremurus TybICbIHbIH, SKOAOTMSABIK, MKEMAIAITI
MeH TypilWiAik e3repriwTirii OpTaAblk, A3MSHbIH TayAbl XX8HE TayAbl €TEeriHAEri 3KOXXYMeAep >KarAa-
MbIHAQ HaKTbIAQyFa MYMKIHAIK O6epeai.

Ty#in ce3aep: Asphodelaceae, apantauns, aHatomus, Eremurus, Ine AaaTaybl.
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CpaBHUTEAbHbII aHATOMMYECKMIH aHaAM3 BUAOB Eremurus robustus
u E. tianschanicus npouspacTatowmnx B 3auAMiickom Aratay

Poa Eremurus (Asphodelaceae) sBasieTcsi oaHOM M3 xapakTepHbiX rpynn Aopbl LleHTpaAbHoM
A31N, OTAMYAIOLLENCS AEKOPATUBHOM LIEHHOCTBIO M MPUKAQAHBIM 3HAYEHMEM B HAPOAHOM MEAMLIMHE.
OAHako aHaTomMuyeckas CTPYKTypa ero npeACTaBUMTEAen B Pa3AMUHbIX 3KOTOMax M3yveHa HepAOCTa-
TOUHO. Lleabio paboTbl ObIA CPABHUTEAbHbIN AHATOMUYECKMIA aHAAU3 ABYX BUMAOB, MPOM3PACTAIOLLMX
B npeaeAax 3anamickoro Aaatay. B kauectBe Matepuasa MCMoOAb30BaHbl AUCTbS M CTEOAM PACTEHUN,
umkemnpoaHHble B 70% cnvpTe n 06paboTaHHble Mo CTAaHAAPTHOW MMCTOAOMMYECKON METOAMKE C Ma-
pacrHOBO 3aAMBKONA. [onepeuHble cpesbl TOALLMHON 40 MKM ObIAM M3rOTOBAEHbI C MOMOLLbIO MUKPO-
TOMA M M3yYeHbl METOAOM CBETOBOM MMKPOCKOMMM C UMPPOBON (pOoTOAOKyMeHTaumern. MopdomeTpu-
YeCKMe M3MEPEHMS BKAIOYAAM TOALUMHY 3MMAEPMMCA, Pa3Mepbl MAAMCAAHOTO Me30(IMAAQ, AMAMETP
BOAOHOCHDBIX KAETOK AMCTA, @ TakXKe TOALUMHY 3MMAEPMMCA, Pa3Mepbl KAETOK NMEPBUYHON KOPbl U BO-
AOCOOPHbBIX KAETOK cTeOAS. MccaepaoBaHMe MoKa3ano, uto 06a B1AA 06AAAQIOT KCEPOMOPHbBIMM MPM-
3HaKaMM: OAHOCAOMHbBIN 3MMAEPMUC C YTOALLEHHOM KYTUKYAOM M MOTPY>KEHHbIMU YCTbULLAMM, HaAMYMe
MaAMCaAHOTO Me30(MAAA 1 BOAOHOCHDBIX KAETOK B AMCTbSX, XOPOLLO Pa3BUTble MPOBOASLIME MyYKkn. B
cTebAe BbISIBAEHbI MAOTHbIN 3MMAEPMUC, NEPBUYHAS KOPa M KOAAATEPAAbHbIE MyYKM C BOAOHOCHBIMM
KAETKaMU. MexAy BuAaMM OOHApPY>KeHbl pasAMums: y NepBoro GoAee KPyrHble KAETKM MepBUUHOM
KOPbl U BOAOHOCHbIE IAEMEHTbI, YTO YKa3blBaeT Ha BAAro3arnacatollyio cTpaTermio, y BToporo — 6oaee
Pa3BUTbINA NAAUCAAHDINA ME30UAA U CTABUABHOCTL PA3MEPOB TKaHei, oTpaxkatolme (hOTOCUHTETUYE-
CKMI TMN apantaumnu. IoAyyeHHble pe3yAbTaTbl MO3BOASIOT YTOUYHUTb 3KOAOTMYECKYIO MAACTUYHOCTb
M BHYTPUBMAOBYIO M3MEHUMBOCTb POAQA Eremurus B yCAOBMSX FOPHbIX M MPEATOPHbIX 3KOocmcTem LleH-
TpaAbHOM A3uu.

KatoueBble caoBa: Asphodelaceae, apantaumu, aHatomus, Eremurus, 3ananinckmn Aaatay.

Introduction

The genus Eremurus M. Bieb. (Asphodelaceae)
is one of the most characteristic groups of Central
Asian flora, differing from closely related taxa in its
unique morphological features, in particular its leaf-
less inflorescence consisting of more than 50 flow-
ers, as well as its developed rhizome (Naderi Safar
et al., 2014; Hadizadeh et al., 2021). Two subgenera
are distinguished within the genus. The subgenus Er-
emurus is characterized by light brownish-green or
cream-colored tubular and bell-shaped flowers with
concave perianth leaves, on the underside of which
there are three or five veins; the staminal filaments
are protruding in most cases. Subgenus Henningia,
on the contrary, includes species with white, pink,
or yellow flowers of the rotary type, usually with
enclosed stamen filaments and perianth leaves with
one vein (Chukavina, 1985; Ahmad et al., 2014; Ha-

dizadeh et al., 2020; Farhadi et al., 2023; Koohkesh
et al., 2020; Jang et al., 2024).

Species of the genus Eremurus are highly deco-
rative and are known in cultivation as «foxtail lil-
ies» or «desert candles» due to their large and bright
spike-like  inflorescences  (Abdulwahid-Kurdi,
2025). Along with their decorative use, they also
have practical significance: some species are used to
produce bio-oil (Aysu et al., 2015), adhesives, and
as a source of pharmacologically active compounds
with antibacterial, anti-inflammatory, and anti-
protozoal properties (Gaggeri et al., 2015; Zare et
al., 2018). In traditional medicine in Central Asian
countries, the roots and leaves of Eremurus are used
as a remedy for a number of diseases (Dushchanova
etal., 2023a).

Foreign researchers have conducted a series
of comprehensive studies on the morphological,
phylogenetic, and phytochemical characteristics of
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Central Asian representatives of the Eremurus ge-
nus. Iranian scientists have conducted a comprehen-
sive review of the species of the genus, including
an analysis of their phytochemical composition,
pharmacological properties, and traditional uses
(Alhalak & Sekerler, 2025). In addition, specialized
phytochemical studies of the roots of Eremurus lu-
teus have been carried out (Shahrampour & Razavi,
2022, 2023). Earlier, about a decade before these
studies, phylogenetic studies of the genera Erem-
urus, Asphodelus, and Asphodeline were conduct-
ed in Iran, based on the analysis of trnL-F plastid
sequences and nuclear ITS DNA loci. Researchers
from Uzbekistan, in particular D. Mahmudiev and
co-authors, have carried out morphological, ana-
tomical, and molecular genetic studies, as well as
developed identification keys for species growing in
the Republic of Uzbekistan. Based on a comparative
analysis of distribution areas, the authors concluded
that the probable center of origin of the genus Erem-
urus is Central Asia (Makhmudjanov et al., 2022,
2024). In India, a comprehensive study was con-
ducted on the species Eremurus persicus (Jaub. &
Spach) Boiss. — an indigenous medicinal plant of
the Western Himalayan flora (Verma et al., 2023).

Anatomical studies of representatives of the
genus have been conducted repeatedly and have
revealed both common and specific characteristics.
Thus, Bahrim et al. (Bahrim et al., 2020), studying
the anatomical structure of the leaves of E. him-
alaicus, E. robustus, and E. stenophyllus, revealed
a phylloid leaf structure with reverse orientation of
the conducting bundles, a single-layer epidermis
with a thin cuticle and numerous stomata, as well
as a mesophyll represented by large rounded paren-
chyma cells. At the same time, the stomatal appara-
tus in E. stenophyllus and E. himalaicus is located at
the same level as the epidermis, while in E. robustus
it is submerged below the surface. In addition, the
assimilation parenchyma in the first two species is
significantly better developed than in E. robustus.

Similar adaptive features have been identified
in Eremurus lactiflorus, studied using plant material
from the Tashkent Botanical Garden (Dushchanova
et al., 2023b). In this species, the epidermis consists
of a single layer of cells with a thin cuticle and nu-
merous stomata, while the mesophyll consists of
large parenchyma cells with extensive intercellular
spaces, indicating xeromorphic adaptations to arid
climate conditions.

Despite the available data, comparative ana-
tomical studies of species of the genus Eremurus
growing in the Zailiyskiy Alatau remain limited.
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Meanwhile, this region is one of the centers of their
diversity and is of interest both for understanding
plant adaptations to mountain xerophytic conditions
and for clarifying intraspecific variability.

The aim of this study is to conduct a compara-
tive anatomical analysis of two species of the genus
Eremurus (E. robustus and E. tianschanicus) grow-
ing in the Zailiyskiy Alatau, identifying common
and specific anatomical features that reflect their
adaptation to the mountain ecosystems of the region
and allowing us to clarify the taxonomic and eco-
logical significance of these structures.

Materials and methods

The object of study are two closely related spe-
cies of the genus Eremurus M. Bieb. (Asphodela-
ceae) growing within the Zailiyskiy Alatau — Er-
emurus robustus Regel and Eremurus tianschanicus
Pazij et Vved. ex Pavlov. (Fig. 1). Both taxa are
characteristic representatives of the mountain flora
of Central Asia and play an important role in the for-
mation of meadow and forest-edge communities in
the foothills and lower mountain belts (Chukavina,
1985; Goloskokov, 1958).

Eremurus robustus is one of the largest plants of
the genus, distinguished by its tall generative shoots,
reaching 200 cm, and broad strap-like leaves up to
3-6(-8) cm wide. The inflorescence is dense, multi-
flowered, up to 40-100 cm long. The flowers are large,
bell-shaped, pink (rarely white), the perianth reaches
15-17 mm in length and has a yellow spot at the base
of the lobes. The stamens are slightly shorter than the
perianth. The fruit is a rounded, smooth, spherical cap-
sule, relatively large, up to 2030 mm in diameter. The
seeds are gray, with a widely developed wing (Golos-
kokov, 1958; Townsend, 1980) (Fig. 2).

Eremurus tianschanicus is generally smaller
than the previous species, reaching 50-150(-200)
cm in height. The leaves are linear or linear-oblong,
narrower, 1-3 ¢cm wide, and bluish-green in color.
The inflorescence is usually narrower and less dense
than that of E. robustus. The flowers are pale pink,
with a perianth 10—12 mm long, also with a yellow
spot at the base of the lobes. A characteristic feature
is the different length of the stamens: two filaments
are noticeably longer than the perianth, while the
others are equal to or shorter than it. The fruit is a
spherical capsule, significantly smaller than that of
E. robustus, up to 10 mm in diameter, which is one
of the key diagnostic features. The seeds are gray,
with a narrow wing (Chukavina, 1985; Goloskokov,
1958; Khokhryakov, 1965) (Fig. 2).
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Figure 1
Map of material sampling points for anatomical studies
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Figure 2

Species of the genus Eremurus. A — Eremurus robustus; B-E — tianschanicus

Both species bloom in June—July and are con-
fined to various ecotopes of the Zailiyskiy Alatau.
E. robustus is found mainly on meadow slopes and
in subalpine communities, while E. tianschanicus
is confined to rocky and loess foothill slopes with
more xerophytic growing conditions.

Anatomical preparations were performed in ac-
cordance with standard histological protocols. Sam-
ples intended for sectioning were first fixed in 70%
ethanol. To facilitate high-quality cross-sectioning,
the material was frozen and then poured into his-
tological paraffin poured into special 15x15 mm
molds. Cross-sections were obtained using a rotary
semi-automatic microtome (MEDITE M530, Burg-
dorf, Germany) with a section thickness of 40 um.
Microscopic examination of anatomical structures
was performed using a digital microscope (Leven-
huk Zoomé&Joy, Hong Kong, China) equipped with
a Levenhuk D740T 5.1 camera. Image acquisition
and morphometric measurements were performed
using LevenhukLite software, version 4.12.28273
(Levenhuk, Inc., Tampa, Florida, USA). Biometric
parameters were statistically processed; mean values
and standard errors were calculated using the Data
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Analysis function in Microsoft Excel (Islamgulova
et al., 2025).

Results and discussion

The anatomical structure of the vegetative organs
of Eremurus robustus and E. tianschanicus is char-
acterized by typical features of xeromorphic plants,
reflecting their adaptation to arid habitats. The leaves
of both species have a clearly defined cuticle and a
single-layer epidermis with stomata immersed in the
tissue, which reduces transpiration. The mesophyll
contains a palisade layer that provides photosynthetic
activity and specialized water-bearing cells that ac-
cumulate moisture. The conducting bundles are well
developed and evenly distributed, which ensures ef-
ficient transport of water and assimilates (Fig. 3).

The stem of both species is characterized by a
dense cuticle and epidermis, under which there is a
primary cortex with parenchyma cells. Inside, there
are collateral-type conducting bundles with xylem
and phloem, as well as well-developed water-con-
ducting cells, which give the organs additional re-
sistance to arid conditions (Fig. 4).
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Figure 3

Anatomical structure of leaves of two species of the genus Evemurus. A-B: Eremurus robustus;
C-D: E. tianschanicus: ¢ — cuticle; ep — epidermis; sa — stomata; pal — palisade mesophyll;
vb — vascular bundle; wc — water-conducting cells

Figure 4

Anatomical structure of the stem of two species of the genus Eremurus. A-B: Eremurus robustus;
C-D: E. tianschanicus: ¢ — cuticle; ep — epidermis; cx — primary cortex, par — parenchyma;
vb — vascular bundle; xy — xylem; ph — phloem; wc — water-conducting cells
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To identify interspecific differences in the
anatomical structure of the leaf and stem in
Eremurus robustus and E. tianschanicus, mor-
phometric measurements of the main tissue
components were performed. The table shows
the thickness of the epidermis, the size of the
palisade mesophyll and water-conducting cells
of the leaf, as well as the thickness of the epi-

Table 1

dermis, the diameter of the primary cortex cells
and water-collecting cells of the stem. The use of
statistical parameters (mean value, standard er-
ror, standard deviation, minimum and maximum
values, confidence interval) allowed us to objec-
tively assess the degree of variation in traits and
establish the characteristic differences between
each species (Table 1).

Morphometric measurements of the main tissue components of Eremurus robustus and E. tianschanicus

Eremurus robustus

Leaf Stem
Thickness of  Palisade Diameter of  Thickness of  Diameter of Diameter of
the epidermis, — mesophyll, — water-bearing the epidermis, primary cortex water collection
wm wm cells, um um cells, um cells, um
Mean 21,54 65,61 62,12 22,38 32,99 55,69
Standard error 0,41 1,91 18,34 0,39 4,03 7,09
Standard deviation 0,92 4,27 41,02 0,87 9,01 15,86
Minimum 20,73 61,15 21,52 21,60 22,06 35,84
Maximum 22,94 70,95 126,21 23,73 44,26 78,14
Confidence level (95.0%) 1,14 5,30 50,93 1,08 11,19 19,69
E. tianschanicus

Leaf Stem
Mean 20,36 70,03 60,97 21,88 13,35 49,73
Standard error 0,96 1,93 10,81 0,68 1,04 7,32
Standard deviation 2,15 4,32 24,18 1,52 2,34 16,38
Minimum 17,46 65,81 34,62 19,39 10,80 29,27
Maximum 23,02 76,02 97,42 23,24 16,42 70,25
Confidence level (95.0%) 2,66 5,36 30,02 1,88 2,90 20,34

The anatomical structure of the leaves and stems
of Eremurus robustus and E. tianschanicus demon-
strates both common features characteristic of rep-
resentatives of the genus and a number of interspe-
cific differences reflecting their adaptive strategies.

Analysis of the leaf epidermis revealed that
E. robustus has a slightly thicker epidermis (aver-
age thickness of 21.54 pm) compared to E. tian-
schanicus (20.36 um). Although the difference is
not significant, it indicates a denser outer cell wall
in the former species, which may increase resistance
to moisture evaporation. At the same time, E. tian-
schanicus has a wider range of epidermal thickness
variation (from 17.46 to 23.02 pum), which reflects
the higher ecological plasticity of this trait.

The palisade mesophyll in E. tianschanicus is
significantly better developed: its thickness aver-
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ages 70.03 um, while in E. robustus this figure is
65.61 pm. The increased thickness of the mesophyll
indicates a larger area of photosynthetically active
tissue, which may contribute to more intensive ab-
sorption of solar radiation in the mountain and foot-
hill biotopes where this species is widespread.

The water-bearing cells of the leaf in both spe-
cies have similar average values (62.12 um in E. ro-
bustus and 60.97 um in E. tianschanicus). However,
in E. robustus, this indicator has a high amplitude
of variation (from 21.52 to 126.21 pm), which in-
dicates heterogeneity of the structure and, prob-
ably, the ability to form reservoir cells of different
sizes depending on hydrothermal conditions. For
E. tianschanicus, the variations are less pronounced
(34.62-97.42 pm), which indicates a more stable or-
ganization of this tissue.
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The differences between the species are even
more pronounced in the structure of the stem. The
thickness of the epidermis in both species is similar
(22.38 um in E. robustus and 21.88 pum in E. tian-
schanicus), which corresponds to the general pattern
for the genus. However, the cells of the primary cor-
tex in E. robustus are significantly larger (32.99 pm)
compared to E. tianschanicus (13.35 pm). This in-
dicates a more pronounced development of paren-
chyma tissues in the former species, which perform
the function of mechanical support and storage of
nutrients.

The diameter of the water-collecting cells in the
stem is also higher in E. robustus (55.69 pm versus
49.73 um in E. tianschanicus). The increased size
of these cells allows them to accumulate a greater
volume of moisture, which is an important sign of
xeromorphic adaptation. In E. tianschanicus, the
water-collecting cells are smaller but more uniform
in structure, which may be associated with the opti-
mization of moisture distribution when growing in
conditions of more stable moisture.

Anatomical differences in the structure of the
leaves and stems of Eremurus robustus and E. tian-
schanicus are closely related to the characteristics of
their ecological niches.

Eremurus robustus is a more robust and larger
species found in the foothill plains and lower eleva-
tions of the Zailiyskiy Alatau. These areas are char-
acterized by a continental climate with sharp tem-
perature fluctuations and long periods of drought.
In such conditions, the plant’s ability to accumulate
and conserve moisture becomes crucial. This ex-
plains the larger diameter of the primary cortex cells
and water-collecting cells in E. robustus. Their size
allows them to store significant amounts of water
and nutrients, which ensures resistance to dry pe-
riods and maintains turgor in the tissues. The wide
variability in the size of water-bearing cells indicates
the high plasticity of this trait, reflecting the species’
adaptability to uneven moisture and seasonal fluc-
tuations in water balance.

At the same time, the thicker epidermis of E.
robustus leaves provides additional protection from
intense solar radiation and reduces transpiration
losses. Thus, the anatomical structure of this species

forms a xeromorphic complex of adaptations fo-
cused primarily on moisture storage and resistance
to the stressful conditions of arid ecosystems.

Eremurus tianschanicus, on the contrary, is con-
fined to the mountainous and foothill areas of the
Zailiyskiy and Kungey Alatau ranges, where mois-
ture conditions are relatively more stable due to
higher precipitation and snowmelt feeding the soil.
In these habitats, the key factor for adaptation is not
so much moisture storage as the increased efficien-
cy of photosynthetic processes under conditions of
strong solar radiation. The more developed palisade
mesophyll in E. tianschanicus reflects this strategy:
the increased thickness of photosynthetically active
tissue ensures more complete utilization of light en-
ergy and promotes the accumulation of organic mat-
ter.

This species has smaller diameter primary cortex
and water-collecting cells, which is compensated by
their structural stability and more uniform distribu-
tion. This indicates that E. tianschanicus does not so
much store moisture in large volumes as optimize its
use under relatively favorable moisture conditions.
The wider range of variation in the thickness of the
epidermis and palisade mesophyll indicates the high
ecological plasticity of the species, which allows
it to adapt to various microclimatic conditions of
mountain slopes.

Conclusion

A comparison of the anatomical features of the
two species leads to the conclusion that E. robustus
exhibits a «moisture-storing» strategy typical of
plants in arid ecosystems. Its structure is geared to-
ward moisture accumulation and survival in condi-
tions of severe seasonal aridization. E. tianschani-
cus implements a «photosynthetic type» strategy,
typical of more humid mountain habitats, where
the emphasis is on productivity and efficient use
of solar radiation. Differences in the anatomical
structure of the leaves and stems of these species
reflect different adaptation pathways within the
genus Eremurus, highlighting their ecological spe-
cialization within the arid and foothill ecosystems
of Central Asia.
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RESILIENT FLORA OF THE DESERT:
A COMPREHENSIVE ANALYSIS OF ARTHROPHYTUM'S
ADAPTATION AND THERAPEUTIC POTENTIAL

This article presents a comprehensive analysis of the genus Arthrophytum Schrenk (family Cheno-
podiaceae), which includes subshrub species adapted to arid regions of Eurasia and North Africa. The
aim of the study is to summarize current scientific knowledge on the taxonomy, morphological charac-
teristics, ecological adaptations, biogeographical distribution, and pharmacological potential of Arthro-
phytum species. Both modern scientific databases (SciFinder, Google Scholar, ScienceDirect, etc.) and
traditional sources (botanical floras, herbarium collections, ethnobotanical reports) were used for data
collection.

Special attention is given to species with notable ecological plasticity and endemic distribution
in Kazakhstan (A. iliense, A. balchaschense, A. pulvinatum, among others). The article concludes data
from morphological, anatomical, and molecular analyses that have identified systematic status of several
species, comprising the reorganization of A. balchaschense into the genus Haloxylon. Results of the
pharmacognostic study of species A. schmittianum and A. scorparium are discussed, allocating their high
biological activities such as antioxidant, antimitotic, neuroprotective, and antidiabetic activities.

The outcomes show the significance of Arthrophytum as a main component of desert biodiversity
and a perspective source of bioactive natural compounds. This review contains modern research gaps
and summarizes the importance for future interdisciplinary studies, comprising preservation, sustainable
use, and pharmacological studies of the genus.

This article is useful for botanists, pharmacologists, ecologists, and medicinal plant experts, explor-
ing plant and their life cycle in arid environments.

Keywords: Arthrophytum, arid ecosystems, morphological adaptation, Amaranthaceae, bioactive
compounds, antioxidant activity, ethnopharmacology, C4 photosynthesis, Central Asia flora, desert
halophytes.
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LLeAAi aiiMak, ©CiMAIKTEpPiHIH, TYPaKTbiAbIFbl: Arthrophytum TybICbIHbIH,
O6erimaeAy MeXaHU3MAEPI MEeH eMAK dAeyeTiHe KELUEHA| LLOAY

ByA woay makanacbl Arthrophytum Schrenk TybicbiHa (Chenopodiaceae TykbiIMAAChl) XaTaTblH,
Eypasus meH CoATycTik AdpuKaHblH KypfFak, anMakTapblHa OeiriMAEAreH >KapTblAaii OyTaAbl
OCIMAIKTEPAIH >KaH-)aKTbl TaAAdybl YCbIHbIAFAH. 3epTTeyAiH Mmakcatbl — Arthrophytum TybiCbl
TYPAEPiHiH TaKCOHOMMSICb, MOPOAOTUSIABIK, CUMATTaMaAapPbl, SKOAOTUSIAbIK, GEMIMAEAY epeKLLeAiKTepi,
6roreorpaUsIAbIK, TapaAybl KaHe (HapMakOAOTUSAbIK, SAEYETI TypaAbl Kasipri FbIAbIMM MOAIMETTEDPAI
Xyreaey.

ManiMeTTepai >KuHay yuwiH 3amaHaym fbiAbiIMKM - Aepekkopaap (SciFinder, Google Scholar,
ScienceDirect xoHe T.6.), COHAAM-ak ASCTYPAI Kke3aep (60TaHMKaAbIK, hAoparap, repbapuinAik
KOAAEKLMSIAAp, STHOOOTAHUKAABIK, ecenTep) NarnAaAaHbIAAbI.

3epTTey 6GapbiCbiHAQ €peKLle Ha3ap 3KOAOTMSAbIK, GeriMAEATiWTIri >korapbl >keHe KasakcraH
aymarblHAQ DHAEMUK TypAepre (Mmbicaabl, A. iliense, A. balchaschense, A. pulvinatum >xeaHe T.6.)
ayAapbiAabl. LLIoAyFa MOPgOAOTUSABIK, aHATOMMSIABIK, )KOHE MOAEKYAQABIK, 3ePTTEYAEPAIH HOTUXEAEPI
EHri3iAiN, OAapAbIH Heri3iHAe Kenbip TYpAepAiH TaKCOHOMMSIAbIK, MapTebeci HakTblAaHAbl. ATar
anTKkaHAa, A. balchaschense TypiHiH Haloxylon TybiCbiHa KaiTa >KiKTeAyi KapacTbIPbIAAbI.

CoHbiMeH kaTtap A. schmittianum xeHe A. scoparium Tepi3Ai TYpAepAiH AHTMOKCUAAHTTBIK,
AQHTUMWTO3AbIK,  HEMPOMPOTEKTOPAbIK,  >KOHE  aHTMAMAOETTIK  GEACEHAIAINH  CMNATTaMTbiH
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AAbIHFaH MaAiMeTTep Arthrophytum TybICbIHbIH, LIOA 6MOBPTYPAIAIriHIH MaHbI3AbI KOMIMOHEHTI api
OGUOAOTMSABIK, OEACEHA] TabuFKM KOCLIABICTAPAbIH, GOAalLiaFbl 30p Ke3i ekeHiH kepceTeai. Makaraaa
3epTreyAepAeri 6ap OAKbIAbIKTApP aHbIKTAAbIM, KEAELIEK MaHAPaAbIK, 3epTTeyAep YLIiH (COHbIH iWiHAE
cakTay, OpHbIKTbI MaiAaAaHy XeHe (DapMaKOAOTUSIAbIK, 3epTTey) 6acbiM GaFbITTap YCbIHbIAAADI.

Makaaa 6oTaHunkTepre, 6uomeAmLMHA 3epTTeyLLiAepiHe, (hapMakoAOrTapFa, 3KOAOrTapFa, ASPIAIK
OCIMAIKTEP MEH OMOAAYaHTYPAIAIK CaraCbiHAAFbI MAMaHAAPFa, 8Cipece Kyprak, aiMakTapAarbl ©CIMAIK-
TEPAIH 6eMiMABAY CTpaTErmsaCbiH 3epTTENTIHAEPre apHaAFaH.

Ty#in cesaep: Arthrophytum, apuaTi skoxyieaep, Mmopdoaorusabik Gerimaeay, Amaranthaceae,
OGUOAOTUSABIK, BEACEHAT KOCBIABICTaP, aHTMOKCUMAQHTTbIK, GEACEHAIAIK, 3THOapmakoaorusi, C4 doTo-
cnHTes, OpTta A3ust Aopachl, WA rarouTTepi.
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YcroiumBas chaopa nycTbIHU: KOMIAEKCHbIM 0630p apanTaumm
M TepaneBTUYeCKOro noreHuuasa Arthrophytum

B AaHHOIM 0630pHOIM CTaTbe MPEACTABAEH KOMIMAEKCHbIN aHaAM3 poaa Arthrophytum Schrenk (ce-
merictBo Chenopodiaceae), BkAlouaioLlero Cy6KyCTapHUKOBbIE BUMAbI, aAQNTUPOBAHHbIE K apUAHbBIM
pervioHam Epasum n CesepHon Adpuku. Lleab nccaepoBatms — 06006WMTb COBPEMEHHbIE HAyUHble
3HaHMS O TAKCOHOMMM, MOPIOAOTMUYECKMX XapaKTePUCTMKAX, IKOAOTMYECKMX aAanTaumsx, 6uoreo-
rpachmyeckom pacnpocTpaHeHnr 1 hapMakoAOrMUeckom noteHumane Buaos Arthrophytum. Aas cb6o-
pa AaHHbIX MCMOAb30BaAMCb Kak COBpPEMEHHble HayudHble 6asbl aaHHbix (SciFinder, Google Scholar,
ScienceDirect 1 Ap.), TaK ¥ TPAAMLIMOHHbIE UCTOUHMKM (60TaHMUecKre OAOPbI, repbGaApHbIE KOAAEKLIMM,
3THOGOTAHUYECKME OTYETDI).

Ocoboe BHVMMaHWe YAEAEHO BMAAM C 3aMETHOM 3KOAOTMUYECKOM MAAQCTUUYHOCTBIO U SHAEMUYHbBIM
pacnipoctpaHeHmem B Kazaxcrane (A. iliense, A. balchaschense, A. pulvinatum 1 ap.). B 0630p BKAIOU€HbI
pe3yAbTaTbl MOPGOAOTMUYECKMX, aHATOMUYECKUX M MOAEKYASIPHbBIX aHAAM30B, MO3BOAUBLUMX YTOUHUTb
TAaKCOHOMMYECKMIA CTaTyC psiaa BUAOB, B TOM UMCAe nepekaaccudpmumpoatb A. balchaschense B poa
Haloxylon. Takske 06cy>AatoTcs hapMakorHOCTUYECKMe CBOMCTBA TakMX BUAOB, Kak A. schmittianum
1 A. scoparium, MoAYEPKMBAs UX aHTMOKCUAAHTHYIO, AHTUMUTOTUYECKYIO, HEMPOMPOTEKTOPHYIO M aH-
TMAMAGETUYECKYIO aKTUBHOCTb.

[NoAyueHHble AaHHbIE MOAYEPKMBAIOT BaXXHOCTb Arthrophytum kak KAKOUYEBOro KomrnoHeHta 61o-
pa3Hoo6pasms NyCTbiHb U NEPCreKTUBHOrO MCTOUYHUKA OGUMOAOrMYECKM aKTUBHbIX MPUPOAHbBIX COEAMHE-
HWI. B 0630pe BbIsIBAEHbI CYLLECTBYIOLLME MPOOGEAbI B UCCAEAOBAHUSIX M HAaMEUEHbI NMPUOPUTETHI AAS
Oy AYLLMX MEXXAMCUMMAMHAPHBIX MCCAEAOBAHUIA, BKAIOYAS COXPAHEHME, YCTOMUMBOE MCMOAb30BaHUE U
(hapMaKOAOrMUECKOe U3yUeHre PoAQ.

Cratbsi npeAHa3HaveHa AAst 60TaHUKOB, GUOMEAMLIMHCKMX UCCAEAOBATEAEN, (hapMaKOAOTrOB, KO-
AOFOB, CMELMAAUCTOB MO AEKAPCTBEHHbIM pacTeHWMsIM U G1OpaszHO0bBpasmio, 0COBEHHO AASI TeX, KTO
M3y4aeT CTpaTerny PacTeHWi B 3aCyLLIAMBBIX YCAOBUSIX.

KatoueBble caoBa: Arthrophytum, apuaHble 3KocMcTeMbl, MOpGOAOrMUecKkas aaanTaums,
Amaranthaceae, 6MOAOTMYECKM aKTVBHbIE COBAMHEHUS, AHTMOKCUAAHTHAS aKTMBHOCTb, 3THO(apMaKo-
rorug, C4 potocmHTes, hbaopa CpeaHert A31K, MYCTbIHHbIE FTAAODUTHI.

Introduction

The genus Arthrophytum (commonly referred
to as “saxaulchik) comprises subshrubs from the
family Amaranthaceae (formerly Chenopodiaceae),
well-adapted to the harsh, arid climates of Eurasia
and North Africa. These plants thrive in alkaline,
gypsum-rich soils and are crucial to desert ecosys-
tems, aiding soil stabilization and supporting biodi-
versity.

Scientific interest in Arthrophytum has grown
substantially in recent years due to its ecological
plasticity and emerging pharmacological relevance.

Particular species—including A. scoparium, A.
schmittianum, and A. lehmannianum—are tradition-
ally used in folk medicine and have demonstrated
antioxidant, antidiabetic, and anti-melanogenic ac-
tivities. Preliminary pharmacognostic studies prove
the availability of phenolic compounds, flavonoids,
and alkaloids with viable biological activity.

This review aims to consolidate current scientific
knowledge on the taxonomy, morphological charac-
teristics, ecological adaptations, and biogeographical
distribution of Arthrophytum species. Special empha-
sis is placed on species with applied value, justifying
further research and conservation efforts.
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Materials and methods

This work aims to provide a comprehensive
overview of existing scientific data on the genus Ar-
throphytum, with a particular focus on its taxonomy,
morphology, ecological adaptations, and pharmaco-
logical potential. To ensure completeness and reli-
ability, a structured literature search was conducted
using both modern scientific databases and tradi-
tional sources.

Materials were selected using keyword search-
es, including «Arthrophytum», «Chenopodiaceaey,
«Amaranthaceae», «desert halophytes», «biologi-
cally active compounds», and «phytochemistry».
The search was conducted across several academic
databases, such as SciFinder, Google Scholar, ISI
Web of Knowledge, and ScienceDirect, which were
selected for their extensive coverage of botanical,
ecological, and pharmacological literature.

In addition to peer-reviewed scientific articles,
information was gathered from local and interna-
tional botanical monographs, floras, field guides,
dissertations, and ethnobotanical reports, especial-
ly those addressing underexplored taxa of Central
Asia. Traditional medical texts were also examined
to trace the cultural and therapeutic use of Arthro-
phytum species by local populations.

Macroscopic investigations of Arthrophytum
longibracteatum employed classical botanical
methods. The analysis was based on herbarium
specimens collected during an expedition in June
2024. Plant collection followed the methodology
proposed by A.K. Skvortsov (1977). For speci-
men identification, key botanical references were
consulted. (Flora of Kazakhstan, 1956—1966;
1llustrated Guide to the Plants of Kazakhstan,
1969, 1972; Key to the Plants of Central Asia,
1968-1993). Nomenclature followed the stan-
dards established by S.K. Cherepanov (Cherepa-
nov, 1995). Updated floristic zoning schemes
were used to map species distribution in Kazakh-
stan (Aralbaev, 2002).

The criteria for source selection included:

- Descriptions or revisions of Arthrophytum tax-
onomy;

- Data on morphological features and anatomi-
cal adaptations;

- Information on ecological distribution, soil
preferences, and plant community structures;

- Results of phytochemical or pharmacological
studies;

- Records of ethnomedicinal use and conserva-
tion status assessments.
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Sources lacking methodological transparency
or based solely on unverified data were excluded to
maintain scientific rigor. When necessary, Russian-
and Kazakh-language publications were translated
and evaluated using the same criteria, as a significant
portion of the region’s botanical knowledge remains
unpublished in English. The literature review was
written in four thematic areas: taxonomy, interspe-
cific characteristics, morphological characteristics,
ecology with adaptive features, and pharmacologi-
cal potential.

The study of modern and traditional databases
gave us a comprehensive and multifaceted picture
of the genus Arthrophytum and revealed unexplored
areas and promising directions for future scientific
work.

Results and discussion

Morphological characteristics of the genus Ar-
throphytum

The morphological features of the genus Arthro-
phytum are characterised by opposite leaves that are
sessile and fused at the base, with a surface covered
with curly hairs. Plants of this genus often form
loose, cushion-like semi-shrubs with short, twisted
woody stems. Their knotty, lignified branches bear
numerous annual herbaceous shoots, which may be
simple or weakly branched, and almost entirely con-
ceal the flowers.

The genus Arthrophytum Schrenk comprises ap-
proximately 20 species, eight of which are native to
Kazakhstan. The taxonomic classification of the ge-
nus is as follows:

- Division: Magnoliophyta

- Class: Magnoliopsida

- Family: Chenopodiaceae

These are low-growing subshrubs or dwarf
shrubs exhibiting a wide variety of morphological
traits, particularly in the structure of their flowers,
leaves, and stems.

The flowers are small and bisexual, located in
the axils of bracts that resemble stem leaves. These
bracts are longer than the flowers themselves and
are accompanied by two smaller bracteoles. The
perianth is nearly spherical, consisting of five free,
almost rounded sepals. During fruit development,
wing-like structures form at the apex of the peri-
carp, which in some species are replaced by callus-
like thickenings. There are five stamens, which are
united into a disk surrounding the ovary. The margin
of the disk is thickened, glandular or fringed, often
with semicircular or bilobed protrusions. The an-
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thers bear small appendages on their upper side, and
the ovary has two stigmas. The seeds are positioned
horizontally and contain a spirally coiled embryo
(Stepanova & Safronova, 2019).

Morphological Characteristics of Arthrophy-
tum longibracteatum

Arthrophytum longibracteatum Eug. is a sub-
shrub species that, in some cases, forms loose,
cushion-like clumps. The central stem is shortened,
thickened, often curved, and displays well-devel-
oped branching. The woody branches are knotty,
with numerous annual herbaceous shoots develop-
ing at the nodes. These shoots are generally simple
or weakly branched and are almost entirely covered
with flowers.

The leaves at the lower part of the shoots are
thickened, needle-shaped, cylindrical, sharp, and
slightly curved, measuring 10—12 mm in length. The
bracts are lanceolate with an ovate base and are ap-
proximately twice as long as the flowers. The flow-
ers are grouped in six pairs per inflorescence; the
perianth is nearly spherical, about 1.5 mm in diam-
eter, with ovate, convex segments. The hypogynous
disc is shallow, cup-shaped, and lobed. Stamens
possess linear-subulate filaments and ovate anthers.
There are two styles with dissected, lanceolate stig-
mas that broaden at the apex.

Flowering and fruiting occur from June to Oc-
tober. The species grows on takyr (clay flats) and

Figure 2

stony plains of desert type, and is occasionally
found on saline sandy areas. It is distributed in the
Betpak-Dala region (lower reaches of the Sarysu
River), the Balkhash-Alakol region (valleys of the
Ili and Charyn rivers), as well as in Western China
(Kuldja area).

Figure 1
General view of Arthrophytum longibracteatum

Structure of the aerial shoot of Arthrophytum longibracteatum
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Figure 3
Flower structure of Arthrophytum longibracteatum

This species is closely related to 4. subulifolium
Schrenk but differs by having awl-shaped, spiny
bracts and leaves, as well as a generally shorter
overall height. It is considered a critical taxon and
is likely to represent an eastern race of 4. lehman-
nianum Bge. ex Litw.

Taxonomic Clarification Through Integrative
Evidence

This study presents a comprehensive compara-
tive analysis of three desert-adapted species—Ar-
throphytum longibracteatum, Arthrophytum bal-
chaschense, and Haloxylon aphyllum—combining
morphological, anatomical, and molecular genetic
data to resolve longstanding taxonomic uncertain-
ties. Of particular focus is the ambiguous placement
of A. balchaschense, whose classification within
Arthrophytum has historically been based on super-
ficial morphological traits rather than rigorous phy-
logenetic evidence.

The results are decisive: A. balchaschense
shows a consistent pattern of alignment with the ge-
nus Haloxylon across all data streams. Morphologi-
cally, its young shoots and fruit structures resemble
those of H. aphyllum far more than those of 4. lon-
gibracteatum. Anatomically, cross-sections of stem
tissue reveal nearly identical features between A.
balchaschense and H. aphyllum, particularly in epi-
dermal thickness and tissue layering. Most conclu-
sively, molecular analyses of nrITS and rps16 intron
sequences place A. balchaschense firmly within the
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Haloxylon clade, prompting its formal reclassifica-
tion as Haloxylon balchaschense (1ljin) Osmonali,
Veselova & Kudab.

An intriguing outlier, specimen B62 (Arthro-
phytum sp.), exhibited genetic signatures of both
genera, raising the possibility of a hybrid origin.
This finding hints at historical gene flow between
Arthrophytum and Haloxylon, warranting further in-
vestigation.

H. balchaschense is a narrow endemic, restricted
to Kazakhstan’s central-eastern North Turanian des-
erts, where it inhabits solonchak and rubbly desert
soils—an ecological preference consistent with other
Haloxylon species. This refined classification not
only clarifies phylogenetic relationships within the
Amaranthaceae but also contributes to more accurate
biodiversity assessment and conservation planning in
Central Asia’s arid zones (Osmonali et al., 2025).

Ecological Adaptations and Geographic Distri-
bution

In Kazakhstan, eight species of the genus Arthro-
phytum Schrenk (commonly known as “seksewil-
che”) are found, five of which are endemic, mean-
ing they occur exclusively within the country. This
genus is considered part of the Turanian mesophyte
group. One of its most remarkable representatives is
the endemic and relict species Arthrophytum pulvi-
natum Litv., a cushion-forming plant first described
by botanist D.I. Litvinov in 1913 (Polyakov, 1960;
Lavrenko, 1962; Gureeva & Balashova, 2013).
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The species 4. iliense, A. betpakdalense, A. ko-
rovinii, and A. pulvinatum are primarily distributed
in the Betpak-Dala and Balkhash-Alakol regions.
In contrast, A. lehmannianum exhibits the broadest
distribution range, occurring in seven floristic re-
gions, including the Emba, Mangyshlak, and Aral
Sea areas (Vintergoller, 1970). 4. lehmannianum is
a steppe desert halophyte with a fragmented range.
Currently, its distribution extends from 52°30" to
83°E longitude, although until recently its northern
boundary did not exceed 50°N latitude. This discov-
ery broadens our understanding of the ecological
tolerance and distribution potential of Arthrophytum
species, contributing to general knowledge on plant
adaptation to arid environments (Usen et al., 2024).

In the works of Usen S. and co-authors, herbari-
um data from the period 1935-1960 are cited, during
which more than 60% of specimens were collected
by expeditions led by prominent Soviet botanists. A
significant contribution was made by Z.V. Kuban-
skaya, who is credited with approximately 20% of
the collected specimens.

Herbarium data reveal the highest concentra-
tion of Arthrophytum species in the Betpak-Dala
region (6 species, 27 specimens), followed by the
Balkhash-Alakol region (4 species, 48 specimens)
and the Dzhungarian Alatau (4 species, 6 speci-
mens) (Vintergoller, 1970).

Ecological studies of Arthrophytum iliense have
revealed significant adaptations to various types of
arid soils and landscapes. This species demonstrates
high ecological plasticity, thriving in a wide range
of environmental conditions.

Typically, 4. iliense forms communities on light
gypsiferous loamy soils of arid-denudation pla-
teaus. Interestingly, it is also found in association
with Nanophyton erinaceum on weakly gypsiferous
soils. In desert environments, A. iliense often domi-
nates monodominant plant communities on gypsif-
erous soils, growing alongside perennial halophytes
such as Salsola orientalis and S. arbusculiformis.
Field observations show the species is well adapted
to eroded, gravelly-gypsum loamy soils. 4. iliense
frequently forms mixed thickets with Arthrophy-
tum longibracteatum on extremely dry stony plains.
These communities are often adjacent to shrub as-
sociations (Caragana balchashensis, Atraphaxis
replicata, etc.) that grow on meadow-brown soils
along ephemeral watercourses. Such a distribution
highlights the remarkable ecological flexibility of 4.
iliense, which is capable of establishing on poorly
developed slope soils in canyon systems (Sultanova
et al., 2020).

Our study also revealed an important biogeo-
graphic anomaly of the Chenopodiaceae family in
Central Asia. The localized distribution of three Ar-
throphytum species (A. balchaschense, A. iliense, A.
longibracteatum) in the Junggar-Turan desert zone
west of northern Kashgar suggests a relict distri-
bution pattern. A shared evolutionary background
is hypothesized with genera such as Nanophyton,
Petrosimonia, Londesia, Camphorosma, and Cera-
tocarpus. These findings underscore the importance
of continued interdisciplinary research in the region
(Grubov, 2000).

Arthrophytum schmittianum: A Promising
Source of Antioxidant and Antimitotic Activity.

Among the species of pharmacological inter-
est, Arthrophytum schmittianum (family Cheno-
podiaceae) stands out as a regional endemic of El
Bayadh, Algeria, traditionally used in folk medi-
cine. Recent investigations have focused on the
methanolic and tannin-rich extracts from various
plant parts. These studies assessed total pheno-
lic content, antioxidant activity using the DPPH
method, and antimitotic effects on Allium cepa L.
root tips (Dif et al., 2022). Phytochemical screen-
ing revealed considerable variation in phenolic
concentrations across plant tissues. The ethyl ac-
etate fraction of the bark demonstrated the high-
est antioxidant potential (ICs, = 0.16 mg/mL).
Meanwhile, the methanolic extract from twigs
showed significant antimitotic activity, inhibiting
root growth by 47%. Importantly, hemolytic assays
indicated low toxicity for A. schmittianum extracts
in concentrations ranging from 50-250 pg/mL (p >
0.05). Only at 500 pg/mL was a minor increase in
hemolysis (1.42%) observed. These results suggest
that 4. schmittianum is a promising candidate for
further study as a natural source of bioactive com-
pounds. In-depth research on its essential oil com-
position and broader pharmacological spectrum is
warranted (Zohra & Fawzia, 2014).

Arthrophytum scoparium: A Valuable Target
for Phytochemical and Pharmacological Research.

Arthrophytum scoparium — a halophytic species
native to the deserts of North Africa, has attracted
attention for its remarkable ability to survive in
extreme environmental conditions—such as water
scarcity and intense solar radiation. As a result, it
synthesizes an array of bioactive molecules widely
utilized in traditional medicine to treat ailments, in-
cluding headaches, migraines, and neurological dis-
orders.
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Modern studies have identified several biologi-
cal activities of A. scoparium extracts, including
antioxidant effects, neuroprotective action, mela-
nogenesis inhibition, and antidiabetic potential. The
present review summarizes key findings related to
the plant’s therapeutic applications. According to
the IUCN (2005), traditional preparations combine
powdered fruits and stems with fatty bases to pro-
duce poultices effective against fungal skin infec-
tions, indicating the plant’s potential for antifungal
therapy (Othman et al., 2021).

High-performance  liquid chromatography
(HPLC) analysis of 4. scoparium extracts identified
the following main bioactive constituents: p-Cou-
maric acid, cinnamic acid, chrysoeriol, catechol.
In addition, the plant contains cyanidin and caf-
feoylquinic acid, expanding its pharmacological po-
tential.

Of special interest is the plant’s rich alkaloid
profile, which includes salsolinol, isosalsolinol, N-
Methylisosalsolinol, salsolidine. These compounds
suggest possible neuroprotective and psychotropic
activities, opening avenues for drug development.
A. scoparium is, therefore, a compelling candidate
for continued phytochemical and pharmacological
investigations to develop new pharmaceuticals and
nutraceuticals (Belabdelli et al., 2023).

Among its many features, 4. scoparium is par-
ticularly noted for its antioxidant capacity. Studies
evaluating various extracts from the aerial parts of
the plant identified high levels of phenolics, flavo-
noids, and tannins. The hydro-methanolic (ASE)
and ethyl acetate (EAE) extracts exhibited the
most pronounced antioxidant effects. ASE showed
intense activity in both DPPH and ABTS assays
(ICso = 0.045 and 0.0017 mg/mL, respectively),
while EAE demonstrated 83.29% inhibition in the
B-carotene/linoleic acid leaching test. In vivo results
supported these findings: daily administration of
ASE reduced lipid peroxidation and increased he-
patic glutathione (GSH) levels. These results vali-
date the traditional use of the plant in treating in-
flammation and oxidative stress-related conditions
(Kaddour et al., 2019).

Research by Smach M.A. et al. demonstrated
the neuroprotective effects of 4. scoparium aqueous
extract (ASAE) against galactose-induced neurotox-
icity in a mouse model. Chronic galactose exposure
led to cognitive impairment, increased malondialde-
hyde (MDA) levels, and elevated acetylcholinester-
ase (AChE) activity—indicative of oxidative stress.
In contrast, administration of ASAE (300 mg/kg)
reduced these markers, improved memory perfor-
mance, and decreased AChE activity. These results
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highlight the plant’s potential in managing neurode-
generative disorders (Smach et al., 2020).

In a study by Chao H.C. et al. (2013), ethanolic
extracts of 4. scoparium (ASEE) inhibited mela-
nin synthesis in B16 murine melanoma cells by
downregulating tyrosinase and other melanogenic
genes (Tyr, Trp-1, Mitf, and MclIR). The active
compounds—p-coumaric acid, catechol, and caf-
feoylquinic acid—support the plant’s potential use in
cosmeceuticals targeting hyperpigmentation (Chao
etal., 2013).

Extracts of A. scoparium have shown vigorous
inhibitory activity against a-glucosidase, a key en-
zyme in carbohydrate metabolism. Boubrima Y. et
al. (2018) reported that its phenolic extracts had the
lowest 1Cso (5.02 uM) among the tested Saharan
plants, indicating promising applications in the de-
velopment of antidiabetic agents aimed at manag-
ing postprandial blood sugar levels (Boubrima et al.,
2018).

The results of this review underscore the ecolog-
ical, morphological, and pharmacological unique-
ness of the genus Arthrophytum, particularly in the
context of arid and semi-arid ecosystems of Central
Asia and North Africa. The adaptive strategies ob-
served across several species—including cushion-
forming growth forms, gypsophily, and reduced
leaf morphology—highlight a clear evolutionary re-
sponse to extreme abiotic stressors such as salinity,
drought, and high solar radiation. These adaptations
are consistent with broader patterns found in desert
halophytes of the family Chenopodiaceae.

The endemic status of five Arthrophytum spe-
cies in Kazakhstan and their confinement to specific
floristic regions such as Betpak-Dala and Balkhash-
Alakol further support the genus as a key indicator
of regional biodiversity and environmental stability.
The relict nature of species such as A. pulvinatum
and the fragmented distribution of A. lehmannianum
reflect a complex evolutionary and biogeographical
history shaped by climatic shifts and edaphic spe-
cialization. Herbarium records from the Soviet era,
validated by recent field data, confirm consistent
species distributions and offer a valuable baseline
for future monitoring.

The taxonomic clarification of 4. balchaschense
as Haloxylon balchaschense, supported by morpho-
logical, anatomical, and molecular evidence, marks
a significant step in resolving long-standing system-
atic ambiguities within the Amaranthaceae s.l. This
integrative approach underscores the importance of
combining classical taxonomy with molecular phy-
logenetics, particularly for underexplored desert
taxa.
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Species of the genus Arthrophytum belong to
halophytes, i.e. plants adapted to growing in high sa-
linity conditions. It is known that in response to stress
factors such plants are able to accumulate significant
amounts of primary and secondary metabolites. These
compounds are of medical interest because of their
diverse bioactive properties, including antioxidant,
antimicrobial, anti-inflammatory and anti-tumour ac-
tivity (Custodio et al., 2022; Ksouri et al., 2012).

According to thorough scientific studies, halo-
phytes are considered as promising sources of phe-
nolic compounds with significant potential for med-
ical and pharmacological applications (Lopes et al.,
2023).

From a pharmacological perspective, species
such as A. schmittianum and A. scoparium demon-
strate substantial therapeutic promise. Documented
antioxidant, antimitotic, neuroprotective, and anti-
diabetic activities—correlated with high levels of phe-
nolics, flavonoids, and specific alkaloids—make these
species compelling candidates for the development of
novel phytotherapeutics. The bioactivity of ethyl ac-
etate and methanolic fractions, as shown in multiple
assays (e.g., DPPH, AChE inhibition, melanogenesis
suppression), suggests a chemically diverse metabo-
lome adapted for survival under oxidative stress,
which may also be pharmacologically exploitable.

Importantly, the presence of both traditional me-
dicinal uses and scientifically validated bioactivity
in these species illustrates the value of ethnobotani-
cal knowledge as a foundation for modern pharma-
cognostic research. However, the lack of standard-
ized extraction methods, limited in vivo testing, and
insufficient toxicity profiling remain obstacles to
clinical translation.

According to ecological data, A. iliense stands
out as an adaptive plant that grows on a wide range
of soil types and in various plant communities. Its
ability to grow in poorly developed soils and saline
environments and to adapt to arid ecosystems dem-
onstrates its ecological significance.

The review data show that the genus Arthrophy-
tum is the subject of in-depth interdisciplinary re-
search. Its ecological role, systematics, and pharma-
cological potential are directing researchers’ efforts
towards preserving genomic, metabolomic, ecologi-
cal, and pharmacognostic data for better understand-
ing and practical application.

Conclusion

The genus Arthrophytum is a group of semi-
shrubby plants with a high degree of adaptation to

extreme environmental conditions. Their unique
morphological and anatomical features demon-
strate their adaptation to salty, poorly developed
soils and highlight their ecological significance
and evolutionary activity. Species with endemic
characteristics and relict distributions require spe-
cial attention, and measures should be taken to pre-
serve them.

A multifaceted analysis of the genus, including
herbarium, morphological, anatomical, and molecu-
lar data, clarified systematic ambiguities in the case
of A. Balchaschense, resulting in its phylogenetic
reclassification from Arthrophytum to the genus
Haloxylon. This once again proves the need for an
integrative approach in taxonomic studies.

In addition, species of the genus Arthrophy-
tum are promising subjects for pharmacognostic
research. The presence of antioxidant, antimitotic,
neuroprotective, and antidiabetic activity and high
content of biologically active substances makes it a
potential natural source for medicines. Particularly
promising are A. schmittianum and A. scoparium,
whose bioactive compounds may serve as a founda-
tion for the development of novel phytopharmaceu-
ticals and nutraceuticals.

Thus, Arthrophytum should be regarded not
only as a vital component of Central Asian and
North African desert biodiversity but also as a valu-
able source of natural compounds with significant
applied potential. Future research should focus on
in-depth phytochemical profiling, pharmacological
characterization, and elucidation of adaptive mecha-
nisms, alongside the development of strategies for
the conservation and sustainable utilization of these
plants.
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NEW LOCALITIES OF RARE FLORA SPECIES
IN THE KAZAKH PART OF THE KYRGYZ ALATAU RANGE

The Kyrgyz Alatay, located at the junction of the Northern and Western Tien Shan ranges, forms an
ecotonal zone between the Chuy Valley to the north and the Kochkor, Susamyr, and Talas valleys to
the south. Its border position between different orographic and climatic regions determines the mosaic
nature of landscapes and, consequently, the high diversity of various geo-elements within the flora.Ac-
cording to recent studies, the flora of the Kyrgyz Alatay (within Kazakhstan) includes 1,473 species of
vascular plants, belonging to 504 genera and 94 families, which represents almost 50% of the species
of the Northern Tien Shan flora as a whole. To date, between 41 and 46 rare species included in the na-
tional Red Book have been recorded in the Kazakh (western) part of the range by various authors, five of
which are endemic to the Kyrgyz Alatay.Field research conducted in 2022-2025 led to the identification
of 15 new localities of rare species in the Kazakh part of the Kyrgyz Alatay. Most species are threatened,;
however, some taxa, such as Allium suworowii, Celtis caucasica, Pyrus regelii, and Zabelia corymbosa,
form stable local populations.

The obtained results supplement the information on the distribution and status of populations of rare
species in the flora of the western part of the Kyrgyz Alatay and emphasize the need to continue monitor-
ing in this biogeographically significant ecotonal region.

Keywords: Kyrgyz Alatau Range, rare species, flora.
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'boTaHuKa >keHe (PUTOUHTPOAYKUMS MHCTUTYTbI, AAMaThbl, KasakcraH
2OcHabpiok yHuBepcuTeTiHiH boTaHnkaabik 6arbl, OcHabpiok, FepmaHms
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KasakcraH 6eairinaeri KbipFbi3 AAaTaybl XKOTACbIHbIH,
cMpek Ke3aeceTiH paopa TypAepiHiH, )XaHa TapaAy HyKTeAepi

KbipFbi3  AaaTaybl COATYCTiK >e8He batbic TaHb-LLlaHb >KOTaAapblHbIH TYMiCKEH TyCblHAQ
OpHaAacKaH >kaHe COATycTirinae Ly aakabbl mMeH oHTycTirinae Kokop, Cycambip >eHe Taaac
aAKanTapbl apacbiHAAFbl 3KOTOHABIK, aiMak, 60AbIN TabbiraAbl. OHbIH 8PTYPAI OporpacmsAbIK, XKXeHe
KAMMATTbIK, aiMakKTap LiekapacblHAQ OpPHaAaCybl AaHALIATTAPAbIH MO3aMKaAbIK, KYPbIAbIMBIH >KeHe
HaTuXXeciHAe AOpa KypamblHAAFbl BPTYPAI F€OIAEMEHTTEPAIH >KOFapbl SPTYPAIAITIH aHbIKTaRAbI.
Kasipri3epTTreyaepre carikec, Kbiprbl3 AaataybiHbiH (Ka3akcraH ayMarbiHAQ) haopackl 504 TykbiIMAACKa
XartatbiH 1 473 >Kofapbl caTblAbl 6CIMAIK TYpiH KaMTunabl, 6yA CoATycTik TsaHb-LLlaHb chAopachiHbIH
XKaAMbl TYPAepiHiH wamameH 50%-biH Kypanabl. Kasipri TaHaa >koTaHblH KasakcTaHaarbl (6aTbic)
GoAiriHae apTypAi aBTOpAap pecnybAnkanbik, Kpi3biA KiTanka eHreH 41-46 cUpek Ke3AECETIH TYpAi
aHbIKTaraH, oAapAblH 5-eyi KbIprbi3 AAaTayblHa SHAEMMK OOAbIM TabblAaAbl. 2022-2025 >KbIAAQPDI
XKYPprisiareH aana 3eptreyaepi KasakcraH 66AiriHAe cMpek Ke3AECETIH TYPAEPAIH 15 XaHa ecin wbiry
HYKTECIH aHblKTayFa MYMKIHAIK Gepai. KenTereH Typaep kayin-katep actbiHAa 6oaca aa, Allium
suworowii, Celtis caucasica, Pyrus regelii )xeHe Zabelia corymbosa cnsakTbl keibip TakcoHAap TypaKTbl
XKEPriAiKTi MonyAsumMsIAapAbl KAbINTACTblpaAbl. AAblHFaH HaTuxeAep KbipFbl3 AAartaybiHblH 6aTbiC
GOAIriHiH, (hAOpaCbIHAAFbI CUPEK KE3AECETIH TYPAEPAIH TapaAybl MEH MOMYyASUMS >KarFAaibl TYPaAbi
MOAIMETTEPAI TOABIKTbIPbIN, OMOreorpausAbIK, MaHbi3bl 6ap 3KOTOHAbIK, ©HIpAE MOHWTOPUHITI
YKaAFaCTbIpy KQXKeTTIriH atan kepceTeAl.

Tyiiin ce3aep: Kbiprbi3 AAaTtaybl XKOTachl, CUPEK Ke3AeceTiH Typ, chaopa.
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HoBble MeCTOHaX0XXAeHUSs peAKUX BUAOB (hAOPDI
Ka3axcTaHCKoM Yactu xpebTa Kuprusckoro Aaaray

Kunprmsckmin Aaatay, pacroAOXKeHHblii Ha cTbike xpe6ToB CeBepHoro u 3anaaHoro Taxb-LLlaHg,
npeACTaBAsieT COH60M 3KOTOHHYIO 30HY MeXKAY Yyrickon AoAMHOM Ha ceBepe 1 Koukopckoi, Cycamblp-
ckoi 1 Taaacckom AOAMHaMM Ha tore. Ero norpaHmyHoe noAo>KeHne MexkAy pasAMuHbIMK oporpadu-
YEeCKMMU U KAMMaTUUYECKUMM permoHamm o0yCAOBAMBAET MO3aMUYHOCTb AQHALLA(DTOB M KaK CAEACTBME
BbICOKOE pa3HOOOpasmne pasAnYHbIX re0dAeMeHTOB B cocTaBe (hAopbl. COrAacCHO COBpPEMEHHbIM UC-
caepoBaHusaM, aopa Kuprusckoro Aaatay (B npeaeaax KasaxcrtaHa) HacumTbiBaeT 1 473 Buaa co-
CYAMCTBIX pacTeHnin, oTHocsawmxcst K 504 poaam 1 94 cemerictBam mAm noyutn 50 % OT BUAOB (DAOPbI
CeBepHoro TaHb-LLIaHs B ueAoM. Ha HacTosimini MOMEHT B Ka3axCTaHCKOM (3anaaHon) vacTtu xpebra
pasHbIMK aBTOPaMM OTMeUEeHO OT 41 A0 46 peAKMX BUAOB, BKAIOUEHHbIX B pecrnybAnkaHckyto KpacHyto
KHUTY, 5 13 KOTOPbIX SBASIIOTCS 3HAEMWUHbIMU AAS Knprusckoro Aaartay. [oAeBble MCCAeAOBaHMS,
nposeaéHHble B 2022-2025 rr., NO3BOAMAM BbISIBUTb 15 HOBbIX MECTOHAXOXAEHUN PEAKMX BUAOB B
KazaxcraHckom vactn Kuprusckoro Aaatay. BOABLUMHCTBO BMAOB HaxOASTCS MOA YrpO30M, OAHAKO
OTAEAbHble TakCOHbI, Takune Kak Allium suworowii, Celtis caucasica, Pyrus regelii u Zabelia corymbosa
hopMUPYIOT CTabUAbHbIE AOKaAbHblE MOMYASUMK. [ToAyUEHHbIE pe3yAbTaTbl AOMOAHSIOT CBEAEHUS O
pacnpoCTpaHEHNM N COCTOSIHUM MOMYASLMIA PEAKMX BUAOB (hAOpPbI 3anaaHOM vacTh Kuprusckoro Aaa-
Tay M NOAYEPKMBAIOT HEOOXOAMMOCTb MPOAOAXKEHNSI MOHUTOPUHIA B 3TOM 61oreorpacmyecku 3Haum-

MOM 3KOTOHHOM permoHe.

KatoueBble croBa: xpebeT Knprusckuin Aaaray, peakui Bua, aopa.

Introduction

According to the botanical and geographical
zoning of Kazakhstan, the Kyrgyz Alatay belongs
to the Kyrgyz Mountain subprovince of the Jungar—
North Tien Shan province, within the Iran—Turan
subregion of the Saharo-Gobi Desert region (Rach-
kovskaya, 2003). It forms an ecotonal belt that sepa-
rates the Chuy Valley to the north from the Kochkor,
Susamyr, and Talas valleys to the south, situated be-
tween the ranges of the Northern and Western Tien
Shan.

This border position of the Kyrgyz Alatay be-
tween different orographic and climatic regions
determines the high mosaic structure of landscapes
and the significant diversity of its natural complex-
es. In turn, this promotes the coexistence in the flora
of both distinct geo-elements (desert, steppe, and
mountain) and entire floristic complexes, resulting
in a high level of botanical diversity and ecotonal
character. Therefore, the Kyrgyz Alatay range holds
important biogeographical significance, particularly
in the context of botanical and geographical zoning.

According to recent data, the flora of the Kyrgyz
Alatay comprises at least 1,473 species of vascu-
lar plants, belonging to 504 genera and 94 families
(Zhaylybayeva, 2024). Of the total number of high-
er vascular plant species of the Northern Tien Shan

(Baitenov, 1985), 49.9% are represented in the flora
of the Kyrgyz Alatay.

Turning to the discussion of the rare species of
the Kyrgyz Alatay flora, it should be noted that,
according to Mukhtubayeva S.K. (Mukhtubayeva
etal., 2017), 41 rare species listed in the Red Book
of the Republic of Kazakhstan (Red Data Book of
Kazakhstan, 2014) are found in the flora of its Ka-
zakh part. In the dissertation study by T.M. Mu-
ratova, “Analysis of the Flora of the Western Part
of the Kyrgyz Alatay” (Zhaylybayeva, 2024), in-
formation is provided for this territory on 46 rare
Red Book species. In addition, the Kyrgyz Alatay
hosts five endemic plant species (Kubentayev et
al., 2024).

The aim of the present study was to identify new
localities of rare plant species in the Kyrgyz Ala-
tay and to clarify information on their status. One
of the key motivations for this research was the es-
tablishment in 2025 of the regional state nature park
(hereinafter RSNP) “Merke” within the study area,
which was granted the status of a specially protected
natural area. The park covers an area of over 86,000
hectares. Its creation opens new opportunities for
the development of ecotourism and sustainable na-
ture management based on enhancing the level of
environmental education among the population, in-
cluding the conservation of rare plant species.
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New localities of rare flora species in the kazakh part of the Kyrgyz Alatau range

Materials and methods

The objects of the study were rare plant species
identified during field research conducted in 2024—

Figure 1
Rare species of the Kyrgyz Alatau
(A — Armeniaca vulgaris Lam., B — Pistacia vera L., C — Pyrus regelii Rehder, D — Sorbus persica Hedl)

2025 within the kazakh part of the Kyrgyz Alatay
range. In addition, the list of new rare species in-
cludes previously unpublished points discovered
during expedition trips in 2022.

Figure 2
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Rare species of the Kyrgyz Alatau

(A — Allium longicuspis Regel, B — Allium margaritae B. Fedtsch., C — Allium renardii Regel,
D — Allium suworowii Regel, E — Arum korolkowii Regel,

F — Juno coerulea (B. Fedtsch.) Poljakov, G — Tulipa greigii Regel)
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New localities of rare flora species in the kazakh part of the Kyrgyz Alatau range

Standard floristic and cartographic research
methods were employed during the fieldwork. The
collection and processing of herbarium material fol-
lowed the methodology of I.I. Guryeva (Guryeeva,
2013). Plant species identification was carried out
based on the 9-volume edition Flora of Kazakh-
stan (Pavlov, 1956-1966) and the Illustrated Iden-
tification Guide (Goloskokov, 1969-1972). Species
names were aligned with current botanical nomen-
clature data using online resources: Plantarium.ru
and Plants of the World Online (POWO) (Plantar-
ium, 2007-2026; POWO, 2026).

For mapping the localities of rare plant species
in the kazakh (western) part of the Kyrgyz Alatay
range, QGIS 3.40 software was used (accessed on
January 16, 2026; https://qgis.org).

Results and discussion

In the course of field research conducted in
the fall of 2024 and spring of 2025 as part of the

Table 1
Rare species of the Kyrgyz Alatau

implementation of grant AR23484591 ““Compre-
hensive research (floristic, molecular genetic and
resource) on the Allium L. genus of the Kyrgyz
Alatau cross-border range — a scientific founda-
tion for the management of the region’s natural
resources”, as well as on the basis of our own ob-
servations in 2022, new localities of 15 rare spe-
cies of flora of the Kyrgyz Alatau were identified.
Of these, 11 species are included in the Red Book
of the Republic of Kazakhstan (Red Data Book
of Kazakhstan, 2014) and 13 are included in the
Regional Red Book of the Zhambyl region (Red
Data Book of Zhambyl region, 2007), which indi-
cates the high local value of these taxa. In addi-
tion, the list below includes 2 rare species for the
flora of the Kyrgyz Alatau.

Here is a list of new localities of rare (within
Kazakhstan) species of the Kyrgyz Alatau with an
indication of administrative districts, gorges and al-
titude. In accordance with the recorded coordinates,
maps of their habitats were formed (Figure 3).

Ne Species Habitats

Is there a
threat to the
Kyrgyz Alatau?

Note

Species included in the Red Book of the Republic of Kazakhstan (2014)

29.09.2022

Aktiken Gorge, within the territory of the Merken

RSNP, height 1361 m a.s.l.

Armeniaca

vulgaris Lam.  RSNP, height 1390 m a.s.1.

Aktiken Gorge, within the territory of the Merken

Places of natural growth are
limited

Aktiken gorge, within the territory of the Merken

RSNP, height 1462 m a.s.l.

T. Ryskulovsky district, Makpal gorge, 1100 m a.s.1.

Turar, Ryskulov district, Makpal gorge.

03.05.2025.

5 Allium suworowii - attityde 1182 m a.s.l.
Regel

It has an anthropophilic
character

Turar Ryskulov district, Syugaty gorge. 03.05.2025.

Altitude 1270 m a.s.1.

T. Ryskulov district, Makpal gorge (1260 m,

Arum korolkowii

1100m)
Regel

w

(2 locations)

+ Narrow stenotopic appearance

01.10.2022

Celtis caucasica
Willd.

S

RSNP high. 1260 m
Zhambyl district, Makpal gorge

Aktiken gorge, within the territory of the Merke

It is not uncommon, including
on the territory of RSNP
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Continuation of the table

Is there a
Ne Species Habitats threat to the Note
Kyrgyz Alatau?
Juno coerulea  04.05.2025
o Places of natural growth are
5 (B. Fedtsch.)  Turar, Ryskulov district, Syugaty gorge (2 + limited
Poljakov locations) (1028 m, 1000 m)
6.05.2025 ) )
L o ) It is found only in the western
6  Pistacia vera L.  Zhambyl district, Uzynbulak gorge (height 1100 m), + part of the range
Syugaty (1021 m)
i 29.09.2022
7 irft)Z:r(r)zZZa o ) N Gathering by the local
o Merke quge, within the territory of the Merke population for bouquets
-A.Mey. RSNP, height 1382 m a.s.l.
06.05.2025 Collectiop of bulbs by the local
8 Tulipa greigii o . population and for bouquets
Regel Zhambyl district, Tastambek gorge (1113 m), (numerous diggings were found
Karasai gorge (1300 m.) in the Almaly-Sai gorge)
9 Sorbus persica 06.05.2025 N Places of natural growth are
Hedl Zhambyl district, Tastambek gorge (1100 m) very limited
29.09.2022 1.
Aktiken Gorge, within the territory of the Merke
Malus sieversii RSNP. helght 1375 m a1 Places of natural growth are
10 (Ledeb.) M. Aktiken Gorge, within the territory of the Merke + very limited
Roem. RSNP, height 1390 m a.s.1.
Aktiken gorge, within the territory of the Merke
RSNP, height 1480 m a.s.l.
Zabelia 21.09.2022 1.
corymbosa Aktiken Gorge, within the territory of the Merken It is not uncommon. includin
1 (Regel &  RSNP, height 1390 m a.s.l. - on the torritory of the RSNPg
SChT:,ﬂh’) Aktiken gorge, within the territory of the Merken
Makino RSNP, height 1480 m a.s.l.
Species also included in the Red Book of Zhambyl region (2014)
Allium Turar Ryskulovsky district, Syugaty gorge. .
+
12 longicuspis Regel 27.08.2024, altitude 1170 m a.s.L. New location
13 Pyrus regelii ~ 04.05.2025 3 It is not uncommon, including
Rehder Turar Ryskulovsky district, Makpal gorge (1100 m) on the territory of RSNP
Rare species of flora of the Kazakh part of the Kyrgyz Alatau range
Allium 26.08.2024. Zhambyl region, Zhambyl district,
14 margaritae B.  Ulken Almalysay gorge, southern slope. + Places of nleilrtrlllirtildgmwm are
Fedtsch. Altitude 1200 m a.s.1
Allium renardii 21.08.2025. Merke district, south of the village of
15 i renardit Aktogan, the valley of the Molaly River, the Molaly + New location

Regel

Gorge. Altitude 1911 m a.s.l.

Note: The symbol «+» indicates that there is a threat to the survival of the species, while the symbol «—» indicates that there is no
such threat.
RSNP* — Regional State Nature Park
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Most of the rare species listed in Table 1 are
threatened within the Kyrgyz Alatay; therefore,
the establishment of the RSNP “Merke” is of
great importance for their in situ conservation. At
the same time, species such as Allium suworowii,

Figure 3
Map of the location of rare species of the Kyrgyz Alatau

Celtis caucasica, Zabelia corymbosa, and Pyrus
regelii do not show immediate threats to their sur-
vival in this territory, which may indicate stable
local populations or favorable ecological condi-
tions.

A separate note should be made regarding three
representatives of the genus Allium L. Firstly, Alli-
um sativum L. (Allium longicuspis Regel), which is
included in the Regional Red Book of the Zhambyl
Region (Red Data Book of Zhambyl region, 2007).
During the autumn field expeditions of 2024 in the
Kyrgyz Alatay, one population of this species was
discovered (Table 1). Its small size is largely due
to local harvesting of the plant for food purposes.
Secondly, during field research conducted under the
grant project AR23484591, new localities of two
additional onion species were identified in the Kyr-
gyz Alatay: Allium margaritae (autumn 2024) and
Allium renardii (autumn 2025). The rarity status of
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A. renardii for this region and for Kazakhstan as a
whole requires further clarification (Gemejiyeva et
al., 2025; Vesselova et al., 2025).

Conclusion

In summary, it should be noted that the Kyr-
gyz Alatay is one of the key transboundary eco-
tonal territories for the conservation of rare plant
species in Kazakhstan. The significant number of
rare species found in the flora of this range dem-
onstrates its high floristic uniqueness and con-
firms the need for further scientific, including
monitoring, research.



P.V. Vesselova et al.
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Aemopnap mypanst manimem:

I1.B. Becenosa — 6uonoeus 2vinblmoapuinbly Kanouoamul,npogheccop bomanuxa owcone umounmpooykyus uncmumymuol
JKozaper ecimoixmep ¢uopacwi sepmxanacwiniy meneepyuiici (Aimamet, Kasaxeman, e-mail: pol _ves@mail.ru).

I'M. Kyoabaesa — 6uonozcus evliblmoapwinsly kanouoamol, npogeccop Bomanuka scone gumounmpodykyus uncmumymeol
JKozaper ocimoixmep gpropacel 3epmxanaceinly JcemeKkuti 2vliblmu Kbizmemrepi (Aimamol, Kazaxceman, e-mail: kgm_anita@mail.
ru).

H.II. A60undanoe — Bomanuka dicone umounmpoOyKyust UHCIMUMYMmbl Jc02apbl 0CIMOIKmMep (hropacsl 3epmxanacblibly
evLbimu Kbismemrepi (Aimamot, Kasakeman, e-mail: abdildanov0O@mail.ru).

H.B. @pusen — buonocus evlivimviiwiyy 0okmopol, npogeccop, Ocnabpiox bomanuxansik 6azei, Ocnabpiox ynusepcumemi
(Ocnabpiox, I'epmanus, e-mail: nfriesen@uni-osnabrueck.de).

A.X. Kenecbaii — ocimoix OyHueci Kadacmpul 3epmxanacbiHbly Kitdi 2bliblMu Kblzmemiepi, bomanuka scone pumounmpooykuyust
uncmumymul (Aimamet, Kazaxcman, e-mail: akerke kenesbai@mail.ru).

P.K. Axmemowcanosa — dcosapvi ocimOikmep Gropacvl 3epmxanacviubly Kiwli blibiMu Kbizsmemkepi, Bomanuxa cone
umounmpooykyus uncmumymol (Aimamet, Kazaxeman, e-mail: ramina.akhmetzhanova@bk.ru).

O.M. Macnosa — pexpeayuanvly, ceocpaghus, mypusm dHcoHe auMAaKmolk MapKemuHz KageopacviHbly aea OKbIMYUbICH,
Teoepaghus ¢haxynomemi, Anmaii memnexemmix ynusepcumemi (bapuayn, Peceil, e-mail: maslova@geo.asu.ru).

Ceeoenun 06 agmopax:

Becenosa Ilonuna Bacunvesna — k. 0. H., npogheccop, 3asedyiowjasn rabopamopueii ¢nopul svicuiux pacmenui HMuncmumyma
bomanuxu u pumounmpooykyuu (Aimamet, Kazaxcman, e-mail: pol ves@mail.ru).

Kyoabaesa I'viomupa Maynemosna — k. 6. H., npogheccop, 6e0yuuii HayuHwlli COmpyOHUK 1abopamopuu ropsl 6biCUUX
pacmenuti Uucmumyma 6omanuxu u gpumounmpooykyuu (Aimamet, Kasaxcman, e-mail: kgm_anita@mail.ru).

A60ounoanoe [aynem I[llapunxanosuu (asmop-koppecnonoenm) — HayuHbulili COMPYOHUK Jabopamopuu ¢huopsl GbiCuUx
pacmenuti Hucmumyma 6omanuxu u pumounmpooykyuu (Armamet, Kasaxcman, e-mail: abdildanov00@mail.ru).

@Dpuzen Huxonau Baremeposuu — 0. 0. ., npogheccop bomanuueckoeo caoa Ocnabproxckoeo ynugepcumema (Ocnadpiox,
Tepmanus, e-mail: nfriesen@uni-osnabrueck.de).

Kenecoaii Axepxe Xasccvimypamosna — maaowiuil HAYUHuLL COMPYOHUK 1a60pamopuu Kaoacmpa pacmumenbHo20 Mupa
Hnemumyma 6omanuku u pumounmpodyxyuu (Anmamol, Kazaxcman, e-mail: akerke kenesbai@mail.ru).

Axmemoicarnosa Pamuna Kanamoena — maaowuil HayuHslti compyoHux aabopamopuu guopel vicuiux pacmenuti Mnemumyma
bomanuxu u pumounmpooykyuu (Aimamet, Kazaxcman, e-mail: ramina.akhmetzhanova@bk.ru).

Macnosa Onvea Muxaiinogna — cm. npen. Kagheopvl pekpeayuoHHol ceoepaghuu, mypusma u pecuoHaIbHO20 MapKemuned,
2eozpaghuueckuil paxyivmem, Anmatickuti 2ocyoapcmeennuiii yuusepcumem (bapnayn, Poccus, e-mail: maslova@geo.asu.ru).

Iocmynuna 17 ansaps 2026 cooa
Hpunama 25 mapma 2026 200a
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BAKTEPUAAADI LEAAIOAO3A -
TYPAKTbI TAFAMADIK KATNTAMATA APHAATAH
BUObBIAbIPAUTbIH MATEPUAA

Baktepuanabl  ueaatono3a  (BL)  >koFapbl  Ta3aAblfbl, HAHOMPUOPUAASIPABIK,  KYPbIAbIMbI,
OGUMOCOMKECTIr  KoHe (YHKUMOHAAABIK, MOAMMUKALUMS  MYMKIHAIM  apKacbiHAQ  6GUObIAbIPAATHIH
Karnrtama mMaTeprasAapbliH 93ipAey YILiH NepcnekTMBaAbl GUOMOAMMED PETIHAE KapacTbipbiAaabl. Ocbl
LUOAYAbIH MaKcaTbl — BLL aAy aaicTepiHe, OHbIH (hM3MKa-MEXaHMKAABIK, XKOHE TOCKAYbIAAbIK, (GapbepAiK)
KacueTTepiHe, (PyHKUMOHAAM3ALIMS TOCIAAEPIHE, COHAAM-AK, GEACEHA] KOHE MHTEAAEKTYaAAbI TaFAMABIK,
KarnTamaaa KOAAAHBIAYbIHA KATbICTbl 3aMaHayu 3epTTeyAepAi Taasay.

Oaebuettepai ispey 2009-2024 xbiapap apasbiFbiHaa Scopus, Web of Science xone Google
Scholar aepexkopaapbiHaa bacterial cellulose, food packaging, active packaging, smart packaging,
biocomposites KIAT ce3aepi 6oWbIHILA XYpPri3iaai. bapAblFbl 120-paH acTam XKapusiAaHbIM TaAAQHbIM,
OAQPAbIH, iLiHEH eH 63eKTi 95 AepeKKe3 ipiKTeAin aAbIHAbI.

3epTTeyaep HaTuBTI BLI-HbIH Herisri wekTeyAepi peTiHAe >KOFapbl TMAPOMUABAIAITIH, bIAFAAABI
opTaAa TYPaKTbIAbIFbIHbIH TOMEHAIrH >KoHEe 63iHAIK aHTUMMKPOOTbIK, GEACEHAIAIMHIH >KOKTbIFbIH
KepceTeai. byA kemuiiaikTepai 6ronoAnMepaepAi, HaHOGOALLEKTEPAT dKaHe BUOAKTUBTI KOCbIAbICTApAbI
KOAAQHA OTbIpBbIM, in situ XKaHe ex situ MoAndMKaLMsIAaY apKbIAbI TUIMAT XKotoFa 60Aaabl. bLL HeriziHaeri
GEeACEHA] XKOHE MHTEAAEKTYyaAAbl KyeAepre epekile Ha3ap ayAapblAbil, OAAPAbIH aHTUMUKPOGTBIK,
KOpPFayAbl KaMTaMacbl3 eTy, aHTMOKCMAQHTTapAbl GipTiHAEN 6ocaTy >koHe BHIMAEPAIH GaAFbIHABIFbIH
6akblray KabiAeTi KapacTbIpbIAFaH.

CoHbIMeH KaTap Macwrtabray MaceAeAepi, PYHKUMOHAAABIK, KOCMAAapAbIH MUIPALMSChl >KaHe
SKOHOMMKAABIK, TUIMAIAIKKE KaTbICTbI WeLliAMereH npobAemasap atan eTireai. KopbITbIHAbIAAK KeAe,
BLL HerisiHaeri KanTamarapAbl 8pi Kapan KOMMEPLMSIAAHAbIPY BUOCUHTE3 YAEPICiH, KOMMO3UTTEPAIH,
KACMEeTTEPIH KeLIEeHAI OHTaMAAHABIPYAbl KX&HE OAAPAbIH, OMIPAIK LIMKAIH XKaH->KaKTbl 6ararayAbl TaAan
eTeAi.

Tynin cesaep: 6akTepuasAbl LEAAIOAO3a, OMOKamnTama, asbiK-TYAIK KarnTtama, GuonoAnmep,
GMOKOMIMO3MT.

M.A. Abdulzhanova?’, D.H. Shokatayeva?, S.D. Zhantlesova?,
A. Baltabai’, Zh. Batykova?
'RSE “Institute of Combustion Problems”, Almaty, Kazakhstan

2Research Institute of Biology and Biotechnology Problems, Almaty, Kazakhstan
*e-mail: malika.abdulzhanova1@gmail.com

Bacterial cellulose — a biodegradable material
for sustainable food packaging

Bacterial cellulose (BC) is considered a promising biopolymer for the development of biodegradable
packaging materials due to its high purity, nanofibrillar structure, biocompatibility, and potential for
functional modification. The aim of this review is to analyze current studies focused on BC production,
its physicomechanical and barrier properties, functionalization methods, as well as its application in ac-
tive and intelligent food packaging. A literature search was conducted in the Scopus, Web of Science,
and Google Scholar databases for the period 2009-2024 using the keywords “bacterial cellulose,” “food
packaging,” “active packaging,” “smart packaging,” and “biocomposites.” More than 120 publications
were analyzed, of which 95 of the most relevant sources were selected.

It has been shown that the main limitations of native BC remain its high hydrophilicity, insufficient
stability in humid environments, and lack of intrinsic antimicrobial activity. These drawbacks can be
effectively overcome through in situ and ex situ modifications using biopolymers, nanoparticles, and

" u

© 2026 Al-Farabi Kazakh National University


https://doi.org/10.26577/EJE861202611
https://orcid.org/0000-0001-7751-2256
https://orcid.org/0000-0003-1131-7233
https://orcid.org/0000-0001-6604-8056
https://orcid.org/0000-0001-5903-9928
https://orcid.org/0009-0000-2524-0607
mailto:malika.abdulzhanova1@gmail.com
mailto:malika.abdulzhanova1@gmail.com

M.A. AGnymxkaHoBa X9HE T.0.

bioactive compounds. Particular attention is given to BC-based active and intelligent systems that pro-
vide antimicrobial protection, antioxidant release, and monitoring of food freshness. At the same time,
unresolved issues related to scale-up, migration of functional additives, and economic feasibility are
highlighted. It is concluded that further commercialization of BC-based packaging requires comprehen-
sive optimization of biosynthesis processes, composite properties, and life cycle assessment.
Keywords: bacterial cellulose, biopackaging, food packaging, biopolymer, biocomposite.
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bakTepuaAbHasi LLeAAIOAO03a — G1Mopa3Aaraembiit MaTepran
AASl YCTOMYMBOM MULLLEBOM YNMAKOBKMU

bakTepuaabHas ueaatorosa (bLI) paccMaTpuBaeTcs Kak nMepcrnekTUBHbBIN GUONOAUMED AAS pa3pa-
60TKM GMOpa3Aaraembix yrnakoBOYHbIX MaTEPUAAOB BAAroAapst BbICOKOM YMCTOTE, HAHOMOPUAASPHOIA
CTPYKType, 6BUOCOBMECTUMOCTM 1 BO3MOXKHOCTU (DYHKLMOHAAbHOM MoaMduKaumu. Lleab HacTosiwero
0630pa — NPoaHaAM3MpPOBaTh COBPEMEHHbIE MCCAEAOBAHMS, MOCBSLWEHHbIE NMoAydeHunio bLI, eé dpusm-
KO-MeXaHUYeCKMM 1 6apbepHbIM XapakTeprCTKam, MeToAAM (OYHKLMOHAAM3ALMM, a TakKXKe NpUMeHe-
HUIO B aKTMBHOM M MHTEAAEKTYAAbHOM MULLIEBOM YMaKOBKe. AUTepaTypHbI MOMCK MPOBOAMACS B 6a3ax
Scopus, Web of Science n Google Scholar 3a neproa 2009-2024 rr. C MCMOAb30BAHNEM KAIOUEBbIX
caoB bacterial cellulose, food packaging, active packaging, smart packaging, biocomposites. INpoaHa-
AM3MpoBaHbl 6oaee 120 nyOAMKaUmii, U3 KOTOPbIX 0TO6paHbl 95 HaMboAee peAeBaHTHbIX MCTOYHMKOB.

[NokaszaHo, UTO KAIOUEBbIMM OrpaHUUeHMsSIMM HaTMBHOM BLL ocTaloTcs Bbicokas rMAPOGUABHOCTD,
HEeAOCTaTOYHas YCTOMYMBOCTb BO BAQXKHOW CPEAE U OTCYTCTBME COBCTBEHHOM aHTUMMKPOBHOM akTUB-
HOCTU. DTU HEAOCTaTKM 3(PMEKTUBHO NMPEOAOAEBAIOTCS MYTEM in Situ U ex situ MoAMdUKaALUMIA C UC-
NMOAb30BaHWeM GUOMOAMMEPOB, HAHOYACTULL U BMOAKTMBHBIX coeanHeHnit. Ocoboe BHMMaHUe YAEAEHO
AKTMBHbBIM M MHTEAAEKTYaAbHbIM CMCTEMaM Ha ocHoBe bLl, obecneunBaiolm aHTUMMKPOGHYIO 3aLim-
Ty, aHTMOKCMAQHTHOE BbICBOOOXKAEHME M MOHUTOPUHI CBEXKECTU MPOAYKTOB. BMecTe ¢ Tem noauép-
KHYTbl HepeLléHHble NPOOAEMbl MACLLTABMPOBaHUS, MUrpaLMK (DYHKLMOHAABbHBIX AOGABOK 1 SKOHOMM-
yeckon acppekTrBHOCTU. CAEAQH BbIBOA, UTO AdAbHENLLIAs KoMMepumaamsaumns bLI-ynakosku Tpebyer

KOMIMAEKCHOM OMTMMM3aLMM BMOCKMHTE3A, CBOMCTB KOMMO3MTOB U OLEHKM XKM3HEHHOTO LIMKAQ.
KatoueBble cAoBa: GakTepuaAbHasi LEAAIOAO3a, GMOYNakoBKa, NuLIeBas yrnakoBka, 6MONoAmMmep,

6OMOKOMIMO3MUT.

Kipicme

Kaszipri opay MHAYCTpHSICBI — FajlaMIBIK 9KO-
HOMHKaJ/Ia MaHBI3JIbI OPbIH aJaThIH JKOHE YyJeMell
namy ycringeri cana. OHbIH epkeHjeyiHe xahaH-
JaHy, 3aMaHayH TEXHOJIOTHSIApIbl KCHIHEH CHTI3Y
JKOHE TYTBIHYIIBUIAPBIH OCIM Kejie )KaTKaH TaJlall-
Tapel CHAKTHI OipHerne gakTop ocep eremi. Haprik
KYPBUIBIMBIH/IA a3bIK-TYJIIK IIEH CYCBIHAp CEIMEHTI
OachIMABIKKA M€ OOJIBIIN, Kbl KOJESMHIH IIaMa-
MeH 85%-biH Kypaiiasl (Bharimalla et al., 2017).

byrinae a3pIK-TY/iK ©HIMIEpiH opayla Herisi-
HEH MYHall NIMKi3aThIHAH aJBIHATBIH TOJIMITHUIICH
MEH TIOJMITPOTIHIICH CHAKTBI MaTeprasiap KeHiHeH
KOJIIaHbLTy 1a. AJtaiifia oJap/iblH KeHIHEH KOJIIaHbI-
Jybl KOPILIAFaH OPTAHBI JIACTAY JKOHE SKOJOTHSUIBIK
Tene-TeHIIKTI Oy3y CHSIKTBI aWTapIIbIKTail 3KOJIO-
THSUIBIK, ocepiiepre okenemi. OChbIlFaH OaiIaHBICTHI
OMOJIOTHSUIBIK HEri3jieri Oajlama marepualijgapra
KBI3BIFYIIBUIBIK, apThINl KeJemai. buononumeprnep
OMOJIOTHSUTBIK BLIBIPAFBIIITHIFBI XKOHE aj[aM JCHCaY-

TBIFBIHA 12, KOPIIIaFaH OpTaFa Jia Kayinci3miri apka-
CBIH/Ia IOCTYPII TUIACTHKAJIBIK Opay/bIH IepCIIeK-
TUBAJTBI AJIMACTBIPFBIIIBI PETIHIC KApaCThIPhLIAIBI.
Onap TOKCHHJI KOCBUIBICTapbIH TY3UITyiHE >KOI
OepMmeiiii JkoHe KoK Ke3iHJe aiiKachalbl JIacTaHy
kaynin temenaereni (Nagalakshmaiah et al., 2019 ).

Kopiaran opraHbl JIacTayMeH OalIaHbICThI
npo0JieMalIap/iblH  YIIBIFYbl TYPAaKThl JKOHE 3KO-
JOTHSIJIBIK Kayilci3 opay IIemiMaepiH oa3ipieyre
JISTCH KOFAM MEH FBUIBIMHBIH KBbI3BIFYIIBUIBIFBIH
apTThip/bl. COHBIH HOTHIKECIHJIC CATBICTBIPMAIIBI
TYp/I€ )KOFaphl 031HJIIK KYHbIHA KapamMacTaH, TaOUFu
JKOHE JKAHAPTHUIATHIH MaTepHaIap/bl OHEPKOCIM-
TiK OHJIIpicKe eHTi3y Oencenai xkypim xateip (Diez-
Pascual, 2019).

Kasipri 3eprreyiep xaHa (yHKIIMOHAIIBIK CH-
naTTamanapsl 6ap OejceHal KOHE HHTEIUICKTYal bl
opay KyHenepin o3ipyieyre OarbiTTasiFad. byn Ta-
Ouru OWommonMMeprep/li KaKeTTi KacHeTTepre ue
€Ty MakcaThlHIa MOJIU(pUKALUAIAY KAXKETTLIITIH
TybIHAATThL. OCBIHIAW MaTepualap/AblH IIIiHIe
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BI[ — oHbIH TaOuFH TYpiHAE 1€, KOMIO3HUTTEP Kypa-
MBIHJIA J1a — epeKIe KoHia Oeminye. bl e3iHiH xo-
Fapbl Ta3aJIbIFbl, OEPIKTIri, OMOCOUKECTLNIr KOHE
(yHKIMOHANBIK MOAU(UKALUS MYMKIHJIT apKa-
ChIHIa OYPBIH MEAWIIMHA MEH KOCMETHKa/Ia KOJa-
HBUIFaH, aJl COHFbI JKbUIJAphl Opay KOHE 3JICKTPOH-
JIbI OHEPKACIIITE MEePCIIEKTUBAIIBI MAaTePUAIT PETIHIC
Oerncen i 3epTTedin, eHrizinye.

BII — Gacramnkpijia )KOFapbl Ta3ajbIKKa Ue ePeK-
e OuoMaTepua, aj KenTereH backa OnomonumMep-
JIep KYpAeIi SKCTPaKIHS JKOHE Tazallay Ke3eHAepiH
KakeT eTe/1i. OHbIH TaJIIBIKTAPbl ©CIMIIK TEKTI 1IeJI-
JFOJI03aJIaH SIJICKANIa KIHIIIKE KOHE YIIOIIIEMI],
JKOFapbl KEYeKT1 KYpbUIBIM KaibimTacTeipaasl. Co-
HbIMEH KaTap, B[ OMOJIOTHSUIBIK BIIBIPAFbIII, YIIbI
peaknusiap TyFbI30ali/Ibl )KOHE aJlIeprusiFa ceden
oommartiner (Tanpichai et al., 2020).

Byan xymsicTeIH Makcatsl — BII-HbIH sKonorus-
JBIK, KAYIICi3 jk0HE (PYHKIMOHAIABI OUOIOIUMED
peTiHzme opay eHepKaciOiHIe KOITaHbLTY dJeyeTiH
3eprrey. 3eprrey Oapbichinaa BL[-HbIH KacuerTepi,
OHBI ally X0HEe MoAU(UKaLUsUIAy dIicTepi Tajaa-
HaJbI, COHMaN-aK OeJICeHl KOHE MHTEUICKTYaIbl
XKyHenep/i Koca alFaHa, MHHOBALMSUIBIK opay Ma-
TEepUAIapbIHBIH KYpaMbIHJa OHBI KOJJIaHY MYyM-
KiHAIKTepi KapacTeIpbutansl. Epekie Hazap BLI-HbI
JIOCTYPJII MOJIUMEPJIi opayJlapMeH JKoHE Oacka ja
OromMaTepuaNJapMEH CalIbICTHIPYFa aydapbLlajibl.

Byn >xympIcTa a3bIK-TYIIK OHIMAEpIH opayda
BIl xonaaHy OO#BIHIIIA COHFBI HOTHIXKEJIEPTe MOy
xacanaapl. CoHnlaii-ak 0y Macee OOWbIHIIA TIeK-
Teynep MeH OoJammak THepcreKTHBaiap KhICKalna
cumarTanaael, Oyl MHKPOOTBHIK IOJIMCaXapUATIH
Oacka OuomoMMepIep alAbIHAAFbl APTHIKITBLIBIK-
TapbIH alKbIHAANBI.

Hloayabin aaicHamMachl

Oneouerrepai izney 2009-2024 xpuinap apa-
aeiFbiHga Scopus, Web of Science xone Google
Scholar mepexkopnapsiaga >kyprizinmi. Kemeci
KT ce3aep mnaimananeuisl: bacterial cellulose,
biodegradable packaging, active food packaging,
smart packaging, BC composites.

[onmyFa Tek aFbUIIIBIH XKOHE OPBIC TUAEPIHET]
peleH3UsUIaHFal MaKanaiap MEeH MoHorpadwusuiap
eHrizingi, omapaa bl amy, oHbIH Qu3uKa-MexaHU-
KaJIBIK KOHE TOCKAYBUIIBIK, (0aphepilik) KacueTrepi
HEeMece TaraMJIbIK KarTaMmaa IMPaKTHKAIBIK KOJIia-
HBUTYBI OOMBIHIIIA CAaH/IBIK JePeKTep KENTipiIreH.

DKCIEPUMEHTTIK JepeKTepl KOK >KYMBICTap
KOHE KanTaMa TEXHOJOTHsJIapblHa KATBICHI KOK
KapyUsUTaHBIMIAp INOJyAaH IIbIFapbuiiel. Kopsl-
TBIHJIBI IPIKTEY 95 NepeKKes3/i Kypabl.
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OnedueTKe Moy

TeXHONOTUSITAPIbIH KAPKBIHABI JaMybl KOHE
KaHa MaTepuayiap/bl KCHIHCH CHTI3y KaFIaibIH-
Jla SKOJOTHSUIBIK KayilCi3[iK MEeH TYPaKThl JaMy
Moceleepine epekine koHur oeminyme. OCwl Typ-
FBIZIa KQJIJIBIKCBI3 OHJIIPICTEP MHHOBAIUSIIBIK TEX-
HOJIOTHSUTBIK, IISTIMICPiH MaHbI3/Ibl 3JIEMEHTTEPI
peTiHe KapacThIPhUTaIbl. OCIMIIK TEKTI IEIITIONO-
3a — )KEepJeTi CH Kol TapajFaH OUOIOJIMMED, OHBbIH
JKBUT CAMBIHFBI KAIBl OCIMIIK OHMOMaccachlHAH
anprHaThiH Kememi 100-125 I't mamackiHma aem
Oarananazpl (Asemuna et al., 2001). XKoraps! KoJ1-
JKETIMJILIITT MEH JKaHAPTHUTYbIHA OAalIaHBICTHI 11EI-
JIF0JI03a Kara3 OHIIpiCiHAe, OMOBIABIPANTHIH Opay
MaTepuaJIapblH/Ia KCHIHCH KOJIJAaHBUIAJbl JKOHE
OMOMEMIIMHAIIBIK callajia Aa KONIaHbLTY asiChIH Ke-
HewTin kenmeai (Mautner, 2020).

OciMIiK Ke3JiepiHeH 06JIeK, CIpKe KBIIIKbLUIbIH
Ty3ymli OakTepusi IITaMMAApBIH TaiijagaHa OTbI-
PBITI, TIEJUTIOJI03aHBI MHKPOOHOJIOTHSUIBIK, OJIiCTICH
Jie ainyra Ooranel. MyHIall MHKpOOpPTraHU3MIEepre
Cetobacter, Gluconobacter, Gluconacetobacter
xkoHe Komagateibacter TYBICTapBIHBIH OKIIEPi
xartajpl. Onap a’poOThl Karjaiyiapja CIUPTTEp-
I, abJACTUATEP]l, MOHOCAXAPUATEP/Al KOHE KAHT
CITUPTTEPiH CipKe KBIMKBUIBIHA JCHIH TOTBIKTHIPA
amazpl (Gregory et al., 2021). Byn Gakrepusnap Ta-
Ourarta (hepMEHTTENreH OHIMAEpIe KeH TapaliFaH,
COHBIH IIIIHIE CipKe CyBIHIA, HaTa-Ie-KOKoaa, mai
CaHbIpayKyJIaFbIH/Ia )KOHE IipireH xkemictepie Kes-
neceni.

Ocipece Gluconacetobacter JKOHE
Komagateibacter TybICTapbIHBIH TYpJIEpl epeKiie
KBI3BIFYIIBUIBIK TY/BIPAJIbI, OJlap KacylIaJaH ThIC
MaTPUKC Ty3€ alajbl, OJ YKOFapbl YHBIMIACKaH
KPUCTAJIZIBI IISJTF0II03a1aH Typajisl. by marepuan,
9IeTTe, KYJIbTYpallblK OpTaHbIH OeTiHae Ty3ijeni
JKOHE KEYIIl KeTyACH JKOHE YJIBTPAKYITIH Coyele-
HYJIEH KOpFay KbI3MeTiH atkapazbl. On Bl neren
atnien tanbiMan (Florea et al., 2016). byn cipke
KBIIIKBUTBIH TY3YIII OaKTepusiiap opTypii KemipTe-
Tl Ke3JIepiH — II0K03a, ppyKkTo3a, MAHHUT, KCHII03a,
TIIMIEPUH, AWTHAPOKCHAIIETOH HeMece JIUKapOOH
KBIIKBUIAApEIH MeTabomm3aen, B-(1—4)-rimrokaH-
HBIH CBI3BIKTBI TI30€KTEpIH TY3€/l JKOHE OJIap/Ibl
UTOILIa3MaIIbIK MEMOpaHaJaFbl KONITETEH TECIKTEP
apKBUIBI CHIpTKA mmbIFapansl (Gorgieva & Tréek,
2019; Wang et al., 2018).

BL[ OmocunTes3i OapbicbiHOa KeMipTeri Kesi
0Chl OMOTEXHOJOTHSIIBIK MPOIECTIH JKAIbl KYHbI-
HbIH 65%-bIHA neliin yiec kocazabl (Jedrzejczak-
Krzepkowska et al., 2016). Connsikran bBII[-HbI
KOMMEPIIHSIIBIK KOJIZIAHYIbI IEKTEHTIH €H MaHBbI3-



M.A. AGnymxkaHoBa X9HE T.0.

JIbl JKOHE KypJeli Mocenenepiid O0ipi — 5KOHOMH-
KaJIbIK, TYPFBIAAH THIM/II ©Cy OpTachiH Taby OOJIBII
TaObLIABL.

b1l enmipyne noctypii Typae Xectpus-llpamm
(XIII) opracsl KOpEKTiK OpTa peTiHle MaiaanaHbl-
nazael. byn opra KypaMbIHaa KOMIpTeTi MCH a30TTHIH
HETI3T1 Ke3/iepi peTiHe KbI3MET €TETiH TIIF0K03a,
TIETITOH YKOHE aIllBITKBI IKCTPAKTHI 0ap (Schramm &
Hestrin, 1954). 3eprreynep kepcerkenaeit, X1 op-
TachIHA METaHOJ KOCBUIFaH araaiaa b1l mbIFeiMbl
OapsiHna sxorapbutaiinel (Lu et al., 2011), conpnaii-
aK MHOKYJIATKA a3 MOJIIIep/ie YHI0TII0KaHa3a eHri-
3y JIe OH 9cep eTel.

Kazakcranapik aBropisap aa XII oprackiH mo-
Judukanusiay OOWBIHIIA 3epTTEYep Kyprizai. ExH
xorapel eHIMAUTK 0,5% crnupT KOHIEHTPAIUSICHI
Oap myckamapna Oaiikannel. Ocbulaiiiia, TiIOK03a
meuiepi 1%-ra neiiin azaiteuisin, 3taHoa 0,5%
KOHIEeHTpanmsaga KoceliFad X1 oprachiHbIH m1a-
FBIH MOJM(HUKAIUSICH YCHIHBULIBL. By opra Mosu-
¢ukanusutanran X1 (MXI) gern aranaer (CaBuil-
Kas et al., 2017).

IerFeiHaapasl  a3aiiTy skoHe bl HIBIFBIMBIH
apTTHIPY MaKCaThIHA aybUIIIAPYaIIbIIBIK KAJIBIK-

1-kecTe

Tapbl MEH OHEPKOCIITIK >KaHaMa OHIMIEpPAl OHBIH
OHJIIpICI YITIH ap3aH KOPEKTIK OpTa PETiHAe KOIa-
Hy 3eprrenai (Carreira et al., 2011; Vazquez et al.,
2013). Ocwr camanmarsl ipi 3eprreynepaid 0ipi Cku-
0a E.A. sxoHe opinTecTepiHiH KYMBICTapbl OOJIIBI.
Onap Medusomyces gisevii CAMOMOTTBIK JaKbLIbI
apKBUTBl ayBUIIIAPYAIIBUTBIK KaJJIBIFBI OOJBIN Ta-
OBIIaTBIH CYIBI Kaybi3biHaH Bl ammer. 3eprreyme
CYJIbI KaybI3bIH ajAbIMEH 2—6% KOHUEHTPALMSIIbI
a30T KBIIKBUTBI ePITIHIAIEpIMEH OHIET, KeHiH dep-
MEHTATHBTIK THJIPOJIM3Te YIIBIpaTThl. HoTmxkecinae
KaHTKa Oail epiTinmi aneraeid, on bL cuaTesi ymrin
cyOcTpat perinae KoumaHbULIbl. Cyibl KaybI3bIH
naiganany apKbUIBI KYPTi3inreH ToxXipuOemiK-oH-
nipictik npouecc 100 TonHa mmkizartan 98% bui-
FanaBUIBIFRI 0ap 80,5 TOHHA THIPOTENh alyFa MyM-
kignik 6epai (Skiba et al., 2020).

Conrsl yakeitTa XIII oprackiHbIH MoguduKa-
LUsIaphl SpTapanTaHbIn Keneni. bynm momuduka-
LUsIapAbIH 0aCThl MAKCAThI — MUHMMAJIJIbI [IBIFBIH-
JApMEH MaKCUMAaIJbl OHIMJIUTIKKE KO IKETKI3y.
Temenneri xecteae bl enmipy yImiH KoyimaHbUIa-
TBIH OPTYPJ IIHUKI3aT KO3/AEpi jKOHE OJapAbIH MaK-
CUMAJIJIbI IIBIFBIMBI KOPCETLITCH.

b1] enoipyee apnanean spmypni wiuxizam kezoepi (boecamvipéea, 2021)

TazapTbuTMaFaH *kKoHE aybUIIIAPYAIIBIIBIK, KA ABIKTaPhI

BII mbiFbpIMbI (KYPFaK, 3aT, OpTa KeleMiHe), /1

Xectpun xone lIpamm opracsr (XIII) 2,73
Menacca 1,6
Ke3buaima menaccachl 3,58
Kawmbic menaccachbl 7,92-8,87
ATenbCHH jKOHE aHAHAC IIBIPBIHBI 3,58
AHaHac IWBIPEIHBI MEH KAOBIFBI 2,73
Kypma mopbarst 8,19
YH ruaponu3arTapsl (KOHIUTEPITIK OHEPKACIIT KaJAbIKTapbIHAH) 13
[Iuki DIHIEpHUH jKOHe KYHOAFBIC KYHKapaChIHBIH THPOIN3aThI 13,3
JKyrepi COOBIFBIHBIH, KBIIIKBUIABIK THIPOIU3AThI 4
Amorphophallus konjac TyliHekTepiHeH albIHFaH YH 8,19
AFBIH cynapapl OMOeHACY/ICH albIHFaH JIUTHOLEIUTION03a 20
YiieHki nopoaThl 2,73
Bunaii cabaHbIHBIH THAPOIM3ATHI 8,31

CoHBIMEH KaTap KONTEreH 3epTTeyLIiiep JKO-
HOMUKAJIBIK JKOHE DSKOJOTHSUIBIK TYPFBIIAH THIM-
Ii OoiyblHA OaiyaHBICTBI KOMIPTEriHiH Oanamasl
TaOUFH KO3JepiH, MBICATBI, JKEMIC IIBIPBIHIAPEI,

Ounmaii cabaHbl, MaTOKa, YHEHKI IIOpOAThI, MaKTa
HETi31HIeTri TeKCTHIIh KaIIBIKTaphl KoHE Oacka na
OHEPKOCINTIK HEMece aybUIIIapyallblIbIK KalbIK-
TapblH maimananyasl yeeHaasl (Kurosumi et al.,
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2009; Chen et al., 2013; Cakar et al., 2014; Zeng
et al., 2011; Hong et al., 2012; Tsouko et al., 2015;
Hussain et al., 2019; Molina-Ramirez et al., 2018).
Mpicansl, Yskao sxoHe opintectepi b enaipy ymin
mapan eHJey KaJIBIKTaphl CHUSAKTHI ap3aH Kocaj-
Kbl OHIMJAEPAl KOJJaHFaH. 3epTTey HOTHXKEIEepi
OyJI KaabIK TYPi (pepMeHTanus OpTachblHa KaKChI
cyOcTpat O6ona anaTeiHbH x0HE Ga. xylinus BC-11
ecyl YIUIIH JKETKUTIKTI Meuepae KOPEeKTIK 3aTTap
KamMTaMachI3 eTeTiHiH kepcetTi (Zhao et al., 2018).
Panu xoHe Anmaiis xKoQeii KuaeKTepiH Kaybl-
3bIHAH aJIbIHFAH DKCTPAKTTHI KOMIPTEri KO31 peTiHje
naiinanansin, Ga. hansenii UAC09 MuUKpoopranus-
mimeH BL enmipmi. by arpokaiasIKTapab! Koma-
HY TJIIOKO3aFra 0ali KOPEKTIK OpTaMEH CallbICTBIP-
rarna BI[ OuocuHTE3iHIH YIII €ce apTybIlHa SKemii
(Rani & Appaia, 2013).

Kazakcranga na oOCbIFaH YKcac 3eprreyliep
on-®apabu areiHmarel Ka3zYVY-aplH - KoijaHOa-
JIBI MUKPOOWOJIOTHST 3€PTXAHACHIHBIH FallbIMJIAPbI
xyprizai (Shokatayeva et al., 2019; Kistaubayeva
et al., 2021). Kasakcran PecmybnukacbiHga cyT
JKOHE KaHT OHIIpici JKaKChl IaMBIFaH, OJIApIBIH
KaJIJIBIKTaphl — CYT CapbiCybl MEH Mejacca. by
KaJIIBIKTapIbl TaliJaIany IbIH THIMJII TOCUIIEPIHIH
Oipi — omapapry Herizinae bl enxmipyre apHanrax
KapamaiblM opi ap3aH KOPEKTIK opTajapiabl o3ip-
ney. CoHbIMEH Karap, COHFBI JKbUIAAphI OMOATa-
HOJI OHJIIPETIH 3aybITTAP/IbIH CaHBI TYPAKTHI OCY/IE.
MyHiali OMOJIOTHSIIBIK, OTBIH/IBI OHIPY MPOIECIH-
JIe OpPTaHUKAaJBIK KaJJbIKTAPJbIH MaHBI3IBl KOM-
ITOHEHTTEPiHIH Oipi — TIMIIEPHH OOJIBIT TaOBLTATEI.
KanasikTappl THIMI KOETE )KapaTy SKOJOTUSIIBIK
KayiIci3 jkoHEe 3KOHOMHKAJBIK TYPFBIIAH THIMJII
eHJIIpicTep/l KYpyAarsl 0acThl OaChIMIIBIKTap/IbIH
Oipi canananbl. OcblFaH OalJIaHBICTBI aBTOPJIAP
MXIII oprameH calbICTBIPFaHAA TJIFOKO3aHBIH Op-
HBIHA CYT CapbICYbIH, MEJIACCAHbI JKOHE TIHUIICPUH-
ni konpanel (Illokaraesa et al., 2018). AsnbinFan
nepekrepre coiikec, Bl MIBIFBIMBI €H TOMEH OpTa
CYT capbICybl HeTiziHzaeri oprama 6onasl (2,3 1/m).
CyT capbiCybiH/1a 00JIaThIH JIAKTO3a — [IFOKO3a MEH
rajlakTo3aJaH TYpaTbiH qucaxapu. ['amakrosa mei-
JII0JI03a TY3YIIl OaKkTepusuiap YIIiH €H KOJaKChi3
keMipTeri ke3i Oonbin caHanansl ([nmageieBa &
Ckuba, 2014). ConblMeH Kartap, rajakro3a Hemece
JaKkTo3a 0ap opTaja KyJIbTUBHPIIEY Ke3iH/e MEeIITIo-
JI03a CHHTE3/ieyre KabijieTci3 MyTaHTTapAblH Yieci
apranel. Cel- xacymanapbelHbIH Ke0erol cydcTpat
YIIiH TEeJUTI0I03a TY3YIIl KacyliaJapMeH Oacexe-
JISCTIKKE dKelei. [uiepun Herizinaeri opraua aa
IITAMMHBIH OHIMJIUTIT TeMeH Oonnbl. bynm oprana
CHUHTE3IICTeH TICHKAHBIH Maccacwl 4,75 T/1 Ky-
panbl, 0yn MXIII oprackina kaparanaa 33,19%-ra
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a3. BL[ cuHTe3i ymIiH €H Konaiiasl opTa mejacca
Heri3iameri opra 6omei meIKTH (I1lokaTaesa et al.,
2018). O MUKpOOHOIOTHSITBIK, OH/IIpicTe KOMIpTe-
TiHIH €H YHeM[i Ke3/epiHiH 0ipi O0bI TaObLIagbI.
Memnacca — KaHT OHAIpY/IiH COHFbI KPUCTAIAHY Ke-
3eHiHIH )KaHama eHiMi. Menaccaiarbl caxapo3aHbIH
JKOFapbl Meliepine OaiaHbICTBI OHBI KOPEKTIK
oprajap malbIHIAayFa apHaJIFaH IIUKi3aT pPETIiHIE
Oencenni KosmaHaabl. MenaccaHblH KypaMbIHIA
mramamern 80% Kyprak 3aTttap Oap, OHbIH 57%-bIH
KeMipcynap Kypanasl. Anaiia Oyl KOHIIEHTpamus
MHUKPOOPTraHM3M/JIEPAIH OcyiHe KoJaiichl3 OoFaH-
JIBIKTaH, MeJaccanbl JUCTHIICHTeH cyMeH 10 ecere
JIeliH CYWBIITY KaxkeT Oonel. Menaccagarsl KaHT-
THIH TOMEH KOHLIEHTPAIIUSCHI IIeIUTIOI03aHbIH THIM-
Il eHIIpUTYiHIH KaXKETTI MapThl OOJIBIT TaObLIAIbI.
Menacca HeTi3iHIETI opTaja ajblHFaH IOJIMMEpP
Maccachl 12,8 r/n xypausi, 6yn MXIII opraceinia-
reiad (7,11 /1) 1,8 ece ker.

OHEpPKACINTIK HEMece aybUIMApyallbUIbIK ©H-
JUPICIHIH THICTI JKOHE ap3aH KOCAJIKbl OHIMJEpPIH
naiinanany BLl OMocuHTE3iHIH THIMIUIITIH apTThI-
pBIT KaHa KOWMaH, MOCTYpIIi TIIOKO3a HETi3iHAeri
OpTaMeH CalbICTBIPFaHa OHIIpic KYHBIH Ja Te-
MeHzieTeTiHiHe ceHiMautik 6ap (Hong & Qiu, 2008;
Goelzer et al., 2009).

OCIMIK TEKTI IICJUTFOJIO3aMEH CaJIbICThIPFaH-
na, BLI afTapibIKTail KOFapbl KPUCTAIBUIBIKIICH
(84-89%), kepemMeT XMMHSIIBIK Ta3aJbIFBIMEH (Te-
MUIIEIUTION032a, JINTHUH HEMece IEKTUH CHSIKTHI
KocnanapAbiH Oonmaysl), 6acka OmomaTepuaiiap-
MEH CaJBICTBIPFaH/Ia JKOFAphl CO3BLTY OEpiKTIriMEeH
JKOHE )KAKChI KAIBINTAY KaOlJIeTIMEH epeKIesieHe Tl
(Gorgieva & Trcek, 2019). Conbimen kartap, bI]
TANIIBIKTAPBIHBIH KOJJICHEH KWUMAachl oJjieKaiia
Kimi, Oy MaTepHaIblH KOFapbl KEYEKTUIITH KaM-
tamace13 ereni (Chawla et al., 2009; Moniri et al.,
2017). bynman Geiek, bLl enmipy mporecinae mein-
JIFOJIO3aHBI OOTIIT ajTy JKOHE Ta3apTy YIIiH KaTaH XH-
MUSUTBIK, OHIey 11 KakeT etrieiiai (Shi et al., 2014).

BII runporeni cynsl CiHipy *oHe ra3gapabl oT-
Ki3y KaOuleTiHiH jKOFapbl OOTYbIMEH CHITATTalaIbl,
Oys1 OakTepusUIapAbIH TIPLIUIIK OpeKeTi YLIH KO-
PEKTIK 3aTTap MEH KaKETTi dJIEMEHTTEPIIH THIMII
ajMacyblH KaMmTamachi3 eteji. Tanpichai et al. AB-
TOpJApbIHBIH 3epTTeyi OolbiHma Bl Kyprak 3aT-
TeiH 1 rpameiaa 309 rpaMMra JEHiH BUTFAJT YCTal
anazpl s)koHe 150 °C neifinri remneparypara, ain Xv-
MUSUTBIK, OHJIeY/IeH KeliiH 275 °C nelinri Temmepa-
Typara Terten Oepe anansl (Tanpichai et al., 2020).
Byn mMatepuanabl KypbUIbIMBIH 0y30aii KenTipyre
MYMKIiHJIK Oepeni. XKorapbl OepikTilirine Kapamac-
TaH, bl kakCchl cepmiMALTIK, HUITIITIK KOHE TIIac-
THUKAJIBUTBIK, KACHETTEPIH CaKTaMIbI.



M.A. AbnymxkaHOBa XoHE T.0.

ConbiMeH Katap, bl HaHOTaNIBIKTH OHOMaTe-
puain 6ombIn Tadbbutasl. OHBIH MUKPOTAIIIBIKTAPEI
B-1,4-rmuko3uaTi GaiiaHplcTapMEH KalFaHFaH MO-
HOMEpITIK OipIIKTepACH TYpPaThIH aHBIK KYPBUIBIM-
JaNFaH yII eNmeMJIi Topra yibiMaackad. MyHaai

1-cyper

KYPBUIBIM ©CIMJIIK TEKT1 LEJUTIOJI03aMEH CallbICTBIP-
FaH/1a )KOFapbl MEXaHUKAIBIK OEpiKTIKKe, TIOIMep-
JICHy JICHIeHiHIH >KOFapbUIBIFBIHA, KPUCTAIABUIBIK
MHJCKCIHIH KOFaphl OOybIHA JKOHE CO3BUTyFa TO-
3iMaiTiKke MyMKiHAIK Oepeni (1-cyper).

Komagataeibacter xylinus C-3 wmamvimen cunmeszoencer bl naenxanapwvinviy COM keckinoepi: A — X1 xopexmix opmacul,
O — MXIII kopexmik opmacuwl, b — Menacca xocvinean kopexmix opma (yaxeumy x25 000) (Shokatayeva et al., 2019)

BLl — Oyn e3iHiH >KOFapbl OMOJOTHSIIBIK Yiiiie-
CIMITUTIK JKOHE ITUTOYBITTBUTBIKTBIH O0JIMayhlI apKa-
CBIHJIa KOMMEPIIMSUIBIK, KbI3BIFYIIBUIBIK TYIBIPBIIT
OThIpFaH oMOeban OuomaTepua.

BII-HBIH XUMUSUTBIK KacHETTepi, €H aJIbIMCH,
KalTagaHaThIH KYPBUIBIMIBIK OIpJiKk — 1emuio0no-
3ara OalJIaHBICTHI, OHBIH KYpPaMbIHAa YIII 0OC THI-
poxcui Tontapsl 6ap: C2 xone C3 MO3UIISITaApBIH-
na (exiHmimK cnuprrep) xoHe C6 Mo3uuIusICHIHAA
(6ipiaminik coupt). OChbl TUAPOKCHIT TONTAPBIHBIH
OomysiHa OaiimanbicThl Bl XuMusuteik OenmceHi
OeTKe ue KOHE CANBICTBIPMAJIbl TYPJIC OHAM 3TEePH-
(bukanys xKoHe alpIupiiey peaKusiapblHa TYCE/i.
Consiven katap, Bl ybITCHI3 k0HE TaOWFU KEyeK-
Ti Onmomarepuan OobIll TaObLIaIbl KOHE EpeKIIe
KacHeTTepIMEH epeKIIeNeHe i, OJIapJbIH IIIiH/e
OHMOBILIBIPAFBIIITHIK, JKOFAPhI FHAPATALINS JKOHE Ta-
Mallla bUTFan ycray Kabineri Oap (e3 caiMarblHaH
100 ece apThIK cy yctaii anansl) (Gorgieva & Treek,
2019; Moniri et al., 2017).

BII-HbIH OapibIK KacuerTepi KemTereH (hakTop-
mapra — optaHblH pH J1eHreii, KOpeKTiK OpTaHBIH
KYpaMblI, ©Cipy YaKbITBl MCH JXaFmaaiiapbl, COHIA-
-aK, MpPOJYICHT MHUKPOOPraHU3MHIH TYPIHE TiKeleh
toyenni. CoraH Kapamacrad, bl memOpaHachl keHi-
HEH KOJJIAHBUIAJIBI: OJ1 MEJIUIIMHA/IA KOHE KOCMETO-
jorusaa Oencenal KOAAaHbLIIbII KaHa KOWMa, Taram
eHepkaciOinne ne OwmmmuHgik mecept — Nata de
COCO peTiHAe Kol XbutaaH Oepi Oenrim (Azeredo et
al., 2019). Conrbl xburiapbl BLI-HbI TaFaMIbIK ©HIM-
Jiepre apHaIFaH TaOuFd, OaKTeprsUIapMeH OHIIPLIeTIH

opay MaTepualibl peTiHAe apHaibl MOAN(DHUKAITUSIIAI
Kommany 6encenni 3eprrenyae (Gama et al., 2016).

Tayapiap MeH KbI3METTEP HAPBIFBIHBIH KOJIEMi
aJaMHBIH O€JICeHIUIITIHIH apTybIMEH JKOHE XalIbIK
CaHBIHBIH T€3 OCYyIMEH KaTap yJIFaibim kenedi. bymn
MYHai-XUMHUSIIBIK, )KOHE CUHTETHKAJIBIK IJIaCTMAC-
cayiap/iblH KeHIHEeH KOJIJJaHBUTYhI CalIapbIHAH KO-
JIOTHSUTBIK TIpoOsieManapra okemi. OchIFan xayar
pETiHJIe KOMNTEreH eljiep IUIACTHKAJIBIK KarTaMaHbI
KOJZIaHY/IBIH TepiC cajapblH a3aiiTyra OarbITTaj-
FaH 3aHHAMAJBIK Imapanap KaOburmamsl. blmbeipa-
MaWTBhIH KATThl KaJJBIKTApAbIH KOpIIAFaH OpTara
acepi — acipece MYXUTTap MEH KOKBIC ITOJMTOH/Ia-
PBIH JIacTay — Opay CalachlHIa TYPAKThl )KOHE KO-
JOTHSIIBIK, Kayinci3 Oanlamarnapabl i3geyre TYpPTKi
0onmbl. MyHail Heri3iHJeri rmiacTMaccanap KOM-
MYHAQJIIBIK KQJIIBIKTAPABIH IIaMaMeH YIITeH OipiH
Kypaiizibl, onapabiH Tek 2,2%-bl FaHa Kayilici3 eH-
neyneH eteni (V poiskakh plastika,2020). Mynnaii
KaJIJIBIKTap/IbIH KHUHAJIYbl MCH JKaFbIIybIHAH Maiija
00JIaThIH YBITTBUIBIK, COHJIAl-aK TaraMJIbIK KallTa-
MaHBIH KayiIci3irine KOWbIIaThIH KaTaH TajarTtap
OHMOBIIBIPANTEIH MaTepuangap MEH OWOIIIACTHK-
Tepre Hasap ayJapTThl. DKOHOMHKAJIBIK TYPFbIJIaH
THIMZ1 KOHE SKOJIOTHSIIBIK Taza opay Marepual-
Jlapbl TaFaM KaJJIbIKTApbIHBIH KOJEMIH a3alTyra
(Schmidt-Traub et al., 2019) >xoHe KOMIPKBIIIKHLI
ra3plHBIH [IBIFAPBIHIBUIAPEIH TOMeHeTyre (Zheng
& Suh, 2019) mymKinzgik 6epeni.

Kanrama — taram eHepkociOiHiH axbIpamac 0e-
JIiT1 )KOHE OHIMIEP/ Il KOpIIaFaH OpTajaH OKIIayJiall,
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oJlapAbl XUMUSIIBIK, OMOJOTHSUIBIK XoHE (u3nKa-
JIBIK, DCEPIIEPCH KOpFayia MMy PO aTKapaibl.
OnbIH QyHKIMSIIAPBI allyaH TYPJIi: OHIMHIH Oy3bl-
JybIHA XKOJI OepMey, bUIFall, OTTETi, KOMIPKBIIIKbLI
raspl, paauanus/ >Kapelk, HICTEp MEH IOMACPIiH
OTYIH WIEKTEY CHSKTBI TOCKAYBULIBIK KacHUeTTep-
Il KamTaMacel3 eTy. bynan Oesek, kantama TaraMm
OHIMJIEPIHIH MHKpPOOHONIOTHSIIBIK, ~ KayiNCi3Airin
CaKTayFa jKOHE OJIap/IbIH CaKTay MEp3iMiH y3apTyFa
OarbITTaJIFaH.

Kasipri Tanma kantama eHEpKOCiOiHIIE HETi3Ti
IIMKI3aT peTiH/Ae MYHaiJlaH ajbIHATHIH TUIACTHK-
TiH TYpJi TYpPJIEpi, IIBIHBI, METAIJI, KaFra3, ajJloMH-
HHH XoHE OapFaH CalbIH JKWi KOJIAHBLIBI KYPreH
ouonosumepsiep nainananbuiazs (Bandyopadhyay
et al., 2018). CunTeTukanblKk moauMmepiep Oyl
CEeKTOpIa ©3JepiHIH KepeMeT MEXaHWKAaJbIK Ka-
CHeTTepi, MOJIIpIiri, UKEeMJIIiri, TepMOIUIacTu-
KaJIBIFBI, KCHUIIr KOHE OHIIPICIHIH TOMEH KYHBI
apKachlHAa YIKEH yJecke me OOJapl. Ajaima ochl
apTHIKIIBUIBIKTAPFa KapaMacTaH, MyHai1aH allblH-
FaH MaTepHAAp/bIH KEHIHEH KOJIIAHBLUIYBI KYp-
JIelTi KOJIOTHSUIBIK Mocelenep Tyasipyaa. JocTyp-
JIi TaFaMIbIK OpayiapiblH bIAbIpayFa TO3IMIUII
MUTACTUKAIBIK KAJJIBIKTAP/IbIH JKUHATYBIHA HKOHE
IKOXKYHEHIH JacTaHyblHa oKenesi. CHHTEeTHKAIBIK
noJIMMepIiepiH 0acka Ja KeMINUTKTepiHe OHIipic
ke3inge CO, neHreiiHiH KOFapbl LIBIFApBIH/IbIIA-
PBI, KaTepii iCiKk aypyiapbhIHBIH KayTi (IiacTMac-
canapJarbsl KeHOip Kocranap ybITThI OOJTYybl MYM-

2-cyper

KiH) OHE KalTa eHICYIIH JKOFapbl KYHBI XKaTa bl
(Nagalakshmaiah et al., 2019).

Eypomnansik kKoMuUCCHSHBIH Oaranaybl OOMBIH-
ma, Eypomanma >kpul cailblH mamamen 25,8 MIH
TOHHA IUIACTUKAJIBIK, KAIIBIKTAp TY3UIEdi, oJap-
neiH Tek 30%-nmaH a3el Kaiita enjeneni (European
Commission, 2018). Ocbiran Oaitnanbsictsl Eypona-
JIBIK, JKachlT KemriciM 2050 kpuTFa Kapail KITMMaTThIK
OelTapanThlKKa KOJ JKETKi3yre OaFbITTaJFaH Keli-
CUITeH cTpaTerusiHbl icke KocThl. EC-TiH 3KOHOMUKa-
HBIH TYHBIK [WKJIIHE apHAIFAH TUIACTHK CTPaTeTHs-
Chbl, aramn aWTKaHAa, KailTa KOJJIaHyFa KOHE KaiTa
eHJIeyTe OOJIATBIH KarTama TYXKbIPBIMJIAMaChIH 83ip-
TIey i, SKOJIOTHSIIBIK Taza OajaManapibl HeMece Kol
perTiK JKyHenepai eHri3yai Kapactelpaisl. Eypo-
MAJIBIK KOMHUCCHSHBIH, SKOJIOTHSUIBIK, KaJJBIKTapFa
KaTBICTHl KaObUIIaFaH IIemiMaepl OMOBIIBIPARTHIH
opay MarepualiJiapbiHa, COHBIH IIIIH/IE OaKTepHa bl
HAHOIIEIUTIONI03aFa JIET€H KbI3BIFYIITBUIBIKTHI aPTTHIP-
1wl (European Commission, 2020).

Buosorusuislk, opay mMarepuaiapbl KaHapThLUIa-
TBIH KO3/ICPJICH aJIbIHFAH JKOHE TOJBIKTAl BIIbIpaii-
TBHIH KacueTke ue. Omap Tikeneit ONOIOTHsIIBIK, KYHe-
siep (MbICaJIbI, ©CIMJIIKTEp, KaHyapiap, OaibIpiap,
MHUKpPOOPTaHU3MIEp) apKbUIbl CHHTE3/ICNyi HeMece
OMOJIOTHSUITBIK, HET13/IeTi MOHOMEpIIEp/Ii ToInMepIIey
HOTHIXKECIHIIE AJTBIHYBI MYMKIH (MBICAJIBI, TOJIAMOJIE-
KyJaJbIK, KbIIKbLT). OChbIFaH colkec, Oyl moimmep-
JIepIi OJap/IbIH IIBIFY TET MEH OHJIipic TOCUTiHe Kapait
YIII HETi3ri Tonka Oesyre 0osapl (2-cyper).

Buoxanmama enoipicinoe konoanviiamein 6uononumepnep (DeGruson, 2016; Ramos et al., 2018; Kumar et al., 2017)
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M.A. AGnymxkaHoBa X9HE T.0.

Buonorusinelk, TieHKanap MeH jkaOblHOap He-
Ti31HEH MaKpOMOJICKYIAJBIK MaTpHIla MEH IuTac-
TUHUKATOpIapaH HeMece KOCHIMILIA KOMITOHEHT-
TepJIeH TypaThIH MeMOpaHajap OOJNbIT TaObLTAIbI.
Mynpaaii Kocnanap oJeTTe OHOIUIACTHKTEpre TOH
CBHIHFBIIITHIKTHI a3aiTyFa, COHAN-aK ONapJIbIH Me-
XaHUKaJBIK JKOHE TOCKAYBUIIBIK KACHETTEPIH JKaK-
captyra Mmymkiamik 6epeni (Okiyama et al., 1992;
I'maskos et al., 2018).

JIKyHT JKOHE COaBTOPJIAPBIHBIH JKYMBICHIH/A
OipHelle MHKPOMETpP KaJIBIHIBIKTAFbl JKeyre xa-
pambl JKOHE JKYBIIATHIH JKaOBIH jkacaniasl (Jung
et al., 2020). On 54% TtaybIK alTbOYMUHIHCH JKOHE
OCIMIIK TEKTI IEJUTFOJIO3aHBIH HAHOKPUCTAIIAPHI-
HaH TYPABI JKOHE >KEMICTEpHiH cakTay Mep3iMiH
apTThIpa anasl. [lamaiis, aBokago, GaHaH KOHE KYJI-
NBIHAMIBI OCBHI KAaOBIHMEH OHJCY OJNapIIbIH JDMIIK
KAaCHeTTEepiH CaKTail OTBIPHIT, OAJIFBIHABIFBIH Y3ap-
TyFa MYMKIHAIK Oepli. AKYybI3bl ’KaObIH OTTerire
TOCKAYBUT OOJIIBI, OYIJI JKEMiCTepAi CakTayFra Cerl-
TiriH THri3al. MexaHuKaibK OCpiKTIKTI apTThIpy
YIIIH Kypamfa [eJUTi0i03a HaHOKPHUCTANIAPhl KO-
CBhULIBI, OYJT MaTepHaAbIH Cy MEH raszfapra oTKi3-
TINTINH KOockIMIma TomeHaerTi. IlneHka wmiemii
Oounpin Kana Oepli xxoHe OipHele peT OyKTenareHe
ne 3akpiMaanMasl. [lareia Menmiepie JKyMBIPTKa
CapbICBIH KOCY aOBIHHBIH BUIFAIFa CEe3iMTasIbl-
FBIH a3aiTThl. COHBIMEH KaTrap, KypKyMUHII KOCY
KaObIHFa aHTHOAKTEpHAJbl, CaHbIpAyKYJIaKTapFa
Kapchl JKOHE OakTepusFa Kapchl Kacuerrep Oep/ri
(Okiyama et al., 1992; Jung et al., 2020). 3eptreyne
KOJITAaHBUTFaH IICJUTION03aHbIH HAHOKPHCTAIIAPHI
BII-man ansiaFaH.

TaramIIpIK, Kanrama Oerje JacTayIlblIapibiH,
MHUKPOOPTraHM3MJCPAiIH JkoHE Oerne HicTepaiH
eHyiHe )oJ 0epMel, OHIMHIH caKTay Mep3iMiH apT-
TBIPYFa BIKIIAJ €TETIH KOPFAHBIC KOHTEHHEPI PETiH-
JIe KBI3MET €TEeIl.

JKanapTbuiaTelH Ke3[AepAeH alblHFaH MYHIal
MaTepHayap 9AeTTe TaFaM OHIMIEPiH opayna KoJl-
JaHbBUIA/IbI )KOHE KypaMbIHa rmojaucaxapuarep (uei-
JII0JI03a, KpaxMall, XUT03aH), aKyb3aap (KoJjIareH,
Ka3euH, TII0TeH), OnoMaccaial albIHFaH MOHOMEP-
JiepIi MOJIMMEpIIey apKbUIbl AJIBIHFAH MOJIUMEpIIEp
(monunaktuk Keukbul — PLA), conpaii-ak MUK-
poopraHu3Mep TiKeJIeW CHHTE3eHTIH MOoJIrMep-
nep (monurunpokcuankanoarrap — PHA, BLI, myn-
TynaH, KypHajaH, kcanTtaH) >katansl (Gruji¢ et al.,
2017).

Taburu monMcaxapuarep, akybl3ap KoHE
oNapAbIH TYBIHABUIAPEI Opay OHEPKOCiOiHIEe KOJI-
JAHBUIATBIH OuoronnMepiep iy Oipi Oobim TaObI-
naner (Pellicer et al., 2017). Byn 6uomarepuannap

CaIIBICTBIPMANbl TYPAE >KaKChl TOCKAYBUIIBIK Ka-
CHETTepre ue KOHE KaJIbIIThl TOMEH IIbIFBIHIAPMEH
YJIKEH OHEPKOCINTIK MacITadTa OHAIpilyl MYMKIH,
OYJI oapibl MyHalIaH abIHATBIH TUIacTMAaccaap-
Fa TapThIMJIBI Oanama etei. JlerenMeH, Guomacca-
JIaH aJbIHFaH MOJUMEPIICPIiH KOMMEPIHSIIAHYbI
oIl e meKTeyni, cebeli onap IUIAaCTHUKTEPMEH ca-
JBICTBIPFAHAA HAIIap CO3bUTy OEpIKTiri, MOPTTHI-
JIBIFBI, KBUTYy TYPAKCBI3JBIFBI )KOHE CYIBIH 9CepiHe
CEe3IMTaNIBIFBI CHSKTHI KeMIIiTikTepre ne (Zhong et
al., 2020; Jabeen et al., 2015; Milani & Tirgarian,
2020; Chen et al., 2019).

CoHJIBIKTaH carachl KaKCapThUIFAH JKEyre XkKa-
pamapl TJICHKalIap MeH JKaOBIHAApABI aly YIIiH
oNlapAbl OPTYPIl apMaTypaiblK MaTepHaaapMeH
KOHE KOCHallapMEH, MBICANIbI, IUIACTH(UKATOP-
JapMeH (TJULIEPHH, TJIMKONb, COPOMT) apanacThl-
paner (Borges et al.,, 2015; Jeyasubramanian &
Balachander, 2016; Zakaria et al., 2018; Rahman,
2019; Shendurse, 2018; Wagh, 2014).

Kanrama eHnepkociOiHne KOJNAAaHBUIATBIH €H
KBI3BIKTBl MaTepuayJiap CaHaTblHA MHKpPOOpra-
HU3MAEP Tikenell eHAipeTiH OuomnoauMepiep
KaTanel. byraH, mbicanbl, anmudartel momamddup-
aep — nonuruapokcuaikanoarrap (PHA), connaii-
aK MyJuTyJiaH, KypJilaH, KcanTaH >xkoHe BII cuskThl
MHUKpPOOTBIK ToJMcaxapuarep Kipexni. byn mate-
pHaIIapIbIH HETi3T1 apThIKIIBUIBIKTAPhIHA YHITTHI-
JBIKTBIH ©0NIMaybl, OMOBIIBIPAFBIIITHIK, IIACTH-
KQJIBUTBIK, KOHE Ta3lapra TaHIaMallbl ©TKI3TIIITIK
xatanel (Bugnicourt et al., 2014; Ferreira et al.,
2016).

CoHbIMEH Katap, MUKPOOTBIK MOJIMMEpPICPAIH
HETri3ri KeMIITIKTepi — >KOFaphl OHJIPICTIK IIbI-
FBIHZIAD JKOHE CaJbICTBIPMAlbl TYP/AE TOMEH MeXa-
HUKAJIBIK KaCHETTEP, OYIT 0JIap/IbIH TaFaMJIBIK OHIM-
Jepre apHaJFaH KOMMEPUHMSUIBIK Opay callachlHIa
Oocekere kaOinerrimirin mekredai (Ferreira et al.,
2016; Mitra et al., 2020). Ka3ipri yakpITTa moju-
THIPOKCHAJIKAHOATTAp HETI31HEH MaMIIBIIBIFBI JKO-
Fapbl TaramMaapAbl (MbIcaiibl, 30UTYHIED, 1PIMILIK,
JKAHFaKTap), My3JIaThUIFaH, OTTEKKE Ce31MTall )KOHE
OpTaHUKAaJIBIK, OHIMAEP/i Opay YIIiH KOJIaHbLIAIbI
(Gruyji¢ et al., 2017; Arrieta et al., 2014; Lin et al.,
2018; Shen et al., 2009). Ilynnynan, KypiaH KoHe
KCaHTaH CHUSIKThI MHUKPOOTBHIK TMOJHCAaXapUITePIiH
Keyre JKapam/ibl TJICHKajlap MeH KaObIHAap peTiH-
JIe KOJIIaHy 9JIeyeTi )KoFaphl. AJaiiaa omapasH (hu-
3UKa-XUMUSUIBIK, JKOHE MEXaHUKaJbIK KAaCHETTEPiH
JKakcapTy YIIiH kebiHece Oacka ToJuMepiiepMeH
KOHE apMaTrypaliblK KocmajgapMmeH OipikTipineni
(Wu J et al., 2013; Zhang et al., 2013; Krasniewska
et al., 2019; Mohsin et al., 2020 ;Nur Hazirah et al.,
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2016). Comapapry iminae bLI, kaxerTi mimiagepae,
KaJIBIHIBIKTA KOHE OJIIeMIe Y3HIKCi3 MeMOpaHa
pETiHIE CHUHTE3JCNETIH, Opay OHEepKOCiOiHIe Ke-
HIHEH KOJIJIAaHBLJIATHIH JKOFaphl O9ceKere KaOuIeTTi
MaTepualiFa alHaJbII OTHIP.

BLI konaaHbUly asichl ©T€ ayKbIMJIbl — OJ1 TaFaM
OHIMJICPIHE apHAJIFaH JKEyre jKapaMJbl opay MaTe-
puanmgapelHaH Oactam, OeJICeHHl YKOHE WHTEIUICK-
TyaJi[ibl KalTaMa Kyhesnepine JIeiiH KeHiHeH mnaii-
JAJIaHBLIAIBL. OJIETTe, ONOMaTepraniap Heri3iHeri
opay eHIMre XHUMUSIIBIK, OMOJIOTHSIIBIK KOHE MeXa-
HUKAaJIBIK KOPFAaHBIC KamMTaMachi3 €Tyl Tuic. Ochl
TypFeiga bLI-HBI Taram eHepkociOiHAE KOIAaHy-
JIBIH HETI3T1 apTHIKIIBUIBIKTAPI — OHBIH JKEYyTe Ka-
PaMIBUIBIFbI, OUOBIABIPAUTHIH/IBIFbI, YBITTHLIBIKTHIH
00JIMaybl, JKaKChl TOCKAYBUINBIK CEJICKTUBTLIIT
JKOHE JKOFaphl MeXaHHUKaIbIK Oepiktiri. AKII-
ThIH AS3BIK-TYJIK JKOHE JIOpi-ITOpPMEKTI Oakbuiay
0ackapmacel (FDA) BLI-HbI Kayirici3 Jien TaHbIFaH
(GRAS — »anmel TaHBUTFAH Kayirci3aik Maprede-
ci), COHJBIKTAaH OJ1 KAyiICi3 TaFaMJIbIK HHIPEIUCHT
peTine KeHiHeH KOoNJaHbuTybl MyMKiH (Azeredo et
al., 2019).

Byn marepuanueiH 6acka OHONOIMMEpPIEPMEH
CaJIBICTBIPFaH/IaFbl 0acThl APTHIKIIBUIBIFBI — CTa-
LIMOHAPIIBIK OaKTepHAIIIBI KYJIbTYpa TOJBIK, OJIIIEM-
Jli, CAJIBICTBIPMAJIbI TYP/IE KaJIbIH MeMOpaHa Ty3e/Ii.
Byn memOpaHa eTe jkakChl MEXaHHKAIIBIK KaCHET-
Tepre XOHEe KaJbIITay KadileTiHe ue, )KOHE OHBI
Taszajgay MEH KENTIpyJeH KeHiH Tikenel OacTarksl
opay Marepuaibl peTiHIe KoimaHyra Oonanel. [le-
TeHMEH, TaOUFU MUKPOOTHIK IIEIJUTIOJIO3aHbI KOJIIa-
HYJIBIH KeHOip KeMImimiKkTepi 0ap, MbICaNbl, OHBIH
MeMOpaHanapbIHbIH THAPOQUIBAI CHIIATHI HEMece
AHTHUMHKPOOTHIK JKOHE aHTHOKCHIAHTTHIK OeJCeH-
IiikTiH 6onMaybl. Ochl HIeKTeyJepal jKeHy YIIiH
BII ynemi momudukanusuianyna. EH ker KoJIaHbI-
JIATBIH daicTepaiH Oipi — BLl MaTpuacsIHbIH TaOu-
FU KacHETTEepiH 9PTYpJi apMaTypalblK, KOCBUIbIC-
TapJblH (U3UKA-XUMISUIBIK KOHE OWOJIOTHUSIIBIK
epekmenikTepiMer yiutectipy. bym tocin BLl-HbH
OacTarnkbl cUIIaTTaMaapbIH )KaKCapThIll KaHa KO-
Mal, COHBIMEH Oipre HaKThI KOJIJJaHy cajajiapblHa
KaXeTTi JKaHa, apHalibl KACHETTEPre Ne MHUKPOOTHIK
LEJITIONI03a TUICHKAIAPBIH aTyFa MYMKIHJIIK Oepe/ii.

Komnozurti marepuanmap Bll marpuriaceiHan
(KaHKAJIBIK KYPBUIBIM KBI3METIH aTKapasbl) JKOHE
OFaH epekile (hU3UKa-XUMHSIIBIK 9pi OHMOIOTHSUIBIK
KacueTTep OepeTiH apMaTypaslblK KOCBUIBICTapaH
Typaael. Oxerre, bl xommosuTTepiH CcHHTE3NEY
OHBIH (PYHKIIMOHAIBIK MYMKIHJIKTEPIH KCHEHUTY-
re )KoHe KalraMa MaTepualJlapblH Kacayra OarbIT-
tagrad. byn tocim BII-HBIH TaOWFM KacWeTTepiH
KETUIIIpyre HeMece OFaH KOCHIMINIA MMaialibl CH-
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narramanap Oepyre MyMkingik Oepexi. BLl momm-
(bMKauACHI, HETI31HEH, OHBIH (HH3UKA-XHUMHISUIBIK,
KepceTKiITepiH (bABIpay KadileTi, MeXaHUKabIK,
TEPMUSUTBIK, XUMUSUIBIK JKOHE OCTKi Kacuerrtepi,
PCOJIOTHSUIBIK, CHIIATTaMaliapbl) JKaKcapTyFa, COH-
Jafi-ak TaFaM OHIMJICPIHIH CalachlH CaKTay, Cak-
Tay MEp3iMiH y3apTy >KOHE canachlH Oakpliay YIIiH
OMOAKTHBTI KOCBUIBICTAp €HTi3yre OaFbITTaIFaH
(Azeredo et al., 2019; Ramos et al., 2018).

Bencenni xoHe/HEMece WHTEIUICKTYaNIbl KAall-
TaMa MaTepuallapblH Kacay MakcarbiHaa BII-Hbl
MOTU(HKALNUSIIAY YIIIH AHTUMUKPOOTBIK JKOHE
AHTHUOKCHJAHTTHIK areHTTep, KOPEKTIK 3aTTap,
mIacTUUKATOpIIAp, TYPAKTaHIBIPFBIIITAP, OTTET1
CIHIprilTep >KOHE aHTUCTATHUKTEP CHSIKTHI DPTYPJIi
(YHKITMOHAIIBIK, KOCTIAJIAp bl KOJIaHyFa OO0Jaibl
(Ramos et al., 2018).

BIl Heri3iHzeri KOMIIO3UTTEP CaIbICTHIPMAJIBI
TYpJIe J)KaHa MaTepHasiap KaTapbiHa xarajsl. Onap
OacTankpla MEIUIMHANBIK MakKcarrapjaa KoJjja-
HYyFa YCBIHBUIFAHBIMEH, Ka3ipri yaKbITTa TaFaMJIbIK
opay eHepkaciOiHae jae coTTi KoimaHeutyna. Ka-
KETTi PYHKIMOHAIIBIK, TONITAP/IbI eHTi3y xoHe bI[
MaTpullachiHa Oelrii 0ip KacuerTep Oepy OChI Io-
JUCAXapHUITI XUMHUSIIBIK, KOHE (DU3UKAIBIK MOJIHU-
(bukanusIay apKbUIbl )Ky3ere achbIpbUIaIbl.

Oneduerrepae bl ¢GyHKIMOHANIAHABIPYABIH
€Ki HEeTi3r1 ToclIl aTam KepceTiieai: in Situ KoHe ex
situ saictepi (Cacicedo et al., 2016).

Buomnonmumepiti KOMIO3UTTEP/Il CHHTE3/ICY YIIiH
€H KUl KOJIJIAHBUIATBIH CTPATEeTUs — in Situ 9ici,
on Bl ennipiciHiH 6acbiHIa KyJIbTYpaJbIK OpTaFa
apMarypajblK MaTrepuaiaapabl (MbICaJIbl, HATPHI
anpruHaThl, KapOokcumerwmiemtonoza (KMLI),
noymBuHWICTIHPT (IIBC), *KematnuH, arap, MEKTHH,
kpaxmain) kocyasl kamtuabl (Cheng et al., 2011;
Lin et al., 2016; Osorio et al., 2014; Andriani et al.,
2020).

MoubuKalusHbIH apThIKIIBUIBIKTaphl — Kapa-
MadBIMIBUIBIFBI JKOHE KOCBUIFAH KOCBUIBICTAP]IBIH
BII-HBIH ocinm kene aTKaH (GUOPHILIANBIK JKeJici-
HiH OeuiriHe aifHaysbl, Oy KaXKeTTi KacueTTepi oap
TYPaKThl KOMIIO3UTTEp allyFa MYMKIiHIIK Oepeni.
Anatina in situ 9miciHIH 0aCcTBI MIEKTEYIepi — KEH-
0ip Kocmajap/blH KyJbTYpasibJibl OpTaja epimeyi
JKOHE JKEKEJIeTeH apMaTypaliblK KOCBUIBICTAPIBIH
OaxTepusutapablH ecyiH texeitin kacuetri (Cheng
etal., 2011).

Al ex situ mogudukanuscel, kepicinme, b1 en-
nipici assKTaJTFaHHAH KeHiH )Ky3ere achIpbuIaabl. by
MOCTCUHTETUKAJIBIK 9]1iC Heri3iHeH BI[-HbIH KeyekTi
HaHO(GUOPHUIUTAIBIK MaTPULIACHIH OMOAKTHBTI MaTe-
pHaniapMeH KaHBIKTBIpDYFa OarbITTanFaH. Ex situ
OJIICIHIH HETI3r1 apTHIKIIBUIBIKTAPhl — AHTUMHKPOO-
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TBHIK areHTTep/Ii KOJIIaHy MYMKiHiri koHe BLI-HbIH
OacTankpl KYpBUIBIMIIBIK €pEKIIeNIKTepiH CaKTay.
Bbyn mopudukamms TypiHiH 0acThl KEMIILJIITT — TUJI-
pooOTHI apMaTypasbiK KOCBLUIBICTAP/IbI KOJJIaHY
MyMKiH emecTiri. CobiMeH Katap, bl mopmaperaa
TEK CYOMUKPOH/IBIK HEMECE HAaHOOJIIIIeM/Ti OOJIIIeK-
Tep eHe ananel (Andriani et al., 2020). [lerenmen,
ochl (pyHKIIMOHANMAaHABIPY daicTtepi bL[-HbIH Tabu-
FU TUICHKAJIAPBIHBIH (H3HKa-XUMUSIIBIK KACHETTEe-
piH KakcapTyFa MYMKIHIIK Oepim, ojapabl Taram
OHIMJIEpIH Opay HapBIFBIHAA KOJNJAHYIBIH KaHa
MYMKIHJIKTEpiH allIThI.

Taburu ky#inge Bll Taramaplk eHIM peTiH-
ne (Owmnmuamik Nata de coco mecepTi periHzme
Oenrinil) OHOBIABIPAUTHIH JKEyre >KapaMibl opay
MaTepualibl PETiHIE KOJNIAHBUIYbl MYMKIH JKOHE
TaraMMeH Oipre TyTeIHyFa kapamzs! (Vilela et al.,
2018; Chunyan et al., 2012). Hatuti b1l e3xirinexn
alKbIH AHTHUMHUKPOOTHIK JKOHE aHTHOKCHIAHTTHIK
OCJICCHIITIK KepceTneimi, amaiiga OHBIH KYpPbI-
JBIMBIH/IA XUMHSIIBIK, MOJU(HKALUSFA KOJAMIBI
JKOFapbl peaklusra KaOIeTTi THIPOKCUI TONTaphI
(—OH) 6ap. byn kKocnamapra OMOAKTHBTI areHTTEP
(aHTUMHKPOOTHIK IpenapaTTap, aHTHOKCHIAHTTAp,
OCIMIIK 3KCTpaKTTaphl, 3up Mainapel, OpraHuka-
JBIK, KBIITKBIIAAP, GEePMEHTTEp JKOHE T.0.), TaOWFH
MUTMEHTTEP, METAIJI HOHIApbI, OelOopraHUKaIbIK
JKOHE OpraHUKAIBIK HAHOOOJIIeKTep, IUIacTU(U-
karopiap, Y ®-crabuimzaropiiap, OnomnoauMepIep
(MBICambl, XUTO3aH, KpaxmaJ, MeKTHH) HEMece ap-
MaTypanslk Kocrnanap (mseicansl, KML, [1BC, mo-
musuHIIUpposnaoH  (I1BII), MOHTMOPHIIOHHT
(MMT)) xaranp! (Cacicedo et al., 2016).

Byn opekertepAiH HOTHKECIHIE TaraM ©HIM-
JIepiH JacTaHy/JaH JXOHE CBHIPTKbl OpPTaHBIH OCe-
piHEH (TOCKAYBUIIBIK JKOHE aHTHMHUKPOOTHIK
KacueTTep), COHJai-aKk cakTay >KOHE TachIMal-
Jay Ke3iHje MeXaHHWKalbIK 3aKbIMAaHyJaH KOp-
Fayra KaOUIeTTi OuoMmaTepuanjiap  ajbIHAJbI.
Mpeicansl, BL{-uab1 TIBII sxone KMII-nien GipikTipy
apkpUTel HaTHBTI bBll MemOpaHamapeIMEH caibIc-
TBIPFAH/IA KAKCAPTHUIFAH MEXaHHKAIBIK, OINTHKA-
JIBIK, JKOHE OHMOBIABIPANTBIH KACHETTEpre Hhe KOM-
no3utTep ansiaFaH (Bandyopadhyay et al., 2018).
Byn niieHkanap sKOJOTHSIIBIK Ta3a O0ajama peTiHje
kKonganbutysl MyMKiH. BL/IIBII/KMLI 6uokomimo-
3UTTePi JKOFaphl CO3BUITY OEpIKTIriHIH apKachlHAa
MEXaHUKAJIBIK 3aKbIMIaHYFa )KaKChI TOIMJILIIK KOp-
ceTelli )KOHE OChUIANIIIA KOKOHICTEp MEH €T OHIMJIe-
piHiH cakTay Mep3imiH y3aptansl (Bandyopadhyay
et al., 2018). BLI-HBIH THIPOKCUI TONTAPHI KaMTa-
Machl3 €TeTIH XUMUSUIBIK, PEaKTUBTUIIrT OHBI opay
OHEPKOCIOIHIH HAaKTHl TaJalTapblH OPBIHAAY YIIiH
(in situ xoHe ex situ) TYpyai MoaudUKAIUSIAP/IBI

XKYprizyre MyMKinzik 6epeni. COHbIMEH Kartap, 5K0-
Fapbl KEYeKTUTIK TeH yikeH Oertik aymad BLl-Her
OeJiceH 1l KOChUIbICTapMEH (DU3MKAJIBIK ©3apa ope-
KeTTecy YIIiH Kousaiinel Matepuain ereai (Azeredo et
al., 2019).

BIl  Herisinmeri  OeJICEHI/MHTEIICKTYaIbI
opayzbl OHAIpyTe apHaJIFaH HeTi3ri Tociaepre CiH-
nipy, uMmMoOmm3anus aaictepi Hemece bl marpu-
1achlH kaObIHIApMEH KanTay artajsl (Andriani
et al., 2020). Msicanbl, TaraMJIbIK [MaTOTEHACPICH
TYbIHJIaFaH OY3bUTY/IBIH aJJIbIH AaThlH aHTHMHK-
poOThIK, MemOpananap Bl muieHkamapblH HU3MH,
JakTopeppuH HEMece E-TOJMIU3UH CHSKTBI OaK-
TEePUACTATUKANBIK epiTiHIiIepre 0aThlpy apKbUIBI
aneiaael (Nguyen et al., 2008; Padrao et al., 2016;
Wahid et al., 2019). UMMoOUIH3aIUSIHBI KOJIIaHA-
TBHIH DIiCTepre, MBICAIIBI, OCIICEH TI 3aTTapabl (TPHO-
TIK JJaKKa3a HeMece TU301uM cusikThl) b1 6etine u-
3WKAJIBIK aJICOPOIHsIIay HEMECe IyTap allbICTHIIH
KOJIZIaHY apKbUTbI XUMHUSIIBIK, OalIaHBICTRIPY Kipesi
(Chen et al., 2015; Bayazidi et al., 2018; Buruaga-
Ramiro et al., 2020). Ex situ MonupuKanusCbIHbIH
Tarsl O0ip MbIcasl — bL| MemOpaHaapeIHa Kymic Ha-
HOOOJIIIEKTepi MEH MOJINOIEH TPUOKCHU/TIHIH aJIbIU-
HATBIH )KOFAPbl KAPKIHBI YIIBTPAIbIOBICTHIK BAHHA
apKBUTBI €HT13y. byl KelliHHeH cyTeri CyabpumIiMeH
(H»S) xonjaHpIaTbiH THOPHUITI TUICHKANIAP PETiH-
ne naiinanansuiael (Sukhavattanakul & Manuspiya,
2020). XXanmpl, OCBI TEXHOJIOTHS apKbLUTBI OHIIPiI-
I'eH opay Marepuaijapbl TaFraM OHIMJEpiHiH cama-
CBIH CaKTay YIIIiH apHaJFaH.

Conrbl yakpiTTa bl xoHe OHBIH Momnduka-
[USUTapbIH  TaFaM eHIMAEpiH OyJIiHyJIeH KOpray
YIIiH aHTHUMHUKPOOTBIK KacueTTepi 0ap KochbIMINa
(hyHKIMUIApel 0ap opay Marepuaiapbl peTiHe
KOJIJaHy MYMKIHIIKTEPIH 3epTTeyre kedipek Hazap
aynapeutyna. Kenreren 3eprreysiep TaOWFM aHTH-
MUKpPOOTBIK, areHTTep/i TaFaMIbIK Opay JKyieme-
piHE eHri3y eHIMJIEp/IiH caKTay MEp3iMiH y3apTyFa
JKOHE OJIapIIblH CallachlH CaKTayFa BIKIAN CTETIHIH
pacrazsr (Jafarzadeh et al., 2021). MsIcaisl, aBTOp-
nap (Stroescu et al., 2019) Bl »oHe OHBIH MOJH-
¢ukanmsanapsl Herizinae cynepaOcopOeHT Mare-
pHaiap/iad JKacajFaH aHTUMHKPOOTHIK TaFaMIbIK
TeceMaepai o3ipaeai. Onap KemicTepiiH, KOKOHIC-
TEpAiH JKOHE €T OHIMIEPiHIH IOMAIK KacHEeTTepiH
THIMAI cakTayFa MyMKiHaik 6epai (Okiyama et al.,
1992).

BII-HBIH Xeyre kapaMIbUIBIFBI OHBIH HETi31H-
ne Oipereit TaraMIbIK JKoHE (PH3MKa-MeXaHUKAJIBIK
cUmaTTaManapbl Oap jkeyre »apamJipl opay Ma-
TepUaIapblH JKacayra ko amaabl (Zahan et al.,
2020). lereameH, OuormonnMepti opayiapablH KeH
ayKbIMJIbI KOMMEPLHUSUTBIK KOJJIAHBLUTYbIHA KEJIepTi
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KEJTIPEeTiH MIEeKTeyNepaiH Oipi — onapIblH CHHTE-
THUKAJIBIK, TIOJIUMEpIIepre KaparaHaa oMOe0amnThI-
reiHbIH ToMeHiri (Ludwicka et al., 2020). Ocbiran
0aifIaHBICTHI Ka3ipri 3epTTeyIiep DPTYPII KOMIO3H-
OUsIap MEH TOJIMMEpIli KOMITO3UTTEPAl a3ipieyre
OarbITTaIFaH, OJlap CHHTETHUKAJBIK TUIacTMaccanap-
JIBIH oMOe0an KacueTTepiH Oenrim Oip TananTtapra
cail UMUTALUSIIAN anaabl.

AliTa KeTy Kepek, KelOip OMoIieHKasap MeH
*aOBIHAAp TUTHEHAJIBIK HOpMaJapFa cail 601y yiIiH
KOCBIMIIIA CBIPTKBI Opayabl Kaxer ereii. OcbiFaH
OaitnmanbicThl aBTOpsiap (Azeredo et al., 2019) tep-
MOTUIACTHKAJIBIK JKyrepi Kpaxmainsl xoHe bl Tan-
IIBIKTAPBI HETI31HIE JKaHAa KOMITO3UTTIK MaTepHa
o3ipneni. byn marepuanarsl BLI TanibIKTapbIHbIH
eH >Korapsl Memiuepi 15%-nan acnaiinel. 3eprrey-
Jiep KOPCETKECHICH, TAIIBIKTAP/IbIH KOCHITYbI KOM-
MO3UTTIH TOCKAYBULIBIK KAaCHETTEPIH KaKCapThII,
KaTTBUIBIFBIH apTTHIPabl, OYJ OHBIH CEPIIMALTIK
MOJIYJTiHIH YJIFafObIHA OKEIE]Il.

3eprreyae bl TammbikTapelH TaligaNaHbBIT
KOMITO3UTTEp aly KapacThIpbLIajbl, €peKIIe KbI-
3BIFYIIBUTBIK, TYABIPFaH )XYMBICTHIH Oipi — Camapua
M. xoHe opintectepi (Salaria et al., 2019) o3ipie-
reH HAaHOKOMITO3UT. OJ XUTO3aHHAH, KBIIIKBUIIBIK
TUJPOJIM3 apKbUIbl anbiiFaH Bl HaHOKpucTana-
pBIHAH OHE KYMIC HAaHOOOJIICKTEPIHEH TYpaJbl.
Byn Momudukanusiaymnsl KOMIOHEHTTEPAI €HIi3Y
XUTO3aH INICHKAJAPBIHBIH TYCl MEH MOIIipJIirine
afTapibIKTall ocep €TiM, OJIAPJbIH MEXaHHKAJIbIK
KacueTTepiH, Oy OTKI3TIIITITiH KOHE CyFa ce3iMTa-
JIBIFBIH KakcapTaasl. COHbIMEH Karap, OyJl HaHO-
KOMITO3UT TaraMJbIK MaTOTeHJAepre Kapchl ailKbIH
AHTUMHUKPOOTHIK, OEJICEHAUTIK KopceTeai, OyJl OHbI
OHIMHIH CaKTay Mep3iMiH y3apTyra OarbITTajFaH
OeJICeH 11 TaFaMJIBIK Opay MaTepHasibl pETiH/Ie epc-
MEKTUBAJIBI TE/].

BIl xypamMbraa opTyp:ai MoaH(UKATOPIAPIEI CH-
ri3y epekiie KacueTTepi 0ap jkaHa MaTepuaiap bl
XKacayra MYMKiHIIK Oepexai. Mpicansl, Bl nnenka-
JIapbIHA JIAYPUH KBIIIKBUIBIH KOCY TaFaM, MEIUIIHA
XoHe (papMaleBTHKa cananapbliHIa Koljanyra 0o-
JaThIH OUOBLIBIPANHTHIH )KOHE aHTUMHUKPOOTHIK Ma-
Tepua alnyra MyMKiHJIiK Oepi. 3epTTeyiep JaypuH
KBIIKBUIBI Bacillus subtilis ecyidn THIMI TypJe Te-
KEHUTIHIH KepceTTi, OyJl MyHJail MJICHKaHbl Opayna
CHUHTETHKAJIBIK TUIACTMACCallapFa JIAHbIKThI OanaMa
ereni (Skiba et al., 2021).

Ocpuraiima, BL{-HbI aHTUMUKPOOTHIK >koHE Oac-
Ka Aa QYHKIMOHAIABIK 3aTTapMEH MOIU(PUKAIIH-
Jlay opTypiii KacueTTepi Oap opay MaTepuaiapbiH
Kacay YIIIH KeH MYMKIHIIKTep amajsl. byridri
tagaa Oyn B[ KonmaHynbIH €H repcreKTUBaibl Oa-
FBITTApBIHBIH Oipi OOJIBIN CaHAIAMIbI.
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KopsITBIHABI

Onedn aepekke3nepi Tanmgay OaKTepuaabl
nemtono3ansl  (BL])  KypbUIBIMBI, KacueTTepi,
KOJIJIaHy callaiapbl JXOHE OHBI OHIIPY IMPOLECiH/e
MMaliaTaHbpUIaTEIH CyOCTpaTTapABIH TYpJIEpPi CHAK-
ThI HETI3r1 AacleKTiUIepiH jKyHeneyre MYMKIHJIIK
Oepui. Bl anram per mamameH Xy3 >KbUT OYpBIH
CUTIATTaJFaHBIMEH, OHBIH TPAKTHUKAJIBIK KOJIAHbI-
JIybl COHFBl OHXBUIJBIKTap/a FaHa alTapiibIKTan
KeHele Oacrtaipl. Epekiie Gu3nka-XuMHUSIIBIK, )KOHE
KYPBUIBIMAIBIK, KacHeTTepiHiH apKachiHma bl op-
TYpJ canajapja 3epTTelNill KeJe/i, COHBIH ilIiHae
COpOCHTTIK MaTepuaigap/a, Kara3 oHe TOKbIMa
OHJIIpiCiHIe, TaFaM OHEPKOCIOiHIE KOocTa peTiHae,
COHJIali-aK CY3TUIeyIIi JKOHE Opay MaTepualgapbl
peTiHIEe KONJIaHy MYMKIH/IITT KapacThIpbLTyIa.

Taram eHIMIEPiH opay cakTay XKoHE TachIMal-
Jlay TPOIICCIHIH MaHBI3IbI 3JICMEHTI OOJIBIT TaObI-
Jazbl KOHE OHIMIEPAIH camachklHa, Kayilci3airibe,
cakTay Mep3iMiHe KOHE YKOHOMHKAJIBIK THIMILTITi-
He acep eTyl MymKiH. Kasipri yakeiTTa MyHail He-
ri3iHzeri noJuMepIiepaeH KacajaFaH I9CTYpili opay
MaTepHaIapsl KEHiHEH KOJIIaHbUIa kI, ce0ei omap
OHJIIPICIHIH CalbICTRIPMAaIbl TYPJE KapanaibIMIbI-
JIBIFBIMEH, TOMEH OarachIMEH JKOHE YKaKChl MeXa-
HUKAJIBIK, KAaCHUETTEPIMECH epeKIeNeHemi. Auaiina
OJIAPJIBIH KOMIITIr OUOJIOTHSUIBIK KOJIMEH bIJIbI-
pamaiiipl ’KoHe KOpIIaFaH opTaia JKUHATYbI Oenrii
Oip PKOJIOTHSUIBIK MOceTeNIep TYBIHIATYBl MYMKIiH.
OcbiraH 0alJIaHBICTBI COHFBI KBULIAPHI JKAHAPTHI-
JATBhIH TIMKI3aT KO37CepiHEH aJIbIHATHIH OWOBIIbI-
paiiTBIH MaTepHaIaapabl 3ePTTEYTe KbI3BIFYIITBIIBIK
apThIN KeJIe/l.

bakrepuanapl nemmoia03a MyHAal MaTepua-
IapabIH Oipi peTiHme KapacTeIpsuIafsl. O )KOFAPHI
KPUCTAJBUIBIK, XUMUSJIBIK, Ta3aJIbIK, YII OJIIICMII
HAHOTAIIIBIKTBl KYPBUIBIM JKOHE CaIbICTBIPMAIIbI
TYpIe JKaKChl MEXaHUKAIBIK KacHEeTTepIMEH CH-
natTtanaabl. CoHbiIMeH Katap, BLI-HbIH OWOBIIbI-
PaFBIITBIFBI MEH OWOCOUKECTIri OHBI TaFaMJbIK
opay MarepHalIapblHa apHaJIFaH 9JICYeTTI OHOTO-
JTUMepJiep KaTapblHa KaTKbI3yFa MYMKIHIIK Oepe-
ni. BLI-HBI BpTYp:Ii apMaTypaiblK, KOCBUIBICTAPMEH
HeMece OMOAKTHBTI KOMIIOHCHTTEPMEH OipiKTipy
OHBIH (DU3MKA-XUMUSUIBIK JKOHE (DYHKIIMOHAIIBIK
KACHETTEPiH 63repTyTre KoHe OelCeH i HeMece UH-
TEJUICKTYaJIIBI Opay JKYHelIepiH 93ipiaeyre MyMKiH-
Ik Oepei.

ConbiMeH Kartap, bBLl Herizinzeri marepuali-
Iapapl KeH ayKbIMIBI OHIIpICTe KOoNmaHy OipkaTap
HICKTEYJIepMEH OailyiaHbICThI 00JTybI MyMKiH. OJap-
JIBIH KaTapblHa MPOAYIIEHT MHKPOOPTaHU3MICPIiH
CaJIBICTBIPMAJIbl TYPJIC TOMEH OHIMJIUIITI, COHJai-
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aK OHJIIPICTIK MPOIECTIH SKOHOMUKAIBIK, THIM/IiTi-
TiHE BCep €TETiH KOPEKTIK OpTalTapIblH KOHE KEi-
0ip (pyHKIMOHAIIBIK KOCIAJIAP/IbIH YKOFAphl KYHbI
skaTanbel. OckIFaH 0alIaHBICTBI Ka3ipri 3epTTeyep-
IIiH efeyip 0eiri eHAipiCTIK MIBIFRIHAAPIb TOMEH-
JISTY TOCUIEPIH KapacThipyFa OarbITTaaFaH. ATar
alTKaH/a, KOPEKTIK OpTalap/lbiH KYPaMblH OHTAai-
JMaHABIpy, COoHNal-ak mactypii XectpuH—Llpamm
(XIII) opTachIH aybul MApyaIIbUILIFEI HEMECE OHEep-
KOCINTIK OMOMAaccalblK KaJIABIKTapFa HETi3elTeH
OamamaiapMeH alMacThIpy MYMKIHAIKTepi 3epTTe-
IyJe.

Kanmer anranma, BL| cuHTe3i MeH momudwu-
Kanusiiay JICTEepiH JKeTiaipy Oysl MaTephalIbl
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SIGNIFICANCE AND APPLICATION
OF PLANT GROWTH REGULATORS

Plant growth regulators (PGRs) are natural or synthetic compounds that modulate plant growth,
development, and stress responses by adjusting endogenous hormone concentrations and influencing
signaling pathways. This review examines the roles of key phytohormones which regulate physiological
processes and tolerance mechanisms to abiotic stress. Abscisic acid emerges as the principal stress-
responsive hormone, governing stomatal closure, water balance maintenance, and osmotic adjustment
under adverse conditions. Auxins regulate cell elongation, vascular differentiation, and root architecture,
with their homeostasis being significantly altered under environmental stress. Cytokinins promote photo-
synthetic efficiency and delay senescence, while gibberellins control stem elongation, seed germination,
and flowering induction. Jasmonates contribute to both biotic and abiotic stress defense through activa-
tion of antioxidant systems and stomatal regulation. The review also examines how humic substances
function helping plants better tolerate stress by improving nutrient absorption, activating antioxidant sys-
tems, and influencing auxin-like activity. Humic acids interact with root cells, influence ion absorption,
and mitigate oxidative damage caused by reactive oxygen species under stress conditions. Practical ap-
plications of PGRs in agriculture are discussed, including their use in promoting flowering, fruit develop-
ment, vegetative propagation, and yield enhancement. The integration of PGRs with biostimulants and
microbial inoculants represents a promising strategy for sustainable crop production under increasingly
challenging environmental conditions. Future research directions emphasize molecular approaches for
optimizing hormonal manipulation and developing stress-resilient crop varieties.

Keywords: plants, growth regulators, phytohormones, humic substances.
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Ocy peTrerilTepAii, MaHbI3bl XKaHE OAAPAbI KOAAAHY

OciMaiKTEpAIH ecy peTTeriwTepi (OP) — 3HAOreHAIK rOPMOHAAPAbIH KOHUEHTPAUMSICbIH peTTey
>KOHE CUrHaA Gepy >KOAAAPblHA ©Cep €Ty apKblAbl 6CIMAIKTEPAIH ©CYiH, AaMyblH XXOHe CTpeccke
PEeaKUMAChIH MOAYASLMSAANTbIH TaOUFU HEMECE CMHTETUMKAAbIK, KOCbIAbICTap. ByA woAyaa Herisri
PUTOropMOHAAPAbIH — a0CLIM3 KbILIKbIAbIHbIH, a3YKCUHAEPAIH, UMTOKUMHUHAEPAIH, TM6OEPEAAMHAEPAIH,
>KaCMOHATTapAbIH — OCIMAIKTEPAIH 6Cy NMPOLECTEPIH PeTTeyAEri XXoHe abMOTUKAAbIK, CTPeccTepre,
COHbIH, ilLIHAE KYPFAKLWbIAbIKKA, TY3AbIABIKKA, SKCTPEMAAAbI TEMIEPATYpaFa >KeHE ayblp METaAAAPAbIH,
AACTaHyblHa TO3IMAIAIKTI KamTamachi3 eTyAeri peAi  KapacTbipbiAaAbl. AGCUM3  KbIWKbIAbI Aen
TeCIiKTEPAIH >KabblAYbIH, Cy GaAaHCbIH CaKTayAbl XXOHE KOAAMCbI3 >KaFAalMAapAa OCMOCTbIK, PETTEYA|
PeTTENTIH CTPeCCKe Xayan 6epeTiH Heri3ri roOpMOH peTiHAE nanaa 60AaAbl. AYKCUHAEP >KacCyLlaAapAblH,
CO3bIAYbIH, TaMblpAapAbIH, AU dEPEHLMAUMSICHIH XKOHE TaMbIp apXMTEKTYpPaCbiH peTTenAi, OAapAbIH,
roMeocTasAapbl KoOplUaFaH OpTaHblH KYM3EAiCi Ke3iHAe ailTapAbikTal e3repeai. LIMTokuHuHAEp
(POTOCHMHTE3AIH TUIMAIAITIHE bIKMAaA €TeAl >kKoHe KapTaloAbl KewlikTipeai, an rubbepearnHaep
cabaKTblH Yy3apyblH, TYKbIMHbIH ©HYiH >X8HE TYAAEHY MHAYKUMSCbIH 6akblAaiAbl. >KacMoHaTtTap
AHTMOKCUAAHTTbI XKYMEAEPAi BEACEHAIPY XKOHE CTOMATOAOIMSABIK, PETTEY apKblAbl GMOTUKAABIK, KOHE
abMOTUKaAbIK, CTPECCTEH KopfayFa biknaA eTeai. LLIOAY ryMuHAl 3aTTapAblH KOPEKTIK 3aTTapAblH
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A.S. Nurmahanova et al.

AHTUMOKCUMAQHTTbIK, (DePMEHTTEPAT GEACEHAIPY >KaHE ayKCUHIe YKCcac AAbbIA Hepy JKOAAAPbIH MOAYAS-
UMsIAQY apKbIAbl OCIMAIKTEPAIH CTpeccke TO3IMAIAITIH apTTbipyFa KaBiAeTTi TabuFn BUOCTUMYASTOP-
Aap peTiHAEri peAiH 0AaH api 3epTTerAil. ['YMUH KbILLKbIAAAPbI TaMbIP >KacyllaAapbIMEH BpeKeTTeceAl,
MOHAQPAbIH CiHYiHE 8cep eTeAil >XeHe CTPecC >KaFAalblHAQ PEAKTUBTI OTTeri TYPAEpiHiH, TOTbIFy 3a-
KbIMAQHYbIH a3aiTaabl. AybIA LAPYaLLbIAbIFbIHAAFbI ©P-AiH MPaKTUKAAbBIK, KOAAAHBIAYbI, OHbIH ilWiHAE
TYAAEHYAI, XEMICTEPAIH AaMyblH, BEretatuBTi KOOEIoiH XXoHe OHIMAIAIKTI apTTbipyAa KOAAAHbIAYDI
TaAKblA@HaAbl. OP-Ai 6MOCTUMYASITOPAAPMEH >KOHE MUKPOOTBIK ery KypasaapbiMeH OipikTipy GapraH
cariblH KYPAEAI IKOAOTMSIABIK, XKaFAAMAApAa TYPakTbl ©CIMAIK LIAPYALLbIAbIFbIHbIH MEePCreKT1BaAbI CT-
paterusicblH GiapipeAi. boaaluak, 3epTTey 6GaFbITTapbl TOPMOHAAABI MAHWUMYASLMSIHBI OHTANAQHABIPY-
AbIH XK8He CTpeccke Te3IMAI AaKbIAAAPAbIH COPTTapbiH AAMbITYAbIH MOAEKYAAAbIK, TOCiAAepiHe Haca
Ha3ap ayAapaAbl.
TyiiH ce3aep: eciMaikTep, ecy peTTeriwTep, UTOrOPMOHAAP, F'YMUHAIK 3aTTap.
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3HauveHHe poOCT PEryAsiTOpoB U UX MPUMEHeHUe

Peryagtopbl pocTa pacteHnii (PGR) — 3To NpUpOAHbIE MAM CUHTETUYECKME COEAMHEHWS], KOTOopble
MOAYAUPYIOT POCT, Pa3BUTHE PACTEHUIM M peakLMIo Ha CTPECC, PeryAmpyst KOHLEHTPALMIO SHAOTeHHbIX
rOPMOHOB M BAMSISl HA CUTHaAbHbIE MyTU. B 3TOM 0630pe paccMaTprBaeTCsl POAb KAOUEBbIX (DUTOrop-
MOHOB — abCLM30BONM KMCAOTbI, ayKCMHOB, LMTOKMHUHOB, TMOGEPEAAMHOB M 5KACMOHATOB — B PEryAsi-
LMK NPOLLECCOB POCTa PACTEHMI U 0HecneveHmnm yCToMnUMBOCTU K abMOTUYECKMM CTpeccam, BKAKOYast
3aCyxy, 3aCOAEHME, IKCTPEMAAbHbIE TEMMEPATYPbI U 3arpsisHEHME TIKEAbIMU MeTaAAamMu. AGCLM30Bas
KMCAOTA BbICTYMaeT B KayeCTBe OCHOBHOIO rOPMOHA, pearupyloLLero Ha CTPecc, peryAMpytoLero 3a-
KpbITUE YCTbML, MOAAEPXKAHME BOAHOMO 6AAAHCA M OCMOTMYECKYIO PEryAsiuMio B HEOAAronpusTHbIX
YCAOBUSIX. AYKCHHbBI PErYAMPYIOT YAAMHEHUE KAETOK, AU(EPEeHLMPOBKY COCYAOB M apXMTEKTYPY KOp-
HeW, MPY 3TOM UX FOMEOCTa3 3HAUUTEABHO U3MEHSETCSl B YCAOBUSIX BO3AEMCTBUS OKPY>KaloLLein CpeAbl.
LIMTOKMHMHBI NOBbIWAIOT 3(PMEKTUBHOCTb (DOTOCUHTE3Q, 3AMEAASIIOT CTapeHue, rmbOepeAArHbl KOH-
TPOAUPYIOT YAAMHEHWE CTEOAS, MPOPACTaHME CEMSIH, MHAYKLMIO LiBeTeHus. )KacMOHATbl CNOCO6CTBYIOT
3aWmTe Kak OT GMOTUYECKOro, Tak M OT abMOTMUYECKOro CTPecca 3a CYET aKTUBALMM AHTUOKCUAQHT-
HbIX CUCTEM M YCTbUYHOM peryasumu. B 0630pe Takke pacCMaTpuBaeTCsl POAb F'YMMHOBBIX BELLECTB
Kak MPUPOAHbBIX BUOCTUMYASTOPOB, CMOCOGHbIX MOBbILLIATL YCTONYMBOCTb PACTEHMIA K CTPECCY 3a cUeT
YAYULLEHUS] YCBOEHMS NMUTAaTeAbHbIX BELLEeCTB, akTUBaLMM aHTUOKCUAAHTHBIX (PEPMEHTOB 1 MOAYASILIMN
AYKCUMHOMOAOOGHbIX CUIHAAbHbIX MyTen. ['YMUHOBbIE KUCAOTbI B3aMMOAENCTBYIOT C KAETKaMM KOPHEN,
BAMSIIOT Ha MOrAOLLEHNE MOHOB W CMSrYalT OKMCAMTEAbHblE MOBPEXAEHMS, BbI3BaHHblE aKTUBHbIMU
hopMamm KMCAOPOAQ B yCAOBUSIX cTpecca. ObcyxaaeTcst npakTuieckoe npumeHerve PGR B ceAbCKOM
X034MCTBE, BKAIOYAS MX MCMOAb30BaHUE AAS CTUMYAMPOBAHUSI LIBETEHUS, PA3BUTUS MAOAOB, BereTaTma-
HOIO Pa3MHOXEHWS 1 MOBbILLEeHUsI ypoxkanHocTh. MHTerpaums PGR ¢ GUOCTUMYyASITOpaMm U MUKPO-
OGUOAOTMYECKMMN UHOKYASIHTAMM MPEACTaBASIET CO60M MHOrO06EeLaloLLyi0 CTpaTernio YCTOMUYMBOIO
paCcTeHMEBOACTBA BO BCe HOAEE CAOXKHbBIX YCAOBMSX OKPY>KAIoLLEen CpeAbl. B GyAylumx HanpaBAeHUsIX
UCCAEAOBAHMI 0COB0E BHUMAHME YAEASETCS MOAEKYASPHBIM MOAXOAAM K ONTUMMU3ALMM TOPMOHAAb-
HbIX MAHWUMYASILIMIA 1 BbIBEAEHWMIO YCTOMUMBBIX K CTPECCAM COPTOB CEAbCKOXO3SMCTBEHHbIX KYAbTYP.

KAroueBble cAOBa: pacTeHusi, POCT PeryAsTopbl, (pMTOFOPMOHbI, 'YMUHOBbIE BeLLeCTBa.

Introduction

Plant growth regulators (PGRs) are synthetic
substances widely used in agriculture to protect
against diseases, stimulate growth, and increase crop
yields. Despite their diversity, their action is based
on a common principle: they regulate the levels of
natural plant hormones by influencing various sig-
naling pathways. GRs are applied in agriculture to
support growth under unfavorable conditions, boost

productivity, and alter plant development (Peleg et
al., 2011; Small, Degenhardt, 2018).

PGRs are agents capable of modifying the
processes governing plant growth and matura-
tion. Endogenous PGRs are synthesized naturally
within plants in trace amounts. Growth stimulating
phytohormones (auxins, cytokinins, gibberellins,
brassinsteroids) promote cellular elongation and
proliferation, ethylene and abscisic acid serve as
suppressors of these activities. They are small dif-
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fusing molecules, and brassinosteroids, jasmonic
acid, and salicylic acid are distinguished among the
newer classes, which also play an important role in
regulating growth and development (Choudhary, A.
Kumari. 2021).

Auxins are the main hormones responsible for
stretching cells during during tropisms (photo- and
gravitropism), while also regulating differentiation
of meristem. They play an important role in cell
expansion, formation of vascular tissue and lateral
roots, and also the maintenance of apical dominance.

Cytokinins were first identified by their ability
to stimulate cytokinesis, promote cellular division,
bud initiation, the expansion of lateral shoot buds.
Gibberellins promote the release from dormancy
across diverse plant species, accelerate seed germi-
nation, drive stem elongation, and induce flowering.
Gibberellins trigger germination in certain seeds,
promote the development of parthenocarpic fruits,

Synthetic counterparts of naturally occurring
growth regulators hold the greatest value for prac-
tical applications. These include artificial versions
of auxins and cytokinins, engineered brassinolides,
and compounds that exert a retarding influence on
development. Most commercial plant growth regu-
lators are compounds that reduce the longitudinal
growth of shoots (retardants). Growth retardation
can be caused by ethephone, a compound that re-
leases ethylene, as well as compounds such as
chlorometachloride and mepiquate chloride, which
block the early stages of gibberellin biosynthesis
(Rademacher, 2000). New structurally related com-
pounds are constantly being synthesized, as well as
chemically unrelated compounds with similar hor-
mone-like activity, including substances that inhibit
the synthesis, transport, and action of hormones.

The practical application of growth regulators
enables researchers and farmers to induce metabolic
changes comparable to those triggered by specific
environmental factors (such as photoperiod dura-
tion and temperature). Ethey can hasten the devel-
opment of reproductive structures or either enhance
or suppress vegetative growth. Growth regulators
(stimulators) contribute to boosting crop productiv-
ity and enhancing product quality to a degree com-
parable with the effects of fertilizer application or
crop protection measures. This outcome is made
possible by their capacity to direct plant growth and
developmental processes toward the full expression
of a plant’s biological potential (Peleg et al., 2011).
Growth regulators and biostimulators have sig-
nificant potential to increase crop yields, allowing
farmers to increase productivity and profitability.
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Their use helps to reduce dependence on synthetic
fertilizers and pesticides, increasing nutrient absorp-
tion and improving soil quality (Gupta, 2023).

1. Endogenous hormones and related bioac-
tive compounds

Abscisic acid (ABA) is a key plant hormone that
regulates growth and development. Initially identi-
fied as two separate compounds (dormin and absci-
sin II), it was later recognized as a single molecule
and named ABA. It is mainly produced in leaf chlo-
roplasts, especially under stress conditions (Bhat-
tacharya, 2019).

ABA plays a central role in helping plants toler-
ate abiotic stresses such as drought, extreme tem-
peratures, and salinity. Under these conditions, its
levels increase, activating protective responses. It is
also involved in normal plant development. Studies
show that ABA accumulation rises in many crops
during drought and cold stress, and many ABA-reg-
ulated genes are linked to stress responses, particu-
larly to drought and salinity (Sah et al., 2019).

In rice, stress-responsive genes were character-
ized, with 43 of them being ABA-inducible. These
findings point to a substantial degree of interaction
between ABA-mediated signaling and abiotic stress
response pathways, particularly under conditions
of moisture deficit and elevated salinity. ABA fa-
cilitates water movement and ion transport through
root tissues, suggesting that it plays a role in turgor
regulation by decreasing transpiration rates while
simultaneously enhancing water uptake by the root
system. When ABA is present under low water
potential conditions, root growth is proportionally
greater relative to shoot growth compared to situ-
ations where ABA is absent. Research has dem-
onstrated that under reduced water potential, ABA
accumulation sustains primary root elongation in
maize by limiting ethylene biosynthesis, and it has
been shown that ethylene serves as a major inhibitor
of root extension (Sah et al., 2019).

Studies have shown that heavy metals increase
ABA levels in plants (Vishwakarma et al., 2017).

Abscisic acid (ABA) regulates many plant pro-
cesses, including seed maturation and dormancy, the
transition to flowering, stomatal control, and stress
responses. Under unfavorable conditions ABA lev-
els increase to enhance plant tolerance (Pompeu et
al., 2019).

In this way, ABA serves a critical function in
plants exposed to adverse environmental condi-
tions by decelerating growth rates and reducing
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metabolic activity. Furthermore, under water-deficit
conditions, ABA helps sustain internal water equi-
librium, enabling the plant to withstand temperature
extremes.

Auxin is a phytohormone responsible for modu-
lating plant growth and development, as well as
governing bud formation and the initiation of root
systems (Kazan, 2023). Auxins fulfill a central regu-
latory function in plant growth, regulating cell elon-
gation, vascular differentiation, and apical domi-
nance, while also guiding development under stress
conditions. They are involved in responses to salin-
ity, with clear links between auxin signaling and salt
stress. (Fahad et al., 2013; Bhattacharya, 2019).

Auxins promote cellular elongation by altering
the plasticity of the cell wall structure. They stimu-
late the division of cambial cells and induce the dif-
ferentiation of secondary xylem within stem tissues.

Auxin redistribution in response to light or grav-
ity causes uneven growth in plant tissues and shapes
overall plant morphology; at certain levels, it can
also inhibit growth. Auxin metabolism, transport,
and signaling are closely linked to stress responses,
and disruptions in auxin balance can lead to devel-
opmental abnormalities. Environmental stresses can
alter auxin homeostasis, while controlled changes
in auxin levels, especially in genetically modified
plants—have been shown to improve stress toler-
ance, including drought resistance. Overall, auxin
regulation is strongly connected to how plants adapt
to adverse conditions (Derfling et al., 1985; Park et
al., 2007; Tognetti et al., 2010; Remy et al., 2013;
Bhattacharya, 2019).

Cytokinins are hormones that promote cell di-
vision, shoot formation, delay aging, and regulate
leaf growth and internode length. They interact with
auxins by reducing apical dominance and, together
with ethylene, contribute to organ abscission.

Higher cytokinin levels can enhance photosyn-
thesis and metabolism under drought or salinity,
though their effects depend on regulation and local-
ization. Under heat stress, cytokinin levels often rise
temporarily, supporting stress responses such as an-
tioxidant activity and heat shock protein accumula-
tion, indicating their role in temperature adaptation
(Du et al., 2007; Bhattacharya, 2016; Voijta et al.,
2016; Pavla et al., 2018).

Gibberellins (GAs) constitute a large family of
tetracyclic diterpenoid phytohormones that play a
multifaceted role in regulating nearly every stage of
the plant life cycle. Among more than 130 identi-
fied gibberellin forms, only a few — most notably
GA,, GA;, GA4, and GA; — are biologically active

and directly participate in growth regulation. One of
the most well-characterized functions of gibberel-
lins is the promotion of stem and internode elonga-
tion through the stimulation of both cell division and
cell expansion. Gibberellins are indispensable for
the process of seed germination. During this stage,
GAs stimulate the synthesis of hydrolytic enzymes,
particularly a-amylase, in the aleurone layer of ce-
real grains. These enzymes mobilize stored starch
reserves in the endosperm, providing the develop-
ing embryo with the energy and nutrients required
for successful seedling emergence Beyond germina-
tion, gibberellins play a pivotal role in the transition
from vegetative to reproductive development. They
promote flowering, particularly in long-day and ro-
sette-forming plants, by activating floral meristem
identity genes. Gibberellins also contribute to the
development of parthenocarpic (seedless) fruits and
are essential for normal pollen maturation and fertil-
ity (Bhattacharya et al., 2019)..

Gibberellic acid (GA) is involved in plant growth
as well as responses to abiotic stress. While GA
alone does not significantly affect root elongation,
it can promote root growth under cadmium stress by
reducing Cd accumulation in tissues. It also lowers
cadmium-induced nitric oxide (NO) levels, helping
to mitigate toxicity (Zhu et al., 2016).

Jasmonates (JAs) are a class of lipid-derived
phytohormones that originate from the oxidative
metabolism of polyunsaturated fatty acids, primar-
ily a-linolenic acid, through the octadecanoid bio-
synthetic pathway. The most prominent members
of this group include jasmonic acid (JA), its methyl
ester methyl jasmonate (MeJA), and the biologically
active conjugate jasmonoyl-isoleucine (JA-Ile). Ini-
tially identified as fragrant components of jasmine
oil (Jasminum grandiflorum), jasmonates have since
been recognized as critical signaling molecules gov-
erning a wide spectrum of physiological and devel-
opmental processes in plants (Bhattacharya et al.,
2019).

Jasmonic acid (JA) involved in plant defense
against abiotic stress. It activates physiological
and molecular responses, including antioxidant en-
zymes, accumulation of amino acids and sugars,
and regulation of stomatal movement. JA also helps
reduce water loss by controlling stomatal closure
(Acharya et al., 2009; Wasternack et al., 2014).

Jasmonates play a significant role in plant re-
sponses to abiotic stresses such as drought, salinity,
heavy metal contamination, and extreme tempera-
tures. Under drought conditions, endogenous JA
concentrations rise rapidly, activating downstream
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signaling pathways that promote the accumulation
of osmoprotectants, enhance antioxidant enzyme
activity, and regulate stomatal closure to minimize
water loss. In Arabidopsis thaliana, exogenous ap-
plication of JA has been shown to modulate stoma-
tal aperture, thereby reducing transpiration rates
under water-deficit conditions. Furthermore, jas-
monates facilitate plant adaptation to heavy metal
toxicity by upregulating genes involved in detoxi-
fication and metal chelation processes. It was com-
pared cadmium-induced stress responses between
wild-type tomato plants and spr2 JA-deficient mu-
tants and found that Cd concentrations in both roots
and leaves increased more substantially at higher
CdCl, doses. The findings indicated that the absence
of endogenous JA can heighten the susceptibility of
tomato seedlings to Cd toxicity (Savchenko et al.,
2014; Zhao et al., 2016;Fu et al., 2017).

2. Humic compounds and their role in miti-
gating abiotic stress

Humic substances (HS) make up about 60% of
soil organic matter and consist of complex molecu-
lar assemblies that drive many soil chemical pro-
cesses. They include humic and fulvic acids, differ
in solubility, and form stable complexes with metals
and pollutants, which can reduce toxicity and influ-
ence their movement in soil (Bollag et al., 2019).

Humic acids (HA) are resistant to decomposi-
tion and can promote plant growth by improving
nutrient uptake, membrane permeability, and meta-
bolic activity. Their structure is highly complex and
still debated, but they are considered multifunc-
tional compounds with potential signaling roles in
plant—soil systems. HA can enhance root and shoot
growth, biomass, and germination, although effects
depend on concentration, plant species, and envi-
ronmental conditions. They also influence respira-
tion, protein synthesis, enzyme activity, and mineral
uptake—particularly improving availability of nutri-
ents like nitrogen, phosphorus, and iron(Thomas et
al., 1978; Nardi et al., 2002; Alvarez-Puebla et al.,
2005 Bollag et al., 2019).

Application of various HAs to Arabidopsis and
wild-type tomato seedlings prompted the research-
ers to propose that these organic substances contain
compounds exhibiting auxin-like properties. Nev-
ertheless, these same substances proved unable to
trigger lateral root development in a tomato mutant
harboring a dysfunctional auxin signaling gene.
Based on these observations, the investigators sug-
gested that HA most likely function as a “buffer-
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ing system,” capable of sequestering or liberating
signaling molecules in accordance with shifts in the
rhizosphere environment, such as acidification driv-
en by plasma membrane activity, thus serving as a
modulator of hormonal equilibrium with respect to
lateral root initiation (Dobbss et al., 2007).

Owing to the inherently complex and hetero-
geneous character of HA, the question of whether
they possess genuine auxin-like biological activity
continues to be a matter of scientific discussion.
The hormonal responses observed in experimen-
tal settings did not consistently correlate with the
actual concentrations of IAA identified within HA
preparations, leaving open the possibility that other
members of the auxin family or structurally related
molecules may be present that either replicate aux-
in function or activate the endogenous auxin bio-
synthetic machinery in plants. Approaches rooted
in functional genomics, transcriptomic profiling,
and proteomic analyses could serve as promising
strategies for clarifying the mechanisms underly-
ing the biological effects of HAs (Trevisan et al.,
2010).

Alleviating the adverse impacts of abiotic stress-
es on plant growth throughout ontogenetic devel-
opment can substantially enhance the productivity
of cultivated crops (Van et al., 2017; Zhang et al.,
2008). Various studies demonstrate that HA possess
the capacity to strengthen plant tolerance to envi-
ronmental stress. Application of HA to bent grass
and tall fescue resulted in improved leaf water re-
tention, greater antioxidant potential, and enhanced
growth of both roots and shoots under water-limited
conditions. The simultaneous use of HA together
with seaweed extract bolstered resistance to water
deficit and raised the levels of endogenous cytoki-
nins. In bell pepper, HA treatment led to elevated
concentrations of vital mineral elements in root and
shoot tissues, pointing to a protective role against
salt-induced damage.

Humic acids (HA) improve plant tolerance to
salinity by increasing proline levels while reduc-
ing membrane damage and reactive oxygen species
(ROS). They also enhance antioxidant enzyme ac-
tivity, especially when applied via vermicompost,
helping plants cope with drought and salt stress. HA
influence membrane proton pumps, improving nu-
trient uptake and root development, likely through
auxin-related pathways. They can also reduce the
toxicity of heavy metals by limiting ROS damage
and supporting protective systems such as gluta-
thione production. Additionally, HA help maintain
redox balance, boost antioxidant defenses, and im-
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prove plant recovery under stress conditions like
drought and osmotic stress (Garcia et al., 2012;
Guridi-Izquierdo et al., 2017; Van et al., 2017; Agu-
iar et al., 2018; Shah et al., 2018; Zandonadi et al.,
2018).

I was showed enhanced peroxidase function,
lower hydrogen peroxide levels, and heightened
proline accumulation in cells, collectively resulting
in diminished ROS production and the re-establish-
ment of redox balance in the cytosol (Garcia et al.,
2018; Garcia et al., 2016). Seedlings that received
prior HA treatment exhibited greater resilience when
subjected to osmotic stress induced by polyethylene
glycol (PEG 6000) (Guridi-Izquierdo et al., 2017).
In a comparable manner, sugar cane plants previ-
ously exposed to HA displayed superior recovery
following water-deficit conditions, characterized by
an upregulation of key antioxidant enzymes (Aguiar
etal., 2018).

3. The practical use of plant growth-regulat-
ing compounds

Plant growth regulators (PGRs) play a central
role in coordinating these processes, including both
classical hormones and other bioactive compounds
(Peleg et al., 2011).

Contemporary research has revealed that phy-
tohormones participate in a multitude of biologi-
cal processes. The interplay among different plant
hormones gives rise to synergistic or antagonistic
interactions that serve an essential function in medi-
ating plant responses to abiotic stress. The targeted
manipulation of molecular mechanisms governing
hormone biosynthesis, intracellular signal transduc-
tion, and downstream hormonal actions facilitates
the engineering of hormone biosynthetic pathways,
enabling the development of transgenic crop variet-
ies exhibiting superior abiotic stress tolerance under
field conditions (Sajid et al., 2009; Alcazar et al.,
2010).

The commercial application of auxins aimed to
prevent premature leaf and fruit drop, promote flow-
ering, thin fruits, induce seedless fruit formation,
and stimulate rooting in cuttings. Growth regulators
are applied throughout plant development -from
flowering to post-harvest—to improve yield and
quality, including in crops like lilies. In the case of
the tropical evergreen mango tree, low temperature
is the sole recognized factor capable of triggering
the flowering process; however, it does not ensure
that floral initiation will take place, as complex in-
teractions involving phytohormones associated with

vegetative growth also play a determining role (Dias
etal., 2019).

Forthcoming investigations in rhizosphere bi-
ology will depend on advances in molecular and
biotechnological methodologies to deepen our un-
derstanding of rhizosphere processes, microbial di-
versity, and the multifunctional properties that un-
derpin sustainable agricultural practices, as well as
to achieve integrated management of soil microbial
communities.

New approaches to using bioinoculants in high-
value crops—such as vegetables, fruits, and ornamen-
tals—should be further developed. Combining mul-
tiple stress-tolerant bacterial strains may be more
effective than single-strain inoculation in reducing
stress effects on plants. Future research should focus
on optimizing growth conditions and developing
safe, resilient plant growth-promoting rhizobacteria
(PGPR) to enable affordable and efficient agricul-
tural applications (Davies et al., 2010).

Conclusion

The comprehensive analysis presented in this
review underscores the indispensable role of plant
growth regulators in governing fundamental physi-
ological processes and conferring tolerance to abi-
otic stress factors in cultivated crops. The evidence
clearly demonstrates that phytohormones do not
function in isolation but rather operate through an
intricate network of synergistic and antagonistic in-
teractions that collectively determine plant adaptive
capacity under adverse environmental conditions.
Abscisic acid, auxins, cytokinins, gibberellins, and
jasmonates each contribute distinct yet intercon-
nected regulatory functions, ranging from stomatal
control and osmotic adjustment to antioxidant de-
fense activation and root architecture modification.

The role of humic substances as natural me-
diators of stress tolerance represents a particularly
promising area of agricultural biotechnology. Their
capacity to enhance nutrient bioavailability, stimu-
late antioxidant enzyme systems, modulate auxin-
like signaling, and buffer rhizosphere conditions po-
sitions humic acids as valuable complementary tools
alongside conventional plant growth regulators. The
documented ability of humic acids to reduce the
genotoxic effects of heavy metals and restore cellu-
lar redox homeostasis further highlights their poten-
tial in remediating contaminated agricultural soils.

From a practical standpoint, the strategic ap-
plication of growth regulators — both synthetic and
natural — offers farmers effective means to opti-
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mize crop productivity and quality while reducing
dependence on chemical fertilizers and pesticides.
The development of transgenic crop varieties with
modified hormonal pathways and enhanced stress
tolerance continues to expand the possibilities for
sustainable agriculture.

Future research should prioritize the integration
of functional genomics, transcriptomics, and pro-
teomics to elucidate the precise molecular mecha-
nisms underlying PGR-mediated stress responses.
Additionally, the exploration of multi-stress bacte-
rial consortia combined with humic biostimulants
may Yyield innovative, cost-effective solutions for
maintaining agricultural productivity under the in-
creasingly unpredictable environmental conditions
driven by global climate change.
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