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OCHOBHBIE THIPOXUMHNUYECKHUE XAPAKTEPUCTHUKH O3EPA KAVICAH B
INEPUO/ 2020-2024 rr.

TA.M. Kacbimxanos , 'I.C. Kpeiknaesa* |, !C.E. Bazapos , *T.H. Camapxanos
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C.E. bazapoB — maructp ecTecCTBEHHbIX HayK, Hay4HbII COTpyIHUK AuTaiickoro ¢uauana
TOO «HayuHo-ITpOoM3BOACTBEHHBIN LIEHTP PHIOHOTO X034icTBay, I. YcTh-Kamenoropck, Kazaxcran,
e-mail: bazarov@fishrpc.kz, https://./0009-0002-8241-5340

T.H. CamapxanoB — PhD, wu.0. accomumpoBanHoro mpocdeccopa MexIyHapOTHOTO
yHuBepcuTeTa Actana, . Acrana, Kaszaxcran, e-mail: talant.68@mail.ru, https://./0000-0003-
4891-8278

AnHoTtanusi. Hacrosiimas ctarbs MOCBSIIEHA KOMIUIEKCHOMY aHAIM3Yy THIPOXUMUYECKUX
XapakTepuctuk o3epa JKalicaH - OZHOrO W3 KPYINHEHWIIMX M  3HAYUMBIX BOJOEMOB
BocTouno-Kazaxcranckoil obnactu. B pabote npencraBieHsl pe3ynbTaThl HOJIEBBIX HCCIEIOBaHUM,
BBINTOJTHEHHBIX B BECEHHMH W JeTHHH ce30HBl 2024 roxa, a Takke NPOBEIEH PETPOCHEKTHBHBIN
CpaBHUTENbHBINA aHaIU3 ¢ HaHHbIMU 2020-2023 rr. Oco00oe BHUMaHUE YIEIEHO U3YUEHUIO JUHAMUKH
PacTBOPEHHBIX ra30B, OMOTEHHBIX COEANHEHHIA, OPraHNIECKOTO BEIIECTBA M YPOBHS MUHEPATH3aIINH.
Ot6op mnpoO ocymecTBisiicss Ha cTaHIusaXx TapOarataiickoro u Kypuymckoro mnobepexuid,
aHaJU3 BBINOJIHEH C IMPUMEHEHHMEM CTaHIApTHBIX, OOLIEHPUHATHIX METOAMK. Takxke NpoBeAEH
COIIOCTABUTENIbHBIA aHAIN3 MOJYYEHHBIX IOKa3aTeNel ¢ LeNbl0 BBISBIEHUS KaK KPaTKOCPOUHBIX
CE30HHBIX, TAK U JOJTOCPOYHBIX MEKTOIOBBIX U3MEHEHUN. Pe3ynbTaTsl JEMOHCTPUPYIOT, YTO B LIETIOM
THIPOXUMHUYECKUN PEXUM 03€pa XapaKTepU3yeTCsl CTAOMIBHBIMH 3HAUCHHSIMU M COOTBETCTBYET
HOpMaTHUBaM, YCTAHOBJIEHHBIM JIJIsl PbIOOXO3SIIICTBEHHBIX BOMOEMOB. 3a(UKCHUPOBAHO yBEIUYECHHE
COZIep’KaHUsI pAaCTBOPEHHOTO KUCIIOPO/a, CHU)KEHHE MUHEPATU3aLliK 110 CPABHEHUIO C ITPEJIbI Iy IIUMHU
roJlaMH, a TaKKe yMEpeHHbIe KoJIeOaHus coiepkaHusl OMOTeHHBIX BellecTB. Peakiius BogHOM cpeibl
MIPEUMYIIECTBEHHO CJIa0OIIeNIOYHas, COAEPKAaHHE OpPraHWYECKMX BEIIECTB OCTAETCS HMU3KHUM.
CTpyKTypa MOHOB B BOJI€ yKa3bIBaeT Ha MPUHAUIEKHOCTh 03epa K THAPOKapOOHATHOMY Kiaccy,
rpynne kaiplins. [lomydeHHble pe3yabTaThl MOATBEPKIAI0T OJaronpusTHbIE YCIOBUS Ul OOUTaHUS
THJIPOOHOHTOB U HEOOXOJMMOCTh MPOAOJIKEHUST KOMIIJIEKCHOTO MOHUTOPHHTA.

KiroueBbie ciioBa: runpoxumus, o3epo JKaficaH, pacTBOpeHHbIE Ta3bl, OMOT€HHBIE COCIMHEHHMS, OPTaHMYECKOE BEUIECTBO,

MUHEpaIn3alus BOAbI.
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2020-2024 k. IKAHCAH KOJITHIH HETI3T'T TUAPOXUMMSJIBIK CUIIATTAMACHI
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Anaarna. Ocsl Makana Ileireic Ka3zakcran oONMBICBIHIAFBI €H 1pl Opl MaHBI3ABL Cy
aiinbiHAapeIHbIH Oipi - JKalicaH KeJliHIH THAPOXUMMSUIBIK CHUIaTTaMalapblHa KeUIeHl Tajjaay
Kyprizyre apHanrad. Makanana 2024 XbUIIbIH KOKTEMI1 KOHE KY3T1 MayChIMIApBIHAA JKYPIi3UIreH
JananblK 3epTTey HOTWXKenepi YCbIHbUIbIN, onap 2020-2023 kpuigapiarbl  MOJIIMETTEPMEH
CaJIBICTBIPMAJIBl TYpAE Tajnauabl. Epekine Hazap epireH rasnapiblH, OMOTE€HIl KOCHIHIBLIAP/AbIH,
OpPraHMKAJIBIK 3aTTaplblH JKOHE CYIblH MHUHEpaijaHy JACHIeHiHIH JUHAMHMKAachlH 3epTTeyre
aynapeuiasl. Cy ceiHamanapsl TapOararaii sxoHe Kypinim xkaranaynapbIHarsl OeKeTTepe ajiblHBIII,
CTaHJAPTThl TUAPOXMMHUSIBIK OAICTEp/l KOJJaHa OTBIPBIN 3€pTXaHANBIK JKarjaaiiia TasiJaH[bl.
CoHbIMEH KaTap, ajblHFaH KOpCETKIIITepre MayChIMABIK (KbICKa Mep3iM[i) >KOHE KOIDKBUIABIK
(y3ak Mep3imji) esrepicTepii aHBIKTAy MaKCaThIHAA CAJbICTBIPMAIbl Tajjay XYpriziiai. 3eprrey
HoTXKemepi OoipiHma, JXKalicaH KeJIiHIH THAPOXUMHSIBIK PEXHMI TYPAKTHUIBIFBIMEH CHIATTAJIa (bl
OoHe OasbIK IapyallbUIbIFbI Cy aWJbIHAApbl YIIIH OENTUIEHIeH HOPMATHUBTEpre Coilkec Kemnes.
Epiren oTTeriHiH KOHIEHTPAIUACHI KOFApPbUIaybl, MUHEpAJIaHy IEHICHIHIH aJJbIHFBI KbUITAPMEH
CaJBICTBIPFAH/Ia TOMEHICTEHI KoHE OMOTeH/I 3aTTap MeJIIepiHiH OipmamMa aybITKysl Tipkenai. Cy
OPTACBHIHBIH PEAKIMACHI CAJI CUITLI, OpPraHUKAJIbIK 3aTTap/IblH MeJIepi ToMeH aeHreiae. MoHabIk
KYpPbUIBIMBI OOWBIHIIA KOJI THIPOKApOOHATTHI CaHAThIHA, KAJIBIIUI TOOBIHA >KAaTaThIHBI aHBIKTAJIIbI.
AJBIHFaH MOIIMETTEp IMAPOOMOHTTAp TIPIILIITIHE KOJIAWbl JKaFAai jKacalFaHbIH JKOHE KeleHl
MOHHUTOPHUHITI KaJIFACThIPY KaXETTLIIT1H KOpCeTe .

Kint ce3ngep: runpoxumus, XKaiicam kemi, epireH rasmap, OHOTeHIl KOCBUIBICTAp, OPTraHUKAJBIK 3aTTap, CYIBIH

MHUHEpaJIIaHyBI.
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MAIN HYDROCHEMICAL CHARACTERISTICS OF LAKE ZHAISAN IN THE PERIOD
2020-2024
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2 Astana International University, Astana, Kazakhstan
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Abstract. This article presents a comprehensive analysis of the hydrochemical characteristics
of Lake Zhaisan, one of the largest and most significant bodies of water in the East Kazakhstan region.
The paper presents the results of field studies conducted in the spring and fall of 2024, and also
includes a retrospective comparative analysis with data from 2020-2023. Particular attention was paid
to studying the dynamics of dissolved gases, biogenic compounds, organic matter, and mineralization
levels. Sampling was carried out at stations on the Tarbagatai and Kurchum coasts, and analysis was
performed using standard, accepted methods. A comparative analysis of the obtained parameters was
also conducted to identify both short-term seasonal and long-term interannual changes. The results
demonstrate that the lake's hydrochemical regime is generally stable and complies with standards
established for fishery waters. An increase in dissolved oxygen levels, a decrease in mineralization
compared to previous years, and moderate fluctuations in nutrient levels were recorded. The aquatic
pH is predominantly slightly alkaline, and organic matter levels remain low. The ion structure of
the water indicates that the lake belongs to the hydrocarbonate class, a calcium group. The obtained
results confirm favorable conditions for aquatic organisms and the need for continued comprehensive
monitoring.

Keywords: hydrochemistry, Lake Zhaisan, dissolved gases, biogenic compounds, organic matter, water mineralization.

Beenenue. M3yuyeHne XUMHUYECKOTO COCTaBa BOJOEMOB SBIISETCS OJHUM M3 MPUOPUTETHBIX
HarnpaBJIeHUH THAPOXUMUU U BOJHOMN SKOJIOTUH, TaK KAK XUMUUECKHE NTapaMeTphbl HAIIPSIMYO BIHSIOT
Ha (YHKIMOHMUPOBAHUE BOAHBIX JKOCHUCTEM U MOTYT CIY)XUThb HaI&KHBIMH HHAMKATOpPaMHU HUX
cocrostHusl (AnekuH, 1970:444, Jlypse, 1971:376). B ycnoBusax HapacTaroLIEro aHTPOIIOTE€HHOTO
JIaBJICHUSI BA)KHO CBOEBPEMEHHO BBISBIIATH M3MEHEHHS B XMMMUYECKOM COCTaBE BOJ, CIIOCOOHBIE
MIPUBECTH K HapyLIEHUIO OMOJIOTMYECKUMX U Tpoduueckux cBsseil B skocuctemax (['aBpuienko,
1990:298).

Ienbto HacTosleH paloThI ABJISIETCA KOMILJIEKCHOE UCCIIeI0BaHNE
IPOCTPAHCTBEHHO-BPEMEHHOW JWHAMUKHM KIIOYEBBIX TIHAPOXMMHUYECKMX IIapaMeTpoOB 03€pa
Kaiican 3a nepuon 2020-2024 rr. MccnenoBanue HapaBIeHO HA BBISIBICHUE B3aUMOCBSI3EH MEXTy
CE30HHBIMHU, KJIMMATUYECKUMHU U aHTPOTIOT€HHBIMU (PAKTOPAMH, BIMSIIOIIMMHU HA THIPOXUMUYECKUN
PEXHUM 03€pa, C LIEIbI0 OLEHKHU TEKYILEro COCTOSHUS 3KOCUCTEMbI U MPOTHO3a €€ YCTOMYUBOCTH K
BHEILIHUM Harpy3Kam.
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1. OueHuTh CE30HHYI0 U3MEHUMBOCTh THAPOXUMHUUECKUX NTOKa3aTeseil.

2. IlpoBecTr cpaBHUTEIBHBIN aHAIN3 TAHHBIX 3a MATH JIET.

3. BbIsBUTH BO3MOXKHBIE IPUYMHBI HAOIIONAEMBIX U3MEHEHUH B THAPOXUMUYECKOM PEXUME
o3epa.

buorenHble  3ME€MEHTHI - 3TO  XMMHUYECKHE COCOUHEHHUS, HEOOXOAWMBIE IS
KHU3HEAEATEIbHOCTH BOJHBIX OpPraHU3MOB, M OJHOBPEMEHHO - KIJIOUEBBIE PErYJISATOPHI
Ouonornyeckoi NpoAyKTUBHOCTH. K unciy BaKHEHIINX OTHOCSITCS COEIMHEHUS a30Ta (AaMMOHUNHBIN
vorn NHj, murputei NO,, nutpatsl NO3) u docdopa (mpeumymectsenso ¢pocdarsr PO; ),
y4acTBYHOILME B Tpoleccax GOTOCHHTE3a, POCTa BOJOPOCIEH U APYTHX aBTOTPO(GHBIX OPraHU3MOB
(Anexun, 1970:444).

N30bITOUHOE TOCTYMJIEHWE OSTUX BELIECTB B BOAOEMBI, Kak IpaBWJIO, CBSI3aHO C
CEJIbCKOXO3SIICTBEHHBIM CTOKOM, CTOYHBIMH BOJAMHU M HapyIIEHHEM pPEXHMa BOJOOTBEICHMS.
PesynpraroMm siBisieTcst 3BTpodUKAlMsS - MPOLECC, CONPOBOXKIAIOIIMNICS MAacCCOBBIM pPa3BUTHEM
(UTOIUIAaHKTOHA, «IIBETEHHEM» BOJIbl U HapylleHHeM razoBoro Oananca B 3xocucreme. IIpu pacnaze
M30BITOUHONW OMoMacchl yBelnMUYHMBaeTcs Oumoxumuyeckoe mnorpednenue kuciopona (BIIK), uro
MPUBOIUT K TUIOKCHUU WIM JaXe aHadpoOuo3y B NMpHUIOHHBIX ciosx (CnankoBa, TOKTachIHOBa,
2020:52-60).

PactBopénnsii kucnopon (Os) u yriekucisiii raz (CO2) SBISIOTCS BaXKHBIMU PETYISTOPAMU
KU3HEJCATEIbHOCTH THAPOOMOHTOB M MapaMeTpaMu, ONPEACISIOIIMMU YCTOHYHMBOCTh BOJHOM
cpeabl. Kucnopon moctymaer B Bomy 3a c4ér arMmocdepHod auddy3uu U GOTOCHHTETHUECKOU
AKTUBHOCTHM BOJHBIX PAaCTEHUH, a PACcXOAyeTcs B IPOLECCE ABbIXaHUS U Pa3/IOKEHHUS OPraHUuKU
(Chapra, 2008:844).

Henocratok kucnopopa (rumoxcus) ocoOEHHO 4YacTo HaOMIOmaeTcsi B IMEperpyKeHHbIX
OpPraHuKol M c1aboNpPOTOUHBIX BOJOEMAX, IJ€ 3aMeUIeHbl MpoLecchl aspauuu. B atux ycnoBusax
PE3KO CHIKaeTcsi OMopazHooOpa3ue, MOSBIISIOTCS YCTOMUMBBIE K 1e(DUIIUTY KUCIOPOIa OpraHU3Mbl
(HampuMep, HEKOTOphle BUIBI CHHE3ENEHBIX BOJOpOCIEed W Oakrepuil), a Takke BO3MOXKHA
AKKyMYJISIIIMSL TOKCUYHBIX MPOIYKTOB aHa3pOOHOT0 pa3ioKeHNUs, BKIOUas aMMHUaK U CEPOBOJOPO/.

Oprannyeckoe BELIECTBO, MOCTyMarllee B BOJOEM KaK M3 €CTECTBEHHBIX (ITOYBEHHBIN
CTOK, PACTUTEIbHOCTb), TAK U AHTPOIOI€HHBIX UCTOYHUKOB (OBITOBBIE M MPOMBIIIIEHHBIE CTOKH),
aKTMBHO y4YacCTBYET B Ipolieccax OMOJOrHuecKkoro camoouuiieHus. OHO CIIy’KUT cyOcTparoM Juis
reTepoTpo(HBIX MUKPOOPTaHU3MOB, UTPAIOIIUX KIIOYEBYIO pOJIb B MHHEPATU3ALMU OPTaHUKU U
kpyrosopote Bewects (JIypre, 1971:376, TypcyHoBa, XKymabaes, 2022:120-129).

OnHako ype3MepHasi KOHIIEHTpAIs OpraHUKU MOXKET HapylIaTh 3KOJIOTMYECKOE PaBHOBECHE:
noBeimath BIIK, cHmkare mnpo3payHOCTh BOJABI W, KakK CIEACTBHE, YXYAIIATh YCIOBHS JUIS
¢dorocuHTe3a. ITO BeIET K M3MEHEHHIO BUIOBOIO COCTaBa BOAOPOCIIEH, CHIPKEHHUIO POyKTHUBHOCTH
Y HApYILIEHUIO MUILEBBIX LENEH.

MuHepanuzanus - CyMMapHOE COACPKAHUE DPACTBOPEHHBIX COJIEH - SBISETCA OJHUM
13 0a30BbIX IOKa3aTelied, XapaKTepU3YIOIIUX THUI BOJbI: INPECHAs, COJOHOBAaTas WM COJEHAs.
OCHOBHBIE KOMIIOHEHTHI, OIPEENSIONME YPOBEHh MUHEPAIM3AMH - 3TO MOHBI Kanbius (Ca’'),
maraus (Mg?t), narpus (Na™t), kamus (KT), xnopunos (C17), cyasharos (SO3 ) u ruapokapOGoHATOB
(HCO3) (I'aBpunenko, 1990:298). Munepanusaius BIUseT Ha OCMOTHYECKOE JaBieHue, OydepHble
CBOMCTBa BOJIbI, @ TaKXe Ha OMOAOCTYIMHOCTh U TOKCHYHOCTB psifia coenunenuid. Kpome Toro, ona
OTIpeNENsAeT NPUTOAHOCTh CPEabl s OOUTaHUS ONPEAENEHHBIX BUJOB THIPOOHOHTOB: HalpuMep,
MIPECHOBO/IHBIE OPTaHU3MBbI IJIOXO MEPEHOCAT YBEINYEHHUE COIEHOCTH, TOTIa KaK COJIOHOBATOBO/IHbIE
1 Mopckue GopMbI TpeOYIOT onpeieIEHHOro cosieBoro Oamanca (Anekus, 1970:444).

Takum 06pa3om, rcciaeoBaHNe OMOTeHHBIX BEIECTB, OPraHUKH M MUHEpaIU3alii HO3BOMISET
KOMIUIEKCHO OIIeHHMBaTh TPO(PHUUECKUI CTaTyc, ypOBEHb 3arps3HEHUs U OOIIee 3KOJIOTHYECKOe
COCTOSIHHE BOJOEMOB. B yCIOBMAX M3MEHEHHUs KIMMAara U yBEJIMYEHHUs aHTPOIIOTCHHOM HarpysKw,
MOHUTOPUHI ATHX IOKA3aTeJIed CTAHOBUTCS BaKHEWIIEH 3amadeil JJI1 yCTOMYHMBOIO YIIPaBICHMS
BOJIHBIMH PECYPCaMU U OXpaHbl ONOJIOTMUYECKOr0 pa3HO00pasHsl.
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N3ydyeHne ruapoXMMHUYECKOro cOoCTOsiHUS o3epa JKalicaH uMMeeT Ba)KHOE 3HA4YEHHE, Tak
KAaK JAaHHBIM BONOEM WIpaeT KIIOYEBYIO pPOJb B BOJOXO3SAWCTBEHHOM cHucTeMe BocrodHoro
Kazaxcrana. OH obecreunBaeT 3KOCUCTEMHbIE (YHKIIMH, BKJIIOUas BOJOCHAOKEHHUE, CYHOXOJCTBO
U PBHIOOXO3AUCTBEHHYIO AEATEeIbHOCTh. [I0CTOSHHBIM MOHUTOPUHT THAPOXUMHYECKUX MapaMEeTPOB
MI03BOJISIET OTCJIEKHUBATh U3MEHEHUS KaueCTBA BOJbI, OLICHUBATh CTENIEHb AHTPOIIOTEHHON HAarpy3KH
U IPOrHO3UPOBATH BO3MOXHBIE JKOJIOrMUeckue pucku. Kpome TOro, aHamus KOHLIEHTpalMi
PacTBOPEHHBIX I'a30B, OMOT€HHBIX COEAMHEHUHN, OPraHMUECKOT0 BEIIECTBA U YPOBHS MUHEpATU3aIUH
na€T BO3MOXKHOCTh pa3paboTaTh HAydyHO OOOCHOBAaHHBIE MEphI MO COXPAHEHHIO SKOJIOTHYECKOTO
OanaHca ¥ yCTOWYMBOMY HCIIOIB30BaHHUIO BOAHBIX PECYPCOB.

B ycnoBusX KIMMaTHYECKMX W3MEHEHHH M YCHUJIEHMsI AHTPOIOIEHHOIO BO3ICHCTBUS
MOHMUTOPHUHI THUAPOXUMHYECKOTO pEXKHMa CTAaHOBUTCA OCOOEHHO akTyajdbHbIM. COBpEeMEHHBIE
HCCIIEIOBaHUS BOAHBIX 00bekTOB KazaxcraHa U conpeneiabHbIX TEPPUTOPUI MO3BOJISIOT BISBISTDH
3aKOHOMEPHOCTH, ONTHUMHU3UPOBAaTh METOJUKU HCCIIEOBAHUS U OINpPENeNsITh KIIoYeBble (DaKTOPHI,
BIMSIOIIME Ha KauecTBO Boabl. O3epo JKaiican, pacnonoxeHHoe B Bocrouno-Kazaxcranckoit
obnacTu, mpencTaBiasieT co0oi BOJAOEM, TMIPOXUMHUYECKUE IapaMeTpbl KOTOPOIO OKa3bIBAIOT
3HAYUTEIBHOE BIMSIHUE HA YCTOMYMBOCTDh PETMOHAIBHOM 9KOCUCTEMBI U OMOPECYPCHBIN TOTEHIIHAIL.

O3epo XKaiican pacronokeHo B IIUPOKOH IITOCKOM KOTJIOBUHE, OTPAHUYCHHOM C 0Ta XpeOToM
Manpak, ¢ 10ro-Boctoka - xpedtom Cayp, KOTOpbIe SBIISIFOTCSI YaCThIO0 TOPHOM cucTeMbl Tapbararas.
Bonoém oTHOCHTCS K IUIOTMHHBIM 03€paM M NMUTAETCs MpeuMyliecTBeHHO Bogamu Kapa Eprtuca.
C 1960 roma, mociie co3gaHus BOAOXpaHWIMING, BKJIrOYaromiero o3epo JKaiicaH, ero Iuiomajb
CYILIECTBEHHO yBEIMYMUIIACh U IpU cpeaHeMHoroieTHeM ypoBHe (390,84 m BC) cocrasnser 2581 km?
- okoiio 60 % oOmieit Tiomany Bogoxpanmwiuia. Jnuaa o3epa mocturaer 140 kM, mupuHa - 10 35
KM, MaKCUMaJIbHas ITyOuHa - 12 M.

KotnoBuHa xapakrepusyeTcsi pe3k0 KOHTHHEHTAJIbHBIM KJIMMAaTOM C JKapKUM JIETOM (MK
TEMIEpaTyp B HIOJE) U XOJOAHON 3MMON (CaMblii XOJOAHBIM Mecsll - SHBaph). 3epKajo o03epa
pacrionoxeHo Ha Beicote 390 M Hax ypoBHeM Mops. Penbed npencrapnser co0oil akKyMyJIITUBHYIO
paBHUHY ¢ abcomoTHEIMU oT™MeTKaMu oT 400 10 490 m.

Bynyun kpynueimmm Bonoémom Boctounoro Kazaxcrana, JKalican oka3pIBaeT CyleCTBEHHOE
BIMSIHME HA JKOJIOTUYECKYI0 M HSKOHOMHMYECKYIO0 CTaOMIbHOCTH peruoHa. Ero rumpoxumuyeckuit
pexuM (opMupyeTcss TOA BO3IACHCTBHEM KaK MPUPOIHBIX, TaK M aHTPOIOTEHHBIX (PaKTOPOB:
TUIPOJIOTUYECKUI PEXUM, T€0JIOTHs, KIMMAT, a TAK)KE XO3AHCTBEHHAs! 1€ATEIBHOCTD.

ComnacHo wuccienoBannto CaBUHKOBOW, W3MEHEHHUS YPOBHS BOJbl HEMOCPEICTBEHHO
OTpa)kaloTcs Ha TakWX MapameTpax, kak pH, comepkaHue pacTBOPEHHOIO KHUCIIOpOJIA U CTENEHb
MuHepanau3anuu. B padore «OcoberHOCTH HOPMUPOBAHUS XUMUYECKOTO COCTaBa BOJ] 03epa 3aiicany
(2003-2012 rr.) MOMYEpPKHYTA POJIH MPHUPOIHO-THIPOJIOTHUYECKUX (HAKTOpOB B (POpMUPOBAHHH
xumudeckoro cocraBa (CaBunakoBa, 2013a:137-144, CaBunkoBa, 20136, CaBunkoBa, 2015:92-95).
A.A. Acpibexosa B 2015 roxy npoBena KOMIUIEKCHBIE THIPOXUMHUYECKUE UCCIICAOBAHMUS, BKIIIOYAs
aHaJIU3 Ta30BOT0 peXUMa, (PU3UKO-XUMUYECKUX CBOWCTB, 8 TAK)KE OMOT€HHBIX U HOHHBIX COSAMHEHUN
(AcpuibekoBa, Kymnukos, 2016:16-29) .

KoMIiekcHbI MOAXOA K MOHHTOPHHTY BOJHBIX OOBEKTOB OCOOCHHO BaKEH C YYETOM
OMOpecypcHOM 3HAUYMMOCTH oO3epa. Tak, Mo AaHHbIM KynukoBa ¥ COaBTOPOB, YXYIIICHHE
THJIPOXUMHUYECKUX YCIOBUH OKa3bIBaeT MPSAMOE BIMSIHUE HA MPOAYKTHBHOCTH PHIOHBIX PECYPCOB U
uX 9KOHOMHYEeCKyI0 oueHKy (KynukoB u ap., 2022:81-91) .

PeTpocriekTUBHBIN aHAIN3 XUMHUUECKOT0 cocTaBa BoJl OacceiiHa peku MpThilil, BBINOIHEHHBIH
MuxaiinoBoil, YemarnubiM 1 MeaBeneBoil, moka3ail Kak IPUPOIHbIE, TAK U TEXHOTEHHbIE HCTOYHUKH
BausHUsA (MuxaiinoBa u ap., 2015:60-75) . Kpome Toro, crarbu, MOCBAIMIEHHBIE MOPHOMETPHH
U THAPOXMMMH Ka3aXCTAaHCKUX 03€p, NOAUYEPKUBAIOT KIIOYEBYIO POJIb MPUPOAHO-KIMMATHUYECKUX
(bakxTopoB u reorpadguu B GpopMUPOBAHIH BOJHOTO peskuma (Pstrokun u ip., 2015:510).

Hacrosimee mccnenoBanne oxsareiBaeT nepuon 2020-2024 rr. ¥ HampaBlIeHO Ha aHAIMU3
THIPOXUMHUYECKHX TOKa3aresei ozepa XKaiican ¢ yuéToM C€30HHBIX U aHTPOMOTEHHBIX (PAKTOPOB.
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MarepuaJibl M1 MeTOABI MCCJIe0BaHMA. [ UIpoxuMuyeckue nccienoBanus ozepa JKaiican
B 2024 romy nOpoOBOAWINCH B pPaMKaX CE30HHOTO MOHHUTOPUHIA B BECEHHMH (ampenb-Mail) u
JeTHUN (HMIONb-aBrycT) nepuoabl. OT6op mpold OCYIIECTBISJICS Ha PENPE3eHTATHUBHBIX CTAHIUSX,
OXBATBHIBAIOIIMX JBa KIIOYEBBIX MPUOPEKHBIX yuacTKa Bogoema: Kypuymckoe modepexne (CTaHIuu:
Kopxyn, bapxot, Amanar, Kapa Eptuc) u TapOararaiickoe mobepexbe (cTaHIuu: MbIC TOTIOIEeB, MBIC
Bomuuii, Kapcak6aii). O0pasibl Boabl 0TOMpanuchk u3 nmosepxuoctHoro cios (0-0,5 M) B palioHax ¢
pPa3HOM CTEMEHBIO BO3ICUCTBYS MPUPOTHBIX U AHTPOIIOTCHHBIX (PaKTOPOB.

JlomomHUTENbHBIE TUPOJIOTHYECKHe qaHHbIe 3a mepruon 2020-2023 rr. ObLIH MPeoCTaBICHBI
Bocrouno-Kazaxcranckum ¢punuanom PITI «Kasrugpomer». OTu cBeieHUs BKIIIOYAIA HHPOPMALIUIO
0 TeMIeparype BOJbl, YDPOBHE BOAOEMA, CKOPOCTH TEUEHHUM U JPYIHUX XapaKTEPUCTHKAX, BIUSIIOLIUX
Ha (GOpPMHUPOBaAHHE XUMHUYECKOTO COCTaBa BOJIBI.

I'uapodusnyeckue M TUAPOXUMHUYECKHE MCCIEI0BaHUS IPOBOJWINCH B COOTBETCTBUU C
JICUCTBYIOIIMMHU HAIIMOHAJIBHBIMU M MEXIyHapOAHbIMU cTaHapTamu, Bkitodas [[OCT 17.1.5.05-85,
I'OCT 31861-2012 m meromumveckue ykazaHus, usinokeHHole B (CemenoB, 1977:542, Jlypse,
1973:376, Anexun, 1959:302). Otbop npoO® NpPOM3BOAMICS KaK M3 IOBEPXHOCTHBIX, TaK H
Y3 TPUIOHHBIX TOPU30HTOB (B MecTax C mIyOmHamu Ooiee 5 M) ¢ TMOMOIIBIO CTaHJAPTHOM
npobootOopHoit cuctembl CII-2, obGecreunBaromieii cOXpaHEHUE HCXOMHOTO COCTOSIHUSI BOABI IO
MOMEHTa aHaJIN3a.

N3mepenne conmepkaHUs PACTBOPEHHOTO KHUCIOPOJA MPOBOAMIOCH HEMOCPEICTBEHHO
Ha MecTe OTOOpa mpod C HCMONB30BaHUEM MOpPTAaTHBHOrO Kucioporomepa MAPK-3023,
OTKaTMOPOBAHHOTO TMepell KaXKIbIM BBIE3IOM B TIOJNEBBbIE ycioBus. llokazarenu TeMieparypsl,
JIEKTPONPOBOAHOCTHU U pH Taxke perucTpupoBaaucs in situ.

XVWMHKO-aHATUTHYECKOE OIpPEACIICHHE KOHIICHTPAlud OWOTEHHBIX COCTUHEHUN (NH*,
NO,, NO;, PO}"), opranuueckoro Bemectsa (Bkmiouas mokasarenu BITIK u XIIK), a Takxke
pacu€Thl oO0mIell MuHepanu3anmuu (IO CyMME OCHOBHBIX KaTHOHOB M aHHOHOB) MPOBOJIWIHCH
B YCIOBHUAX akkpeauroBaHHoi mnaboparopun TOO «Jlaboparopus-Armocdepa». IIpumensiuch
MeTobl (POTOMETPUH, TUTPUMETPUU M HOHHOW Xpomarorpaduu ¢ UCIOIH30BAHHEM COBPEMEHHOTO
AHAIUTUYECKOTO 000PYIOBaHMsI, BKJIOYAs CIIEKTPOPOTOMETPHI, HOHOMEPHI U ABTOAHAIN3aTOPBbI.

[Tomyyennsie B 2024 romy naHHBIE OBUIM TOABEPTHYTHI CPAaBHUTEIHLHOMY aHAJIU3y C
pe3yibTaraMu npeapaymux uccienoBanuii 3a 2020-2023 IT. ¢ 11e71b10 BBISIBICHUS TPEHI0B, CE30HHOM
JUHAMHKA ¥ BO3MOXHBIX HM3MEHEHHUU, OOYCIOBICHHBIX KIMMATHYECKUMH M aHTPOIOTCHHBIMH
¢dakTopamu. ComnocTaBieHHE OCYIIECTBISIIOCH O OCHOBHBIM THIPOXHMMHYECKHUM MapamMeTpam ¢
y4€TOM KJIMMAaTUYECKUX YCIOBUM Ka)J10TO ro/ia, YpOBHS BOAHOCTH M XapaKTEPUCTUK BogocOopa.

PesysabTarel U o0cy:kaeHue. B xone mpoBeneHus noneBblx HccienoBanuii B 2024 rony
Temnepartypa Boabl B o3epe JKalicaH B mepuoasl orOopa mpoO BapbHpoBasia B mpeaenax ot 11,5
10 16,0°C, 94To COOTBETCTBYET CE30HHBIM OCOOEHHOCTSM BOJHOTO pexuma. B BeceHHU# mepuon
(ampesib-Mail) TeMIiepaTypHbI€ IOKa3aTeNN HaXoAWIKuceh B iuamnasoHe 11,5-13,8 °C, ¢ He3HauuTenpHOU
MEXCTAaHLMOHHOM Bapuauueid. B wacTHOocTH, pasnuumsi MexIy craHuusmMu Tapbararaiickoro u
Kypuymckoro mobepexbsi OKa3aJuCh CTaTUCTUYECKH HE3HAYMMBIMH, YTO MOXKET OBITh CBSI3aHO C
PaBHOMEPHBIM ITPOTrPEBOM BOAOEMA HA JAHHOM 3Talle TUAPOJIOTMYECKOro IIUKJIA.

B netnuit neproa HabIIOMAT0Ch HEKOTOPOE YBEIMUEHUE TEMIIEPATYPhI BOBI IO CPABHEHUIO C
BECHOMH, YTO OOBSCHSETCS JITUTEILHBIM ITPOTPEBOM BOJIBI B TEUCHHUE JIETHETO CE€30HA M 3aMEeJICHHBIM
OXJIAX/ICHUEM B YCIIOBHUSIX OTHOCHUTENbHO TEMIOW oceHu 2024 rona. CpeaHsisi TemmepaTrypa BOIbI
y mobepexbs Kypuymckoro paitona cocraBmia 15,3 °C, mpu 3TOM BapbUPOBaHHE IO CTAHIIMSIM
Haxonuiock B mpenenax 15,0-16,0°C. Jlns cranmuii TapOararaiickoro moOepekbs OTMEUYEHO
AaHAJOTUYHOE TEMIIEpaTypHOE paclpeleseHne: cpeaHsas Ttemmeparypa cocraswia 15,5°C, npu
kojeOaHuax Ttakxe B auanazone 15,0-16,0 °C. Takum obpa3om, TeMrepaTypHble XapaKTEpPUCTHKH B
JETHUI TIepro Ha 00enX IrpyNIax CTaHIU ObUIM COMOCTaBUMBIMH, 0€3 CYIIECTBEHHBIX Pa3IHuuil,
HECMOTps Ha JIOKaJIbHbIE 0COOEHHOCTH MUKPOKJIMMATA.

ConocTaBUTENBHBIN aHAIN3 THAPOXUMHUECKUX [T0KA3aTeIel OXBaThIBAET KAK MEXKCE30HHYIO,
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Tak U MexroaoByto AuHaMuKy ¢ 2020 o 2024 roasl. IlpencraBieHHble pe3ynbTaTbl OCHOBAHBI Ha
00001IEHNH JAAHHBIX, MMOJIYYEHHBIX B XO/I€ CE30HHBIX HAOIIONEHMM, M BKIIIOYAIOT B ceOs cpeiHue
3HAYEHUs KOHIIEHTpAIMil pacTBOPEHHBIX Ta30B (KHCIOPOJAa), OCHOBHBIX OHMOTE€HHBIX 3JIEMEHTOB
(amMonwuitHbIH a30T NH, mutpute NO, , HUTpaThI NO;, docdatsr POi_), OPTraHUYECKOTO BEMIECTBA
(no nokaszarensam BIIK u XIIK), a Takke MuUHepanu3aluu BoAbl (II0 CYMMapHOMY COJEP’KaHUIO
OCHOBHBIX HOHOB).

Amnanu3 mpoBomwics ¢ pasbuBkor mo moOepexbsim (Kypuymckoe m Tapbararaiickoe),
ce30HaM (BECHa U JIeTO), a TaKXKe B PETPOCHEKTUBHOM acIeKTe 3a MATWIETHUN nepuol. Mrorossie
3HAYEeHUs CBEJIEHBI B TaOnuily 1, KoTopas Mo3BOJSET MPOCIEANTh KaK TEKyIIHe MTPOCTPAHCTBEHHBIE
pas3nuyus MEXIy y4acTKaMH BOJIOEMA, TaK U JOJITOCPOUYHbIE TEHIACHIUH, CBA3aHHBIE C U3MEHEHHEM
KJIMMaTHUYECKUX YCIOBUM, KOIEOaHUSIMU YPOBHS BOJHOCTH U CTEIIEHbIO AHTPOIIOI€HHOM Harpy3KH.

[TonmyueHHble JaHHbBIE IEMOHCTPUPYIOT:

* CE30HHBIE KOJIeOaHUs COMEp>KaHUS PACTBOPEHHOTO KHUCIOpOJa (CHUKEHHbIE 3HAUEHUS B
JIETHUN TIEPUOJT B IPUJOHHBIX CIIOSIX);

* yBEeNWYCHHE KOHIIEHTpamuii (ochaToB U aMMOHUHHOTO a30Ta B OTACIBHBIX y4acTKaxX B
BECEHHE-JIETHUI NEPUOL;

* TEH/ICHLUIO K HE3HAUNUTEIBHOMY POCTY MUHEPAIN3alMi BObl HA MPOTSKEHNUHU MOCIETHUX
IISATH JIET, 0COOEHHO B IofIbl C TIOHMUKEHHOM BOJHOCTBIO;

* ycuneHue TpodupoBaHMs B palioHaX C 3aMEUICHHBIM BOJOOOMEHOM, O UéM
CBUJIETENBLCTBYIOT noBbiieHHbIe 3HaYeHus1 BIIK u XIIK.

Tabmuna 1. JInHaMuKa cpeHUX 3HAUCHUH OCHOBHBIX THIPOXUMHUYECKHUX IMOKa3aTeliel o3epa
XKaiican B nepuon 2020-2024 rosi

PacTBopennbie Buorennsie
Ton 3 Oprannyeckoe Mumnepa-
rasbl COETUHEHUS, MI/IM
uccreno-  pH BEIIIECTBO, JIU3aIHs,
BaHul CO2 5 02 NH NO NO PO MI‘O/,Z[M3 MI‘/I[M3
Ve A —— 4 2 3 4
MI/ oM % Hac.
Kypuymckoe nobepexnbe
2024 8,18 0,1 8,12 79,7 0,46 0,01 0,12 0,02 32 163
2023 7,20 0,1 7,77 88,1 0,25 0,07 0,11 0,02 2,4 278
2022 7,96 0,2 7,99 86,7 0,23 0,01 1,07 0,04 3,1 143
2021 8,30 0,1 9,0 91,2 0,11 0,02 1,77 0,09 2,8 170
2020 8,22 - 8,81 92,5 0,27 0,04 1,13 0,08 32 165
Tap6araraiickoe nooepe:xbe
2024 7,95 0,1 8,28 84,8 0,31 0,01 0,11 0,02 3,2 181
2023 7,84 0,1 7,84 88,7 0,25 0,07 0,12 0,02 2,4 269
2022 8,03 0,2 8,35 90,1 0,18 0,01 144 0,05 3,1 174
2021 8,20 0,1 8,70 90,2 0,18 0,02 1,57 0,11 32 161
2020 8,14 - 8,61 89,5 0,52 0,06 1,09 0,10 33 155
03. Kaiican (B uenom)
2024 8,06 0,1 8,20 82,3 0,38 0,01 0,11 0,02 32 172
2023 7,52 0,1 7,81 88,4 0,25 0,07 0,12 0,02 2,4 274
2022 7,98 0,2 8,11 87,8 0,21 0,01 1,18 0,04 3,1 152
2021 8,20 0,1 8,90 90,7 0,14 0,02 1,67 0,10 2,9 166
2020 8,22 - 8,72 91,0 0,40 0,05 1,11 0,09 33 160

[Ipenensr koneGanuii BOAOPOJHOTO MOKa3aress B BeceHHUM nepuoa 2024 rona HaXOAUIUCh
B juamnazone §,13-8,84, 4ro COOTBETCTBYET CAOOIICIOUHON pPEaKIMKM CPEIbl, XapaKTepHOM
s OompIMHCTBa BomoéMoB Boctounoro Kazaxcrana. Haumenbmime 3HadueHus pH Obuin
3aperucTpupoBanbl Ha ctanuuu Kapa Eptuc, a Hanbonbime - Ha ctanuuu KopxxyH. Cnabomienodynas
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peakuuss BOJA OTpakaeT HOPMAaJbHOE COCTOSIHUE CHCTEMbl KapOOHAaTHOTO paBHOBECUS W
CBUJICTEIBCTBYET O XOpoIei OydepHOU CITOCOOHOCTH BOTOEMA.

B nernumii nepuop 3nauenust pH namensucs B npenenax 6,93-8,26, 4To TakKe COOTBETCTBYET
cnaboienodyHoil cpene. MuUHUMAabHBIE 3HAYEHUS 3aperUCTPUPOBaHbl Ha craHuuu KopkyH, a
MaKCHMaJIbHbIE - Ha y4acTke MbIC TorosieB. He3HaunTenbHOE CHUKEHHE MTOKa3aTess B IETHUN CE30H,
BEPOSITHO, CBA3aHO C IOBBIIIEHUEM KOHLIEHTpAlMM YIVIEKUCIIOIO Ta3a B pe3yJbTare pa3jioKeHUs
OpPraHUYECKOTO BEIIECTBA U YMEHBIIEHHEM (POTOCUHTETUYECKONW aKTUBHOCTH (DPUTOMIAHKTOHA (YTO
TUTIAYHO 711 JIeTHeTo niepuona) (Anekus, 1970:444, Jlypwe, 1971:376).

B menom, ce3oHHble M TmpocTpaHcTBeHHbIe paznuuus pH B ozepe XKaiican He BBIXOIWIH
3a TpeAeNbl €CTECTBEHHBIX KOJICOaHMid, XapaKTepHBIX AJsl MPECHBIX BOJHBIX OOBEKTOB PETHOHA.
Takum 00pa3oM, MOBEPXHOCTHBIE BOABI 0O3€pa B PA3NIUUYHBIX pailoHaX W B pa3HbIE CE30HBI
2024 ronma OTHOCATCS K CJIA0OLIENIOYHBIM M COOTBETCTBYIOT HOPMAaTHBAaM, YCTAHOBJIEHHBIM JUIS
pBIO0X035HCTBEHHBIX BOJJOEMOB (MUHUCTEPCTBO BOAHBIX pecypcoB U uppuramnuu PK, 2025).

Conepsxanue pacTBop€HHOTo Kuciopoaa (Oy) B BECEHHUH MepHo U3MEHSIIOCh B MHTEpBAJIe
7,60-8,11 mr/mm?, mpu crenenu Haceimenus 71,16-74,11 %. MwuHumanbHble 3HaYeHHsS ObLIN
OTMEYEHBl Ha CTAaHIWMW AMaHar, Torma Kak HauOonblnne - Ha crannuu KapcakOail. B memom,
KOHIIEHTpallMM KHUCJIOpOoAa B BECEHHUM NMEPHOJ yKa3bIBalOT Ha OJAaroNpHsITHHIE YCIOBUS a’paliu
BOJIOEMA U aKTUBHBIE IPOLIECCHI (DOTOCHHTE3a B 30HE OCBELICHHUS.

AHanu3 MPOCTPAHCTBEHHOTO pachpeAesieHus IMokaszaj, 4To Ha KypdyMmckoM moGepexnbe
cofiepKaHKe pacTBOPEHHOTO KUCIIOPo/1a ObIJI0 HECKOJIBKO HIDKE, YeM Ha TapbararaiickoMm modepexbe.
DTO MOXKET OBITh CBSI3aHO C PA3IUYUSIMU B TUIPOJUHAMUYECKHUX YCIOBUAX: Ha KypuyMckoit ctopone
HaOII01aeTCsl MEHbBIIAsi CKOPOCTh TEYCHUH M MOBHIIIEHHOE HAKOIUIEHHE OPTaHMYECKOrO Marepuania,
YTO CIOCOOCTBYET PACXOIy KHUCIIOpOJa Ha IMPOLiecChl MUHEpalu3aluu (10 aHAJIOTMU C JaHHBIMH
(I'aBpunenko, 1990:298).

B netHuii mepuon OTMEUYEHO HE3HAUYUTENbHOE IMOBBIIICHHE KOHIEHTPAIMU KHUCIOPOa,
3Ha4eHUs u3MeHsuch ot 8,38 mr/am® (ct. Kapcakbait) 1o 9,00 mr/nm?® (ct. bapxor). YBenuueHue
CoZiepXaHHsl PACTBOPEHHOTO KHUCIOPOAA JIETOM CBSI3aHO C IIOHMKEHHMEM TEMIIepaTypbl BOJBI,
YTO CHOCOOCTBYET IMOBBILIEHUIO PACTBOPUMOCTH KHCIOPOAA, a TaKXKe C YCHJIEHHEM BETPOBOTO
nepeMenInBaHus BOJHBIX Macc.

B Teuenwe Bcero mnepuona HaOMIOACHUN KOHIEHTPAIMU PACTBOPEHHOTO KHUCIOPOAA
HaXOAMJIMCh B MpeJiesiax HOPMAaTHBOB JIIsl PhIOOX03HCTBEHHBIX BOOEMOB (He HIKe 6,0 Mr/am?), uto
YKa3bIBAaeT HAa OTCYTCTBHE KHCIOPOIHOTO AePHUIUTA U OIAronpuaTHBIC YCIOBHS JUISI THAPOOHOHTOB
(MuHnucrepcTBO BOAHBIX pecypcoB u uppurauuu PK, 2025).

[Toka3zaTens nepMaHraHaTHOM OKUCIISIEMOCTH - OAMH U3 OCHOBHBIX MHIUKATOPOB COACPKAHUS
opraHuyeckoro BemecTBa B Bogoéme. /[lms ozepa XKaiican »TOT mapamerp XapakTepusyercs
OTHOCHUTENFHOUW CTAaOMILHOCTHIO B IIPOCTPAHCTBE U BPEMEHHU.

Becnoit 2024 rona comepxaHue OpraHM4ECKOIO BEIECTBAa M3MEHSIOCh B npexaenax 3,1-3,3
mrO/amM3, Torma Kak JeToM - B quanasone 3,2-3,4 mrO/nm3. HeGomnpImoe ce30HHO€ MOBLINIEHNE TETHUX
3HAYEHUH MOXKET OBITh CBSI3aHO C MOCTYIIEHUEM OPraHUKU M3 MPUOPEKHBIX 30H MPHU Pa3I0KEHUH
PaCTUTEIBHOCTH U CE30HHBIM YMEHBIIIEHHEM UHTEHCUBHOCTU CAMOOYUIIECHHUS BO/I.

[To cpenHemy 3Ha4YeHHWIO MEPMAHTAHATHOW OKHcIseMocTH o3epo JKaiicaH oTHOcHTCS
K KaTeropuu BOJA C OYEHb MaJiOM OKUCISEMOCTHIO, YTO YKa3blBAa€T HA HHU3KOE COJEpKaHUE
JIETKOOKUCIISIEMBIX OpPraHWYECKUX BEIIECTB M OTCYTCTBUE 3HAUUTEIBHOIO AaHTPOIOIE€HHOTO
3arpsi3HeHUs.

Crnemyer OTMETUTb, YTO KOHILEHTpPAllMs OPraHMYECKOTO BEIIECTBA TECHO CBsA3aHa C
cofiepaHreM OMOTEHHBIX coeAnHEeHUi (a3zora u ¢docdopa), MOCKOIbKY OpPraHUYECKUE BEIIEeCTBA
CIIy’)KaT WCTOYHHMKOM JJIi MUKPOOWMOIOTHYECKOW MHUHEpalu3alud U O0pa3oBaHUS aMMOHHHBIX
U HuTpatHbIX ¢opm azora (Wetzel, 2001: 1006, CnaaxoBa,TokraceiHoBa, 2020: 52-60). B
YCIIOBUSIX YMEPEHHOIO COJEp’KaHUS OPraHuKU TMOAJIEPKUBAETCS ONTUMAJIBbHBIN OallaHC MEXIy
OPOAYKUMOHHBIMU W JIECTPYKLIHMOHHBIMU TPOLIECCAMM, YTO OOECHEYUBAET HKOJIOTMUYECKYIO
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YCTOWYUBOCTb BOIOEMA

AHanu3 cojepaHUsi OHMOTEHHBIX BEILIECTB BKIIOYAJI OIpPEEICHHUE a30TCOAepKAIIUX
COCTMHECHHMI (a30T aMMOHMUHBIA, HUTPUTHI, HUTpaAThl), ¢ochaTtoB u obmiero sxkeneza (puc. 1).
JluHaMuKka cpeqHUX 3HAYEHUI OCHOBHBIX THIPOXMMUYECKUX TMoKa3areneil ozepa JKaiican B mepuoa
2020-2024 rogsl

KOHIIEHTpalysi aMMOHHMITHOTO a30Ta B CpelHeM Mo BomoeMy cocrapisana 0,38 mr/mm?,
coziepkanre HUTpUTOB coctamwio 0,014 mr/mm® u conepxanne murparos 0,11 mr/am’. Conepxanue
pocharoB Tak ke ObUIO HeM3MEHHBIM M paBHsoch 0,021 mr/am. CozmepskaHue OOIIEro Kejes3a
cocrasuno 0,112 wmr/am?, npu MmuHMManbHBIX mnokasarensx 0,112 mr/mm® (M. Tomones) u
MakcuMaibHbIX 0,117 (M. bapxor). B nenom, conepkanre OMOT€HHBIX BEIIECTB B MOBEPXHOCTHBIX
Bozax 03. JKaiican B 2024 roxy HaxoIMI0Ch B IIPeIeNax JA0MYCTUMBIX HOPMATHUBOB.

100 300
m pH
90 278 5 274
250
80 CO2, mr/mm3
70 200
60 1 mmm 02, Mr/mm3
16 1970 1 2 ,
20 912 935 M\rﬂj an 910 120
40 7947 841 847 " 1 84,8 847 91 9¢2 835 843 834 818 47 mmmm 02, % HaCBIIECHHUS
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4
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2024 2023 2022 2021 2020 2024 2023 2022 2021 2020 2024 2023 2022 2021 2020
Kypuymckoe nobepexxpe  TapOararaiickoe mobepexnbe  03. JXKaiicaH (B IIETIOM)  puuum NO3

Pucynok 1. JluHamuka cpeqHUX 3HAYCHUH OCHOBHBIX THAPOXUMHUYECKHUX MOKa3aTeliel o3epa
Kaiican B nepuon 2020--2024 roast

ITo mokazaTensiM KECTKOCTH IMOBEPXHOCTHBIE BOAbI 03. JKaiicaH OTHOCATCS K KaTeropuu
«msrkue». Ha KypuyMckoM moGepeskbe CpeiHee 3HaYEHUE JKECTKOCTH PaBHSAIOCH 2,6 MI-3KB/Im>
(Boma msirkas).

Ha TapOararaiickom noGepexbe Ha cTaHuusx M. Tornones u M. Kapcakbail moBepXHOCTHBIE
BOJBl KJIACCU(UIMPOBAINCH KaK «MATKHE». MakcuMallbHble II0Ka3aTesd KECTKOCTU ObUIH
3auKCUpPOBaHbI HA CTAaHIMK M. Bomuwuii.

Munepanu3zaiyst BoJbl B TEKyLIEeM TOAYy B BECEHHHMH M JIETHHH NEepUOAbl HAaXOAMJIAch B
npenenax 141-313 mr/am’. Cpenumii mokaszarenb MuHepanu3amuu o3epa JKaiicaH B CpaBHEHUH C
2023 rogom B TekymieM rogy ymenbiuuics Ha 37 %. Haumenbimue 3HaueHusl HaOMroqanuch Ha
CTaHUMHU AMaHart, a HauboJbIIUe - ObIIIM OTMEUEHBI Ha cTaHuK M. Bomuwmii. [To mokazaremnsm oOmiei
MHUHEepanu3auu o3epo KaiicaH OTHOCUTCS K KaTETOPHH IIPECHBIXY.

ConeprkaHue IIaBHBIX HOHOB HAXOAWJIOCH B Mpeeiax JOMyCTUMbIX 3Ha4YeHUH (puc. 2).
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Pucynok 2. CpegHue KOHIIEHTpallMd OCHOBHBIX MOHOB B IIOBEPXHOCTHBIX BOJax 03. JKalicaH
B 2024 rony

MakcuManbHbIe KOHIIGHTPAIIMU TTOKA3bIBAIOT THAPOKAPOOHATHI, KOTOPHIE B BECCHHHM ITEPHOT
HaxouwIuCh B uHTepBasie 106,8-128,1 Mr/nmM>. MUHUMAJTbHbIE 3HAYSHHS OTMEUAIMCh HA CTAHIIMSIX
Bapxor u Amanar. MakcuManabHOE CONEpKaHue THIPOKApOOHATOB 3apETUCTPHPOBAHO HA CTAHIIHH
Kapa Eptuc. B nerHuii nepron MUHMMalIbHOE 3HAYEHHUE COJEP’KaHUS THIPOKapOOHATOB OTMEUEHO
Ha cTaHIMHU bapxoT, a MakCUMallbHOE - Ha cTaHUUK M. Bomuuii. 13 kaTHOHOB TOMUHHPOBAJIA MOHBI
kaneius (puc.l). CoaepkaHue MOHOB Kajbllds U3MEHSUIOCH OT 57 mr/mm® 10 80 Mr/aM> BeCHOM.
MuHuManbHOE 3HAYEHHME OTMEUYEHO Ha CTaHIMM bapxoT, a MakcumaiabHOe - Ha craHiuu Kapa
Eprtuc. B netHuil nepuos OTMEYEHO HE3HAUUTEIIBHOE CHUIKEHHE KOHLIEHTPALUN KaJbLUs B BOJE
JI0 TIpefebHbIX 3HadeHuit 53,0 - 75,0 mr/am’. Conep:kaHue KaTHOHOB Kajus ObLIO HYYKE Hpesena
oOHapyXeHHus1 BO Bcex Toukax orbopa. ConepikaHue KaTMOHOB HaTpus Obulo B mpenenax ot 0,23
mr/am® 1o 0,25 mr/am®. B cooTBeTcTBUE C knaccudukarnueir O.A. AnekruHa MOBEPXHOCTHBIC BOJIBI
BOJIbI 03. JKalicaH OTHOCATCS K THAPOKAPOHATHOMY KJIacCy, TPYIIE KaJIbIHs, IEPBOMY THITY.

3akiaouenne. Ilo pesynpraraM NpPOBEAEHHBIX HCCIEAOBAHMM YCTAaHOBJIEHO, YTO B
TEKyIIEM TOAy THAPOXMMHUYECKOE COCTOsiHHE o3epa JKalicaH XapaKTepu30BaJiOCh B IIEJIOM
ONMaronpusATHBIMU  YCIOBHSMHU Ui (YHKIIMOHUPOBAHMSI BOAHOW HKOCHUCTEMBI. Boabl o03epa
OTJIMYAJIUCh YCTOWYMUBBIM KHCIOPOJAHBIM PEXKHMOM, YTO CBHUJETEIBCTBYET O JIOCTaTOYHOM
a’paiyy 1M XOpoIlleM CaMOOYHILAIIIEM OTeHIMale BojgoéMa. Peakius BOIHOM cpeabl ocTaBajiach
CITa0OIIEIOYHOM, UTO ABISAETCS TUITMYHOM XapaKTEPUCTUKON JIJIsl TPUPOTHBIX BOJI OacceifHa pernoHa.
[Tokaszarenu nmepMaHraHaTHOM OKHMCIISIEMOCTH HAaXOAWJIMCh HAa HU3KOM YpPOBHE, YTO yKa3bIBaeT Ha
HE3HAYUTEIHHOE MPUCYTCTBUE OpPraHUYECKUX 3arpssHeHuit. [1o BenuunHe oOIIe MUHEpaTU3aIuu
BOJIBI 03€pa KIACCUPUIIUPYIOTCS KaK MPECHBIE.

Conepxanue OMOTEHHBIX AJIEMEHTOB (COeTMHEeHUI a30Ta U (hocdopa) B mpodax HE MPEBHITIAI0
YCTaHOBJICHHbIE HOPMaTHUBHBIC 3HAYEHUSI, YTO CBUJIETENILCTBYET 00 OTCYTCTBUU IBTPOPUKAIIUOHHBIX
MIPOLIECCOB U MOCTYTIICHUS 3HAYUTEIILHBIX KOJTMYECTB aHTPOIIOTEHHBIX 3arpsisHeHuid. Takum o6pazom,
COBOKYITHOCTb MOJIYYCHHBIX JAHHBIX MO3BOJISET OLICHUTh THAPOXUMUYECKHI pexkum o3epa XKalican
KakK OJIarOnpUsITHBIN JIs1 OOMTaHUS U Pa3BUTHS TUAPOOUOHTOB.

AHaJIN3 MHOTOJIETHEN JMHAMHUKH OCHOBHBIX THIPOXUMHUYECKUX MTOKA3aTesIe TOBEPXHOCTHBIX
Boa o3epa 3a mepuon 2020-2024 rr. BBIABWI pAJl 3aKOHOMEPHBIX TeHACHIUN. B wyacTHoCTH,
HaOIMIONaeTCsl CMEIIeHUEe BOAOPOAHOro mokasarens (pH) oT «HeHTpanbHOI» 30HBI B CTOPOHY
«cmabomIeNIOYHON», YTO, BEPOSATHO, CBSA3aHO C W3MEHEHHEM COOTHOIICHHWS HOHHBIX (opM B
cucteMe KapOOHATHOTO paBHOBeCcHs. OTMEUEHO YCTOMYHMBOE YBEIMUYECHUE CPETHUX KOHIICHTPAIIMA
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PacTBOPEHHOTO KHUCIOPOJA, YTO MOKET OBITH 0OYCIOBICHO KaK MOBBIIIEHHEM (POTOCHHTETUYECKOM
AKTUBHOCTH (PUTOIUIAHKTOHA, TaK U OJIATONPUATHBIMH TEMIIEPATypPHbIMH U THIPOAMHAMUYECKUMU
YCIIOBUSIMHU B BOZOEME.

B rpynne OuMOreHHbIX BEIIECTB 3a(UKCHPOBAHO IOBBILICHHWE COMACPXKAHUS aMMOHMHHOTO
a3oTa IMpH OAHOBPEMEHHOM CHMKCHMU KOHLIEHTPAIMi HHUTPATOB, HUTPUTOB M (HocdaroB, UTO
CBHUJIETENICTBYET O IMPOTEKAHWU MPOIECCOB aMMOHU(HUKAIMA U O BO3MOXKHBIX H3MEHEHHSAX B
COOTHOILIEHHH UCTOYHUKOB MOCTYIUIEHUS a30THBIX coennHeHui. [1o cpaBHenuto ¢ 2023 rogom, B 2024
roly OTMEYEHO HE3HAUNTENBHOE YBEIINYCHUE KOHIICHTPALUI OPraHUYECKUX BEIIECTB, YTO, BEPOATHO,
CBSI3aHO C CE30HHBIMHU KOJIEOAHUSAMHU NPOAYKLHMOHHO-AECTPYKLMOHHBIX MPOLECCOB B IKOCUCTEME
o3epa.

OCOOEHHOCTBIO TEKYIIETO IOfla CTajJ0 CHWKEHHME YPOBHA 00IIed MuHepanuzanuu - B 2024
rojly OHa yMeHbLIWIach Ha 37 % OTHOCUTEIHLHO MAaKCUMAJIbHOI'O 3HAYEHUS, 3apPErUCTPUPOBAHHOTO B
2023 rony (274 mr/am?). DTo MOXKET OBITh CBSI3aHO C TMIPOJIOTMYECKMMH OCOOCHHOCTSIMHU CE30Ha,
yBEJIMYEHHEM BOJOOOMEHA WIIM U3MEHEHUEM ITPUTOKA PEUHBIX BOJ.

CooTHOIIEHHE OCHOBHBIX HOHOB BO BC€ TOAbl HAOIMIONEHUH COOTBETCTBOBAJIO
THIpOKapOOHATHOMY KJIaccCy, KaJbIIMEBOM TpyNIIe, IepBoMy TUILy 110 kKiaccupukammu O.A. AnekuHa,
YTO OTpa)kaeT YCTOWYMBOCTb HOHHOIO COCTaBa M OTCYTCTBHE CYLIECTBEHHOI'O AHTPOIOI€HHOTO
BIIMSIHMSI HA XUMHUYECKUN OOJIMK BOA 03€epa.

Takum  oOpa3oMm,  pe3yabTaTbl ~ MOHUTOPUHIA  IMOATBEPXKIAIOT  CTAaOMIBLHOCTh
THJIPOXUMHUYECKOTO pexkxuMa o3epa JKalicaH M ero OmaronpusTHOE COCTOSIHHME, oOecleduBaroliee
HOpPMaJIbHBIE YCIIOBHUS IS CYLIECTBOBAHUS BOIHBIX OPIaHU3MOB.
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AnHotanusi. B paboTte MCnonb30BaHbI MarepHalibl, COOpaHHBIE B XOJA€ SKCIEAUIIMOHHBIX
BbIE310B, NpoBenéHHBIX B 2024 rony Ha o3epe Koremaii u Ha npyne craHumum 23 kM. B
CTaTbe NPUBEICHBI KpaTkue (U3UKO-reorpa@uyecKkue XapaKTEPUCTHKU BOJOEMOB, OMPEACICHBI
MOpP(OMETPUUECKUE  XAPAKTEPUCTHUKUM U  KOOPAMHATBI  MCCIEIYyEMbIX BOAHBIX  OOBEKTOB.
[IpencraBiensl pe3ynbTaTbl THIPOXUMHUYECKOTO aHanu3a o3epa Koremait m mpyaa cranuum 23
KM, BKJIIOYAIOIUE OLIEHKY (PU3UKO-XMMHUYECKHUX MAapaMeTpoB, Ta30BOTO peKUMa, MUHEpaIU3aIH,
COZiepXaHMsl OpPraHUYeCKUX U OHOTeHHBIX BEIIECTB, a TaK)K€ OCHOBHBIX HOHOB. Pesynbrarsl
THAPOXMMHUYECKUX T[OKa3aTeNlell COMOCTaBI€Hbl C JCHCTBYIOIIMMH  PHIOOXO3SIIICTBEHHBIMU
HOopMaTuBaMu. Llenpio0 HACTOSIIETO MCCIEAOBaHuUs SBISUIOCH TpoBeAeHNEe (HU3HUKO-reorpaduyeckon
XapaKTEepPUCTUKH M KOMIUIEKCHOM OLEHKM THUIPOXUMHUYECKOTO peXUMa BOJOEMOB C IIENIBIO
OTPEEIICHUS] COBPEMEHHOIO COCTOSIHUSI UX THUJIPOXMMHUYECKHUX MapaMeTpPOB M COIMOCTABIICHUS
MOJIYYEHHBIX JAHHBIX C IEUCTBYIOLUIUMHU PHIOOX03SIICTBEHHBIMU HOPMATHBAMHU.

Ycranosneno, uro o3zepo Koremaih xapakrepusyeTcsi CiaOOIIETIOUHON peakiuen Cpemsl,
ONTHMAJIbHBIM KHUCJIOPOAHBIM PEXKHMOM, OUEHb MaJIOM OKHCIISIEMOCTHIO, BOJOEM IPECHBIA IO
MuHepanu3auuu. Conepkanue OMOreHHbIX COeAMHEHUH He MTPEBBILIAI0 YCTAHOBICHHbIE HOPMATUBBI.

[Ipyn cranuusa 23 KM XapakTepu30Bajcs OJIarONpUATHBIM KHCIOPOIHBIM PEKUMOM, HU3ZKOM
MUHEpanu3aend u caabolenoyHol peaknuei cpensl. [IpeBhIIeHU KOHIIEHTpaluid OMOTEHHBIX
COEUHEHH He OBbLIO OTMEUEHO, B LIE€JI0M yCIOBUS MPya ONTUMAIBHBI ISl OOUTaHUS THAPOOHOHTOB.

KawueBbie caoBa: o3epo Koremait, mpyn cranmms 23 kM, (HU3HKO-Treorpapuyeckas XapaKTepUCTHKA, THIPOXHMUYECKUI

pexKUM, OHOreHHbIE BCHIECTBA, MUHCpAIN3als.
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Anparna. Makamaga 2024 xeuiel Keremail kemi MeH 23 KM CTAHIUACHIHBIH TOFAHBIHJA
KYPTi3UIreH dKCISTUIUSITBIK 3ePTTEY MaTepHAI APkl Al 1aaHbuIIbl. Makaiaaa cy aiiIbIHIapbIHBIH
KbICKalla (u3nka-reorpausiblK CUMATTaManapbl, OJaplblH MOpP(OMETPUSIIBIK KOpPCETKIITepi
MEH KoopauHartajapbl kenrtipiareH. Keremait keni MeH 23 KM CTaHIUSCHIHBIH TOFAaHBIHIAFbI
THAPOXUMMSUIBIK Tajjay HOTHOKENEpl YCHIHBUIFAH, OFaH (PU3MKA-XUMUSJIBIK IMapaMeTpiepiiH,
ra3blK TOPTINTIH, MUHEPAJIaHYIbIH, OPTaHUKAJIBIK JKOHE OMOTCH/IIK 3aTTap/bIH, COHIal-aK HEeT13ri
WOHJAPJBIH MOIIIEepiH Oaranay Kipeli. AJBIHFaH THIPOXMMHSIIBIK KOPCETKIIITEP KOJNIAHBICTAFbI
OaJbIK IIapyalIbUIBIFBl HOPMAaTUBTEPIMEH CAIIBICTBIPBUI/IBL.

3epTTeyIiH MaKkcaThl -Cy alIbIHIAPBIHBIH (H3UKa-TeorpadUsUIIbIK CUIIATTAMACHIH XKacay KoHEe
OJIAPJIBIH THIPOXUMHUSITBIK PEKUMIHE KEIIeH 1 Oara Oepy apKbUIbI Ka3ipri THAPOXUMUSIIBIK KaF Al bIH
AHBIKTAY YKOHE HOTHXKEIEP i KOJIIaHBICTaFbI OaJIbIK MIapyanbUTbIFbl HOPMATHBTEPIMEH CaJIBICTHIPY.

Keremaii kem a3 CUITUIIK pEakIHMsICHIMEH, OHTAWIBI OTTETl PEXUMIMEH, ©T€ TOMEH
TOTBIFYBIMEH JKOHE TOMEH MHUHEpAJIaHybIMEH CHMATTaNabl. BUOTEH IIK KOCBIIBICTAPIBIH MOJIIIEP]
OenTiJIeHreH HOpMaTUBTEP/ICH acIaFaH.

23 KM CTaHIUSACHIHBIH TOFaHBI Ja KOJAMIbl OTTET1 PEKMMIMEH, TOMEH MHHEpaJIaHybIMEH
JKOHE a3 CUITLII peaklUsAChIMEeH epeKIIeneHe li. BUoreH ik KoChUIbICTapAbIH KOHIICHTPAIUIapbIHBIH
apTybl OailKaiaMmalbl, JKalumbl alfaHa TOFAHHBIH >Kardaibl THIPOOMOHTTApIBIH TIPIIUIIT YIIiH
OHTAMIIBI 0OJIBIN TAOBLIAEL.

KinT ce3nep: Kerenaii kei, 23 KM cTaHIUACHI TOFaHBI, THIPOXHUMUSUIBIK PEXHUM, OMOTEHIIK 3aTTap, MUHEpaIaHy.
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Abstract. The study is based on materials collected during field expeditions conducted in 2024
at Lake Kogedai and the pond near Station 23 km. The article provides brief physico-geographical
descriptions of the water bodies, including their morphometric characteristics and geographic
coordinates. The results of the hydrochemical analyses of Lake Kogedai and the Station 23 km
pond are presented, covering assessments of physicochemical parameters, gas regime, mineralization,
concentrations of organic and biogenic substances, as well as major ions. The obtained hydrochemical
indicators were compared with the current fishery standards.

The aim of the present study was to carry out a physico-geographical characterization and a
comprehensive assessment of the hydrochemical regime of the water bodies in order to determine their
current hydrochemical status and to compare the results with existing fishery norms.

Lake Kogedai is characterized by a slightly alkaline reaction, an optimal oxygen regime, very
low oxidizability, and low mineralization. The content of biogenic compounds did not exceed the
established standards.

The pond at Station 23 km showed a favorable oxygen regime, low mineralization, and
a slightly alkaline medium. No exceedances of biogenic compound concentrations were detected,
overall, the pond conditions are optimal for the existence of hydrobionts.

Keywords: Lake Kogedai, 23 km Station Pond, hydrochemical regime, biogenic substances, mineralization.

BBenenne. Bocrouno-Kazaxcranckas  obGnacteh — oOnmagaeT  OOMIMpHBIM  (OHAOM
pBIOOX03AHCTBEHHBIX BojoeMoB. B 2024 1. HaydHO-HCCIEOBaTEeNIbCKUE PAaOOTHl HPOBOAMIHMCH
B pamkax OromkeTHoil mporpammbl 021, mommporpammbl 100 «OGecreueHue COXpaHEHHS,
BOCIIPOM3BOJICTBA M PAlMOHAIBHOIO HCIIOJIB30BAaHUSI PECYpCOB JKMBOTHOIO MHpa» Ha BOAOEMax
MECTHOI'0 3HaueHus pe3epBHoro gonna Boctouno-Kazaxcranckoit obnactu (Ha o3epe Koremait u Ha
MpyJie CTaHLIUU 23 KM).

Ilenpto  paboThl  SABISUIOCH  JaTh  (PU3UKO-TreorpaUUecKyl0  XapakTepUCTHKY H
MPOBECTU TUIAPOXMMHUYECKUE HCCIECIOBAHMS, HAlpaBICHHbIE HAa OMNpEIEIEHUE COBPEMEHHOTO
TMJIPOXUMHUYECKOTO COCTOSIHHMS HCCIIEAYEMbIX BOJOEMOB U CpaBHEHHE IOJYUYEHHBIX MOKazaTelel ¢
JeUCTBYIOLUIMMHU PbIO0X03HCTBEHHBIMU HOPMAaTHBAMH.

Bonoémbl pbIOOXO3SHCTBEHHOTO 3HAUEHHMsI WIPAOT KIIOYEBYIO pPOJIb B 00ECIEYeHUH
MIPOJIOBOJILCTBEHHOM ~ 0O€30MaCHOCTH,  YCTOHYMBOTO  pPa3BUTUS ~ OKOHOMUKH,  COXPaHEHHHU
OMOJIOTHYECKOTO Pa3HOOOpasusi M MOJJACPKAHUHM HKOJIOTUYECKOTO PABHOBECHS B IMPHUPOAHBIX
cucremax (Bmacos, 2018:28). OTu BoAHBIE 3KOCHCTEMBI CIly>)KaT OCHOBOM (DyHKIIMOHHPOBAHUS
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pBIOHOTO X034HCTBa, OOECIIeunBasi €CTECTBEHHBIE YCIOBHS JJIsl Pa3MHOXKEHUS, Haryjaa U OOMTaHUs
IIPOMBICIIOBBIX U HETIPOMBICIIOBBIX BHJIOB pbIO, a Takxke apyrux ruapoouonton (bapanos, 2021:218).

[TomuMo ux 3Ha4YeHHs IS PHIOOJIOBCTBA, BONOEMBI BBICTYNAIOT Ba)KHBIMU HCTOYHHKAMH
IIPECHOM BOJIbI, UCMOJIb3YEMOM B CEITLCKOM XO3SHCTBE, MPOMBIIIIIEHHOCTH, SHEPTeTUKE U OBITOBOM
BonocHaOkennn (Kucunes, 2017:48). OHM CIOCOOCTBYIOT DPETYJIWPOBAHHMIO BOJHOTO OaylaHca
TEPPUTOPHUH, TONJACPNKAHUIO MHUKPOKIMMATa, MPEIOTBPAIICHUIO Jerpajaliy JaHAmA(TOB H
npoueccoB omycteiHuBanus (Kovalenko et al., 2020:34-42).

Kpome TOro, takue BOMOEMBI BBIMOIHSIOT CYIIECTBEHHbIE 3KOJOTHUYECKUE (YHKIUU:
CIOCOOCTBYIOT CaMOOYMIIICHHUIO BOJ, HAKOIUIGHUIO W TpaHC(OpMAIMK OPTaHUYECKHX BEIIECTB,
Yy4acTBYIOT B OMOT€OXMMHUYECKUX IUKJIAaX, a TAKXKe SIBIAIOTCS MECTOM OOMTaHMs, FHE310BaHUS U
KOPMOBO# 023011 1711 MHOTOYHCIICHHBIX BUI0B BOJTHBIX M OKOJIOBOJTHBIX dKUBOTHBIX U pacTeHui (Moss,
2010:121-122). Takum 06pa3zom, BOTOEMBI PHIOOXO3IHCTBEHHOIO 3HAUEHUS IPECTABIIAIOT cO00i1 He
TOJIBKO 3KOHOMHMUYECKUH, HO U 3KOJIOTMYECKUN PECYPC, OT COCTOSIHUS KOTOPOTO HAMPSMYIO 3aBUCUT
YCTOWYUBOE Pa3BUTHE IPUPOAHBIX U XO35IMCTBEHHBIX KOMILIEKCOB PETHOHA.

Ozepo Korenaii pacnonoxxeno B npeaenax Kypuymckoro paiiona Bocrouno-Kazaxcranckoit
o0nacTu, B CeBepO-BOCTOYHON uvacTH KaroHkaparaiickoro mpupomHOro JaHAmagdTHOTO Mosca.
Kypuymckuii paiion rpannuut Ha ceBepe ¢ Karon-Kaparaiickum, Ha 3anage - ¢ Camapckum, Ha
foro-zanazne - ¢ TapOararaiickuM, Ha tore - ¢ 3alicaHckuM pailoHamu Bocrouno-Kazaxcranckoit
o0rnacTH, Ha BOCTOKE - ¢ CUHBIB3SIH- YUTYPCKUM aBTOHOMHBIM paiioHoM Kuras. Bomoém oTHOCHTCS K
Oacceitny pexu Kypuaywm, koTopas siBisieTcs JeBbIM IpuTokoM MpThima. ['eorpaduyeckie KoopIuHATHI
o3epa cocTapisitoT mpudmm3uTenpHo 48°50" ¢. mr. u 84°50" B. 1. BricoTa Hax ypoBHEM MOPS -OKOJIO
640-650 Mm.

O3zepo uMeeT MPUPOJHO-TEKTOHUYECKOE TMPOUCXOKACHHE, BEPOATHO, CBSI3aHO C
JEATENBHOCTBIO IPEBHUX JIEAHUKOBBIX M BOAHO-3PO3HUOHHBIX IPOIECCOB. bepera npenmMyIecTBeHHO
MoJIOTHe, MeCTaMu 3a00JI0YCHHBIC, CIIOXKEHBI AJUTIOBUAIBHO-03EPHBIMU M JICNIOBUATIBHBIMU
omnoxeHusMu. FOkHas U 3amazHas 4acTU aKBaTOPUU OKAMMIIEHBI HU3KUMHU XOJIMaMH, NOPOCIINMU
Pa3HOTPaBHO-3JIAKOBBIMU COOOIIIECTBAMH.

[Tnomane o3epa Koremaii cocraBnser 60 ra. MakcumanbHas niyOuHa - 3,5 M., cpeaHss
rryouHa - 1,5 M. MakcumanbeHas aiiHa o3epa - 1,56 kM., mupuna - 450 M. 3apactraeMoCTh HaJBOTHOM
Y 1IoIBOJHOM pactuTenabHocTH 60-70%.

Bonoém nmeet ciiaboBbIpaskeHHBIN CTOK, OAMUTHIBAETCS B OCHOBHOM 3a CUET aTMOC(HEPHBIX
0CaJIKOB, POJHHKOBBIX HCTOUYHHMKOB M BPEMEHHBIX TalbIX BOA. B neTHuil mepuon HaOmomaercs
HE3HAYUTEIbHOE OHWKEHUE YPOBHS BOJbI N3-32 UCIIAPEHUSI.

I'maponorndyeckuii pexuM o3epa OINpPENeseTCs] KOHTMHEHTAJIbHBIM KIMMAaTOM pETHOHa,
XapaKTEepU3YIOLIMMCS XOJIO0AHON NMPOJOHKUTENBHON 3UMOM U TEIIIBIM CyXuM JieToM. CpeHerooBast
TeMIeparypa Bo3ayxa coctasisier okosno +1,5...+2,0 °C, xonuuectBo ocajkos -350-400 mm/ron,
0oJbIIasi YaCTh KOTOPBIX BBIMAJAET B TEIUIBIM MEPHOA.

Kimmar pe3ko koHTHHEHTanbHbI. CpeiHue TeMneparypsl ssHBaps - -4-18 °C, urons - 17-22 °C.
CpenHeronoBoe KOJIMYECTBO aTMOC(HEpHBIX 0cankoB Ha paBHUHaX - 200-400 mm, B ropax - 500-700
MM.

3aMOpO3KH 3aKaHYMBAIOTCA B KOHIIE Mas, BO3OOHOBISIOTCS B KOHIE aBrycTa. CHEXHBIH
MOKPOB YCTAHABJIMBAETCS B TIEPBOI MOJIOBUHE HOSAOPS, CXOJUT BO BTOPOIi MojI0BHHE anperst. Beicora
€ro K KOHILY 3UMbI 1ocThraet 90 cM.

IIpyn cranumm 23 KM paclojioXeH Ha TEPPUTOPUU TOPOJICKOW aAMHHHUCTpAIUU
VYerp-Kamenoropeka.  Yerb-KameHoropck - KpynHewmmid ropoa Ha BocToke Kasaxcrana,
aJMMHUCTpaTUBHBIN 1eHTp Bocrouno-Kaszaxcranckoit ob6mactu ¢ 1939 roma. PacnonoxeHn B
BocTouHOM uacth Kaszaxcrana, B mecrte BmajgeHus peku YnbOel B p. Eptuc. Ilpyn cranuuum
23 KM Dpacmojio)X€H Ha TEpPpPUTOPHM TOPOACKOM agMuHUCTpauuu Ycrb-KameHnoropcka
Bocrouno-Kazaxcranckoit obmactu, B mpenenax I[IpUHUPTHINICKOW HU3KOTOPHOHW W TPEATOPHOM
30HBI. Bomoém HaxomuTcs BOJNM3M KEIE3HOAOPOXKHOW BETKM M aBTOJAOPOTM PETHOHAIBHOTO
3HAUEHMsI, HA PACCTOSHUM OKOJO 23 KM K IOrO-BOCTOKY OT roposa. I'eorpaduueckre KoOpaIuHATHI
IpyJa cocTaBisAOT Npubmu3uTensHo 49°80' c. m. u 83°00' B. 11.. BeicoTa HaL ypoBHEM MOpS -OKOJIO
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480-490 m.

[Ipyn wmmeeT HCKYCCTBEHHOE MPOHMCXOXKACHHUE, CO3IaH B PE3yJabTare MeperopakxuBaHUs
Oanku (oBpara) ¢ IebI0 HAKOIJICHUS! TIOBEPXHOCTHOTO CTOKAa M BO3MOYKHOTO MCTIOJB30BAaHUS JIS
TEXHUYECKUX WIN XO3IMUCTBEHHBIX HYX . [llmonaas BogHoro 3epkaina coctaiset okoio 0,15-0,2 km?,
cpenusis nryouna -1,0-1,5 M, MakcumanbHas -0 2,5 M (110 TaHHBIM SKCIIEAUIIMOHHBIX HAOMIOACHUH,
2024 1).

[Tutanue mpyna oCyIIECTBIsAETCSA 3a CUET aTMOC(EPHBIX OCATKOB, BPEMEHHBIX BOJOTOKOB
Y TO3EMHBIX KJIIouei, 4To 00yclaBiMBaeT 3HAYMTEIbHBIC CE30HHBIC KojeOaHusi ypoBHs BOAbI. B
BECEHHUI Nepro/] HAOII0IaeTCs €T0 MOBBIIIICHUE BCISICTBHE CHETOTASIHUS, K KOHILY JIeTa BOBMO)KHA
YacTUYHAs yCaJiKa YPOBHSI.

Kimmmar pailoHa KOHTMHEHTAJIBHBIN, C XOJOJHOM 3UMOHM M JKapKHM, OTHOCHUTEIBHO CYyXUM
neroMm. CpenHeroaoBas TeMIlepaTypa Bo3yxa cocraBisieT okono +2,5 °C, cymma ocaakoB -280-350
MM B roa. IlpeoOmanmaioT ceBepo-3amagHble BETpPbl. XOJIOAHBIA HEpUON - C HOSOpS MO Mapr.
3adukcUpOBaHHBIA PEKOPAHBI MUHMMYM TEMIIepaTyphl Bo3ayxa B sHBape -49 °C, B utone +4 °C.
Pexopaublilt makcumym - +8 °C B siuBape u +43 °C B utore.

bepera mnpyna momorue, wmecramu 3a0O0JNOYEHHBIE, CIOXKEHBI AJUTIOBUATBHBIMU |
JICIIOBUANIGHBIME CYTJIMHKaMH. BJIONIb ype3a BOIbl pa3BUTa NMPHOPEKHO-BOAHAS PACTHUTEIHHOCTH
-KaMBIIl OOBIKHOBEHHBIN (Phragmites australis), poro3 y3konuctaeiid (Typha angustifolia), yactyxa
nonopoxxHuKoBas (Alisma plantago-aquatica), ocoxa (Carex sp.).

OxkpecTHOCTH BOMOEMA MPEACTABICHBI JIYTOBO-CTEITHBIMH COOOIIECTBAMU C YYacTKaMU
KYCTapHUKOB  JIPEBECHOM pacTUTENHHOCTH (Oepé3a, nBa, Toroub ). [Ipy ciry>KUT BaKHBIM DIIEMEHTOM
MECTHOTO TPHUPOIHOTo JaHAmadTa, BHIIOIHIS (YHKIMH PETYyIIToOpa IMOBEPXHOCTHOTO CTOKa,
OYHMCTHUTEJNS BOJBI, a TAK)KE MECTa OOMTAHMUS BOJOIIABAIOIINX U OKOJIOBOAHBIX MTHII.

Taxum o0pa3om, Ipya cTaHIuU 23 KM MpeacTaBiseT co00il Mallblif aHTPOIIOTEHHBIN BOIOEM,
o0Magaroyii YCTOWYMBBIMUA (PU3UKO-TeOTpadUIeCKUMHI U THIPOXUMUYECKUMHU XapaKTePUCTUKAMU,
BBITIOJTHSFOIIUN YKOJIIOTUYECKUE W XO3SHUCTBEHHBIC (PYHKIMU B MpEeIax TOPOACKOH arjgoMepanuu
VYere-Kamenoropceka.

PesynbraTel maHHOW pabOTHl, B COBOKYNMMHOCTH C pE3yJdbTaTaMH IPYTHX MPOBEAEHHBIX
HUXTHOJIOTUYECKHUX UCCIIEIOBAaHUH, OyTyT MCTIOJIB30BaHbI 1711 KOPPEKTUPOBKHU [locTaHOBICHHS akuMa
Bocrouno-Kazaxcranckoit obmactu «OO0 yTBEp)KIEHUM TEpPEUHs PhIOOXO3SHCTBEHHBIX BOJOEMOB
MecTHOro 3HaueHus: Boctouno-Kazaxcranckoil o6macTi», a Takke MpU MPOBENECHUH KOHKypca MO
3aKperieHnIo BogoéMoB. OObeKTaMU UCCIIeOBaHus SBISIOTCS o3epo Koremait u mpyn ctanmms 23
kM. JlaHHbBIE BOTOEMBI OBLITN HCCIIEIOBAHBI BIIEPBHIE.

[Tocne mpoBeaeHUs] KOMIUIEKCHBIX HCCIEIOBAaHUM, BKJIIOYAs THAPOXUMHUYECKUE, BOJOEMBI
MOTYT OBITh OTHECEHBI K Pa3IMYHBIM KaTETOPHSIM: PHIOOXO3SCTBEHHBIC, HEPHIOOXO3SIIICTBCHHEIE,
JUTSL CTIOPTHUBHO-TIOOUTENIBCKOTO PHIOOIIOBCTBA, MPUCIIOCOOIEHHBIE JJIsi TOBAPHOTO BBIPAIIMBAHUS
pBIOBI TNOO MHBIX IIEJIEH XO3TMCTBEHHOTO UCTONb30BaHus. OnpeeneHne cTaryca Kaka0ro u3 HHX,
MOCJe PhIOOXO3IMCTBEHHOTO WM3YYCHHS, W MOCIEAYIONee WX PhIOOXO3MCTBEHHOE HCIIOIb30BAaHUE
MOXET CTaTb 3HAUUTEJIBHBIM PE3EPBOM JJISi YBEIMUEHHUS INPOU3BOJCTBA TOBApHOW pbIObI. Jlis
BBITOJIHEHHUS IPOTPaMMBbI Pa3BUTHS PHIOHOTO XO3SHCTBA CTPAHbI, HAPSAY C KPYIHBIMU U CPEIHUMU
PBIOOXO03UCTBEHHBIMUA BOJJOEMaMHU, PAllMOHAILHOE HCIIONB30BAaHUE MaJbIX BOJAOEMOB PE3EpPBHOTO
(hoH1a MOXET CTaTh CyIIECTBEHHBIM MOJICTIOPHEM B YBEITUUYCHUHU TIPOU3BOJICTBA M YIOBOB PHIOBIL.

CocTtaB u cCBOiicTBAa BOIOBI  OTPAXKAIOT COBOKYIMHOCTh  (PU3HKO-TeorpauiIecKux,
TEOXUMUYECKUX, OMOJIOTMYECKHX U KIMMAaTHYEeCKUX (HaKTOPOB, BIUSIONMX HA (OPMHUPOBAHHE
BOJIHOM cpenbl. [ MapoXxuMudecKre mokas3areiy -Takiue Kak MUHEpaIn3alusi, BOAOPOIHBIN MOKa3aTelb
(pH), conmepkanmne pacTBOPEHHOTO KHCIOPOAA, OMOTEHHBIX AJIEMEHTOB W OPTaHWYECKHX BEIECTB
-SIBJISIIOTCS  MHIUKATOPAMH  DKOJIOTHYECKOTO COCTOSIHMSI BOIHBIX OOBEKTOB. OHH  TO3BOJISIOT
YCTAaHOBUTh THUN BOJOEMa, €ro TpOoPUUECKUI CTaTyc, CTENeHb 3arpsA3HEHHUs U YCTOWYMBOCTD
SKOCUCTEMBI. AHAJIM3 XMMHUYECKOTO COCTaBa BOJ JAAET BO3MOXKHOCTh MPOCIEAUTH KPYrOBOPOT
BEIIECTB, HHTEHCUBHOCTh OMOT€OXMMHUYECKUX MPOIECCOB U CTENEHb AaHTPOIOTCHHON HAarpy3KH.
I'uapoxumMudeckas orieHKa 0COOEHHO BaXKHA [l PETMOHOB € BHICOKOW MPUPOAHOIN M3MEHUYMBOCTHIO U
pa3BUBAIOLLEHCS SKOHOMUYECKON JAEATEIbHOCTBIO, TAKUX Kak Bocrounslii KazaxcraH, rae Bogoémel

23



ISSN 3106-9215  eISSN 3106-9223 Natura scientia journal, 1(1) - 2025

CIIy’)KaT MCTOYHMKAMHU BOJOCHAOKEHHsI, OObEKTaMH PBIOHOTO XO3siicTBa W OmopaszHooOpaszms. B
9THX YCJIOBUSIX PETYJsipHOE HAOIIOAEHUE 32 XUMUYECKUM COCTaBOM BOJIbI [T03BOJIIET CBOEBPEMEHHO
BBISIBJIATH TEH/ICHIIMU U3MEHEHHUS KaueCcTBa BOJI, IPOrHO3UPOBATH BO3MOKHBIE SKOJIOTUUECKUE PUCKU
U pa3pabaTheIBaTh MEPHI 10 NPEAOTBPALIECHHUIO A€TPaJallii BOJHBIX YIKOCHCTEM.

PacTBOpEHHBIN KUCIOPOA SBISETCS OJHUM K3 BaXKHEHMIIMX MoKazareseil KOJIOrHYecKOro
coctostHus BogoéMma. OH MOCTyMaeT B 03EPHYIO CHCTEMY B pesynbsrare arMochepHor auddy3uu u
(OTOCHHTETUYECKOI aKTUBHOCTH BOJIOPOCIIEH, @ paCXOLyeTCs Ha bIXaHUE OPraHU3MOB U OKHCIICHHUE
OpPraHMYECKUX U HEOPraHMYECKUX BellecTB. banaHc kuciaopoaa onpeaenseT TUIl BOAHOIO PEXUMA!
a’POOHBI, IEPEXOTHBIN WU aHADPOOHBIMN.

3nagenue pH orpaxkaer coorHomenune nonos Bogopona (H) u ruapokcua-uonos (OH™) B
BOJIC, UTO HANPSIMYIO BIUSET HA PACTBOPUMOCTH ra3oB, popM 31eMeHTOB (a30Ta, dhocdopa, xenesa,
Maprasia), a TaKke Ha OMOJIOTUYECKYI0 MPOIYKTUBHOCTD dKocucTeMbl (CaauukoB u ap., 2008:36).

Munepanu3zanus SBIsETCS HHTETPaJbHbIM MOKa3aTelleM XUMHUYECKOTO COCTaBa MPUPOIAHBIX
BOJl M OTpa)kaeT CyMMapHOE COfep)KaHHE DPACTBOPEHHBIX BEIIECTB (MOHOB) B €AMHMIIE O0bEMa
BoAbl. JlaHHBIA mapamerp (opmupyeTcs B pes3ylbTare CIOXKHOTO B3aMMOACHCTBUS MPUPOIHBIX
U aHTPOIOTEHHBIX (PAKTOPOB: T'E€OJOIMYECKOTO CTPOSHHSI BOJOCOOPHOW TEPPUTOPHHM, XapaKTepa
MIOJJ36MHOI'0 NUTAHUs, UCIIAPUTEIBLHOIO PEKMMa, UHTEHCUBHOCTH BOJOOOMEHA, a TaKXKe CTEIEHU
OHMOJIOTHYECKOW U aHTPOTIOTCHHOH TpaHCchopMaIui Bogoéma.

buorennsie coeHeHUs NPEACTABIAIOT COOOM rPyNIy XMMHYECKHUX BEIIECTB, HEOOXOAUMBIX
JUIS TIOJIEPKAHUS JKU3HENESATEIbHOCTH BOAHBIX OPraHU3MOB M (DYyHKIIMOHUPOBAHUS SKOCHCTEMBI
B LIEJIOM. OCHOBHBIM OHOTE€HHBIM 3JIEMEHTaM, OOECHEeYMBAIOUIMM MPOAYKIIMOHHBIE IMPOLECCH B
Bonoémax, oTHocsTcs a3oT (N), dochop (P), kpemuuii (Si), a TakKe B MEHBIICH CTECIICHH -XKEJI€30
(Fe). A3ot B Bozie mpucyTCTBYeT B Buze Munepanbbix (NHS , NO; , NO; ) u opranuueckux popm. O
SBJISIETCS KIIFOUEBBIM KOMITOHEHTOM O€JIKOB, aMUHOKHCIIOT U HYKJICMHOBBIX KHCJIOT, @ [IOTOMY MI'paeT
OCHOBOIIOJIAraloIIy0 PoJib B KPYrOBOPOTE BELIECTB U Pa3BUTUU OMOTHI. OCHOBHBIMU IPOIECCAMU
TpaHc(hopMaluu a30Ta SBISAIOTCS HUTpUUKAIMS, JeHUTpU(UKausS U (PUKcanus aTMOoC(HEepHOro
a3zora nuaHoOakrepusMu. V30BITOK COeAMHEHHH a30Ta, 0COOEHHO HUTPATOB M AMMOHHS, BBI3BIBACT
3BTpoupoBaHuE BOJOEMA, COIIPOBOXKIAIOIIEECS] MACCOBBIM Pa3BUTUEM BOJOPOCIEH U CHUKEHHEM
coJiepXaHusl paCTBOPEHHOTO KUCIOPO/Ia.

Marepuajbl M MeTOAbI HcciaenoBaHus. [uapodusmueckue, TUAPOXUMHUECKHE
UCCIIEZIOBaHUSL W OTOOp MpoO BOABI MPOU3BOAMIUCH MO OOLIENPUHATHIM MeTonukaM. [IpoOsl
OoTOMpanuCch B JIETHUM NEpUON W3 MOBEPXHOCTHOTO CIOS BOABI MPHU MOMOIIM MPoOOOTOOpPHOMH
cuctemsl CII-2. O6pa3iibl Boab!l 0TOMpanuch n3 noBepxHoctHoro cios (0-0,5 M) B paiioHax ¢ pa3Hoi
CTETICHBIO BO3/ICHCTBHSI IPUPOIHBIX M AHTPOIIOTEHHBIX (pakTopoB. OTOOP MpoO MPON3BOIMIICS KaK U3
MOBEPXHOCTHBIX, TaK M U3 MPUIOHHBIX TOPU30HTOB (B MeCTax ¢ IIyOuHamu 0ojiee 5 M) ¢ MOMOIIBIO
cTaHzapTHOM nmpobooTdopHoi cuctemsl CII-2, obecneunBarorieil coxpaHeHUEe HCXOAHOTO COCTOSIHUS
BOJIbI IO MOMEHTA aHAJIN3a.

W3mepenue coaepkaHUs pacTBOPEHHOIO KHUCIOPOAAa MPOBOJMWIOCH HEMOCPEICTBEHHO
Ha MecTte orbOopa TpoO C HCMONB30BAaHUEM TNOPTATUBHOTO Kuciopogomepa MAPK-3020,
OTKaTMOPOBAHHOTO TMepel KaXKIbIM BbIE3IOM B ToOjeBble ycioBusa. Ilokazarenu Ttemmeparypsl,
ANIEKTPONPOBOAHOCTHU U pH Takke perucTpupoBaIuch in situ.

XUMMKO-aHAJUTHYECKOE OIIPEIEIeHIE KOHLEHTPAlUi OMOreHHbIX coeauHennii (NH,
NO;, NO;z, PO?"), opranuueckoro Bemectsa (BKirodas mokaszatemu BIIK m XIIK), a Takxke
pacuérel oOmieil MuHepanu3auuu (10 CyMME OCHOBHBIX KaTHMOHOB M AHHUOHOB) IPOBOIMIUCH
B YCIOBMSIX akkpeautoBaHHou naboparopuun TOO «Jlaboparopusi-Armocdepa». [lpumensuincek
MeToAbl (POTOMETPUH, TUTPUMETPUU M MOHHOW Xpomarorpaduu ¢ UCHOIb30BAHUEM COBPEMEHHOTO
AHAIUTUYECKOTO 000PYIOBaHMSI, BKJIIOYAs CIEKTPOPOTOMETPHI, HOHOMEPHI U aBTOAHAIN3aTOPBbI.

CooTBeTcTBUE PE3yabTaTOB aHAIM30B PHIOOXO3AMCTBEHHBIM HOpPMAaTHBaM MPOBOIUIOCH IO
HOpMaTUBHOMY JokyMeHTy [Ipmka3 MuHuCTpa BOAHBIX pecypcoB W uppuranuu PecmyOnuku
Kazaxcran ot 4 uronst 2025 roga Ne 111-HK OO0 yTBepxaeHUN €AHMHON CHUCTEMbI KIacCH(HUKAINH
KauecTBa BOZBI B MOBEPXHOCTHBIX BOIHBIX 00beKTax M (WiM) uxX 4dacTix (MHMHHCTEPCTBO BOJHBIX
pecypcos u uppurauuu PK, 2025).
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Pesyabrarel um  oOcyxkgenusi. Oszepo  Koremai, Haxomutcs B Kypuymckom
paiione Bocrouno-Ka3zaxcranckoit obiaactu. Bxogur B cocras Kypuymckoro paiioHa, KOCMOCHUMOK
npeactaBieH Ha pucyHke 1. [Tnomans - 60 ra. MakcumanbHas TiryouHa - 3,5 M., cpeHss TIyOnHa -

1,5 M. lnuna - 1,56 kM., mmpuna - 450 M. 3apacTaeMoCTh HAJABOJHOW U MOJIBOJJHON pACTUTEIBLHOCTH
60-70%.

N
Josceoliorenai

Pucynok 1. KocmocaumMok o3epa Kerenait

[Tnomans npyna craniuu 23 kM coctapisier 0,83 ra. ['myOnHa MmakcuManbHas - 6 M., CpeaHss
m1youna - 3 M. Koopaunarsr: 49°54'05.78"C 82°43'36.24"B. [lnuna npyaa cocrasinsieT 174 m, cpennss
mupuHa - 51 M. KocMOCHUMOK Tipyia mpeicTaBlieH Ha PUCYHKE 2.

Pucynok 2. Kocmocuumok Ipyna crannuu 23 km

B rtabmume 1 mnpencraBieHl MOPPOMETPHUSCKHE XApaKTEPUCTHKH ¥ KOOPIMHATHI
HCCTIeyeMbIX BOJIOEMOB MECTHOTO 3Ha4eHUs1 BocTtouno-Kazaxcranckoi obmacTu.
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Tabmuma 1. MopdomMeTrprudeckie XapakTepUCTUKA B KOOPIAMHATHI UCCIEAYEMBIX BOIOEMOB
MecTHOTO 3HaueHus1 Bocrouno-Kaszaxcranckoi oomactr

Makc. Makc. Makc. Cpen. O0bem
ILnomane,
Bonoem Koopnunatst a JUIMHA, [IMpUHA, DIyOWHa, DIyOWHA, BOIOCMA,
KM KM M M M3
Osepo 48°29'19.32"C 60 1,5 0,6 3 1,5 900000
Korenait 83°44'39.85"B
prﬂ (o] 1 n
cranmms 23 49°54'5.18"C 0,83 0,17 0,07 6 3 24900
M 82°43'33.97"B

'mapoxumudeckue uccieoBaHusl MECTHBIX BogoeMoB Bocrouno-Ka3zaxcranckoil obnactu B
2024 r. npoBOAMINCH B JeTHUH niepuo]. O6pa3iibl IPUPOJHON MTOBEPXHOCTHON BOABI OBLIIM OTOOpaHBI
u3 o3epa Korenaii u npyzna cranuuu 23 K.

ITpoOb1 oTOMpanu B MOBEPXHOCTHOM TOPU3OHTE JIMTOPAJIbHON M MeNaruajibHON 30HBI U
WCCIIEIOBAIH 10 (PU3UKO-XUMHUUECKHUM ITapaMeTpaM, ra30BOMY PEKUMY, COACPKAHUIO OPraHMYECKUX
1 OMOTeHHBIX BenlecTB (Tabnuua 2).

Ta6111/1ua 2 FI/II[I)OXI/IMI/I‘-IGCKI/IC I1oKa3arciin I/ICCJICI[yeMBIX BOOJOEMOB MECCTHOI'O 3HAQUCHUS
Bocrouno-Kazaxcrauckoit oonactu B 2024 t.

PaCT?(;E :IHHHe BuoreHHble COEMHEHNUS, MI/ M3 OpraHquCKoé\/IHHepa-
3oHa pH BemecTpo, ‘M3aLMA
COo, (02} MrO/mv3 BOJIBI,
- /Hiqg =  NH, NO, NO; PO, Mr/m
Mmr/ %
M3 Hac.
O3epo Korenaii
JUTOPATb 8,26 0,1 6,82 69,9 0,95 0,005 0,56 0,048 53 1420
nenarvanb 8,09 0,1 6,89 69,1 1,05 0,009 0,62 0,049 53 1470
Hpyn cranuus 23 km
JUTOPATh 8,65 0,1 7,18 75,9 <0,2 0,031 0,13 0,020 2,6 153
nenaruanb 8,52 0,1 7,21 76,3 <0,2 0,044 0,15 0,021 2,7 157

O3zepo Korenaii. Temnepatypa Boasl B iepuon otoéopa mpod cocrasisuia 23,0-25,5 °C. Bona
03epa He UMeJIa BKyca U 3amaxa, [IBETHOCTh BOJbI OLIEHUBAJIACH HA 5 TpaJyCoOB MIATHHO-KOOAIBTOBOM
urkaiel, [[BeTHOCTH BOIBI B 03€pe MOKA3bIBACT MPUCYTCTBUE M KOHIICHTPALMIO B HEW Pa3TUYHBIX
BEIIECTB, TAKUX KaK BOJOPOCIH, TYMHHOBBIC U (PYJIbBOBBIC KUCIIOTHI, COCTUHEHUS JKeJe3a, HalTnIne
B3BEIICHHBIX YACTHIl, TAKUX KaK WJI WM TJIMHUCTHIC YacTUIlbl. MI3MEeHEeHUE 1IBETa MOXKET YKa3bIBaTh
Ha YXyZIIEHHE Ka4yeCTBa BOAbI, CHUYKEHHE MTPO3PAuHOCTH.

Kucnopon u nuokcua yriepoia sIBISIOTCS BaKHEHIIMMU COCTABISIFOIIMMU Ta30B JII0OOTO
Bofoema (PomanoBa u nip., 2024:121). OHu y4acTBYIOT B IIpolieccax razo00MeHa Mexx 1y arMochepoi
Y BOJIHOM TOJIIIEH, ONPEEISIOT YCIOBUS MTPOTEKAHUS OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIX PEaKIUH,
a TaKke 00eCleYMBAIOT KU3HEACATECIBHOCTh THAPOOHMOHTOB. [Ipu KOHIEHTparuu Hike 4 Mr/i
BO3HUKAET TMIIOKCHYECKOE COCTOSHUE, MPUBOJISIICE K HAPYIICHHIO METa00Iu3Ma THUIPOOHOHTOB U
aKTHUBAIIMK aHAYPOOHBIX MPOIECCOB, BKIIOYAs Cylb(arpeaykiuio u meraHoreHes (CaagdukoB u ap.,
2008:68-69). KoHleHTpalys pacTBOPEHHOIO B BOJe KMCI0poa OblIa B HHTEpBae 6,82-6,89 mr/nm?
Y COOTBETCTBOBAJIA YCTAHOBJIEHHBIM I PHIOOXO3SHCTBEHHBIX BOI0eMOB HopMaTrBaM. CojiepxaHue
YIJIEKHUCIIOTO Ta3a BIUSET Ha KapOOHATHOE paBHOBECHE B BOJOEME.
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Bognoponusriit nokazarens (pH) siBisieTcss ofHUM U3 KITIOYEBBIX MHTETPAJIbHBIX TOKa3aTeseH,
XapaKTEepU3YIOLIUX KHUCIIOTHO-ILEJIOYHON pPEXUM BOIOEMA M OINpPENEessIOIIMX HalpaBiIeHHUE
OOJBIIMHCTBA (UBNKO-XUMHUECKUX U OMoreoxumudeckux mporeccos. [1o 3nauenuto pH, xotopoe
u3Mensutoch ot 8,09 1o 8,26, Boasl 03epa Koremail mpuHajyiexar K Tpynie ciadoIen0uHbIX BOJI.

B cnabomenounoil cpene xkapOOHATHOE paBHOBECHE CMEILEHO B CTOPOHY IpeoOiagaHus
TUIPOKapOOHAT-UOHOB HaJl KapOOHaTaMH U JUOKCHIOM YIVIEpOJa, YTO MOXHO TPOCIEIUTh
no mnoixydyeHHbIM naHHbIM. Ilo knmaccudpukammu O.A. Anexuna ozepo Koremail npuHaziiexasno
THJIPOKapOOHATHOMY KJIACCy, TPYIIE KabIHsl, IEPBOMY THUILY.

[TokazaTenp mepMaHraHaTHOM OKHUCIISIEMOCTH  OTOOpa)kaeT oOOIIyl0 KOHLEHTPALUIO
opraHuyeckux BemecTB. Ha okuciasieMocTh NPUPOIHBIX BOJ BIMSIOT pa3Hble (AKTOPhl -
KHCJIOTHOCTh TPYHTOB U II0YB, OpPraHuka (Quopbl, MeTaOOIu3M OaKTepHil, MPOTYKTHI JIIOICKOM
nesTenbHOCTH. CUIIbHBIE OKUCIIUTENH MOCTYAIOT B MIOYBY M BOJIOEMbI BMECTE C IOBEPXHOCTHBIMU U
MOJ3€MHBIMH CTOKaMH, U3 aTMOC(HEPHBIX OCAIKOB, C MPOU3BOACTBEHHBIMH U IIJIOXO OYHMILEHHBIMU
KaHAJIM3AlMOHHBIMU ClMBaMU.  BenuunHa mnepMaHraHaTHOW okuciasieMoctu o3epa Korenpaii
coctasuna 5,3 MrO,/nm?, uto obecrednBaeT NPUHAMLIEKHOCTE 00Pa3LOB K KaTErOPHU BOJL C MaJIoi
OKHCJIIEMOCTBIO.

MuHepanusanus BOJ 03€pa Haxoaunach B juanasoHe 1420-1470 wr/am>, uto 110
KJIacCU(UKAIMM  COOTBETCTBYET COJOHOBAaTHIM BojaM. CoJoHoBaThle 03E€pa MPEACTaBISIOT
co00i1 0COOBIf TUN KOHTMHEHTAJIBHBIX BOAOEMOB, OTIMYAIOIIMXCSA MOBBILIIEHHBIM COAEPKAHUEM
pPacTBOPEHHBIX MMHEPAJIbHBIX BEUIECTB M 3aHUMAIOIIME MIPOMEXKYTOUHOE TOJIOKEHUE MEXITY
npecHbIMU U coi€HbiMu (Kummn, 2017:81). JlanHas MuHepaauzalus MPUTOAHA ISl OOMTaHUS
TUIPOOMOHTOB, aIalITUPOBAHHBIX K MOBBIIIEHHOMY COJieBOMY (OHY, K IPUMEPY Kapach cepeOpsHHBIH
WM OKYHb OOBIKHOBEHHBIH. I1o BelMuMHE KECTKOCTH, KoTopas cocTaBuna 55,0-57,0 Mr-sks/mm?,
BOJIbI XapaKTEPU3YIOTCS KaK «OUEHb KECTKHEN.

A3oTconepkaliue COeUHEHNS B 03€pe MPEICTaBICHbl aMMOHUIHBIM a30TOM, HUTPUTAMH U
Hutparamu. CoeTMHEHUS a30Ta NePeXoAiT U3 OJHON (OPMBI B APYTYIO B MPOIECCe HUTPU(DUKAITUH.
WX KOHLIEHTpalluu He PEeBbILIAIN YCTAaHOBIEHHBIX HOPMAaTHUBOB JIJIs1 BOJIOEMOB pPbI00X03sIIICTBEHHOTO
sHagenus. KommuectBo Qocdaro (0,048-0,049 mr/aM®) Takke He IPEBBHILANO yCTAHOBJIECHHBIE
3HAYEHUS.

[Ipyn cranmus 23 km. B mepuwox orGopa mpo6 Temmeparypa Boabl cocrabisia 22,5 °C.
CozepskaHue pacTBOPEHHOTO KUCIOPO/a cocTapisio 7,18-7,21 mr/aM?, 4To cuuTaeTcs onTHManbHBIM
st TuapoOuonToB. Benwmumaa pH Obuta paBHa 7,52-8,65, m 00yclOBIMBAET NPHHAMIEKHOCTH
BOZl0E€Ma K ca0oIesIouHbIM BoiaM. B cooTBeTcTBUU ¢ KilaccuduKanueil Box Mo KeCTKOCTH, BOJa
B TpyIdy XapakTepu30Bajach Kak «KecTkas» - 8,8-8,9 mr-ske/nm>. MuHepamusanus BOabl Oblla
HEeBBICOKOI - 153-157 mr/aM?, Bozia ipyaa npecHas.

BennunHa —~ NEPMAHraHATHOW — OKMCISEMOCTH — cocTaBmsna  2,6-2,7  wmrO/aM®,  dro
KJIacCUPUITUPYETCST KaK «O4YCHb Majasy OKHCISIEeMOCTh. M3 OMOTEHHBIX BEMIECTB MPOOBI OBLIH
HpOAaHAIN3MPOBAHBI HA COAEp)KaHUE coequHeHHuil azora, pocdar-uonos (0,02 mMr/am’) u obmero
xenesza (0,107-0,108 mr/nm?). Ilo pesyasraraM THAPOXMMUYECKHX HCCIIEIOBAHUH COEp/KAHME
OMOTEeHHBIX COETUHEHHH HE TPEBHIIIAN0 YCTAHOBICHHBIX HOPMATHBOB.

3akirouenne. [IpoBenéHHble ruapoxuMHuecKue wucciaenoBanust ozepa Koremail um mpyna
CTaHUUHU 23 KM, pacloJIOKEHHBIX Ha Tepputopun BocrouHo-Kazaxcranckoir 061acTy, MO3BOIMIN
IIOJIyYUTh HOBBIE JAHHBIE O COBPEMEHHOM COCTOSIHUM BOJAOEMOB MECTHOI'O 3HAYECHMSI.

AHanu3 (U3MKO-XMMHMUYECKHMX IOKa3arelel MoKas3al, 4TO HCCIEIyeMble BONOEMBI MMEIOT
Pa3IMYHBIA TUI BOX IO CTENIEHH MUHEPAIM3ALUMU U XMMHUYECKOMY cocTaBy. Boasl o3epa Korenait
OTHOCSITCSL K COJIOHOBAaTbIM T'MJIPOKAPOOHATHO-KAIbLIUEBBIM, XapaKTEPU3YIOTCS IOBBIILIEHHON
oluieil MHUHepanu3alei, BBICOKOH KECTKOCThIO U chaborienoyHol peakuued cpenbl. Takue
yCIIOBUSI ONArompusATHBL S CYIIECTBOBaHHUS THUAPOOMOHTOB, aJalTHPOBAHHBIX K YMEpPEHHO
MUHEpaIn30BaHHON cpene. KoHleHTpauyu pacTBOPEHHOTO KUCIOPOAa M OMOT€HHBIX COSAMHEHUMN
COOTBETCTBYIOT PpPBIOOXO3SIICTBEHHBIM HOPMAaTHBaM, YTO YyKa3blBa€T HAa YAOBJIETBOPUTEIHHOE
9KOJIOTMYECKOE COCTOSIHME O3€pa W €ro MNPUroJHOCTh Uil AAJbHEHIIEr0o MCIOJIb30BaHUS B
PpBIOOX03HCTBEHHBIX LIEIISAX.
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Bonst npyna CTaHIINU 23 KM OTHOCATCA K KaTeropun IIPECHBIX
THAPOKAPOOHATHO-KAIBIIMEBBIX, C HU3KOM MUHEpaiu3anueld M ciIaboIIeIOuHON peaklue Cpeabl.
KoHnuenTpanuss pacTBOPEHHOIO KHCIOPOAA W HU3KWE 3HAYECHMS IEPMAHIaHAaTHOM OKHUCIISIEMOCTH
CBUJETEIHCTBYIOT O OJaronpusATHBIX KHUCIOPOIHBIX YCIOBUSAX U HEBBICOKOW CTENIEHU OPraHUYECKOTO
3arpsi3HeHus. Conepkanue coenuHeHU a3ota u ¢pocdopa He MPEBbIIaeT HOPMATUBHBIX 3HAYCHUH,
YTO YKa3bIBaeT Ha OTCYTCTBUE MPU3HAKOB SBTPO(DUPOBAHUSI.

Takum oOpaszoMm, o0a BoJoéMa XapaKTEPU3YIOTCS yAOBICTBOPUTEIBHBIM THAPOXUMHYECKIM
COCTOSIHUEM, COOTBETCTBYIOIIUM TpPEOOBAaHUSAM pPHIOOXO3HCTBEHHBIX HOPMAaTHBOB PecryOnuku
Kazaxcran. [lony4deHHbIe pe3ybTaThl CBUAETEIBCTBYIOT O HEOOXOAMMOCTHU IIPOBEAEHUS PETYIISIPHOTO
THAPOXUMHUYCCKOTO MOHUTOPUHIA I OHCHKH JWHAMHWKH Ka4€CTBa BOA W MNPCAOTBpAlICHUA
BO3MO)KHEIX HETATUBHEIX U3MEHEHUHU B D3KOCUCTEMAX.
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AHHOTamusi. B Hacrosmien crarb€  NPEACTABIEHBl  PE3yJbTaTbl  MCCIIEIOBAHMI
TUAPOXMMHUUYECKOTO M THAPOJIOTMYECKOIO pexuMa YCTb-KaMeHOropckoro BOIOXpaHWIMILA 3a
nocieqHue ATk JeT. Llenbro uccnenoBaHusl SBIAJIACH OLIEHKA AWHAMHUKHA THAPOJIOTUYECKUX H
THAPOXUMHUUYECKUX ToKazareneil Ycrh-Kamenoropckoro Bopoxpanunuiia B 2020-2024 rr. mis
OTIPENCIICHHS] TEHICHIIMH W3MEHEHUs KadecTBa BOABI M YCIOBUW OOWUTAaHUA THAPOOMOHTOB.
HccnenoBanus BBIMOJHEHBl HA OCHOBE CHCTEMAaTHYECKUX HAOMIOACHUHN 32 YPOBEHHBIM PEKUMOM
U 71a00paTOpHBIX aHANIU30B MPOO BOABI, OTOOpAaHHBIX B BEpXHEH, cpeAHed M HIDKHEH YacTsIx
BOJI0OEMa B BECEHHE-JIETHUI nepro/ibl. B xome paboThl mpoBeAeHb! H3MepeHHs (PU3UKO-XUMHUECKIX
napametpoB (pH, pactBopéunsiii kucnopos, CO,, OpraHuYecKkoe BEIIeCTBO, OMOTEHHBIE AIEMEHTHI,
MUHEpaIN3alus) ¢ TPUMEHEHUEM CTaHAAPTHBIX THAPOXUMHUUYECKUX METO/IOB aHAIU3A.

Pe3ynpraThl nokazanu, 4To CpeAHErOA0BOM YPOBEHb BOJbI 32 MIATHIETHUN IEPUO U3MEHSIICA
HE3HAYUTEIBHO, YTO OTpPakaeT CTAaO0WIIBHBIM THUIPOJIOTHYECKUN peXHM. Bce THIpoXMMHYECKHE
MOKa3aTeu HAXOAWINCh B TIpelesiax PhIOOXO3SHUCTBEHHBIX HOPMAaTHBOB. OTMEueHa TEHACHIIHS
K HE3HAYUTEIbHOMY TOBBIIICHUIO COIEPXKAHUS KHCIOpOoAa H CcTabuiu3anuu OMOTEHHBIX
coequHeHu. Takum 006pazoM, yCTaHOBJIEHO, YTO THIPOJIOTHYECKUA U TUIPOXUMUYECKUN PEKUMBI
Yerb-KamMeHoropckoro BogOXpaHMIUIIA OCTAIOTCS YCTOMYUBBIMU U 00€CIIEUUBAIOT OJIarONpUATHBIE
YCIIOBUS JUIsl BOCIIPOM3BOJICTBA U OOMTAHUS BOJHBIX OPTaHU3MOB, UTO TIOATBEPKAAET €0 3HAYCHHE

KakK pbIO0X03HCTBEHHOTO BOJJOEMA.
KiroueBble ciioBa: Ycrb-KaMeHOropckoe BOZOXPAaHWIMINE, THAPOTIOTHYECKHI PEXHUM, THAPOXUMHYECKHE MOKa3aTelH,
KaueCTBO BOJBI, OMOrCHHBIE BEIIECTBA, MUHEPAIH3aLHs.
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Anaarna. byn Makanana cCOHFBI O6ec JKbULIarbl OCKEMEH Cy KOWMACHIHBIH THIPOXHUMUSIIBIK
KOHE THJIPOJOTHSUIBIK PEXKUMIH 3€pTTey HOTWXKeNepl KeNTipuIreH. 3epTTeyldiH Makcarhbl -
2020-2024 xplngap apaiablFbIHAa OCKEMEH Cy KOMMACBIHBIH THIPOJIOTUSIIBIK HKOHE THIPOXUMUSIIBIK
KOPCETKIMTEPIHIH JMHAMHUKACHIH Oaraiiay, Cy CarachlHBIH ©3repy YpaicTepi MEH TUAPOOHOHTTAP/IBIH
TIPIIUTIK €Ty >KaFJadiaapblH alKbIHAAy OONIbl. 3epTTey KYMBICTAphl CYy JIGHICHl peXuMi
OoHbIHINA XKYieni Oakbuiaylap MEH Cy KOHMACBIHBIH JKOFApFbI, OPTa KOHE TOMEHT1 OOJIKTepiHeH
KOKTEMTi-)Ka3Fbl KE3eH/I€ IPIKTENTeH Cy YATUIepiHiH 3epTXaHajbIK Talaaylapbl HEeri3iHae Kypri3uiii.

JKympic OappIChIHIA CTaHAAPTTHI THUAPOXUMILSUIBIK TaJgay OMICTEPiH KOJIJaHA OTBIPHIIM,
(bu3nKaNbIK-XUMISITBIK, KepceTkimrep (pH, epiren orreri, CO,, OpraHuKaigbK 3arTap, OMOTEHIIK
3aTTap, MUHEpaIIaHy) aHbIKTAJIbI.

3eprrey HOTHXKeNepl OOWBIHIIA Oec JKBULABIK Ke3€H IIIHAE CYyIObIH OpTalla >XbUIIBIK
JICHTeH1 IIamMalibl FaHa ©3repreHl aHBIKTANIbI, OYJI Cy KOMMAaCBIHBIH THAPOJIOTHSIIBIK PEKUMIHIH
TYPaKTBUIBIFBIH KepceTeni. bapiblk kepceTkimTep OanblK I[IapyallbUIBIFRl Cy aWAbIHAapbIHA
apHaJIFaH HOpMaTUBTEepre coiikec kemexi. OTTeri MemnmiepiHiH as3mam apTybl MEH OHOTCHIIK
KOCBUTBICTAP/IbIH TYPAKTaHYBI Ypici OalKabl.

Ocpinaiima, OckeMeH Cy KOWMAaCBIHBIH THAPOJIOTUSIIBIK JKOHE THAPOXUMHUSIIBIK PEKUMACPI
TYPaKTHI 0OJI/IbI ’KOHE THAPOOHOHTTAP IBIH KOO0l MEH TiPIIUIITi YIIiH KOJIAMIbI XKaFaai 00mabl, Oy

OHBIH OaJbIK IapyalIbIBIKTHIK MAHbI3bl OAp Cy ailIbIHBI PETIHETI MAaHbI3IbUIBIFBIH PACTANIBI.
Kinr ce3nep: Ockemer cy KolMachl, THIPOIOTHSIBIK PEKUM, THAPOXUMHUSITBIK KOPCETKIIITEp, Cy carackl, OMOTeH K 3aTTap,
MHHEpaJaHy.
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Abstract. This article presents the results of studies on the hydrochemical and hydrological
regime of the Ust-Kamenogorsk Reservoir over the past five years. The aim of the study was to
assess the dynamics of hydrological and hydrochemical indicators of the Ust-Kamenogorsk Reservoir
during 2020-2024 in order to identify trends in water quality changes and habitat conditions for
hydrobionts. The research was based on systematic observations of water level fluctuations and
laboratory analyses of water samples collected from the upper, middle, and lower parts of the reservoir
during the spring-summer seasons. The study included measurements of physicochemical parameters
(pH, dissolved oxygen, CO,, organic matter, biogenic elements, and mineralization) using standard
hydrochemical analytical methods.

The results showed that the average annual water level varied slightly over the five-year
period, indicating a stable hydrological regime. All parameters complied with the fishery water quality
standards. A slight increase in oxygen content and stabilization of biogenic compounds was observed.
Thus, it was established that the hydrological and hydrochemical regimes of the Ust-Kamenogorsk
Reservoir remain stable, providing favorable conditions for the reproduction and habitation of aquatic

organisms, confirming its importance as a fishery water body.
Keywords: Ust-Kamenogorsk Reservoir, hydrological regime, hydrochemical indicators, water quality, biogenic substances,
mineralization.

BBenenune. BoaHbie pecypchl SBISIOTCS OJHUM U3 KITIOUEBBIX (DAaKTOPOB YCTOWYHUBOTO
COIMAIPHO-PKOHOMUYECKOTO PAa3BUTHS PETHOHOB, OMPEICIISsl BOBMOXKHOCTH MX BOJ0O0OECIICUCHHMS,
SHEPreTUYECKOT0 TOTEHIMalla U JKoJIorudyeckoro Omaromonyuusi. COCTOSHHE TMOBEPXHOCTHBIX
BOJIOEMOB, B YaCTHOCTHM KPYMHBIX BOJOXPAHWIMII, BO MHOTOM OIpPEIEsSeT KaueCTBO BOJIHBIX
9KOCHCTEM M YCJIOBHUS CYIICCTBOBAHHUS THIPOOMOHTOB. B COBpEMEHHBIX YCIOBHSX BO3PACTAIOIIETO
AQHTPOIIOTCHHOTO BO3JICHCTBUS M HM3MEHEHUs KJIMMATUYECKUX (PAKTOPOB BOMPOCH MOHUTOPUHTA
THUAPOJIOTHYECKUX M TUAPOXUMHYECKUX TMOKa3aTelield MpruoOpeTaroT 0Co0yI0 aKTyallbHOCTb.

Ocoboe wmecto B ruaposorudyeckon cucrteme Bocrtounoro Ka3axcrana 3aHumaer
VYerp-KameHnoropckoe BOJOXpaHWIUIIE, CO3MaHHOE B 1952 romy B CBSA3M CO CTPOUTEIBLCTBOM
OTHOMMEHHOM THApOdJIeKTpocTaHiuu Ha peke Eprtuc (bykatoB u np., 2005:21). Bomoxpanumiuiie
BBITMIOJIHAET KOMIUIEKCHBIE (YHKIIMU - JHEPreTHYECKY0, BOJIOXO3SMCTBEHHYIO, TPAHCIOPTHYIO
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U PHIOOXO3AHCTBEHHYI0, OOecreunBasi 3HAYMTEIbHYI0 YacTh NOTPEOHOCTEH pernoHa B BOJHBIX
pecypcax. OnHako, Kak U OOJIBIIMHCTBO PETYIUPYEMbIX BOJIOEMOB, OHO IMOJBEPKEHO BO3AECHCTBUIO
KoJIeOaHUH CTOKAa, U3MEHEHHUIO THIPOAMHAMUYECKUX XapaKTEPUCTUK M CE30HHOW TpaHchopMaluu
XMMHMYECKOIO COCTaBa BOABI.

I'mapomornyeckuii  pexxuM  YcTb-KaMEHOTOPCKOro  BONOXPAHMIIMINGA — OLpPENeNsieTcs
JEATEeIIbHOCTRIO JBYX THUIPOAICKTpOCTaHIMi - byxtapmunckod u Yctb-Kamenoropckoit I'2C.
CyTo4HO-HeIeTIbHOE PEryIMpPOBaHUE CTOKA MIPUBOAUT K YaCThIM KoseOaHUsM YpoBHs Boasl (10 1-1,5
M), YTO HETaTMBHO OTpa)KaeTcs Ha MNPUOPEKHBIX HKOCHUCTEMAX M TMPOLEccax €CTECTBEHHOTO
BOCTIPOM3BOJCTBA pbIO. Takwe KojeOaHWS CHMOCOOCTBYIOT OOCBIXaHHIO HKpbI, W3MEHEHHUIO
JUTOPAIILHON 30HBI U CO3/IAI0T HEYCTONYMBbIE YCIOBUS OOUTAaHUS THAPOOHOHTOB.

Hapsiny ¢ ruapojmoruyeckumMu MpoLeccaMd  Ba)KHOE  3HAU€HHE HMeEeT  OIeHKa
TUIPOXUMHUYECKHUX XapaKTEPUCTHK BOJOXPAHMIINIIA, TAK KAK XUMUYECKUN COCTAB BOABI OIMPEeIsieT
e€ NPUTrOAHOCTb ISl PbHIOOXO3SHCTBEHHBIX MLEJIeH U CIY)KUT HHIUMKATOPOM HKOJIOTHYECKOro
COCTOSIHMSI BOJTHOHM 3KOCUCTEMBI. M3BECTHO, UTO MapaMeTphl, TAKHE KaK COEPIKaHUE PACTBOPEHHOTO
KUCIIOpoJa, ypoBeHb pH, KOHIIEHTpauuu OMOTEHHBIX BELIECTB (CoeIuHEeHuH a3zora u docdopa),
OpPraHUYEeCcKOro BEUIeCTBa M 00Ias MUHEPAIH3alus, OTPAXAIOT CTENeHb aHTPOIIOTEHHOW Harpy3Ku
Y UHTCHCUBHOCThH OMOJIOrHYeCKHX IporeccoB B Bogoéme (Prxanamsuim, 2008:90-91). [To naHHBIM
MHOTOYHMCIIEHHBIX UCCIIEJOBaHUM, JUHAMUKA YKa3aHHBIX [TOKa3aTesleld MOXET CIIYy’KUTh HaJEKHBIM
KpUTEPUEM YCTOMYMBOCTH BOJHBIX 3KOCHUCTEM U OCHOBOM Jis BBIPAaOOTKM MEp IO UX OXpaHe U
paloHaIbHOMY HCIOIB30BaHHUIO.

VYerp-KameHnoropckoe  BOJOXpAaHWIIMILE ~ OTIMYAETCA  BBICOKOM  MPOTOYHOCTHIO U
KOPOTKMM BpPEMEHEM TIOJIHOro BojpooOMeHa (B cpeaHeM 10-12 cyTtok), 4ro mnpenompenenser
BBICOKYIO JIMHAMMYHOCTh (DU3MKO-XMMHUYECKHX IPOILECCOB U OTHOCUTEIBHYIO YCTOHUMBOCTH
THIPOXMMHMUECKOTO pexuma. BMecre ¢ TeM, M3MEHYMBOCTb THAPOJIOTHYECKOIO PEXHMMA IIOA
BIMSHUEM palbOThl THIPOY3JOB, CE30HHBIX IPHUTOKOB M KIMMAaTHYECKUX YCIOBUH Tpedyer
PEryJIsIpHOTO aHAIM3a ApaMETPOB BOIHOW CpeIbl Ul OLIEHKU TeHACHIUH e€ TpaHC(hOpMaIiH.

[lenpto JaHHOTO HCCIENOBaHMS SBJISETCS OLEHKA JUHAMHUKM THJIPOJIOTMYECKHX M
TUAPOXUMHUYECKUX ToKasarene Ycrb-Kamenoropckoro Bomoxpanwinuma B 2020-2024 rr. ms
orpeneseHus TeHACHIINNM N3MEHEHHUS KaueCcTBa BObI U YCIOBUN OOUTaHUS THAPOOHOHTOB.

B 3agaunm wuccienoBaHus  BXOOWIM — AHAIU3  M3MEHEHHH  YPOBEHHOIO  peXuma
BOJOXPAaHWINILA 32 IATUICTHUN NEPHO; ONPENEICHUE CE30HHBIX M ITPOCTPAHCTBEHHBIX BapHaLUN
(U3NKO-XUMHUECKUX TapaMETPOB BOJIbI; OLIEHKAa COOTBETCTBUS MOJIyUYEHHBIX JaHHBIX AEHCTBYIOIINM
PBIOOX03HCTBEHHBIM HOPMAaTUBaM; BBISIBJIEHUE OOIUX TEHACHINHA MIPOXUMHUUECKON CTaOMIBHOCTH
U HKOJIOTHUYECKON YCTOMYUBOCTH BOAHOU SKOCUCTEMBI.

B 2024 r. Hay4HO-HCClenoBaTeNbCKUE paboThl Ha YcThb-KameHoropckoM BOAOXpaHMWIIUILE
MPOBOIMINCH B paMmkax OromxeTHol mnporpammbel 021, moamporpammsl 100 «ObGecneueHue
COXpaHEeHUs!, BOCIIPOU3BOACTBA U PAllMOHAILHOTO UCIIOIb30BaHMSI PECYPCOB KUBOTHOTO MUPAY.

MarepuaJibl M MeTOAbI HccJief0BaHus. [lepBUUHbIE TaHHBIE 110 THIPOIOTHUECKOMY PEKUMY
Yerp-Kamenoropckoro Bogoxpanmiuiia Obutn nipenoctasiensl Gumanom PITI «KasruapomeT» 1o
BocTouno-Kazaxcranckoil oOnactu [uis NpoBeleHHs aHaiu3a ero AuMHamuku. [mapodusunueckue,
TMJIPOXUMHUYECKUE HCCIEOBaHUS M OTOOp MpoO BOABI MPOU3BOIMINCH IO OOIIETIPUHATHIM
METOJUKaM.

I'mppoxumuueckue wuccinenoanus Ycrb-KameHoropckoro Bojgoxpanmiuma B 2024 r
MIPOBOAMIIN B BECEHHE-JIETHUH MepHoJ, 00pasibl MPUPOJHON BOIBI OTOMpAIN U3 MOBEPXHOCTHOTO
CJIOSl ¥ IIPOBOJIWJIM OTIpeNieIeHHE (PU3UKO-XMMHUYECKHUX [TapaMeTPOB, Ta30BOr0 pexumMa, OMOreHHOTo
COCTaBa, a TaKXK€ ONPEAENSIN COOTHOIIEHHWE OCHOBHBIX HOHOB. IIpoObl Boapl oTOMpanu Ha
CIENYIOINX CTAHLUAX: BEepXHAS dYacTh - cT. CepeOpsiHCK; CpeAHsisi 4acTh - TaloOBCKUHA U
MacbsHOBCKHI 3aJIMBBI, HUXKHSS 4acTh - 3aJIMB HUKOIBCKUI.

ITpoObI BoAB!I OTOMpANINCh B BECEHHE-IETHUM MEpUOA M3 MOBEPXHOCTHOTO CJIOS BOJBI MPHU
nomouiu npodootdopHoit cuctems! CII-2. OGpa3ibl BOAbI OTOMPATIUCH U3 TOBEPXHOCTHOTO ciiog (0,2
M) Ha 4-X CTaHIMAX BOJOXPAHWINILA.

W3mepenne copepkaHus pacTBOPEHHOTO KHUCIIOPOAA IPOBOAMIIOCH HEMOCPEACTBEHHO Ha
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MecTe 0TOopa mpod ¢ UCIIOJIb30BAaHUEM MOPTATUBHOTO Kuciopogomepa MAPK-302.

Buorennsie coenunenus (NH), NO,;, NO;, POZ‘), OpraHWYeCKHe BEIIeCTBa, OOIIas
MUHEpalu3alus W Apyrue Moka3aTead MpOBOJWINMCh B aKKpeauToBaHHOW jaboparopuun TOO
«Jlaboparopusi-Atrmocdepay. I[lpumensuiuch MeToAbl (OTOMETPHHM, TUTPUMETPUM W HOHHOU
Xpomarorpauu ¢ HCIONb30BAHUEM COBPEMEHHOIO AaHAJIUTHYECKOTO O0OpYIOBaHMS, BKIIOYAS
CHEKTPO(OTOMETPBI, HOHOMEPHI U aBTOAHAIHU3ATOPHI.

CooTBeTCTBHE PE3yabTaTOB aHAJIH30B PHIOOXO3SMCTBEHHBIM HOPMATHBAaM MPOBOIUIOCH IO
HOpPMAaTUBHOMY J0kyMeHTy Ilpuka3 MuHuctpa BOAHBIX pecypcoB M uppuranuu PecrnyOnuku
Kazaxcran ot 4 uronst 2025 roga Ne 111-HK OO yTBepxaeHnN €AMHON CUCTEMBI KiIacCHUPUKAIUK
Ka4ecTBa BOJBI B MOBEPXHOCTHBIX BOAHBIX 00bekTax M (miH) ux vactsix (MHUHHCTEpCTBO BOIAHBIX
pecypcos u uppurauuu PK, 2025).

Pe3yabTarbl M 00cykaeHuss. YcTh-KameHoropckoe BogoxpaHuiaunie co3nano B 1952 rony B
LEJISAX Pa3BUTHS SHEPTETUKH, BOJHOTO TPaHCIIOpTa M BoAocHabeHMs. Bogoxpanunuiie o6pa3oBaHo
BOJIONIOJIIOPHBIMU COOPYKEHUAMH YcTh-KameHnoropckoro ruapoysna. CTBOp MJIOTUHBI HAXOAUTCS B
4 kM ot moc. AGnakeTka BbIlIe M0 TeueHuto peku Epruc. Bogoxpanunuiie pacnonokeHo B YIaHCKOM
paiione u paiione Anraii Boctouno-Kazaxcranckoit oonactu. Boroem 3aHMMaeT MEXTOPHYIO JOJIIUHY
KaHbOHHOT'O TUIIA MPOTSHKEHHOCTHIO 71 KM, Tu1o1maabio 37 kM2, 066EMoM 0,65 kM. [[Iupuna Bogoema
400-750 M, HambOonbmas mupuHa 1200 M. Bomoxpanumnuiue niyOOKOBOIHOE, CpenHss ITyOHHa
MPU TIOJIHOM TPOEKTHOM HANOJHEHUHU cocTaBisieT 17 M. [7yOuHBI B MPOIOIBHOM HaIpaBICHUHU
3aTOIJIEHHOIO PYyCJia HApacTaroT OT 6 M B 30HE moAnopa 10 46 M y TUIOTHHBI.

ITo cBoelt koH(UTypauu BOJOXPAHMWINIIE MAJI0O YEM OTIMYAETCS OT PACHIMPEHHOrO pycia
obiToBoro Eprtuca. bepera Bomoema cioKeHbI CKadbHBIMH TOPOAAMH, OOPBIBUCTBIC, JUTOPAIb
B BOJOXPAHWIHUILIE IOYTH MOJHOCTBIO OTCYTCTBYyeT. [[HO BOmOE€Ma KaMEHUCTO-TaJ€YHUKOBOE, C
BKpAIUICHUSIMU T1€CYAHO-MIIOBBIX OTJIOKEHUH, BCTPEYAIOTCS OOMIMPHBIE YYAaCTKH C KPYMHBIMU
BaJyHaMH. PerynupoBaHue CTOKa BOIOXpPaHWIMILA HEJEIbHO-CYyTOYHOE. YPOBEHb BOAOXPAHUIIUIIA
ompenensiercst pexxumoM padotsl aByX ['DC (Byxrapmunckoit ['9C u Yers-Kamenoropekoit ['9C),
BCJIC/ICTBHE YETO OH YaCTO HEIMPEICcKa3yeM U HEYCTONYHB, JaKe B TCUEHHUE OJHUX CYTOK, B OTACIIBHBIX
ciydasix ero konebanus gocturarot 1,0-1,5 m.

Yerp-KameHnoropckoe BOJOXpaHWIIUIIE XapaKTepU3yeTcs OOIBIION MPOTOYHOCTHIO C KpaiHe
HEYCTOHYHMBBIM OOMEHOM BOJIHBIX Macc. Pacxos Bojibl B BECEHHUI repro1 Hepeako mpesbimaet 2000
m/c. TIpu TakoM 0OMeHe 115 TIOJIHOM CMEHBI BOZIbl TpebyeTcs He 6oiee 4-5 CyTOK, B OBITOBOM PEKUME
pabotel Ycrb-Kamenoropckoit 'SC on coctaBnser 10-12 cyrok. MakcumalibHasi pacu€THasi BBICOTa
BETPOBBIX BOJIH Ha BOJIOXPAaHUJIMILE paBHA 2,2 M.

YpoBeHHBI PEXKUM  YCThb-KaMEHOTropCcKoro BOJOXPAHWIMINA — SBJISIETCS  IOJTHOCTBIO
HCKYCCTBEHHO PETYJIUPYEMBIM, U ONPEICISIETCS PEeKUMOM paboTbl  ByxTapMuHCKOW U
VYerb-Kamenoropekoin I'9C, BcnencTBHe YEro OH 4YacTO HENpPEJCKa3yeM M HEYCTOMUUB, JNaxe B
TEUCHHE OJHHMX CYTOK, B OTACNIBHBIX Cllydasx ero kosnebanus mocturaroT 1,0 m (pucynok 1). C 00
ygacoB 70 06 yacoB uaeT majzeHue ypoBHsA BomoxpaHwmmma Ha 0,2-1,0 M, Tak Kak peXuM padOThI
2-x I'DC paznmuunsiii, ¢ 06 10 24 yacoB uueT HakoryieHue BoJbl. OCOOCHHO MaryOHO TaKOW PEeXUM
CcpabOTKH BOJ0EMA BO3/ICHUCTBYET Ha BOCIPOU3BOJCTBO PHIO, MOCKOIBKY OOJBIIIAs YaCTh OTJIOKEHHON
UKpPBI 00CHIXaeT U MOTHUOACT.

Hayuno-uccnenoBarensckue padboTel B YCTh-KaMeHOropckoM BOJOXpaHWIMINE BETUCH B
2020-2024 rr. CpeaHerofoBble MapaMeTpbl YPOBHS BOJbI B BOAOXPAHWIUIIE MAj0 U3MEHSIOTCS 110
rogam, Hanpumep, B 2020 . - 327,27 mbC, B 2021 r. - 327,23 MbC, B 2022 1. - 327,19 MbC, B 2023
rony - 327,15 MbC, a 3a 9 mecsues 2024 r. cpennee 3Hauenue cocraBuio 327,21 MbC (pucynoxk 1).
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Pucynok 1. [IuHamuka Xola THIPOJIOTMYECKOTO YPOBHS BOAbI YCTh-KaMeHOropckoro
Bopoxpanuiuiia 3a 2020-2024 roasr (1o cpeaHEeMECSIYHBIM TaHHBIM )

B 2020 rogy nogbem ypoBHS BOJOXPAaHHUJIMIIA HAYaJICs BO BTOPOM J€KaJI€ alpelis IPU OTMETKE
327,32 MbC, a B xoHIIe Mecsa ypoBeHb Boabl coctaBuil 327,31 MbC. MakcumanbHOE 3HaY€HUE
YpPOBHS BOABI, JUIsl BECEHHETO MepHoia, ObUIO 3aperUCTpUpOBAaHO B MEpBOi nekane mas - 327,41
MbC. Bo Bropoii nekane mas 2020 roga cHU)KaeTcs CpeAHECYTOUHBIN cOpoc BOobl. MakcuMabHbIe
TIOKa3aTelM JIs anpess ObUIM 3aperucTPUPOBaHbl BO BTOPOIi Jekazie anpens (732 m>/c), copoc Bobl
B TpeTheii nexae coctaBun 631 m>/c npu yposHe Boasl 327,31 MBC. K KoHIly nepBbIif JeKaibl HIOHS
Ha YcTbh-KaMeHOropckoM BOOXpaHMIIUINE YCTAHOBUIICS CTA0OMIIBHBINA THAPOJIOTHUECKUN PEXUM.

B 2021 romy moabeM ypoBHsS BOAOXpaHWIHMIIA Hadajcs Takke kak U B 2019-2020 romax
BO BTOpOM Jekane ampens npu orMmerke 327,31 MbC, a B KoHIIE MecsIia ypOBEHb BOJbI COCTaBUI
327,43 MbC, sBnsronuiics MakCUMallbHbIM TTOKa3aTesJeM B BECEHHUM mepuoa. Bo Bropoil nekane
Mast 2021 roga cHUKAETCS CPETHECYTOUHBIN COPOC BOJIBI, COCTABIISIONINM TTOKa3aTeNbh pPaBHbIN 327,26
MBC. MakcuMasbHbIe ToKa3aTeln pacxoa BOAbI anpesis Mecsla ObLITN 3aperuCTPUPOBAHBI BO BTOPOH
nekane anpens (745 m3/c), cOpoc Bombl B TpeTheii gekage cocTaBui 629 m’/c mpu ypoBHE BOBI
327,43 mBC. K xoHILy niepBbIii Aekaibl HIOHA Ha YCTh-KaMeHOropckoM BOAOXpaHWINIIE YCTaHOBHIICS
CTaOMIIBHBINA TUAPOJIOTHUECKUH PEXUM.

B 2022 rony noabem ypoBHSI BOAOXpaHWIMIIA Hadascs Takxke kak v B 2018-2021 rogax Bo
BTOpO# fekase anpens npu ormetke 327,70 MbC, a B KoHIIE Mecsila ypOBeHb BOJibl cocTaBuil 327,29
MBC, sBngronmiics MakCUMalbHBIM MOKa3aTeleM B BEeCEHHUH nepuoi. Bo Bropoit nekane mas 2021
rojia CHIDKAETCsl CPETHECYTOYHBIN cOPOC BOJIBI, COCTABIISIFOIINI TToKa3aTenb paBHbIi 327,24 MbC. K
KOHILy TIEpBBIN JIeKajbl HIOHS Ha YCTh-KamMeHOropckoM BOJOXpaHMINIIE YCTAHOBUIICS CTAOUIBHBIN
rUApoNIOrHuecKuil pexuM. CpeqHeronoBoil ypoBeHb BOJbI IO cpeaHEMECAYHbIM JaHHbIM 2022 roga
g Yerb-KameHnoropcekoro Bogoxpanunuia cocrasui 327,19 mbC.

B 2023 rogy MakcuMalbHOE CpPEIHECYTOYHOE 3HAYEHHME THAPOJIOTHYECKOTO YPOBHS
npuxoausiocs Ha 6 aBrycra (327,54 MbC), munumansHoe Ha 16 nronst (326,81 MbC). MakcumainbHbIit
CPEIHEMECSYHBIA THAPOJIOTHUECKUN YPOBEHb MPUXOAWIICS Ha CEHTs0pb, coctaBisis 327,22 mbC,
a MUHUMAaJIbHBI CpEeIHEMECSUYHBIH T'MIPOJIOTMYECKH YpOBEHb NPUXOAMJICS HA HIOIb MeECsIl
paBHbii 327,08 MBC. CpenHeroqoBoil ypoBeHb BOJIbI 110 CpEAHEMECAYHBIM TaHHbIM 2023 ronga ams
VYere-Kamenoropckoro Bonoxpanwmnuiina coctasui 327,15 mbC.

3a 9 mecsne 2024 roga HaOMOIAI0TC HEOOIBINE KOeOaHUs YPOBHS ¢ OOIICH TCHACHIIMEH K
pocCTy, ¢ MaKCUMalbHbIM 3HaueHueM 29 mas (327,62 MbC) u munumansubeiM 11 saBaps (326,85 MbC).
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CpenneMecsuHblll ypoBeHb JocTuraer Makcumyma B utoHe (327,3 M BC) u MuHumaieH B sitHBape
(327,06 MmbC). Cpennuii yposens 3a 9 mecsieB 2024 rona coctasmi 327,21 mbC, 6:113K0 K 3HAY€HUAM
2021-2022 rogos u Ha 0,06 M BbIte 3HaYeHUs1 2023 T., YTO CBUAETEIBCTBYET O HEOOJIBIIION TEHACHITUN
K pOCTY.

B VYcre-Kamenoropckoe BOAOXpaHUIIMINE PACIONOKEHO HMXKE IUIOTMHBI ByXTapMHHCKON
I'SC u obpazoBano miotuHoi Ycth-KameHoropckoit 'DC. B Hero Bnanatot peku - I'ycenpHUYMXa,
TanoBka, Tauntsl, OrueBka, Kamenyuika, Manoneskonka, Kpyras Peuka, bepe3oBka, MacbsiHOBKa,
Bonpmas ®exnucroBka, Manas @exnucroBka, [TuxroBka, Cepebpsinka, CesepHasi, KpectoBka,
CwmonsiHka, a Takke psija ropHbix pyubeB (Hukonbckuit, Yaxnos, Copokun Jlor, Illymusiit, TecHbIi,
Tynsckuii, Kucenes, Jlenymkus, beTukolkuH u T.1.).

O6bem mpuToka B YcTh-KaMeHOTOCKOE BOMOXpaHWIHILE W3 BOJOXpaHWININA BykThipMma,
3a 9 mecsues 2024 r. cocraBun 14,17 km®. CymmapHblii 06beM cToka u3 YcThb-KameHoropckoro
BOJIOXpaHMIINIIA B peky EpTtuc 3a 9 mecsues cocrasun 14,80 kM npu cpenHeM pacxose Bojasl 616,11
M3/cex. u CpeHeMeCsSYHbIX o0bemax 1,62 KM>.

Ha npurtokax oTCyTCTBYIOT T'MAPONOCTBI, B CBA3H C 3TUM MOJIYUYUTh THAPOIOTHUECKHUE JAHHbIE
Y OmHcaTh 00bEM UX CTOKA He SBISETCS BOZMOXKHBIM. OTHAKO, N3BECTHBIE 3HAUEHUS ITPUXOA BOABI U3
BojioXpaHuuiia bykTeipma u pacxoa B peky EpTuc, MOXHO paccuuTarh pa3HHILY, KOTOpasi COCTaBUT
0,63 xm>. YacTb 3TOro 06beMa MPUXOAUTCS HA HPUTOKH YeTh-KaMeHOrockoro BOIOXpaHUIMINA Oe3
ydeTa UCTIApEHHUs U BOJIOOTBEICHUS.

3a 9 mecsneB 2024 . MUHUMAITBHBIE TTOKA3aTENIM MECIYHOTO 00beMa CTOKa 3a)UKCUPOBAHBI B
(espaie, e 3HaueHKe cocTaBuio 1,38 kM Ipu cpenHeMecsgHOM pacxoze 552,48 M/ cek. (pUCYHOK
2). Camble BBICOKHE TIOKa3aTenu oTMedeHsl B Mae (1,86 km?) pu cpeqneMecsunoMm pacxoze 693,65
M3/ cek.
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Pucynoxk 2. O6bem croka Ycrb-KameHoropckoro BoAOXpaHUIIUINA 110 MECSYHBIM JIaHHBIM B
2024 rony (3a 9 mecseB)

N3yyenne XuMU4eCKOTO COCTaBa BOIOEMOB SIBJISIETCS] OTHUM U3 IPUOPUTETHBIX HAPaBIEHUN
THAPOXUMHH W BOJHOM JKOJOTHH, TaK KAaK XHMHUYECKHE IapaMeTphl HANpSIMYIO BIHUSIOT Ha
(byHKIIMOHUPOBAHHUE BOJHBIX SKOCUCTEM U MOTYT CITY>KUTh HaJIEKHBIMHU UHIMKATOPAMHU UX COCTOSTHUS
(Kysuenos, 2010:36; XKykos, 2004:154).

I'uppoxumuueckue wuccnenoBanusi Ycrb-Kamenoropckoro Bopoxpanunuma B 2024

35



ISSN 3106-9215  eISSN 3106-9223 Natura scientia journal, 1(1) - 2025

NIPOBOJIWIIM B BECEHHE-JIETHUI TIeproJ, 00pa3Isl MPUPOITHON BOABI OTOMPAIM U3 TIOBEPXHOCTHOTO
CJI0S1 ¥ IPOBOAMIIN OTpe/iesieHne (PU3NKO-XUMHUUYECKUX TTapaMeTPOB, Ta30BOTO PEKUMa, OMOTEHHOTO
COCTaBa, a TaKXe OMPENSIUIM COOTHOIIEHHWE OCHOBHBIX HOHOB. [IpoObl BOAel OoTOMpain Ha
CIENYIOIMX CTAHLUAX: BEpXHAS 4YacTh - cT. CepeOpsiHCK; CpeAHsisi 4YacTh - TaloOBCKUHA U
MachsIHOBCKHUH 3aJIMBBI, HYXKHSIS 4acTh - 3a7IuB HUKONbCKUH.

B BeceHHwmii mepuonm Temrieparypa BoIbl Kojebamack oT 8,5 mo 9,4 °C. MuHHMMalbHOE
3HAYEeHHUE TeMIIepaTypsl HaOMOaaI0Cch Ha HUKOIECKOM 3a/KBe, @ MAKCUMAIFHOE - B BEpXHEH 4acTH
BoJoXpaHmnia Ha ctanmuu CepeOpstHCK. B neTHuil meproa teMrieparypa MOBEpXHOCTHOTO CIIOs
BOJIBI HaxXoaMach B nuamnasoHax 12,5 - 14,0 °C.

PesynbraThl THAPOXMMUYECKUX TOKa3aTeael Mpe/CTaBiICHbl B CPABHUTEIHLHOM AaCIIEKTE HE
TOJIBKO MO CTAaHIMSAM M CE€30HaM TEKYILEro rojia, Ho M 3a nocieanue narh jet ¢ 2020 no 2024 rr.
HrtoroBbie naHHbIE IPUBEICHBI B BUE CPEIHUX 3HAUCHUN U TIPEICTABIICHHI B TabmuIe 1.

Tabmuma 1. JluHamMuka CpeqHUX 3HAYCHUH OCHOBHBIX THUIPOXMMHUYECKHUX ITOKa3aTesen
VYere-Kamenoropckoro Bonoxpanwiuina B nepuon 2020-2024 rr.

PaCTBOpCHHHG Bbuorennsie

Ton 3 Opranuyeckoe Mumnepa-
rasbl COCIMHEHUS, MT/IM
uccneno-  pH BEILECTBO, TU3aIHs,
BaHUH COg, 02 NH, NO. NO. PO mrO/mm> Mr/am>
Yt ity G —— 4 2 3 4
MI/oM % Hac.

BePXHSSA 4acTh
2024 7,72 0,10 9,42 88,7 0,30 0,03 1,40 0,03 32 104
2023 7,15 0,10 8,51 87,0 0,31 0,05 149 0,04 33 127
2022 7,99 0,10 9,69 94,0 0,36 0,03 143 0,03 3,1 137
2021 8,30 0,09 10,20 102,5 035 0,02 1,71 0,09 33 145
2020 8,34 0,12 8,90 92,3 0,31 0,04 0,13 0,08 33 106

CpeIHsisl 4YacTh
2024 7,46 0,10 9,71 90,9 0,52 0,06 1,32 0,03 32 128
2023 7,06 0,10 9,90 89,5 0,28 0,03 1,41 0,03 3,2 124
2022 8,23 0,10 10,75 108,2 0,10 0,02 1,23 0,03 2,8 132
2021 8,30 0,16 8,70 90,2 0,45 0,05 2,14 0,07 2,8 168
2020 8,34 0,11 8,64 88,5 0,38 0,04 0,14 0,07 2,5 108

HIDKHSAS YaCTh
2024 7,73 0,10 9,78 90,7 0,29 0,03 1,39 0,03 3,2 106
2023 7,27 0,10 8,55 85,8 0,35 0,04 135 0,03 2,3 125
2022 8,07 0,10 8,84 87,5 0,45 0,04 1,26 0,04 2,7 134
2021 8,30 0,12 9,30 96,4 0,33 0,06 1,89 0,06 3,1 154
2020 8,34 0,12 9,04 89,2 0,30 0,03 0,13 0,07 2,4 112

Yerb-KameHnoropckoe Bonoxpanusuiie (B 1ej10M)

2024 7,59 0,10 9,65 90,3 0,41 0,05 136 0,03 32 116
2023 7,16 0,10 8,99 87,4 0,31 0,04 142 0,03 2,9 125
2022 8,09 0,10 9,76 96,6 0,30 0,03 1,30 0,03 2,9 134
2021 8,30 0,12 9,40 96,4 0,37 0,04 191 0,07 3,1 156
2020 8,31 0,12 8,84 90,0 0,33 0,03 0,13 0,07 2,7 108

3HaueHusT BOJOPOJIHOrO IOKa3aTelisi B BECEHHUM IEepUOJl HAXOMWIHCh B mpenenax 6,50
-8,68, YTO MO3BOJIMJIO OLEHUTh IOBEPXHOCTHBIE BOJBl YCTh-KamMeHOropckoe BOIOXpAaHUIIHILE
KaK «HEUTpabHBIE-CIa00IIeIOUHbIE)» TI0 BOJOPOAHOMY Toka3atento. HanMenpmue Benmmunubl pH
HaOJIIOAIOTCS B CPEIHEH YacTH BOJOEMa, a HauOoJbIIWEe - B HWKHEH dacTu. B meTHuil mepuoj
OTMEUYEHO MOBBIIICHUE 3HAYEHUI BOJOPOAHOTO TToKkazaress a0 8,04 - 8,68. BogopoaHslil mokasaresb
JIOCTaTOYHO CTAaOWJIEH MO BCEH aKBaTOPUHU BOJOEMA M HE BBIXOIAT 32 PAMKHU PHIOOXO3SHCTBEHHBIX
HOopM (Tabmuia 1). B mepuon 2020 - 2022 1T 3Ha4€HHUS BOJAOPOIHOTO MOKA3aTENs COOTBETCTBOBAIIH
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rpymme «Bofa ciadomenognas». C 2020 mo 2023 rr. BenmunHa pH ymeHbIanach u HaOM0AaI0Ch
CMEIIECHUE peaKIMu BOAHOWU Cpelbl B CTOpOHY HelTpanbHOU. Cpennee 3nadenue pH B 2024 r
cocTaBuiio 7,59, 9T0 COOTBETCTBYET I'PYIIIIE «BOJA CIA0O0IIETOUHAsD.

Kucnopox mocrymaer B Bomy 3a cu€r armochepnoit muddysun m HoTocMHTETHUECKON
aKTUBHOCTH BOJHBIX PAacTEHUH, a pacxomyercs B Mpolecce AbIXaHWA U Pa3IoKEHHUs OpPraHUuKd
(Chapra S.C., 2008:68). CogepxaHre pacCTBOPEHHOTO KHCIOPO/Ia BECHOM MO BCEMY BOAOXPAHMIUIILY
BappupoBasio B mpenenax 10,3-11,6 Mmr/aM>. MUHMMATbHOE 3HAUCHHE OTMEYAloCh HA CTaHIIMU
CepebOpsiHCK, a MaKcHMalbHas KOHIIGHTpamwsi Obuta 3aduKcHpoBaHa B MachsHOBCKOM 3aJIHBE.
B nernuit mepuon copep’kaHue pacTBOPEHHOTO KHUCIOpPOAa MO BCEW aKBATOPUU UMENO OJIU3KUE
3HaueHMs] ¥ HAXOAUIOCh B MHTepBaie oT 8,21 mr/nv’ (3anus Tanosckwuit), npu HackimeHun 84,3%
1o 8,96 mr/nm® (3amuB Huxonbekuit) npu Haceimenunu 90,7 %. B Tekymem roay KHCIOPOIHBIA
PEXHUM BOJOEMa MOXKHO CUHMTATh ONArompHsTHBIM Ui TuapoOuoHToB. B mepuox 2020 - 2024 rr.
OTMEYaeTcsl TEHACHUUS K YBEJIMYCHHUIO COAEPIKAHUS PACTBOPEHHOIO KUCJIOPO/a B MOBEPXHOCTHBIX
Bofax Ycrh-Kamenoropckoro Bomoxpanuiuina. B 2024 rony cpeanee conep:kaHue pacTBOPEHHOTO
KHCIIOpO/a yBennuminoch Ha 7 % no cpaBHeHUto ¢ 2023 rogoM, Ha 3% no cpaBHeHuto ¢ 2021 rogom
u Ha 8 % mo cpaBHenuto ¢ 2020 romom. B Tedyenue Bcero mepuoaa HaOIIONEHUI KOHIIEHTPAIHH
PacTBOPEHHOTO KUCIOPO/Ia HAXOAUIIUCH B IIpejiejaX HOPMaTUBOB AJIs pbIO0X03CTBEHHBIX BOTOEMOB
(ne Hmwke 6,0 Mr/mM>), 9TO yKa3bIBaeT Ha OTCYTCTBHE KUCIOPOAHOTO A€(PUIUTA M OJIAroNpHATHLIE
yCIIOBUS 1715 THAPoOHoHTOB (MUHMCTEPCTBO BOJHBIX pecypcoB U uppurauuu PK, 2025).

Conep:kaHue yrIeKncIoro ra3a B Bojie He3HauuTelIbHoe 1 cocTasiseT 0,10 Mr/nm® B cpeaem
10 BCEW akBaTOpuu BojpoxpaHuiuiia. CrlemxyeT OTMETUTh, YTO KOHIIEHTpAIUs OPTaHUYECKOTO
BEIIECTBAa TECHO CBSA3aHa C COAEpKaHMEeM OMOTeHHBIX coequHEeHHH (a3ota u docdopa), MOCKOIbKY
OpraHMYECKHE BEIIeCTBA CIY>KaT MCTOYHHKOM JJs MHUKPOOMOJIOTHYECKOM MHHepanu3aluu u
o0Opa3oBaHHs aMMOHUIHBIX M HHUTpaTHbIX Qopm azora (Wetzel, 2001:79; CnanxoBa, 2020:53).
CopeprxaHue OpraHuyeCcKOro BEIEeCTBA B TEKYIIEM IOy IPAKTUUECKU HE OTIIMYAETCS OT PE3YJIbTaTOB
NpOIIBIX NATH JIeT. B BeceHHmii mepuon 3HadeHus konmeGamuch ot 3,1 mrO/mm® mo 3,2
mrO/mv®. MuHUManbHOE cofepkaHue 3aMKCHPOBaHO B 3aiuBe TaloOBCKOM, a MaKCUMAIbHOE
- B 3anuBe Huxonbckuil. B neTHUNd nepuon moOKas3aTeld M0 COJIEPHKAHUIO OPraHUYECKOTro
BEIIECTBA HA BCEX CTAHIMIX HCCICAOBaHMS OMU3KHM 1O CBOMM 3HAYCHHSIM K TIIOKa3aTelsM
OpPraHUYECKOTO BEIECTBA 32 BECEHHUI Mepuo, 3a UCKIIOUEHUEM 3aiIiBa TaloBCKUM, IJ1e 3HaYEeHUs
TIIEPMAHIaHATHON OKHUCIAEMOCTH Obid paBHBI 3,5 MrO/am>. Ilo BenMuWHe I€pMAaHraHATHOM
OKHCIIIEMOCTH TOBEPXHOCTHBIE BOIBI YCTh-KaMeHOropckoro BOIOXpaHMIIHUINA XapaKTEPHU3YIOTCS
«OYEeHb MAJION OKUCISIEMOCTBION.

Conepxanue OWOTEHHBIX BEIIECTB B BOAC YCTh-KaMeHOropckoro BOJOXpaHWIMINA Ha
MPOTSHKEHUU TIOCICAHUX MATH JIET XapaKTepU3yeTCsi KOHIEHTPAIUsMU, KOTOPbIE HE MPEBBIIIAIOT
HOPMATUBHBIX 3HAUEHUN U JOCTATOUYHO CTAOMIIbHBI KaK B MPOCTPAHCTBE, TaK U BO BPEMEHHU.

Cozepskanue azota aMMOHMIHOTO B 2024 TOMy HAXOAWIOCH B MHTepBaie oT < 0,20 mr/mm’
(tetom B BepxHel, cpeaHeil (MachsHOBCKMIA 3a7MB) M HWKHEH YacTAX BOAOXpaHWIHINA) 10 1,2
mr/nm® (1eTom B cpenseii yactu Bogoxpanwinma (Tanosckuii 3anuB)). KoHIEHTpalus HUTPUTOB
M3MEHSAIAch B Y3KOM JMana3oHe U B cpenHeM coctauna 0,05 mr/mv®. KoHIEHTpalys HUTpaT-uoHOB
mmenstach ot 0,026 mo 0,148 mr/am®. Ha cranmum CepeOpstHCK HAOIIOAAIOCH MUHHMAJIBHOE
coliepKaHKe, a MaKkCHUMallbHas KOHILIEHTpanus Obuta oTMedeHa B TanoBckoM 3anuBe. CopepikaHue
HUTPATOB BeCHOi BapbupoBano or 1,18 mr/am® no 1,42 mr/mm®. Conmepxanue ¢ocdar-uoHOB H
xenesa odmero cocrasuno 0,03 mr/mv® u 0,12 Mr/aM® COOTBETCTBEHHO. 3HAYUTEIBHBIX BapUALMIA
KOHIIEHTpalMii OMOTeHHBIX COEIMHEHUH 110 ToJjaM HccielI0BaHUM He HabIro1an0Ch.

B mocnennue miATh JET KECTKOCTh MOBEPXHOCTHBIX BOJ BAXp. YCTh-KaMeHOTropckoro mo
rogam u3MeHsercs 3nauntensHo. Eciu B 2020 - 2021 rr Boaa knaccuduImpoBaiach Kak «yMEpEHHO
JKecTkas», To B 2022 rony 3Ha4eHUE KECTKOCTU CHU3WIOCH B 1,8 pa3a u cocraBuio 2,5 MT-3KB/IIM>
(Boma msrkasi). B 2023 romy 3HaueHHE KECTKOCTH YBEIUYHIOCH JI0 8,5 Mr-3KB/aM>. B 2024 roay
3HaYeHHE JKECTKOCTH MOLLIO HA CHUKEHHE M COCTaBUIO 7,5 Mr-ske/am’ (Boma sxécTkas). BecHoil
’KECTKOCTb BOJIbI [0 BOAOXPAHMWIUIILY B CPEJHEM cOcTaBmIa 6,0 MI-3KB/IM>, 4TO KiaccupUIUpyeTCs
KaK <OKecTKas» Boga. B JieTHee BpeMs IOKa3areslb *KECTKOCTH BOJBI B CpeAHEM cocTaBui 8,9
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MI-DKB/JIM>, 9TO TaKKe KIACCH(PUIMPYETCS KaK «KECTKash» BOJIA.

3HaueHNe MHHEpAIM3allMd B BECEHHWH IepHoj BapbHpoBano or 108 mr/am® mo 120
mr/av’. HauMmeHblnask BeIMYMHA MHHEPAIM3AalMM 3apPErMCTPHPOBaHa Ha craHuun CepeOpsHCK,
a HauOombllee 3HaueHHe HaOmojganoch B TanoBckoM 3aiuBe. Ilo mokaszarensiM MHUHeEpaau3alUu
IIOBEPXHOCTHBIE BOJBI BAXP. YcTh-KaMeHOropckoe OTHOCATCS K KaTeropuu «IpecHble». B neTHuit
MepUoJl 3HAYCHUE MHUHEpaiu3aluu BapbupoBaiio oT 100 mr/nm® o 168 wmr/am>. Hammenbimas
BEJINYMHA MUHEPAIU3ALUU 3apeTUCTpUpoBaHa Ha crtaHIMu CepeOpsHCK, a HauOoJjblliee 3HAYCHHUE
HaOmoganoch B TajoBckoM 3anuBe. 3a NSATHICTHUH NEpUOA  HMCCIEIOBaHUN MHHUMAJIbHBIC
roKasaresin MUHepanu3anuu Oobutn 3adukcuposansl 2020 roxy. B 2021 roxy Habmromanoch peskoe
MOBBINIEHNE MUHepanusanuu Ha 30% 10 cpeaHero 3HadeHus 156 mr/mM®, a 3aTeM MPOM3OILIO
cHmKeHne MuHepamuzamun 2022-2023 IT., KoTopoe B TeKylleM roay cocraBuino 116 wmr/mame.
HecMoTps Ha 3HaUMTENbHYIO BapHallMIO MOKa3aTeled MUHEpalIU3ally M0 rojiaM, MOBEPXHOCTHBIE
BOZIbl YCTh-KaMeHOropckoro Bo1oXpaHMININA KIacCUPULHUPYIOTCS KaK «IIPECHBIE.

CooTHOIIEHHE OCHOBHBIX HOHOB B IIOBEpPXHOCTHBIX Bojmax YcTb-KameHoropckoro
BOJIOXpPAHWIMIA B TEUYEHHE MATH MOCIETHUX JIeT He u3MeHsercs. V3 aHMOHOB JOMUHHPYIOT
I'UPOKapOOHATHI, COJIEPKAHNE KOTOPBIX BECHOM M3MeHsnoch ot 79,3 mr/am® 10 91,5 mr/am> u netom
or 79,3 mr/nm® mo 164,7 mr/nm® B neThuii nepros. M3 KaTHOHOB MO CONEPKAHUIO JTOMUHMPOBAIM
MOHBI KaJIbIUsl, KOHLIEHTPALKs KOTOPHIX Konebanach B uaTepBaie 43-46 mr/am® BecHoit u 47 - 70
mr/am® netom. Bona Yers-Kamenoropckoro BomoxpaHwiuina 1o knaccudukanuu O.A. Anexuna
MIPUHAJJICKUT K THAPOKapOOHATHOMY Kilaccy, KaJbLUEBOW IpyMIie, IEPBOMY THUILY.

3akirodyenne. Ycrb-KameHoropckoe BOAOXpaHMIMUIIE —SIBISIETCS  SIPKUM — [IPUMEPOM
BO3JIEHCTBUS THAPOIOIMYECKOTO peXHMMa Ha 00beM pbIOHBIX 3amacoB. OCOOEHHOCTH BOJOEMA -
3HAUUTENbHBIH BOJOOOMEH, XOIOIHOBOIHOCTh, MIOYTH MOJHOE OTCYTCTBUE JUTOPAIH - JIENAIOT €ro
MAaJIOTIPUTOAHBIM ISl CO3JJaHUSI BBICOKOUMCIEHHOTO UXTHO()AayHUCTUYECKOTO KOMILJIEKCa.

B Texkymem romy ruaposnorndeckuil pexum Ycrb-KameHoropckoro BopoxpaHWIMLIA
XapaKTEepPH30BAJICd HE3HAYUTEIbHBIMU KOJEOAHWSAMU YpPOBHS BOABI NpPHU OOLIEH TEHICHUIUH K
nosbllieHn0. CpenHuit ypoBeHb coctaBun 327,21 M BC, 4ro HEcKoJabKO BBILIE IOKa3aTesen
MpEeABIAYIIEro Tofa. bamaHC BOAHBIX pecypcoB OCTaBajCs CTAaOWIBHBIM: OOBEM MPUTOKA W3
ByxrapmuHckoro Bopoxpanumuina (14,17 km®) conocraBum ¢ 06bEMoM cToka B pexy Epruc (14,80
kM), UTO yKa3bIBAET HA YCTOMYMBOCTH BOJHOTO PEXKUMa BOIOEMA B PACCMATPUBAEMBIN MEPHO/I,

TakuMm o0pa3zoM, IO pe3yabTaTaM IPOBEJCHHBIX T'HIAPOXUMHYECKHUX HCCIEIOBAHUI
ycTaHOBJIeHO, 4uTo B 2024 romy HOBEPXHOCTHBIE BOIBI YCTh-KaMEHOTrOpCKOro BOAOXpPaHMIIMINA
XapaKTepHU3YIOTCsl ONaronpUsATHBIM KUCIOPOAHBIM PEKUMOM, HEUTPAJIBLHOM peaklueil cpeibl, O4eHb
Manoil okucisemoctbio. Cozep:kaHue OMOTCHHBIX COCIMHEHMH HE IMPEBBIIIACT YCTAHOBICHHBIX
HOPMaTHBOB, YTO IIO3BOJSET CJENaThb BHIBOJ O IPUTOJHOCTH BOJOXPAaHWIMILA B KaueCTBE
PBIO0X0341CTBEHHOTO BOJIoEMA U OJIaronpusATHOTO AJii OOUTaHUS THAPOOHOHTOB.

Pe3ynbrarel nccneoBaHusg UMEIOT MPAKTUYECKOE 3HAUEHUE JIJIS1 PalliOHAILHOTO YIIPABICHUS
BOJHBIMU peCypcaMu, MOAJEPKaHUs SKOJOTUYECKOr0 PABHOBECHUS M COXPAHEHHs] OMOIOTMYECKOTO
pa3HooOpa3ust YcTb-KaMeHOropckoro BONOXpAaHWIMING, SBISIOLIETOCS OJHMM U3 Ba)KHEHIINX
pBI00X03s1HicTBEHHBIX BO0EMOB BocTounoro Kazaxcrana.
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RHEOLOGICAL PROPERTIES OF MONOTERPENE COMPOUNDS
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Annotation. Monoterpenes are the most interesting substrates with biological and chemical
properties. Nowadays monoterpens structure didn't clearly recognized by several modern methods.
A number of representatives of the terpene series from relevant literature sources were considered
to compare their chemical activity, predict obstacles to rheological detection in order to avoid key
errors in analytical analyses such as electrophoresis. To determine several qualities of it monoterpene
contanting structure was observed and investigated by spectrophotometer and capillar phoresis. In
this study, a colorimetric indicator assay was developed for rapid determination of monoterpenes in
sweet orange (Citrus sinensis) essential oils. Capillar electrophoresis results showed that the main
components in citrus essential oil are citral, which elicited greater extents of color changes as compared
to other monoterpenes (limonene, a-pinene, B-pinene and terpinolene). The colorimetric indicator
is potentially useful for rapid assessment of monoterpene oxidation in citrus essential oil and other

citrus-based products.
Keywords: monoterpenes, reological properties, thin-layer chromatography, citral.

MOHOTEPIHHEH/I KOCBIVIBICTAPABIH PEOJIOTI' UAJIBIK KACUETTEPI

'A.B. CeizabikoBa*, 'I. K. MarnusizoBa, A.A. Asesosa, 'H.C. Ay330Ba
! Actana XanbIKapasblK yHMBEPCHTETI, AcTaHa K., Kasakcran
*e-mail: ailina syzdykova@aiu.edu.kz

A.B. Cb3abIKOBa — XapaThUIBICTAHY FHUIBIMIAPBIHBIH MarucTpi, AcTaHa XaJlbIKapajIbiK
yHUBepcuTeTi, Actana K., Kasakcran, e-mail: ailina syzdykova@aiu.edu.kz, https://./0000-0002-
8585-4843

I'K. MaTtnusizoBa — PhD, Acrana xajblKapalblK yHUBepcuTeTi, AcTtaHa K., Ka3zakcras,
e-mail: gulsim.matniyazova@mail.ru, https://./0000-0002-6820-5219

A.A. ABe3oBa — PhD, Acrana k., Kazakcran, e-mail: Aiman.avezova754@gmail.com, https:/
/./0000-0003-2673-2528

H.C. Ay’30Ba — OuONOTHs FHUIBIMIAPBIHBIH KaHIUAaThl, ActaHa K., Kaszakcran, e-mail:
nurkuigan1971@mail.ru, https://./0000-0008-3024

Anpaarna. MoHoTeprieHIep - OMOJIOTHSUIBIK KOHE XMMHUSIIBIK KacueTTepi 0ap €H KbI3BIKTHI
cyoctparrapabiH Oipi. Kazipri yakpITTa MOHOTEpPIEHAEPAIH KYpbUIBIMBI 3aMaHayW oAICTEPIH
KOMEriMEH TOJIBIK aHbIKTaaMaraH. THiCTi o1e0MeT Ke3/epiHEeH ajblHFaH TEPIEHJIEP CEPUSICHIHBIH
Olpkarap eKiIAepl ONapAblH XUMHSUIBIK OJICEHIUIINH CalbICTBIPY, AJIEKTPo(Ope3 CHSIKTHI
aHAJUTUKAJIBIK TaslJayapiarbl HETi3r1 KaTeldikTrepl 0oablpMay YIIiH PEOTOTUsIbIK aHbIKTaydaFbl
Kezieprizepai 6owkay yiriH KapacTeIpbulabsl. OmapasiH OipKaTap KacHeTTEpiH aHBIKTay MaKcaTbIHAA
MOHOTEpPIIEH Kypambl 0ap KYpbUIBIM CIEKTPO(GOTOMETp KOHE KalMJUIAPIBIK 3JeKTpodopes
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omictepimMeH 3eprrenai. byn 3eprreyne torTi anenbcuHHIH (Citrus sinensis) 3pup MaimapbIiHIaFsl
MOHOTEPIIEHAEPAl JKeled aHBIKTay YIIIH KOJOPUMETPUSUIBIK WHAMKATOPJIBIK ONIC 931pJeHl.
Kanunnsapnelk anekrpodopes HoTwxkenepl UUTpyC 3(GUp MalbIHbIH HETi3r1 KOMIOHEHTI LMTpab
€KeHIH KOepCeTTi, 0J 0acKka MOHOTepIeHaepre (JIMMOHEH, O-NWHEH, B-TIMHEH >KOHE TEPIHHOJIECH)
KaparaHia TYC e3repiciH keOipek Tyablpanbl. KonopuMeTpHUsIIBIK HHIUKATOP LUTPYC 3PUp
MaiIapbIHAAFbl JKoHE 0acka HUTPYC HETI3iHIEer eHIMIepaeri MOHOTEPIICHIEPIIH TOTHIFYBIH TE3

OaraJay YIIIiH KOJIaHyFa MYMKiH/IK Oepei.
Tyiiinai ce3nep: MOHOTEpIICHAED, PEOOTHUSUTBIK KACHETTED, KyKa KabarThl XpoMarorpadus, TUTPab.
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AHHOTanusi. MoHOTepHieHbl TPEICTABISAIOT CcO00M OAHM U3 Hauboliee HHTEPECHBIX
cyOcTparoB, 00Jagaronux OMOJOTHUYECKMMH W XMMHUYECKUMHU CBOWCTBaMH. B HacTosiee BpeMms
CTPYKTypa MOHOTEPIICHOB JI0 KOHIIA HE OTpEeIieHa ¢ TOMOIIBIO Psijla COBPEMEHHBIX METOJ0B. bbu1
paccMOTpeH psiJi MpeICTaBUTENeH TEPIEHOBOIO psAAa W3 aKTyallbHBIX JMTEPATYPHBIX HMCTOYHHUKOB
JUI CPaBHEHUS UX XMMHMYECKON aKTUBHOCTH, IPOTHO3UPOBAHUS MPEMATCTBHS JJIsi PEOJIOIHYECKOTO
JIETEKTUPOBaHUS BO M30€XKaHUS KIIOYEBBIX OHIMOOK B aHAMUTUYEKUX aHalIM3aX, TaKUX Kak
anexTpodopes. s BHIABICHUS UX CBOMCTB ObLIa M3ydeHa CTPYKTYypa, coleprKaliasi MOHOTEPIIEH,
C HUCIIOJIb30BAHUEM CHEKTPO(OTOMETPUH U KamWUIIpHOTO »MekTpodopesa. B nanHoi pabore Obu1
pa3paboTaH MOAXOA UIA OBICTPOTO OIpeNesIeHUs] MOHOTEPIEHOB B 3(PHUPHBIX Maciax CIaJKoro
anenbcuHa (Citrus sinensis). Pe3ynprarel KanuuIspHOTO 3JIeKTpodopesa Moka3aliu, 4YT0O OCHOBHBIM
KOMIIOHEHTOM J(QHUPHOTO Macja MHUTPYCOBBIX SBISIETCS IMTPallb, KOTOPBIA BBI3BIBACT OoJee
BBIPKEHHBIC N3MCHEHUSI OKPACKH IO CPABHEHUIO C IPYTUMH MOHOTEpIIeHaMH (JIMMOHEH, (O-TTMHEH,
B-nrHeH u TepnuHONeH). KonopuMeTpudeckuii ”HANKATOP MOXKET ObITh UCIIOJIb30BaH Il OBICTPOTrO
OTIpeJIeNICHHs] PEOIOTUUECKUX CBOWCTB U CTENEHHM OKMCIEHHS MOHOTEPIEHOB B 3(HMPHBIX Maciax

OUTPYCOBBIX U APYTUX NPOAYKTAX HAa OCHOBC IUTPYCOBLIX.
KiiroueBble €JI0Ba: MOHOTEPIICHEI, PEOTIOTHYECKHE CBOMCTBA, TOHKOCIONHHAsT XpoMaTorpadusi, LUTPab.

Introduction. Terpenes are a group of unsaturated hydrocarbons assembled based on two
or more isoprene units. The chemical structures of the common monoterpenes (C10H16) and
sesquiterpenes. The predominant monoterpene in cannabis is myrcene, which imparts earthy/grassy
fragrance and exhibits sedative effects for medicinal uses. Myrcene and farnesene are industrially
available and can be obtained from the fermentation of biomass-derived sugars such as sugar cane or
biosynthesis, which makes them suitable as a raw material for sustainable fine chemicals. Trans--
B-farnesene from sugar cane fermentation is also used for the production of squalene (Masyita,
2022:100217). For another example, Squalane is an oil-like terpene highly desirable in the cosmetic
industry for skincare formulations due to its emollient properties. It has also been used widely as a food
supplement, and in pharmaceuticals. Emulsions of squalane with surfactants are added to vaccines
to enhance the immune response. The demand for squalane has steadily increased in recent years
and is predicted to continue increasing (Martinez-Botella,2023). Diterpenes is forskolin could been
used as a fluorescent marker for membrane adenylyl cyclase in living enteric neurons in the guinea
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pigileum. Forskolin demonstates the activity of cyclase -type reactions. Forscolin is a suitable neural
marker for identifying various classes of neurons. This was proved by colocalization experiments
with specific calcium-binding proteins. Sesquiterpenes are composed of three isoprene units and often
contribute to the distinct aromas of plants and fungi. Several sesquiterpenes have been studied for their
potential medicinal properties. For example, artemisinin, a sesquiterpene lactone derived from sweet
wormwood plants, is a critical element in the treatment of malaria (Stankova, 2024:1306-1319).

Another monoterpene commonly found in cannabis is limonene, which has citrus aroma
commonly used in food flavoring and perfumery applications. Other major monoterpene fractions
present in cannabis products include a-pinene, B-pinene, camphene, p-cymene, ocimene, and
terpinolene (Abdollani et al.,2020, Ibrahim et al., 2019). As one of the most investigated medicinal
plants, cannabis (Cannabis sativa) continues to gain attention in the contemporary world due to
its psychoactive property, medicinal benefits, and increasing legalization in recreational products
(Booth&Bohlmann,2019:67-62), (Mahamad et al., 2020:337-346), (Marangoni, 2019:1-6).

Among the various components of cannabis, cannabinoids and terpenes are two most essential
groups of compounds that contribute to its bioactive characteristics (Leghissa, 2017:398-415). Various
analytical methods have been developed for characterizing cannabinoids in cannabis, including
gas chromatography (GC) or liquid chromatography (TLC) coupled with mass spectrometry (MS),
infrared spectroscopy (Risoluti, at al., 2020:1777-1782). In comparison, analytical protocols for
terpene analysis in cannabis are relatively underexplored, where GC remains the primary approach due
to terpene's high volatility (Watanabe, 1979:321-326). Besides monoterpenes, sesquiterpenes such as
B-caryophyllene,myrcene, a-humulene, and selinene, are the second most abundant group of chemical
constitutes in the volatile fraction of cannabis (Gulluni, 2018), (Novak&Franz), (Amirgaliev et al.,
2012).

Citral components have unique properties of enhancing chemoprevention of cancers, and
the improvement of menopausal syndromes, osteoporosis, endometriosis, prostatic hyperplasia.
It could be obtain from ginger (Zingiber officinale Roscoe) has been used as a food, spice,
supplement and flavoring agent and shows us hepatoprotective, anti-inflammatory activities (Kiyama,
2020:108486). Citral is using as emulsion against various gram-positive bacteria (Staphylococcus
aureus, Bacillus cereus), gram-negative bacteria (Escherichia coli), and fungi (Candida albicans).
Synthetic stategies control a microbial growth and enhanced immune respounce. All of citral
formulation showed remarkable capability of encapsulating essential oil and increasing antimicrobial
properties (Mokarizadeh, 2017).

Terpenes and terpenoids possess a wide range of biological activities including anticancer,
antimicrobial (Stankova, 2022:1306-1319), anti-inflammatory, antioxidant, and antiallergic.Major
bioactive terpen compounds shed the light on disease management questions (Masyita, 2022).

Experimental part.

Procedure

One milliliter of extracts of different concentrations (from 0.018 to 2.5 mg/mL) is mixed with
2.5 mL of 0.2 M phosphate buffer (pH =7) and 2.5 mL of 1% potassium ferricyanide K;Fe(CN)¢. The
whole set is heated in a water bath at 50°C for 20 min. The tubes are centrifuged at 3000 rom for 10
min.

Determination of Flavonoids

To 1 mL of AICI3 solution (2% dissolved in methanol), 1 mL of each sample and standard
(prepared in methanol) was added. Absorbance was read after 10 minutes of incubation against the
prepared reagent blank (J.C.Bakar et al.). Flavonoid concentrations were deduced from the calibration
curve range (M.Morshedi, et al.).

Evaluation of Antioxidant Power by FRAP

The ferric reducing antioxidant power (FRAP) of the synthesized compounds was determined
according to the method of Benzie and Strain (1996) with slight modifications. The FRAP reagent was
freshly prepared by mixing 300 mM acetate buffer (pH 3.6), 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ)
solution in 40 mM HCI, and 20 mM FeCl; - 6H50 solution in a 10:1:1 (v/v/v) ratio. An aliquot of 100
pL of the sample solution of citral (dissolved in methanol) was added to 3.0 mL of FRAP reagent
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and incubated at 37°C for 30 min in the dark. A calibration curve was constructed using standard
FeSO, - TH,0 solutions (100-1000 M), and the results were expressed as pmol Fe(Il) equivalents
per gram of compound (pmol Fe?*/g). All determinations were performed in triplicate, and mean
values =+ standard deviations were reported.

Determination of Antioxidant Activity by Thin-Layer

Chromatography

Thin-layer chromatography is performed on a glass plate coated with a thin layer of stationary
phase. The stationary phase is silica, which is responsible for adsorption and partitioning. The
compounds to be separated from the extract are dissolved in the eluent vapour, which carries them
away, separating them into small-diameter spots. The result is diffuse round spots (L.Gallego et al.).

Results and Discussion.

Extraction Yields

Two isomers were separated in hexane-ethyl acetate (8:2, v/v) Fig 1 shows why polar
compounds are more prevalent in roots and leaves, but less so in stem barks. Concerning acetone
extracts, yields are respectively 21.43% for stem barks, 20.73% for roots, and 11.43% high.
Explanations could be that stem barks contain more semi-polar compounds, followed by roots and
leaves. As for the yields of hexane extracts, the values obtained are very low compared with the other
values. They are 17.01% for leaves, 12.21% for roots and 4.03% for stem bark. This can be explained
by the lack of apolar compounds in stem bark, and their minimal presence in the plant.

The presence of citral in the methanolic solution was confirmed by thin-layer chromatography
(TLC). The analysis was carried out on silica gel 60 Fo54 plates (Merck). The mobile phase consisted
of hexane-ethyl acetate (8:2, v/v).

Fig. 1. Citral. The mobile phase consisted of hexane-ethyl acetate (8:2, v/v)

TLC of Citral

The appearance of an orange spot corresponding to citral was observed at an Rf value of
approximately 0.45-0.50, which matched that of the authentic citral standard analyzed under the same
conditions

Table 1. TLC of Citral (Rf = 0.45-0.50)

acetone ¥
methanol -
chloroform ¥
hexane *

The qualitative composition of the monoterpene fraction was confirmed by thin-layer
chromatography on silica gel plates (SiOy, 60 Fs54, Merck). The mobile phase consisted of
n-hexane-ethyl acetate (8:2, v/v). Visualization under UV light (254 nm) and subsequent treatment
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with 2,4-dinitrophenylhydrazine reagent revealed characteristic orange-yellow spots corresponding
to carbonyl-containing compounds. The main compound, identified as citral, exhibited an Rf value
of 0.45-0.50, which was consistent with the authentic standard. The TLC profile demonstrated the
presence of minor components corresponding to limonene and a-pinene, indicating partial oxidation
of terpenoid structures during storage. These findings confirm the stability and purity of the isolated
monoterpene fraction and demonstrate the suitability of TLC as a rapid screening method for terpene
derivatives in essential oil systems.

Fig 2. illustrated the optical density of a molar solution. It is based on the chemical reaction of
reduction of Fe3+ to Fe2+ present in the K;Fe(CN)g complex. Significant indicator of a compound's
potential antioxidant activity. The absorbance of the reaction medium is determined at a wavelength
of 240-260 nm using a UV-Visible spectrophotometer.

260

240 |

1 2

Fig. 2. Graph depending on the optical density of a molar solution

Phytochemical Screening is illustrated by EFG

The results of the phytochemical assays designed in Fig. 3. After development, the plates were
air-dried and visualized under UV light at 254 and 365 nm, followed by spraying with citral reagent
to detect the carbonyl group. Capillary electrophoresis allowed for a more detailed evaluation of the
electrophoretic behavior of citral and related monoterpenes. Under optimized conditions (phosphate
buffer, pH 7.0; applied voltage = 20 kV; capillary = 50 um x 50 cm), well-resolved peaks were
observed with retention times in the range of 2.8-5.4 min. The dominant signal corresponded to citral,
confirming its major contribution to the essential oil composition. The obtained electropherogram
exhibited a symmetrical peak shape and high reproducibility (RSD < 2%), reflecting both the
homogeneity of the compound and the reliability of the analytical conditions. A comparative analysis
of TLC and CE data showed excellent correlation between chromatographic mobility (Rf) and
electrophoretic migration time, supporting the accuracy of compound identification.
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Fig. 3. Electroforegramm of citral component

The results demonstrate that citral is the predominant monoterpene component responsible for
the characteristic aroma and antioxidant properties of the studied sample. The combination of TLC
and capillary electrophoresis provides complementary information: TLC allows for rapid qualitative
screening, while CE ensures quantitative precision and high separation efficiency. Such an integrated
analytical approach enables the reliable characterization of monoterpene systems and supports further
studies on their rheological and oxidative properties.

Table 2. Quantitative Analysis

X X(middle) %
0.011 0.011 11
0.023 0.021 21
0.058 0.058 58

Quantitative evaluation of the monoterpene fraction was performed by densitometric scanning
of the TLC plates at 254 nm, and by integrating peak areas obtained from capillary electrophoresis.
Calibration curves were constructed using standard citral solutions in the concentration range of
0.01-1.0 mg/mL, yielding a linear correlation with R? = (0.996. The quantitative results confirmed
that citral constituted approximately 58 + 2 % of the total monoterpene mixture, while limonene
and a-pinene accounted for 21 % and 11 %, respectively. Minor peaks were attributed to oxidation
products, which slightly increased after prolonged exposure to air and light. The obtained data indicate
that the chosen extraction and separation conditions provided high reproducibility and selectivity for
citral determination. Moreover, the correlation between TLC spot intensity and electrophoretic peak
area supports the reliability of the combined analytical approach.

Conclusion. Based on a series of conducted analyses, the obtained results confirm the
potential of citral as an effective precursor for biosynthesis, bioconversion, and strategic planning
in organic synthesis. Owing to its unique rheological properties, citral-based systems demonstrate
promising prospects for further research aimed at the development of terpene-derived pharmaceutical
compounds. Integration of the two analytical methods provided a comprehensive characterization
of the target compounds, allowing simultaneous evaluation of purity, composition, and oxidative
stability. The results emphasize the analytical value of citral as a model compound in terpene research
and its potential use as a marker for quality control in natural essential oils. Furthermore, these findings
support the future development of citral-based formulations with improved rheological and antioxidant
properties.
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Abstract. The development of new green building elements and expansion of the range of
ornamental plants used in landscape gardening remains a pressing issue today. In this regard, interest
is growing in potential introduced species, particularly perennials, that could be used in various
landscape designs. The objectives of this study included investigating the population biology of Allium
aflatunense B.Fedtsch. during its introduction to the forest-steppe zone of the Russian Federation
(Central Black Earth Region, Voronezh). A. aflatunense is widely used in landscape design due to
its bright purple, star-shaped flowers and striking umbel-shaped inflorescence on a tall stem. After
flowering, the umbels retain their ornamental value until the seeds are fully ripened. Thus, the
ornamental value of the specimens is maintained throughout the entire growing season. The study
was conducted from 2023 to 2025 at the B.A. Keller Botanical Garden of the Voronezh State Agrarian
University. The ontogenesis and seed production of the specimens were studied. Over the three years of
introduction, 4. aflatunense plants underwent three stages and seven ontogenetic states: seed, seedling,
juvenile, immature, virginal, latent generative, and young generative. The mid-life generative stage
was additionally described using 10- to 12-year-old specimens. The article presents diagnostic features
and biomorphological characteristics of all stages. Data on the species' seed productivity under the
introduction conditions are also presented. The developmental characteristics of 4. aflatunense grown
in the forest-steppe conditions of the Central Chernozem Region suggest the success of the species'
introduction and recommend it as an ornamental plant for landscaping. To initiate seed generation in
specimens as early as the second year of development, vernalization of plants during the intermediate
winter period should be used.

Key words: Allium aflatunense B.Fedtsch., introduction, ontogenesis, development period, ontogenetic state, morphological

characteristics, seed productivity.
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AHHoTanus. JKaHa achll KYpbUIBIC 3JIEMEHTTEPIH 3ipiiey KoHe JaHAmadTThIK Oakiia

ecipyle KOJJIaHBUIATHIH COHMIK OCIMIIKTEpHiH TYpJepiH KeHeWTy OYTiHTi TaHJa ©3eKTi Macele
6o Kana 6epeni. OceiFaH 6aiiIaHbICThI SPTY P TaHAIAPTTHIK TU3alHAapAa KOJIAAHBLTYbl MyMKIH
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QJIEYETT1 EHT13UITEH TYpJIepre, 9cipece KOIDKbUIIBIK ©CIMIIKTEPre KbI3bIFYIIBUIBIK apThII Keeai. by
3eprreyaid MakcarrtapeiHa Allium aflatunense B.Fedtsch momymsiusiCbIHBIH OUOJIOTHSCHIH 3€PTTEY
kipai. Peceit @enepanuscbiHbiH opMaHabl faia aitmarsiHa (Optansik Kapa XKep aiimarbi, Boponex)
UHTPOAYKIUSACH Ke3inne A. aflatunense nannmadT AU3alHBIHAA KEHIHEH KOJIJAHBUIAIbI, ceOebi
OJI aIlIbIK KYJITiH, KYJIJIBI3 TOPI3Mi TYJAEpl jKoHe OWiK cabakTarbl TaHFa)KaWbIN KOJIIATHIP TOPi3i
TYJIIOFBIPEL. ['yIAeHreHHeH KeiiH, KOMIIAThIP TYKbIMAAPhl TOJBIK MICKEHIIE COHMIK KYHIBUIBIFBIH
cakTaiipl. Ochlnaiiina, yirinepIiH COHIIK KYHIBUIBIFBI OYKLT ©Cy Ke3eHIHJEe cakKTauaibl. 3epIrey
2023 >xpinnan 2025 xeutra neifin Boponexx MemiiekeTTik arpapiblk yHuBepcuteTiHiH b.A. Kemnep
aTbIHIAFbl OOTAaHUKANBIK OaFblHAA JKYPri3ingi. YJTiepAiH OHTOTeHe3l XOHE TYKBIM OHIIpici
3eprrenai. UHTpOayKIMSHBIH YT KbUTbIHAA A. aflatunense ©CIMIIKTEpl YII KE3E€HHEH JKOHE KETl
OHTOTCHETHKAJIBIK KYHJIEH OTTi: TYKBIM, KOIIET, JKaC, JKETUIMETeH, ThIH, JKACHIPhIH T'C€HEPATHBTI
XoHe kac reHepatuBTi. Oprama reHepatuBTi KkezeH 10-12 skactarbl yATUIepAl MaianaHbln
KOChIMILIA cumarTanasl. Makanana OapiblK Ke3eHIEp/iH IHAarHOCTUKAJBIK EpeKIIeNiKTepl MEeH
O6roMopONOTHsIIBIK CcUNaTTaManapsl KedtipiareH. WHTpoaykuus skargalblHAa TYPAIH TYKBIM
OHJIIpiCl Typanbl JaepekTep nAe KenrtipinreH. Opranslk UepHo3em aliMaFbIHBIH OpMaH[IbI-Jana
XKaraaibiHaa ecipinret A. aflatunense 6CIMIITIHIH JaMy epeKIIETIKTepl TYPAIH HHTPOLYKIIUSICHIHBIH
COTTLIIriH KepceTe/li )KOHEe OHbI KeTalJIaHAbIPY YIIIH COHJIK 2JIEMEHT PeTiHAe YChIHAABL. JlaMynbiH
€KIHIII JKBUTBIHJIA YIATLIepe TYKBIM OHIIPY/l OacTay YIIiH, apalblK KbICKBI KE3€HIEe OCIMIIIKTEePIiH

BCPHAIM3AIMACBIH KOJJJAHY KEPCK.
Kint ce3nep: Allium aflatunense B.Fedtsch., WHTpomykuus, OHTOreHe3, IaMy Ke3€Hi, OHTOTCHETHKAJIBIK Ke3€H,
MOP(OIOTHSIIBIK CHIIATTaMaIapbl, TYKbIM OHIIPY.

NONYJISIIIMOHHAS BUOJIOTUS ALLIUM AFLATUNENSE B.FEDTSCH IIPH
HHTPOJYKIIMHA B IECOCTEIMHOM 30HE POCCUMCKOM ®EJEPALIUN
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AHHoOTanus. Pa3paboTka HOBBIX 3JIEMEHTOB 3€JICHOI0 CTPOMTENbCTBA M pACIIMPEHUE
ACCOPTUMEHTA JEKOPaTUBHBIX PACTEHUH, UCHOJIb3YEMbIX B JAHIIIA()THOM O3EJICHEHUH, OCTaeTCs
aKTyaJbHOW 3aJa4ell CErOHSIIHEro OHSA. B CBA3M C 3TMM BO3HMKAE€T MHTEPEC K MOTEHLUAIbHBIM
UHTPOIYLEHTAM, MPEXkIEe BCEr0 MHOTOJIETHUM, KOTOPBIE MOITIM Obl MCIIOJIB30BATHCS B Pa3IMYHBIX
BapuaHTax JAHAMA(THEIX KOMIO3UIMHA. B 3amaum wmccnenoBaHuil NaHHOM pabOTHl BXOAMIIO
W3y4eHue MNomysiuuoHHol Ouonoruun Allium aflatunense B.Fedtsch. mpu mHTpoaykuuu Buaa B
necocrenHoi 30He Poccuiickoit denepanuu (LlentpansHo-UepHo3eMHbll pernoH, ropoa Boponex).
A. aflatunense MMPOKO UCTIONB3yeTCs B JaHIIIA()THOM Iu3aiiHe Oiaronapst SpKO-IHIOBOM OKpacke
I[BETKOB 3Be314aTroi (opMbl U 3(PPEeKTHOMY COLBETHIO B BHJE 30HTHKAa HA BBICOKOM I[BETOHOCE.
Ilocne uBeTEHMs 30HTUKU COXPAHSIOT CBOIO JEKOPAaTMBHOCTH BIUIOTH JI0 IOJHOTO CO3PEBAHMS
cemstH. Takum 00pa3oM, JeKOPaTUBHOCTb 0cOOel obecrieunBaeTcs B TEUEHUE BCEr0 BEreTaTHBHOIO
nepuona. HccnenoBanus npooaunuck 2023-2025 rr. B boranmueckom cany umeHu b.A.
Kennepa BopoHeXcKoro rocyqapcTBEHHOIO arpapHOro yHUBEpcuTeTa. bbll HM3ydeH OHTOIeHeE3
U CEMEHHas HPOAYKTHBHOCTb 0co0edl. 3a Tpu roaa HHTpPOAYKUMM pacTeHus A. aflatunense
MPOUUIM TPU TMEpHOAAa U CEMb OHTOI€HETMYECKUX COCTOSHUM: CeMs, MPOPOCTOK, FOBEHWJIBHOE,
MMMAaTypHOE, BUPTHHAJIbHOE, CKPBITOTEHEPATUBHOE M MOJIOJJ0€ reHepaTuBHOe. CpeHeBO3pacTHOE
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TeHEpaTUBHOE COCTOSHUE JIONOJIHUTENIBHO ONHUCcaHO Ha oco0sx 10-12-netnero Bo3pacta. B
CTaTb€ MPUBOJATCSA IUArHOCTUYECKUE IMPHU3HAKU U OMOMOP(OJOTHYECKUE XApAaKTEPUCTUKHU BCEX
cocrostHuil. [IpencTaBienbl JaHHbIE IO CEMEHHON MPOIYKTUBHOCTH BUJIA B YCIOBUSX UHTPOLYKIIHH.
Ocobennoctu pa3sutus A. aflatunense npyu BeIpallliBaHUM B yCI0BUsX Jiecoctenu [[UP nmo3BonsroT
clenarh BBIBOJ OO YCIENIHOCTH HHTPONYKIMH BHUAAa U PEKOMEHJOBATh €ro KakK JEeKOpaTHUBHBIN
AIIEMEHT 3€JICHOTO CTPOUTENbCTBA. {7151 Hauanma reHepanuu y ocoOeil y:ke Ha BTOPOU TOJl pa3BUTHS

CJICAYCT UCIOJIB30BaTh APOBU3AIIUTIO paCTeHI/Iﬁ B HpOMe)KYTOLIHHﬁ 3UMHHUM Mepuona.
KunroueBbie caoBa. Allium aflatunense B.Fedtsch., MHTpOmyKIMs, OHTOTreHe3, MEPHOI PA3BUTHUs, OHTOICHETHYECKOES
COCTOSIHHE, MOP(OIOTHIECKUE XapaKTEePUCTHKH, CEMEHHas IIPOYKTHBHOCTb.

Introduction. The introduction of new plant species is currently in demand not only for fruit
and for vegetable crops but also for ornamental plants, which are considered one of the most important
elements of modern urban landscape design. Characterizing the ontogenesis of an introduced species
in a new habitat is key to its successful use for various purposes. The development of new landscaping
elements and expanding the range of ornamental plants used in landscape design remains a pressing
task today. Therefore, interest is growing in potential introduced species, particularly perennials, which
could be used in a variety of landscape compositions. We consider A//lium L. to be one of the most
promising genera, as various onion species possess a number of distinct advantages: they are highly
decorative, early-flowering species, yet retain their attractiveness for some time after seed maturation,
remain in a generative state for a long time, and have flowers of varying heights and shades, allowing
them to be used in compositions of varying scale and content.

Material and methods.The object of our study is the onion (4/lium aflatunense B.Fedtsch.,
family Liliaceae), belonging to the genus Allium L., subgenus Melanocrommyum, section Porrum Don
(Cheremushkina, 2004:280). Allium aflatunense is a perennial bulbous plant. It grows in the middle
and upper mountain belts of Central Asia and is endemic to the Tien Shan. It is a xeromesophyte
(Bukharov et al., 2022:16-24). Currently, collecting this species from the wild is strictly prohibited.
In addition to its high ornamental value, the plant has medicinal properties and can be used as a food
and honey plant (Gamedzhieva et al., 2021:97-101).

The aim of this study is to describe the main stages of onion development over three years of
introduction and to evaluate the seed productivity of the species in the Voronezh Region of the Russian
Federation. Introduction work is being conducted at the B. A. Keller Botanical Garden of the Voronezh
State Agrarian University named after Emperor Peter I from 2022 to 2025. The planting material
consists of 4. aflatunense seeds obtained through an exchange program from the Botanical Garden of
Ivanovo State University. Sowing took place in a closed greenhouse on 15 March 2023, in a substrate
with equal proportions of sod soil, peat, and river sand. The seeds were not pre-treated. Gradual
acclimatization and transfer of plants to an open environment were synchronized and depended on the
developmental stage. Seedlings and young plants were grown in a closed greenhouse at a temperature
of 20-25°C. Watering was carried out twice a week, as the initial stages of development are most
sensitive to unfavorable factors. As the plants reached maturity (virginal ontogenetic stage), they were
transferred to a semi-open greenhouse for protection from strong direct sunlight in the summer and
winds in the fall. In winter, they were covered with a 20 cm thick layer of snow.

At the beginning of the following spring (2024), the plants were transferred to permanent soil
in experimental plots. The botanical garden's experimental plot is composed of leached chernozem
on loess-like loam, medium-deep, heavy loamy, and low-humus soil. The humus content in the 0-20
cm layer does not exceed 3.7-3.8%, the pH is 5.0-5.2, and the hydrolytic acidity is 3.20-3.35 mg-eq
per 100 g of soil. The content of mobile phosphorus is 100-105 mg/kg, exchangeable potassium is
105-128 mg/kg (Gladysheva&Oleynikova, 2016:198).

The methodological basis of the study was the traditional methods of population biology
and phenology, repeatedly adapted to the conditions of the Central Black Earth Region (Zhukova,
1995; Oleynikova, 1999). The ontogenetic states of the species were identified using the terms and
characteristics proposed by T.A. Rabotnov, A.A. Uranov and their students, who stood at the origins
of the Soviet population school (Vorontsova et.al., 1976). According to their research, individual plant

49



ISSN 3106-9215  eISSN 3106-9223 Natura scientia journal, 1(1) - 2025

development can be divided into 4 periods and 10-12 ontogenetic states. 1. Latent period (dormant
seeds - se). 2. Pregenerative period (sprouts- p, juvenile - j, immature - im and virginile (young
vegetative) - v ontogenetic states). 3. Generative period (latent generative - gy, young generative - g;,
middle-aged (mature) generative - g,, and old generative - g; ontogenetic states). 4. Post-generative
period (subsenile - ss, senile - s, and subcadaveric - sc ontogenetic states). It should be noted that it is
not always possible to distinguish all of these ontogenetic states in specific species; the spectrum of
ontogenetic states can vary significantly among different species, reflecting species-specific features
of their biology and individual development.

Seed productivity under introduction conditions was determined using generally accepted
methodological developments (Vainagiy, 1974; Oleynikova, 2007).

Results and discussion. We described the ontogenesis of 4. aflatunense for the first time
for the forest-steppe of the Central Chernozem Region (Fig. 1-2, Table 1-2). Over three years of
introduction, 4. aflatunense passed through 7 ontogenetic states in its development. In the first year,
the following states were observed: se, p, j, im, and v. The second year of development began with
a latent generative ontogenetic state, which successively transitioned to a young generative one. In
the third growing season, the capacity for generation was preserved, and the g; state continued. The
middle-aged generative state g, was observed in previously introduced 4. aflatunense plants at the age
of 10-12 years. States g3, ss, s, and sc were not recorded on the accessions planted by us or previously.
The identified ontogenetic states have the following diagnostic features.

I. Latent period. Seed (se). The seeds are matte black, round, and warty-surfaced. Their
diameter is 1-2 mm. Under natural conditions, the seeds ripen in capsules ranging from broadly ovoid
to spherical, 4-5 mm in diameter.

I1. Pregenerative period. Sprouts (p). sprouts emerged on the sixth day or later. Germination
was low, reaching only 32.5%. According to literature data (Fomina, 2021:180-190), this is due to
deep seed dormancy in species belonging to the subgenus Melanocrommyum, including A. aflatunense.
Dormancy can be partially overcome by dry storage or cold stratification. The seedling is no more than
7 cm tall (Fig. 1). The cotyledon is single, approximately 1 mm wide, elliptical, and has a thin rootlet.
The upper part of the cotyledon, initially curved like a loop, then gradually straightens. Reaching the
maximum seedling length is accompanied by the appearance of new leaves, heralding the onset of the
next stage. Stage (p) lasted 2 weeks under our conditions. After this, the cotyledons began to dry out
until they died completely in mid-April, while remaining attached to the plant.
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Table 1. Biometric parameters of A. aflatunense in the pregenerative period

Ontogenetic states

Parameters

) Jj im v
Number of leaves (pcs.) 1 2.5+0.5 32+04 3.7+0.7
Leaf length (cm) 6.8+0.9 128+ 1.4 19.5+1.9 29.5+3.2
Leaf width (cm) 0.1 0.1 1.5+0.3 22+0.5
Number of adventitious roots (pcs.) - 4.1+0.8 11.7+£2.2 18.7+3
Bulb diameter (cm) - 0.5+0.1 0.7+0.1 1.1+0.3

Juvenile (j) - This ontogenetic state lasts approximately 2 months (from early April to late May
of the first year of introduction). State j is characterized by immature traits and properties inherent
to adult plants. The plant is a small, single-shoot, rosette shoot consisting of several rounded leaves.
Maximum plant height is recorded at the end of April (Fig. 1). During the transition to the juvenile state,
the main root is replaced by weak, fibrous adventitious roots, and bulb development is not observed.
By early summer, the leaves begin to yellow and are replaced by new leaves, morphologically distinct
from the previous ones. Complete death of the leaves in state j occurs in mid-May.

Immature (im) - the transitional state from juvenile plants to adult vegetative ones. Plants are
also single-shoot, but with leaves characteristic of the species. The leaves are long, narrowly linear, and
their number does not exceed three. The root system is more developed, and small bulbs are beginning
to form. In our protected conditions, the im stage was short-lived, lasting no more than a month. Soon,
larger, wider leaves appeared, replacing the yellowing ones, and the plants became taller and denser.

=
B
R =
=

%

£

1

Fig. 1. Allium aflatunense plants in the pregenerative stage of ontogenesis: 1 - seedling; 2 -
juvenile; 3 - bulb of a virginal plant

Virginal (v) is the final ontogenetic state of the pregenerative period (Fig. 1, Table 1). The
transition of individuals to the v state began in mid-July and continued until the end of summer in
the first year of introduction (until the end of the growing season). Plants are characterized by long
linear leaves, become larger and denser, and form small bulbs up to 4-5 mm in diameter. With the
onset of autumn, vegetation ceases, the aboveground portion begins to yellow, and the bulbs enter a
dormant state until the next growing season. Complete death of the aboveground portion occurs in
mid-November. Overwintering took place in a semi-open greenhouse; plants were protected by a 20
cm thick snow cover to reduce the negative impact of low temperatures on the formed bulbs.

I11. Generative period. Latent-generative state (g,). Under the conditions of the introduction
experiment, plants entered the generative period in the second year of introduction. In early spring,
during the first ten days of March, the rosette shoot begins to grow, and simultaneously, the latent
generative stage begins. Mature plants are represented by vegetative specimens with 3-4 linear leaves
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(Table 2). The g, stage lasts approximately two months, until early May. Morphologically, g0 plants
are similar to virginal specimens, but the bulb structure is significantly different. With the onset of
vegetation, a generative bud is formed between the fleshy scales of the bulb and then begins to
grow, forming the future inflorescence and flower stalk. We believe that under the conditions of
the introduction experiment, it was vernalization during the first wintering that facilitated the onset
of generation in the second growing season. Literature data indicate that, under natural conditions,
most onions initiate generative development at least two years before flowering (Cheremushkina,
2004:280). The transition to the young generative stage is marked by the appearance of a flower stalk
in the center of the rosette shoot. It begins to grow rapidly and bears the rudiments of the inflorescence
above the soil surface.

Young generative state (g;). Plants are single-shoot, the height of the inflorescence is up to
30 cm, exceeds the length of the leaves by about 1.5 times (Fig. 2, Table 2). At the top of the stalk,
the inflorescence opens - a dense spherical umbel, consisting of numerous purple star-shaped flowers.
The leaves are linear or strap-shaped, long, up to 4 on each shoot. The flowering period lasts about
two weeks, until the middle of the third ten-day period of May. Pollination is cross-pollination by
insects. The fruit is a dehiscent capsule. Initially, 6 ovules are laid in the ovary of the pistil of each
flower (Mustafa, Oleynikova, 2024: 94-98), 1-2 seeds are formed in a mature capsule. Ripening of
seeds occurs in the second-third ten-day period of June, complete death of the above-ground part in
August. The silhouette of the drying umbel retains its decorative appearance, so faded plants can be
kept in flowerbeds until the seeds have sprung, that is, until the first or second ten days of July. The
high ornamental value of flowering and faded A. aflatunense plants makes them very attractive for
use in landscape gardening.

Fig. 2. Middle-aged generative state of A. aflatunense: 1 - General appearance of specimen; 2
- Umbel-shaped inflorescence during the period of mass flowering. 15 May 2023, experimental plot
of the Botanical Garden of the Voronezh State Agrarian University

Middle-aged generative state (g;) - To describe the g, state, plants previously introduced
to the Botanical Garden of the Voronezh State Agrarian University were used. Their age is 10-12
years. Our observations suggest that the transition to the g, state occurs in the 4th-5th year of the
generation, that is, no earlier than 5 years of calendar age under the conditions of introduction. The
middle-aged generative state is characterized by maximum development of vigor and seed productivity
of individuals; greater stability of biometric indicators across years should also be noted (Table 2).
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Table 2. Biometric parameters of A. aflatunense in the generative period

Ontogenetic states

Parameters

81 82
80

2024 2025 2023 2024 2025
Number of leaves (pcs.) 32+06 35+£05 59+1.1 95+£16 92+21 102+1.7
Leaf length (cm) 241+44 258+3.7 364+27 513+£50 548+3.7 53.0+£3.7
Leaf width (cm) 1.7¢£04 21+05 27+£04 53+07 52+05 54+06
Average length of flower stalk 103.2 + 106.8 + 105.7 +
(cm) - 293+£3.7 505+7.1 98 111 90
Average diameter of flower - 1402  12£02 15401 14+01 14202
stalk (cm)

Average diameter of

. - 28+08 29+05 47+£06 49+06 48+0.5
inflorescence (cm)

A. aflatunense plants have two to four flower stalks over 1 m tall. large inflorescences up to
5 cm in diameter. and up to 200 or more flowers per inflorescence. Seed production indicators were
also determined using these model plants (Table 3). During the work. the number of flowers. fruits
and seeds in the fruit was calculated per one elementary inflorescence - umbrella (Fig. 3). Actual seed
production. fruiting percentage. and productivity coefficient were statistically determined (Table 3).

The set seeds fully mature. which is one of the main criteria for the successful introduction. The
values of absolute indicators of seed productivity - the coefficients of fruit formation and seedification
- are on average 93% and 45%. respectively (Mustafa, Oleynikova, 2024) - indicate good prospects
for growing A. aflatunense seed material in the conditions of the Voronezh region.

Fig. 3. Mature fruit buds, fruits and seeds of 4. aflatunense

To characterize the seed production of plants and subsequently evaluate the success of their
introduction. it is necessary to understand the structure of the generative organs of the species
under study. in particular. the structure of the ovary and the number of ovules. Since comparative
embryological analysis has become an important method of plant taxonomy in recent decades. we
were able to find literature data on this issue. In most onion species of the subgenus Melanocrommyum.
the superior ovary has two three-locular ovules. from which up to six seeds develop (Hanelt. 1992;
Fritsch. 2001). Microscopic analysis of flowers confirms that the flowers of 4. aflatunense have a
similar structure. Considering that each simple umbel produces. on average. over 200 flowers. we can
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speak of high rates of seed production - both potential and actual. The set seeds ripen fully. which is
one of the main criteria for the success of their introduction. The values of absolute indicators of seed
productivity - the coefficients of fruit formation and seeding indicate good prospects for growing A.
aflatunense seed material in the conditions of the Voronezh region.

Table 3. Characteristics of seed productivity of 4. aflatunense

IToxka3aTe/ ceMEHHOM NPOAYKTUBHOCTH Value
Number of umbels per plant (pcs.) 1
Number of ovules per flower (pcs.) 6
Number of flowers per inflorescence (pcs.) 211.67
Number of fruits per inflorescence (pcs.) 198.33
Number of seeds per fruit (pcs.) 2.94

Fruit formation coefficient (%) 93.70
Seed productivity: potential/actual 1270.02/583.09
Productivity coefficient (%) 4591

Conclusion. Based on the research conducted in the forest-steppe conditions of the Voronezh
region. the successful introduction of 4. aflatunense can be confirmed. Individuals sequentially passed
through three periods and seven ontogenetic states. Rapid development during the pre-generation
period (individuals passed through five states in one growing season) is explained by cultivation in
protected conditions and the absence of competition from other species. The transition to generation
as early as the second year of vegetation is attributed to vernalization. which individuals underwent
during the intermediate winter period. Favorable external conditions stimulated plant development
during the most sensitive period of ontogenesis. High seed productivity and the maturation of
viable seeds also indicate the success of the species introduction. The generative development of A.
aflatunense plants already in the second year under the conditions of introduction. the decorativeness
of individuals at the time of flowering and seed ripening allows the use of this species in landscaping
both in small architectural forms and in large landscape compositions in parks. squares and other
public spaces.
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HCCIIENOBAHNUMN, MOCBAIIEHHBIX IMHAMUKE PaJUaIbHOIO IMPUPOCTA APEBECHBIX MOPOA B YCIOBUAX
U3MCHCHHA KJIMMAaTa U aHTPOIIOTCHHOI'O BOSI[CﬁCTBHSI, C aKIICHTOM Ha JICCOCTCIIHBIC 3KOCHCTCMbI
Kaszaxcrana. B xauecTBe METOMOIOIrMYECKOM OCHOBBI PACCMATPUBAIOTCS EHAPOXPOHOJIOTHYECKUE
moAXOAbI, IMO3BOJIAIOIINE BBIABUTL CBA3bL MCKAY KIMMATHU4YCCKUMU q)aKTOpaMI/I, 3KOJIOTHYECKUM
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TSOKENBIME METaJlJIaMM U APYTHE CTpeccoBble (akTOpbl. BbIieneHbl KIlOUueBble METONbl aHAIN3a
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a TaKkKe HEOOXOAMMOCTb PACHIMPEHHs JEHIPOIKOJIOTHUECKUX HCCIEA0BAHUM I pa3paboTku

aJlanTaIlMOHHBIX CTPATETHil YCTOMYMBOTO Jiecononb30Banus B Kazaxcrane.
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Angarna. byn wmakana KazakcTaHHBIH oOpMaHABI-Jana dSKOXKYHelIepiHAeri KIMMAaTThIK
e3repicTep MEH aHTPONOIEHIIK BIKNAA >KaFdaiJIapplHIa araml TYPJCPIHIH paguaiibl  eciMi
JUHAMHKACHIHA apHAJFaH 3aMaHayd FBUIBIMH 3epTTeylepre MIONy YCBIHAIBL. 3epTTEydiH
omicTeMeNIK HETi3l pPeTiHJe KIUMATTHIK (akTopiap, TOMBIPAKTBIH SKOJIOTHSUIIBIK JKai-Kyhi MeH
araIl eciMIIKTepiHiH OMOIOTHSIIBIK PeaKIHsiIaphl apachIHIAFbl OalIaHBICTHI AHBIKTayFa MYMKIHIIK
OepeTiH JEHAPOXPOHOJOTHSIIBIK TOCUIIEp KapacThiphuiafbl. OTaHIBIK KOHE IMIETEIAIK o1eou
JIepeKKe3/iepre Tajijay jkacay HETi31HJe arallTapiblH paauaiibl eciMi TeMIepaTypaHblH e3repyi,
KYPFaKIIBUIBIK, ayblp METAIIAPMEH JacTaHy jKoHE 0acKa Jja CTPECCTIK (haKTopiapFa ce3iMTall eKeHi
KepceTinreH. /[peBecHHANBIK caKWHAIApAbl TalJayblH Heri3ri omictepi, coHblH imiHae ARSTAN
xoHe TSAP OGarmapnamanblK Kypajiaapbl, COHIai-aK IEHAPOKIMMATONOTHA KOJJaHBLIATHIH
CTaTUCTUKAJIBIK MOJENbJEP CHMATTaNagbl. 3epTTey HOTIKENIepli OpMaH dKOXKYHeIepiHiH
TYPaKTBUIBIFBIH 3ep/Ieiey/e KeIIeH/ i MOHAPAIbIK KO3KapacThIH MaHBI3IBUIBIFBIH JKoHe KazakcTanma
OPHBIKTHI OpMaH MaijajgaHydblH OeiimMzeny cTparerusjaapblH 93ipiey YLIH JIEHIPOIKOIOTHUSIIBIK
3epTTeyNepal KEHEUTY KaKETTUIITH KOPCeTe/Il.

Tyiiinai cesnep: IEHAPOXPOHOJIOTHS, PaAUAbl 6CIM, KbIJIKAH JKalbIPaKThl TYPJIEp, OPMaH/bI-1alla aliMaFbl, KIMMAaTThIH
e3repyi, SKOXy#e, KbpULIbIK menoepiuep, Contyctik KazakcTaH, SKOIOTHSIIBIK MOHUTOPHHT, OPMaH TYPAKTHUIBIFBL.

SPECIFIC FEATURES OF RADIAL GROWTH OF CONIFEROUS TREES IN THE
FOREST-STEPPE ZONE OF NORTHERN KAZAKHSTAN: A
DENDROCHRONOLOGICAL APPROACH
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Abstract. This article provides a review of current scientific research on the dynamics of
radial tree growth under the influence of climate change and anthropogenic impacts, with a focus
on the forest-steppe ecosystems of Kazakhstan. Dendrochronological approaches are examined as
the methodological foundation, enabling the identification of links between climatic factors, soil
ecological conditions, and biological responses of woody plants. Based on the analysis of national
and international literature, it is shown that tree radial growth is highly sensitive to temperature
fluctuations, drought, heavy metal pollution, and other stressors. Key methods of tree-ring analysis are
highlighted, including ARSTAN and TSAP software, as well as statistical models commonly applied in
dendroclimatology. The results emphasize the importance of an integrated interdisciplinary approach
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to studying forest ecosystem resilience and highlight the need to expand dendroecological research to

develop adaptive strategies for sustainable forest management in Kazakhstan.
Keywords: dendrochronology, radial growth, coniferous species, forest-steppe zone, climate change, ecosystem, tree rings,
Northern Kazakhstan, ecological monitoring, forest resilience.

BBenenue. Jlecocrennas 3ona CeBepHoro Kazaxcrana npeacrapisieT cO00M 4yBCTBUTEIBHYIO
K KIMMaTU4YEeCKUM BO3ICHCTBUSAM DJKOCHUCTEMY, [IJ€ XBOWHBIE JEpPEBbs, B YAaCTHOCTH COCHA
oObikHOBeHHas (Pinus sylvestris L.), SBISIOTCS MHAMKATOpPOM HM3MEHEHUH B OKpYKarolleh cpere.
PaguanbHbBIl TIPUPOCT JEPEBBEB OTpa)kaeT BO3/ACHCTBHE TEMIIEPATypHBIX AaHOMAIUN, 3acyX,
3arps3HEHU M JAPYTHX aHTPONOTIeHHBIX (PAaKTOPOB, YTO JAETaeT ICHIPOXPOHOIOIMYECKUE METObI
HE3aMEHHMbIMU B U3YYCHUU TUHAMUKH JIECHBIX 3KOCHCTEM.

MHorouncieHHble HccleoBaHus, NpoBenéHHble B Kaszaxcrane u 3a ero mnpexaenamu,
MOYEPKUBAIOT BAXKHOCTh MEXIMCIUIUIMHAPHOTO MOAX0/1a B aHAJIN3€E POCTa IPEBECHBIX MOPOI.

W3ydyenne wu3MeHEHHH B JIECHBIX OJKOCHCTEMax B YCIOBUSAX HW3MEHEHHUS KiMMaTa
TpeOyeT KOMILJIEKCHOTO HAy4YHOTO TOAXOAa, COYETAIOLIEr0 JKOJIOTMUYECKUH MOHHUTOPHHI,
METO/BI JIEHIAPOXPOHOJIOTUU M OIEHKY aHTPOMOTeHHOrO Bo3/AeWcTBUS. HayuHble uccienoBaHus,
NpoBeACHHBIE B JIECHBIX 30HaX KazaxcTraHa M COMpEeNbHBIX PETMOHAX, MPEAOCTABISIIOT IUPOKUN
CIIEKTp JIaHHBIX O POCTE JICPEBbEB, OMOMHIMKALINY 3aTPSA3HEHHS U YCTOWYMBOCTH JIECHBIX MAaCCHBOB
K KJIMMaTHYeCKUM M3MEHEHUSIM.

W3yuenne npupocTa XBOMHBIX TOPOJ JAEPEBHEB B YCIOBUSAX KIMMATHUECKU YS3BHMBIX 30H,
TaKUX Kak JjiecocrenHas 30Ha CeepHoro Kazaxcrana, mpuoOpesno ocoOyro akTyaJbHOCTb B CBS3H
¢ m100aJbHBIMU M3MEHEHHUSIMH KJIMMaTa U HEOOXOAMMOCTBIO YCTOMUMBOIO yHpaBICHUS JIECHBIMU
JKOCHCTEMaMHU.

Psg paboT oOTeuecTBEHHBIX aBTOPOB MOCBSIIEH HCCIEIOBAHUIO AKKYMYISIIUN TKETBIX
METaJUIOB B JpeBeCHbIX pacreHusx (Satova et al., 2019; Satova et al., 2020), BBIIBUBIIHX
3HAUUTENbHOE 3arpsi3HEeHHe JIECHBIX TeppuTopuii Bocrounoro Kasaxcrana u ux BiusiHue Ha Guomaccy
pacTeHuil. DTH pe3yNbTaThl JOMOIHSAIOTCS IEHAPOXPOHOIOTHYECKUMH UCCIICAOBAaHUAMU JTUHAMHUKH
paauanbHOrO MpupocTa COCHbl 00bIkHOBeHHOW (Kymamuna u ap., 2019), xoropele mnoxazanu
KJIMMaTu4ecKu 00yCIIOBIEHHbIE KOJIeOaHMsl B IPUPOCTE IPEBECUHBI

Uccnenoanus Aounosodt u ap. (2022) B Karon-KaparailickoM HalmoHaqpHOM Mapke U
Zhumadina et al. (2023) B baitanaynbCckoM HalMOHAJBLHOM ITapKe IMOMYEPKUBAIOT BIUSHUE KaK
KJIMMAaTUYEeCKUX, TaK W aHTPOMNOreHHbIX (HaKTOpOB Ha JiecHble dKocucTeMbl. IIpu 3TOM ocoboe
BHUMAaHHUE YAESETCS HKOJOTMUECKHM Yrpo3aM, CBSI3aHHBIM C XO3SIICTBEHHOH IESTENbHOCTBIO U
3arpsi3HEHUEM IOYB.

3apy6esxnbie uccnenoBanus (Cook & Cole, 1991; D'Arrigo & Jacoby, 1993; Rudel et al., 2020)
CITy>KaT METOJIOJIOTMYECKOM OCHOBOM [T aHAJIN3a POCTA JIEPEBHEB B YCIOBUAX U3MEHEHUS KIMMATa,
a TaKXKe MOJIYEPKUBAIOT HEOOXOJUMOCTD ITPOrHO3UPOBAHMSI pEaKLIUi JIECHBIX MAaCCUBOB Ha OynyIne
knumarnyeckue creHapuu. Padorsr Wigley et al. (1984) u Fritts (1966) packpbIBalOT OCHOBBI
CTaTUCTUYECKOTO aHan3a JEHIPOIKOJIOTHUECKUX BPEMEHHBIX PSJIOB, BaKHBIE JIIsl KOJIMYECTBEHHON
OLIEHKH KJIMMaTHYECKUX CUTHAJIOB B JPEBECHBIX KOJIbIIaX.

TexHuueckre M MPOrpaMMHBIE AaCMEKThl JCHIPOXPOHOJOTHUU TPEACTaBlIEHb B padoTax
Cook & Kairiukstis (1990), Holmes (1992), u Rinn (1996), rne paccmarpuBarOTCsi aJrOPUTMBI
CTaHJapTalu3allid XPOHOJOTMH W BU3yalu3allid JaHHBIX. VIcmonb3oBaHHWE MPOTPaAMMHOIO
obecnieuenust TSAP u ARSTAN mno3Bossier 00ecneunTh BHICOKYIO TOUHOCTh U BOCIIPOU3BOAUMOCTD
pEe3yAbTaTOB MCCIIEIOBAHUM .

UccnenoBanus Dulamsuren et al. (2019) u Mapitov et al. (2023) akueHTHPYIOT BHUMaHUE
Ha THJPaBINYECKON apXUTEKTYpe JEpPEBbEB U OrPaHUYEHUSX IPUPOCTAa XBOWHBIX IOPOJ B
MOJTy3aCylIUIUBBIX yCIOBUSX. B 3Tux paborax mnomu€pkuBaeTcs Ba)KHOCTh BOAHOIO CTpecca
Kak JuMmuTHpylomero ¢akropa pocra B lLlentpanbHoit Asmm. Farooq et al. (2023) omnenunm
3acynuiuBbie ycnoBus KazaxcTana ¢ HCTIONb30BaHUEM KIIMMATUYECKUX HHIEKCOB, YTO aKTyaTu3UpyeT
JEHIPOKIMMATHYECKHUE MOIXO/BI I JJOJATOCPOYHOTO MOHUTOPHUHTA .

Pa6oter Andersson & Ardfors (2021) u Sehring (2012) npenocTaBistoT KpUTUYECKUNA aHAIIN3
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HOJMTUK JiecoBoccTaHoBieHus: B Kazaxcrane, B To Bpemsi kak Upadhyay & Tripathi (2019) u
DeMicco et al. (2019) akueHTHpyIOT BHUMAaHUE Ha YCTOWYMBOM JIECOYIPABIECHUU C MPUMEHEHHEM
JCHIPOXPOHOIOTUIECKHIX TaHHBIX. DTH MOAXOAbI TPUMEHUMBI JUISL JJOJITOCPOYHOTO TUIAHUPOBAHUS U
aJlanTallku JIECHbIX cTpareruid B Kazaxcrane .

Kpome Toro, padorel Karabalayeva et al. (2024) u Fyllas et al. (2017) memoHcTpupytoT
MOTEHI[MA WHTErpaliil MOHUTOPHHIA 3arps3HEHUM M BTOPUYHOW MepepaboTKU OTXOIOB s
MUHHMHU3ALUN HETAaTUBHOTO BO3JCHCTBUS Ha MNPHPOJHBIE SKOCUCTEMBI. OTH HCCIIEIO0BaHHUS
pacIIUpSIOT TPaHMIBI TNPUMEHEHHUsS JCHAPOXPOHOJNOTHHM 3a CUYET COYeTaHHs C JIAHHBIMH
9KOTOKCHKOJIOTHH U TEOXUMUH.

Takum 00pa3oM, HaydHBIC JAHHBIE TIOATBEPKAAIOT BEICOKYIO UyBCTBHTEIBHOCTD JIPEBECHBIX
MopoA K KIMMAaTHYECKUM HM3MEHEHHSIM W aHTPOIIOTEHHOMY CTpeccy, OOOCHOBBIBas BaKHOCTH
JaNbHENIIIEro pa3BUTHS IEHIPOIKOIOIMUECKUX UCCIEIOBAHUN B pErHOHE. DTO MO3BOJIUT CO3aBaTh
aJIafTalliOHHbIE CTPATEeTuy B JIECOYIPABICHUH, OCHOBAHHbIE HA JOJITOBPEMEHHOM MOHHMTOPUHTE U
9KOJIOTMYECKOM MTPOTHO3UPOBAHUU.

Metonsl wucciaenoBanusi. Hacrosimas pabora sBusercs O0O30pHBIM —HCCIEIOBAaHHEM,
HalpaBJIEHHBIM HAa CUCTEMATHU3ALUIO U aHAJIN3 HAYYHBIX HCTOUHUKOB, MMOCBSAIIEHHBIX OCOOCHHOCTAM
pazuanbHOTO TPUPOCTA XBOWHBIX IMOPOA JIEPEBHEB B YCIOBHAX JIECOCTEHHBIX HKOCHUCTEM H
KIIMMATHYECKUX HM3MEHEHUU. [[si MoCTIKeHWs Lenei CTarbu OBUTH WCIIOJB30BAHBI CIIEAYIOIIHE
METOJIBI:

MeTo cuCTEMaTHYEeCKOTO aHalli3a HAyYHOU JINTEepaTypsl - MPOBEACH 0TOOp M 00oOIIeHne
MyONUKaIMid OTEYECTBEHHBIX M 3apyO€KHBIX aBTOPOB IO KITIOUEBHIM TeMaM: JICHAPOXPOHOJIOTHS,
KJIMMaTU4YeCKl OOyCIIOBIIEHHBIE M3MEHEHHUS TMPUPOCTa, SKOJOruueckue (HaKTOphl BIHUSHUA,
METOAMYECKHUE TOAXOIbl K 00paboTKe ACHAPOAAHHBIX, a TAaKXKe AaHTPOINOTeHHOE BO3/CHCTBHE
Ha XBOIHBIE Jieca.

KoHTeHT-aHanM3 - conepKarelbHOEe M3y4YE€HHE TEKCTOB IMO3BOJMIIO BBIIEIUTH OCHOBHBIE
Hay4YHbIE TOAXOIBl K HMHTEPIpPETAMM MPUPOCTAa XBOMHBIX MOPOA B YCIOBHAX KIMMAaTH4YECKOTO
cTpecca, 3acyX M 3arpsA3HEHHs OKpykarouledl cpenbl. IIpoBeneHo comocTaBieHHE peE3yIbTAaTOB
uccnenoanuii no peruonam Kaszaxcrana, CeBepHoit AMepuxu v EBporibl.

CpaBHUTENBbHO-UCTOPUYECKUIT METOJ - HCIIOJNB30BaH JJIsl aHalM3a HBOJIOLMU HayYHBIX
B3[JISIZIOB M METO/I0JIOTUYECKUX TOAXO0A0B B 00JIaCTH IEHAPOIKOIOTHUECKUX HCCIIE0BaHU, BKIIIOUast
paszButue nporpammuoro ooecneuenus (TSAP, ARSTAN, COFECHA) u moyeBbIX TEXHUK cOopa
KEPHOB.

Knaccupukanus u o000IIeHHE NaHHBIX - Ha OCHOBAaHMM aHaJIM3a HCTOYHUKOB OBLIH
CTPYKTYpUPOBAHbI HAMpABICHUS] HCCIECAOBAHUNA IO CIEIYIOIIUM KPUTEPHSIM: pPETHOHAIbHBIC
0COOEHHOCTH (JI€COCTENb, CTENb, TOPHBIE PAaOHBI), BUJIOBbIC pa3IHuns (COCHa OOBIKHOBEHHAS, €1b,
JMCTBEHHMIIA), THITHI BO3ACUCTBUH (KIIMMaTHYECKUE, aHTPOTIOTEHHBIE ), METOABI H3MEPEHUH.

I'eorpaduueckuii moaxos - nmpu 00OOIIEHUN PE3YNBTATOB YUUTHIBAIOCH MPOCTPAHCTBEHHOE
pacnpezeneHue JaHHbIX ¢ akileHToM Ha ycioBusi CeBepHoro Kazaxcrana. 9To M03BOINIIO BBISIBUTH
peruoHaibHble 0COOEHHOCTH JUHAMUKY MPUPOCTA AEPEBHEB B YCIOBUIX JIECOCTEIHOM 30HBI.

Taxum 06pa3om, 0030pHBIE METO/Ibl, OCHOBAHHBIE HA KAUECTBEHHOM U CTPYKTYPHOM aHaJIM3e
HAyYHBIX MyOIHKAIIHA, TO3BOJIUIN C(HOPMUPOBATH IIETOCTHYIO KAPTHHY TEKYIIETO COCTOSHUS 3HAHUN
U ONPEAETUTh NePCHEKTUBHbIEC HAMPaBICHUS ISl JaJbHEUIIINX SMIMPUIECKUX UCCIIEA0BAaHUM.

Pesyabrarel M 00Cy:KAeHHsl. AHAIW3 JIMTEPATYPHBIX HCTOYHHMKOB, MOCBAIIEHHBIX
JIEHIPOXPOHOJIOIMUECKUM HCCIIeI0BaHUAM B JiecocTenHoil 30He CeepHoro KasaxcTaHna, mo3BossieT
BBIJICIUTH COBOKYITHOCTh KJTFOYEBBIX (DAKTOPOB, OMPENENSIONINX PATUATbHBIA MPUPOCT XBOWHBIX
JpeBeCHBIX Topoxa. Benymmas ponb cpeaw HUX MPHUHAMICKUT KIMMATHUYECKAM YCIOBHSM, MPEXKIC
BCETO PEKUMY YBIQKHEHUS M TEMIEPAaTypHBIM XapaKTePHCTUKaM B TIEPHOJ aKTUBHOW BETeTaIlHH.
YCTaHOBNIEHO, YTO KOJMYECTBO aTMOC(EPHBIX OCAJKOB B BECEHHE-JIETHUI MEepHojA, a TaKxke
JKCTpeMasbHbIe TEeMIepaTypHbIe KOJeOaHUs OKa3bIBAIOT MPSIMOE U OMOCPENIOBAaHHOE BIHMSHHE Ha
(U3M0JI0rHYECKUE MPOLECCHl POCTA APEBECHHBI.

Pesynwrarel uccnenoBanuii Satova et al. (2019), A6wmnosoit u ap. (2022) u Zhumadina
et al. (2019) neMOHCTPHPYIOT BBIPAKEHHYIO 3aBUCHMOCTbH IIUPUHBI TOIUYHBIX KOJIEI] COCHBI
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o0bikHOBeHHOH (Pinus sylvestris L.) oT ruspoTepMuyeckix yCaoBui TEKYIIETO U MPE/IIeCTBYIOIIETO
BETETAIIMOHHOTO Teproja. 3aCylNUIMBBIE TOIbI, CONPOBOXKIAIOIIMECS NeDUIIMTOM BIAard W
MOBBIIICHHBIMU TEMITEpPaTypaMu BO3yXa, MPHBOMIT K 3HAYNUTEIBHOMY CHIDKEHUIO PaHaIEHOTO
npupocta, (GOPMHUPOBAHMIO Y3KMX TOJUYHBIX KOJIEL] W YBEJIMYEHHIO YacTOThI CTPECCOBBIX
AHATOMUYECKUX aHOMalud. JlaHHas TEHIEHIMS OCOOCHHO OTUETIIMBO MPOSIBISETCS B YCIOBHSIX
JIECOCTEIHOM 30HBI, XapaKTepU3YIOIIecss HEyCTONYMBBIM KIMMATUYECKUM PEXKHMOM U BBICOKOM
MEXT0JI0OBO BapruadEeNbHOCTHIO OCATKOB.

Pa6oter Dulamsuren et al. (2019) u Mapitov et al. (2023) yka3pIBaloT Ha TO, YTO Ha FOKHOM
TpaHuIle apeana OOpeallbHbIX XBOWHBIX IMOPOJ HAONIOMACTCS YCHICHHE YSI3BUMOCTH IPEBECHBIX
pacTeHmii K BOgHOMY cTpeccy. [loBbIIeHUE JETHHX TEMIIEparyp B COYETAHHUU C COKpAIICHHEM
KOJIMYECTBA OCAJKOB CIOCOOCTBYET YBEIMUYCHHIO pPHCKAa KCHIJIEMHOH SMOOIUH, HapyUICHUIO
BOJTHOTO TPAHCIIOPTa M CHIDKCHUIO KaMOWadbHOW AKTHMBHOCTH. OJTH BBIBOIBI COITIACYIOTCS C
pe3yibTaTamMu o0anbHbIX AcHApokIuMarndeckux uccienoBanuii (Cook & Cole, 1991; D'Arrigo
& Jacoby, 1993), comracHO KOTOpPBIM XBOWHBIE TOPOABI B apHUIHBIX M CYOapHIHBIX pPErHOHaX
SIBIISIFOTCS YYBCTBUTEIBHBIMU MHAWKATOPAMH KJIMMaTHUYECKHX U3MEHEHHH, 0COOEHHO B YCIIOBUSX
MIPOAOJDKAIOIETOCS MT00aTbHOTO MOTEIUICHUSI.

CymiecTBeHHOE BHUMAaHHE B PACCMOTPEHHBIX paboTax yIemsieTcss METOMOJIOTUYECKUM
acriekTaM JCHJPOXPOHOJIOTUYECKHX HccienoBaHuil. Vcmonp3oBaHUE — CIEIUATU3UPOBAHHBIX
MpOrpaMMHBIX MPoayKTOB, TakuxX kak TSAP (Rinn, 1996), ARSTAN (Cook & Krusic) u COFECHA
(Holmes, 1992), mo3BonseT o00ecrneyuTh BBICOKYI0 TOYHOCTh JATHPOBAHMSI TOJUYHBIX KOJEII,
CTaHIAPTH3AIMI0 XPOHOJOTUH W BBISABICHUE KJIMMATHYECKOTO CHUTHAJA B JJIMHHBIX BPEMEHHBIX
psngax. CoBpeMEHHbIE MOAXOMAbI HANpaBleHbl HAa MHHUMHU3ALMIO HE-KIMMAaTHUYECKUX TPEHIOB H
MOBBIIIIEHUE CTATUCTUYECKON HAIEKHOCTH MOTYyYaeMbIX XPOHOJIOTHH.

B psane uccnenosanuii (DeMicco et al., 2019; Upadhyay & Tripathi, 2019) nogu€pkuBaercs
HE0OXOJMMOCTh MHTErpalliil KIACCHYECKHX METOJOB AaHallM3a IIUPHHBI TOIWYHBIX KOJEIl C
M3yYCHUEM aHATOMUYECKUX U MOP(POIOTUIECKUX XAPAKTEPUCTUK APEBECHHBI, BKIIIOYAs MJIOTHOCTh
KJICTOYHBIX CTEHOK, pa3Mep TPaxewJ W YacTOTy JIOKHBIX KoJiell. Takoi KOMIUIEKCHBIA ITOIXOJ
pacmmpsieT BO3MOXKHOCTH HMHTEPIPETAlMU TIOTYYCHHBIX JAHHBIX M I03BOJISIET 0OJiee TOYHO
WICHTH()HUIIMPOBATh BIMSHUE OTACIBHBIX CTPECCOBBIX (DAaKTOPOB, BKIIFOYAs OSKCTPEMAIIbHBIC
KJIMMaTUYeCKue COOBITHUSI.

OTtnenbHOrO 00CYKACHUS 3aCTyKUBAET POJIb AHTPOTIOT€HHOTO BO3/IEHCTBUS B (POPMUPOBAHUN
NMPUPOCTHBIX XapaKTEPUCTHUK XBOWHBIX JaepeBbeB. McciemoBanus Zhumadina et al. (2023) wu
Satova et al. (2020) cBUAECTENBCTBYIOT O 3HAYUTEIHHOM HAKOIUICHHM TSKENBIX METAlIOB B
IIOYBECHHOM IIOKPOBE M PpACTUTEIBHBIX TKaHAX B paloOHaX C HMHTCHCUBHOM XO3SMCTBEHHOMN
JEeSATENLHOCTBIO. 3arps3HEHHE MOYB M aTMOC(HEPHOTO BO3yXa OKa3bIBA€T HETATHBHOE BIIHSHHE
Ha (DPU3MOIOTHYECKOE COCTOSIHHE JIEPEBBEB, YTO OTPAXKACTCS B CHIDKEHUHU TMPHPOCTA JPEBECHUHBI
W W3MEHEHWHM CTPYKTYypbl TOAMYHBIX KOJEN. B JaHHOM KOHTEKCTE JISHAPOXPOHOIOTHYCCKHIMA
METOJ BBICTYNMaeT Kak A((EKTUBHBI HHCTPYMEHT OWOWHIWKAIIMW, TTO3BOJISIFOIINNA BBISBISTH
IPOCTPAHCTBEHHO-BPEMEHHbIE 3aKOHOMEPHOCTH SKOJIOTUYECKOr0 HEOJIaronoayyusl.

HecMotpss Ha BO3pacraromuil MHTEpEC K ACHIPOXPOHOIOTUYECKUM HCCIEIOBAaHUSIM B
Kazaxcrane, ananu3 mureparypbl OKa3bIBAET, UTO CYIIECTBYIOIINE PAOOTHI HOCAT MPEUMYIIIECTBEHHO
JOKaNbHBIM XapakTep ¢ OXBATHIBAIOT OTpaHWYEHHBbIE TeppuTopuu. OTCYTCTBHE €IUHOU
HAI[MOHANLHOW 0a3bl JCHIPOXPOHOIOTHUECKUX JaHHBIX CYIIECTBEHHO CICPKUBACT pPa3BUTHE
PETHOHAIBHBIX W MEKPETHOHANBHBIX CPAaBHUTEIBHBIX WCCIEAOBAHUN, a TaKkKe IOCTPOCHHE
BBICOKOTOYHBIX MOJIETICH KIIMMAaTHYECKHUX M SKOJIOTUICCKUX N3MECHEHUH.

Takum o00pa3oM, pe3yJabTaThl aHaIW3a MOATBEPIKIAAIOT BBICOKYIO HH()OPMATHBHOCTH
JCHAPOXPOHOJIOTMYECKOTO TOJIX0/a IS OICHKH PEaKIMH XBOWHBIX JIPEBECHBIX IOPOA Ha
KJIMMaTUYecKue M aHTpomoreHHele ¢akrtopel B JnecoctenHoi 3oHe CeepHoro Kasaxcrana.
JlanbHeiiiiee  pa3BUTHE  UCCIEAOBAaHWUN  JTOHKHO  OBITH  HANpaBICHO HA  pacIIUpeHHe
MPOCTPAHCTBEHHOTO 0XBaTa, MHTETPALIMIO0 MYITBTUANCIUTUIMHAPHBIX METOJIOB U COBEPILICHCTBOBAHUE
WHCTPYMEHTOB  JCHIIPOIKOJIOTUYECKOTO MOHUTOPHHTA, YTO TIO3BOJHMT TMOBBICUTH HAyYHYIO
000CHOBaHHOCTH BBIBOJIOB M 00€CIIEUUTh MPAKTHUECKYIO 3HAYMMOCTh TIOTYYCHHBIX PE3YIBTATOB ISt
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YCTONYMBOIO YIPABJIEHUS JIECHBIMU SKOCUCTEMaMU PErvoHa.

3akiarouenne. [IpoBei€HHBIN aHAIM3 OTEUECTBEHHOW U 3apyOeKHOM HayyHOW JHMTEpaTyphl,
MOCBSIIEHHON JIGHIPOXPOHOJIOTUYECKUM HCCIIEOBaHUAM B JiecocTenHoi 3o0He CeBepHOro
Kazaxcrana, mo3BossieT cnaenarb OOOCHOBAaHHBIM BBIBOA O BBICOKOW HWH(POPMATUBHOCTH U
HAay4YHOM 3HAYMMOCTH JAHHOTO METOJAa MPU M3YyYEHUU JAMUHAMHUKHU JIECHBIX SKOCHUCTEM B YCIOBHSIX
u3MeHstonierocss kiaumara. Oco0oe BHHUMaHHME B PACCMOTPEHHBIX HCCIEIOBAHUIX YIENseTcs
XBOWHBIM JpPEBECHBIM TMOpOJaM, B YACTHOCTH cOCHE o0OblkHOBeHHOU (Pinus sylvestris L.),
KoTOpast Onarojgapsi CBOEH IIMPOKOW pacrpoCTpaHEHHOCTH, OTHOCHTEIBHOM JIOJTOBEYHOCTH W
BBIPOKEHHOH peaky Ha U3MEHEHHs (DaKTOPOB CPEAbl BBHICTYIAET OJHUM M3 KIIFOUEBBIX OOBEKTOB
JICH/IPOXPOHOJIOIMYECKOTO aHAJIN3a B PETHOHE.

Pe3ynprarel  MHOTOUMCIEHHBIX  MCCIEIOBAaHMM  CBUACTEIBCTBYIOT O  BBICOKOM
YYBCTBUTEIBHOCTH PAJHAIbHOTO MIPUPOCTA COCHBbI OOBIKHOBEHHOM K KJIMMAaTUYECKUM KOJICOaHUSIM,
IpEeXe BCEro K M3MEHEHUIO TEeMIIEpaTypHOIo peXMMa U BJIaroo0ecredeHHOCTH B BETreTallMOHHBIN
nepuoi. B ycnoBusx necocrenHoi 30Hbl CeBepHoro KaszaxcraHa OCHOBHBIMU JIMMUTHPYIOIIUMHU
(akTopaMu pocTa APEBECUHBI SABISIIOTCS AePUIUT aTMOC(hepHBIX OCAAKOB M TMOYBCHHOW BIaru,
0COOEHHO B BECEHHE-JICTHUH NEPUOJ, a TAKXKE IMOBBIIIEHUE CPEIHUX U IKCTPEMAIIbHBIX TEMIIEpaTyp
BO3/yXa B JIETHUE MECSALbl. YCTAaHOBJIEHO, YTO IIPOIOJIKUTEIbHBIE 3aCyIINIMBbIE IEPUO/IbI U YUALICHHUE
AQHOMAJIPHO JKapKHX CE30HOB NMPHUBOAAT K CHIKEHHIO HMIMPHHBI TOJUYHBIX KOJel, (hOpMUPOBAHUIO
CTPECCOBBIX aHOMAJIMH IPEBECUHBI U, B PAJIE CIIy4aeB, K HAPYLICHUIO (PU3NOJIOTUUECKUX TPOLIECCOB
pocTa U pa3BUTHS I€PEBLEB.

Hapsiny ¢ xnuMatuueckumu (QakTopamMH CyNIECTBEHHOE BIMSHUE Ha NMPUPOCT APEBECHHBI
OKa3bIBa€T AHTPOIIOICHHAs Harpy3ka, MPOSBIIAIONIASCA B BHJAE INPOMBILUIEHHOIO 3arps3HEHMS,
TEXHOTEHHOTO M3MEHEHHs JaHAmAa(TOB, PEKPEallMOHHOTO BO3ACUCTBUS U  JETpajaliu
MOYBEHHOTO TOKpoBa. B HayuHBIX paboTax MOMYEPKHUBAETCS POJb THKENBIX METAUIOB U JAPYTHX
TOKCUYHBIX JJIEMEHTOB, HAKaIUIMBAIOIIMXCA B IOYBAX M IOCTYNAIOLIUX B JAPEBECHbIE TKaHM,
YTO HETaTMBHO CKAa3bIBAETCS HA KaMOHMAJbHOH AaKTUBHOCTH M (DOPMUPOBAHMU TOAWYHBIX KOJIEI.
JleHIpOXpOHOIOrMUECKUM METOJ] B JIaHHOM KOHTEKCTE IO3BOJISIET HE TOJBKO BBISBISATH HEPUOJIBI
YTHETEHUs] pOCTa, HO U KOCBEHHO OIIEHMBATh CTENEHb M IMPOAOKUTEIBHOCTh AHTPOIIOI€HHOIO
BO3/ICHCTBHUS HA JIECHBIE SKOCHCTEMBI.

AHanu3 paHee BBIINOJHEHHBIX HCCIEIOBAaHUN IOATBEPKIAET BBICOKMA IOTEHLIHMAI
JIEHIPOXPOHOIOTHH KaK 3(P(GEKTUBHOTO MHCTPYMEHTA OLEHKU YCTOHYHMBOCTH JIECHBIX 3KOCHUCTEM
K BHEIIHUM CTpeccOoBbIM (hakropaM. [IpuMeHEeHHEe COBpPEMEHHBIX MPOTPAMMHBIX KOMIUIEKCOB IS
00paboTKM U aHAIHM3a PSIIOB MIUPUHBI TOMUYHBIX Kouell, Takux kak TSAP, ARSTAN u COFECHA,
o0ecreynBaeT BHICOKYIO CTENEHb TOYHOCTH MPHU JATHPOBAHUM JPEBECHBIX KOJEI, CTaHIapTH3alUN
XpOHOJIOTMM M BBISBICHUM KIMMAaTUYECKUX CUTHaJOB. lcnosnb3oBaHME MaHHBIX NPOTrpaMMHBIX
pelIeHni MO3BOJISIET MUHUMM3UPOBATh CyOBEKTHUBHBIE OIIMOKH, MOBBICUTH BOCHPOM3BOJUMOCTD
pe3yabTaTOB M pACIIUPUTh BO3MOXKHOCTH PETPOCHEKTHBHON PEKOHCTPYKIUH KIMMAaTHYECKUX
yCIIOBUIl HA BpEMEHHBIX UHTEPBaJlaX, OXBAThIBAIOLINX HECKOIBKO AECITUIICTHH U Ja’ke CTOJIETUH.

HecmoTpss Ha JOCTUTHYThIE Hay4yHbIE pe3yJIbTaThl, AaHAIU3 JINTEPATYpbl BBIABISAET PNl
HEpEUIEHHBIX BONPOCOB M aKTyallbHBIX mpoOneM. B dYacTHOCTH, OTMedaeTcs HeAOoCTaTOYHas
IPOCTPAHCTBEHHAS] IMPEACTABICHHOCTh JEHIPOXPOHOJIOIMUYECKUX HCCIENOBAaHUNW Ha TEPPUTOPUU
Kazaxcrana, QparMeHTapHOCTh HMEIOIIMXCSA JAHHBIX M OTCYTCTBHE €IMHOM HAI[MOHAJIBHOU
0a3bl JIEHAPOXPOHOJIOTMYECKUX XPOHOJOTHHA. DTO CYLIECTBEHHO OTPAaHUYMBACT BO3MOKHOCTHU
KOMITJIEKCHOTO aHaJlu3a PETMOHAJIBHBIX 3aKOHOMEPHOCTEH pPOCTa JAPEBECHBIX MOPOA U OLIEHKH
MIPOCTPAHCTBEHHON HEOJHOPOIHOCTH KIIMMAaTHYECKUX M aHTPOIIOT€HHBIX BO3JIEHCTBUI.

B 3710i1 cBsi3u 0c00y10 aKTyalbHOCTh MPUOOpETaeT HEOOXOAUMOCTh PacIIMPEHUs reorpaguu
WCCIIEIOBAHUM, OXBaTa Pa3jIMYHBIX MPUPOIHO-KIMMATHYECKUX 30H M CO3/IaHUSl MHTETPUPOBAHHOM
0a3bl JaHHBIX, 00BEIUHSAIONMIEH NEHAPOXPOHOIOTHUYECKUE, KINMAaTHUECKHE, TOYBEHHO-XUMUYECKIE
Y T€ONPOCTPAHCTBEHHBIE MOKa3aTenu. [lepcrnekTuBHBIM HANpaBICHUEM JalbHEHIINX UCCIEA0BAHUM
SBJIIETCA NMPUMEHEHHE MYJIbTHIUCIUILUIMHAPHOIO TMOAXO/A, BKIIIOYAIOIIET0 XUMHUYECKHI aHalIn3
JPEBECUHBI M II0YB, MOJEIMPOBAHUE POCTA JEPEBHEB C HCIIOIB30BAHHUEM MATEMAaTUYECKUX H
CTaTUCTUYECKUX METOZOB, a TaKkke akTUBHOE BHeApeHue [ MC-TexHomoruii 11 NpoCcTpaHCTBEHHOTO
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aHaJIM3a U BU3yaJIM3allUU NOJIYUYEHHBIX PE3YIbTaTOB.

KomrmexkcHoe pasBUTHE JEHAPOXPOHOJOTMYECKUX HCCIEJOBAHMA B COYETAaHUM C
COBPEMEHHBIMH METOJaMH 3KOCHCTEMHOTO MOHUTOPHHTA OyleT CIocoOCTBOBATh Oojiee TIIyOOKOMY
NOHMMaHUIO0 MEXaHU3MOB aJanTaluu JecHbIX s3kocucteM CeBepHoro Kazaxcrana Kk KIIMMaTH4eCKUM
U3MEHEHMSIM U aHTPOIIOT€HHOMY BO3IeHCTBUIO. llomydyeHHble HAayuyHBIE JaHHBIE MOTYT CIIYKHUTb
OCHOBOH a1l pa3pabOTKu Hay4HO OOOCHOBAHHBIX CTPAaTErHil YCTOWYMBOTO JIECOMOIb30BAHUSA,
IIPOTHO3UPOBAHUSL COCTOSIHUS JIECHBIX HAaCaXAECHUH M (QOpPMUPOBaHMS aJaNTallMOHHBIX MeEp,
HalpaBJICHHBIX Ha COXpaHEHHE OHMOpPa3HOOOpa3usi M IKOJOTHUECKOH YCTOMYMBOCTH JIECHBIX
skocucteM KazaxcraHa B ycIOBHSIX ITTOOAJIbHBIX KJIMMAaTHYeCKUX BBI30BOB.

Baaronapuocts. JlaHHasg cTaThsl MOATOTOBIEHA B paMKax TI'PAHTOBOrO (MHAHCHPOBAHUS
MunucTepcTBa HayKu M Bbiciiero oopazosanus Pecriyonuku Kasaxcran nmo npoekty «2Kac ranbim»
Ha 2025-2027 roxmpl. ABTOpBI BBIPAXXAKT MPU3HATEIBHOCTh 3a MNPEJOCTABICHHYIO MOIACPKKY
M BO3MOXKHOCTh peaju3allid HAayyHOro HccienoBaHusi B packax npoekrta MPH: AP25796027
«JleHIpOXPOHOJIOTMYECKUE HCCIEAOBAHUS XBOWHBIX IIOPOJ JI€PEBbEB JIECOCTENMHOW 30HBI Ha
teppuropun PI'Y «l'ocynapcTBeHHbIN HallMOHAIBbHBINA PUPOAHBIN napk «Kokieray»».
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