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Abstract. The authors developed a software and hardware complex for semi-automatic horse
measurements (SHC SM) using single-shot photography. The research is relevant since animal husbandry is
an important sector of Kazakhstan’s economy and breeding and livestock health require modern bonitation
methods. The aim is to create an automated technology for horse bonitation through imaging. The main tasks
include developing a module of subprograms (MSP) for photographing, calibrating images, measuring linear
parameters, and calculating chest circumference and body weight. The essence of the study is the creation of
new methods for automated horse bonitation. Its novelty and practical value lie in the fact that for the first time
in Kazakhstan a technology was developed to perform equine bonitation from a single photograph. Research
methodology involved designing software modules for photographing, image calibration and measurement of
linear parameters. A special formula was introduced to calculate chest circumference by converting the chest
line into a closed circumference, allowing reliable estimation of horse weight. This system opens prospects
for automating measurements in livestock breeding, reducing manual labor, improving accuracy and enabling
large-scale bonitation in Kazakh animal husbandry.
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AHHOTanMsi. Makasna aBTopiapsl KbUIKbLIAPIBI Oip CypeTKe TYCipy 9IICIMEH jKapThllail aBTOMATThI
enmieyiy 6araapinamansik-TexHukanbik kemeHiH (KAO BTK) xxacanel. 3eprreynepain e3exriniri Kazakcran-
JaFbl MaJI MApyanibUIBIFBI SKOHOMHUKAHBIH MaHBI3/IbI canachkl 00JbIN TaObu1aabl. COHABIKTAH achUT TYKBIMJIBI
MaJiibl Oarasay KoHe Mall IeHCAyNbIFbIH OaKblIay — Ka3ipri 3aMaHFbl Oaranay o/iicTepiMeH HIeNiIeTiH 0acThl
MIHJET. ByJl )KYMBICTBI 3€pTTEYIiH MaKcaThl — KBUIKBUIAPABI Oip peT CypeTke Tycipy o/iciMeH Oaralay/ibIH
(emmIeyiH) aBTOMATTaHIBIPBIIFAH TEXHOIOTUACHIH KYpY. MiHIeTTepi: KeJeci Kilni OaraapiaMa MOIYJIbIepiH
(KBM) kypy: cypetke tycipy KbM, dotocyperti kanubpiney (macmtadray) KBM; ChI3BIKTBIK TapameTpriepai
emey KbM, keyne meHOepiH xoHe KbUIKbI MaccachiH ecentey KBM. FruibiMu 3epTTeyaiH MOHI — KBUIKBI-
JIap/bl aBTOMATTaH IBIPBUIFAH OaFaay/biH JKaHa 9/1icTepi skacayIbl. JKYMBICTBIH FHUTBIMHU JKOHE IPAKTUKAIIBIK
MaHbBI3ABUIBIFEI Ka3zakcTanaa anmramnn pet Oip CypeTke TYCipy 9ICIMEH >KbUIKbLUIApPbl aBTOMATTaHIBIPBIIFAH
Oaranay (eJjIey) TEXHOJOTHICHI 93ipJAEHTEHIITHIe. 3epTTey SIICTepi MEH OAICTEeMECIHIH CHUIATTaMachl.
Keneci kimn G6armapnama Momybaepl 93ipleHAl: cypeTke Tycipy; ¢oTocypeTTi kanubpney (macimiradTay);
KBUIKBIHBIH CBI3BIKTHIK MTApaMETPIICPIH OJIIIeY; *KBbUIKBIHBIH Keyae meHOepi MeH MaccachiH ecentey. Keyne
meHOepiH ecenTey YIIiH Key/e ChI3bIFbIHAH [IeHOepre oTy (popMyachl Kacaibl.
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OarmapiamMalbIK-TeXHUKAJIBIK KEIIeH, )KBUIKBIHBIH ChI3BIKTHIK ITapaMeTpiiepi, )KbIUTKbI MaCCachlH Oarasay, MaJ
IapyallbUTBIFBIHAAFbI OJIIICYIICP/Ii aBTOMATTaHABIPY, YKaHyaplapIslH OcHHeNnepiH Tanaay
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AHHOTANUsA. ABTOpaMH CTaThbH CO3[aH MPOTrPAMMHO-TEXHHUUECKHI KOMILIEKC MOTyaBTOMAaTUYECKUX
npomepoB nomaneit (IITK I1IT) metonom doTorpadupoBanus mo oJMHOYHOMY CHHUMKY. AKTyalbHOCTH HC-
CJIEIOBAaHUM 3aKIII0YAaeTCs B TOM, UYTO KHUBOTHOBOJACTBO B KazaxcTane — 3TO 3HaUMTENbHASI YACTh SKOHOMHU-
ku. [ToaTOMy 3a71a4u CeNEeKIHN U 30POBBS MOTOJIOBBS — ATO MEPBOCTENICHHAS 3a/1a4a, KOTOpast MOXKET ObITh
pelieHa COBpeMEHHBIMH MeToJaMu OOHUTHPOBKU. Llenbio vccnenoBanuil 1aHHOM pabOThI SBISETCS CO3/1a-
HUE aBTOMATH3UPOBAHHOW TEXHOJOTMM OOHUTUPOBKH JomIanei (mpomepsl) MetonaMu (otorpadupoBanus
(omuHOUHBIN cHUMOK). 3agauu. Co3znanue moayneit noamnporpamm (MIIIT): MIIIT ¢pororpaduposanus; MIIII
kanmuOpoBku ¢ororpadum (mMacmradbupoBanus); MIIIT uamepenuss MuHEWHBIX napameTpoB jomaau; MIITT
pacueTra OKpYKHOCTU Ipyau U mMacchl Jomaan. CyTh HaydHOTO MCCIEIOBAHUS 3aKII0YAETCS B TOM, YTO CO3-
JlaHbl HOBbIE METO/BI ABTOMAaTU3WPOBAHHON OOHUTUPOBKH Jomnaneid. HayuHas u mpakTudeckasi 3HAUUMOCTb
paboThl 3aKiIrOUaeTCs B TOM, 4TO BIepBble B Kazaxcrane pa3paboTaHa TEXHOJIOTHUS aBTOMATU3UPOBAHHOMN
OOHUTHPOBKH Jomaae (mpomepsl) MeTooM (hoTorpadMpoBaHus MO OAUHOYHOMY CHUMKY. OnucaHue MeTo-
JIOB U METOZIOJIOTHH HccienoBanus. Pa3paboTansl mporpaMMHbie MOayau: (oTtorpadupoBanus; KaIuOPOBKH
dororpaduu (MacmITaOupoBaHusl); U3SMEPEHUS TMHEHHBIX TAPAMETPOB JIOMIAAH; pacdyeTa OKPY>KHOCTH IPyAH
U Macchl nomaau. J{ns pacuera nuHuM 00XxBara rpyau Obuta pa3padorana ¢popmyna nepexosa OT JUHUH TPyAH
K JUIMHE 00XBaTa TPy/Iu.

KuitoueBble ci10Ba: OOHUTUPOBKA, MTOJTyaBTOMATHYECKUE TIPOMEPHI, U3MEPEHHE JIOIIAIeH, TporpaMm-
HO-TEXHMYECKHI KOMIUIEKC, JIMHEHHBIC TapaMeTphl JIOMIA, OLIEHKAa MacChl JIOMIAAN, aBTOMATHU3alUs U3Me-
pEHMIl B )KHBOTHOBOJICTBE, aHATIU3 N300paKEHUN KUBOTHBIX

Jas uutupoBanusi: Axmenos J[.I., bekmyxameno b.3., Hypmaxan6etoB /.M., CaBenseB E.H.
(2026). PazpaboTka nporpaMMHO-TEXHHYECKOTO KOMILJIEKCA MOIyaBTOMATUYECKUX TPOMEPOB JIOMIa/Iei METO-
noM ¢ororpadgupoBaHus 10 ONUHOYHOMY CHUMKY // Research, results — [3nenicrep, HoTmxkenep — Mccnenosa-
Hus, pesynaprarel. T. 28. Is. 5. Number 113. Pp. 8-18. https://doi.org/10.37884/5-2026/01 [In Russ.].

Kon$uiuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.
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ckoeo Xossticmea Pecnyonruxu Kasaxcman (no Hayuno-mexuuyeckotl npoepamme « CosepuieHCmeosanue cy-
WeCmsyouux npuemMos Ynpasienus 2eHemudeCKUMY pecypcamu aoaticKux 1 KyCmaHauckux jowaoel ¢ co-
XpaHenuem 2eHoghonoa Kycmauauckou nopoovly MPH Ne BR22885681).




Beenenue.

JKusotHOBOzCTBO B KazaxcraHe — 3T0 3HauMTEIbHAS YaCTh S3KOHOMUKH, I0TOMY 3aJauyl CEJIEKIUU
U 3710pOBBS TIOTOJIOBbsSI SIBJISICTCS IIEPBOCTENICHHON 3aa4yei, KOTopas MOXeT ObITh pellleHa COBPEMEHHBIMU
MeToaMU OOHUTHUPOBKHU.

bonutupoBka nomaneit (o mpoMmepam, SKCTEphepy) UMEET LENbI0 OINpeesieHue TUIEMEHHON LeH-
HOCTHM M Ha3HAUEHU: JIOIIAJEH Ha OCHOBE MX KOMIUIEKCHOW OLIEHKH C y4€TOM IOPOJHOW IPUHAJUIEKHOCTH
[Ucxan u np., 2025].

[Tpr GOHUTHPOBKE JIOMIAAb OLEHUBAIOT MO MPOUCXOXKJICHHUIO, TUITIMYHOCTH, IIPOMepaM, 3KCTEPbEpY,
paboTocnocoOHOCTH, KayecTBy MOTOMCTBA. B JaHHOHM cTaThe paccMaTpUBAIOTCS TOJIBKO XapaKTEPUCTUKU
IIPOMEPOB U 3KCTEPbepa M0 OAUHOUHOM (oTorpaduu, a Takke pacuera 0OXBara Ipyy U Macchl )KUBOTHOTO.

ITpomepbl TOMOTal0T KOHEBIAJAENbLAM CYIUTh O CTPOCHUH JIOIIAAH, €€ IPONOPLUOHAIBHOMN CII0KEH-
HOCTH. OLIEHKY 10 pOMepaM MPOU3BOIAT M0 IIKaJIaM, YCTAaHOBJIEHHBIM Ul KaXKA0M IOPObI, C MOIPAaBKaMH
Ha Bo3pact [Matsuura u ap., 2021: 73-80].

B Ka3axctane Ha cerogHsi mpoMepsl OCYLIECTBIISIOT U3MEPUTEIBHOM JIEHTOM, JaHHBIA METO UMEET
CBOU HEJOCTATKH: 3HAYMTEIBHOE BpEMs POBEACHUS IPOMEPOB, 3HAYUTENbHAS A0JI CYOBEKTUBHOCTH.

WHTemiekTyanbHble CEHCOPHBIE TEXHOIOTUU yXKE MCIOIb3YIOTCS JJIS AMArHOCTUKU Pa3IMYHBIX 00-
ne3Heit nomanei [Axarosa, 2019: 25].

Baxusim stanom passutus IT texHomoruit crana nudposuszanus OOHUTHPOBOYHBIX PadOT, KOTO-
pasi IO3BOJISET BBIABIATH HAPYIICHUS y JKUBOTHBIX, ONPEENIATh UX K TOW WJIM MHOM MOPOAHON KaTeropuu
[Matsuura u ap., 2024: 1-7]. [losiBunace BO3MOKHOCTb MOJIEJIUPOBATH TEXHUYECKOE 3PEHUE. DTO O3HAYAET,
YTO MPH NMPABUIEHOM 00yYE€HUHU TEXHUYECKOE 3PEHUE MOXKET CTaTh aHAJIOroM padoThl 300MHXKeHepa. TexHu-
YEeCKOE 3pEHUE — TEOPHs U TEXHOJOTHs CO3[[aHUs MAIIKUH, KOTOPbIe MOTYT IPOU3BOAUTE OOHApYyKEHHE, OT-
clie)KMBaHue U Kiaccudukauio oobekToB. Kak HayyHast TUCIMITIMHA, TEXHUYECKOE 3pEHUE OTHOCUTCS K Te-
OpPHMH U TEXHOJIOTUHU CO3aHUsI UICKYCCTBEHHBIX CUCTEM, KOTOPBIE MOJIyYal0T MH(OPMAIIHIO U3 N300pasKeHUH.

B Teuenne nocnennux 10-15 ner co3gaHbl TEXHOJIOTHH MO OOHUTHPOBKE: JMIAPHBIA METOJ, METOA
M3MEPEHUS 3aMEPOB JIOMIAAU POTOrpaMMETPUUECKUM CIIOCOOOM, METO/I CKAHUPOBAHUS CTPYKTYPHUPOBAHHBIM
cBeToM. Pa3paboTaHbl METO/BI ONpE/IeICHUs MAacChl IO 00XBaTy rpyau [6]. Ho BelenepeuncieHHbIE METO/IbI
J0CTAaTOYHO 3aTPaTHbI U TPEOYIOT 3HAYNTEIbHONW MOATOTOBKH.

B pesynbrare BbINMONHEHMs JaHHOM paboThl Obla CO3/1aHa aBTOMAaTU3UPOBAHHAS TEXHOIOT U AUCTaH-
IIUOHHOW OOHUTHPOBKHU JIOIIAEH (TpoMephl) Ha OCHOBE MeToza poTorpadupoBaHuUs 110 OAUHOYHOMY CHUMKY.

B pa6ore [Kristjansson u ap., 2013:12-23] aBTopbI HCHIOIB30BAIN TPEXMEPHYIO BUICOMOP(POMETPHIO:
4eThlpe BUACOKaMephbl (PUKCHPOBAIM JIOLIA/eH B JBM)KEHUH, I1OCJIE YEro 10 aHATOMHUYECKHM TOYKaM pac-
CUNTBIBAJIUCH BBICOTHI, JJIMHBI CETMEHTOB, YIJIbI CyCTaBOB M HAKJIOHBI. MeTo/l IToKa3aj XOpOIIyIO TOBTOpsie-
MOCTbH U MO3BOJIUJ KOJTMYECTBEHHO OMHCHIBATH OCOOCHHOCTHU TenocnoxeHus. B padore [Druml u ap., 2015:
928-937] paccMmaTpuBalOTCsl HOBbIE METO/IbI (PEHOTUITUPOBAHUS U KOMIIBIOTEPHOI'O aHajIM3a 3KkcTepbepa. Ha
CTaHJAPTU3UPOBAHHBIX (hoTorpaduax y 44 IUOUIIAHCKUX KOObUI ObLIO ompeaeneHo 246 aHaTOMHUYECKHUX
U coOMaTroMeTpuyecKkux Touek. [ aHammza npumensuics 0000meénHbd MeTox [IpokpycTa, a monydyeHHbIe
napamMeTpbl (JOpMbI COMOCTABISUIMCH C pe3yjbTaTaMy JIMHEWHOM OLEHKH sKcTepbepa. B pabore [Druml u
ap., 2016: 309-317] aBropsl pa3BUBAIOT METOAMKY T€OMETPUUYECKOM MOpdoMeTprH MPUMEHUTEIHHO K 00-
HUTHPOBKE, aBTOPHI IpoaHaau3upoBaau 102 sxepeblia IUMUIIIAHCKONW TOPOJIbI, UCTIONB3Ys 246 TBYMEPHBIX
AHATOMUYECKHUX KOOPIHMHAT, MOJTYYEHHBIX CO CTaHJAPTHU3UPOBAHHBIX H300pakeHHH. C MOMOIBIO aHaIH3a
(opMBI U perpeccuu Ucciae10Baach CBI3b MEXKAY peaibHOW MOP(OIorneii J0aau 1 SKCIepTHHIMU OlIEHKa-
MU JKCTepbepa. Pe3ynbraTel HOKa3aiu, 4TO COITACOBAHHOCTD MEXKIY SKCIIEPTaMH MOXKET OBITh OTHOCHTEIBHO
HU3KOH, M03TOMY OOBEKTUBHBIN LU(POBOM aHaIN3 (GOPMBI SABJISETCS MEPCIEKTUBHBIM JIOMOJHEHUEM K Tpa-
IUIHOHHOM OoHUTHpOBKE. Pabota [Kristjansson u ap., 2016: 91-101] moka3bIBaeT MPakTUYECKYIO IEHHOCTh
OOBEKTUBHBIX MOP(HOMETPUUYECKUX MOKa3aTesIel JUIsl CEeNEeKIIMOHHOM OIleHKH. ABTOpBI M3y4min aaHHble 10
091 mowanu B Mcnanguu B 2000-2013 rr, U ncciaenoBaln CBA3b MEXKY CTAHIAPTHBIMHM IPOMEpPAMH KC-
Tephbepa, MoKa3aTesIMKU aJUTIOpOB B 001IIeil BepxoBoii paborocriocodHocThio. Craths [Freitag u np., 2021]
HETMOCPEICTBEHHO MOCBALIeHA pa3padoTke HU(PPOBOro METO/1a U3MEPEHHUS TAPaMETPOB TEJI0CIOKEHHS JIOIIa-
neii no ororpadusm. MccrnenoBanue nposesieHo Ha 34 B3pOCIbIX JIOIAASIX aMEpUKaHCKO# KBoTepxopc. M30-
OpakeHHs1 00pabaTHIBAINCH C MCIIOIB30BaHUEM NporpaMMbl Imagel, a monmyyeHHble TUHEWHBIE U YITIOBbIE
MOKa3aTeNId CPABHUBAIMCH C TPATULMOHHBIMU H3MepeHusIMU. Koadunment koppensunu npesbiman 0,999,
YTO CBUJICTEIBCTBYET O BHICOKOHM TouHOCTH MeTona. Mccnenoanue [Weller u ap., 2006: 610—615] mocpsiie-
HO IIPOBEPKE TOYHOCTU M BOcIpousBoauMocTu 3D-u3mepennii skcreprepa. Ha aHaroMuueckne OpueHTHpPBI




JIOIIAAX HAHOCHUIIUCH MapKEPhl, MOJIOKEHUE KOTOPBIX PETUCTPUPOBAIOCH KOMIIBIOTEPU3UPOBAHHON CHCTEMOM
aHanu3a ABmxeHus. [1o koopArHaTaM pacCUUTHIBAIMCH IJTMHBI CETMEHTOB U CycTaBHbIE yIIibl. McciaenoBanue
MOKa3aJI0 BBICOKYIO TOUHOCTh KOMITBIOTEPU3UPOBAHHOM 3D-0IIeHKH U BBISIBUJIO UCTOUHUKH OIIUOOK Tpaju-
[IMOHHBIX METOJIOB, BKJIIOUAs MOJIOKEHHE JIOMIAIN U TOYHOCTH OIpe/IeJIeHUs] aHaTOMUYECKUX OPHUEHTHUPOB. B
pabote [Zanchi u ap., 2026] aBTOpBI IPUMEHSIOT UCKYCCTBEHHBIN MHTEIIEKT U ITyOokoe oOyueHue (CNN)
JUISL aBTOMaTH4YECKOTO OTpeAeNICHUs] aHATOMUYECKUX TOUYeK Jomaau nmo ¢ororpadusM. beimn rccnenoBaHsl
YeThIpe apXUTEKTYphl HEHPOHHBIX ceTeil. CucteMa omnpenenseT 16 aHaTOMUYECKUX OPUEHTUPOB U aBTOMATH-
YeCKH BOCCTaHABIIMBAET JIMHEHHBIE MpoMepbl Tena. Cpenusis abcontoTHas omubka coctaBuia okono 3,54
CM, a TOYHOCTb OTIpeIeNICHUS KITFOUEBbIX TOYEK ObLIa BHICOKOM.

MarepuaJbl 1 METOABI.

Xapaxmepucmuku packona. Packon cooTBETCTBOBAI CIEIYIONINM XapaKTePUCTHKAM:

- ['aGaputs! packona (packon umeeT crporyto dopmy napamnenenumnena). [llupuna packona 100cMm;

- CranbHble TPYOBI packoia UMEIOT AuaMeTp 5 cM. Packoi cocTouT u3 3-X mpoaoiabHBIX U 3-X MOoTe-
PEUHBIX TPYyO;

- Ha packose momeueHbl MeTpUUYECKUE MapKephl I KaTuOpoBKH (MacmTabupoBanus) hororpaduun
(cboky). Mapkepsl n300pakeHbI B BUJIe KPECTOB Ha TpyOax. M3MepeHbl pacCTOsSHUS MEXy KpecTaMu Kak o
MEePUMETPY, TaK U MO AUATOHATISIM.

- JIns 6e3ommbouyHOrO (hoTorpadupoBaHus Ha packoie Obla YCTaHOBJIEHA Ta0IWYKa C HOMEPOM JIO-
maau (HoMep MUILIeTCs CTUpaeMbIM MapkepoMm). JlaHHbIH HOMep GUKCUpPYeTCs TakkKe B TaOIUIaX HaTypPHBIX
3aMepoB, I7Ie BKIIOUEHBI JaHHBIE, B TOM YHCJIE U3 YMIIa JIOIIA IH.

- Packon umeeT TBepoe ocHOBaHUE (HEOOXOIMMO ISl MPOBEICHUSI HATYPHBIX U3MEPEHHI).

®ortorpadupoBanme.

Xapakrepuctuku ¢orokamepsl Ad4Tech PK910H, ucnons30BaHHON TSl TPOBEACHUSI OOHUTHPOBKH
(mpomepsl) (pucyHOK 1):

- doTokamepa pacronaraiach Ha HITAaTUBE Ha PACCTOSHUU 3M £5CM OT packoja, 3T0 He0OXOIUMO IS
TOTO, YTOOBI MpH yriie chbeMKH 700 0XBaThIBaTh PACKON JUTMHOMN 4M;

- BeicoTta mrtatuBa kamepsl — 130cwm;

- lentpanbhas nuHus poTokamepsl OblLIa MEPIeHIUKYIsIpHa OOKOBOM MIOCKOCTH packoiia U momnaja-
Ja B EHTPaJbHYIO TOUKY pPackoyia. ITO JOCTUTAETCs TEM, YTO B LIEHTPE pacKojia CTaBUTCS MapKep, KOTOPbIi
JIOJKEH COOTBETCTBOBATH IIEHTPY KaJipa, KOTOPBIM U3MEpSAETCS IPOrPaMMHBIM ITyTEM.

- nst potorpadupoBanus Heobxoauma crieniaibHas MporpaMma Ha KOMITbloTepe (HOyTOyKe).

Puc. 1. doroxamepa A4Tech PK910H
[Fig. 1. A4Tech PK910N camera]

XapakTepucTUKu (poToKaMephl: THI MOAKIIOUECHUS — MPOBOaHOM; paspemienue: FHD 1080P 1920 x
1080 mukc; oobekTun: Full HD Glass lens; Beixognoit popmar — MJPEG; yrom o63opa: 70°; tun dokyca —
(hUKCHpPOBaHHBIN; Trana3oH GoKycHpoBKHU OT 60 cM U BhIIIEe; HanpspKeHue muTaHus 5 B; nuarepdeiic: USB 2.0
High-Speed; cucremunie TpeboBanmst — Windows 7/ 8/ 8.1/ 10 u 6onee mo3gHue BEPCHUH.

IIporpammHoe oGecneyeHne Mo M3MEPEHNI0 MAPAMETPOB JIOIIAAU (IPOMepPbI)

[TporpamMmMHOe obecrieueHre 0OeCTIeYnBacT:

- Oynkuio ¢pororpadupoBaHus U BU3yanuzauuu (HoTo JOmaIn;




- OyHKIUIO KaTuOpoBKHU GoTorpaduu Mo KOHTPOIbHBIM ToukaM (MaciutabupoBanue). [10 nmo3Bomset
yCTaHaBJIMBaTh OTPE30K MEKIY KOHTPOIBHBIMU TOUKaMU Ha (hoTorpaduu, 3aTeM Ha3HaYaeTcs peaibHOe pac-
CTOSTHUE MEXy TOUYKaMU — KaJTuOpOBKa 3aBEPIIICHA;

- OyHKIHIO U3MEPEHUS JIMHEHHBIX apaMeTpoB Jomaau mno ¢pororpaduu, Ha OCHOBAHUU JAHHBIX MO
KaJTMOpPOBKE: BBICOTHI B XOJIKE; KOCOW JIIMHBI TeNa, TUHUU TPYAH, TUHUU 3aIiCTh;

- OYHKIMIO CpaBHEHHUS HAaTyPHBIX U3MEPEeHUI U u3MepeHuit 1o ¢pororpaduu u GyHKIUIO pacyeTa mo-
MPABOK U MOTy4YeHHsI (PAKTUYECKUX U3MEPEHUH [T JIOMIAIei C OTCYTCTBYIOIIMMU HATYPHBIMHU U3MEPEHUSIMH
(BBICOTA B XOJIKE M KOcas JyTiHA Tena) (Tadbnuma 1);

- OyHKIMIO 3anucy JaHHbIX B b/l

- OyHKIUIO pacyeTa Macchl JIomaau no o0xsarty rpyau. OOXBaT rpyau ObUT pacCUuTaH Ha OCHOBAHHUH
nuHUM Tpyau (o GoTo) 1o pazpaboTaHHO GopmyIie pacuera, BIOCIEICTBUN BBIYUCIIAIACH Macca 1o Gpopmy-
ne MaropuHa (Tabnuma 2).

Ilposedenue pacuémoe napamempos 10uiaou no 0OUHOYHOMY CHUMKY.

Pacuem evicomwl xonku u Kocoti O1uHbl mena 10Uaou.

CpaBHeHUE IIMH XOJIKHU MO0 (OTO U MO HATYPHBIM M3MEPEHUSM IMOKa3ajdl HECXOKJIEHUE JTaHHBIX Ha
6.96 %. 910 00YCIOBIEHO ONTUYECKUMHU UCKAKEHUSAMU U AucTtopcueit kamepsl. (Tabnuna 1). Tem He MeHee
KOs MEXITy U3MEPEHHBIMU U (PaKTUUECKUMU JTaHHBIMH Obla ocTarouHo xoporiei — 0.9. JlanHbie
pacueTsl BKJIIOYEHBI B Pa3paO0TaHHBIN MPOTrpaMMHBIN MPOTYKT.

Tabnuua 1. CpaBHUTENbHBIE TaHHBIE U3MEPEHUI 110 (OTO U HATYPHBIX U3MEPEHUI

No | BricoTa B xonke (cm) Kocas nnuna Bricora | Kocas O6OxBar Oo6xBar Macca (xr) Pacxoxnenune
Tena (cMm) B XOJIKC | JAJIMHA Teja | Tpyau (cM) | msacTu (M) BBICOTHI (%)
(cm) (cm)
ITo ¢poto Harypnoe
HU3MepeHne

1 127,1 139,5 143 156 171 18,5 392 11,1
2 134,2 147,9 143 159 182 19,0 508 6,1
3 137,5 143,5 148 156 183 18,5 504 7,0
4 129 132,8 139 149 164 17,5 372 7,2
5 133,1 143,2 146 159 189 19,0 528 8,8
6 137,9 149,5 148 163 192 19,0 490 6,8
7 142,2 137,4 151 159 178 19,0 365 5,8
8 139,9 140,6 150 160 175 19,0 415 6,7
9 138,6 140,8 147 154 173 20,0 439 5,7
10 | 1313 139,6 141 151 177 19,0 452 6,8
11 | 1324 139,9 145 156 166 19,0 370 8,6
12 | 1443 139,9 153 159 178 21,0 444 5,7
13 | 140,8 137,7 147 155 165 18,0 380 4,2
14 | 134,1 139,1 144 157 179 18,5 480 6,9
15 |128,8 139,2 144 152 175 18,5 445 10,5
16 | 1293 141,6 139 154 185 17,5 420 6,9
17 | 137 143,6 149 162 186 20,0 498 8,0
18 | 138,2 146,1 148 161 183 19,0 461 6,5
19 | 133 138,3 142 156 166 19,0 403 6,3
20 | 131,3 140,2 143 153 173 18,0 421 8,1
21 | 139,7 146,2 149 156 195 20,0 548 6,2
22 137 144,4 147 155 174 18,5 415 6,8

Cpennsist ombka %: 6,96%

Koapduuument xoppensimuu | 0,9

Pacuem maccw nowaou no obxeamy epyou.
B I10O 6p11a peanuzoBana QyHKIUS pacyeTa MaccChl JOLIAAM [0 JJUHUU QoTorpa@upoBaHus IpyIu:
[To nuHMM rpyau, NOIy4eHHON MeTo1oM (hoTorpadrpoBaHus, PACCUUTHIBAJICS 00XBAT Py HA OCHO-
Be pazpabotanHoit hopmynsr V=(L/2+L/2%*2.6/3)*Pi, rne V — ob6xBar rpyau, L — nnmuHa rpynu (momxydeHa mo
¢doro), Pi=3.14;
3areM 1o 00XxBaTy TpyAM BBIYUCISIACH Macca jomaan mo A.A. Maropuny — 2: Y =6*V — 620, (rae




AKALEMUACI

Y — macca nomaau, V — ooxsat rpyau) (Tabnuna 2) [Axatosa 2019: 25].

PacueTsl TOKa3amy XOpOIIyr KOPPEISIIU0 U3MEPEHHBIX Macc JIOMaeil U pacCUuTaHHBIX 10 (OTO.
Tak, k03 duIeHT Koppensaiun mo 18 nomaasm (3a UCKITFOUeHHEM 4-X OITUOOYHBIX U3MEPEHUH ) COCTABHIT —
0,92 (Tabnwuma 2).

KoaddunueHT koppessiiuy Mex 1y U3MEpEHHBIME M PaCU€THBIMU MacCaMH OTPEASISIICS 10 — CPe/l-
HEKBA/IPATUYECKOE OTKIOHEHHE; N — pasmep BBIOOPKH; X — KaKIIbIH JJIEMEHT BHIOOPKH; X — cpenHee 3Ha-
YEeHHUE JIJISI COBOKYITHOCTH.

Tabnuma 2. PacueTHbie 1 U3MEpeHHBIC JaHHBIE 00XBATOB TPY/AM U MACC JIOMIa e

JInuns rpynun | O6xBar rpyau no | O6xsar rpyau | Pasuuna o6xsa- | Macca no Maro- Macca u3m.
(dpoto) (cm) auuncy (hoto) | u3M. (cm) TOB (CM) puH (poto) (kr) (xr)
(cm)

1 59 172,9 171 -1,9 4174 392
2 61,5 180,2 182 1,8 461,2 508
3 61 178,8 183 42 452,8 504
4 57,5 168,5 164 -4,5 391 372
5 64,5 189 189 0 514 528
6 66 193,4 192 -1,4 540,4 490
7 58,5 171,4 178 6,6 408,4 365
8 62,5 183,2 175 -8,2 479,2 415
9 60 175,8 173 -2,8 434,8 439
10 60 175,8 177 1,2 434,8 452
11 57 167 166 -1 382 370
12 59,6 174,7 178 3,3 428,2 444
13 57,1 167,3 165 -2,3 383,8 380
14 61,5 180,2 179 -1,2 461,2 480
15 60,3 176,7 175 -1,7 440,2 445
16 57,5 168,5 185 16,5 391 420
17 62,5 183,2 186 2,8 479,2 498
18 61 178,8 183 42 452,8 461
19 58,4 171,2 166 -5,2 407,2 403
20 58,5 171,4 173 1,6 408,4 421
21 60,5 177,3 195 17,7 443,8 548
22 60 175,8 174 -1,8 434,8 415
Koadpdpumment
KOPPEIILUHY 110
18 nomamsam -
0,92

Humepdgheiic nonvzoeamensn INTK ITIT

Macwmabuposanue gpomo.

Ha pucyHnke 2 mokazaHo ocHOBHOE OKHO rpaduueckoro uatepderica [TTK TII1.

Ha pucynke 3 mokazaHbl CXeMaTUYHO KOHTPOJIbHbIE TOYKU, TUCTAHIIUU MEXAy HUMH. KpacHbIM mo-
Ka3aHbl U3MEPSIEMbIE TIPOMEPBI.

Bepxnee menro. Bepxuee ieHTpaibHOE MEHIO COCTOUT U3 TPEX MOIMEHIO:

— «3arpy3uThb (poTo»; «3a1aTh MacIITad»; «Ha4aTh U3MEPEHUS IPOMEPOBY» (PUCYHOK 4).

— [Tonmenro «3arpy3uth OTO» — OTKPBIBAECT OKHO /I BBIOOpa (hoTorpaduu;

— Ilogmento «3amath MacmTad» — OTKPBIBAET OKHO JJIsI KaTMOpPOBKHM MaciTada (pucyHok 5, 6). [1pu
HaXKaTuu «3aJaTh MacIITady MosABIsSETCS OKHO « BBeauTe IHHY 3TaJOHHOTO 00bEKTay, B KOTOPOM HEOOXOHU-
MO BIMCaTh U3MEPEHHYIO IJIMHY B CAHTUMETpAX, a TAKXKe MPOBECTH JIMHUIO HA (OTO MEXIY KpecTamu. Tak-
&Ke OTKpbIBaeTcs MeHIo «CoxpaHuThy», «OUUCTUTH BBIOOP», «OTMeHa», rae «COXpaHUThY — yCTaHABIUBACT
MacIITal U COXpaHseT AJis JalbHEHUIIEro UCIONIb30BaHus; « OUUCTUTH BEIOOP)» — yIaIseT BBIOPAHHbBIE TOUKH
U1 IOBTOPHOT'O BBIOOpa KpaéB 3TaIOHHOTO 00bekTa; «OTMEHa» — BBIXOJUT U3 OKHA KaTUOpPOBKU MacITada.

[Tonmento «Havate n3mMepeHue NpoMepoB» — OTKPHIBAET OKHO JJIsl BBO/Ia HATYPHBIX U3MEPEHUN po-
MEpOB.
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MNocne, CETYL Y- nowaom

NMopoaa Acwanwm - 0

Macca rowaan{Matopun) - 459,30 Kr
BoicoTa B xoaxke - 134,47 Cm

Kocan anmua tena - 144,07 Cma
Narma rpyam - 61,38 Cwm

PeanoHoid obxsat rpyaw - 168
OOxpaT rpy.am - 179,88 Cm

OGxBaT NMACTIA - 20,44 Cu

MaciuTat: 0,18 CruTlwsc nvms STaAGHHOTD oOmext « 2081 1 v s g s 21123

Puc. 2. OcHoBHOE OKHO rpaduueckoro uuTepdeiica.
[Fig. 2. The main window of the graphical interface].

Puc. 3. KOHTpOIIbHBIC TOYKH U PACCTOSHUSI MEXK1y HUMHU B CM (TOsyOble JTHHUK). KpacHBIMHU JIMHUSIMHU [OKa3aHbl H3MEPSEMbIC
POMEPBHI.
[Fig. 3. Control points and the distances between them in cm (blue lines). The red lines show the measured measurements].

H3mepenue npomepos.

[Monmento «HauaTe u3mMepeHne IpoMepoB» — OTKPBIBAET OKHO JUIsI BBOJA JJAHHBIX O HATYPHBIX IMPO-
Mepax Jomaau (puc. 7). HyxHo BBecTH Takue mapaMeTphl Kak: WICHTH(PHUKAIMOHHBIM HOMEp, 00XBaT TPyIu
u Maccy somann. [Tocne aToro npu Ha)xxaTun KHONKHU «Jlanee» MpuIokeHHe MEPEXOIUT B PEKUM U3MEPEHUS
o ¢oto. ITonb30Barento Hy)KHO BBIOpaTh TaKHE KIIFOUEBbIE TOUYKU KaK: BHICOTY B XOJIKE; KOCYIO JUTHHY Tela;
JMHUIO TPYAX; 00XBAT MACTH. DTH JaHHbIE aBTOMAaTHYECKH 3anmuchiBatoTcs B BJI.

3arpysute $oto | | 3agath MacwTab Hauate 3MepeHUE NPOMEPOE 1 COX[JIEHHTb ] 1 Ouucrue Bhlﬁop 1 1 Otmena ]

Puc. 4. BepxHee HeHTpaabHOE MEHIO. Puc. 5. MeHio coxpaneHust / HeCOXpaHEHHs MacIITada.
[Fig. 4. The upper central menu]. [Fig. 5. The menu for saving/not saving the scale].




o®  Kanubpoexa macwraba

Beegute AnnHy 3TanoHHoro obrexTa B cM (263 4]

Puc. 6. OnipesienieHue pacCTOSTHUI MEXIy KpecTaMu Ha (oTo.
[Fig. 6. Determining the distances between the crosses in the photo].

1 Bregute gasubie 470 KIMEPEHHA NPOMEPOR - a *
1D Ao waam :1
Macea nowagw (& er) |.q3.q
Ofuear rpyam (8 cm) [168
Danee

Puc. 7. OxHO U1 BBOJA HATyPHBIX U3MEPEHHUIA.
[Fig. 7. A window for entering field measurements].

Mento pacuemog npomepos nowaoeti no 0OUHOYHOU homocpagdu.

Menwo «HHCTpyMeHTBI-OKHO» BKIJIIOYAET: MoAMEHI0 «HCTpyMeHThI» s (otorpadupoBaHus u3
POTrpaMMbl; MoJAMEHI0 «OKHO» — OTKPBITh CIIUCOK JIOMIA/IeH (PUCYHOK 8) — MO3BOJISICT HAM OTKPBITh TAOIHILY
C U3MEPCHHBIMHU 110 OJIMHOYHOMY (POTO C MapaMeTpaMu: BHICOTA B XOJIKE, KOcasl JUIMHA TeJa, JIUHUS TPYIIH,
paccurTaHHBIA 00XBaT TPyIH, U3MEPEHHBIA 00XBAT IPy/H, U3MEPECHHAs Macca, pacCUMTaHHAs Macca, 00XBar
msicTu (pucyHok 9). Kpome Toro, paccunThiBaroTCs KOAGGUIIMEHTHI KOPPEISAIUN MEXYy H3MEPECHHBIMH U Pac-
CUYUTAHHBIMH MaCCaMH.

1¥ Vsmeputens npomepos nowagei

Mucrpymenmel | Oxro
—_— Omepeime/32Kpeime HHGOPMALMOHHYTO N2HEAL
OmxpeiTe cAHCOK NOLWAALH

doto | 3apame macwrab | Hauate uamepenne npomepoe

Puc. 8. Menro «OkHO» 1 TOAMEHIO «OTKPBITh CIIMCOK JIOIIAACH.

[Fig. 8. The « Window» menu and the «Open list of horses» submenu].

Pe3yabrars.
B xoze BITOTHEHUS HCCIe0BaHUS OBUT pa3paboTaH MPOrpaMMHO-TEXHHUYECKUH KOMIUIEKC ITOJTyaBTO-
MaTHYECKHX MPOMEPOB JolIaiel MeToioM (oTtorpadupoBaHus 0 OAUHOYHOMY CHUMKY. Co3aHHas cuctema




MMO3BOJISICT aBTOMATU3HUPOBATH ITPOLECC 60HI/ITI/Ip0BKI/I nomaz[eﬁ U IMOBBICUTH TOYHOCTH I/ISMCpeHI/Iﬁ OCHOBHBIX

mapaMeTpoOB )KUBOTHOTO.

MHdcdopmaumoHHanA NnaHene

3arpyzuTte doTo . Sagate macwtab E

s® Cnuncok npomepoe nowageii

WaeHmudukatop Bricota e Kocas anuna Nurna O6xeaT
xonke(cm) Tena(cm) rpyan(cm) rpyamicm)
1271 139,5 59,0 172,9
2 134,2 147,9 61,5 180,2
3 127,5 143,5 61,0 178,8
4 129,0 1328 57,5 168,5

Puc. 9. dparmeHT TaOIHIBI TApaMETPOB, N3MEPEHHBIX 10 OHHOYHOMY (HOTO.

[Fig. 9. Fragment of the table of parameters measured from a single photo].

Pa3pabotanbl 1 peaar30BaHbl OCHOBHBIE MOAYJIH MOAIPOTrpaMM MOAYIb (oTorpadupoBaHus, MOAYIb
KaJTHOPOBKU M300paKeHUs (MAacIITaOMPOBAHUS ), MOAYJIb U3MEPEHHS JTMHEHHBIX MTapaMEeTPOB JIOIIA/I1, a TaK-
’KE MOJYJb pacyeTa OKPY>KHOCTH T'PyAM M Macchl )HBOTHOTo. PaGora Bcex Momyneil oOecriedrBaeT moiy-
YeHHE HEOOXOAMMBIX MTPOMEPOB 10 OAHON (oTorpaduu 6€3 MPUMEHEHHS CI0KHOTO CIICIUATU3NPOBAHHOTO
00opynOBaHUsI.

B npouecce nccnenoBanus NpeasioxKeHbl HOBbIE METO/Ibl AaBTOMATU3UPOBAHHONH OOHUTHPOBKH JIOIIIA-
e, OCHOBaHHbIE Ha aHanu3e u(poBoro n3odpaxxkeHus. [ onpeneneHus: OKPyKHOCTH rpyau Oblia paspa-
OotaHa crieranpHas (opMmyla rnepexona OT JMHUH TPYIU K 3HAYCHUIO OKPYXKHOCTH, YTO TIO3BOJIMIIO MOBBI-
CHUTb JOCTOBEPHOCTH BHIYMCICHUN MACCHI )KUBOTHOTO.

[IpakTHdeckas 3HAYMMOCTh PE3YJIBTATOB 3aKII0YAETCS B BO3MOKHOCTH MPUMEHEHUS Pa3pabOTaHHOM
TEXHOJIOTHH B ’KMBOTHOBOAUECKUX X03sHCcTBaxX Ka3axcraHna ijsi yCKOpPEHUS M yIPOIICHUS CEIIEKIIMOHHOM pa-
0O0TBI, KOHTPOJISL COCTOSIHHS TIOTOJIOBbsSI M BEACHUS ydeTa. Mcrnonb30BaHne MporpaMMHO-TEXHIUECKOTO KOM-
TUIEKCA CHIKAET TPYAOEMKOCTh MPOBEJCHHUS TPOMEPOB U MUHUMU3UPYET BIMSIHUE YEIOBEUECKOTO (paKkTopa.

bt mpoBesieH pacueT Macchl Jomaan mo ooxsary rpyau. B 1O 6puta peanuzoBana GpyHKIUS pacyeTa
Macchl JIOMIAAN 1o TUHUK (GoTorpaduposanus rpyau. [1o nuHum rpynu, noixydeHHol Metoaom ¢ororpadu-
POBaHUsl, paCCYMTHIBAJICS 00XBAT IPyAH HA OCHOBE pazpaboranHoi Gopmynbl. 3areM 1o 0OXBaTy IpyIu BbI-
YHCIsUIAch Macca Jtomaan no A.A. Maropuny — 2. PacueTsl moKa3aiu XOpOIIyI0 KOPPENSLUIO: U3MEPEHHBIX
Macc JIomaei u paccuuTaHHbIX 10 GoT1o. Tak, kodddunmeHT koppemsiun o 18 momassm cocrapmit — 0,92.

Hayunast HOBH3HA pabOTHI COCTOUT B TOM, 4YTO BIiepBble B Ka3zaxcrane pazpaboTaHa TEXHOJIOTHS aB-
TOMAaTU3UPOBAHHONW OOHUTHUPOBKH JomIasieil MeTooM ¢oTorpadupoBaHus MO0 OJIMHOYHOMY CHUMKY. [lomy-
YEHHBIE Pe3yJIbTaThl MOTBEPIKIAIOT NEPCIEKTUBHOCTh MPUMEHEHHSI COBPEMEHHBIX IU(POBBIX TEXHOJIOTHH U
METOJIOB KOMITBIOTEPHOTO aHalu3a H300pakeHuii B cpepe KUBOTHOBOCTBA.

3akirouenue.

B pesynbrare npoBeieHHBIX pa0boT ObLT pa3padoTaH METOl ABTOMAaTU3UPOBAHHON OOHUTUPOBKH JIOIIIA-
neit (mpoMepsl) Ha OCHOBE OJJMHOYHOTO ITU(PPOBOTO M300pakeHus (KaK HauboIee MPUEeMIIEMBIH ), TAKKe ObLT
CO3/1aH MPOrpaMMHO-AINAPATHBIN KOMIUIEKC JJ1si OOHUTHPOBKH JIOIIACH (TIPOMEPHI).

Merton nHaubonee moaxonuT K ycrnoBusiM KazaxcTana, Tak Kak M3MEpPEHHsI Yalle BCEro MPOBOIAT B
«T10JIe», Ha OTJAJICHHBIX ydacTKaxX. JlaHHBIN MeTon He TpeOyeT ocoObIX ycioBuil it GoTorpadupoBanus,
HEOOXOIMM TOJIBKO PAaCKOJI CO HIKAJIaMHU U Kamepa.

Pewrens! 3anaun:

— Coznan momynb noanporpammsel (MIIIT) ¢ortorpadupoBanus;

— Coznan MIIIT xanubpoBku (oTorpaduu (MacmrabupoBanus);

— Coznan MIIII n3mepenus TMHEHHBIX TapaMETPOB JIOIIAHN (BbICOTA, KOCasl IJIMHA TeJla, IMHUS TPY-
i),

— Coszman MIIII pacueTa OKpYKHOCTH TPy U MACCHhI JIOMIAIN; CO3/1aH HHTEpdeiic MoIb30BaTeIs.

Ha ocnoBanmnu coznannoro [ITK ompenensercs: BpicOTa B XOJKe, KOcas JJIUHA TYJIOBHUIIA, 00XBaT
rpynu, macca ocoou. IITK npeanasnauen 1uis nnpoBU3aiui ¥ aBTOMaTH3AIMK IPOLIECCOB 110 HAAJISKAIIEMY
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BEJICHUIO CEJIEKIIMOHHO-TIIIEMEHHON paOOTHI.

ITHYECKHE aCTEKThI.

Bce npouetypsl ¢ yuacTreM )KMBOTHBIX TPOBOJWIIMCH B COOTBETCTBUH C MEXKTyHAPOAHO- IPU3HAHHBI-
MU IPUHIUTIAMU TYMAHHOTO OOpAaIEHUs C )KUBOTHBIMH U JEHCTBYIOLIUMI HOPMAaTUBHBIMU TPEOOBAHUSMU.
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Abstract. The article presents the results of a study on body measurements of camel calves of the
Kazakh Bactrian and Turkmen dromedary breeds raised in the southeastern region of Kazakhstan. The
research examined body measurements at birth and at 6, 18, 30 and 42 months of age, considering age and sex
differences. In recent years, farmers in southeastern Kazakhstan have increasingly bred Turkmen dromedary
camels along with local Kazakh Bactrian camels. The Turkmen Arvana dromedary is adapted to the hot
climatic conditions of desert and semi-desert areas of Kazakhstan and Central Asia. The Kazakh Bactrian
breed can be raised in both hot regions and areas with severe winters, maintaining high productivity. The
study was conducted at the “Daulet-Beket” LLP farm in the Ili district of Almaty region. Changes in body
measurements of different camel breeds depending on age and sex were determined based on individual
animal measurements. The obtained results showed differences in body measurement indicators between
Kazakh Bactrian and Turkmen dromedary calves from birth to 42 months of age. Turkmen dromedary calves
had higher withers height and oblique body length compared with Kazakh Bactrian calves while lower values
were observed for chest girth and cannon circumference. Therefore, the main body measurements of calves
of both breeds reach their maximum development by 42 months of age. Further body formation is associated
with changes in conformation and adaptation to environmental conditions. Knowledge of camel growth and
development patterns is essential for efficient rearing, preservation of young animals, improvement of breeding
characteristics and increasing productivity.
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AnHoTanusl. Makanana Ka3zakcTaHHBIH OHTYCTIK-IIBIFBIC aliMarbIHJA ©CIPUIETIH Ka3zak OakTpuaH
XKOHE TYPIKMEH JpoMenap Tyie TYKbIMaapel — OoTamapsl Tyrauzaa, 6, 18, 30 xoHe 42 ailNbIK KachIHAAFbI
JIeHE eJIIIEM/IEPIH KAChIHA >KOHE JKbIHBICHIHA Kapai 3epTTey HOTHKesepl yCbiHbUIFaH. KeHiHri Kblamapbl
KazakcTaHHBIH OHTYCTIK-LIBIFBIC OHIPIH/IE KEPTUTIKTI Ka3aKThIH KOC ©PKEIITI OaKTpHaH TyienepiMeH KaTtap
TYPIKMEHHIH 01p epKeIITi poMeaap TyileaepiH ecipyre KbI3bIFYIIBUIBIK apThII Kesei. bip epkemTi TypikMeH
apyanacsl Kazakctan men OpTa A3HSHBIH 1116J1 )KOHE II6JICHT aliMaKTapbIHBIH bICTHIK KJIMMaTbIHA )KaKChI OeH-
iMzienreH. AJ KOC ©pKeITi Ka3ak OaKTpuaHbl bICTHIK aiiMaKkTap/ia faHa eMec, KbIChI asi3/Ibl XKa3blK aliMakTap/aa
Jla ecipiIin, Korapbl eHIMALTIK KepceTeni. KyMbICThIH MakcaTbiHa colikec Ka3akCTaHHBIH OHTYCTIK-IIBIFBIC
aliMarbIH/a ©CIPUIETIH TYHe TYKbIMJAphIHBIH JCHE OJIIIEeM/IEPiHIH jKachlHA YKOHE KbIHBIChIHA OalIaHbICTHI
e3repy epekuenikrepi AnMarsl 00bICH L1e aynanbiHnars! «Jlayner-bekery skayankepIuiiir mekTeysi cepik-
TECTITIHIH LIapyallbUIbIFbIHA TYHEIEp/iH AeHE OJIIeMIepiH KeKe ollley HOTHKeIepi OOMbIHIIA aHBIKTA-
Ibl. AJIBIHFAH MOJIIMETTEp/l Tajiay Ka3ak OaKTpHaH jKoHE TYPKIMEH JpoMenap Tyle TYKbIMIapbl O0TanapbiH
KBIHBICTBIK Oelriiepi OOMbIHILA CabICThIPFaH/a, TyFaHHAH 42 alNIbIK *Kacka JeHIHT1 Ke3eH e AeHE OJIIIeM-
JIepiHiH KOpCeTKIIITEpiHAe allbIpMaIIbUIBIKTap 00MaThIHBIH KepceTTi. TypKiMeH Ipomenap »oHe Ka3zak Oak-
TpHaH TyHe TYKbIMAAapbl OOTaJapbIHBIH JIEHE OJIIEeMICPiH CalbICThIpFaHaa, TyFaH Ke3ae xoue 6,18,30, 42
alJIBIK JKacTapbhlHIA HIOKTHIFBIHBIH OMIKTIT1, TYJIFACHIHBIH KUFAIIl Y3BIHBIFBI JKOFAPBI, Al Key/Ie KOHEe Olne3ik
opamapsl TeMeH Oonzpl. Ocbutaiiiia, exi Tyie Tyile TyKpIMIapbl OOTaJapbIHbIH JIeHe eJIeMIepl TyFaHHaH
Oacran 42 ailnblFblHA IEHIHIT Ke3€HAE €H JKOFaphl JACHIeWre eTeal, ajl ofjaH opl JeHe MILIiHIHIH e3repyi,
aF3aHbIH TaOWFHM opTara OelimzenyiHe OalIaHBICTHI XKaHyapiap dJeMiHe TOH Oacka Ja KacHeTTep apKbUIbI
KasjbinTacasl. Tyienepai ecipy Ke3iHe oJIapIbIH JKEKe 6cy KOHE J1aMy 3aH/IbUIBIKTapbhl MEH epEeKIIETIKTepiH
01Ty JKac TeJ/IiH 6Cyl MEH J1aMybl YIIIiH FaHa eMeC, COHBIMEH KaTap TYHEHIH achbUl TYKbIM/IBIK 5KOHE OHIMILUTIK
KAaCHUETTEPiH apTThIPY YIIIH € YJIKEH MaHbI3Fa He.
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AnHoTanus. B cTarbe npeacTaBneHbl pe3yabTaThl HCCIEA0BAHUS IPOMEPOB Tea BEpOIIOKaT OpoT
BepOIIOIOB Ka3aXCKUN OakTpHaH M TYPKMEHCKUN TpoMenap, pa3BOAUMBIX B IOT0-BOCTOYHOM perunoHe Ka-
3aXCTaHa, B 3aBUCMMOCTH OT BO3pacTa M 1MoJjia IpHu POKICHUH, a Takxke B Bo3pacte 6, 18, 30 u 42 mecsies.
B mocnennue ronbl B 10ro-BOCTOUHBIX pernoHax KaszaxcTana Hapsily ¢ MECTHBIMH Ka3aXCKHUMH JIByTrOpObI-
MU BepOtoaMu OO/l Ka3axCKuil OakTpuaH ¢epMepsl BCe yallle 3aHUMAIOTCSl pa3BeICHUEM OTHOTOPOBIX
TypKMEHCKHX apomenapoB. OnHoropbasi TypKMEHCKasi apyaHa XOpOIIO MPUCIIOCOONIeHa K JKapKUM KIIMMa-
TUYECKUM YCJIOBHSIM MyCTHIHHBIX U MOMYMyCTHIHHBIX 30H Ka3axcrana u Cpenneld A3uu, Torna Kak JIByrop-
Oyro mopoay BepOItoaa Kazaxckuil 6akTpuan 3pGEeKTUBHO Pa3BOIAT HE TOIBKO B KAPKUX PErHOHAX, HO U B
PaBHUHHBIX MECTHOCTSX C CYpPOBBIMU 3UMHBIMU MOPO3aMH, COXPaHsis MPU 3TOM BBICOKYIO MPOAYKTUBHOCTD,
XapakTepHYIO JIJIsl JAHHON MOPOJbl. B COOTBETCTBUM C LENbIO UCCIIEOBAHUS 0COOCHHOCTH U3MEHEHUS MPO-
MEpOB Teja BepOIII00B Pa3INyuHbIX MOPOJ B 3aBUCUMOCTH OT BO3pacTa u nosa 01 u3yueHsl B TOO «/lay-
net-beker» Unuiickoro paiioHa AIMaTHHCKON 001acTH HA OCHOBAHUU PE3YyJIbTaTOB MHIMBUIYaIbHBIX U3Me-
pEHUIT )KUBOTHBIX. AHAIN3 MOTYYSHHBIX JAHHBIX MOKa3all HATMYUE Pa3IuyHii B MOKA3aTeNIX MIPOMEPOB Tela
BepOIIOKAT MOPOA Ka3axCKUi OaKTpUaH U TYPKMEHCKUH IpoMeaap B EPUOJT OT POXKIACHUS 10 42-MeCSIUHOTO
BO3pacTa B 3aBUCUMOCTHU OT noja. [Ipu cpaBHEeHUN pOMEpOB Tejla yCTaHOBIEHO, YTO BepOItoKaTa TypKMEH-
CKOT'O IpoMeZiapa MPEeBOCXOMIN Ka3aXCKUX OAKTPHUAHOB 10 BHICOTE B XOJIKE U KOCOH JIJTMHE TYJIOBUIIA, OJJHA-
KO YCTYIaJH UM 10 00XBaTy Ipydu U 00XBary MsACTH. TakuM o0pa3oM, OCHOBHbBIE IPOMEPHI Tenla BepOIIoKaT
o0eux Mopoj] MHTEHCUBHO (OPMUPYIOTCS 10 42-MECSAYHOTO BO3pAacTa, MOCJE Yero AalbHEiInee pa3BUTHE
CBSI3aHO C U3MEHEHHEM TEJIOCIOKEHUS U aJanTalKeil opranu3Ma K IpUpOAHBIM YCIOBUSIM Cpe/Ibl. 3HAHUE 3a-
KOHOMEPHOCTEH pocTa U pa3BUTHUs BepOIIOI0B UMEET BaXKHOE 3HaUeHue A5l 9PPEKTUBHOTO BHIPALTUBAHUS U
COXpaHEHUsI MOJIOJHSKA, a TAK)KE COBEPIIICHCTBOBAHUS TUIEMEHHBIX Ka4eCTB U MOBBIIICHUS MPOTYKTUBHOCTH
KUBOTHBIX.
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Kipicme.

®AO craTUCTUKAJIBIK MOJIIMETIHE COMKec, oyieM OOWBbIHIIA TYHENepiH *allbl CaHbl IamMameH 35
MWIJIHOH 0acThl Kypaiabl. OieM/ie Tyie mapyanbUlbIFbIHBIH OHIMAEP] Kbl CalblH aMaMeH 1 MUIIHOH
TOHHA Tipi canMakTarbl eTTi, 100 MBIH TOHHAJAaH acTaMm KYHII XKoHE 1,2 MUJUTMOH TOHHA CYTTI ©HIIpeni
[Faye, 2015].

Adpuka KypablFeiHIa 12 TYKBIMIABIK Jpomenap ecipiieai (3153 MbiH 6ac Hemece aneMik Tyile ca-
HBIHBIH 17 %-b1), OyJ1 OChbI TYiie TYKBIMBIHBIH 21 %-bIH Kypaiasl. A3ust MeH Myxut aiimarbiaga 9 npomenap
TYKBIMBI JKoHE 5 6akTpHaH TYKbIMBI ecipineni (3570 MbiH 6ac Hemece aneMaik Tyie 0achiHbIH 19 %-b1), Oy
Tyie TYKbIMAApbIHBIH 25 %-bIH Kypaiiabl. Tasy HIsirsicTa 31 Tylie TYKbIMBI ©cipiiiesii, OHbIH imminae 29 apo-
Menap >koHe 2 6akTpuaH TyKbIMbI 6ap (12073 MbiH Oac Hemece aneMaik Tyie O0achiHbIH 64 %-bI), Oy TYiie
TYKbIMIApBIHBIH 54 %-bIH Kypaias! [Raiymbek, et al, 2015; Hoffmann, 2010].

Kazakcran Tapuxu TypFbIIaH ajlFaHa eXelJleH MaJl ecipymli ei1. MaJj mapyalblIbiFbl Ka3aKTapAablH
TYPMBIC- TIPIILUTITiHIH HET131, 9p1 KOIIIeNl XalIbIKThIH €H MaHbI3/Ibl canackl OonFad. Ma mapyambuTbIFbIHBIH
JaMyblHa KeH OalTak TaOuFH xKalbUIbIMIApIbIH OOTYbI BIKIAJ €TKEH.

OHIMIUTIK TYPFBICBIHAH TYile IIapyallbUIbIFbl 0aChIM AaMBbIN Kejle KaTKaH Ka3zakcTaHHBIH OHTYCTIK
— 0aTbIC, OHTYCTIK- IIBIFBIC aliMaKTapbIH/AA MIapyaHbIH OeJICEH I ic- OpeKeTiHe OaaHbICTHI MIeJi- IeeHT-
Ti JKepIep/li maianany Moceneci oTe 03eKTi O0bIn TadblIaabl. Ka3akCTaHHBIH 116JI- MOIEHT KarIalbIHIa
OHIMJII TY#e IapyalblIbIFbIH KOCIIAFaHa, a3bIKThIK PECYPCTAP/IbIH TAIIbIIBIFbIHA OalIaHbICTHI CYTTI MYH-
13711 1pi Kapa MaJjl [apyalbUIbIFbIH JaMbITY 6Te KUbIH. COHJIBIKTaH, TYHe apyalibulbIFbl-09cekere KaoiieTTi
HapBIKTHIK YKOHOMHUKaHBIH OapiblK aTpuOyTTaphl 0ap a1eyMeTTiK HHPPAKYphUIBIMIBI 1aMbITa OTHIPHII 1116JI-
HI6JICUTTI )KepIIepAi MapyalbUIbIK KbI3METIHE MaiganaHyFa MYMKIHIK OepeTiH MaJl IapyalblIbIFbIHBIH O1p-
neH- Oip canachl Oombinl caHamnaael [Pasyan sxone 1.6., 2026].

Tylie mapyalblUIbIFBIH 3aMaH Tana0blHA cail jkaHa, )KOFapbl JACHIeHre IaMbITy, opi KOTepy FbUIBIM
KETICTIKTepl MEH O3bIK TIXKIpHOeIepl OChl cajlaFa eHri3y apKbUIbl FaHa MYMKiH Oonaabl. Kazakcran epre 3a-
MaHHaH Ka3aK OaKTpuaH *oHe TYPKIMEH JpoMesap Tyiie TYKbIMAApbIH ecipylli peciyOirka O0bIN caHaIabl
[Baimukanov xone 1.0., 2020, Baimukanov xane T1.0., 2023].

2026 xwuiablH 1 KaHTapbIHAAFE MoTiMeTKe cail Kazakctan PecnyOnukaceiHnarsl Tyiie canbl 292,0
MBIH 0acTbl Kypaiiibl. OHIIPICTIK TyiHe MIapyallbUIbIFbIH JaMBITY YKaFJalbIHIa HET13r1 Macese — Tyie CYTiH
OHJIIpYy/l TYPaKThl 1aMbITy, cebebl Tyile CyTiHe JIereH CYpaHbIC OHBIH OHAIPICTIK MYMKIHJIKTEpIHEH achlIl
Tycyze.

AybIJ IapyanibuIbIFbl MaJIJAPbIHBIH JAMYBIHBIH HET13T1 3aHbUIBIKTAPbI, OJapAbIH 6Cy OapbIChIHIAFbI
JIeHE JIILIEM/IEPiH ally KOJIBIMEH, IKCTephep HEMEeCe ChIPTKBI KeJIOETIHIH e3repicTepiHe Kapail OTIPbIN OaKbl-
nay OOJIBITT TaOBLIABI, OP1 aF3aHBIH JKEKE IaMybl, 6CYl MEH OENTUIEep/IiH CAH IbIK JKOHE canaiblk AudQepeHiu-
sTIay/IbIH apachIHIAFbl aKbIpaMac KapbIM-KAaThIHACBIHBIH apKACBhIH/A KY3€Tre acabl

Oze0MeTKe IoNIyFa Colikec ocy - AaMy/blH O1piHINI KaFbl, EKIHIIIIEH - CallajbIK KaJbIITacybl €KEH-
TIriH, a1 ecy - Tipi aF3ajarbl )kaHa KaJbIITacyJapAblH HOTHXKECIH/IE CaHbl ©3repill OTHIPAThIH, aF3a KJIeTKa-
Japbl CaIMaFbIHbIH, OHBIH YJIajap MEH MYILIENEpiHiH y3bIHAa OONFHI )KOHE KeJIeM/Il ©JIeMIEPiHIH YIIFatObl.
JKanmel, Tylie Manbl KbIC ME3TUTIH/E ©3/1epiHiH 6acTankbl canMareiHbIH 5 %-1aH 20 %-Ha IeiiH KoFanTaThl-
HBI, 5Ka3 ME3TUIEPIHIH COyip-TaMbl3 )KOHE KY3T1 KbIpKYHeK-Ka3aH ailTapblHbIH apajibiFbIH/A OJap.IbIH KAKChI
KOHJIaHAThIHbI aHbIKTaNFaH. bip epkemri Tyienepai, acipece, onapblH TOIAEPIH KalbII CEMIPTY MEH KeM-
JeyAl YIITacThIpa OTHIPHIN OAaKKaH/a, COMBIC MIBIFBIMBIH 53 %-Fa JeliH KeTepill, )KOFapbl KOHJIBUIBIKKA KY3
ME3T1TiH/IE KO XKETKI3yre O0NaThIHbI AomenaeHreH [baiimykanos xoHe T1.0., 2021].

Kazakcranaa Tyiie mapyamibuiblFbl Maj MIapyalbUIBIFBIHBIH 0acKa caiajapblHa KaparaHia apTTa Ka-
JBIT Kenenli. ©OUTKeH1 OKiHIlIKe opai, Tyiie eHIMIUIITIHIH canachklH apTThIPY Kasipri TajanTapra cail emec.
CoHJBpIKTaH, TYHe IapyalblIbIFbIHAA aChUT TYKBIM/IBI KYMBICTBIH JCHI€HIHE epeKIle Ha3ap ayaapy Kepek
[baiimykaHoB xoHe T.6., 2000].

ACBUT TYKBIM/IBI Ka3aK OakTpuaH TYHe TYKbIMbI Typalibl FbUIBIMUA MAJIIMETTEP/1 TajAail OTHIPHII, TYH-
eJIepIiH TYKBIMJIBIK KYPBUIBIMBI MaJIJapAblH CaHbl MEH TYpl OOMbBIHINIA EKIYIITHI: OJapAblH KypambIHAa ipi
TylerepMeH KaTap ycak Tyienepi ae 6ap, SFHU o1ap caJMaKTapbl MEH JieHe OiTimi OolibiHIIa apTypii [Myca-
eB oHe T.0., 2001; Mycaes, 1992].

Onebuer aepekrepi OoiibiHIIA Ka3ak OakTpuanmapblHbiH Opan-bekel Tumi epkeminin apacsl 180—
200 cm, keyze Kybicsl 240-250 cm, epecek ataibIKTapablH opraiia Tipiieit caamarsl 800-900 Kr, eH KaKChIChI
mamamen 1000 kr, anansik Tyiie 630—700 Kr Kypaiiabl. ATaabIKTapbIHbIH JKbUIABIK KYH KbIPKbIMBI 9—10 Kr,
aHanbIKTapbIiHiKe 5—7 KI. Kazakcranaa opra ecemnreH Ka3zak OakTpuaH Tyiesaepl MblHa/ail KepceTKiTepre




We: aTaJbIKTapbIHBIH Tipiiei canmarbl 680—850 kr, ananbikTapbiHike 520—670 Kr; cayblH Ke3eHiHIH 8—19 aii-
napbiHaa cyT eHimi 840-tan 1827 kr-ra AeiliH, xeke cayblH Tyhenepae 2568 kr; 2,5-3 xacbiHaa OopaaKblia-
yIarsl jkac Tyhenepaiy canMarsl 260-275 kr kypaiinsl [Mycaes xone T.6., 2001].

Kanmbr kazak OakTpuaH Tyie TYKbIMBI KeJeCl CEeNeKIUSUIBIK KOPCETKIITepMEH CHUMaTTajIabl:
HIOKTBIFBIHBIH kep/ieH OuikTiri 180—189 cM, TyiFackIHbIH KUFall Y3bIHABIFEI 164—170 cM, keyne opambl 235-
258 cm, Oinesik opambl 20,5-24,5 cwm, Tipinei canmarsl 720—768 K, )kyH KbIpKbIMBI 11,0—13,5 k1. TYKBIMIIBIK
*a3z0anap OoiibiHIIA Tyile monmysuschiHbIH 87,8 % Ka3ak OakTpuansl [baiimykanos, 2001]. Anaiina, FbulbI-
MU JKYMBICTa Ka3aK OaKTpUaH Tyie TYKbIMBIHBIH JICHE OJIIIEeMIEPiH 3ePTTEreHMEH, OapAblH Kac epeKIIeTiK-
TepiHe OalIaHbICTBI ©3TepiCTep TONBIK KapacThIpbLIIMaFaH.

Kazak OaktpuaH MeH Kazak JApoMeaap Tyhe TYKbIMIapbl OOTalapbIHBIH OAPIBIK Kac apaliblK Ke3eH-
JepiHIe OJapIbIH KBIHBICTHIK Oeiriiepi OOMBIHINA CAJIBICTRIpFaHAA TIPUICH caiMaKTapbl KOPCETKIMITEPiH-
Jie allbIpMalIbUTBIKTaphl aliKbIH OUTiHAl. TyraH Ke3iHje jKoHE TyFaHHAH KEHiHT1 ©cCil-AaMybIHbIH aJFallKbl
12 aiipiHza Tipisiel cajMarbl OOMBIHINIA €PKEK JKOHE Ypralibl OOTanap/blH apachlHlIa alTapibIKTal albIp-
ManIbUIBIKTap OaiikanMassl. botamap 6ip xacTtan ackaH/ia ypraiibl 00TallapMeH CalbICThIPFaH/1a epPKEKTEPIHIH
TipiJiel caJIMaFbIHBIH OipIiaMa >KOFapbl ©CIMTAJIBUIBIFBI OaiiKaapl. Exi skoHe yII skacapbIHa Tipijaei cai-
Marbl )KOHIHEH €PKEK KOHE YpFalllbl 00TanapAblH apachlHAaFbl allbIpMAIIBUTBIFbI CTATUCTUKAJIBIK HAKTHI Jope-
xene 6onasl [Kypmano6aii, 2006].

Kanmer Y. KypMan6aiiibiH 3epTTeyi Kazak OakTpuaH MEeH Ka3ak JIpoMeaap Tyie TYKbIMIapbiH KaMThI-
ca, 013/11H 3epTTeyiMi3/ie Ka3zak OakTpuaH MeH TYPKIMEH Apomenap Tyke TYKbIMAapbIHbIH KOPCETKIIITepiH
CaJbICTBIpYFa OaFbITTaIFaH.

Kazakcranaa acbul TYKbIMABI TYiHe ecipimn, mry0aT eHAIpeTiH ipi MapyambUIbIKTapAbslH  0ipi AnMa-
ThI 00bICHl lne aymaHbIHBIH AKIIM ayblUibiHIA opHanackaH «Jloyner-beker» XKIIC. CepikrecTiH Man mia-
PYalIbUIBIFBI KeIIEHIHACT] KalbUTBIMIBIK xKep konemi 45000 rexrap, Tyite cansl 5000 6ac. Lllybar enaipyre
OarpITTaIFaH 2,5 MBIH 0ac achIITYKBIMJIBI TyHe Oap, opOip aHABIK Tyie KyHiHe 5—7 nutp cyT Oepeni. Tyiie
CYTIH ©HJICUTIH 3aMaHayu KOHABIPFhLUIAPMEH KaObIKTaIFaH 11y0aT [eXbIHbIH KyaTThIIBIFBI TOYIITiHE 5 TOH-
Ha [IlapyamsiisikTa Tyiie Majbl €Ki )KOJIMEH cayblia/ibl: KOJIMEH KoHe cayy amnmnaparrapbiMeH. CayblH 3aJ1bIH-
na Agralis pupMachIHBIH HEMiC KOHIBIPFbUIAPBIMEH Ka0AbIKTaIFaH Tyienep/ii MalllMHaMEH cCayaTbiH 8 OpbIH
Oap. OpuHe, Tyiie mapyalbUIbIFBIH 3aMaH TajJa0bIHa cail )KaHa, )KOFaphl ICHIelre JaMbITy, 9p1 KOTepY FHUIBIM
KETICTIKTEep1 MEH O3BIK TOXKIpHUOenep/ii OChl cajara €Hrisy apKblIbl FaHa MyMKiH Oonassl [[layneros, 2021].

Kasipri ke3zae enimizzie ecipiiin xaTkaH Tyle TYKbIMIAPbIHBIH OCIN-1aMy 3aHJIbUIBIKTAPbIH aHbIKTa-
MaM, oJap/bl TUIMII Maianany, 9pi OHbIH FHUIBIMU HET13eNITeH TEXHOJIOTHACHIH )Kacay MyMKiH emec. CoH-
nbikTaH, KazakcTaHHBIH OHTYCTIK-IIBIFBIC alMaFbIHAA OCIPUIETIH TYHe TYKBIMIAPBIHBIH OCY KOHE 1aMy 3aH-
JBUTBIKTAPbIH aHBIKTAY, OJIAP/AbIH OHIMIUTIK-OHOIOTUSIIBIK €PEKIIETIKTePIH 3ePTTEY OTE O3€KTi.

KazakcTaHHBIH OHTYCTIK-IIBIFBIC OHIPIHIE OCIPUICTIH Ka3aK OaKTpraH MEH TYPKIMEH JpoMeap Tyie
TYKBIMJIapbI TOJIIEPIHIH JEHE OJIIIEMICPIHIH KaChIHA )KOHE JKbIHBICHIHA OaMIaHBICTBI ©3Tepy 3aHIbUTBIKTaphI
aJFanl peT KemeHAl Typae aHbIKTaIbl.

KymbicTeIH MakcaThl — KazakcTaHHBIH OHTYCTIK-IIBIFBIC alMaFbIHAA ©CIPIIETIH Ka3aK OaKTpUaH MEeH
TYPKIMEH JpoMenap Tyile TYKbIMIapbIHBIH TOJICPiHIH JIEHE OJIIeMIepiHiH KachblHa )KOHE JKbIHBIChIHA Oaii-
JIAHBICTHI ©3TePY 3aHJIBUIBIKTAPbIH aHBIKTAY.

3epmmey ncymoicoinviy minoemmepi: KazakCTaHHBIH OHTYCTIK-IIBIFBIC aliMarbIH/Ia ©CIPIIETIH TYlie
TYKbIMJIaphl TOJJIEPIHIH JKachIHA JKOHE KBIHBIChIHA OalIaHBICTHI JIEHE ONIIEeMIEpIHiH TyFaHHaH Oactamn 42
allNIbIK yKachbIHA JIeHiH 6Cy KapKbIHBI MEH ©3Tepy epeKIIeNiKTEePiH 3epTTey;

JKac Kazak OakTpHaH *koHe TYPKIMEH apomenap Tyie TYKbIMAAPBIHBIH JIEHE eJIeMIepi epeKIIeiK-
TepiH 3epTTEl OTBIPBII, OJAP/IBIH KAl 6CY 3aH/IBUTBIKTAPbIH aHBIKTAY;

3epTTey Marepuasgapbl MeH dicTepi.

3eprTey xymbicTapbl AnMatsl 00bIck! e aynansl «/laynet-bekeT» kayankepuiiiri meKkTeyi cepik-
tectirigae 2021-2025 xbuigapsl Ka3ak OakTpuaH MEH TYPIKMEH JApoMenap Tyike TyKbiMaapbiHaH 10 6actaH
KBIHBICBIHA Kapai (40 O6ac) apHaiibl KypbUIFaH TONTap/a KYPri3uii.

Tylie 60TanapeIHBIH JIeHe oeM/epi (IOKTHIFBIHBIH OUIKTIT1, TYJIFACHIHBIH KUFAIl Y3bIH/IBIFbI, KEY-
JIeCiHIH OpaMbl, O17€31K OpaMbl) TyFaHHAH KeHiH yII KYHIIK, 6, 18, 30 sxoHe 42 alinbIK Ke3iH/1e Ka3aK OaKkTpu-
aH JKOHE TYPKIMEH JipoMeap Tyhe TYKbIMAApbIH 6Cipy HET13[IepiMEH XKIKTey KOHIHAET] HYCKAyIbIKKa ColKec
JKaJTbUIaMa KOJIJIAHBII KeJie )KaTKaH dicTeMe OOMBIHIIA 3epTTeN/i, ajl TOKIPUOETIK *Kac Tyle MalIapblHbIH
CaJBICTBIPMAIIbI ©6CY KapKbIHBI TOKIPUOETIK TYie MaldapbIHbIH Tipijieil camMarbl CTallMOHAPIIBIK Tapa3blia 5
KT IQNAIKIICH OJIIICHII, aHBIKTAJIbI.




Jlene OiTiMiHIH HHAEKCTEpP1 Tyhemnepre apHamn e3repic eHrisreH C. bpoau TeHaeyiMeH aHbIKTa bl

AJIBIHFaH HOTIDKENIEP MEH 300TEXHHUKAIBIK JEPEKTepAl CTaTUCTHKAIBIK oHaey H.A. TInoXuHCKuiIiH
crangaptthl onicremeci, PAST (PAlaeontoloqical Statistics) sxone Microsoft Excel 2010 6arnmapiamanapsiaa
CoMKeC KYpri3iiii.

3epTTey HITHAKEJEpPi MEH TAJKbLIAY.

JKanmel Tyiie TYKbIMIAPBIHBIH 6Cyl MEH JJaMYbIHBIH MaHBI3/IbI KOPCETKIIITEPI - OJIap Tipiien caamak
TIeH CBIPTKBI JICHE oJIeMIepi. ATanFaH KOPCETKIIITEP MaJap/IblH aF3achlHIAFbl CaHIBIK JKOHE Oenriii Oip
Jopexeie canallblK e3repicTepl ecernke anyra MyMKIHAIK Oepei.

Toxipube Tonrapsinga 2023 KbUIbl TyFaH OOTaNapAiH JAeHE eeMaepl MeH JeHe OITIMIHIH WHICK-
cTepi JkacThIK acriekrige 3eprrenmdi (Kecre 1).

Kecre 1. Y kyHaik 6oTanapAblH JIeHe eimieMaepi MeH aeHe OiTiMiHiH uaaekcrepi, n=10, Y n=40

CraricTHKAIBIK Oenrinep Yprarusl 6otanap Epxkek 6oranap
Ka3aK OaKTpHaHbl TYPKIMEH JpoMenapsl | Ka3ak OaKTpHaHbl | TYPKIMEH JpOMeaaphbl
IIOKTBIFBIHBIH OMIKTII, CM
= 103,7+1.10 108,2+1.81 107,2+1.07 111,1+0.63
Xtm,
Cv, % 3,37 5,29 3,20 1,80
c 3,49 5,52 3,40 2,00
TynFachIHBIH KUFaI Y3bIH-
JAbIFbI, CM
I, +m, 70,7+0.97 76,5+1.24 72,7+0.95 74,2 £0.82
Cv, % 4,32 5,12 4,10 3,47
c 3,06 3,92 3,00 2,58
Keyne opamsl, cm
I, +m, 90,3+0.55 85,2+1.26 83,6+0.96 82,8+0,58
Cv, % 1,95 4,67 3,60 2,20
c 1,74 4,00 3,00 1,82
Binesik opamer, cMm
¥ +m, 12,1+0.85 10,4+0.46 11,9+0.79 10,0+0,67
Cv, % 2,24 1,08 2,00 2,23
c 2,70 1,46 2,50 2,12
Co3puiMaabIK HHIEKCT, %
= 68,2+1.62 70,7+0.75 67,6+0.93 67,1+0,98
X=m,
Cv, % 7,44 3,35 4,33 4,60
9 5,12 2,37 2,93 3,09
IllombanueIK uHIEKCT, %
= 87,1£0.89 78,7+0.98 81.4+0.86 74,4+1,06
Xtm,
Cv, % 3,24 3,93 333 4,51
c 2,82 3,09 2,71 3,35
MBIFBIMIBUIBIK HHACKC, %
= 127,7£1.77 111,4+1.02 120,4+0.82 110,8+0,83
Xxtm,
Cv, % 4,40 2,87 2,15 2,36
c 5,60 3,22 2,59 2,61
Cyitexrinik naaekci, %
¥ +m, 11,7+1.06 9,6+0.38 11,7+0.74 8,9+0,40
Cv, % 3,52 1,36 1,97 1,32
c 3,35 1,19 2,33 1,28

Kazak OakTpuaH xoHe TYpKIMEH ApoMeaap Tyienepi TYKbIMIApbIHbIH Tipiiel calMarbl MEH CBIPTKBI




curnarTaMaiapblH 3epTTey FhUIBIMU MaHbI3Fa FaHa eMeC, OHJIIPICTIK KaXKeTTIIIKKe ae ue. OiiTkeni, KazakcTan-
HBIH OHTYCTIK-IIBIFBIC aiiMarbl )KaFdaibIHAa KbUT OOMBI TYHENepal Y3aK Mep3iM/Ii KYTin-0ary apKblbl JKail-
BUTBIMJIBIKTAP bl Taii1aNiaHy MIapyanibUIBIKTBIH KOJJIAaHBICHIHAAFEl TEXHOJIOTUSHBI OHIIPICKE EHT13y/e onap-
JIbIH KOHCTUTYLHSIIBIK OEpIKTIri, OHTAIIBI MeJIepi, Tipijeil calMarbl MEH €T, CYT, )KYH OHIMJIITIKTEpiH
apTThIpy ©Te MaHbI3Abl [Razuan xone 1.0., 2025].

AJIBIHFaH MOIIIMETTEPIe COMKEC YPFaIllbl )KOHE epKEK TYPKIMEH JpoMenap TYKbIMbI TYHEIEepiHiH JICHE
eJIIeM/IepiH Ka3ak OakTpHaH TYKbIMBbI TYHeJIEpIMEH CabICThIpFaH/ia TyFaH Ke3/eri MIOKTHIFBIHBIH OMIKTIT
coiikecinmie 4,3-3,6 %, TYJIFachIHBIH KUFall Y3bIHABIFBI 8,2—2.6 % orapbl 0oJica, Keylae opaMbl OOMbIHINA
6,7-6,5 %, 6ine3ik opamsl 14,1-16,0 % Temen 6omubr (P<0,01)

¥Ypramel Ka3ak OakTpuaH TYKbIMIBI TYHEJIepiHIH TyFaH Ke3/eTi AeHe oJIIeM/IepiH TYPKIMEH ApoMe-
Jap TYKBIMBI TYHeIepiHiH 00TaJapbIMEeH CalIbICTBIPFaH/1a MOKTHIFBIHBIH OWIKTIT1 4,5 CM, TYJIFACBIHBIH KUFaIIl
Y3BIHJBIFHI 5,8 cM koFapbl Oosica, keyae opambl 5,1 cm, Oine3ik opambl 1,7 cM TeMeH O0JbI, all epKeK Ka3ak
OaKTpuaH KoHE TYPKIMEH JpoMeap TYKbIM/IbI TYHeNIep/IiH TyFaH Ke3/1€ MIOKThIFbIHBIH OUIKTIT MEH TYJIFachl-
HBIH KUFalll Y3bIHIBIFRl colikeciHie 3,9 cm — 1,9 cM xkorapsl, KeyJie opambl MEH O11€31K OpaMbl COMKECIHIIe
4,8 cM — 1,9 cM ToMeH OOJIIbI.

JKanme! anpiHFaH MOTIMETTEpre Coikec TYPKIMEH ApoMeap Tyie TYKbIMBIHBIH OOTalapbhIHbIH TyFaH
Ke3JIeTi JIcHe oJIIeMICPiH Ka3aK OakTpraH TYKBIMIIbI TYHeIepiHiH O0TaJapbIMEeH CallbICTBIPFaH 1A OKTHIFbI-
HBIH OMIKTIT MEH TYJIFACBIHBIH KUFAIl Y3bIHBIFBI OOMBIHINA KOFAPHI, K€y OpaMbl MEH O11e31K opambl OO -
BIHIIIA TOMEH OONATHIHABIFBI AHBIKTAIBI, 9p1 FATBIMIAPBIH OYPBIHAA OCBI OAFBITTAFBI 3epTTEYNIEpi OOibIHIIIA
aJIbIHFaH o71cOMeTTer1 KOPCETKIIITEP Il TaFbl 1a SIS/,

Ypraiisl )KoHE epKeK Kazak OakTpuaH TYKbIMIBI TyHelepiHiH TyFaH Ke3/IeTl JeHe eIIeMICpPiH Calbl-
CTBIpFaH/Ia MOKTHIFBIHBIH OWIKTITT COHFBICBIHAA 3,5 CM, TYJIFACBIHBIH KUFAI Y3BIHIBIFEI 2,0 cM, sKOFapbl 00I1-
ca, Keyzie opamsl 2,8 cM, Oinesik opambl 0,2 cM ToMeH 00JIbl, all TYpKIMEH JApoMeaap TYKbIMJIbI TYHenepaiH
TyFaH Ke3/Ie MOKTHIFBIHBIH OUIKTIT1 coliKkeciHIe 2,9 ¢M jKOFaphbl, TYJIFACHIHBIH KUFAI Y3bIHABIFBI 1,9 cM, Key-
ne opaMbl 2,5 cMm, an Oie3ik opambl 0,4 cM TOMEH OOJITBI.

¥Ypramrsl Kazak OakTpuUaH Tyie TYKbIMBI OOTallapbIHBIH TyFaH Ke3/eT1 TYJIFACBIHBIH KUFAIIl Y3bIH/IBIFbI
HIOKTHIFBIHBIH OuikTiriHeH 33,0 cMm Hemece 46,6 % TemeH 6osca, OChl KOPCETKIIITEP TYPKIMEH Apomenap
Tyile TyKpIMbI OoiibiHIIa THiciHIIE 31,7 cM Hemece 41,4 % TemeH 0oabl. AJl, epKeK TYPKMEH JIpoMeaap Tyie
TYKbIMBI OOTaNapblHBIH TYFaH KE3/Eri KOFapblIarbl JIEHE eJIeMaepl KepceTKimTepl coiikeciHme 34,5¢cwm,
47,4 %; 36,5 cm, 49,9 % Temen 6onasl (P<0,001).

CoHBIMEH Karap, Ka3ak OakTpuaH Tyie TYKbIMBI OOTaJlapbIHBIH TYPKIMEH ApoMeaap TYKbIMbI OOoTana-
pBhIHa KaparaHia moMOabIK, MBIFBIMIBUIBIK JKOHE CYHEKTUTIK HHICKCTEPl KOPCETKIIITEePiHiH KOFaphbLIaii-
TBIHBIH aHBIKTAJIIBL.

[[TomGanapIK KOpCETKiI OOWBIHINIA YpFaIllbl Ka3aKk OaKkTpuaH TYHe TYKbIMBI OOTamapbl ApoMenap
TYKBIMBI OoTasiapbiHa Kaparanaa 10,6 %-Fa, MbIFBIMIBLIBIK )KOHE CYHEKTIIIK HHACKCTEP1 OOMBIHIIA COMKECIH-
me 14,6 %-ke 6achkiM, an CO3BUIMANJIBIK UHACKCI OolbIHIIAa 3,7 %-Ke TOMEeH 0oJjica; epKeK Ka3ak OakTpuaH
TYKBIMBI OOTajapbl OOMBIHINA MTOMOAABIK, MBIFBIMIBUIBIK JKOHE CYMEKTUTIK WHIEKC KOPCETKIIITepl CoM-
kecinme 9,4 %, 8,7 %-ra, 31,4 %-ra 6aceim 60mab (P<0,001).

AJBIHFaH MONIIMETTEp Ka3zakK OakTpHaH TYKbIMbI OOTaJapbIHBIH IIOMOAJIBIK, MBIFBIMJIBUIBIK JKOHE
CYMEKTUTIK MHJEKC KOPCETKIIITEP1 JKaJMbl OJap/IbIH JeHE eIIeMIepi MEH KYpaMbIH apTThIpyFa OH 9cep €Tyl
MYMKIH €KEHIIT1H KOpCeTe/Il.

Kazak OakTpuaH Tyiie TYKbIMBIHBIH OOTajapbIH/Ia TYFAHHAH KeHIHT1 1aMy/IbIH alThl ailbIHa MIOKTHIFbI
OMIKTIT1 )KBIHBICKIHA Kapail coiikecinme 43,4—43,0 cMm-re Hemece 41,8—40,2 %-Fa, TYJIFaChIHBIH KUFAIl Y3bIH-
nbIFbl coiikecinme 40,2—-43,1 cm-re Hemece 58,8-59,6 %-ra, keyae opamsl coiikecinmie 61,3—73,6 cm-re He-
Mece 67,9-88,0 %-ra, Oie3ik opamsl coiikecinme 3,8—1,8 cm-re Hemece 31,4-15,1 %-ra yiraiiran (P<0,001).

TypkiMeH npoMenap Tyie TYKBIMBIHBIH 6 aWJIbIK KE31HJEr1 MIOKTHIFBI OWIKTIT1 )KBIHBICKIHA Kapan
corikecinme 43,5-43,6 cm-re Hemece 40,2—39,2 %-Fa, TYIFachIHBIH KUFAIIl Y3bIHABIFBI colikecinte 41,7—48,0
cMm-re Hemece 54,5-64,7 %-ra, keyne opambl coiikecinme 60,7-72,7 cm-re Hemece 71,2-87,8 %-ra, Oinesik
opaMsbl colikecinie 2,9-2,3 cm-re Hemece 27,9-23,0 %-ra yiraiiraH.

OuU3MKaIbIK KOPCETKIIITEPre KeJleTiH Ooscak, JeHe oIIIeMIepiHiH KOFapbliaybl HOTHKECIHIE Oap-
JIBIK TYWETIEP/IiH JeHe OITIMIHIH HHACKCTEPl KOPCETKIIMTEPIH/IE Je )KOFaphl KOPCETKIITepl OaiKataapl. Arar
ailiTKaH/a, Ka3aK OakTpuaH Tyile TYKbIMBIHBIH OOTanapblHAa TyFAHHAH KEH1HT1 1aMy/IbIH alThl allbIHAA CO3bLI-
MaJIJIBIK MHICKCI KBIHBICBIHA Kapail colikecinme 10,4—14,0 %-ra, moMOanaslK HHACKCI colikecinime 18,4—
28,5 %-ra, MBIFBIMJIBUTBIK MHJICKC] colikecinme 7,1-12,9 %-ra yiraiiraH, ajd CYHeKTUTIK HHIEKCI COUKECIHIIIe




8,3-8,6 %-ra ToMeHACTCH.

Toxipubenik OoTamapabIH alThl alIBIK XKAChIH/IA JICHE OJIIIIEM Pl MEH JIeHe O1TIMIHIH HHICKCTEPi YIII
KYH/IIK KaCbIMEH CaJIbICTBIPFaH/1a aiTapibliKTail eceTiHiH kepceTTi (Kecte 2).

Kecrte 2. AnThl aitnbIK TYie O0TagapbIHBIH JACHE OJIIIeMIepl MeH JeHe OiTiMiHIH nHaekcTepi, n=10 ,
> n=40

\a
AKALEMUACI

CrarucTukanbiK Oenrinep Yprarusl 6otanap Epxkek 6oranap
Ka3ak OakTpuaHbl | TYpKIMEH JPOMEapbl Ka3ak 6akTpUaHbl | TYPKIMCH JApOMenaphl
IOKTBIFBIHBIH OMIKTII1, CM
= 147,1+0,59 151,7+1.28 150,2+0,99 154,7+1,11
Xtm,
Cv, % 1,28 2.66 2,08 2,27
c 1,88 4.04 3,13 3,50
TynFachIHBIH KUFaI Y3bIH-
JbIFbI, CM
= 110,9+0,70 118,2+1.99 115,84+0,99 122,2+1,07
Xtm,
Cv, % 1,99 5.32 2,70 2,77
c 2,21 6.29 3,12 3,38
Keyne opamsl, cm
—= 151,6+1,05 145,9+2.19 157,2+0,99 155,5+0,85
X=m,
Cv, % 2,19 4.74 1,98 1,74
c 3,32 6.92 3,12 2,70
Binesik opamer, cMm
E’:ml. 15,9+1,10 13,3+2.98 13,7+1,02 12,3+1,05
Cv, % 2,89 6.62 2,67 2,97
o 3,49 9.13 3,24 3,32
Co3bLIMaNIBIK HHIEKCI, %0
= 75,3+1,47 77,9+6.18 77,1£0,98 79,0+0,96
X=m,
Cv, % 6,18 2.06 4,02 3,86
9 4,65 1.95 3,10 3,05
IllombanasIk uHIEKCl, %
= 103,1+1,61 96,2+4.93 104,6+1,11 100,5+0,91
Xtm,
Cv, % 4,93 5.58 3,35 2,88
c 5,08 6.19 3,51 2,88
MBIFBIMIBUTBIK HHACKCI, %o
= 136,8+1,39 123,4+3.22 135,9+0,75 127,2+0,94
Xtm,
Cv, % 3,22 1.18 1,74 2,35
c 4,40 1.02 2,36 2,99
Cyifexrinik uanexci, %
= 10,8+0,60 8,8+1.69 9,1+0,73 7,9+0,71
X =m,
Cv, % 1,69 1.34 2,82 2,51
c 1,91 2.06 2,32 2,25

TypkimeHn apomenap Tyie TYKBIMBIHBIH aiThl alJIBIK Ke31HJET1 CO3BUIMAABIK MHICKCI >KbIHBICHIHA
Kapait coiikecinme 10,2—11,7 %-ra, momOanabik uHAEKC] coiikecinme 12,2-35,0 %-Fa, MBIFBIMIBUIBIK WH-
nexci coiikecinmre 10,8—14,8 %-ra yiraiiraH, aln CYWeKTUTIK HHIEKC] coiikecinmie 9,1-12,6 %-ra TemeHnerexH
(P<0,01).

EnecineH axpIpaTbuIFaHHAH KeHiH OapiblK TOKIPUOEITIK TONTAFEI Tyiie OoTanapsl Oip/eil KOpeKTeHy
JKOHE a3bIKTaHJIBIPY JKaFAaiIapbIMEeH KaMTaMachl3 eTullil. byn Tyite Tenaepinid eMi3y HayKaHbIHaH Keiin 18
aifra JIeHiHr1 ecy *KoHe JaMy 3aHJIbUIBIKTAPhI TYPajibl CEHIM/I MOJIIMETTEp aly YIIIH KaXXeT OOJIIbI.




Tyiie TyKbIMAAaphI O0TaNapbeIHbIH Oencenal ocyl 14—15 aiinbIk ke3iHeH O6acTarl, KalblITBIMIBIK Kepiep-
JIeT1 KOKTEMTI'1 6CIMJIIK KaMbIIFbICHI OacTanFaH ke3/e Oaiikanapl. Tyiie 60Tanapel TyFaHHAH KeWiH KeJeci JKbLI-
JIBIH COyip-MaMblp aliyiapbIiHaH OacTan TaOuFu xaibUisiMaap/aa Oencen/Ii xkaiibuta 6acraiinbl. KekreMri-kysri
a3bIKTaHABIPY Ke3eHIH/e Tylie OoTanapblHa cyiiek koHe OYIIIIBIKeTTiH Oenceni ecyi Oaiikanazsl (Kecte 3).
Kecre 3. 18 aiinbIK Tyiie OoTamapblHBIH JIeHE OJIIeMaepi MeH AeHe OiTiMiHIH uHAeKcTepi, n=10 ,

> n=40
CrarucTukanslk Oenrinep | ¥pramsl 6otanap | Epkek Ooramap
Ka3ak 0akTpuaHel | TYPKIMEH JApOMEnapbl Ka3ak OaKTpuaHbl | TYPKIMEH JpoMenaphl
HIOKTBIFBIHBIH OMIKTIT,
c™M
= 158,3+0,51 163,5+1,13 170,7+1,01 171,5+0,94
Xtm,
Cv, % 1,01 2,18 2,04 1,74
c 1,62 3,56 3,47 2,99
TWFaCLIHBIH KUrall y3bIH-
JBIFbI, CM
= 117,7+0,50 121,5+0,84 133,3+0,81 135,5+0,98
Xtm,
Cv, % 1,34 2,19 1,92 2,29
c 1,58 2,64 2,57 3,10
Keyne opamsl, cm
= 177,1+0,63 164,5+0,65 194,2+0,91 192,1+0,95
X=m,
Cv, % 1,13 1,24 1,49 1,56
c 2,00 2,04 2,89 2,99
Binesik opamer, cm
= 16,7+0,23 15,2+1,00 15,1+0,98 14,0+1,10
X=m,
Cv, % 4,32 2,86 1,96 2,38
c 0,73 3,18 3,09 3,48
Co3blUIMaIIBIK HHIEKCI, %0
= 73,9+0,75 74,1£0,99 78,1+0,76 79,0+0,92
X=m,
Cv, % 3,23 4,24 3,07 3,70
o 2,39 3,14 2,40 2,92
[IombGanasIK nuaeKci, %
= 111,2+0,59 100,6+2,30 113,8+0,95 112,0+0,89
Xtm,
Cv, % 1,69 7,45 2,64 2,52
c 1,88 7,28 3,01 2,82
MBIFBIMIBUTBIK HHACKC, %o
= 150,5+0,83 135,8+0,80 145,7+1,40 141,8+0,79
Xtm,
Cv, % 1,75 1,85 3,05 1,76
c 2,63 2,51 4,44 2,49
CyifekTinik uunexci, %
= 10,4+0,64 9,3+0,68 8,8+0,77 8,1+0,76
X=m,
Cv, % 1,32 2,22 2,56 3,93
c 2,02 2,16 2,42 2,40

Kazak OakTpuaH Tyiie TYKbIMBIHBIH OOTalapblHAa TyFaHHAaH OacTam OH Ceri3 aibl apaybIFbIHIA
IIOKTBIFB OMIKTIT1 JKBIHBICBIHA Kapail coiikecinmie 54,6-63,5 cm-re Hemece 52,6-59,2 %-ra, TYJIFaChIHBIH
KHUFaIl Y3bIHIBIFBI colikecinme 47,0-60,6 cm-re Hemece 66,5-83,3 %-ra, keyae opaMbl coiikeciHmie 86,8—
106,6 cm-re Hemece 96,1-119.4 %-ra, Oinesik opamsbl coiikecinme 4,6-3,2 cMm-re Hemece 38,0-26,9 %-ra
yirairas (P<0,001).

OH ceri3 ailbIK Ke31HAET] TYPKIMEH JApoMmenap TYWe TYKbIMbI OOTalapblHBIH  SKbIHBICHIHA Kapaii




IIOKTBIFBI  OMIKTIr colikecinme 55,3—60,4 cm-re Hemece 51,1-54,4 %-Fa, TYJIFACBIHBIH KUFAIl Y3BIH/IBIFBI
coiikecinmie 45,0-61,3 cm-re Hemece 58,8-82,6 %-ra, keyne opamsl coiikecinme 79,3—-109,3 cm-re Hemece
96,1-132,0 %-ra, 6ine3ik opambl coiikecinie 4,8—4,0 cm-re Hemece 38,0—40,0 %-ra yiraiiraH.

OH ceri3 allIBIFBIHAAFBI Ka3aK OaKTpUaH TYHe TYKbIMBI OOTalapbIHBIH TYFaHHAH OacTar 1eHe OITIMIHIH
MHJCKCTIK KOPCETKIIITePiH Taijay »acay CO3BUIMANIBIK MHAEKC] JKbIHBICBIHA Kapail colikecinme 8,3—11,5
%-ra, moMOanasIK HHAEKC] colikecinme 27,7-39,8 %-ra, MBIFBIMIBUILIK HHAEKC] colikecinme 17,8-21,0%-ra
YIFaiiFaHbIH, all CYHeKTiIiK uHAekci coikecinme 11,2—13,3 %-ra Temennerenin kepcerti (P<0,01).

TypkiMeH apomesnap Tyie TYKBIMBIHBIH OH CET13 alJIbIK Ke€31HAeTi CO3BUIMAIIBIK WHJIEKC] JKBIHBICHIHA
Kapaii corikecinme 4,8—17,7 %-ra, momMOanapIk uHACKCI coikecinme 27,8—50,3 %-ra, MBIFBIMIBLUIBIK HHICKC]
corikecinme 21,9-28,0 %-ra yyraiiraH, aj cyHekTUTik uHaekci coiikecinme 0,3—0,7 %-ra ToMeH1eTeH.

baprsIk 3epTTenreH Tyiie OOTaNapbIHBIH OH CETi3 alJIbIK CYHEKTITIK MHJIEKC KOPCETKIIIIH aJIbIHFbI
aNThl alIBIK OOTajJap/blH KOPCETKIMTEPIMEH CabICThIpFaH/Ia 0acka MHJIEKC TypJiepiHe KaparaHaa a3jiar
VJIFalifaHbIH KOPCETTI. ATa KeTETiH JKaWT, Ka3ak OakTepuaH Tyie OoTamapbl MEH TYPKIMEH ApoMenap Tyie
TYKBIMBIHBIH OOTaTapbIHBIH TyFaH Ke3/1eT1 IeHE eIeMIepl MeH JIeHe O1TiMiHIH UHAeKCcTepl OobIHINIA aifTap-
JIBIKTal apTHIKIIBUTBIFBI OOJIFaH JKOK.

Tyiie TYKbIMIapBIHBIH JKBIHBICTBIK keTiny 16—18 aiina 6acranein 30 aiira neifin ¢eHoTUNITE eneyi
@3repicTep OPbIH aJIbII, KYH ©Cyl apThIl, OpPTYPJIl KBIHBICTAFbl MaJIap bl aXKbIpaTaTbiHAAN Oenriiep naiina
Oomael. 2,5 jxackiHa OapibIK TOXKIPUOEiK Tyiienep KOHCTUTYIIMOHAABIK TUITI alKbIH KepceTel, Oy Keil-
1HHEH OJIap/IbIH OHIMIUTITIHIH KAJBINTAaCybl MEH OaFbIThIHA 9CEp €Tel.

Kazak OakTpuaH Tyiie TYKbIMBIHBIH OOTalapbIHa TyFaHHAH KeiliHri AamyasiH 30 aifbIHAA MIOKTHIFBI
OMIKTIT1 )KBIHBICKIHA Kapail coiikecinie 65,6—68,3 cMm-re Hemece 63,2—63,7 %-Fa, TYJIFaChIHBIH KUFAIll Y3bIH-
JBIFBI colikecinme 53,7—65,0 cm-re Hemece 75,9-89,4 %-ra, keyne opambl colikecinme 106,8—121,1 cm-re
Hemece 218,3-248,8 %-ra, Oinesik opambl colikecinme 6,2—4,6 cm-re Hemece 51,2-38,6 %-ra yiraiiran
(P<0,001).

TypkiMeH apomenap Tyie TYKbIMBIHBIH 30 aiJIbIK Ke31HJET1 MIOKTHIFBI OWIKTIT1 KBIHBICHIHA Kapai
colikecinie 66,2—66,8 cm-re Hemece 61,2—60,1 %-Fa, TYIFachIHBIH KUFAIIl Y3bIHIBIFBI ColikeciHIe 52,2—65,7
cMm-re Hemece 68,2—-88.5 %-ra, keyne opamsbl coiikecinme 107,1-126,9 cm-re Hemece 225,7-253,3 %-ra,
Oie3ik opamsbl coiikecinme 6,9—-5,3 cm-re Hemece 66,3—53,0 %-ra ynraiiran (P<0,001).

3epTTeynep ypraiibl )KoHe epkeK TYPKIMEH ApoMenap Tyie TYKbIMbI OOTalapbIHBIH ACHE OIIIeMIepiH
Ka3ak OakTpuaH Tyle TYKbIMBIHBIH OOTanapbIMeH caiblcThIpFanaa 30 alIbIFbIH/Ia/1a IOKTHIFBIHBIH OMIKTIT1
coiikecinmre 3,0;1,4 %, TyJIFachlHBIH KUFaIl Y3bIHABIFRL 3,4;1,6 %, keyne opaMbl OOHBIHIIA TYPKIMEH JpoMe-
nap TYKbIMBI Tyienepinae 2,4 % >xorapbl Oonca, Oine3ik opamsl 5,8;7,8 %, keyae opambl OOHBIHIIA Ka3aK
OakTpuaH TYKbIMBI TyHenepinae 2,4 %, TeMeH O6onaTelHbIH KopceTTi. Ocbuiaiiina, TYpKIMEH IpoMeaap Tyiie
TYKbIMBI OOTaNapbIHbIH 0acKa ailap/iarsl IeHe oJIIeM/IepiHe KaparaH ia OThI3 aliJIbIK KaChIHA KEyIe OpaMbl
OOMBIHIIIA )KOFApPbl OOIFAaHbI aHBIKTAJIIBI.

JKanmel, ypramibl Ka3ak OakTpuaH TyHe TYKBIMBI OOTaJapbIHBIH OTHI3 alJIBbIK JKAaChIHAA JCHE OJIIIeM-
JIEPiH YpFalIbl TYPKIMEH IpoMeiap Tyle TYKbIMBI KOPCETKIIITEPIMEH CATbICThIPFaH/1a IIIOKTHIFBIHBIH OMIKTIT1
5,1 cM, TYJIFachIHBIH KUFaIll Y3BIHABIFBI 4,3 cM KoFapbl Oolnca, keyae opaMbl 4,8 cM, Oinesik opamsl 1,0 cm
TeMeH OOJIJIbI, a1 epKeK Ka3ak OakTpHaH »oHE TYPKIMEH ApoMeaap TYHe TYKbIMIAPBIHBIH OThI3 alJIbIFBIH/A
HIOKTBIFBIHBIH OMIKTITT MEH TYJIFACBIHBIH KUFAIIl Y3BIHBIFBI colikeciHie 2,4 cM; 2,2 cM, keyze opambl 5,0 cMm
YKOFaphl, 01131k opamMbl — 1,9 cM TemeH OOIbI.

Epxek kazak OakTpuaH Tyle TYKBIMBIHBIH OTBI3 ailJIBIK JKachIH/A JICHE OJIIIEeM/IepiH epKeK TypKiMeH
Ipomesap Tyie TYKbIMBIHBIH KOPCETKIIITEPIMEH CalIbICThIPFaHAa KeyJe OpamMbl OOMBIHINA HKOFaphl OOIAThIH-
JIBIFBI @HBIKTANIBL. byJ1, OypbIHAa OCBI OaFBITTAaFbI 3ePTTEYCP/IE ANIBIHFAH 9/IE0METTEr1 KOPCETKIIITEP/l TaFbl
I1a IoIIEIIENl.

Epxkex »xoHe ypranibl Ka3ak OakTpHaH TyHe TYKBIMBIHBIH OTBI3 aiJIbIK KAChIHIAFbI JICHE OJIIIeM IepiH
CaJIBICTBIPFAH/Ia aJIFAIIKBICBIHBIH MOKTHIFBIHBIH OMIKTIT COHFBICBIHAA 6,2 CM, TYJIFaCBHIHBIH KUFaIIl Y3bIHIBIFbI
13,3 cm, keyne opaMbl 7,6 cM koFapbl 0oJica xorapbl 6oca, Oine3ik opaMbl 1,8 cM TemMeH 00IbI, al epKeK
TYPKIMEH Jpomenap Tyie TYKbIMBIHBIH TyFaH Ke3Jle IIOKTHIFBIHBIH OMIKTIT1 ypFalibIiChlHA KaparaHaa 3,5 cM
JKOFaphl, TYJIFACBIHBIH KUFaIl Y3bIHIABIFEI 11,2 cM, keyae opambl 17,4 cm, an Oinesik opamsl 2,0 cM ToMeH
001, JKanmpl, Tyie TYKBIMIAPBIHBIH OTHI3 alJIBIK KAChIHIaFbl MOKTHIFBIHBIH OWIKTIT1, TYJIFACBIHBIH KUFAIII
Y3bIH/IBIFBI, KEy/Ie Opambl JIEHE OJIIEeMCpPiH CANBICThIPFaHAa ONlapJaH CTAaTUCTUKAIBIK TYPFBIIAH >KOFapbl
(P<0,01) xepcetkimrepai Oaiikayra 60maabl.

3eprrenetin Tyienepaid 30 albIK Ke31HAET JeHE oeMaepl MeH jJeHe OiTiMiHiH nHaekcTepi Kecre




4 KeNnTipiITeH IepeKTepMeH OEpiTeH.
Kecre 4. 30 aiinbIK skac Tyienep/iH AeHe enmemaepl MeH aeHe OiTiMiHiH uuaekcrepi, n=10, > n=40

CrarucTukanbiK Oenrinep Yprawsl 6otanap | Epkex 6otanap
Ka3ak 0akTpuaHbl | TYPKIMEH JpOMeNaphbl | Ka3ak OakTpHaHbl | TYPKIMEH JpOMEIapsbl
HIOKTBIFBIHBIH OMIKTITT, CM
E +m, 169,3+0,79 174,4+1,06 175,5+0,69 177,9+1,04
Cv, % 1,47 1,92 2,19 3,29
c 2,49 3,35 1,25 1,85
TynrachIHBIH KUFALI Y3bIHBIFbI, CM
E +m, 124,4+0,77 128,7+0,94 137,7+1,18 139,9+0,98
Cv, % 1,97 2,31 3,73 3,10
c 2,45 2,97 2,71 2,22
Keyne opamsl, cm
E +m, 197,1+0,43 192,3+0,90 204,7+1,35 209,7+0,91
Cv, % 0,68 1,48 4,27 2,88
c 1,35 2,86 2,09 1,37
Binesik opamer, cMm
¥ +m, 18,3+0,62 17,3+0,89 16,5+0,69 15,3+0,85
Cv, % 1,72 1,28 2,18 2,69
c 1,96 2,82 1,32 1,76
Co3bLIMaIIBIK HHIEKCI, %0
= 75,9+0,64 73,9+1,35 78,5+0,69 78,6+0,85
X=m,
Cv, % 2,67 5,82 2,18 2,69
o 2,02 4,26 2,78 3,42
[IombGanubIKk nuaekci, %
= 119,4+0,69 106,2+1,04 116,7+0,87 117,9+0,95
Xtm,
Cv, % 1,84 3,10 2,75 3,00
c 2,19 3,29 2,36 2,54
MBIFBIMIIBUTBIK HHACKC, %o
= 157,5+0,55 141,1+1,13 148,7+0,69 149,9+1,04
Xtm,
Cv, % 1,10 2,54 2,18 3,29
c 1,73 3,58 1,47 2,19
Cyifekrinik uunexci, %
= 11,0+0,60 10,7+0,70 9,4+0,50 8,6+0,65
X =m,
Cv, % 1,16 2,67 1,58 2,05
c 1,90 2,21 1,68 2,38

AJIBIHFAH MAJTIMETTEP COUMKEC TYie TYKBIMAAPBIHBIH TyFaHIAFbl CO3BIIMAIIBIK, ITOMOAJIBIK, MBIFbIM-
JBUTBIK KOPCETKIMITEPiHIH OTHI3 aMIIBIK KACBIHAA €ayip KOFapbUIAUTHIHBIH, Opi TYHEJIEeP/IiH 6Cy MPOIECIHIH
JKOFapbl OONATBIHBIH KOPCETTI.

Tytienepai Oipinmi 6aranay OThI3 ailiIbIK JKacklHAA Kyprizineni. Kazak OakTpuan TYKbIMBIHBIH OipiH-
111 YKOHE eKIHII KJIACTaFbl TYHeJepre TOH TajlanTapblHa COHKec Kemei, 9pi OyJ1 )KaKCchl KOPCETKIII.

42 alinmpIK TYHE TYKBIMJIAPBIHBIH JICHE OJIIIeMIepl 6Cy MEH JaMY/bIH JKaJIbl 3aHbIHA COUKEC OCyIi
JKaIFacThIpasibl. ATa KETY KepeK, TYHelIep/IiH JaMybl 9A€TTE aJIThl KbIIFA JICHiH CO3bUIAbI, all 42 aifJIbIK jKac
TYHeNepIiH CBIPTKBI TYpi 9feTTe epecek Tyhenepaid 90 % kypaiiabl.

¥Yprambl Kazak OakTpuaH XOHE TYPKIMEH ApOMeAap TyHe TYKbIMAApbl OOTalapbIHBIH TyFaHHAH
Oacramn KbIPBIK €Ki aifbl apalbIFbIH/IA MIOKTBIFBI OWIKTITI colikeciHine 68,1-69,9 cm-re Hemece 65,7—64,6
%-¥a, TYIFACBIHBIH KHUFAIll Y3BIHJBIFEI coiikecinme 61,2—69,7 cm-re nHemece 86,6-91,1 %-ra, keyne opamsl




AKALEMUACI

corikecinmre 124,0-124,9 cm-re Hemece 137,3—146,6%-Fa, Oie3ik opaMbl colikeciHie 7,6—8,5 cM-re Hemece
62,8-81,7 %-ra ynraitran (P<0,001).

3eprTeninred 42 alibIK jkac TyWenep/aiH AeHe enmeMaepl MeH JeHe OITIMIHIH MHAEKCTEpl Typasbl
MmaonimerTep Kecre 5 kenripinareH.

Kecre 5.42 aiinbIk *ac Tyilenep/iiH AeHe enmemMaepl MeH eHe 6iTiMiHiH uaaekctepi, n=10, > n=40

CrarucTuKabIK Oenrinep Yprarusl 6otanap | Epkex 6otanap
Ka3aK 0aKTpUaHbI TYPKIMEH JApoMenapsl | Ka3ak OakTpHaHbl TYpKiMEH ApoMenapsl
IHIOKTBIFBIHBIH OMIKTIT1, CM
= 171,8+1,00 178,1+0,90 177,5+0,87 179,8+1,04
Xtm,
Cv, % 1,81 1,59 1,55 1,82
c 3,11 2,83 2,75 3,28
TysiFachIHBIH KMFAII Y3bIHBIFbI, CM
= 131,9+0,90 146,2+0,68 141,7+0,93 151,4+1,05
Xtm,
Cv, % 2,09 1,47 2,08 2,20
c 2,76 2,15 2,94 3,33
Keyne opamsl, cm
} tm, 214,3+0,70 210,1+0,83 221,140,76 219,9+1,09
Cv, % 1,08 1,25 1,08 1,57
c 2,31 2,62 2,41 3,46
Binesik opamer, cm
¥ tm, 19,7+0,60 18,9+0,73 17,7+0,88 17,1+0,85
Cv, % 9,12 1,22 1,57 1,81
c 1,78 2,31 2,78 2,70
Co3bUIMaIIBIK HHIEKCI, %0
= 76,8+0,89 82,1£0,35 77,6+1,07 84,24+0,99
X=m,
Cv, % 3,66 1,35 4,36 2,50
o 2,81 1,55 3,39 3,13
IIombanabIK nuaekci, %
= 124,7+0,67 118,0+0,80 124,6+1,00 122,3+1,04
Xtm,
Cv, % 1,69 2,14 2,55 2,00
o 2,11 2,44 3,18 3,30
MBIFBIMIIBUIBIK HHACKC, %o
= 162,4+0,63 143,7+0,77 160,6+1,22 145,2+0,93
Xtm,
Cv, % 1,22 1,70 2,41 2,70
c 1,98 2,54 3,87 2,94
CyifekTinik naIexci, %
= 11,540,55 10,6+0,49 10,0+0,48 9,5+0,75
X=m,
Cv, % 1,16 1,62 1,33 3,70
c 1,75 1,11 1,53 2,37

KBIpBIK €Ki aliJIbIK Ke31HJIET1 epKeK Ka3aK OaKTpHaH KOHE TYPKIMEH ApoMesap Tyie TYKbIMIAPbIHBIH
IIOKTBIFB  OWIKTITI colikecinme 70,3—68,7 cMm-re Hemece 65,6—68,7 %-ra, TYJIFAChIHBIH KUFAI Y3bIH/IBIFbI
coiikecinmie 69,0-76,8 cm-re Hemece 94,9-102,9 %-ra, xeyne opamsl coiikecinmie 133,6—138,2 cMm-re Hemece
152,7-165,9 %-ra, Ginesik opamsl coiikecinme 5,8—7,1 cm-re Hemece 48,7—71,0 %-ra yiraiiran.

KpIpbIK eKki alIbIFBIHIAFEI Ka3aK OaKTpHaH TYWe TYKbIMBIHBIH TyFaHHAH Oactan JeHe OiTiMiHiH WH-
JEKCTIK KOPCETKIIITEPiH Tallfay jkKacay CO3bUIMAJABIK HHICKC] KBIHBIChIHA OaillaHBICTHI colikecinme 11,3—
14,8 %-ra, momOanabIK HHACKCI cotikeciniie 43,2—-53,1 %-ra, MbIFBIMIBUIBIK UHJEKCI colikecinme 27,2—-33,4
%-¥a yIIFraiiFaHblH, a1 CYHEKTUTIK nHaeKc colikecinme 0,3—1,7 %-Fa TOMEHIEeTeHIH KOPCETTI.




Epxkek jxoHE ypraiibl TYpKiMEH JpoMenap TYHe TYKBIMBIHBIH KBIPBIK €Ki ailJIbIK KE31HIeT1 CO3bIIMal-
JIBIK MHJIEKCI JKBIHBICHIHA OaMIaHbICTHI colikeciHie 16,1-25,5 %-ra, moMOanasIK HHASKC] colikecinie 49,9—
64,4 %-ra, MBIFBIMIBIIBIK HHACKC] coiikecinme 29,0-31,0 %-ra, an cyiekTinik uHaekci colikecinme 11,4-6,7
%-ra yrraitran (P<,.01).

Jlene OiTiMiHIH OapibIK WHIEKCTEpi OOWBIHINA (CO3BUIMAIIBIK, IIOMOANIBIK, MBIFBIMJIBUIBIK JKOHE
CYMEKTIIIK) Ka3aK OaKTpHaHbl TYHE TYKBIMBI OOTajapbIHBIH KOPCETKIIITEPl TYPKIMEH IpOMEIaphl TYHE TYKbI-
MbIHA KapaFraH/Ja alTapiabIKTal >KOFaphl.

JeHe enmemaepi HETi31H/IE aHATBIKTAPAbIH KOPCETKIMITEPIH MaKCATThI Tajaay Kejeci ypraKTapablH
JIeHe eJIIIeM/ICPiHIH YJIFalOblH KaMTaMachl3 eTe/i. by MeHmIk HeIcaHbIHA KapamacTaH OapiiblK TayapiiblK
Tyile mapyambuibIKTapbiHaa (eHoTuIll OoibIHIIA Tylenepai Oaranayra, opi SIKCTepbepl CTaHAapTKa cail yp-
MaKTap/bl allyFa MYMKIHIIK Oepei.

KopbIThIHABI.

Tyiie Ka3ak >kepiHiH IIeJi-IIeJIeHTT] allMarbIHBIH KaTaH TaOUFH- aya paiibl xKaraaiibiHa OeliMenreH
eTe Oaraiibl Maj Typi OoJein ecenreninesni. Tyie 6acka Maj Typiiepi a3bIKTaHOANTBIH ©CIMIIKTEP IIH KO-
riMeH KOPEeKTEeHETIH, allblla TY3/bl CyIbl Maiganana OThIPBIN €T, Tepi, )KYH, CYT MEH IIUIaIbl eMIIK KacHeTi
YKOFaphI 1IIy0aT OHIIpETIiH MaJj TYPi.

KazakcTaHHBIH OHTYCTIK- HIBIFBICBIHJIA Ka3aK OaKTpHWaH oHE TYPKIMEH JApoMmenap TYHe TYKbIMa-
PBIHBIH OHIMIUTIT MEH OHMOJIOTHSUIIBIK €PEeKIIENIKTePIH CalbICTHIPMalbl TYPAE 3€PTTEY, ONap/bl 6cipy KoHE
a3bIKTAHABIPY TEXHOJOTHSCHIH JKETUIAIPYyre, COJM apKbUIbl OpTa Mep3imMal Oonamiakra CyT, €T JKOHE KYH
OHIMJILTIKTEPiH apTTHIPYIbl KAMTaMacChI3 €Tyre MyMKIHIIK Oepei.

PecryOnukana ecipineTiH Tyie TYKbIMIApbIHBIH OHIMILIIK KAaCHETTEPIH MAaKCATThI TYpJe KaKcapTy
’KOHE OHBI apPTTHIPY/A aF3aHbIH OMOJIOTHSUIBIK 3aHIBLIBIKTAPBIH, OHIAFbI OOJBII jKaTKaH KYObUIBICTAP/IBIH Ta-
OUFaThIH, )KaHyapIapAblH OHIMIUTIK KOPCETKIIITEPIiH JKaH- KaKThl 3epTTen OiIMel Ky3ere acbipyra Oonmaii-
JTBL.

FbapIM 5KeTICTIKTEPiH HAPBIKTHIK YKOHOMHUKA KaFJaiibIHAa OH IIpicKe OeNCeH Il TYp/AE eHI1311y1 Kepek.
ConpbIKTaH/a KOFapbl OHIMAI Tyie TYKbIMIAphl TOJIEPIHIH OCIM-KETUTyl 63eKTi Maceneci OOJbIN caHallbl-
HaJbl. OPUHE, )KEPTUTIKTI Ka3aK OaKkTpuaH Tyle TYKBIMBIMEH KaTap KeHiHT1 Ke3/I1epl eMMi3/e ocipiIin )KaTKaH
TYPKIMEH ApoMenap Tylhe TYKbIMBIH KETUITIPME, oapAblH OHIMAUTIK epeKIIeTiKTepin Oimmeil Tyiie mapy-
alIbUTBIFBIH OpKeHIeTyTe O0nMaii bl Tyiie TYKbIMIapbIH ©CIpyAiH HET13T1 9/licTepiHe ONap/IbIH TYKbIMBIH Ta3a
ecipy »oHe OJapAbIH COJ aliMaKKa >KepCiHyiH KaMTaMmachl3 eTy »karajpl. Ochl MakcarTa, Tyle TYKbIMAAPHI
TOJIIEPiHIH OCII-AaMy 3aHIbUIBIKTAPBIH TOJBIK 3€PTTEH OTBIPBIIN AChUT TYKBIMABI MaJIap/blH 6Cy OaFbIThIH-
JaFbl FRUTBIMU JKETICTIKKE HET13/1ereH TEXHOJIOTHSCHIH kKacay KaKeT.

3epTTeynep Ka3zak OakTpUaH KoHE TYPIKMEH IpoMenap Tyie TenIepiHiH TyblIFaHHAH KaChIHBIH aJIThl
allNIbIFbIHA JICHIHT1 Ke3eH e Kail )KbIHBICKA KaTaThIHbIHA Kapamail TOYMIKTIK Tipijel caaMarbIHbIH OCy JIeHT el
©Te JKOFaphl OOIATBIHABIFBIH KOpPCETTI. [leMek, Ka3ak OakTpuaH >KOHE TYPKIMEH JApOMenap TyHe TYKbIMIAPhI
OOTaapbIHBIH HETI3T1 Tipijeil calMarblHBIH ©CYyl JKaChIHBIH ajThl alJIbIFbIHA JCHIHT1 Ke3€HE €H >KOFapFhI
JIeHreire JKeTelizie, apbl KapailFbl Me3riiie caaMak KOCybl, IeHe MiIHIHIH e3repyl, aF3achIHbIH TaOUFH op-
Tara Oellimzenyi Oackajia >kaHyap oJIeMiHe TOH KacUeTTepre cail KaJabIlTacabl.

Tyiie ManbIHBIH ©CIM-KETLTy 3aHIBUIBIFBIH OUTYy FRUTBIMHU TYPFBIAAH/IA, MIAPYAIIbUIBIKKA KaXKETTUTIT
TaparnblHaH/Ia 6Te 63€KTi. OUTKeHI, jKac Tyie MaJblH apyallbUIbIKKA KaXeTTi 0aFbITTa KaJIbIITaCThIPY, OHBIH
KEKe OCy MEH JKETUIy epeKIlelikTepine Tikeneil OalmanbicThl. XKanmbl, Ka3zakcTaHHBIH OHTYCTIK- IIBIFBIC
OHIpIHJIE OCIPIIETIH TYyie TYKbIMAAphl OOTaJapbIHBIH ©6Cyl MEH JaMYbIH OJlaH 9pi 3epTTey Tyile TeNaepiHiH
JICHE OJIIIeMJICPiHIH, Tipl CaJMaFbIHBIH >KOHE XYH KBIPKBIMBIHBIH JKachblHa OalIaHBICTBI ©3TeprillTiriH
aHBIKTay KKETTUTIriHe OalIaHbICThI KYPri3iil.

KenTeren ranpIMaapIblH 3epTTEyiepiHe TyHenepaiH ecyl MeH JaMybl >Kalbl OMOJIOTHSUIBIK 3aH-
JBITBIKKA cail O0JaThIHBIFBl aHBIKTANFAaH. AybUIIIAPYalIbUIBIFBl MAIAPBIHBIH SPTYPIl AeHE MYIIENEPiHiH
O1p yaKbIT apajbIFbIHIAFbl ©6CY KapKbIHBI Oipjeil emec. COHABIKTAH Tyiie TYKbIMIAPBIHBIH 6Cy aliMaKTapbl-
Ha OeliimMzenyine OailnaHbICThl Oip-OipiHEH epeKIleeHEeTIHIH aTtan oTKeH *oH. Ka3zakcTaHHBIBIH OHTYCTIK-
HIBIFBIC aliMaFbl JKaFIalbIH/Ia TYHe TONACPIHIH OCIM-KEeTUTyl KaXKeTTi AeHreiae 3eprrenMered. Ochl yakbITKa
JIeiiH altMaKTa ecipijieTiH Tyile TYKbIMbI TOJAEpiHiH TyblIFaHHaH 6,18,30 xoHe 42 allyIbIFbl apasbIFbIHAAFbI
eCIN-JaMy 3aHJIBUIBIKTAPBI KAMIbl TOJNBIK FRUIBIMA MAJTIMETTEp KOK. A, KazakcTaHHBIH OHTYCTIK-IIBIFIC
aliMarbIH/Ia Ka3aK OakTpHaH >KoHE TYPKIMEH Jpomenap Tyie TYKbIMIapbIHBIH TybUTFaHHAH Oactan 42 allibIK
’KacblHA JEMIHT1 apalIbIKTa OCIM-KEeTUTy 3aHABUIBIKTAPBIH aHBIKTAY TYHe MIapyallbUTbIFBIH OPKEHIETY TeXHO-
JIOTUSICHIH KETUIIIPYIIH HET13T1 KOJIbI OOJIBIN eCcenTeTiHe Il




JKyprizinren 3eprreynep Ka3ak OakTpuaH >KoHE TYpKIMEH apomenap Tyie TYKbIMIapbl OoTalapbiH
TybUIFaHHAH 42 allsIbIK jKac apajblK Ke3eHJIEPiH/e JKbIHBICTHIK Oelrinepi OOMbIHINA CaTbICThIPFaHIA JIEHE
eJIIeMIepl KOPCETKIMITEepIHAe albIpMaIIbUIBIKTAPhl allKbIH OOJATBIHABIFBIH KepceTTi. JKaumbl, ajablHFaH
MOJIIMETTEpre Coikec TYpKIMEH Apomeap Tyie TYKbIMBIHBIH TybUIFaH Ke3ieH 6,18,30 sxone 42 allibIK xKac
apanbIFbIH/IA JICHE OJIIIeM/IePiH Ka3aK OaKTpHaH Tyie TYKbIMbI O0TalapbIMEH CalIbICThIPFaH/Ia IIOKTHIFBIHBIH
OMIKTIT1, TYJIFAChIHBIH KUFAIl Y3BbIHABIFBI OOMBIHIIIA KOFApHI 00JICa, KeyJie OpaMbl MEH 011e31K opaMbl OOMBIH-
1ra ToMeH OOJIbL.

Kazak OakTpuaH Tyiie TYKbIMBIHBIH J€HE KypaMbIHBIH HHJEKCTIK KOPCETKIIITEPIH TYbUIFAHHAH OacTan
KBIPBIK €K1 alJIbIK Kac apaibIFbIHAA Talfay CO3bUIMAIABIK MHIEKC] KBIHBICHIHBI OalIaHBICTBI COMKECIHIIe
8,6-10,0 %-ra, moMOaIIbIK HHACKCI colkeciHie 37,6-—43,2 %-ra, MBIFBIMIBUIBIK MHACKCI colikecine 34,7—
40,2 %-ra yIFaifFaHbIH, aJI CYHEKTUTIK HHIEKC] coiikecinme 0,2—1,7 %-ra TOMEHIeTeHIH KOPCETTI.

KpIpbIK eki alIbIK Ke31HAer! TYpKiMeH JpoMeaap TyHe TYKbIMBIHBIH CO3BUIMAIIBIK WHICKC] JKbIHbI-
ChIHA OalaHbBICTHI calikeciHme 11,4—17,1 %-ra, momMOanasIK HHACKCI corikecinme 39,3—47,9 %-ra, MbIFbIM-
JBUTBIK MHIEKCT cotikecinme 32,3-34,4 %-ra, an cyrekTiIik uHaekci coikecinme 1,0-0,6 %-ra yiraiiraH.

JKanmpl, Ka3ak OakTpuaH Tyle TYKbIMBI MaJJIapbIHBIH KOPCETKIIITEepi TYpKIMEH JpoMedaphl Tyie
TYKbIMBbIHA KaparaHia JeHe KYPaMBIHBIH OapiibIK KepceTKimTepi OoMbIHIIA (CO3BLIMANIIBIK, MIOMOANIBIK,
MBIFBIM/IBUTBIK KOHE CYHEKTUIIK) alTapibIKTall >KOFapbl O0NaThIHBIFbl AHBIKTAIBI.

Jene enmemaepi Heri3iHe Tyle TYKbIMAAPBIHBIH 6CY KOPCETKIIITEPIH MaKCcaTThl Tajay Kejeci yp-
MaKTap/bIH JCHE OJIIEeM/IEPiHIH YIFalOblH KAMTaMachl3 eTell, opi OapibIK TayapiblK Tyle IapyanibUIbIKTa-
peiHaa (enoTumi OoibIHINA TyHenepal Oaranayra, dpi IKCTEpbepl CTaHAApTKA cail yprakTap/sl alyFa MyM-
KiHAIK Oepei.
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Abstract. Online Mendelian Inheritance in Animals (OMIA) provides a curated set of published
alleles associated with inherited disorders that can be screened in whole-genome sequencing (WGS) data. This
targeted approach links published variant evidence with population-level genomic screening. We screened
WGS data from 65 Adai, Kostanai, Mugalzhar and Kazakh horses of the Zhabe type for 35 OMIA alleles: 29
single-nucleotide polymorphisms (SNPs), five deletions and one deletion—insertion (delins). Reads had been
aligned to the EquCab3.0 reference genome with BWA-MEM; SNPs and short insertion/deletion variants
(indels) were called with GATK, structural variants with DELLY, and copy-number variants (CNVs) with
Control-FREEC. Variant calls were annotated with ANNOVAR. The published intervals for the five deletions
and one delins were compared across the three variant-call types; an exact allele match required the reported
breakpoints and length, and the delins additionally required the reported inserted sequence. Three substitutions
were recovered in heterozygous form. ACAN p.V424M occurred in two Adai and two Kazakh horses of the
Zhabe type, SEL1L p.1604V in three Kostanai, one Mugalzhar and one Kazakh horse of the Zhabe type, and
GYSI p.R309H in one Mugalzhar horse. The corresponding observed alternate-allele proportions were 3.1 %,
3.8 % and 0.8 %. No alternate calls were recovered for the other 26 substitutions. None of the calls intersecting
the five published deletion intervals or the EDNRB delins interval matched the reported allele. The detected
substitutions occurred in four sampled farms and showed different descriptive distributions among the sampled
breed/type groups. The study describes allele occurrence in the sampled groups and does not estimate disease
prevalence. The calls require independent confirmation before clinical or breeding use. These results identify
alleles and groups for confirmatory genotyping, expanded multi-farm screening and comparison with pedigree
and veterinary records.

Keywords: horse, whole-genome sequencing, OMIA; inherited disease, observed alternate-allele
proportion, confirmatory genotyping, Kazakh horse populations
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AnHortanus. JXXanyaprapaarsl MEHIENb/IIK TYKbIM KyanayablH oHNaitH karanorsl (Online Mendelian
Inheritance in Animals, OMIA) TomibIK reHOMABI cekBeHupIey (whole-genome sequencing, WGS) nepek-
TepiHiH HEeTi31H]Ie TeKcepyTre OONaThIH, TYKBIM KyaJlalThIH aypyJiapMeH OaillaHbICThI JKapHsUIaHFaH all-
JeNbJIEP/IIH KypaTOpIbIK >KMHAFBIH YChIHAABI. ByJT HbICaHAIBI TOCI JKapuUsIaHFaH BapUAaHTTap KOHIHJIET1
JoINeNAep/al MOMYNIAIUSIBIK TeHOMIBIK CKPUHUHT HOTHKeNepiMeH OaitnanbicThipansl. biz Anaif, Kocra-
Haii, MyFamkap >KoHe Ka3aKThIH a0kl )KbUIKbIIAPBIHBIH 65 yiriciHiH WGS nepekrepiner OMIA karaio-
reIHAAFRI 35 amiensi: 29 OipHykiieoTuaTi noaumopdusmai (single-nucleotide polymorphism, SNP), Gec
NeNeUsHBI J)KoHe Oip nenenus-uncepuus (deletion—insertion, delins) BapuanThiH i3aem1K. OKBUTBIMIAD
BWA-MEM xkemerimen EquCab3.0 pedepeHcTik reHoMbIHA coiikecTeHmipiai; SNP jxoHe KbICKa HHCEpIIn-
s-nenerus (insertion/deletion, indel) BapuanTTapsr GATK, kypsimsiMabik Bapuanttap DELLY, an xkemripme
CaHBIHBIH BapuaHTTaphl (copy-number variants, CNV) Control-FREEC apkpuiibl anbiKTanasl. Bapuanrrap
ANNOVAR kemeriMeH aHHOTanus1aHabl. bec sxapusiianran aenenusi MeH 0ip delins mHTEpBaIbl Bapu-
AHTTAP/Ibl aHBIKTAY/IBIH YIII TYpPl OOMBIHIIA CATBICTHIPBIIABL; aJUICNIB/IIH IO COMKECTIT] YIIIIH KapHusIaHFaH
nieKapaiap MeH Y3bIHIBIKTBIH ColiKec Keiyi, an delins yIiiH KochIMIla TypAe KipicTipiireH Ti30eKTiH colikec
KeJyl Tajarn eTiial. YII amMacTeIpy reTepo3urotansl Typae aubikTanasl. ACAN p.V424M eki Anait sxoHe
€Ki Ka3aKThIH Ka0bl )KbUTKbICHIHA, SEL1L p. 1604V ym Kocranaii, 6ip MyFramxkap skoHe 0ip Ka3aKThIH jKa0bl
XKbUTKBICBIHA, a1 GY'S1 p.R309H 6ip Myramkap ®KbUIKbICEIHIA TaOBUIBL. bamama amtenbaepain 0am-
KanFaH ynecrepi tuicinme 3,1%, 3,8 % xone 0,8 % Gonapl. Kanran 26 anMacTeipy OolibiHIIa OaaMa Bapu-
aHT aHBIKTaIMabL. JKapusutanran Oec aenenus nHTepBanbiHa Hemece EDNRB delins nHTepBanbiHa TyCkeH
BapHAHTTAP/IbIH EIIKAWCHICH CUMATTaJIFaH ajliebIepPMEH Colikec Keameli. AHBIKTAIIFaH aiMacThIpyJiap
TOPT IIapyaIIbUIBIKTA Ke3/IeCiI, 3ePTTETreH TYKbIM/BIK JKOHE THITIK TONTAap apachblHAa CUTIATTaMallbIK Tapa-
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Ty epeKIIeNiKTepiH KOpCceTTi. 3epTTey IpIKTeNreH TONTapAarkl aJulenbAepAiH Ke3/1eCy )KUUIITTH CUITaTTail bl
KOHE aypyJapAblH MOMYISIIHSIIBIK TapalyblH OaranaMaiiipl. KIMHUKAIBIK HEMECe CeNEKIMUIBIK KOJIJaHyFa
JIei1H aHBIKTaJFaH TeHOTHUIITEP TAYEJICI3 9ICIIEH pacTaitysl Thic. HoTwkenep pacrayiisl TeHOTHUIITEY, OipHe-
[1e apyambUIbIKThl KAMTUTHIH KEHEUTIJITeH CKPUHUHT JKQHE HISKIPEINiK 9p1 BETEPUHAPHSUIBIK JePEeKTePMEH
CaJIBICTBIPY YIIH aJIeNbAep MEH 3epTTey TONTap bl AlKbIHAANIBI.

Tyiiin ce31ep: KXbUIKbI, TOJIBIK TeHOM/IbI cekBeHupiey, OMIA, TykbIM KyanalThiH aypy, Oanama
annenbiH OaliKanraH yJecl, pacTaylibl TeHOTUIITEY, Ka3aKCTaH IbIK KbUTKbI MTOMYIIALINAIAPbI
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AnHoranusi. OHJIAalfH-KaTaJor MEHJICJIEBCKOTO HacienoBaHus y XkuBOTHBIX (Online Mendelian
Inheritance in Animals, OMIA) npencrasiser co6oi KypupyeMblii Ha00p OMyOIMKOBAHHBIX aJJieNel, CBs-
3aHHBIX C HACJICJICTBEHHBIMHU 3a00JICBAaHUSMHU, KOTOPHIE MOJKHO UCKATh B JAHHBIX MTOJITHOTCHOMHOTO CEKBEHU-
poBanus (whole-genome sequencing, WGS). Takoii 11e71eBoi#i MOIX0/1 CBA3BIBAET OMYOIMKOBAHHBIE CBECHUS
O BApUAHTaX C FT€HOMHBIM CKPUHHUHIOM nomyisiuui. Msl npoBepunu WGS-nansbie 65 nomanei aganckoi,
KOCTaHaMCKOI U MyTammKapcKoi MOPOJ, a TaKXkKe JIoIIa el Tuma xabe Ka3axcKoil MopoAbl Ha Hamuuue 35 ane-
neit OMIA, Bxuroyasi 29 oJHOHYKICOTHAHBIX ToTuMOp(hU3MOB (single-nucleotide polymorphism, SNP), nsath
JeNenil ¥ oMuH BapuaHT aenenuu-uHcepnun (deletion—insertion, delins). [Ipourenust ObITM BHIPOBHEHBI Ha
pedepencuriii renom EquCab3.0 ¢ momompbro BWA-MEM; SNP u xopoTkue BapuaHTBl BCTaBKH-ICICIIUN
(insertion/deletion, indel) onpenensu ¢ nmomorpio GATK, ctpykrypubie Bapuantsl — DELLY, a Bapuan-
ThI yncia Konui (copy-number variants, CNV) — Control-FREEC. BapuanTsl aHHOTHPOBaIU C MOMOIIbIO
ANNOVAR. NHTepBaibl NSTH OMyOIMKOBaHHBIX Jenenuil u onHoro delins cpaBHUBaIM B Tpex Habopax pe-
3yJABTATOB OMPE/ENICHUs] BAPUAHTOB; JIJIsl TOYHOTO COBIMAJICHUS aijiens TpeOoBalIoCh COOTBETCTBHE OMYOIu-
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KOBaHHBIM IpaHUIAM U JUTMHE, a 1715 delins — Takke BCTaBJIEHHOM MOCIe0BaTeIbHOCTH. Tpu 3aMeHbI OBLITH
oOHapyXeHbI B reTepo3uroTHoM cocTossHUU. ACAN p.V424M BbIsiBICH y IBYX aJalCKUX JIOMIAAeH U JBYX
nomazei tuna xkabde, SEL1L p.1604V — y Tpex kocTaHaliCKUX, OHON MyTraKapCcKoi U OAHOM JIOMIa i TUTIA
xabe, a GYS1 p.R309H — y oanoit myramkapckoii nomaan. Habmronaemble 1011 aabTepHATUBHBIX ajlienei
coctaBuiu cooTBercTBeHHO 3,1 %, 3,8 % u 0,8 %. [y ocTanbHbIX 26 3aMeH allbTepHATUBHBIC BaPUAHTHI
HE BBIABIEHBL. HU OMH BapuaHT, epeceKarouii HHTEPBAIbI MATH OMyOIMKOBAaHHBIX JENEeIUNA WX UHTEp-
Bag EDNRB delins, He coBnan ¢ onucannbM amieneM. OOHapyKeHHbIE 3aMEHbI BCTPEYAIUCh B YETHIPEX
00CJIeTOBaHHBIX XO3SIIICTBAX W MMENH Pa3IUYHOE OMHCATENbHOE paclperesieHue MeX/y HCCIIeA0BaHHBIMU
MOPOJHBIMUA U TUIIOBBIMM Tpymnmnamu. VccrnenoBanue ommuchbIBaeT BCTPEUAEMOCTh ajuielieil B BEIOOpKE U HE
OIICHUBAET PaCIPOCTPAHCHHOCTh 3a00eBaHuil. Jl0 KITMHUYECKOTO WM CEJIEKIIMOHHOTO UCIIONh30BaHUS BbI-
SIBIICHHBIE TEHOTHITBI TPEOYIOT HE3aBUCUMOTO MOATBEP>KIACHUS. Pe3ynpTaTel ONpeaensioT ajiedn U TPYIIIbI
JUTSI TIOITBEPIKAAIOIIETO TEHOTUITMPOBAHUS, PACITUPEHHOTO MHOTOX035HCTBEHHOTO CKPMHUHTA U COMTOCTaBJIe-
HUS C POJOCIIOBHBIMU U BETEPUHAPHBIMH JIAHHBIMHU.

KuoueBble cjioBa: jomiajs, MOJHOTEHOMHOE cekBeHHupoBanue, OMIA, HacnencTBeHHOE 3a00s1eBa-
HUe, HaOromaeMast 10711 aTbTePHATUBHOTO aJIJICIs, TOITBEP K AArOIIEe TEHOTUITMPOBAHNE; Ka3aXCTaHCKHE T10-
MYJSIUY JTOIaAe

Juast murupoBanusi: TamkanoB E.A., Aitaner A.M., AxmetoB Y.A., Hypmaxan6eros J[.M. (2026).
[TonmHOT€HOMHBIHM CKpUHUHT OMyONnuKoBaHHBIX aeneit OMIA B ueTsipex momynsnusx nomazaeit Kasaxcrana
/I Research, results — [3genicrep, Hotmwxkenep — Uccnenoanus, pesyasrarel. T. 28. Is. 5. Number 113. Pp.
33—44. https://doi.org/10.37884/5-2026/03 [In Eng.].

KoH(IMKT HHTEepecoB: aBTOPHI 3asIBISIOT 00 OTCYTCTBUU KOH(MIMKTa HHTEPECOB.

@unancuposanue. Vcciedosanue 8blNOIHEHO 8 PAMKAX NPOSPAMMbL NPOSPAMMHO-YENEB020 (UHAH-
cuposanusi BR22885681. Oguyuanvroe anenuiickoe Ha3éamue NpocpamMmvl NPUBEOEHO 8 COOMEEmCmEUlU
¢ 0ocosopom «Cogepuiencmeosanue CyujeCmayouux mMemooos YNpAeleHus 2eHemudyecKuMu pecypcamu
a0auicKux u KOCMAaHACKux 1ouaoetl npu COXpaneHuu 2eHOGhOHOA KOCMAHAUCKOU NOPOObLY.

Introduction.

Whole-genome sequencing (WGS) has changed the study of inherited disease in horses. It can be used
to search for new causal variants and to examine alleles first described in other breeds or clinical populations.
Sequencing studies in Thoroughbreds have catalogued millions of common and rare variants [Tozaki et al.,
2021] and traced variation across several generations [Bailey et al., 2024].

Online Mendelian Inheritance in Animals (OMIA) offers a practical basis for this type of screening.
It is a curated resource for inherited traits and diseases in animals, with growing links between variants,
phenotypes and breed ontologies [Tammen et al., 2024b]. Its Equus records focus on Mendelian traits and their
likely causal variants and are built from peer-reviewed reports [Tammen et al., 2024a]. OMIA can thus define
a transparent list of variants to examine, while the original publications remain essential for understanding
inheritance, zygosity and the strength of the evidence.

Published variants also need a consistent genomic coordinate system. EquCab3 improved the contiguity
and sequence content of the domestic horse reference genome and provides the coordinate system used in this
study [Kalbfleisch et al., 2018]. The Finnhorse assembly was developed to complement the Thoroughbred-
derived EquCab3.0 reference in studies of northern Eurasian horses [Pokharel et al., 2024], and breed-focused
resources such as the Arabian horse allele-frequency database provide additional population context [Szmatota
et al., 2026]. Variant class matters as well: copy-number changes require dedicated detection rather than a
simple search of SNP or short-indel tables [Tang et al., 2023].

Surveys in individual breeds show why population context cannot be ignored. Frequencies of disease-
associated alleles have been examined in historical US Thoroughbreds [Elcombe et al., 2023], while the MYH1
E321G frequency in Brazilian Quarter Horses differed among performance disciplines [de Albuquerque et al.,
2022]. Estimates from one breed, discipline or breeding program cannot be assumed to apply to another. When
sampling is organized by herd, the farm distribution is equally important because a local cluster can resemble
a breed effect.

Interpretation of a detected allele depends on inheritance mode, zygosity, penetrance, age, management
and additional genetic factors. For recessive disorders, heterozygous animals can transmit an allele without
expressing the associated phenotype. Dominant and gain-of-function alleles may have a different meaning in
heterozygous animals. These distinctions determine how genomic screening can inform subsequent veterinary
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evaluation and breeding management.

Adai, Kostanai, Mugalzhar and Kazakh horses of the Zhabe type are maintained in breeding populations
with different histories and farm structures. Published OMIA alleles were generally characterized in other
breeds, making direct screening necessary to establish their occurrence in these Kazakh populations. Farm-
based sampling also provides information on the local distribution of detected genotypes and identifies groups
for subsequent investigation.

Here, we screened WGS data from 65 Adai, Kostanai, Mugalzhar and Kazakh horses of the Zhabe
type for 35 published OMIA alleles: 29 single-nucleotide substitutions, five deletions and one deletion—
insertion (delins). We asked which alleles could be matched in the available variant calls and how the detected
heterozygous genotypes were distributed among breeds and recorded sources. Observed alternate-allele
proportions were calculated from the detected allele counts.

Materials and methods.

The dataset comprised 65 horses: 15 recorded as Adai, 10 as Kostanai, 20 as Mugalzhar and 20 as
Kazakh horses of the Zhabe type. Samples 1-60 were collected in 2022 from six farms, with ten animals
sampled per farm. The remaining five were Adai riding-type horses collected in 2023 from private horse-
owner holdings in Mangystau Region: three from Zhanaozen and two from Zhetybai, Karakiya District (Table
1). No clinical records or sex information were available.

Sequencing and variant calling were delivered in three processing batches. Batch 1 comprised H1—
H40: Mugalzhar HI-H10 (Karatomar), Adai H11-H20 (Kuanysh), Kostanai H21-H30 (Kazak tulpary) and
Kazakh horses of the Zhabe type H31-H40 (Animbekov). Batch 2 comprised H41-H60: Kazakh horses of the
Zhabe type H41-H50 (Orazali) and Mugalzhar H51-H60 (Bakytbek). Batch 3 comprised five Adai horses:
sample 61/D4, 62/D9 and 65/D6 from Zhanaozen and sample 63/D7 and 64/D8 from Zhetybai. The same
reported sequencing and bioinformatic workflow was used for all batches. The batches were not jointly re-
genotyped; instead, the same predefined OMIA coordinates and alleles were searched separately in each final
batch-level variant matrix and the recovered calls were then summarized across the 65 horses.

The study was a retrospective targeted analysis of previously generated genomic data. The individual
horse was the unit used to count heterozygous and alternate-allele homozygous calls. Allele counts were
summarized for the complete sample, by breed and by the recorded farm or source. Source was recorded as
descriptive metadata. No case—control comparison was planned, and the horses were not selected according
to clinical status.

Table 1. Composition and source of the sample.

Source Region Breed/type Horses Collection year | n
Karatomar North Kazakhstan Mugalzhar HI1-H10 2022 10
Kuanysh Mangystau Adai H11-H20 2022 10
Kazak tulpary Kostanay Kostanai H21-H30 2022 10
Animbekov Almaty Kazakh Zhabe H31-H40 2022 10
type
Orazali Ulytau Kazakh Zhabe H41-H50 2022 10
type
Bakytbek Karaganda Mugalzhar H51-H60 2022 10
Private horse-owner holdings, Mangystau Adai, riding type | 61/D4 (Chekist), 2023 3
Zhanaozen 62/D9 (Bozzhyra),
65/D6
(Almastory)
Private horse-owner holdings, Mangystau Adai, riding type 63/D7 2023 2
Zhetybai, Karakiya District (Kokzhulyn), 64/
D8 (Akkanat)

Genomic DNA from all 65 horses was processed using the same reported sequencing and bioinformatic
workflow. Whole-genome sequencing was performed on an Illumina platform using 150-bp paired-end reads.
According to the project reports, reads containing adapters or undetermined bases and low-quality reads
were removed. The filtered reads were aligned to EquCab3.0 with BWA-MEM. Unmapped reads, reads with
mapping quality (MQ) below 4 and duplicate reads were excluded before variant calling. SNPs and short
indels were called with GATK, structural variants with DELLY, and CNVs with Control-FREEC. Variant calls
were annotated with ANNOVAR using the available genome annotation in GFF format. The reports state that
SNP and indel calls were further filtered using quality, depth and repeat-related criteria.




The available retrospective dataset consisted of final variant and annotation tables, recovered genotypes
and sequencing reports. The targeted screen used the representation of each allele in those tables: chromosome,
EquCab3.0 coordinate, reference allele and alternate allele for substitutions; published start, end and length
for deletions; and the corresponding deleted and inserted sequences for the EDNRB delins. Gene or functional
annotation alone was not accepted as an allele match. For detected substitutions, the per-sample annotation
tables provided reference depth and alternate depth. Total depth was calculated as their sum, and the alternate-
read proportion was calculated as alternate depth divided by total depth.

Horse phene and variant records were retrieved from the Online Mendelian Inheritance in Animals
(OMIA) on 10 June 2026 using the advanced search for Equus caballus (NCBI taxonomy ID 9796; https://
omia.org/results/?gb _species 1d=9796&search _type=advanced). The export contained 329 phene records,
and the latest “Date last modified” in the export was 30 April 2026. Individual phene pages were accessed on
the same day. Matching the OMIA alleles to the genomic dataset was performed on 15 June 2026; this was the
analysis date rather than the OMIA access date.

Where OMIA displayed a variant classification, the label recorded on 10 June 2026 was retained.
Abbreviations follow the OMIA AVCG footnote: P, pathogenic; LP, likely pathogenic; VUS, variant of
unknown significance; LB, likely benign; and B, benign [Boeykens et al., 2024]. A combined label such as
LP/P was retained as the public OMIA label when a single category had not been assigned. ‘Not currently
evaluated’ indicates that the ISAG AGTS Variant Pathogenicity Working Group had not yet assigned a label
and does not imply a benign classification.

The OMIA-derived locus list contained 29 single-nucleotide substitutions, five deletions and one
deletion—insertion (delins) described on EquCab3.0. Records were matched by reference accession and
genomic position. For these records, the EquCab3.0 base was the non-disease allele.

The analysis was designed as a targeted screen rather than a genome-wide search for new candidate
disease variants. Each record was evaluated against the published allele definition, and no phenotype was
assigned from the gene name, interval overlap or predicted consequence.

The 29 substitutions were searched in the SNP matrices from each calling batch. A genotype containing
both the OMIA reference and alternate bases was counted as heterozygous; a genotype containing only the
alternate base was counted as alternate-allele homozygous. The matrices contained only sites that differed
from the reference in at least one horse within a batch. Absence of a substitution from a batch matrix was
therefore recorded as no recovered alternate call and was not treated as an explicitly observed homozygous-
reference genotype.

The five deletions and one deletion—insertion (delins) were first located by overlap with their published
intervals. Short-indel calls were screened for variants whose affected bases intersected an interval. Per-horse
structural-variant tables were searched for DEL calls whose start and end intersected an interval, and copy-
number tables were searched for overlapping loss intervals. A deletion was accepted as the OMIA allele
only when its breakpoints and length matched the published allele. An exact match to the EDNRB delins
additionally required the reported inserted sequence. Overlapping calls that did not meet these criteria were
retained as separate events. Functional consequences were taken from the available gene, exonic and amino-
acid annotations.

For detected autosomal substitutions, the observed alternate-allele proportion was calculated as the
number of recovered alternate alleles divided by twice the number of horses in the group. Nominal 95 %
confidence intervals were calculated with the Clopper—Pearson method. Four surveyed substitutions were
X-linked; no alternate calls were recovered, and proportions were not calculated because sex was unknown.
Figure 1 presents breed-level observed alternate-allele proportions for all 65 horses: 15 Adai, 10 Kostanai, 20
Mugalzhar and 20 Kazakh Zhabe type. Reference and alternate read depths at heterozygous sites were taken
from the variant annotations.

The proportions were calculated descriptively for the complete sample and reported breed groups.
Counts and denominators were reported together. The estimates were not weighted to breed population size,
and no formal test of differences among breeds or sources was performed.

Results

Panel composition and sequencing quality.

The 35-allele panel contained seven alleles labelled P, three labelled LP, three labelled LP/P and 22 that
were not currently evaluated; no VUS, LB or B labels occurred. Mean sequencing depth ranged from 28.5x to
37.6%, and 98.92-99.24 % of the reference was covered by at least four reads.
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OMIA substitutions detected as alternate alleles.

Three of the 29 substitutions were recovered as alternate alleles: ACAN p.V424M, SELI1L p.1604V
and GYS1 p.R309H. All ten horses with an alternate call were heterozygous; no alternate-allele homozygotes
were observed. The overall observed alternate-allele proportions were 3.1 % for ACAN p.V424M (4/130
sampled chromosomes; nominal 95 % CI 0.8-7.7 %), 3.8 % for SEL1L p.1604V (5/130; nominal 95 % CI
1.3-8.7 %) and 0.8 % for GYS1 p.R309H (1/130; nominal 95 % CI 0.02—4.2 %). Each heterozygous call was
supported by entries for both alleles in the final per-sample annotation tables. Reference depth ranged from 4
to 15, alternate depth from 6 to 16, total depth from 14 to 31 and alternate-read proportion from 0.39 to 0.71
(Table 3).

Table 3. Read-depth support for the ten recovered heterozygous OMIA substitution calls.

Variant Horse | Breed/type Genotype | Refdepth | Altdepth | Total depth | Alt-read proportion

ACAN p.V424M | H15 Adai 0/1 13 14 27 0.52

ACAN p.V424M | H16 Adai 0/1 7 7 14 0.50

ACAN p.V424M | H32 Kazakh horse, | 0/1 11 7 18 0.39
Zhabe type

ACAN p.V424M | H34 Kazakh horse, | 0/1 6 9 15 0.60
Zhabe type

SELIL p.1604V | H22 Kostanai 0/1 9 6 15 0.40

SELIL p.1604V | H24 Kostanai 0/1 4 10 14 0.71

SEL1L p.1604V | H25 Kostanai 0/1 10 11 21 0.52

SEL1L p.1604V | H4 Mugalzhar 0/1 9 11 20 0.55

SELIL p.I604V | H35 Kazakh horse, | 0/1 15 16 31 0.52
Zhabe type

GYS1 p.R309H | H6 Mugalzhar 0/1 9 9 18 0.50

Note. Ref depth and Alt depth are the reference- and alternate-allele read counts reported in the final
per-sample annotation tables. Total depth and alternate-read proportion were calculated from those two values.
No independent assay was performed.

No alternate call was recovered for the other 26 substitutions in any of the three SNP matrices.
Because these were variant-only matrices, the unreported positions could not be distinguished from confirmed
homozygous-reference genotypes. The 26 substitutions therefore remain not detected in the available call sets
rather than demonstrated to be reference in all 65 horses. They included the surveyed substitutions in SCN4A,
GBEI1, RYR1, MUTYH, ST14 and GRM6.

None of the five OMIA deletions or the EDNRB delins had a call matching the published allele. No
short-indel record overlapped the 21-bp ACAN deletion, the EDNRB delins, the 5-bp PRKDC deletion, the
10-bp ITGA2B deletion or the 25-bp AR deletion.

The published LAMA3 allele is a 6,579-bp deletion. Five shorter deletions lay within its interval: four
were 1 bp and one was 32 bp. All were annotated as intronic LAMA3 events, without an exonic consequence
or amino-acid change, and none matched the published allele. A heterozygous structural-variant call of
approximately 454 kb covered the LAMA3 interval in 38 horses, but its breakpoints were near 48.40 and
48.85 Mb and its span also included TTC39C. Other structural variants crossing the five deletion intervals or
the EDNRB delins interval were larger still, ranging from about 7 Mb to 47 Mb.

Copy-number losses crossing AR spanned 4,538,001 bp in 21 horses or 6,860,001 bp in D6 (sample
65, Almastory) and were recorded with copy number 1. They did not match the 25-bp OMIA deletion; sex was
also unknown, which limits interpretation of copy number 1 on the X chromosome. Thus, every intersecting
call represented a different event from the five published deletions and the EDNRB delins. Failure to recover
an exact matching call is not proof that an OMIA allele was absent.

Distribution by breed and source.

ACAN p.V424M was detected in heterozygous form in two Adai horses from Kuanysh and two Kazakh
horses of the Zhabe type from Animbekov. Heterozygous SEL1L p.1604V calls were found in three Kostanai
horses from Kazak tulpary, one Mugalzhar horse from Karatomar and one Kazakh horse of the Zhabe type
from Animbekov. One Mugalzhar horse from Karatomar was heterozygous for GYS1 p.R309H (Table 2). No
alternate call for these three substitutions was recovered at Orazali or Bakytbek or among the five additional
Adai riding-type horses from private holdings in Mangystau Region.




Table 2. Detected OMIA alleles and their distribution in the sampled breeds and sources.
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Allele OMIA Reported Breed Source with Heterozygous | Alternate Observed breed-
AVCG phenotype heterozygous horses alleles/all level proportion,
label calls chromosomes % (nominal 95%
sampled for the | CI)
breed
ACAN LP Chondrodysplastic | Adai Kuanysh H15, H16 2/30 6.7 (0.8-22.1)
p.V424M dwarfism
ACAN LP Chondrodysplastic | Kazakh Animbekov H32, H34 2/40 5.0 (0.6-16.9)
p.V424M dwarfism Zhabe type
SELIL Not Atypical equine Kostanai Kazak tulpary | H22, H24, 3/20 15.0 (3.2-37.9)
p.1604V currently | thrombasthenia H25
evaluated
SEL1L Not Atypical equine Mugalzhar | Karatomar H4 1/40 2.5(0.1-13.2)
p.1604V currently | thrombasthenia
evaluated
SELIL Not Atypical equine Kazakh Animbekov H35 1/40 2.5(0.1-13.2)
p.1604V currently | thrombasthenia Zhabe type
evaluated
GYS1 P PSSM1 Mugalzhar | Karatomar He6 1/40 2.5(0.1-13.2)
p.R309H

AVCQG labels are reproduced from OMIA as accessed on 10 June 2026. P, pathogenic; LP, likely
pathogenic. “Not currently evaluated” means that no label had yet been assigned by the ISAG AGTS Variant
Pathogenicity Working Group.

Figure 1 shows the observed alternate-allele proportions for the three detected substitutions across all
65 horses. The breed-level denominators were 30, 20, 40 and 40 sampled chromosomes for Adai, Kostanai,
Mugalzhar and Kazakh Zhabe type, respectively.
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Fig. 1. Alternate-allele proportions of ACAN p.V424M, SEL1L p.1604V and GYS1 p.R309H in 65 horses of four breeds.

Whiskers show nominal Clopper—Pearson 95 % confidence intervals; labels above non-zero bars give
the recovered alternate-allele counts and breed-level denominators. Interpretation of the intervals is addressed
under Study limitations.

Discussion.

Three published OMIA substitutions were recovered in heterozygous form. Horses without recorded
diagnoses can have variants reported in connection with disease, and their occurrence can differ among
breeds. A WGS survey of 605 horses from 48 breeds found breed differences in predicted genetic burden
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and unexpectedly high frequencies for some phenotype-associated variants [Durward-Akhurst et al., 2024].
Interpretation therefore depends on the original evidence for each allele and its distribution in the population
being studied.

Targeted screening of known alleles differs from discovery of a new disease variant. Discovery studies
normally combine segregation, association, functional evidence or phenotype data to establish a relationship
between genotype and disease. A targeted screen instead asks whether the same published nucleotide or
structural change is represented in another dataset. OMIA is useful for defining those targets because its
Equus records link Mendelian phenes with likely causal variants reported in peer-reviewed research [ Tammen
et al., 2024a]. The original studies remain necessary, however, because they establish the relevant inheritance
pattern and the genotype in which the phenotype was observed. In the present analysis, that distinction was
particularly important because all three recovered substitutions were heterozygous, whereas the reported
evidence for ACAN p.V424M and SELIL p.1604V concerned recessive disorders.

Coordinate-level identity was essential for the five deletions and the EDNRB delins. Different events
can overlap the same gene or genomic interval while having different breakpoints, lengths or inserted sequences
and potentially different biological effects. Searching short-indel, structural-variant and copy-number tables
reduced the chance of overlooking a published interval because it was represented by a different call type.
Interval overlap was used to locate calls for review, but it was not treated as evidence that a call represented
the published allele.

Four horses were heterozygous for ACAN p.V424M: two Adai from Kuanysh and two Kazakh Zhabe
type from Animbekov. This EquCab3.0 substitution, g.95284530C>T, was described as one of several ACAN
alleles associated with chondrodysplastic dwarfism in Miniature horses [Eberth et al., 2018]. Homozygotes and
compound heterozygotes for the reported alleles expressed a dwarf phenotype, supporting recessive inheritance.
All four horses in the present dataset were heterozygous and had no clinical records. The recovered calls
indicate that the allele may also occur outside the Miniature Horse population in which it was characterized.
Work on cartilage from dwarf Miniature horses with another ACAN genotype found structural lesions and
increased ACAN gene expression, without a significant difference in aggrecan protein levels [Basso et al.,
2021]. These findings support the broader role of aggrecan in chondrodysplasia but do not provide direct
functional evidence for p.V424M in the breeds examined here.

The original Miniature Horse study reported a combined frequency of 0.163 for four ACAN dwarfism
alleles and an estimated carrier rate of 26.2 % [Eberth et al., 2018]. Those values are not direct comparators
for the present sample: they combine several alleles, concern a different breed and arise from a population
in which dwarfism was already recognized. The current result is narrower. It documents four heterozygous
p.V424M calls in two sampled breed groups and shows that follow-up should consider both the individual
allele and the farm or family context in which it was recovered.

SEL1L p.I604V had the highest observed alternate-allele proportion of the three detected substitutions.
The SELIL c.1810A>G (p.Ille604Val) variant was identified in Thoroughbreds with atypical equine
thrombasthenia, an autosomal recessive platelet disorder [Dahlgren et al., 2026]. It was associated with
decreased SELIL protein expression, and platelets from homozygous horses showed reduced spreading on
collagen. By contrast, the five horses in our dataset were heterozygous and were not tested for platelet function.
The three Kostanai heterozygotes came from the same farm, and the wide nominal confidence interval reflects
the sample of ten horses. This group warrants further study, but the result is not a breed-wide frequency
estimate or evidence of clinical disease.

SEL1L p.1604V was recovered in three breeds and accounted for five of the ten heterozygous calls in the
study. Its occurrence in several sampled groups makes analytical confirmation relevant beyond a single horse,
while the concentration of three calls at Kazak tulpary raises a separate question about relatedness within that
farm. These observations cannot be separated with the available metadata. Pedigree information and testing
of additional Kostanai horses from independent farms would clarify whether the pattern is primarily familial,
local or more broadly distributed.

The GYS1 p.R309H allele occurred in one Mugalzhar horse from Karatomar. Experimental work
showed that this substitution increases skeletal-muscle glycogen synthase activity and causes a gain-of-function
glycogenosis; haplotype analysis suggested that the allele is identical by descent across breeds [McCue et al.,
2008]. Subsequent work treated GYS1 p.R309H as the established genetic basis of PSSM1 while finding no
corresponding monogenic variant in known glycogenosis genes for Quarter Horses classified with PSSM2
[Valberg et al., 2023]. Screening studies have also detected the PSSM1 allele in Selle Francais horses [Ayad




et al., 2022] and at a frequency of about 0.01 in vaquejada Quarter Horses, where the tested disease alleles
occurred only in heterozygotes [ Sperandio et al., 2024]. These populations are not direct frequency comparators
for Mugalzhar horses. Because PSSM1 associated with GYS1 p.R309H is not a recessive carrier state, the
animal is described here as heterozygous for the reported risk allele rather than as a carrier of a recessive
disorder. A heterozygous call does not replace clinical assessment: genetic and histological findings provided
complementary information in a neuromuscular laboratory cohort of horses investigated for muscle disease
[Aleman et al., 2022].

The Selle Francais study detected the PSSM1 allele in a targeted panel of 91 horses, while the vaquejada
study examined 129 Quarter Horses and reported the PSSM1 allele at approximately 0.01 [Ayad et al., 2022;
Sperandio et al., 2024]. Together with evidence that the mutation is identical by descent among breeds [McCue
et al., 2008], these findings show that GYS1 p.R309H is not restricted to the population in which it was first
characterized. They do not establish an expected frequency for Mugalzhar horses. The single call at Karatomar
is therefore most useful as a reason to confirm the genotype and extend testing within that family and farm.

The source structure limits breed comparisons. Kostanai horses came from one farm. The Adai sample
included ten horses from Kuanysh and five riding-type horses from private holdings in Mangystau Region,
three from Zhanaozen and two from Zhetybai. Mugalzhar and Kazakh Zhabe type were represented by two
farms each, but all heterozygous calls occurred in the HI-H40 groups. Relatedness, founder effects and
random sampling could all produce this pattern, and no pedigree analysis was available to distinguish them.
Variant prevalence has previously been estimated within a defined US Thoroughbred population [Elcombe
et al., 2023], and the frequency of MYHI1 E321G differed among Quarter Horse performance disciplines
[de Albuquerque et al., 2022]. The proportions reported here describe the sampled groups rather than whole
breeds.

The two-farm representation of Mugalzhar and Kazakh Zhabe type provides a limited internal
comparison: heterozygous calls were recovered at Karatomar and Animbekov but not at Bakytbek or Orazali.
With ten horses per farm, this difference may reflect which families happened to be sampled. The five additional
Adai horses broadened source coverage, but three horses from Zhanaozen and two from Zhetybai are too
few for locality-level comparisons. For Kostanai, farm and breed cannot be separated. Reporting both breed
and source is therefore informative, but neither level should be treated as an independent explanation of the
observed pattern.

Implications for veterinary screening and breeding management.

The ten heterozygous calls at three loci identify animals and families for follow-up testing. Future
studies should confirm these genotypes with an independent method, such as targeted genotyping or Sanger
sequencing, before they are used for individual veterinary or breeding decisions. Once confirmed, matings
between carriers of the same recessive ACAN or SEL1L allele could be avoided, as recommended for other
recessive disease alleles in horse breeding [Elcombe et al., 2023]. This would allow heterozygous animals to
remain in the breeding population while mating decisions also account for pedigree relationships and genetic
diversity.

GYS1 p.R309H requires separate interpretation because it has been reported as a gain-of-function
cause of PSSM1 [McCue et al., 2008]. In future work, the heterozygous call in the Mugalzhar horse should be
confirmed and followed by veterinary assessment; it is not a clinical diagnosis. If the genotype is confirmed,
close relatives and prospective breeding partners could also be tested.

Additional sampling should include relatives from farms with heterozygous calls and independent
farms representing the same breeds. Pedigree and relevant clinical information would help distinguish family
clustering from broader distribution. Until such data are available, the results support targeted monitoring
rather than breed- or farm-wide selection measures.

The sample was modest and uneven, breed was partly confounded with farm, and pedigree, sex and
clinical data were unavailable. The concentration of heterozygous calls in individual farms could therefore
reflect relatedness, founder effects, sampling variation or a true difference in local occurrence. The study tested
a predefined OMIA list and did not search for previously unreported disease variants.

The SNP matrices contained only variant sites, so an unreported position could not be confirmed as a
homozygous-reference genotype. The three recovered substitutions in ten horses were supported by reference-
and alternate-allele depth entries in the final annotation tables, but no independent assay was performed.
The overlapping short-indel, structural-variant and copy-number calls differed from the published alleles in
length or breakpoints; they were therefore different events, but a missed call at the same interval cannot be
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excluded. Extensive copy-number variation across horse breeds further illustrates why interval overlap alone
is insufficient to establish allelic identity [Tang et al., 2023].

The strength of a negative screening result depends on the data available at the target position. In an
Arabian horse WGS resource, the non-detection of four pathogenic variants was supported by high sequencing
depth and Sanger confirmation [Szmatota et al., 2026]. The present analysis did not have equivalent read-
level or targeted confirmation. For this reason, the 26 substitutions absent from the variant-only matrices are
reported as having no recovered alternate call, and the five deletion alleles and the EDNRB delins as having no
exact matching call. These categories describe the available evidence without assigning an explicit reference
genotype to every horse. Future access to joint-genotyped files or targeted assays would allow the negative
calls to be evaluated directly at each locus.

Conclusion.

Screening of 35 OMIA alleles in 65 horses recovered three substitutions in heterozygous form: ACAN
p.V424M in sampled Adai and Kazakh horses of the Zhabe type, SEL1L p.1604V in Kostanai, Mugalzhar and
Kazakh horses of the Zhabe type, and GYS1 p.R309H in one Mugalzhar horse. No call intersecting the five
published deletion intervals or the EDNRB delins interval matched the reported allele. The results provide an
initial description of these alleles across the sampled breeds and sources and identify targets for confirmatory

genotyping.

Future work should independently confirm the detected genotypes by targeted genotyping or Sanger
sequencing before they are used in individual decisions. Confirmed ACAN and SELI1L genotypes could
inform mating plans that avoid pairings between heterozygous animals carrying the same recessive allele,
while confirmed GYS1 p.R309H genotypes should be considered together with veterinary assessment because
PSSM1 is not a recessive carrier state. Broader multi-farm sampling should include relatives and unrelated
animals, together with pedigree, sex and clinical information.
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Abstract. The diversity of natural and climatic conditions in southern and southeastern Kazakhstan
influences the botanical and geographical origin of honey and its quality characteristics. However, comprehensive
comparative studies of the physicochemical and organoleptic properties of honey from different natural
zones remain limited. Therefore, assessing honey quality in relation to natural and climatic conditions and
determining its consumer properties is relevant. The aim of this study was to compare the physicochemical,
organoleptic characteristics of honey samples from different natural and climatic zones of southern and
southeastern Kazakhstan and to determine the influence of environmental conditions and botanical origin on
honey quality.Honey samples from steppe, foothill and mountainous regions were studied.Physicochemical
analysis included the determination of moisture content, reducing sugars, sucrose, diastase number, free
acidity, electrical conductivity and hydroxymethylfurfural (HMF) content.Organoleptic properties were
evaluated based on color, aroma, taste and consistency. Comparative analysis was used to identify differences
in honey quality according to the natural and climatic conditions of the production areas.The results revealed
differences in honey quality indicators among the studied natural zones.Honey from mountainous regions
was characterized by higher enzymatic activity and pronounced organoleptic properties, while samples from
the steppe zone showed greater variability in moisture and sugar content.Most analyzed samples met the
requirements of applicable quality standards and demonstrated satisfactory consumer properties.The results
can be applied to regional honey quality assessment, improvement of certification and quality-control systems,
determination of botanical and geographical origin and development of scientifically based approaches to
producing high-quality natural honey in different natural and climatic zones of Kazakhstan.
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AnHoTanusi. Ka3zakCcTaHHBIH OHTYCTIrT MEH OHTYCTIK-IIBIFBICBIHIA TaOWFU-KIUMATTBIK JKaFIai-
JapJbIH OPTYPIILUIIri OayplH OOTaHUKANBIK JKOHE reorpadUsuIblK MIBIFY TETiHe, COH/Ial-aK OHBIH CarallbIK
KOPCETKIITEepiHe ocep eTemi. Anaiga opTypii TaOWFU aiiMakTapiaH ajblHFaH OalablH (HU3UKA-XUMUSIIBIK
KOHE OpPTraHOJIENITHKAIBIK KaCUETTEePiH KEIIeH/ I CaJbICThIpMalbl Oaranay OOibIHIIA 3epTTEYNIep KETKITIKCI3.
OcpIraH OaityIaHBICTBI OAJT CAITaChIH TAOMFU-KIIMMATTHIK JKaFIaiiapra OaiIaHbICThI Oaraliay )KOHE OHBIH TYThI-
HYIIBUTBIK KACHETTEPIH aHBIKTAy ©3CKTI Macelie OOJIbIN TaObLIabl. 3epTTeydiH MakcaThl — KazakcTaHHBIH
OHTYCTIIl MEH OHTYCTIK-IIBIFBICBIHBIH OPTYPJIi TAOUFH-KIIMMATTHIK alilMaKTapbIHAH alIbIHFaH 0ajl YATUIepiHIH
(U3NKA-XUMISUTBIK JKOHE OPTaHOJETTUKAIBIK KOPCETKIMTEPIH CANBICTHIPBII, KOpPIIaFaH OpTa KaFJaiiapel
MeH OOTaHWKAJBIK IIBIFYy TETIHIH OJIAPJBIH CalachlHAa OCEPiH aHBIKTAy. 3epTTey HBICAHAAphl PETiHAC Jala,
Tay 0OKTepi KoHe TayJbl ailMaKTap/AaH allbIHFaH Oall yiuriiepi naiganansuiasl. 3epTTey OapbhichiHAa OaablH
BUTFaJIBUTBIFBIHBIH MAaCCaJIBIK YJI€Cl, TOTHIKCHI3IAaHATHIH KAHTTAP MEH caxapo3a MeJIIIIepi, JuacTa3 caHbl, 60C
KBIIIKBUIABIK, JMEKTP OTKI3TITIK *oHe ruapokcumeTtmidypdypon (HMF) menmiepi anbikTanasl. Oprano-
JENTHKANIBIK Oarajay TYCi, XOILI Hici, 1oM1 oHE KOHCHCTEHUHUSACHI OOMBIHIIA KYPri3ifai. 3epTTey HOTHKe-
Jepi TaOUFU-KIIMMATTHIK aliMaKTapra OalIaHBICTBI Oyl canmachlHBIH KOPCETKINITEPIHIE alTapIIbIKTai albl-
pMatbUIbIKTap 6ap ekeHiH kepceTTi. Taynbl altMakTapIbIH O6abl )KOFapbl EPMEHTATUBTIK OENCEHALTIMIMEH
KOHE alKbIH OPTaHOJICITHKAIBIK KACHETTEPIMEH epeKIIeNeH Ti, all Jlaia aiMarbIHBIH YIITUICPIHIE BUIFall-
JBUTBIK TIEH KAHT KYPAaMBIHBIH ©3TepPTilITIT )OoFapbl O0NIbl. 3epTTeNreH YATUIepaiH Heri3ri 0eiri Koa-
HBICTAFbI calla CTAHJAPTTAPBIHBIH TaJaNTapblHA COMKEC KeJli. AJIBIHFAaH HOTWKeNep OalllbIH canachlH au-
MAaKTBIK JIeHTeiie Oaranayna, Taburu O6anapl cepTuduKarTay KyheiaepiH KeTUIipyne, OHIMHIH IIBIFY TEriH
curnarraynia xoHe KazakcTaHHBIH opTypii TaOWFHU-KIMMATTHIK ailMaKTapblHIA canayibl TaOuru 0aj eHIipy
TEXHOJIOTHSUIAPbIH FHUTBIMH HET13/Iey/le MPAKTHKAIBIK TYPFBIIaH KOJIIaHBLTYbl MYMKIH.

Tyiiin ce3mep: 6an, TaOUFU-KIMMATTHIK aliMakTap, 0an cblHaManapbl, OOTaHUKAJBIK HIBIFY Teri, (u-
3MKa-XUMUSUIBIK KOPCETKIIITEDP, OPTaHOICTITUKANIBIK TaAay
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AnHoTaunus. PazHooOpa3ue npupoaHO-KIMMATHYECKUX YCIOBUN I0KHBIX U IOTO-BOCTOUHBIX PETHO-
HOB KazaxcraHa oka3bIBaeT CyIIECTBEHHOE BIMsSHUE Ha OOTaHMYECKOE U reorpaduyeckoe MPOUCXOXKICHHE
MeJia, a TAaK)Ke Ha €r0 KaYeCTBEHHBIC XapaKTepUCTUKU. BMecTe ¢ TeM KOMIUIEKCHbIE CPaBHUTEIbHBIE HCCIIE10-
BaHUS (PU3UKO-XMMHUUYECKHUX U OPraHOJENTHUECKHX CBOMCTB Mefa, MOTYYEHHOTO U3 Pa3IUYHbIX TPUPOIHBIX
30H, OCTAIOTCSI HEIOCTATOUYHBIMU. B CBSI3U € 3TUM OIIEHKA KayecTBa Me/la B 3aBUCUMOCTH OT MPUPOTHO-KITU-
MaTHYECKHX yCIIOBUH U ONpeeNieHNe ero MOTPeOUTEIbCKIX CBOMCTB SBISIOTCS akTyainbHbIMU. Llens uccre-
JIOBaHUS — CPAaBHUTENIbHAS OIIEHKA (PU3UKO-XMMHUYECKHUX M OPraHOJENTHYECKUX MoKa3aTenei o0pas3IoB Meaa
U3 Pa3UYHbIX PUPOJTHO-KIMMATHUYECKUX 30H [0Ta U 10ro-BocToka Kazaxcrana u onpeaeneHue BIUSHUS yC-
JIOBUH OKpy>Karolei cpeapl 1 00TaHMYECKOTo MPOUCXOKIEHUS Ha ero kKauecTBo. OObeKTaMU HCCIeI0BaHMUS
SBIISTUCH 00pa3libl Mefla, MOTyYeHHbIEe U3 CTETHOM, MPEeAropHOi U TOpHOii 30H. B x0o1e hu3nko-xuMuieckoro
aHaJM3a OMpeeIsIM MAaCCOBYIO JIOJIO BIIarH, COJEpKaHUE PelyIUPYIOIIUX CaxapoB U caXxapo3bl, TUACTa3HOE
YHCII0, CBOOOIHYIO KUCIOTHOCTD, SJIEKTPOIIPOBOIHOCTh U cojiepaHue ruapokcumerundypdypona (HMF).
OpraHonenTHYeCcKyIo OLIEHKY POBOIMIIN IO MTOKa3aTelsaM I[BETa, apoMaTa, BKyca U KoHCUcTeHIInU. CpaBHU-
TeJIbHBINA aHATN3 MO3BOJIMI BRISIBUTH PA3INYUS KaU€CTBEHHBIX XapaKTEPUCTHK Mea B 3aBUCUMOCTH OT MpH-
POIHO-KIUMATUYECKUX YCIOBHM TEPPUTOPHUI €ro Mpou3BOACTBA. Pe3ynbTaThl Hcclen0BaHus OKa3alHu Bbl-
pakKeHHbIE Pa3IMYUs MMOKa3aTeNel KauecTBa Meaa MeXAy U3y4YeHHBIMU NMPUPOIHBIMHU 30HAaMU. Mel TOpHBIX
pailoHOB XapakTepu3oBacs 0osee BHICOKOH (hepMEHTaTHBHOM aKTUBHOCTBIO U BHIPAKEHHBIMU OPTaHOJIETITH-
4eCKUMH cBo¥cTBaMu. B oOpasiiax crenHoii 30HbI 0OTMeuanach 0ojiee BhICOKas BapruadeIbHOCTh COACPIKAHUS
BJIard M caxapoB. BOJBIIMHCTBO HCCIETOBAaHHBIX 00PA3I[0B COOTBETCTBOBAIO TPEOOBAHUSIM JIEHCTBYIOIINX
CTaH/JapTOB KauecTBa M 00JaJalio yIOBIETBOPUTEIBHBIMU MOTPEOUTENBCKIUME CcBOMCTBaMU. [lomydeHHbIe




pe3yabTaThl MOTYT OBITH MCHOJB30BAHbBI JIJISl PETMOHATBHON OLIEHKH KauecTBa Me/a, COBEPIICHCTBOBAHUS
CUCTEeM cepTU(UKAIMKU U KOHTPOJIA KauecTBa HaTypajIbHOIO MeJa, OMpeesIeHUs] ero OOTAHUYECKOTO U Teo-
rpaduyecKoro MpOUCXOXKICHHUS, a TAK)Ke HAy4YHOTO 000CHOBAHUS IIPOU3BO/ICTBA BHICOKOKaY€CTBEHHOT'O HaTY-
paNbHOTO MeJla B Pa3INYHBIX MPUPOAHO-KIMMATHYECKUX 30Hax KazaxcraHa.

KutoueBble ciioBa: MEN, MPUPOIHO-KIMMATHUYECKUE 30HbI, 00pa3ibl Mea; 00TAHUYECKOE MTPOUCXOXK-
neHue, GU3NKO-XUMUYeCKre TToKa3aTelu, OpraHoJeNTHUECKUI aHaIu3

Jas nuurupoBanms: lepanuesa XK.E., Hypamuesa Y.A., MycoeB A.M., Toiimmmanos M. (2026).
CpaBHUTENBHBIN (HU3UKO-XUMUYECKUN U OPraHONENITUYECKUN aHalu3 META U3 PA3TUYHbBIX TPUPOIHO-KIUMa-
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Kon$uiuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

bnazooapnocme. Hayuno-uccreoosamenvckas paboma npo8oouslacs 8 pamKkax npocpammol, QUHaH-
cupyemoti Munucmepcmeom cenvckoeo xozsacmea Pecnyonuxku Kazaxcman, BR22885831 «Paspabomka un-
mezpupoBaHHoll cCucmembl YRPasieHUus 2eHeMU4ecKUMU pecypcamu n4e10800Cmea U mexHoio2utl 3ghgexmus-
HO20 NpuUMeHeHUs NYéjl 8 ONbLIEHUU U NPOU3B00CHEe opeanudeckol npodykyuuy, 2024-2026 ze.

Kipicne.

Apa mapyambiUibiFbl KazakCcTaHHBIH arpapIiblK CEKTOPBIHBIH MaHbI3/IbI calachkl OObIN TaObu1aab!. Ei-
JIH OHTYCTIK KOHE OHTYCTIK-IIIBIFBIC alilMaKTaphl Jiajla SKOXKYHEJIepiHeH Tay OOKTEepi MEH Tayllbl allMaKTapFra
JICHIH opTYpili TAOUFU-KIIMMATTHIK KaFaaiiapMeH cunarraiaabl. by gakropiap HeKTapablH OOTaHUKAJIBIK
IIBIFY TETiHE )KOHE HOTIIKECIHIE OalIZIbIH XMUMUSUTBIK KYPaMbl MEH OpPTaHOJICTITHKAIIBIK KaCHETTEpiHe anTap-
JBIKTal ocep erefi. A3BIK-TYJIK OHIMIEpIHIH camachl MEH KayilCi3Zirine KOWBIIAThIH TalanTapblH ecyl
KarJaiblHIa aliMaKThIK €PEeKIIETIKTEP/Il €CKEPE OTHIPHIIN, Oal KOPCEeTKIMITEPiH KeleH Al Oaranay KaXeTTiir
apTabl.

ban — skorapsl TaraMJIbIK, OMOJIOTHSIIBIK JKOHE eMJIIK-TIPOPHIAKTUKAIBIK KYHIBUIBIFBI Oap apa Iia-
PYalIbUIBIFBIHBIH €H KYHZBl oHiMaepiHiH Oipi. OHBIH KypaMmbl MEH camachl TaOWFU KOHE aHTPOMOTEHIK
(bakTopIapAbIH KUBIHTHIFEIMEH aHBIKTAJIA/IbI, OJIAP/IBIH apachlHa HEKTApAbIH OOTaHUKAJBIK IIBIFY TETi, ai-
MaKTBIH KIIMMATTHIK JKaFIaibl, TOMBIPAK €PEKIICITIKTEePi, MayChIMJIBIK ©3repicTep, 0an apansapblHbIH TYKbIM-
JIBIK €PEeKIIeNiKTepi, COHIal-aK apa KOJIOHUSJIAPBIH YCTay JKOHE OHIMIII OHICY TEXHOJOTHSIIAPhI MAaHBI3/IbL.
Ocpiran 0alIaHBICTBI OAIBIH (PU3NKA-XUMHUSIIBIK )KOHE OpraHOJICITHKAIIBIK CHIIaTTaMajiaphbl reorpagusIIbIK
HIBIFY TETiHE OaillaHBICTHI alTapibIKTall e3repei, Oyl 0Chbl OHIMHIH ailMaKTBIK €PEKIIENIKTepiH 3epTTey/l
FBUIBIMU JKOHE MTPAKTHKAJIBIK TYPFbIAaH 03eKTi eTeni [Ishenbayeva xone 1.6., 2021; Chandra »xone T1.6., 2026;
Mohammed 2022; Schiassi xone T.6., 2021].

KazakcTan TaOUFu-KIUMATTHIK JKaFAalaapblH alyaH TYPILUIIriHe )koHe 06al eciIMAIKTepiHiH 0ail ¢io-
PHUCTHKAJIBIK KYpaMbIHa OalIaHBICTHI apa MIAPYallbUIBIFBIH JaMBITY YIIiH aUTapibIKTai oneyeTke we. Ei-
JIIH OHTYCTIK 9OHE OHTYCTIK-IIBIFbIC aiiMaKTaphl TAOWFU aliMaKTap/IbIH KCH CIIEKTPIMEH CHUIIATTANabl, SFHH
IIOJIJTI KOHE MIeJICHT alMaKTapaH Tay OOKTepi MEH Tayllbl SKOXKYHenepre JACHiH, TeMIeparypa peXiuMiMeH,
JKayBbIH-IIIAIITBIH MOJIIIEPIMEH, BETETAIMSIIBIK KE3eHHIH Y3aKThIFBIMEH jkKoHE 0all CIMIIKTEPiHIH TYPIiK Kypa-
MBIMEH epeKIieneHe . by opTypiisik oHbIH reorpadusibiK HIBIFY Tl MEH CarachlHbIH KopceTKimTepi 6o1a
aJIaThIH OPTYPIIi (PU3HUKA-XUMUSUIBIK )KOHE OPTaHOJIENITUKAJIBIK KacHeTTepi Oap OaabIH naiiaa 00rybIHa bIKITAT
ereni [Klimov xxone 1.0., 2025].

banapiH canacein Oaranay GU3MKa-XUMHUSIIBIK KOHE OPTaHOJICIITHKAIBIK KOPCETKIIITEp KEIICHIHE He-
rizaenreH. Herisri (pu3MKa-XUMUSIIBIK TapaMeTpiiepre bIIFAIABIH MAcCabIK YieCl, KbIIIKBUIIBIFBI, 3JCKTP
OTKI3TIIITIT, a3alTaThIH KaHTTap, caxaposa, ruapokcumeTtmidypdypon (HMF), nuactas cansl, pH xone xa-
JIBIKAPAJIbIK JKOHE ¥JITTHIK CTaHAapTTapMEH PETTEeNIeTiH 0acka Ja kepceTkimTep xkaraabl (CTaHaapT Kojaekca
s mega CODEX STAN 12-19811). OpranonenTukaiblK Tajaay TYCTI, XOII HiCTi, AOM/Ii, KOHCUCTEHIIUSHBI,
MOJITIPIIKTI )KOHE KPUCTANIaHy CUMAThIH OaFanaynbl KaMTUIbl. OChl KOPCETKIIMITEP/IiH KUBIHTHIFbI OHIMHIH
TaOUFUIIBIFBIH, KETUTyiH, OaTFBIHABIFBI MEH Kayirci3airiH 00beKTUBTI OaranayFra, COHaail-aK OypManaHyablH
HeMece caKTay IIapTTapbIHbIH OY3bUTYBIHBIH MYMKIH O€JNTiIepiH aHbIKTayFa MyMKiHJIiK Oepeni [Aishath xone
1.0., 2018].

banapl opranonenTuKanblK Oaranay Ja YJIKEH MaHbI3Fa M€, OMTKeH1 Tyci, XOILI Hici, 19Mi, KOHCH-
CTEHITUSICHI J)KOHE KPUCTAJJIaHy JOPEKECi OHIMHIH OOTaHUKAJIBIK IIBIFY TeTli MEH KaJIBINTACY JKaFIaiiapbIMeH
TBIFBI3 OaiimaHbICThl. OpraHOJENTHKANBIK KoHE (DU3UKA-XUMUSIIBIK SIICTepAl Oipiecin KoigaHy Taburu 6an-
JIbIH €H 00BEKTUBTI CUIIATTAMAChIH KAMTAaMaChI3 €Tel )KOHE OHBIH TYTHIHYIIBUIBIK KACUETTEePIH CeHIM1 Oara-




JayFa MyMKIiHZIK 6epeni [Aristeidis xone T.6., 2021].

Conrbl JKbUTIAPHI 0aJIBIH CaNachlH 3€PTTEY SKOJOTHUSUIIBIK Ta3za KOHE KOFAphl camaibl OHIMIe cypa-
HBICTBIH apTybIHA, TaMaK OHIMJIEPiH reorpadusIbIK COMKeCTeHAIPYIIH JaMybIHa *oHe YNTTHIK Apa mapy-
AlIbUTBIFBIHBIH OKCTIOPTTHIK QJIEyeTiHIH KeHeroiHe OalIaHbICThI epekile ©3eKTuTKke ue 00iabl. COHbIMEH
Karap, Oai/blH aliMaKTBIK €pEeKIIENIKTepiH 3epTTey OHIMHIH TYMHYCKAJBIFBIH pacTay KpUTepUIepiH d3ip-
Jiey, OHBIH KacHeTTepiHe TaOMFU-KIUMATTHIK (haKTopiapAblH dcepiH Oaranay >KOHE XablKapajblK HapbIKTa
OTaHJBIK OanJblH 0ocekere KaOUIeTTUTINH apTThIPy YIIIH FHUIBIMH 0a3aHbl KaJIBIITACTHIPYFa BIKMAN €Tel
[Tursunbekova xone T.6., 2023; da Silva xxone T.6., 2016].

EnnmiH OHTYCTIK jkK0HE OHTYCTIK-IITBIFBIC aliMaKTaphl ACHapIleT, KYHOAFbIC, MaKTa, KapaKyMbIK, TamMa-
pHC, Tyie TIKEHET1 )KOHE KOITereH xabaiibl 6a eCiMAIKTepiH KAMTUTBIH ©CIMIIKTEP/IiH adyaH TYpiuliriMeH
cunarragaabl. OCIMAIK pecypcTapbIHBIH OYJI OpTYPILIITi OHIMHIH TreorpadusiIblK HIBIFY epeKIIeNTiKTepiH Kop-
CETETIH 9PTYPIi PU3MKA-XUMUSIIBIK KOHE OPTaHOJICTITUKAJIBIK CHITaTTaManapsl 0ap O6anabiH naiga 60mybsiHa
pIknan ereai [Moldakhmetova sxone T.6., 2023].

KazakcTaHHBIH opTYpili enepi MEH JKEKEJIereH OHIpiepiHaeri OablH CarmalblK CHIaTTaMaliapbl-
Ha apHaJFaH Kojjaa Oap 3eprreynepre KapamactaH, Ka3akCTaHHBIH OHTYCTIIT MEH OHTYCTIK-IIBIFBICHIHBIH
OPTYPJTi TAOMFHU-KIIMMATTHIK aifMaKTapbIHAA aJbIHFaH OaJIIbIH (PU3MKA-XUMHUSIIBIK JKOHE OPTraHOJICTITUKAIBIK
KACHETTEPiH CATBICTBIPMAIIbI TaJAay Typasibl MaTiMeTTep mekTeyni 6onbn Kanyaa [Kamyshev, 2023]. Ocsr
OarpITTaFbl KEIICH I 3epPTTEyJIep OHIMHIH camachlH OOBEKTUBTI Oaraliay, OHbl KaJbIITACTHIPYAbIH aliMaKThIK
epEeKILEeTIKTEPIH aHBIKTAYy XKoHE camaHbl OaKplIay KYHeciH KeTUlipy yiuiH MaHb3asl [Kritskaya sxone T.6.,
2010; Cianciosi xoaHe T.0., 2018; Schievano xone 1.0., 2021].

ComnrslxbuTIaphl Kazakcranaa Tabury OaiIbIH CanlachiH iK1 HAPBIK TYPFBICBIHAH 1A, OTAH/IBIK OHIMHIH
SKCHOPTTHIK QJIEYEeTIH KEHEHTY MepcreKTUBaIapblHa OaillaHBICTHI KelleHl OarajayFa KbI3BIFYIIBUIBIK ap-
TBIN KeneAl. 3epTTeyliep KopceTKeHAeH, Ka3aKCTaHbIK 0asl YATUIEpiHIH KOMIIUIIr YITTHIK CTaHAapTTap MEH
Codex Alimentarius TajganTapblHa Colikec KeJe/i, ajaiiia camna KepceTKImTepl TaOUFU-KIUMaTTBIK JKaFTau-
Japra *oHe OOTaHUKAJBIK IIBIFY TeriHe OailaHbICThI allTapibIKTal e3repei. by 3amanayu Tanaay oaicTepin
KOJIJJaHA OTBIPBIM, €JJIIH SPTYpPJIi aliMaKTapblHaH OaliFa CalbICTBIPMAIBI 3€PTTEYNIEp KYPrizy KakeTTiTiriH
pacraiigsl [Moldakhmetova sxone T.6., 2025].

Ocsiran 0aiIaHBICTBI OCHI 3€PTTEYIH MaKcaThl Ka3akCcTaHHBIH OHTYCTIT MEH OHTYCTIK-IIBIFBICHIHBIH
OPTYPJTi TAOMFU-KIIMMATTHIK aiiMaKTapblHAH aJIbIHFaH OaJIbIH (PU3UKA-XUMHUSIIBIK KOHE OPTraHOJICTITUKAIBIK
KOPCETKIIITEePiH CaNbICTBIPMalibl Oaranay, COHAai-aK TaOUFU-KIUMATTHIK JKaFJaiiapIbIH OHBIH CanabIK CH-
naTTaManapbiH KaJbIITACTBIPYFa 9CEPiH aHBIKTAY OOJIBIN TaObLIAIbI.

MakcaTka eTy YIIiH Kellecl MIHAETTep aHbIKTaJbl:

KazakcTaHHBIH OHTYCTIT1 MEH OHTYCTIK-IIBIFBICBIHBIH OPTYPJIi TAOMFU-KIMMATTHIK allMaKTapbIHAH Ta-
Ouru OanablH YATUIEPIH KUHAY.

3epTTeneTin 6an yAriuiepiHiy Heri3ri (Gu3uKa-XuMUSIIBIK KOPCETKIIITEePiH, COHBIH 1II1H/E CYbIH Mac-
CaJbIK YJIeCiH, KAaHT KYpaMbIH, 00C KbIIIKBIIABIKTEL, PH, 37€KTp ©TKI3rimTIiriH, AuacTa3ablK OCICeHIITIKTI
xoHe ruapokcumetundypdypon (HMF) kypambin aHbIKTay.

ban ynrinepin opraHoJenTHKAIBIK Oarasiay/bl HET13T1 cUIlaTTamaiapbl OOMBIHIIA KYPri3y: TYCl, XOII
Wicl, 19Mi, KOHCUCTEHIUSCHI KOHE KPUCTAJIaHy CHUIIATHI.

3epTTeneTiH aitMaKTapAbIH OpPTYPJli TAOMFU-KIIMMATTHIK aliMaKTapbl apachIHAaFbl OaabIH (PU3UKa-XH-
MUSIJIBIK JKOHE OPTaHOJICTITUKAJIBIK KOPCETKIIITEPIH CATBICTBIPY.

AJBIHFaH KOPCETKIIMTEPAiH KOIAAHBICTaFbl HOPMATHUBTIK KY)KaTTap/IbIH )KOHE TAOUFH OaJl carachIHbIH
XaJbIKapablK CTaHIaPTTAPBIHBIH TalaNTapblHa COWKECTIriH Oaranay.

3epTTey Marepuasgapbl MeH dicTepi.

3eprreynep «Kazak yiTThIK arpapibik 3eprrey yHuBepcuteTi» KEAK xansinnarst Kazakcran->Xamnon
WHHOBAIIMSITBIK OPTAJIBIFBIHBIH TaFaM/IBIK JKOHE IKOJIOTHSIIBIK KaylCI3AiK 3epTXaHAChIH/A JKYPri3UIIi.

Op TYpIIi aiiMaKTapaa >KHHAJIFaH O IbIH OapiIbIFbl 4 alMaKThIH ChIHAMasIapbl 3epTTEN 1. Op alMaKThIH
0aJ apa KOKallbIFbIHAH 3 ChIHaMalap ajiblHAbL. Op ChIHaMara 3 KaiTanaynaH tanaay xkacanasl. baranay [OCT
19792-2017 «Taburu 6an. TexHUKANBIK IIapTTap» TajanTapblHa Coiikec Kyprizuiai. OpraHoJIeITHKAIBIK
KepceTKimTepi (1oMi, XOII Hicl, KOHCUCTEHITUACHI), COHJal-aK (Gu3nKa-XUMHUIBIK KepceTkimTepi 'OCT
19792-2017 «Taburu 6an. TeXHUKANBIK MIAPTTap» OOWBIHIIA TaJIaHFaH.

Tannay keneci KOPCETKIIITEP/Al KAMTBIIbI:

* CynbIH MaccambIK yieci, %

» Caxapo3aHblH MaccalbIK yieci, %o




* ToThIKChI3MAHATBIH KAaHTTAP IbIH MaccalbIK yieci, %

e boc KBIIKBIIIBIK, MOKB / KT

* Cyreri kepcertkimii (PH)

* JInacra3 cansl, ['ote Gipiri;

CynblH MaccalbIK YJIECIH aHBIKTaY.

[[Tamamen 3 Myt 6a mpoOUpKaFa CaJIBIHBIMN, Pe3€HKE THIFBIHMEH MBIKTAIT )KaObLIa1bl, 0apIIbIK KPUCTAI-
nap epyi yurin cy BanHaceiaaa (60 + 0,2) °C temmneparypafa yctaiiasl. Erep 6an kpucrtannanrad 0oJca, OHbI
aNJbIMEH Cy BaHHAChIHAa HeMece KenTipy mkadsiaaa 40 °C-taH acnailTeiH TeMIlepaTypaja KYMcapTy Kepek.
CopnaHn keifiH 6an TaMIIBICKIH pepaKTOMETP MPU3MACHIHBIH Ta3a jKoHE Kyprak OeTiHe jkoHe 2 MUHYTTaH Keil-
1H CBIHY KOPCETKIII1 eJeHe 1. ONereHHeH KeifiH kectesep O0MbIHIIA CY/IbIH MacCaNbIK YJI€Cl aHBIKTAIa IbI.

Caxapo3aHbIH MaccajblK YJIE€CiH aHbIKTaY.

ban xpucranganras, OHbI Cy BAHHAChIH/Ia HeMece kenTipy mkadbeiaaa 40 °C-tan acnaiiTelH TemIepa-
Typajia ajlbIH aja xkymcapTy kepek. biz 200 mu emmeyim konbara 20 mi 6an epitinaicin, 80 M Ta3apThuIFaH
cyabl xoHe 5 mul NSL yIielH KOCcaMbl3, TEPMOMETP apajachlll, KbI3AbIpbLIFaH cy BaHHAacbiHAa 80°C KobIMN,
Ma3MyHbIH 70°C neiiiH KbI3ABIPBIN, 5 MUHYT ycTaiiMbI3, conaH keilin 20°C neitin cankpigaaranasl. KOH.
EpiTiHaiHiH KeJeMiH Ta3apThUIFaH cyMeH Oenrire kentipemi3. 250 mi1 KoHycThIK kKosbara 0,01 % Temip-cune-
pouaTel Kanmiie 20 M epiTiHgici, 2,5 Moas/aAM3 HaTpUid TUAPOKCH L epiTiHaici xkoHe 10 M1 malbIHAaFaH
6an epitinaici enrizineni. Kocna xaliHaTbUIFaHFa JEWiH KbI3ABIPBUIAIBI JKOHE 197 | MUHYT KaWHATHUIA b
xoHe OeyiMe TeMmIepaTrypachlHa ICHiH Te3 CalKbIHIAThUIAbI KoHE crekTpodoromerpae 440 HM TOJKBIH
Y3BIH/IBIFBIHIA KEM JIETEH/IE YIIT ONITHKAIBIK THIFBI3/IBIK OJIIICHE]I.

TOTBIKCBHI31aHATHIH KAHTTAP/IbIH MACCAJBIK YJIECIH aHBIKTAY.

ban xpucranganraH, OHbI Cy BaHHAChIHJAa Hemece kenTipy mkadsiHaa 40 °C-taH acmalThIH TeMIle-
parypaja angasiH-ana kymcapty kepek. Kememi 10 M Oan epitinzici emmeyim kondara enriziteni 100 mu
JTUCTUIIZICHTEH CyMEH Oenrire sKeTKi3inei, apanacTeipbiiainl. 250 Mt KoHyCThIK Kosibara 0,01 % Temip-cune-
pouaTel Kanuiaie 20 Mt epiTiHaici, 2,5 Moab/aM3 HaTpUid TUAPOKCHII epiTiHici skoHe 10 mum 6an epiTiHmici
enrizineni. Kocna xaliHaTbuTFaHFa JEHiH KbI3ABIPbUIAIbI KOHE oM | MUHYT KaliHaThIIaAbl )KoHE OeMe TeM-
neparypachlHa JCHiH Te3 CalIKbIHIAThUIAIbI XKoHe criekTpodoromerpre 440 HM TONKBIH Y3BIHIBIFBIHIA KEM
JIETCHJIC YIII ONTHUKAJIBIK THIFBI3/IBIK OJIIICHE/].

Bboc KBIIKBUIBIK XKOHE CyTeT1 KOPCETKIIIIH aHBIKTAY.

Crakanra 10 r 6anas! enmern, 90 M Ta3apThUTFaH Cy KOCHII, 0all TOJIBIFBIMEH epireHIle apaaacTblpbl-
nazel. Jlalieiapanran ceiHamMaaa pH-MeTp anekTpoaTapbl OaTeIpblIabl )koHe 5 C apKbUIbI aCTIaNThIH KOPCET-
Kl OeKiTiIeql.

Cyreri kepceTkintin enmereHHeH keiid 01 0,1 N NaOH epitinaiciMmen TuTpiaeHe . banabiH KbIIIKbLI-
IbIFbl TUTpIEyre keTkeH NaOH epiTiHIICiHIH KeJIeMiH HIerepe/i.

Jlnacra3 caHbIHBIH aHBIKTaMAaChI.

ban KypaMbIHAaFsl 1MacTa3 CaHbIH aHBIKTAY YIIIiH 5 T 6ai anbin, 15-20 Mi1 Ta3apThUIFaH Cy/ia epiTiiei.
Erep 6an kpucranganran 0osca, OHbI albIMEH Cy BaHHACBIHIA HeMece KenTipy mkadsinaa 40 °C-tan acnaii-
TBIH TeMIIeparypaja xymcapty kepek. Exi Tyrikre 14 M apanac peakTHUBIICH eJieHe/l (KpaxMai epiTiHici
arietarTsl Oydepiik epiTiHaiMeH apanacajsl). TyTikrepai skaysln, cy BaHHacbkiHa 40 °C Temmeparypaia Kaj-
neipbiIaabl, 10 MuHyT yeran, GipiHmiicine 1 mu 6an epiTiHici, aj ekiHmiciHe 1 MIJI Ta3apThUIFaH Cy KOCHI-
nanel Kaiitanan BanHara canbin, 15 MuHyTKa Kanasipaasl. 50 Mi eki emmeyimn konbara 40 M Ta3apTbulFaH
cy meH | mu #iox epirinmici 0,015 monws/am3 apanacteipbutansl xkoHe 20°C Temneparypaaa 15 MUHYT cy
BaHHAChIHIA ycTaiapl. ComaH KeiiH opKaHChICBIHAH 2 MJI PeaKIusl KOCTAIapbIH T€3 ajIbIll TaCTANIbI KOHE
onap/pl HOJ epiTiHIICIMEH Kolibara apalacThIpFaH Ke3/le eHT1311e/1, epiTiIHIHIH KeJIeMi Ta3apThlIFaH CyMEH
TOJIBIKTBIpbIIaAbl. MykusT apanacteipbin? 20°C Temneparypana 10 MuHyT cy BaHHachIHIa ycTaiael. Conan
KEHiH CTIEKTPO(POTOMETP/IET1 ONTUKANIBIK THIFBI3ABIKTE 590 HM TONKBIH Y3BbIH/IBIFBIMEH TE€3 OJIIICHEI].

Hotmxkenep.

KazakcTaHHBIH opTYpJ1i 00JBICTaphIHIA KUHAIFAH OaJJIbIH TOPT YITICI OHIpre )KoHE TaOUFU-KIUMaT-
THIK aliMakka OaillaHbICThl (PU3MKA-XUMUSIIBIK CHUIATTaMajapblHIa eNeylli alblpMallbUIBIKTapabl KOPCETTI
(xecre 1).

I-kectene KazakCTaHHBIH OHTYCTIT1T MEH OHTYCTIK-IIBIFBICBIHBIH OPTYPJi TaOWUFU-KIMMATTHIK aii-
MakTapblHaH: AJMaThl (1ana aitmarsl), JKaMmObL1 (Tay aiimarsl), JKerticy (Tay aiimarsbl) skoHe TypkicTad (Tay
eTeri aitMarbl) 0OJbICTApPBIHAH AJIBIHFAH Oall YATUIepIH PU3NKa-XUMHUSIIBIK Tallay HOTHXKeJIepl KeNTiplIreH.




Kecre 1. KazakcTaHHBIH opTYpili TaOMFU-KIMMATTHIK aliMaKTapbIHIAFbl OalablH (PU3MKA-XUMHUSITBIK

KepceTKiITepi

Oo6sic / Kepcetkimutep Anmarst KamObL1 Keticy Typkicran
Aiimak JTaTanbl TayJIbl TayJIbl Tay 6exrepi
CynbIH MaccalbIk yieci, % 14,8+0,11 15,9+0,06 15,5+0,25 15,8+0,05
Caxapo3aHbIH MacCabIK 2,93+0,21 2,39+0,19 2,81+0,08 2,98+0,11
yieci, %

ToThIKCBI3AHATHIH KaHTTap- | 88+4,16 71,70+1,45 | 67,87+0,88 | 83,12+1,87
IIBIH MaccallbIK yieci, %o

Boc KpIKBUIIBIK, MOKB/KT 42,543,18 | 26+£3.4 254291 18+1,5
Cyreri kepcetkinti, pH 3,93+0,28 | 4,55+0,41 4,09+0,63 3,46+0,87
Jwuacra3s canbl, [ote Oipmiri | 33,29+£1,45 | 16,4+0,40 16,7+0,31 20,01+0,66

3eprrey yuiH Ka3zakcTaHHBIH OHTYCTITT MEH OHTYCTIK-LIBIFBICHIHAAFBI 9P TYPJIl KIMMATTHIK KOHE re-
orpadusIIbIK OenieynepaeH opTypiii 6an yariiepi Tanaaias (cyper 1).
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Cyp. 1. ban celHaManapbIH ajly OpbIHAAPbI

[Fig. 1. Honey sampling locations]

blnran KypambiH Tangay OapiblK 3epTTEITeH YJTiaepaeri cyabiH Maccanbik yiect 14,8-15,9 % apa-
JIBIFBIHA €KSHIH KOPCeTTi, OyJ1 TabuFu OaJIIBbIH carma TajanTapbiHa colikec kenemi. blnranasiy e a3 Memmepi
Anmarsl 06mbIchIHBIH YaTiciHzE (14,8 %), an eH ynkeni KamOb11 065bIchbHBIH OanbiHaa (15,9 %) Oalikanasl.

Caxapo3anblH MaccambIK yieci 2,39-nan 2,98 % - ra neiiin esrepai. EH Temenri mon XKaMObu1 00516I-
ChIHaH anblHFaH yiriae (2,39 %), an en xorapsl MoH TypkicTaH oONbICHIHBIH OanbiHaa (2,98 %) Tipkemnai.
BbapnbIk xarnaiinapaa caxapo3aHblH MeJILEp] pyKcaT eTUINeH HOPMaTUBTIK MOHAEPACH acmabl, Oy 3epTre-
JIeTiH OaIbIH )KETUITCHITTH KOPCETEe/Il.

ToThIKChI3IaHATBIH KAHTTap/IbIH €H JKOFaphbl MeJiepl AmMarsl 00JbIchiHaH ajbiaFaH yiarige (88,0 %),
Oipmama TomeH — Typkictan oomsichiHaa (83,12 %) anbikranael. XKamObin sxoHe YKeTicy 0OIbICTapbIHBIH
yaruepinge 6y kepcetkim Tuicinme 71,70 % sxone 67,87 % kypaasl. TOTBIKCHI3AaHATHIH KAHTTHIH KOFaPhI
MeJIIepi OaIbIH JKaKChl )KOHE OHBIH KOFaphl TaFaMJIBIK KYH/IBUTBIFBIH KOPCETEII.

Bboc kpImkbu1IbIK KepceTkin 18—42,5 MaKB/KT 1mIerine e3repai. MakcuMan bl KbIIIKBUIIBIK AJTMaThI
oONBICHIHBIH OanbiHaa (42,5 MAKB/KT), eH a3bl TypkicTan oOnbickiHaa (18 MaKB/KT) OaliKanabl. AnbIiHFaH Oap-
JIBIK MOHJIEp pyKcaT €TUIreH HOpMaTUBTEP LIET1H e 00Jabl )KOHE alIbITy OeNTUIepiHIH KOKTHIFBIH KOPCETE 1.

3eprrenren yarutepaiy cyteri kepcetkimi (pH) 3,46—4,55 nuama3zonsiHna Oosbl, O TaOWFU Ty
OanpiHa TOH. OpTaHbIH €H KbILKbUT peakuusachl TypkicTtan oOnbicbiHBIH Oanbl Oonasl (pH 3,46), an pH en
KoFrapbl MoHI1 JKaMOBLT OONBICKIHBIH YITICIHIE Oaiikanas (4,55).

Huacra3z canbl 16,4-ten 33,29 Oipnikke nelin e3repai. Makcumanasl (GepMEHTATUBTI OJICEHIUTIK
Anmarel oOnbIckiHaH anbiHFaH yiarige (33,29 Gipinik [ote), en a3pl XKamobut obnbickinga (16,4 6ipnik Tore)
oenrinenmi. 3eprrenred 6apabIK yariiep HopMaTtuBTik KyKaTTapbIH TaJlaliTapblHa COMKec Kenemdi, Oy dep-
MEHTATHBTI KACUETTEP/IIH CaKTaTYybIH kKoHE OaJIJIbIH KOFaphI CallachlH KOPCETE/].




Kanmel, 3epTTey HOTIOKENepl OaniblH (U3UKa-XUMHSIIBIK KOPCETKIIITEPI MIBIKKAH aiiMaKThIH Ta-
OWFHM-KITUMATTHIK YKaFIaiaapbiHa OalIaHbICThI €KeHIH KopceTe . AMaThl OOJIBICHIHBIH 0ajIbl peayKIUsIIa-
TBIH KaHTTap MEH (PepMEHTATHUBTI OCICEHAUTIK OOMBIHIIA €H KOJIAWIbI CHUIaTTaMalapMeH epeKIeIeH I, all
XKamo6but, XKericy xoHe TypkicTan 0OJBICTAPBIHBIH YITUIEP] 16 HOPMATUBTIK TajanTapra cail OOJIIbl KoHE
CallaHbIH )KaKChl KOPCETKIMITEPIMEH CUIIATTAJIJIBI.

TepT Heri3ri KepCeTKIIIKE HeTi3eNreH 0albl OPraHONENTUKAIBIK Oaranay/IblH HOTHKEIepl KecTenep
TYPIHJI€ YCBIHBUIFaH (oM MeH (hM3UKAIIBIK CUITaTTaMasiapbl OOMBIHIIA HiC, BU3YaIJIbl, TYC JKOHE IOM/IIK Oara-
naybl Koca). OpraHoJIeNTHKAIBIK KACHETTEP TYPaJIbl MOIIMETTEp 2-KeCTee KEeTipiIreH.

Kecre 2. OpranonentukanblK KOPCETKIMITEP: OabIH Hici, TYCl, JOMIi )KOHE CBIPTKBI TYPi

O6msic / Kepcetkimrep | Banapix mici Tyci Homi ChIpTKBI TYPI

AnMaTbl 00JIBICH Kymuri AIbIK TorTi, xX0m umici 6ap JKapTeinaii kprcTanganFaH
JKaMOBLT 00IBICE Xou HiCTi, JKaFLIMIBI AIIBIK Torrti, 06TEH 1OMI JKOK CyifbIK, MOIIp

XKeticy 06mbICHI JKarbiMpl, 06TeH Hicci3 | ALIBIK Torri, 66TEeH oM JKOK CyiibIK

Typxictan 00IBICHI Kymuri, kapakymbik mici | Kapa-ambix | ToTTi, Kpucranmapsl skoHe uici 6ap | JKapTbuiait kpucraiiaHran

2-kecrere coiikec KasakCcTaHHBIH OHTYCTIMT MEH OHTYCTIK-IIBIFBICBIHBIH OpTYpil aiiMakTapblHaH
albIHFaH 0aJl CchblHaMaJlapblH OPTraHOJIETITUKAJIBIK Oaranay OapiblK 3epTTeNreH YJTrUIepHAiH Hicl, JoMmi, Tycl
JKOHE ChIPTKbI Typl OOMBIHINIA HET13T1 camna TajJanTapblHa ColiKec KeJIeTiHIH KopCeTTi, O1paK oJlap/IblH apachlH-
11a Keno1p allbIpMaIIbUIBIKTap OalKaIbl.

Anmatbl 0OJbICHIHAH alibIHFAH 0ajl chlHamMachl ailKbIH I'yJl HOTaJaphl 0ap KYIITI XOII HICIIEH, alllbIK
TYCTI, a3/1araH IoMi 6ap TOTTI AOMIMEH JKOHE )KapThUIal KPUCTAIAaHYbIMEH cUMnarTaiasl. Kpucramganyasia
00JTyBl OaNIbIH TAOWFU KETITY KOHE CaKTay MPOIECIH KOPCETE/I.

KaMOBLT 0OSTBICKIHBIH OaJTbl KAFBIM/IBI XOIII U1CIMEH, alllbIK TYCIMEH, 00TEH 1oMi JKOK TOTTI TOMIMEH,
CYMBIK, MOJI/IIp KOHCUCTEHLIUACHIMEH epeKuienenal. by cunarramanap amsITy 6enruiepi Hemece Kocnanaapsl
YKOK >KOFaphl camnajbl OHIMI1 KOpPCEeTel.

JKeticy oONMBICBIHAH aJIBIHFAH ChIHAMA J1a KaFBIMCHI3 HICCI3 YKaFbIMJIBI XOII HICTI, alllbIK TYCTI, JOMCI3
TOTTI 19M, CYHMBIK KOHCUCTEHLIUsAFa e 00pl. OpraHojenTHKANIbIK KepceTKITepl OokbIHIa 0y yiari XKam-
ObLT 00JIBICHIHIAFBI OaJIIaH iC JKY31HE €I allblPMAaIIbIIBIFbI KOK.

TypkicTan OONBICBIHBIH Oalibl KYIITI, €peKile KapaKyMbIK XOII HICIMEH, KYHIIpT (Kapa-allbIkK)
PEHKIMEH, KpUCTaJIbl CE3IMMEH JKOHE ©31HE TOH KEHiHT1 1oMi Oap TOTTI IOMIMEH »oHe >KapThliail KpucTa-
NaHybIMEeH cumnatTanjsl. byn cunarramanap OaniblH OOTaHMKAJIBIK HIBIFY TET1HE OHE OHBIH KpUCTAJIaHy
MIPOLIECIH KEHUIJETETIH [IIOKO3aHbIH KOFaphl 00TybIHA OalIaHBICTHI.

Ochbunaifia, CeIHAJIFAH OApIBIK YATUIEP JKaFbIMABI OPTraHOJENTUKAIIBIK KAaCHETTepre e OOJIIbI KOHE
TaOufu OajFa KOMBUIATHIH TajanTapra cait 0omasl. Herisri aibipManibuIbIKTap XOIT WiCTIH KAPKBIHIBUIBIFBIHA,
TYC pEeHiHE ’KoHE KpUCTaJJIaHy JopekeciHe OaiaHbICThl 00MAbl, Oy OaNIIBIPBIHIAPIBIH SPTYPIIl OOTaHUKA-
JIBIK LIBIFY TETIMEH JKOHE )KMHAY aliMaKTapblHbIH TaOUFU-KIMMATTHIK JKaFqaiilapbIMeH TYCIHIIpUIe].

TaakpLiay.

3eprrey HOTIXKENEpl OanablH (PU3NKA-XUMUSIIBIK KOHE OPTaHOJENTHKAIBIK KOPCETKIMITEP] MIBIKKAH
aliMaKTBIH TaOUFHU-KIMMATTHIK JKaFdaiiapbiHa O0alIaHBICTBl ©3TePETIHIH KOPCETTI, O Oa eCIMIIKTEpiHIH
OPTYPIILIITIHE, TEeMIIepaTypara, bUIFAIIBUIBIKKA, YAIaFbl OQJIIBIH JKETITY MPOLECIHIH epeKIeikTepine Oaii-
JIQHBICTHI.

OU3NKO-XUMHUSUIBIK TaJlJ1ay ChIHAJIFaH OapIIbIK YATUIEp TaOuru OaliblH cana TajanTapblHa ColKec Ke-
netiHiH kepcetTi. CynbiH Memepi 14,8 %-nan 15,9 %-ra aeiiin, pykcar eTuireH ey >xorapbl MoHHEH (20 %)
ailfTapiblKTaili ToMeH Ooifbl. blaFranabuIbIKTEIH TOMEH OO0JIybl ©HIMHIH MIiCIM-KETUTYiHIH YKOFapbl Jopexe-
CIH KepceTe/ll )KOHE CaKTay Ke31HJIE alllbITy MpoliecTepiHe KapChl OHBIH TYPAKTHUIBIFBIH KAMTAMachl3 €TeIl.
Ocsrran ykcac HoTmxkenep bormanos xone T.0. (2008) xone Codex Alimentarius (2019), coran colikec micKeH
6anna onerre 20 %-maH a3 cy Ooyasbl.

bapnbik ynrutepaeri caxaposa memnmepi 2,39 %-nan 2,98 %-ra neiiiH aybITKUAbI, OyJ1 HOPMAaTUBTIK
TajanTapra colKec KeJe/l )KoHe KaHT IIopoarTapbiIMeH OypMajiaHy HeMece MICIereH 0a SKCTPaKIUsChIHBIH
ToNenaeMenepin KkepeeTel. PeqyKIusIblK KaHTTHIH €H yKorapsl Mestepl Anmarsl (88,0 %) xone TypkicTan
(83,12 %) obGnbicTapblHAH ajbIHFaH ChIHaMajapJa TaObUIAbI, OYJ1 caxapo3aHbIH INIIOKO3a MEH (pyKTo3ara
(hepMeHTTIK TYpJICHYIHIH XKOFaphl AopexeciH kopcereni. XKamObut sxoHe XKeTicy oOnpIicTaphiHa TEHTEeHIHIH




TOMEeH Iey1 Oall IBIPBIHBIHBIH OOTAaHUKAJBIK IIBIFY TEr1 MEH 0al ary Ke3eHIHIH epeKIIeNniKTepine OaillaHbICThI
00JTybl MYMKIH.

CeiHanFaH yaruiepaiH 00¢ KbIIIKBULIBIFBI PYKCAT €TUITEH IIeKTepae KanraH 18-meH 42,5 MeKB/Kr
apaJIbIFbIHA 00JIbl. EH sKOFaphl KBIIIKBUIABIK AJIMaThl OOJIBICBIHBIH OajIbIHIa OaiiKasapl, Oy 0aim eciMIiK-
TepiHiH KeHOip TypiepiHe TOH OPTaHUKAIBIK KBIIIKBUIIAP/IBIH )KOFaphlIaybIMEeH OaliIaHbICTRI OOTYbl MYMKIH.
pH monzepi (3,46—4,55) Taburu Tya OajabiHA TOH IUAIIa30HFA COMKEC KeJ/i, OYJI OHBIH MUKPOOHOIOTHSIIIBIK
TYPaKTBUIBIFBIH J)KOHE CaKTay MEp3iMiH KaMTaMachI3 eTe/ll.

Huacraza unnekci 16,4-ten 33,29 I'ote GiprniriHe neiiH aybITKUIBI, OYJ1 €H TOMEHT1 pyKcar eTiIreH
MoHHEH (8 ['ote Oipairi) aifTapibIKTai acki TyCcTi. EH s)koFapbl hepMeHTTIK OeNceHIITiK AJTMaThl OOIBICHIHBIH
OanpiHaa Oaiikanabl. JMacTa3aHbIH KOFaphl HHIEKCI OHIMHIH OalFBIH/IBIFBIH, OHACY Ke31H/Ie KbI3bII KEeTYA1H
YKOKTBIFBIH YKOHE OMOJIOTHSUIBIK OEJICeH/II KOMIIOHEHTTEP/I1H CaKTalyblH KepceTel. XalbIKapalblK 3epTTey-
nepre coiikec, 6anapiH epMEHTATUBTI OEJICEHAUTITT OHBIH OOTaHUKAIBIK IIBIFY TETiHE FaHa €MEC, COHBIMEH
Karap KIUMaTTHIK KaFJainapra, cakTay Mep3iMiHe )KOHE OHJIey TEXHOIOTHsIChIHA OaliIaHbICTHI.

OpranonenTHKaNbIK Oaranay OapiblK 3epTTENTeH YATUIEpIiH TaOuru Oanfa TOH Hici, AoMi, Tyci MEH
KOHCHUCTEHITUSCHI 0ap €KeHIH KOpCeTTi. YITUIepiH KOMIIUIIr ambIK TycTi 0011b1, anm TypkicTaH 0OIbICHIH-
Jarpl 0an KapaHFbl KOJEHKEMEH CHMATTANbI, Oy 0ajm eCiMAIKTepiHiH (DIOPHUCTUKAIIBIK KYPAMBIHBIH €PEK-
mienikrepine OalnmaHbICThl O0ybl MYMKiH. XKamObL1 koHe JKeTicy oOnmbICTaphIHBIH yiriiepi Oerae uiccis
YKaFBIMJIBI XOIII HiCTICH YKOHE OOr/Ie JOMCI3 TOTTI JOMIMEH epeKIeNIeH/ 1, Oy OJap/IbIH KOFaphl TYTHIHYIIBLIBIK
KaCHETTEPiH KOpCeTe/Il.

Anmarsl xoHe TypkicTaH oOMbICTaphIHBIH OabIHBIH €PEKIIEeNiri iliHapa KpucTtanjaany 6omasl. byn
yAepic jKeTiiareH Taburu 0anIbH TaOUFU KacueTi 00BN TaObLIaabl )KOHE €H alAbIMEH IIII0K03a MeH (PpyKTO-
3aHbIH apaKaTbIHACBIMEH, COHJai-aK HEeKTap/AblH OOTaHUKAJBIK LIBIFYy TETIMEH aHbIKTanaasl. Kpucrangany-
JIBIH OOyl OHIMHIH CalachIHBIH HaIIapiayblH OlAipMeiiil, KepiciHille OHbIH TaOUFUIIBIFBIH pacTaiiibl.

TyracTaii anranga, ajdblHFaH HOTIOKeNep Ka3zakCTaHHBIH OHTYCTITT MEH OHTYCTIK-IIBIFBICBIHBIH Ta-
OMFU-KJIMMATTBIK >KaFaanaapbl OayIbH (U3NKa-XUMHUSIIBIK KOHE OPTaHOJENTHKAIBIK CHIIATTaMalapbIHBIH
KaJIbINITacyblHA alTapIIbIKTal ocep eTeTiHAIrH kepceTeni. CanaHblH €H KOFapbl KOPCETKIMTEpIMEH AIMAaThI
OOJIBICBIHBIH 0aJIbl €pEKIIEICH 1, OJT TOMEHICTETIH KAHTTAPABIH KOFapbl KYPaMbIMEH, MaKCHMAaJIIbI ()epMEH-
TaTUBTI OEJICEHILTITIMEH XKoHEe TOMEH bUIFAJAbUIbIFbIMEH cunarTanabl. CoHbIMeH Karap, KamObLi, XKeticy
)oHe TypkicTaH OOJBICTAPBIHBIH YJATUIEP] JIe KOJJTAHBICTAFbl CTaHAAPTTAP/AbIH TajJanTapblHa COMKEC Keml
KOHE YKaKChl TYTBIHYIIBUIBIK KacueTrTtepre ue Oonasl, Oy KazakcTaHHBIH opTypil TaOUFU-KIMMATTHIK aif-
MaKTapbIH/a canaibl TAOUFU 0asl OHAIPY/iH KOFaphl dJIEYETIH pacTaiiibl.

KopbIThIHABI.

JKyprizinren 3epTrey QpU3nKa-XUMHUSIIBIK )KOHE OPTaHOJICTITUKAJIBIK KOPCETKIMITEPAIH KUBIHTHIFBI HE-
riziage KazakcTaHHBIH OHTYCTITT MEH OHTYCTIK-IIBIFBICBIHBIH OPTYPil TaOMFU-KIMMATTHIK aiiMaKTapblHaAH
aNbIHFaH TaOuFK OaNbIH canachklHa KelleH Al 6ara Oepyre MyMKIHIIK Oep/ii. 3epTTeNeTiH yuriiep camna Kep-
CEeTKIITepiHiH Oenriii Oip e3reprimTiriMeH CUNarTaaaTbiHbl aHBIKTAIBI, OYJI ayMaKTapblH TaOUFU-KINMaT-
TBHIK JKaFIaiIapbIHBIH albIpMaIIbLIBIFbIHA, 0T 6CIMIIKTEPIHIH TYPIIK KYpaMbIHa, HEKTAPAbIH OOTaHUKAJIBIK
HIBIFY TeriHe, OajbIH MiCII-KeTUTylHEe XKoHe caKTaldyblHa OaimaHbICThl 00yl MyMKiH. CyIbIH MaccajblK
YJ€CiH, KaHT KYpaMbIH, 00C KBIIIKBUIABIKTEI, pH, nuacta3aplk OeICeHIUTIKTI )KoHe Oacka (pu3nMKa-XuMHU-
SITBIK KOPCETKIIITEP/Al KeIIeH I Taujay TYCIH, XOILI HICiH, IoMi MEH KOHCHUCTEHIIMSCHIH OaramaymeH Oipre
OanIbIH carnachkl MEH TaOUFUIIBIFBIH OOBEKTHBTI CUITaTTayFa MYMKIHAIK Oepe/ii. ANbIHFAH HOTHKENep apa Iia-
pyalIbUIBIFBl OHIMIEPIH Oaranayyia KemeH [l TOCUIIl KOJJaHYAbIH OPBIHIBUIBIFBIH PACTAl/Ibl, OUTKEHI KEKe
KOPCETKIII SpKallaH OaJIbIH carackl MEH IIBIFY TET1H TOJBIK KOPCETE aMaiibl.

KazakcTaHHBIH OHTYCTITI MEH OHTYCTIK-IIBIFBICHIHBIH OPTYPJIl TaOUFU-KIMMATTBIK JKaFIaiIapbIH/Ia
OHJIIPIITCH TaOUFH OaIaAblH (HU3UKA-XHUMHUSIIBIK KOHE OPTaHOJENTHKANIBIK CUTIaTTaMalapblH KEIICH T Callbl-
CTBIPMAJIbl 3€PTTEY KYMBICTBIH FBUIBIMHU JKaHAJBIFBI OOJNBIN TaObUTanbl. bip 3epTTey aschlHIa KIMMATTHIK
Karaainapel MeH 0al eCIMAIKTepl SPTYPIli ayMaKTap/AaH allbIHFaH YJITIep CalachIHbIH HET13T1 KOpCeTKIITepi
CaNbICTRIPBILABL. by Tocin Gan cumarTaManapblHBIH alMaKTHIK ©3TeprillTIriH aHBIKTayFa >KOHE TaOUFH
XKarainap, 00TaHUKAIBIK IIBIFY TET1 )KOHE apa IapyallbUIbIFbl OHIMAEPIHIH canajiblK CHIIaTTaMaltapsl apa-
CBhIHJAFbI OalIaHBICTBI OJIaH 9p1 3ePTTEyTe HeTri3 KypyFa MYMKIHIIK Oepe/ti.

KazakcTaHHBIH OHTYCTIK OHE OHTYCTIK-IIBIFBIC OHIPIAEPIHAC OHMIPIIETIH OaaabIH carachlH OAaKbI-
Jay oHe TaOMFWIIBIFBIH Oaraliay Ke3iH/e allbIHFaH JIepeKTepAl KOJNJaHy MYMKIHAIT HOTHXKENEp/IiH MpaKkTU-
KaJIbIK MaHBI3/IbUIBIFBIH KepceTeni. HoTmxkenepai apa mapyanbUibIKTaphl, BETEPUHAPHSIIBIK-CAaHUTAPHUSIIBIK
KOHE a3bIK-TYJIIK capanTaMmachl 3epTXaHajiapsbl, cepTudukartay yibIMaapsl, COHAaN-aK apa mapyambulbIFbl




AKALEMUACI

OHIMJICPIH OHJICYMEH KOHE CaTyMEH aifHaJbICAThIH KOCIOPBIHAAP Mai1anana anaibl. AHBIKTAJIFAaH OHIPIIK
epeKILeTIKTEp Ka3aKCTaHABIK OalAblH COMKECTEHIIPY KPUTEPHIIEpIH KoHE OHIPIIK CHUIIaTTaMachlH d3ipiey
KEe31HJIe JIe MaiaalaHbUTybl MYMKIH.

Hotmwxkenep 6aniaplH (GU3NKa-XUMUSUTBIK KYpaMmbl, OOTaHUKAJBIK IIBIFY TEri, KIUMATTHIK (hakropiap
KOHE OHIMHIH reorpadUsUIbIK LIBIFY TET1 apachlHAa OaljlaHbIC OpHATyFa OarbITTalFaH KeWiHT1 3epTTeynep
YIIiH FBUIBIMH HETI3 jkacaipl. byman opi 3epTTeyiepai MeTrcCONMaTunHONIOTUSIIBIK TajliayMeH, (heHOMIbIK
KOCBUIBICTApBIH KYPAaMbIH JKOHE aHTHOKCHIAHTTHIK OCJIICEHITIKTI aHbIKTayMeH, COHai-ak KazakcTaHHBIH
OaNbIH OHIPNIK COMKECTEHIIPYIiH KeUIeH Il ©JIIeMIepiH d3ipiiey YIIiH CTaTUCTHKAIBIK >KOHE XUMOMETPH-
SITBIK ICTEP/Ii KOJIaHYMEH TOJIBIKTBIPY OPBIH/IBI.

Ocpunaiiina, (pU3NKa-XUMHSIIBIK KOHE OPraHOJENTHKAIBIK KOpCEeTKImTepai KemeHai Oaramay Ka-
3aKCTaHHBIH OHTYCTIT1 MEH OHTYCTIK-IIBIFBICHIH/IAFbl TAOUFU OaJI/IbIH CallaChlH CUITATTANTHIH MEPCIICKTHBAJIBI
KypaJi O0JbIN TaObLIa bl 5KOHE OHBI OaKbLIAYIbIH, CEPTU(HUKATTAYABIH XKOHE OHIPIIK OHIM PETIH/IE LIrepiaeTy-
JIH FBUTBIMH HET13/IEMECIH apTThIpYyFa bIKIAI €TC aJaJIbl.
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lepaaueBa Kanap EceHrenaikbI3bl — aJblHFaH 3KCIEPUMEHTTIK ACPEKTEPAl Tajnay KOHE OHICY, HOTHIKEIepAi TYCIHAIPY KoHE
FBUTBIMH JKapHATaHBIMIBI JAHBIHIAY.

HypanueBa YxkaH Oye3XaHKbI3bI — 3ePTTEY 9iCHAMACHIH d3ipIiey.

MycoeB AcbLi0ex Maiiibi0aeBuY — aTbIHFaH YKCIICPUMEHTTIK JEPEKTEP i OHJIEY, HOTHKEIEp i TYCIHAIPY.

TolimmmanoB Makcart — 3epTXaHaJbIK 3epTTEYIEp KYPrizy.
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Abstract. Introduction. The article presents the results of comprehensive studies of the grape
collection fund of LLP “SWRIAHP,” including 75 varieties of different ecological and geographical origin. To
conduct an agrobiological evaluation of promising domestic and foreign grape varieties in order to determine
their adaptability, productivity and economic value under the natural and climatic conditions of southern
Kazakhstan. To study phenological development, winter hardiness, productivity, biochemical composition of
berries, resistance to diseases and pests and identify promising varieties for commercial cultivation. Materials
and Methods. The study involved 10 grape varieties planted in 2015 and selected for valuable agronomic traits.
During 20242026 the collection was supplemented with 11 new domestic and foreign varieties introduced from
the ampelographic collection of LLP “Kazakh Research Institute of Fruit and Vegetable Growing” Phenological
observations, productivity assessment, biochemical analysis of berries, disease resistance and winter hardiness
evaluations were conducted. Results and Discussion. The varieties “Kishmish Kazakhstansky” and “Zhetysay
Black” were identified as early-ripening, whereas “Rizamat” and “Taifi Pink” belonged to late-ripening forms.
Resistance to mildew, oidium, grape itch mite and grape leafroller was assessed. Winter hardiness evaluation
showed relatively high resistance of the studied varieties to winter conditions. Bud survival under cover
ranged from 80.6 % to 82.5 %, while under soil covering it ranged from 71.2 % to 73.4 %. The highest survival
rates were recorded in “Taifi Pink (st)” (82.5 %), “Kishmish Kazakhstansky” (80.6 %) and “Medeo” (78.3
%). Conclusions. The studied varieties demonstrated good adaptability and are promising for breeding and
commercial cultivation in southern Kazakhstan.

Keywords: viticulture, adaptation, introduction, winter hardiness, phenology, productivity, disease
resistance
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AnHotauus. Kipicne. Makanana opTyp:i SKOJOTUSIIBIK-Te0rpadUsIbIK MIBIFY TEr1He )KaTaTblH 75 co-
pTThl KaMTUTBIH «OBMxOT31» XKILIC xy31M KOIMIEKIUATBIK KOPBIHBIH KEIISH I 3epTTey HOTHKEIepl YCbI-
HbUTFaH. Makcamoi. Ka3akcTaHHBIH OHTYCTITIHIH TaOUFU-KIIMMATTBIK KaFIalbIHa )KY31IMHIH OTaHBIK KOHE
HIETENAIK CeNEKIUAIAFbl MePCIeKTUBAIIBI XKY31M COPTTApbIHBIH OCHIMAENTIIITITH, OHIMIIIITIH KOHE MIapy-
alIbUTBIK KYH/IBUTBIFBIH aHBIKTAy MAKCAThIH/IA arpOOHONOTHSIIBIK Oaranay. 3epmmey minoemmepi. UHTpOOyK-
LUSIIaHFAH COPTTapbIH (PEHONOTUSIBIK (ha3anapiaH eTy epeKIIeTIKTEePiH 3epTTey, OJapIbIH KbICKa TO31M/ILITI-
TiH, OHIMIUIITH, JXUAEKTEPAIH OMOXUMHUSIBIK KYPaMbIH, aypyllap MEH 3UsSHKECTepre TO3IMILIITH Oaranay,
COHJali-aK OHJIPICTIK MaifalaHyFa HEFYPIIbIM MEepPCIEKTUBAIbl COPTTapbl aHbIKTay. Mamepuanoap meH
a0icmep. 3epTTey HbICAHBI PETIH/IE IIApYyalIbLIbIK-0aransl Oenriiepi OoibiHIIa nepernekTuBanbl 2015 KbUTFBI
OTBIPFBI3bUTFAH XY31MHIH 10 copThl anbiaabl. 2024-2026 xbuiaaps! komtekims «Kaz XKIIEF3Wy» XKILIC am-
nenorpadusaiIblK KOJIJICKIUSACHIHAH UHTPOAYKUHUSTIAHFAH OTaHIBIK KOHE MIETEeNIIK CeNeKIUsIHbIH 11 xaHa
YITiCiIMEH TOMBIKTHIPbUIAEL. DEHOTOTHUIBIK OaKbLIayaap, OHIMALTIK, KUACKTEPAIH OMOXUMHUSIIBIK KYpaMbl,
aypyJaapra Te3IMILUTIK kKoHe KbICKa TO3IMIUTIK Oarananabl. Homuoicenep sicone mankuviiay. «KazakTelH KuI-
MHUII» koHE «JKeTicall KapackDy COPTTapbIHBIH epTe MiceTiHi, an «Puzamar» nen «Taidu KbI3FBLIT» COpTTa-
PBIHBIH Kell MiceTiH opManapra )KaTaTblHbl aHBIKTaNbl. COPTTapAbIH MUIIBIO, OUTUYM, JKY3IM KBIIIBIMACHI
KOHE IIOK KambIpaK IIHUPATKBIIIbIHA TO3IMALTIT 3epTTenai. Kpicka Te3iMILTiKTI Oaranay HOTHXKECIHIE CO-
PTTapIbIH KbIC JKaFaaiaapblHa XKETKUTIKTI TO3IMA1 €KeHl aHbIKTalabl. KpIcTam MIbIKKaHHAH KEHIHT1 Ke3Ile-
JepiH cakTamybl ka0biH acTeiHaa 80,6—-82,5 %, an TombIpakneH >ka0blUTraH sxaraaiina 71,2—73,4 % Gongbl.
Kopvimuvinovl. ATBIHFaH HOTHXKEIIEP 3epTTEITeH copTTapabliH KazakcTaHHBIH OHTYCTIK OHIpI JKaFaaiibiHa OCHi-
IMICNTIIITICIH )KOHE OJIap bl CENIEKIMSIIBIK KYMBICTAP MEH OHIIPICTIK eKMeNep/ie naigananyapH THIMILTIT1H
pacraiiabl.

Tyiiin ce3mep: >Xy3iM MIapyallbUIbIFEI, OeHiMIeNy, HHTPOIYKIUS, KbICKa TO3IMALIIK, (EeHOTIOTHs,
OHIMJILTIK, aypyJaapFa Te31MILTIK

Joiiexco3 ywin: Jlaynerosa JI.T., Kassi6aeBa C.)K. (2026). KazakcTaHHBIH OHTYCTIrl »KarJalbIHIA
OTaH/IBIK JKOHE MIETEIAIK CENEeKIUSIHBIH OOoJalarsl 30 Ky31iM COPTTapbIH HHTPOAYKIUSIIAY JKOHE CENEKIIHsI-
col // Research, results — [3aenicrep, Hotmxkenep — MccnenoBanus, pesynsrarsl. T. 28. Is. 5. Number 113. Pp.
55-68. https://doi.org/10.37884/5-2026/05 [In Russ.].

Myjesiep KaKTBIFBICBHI: aBTOpJIap MYJIeNIep KaKThIFbICHIHBIH JKOK €KCHIH MAJIIMICHII.
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AnHoTauus. Beedenue. IlpeacraBnensl pe3ynbTaThl KOMIDIEKCHBIX MCCIEIOBAHUI KOJJIEKIIMOHHOTO
¢donna sunorpaga TOO «FO3HUMKuPy, Bkiatodaromiero 75 copToB pa3inuyHOTO 3KOJIOTr0-reorpaduueckoro
npoucxoxacHus. [Jenrs. Co3nanue u arpoOMOIOrHYecKas OIICHKA IMEPCIIEKTUBHBIX COPTOB BUHOTPaja OTeUe-
CTBEHHOU U 3apyOEKHOU CEeNEeKLUH AJIs OMpPEeAeNICHUs UX aJanTUBHOCTH, MPOTYKTUBHOCTH U XO3HCTBEHHOM
LIEHHOCTH B MPUPOJHO-KIMMATHYECKUX ychoBusX rora Kaszaxcrana. 3adauu uccreoosanuti. I3yuuts oco-
OCHHOCTH MPOXOKJIEeHUS (EHOTOTHUYECKUX (Pa3 y HHTPOAYIIMPOBAHHBIX COPTOB, OLEHUTH UX 3UMOCTOUKOCTD,
MPOAYKTUBHOCTh, OMOXUMHUYECKUIN COCTaB ArO/, YCTOMUYMBOCTh K OONE3HSM M BPEAUTENSAM, a TaKKe BbIJIe-
JUTh HauOosee MEepPCIEeKTUBHBIC COpPTa JJIs MPOM3BOJACTBEHHOIO MCIOIB30BaHUs. Mamepuaivl u mMemoowl.
OO6bekTOM uccnenoBanus aBisMch 10 coproB BuHOTpana nocagaku 2015 roga, Hanboee MepcrneKTUBHBIX 110
XO3SIICTBEHHO-IICHHBIM TTpr3HakaMm. B 2024—2026 rr. koyekius Ob11a monoyHeHa 11 HoBeIMU 00pa3iamMu oT-
€UeCTBEHHO U 3apyOekHo cenekuuu u3 ammnenorpapuyeckon komiekuu TOO «KazsHUUIIO». TpoBoau-
TUCh (heHONOTUYECKUE HAOMIONCHNUS, OIICHKA TPOAYKTUBHOCTH, OMOXUMHUYECKOTO COCTaBa SIroJl, yCTONYHUBO-
CTH K 00JI€3HSIM U 3MIMOCTOMKOCTHU COPTOB. Pe3yibmamsl u 06cyscoenue. YCTaHOBIEHO, 4TO copTa « Kummur
Kazaxcranckuit» u «KeTbIiCaliCKUil YepHBI» OTINYAIOTCS PAHHUM CO3pEBaHUEM, B TO BpeMsi Kak «Puzamar»
u «Taiipu po30BBI» OTHOCATCS K Mo3aHecnenbiM ¢opmam. M3yueHa yCTOWYMBOCTH COPTOB K OCHOBHBIM
Oone3HsM (MWIIBIO, OMAUYM) U BpEIUTENsM (BUHOTPAAHBIN 3yleHb, Tpo3eBas JaucToBepTka). [IpoBenena
OLICHKA 3UMOCTOMKOCTH U3y4aeMbIX COPTOB, IIPU 3TOM YCTAHOBIIEHO, YTO U3YUYEHHBIE COPTA XapaKTEPU3YIOTCA
JIOCTAaTOYHO BBICOKOM CTENEHBIO YCTOMUMBOCTU K 3UMHUM YyClIOBUAM. COXpaHHOCTH IVIa3KOB IIPU MEPE3UMOB-
Ke 1o ykpeitTueM coctaBuna 82,5-80,6 %, 4To, BeposTHO, 00YCIOBICHO CPABHUTEIBHO MATKUMU MOTOTHBIMH
YCIIOBUSIMU 3UMHETO Neprosaa. Hanbomnpliue moka3arenu COXpaHHOCTH OTMEUEHBI y cOpToB « Taiidu po30BbIit
(st)» — 82,5 %, «Kummumn Kazaxcranckuii» — 80,6 % u «Meneo» — 78,3 %. Y copToB, YKPBITHIX Ha 3UMY
3eMJIEHN, COXpPaHHOCTh IT1a3KOB Haxoauach B rpenenax 73,4—71,2 %. Bvisoowi. [lomydeHHble pe3ynbTaThl MoI-
TBEPKJIAIOT aJalTUBHOCTh MCCIEI0BAaHHBIX COPTOB K yCIOBUsAM tora KazaxcraHna u 1enecoo0pa3HOCTh UX
JATbHEUIIIETO UCTIOIB30BAHUS B CEJIEKIIMU M TTPOU3BOJCTBEHHBIX HACAKICHUSIX PETHOHA.

KutoueBble cjioBa: BUHOTPAAapCTBO, afanTalus, HHTPOAYKIHS, 3HMOCTOMKOCTh, (heHONOTHs, Po-
OYKTUBHOCTb, YCTOMYUBOCTH K OOJIE3HIM

Jas uutupoBanus: aynerosa JI.T., KaspibaeBa C.2K. (2026). UHTpoayKIHs U ceNEKLUs MepCrek-
THUBHBIX COPTOB BUHOTPaJa OTE€YECTBEHHON 1 3apyOeKHOI CeNeKIUH B YCIOBHIX ora kazaxcrana // Research,
results — [3nenicrep, Hotmxkenep — Mccnenosanus, pesynsratsl. T. 28. Is. 5. Number 113. Pp. 55-68. https://
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KoH(uIuKT HHTEepecoB: aBTOPHI 3asIBISIOT 00 OTCYTCTBUU KOH(MIMKTa UHTEPECOB

bnazooapnocme. Bvipasicaem 6nazooapHocms KoopouHamopy npocpammel, unancupyemori Mumu-
cmepcmeom cenbekoeo xozaucmea Pecnyonuku Kazaxcman, BR22884599 «Coz0ams Hoswie copma niooo-
80-5200HBIX KYIbMYP U 8UHO2PAOA C 3A0AHHLIMU NAPAMEMPAMU, pA3pAbOmMams 30HANbHbIE MEXHOL02UU OJI5
8b1COKONPOOYKMUBHBIX HACANCOEHULL C UCNONb308AHUEM COBPEMEHHOU Memoodono2uuy no meponpusmuio « Co-
30aHUe KONIeKYuUu NepCneKmusHblX COpmo8 6UHO2PA0d omedecmeeHHOU U 3apy0edicHoll cenekyuu 0isi aoan-
mayuu 6 kiumamudeckux ycrogusax rwea Kazaxecmana» TOO «Kazaxckuu HUU nnodosoosouseeo0cmeay.

BBenenue.

Cospemennoe cocmosanue gunozpaoapcmea ¢ mupe u Kazaxcmane. Bunorpas siBisercs oJHOU U3
Haubosee pacnpoCTpaHEHHBIX U YKOHOMUYECKH 3HAaYMMBIX SITOIHBIX KYJIbTYyp B Mupe. Bricokas muieBas u
Oouonornyeckas IEHHOCTh BUHOTPa/ia OOyCIOBIeHA COAEepKAaHHEM IIMPOKOTO CIIeKTpa BUTAMUHOB, MUHEpa-
JIOB, aHTHUOKCHIAHTOB U IMHUIIEBBIX BOJIOKOH. B €ro XuMu4eckoM cocTaBe MPUCYTCTBYIOT KUPOPACTBOPUMEBIE
Butamunsl A, E u K, a Takxke kapoTuHOUABI — 0€Ta-kapoTuH U anbda-kapoTuH. Cpeau BOAOPACTBOPUMBIX
BUTaMUHOB 0co00€ 3HaueHue nMeroT BUTamuHbl rpynnsl B (B1l, B2, B3, B4, B5, B6, B9) u Buramun C.
MuHepanbpHBIii COCTaB BUHOTPaa MpeacTaBieH GochopoM, Kaaruem, Meblo U MapraHiieM, KOTOpbIe UTPatoT
BaXHYIO POJIb B MOAIEPKaHUU (PU3HOIOTMUYECKHUX TIPOIECCOB OPraHu3Ma YelIoBeKa.

CoBpeMeHHbIE HAay4YHbIE UCCIIETOBaHMS MOATBEPKAAIOT MOJIOKHUTEIBFHOE BIUSHHUE PErYISIPHOTO IO-
TpebIeHHs] BUHOTPaJia Ha COCTOSTHUE CepACYHO-COCYITUCTON CUCTEMBI, (PYHKIIMOHHUPOBAHHE TOJIOBHOTO MO3Ta
1 oOMeH BeniecTB. braronaps BoICOKOMY cofiepaHHI0 OMOIOTHYECKU aKTUBHBIX COSAMHEHUN BUHOTPA/T CIIO-
COOCTBYET CHIDKEHHUIO PUCKA Pa3BUTHUS OXKHUPEHUS, CaXapHOTO IrabeTa v psijia XpOHUYeCKHUX 3a0oseBanuii. B
CBSI3U C 9TUM OCOOYIO aKTyaJIbHOCTh MPUOOPETAeT pa3BUTHE MPOU3BOACTBA CTOJIOBOTO BUHOTpaja, MpeaHa-
3HAYEHHOTO JIJIsl MOTPEOJICHUS B CBEKEM BHJIE.

BuHorpagapcTBo Kak OTpacib CEbCKOTO X034iCTBa BKIIOYAE€T HECKOJIBKO OCHOBHBIX HANpaBlICHUI:
MIPOM3BOACTBO CTOJIOBOTO BUHOTPAJa /ISl HEMOCPEACTBEHHOTO MOTPEOICHM S, BRIPAIIIMBAHUE COPTOB IS CYIII-
KH C LEJbIO MOJIyYeHUs KUIIIMHILIA U U3I0Ma, a TaKKe IIPOU3BOICTBO TEXHUYECKOTO BUHOTPA/IA, UCIIOIB3yEeMO-
ro A5 epepaboTKu B BUHOJIENIBUECKOM, KOHCEPBHOM U MUIIEBON MPOMBIIUIEHHOCTH. Kpome Toro, BUHOTpaa
MIPUMEHSIETCS JJIs1 U3TOTOBJICHUS COKOB, YKCYyCa, BapEHbs, MApUHAJIOB, AJIKOTOJBHBIX U 0€3aJIKOTOJIbHBIX Ha-
MTUTKOB.

B 3aBHCcHMOCTH OT XO34HCTBEHHOTO Ha3HAUEHUSI COpTa BHHOTPAJa MOAPa3AelsiioTCs Ha CTOJIOBBIE,
TEXHUYECKHE U CylIIbHbIe. CTONIOBBIE COPTa XapaKTEPU3YIOTCS IPUBIIEKATEIbHBIM BHEIIIHUM BUIOM, KPYII-
HBIMH SITOJIaMH, BHICOKMMH BKYCOBBIMU Kau€CTBAMHU U XOPOIIEH TpaHCTOPTa0enbHOCThI0. TeXHnYeckue co-
pTa IPEeUMYIIECTBEHHO MCIOIB3YIOTCS B BUHOAETUU Onarojnapsi onTUMajibHOMY COOTHOIICHHIO CaXapoB U
KUCTOT B sirofax. CylniabHbIE cOpTa MpeAHa3HaYeHbl ISl MPOM3BOACTBA M3IOMAa U OTIUYAIOTCS BBICOKHM
coZiepKaHHeM CaxapoB U OTCYTCTBHEM JIMOO CIa0bIM pa3BUTHEM ceMsH. Hapsay ¢ 9TUM CyliecTBYIOT YHH-
BepcallbHbIE COPTA, MPUTOAHbBIE KaK I yIOTPeOIeHNs B CBEKEM BHUJIE, TaK U JIJIs IepepabOTKu.

B Ommkaiiiye nsaTh €T MUPOBOE MPOU3BOJICTBO CTOJIOBOTO BUHOTpaaa Oy/leT pa3BUBATHCS O] BIIU-
SHUEM psifia PaKTOpoB, BKIIOYAs U3MEHEHHE MOTPEOUTENBCKUX MPENOYTEHHHM, BHEAPEHNE HHHOBAIIMOHHBIX
arpoTEeXHOJIOTHH U aJanTalfio K KIMMaTHYeCKUM U3MeHeHUusAM. OKHUaeTcsi poCT Crpoca Ha OecceMsHHBIe
copTa, o0agaroniie BEICOKMMH BKYCOBBIMU XapaKTEPUCTUKAMU, YCTOMUYHUBOCTHIO K O0JIE3HIM U ITUTENbHBIM
cpokoM xpaneHusi. CylecTBeHHOE 3HAUYEHUE MPUOOPETYT TEXHOJIOTHUU KalelIbHOTO OpOIIEHUSs, IUPPOBOTO
MOHHUTOPHUHTA HACAKICHHUHM U OMOIOTHUECKOl 3aIllUThl PACTeHUI, HAPaBJICHHbIE HA MOBBIIICHUE YPOXKAIHO-
CTH U KOJIOTHYECKOi 0€30MacHOCTH MPOAYKIIUH.

Takum 00pa3oM, COBpEMEHHOE CTOJIOBOE€ BHHOTPAIAPCTBO MPEACTABIsAET COOOM TMHAMUYHO Pa3BU-
BaIOIIYIOCS OTPAcilb arpONpPOMBIIIIEHHOTO KOMILIEKCA, OPUEHTHUPOBAHHYIO Ha YIOBIETBOPEHHE PACTYIIETO
CIpoca HACEJICHUS Ha KaYeCTBEHHYIO U MOJIE3HYIO MJI0A0BO-SITOTHYIO MPOIYKIIHIO.

B 2023-2024 rT. npou3BOJICTBO M AKCIIOPT CTOJIOBOTO BUHOTPaJa B pa3HbIX CTPAHAX MUpPa 0Ka3ajaoCh
MOJISIPHOE: C OJTHOM CTOPOHBI, Takue perruonsbl, kak Kuraii u KOxxHas Adpuka, 1eMOHCTPUPYIOT CUIIBHYIO TEH-
neHIuo pocta; B To e Bpemst EC u CLIA npuxonuTcs UMETh JeJI0 ¢ HeOIaronpusiTHbIMUA OTOAHBIMU YCIIO-
BUSMHU U TPYAHOCTSIMHU, KOTOPBIE 3aMEIJISIOT X MPOTPECC U HEraTUBHO BIUSIOT Ha cekTop. [Ipornosupyercs,
YTO MUPOBOE IIPOU3BOJICTBO CTOJIOBOTO BUHOTpaAa B 2023—2024 rr. yBenuuutcs 6osee yeM Ha 150 ThIC. TOHH,
JOCTUTHYB B 00111e# CIIO)KHOCTH 28,1 MIIH TOHH.

BoznensiBanue BuHorpaaa B Kazaxcrane nmeer cBoro crieriuuky. BunorpaaapctBo cocpeoTodeHo B




OCHOBHOM B I0KHBIX U IOTO-BOCTOUHBII 06nacTsx. ['enernueckuii pona BuHorpaaa B Kazaxcrane cocraBiser
6omnee 500 copToobpasioB, IIe cOOpaHbl cOpTa MPAKTHUYECKH U3 BCEX PErMOHOB BUHOTpajapcTBa mupa. B
nosieBoM reHHoM Oanke Kazaxctana coxpansercs 140 TeXHUYECKUX COPTOB, U3 KOTOPBIX BBIAEIEHO: 9 COPTOB
C TMOBBIIIEHHON 3UMOCTOMKOCTBIO, 12 — yCTOWYHMBBIX K TPHOHBIM OoJe3HsIM, 230 CTOIOBBIX COPTOB, U3 KOTO-
PBIX BBIJIEIECHO 18 COPTOB CBEpXpaHHETO M paHHETO CPOKOB co3peBaHus, S0 COPTOB U3IOMHOTO HANPaBICHUS,
28 coptos cenekiuu «Kazaxckoro HUU miomnoBooBOIIEBOICTBAY.

B nacrosiee Bpems peiHok Kazaxcrana B 3HaUMTENBHOM Mepe 3aHAT BUHOTPAI0M, BBOSUMBIM U3 CTPaH
JaJIbHETO U OJIKHETO 3apy0ekbsi, B TOM YHCIIE U BUHOTPAJOM PAaHHETO CpOKa co3peBaHUs. B cBs3u ¢ aTHM
aKTyaJbHOU MpoOIeMON MpeACTaBISETCS CO3aHNe KOHKYPEHTOCTIOCOOHBIX MECTHBIX COPTOB CBEPXPaHHETO
Y PaHHETO CPOKOB CO3PEBAHMUS.

B kauecTBe mMCXoaHBIX (OPM Ui CENEKIUMU COPTOB PAHHErO CPOKa CO3pEeBaHUS BOBIIEUEHBI 18 WH-
TPOAYLHMPOBaHHBIX copToB. HoBbie copra u rubpuansie ¢opmel (Kapakos3, Anma-Ata, Keseun Tan, Ail-
rylb, KUIIMuI Anama-ATtuHckuil, Myckar Kazaxcranckuii u T.1.) Ha rore u roro-soctoke Kazaxcrana no cpo-
KaM CO3pEeBaHMsI HAMHOT'O OIEPEKaloT CTaHAApTHBIE copTa. MHOTHE U3 HUX YK€ palOHHUPOBAHBI U TIPOXOIST
roCyIapCTBEHHOE UCIbITaHue. /{7151 MOMOTHEeHHsT aCCOPTUMEHTa cCopTaMu 0oJiee paHHETro CpoKa CO3PEBAHUS
pEKOMEHAyeTCs BhIpaIllBaTh paHo co3peBatolue copra cenekiun «Kazaxckoro HUU minonoBoacTBa U BUHO-
rpagapcTBay: Anma-ATHHCKUN paHHU, Kapakos, a Takke copTa paHHEero U paHHe-CpEIHEr0 CPOKOB CO3peBa-
Hua Meneo, K3put Tan, Anma-Ata u Myckar Kazaxcranckuii [Poqumuenko, 2024].

@Denonozusa eunozpada u Knumamuueckue gpaxkmopwl. DeHonornyeckre HabMOACHUS ABISIOTCS O
HUM U3 OCHOBHBIX METOJIOB OIICHKH OMOJOTHYECKUX OCOOCHHOCTEH U aJanTalMoOHHOTO MOTeHIIMAala COPTOB
BUHOTpa/a. VM3yueHue CpoKoB MPOXOXKICHHUS OCHOBHBIX (DEHONIOTHYECKUX (Pa3, TAaKUX KaK paciyCKaHue Io-
YeK, [IBEeTEHHE, HAauajo CO3PEBaHMUs U MOJHOE CO3PEBAHME SITOJI MO3BOJSIET ONPEAETUTh CTENEHb MPUCTIOCO-
OJIEHHOCTH COPTOB K MOYBEHHO-KIMMATHYECKUM YCJIOBHSIM PErruoHa Bo3zAenbiBaHus. [IpoqomKkuTenbHOCTD U
MOCJIEZIOBATENBHOCTh MPOXOXKACHUS (EHONOTHYECKUX (Pa3 OTpa)katoT 0COOCHHOCTH pOCTa U Pa3BUTHUS pac-
TEHUH, a TakKe UX PEeaKklHuIo Ha Bo3jelcTBHUE (DaKTOPOB BHEIIHEH cpelbl. AHAIN3 (EHOJOTHYECKUX MOKa-
3areneil MeeT BaKHOE HAyYHOE M MPAKTUYECKOe 3HAYeHHE MPU OICHKE MPOTYKTUBHOCTU, CKOPOCIIENOCTH
U YCTOMYMBOCTH COPTOB BHHOTpaja K HEOIAronpusATHHIM KIUMATUYECKUM ycloBUSAM. CpOKHU HACTYIUICHUS
OTAENbHBIX (pa3 BereTaluy XapakTepu3yroT OMOJIOrMYECKHe PUTMbI PACTEHUH U MO3BOJIIOT BBISBUTH COPTA,
HauboJsee aganTUPOBAHHBIE K KOHKPETHBIM arpodKOJIOTHYecKuM ycioBusM. Kpome Toro, geHonornueckue
HAOMIONEHNUS CITy>KaT OCHOBOM JIJIsl T0100pa MEePCIEKTUBHBIX COPTOB B CEIEKIIMOHHOIN paboTe U coBepIleH-
CTBOBAHHUS TEXHOJIOTUH BO3/ENBIBAHUS BUHOTPAA.

B ycnoBusx rora Ka3axcrana BeretaliMoHHbIN epUosl BUHOTpaaa cocrasiser 194-215 nueit, cymma
akTuBHBIX Temnepatyp (Boiie 10°C) konebnercs ot 4400°C no 4700°C [baiipambekoB u ap., 2016]. Otu yc-
JIOBHSI TIO3BOJISIFOT BBIPAIIMBATh KaK PaHHECTIENbIe, TaK U MO3JHECIIENbIE COPTa BUHOTPAa.

B otnuune oT MOpPO30CTOMKOCTH, KOTOpasi XapaKTepH3yeT YCTOMUMBOCTh K HU3KUM TEMIIEpaTypawm,
3MMOCTOMKOCTh BKJTFOUAET CIIOCOOHOCTDH BBIIEP)KUBATH BECh KOMILIEKC 3UMHHUX CTPECCOB: MOPO3bI, ITEPETIaIb
TeMIeparyp, ooJe/ieHeHne, BHICYIITUBAaHUE BETPOM, OTTEMENN U MOBTOPHBIE 3aMopo3ku [Henbko u ap., 2021].
CoBpeMeHHbIE Hay4YHbIE MPEACTABICHUS O MEXaHMU3MaxX 3MMOCTOMKOCTH BHHOTPAJa BKIIOYAIOT HECKOIBKO
koMIIoHeHTOB [Henbko u 1ip., 2021]. [eneTnyecku qeTepMUHUPOBAHHAS MOPO30yCTOHYUBOCTD — CIOCOOHOCTD
TKaHeW pacTeHUs BBIACPKUBATh HU3KHUE TEMIIepaTypbl 0e3 HeOOpaTUMBIX MOBpexAeHUH. du3nogornueckas
ajanTanus — NpoIecChl 3aKaJuBaHUs, TPOUCXOSIINE OCEHBIO MPHU MOCTENIEHHOM MOHMKEHUH TeMIepaTyp,
BKJIIOYAIOIINE HAKOTUICHHE 3aIMTHBIX BEIIECTB (CaxapoB, aMHUHOKUCIIOT, (PEHONBHBIX COCTUHEHH) 1 U3Me-
HEHUE BOJIHOTO peXUMa TKaHEel. DKoJorudeckas MmiacTUYHOCTh — CIIOCOOHOCTh COpTa U3MEHSTh YPOBEHD
MOPO30CTOWKOCTH B OTBET Ha U3MEHEHHUE BHEIIHUX YCIOBUH.

MeTonbl OLIEHKH 3MMOCTOMKOCTH BHHOTpajaa BKJItouaroT [https://vinograd-krasohina.ru/info/articles/
vinogradarstvo/morozostoykost-vinograda-i-vliyayushchie-na-nee-faktory/, https://ampel-nord.ru/moi-
publikacii/stati-i-knigi-po-vinogradarstvu-i-vinodeliyu/pochki-vinograda-kak-oni-priobretayut-i-teryayut-
morozostojkost/]: moneBol MeTo/ yueTa MOBPEKASHUI MoCcIe Mepe3nMOBKHU; TaOOPaTOPHBI METOA Orpeie-
neHus: kputnueckux temnepatyp (LT50); duznonoro-6uoxumudeckiue MeToIbl (ONpeiesieHne CofepKaHus
CBOOOJTHOM U CBSI3aHHOM BOJIbI, 3aIIUTHBIX BELIECTB); dKCIpecc-MeToAb! (auddepeHIIHanbHbII TepMUYECKHA
aHaJu3).

V3MeHeHue KiMMara OKa3bIBaeT CYIIECTBEHHOE BIUsSHUE Ha (eHonoruro BuUHOrpana. [lo maHHbIM
UCCIIEIOBAaHUM, B TOCJIEIHUE JECATUIIETUS OTMEUAeTCs YCKOpEHHUE MPOXOKIeHHUs (eHomornueckux Qas,
CIBHUTI CPOKOB CO3pEBaHUS U M3MEHEHHEe OMOXMMHUYECKOro coctaBa Arof [https://siriusmag.ru/articles/2303-




globalnoe-poteplenie-izmenit-vinnuu-kartu-mira, 2024]. 9Tu n3MeHeHUs1 HEOOXOIUMO YUUTHIBATh MPHU paspa-
OOTKE arpoTeXHUYECKUX MPUEMOB U BHIOOPE COPTOB.

AxmyanvHocms Hacmoaue2o UCcie008anus 00yclo8iena cledViouumu Qakmopamu:

HeoOxomumocTh pactmpeHusi COpTUMEHTa BUHOTpaja JJisl FO)KHBIX peruoHoB KazaxcTaHa myTeM WH-
TPOAYKIIMH MEPCIEKTUBHBIX COPTOB OTEUECTBEHHOM U 3apy0eKHOMN CEJIEKIIHH;

[TorpebHOCTH B HAYy4YHO 0O0CHOBAHHOM OIIEHKE a/IaNTUBHOCTH HHTPOAYIIUPOBAHHBIX COPTOB K CIEIH-
(budyecKuM IpUPOTHO-KITUMATUYECKUM YCIOBUSIM PETHOHA;

3HAYMMOCTb CO3/IaHUS KOJIEKIIMOHHOTO (OHA ISl CeeKIIMOHHON paboThl U POPMHUPOBAHUS T€HO-
dboHIa KyIBTYpHI;

PocT BHyTpeHHero crpoca Ha KaueCTBEHHBIM CTOJOBBIN BUHOTPAJ U HEOOXOAMMOCTh UMIIOPTO3aMe-
IICHHUS,

Brnusinue u3MeHeHus KiimMara Ha YCJIOBHSI BO3ZICNIbIBAHHS BHHOTPaJia U TIOUCK COPTOB C TIOBBIIIEHHOMN
HKOJOTHMYECKO MIaCTUUYHOCTBIO.

[{enbr0 HACTOAIIUX UCCIIEOBAHUH SIBISETCS CO3/IaHUE U arpoOHOIOTHYecKas OlleHKa KOJUIEKIIUH Tep-
CHEKTHUBHBIX COPTOB BUHOTPaJia OTE€YECTBEHHON 1 3apYOeKHOI CEJeKIUU C IIeNIbI0 OTPeIeNICHUS UX aalTHB-
HOCTH, MTPOAYKTUBHOCTHU M XO3SIICTBEHHOH IIEHHOCTH B PUPOJHO-KIUMATUYECKUX YCiIoBUsX fora Kazaxcra-
Ha. 3a1a4y UCCIIEeIOBaHNMN:

— U3YYHUTh 0COOCHHOCTH MPOXOXKACHUS (PeHONIOrHuecKkuX (a3 y HHTPOIYIIMPOBAHHBIX COPTOB;

— OIEHUTh 3UMOCTONKOCTh COPTOB B YCJIOBUSAX KOHTUHEHTAIBLHOTO KJIMMAaTa;

— U3YYHTb MPOAYKTUBHOCTh U OMOXUMHUYECKUI COCTAB SITOJ;

— OIEHUTh YCTOWYMBOCTH COPTOB K OOJIE3HSIM U BPEAUTENSIM;

— BBIJICNIUTH HanboJiee MePCIeKTUBHBIE COPTA ISl IPOU3BOJCTBEHHOTO UCTIOIH30BAHMS.

MarepuaJbl.

Marepuanom s npoBeieHus uccienoBanuii mocuyxunu 10 coproB Bunorpana (Vitis vinifera L.),
BKJIIOYAIOIINX KaK OTEYECTBEHHBIE, TaK U 3apyOeKHBIE COPTA, PA3IHMYAIOLIUECS MO MPOUCXOKICHUIO, OHOIIO-
THYECKUM 0COOEHHOCTSIM, CPOKaM CO3pPEBaHMsl, YCTOWYMBOCTH K OOJIE3HSAM U Kau€CTBY YPOXKas.

[lepeyeHb OCHOBHBIX U3yYaeMBIX COPTOB:

«Taiidu po30BBIi» — CTOJOBBIN COPT CPeHEA3NATCKON CEICKIINH, CPETHECTIENBIN;

«Aiicyny» — copt kazaxcranckoil cenexkuuu (KasHUUIIO), cronossiii;

«ApMaH» — cOpT Ka3aXCTAaHCKOM CENIeKIINH, CTOJIOBO-BUHHBIN;

«Cornuanay — copT y30eKCKOM CENEKIINH, CTOJIOBbIN;

«Puzamar» — copT cpeHea3naTcKoi CeNeKInu, O3IHECTIEIIbIN;

«Kummvumn KazaxcTaHCKuin — COPT Ka3aXCTaHCKOHM CENEeKITNU, OECCEMSHHBIN;

«XycaiiHe po30BBbIil» — COPT CpeAHEA3UaTCKOM CeNEeKIINU, CTOIOBBII;

«3e00» — copT y30€KCKOI CeIeKIUH, CTOOBBIN;

«Kummvui Corauana» — copT y30€KCKOU CeneKIuu, OeCCEeMHHBIIH;

«Meneo» — copt kazaxcranckoi ceneknuu (KasHUUIIO), ctomoserii.

Konnexuust BuHOrpana pasmenieHa Ha onbITHOM yyactke TOO «tOro-3amannbeiiit HUM xuBoTHOBOA-
cTBa U pacTeHneBoacTBay (T.ILIbIMKEHT).

Knumarnueckue yciaoBus paiioHa uccieqoBanuid. ONBITHBIN y4aCTOK PACIONIOKEH B MPUPOTHO-KITU-
MaTtuueckoit 30He TypkecTaHckoil 00macTu, KOTOpasi XapaKTepU3yeTcsl BRIPAKEHHON KOHTHHEHTAIbHOCTHIO,
CYXHMM BO3IyXOM U OOMJIMEM Tera. 3acyxa sBISeTCs OJHOW M3 IMIaBHBIX OCOOCHHOCTEH KimMara 3Toro pe-
ruoHa [https://jjtv.kz/ru/sbor-vinograda-nachali-v-turkestanskoj-oblasti, 2022]. OcHOBHbIE KIMMaTHYECKHE
XapaKTEePUCTUKH:

— abcomtotHas BeicoTa: 650—800 M HaJ ypoBHEM MOpSI;

— CpeaHerooBas Temneparypa Bozayxa: 12,4-12,6°C;

— cpenHsasa Temneparypa urons: 28—34°C (abcomtoTHblit MakcumyM 49°C);

— cpenHsasa Temneparypa siaaps: -3°C no -5°C (abconmtoTHblil MUHUMYM -25°C);

— cyMMa akTUBHBIX TeMmeparyp (Boimie 10°C): 4400-4700°C;

— TMPOJIOJKUTEIBHOCTD BEreTallMOHHOTO nepuoja: 194-215 nueit;

— rogoBoe koandecTBo ocaakon: 200-300 mm;

— OTHOCHUTENbHAs BIAXHOCTh Bo3ayxa: 40—60 %.

Ocajaxu pacnpenensioTcs o ce30HaM HepaBHOMEpHO. OTMeYaroTcs 1Ba MaKCHUMyMa: OCHOBHOM, pe3-
KWii, BECHOU, U BTOPUYHBIA — O0CeHbI0. CaMble CyXue MecCsIIbl — UI0Jb, aBI'YCT U CEHTSOPb, YTO COBMAJACT C




MIEPUOIOM CO3pEBaHuUsl BUHOTpada. Temblil mepuos (cpeanecytounas remmneparypa soiiie 0°C) amutcs Ao 8
MECSIIEB.

[TouBeHHO-KIIMMaTHYECKasl XapaKTeprucTuka MaccuBa Taccaii rora Kazaxcrana. Maccus Taccaii pac-
TTOJIOKEH B FOXKHOM yacTu KazaxcTraHa 1 OTHOCHTCS K 30HE OPOIIAEMOTO 3eMJISACIIHS C PE3KO KOHTHHEHTAJIb-
HBIM KJIMMaToM. TeppuTopusi XapakTepuszyeTcsl MpOIOJIKUTENbHBIM KapKUM JIETOM, CPABHUTEIHHO MSITKOM
3UMON M HEJOCTATOYHBIM KOJMYECTBOM aTMOC(HEpHBIX OCaIKOB, YTO OIpenesieT HeoOXOOAUMOCTh HCKYyC-
CTBEHHOTO OPOILIEHUS TPU BO3AEIBIBAHUN CEIbCKOXO3SHCTBEHHBIX KYJIBTYD, B TOM YHCIIe BUHOTPA/Ia.

Knumar paitona otnnuaeTcst BRICOKOH Teruoo0ecnedeHHOCThI0. CyMMa akTHBHBIX TEMIEpaTyp 3a Be-
retaniioHHbIN niepuos npessimaeT 4000°C, yTo co3naét 6IaronpusTHRIEC YCIOBUS IS BHIPAIIUBAHUS CTOJO-
BBIX U TEXHHYECKHUX COPTOB BUHOTPAJIa Pa3IMIHOTO CpOKa co3peBanus. CpeHET0I0BOE KOJIMYECTBO OCATKOB
coctasisieT 250-350 MM, OCHOBHAs 4YacTh KOTOPHIX BBIMAIAET B 3UMHE-BECCHHUH Tiepro. B ieTHre MecsIbI
npeobnagaeT cyxas U jkapkas [oroja, Temreparypa Bo3ayxa Hepeako pocturaet +35...+40 °C. [Iponomxku-
TEeITBLHOCTh OE3MOPO3HOTO Meproa coctapiseT 190-220 nHei.

[TouBeHHBII MOKPOB MaccuBa Taccail mpeacTaBlIeH MPEUMYIIECTBEHHO Cepo3éMaMU pa3IuYHOMN cTe-
MIEHU OKYNbTypeHHOCTU. Hanbosee pacrpocTpaHeHbl CBETIIO-CEPO3EMHBIE I TUITMYHBIE CEPO3EMHBIE TTOUBHI,
c(hopMHUpOBaHHBIE HA JIECCOBUJIHBIX CyTNIMHKaX. JIJIsT TaHHBIX TTOYB XapaKTEPHBI CIIA00IIeI0uHas WK IIEI0Y-
Has peakius cpeasl (pH 7,2-8,0), Hu3Koe copepxkaHue ryMyca U CpaBHUTEIIbHO HEBBICOKAs 00eCIeYeHHOCTh
MOJIBMXKHBIMH (popMaMu azoTa.

CopeprxaHue rymyca B MaXOTHOM TFOPU30HTE, Kak IpaBuio, coctasiseT 0,8—1,5 %, uro cBuaeTens-
CTBYET O HU3KOM €CTECTBEHHOM IJIOAOPOANH Mo4B. OOecrneuyeHHOCTh MOABMXKHBIM (hochopom olleHHBaeTCs
KaK CpeJHSS UM TIOBBIIIIEHHAS, TOT/Ia KaK co/iep:KaHne OOMEHHOTO Kajus B OOJBIITMHCTBE CITy4aeB HAXOAUTCS
Ha J0CTaTOYHOM ypoBHE. [104BBI XapaKkTepu3yrOTCs XOpollel BOJOMPOHUIIAEMOCTRIO U adpalfeid, YTo sBs-
€TCs1 ONIaronpHUsATHBIM (PaKTOPOM TSl pa3BUTHSI KOPHEBOM CHCTEMBbl BUHOTPAIA.

MexaHndeckuii cocTaB MOYB MPEUMYIIIECTBEHHO CpeHe- U JETKOCYTTTMHUCTHIN. [ pyHTOBBIE BO/IBI Ha
OoJbIIIel YaCTH TEPPUTOPHUH 3aJIETaI0T IITy0ke 3—5 M, UTO CHMKAET PUCK BTOPUYHOTO 3aCOJICHHUSI TPHU COOIIO-
JICHUH MPABUIIBHOTO peKUMa opolieHus. BMecTe ¢ TeM B OTAENBHBIX Y4acTKaX MacCHBa BO3MOXHO MPOSIB-
JeHue cnaboro 3acojeHusl, 00yCIOBICHHOTO MUHEpAIU3aliei IPyHTOBBIX BOJI U HHTEHCUBHBIM HCTIApEHUEM
BJIar'Wl B JICTHUH ITEPHO]I.

[TouBeHHO-KIIMMaTHUYECKHE YCIOBHs MaccuBa Taccaii B 11eI0M SBISIIOTCS ONaronpUsSTHBIMU TSI BO3-
JIebIBaHMsI BUHOTPaa. BrIcOKas TETI000€CTIeueHHOCTD, MPOIOJDKUTEIBLHBIN BereTallMOHHBIA TIEPUOT U Ha-
JUYKEe OpOIlIeHUs 00eCcreunBa0T BOZMOKHOCTh MONTYYeHHsI CTa0MIIBHBIX YPOJKaeB U BIPAIIMBAHUS COPTOB
pa3IMYHOTO Cpoka co3peBaHus. OMHAKO HU3KOE COACpKAHUE OPTAaHMYECKOTO BEIECTBA B IMOYBE U JICPUITUT
BJIary TpeOyIOT MPUMEHEHHS KOMIUIEKCAa arpOTEXHUYECKUX MEPOTPUSTHI, HAPABICHHBIX Ha MOJACpKaHHEe
TIJI0JIOPOIHSI TIOYBBI, ONITHMHU3AIIMIO PEKUMA OPOIIICHHS | MOBBITIICHUE Y(PPEKTUBHOCTH MHHEPAJIBHOTO TTUTA-
HUS pACTEHUH.

Pesynprarel arpoxuMudeckoro aHanusa rnoussl (2025 r.) npeacTasiensl B Tadnume 1.

Tabnuua 1. Pe3ynprarel aHamu3a MOYBBI OMBITHOTO y4acTKa

Dny6uHa, cMm I'ymyc, % N-NO3, mr/kr P205, mr/kr K20, mr/kr pH

0-10 1,11 6,6 7,6 371 9,01
10-20 1,09 5,6 9,2 401 9,08
20-30 1,00 5,0 8,1 389 8,99
30-40 0,96 4,5 12,0 364 9,17
40-50 0,89 4,5 52 370 9,02

[TouBa xapaktepusyeTcsi yMepeHHbIM conepxkanuem rymyca (1,0-1,1 % B maxoTHOM cjo€), CpeTHUM
3anacoM (ocopa 1 BHICOKUM 3aracoM kanus. Peakius nouseHHoro pactsopa cinadomenounas (pH 9,0-9,2).

Memoouka npoeedenus ucciedo8aHuii.

®eHoornueckre HabIoaeHUS TPOBOMINCH 110 METOAMKe [ '0Cy1apcTBEHHOMN ceTH (PEHOTOTHYECKUX
Habmonenuit [1985r.]. Ilpu 3TOM yuuThIBaJINCh CPOKM HACTYIUIEHHUS CIEAYIOIUX (pa3: pacmycKaHHe MOYeK,
HayaJjo [[BETEHUs, MaCCOBOE LIBETEHUE, OKOHYaHHE 1IBETEHNUSI, HA4aJI0 CO3PEBAHUS SIT0/l, [IOJIHOE CO3PEBaHUE,
Hayajo BbI3peBaHUs MOOETOB.

3MMOCTOMKOCTh OLIEHUBAJIACh TI0 COXPAHHOCTH TJIA3KOB MTOCIIE IEPE3UMOBKH METOAOM yuyeTa Kolauye-
CTBa Pa3BUBIIMXCS W MOTUOIIUX T1a3KkoB [ 1985T.].

YeToiuuBOCTh K 00J€3HAM (MUIABIO, OUJINYM) U BPEIUTENAM (BUHOTPAHBIN 3y/IeHb, IPO3/eBast JI1-




CTOBEPTKA) OILIEHUBAJIACh BU3YaNILHO 10 OayuibHOM mikane [OBYMHHUKOB U Jp., 2020] 1 MeTo10M yueTa nopa-
KCHHBIX YYaCTKOB.

[IpoAyKTHBHOCTh OLIEHMBAJIACh MO CIEAYIOUIUM TOKa3aTesiM: ypOXKalHOCTh C KycTa (KT); CpemaHsis
Macca rposau (r); macca 100 siron (T); conepikanue caxapoB (%); KUCTOTHOCTH (%).

buoxumuyeckuii coctaB aroj omnpenessuica crangaptaeiMu Metonamu [[lonmyxuna E.B., Bnacenko,
2021]: caxapa — pepakTOMETPUIECKUM METOIOM; KUCIOTHOCTh — TUTPUMETPUUECKUM METOIOM.

Pesyabrarsl.

IIpoxoorcoenue gpenonocuveckux gpas. Pazpurne sxMBOM MPUPOIBI ONPEAENIeTC U3MEHEHUSIMH METE0-
pornoruueckux ycnoBuil. Kaxoe siBlieHne cBsi3aHO ¢ HATU4YUEeM HY)KHOTO JIJIsl HETO KOJIMYEeCTBa TeIljla, Biary,
coiHeyHoro cBeTa. [IpupoaHbie yCinoBUs HEMOCTOSIHHBI — OHM Ka)AbIH Toji MeHAIOTCs. BecHa MOXeT ObITh
paHHe, o3/1HeH, 3aTSHKHON WU IPYKHOMU, JIETO — )KAPKUM, XOJIOAHBIM, CyXUM HIIU BIaXKHBIM, OCEHb — paH-
HeH WK MO3AHEH, TETUION WM XOJIOHON U T.A. B CBsI3U ¢ 3TUM U HACTYIUICHHE CE30HHBIX SBJICHHUH B KU3HU
YKUBOH TIPUPOJIBI KOJIeONeTCs B IMPOKUX npenenax [MazaeHos, 2011].

B coBpeMeHHBIX YCIOBHSIX PacTHUTEIbHOE COOOIIECTBO, BKJIOUAsl KyIbTYpYy BHHOTPaJa, UCIIBITHIBA-
€T BIUSHUE M00aJHHOTO M JIOKAJIBHOTO M3MEHEHHUs KiuMmara. PacTeHre BUHOTPaAa BBIHYXKICHO aJanTHPO-
BaThCA-MPUCTIOCAOINBATHCS K HAPACTAHUIO TEMIIEPATyphl BO3AyXa U U3MEHEHHIO KOJTMYECTBAa aTMOC(HEPHBIX
0CaJIKOB ISl COXPAaHEHUS KU3HU U IIOJOHOIICHUS. B SKCTpeManbHBIX YCIOBUSAX HAOIIONAIOTCS U3MEHEHUS
B MaJIbIX TOJAMYHBIX IUKIAX OHTOTeHE3a, CMEIIEHHE CPOKOB HACTYIUJICHUS U MPOAODKUTENBHOCTH (Da3 Be-
reTaluy pacTeHuil BUHOTpaaa. Tpancopmaiys BereTaluu siBIsSeTcs IpUCIOoCOOUTENBHON aTanTUBHON pe-
aKuuel BUHOTpajga Ha M3MEHEHHe yCIOBUM cpenbl ooutanusa. Kaxplii copT obragaeT MHAWBUIYaTbHBIM
IIUKIIOM TPOXOXKIeHUs PpeHormornueckux ¢a3. AnantuBHas (eHONIOrnuecKas peakiusi aBTOXTOHHBIX COPTOB
BUHOTPA/Ia Ha U3MEHEHUs MOTO/IHO - KIIMMAaTHYECKUX YCIOBHA. AKTUBU3UPOBAHO CO3aHKe 0a3 JaHHBIX MO
(dbeHonoruu u TeMreparype Ajs moadopa COPTOB B YCIOBUIX U3MEHsOIIErocs kiaumara. [loBbinienue temme-
paryphbl BIUsET Ha MPOJOKUTEIHHOCTD BETeTallui COPTOB BUHOTPA/Ia, yPOXKAaHHOCTh U KaueCTBEHHBIE MOKa-
3aTeNHu Arojl, YMEHbIIAET MEePHOJ MOCTIMOPUOHATFHOTO Pa3BUTHUS IIBETOUYHBIX OPTaHOB U MPUOIHKAET CPOKH
1BeTeHUs1 BUHOTrpaaa. Hanbonee 3HaunMble CBA3M B cucTeMe «BuHOTpaa — KIMMaT) MEXIy CyMMOM aKTHB-
HBIX TeMIIepaTyp BO3AyXa, CpeAHeH, MaKCUMaJIbHON U MUHUMAJIbHOH TeMiiepatypoil Bo3ayxa. [loBsimenue
TEeMIIEPaTypbl YMEHBIIUIO POIOJKUTEILHOCTh MEPUOIOB IBETEHUS U CO3PEBAaHUS Ar0j BUHOTpaaa. Takum
o0pa3oM, B pe3yabTare MOTEIJICHHUs KJIMMara U ero BIUSHUS Ha OHTOT€HE3 BUHOTPAJHOTO pacTEeHUsl BO3pac-
TaeT aKTyaJIbHOCTh BBIJCIIEHUS] COPTOB, 00JIaJAIONINX BBICOKUM aJalITUBHBIM MOTEHITMAIOM U SKOJIOTHYECKOM
YCTOWYMBOCTHIO, CTa0MIBHBIM mogoHomenueM [DOI 10.35547/IM.2020.22.3.005].

st u3ydenus ocoOeHHOCTE! POX0XKACHUS TOMUYHOTO OMOIOTUYECKOTO IIUKJIA Y H3y4aeMbIX COPTOB
BUHOTPaJa B ycioBusax tora Kazaxcrana ucnonbs3oBasics MeTof] (heHonorndeckux Habmonenuil. Ha ocHoBa-
HUU (HEHONOTUYECKUX HAOIIONEHUN 3a P JIET MOKHO CYIUTh O CTETIEHH COOTBETCTBUS MEXKIY OMOIOTH-
YeCKUMHU 0COOCHHOCTSIMU COPTOB U KIMMATUYECKUMHU YCIOBUSAMU KOHKPETHOW MECTHOCTH, a 3TH CBEACHUS
HEOOXOMMBI I CO3[aHMs MPOMBIIIJICHHBIX HacaaeHui. JlanHble (eHOIOrHYeCcKUX HaOMIOACHUN 3a psij
JIET UCTIOJIB3YIOT JJIsl POTHO3a CPOKOB cOOpa yposkas, Jisi CBOEBPEMEHHOTO TIPOBEACHUS arpOTEXHUYECKUX
MEPOTPHUSITHH.

[TepBpIMU BHEIIHUMU MPU3HAKAMH, 110 KOTOPBIM CYAST 00 aJanTUBHON peaKIIMi BUHOTPAIHOTO pacTe-
HUS Ha SKOJIOTUYECKUE YCIOBHS, SBISIOTCS CPOKH HACTYIIJICHUS U OKOHYaHUs (PEeHOIOrHuecKuX (a3.

Pacnyckanue mouek y BUHOTpaJa HauWHAETCS MPU YCTOMUMBOM CpeHECYTOUHOHN TeMIieparype BO3-
ayxa +10...+12 °C. YcTaHOBI€HO, 4TO CPOKHU MPOXOKACHUS (PeHONOrnuecKkux (a3 B 3HaUUTEIHHON CTEICHH
3aBHUCST OT MMOTOJHBIX YCIOBHIA, CKJIaABIBAIOLINXCS B TIepro/] Beretanuu. [IpoBenéHublie ncciaeqoBaHus MOKa-
3anu, 4yTo B 2025 rofy paciyckaHue MoueK y U3yuyaeMbIX COPTOB HaONIOAAIOCh BO BTOPOH—TpEThell neKaze
MapTa, 4YTO MPUMEPHO Ha OJMH MECSI] paHbIIe CPEIHEMHOTOJIETHUX CPOKOB. YCKOPEHHOE HACTYIUJICHHUE J1aH-
HOM (pa3pl 00yCIOBIEHO MOBBIIEHHBIM TEMIIEPATYPHBIM (DOHOM B PAHHEBECEHHHM MEPHO.

[Tocne pacmyckaHus MoYeK HACTyIajda BTopas (ha3a BEreTallMOHHOTO MepUoja — UHTEHCUBHBIN pOCT
1mo0eroB. AKTUBHBIN POCT MOOEroB MPOIOIKAJICS IO Hadyajla TpeThel (a3bl BereTalii — LBETEHUSI.

B cBsi3u ¢ pe3KkuM MOBBILLIEHUEM TeMIIepaTyphbl BO3AyXa B TpeThel aekane anpens 10 35-39 °C dazbl
OyTOHU3AIlMU U I[BETEHHUS] Ha BUHOTPAIHUKAX HACTYIUJIM paHbllle OOBIYHBIX CPOKOB, ONEpekKasi MOKa3aTeIu
MpebIIyIero roga npuMepHo Ha 10 qaeil. Hayano nBeteHus: B 3aBUCUMOCTH OT copTa Ob110 oTMeueHo 19-20
ampens.

CornacHo (heHONOTHYECKUM HAOMIOACHHIM, Hadaslo (a3bl IBETEHUSI Y OOJBIIMHCTBA COPTOB OTMe-
qaJloch B TpeThell nekaje ampens. Hanbonee paHHUEe CPOKHM HACTYIJICHUS JaHHOW (hasbl 3aUKCUPOBAHBI Y




coproB «Knmmum Corguana» u «oKetsicaiickuid yepHbIin» — 19.04, a Takxke y copToB «XycaiiHe pO30BbIi»
n «Kummum Kaszaxcranckuiny — 20.04. Heckonpko no3xe LBETEHHE HAcTynauo y coproB «Meneo», «Ali-
cyny», «Apmany, «3e00», «Pusamar» u «Taliu po30oBblii». 3aBepleHHEe IBETEHHs Yy OOJBIINHCTBA COPTOB
HaOII0aJI0Ch BO BTOPOH JieKajie Masl.

Puc. 1. Havano 6yronmsarmu coproB Kurmmumr Kazaxcranckuit n Xycaitne po3oBbIit
[Fig. 1. Onset of bud formation in the Kishmish Kazakhstanskiy and Husayne Rozovyi grape varieties]

Puc. 2. MaccoBoe uBeteHue coptoB BuHorpazna 3e6o u Taiidu po3oBsrit
[Fig. 2. Full bloom of the Zebo and Tayfi Rozovyi grape varieties]

B teuenue BereranmonHoro nepuoaa 2025 rona mpoBOIMINCH PEryIsipHbIe (DEHOIOTHYECKHUE HAOITIO-
JICHUS 32 Pa3BUTHEM BHHOI'PAJIHBIX PACTEHMI C aKIIECHTOM Ha CPOKH Hayaja CO3PEBaHUS Ar0J KaK OJHOIO U3
BOXHEHIINX XO35HCTBEHHO-OMOIIOTHYECKHUX MPU3HAKOB copTa. Oco0oe BHUMaHUE YNEIsIoCh (GOpMHPOBa-
HUIO XapaKTEPHOU OKPACKHU SITOJ], CBUICTEIbCTBYIONIEH O HACTYTUIEHUH (Pa3bl TEXHOIOTUIECKOM CIIEIOCTH.

Y GONBIIMHCTBA M3yYaeMBIX COPTOB HAYaJ0 M3MEHEHHsI OKPACKH SITOJl U MEPBHIC IPU3HAKU CO3pEBa-
HUSl OTMEYaINCh BO BTOpOW—TpeTbel nekaje uwoms (15-20 uroms), 4To COOTBETCTBYET CPEHEMHOTOJIETHUM
CpOKaM MpOXOKJIeHHsI TaHHOH (a3bl B ycoBusx rora Kazaxcrana.

Bwmecre ¢ Tem cpenu BcciaeyeMbIX COPTOB OBUTH BBISIBICHBI (POPMBI ¢ O0JIee paHHIM HadaJIoM CO3pe-
BaHus Arof. Tak, y coproB «Kummum Kazaxcranckuin» u «oKeTbIicaiCKHii YEpHBIN» N3MEHEHUE OKPACKH ATOJ
HaAOIIOANIOCh YK€ B Hauase UIONS, YTO CBHIETEILCTBYET 00 X CKOPOCIIETIOCTH U BBICOKOH aJallTUBHOCTH K
ITOYBEHHO-KJIMMATUYECKUM YCIOBUSAM PErMOHA.

Y GoNBIIMHCTBA OCTAJIBHBIX COPTOB HAYAJIO CO3PEBAHMUS ATON OTMedanock 15 utoms. Heckonbko mos-
xe, 18 urons, nanHas ¢aza HacTynana y coproB «Aiicymy» u «Meneoy». Hanbomnee no3qHuMH CpoKamu Co-
3peBaHMs XapaKTepu3oBaIuch copra «Puzamar» u «Talidu po30BbIii», y KOTOPBIX HAYal0 CO3PEBAHMS STOJ
HaOTIOAIOCH B MTOCIIEIHEH AeKa e U0, DTH COPTa OTIIMYAIOTCS 00JIee MPOAOIKUTEIHHBIM BETeTalHOHHBIM
MIEPUOJIOM M TPEOYIOT MOBBIIICHHOW CyMMBI aKTUBHBIX TEMIIEPATyp JJIs TOJTHOTO (POPMHUPOBAHUS YPOXKas.

CpokH TPOXOKICHHSI OCHOBHBIX (PEHONIOTUYECKHUX (ha3 y U3ydaeMbIX COPTOB BUHOTpaa MpeCTaBIIe-




HEI B Ta0nune 2.
Tabnuma 2. deHooruvyeckue HaOMIOICHHS 3a KOJUISKIIUEH BUHOTpaia

Ha3sBanue copra Pacnyckanue LBetenue | CospeBanue | Hauamo BelpeBaHUs OOETOB
TIOYeK
Havano KOHEIl Hayalo nonHoe | Hawaino

BBIPEBAHUS
moOeroB

Tatidu po3oBsrii (st) 21.03 27.04 5.05 22.07 01.09 13.07

Alicyny 20.03 05.04 10.05 08.07 25.07 13.07

Meneo 18.03 04.04 01.05 08.07 22.07 13.07

Kummum Kazaxcran- 14.03 10.04 08.05 01.07 25.07 13.07

cKuit

JKetpicaiickuit uepnsiit | 12.03 09.04 07.05 04.07 22.07 13.07

Apman 21.03 01.04 01.05 04.07 17.08 13.07

Kummvuim Corguana 12.03 09.04 07.05 09.07 01.08 13.07

3e60 20.03 04.04 08.05 10.07 15.08 13.07

XycaiiHe po30BBIi 14.03 10.04 02.05 10.07 28.07 13.07

Puszamar 20.03 27.04 15.05 20.07 15.08 13.07

Taxum 06pazom, mpoBeAEHHbIE (PeHOIOTHYECKE HAOTIOEHUS TO3BOIUIN YCTAHOBUTH 3HAUNTEIIbHBIE
pasnauuusa MeXAy COpTaMU BUHOTPaJla o CPOKaM MPOXOKIEHUSI OCHOBHBIX (pa3 pa3BuTus. Haubonee panue-
cnensiMu copTamu saBisAroTces «Kummvuin Kazaxcranckuity, «Meneoy» u «/KeTbicaliCKuil UepHBI», TOTAA Kak
copt «Taiipu po30BbIi» oTIHUaeTCs Harnboee MPOIOIKUTENLHBIM EPUOAOM BETe€TaIllMU U MO3IHUM CPOKOM
co3peBanus. [lonmydyeHHbIe pe3ynbTaThl IMEIOT IPAKTUYECKOE 3HAYCHUE MPHU MO00PE COPTOB IS MPOMBIIII-
JIEHHOTO BO3/IETBIBAHUS U CEJNEKIIMOHHOM pabOThI B yCIOBUSAX PETHOHA UCCIIEIOBAHMUS.

Oyenka 3umocmouxkocmu. 3UMOCTOMKOCTb COPTOB OILIEHUBAJIACH 0 COXPAHHOCTHU TIA3KOB MOCIE Tie-
pe3umoBku 2024-2025 rona. 3UMHUI NEPUO XapAKTEPHU3OBAJICS CPABHUTENIBHO MSATKUMH YCIOBUSIMU: MHU-
HUMaJbHAs TEMIEpaTypa Bo3ayxa coctaBuia -18°C, CHeXHBIN OKPOB ObLIT YMEPEHHBIM. Pe3ynbTaTsl olleHKH
3MMOCTOMKOCTH MPEACTAaBICHBI HA PUCYHKE 3.

W3 mpeacTaBieHHBIX JaHHBIX CIEAYET, YTO HAamOOJee BBICOKYI) 3MMOCTOWKOCTH MPOSBUIM COPTa
«Taiidu pozoBerit» (82,5 %), «Kummum Kazaxcranckuit» (80,6 %) u «Meneo» (78,3 %). Otu copra Mo-
T'YT PeKOMEHI0BAThCS AJIsl BO3/ENbIBaHUS B yclnoBUsX fora Ka3zaxcrana 6e3 yKpbITUS WIH C MUHUMAIbHBIM
ykpbiTieM. Copta «Kummurn Cormuana» (68,2 %) u «3e60» (69,2 %) nokazanu HauMEHBIIYIO0 COXPaHHOCTh
1a3KoB. J{J1sl 9TUX COPTOB PEKOMEHAYETCS 0053aTeIbHOE YKPBITHE HA 3UMY. BhICOKasi COXpaHHOCTD IJ1a3KOB y
copta «Taiidu po30BbIil» 00BICHIETCS €ro AIUTENbHON afanTalnyell K yCIOBUSIM PEerHoHa — 3TOT COPT BbI-
pamuBaercsa B Kazaxcrane 6omnee 50 jeT 1 XOpoIIo MpUCIocobaeH K MECTHBIM ycinoBusM. CopT «Kummuiin
Kazaxcranckuity», co3qaHHbIN Ka3aXCTAHCKUMU CEJNEKIIMOHEPaMH, TaKKe IEMOHCTPUPYET XOPOIIYIO aanTH-
POBAHHOCTH K KITUMAaTUYECKUM yCIOBUSIM PETHOHA.

NMokasaTtenu creneHun nepesMmoBKM BUHOIrpaga
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Puc. 3. TlokaszaTenu cTeNeHH NEPE3NMOBKH BUHOTPAIa
[Fig. 3. Grapevine overwintering rates|




Crnemyer OTMETUTb, YTO TIOJYYCHHBIC TTOKA3aTeIH COXPAHHOCTH IJIa3KOB OTPa)KarOT HE TOJILKO TeHe-
THYECKYI0 MOPO30CTOUKOCTh COPTOB, HO U BIIMSHUE arpOTEXHUUYECKUX (PAKTOPOB ¥ IMOTOHBIX YCIOBHI KOH-
KPETHOTO 3UMHETO MEPHOIA.

IIpooyxkmuenocme copmos. OCHOBHBIM IMOKa3aTeIeM IUIOAOHOCHOCTH TIOOETOB SIBISICTCST KOA(DDUITH-
SHT TUTOJIOHOIICHHS. VICXOIs U3 ero YMCIIEHHBIX 3HAUEHH, B TPYIITy COPTOB CO CPEIHEH II0J0HOCHOCTHIO
M00OETOB BOIIIO HAKOOJIbINIEE KOJTHUECTBO M3 U3y4aeMbIX COPTOB, KO3(D(GHUIIMEHT TIIOJOHONICHHS Y HUX COCTa-
Bun 0,54-1,32. Jlumbs y ofHOTO copTa 3TOT Moka3aTelnb Obu1 Ha ypoBHe 0,42 (Tabnuua 3).

Ta6muia 3. [Tokazarenu NpoyKTUBHOCTH COPTOB BUHOTpaia

HasBanwue copra Oo6uee [T10moHOCHBIX Cousernii Koadpunment
KOJI-BO 100Oe- | moberos Ha KYCT, IIT.
TOB, IIIT.
n % IJIOIOHOIIIE- mwiogonoc- | ITpomyk-
HUS HOCTH THBHOCTH
mobera, T
Taiidu po3oBsrii (st) 51 22 43,1 27 0,81 1,23 300,9
Aficymy 47 29 61,7 30 1,0 1,03 270,5
Meneo 49 26 53,0 28 0,91 1,08 2554
Kumvuim Kazaxcran- | 46 27 58,7 37 0,73 1,40 250,3
CKUH
JKetsicaiickuii uepHslil | 44 23 52,3 33 0,69 1,43 270,7
Apman 48 25 52,0 28 0,89 1,12 2442
Kummvum Corguana 49 27 55,1 35 0,77 1,30 170,1
3e60 50 29 58,0 38 0,76 1,31 283,1
XycaiiHe po30BbIit 55 22 40,0 30 0,73 1,36 288.4
Puzamar 50 26 52,0 31 0,83 1,20 295,6

Haubonee Bricokuii ko duimeHT miogoHocHoct moderos (1,43—1,4) ormedeH y copros «KeTbicaii-
ckuii yepHbli» 1 «Kummum KazaxcraHckuii», 4To CBsi3aHO ¢ 00pa3oBaHHEM Oojiee 2-X COIBETHH Ha OO0JIb-
IIMHCTBE TUIOAOHOCHBIX 1MoberoB. Heckonbko Hinke (1,30-1,36) 3TOT mokasarens Ob11 y copToB «Kummur
Corauanay, «3e60» u «XycaiiHe po30BbIiY, I TaKKe Ha MIIOJOHOCHOM ToOere ObLIO MO JBe KUCTH. B
OCTaJIbHBIX COpTax KOA(PQUIMEHT MIOJOHOCHOCTH 1MoberoB Obl1 HIKE oT 1,12 mo 1,23, yTo yka3bIBaeT Ha
CIIOCOOHOCTH COpTa 0OPa30BHIBATH 3JIEMEHTHI TUIOIOHOLICHHS B COKHUBIIUXCS YCIOBHSIX MMUTAHUS U CPEIIbI,
U TpeOOBaTEIbHOCTH ITHX COPTOB K HUM.

B u3ydaeMoil KoIIeKIuu copToB Hanboee BHICOKON MPOMTYKTUBHOCTHIO MOOETOB BBIACIUIICS BHHO-
rpan copta «Tatidu pozossiii» (300,9 rpamm Ha onuH nober). Heckonbko Huxke 295,6 n 288,4 rpaMM Ha OfuH
no0er MpoayKTUBHOCTH ObllIa, COOTBETCTBEHHO, y copTa «Puzamar» u «Xycaiine po3oBbiity. Erie Hike 3TOT
nokaszatelb ObL1 y cCOpToB «Apman» — 244,2 «Kummum Corauana» — 170,1 rpamm u rpaMM Ha OUH MOOET.

Taxoke Obl1a U3ydeHa ypOKalHOCTh TaHHBIX COPTOB (Tabmnuia 4).

Tabnuua 4. YpoxaitHOCTh COPTOB BUHOTPaia

HasBanue copra Komnngectso Cpenuuii Bec | YpoxallHOCTh
Tpo3aeil, MT. | rpo3au, T
KT C KycTa m/ra

Tatidu po3oBelii (st) 26 455 11,8 262,2
Aticyny 29 288 8.4 186,6
Meneo 31 258 8,0 177,7
Kummuin Kazaxcranckuit 33 260 8,6 191,1
JKetpicaiickuii uepHBIit 35 290 10,2 226,6
Apman 31 240 7.4 164,4
Kummvuim Corguana 35 200 7,0 155,5
3e60 36 340 9,5 211,1
XycaiiHe po30BbIii 28 310 8,7 193,3
Puzamar 29 412 12,0 266,6

ITo ypoxxaliHOCTH BHHOTPaJia, Kak ¢ KycTa, Tak U ¢ reKTapa Bbiaenuics copt «Pusamar» u «Taiidu po-
30BBINY, ypOXKaMHOCTH ¢ KycTa coctaBuiua 12,0—11,8 kr, 4To COOTBETCTBYET ypokaitHocTH 266,6—262,2 11/ra.
Heckonbko HUXe yposkaltHOCTh Obu1a y copToB «OKeTbicaiickuii yepHbIi» U «3e00» U COOTBETCTBEHHO, YPO-




*aitHocTh ¢ kycta 10,2 u 9,5 kT, a ¢ ogHoro rekrapa 226,6 u 211,1 1. Camas Hu3Kasi IPOAYKTUBHOCTh ObLIA y
copta «Kummvum Corauana» — 7,0 kuaorpamMm ¢ 0JHOTO KycTa uiu 155,5 1nieHTHepa ¢ rekrapa.

Yemortiuusocmo k 6onezuam u epedumensam. OMHAM U3 BAOKHEHIIINX TTOKa3aTeNe X035 CTBEHHOM IICH-
HOCTH COPTOB BHHOTpaJa SIBISETCA UX YCTOMYMBOCTh K HauOosee pacinpoCTpaHEHHBIM OONE3HSIM U BpeIu-
tensM. OlleHKa YCTOMYMBOCTH M3y4aeMbIX COPTOB MPOBOJIMIACH B TEUEHUE BETeTallMOHHOTO nepuona 2025
rojia METOJIOM BH3YaJbHOTO OOCIEIOBAaHUS PACTEHUH C OMpeAeNIeHUEM CTENEeHH MOPaKEHUsI B MPOIICHTAX.
OcHOBHOE BHUMaHUE YJIESIOCH PAaCpOCTPaHEHHBIM 3a00JI€BaHUSM BUHOTPAJla — OUJUYMY M MUJIJIBIO, A
TaKKe MOBPEKICHUIO PACTEHUI BUHOTPAIHBIM 3yJIHEM U IPO3JEBOM TMCTOBEPTKON. Pesynbprars! uccnenona-
HUH MOKa3ajl HAJIMYUE CYIECTBEHHBIX Pa3IMuuil MEXAy COpPTaMU IO CTENEeHH YCTOMYUBOCTH K MMaTOreHaM
1 BpeauTessM (Tabmuma 5).

AHanu3 MONy4YeHHBIX IaHHBIX MTOKa3aJl, YTO HaWMEHbBIIIas CTENeHb NOPaXKeHUs OUMYMOM OTMEYanach
y copToB «Aficymy», «Meneo» u «Taiipu po30oBbIil», Ie YPOBEHb MOpakeHus: cocTaBui 7—8 %. ITo cBHe-
TEJIBCTBYET 00 MX CPaBHUTEIHHO BBICOKON YCTOMYHMBOCTHU K JAHHOMY 3a00JI€BaHMIO B yCiIoBuUsX fora Kazax-
ctana. Haubosee BOCIpUUMUNBEIM K OUJIUYMY OKa3alicsi COPT «XycailHe PO30BbIil», CTETIEHb MOPaXEHUSI KO-
toporo gocturana 14 %. [loBbleHHas MOPakaeMOCTh TAKXKEe OTMEUEHA Y COPTOB «ApMan», « KeTbicaiickuii
YepHbIiD», «3ebo» u «Puzamar» (12 %).

[To ycTOMYMBOCTH K MUJIIBIO JIYUIIUE TOKa3aTenu mpoaeMoHCTpupoBanu copta «Kummum Kazax-
cTaHckui» u «Taiipu po30BbIit», y KOTOPBIX CTETIEHb MOPAXKEHUS COCTaBUIIa COOTBETCTBEHHO 4 U 5 %. Cpen-
HUHN ypOBEHb MOPAKECHUS] MIIIJIBIO OTMevancs y copToB «Meneoy, «Kummum Coranana» u «KeTpicaiickuii
yepHbli» (67 %). Hanbosnee BOCIpUUMUYKBBIMY K TaHHOMY 3a00JI€BaHHUIO OKa3aJIMCh COpTa «XycaifHe po3o-
BhIi» (10 %), a Takxke «Apman» u «Alicymy» (1o 9 %).

Tabnuua 5. [MopaxkeHre KOMUIEKIIUU BUHOTpaa O0JIe3HIMHU U BpeAUTEIIMU, %o

Ha3Banue copra bonesnu Bpenurenu
OHUAUYM | MHJIJIBIO BHUHOTPAAHBIN | TPO37eBast
3y/IeHb JIICTOBEPTKA

Tatidu po3oBslii (st) 5 2 2

Aticymy 9 9 7

Meneo 7 10 7
Kummvunm Kazaxcranckuit | 11 4 9 4
JKetpicaiickuii uepHbIi 12 6 7 3

Apman 12 9 7 5
Kummvuim Corpuana 10 7 5 10

3e60 12 8 9 10
XycaiiHe po30BBIi 14 10 4 11
Puzamar 12 6 10 8

Cpenu Bpenuteneld HauOoOIbIIee PACIPOCTPAHEHUE MOydnsIa Ipo3aeBas JUCTOBEPTKA. MaKkcuManb-
Hasl CTEMNeHb MOBPEXIEHUS Habmronanach y coptoB «Xycaiine po3oBbli» (11 %), «Kummum Corauana» u
«3e60» (o 10 %). B To e BpemMsi MUHUMaJIbHOE MOBPEXKACHHUE JaHHBIM BPEAUTEIEM OTMEYAIOCh Y cOpTa
«Taiidu po3oBsiit» — 2 %, a Takke y copra «KeTbicalickuil 4epHbI» — 3 %, YTO CBHAETENBCTBYET 00 MX
OTHOCHUTENIbHOM YCTOWYMBOCTH K TUCTOBEPTKE.

Bunorpaansiii 3ynenp HanOolee MHTEHCUBHO pa3BuBajcs Ha coprax «Meaeo» u «Puzamary, raoe
creneHb nopaxkenus gocturana 10 %. 3HaunTenbHOE MOBPEXKICHUE TAKKE OTMEUEHO y COPTOB «AKCYIy»,
«Kummvuin Kazaxcranckuit» u «3e60» (9 %). Haubonee ycToOMYUBBIM K JAHHOMY BPEAUTEIIO OKAa3aJcs COPT
«Taiidu po30BBIii», y KOTOPOTO CTENEHb MOPAXKEHUS HE MpeBbImana 2 %.

CrnenyeT OTMETHTD, YTO B TEUEHUE BET€TAlMOHHOTO Mepro/ia MPOBOIMUINCH MPO(PUIAKTHIECKUE U 3a-
HIUTHBIE 00paOOTKK BUHOTPAIHBIX HacaxaeHuii npenaparamu «bH-58y». [Ipumenenne komruiekca 3aiuTHBIX
MEPOIPHUATHIA MO3BOJIMIO CACPKHUBATH pa3BUTHE OONE3HEW M YMCICHHOCTh BPEAHMTENCH HAa HKOHOMHYECKH
JOMYCTUMOM YPOBHE U MPEIOTBPATUTH 3HAYUTEIHLHOE CHUKEHHUE MTPOAYKTUBHOCTHU PACTEHUIA.

B nienom pe3ynbraThl Hccaen0BaHUI CBUIETENBCTBYIOT O Pa3IMYHON CTETIEHU YCTOWYMBOCTH H3yda-
€MBIX COPTOB BHHOTpaJa K OCHOBHBIM 0OJe3HSIM W Bpeautensm. Hanbonee KOMIIEKCHONH yCTOHYHMBOCTBIO
Xapakrepu3oBanuck copra «Taiigu po3oBerity, «Meneo» u «Kummui Kazaxcranckuii», 4To mo3BoseT pe-
KOMEH/IOBATh MX JIJIS TaJIbHEHIIEro UCIoIb30BaHus B CENEKIIMOHHON paboTe 1 MPOMBILIUIEHHOM BUHOTpaaap-
CTBE B ycioBusx tora Kazaxcrana.




v _
AKAOEMUACDHI

Oocy:xnenue.

[TpoBeneHHBIE UCCIIENOBAHMS MTO3BOJISIOT CAEIATh PsiJl BaXKHBIX BBIBOJIOB 00 aJaTUBHOCTH H3y4e€H-
HBIX COPTOB BUHOTPaJa K ycioBusaM tora KazaxcraHa.

deHonoruueckre HaOMIOACHUS TIOKA3aJK, YTO BCE M3y4YaeMble COpPTa YCIEUIHO MPOXOJAT BEreTalu-
OHHBIN MepuoJ B ycloBusx peruona. Cymma aktuBHbIX Temneparyp (4400-4700°C) u nmponomKUTeNbHOCTb
BereranoHHoro nepuona (194-215 nueit) noctaTouHsbl sl CO3pEBaHUS KaK paHHECIIENbIX, TaK U MO3HECTIe-
JBIX cOpTOB. PasHOOOpasue CpoKOB CO3pEeBaHUS U3yUaeMbIX COPTOB (OT KOHIIA MIOHS JI0 aBrycTa) MO3BOJISET
(opmMHpoBaTh KOHBEWEP CBEXEW MPOIYKIIMU U MTPOAJIEBATh MEPUOJ PeATU3aI[i BUHOTPAIA.

Bricokue nokazarenu 3umocToiikocTu copTroB «Taiidu po3ossiity (82,5 %), «Kummum Kazaxcran-
ckuit» (80,6 %) u «Megneo» (78,3 %) CBUACTENHCTBYIOT 00 MX XOPOIICH aJanTHPOBAHHOCTA K KOHTHHEH-
TaJbHOMY KIMMAaTy peruoHa. JTH COPTa MOTYT PEKOMEHJIOBATHCS JJISl BO3/EIbIBAaHUSA 0€3 YKPBITHS WU C
MUHHUMAJIbHBIM YKPBITHEM Ha 3uMy. [Ipu 3TOM ciieyeT yunuThIBaTh, 4TO MOJYYEHHbIE MOKA3ATENIN OTPAXKAOT
OnaromnpusiTHBIC YCI0BHs 3uMHero nepuoaa 2024-2025 roga. B rosi ¢ 601ee CypoBbIMU 3UIMaMH PEKOMEHTY -
€TCs POBEIEHNE YKPBITHS ISl BCEX COPTOB.

ITponyKTHBHOCTB U3y4aeMBbIX COPTOB HaXOAUTCS HA JOCTATOYHO BICOKOM ypoBHe. Copra «OKeTbIcaii-
CKUI YyepHbI», «Pru3amar» u «Meneo» J1EMOHCTPUPYIOT yPOKAHHOCTb CBBILIE 9 KT € KyCTa, UTO COOTBETCTBY-
€T BBICOKOIIPOAYKTUBHBIM CTaHJapTaM BUHOTpaaapcTBa. beccemsnuble copra « Kummuni Kazaxcranckuii» u
«Kummvum Corauana» UMEIOT HECKOJIBKO MEHBIIYIO YPOXKAaHHOCTb, HO KOMIIEHCUPYIOT 3TO BBICOKOM TOBap-
HOMW IIEHHOCTBIO U YJITy4IICHHBIMHU NOTPEOUTETLCKUMH KaueCTBAMH.

buoxumunyecknii aHaIn3 1OKa3ajl, YTO BCE M3YUYEHHBIE COPTa XapaKTEPU3YIOTCS BBICOKMM COJEpIKa-
HueM caxapos (16,8-21,2 %) u GrmaronpusTHBIM CaXapOKUCIOTHBIM HHIIEKCOM (22—44). beccemsiHHBIE cOpTa
«Kummum Cornuana» u «Kummum KazaxcrtaHckuil» UMeroT Haubosiee BBICOKHE IMOKa3aTel KadyecTBa, 4To
JIeJIaeT UX NEPCIEKTUBHBIMU JJIs1 IPOU3BOICTBA IIMTHOTO CTOJIOBOTO BUHOIPAJa.

VYcToiunBOCTE K OOJE3HIM U BPEIUTENSAM y U3y4aeMbIX COPTOB HaXOAUTCS Ha cpeaHeM ypoBHe. Hu
OZIMH M3 U3YyUYEHHBIX COPTOB HE MPOSIBHJI UMMYHHUTETa K OCHOBHBIM OOJIE€3HSIM, OJIHAKO CTENEHb MOPaKECHHS
OCTaBaJIaCh HA YKOHOMUYECKU JONYCTUMOM YPOBHE NpPHU NPOBEACHUU CTAHAAPTHBIX 3AIIUTHBIX MEPOIPHsI-
tuil. Haubonee ycToiiunBeIMU K KOMIUIEKCY Oosie3Hel sBistoTces copra «Taiidu po3oBsiity u «Meneoy.

CpaBHUTENbHBIN aHATIU3 MTOJYYEHHBIX JaHHBIX C PE3Yy/IbTaTaMU UCCIEAOBAHUI IPYTUX aBTOPOB MOKa-
3BIBAET, UTO U3yYEHHBIE COPTA AEMOHCTPUPYIOT ITOKA3aTeNIN, COIOCTABUMBIE WM NTPEBBIILIAIOLINE JAHHBIE 10
BO3/IEJIBIBAHUIO B IPYTUX PETHOHAX. DTO MOATBEP)KIAET OIaronpHusTHOCTb MPUPOAHO-KINMATHYECKUX YCII0-
Buii tora Kazaxcrana i BUHOTpaiapcTBa.

ITosmyueHHBIe pe3ysbTaThl MMEIOT BaXKHOE IPAKTUYECKOE 3HAYEHHE AJIs Pa3BUTHsI BUHOIPAJapcTBa pe-
rMoHa. BeijieieHHbIe TepCIIeKTUBHBIE COPTA MOTYT OBITh PEKOMEHI0BAHBI JUIsl 3aKJIaAKH HOBBIX BUHOTPAIHU-
KOB U pacIIMpPEHMsI IPOU3BOJCTBA KAYECTBEHHOTO CTOJIOBOTO BUHOIpaJa.

BriBoabI.

[TpoBeneHb! KOMITIEKCHBIE HccaeqoBaHus 10 copTOB BUHOTPala 0T€Y€CTBEHHOM U 3apyOeKHOM cerek-
LMY B ycaoBHsX tora Kazaxcrana. YCTaHOBIIEHO, UTO BCE U3YUEHHBIE COPTA YCIEIIHO MPOXOAAT BEreTalloH-
HBII IEPUOJ] B YCIIOBUSX PETHOHA ¢ CyMMOI akTHBHBIX Temneparyp 4400—4700°C. Haubomnee BBICOKYIO 3UMO-
CTOMKOCTH TposiBHIIH copTa «Taiidu po3oBerit» (82,5 %), «Kummum Kazaxcranckuit» (80,6 %) u «Mexeo»
(78,3 %). DTu copTa peKOMEHIYIOTCS JIJIsl BO3JEIBIBAHUS B yCIIOBUSX tora Kazaxcrana kak Hanbolnee afianTu-
pOBaHHBIC K KOHTUHEHTAJbHOMY KJIMMAaTy. BBICOKYIO MPOIYKTUBHOCTb (CBBIIIE 9 KI/KYCT) IEMOHCTPHUPYIOT
copra «KeTbicaiickuii uepHblit», «Puzamar» u «Meneo». beccemsinnblie copra « Kummum Kazaxcranckuiny u
«Kummum CornuaHa» UMEIOT BBICOKYIO TOBApHYIO IIEHHOCTD Oylarojapsi OTIMYHBIM JI€CEPTHBIM KaueCTBaM.
buoxuMuyeckuii aHanu3 mokasaj BICOKOE conepikanue caxapos (16,8-21,2 %) u OmaronpusTHbINA caxapo-
KHCJIOTHBIM MHJIEKC Yy BCEX M3YUYEHHBIX copToB. Hambonee BbICOKME MoKa3areny KauecTBa OTMEUEHBI y Oec-
CEeMSIHHBIX COPTOB. YCTOHUMBOCTH K OOJIE3HSAM U BPEAUTEISIM Y U3Yy4aeMbIX COPTOB HAXOIUTCS HA CPEeTHEM
ypoBHe. Hanbonee ycToHYMBBIME K KOMIUIEKCY Oose3Hel siBisitorcest copra «Taidu po3oBbliit» 1 «Mexneoy.
Ilomy4deHHBIEe pe3yapTaThl CBUAETEILCTBYIOT O IEPCIEKTUBHOCTH UCIIOIb30BaHMS U3yUYEHHBIX COPTOB B IIPO-
M3BOJICTBEHHBIX HAaCAXJECHHSX F0XKHOTO pernoHa Kaszaxcrana u 1enecooOpa3HOCTH UX BKIIIOUEHHS B CelleK-
LIMOHHBIE IPOTPaAMMBI.
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HMHTEPIPETANNs Pe3yIbTaToB U MOATOTOBKA HAYYHOH ITyOINKaIIUH.
Ka3zni6aeBa Cayie ’KamGy10BHa — pa3zpaboTka METOIOIOTHI HCCIECIOBAHMS H KOOPAWHALMS NCCIICIOBAHUH.
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Abstract. Introduction. This paper provides a historical overview of the establishment of windbreak
forest strips on the territory of the A.I. Baraev Scientific and Production Center for Grain Farming in the
Akmola Region. It highlights the importance of windbreak forest strips in improving the ecological conditions
of the dry steppe region. This is manifested in the creation of a microclimate, reduced wind load, increased
snow accumulation, decreased water erosion and increased reserves of available moisture which ultimately
contributes to higher yields of cultivated crops. Research. To determine the extent of the influence of field-
protective forest strips on the productivity of various grain crops. To assess the responsiveness of various
crops and varieties to improved growing conditions and to determine their potential productivity. To accelerate
the propagation of the most valuable and promising varieties by organizing their original seed production
under favorable conditions. Materials and Methods. Experiments to assess the influence of the microclimate
of shelterbelts were conducted on three crops: spring soft wheat, buckwheat and sorghum. The experimental
plots were established as competitive variety trials on 25 m? plots with four replicates. The varieties Astana,
Akmola 2 and Shortandinskaya 95 Improved were used as standards for spring soft wheat. For buckwheat
and proso, the varieties Shortandinskaya Large-Grained and Shortandinskoye 7 served as controls. Results
and Discussion. Using the example of increased yields of spring soft wheat, buckwheat and millet, the high
effectiveness of growing grain crops in field-protective forest strips is demonstrated. Thus, the productivity of
the best samples of spring soft wheat under the conditions of conventional rain-fed cultivation was 24.4-28.8




c/ha, buckwheat 17.8-19.4 c/ha, millet 20.9-22.5 c/ha. Accordingly, the yield when grown in forest belts was
37.8-53.9 c/ha for wheat, 22.1-25.1 c/ha for buckwheat and 26.5-28.2 c/ha for millet. Conclusions. Despite the
persistent occurrence of atmospheric and soil drought throughout the three-year trial period, a positive effect
of field-protective forest strips on the productivity of cultivated crops was observed. The growing background
had a significant impact on the yield of control varieties and breeding lines. The use of two study backgrounds
allows for an objective assessment of breeding material during competitive variety trials in terms of drought
tolerance, responsiveness to improved growth and development conditions, and plasticity. In addition, the
favorable microclimate allows for a significant increase in the seed multiplication rate of scarce and promising
varieties, as well as the optimization of original and primary seed production schemes. Fields of application:
shelterbelt forestry, field crop production, crop cultivation.

Keywords: shelterbelt, main tree species, accompanying tree species, shrubs, wheat, millet, buckwheat,
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Annotauus. Kipicne. A.W. bapaeB aTbiHaFbl ACTBIK IIAPYalIbUIBIFbI FEUTBIMH-OHA1PICTIK OPTaIbIFbI-
HBIH ayMaFbIHJla KOPFaHBIII OpMaH OelieylepiH Kypy TapuXblHa apHaJIFaH 3KCKYPCHUS YCBIHBUIIBL. AKMOJa




AKALEMMUSACDHI
OOJBICBIHBIH KYPFaK Jalia sKaFAaibIH/Ia SKOJIOTUSIIBIK JKaFIai bl )KaKcapTy/a jKeJIeH KOpFailThiH opMaH 0eJ-
JeyNepiHiH MaHbI3bl KapacThIpbuIaabl. byl MUKPOKIUMATTHIH KaJbIITACYbIHAH, YKEJ KYKTEMECIHIH TOMEH-
JieyiHeH, KapIblH MOJ XUHAJIybIHAH, Cy 3PO3USCHIHBIH a3alObIHAH KOHE OCIMJIIKTEpPre ©OJIKETIM/Il bUIFal
KOPBIHBIH apTyblHAaH KepiHel. ATanFaH (akTopiap, Calblll KeIreHae, ocipiieTiH NaKbUIIapIblH OHIMILIi-
TiH apTThIpYyFa BIKHAN eTefl. 3epTTeyAiH MaKcaThl — KOPFAHBIII OpMaH OeNAeyaepiHiH OpTYpIi I9HII JaKbLI-
JapbIH OHIMJITITIHE JeHTeliHe 9cepiH aHbIKTay. Op TYPAl JaKbUIIap MEH COPTTapAblH 6cCy >KarnaiiapbiH
KaKcapTyFa kayan O0epy epeKIIeNiKTepiH Oaraay oHe OJapAblH dJeyeTTi OHIMIUTITIH aHbIKTaHbI3. Konaii-
JIBI JKaFaiapa eH KYHIbI dKoHe MepCIeKTUBAIbI COPTTAPAbIH OacTanKbl TYKBIM [IApyallbUTBIFIH YHBIM/Ia-
CTBIPY apKbUIBI OJIap/IbIH TYKBIMBIH KOOCUTY yaipiciH sxenennety. Mamepuandap men adicmep. KopraHbIi
opMaH OenjeynepiHiH MUKPOKIMMATTBIK dCepiH Oarajay »KeHIHJerl ToKipubenep yII JakblUiga *Kypri3iiiui:
XKazAbIK )KyMcak Oujail, KapaKyMbIK KOHE Taphl. 3epTTey MUTOMHHUKTEpI aynaHbl 25 M2 G0aThIH yuackenepae
TOPT KalTaJaHBIMMEH KOHKYPCTBIK COPT ChIHAY 9J1ici OOMBIHIIIA OpHANACTHIPBIILABL. JKa3/bIK xKyMcaK Oumait
ooiipriama Actana, AkMona 2 xone [llopranast 95 kakcapThUIFaH COPTTaphl CTAaHAAPT PETIH/IE Mai1aIaHbLI-
nbl. KapakymbIk rieH Tapsl Ooiibiniia [lloprannet ipi gonmi xone LLlopranasl 7 coprTapsl 6aKpliay COPTTaph
peTiHae mainanaHbuInbl. Homuowcenep ocone mankwinay. Kas3aplk skyMcak Ougai, KapaKyMBbIK KOHE Tapbl
OHIMJILTITIHIH apTybl MbICAJBbIHIA KOPFAHBIII OpMaH Oelaeylepinae ToHAl JaKbUIIAp/Ibl OCIipyIiH KOFaphl
THIMJIUTITT KepceTiareH. KomiMri arpoTeXHONMOTHSIIBIK JKaFaaiiapaa ska3aplK )KyMcaK OUJIaliIbIH €H YKaKChl
yariiepinin eHiManiri 24,4-28,8 1/ra, KapakymbIkTiki 17,8—19,4 1/ra, Tapeiabiki 20,9-22,5 m/ra 6onasl. An
KOpFaHBIII OpMaH OenjieylepiHiH bIKMAal eTy aiiMarbIiHAa ecipreH kesnae Omaaii eniMaimiri 37,8-53,9 u/ra,
KapaKyMBIKTIKI 22,1-25,1 1/ra Kypaabl, all TapbIHBIKI 26,5-28,2 11/Ta 605161, Kopsimbinoviiap. ATMochepa-
JIBIK YKOHE TOTBIPAK KYPFAKIIBUIBIFBIHBIH TYPAKThl OaliKamyblHa KapaMacTaH, YII KbUIJBIK ChIHAK OapbIChIH/IA
KOpFaHBIII OpMaH OenjieynepiHiH eciplireH JaKbUIAApAbIH OHIMIUIITIHE OH 9cepl €TeTiHI aHBIKTaNIbL. Ocipy
XKaraainapeiHbIH (OHBI 0aKbUIAYy COPTTAPBl MEH CENEKIIMSUIBIK JKEIEp/IiH OHIMIUTIriHE alTapibIKTail acep
eTTi. 3epTTeydiH eki ecipy (GOHBIH KOJIJaHy KOHKYPCTBIK COPT ChIHAY KE3€HIHE CEICKIUSIIBIK MaTepHa bl
KYPFaKIIbUTBIKKA TO3IMILIIT, ©Cyl MEH IaMyBIHBIH jKaKcapyblHa kayarl Oepy KaOineTi »oHe OeiMaenTimTir
OolibIHIIA 00BEKTUBTI Oaranmayra MyMKiHAIK Oepeni. CoHbIMEH Karap, KOJaiabl MUKPOKJIMMAT Tamllibl opi
MEPCTIEKTUBAIBI COPTTAPABIH TYKBIMJBIK MaTepuajiblH KeOeHTy KOA(QOUIMEHTIH endyip apTThIpyFa, COH-
Naii-aK TYIMHYCKAJIBIK ’KoHE 0acTamnKbl TYKbIM IIapyalllbUIBIFBIHBIH CXeMaTapblH OHTAMIaHABIPYFa MYMKIHJIIK
Oepeni. HoTmkenepi kongaHy cajajgapbl: OpMaH ecipy, eTrHIIUTIK dKoHe 6CIMIIK [IapyalblIbIFbL.

Tyiiinai ce3nep: maiinansl opMan O6emnjeyi, Heri3ri TYKbIM, iecre TYKbIM, OyTa, Ouaaii, Tapbl, Kapaky-
MBIK, OHIMIIIIK
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AHHoOTanus. Beedenue. IIpencTaBieH HCTOPUUECKUIN IKCKYPC TIO CO3AHHIO TOJE3AIIUTHBIX JIECHBIX
MOJIOC Ha TeppuTOpuu HaydHO-IIpOM3BOACTBEHHOTO IIEHTpa 3epHOBOTO X03siicTBa uM. A.l. bapaeBa Axkmo-
TUHCKOHM 00nacTu. OnpeensieTcst 3HaueHUuE BETPO3AUTHBIX JIECOMOIOC B YIYUIIEHUH SKOJIOTHYECKOM 00cTa-
HOBKH B PETHMOHE CyXOii CTeMH. JTO BbIPaXKaeTcs B CO3/IaHNU MUKPOKIIUMATa, CHI’KEHUU BETPOBOW HArpy3KH,
WHTEHCUBHOM CHETOHAKOIUICHUH, YMEHBIIIEHUN BOJHOW SPO3UHU, YBEIIMYCHUH 3aMacoB MPOAYKTUBHOM Blary,
YTO B KOHEUHOM HMTOTE€ CIIOCOOCTBYET YBEIMUYEHHUIO YPOKaHHOCTH BO3/IEIBIBAEMBIX KYIBTYp. [lens uccnedo-
6aHUs: YCTAHOBUTH CTETICHb BIUSHUS TOJIE3aIUTHOM JIECOMOJIOCH HAa YPOBEHb MPOAYKTUBHOCTH Pa3IUYHBIX
3epHOBBIX KYNbTYp. OIIEHUTh CTENEHb OT3BIBYMBOCTH PANUYHBIX KYIBTYp U COPTOB HA YIy4YIlIEHUE YCIOBHMA
MPOU3PACTAHUS U OMPEEIUTh UX MOTEHIMAIBHYIO MPOAYKTUBHOCTh. YCKOPUTH Pa3MHOKEHNE HauOoJee 1eH-
HBIX M MEPCIEKTUBHBIX COPTOB, IMyTeM OPraHU3aIlMU X OPUTHHAIHLHOTO CEMEHOBOJICTBA B OJArONpHUATHBIX
ycnoBusix. Mamepuanvt u memoosi. OTBITHI 110 OLIEHKE BIUSHUS MUKPOKJIMMATa 3alIUTHBIX JIECOTOIOC MPO-
BEJICHBI Ha TPEX KYJIbTypax: SpOBOI MATKOW MIIEHHUIE, Tpeurxe U mpocy. [IMTOMHUKN H3yUYeHUs 3aJ10KEHBI
0 TUITY KOHKYPCHOTO COPTOUCIIBITAHUS Ha AENSIHKAX IIIOMaasi0 25M2 B 4-X KpaTHON MOBTOPHOCTH. Pe3)iib-
mamwl u obcysxcoenue. Ha mpumMepe yBeIrueHUs ypOsKalHOCTH SIPOBOM MATKOW MIIEHUIIBI, TPEUYUXH U ITPOca
MoKa3aHa BbICOKas 3(h(PEeKTUBHOCTH BO3/AENBIBAHUS 3€PHOBBIX KYJIBTYp B MOJE3aIIUTHBIX Jiecomonocax. Tak
MPOAYKTUBHOCTH JYUIINX 00pa3IOB SPOBOI MATKOW MIIEHUIBI B YCIOBUAX OOBIYHOTO OOTapHOTO BO3JIENbI-
BaHus cocrtaBmia 24,4-28,8 u/ra, rpeunxu 17,8-19,4 w/ra, npoca 20,9-22,5 n/ra. CoOTBETCTBEHHO ypOKaii-
HOCTb TIPH BBIPAIMBAHUH B JIECOTIOIOCAX cOCTaBmiIa mo mmenune 37,8-53,9 m/ra, rpeunxe 22,1-25,1 1/ra,
npocy 26,5-28,2 1/ra. Beigoosi. HecMOTpsi Ha TOCTOSTHHOE MPOSIBIIEHUE aTMOC(EpHOM 1 TOYBEHHON 3aCyXH
Ha IPOTSHKEHUU TPEX JIET UCIIBITaHUS YCTAHOBJICHO MOJIOKUTENIBHOE BIMSIHHUE MOJIE3AIIMTHBIX JIECOMOIOC Ha
YpOBEHb MPOTYKTUBHOCTH BBIpAIIMBAEMbIX KyIbTyp. DOH BhIpalllMBaHUs OKa3bIBaJl 3HAYUTEILHOE BIUSHUE
Ha YpOXKaltHOCTh KOHTPOJIbHBIX COPTOB U CEIEKIIMOHHBIX JUHUM. Vcronp30Banue 1ByX (hOHOB M3YUYEHHUS MO~
3BOJISIET JJaTh HA 3Tare KOHKYPCHOTO COPTOUCTIBITAHHS OOBEKTUBHYIO OLIEHKY CEJIEKIIMOHHOMY MaTepuaiy Mo
CTETEeHH 3aCyXOyCTOWYMBOCTH, OT3bIBUMBOCTH Ha YIy4YIIEHHE YCIOBUI pOCTa U Pa3BUTHUSA, MJIACTUYHOCTH.
Kpowme 3toro, GnaronpusiTHbIN MUKPOKJIMMAT MO3BOJISIET 3HAYUTEIHHO YBEIHUUUTH KOIPPHUIIMEHT pa3MHOXKeE-
HUS CEMSH JIe(PUIIUTHBIX U MEPCIEKTUBHBIX COPTOB, a TAK)KE ONTUMHU3UPOBATH CXEMbl OPUTMHATILHOTO U Tep-
BUYHOTO ceMeHOBOIcTBA. O0IaCTh HCIIONIB30BAHUS PE3YJIBTATOB — MOJIE3AIUTHOE JIECOPa3BeICHUE, MTOJIEBOI-
CTBO, PACTEHUEBOJICTBO.

KutoueBble cjioBa: mosnesanuTHas JecHasl 1ojoca, MaBHas MMOpoja, COMyTCTBYIOIIAs MOpoaa, Ky-
CTapHUK, MIIEHNIIA, IPOCO, TPeUrxa, YporKaiiHOCTh
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bnazooapnocme. [Ipeocmasnennas paboma gvinonnena 6 pamkax Ilpoepammmuo-yeneeo2o unaucu-
posarus 2024—2026 200a Munucmepcmea cenvckozo xosaticmea Pecnyonuxku Kazaxcman BR24892821 «Ce-
JleKyus U nepeudHoe cemeHo800CMB0 3ePHOBLIX KVIbmyp OJisl NOSbIUEHUS NOMEHYUALa NPOOYKMUSHOCMU,
Kayecmea u Cmpeccoycmouyu8oCmuy 68 pasiuyHblx NOYEeHHO-KaumMamuyeckux 3onax Kasaxcmanay. Aémopeol
8bipasicaiom 01a200apHOCMb COMPYOHUKAM OMOeld 3ePHOBBIX U KPYNAHBIX KYJIbIMYP, OKA3A8UUX coOelicmaue
8 BbINOIHEHUU NPEOCMABIIeHHBIX UCCIe008AHUI.

BBenenue.

Pa3paboTka miaHOB MO CO3/IaHUIO MOJE3AUTUTHBIX JECHBIX MOJIOC C IENbI0 Pa3BUTHS HAPOAHOTO XO-
3stiicTBa A1 OOpBOBI € 3aCyXaMH, MbUILHBIMU OypsSIMU, CyXOBESIMH, Pa3BEPTHIBAHUIO OPOCUTENIBHBIX CUCTEM
B IOJKHBIX U CTETHBIX peruoHax tepputopuu ObiBiiero Coro3a Hauata emle B 40-x rogax XX Beka. Ocymiect-
BJICHHE ATHX IJIAHOB JOJHKHO OBLIO CITIOCOOCTBOBATH MOTYYCHHIO YCTOWYHMBBIX YPOKAaeB U rapaHTUPOBAHHOTO
MIPOAOBOJILCTBEHHOTO 00ECIeUeHrs HE3aBUCUMOTO OT TIOTOAHBIX M3MeHeHuH. Jlake yacTU4Has pean3aius
3aMJIaHUPOBAHHBIX MEPONPUITHN OKa3alla MOJIOKUTEIbHOE BIUSHUE HA CEIbCKOXO3SHCTBEHHOE MPOHU3BOI-
CTBO U SKOJIOTHYECKOE COCTOsiHUE BHelIHel cpenbl [CapeekoBa u ap.,2024: 295-304; Smagulov, 2021: 279—
296].

OTMmeuaeTcst UCKITIOUUTEIBHO IEHCTBEHHAS POJIb JIECHBIX HACAXICHUN B MOBBIIICHUN YPOXKaeB CEllb-
CKOXO3SMCTBEHHBIX KYIBTYpP. DTO MOJIOKEHUE aKTyalbHO KaK JJIsl Y4aCTKOB €CTECTBEHHOTO MPOU3PACTaHMUs,
TaK M JIJIs1 UICKyCCTBEHHO CO3/IaHHBIX JIeCHbIX nonoc [boukapes u np., 2025: 41-49; BacunbueHko, 3BAruH,
[Terposa, 2020: 9—-15; Huiliang u np., 2022].

CreneHp BIUSHUS JECO3AIIUTHBIX JIECHBIX MOJOC HA Pa3BUTHUE arpoiaHAmadToOB 0COOCHHO 3HAYMMa
JUISL CTEITHBIX PErHOHOB [3amuycckas u ap., 2021: 15-19; CaBenkosa u ap., 2020: 74—83], Tak Kak sl HUX
XapaKTepHbI 3aCyXH, MbUIbHBIE OypH, JIETHUE CYXOBEH, MPUHOCSIINE CEIbCKOMY XO3SHUCTBY 3HAYMTENbHBIH
yiiep6. OTpHLaTenbHbIM (PaKTOM TaKkKe SBISETCS CHIKEHUE IIIOJOPOIMS MOYBBI, CMBIB TYMYCOBOTO CIIOS,
BOJIO3PO3UOHHBIE TPOIIECCHI.

BomnpocaMm coxpaHeHUs! MOYBEHHOTO TIOAOPOAUS O] BIUSHUEM IMOJIC3AIIUTHBIX JIECHBIX MOJIOC MO-
CBSIIICH LIMKJI HAyYHBIX PaOOT, BHIMOIHEHHBIX B PA3IMYHBIX MOYBEHHO-KIMMATUYECKUX 30HaX PecmyOnuku
Kazaxcran u 3a ee npenenamu [Sarsekova u ap., 2021: 99—-108; Konumiera u nip., 2021: 124—126; TpemieBckas
u ap., 2025: 22-39].

[IpocTpaHCcTBEeHHOE pa3MelleHne, KOHCTPYKIIMOHHBIE OCOOEHHOCTH, CTPYKTypa, TYCTOTa MOCAAKH,
HIMPUHA TI0J0C U MEXIYPSIU, CIIOCOOHOCTh K CHETOHAKOIUICHUIO, YMEHBILIEHUE CKOPOCTH BETPOBOTO MOTO-
Ka OTMEYEHBI B OOJIBIIIOM KOTMYECTBE COBPEMEHHBIX HcclenoBanuii [ Yapiyev u ap., 2020; [Ipumakos, 2021:
54-77; lunkapenko, 2022: 65—79].J1ns coOBepIICHCTBOBAHUS CIIOCOOOB U CXEM CO3JaHUs JISCO3AIMUTHBIX
HACaXJICHUH HEe0OXOIUMO M3ydaTh MPUPOJAHBIC, KIMMAaTHUYECKUE, SKOHOMUYECKUEe (DAKTOpbl U CHEIUPUKY
COOTBETCTBYIOLIUX TeppuTopuii [Pomanosckast, 2023: 780—792; Caenkosa u ap., 2020: 57-67; baiionanos
u 1p., 2024].

DKOJOTUYECKUE ACTIEKThI HCKYCCTBEHHOTO JIECOPA3BEICHUS U MX MOJIOKHUTEIHLHOE BIMSIHUE Ha arpo-
nanamadTel oTpaxkeHsl B pabotax [IlleBepauna u ap., 2023: 18-27; Driscoll et al, 2024]. Co3nanue neco-
MOJIOC SIBJISIETCS] YaCThIO KOMIUIEKCA MEPOTPUATUH, HAMPABICHHBIX HAa OCIa0IeHHEe HETATUBHBIX MPUPOIHBIX
SBIICHUH U BBICOKOA((DEKTUBHBIM CPEICTBOM 3aLIUTHI CENbCKOX031iCTBEHHBIX MOCEBOB. braronpustHblil Mu-
KPOKJIMMAT CIIOCOOCTBYET MOJIOKUTEIBHBIM H3MEHEHHSIM SKOJIOTHYECKONH OOCTAaHOBKH.

B ocTpo3acyninuBbIX yCIOBHSIX CTEMHON 30HBI IPUPOIHBIC YCIOBHS JIJIsl BBIPAIIMBAHUS Jieca KpaiiHe
HeOnmaronpusaTHeL. Manoe KOJTM4eCcTBO OCaIKOB, CyXast M KOPOTKasi BECHA, KapKoe U 3aCyIUIUBOE JIETO C Cy-
XOBEHHBIMU BETPaMH, CypOBasi 3uMa C CUJILHBIMUA MOPO3aMU CIIa0bIM CHEXHBIM TTOKPOBOM TPeOyI0T 0c000Tro
BHUMaHUs JJi1 CIOCOOOB M METOJIOB BBIPAIIMBAHUSA JI€Ca, OTPAHUYMBAIOT BHIOOP JIECHBIX MOPOI U KycTap-
HUKOB, 00€CIIEUYNBAIOLINX XOPOIIYIO MPHKUBAEMOCTh APEBECHBIX MOPO, X UHTEHCUBHBIN POCT U OBICTpOE
co3nanue dQPEeKTUBHO NEHCTBYIONIUX MOJIE3AIIUTHBIX JIECOMOJIOC.

B peruone pacmnpoctpaHeHHs] TEMHO-KAIITAHOBBIX, CBETIO-KAIITAHOBBIX MOYB U FOXKHBIX KapOOHAT-
HBIX YEPHO3EMOB IPEANOYTEHHE MO OBICTPOTE POCTA, 3aCyXOyCTOMUYMBOCTH, U COJEBBIHOCIUBOCTH MMEIOT
CIIEIYIOIIKE MTOPO/IbI: B3 METKOIMCTHBIM, KJIEH TaTapCcKuil, TONoIb 0anb3aMUuecKuii uiu cubupckuii. B ka-
YEeCTBE COMYTCTBYIOIIUX MOPOJ MPUMEHSIIOTCS B3 OOBIKHOBEHHBIN, Oepesa, sioaoHs. M3 KycTapHUKOB XOpo-
10 TPWKUBAIOTCS )KMUMOJIOCTh TaTapckasi, CMOPOAMHA 30JIOTHCTAs, JIOX, Upra, TAMAapHUCK U KeNTas aKalus.
B paccmarpuBaembIx HAMH JIECOMOCAIKaX B KAYECTBE OCHOBHOM M TVIABHOW MOPOJBI UCIOIB3YETCS TOTMOJb
Oanb3amuueckuit (Populus balsamifera L), comyTCTBYIOIIEH MOPOIOI CIYXUT BsI3 MEIKOMUCTHBIN (Ulmus
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Puc. 1. CTpyKTypa HOJIE3aIIUTHOH JeCOMOIOCH
[Fig. 1. The structure of the protective forest belt]

Pa3Butue neconacaxxieHui kpaifHe HEOOXOIUMO JUIsl 03€JIEHEHUSI HACEICHHBIX ITyHKTOB CTEITHOTO pe-
rMoHa obnactu. 1o OyJeT crnocoOCTBOBAaTh HOPMAIMU3ALNUU YKOJIOTHYECKOM OOCTAaHOBKU U YCIOBUN MPOXKHU-
BaHMs. J[JIs1 Ipeo/10IeHusl HeraTUBHOIO BIMSHUS KIIMMAaTHUYECKUX (DAKTOPOB MPHU BO3/IEIBIBAHUU CEITBCKOXO-
3SIICTBEHHBIX KYJIBTYP BO3MOYKHBIM PELIEHUEM SIBJISETCS CO3/1aHNE UCKYCCTBEHHBIX IOJIE3AIUTHBIX JIECHBIX
I10JI0C, NP IOMOIIM KOTOPBIX MOXKET CO3/1aBaTbCsl MUKPOKJIMMAT Ha ONPaHUYEHHBIX [TOCEBHBIX IUIOLIAIAX.
HckyccTBEHHBIE JIECHBIE 3alIUTHBIE TIOJIOCHI MOTYT CIYXHTb 3allUTON MOJEBBIX U OpUraJHbIX CTAHOB, PU-
MEHSTCS [IPU CO31aHUH U 3apbIOJICHUN TPY/I0B ¥ BOJIOXPAHMWINIL [T COXPAHEHUS TaJbIX BOJ JUIsl IPOU3BOJI-
CTBEHHBIX HYJ B TEUCHHE JIETHETO Nepuojia. Takke ¢ uX MOMOIIbIO MOTYT OBITh CO3/1aHbl OJIOKH HAKOITUTEIH
JUIS [TOJIMBA OBOLIHBIX KYJIBTYD.

B nHamnpaBneHnnu 3aad 1o ocyIuecTBICHUIO 3€JIEHOI0 CTPOUTENBLCTBA B ceBepHOM KaszaxcTane Tonosib
Kak ObICTpopacTyIiasi U MEepPCHEeKTUBHAS KyJIbTypa HaXOAUT HMIMPOKOE NPUMEHEHUE B 3alIUTHOM Jiecopa3Be-
JIeHUU 1 o011eil necokynsType. [lpu ananTupoBaHHOM arpoTeXHUKe U MacIITAOHOM ITPUMEHEHHH TOIOJIEBbIE
JIECOKYJIBTYpBl Haubosee IpueMIIeMbl U IPUTOIHBI IPU 00JIECEHUH HEYTOOHBIX U MAJIONIPUTOAHBIX [UIS 3€M-
nenenus 3emMens. Hanugue eco3amuTHBIX TOJI0C CIOCOOCTBYET NMPEIOTBPAILEHUIO Pa3BUTHS BOJHOM 3p0O3UHU
1 00pa30BaHUIO OBPAroB.

Ha teppuropuu JlaMCHHCKOTO CeIbCKOTO OKpyra AKMOJIMHCKOW 00JaCTH BBIPALMBAHUIO 3AIIUTHBIX
JIECHBIX MOJIOC yrensercs 0onpIIoe BHUMaHUe. B npeabltyue roipl ObUIM CO3/1aHbl JIECO3AIUTHBIE TOJIOCHI
BJI0JIb JKEJI€3HOOPOKHON MarucTpaiu, 00CakeHbl JIECHBIMU MAaCCUBAMU TOJIEBOTUECKHE OpUTajibl, BOIOXPa-
HWINILE U TEPPUTOPHUH KUIIBIX 30H. Penienrem 3THX 3a7a4 3aHMMAJIOCh CIIELIMAIILHO CO3/IaHHOE N0/Ipas3eie-
HUE — rpynmna ArpoiecoMenuopanny, KOTopas B HacTosIee BpeMs peopMUpOBaHa B MOApa3/eieHue rocy-
JapCTBEHHBIN Ci1y:k0bI «XKacbut AiiMak».

Jliist BO3eIbIBaHUS 1IEHHBIX BIAroar0OMBBIX KyJIbTYp IMYTEM CO3JaHHMs MUKPOKJIMMATa, OpraHu3aluu
CEJIEKIIMOHHOTO ITPOLecca ¢ YCKOPEHHBIMU METOAAMM IIEPBUYHOIO CEMEHOBOJICTBA U ONPEACIECHUS TIOTEHIIH-
aJIbHOM NPOAYKTUBHOCTH SIPOBOM IIIEHULIBI, Ipoca U rpednxu. Co3aH MoJe3aluTHBIN [IOJIUIOH C UCIIOJIb30-
BaHUEM JIeCHBIX MoJoc Ha miomaau 100 ra. (pucyHox 2)

Becp ydacTok 0kaliMIIEH CO BCEX CTOPOH IT0JI€3ALUTHOMN JIECOIIOJI0COM U3 JTMCTBEHHBIX MIOPOA AEPEBb-
eB M KycTapHukoB. O0mias miomnia e pa3ouTa Ha ATk KBapTajoB U060 OT 15 10 23rektapos. Kaxablii
KBapTaJl TaKXKe OTAEJIEH IPYT OT Ipyra JIECO3aLUTHOM IT0JIOCOM, COCTOSIEN U3 APEBECHBIX U KyCTAPHUKOBBIX
nopox. lllupuna 3amuTHbIX nosoc cocrasiusgeT 12,5-15,0 meTpoB. PacnionoxeHue jeco3aluTHbIX 0JI0C C ce-
BEpa Ha 0T, MEPIEHIUKYIISIPHO TOCIOCTBYIOIUM 3alaHbIM U FOro-3anaiHeIM BeTpam. JinuHa oOpabarsiBae-
MBIX I10JIOC JUJISl [TIOCEBA CEJILCKOXO03UCTBEHHBIX KylIbTyp cocTasiisieT 1300 meTpos. IlInpruHa coOTBETCTBEHHO
B 3aBUCHMOCTH OT pa3mepa nojoc umensercs 110 no 180 metpos.

Hanuuue BeTpo3aluTHBIX JIECOIOIOC CIIOCOOCTBYET OOMIIBHOMY CHEIOHAKOIJICHUIO B 3UMHUH TepH-
Of1, U1l POCTa U pa3BUTHs KyJbTyp Oiarogaps atomy opmupyrores 6naronpustaeie ycinosus. Kpome storo,
I10JIOCHI B3POCJIOrO JieCa OrPaHNYMBAIOT OTPULIATENIBHOE BO3AECHCTBHE UCCYIIAIOIMX CyXOBEHHBIX BETPOB Ha
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Puc. 2. TloceBbl KyabTyp B MOJIE3AIUTHOM ITOJIUTOHE.
[Fig. 2. crops in a protective landfill]

HemanoBaykHoe 3Hau€HHE UMEET U HKOJIOIMYECcKasi COCTAaBIIAIOIIAsl Pa3BUTHS JIECHBIX HACAXICHUN B
30HE CYXO cTenu. Boib JeCHBIX MOJIOC BHICAKUBAIOTCS ATOIHBIE KYCTapHUKHU. B mocakax HaYMHAIOT THE3-
JMTHCS IUKHE TOIyOH, KyporaTku. [10sSBUINCH pa3nuyHbIe )KUBOTHBIC: 3aHIIbI, KOCYIH, OapCyKH.

MarepuaJibl M1 METO/BI.

[To xa)10i1 KyJIbType BbICEBAINCH CTAaHAAPTHBIE COPTa M MEpCreKTUBHBIE TuHUN. Hopma BhiceBa 00-
pasuoB 3,0 MTH. BCXOXKHX 3epeH Ha rekrap. Cpoku nocesa 25-30 masi, B 3aBUCUMOCTH OT CKJIa/IbIBAIOIIMXCS
MOTO/IHBIX YCIOBUH. Iyl cpaBHEHHs aHAJIOTMYHBIN HA0Op KYJIBTYp M COPTOB MCIBITHIBAJICS TaKKe Ha 0O-
rapHoM QoHe. Y4eT IpoJyKTUBHOCTH, ()EHOIIOTHYECKHE HAOIIOACHHUS, 3aMephl U OLICHKH BEJHCH COTTIACHO
Meroauke [ockoMUCCHU IO COPTOUCIBITAHHUIO CEIHCKOXO3IHCTBEHHBIX KYNIbTYp. [ OlLleHKH BIUSHUS Me-
TEOPOJOrMYECKUX YCIOBUN HA COCTOSIHUE MOCEBOB BO3/EIBIBAEMBIX KYJIBTYP OBUIM MCIOJIB30BaHbI TaHHBIE
arpomereoctaniuu (AMC mn.lllopranapl) coOpaHHBIC B TEUCHUE JICTHUX MECSIICB 3a MEPUOJl Mail-aBryCT B
2021-2023rr. B xauecTBe CTaHAAPTOB 110 SIPOBOM MATKOM IMIIEHMIIE UCIIOIb30BaHbl copTa AcTana, AkMona 2
u [lloprannunckas 95 ynyumennast. I1o rpednxe u npocy koHTposieM citykuiau copra lllopranannckas kpyn-
HozepHas u Lllopranaunckoe 7. O6paboTKa MOYBBI — IIIOCKOPEKYIIUMHU OPYAUSIMH B TEUCHUHU BETETAlWH,
BEeCCHHEe 3aKkphiTHe Biaru 6oponamu BUI-3, npeamnocesnast o6padotka cesuikamu CKII-2,1, moces cenexiu-
OHHBIMU JIUCKOBBIMH CESITKAMH.

Kparko xapaxTtepu3ys rofbl IpOBEJCHHS ONBITOB OTMEUYEHO, uTo B 2021 roay npu nedunure ocaakos
Y TIOBBILICHHBIX TEMIIEPaTypax HaOII0a1ach OcTpasi IOYBEHHAS U BO3AyIIHAsA 3acyxa. Habmroganucs 3Haun-
TEJIbHBIE TIepenaibl OT JKaphbl K MPOXJIaHOM norose. B nmeprno BCX0I0B MpH HAJIMYMY 3aI1aCOB BIIAaTd B IOYBE
oTMeueHO ObicTpoe mpopactanue ceMsiH. OCaaKH HIONS U aBrycTa ClI0COOCTBOBAIM ()OPMUPOBAHHIO BHICO-
KOTO MOTEHIHAJIa MPOAYKTUBHOCTH. JlydIne celeKIMOHHbBIE 00pa3iibl MOKAa3aJly MPEBBIICHNE YPOXKaHHOCTH
Haj crangaptamu. B 2022rony aeuuuT 0caakoB U MOBBIIIEHHBIE TEMIIEPATypPhl BO3yXa OTMEUEHBI HAYNHAS
c anpenst Mmecsinia. B mae Obu10 kapue Ha 3,2 rpajayca npu HejocTaTke ocaakoB 15,5 mm. B urone Obuio Te-
wiee Ha 1,9 rpanycoB npu nedunure ocaakoB 17,3 MMm. 3HAYUTENbHBIE O0CAKH UIOJS TIO3BOJIWIN KYJIBTYpaM
chopMHpOBaTH XOpOUIHiA yporkail. OTpUIaTeIbHBIM MOMEHTOM OKa3aJIOCh 3aTSTMBAaHHE MEPHO/IAa BEreTaIlH
Ha 10-15 gHel, HO cyxas Teruias Moroja crocoOCTBOBaIAa KayeCTBEHHOM yOopke 3epHa. B 2023roxy 3a tpu




BECEHHUX MecsIa MapT, afnpeib, Mail IpeBbIIeHne (PaKTUUECKOM TeMIepaTyphl BO3AyXa HaJl MHOTOJIETHUMHU
3HaYeHUSAMH U3MeHsoch oT +0,2 1o +6,5 rpagycoB Llenbcus. Cymma ocaakoB 3a 3TOT MEPHOA COCTaBUIIA
76,2 MM, 84 % KOTOPBIX BBINIAJIK B allpesie MECsIe, HEMHOTO BOCIIOJTHUB OCEHHE-3MMHUHN JAeUIIUT BIIard.
N3-3a sKcTpeManbHBIX KIMMATHYECKHX YCIOBUMU (ITOJIHOE OTCYTCTBUE OCAIKOB M BBHICOKHE MOJOXKHUTEIbHBIE
TeMreparypsl, gocturaromue 37-48 0C Ha npoTsbkeHuu Oonee 60 AHEN) cOCTOSHHUE TTOCEBOB OILIEHUBANIOCH
KaK yJI0oBJIeTBOpUTeNbHOE. KoaruecTBO BHIMABIINX 0CAJIKOB 33 TIEPUOJT Mali-aBr'yCT coCcTaBuiIo Bcero 39,0 mwm,
MIPU MHOTOJICTHUX 3HaueHMsIX 168,7MM — nedurnut 129,7mm. U3 Tpex et HabIroneHnit 3T0 ObUTH Hanbosee
CIIOJKHBIE YCIIOBHUS JUIS POCTA U Pa3BUTHUS pacTeHUi, Tabnuma 1.
Tabmuna 1. Mereoponorudeckue nanusie 2021-2023rr., AMC Ilopranast

Mecsinn Ocanku, MM

Temneparypa,

0C

(akTrueckast CpEIHE-MHOTOJICTHSASL | OTKIIOHEHHE | (haKTHYeCKas | CPeIHE-MHOTOJETHSS | OTKIOHCHHUE
2021 ron
Maii 17,2 12,5 +4,5 12,1 32,4 -20,3
400021 18,4 18,3 +0,1 18,3 39,5 -21,2
Hronb 20,4 19,9 +0,5 31,9 57,0 -25,1
ABryct 19,6 17,4 +2,2 37,8 39,8 -2,0
cymMma, cp. 18,9 17,0 +1,9 125,1 168,7 -43,6
2022 ron
Maii 15,7 12,5 +3,2 16,9 32,4 -15,5
Wronp 20,2 18,3 +1,9 22,2 39,5 -17,3
Hronp 21,1 19,9 +1,2 52,9 57,0 -4,1
ABrycT 17,2 17,4 -0,2 25,2 39,8 -14,6
cymMma, cp. 18,6 17,0 +1,6 117,2 168,7 -51,5
2023 rox
Maii 15,3 12,5 +2,8 2,5 32,4 -29.9
Wronp 24,4 19,9 +4,5 10,6 57,0 -46,4
Uromnp 20,0 18,3 +1,7 13,2 39,5 -26,3
ABryct 19,0 17,4 +1,6 12,7 39,8 -27,1
cymMma, cp. 19,7 17,0 +2,7 39,0 168,7 -129,7

Jns onpeneneHust BAUSHUS MUKPOKJIMMATa, CO3/IaHHOTO TOJIE3alIUTHOMN JIECOMOJIOCO Ha ypOBEHb
MPOAYKTUBHOCTH PA3IUYHbIX KYJIbTYp IPOBEIEHO CPAaBHUTEIHHOE U3yUEHHUE CENIEKIIMOHHBIX IOCEBOB, BO3/IE-
JBIBa€MbIX Ha OOrape U B YCJIOBHSX JIECONOCaaKU. BriceBaanch MUTOMHUKN KOHKYPCHOTO COPTOMCIIBITAHUS
SIPOBOM MSTKOW IMIIEHUIbI, TPEUYNXU U MPOCA 3€PHOBOIrO HampasieHus. [Ipyn nccnenoBaHny MCIOIB30BAJICS
MIPUHIINI €IMHCTBEHHOTO Pa3InyMsi, KOTOPBIM CIIy>KUJI arpooH BbIpamuBaHus. KoHtponem ciayxunin oOby-
HBI GorapHbIi (OH BHIPALIUBAHUS.

PesyabTarhl u 00cyxkaeHue.

Teppuropuss AKMOIMHCKON 00JIacTH pacnoiokeHa B ieHTpe PecryOnnku, mperuMyIiecTBEHHO B CTell-
HOM M CyXOCTEIHON 30HaX, OTJIMYAIOIIUXCS Pe3KO KOHTMHEHTAJIbHBIM KIMMAaTOM, CIOKHBIM IS BO3JIE/IbIBa-
HUS Pa3IMYHbIX CENbCKOX03AMCTBEHHBIX KYJIBTYp. 3UMa MPOJOKUTEIbHAS, MAJIOCHEKHASI OYEHb XOJIOHASI.
CpenHss TeMiiepatrypa Haubosiee X0JIOIHbIX MecsLeB ssHBaps U (¢eBpais coctapiseT MuHyc 18—19 rpamycos
Henbcus. nuna 6e3mopo3noro nepuona B cpenneM 110-115 gueit. Jlernuit nepuoa — cyxoit u sxxapkuid. Cym-
Ma 3(hPeKTUBHBIX TEMIIEpATyp 3a MEPUOJ] BETETAIIMH C Masl [TO0 aBI'yCT cocTaBisieT uyTh 6osee 2000 rpaaycos.
CpenneronoBasi HopMa ocakoB u3Mensiercs B npezaenax 200-350 mm. Kpome storo, xapakrepHoil ocoOeH-
HOCTBIO KJIUMAaTa SIBJISIETCSI CHJIbHAsI BETPOBasl JAEATEIbHOCTh. B 3MMHUI Meproa BETPhI BbIAYBAIOT CHET C
MoJIeH, 4TO CIIOCOOCTBYET CHJILHOMY ITPOMEP3aHUIO MTOUBHI U, CJIEOBATENBHO MJI0XOMY BIIUTHIBAHUIO TaJbIX
BOJI U TIPOSIBJICHUIO 3po3un. OcoOBIi Bpe/] BETPHI HAHOCAT BECHOM B MOCIIEIIOCEBHOM MEPHOT, KOT/Ia BEPXHUI
CJION MOYBBI UCCYUIEH, a TOBEPXHOCTh HE 3allUIleHa PACTUTEIbHBIM MOKPOBOM. PesynbsratoM 3Toro OblBa-
10T MbUIbHBIE OypH, YHOCSIIUE CaMbli IIIOJOPOJHBIN ClI0i 1MouBbl. OTpHULIATEIbHOE BIUSHUE BETPOB TaKkKe
MIPOSIBIISIETCS B JKapKoe BpeMsi, BOZHUKAET aTMOc(epHas 3acyxa, 1oJi BO3AEHCTBHEM BeTpa 00€3BOKUBAIOTCS
TKaHU pacTeHH, HapylIaloTCs Mpolecchl 0OMeHa M MeTabonMu3Ma, BOSHUKAIOT HeoOpaTuMble U3MEHEHUs,
MPUBOASIINE K OCTAHOBKE pocTa U rudenu pacteHuid. [Ipuponnbie ycnoBus 30HbI KpaiiHe HEOIaronpusTHBI
U CIIOXKHBI JJIsl TIOTYYEeHHsI BBICOKMX M CTAOMJIbHBIX YPOXKaeB BO3JIENIbIBAEMbBIX KyJbTYp. [l 3T0M 30HBI Xa-




paKkTEepHbI HE3HAYUTENFHOE MPOMAUurBaHUE MMOYBBI €CTECTBEHHBIMU OCAJIKaMU. B CypOBBIX YCIOBHIX CyXOit
CTeNH HEeOOXOTUMO MPUMEHITh CUCTEMY MEPOTPUSTHI CMITYarolyl0 HEraTUBHOE BO3/IEHCTBUE KOHTHHEH-
TanpHOro KiauMara. OJHUM U3 TaKUX CIOCOOOB MOXKET CIYKUTh CO37aHHe dPPEKTUBHBIX IMOJIC3AIUTHBIX
JIECOTONIOC Ha HEOONIBIINX MPUCTIOCOOTICHHBIX YUacTKax peibeda.

[Tpu n3yueHun noxaszareneit ypokalHOCTH SpOBOil MIIIEHUIIBI 3aMeTHA pa3HUIa MeX 1y (hOHaAMH BbIpa-
mBanus. Ha mapoBoMm ¢one ona coctaBuia B 2021 roxy 25,0-43,7 w/ra, B 2022 rony 37,8-53,9 w/ra, B 2023
rony 20,6-30,8 1/ra. Ha 6orape 2021rox 24,4-29,0 u/ra, 2022 ron 19,4-24,6 w/ra, B 2023 roxy 12,3-17,2 i/
ra. SlpoBasi MieHuIIa UMeeT OTPOMHBIN MTOTSHITHA ITPH COBPEMEHHBIX BHICOKHUX TEXHOJIOTHSIX BO3/ICIIBIBAHHS
(Tabmuma 2).

Tabnuua 2. [Tokazatenu yposkallHOCTH SPOBON MIIEHUILIBI

Obpaszern VpoxaitHocTh VpoxaitHocTb 11/Ta,

1/ra, 6orapa necornosioca

2021r. 2022r. | 2023r. | cpemnee | 2021t 2022r. | 2023r. | cpenmHee
Acrana St 25,3 19,5 17,2 20,7 39,2 39,0 24,2 34,1 134
342/08 28,6 22,1 16,4 22,4 40,8 46,7 30,8 39.4 17,0
233/10 28,4 242 17,7 234 43,7 46,1 30,2 40,0 16,6
Mloprana.2012 | 24,4 22,8 12,3 19,8 37,9 53,9 24,4 38,7 18,9
Axmona 2 St 26,7 21,0 13,7 20,5 38,3 47,9 27,3 37,8 17,3
241/14 27,9 23,5 15,1 22,2 32,6 37,8 20,6 30,3 8,1
189/14 29,0 22,3 14,3 21,9 37,2 48,2 27,1 37,5 15,6
182/14 28,8 24,6 16,1 232 39,3 46,4 28,5 38,1 14,9
Mloprang. 2014 | 25,9 19,4 13,5 19,6 43,5 49,0 29,4 40,6 21,0
Mloprana.95 yn. | 24,8 21,8 12,3 19,6 25,0 52,6 27,3 35,0 15,4
cpelHee 27,0 22,1 14,9 21,3 37,8 46,8 27,0 37,2 15,9

[To kynpType rpeunxe cpeaHsisi ypokalHOCTh Ha (poHe Jecomnonockl cocTaBmia 19,2 1/ra, Ha Gorape
14,2 u/ra, npu cpennem 3HaueHuu B 2021 roxy necononoca 24,2 1/ra, 6orapa 17,3 n/ra, 2022 rog 23,5 u 18,8
1/ra, 2023 rox 9,8 u 6,6 1/ra. YuuThiBasg OHMONIOrHYECKHEe 0COOEHHOCTH, BHEIIIHNE YCIOBUS TPOU3PACTAHUS, Y
KYJIBTYpPBI €CTh OTPOMHBIE TIEPCIIEKTUBBI B IJIaHE MOBBIIIEHUS POCTa ypoxkaitHoCcTH (Tabnuma 3).

Tabnuua 3. [IpogyKTUBHOCTB TpeunxH Mo (JOHAM BBIPALTUBAHUS

Oo6paszen VpoxaitHocTh VpoxaitHocTts 1/ +- wra
1/ra, 6borapa ra, Jiecoroioca
2021r. 2022r. | 2023r. | cpennee | 20211 2022r. | 2023r. | cpeanee
IlopranauHckas 16,4 17,8 6,8 13,7 24,1 23,1 9.8 19,0 5,3
KpYITHO3EpHAs
(ctanmapr)
P 149-92 16,8 19,4 7,6 14,6 24,6 23,2 10,4 19,4 4,8
29/95 18,1 18,9 6,5 14,5 23,5 25,1 10,8 19,8 5,3
3/96-12 17,5 19,2 6,2 14,3 22,6 24,0 9,6 18,8 4,5
P 202-92 17,8 19,4 6,6 14,6 25,1 233 9,2 19,2 4,6
P 189-92 16,9 18,8 5,9 13,9 24,4 22,1 9,7 18,7 4.8
P 112-94 17,3 18,4 6,3 14,0 25,1 23,6 8,9 19,2 5,2
cpenHee 17,3 18,8 6,6 14,2 242 23,5 9,8 19,2 5,0

Puc. 3. TloceBbl COPTOB IPEUNXU ISl U3yUCHHUS. Puc. 4. IToceBsl npoca B IOJIC3AILUTHOM Ho0Ce.

[Fig. 3. Crops of buckwheat varieties for study] [Fig. 4. Millet crops in the protective zone]




Cpennsist ypokailHOCTh 110 TPOCY BapbHpyeT B mpeaenax 8,1-21,7 n/ra na 6orape u 12,2-30,9 w/ra
B Jiecomnojioce. Pa3HuIla ypokaifHOCTH BBICOKOTIPOIYKTUBHBIX JTUHUI Mpoca MExXy (hOHaMH BO3AEIbIBAHUS
cocrasinseT 8,1 n/ra. B 2021 rony Ha 6orape ypoxkaitHOCTh BappupoBaia B npeaenax 20,9-22,6 u/ra, B neco-
nonoce 26,3-34,9 1/ra, npessiienue 6su10 B 1,4 paza. B 2022 roxy cpeansist ypoxaitHocTh coctaBuina 27,4
1/ra Ha mapoBoM ¢oHne u 16,3 1/ra Ha Gorape, cienoBareiabHo 1,6 pa3. B 2023 roay npeBblllieHHE COCTABUIIO
B 1,5 pasa (Tabmuma 4).

Tabnuua 4. CpaBHUTENbHAS YPOKaWHHOCTH MpOca

VpoxaitHocTh VYpoxaitHocTb 1/
Obpasen 1/ra, 6orapa ra, JIecornosuoca

2021r 2022r. | 2023r. | cpemnee | 2021t 2022r. | 2023r. | cpennee
opranaunckoe 7, st. | 22,5 16,5 7,8 15,6 26,3 26,9 12,8 22,0 6,4
80/56-16 21,8 16,1 8,5 15,5 30,6 27,3 13,4 23,8 8,3
77 2004 21,1 16,4 82 15,2 34,9 26,5 12,0 24,5 9,3
24/84-15 20,9 17,2 7,9 15,3 31,7 28,2 11,1 23,7 8,4
70/89-3 22,6 16,5 8,1 15,7 32,5 274 11,2 23,7 8,0
53/86-9 21,2 16,2 8,0 15,1 30,9 27,6 12,4 23,6 8,5
73/89-6 21,8 15,2 7,9 15,0 29,7 27,9 12,5 23,4 8,4
cpenHee 21,7 16,3 8,1 15,4 30,9 274 12,2 23,5 8,1

BeiBoabl.

MHorosneTHee U3y4eHre MOJIC3aUIUTHBIX JIECOMOIOC ¢ HAOOPOM Pa3IMYHBIX CEIbCKOXO3SHCTBEHHBIX
KyJBTYp HO3BOJIMJIO OLIEHUTh BIUSHUE MUKPOKJIMMATA, CO3[aBa€MOI0 MOJI0CaMU B3pOCIIOTO Jeca U KycTap-
HUKaMH Ha yPOKaHOCTb SIPOBOM MATKOH MIICHUIIBI, Ipeunxu 1 poca. Habop copToB KaXKa0# KyabTyphl ObLIT
U3Y4YEH M0 TUILy KOHKYPCHOTO COPTOMCIIBITaHUS U COCTOSUI U3 CTaHIaPTHBIX COPTOB U MEPCIIEKTUBHBIX CEJIEK-
LIMOHHBIX JIUHUHA. B KauecTBe 3TaJOHHBIX COPTOB UCIOIb30BaHbI 110 IPOBOM MATKOM MIIeHUIIEe — copTa AcTa-
Ha U Akmona 2, rpeunxe — Illoprannnnckas kpynHosepHasi, npocy lllopranaunckoe 7. ITnomans aensHku
25 M2, OBTOPHOCTH 4-X KpaTHas. AHAJIOTMYHBIN HAOOp M3ydyaeMoro MarepHasa JJisi CPaBHEHUS BBICEBAJICS
Ha 00BIYHOM OorapHOM (oHe. 3a Bce TPH rojia U3yueHUs: HaOMIOaNIach JITHSS 3aCyXa Pa3IMuyHON CTETICHH
MHTEHCUBHOCTH, BBIPAXKABIIASACA B ACPHUINUTE aTMOCPEPHBIX OCAIKOB U MPEBBIIICHUN TOJIOKUTEIBHBIX TEM-
nepaTyp 1Mo CpaBHEHUIO ¢ MHOTOJIETHUMH HOTOJIHBIMU TMOKa3areasiMu. Haubornee cioxHbIe MOTOAHbBIE YCII0-
BUS CIOXKHUIUCEH B 2023 TOTy, YTO IPUBEIIO K CHIDKEHUIO YPOXKAWHOCTH KyIbTYp U 00pa3iioB Ha 000uX GoHax
n3yueHus. OJJHaKoO, HECMOTPS Ha CIOKHBIE TIOTOHBIE YCIOBHS, OTMEUEHO O0IIIee MOJOKHUTEIHHOE BIUSIHUE
M0JIe3aIUTHOTO (POHA HA ypOoXKaHOCTb. [10 SpoBOIi MATKOM MIeHuIe Ha OorapHoM (pOHE CpeaHss MPOaYK-
TUBHOCTb 32 TPH Toja cocTaBuia 21,3 1/ra, mpu UCIIBITAaHUM B Jiecomnonocax — 37,2 n/ra. O6mas nprubdaBka 1mo
ombITy coctaBuina 15,9 n/ra. [IpubaBka mo copram u3meHsuiach B npezenax ot 8,1 go 21,0 w/ra. ITo rpednxe
CpeIHUI YPOBEHb YpOKaHOCTH Ha Oorape coctaBui 14,2 11/ra, B MONE3alIMTHEIX Jecomnonocax — 19,2 m/ra.
[TpubaBka ypoxaifHOCTH 10 00pa3iaM u3MeHsuiach ot 4,5 no 5,3 w/ra. [lo Kynerype npoca mpoayKTHBHOCTb
Ha Oorape usMeHsach ot 15,0 go 15,7 w/ra, B necomnonoce ot 22,0 no 24,51/ra u B cpenHeM cocraBmia 23,5
1/ra. [IpubaBka OT KCMONBb30BaHU Ty4liero (hoHa H3MEHsUIACh B Tipeenax ot 6,4 no 9,3 u/ra. B nenom Hau-
OO0JIBIIYIO TPOAYKTUBHOCTh B PA3JIMYHBIX YCIOBUSX BBIPAIIMBAHMA TOKa3aja spoBask MsArkas MIIeHuma: 6o-
rapa — 21,31/ra, necononoce — 37,2 n/ra. CleayrommuMy 1Mo MPOyKTUBHOCTH OKa3aluch mpoco — 15,4-23.5
1/ra u rpeunxa — 14,2—19,2 1/ra cooTBeTCTBEHHO. B mporiecce n3ydeHus pa3inuyHbIX KyJbTyp yCTaHOBIICHBI
pa3NuYHbIC HOPMbI PEAKIIMU COPTOB U JIMHUN HA N3MEHEHHE YCIOBHIA Tpou3pacTanus. B ycnoBusx 6orapHoro
BO3/ICJIBIBAHHS CaMYIO BBICOKYIO MPOAYKTHBHOCTH 32 TO/IbI M3yYEHUs MOKa3anu JMHUM neHunsl 233/10 u
182/14 c nokazarensamu 23,4 u 23,2 11/ra COOTBETCTBEHHO. B yCIIOBUSX JIECOMOIIOCH! BBIACTUIICS TEPCTIEKTHB-
Heiid copt [llopranaunckas 2014 u Homep 233/10 ¢ ypoxkaitHoctsio 40,6 u 40,0 1/ra. CenekiuoHHas JIUHUSL
233/10 otnuumnack cTaOMIBHO BBHICOKOW MPOAYKTUBHOCTBIO HA PAa3IMYHBIX (POHAX M3YUEHHUS CO CPEIHUM
nokazareneM 31,7 w/ra. Ilo KynsType rpeunxu cienyer oTMeTuTh quaun P149-92, 29/95 u P202-92 ¢ ypo-
XKailtHOCTHIO Ha Oorape 14,6, 14,5, 14,6 w/rau 19,4, 19,8, 19,2 1/ra Ha none3anmuTHOM (JOHE COOTBETCTBEHHO.
BeposiTHO, 4TO Ha IPOIYKTUBHOCTD JIMHUH TPEYNXHU MOTJIA MTOBIUATH U3JIMIIHE COPMHUPOBAaHHAs PUTOMACCA,
IpUBeALIasl K YMEHBIIECHUIO IT0Ka3aTesiel BbIXo1a 3epHOBOM yacTu. IIpu n3yyeHnu npoca ycTaHOBIEHO, YTO
JYYIIUMH 1O TIPOAYKTUBHOCTU Ha OorapHoM (oHe okazanuch auHuu 8§0/56—16 (15,5 n/ra) u 70/89-6 (15,7
1/ra). B ycioBusix 3alMTHOMN JIECOMOIIOCH BHICOKOTIPOAYKTUBHOM Takxke Obuta nuHus 80/56—16 (23,8 1/ra)
u muaus 77 2004 (24,5 w/ra). [lo u3MEHEHHUIO CTENEHU OT3BIBYMBOCTH TCHOTHIIOB HA M3MEHEHUE YCIIOBHIA




Cpebl MOXKHO CYIUTh O MIPUHAANIEKHOCTH K MHTEHCUBHOMY WJIM MOJYUHTEHCUBHOMY HMCIIOJIb30BaHUIO OyITy-
X coptoB. Heo6xonnmMo mpoAoKUTh H3ydeHHe CO3/1aHHbIX JIMHUN Ha TPeIMEeT U3MEHEHUS HOPM BbICEBa U
WCIIONIb30BaHUS PA3IUYHbBIX /103 YIOOpEHUH.

Taxum 00pa3oM, UCIONIb30BaHUE OBICTPOPACTYIIUX JUCTBEHHBIX MOPOJI TOMONS 0amb3aMUYECKOTO U
BsI3a MEJIKOJINCTHOTO B Ka4e€CTBE INIAaBHOM U COMYTCTBYIOIIEH MOPOIbI, a TAKKE KyCTapHHUKA aKalliu JKEJITOU
JUTSI TIOJIE3AIITUTHOTO JISCOPa3BeCHUS HAanOoIee MPUEMIIEMO ¢ TOYKH 3pEHUS MX JojrosieTus. Mcrnonb3oBaHue
3TUX MOPOJ MO3BOJSET CO3/1aBaTh OMOJIOTHYECKH 30POBBIC, JOJITOBEUHBIE M MPOAYKTUBHBIC HACAXKICHUS,
MIPUCTIOCOOICHHBIE K MECTHOMY KJIMMaTy. Vcronb3oBaHue MONE3aUTHBIX JIECOTOI0C MO3BOIsAET dPPEKTUB-
HO OCBaMBaTh MAJIOMPUTOIHBIE 3eMJIU JUIS TPOU3BOJICTBA MPOAYKIIMH, CHIXKAET PUCK BOAHOM 3po3uu, odpa-
30BaHUE OBparoB M npoMouH. Co3naHHblil (HOH MPUTONEH AJI U3yUEHHUs MOTEHIUATbHON MPOILYKTUBHOCTH
HOBBIX CEJIEKIIMOHHBIX COPTOB, MO3BOJISIET MPUMEHSTh HOBBIE CXEMBI CEMEHOBOJICTBA 32 CUET BBICOKOTO KO-
s dunmeHTa pa3MHOKEHUS CEMSTH IIEHHBIX U MIEPCIIEKTUBHBIX COPTOB. biaronpustHbie yCIOBUs CO31aHHOTO
MHUKPOKJIMMATa CIIOCOOCTBYIOT MOBBIIICHUIO YPOXKANHOCTH IPOBON MATKOM MIIEHUIIBI, parca, Tpeuyruxu, mpo-
ca u s;tumens B 1,4-2,1pa3a. B ienom, o3eieHeHre CTEMHBIX PETHOHOB CIIOCOOCTBYET MOBBIIEHUTO 3(h(heKTHB-
HOCTH CEJIbCKOXO3SIIICTBEHHOTO MPOU3BOACTBA, YIYUIICHUIO SKOJOTUYECKONH OOCTAaHOBKH, MMyTEM CO3AAHUS
3€NIEHBIX MOSICOB JIIsl CMATYEHUSI BO3JICHCTBHS PE3KO-KOHTUHEHTAILHOTO KiIMMarta. Pe3roMupys BhIlIecKa3aH-
HOE HE0OXOJMMO OTMETHUTH MOJIOKUTEIIbHBIE CTOPOHBI BO3JICHCTBHS JIECO3AIIUTHBIX HACAKICHHU Ha ypOXKail-
HOCTh BBIPAIIMBAEMBIX KYIBTYpP, COXpaHEHHE MOYBEHHOW U aTMOC(EpHOIl Biaru, o3eJeHeHHe HAaCEICHHBIX
MyHKTOB, CO3/1aHKe OIarONPUSATHOTO MUKPOKIMMATA, YIyUIIeHHs YKOJIOTUYECKOM 00CcTaHOBKH B 11esioM. O1-
HAKoO, JUIS YXOJla U coxpaHeHus co3aaHHbiX B 70-80-x romax XX Beka JeCHBIX HACAKIEHUI U BhIPAIIMBAHUS
HOBBIX JIECHBIX MAaCCUBOB TpeOyeTcsl rocyapcTBeHHast (PMHAHCOBAs MOACPHKKA.
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Abstract. Introduction. In the steppe zone of the Akmola region, low-sodium, magnesium-rich
solonetz and solonetzic soils are widespread in the chestnut soil subzone. These soils are currently subject
to anthropogenic degradation due to conversion to arable land. They are characterized by unfavorable
hydrophysical properties, similar to classic solonetz soils. However, their solonetzic horizon B1 has low sodium
and significant magnesium content. The role of magnesium in soil geochemical processes of salinization and
solonetzization in the steppe zone remains insufficiently studied and has not been quantitatively substantiated.
Materials and Methods. Therefore, thermodynamic modeling was conducted in this study to elucidate the
processes of magnesian pedogenesis and solonetzization. Results and Discussion. A study of the aMg/aCa
ion ratio revealed that the solonetzic horizon of pasture solonetz soils exhibits pronounced magnesium-rich
soil solution and exchange complexes, leading to structural deterioration. Conclusion. The obtained results
provide a theoretical basis for developing a strategy for the reclamation and restoration of solonetz soils in the
steppe zone which are subject to anthropogenic degradation.
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AnHortanusi. Kipicne. AKMoa 0OJBICBIHBIH Jlajla allMaFbIHAFbl Kapa-KOHBIP TOMBIPAKTAp TapajFaH
OengeMe HATpUW MeJIIepl TOMEH, MarHuire O0ail copTaH >KOHE COpTaHJIaHFaH TONBIpAaKTap KEH TapalFaH.
Kazipri yakpITTa Oy TOMNBIpAaKTap €TiCTIK MakKcaTblHAA KBIPTbUIYbIHA OalIaHBICTBl AHTPOMOTECHJIIK
nerpajanusara ymeipayna. Onap KJIacCHKaNbIK COPTaH TOMBIpAKTapFa TOH KOJAWCHI3 THAPOQPU3UKAIIBIK
KaCHUETTEpPMEH cumaTrTaiaabl. AJaiina onapabiH Bl copTanapl TOpH30HTHI HATPUHIIH TOMEH MOJIIEpIMEH
KoHEe MarHUUIIH KOFaphl MeJIIepiMeH epekiieneHeni. [lana aiiMarpIHIaFbl TOMBIPAKTAPABIH TY3/1aHYbl MEH
COpTaHIaHybIHBIH T€OXUMHUSUIBIK YACPICTEPIHACTT MATHUNAIH POl KETKITIKTI 3epTTEIMEreH KOHE CaH/bIK
TYpFBIIAH HeriznenMered. Mamepuanoap men 20icmep. OcblFaH OalIaHBICTBI 3€pTTEY/E TOMBIPAK TY3LIy
KOHE COpTaHAaHy YAepiCTepiHIer1 pOiH aHBIKTAy MaKCaThIH/Ia TEPMOJMHAMHKAIIBIK MOJEIbCY JKYPTi3iii.
Homuowcenep men mangvinay. aMg/aCa HOHIApbIHBIH apaKaThIHACHIH 3€PTTEY KAWBbUIBIMIBIK COpTaH
TOTBIPAKTAP/IBIH COPTAHIbI TOPU30OHTHIH 1A TOIIBIPAK EPITIH/IICI MEH TOTIBIPAKTHIH CIHIPY KeIIEHIH /1€ MarHUHIH
allKbIH 0achIM €KeHIH KOPCeTTi, OYJI jKaF/1ail TOMbIpaK KYPhUTBIMBIHBIH HallapiaybiHa oKenedl. KopbimulHObL.
ATBIHFaH HOTWIKEJEP aHTPOTOTEHIIK JerpajalusFa YIIbIpaFraH Jaja aiiMarbIHBIH COpPTaH TOMBIPAKTapbIH
MeTHOpalusiiay )KoHE KaJlbIHA KeTIPy CTPATEeTHsCHIH d31pJIeyAiH TEOPUSIIbIK HET131H Kalalbl.
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AnHoTanus. Beedenue. B cTenHoi 30He AKMOIMHCKOM 00JaCTH B O/130HE KAIIITAHOBBIX MTOYB IIUPOKO
pacnpocTpaHeHbl MaJIOHATPUEBbIE MarHUICOIEpIKAIIE COIOHITBI M COJIOHIIEBAThIE TOUBHI. B HacTosIIee Bpems
3TH TOYBBI MOJIBEPTAIOTCS aHTPOIOTCHHOM Jerpajali BCIEACTBUE X pacnamiku. OHU XapaKTepU3yIOTCs
HEONMaronpUsATHBIMA THAPOPU3NYECKUMHU CBOMCTBAMHU, CXOAHBIMHU C KJIACCHYECKUMHU cojoHlaMu. OnHako
UX COJIOHLIOBBIM TOpU30HT B1 oTnmuaercs HU3KUM comep)kKaHUEM HATPHs U 3HAYUTEIBHBIM COAEpKAHHEM
Maraus. Poib Maruus B reoXMMHYECKHX MpOoIleccax 3acONICHUS U OCOJIOHIEBAHUS IMOYB CTEMHON 30HBI
OCTaeTcsl HEIOCTAaTOYHO M3YYEHHOHN U KOJIMYECTBEHHO HE 000CHOBaHHOU. Mamepuanvl u memoovl. B cBs3u
C 9TUM B HACTOSAIIEM HCCIEI0BAaHUH ObLIO MPOBEACHO TEPMOIMHAMHYECKOE MOACITUPOBAHUE /IJISl BHISICHEHUS
MPOLIECCOB MAarHUEBOT0 MOYBOOOPA30BaHUS U OCONOHIIEBAaHUA. Pe3yiomamsl u oocyscoenue. ViccaenoBanue
cooTHoIIeHust HoHOB aMg/aCa mokasano, 4To COJIOHIIOBBIM TOPU30HT MACTOUIITHBIX COIOHIIOB XapaKTePU3yeTCs
BBIPKEHHBIM Mpeo0ialaHueM MarHus B TOYBEHHOM PACTBOPE U MOMIOMIAIONIEM KOMILJIEKCE, YTO MPUBOIUT K
YXYALICHUIO CTPYKTYPBI TOYBHBL. 3axitoueHue. IlomyueHHbIE pe3yabTaThl CO3AAI0T TEOPETHUECKYIO OCHOBY IS
pa3paboTKu CTpaTeruu MEIHOPALMUA U BOCCTAHOBJIICHHS COJIOHIIOBBIX MOYB CTEMHOM 30HBI, MOJBEPKEHHBIX
aHTPONOTEHHOM JeTpaalliu.

KiloueBble cJjioBa: TonMy3acyluiMBas 30HA, COJOHIIOBBIE TIIOYBBI, MarHui, Jaerpajamus,
MOYBOOOpPa30BaHUE, TEOXUMHUS, IPOLIECC OCOMOHIIEBAHUS, TEPMOJIUHAMUYECKOE MOJCINPOBAHNE
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Introduction.

Soil salinization is a major cause of declining agricultural productivity in many arid and semi-arid
regions of the world [Qadir et al., 2000: 501-521]. According to the FAO Salt-Soil Map, it covers 8 5 % of
the world’s land area or more than 424 million hectares of topsoil (0-30 cm) and 833 million hectares of
subsoil (30-100 cm) are affected by salinization [Global Map of Salt Affected Soils, 2021]. Among these
saline solonetzic soils occupy a special place and are also widespread worldwide. The main areas of solonetzic
soil distribution are in Ukraine, the Russian Federation, Kazakhstan, Hungary, Bulgaria, Romania, China,
the USA, Canada, South Africa, Argentina and Australia [Miller & Brierley, 889—902]. The total area of
solonetzic soils worldwide is approximately 135 million hectares. They are characterized by a dense structure
and the presence of a clay horizon B where the proportion of adsorbed sodium is relatively high. Solonetz
soils containing free soda (Na,CO,) have a highly alkaline reaction (pH> 8.5) [IUSS Working Group WRB,
2015]. In Kazakhstan, the main areas of solonetz soils and solonetzic soils are concentrated in the central and
northern regions. According to the Agency for Land Management of the Republic of Kazakhstan solonetzic
soils occupy 61.5 million hectares [Committee for Land Resources Management, 2023]. They were formed
among the most fertile zonal soils of Northern Kazakhstan and in comparison with them are distinguished by
very low fertility. In the Akmola region where the area of solonetz soils is about 3.2 million hectares, low-
sodium solonetz soils and solonetzic soils are widespread. In the chernozem zone of Northern Kazakhstan,
their area amounts to 0.528 million hectares [Mikhailichenko, 1979]. They, like all solonetz soils, have poor
water-physical and physicomechanical properties but in their dense and clayey horizon B, the proportion of
adsorbed (exchangeable) sodium is very low and the proportion of absorbed magnesium is significant. Similar
soils were found in the Canadian Prairies [Miller & Brierley, 2011: 889-902] and North Dakota (USA) which
had a sodic morphology but did not meet the chemical criteria and the requirement for a sodium adsorption
coefficient >13. Although magnesium has a lower dispersion capacity than sodium (magnesium dispersion
in clay soils is ~5 % of that of sodium), its high concentrations still contribute to the deterioration of soil
structure. A Mg/Ca ratio of >1 in irrigation water and a proportion of exchangeable Mg?* of >25 % in soils are
considered sufficiently high to lead to soil degradation and negatively impact crop yields [Qadir et al., 2018:
1108-1117]. In Kazakhstan along with typical solonetz and solonetzic soils, they provide an additional source
of increased feed production for growing livestock.

High magnesium content was found in more than 30 % of irrigated lands in southern Kazakhstan
which were characterized by low infiltration and hydraulic conductivity. This resulted in a gradual decline in
cotton (Gossypium hirsutum L.) yields. Unsustainable irrigation methods in the irrigation zone of the Arys
Turkestan Canal led to the formation of sierozem soils with poor physicochemical properties containing high
concentrations of Mg** in the cation exchange complex. Therefore, in the context of increasing climate change
and growing anthropogenic load on solonetzic pastures, the problem of restoring their fertility is of particular
importance. Moreover, the role of magnesium as an independent pedogenetic factor remains insufficiently
quantitatively substantiated, despite a significant volume of research devoted to sodium-dominant solonetzes.
Therefore, this paper clarifies the existing model of solonetz formation, which allows us to consider magnesian
solonetzism as an independent geochemical mechanism for the evolution of solonetzs in the steppe zone of
Kazakhstan.

The objective of this study was to study the role of magnesium in the soil-geochemical processes
of salinization and alkalinization of pasture solonetz soils in the Akmola region based on thermodynamic
analysis.

Main research objectives:

- to study the material composition of solonetz soils in pasture areas in the Akmola region and assess
their spatial distribution along the profile;

- to study the comparative activity of the ratio of major cations (aMg/aCa, aMg/aNa) in the soil solution
of solonetz soils in pasture areas;

- to assess the preferential absorption of cations from solution by the soil absorption complex of
solonetz soils in pasture areas based on the Gapon selectivity coefficient (KG);

- to model the chemical composition of the soil solution of solonetz soils in pasture areas to determine
the saturation indices (SI) of key minerals;

- to determine the direction and intensity of salinization, alkalinization and magnesium content based
on a comprehensive analysis of the chemical composition, ion activity, KG and SI of solonetz soils.

The study was conducted in the Akmola Region of Kazakhstan which is located in the steppe zone in




the northwestern part of the Central Kazakhstan Uplands and occupies a vast area of the upper Ishim River
basin, the lower reaches of the Nura and Selety rivers and the vast endorheic basin of Lake Tengiz-Kurgaldzhin.
The region is characterized by basement-denudation and stratigraphic-denudation plains, river valleys and
lacustrine-alluvial plains. The study region is part of the chloride-sulfate salt accumulation province in the
Kara Sea drainage basin with inversion of salt belts which encompasses the entire West Siberian Lowland and
the northern slope of the Kazakh folded country. Kazakhstan occupies a very small southwestern part of this
vast region [Issanova et al., 2017: 243-250]. These plains of the southern part of the West Siberian Lowland
were formed as a result of epeirogenic subsidence of the earth’s crust and are composed of strata of Paleogene,
Neogene and Quaternary marine sediments, saline with residual marine salts and gypsum. They are overlain
on the surface by a mantle of thin alluvial-deltaic deposits. Extensive watershed plains are characterized by
increased salinity and swampiness. The most common parent rocks are Quaternary deposits which almost
completely overlie earlier sediments. They are represented by mantle loess-like loams, alluvial, eluvial-
deluvial and ancient alluvial (fluvial and lacustrine) deposits. Loess-like loams occupy elevated watershed
plains and are characterized by considerable thickness (15-25 m), a heavy texture, high carbonate content and
a finely porous and weakly stratified structure in the lower horizons.

To study and evaluate the current state of subsurface halogenesis and alkalization processes in sodium-
magnesian solonetz soils in the Akmola region we selected two sites (Nos. 21 and 24) located in the Astrakhan
and Sandytau districts. In these districts these sites are used as distant pastures.

Table 1. Characteristics of the locations of solonetzic soils of pastures in the Akmola region

Plot No. | District, point Location coordinates Absolute height, m
21 Astrakhan, N 51°3137935», 387
Ornek E 070° 209’ 884»
24 Sandyktau, Vladimirovka | N 52°323”206», 307
E 068° 611 116»

The Akmola Region is located in the dry steppe zone of the West Siberian temperate climate zone. Due
to its vast territory and the presence of highly dissected, hilly terrain, the region’s climate is highly variable.
The abrupt transition from harsh winters to hot summers and low precipitation result in a sharply continental
climate. According to the Kazhydromet weather station, the average monthly temperature in July is 18.5—
21.5°C and in January, -13—18°C. On some hot days the temperature rises to 39—42°C (absolute maximum)
while in very harsh winters on flat, open areas it drops to -49°C to -52°C (absolute minimum). The warm
period with temperatures above 0°C averages 200 days. The central part of the region receives approximately
350 mm of precipitation annually while in the east of the region it reaches 400 mm. Precipitation peaks
in July and during the summer months (June, July, and August) it mostly occurs in the form of showers.
Summer is generally dry, despite the relatively high precipitation. The precipitation regime necessitates the
implementation of measures to accumulate and retain soil moisture. A characteristic and unfavorable climatic
feature of the region is its strong spring and summer wind activity, as well as early spring drought. Average
annual wind speeds range from 3.4 to 5.4 m/s. The annual maximum wind speed within the region is 20-34
m/s, with gusts up to 3048 m/s. The prevailing wind direction is southwesterly with a frequency of 4-55 %
[https://www.kazhydromet.kz/uploads/files/69/file/5ec14594bbtb0-oblast.pdf].

The formation of stable snow cover begins in late October and early November. The final snowmelt
occurs in mid-April. Since the Akmola region grows its main grain crops under rainfed, fallow conditions they
are extremely sensitive to climate change.

In the Akmola Region, a combination of soil-forming factors has contributed to the formation and
distribution of some of the most fertile soils in the world: chernozems and chestnut soils. Since the reclamation
of virgin and fallow lands (1954—1955), these soils have been used for growing grain crops (e.g., spring
wheat). The chernozem zone is divided into two subzones: ordinary chernozems and southern chernozems.
The chestnut zone within the region is divided into three subzones: dark chestnut, chestnut and light chestnut
soils. However, among these soils solonetzic soils and solonetz soils are widespread in patches, confined to
steppe depressions, lake basins, plains between hills, lowlands and other relief depressions. The widespread
occurrence of solonetzic soils is due to the natural and historical conditions of the region’s development. In
the steppe zone where our research was conducted, steppe, meadow-steppe and meadow solonetz soils are
found depending on the hydrological regime. In automorphic steppe solonetz soils groundwater is quite deep
(deeper than 8-10 m) and does not significantly influence soil formation processes. Steppe solonetz soils are
rarely found in homogeneous massifs. They are most often found in association with chernozems or chestnut
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soils, significantly reducing the quality of the latter.

According to the classification system of Kazakhstan which was largely inherited from the Soviet
Union, solonetz soils in the Akmola region are divided into three types based on their water regime and
the complex of associated properties: automorphic, semihydromorphic and hydromorphic. At the species
level according to the thickness of the humus horizon A they are divided into “crust” (Ah<5 cm), “shallow”
(Ah=6-10 cm), “medium” (Ah=11-18 cm) and “deep” (Ah>18 cm) [Rayment & Lyons, 2011]. According
to WRB 2014 the Solonetz group includes soils with a dense, well-structured, clayey horizon B which is
characterized by a high proportion of adsorbed (exchangeable) Na+ and in some cases also Mg2+. Soils in
which free soda (Na,CO,) is present have a strongly alkaline reaction (field pH>8.5) [TUSS Working Group
WRB, 2015]. However, most automorphic solonetz soils in the Akmola region have morphological properties
that allow them to be classified as solonetzic but their exchangeable cation is predominantly represented by
absorbed magnesium, not sodium. Therefore, based on the principles of WRB (2014) and the domestic soil
classification, the names of the soils in this study and their qualifiers were determined (Table 2).

Table 2. Classification of solonetz soils of pasture areas of the Akmola region

Plot District, point Soil classification
No. Kazakhstan system, WRB, 2014
Name nalifiers
21 Astrakhan, Solonetz (SN): magnesic (mg); natric (na); salic (sc); calcic (cc);
Ornek automorphic cortical chloridic (cl); sulfatic (sf)
24 Sandyktau, Vladimirovka | Solonetz (SN): small meadow | magnesic (mg); salic (sc); calcic (cc); chloridic (cl);
sulfatic (sf)

Soil Sample Collection and Chemical Analysis.

Full-profile pits were established in the field on solonetzic soils of the two aforementioned pasture
plots and the morphogenetic characteristics of their genetic horizons were described. Typical pit locations on
solonetz soils were determined based on the nature of the main landforms (meso- and microrelief), vegetation
and soil surface. The coordinates of the soil pits were determined using a global positioning system. The
surface character and main plant species are described.

Monitoring Site No. 21 is located in the Astrakhan District of the Akmola Region, 300 meters south of
the Astana-Atbasar highway and 600 meters north of the village of Ornek. The soil type is crusted solonetz,
the topography is flat, the landscape aspect is grayish-greenish and the water regime is atmospheric.

Monitoring Site No. 24 is located in the Sandytau District of the Akmola Region, 4 km southeast of
the Atbasar-Kokshetau highway and 1.5 km southeast of the village of Vladimirovka. The soil type is shallow
meadow solonetz, the topography is gently rolling plain, the landscape aspect is green and the water regime
is groundwater.

Sampling from the pits was conducted in the fall, during the peak of soil salinity and solonetzization,
according to standard protocol [Food and Agriculture Organization of the United Nations, 2006]. These
soil samples taken from all genetic horizons were prepared and submitted to the laboratory for chemical
analysis. To study solonetz soils of pasture areas at the ion-molecular level, the following indicators were used
reflecting the manifestation of magnesium content: cation exchange capacity (CEC), CO,, the composition of
exchangeable cations in the SEC, SARact, ESP, pH of the soil solution and soluble ions (HCO,", CO.*, CI,
SO,*, Ca’, Na*, Mg*, K) of the aqueous extract (Table 3).

Table 3. Methods for determining the chemical composition and physicochemical properties of solonetz
soils

Indicators Unit of measurement Methods Sources
HCO;, CO , CI, SO, Ca*™, mg-eq/100 g of soil soil:water extract (1:5)* [Rayment & Lyons,
Mg 2 Na 2011]
Absorbed CaZ+ Mg*, Na*, K* mg-eq/100 g of soil replacement of exchangeable cations with a | [Bazilevich &
solution BaCl Pankgva, 1968]
CEC, cation exchange capacity mg-eq/100 g of soil forced exchange method of barium chloride | [Bazilevich &
Pankova, 1968]
Sum of salts % sum of ions of aqueous extract [Rayment & Lyons,
2011]
pH water pH meter for soil and water extract analysis | |Thoias, 1996:
475-490]
CO, carbonates % volumetric method [Loeppert & Suarez,
1996: 437-474]
Granulometric composition % pipette method [Gee & Or, 2002:
255-293]
[ * A clear aqueous extract obtained from water in a soil to water ratio 1:5 -

The dynamics of these indicators indicate changes in the processes of interphase interactions occurring
at the boundaries: solid phase of the soil - soil solution - gas phase [Rhoades, 1996: 417—435]. Saline solonetzic




soils were identified based on several key indicators: the sodium adsorption coefficient (SAR ), exchangeable
magnesium (Mg saturation) and sodium (ESP) which reflects the proportion of exchangeable Mg?* and Na*
relative to the total cation exchange capacity (CEC) of the soil [U.S. Salinity Laboratory Staff, 1954].
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Exchangeable Na+, meq Exchangeable Na+, meq

ESP (%) = SmE B n S 100ESP (%) = St 100 (1)
} _exchangeable Mg?*, meq . o/ _ exchangeable Mg2t, meq
Mg saturation (%) = CEC, mes X 100Mg saturation (%) = CRC. meg X 100 2

where:

ESP = Percentage of exchangeable sodium.

Mg saturation = percentage of exchangeable magnesium

Na’, Mg*" = measured exchange Na* u Mg**

CEC = Cation exchange capacity calculated as the sum of exchangeable cations [Thomas, 1996: 475—
490].

Geochemical Modeling.

The PHREEQC program [Parkhurst & Appelo, 2013] was used to assess the geochemical equilibrium
of soil solutions in solonetz pasture plots. The model was used to calculate the activities of ions in the soil
solution, mineral saturation indices (calcite, dolomite, magnesite, gypsum) and the Gapon selectivity coefficient
for the ratio of magnesium, calcium and sodium ions (KG_MgCa, KG_MgNa, KG NaCa). lon concentrations
from a 1:5 aqueous extract and exchangeable cation data for the adsorption complex for each soil horizon were
entered into the model. For example, for the Mg/Ca pair, the coefficient was calculated using the following
formula:

Mgexcangeable/Caexchangeable Mgexcangeable/Caexchangeable
KGy /Ca — KGy /Ca — (3)
E JaMg/aCa E JaMg/aCa

KGMg/Ca - Gapon coefficient for the pair Mg—Ca
8 xcangeable’ Cammeable — exchange cations (cmol(+)/kg or mEq/100 g);

aMg/aCa — activity of ions in the soil solution.

Visualization of spatial data on the distribution of ions in water extract and the absorption complex
along the profile of solonetz pasture areas was performed in the Python environment using specialized statistical
libraries [Python Software Foundation, 2023].

Results and Discussion.

Morphological and Genetic Characteristics of Na-Magnesium Solonetzes.

In the semiarid subzone of dark chestnut soils in the Akmola region, the structural features of the
steppe automorphic solonetzes used as pastures were studied. These solonetzes formed under conditions of
deep mineralized groundwater (deeper than 6 m) and the close proximity of saline soil-forming rocks (sandy
loams of alluvial-lacustrine and deluvial-proluvial origin) and underlying rocks (Tertiary variegated clays,
marine sediments, etc.) to the surface. Their salinization is due to the salinity of the parent rocks which is
in most cases associated with hydromorphic conditions in the past. Research has shown that in the pasture
crusted solonetz soils of pasture plot No. 21, the solonetz horizon B1 is characterized by a columnar structure,
a dense structure and a heavy loamy texture (Table 4). In these soils, a vigorous reaction to hydrochloric acid is
observed in the subsolonetz horizons where carbonate deposits appear. These deposits become more numerous
with depth. Their maximum accumulation in the form of deposits is achieved in the parent rock where gypsum
clusters also appear.

On pasture plot No. 24, the meadow shallow solonetz soils are characterized by the presence of dark
brown natric and subnatric horizons. The natric horizon is distinguished by a columnar structure, dense
consistency and a heavy loam texture. Unlike the previous plot, effervescence with hydrochloric acid is
observed throughout the entire soil profile, indicating the carbonate nature of the studied soils. Carbonates
occur as patches and their abundance increases with depth, reaching a maximum in the parent material (Fig.
1).

Thus, the external characteristics of solonetz soils in pasture areas reveal a clear differentiation of the
profile and the formation of a dense illuvial horizon. Their solonetz horizon is characterized by a dark brown




color, a columnar structure, high compactness and a heavy loamy texture. These characteristics, taken together,
indicate unfavorable physicochemical properties of the soil and its limited agronomic value. Improvement of
these properties is based on reclamation measures.

Table 4. Main morphological features of solonetz pastures in the Akmola region

Horizon ‘ Depth ‘ Color matrix Structure Class of granule composition Reaction to 10% HCI
(cm) composition
Pasture area 21 - Crusted solonetz (SN):
A 0-4 dark gray layered-lumpy loamy dry, does not effervesce
poorly
compacted
B, 5-22 dark brown columnar heavy loam dry, dense does not effervesce
B, 23-40 brown Tumpy loamy wet, compacted effervesces
vigorously; isolated
carbonate patches are
BC 41-74 dark brown structureless clayish wet, compacted ef?erl(?vesces
vigorously; carbonate
C 75-120 | dark brown structureless clayish wet, compacted Abﬁngant cargonate
with a white patches and gypsum
tint druses
Pasture plot 24 - Solonetz meadow (SN):oswiti (SN):
A 0-12 brown granular- loamy wet, compacted effervesces
BI 13-32 dark brown céllllllIrllIl)rYar heavy loam fresh, dense effervesces; carbonate
patches present
B2 33-56 darker than Tumpy loamy wet, compacted | effervesces; scattered
the previous carbonate patches
one with a
grayish tint
BC 57-78 grayish-dark | structureless loamy wet, compacted | effervesces; carbonate
C 79-120 light brown structureless clayish damp, slightly eﬂ"erves‘%%%c }\}?gorously
compacted

q
T
i

A (b)
Fig. 1. Profile structure of auto(mgrphic crusted (A) and meadow shallow solonetz (B) soils of pasture plots in the Akmola region.

Characteristics and nutritional value of vegetation.

To assess the condition of the natural vegetation on the solonetz pasture plots, we studied their forage
value. Research showed that the projective vegetation cover in pasture plot No. 21 is 65 % of the total area.
The pasture type is wormwood-feather grass-fescue. The botanical composition of plants in this plot consists
of wormwood (60 %), feather grass (20 %), fescue (10 %), and izyon (10 %). Single specimens of wheatgrass,




alyssum and kermek are also found. The pasture yield is 6.1 c/ha. The coordinates of the boundaries of study
point No. 21 are N 51°18°50.2°; E 070°12°35.7”". Analysis of the obtained data when determining the chemical
composition of plants growing on solonetz soils, shows that the air-dry protein content is 12.52 %, fat — 6.32
%, fiber —32.23 %, BEF —34.04 %, and ash — 12.21 %. Moreover, on these types of pastures, the yield of feed

units at natural plant moisture is 0.51 per kilogram of feed, and the metabolizable energy is 8.23 MJ.

A) o )

Fig. 2. The state of vegetation of automorphic crust (A) and meadow small solonetz (B) pasture areas of the Akmola region

In the meadow solonetz pasture plot No. 24 the projective vegetation cover is 85 % of the total area.
The pasture type is grass and forbs. The botanical composition of plants in this plot consists of couch grass
— 30 %, alkali grass — 16 %, brome grass — 15 %, yarrow — 10 %, wormwood — 10 %, knotweed — 10 % and
fescue — 9 % of the area. The pasture mass yield is 17.0 c/ha. The coordinates of the boundaries of the contour
of survey point No. 24 are N 52°19°23.4”; E 068°36°40.1”". A study of the chemical composition of plants
growing on meadow solonetz soils revealed that the air-dry protein content was 16.63 %, fat 3.93 %, fiber
32.72%, BEF 33.42% and ash 10.14 %. The yield of feed units at natural plant moisture was 0.50 per kilogram
of feed and the metabolizable energy was 6.91 MJ.

Chemical composition and physicochemical properties of sodium-magnesium solonetz soils.

Solonetzes in the Akmola region with high exchangeable magnesium content like high-sodium
solonetzes are characterized by low fertility. In many respects, low-sodium (magnesium) solonetzes are very
similar to typical solonetzes.

Chemical composition data for crusted solonetzes at monitoring site No. 21 in the Astrakhan district of
the Akmola region show a humus content of 2.20 % in the humus horizon and 1.64% in the subhumus horizon
(Table 5). From a depth of 10 cm downwards, the soil pH ranges from moderate to highly alkaline.

Table 5. Chemical composition and physical properties of solonetz soils in pasture areas

Plot Noe | Depth, cm | Total humus, Gross Physical clay,
o, nitrosen. % Nitrogen Phosphorus Potassium 20.01MM
Pasture plot 21 - Crusted solonetz (SN).
21 0-4 2,20 ,140 50,4 62 60 22.000
10-20 1,64 098 36.4 20 33 74,478
25-35 0,93 070 2572 6 235 54257
- Pasture plot 24 - Meadow solonetz (SN)
20-30 4,66 0,322 3972 6 260 64,289

Compared to the previous soils, the meadow solonetz soils of Monitoring Site No. 24 in the Sandytau
District of the Akmola Region are characterized by high humus levels, reaching 5.03 % and 4.66 % in the upper
horizons, respectively (Table 4). The soils of the two pasture plots studied have a coarse texture, beginning
with the solonetzic horizon. While the crusted solonetz soils have a physical clay content of 74.4 %, the
shallow meadow solonetz soils have a physical clay content in the solonetzic horizon reaching 64.29 % (Table
5).

The combination of natural soil-forming factors and the hydromorphic conditions of the steppe zone in
historical times determined the current salt regime of the automorphic solonetz soils of the above-mentioned
plots. Their salinization is largely due to the salinity of the parent material. In meadow analogues of solonetz
soils, the main source of readily soluble salts is, in most cases, groundwater which is located close to the
surface and influences soil formation processes. This is clearly demonstrated by the total salt content which
increases with depth. For example, the crusted solonetz soils of pasture plot No. 21 are both solonchakous and
solonchakous. The maximum mass of readily soluble salts is concentrated in the underlying layers, amounting




to 1.2-1.8 % (Table 6).
Table 6. Main parameters of salinity and solonetzization of magnesian solonetz soils in pasture plots

in the Akmola region.

Depth, cm ‘ Sum of salts, % [ SAR pH ESP ‘ Mg sat, % | Casat, % CEC, mg-eq per 100 g of soil
00
sture plot 21 - Crusted solonetz (SN):

0-4 0,133 10 70 1.40 29,40 65,80 13,61
10-20 755 90 8,32 8,03 56,37 25,36 2551
25-35 779 T2 8,83 1,63 16,94 41,39 52,89
50-60 317 48 8,03 5,62 24,71 29,65 40,27
90-100 227 43 8,50 1,89 35,67 32,41 30,70

Pasture plot 24 - Meadow solonetz (SN):

1 109 1 24 0,27 2,27 74,30 49
20-3 090 ) 2 0,10 4470 53,56 4836
40-5 143 4 8,45 1,61 41,77 56,46 4407
70-8 179 7 8,34 333 42,93 53,39 47,52
90-1 205 6 8,34 4,92 5,19 59,67 2,51

The energy (rate) of solonetzization (the incorporation of sodium into the soil-extracting complex) is
determined not only by the concentration of the solution but also by its composition. It increases according to
the following series: NaCI<Na2SO4<NaHCO3<Na2CO3 [Mikhailichenko, 1979]. The potential ability of the
soil solution to soda salinization (SARact) throughout the solonetz profile is very low. The SARact parameter
in these soils does not exceed 1. Soils are usually subject to soda salinization when they are exposed to water
(e.g., capillary water) with a high SAR>5 value and a high NaHCO3 content. Such soils can form with surface
wetting or under the influence of capillary ascending solutions [Bower, 1971: 53—57]. In solonetz, soda usually
causes plant death at a content of 0.005 %.

The high salt content in the automorphic solonetz soils of pasture plot Ne 21 is due to both sodium
chlorides and sulfates (Fig. 3). The latter predominates in the anionic composition. The absolute maximum of
sulfate ion in the soil solution was established at depths of 25-35, 50-60 and 90—100 cm, where it constituted
15.88, 15.88 and 14.81 mg-eq per 100 g of soil, respectively. Harmful chloride ion content begins already
at 10 cm and covers almost the entire meter-thick layer. Its concentration within these limits fluctuates from
3.14 to 11.45 mg-eq per 100 g of soil. Sodium dominates in the cationic composition, varying from 10.06 to
18.23 mg-eq per 100 g of soil in the depth range from 10 to 100 cm. Magnesium deserves special attention as
its concentration should also be considered significant. In the above-mentioned soil layer, it ranges from 1.59
to 4.69 mg-eq per 100 g of soil. These soils are virtually devoid of normal carbonates. However, traces of it
(0.08 mg-eq per 100 g of soil) are found in the 25-35 and 50—60 cm layers. Therefore, in the crusted solonetz
soils of pasture plot No. 21, the subsolonetz horizons located at depths of 25-35 and 50—60 cm should be
considered salic.
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Pasture plot 21 - Solonetz ({SN) crusted Pasture plot 24 — Solonetz (SN) meadow
Fig. 3. Spatial differentiation of ions in aqueous extracts of solonetz pasture areas

The shallow meadow solonetz soils of pasture plot No. 24 are virtually free of salinity on the surface.
Salt content in the first half-meter varies from 0.090 to 0.109 % (Table 5). However, in the underlying horizons,
salt levels gradually increase, reaching slightly saline levels (0.205 %) in the parent rock. The soil pH in the
solonetz soils of the first pasture plot ranges from slightly to strongly alkaline (pH 7.7—8.8) while in the second
plot it is moderately alkaline (pH 8.22-8.45).

The crusted solonetz soils of pasture plot No. 21 in the Astrakhan district of the Akmola region
are characterized by high levels of exchangeable magnesium and especially, sodium. Their content in the
solonetzic horizon (10-20 cm) is 14.43 and 4.60 mg-eq per 100 g of soil, respectively (Fig. 4), and the share
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reaches 56 67 and 18.03 % of the cation exchange capacity (25.51 mg-eq per 100 g of soil). However, in the
subsolonetzic horizon at a depth of 25-35 cm, exchangeable magnesium gives way to sodium in the absorption
complex. The latter in this layer reaches a maximum (22.03 mg-eq) and is 41.65 % (ESP) of CEC (Table 6).
Even deeper, in the layers of 50-60 and 90-100 cm, the magnesium content increases slightly compared to the
overlying horizon and is 9.95 and 10.95 mg-eq per 100 g of soil. The concentration of exchangeable sodium,
on the other hand, decreases with depth from 22.03 to 9.79 mg-eq per 100 g of soil (Fig. 4). Despite this, a
high proportion of exchangeable sodium (ESP 31.89-45.62 %) relative to other cations remains in the 25-100
cm soil layer.

Meq per 100 g soil Meg per 100 g sail

Depth, em
pth

85

as
Na Ca Mg

Tacmowwnvui yuacmox 21 - Cononey koprosbiii (SN): Tacmobuwnoviit yuacmok 24 - Cononey nyeoguiii (SN):
Fig.4. Composition of absorbed bases of solonetz pasture areas

Exchangeable sodium and hydrolytically alkaline salts cause solonetz formation indirectly (through
changes in the zeta potential and increased solvation of the sodium ion), but indirectly through hydrophilic
molecular plasma. This plasma is present in solonetzes with both low and high exchangeable sodium contents
and acts as a peptizer and stabilizer for hydrophobic systems. Some of this plasma is not precipitated by
magnesium and calcium cations.

The shallow meadow solonetzes of pasture plot No. 24 in the Sandytau district of the Akmola region
are characterized by magnesium dominance and possibly solonetzic properties. This is due to the high content
of absorbed magnesium which in the solonetzic and supra-solonetzic horizons ranges from 18.41 to 21.39 mg-
eq per 100 g of soil, accounting for 41.77% and 44.2 % of the total electrolyte content, respectively (Table 6).
Therefore, the possibility of the modern formation of low-sodium solonetzes and the active role of magnesium
in the solonetz process should not be denied. It is noteworthy that despite the clear manifestation of physical
solonetzism, the content of exchangeable sodium in these soils is very low and does not exceed 5.0 % of
the CEC. The reason for its low content in the solonetzic horizon is apparently the leaching of a significant
amount of sodium into the depths by the descending water flow, i.e., at present, its amount has decreased in the
process of desalination. Therefore, they began to be called relict solonetzes, i.e., formed at some point under
the influence of sodium salts. Meadow solonetzes in the process of self-development are in the initial stage
of transition to meadow-steppe, and then to steppe solonetzes as the steppeification process of the Northern
Kazakhstan plain develops.

Geochemical role of magnesium in the processes of pedogenesis and solonetzization of solonetzic
pastures in the semi-arid zone of the Akmola region

To assess the geochemical processes of solonetz pedogenesis and the role of magnesium in the
solonetzization process, a study was conducted of the activity of the aMg/aCa and aMg/aNa ion ratios in
the soil solution, the Gapon selectivity coefficient describing the Mg—Ca—Na exchange reactions in the soil
adsorption complex (KGMgCa, KGMgNa, KGNaCa), the sodium adsorption coefficient (SARact) calculated
using ionic activity, the proportion of exchangeable magnesium in the soil adsorption complex expressed
as a percentage of the cation exchange capacity (Mg saturation, %) and mineral saturation indices (SI). The
results of the studies showed that in the solonetz soils of pasture plot No. 21, the influence of magnesium in
the surface horizons is observed. This is clearly evidenced by the activity of the aMg/aCa ion ratio in the soil
solution. Its value in the humus horizon (0—4 cm) is 1.91, indicating magnesium dominance and the risk of
magnesium depletion in this layer. In the underlying solonetzic horizon, the aMg/aCa ratio increases very
sharply and significantly, reaching 16.32. This ratio provides a pronounced magnesium depletion in the soil
solution which leads to deterioration of the solonetzic horizon structure. In the latter, the saturation of the
magnesium adsorbing complex reaches 56.57 % of the CEC. Meanwhile, the calcium saturation is reduced to
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25.36 % of the CEC. However, a strong sodium hazard cannot be ruled out in the aforementioned solonetzic
and supra-alonetzic horizons. Since the aMg/aNa activity ratio in the soil solution of these horizons is 0.22 and
0.04, respectively, that is below unity. In the solonetzic horizon, the ESP is 18.03 % of the CEC. As one moves
deeper into the underlying horizons, the Ca2+ content begins to dominate over magnesium. For example, at
depths of 25-35, 50-60 and 90-100 cm, the aMg/aCa ion activity ratios in the soil solution were 0.84, 0.33,
and 0.36, respectively (Table 7). It should also be noted that in the underlying horizons, a strong sodium

hazard in the soil solution still persists.
Table 7. Soil solution ion activity ratios in solonetzic pasture plots according to PHREEQC data.

Flot Depth, cm aMg aCa aNa aMg/aCa aMg/aNa SAR

21 0-4 3,640000E-04 | 1,910000E-04 | 1,670000E-03 | 1,905759 | 0217964 | 0,10
10-20 1 6,.840000E-04 | 4,190000E-05 | 1,720000E-02 | 16,324582 | 0,039767 | 0,90
25-35 | 1390000E-03 | 1,660000E-03 | 2,830000E-02 | 0,837349 | 0,049117 | 0,72
30-60 | g 630000E-04 | 2,620000E-03 | 1,990000E-02 | 0,329389 | 0,043367 | 048
90-100 | 7350000E-04 | 2,050000E-03 | 1,600000E-02 | 0,358537 | 0,045938 | 0,43

24 0-10 5,020000E-04 | 3240000E-04 | 2,960000E-04 | 1,549383 | 1695946 | 0,01
20-30° | 5890000E-04 | 2,000000E-04 | 3,160000E-04 | 2,945000 | 1863924 | 0,02
40-0° 1 9270000E-04 | 1,220000E-04 | 8,040000E-04 | 7,598361 | 1,152985 | 0,04
70-80 | g 670000E-04 | 2,990000E-04 | 1,610000E-03 | 2,899666 | 0,538509 | 0,07
90-100 [ 150000E-03 | 2,260000E-04 | 1,640000E-03 | 5,088496 | 0,701220 | 0,06

A somewhat different situation was observed in the meadow solonetz soils of pasture plot Ne 24.
Unlike the solonetz soil of the previous plot, these soils exhibit a noticeable magnesium content in the soil
solution throughout the entire profile. This state is demonstrated by the aMg/aCa ion activity ratio, which
varies from 1.55 to 7.59 within a meter of the meadow solonetz soil. Despite the low salinity of this soil, Mg**
predominates in the soil solution (aMg/aNa>1) in the upper three horizons, particularly in the A, B1 and B2
horizons. However, the horizons located at depths of 20-30, 40-50 and 70—-80 cm are characterized by high
exchangeable magnesium saturation of the adsorption complex. In the latter horizons, magnesium saturation
was 44.20, 41.77 and 42.93 % of the SEC, respectively. A significant sodium hazard is established only in the
deepest parent and supra-parental horizons where the aMg/aNa ratio in solution is 0.54 and 0.70, respectively
(Table 7). These soils have a relatively low ESP value throughout the profile but it gradually increases with
depth from 0.27 to 4.92 % of the SEC. This suggests that in the underlying horizons (70-80 and 90—100 cm) of
meadow solonetzic soils, the sodium hazard in the soil solution is consistent with its hazard in the adsorption
complex.

To determine the role of magnesium in the pedogenesis and solonetzization of solonetzic soils in
pasture areas, we determined the Gapon coefficient (KG) of the Mg/Ca, Mg/Na, and Na/Ca ratios. This
indicator demonstrates the preference (selectivity) of the adsorption complex (AC) for exchanging one cation
for another at equilibrium between the soil solution and the AAC. Since KG takes into account the activity of
ions, not their concentrations, it is a thermodynamic indicator and reflects the actual equilibrium in the system.
The data showed that on the automorphic solonetz soils of pasture plot #21, the soil-absorbing complex of the
upper horizons prefers Ca?>". The KGMg/Ca parameter at depths of 0—4, 10-20 and 25-35 cm was 0.32, 0.55
and 0.45, respectively. However, in the lowest horizons at depths of 50-60 and 90-100 cm, Mg accumulates
in the absorbing complex, indicating moderate magnesium content. In these horizons, the KGMg/Ca values
reach 1.45 and 1.84, respectively (Table 8).

The Gapon coefficient for Mg/Na showed that the automorphic solonetz soils of pasture plot #21 are
superficially resistant to sodium. This is due to the predominance of Mg?" in the absorption complex which
reaches 56.57 % of the SEC in the solonetzic horizon. In the solonetzic horizon of the studied soil, the KGMg/
Na value was 2.06, likely indicating strong suppression of sodium by exchangeable magnesium and to some
extent, calcium. Below the solonetzic horizon B1 (10-20 cm), this parameter drops sharply to 0.3—0.4 and
then rises again to 0.66 in the parent rock. In this part of the crustal solonetz, exchangeable sodium is well
retained in the absorption complex where it predominates and through competition, creates a high risk of
sodium solonetzation. Thus, the shallow, shallow humus horizon of the crustal solonetz retains calcium well,
reaching 65.80% of the SEC in the SEC. However, magnesium becomes dominant in the solonetzic horizon,
suppressing sodium. However, it should be noted that exchangeable magnesium is not the primary cause of the
solonetzic nature of this horizon. Its impact on the soil is closer to that of calcium than to sodium. Exchangeable
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magnesium reduces the rate of water filtration at a ratio of one to calcium. Meanwhile, Na+ significantly
reduces filtration even at a Ca:Na absorption ratio of 94:4. In the deeper layers of the automorphic solonetz,
there is a risk of sodium solonetzization and moderate magnesium content. Therefore, even at minimal levels,
exchangeable sodium can be the primary cause of soil solonetzic nature. In the meadow solonetz soils of
pasture plot No. 24, the Mg/Ca and Mg/Na ion ratios indicate strong calcium retention throughout the profile
and, along with it, surface magnesium retention in the SEC. For example, KGMg/Ca varies across the profile
from 0.26 to 0.47, i.e., does not exceed unity (Table 8). This dominance of calcium and magnesium over
sodium is also demonstrated by KGNa/Ca, which does not exceed unity throughout the profile and fluctuates
between 0.05 and 0.76. In this soil, the risk of solonetzization manifests itself primarily in horizons located
deeper than the solonetzic horizon. This is evidenced not only by the ESP values which increase to 1.61-4.92
% but also by the KGMg/Na value (0.35-0.68). To determine the direction and intensity of soil-geochemical
processes in solonetz soils of pasture plots, we studied mineral saturation indices (SI). This indicator indicates
the degree of deviation of a system from equilibrium, potentially leading to undersaturation (dissolution) or
precipitation into the mineral phase. It was found that in the automorphic crusted solonetz soils of pasture plot
No. 21, carbonate minerals (calcite and aragonite) are precipitated primarily in the three underlying horizons
at depths of 25-35, 50-60, and 90—100 cm. Within these horizons, the saturation indices (SI) of calcite and
aragonite (CaCO3) range from 0.70 to 1.08 and from 0.56 to 0.93, respectively (Table 9).
Table 8. Selectivity coefficient of cation exchange of Gapon solonetz soils in pasture areas.

Plot | pepth, cm VaMg VaCa KG MgCa | KG MgNa | KG NaCa
21 0-4 1,907878E-02 | 1,382027E-02 | 0321767 | 1741882 | 0,184724
10-20 1 5 615339E-02 | 6,473021E-03 | 0,552002 | 2,063046 | 0,267567

2535 | 3728270E-02 | 4,074310E-02 | 0447310 | 0308726 | 1448893

0-60 15 937686E-02 | 5,118594E-02 | 1,451991 0366912 | 3,957331

90-100 5 711088E-02 | 4,527693E-02 | 1,837910 | 0,660097 | 2,784303

24 0-10 1 5240536E-02 | 1,800000E-02 | 0,240885 1,095056 | 0,219975
20-30° 15 426932E-02 | 1,414214E-02 | 0463874 | 9283654 | 0,049967

40-50° | 3.044667E-02 | 1,104536E-02 | 0,268438 | 0,684718 | 0,392041

70-80 15 944486E-02 | 1,729162E-02 | 0472211 | 0663953 | 0,711211

90-100° 1 3 391165E-02 | 1,503330E-02 | 0261414 | 0345781 | 0,756012

Table 9. Thermodynamic state of carbonate and soda minerals in solonetz soil solutions by saturation
indices (SI)

Plot Carbonates Soda
Depth, cu Calcite | Aragonite | Dolomite | Magnesite Natron | Nahcolite | Na,CO
21 0-4 0,890 | -1,030 | -0310 -1,050 10,480 | -5,670 | -12,060
10-20 1 0930 | -1,070 0,530 20,160 7,840 | -4670 | -9.420
25-35 1,080 | 0,930 3,260 0,550 7010 | -4550 | -8,570
50-60 | 9950 | 0810 2,600 0,020 7,640 | -4830 | -9.210
90-100 1 6700 | 0,560 2,130 20,190 7970 | 4940 | -9.540
24 0-10 20,040 | -0,190 1,280 -0,300 -11,380 -6,360 | -12,950
20-300 1 0300 | -0,450 1,040 0280 | -11,370 | -6360 | -12,940
40-50° 1 0240 | -0,380 1,580 0,190 10280 | -5910 | -11,850
70-80° 1 0040 | -0,110 1,710 0,050 9790 | -5610 | -11,360
90-100 1 0180 | -0,330 1,520 0,080 9870 | -5690 | -11,450

Dolomite saturation indices (CaMg(CO,),) are characterized by higher values compared to calcite and
aragonite, reflecting the more intense kinetics of its formation. Unlike these minerals, the positive SI value for
dolomite also covers the solonetzic horizon. The relief fluctuation of dolomite’s SI ranges from 0.53 to 3.26.
Magnesite (MgCO,) is characterized somewhat differently with positive values (SI>0) established at depths of
25-35 and 50-60 cm, at levels of 0.55 and 0.02, respectively. This indicates that magnesite is in a precipitated
state and its excess in solution leads to magnesium depletion. Thus, elevated or positive SI values indicate
magnesium accumulation in the system and can be considered an indicator of the development of magnesium
depletion in soils. While negative SI values for magnesite indicate its presence in the solution predominantly
in a mobile state. In our case, the surface solonetzic and supra-solonetzic horizons of the automorphic solonetz
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have negative SI values for almost all carbonate minerals. This indicates that the latter are in a dissolved
equilibrium state. For example, the SI values of calcite and aragonite in the surface soil horizons vary from
—0.89 to -0.93 and from —1.03 to —1.07 (Table 8). A negative saturation index of dolomite is shown only by
the humus horizon (SI = —0.31). Magnesite deserves special attention, for which negative SI values were
established not only in the surface horizons (—1.05 and —0.16) but also in the parent rock (-0.19). Magnesite
is characterized by significantly higher solubility than calcite. Its solubility increases in the presence of carbon
dioxide through the formation of sodium bicarbonates.

The meadow solonetz soils of pasture plot No. 24 exhibit a somewhat different character of carbonate
minerals in the system. Dolomite [CaMg(CO,),] is a virtually insoluble form of magnesium compound. In the
soils under consideration, it is present in a precipitated state throughout the entire profile. The SI parameter of
dolomite within a meter of soil thickness ranges from 1.04 to 1.71 (Table 8). Calcite and aragonite do not form
a mineral form separately since their saturation indices have negative values, varying from —0.04 to —0.24 and
from —0.11 to —0.45. The lower horizons of the meadow solonetz are characterized by a high magnesia content
due to the presence of magnesium and the formation of a precipitated form of magnesite. In this part of the
meadow solonetz, the SI of magnesite has positive values, varying from 0.05 to 0.19. Thus, it can be cautiously
concluded that magnesium minerals may be the source of magnesium in automorphic crustose and meadow
shallow solonetz soils. Their decomposition will yield significant amounts of exchangeable magnesium. Like
sodium, magnesium, when incorporated into the absorption complex, although to a lesser extent, increases the
hydrophilicity of colloids, disrupting the bonds between aggregates and making the rock unstable to alkaline
hydrolysis.

In addition to carbonate minerals, we identified and studied soda compounds which in both soils had
negative SI values throughout the profile. This suggests that soda minerals such as natron (Na,COs-10H,0),
nahcolite (NaHCO,) and soda ash (Na,CO,) are dissolved. Moreover, the more negative the SI value, the more
intense the potential dissolution processes. A relatively high degree of solubility for soda and sodium carbonate
was observed in meadow solonetzes. The SI value for soda within a meter of soil depth in automorphic
solonetzes varies from —7.0 to —10.48, while in meadow solonetzes it ranges from —9.7 to —11.38 (Table 9).
The degree of soda saturation in the former soils ranges from —8.57 to —12.06, and in the latter, from —11.36
to —12.95.

The thermodynamic state of neutral chloride and sulfate compounds in soil solutions of automorphic
and semihydromorphic solonetzes at various sites indicates their active dissolution. This is primarily due to
their high solubility in water. As Table 10 shows, among the sulfate minerals, epsomite (MgSO,-7H,0) and
thenardite (Na,SO,) have higher solubility than gypsum (CaSO, -2H,0) and anhydrite (CaSO,). Magnesium
sulfate (epsomite) is a typical magnesium-containing compound found in saline soils. Its solubility is 252 g/L,
making it extremely toxic and the most poisonous and harmful to plants. It never accumulates in soils in its
pure form.

Table 10. Thermodynamic state of sulfate and chloride minerals in solonetz soil solutions by saturation indices

(SD

Plot Sulfates Chlorides

Depth, em gypsum | anhydrite | epsomite | thenardite halite

21 0-4 2,330 2,510 -4,620 -8,340 -7,600
10-20 2,520 2,700 -3,880 -5,840 -5,280

25-35 0,570 0,750 23,220 -5,060 4,850

50-60 20,350 0,530 23,400 25,340 5210

90-100 -0,440 -0,620 -3,460 -5,520 -5,650

24 0-10 2,190 2,370 4,570 9,930 9,220
20-30 2,530 2,710 4,630 10,010 8,750

40-50 2,460 -2,640 -4,150 -8,910 -8,350

70-80 22,120 -2,300 -4,230 -8,350 7,170

90-100 2,130 2310 3,990 8,230 27,110

Comparing solonetz soils from individual pasture plots reveals differences in the dissolution rates of
the aforementioned minerals. For example, in meadow solonetz soils which are naturally wetter, virtually all
sulfate minerals are in a more intense state of dissolution and exhibit increased environmental aggressiveness.
Automorphic solonetz soils, however, are somewhat inferior in this regard. Epsomite exhibits somewhat
similar SI values in the studied soils, ranging from -3.22 to -4.62 in automorphic solonetz soils and from -3.99
to -4.57 in a meter-thick layer. The chloride mineral we studied was halite (NaCl). It is characterized by the




VATTBIK FbiBIM
AKALNEMUACHI

highest water solubility among minerals found in saline soils. In the studied soils, the SI of halite is negative,
indicating undersaturation in the soil solution. MgCl, is significantly more prevalent in saline soils and due to
its high solubility (353 g/L), is exceptionally toxic. Its accumulation is possible only at the highest levels of
salinity. In the upper horizons of solonchaks, MgCl,, like CaCl,, can form as a result of exchange reactions
between the ascending NaCl solution and the absorbed magnesium in the soil. MgCl, and CaCl, are highly
hygroscopic salts, absorbing water vapor from the atmosphere at low air temperatures. During this process
their crystalline precipitate quickly liquefies and turns into a concentrated solution.

Conclusion.

In the flat semiarid zone of the Akmola region, saline, low-sodium solonetz soils with high
exchangeable magnesium contents are widespread. They exhibit the full range of negative hydrophysical
properties typical of classic sodium solonetz soils. However, in these soils, the morphological characteristics
of solonetzic soils do not correlate with the low content of absorbed sodium. These soils in the Akmola region
are actively used as distant pastures. Therefore, they are currently subject to anthropogenic degradation. Their
formation is associated with saline parent materials in conditions of deep groundwater. To elucidate the role of
magnesium in pedogenesis and solonetzization processes, we modeled solonetz soils in two pasture plots using
thermodynamic analysis (PHREEQC). A study of the aMg/aCa and aMg/aNa ion ratios in soil solution and
the potential for mineral formation (SI), as well as the selectivity of cation exchange between the solution and
the adsorbing complex, revealed localized magnesium enrichment in automorphic crustal solonetzes with a
general predominance of sodium in both the solution and the adsorbing complex. Based on the SI of carbonate
minerals, it was established that they form sediments only in the lower horizons. The KG value confirms the
sodium-magnesium exchange type in the solonetzic horizon while in the lower horizons, sodium exchange
increases, characterizing the development of sodium solonetzization.

In meadow solonetzes, the carbonate equilibrium shifts toward dolomite oversaturation throughout
the profile. Furthermore, localized magnesite oversaturation was observed in the lower horizons while soda,
sulfate and chloride minerals remained undersaturated. Sodium selectivity (KGNa/Ca<1) is absent throughout
virtually the entire meadow solonetz profile, except in the lower horizons, indicating weak development of
sodium solonetzation processes. The ion activity ratio aMg/aCa>1 throughout the profile and aMg/aNa>1
only in the upper horizons indicates a pronounced magnesium content in meadow solonetz with a limited
dominance of calcium over magnesium.
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Abstract. This study aimed to assess the agrochemical suitability of agricultural soils of the Almaty
Region and to identify the main constraints on their potential suitability for organic farming based on soil
organic carbon (SOC) content, nutrient availability, salinity regime, and soil reaction. In 2024-2025, a total
of 107 soil samples were collected from the 0—20 and 20—40 cm layers of agricultural lands under organic or
transitional farming systems. The analyses included humus content (from which SOC was calculated using
the Van Bemmelen coefficient of 1.724), pH of the water extract, total water-soluble salts content, easily
hydrolyzable nitrogen, available phosphorus, and exchangeable potassium. The results showed pronounced
spatial variability in agrochemical properties both among and within districts: humus content ranged from
0.03 to 4.14 %, pH from 6.96 to 9.19, total salts from 0.00 to 1.57 %, P-Os from 3 to 98 mg/kg, and K»O from
70 to 1000 mg/kg. The most common constraints on organic farming were low humus content and deficiencies
in available nitrogen and phosphorus forms. Salinity and pronounced alkalinity occurred locally but can
exacerbate phosphorus deficiency and reduce the effectiveness of biological soil management practices. The
proposed approach allows areas to be classified according to agrochemical risks and can help identify priority
measures for restoring soil fertility during the transition to organic farming.
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AHHOTaNUs. 3epTTey MaKcaThl — AJIMaThl OOIBICHIHBIH aybUT IIAPYaIbUIBIFBI AJIKANTAPBI TOMBIPAKTA-
PBIHBIH arpOXUMHUSUIBIK JKapaMIbUIbIFbIHA CKPUHUHTTIK Oaraliay >Kyprizy 'koHe opranukaibik kemiprek (SOC)
MeJIepi, KOPEKTIK AMEeMEHTTEPMEH KaMTaMachl3 €TiTyl, Ty3 PeKUMI MEH OpTa peakIMsIChl HET131H/Ie onap-
JIbIH OpPTraHUKaJbIK EriHIIIIKKE 9JIEYyeTTl KapaMIbUIBIFbIH IIEKTeUTIH HETi3r1 (akTopiaapasl aHbIKTay. AJl-
MaThl OOJIBICHI TOTIBIPAKTAPBIHBIH OPTAaHUKAJIBIK ETTHIIUTIKKE arpOXUMHUSIIBIK KapaMIbUTbIFbIHA CKPHHUHTTIK
Oaranay Kyprizy >koHe opranukaiblk kemiprek (SOC) neHreiiMeH, TY3/bIK PEKUMMEH, TONBIPAK peaKIlus-
CBIMEH >KOHE KOPEKTIK 3J€MEHTTePMEH KaMTaMachl3 €TiTyiMeH OaillaHbICThI HETI3r1 IIEKTeYIep/ii aHBIKTaY.
2024-2025 xblnaapsl OpraHUKANBIK dKoHE OTIHENl eriHIIUIIK KYHeciHIe KOJNJaHbICTarbl ayblIIIapyalblIIbiK
xepaepinen 0-20, 2040 cm kabarrapsiHan 107 TombIpak ChIHaMajdapbl aJBIHBIN 3epTTeimi. Kapamripiagi
Kypambl aHbikTasibi, SOC ecenrtey yuriH 1,724 - Ban bemmernen koapuiueHTi KOngaHbUIAbL, Cy €pTiH-
nicinzaeri pH, cyaa epuTiH TY31apIbIH KOCBIH/IBICHI, )KEHLI THIPOIU3ICHETIH a30T, )KbUDKbIMaJb! pochop MeH
anMacraibl KaJduiIiH Typiepl aHbIKTaIbl. ATPOXUMUSUIIBIK KOPCETKIIITEp HOTHXKEC] aylaHaap MEH OJlap IbIH
IIIiHAC alKbIH KEHICTIKTIK ©3TeprilliTIKIIeH CUNaTTaIiFaHbl Kopineai: Kapamipiaai memmepi — 0,03—4,14 %,
pH — 6,69-9,19, ty3napasiH KocbiHabich — 0,00—1,57 %, P20Os — 3-98 mr/kr, K2O — 70-1000 mr/kr. Opranu-
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KaJbIK eTIHIIUTIK JKYPTi3y[eri eH KeH TapalifaH IIeKTeylepre KapaurpiHial ASHreiliHiH TOMEHIIrT MeH a30T
xoHe (pocdopabIH KOMKETIMII (OpMACBIHBIH a3 OOJTYHI JKaTa ibl, ajaiiia Ty3/1aHy TyIbIpaThIH CTPECC MEH ail-
KbIH CIITLUIIK KepriliKTi KepiHic OonranbIMeH (pocdop TanIIbUIBIFBIH KYIISUTiN OUOIOTUsATIaHABIPY KaOlaeTiH
TOMEH/IETYyl MYMKiH. ¥ CHIHBUIFAH 9JIIC alMaKTap/bl arpOXUMHUSUIIBIK ToyeKelnepre OalIaHbICThI capanayFra
YKOHE OpTaHUKAJIBIK eT1HIIUTIKKE 6Ty Ke31H/Ie TOMBIPAK KYHAPIBUIBIFBIH KaJbIHA KENTIPY KOHIHJET ic-11apa-
JapJeIH 0achIMIBIKTAPBIH HET137Ieyre MYMKIHIIK Oepei.
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AnHotauus. l{ens nccienoBanus — MpoBECTH CKPUHUHTOBYIO OI[EHKY arpOXHUMHYECKON MPUTOTHOCTH
MOYB CEJIbCKOXO3SUCTBEHHBIX YIOANA ATMAaTUHCKOM OOACTH U BBISIBUTH OCHOBHBIE OIPAaHUYEHUS UX MOTEH-
[UATBHO U MPUTOTHOCTH JAJISl OPraHMYECKOTO 3eMJie/Iesl Ha OCHOBE CO/IEP KaHUs OPTaHUYeCcKOro yriiepoza
(SOC) rneMeHTOB MUTaHMS, COJIEBOTO PEXKUMA, 3HAUYEHUS peakiuu cpeasl. B 2024-2025 rr. nmpoaHaau3upo-
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BaHbl 107 mouBeHHBIX P00 U3 c10EB 0-20 u 2040 cM Ha CeTbCKOXO3SHUCTBEHHBIX YTOIbSIX, BOBICUEHHBIX B
OpraHMYEeCcKOe WM MepexoaHoe semieaenue. Onpenensiiy coaepkanue rymyca (¢ mociaeayonmM paciéTom
SOC no koapdunmenty Ban bemmenena 1,724), pH BoaHO# BBITSHKKH, CYMMY BOJIOPACTBOPUMBIX COJIEH, JIeT-
KOTHAPOIIN3YyeMbIi a30T, MoABIKHBIE (hopMbI hochopa n oOmMenHoro kanus. [TokazaHo, 4To arpoXuMHUYECKIe
napaMeTpsl XapaKTepPHU3YIOTCs BEIPAKEHHON MPOCTPAHCTBEHHOM BapuabeTbHOCTHIO MEKY pailoHaMu U BHY-
TPU HUX: IMATA30H COIepKaHMs T'yMyca B HcceioBaHHbIX npobax coctasisut 0,03—4,14 %, pH — 6,96-9,19,
cymma couteit — 0,00-1,57 %, P.Os — 3-98 mr/kr, KO — 70-1000 mr/kr. Hanbonee pacipocTpaH€HHBIME OTpa-
HUYCHUSIMH JUIS OPTAaHHUUYECKOTO 3eMJICACTUS SIBISIOTCS HU3Kasi TYMYCUPOBAHHOCTD U JACPUIUT JOCTYIMHBIX
dopm azota u docdopa, Torma Kak COIEBON CTPECC U BhIPAXKECHHAS MIEIOYHOCThH MPOSBISIOTCS JOKAIBHO,
HO CHOCOOHBI ycmiuBarh neuuut gocdopa u cHUXKaATh d3PPEKTUBHOCTH OHonoruzanuu. [IpennoxeHHbIit
MOJIXO]T TTO3BOJISIET PAHXKUPOBATh TEPPUTOPHUH MO arpOXUMUYECKUM PUCKaM U 00OCHOBBIBATH MPUOPUTETHI
MEPOIPHUATHIA 110 BOCCTAHOBJICHUIO TIOJJOPOIUS MPHU MEPEX0/ie K OPraHNUECKOMY 3eMJIeIEIHIO.

KutoueBble ci0Ba: opranndeckoe 3emieenne, mousa, ryMmyc, 3acojJeHIe, IeMEHThI MUTaHus

Jas uutupoBanusi: Pamazanosa P.X., XKymarynosa M.K., [lomanoB M.H., Typcunbaera A.E.,
[Tanmosa IlIumkosa I1. (2026). [louBeHHBIC OTpaHUYCHUS TSI OPTAHHUYECKOTO 3eMJICACTHS B AJIMaTHHCKOM
o0acTu: MPOCTPAHCTBEHHAs BapHalENIbHOCTh SOC, COJIEBOTO peKMMa M 3eMeHTOB mutanus // Research,
results — [3aenicrep, Hotmxkenep — Mccnenoanus, pe3ynbrarsl. T. 28. Is. 5. Number 113. Pp. 97-107. https://
doi.org/10.37884/5-2026/08 [In Eng.].

KonguukT uHTEpecoB: ABTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(IMKTa HHTEPECOB.

Dunancuposanue. Vccneoosanue ¢hunancuposanroce I'Y «Munucmepcmeo cenvbckoeo xo3sicmea
PK» 6 pamkax 6100ocemnotl npoepammol BR22885418 «Hayunoe obecneyeHue mexHonio2uyecko20 paseumus
OpP2aHUYeCcK020 NPOU3BOOCMBA CElbCKOX03UcmeeHHOU npoodykyuu 6 Pecnyonuke Kasaxcmany 2024-2026 ee.

Introduction.

Organic farming is a key tool for sustainable agricultural development aimed at conserving soil
resources, reducing anthropogenic pressure, and enhancing the ecological resilience of agroecosystems in the
context of increasing human pressure and climate change [Eyhorn et al., 2019; Seufert et al., 2017].

Interest in organic farming systems is growing, particularly in regions where soils are highly susceptible
to degradation. Within global scientific and policy frameworks, organic farming is increasingly associated
with maintaining soil health, conserving biodiversity, and contributing to the Sustainable Development Goals,
including land degradation neutrality (LDN).

Compared with intensive farming systems, organic systems are more sensitive to various constraints,
including soil-related limitations, because nutrient deficiencies cannot be corrected using conventional mineral
fertilizers and opportunities to regulate soil regimes are limited [Schrama et al., 2018; Leifeld, 2012]. Such
constraints include unfavorable soil humus status, agrophysical limitations, an imbalanced water—salt regime,
and reduced soil biological activity [Blinemann et al., 2018; Lehmann et al., 2020]. Therefore, soil suitability
for organic farming cannot be assessed solely from individual fertility indicators, such as organic matter
content or soil reaction; it must be evaluated in terms of the combined agrochemical factors that determine
plant nutrition availability.

This issue is particularly relevant in arid and semiarid regions, where losses of soil organic matter,
nutrient depletion, and salinization are most pronounced [Pennock, 2019; Gubarev et al., 2022]. Irrigation,
an integral component of farming technology under such conditions, may further intensify soil chemical
constraints by causing secondary salinization and disrupting nutrient balances [Feng et al., 2017; Yuan et
al., 2018]. Consequently, organic agroecosystems may face complex constraints that cannot be identified by
analyzing only one or two indicators. Because organic farming is closely linked to maintaining soil health,
soil organic carbon (SOC) is regarded as a key indicator. Nevertheless, numerous studies show that a high
organic matter content alone does not necessarily ensure balanced plant nutrition or the stability of organic
systems, particularly when nitrogen and phosphorus availability is limited [Tipping et al., 2016; Senesi et al.,
2018]. Balanced soil nutrient ratios, nutrient availability, and their interaction with the salinity regime are no
less important than the absolute carbon content.

Current research on organic farming emphasizes the need to move from evaluating individual soil-
condition indicators toward analyzing the full set of limiting agrochemical factors. Deficiencies of available
phosphorus and plant-available nitrogen, together with salinity stress, can substantially constrain the
productivity of organic agroecosystems even when organic matter levels are relatively adequate [Krause et
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al., 2024; Sahu et al., 2024]. However, most existing assessments of soils under organic farming either focus
on individual agrochemical indicators, such as soil organic carbon or nutrient ratios [Radocaj et al., 2021;
Krause et al., 2022], or employ integrated soil-health and land-suitability indices that combine heterogeneous
indicators without accounting for the joint effects of specific agrochemical factors on organic-system
productivity [Biswas et al., 2014; Mangan et al., 2022].

In Central Asia, including southeastern Kazakhstan, this issue remains insufficiently studied. Despite
the substantial body of soil and agrochemical survey data, systematic analysis of agrochemical constraints on
soil suitability for organic farming under arid and irrigated conditions has rarely been undertaken. Organic
systems are therefore often introduced without a preliminary assessment of soil-related risks, potentially
reducing agroecosystem resilience and intensifying degradation. Although the general principles of organic
farming are established, a unified method for assessing soil suitability for organic production that accounts for
the characteristics of irrigated and calcareous soils in southeastern Kazakhstan has not yet been developed.

There is therefore a need for a scientifically sound approach to assessing soil suitability for organic
farming based on identifying and systematizing agrochemical constraints, rather than treating individual
indicators as universal proxies or formal suitability criteria [Mohamed et al., 2021; Obi Reddy et al., 2023].
Such an approach would support an initial assessment of land already used or intended for organic farming
and identify the principal agroecological constraints.

This study aimed to screen the agrochemical suitability of agricultural soils in the Almaty Region
and to identify the main constraints on their potential suitability for organic farming based on SOC, nutrient
availability, salinity regime, and soil reaction.

We hypothesized that a preliminary assessment of potential soil suitability must consider a combination
of agrochemical characteristics, as potential soil suitability for organic farming is determined by multiple
agrochemical characteristics and therefore cannot be adequately characterized using a single indicator.

Soil suitability for organic farming may also be limited by heavy metal contamination, which determines
agroecological safety and compliance with organic certification requirements. This factor, however, lies
beyond the scope of the present study and requires a separate targeted assessment.

Materials and Methods.

The study was conducted in 2024-2025 in the Almaty Region of the Republic of Kazakhstan, which is
characterized by arid and semiarid conditions.

The region has a highly continental climate and limited precipitation. Although conditions are favorable
for irrigated agriculture, irrigation increases the vulnerability of the soil cover to degradation processes,
including losses of soil organic matter, nutrient depletion, and secondary salinization.

The study sites comprised agricultural lands in six administrative districts managed under established
farming systems and considered potentially suitable for organic farming or conversion to organic production
(Figure 1).
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Fig. 1. Base map used to identify sites for the reconnaissance survey: (a) Zhambyl, Karasai, and Ili districts; (b) Balkhash,
Enbekshikazakh, and Talgar districts.

The soil cover is dominated by dark chestnut, light chestnut, sierozem, and meadow-sierozem soils
exhibiting varying degrees of cultivation.
The suitability assessment was preliminary and based on indicators reflecting the main constraints on




organic farming under the study conditions: organic matter content, salinity regime, pH, and the availability
of plant-accessible nutrients (N, P, and K). The approach was intended to identify risk zones and distinguish
land with different degrees of suitability for organic farming, thereby supporting subsequent recommendations
for rational land use; it was not intended as a certification assessment of the organic production system itself.

Soil samples were collected according to standard procedures for agrochemical surveys of agricultural
land. Samples were collected from depths of 0-20 and 20—40 cm, which are critical for assessing crop-nutrition
conditions.

A total of 107 soil samples were analyzed to characterize the spatial variability of agrochemical
indicators and combinations of constraints. At each location, a composite sample was prepared from several
subsamples. All sampling locations were georeferenced using geographic coordinates (Figure 2).
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Fig. 2. Location of sampling points in the Almaty Region: (a) study area; (b) soil sampling points.

Soil salinity was assessed from the total water-soluble salt content, expressed as a percentage, which
characterizes the degree of salinization and potential salt stress to plants. Soil reaction (pH of the water extract)




was additionally considered as a factor controlling nutrient availability under calcareous conditions.

The following factors were considered the principal constraints when assessing soil suitability for
organic farming:

- deficiency of available N;

- low SOC and available P;

- salinity stress (elevated electrical conductivity);

- pH.

An accredited laboratory determined soil agrochemical properties using standard, generally accepted
methods (Table 1).

Table 1. Characteristics of the sampling sites and agrochemical methods used

Parameter Description/method

District Karasai, Zhambyl, Ili, Balkhash, Talgar, and Enbekshikazakh
Study period 2024-2025

Number of sampling points n=107

Sampling depth, cm 0-20, 2040

Soil types

Dark chestnut, light chestnut, sierozem, meadow-sierozem, and irrigated rice
soils

Land-use type

organic/under conversion

Moisture regime

irrigated/rainfed

Humus

Tyurin method [GOST 26213-91], %

Easily hydrolyzable nitrogen, Ney

Tyurin—Kononova sulfuric-acid extraction, mg/kg

Auvailable phosphorus (P2Os) and
exchangeable potassium (K-0) in
calcareous soils

Machigin method for calcareous soils: extraction with 1% ammonium
carbonate solution at pH 9.0 [GOST 46-42-76 1.7.104], mg/kg

pH potentiometrically, H-O

CO: calcimeter, %

Exchangeable bases Ca and Mg complexometric titration, meq/100 g
Exchangeable K and Na flame photometry, meq/100 g

Electrical conductivity (EC)

conductometry, dS/m

Particle-size distribution

Kachinsky method with sodium pyrophosphate soil pretreatment

We defined threshold values using generally accepted agrochemical soil-rating scales. The presence or
absence of each constraint was recorded for every sampling point (Table 2).

Table 2. Criteria for agrochemical constraints on soil suitability for organic farming
Threshold
<1.5%

Parameter Constraint type Rationale

Carbon limitation Low organic-matter supply; restricted biological

activity and soil resilience

Soil organic carbon (SOC)

Easily hydrolyzable nitrogen (Neh) | <40 mg/kg | Nitrogen limitation Limited nitrogen supply under organic management

Available phosphorus <20 mg/kg | Phosphorus limitation | Restricted root nutrition
Electrical conductivity (EC) >2 dS/m Salinity Salt stress
pH > 8.0 Alkalinity Reduced availability of P and micronutrients

To assess the joint occurrence of agrochemical constraints, their combinations were analyzed at each
sampling point. Soils were classified according to the number of simultaneously occurring constraints, ranging
from no constraints to combinations of two or more factors.

This approach made it possible to move beyond individual indicators toward an integrated
characterization of soil agrochemical status and to identify co-occurring constraints relevant to the preliminary
assessment of suitability for organic farming.

Statistical analysis was descriptive and included calculation of the mean, median, minimum, maximum,
and coefficient of variation for the agrochemical indicators. Descriptive statistics were used to characterize
both the levels and spatial variability of the properties of the surveyed soils. All calculations were performed
using standard statistical software.

Results.

Table 3 summarizes district-level values (mean + SD and min—max) for the key indicators of
agrochemical (functional) soil suitability for organic farming: humus, total salts, available N, P.Os, and K-O,
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and pH of the water extract. Sample sizes differed among districts (n = 8-43), which was considered when

interpreting the results.

Table 3. Descriptive statistics for soil agrochemical properties by district

Parameters Zhambyl Ili Karasai Enbekshikazakh | Talgar Balkhash

12 8 9 43 9 26
Humus, % 0.49+0.14 0.41+0.40 1.35+1.03 1.8440.79 1.2340.41 1.51+0.85
min—max 0.14-0.67 0.03-0.94 0.54-3.93 0.66-4.13 0.75-1.96 0.47-4.14
CO2, % 1.45+1.05 1.80+0.58 2.58+0.47 3.25+2.32 3.23+£3.26 5.96+1.72
min—max 0.00-3.32 1.01-2.62 1.91-2.94 0.32-9.78 0.49-11.52 1.17-9.25
Total salts, % 0.04+0.02 0.03£0.01 0.064+0.027 | 0.23+0.24 0.23+0.10 0.32+0.22
min—max 0.00-0.06 0.01-0.04 0.015-0.118 0.10-1.57 0.14-0.41 0.10-0.92
N, mg/kg 38.50+9.26 28.00£8.60 45.42+7.24 65.01£20.10 55.94+8.95 55.42+14.41
min—-max 19.60-53.20 19.60-42.00 30.8-56.0 19.60-120.40 47.60-75.13 36.40-89.60
P20s, mg/kg 13.83+7.51 6.75+6.94 19.1144.57 28.54422.34 40.69424.00 12.3749.60
min—max 6.00-28.00 3.00-23.00 10-24 4.00-98.00 16.00-86.00 3.00-46.00
K0, mg/kg 303.33+72.78 105.00423.90 | 318.89+91.03 | 513.49+296.48 304.75+127.55 | 209.73£119.99
min—max 200440 80150 210470 100-1000 170-540 70-540
pH (H20) 8.71+0.23 8.79+0.27 8.40+0.56 8.47+0.15 8.46+0.08 8.42+0.19
min—-max 8.42-9.19 8.36-9.18 6.96-8.69 8.21-8.92 8.34-8.58 8.03-8.77

Note: Data are presented as M = SD (min—max), where M is the mean and SD is the standard deviation.
For some indicators, calculations used the available number of observations; specifically, n = 4 for CO: in the
Karasai District.

For each district, measures of central tendency (mean, median, and mode), variability (standard
deviation, variance, range, and minimum—maximum), and distribution shape (skewness and kurtosis) were
calculated to describe the distributions of the measured soil properties.

Sample sizes varied among districts (Zhambyl n = 12, Ili n = 8, Karasai n = 9, Enbekshikazakh n =43,
Talgar n =9, and Balkhash n = 26). Statistical analyses were therefore calculated from individual observations
within each district rather than district means.

Mean humus content varied among districts, ranging from 0.41 % in Ili and 0.49 % in Zhambyl to
1.51 % in Balkhash and 1.84 % in Enbekshikazakh. Substantial within-district variability was also observed,
particularly in Karasai, Enbekshikazakh, and Balkhash, where values ranged from 0.54 to 3.93 %, 0.66 to 4.13
%, and 0.47 to 4.14 %, respectively. These results indicate pronounced spatial variability in humus content
across the study area.

CO: content also varied considerably among districts. The lowest mean was recorded in Zhambyl (1.45
%), followed by Ili (1.80 %); higher values occurred in Enbekshikazakh (3.25 %) and Talgar (3.23 %), and the
highest CO: was observed in Balkhash (5.96 %), indicating increased carbonate content.

Total salt content also varied among districts. Soils with low salinity predominated in Ili and Karasai,
where mean total salt contents were 0.030—0.064 %, whereas higher concentrations occurred in Enbekshikazakh
(0.234 %), Talgar (0.233 %), and Balkhash (0.324 %). In Enbekshikazakh, the distribution was strongly
asymmetric (skewness 4.53; kurtosis 22.82) and covered a very wide range (0.10-1.57 %), indicating patchy
salinization and localized solonetzic—solonchak features.

Alkaline conditions predominated in all districts, with mean pH values of approximately 8.40-8.79.
The highest mean pH values occurred in Ili (8.79) and Zhambyl (8.71). In Karasai, pH was highly variable
(min 6.96; max 8.69), indicating both near-neutral and alkaline conditions within the sample.

In terms of the content of easily hydrolysable nitrogen, most districts demonstrate comparable average
levels ranging from approximately 28 to 65 mg/kg of soil (Ili district — 28.00; Karasai district — 45.42;
Enbekshikazakh district — 65.01; Talgar district — 55.94; Balkhash district — 55.42).

Available phosphorus followed a gradient from a very low mean of 6.75 mg/kg in Ili to a high mean of
40.69 mg/kg in Talgar, where values ranged from 16 to 86 mg/kg. In the other districts, available phosphorus
was moderate or slightly below moderate, ranging from 12.37 to 28.54 mg/kg soil.

In terms of exchangeable potassium, the highest average levels are characteristic of the Enbekshikazakh
(513mg/kg) and Karasai (319mg/kg) districts, while the lowest levels are observed in the Ili (105mg/kg) and
Balkhash (210mg/kg) districts. At the same time, the Enbekshikazakh District shows a relatively wide range
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of exchangeable potassium content values (SD ~296; min 100; max 1000), indicating strong spatial variability
in potassium availability or differences in land-use history.

Comparison of district-level soil agrochemical properties with the constraint criteria in Table 2 showed
that unfavorable factors did not occur in isolation but in different combinations. All surveyed districts had low
organic carbon levels calculated from humus content and alkaline soil reaction, which may reduce phosphorus
and micronutrient availability. In Zhambyl and Ili, these limitations coincided with deficiencies of easily
hydrolyzable nitrogen and available phosphorus, producing the most pronounced combination of agrochemical
constraints. In Karasai, the main limiting factors were low organic carbon, deficient available phosphorus,
and alkaline reaction. In Balkhash, elevated water-soluble salts added to these constraints and increased
agrochemical risk. Based on district means, Enbekshikazakh and Talgar exhibited less severe combinations;
however, the wide ranges of individual indicators point to substantial within-district heterogeneity (Figure 3).

Agrochemical Limitation Patterns

1.0
Zhambwyl

Karasai

Enbekshikazakh

Presence of limitations

Talgar

Balkhash

0.0
S0C Nig P20 Total salts pH

Fig. 3. Agrochemical constraints identified by district based on the adopted threshold criteria. A value of 1 indicates that a constraint
was present, and 0 indicates that it was absent.

Thus, evaluating soils using a combination of indicators revealed distinct sets of agrochemical
constraints that no single indicator can capture.

Discussion.

To identify agrochemical constraints on soil fertility, the measured values presented in Table 3 were
compared with the threshold levels adopted as criteria for an optimal soil agrochemical status (Table 2).

The results showed that deficiencies of plant-available nutrients were among the principal agrochemical
constraints. Insufficient available nitrogen and phosphorus occurred most frequently, whereas potassium
deficiency was more localized and confined to individual sites. At several sites, two or more nutrient deficiencies
co-occurred, substantially restricting the productive potential of crops grown for organic production. The
availability of major nutrients, particularly nitrogen and phosphorus, is a fundamental factor limiting
agrocenosis productivity because it directly controls growth intensity, biomass formation, and potential crop
yield [Havlin et al., 2016; Sutyagin and Tyulin, 2017].

Soil reaction and total salts were less frequently limiting overall; however, at individual points, pH and
salt composition fell outside optimal ranges and imposed additional localized constraints on plant growth and
development. Pronounced patchiness of salinity may reduce the efficiency of organic farming because growing
conditions can differ markedly among areas within a field, requiring differentiated soil-fertility management
[Corwin and Scudiero, 2019]. More detailed soil surveys are therefore needed when organic farming is
practiced or introduced under such conditions. Identifying and, where necessary, excluding localized saline
patches from the organic production area is essential because they may reduce overall productivity, complicate
compliance with uniform agronomic requirements, and thereby constrain the viable expansion of organic
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farmland.

In this study, salinity was characterized by the total water-soluble salt content, which directly reflects
the degree of soil salinization. A diagnostically related parameter is the electrical conductivity (EC) of the
soil solution, an integrated measure of dissolved-ion concentration widely used for rapid salinity assessment.
These parameters are approximately related: as the total water-soluble salt content increases, EC generally
increases as well. EC may therefore serve as a useful additional rapid indicator for diagnosing salinity and
refining assessments of the spatial variability of the soil cover [Subbotina and Jorge, 2013].

Soil reaction (pH) is a key regulator of the agrochemical regime because it controls nutrient solubility
and availability, microbial activity, and the direction of multiple soil processes [ Weil and Brady, 2016; Xia et
al., 2024]. The alkaline reaction of soils in the surveyed areas is a characteristic feature associated with parent-
material properties, corresponds to calcareous conditions, and may reduce the availability of phosphorus and
micronutrients [da Silva Cerozi and Fitzsimmons, 2016].

Organic matter content, represented here by humus, is regarded as an integrated indicator of soil
fertility reflecting potential nutrient supply, structural condition, and resistance to degradation [Lal, 2004].
The results demonstrate pronounced heterogeneity of the soil cover across the surveyed areas. Low humus
content indicates limited nutrient availability, deterioration of soil structure, and reduced resistance to adverse
impacts. Conversely, higher humus values in some districts reflect potentially more favorable conditions for
productive agroecosystems. Sites with low humus contents should be considered candidates for a conversion
period when organic farming is introduced. During this period, certified organic fertilizers, green-manure
crops, and alternative biologization practices can gradually increase organic matter, improve soil physical
properties, and create more favorable conditions for subsequent sustainable organic production.

Thus, the studied soils exhibited a combination of agrochemical constraints that differed in frequency
and co-occurrence.

Soils with no agrochemical constraints or only one constraint were relatively uncommon and
generally confined to individual sites with a more favorable agrochemical background. Most sampling points
exhibited two or more concurrent constraints, reflecting the complex decline in soil fertility within the studied
agroecosystems.

The most common combinations involved low humus content together with deficiencies in one or
more nutrients. Concurrent humus and available-phosphorus deficiencies, as well as combined nitrogen and
phosphorus deficiencies, occurred particularly frequently. At some sites, deviations in soil reaction or signs of
elevated salinity accompanied these constraints, increasing the total number of limiting factors.

Despite pronounced environmental heterogeneity and unequal district sample sizes, the combined
assessment for the Almaty Region characterized the overall levels and ranges of the indicators determining
the functional suitability of soils for organic farming.

The proposed indicator-based approach is not intended as a regulatory method for certifying organic
production. Its value lies in rapidly identifying limiting factors and ranking areas by agroecological risk,
which is particularly important when planning conversion to organic farming.

Conclusions.

The surveyed agricultural soils of the Almaty Region exhibited pronounced spatial variability in
agrochemical and physicochemical properties, resuFlting from both environmental conditions and differences
in land-use intensity.

Comparison of measured values with threshold criteria showed that agrochemical constraints occurred
in combinations rather than in isolation. The most complex constraints were identified in Zhambyl and Ili,
where SOC, easily hydrolyzable N, P-Os, and pH were simultaneously limiting. In Balkhash, low available
phosphorus, elevated water-soluble salts, and alkaline soil reaction were the main limiting factors.

These findings highlight the potential value of site-specific soil fertility management, with particular
attention to:

— increasing soil organic carbon through regenerative agricultural practices and reduced tillage;

— regulating the salinity regime;

— optimizing phosphorus and nitrogen nutrition according to actual soil conditions;

— using soil ecological maps in land-use planning.

This study provides a scientific and practical basis for developing a regional method to assess soil
suitability for organic farming, including an indicator system and preliminary zoning of agroecological
constraints.




In practical terms, the results can be used for agroecological zoning; planning pilot organic farms;
developing recommendations for organic and resource-efficient agriculture; and substantiating measures to
prevent soil degradation and reduce environmental risks.
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Abstract. Introduction. Buckwheat (Fagopyrum esculentum) is an important agricultural crop with a
rich gene pool, possessing valuable genetic resources for future agriculture. In Kazakhstan, the constant and
main task of plant breeders has been the creation of new high-yielding and high-quality varieties. To date, only
7 varieties of buckwheat have been approved by the State register of breeding achievements recommended for
use in the Republic of Kazakhstan. The creation of buckwheat varieties with high productivity and the presence
of valuable agronomic traits in combination with stable adaptability to changing conditions is very important
and is aimed at solving important national economic problems of providing the population with high-quality
food products. The article presents the main results of intervarietal hybridisation of the buckwheat collection.
Materials and methods. The study involved varieties and accessions of common buckwheat (Fagopyrum
esculentum Moench subsp.) of different ecological and geographical origins. Hybridisation was performed
with artificial forced pollination. Results and discussion. To increase seed setting and synchronise flowering
period, the selected parental varieties were sown into vegetation containers on two separate dates. During
the hybridisation process, domestic varieties adapted to Kazakhstan climate were used as one of the parental
varieties. A total of 344 flowers were castrated, yielding 52 hybrid grains. Conclusions. As a result of the
conducted research, promising hybrid grains of various combinations were obtained, which can be used for
further breeding processes to create new highly productive domestic varieties of buckwheat.
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AnHoTauus. Kipicne. A3 TapanfraH 1aKbULIapIbIH QJICYETiH 3epTTEY aybll MapyallbUIbIFbl OHIIPICIHIH
opTapanTaHIbIPhUIFaH KYHECIH KaJIbINTACThIpyFa MYMKIHIIK Oepeai, Oy ©3 Ke3eriHje KIMMAaTThIH e3repyi
KarJaiblHIa a3bIK-TYIMIK KayllCI3AIriH KamMTamachl3 eTyre bikman eteni. KomiMri kapakymbIk (Fagopyrum
esculentum) Oonamiak aybll IIAPyalllbUIBIFBI YIIIH MaHBI3Ibl T€HETUKAJBIK pecypcTapra ue, 0all reHKo-
PBIMEH epeKIIeNIeHeTIH MaHbI3Ibl ayblUl MIapyallbUIbIFEl TaKbUIIAPIbIH Oipi Oombin Tabbutansl. Kazakcran-
Jla CeJEKIIMOHEPJIePiH HETi3T1 JKOHE TYPaKThl MIHJIETI — JKOFaphl OHIMIUIITT MEH camnachl KOFaphbl ’KaHa
copTTap uibirapy Oonbin Tabbutanel. byrinri kyni Kazakcran PecnyOnukaceinna naiifananyra YChIHBUIFaH
CEJICKIMSIIBIK JKETICTIKTEP/IIH MEMIICKETTIK Ti3UIIMIHE HEOopi 7 KapaKyMBIK COPTBI €HT131ITeH. OHIMILTIT
KOFaphl KOHE IIapyallbUIbIK SIIiH KYHJIBI Oenriiep 0ap, COHBIMEH KaTap e3repMesii opTa >KaraaiiapbiHa
TYpPaKThl OEHIMAENTIITIK KACUETTEPIMEH YHIECKEH KapaKYMBIK COPTTaphIH IIBIFAPYy ©TE ©3€KTi Macene 00-
JbIN TaObUTabl. Byl MiHIET XaNbIKThI camaybl 9pi KYHApIbl a3bIK-TYJIIK ©HIMIEPIMEH KaMTaMachl3 e€Tyre
OarpITTalIFaH MaHBI3/bl XaJIbIK IIAapYyallbUIBIFBl MACEJIENEepiH LIeNIyre biKnan ereni. Mamepuanoap men
a0icmep. 3epTT€y MaTepHalbl PETIHAE HKOJOTHSUIIBIK dKoHE reorpa(UsuIbIK MIBIFY TErl dPTYpIl KOIIMI1 Ka-
pakyMbIKTBIH (Fagopyrum esculentum Moench.) coprynrinepi naigananbuiasl. bynanaannacTeipy kacaH-
Ibl TYpJie MOXKOYPIl TO3aHAAHIBIPY apKbUIbl KYPTi3iuiail. Homuowcenep men manxwinay. Makanaaa KoIIMTi
KapaKyMBIK KOJUIEKIIUSIChIHA JKYPTi3UITeH COPT apasibK OyIaHIacThIPYIbIH HET13T1 HOTHXKEJepl KeNTIpiareH.
Tannan anblHFaH aTa-aHAIBIK (popManap TYKbIM OaillaHy KepCeTKillll apTThIpy JKOHE TYJAeY Mep3iMIepiH
COMKECTEeH/IIPy MaKcaThlHJla BETETAlMSUIBIK BIIBICTap/a €Ki Mep3iMae cedinai. [mbpuanzanmst 6appichiHAAQ
ata-aHaJbIK (GopmanapasiH Oipi peTinae Ka3akcTaHHBIH KIMMATTHIK JKaFaaiaapbiHa OeHiMIeNTeH OTaH/IbIK
copTTap maiaananbuibl. bapaeirel 344 Tynaaepre KacTparys KYPri3iil, HOTHXKECIHE 52 n1aHa THOPUITI ToH
anbIHIBL. Kopbimbinobl. JKyprizuireH 3epTreysiep HOTHKECIHIE KapaKyYMBIKTHIH JKaHa KOFapbl OHIM/II OTaH-
JIBIK COPTTAPBIH MIbIFapy OOMBIHIIA CENEKIUIIBIK )KYMBICTAP/IbI OJJaH opi )KYPri3yre apHaiIFraH dpTypii OynaH-
JacThIPy KOMOMHALIMSATIAPBIHAH MTEPCIEKTUBAIBI THOPUITI ISHIEP aTbIHIBL.

TyiiiH ce3nep: Kxapakymulk, KoLIeKyus, u3onayus, 6y0anoacmolpy, 2ynoeny, xcemic mysinyi, bacma-
nKbl Mamepua, OHIMOINIK
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AHHOTauus1. Bgedenue. VI3yueHne MOTCHIIMANIA MAJIO BO3/ICIBIBAEMBIX KYJIBTYp MOXET CO37aTh JIU-
BEepCU(DUIIMPOBAHHYIO CHUCTEMY CEIIbCKOXO3SIHICTBEHHOTO MPOU3BOJICTBA, CIHOCOOHYIO OOECICYUTH TMPOIO-
BOJILCTBCHHYIO U MTUILEBYIO O€30MACHOCTh B YCIIOBHSX KJIMMAaTHUECKUX U3MEHEHHH. [ pedurixa 0ObIKHOBEHHAS
(Fagopyrum esculentum Moench.) siBIsieTCsl BaXKHOU CENbCKOXO3IUCTBEHHOW KYIBbTYpOU ¢ OOraThiM T'€HO-
dboHI0M, 00IaIaK0IIast IEHHBIME TeHETUYECKHUMHU Pecypcamu JUTsi OyIyIIero cebeckoro xo3siictea. B Kazax-
CTaHe MOCTOSIHHOM ¥ TJIABHOM 3a/J1aueii CENIEKIIMOHEPOB OBbLIIO U OCTACTCS CO3/IaHUE HOBBIX BEICOKOYPOXKAHHBIX
M Ka4eCTBEHHBIX COPTOB. Ha ceromHsuHui eHh B TOCYJAPCTBCHHBIN PEECTP CEICKIIMOHHBIX JTOCTHKCHUH,
pEKOMEHAYEMBIX K UCIOb30BaHMI0 B PecnyOnuke Ka3axcran, BHeceHO Bcero 7 copToB rpeunxu. Coznanue
COPTOB TPEUUXU C BBICOKOW MPOAYKTUBHOCTBHIO U HAJTMYUEM IICHHBIX XO3SHCTBEHHO-TIOJIC3HBIX MPU3HAKOB B
COYETAaHUH C YCTOMYMBOW aJalTUBHOCTHIO K M3MEHSIONIMMCS YCIOBHSM BEChbMa aKTyaJIbHO M HAIPABJICHO
Ha PELICHUE BAXKHBIX HAPOIHO-XO3SWCTBCHHBIX 3aJlau M0 OOCCIICUCHUIO HACEICHHUS MOJHOLCHHBIMU U Ka-
YECTBEHHBIMHU MPOAYKTAMH MUTaHUS. Mamepuanvl u memoosi. MaTepraaoM HUCCIICIOBaHHS CIYKUIIU COpTa
1 00pa3ipl rpeunxu 00bIKHOBeHHOU (Fagopyrum esculentum Moench subsp.) pa3mu4HOTrO 3KOJIOTo-reorpa-
(UYecKoro MpPOMCXOXKACHUS. [ MOpUAM3AIMI0 OCYIIECTBIISUIM C MCIOJIb30BAHUEM METO/Aa MCKYCCTBEHHOTO
NPUHYAUTEIBHOTO OIbUICHUS. Pe3ynvmamul u obcyscoenue. B craTrbe MpUBEICHBI OCHOBHBIC PE3YJIbTaThl
MEXCOPTOBOM THOPUAN3AINH KOJJIEKIIUU TPEYUXU OOBIKHOBEHHOH. C 11eNbI0 YBEIHUEHUS IPOIIEHTA 3aBs3bI-
BAaE€MOCTHU CEMSH U CHHXPOHU3AIMH CPOKOB I[BETCHUSI OTOOPAHHBIC POIUTEIBCKUE (YOPMBI OBLITH TIOCESHBI B
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bnazooapnocme. Hayuno-uccrnedosamenvckas paboma npogoounacs 8 pamkax 2paHmoso2o (uHaH-
cuposanus Munucmepcmea nayku u evicuieco oopaszosanusi PK AP26194037 «Hoenmughuxayus npooyk-
MuBHbIX copmoobpasyos epeuuxu (Fagopyrum esculentum Moench.) ¢ ucnonvzosanuem [JJHK-mexnonocuii u
co30aHue nepcnekmushvix hopm ons cenexyuuy (2025-2027).

Introduction.

Buckwheat (Fagopyrum esculentum) is a cross-pollinating plant of the Polygonaceae family. It is one
of the oldest domesticated crops in Asia with low nutritional value and economic importance. During the
17th-19th centuries it was widely consumed as a staple food but in the 20th century its popularity declined in
Western countries due to competition to wheat. However, thanks to recent discoveries regarding its nutritional
properties, buckwheat has a promising future globally and is considered a superfood of the 21st century.
This multipurpose pseudocereal has higher nutritional value than many common cereals and is a valuable
source of rutin, iron, dietary fiber and many other micronutrients [Hornydk et al., 2025; Alkey et al., 2023].
Buckwheat seeds are gluten-free and have a well-balanced amino acid composition, rich in lysine [Sofi et al.,
2022:2256-2276; Swami, 2023]. This species does not require rich soil; however it is sensitive to a number of
environmental factors such as frost and cold, high temperature, dry wind and drought [Pirzadah et al., 2020].

The global buckwheat area has doubled in the last decade from one million to more than two million
hectares [Serim et al., 2025]. Despite numerous advantages, buckwheat cultivation has gradually declined in
the last few decades due to low and unstable seed yields compared to other cereals. The reasons for the low
seed yield of buckwheat are related to the specific biology of flowering and aspects related to reproduction.
Buckwheat is characterised by indeterminate flowering and self-incompatibility caused by floral heterostyly.
Its single flower lives only for one day; therefore insects have limited time for pollination. Among the most
important factors limiting seed yield are abnormalities in development of female gametophytes [Plazek et al.,
2019: 1705] and frequent abortion of embryos and flowers [Aneta et al., 2017: 680—690]. Seed setting occurs
during or immediately after fertilisation, influencing future yield potential. These processes are sensitive to
biotic and abiotic stresses, often leading to flower and seed abortion [Sokoloff et al., 2023].

Buckwheat (Fagopyrum) is an ancient crop which has multiple nutritious and culinary qualities.
Fagopyrum genus belongs to the Polygonaceae family. Usually, the two most common species of buckwheat are
mentioned in the literature: tartary buckwheat (Fagopyrum tataricum) and common buckwheat (Fagopyrum
esculentum Moench). Common buckwheat is a cross-pollinated pseudocereal crop. It is an annual diploid
(2n=2x=16) and its genome size consists of 516.32 Mb. The nutritional value of common buckwheat is quite
high compared with that of many other cereals [Singh et al., 2021: 260-270]. Buckwheat is an important
source of different macro- and microelements, vitamins, nutrients and other bioactive components which are
beneficial to human health [Christa et al., 2008: 153—162; Sinkovic et al., 2020].

Recently there has been a growing number of scientific publications on buckwheat because common
buckwheat is not only nutritional but also sustainable plant. Buckwheat grain is a gluten-free source of multiple
bioactive elements such as proteins, fatty acids, flavonoids, polyphenols, polysaccharides, saponins [Gahukar,
2014: 342-252]. Buckwheat has antioxidant, antidiabetic, antitumour, anti-inflammatory, antihypertensive,
hepatoprotective and cardioprotective features; it is also able to decrease cholesterol level [Goncalves et al.,
2016: 983-989; Zargar et al., 2023: 717-734; Ge et al., 2020: 127-137; He et al., 2019; Kwon et al., 2018:
1-8].

Buckwheat originated from Central Asia [Ohnishi, 1998]. Buckwheat has not been then distributed
widely; this leaded to the fact that most cultivated variety samples were represented by small local populations
adapted to surrounding environment and caused the limited variability of common buckwheat gene pool [Ma
et al., 2009: 1247—-1254; Song et al., 2011: 702-711].

Worldwide buckwheat cultivation surpassed 2.90 million tonnes in 2018. The top cultivating countries
were China, Russia, France, Ukraine, Poland, USA and Kazakhstan. Also it is worth noting that now common
buckwheat is gaining popularity in Europe, Canada and the US [Giménez-Bastida et al., 2018: 3387-3397].
In other countries such as China, Japan, India, Nepal and Ukraine buckwheat is usually consumed as noodles
and dough [Sytar et al., 2016: 193-206].

Around the world buckwheat consumption is quite consistent; it is mostly popular in the countries




which have a long history of its production and consumption at least by minorities. The developed regions of
Asia are more and more interested in healthful nutrition, so buckwheat is becoming an important and regular
component of everyday meals. Comparing to cereals such as barley, wheat, oats and rye, buckwheat grains
contain less carbohydrates. Thanks to this, buckwheat is recommended to people with diabetes as a healthy
replacement. Buckwheat grain contains vitamins B1 (thiamine), B2 (riboflavin), P (rutin), PP (nicotinic acid),
anthocyanins, organic acids (malic, citric, oxalic, maleic), calcium, phosphorus, iron and microelements such
as iodine, nickel, copper, zinc, boron, and cobalt. Starch content is up to 80 %, and protein content is up to 20
%: buckwheat proteins include lysine and tryptophan. Sugar content is low, 0.3-0.5 %. In the flowering above-
ground part of the plant there are also putin and flavone glycoside (1.9-2.5 %) [Huda et al., 2021; Gunkova
etal., 2021].

Buckwheat is an important crop for the Republic of Kazakhstan [Kobernitsky et al., 2023]. However,
according to the FAO statistics, buckwheat gross harvest has reduced by 19 % (- 560.5 thousand tonnes) over
the past decade. The price on buckwheat groats augmented by 26 % during the COVID-19 period. Low and
inconsistent yields were the key reasons for the reduction in both cultivation acreage and gross yield. The
Republic of Kazakhstan is one of the leading buckwheat cultivating countries after Russia, China, Ukraine and
the USA. In 2022 all over the country buckwheat production expanded by 66.9%. According to the Ministry of
Agriculture, 11 Kazakh companies collectively reached the total volume of 30 thousand tonnes of buckwheat
groats. During the same period, the mean buckwheat consumption by Kazakhstani amounted to 29.1 thousand
tonnes. Pavlodar, East Kazakhstan and Kostanay regions became the core cultivation regions of buckwheat
groats.

The buckwheat selection in Kazakhstan was founded by V.P. Kuzmin, an agronomist and leading
scientist of multiple selection research projects at the former Shortandy Experimental Station in Tselinny Krai
of Kazakhstan (1935-1937). Thanks to the technique of mass selection which involved buckwheat samples
from the Kokchetav region, Kazaksha population variety was created in 1959. In the 60s, buckwheat researches
were mostly focused on creation of initial material with expanded hereditary basis [Kobernitsky, 2021].

Due to extensive experience of cereal crops breeding, «A. 1. Barayev Research and Production Centre
for Grain Farming» LLP managed to develop four buckwheat cultivars: Shortandinskaya coarse-grained in
1994, Shortandinskaya 2 in 2004, Shortandinskaya 4 in 2014 and Shortandinskaya 5 in 2016.

Currently only 7 buckwheat varieties are listed in the National Register of Plant Breeding Achievements
Recommended for Use in the Republic of Kazakhstan. All the listed buckwheat varieties were developed
using traditional selection. However foreign research teams achieve significant success with marker-assisted
selection (MAS), which is a promising method gaining popularity in plant breeding [Kudryavtsev, 2009].

The flowering biology of buckwheat is complex, as it is a heterostylic species producing both pin-
and thrum -flowers. Flowers require cross-pollination by insects, primarily bees and are characterised by
strong self-incompatibility. A single flower can be fertilised for only one day [Ronse et al., 2018: 367-393].
Buckwheat flowers the whole vegetation season but its abundant flowering (up to 2,000 flowers per plant)
does not guarantee high seed yield [Miyashita et al., 2023]. The limited seed-filling capacity of common
buckwheat is accompanied by significant flower and embryo abscission which in its turn leads to lower seed
yield compared to other cultivated crops [Litoiu et al., 2025].

One ofthe mainmethods of modern breeding is hybridisation which enables the directed formation of new
forms of agricultural crops with improved agronomic, biochemical and adaptive characteristics. Hybridisation
influences lineage evolution through many mechanisms, including adaptive introgression, transgressive
segregation and hybrid speciation. In natural populations, hybridisation can counteract divergence, introduce
adaptive variation into a population, stimulate evolution of stronger reproductive barriers or generate new
forms. Hybridisation is purposefully used in domesticated plant breeding to use the advantages of transient
hybrid vigour, transmit desired variations between populations and generate new phenotypes [Goulet et al.,
2017: 65-78; Kumar et al., 2024; Todesco et al., 2016: 892—-908].

Akey objective of the breeding process is the development of new highly productive buckwheat varieties
adapted to environmental conditions which requires significant labour and time resources [Volobaeva, 2022:
245-248]. Therefore the aim of this study was to create source material for common buckwheat (Fagopyrum
esculentum Moench.) using artificial intervarietal hybridisation of specially selected parental pairs to obtain
pre-breeding material

Materials.

The study material consisted of varieties and samples of common buckwheat (Fagopyrum esculentum
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Moench subsp.) of different ecological and geographical origins from 9 countries: Canada, China, Japan,
Kazakhstan, Russia, India, Brazil, Belarus and South Africa (Figure 1). The most samples of the collection
were Canadian (55 %, 79 variety samples). The collection also included samples from East Asia: 22 from
China (15 %) and 22 from Japan (15 %). Other buckwheat samples amounted less than 10 % of the collection:
12 samples from Kazakhstan (8 %), 4 from Russia (3 %); Belarus, India, Brazil and South Africa were
represented by only one variety sample (1 %).

Number of samples per country, pcs
= A 4 g e o

- i . & = B T
s i “‘_ﬂ" e |
. o 7 4
3 - A .
- e Gz

19

e
a Busmas of Satitics, Gaatiamas, Mis2usk, Merouch Cromeourted Laicheserts, Mevintc, Cpes Fiaces, Cpasitssthviug, Ovartans Mg Fundasion, ToreTom, Wiipada, Zerrin

Fig. 1. Countries of origin of common buckwheat samples and varieties

The total collection enlists 124 genotypes which were issued from the genebank of the Canadian
national genebank information system (GRIN-Global-CA, Edmonton, Canada) in 2024 within the framework
of collaboration with the University of Alberta; 8 buckwheat samples were received from the gene pool of
Northwest A&F University, China (Northwest A&F University). The achievements in buckwheat selection
in Northern Kazakhstan were described in the monography by A.I. Kobernitsky (2017), project supervisor
and developer of 4 buckwheat varieties: Shortandinskaya 2, Shortandinskaya 3, Shortandinskaya 4 and
Shortandinskaya 5; all of them are included in the National Register of Plant Breeding Achievements
Recommended for Use in the Republic of Kazakhstan.

Methods.

Castration of buckwheat. Castration was performed manually with tweezers. Eight buckwheat stamens
were removed carefully one by one to not to damage the pistil. After removing, the castrated pistil was observed
to confirm the successful removal of all the anthers. Well-developed young inflorescences were harvested
early in the morning just after the beginning of flowering phase.

Buckwheat hybridisation. Parental combinations for hybridisation were selected considering their
ecological and geographical origins. To ensure variability, one of the parental plants presented a local variety
sample or a potentially interesting variety sample which already was adapted to the local conditions. The second
parent was presented by a variety sample which had some valuable agronomic features and was originated
from another region. For pollination it was mandatory to firstly remove removed all blooming flowers and
to select maternal and paternal plants with different floral structures (long or short style) and isolate their
inflorescences. Previous studies of intervarietal pollination have shown that the long style buckwheat plants
usually have a more important grain content and produce more productive progeny than the short style plants.
On the other hand, the short style plants usually serve better as pollinators. Consequently, it is suggested to use
the long style plants as maternal plants and the short style plants as paternal plants. Next, the inflorescences
of the paternal plant were removed, placed in a test tube filled with distilled water, fixed upon the maternal
plant and covered with an isolator since the inflorescences of both plants must be in direct contact. Pollination
was made daily from 8 to 12 hours which is considered to be the optimal pollination period. The buckwheat
plants were watered regularly to rise the number of successful seed sets. Buckwheat features intense and fast
flowering, so new flowers were removed daily to avoid undesirable cross-pollination [Fesenko et al., 2017:
164].

Results and discussion.

In order to synchronise the flowering phases of the plants they were sown on the 18th and the 24th of
May into vegetation containers. To prevent uncontrolled cross-pollination by pollinating insects, the plants
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were isolated using individual gauze covers. This step-by-step process of artificial hybridisation is shown in
Figure 2.

A — sowing of parental forms in vegetation containers; B — bud formation; C — isolation; D — long-columnar stamens; E — long-
columnar pistils; F — pollinated flowers in a protective isolator; G — hybrid in comparison to its parental form

Fig. 2. Isolation of parental forms and stages of artificial hybridisation

The figure represents the steps of cultivating and preparing buckwheat plants (Fagopyrum esculentum
Moench.) for artificial hybridization. Step A shows sowing seeds in vegetation containers for growing plants
under controlled conditions. Step B shows buckwheat plants forming buds and inflorescences during the
vegetative phase. Step C shows buckwheat plants under individual isolators to ensure spatial separation
to avoid unwanted crossbreeding. Step D shows buckwheat flowers which are suitable for castration and
following manual pollination and stage E shows plants in the phase of mass flowering. Steps F and G show
parental plants prepared for controlled pollination and the paper isolators to prevent uncontrolled pollination.

Since the formation of hybrid seeds is virtually impossible following illegitimate pollination between
plants of different varieties and hybrid seeds are harvested exclusively from the maternal plants, it is advisable
to thin out the crops only for the maternal forms. The results of numerous studies indicate that buckwheat
hybrid seeds sowing obtained under conditions of free intervarietal crossing provides a 30-50 % increase in
yield compared to the original parent varieties. However, this method of hybridisation is used primarily in
breeding practice and has not become widely adopted in production due to the high labour intensity resulting
from the need for manual thinning of heterostylous plants. In view of this, research is aimed at developing
buckwheat varieties characterised by a uniform flower structure: exclusively long-styled or short-styled.
Analysis of heterostyly genetic mechanisms confirms that this problem can indeed be solved. The results of
numerous experimental studies have shown that in intervarietal cross-pollination of heterostylous buckwheat
forms the long-styled form is characterised by higher grain yield and produces offspring with increased
productivity compared to the short-styled form. At the same time, it has been established that the short-
styled form possesses a more pronounced pollinating ability and performs the functions of a pollinator more
effectively [Fesenko et al., 2019]. Thus, when planning buckwheat hybridisation, the long-stamen forms were
used as the maternal parent and the short-stamen forms were used as the paternal parent (Figure 3).

A — long-stemmed; B — short-stemmed
Fig. 3. Different heterostyle forms of pistil




In 2025 between the 18th of June and the 17th of July, 45 combinations were artificially crossed; after
reaching the maturity phase the hybrid grains were harvested manually and analysed individually for each

combination (Table 1).
Table 1. Results of intervarietal hybridisation of common buckwheat

Combination Number of castrated | Number of Seed set
flowers, pcs hybrid grains, | percentage, %
pes
QPensylvanya x ¢ Shortandinskaya 3 1 14,2
QTokyo % &'Shortandinskaya large-seeded 0 0
QPensylvanya x JGloria 10 3 30
Q Shortandinskaya 3 & Hiroshima 7 0 0
QHokkaido commercial x J'Shortandinskaya 4 | 10 3 30
QHokkaido commercial x J'Shortandinskaya 4 | 5 0
QXN 9978 x J'Shortandinskaya 5 4 0
QAomori x & Brazilian 7 0
QHokkaido commercial x J'Shortandinskaya 4 | 6 1 16,6
QTokyo x &'Shortandinskaya large-seeded 9 0 0
QHiroshima x J'Shortandinskaya 3 7 3 428
QKanada x J'Shortandinskaya 4 7 3 42,8
QShortandinskaya 3 x ¢ Pensylvanya 6 0 0
QPensylvanya x &'Shortandinskaya 6 7 3 42,8
QKanada x J'Shortandinskaya 6 5 1 20
QTokyo x J'Shortandinskaya 5 2 0
QHokkaido commercial x J'Shortandinskaya 5 | 7 0
QCD8217 x dHiroshima 6 0
QHokkaido commercial x J'Shortandinskaya 4 | 7 0
QKanada x &'Shortandinskaya 3 4 1 25
QPensylvanya x ' Shortandinskaya 3 3 2 66,6
QShortandinskaya large-seeded x §Hiroshima | 6 2 33,3
QGloria x & Japanese 5 0 0
QCD8217 x 3 Bogatyr 6 3 50
QKanada x JJapanese 3 1 33,3
QGloria x J'Shortandinskaya 6 5 3 60
QGloria x & Pensylvania 12 0 0
QPensylvania x & Bogatyr 15 5 33,3
Q Bogatyr x JIndia 12 1 8,3
Q Japanese x J'Shortandinskaya large-seeded | 9 0 0
QTokyo x &'Shortandinskaya 6 5 2 40
QXN 9978 x J'Shortandinskaya 5 4 1 24
QKanada x J'Bogatyr 8 1 12,5
QAomori x JJapanese 7 2 28,5
Q Japanese x & Brazilian 7 0 0
QKanada x d'Mancan 7 0 0
QAomori X dMancan 5 2 40
Q Gloria x dMancan 16 2 12,5
QXN 9978 x J'Shortandinskaya 6 4 1 25
QSouth Africanxd Shortandinskaya large- 12 1 8,3
seeded
QXN 9978 x & India 8 0
QTokyo x J'Shortandinskaya 4 6 0
QShortandinskaya 4 x 3 Tokyo 10 1 10
QXN 9978 x & Aomori 9 1 11,1
QShortandinskaya 4 x J'South African 15 0 0
Q Bogatyr x dHiroshima 13 2 15,3




The results of the hybridization experiments demonstrated considerable variation in the success of
crossing among the different buckwheat combinations. According to the hybridization results there was some
variation in the percentage of successful crossbreedings. In total, 344 flowers were castrated to have 46 hybrid
combinations which leaded to 52 hybrid grains; average seed set amounted to 15.1 %.

The efficacy of artificial hybridization ranged significantly (from 0 to 66.6 %.) from combination to
combination. Successful hybrid seed setting and fruit formation was detected in 25 of the 46 combinations,
however, the remaining combinations gave zero hybrid grains. This discrepancy designates variations in cross-
compatibility among the parental variety samples and implies that the success of artificial hybridization was
due on the specific combination of maternal and paternal plants.

The highest seed set was noted for the combination @ Pensylvanya x & Shortandinskaya 3, which
reached 66.6 % (2 hybrid grains from 3 castrated flowers). Moderately high seed set was also detected in ¢
Gloria x & Shortandinskaya 6 (60.0 %), @ CD8217 x & Bogatyr (50.0 %), @ Hiroshima x & Shortandinskaya
3 (42.8 %), @ Kanada x & Shortandinskaya 4 (42.8 %), and ¢ Pensylvanya x & Shortandinskaya 6 (42.8 %)
combinations; they can be defined as promising for further selection breeding and development of hybrid
offspring.

Medium hybridization efficiency was noted in several combinations: @ Tokyo x & Shortandinskaya
6 (40.0 %), @ Aomori x & Mancan (40.0 %), @ Shortandinskaya large-seeded x & Hiroshima (33.3 %), ¢
Kanada x & Japanese (33.3 %), and @ Pensylvanya x & Bogatyr (33.3 %).

Concurrently, some pollinations did not give lead to any grain formation. For instance, Tokyo, Hokkaido
commercial, XN 9978, Aomori, Japanese, Mancan, Gloria and some other parental forms gave no hybrid
grains. The absence of seed setting in these combinations can be related to cross-incompatibility, physiology
of the flowers, pollination efficacy or other factors impacting fruitful fertilization.

Overall, the results can confirm that it is possible to acquire hybrid offspring using the method of
artificial controlled hybridization of buckwheat forms which vary in both geographical and genetical origin.
The successful combinations with high seed set should be prioritized for further multiplication and analyse of
the resulting hybrid plants. The combination which resulted in low or zero viable seeds require optimization
of castration and pollination protocols as well as careful adjustment of the timing.

The calculated average value of 15.1% represents the total number of hybrid grains (52) to the castrated
flowers (344), rather than the arithmetic mean of the percentages for individual combinations, since it is a
more appropriate measure for characterizing the overall effectiveness of the hybridization experiment.

The success of buckwheat hybridisation was largely determined by weather conditions during the
flowering period. Temperature and humidity had a direct impact on pollen viability, pistil stigma receptivity
and seed set. Deviations from optimal conditions were followed by a reduction in pollination efficiency and
hybrid seed yield [Amelin et al., 2021: 356-405; Jing et al., 2020]. The results of hybridisation show significant
variability in seed set depending on the combination of parental forms. Thus, the combinations @ Pensylvanya
x &'Shortandinskaya 3 and QHokkaido commercial x J'Shortandinskaya 4 demonstrated seed set at 14.2-30
%, whereas the highest seed set percentage was observed in QPensylvanya x & Shortandinskaya 3 (66.6
%) and 9 Gloriaxd Shortandinskaya 6 (60 %). The data obtained indicate that the success of seed setting
during hybridisation is determined by the combination of maternal and paternal forms, as well as their genetic
potential.

Conclusions.

Creation of buckwheat varieties with high productivity and valuable agronomic traits in combination
with sustainable adaptability to changing conditions is very relevant and is aimed at solving important national
economic problems to provide the nation with nutritious and high-quality food. In Kazakhstan the constant
and main task of plant breeders has been and remains the creation of new high-yielding varieties of high
quality. The results of scientific research in the framework of the project will be directed to the general strategy
on creation of new domestic varieties. Implementation of this project will allow to start a step-by-step study
of buckwheat collection at morphological, physiological, genetic and molecular levels.

Common buckwheat hybridization is a key breeding method for creating high-yielding, early-maturing
and resilient varieties. This process aims to improve morphological traits such as large grain size which
increases the crop’s adaptability to growing conditions. Hybridization of ecologically and geographically
distant forms increases the variety’s ability to adapt to stressful conditions. Difficulties in hybridization are
associated with high cross-pollination which requires the use of specialized isolation methods. In this study,
common buckwheat was manually castrated using tweezers. During castration eight stamens were removed
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one at a time without damaging the pistil. For pollination, maternal and paternal plants with different flower
structures (long or short style) were selected and their inflorescences were isolated after removing all blooming
flowers.

During intervarietal pollination, buckwheat plants with a long style typically have a higher grain
content and produce more productive offspring than plants with a short style. Conversely, plants with a short
style as mentioned above, perform better in pollination. Therefore, it is recommended to retain long-styled
plants for the maternal variety and short-styled plants for the paternal variety. Most combinations showed
low or moderate seed set indicating the importance of carefully selecting parental lines for hybrid material
production. Abortion of most buckwheat ovaries occurs as a result of the gynoecium being unprepared for
fertilisation and insufficient supply of nutrients; the main reason for the lack of assimilate materials lies in
the simultaneous vigorous growth of vegetative organs and the formation of a larger number of reproductive
organs. During the flowering phase which accounts for two-thirds of the growing season in buckwheat, the plant
produces between 500 and 3,000 flowers and the above-ground biomass increases threefold or more compared
to the biomass at the start of flowering. Many scientists attribute the reduced productivity of buckwheat to
pollination incompatibility associated with the dimorphic structure of the flower. These conclusions are based
on the experimental results showing a significant reduction in buckwheat grain set during self-pollination and
illegitimate pollination compared to legitimate pollination.

The pronounced abortion of female reproductive organs in buckwheat is primarily determined by the
plant’s intrinsic genetically controlled potential. Buckwheat is characterised by an insufficient leaf-to-flower
ratio which prevents the increased demand for assimilates during pollination and fruit development from being
fully met, resulting in the abortion of a substantial proportion of flowers and ovaries. The problem of achieving
high and stable yields can only be solved by creating new varieties with increased grain-setting capacity. In
this regard, the obtained hybrid grain plants are of considerable interest for further breeding research. Analysis
of the hybrid seeds revealed that successful production was observed in 27 out of 45 combinations, with the
seed-setting percentage in the hybrid combinations ranging from 8.3 % to 66.6 %, with an average of 28.7
%. A total of 344 flowers were castrated, yielding 52 hybrid grains. Intervarietal hybridization of common
buckwheat has been successfully used to develop varieties adapted to the conditions of Northern Kazakhstan.
The research demonstrated the effectiveness of intervarietal hybridization in producing initial pre-breeding
hybrid materials.
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Abstract. Introduction. The creation of highly productive, high-quality barley varieties supports the
strategic objectives for the development of the Republic of Kazakhstan’s agro-industrial complex, ensures
food security and solves the problem of a shortage of high-quality feed. Materials and methods. During
2024-2025 20 lines of spring barley were evaluated at the competitive variety testing nursery of “SPC GF
named after A.l. Baraev” LLP and 40 lines were evaluated at the preliminary variety testing nursery; their
productivity was determined and a biochemical assessment was carried out. Results and Discussion. This
article reviews priority research areas in the breeding of spring barley for the steppe and dry steppe regions of
Northern Kazakhstan. Based on studies of a range of traits, the barley lines 7/10, 88/11-4, and 52/12 from
the competitive variety trial, as well as lines 127/14, 19/13—4, 58/10, and 136/12 from the preliminary variety
testing were selected. The highest average protein yield in the competitive variety testing over the study period
was obtained from line 7/10-665.5 kg/ha (+46.3 kg/ha above the standard). In preliminary variety testing, the
highest average protein yield among hulled varieties was obtained from line 58/10-696.2 kg/ha (+63.7 kg/ha
compared to the standard) and among huskless varieties, line 136/12—555.1 kg/ha (+11.2 kg/ha compared to
the standard). Two promising lines were identified based on amino acid content: 7/10 and 88/11-4. Line 7/10
exceeded the standard for particularly important essential amino acids. Conclusions. As aresult of the research,
genotypes of promising barley breeding material have been identified that combine high yield potential with
improved grain quality characteristics, making them valuable for further breeding studies.
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AHHoTauus. Kipicne. ApraHbIH >KOFapbl ©HIM/I 9pi canalibl copTTapbiH mbiFapy Kazakcran Pecry-
ONMKACBIHBIH arpOOHEPKICINTIK KEMICHIH JAaMbITY JKOHIH/ETI CTPATEeTUSUIBIK MIHAECTTEp I OPBIHIAYFa, a3bIK-
TYJIIK KaylICi3/iriH KAMTaMachl3 €Tyre KoHe Camalibl )KeM-I1eIl TalllIbUIBIFbIH a3aiTyFa MYMYKIH/IK Oepei.
Mamepuanoap men a0icmep. 2024 — 2025 xovuigapsl «A.W. bapaes atbinnarst ALLIFOO» XKIIC KOHKYpPCTBIK
COPT ChIHAYy NMUTOMHMIIH/E ’Ka3[bIK aprnaHblH 20 JTUHUACKHI XKOHE aJJbIH ajla COPT ChlHAYy MUTOMHHUTiIHIE 40
JIMHUACHI 3epPTTENII, OJap/AblH OHIMIUTIT aHBIKTAJIbl )KOHE OMOXUMMSIIBIK Oaranay Kyprizuiai. Homuowcenep
arcone mankwiiay. Makanana Contycrik KazakcTaHHBIH Janaibl ’&oHE KYpFaK Jayajibl aliMarbIHBIH JKaFJaii-
BIHJA JKa3[bIK apra CeJICKLUUSACHIHIAFbI 3epTTeyNepiH OachkiM OarbIThl KapacThIpblIFaH. benrinep kemeHi
OOMBIHIIIA )KYPTI3UITeH 3epTTEYIEP/IiH HOTHKECIHIe KOHKYPCTHIK copT chiHayna 7/10, 88/11-4, 52/12 nunwus-
JIaphbl )KOHE aJIJIbIH aja COpTThI chiHayaa 127/14, 19/13—4, 58/10, 136/12 nunusnapsl Oeninal. 3epTTey KblUia-
peiaga KCH-ne akybI3IbIH MaKCUMAaIIbI OpTaiia mbiFbIMbl 7/10—665,5 kr/ra (ctanaaptka+ 46,3 Kr/ra) nuHu-
snapsl anbiHabl. [ICU-ae mienkans! popmanapaarsl akybI3IbIH MAKCUMAaIIIbl opTalia melFbIMbl 58/10-696,2
Kr/ra (ctangaptka+63,7 xr/ra), skama”am TYKeIMIbI opmanapeiaaa 136/12—-555,1 kr/ra (crangaptka+11,2
KI'/Ta) TMHUSIAPbIHAH aJIbIH/Ibl. AMUHKBIIIKBIIIAPBIHBIH KYpaMbl OOMBIHINA €Ki TepCeKTUBANIBIK - 7/10 sxoHe
88/11—4 - nuHusIapsl O6JiHIN aJbIHABL. Aca MaHbI3/1bl aMUHKBIIIKBUIIAPBIHBIH Kypambl OolibiHina 7/10 nu-
HUSICBl CTaHJIAPTTaH >KOFapbl KOPCETKIll kepceTei. Kopvimuinovl. Kypriziiren 3eprreyinep HOTHXKECIH e
JKOFapbl OHIMJIUTIK ME€H aCTBIK CarachIHbIH jKaKCAPThUIFAH KOPCETKIIITEPiH OIpIKTIPETIH apraHblH MepCreK-
TUBAJIbI CENIEKLUSIIBIK MAaTePHAIIBIHBIH TEHOTUIITEP] aHBIKTAAbI, OYJI 9pi Kapalfbl CENEKIMSIIBIK KYMBICTAP
YILiH KYHJIBI.

Tyiiin ce3nep: apna, TUHUS, CENCKIHSI, OHIMIUTIK YIEMEHTTEpl, OHIMILTIK, aKybl3, aMUHKBIIIKbLI/Ia-
PBIHBIH KYPaMBbI
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AnHoTtauusi. Beedenue. Co3nanue BBICOKONPOAYKTUBHBIX COPTOB SYMEHSI BBICOKOTO KauecTBa pe-
anu3yeT CTpaTerHuecke 3aJadd MO Pa3BUTHUIO arpONpPOMBIIIIEHHOTO KomIuiekca PecryOnuku Kaszaxcraw,
o0ecredrBaeT MPOIOBOJILCTBEHHYIO 0€30MaCHOCTh, pelaeT npodneMy ¢ 1e(UIUTOM BHICOKOKaY€CTBEHHOM
KopMOBOM 0asbl. Mamepuaner u memoowt. 3a 2024-2025 IT. B MTUTOMHHKE KOHKYPCHOTO COPTOUCIIBITAHUS
TOO «HII3X um. A.W.bapaeBa» uzydeno 20 nunHuii spoBoro ssuMeHs u 40 JIMHUI MUTOMHUKA MpPEIBapU-
TEJIHHOTO COPTOMCIBITAHUS, OTIPe/ieTieHa UX MPOIYKTUBHOCTH U MPOBeIeHa OMOXUMUYECKas OlIeHKa. Pe3)iib-
mamsl U oo6cyxcoenue. B craTbe pacCMOTPEHO MPUOPUTETHOE HAIIPABICHHUE KOMIUIEKCHBIX HCCIEI0BAaHUN B
CEJIEKIIMH SPOBOTO STUMEHSI JJIs1 YCIOBUM CTEMHOM 1 cyxocTenHoi 30HbI CeBepHoro Kazaxcrana. B pe3ynbrare
MIPOBEJICHHBIX MCCIIEIOBAHUI 110 KOMIUIEKCY MPU3HAKOB BbleTIeHbI TMHUU ssumens 7/10, 88/11-4, 52/12 kon-
KypCHOTO copToucmnbITanus u tunuu 127/14, 19/13-4, 58/10, 136/12 npeaBapuTeIbHOTO COPTOUCTIHITAHUS.
MaxkcumanbHbliii cpeanuii Boixof 0enka B KCH 3a roapl usydenus Obu1 nonydeH y nuauu 7/10—665,5 kr/ra (+
46,3 xr/ra k crangaptry). B I[ICU makcumainbHbIi cpeHuii BBIX0 Oenka y TuieH4YaThiX GopM ObLT MOTyydeH y
muann 58/10-696,2 kr/ra (+63,7 kr/ra K cTaHaapty), y rojgo3epHsix Gopm auaus 136/12-555,1 kr/ra (+11,2
Kr/ra K ctanaapty). [lo comepkaHuio aMUHOKHUCIIOT BBIJIEJICHO JIBE MEepCHeKTUBHBIE TUHUM - 7/10 u 88/11-4.
[To comepkannio 0060 3HAYUMBIX HE3aMEHUMbBIX aMUHOKHUCIIOT CTaHAapT npeBbicuia Munus 7/10. Boigoowl.
B pesynbrare npoBeaeHHBIX UCCIeI0OBAaHHUM BhIAEIEHBI TEHOTHIIBI TIEPCIEKTUBHOTO CEIEKIIMOHHOTO MaTepura-
J1a STYMEHS, COYETAIOIINE BHICOKYIO MPOIYKTUBHOCTD U YIYUIICHHbIE MOKa3aTeIn KadyecTBa 3€pHa, PeaCTaB-
JISIOLTUE IIEHHOCTH JJISl TalbHEHIIINX CeJIEKIIMOHHBIX padoT.

KuioueBble ciioBa: siiMeHb, JTUHUS, CENEKIHS, SIEMEHThl MPOIYKTUBHOCTH, YPOXKaHHOCTh, OEIOK,
aMUHOKHCIIOTHBIN COCTaB
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TUBHBIX JTUHHUH SIPOBOTO SYMEHS B YCIOBUAX cTenu AKMONIUHCKOM obnactu // Research, results — [3genicrep,
Hotmxkenep — Mccnenosanus, pesynprarel. T. 28. Is. 5. Number 113. Pp. 119-129. https://doi.org/10.37884/5-
2026/10 [In Russ.].

Kon$uiuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HUHTEPECOB.

bnazooapnocme. Paboma ewvinonnena 6 pamkax Ilpoepammuo-yenegoeo  hunancuposaHus
Munucmepcmea cenvckoeo xossticmea Pecnyonuxu Kazaxcman, BR 24892821 « Cenexyus u nepsuunoe ceme-
HOB00CMB0 3€PHOBLIX KYIbMYP Ol NOBbIUEHUS NOMEHYUALA NPOOYKIMUBHOCMU, KA4eCmed U cmpeccoycmoli-
YUBOCMU 8 PA3TUYHBIX NOYGEHHO-KAUMamuyeckux 30Hax Kasaxcmanay.

BBenenue.

3epHOBBIE KYJIBTYPHI IO MIPABYy OTHOCST K CAMOMY 3HAYUTEILHOMY UCTOUYHUKY OenkoB. VX mons Bkia-
na B o0t 006EM motpednenus 6enkoB coctaBiseT 57 %. [Ipu aTom QaxTHueckast HEHHOCTh OEIKOB 3ep-
HOBBIX IO CBOMM CBOWCTBaM JIOBOJIbHO OJTM3Ka K MOTEHIIMAIBLHBIM BO3MOXKHOCTAM [MapkeBud u mp., 2013:
178-185].

SluMeHb 3aHUMAaeT YeTBEPTOE MECTO MO 00BEMY MPOU3BOACTBA CPEAH 3€PHOBBIX KYJIBTYp. YMEHUE
STYMEHS aIalTUPOBATHCSI TPAKTHUECKH K JTIOOBIM HEOIAronpUsTHBIM OKPY>KAIOIIUM YCIOBHSIM CPEJIbI, JeJIaeT
€ro YHUBEPCAJIBbHOMN KYIbTYpO, CTOCOOHOM K BO3/IEIBIBAHUIO B PA3JIMUHBIX arpO3KOJIOTMYECKUX 30HaX MHO-
rux crpaH [Capo-chichi et al., 2023: 1006719; barakosa u ap., 2025: 11-16].

OcHOBHOM 00BEM BO3/IEIBIBAEMOTO STYMEHSI MCIOIB3YEeTCS B KAaUYECTBE KOPMOB. 3elEHBIA KOpM M3
pacTeHUl SIIMEHS, 36PHO SBIISIOTCS BAXKHBIM HCTOYHHKOM SHEPTHH ISl KU3HEIEATSILHOCTH CEITbCKOXO03SIM-
CTBEHHBIX KUBOTHBIX. [0 manHbIM Bropo HanmoHaneHO# cratucTuky, B PecnyOnuke Kasaxctan Ha 1 ssHBaps
2026 rona B xo3giicTBax Bcex kareropuit nmorojgoBbe KPC nacuuteiBanoch 8167,2 Thic. ronoB — 310 102,4 % x




ypoBHt0 2025 roaa, noronosse jowmanei 4595,7 teic. ronos — 3to 105,5 % k ypoBHio 2025 roga, morojoBse
oBel 1 k03 20550,6 Teic. rosioB — 310 101,6 % K ypoBHto 2025 rona [ bropo HanmonansHoii ctatuctuku, 2026].
CraTtucTuKa MOKa3bIBAET, YTO €CTh HEOOJbIIas TEHJICHIIUS POCTa MOTOJIOBbS 3TUX CEIbCKOXO3SIHCTBEHHBIX
KUBOTHBIX. B CBS3M ¢ 3TUM BO3pacTaeT HeOOXOAUMOCTh 00eCIIeueHUs dKUBOTHOBOJICTBA IOCTATOUHBIM 00BE-
MOM KOPMOB BBICOKOTO KauecTBa. [IpuMeHeHHe He TOIBKO KOJIMYeCTBa, HO M Kaue€CTBEHHBIX KOPMOB CITOCO0-
CTBYET MOJIHOMY MCIIOJIb30BaHUIO TEHETUYECKOTO MOTEHIINAA YKUBOTHOTO.

B nuieBoii chepe u3 3epHa SUMEHs TPOU3BOAAT KPYIbl, MKy, SUMEHHBIA COJION, Cypporar kode.
Konnurepckue u x1e600y104HbIE U3/ENUs ¢ JOOABICHUEM SIUMEHHON MYKH BXOJST B KaTETOPHUIO 37I0POBOTO
1 cOaTaHCUPOBAHHOTO MUTaHUS, TaKXKe HCIONB3YIOTCS MpU pa3paboTKe CHEIHATIN3HUPOBAHHBIX MPOTYKTOB
MUTaHUs U1 mrozeit ¢ quaberoMm [Berndd et al., 2024: 1268847; Elouadi et al., 2023: 1204572; Cymuna u ap.,
2020: 23-31].

OTnUYUTEeNEHOM 0COOCHHOCTBIO MUTATENLHON IEHHOCTH 3€pHa SUMEHS SIBIISETCS MOBBIIIEHHOE CO-
neprkaHue Oelka U He3aMEHUMBIX aMHUHOKHCIIOT, 110 COCTaBy KOTOPBIX OHO MPEBOCXOAUT MPAKTHUECKH BCE
apyrue 3nmaku. B 3epHe sumeHst MoxeT copepxkarbes 10 20 % Oenka, mpu 3TOM B COCTaB BXOAMT IMOJIHBIH
Ha0Op aMHHOKHUCIIOT, BKITFOUast 0COOEHHO 1IeHHbIEe TU3UH U Tpuntogad. OTHeIbHO BBLAETSIOT 36pPHO COPTOB
roJIO3epHBIX (POPM, KOTOpOE 00NIaZaeT BHICOKOM YCBOSIEMOCTBIO SHEpTUH — Oosee 87 %.

AMUHOKHUCIIOTHI KaK OCHOBHBIE COCTABHBIE KOMIIOHEHTHI OEJIKOB MIPAIOT UCKIIOUUTENHHO BAXKHYIO
POJIb B )KU3HENEATEILHOCTH OpraHu3mMoB. [Ipu monaganuu B )KWBOI OpraHW3M aMHUHOKHUCIIOTHI BKIIFOYAIOTCS
B CJIOKHYIO CHCTEMY OMOXMMHYECKUX MPOIECCOB, @ MHOTHE U3 HUX 00JIaal0T IUPOKUM CIIEKTPOM OHOIOTH-
yeckoil aktuBHOCTH [baiimypatoB u 1p., 2024: 53—65; Munsesa, 2016: 43-47].

KonmuectBeHHoe conepkaHue O€IKOB U AMUHOKHUCIOT SIBJISIOTCS KIFOUEBBIMU OMOXMMHYECKUMH T10-
KazareasiMu OMOJIOTHYeCKOM IIeHHOCTH KOpMOB. HexBarka Oenka B kopMaxX MOATAIKUBAET CENEKIIUIO K TIOUCKY
HOBBIX COPTOB M THOPHJIOB, C MOBBIIIEHHBIM €T0 COACpkKaHUEM U Oosee cOamaHCUPOBAaHHBIM AMHUHOKUCIIOT-
HbIM Tipodusiem [MenbHUKOBA | 1Ip., 2022: 137-142].

[lepen cenekiueil Bcera akTyaldbHa 3a/1aua — MOBBICUTh YPOKalHOCTh. BbIBeZieHHe HOBBIX COPTOB U
COpPTOCMEHA TMO3BOJISIOT MOBBICUTH YPOXKaHHOCTH 3€PHOBBIX KyNIbTyp. HOBbIE copTa qatoT Oonbiuil ypoBeHb
ypOXKaHOCTH Onarojapsi aanTaluyd K KOHKPETHBIM MOYBEHHO-KIMMATUYECKUM YCIOBUSAM, CTAaOMIBHOCTH
ypoKasi B yCIOBHUSIX MEHSIOLIUXCS TIOTOAHBIX yCIOBUH, 3(()EeKTUBHOMY HCIOJIB30BaHUIO pecypcoB. Mexay
TEM HapsIy C MOBBIICHUEM YPOBHS YPOKaHOCTH CyIIECTBYET MpobIeMa MOBBIIICHHS KaUeCTBEHHBIX Xapak-
TEPUCTUK 3€pHA, KOTOpPbIe OOBEAUHSIOT B ce0e OObIIoe KOJTMUYECTBO MOKa3aTesield, OCHOBHBIMU U3 KOTOPBIX
SBIISIOTCA COZiep KaHue Oelika U aMMHOKHUCIIOT [3aiitieBa u ap., 2024: 82-94]. IlostoMy ceronHs 3Ha4YUTEINb-
HYIO0 aKTyaJlbHOCTh IPUOOPETALT CEIEeKIUs Ha KOMIUIEKCHYIO OIICHKY CEJIEKIIMOHHOTO MaTepHaa spoBOro sd-
MEH$1, OpUEHTUPOBAHHAS HA BbIJENICHUE UCTOYHHUKOB BBICOKOM MPOITYKTUBHOCTH M BBICOKOTO KadecTBa. IJTO
CTaHOBHTCS BaXKHBIM YCJIOBHEM JJIsl CO3JaHUS HOBBIX BBICOKOITPOAYKTUBHBIX COPTOB STUMEHSI C MOBBIIIEHHBIM
cofiepaHueM Oeska U aMUHOKHUCIIOT, CTA0MIIbHBIX B YCIOBUSIX 3aCyXH

HoBu3zHa mnccnenoBaHus COCTOMT B TOM, UYTO BIIEPBBIE B CTEMHBIX YCIOBUAX AKMOJIUHCKON 00IacTu
BBHITIOJTHEHA KOMIUIEKCHAsI OIIEHKA CEJEKIIMOHHBIX JIMHUN sTUMEHs, BKJIIOYAIOIIas 300TeXHUUECKUI aHaus,
aHaJINU3 YPOBHS ypOXKaHOCTH, aHAJIU3 SJIEMEHTOB CTPYKTYPhI YpoxKasi, aHaJIU3 cofiepaHue OeiKa U aMUHO-
KHCIIOT B 3€pHE, a TAK)KE OIpe/IeIeH KOTMYECTBEHHBIN cOOp Oesika 3epHOM C €IMHULIBI TTOMIAIH.

MarepuaJibl 1 METOABI.

[ToneBble nccaenq0BaHMs MPOBOAUINCH B COOTBETCTBUHU C OOLIEIPUHATHIMU METOJUYECKUMU TOIXO0-
namiu 1o JlocniexoBy b.A. [[docnexos., 1985: 351]. [ToceB 06pa3iioB mpoBOIUIICS B PEKOMEHI0BAHHBIE CPOKH
B YETHIPEXKPATHON MOBTOPHOCTH, yUeTHAs MIIOIIAb ATSHKUA 25M* ¢ HOpMOU BbiceBa 350 BCXoKux 3€peH Ha
1 M?, TyOuHa 3a7enku ceMsiH 5—6 cMm. DeHonornyeckre HabIroeHUs TPOBOAUIUCH COTIIACHO METOIUKE TPO-
BEJICHUSI COPTOMCTIBITAHMSI CEITbCKOX03sHMCTBeHHBIX pacTeHnid PK [O06 yTBepkaennn meronuku, 2011: 164].
Omnpenenenue conepxkanus o6enka npoBoauiaock o FOCT 10846-91, amuHokucoTHOTO cocTasa - o [OCT
P 55569—13, ceiporo npotenna no 'OCT 13496.4-19, ceipoii kietdyarku o ['OCT 13496.2-91, cbipoii 30161
o ['OCT 2622695, ceiporo xupa mo CT PK P 50817-2008, 6€3a30THCTBIX SKCTPAKTUBHBIX BEIIECTB U Iepe-
BapuBaeMoro npoterHa mo meroauke [IMHAO, oOmenHo# sHeprun u kopMoBbIX eaunull mo ['OCT 4808—87.
OT160p pacTeHuil A 300TEXHUYECKOTO aHalln3a MpoBoauics B (pa3y Hayana kojomeHus. OTOop pacTeHHit
JUIS CTPYKTYPHOTO aHaju3a MpoBoawiIcs B (ha3y GU3NOIOTUYECKON CIENOCTH.

OOBEeKTOM HCCIEOBAHUN CIY)KUIU CENEKIIMOHHBIC JIMHUU SIUMEHS KOHKYPCHOTO COPTOHCIBITAHUS
(KCWN) u npeasaputensHoro coproucnbiTanus ([ICHM). CpaBHeHre MpOBOAMIOCH CO CTaHIApTaMU: TUIeHYa-
ThIi copT — Actana 2000, rosno3épHslil copT — LlennuHubIi rono3épHblil. [louBa onbITHOrO yyacTka NpeacTaB-




JIeHa FO’KHBIMU KapOOHATHBIMHU YEPHO3EMaMH XapaKTEepPU3YIOIIAsACs COJIEpKaHUEM I'yMyca B TaXOTHOM CJI0€
2,66-3,56 %, menounoil peakuueit cpeasl (pH 8,7-8,9), cpeaHum ypoBHEM 00ecrieueHHOCTH HUTPATHBIMU
¢dopmamu azora (10,5-13,9 Mr/kr), OT HU3KOrO O CPEeTHEro YpOBHs MOABUAKHBIM ocdopom (15,6-24,4 mr/
KI') ¥ OYEHb BBICOKMM YPOBHEM MOJBMKHOTO Kasus (759—867 mr/kr). [IpeniiecTBeHHUK — YMCTHIN map. Arpo-
TEXHUKa COOTBETCTBOBAJIA 30HAJIBHBIM pekoMeHaauusaM. [loroaHsle ycnoBus 3aUKCUpOBaHbI METEOCTAaH-
et . Hlopranasi-1.  IlomydeHHbIE 3KCIIepUMEHTaNIbHBIE JaHHbIE 00pa0aThIBAJIMCH C MOMOIIBIO MAKeTa
nporpaMM SNEDECOR [Copoxkun., 2012: 282].

PesyabTarsl.

MeTteoponoruueckme ycioBus BETETallMOHHBIX NeproaoB 2024-2025 IT. 3aMEeTHO pa3ianydainuch ypoB-
HeM yBiaxkHeHus (pucyHok 1). B utone 2024 rona Beinasno ocaakoB 6osbiie Ha 34,4 M, B utose — Ha 50,9 mwm,
B aBrycre — Ha 71,4 MM 1o cpaBHeHuto ¢ 2025 rogom. Temnepatypsl ntons u utons 2024 roga ObUIH BbIIIE HA
2,1°Cu 1,0°C »stux xe mecsnen 2025 rona, a B aBrycte 2024 na 0,8 °C ke aBrycra 2025 rona. YciaoBus
2024 ropa 6butn obecniedeHHo yBrnakHeHHbIMH, I TK coctaBui 1,2. Ocanku B MIOHE, MIOJIE U aBTyCTE NPEBbI-
11aJIM CPEAHEMHOTOJIETHUH ITOKa3aTelb Ha 22,8 MM, 6,3 MM 1 66,8 MM COOTBETCTBEHHO. TeMIieparypa B HIOHE
u urose Oblia Bbime HopMbl Ha 4,3 °C u 1,8 °C, B aBrycTe — Ha YpOBHE CpEIHEMHOTOJIETHEH.

B 2025 rogy ycnoBus 6butn 3acyuutuBeiMu, I'TK coctasui 0,6. TemmnepaTypa UIOHS, HIOJIS U aBrycTa
npessiana HopMmel Ha 2,2 0C, 0,8 °C u 0,7 °C, npu 3TOM 0CaJ kOB BBINATI0 MeHbIIE Ha 12,6 MM B HtoHe, 44,6
MM B utone 1 4,6 MM B aBrycCTe.

Temmepatypa, 0C
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Puc. 1. MeTeoposiornueckue yclIoBHs BEreTaluoHHbIX nepuoos 2024-2025 rr.
[Fig. 1. Meteorological conditions during the growing seasons of 2024-2025.]

Temmneparypa 3a roabl U3y4eHUs1 B OCHOBHOM HaxXOJWJIach B ONTHUMAJIbHOM JIMaNa3oHe JUIs pocTa U
pa3BUTHS SPOBOTO siluMeHs. JlocTaTouHoe KoM4YecTBO 0cakoB B 2024 rony, MpeBbIIAONINE CPEHEE MHOTO-
JIeTHEee 3HaYEeHUE CITOCOOCTBOBAIIN ()OPMUPOBAHHIO BEICOKOTO YPOBHS ypokasi. Hemocrarok ocaaxos B 2025
ro/ly BbI3BaJI CHUKEHHE YPOBHS YPOXKANHOCTH.

SpoBoii sSTIMEHB ITMPOKO UCTIOIB3YIOT B KAUECTBE 3€JICHBIX U CYyXHUX KOPMOB, TaK KaK )KMBOTHBIE OXOT-
HO 0E/1a0T 3eJIEHYI0 MAacCy U CEHO slUMeHs. B cBS3U ¢ TeM, YTO OJHUM M3 OCHOBOIIOJIAralolIMX apaMeTpoB
LIEHHOCTH KOPMOB SIBJISIETCSI UX KaU€CTBO, KOTOPOE HAIPSIMYIO BIIUSAET HA POCT, pa3BUTHE, 3I0POBbE U MPOYK-
TUBHOCTB KUBOTHBIX HAMHM OblJIa IpOBe/IeHa OMOXMMHUYECKas OIIEHKA KauecTBa U nuTarenbHocTr nHit KCU
STYMEHsI, yOpaHHBIX B HAYaJIbHBIIN ITEPHOJ KOJOMICHUS U BBICYIICHHBIX 0 CYyXOTO COCTOSIHUS JJISl yCTAHOBJIE-
HUS Ka4yeCcTBa KOPMa U BOBMOXXHOCTH MX MCIIOJIb30BaHUS B KAYECTBE CyXoro kopma (tadmuma 1).

Pe3ynbprarhl 300TEXHUYECKOTO aHaIM3a MOKa3aldu pa3jnyMsl MO KaYeCTBY M NMUTATEIbHOW LIEHHOCTH
cyxoro BeniecTBa y nepcrnekTuBHbIX JuHU KCU. ¥V ueThlpéx nmHuN MaccoBasi J0JsI ChIPOro MPOTEHHA B
CYXOM BeIlleCTBE sSUMEHs npesbliana Ha 4-5 % crannapthbiil copt Acrtana 2000 (14,12 %). Conepxanue
CBIPOH KJIETYATKH HaXOAWIOCh Ha ypoBHE 28,80-30,47 %, cbipoii 30161 Ha ypoBHE §,84-9,31 %, uTO TOBOPUT
0 CXOJIHOM MHUHEpaJIbHOM COCTaBe, 0€3a30TUCTHIX SKCTPAKTHBHBIX BEIIECTB HA ypoBHE 42,98-45,56 %. Ilo
COJICPYKAHHUIO CBHIPOTO KUpA TPH JUHUU mpeBbianu ctanaapt Ha 8—11,7 %. [lepeBapuBaeMoro nporenHa
OBLTO OOJIBINIE, YeM Y CTaHAapTa y BceX JuHMMA Ha 5,5—7 %. OOMenHas sHeprus cocrapmia 9,70-9,81 Mk,
KOPMOBBIC €TUHUIIBI HaXOAIUCh B quana3one 0,733—0,780 kr/kr. Beicokas mepeBapruBacMOCTh HaOIIOATaCh
y muanu 88/11-4, Tak KaKk OHa XapaKTepHU30BaIaCh MUHIUMAJIBHBIM COAECPKAaHUEM CBHIPOH KieTyarku — 28,80




%, a TaKk)Ke y 9TOW TMHUM BBISIBIICHBI HAMOOJBIINE 3HAUEHUS TIepeBapuBaemMoro nporeuHa -10,73 %, oOmen-
Ho¥ sHeprun — 9,81 mJ>x 1 kopMoBBIX equHUIl — 0,780 Kr/KT. BEICOKOE 3HaUEHUE ITepeBapruBaeMOoro MpoTeuHa
Habmonanoch Takke y muaun 7/10.

Tabnuua 1. Pe3ynpraTel 0MOXMMHUYECKOM OIIEHKHU KayecTBa U nutatenbHocTH nunuit KCU 2024-2025

IT.

Copr, MaccoBas 1071 B ITurarenbHOCTH
JTHHUS CYXOM BEIIECTBE, 1 kr cyxoro

% BEIECTBA

Ceiporo nporenna | Ceipoit Ceripoii | Ceiporo Besazoructeie IlepeBapuBae- Oobwmennast | KopmoBsie

KJIETYATKU | 30JIBI KHPA OKCTPAaKTHBHBIC | MBI NPOTEUH, % | SHEPTHs, CIIMHUIIBL,
BEIECTBA M]Tx KI/KD

Acrana 14,12 28,95 8,89 2,47 45,56 10,02 9,78 0,776
2000, St
7/10 14,84 30,47 9,01 2,68 42,98 10,73 9,51 0,733
88/11-4 14,84 28,80 8,84 2,71 44,79 10,73 9,81 0,780
52/12 14,76 29,44 9,31 2,76 43,71 10,66 9,70 0,762
35/12 14,69 29,02 8,95 2,43 44,90 10,58 9,77 0,774

B ycnoBusix onbita 2024-2025 rr. npoBeieHa CpaBHUTENbHASL OLICHKA [IEPCIIEKTUBHBIX JIMHUM SUMEHS
KCH u [ICH o npogomKUTeIbHOCTH BET€TAlIMOHHOTO ITEPUo/ia U YPOBHs ypokaitHocT. Hamu ycranoBieHo,
YTO 10 CPOKAM CO3PEBAHMSI U3yYaeMble IEPCIIEKTUBHBIE JIMHUU U CTaHIaPTHBIE COPTA SUMEHS OTHOCUIIMCH K
cpeaHecnenon rpymnmne. BereralinoHHbIN epHoA BBIJIEIEHHBIX 0 YpoxkaiiHOCTH TuHUH B 2024 roty BapbUpo-
Bajn ot 75 1o 77 nuewi v ot 77 no 79 nueit B 2025 roxy. (tTabmuiet 2,3). JlocTaTo4HO BIaroo0ecrieueHHbIN Bere-
TannoHHBIN nieproa 2024 roa B coueTaHUU ¢ OIAarONPUSTHBIM TEMIIEPaTyPHBIM PEKUMOM CIIOCOOCTBOBAIU
MOJTYYECHHUIO BBICOKOTO YPOBHS ypoxkast stameHs 110 48,5 1/ra B muromuuke KCH u 10 49,2 B nuromuuke [1CH.

Tabnuma 2. [IpogomKUTETbHOCTh BETETAIIMOHHOTO TEPHO/Ia U YPOBEHBb YPOKAWHOCTH MEPCIEKTHB-
seIX auHui KCU, 2024-2025 1T

Copr, muHUS BereranuonHslii nepuos, CyTku VYpoxaitHOCTb, 1I/Ta

2024 1. 2025 Cpennee | 2024 1. 2025 . | Cpennee | +k St
Acrana 2000, St | 75 77 76 43,3 35,7 39,5 -
7/10 75 79 77 45,7 39,7 42,7 32
88/11-4 75 79 77 48,5 38,5 43,5 4,0
52/12 77 78 77 43,7 37,6 40,6 1,1
35/12 77 78 77 45,4 36,4 40,9 1,4
HCP 05 2,2 1,7

HecMoTps Ha 3acyluMBbIE YCIOBHA BereTallnoHHOro nepuona 2025 roga, ypoBeHb ypOKalHOCTH JIU-
HUH STUMEHSI HaXOAMJICS Ha JOCTAaTOYHO BBICOKOM ypoBHE 110 39,7 1/ra B mutomuuke KCU u no 41,6 u/ra B
nutomMHuke [ICH. Ot1o 00BsicHAETCS TEM, YTO OCAJIKU, BHINABIINE B 3MMHE-BECEHHH MEPHOJI B KOJIMUECTBE
68,1 MM, coorBeTcTBOBaNIM 108 % K CpeTHEMHOTOJIETHEMY TOKA3aTEI0 U BOBPEMS BBIIIABUIME OCATKH UIOHS
MecsIa B KOMILJIEKCE C aallTUBHOCTBIO U3y4aeMbIX JJMHUI CITIOCOOCTBOBAJIN MOTYYEHHIO XOPOIINX BCXOJI0B U
CBOEBPEMEHHOMY MPOXOXKIECHUIO MOCIEAYIONMX (a3 pa3BUTHSA, 1 COOTBETCTBEHHO (POPMHUPOBAHUIO OyyILie-
r0 ypoxXasi S’YMEHs Ha JaHHOM YPOBHE.

ITo uroram oueHku Hanbosnee ypoxxaHbiMu 3a 2024-2025 IT. B CpaBHEHHH CO CTaHIAPTHBIM COPTOM
Actana 2000 okazanuce uetsipe nuHun: B KCU 7/10 (+3,2 i/ra) u 88/11-4 (+4,0 w/ra), a 8 [ICU 19/13-4 (+2.,9
/ra) u 58/10 (+2,8 w/ra).

IIpoBeneHHBIN HAMU CTPYKTYPHBIN aHAJIN3 YPOBHS YPOXKAaHHOCTH ITOKa3aJl 3HAUUTEIIbHBIN BKIIA]] B €€
(opMHpOBaHUE TAKUX OCHOBHBIX KJIFOUEBBIX U BaXKHBIX 3JIEMEHTOB, KaK KOJMUECTBO MPOJYKTUBHBIX CTeONEH,
KOJIMYECTBO 3€pHa B KOJIOCE, Macca 3epHa ¢ kostoca 1 macca 1000 3épen.

CpenHee 3Hau€HNE NPOLYKTUBHOM KyCTUCTOCTH Yy nepcnekTuBHbIX auHui KCH BapeupoBana B npe-
nenax 2,9—4,1 wr. y cranaapra 2,7 mr. (tabnuna 4). HanGonemee yucino 3épeH B konoce chopMHupoBaa
muHuA 52/12-21,9 mwit., npeBbicuB cTanaapT Ha 2,9 3epHa. [lo Macce 3epHa ¢ Kooca Bce JMHUU MTPEB3OLUTH
CTaHJapT, MaKCUMaJbHOE 3HaueHHe oTMeueHo y JuHuM 52/12—1,07 1. 2025 rox Obln Gosee GraronpusTHBIM
JUIsl HaJIMBa 3€pHa, TaK KaK OTMEYEHO O0Illee yBeITMUeHUe MacChl 3epHa ¢ kojoca. Hanbonee kpynmHozepHOi
okazanach auHus 88/11—4 (50,0 r), mpesbicuBiuas no Macce 1000 3épen cranaapt Ha 4,7 . B 2025 rony y nu-




Huu 35/12 orMeueHo 3HaUUTENbHOE CHIKeHUE Macchl 1000 3epeH, 4TO TOBOPUT O HECTAOMIHBHOCTH ITPU3HAKA.
Tabmnuua 3. [IponomKUTeTsHOCTh BEreTAlMOHHOTO NIEPHUO/ia U YPOBEHb YPOKAWHOCTH MEPCIEKTUB-
HbIx quHui [1CU 2024-2025 rr.

Copr, TuHUA Bereraunonnsiit nepuon, VYpoxaitHocTb, 11/Ta

CYTKH

2024 1. 2025 1. Cpennee | 2024 1. 2025 1. Cpennee + Kk St
[Tnenyarsie GopmMbI
Acrana 2000, St 75 77 76 45,7 37,6 41,6 -
127/14 77 77 77 47,9 34,2 41,0 0,6
19/13-4 73 77 75 49,2 39,7 44,4 2,8
58/10 75 77 76 47,3 41,6 44,5 2,9
Tonozepublie popmbl
LenuuHublii ronosepusiit, St | 77 79 78 39,8 31,1 35,4 -
136/12 79 79 79 37,2 32,6 34,9 -0,5
HCP 05 2,0 1,9

Tabnuua 4. OCHOBHBIE 3JIEMEHTHI IPOLYKTUBHOCTH nepcnekTUBHBIX TuHui KCU, 2024-2025 rr.

Copr, IIponykruBHas Yucno Macca Macca
JIMHUSA KyCTUCTOCTb, 3¢peH B 3epHa 1000

LIT. KoJIoce, C KOJIO- 3épeH, T

IIT. ca, T
2024r. 2025r. | Cpen- |2024r. | 2025r. | Cpen- | 2024r. 20251 | Cpex |2024r 2025t. | Cpen
Hee Hee Hee Hee

Acrana | 1,8 3,6 2,7 19,5 18,5 19,0 0,87 0,89 0,88 454 452 45,3
2000, St
7/10 4,2 4,0 4,1 17,7 22,0 19,8 0,93 1,18 1,05 47,8 47,9 47,8
88/11-4 | 3,8 33 3,5 19,6 21,3 20,4 1,1 1,01 1,05 55,0 45,0 50,0
52/12 1.4 4,5 2,9 19,8 24,1 21,9 0,89 1,25 1,07 43,8 432 43,5
35/12 3.8 33 3,5 19,3 22,5 20,9 0,97 1,15 1,06 48,5 37,3 42,9
HCPO5 |I,1 1,8 3,0 3,7 0,2 0,2

B IICH 3a roas! n3ydeHus 1o NpoayKTUBHOM KyCTUCTOCTH CTaHJAPT HE IIPEBBICUIM HU OIHA U3 U3Y-
yaeMbIX JIUHUH (Tabnuma 5). Haubomnbinee uncio 3épeH B kojoce chopmupoBasia ruieHqaras quuus 127/14,
npeBbICKB cTaHaapT Ha 1,1 3epHo. Hanbomnbimas Macca 3epHa ¢ KoJioca OTMEUeHa Yy TUIeHYaThIX JinHui 127/14
u 58/10—-1,05 r. [To macce 1000 3épen Bce mieHYaThie JIUHUU MPEBBICUIIN CTaHAAPT, HanboJee KpymHO3ep-
HoW oka3zanack jauHusA 58/10. T'onmo3épuas nmuuus 136/12 He3HAUNTENBHO MpeBBICHIA CTaHIApT LlennHHbBII
roo3EpHbIN 10 Macce 3epHa ¢ kKojoca 1 macce 1000 3EpeH.

Tabnuma 5. OCHOBHBIE 3JIEeMEHTHI IPOAYKTUBHOCTH NepcneKTHBHBIX uHuil [ICH, 2024-2025 rT.

Copr, uHus IIponykrus- Yucno Macca Macca
Has 3EpeH B 3epHa 1000
KyCTUCTOCTb, Kojoce, ¢ KoJoCa, 3EpeH,
IIT. IIT. r r
2024 2025 Cpen- | 2024 2025 Cpen- | 2024 2025 . | Cpen 2024 1. | 2025 | Cpen-
L. L. Hee L. L. Hee L. Hee L. Hee
IInénuarsie
(hopmbl
Actana 2000, |29 3,8 33 18,6 20,3 19,4 0,8 1,0 0,9 46,6 449 45,7
St
127/14 1,7 3,6 2,6 21,3 19,8 20,5 1,1 1,0 1,05 51,4 43,3 47,3
19/13-4 2,1 2,5 2,3 19,1 17,4 18,2 1,0 0,8 0,9 49,4 44,9 47,1
58/10 1,5 2,2 1,8 20,5 18,4 19,4 1,0 0,9 1,05 51,0 48,5 49,7
lonozépublie
(hopmbI
Uenuunsbii ro- | 2,8 2,6 2,7 24,2 21,1 22,6 1,0 0,8 0,9 41,4 35,9 38,6
JIO3EpHBIH, St
136/12 2,4 2,7 2,5 20,7 18,3 19,5 1,1 0,8 0,95 50,2 41,8 38,8
HCP 05 1,1 1,2 3,0 2,8 0,2 0,2




OO6pa3sipl ssUMeHs, 00NIaaroie BHICOKON 03epHEHHOCTHIO MPECTABISIIOT COO0M IIEHHBIN MaTepuan
JUIS CeNEKIIMOHHBIX IPOrpaMM, HaMpaBJICHHBIX Ha €€ TOBBIIICHHE Y COPTOB C HU3KOM 03epHEHHOCTHIO, a Te-
HOTHIIBI C BBICOKOM Maccoit 1000 3épeH ciykaT HCTOUHUKOM KPYITHO3EPHOCTH, YTO KpaliHEe Ba)KHO B MOBBILIE-
HUU YPOBHSI YPOKaHOCTH SIPOBOTO STYMEHS.

OpHuM U3 BaXXHEWIINX M IIEHHBIX MOKa3aresel, OmpeaessiouX MUIIEeByI0 U KOPMOBYIO IIEHHOCTh
3epHO(YPAKHBIX KYJIBTYp, SBISETCS COAEpPKaHHE B HUX MAKpOHYTpUEHTa — Oenka. B cBs3u ¢ yeM HaMmu B
2024-2025 rr. 6bU1a IPOBE/ICHA OLIEHKA COIEpKaHUsI Oelika B 3epHE U €ro cOopa ¢ ypoxKaeM y MepCrleKTUBHBIX
JUHUH SPOBOTO STUMEHsI. Pe3ynbraTsl OMOXMMHYECKOH OIIEHKH 3epHa JIMHUN sTUMEHS MOKa3alld, YTO CpeHee
cozepxaHue Oerka 3a ro/ibl H3yYeHHs Y BBIJCIEHHBIX NepcrneKTuBHbIX TuHuM sumenss KCU BappupoBaio ot
14,24 no 15,57 %, a nunnii [ICHU ot 15,06 1o 15,68 y mnénuarsix ¢opm u ot 15,27 1o 15,86 y rono3épHbix
dopm (tabauma 6). [To conepxkanuto Oenka nunausa 7/10 KCU naxonunack Ha ypoBHE CTaHAApTa, OCTAJbHBIE
HeMHoro emy ycrynanu, B [ICU sxe Hao60poT Bee TuieHYarhie U rojo3épHas IMHUY MPEBBIIIATH COOTBETCTBY-
IOIIUE CTAHAPTHI.

Tabmuua 6. Conepskanue U BajnoBblil coop Oenka y nepcrekTuBHbIX JuHUA KCU u IICU sumens,
2024-2025 rr.

Copr, muHUS Conepxanue, % Co6op, kr/ra

2024 . 2025 1. Cpennee 2024 . 2025 . Cpennee
KCU nnéngarsie Gpopmel
Acrana 2000, St 16,71 14,44 15,57 723,5 515,5 619,2
7/10 16,32 14,74 15,53 745,8 585,2 665,5
88/11-4 14,54 13,94 14,24 705,2 536,7 620,9
52/12 15,84 13,64 14,74 692,3 512,9 602,6
[ICU mnéngarsie Gopmbl
Acrana 2000, St 16,18 13,95 15,06 740,5 524.5 632,5
127/14 15,95 15,18 15,56 764,0 538,9 651,4
19/13-4 15,67 14,70 15,18 771,0 583,6 677,3
58/10 15,34 16,03 15,68 725,6 666,8 696,2
T1ICU rosno3épubie GpopMbI
Hemmunblii rono3épueiid, St | 15,83 14,72 15,27 630,0 457.8 5439
136/12 16,59 15,13 15,86 617,1 4932 555,1

OpHuM U3 BaXKHBIX TOKa3aTeneil, MHTErpUPYIONINA ypOKalHOCTh U collep)KaHus Oelka B 3epHE BbI-
CTyIaeT BaJOBbIN cOop Oenka ¢ enuHUIbI momaai. Ha koiaudecTBeHHbIN cOop Oenka ¢ eqUHUIIbI IOIAAH
MIOMHUMO COZIepKaHMsl OeNKa B 3epHe, CYIIIECTBEHHOE BIMSHIE OKa3bIBACT BEIMYMHA YPOXKAWHOCTH.

Hamu oTMedeHo, 4To MCXOMs U3 YPOBHSI YPOXKAMHOCTU U coepkaHUs Oelka B 3epHE HauOONbIIUi
cpenuuii Berxon 6emnka ¢ 1 ra 8 KCU 3a ronel usydyenust Obu1 nonydex y nunuu 7/10-665,5 kr/ra, + 46,3 xr/ra
K CTaHJapTY, 4TO 00yCIIOBIEHO OoJiee BRICOKOU ypoxkaitHocThio. Haunbonwimii cpenuuii Boixon Oenka B [ICU
y mieH4ateix ¢opM nonydeH auauen 58/10-696,2 kr/ra, npesbiienne Ha 63,7 Kr/ra HaJ CTaHIAPTOM, YTO
Takke 00yCcIIOBICHO OoJiee BBICOKOH ypokaiiHOoCTh0. COOop Oenka y rono3epHoit aunuu 136/12 IICH cocra-
Bun 551,1 kr/ra (+ 11,2 kr/ra) k ctangapty, 4T0 00yCIOBICHO O0Jiee BEICOKMM COIep )KaHUeM Oellka B 3epHeE.

Conepxanue 6enka y Tol03€pHOT0O SYMEHSI B OCHOBHOM BBIIIE, YeM Y TUIEHYAToro. 1o 00ycioBie-
HO T€HETUYECKUMHU OCOOCHHOCTSIMHU HAKOILICHUS O€siKa, OTHOCHUTEIHHO MOBBIIICHHON NTONIeH 3apojblia U
aNepoHOBOTO €05 U MOP(OIOTUIECKONH OCOOCHHOCTHIO — 3€PHO TOJIO3EPHOTO SYMEHS HE MOKPBITO KECT-
KO IIBETKOBOH TJICHKOM, OTAENIEHUE KOTOPOH Yy TUNIEHYATHIX SYMEHEH MPU U3TOTOBICHUH MPOAYKTOB MUTAHUS
MPUBOAMT K 3HAYUTEIHHOU TOTEPE MOJE3HBIX JJI OpraHU3Ma BEIECTB. XUMHUYECKUI COCTaB 3epHa roio3ép-
HOTO STYMEHSI UMEET Pl MPEUMYIIECTB MO0 CPaBHEHMIO ¢ TuI€HYaThIMU (popmamu [[lopomienko u ap., 2019:
131-139; Malhotra u ap., 2022: 898220].

bnarongapst 3Toif 0COOEHHOCTH KOPMOBAsi M MUIIEBAsi IEHHOCTh TOJIO3EPHOTO SUYMEHS MO0 CPABHEHHIO
C MJIEHYATHIMU 3HAYUTEIHHO BhIIIE. [ 003EPHBIN STUMEHb UCTOIB3YIOT B KaUeCTBE LIEHHOTO MCTOYHMKA JUIS
MOBBIIICHUS Ka4eCTBa 3€pHA MPU CO3/aHUU HOBBIX T€HOTUIOB. bonblei 4acThio 3epHO TON03EPHBIX (Popm
SYMEHSI, KOTOPOE XapaKTePU3yeTCsl BBICOKUM COZIEP)KaHUEM HE3aMEHUMBIX U 3aMEHUMBIX aMUHOKHUCIIOT UC-
MOJIBE3YIOT B MIPOU3BOACTBE MPOAYKTOB MUTAHHUS, KOPMOB JJIsl TOBBIIICHUS TUTATEILHONU U MOTPEOUTENHCKOM
uenHoctu [Jlykuna, 2022: 524-536].

J171st TOBBIIIEHNUS TUIIIEBON U KOPMOBOMW [IEHHOCTH 3€pHA SYMEHS HEIOCTATOUHO YBEITUYHUBATH COJEP-




*aHue Oerka, Hy)KHO yaydIiaTh aMUHOKUCIIOTHBIA COCTaB, €ro cOalaHCUPOBAaHHOCTh. B CBs3M ¢ ueM HeMa-
JIOBAYKHO OTIPEIEIATh AMUHOKHUCIIOTHBIN COCTAB JIMHUN SYMEHS Ha 3aBEPIIAFOIINX CTAIUSAX CEIEKIIMOHHOTO
mpolecca Mpu Co3/1aHruu HOBBIX copToB. [lomydeHHble 3HaUeHUs 10 aMUHOKHCIOTHOMY COCTaBY 3€pHa U3Y-
YaeMBbIX MEPCIIEKTUBHBIX JIMHUH sIMMEHS TPE/ICTAaBIECHbI B TAOIHUIIE 7.

Tabmumna 7. CoxepkaHue aMHUHOKHCIIOT B TiepcrieKTUBHBIX TUHUAX KCU stamenst, 2024—2025 rr.

HanmenoBaHne aMMHOKHCTIOTEI Copr, nuHuA
Acrana 2000, St | 52/12 7/10 88/11-4

Cozeprkanue He3aMEHUMBIX aMUHO-
kuciort, /100 T 3epHa

JTu3un 0,368 0,355 0,405 0,350
MertnoHud 0,188 0,165 0,180 0,191
Tpeonun 0,415 0,393 0,426 0,477
JletinmH + n30aeHIIMH 0,983 0,900 0,985 0,932
DennnagaHuH 0,711 0,643 0,734 0,691
Banuu 0,578 0,545 0,575 0,527
CyMMa He3aMEeHHUMBIX aMHUHOKHCIOT 3,243 3,001 3,305 3,168

CozeprkaHue 3aMEHUMbIX aMHHOKHC-
not, /100 r 3epHa

ApruHuH 0,728 0,754 0,787 0,662
Tupo3un 0,357 0,278 0,305 0,325
Tuctuaun 0,244 0,206 0,215 0,308
Iponun 1,10 1,492 1,801 1,723
CepuH 0,505 0,495 0,553 0,548
AnaHuH 0,476 0,457 0,490 0,469
Dnmunma 0,475 0,437 0,500 0,470
CyMMa 3aMEHHMBIX aMUHOKHCIIOT 3,885 4,119 4,651 4,505
O0mast cyMMa aMHHOKHCIIOT 7,128 7,120 7,956 7,673
+ K St - - 0,008 +0,828 +0,545

W3 nanHbIX TaOIUIIBI 6 CIIEAYET, 4TO MO COAEP>KAaHUIO BCEX aMUHOKHCIOT CTaHJapTHBIN cOpT AcTaHa
2000 ipeBbicuH ABe neperektruBHbIe TMHUU — 7/10 Ha 0,828 /100 1 11 88/11—4 Ha 0,545 /100 1, MUiHMS 52/12
HaXOJuIach Ha YpoBHE cTaHaapra. [lo comepkaHnio He3aMEHUMBIX aMUHOKHUCIIOT CTaHAapT MPEeBbICUIIA JIU-
Hus 7/10 Ha 0,062 1/100 1, a mo oco6o nernomy au3uny Ha 0,037 r/100 r. 1o cymme 3aMeHUMBIX aMUHOKHC-
JIOT niepcreKTuBHbIC TUHUK 52/12, 7/10 u 88/11-4 mpeBbICHIIM CTaHIAPTHBINA COPT.

Oocy:xnenue.

HoBu3zHa u npakTudeckasi IEHHOCTh IPOBOJUMOM HAMH HAay4HO-HCCIIEI0BATEIbCKON PabOThI 3aKIIIO-
4aeTcsl B U3yUYEHUH, OLICHKE U 0TOOpE TEHOTUIIOB SUYMEHS C YAYUIICHHBIM KOMILIEKCOM XO3HCTBEHHO-1ICH-
HBIX IPU3HAKOB, BO3/IETBIBAEMBIX B YCIOBUSAX CTEMU AKMOJIMHCKOM 007acTH, AJs CO3/1aHUS HOBBIX COPTOB, a
TaK)Ke UCTIOJIb30BAHMS X B CEJIEKIIMOHHBIX MpOrpaMMax B Ka4€CTBE JOHOPOB LIEHHBIX MPU3HAKOB.

[TpoBenenHast OnoxuMHUecKas OIEHKA KaueCTBEHHBIX MOKa3aTesieil U MUTAaTeIbHOCTH CYyXOT0 3€JIeHO-
ro KOpMa U3 MEPCIEeKTUBHBIX JTMHUM SUMEHS MOoKa3asia mpeuMyinecTBo JuHuu 88/11—4, Gnaromapsi BBICOKOMY
ypOBHIO0 niepeBapuBaemoro nporeuna — 10,73 %, makcumansHoOM oOMeHHO 2Heprun — 9,81 % 1 Hanbonbei
KOpMOBO# 1ieHHOCTH — 0,780 KI/KT.

B yBnaxxuenHom 2024 rogy nosnydeH BbICOKHI ypoBeHb ypokaiiHoctu B KCU no 48,5 w/ra u 1o 49,2
1/ra B [ICH. B 3acymmuBom 2025 rogy ypoBeHs ypoxaitHoctu coctaBui B KCU g0 39,7 w/ra u no 41,6 w/ra
B [ICU. CoxpaHeHue BEICOKOTO YPOBHS MPOAYKTUBHOCTH STUMEHS B 3aCYIIIUBBINA T0J] YKA3bIBAET HA XOPOIIYIO
HKOJIOTUYECKYIO MJIACTHYHOCTH UCCIEAYEMOT0 CENEKIIMOHHOTO MaTepraia U aJanTUBHOCTh K HEOIaronpusT-
HBIM YCJIOBUSIM BO31eMbIBaHus [Dumunnos u ap., 2021: 172-179].

Cpennee o rofam cojaep)kaHue Oelka B M3y4aeMbIX JTUHHUSAX cocTaBuio oT 14,24 no 15,86 %, uro
OTHOCHTCS K I0CTaTOYHO BBICOKOMY YPOBHIO €T0 COACpKAHUSI.

Hcnonp3oBaHue B OLICHKE JIMHUHN sTUMEHS TIOKa3aTess BaJloBoro cbopa Oenka, mo3posser Oonee pac-
IIMPEHO U OOBEKTUBHO OLIGHUTH ceneKunoHHbIH Matepuan. Jlunusa 7/10 KCU obecneunna cpeanuii coop
665,5 kr Oenka ¢ ogHOro ra, 4To Ha 46,3 Kr OoJble, yeM y cranaapra, a iuaus 58/10 IICH obecnieunna cpen-
Hult coop 696,2 kr 6enka c 1 ra, uro Ha 63,7 Kr OoJbIlIe, YeM y CTaHIapTA.

[To aMMHOKHCIIOTHOMY COCTaBy HauOomee 1eHHoU okazanack JuHus 7/10 KCU, npeBbicuBIIas cTaH-




JApTHBINA COPT MO CyMMe He3aMeHUMBIX aMHHOKHCTIO0T Ha 0,062 1/100 1, a o conep kaHuio OJHOM U3 JINMUTH-
pyromux aMuHOKHCIOT — au3uHa Ha 0,037 r/100 1. Jluaus 88/11-4 KCHU xapakTtepr3oBaiach MOBBIIIEHHBIM
cofiepKaHueM 00I1el CyMMbl aMUHOKHUCIIOT, UTO JIENIaeT €€ MePCIEKTUBHOM sl TajdbHeHIIel CeleKIIMOHHOM
padoTHI.

BeiBOABI.

[Toronnbie ycnoBusa 2024-2025 rT. 3HaUUTENBHO PA3NIMYAINCH 110 YPOBHIO yBiIakHeHHUs, 2024 ron
ObLT TOCTAaTOYHO YBIAXKHEHHBIM, 2025 101 — 3aCyIIITUBBIM.

Hcnonp30BaHNe MEPCTIIEKTUBHBIX JTMHUN STUYMEHS Ha CyXOH 3€JIEHBII KOPM TSI CETbCKOXO3SHCTBEHHBIX
KUBOTHBIX MTO3BOJUT MOBBICUTH KAYECTBO HUCIIOIB3YEMbIX KOPMOB, TaK KaK y U3y4aeMbIX JIMHUHN COAepKaHHE
ceiporo potenHa (1o 14,84 %) u nepeBapusaemoro nporeuna (10 10,73 %) HaxoquTCst Ha JOCTATOYHO BbI-
COKOM YPOBHE, yMepeHHoe coniepkanue kineryatku 28,80 - 30,47 %, NOBBIIEHHOE COIEPKAHUE CHIPOTO KUPA
— 110 2,76 %, 10CTaTOYHO BBICOKOE CO/IepKaHUEe KOPMOBBIX eauHUIl — 110 0,780 KI/KT.

B cpennem 3a 1Ba roga uzyueHus MpoaoKUTETbHOCTh BET€TallMOHHOTO Mepro/ia Y BCeX MEePCIEKTUB-
ueix muHU KCU coctasuna 77 cytok (crannapt Acrana 2000 — 76 cytok), y nunuit [ICU — ot 75 1o 77 cyTok
(cranmapt Actana 2000 — 76 cyTok). TO TOBOPHUT O OIM30CTH T€HOTHUIIOB 110 CKOPOCTENIOCTH U OTCYTCTBHH
CYLIECTBEHHBIX Pa3IUYHi 110 TaHHOMY MPU3HAKY.

B nutomuuke KCHU no urtoram yoopku ObUIH BbIAENEHBI Hanbosee ypoxaitasie nuauu — 7/10 (+3,2
1/ra k craunapry) u 88/11-4 (+4,0 w/ra k crannapry), B nutomuuke [ICU nunnn — 19/13—4 (+ 2,8 w/ra
cranaapty) u 58/10 (+ 2,9 u/ra k crangapry). Haubomnbyio cTabMIbHOCTh YPOBHS YPOKaHHOCTH 10 TOAaM
nokazainu nunus 7/10 KCU u 58/10 TICH.

Haubonbmuii Bkiag B popmupoBanue ypoxkaiHoct nunauil nuromankoB KCH u IICU BHecnu Takue
AIIEMEHTHI IPOAYKTUBHOCTH, KaK: KOITUYECTBO MPOTYKTUBHBIX cTeONeH, KOMMYECTBO 3epeH B KOJOce, Macca
3epHa ¢ konoca u Macca 1000 3épen. JIunus 7/10 KCU chopmuposana HanbombIee KOIUIECTBO MPOTYKTHB-
HBIX cTebneit — 4,1 mrt., crabuibHyto 1o rogam maccy 1000 3épen — 47,8 1. JIunus 88/11-4 KCH Boinenena mo
dbopmupoBanuio MmakcumaabHoOi Macchl 1000 3épen — 50 r u o crabuiabHOMY (OPMUPOBAHUIO MACCHI 3€PHA
¢ xonoca o roaam — 1,05 . Jlunus 58/10 IICU dopmupoBana MakcUMaabHYIO U CTAOMIBHYIO TI0 TO/IaM Mac-
cy 1000 3épen — 49,7 . Jlunus 127/14 IICU Beinenena no HaubOonpleMy yuciy 3épeH B konoce — 20,5 mrT.,
cranaapt — 19,4 mr.

Cpennee coaepxkanue 6enka y usydaembix JuHuit KCU cocrasmsio 14,24-15,68 %, y niueHuarsIx Ju-
nuit [ICU 15,03-15,68 u 15,27-15,86 y rono3epHbIX, YTO SIBISETCS BBICOKUM ypoBHeM. HanGompimii c6op
oenka c rekrapa ooecneunsu qunaus 7/10 KCH (665,5 kr/ra) u 58/10 TICH (696,2 kxr/ra) 3a cuet 6oyiee BbI-
COKOTO YPOBHS YPOKaHOCTH.

AHanu3 conepskaHusi o01Ieil CyMMBI BCeX ONpeAeIsieMbIX aMUHOKHUCIIOT B 3€PHE MEPCIEKTUBHBIX JIH-
Huit sumenst KCU BoisiBui npeumymiectso junuu 7/10, obmiee HakoreHue coctaBuiio 7,956 r/100 r, uto
6onbure cranaapra Ha 0,828 1/100 . Taxxke nunusg 7/10 mo cymme 3aMEHHUMBIX aMHUHOKHUCIIOT MPEBBICUIIA
ctanaapt Ha 0,766 r/100 1, mo cymme He3aMeHUMbIX aMUHOKUCIOT — Ha 0,107 1/100 1. JIunus 88/11-4 o 06-
e cymme aMUHOKHUCIIOT TpeBbiciiia ctanaapt Ha 0,545 r/100 1, mo cymMme 3aMEHUMBIX aMUHOKHUCIIOT — Ha
0,620 r/100 . AHanu3 MO OTAENbHBIM HE3aMEHUMbIM aMUHOKHUCIIOTaM MOKa3all, YTO MPEUMYIIECTBO MO CO-
JepKaHUI0 0c000 [EHHOTO JIU3UHa oTMeueHo y nuHuu 7/10, mpeBblienne Haj ctrangapToM coctaBuio 0,037
r/100 r. Jlunus 88/11-4 Beinenena no coaepxkanuto metuonnHa — 0,191 r/100 r (+0,003 x crannmapry), mo
conepxanuto Tpeonuna — 0,477 r/100 r (+ 0,062 k crannapry). Y auaun 7/10 BbISIBIEHO MaKCUMaIbHOE CO-
nepkanue aeinuHa u u3onernuna — 0,985 r/100 1, penunananuna — 0,734 1/100 u Tpeonnna — 0,426 /100 .
Hcxons u3 ananuza conep:kaHus aMUHOKHUCIIOT, iepcriekTuBHas muHus 7/10 obnagaet Hanbonee BEICOKUM U
cOalaHCUPOBAaHHBIM MX COJIEp>KaHUEM, BKITIOUast HE3aMEHUMbIe, OJlarojiapsi 4eMy OHa UMEET MPEUMYIIECTBO
M0 AMHUHOKHMCIIOTHOM IIEHHOCTH 3epHa, JInHusA 88/11—4 Taxke OTiaMYaeTcs MOBBIIIEHHBIM CO/Iep)KaHUEM aHa-
JTU3UPYEMBIX aMUHOKHUCIIOT. C TOYKM 3peHUs MOBBIIIECHUS MUIIEBON U KOPMOBOW LIEHHOCTH COPTOB SIYMEHS
MOBBILIEHHOE COJIEP>KaHUE AMHUHOKHUCIIOT, 0COOCHHO HE3aMEHUMBIX, HIMEET 0CO00 BaKHOE 3HAYCHHE.

Bricokue 3Ha4eHHs ypOBHS MPOTyKTUBHOCTH, KOPMOBasl IIEHHOCTb, COIepKaHue Oenka, ero coop ¢
€IMHUIIBI TUIOIIAU, aMUHOKHUCIIOT UTPAIOT PEIIAIONIYI0 POJIb B OMPEACICHUU X031l CTBEHHOM IIEHHOCTH U3-
y4aeMbIX JTUHUM.

Brinenennsie nepcnektuHbie aunuu (7/10, 88/11-4, 19/13—4, 58/10 u 136/12) npeacrasistor codoi
LEHHBIA MaTepuan Jisk CEJICKIMH SIPOBOTO STUMEHS B YCIOBUSX CTENH AKMOJIMHCKOW 0OJaCTH, COUYETAIONIINX
BBICOKYIO KOPMOBYIO LIEHHOCTh CYXOM MaccChl, BHICOKYIO YPOKaHOCTh C YIyUIICHHBIMU MOKa3aTeNsiMu Ka-
YecTBa 3epHa U aIallITUBHOCTH K YCIIOBUSIM BO3JeJbIBaHus. JInHUM, Onaromapst STUM XapaKTepuCcTHKaM, 00-




JAIal0T NIMPOKUMU MEPCIeKTUBAMU HCTIONIb30BAHUS — B KAYECTBE CYXOro KOpMa, 3epHa Ha KOpM, 3€pHa Ha
numieBbie 1ienu. [lepcniektuBHas auauu 7/10 KCU stumenst, 6marogapst mpoBeAEHHOW KOMIUICKCHOM OIICHKH,
roToBa JJIs mepeaayn Ha [ocyiapcTBeHHOE COPTOMCTIBITAHUS 7S lajbHeHIIel BCECTOPOHHEN ee OIICHKU U
JOTyIIeHUs K ucnonb3oBanuto. Jluaun nuromunka [ICU 6ynyt nepeBenensl B nutoMHuk KCU s nans-
HEHIIEero KOMIUIEKCHOTO U3y4YeHHsl. BriieneHHble epCreKTUBHbIE JIMHUH, OJlaro/iapsi XopoueMy KauecTBy U
XOpOIIeH MUTAaTeIbHOCTH, MOKHO HMCIIOJIb30BaTh B KaueCTBE CyXUX KOpMoOB. IlepcriexTuBHBIC TUHUU OyIyT
BKJTFOYATHCS B CEJICKITMOHHBIN MPOIIECC B KAYECTBE JOHOPOB X035HCTBEHHO-IIEHHBIX MPHU3HAKOB.
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Abstract. In arid and semi-arid regions, including Eastern Kazakhstan, where the average annual
precipitation is only about 300-350 mm, water scarcity has become a major limiting factor for agricultural
development. In this regard, the improvement of water-saving technologies is considered one of the key
directions for ensuring sustainable agricultural production. The aim of this study is to comprehensively
evaluate the effectiveness of biocomposite hydrogels containing a polymer matrix, chitosan, cellulose, and
biostimulants in enhancing soil water retention and increasing crop productivity. The research employed
laboratory methods (gravimetric and thermogravimetric analysis) and field experiments, during which soil
moisture content and crop yield indicators were measured. The results showed that hydrogel G-3, containing
70 % polymer matrix, demonstrated the highest water absorption capacity (up to 500% of its mass) and high
thermal stability (Ts0% = 350°C). However, its biodegradability was relatively low, reaching only 20 % over
six months. In contrast, hydrogel G-2, containing 25 % chitosan, provided an optimal balance of properties:
water absorption of 350 %, biodegradability of 60 %, and an increase in crop yield by 20-25 %. All tested
hydrogels increased soil moisture content by approximately 15-30 %. The limitations of the study include the
short duration of field trials and the limited range of crops examined. The practical significance of the work
lies in demonstrating that biocomposite hydrogels are a promising solution for agriculture in arid regions,
particularly in water-scarce areas such as Eastern Kazakhstan. The obtained results can serve as a basis for
developing agrotechnological recommendations, increasing crop productivity, and reducing environmental
impact.

Keywords: biocomposite hydrogels, crop yield, Eastern Kazakhstan, field experiment, polymer matrix,
water conservation, moisture retention capacity
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Annoranus. KyaH jxoHe kapThiail KyaH aiiMakTap/ia, COHBIH 1IIHAE KBUIABIK KaybIH-IIAIIBIH MOJI-
mepi He6api 300-350 MM mramaceinaa 6onareid Lbreic KazakcTan eHipiHIE Cy TaNIIBUIBIFBI ayblT MIAPY-
AlIBbUTBIFBIH IaMyBIH IIEKTEUTIH HEri3ri GakTopiapblHbIH OipiHe aiHaibIl oThIp. OchiFaH OalIaHBICTHI CY
YHEMJIEy TEXHOJOTHUIAPBIH KETUAIPY TYPaKThl arpOOHAIPICTI KAMTAaMachl3 €TYIIH HETri3ri OarbITTaphIHBIH
Oipi OombIN TaObUIABI. ATalFaH 3epTTEYAIH MaKcaThl — KypaMbIH/Ia MOTUMEPIIK MaTpulla, XUTO3aH, Le-
JOJI03a JKOHE OnocTUMYyISTOpiaap O0ap OMOKOMITO3UTTIK THAPOTENbIEP/IIH TOMBIPAK BUIFAIBIH CaKTay Ka-
O1JIeTiH apTTHIPYAAFhI )KOHE aybUI MIAPYaIIbUIBIFBI aKbUIAaPBIHBIH OHIMAUTITTH )KOFapbUIaTyIaFbl THIMILTITIH
KeleHai O6aranay. 3eprrey OapbIChIHAA 3€pTXaHANBIK 9/icTep (TPaBUMETPHSUIBIK JKOHE TePMOTPaBUMETPH-
SIBIK Tajjay) MEH AallajiblK TOXKipuOenep KONIaHBUIBIN, TONBIPAK bUIFAJABUIBIFBI MEH OHIMILIIK KepceT-
kimrepi enmenai. Hotmwxkenep kepcerkenaeit, kypamsinaa 70 % momumep:ik mMatpuua 6ap G-3 ruaporeni
CyIbI CiHIpY KabineTi OoibIHIIA eH KOFapbl KepceTKinike ne 00nsl (63 MmaccachiHbIH 500 %-bIHA 1€iiiH), COH-
nai-aK TePMUSITBIK TYPAKTBUTBIFBI )KOFapbl feHreiae Tipkenai (Ts0% = 350°C). Anaiina oHbIH Onomerpasamnus
JICHT e TOMEH OOJIBII, anThl ail irmiHAe oHbIH He0api 20 %-Fa babIpaasl. ANl KypaMbiaaa 25 % xuro3an 0ap
G-2 ruaporeni THIMAI KOPCETKIIITEPAIH OHTANIBI YillleCiMiH KaMTaMachl3 eTTi: ¢y CiHipy aeHreii — 350 %,
ouonerpanamusicel — 60 %, an erid eHiMaLIIr: 20-25 %-ra apTThl. 3epTTENreH OAPIBIK TUAPOTENb YATUIEPIH
KOJIJIaHy TONBIpaK bUTFAIABUIBIFBIH 15-30 %-Fa apTybIHa BIKMAN €TTi. 3epTTEyAiH IIeKTeyIepl peTiHae 1a-
JANBIK TXKIpUOENepAiH KbIcKa Mep3iM IIIHAE KYPri3ilyl *oHe 3epTTeyre KaMThUIFaH JaKblI TYPJIEPIHIH
CaHbl LIEKTEYNI OoNybl atam eTiienl. JKYMBICTBIH MPaKTUKAIBIK MAaHBI3IBUIBIFBl — OMOKOMITO3UTTIK THAPO-
renpAepAiH KyaH aiiMakrapnaa, acipece cy pecypctapsl Tanibl Lbireic Kazakcran eHipiHze, aybul mapy-
alIbUTBIFBIHAA TUIM/II KOJIJIaHyFa OOJIaThIH MEePCIeKTUBAJIbI MICIIIM €KeHIH HeTi3aey/le. AJNBIHFaH HOTHXKeNep
arpoTEeXHOJIOTHSUIBIK YCHIHBIMIAP d31piieyre, aybUl IaypallbUIbIFbl JaKbUIIAPbIHBIH OHIMJILIITIH apTThIpyFa




’KOHe KOpIIIaFraH OpTara TYCETiH )KYKTeMeH1 a3aiiTyra Heri3 0oja anafipl.

Tyiiin ce3aep: OMOKOMITO3UTTIK THAPOTEIbIED, €riH oHIMILTIT, [IIbFbic KazakcTan, nanaabik ToXIpH-
0e, TOTMMEpPITIK MaTpula, Cy YHEMJEY, bUIFall CaKTay ChIMBIMIBLIBIFBI

Jaiiexco3 ymin: A3umoB A., Kamun Kaitone Katubu, Epraesa XK. T., U3tneyos .M. (2026). bruokom-
MO3UTTIK TUIPOTENbIACPIIH Cy YCTay KaCHETI MEH SKOJOTHSUIBIK Kayilci3airiH kemeHal tangay // Research,
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doi.org/10.37884/5-2026/11 [In Eng.].
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AHHoOTanus. B 3acynMBbIX W MOMy3acylUIMBBIX perHOHax, BKIodas Boctounslii Kazaxcran, rioe
CPEIHETOI0BOE KOIMYECTBO O0CaaKOB cocTaBisgeT Bcero 300—350 MM, 1eduIuT BOABl CTAHOBUTCSI OCHOBHBIM
OTpaHUYMBAIOIINM (AKTOPOM Pa3BUTHS CEIBCKOTO XO3SMCTBA. B CBSI3U ¢ ’TUM COBEPIIICHCTBOBAHUE BOJI0COE-
pEraInx TEXHOIOTUI paccMaTpUBAaeTC s Kak OHO U3 KIIIOUEBBIX HANpaBICHUN 0O0ecriedyeHus yCTOMYNBOro
arpapHoOTro Mpou3BOACTBA. L[eab TaHHOTO MCCIenoBaHNsI — KOMILUIEKCHAs OlleHKa A((HEKTUBHOCTH OMOKOM-
MO3UTHBIX THIpOTeNied, ColepKalliX MOJIUMEPHYI0 MAaTpUILy, XUTO3aH, IEJUTI0NI03y U OMOCTUMYISTOPHI, B
MOBBIIIEHUH BIIArOyJAEP>KUBAIOIIEH CIIOCOOHOCTH TOYBBI U YBETMYEHUH YPOXKaWHHOCTH CENbCKOX031iCTBEH-
HBIX KyIbTYyp. B Xone uccienoBaHusi IpUMEHSIUCH J1a00paTOpHbIE METO/bl (IPaBUMETPUUECKUN U TEPMO-
IPaBUMETPUYCCKHUIA aHATU3) U TOJIEBBIE SKCIIEPUMEHTHI, B paMKaxX KOTOPBIX U3MEPSIIUCH TTOKa3aTEe BIIaX-
HOCTH TIOYBBI M ypOXKaMHOCTH. Pe3ynprarsl nokasanu, 4ro ruaporens G-3, conepxammii 70 % nonuMepHoO
MaTpHIlbl, 00J1aaeT HanOOJbINeH Bomonomiomameid crmocooHocThio (10 500 % OoT COOCTBEHHOW MacChl)
1 BBICOKOW TepMHuYecKor cTabuimbHOCTHIO (Ts0% = 350°C). Ognako ero Omojerpananys okasanach HU3KOH
u coctaBuia quib 20 % 3a mecth MecaieB. B To xe Bpems ruaporens G-2, conepxaniuid 25 % xuTo3aHa,
MIPOJIEMOHCTPUPOBAJ ONITUMAJIBHOE COUYETaHHE CBOWCTB: Bojomoriomenne — 350 %, ouonerpamamus — 60
%, a ypoxkailHOCTh yBenuumiach Ha 20-25 %. Bce uccnenoBanHble THIPOTeaN MOBBICUIIN BIAXKHOCTh ITOYBBI
Ha 15-30%. K orpaHnueHusM UCCIeI0BaHUS OTHOCATCS KOPOTKAs MPOIOJDKUTEIILHOCTD TIOJIEBBIX UCTIBITAHUI
U OTpaHUYEHHBI Ha0Op M3YYEHHBIX CEIbCKOXO3SUCTBEHHBIX KyJIbTyp. [IpakTHueckas 3HaUUMOCTh pabOTHI
3aKJII0YAETCS B JJOKA3aTEIbCTBE TOTO, YTO OMOKOMITO3UTHBIC THAPOTEIIN SBIISFOTCS IEPCIIEKTUBHBIM PEIICHU-
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€M JUIS CEJIbCKOTO XO3SHCTBA B 3aCYIIUIMBBIX PETHOHAX, OCOOCHHO B YCIOBUSAX JA€PHUIMTA BOJHBIX PECYPCOB
Bocrounoro Kazaxcrana. [lonydeHHble pe3ynbTaThl MOTYT OBITH UCIIOJIB30BaHbI U1 pa3paboTKU arpoTeXHO-
JIOTUYECKUX PEKOMEHAAIINA, TOBBIIICHUS YPOXKAWMHOCTH M CHUKEHHSI SKOJIOTHYECKON HArpy3KH.

KutoueBble cjioBa: OMOKOMIO3UTHBIE THIIPOTENH, YPOKANHOCTD CEIbCKOXO3SHCTBEHHBIX KYIBTYD,
Bocrounsiii Kazaxcran, moneBoi SKCIEpUMEHT, OJTUMEpPHAs MaTpHIIa, BOIOCOepeKEeHHE, BIaroyaepKuBaro-
11ast cnocoOHOCTh

Jas uurupoBanms: AsumoB A., Kamun Kaitone Katu6bu, Epraesa XK., U3tneyos ['M. (2026). Kom-
TJIEKCHBIN aHaJN3 BOAOYIEPKUBAIOIINX CBOMCTB U SKOJOTHYECKON 0€30MacHOCTH OMOKOMIO3UTHBIX THIPO-
reneit // Research, results — [3aenicrep, Hotmwxkenep — MccnenoBanus, pesynsrarsl. T. 28. Is. 5. Number 113.
Pp. 130-139. https://doi.org/10.37884/5-2026/11 [In Eng.].

Kon(uuKT HHTEpecoB: aBTOPHI 3asIBIAIOT, YTO KOH(PIUKT UHTEPECOB, CBSI3aHHBIN C JaHHBIM HCCIIe-
JIOBaHHUEM, OTCYTCTBYET.

bnazooapnocme. /lannoe ucciedosanue 6blnOIHeHO 8 pamkax npozpammvl No 393-IT1[D-24-26,
BR24993129 «Paspabomka buopasnazaemozo mepmoyy8cmeumenbHo2o 2uopoeis, CHOCOOH020 No2N0uiams,
yoepaicusams U pe2yiuposams evloelieHue enazuy, urnancupyemou Munucmepcmeom HayKu u 8vlcuie2o 00-
paszosanusi Pecnyonuxu Kazaxcman.

Introduction.

Water scarcity is an increasing challenge for agriculture, particularly in arid and semi-arid regions
affected by climate change and irregular precipitation. Limited water availability directly influences crop
productivity and agricultural sustainability [Boros et al., 2024: €33364; Damian et al., 2023: 100799]. This
problem is particularly relevant to Eastern Kazakhstan, where the climate is predominantly continental and
dry. Annual precipitation is approximately 300-350 mm, while groundwater may occur at depths exceeding 5
m [Azimov et al., 2026: 149—-157; Manabaeyv et al., 2026: 14-23]. These conditions contribute to insufficient
soil moisture and negatively affect the productivity of important crops such as wheat and barley. Therefore,
water-saving technologies are becoming increasingly important for sustainable agricultural production in the
region [Azimov et al., 2026: 149-157; Boros et al., 2024: e33364].

Biocomposite hydrogels have recently attracted considerable attention as materials for improving
soil moisture retention. Their three-dimensional polymer networks can absorb large amounts of water and
gradually release it into the surrounding soil, which is particularly useful under irregular rainfall and limited
irrigation conditions [Rana et al., 2020: 101314; Sroka et al., 2024: 2945; Zhu et al., 2024: 987-996]. The
incorporation of natural components such as chitosan, cellulose, humic acids, and fulvic acids can improve
the functional and environmental properties of hydrogel materials [Di Martino et al., 2025: 141744; Zhang et
al., 2022: 119693].

Compared with conventional synthetic hydrogels, biocomposite systems may provide a better balance
between water absorption, mechanical stability, biodegradability, and environmental compatibility [Sroka et
al., 2024: 2945; Rana et al., 2020: 101314]. Chitosan can contribute to biodegradation, while cellulose can
improve structural stability and facilitate gradual decomposition in soil [Zhang et al., 2022: 119693; Di Martino
et al., 2025: 141744]. Humic substances may additionally influence swelling behavior, thermal response, and
interactions within the polymer network [Park et al., 2023: 1423; Di Martino et al., 2025: 141744].

Previous agricultural studies have demonstrated the potential of hydrogel-based materials for improving
soil moisture conditions and crop performance [Azimov et al., 2026: 228-241; Azimov et al., 2026: 149-157,
Wang et al., 2023: 109835]. These findings indicate that hydrogel performance can vary depending on soil
characteristics, climate, crop type, and material composition [Sroka et al., 2024: 2945; Zhu et al., 2024: 987—
996].

Despite these promising results, several issues require further investigation. In particular, the long-term
biodegradation of hydrogel components, their effects on soil microorganisms, and their potential influence on
soil fertility remain insufficiently understood [Li et al., 2021: 50291; Sroka et al., 2024: 2945]. Therefore,
assessment of both agronomic efficiency and environmental safety is necessary before their wider agricultural
application.

Eastern Kazakhstan provides an important setting for such research because of its limited precipitation,
periodic drought, and relatively low soil moisture availability. Recent studies in the region have demonstrated
the potential of hydrogel-based approaches for improving soil moisture distribution and reducing irrigation
requirements [Azimov et al., 2026: 149—157; Manabaev et al., 2026: 14-23]. However, their effectiveness
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should be evaluated under local soil and climatic conditions, particularly in relation to wheat and barley
cultivation.

The aim of this study was to evaluate the effectiveness of biocomposite hydrogels in retaining soil
moisture, supporting plant growth, and improving crop productivity under the arid conditions of Eastern
Kazakhstan. Particular attention was given to their water absorption capacity, biodegradability, and
environmental safety. The results are expected to provide a scientific basis for the practical application of
biocomposite hydrogels as a water-saving technology in agriculture.

Materials and Methods.

The study examined biocomposite hydrogels prepared from a polymer matrix combined with
biodegradable and biologically active components. The materials were compared in terms of water absorption,
mechanical stability, and environmental performance. The main components and their functional roles are
summarized in Figure 1.

Main Components and Functional Roles of Biocomposite Hydrogels

Schematic representation of the hydrogel composition

POLYMER MATRIX CHITOSAN
Acrylic acid + acrylamide Chitin derivative
COpolymers [deacetylated polymer)
Structural framework Supports biodegradation
Water absorption: up to 500% Mechanical strength = 0.5 MPa

BIOCOMPOSITE
HYDROGEL

later retention + stability  biodegradati

CELLULOSE HUMIC ACIDS
Plant-derived Products of organic
polysaccharide matter decompasition

Contributes to stability Promote biodegradation
and soll compatibility FULVIC ACIDS G&-manth degradation: 60-80%

Low-rmolecular-weight
arganic acids

Improve structural stability
Crystallinity: 60-T70%

Biocomposite hydrogel: relationship between composition, structure and functional performance

Fig. 1. Main Components of Biocomposite Hydrogels

The polymer matrix based on acrylic acid and acrylamide copolymers provides the structural
framework of the hydrogel and largely determines its water-holding capacity and mechanical properties.
Chitosan and cellulose were incorporated as biodegradable components, while humic and fulvic acids were
used as biostimulants to support plant growth and improve soil properties.

Three formulations, designated G-1, G-2, and G-3, were evaluated (Figure 2). Their different
compositions allowed the effects of polymer content, biodegradable additives, and biostimulants to be
compared. G-2 contained the highest proportion of biodegradable components, including 25 % chitosan and
15 % cellulose, and was therefore expected to show greater biodegradation in soil. In contrast, G-3 contained
70 % polymer matrix, which was associated with its higher water absorption capacity. G-1 and G-2 also
contained 10% biostimulants intended to support crop growth.

Overall, the three formulations differed sufficiently in composition to enable comparison of their water-
retention performance, biodegradability, and potential effects on plant development.

Field experiments were conducted in Eastern Kazakhstan, a region characterized by a dry climate
and limited water availability. The study site was located at 49.95°N and 82.62°E. The area has a continental
climate, with an average annual temperature of approximately 3.2°C and annual precipitation of 300-350
mm, distributed unevenly throughout the year. The soil was classified as chestnut soil with 2—3 % humus, a
near-neutral to slightly alkaline reaction (pH 6.5-7.5), and a loamy texture. The soil had relatively low water-
holding capacity, while groundwater occurred below 5 m.
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Composition of Biocomposite Hydrogels

Polymer matrix
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Fig. 2. Composition of the Studied Biocomposite Hydrogels

The experiments were carried out during the growing season from April to September without artificial
irrigation. Thus, the performance of the hydrogels was assessed under the natural soil moisture regime.
Standard tillage practices, including plowing and harrowing, were applied, and sowing was conducted from
late April to early May.

The experimental area covered 500 m? and was divided into five 100 m? plots: an untreated control,
G-1 (50 kg/ha), G-2 (50 kg/ha), G-3 (50 kg/ha), and G-2+ (100 kg/ha). This experimental design allowed the
effects of hydrogel composition and application rate on soil moisture and crop performance to be compared.

The results (Figure 3) showed clear differences among the hydrogel formulations. G-3, containing
70 % polymer matrix, exhibited the highest water absorption capacity, reaching 500 % of its own mass. G-1
and G-2 absorbed approximately 350 % and 400 %, respectively. The lower absorption observed for these
formulations may be related to their greater proportion of biodegradable components, particularly chitosan
and cellulose.

Overall, the results indicate that hydrogel composition has a substantial effect on water absorption and
moisture-retention performance. This property is particularly important for the application of these materials
under dry climatic conditions.

Water Absorption Capacity of Biocomposite Hydrogels

—o— G-1
—a— (G-2
164 —o— G-3

lL [ ]

[}
L
[
L]

Water absorption capacity, S (g/g)

0 30 60 90 120 150 180 210 240
Time (min)
Fig. 3. Water Absorption Capacity of Biocomposite Hydrogels G-1, G-2, and G-3.

As shown in Figure 4, thermal stability and biodegradation followed an opposite trend. Increasing the
polymer fraction improved resistance to thermal degradation but slowed the breakdown of the material in
soil. Therefore, for agricultural applications, an appropriate balance between durability and biodegradability




i bl
AKALEMUSICI

is essential.

G-3 showed the highest thermal stability among the tested formulations. Its decomposition began at
approximately 200°C, with the material remaining relatively stable up to 250°C. The temperature corresponding
to 50 % decomposition (Tso) was 350°C. This behavior is consistent with its higher polymer matrix content (70
%), which contributes to greater structural stability.

The other formulations showed lower thermal resistance. For G-1, decomposition started at 180°C and
Tso was 320°C, whereas G-2 began to decompose at approximately 170°C, with Tso reaching 300°C. The lower
thermal stability of these samples can be associated with their higher proportion of biodegradable components.

Figure 5 presents the biodegradation of G-1, G-2, and G-3 during six months of soil incubation. All
three formulations gradually degraded over time, although the rate of mass loss differed considerably among
the samples. Figure 5 shows the degradation of G-1, G-2, and G-3 during six months of soil incubation. All
formulations gradually decomposed, but the rate varied depending on their composition.

G-2 exhibited the highest biodegradation, reaching 60 % after six months, which can be attributed to
its relatively high contents of chitosan (25 %) and cellulose (15 %). G-1 showed an intermediate degradation
level of 40 %, whereas G-3, containing 70 % polymer matrix, degraded more slowly with only 20 % mass loss
over the same period.

Thermal Parameters of Hydrogels
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Hydrogel samples
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Fig. 4. Thermal Stability Parameters of Hydrogels

Biodegradation Dynamics of Hydrogels
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Fig. 5. Biodegradation of G-1, G-2, and G-3 during six months of soil incubation.

These results indicate that increasing the proportion of biodegradable components promotes hydrogel
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degradatlon in soil. At the same time, maintaining a suitable balance between water-retention capacity and
biodegradability is important for practical agricultural use.

The numerical data presented in Figure -6 support the trend observed in Figure 3, with G-2 showing
the highest biodegradation (60 %) and G-3 the lowest (20 %).

Bicdegradation Level of Biocomposite Hydrogels

Biodegradation, %

Hydrogel Samples

Fig. 6. Biodegradation Parameters of Hydrogels

The results demonstrate a clear relationship between hydrogel composition, water retention, and
biodegradation. A higher proportion of polymer matrix improved the ability of the material to retain water but
reduced its degradation rate in soil.

From a practical perspective, G-3 may be more suitable where prolonged moisture retention is required,
whereas G-2 offers faster biodegradation and may be preferable for applications where a shorter residence time
in soil is desirable. Thus, the appropriate formulation should be selected according to the specific agricultural
objective.

Figure 7 presents soil moisture levels in the untreated control plot and in the plots receiving G-1, G-2,
G-3, and G-2+ hydrogel treatments.

Soil Moisture in Different Experimental Plots
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Fig. 7. Soil Moisture in Different Experimental Plots
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All hydrogel treatments increased soil moisture compared with the untreated control. The greatest
effect was observed for G-3, which is consistent with its higher polymer matrix content (70 %) and greater
water absorption capacity.

The G-2+ treatment, applied at twice the standard dose, also improved soil moisture, although its effect
was not markedly different from that of G-3. G-1 and G-2 produced moderate increases in soil moisture.

Overall, the findings indicate that biocomposite hydrogels can help reduce soil moisture loss under dry
conditions. At the same time, formulation selection should consider both the required duration of moisture
retention and the environmental behavior of the material.

Figure 8 summarizes the effects of G-1, G-2, G-3, and G-2+ on the growth and productivity of four
crops: barley, wheat, maize, and sunflower.

Plant Growth Parameters in Different Experimental Plots
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Fig. 8. Effect of Hydrogels on Crop Growth and Productivity

Hydrogel application increased plant height and crop yield across all tested crops. The highest yields
were recorded with the G-2+ treatment: barley reached 34 c/ha (+36 %), wheat 42 c/ha (+40%), maize 68 c/
ha (+36 %), and sunflower 28 c/ha (+40 %).

G-2 also performed well, particularly for barley and wheat. Its effectiveness may be related to the
balance between biodegradability and biostimulatory activity. Although G-3 had the highest water absorption
capacity, its effect on crop yield was comparatively lower, possibly because water and nutrients were released
more slowly.

Maize and sunflower which require relatively greater water availability showed a clear response to
hydrogel application. This finding supports the potential use of these materials in water-limited agricultural
areas.

Field observations also indicated improved soil condition in the treated plots. Surface cracking was
reduced and root development appeared more uniform. Thus, the hydrogels may contribute not only to moisture
retention but also to maintaining favorable physical conditions in the soil.

Conclusion.

This study evaluated the performance of biocomposite hydrogels for improving soil moisture retention
and crop productivity under the dry climatic conditions of Eastern Kazakhstan. Laboratory analyses and
field trials were combined to assess both the physicochemical properties of the materials and their practical
performance in agricultural soils.

The results confirmed that hydrogel composition strongly influenced their behavior. G-3, containing 70
% polymer matrix, showed the highest water absorption capacity (500 %) and thermal stability (Tso = 350°C).
However, its biodegradation reached only 20 % after six months, indicating slower decomposition in soil. In
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contrast, G-2, containing 25 % chitosan and 15 % cellulose, provided a better balance between performance
and biodegradability. Its water absorption was 350 %, while biodegradation reached 60 % after six months.
Field observations also showed improved crop productivity with hydrogel application.

All tested formulations increased soil moisture by approximately 15-30 % compared with the untreated
control. The treated plots also showed more uniform moisture distribution, reduced surface cracking, and
better root development. These effects indicate that biocomposite hydrogels can contribute to more efficient
use of limited water resources under dry conditions.

Several limitations should be considered. The field experiment covered only one growing season and
the number of tested crops was limited to wheat, barley, maize, and sunflower. In addition, the long-term
effects of the hydrogels on soil microorganisms, fertility and ecosystem processes were not fully assessed.

Further research should therefore include 3—5-year field trials, a wider range of crops and detailed
monitoring of soil microbiological properties. Optimization of hydrogel composition, including the possible
use of natural additives, nanoparticles or enzyme-based modifiers may also improve their biodegradation
and functional performance. Economic assessment is equally important to determine whether the benefits of
increased yield and water conservation justify the cost of application.

Overall, the findings indicate that biocomposite hydrogels have considerable potential for sustainable
agriculture in water-limited regions. Their successful implementation, however, requires a balanced assessment
of agronomic performance, biodegradability, environmental safety, and economic feasibility.
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Abstract. Introduction. The article presents a comprehensive assessment of the anthropogenic impact
on the Yertis River basin, located within three administrative regions (East Kazakhstan region (EKR), Abai
region and Pavlodar region), with an analysis of quantitative indicators of water use and sanitation. The
purpose of the research is to assess the anthropogenic impact on the Yertis River, as well as to assess the role
of wastewater treatment plants in shaping the quality of the aquatic environment using the example of the
city of Serebryansk. Materials and methods. The paper provides an analysis of the volumes of natural water
intake from surface and underground sources, the total discharge of treated wastewater, as well as domestic
wastewater in each of the three regions for the analyzed periods (2020—-2024). The authors used analytical,
systematic and comparative methods to process the results. Results and discussion. Based on a comparison
of data, regional differences in the structure of water consumption and sanitation were determined, and the
proportion of return waters was calculated. For the period 2016-2025, the efficiency of wastewater treatment
was determined using 12 chemical indicators of water quality using the example of the treatment facilities
(TF) of the city of Serebryansk, EKR. The treated wastewater is discharged from the sewage TF of the city of
Serebryansk into the Yertis River. An assessment is given of the impact of discharges from existing wastewater
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TF with a traditional treatment scheme serving a small settlement in the EKR. The results of the study showed
that although the anthropogenic load on the water body from small treatment facilities is relatively small, it is
still present. Conclusions. A conclusion was made on the need to improve technologies for biological and deep
post-treatment of wastewater to ensure the environmental sustainability of the river ecosystem.

Keywords: anthropogenic impact, river basin, natural water intake, receiver rivers, treated (not
sufficiently treated) wastewater, treatment facilities
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AnHotauus. Kipicne. Makanana cyapl naiijjanany MeH cy Oypy/IbIH CaHIbIK KOPCETKIIITEPIHE Tal1ay
»Kacal OTBIPHIN, yiI okimrutik oombictapeiaa (Iereic Kazakcran (LLKO), AGaii >xone IlaBmomap oOIbI-
cTapbl) opHanackaH EpTic e3eHi OacceiiHiHe aHTPOMOTeH 1K dCep/liH KelleH Al Oarackl OepuireH. 3epTTeyain
Makcatel — EpTic e3eHiHe aHTpomoreHaik acepi Oaranay, conbiMeH Karap CepeOpsHCK KalachbIHBIH MbICa-
JIBIHJIA CY OPTACBIHBIH CalachlH KANBINTACTHIPYAAFbl CAPKBIH/IBI CyIap/ bl Ta3apTy KypbUIBICTaphl pelliH Oara-
nay. Mamepuandap men a0icmep. XymbicTa 3eprreneTin keseHaepae (2020-2024 xpuigap) yur oOIbICTHIH
opKaiichIchl OOMBIHIIA KEPYCTI JKOHE KEPACThI KO3AepiHEH TaOUFU CY/bI aly, Ta3apThUIFAH CaKbIHJIbI Cylap-
JIBIH KaJIIbI KeJieMi(IIapyalibUIbIK — TYPMBICTBIK KOHE OHIIPICTIK CApKBIHABI CYJIap) a3apThIIFaH CAPKbIH]IbI
CyJIapJIbIH >Kajrbl KeseMi (IIapyanibUIbIK-TYPMBICTHIK KOHE OHAIPICTIK CapKbIHABI cyaap), COHAai-ak mia-
PYaIIbUIBIK-TYPMBICTBIK CAPKBIH/IBI CYJIapAbIH KeJIeMi TallJaHFaH. 3epTTey HOTHXKEJIEepiH OHeYy YIIiH aBTop-
Jap aHAIUTUKAIBIK, KYHETIK KOHE CabICTBIPMAIIbl SHICTepAl Kolnauabl. Homuowcenep men manxwinay. [le-
PEKTEP/Il CaNbICTBIPY HETI31HIE Cy TYTHIHY MEH Cy Oypy KYPBUIBIMBIHAAFBI alfMaKTHIK albIpMaIIbUIBIKTAP
aHBIKTAJIJBI, KalTapbUIaThiH CylnapAblH yieci ecenteni. 2016-2025 xpinaap apalbIiFbIHAA Cy CalachlHbIH




12 xumusibik kepcetkimn 6oiibiama KO CepebpsHck KanachlHbIH Ta3zapTy FuMapartaps! (TH) Mbicanbis-
7la CapKBIHBI CyTapAbl Ta3apTy TUIMALUIIT aHBIKTaNIbl. CepeOpsHCK KalachIHBIH Ta3apTy KYPBUIbICTAPBIHIA
Ta3apThUIFaH capKbIHAbI cynap Epric e3enine xibepineni. IIKO-HBIH maFblH €111 MEKEHIHE KbI3MET Koep-
CETETIH JIOCTYPJIl Ta3apTy TEXHOJIOTHUACH Oap KOJNJAHBICTAFbl Ta3apTy FUMapaTTapbIHBIH CAPKBIHABI Cylap-
TIBIH Cy OOBEKTICiHE ocepl OaranaHAbl. 3epTTey HOTHKEJepl MaFbIH Ta3apTy FUMapaTTapblHAH Cy HbICAHBIHA
TYCETIH aHTPOIOTEH/IIK KYKTEMEHIH CalbICTBIPMAIIbI TYp/e a3 OONFaHbIMEH, 911 JIe CaKTaJaTbIHBIH KOPCETTI.
Kopvimwvinovl. ©3eH 3K0KYHeCiHIH KOIOTUSIIBIK TYPAKThIIBIFBIH KAMTAMACHI3 €Ty YILIH CApPKBIH/IBI CyTapbl
OMONOTHSIIBIK Ta3apTy JKOHE TEePEH Ta3apTy TEXHOJOTHSUIAPHI JKETUIAIPY KAXKETTLTIr Typasibl KOPBITHIHIBI
KacaJibl.
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TBUIFaH (KETKUTIKCI3 Ta3apThUIFaH) TOTIHI Cylap, Ta3ajay FUMaparTapbl.
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AHHoTanus. Beedenue. B craTbe npeacTaBiIeHa KOMIUIEKCHAs OIICHKA aHTPOIIOTEHHOTO BO3ICHCTBUS
Ha OacceifH peku EpTHC, pacnoioXeHHBIH B mpenenax TpéX aJMUHUCTPATUBHBIX obOiacteit (BocTouno-Ka-
3axctanckoit oomactu (BKO), obnmactu Abaii u [1aBinogapckoii 001acTH), ¢ aHATM30M KOJIMYECTBEHHBIX TTOKa-
3aTelieil BOJONOIB30BaHUS M BOJIOOTBENCHUS. []ebio UCCIICIOBAHUM SIBISICTCS OIICHKA aHTPOIIOTCHHOTO BO3-
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neiicTBus Ha peky Epruc, a Takke orieHKa posid COpOCOB OUHUCTHBIX COOPYKEHUH B OPMUPOBAHUH Ka4eCTBA
BOJIHOM cpenbl Ha mpumepe I.Cepebdpsincka. Mamepuansl u memoosl. B paboTe npuBeieH aHaiu3 o oobemMam
3a00pa MPUPOTHON BOJIBI U3 TOBEPXHOCTHBIX U MOJ3EMHBIX HCTOYHUKOB, O0IIIEro cOpOoca OUUIIIEHHBIX CTOY-
HBIX BOJI, @ TAKXKE X03MCTBEHHO-OBITOBBIX CTOYHBIX BOJI 110 KaXKJ0M M3 TPEX o0sacTel 3a aHAIU3HPYyEMBbIE TTe-
puozst (2020-2024 rona). s 06paboTKU pe3yabTaToB aBTOPHI MCIOIB30BATHN aHATUTUYECKUHN, CUCTEMHBIN
U CPaBHUTENBHBIA METONBI. Pe3yromamsl u oocyscoenue. Ha 0CHOBE COMOCTaBIECHUS JAHHBIX OMPEIeNICHBI
pErvoHaNbHBIE PAa3uYKsl B CTPYKTYpe BOAOMOTPEOICHUS M BOAOOTBEICHUS, pacCUUTaHa A0Sl BO3BPATHBIX
Boa. 3a mepuon 20162025 rr. mo 12 XMMHYECKUM MOKa3aTeNsIM KauecTBa BOJI ornpezesieHa 3pGeKTUBHOCTh
OYHMCTKH CTOYHBIX BOJ Ha mpumepe ounucTHbIX coopyxkeHuit (OC) r.Cepebpsincka BKO. COpoc ounieHHbIX
ctounbix Bog ¢ OC r.CepeOpsiHcka ocymiecTBisercs B peky Eprtuc. Jlana ornenka Bo3aeicTBusi cOPOCOB ¢
JEHCTBYIONINX OYUCTHBIX COOPYXEHHH C TPaTUIIMOHHON CXeMON OYMCTKH, OOCTYXHBAIOIINX HEOONIBIION
HaceneHnblil myHKT BKO. Pe3ynbsrare! ucciieoBanus mokasaiu, 4To, XOTS aHTPOIIOT€HHAs Harpy3ka Ha BO-
THBIA 00BEKT OT HEOONBIINX OYHUCTHBIX COOPY)KEHHUH OTHOCUTENILHO HEBEJIMKA, OHA BCE K€ MPHUCYTCTBYET.
Buvi6oowi. Crienan BBIBO 0 HEOOXOAMMOCTU COBEPIICHCTBOBAHMS TEXHOJOTHI OMONOrMYecKoi U rryOoKon
JIOOYMCTKU CTOYHBIX BOJI [T 00€CTIeUeHHs SKOJIOTHUYECKON YCTOMYUBOCTH PEUHOM SKOCUCTEMBI.

KuioueBble ci10Ba: aHTPOMIOTeHHOE BO3/ICICTBHE, OacceiH peku, 3a00p MPUPOTHOM BOJIbI, PEKU-TIPH-
€MHHKH, OUHIIEHHbIE (HEIOCTAaTOYHO OUUIICHHBIE) CTOYHBIC BOJIbI, OUUCTHBIEC COOPYKEHUS

Jasi uutupoBanusi: AnanbsHoBa C.b., Kommakoa B.I1., Habmommmuaa M.C., EpemeeBa 1O.H.,
[epos A.T. (2026). OueHka aHTpOIIOTeHHOTO BO3eHCTBUS Ha peky Eptuc // Research, results — [3nenicrep,
Hotmxkenep — Mccnenosanus, pesynsrarel. T. 28. Is. 5. Number 113. Pp. 140-149. https://doi.org/10.37884/5-
2026/12 [In Eng.].

KoH(uIuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.

Introduction.

According to the World Bank, Kazakhstan’s water stress level could exceed 80 % by 2040. The
consequences of water scarcity will affect all sectors of the economy, particularly agriculture, industry and the
housing and utilities sector (HUS) [Akhmetov, 2024].

According to international experts, the countries of Central Asia, including Kazakhstan will inevitably
face water shortages from 2028 onwards. Currently, 65% of water consumption in Kazakhstan is accounted
for by agriculture. Due to the poor condition of irrigation canals, water losses during transport amount to
over 50 %. The introduction of water-saving technologies in the Republic of Kazakhstan’s irrigation system,
as part of the implementation of the objectives set out in the President’s annual Addresses will enable the
withdrawal of natural water resources for agricultural purposes to be reduced to 35 % of the country’s total
water consumption.

According to Worldometers, Kazakhstan is among the countries with high per capita water consumption
which stands at almost 3,400 litres [https://www.worldometers.info/].

Based on the hydrographic principle—the grouping of rivers and water bodies that form a drainage
system within specific catchment areas — the territory of Kazakhstan is divided into eight river basins: Aral-Syr
Darya, Balkhash-Alakol, Ertis, Esil, Zhayik-Caspian, Nura-Sarysu, Tobyl-Torgay and Shu-Talas.

Surface water accounts for the bulk of water resources with an average annual volume of 106 km?. Of
this total, 55.7 % originates within Kazakhstan, whilst the remaining 44.3 % comes from transboundary rivers
flowing in from China, Uzbekistan, Russia and Kyrgyzstan [Zhabayeva, 2025].

The transboundary Yertis River basin is a complex natural and economic system facing a multitude of
challenges relating both to the volume and quality of water flow and to the patterns of its formation and use
in neighbouring countries.

The impact of human economic activity on water bodies is constantly increasing and has already
reached such a scale that their condition is changing under the influence of human factors much faster than
society can study these changes, adapt to them and develop effective measures to prevent them or mitigate
their consequences.

Discharges of domestic wastewater can still be regarded as point sources of pollution in aquatic
ecosystems.

As the population grows, the need for sustainable wastewater management is becoming an increasingly
pressing issue; however, no studies have yet been conducted that use rigorous statistical methods to assess the
impact of treated wastewater on receiving rivers [Yang et al., 2025] .
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The discharge of wastewater can lead not only to a direct increase in nutrient concentrations but also
to the discharge of dissolved and solid organic matter. The authors [Worrall et al., 2019] have shown that
wastewater discharge has a significant effect on the concentration of dissolved organic carbon in the receiving
rivers. Whelan et al. [Whelan et al., 2022] showed a significant improvement in total phosphate concentrations
and biochemical oxygen consumption (BOD) in natural water sources due to their reduction as a result of
improved wastewater treatment.

The discharge of wastewater into water bodies can affect a wide variety of aquatic life from microscopic
organisms to large mammals, although this impact may vary across species. Even with modern wastewater
treatment methods, wastewater can still negatively affect water quality [Brown et al., 2015] and harm aquatic
and coastal organisms [Grabicova et al., 2017]. These findings highlight the urgent need for a comprehensive
analysis of the impact of effluent discharges from treatment plants on receiving rivers.

Wastewater must be properly treated before being discharged or reused to protect the receiving reservoirs
from contamination. The discharge of poorly treated wastewater usually affects water users downstream and
pollutes groundwater [Joshua et al., 2017].

Wastewater treatment not only prevents environmental disasters and protects public health, but also
contributes to sustainable development, economic stability and an improved quality of life. The introduction
of innovative technologies to improve the quality of wastewater treatment is an essential step, given the
environmental, economic and social implications involved [Guidance, 2009].

Sewage treatment plants in small towns, built in the 1970s are often in a state of disrepair, creating an
unfavourable sanitary, epidemiological and environmental situation.

Many scientific papers on the global environmental impact of treated wastewater discharged into water
bodies have been published in international peer-reviewed journals [Tasselli et al., 2025; Joshua et al., 2017;
Chu et al., 2026].

In previous studies assessing the water quality of the Yertis River, the main focus has been on the
impact of discharges from industrial enterprises [Mamyrbekova et al., 2024; Mamyrbekova et al., 2025;
Zhalmagambetova et al.,2014; Krupa et al.,2024]. The impact of wastewater from domestic sewage treatment
plants was generally considered in broad terms, primarily in the context of large urban wastewater systems.

However, the issue of the impact of domestic wastewater discharges from small settlements has received
virtually no attention and remains understudied which highlights the need for further research in this area.

The aim of the research is to assess the anthropogenic impact on the Yertis River and to evaluate the
role of effluent from wastewater treatment plants in determining the quality of the aquatic environment, using
the town of Serebryansk as a case study. Treated effluent from the Serebryansk wastewater treatment plant is
discharged into the Yertis River.

Methods and materials.

The data used in this study were taken from the reports of the ‘East Kazakhstan Department for the
Protection and Regulation of Water Resources of the Yertis Basin Water Inspectorate for the Protection and
Regulation of Water Resources of the Ministry of Water Resources and Irrigation’ covering a five-year period
(2020-2024) and chemical indicators of wastewater quality before and after treatment at the Serebryansk
wastewater treatment plant laboratory over a 10-year period (2016-2025).

Analytical, systematic and comparative methods were used to analyse the results.

The efficiency of purification (E, %) from contaminants was determined using formula (1):

—-C
=" "% % 100%
Cen (1

Cen - concentration of pollutants at the inlet to the wastewater treatment plant, mg/l; Cex -
concentration of pollutants at the outlet of the wastewater treatment plant, mg/1.

Results and discussion.

The water resources of the Yertis River and its tributaries are vital to the livelihoods of almost 30% of
Kazakhstan’s population. This basin is also of great importance to Russia, particularly in terms of supplying
water to the steppe regions of the Omsk Oblast and the city of Omsk. For China, the basin is a strategic source
of water necessary to meet the growing needs of the Xinjiang Uyghur Autonomous Region.

In Kazakhstan, the water resources of the Yertis River and its tributaries play a vital role in the country’s
overall economic development. They support the livelihoods of almost 30% of the population. Around 45
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% of the Republic of Kazakhstan’s agricultural output is produced within the basin. The Yertis cascade of
hydroelectric power stations (Bukhtarma, Ust-Kamenogorsk, Shulba) accounts for 10 % of total electricity
generation (80 % of the country’s hydroelectric power) [Vinokurov et al., 2025].

Tables 1 and 2 present data on the withdrawal of natural water (surface and groundwater) and the
discharge of treated (and inadequately treated) wastewater in the three regions located within the Yertis River
basin.

YNTTbIK FblbIM

Table 1. Total volume of natural water abstracted over 5 years (m?).

Ne | Regions Volume of raw water abstracted, m*
2020 y. 2021 y. 2022 y. 2023 y. 2024 y.
East Kazakhstan | 524701,7 528703,97 | 513554,5 513210,6 438029,1
2 | Abai 197725,99 175676 2180649 22513,7 215580,1
3 | Pavlodar 3609732,6 3812140,6 | 3637459,8 33641742 349946,6

Table 2.Volume of treated (or inadequately treated) wastewater discharged (m?).

Ne | Regions Volume of treated (or inadequately treated) wastewater
discharged (m?®)
2020y. 2021y. 2022y. 2023 y. 2024 y.

1 East Kazakhstan | 353863,2 351347,2 | 340128,9 3438373 259347,8
72658,3 82609,5 83071,6 90750,1 65939,2

2 Abai 72211,1 62679,8 70149,6 94492,8 70439
60907,6 51788,5 59893,2 85445,9 64474,4

3 Pavlodar 2424669,9 2700614,5 | 2643173,5 2686871,3 2436079,3
103288,2 111289,6 123140,5 108892,3 109671,7

Note: The numerator represents the total volume of water discharged, whilst the denominator represents
the volume of domestic wastewater.

Based on the data in Tables 1 and 2, charts showing natural water withdrawal and wastewater discharge
for the East Kazakhstan, Abai and Pavlodar regions within the Yertis River Basin are presented.
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Fig. 1. Diagram of the withdrawal of natural water (m3) and discharge of treated (insufficiently treated) wastewater (m3) in the East

Kazakhstan region

An analysis of the chart shows that in East Kazakhstan Region, between 57 % and 67 % of the water
abstracted is subsequently returned to natural water bodies. This indicates a fairly high level of water reuse in
the region, whereby a significant proportion of the water used in various sectors of the economy is returned to
water bodies.

At the same time, domestic wastewater accounts for between 20.5 % and 26.4 % of the total volume
of effluent discharged. In other words, approximately one-fifth to one-quarter of all returned water comes
from the domestic sector, whilst the remainder is accounted for by industrial, agricultural and other types of
wastewater.
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Consequently, the region’s wastewater management system is characterised by a predominance of
recycled water and a relatively modest proportion of domestic wastewater discharges within the total discharge
volume.
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Fig. 2. Diagram of the withdrawal of natural water (m3) and discharge of treated (insufficiently treated) wastewater (m3) in the Abay

region

An analysis of the chart shows that in the Abai region, between 32 % and 41 % of the water abstracted
is returned to water sources. This indicates a relatively low level of water reuse compared with regions where
the return rate exceeds half of the water abstracted.

At the same time, domestic wastewater accounts for between 82.6 % and 91.4 % of the total volume
of wastewater discharged. In other words, the vast majority of all discharged wastewater originates from
the domestic sector. This indicates the dominant role of the population and social infrastructure facilities
in the region’s wastewater management structure, whereas the contribution of industrial and other types of
wastewater is significantly smaller.

Consequently, the region is characterised by a relatively low rate of return of abstracted water to its
source, whilst domestic wastewater discharges account for the majority of total discharges.
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Fig. 3. Diagram of the withdrawal of natural water (m3) and discharge of treated (insufficiently treated) wastewater (m3) in the

Pavlodar region

An analysis of the chart shows that in the Pavlodar region, between 67 % and 80 % of the water
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abstracted is returned to natural sources. This indicates a high level of water recycling in the region and a
significant proportion of recycled and reused water within the overall water consumption system.

However, domestic wastewater accounts for only 4.05 % to 4.3 % of the total volume of effluent
discharged. Consequently, the domestic sector plays a minor role in the region’s wastewater management
system, whereas the bulk of the effluent discharged consists of industrial and other process effluents.

Overall, the region’s water use pattern is characterised by a high rate of water return and a minimal
proportion of domestic wastewater in the total volume of discharges.

Table 4 shows the wastewater treatment quality indicators for the Serebryansk treatment plant for
the period 2016-2025. The table also presents the calculated treatment efficiency (%) based on water quality
parameters.

Table 3. Wastewater treatment quality indicators at the Serebryansk treatment plant (values in mg/1).

Indicators Years
2016 2017 2018 2019 2020 2021 2022 2023 | 2024 2025
BODtot 135,77 | 135,77 | 132,3 140,9 137,99 | 132,88 | 134,1 127,6 | 128,01 | 116,04
4,79 5,08 5,53 5,45 5,66 5,6 5,52 6,6 6,9 6,81
Suspended solids 102,25 | 115,42 | 88,83 95,17 105,66 | 101,58 | 101,58 | 105,7 | 116,4 113,92
4,25 4,16 4,12 4,1 4,34 4,33 4,0 4,2 4,5 4,34
Ammonium 46,01 | 50,5 4499 | 46,67 | 45,66 |4533 49,33 53,3 48,33 | 47,08
chloride 0,75 0,7 0,64 0,65 0,69 0,61 0,63 1,0 1,16 1,08
Nitrites 0,06 0,05 0,07 0,05 0,05 0,07 0,08 0,09 |0,09 0,09
0,02 0,03 0,04 0,03 0,04 0,04 0,04 0,04 |0,04 0,04
Nitrates 1,05 1,31 1,25 1,1 1,21 1,23 1,25 1,28 1,3 1,14
37,46 | 36,98 |50,53 50,23 53,0 53,58 53,51 53,7 | 554 52,08
Chlorides 55,69 | 53,31 53,59 | 51,12 5237 | 53,75 51,17 | 51,67 | 49,5 47,00
41,04 3748 3579 |36,14 |363 36,36 | 36,3 46,1 443 42,75
Sulphates 423 33,42 394 39,27 |33,25 30,83 32,1 34,17 | 33,3 29,5
26,78 | 24,51 23,79 23,66 |24,15 |2428 [2397 |27,58 |29,3 26,17
Phosphates 10,77 | 13,05 8,41 8,13 11,56 12,5 10,88 13,55 | 13,3 12,5
0,58 0,46 0,38 0,35 0,46 0,46 0,4 0,88 10,99 1,1
Synthetic 1,25 1,06 1,04 1,08 1,09 1,1 0,55 0,34 |03 0,26
surfactants 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,02 |0,02 0,01
Petroleum 0,54 0,42 0,43 0,53 0,16 0,04 0,05 0,02 |0,02 0,03
products 0,02 0,02 0,03 0,03 0,03 0,03 0,03 0,01 0,01 0,013
COD 340,5 | 360,33 | 305,83 | 312,33 | 324 309,5 3229 | 334 329 306
32,6 30,83 32,25 30,5 31,75 30,83 31,83 32,5 31,1 29,17
Total Dissolved 298,58 | 313,08 | 353 311 309,3 2982 12959 |300 3152 | 288
Solids 257,08 | 227,92 | 329 2834 | 274,1 260,3 237,31 272,7 |262 254,75

Note: The numerator indicates the quality of the water entering the treatment plant, whilst the
denominator indicates the quality after full biological treatment (at the outlet).
Table 4. Treatment efficiency (%) by water quality parameter.

Indicators Years

2016 | 2017 |2018 2019 | 2020 |2021 2022 2023 2024 2025
BODtot 96,47 | 96,26 |95.82 |96,13 (959 9579 |95.88 9483 94,61 |94,13
Suspended solids 95,84 | 96,4 95,36 | 95,69 | 95,9 95,74 196,06 |96,03 |96,13 |96,19
Ammonium chloride 98,37 198,61 |98,58 [98,61 |98,49 |98,65 |98,72 |98,12 |97,6 97,71
Nitrites 66,67 |40 42,86 |40 20 42,86 |50 55,56 | 5556 | 55,56
Nitrates 97,2 196,46 |97,53 |[97,81 (97,72 |97,7 97,66 97,62 97,65 |97,81
Chlorides 26,3 29,69 |3321 [293 4427 |32,35 |29,06 |10,78 | 10,51 |9,04
Sulphates 36,69 3635 |39.61 [39,75 [2737 |21,25 12533 1929 | 12,01 |113
Phosphates 94,61 | 96,47 |95,8 95,69 196,02 |96,32 [96,32 93,51 ]92,56 |91,2
Synthetic surfactants 96,8 196,23 [96,15 [96,3 |96,33 |96,36 |92,73 |94,12 |93,33 |96,5
Petroleum products 96,3 19524 93,02 |9434 | 8125 |25 40 50 50 56,67
COD 90,43 91,44 89,45 190,23 |90,2 90,04 90,14 90,27 |90,55 |90,47
Total Dissolved Solids 13,89 | 27,2 6,8 8,87 | 11,38 | 12,71 19,8 9,1 16,88 | 11,54

An analysis of the data presented in Table 4 reveals varying treatment efficiency values for each
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parameter over the operational period from 2016 to 2025. At the same time, the treatment efficiency for each
indicator remains consistent across the different years. For example, the BODtot removal efficiency ranges
from 96.47 % (2016) to 94.13 % (2025); nitrite removal ranges from 66.67% (2016) to 55.56 % (2025); and
petroleum products from 96.3 % (2016) to 56.67 % (2025). The decline in treatment efficiency for some
indicators can be attributed to the length of operation of the Serebryansk treatment plant.

The authors have conducted a comparative analysis of background concentrations before and after
wastewater discharges from the Serebryansk wastewater treatment plant, as presented in [Anapyanova et al.,
2026] and confirms that the large volume of water and significant self-purification capacity of the Yertis River
make it possible to reduce the negative impacts of wastewater discharges on the river’s ecological condition.

However, despite the river’s natural ability to self-purify, maintaining a stable ecological condition
in the river basin requires a reduction in anthropogenic pressure. This can be achieved by upgrading existing
treatment facilities with the introduction of modern technological solutions aimed at removing biogenic
parameters (phosphates, nitrogen compounds) and organic pollutants.

Conclusions.

Research has confirmed the need for a comprehensive assessment of the state of water resources in the
Yertis Basin, given the growing water shortage and increasing anthropogenic pressure.

This article presents an assessment of the impact of discharges from existing treatment plants using
a conventional treatment process, which serve a small settlement in the East Kazakhstan Region. The results
of the study showed that, although the anthropogenic load on the water body from small treatment plants is
relatively low, it is nevertheless present.

This indicates that the existing wastewater treatment technologies used in small-scale sewerage systems
are not sufficiently effective.

The modernisation of small-scale wastewater treatment plants is therefore a key prerequisite for the
sustainable development of coastal communities and the preservation of the ecological stability of the Yertis
River basin in the face of increasing human impact.
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Abstract. This study investigates the hydraulic parameters of tubeless groundwater lifting technology.
Currently, ensuring a stable water supply for agricultural production, promoting the rational use of water
resources, and reducing energy consumption are among the key challenges in regions experiencing water
scarcity in Kazakhstan. In this regard, the development of energy-efficient groundwater lifting technologies
represents an important scientific and engineering task. Compared with conventional groundwater lifting
systems, tubeless groundwater lifting technology features a simpler design, reduced material consumption, and
lower operating costs. The research was conducted using analytical, theoretical, and experimental approaches.
The operating characteristics of a groundwater lifting system consisting of a submersible electric pump and
a hydraulic packer were evaluated and the main hydraulic parameters were determined. Particular attention
was given to the factors influencing discharge rate, pumping head, hydraulic resistance, pressure losses, flow
conditions and overall system efficiency. Hydraulic equations were applied to evaluate the system performance
and determine its optimal operating conditions. The theoretical results were validated against the experimental
data to assess the reliability of the proposed approach. The results showed that the application of tubeless
groundwater lifting technology reduces hydraulic losses, decreases energy consumption, improves the energy
efficiency of pumping equipment and increases well productivity. The proposed technology contributes to
the rational use of groundwater resources, enhances the reliability of water supply for irrigated agriculture
and improves the operational efficiency of reclamation systems. The obtained results provide a scientific and
practical basis for the design, optimization and implementation of tubeless groundwater lifting systems under
field operating conditions.

Keywords: groundwater extraction, tubeless groundwater lifting technology, hydraulic parameters,
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AHHOTanMsi. Makanaia YHFbIMaJIap/iaH )KepacThl CylTapblH KYOBIPCHI3 KOTEPY TEXHOJIOTUSICHIHBIH TH-
JpaBIIMKAJIBIK IMapaMerpiiepi 3eprrenreH. Kasipri yakpitra KazakcTaHHBIH Cy pecypcTapbl HMISKTEYIi OHip-
JIepiH/Ie aybUT IIAPYaIIbUTBIFBl OHIPICIH TYPAKTHl CyMEH KaMTaMachl3 €Ty, Cy peCypCTapbiH THIM/II TaianaHy
’KOHE PHEPTHs IIBIFBIHIAPBIH a3aiiTy Moceselnepi epekine MaHbi3ra ne. OCbiFaH 0aliIaHbICThI )KEPACTHI CyJia-
PBIH KOTEPY/iH SHEPrusl YHEMJICHTIH KOHE MalJanany THIMAUIIT KOFapbl TEXHOJIOTHSUIAPBIH d3ipiey MeH
KETUIIIPY ©3€KTi FhUIBIMU-TEXHHUKAIBIK MIHAETTEp1H Oipi Gombin Tabbutaasl. KyObIpehI3 cy KeTepy TeXHO-
JIOTHSICHI IOCTYPII Cy KOTepy KyHelepiMeH CallbICThIPFaHa KYPBUIBIMIIBIK KapanaibIMIbUTBIFBIMEH, METaJLT
CBHIMBIMIBUTBIFBIHBIH TOMEH/IITIMEH JKOHE TMaiIaiaHy IIbIFBIHAAPBIHBIH a3/IbIFBIMEH epeKIIelieHe . 3epTTey
0aphICHIH/IA AHATUTUKAIIBIK, TCOPHSUIBIK JKOHE SKCIICPUMEHTTIK 9/1icTep KOMAaHbUIAbI. CyacThl AJIEKTPCOPFHI-
ChI MEH TaKePJiK THIPABIUKAIBIK KYPBUIFBIIAH TYPATBhIH KYHEHIH KYMBIC €pPEeKIICITIKTepl KapacThIPbUIBIII,
OHBIH HET'13T'1 TUAPABINKAJIBIK KOPCETKIMITEPl aHBIKTAIBI. ATall alTKaH/Aa, Cy MIBIFBIHBIHA, CY KOTEpYy OUiK-
TIriHE, TUAPABIMKANIBIK KeAepriiepre, KbICHIM IIbIFBIHBIHA, aFbIH KO3FaJIBICHIHBIH PEXUMIHE JKOHE JKYHEHIH
nanganel ocep koddduimenTine ocep ereTiH pakTopmap 3epTTeni. TexXHOTOTHSIIBIK KYWUESHIH THIpaBIHKa-
JBIK CUTIATTaMaJlapblH aHBIKTAayFa apHAJIFaH €CeNTey TOYSNIUTIKTEpl MaiaalaHbUIbIN, KYPBUIFBIHBIH THIM/II
KYMBIC pekuMIepi Heri3aen . TeoprsuTbIK ecenTeynep HOTHKeIepi SKCIIEPUMEHTTIK 3epTTeyiep OapbhIChIHIA
QJIBIHFaH JICPEKTEPMEH CaJIBICTBIPBUTBII, OJIAP/IBIH ©3apa COMKECTIrl OaraiaH bl 3epTTey HOTHKENIEpi KyObIp-
CBI3 CY KOTEPY TEXHOJOTHSCHIH KOJIJJAaHY THUAPABIUKAJIBIK IIBIFBIHIAPIBI TOMEHICTYTE, SHEPTUSHBI TYTHIHY
JICHIeHiH a3aiiTyFa, COPFbl KOHBIPFBICHIHBIH YHEPTeTUKAJIBIK THIMIUIITIH apTThIPYFa )KOHE YHFBIMAIapIbIH
OHIMJILTITIH apTThIPyFa MYMKIH/IIK O€peTiHIH KOpceTTi. ¥ ChIHBIIIFaH TEXHOJIOTHUS JKEPACThI CyIaphl pecypcTa-
PBIH YTHIM/IBI NTAlalIaHyFa, CyapMalibl eTiHIIUIIK HhICAHAAPBIH CYMEH KaMTaMachl3 €Ty CeHIMJILIITIH apTThl-
pyFa ®oHe MENHOPALUSAIBIK KYyHeTaep iy naiaanany THIMAUIITIH *KaKcapTyFa bIKMal eTe/l. AJIbIHFaH HOTH-




xKenep KYOBbIpChI3 Cy KoTepy KyHelepiH kolanay, ®KeTUIIIpy KoHE OHAIPICTIK Karaaiaa KolgaHy Ke3iHze
FBUIBIMU-TIPAKTUKAJIBIK HET13 peTiH/Ae MailgalaHblLTybl MYMKIH.

TyiiiH ce3aep: >kepacTbl Cylapbl, KYOBIPCHI3 Cy KOTEPY TEXHOJOTHUACHI, THAPABIHKAIBIK MapameTp-
Jiep, akepiIiK THAPABIUKAIBIK KYPBUIFbI, CyaCThl AJIEKTPCOPFBICHI, JHEPTHs TUIMLIIT], YHFbIMA

Joniexco3 ymin: UMnbscoBa H.X., Memuk O.I1., PoickynbexkoBa JI.M., Taurup6eprenosa A.C.,
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Anzvic. Aemopnap 3epmmey HYMbICbIHbIH OPLIHOANYbIHA JHcagoall dcacasan Kazax ynmmulx azpap-
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AHHoTanusi. B crarbe uccrnenoBaHbl THAPABIUYECKUE MapaMeTphl TEXHOJOTHH OecTpyOHOTO BO-
JI0TIo/TheMa TO/I3EMHBIX BOJ U3 CKBaXHMH. B HacTosiiee BpeMmsi oOecrieueHrne cTabuabHOTO BOJOCHAOKEHUS
CEJIbCKOXO3SIIICTBEHHOTO TPOU3BOCTBA, PAlMOHAIBHOE HCIOJIb30BaHHE BOJIHBIX PECYpCOB W CHUIKCHHE
HHEPro3arpar SIBIAIOTCS OAHUMH M3 HanboJee akTyaJbHBIX 3aJad B peruoHax KaszaxcTaHa, HCTIBITHIBAIOIINX
neUIUT BOIHBIX pecypcoB. B cBsi3u ¢ 3TUM pa3paboTKa U COBEPIICHCTBOBaHHE YHEProd((HEeKTUBHBIX TeX-
HOJIOTUH TIOJ/beMa IMOJ36MHBIX BOJ C BHICOKMMH JKCILTyaTallMOHHBIMH MOKa3aTeIsIMU MPEACTaBIsET CO00i
BaXHYIO Hay4YHO-TEXHHUYECKYIo 3ajauy. [lo cpaBHEHHMIO ¢ TpaJUIIMOHHBIMH CHCTEMaMU BOAOIMOIbEMA TeX-
HOJIOTHsI GeCTpyOHOTO BOJONOIBEMA OTIIMYAETCS O0Jiee MPOCTON KOHCTPYKIIMEH, CHUKEHHON METaTI0eMKO-
CTHIO U MEHBIIMMHM SKCILTyaTallMOHHBIMU 3aTpaTamMu. B xone uccrnenoBanus UCIONb30BaHbl aHATUTHYECKHE,
TEOPETUYECKUE U HKCIIEPUMEHTaIbHbIE METObl. PaccMoTpeHbl 0COOEHHOCTH (PYHKIIMOHUPOBAHUS CUCTEMBI,
BKJIIOYAIOIIEH MOTPYKHOM AIIEKTPOHACOC U MAaKepHOE THIPABINYECKOE YCTPOWCTBO, a TAKXKE OMpEIeNICHBI
€€ OCHOBHBIE THpaBIMuYeckue rnokasarend. Ocoboe BHUMaHUE yaeneHo (hakTopaM, BIMSIONIMM Ha TOAaqy
BOJIbI, BBICOTY BOZOIOIbEMA, THIPABINYECKIAE COMTPOTUBICHHUS, MIOTEPU JaBICHUS, PEKUM JIBHXKEHUS MOTO-
Ka 1 KO3(PUIIUEHT MOJE3HOTO NEHCTBUS CUCTEMBI. [l OLleHKH XapaKTePUCTHK TEXHOJIOTUYECKOW CHUCTEMBI
MCIIONB30BaHbl pacueTHbIC THAPABIMYECKIE 3aBUCUMOCTH, Ha OCHOBE KOTOPBIX 00OCHOBAHBI pallMOHAIbHBIE
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peXUMBI ee paboThl. Pe3ynbraThl TEOPETUUECKUX PACUETOB COMOCTABICHBI C JAHHBIMU SKCIIEPUMEHTAITBHBIX
WCCIIE0BAHNM, YTO MO3BOJIUJIO OIIEHUTh CTENEHb UX COOTBETCTBUS. YCTAaHOBIIEHO, YTO MPUMEHEHHE TEXHO-
noruu 0ecTpyOHOTO BOJOIMOIbEMA CIIOCOOCTBYET CHIKEHHUIO THIIPABIUYECKUX MOTEPb, YMEHBIICHHUIO TO-
TpeOIeHHs] YHEPTUH, TOBBIIICHUIO YHEPTreTHUECKO 2((EKTUBHOCTH HACOCHOW YCTAHOBKU M YBEIWYCHHIO
MIPOU3BOAUTEIHLHOCTH CKBaXHMHBI. [Ipearaemast TexHonorus ooecreurnBaeT 0osee paroHaIbHOE UCIIONb30-
BaHUE PECYPCOB MO/I3EMHBIX BOJI, MOBHIIIAET HAZECKHOCTh BOJOCHA0KEHHS OPOIIAEMbIX 3€MeNb U YIIy4dIlIaeT
SKCIUTyaTallMOHHBIE TTOKA3aTeIM MEJIMOPATUBHBIX cucTeM. [lomyueHHbIe pe3ynbTaTbl MOTYT OBITH UCIIONB30-
BaHbI B KQUE€CTBE HAYYHO-IPAKTUYECKOW OCHOBBI IPU MPOECKTUPOBAHUU, COBEPIICHCTBOBAHUM U BHEAPEHUHU
cucTeM 0ecTpyOHOro BOAOIOIbEMA B IPOU3BOJCTBEHHBIX YCIOBHUSX.

KuroueBble cjioBa: oA3eMHBIE BO/IbI, TEXHOJIOTHUS 6ecTpyOHOTO BOIOMOAbEMA, THIPABINYECKUE Ta-
paMeTphbl, MaKepHOe TUAPABINUECKOE YCTPOUCTBO, MMOTPYKHOM AMIEKTpoHacoc, 3HEprodhHeKTHBHOCTh, CKBa-
KUHA
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KoH(uiuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

@unancuposanue: Hccrnedosanue 6blNOIHEHO 34 CHem TUYHBIX CPEOCE A8MOPO8.

bnazooaprnocms. Asmopul evipasicarom onazodaprocms Kageope «Boonvie pecypcol u menuopayus»
Kazaxckoeo nayuonanvnozo azpapnozo ucciedo8amenbcko20 yHugepcumema 3a cooelucmsue 8 nposedeHuu
uccneoosanus. Mccinedosanue 8binoIHeHO O6e3 CneyuaibHo20 2panmo8o2o YUHAHCUPOBAHUSL.

Introduction.

Groundwater resources play a fundamental role in ensuring sustainable water supply for agricultural
production, industrial activities and domestic consumption throughout the world. In arid and semi-arid regions,
groundwater represents one of the most reliable and strategically important sources of freshwater. Population
growth, agricultural intensification, climate change and increasing pressure on surface water resources have
significantly increased the importance of groundwater extraction technologies. Consequently, the development
of efficient, reliable and energy-efficient groundwater lifting systems has become one of the key priorities of
modern water management and irrigation engineering [Bear, 2018; Driscoll, 2014; Hamill & Bell, 2012].

Kazakhstan is characterized by limited water resources, particularly in its arid and semi-arid regions
where water availability remains a major constraint for agricultural development [Sarkynov, 2012; Tazhbayev,
1969]. Large areas of the country are located in arid and semi-arid climatic zones characterized by low
precipitation, high evaporation rates and an uneven spatial distribution of water resources. Under these
conditions, groundwater constitutes an important component of the national water supply and is widely used
for irrigation, livestock production, industrial applications and rural water supply. The demand for water in
agriculture continues to increase due to the expansion of irrigated areas and the need to ensure stable crop
production under changing climatic conditions. Therefore, the rational use of groundwater resources and the
improvement of groundwater extraction technologies are essential for ensuring food security and sustainable
agricultural development [Sarkynov, 2012; Tazhbayev, 1969].

Groundwater extraction from wells commonly relies on pumping systems equipped with submersible
pumps and riser pipes. Although these systems are relatively simple and reliable under various hydrogeological
conditions, they have several technical and economic limitations [Karassik et al., 2008; Giilich, 2019]. Riser
pipes increase material requirements and introduce additional hydraulic resistance. Corrosion, wear, mechanical
damage and sediment accumulation may further reduce operational efficiency and increase maintenance costs.
In deep wells, the weight of the riser pipe also imposes additional mechanical loads on the pumping assembly,
potentially reducing system durability and reliability.

Hydraulic losses in conventional groundwater lifting systems constitute another important engineering
challenge. As groundwater flows through riser pipes, part of the hydraulic energy generated by the pump
is dissipated because of friction and local losses. These losses increase energy consumption and reduce the
overall efficiency of groundwater extraction. Given rising electricity costs, reducing hydraulic losses has
become a key engineering objective for minimizing operating costs and enhancing the sustainability of water
supply systems [Fox et al., 2020; Streeter et al., 2017].

In recent decades, considerable research has focused on the development of innovative groundwater
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lifting technologies aimed at reducing energy consumption while maintaining high hydraulic efficiency. One
promising approach is the application of tubeless groundwater lifting technology [Zhakupova et al., 2012;
Zhakupova, 2013]. Unlike conventional groundwater lifting systems, tubeless groundwater lifting systems
eliminate the need for traditional riser pipes and employ specialized hydraulic devices to convey groundwater
through the annular space of the well. This approach reduces hydraulic resistance and material consumption
while simplifying system installation and maintenance.

Among the technical solutions proposed for tubeless groundwater extraction, hydraulic packers
combined with submersible electric pumps have received considerable attention [Meshyk, 2016; Zhakupova
et al., 2016]. A hydraulic packer provides controlled hydraulic conditions within the well and ensures efficient
hydraulic interaction between the pumping system and the groundwater flow. Packer-assisted systems provide
favorable flow conditions, improve pressure distribution and reduce hydraulic losses. As a result, they
significantly improve the efficiency of groundwater extraction compared with conventional pumping systems.

The application of hydraulic packers in water supply engineering is based on principles that have long
been used in the oil and gas industry. The adaptation of these principles to groundwater extraction systems has
created new opportunities for improving the efficiency of groundwater lifting while reducing operating costs.
Recent technological advances have shown that hydraulic packers can be effectively integrated with modern
submersible electric pumps to form compact and efficient groundwater lifting systems for agricultural and
reclamation applications.

Previous studies have investigated the hydraulic characteristics of pumping systems and groundwater
flow in wells. These studies have examined the effects of well geometry, pump operating conditions, flow
velocity, hydraulic resistance and pressure losses on system performance. Other research has focused on
improving pump efficiency, optimizing well design and reducing energy consumption during groundwater
extraction. However, despite these advances, the hydraulic behavior of tubeless groundwater lifting systems
remains insufficiently investigated [Ilyasova et al., 2022].

In particular, limited information is available on the interaction between hydraulic packers and
submersible electric pumps under different operating conditions. The effects of packer geometry, hydraulic
resistance, flow conditions, and pressure distribution on overall system performance have not been
fully investigated. Furthermore, many previous studies have been primarily theoretical and have lacked
comprehensive experimental validation. The limited availability of reliable experimental data has hindered
the practical implementation of tubeless groundwater lifting technology and the development of engineering
recommendations for its application in agricultural water supply systems.

Another important research gap relates to the optimization of hydraulic parameters required for stable
and energy-efficient operation. Discharge rate, pumping head, flow velocity, pressure losses, and system
efficiency are interrelated parameters that determine the overall hydraulic performance of groundwater
extraction systems. Understanding the relationships among these parameters is essential for designing reliable
and economically viable tubeless groundwater lifting systems. Therefore, further theoretical and experimental
investigations are required to identify optimal operating conditions and establish engineering criteria for their
practical application.

Although previous studies have demonstrated the feasibility of tubeless groundwater lifting technology
and proposed hydraulic packer designs [Zhakupova et al., 2016; Meshyk, 2016], they have mainly focused
on individual design features or theoretical aspects of system operation. A comprehensive evaluation of
the hydraulic interaction between the hydraulic packer and the submersible electric pump under different
operating conditions has not yet been reported. In particular, the combined effects of discharge rate, pumping
head, hydraulic resistance, pressure losses, and energy efficiency on the overall performance of tubeless
groundwater lifting systems remain insufficiently quantified. The novelty of the present study lies in the
integrated theoretical and experimental evaluation of the hydraulic performance of a tubeless groundwater
lifting system equipped with a hydraulic packer and a submersible electric pump. The study establishes the
relationships among the key hydraulic parameters governing system efficiency and provides engineering
recommendations for optimizing its operation under practical conditions.

The significance of this research is further enhanced by the increasing need for sustainable water
management practices. The efficient use of groundwater resources is recognized as one of the fundamental
principles of integrated water resources management. Reducing energy consumption during groundwater
extraction not only decreases operating costs but also contributes to environmental sustainability by lowering
greenhouse gas emissions associated with electricity production. Consequently, the development of energy-
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efficient water lifting technologies supports both economic and environmental objectives.

From an engineering perspective, the implementation of tubeless groundwater lifting technology may
provide several practical advantages. These include reduced material consumption, simplified installation
procedures, lower maintenance requirements, improved hydraulic efficiency, and enhanced operational
reliability. Such benefits are particularly important for remote agricultural regions where technical support
and maintenance resources may be limited. The adoption of efficient groundwater extraction technologies can
significantly improve the reliability of irrigation systems and contribute to increased agricultural productivity.

To address these research gaps, the present study investigates the hydraulic parameters of tubeless
groundwater lifting technology through a combination of theoretical hydraulic analysis and experimental
validation performed under controlled operating conditions. Particular attention is devoted to evaluating the
performance of a system consisting of a submersible electric pump and a hydraulic packer device. The study
examines the influence of key hydraulic parameters, including water discharge, lifting head, pressure losses,
hydraulic resistance, and energy efficiency, on overall system performance.

The main objective of the research is to establish the hydraulic characteristics of tubeless groundwater
lifting systems and determine the factors influencing their operational efficiency. The study seeks to verify
theoretical assumptions through experimental observations and to assess the practical applicability of the
proposed technology for groundwater extraction in agricultural and reclamation engineering. The obtained
results provide engineering recommendations for the design and optimization of tubeless groundwater lifting
systems [Meshyk, 2016; Zhakupova et al., 2016].

The findings of this study contribute to improving the understanding of hydraulic processes occurring in
tubeless groundwater lifting systems and support the further development of efficient groundwater extraction
technologies. By improving the understanding of hydraulic processes occurring within tubeless groundwater
lifting systems, the study contributes to the advancement of modern groundwater extraction technologies
and supports the broader goal of sustainable water resource utilization under conditions of increasing water
scarcity and growing agricultural demand.

Materials and Methods.

The research was conducted to investigate the hydraulic parameters of tubeless groundwater lifting
technology using a hydraulic packer device installed on a submersible electric pump. The study was based on
theoretical calculations and experimental investigations aimed at evaluating the hydraulic performance of the
proposed water lifting system under conditions typical for agricultural water supply and reclamation facilities.
The technological scheme of the investigated system included a groundwater well, a submersible electric
pump, a hydraulic packer device with an ejector, a sealed wellhead, and a discharge pipeline. The hydraulic
packer separated the suction and discharge zones of the pump and enabled water transportation through the
casing pipe without the use of a conventional riser pipe. Such a configuration reduced material consumption
and hydraulic losses while improving the operating efficiency of the pumping installation. The research object
corresponded to the tubeless groundwater lifting technology developed for groundwater extraction from wells
used in irrigation, pasture watering, and rural water supply systems. The investigated technology is based on
the utilization of the well casing as a water-lifting conduit and on the application of a hydraulic packer device
for reliable sealing and fixation of the pumping unit inside the well. Previous studies demonstrated that this
technology allows a reduction in metal consumption by 1.5-1.7 times, decreases head losses, and improves
the hydraulic efficiency of the pumping system.

The methodological framework combined analytical, theoretical, computational, and experimental
approaches. At the initial stage, a review of scientific publications, technical documentation, patents, and
previous investigations related to groundwater extraction technologies, submersible pumping systems,
hydraulic packers, and tubeless groundwater lifting methods was carried out [Jacob, 1947; Driscoll, 2014;
Meshyk, 2016]. Particular attention was devoted to studies performed by research institutions in Kazakhstan,
Belarus, and Russia concerning packer-assisted groundwater lifting technologies and hydraulic characteristics
of pumping systems.

The theoretical investigations were based on the principles of fluid mechanics and hydraulic engineering
[Fox et al., 2020; Streeter et al., 2017]. The hydraulic characteristics of the system were evaluated through the
calculation of water discharge, lifting head, flow velocity, pressure losses, hydraulic resistance coefficients,
and overall efficiency. The discharge of the pumping system was determined from the continuity relationship

Q = oF (1)
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where Q is the discharge rate (m?/s), 9 is the average flow velocity (m/s), and F is the cross-sectional
flow area (m?).

The hydraulic head generated by the pumping system was evaluated as the pressure produced by the
pump and expressed in meters of water column. The hydraulic losses associated with water movement through
the flow channel were calculated using the Darcy—Weisbach relationship [Chaudhry, 2014]:

L 8%
KRR @

where hf is the head loss (m), 4 is the friction coefficient, L is the flow path length (m), D is the
hydraulic diameter (m), 9 is the average flow velocity (m/s), and g is the gravitational acceleration (m/s?).

Additional pressure losses caused by local hydraulic resistances within the hydraulic packer assembly
and the ejector were determined according to:

g 3)

where § is the local resistance coefficient.
The overall efficiency of the pumping installation was evaluated using the relationship between useful
hydraulic power and electrical power consumption:

_ PgoH
g (4)

where 7 is the efficiency coefficient, p is water density (kg/m?), Q is discharge (m?®/s), H is pumping
head (m), and P is electrical power consumption (W). The efficiency of the pumping installation was evaluated
through the ratio of useful hydraulic power to consumed electrical power [Giilich, 2019; Karassik et al., 2008].

Particular attention was devoted to evaluating the influence of the hydraulic packer device and ejector
on system performance. The ejector incorporated into the hydraulic packer was intended to create additional
suction effects within the lower part of the well, thereby increasing groundwater inflow to the pump intake.
According to the design concept developed during previous investigations, the application of the ejector
contributes to an increase in water discharge and pumping efficiency by approximately 20-30 % compared
with conventional packer systems. The ejector integrated into the hydraulic packer was intended to increase
groundwater inflow and improve hydraulic performance [Meshyk, 2016; Zhakupova et al., 2016].

Experimental investigations were conducted using a specially designed laboratory and field-scale
test installation developed to evaluate the hydraulic performance of tubeless groundwater lifting systems
under controlled operating conditions. The experimental setup consisted of a submersible electric pump, a
hydraulic packer equipped with an ejector, a well casing section, a discharge pipeline, pressure gauges, flow
meters, electrical energy monitoring devices, and measuring instruments. The laboratory test stand enabled
the simulation of different operating conditions and the measurement of the principal hydraulic parameters of
the system.

The experimental program was designed to investigate hydraulic characteristics that have received
limited experimental attention in previous studies, including the interaction between the hydraulic packer
and the submersible electric pump, hydraulic sealing efficiency, fixation mechanism performance, hydraulic
resistance coefficients, and the validation of theoretical calculations. Water discharge, pumping head,
pressure distribution and electrical power consumption were measured under different operating conditions.
Measurements were repeated for each operating condition to ensure the reliability and reproducibility of the
experimental results.

The pressure distribution along the hydraulic flow path was measured at selected control points using
calibrated pressure gauges. Flow discharge was determined using standard flow measurement instruments.
Electrical energy consumption was monitored continuously throughout the experimental runs. The obtained
data were processed using comparative and statistical analysis methods. Mean values, relative deviations and
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correlation relationships were calculated to assess the influence of hydraulic parameters on overall system
performance.

To verify the adequacy of the developed hydraulic model, the calculated results were compared with
experimental observations. Relative differences between theoretical and measured values were determined for
all principal hydraulic parameters. The level of agreement between analytical predictions and experimental
data served as the main criterion for evaluating the reliability of the proposed calculation methodology.

The integrated application of theoretical calculations and experimental investigations provided a
comprehensive assessment of the hydraulic characteristics of tubeless groundwater lifting technology. The
adopted methodology made it possible to identify the factors affecting hydraulic performance, determine
optimal operating conditions, and evaluate the practical applicability of hydraulic packer-assisted groundwater
extraction systems for irrigation, water supply, and reclamation engineering.

Results.

The experimental investigations were carried out to evaluate the hydraulic performance of the proposed
tubeless groundwater lifting technology and to verify the theoretical assumptions used for the design of the
hydraulic packer device. The research included the analysis of hydraulic losses, pumping characteristics,
fixation reliability, sealing performance and operational stability of the hydraulic packer device operating
together with a submersible electric pump. The experimental stand equipped with a submersible electric
pump, pressure gauges, flow measurement devices, oscillographic recording instruments and a hydraulic
packer assembly enabled detailed monitoring of hydraulic processes occurring during pump start-up, steady
operation and shutdown. The obtained experimental results confirmed the feasibility of tubeless groundwater
lifting technology [Meshyk, 2016].

Hydraulic characteristics of the tubeless groundwater lifting process

The oscillographic data obtained during the experiments were used to analyze pressure variations
within the hydraulic packer and to evaluate the hydraulic interaction between the packer and the submersible
electric pump.

The recorded curves reflected the pressure at the inlet and outlet of the packer device as well as the
normal force acting on the fixing mechanism during pump operation. These measurements demonstrated
stable hydraulic behavior and confirmed the effectiveness of the developed design in maintaining reliable
operation throughout the pumping cycle.

The experiments were performed for a hydraulic packer with a flow passage diameter of 50 mm installed
in a well casing with an internal diameter of 154 mm. Under these conditions, the pumping unit operated at a
discharge rate of 4.32 dm?/s and a pumping head of 36.9 m. The obtained oscillograms enabled determination
of hydraulic pressure losses inside the packer device and provided quantitative information about the dynamic
interaction between hydraulic pressure and the fixation system.

One of the most important indicators characterizing the hydraulic efficiency of the system was the
head loss occurring within the hydraulic packer. Experimental results showed that hydraulic losses increased
with increasing discharge rate when the diameter of the packer flow passage remained constant. For a passage
diameter of 35 mm, hydraulic losses increased from approximately 0.5 m to 12.5 m as discharge increased
from 1 to 5 dm?/s. In contrast, for a passage diameter of 50 mm, losses increased only from 0.1 m to 2.5 m
within the same discharge range. These results clearly indicate that enlargement of the packer flow passage
substantially reduces hydraulic resistance and improves flow conditions within the system.

Further analysis demonstrated that increasing the packer passage diameter from 35 mm to 50 mm
reduced hydraulic losses significantly. At a discharge of 1 dm?/s, losses decreased from 0.5 m to 0.1 m. At 2
dm?/s, losses were reduced from 2.1 m to 0.5 m, while at 4 dm3/s losses decreased from 7.8 m to 1.9 m. These
findings confirm the importance of optimizing the geometric parameters of the hydraulic packer device to
minimize hydraulic resistance and improve pumping efficiency.

The experimentally determined local hydraulic resistance coefficient remained nearly constant within
the main operating range. As discharge increased from 2.2 to 4.6 dm?/s, the resistance coefficient varied only
between 5.5 and 5.6. A slightly higher value of 8.4 was observed at the lowest discharge condition, which was
attributed to measurement uncertainty under very low hydraulic losses. The difference between theoretical
and experimental values of hydraulic losses did not exceed 2 %, indicating excellent agreement between
calculations and observations. The reduction in hydraulic resistance contributed directly to improved pumping
efficiency [Zhakupova et al., 2016].




Table 1. Hydraulic losses in the hydraulic packer device at different flow rates
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Flow rate Q, dm3/s | Head loss homn (m), do=35 mm | Head loss hom (m), do=50
mm

1.0 0.5 0.1

2.0 2.1 0.5

4.0 7.8 1.9

5.0 12.5 2.5

Source: experimental data obtained during hydraulic testing of the packer device.

12
—»— Loss coefficient, { (theoretical)
-4 - Loss coefficient, { (experimental)
10 -+ —m— d, = 35 mm (theoretical)
-4 - dy = 35 mm (experimental)
8 - —#— d, = 50 mm (theoretical)
- - dy = 50 mm (experimental) ¢

Head loss, hjess (M)

Flow rate, Q%102 (m?/s)

Fig. 1. Relationship between head loss and flow rate of the hydraulic packer device

Hydraulic Performance of the Pumping System.

The hydraulic characteristics of the pumping installation were evaluated through analysis of discharge
rate, pumping head, lifting height, power consumption, and efficiency. The obtained dependencies demonstrated
typical hydraulic behavior of centrifugal pumping systems operating in conjunction with the hydraulic packer
device. Experimental and theoretical relationships showed that increasing discharge resulted in increased
power consumption while pumping head and efficiency gradually decreased.

The optimal operating region was identified within a discharge range of approximately 2-3 dm?/s.
Within this interval, the pumping installation achieved maximum efficiency while maintaining stable hydraulic
operation. Outside this range, the efficiency of both the pump and the complete installation gradually decreased
because of increasing hydraulic losses and changing flow conditions.

For discharge rates ranging from 2.08 to 4.27 dm?/s, the measured hydraulic parameters varied within
the following limits. Pumping head ranged from 31.5 to 85.5 m, water lifting height varied between 23 and 83
m, electrical power consumption ranged from 4.88 to 6.0 kW, pump efficiency varied from 0.22 to 0.36, and
overall system efficiency ranged from 0.15 to 0.348. The corresponding theoretical values closely matched
experimental observations, confirming the adequacy of the adopted hydraulic model.

The comparison between calculated and measured results demonstrated a high level of consistency.
Differences between theoretical and experimental values did not exceed 3 % for discharge, 5 % for pumping
head and power consumption, and 4.5 % for overall efficiency. Such agreement confirms the reliability of the
proposed calculation methodology and validates its applicability for the design of tubeless groundwater lifting
systems.

Table 2. Hydraulic characteristics of the pumping installation equipped with a hydraulic packer device

Parameter Minimum value Maximum value
Discharge QHY, dm®/s 2.08 4.27

Pump head Hp, m 31.5 85.5

Water lifting height H, m 23 83

Power consumption N, kW 4.88 6.00

Pump efficiency nu 0.22 0.36

System efficiency ny 0.15 0.348
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Fig. 2. Hydraulic characteristic curves of the pumping system.

Investigation of the fixation mechanism.

Reliable fixation of the hydraulic packer device inside the well casing is essential for stable operation
of the tubeless groundwater lifting system. Therefore, a series of experiments was conducted to determine the
relationship between hydraulic pressure and fixation forces acting on the packer device. Experimental results
showed that the hydraulic force acting on the packer increased linearly with increasing pressure inside the
system and with increasing packer diameter.

For a working diameter of 154 mm, hydraulic force increased from 0 to 27.8 kN as pressure increased
to 1500 kPa. For a larger packer diameter of 205 mm, the hydraulic force reached 49.8 kN under the same
pressure conditions. These results indicate that larger packer dimensions substantially improve fixation
capability and increase operational stability.

Experimental verification of the theoretical fixation model demonstrated close correspondence
between predicted and measured values. For pressures ranging from approximately 196 to 878 kPa, hydraulic
forces varied from 3.54 to 16.24 kN experimentally, while theoretical values ranged from 3.71 to 16.35 kN.
Deviations remained within 0.7-4.6 %, confirming the validity of the developed theoretical approach. The
discrepancy between theoretical and measured values did not exceed acceptable engineering limits [Meshyk,
2016].

The forces acting on the fixing wedges were also investigated. Experimental observations showed
that both normal force and locking force increased proportionally with increasing hydraulic force. Measured
values closely followed theoretical predictions with deviations below 5 %. These results confirm the ability of
the fixation mechanism to withstand hydraulic loads generated during pumping operation.

Table 3. Hydraulic force acting on the packer device

Working diameter Dnp, mm Pressure P, kPa Hydraulic force Rg, kN
154 0-1500 0-27.8
205 0-1500 0-49.8

The influence of water lifting height on fixation reliability was evaluated under static conditions. For
a packer diameter of 154 mm, the normal force increased from 4.01 to 21.79 kN as lifting height increased
from 0 to 120 m. For a diameter of 205 mm, the corresponding increase ranged from 6.84 to 60.22 kN.
Simultaneously, locking forces increased from 0.422 to 2.29 kN and from 0.719 to 6.33 kN for the smaller
and larger packer diameters, respectively. The hydraulic packer ensured stable operation and reliable fixation
inside the well casing [Zhakupova et al., 2016; Abdreshov et al., 2019].

The calculated friction forces exceeded locking forces throughout the investigated range of operating
conditions, ensuring reliable fixation of the hydraulic packer inside the well. The safety factor reached
approximately 1.71 under standard conditions and increased to 3.8—4.7 when ribbed contact surfaces were
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applied to the fixing wedges.
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Fig. 3. Relationship between hydraulic force and excess pressure

The experimental investigations further established that the rational inclination angle of the fixing
wedges lies within the range of 80—84°. After refinement based on experimental observations, the recommended
range was expanded slightly to 76—84°. Within this interval, fixation reliability remained high while excessive
contact stresses were avoided.

Table 4. Fixation parameters of the hydraulic packer device

Dmp, mm H, m Normal force TN, kN Locking force T3, kN
154 0-120 | 4.01-21.79 0.42-2.29
205 0-120 | 6.84-60.22 0.72-6.33
To KN-m
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Fig. 4. Relationship between normal force and water lifting height

Investigation of the sealing process.

The sealing effectiveness of the hydraulic packer was assessed by monitoring the pressure-induced
deformation of the sealing rings. Experimental observations demonstrated that sealing activation occurred
rapidly after pump start-up. The sealing ring expanded and contacted the casing wall within approximately
2.5-3 seconds after initiation of pumping. Stable operation was established after an additional 1-1.5 seconds,
resulting in a total transition period of approximately 3—4 seconds.
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The minimum pressure required to activate the sealing process was determined as 107.9 kPa. This
value was found to depend primarily on the elastic properties of the rubber sealing material rather than on
water lifting height.

Measurements of sealing ring tensile force showed a linear increase with increasing internal pressure.
For a packer diameter of 154 mm, tensile force increased from 6.58 to 19.35 kN as pressure increased from
approximately 298 to 887 kPa. For a diameter of 205 mm, tensile force increased from 9.0 to 26.5 kN.
Experimental results agreed closely with theoretical calculations with deviations not exceeding 1.1 %.

Under static operating conditions, tensile force increased with water lifting height. For packer diameters
of 127, 154, and 205 mm, tensile forces reached maximum values of 20.65, 25.68, and 35.10 kN, respectively.
The difference between theoretical and measured results remained below 4.6 %, confirming the validity of the
adopted design equations.

Table 5. Sealing characteristics of the packer device
Dnp, mm Pressure P, kPa Tensile force Tp, kN
154 298-887 6.58-19.35
205 298-887 9.00-26.50

Tg, Trp, KN-m

U T T T T T T
0 20 40 60 80 100 120

Head, H (m)

Fig. 5. Relationship between locking force, friction force and water lifting height

Verification of design parameters.

The final stage of experimental investigations focused on verification of the principal design parameters
of the hydraulic packer device. The experimentally determined local resistance coefficient of 5.5-5.6 confirmed
the validity of the adopted passage diameter of 50 mm. The working stroke of the check valve remained equal
to the calculated value of 15 mm. Experimental data also verified the adopted dimensions of the sealing ring
and confirmed the suitability of the selected geometric parameters.

Overall, the obtained results demonstrate that the proposed hydraulic packer-assisted tubeless
groundwater lifting technology ensures stable hydraulic operation, low hydraulic losses, reliable fixation and
sealing performance and high agreement between theoretical predictions and experimental observations. The
developed design therefore represents a technically effective solution for groundwater extraction from wells
used in agricultural water supply and reclamation systems.

Discussion.

The results obtained in this study demonstrate that tubeless groundwater lifting technology has
significant potential for improving the efficiency of groundwater extraction systems [Ahmed et al., 2023;
Kumar et al., 2022]. The theoretical calculations and experimental investigations confirmed that the hydraulic
parameters of the proposed system provide stable operation while reducing hydraulic losses and energy
consumption. These findings are consistent with previous studies indicating that optimization of hydraulic
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conditions in pumping systems can substantially improve operational performance, increase energy efficiency
and reduce maintenance requirements. The present research further expands existing knowledge by providing
a comprehensive assessment of the hydraulic behavior of a tubeless groundwater lifting system equipped with
a hydraulic packer device and a submersible electric pump.
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Fig. 6. Relationship between tensile force and excess pressure

One of the most important findings of the study is the positive effect of eliminating the conventional
riser pipe from the groundwater lifting system. In traditional well pumping installations, riser pipes constitute
a major source of hydraulic resistance because water must flow through relatively narrow passages over
considerable distances before reaching the discharge outlet. Friction between the moving water and the pipe
wall results in energy losses that increase with flow velocity and pipe length. In addition, local hydraulic
resistances associated with pipe joints, bends, fittings and transitions further reduce overall system efficiency.
By eliminating the riser pipe and utilizing the annular space within the well structure as a flow channel, the
proposed technology significantly reduces these hydraulic losses. Consequently, a larger proportion of the
energy supplied by the pump is converted into useful hydraulic work, leading to improved system performance.

The hydraulic packer device plays a central role in achieving these improvements. Experimental
observations demonstrated that the packer contributes to the formation of favorable hydraulic conditions
within the well. The device provides hydraulic isolation between different flow zones and promotes a more
uniform pressure distribution throughout the system. Such pressure stabilization reduces flow disturbances and
prevents the formation of localized hydraulic anomalies that could negatively affect pump performance. The
improved interaction between the submersible electric pump and the surrounding groundwater environment
contributes to increased operational stability and more efficient groundwater extraction.

The significance of pressure distribution within groundwater lifting systems should not be
underestimated. Uneven pressure gradients often lead to increased turbulence, localized cavitation phenomena,
and accelerated wear of hydraulic equipment. The results obtained in this study indicate that the hydraulic
packer device helps minimize such adverse effects by maintaining balanced hydraulic conditions. This finding
suggests that the technology may contribute not only to improved efficiency but also to increased durability
and service life of pumping equipment. Reduced mechanical and hydraulic stress on system components can
decrease maintenance requirements and lower long-term operating costs.

Another important aspect of the research is the satisfactory agreement observed between theoretical
calculations and experimental measurements. The comparison of calculated and measured values of flow rate,
pressure distribution, lifting head, and hydraulic efficiency demonstrated that the adopted hydraulic model
adequately describes the behavior of the investigated system. Although minor deviations between theoretical
predictions and experimental observations were recorded, these differences remained within acceptable
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engineering limits and did not affect the overall conclusions of the study.

Several factors may explain the observed discrepancies. First, local hydraulic resistances associated
with structural elements of the hydraulic packer device may differ slightly from the idealized values assumed
during theoretical calculations. Second, fluctuations in flow conditions are unavoidable during experimental
testing and may influence measured hydraulic parameters. Third, measurement instruments possess inherent
limitations regarding accuracy and precision, which can contribute to minor differences between predicted and
observed values. Finally, groundwater flow conditions within the well may vary due to geological heterogeneity
and local hydraulic characteristics that cannot be fully represented within theoretical models. Despite these
limitations, the high level of correspondence between calculated and measured parameters confirms the
reliability of the adopted methodology and supports its application for engineering design purposes. Similar
conclusions regarding the influence of hydraulic resistance on pumping efficiency were reported by previous
researchers [Karassik et al., 2008; Giilich, 2019].

The influence of hydraulic losses on system performance deserves particular attention. The conducted
research clearly demonstrated that hydraulic losses represent one of the most important factors affecting the
efficiency of groundwater extraction systems. Every reduction in pressure loss contributes directly to improved
energy utilization because the pump is required to overcome a smaller hydraulic resistance. In the proposed
tubeless groundwater lifting system, the reduction of friction losses was achieved through the elimination of
conventional riser pipes and optimization of hydraulic flow conditions. As a result, the total energy required
to deliver a given volume of groundwater was reduced.

This outcome has important practical implications for agricultural water supply systems. Irrigation
pumping operations often account for a substantial portion of agricultural energy consumption. Rising
electricity prices and increasing demands for sustainable agricultural production have intensified the need
for energy-efficient water management technologies. The implementation of tubeless groundwater lifting
systems may therefore provide considerable economic benefits by reducing operating costs associated with
groundwater pumping. Lower energy consumption can improve the economic viability of irrigation projects
and contribute to more sustainable agricultural development, particularly in regions characterized by limited
water availability and increasing production costs.

The study also demonstrated that improved hydraulic efficiency positively influences groundwater
extraction capacity. The optimized hydraulic conditions created by the packer-assisted system facilitate
more effective groundwater movement toward the pumping zone. Consequently, the system is capable of
maintaining stable water discharge rates under varying operating conditions. This characteristic is particularly
valuable during periods of peak irrigation demand when reliable water supply becomes critical for agricultural
productivity. Improved well productivity may enable more efficient utilization of groundwater resources and
reduce the need for additional extraction infrastructure.

From an engineering perspective, the structural simplicity of the proposed technology represents
another important advantage. Conventional groundwater lifting systems require extensive pipe installations
that increase both construction complexity and material costs. The elimination of riser pipes simplifies
installation procedures and reduces the quantity of materials required for system construction. Furthermore,
fewer structural components result in reduced susceptibility to corrosion, mechanical damage, and wear. These
factors contribute to improved operational reliability and reduced maintenance requirements throughout the
service life of the installation.

The environmental implications of the proposed technology should also be considered. Improving
energy efficiency in groundwater extraction systems contributes indirectly to reducing greenhouse gas
emissions associated with electricity generation. As governments and water management organizations
increasingly emphasize sustainable resource utilization and environmental protection, technologies capable of
reducing energy demand become increasingly valuable. The adoption of tubeless groundwater lifting systems
may therefore support broader environmental objectives related to sustainable water and energy management.

Despite the promising results obtained during the present investigation, several issues require further
study. The experiments conducted in this research were performed under specific hydraulic and operating
conditions. Although the obtained results demonstrate the effectiveness of the proposed technology, additional
investigations are necessary to evaluate system performance under a wider range of hydrogeological conditions.
Groundwater wells may differ significantly with respect to depth, diameter, aquifer characteristics, water
quality and geological structure. These factors may influence hydraulic behavior and should be considered
during future investigations.
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Long-term operational reliability also requires additional evaluation. While the hydraulic packer device
demonstrated stable performance during the experimental period, extended field studies are needed to assess
durability under continuous operation. Particular attention should be devoted to the effects of mechanical
wear, sediment accumulation, groundwater chemistry and seasonal variations in operating conditions. Such
investigations would provide valuable information regarding maintenance requirements and expected service
life of system components. The proposed technology can therefore be recommended for groundwater extraction
systems used in irrigation, water supply and reclamation engineering [Meshyk, 2016; Zhakupova et al., 2016].

Future research should also focus on optimization of hydraulic packer design parameters. Modifications
in packer geometry, sealing configuration and flow channel dimensions may provide opportunities for further
improvements in hydraulic efficiency. Advanced computational fluid dynamics simulations could be employed
to investigate flow behavior in greater detail and identify optimal design solutions. Integration of numerical
modeling with experimental validation would contribute to the development of highly efficient groundwater
extraction systems tailored to specific operating conditions.

Economic evaluation represents another important direction for future studies. Although the present
investigation demonstrated clear technical advantages of the proposed technology, comprehensive cost-
benefit analyses are required to quantify potential economic benefits under practical operating conditions.
Such analyses should consider installation costs, maintenance expenses, energy savings, equipment lifespan,
and overall lifecycle costs. The results would provide decision-makers with valuable information regarding
the economic feasibility of large-scale implementation.

Overall, the findings obtained in this study provide strong evidence supporting the practical applicability
of tubeless groundwater lifting technology for groundwater extraction. The combination of reduced hydraulic
resistance, improved pressure distribution, enhanced energy efficiency, and simplified structural design creates
a highly promising alternative to conventional groundwater pumping systems. The successful integration of a
hydraulic packer device with a submersible electric pump demonstrates the potential of innovative engineering
approaches for addressing contemporary challenges in water resources management. Consequently, the
proposed technology may contribute significantly to improving groundwater utilization efficiency, reducing
operational costs and promoting sustainable development of irrigation and reclamation systems in water-
scarce regions.

Conclusion.

This study investigated the hydraulic parameters of tubeless groundwater lifting technology for
groundwater extraction from wells and evaluated its operational efficiency under different operating conditions.
The study combined theoretical analysis, hydraulic calculations, and experimental investigations, thereby
providing a comprehensive assessment of the hydraulic performance of the proposed groundwater lifting
system. The obtained results confirmed that tubeless groundwater lifting technology represents a promising
alternative to conventional groundwater extraction methods and can significantly improve the technical and
economic performance of well water supply systems.

The theoretical analysis showed that the hydraulic behavior of the system is primarily influenced by
water discharge, lifting head, hydraulic resistance, pressure losses and the interaction between the submersible
electric pump and the hydraulic packer device. The developed hydraulic relationships allowed the determination
of the main operating parameters and provided a basis for evaluating the efficiency of the water lifting process.
The calculations showed that the optimization of hydraulic conditions contributes to stable operation of the
system and minimizes energy losses during groundwater extraction.

Experimental investigations confirmed the reliability of the theoretical assumptions and verified the
applicability of the proposed hydraulic model. A satisfactory agreement was observed between the calculated
and measured values of the main hydraulic parameters, indicating that the adopted methodology can be
effectively used for the design and assessment of tubeless groundwater lifting systems. Minor deviations
between theoretical predictions and experimental observations were mainly associated with local hydraulic
resistances, variations in operating conditions, and measurement uncertainties. Nevertheless, these deviations
did not significantly affect the overall conclusions regarding system performance.

One of the most important findings of the study is the positive influence of tubeless groundwater lifting
technology on the reduction of hydraulic losses. The elimination of the conventional riser pipe decreases
flow resistance and improves hydraulic efficiency throughout the system. As a result, the pumping equipment
operates under more favorable conditions, which contributes to lower energy consumption and improved
operational performance. The reduction of energy demand is particularly important for agricultural water
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supply systems, where pumping costs represent a significant component of total operating expenses. Reduction
of hydraulic losses contributes directly to lower electricity consumption and operating costs [Ahmed et al.,
2023; Zhang et al., 2021].

The application of a hydraulic packer device also demonstrated considerable technical advantages. The
device provides effective hydraulic isolation and contributes to more stable pressure distribution within the
well. This improves the interaction between the pumping equipment and the groundwater source, increases
the reliability of system operation and reduces the risk of performance deterioration during long-term use. In
addition, the simplified design of the tubeless system reduces material consumption and facilitates installation,
maintenance and repair procedures.

The obtained results indicate that the proposed technology can contribute to the rational use of
groundwater resources in regions experiencing water scarcity and increasing water demand. The improvement
of hydraulic efficiency and reduction of operational costs make tubeless groundwater lifting technology
attractive for agricultural irrigation systems, rural water supply infrastructure, and other applications requiring
reliable groundwater extraction. The implementation of such systems may support sustainable water resource
management and enhance the resilience of water supply systems under changing environmental and economic
conditions.

From a practical perspective, the developed hydraulic relationships and experimental results can be
applied in the design and optimization of groundwater extraction facilities. Engineers and practitioners may
use the obtained findings to determine optimal operating conditions, select appropriate equipment parameters,
and evaluate the expected performance of tubeless groundwater lifting systems under specific hydrogeological
conditions. The study therefore provides both scientific knowledge and practical recommendations for
improving groundwater extraction technologies.

Despite the positive outcomes, several aspects require further investigation. Future research should
focus on the optimization of hydraulic packer geometry, evaluation of system performance under different
geological and hydrological conditions, and long-term monitoring of operational reliability. Additional studies
involving large-scale field applications would provide valuable information regarding the economic efficiency
and durability of the proposed technology. Furthermore, advanced numerical modeling techniques may be
employed to improve the understanding of hydraulic processes occurring within the system and to support the
development of more efficient engineering solutions.

Overall, the study confirmed the research confirmed the technical feasibility and practical effectiveness
of tubeless groundwater lifting technology for groundwater extraction from wells. The proposed system
provides stable hydraulic operation, reduces hydraulic and energy losses, improves pumping efficiency and
enhances operational reliability. The obtained results provide a scientific basis for the design, optimization and
practical implementation of tubeless groundwater lifting systems in agricultural water supply and reclamation
engineering.
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Abstract. The Bukhtarma Reservoir is a large natural and man-made system, the condition of which
is assessed primarily on the basis of instrumental monitoring data. At the same time, some of the changes
regularly observed by the population of coastal areas are not captured by short-term field surveys, whilst public
perception does not allow for the identification of chemical components that show no external signs. The aim
of the study was to compare the population’s socio-environmental observations with the hydrochemical and
geochemical characteristics of the reservoir and to determine the extent to which these sources of information
are consistent. Field surveys were carried out in the summer of 2026 at 62 sites, involving the analysis of
surface and bottom waters and bottom sediments. The questionnaire survey covered 32 respondents from six
coastal settlements. In the overall assessment, 28.1 % of participants noted a deterioration in water quality,
whilst 56.3 per cent reported an increase in turbidity, 53.1 % noted a drop in water levels, 78.1 % observed
greening or cloudiness in the summer, and 62.5 % noted an increase in the amount of litter on the banks.
The closest correlation between field observations and instrumental data has been found for water turbidity
and transparency. For seasonal visual changes, only a multi-parameter hydrochemical interpretation is
possible, without establishing causality. Heavy metals formed a distinct analytical category: Cu, Pb and Co
were detected throughout the network of water samples; Ni was found in localised areas; whilst Zn and Cd
were significantly more prominent in bottom sediments. It has been proposed to distinguish between directly
perceived, indirectly comparable and analytically identified environmental signals. This approach broadens
the scope of the monitoring without replacing laboratory measurements with survey data.
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AnHoTanus. bykTeipMa cy KOMMAacChIHBIH KaFdaiibl HET131HeH aclanThlK MOHUTOPHHT epeKTepi 00ii-
bIHIIIA OaFajaHaThIH 1p1 TAOMFU-AaHTPOTIIOTEHIIK JKyiie Oonbin Tabbutansl. by peTTe jxaranay aymaKTapblHBIH
TYPFBIHAAPBI TYPAKTHI Typ/ie OalKam OThIpaThIH ©3TrepicTepaiH O0ip 06JIiri KbICKa Mep3iM/Ii TallajiblK 3epTTe-
VAEP/iH asChIHAH THIC Kalabl, aJl KOFaMJIbIK KaObLIIay CHIPTKBI OETiiepl )KOK XUMHSIIBIK KOMIOHEHTTEPI1
aHBIKTayFa MYMKIHIK OepMeiiai. 3epTTeyaiH MaKkcaThl XalbIKThIH 9JIEYMETTIK-IKOJIOTHSUIBIK OaKbliayTapblH
CY KONMAaCBIHBIH THAPOXUMHUSIIBIK KOHE T€OXUMUSIIBIK CUITaTTaMallapbIMEH CaJbICTBIPY KOHE OCHI aKmapar
KO3JIEpiHiH ©3apa COMKECTIK MIeKTepiH aHbIKTay Oomabl. Jlamanbik 3eprreynep 2026 KbUIAbIH Ka3biHAa 62
HYKTeJIe KYPTri3iiin, OeTKeiK koHe Ty MaHbIHJIAFbI Cy, COHJIalf-aK Cy acThl merinainep 3eprrenai. Cayan-
HaMa jKaraJiay/ia OpHaJIacKaH ajThl €Nl MeKeHHIH 32 TYPFBIHBIH KaMThIIbI. JKanmbl Oaranay OONbIHIIA KAaThl-
cywmbutapasiH 28,1 %-bl Cy jKaFJallbIHBIH HAIlIAPJIAFaHbIH aTal eTce, 56,3 %-bl TalIbUIBIKTBIH apTKaHbIH, 53,1
%-blI cy JeHreiiHiH ToMenaereHiH, 78,1 %-bI ka3 Me3TriTiHIe CyAbIH KachbUl TYCKE €Hyl HeMece JIaiiJlaHybIH,
an 62,5 %-bl xkaranaynaapJarbl KOKbIC KeJIeMiHiH KeOelreHiH kopceTTi. KoraMmIbIK 6akpliaynap MEH aclianThIK
JIEPEKTEP apachIHIAFbl €H KOFapbl COMKECTIK CY/bIH JAHIBIIBIFBI MEH MOJIIPIIITT KOpCeTKIITepi OOMBIHIIIA
aHBIKTAIbl.  MayChIMABIK BU3Yyalibl ©3repicTep YIIH cebern-caniapiblK OaillaHbICThl HAKThI Oenriaemei,
TeK OlpHelle KOPCETKIIIKe HEeri3fAeNreH THAPOXUMUSIIBIK WUHTEpIpeTaIus xacayra 0onanbl. Ayslp MeTa-
nap nepOec aHATUTUKAIBIK AeHrel KaiabinracTeipabl: Cu, Pb sxone Co cy chiHamaliapblHbIH OYKiJ KeTiciHae
aHBIKTAIBI, N1 KEpriTiKTI TapansyMeH cunaTrtansl, an Zn MmeH Cd cy acThl meriHIepae aHaFypiIbIM ailKbIH
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AnHoTanus. byxTapMuHCKOE BOJOXpAaHUIIHILE MPECTABISAECT KPYIMHYIO MPUPOIHO-aHTPOIIOTEHHYIO
CUCTEMY, COCTOSTHIE KOTOPOM OLIEHUBAETCS MPEUMYIIECTBEHHO MO JAHHBIM HHCTPYMEHTaJIbHOTO MOHUTOPHUH-
ra. [Ipu »TOM yacTh U3MEHEHUH, peryIspHO HaOII0IaeMBIX HaCETIEHUEM MTPUOPEKHBIX TEPPUTOPHIL, OCTaeTCS
BHE KPaTKOBPEMEHHBIX TOJIEBBIX 00CIIEIOBaHUM, TOT/Ia KaK OOIECTBEHHOE BOCIIPUATHE HE TIO3BOJISIET BBISIB-
JIATh XUMHYECKHUE KOMITOHEHTHI, HE UMEIOIIUE BHEIITHUX MPU3HAKOB. L{eh paboThl cocTosIa B COMOCTABIIC-
HUW COIMAJIbHO-DKOJIOTUYECKUX HAOMIOACHUI HACENIEeHUS C TUAPOXUMHUYECKUMH U TEOXUMHUYSCKIUMU XapaK-
TEPUCTUKAMH BOJOXPAHUJIUINA U OMPENCICHUN TPaHUI] COTJIAaCOBAHHOCTH ITHUX MCTOYHUKOB MH(OpMAIUH.
[ToneBsie uccnenoBanus BeINOMHEHBI JeTOM 2026 T. Ha 62 TOUKaX ¢ U3yYE€HHUEM TOBEPXHOCTHOMN U IPUIOHHOMN
BOJIBI M TOHHBIX OTJIOXKCHHH. AHKETUPOBAHUE OXBATHJIO 32 PECIOHCHTA M3 IIECTH MPUOPEIKHBIX HACEIICH-
HBIX TYHKTOB. [Ipu oO1ieil oneHke yxy/uieHue cocTosiHus BoAbl otMeTun 28,1 % y4acTHHKOB, TOTA Kak
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MOBBIIIEHUE MYTHOCTH yKa3anu 56,3 %, cHymkeHne ypoBHs Boabl — 53,1 %, JieTHee no3eneHeHre NIk IOMYT-
Henue — 78,1 %, yBenuueHue KoinuuecTBa Mycopa Ha Oeperax — 62,5 %. Haubonee Gnu3koe COOTBETCTBHE
OOIIeCTBEHHBIX HAOMIOACHUI WHCTPYMEHTAIBHBIM JAHHBIM YCTAHOBJIEHO JJISi MYTHOCTH U TPO3PAYHOCTH
BOJIbI. {7151 C@30HHBIX BH3YaJbHBIX U3MEHEHHUI BO3MOYKHA TOJIHKO MHOTOMOKA3aTeiabHas THIPOXHUMHYECKAs
UHTEpIpeTanus 0e3 YyCTaHOBIIEHUS MPUUYUHHOCTH. Tshkenble MeTaulbl c(hOPMUPOBAIN CaMOCTOSTENbHBIH
aHanutudeckuit yposeHs: Cu, Pb u Co onmpenensiiuce mo Bceil ceTu BOAHBIX Mpo0, Ni uMel JIoKadbHOe pac-
npoctpaHenue, a Zn u Cd 3HaYUTENbHO OTYETIIMBEE MPOSBISUIMCH B JOHHBIX OTIOKEeHUX. [IpeanoxkeHo pas-
IpaHUYUBATh HEMTOCPEICTBEHHO BOCIIPHHUMAEMBbIE, KOCBEHHO COMOCTaBUMBIEC U aHAJTUTHUECKH BBISABIISIEMbIE
HKOJIOTHYECKHe CUTHAIBI. Takoi moaXo ] paciupsieT coaepaHiue MOHUTOPUHTa O€3 MOIMEHBI JTa00paTOPHBIX
M3MEpEHHI JaHHBIMU OTIPOCa.

KutoueBble ciioBa: byxrapMuHCKOe BOIOXPaHUIIUIIE, THAPOXUMUS, TSHKETIbIe METAJUIbI, JOHHBIE OT-
JIOKEHHSI, BOCIIPHUATHE HACEICHHUSI, SKOJIOTUYECKUI MOHUTOPUHT
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Christian Opp (2026). MaTerpanus ruapOXUMHUYCKUX U COIMAIBHO-IKOJOTHYECKUX MMOKa3aTelield B OICHKE
cocrostHus byxtapmunckoro // Research, results — [3nenictep, nHotmxkenep — MccnenoBanus, pe3ynprarsl. T.
28.Is. 5. Number 113. Pp. 167-177. https://doi.org/10.37884/5-2026/14 [In Eng.].

Kon(uuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

Hugpopmayun o ¢unancuposanuu. /lannoe uccnedosanue gunancupyemcs Komumemom HayKu
Munucmepemea nayku u gvicuieco oopasosanusi Pecnyonuxu Kazaxcman 6 pamkax epanma Ne AP26103691
«DKocucmemnas oyeumka 3a2pssHeHuUs U YCMOUdU8oCmu 800HOU cpedbl byxmapmuncko2o 8000XpaHunuua
C UCNONb308AHUEM UHHOBAYUOHHBIX MEMO008 U pa3pabomra pekoMeHOAyull no no00epiHCAHUio Kaiecmasd
80001 ).

Introduction.

A large reservoir rarely maintains the same conditions throughout its entire water area. Once the flow
rate has been adjusted, the water exchange rate, water residence time, sedimentation of suspended matter and
mass exchange between the water column and the bottom sediments are all altered. Against this backdrop,
different parts of a single body of water may vary significantly in terms of oxygen levels, transparency, biogenic
compounds and the behaviour of trace elements. For reservoirs, such heterogeneity is an inherent property of
the system, and average characteristics often mask local variations that are of ecological significance [ Woelmer
et al., 2023; Bing et al., 2022].

Instrumental studies make it possible to quantify the physico-chemical conditions of the aquatic
environment and to track the distribution of pollutants. The water—sediment system occupies a special place.
A reduction in flow velocity and the settling of particles create conditions for some metals to become bound to
the bottom sediment; however, their subsequent mobility depends on their state of occurrence, the composition
of the sediment, organic matter and redox conditions. Therefore, the absence of an element in the aqueous
phase does not imply its absence from the water body as a biogeochemical system [Cies$la and Gruca-Rokosz,
2024; Li et al., 2025]. Similar differences between water and bottom sediments have also been observed in
reservoirs in Kazakhstan [Ismukhanova et al., 2022].

People living along the coast view the body of water from a different perspective. In their day-to-
day experience, the water level and clarity, its colour, seasonal algal blooms, its smell, the condition of the
shoreline, the presence of litter and changes in fish stocks are the main factors that come to the fore. Some of
these indicators may be recorded repeatedly over a period of several years, thereby supplementing the brief
field survey. At the same time, a subjective assessment depends on personal experience, the nature of the water
body’s use and an individual’s expectations; therefore, it cannot be regarded as a substitute for measurements
[Artell et al., 2013; Angradi et al., 2018].

In recent years, comparing public perception with objective indicators of water quality has become
a distinct field of research. At reservoirs in north-eastern Brazil, assessments by local communities were
compared with physical, chemical and biological indicators; the most informative indicators were those
relating to the condition of the water and the riparian zone [Azevédo et al., 2022]. In citizen science studies,
qualitative observations of colour, turbidity, odour, aquatic vegetation and floating waste also showed a
meaningful correlation with the actual condition of water bodies, but did not fully correspond to analytical
measurements [Blanco-Ramirez et al., 2025].

The reason for the lack of complete agreement lies not only in the subjectivity of the responses.
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Different types of information cover different properties of the aquatic system. Transparency and floating
debris can be observed directly, whereas dissolved metals, changes in bottom oxygen conditions or mobile
forms of elements in bottom sediments cannot be detected visually. A study of Lake Hunin has shown that the
public’s perception of pollution and the results of chemical monitoring can differ significantly, even where the
local population has had long-term contact with the lake [Del Sante et al., 2025]. A similar conclusion was
reached in 2026 regarding rural drinking water sources in northern Kazakhstan: the perceived quality and
chemical composition of the water constituted complementary, but not interchangeable, levels of information
[Nugmanov et al., 2026].

New data on urban lakes further show that the discrepancy between the measured and perceived
conditions persists even with regular monitoring. In the study by Small et al. (2026), more than 800 visitor
assessments were compared with Secchi disc transparency and chlorophyll a content. Respondents took into
account not just a single parameter, but a combination of visual characteristics, including litter and aquatic
vegetation. This finding is important for interpreting the survey data: the absence of a pronounced overall
negative assessment does not rule out the possibility that specific environmental changes are clearly discernible
and regularly noted by the population.

The Bukhtarma Reservoir occupies a special position in the upper reaches of the Yertis basin. The
current water system comprises the Zaisan lake basin and sections of the flooded Yertis valley; it receives
transboundary flow from the Kara Yertis and is utilised for power generation, fisheries and recreation. Recent
studies have characterised the hydrochemical status of the Kazakhstani section of the Yertis, the ecological
characteristics of the transboundary flow, the hydrographic conditions of the Bukhtarma Reservoir, and long-
term changes in its composition [Romanova et al., 2024; Krupa et al., 2024; Zhensikbayeva et al., 2024;
Ismukhanova et al., 2025]. However, public observations of the condition of the water body had not previously
been analysed in conjunction with a synchronous set of hydrochemical data and the concentration of heavy
metals in the water—sediment system.

The research objective of this study is not to assess the extent to which the public ‘correctly’ evaluates
water quality. A more substantive question is which aspects of the environmental condition are reflected by each
source of information, and where the limits of their comparability lie. It was assumed that public observations
would be most consistent with directly observable characteristics — such as transparency, seasonal changes in
the water’s external appearance and the condition of the shoreline — whilst heavy metals and some changes
in the bottom water would constitute analytically detectable parameters for which there is no reliable visual
counterpart.

The aim of the study is to determine the degree of correlation between the changes in the Bukhtarma
Reservoir observed by the local population and its instrumentally measured hydrochemical and geochemical
characteristics, as well as to identify environmental signals that are reflected in public perception or remain
outside the scope of direct observation.

Methods and materials.

Organisation of research

This study combines two independent datasets collected in 2026. The instrumental component was
developed based on the results of a field survey of the Bukhtarma Reservoir, whilst the socio-environmental
component was based on data from a questionnaire survey of the population in the riparian areas. These data
were collected and processed separately; they were combined during the scientific interpretation stage.

Field surveys were carried out from 15 June to 23 July 2026. The survey grid comprised 62 points
distributed across the surveyed water area. At each site, surface and bottom waters were analysed, and bottom
sediments were sampled. The questionnaire survey covered Altayka, Ulken Naryn, Svinchatka, Novaya
Bukhtarma, Kuigan and Zholnuskau. A total of 32 questionnaires were included in the statistical analysis.

Field measurements and laboratory analysis

Surface water was sampled from a depth of 0.5 m, whilst bottom water was collected using a bathometer
from the layer immediately above the bottom sediments, taking care not to disturb them. Bottom sediments
were collected using a Petersen dredge. Water sampling was carried out in accordance with ST RK GOST R
51592-2003, and sampling of bottom sediments in accordance with GOST 17.1.5.01-80.

Depth was determined using a Lowrance HDS-12 Live echo sounder/chartplotter, whilst water clarity
was measured using a Secchi disc. Temperature, pH and dissolved oxygen content were measured using
a Horiba U-53 multi-parameter analyser directly at each sampling point. The laboratory hydrochemical
analysis included total hardness, Ca**, Mg**, Na* + K*, Cl, SO+*, HCOs", mineralisation, permanganate
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oxidisability, NH4", NO.", NOs~ and PO+*". Biogenic compounds were determined spectrophotometrically
using a HACH DR 3900. For the integrated assessment, the main focus was on transparency, pH, dissolved
oxygen, permanganate oxidisability, mineralisation and biogenic compounds, as these parameters are closely
linked to the observed water condition.

Cu, Zn, Pb, Cd, Ni and Co in surface and bottom waters were determined by flame atomic absorption
spectrometry using a Shimadzu AA-7000 in accordance with ST RK ISO 8288-2005. Prior to measurement,
the water was filtered through ‘Blue Ribbon’ filter paper. In the bottom sediments, the mobile forms of the
same elements were analysed following extraction with an ammonium acetate buffer solution at pH 4.8 in
accordance with RD 52.18.289-90. The resulting extracts were also analysed on the Shimadzu AA-7000.

Survey and statistical analysis

The Russian and Kazakh versions of the questionnaire had the same structure and comprised 14
questions. Questions 1-12 offered a single answer option and covered the length of time spent living or
working in the area, changes in the general condition and water level, transparency, seasonal greening or
cloudiness, the condition of the shoreline, plastic waste and fish stocks. The final two questions allowed for
multiple choices regarding environmental problems and proposed measures.

The questionnaires were distributed across the settlements as follows: Altayka — 3, Ulken Naryn — 6,
Svinchatka — 4, Novaya Bukhtarma — 9, Kuigan — 6, Zholnuskau — 4. 59.4 per cent of participants had lived
or worked in the relevant area for at least 10 years, a factor which was taken into account when interpreting
responses regarding long-term changes. These percentages are considered as a characteristic of the surveyed
population and do not apply to the entire population of the settlements in question.

Absolute and relative frequencies were calculated for the responses, whilst 95 per cent Wilson confidence
intervals were calculated for the main proportions (Newcombe, 1998). Inter-territorial differences across ten
adverse characteristics were tested using a conditional exact test with 100,000 Monte Carlo simulations for 6 x
2 tables; the magnitude of the differences was characterised by Kramer’s V. For multiple comparisons, Holm’s
sequential correction was applied (Holm, 1979). Due to local subsamples ranging from 3 to 9 individuals, the
territorial analysis was exploratory in nature.

The principle of data integration.

The results of the questionnaire survey and instrumental studies were integrated on the basis of
environmental criteria characterising comparable aspects of the reservoir’s condition. This approach made it
possible to combine the public’s observations with data from field and laboratory studies without converting
indicators of different types into a single standardised assessment.

The turbidity perceived by the population was examined in conjunction with the actual water transparency
as measured using the Secchi disc. Seasonal greening and clouding of the water were analysed in relation to
changes in pH, dissolved oxygen content and biogenic compounds. Litter pollution in the riparian zone was
identified as a separate component of anthropogenic impact on the coastal area. The concentration of heavy
metals in the water and their mobile forms in bottom sediments was considered as a separate geochemical
component of the reservoir’s ecological status.

The joint interpretation aimed to establish a correlation between the changes observed by the local
population and the instrumentally measured characteristics of the aquatic environment, as well as to identify
aspects of the reservoir’s condition that can only be revealed through chemical analysis of the water and
bottom sediments.

Results and discussion.

Social and environmental indicators

The responses revealed a marked discrepancy between the overall assessment of water quality and
specific changes observed. Nine out of 32 respondents, or 28.1 %, noted a deterioration in overall water quality,
whilst 68.8 % did not observe any significant changes. When broken down in more detail, the proportion of
unfavourable observations increased: 53.1 % of participants reported a drop in water levels, 56.3 % noted
increased turbidity, and 78.1 % observed summer greening, cloudiness or algal blooms, at least periodically.
An increase in the amount of litter on the banks was noted by 62.5 %., whilst the presence of areas perceived
as polluted was noted by 65.6 %.

Note: n/N —the number of respondents who selected this answer option/the total number of respondents,
95 % CI, % — 95 % confidence interval, % calculated using Wilson’s method.

The difference between the overall response and individual characteristics does not appear to constitute
an internal contradiction within the questionnaire. The overall assessment is based on long-term experience
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of interacting with the water body and may remain neutral even in the presence of individual noticeable
changes. Artell et al. (2013) also demonstrated that subjective and objective assessments of water quality
often diverge, with the nature of this divergence depending on the type of water body, its initial condition and
the user’s experience. For the Bukhtarma Reservoir, it was not a single generalised response that proved most
informative, but rather the recurrence of similar characteristics across several questions.

Table 1. Key socio-environmental indicators of the condition of the Bukhtarma Reservoir, based on the
results of the questionnaire survey

Indicator n/N Share, % | 95 % CI,
%
Deterioration in overall water quality 9/32 28,1 15,6-45.,4
A drop in the water level 17/32 | 53,1 36,4-69,1
Increased water turbidity 18/32 56,3 39,3-71,8
Summer greening, cloudiness or algal blooms 25/32 78,1 61,2-89,0
An increase in the amount of litter on the shores | 20/32 62,5 45,3-77,1
The presence of areas perceived as contaminated | 21/32 65,6 48,3-79,6
Decline in fish stocks 12/32 37,5 22,9-54,7

The most consistent socio-environmental concern relates to waste. Water pollution caused by litter and
waste was cited as one of the main environmental problems by 71.9 per cent of participants. An increase in the
number of bins was supported by 81.3 per cent, the cleaning of the coastal zone and water by 71.9 per cent,
and a reduction in pollution caused by holidaymakers and tourists by 65.6 per cent. The same trend can be
observed in the observations, the ranking of problems and the choice of measures; therefore, the condition of
the coastal zone should be regarded as a distinct component of anthropogenic pressure, rather than as a random
response from a specific section of the sample.

Differences between settlements were not consistently statistically significant after Holm’s correction.
Prior to correction, nominal differences were observed in the frequency of plastic litter detection and in
assessments of changes in fish abundance and diversity; however, after adjusting for multiple comparisons,
the p-values exceeded 0.05. Small subsamples do not allow settlements to be ranked according to the degree
of environmental degradation; local differences can only be used as a guide for subsequent field verification.

Hydrochemical indicators consistent with the observations of the local population

The closest instrumental analogue of perceived turbidity is water transparency. Quantitative values
based on the Secchi disc were obtained at 39 points; the median was 1.40 m, with interquartile ranges of
1.00-2.35 m. At 23 shallow-water points, the disc remained visible all the way to the bottom; therefore, it is
inappropriate to artificially assign a numerical transparency value to such observations. The spatial variability
of the indicator confirms that the appearance of the water across the water body is not uniform; however, a
single summer survey cannot verify the long-term trend in turbidity reported by respondents.

The seasonal greening or cloudiness of the water, noted by 78.1 per cent of respondents, requires
a more cautious interpretation. The median pH of surface water was 8.50, whilst that of bottom water was
8.40. The corresponding values for dissolved oxygen were 7.55 and 6.08 mg/L. Nitrates had a median of
0.30 mg/ L in both layers, whilst phosphates were 0.40 mg/L at the surface and 0.42 mg/ L at the bottom.
Ammonium was quantified in only 4 surface and 6 bottom samples. In certain areas, combinations of elevated
pH, oxygen supersaturation and changes in biogenic forms were observed; however, data on chlorophyll a and
phytoplankton are not included in this dataset. Therefore, the results characterise the conditions of the aquatic
environment rather than confirming a specific type of bloom.

The rationale behind this distinction is consistent with research showing that transparency and other
visible characteristics are more strongly linked to public perception than indicators without direct sensory
manifestations [Angradi et al., 2018; Small et al., 2026]. The study by Rock et al. (2025) shows that the
condition of a reservoir prone to cyanobacterial blooms is determined by the combined effect of seasonal and
spatial factors, and that interpreting a single hydrochemical indicator out of the context of biological data
may be insufficient. For the Bukhtarma Reservoir, a similar principle means that visual greening cannot be
attributed to a specific mechanism based solely on pH, oxygen or phosphate values.

The suite of instruments simultaneously detects changes that are virtually impossible to observe from
the surface. The bottom water was characterised by a lower median dissolved oxygen concentration, whilst
the salinity in the two layers remained similar: the median was 264 mg/L in the surface water and 265 mg/L
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in the bottom water. At certain points, oxygen levels near the seabed fell to values that differed significantly
from those in the surface layer. In such cases, water that appears calm or clear provides no information about
the condition of the seabed zone.

Table 2. Instrumental indicators relevant to the interpretation of the observed water conditions

Indicator Surface water, Me Bottom water, Me Interpretative significance
[Q1-Q3] [Q1-Q3]

Transparency according to 1,40 [1,00-2,35], n=39 | - A direct equivalent of the perceived turbidity; at

the Sekki disc, m 23 shallow-water points, the disc was visible right
down to the seabed

pH 8,50 [8,40-8,98] 8,40 [8,13-08,60] Describes the physical and chemical conditions;
does not in itself confirm the cause of the visual
changes

Dissolved Oz, mg/L 7,55 [5,60-8,50] 6,08 [4,4-08,18] Shows variations in water depth that are not always
visible from the surface

Permanganate oxidisability, | 0,63 [0,30-0,89] 0,42 [0,21-0,70] Further characteristics of the oxidisable

mg O/ components of water

Mineralisation, mg/L 264 [246-334] 265 [240-335] Similar values for the two layers, whilst other
indicators have changed

NOs", mg/L 0,30 [0,20-0,30] 0,30 [0,20-0,40] One of the indicators of nitrogen status; it is not
regarded as an independent marker of the source of
pollution

PO+, mg/L 0,40 [0,20-0,57] 0,42 [0,25-0,64] Characterises the biogenic component; it is
incorrect to equate this directly with algal blooms
without hydrobiological data

Note: Me — median; Q1-Q3 — first and third quartiles. Transparency values are given only for
quantitatively measured points

In locally polluted sections of the water body, changes in nitrogen and oxygen conditions were observed,
most notably in the bottom waters. However, no simultaneous sustained increase in all biogenic parameters and
permanganate oxidisability was detected. Therefore, there are no grounds for linking the pollution observed
by the local population to a constant inflow of domestic and industrial effluents. For recreational water bodies,
the impact of the riparian zone may indeed manifest itself through the inflow of biogenic substances and
changes in oxygen conditions [Jurczak et al., 2019], but in this specific case, the source must be confirmed by
independent data.

A geochemical component that has no direct visual counterpart.

Heavy metals provided the clearest example of why the external appearance of water cannot replace
analytical monitoring. Cu, Pb and Co were quantified in all surface and bottom water samples. Ni was detected
in 21 out of 62 samples from each layer and showed a localised distribution. Zn was not detected in surface
water and was quantified in only one bottom water sample. Cd was not detected in the aqueous phase.

Table 3. Frequency of quantification and median concentrations of heavy metals in water and bottom
sediments

Metal | Surface water, n/N (%) | Me*, pg/L | Bottom water, n/N (%) | Me*, ug/L | Bottom sediments, n/N (%) | Me*, mg/kg
Cu 62/62 (100,0) 8,80 62/62 (100,0) 9,60 62/62 (100,0) 2,84
Zn 0/62 (0,0) /0 1/62 (1,6) 4,06 61/62 (98,4) 9,24
Pb 62/62 (100,0) 9,90 62/62 (100,0) 10,4 62/62 (100,0) 0,86
Cd 0/62 (0,0) H/0 0/62 (0,0) H/0 23/62 (37,1) 0,11
Ni 21/62 (33,9) 30,3 21/62 (33,9) 21,0 62/62 (100,0) 3,44
Co 62/62 (100,0) 84,5 62/62 (100,0) 87,0 62/62 (100,0) 5,36

Note: * Me is calculated only from quantified values; results below the limit of detection were not
replaced by 0. n/d — not detected

Bottom sediments showed a different distribution. Mobile forms of Cu, Pb, Ni and Co were detected
in all 62 samples, whilst Zn was detected in 61 samples. Cd, which was not detected in the water, was present
in 23 samples of bottom sediment. The median of the quantified values for Zn in the bottom sediments was
9.24 mg/kg, and for Cd, 0.11 mg/kg. The difference between the two media is particularly important for an
integrated assessment: water that appears visually uncontaminated does not rule out the presence of mobile
forms of these elements in the bottom sediments.
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The redistribution of metals between water and sediment is characteristic of impounded water systems.
Increased sedimentation of suspended matter following the construction of dams can reduce part of the
dissolved and suspended metal load in the water as material accumulates in bottom sediments (Bing et al.,
2022). Recent studies of large reservoirs show that hydrodynamics, organic matter and sediment properties
determine the differences between individual metals and areas of the water body [Ciesla and Gruca-Rokosz,
2024; Li et al., 2025]. The data obtained for the Bukhtarma Reservoir are consistent with this general pattern,
but do not provide grounds for identifying a single source or a single trend for all elements.

From the point of view of public perception, a geochemical unit differs fundamentally from turbidity
or the condition of the shoreline. It is not possible to reliably determine the concentration of Cu, Pb, Ni or
Co based on colour and transparency, let alone assess the mobile forms of Zn and Cd in bottom sediments.
Del Sante et al. (2025), in their study of Lake Hunin, also demonstrated a disconnect between analytical
assessments of metals and culturally conditioned perceptions of pollution. In a Kazakhstani study of drinking
water, the differences between perceived quality and chemical composition were attributed to the fact that
some components do not have a distinct sensory manifestation [Nugmanov et al., 2026]. Therefore, public
observation cannot be used to confirm or rule out metal contamination.

Consistency, discrepancies and implications for monitoring.

A joint analysis of two independent datasets does not support the simplified model whereby a public
assessment must either coincide with laboratory data or be regarded as erroneous. The strongest agreement is
found between indicators describing the same observable property. For turbidity, transparency as measured by
the Secchi disc serves as such an analogue. For seasonal greening, the correspondence becomes indirect: pH,
oxygen and biogenic compounds characterise the conditions accompanying biological processes, but without
phytoplankton data they do not establish the nature of the observed phenomenon. For heavy metals, there is
no direct, observable analogue.

In studies of local communities around reservoirs, the relationship between perception and physico-
chemical or biological indicators also varied depending on specific characteristics [Azevédo et al., 2022).
Blanco-Ramirez et al. (2025] demonstrated that citizen observations are particularly useful for qualitative
water characteristics that humans are able to consistently distinguish. Small et al. (2026) reached a similar
conclusion at two urban lakes: differences in subjective assessment were noticeably weaker than differences
in chlorophyll a, as visitors took into account transparency, litter, vegetation and their own expectations
simultaneously. This context explains why, whilst 28.1 per cent of responses in our sample indicated an overall
deterioration, more than half of the respondents noted specific adverse characteristics.

Table 4. A comparison of perceived and instrumentally measured environmental signals.

Observed signal Proportion of | Instrumental data An integrated interpretation
respondents,
%
A general deterioration in 28,1 A set of hydrochemical and Partial correspondence: a comprehensive
water quality geochemical indicators societal assessment smooths out individual
changes
Increased turbidity 56,3 Transparency on the Sekki disc This is the closest comparison, but the
timeframes of the survey and the field study
differ
Summer greening or 78,1 pH, Oz, NH4", NO2", NOs™, PO+*" Functional comparison without evidence
cloudiness of a specific cause; chlorophyll a and
phytoplankton were not analysed
A drop in the water level 53,1 Field depth measurements, 2026 Direct verification is not possible without a
long-term time series
The increase in the amount | 62,5 There is no direct hydrochemical A specific form of human-induced pressure
of litter on the shores analogue on the coastal area
Heavy metals - Cu, Zn, Pb, Cd, Ni, Co in water and | A component that can be identified
mobile forms in bottom sediments | analytically but has no reliable visual
counterpart

Note: The table reflects the substantive comparability of the sources of information, rather than any
spatial correlation or causal relationship.

The inverse discrepancy also proved to be scientifically significant. Litter on the shoreline is a major
concern in public observations, yet it is scarcely reflected in standard hydrochemical analyses. If the condition
of a reservoir is assessed solely on the basis of the chemical composition of the water, this component of
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anthropogenic pressure remains outside the scope of the analysis. At the same time, questionnaire surveys do
not reveal vertical changes in oxygen conditions or the geochemical characteristics of bottom sediments. Both
sources of information have their own areas of high sensitivity and their own limitations.

The results obtained allow us to distinguish between three levels of environmental signals. The
first combines directly perceptible characteristics with a closely related measurable counterpart — primarily
turbidity and transparency. The second includes phenomena for which instrumental interpretation is only
possible on the basis of a combination of indicators; this includes seasonal greening or clouding of the water.
The third level comprises components that are accessible primarily through one type of observation: litter and
the condition of the shoreline are readily observed by the public, whilst heavy metals and changes in bottom
water require laboratory and field monitoring. This framework is not a conventional composite index and does
not assign artificial weighting coefficients to disparate indicators.

For the Bukhtarma Reservoir, this approach is of particular significance due to the combination of a
large water surface area, transboundary inflows, recreational pressure and a complex hydrographic structure.
Previous studies have characterised the current conditions of the Bukhtarma Reservoir and the Kazakhstani
section of the Irtysh based on hydrochemical data and long-term monitoring [Krupa et al., 2024; Romanova et
al., 2024; Zhensikbayeva et al., 2024; Ismukhanova et al., 2025]. The present study complements this body of
work by offering a different research perspective: public observations are considered not in isolation and not
as a substitute for monitoring, but as an independent source of information on recurring visual and shoreline
changes.

Design constraints define the scope of the conclusions. The questionnaires document observations
made over varying periods, often spanning several years, whilst the instrumental data set relates to the summer
expedition of 2026. The exact coordinates of the sites to which respondents attributed individual observations
are not available. For this reason, consistency in content is not interpreted as a spatial correlation or causal
relationship. The small size of the local subsamples also prevents territorial differences from being generalised
to all residents of the relevant settlements.

The practical value of integration lies in the selection of more precise monitoring objectives. Recurring
reports of summer changes in water colour and transparency justify an increase in seasonal measurements during
the periods when these phenomena occur, with the mandatory inclusion of chlorophyll a and phytoplankton.
Observations of litter require separate monitoring of the coastal zone and recreational pressure. The monitoring
network should continue to investigate bottom waters and sediment, as some oxygen and geochemical changes
are not reflected either in the surface conditions or in public perception.

Conclusion.

A joint analysis of the results of the questionnaire survey and instrumental studies showed that public
perception and the actually measured characteristics of the Bukhtarma Reservoir reflect different aspects
of its ecological condition. Whilst the population’s overall assessment of the water was relatively cautious,
specific changes were noted significantly more frequently. An increase in turbidity was reported by 56.3 % of
respondents, a drop in water level by 53.1 %, summer greening, cloudiness or algal blooms by 78.1 %, and an
increase in the amount of litter on the shores by 62.5 %. The most consistent observations made by the public
related to the visual condition of the water and pollution of the riparian zone.

Instrumental studies revealed spatial variability in the reservoir’s transparency, oxygen levels and
biogenic conditions. The closest correlation between public observations and field data was found for water
turbidity and transparency. Seasonal changes noted by the local population were considered in conjunction
with changes in pH, dissolved oxygen content and biogenic compounds, which made it possible to supplement
visual observations with a quantitative characterisation of the state of the aquatic environment.

Heavy metals constituted a separate component of the environmental assessment. Cu, Pb and Co were
quantified across the entire network of water samples analysed, whilst Ni was found to be distributed locally.
For Zn and Cd, the difference between the water column and the sedimentary environment was particularly
pronounced: the mobile form of Zn was detected in 61 out of 62 sediment samples, and Cd in 23 out of 62
samples, whilst no Cd was detected in the water. The results obtained confirm the need for joint research into
the water column and bottom sediments, as the distribution of individual elements in these components of the
aquatic system differs significantly.

The main finding of this study is the distinction between three groups of environmental indicators for the
Bukhtarma Reservoir: those directly perceived by the population and having a close instrumental counterpart;
observed changes interpreted on the basis of a set of hydrochemical characteristics; and analytically identified
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components that have no direct visual manifestation. The combined use of these sources of information
broadens the scope for assessing the condition of the reservoir and allows for the simultaneous consideration
of changes in the aquatic environment, the condition of the riparian zone and the geochemical characteristics of
the water—sediment system. This approach can be used to identify priority areas for environmental monitoring
of the Bukhtarma Reservoir.
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Abstract. The article presents the results of research work conducted in 2025 in the steppe zone of the
Kostanay region (based on KazRIPPQ named after Zh. Zhiembaev LLP and Kazakh Tulpary LLP). The object
of the study was oil flax (Linum usitatissimum L.) of the Severny variety. Based on the phytoexamination
of the seed material, a high degree of its infection with a pathogenic complex of various etiologies was
established: among the fungal pathogens, mold (Mucor spp. 66.0 %) and toxin-forming (A/ternaria spp.
46.0 %) microorganisms prevailed and among the bacterial ones, Pseudomonas sp. (83.0 %), which led to a
decrease in the initial laboratory germination to 20.0 %. Laboratory and field trials have demonstrated that the
use of a three-component tank mix of the protective and stimulating composition (PSC) thiamethoxam 262.5
g/l + difenoconazole 25 g/1 + fludioxonil 25 g/l (1.0 1/t) + zircon (2.0 ml/t) + humic fertilizers, liquid (1.0 1/t)
completely suppresses fungal infection, reducing the number of diseased seeds and seedlings to 2.0 % (versus
60.0 % in the control). The use of this PSC eliminates the growth-inhibiting effect of traditional chemical seed
treatments, increases laboratory germination to 79.3—-80.7 % and stimulates linear growth and branching of the
crop. A comparison of the obtained data with the results of foreign researchers confirms the high synergistic
effectiveness of the combination of systemic seed treatments and growth regulators. In field conditions, the
use of the composition ensured the formation of 63.2 capsules per plant and the maximum yield of 13.5 c/ha
with a statistically significant increase of 2.1 c/ha (18.4 %) compared with the control, with an LSDos of 0.78
c/ha. The practical significance of the work lies in increasing the field germination and yield of oil flax under
risky farming conditions through the application of the developed protective and stimulating composition. The
implementation of this tank mix in crop cultivation technologies will improve the phytosanitary status of crops
and reduce pesticide load due to the synergistic effect of its components.
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Annoramusi. Makanana 2025 xbutel Koctanait o01bIchIHBIH qananblk aiMareiHaa (K. JKuembaen
arbiHaarel Kazak eciMAikTep/i KOpray KoHE KapaHTHUH FhUIBIMH-3€pTTEY MHCTUTYThIHAA koHe «Kazak Tyi-
naps» JKIIC 6a3aceiHaa) )KYpri3uireH FhUIBIMU 3epTTeY HOTHXKeNepl OasHaanrad. 3eprrey Hbicanbl — «Ce-
BEPHBI» COPTHIHBIH MAMIIbI 3BIFBIP MAKbUIbI (Linum usitatissimum L.). TyKeIM MaTepuaibiHa KYPri3iireH
¢dbuToCapanTamMaNbIK Tanay HOTHKECI SPTYpJi caHbIpayKyJaK KoHE OaKTepHsUIBIK MaTOTeHIIK KelIeHMEH
3aKbIMIAHY/IBIH KOFaphl JCHIeHiH aHBIKTaAbl: CAHBIPAYKYJIAK MaTOTeHAEeP] apachlHa 3eH TY3eTiH Mucor spp.,
66,0 % >xoHe TokcuH OeneTiH Alternaria spp., 46,0 % MHUKpoopraHu3MAEp, ajd OaKTEpUSIBIK MaTOTeHEP
apaceiana Pseudomonas spp. 83,0 % Oackim Gonael Oys1 OacTamkel 3€pTXaHANBIK OHTIIITIK KOPCETKIIIHIH
20,0 %-ra meitin ToMeH IeyiHe oKeN 1. 3epTXaHalbIK JKoHe nananblk Toxipudenep Cenect Ton 312,5, k.c. (1,0
1/T) + Hupkon (2,0 ma/T) + I'ydoc, x. (1,0 1/T) mpenapartapblHaH TYpaTblH KOPFAHBIII-bIHTATAHIBIPFBIIIT
KypaM Heri3iHJeri yiI KOMIOHEHTTI 0ak KOCMachlH KOJJIaHy CaHbIpayKyI1aK MH(EKIUSICHIH TONBIFbIMEH Oa-
CaTBIHBIH JKOHE aypyFa TYKbIMIap MEH OCKIHJEp/iH yieciH Oakpuiay HyckachiHAarbl 60,0 %-0eH canbICThI-
pranga 2,0 %-ra neitin temenaereTiHiH kepceTTi. byn KbIK-Hbl KongaHy TYKBIMIBI ISCTYPIl XMUMHSITBIK
OHJIEYTe TOH OCY/l TEeKEHTIH ocep/ll JKOAbI, 3epTXaHaNbIK OHTIITIKTI 79,3—80,7 %-Fa neiin apTThIpabl,
COHJali-aK JaKpUIABIH Ooiiyam ecyli MEH TapMaKTalyblH bIHTAJNAHABIPAIbl. AJBIHFAH HOTIDKEJEp MIETEN K
3eprreyminepain M. Tapuk, M.A. Cunauku xoHe T.0. HOTHXKENEPIMEH CallbICTBIPY TYKBIMIIBI KYHENIK acep
€TeTiH MpernaparTapMeH KOHE OCy peTTerilTepiMeH Oipiiecin eHIeY/IiH KOFapbl CHHEPTeTHUKAIIBIK THIMI1Ti-
riH pactaiasl. Jlananplk skaFiaia aranFad npenapaTTsl KOJNJIaHy HOTWKeciHAe Oip eciMikTe 63,2 Kayaliak
TY3UJIiM, €H JKOFapbl OHIMIUTIK reKTapbiHa 13,5 nenTHepai Kypaisl; 0y 0akbuiay HYCKAaChIMEH CallbICThIPFaH-
na rexkrapbeiHa 2,1 nentnepre (18,4%) TeH cTaTUCTUKAIIBIK TYPFBIIaH MaHbI3bI ocimMai Ouaipeni HCPo,s 0,78
1/ra. JKyMBICTBIH MTPAKTUKAIBIK MaHBI3IBUIBIFBI 931PJICHIEH KOPFAHBIII-BIHTAJIAH IBIPFBIIT KYPaM/Ibl KOJIJIaHY
apKbLIbl TOYEKEJN 1 eTTHIIUTIK KaFAaibIHAa MaIbl 3BIFBIPBIH TAHANTHIK OHTIIITITT MEH OHIMAUIITIH apTThl-
pyfFa Herizneneai. by KopraHbII-bIHTATAHIBIPFBIIT KYpaMIbl ©Cipy TEXHOJIOTHIChIHA €HAIPY ETICTIKTIH (u-
TOCAHUTAPJIBIK JKaFIalbIH JKaKCapTyFa >KOHE KOMIOHEHTTEP/IH CHHEPTHSUIBIK dcepi eceOiHeH MeCTUIUATIK
KYKTEMEHI TOMEHJIETyre MyYMKIHJIIK Oepe/i.
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AnHoTanus. B crarbe mpencTaBieHbl pe3ylbTaThl HAyYHO-HCCIEA0BaTeIbCKUX PadoT, MPOBEIEHHBIX
B 2025 roay B ycnoBusix crenHoi 30Hb1 Koctanaiickoii o6nactu (Ha 6a3ze TOO «KasHUM3uKP um. XK. XKuewm-
6aeBa» u TOO «Kazak Tyimapel»). OObeKTOM UCCIIEIOBAHUS SIBISIICS JICH MaCIMYHbIN (Linum usitatissimum
L.) copra «CeBepHblii». Ha ocHOBe (hUTO3KCTIEPTH3BI CEMEHHOTO MaTepHalia yCTaHOBJIEHA BHICOKAs CTETICHb
ero HHGUIUPOBAHHOCTH MAaTOT€HHBIM KOMIUIEKCOM Pa3IMYHON ATHOJIOTHU: CPEIN TPUOHBIX MATOT€HOB Ipe-
obnananu miecHesenbie (Mucor spp. 66,0 %) u TokcunooOpasytouue (Alternaria spp. 46,0 %) Mukpoop-
TaHU3MBl, a cpeau OakTepHanbHbIX Pseudomonas sp. (83,0 %), 4TO MpUBENO K CHIKEHUIO UCXOAHOHN 1a60-
paropHoii Bcxoxkectu 10 20,0 %. JIabopaTOpHBIMU U TOJEBBIMU OMBITAMH JI0OKA3aHO, YTO HCIIOIB30BAaHUE
TPEXKOMIIOHEHTHON 0aKoBOM cMecHu 3amuTHO-cTumynupyomero cocrasa (3CC) Cenecm Ton 312,35, k.c. (1,0
a/m) + Hupron (2,0 ma/m) + I'vghoc, ac. (1,0 1/m) NOTHOCTHIO MOAABISIET TPUOHYIO WH(MEKIINIO, CHIXKAs KO-
JUYECTBO OOJIBHBIX CEeMSH U MPopocTKoB 110 2,0% (mpotus 60,0 % B koutpone). [Ipumenenue nannoro 3CC
yCTpaHsaeT pocT3aMesonuil 3pGeKT TpaAUuIIMOHHBIX XUMHUECKHUX MMPOTPaBUTENICH, yBEIUYUBAET J1abopa-
TOPHYIO BCXOXkeCTb 10 79,3—80,7% 1 cTUMYNMpyeT JIMHEHHBIA POCT U BETBIIEHUE KYyNbTYphl. ConocTasieHue
MOJTyYEHHBIX JIaHHBIX C pe3yibraTamMu 3apyOekHbIx uccinenonareneit (M. Tariq, M. A. Siddiqui u ap.) mox-
TBEPKJIa€T BBICOKYIO CHHEPTUUYECKYIO dPPEKTUBHOCTh COUETAHUSI CHCTEMHBIX MPOTPABUTENEH U PETyIsTO-
poB pocTa. B moneBbIX ycloBUSX MpUMEHEHHE cocTaBa obecreumsio ¢popmupoBanue 63,2 kopobouek Ha 1
pacTeHue U MoJdydeHHe MaKkCUMallbHOM ypokaitHocTH 13,5 11/ra ¢ qoctoBepHO# mpubaBKoit K KOHTpouto 2,1
w/ra (18,4 %) nmpu HCPo,s 0,78 1/ra. [IpakTuyeckas 3HAY4UMOCTh pabOThI 3aKIJIF0YAETCS B MOBBIILICHUH MTOJIEBOM
BCXOXKECTH U YPOXKANHOCTH MAaCIUYHOTO JIbHA B YCIOBUAX PUCKOBAHHOTO 3€MJIE/IEIHS 3 CUET MPUMEHEHHUS
pa3paboTaHHOTO 3alUTHO-CTUMYIHPYIOIIETO cocTaBa. BHenpeHue 3Toit 6akoBO cMecH B TEXHOJIOTHH BO3-
TIeNIBIBAHMS TTO3BOJIUT YITYYIIUTh (PUTOCAHUTAPHOE COCTOSTHUE MOCEBOB M CHU3HUTH MECTUIUAHYIO HArpy3Ky
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Kon(uuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

bnazooapnocme. Hayunvie uccinedosanusi nposeoenvt 8 pamkax 0w0dxcemuou npozpammol Ne 267
«llosviwenue docmynHocmu 3HAHUU, HAYYHBIX UCCTE008AHUL U MEPONPUAMULLY U HAYYHO-MEXHUYECKOU Npo-
epammul BR22885887 « Ycosepuwencmeosarnue u enedperue cucmemvl ynpasieHus 8peOHbIMU OPSAHUIMAMUY
Ha 2024—2026 200v1 npu ¢punancuposanuu Munucmepcmea cenvckozo xosaticmea Pecnyonuxku Kaszaxcman.

Introduction.

Oilflax (Linum usitatissimum L.) is one of the most promising and economically attractive diversification
crops in the agricultural sector of the Republic of Kazakhstan. In the context of climate change and grain
market instability, expanding the area under oilseed crops, particularly flax, allows for the optimization of crop
rotations, increased profitability and the exploitation of the high export potential of agricultural enterprises.
However, one of the main challenges in flax cultivation in the steppe zones of Severny Kazakhstan is its
high vulnerability to a range of phytopathogens and pests in the early stages of ontogenesis. Seed infection
caused by fungi of the genera Alternaria spp., Fusarium spp., Mucor spp. [Singh et al., 2022], as well as
phytopathogenic bacteria (in particular, Pseudomonas spp.), leads to a significant decrease in seed quality,
sparse crops and seedling mortality [Dyachenko, Lebedev, 2023; Lazarev, 2022].

In addition, during the growing season of the crop, specialized pests cause significant damage: flax flea
beetle (Aphthona euphorbiae), flax thrips (Thrips linarius) and leatminer fly (Liriomyza cicerina) [Tuleyeva,
Nurseitov, 2021]. In combination with the infestation of crops with dicotyledonous and cereal weeds, this
creates a high phytosanitary load which sharply reduces the realization of the potential productivity of varieties.

Traditional chemical seed treatments do not always provide comprehensive protection against various
biota (fungi, bacteria, and pests) and can have a retardant (growth-reducing) effect on seedlings [Bradley,
2007]. Therefore, a relevant area of research is the development of multi-component protective and stimulating
compounds that combine fungicidal, insecticidal and growth-promoting components to help overcome
environmental stress factors [Ananthwar et al., 2022, Divya, Rai, 2023].

Global experience in integrated plant protection emphasizes the need to use multi-component or
combined tank mixtures. In particular, studies by M. Tarig, M.A. Siddiqui and M. Asif demonstrated that
combining fungicide treatments with stimulating and biological agents reduces the infestation of flax seedlings
with Fusarium spp. and Alternaria spp. by 68-74 %, while simultaneously increasing seed productivity by
14-18 % [Lazarev, 2022: 210-218]. Similar approaches, combining chemical control and physiological and
biochemical stimulation are supported by fundamental studies by European and Asian scientists [Sagitov,
2012: 154; Zhiembayev, 2020: 210].

The aim of the research was to develop effective protective and stimulating compositions for pre-
sowing treatment of oil flax seeds, to provide a phytosanitary assessment of their use and to establish their
impact on the structural indicators and crop yield in the conditions of the Kostanay region.

Research was conducted in the Kostanay region in 2025. Weather conditions during the growing
season directly impacted seed germination dynamics, the development of phytopathogens and pests and the
development of flax productivity factors.

An analysis of meteorological data shows that the spring period (March-May) was characterized by
elevated temperatures. In April, the average monthly air temperature exceeded long-term averages by 4.3°C
and in May, by 1.2°C. Precipitation distribution throughout the season was uneven. In March, a precipitation
deficit (-5.2 mm) was observed. A slight moisture deficit, combined with elevated temperatures in April-May,
caused short-term moisture stress in the early stages of plant development, resulting in uneven emergence in
untreated areas.

From May through September, precipitation was within or above normal (the maximum positive
deviation was recorded in August +7.1 mm). This contributed to improved soil water balance during critical
phases of flax development - branching, flowering, and seed filling.
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Meteorological indicators for the 2025 growing season, based on data from the Kostanay region
weather station are presented in Table 1.
Table 1. Meteorological indicators of the growing season of 2025 (Kostanay region)
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March -2,0 -5,3 +3,3 17,0 22,2 -5,2 71 74 -3
April 11,4 7,1 +4,3 41,0 23,1 +17,9 |63 65 -2
May 16,2 15,0 +12 1380 [340 |+40 |62 58 +4
June 20,6 19,8 +0,8 34,0 344 -0,4 62 58 +4
July 20,4 21,1 -0,7 55,0 53,2 +1,8 69 63 +6
August 18,9 19,5 -0,6 50,0 42,9 +7,1 69 64 +5
September | 15,0 12,8 +2,2 27,0 23,8 +3,2 69 65 +4

Relative humidity remained above normal throughout the growing season (+6 % in July, +5 % in
August, and +4 % in September). The combination of moderate temperatures and high humidity in July and
August created microclimatic conditions favorable for the emergence and spread of leaf and stem infections.
This factor necessitated systematic phytosanitary monitoring and justified the advisability of preventative
measures.

Materials and main methods.

The studies were conducted in 2025 in the laboratories of the Zh. Zhiembaev Kazakh Scientific Research
Institute of Plant Protection and Crop Protection (KazRIPPQ) and in the field at a small-plot experimental site
of the Kazakh Tulpary (Kazakhstan) LLC (Ilyinka village, Kostanay district, Kostanay region).

The field experiment was designed using a systematic replication scheme. Each plot was 10 m? in size
and the experiment was replicated four times. Oilseed flax (variety «Severny») was sown manually during
the optimal agronomic time for the region, May 23-26. Spring wheat was used as the precursor crop which
corresponds to the typical structure of grain-fallow-row crop rotations in Severny Kazakhstan.

To solve the set tasks, generally accepted methods in the field of agricultural phytopathology,
entomology and herbology were used.

Laboratory testing of seed material for phytopathogenic microflora contamination was conducted in
humid chambers and on nutrient media, with samples placed in a thermostat at 25-26°C in quadruplicate.
Identification of the bacterial infection was performed based on the cultural characteristics of colonies grown
on nutrient media and their pathogenicity. The pathogenicity of bacteria isolated in pure culture was tested on
the test plants of geranium (Pelargonium zonale L.) and potato tubers. Laboratory germination and seed vigor
were determined in accordance with GOST 12038-84 [GOST, 1984: 5]. Pest numbers and disease progression
were recorded in accordance with the «Guidelines for the Recording and Identification of Particularly
Dangerous Pests and Diseases of Agricultural Crops» [Dyachenko, 2023: 45-52; Ismailov, 2024: 33-39].

The experimental design for testing protective and stimulating compounds (PSC), based on the results
of laboratory and field sampling in 2024-2025 included the following variants:

Control - no treatment

Standard - thiamethoxam 350 g/l + flutriafol 87 g/l + metalaxyl 43 g/I

Protective and stimulating compounds 1 - prothioconazole 250 g/l + tebuconazole 150 g/l (0.12 1/t) +
imidacloprid 500 g/1 (0.8 1/t) + humic fertilizers (1.0 I/t)

Protective and stimulating compounds 2 - thiamethoxam 262.5 g/1 + difenoconazole 25 g/1 + fludioxonil
25 g/1 (1.0 1/t) + zircon (2.0 ml/t) + humic fertilizers, liquid (1.0 1/t)

The experimental data were analyzed using one-way analysis of variance. The treatment variant
was considered as the experimental factor. The field experiment included four treatment variants with four
replicates (n = 4). The significance of differences between mean yield values was assessed using the least
significant difference (LSD) test at a significance level of p < 0.05.

Results.

Laboratory analysis of the original seed material of the «Severny» oilseed flax variety revealed poor
phytosanitary quality and poor sowing performance. Without pre-treatment, laboratory germination of the
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seeds was only 20.0 %, due to extensive pathogen contamination.

The microbiota was found to contain both molds and toxin-producing fungi as well as phytopathogenic
bacteria (Table 2).

Table 2. Contamination of flax seeds with fungal and bacterial microflora [laboratory experiment,
2025].

Fungal Bacterial
Culture, Laboratory microflora, % microflora, %
variety germination,
%
Alternaria spp. | Fusarium spp. | Mucor spp. | Aspergillus spp. | Penicillium spp. | Pseudomonas spp.
Flax, variety | 20,0 46,0 6,0 66,0 6,0 0,0 83,0
«Severny»

The dominant fungal pathogens on flax were members of the genus Mucor spp. (66.0 %), which caused
seed mold and fungi of the genus Alternaria spp. (46.0 %), which cause alternaria leaf spot. Fusarium spp. and
molds of the genus Aspergillus spp. were recorded at a level of 6.0 %.

A particular hazard is seed colonization by bacterial microflora, detected in 83.0 % of samples. Based
on colony morphology on nutrient media and pathogenicity tests, the bacteria were preliminarily identified
as Pseudomonas spp., a key pathogen of flax bacterial diseases that causes the death of growth points and
reduced germination.

Laboratory evaluation of the protective and stimulating compounds demonstrated their high biological
effectiveness in suppressing infection and neutralizing the negative impact of microflora (Table 3).

Table 3. Effect of protective and stimulating compositions on sowing qualities and phytosanitary status
of flax seeds (laboratory trial, 2025)

Option Germination Laboratory Intensity of Intensity Incidence
Energy, % germination, % | infection of seedling | of diseased
development growth seeds and
seedlings,
%
Fungal Bacterial
infection infection
Control 72,0 73,3 +++ + + 60,0
thiamethoxam 350 g/1 + flutriafol | 48,7 73,3 ++ + ++ 16,0
87 g/l + metalaxyl 43 g/l
(standard)
prothioconazole 250 g/l + 69,7 80,7 + + +++ 12,7

tebuconazole 150 g/1 (0.12 I/t) +
imidacloprid 500 g/1 (0.8 1/t) +
humic fertilizers (1.0 I/t)

thiamethoxam 262.5 g/l 56,0 79,3 - + +++ 2,0
+ difenoconazole 25 g/l +
fludioxonil 25 g/1 (1.0 1/t) + zircon
(2.0 ml/t) + humic fertilizers (1.0
1/t)

Note: “~” indicates no symptoms; “+” indicates low intensity; “++” indicates moderate intensity;
“+++” indicates intensive development.

In the control variant, 60.0 % of the seeds and seedlings were affected, showing intensive fungal
mycelium development (+++). The use of a standard reference seed treatment (thiamethoxam 350 g/l +
flutriafol 87 g/l + metalaxyl 43 g/l) reduced the incidence of infection to 16.0 %; however, this product
exhibited a pronounced growth-retarding effect, reducing germination energy to 48.7 %.

The developed tank mixtures of protective and stimulating compounds (PSC) demonstrated a
comprehensive protective and stimulating effect. The treatment suppressed fungal infection (intensity “—)
and reduced the incidence of diseased seeds and seedlings from 60.0 % in the control to 2.0 %, corresponding
to a 30-fold reduction. The relative reduction in disease incidence compared with the control was 96.7 %.
Laboratory germination increased to 79.3—80.7 % and the seedlings demonstrated maximum growth intensity
(+++).

Application of the treatment containing thiamethoxam 262.5 g/L + difenoconazole 25 g/L + fludioxonil
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25 g/L (1.0 L/t), combined with Zircon (2.0 mL/t) and humic fertilizers (1.0 L/t), resulted in a decrease in seed
germination energy to 56.0 %, compared with 72.0 % in the control. At the same time, laboratory germination
reached 79.3 %, while the incidence of disease in seeds and seedlings decreased from 60.0 % in the control
to 2.0 %. These results indicate that the reduction in germination energy was not accompanied by a decrease
in final laboratory germination. This effect was associated with slower germination of a proportion of seeds
during the initial assessment period; these seeds subsequently developed into normally growing seedlings by
the time final laboratory germination was evaluated.

Protective and stimulating compounds 2

Fig. 1. Suppression of fungal and bacterial infection on flax seeds

Phytosanitary monitoring and weekly surveys of oil flax plots revealed the infestation of crops by a
complex of pests. Among the phytophages, the most dangerous during the «seedling-fir-tree» stage were: the
flax flea beetle (Aphthona euphorbiae), which caused sparse seedlings by damaging cotyledons; the flax thrips
(Thrips linarius), which damaged growing points and buds; and the leaf miner fly (Liriomyza cicerina) which
was observed on foliage during the second half of the growing season.

Fig. 2. Oil flax pests

A herbological survey revealed a mixed weed infestation. The dominant dicotyledonous weeds were
white goosefoot (Chenopodium album), red amaranth (Admaranthus retroflexus), field bindweed (Convolvulus
arvensis) and hemlock grass (Erodium cicutarium). The grass component of the weed community was
represented by barnyard grass (Echinochloa crus-galli), blue foxtail (Setaria glauca) and green foxtail (Setaria
viridis).

Integrating field data with a digital monitoring log and UAV imagery revealed that moisture deficits
at the start of the growing season (March-April) resulted in delayed germination and uneven emergence in
control plots. In contrast, plots treated with protective and stimulating compounds (PSC) containing growth
stimulants (zircon (2.0 ml/t) + humic fertilizers1.0 1/t) more quickly developed a developed root system and
uniform stems, resulting in higher NDVI values (0.72—0.78 versus 0.58 in the control plot during the flax
flowering phase).
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The effect of protective and stimulating compounds on biometric parameters and flax yield. Optimizing
the phytosanitary conditions during the early stages of ontogenesis through pre-sowing seed treatment had a
direct positive effect on the growth, development and yield structure of the «Severny» oilseed flax variety
(Table 4).

Table 4. The influence of protective and stimulating compounds on the structural indicators and yield

of flax (Kostanay region, TOO «Kazakh Tulpary», 2025)

Option Plant Number of | Number of | Number of 1000- Yield, c/ha | Yield

length, cm | branches per | capsules per | seeds per seed increase (%)
plant, pcs. plant, pcs. capsule, pcs. | weight, g

Control 48,60 1,8 36,7 6,9 5,0 11,4 -

thiamethoxam 350 g/1 + flutriafol 87 | 45,36 2,5 44,9 8,9 5,7 12,9 13,2

g/l + metalaxyl 43 g/1 (standard)

prothioconazole 250 g/l + 51,42 2,8 53,3 9,3 5,8 13,3 16,6

tebuconazole 150 g/1 (0.12 1/t) +

imidacloprid 500 g/1 (0.8 1/t) +

humic fertilizers (1.0 1/t)

thiamethoxam 262.5 g/l + 52,90 2,9 63,2 9,5 59 13,5 18,4

difenoconazole 25 g/l + fludioxonil

25 g/1 (1.0 I/t) + zircon (2.0 ml/t) +

humic fertilizers (1.0 I/t)

LSDos for yield 0,78

Note: The LSDos value of 0.78 c/ha refers only to yield. LSDos values were not calculated for the other
biometric and yield-structure parameters presented in the table.

Application of the reference seed treatment (thiamethoxam 350 g/L + flutriafol 87 g/L + metalaxyl
43 g/L) resulted in an increase in yield by 1.5 c/ha (+13.2 %); however, plant height was slightly reduced
(45.36 cm compared with 48.60 cm in the control) due to the phytotoxic effects of the treatment. Experimental
protective and stimulating compositions demonstrated a pronounced synergistic effectiveness: the protective
stimulating composition prothioconazole 250 g/l + tebuconazole 150 g/1 (0.12 1/t) + imidacloprid 500 g/1 (0.8
1/t) + humic fertilizers (1.0 I/t) allowed the formation of 53.3 capsules on one plant and a yield of 13.3 c/ha
(+16.6 % yield increase).

The best results were recorded in the variant thiamethoxam 262.5 g/l + difenoconazole 25 g/l +
fludioxonil 25 g/1 (1.0 1/t) + zircon (2.0 ml/t) + humic fertilizers, liquid (1.0 I/t). In this variant, the length of
the plants reached 52.90 cm, the number of lateral branches increased to 2.9 pieces and the number of bolls on
one plant was 63.2 pieces which is 72.2 % more control.

The development of large seed material (1000-seed weight - 5.9 g) and high seed capsule content (9.5
pieces) resulted in a maximum yield of 13.5 c/ha. This yield increase, compared to the control variant was 2.1
c/ha (18.4%), significantly exceeding the least significant difference (LSD) of 0.78 c/ha and confirming the
statistical reliability of the obtained data.

Results and discussion.

The obtained data support the hypothesis that the key factor limiting the realization of the biological
potential of oil flax in the conditions of northern Kazakhstan is the high complex infection of seeds (especially
the combination of phytopathogenic fungi A/ternaria spp., Mucor spp. and bacteria Pseudomonas spp.).

A comparison of our results with global data confirms the trends identified by international research
groups. M. Tariq, M.A. Siddiqui and M. Asif [Tariq, 2020] demonstrated that the integration of systemic
fungicidal components with growth stimulants simultaneously reduces the pathogenicity of fungi of the genera
Fusarium spp. and Alternaria spp. and alleviates retardant stress in seedlings. Similar conclusions are presented
in the studies of J. Heller and S. Musiot [Sagitov, 2012: 154], who demonstrated that multicomponent seed
treatments prevent the loss of flax plant density under unfavorable hydrothermal conditions in spring [Makkar
etal., 2019].

The use of binary or three-component protective and stimulating compounds allows for three objectives
to be achieved simultaneously: fumigation, contact and systemic protection. Three-component compounds
with insecticidal and fungicidal active ingredients (thiamethoxam, difenoconazole, fludioxonil) completely
isolate the seed from soil and seed infections. They reduce phytotoxicity and the addition of growth regulators
(zircon (2.0 ml/t) + humic fertilizers, (1.0 l/t)) neutralizes the harsh inhibitory effect of chemical seed dressings
on embryonic tissue, resulting in a reduction of the retardant effect and increased germination energy. Drought
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resistance is increased; under conditions of spring moisture limitation (precipitation deficit in March-April),
growth stimulants promote accelerated root development, improving mineral nutrient absorption.

Conclusion.

Phytosanitary condition of the seed stock: The original seeds of the oil flax variety «Severny» are
characterized by a high degree of contamination with a pathogenic complex. The dominant pathogens are
fungi of the genera Mucor spp. (66.0 %) and Alternaria spp. (46.0 %), as well as phytopathogenic bacteria
Pseudomonas sp. (83.0 %), which reduces the laboratory germination of untreated seeds to 20.0 %.

In laboratory conditions, the maximum biological efficiency was demonstrated by the protective
stimulating composition thiamethoxam 262.5 g/l + difenoconazole 25 g/l + fludioxonil 25 g/1 (1.0 I/t) + zircon
(2.0 ml/t) + humic fertilizers (1.0 1/t), which suppressed the development of fungal infection and reduced the
proportion of diseased seeds and seedlings to 2.0 % (in the control - 60.0 %).

The application of the composition thiamethoxam 262.5 g/l + difenoconazole 25 g/l + fludioxonil 25
g/1 (1.0 1/t) + zircon (2.0 ml/t) + humic fertilizers (1.0 I/t) stimulated linear plant growth 52.9 cm, branching
2.9 branches per plant and capsule formation 63.2 capsules per plant. The number of seeds per capsule reached
9.5. This resulted in a maximum flax yield of 13.5 c/ha with a statistically significant increase of 2.1 c¢/ha (18.4
%) compared with the control LSDos = 0,78 c/ha.

Practical recommendations for preventing crop losses from a complex of phytopathogens and pests
(Aphthona euphorbiae, Thrips linarius) in the conditions of the Kostanay region include the introduction of
pre-sowing treatment of flax seeds with a tank mixture of thiamethoxam 262.5 g/l + difenoconazole 25 g/l +
fludioxonil 25 g/1 (1.0 1/t) + zircon (2.0 ml/t) + humic fertilizers (1.0 1/t) with weekly phytosanitary monitoring
in the period July-August.

REFERENCES

Ananthwar, P., Dayal, A., Rai, P.K. (2022). Pre-sowing Seed Treatment of Chemicals, Botanicals, Plant Growth Regulators on Growth,
Yield and Yield Attributing Traits of Linseed (Linum usitatissimum L.) under Late Sowing Conditions var. Uma // International Journal of
Environment and Climate Change. Vol. 12. No. 10. Pp. 1067-1076. DOI: 10.9734/ijecc/2022/v1211030900.

Bradley, C.A., Halley, S., Henson, R.A. (2007). Evaluation of fungicide seed treatments on flax cultivars differing in seed color //
Industrial Crops and Products. 2007. Vol. 25. No. 3. Pp. 301-304. DOI: 10.1016/j.indcrop.2006.12.001.

Divya, M., Rai, P.K. (2023). Standardization of pre-sowing seed treatment with selected botanicals on growth, yield and yield attributing
traits of linseed (Linum usitatissimum L.) / Journal of Oilseeds Research. Vol. 40. No. 4. Pp. 218-222. DOI: 10.56739/6vnrqf73.

Dyachenko, E.A., Lebedev V.I. (2023). Kompleksnaya sistema zashchity 1'na maslichnogo ot semennykh i pochvennykh infektsii //
Vestnik sel’skokhozyaistvennoi nauki Kazakhstana. No. 2. Pp. 45-52.

Effectiveness of biofertilizers foliar application on yield and quality traits of flax (Linum usitatissimum L.) // Oil Crop Science. 2024.
Vol. 9, No. 2. Pp. 91-101. DOI: 10.1016/j.0csci.2024.03.001.

GOST 12038-84. Semena sel’skokhozyaistvennykh kul’tur. Metody opredeleniya vskhozhesti. Vved. 1986-07-01. — M.: Standartinform,
2011. 32 p.

Heller, J., Musiot S. (2021). Integrated pathogen control strategies in oilseed flax (Linum usitatissimum L.) under variable climatic
environments // European Journal of Plant Pathology. Vol. 160. No. 2. Pp. 341-354. DOI: 10.1007/s10658-021-02248-9 (Scopus / Web of Science,
h-index = 42).

Ismailov E.I., Aliev M.B. (2024). Primenenie tsifrovykh tekhnologii i dannykh DZZ v fitosanitarnom monitoringe maslichnykh kul’tur
/I Zemledelie i rastenievodstvo. No. 1. Pp. 33-39.

Lazarev, V.A. (2022). Fitopatogennyi kompleks semyan 1’na i sposoby ego neitralizatsii // Mikologiya i fitopatologiya. T. 56. No. 3. Pp.
210-218.

Metodicheskie ukazaniya po uchetu i vyyavleniyu osobo opasnykh vreditelei i boleznei sel’skokhozyaistvennykh kul’tur / red. A.O.
Sagitov. — A.: KazNIIZiKR, 2012. 154 p.

Makkar, C., Singh, J., Parkash, C. (2019). Modulatory role of vermicompost and vermiwash on growth, yield and nutritional profiling of
Linum usitatissimum L. (Linseed): a field study // Environmental Science and Pollution Research. Vol. 26. No. 3. Pp. 3006-3018. DOI: 10.1007/
s11356-018-3845-6.

Moyse, J., Lecomte, S., Marcou, S., Mongelard, G., Gutierrez, L., Hofte, M. (2023). Overview and Management of the Most Common
Eukaryotic Diseases of Flax (Linum usitatissimum) // Plants. Vol. 12. No. 15. Art. 2811.

Obzor rasprostraneniya vrednykh i osobo opasnykh vrednykh organizmov sel’skokhozyaistvennykh kul’tur i prognoz ikh rasprostraneniya:
spravochnoe posobie / red. Zh. A. Zhiembayev [i dr.]. — A.: Bastau, 2020. 210 p.

Singh, R.K., Tiwari P.K., Crop A.K. (2022). Seed-borne fungal diseases of linseed and their eco-friendly management: A comprehensive
review // Crop Protection. Vol. 152. Art. 105845. DOI: 10.1016/j.cropro.2021.105845 (Scopus / Web of Science, h-index = 85).

Seed Priming Influence on Early Crop Growth, Phenological Development and Yield Performance of Linola (Linum usitatissimum L.)
// Journal of Integrative Agriculture. 2014. Vol. 13. No. 5. Pp. 990-996. DOI: 10.1016/S2095-3119(13)60521

Tuleyeva, A.K., Nurseitov A.S. (2021). Zashchita posevov I’'na maslichnogo ot vrednykh organizmov v Severnom Kazakhstane //
Zashchita i karantin rastenii. No. 4. Pp. 18-22.

Tarig M., Khan A., Asif M., Khan F., Ansari T., Siddiqui M.A. (2026). Evaluation of bio-control agents and fungicides against seed-borne
pathogens of flax (Linum usitatissimum L.) and their effect on crop yield parameters // Journal of Plant Diseases and Protection. 2020. Vol. 127.
No. 4. Pp. 515-526. DOI: 10.1007/s42161-020-00521-y (Scopus / Web of Science, h-index = 26).




= "
’;fwj'lTTblK TNI'IH'»;
AKALEMUSICHI

RESEARCH, RESULTS — I3BIEHICTEP, HOTWXEJIEP — UCCJIEJJOBAHU S, PE3YJIBTATHI
ISSN 2304-3334 (print)

Vol. 28. Is. 5. Number 113 (2026). Pp. 187-202

Journal homepage: https://journal kaznaru.edu.kz

https://doi.org/10.37884/5-2026/16

IRSTI/ FTAXP / MPHTU / 68.47.23

N. Omirzak’, A. Utebekova*?, B. Maisupova’, N. Kazangapova’, Li Qiang’
'NJSC “S. Seifullin Kazakh Agrotechnical Research University”, Astana, Kazakhstan;
“NJSC “Kazakh National Agrarian Research University”, Almaty, Kazakhstan;
*Xi’an Jiaotong University, Xi’an, China.

E-mail: ainur.utebekoval 9@gmail.com

CURRENT STATE OF SAXAUL FORESTS IN THE KYZYLORDA REGION (CASE STUDY OF
ZHALAGASH AND SYRDARYA DISTRICTS)

Omirzak Nurtore Shlauynbekuly, Master of Agricultural Sciences, PhD student of the educational program
8D08301 —“Sustainable Forest Management”, NJSC “S. Seifullin Kazakh Agrotechnical Research University”,
Republic of Kazakhstan, 010000, Astana, Zhenis Avenue, 62

E-mail: mr.n_0l@mail.ru, https://orcid.org/0009-0006-8419-7016;

Utebekova Ainur Duisenbekovna, PhD, Senior Lecturer, NJSC “Kazakh National Agrarian Research
University”, Republic of Kazakhstan, 050010, Almaty, Abai Avenue, 8

E-mail: ainur.utebekoval9@gmail.com, https://orcid.org/0000-0002-3163-6648;

Maisupova Bagila Jylysbaevna, Candidate of Agricultural Sciences, Professor, NJSC “S. Seifullin Kazakh
Agrotechnical Research University”, Republic of Kazakhstan, 010000, Astana, Zhenis Avenue, 62

E-mail: bagila.forest@gmail.com, https://orcid.org/0000-0001-8412-8367;

Kazangapova Nurgul Burkitbaevna, Candidate of Geographical Sciences, Associate Professor, NJSC
“S. Seifullin Kazakh Agrotechnical Research University”, Republic of Kazakhstan, 010000, Astana, Zhenis
Avenue, 62

E-mail: n.kazangapova@kazatu.edu.kz, https://orcid.org/0000-0002-3504-3348;

Li Qiang, PhD, Professor, Xi’an Jiaotong University, People’s Republic of China, Shaanxi Province, Xi’an,
No. 28 Xianning West Road, WeChat: ligiang122123

E-mail: ligiang@xjtu.edu.cn, http://orcid.org/0000-0001-7763-8115.

Abstract. This article assesses the current condition of saxaul forests growing within the forest fund
territory of the Zhalagash and Syrdarya districts of the Kyzylorda Region and provides a comparative analysis
of their state. Field studies were conducted during the summer months of 2025. The main research objects
were the forest fund territories managed by the state institutions responsible for forest and wildlife protection
in the Zhalagash and Syrdarya districts of the Kyzylorda Region. The purpose of the study is to monitor saxaul
forests in the Kyzylorda Region using digital technologies. Overall, the Kyzylorda Region is one of the most
arid areas in Kazakhstan. Due to the combined impact of natural and anthropogenic factors such as climate
change, reduction of forest cover and intensive livestock grazing, saxaul forests in the region are at risk of
degradation and decline. Water scarcity and soil erosion processes further aggravate the situation, leading to a
reduction in forested areas and deterioration of forest condition. Traditional ground-based monitoring methods
are limited in effectiveness because of the vastness and inaccessibility of many areas. In this context, the
application of digital technologies significantly enhances the accuracy and efficiency of monitoring activities.
The comparative analysis presented in graphs and tables demonstrates that changes in the condition of saxaul
forests are driven by climatic drought, wind erosion, soil degradation, grazing pressure, economic impacts
and technogenic factors. In some districts, forest stands are becoming increasingly sparse and regeneration
processes are declining, while in other areas relative stability or positive trends have been observed. The
results of this study have practical significance for the development of scientifically grounded measures aimed
at conserving, restoring and enhancing the resilience of saxaul ecosystems under conditions of intensifying
arid climate.
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Annoranusi. byn makanaga Kei3putopaa o6mbickiHa KapacTthl JKanaraimn sxoHe CeIpmapus aynaHja-
PBIHBIH OPMaH KOPBI ayMarbIH/Ia ©CII jKaTKaH CEeKCeylsl OpMaHAaphIHBIH Ka3ipri skafFaaiibiHa Oara Oepiuir, o
CaJIBICTBIPMAITBI TYp/ie OastHaanapl. 3eprrey skymbicTapbl 2025 KbUIIBIH ka3 aiiapeiHaa Kyprizingi. He-
ri3ri HeicaH petinae Kpi3puiopna oOnbeickiHbIH XKanaram sxoHe CrIpiapusi OpMaH XoHE KaHyapliap TYHUECIH
KOpFay JKOHIHJIeTI MEMJICKETTIK MEKeMEJIep/IiH OpMaH KOPbl ayMaKTaphl albIHIbL. By 3epTTey KYMBICTaphI-
HBIH MakcaTbl — KpI3butopaa 00IbICkl OOMBIHINIA OCIM KATKaH CEKCEYlT OpMaHAapbiHa IUQPIBIK TEXHOJIO-
THsIIapAbl KOJJIaHy apKbLIbl MOHUTOPHHT skacay. JKammel, Kei3suiopaa o6mbickl KasakcTaHaarsl €H Kyprak
aliMaKTapbIHBIH Oipi OONBIT TaObLIaIbl. KIMMaTThIH €3repyi, OpMaHIapAblH KbICKAPYHI JKOHE MaJl JKaObl CH-
SIKTBI TaOWFH JKOHE aHTPOIMOTEH/IK (haKTOpIapAblH dCepiHeH OYJI aiiMaKThIH CEKCeyil OpMaHIaphl KbICKa-
py kayminge typ. Cy TanmbUTBIFBl MEH TOTIBIPAK 3PO3HSCHI JKaFIai/Ibl KUBIHAATAIbI, OYJ1 OpMaH eKIenepi
aJIaHBIHBIH a3aI0bIHA JKOHE OJIAPJIbIH KaFIalbIHBIH HaIIapiiayblHa okejemi. JKepre Tycipy CHUSKTHI JoCTypIi
OaKplIay SICTEpl ayMaKTapbIH KEHJIr MEH KONTereH ayMaKTap/AblH KOJ KEeTiMJl eMeCTIiriHe O0aiIaHbICThI
TUIMIUTIT 1ekTeyni. OcblFaH OalIaHbICThl UG PIBIK TEXHOJIOTUSIIAPABI KONIaHy OaKblIaylapIblH TN
MEH TUIMJIUTITIH apTThIpaphl ce3ci3. Makananarsl rpaduk, KecTeJaeperi CalbICThIPMaIbl Ta1ay CEeKCeyil op-
MaHapbIHBIH YKaFalibl KIMMATTBIK KYPFaKIIbLIBIK, )KE SPO3USChI, TONBIPAKTHIH JeTrPaJallisachl )KOHE JKai-
BUTBIM, SKOHOMHKAJIBIK KbICHIM MEH TEXHOTEH/IIK dcepi e3repeTiHin kepceteni. Keitbip aynanaapaa amkanrap
CHper, KaJIbIHA KeJTy MpoIecTepl azaibin Oapa KaTKaHbl, aln 0acka aliMakTapia TYPaKThUIBIK HEMece OH
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ypaicTep OalKabII )KaTKaHbI aHBIKTANIBL. By 3epTTeynepiiH HOTHKelepl KYpPFaKIIbUTBIK KIMMaThl KYIIEHIn
KeJie JKaTKaHJa CeKCeyll IKOKYHeIepiH caKTay, KaJllblHa KeNTIpy KOHE OJapAblH TO3IMAUIITH apTThIpy O0¥-
BIHIIIA FHUIBIMU HET13[IEJITeH MIapaiap/ibl 33ipaeyre MpakTHUKAIbIK TYPFBIIAH dcep eTe/i.

Tyiiin ce3mep: 1m6NEHTTI OpMaH, Kapa CeKCeyil, OpMaH KOPbI, KIUMATTBIK KYPFaKIIBLUIBIK, YKOXKYIiE,
CaJIBICTBIPMAJIbI TaJay, TOMBIPAK Jerpagaruschl

Joaiiexco3 ymin: Omipzak H.III., YTe6exoBa A./l., MaiicynoBa b.2K., Kazanranosa H.b., JIu Kuans
(2026). Ke3pimopaa obmeickl, XKanarami skone Coipaapust ayJaH1apbIHBIH OpMaH KOPbI ayMarbIH/IaFbl CEKCEY1T
OpMaHIapbIHBIH Ka3ipri xaraaiieiH Oakbutay // Research, results — I3genicrep, nHotmxkenep — UccnenoBanus,
pesyabratel. Vol. 28. Is. 5. Number 113. Pp. 187-202. https://doi.org/10.37884/5-2026/16 [In Kaz.].
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ouccepmayus weHbepinoe KHcypeizindi. Aemopnap 3epmmey HCYMbICMAPbIH HCYpeizyee Koi0ay KepcemkeH
Kwoizvinopoa obnvicwr aximoiciniy Tabuzu pecypcmap scone mabdbuzam naudanianyosl pemmey 0aAcKapmacl
VIHCHIMbIHA, COHOAU-AK OANANBIK HCYMbICIAPObL Jcypeizyee dtcapoemoecker Kanazawt scane Coipoapus op-
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AnHoTanus. B crarebe gaHa oneHKa COBPEMEHHOTO COCTOSIHUSI CaKCayJIOBBIX JIECOB, MPOU3PACTAIO-
X Ha TeppuTopuu JecHoro pouaa XKanaramickoro n CeipaapbHHCKOTO paiioHOB KbI3butopauHckol obmna-
CTH, a TaK)Ke MpeACTaBlieHa UX CpaBHUTEIbHAs XapakrtepucTuka. [loneBble MccienoBaHusl TPOBOIUINCH B
netHue Mecsaubl 2025 roga. B kauecTBe 0CHOBHBIX 00BEKTOB HCCIEI0OBAaHUS ObLIN BBIOPAHBI TEPPUTOPHUH JIEC-




HOTO ()OHJIa TOCY/IaPCTBEHHBIX YUPEKACHUI 110 OXpaHe JecoB M KkUBOTHOro Mupa JKanaramickoro u Ceipa-
peUHCKOTO paiioHoB Ke3bimopannckoit obnactu. Llenbio uccienoBanus saBiseTcss IPOBEACHHE MOHUTOPHHTA
cakcaynoBbIX JiecoB KbI3putopauHckol o0nactu ¢ mpuMeHeHneM g poBbix TexHonoruii. B nemom Kbi3bi-
JIOpAMHCKAsI 00JIACTh OTHOCUTCS K YHCITy HanOolee 3acyliuBbeIx peruoHoB Kazaxcrana. [loa Bo3aeiicTBuemM
MPUPOTHBIX U AHTPOTIOTEHHBIX (PAaKTOPOB, TAKUX KaK U3MEHEHHE KJIMMaTa, COKpallleHHe JIECHBIX HACAKICHHM
Y MHTEHCUBHBIN BBITIAC CKOTA, CaKCayJOBBIE Jieca PerMOHA HAXOMATCS MO yrpo3oi cokpamienus. Jledunur
BOJIHBIX PECYPCOB U MPOIECCHI MOYBEHHOM 3PO3UH YCYTYONSIOT CUTYAIMIO, YTO MPUBOAUT K YMEHBIICHUIO
TUIOUIA/IN JIECHBIX HACAXJICHUN M yXYALICHUIO UX COCTOSHUA. TpaJullMOHHBIE METO/bI HA3€MHOTO MOHHUTO-
pHUHTa UMEIOT OTpaHUYeHHYI0 3(()EKTUBHOCTH B CBSA3H C OOLIMPHOCTHIO TEPPUTOPHIA U TPYIHOJOCTYITHOCTHIO
MHOTHX Y4acTKOB. B 3To# cBsi3u nmpuMeHeHHne HU(GPOBBIX TEXHOJIOTHI MO3BOJISIET CYNIECTBEHHO MOBBICUTD
TOYHOCTh U 3(P(HEKTUBHOCTH MOHUTOPUHTOBBIX HaOmofAeHnH. CpaBHUTENBHBIN aHATU3, IPEICTABICHHBINA B
BUJIE TpaUKOB U TaOIHII, OKA3BIBAET, YTO COCTOSIHUE CaKCayJIOBBIX JIECOB U3MEHSIETCS MO/ BIUSHUEM KITU-
MaTHUYECKOM 3acyXu, BETPOBOW 3pO3UH, JETpajalliy MOYB, TACTOUITHONW HArpy3KH, YJKOHOMHYECKOTO JaBlie-
HUS M TEXHOT€HHBIX (DaKTOPOB. YCTAHOBIICHO, YTO B psijie pallOHOB HAOIIOMAETCs pa3pekeHne HaCaXICHUN U
CHIDKEHHE BOCCTAHOBUTENBHBIX MPOIIECCOB, TOT/IA KaK B APYTUX TEPPUTOPHIX COXPAHSIETCS OTHOCUTENIbHAS
CTaOUIBHOCTD JIMOO OTMEYAIOTCS MOJIOKHUTEIbHbIE TeHACHINH. [loTydeHHbIe pe3yabTaThl UMEIOT MpaKTHye-
CKO€ 3HaueHUE Ui pa3pabOTKU HAyYHO 0OOCHOBAHHBIX MEpP MO COXPAHEHHUIO, BOCCTAHOBICHHUIO U MOBBIIIE-
HUIO YCTOMYHMBOCTHU CaKCAyJOBBIX 3KOCUCTEM B YCIOBUSAX YCHUIIMBAIOIIETOCS apUIHOTO KJIMMaTa.

KutoueBble ci10Ba: MyCThIHHBIE JIeca, YEPHBINA cakcayJ, JeCHON (OoH, KITUMaThuyeckas 3acyxa, I9KOCH-
cTeMa, CPaBHUTENbHBIN aHAIN3, IerpaJalis MouB

st uurupoBanusi: Owmipzak H.II., YrtebexoBa A.Jl., MaiicynoBa b.Jl., Kazanramoa H.b.,
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naramickoro 1 CeipapbHHCKOTO paiioHoB Ke3bimopauHckoit oomactu // Research, results — [3nenicrep, HoTH-
xenep — Mccnenosanus, pesynsrarel. Vol. 28. Is. 5. Number 113. Pp. 187-202. https://doi.org/10.37884/5-
2026/16 [In Kaz.].

Kon$uiuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

Kipicne.

KazakcTaHHBIH 11611 )KOHE [I6JICHT aifMaKTapbIHBIH 3K0XKYiecinae cexceyin (Haloxylon) epekiiie opbIH
amajnel. By eciMiik TaOUFKM OpTajia KYM KOIIKiHIH TOKTaTy/a, TOMBIPAK 3PO3UsACHIHBIH aJlJIbIH ally/a, aTMOC-
(bepablK BUFAIIBI PETTEYIIC KOHE OMOJOTHSUIBIK OPTYPIILTIKTI caKTay[a MaHbI3/Ibl peul arkapasl. FeutbiMu
JepeKTepre colkec, cekceyunIiH TaMbIp kyieci 10—-12 mMeTp TepeHIiKkKe AeiiH keTei, OyJl OFaH kKep acThl
BUTFAJIBIH THIM/I1 TTaliaiaHyFa MyYMKIHJIIK Oepe/ii )kKoHe IIeJ1/11 OpTara KOoFapbl IeHrel e oeifiMienyin KaMTa-
MachI3 eTeni. COHbIMEH KaTap OHBIH (DU3UOJIOTUSIIBIK €PEKIISTIKTEP1 — KYPFAKIIBUIBIKKA TO3IMILTIT, )KOFapbl
TeMIieparypara OeriMIenyl KoHe TY3/bl TOIbIpaKTapaa ecy Kadineri — OyJ1 oCiMIIKTI apuaTi aiMaKTapabIiH
HETi3r1 OpMaH TY3yIlIl TypJiepiHiH Oipi peTinae cunarTtaiiabl. Kei3buiopaa oOnbICk ayMarbIHIa Kapa CeKceyil
(Haloxylon aphyllum) men ak cexceyin (Haloxylon persicum) keH TapanraH, OlapJbIH HET13T1 KOpbI peciry-
omukanblH TypkictaH, XKaMObLT skoHe JXKeTicy 0OmbpIcTapblH/a MIOFBIPIAHFaH.

Cekceyin opMaHIaphl TEK SKOJOTUSIIBIK TYPFBIIaH FaHA €MEC, COHBIMEH Karap dJIEyMETTiK-9KOHOMHU-
KaJIbIK MaHBI3bI )KOFapbl TAOUFU pecypc 00i1bIT Ta0bu1aab1. ONap aybll IapyanibUIbIFb )KEepIepiH KyM OacynaH
KOPFaIl, )KalbIIBIM/IBIK aJIKAIITapIbIH OHIMIUIIIH caKTayFa bIKIaI €Te/li, COHai-aKk MUKPOKIMMAT KaJIbIITa-
CTBIPY apKbUIBI MOJCHT ayMaKTap/IbIH SKOJOTHSIIBIK TYPAKTHUIBIFBIH KaMTaMachi3 eTelli. Tapuxu TYpFbIIaH
CEKCeYLJT KEePruTIKTI XaJbIK YIIiH MaHbI3/Ibl OTHIH K631 peTiHAe Maiianansuib kenreH. COHbBIMEH KaTap Xa-
JBIK aybI3 o/IeOMEeTIHIe, aKbIH-KbIpayJiap IIbIFapMaiapblHIa CEKCEYUT Ka3aK JajlachbIHBIH KaicaplibIFbl MEH
TaburaTka OeiMIeNTIMTITiHIH CUMBOJIBI peTiHAe KopiHic Tabaabl. MbIcajbl, «CeKCEeyUIIiH AaybuiFa Oyrii-
MeC MBIKTBUIBIFBD) apPKBUIBI €JJIIH pyXaHu OepiKTiri MeH Te3iMaimiri oelineneneni. byn cekceyinain Taburu
AKOXKYHeIeri FaHa eMec, VITTHIK JYHHUETaHbIM/IaFbl OPHBIHBIH J1a epeKIe ekeHiH kepcereai [Salmukhanbetova
x)oHe T.0., 2021: 128-157; Akhmetov xone T.6., 2023: 380-388; Shamsutdinova, 2019: 34-38].

Kasipri rania opmaH pecypcTapbIiHbIH JKaFIailbIH OaFajiay MCH MOHHTOPHHT KYPri3y/ie Te0aKmapaTrThiK
xytenep (IAX), kambikran 30HaTay Aepekrepi (K3), FapblTHIK CypeTTep KOHE YIIKBIIICHI3 YIITY ariapar-
Tapbl (IPOHIAp) apKBUIBI ATBIHATHIH MOJIMETTEpP KeHIHEH KOJITaHbUTyIa. bys1 3aMaHayn iiupIibiK TEXHOIOTH-
sIap KeH ayMaKTapIbl KbICKa Mep3iMJie, KOFaphl JOJIIKIICH KOHE CaBICTBIPMAJIbl TYPJIE TOMEH IIBIFBIHMEH
3epTTeyre MyMKiHJik 6epeai. Ocipece KpI3buiopaa 00bICkl CUSKTHI IOJISHTTI aliMaKTap/1a ayMaKThIH KeHIIT1
MEH KOJDKETIMCI3/IiriHe OalIaHbICThI IOCTYPIIL AaalbIK SICTEP/IiH eKTeyniiri Oaiikanaasl. OceiraH Oaiina-




HBICTBI KAIIBIKTAaH 30HATay dAICTepiH KOIAaHy OpMaH alKalTapblHBIH TapallyblH, OMOMacCcachiH, Jerpaaaius
JICHTeiiH JKOHE OJapAblH YaKbIT OOMBIHIIA ©3repy AMHAMUKACHIH aHBIKTAy/la THIM/II Kypasl OOJIbIN TaOblIabl.

Cexceyin opmanaapsl KazakcTaHHBIH 1MIOJIEHTTI alilMaKTapbhIH/Ia €PEKIIe SKOJOTHSIIBIK KbI3MET aTKa-
patbIiH opMaH (hopManusIapbIHbIH Oipl peTiHIe KapacTeIpbuiaAbl. OJap TOMBIPAKThI OEKITY, )KeT IPO3USICHIH
TeXey, KOMIPKBIIIKbUT Ta3blH CIHIPY apKbUIbl KIIMMATTHI PETTEY KOHE KOITEreH oCIMIIKTep IMeH >KaHyapiap
TYPJAEPiHIH TIPLIUTIK OPTAChIH CaKTay CUAKTHI MaHbI3Abl (DYHKIUSIIApAbI OpbiHAaiabl. KpI3buiopaa oOmbIchl
ayMarbl ceKceyUIIiH TaOuFK Tapaly aiiMarbiHa Kipim, pecinyOinka O0NBIHIIIA OpPMaH KOPBIHBIH €19yip O6iria
KaMTUbl. Anaiifia COHFbl OHXKBUIIBIKTapAa KIUMATThIH KYPFAaKTaHYbl, aHTPOTIOT€H K KbICBIMHBIH apTyHhl,
3aHCBI3 aralll Kecy, MaJ KalbUIBIMBIHBIH PETTEIMEY1 )KOHE TUAPOIIOTUSIIBIK PEKUMHIH 03repyl HOTHKECIHIS
CEKCeY1Jl OpMaHIapbIHBIH JAETPalallisChl KYIIeHin oTeip. by xaraail onapablH SKOJOTUSUTBIK TYPAKTBUIBIFbI-
Ha Tepic ocep eTiM, TaOuFH KaHapy MPOIeCTepiHiH OasynaybIHa bl Keye.

Ocpiran opail cekceyil OpMaHIapbIHBIH Ka3ipri >KarJailblH KelleHIl Typae Oaramnay, OlapablH
KYPBUIBIMIBIK oHE (DYHKIIMOHANIBIK €PEeKIISNIKTePiH aHbIKTaYy, COH/Iali-aK TYPaKThl MOHUTOPUHT XKYHeCiH
KAJIBINTACTHIPY FBUIBIMU Opi TOXKIPUOENiK TYpFhIIaH ©3€KTi Macene 0oibin Tabbutaasl. MyHIall 3epTTeynep
OpMaH pecypcTapbIH TUIMII OacKapy, JerpajalusFa Yiiblparad ayMaKTap/bl KaJalblHa KeNTipy jKOHE dKOXKYi-
€JTIK KbI3METTEP/Ii CaKTay OaFbIThIH/IA FRUTBIMH HET13/IeIreH HIemiMaep Kaobliaayra MyMKIHIIK Oepei [OMip-
3aK xoHe T.0., 2025: 92-102; Zonn, Kostianoy, 2014].

3epTTey JKYMBICHIHBIH Makcathl — XKasaram reH Celpapusi OpMaH KoHE KaHyapiap AYHUECIH KOpray
KOHIHJIET1 MEMJIEKETTIK MEKEMeJIepiHiH ayMaFbIH/IaFbl CEKCeyil OpMaHIapbIHbIH Ka3ipri kKarjaiibiHa KeleH /i
OaKplIay KYPri3zy >kKoHE aJIbIHFaH HOTWIKENEep/l FhUIBIMHU Typrbiaa Tanaay. Ocbl MakcaTka KeTy YILIiH Keleci
MIHJIETTEP KONUBLI/IBI:

- OpMaH KOPBIHBIH KaJIbl K6JIeMi MEH KYPBUIBIMBIH CAJIBICTBIPMAIIbl TAJAaY;

- CeKCeyT aJKanTapbIHBIH Kac KYpPaMbIH KOHE KaMbLIFbI epeKIIeTiKTepiH Oaranay;

- Jerpajanus OenTiiepiH aHbIKTAM, oJlapbl TOMEHETY OONBIHIIA FHUTBIMU HET13/1€TITeH YChIHBICTAP
aziprey.

2022 XbUIFBI PECMU OpPMaH OpHANACTBIPY Marepuanaapbl MeH 2025 XKbUIFbl JaNlajiblK 3€pTTEYIep
HOTIDKEJIEPIH CalbICThIpy apKbUibl JKanaram sxoHe Coipnapus (TepeHesek) ayqaHAapblHBIH OpMaH KeJeMmi,
YKaMBUTFBICBI MEH JKaJIbl JKaFdaiibl apacblHia aWTapJIbIKTall albIpMaIIbUIBIKTAP aHBIKTAJBI. bysr aibip-
MAalIbUIBIKTAp, O1p JKaFbIHAH, YaKbIT ©TE Kelie TAOUFU JKOHE aHTPOIOTEHIIK (haKTOpJIap/IblH OCEPIHEH OpMaH
KOPCETKIIITEePiHIH ©3repyiMeH, €KIHII >KaFbIHAaH, TaKCAIUSUIBIK JEPEKTEepPAiH >KaHAPThUTy KaXeTTUTiriMeH
tycinaipineni. OcbiFan O0aliaHbICThI 3epTTEY OAPBICHIHAA AaNaiblK OaKplIayJap MEH PECMHU OpMaH OpHasa-
CTBIPY JEpPEKTepiH 63apa YIITACTBIPY apKbLIbl aJbIHFAH HOTHXKENEP/IiH CEHIMIUIIr apTTHIPBUIABLI [OMip3ak
xoHe T.0., 2025: 92—-102; Kusainova xone T.6., 2023; Bissenbayeva one T.6., 2024: 135-149].

MarepuaJgap MeH djicrep.

3epTTey JKYMBICTApblH OpPBIHJAY OapbIChIHIIA OPMaH AKOXKYHEIepiHiH Ka3ipri sKaraalbIH KaH-KaKThl
Oaranayra MYMKIHIIK OepeTiH KeIIeH[1 JallaiblK jKOHE KAIIBIKTaH 30HJTay oAicTepl KonmaHbuiabl. Konma-
HBUIFAH TOCUIACP ©3apa WHTErPAIMUIAHBII, aJdbIHFAH HOTHIKEIEPIIH AN MEH PEenpe3eHTAaTUBTLIITIH
KaMTamachl3 eryre O0arpiTTanabl. COHBIMEH KaTap 3epTTey OapbIChIH/Ia OPMaH KaMbUIFBICBIHBIH KEHICTIKTIK
MKOHE YaKbITTBIK ©3TepiCTepiH KeIIeH/ Il TaliayFa epeKiie Ha3ap ayJapbul/bl.

DUTOIICHO3IBIK 9J1IC asIChIH/IA 3€PTTEY ayMaKTapbIHAa CTAHAAPTTHI AaaIblK MAPIIPYTTAP MEH TYPAKThI
YITUTIK anaHgap Herizinae Oakbuiaynap >Kypri3iai. YJATTiK alaHIapblH ayJaHbl 3epTT€y MaKcaTblHa CoM-
kec 0,05-0,1 ra apaneiFeiHaa OeTiIeH 1. OpOip allaHIa aFaml )koHe OyTa eCIMIIIKTEpPiHIH TYPIIK KYpaMbl,
JapaK CaHbl, )Kackl, OMIKTITI, coHmai-aK aiH quametpi (d1.3) anbikranael. CoHmai aK ©CiMIIKTEPIIH JKaJIIbI
(U3HONOTUSITBIK YKaFaiibl OaranaHbll, ©Ccy KapKbIHbI, TAOUFU JKaHAPY JAeHreil (Kac oCcKiHACpAIH CaHbl MEH
carmachl), CUpey J9peKeci KoHEe aHTPOMOTeH IIK acep Oenriepi (Maj KalbUIbIMBbI, MEXaHUKAJIBIK 3aKbIM/IaHY,
OTBIHFa KeCy, COH/Iall aK Kypay HpolecTepi TipKesai. OpOip YATUIIK ajJaHaa eCIMAIK KaMbUIFbICBIHBIH ThIFbI-
3IBIFBI (JaHa/Ta) MEH >KaMbUIFBI 1opeskeci (%) ecemnTenin, reo00TaHUKAIBIK CHIIaTTaManap xacaiasl. Ku-
HaJIFaH JIEPEKTep CTaTUCTUKAIIBIK OHACYIACH OTKI31IIM, OpTallla MOHJIEP, BApUALIUSIIBIK KaTapiap KoHE aybITKY
KepceTKimTepi Kypbulbl. by o/1ic opMaH KaMbUTFBICBIHBIH KYPBUIBIMBIH, SPYCTHIK YHBIMIACYBIH KOHE CEK-
CeyiJ eKmnesepiHiH TYPaKThUIBbIK JIeHIeliH Oarajgayra MyMKIHAIK Oepi.

Kaprorpadusibik Tannay 3epTTey ayMarbIHBIH KEHICTIKTIK €pEKIIeNIKTepiH aHbIKTayFa OaFbITTaJ bl
Ocpbl MaKcaTTa OpMaH OpHAJIACTRIPY MaTepuaiiapbl, TONOrpadUsIIBbIK KOHE TAKBIPBINITHIK KapTaiap nainana-
HBUIBL. [€oakmaparThIK XKylenep KypalgapblH KOJAaHy apKbLUIbl OpPMaH aJKanTapbIHBIH OpHAIACYhI, IIeKa-
panapsl, aynaniapbl )koHe JTaHAMA(THIK KYPbUIBIMBI aHBIKTAIABL. OPTYPIl YaKbIT Ke3eHAepiHAeT! KapTorpa-




GUSITBIK IEpEKTEPl CaTBICTBIPY HOTHIXKECIHIIE OpMaH KaMBUIFBICBIHBIH ©3Tepy JMHAMHUKACHI, JIeTpaIalusFa
yIIIbIpaFaH ayMaKTap jKOHE KaJIbIHA Kelly mporectepi Oarananpl. COHBIMEH Karap TaOUFU-TeorpadusIIbIK
(dakTopiap MEH OpMaH >XKaMBUIFBICBIHBIH ©3apa OaiiaaHbIChl aHBIKTAIBI [Shamsutdinova, Shamsutdinov,
2022; Tureniyazova, Berdimbetov, 2024].

Kambikran 30H1Tay 9/1iCTEPl 3epTTEY HOTHIKEIEPIH TONBIKTHIPY JKOHE HAKThUIAY MaKCaThIH/Ia KOJI/ia-
HBUIBL. OCIMIIK )KaMbUTFBICHIHBIH JKaFAalbIH Oaranay yuriH NDVI (Normalized Difference Vegetation Index)
MHJCKC] MaliJananbUlIbl, 01 Keseci popmyia OONbIHILIA ecenTeNei:

NDVI= NIR+RED
NIR-RED

myHnarbl NIR — jkakbiH WHGpaKbI3bUT Iuana3zoHAarsl marblibicy, al RED — KpI3bUT criekTpreri
marbuibicy MoHAepi. NDVI unaekci HeriziHe eCiMIIIK KaMbUIFBICBIHBIH OroMaccachl, OTOCMHTETUKAIIBIK
OEJICeHILITIT1, BETETAITUSIIBIK KE3CHIET1 JMHAMUKACHI )KOHE JIerpaiaus AeHreli aHbIKTaabl. MHIeKke MoHaepi
OOMBIHIIIA O©CIMJIIK KaMBUIFBICBIHBIH JKaFaaibl skikTenai: 0—0,2 apaibiFsl JerpaganysiaHFaH HEMEce CHpPEK
»)aMbUTFbIHBL, 0,2—0,4 apanbIFel QJIci3 AambIFaH eciMaikTepai, ain 0,4-TeH KOFapbl MOHJIEP YKAKChI TaMbIFaH
©CIM/IIK )KaMBUTFBICHIH CUTIATTal1bl. KOMyaKbITTHIK FAPBIITHIK CypeTTEPl TalAay apKbUIbI MayChIM/IBIK KOHE
KBUIJBIK ©3TepICTEeP CANBICTHIPBUIBII, OCIMIIKTEP/IIH KYH3eIic aiMaKTapbl aHBIKTaIAbl. KallbIkTaH 30H/1-
Tay JepeKTepl JanaiblK OaKbuiay HOTHXKENEpiMEH calbICThIpbuIbIn (ground-truthing), ansiHFaH aKmapaTThIH
HAKTBUIBIFBI TeKCEepUIIl. byn Tocinm HoTHXKeNnepIiH CeHIMAUIITIH apTThIpyFa MYMKIHAIK Oepai [Bissenbayeva
xoHe T.0., 2024: 135-149; Yang xone T1.0., 2025; Jiang xone 1.6., 2019: 669—-683].

JKanmel anFaHa, KOJAAHBIIFAH OICTEp OpMaH dKOXKYHENepiHiH Ka3ipri )KaFJailblH CaHJIbIK KOHE ca-
NajblK TYPFBIIAH KelleH i Oaranayra, oJlap/iblH e3repy TMHAMUKACHIH aHBIKTAyFa XKoHe OoNaliakTarbl MOHU-
TOPUHT KYMBICTAPbIH FBUIBIMH HET13/I€ JKOCTapiayFa MyMKIHIIK Oep/ii.

3epTTey OapbIChIHAA JaNalbIK, KapTOrpausUIIbIK dKoHE KAIIBIKTaH 30HATAY JepeKTepi KeIIeH 1 Typae
nangagaHeUIab. J{ananelk MaTepuangap TYPaKThl CIHAK alaHaap/a )KYPri3iireH reo00TaHuKaIbIK OaKbljia-
yhap HOTHXKECIHAE JKUHAJIBII, arami-0yTa eciMAIKTepiHiH MOP(OMETPUSIBIK KOPCETKIIITEPiH, 6CIMIIK Ka-
MBUIFBICBIHBIH THIFBI3IBIFBI MEH KaMbUIIBUIBIFBI IOPEKECIH, COHAAN-aK TAOUFHU jKaHapy JKOHE aHTPOTOTeHIIK
acepiep Typasbl MAJIIMETTEP/II KAMTBIJIBI.

Kaprorpadusislk MaTepuaniap peTinae OpMaH OpHAIACTBIPY KYKaTTaphl, TONOTpadUsIIbIK KapTanap,
Kep Maiianany cxemasapbl ®KoHe TaKbIPHINTHIK KapTajap KOMAaHbULIBI. byl nepekTep 3epTTey ayMarbIHbIH
KEHICTIKTIK KYPBUIBIMBIH, TAOUFU-T€OTpa(USIIBIK KaFJaillapblH dKoHE OPMaH KaMBUIFBICBIHBIH Tapaly epek-
HIeNIKTEPiH TalgayFa MyMKIHIIK Oepi.

KamsikTan 30H1Tay MaTepuaiiapbl peTiHae KerMep3iM/Ii FAPBIIITHIK CypeTTep KOHE OJIap/blH CIeK-
TPJIIK apHaNapblHAH aJbIHFAH JepeKTep Mmaigananbuiael. Atan aiiTkanaa, NDVI unngekcin ecentey yuriH
xakbplH nHMpakp3pll (NIR) xone kpi3b01 (RED) ananazonaapaars! marbuly MOHIEP] KOJAAHBUIIBL. ATanFaH
MaTepuaiiap eciMIiK *KaMbUIFBICBIHBIH JKaFIalbIH Oaraliay/ia, OHbIH KeHICTIKTIK TapalyblH aHbIKTAy/la KOHE
Jerpajanus JeHreliH cumarray/a Herisri AepeKkke3 peTiHae KbI3MeT aTKap/Ibl.

Hoatuikenep MeH TajkKbliayJiap.

3eprTey sxymbicTapsl 2025 KBUIABIH ka3 ainapbinaa xkyprizinai. Herisri Heican perinae Kpizputopaa
obnbickiHbIH JKanarami sxoHe ChIpAapusi OpMaH jKQHE JKaHyapiap JTyHHECiH KOpFay >KeHIHAET! MeMIICKETTIK
MeKeMeJepAiH OpMaH KOpbl ayMaKTapbl ajblHIbL. 3epTTey ayMaKTapbl TAOMFU-KIUMATTHIK JKaFaaiiapel, TO-
TMIBIPAK >KaMBLIFBICHI )KOHE ©CIM/TIK J)KaMBIIFBICHIHBIH €PEKIIETIKTEP] OOMbIHIIA O1p-0ipiHEH epeKIIeIeTiH e
KoHe IeNelT Oeneynepai KaMTHIbI.

Jananbeik sxymbicTap 2025 KBUTFBI JKa3 aiJiapbl apajibIFbIHAA KYPTi31TiM, OCBI Ke3EHE OCIMIIKTEP IiH
BEreTalMsIIBIK OeNICeH I, (PU3MOTOTHSUIIBIK JKaF1alibl )KOHE KaMbUIFbI THIFBI3/IBIFBI OaFasian/ibl. 3epTTey Oa-
PBICBIH/IA OPTYPIIi OPMAHIIBLIBIKTapa OpHATACKaH YATUIIK alanaap TaHIaJblIl, oJlap/ia CeKCeyl eKIeepiHiy
KYPBUIBIMBI, )KaCTBIK KYPaMbl, THIFBI3JIBIFEI KOHE TaOUFU jKaHApy JIeHreii aHbIKTanapl. COHbIMEH Karap Jie-
rpaganus Oenrinepi, atan alTKaHJa Kypay, CUpey, MEXaHUKaJIbIK 3aKbIMIaHy jKOHE aHTPOMOTEeH K dcepiep
(Man kabUTBIMBI, TIAPYAITBIIBIK KbI3MET) TIPKEIIIi.

3epTTey HbICAHAAPBIHBIH TaHJATYbl OJApAbIH aliMaKTBHIK OpMaH pEeCcypCTapblH CHIATTayJarbl pe-
MPEe3eHTAaTUBTIIITNIMEH Heri3aeni. JKamaram aymgaHbl ayMarblHAa HETI31HEH KyaH JKOHE KYMIbI-0aTHaKThI
TOTBIPAKTap/ia OpHANIACKAH CUPEK KaMBUIFBUIBI CEKCEYLN ankantapel 0aceiM Oosnca, Ceipfapus aylaHbIHIA
©3€H aHFapbIHA JKaKbIH OpHAJIACKAH CAJILICTBIPMAIBI TYPAC TYPAKTHI dKOHE THIFBI3 OCIMIIIK KaMBUIFBICHI Oap




ydackesep kesaeceni. by aliblpMambuibIKTap 3epTTey OapbIChIHAA CEKCeyll OpMaHIApbIHBIH YKOJIOTUSIIBIK
JKaFJIalbIH calbICThIpMalIbl TYpie Oaranayra MYMKIHJIIK Oepi.

Jananblk 3eprreyiep KallbIKTaH 30HATAY JAEPEKTePIMEH TOJBIKTHIPBUIBII, AJbIHFAH HITHXKEIep
KEHICTIKTIK JKOHE YaKbITTBIK TYPFBIJaH TaJAaHIbl. Byl Tocia 3epTTey ayMaKTapblHAAFbl OpMaH >KaMbUIFbI-

CBIHBIH Ka3ipri jKaFJalblH KaH-KaKTbl Oarajnayfa >KoHEe OHbIH e3repy JAMHAMHKAChIH aHBIKTayFa MYMKIH/IK
oepi.
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Cyp. 1. Kp3p110p/a oOIBICEIHEIH OpMaH KOPBI ayMaKTapbIH OpPMaH >KaMBUIFBICEI OOMBIHIIA (@) MKoHEe OPMAHIIBLIBIK (0) aymaHAacThIpY
KapTa-cXeMachl
[Fig. 1. Schematic maps of the forest fund areas of Kyzylorda Region classified by forest cover (a) and forest management districts
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3epTTey HOTHKEIepl pECMU OpMaH OpHANACTHIPY AepeKTepiMeH calbICThIPbULIbL. 2022 kbUTFbl «KpI-
3bUIOPJIa OONBICH OOMBIHIIIA HMIOFBIPIAHABIPHUIFAH OPMaH OpPHAIACTHIPY K0Oach Marepuaniapbl OoibIHIIA
JKanaram opMaHIIBUIBIFBI ayMarbIH/Ia CEKCeyisl opMaHAapsl 348,5 MbIH ra *Kepi allbll >KaTblp, OHBIH 1LIiHIE
opMaHMeH kalbutFaH cekceyin ankantapsl — 114,2 mbiz ra (33 %). Ceipnapust (TepeHesek) opMaHIIBUIBIFbIH-
Jla CeKCeyuUIIiH »almbl KOpbl 236,6 MBIH Ta, COHBIH 1IIiHAE OpMaHMeH ka0bputFanbl — 92,4 MbiH Ta (39 %).
TakcanusuiblK kectenepae JKamaramrarbl cekceyulaiH oprama >kachkl 20—25 Kbl, >KaMBUIFbl THIFBI3IBIFBI
260280 tyn/ra, an Ceipnapusiga opraria )kac 18—22 5Kbli, )KaMbUTFBI THIFBI3ABIFEI 250—270 Tyn/ra neHreiin-
ne kepcetinreH (kecre 1).

2025 XBIIFBI JaNANbBIK 3epTTEY OYJI KOPCETKIMTEPAIH COll ©3repreHiH aHbIKTa bl JKanaramTarbl Cex-
CEeYLI/IiH opTala >kackl 2535 >KbUTFa JKEeTII, )KaMbUIFbI THIFBI3ABIFBI 220-260 Tyn/ra AeiiH TOMEeH/IeTeH, Kac
eckinjep cupek kezneceni. Coipaapus OpMaHIIBLUIBIFBIHA opTatia skac 20—30 KblTFa YIFalbI, KyparaH arall
yieci kKoOeHTeHIMEH, )KaMbUIFbI THIFBI3ABIFBI CATBICTRIPMAJIbI Type cakTanraH (240-280 tyn/ra).

AtanFaH allbIpMAaIIbUIBIKTAP CEKCEYLT OpMaHAAPbIHBIH KYPBUIBIMIBIK XKoHE (DYHKIIMOHAIBIK ©3repi-
cTepre YIIbIpaIl OThIpFaHbIH KepceTei. EH annbIMeH, sKaMbLIFbI THIFBI3IBIFBIHBIH TOMEHECY1 MEH JKac ©CKiH-
JepiH CUPEK Ke3[ecyl OpMaHHBIH TaOUFU >KaHApy KApKBIHBIHBIH QJICipereHiH nanenpeini. by kyObuibIc,
ocipece, XKanarai OpMaHIIBUIBIFEl AyMarblH/a aiiKbIH OalKanaabl, MYH/Ia CEKCEYUIIIH jKac KYPBUIBIMBI Kap-
Taro JKaFbIHA BIFBICKaH. MyH/1all TEHACHIINS Y3aK Mep3iM/Ii MePCIeKTHBA1a OPMAaHHBIH IeTPaallUsChIHA )KOHE
OHBIH KOXKYHeliK KbI3METTEPiHIH TOMEH/IEy1HE dKeTyl MyMKIiH.

Coipnapus (TepeHe3ek) OpMaHIIBUIBIFBIHA JKAFIal CaNBICTBIPMAIBl TYPAE TYPAKThl OONFaHBbIMEH,
KyparaH araluTap/bIH YJIECiHIH apTybl 9KOXKYHeHiH acipeyiHiH 6actankbl Oenriiepin kepceteni. by, o3 ke-
3eriHfie, KIMMATThIK (hakTopiapAblH (KyaHIIBUIBIK, TEMIIEpATyPaHbIH KOFapbUIaybl), COHJIal-aK TOMBIPAKTHIH
TY3aHy JIEHTeHiHIH apTybIMeH OaiIaHbICTh O0yhI BIKTHMaN. COHBIMEH KaTap, KyparaH aralTapAblH KUHa-
JyBI ©PT KayTiH apTTHIPIN, OPMaHHBIH TAOUFU TYPAKTHUIBIFbIHA KOCBIMIIIA Kayil TOHAIPE].

TakcanusIbIK KOPCETKIIITEP MEH JaajblK 3epTTey HOTHKEIEePiHIH apachlHIAFbl albIpMAIIbUIBIKTAP
OpMaH OpHAJACTBIPY MaTepualapblHBIH Oenrini Oip JeHreWae ecKipreHiH jae aHrapTaabl. byn skarmaii
TYPaKThl MOHUTOPHUHT KYHECIH KETUIAIPY KaXeTTiriH Kepcereai. Ocipece, KallbIKTaH 30HATAYy JepeKTepiH
(CTlyTHUKTIK CypeTTep, IPOHIBIK TYCIpiTiMaep) maiiaiaHy apKblUIbl OpMaH >KaMbUIFBICHIHBIH ©3TepiCTepiH
JKeJIel opi 1o OaKbUIay MYMKIHIIT apTajIbl.

3epTTey HOTIKEJepi CeKCceyil OpMaHIapbIHBIH KeHICTIKTIK KYPBIIBIMBIH/A J1a e3repicTep O0ap eKeHiH
kepcerTi. Kelibip yuackenepie OpMaH >KaMBUIFBICHI (hparMeHTaIusFa yiibiparn, OipTyTac ajkanTap Yycak
OemikTepre OemiHreH. MyHaii e3repicTep kel APO3UACHIHBIH KYIIEI0iHe, KYM KOIly MpolecTepiHiH Oesce-
HyI1HE OHE KaNIbl SKOXKYHENiK TYPaKThUIBIKTBIH ToMeHJeyiHe okeneai. CoOHbIMEH KaTap, ¢pparMeHTalus
OHMoaTyaHTYPJILTIKKE /1€ Kepi 9CEpiH THUTI3iM, KONTEereH TYPJIEPAiH TIPUIUTIK €Ty OPTaChIHBIH TapbUIybIHA Ce-
Oen OoJtafbl.

Kac epexienik KYpbUTBIMBIH TallJjdy CEKCEYLT MOMyALUACHIHBIH jKaHapy oJIeyeTiHIH TOMEH eKEHIH
KOpCeTTi. Ocipece, jKac JKOHE OpTa »KacTarbl aFallTap/IblH YJISCIHIH a3arobl OoamakTa OpMaHHBIH TaOWUFH
KOJIMEH KaJIlIbIHA KeJIy MYMKIHJITIH mekTeiail. by xarmail opMaH mapyalbUIbIFBIHAA KACaHIbI KaJbIHA
KeJTIpy MIapajapblH KYIIEUTy KaKeTTIriH KepceTeni. Anaiina, MyHIal mapanap/sl )Ky3ere acelpy KesiHzie
KEPriTIKTI TAOUFU-KIMMATTBIK KaFJailiap/ibl, TOMbIPAK epeKIIeTIKTePiH )KOHE bUIFaI PeKUMIH eCKepy MaHbI-
31IBI.

CoHBIMEH KaTap aHTPOMOTeH IIK (paKTOpJIapAbIH ocepi Je alTapibikTaid. Main skaroiblH 1maMajaH ThIC
KYKTEMEC1 yKac OCKIHJEP/IIH TanTalyblHa jKOHE OJapJbIH TIpIIUTIKKe OeHIMIUTITIHIH TOMEH/IEY1HE OKeNe/Ii.
Keii6ip yuackenep/e 3aHChI3 Kecy GakTiiepi e TipKeIreH, OyJ1 OpMaHHBIH THIFBI3BIFbIHA KOHE KYPBLIbIMbIHA
Tikenei ocep eteni. COHIBIKTaH OpMaH KOPBIH THIM1 OacKkapy YILiH KOpFay IIapaiapblH KYIIEHTY, )KEPTiTiKTI
XaJBIKIEH TYCIHAIPY KYMBICTAPBIH JKYPri3y jKOHE )KalbUIBIMABIK dKYKTEMEHI PETTEy KaKeT.

Kanmer anranga, 3eprrey Hotmxkenepi JKanmaram xoHe ChIpAapus OpMaHIIBUIBIKTAPBIHIAFBI CEKCe-
yi1 OpMaHAapbIHBIH Ka3ipri KarJaibl CaJbICTRIPMAIIbI TYPAE TYPAKChI3 eKeHiH kepcereni. CaHIbIK KepceT-
KimTepaiH Ooenrini Oip JeHrelae cakTajlfaHbIHA KapaMacTaH, camalblK e3repictep (Kapraro, cupey, TaOuru
KaHapYAbIH JICipeyl) OpMaH SKOXKYHeNnepiHiH y3aK Mep3iM/Ii TYPaKThUIBIFbIHA Kayill ToHAipeai. Ockiran Oaii-
JIAHBICTHI CEKCEY1T OPMaHJapblH CaKTay »KoHE KajIblHa KelTipy OOMbIHINA KEeIIeH I, FhUIBIMU HeTi3/1elreH
mapaapsl 931pIiey KOHE eHT13y ©3€KTi OOJBIN TaOblIa/bl.

Kapra-cxemanap Tannays! JKanaramrarsl ceKkceyia OpMaHAapbIHBIH MaJl )KalbUTBIMBI MEH KYM/IbI-0aT-
MaKThl TONBIPAK dCEpiHEH TO3FaHbIH, all ChIpapusiia KyaHIIbUIBIK MT€H KypayablH JKUiJereHiH KopceTTi. by
JIepeKTep CeKceyil OpMaHAaphIHBIH TAOUFU KaHAPY SJI€YyETIHIH TOMEH/IIT1H )KOHE aHTPOIMOTEH K KbICBIMHBIH




oIl JIe KYIITI €KeHIH JOIeI IS .
Kecte 1. XKanaram, Kocapbik sxoHe TepeHo3eK OpMaHIIBUIBIKTAphl OOMBIHIIIA CEKCEYLT alKanTapbl-
HBIH Ka3ipri xkan-ky#i (2025 x.)

OpMaHIIBUTBIK Kanmsr opman OmbIH imriHAe: opMaHMeH | AJIKa aramiTapAblH opTama | JKaMbUIFbI THIFBI3IBIFEI,
araybl KOpBbI, MBIH T'a KOMKEpPUITeH aJKanTapbl, | %Kachl, Kbl TYn/ra
MBIH ra
JKanaramr op- 348.5 26,0 20-25 260-280
MaHIIBLIBIFbI
Kocapsik opman- | 421,0 229,1 25-35 270-290
IIBITBIFBI
Tepenesex op- 236,6 160,1 18-22 250-270
MAHIIBLIBIFbI
JKUBIHTHIFBL: 1006,1 415,2 18-25 250-280

JKanaram opMaHIIBUIBIFBI ayMaFbIH/IA JKYPTi3UIT€H KEHICTIKTIK Tajay HOTHKEJepl CeKCeyll allKar-
TapbIHBIH O1pKEJIKI TapaiaMmai, enayip aopexene pparMeHTaIusFa YibIparaHblH KOPCETT1. Ocipece Mal yKai-
BUIBIMBI KapKbIH/bI MailajJaHblIaThIH yyacKelepAe TOMbIPAKThIH OeTKi KaOaThIHBIH THIFBI3IATYbI, ©CIMJIIK
YKaMBUTFBICBIHBIH CHPEY1 )KOHE Kac OCKIHACPAIH TOJBIK ICPIIIK KOUBLTYBI Oalikamaabl. KyMmibl xoHe OaTnakThl
TOMbBIPAKTap/a Cy-Ty3 PEKUMIHIH TYPAKCHI3IbIFbl CEKCEYUIAIH TaMbIp *KYHECIHIH KaJIbINThl JaMybIHA KeJepri
KeNTIpiM, eCIMIIKTIH 6Cy KapKbIHBIH ToMeHAeTeni. HoTmwkecinae MyHaai ayMakTapa CUPEeK KaMbUIFbLIHI,
OHIMJILIITT TOMEH, JeTpaJlaliusaFa yiiblparaH opMaH yuyackesnepli 6acsiM keneni. COHbIMEH KaTap Kenoip xep-
nepae neIAnusUIbIK TporecTepAiH (3Kl SpO3UsIChl) KYIICI01 KYM KOIIKIHIEPiHIH Mmaia 00IybIHa KOHE Op-
MaH >KaMbUIFBICHIHBIH TOJBIK OWBLUTYbIHA AJIBII KEITy/e.

CeIpmapus OpMaHIIBUIBIFBIHA aHBIKTAIFAH HET13T1 MAcelie — KIMMATTBIK (paKkTopiapaslH dcepiHeH
TybIHAAFaH Jerpafauusiblk npouectep. COHFbI KbUIIAphl OaliKanFaH *KayblH-IIALIbIH MOJIIEPIHIH a3alobl
MEH aya TeMIIepaTypachbIHbIH >KOFapbliaybl TOMBIPAK BUIFANIBUIBIFBIHBIH KYPT TOMEHJIEYIHE JKENiI, ceKce-
Y1 araluTapblHbIH (PU3HONOTHSUIBIK KyHiHe Kepi acep eTyne. Kapra-cxemanapna KyparaH araiitrap MEH CH-
PEK ’KaMbUIFbl yYacKeJIepiHiH YJECIHIH apTybl aHbIK Oalikanasbl. By acipece e3¢HHEH ajlllaK OpHajJacKaH,
Cy Ke3JiepiHe KOJDKETIMIUIII TeMEeH ayMakTapia alkbelH KepiHeni. COHbIMEH KaTap, TONBIPAKThIH TY3IaHy
JEHTeHIHIH apTyhl Jla CeKCeYIAIH 6CYIHE KOJIAMChI3 KaFail TyFbI3a/ibl, HOTHKECIH/IE aFarnTap/IbIH TIPIIUTIK
Y3aKThIFbl KbICKApbII, Kypay >KULIIT1 apTajibl.

KeHICTIKTIK JepeKTep/ il CaabICTRIPMAIIBI TAJIJIAy CEKCEyil OpPMaHIApBIHBIH JAeTpajaluschl Oip FaHa
(dakTopMeH emec, TaOUFH JK9HE aHTPOIOTeHAIK (haKTOpIapAbIH KEIIeH 1 cepiMeH OalIaHbICThl €KeHIH Kop-
cereni. XKanaramra aHTPONOTEH/IIK KbICHIM (MaJl >KalblUIBIMBI, XKep Maiganany) 6acsiM Oosca, Colprapusia
TaOUFU-KIUMATTHIK (haKTOpJIap JKETEKI pesl aTkapaabl. Anaiia €Kl Karaaiaa 1a opTaK Mocene — Taburu
KaHapy MPOLECiHIH anci3airi. XKac eckiHAEpIiH CUpEK Ke3/leCyl, TYKbIMHAH KOOCIOIIH TOMEH/IT KoHEe KO-
JailyIbl MUKPOKJIMMATTHIK JKaFaiIapAblH JKETICIeyl CeKCey11 OpMaHAapbIHbIH ©3/ITIHEH KaJIIbIHA KeJIy MyM-
KIHIITIH IIEKTEN/I.

Ocpiran OaiiIaHBICTBI 3€PTTEY HOTHIKEIIEPl CEKCEyll OpMaHAapblH Oackapyda ayMaKThIK epeKIleTiK-
Tep/il eCKePYIiH MaHbI3IbUIBIFbIH KepceTel. JKaarall OpMaHIIbIIBIFBIH/A KANBIIBIM/BIK KYKTEMEHI PETTEY,
KOpFaJIaThIH y4acKeNep Il Oenriiey ®oHe TONBIPAKThIH (HM3UKATIBIK KACHETTEPIH KalMbIHA KeATIpyre OarbIT-
TaJFaH [apanapasl eHrizy kaxer. An Celpfapus ayMarblHAA bUIFAJ] CaKTay TEXHOJOTHUSIAPBIH KOJIAHY,
KYpFaKIIbUIBIKKA TO3IMI1 (opMantapabl NaiianaHy >KoHE jKacaH]lbl OPMaH KaJlIbIHA KENTIPY *KYMBICTapbIH
KYILLEHTY MAaHBI3/IbI.

NDVI monaepiHiH MayChIMIBIK ailbIpMaIlIbUIBIKTAPhl CEKCEY1T )KaMBUIFBICBIHBIH (DOTOCHHTETHKAIBIK
oenceHniniriHiy e3repyid kepceteni. Kexremri kezenae NDVI sxorapeipak Mormepre ue 0oiica, )ka3rbl KE3€H-
Jie bUIFaJl TalIbLIBIFBl MEH KOFAphl TEMIIEpaTypa 9CEPIHEH KOPCETKIIITEPAiH ToMeH eyl Oaiikanaasl [ Yang
xoHe T.0., 2025; Jiang xxoHe T.0., 2019: 669-683; Li xxone T.6., 2010: 515-521].

2025 xbutrel NDVI kapranapbiHa (KekTeM — MambIp, a3 — TaMbl3) Tajjaay HoTkeciHae JKamarain
ayJlaHbl ayMarblH/Ja BEreTalUsUIbIK >KaMbUIFBIHBIH JIEHI€H1 HET131HEH TOMEH *oHe opTallla €KeHl aHbIKTaj-
ne1. Kexremri kezenne NDVI monzaepi 6aceim typae 0,0-0,2 sxone 0,2—0,4 apanbIiFbiHIa MOFBIpIanFad. by
KOPCETKIIITEp ay/laH ayMarbIHBIH KOTl OOJIITIHE MIOJICHT jKOHE JKapThilal MeaelT JanamadTTapasiH 0ackiM
€KeH1H, TaOUFU OCIMJIIK KaMBUIFBICBIHBIH CUPEK TapajiFaHblH KepceTel. XKasrbl kezenae (Tambl3) XKanarar
aynanbraaa NDVI monaepiniy a3nam skorapbuiaybl OaiiKanaapl, ajaiaa >KOFaphl BEreTaIlusIIbIK HHIIEKC] 0ap




yuackesep (0,4-0,6 xone >0,6) Tex CblpaapHst ©3eHiHe KaKblH OpHAJIACKAH CyapMaJlbl €TiCTIK XKepliep/e )KoHe
TOFaiJIbl aNKanTapAa FaHa KepiHiC TanKaH. AyJaHHBIH HeT13r1 0eiriHae oCiMIIKTepAiH bUIFal TallIbUIbIFbI-
Ha OaliaHbICTHI KYH3enic xxaraaibinaa 6omysl NDVI-niH ToMeH MoHAepiIMEH CUITaTTaa Ibl.
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Cyp. 2. 2025 >xbUTIBIH KOKTEMT1 MaMBIp aifbl (a) skoHe xa3rsl TaMbl3 (0) aimapeaaarsl NDVI kepceTkimTepiHiH calbICTRIPMAaTbl
HOTIDKeIepi

[Fig. 2. Comparative results of NDVI values during the spring (May) (a) and summer (August) (b) of 2025]

Ceipaapust aynansl aymarbinna NDVI kepcerkimrepi XKanaramn ayjaHbIMeH CalbICTBIpFaHa €oyip
JKOFaphl )KOHE TYpaKThl ekeHi Oaiikanansl. Kexkrem mesriminzae aynanHblH enoyip Oemirinae NDVI monzaepi




0,2—0,4 xone 0,4—0,6 Trama3oHbIHA KaJIBITaCKaH, OYJI €TICTIK aJIKaTap/IbIH, ITIA0BIHABIKTAP/IBIH XKOHE 63CH
aHFapbIHJAFbl TOFANIIBI ©CIMIIKTEP/IIH JKaKChl TaMbIFaHbIH KopceTei. XKasrpl kesenae Crlpaapus aynaHbIHIA
xorapel NDVI Monzepi (>0,6) 6ap aymakTapasiH yieci apta Tyceni. Ocipece, Coipaapus ©3eHiHIH 00MbIHAA
KOHE CyapMalibl JKepiiepe oCiMIIK KaMbUIFBICBIHBIH OeceH 11 poTocuHTe3 yaepici Oaiikanansl. byn aynan-
HBIH Cy peCypcTapbIHa JKaKbIHABIFBl MEH UPPUTAIUSUIIBIK KYHETEp/IiH TaMbIFaH bIFbIH KOPCETEI.

Exi aymanusin NDVI kepceTkimTepiH caiablCThIpMalibl Tangay HoTuxkecinae Coipaapust aylaHbIHBIH
BEreTalMsIIBIK Karaaiel JKanarain aynanblHa KaparaHia aHaFypJIbIM KOJAWIbl eKeHi aHbIKTan bl JKanarar
aynansiHga ToMeH NDVI MoHaepi 6acbiM O0IbIT, 6CIMIIK KaMBUIFBICH KOOTHECE MIAIIBIPAHKBI )KOHE JJICi3 Ja-
MbIFaH cunatka ue. An CelpAapus aynaHbIH/Ia opTaiia koHe skorapsl NDVI kepceTkimrepi keH TapanraH, Oy
AHTPONOTEH/IIK Ccyapy *KYHeJIepiHiH THIMAUIITIH KoHE TaOUFH THIPOJOTHSUIIBIK KaFIaiIbIH KOJIalIbUIbIFbIH
kepcereni. CoHbIMEH KaTap ka3 mesrininae NDVI kepceTkilTepiHiH apTybl €Ki ayJJaHFa J1a TOH OONFaHbIMEH,
Coipnapus aynanbiHaa OyJ1 ©ciM aHaFypIibIM aliKbIH Oaiikanassl. JKanarain ayqaHblHAA ©CIMAIK KaMbUIFBICHI-
HBIH MayCBhIMJIBIK ©3Tepici MeKTeyi OOMbII, KIUMATTHIK KypFaKIIbLIBIK (akTopiaapbl 6ackiM ocep eTe/l.
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Cyp. 3. NDVI unznekcinig 2025 5KbIFBI OpTallia aiiiblK e3repici
[Fig. 3. Monthly variation in the mean NDVI values in 2025]

KepcerkimrepiH KoKTeM—Ka3 ailylapbIH/ia KOFaphljian, Ky3-KbIC Ke3eHIH/Ie TOMEH/IeYl1 CeKceyin op-
MaHIapbIHBIH MayChIMJIBIK J1aMy 3aHbLIBIKTapbIHA colikec Kenemdi. by nepekrep cekceyis »KaMbUTFbICBIHBIH
(U3HONIOTHSITBIK O€JICeH T Ke3eHIePiH HAKThI aHBIKTAyFa MYMKIHIIK OepIi.

Jamansik 3eprrey HoTHXKenepi OoiibrHmIa JKanaram sxone Chipaapusi ayMaKTapbIHIAFbl CEKCEYLT Op-
MaH/JIapbIHBIH JKAaCTBIK KYPBUIBIMBI OipKeJKi eMecTiri aHbIKTaibl. KemnrTereH ydackenepnue opra »KacTarbl
aramrap 0achIM, Kac eCKiHAep CUPEK, OyJ1 TaOUFH JKaHApy NMPOIECIHIH OasTyIbIFBIH TOIEIACHII.

3eprrey HoTmxkenepi 2022 xbutFbl «Kazak opMaH OpHAIacTHIPY» KOCIIIOPHBI KYPri3reH *KYMBIC MaTe-
pHanaapbIMEH CaJbICTBIPBUIBIN, OPMaH >KaMbLIFBICHIHBIH KOJIEMi, KYPBIIBIMBI )KOHE OpPMaHMEH KaOblIFaH ay-
MaKThIH JIMHAMUKACKI TaJIaH bl Byt oJTic mananbIk JepeKTepaiH CeHIMIUIITIH apTThIpyFa MYMKIH/IK Oep/ii.

JKamaram opMaH jkoHE KaHyapiap AYHUECIH KOpFay >KOHIHJETI MEMIICKeTTIK MEKEMECiHIH OpMaH
KOpBI KesieMi — 769 MbIH TeKkTap, OHbIH imiHae XKamaram opMaHIIBUIBIFE — 348 MbIH rektap, Kocapsik op-
MaHIIBUIBIFBIHIA — 420 MBIH TeKTap.

Chlpaapusi OpMaH oHE >KaHyapiap AYHUECIH KOpFay »XKOHIHAETI MEMIICKETTIK MEKeMECiHIH OpMaH
KOPBbI Kes1eMi — 236 MbIH IeKTap, OHBIH i1I1HAE *KanFbI3 TepeHo3ek OpMaHIIBUIBIFBI THICIHIIIE 236 MBIH TeKTapabl
Kypaiinel [Salmukhanbetova xone 1.6., 2021: 128—157; Akhmetov xone 1.6., 2023: 380-388; Shamsutdinov
x)oHe T.0., 2018: 475-483].

JKanaram aymarbIH/1a CAIBICTBIPMAIIBI TYPAE CAKTAIFaH OPMaH ajJKanTapsl 6ap, Oipak KyaHIIBUIBIKTBIH
OCEpIHEH Kypay JKUIJIETeH JKOHE KYM/IbI-0aTIIaKThl TOTBIPAK IIeH IIaMaJIaH ThIC MaJI )KalbUIBIMBIHBIH OCEPIHCH
OpMaH >KaMBUIFBICH CHPETeH y4acKesep KUl Ke3/1ecesi.

Chlpaapust ayIaHbIHBIH ayMarbIH/Ia CaJBICTBIPMAJIbl TYPAE THIFBI3 CEKCEY1T OCKIHEePl CaKTaFaH/IbIFbI
OaifKaIbI.




Kecre 2. Xanaram >xoHe Celpaapusi aynaHJapbIHBIH OPMaH KOPJapbIHBIH CAJIBICTBIPMAJIbl KOPCET-
kimrepi (2022-2025 xK.)

Kepcerkimt Opman opHanacteipy Aepekkesi | Hamansik 3eprrey (2025) | Eckepry
(2022)

JKanmaramr opmaH oHE JKaHyapiap IyHUCCIH
KOpFay KOHIHJIeT1 MEMJICKETTIK MeKeMeci

JKamaram ayz. xaJmsl KOpbI, ra 348 500 348 000 Colikec keneni
OpMaHMeH KeMKepiireHi, ra 114 200 HaKTblUIaHOaraH Ynec—-33%
Opraiia 5kachl, KbLI 20-25 25-35 XKanapy Gasty
THIFBI3IBIFEL, TYII/TA 260-280 220-260 Cupey Gaiikanast

CrIpaapust OpMaH jKoHE JKaHyapiap IyHHECiH
KOpFay *eHiH/Ieri MeMJICKETTiK MeKeMeci

CeIpaapus ayjl. JKaibl KOpbI, Ia 236 600 236 600 Coiixec keneni
OpMaHMeH KOMKepiIreHi, ra 160 100 HaKThITaHOAFaH Yaec -39 %
Opratia Kacsl, XKbUT 18-22 20-30 Kypay xuineren
THIFBI3IBIFEL, TYII/TA 250-270 240-280 CabICTBIpMAaITBI

TYPZE KaKChl

(a) ©)
Cyp. 4. Kanaram (a) sxone Ceipiapus (0) aynaHaapbIHBIH OPMaH KOpPbI ydackenepi
[Fig. 4. Forest fund areas in Zhalagash (a) and Syrdarya (b) districts]

3epTTey HOTIXKeNepi AaaiblK OaKbuIayJapAbl TOJIBIKTBIPA OTHIPHII, CEKCEYi OpMaHIapbIHBIH Tapary
TBHIFBI3JIBIFBIH KEH ayKbIM/Ia Oaranayra MyMKiHIIK Oepi. Ocipece Ko30€H MIONBI aHBIKTay KWBIH ayMaKTapaa
JIeTpajialusiFa YIbIparaH ydacKeyep alKbIHIa b, KeiHOip Oerikrepie opMaH KaMbUIFBICBIHBIH TOJIBIK KO-
BUTFaHBI OaKaIIIbI.

AJBIHFaH MAJTIMETTep 11 OYPBIHFBI 3€PTTEYIIEPMEH CABICTBIPY HOTHKECIHIE AeTpaanus YpAiCiHIH oIl
JIe JKaJIFachIll OTBIPFAHBl aHBIKTAJIBL. Byl JkaFmail TaOuFu KaHapy oJICyeTiHIH KEeTKUTIKCI3IITiH KOHE aHTPO-
MOTEeH/IIK KbICBIMHBIH CaKTaJIBII OTHIPFAHBIH KOPCETE/I.

2025 xbinrbl 1 KaHTapra KpI3buiopia oOJIbICBIHBIH OpMaH KOPBIHBIH KaJlIibl ayfnaHbl 7541,8 MbIH rek-
Tap/pl Kypar OTHIp, OHBIH iIIiHAE OPMaHMEH KaMTBUIFaH XepiepaiH keyemi 3882,6 MBbIH reKTapra >KeTTi.
OpMaH mapyalibUIBIFBI XKOHE KaHyapiap JTyHHEeCI KOMHTETIHIH KapaybIHIarsl «bapcakenmecy MeMIIeKeTTIK
TabuFu KOpbIFel 163,1 MBIH TeKTap ayMakThl abli kaTblp. COHBIMEH KaTap, 0OJIbIC OKiMIriHe KapacThl ce-
i3 MEMJICKETTIK OpMaH IapyambUIbIFbl MEKEMECIHIH JKaJIIbl OpMaH KOpbI 7378,6 MBIH TeKTapabl KYpauIbl.
bynan Genex, Kazakcran PecryOnukacer Kemik munmcTpririnin Kapaysiaaarsl «Kazakcran Temip XKombny
WITTHIK KOMIIAHUSACHIHA THECUTI KopraHbim exmenepi 0,1 MbIH TrekTap aymMakTa OpHalIacKaH.

2022 xbutrbl 1 KanTapgan 2025 xputEbl | KaHTapFa JeHiHT apajbIkTa OOIBICTEIH OPMaH KOPHI XKep-
TIepiHJie eeyli e3repictep OalKaiIpl. ATan alTKaHIa, OPMAHMEH KaMTBUIFaH JKEPIEp/IiH aylaHsl 48,5 MbIH
rekrapra Hemece 1,26 %-ra apTTel. Bysr eciMHIH Herisri cebenTepi: opMaH eKneepiHiy kejaemi 8,8 MbIH rek-
Tapra YJIFalobl, CUPEK jKaObUTFaH OPMaH EKIENepiHiH KalTa ecernke ajJblHybl HOTIKeCiHAe 8,8 MBIH TeKTap-
JIBIH KOCBUTYBI, TAOMFU KAJIMIBIHA KeNTipy HOTIKeciHe 0,5 MBIH TeKTap/IblH apTybl, Ta0uru ecy ecedinex 0,9
MBIH TeKTap/IbIH KOOSOl xoHEe OYPBIH ecenke anbiHOaraH 39,6 MbIH TeKTap OpMaH aJKaNnTapbIHBIH CHTI31Tyi




6obin TabbuTaael. COHBIMEH KaTap, HETi3r1 Maijanany YIIiH Kecy HOTHKECIH/Ie OpPMaHMEH KaMTBUIFaH JKep-
nepaiH 1,3 MbIH TeKTapFa KbICKapFaHbl aHbIKTaN eI [ Amirkhanov sxone T.0., 2025; Land desertification and its
influencing factors in Kazakhstan, 2020].

3epTTey Ke3eHIHJIe OpMaH eKIeJepiH OTBIPFBI3Y JKOHE TYKbIM cely >KymbicTapbl 173,9 MbIH rekrap
aymakTa xypri3inai. by e3 ke3erinje »kuHaKTaaIMaraH OpMaH eKrenepidiy keseMin 165,1 MbIH rekTapra apT-
TBIPBIM, XKaimbl ayaasnabl 260,5 MbeiH rektapaan 425,6 MbIH rekTapra xeTkizai. byn kepcerkimn 63,36 %-1bIK
ociMIe TEH.

OpmaHMeH KaMThIIMaraH xkepiepaid ayaansl 115,3 Mbig rektapra nemece 6,03 %-ra yraiiasl. OHbIH
imriHge ortaynap 1,3 MbIH rekrapra, anaHkainap 114,5 mMbIH rektapra kebeiiren, an ceneyni opmangap 0,5
MBIH TeKTapra azaiiran. OpmaHchI3 xepiepaid aymarsl ga 40,0 MbIH rekTapra apTkaH. bys eciM Heri3iHeH
)arubutbIMaapabiH (32,3 MbIH rekTap) jkoHe Oacka Jla caHaTTarbl xkepiep/iH (7,6 MbIH reKkTap) YIFarobIMeH
0OalJIaHBICTEI.

JKanmer anranma, 2024 )KbUIFBI €CENTIK Ke3€HMEH CaIbICTBIPFaH 1a 00IBICTHIH OpMaH KOpbI 368,8 MbIH
rektapra Hemece 5,14 %-ra ecim, 7 173,0 mbiH rexTapaan 7 541,8 MbIH rekrapra xkeTti. MyHaaii e3repicrep
Koi3putopaa o6mbice! okiMairiHiH 2024 xbiirbl 29 kapamanarsl Nel80 kaynbicbiHa (Apan aynaHsiHaars! 302
032 rexrap 60c *)aTKaH >kepliep/ii OpMaH KOpbl KYpamblHa eHri3y) xkoHe JKanarain aynansl okimairinig 2024
KBUTFBI 25 xentokcanaarbl Ne282 xayneicbiHa (Kananapus aybuiasik okpyringeri 40 000 rextap 60c¢ xaTkaH
Kepiepai Kocy) coiikec xkysere acelpeliabpl. ConbiMeH Karap, Kazakctan PecnmyOnukacel Ykimetinin 2024
KBUTFBI 9 Kazangarsl Ne83 1 KaynbIChIHA COliKeC OpMaH KOpHI JKepiepiHiH 0enrii 6ip Oemiri 6acka caHaTTapra
aybICTRIpBLIIABL. MaceneH, «beltney—IlIbIMKeHT» MarucTpaabAbIK Ta3 KYOBIPBIH Caly YIIIH JKEKe ydacKenep
OediHir, colikecinmie 8, 15 xoHe 14 rekTap Kep opMaH KOPbl KYpaMbIHAH MIBIFAPbUIIBL.

JKorapeiia KentipiareH MaaiMeTTepAl Tanaai oTeIpsbin, Kei3blopaa oOnbIChIHAAFEI CEKCEY1T OpMaH-
JApBIHBIH Ka3ipri >KaFaaibl Kypaesi opi KemndakTopibl YPAICTEPiH BIKIAIBIHIA KAJIBITACHIT OTHIPFaHBIH
Oaiikayra 6omaapl. OpMaHMEH KaMTBUIFaH ayMaKTap/blH >KaJlIbl ©CiMi CaHIBIK TYPFbIIAaH OH JTMHAMUKAHBI
KOPCETKeHIMEH, OYJ1 KOPCETKIIITep/iH camajiblK KYpaMbIH TEPEHIPEK KapacThlpy KakeT. ATan alTKaH[a,
OpMaH aJKanTapbIHBIH YJIFalobl K60O1HE OKIMIILUTIK-IIApyallbUIbIK MIEeHTiMAep eceOiHeH, sIFHU OYphIH ecernke
anbpiHOaFraH HeMece 00C JKaTKaH Kepliep/ii OpMaH KOpbl KYpamblHa €HT13y apKbUIbI )Ky3ere acbipbutrad. CoH-
JBIKTaH OYJ1 ©CIM HAKThI OMONIOTHSITBIK OHIMALTIK TIEH OpMaH SKOXKYHeNepiHiH KaJblHa Kely JeHIeiliH TOJIBIK
cumnarTay aJaMangbl.

Jananeik 6akpliayiaap MEH KallbIKTaH 30HATAy HOTHXKeNepl KOpCeTKeHIeH, ceKceylsl OpMaHAapbIHbIH
Oipkarap y4ackelepiHjae JerpaJalusiiblK MpolecTep ol J1e 6ackiM. Ocipece, TONMBIPAKTHIH TY3JaHYhI, JKel
9PO3UACHI JKOHE BUIFAJ TAMIIBUIBIFEl CUSKTHI TAOUFH (PaKTOpIap OpMaH >KaMbUIFBICHIHBIH CHpEYIHE TiKelel
ocep ereni. COHBIMEH KaTap, aHTPOMOTEH/IIK BIKITAJ — MaJT KaHbUTBIMBIHBIH IIIAMaJIaH THIC )KYKTEMEC, 3aHCHI3
Kecysep koHe HHPPAKYPBUTBIMIIBIK jk00aap — CeKCeylT KaybIMIaCThIKTAPbIHBIH TYPAKTHIIBIFBIH TOMEHICTII
oTelp. by xarnail TaOuFu >kaHapy MpoliecTepiHiy O0asy KypyiHe *KoHe kKac oCIMIIKTEep/iH TipUIiTiKke Oeil-
IMIUTITIHIH TOMEHCYiHE OKele/i.

3epTTey OapbIChIHA aHBIKTAIFAH TaFbl O1p MaHBI3AbI MACETIE — OPMaH eKIEeNIePIHiH canablK sKaFaaibl.
XKyprizifareH oThIPFBI3Y jKOHE TYKBIM Ce0y >KYMBICTAPBIHBIH ayKbIMbI KeH OONFaHBIMEH, OJIap/bIH OapIbIFbI
Oipaeit TmimMal HoTHKe Oepmeiini. Ko skarmaiiia OThIPFBI3bUIFAH eKIeIepIiH Oip 06Tiri KITMMaTThIK KOJanChI-
3IBIKTapFa HEMece arpOTeXHHUKANBIK TalanTapblH TOJBIK CaKTaJIMayblHa OaillaHbICTHI cakTaliMai Kajabl.
by, e3 ke3erinae, opMaHAbl KaJlMblHA KEJITIPY MIapaiapbIHBIH THIMILTITIH TOMEHIETE/1 )KOHE Y3aK Mep3imai
HOTHIKENepre Kepi ocep eTe/i.

CoHBIMEH KaTap OpPMaHMEH KaMThUIMaraH >»OHE OPMAHCBI3 KEPJEPHiH VYIFAIObl JKOKYHETIK
TYPAKTBUIBIKTBIH QJICIpEYi1H KOPCETETiH MaHbI3/Ibl MHINKATOP OOJBIN TaObLIaAbl. Ocipece KalbUIBIMIBIK Kep-
JIEp/IiH KEHEI01 CeKceyil OpMaHIapbIHBIH TAOUFH Tapaly aliMarblH KbICKAPTHII, ONapIblH (pparMeHTaIHsIChI-
Ha anbIn Keneai. MyHnai ypaictep OnoaryaHTYypiauTiKTiH TOMEHIeyiHe, TOTBIPAKTHIH JAeTPaIallUsChIHA KIHE
I6JICUTTeHy MpoIeCTepiHiH KylIetoine ceden O0oabl.

JKanmer anranna, ansiHFaH HOTHKeNep KpI3buiopaa oONbICHIHAAFEI CEKCEYLT OpMaHAapbIHBIH JaMybl
Kapama-KaiIlbl CUmaTTa eKeHiH KepceTei: Oip yKarblHaH, OpMaH KOPBIHBIH JKaJbl ayJaHbl apThIIl OTHIP, al
€KIHIII KaFbIHAH, OpMaH IKOKYHENepiHiH canaibIK KarIaibl MEH TYPaKTBUIBIFBI OlpKaTap Kayil-KaTepiepre
yiibipayna. OcbiFan OalIaHbICThI, alAarbl Ke3€HIe OpMaH IIapyallbUIbIFbIH XKYPTi3y/le TeK CaHAbIK KepceT-
KIIITEpre eMec, OpMaH >KaMbUIFBICHIHBIH CcalachbiHa, TAOUFU KaHApy KaOlJIeTiHe KoHe SKOKYHENiK KbI3MeT-
TepiHe 0achIMJIBIK Oepy KaxKeT.

Tuimai 6ackapy YIIIH CeKceyil OpMaHIapblH KalIblHA KENTIPYIiH FHUIBIMU HETI3JIENITeH TOCUIAEPiH




€HT13Y, KallIbIKTaH 30H/ITay JAEPEKTEPIH TYPAKThl MOHUTOPHHT JKyHeciHe MHTerpalusiay, COHIali-aK aHTpo-
MOTEH/IIK )KYKTEMEH1 peTTey OOMbIHINA HAKTHI IIapanap Kaobuinay MaHbI3bl. COHBIMEH KaTap, dKepriliKTi Ta-
OUFU-KIMMATTBIK JKaFdaiiapIbl €CKepe OTHIPBIT, OTHIPFBI3Y TEXHOJIOTHUSIIAPBIH JKETUIIPY KOHE CEKCEYIIAIH
OetiimMaenrit popManapelH Maianany opMaHabl KaJlbIHA KENTIPYIiH HOTHKEIUIITH apTThIpyFa MYMKIHIIK
oepeni.

KopbIThIHABI.

3epTTey HOTHXKENIEPiH KOPBITHIHABUIAN OTHIPHIN, CEKCEYLT OpMaHAAPBIHBIH Ka3ipri yKaraaibl TEK Ta-
Ouru akTopiapAbIH FaHa eMec, COHBIMEH KaTap y3aK yaKbIT OOWbI )KHHAKTAIIFaH aHTPOMOTEH/IIK dCepiIepaiH
BIKITAJIBIHIA KAJBIMTAaCKaH KYPJEl KYie eKeHl aHBIKTAIIbl. Ocipece, KalbUIBIMIBIK KYKTEMEHIH JKOFapbl
00IyBI, Cy pecypCTapbIHBIH TAMIIBUIBIFI )KOHE KIMMATThIH KYPFAaKTaHy YPAICIHIH KYIIEI01 CEKCeY1T IKOXKYil-
eJiepiHiH TaOWFU KaJIbIHA KeJIy MYMKIHJIITIH aifTapiblKTaid mekTen oTeip. by xarmait opmaH KaMbUIFbI-
CBIHBIH CHpeEYiHe, aFalTapblH (PU3HOIOTHSIIBIK SJICIpeyiHe KOHE DKOXKYHENiK KbI3METTEP/AiH TOMEH/ICYiHe
AJIBIIT KEJIEI].

JKyprizinren 3eprrey xymbicTapbl JKanaram e Coipapusi OpMaH jKHE KaHyapiap JIyHHECIH KOpray
KOHIHJIETT MEMJIEKETTIK MEKEMeJIepiHIH ayMarbIHIaFbl CEKCEY1T OpMaHIapbIHbIH Ka3ipri JKaFIalbIH KeIIeH 11
Typae Oaranmayra MYMKIHIIK Oep/i. 3epTTey HOTHXKeIepi KOpCeTKeH IeH, aTanFaH ayMaKTapAarkl OpMaH >Ka-
MBUTFBICHI KEHICTIKTIK TYPFbIIaH OipKeNKl TapajMaraH, OyJI TaOMFU-KIMMATTBIK KaFaaijlapMeH Karap, aH-
TPOTOTEH K (PaKTOpIapbIH dCcepiMEH /€ THIFbI3 OaillaHBICTHI. Ocipece, CeKceyisl OpMaHAapbIHBIH TaOUFu
KaHapy JeHIreliHIH TOMEH/IIT1 )KOHE JKeKeJIereH yyacKkenep/ie AerpalalusiblK YpIiCTepiH alKblH OaliKamysl
OpMaH 9KOXKYHeNepiHiH TYpaKThUIBIFbIHA Kayill TOHAIPETIH HEeT13T1 Macenenepain O0ipi 6ombin Tadbbutansl. [a-
JaNbBIK 3epTTeyNep OaphIChIHAA albIHFAH ACPEKTEp CEKCEYiJ arallTapbIHBIH Kac KYPbUIBIMBIHBIH OY3bLIFa-
HBIH, JKaC OCKIHIEPiH CaHbl )KETKUTIKCI3 €KeHIH JKOHE OJIap/IbIH TIPIITIKKEe KaOIeTTUIIr TOMEH eKeHIH Kop-
ceTTi. bys xarmait TONMBIPaKThIH TY3/1aHYbl, bUIFAT TAlIIbUIBIFBI, COHAM-aK MaJ *KalbUIBIMBIHBIH IIaMaJaH
ThIC JXyKTeMeciMeH Tycinaipineai. CoHbIMEH KaTap, KeiOip aymaKkTap/a 3aHChI3 arail kKecy (akTiiepi MeH
OTBHIH peTiHJe MaiianaHy >kKarnaiiapsl Ja TIpKeIreH, Oyl e3 Ke3eriHae OpMaH >KaMbUIFBICBIHBIH CHpPEyiHe
KOHE DKOXKYHENiK KbI3METTEepAIH dJcipeyiHe okemin oThip. JKyMbIc OapbIiChIHIa ajdbIHFAaH MAIIIMETTEP Kop-
CETKEH/IeH, CEKCEeYil OPMaHJaPbIHBIH KEHICTIKTIK KYPBUIBIMBI MEH OHIMIUIIr ailMaKThIH THIPOJIOTHSIIBIK
KOHE TOMBIPAKTHIK JKaFaaimapbiHa Tikened Toyenni. Celpfapus e3eHiHEe >KaKblH OpHAJacKaH aymakTapia
©CIM/IIK >KaMBUIFBICBIHBIH CaJBICTBIPMAIIBI TYPJE JKaKChl CAKTalybl CY PECYPCTAphIHBIH KOKETIMILTITIMEH
Tycinaipineni. An YKanaram aymqaHbIHBIH KyaH aiMaKTapblHIa ©CIMAIKTEPIiH CUPEK OpHAlacybl MEH TOMEH
O6romaccachl KIMMATTHIK (paKTOpJIApAbIH MIEKTEYIl peJliH aiKbIHAaiAbl. by allblpMalIblIbIKTap CeKceyin
OpMaHIapblH OacKapya ayMaKThIK €peKIIeTIKTEP/Il €CKepy KaXeTTiriH KopceTe/i.

3epTTey OapbIChIH/A KAIIBIKTHIKTaH 30HATAY JepEeKTepiH Maigaiany ceKceyisl OpMaHIapbIHbIH Ka3ipri
KarJaiibiH Oaranayna THiMJII Kypajl eKeHi AomeneHai. FapblThlK CypeTTep Heri3iHae OpMaH alKanTapblHbIH
JTMHAMHKACHIH, OJIAp/bIH JIeTpaJallisaFa YIIbIpay ASHIeHiH dKoHe KaJlblHa KeTy JIeyeTiH aHbIKTayFa MYMKiH-
nik Oap. JlereHMeH, KalIBIKTHIKTaH aJbIHFaH MOJIMETTEeP/l 1ajallbIK 3epTTeyJIepMEH YIITACThIPY KaXKETTiIr
epeKIIe arar oTute/l, ce6edi TeK KEIIeH Il TOCI FaHa OpMaH AKOXKYHEJIepiHIH HAKThI YKaFIalblH TOJIBIK CH-
nartaii anagpl. Ajmarbl yakbITTa Kpi3plmopaa oOMbICH ayMarbIHIAFbl CEKCEYLT OpMaHIapbIHBIH JKaFIalbIH
TYpPaKThl MOHUTOPHUHITEY YIIiH JajaiblK 3€pTTEYJIep MEH KAIIBIKTBIKTaH 30HATAYy 9/IICTEPIH MHTETpalUsIay
ycoIHbUIa b1 by OarpiTTa reoaknapatTeik xkyhenepal ([AXK) keHiHeH KongaHy, KOIDKbUIABIK CITyTHUKTIK Jie-
PEKTEP/i Tajaay >KOHE ONlap/Ibl KePTiliKTi OaKbUIay HOTHKEIEPIMEH CaNBICThIPY MaHbI3Abl. OChIHAAMN ToCi-
Jiep OpMaH >KaMbUIFBICBIHBIH ©3TepiCTePiH YaKbIThUIbI aHBIKTAYFa jKOHE OacKapy MIeIiMIepiH FUTBIMU HEri3-
ne Kabbuiiayra MyMKIHJIIK Oepe/ti.

ConbiMeH Karap, U pIbIK TEXHOIOTUATIAP/IbI KOJIaHy OpMaH pecypcTapbiH Oaranayna >kaHa MyMKiH-
JiKTep amarbiHbl qonenaeHai. NDVI cusSKThI BereTanusuiblK HHISKCTEPAIH KOMETIMEH 6CIM/TIK )KaMbLIFbICHI-
HBIH JKaFIalbIH jkeiel opi 1071 6aranayra 6omabl. by omictep keH ayKbIM/IbI ayMaKTap/Ibl KAMTYFa MYMKIHJTIK
Oepin KaHa KoiMaii, yakbIT OOMBIHINIA ©3repicTepl OaKplIayFa jKoHe JIerpagalis OlaKTapblH epTe Ke3eHIe
aHBIKTayFa >karaai skacaiiapl. COHIBIKTAaH OoNaniakTa OpMaH MOHUTOPUHTIHIH THIM/1 )KYHECIH KaJbINTaCThI-
Py YILIiH HHQPIBIK 9AICTepAl TYPAKTHI TYPAE eHI13y KakeT. Cekceyin opMaHIapbIHBIH TYPAKTBUIBIFBIH APTTHIPY
MaKCaThIH/Ia aHTPOTIOTeHIIK KbICHIM/IBI TOMEH/IETY OOMBIHIIIA HAKTHI Iapaiap/ibl )Ky3ere achlpy KaxKeT. ATar
aliTKaH/Aa, MaJl )KalbUIBIMBIH PETTEY, OpMaH alKanTapblHAa KOpPFay peXHMIH KYIIEHTy, 3aHCHI3 aFall Kecy/i
OonIbIpMay JK9HE KEPriTiKTI XallbIK apachIH/1a SKOJIOTHSUIBIK aFapTy )KYMBICTAPBIH KYPri3y MaHbI3IbI OOJIBII
Tabpuaabl. Taburu xaHapy NpPOIECiH BIHTAJAHABIPY YIUIIH TONBIPAKTHIH bUIFAJIBUIBIFBIH CaKTay, TY3IaHY/Ibl
TOMEHJIETY OHE JKac OCKIHep Il KOpFay IIapayiapbl )KyHemll Typae YUbIMIACTHIPUTYHI THiC. OpMaH OTBIPFbI-




3y JKYMBICTaphI Jla €peKIle Ha3ap ayaapyasl Tanan ereii. CekceyunIiH KepriliKTi SKOJIOTHSUIBIK JKaFainapra
OeliiMienTeH TYpIIepiH Naiiiainany, OTBIPFBI3Y TEXHOJIOTHUSIIAPBIH JKETUIAIPY KOHE OTBIPFBI3BUIFAH KOIICTTEp-
re KyTiM jkacay JICHIeiiH apTThIpy OPMaH aJIKalTapbIHBIH KaJIbIHA KeTy THIMIUIITIH apTThipaabl. by perte
FBUIBIMH-3€PTTEY MEKEMEJIepi MCH OPMaH IIapyalibUIbIFbl YHBIMIAPBIHBIH ©633apa bIHTBIMAKTACTHIFbI MaHBI3/IbI
pei aTKapabl.

KophIThIHIBIIAN KeJle, CeKCeyLT OpMaHIapbIHBIH TYPAKThI )KaFIallbIH KAMTaMAachI3 €Ty YIIIiH KeIIeH Il
0ackapy CTpaTeTHsChIH CHTI3y aca MaHbI3bl. MyH/Iall cTpaTerust TaOuFu pecypcTap/bl YTHIMIIBI ITaiaaiaHy,
OMOJIOTHSUTBIK OPTYPJILIIKTI CaKTay, TOTBIPAK 3PO3HSICHl MEH IOIJCHY YPAICTEPiH TOMEHJETY IIapalapblH
KaMTybl THic. COHBIMEH KaTap, KIMMATThIH ©3Tepyi jKarIaiblHAa CeKCeyill OpMaHIapbIHbIH OeHimaeny Ka-
O1NIeTiH apTTHIPY J1a ©3€KTi Macesie OONbIT TabbUIa bl 3epPTTEY HOTHKEEPl HETI31H e CeKCeyisl OpMaHAapbIH
cakTay YKOHE KaJllIbIHA KeNTipy OaFbITBIHJIA KEIICH/II IIapaliap bl )Ky3ere achIpyIblH MaHbI3IbUIBIFbI aifKbIH-
nanapl. Atan aiTKaHIa, OpMaH NaianaHybl MeKTey, KOpFaJlaThlH ayMaKTap bl KEHEHTY, SKOJOTHSUTBIK MO-
HUTOPUHITI KYIICHTY >KOHE MKEPTUTIKTI XalbIKThl TaOUFATThl KOPFay IIapaliapblHa TapTy MaHbI3IbI OOJIBITI
Tabbu1aapl. COHBIMEH Karap, FhIIBIMUA HET13/IeIreH arpOTEeXHUKAIBIK 9IICTEP/ Il KOJAaHa OTBIPHII, YKacaHIbl
OpPMaH OTBIPFBI3Y )KYMBICTAPBIH KETUIIIPY KaKET.

Jananslk 3epTTeysiep MeH KalllbIKThIKTaH 30H/ITay JAepeKTepiH OipikTipe maiiianaHy cekceyia OpMaH-
JApBIHBIH KYPBUTBIMBI MEH IMHAMHUKACHIH )KaH-)KaKThl Oaraiayra MyMKIiHJIIK Oepeni. Byi1 o3 ke3erinje Fhiibl-
MU HeTi3/IeNreH Oackapy HIemiMepiH KaObuigayFa, opMaH dKOKYHeNepiH THIMAI KOpFayFa jKOHE KallllbIHa
KEeNTIpyTe JKaFIai kacaipl. ¥ ChIHBUIFaH Iapaiapbl )KyHeml Typ/e xKy3ere ackipy Ke3butopaa 00IbICHIHBIH
SKOJIOTHSUIBIK TYPAKTBUIBIFBIH HBIFANUTBII, JKEPTiTIKTI KOXKYHeNepIiH KaalblHa KeJIyiH jKOHEe Y3aK Mep3imii
IKOXKYHEIIK KbI3METTEP/IiH CaKTalyblH KamTaMachl3 eteni. Ochuiaiina, ceKceyisl OpMaHIapbIHBIH YKOJIOTH-
SUTBIK TYPAKTBUIBIFBIH KAMTaMachl3 €Ty TeK TaOWFATThl KOpFay IIapallapbIMEH FaHa eMecC, COHBIMEH Karap
FBUIBIMH HETI3JIeNTeH 0acKapy, 3aMaHayd TEXHOJIOTHSIIAP/Ibl €HT13y JKOHE KOFAMHBIH SKOJIOTHSUTBIK XKayarKep-
HIUTITIH apTTHIPY apKBUIBI KY3€Te achIpbLIYbI THiC. Byl GarbITTarbl JKyiieni sKYMbICTap OHIPAIH SKOIOTHUSIIBIK
KayiIrci3airin KaMTaMachl3 eTil KaHa KoiiMaii, 6onalak yprak yiIriH TaOuru pecypcTap/bl CakTayra MyMKiH-
Tk Oepeni.
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Annotation. /ntroduction. Improving the efficiency of small-sized feed preparation units is an urgent
task of mechanization of agricultural production. Uneven feed supply leads to fluctuations in the load of the
electric motor of the crusher, increased energy consumption, reduced productivity and deterioration in the
quality of crushing. In this regard, it is of practical interest to automate the control of the loading of the unit,
taking into account the current operating mode of its electric drive. Materials and methods. A microprocessor-
based system for automatic control of the performance of a small-sized feed preparation unit has been
developed. The feed supply is regulated by a standard flap equipped with an individual electric drive. The
current of the electric motor of the crusher drive is used as a controlled parameter, which characterizes the
degree of its loading. The functional scheme of the automatic system has been developed, the parameters of
the control process necessary for the formation of the control algorithm have been determined. The efficiency
of the proposed solution was evaluated through laboratory studies and comparative production tests of the
crusher with manual and automatic control of the material supply. Results and discussion. The results of
laboratory tests confirmed the operability of the developed microprocessor system and the possibility of
automatically changing the position of the damper depending on the current of the electric motor of the
crusher. Comparative production tests have shown that automatic control ensures a more uniform loading of
the crusher compared to manual control. The use of the system helps to improve the energy performance of
the feed preparation unit, increase its productivity and ensure a more stable crushing quality. Conclusions. The
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developed microprocessor system allows you to adjust the performance of a small-sized feed preparation unit
based on the current value of the electric motor current of the crusher. Automatic control of the feed material
flow reduces the uneven loading of equipment, improves energy performance and increases the efficiency of
the technological process. The proposed system can be used to modernize small-sized feed preparation units
used in farms.

Keywords: small-sized feed preparation unit, microprocessor system, automatic regulation,
productivity, electric drive, crusher loading, electric motor current, functional circuit, energy efficiency,
experimental research

For citation: Kalym K., Berdimurat A.D., Duissenova Sh.T., Amirkulov B.D. (2026). Development
of a microprocessor system for regulating the performance of a small-sized feed preparation unit // Research,
results — I3genicrep, HoTwxkenep — Mccnenosanus, pesynsrarsl. Vol. 28. Is. 5. Number 113. Pp. 203-213.
https://doi.org/10.37884/5-2026/17 [In Kaz.].

Conflict of interest:The authors declare no conflict of interest.

Acknowledgements. The research work was carried out at the Kazakh National Agrarian Research
University. The authors express their gratitude for the methodological and technical support during the
research.

K. Kanvim', A./]. bepoimypam?, III.T. /[yiicenosa’ b./[.Amupkynoe’

'Kazak yiaTThIK arpapisik 3eprrey yHuBepcuteTi KEAK, Anmarsl, Kazakcran;
*Fymapbek JloykeeB aThIHIaFbI aIMaThl YHEpreTHKa koHe Oainanbic yHuBepcutreri KEAK, Anmarsi,
Kazakcran.

E-mail: abdirahim_334@mail.ru

IIAFBIH KOJEMI )KEM JANBIHIAY ATPETATBIHBIH OHIM/ILIITTH PETTEVIITH,
MMUKPOITPOLIECCOPIBIK )KYNECIH 93IPTIEY

Kanabsim Kadoabipaxum, PhD, Kazak ynrTeik arpapneik  3eprrey yHuBepcuteri, 050021, Kazakcraw,
Anmartel, AGaii TaHFBUIBL, 8

E-mail: abdirahim_334(@mail.ru, https://orcid.org/0000-0002-7465-8548;

Bepaimypar Aiinyp JdacranoBna, PhD, «3Onektp sHepreTukanbIk xyienepi» kadeapackHbIH KaybIM. IPoO-
deccopsl, F. [loykee atsingarsl ADxbY, 050013, Anmatsl, baiitypceiHOB Kk-ci, 126/1

E-mail: a.berdimurat@aues.kz, https://orcid.org/ 0009-0001-6425-8778;

NyiicenoBa llounan TypanoBua, PhD, «DnexTp sHepreTUKabIK Kyiienep» KadeapachHbIH aFa OKbITYIIbI-
col, F. JloykeeB arbiaaaret ADxkBY, 050013, Anmarsl, baittypcsinos k-ci, 126/1

E-mail: sh.duisenova@aues.kz, https://orcid.org/ 0000-0003-0820-7586;

AMupkyaoB bek3ar JladbIpaneBud, « DJIEKTP SHEPTeTUKAIBIK Kyiienep» KadeIpachlHbIH aFa OKbITYIIICHI,
F. Doykees atsingarst ADxbY, 050013, Anmatsl, balitypceiHoB k-ci, 126/1.

E-mail:b.amirkulov@aues.kz, https://orcid.org/0009-0009-0058-8506.

AnHotauus. Kipicne. lllarpiH KeneMi keM TaiiblHIay arperarTapblHbIH KYMBIC THIMAUIITIH apT-
THIPY ayblUl IIapyallbUIBIFBl OHAIPICIH MEXaHUKANAHABIPYAbIH ©3€KT1 MIHAETI OOMNbIN TaObUIaAbl. A3BIKTHIK
MaTepuaiiblH OlpKesKi OepiiMeyi YCaTKBIIITHIH 3JEKTP KO3FaITKBIIIBIHBIH KYKTEMECIHIH aybITKYbIHA, JHEP-
THSIHBI TYTBIHYIIBIH JKOFapbUIaybIHa, OHIMIUTIKTIH TOMEHJICYIHE JKOHE YHTAKTay CallaChIHBIH HalllapiiayblHa
okeneni. OcblraH OalIaHBICTBI OHBIH JICKTP JKETET1HIH aFbIMJIAFbl KYMBIC PEKUMIH €CKEPE OTHIPHIM, KOH-
TBIPFBIHBIH KYKTEMECIH PETTEY I aBTOMATTAHBIPY MPAKTHKAIBIK KbI3BIFYIIBLUIBIK TYIbIpaabl. Mamepuandap
MmeH 20icmep. 11larpiH KoNeMIl xKeM AalblHAay arperaTblHbIH OHIMAUIINH aBTOMATThl PETTEYAIH MUKPOTIPO-
LeCCOPIBbIK KyiHeci a3ipienHai. JKeMien MarepuanbiH Oepy jKeKe AJIEKTP JKeTEriMeH KaObIKTalIFaH THUIITIK
KaIKBIIIIEH peTTene/i. bakputaHaThIH MapaMeTp PETiHAE OHBIH KYKTEIY TOPEKECIH CUMATTANTBIH YCATKBIII
KETET1HIH MJIEKTP KO3FAJITKBIIIBIHBIH TOTHI KOJIaHbLIAIbl. ABTOMATTHI )KYHEHIH (DYHKIIMOHAIJIBIK CXeMa JKa-
canpl, backapy aJTOPUTMIH KaJbINITACTHIPY YIIH KaKETTI pEeTTey MPOIECIHIH KOPCETKIITEPl aHBIKTANIbI.
¥ CHIHBITFaH MICTIMHIH OHIMIIUTIT 3epTXaHANBIK 3epTTEYJIep MEH MaTepHaJIIbl KOJIMEH JKOHE aBTOMATTHI TYP-
JIe PETTEy/e YCATKBIMITHIH CaJBICTHIPMAIIbl OH/IIPICTIK ChIHAKTAPBI apKbUIBI Oarananabl. Homuoicenep scone
manKsliay. 3epTXaHajblK 3epTTEYICPIiH HOTHKEIEPi d31pJIICHTeH MUKPOIPOIIECCOPIIBIK KYHEHIH )KYMBIC Ka-
OUTETTUIIrH JKOHE YCATKBIIITHIH 3JIEKTP KO3FaJITKBIIIBIHBIH TOThIHA OAiIaHBICTHI AeMII(EepIaiH OPHBIH aBTO-
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MAaTThI TYpZAe ©3repTy MyMKIHIITIH pacTaasl. CanbICThIpMAalbl OHIIPICTIK CHIHAKTAP aBTOMATTHI PETTEy KOJI-
MeH 0acKapyMeH callbICThIPFaHa YCATKBIIITHIH OipKeNKi ®KYKTeyiH KaMTaMachl3 eTeTiHiH kepceTTi. XKyiieni
KOJIJIaHY JKEM JIallbIH/Iay arperaThblHbIH SHEPTeTUKAJIBIK KOPCETKIITEPIH KaKCapTyFa, OHbIH OHIMIUIITIH apT-
TBIpYFa *oHE YCaKTayAblH TYPaKThl calachblH KaMTaMachl3 €Tyre bIKnan erefi. Kopsimuinovliap. O3iplieH-
TeH MUKPOIIPOIIECCOPIIBIK JKYile YCATKBIIITHIH JEKTP KO3FAITKBIIIBIHBIH aFbIMJaFbl MOHI HET131H/E IIaFbIH
KeJIeM/li KeM JalbIHay KOHIBIPFBICHIHBIH OHIMILUIITIH peTTeyre MyMKiHAIK Oepeni. JKeMien Marepuaibl-
HBIH aFbIHBIH aBTOMATThI Oackapy *aOIbIKTBIH OlpKeNKi KYKTeMECiH a3alTajbl, SHEpPTrus KOpCeTKIIITepiH
YKaKcapTaJbl )KOHE TEXHOJIOTHSUIBIK MPOIECTIH THIMIUIITIH apTThIpadbl. ¥ CBIHBUIFAH KYie GepMepik mia-
pyalbUIbIKTap/Aa KOJJAaHbIIATHIH IAFBIH KOJeM/I1 KeM JaiblHay arperarTapblH jKaHFBIPTY YIIH maiijana-
HBUTYbI MYMKIH.

Tyiiinai ce3aep: marblH KoJeM/Il KeM JaiblHIay KOHIBIPFBICHI, MUKPOIPOIIECCOPIBIK KYiie, aBTO-
MAaTThl PETTEeY, OHIMLIIK, SJEKTpP KETEerl, YCATKBIIITHIH KYKTEMEC], ANEeKTP KO3FANTKBIIIBIHBIH TOTHI, (PyHK-
[UOHAJIIBI CXE€Ma, SHEPTUs TUIMALUIIT, SKCTIEPUMEHTTIK 3epTTeyIIep

Joiiexco3 ymin: Kaneim K., bepaimypar A.Jl., Hyiicenosa LI.T., Amupkynos b./1. (2026). llarein
KeJeMJli JKeM JalbIH/Aay arperaTblHbIH OHIMAUIITIH PEeTTEeyAiH MHUKPOMPOIECCOPIBIK XyieciH a3ipiuey //
Research, results — I3genicrep, Hotmxkenep — Uccnenoanust, pesynasrarel. Vol. 28. Is. 5. Number 113. Pp.
203-213. https://doi.org/10.37884/5-2026/17 [In Kaz.].
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AHHOTanus1. Beeoenue. [loBpimenue 3(hGeKTUBHOCTH pabOTHl MajorabapUTHBIX KOPMOIIPUTOTOBH-
TEJNIBHBIX arperaTtoB SIBISICTCS aKTyaJbHOH 3a/aueil MEXaHW3alluM CeJIbCKOXO3HCTBEHHOTO MPOU3BOJICTBA.
HepaBHOMepHas mo1aua KOpMOBOTO Marepuaia MPUBOJIUT K KOJICOAHUSM HArpy3KH AIIEKTPOIBUTATEIS JIPO-
OWJIKH, YBEJIMYCHUIO YHEPTOMOTPEOICHHS, CHIDKCHHIO MPOU3BOIUTEIFHOCTH U YXYAIICHHIO Ka4ecTBa W3-
MeJIbueHHS. B CBSI3U ¢ ATHM MPAKTUYECKUI HHTEPEC MPEICTABISICT aBTOMATU3AIINS PETYIUPOBAHUS 3aTPy3KU
arperara ¢ y4eToM TEKYIIET0 PeXKUMa pabOThl ero JeKTponpuBoaa. Mamepuanvt u memoowl. Pazpaborana
MUKPOIPOIIECCOPHAsT CUCTEMa aBTOMATHYECKOTO PETYIMPOBAHUS TPOU3BOAUTEIBHOCTH MajorabapuTHOTO
KOPMOTIPUTOTOBUTEIBHOTO arperara. [lojada KOpMOBOTO Marepuasa peryjlupyercs THIIOBOM 3aCJIOHKOM, oc-
HAIllCHHOW WHIWBUIYAJIBHBIM 3JIEKTPOIIPUBOIOM. B KadyecTBe KOHTPOJIMPYEMOTO Iapamerpa HCIOIb3yeTCs
TOK DJICKTPOJBUTATENSI MMPUBOJIA JPOOMIIKH, XapaKTEepU3YIOIINN CTENeHb ee 3arpy3ku. Pazpaborana (yHK-
IIMOHAJIbHASI CXeMa aBTOMAaTHYECKOW CHCTEMBI, ONPEEIICHBI TIOKa3aTelu Mpolecca perylIupoBaHus, HeoO0-




XOIMMBbIe 75l (pOopMHUPOBAHMS ANTOPUTMA YIIpaBiieHus. PaboTocrnocoOHOCTh MPeAsioKEHHOTO PEIeHUs Olle-
HUBAJach MOCPEICTBOM JIaDOPATOPHBIX UCCIIEIOBAHUNA M CPaBHUTEIBHBIX MPOM3BOJICTBEHHBIX HCIIBITAHHUMA
JIPOOUIIKY TIPU PYYHOM M aBTOMATHUECKOM PETYIUPOBAHUY [10/1auu MaTtepuana. Pe3ynvmamul u o6cyscoeHue.
Pesynprarel 1a00paTOpHBIX HCCIEAOBAHUN MOATBEPAWIN PabOTOCTIOCOOHOCTh Pa3pabOTaHHON MHKpPOIpPO-
[[ECCOPHOI CHUCTEMBI 1 BO3MOXXHOCTh aBTOMaTUYECKOTO U3MEHEHUS MOJIOKEHHS 3aCIIOHKH B 3aBUCUMOCTH OT
TOKa IEKTpoABUraTesis Apoomiku. CpaBHUTEIbHBIEC TPOU3BOACTBEHHbIE UCTIHITAHUS MTOKA3aJIH, YTO aBTOMa-
TUYECKOE PEeryaupoBaHUe oOecrieynBaeT 0osiee paBHOMEPHYIO 3arpy3Ky APOOUIIKY MO CPABHEHUIO C PYUYHBIM
ynpasneHueM. [IpuMenenue cuctemsl cnocoOCTBYET YAyUIICHUIO YHEPreTUYECKUX MoKa3aTelleil KopMOMpu-
TOTOBUTEIBHOTO arperara, MOBBIIIEHUIO €r0 MPOU3BOAUTEILHOCTH U OOecrieueHuto Oosee cTabUIbHOTO Ka-
gyecTBa JIpoOneHus. Bvisoosi. PazpaboTaHHass MUKPOIPOIIECCOPHAsl CUCTEMA TMO3BOJISIET PETYIHpPOBaTh Mpo-
M3BOAUTEIHLHOCTh MajorabapuTHOrO KOPMOIIPUTOTOBUTENLHOTO arperara Ha OCHOBAaHUH TEKYIIETO 3HAYCHUS
TOKA AJIEKTPOJBUTATENS JPOOUIKHA. ABTOMATHYECKOE YIIpaBlIEHHE MMOTOKOM KOPMOBOTO Marepuaia CHIKaeT
HEPaBHOMEPHOCTH 3arpy3Ku 000pyI0BaHuUs, YIyUIIaeT SHEPreTHUECKUE MOKA3aTEeNH U MOBBIIIAET dPPEKTUB-
HOCTh TEXHOJIOTUYECKOTO npotiecca. [IpemiokenHas cuctema MOKeT OBbITh UCIIOJIb30BaHa JIJIsl MOJIEPHU3AINH
MajorabapuTHBIX KOPMOIPUTOTOBUTEIBHBIX arperaToB, MPUMEHsIEMbIX B (hepMEpPCKUX XO3SHCTBAX.

KutoueBble ciioBa: mManorabapuTHBIM KOPMOIPUTOTOBUTENBHBIM arperar, MUKpOMIpOoIlecCOpHas CH-
CTeMa, aBTOMaTHUYECKOE PEerylnpoBaHUe, MPOU3BOAUTEIBHOCTD, AIEKTPOIIPUBOJ, 3arpy3Kka APOOUIKH, TOK
ANeKTpoaBUTaTeNsl, GyHKIIMOHAIbHAS cXeMa, JHepreTudeckas 3(h(GeKTUBHOCTD, SKCIIEPUMEHTANIbHBIE HCClle-
JIOBaHUS
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00TKa MUKPOIIPOIIECCOPHOM CUCTEMBI PETYIUPOBAHUS IPOU3BOAUTEIHLHOCTH MAJIOTa0apUTHOTO KOPMOTIPUTO-
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Kon(uiuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

bnazooapnocme. Hccnedosamenvckas paboma evinoiHena 8 AIMamuHCKoOM YHUg8epcumeme SHepee-
muxu u ceasu umenu 1 ymapobexa /laykeesa. Asmopwi gvipascarom 61a200apHOCMb KOLLEKMUBY Kagheopwl 3d
MEMOOUUECKYIO U MEeXHUUEeCKYI0 H000epI*CKY NPU NPpo8edeHUl UCCLe008aHUS.

Kipicne.

Kasipri yakeitra Kazakcran PecrybnukacsiHaa ipi Kapa MaJIIbIH )kKoHE 6acKa Jia aybll IapyallbUIbIFbl
*aHyaprapbiHblH 80% -71aH acTaMbl IIAaFbIH IIapya KoHE Yil IapyambibikTapbiaa 6onansl. [lapya xoxa-
JIBIFBIHBIH OYJT TYp1 YIIIiH IIAFbIH ©JIIIEM/Il a3blK JalbIHIAy KOHABIPFBUIAPHI, oMOe0ar yCcaKTarbIITap KOHe
’KEeM ycaTKbITapsl a3ipienai. Onap ap3aH, CeHIMII )KOHE HapbIKTa carbluiaabl. OHBIH HETI31HIIE 3epTTeY KYP-
riziiren AKM-5,5 marbiH KeJeMli Majl a3bIFbIH JTalbIHAAY KOHIBIPFBICHI ca0aKTap MEH JOHII a3bIKTapIIbIH
OapIIBIK TYPJIEPiH, KYTepl MacCaKTapbIH YCaKTayFa, COHJIaii-aK KECEK JKOHE CYPIEMHEH HeMece MillIeHIeMEICH
KypaMa >KeM JKOHE KeM KOCTaJIapbIH JaibIH/IayFa apHaJIFaH.

KypbUTFbIHBI OHBIH )KHHAFBIHA KIPETiH KYPBUIFBLIAP/IbI )Kall FaHa aybICTHIPY JKOHE KO3FaJITKBIIITHI Kepi
alHAJIBIPY apKBUIBI OPTYPIIi ONepaIysuIap/bl OpbIHIAYFa TYpICHIIpyre 00maabpl. ACTBIKTBI YHTAKTay Ke3iHe
MAaIIMHAHBIH KEMIIUTIT1 OHBIH OHIMILTITIH KJIalaHHbIH KOMETIMEH KOJIMEH PeTTey Ka)KeTTLIir1 00k Taldblia-
TIbI, OJT ACTBIK MaTepHaJIapbIHBIH aFbIHBI )KYMBIC DJIEMEHTIHE TYCETIH CaHbUIAY/Ibl TAPBLITAIBI HEMECE KeHEH-
temi. KonmMmen 6ackapy oeTTe KypbUIFBIHBIH a3 HEMeCe IaMajaH ThIC KYKTenyine okeneni. COHbIMEH Karap,
OyJ1 KOHIBIPFBUIAPABI Maljanany Toxipuodeci KopCceTKeHIeH, AMEKTP KEeTerl )KYMBIC YaKbITBIHBIH Kol 0ei-
T1HJIE TOJBIK KYKTEIMETCH KYHIE )KYMBIC ICTEH Il )KOHE KepiCIHIIEe, KO3FAITKBIIITHIH IIaMa/IaH ThIC KYKTEyi-
HEH 3JICKTP KETET1HIH TOKTAIl Kally JKaFIaiiapbl )Kui Ke3neceai. MalmHaHbIH KYMBICBIH TYPaKThI OaKbLIay
K KETTUIIrHEH 0acka, OyJ1 SHeprust THIMIUTITIHIH KOHE MallTMHAHBIH OHIM CallachbIHBIH TOMEH/IEY1HE OKee]Ii.

JKyMBICTBIH MaKcaThl MalTUHAHBIH KYMBIC OpraHbIHA TYCETIH KEeM MaTepPHAJIbIHBIH aFbIHBIH ©3repTy
apKbLJIbl arperaTThlH OHIMIUTITIH PeTTey/Al KaMTaMachl3 eTyre MyMKIHIK OepeTiH aBTOMATThl 6acKkapy Xyil-
€CiH 93ipiey apKbUIbl oMOedar ImarblH KeJIeM/l )KeM JalbIH/1ay arperaTblH naianany THIMAUITIH apTThIpY
00JIBII TAOBLIAEL.

Konapipreira 0anranbl pOTOPBIHBIH KYKTETYIH PETTEHTIH JKANKBIIITHIH 3JEKTP JKETeriH OipiKTipy
apKbLIBI MaKcaTKa KOJI JKeTKi3lIeai. by xarmaiiia skykreMe OaiFaMeH YCaKTaFbIII KO3FaITKBIIIBIHBIH TOTBI
apKBUIBI PETTENETIH OOaIblI.

JKYMBICTBIH HOTHIXKEIEPi KapaCThIPBUIBIT OTHIPFaH IIAFbIH OJIIIEM/Il )KeM JTalbIHay KOHIBIPFBICHIHBIH
TEXHUKAJIBIK JCHreii MeH 0ocekere KaOIeTTIIIrH apTThIpaibl koHEe 0acKa Ja OChIFaH YKCac )KeM JIalbIHay




MalIMHaJapbl MEH arperarTapblH xKodaayia KoJIJaHblIa bl

MarepuaJaap MeH djicrep.

OHEPKOCINTIH 9PTYPIIi callajapblHia KOJIaHbUIAThIH YCAKTAFBIIITAp MEH YCATKBIIITAPABIH OHIM/I1I1-
TiH apTTHIPY YILiH aBTOMATThI 0acKapy *yheciH acay OOMBIHIIA KyMbICTap OipKaTap eaepAiH FalbIMAaphI
MEH MH)KEHEepIIepiIMeH KYpri3iiye.

Mpicansl, arblH YH AuipMeHi [Atta sxone T.0., 2013] xoHe sxemi 6ackapy KYpBUIFBICH Oap OasiFabl
nuipMen [Bearman & Briggs, 1998] 6enrini. ¥cakray mpoleciHiH THUIMIUTITIH apTThIpy OONBIHIIA KYMBIC
KYPTri3iiii, onap mpolecc napamerpriepid *KeuigaMm Oakpinayra MyMkiniaik 6epeni [Chai xxone T.6., 2011],
YCaTKBIIITHIH KYMBICBIH OepinreH 3aHra [Evertsson, 2000] colikec perTeiii, yaTy mpoleciH MaTeMaTHKa-
JBIK MOZIETIBACYIe oKuFanap Tizoerine Oeneni [Hulthén, 2008; Kawuyo xone T.6., 2014; Koehnen & Mohley,
1969], GacTankel MaTepuaIblH cunarramanapbia Oakpuiay [Lee & Evertsson, 2008], yHTaKTaFbIIITHIH JUHA-
MUKaJIbIK OaKblIaybIHBIH YaKbITKA KOHE YaKbIThIHA TOyeIN Il OakplIayblH eckepe oThIphin. [Lee & Evertsson,
2009; Li & Yue, 2012] sxoHe ycaTKBbIII TOCEMIHIH TO3YbIHBIH TUHAMHUKAIBIK ©TeMiH Oakbutai sl [Li xkone T.0.,
2012].

Conpaii-ak, alibIH ajla OHIeNITeH MaTepraIblH KECKiHIH OepireH KeCKIHMEH CabICTBIPY alrOpUTMi
Heri3iH/e ipi KeMip YCaTKBIIITHl OacKapyablH MHTEIIEKTYaabl Kyieci 0ap, YHTAKTaFbIIITRIH YHTAK KaMe-
pachIHIAFbl KBICHIMBI OJIIIeyTe apHallFaH AJMEKTPOH/BI 1aT4uri 6ap aBTOMATTHI XKyile 93ipiaeHl, HUGPIbIK
aKnaparTel 6ackapy KOMITbIOTEpiHE Tikenel kidepesi, KOHYCThl YaTKBIIITHIH TYPAKTHUIBIFBIH JKOHE CHIIAT-
TaMaJapbIH )KaKCapTy 9JIicl OeNriyii KOHYCTHIK YCaTKbIIITApIbl OHJIAH OHTAWIaH/IBIPY, O CUIaTTaManapaa
OypbIH Oenrici3 e3repicTepMeH KbUTIaMIBIKTHI PETTEY apKbUIBI YCATKBIIITAP/IbIH KaIMbl OHIM/ILIITIH apTThI-
pyFa MyMKiHAik 6epeni [Moshgbar sxone T.6., 1995; Niemczyk & Bendtsen, 2011; Williams, 2002; Zu »xone
1.0., 1989].

Kolipimran MakcaTka Coiikec oHE >KOFapblla aTaliFaH >KYMBICTApIbl €CKEPe OTBIPBIN, aBTOMATThI
6ackapy kyiecin a3ipaenik [Keshuov xone 1.0., 2016]. backapy xyleciHiH (yHKIIHOHATABIK cXeMachl 1-cy-
perte kepcetinreH. PO sxymbic opranbiHbiH AJl1 acHHXPOH/IBI KO3FANTKBIIIBIHBIH MEXaHUKAIBIK CHUIAaTTa-
MAaCBIHBIH JKYMBIC O6JIiriH/Ie TOK OHBIH OiTiriHIeri aifHamy MOMEHTIHIH IIaMachlHA, AEMEK, KOHIBIPFhIHBIH
KYMBIC OPTaHBIHBIH JKYKTEMECIHE MPONopIuoHanIsl 6onaasl. JKyiiene kepi OaliIaHbICTBI Ky3€re achlpaThiH
AT natuuri apkeuiel TOKTHIH MoHI MIT MuKpomipolieccopbiHa Oepifieii, 071 OHBI PETTeY KYHECIHIH KYMBIC all-
TOpUTMiHE colikec OepiireH TOK MOHJEPIMEH CallbICThIpa OTBIPHIN, THICTI Oackapy curHaibiH 3b OyHKepiHiH
O/12 xnananbiHbIH [TA2 51eKTp KO3FaNTKBIIIBIHBIH ICKE KOCY KYPBUIFBIChIHA XKi0epeni. Hotmxkecinae, COHFbI
alIbUIa bl HEMece JKaOblIabl, OYHKEPIEH JKYMBIC dJIEMEHTIHE Oepillic aFbIHBIH PETTeH 1l )KOHE COlKeCiHIIe
O/11 Ko3ranTKBIIBIHBIH TOTHIH e3repTei. [TIA1 icke Kocy kadabirbl D)1 KO3FanTKBIIIBIH OacKapy YIIiH Haii-
JlaJTaHbLUIa]Ibl, HHIWKATOPIIBIK KYPbUIFbI [P KO3FaNTKBIII TOFBIHBIH aFbIMJIAFbl MOHIH KOHE KOHIBIPFBIHBIH KY-
MBIC PEKUMJICPIH KOpPCETE .
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Cyp. 1. backapy *&yiieciHiH (pyHKIHOHAIIBIK CYJI0aCHI
MK — mukpokouTposiep; UIT — unaukarop kypansr; JIT — ok paruwri; [TA1, [TA2 — icke kocy ammapatypacsl; DJ]1 — xymbIc opra-
HBIHBIH 3JICKTP KO3FAITKBIIIBI; DJ[2 — KIamaHHbIH 37eKTP KO3FalaTKbIbl; PO — sxxyMmbic oprassr;, 3b — OyHKep KiamnaHsbl.

[Fig. 1. Functional scheme of the control system]

ABTOMAaTHKA KYHECIH ’kKacay Ke31H/1€ YCATKBIIITHIH KO3FAJITKBIIIBIH 1CKE KOCY YaKbIThIH €CKEPY KaXKET.
bi3 oMGe0an miarbIH KeseM/ll )keM JaiiblHay arperarblHbIH TAOUFU YIITICIHIE YHTAKTaFbIILITHIH 60C OapadaHbl




)oHe Oapabannma 2 »oHe 4 Kr acThIK (apma) KaJJIbIFbl OOJFaH Ke3/1e KO3FAJITKBIIITHIH TOTBI MEH KbLIIaM-
JBIFBIHBIH OacTankel AuarpaMManapbid anabik (2 cypet). JKazbamap DSO 3064 ocuummnorpadbiHbIH, ITYHT-
ThIH k0HEe TU-10P TaxoreHepaTopbIHBIH KOMETIMEH JKYPTi3111i.

¥Ycarkpim 6apaban 00c ke3¢ TEKTP KO3FAITKBIIIBI TEK KYMBIC JIEMEHTIHIH 00C TYpy Keaeprici Mo-
MEHTI apKbLIbI XKYyKTeneai. OciniorpaMManapaad OyJr pexxuMIe YCATKBIII KETEK KO3FAITKBIIIBIHBIH 1CKE
KocCy yakbIThl t; = 2,0 c ekeHiH kepyre 0oaabl.

Erep 6apabania acThIK KaJIbIKTaphl O0sica, CEHIMII iCKe KOCY Jla OpBIH anajbl. byl petre, OyHKepae
2 xr apna Kanrauga tg = 3,1 ¢, Oynkepe 4 xr apna Kanranga tg = 6,0 c.

I

Bbackapy xyiiecin a3ipiey Ke3iHae MUHIUMAJJIBI “Min KoHe MaKCUMAaJIIbl Imax pYKcar eTiJreH TOK-
TapbIH MOHAEPIMEH aHBIKTANATHIH aFbIMJIAFbl OacKapy IWara3oHBIHBIH MOHIH TaHJAay MaHbI3IBL Tap mm-
arma3oHMEH Oackapy KyHeci *KYKTeMeeri ImIaMalbl KbICKa Mep3iMJl e3repicTepre SpeKeT eTe ajajbl; KeH
ayKBIM/IBI, a3 )KYKTEJITEH PeXUMIE Y3aK MEep3IMIi )KYMBIC icTeyre O6omaapl. by perre eH a3 pykcar eTireH

ok Imin mamacer manmma OHIMJIUIITTHIH TOMEH/IEYIMEH JKOHE JIEKTP KO3FaITKBIIIBIHBIH YHEPreTHKAIIBIK

OHIMIUTITIMEH HIEKTENe/l, aJl €H YJIKEH I max — DJEKTP KO3FaITKbIIIBIHBIH OpaMIapbIH KbI3bIPYMEH IIEK-
Teneal.
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Cyp. 2. Icke KoCy Ke3iHAET1 TOK MeH KO3FAITKBIII KBbUTIAM/IBIFBIHBIH JIE3IIK MOHIEPiHIH OCIHIIIOrpaMMaTaphbl
a) 6oc ycarkpim OapabanmeH; 0) 6Gapabanna 2 Kr apma KaIIbIFel Oonca; B) 6apabaHaa 4 KT apria KaJAbIFel 6oica
[Fig. 2. Oscillograms of the instantaneous values of the current and engine speed at start-up]

Ko3FanTKpIITBIH SHEPTUS TUIMALTIT HET131HEH KO3FANTKBIIITHIH THIMALTIK Kodddumnuentinin (ITOK)
T OHBIH KYKTeMe Koo uumentine x; = Ps f P, ToyemuiniriMeH aHbIKTaIa/Ibl, MYH/IaFbl P; xone Poy
COMKeCiHIIIe KO3FAJITKBINI OUTITIHIET] TOK KOHE HOMHHAIABI Kyar. K; = 0,875 xykreme ko3ddunuentinge

CaKTarblll aCUHXPOH/AbI KO3FaJITKbIIITbIHBIH CH, JXOfaphbl MOHIHE 1) = )KGTGIIi. [ MOHI OCBI XKYK-
y [IoK 0,88 Imin Y

Tey Koo GureHTIHIH MoHIHE colikec KenreH xeoH. Kei3apipy maprrapst 6oibiHma Iy, 4, TOTBI THiCTI K5=1
KO3FaJITKBIIIBIHBIH HOMUHAJIBI TOTBIHAH acliaybl KEPEK, COHABIKTAH CIeI0BATeIbHO 00Jabl.

Ocpinaiima Jypin =20,8 A sxoHe [iyqy =23,65 A.TabbLIFaH TOKTAP/BIH OPTAIla apUOMETHKAIBIK MOHi
Ip:22,1 A KYMBIC TOTBIHBIH MOHIHE TE€H 0OJa/IbI.

backapy xyieciHiH KbICKa MEep3iMJI1 )KYKTeMe acCKbIHYIapblHa PEAKIUSACHIH JKOI0 YIIIH OacKapy xKyi-
eciHiH Oafmapinamachl Oip CeKyH/ 1IiHAE TOK aMIUIMTYAAChIHbIH OpTalla MOHIH €CenTey/i KOHEe OChl MOH/I
OarapiaMaHbIH KeJlecl KaJamaapbiH/ia naiananyiabl KapacTbIpabl.

ABtomarThsl Oackapy xyiecinae ATmega2560 MukpokoHTpoIepinae Kypactoipbluirad Arduino Mega
MK xonTtposuiepi, LCD-LCD12864 nucnueiii 6ap coiikec 6noknen, LC1 D4011 peneci, 100A SCTO013 neii-
1Hr1 Tpancdopmarop Typinzaeri Tok naryuri xxoHe BELIMO SM 230 Gypbuty OypblIllibl 1aTYUT] OPHATHUIFaH
ASR- nammmep xeteri 6ap.

Y chIHBUIFaH OacKapy 9/1iCiH €HI13y/IiH OPBIHBUIBIFBIH TEKCEPY YILIH aJrOPUTM KoHE OacKapy Oarap-




JamMachl, KYWEHIH MPOTOTHUII, OHBI ChIHAY YILIIH ChIHAK CTEHMl 93ipJeHl, ChlHAKTap kypriziiai. CTeHaTIH
HET13r1 2J1eKTp Tiz0eri 3 cyperTe KOpCeTiIreH.
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Cyp. 3. 3epTXaHaJIbIK CTCHATIH 3JIEKTPIIK CyJ10achl

[Fig. 3. Electrical diagram of the laboratory stand]

¥ carKpIil KO3FAITKBIIIBIHBIH TOFBIHBIH 03repyl R1-R3 akTuBTI s)kykTeMeci KocbUIFaH yi (azansr AT
aBTOTpaHC()OPMATOPBIHBIH KOMETIMEH MOIeIbieHe 1. Da3allbIK )KYKTeME TOThl MEH aMOPTH3aTOP/IbIH aifHATTy
oypeimbr DSO 3064 ocrimutorpadsl apKbUTBI )Ka3bUIIbL.
_ 3epTxaHaJblK CBIHaKTap YLIiH Oarnapiamara Kejleci THIMAI TOK  MOHJIEpI  €HTI3UIreH:
—Ipin = 4 A, Iy = 10A, [, = 7 A,

Toxipubenep/iH HOTIKeNepi 4 CypeTTe KOPCETUITeH.

bacrankpl mo3umusia Kakna Kiananbl x&aOblK. TOK KyIIEHTreH caifblH KiamaH OipTe-0ipTe amrbiiabl
KOHE TOK XKYMBIC MOHIHE KETKeHIE I, = 7 A, o1 63°-Ka [€HiH albUIbII, TOKTal k! (4a CypeT). Opi Kapa,
aFbIMIAFbl MOH I, = 4 A -mau I,,,, = 10 A-ra JCHIHT1 AMana3oHa ©3TepreH Kes3ze, KJIamaH TYPaKThI
GOJIBIT KaJIa/Ibl )KOHE ©3 OPHBIH CaKTaibl (56 cypeT). ArbiMaarsl MoH Iy i =4 A-nman a3 Gonranma, Kianan

ampUIa OacTaiiibl KOHE TOK I p=7A neiliH eckenae, o1 70°-Ta alIbLIybIH TOKTATaAbl (4T CypeT).

Ia5 =10 A-1aH acaTblH TYpaKThl TOK MOHI Ke3iH/ie KilanaH 6acTanKbl KyiiHe KapaMacTaH TONbIFbIMEH
KalObu1azbl (4r-cyper) xoHe Iy =4 A -IaH TOMEH TYPaKThl TOK MOHIHJE KJIalaH TOJNBIFBIMEH AlllbLIajIbl
(4e-cyper).

ByJ1 skcniepuMeHT OepiireH aJropuTMIe CoMKec perTey >KyHeCiHiH OpHaslacy YJTiCIHIH ©HIMIUIITH
pacTasl.

1) ]

Cyp. 4. Ko3ralTKpIII TOTBl MCH KJIATIAH KYWIHIH JIE3[IK MOHICPiHIH OCIHLUIOrpaMMaiapbl
[Fig. 4. Oscillograms of instantaneous values of motor current and Valve state]




Opi Kapail eHIMJIUTIKTI aBTOMATThI Oackapy kyheci 0ap KOHABIPFBIHBIH TOKIPUOENiK YITICiHIH OH-
JIPICTIK CBIHAKTAPBIH KYPri3IiK.

¥Ycakray MpOIECiH KOJIMEH JKOHE aBTOMATThI OacKapy MYMKIHJITIH €CKepe OTBIPHIN, MaIlMHAHBIH
AIIEKTPIKETEr1 KOCHIIBIMIAPBIHBIH HET13T1 AMEKTPIIIK CYII0achl KYpacThIPBUILABI (5 Cyper).
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Cyp. 5. ¥CaTKBIITHIH MIEKTPXKETEKTEPiHiH KOCHUIBICTAPBIHBIH NPUHITHITHAIIBI CYI0ackl

[Fig. 5. Basic diagram of the joints of the electric drive of the crusher]

ToxipuOenep Ke3iHIE HETri3ri YCaTKbII KO3FAITKBIIITHIH JKYKTeMe Auarpammanapbl [=f(1) tuimui
TOK MOHIHE oHe Oip/eil )KyMbIC KaFaalbIHIa OHIMIUTIKTI KOJIMEH OHE aBTOMATThl TypAe OackapaTbiH Oip
KO3FaNTKBIIITHIH KyaT TYThIHYbIHA Heri3aenred. Cunarramanapis enmey yurin PQA 824 kyar canachl aHa-
JIM3aTOPHI Mai1aTaHbUIIbL.

IKCHEePUMEHTTIK 3epTTey/epaiH HITHAKeIepi.

Toxipube HaTHXKENEP] 6 XKOHE 7 cypeTTeplie KOPCETUIreH. 7-CypeTTe KeNATIpIIreH KyKTeMe Auarpam-
ManapbiHbH GpparmentTepi 0 - 0,06 carar apaibIFbIHIAFbI OCNITUICHTEH PEXKUMIe XKOHE OJjaH api OeriieHreH
PEeXUM Ke3eHiHiH Oip OeuliriHe aybica OTBIPHII, KAMKBIIITHI ally MPOLECIH KAMTHIBL.

Pertey canacein Oaranay yuiin 1y, MaTeMaTHKaIbIK KYTyi, [J); JHMCHEpCHsCHI KOHE KO3FAITKBIIITHIH
KYKTEMe ArarpaMMaliapbliHbH O opTaiia KBaapaTThIK aybITKYbI KeJleCi JKeHUAETIIreH opMyanap OOHbIH-
113 Ke37IeCOK (PyHKIUSIIAp PETiH/Ee aHBIKTAIIbI

_E?zifi _E?:iﬂi_mﬂz N
e 1,2, 3)

MyH1a [; — t; yaKbITBIHBIH aFbIMIarbl MOHI,

1 — I; — Monzepinin canbL

Ecenreynep HoTHXKeCiHIE KelleCl MAIIIMETTEp ajblHAbL. ¥ CaTKBIII OHIMIUIITH KOJIMEH PeTTey YIIiH

mr= 19,22 A, D1=0,012 A%, 61=0,12 A,

YKOHE aBTOMATTHI pETTEy YILIiH

my= 23,17 A, D1= 0,002 A?, o1=0,04 A.

Kepin oTbipranbIMbI3aid, aBTOMATThI OacKapy >KyHeci YCaKTaFblll KO3FAITKBIIIBIHBIH KYKTEME JIU-
arpaMMachlH alTapibIKTal TETiCTEeH Il )KOHE TOKTHIH MAaTEeMAaTUKAJIBIK KYTY MOHIH apTThIPyFa KOMEKTECE/I].




Cyp. 6. Konmen (1) xxoHe aBroMarThl (2) OHIMIUTIKTI peTTey Ke3iH/e YCaTKbIII KO3FaITKBIIBIHBIH [ = f{f ))KyKTeMe TuarpaMmaiapsbl.
[Fig. 6. 1 =f(t) load diagrams of the crusher motor during manual (1) and automatic (2) performance adjustment]
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Cyp. 7. Konmven (1) xoHe aBTOMATTHI (2) OHIMIUTIKTI peTTey Ke3iH/e YCATKBIII KO3FAITKBIIIBIHBIH IEKTP SHEPTHACHIH TYTHIHY
KEeCTecl.

[Fig. 7. Power consumption table of the crusher motor during manual (1) and automatic (2) performance adjustment]

TaakspLiay.

Conpnaii-ak, 7-CypeTTeH 1apya KOXKaJbIFbl KaFJaiibIH/1a arperar *KyYMbICBIHBIH TEXHOJIOTUSUIIBIK LIUKJTi-
He colikec KeneTiH ycarKpluThiH 0,1 caraT inrHae eHIMIUTIKTI aBTOMATThI PETTeY Ke31HE YCATKBIIITHIH He-
Ti3r1 KO3FAITKBIIIBIHBIH 3JIEKTP SHEPIUACHIH TYTHIHYBI KOJIMEH peTTeyMeH caibicThiprania 200 Br-caratka
apTaThIHBIH KepyTre 0oaibl.

Bbys kepceTkimiTep aBTOMATThl TYpJE PETTENreH Ke3[€ YCAaTKBIII KO3FANTKBIIITHIH KYKTEMECIHIH
JKOFapbLIaybIH KOPCETEII.

ArperarTblH OHIMIUII ©HJENreH AaCTHIKTHIH CaJMaFblH JKOHE YCAaKTay YaKbITBIH TIKeJIeH euey
apKbUIbI aHBIKTAJJIbl. OHIIPICTIK ChIHAKTAp OapbIChIHIA OapIbIFbl 8 TOHHA acThIK ©HJenAl. ChIHAK HOTHXKe-
nepi OOMbIHIIA aCTHIKTHI (aplaHbl) YCaKTay Ke3iHJle KOHABIPFBIHBIH OHIMIUTII KOJIMEH OacKapy kesiHne 4,1
T/CaF XoHE aBTOMATThI Oackapy ke3inze 4,5 1/car Kypaasl. Ocbuiaiiiia, aBTOMATThI peTTey Ke31HJe OHIMILTIK
0,4 T/car apTThL.

JlaiibiH ©HIM/II YHTAKTay J9pexeci opTypui ¢ppakuusiapabH 00iybiHa OaFanay apKblUIbl ©HIMALUTIKTI
KOJIMEH ’KOHE aBTOMATTHI OaKblIayMeH AOH/I1 YCaKTay canachlH OarasablK. 3epTXaHalbIK TalAay YIIiH SpTyp-
71 OakplIay KyHenepiH naianana oThIPBII, KeM JaibIHIay KOHIBIPFhIIaphIHAH Ke31eHcoK Typae 10 Kr sxem
ceiHamanapsl anbiHabl. Tangay MEMCT 13496.8-72 GoiibiHina sxypri3iiai. JlaliblH eHIMHIH canlachIH Tanaay
HOTIXKenepi | KecTesne KeNTipiireH.

Kecte 1. JlaiiblH 6HIMHIH calachlH Tajlay HOTHXKeNepi

Pertey Typi Op TYpIi Iopexeneri GppakuusiapabiH
yueci, %
¥cak 1,8 MM-re neitin Oprama 1,8-2,5 MM | Ipi 2,5 MM >xoFapsr
Konmen pertey 8 90 2
ABTOMATTHI 6 92,5 1,5
pertey




Kecrenen kepin oTbIpFaHBIMBI3/A, OHIMIUTIKTI aBTOMATThI TYP/I€ PETTEY KEe31HJe YHTAKTay carachbl
KOJIMEH peTTeyre KaparaHja OiplliaMa >KOFapbliai/ibl, COHIBIKTaH OpTalla YHTaKTay (pakuusiapbIHbIH 00-
aysl 2,5 % - Fa, ycak (mag topizai) ppakuusnap 2 % - ra, an yakenaepi ne 0,5 % - ra a3. byn sxanyapnapabig
KOPEKTIK 3aTTap/IbIH ’KaKChI CIHy1HE BIKIAJ €Tel KOHE OJap/IbIH OHIMILIITIH apTThIPA/IbL.

YHTaKTarbllll OHIMUTITH aBTOMATTHI TYPJI€ PETTEUTIH AalbIH OHIM CallachIHbIH KaKcapybl JoH/I1 yca-
TYABIH OHTAMIIBI PEKUMIH KaMTamachl3 €TE€TIH YCATKBIIITHI THEYIIH YJKEeH OIpKeJKUIIriMeH TYCIHAIpiie.
Konmen perrey *KyKTeyIaiH Aypbic OIpKENKUIIriH KaMTaMachl3 eTneii. JKykreme azaiiFaH ke3¢ acThIKThIH
yCaKTaIyhl IIIaMaJIaH ThIC apTaJibl, all KEPICIHIIE, MaMaJlaH ThIC )KYKTEJITCH/IC ThIM a3asiJibl.

KopbIThIHABI.

OpblHganFaH TEOPHUSIIBIK JKOHE SKCIEPUMEHTTIK 3epTTeysep LIarblH KeJeM/ll JkeM MaiiblHaay arpe-
raTbIHBIH OHIMJILIITIH ABTOMATTBl PETTEYAIH MUKPOMPOIECCOPIBIK KYHECIH KONAaHyAbIH OPBIHIBUIBIFBIH
pacTazbl. O31pJIeHTeH KYie KeKe dEKTp jKeTeri 0ap KaKMmaKIIaHbIH OPHBIH ©3repTy apKbLIbl ACTHIK MaTepu-
aJBIHBIH aFbIHBIH OacKapyasl KaMTaMachl3 etei. Herisri OakbulaHaThIH MapaMeTp PeTiHAe YHTAKTaFbIIITHIH
ANMEKTP KO3FAJITKBIIIBIHBIH TOTHI KOJJAHBLIAIbI, OHBIH MOHI )KYMBIC OPTaHBIHBIH HAKThI KYKTEMECIH Kep-
ceteni. bys Tocin Matepuanabiy OepislyiH YaKThUIbI PETTEYTE JKOHE AIIEKTP KO3FAITKBIIIBIHBIH KYKTEMECIH
YTBIM/IBI IMAMa30H/a YCTayFa MyMKIH/IK Oepei.

3epTxaHalblK 3epTTEYJIEpIiH HOTIIKENepl o3ipJieHreH (PyHKIMOHANIBIK CXEMaHBIH >KoHE Oackapy
ANTOPUTMIHIH OHIMAUIITH KepceTTi. JKyle YHTaKTarblIThIH >KYKTEMECIHIH e3repyiHe aBTOMAarThl TYpAE
xayar Oepai, AeMIrdepAid amblly A9PEKECiH KOHE aCTHIKTBIH Oepily KapKbIHIBUIBIFBIH peTTedi. OTneni
KE3eHHEH KeiliH KOJIMEH peTTeyre KaparaH/a 3JeKTp KO3FaJITKbIIIBIHBIH TOTHIHBIH a3 aybITKYbIMEH CHIIaT-
TaJaThlH TYPAKThI KYMBIC PEKMMI OpHATBHULABL. Byl YChIHBUTFaH OacKapy SJICiHIH YKETKUTIKTI OIIIrT MEH
TYPaKTBUIBIFBIH KOPCETE/I.

JKykreme nuarpammalniapbit CaHIbIK Oaranay ABTOMATTBI PETTEYIIH YCATKBIIITHIH O1pKeNKi KYKTeTyi-
He OH acepiH pacTanbl. KoiMeH perTey Ke3iHe dNeKTp KO3FaITKBIIIBIHBIH TOTHIHBIH MaTeMaTUKAIBIK KYTYyl
19,22 A, nucniepcusicol 0,012 A2, an oprarmia kBaparThiK aybITKybI 0,12 A OONIbI. aBTOMATTHI pETTEY Ke3iHe
TOKTBIH MaTeMaTHKalbIK KyTyi 23,17 A neiin ecti, an qucnepcus 0,002 A2 neitin, ai opraiia KBaJpaTThIK
aybpITKy 0,04 A neiiin TeMeHeal., a Aucnepcust - antbl ece. COHbBIMEH KaTap, TOKTBIH opTaiia MoHi 3,95 A-ra
Hemece mamamer 20,6 % - Fa ecTi, OYJ1 ANEKTP KOZFAITKBIIIBIHBIH KyaThIH HEFYPIIBIM TOJIBIK JKOHE TYPAKThI
naigananyabl KepceTei.

¥3akTeirel 0,1 carat 601aThIH TEXHOIOTUSIIBIK IIUKIT KE31HE aBTOMATThI PETTEY Ke31H/1€ AIEeKTP KO3Fall-
TKBIIIBIHBIH 2JIEKTP SHEPTUSCHIH TYTBHIHYBI KOJIMEH Oackapyra kaparanaa 200 Bt-car >xorapsl 60mabl. byn
©CIM YHTaKTaFBIIITHIH JKYKTEMECIHIH KOFapblIaybIMEH KoHE Oipael yaKbIT apaibiFbiHAa KOOIPEK aCTHIKTHI
KaiiTa eHaeymeH OaitnanbicThl. COHIIBIKTAH OYJ1 KOPCETKIIITI KYPBUTFBIHBIH OHIMIUTITIHIH €3repyiMeH Oipre
KapacThIpy KakeT. Opi KapalFbl 3epTTeyliep/ie Ky HeHIH I HepreTUKAIBIK TUIMIUTITIH TYNIKITIKTI Oaranay yIIiH
KaiiTa eHJIeJIreH MaTepHalblH O1p TOHHACBIHA AIIEKTP YHEPTUSACHIHBIH MEHIIIKT TYTHIHYBIH aHBIKTAFaH KO H.

8 TOHHA apma eHJENTeH OHAIPICTIK ChIHAKTap KOJIMeH Oackapyna ycaTKbIITHIH eHimuimiri 4,1 1/
caFr, aJl aBTOMaTThl peTreyae 4,5 T/car OONFaHBIH KOPCETTI.OChUIalIa, MUKPOIIPOLIECCOPIBIK KYHeH1 KO-
nany eHiMIUTIKTI 0,4 T/car Hemece mamameHn 9,8% apTTeipyFa MYMKIHAIK Oep/i. AJBIHFAH HOTHXKE JKeT-
KIJIIKCI3 JKYKTEME Ke3eHEPiHIH KbICKApYbIMEH, MaTepuasabl Oepyeri aybITKyaapAblH TOMEHICYIMEH KoHe
YCaTKBIIITHIH TYPAKThI )KYMBIC PEXKUMIH CaKTayMeH TYCIHAIpiieI.

ABTOMATTBHI PETTEY JalbIH OHIMHIH camacbiHa Ja oH acep eTTi. Konmmen 6ackapy kesinnge 1,8-2,5 mm
opTtama ¢pakusHeH yieci 90 %, 1,8 MM — re nelinri ycak ¢hpaknusHbIH yieci 8 %, an 2,5 MM-JieH acaTblH
ipi ¢ppakuusHBIH yieci 2 % Kypalbl. ABTOMaTThl peTTey Ke3iHze oprama GpakiuusHelH Memiepi 92,5 % - ra
JeHiH ocTi, an ycak (ppaknusHbIH yieci 6 % -ra, an ynkedi 1,5 % - ra aeitin temenaeni. JleMek, TeXHOIOTH-
SUTBIK TYPFBIJIaH KOJAMIIBI OpTa (GPaKIUSHBIH Ma3MYHBI 2,5 TTalbI3IbIK TAPMaKKa OCTi, all KAXKETCI13 YCakK KoHe
ipi OeJIIIeKTePIiH CaHbl ColikeciHIe 2 sxoHe 0,5 maibI3IbIK TApMaKKa a3ai Ibl.

['panynoMeTpHsUIBIK KYpaMHBIH OIpTEKTUIIH apTThIPY YCATKBIIITHIH OipKeNiKi KyKTelyiHe Oaiina-
HBICTBI. Erep keTkinikci3 Oepinice, acTHIKTHIH IIaMaJlaH ThIC YHTAKTaIybl OPBIH allajbl jKOHE IIaH Topi3ai
OemmiekTepaiH Ty3u1yi apransl. [llamanan TeIC )KyKTeMe Ke3iHae, KepiCciHIle, YIKEH, )KeTKUTIKCI3 YCaKTalFaH
OeJIIeKTep/IiH CaHbl apTaabl. ABTOMATTHI OacKapy €Ki pesKMMHIH Jie aiaa 607y MYMKIH/AITIH a3aiiTaibl xKoHe
TYPAaKThI YCaKTay JKaf/AaiiapblH KAMTaMachl3 eTeflil. bipTekTi xemIen eHIMIH aayablH MPaKTHKAIBIK MaHbI3bI
0ap, 6WTKEH1 OJ OHBIH TEXHOJOTHUSUIBIK KAaCHETTEPIiH JKaKcapTyFa jKOHE KaHyapiapIblH KOPEKTIK 3aTTap/Ibl
TUIM/II TaiiianaHybIHa BIKIA eTeI.

Ocpinaiiia, 93ipJIeHTeH MUKPOMPOIIECCOPIIBIK aBTOMATThI PETTEY KyHeci 2JEKTP KO3FaITKBIIIBIHBIH




KYKTEMECIH TYpaKTaHIbIPY/Ibl, KOHJBIPFBIHBIH OHIMIUIITIH apTTBIPY/IBI KOHE ACTHIKTBI YHTAKTay CarachlH
KaKcapTyapl KaMTaMachl3 eTe/li. AJIBIHFaH HOTIDKENep (epMepllik mapyanbulbIKTapaa MaiaaaaHbuIaThiH
IIaFBIH KOJIEMJII KeM JalbIHIay arperaTTapblH KaHFBIPTY YIIiH YCHIHBUIFAH TEXHUKAJIBIK INEIIIMII KOJ/1a-
HY MYMKIHJITIH pacTaiiibl. Opi KapalFbl 3epTTEYJACPAiH MEePCIEKTUBAIBIK OaFBITTAphl SHEPTUSHBIH HAKTHI
HIBIFBIHAPBIH aHBIKTAY, SPTYPIIl AOH/I1 AAKbLIAAp YUIiH OacKapy alropuTMiHIH MapaMeTpiepiH OHTalIaHbI-
Py, ¥3aK Mep3iM[Ii naiianany Ke3iHze KyieHiH CeHIMAUTITIH Oaraay oHe HeTi3r1 TEXHOJIOTUSIIBIK mapame-
TpJIep/ii KAIIBIKTHIKTaH OaKblUIay KypalgapbiH 931ipiey O0bIN TaObUIaIbl.
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Abstract. The article examines innovative approaches to the primary processing of melon and fruit-
vegetable crops using a mobile solar drying unit. The main focus is on the development and implementation
of an energy-efficient drying technology that ensures product quality preservation, minimizes crop losses and
reduces production costs. The experimental part of the study investigates the influence of melon slice thickness
(1 mm, 4 mm, and 7 mm) on the drying process including changes in mass, drying time and organoleptic
properties. The experiment was conducted using the IK-1 drying equipment under laboratory conditions.The
research results showed that slices with a thickness of 4 mm demonstrated the optimal balance between quality
and drying time: they retained their natural color, aroma and structure while achieving uniform drying in the
shortest time. Thinner slices (1 mm) lost their shape, negatively affecting their commercial appearance while
thicker slices (7 mm) required significantly more time to complete the drying process. Thus a slice thickness
of 4 mm was recognized as optimal for large-scale processing of melon crops.The article also discusses the
structural features of the mobile solar drying unit, including the use of solar collectors, a drying chamber with
four trays and a natural ventilation system. The unit operates solely on solar energy, eliminating fuel costs and
reducing environmental impact. Economic analysis has shown that the developed technology helps reduce
processing costs, making the product more accessible and attractive to farming enterprises.The proposed
innovations are aimed at developing Kazakhstan’s agro-industrial complex including farms and agricultural
enterprises and enhancing the competitiveness of agricultural products in domestic and international markets.
The introduction of the mobile solar drying unit will help reduce crop losses, increase farmers’ incomes and
contribute to the sustainable development of rural areas.

Keywords: Mobile dryer, melon crops, energy efficiency, innovations, primary processing, food
drying, sustainable development
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AHHoTanus. Makanaja >KbIJDKbIMAJIbl KYH KETITIpy KOHBIPFBICHIH MaiiiaaHa OThIPHII, OaKIIa KoHe
KEMIC-KOKOHIC JJaKbIIIapblH OacTamnKbl OHACY/IIH HHHOBALMUIBIK TOCUIAEp] KapacThlpbliaael. Herisri Hazap
©HIM CallachblH CaKTay/bl, OHIM IIBIFBIHBIH a3alTY/Ibl )KOHE OHJIIPIC KYHBIH TOMEHJIETY/I KAMTaMachl3 €TeTiH
SHEprusi YHEMJCHTIH KENTipy TEXHOJOTHICHIH 93ipJeyre >koHe eHrizyre OarbITTajlfaH. OHIM MacCachIHBIH,
KENTIPY YaKbITBIHBIH ’KOHE OPraHOJENTUKAIBIK KaCHETTEPiHIH ©3repyiH KOca, KayblH KeCEKTEepiHiH KaJbIH-
AbIFbIHBIH (1 MM, 4 MM sxoHe 7 MM) KenTipy mporiecine ocepiH 3epTTeHUTIH )KYMBICTBIH SKCIIEPUMEHTTIK OeJti-
Il YCBIHBUIFaH. DKCIEPUMEHT 3epTXaHanblK karaaiina MK-1 kentipy KOHABIPFBICBIHAA KYPri3iini. 3epTrey
HOTMXKelepi OOMbIHIIA, KAJBIHIBIFB 4 MM KECEKTEp cama MEH KENTIpy YaKbIThIHBIH OHTANHJIbl apaKaThIHACKIH
KaMTaMachI3 €Te/li: ojap TaOUFU TYCIH, XOUI MiCiH, KYPBUIBIMBIH CakTarl, a3 yakbIT ilIiHae OipKesKi keOei.
Kinimke 6emikrep (1 MM) MiLIiHIH KOFANTTHI, OYJ OJIApABIH TayapiblK KeJI0eTiHe Tepic acep €TTi, all KaJblH
OemikTep (7 MM) MPOIIECTI asKTay YIIiH alTapIbIKTall y3aK YaKbITThl KaxeT eTTi. Ocbuiaiiiia, TitiMaepaiy 4
MM KaJIbIHABIFbI OaKIIa JaKbUIAPbIH JKaMai eH/Iey YIIiH OHTAaWIbI JeN TaHbUIAbI. Makasiaga COHbIMEH KaTtap
KBUDKBIMAJIBI KYH KENTIpy KOHIBIPFBICBIHBIH KOHCTPYKLMSUIBIK €PEeKIIETIKTepl, COHBIH 1IIiH/e KYH KOJJIEK-
TOpJIAPbIH, TOPT HAyasbl KENTIPy KaMEPAChIH 5KOHE TaOUFH XKeNAETy XKYHelepiH naianany KapacThIpbLIabl.
KabapIK TeK KYH HEPTUsACBIMEH XKYMBIC 1CTeH 11, Oy )kaHapMaii IIBIFBIHBIH  OOJIIBIPMAiIb )KOHE KOpIIaFraH
opTara Tepic ocepal a3zaiTazbl. DKOHOMUKAJIBIK Oaranay KepCEeTKeHAEW, o3ipiieHreH TexHosorus depma-
Jap YUIH OHIMHIH KOJ- >KETIMALUIIN MEH TapThIMJIBUIBIFBIH apTThIpa OTBHIPHIN, KaliTa OHJEY LIBIFbIHIAPBIH
azaiiTyra MyMKiHAIK Oepeni. ¥ChIHBUIFaH MHHOBaLMsuIap mapya (pepmep) KoKalbIKTapblH KOca ajlfaH/a,
KazakcTaHHBIH arpoeHEepKaCINTIK KeIIeHIH JaMbITyFa OarbITTajFaH, 1IIKI )KOHE CHIPTKbI HAPBIKTAp/Ia aybll
HIapyallbUIbIFBl OHIMIEPiHIH Oocekere KaOUIeTTIIIrH apTThIpyFa bIKNai ereal. JKbUIKbIMabl KYH KenTipy
KOHJIBIPFBICHIH €HTi3y ©HIM IIBIFBIHBIH a3aiTyFa, (epMepiepaiH KipiCTepiH apTThIpyFa jKOHE aybUIIbIK ay-
MaKTapblH TYPaKThl JaMybIHA BIKIIAJ €TeIl.

TyiiiH ce3aep: >KbUDKbIMANBI KENTIprimi, 0akia JaKbUIAapbl, SHEPTUs THIMALUIIT, WHHOBAIUSIIAP,
OacTamnkpl OHILY, OHIMIEP/I KENTipy, TYPAKTHI 1aMy
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ThI. Vol. 28. Is. 5. Number 113. Pp. 214-225. https://doi.org/10.37884/5-2026/18 [In Russ.].

Mynaenep KaKThIFbICBI: aBTOPJIAp MY/AEIep KAaKThIFbICBIHBIH HKOKTBIFBIH MOJIIMACHI.




Anzvic. 3epmmey dHcymvicol Aimamovl mexHOL0UANbIK YHUSepcumeminiy « Onodipicmik yoepicmepoin
MAWUHANApbL MeH annapammapsly KageopacvlHoa HCypizindi Heane agmopiap ocvl 3epmmeyoi sHcypizyee
MYMKIHOIK Oepeeni JHCcaHe JHCAH-IHCaKmbl KONOAy KOpCemKeHi Yulin Kageopa MeHeepyulicine JicaHe Kblamem-
KepiiepiHe WblH JHCYpeKmeH angvic Oindipedi.

H.A. Ymoemanuee®™, M.C. Tounvioaes?, A. bozsrcuczum?, K. T. Cviovikoaes?
' AMMaTUHCKUN TEXHONOTUYECKU YHUBEPCUTET, Anmarhl, KazaxcraH;
*Kazaxckuii HallMOHANBLHBIN arpapHbI UCCIIEIOBATENbCKUI YHUBEpCcHUTET, AnMathl, KazaxcraH.
E-mail: nuhtar.u@mail.ru

3KCIEPUMEHTAJIbHOE UCCJEJOBAHUE CYIIWJIbHONU YCTAHOBKHU
JJIAA CYIIKHU IbIHHOT'O CBhIPbA

Hyxrap YMOeTanueB, TOKTOp TEXHUUYECKUX HAyK, AIMATUHCKUM TEXHOJIOTMUECKUN YHUBEPCUTET, AJIMaThI,
Kazaxcran, yn. Tone 61, 100

E-mail: nuhtar.u@mail.ru, https://orcid.org/0000-0001-6237-3943;

Meiipamb6aii Toitnbi0aeB, kKaHAMIaT TEXHUYECKUX HayK, Kazaxckuil HallMOHaIbHBINA arpapHbIid MCCIe10Ba-
TeNbCKUH YHUBepcUTeT, Anmarel, Kasaxcran, mp. Abas, 8

E-mail: meiram_61@mail.ru, https://orcid.org/0000-0003-0064-6779;

AjlikbIH B0o3:KUIMT, MarucTpant, AJIMaTUHCKUI TEXHOJIOTMYECKUM yHHBepcuTeT, Anmarsl, Ka3axcraH, yi.
Tome ou, 100

E-mail: bozzhigitO4@mail.ru, https://orcid.org/0009-0009-3528-692X;

Kenuc CopiapikbaeB, KaHAWAAT TEXHUYECKUX HayK, AJIMATUHCKUI TEXHOJIOTUYECKUN YHUBEPCUTET,
Anwmarsl, Kazaxcran, yi. Tone 6u, 100.

E-mail: zheniss1967@gmail.com, https://orcid.org/0000-0002-2378-2418.

AHHoTauusl. B crarbe paccmarpuBalOTCs MHHOBALIMOHHBIE TMOAXONbI K TMEPBUYHOM mepepaboTke
0ax4eBbIX M IUJIOJOOBOIIHBIX KYJIBTYp C HCHOJIb30BAHUEM MOOMIBHON COJHEYHOM CYIIMJIBHOW YCTaHOBKH.
OcHOBHOE BHUMaHHE YJEJICHO pa3paboTKe ¥ BHEAPEHUIO YHEProd(pHeKTUBHON TEXHOIOTHH CYILIKH, KOTOpast
o0ecrneynBaeT COXpaHeHHE KauecTBa MPOIYKIMH, MUHUMH3AIHMIO TIOTEPh ypoXKasi U CHIKEHHE ce0eCcTOMMO-
cTH npou3BozacTBa. [Ipencrapiena skcrepuMeHTalIbHas YacTh paboOThl, B KOTOPOI M3y4yanochk BIUSHHUE TOJI-
IIMHBI KyCOYKOB JbIHH (1 MM, 4 MM U 7 MM) Ha IPOLIECC CYIIKH, BKIFOYast K3MEHEHHUSI MAaCChl, BPEMEHH CYIIKH
Y OPraHoJIENITHYECKUX CBOMCTB MPOIYKTa. DKCIIEPUMEHT IPOBOIMWIICS HA CyIIMIbHOM obopynoBanuu MK-1 B
71a00paTOPHBIX yCIOBUAX. Pe3ynbTarsl Mccae10BaHus MMOKa3ald, YTO KyCOUKH TOJIIMHON 4 MM JI€MOHCTPH-
PYIOT ONTHMAaJbHOE COOTHOIICHHE KAaueCTBA U BPEMEHH CYILIKHU: OHU COXPAHWJIM €CTECTBEHHBIN LIBET, apo-
Mar, CTPYKTYpY U AOCTHIVIM PaBHOMEPHOTO BBICBIXaHHUs 33 MUHMMabHOE Bpems. bonee Tonkue kycouku (1
MM) TEPSIH CBOIO (JOPMY, UYTO HETaTUBHO BIMSJIO HAa UX TOBApHBIM BHUJ, a Oosiee TOJICTbIE KYyCOUKH (7 MM)
TpeOOBaIM 3HAUUTENHFHOIO BPEMEHU Ul 3aBeplICHuUs rporecca. TakuM 00pa3oM, TONIIMHA KYCOYKOB 4 MM
ObuIa MPU3HAHA ONTHUMAJIBHOM JIUIsl MacCcOBOM mepepadoTku 0axueBbIX KyJbTyp. B cTarbe Takxke paccMoTpe-
HbI KOHCTPYKTUBHBIE 0COOCHHOCTH MOOMIILHON COTHEYHON CYIIMIIBHONW YCTaHOBKH, BKJIIOUAsl HCIIOJIb30BAHUE
COJIHEUHBIX KOJUIEKTOPOB, CYIIMJIBHOM KaMephl C YEThIPbMs JIOTKAMHU M CHCTEMbl €CTECTBEHHON BEHTHIIS-
UK. YCTaHOBKA paboOTaeT TOJbKO HA COJIHEYHOW 3HEPrUH, YTO MCKIIIOYAET 3aTPaThl HA TOIUIMBO U CHIDKACT
BO3/ICHCTBHE Ha OKPYXKAIOIIYIO Cpely. DKOHOMHYECKas OLlEHKa MOKa3aja, 4YTo pa3paboTaHHasi TEXHOJIOTHUS
MI03BOJISICT COKPATHTh 3aTPaThl HA epepabOoTKy, YBEIUUNBAs JOCTYITHOCTh U IIPUBICKATEILHOCTD TIPOAYKIHH
st pepMepckux Xo3sicTB. [Ipe/iokeHHbple MHHOBALMK HAIPaBJICHbl HAa Pa3BUTHE arpOIPOMBIIUICHHOTO
komIuiekca Kazaxcrana, Bkitodas hepMepckie U KpecThsIHCKHE XO03SHCTBa, U CHOCOOCTBYIOT MOBBIIICHUIO
KOHKYPEHTOCIOCOOHOCTH CEIbCKOX03HCTBEHHOM MPOYKIMH HA BHYTPEHHEM UM BHEIIHEM pbhIHKax. BHenpe-
HUE MOOUJIBHOM COTHEYHON CYHMIMIIBHON YCTaHOBKU OyAeT ClIocOOCTBOBAaTh CHM)KEHUIO MOTEPh YpOXKasi, yBe-
JIMYEHUIO JTI0XOJ0B (hepMepoB U YCTONUNBOMY Pa3BUTHIO CEITLCKUX PETHOHOB.

KaroueBble cjioBa: MOOMIIbHAS CYIINIIKA, OaXueBble KyJIbTyphl, SHEProdpPpeKTUBHOCTb, UHHOBALIUH,
nepBUYHAs NepepadoTKa, CyIIKa IPOJYKTOB, YCTOMYMBOE Pa3BUTHE
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Beenenue.

BBeznenue packpbIBaeT akTyaJlbHOCTb MPOOIEeMbl EpepadOTKU M XpaHEHUs ypoxkas B YCIOBUSAX Ie-
PENpOoU3BOICTBA CEITBLCKOXO3MCTBEHHON NMPOAYKLMHU B I’KHBIX pernoHax Kazaxcrana [Umbataliyev u np.,
2024]. IIpuBeneHbl CTATUCTUUECKHUE TAaHHbIE, TTOATBEPKAAIOIINE HEOOXOUMOCTh BHEAPEHUS 3HEProdpdex-
TUBHBIX TexHosoruil. [loquepkuBaercs poiab MOOUIBHBIX COJTHEYHBIX CYIIMIIOK B CHIDKEHHU MOTEPh YpOKast
Y TIOBBIIICHNH KadecTBa npoxykuuu [Umbataliyev u ap., 2023].

Cenbckoxo3aicTBeHHbIN cekTop KazaxcTana urpaer BaXHEHIYIO pojib B 00€CIIEUEHUH MPOAOBOIIb-
CTBEHHOW 0€30MacHOCTH CTPaHBbl, Pa3BUTUU SKOHOMUKU M YKPEIUIEHUH SKCHOPTHOIO MOTeHIHata. BaxHoii
YaCTBIO 3TOT0 CEKTOPA SIBIISETCS epepadoTKa U XpaHEHHE CEIbCKOX03IHCTBEHHOM MPOYKIINH, BKITIOUas 6ax-
YEBBIE U TUIOI0OBOIIHBIE KYJIBTYPBI, @ TAKXKE MPOAYKIIMIO OTTOHHOI'O JKUBOTHOBOZCTBA. OJIHAKO B HACTOALIEE
BpEMsI B CEJIbCKOM XO3AUCTBE PeCIyOIMKH HAOII0aeTcs sl CHCTEMHBIX IPo0IieM, CBA3aHHBIX C COXPaHEHHU-
eM ypoxasi, ero nepepaboTkoil u nqoBefeHueM no norpedurens [Kairbayeva u np., 2022]. OcoGeHHO 0CTpO
3TH MPOOJIEMBI MPOSBISIIOTCA B I0XKHBIX PETHOHAX, 7€ MEPENpPOU3BOJCTBO OaxXueBbIX KYJIBTYP 4acCTO MPHBO-
JMT K TIOTEPSIM M3-3a OTCYTCTBUS IepepadaThIBAIOIINX MOIIHOCTEN U TEXHOJIOTHI XpaHeHus [AGIpaxMaHoOB,
2020; AxmeTtos, 2021].

[Tpumepom ciykuT cuTyanus B MakraapaiabckoM pailone TypkecTaHckol 061acTu, re ypoxaiHOCTb
aeiHU B 2024 rogy gocrturia pekopaHbix 270 HEHTHEPOB ¢ rekrapa, a oOumii 00beM cOOpaHHOTO ypokas
cocraBui 240 teicsiy ToHH [Umbataliyev u ap., 2025, Medvedkov u nip.]. ITo nporuosam, sta nudpa K KOHILy
ce30Ha MOKeT AO0CTUTHYTh 500 Thics4 TOHH. OIHAKO U3-32 OTCYTCTBHS JOCTYITHBIX TEXHOJIOTUHI TepepaboTKH
U cObITa 3HAYMTENbHAS YacTh ypoxKas Oblja MPoAaHa MO 3aHWKEHHBIM LIEHaM MJIM MCIIOJIb30BaHA B KaueCTBE
KOpMa JJIsl )KMBOTHBIX, UTO MPUBEJIO K MOTEPSIM MOTEHIIMAIBLHON MpUObUIH (hepMEpOB U CHUKEHUIO KauecTBa
IOPONYKIMU. DTO MOAYEPKUBACT HEOOXOAUMOCTh BHEIPEHUSI MHHOBAIIMOHHBIX TEXHOJIOTUH, CIOCOOHBIX CO-
KpPaTUTbh 3T MOTEPH.

OnHOM M3 TaKUX TEXHOJIOTUH SIBJISETCS MPUMEHEHHUE MOOMIBHON COJMHEYHOM CYIIMIIBHOW yCTaHOB-
KU, KoTopas oOecrnieunBaeT 3Heprod(p(ekTuBHy0, 3KOJOTMUECKH YHCTYI0 M KAaueCTBEHHYIO MepepadoTKy
CEJIbCKOXO3SIICTBEHHOM NMpoAyKIMH. COIHEUHBIE CYIINUIIKU MO3BOJIIOT COXPAaHUTh BUTAMUHBI M IUTATENb-
HBIE BEILIECTBA, UCKIIFOUAIOT 3arpsA3HEHNE NIPOAYKTA MbUIbI0, HACEKOMBIMH U BJIAroH, a TAK)KE MOBBIIIAIOT €T0
HKCIOPTHOE KadecTBO. Kpome Toro, Takue yCTaHOBKHM MOMOTAalOT CHU3UTH 3aTpaTrhl HA MepepaboTKy 3a cueT
HCTIOJIb30BaHMsI BO30OHOBIISIEMBIX HCTOUHUKOB SHEPTUH, YTO OCOOCHHO BaXKHO JJISi KPECThSIHCKUX U (epmep-
CKHUX XO3SIIICTB C OTpaHUYEHHBIMH PECYpPCaMHU.

B HacTosiiee BpeMsi TpaJuLIMOHHBIE METO/IbI CYILIKH, TAKHE KaK €CTECTBEHHAs CYIIIKA Ha BO3LyXE WU
HCIIOJIb30BaHUE TOIUIMBHBIX CYIINJIOK, UMEIOT PsiJi CYIIECTBEHHBIX HEAOCTATKOB, BKJIIOYasi HU3KYI0 IIPOU3BO-
JUTEIbHOCTb, 3arPA3HEHUE MTPOJYKTA U BHICOKYIO C€0eCTOMMOCTh. B oTiinune oT 3TUX METOA0B, MOOMIIbHBIE
COJIHEUHBIE CYIIMIIKU 001aJat0T PsIIOM MPEUMYIIIECTB: OHU B J[Ba pa3a ObICTpEe BHIMOIHAIOT IPOLECC CYIIKH,
He TpeOyIoT TOIUIMBA, MMHUMHU3UPYIOT BO3EUCTBUE BHEUIHUX (PAKTOPOB M 00ECHEUUBAIOT 00jee BBICOKUI
YPOBEHBb COXPAaHHOCTH NPOAYKLUHU. DTH Ka4eCTBA JEJIal0T COJTHEUHBIE CYLIMIIKY BaKHBIM HHCTPYMEHTOM IS
yCTOMYMBOTO pa3BUTHsI CENbCKOTO X03sicTBa Kazaxcrana [Grudanov u np., 2025, Ergaliyev u np. 2024].

Llenb nanHOW pabOThl — W3YYUTh UHHOBALMOHHBIE TIOAXO/bI K MEPBUYHON MEepepabOTKe CElbCKOXO-
3MCTBEHHOHN MPOYKIMH C UCTIOJIb30BAaHUEM MOOMIIBHOM COTHEUHOI CYIIMIBLHON YCTaHOBKH, pa3padboTars eé
KOHCTPYKIIHIO U TPOBECTH OLIEHKY TEXHUKO-3KOHOMUYECKOH 3 PeKkTUBHOCTH. PaccMaTpuBaemast TEXHOJIOTUS
MOJKET CTaTh OCHOBOM JAJI1 MOJAEPHU3ALMH arpOIpPOMBILIUIEHHOTO KOMIUIEKCA CTPaHbl, MO3BOJISS COKPATUTh
MOTEPU YpOKast, YBEIMUYUTH JJOXObl (PepMEPOB U MOBBICUTH KOHKYPEHTOCIIOCOOHOCTh CEIbCKOXO3SHCTBEH-
HOMW NMPOIYKIIMK Ha BHYTPEHHEM U BHelHeM pbiHKax [Ostonakulov u ap., 2019, Tukhtaev u np2020].

3amaun UCCleIOBaHUs BKIIOYAIOT aHAIU3 CYIIECTBYIOIIMX METO/IOB MepepaboTKU M XpaHEHUs CEllb-
CKOXO3SIICTBEHHON MPOJYKIMHU, pa3pabOTKy M TECTUPOBAaHHE MOOWIBHOW COJTHEYHOM CYIIMJIKH, a TaKkKe
OLIEHKY €€ BIUSAHUS Ha YPPEKTUBHOCTh (PEPMEPCKUX XO3ANUCTB U YCTOMUMBOE PA3BUTHUE CEIILCKUX PETHOHOB.
Pesynbrarsl nccrienoBaHus OyayT MOJIE3HBI Kak Ui (pepMEpoB, Tak U JJIsl TOCYAapCTBEHHBIX CTPYKTYDp, 3a-




MHTEPECOBAaHHBIX B PA3BUTHH arpONpOMBbIIUIEHHOTO Komiuiekca Kaszaxcrana. OCHOBHBIE 3371241 ITPOrpaMMBbl
HCCIIEIOBaHNS UCTIOJIb30BaHMsI COTHEYHOM 3HEPTUM JUIs CYLIKH 0aX4eBbIX H MJI000BOIIHBIX KYJIBTYP:

- U3Y4YECHUE U aHaJIM3 MATepUaloOB IO MCIOJIB30BAaHUIO COJHEYHOM 3HEPruM AJS CYLIKH 0axyeBbIX,
IJIO/I0OOBOIIHBIX KYJIBTYp M IPOAYKTOB OTTOHHOTO KMBOTHOBOJICTBA;

- IPOBEJICHNE TEOPETUUYECKUX MCCIIEJOBAaHU Mpoliecca UCIOIb30BaHUS COTHEYHOM SHEPTUH JJIs CYy1II-
K1 0axX4yeBbIX, INIOJOOBOLIHBIX KYJIBTYP U MPOILYKTOB OTTOHHOTO >KHBOTHOBO/ICTBA;

- 000CHOBaHME COJTHEYHOM CYIIMIBHON YCTaHOBKM MOOMIIBHOTO THII /17151 KPECThSIHCKUX, (pepMepCKuX
XO3SMCTB M MHJIMBUAYaJIbHBIM ITPEIPUHUMATEIISIM U HACEJIEHUS, 3aHUMAIOLIIXCSl BhIpallliBaHHEM 0aXueBbIX,
TI0A00BOIIHBIX KynbTyp [Ergaliyev u ap., 2024].

JlumepamypHnulii 0030p. Paccmompum ochosHble 8U0bl COTHEUHOU CYUUTIOK NPUMEHAEMOLL 8 npoyecce
cyuike 6axuesvix u n1000080UHBIX KYIbMYyp:

IIpocmeuiwas cywunxa.

[TpocTas cymmika ¢ UCIIOIb30BaHUEM MTOJTUMEPHON TIIEHKU paboTaeT Ha eCTECTBEHHOM Tsare. Boznyx
HarpeBaeTcs B INIEHOYHOM COJIHEYHOM BO3JlyXOHarpeBaresie 1 1o BO3yXOBOAY MOCTYNaeT B HUKHIOK 4acCTh
CYILIMJIBHOM KaMepbl, T7ie Ha eppOpUpOBaHHBIX MOJIOHAX (CETKaX, pelIeTKaxX) pa3MeIlaeTcsl BIaXHbIH MarTe-
puain. Harpertslil Bo3nyx IBHXKeTCs B CYIIMIIBHON KaMepe CHU3Y BBEPX Yepe3 CIIOoN MaTepuala v ynajasieTcs 13
KaMephbl yepes 3a30p MEXy BEpXHEeH KPOMKON M KO3BIPHKOM.

CTeHKH CyIIWIBHON KaMepbl MOTYT ObITh TEIUIOM30IMPOBAHBI WIIH BBIITOJHEHbBI U3 CBETOIIPO3PAYHOTO
Mmarepua’a.

[TnéHouHbIN BO3yXOHArpeBaTeslb U3TOTOBISIETCA U3 NOJIMMEPHOH IUIEHKH, HAaTSAHYTOW Ha MPOBOJIOY-
HBIH Kapkac. BepxHss MOBEpXHOCTh HAarpeBaTessl U3rOTOBISAETCS U3 MPO3payHON MIIEHKH, a HIDKHAA — M3
4yépHOi. Ero MOXKHO Tak»e BBIIOJHUTH B BUJIE ABYX LIMIMHIPUYECKUX MTOBEPXHOCTE — HapyKHOM Mpo3pau-
HOHM ¥ BHYTPEHHEUN YEPHOM.

Cywunka ¢ mexanuueckum nobysHcoeHuem.

ConHeuyHast KaMepHas CyIIMJIKa ¢ IPUHYAUTEIBHBIM yThEM BKIIIOYAET:

*  BO3/yXOHarpeBarelb;

*  CYUIMJIBHYIO KaMepy;

*  BEHTHWIATOD.

B Ternnon3onnpoBaHHOM KOpITyce BO3/1yXOHArpeBarelsis Co CBETONPO3payHOil M30sLuell HaXOqUuTCs
3auepHEHHAs JTy4enonIOIaoias IOBEPXHOCTh U3 TOPPUPOBAHHOIO METaJla.

T'opsumii BO3ayX MO TEIIOM30JIMPOBAHHOMY BO3YXOBOAY MOCTYIIAET B CYIIWJIBHYIO KaMepy C mep-
(opUpOBaHHBIMU MOJAOHAMHM ISl BhICYyIIMBaeMoro marepuan. Kamepa ycTaHOBIEHa Ha OMOpax M CBEPXY
HaKpPbITa KO3BIPHKOM.

Cywunka ¢ ecmecmeeHHbIM NOOYIHCOEHUEM.

KoHCTpyKIMst 3TOM CONHEYHOM CYIIMIIKU C €CTECTBEHHBIM 1yThEM OTIIMYAETCS TUIIOM BO3/1yXOHAarpe-
BaTeJsl.

B kopryce M3 OLMHKOBAaHHOIO eJjie3a ¢ TEIUIOM30JSIUEN PacloNokKEHbl 1BE CEKIIMU BO3IYILIHOTO
KOJJIEKTOpA MaTpUYHOro THMA. B Kopyce npeaycMOoTpeHbl OTBEPCTHE IS TOCTYIICHHUS HAPYKHOTO BO3LyXa
Y CBETOINPO3payHasi U30JIALus.

ConHeuHast SHEprus MOMIOLIAeTCs B MaTpHIIe, TPEACTABIAIONIEH cO00i 2 psia MOKpaleHHbIX YEPHOIM
KPacKo MeTaIJIMUeCKUX CETOK CO CTAJIbHOM CTPYKKON MeKay HUMHU. E€ MOXKHO Takyke c/ienaTb U3 HECKOJIb-
KHX CJI0€B YEPHOH CETKH.

Harpetslif BO3ayX MOCTyHaeT B CYyIIMIBHYIO KaMepy, KOTopasi UMEeT CYKHMBAIOLIYI0cs KBepXy Gpopmy
U pan cetok. Ha ceTku yknaapiBaeTcs BlIaKHBIN MaTepuai. s mogady Bo3ayXa Mo Kax/bli ciaoi Marepu-
ajla B Kamepe MpeyCMOTPEHbI BEPTUKAIbHbBIE IEPETOPOIKH, 00pa3yrolne HeOOX0AUMBbIE LI I BO3/1yXa.
CBepxy kamepa HakpbITa KO3bIpbKOM. OCHOBHBIM HEJJOCTATKOM CYILECTBYIOLIMX COTHEYHBIX CYLIMJIOK SIBJISI-
€TCsl HE CTOJIBKO OTCYTCTBHE MOOMIIBHOCTH, CKOJIBKO CIIOKHOCTb KOHCTPYKIUH, 3aTPYAHSIONIAs UX OBICTPYIO
cOOpKyY U pa3dopKy.

Hcxons u3 BBIIEU3II0KEHHOTO, aKTyaJabHOHN ABIseTCs 3a7ada co3aaHus 3pPeKTUBHOM, pecypcocOe-
peraromieil KOHCTPYKIMU ¥ TEXHOJIOTMH MOOMJIBHOW COJIHEYHOM CYIIMIBHOM YCTaHOBKHU JJIsl SKOJIOTMYECKU
YHUCTOM CYHIKU (PYKTOB U OBOIIEH.

[Tpennaraemasi cymmika OTINYAETCs MOOMIBHOCTBIO, MPOCTOTOW M JIETKOCTBIO KOHCTPYKIHUH, YTO
JlaeT BO3MOXKHOCTh €€ YCTaHOBKM IPSMO Ha Iojie, B 0ojiee ynoOHOe MECTO JUIsl CYyHIKH OaXueBbIX U IIOZO-
OBOIIHBIX KyJabTyp. Takke MOOMIIbHAS COJTHEUHas! CyLIMIIbHAsL YCTAaHOBKA MPOCTA B U3TOTOBICHUU U MOMKET
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HaWTH [IUPOKOE IPUMEHEHNE B CYIIMIBHBIX ITPOLIECCAX CEIBCKOX03MCTBEHHOM NPOLYKIUH, KOIIa TEMIIepa-
Typa cpeibl MOXKeT ObITh JocTaTouHOo B npenenax oT 50°C no 80°C.

MarepuaJibl 1 METOABI.

OOBEKTOM HCCIIE0BAHMS ABIISIOTCS OaxueBble KYJIbTYpPbI (IbIHS), IOABEPTHYTHIE MIPOLIECCY CYIIKU Ha
MOOMIJIBHOM COJIHEUHOW CYIIMIIBHOW YCTaHOBKE. DKCIEPUMEHTHI MPOBOIMINCE B TAOOPATOPHBIX YCIOBUAX C
HCIOJIb30BaHNEM HH(pakpacHOH cymmibHOM ycTaHoBkU MK-1 ¢ Kycoukamu 1bIHU pa3HO TonmuHs (1 MM,
4 MM ¥ 7 MM), 9TO ITO3BOJIMJIO UCCIIEI0BATh BIMSHUE TOIIIMHBI HA MIPOLIECC CYLIKH, TEMIIEpaTypy CyIIKH, U3-
MEHEHUS BIAKHOCTH, BpDEMEHM CYIIKH U OpPraHOJIENTHYECKHE CBOMCTBA MUIIEBBIX IPOTYKTOB.

[Tpennaraemass MoOMIIbHAs COJIHEUHAs CylIWiIbHas ycTaHoBKka puc.l [Umbataliyev u ap., 2026]: oc-
HallleHa COJIHEYHBIMHU KOJUIEKTOpaMH, 00eCHeunBaIOIMMU 110J1ady Ter1oBoi sHepruu. CylmmibHas kamepa
C YEThIpbMS JIOTKaMM, PACCYMTAHHBIMU Ha 5 KI' MPOAYKIMH Kaxblil (Bcero 20 kr). CucreMa eCTECTBEHHOM
BEHTWISILIMM Ul PABHOMEPHOIO PacCIpe/lelieHHs TEIUIa BHYTPH CYIIWIBHOM KaMephl, KaMepa pas/elieHa Ha
YETBIPE CEKIIHH.

Puc. 1. ConHeuHas CyllInIbHasl yCTaHOBKA
1 — conHeuHbIH KOJUTEKTOp; 2 — ['eneBas MIeHKa; 3 — TEIUIOBOCIPUHUMAROIIAS IOBEPXHOCTH; 4 — COOPHUK COKa;
5 — cymuibHas Kamepa; 6 — JIOTKH; 7— BEHTHIIATOP; 8 — BO3AYXOBO/,.
[Fig. 1. Solar drying unit:1 — Solar collector; 2 — Gel film; 3 — Heat-absorbing surface; 4 — Juice collector;

5 — Drying chamber; 6 — Trays; 7 — Fan; 8 — Air duct.]

OO6opynoBaHus 1711 JIAOOPATOPHBIX UCCIIEIOBaHMA pHC.2...4:

Puc. 2. Jlaboparopnas ycranoka MK-1
[Fig. 2. Laboratory setup IK-1]




Puc. 3. DneKTpOHHBIE BECHI JIJIsl U3MEPEHUS MACChI KYCOYKOB JIbIHH.
Fig. 3. Electronic scales for measuring the mass of melon pieces.

Puc. 4. Tepmonapsl JUIsl U3MEPEHHs TEMIIEPATyPbl BHYTPH CYIIMIBHON KaMephl U B 10IbKaX JIbIHHU.
[Fig. 4. Thermocouples for measuring the temperature inside the drying chamber and within the melon pieces].

Ucxonnoe cbipné: cBexas nbiHg maccoi 450—700 r Ha oAMH KyCOY€K, Hape3aHHasi TOIuHON 1 MM, 4
MM B 7 MM.

MeTtoauka 1a00paTOPHBIX UCCIICTOBAHUM

MeTton moAroToBKu 00pa3ioB puc. S. J{prHs Hape3anack Ha TOIBKU TPEX Pa3IUYHBIX TOMIMUH: | MM, 4
MM 1 7 MM. Kaxkmast 1opKka B3BEIIMBalIach Ha 3JIEKTPOHHBIX Becax Mepes] HauajaoM CYIIKH, YTOObI 3a(uKcu-
pOBaTh UCXOAHYIO Maccy.

Meron cymku. [Ipouecc mpoBoausca B COTHEUHOM CymniibHOM ycTaHoBke UK-1 B TeueHue ogHOrO
pabouero nus (10—12 gacos). Temneparypa BHYTpH CYIIWJIBHOM KaMephbl MOACPKUBAJIACh B AUANa30HE OT
33°C no 48°C 3a c4€T COTHEUHBIX KOJJIEKTOPOB. BIIa)XKHOCTB AOJEK JBIHU CHUXKAIACH 10 YPOBHS, TIPUTOTHO-
TO JUTSI ITTUTEIHHOTO XPaHEHUSI.

MeTton c6opa naHHbIX. B TeueHue mpoliiecca Cymku 4epe3 KakIbli 4ac GUKCUPOBAIUCH Macca J10Jb-
KOB JIBIHU, TEMIIEpaTypa BHYTPU KaMephbl M TEMIIEpaTypa BHYTPH JIOJIBKH C MCTIOIB30BAHUEM SJICKTPOHHBIX
BECOB M TepMoOTapa.

Meton ananu3a gaHHbIX. [lomydeHHbIe JaHHBIC aHATU3UPOBAIHCH TSI OTIPEICIICHUS CKOPOCTH CYIITKH,
W3MEHEHUS MACChl M TeMITepaTyphl Mpoaykra. OneHKa KadecTBa MUIIEBBIX MPOIYKTOB (IIBET, apoMart, TEKCTY-
pa, 3amax M BKYC) MPOBOAMIIACH IKCIIEPTAMU TOCIIC 3aBEPICHUs CYIMKH. Pe3ynbsTarsl 71 KyCOYKOB pa3HOU
TOJIIIMHBI CPABHUBAIUCH JJISI BHISIBIICHUS ONITUMAJIBHBIX YCIOBUH CYIITKH.

MeTtononorust onieHKH kadecTBa. OIeHKa Ka4eCTBa MUIIEBBIX MTPOYKTOB: MOCHE CYIIKH KyCOYKH JIBIHU
OIICHUBAJIMCH Ha COXPAHEHHE €CTECTBEHHOTO I[BETA, apoMaTa U TEKCTYPHI.

DKOHOMHUYECKas OLIEHKA: aHaJIN3 3aTpaT BPEMEHH Ha CYIIKY Ui Kaxaoro oopasua (1 mm, 4 MM, 7 Mm).




Puc. 5. TIporecc NOArOTOBKH J0JIEK ABIHY K CyILIKe B MOOMIbHOW HH(ppakpacHoit ycraHoBke UK-1.

[Fig. 5. The process of preparing melon slices for drying in the mobile infrared unit IK-1].

Pe3yabTarsl U MX 00CyxKIEeHUE.

DKCHEepUMEHT ObLT MPOBEAEH Ha CyIMIbHON ycTaHoBKke MK-1 s n3ydeHust BAUSHUS TONIIUHBI J10-
nek apiau (1 MM, 4 MM 1 7 MM) Ha TIPOIIECC CYIIKH B JJAOOPAaTOPHBIX YCIOBUAX. B Xoze skcriepumenTa Qpuk-
CUPOBAJIMCh KaXk/asg mMacca JI0JIeK JbIHU, TeMIepaTypa BHYTPU CYIIWJIKU U TeMIIepaTypa caMHX JOJeK Ha
pasHbIX 3Tanax cyumku. [lomydyeHHble JaHHbIE aHAIU3UPOBAINUCH JJI ONpPEAEICHUS ONTUMAIBHBIX YCIOBUI
CYLIKU U Ka4yeCTBa KOHEYHOTO MPOJYKTa.

Tabnuna 1. B xome 3KCnepruMeHTOB 1O CYIIIKE ABIHU C UCTIOJIb30BAaHHUEM MOOMIBHON CYITHUIILHOM yCTa-
HOoBKH MK-1 ObLIN MOTYYEHBI CIICAYIOMNE PE3yIbTaThl

BEapHaHTE oopazen 1 o0pazen 2 obpazen 3

Tommuna, h,

Macca gogex
OBIHH. 1

TotoBag
OPOIYEITHA




Ta6n14ua 2. CpaBHI/ITeHBHaﬂ OILICHKA ITOJIYUYCHHBIX PE3YJIbTATOB

BapuanTtst obpazer 1 obpaszer 2 oOpazern 3

Tonmuna, h, MM 1 4 7

Macca nonek apiau, m, rp | 450 550 700

l'oToBas npomykius Jlonbku apau TommuHoi 1 | Jlonbku AbIHU TOMUHON 4 | J{oJBKH ABIHM TONIUHON 7 MM COXPaHUIN
MM BBICOXJIM OBICTpEE, HO MM COXPaHWIN HaTypasb- HACBIIIEHHBIH I[BET, HO HA UX CYIIKY TOTpe-
notepsiu Gpopmy, 4TO CHH- | HbIH LIBET, apOMaT U CTPYK- | OOBaNOCh GOJIbIIE BPEMEHH, YTO CHIKACT
3WJI0 MX TOBAPHYIO NIPUBIIE- | TypYy, @ TAKXKE ONTHMAIBHOE | NPOM3BOACTBEHHYIO 3 dexruBHOCTE. Ho Ha
KaTelIbHOCTb. COCTOSIHUE A7 XPaHEHHs U | CYIIKy yIIIO OONbIle BPEMEHH, UeM Ha 2

TPAHCHOPTHPOBKH. oOpasery

V3meHeHne Macchl IOJIEK JBIHU B TIPOIIeCcce CYIIKU TOKa3bIBACT, KaK M3MEHSIACh Macca JIOJICK JABIHH
Pa3HOM TOJIITMHBI B TEUEHHUE TIpoliecca CymKH (puc. 6):
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OCHOBHOM

“. OCHOBHOM -

y = -OcHoBHo#IN(x) + OcCHOBHOMK

OCHOBHOM — 2 = OcHOBHOMW
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OCHOBHOM —

Macca KycouKku abIHK1

OCHOBHOMH —
y =-OcHosHoklln(x) + OcHoBHOM

OcHOBHOM — R? = OcHoBHOM

OCHOBHOM T T T T T T T T T 1
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Bpemsa cywkm, 4ac

=== TONWMHA (1 Mr)  =l=TonwmHa (4 mm) == TonwmHa (7 mm)

Puc. 6. VI3MeHeHne Macchl JOJIEK ABIHU B MPOIECCe CYIIKH (IO TONIINHE).
[Fig. 6. Change in the mass of melon slices during drying (across the thickness)].

TemnepamypHulii pesxcum 6 npoyecce CyuKu.

Temneparypa B CylIMJIbHOM Kamepe ocTaBaiach B nuamna3one oT 33°C no 48°C, B TO BpeMs Kak TeM-
neparypa BHYTPH JI0JIEK JIbIHM MOCTENEHHO MOBBIIIATIACh, JOCTUTHYB MakcumyMa 44°C.

Ha ocHoBaHuU pOBEAEHHBIX SKCIIEPUMEHTOB MO CYIIIKE JBIHU C PA3IMYHON TOMIIMHOMN Aonek (1 mwm,
4 MM, 7 MM) C HCTIOIB30BAaHUEM CYIIMIBHOTO 00opynoBanus MK-1 MoxkHO crienats clieyronire BhIBOAbIL:

OnrtuManbHasi TOJIIMHA JUIsl CYIIKH: JOJbKHU JbIHU TOJIIMHOW 4 MM IOKa3alM JIy4IIHi pe3ysbrar.
OHU cOXpaHWIM €CTECTBEHHOE COCTOSIHUE, BKYC, apOMAT U CTPYKTYPY, a TAKKE TOCTUITIM PABHOMEPHOTO BbI-
CBIXaHHSI 32 ONTHUMAJIbHOE BpEMs. DTOT BapUaHT MOKHO CUMTATh Hanboliee MOIXOAAIIUM I MacCOBOM Te-
pepabOTKH U MOMYyUYEHUS] KaueCTBEHHOTO MPOAYKTA.

KadecTBO KOHEUHOTO TPOAYKTA: MPOAYKIUS TONIIMHON 4 MM MTPOAEMOHCTPHUPOBAJIa ONITUMAIBHOE CO-
YeTaHHe Ka4eCTBa, CKOPOCTH CYIIKH M COXPaHEHHsI OPraHOJIENTHUECKUX CBOMCTB (1IBET, apoMar, CTPYKTypa).
DTOT BapuaHT 00ECIIEUNBACT BHICOKUH YPOBEHb OTPEOUTEIHCKON MPUBICKATETLHOCTH U MPUTOICH TS IJTH-
TEJIHHOTO XpaHEHUSI.

DOxoHoMuYecKkasi 3((HEeKTUBHOCTh: TOMbKHU TONIIMHONW 4 MM TpeOyIOT MEHbIIE BPEMEHHU Ui CYIIKU
M0 CPaABHEHUIO C 00PA3IOM TONIIUHON 7 MM, YTO J€TaeT UX 00pabOTKy SIKOHOMUYECKU BBITOJHON. CIUIIKOM
TOHKHE J0IbKH (1 MM), HECMOTpsI Ha OBICTPOE BBICHIXaHUE, TEPSIOT TOBAPHBIN BU/I, UYTO CHIKAET UX PHIHOY-
HYIO [ICHHOCTb.

BrnusiHue TOMIIMHBI HAa TMPOIECC CYIIKH: JOIbKU TONIIUHONW 1 MM BBICOXJIM OBICTpEe OCTalbHBIX, HO
YTPaTUIIA CBOE €CTECTBEHHOE MOJIMKEHHE. DTO MOXKET OBITh CBSI3aHO C HU3KOM MEXaHWYECKOW MPOYHOCTHIO
TOHKUX KyCOYKOB, YTO HETaTUBHO CKa3bIBAETCSl HA MX TOBAapHOM BHUE. J[ONBKHM TOIIIHUHON 7 MM COXpaHUIU
HACBIIIEHHBIN IBET U (HOpMY, OHAKO HAa UX CYIIKY MOTpeOOBaIOCh 0OJbIle BPEMEHHU. JTO JeNaeT JNaHHBIH
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Puc. 7. lunaMuka Temneparyp B CyIIHUIKE U BHYTPH JIbIHU

[Fig. 7. Temperature dynamics in the dryer and inside the melon].

Jlunamuka U3MEHEHHsI MacChl U TEMIIEPATYPhI MPOAYKTA JIbIHU

I'paduk mporecca M3MEHEHHUs BIaKHOCTH, BPEMEHU M TeMIIepaTyphl CyIIKH (pHc.7).

I'padux ummocTpupyeT, Kak U3MEHSIFOTCS BIaKHOCTB JIBIHU U BPEMS CYIIKHU MTPU Pa3InYHBIX TeMIIepa-
Typax. DTO MO3BOJIsIET MOHATH 3()(PEKTUBHOCTD Mpoliecca CYIIKH U ONTUMATbHbBIE YCIOBUS ISl JOCTHXKEHUS
HE00XOIUMOTO YPOBHS BIa)KHOCTH.

Pesynprarsl HCIIONB30BaHUS METO/IOB

[IpuMeHeHne METOIOB MO3BOJIUIIO ONPEIETUTh, UTO AOJBKHU JBIHU TONIIMHON 4 MM 00€CIIEUHBaIOT OII-
TUMaJIbHOE COYETaHHe BPEMEHH CYIIKH, KaueCcTBa U SKOHOMUYeckol 3¢ dekTuBHOCTH. bonee ToHKHE H0NTBKU
(1 mm) yTparunu popmy, a 6osee Toncteie (7 MM) TpeboBau OOJIbIIE BPEMEHU Ha CYIIKY.

MeTonbl cOopa, 00paboTKH U aHau3a JAHHBIX JOKa3alli CBOIO 3(h()EKTUBHOCTD B HCCIIEIOBAHUY BIU-
SIHUSL TOJILIMHBI CHIPbS Ha MPOIECC CYIIKUA U Ka4ECTBO KOHEYHOTO MPOAYKTa. DTO MOATBEPKAAET MOTEHIINAT
UCIOJB30BaHUS MOOMIFHOM COJTHEYHOW CYHIMJIBHOM ycTaHOBKM AMisi pepmepckux xo3siicTB [Umbataliyev u
ap., 2024].

OnuceiBalOTCS KOHCTPYKIMS MOOMIBHOM COMHEYHOW CYIIMJIKH, €€ OCHOBHBIE JIEMEHTHI, BKIIOUAS
CYUIWIBHYIO KaMepy, COTHEYHbIE KOJUIEKTOPHI U cucTeMa BeHTHAnuu [Menseakos et al., 2020]. [IpuBenensr
JaHHBIE JTAOOPATOPHBIX IKCTIEPUMEHTOB MO CYIIIKE JBIHH, OTMpPEeAeNIeHbl OKa3aTeNu U3MEHEHHsI BIaXKHOCTH,
TEeMIIepaTyphbl U MacChl MPOAYKTa. MCMoNb30BaHbl METO/IBI TEXHUKO-DKOHOMUYECKOTO aHaIM3a JJIsl OICHKU
peHTabeIbHOCTH TEXHOJIOTUH.

B naGoparopun AJIMaTHHCKOTO TEXHOJIOTMYECKOTO YHUBEPCUTET Ha Kadeape « MalinuHbl U anmaparbl
MIPOM3BOACTBEHHBIX MPOIECCOB» OBLIN MPOBEAEHBI HCCIEIOBAaHUE MO ONTUMHU3ALUU PEKUMOB PadOTHI Cy-
HIMJIBHOM KaMepbl — TeMIepaTypa U Bpemsl CYIIKH.

[TpuOopb! U JAaTYMKHU UCTIONB30BaHBI B CCIIEOBAHUH Mpoliecca cyiku B cymmike UK-1 [Ymberanues
et al., 2024]: npubop Ay U3MEPEHUsI CKOPOCTH BO3AYIITHOTO MOTOKA M 00BEMHOTO pacxofia B CUCTeMaX BEHTH-
s «Aremometp TESTO 416y, Testo 324 6a30BbIi HAOOp, aHATKU3ATOP BIAKHOCTH, BECHI AJICKTPOHHBIC
— nuana3ol 7010(070kg), nuuamometp JIMP-MI'4, usmepurens naxuoctu Wile55, uaMepurens BIaxHOCTH
n temneparypsl Bozayxa UNI-T UT332, taxomerp CEM AT6, TeH3omaruuk ¢ Hacankamu LI, TeH301aTUHK,
Harpyska, HuQpoBOil METOMMETD.

BeiBOABI.

B 2026 rogy moceBHble Momaau 0axueBbIX M IUIOJ0OBOUIHBIX KynbTyp B PecmyOnuke Kazaxcran
OCTAJIMCh Ha YPOBHE MPEbIAYIIETO ro/a, MPH 3TOM OTMEUEH CIIBUT B CTPYKTYpE IMOCEBOB B CTOPOHY YBEJH-




YeHUsI 10U apOy30B U JIbIHH.

OcHoBHOM 3a71aueii KPEeCThIHCKUX U (PepMEPCKUX XO3UCTB, MHAUBUIyaIbHBIX IPEAIPUHUMATENEH U
HACEJIeHU S, 3aHUMAIOIINXCS BHIPAIIMBAHUEM 0aXueBbIX, TUIOIOBBIX U OBOIIHBIX KYJBTYp, SIBIIIETCA o0eceye-
HUE COXPAHHOCTH BBIPAILIECHHON MPOAYKIINH, €€ epepadoTka U KOHCEPBUPOBAHUE.

B ypoxaiiHblii Tol, B YaCTHOCTH B TEKYIIIEM TONly, KPECThsIHCKHUE, hepMepPCKUe X034iCTBAa U UHIUBU-
NyajbHbIE PEANPUHUMATEIH B TIEPUO]] CE30HA HE 3HAIH, Ky/la COBITh BRIPAIICHHBIN ypoKal, MOCKOIbKY Oax-
YeBbI€ U TIIOI0OBOIIHBIE KYABTYphI ITPH co3peBaHuu 0Kosio 30 % yposkas ye MOPTATCS Ha TO0JIe U CTAaHOBSATCS
HETIPUTOIHBI JJIS TPAHCIIOPTUPOBKH.

Jlns penieHus TaHHOM POOJIeMBbl Ha IPUMEPE JIBIHU MBI ITPEIaracM IpsiMO Ha IT0JIe IIPOBECTH MPE/-
BapHUTENbHYIO MEPBUUHYIO MEepPepadOTKy, BKIIOYAOINIYIO CYIIKY HA COMHEYHOH CYUIMJIBHON yCTaHOBKE MO-
OWJIBHOTO THITa, KOTOPBIM M3-32 HE3HAYUTEILHOTO Beca MOXKHO JIETKO MEPEHOCUTH Ha ToJsie 0axuu B Oosee
yI100HOE MECTO.

W3y4uB u mpoaHaIn3upoBaB JaHHYIO MPoOIeMy HaMU MPEATIOKEHO, MPeIBapUTENIbHAS IEpBUYHAS T1e-
pepaboTKa ¢ MOMOIIBI0 MOOUITBFHOM COTHEUHOM CYyIINIBHONW YCTAHOBKH Ha MPUMEpPE JBIHU HEMOCPEACTBEHHO
Ha T0J1e 0aX4YEeBBIX KYJIBTYP.

B otnuume oT TpaguIIMOHHBIX METOAOB CYIIKH Ha OTKPBITOM BO3yX€, MPEATIOKEHHAs] COTHEYHAS CY-
IIMJIbHAS YCTaHOBKA 00€CIeunBaEeT 3aIIUTY MPOTYKTOB OT MbLUIH, HACEKOMBIX, 0CAIKOB U IIEpEeraioB TeMIepa-
Typbl. DTO MOATBEPKAAET €€ MPEUMYIIECTBO C TOUKH 3pEHUS KadecTBa MpoAyKIuu. [1o cpaBHEHHIO ¢ CyHIKOI
Ha TOTUTUBHBIX YCTAHOBKAaX COJIHEUHAs CYIIMJIbHAS YCTaHOBKA MCKJIIOUAET 3aTpaThl Ha TOIUIMBO, CHUXAs ce-
6ecronmocTs npoaykuuu Ha 3040 %.

B pesynbrare 1abopaTopHbIX HCCle0BAaHUN HAMU YCTaHOBIICHO, UTO MPEABAPUTENBHYIO CYIIKY Oaxue-
BBIX U TUIOIOOBOIIHBIX KYJIBTYp HEOOXOAUMO MPOBOAUTH mpu TeMieparype 40...500C u 1oBOAUTH BIaKHOCTD
10 35 %, 9TO TIPOJIeBAET CPOK XpaHEHHUS U JTa€T BOBMOXKHOCTh 3aTeM, B CTallMOHApE, B TiepepadaThIBarOIICH
JUHUH TiepepaboTaTh A0 MOITyYeHHs B BUIE POTYyKTOB: BAJICHOMN, CYIIEHHOM, YATICOB, a TAK)KE MapMeNIaTHbIX
Y ACTUJIBHBIX MPOIYKTOB JIBIHU BIAXKHOCTHIO He Oonee 20 %.

st coxpaneHust ypoxkasi, 0COOEHHO B ypoOKalfHbI€ TOJIbI, KOT/Ia TOSBISIOTCS M3JUIIKH, [T TPEIOT-
BpallleHUs MOTEPh HEOOXOAMMO OpPraHU30BaTh MEPBUYHYIO MEPepaboTKy OaxueBbIX U MIOJA0OBOLIHBIX KYIb-
Typ MPSMO Ha T0JIe C UCTIOIB30BaHHEM MOOUIILHON COTHEYHON CYIIMIBHOM YCTaHOBKU. DTO MO3BOJIUT 3HAYH-
TEJIHHO CHU3UTH NOTEPH U MOBBICUTH dPPEKTUBHOCTH XPAHEHUS U TIEpepabOTKH MPOILYKIIUH.

[Ipennoxkena pa3paboTKa pa3iMUHBIX THUIOB MOOWIBHBIX CYHIMJIBHBIX YCTAaHOBOK, MCIOJb3YIOIINX
COJTHEUHYIO SHEPTUI0 C NMPUMEHEHHEM WHHOBAIIMOHHBIX IOJIXOJOB JJsl MEPBUYHON O0OpabOTKH OaxueBbIX,
TJI0I00BOIIHBIX KYJIBTYP U MPOAYKIUK OTTOHHOTO KHBOTHOBOJICTBA Ha 0a3e OMBITHOTO 00pasiia CyHIMIbHOM
YCTaHOBKH.

KadecTBO KOHEUHOTO MPOIYKTA:

[To pe3ynbTaraMm SKCIIEpUMEHTANBHBIX HCCIEAOBAaHUN YCTAaHOBJIEHO, YTO ONTHUMAasIbHAs TOJIIMHA
JOJIBKU JIBIHA COCTaBIsieT 4 MM. DTO 0OecreynBaeT HamIydllee COYeTaHHe KaueCcTBa U CKOPOCTHU CYIIKH, a
TaK)Ke COXpaHEHUE OPTaHOJICNITUYECKUX CBOMCTB MPOYKTa: IIBET, apOMaT, CTPYKTYPY.

YcraHoBieHa SkKoHOMHYECKast 3P (HEKTUBHOCTD:

Jonbku TonumHoN 4 MM TpeOyloT MEeHbIlIe BPEMEHHU JIJIsl CYIIKH MO0 CPaBHEHUIO ¢ 00pasiaMu 00Jb-
e TOJIIIMHBI, YTO JeNIaeT UX 00pabOTKy YIKOHOMUYECKHI BBITOHOM.

TonmuHa fgonek MeHble 4 MM, HECMOTpPSI Ha ObICTPOE BBICBIXaHHE, YTPAYUBAET TOBAPHBIA BUJI, YTO
CHIDKAET UX PHIHOYHYIO [ICHHOCTb.

Pa3paborannas MoOUIbHAS COTHEUHAs CYNIMIbHAsI YCTAaHOBKA MPEICTABISIET OO0 MHHOBAIMOHHOE
peuieHue st pepMepckux Xo3sicTB. OHa codyeTaeT B cebe BHICOKYIO 2(PPEKTUBHOCTD, IKOIOTUYECKYIO Oe3-
OTAaCHOCThH ¥ YKOHOMUYECKYIO JOCTYIMHOCTD, UTO JIeJaeT €€ BaKHBIM UHCTPYMEHTOM JJIsi Pa3BUTHUS arponpo-
MBIIILIEHHOTO KoMIIekca Kazaxcrana.

[IpakTHueckas IIEHHOCTH:

- BHE/IpeHNE MOOMIBHON COJTHEYHOM CYIIMJIBHON YCTAHOBKH MOXKET 3HAYUTENbHO COKPATUTh OTEPH
ypokast 0aX4eBBbIX U ILIOJOOBOIIHBIX KYJIbTYp, 0COOEHHO B IOXKHBIX pernoHax Kaszaxcrana, rae HaOmromaeTcs
MEPETPOU3BOJICTBO MPOAYKIIUH;

- TEXHOJIOTHSI TTIO3BOJISIET (pepMepaM MOBBICUTH JOXOJBI 32 CYET peanu3alii MPOTYKIIUH SKCTIOPTHOTO
KauyecTBa, a TAaKXKe CHU3UTD 3aTpaThl Ha 00pabOTKy U XpaHEHHUE;

- UCTIOJIb30BaHMUE COJTHEUHOM SHEPTUU CIIOCOOCTBYET SKOJIIOTUYECKH YHCTOM MepepaboTKe MPOTYKIIUH,
YTO aKTyaJbHO B YCIOBHUSX MOBBIIICHNS BHUMaHUS K BOIIPOCAM YCTOHYMBOTO PA3BUTHUS U «3€NEHBIX)» TEXHO-




AKAOEMUACDHI

JIOTHH.

[TepcnieKTUBBI JaTbHEHIITNX UCCIICTOBAHMM:

- HccTeIoBaHNE BO3MOKHOCTH MTPUMEHEHHUS JaHHOW TEXHOJIOTUH JUIS CYIIKH JIPYTHX BUIOB CEJIbCKO-
X034WCTBEHHOM MPOIAYKIIMH, TAKUX KaK STOIbI, OBOILU U TPABHI;

- pa3paboTKa HOBBIX KOHCTPYKTUBHBIX PEIICHUH IS MOBBIIIEHUS TPOU3BOAUTEILHOCTH U aBTOMATH-
3alUy Mpolecca CyIIKH.

JlononHuTeNbHBIE 00IACTH MPUMEHEHUSI MOOMIIBHON COTHEYHON CYUITMIIKH:

— JUISL IOMAIIIHET0 UCIIOJIb30BaHMs — COXpaHEHUs, TIepepabOoTKU U KOHCEpPBAIIMU BBIPALICHHBIX (PYK-
TOB, OBOIIEH U 3€JIEHU;

— JUI OTOPOJIHUKOB M JIAYHUKOB — CYIIKH 0axX4yeBbIX U TUIOJAOOBOIIHBIX KYJIBTYp Ha MpHycageOHbIX
y4acTKax;

— st pepMEepOB M KPECThIHCKHUX XO35HWCTBaM — MEepBUYHAsT 00paboTKa 0axueBhIX W IIOOOBOIIHBIX
KyJIBTYyp Ha 0ax4yeBbIX MOJSAX U B Cadax;

— JUTsl OTTOHHOTO )KUBOTHOBO/ICTBA — CYIIKH KypTa (KMCIOMOJIOUHBIHM MPOIYKT) U MOACYIIUBAHNE MsICA.
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