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Abstract. Introduction. Artificial insemination in beef cattle farming is the most effective method
for the genetic improvement of breeding stock. Artificial insemination of beef breeds has been widely
used in Kazakhstan over the last 10 years to improve the genetic quality of commercial herds in the beef
cattle sector. One of the key challenges facing livestock farmers is meeting the country’s population’s
demand for nutritious food, and in particular, meat. In this regard, increasing the production of high-
quality beef from breeding stock with high genetic potential is one of the pressing tasks of modern
livestock farming development. Materials and methods. The intensification of the entire production
process and the widespread adoption of scientifically developed advanced technologies, based on
achievements in the fields of animal feeding, husbandry and reproduction, represent the optimal solution
to this challenge. It is equally important to seek out more advanced techniques and methods for increasing
the productivity of beef cattle, including through the improvement of breeds by selecting parent pairs.
This article presents a comparative analysis of the impact on productive and slaughter performance between
Hereford bull calves conceived naturally and those conceived via artificial insemination. Results and
discussion. The results of scientific studies on the influence of genetic and reproductive factors on live weight,
pre-slaughter weight, meat productivity, carcass yield, morphological and genetic parameters are presented.
Particular attention is paid to evaluation and selection methods, as well as the relationship between reproductive
technologies and meat characteristics. The data from the studies demonstrate that artificial insemination of
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breeding-age Heretord cows and heiters has a positive etfect on the slaughter and meat performance ot the
offspring. Improvements in pre-slaughter weight, carcass yield and meat productivity are achievable through
the use of artificial insemination with optimal sire selection and breeding programmes. Conclusions. Genetic
parameters indicate the potential for rapid genetic progress in traits important for meat production.

Keywords: slaughter qualities, meat productivity, Hereford breed, bull calves, reproduction, artificial
insemination, genetic potential, live weight, carcass yield
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Annotauusi. Kipicne. ET OarbITBIHAAFBI ipl Kapa IIapyamibUIBIFBIHIA KOJIAHBUIATHIH KAaCaHIbl
YPBIKTaHBIPY — TaOBIHIAFbl MaJIIBIH TeHETUKAJIBIK CAIChIH JKaKCapTYAbIH €H THIMII 9icTepiHiy Oipi 60mbIn
TabbuTabl. COHFBI OH XbUI imiHae KazakcTaHma eTi OarbITTarbl ipi Kapa MasIblH KOMMEPIHUSIIBIK TaObIH-
JapbIH TEHETUKAJIBIK TYPFBIIaH JKETULIIPY MKCAThIHIA JKaCaH/bl YPBIKTAHBIPY KEHIHEH KOJJIAHBLIBIN Ke-
neni. Man mapyanbUIbIFbl cajJachlHa TYPFaH MaHbI3/Ibl MIHACTTEPAIH Oipl — XaNbIKTHI canacibl a3bIK-TYIIK
eHIMJIEpIMEH, acipece, €T OHIMIEpIMEH KaMTaMachl3 eTy. OchIFaH OallIaHbICThI JKOFaphl TeHETUKAJIBIK dJIeyeTi
0ap achlT TYKBIMJIBI MaJlJIaH aJIbIHATBIH Callajlbl CHBIP €TiH OHAIPYIl apTThIpy Ka3ipri 3aMaHfbl MaJl HIapy-
aIIBIIBIFBIH TAMBITYIBIH ©3€KT1 MoceseNepiHiH 0ipi 00mbIn TadbuTanbl. Mamepuanoap men adicmep. OHAIpIC
YAEpICiH KapKbIH/bI JAMBITY, KYTI-0aFy *oH MaJIbl KOOSHTY TEXHOIOTUSIIAPbIH KEHIHEH €HT13y — KOMbUIFaH
MIHJETTEPAl MENIyAiH THIMII K0Jbl 60sbIn Tadbiaabl. COHBIMEH KaTap, €T OFBITBIHIAFHI ipl Kapa MaJJIbIH
OHIMJILTITIH apTTBIPY VIIIH jKaHa 9MiCTEp MEH TOCUIIEp/l 13/[eCTipy, OHBIH IMIIHJE aTa-aHaJBIK KYITap/Ibl
JYPBIC 1PIKTEY apKbLIbI TYKBIMJIBI )KETUIIIPY MaHBI3/IbI poJl aTKapaabl. Makaiaaa TaOuFHU KOJIMEH JKOHE JKa-
CaH/Ibl YPBIKTAHIBIPY SJICI apKbUIbI albIHFaH Tepedopa TYKBIMIbI OYKAIIBIKTAPABIH OHIMALTIK )KOHE COUBIC
KOPCETKINITePiHE CaJIbICTRIPMAIIbI TAJAAY KYPTi3UireH. Homuowcenep men mankuvliay. 3epTrey HOTIXKENEpiHae



TEHETUKAIIBIK KOHE PENPOTYKTUBTIK (DAaKTOpIAp/bIH TIpl caIMaKKa, COI0 ajlIbIHAAFbl CIMAaKKa, €T OHIM/ILII-
riHe, YIIIa MIBIFEIMBIHA, MOP(OJIOTHSIIBIK JKOHE T€HETHUKAIIBIK KOpPCETKIITepre acepi KapacTelppliraH. CoH-
naif-ak Oarasay »KoHE CeJeKIUs 9JIICTEpiHe, PEeNPOAYKTUBTIK TEXHOJIOTHSAIAp MEH MEH €T carachl apacaHbl-
Jarbl e3apa OaiaHbICKa epekIle Ha3zap ayaapbiaraH. JKypri3iireH 3epTreyiep HOTHxKecl repeopa TYKbIMIbI
CHUBIpIIap MEH KalllapJiap/ibl KacaH bl YPBIKTAHIBIPY YPIAKTHIH €TTIK )KOHE COMBIC KOPCETKIIITEpiHEe OH dcep
eTeTiHiH kopceTTi. Coro ajabIHAaFkl CAIMAKThIH apTYhI, YIIIa MIBIFBIMBIHBIH JKOFapbLIaybl )KOHE €T OHIMILTI-
TiHIH YKaKcapybl OHAIpyIIi OyKanap/sl AYPhIC TaHAay SKOHE THIMJII CEeIeKIUSUIBIK OaraapiaManap/ibl Koijiany
apKBUIBI KaMTaMachl3 eTutel. Kopvimuvinovl. I eHETHKAIBIK KOPCETKIIMITEP €T OHIIPICl YIIIH MaHBI3IbI Oe-
riiep OOibIHIIA JKe/IeT TeHETHKANBIK MTPOrpecKe KO KETKI3y MYMKIHAITIH AN eHIl.

Tyiiin ce3mep: coibiC camackl, €T OHIMAUIr, repedopl TYKbIMBI, OYKaIIbIKTap, KoOet, kacaHabl
YPBIKTaHBIPY, TEHETHUKAIBIK SJIEYET, TIpl calIMaK, COMBIC IIBIFBIMBI
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AHHOTaIII/IH. Bseoenue. I/ICKYCCTBCHHOG OCCMCHCHHEC B MACHOM CKOTOBOACTBEC ABJIACTCA HaubOoJee
S(b(beKTI/IBHBIM METOAOM I'CHCTHYCCKOI'O yIydIICHUS KPYITHOI'O pOraroro CKOTa CiIIy4dHOro KOHTUHI'CHTA. Hc-
KYCCTBEHHOC OCEMCHCHHUC MACHBIX ITOPOJA INHUPOKO IMMPUMCEHACTCA B Kazaxcrane B TeueHune IIOCICAHUX 10 nmer
JJISL TCHETUYCCKOI'O YIIYHYIICHHUA KOMMEPYCCKUX CTaJl B MAICHOM CKOTOBOJZICTBC. OI[HOfI N3 BAXXHBIX 3aJa4, CTO-
AMUX MEpea ) KUBOTHOBOAAMMU, SABJIACTCA YIOBJICTBOPCHUC HOTpC6HOCTCI>i HaCCJICHUA CTPAaHbI B ITOJIHOLICHHBIX
MMPOAYKTAX IMUTAHUSA U, B YACTHOCTH, MsCA. B cBs3u ¢ aTum YBCIIMUCHUC ITPOU3BOACTBA BBICOKOKAYECTBSHHOM
TOBAAHMHBI OT INIEMCHHOI'O CKOTAa C BBICOKHMM I'CHCTHUYCCKHM ITOTCHIIHMAJIOM SABJISACTCA O,I[HOI71 N3 aKTyaJIbHbIX
3a/la4 COBPCMCHHOI'O PAa3BUTHA JKUBOTHOBOACTBA. Mamepuaﬂ U Memookwl. I/IHTGHCI/IQ)I/IKaHI/IH BCCI'oO 1mmpouccca
Ipou3BOACTBA, IIMPOKOEC BHCAPCHUC p33pa6OTaHHLI€ HaYKOI;'I MMPOrpeCCUBHLIC TCXHOJIOIMH, OCHOBAHHBLIC Ha



TOCTWKECHUSX B 0DJIACTH KOPMIICHIS, COJICPIKAHMSI U BOCIIPON3BOJICTBA JKUBOTHBIX, SIBISICTCSI ONTHMAaIbHBIM
pelleHreM MMOCTaBICHHOH 3aa4n. HeMaioBa)KHO MPOBOIUTH TIOUCK 00JI€e COBEPIICHHBIX TPUEMOB M METO-
JI0B TIOBBIIIEHUSI TPOYKTUBHOCTH KPYITHOTO POTaTOr0 CKOTa MSICHOTO HAIpPaBJICHUS MMPOAYKTHBHOCTH, B TOM
YHCIIe 32 CYET YCOBEPIICHCTBOBAHUS MTOPO ITyTEM MOJI00pa POIUTEILCKUX Nap. B cTarbe npoBenéH cpaBHU-
TEJbHBII aHAJIN3 BIMSHUS HA TIPOJIYKTUBHBIC U YOO HBIE TTOKA3aTEIIU MKy ObIYKaMu repedopIcKoit mopobl,
MOJTYYCHHBIC €CTECTBEHHBIM MTyTEM U METOJIOM MCKYCCTBEHHOTO OCEMEHEHUs. Pesynomamul u obcyscoenue.
[IpencraBieHbl pe3ynbTaThl HAYYHBIX UCCIICIOBAHUMN TI0 BIMSHUIO TEHETHYSCKUX U PEIIPOILYKTHBHBIX (haKTO-
POB Ha )KUBYIO MacCy, PeayOOHHYI0 MacCy, MACHYIO MPOJYKTUBHOCTb, BBIXOJ TYIIIH, MOP(HOJIOTHUECKUE U T'e-
HeTH4YecKue napameTpbl. OTAeTbHOE BHUMAHKE YIICICHO METOIaM OLICHKH U CEJICKIIMH, 8 TAK)KE B3aUMOCBSI3U
PENPOAYKTUBHBIX TEXHOJIOTHI M MSICHBIX XapaKTEPUCTHK. J[aHHbIC POBECHHBIX UCCIICA0BAHHI JIEMOHCTPH-
PYIOT, YTO UCKYCCTBEHHOE OCEMEHEHHE KOPOB U TEJIOK CIIyYHOTO BO3pacTa repedopIcKoil mopojibpl OKa3biBaeT
MOJIOKUTEIIBHOE BIUSTHUE HA YOOWHBIC ¥ MSICHBIC [TOKA3aTe) M MOTOMCTBA. YIIydIlIeHUe MpenyOoiHOM Macchl,
BBIXOJI TYIITM ¥ MSICHOM MPOJAYKTHBHOCTH BO3MOXKHO 32 CYET UCIOJIH30BAHUS UCKYCCTBEHHOTO OCEMEHEHUS C
ONTUMAIILHBIM OTOOPOM MPOU3BOUTEIICH M CENIEKIIMOHHBIMU MTPOrpaMMaMu. Boieoowl. I'eHeTHuecKkue napa-
METPbI CBUICTEIBCTBYIOT O BOBMOXXHOCTH OBICTPOTO TEHETUYECKOTO MPOrpecca 1Mo MpU3HaKaM, BAKHBIM JIJIS
MSICHOTO TPOU3BOJICTBA.

KawueBbie cioBa: yOOlHBIE KayecTBa, MSCHAs MPOAYKTUBHOCTbB, Tepedopckas mopoaa, ObIYKH,
BOCIIPOM3BOJICTBO, UCKYCCTBEHHOE OCEMEHEHHE, TCHETUYCCKHI MTOTEHITHA, XKHUBasi Macca, yOOUHBIN BBIXO]
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KoH}uuKT HHTEpeCcoB: aBTOPHI 3asBIISIIOT 00 OTCYTCTBUU KOH(IIMKTA HHTEPECOB.

Brazooapnocmo: rxonnekmue agmopog OAHHOU HAYYHOU CMAMbU GbIPANCAEN 0ZPOMHYIO Olazooap-
Hocmb pykosooumento u compyoHukam TOO «Aepogupma «Dinara-Ranchy 3a npedocmasnennyro 603mooxc-
HOCMb NPOBEOCHUsL HAYUHBIX UCCLEeO008AHUL NO BOCNPOU3B00CMEY U COOPY OAHHBIX NO MACHOU NPOOYKMUBHO-
CMu NOMOMCMBAa KOpos 2epedopocKotl NOpoobi.

BBenenue.

CoBpeMeHHOE MSICHOE€ CKOTOBOJICTBO HAIIEJICHO Ha MOBBILIEHUE MPOAYKTUBHOCTU U 3((HEKTUBHOCTH
MIPOM3BOACTBA 32 CUET BHEAPEHUS PEMPOAYKTUBHBIX TEXHOJOTHH, TAKUX KaK MCKYCCTBEHHOE OCEMEHEHHE,
CUHXPOHHU3AIIMSI 3CTPyca U OTOOP MO SKOHOMHUYECKH Ba)KHBIM Npu3HakaM. ['epedopickas mopoaa mupoko
pacnpocTpaHeHa B Mupe Onarojnapsi BBICOKOH MSICHOW MPOAYKTUBHOCTH, aJallTUBHOCTU K Pa3IMYHBIM KIIU-
MaTHYECKHM YCIOBUSIM M XOPOIIMM IUIEMEHHBIM KauecTBaM. BBeleHHE HCKYCCTBEHHOTO OCEMEHEHHS B
MPOrPaMMBbI CEJIEKIIMH TO3BOJSET YCKOPUTh TEHETUUECKHM MPOrpece 3a CYET UCTIOIB30BAHMSI CEMEHH BBICO-
KOTIPOJYKTUBHBIX OBIKOB-IIPOU3BOAUTENECH U 3apyOeKHOM CENEeKIMH MO OKUIAEMBbIM Pa3HUIIE TOTOMKOB H
reHeTH4YeCcKUM MapkepaM [Meyer u ap., 2020: 1234—1245].

Opna u3 BakHeWux mpobnem arpapHoro cektopa Pecnyonuku Kazaxcran — oOecrnieuenue nmotpeo-
HOCTEH HacelIeHUs MPOIYyKTaMH MUTAHUS, B YACTHOCTH TOBSIMHOM, pPellIeHuEe KOTOPOI ImpeaonpeaenseT He-
00XOAMMOCTb Pa3BUTHS MACHOTO CKOTOBOZCTBA, KaK 3a CYET POCTa YMCIECHHOCTH MSICHOTO CKOTa, TaK M IO-
BBIIICHHUS €r0 MPOJYKTUBHOCTH. YBEJIWYEHHE YUCICHHOCTH MSCHOTO cKoTa B KazaxcTrane ocyliecTBIsIeTCS
C UCTOJb30BAHUEM BHYTPEHHHUX PECYPCOB, PACIIUPEHHBIM BOCIPOHM3BOJICTBOM CTaJ Pa3BOAMMBIX MOPO, a
TaKkke MyTeM UMIopTa 3apyoexkHoro reHodonaa. [Ipu sToM mogaepx aHue BHICOKON MPOTYKTUBHOCTH KHU-
BOTHBIX, CIOCOOHBIX JJaBaTh KAY€CTBEHHYIO MSICHYIO MPOIYKIIHIO, TOHKHO 00eCIeunBaThCsl ONTUMHU3UPOBAH-
HBIMH YCIIOBUSIMU COAEPKAHUS U KOPMIICHHEM, YTO 0COOEHHO BaKHO OTHOCUTENILHO UMITIOPTHBIX KHUBOTHBIX,
WCHBITHIBAIONINX BIUSHUE aKKIMMAaTH3allMU W aJalTalid B HOBBIX YCIIOBUSIX cpelbl. B mepuon mepexona
AIIK Ka3zaxcrana K HOBBIM YCIIOBHSIM XO3SHCTBOBaHHMS, Oblila pa3pyllieHa CIOKHBIIAsAcS cucteMa obecrie-
YeHHsI TJIEMEHHOTO Mpollecca B KUBOTHOBOJCTBE M, B TOM YHCIIe, B MSICHOM CKOTOBOJICTBE. B 3T0ii cBsi3W,
HANPaBIEHHOCTh UCCIIEIOBAHUI Ha MOBBIIICHUE MOTEHIIMAA MPOIYKTUBHOCTH MSICHOTO CKOTa Ha OCHOBE HC-
MOJIb30BaHUs 3(PPEKTUBHBIX METOJIOB U TIPUEMOB CENIEKIINU, CO3JaHNE HOBBIX T€HOTUIIOB, COOTBETCTBYIOIINX
COBPEMEHHBIM TPeOOBaHUAM, pa3pabOTKy CUCTEMbI YIPABICHUS MJIEMEHHBIMU PECYypcaMi B MSICHOM CKOTO-
BOJICTBE, aKTyajbHa M HEPA3pbIBHO CBSA3aHA C BHIMOJHEHHEM OOIIErOCydapCTBEHHOM 3a/1a4M, 00eCTeYeHUs
MIPOIOBOJILCTBEHHOM 0€30MacCHOCTH CTPAHBI.



Pa3BuTHE MSICHOTO CKOTOBOJICTBA HEBO3MOKHO 0€3 pa3HO00pa3us IOPOJI, PEIICHHUS TPOOIEMbI HCITOIb-
30BaHMS [ICHHBIX TEHETUYCCKUX PECYpPCOB HA OCHOBE COOCTBEHHOM TNIEMEHHOM 0a3bl M1 MHTCHCU(UKAIIH OT-
pacmu. IHTEHCHBHAsI TEXHOJIOTHS TPeOYeT CO3MaHUsI HOBBIX BBICOKOIIPOIYKTHBHBIX T€HOTUIIOB, TTOBBITIICHUS
YPOBHSI CENIEKIIMOHHO-TUIEMEHHON paboThl. Eciin paHee nmepBoCTeNeHHOE 3HAYCHUE TTPUIABAIOCH CKOPOCTIC-
JIOCTH JKUBOTHBIX, TO TEMEPh HA TIEPBOM IUIaHE — HHTEHCUBHOCTh POCTA B COUYETAHUHU C BEJIMKOPOCIOCTHIO.
[TosTOMY IEeATENEHOCTD YYCHBIX U TPOU3BOICTBEHHUKOB-CEIIEKIIMOHEPOB HAIPaBJICHa, B OCHOBHOM Ha COBEp-
IIICHCTBOBAHUE IJICMEHHBIX Ka4€CTB MSICHOTO CKOTa, BHIBEICHUEC HOBBIX BBICOKOIIPOIYKTHBHBIX TEHOTHUIIOB.
CoBpeMeHHOE MSICHOE CKOTOBOJICTBO OPUEHTHPOBAHO HAa YCTOHUYMBOE MOBBIIICHUE MMPOAYKTHBHOCTH, CHUKE-
HUE ce0ECTOMMOCTH MPOU3BOJICTBA TOBSIIMHBI M YITyUIICHUE KaueCTBEHHBIX XapaKTEPUCTHK MSCHOTO ChIPhS
[Herd uap., 2019: 4931-4941; Bourdon u np., 2019: 3977-3985].

JlocTmkeHue ITHUX Tieliell HEBO3MOXKHO O3 IMPOKOTO BHEIPCHUS COBPEMEHHBIX OMOTEXHOJIOTHYE-
CKHUX U CEJICKIIMOHHBIX PEIICHHIA, HAITPABJICHHBIX HA YCKOPEHUE TeHETUYECKOTO TPorpecca CTajia | MOBbIIIIe-
HUe 3(Q(HEKTUBHOCTH BOCIIPOU3BOJICTBA B MSICHOM CKOTOBOZICTBE. PepopmupoBanme sxoHOMUKH B 90-X rogax
MPOILJIOTO CTOJETHUS MPUBETIO K COKPALICHUIO YACIICHHOCTHU TTOTOJIOBbS MSICHOTO CKOTa U MOTEPEe OCHOBHOM
MacChl )KUBOTHBIX C BBICOKUMH MIPOTYKTUBHBIMH TIOKA3aTEIISIMH, K YUCITY KOTOPBIX OTHOCSTCS BRICOKOIICHHBIE
TEHOTHUIIBI CKOTA, COYETAIONIUE B ceOe TydInii TeHO(MOHT MUPOBOTO MSICHOTO CKOTOBOJICTBA. B CBsI3M ¢ 3TUM
MEPBOOYEPETHON 3aa4eli KUBOTHOBOJIOB SIBISIETCS YCKOPEHHOE BOCCTAHOBJICHUE YHUCIICHHOCTH TOTOJIOBBS
U PacCIIMPEHHOE BOCIPOHM3BOACTBO BBHICOKOIIPOAYKTHBHBIX HBOTHBIX. [lociaenHee mpeaycMarpiBaeT yiryd-
IIICHUE TUIEMEHHBIX Ka4eCTB JKUBOTHBIX MyTEM MHTEHCH(HUKAIINU CEIEKIIMOHHO-TIIEMEHHOW paboThI ISl CO-
BEPIICHCTBOBAHUS CYIIECTBYIOIIMX PaHOHUPOBAHHBIX IMTOPOJ KPYITHOTO POratoro ckora. Cucrema celleKiuu
B CKOTOBOJICTBE OCHOBaHA Ha MPHUHIIMIIAX TOYHOW F€HETUYECKOH OIEHKU W IMIMPOKOTO MCIOJIh30BaHUS T'CHE-
TUYECKH IIEHHBIX OBIKOB MPOM3BOJMTENCH W IEHHBIX MATOK JUIs YCKOPEHUS TOBBINICHHS MPOAYKTUBHOCTH
crana. [Ipu 3TOM BHYTpHITOPOIHAS CENIEKIUS MPOIECC UIMTENLHBINA 10 BpeMeH!. Benymast posib B JTaHHOM
HaIpaBJICHUH MIPUHAICKHUT PEIIPOTYKTHBHBIM TEXHOJIOTHSM, MTPEXKIE BCErO HCKYCCTBEHHOMY OCEMEHEHHUIO,
porpamMMaM CHHXPOHH3AIMH ICTPYyca, TPAHCIUIAHTAIIMA SMOPHOHOB H TCHOMHOM CEJIEKIIUH 110 SKOHOMUYe-
CKH 3HaYMMbIM Tipu3Hakam [Zhao et al., 2020: 165; Petrov u np., 2021: 145-154; Miller u ap., 2020: 1234—
1245; Meskinyté u np., 2025: 872].

TexHOJIOTUsI MCKYCCTBEHHOTO OCEMEHEHHsI KPYITHOTO POraToro CKOTa MSICHOTO HAaIpaBJICHUsS MpO-
JTYKTUBHOCTH IIIMPOKO MPUMEHSIETCS B CTPaHaX C Pa3BUTHIM )KUBOTHOBOJICTBOM U SIBJISICTCSI TIEPCIIEKTUBHBIM
HaIpaBJICHUEM B CEJICKIIMOHHO-TUIEMEHHON padoTe 10 YCKOPEHHOMY pa3Be/ICHUIO, YITYUIICHUIO IIIEMEHHBIX
KaueCTB U COXPAaHEHHIO CYIIECTBYIOIIUX TTOPOJl MICHOTO CKOTa. BHOTEXHOIOTHS BOCTIPOM3BOICTBA BKITIOYA-
€T LENbIA psii OMOTEXHHYECKUX METOIOB M MPUEMOB, OCHOBAaHHBIX Ha (DYHJIaMEHTAILHBIX IOCTHXCHUSAX B
WCCIIC/IOBAHUN PETPOAYKTUBHOW (DyHKIMM M €€ peryssiiuu. HampaBiieHHOe ynpaBieHHE PernpoayKTHBHON
(GyHKIMEH KPYITHOTO pOraroro CKOTa MO3BOJSIET (PEPMEPCKAM XO3SCTBAM, B KOHEYHOM CYETEe, 00CCICUUTh
BO3MOXKHOCTH yBenuueHus: Ha 60—70 % mpousBoncTBa Msica. IckyccTBeHHOE OceMeHEeHHUE SIBISETCS OIHUM
n3 HanOosee 3(hp(HEeKTUBHBIX HHCTPYMEHTOB YIPABJICHUS BOCIIPOM3BOACTBOM B MSCHOM CKOTOBOJCTBE. [Ipu-
MEHEHHE MCKYyCCTBEHHOTO OCEMEHEHHUS Ha MaTKax KPYITHOTO POraTroro CKOTa MsCHOTO HaIpaBJICHUs IMPO-
TYKTUBHOCTH TIO3BOJISIET MAaKCHMAJIbHO INUPOKO HCIIOJIB30BaTh T'CHETHUECKUW TOTEHIIMAT BBIIAFOIIUXCS
OBIKOB-TIPOM3BOIUTEIIECH, ITOTydaTh MHOTOUMCIIEHHOE TIOTOMCTBO C IMTPOTHO3UPYEMBIMH XO3SHCTBEHHO IOJIE3-
HBIMH NIPU3HAKAMH, a TAK)KE CHUKATh PUCKH TIEpeaun HACICICTBEHHBIX e(eKToB. KpoMe Toro, TeXHOIOTUs
o0ecrieyrBaeT KOHTPOJIb TIPOUCXOXKICHUS )KUBOTHBIX, MIOBBIIIICHHE OMO0E30aCHOCTH X03HUCTB M ONITUMHU3a-
o cTpykTypsl ctaga [Kovalenko u np., 2021: 45-52; Smith u np., 2020].

['epedoprckas mopoma KpymHOTO POraToro CKOTa 3aHUMaeT 3HAYMMOE MECTO B MHPOBOM MSICHOM
CKOTOBOZICTBE. JKMBOTHBIE STON TOPOJBI XapaKTEPU3YIOTCS BBICOKOH CKOPOCHENIOCThIO, CIIOCOOHOCTRIO A(-
(EKTHBHO KOHBEPTUPOBATh KOpPMa B IPUPOCT )KHUBOH MaCChl, XOPOIIIEH MPUCTIOCOOICHHOCTRIO K PA3IMYHBIM
MPUPOTHO-KIIMMATUYECKIM YCIIOBHUSM U CTa0MIILHBIMU MTOKA3aTEISIMUA MSICHOW IPOYKTUBHOCTH. ['epedopabt
OTJIMYAIOTCSl BBIPAKCHHBIMH MSICHBIMH (hOpMaMH TEJIOCIOKEHHUS, BRICOKUM YOOHHBIM BBIXOZIOM, ONITUMAIIb-
HBIM COOTHOIIIEHUEM MBIIIICYHOM, )KHPOBOH M KOCTHON TKaHEH, a TAK)KE XOPOITMMH BKYCOBBIMH Ka4eCTBaMHU
Msica, YTO JIeJIAeT MOPOIY BOCTPEOOBAaHHON B MPOMBIIIJICHHOM MPOW3BOJICTBE TOBSIUHBI [Mironova u ap.,
2021: 327-334].

BkitoueHue MCKyCCTBEHHOTO OCEMEHEHUS B TUIEMEHHBIC MPOTPaMMBbI pa3BeieHUs Tepedopackoro
CKOTa TI03BOJISIET CYIIECTBEHHO YCKOPHUTD CEICKIIMOHHBIN Mporiecc. Mcmomp30BaHne ceMeHH OBIKOB C BBICO-
KHMHU MTOKa3aTeIsIMU TUIEMEHHOM IIECHHOCTH JIaéT BO3MOKHOCTh HAIPABICHHO YIy4IlIaTh TAKUE IPU3HAKH, KaK



MHTEHCUBHOCTH POCTa, JKMBasi Macca K BO3PaCTy y0o0sl, MacCa M BBIXOJ TYIIH, IUIOIalb «MBIIIEIHOTO [J1a3Kay,
CTETIeHb MPAMOPHOCTH MsCa M KOHBEpPCHUS KOpMa. B ceNeKIMOHHOM MpaKTUKe MHUPOKO MPUMEHSIOTCS TTOKa-
3arenu 0KuaaeMoi pasHullbl mOToMKOB (EPD), reHOMHBIE HHIEKCH M MOJIEKYISIPHO-TEHETUIECKUE MAPKEPBI,
MO3BOJISAIOIIME TPOTHO3UPOBATH MPOTYKTUBHBIE KaU€CTBA KUBOTHBIX C BHICOKOW CTEMEHBIO 10CTOBEPHOCTH.

Oco0yro 3HaYUMOCTh MPUOOPETAET OIleHKa YOOMHBIX MOoKa3aTesiel MOTOMCTBA, TOJTYYEHHOTO pa3iny-
HBIMH crioco0aMu oceMeHeHHs. YOoitHas MpOIyKTUBHOCTD SIBISE€TCS MHTErPajbHBIM MOKa3aTelleM MSCHOM
[IEHHOCTH KUBOTHBIX U BKIIIOYAET KUBYIO Maccy repen yooem, npeayooiiHyo Maccy, Maccy TyIU, YOOWHBIH
BBIXOJ 1 MOpdosoruueckuii cocras Tymu [Bigham u np., 2019: 4932-4941].

CpaBHUTENBHBIN aHATN3 TUX MTAPaAMETPOB Y OBIUKOB, MOJYYEHHBIX METOIOM UCKYCCTBEHHOTO U eCTe-
CTBEHHOTO OCEMEHEHHS, TO3BOJSET OOBEKTUBHO OICHUTH 3(PPEKTUBHOCTh MPUMEHEHHUSI COBPEMEHHBIX pe-
MPOAYKTUBHBIX TEXHOJIOTUN B MsicHOM ckoToBozcTBe [Naserkheil u np., 2021: 1425].

Taxum o0pa3oM, u3yueHue BIUSHUS coco0a oceMeHeHus: Ha (OpMUPOBAHUE MSICHOU MPOAYKTUBHO-
cTH repedopacKuX ObIYKOB MPEICTABISAET KaK HayYHBIN, TaK U MPAKTHYECKHUI HHTEpEC, TOCKOJIBKY pe3ylbTa-
ThI TOAOOHBIX UCCIIEOBAHUN MOTYT CIIY>KUTh OCHOBaHHEM JIJIsi COBEPIICHCTBOBAHUS CEJIEKIIMOHHO-TIIEMEH-
HOHM PabOThI M MOBBIMIEHUS YKOHOMHUYECKON A(h(PEKTUBHOCTH MPOU3BOACTBA TOBAIMHEI [Jones u ap., 2021:
1234-1245].

B coBpeMeHHBIX S5KOHOMUYECKUX YCIOBHSIX TaK)Ke HEOOXOAMMO BHEIPSTH HAyYHbIE pa3paboTKu yue-
HBIX U OMBIT PabOThI MPOU3BOACTBEHHUKOB MO MHTEHCHUBHOM TEXHOJOTUU B MACHOM CKOTOBOJICTBE, C yue-
TOM COBPEMEHHBIX METOJ0B MHTEHCHUBHOIO COAEPX aHHS U KOPMIICHUS KUBOTHBIX, BOCIIPOM3BOJCTBA CTa1a
C MCTIOJIb30BAHUEM BBICOKOIPOITYKTUBHOTO FeHO(OH/1a OTE€YECTBEHHBIX M UMIIOPTHOTO ckoTa [OMbaeB u nip.,
2023: 36-44].

L{ebr0 HACTOSIIIETO UCCIIEOBAHUS SBIISIIACH CPABHUTEbHAS OLIEHKA YOOHHBIX MOKa3aTeNel U MICHON
MPOAYKTUBHOCTHU OBIYKOB repedopACKON MOPOAbI, MOTYUYEHHBIX METOJIAMU UCKYCCTBEHHOTO M €CTECTBEHHOTO
OCEMEHEHHsI, a TaKXKe ONpe/ieNieHue MPOU3BOACTBEHHON U SKOHOMHUYECKOH 11e71eCO00pa3HOCTH TPUMEHEHUS
PENPONTYKTUBHBIX TEXHOJIOTUH B MSICHOM CKOTOBOJICTBE.

Jnst nocTHKeHUs TOCTaBIEHHON e OBLITN OIpe/IeIeHbI CIESAYIOIUE 3a0a4H:

CdopmupoBaTh ONBITHBIE TPYHIBI OBIYKOB repeOopACKOil MOPOAbI, MOTYYEHHBIX METOIOM MCKYC-
CTBEHHOTO OCEMEHEHHSI, U KOHTPOJIbHBIE TPYIIIIHI >KUBOTHBIX, TOTyUYEHHBIX €CTECTBEHHBIM MTyTEM.

[IpoBecTu cTaTUCTUYECKYI0 O0OpabOTKY MOJYYEHHBIX JAAHHBIX C OMpPEIEICHUEM CPEIHUX BEIMYUH,
omuOoK cpenHel, kordduimeHTa Bapualuu U T0CTOBEPHOCTH Pa3IMUIUil.

BBINOTHUTH CpaBHUTETBHBIN aHAIN3 MSICHOW MPOyKTUBHOCTH )KMBOTHBIX B 3aBUCHUMOCTH OT ClIoco0a
OCEMEHEHHS.

Paccunrtars 3xOoHOMHUYECKYIO 3 (EKTUBHOCTH BBIpAIIMBAHMS OBIYKOB, MOTYYEHHBIX Pa3TUYHBIMU
crioco0amu BOCIIPOU3BOJICTBA.

O060cHOBaTh MPAKTUUYECKYI0 3HAYMMOCTh MPUMEHEHHUS! HCKYCCTBEHHOTO OCEMEHEHHS B MSICHOM CKO-
TOBOJICTBE.

MarepuaJj 1 MeTOIbI.

HccnenoBanusi MpOBOAWINCH B YCIOBUSX CIEIIMATU3UPOBAHHOTO X0O35IICTBA MSICHOTO HAaNpaBJIeHUs B
TOO «Arpodupma «Dinara-Ranchy, pacnonoxennom B banxarnickom paitone AnmaruHckoi ooinactu. JlanHas
arpoupmMa aKTUBHO 3aHUMAETCs] MSICHBIM CKOTOBOACTBOM, UTO MOJpa3yMeBaeT MCIOJIb30BaHHE COBPEMEH-
HBIX TEXHOJIOTHH JJIs MOBBILIEHUS MPOIYKTUBHOCTH U KayecTBa rnoyrydaeMoro mMsaca. Conepkanue sKUBOTHBIX
OCYHIECTBIISJIOCH TIO TEXHOJIOTHH OECIPUBSI3HOTO COACPKAHMS C BHITYJIBHBIMU IJIOLIAJAKAMH, YTO 00eCTeyn-
BaeT ObIYKaM BO3MOXKHOCTH CBOOOTHOTO MEPEIBMKEHUS, UTO, B CBOIO OYEPE/Ih, OJIOKHUTEIHLHO CKa3bIBACTCS
Ha UX 3J0POBBE U MPOTYKTUBHOCTH.

Kopmiienune »kMBOTHBIX OBLIIO THIATEIHHO COANIAHCUPOBAHO MO JETATU3UPOBAHHBIM HOPMaM, C Y4ETOM
pa3nuuHbIX (HaKTOPOB, TAKUX KaK BO3PACT, KUBas Macca M (PU3MOIOTHYECKOe coCTosiHuE ObrukoB. Corrnac-
HO COBpeMeHHBIM pekomeHmanusam [Weik u np., 2021; Fantuz u ap., 2024; Davis u ap., 2024], npaBuiabHOE
KOPMJICHHE SIBIISIETCS] KIIFOUEBBIM acleKTOM, BIHUSIONIMM Ha POCT M pa3BUTHE CKOTa. B xoze mccnenoBaHus
00BEKTOM CTalu ObIYKH TrepedOopACcKOil MOPOAbl, U3BECTHBIX CBOEH BBICOKOI MSCHOW MPOAYKTUBHOCTHIO U
KaueCTBOM Msica.

Jns noctikeHus neneil ucciaenoBaHus Oblia cOpMUpPOBAHA JIBE TPYIIIBI )KUBOTHBIX MO MPHUHIIUITY
ananoros. [lepBas rpymnmna, onbITHAs, COCTOSATA U3 OBIYKOB, OTYYEHHBIX METOJIOM HCKYCCTBEHHOTO OCEMEHe-
HUS. DTO MO3BOJSET KOHTPOIUPOBATh TEHETUUECKHE XapAaKTEPUCTUKH U YIIy4dIlaTh MMOKa3aTeNld MPOILyKTHB-



HOCTH 3a CU€T BBIOOpA JIyUIIMX Mpou3BoauTeneil. Bropas rpymnma, KOHTpOJIbHAs, BKIIIOYaga OBIYKOB, MOTY-
YEHHBIX METOJIOM €CTECTBEHHOTI'O OIUIONOTBOPEHMS. Takoi moaxo ] 1aéT BO3MOKHOCTb CPAaBHUTH PE3YJIbTAThI
JIBYX METOJIOB pa3BEICHUS M OLICHUTh UX BIUSHHUE Ha MPOAYKTUBHOCTb.

[TonOop ’KMBOTHBIX OCYIIECTBIIICS C YIETOM MHOXKECTBA (PaKTOPOB, BKIIIOUASI TPOUCXOKICHHE, BO3-
pacT M XKHUBYIO Maccy Ipu POXKICHHUH, a TAK)XKe YCIOBHS KOPMIJICHHUS U COAEP)KaHUS. DTO BaXKHO JJIsl o0ectie-
YEeHHUs1 OHOPOTHOCTH T'PYIII U MOJTyYEHHs JOCTOBEPHBIX PE3yNbTaToB. B X0/1€ paboThl MPUMEHSITUCH 300TEX-
HUYECKHE METO/Ibl, TAKHE KaK MHIMBUIYyaIbHOE B3BEIIMBAHNE JKUBOTHBIX, YUET CPETHECYTOUHBIX IPUPOCTOB
KUBOM MaccChl, a TaK)XX€ KOHTPOJIb Pa3BUTHS dKCTEpPbEpa. ITU METOJIbI IT03BOJIAIOT MOJYYUTh IOJIHOE IpEN-
CTaBJIEHHE O POCTE U PA3BUTUH KUBOTHBIX HA IPOTSHKEHUHU BCETO MEPUOJA UCCIIET0BAHUS.

Y601 )KMBOTHBIX TIpOBOAMIICS B Bo3pacte 12, 15 u 18 mecsnes. B 3ToT nepuon onpenensinch npemy-
OoliHas J)KMBasi Macca, Macca ropsiueid Ty U Macca OXJIaXKIEHHOM TYITN. DTH MOKA3aTeH SBISIOTCS BAKHBI-
MU JUTSI OLICHKH MSICHOM MPOAYKTUBHOCTHU M KaueCTBa MsICa, a TAKXKe JUIs SKOHOMUUECKON oLeHKH 3¢ dekTus-
HOCTHU BEJCHHS )KMBOTHOBOACTBA. PerynsipHbIii MOHUTOPUHT ATHUX JAHHBIX MO3BOJISIET ONEPATUBHO BHOCUTH
KOPPEKTUBBI B TEXHOJIOTUH COZIEPKAHUS M KOPMIICHUS KUBOTHBIX, YTO B KOHEYHOM UTOT€ CIIOCOOCTBYET TO-
BBIIICHHUIO 00111e# 3((PEKTUBHOCTH ITPOU3BOCTBA.

Taxkum o6pazom, nposenéunsie uccienoanus B TOO «Arpodupma «Dinara-Ranch» npenocraBumu
LICHHbIE JTAHHBIE O CPAaBHUTENHHON APPEKTUBHOCTH PA3INYHBIX METOIOB OIUIOJOTBOPEHHSI U UX BIMSHUU Ha
pOCT U pa3BUTHE OBIUKOB repeopAcKoii Moposl. Pe3ynbraTsl MOTYT OBITh IOJIE3HBI HE TOJBKO /ISl JAHHOTO
XO3SIUCTBA, HO W [UIA APYTHX arpoNpennpUusThii, 3aHUMAIOIIUXCSI MACHBIM CKOTOBOJICTBOM, YTO B KOHEYHOM
uTore Oy/eT CrocoOCTBOBATh YTyUIIEHHIO Ka4eCTBA MSCHOM MPOAYKIIUH B PETHOHE.

Pesynbrarhl nccnenoBanuii 00paboTaHbl OMOMETPHUECKUMHU METOIAMHU.

PesyabTarhl n 00cyxneHue.

HcKyccTBEHHOE OCEMEHEHHUE TTO3BOIISIET UCIOIb30BaTh BEICOKOIPOIYKTUBHBIX OBIKOB CO 3HAYUTEIBHO
JYYIIUMH TEHETHYECKUMH TI0Ka3aTeNIsIMU MO0 POCTYy M Macce. YCTaHOBIEHO, YTO OBIUKH, MOJYYCHHBIE Me-
TOZIOM HCKYCCTBEHHOTO OCEMEHEHUsI, XapaKTepH30BAIUCh 00Jiee MHTEHCUBHBIM POCTOM BO BCE BO3PACTHBIE
nepuofsl. [IpenMyIiecTBo 1o KuBoi Macce 0OBSICHAETCS HCIOIb30BAHUEM CEMEHHU BBICOKOTIPOIYKTUBHBIX
OBIKOB-TIPOU3BOAUTEINEH C BHICOKUM T'€HETUYECKUM MOTEHIIUAIOM MSICHOM MPOAYKTUBHOCTH.

K Bo3pacty y0o0s >KHBOTHBIE OIIBITHOM I'PYTIITBI TPEBOCXOAMIN KOHTPOJIBHBIX CBEPCTHUKOB, UTO CBH/IE-
TEJBCTBYET O MOJIOKUTEIHLHOM BIMSHUN HaNpaBlIeHHOH cenekiun (Tabmuua 1).

Tabnuma 1. XXusast macca nepes yooem (Kr)

Boszpact | OmbiTHast | +m Cv, % | KoutponpHas rpynmna | +m Cv,% | Pazauma | P

B MeC. rpynma

12 420.0 5.69 4.29 405.0 538 |4.20 +15.0 <0.05
15 505.0 6.96 4.36 482.0 6.64 |4.36 +23.0 <0.05
18 590.0 8.22 4.41 560.0 7.59 |4.29 +30.0 <0.05

Tabnuia, npeacrapaeHHas B UCCIEIOBAHNUHN, WJUTIOCTPUPYET TUHAMUKY KHBOW Macchl ObIYKOB repe-
(dhopckoit MOpoaBl B 3aBUCUMOCTH OT BO3pacTa M METOJIa BOCTIPOM3BOCTBA. B Bo3pacTe 12 mecsieB KuBas
Macca OBIYKOB OIMBITHOM rpymibl cocTaBuia 420,0 xr., uto Ha 15,0 Kr. GoJbIle IO CPaBHEHHIO C KOHTPOJIBHOM
TPYIIIOH, T1Ie ATOT MoKa3zarenb 3adukcupoBaH Ha ypoBHe 405,0 kr. Paznuuus Mexmay rpyrmnaMu OKa3aauch
craTucTuiecku aocroBepHbiME (P<0,05), uTo moaTBEpkK1aeT 3HAYMMOCTh MOJIYYCHHBIX pe3ynbTaToB. Koad-
(bunueHTsl Bapualuy, HaXOAUBIINECS Ha HU3KOM ypoBHE — 4,29 % nis ombiTHOM rpynmbl U 4,20 % s
KOHTPOJILHOM — CBUJETENLCTBYIOT O BBICOKOM OJHOPOAHOCTHU MOJOMBITHBIX JKUBOTHBIX. DTO O3HAYAET, UTO
OTKJIOHEHHMSI B JKMBOM Macce cpeAu ocodel B KaKIoW rpymme ObUIM MUHUMAJIbHBIMHU, UYTO SIBISETCS IOJIO-
KUTEITHHBIM (PaKTOPOM JUTs JATBHEHUIIIETo aHaIn3a U CEJEKIIMOHHBIX Meporpustuii. Ha 15-M mecsiie xu3Hu
MPEUMYIIIECTBO >KUBOTHBIX OIMBITHOM TPYIIIBI TPOJOJKUIIO YBeInUnBaThes. VX xuBas macca noctunia 505,0
KT, B TO BpeMsl KaKk B KOHTPOJIbHOU rpy1iie oHa coctaBuia 482,0 kr, 4yTo Aano pazHuily B 23,0 KI. DTH pa3nudust
TaKke OKa3aJIMCh cTaTUCTH4ecKku aoctoBepHbIMHU (P<0,05). Kosaddurment Bapuanum ocraBajics cTabWIIb-
HBIM Ha ypoBHe 4,36 % B 00enx rpymnmnax, 4To yKa3bIBaeT Ha IOCTOSTHCTBO Ipu3Haka. B Bo3pacte 18 mecsiies
JKUBasi Macca OBIYKOB, MOJTYUYEHHBIX METOJIOM MCKYCCTBEHHOTO OCeMeHeHHs, coctaBmna 590,0 kr., uyTo mpe-
BBIIIAJIO TTOKa3aTeslb KOHTPoasHOH Tpynmsl (560,0 kr.) Ha 30,0 kr. CTaTUCTHYECKAss 3HAUUMOCTh TaKKe Oblia
noareepxkaeHa (P<0,05). Huzkue 3Hauenus kosddunrenta Bapuanuu (4,41 % ans onsITHOM rpynmsl U 4,29



Yo IUIS1 KOHTPOJIBHOW) BHOBb MOATBEPIUIIN BBICOKYIO OTHOPOIHOCTH KMBOTHBIX. OIIMOKA CPEAHEU (M) BO
BCEX BO3PACTHBIX Mepro/iaX Oblia HE3HAYUTEIHHON, YTO YKa3bIBaeT Ha IOCTATOUHYIO TOUHOCTH MTPOBEICHHBIX
M3MEPEHHH 1 HaJIeKHOCTh MOMYUYEHHBIX TAHHBIX. DTHU PE3YJIbTaThl MOAYEPKUBAIOT 3(h(HEKTUBHOCTD MPUMEHEe-
HHUS METOJa UCKYCCTBEHHOTO OCEMEHEHHUS B MSICHOM CKOTOBOJCTBE, YTO MMEET BaXKHOE 3HAYCHUE IS ITPaK-
THYECKOI'0 IPUMEHEHUS B CEIIEKIUOHHBIX IIPOrpaMMax.

HccnenoBanus mokasaayd yMEPEHHBIE M BBICOKME 3HAYEHUsI HACIIEAYEMOCTH JUIsi OCHOBHBIX MSICHBIX
MIPU3HAKOB y TepedOpCKUX KUBOTHBIX: Macca TYIIH, TOJIIUHA XKUPa, TUIOMIAlb JUIMHHEUIIIEH MBIl UMe-
10T HACIIEAYyEeMOCTh. DTO TOBOPUT O BBICOKOM 3(h(hEeKTUBHOCTH CENEKIIUU Ha 3TU MpU3HaKku. Huxke mpuBeneHsl
JaHHBIE KaK CpeHUE 3HAYCHHUS 110 TPYIIaM ObIYKOB repedopACKOi MOPOAbI, MOIYYEHHBIX OT HCKYCCTBEHHO-
ro oceMeHeHus (Tabnwuma 2).

Tabnuia 2. YOoiiHbIe MOKa3aTeIu 1Mo Bo3pacTaM yoos

IToka3zarenn 12 MmecsueB 15 MecsieB 18 mecsieB
JKupast macca nepes y6oem, Kr 420 505 590
[Ipenyboiinas macca, KT 400 480 560
Macca ropstueif Tymu, Kr 228 282 338
Msico oxnaskAeHHOMH TyIIn, KT 224 276 331
VY6oiinblil BBIXOA (TOpsuast Tymia), % 57.0 58.8 60.3
Y6oiiHbIi BBIXO (OXJaxaeHHas Tymia), % | 56.0 57.5 59.1
Brixon MsikoTH, % OT Tymin 76.5 78.4 80.2
Jons xocteit, % ot Tymm 18.9 17.1 15.6
Jons sxxupa, % ot Ty 4.6 4.5 4.2
[Tomaas «MBIIICUHOTO TIIa3Kay, CM? 68.2 82.7 96.4
TonmuHa TOIKOKHOTO KUPA, MM 8.4 12.6 16.8

[IpencraBieHHbIE AaHHbIE W3 TAOMHIBI 2 OTPaXKAIOT AMHAMUKY OCHOBHBIX YOOWHBIX TOKa3areneit
OBIYKOB repedopaACKoi MOPOIbI, MOTYUYEHHBIX METOJJOM UCKYCCTBEHHOTO OCEMEHEHUs, MpH y0oe B BO3pacTe
12, 15 u 18 Mecs1ieB. DTH OKa3aTeNu SABISIOTCS KIFOYEBBIMHE JJIs1 OIIEHKU MSICHOM MPOAYKTUBHOCTH U 3 dek-
TUBHOCTH T€XHOJIOTUM, IPUMEHSEMbIX B )KUBOTHOBOACTBE. JK1Bast Macca >KMBOTHBIX BO3PACTAET C BO3PACTOM,
YTO CBUAETENILCTBYET O 3J0POBOM POCTe U pa3BUTHH. B Bo3pacTe 12 mecsiueB ona cocraBuina 420 kr, a k 18
MecslaM yBeanuuiachk A0 590 kr. 1ot poct Ha 170 kr nmoguepkuBaet 3GPEeKTUBHOCTD MUTAHUS U YCIOBHMA
cofiepaHus OBIYKOB, a TAKXKE MMOJIOKUTEIHHOE BIUSHUE HCKYCCTBEHHOTO OCEMEHEHUS Ha TeHETUYECKHUE Ta-
pametpsl. [IpenyOoiitHas Macca I€MOHCTPUPYET aHATIOTUYHYIO TeHACHIUI0O — pocT ¢ 400 kr B 12 mecsien
1o 560 kr B 18 mecsieB. OTo yBenuueHue NpeayO0oiHON MacChl OTpa)XxaeT HE TOJNBKO MPUPOCT MBILIICUHOM
MaccChl, HO U HAKOIUIEHUE HHEPreTUYECKUX PECYpPCOB B OPraHM3ME KUBOTHBIX, UTO SIBISETCS KPUTUUYECKHU
Ba)KHBIM JISI IOCTH)KEHUSI BRICOKMX YOOMHBIX TOKa3areneil. Macca ropsiueid Tylu yBeIUIHBAETCsI C BO3pac-
TOM ¢ 228 Kr 10 338 KrI, Torna Kak Macca OXJIakKJIEHHOM Tyl Bo3pactaer ¢ 224 xr 1o 331 kr. OTu 1aHHbIE
CBUCTEIHCTBYIOT O BBICOKOW MSICHOW MPOIYKTHBHOCTU OBIYKOB repeopacKoil MOPOIbL, a TAKKE O TOM, YTO C
YBEJIMYECHHUEM )KMBOM MACChl pacTeT U BBIXOA Msca. PazHuIla Mex 1y ropsyed U OXJIAKIEHHOM TylIel OTpaka-
€T €CTECTBEHHYIO YCYIIKY U TIOTEPU BIIATH, YTO SBISIETCSI HOPMAJIBHBIM MIPOIECCOM TPH MepepadoTke Msca.
YO6oiiHbIl BBIXO 1O Topsiueii Tyiie yBenunuuBaercs ¢ 57,0 % mo 60,3 %, a mo oxnaxaéunoit tyme — ¢ 56,0 %
10 59,1 %. DTu nokasarenu 1eMOHCTPUPYIOT 3PPEKTUBHOCTH MSCHOM KOHBEPCHUH U MO3BOJISIOT OLICHUTH pea-
TU3aUI0 TEHETUYECKOT0 MOTEeHIINaa )KUBOTHBIX. C yBEIHUEHUEM BO3pACTa CTA0MIBHO PacTET yOOHBIH BbI-
XOJI, UTO CBSI3aHO C HAKOIUIEHUEM MBIILIEYHOW TKAHU U YMEHBIIEHUEM OTHOCUTEIBHOM J0IM KOCTEH U XKupa.
Brixoa msikotu yBenuuuaercs ¢ 76,5 % no 80,2 %, nons xocteil cHmxkaercs ¢ 18,9 % no 15,6 %, a nons
xupa — ¢ 4,6 % 10 4,2 %. OTU AaHHBIE CBUIETEIBCTBYIOT O (DOPMUPOBAHUN ONTHMAJIBHOIO MSICHOTO THIA
TEJIOCIOXKEHHSI, XapaKTEPHOTO AJIsi repeOpACKOi TOpoIb, ¢ MpeobialaHueM MBIIIEYHON TKaHU HaJl KOCTIMU
U MOJKOXKHBIM KupoM. C yBeIMUEHUEM BO3PACTa IJIOLAAb «MBIIIEYHOIO IN1a3Kay pacTeT ¢ 68,2 cm? no 96,4
cM?. DTOT MoKa3aTellb OTpakaeT yBEJIMUYeHHE 00beMa U TONIIMHBI Hanbosiee MICUCTOTO y4acTKa TYIIH, Y4TO
SIBIISIETCS] BaKHBIM MHAMKATOPOM MSICHOM IIEHHOCTH. bonee KpyIHas mionaab «MbIIIEUHOTO IJ1a3Ka» yKa3bl-
Ba€T Ha BBICOKYIO BEPOSITHOCTh MOITYUYEHHUsI MsICA C OTVIMYHBIMU BKYCOBBIMHU Kau€CTBAMH U MPaMOPHOCTHIO.
TonmuHa NOAKOXKHOIO kHMpa yBenuuusaercs ¢ 8,4 MM B 12 mecsaues 1o 16,8 MM B 18 mecsaues. Hecmorps Ha
3TOT POCT, 3HAUCHUE OCTAETCS ONTUMAIILHBIM IS 00€CIIEUEHHsI XOPOIITUX BKYCOBBIX Ka4eCTB U MPAMOPHOCTH



MsiCa, HE CHUXKasl IPU TOM YOOWHBIN BBIXOA. 1aKUM O0pa3oM, YBEITUUYCHHUE TOJIIIMHBI TOJIKOKHOTO KUPA HE
SBIISIETCS HETaTUBHBIM (DaKTOPOM, a, HA0OOPOT, CBUJIETEILCTBYET O MPABHILHOM COATaHCHPOBAHHOM IHTA-
HUU U YCIOBUAX cofiepkaHus. TakuM 00pa3om, JaHHbIE TaOIUIIbI 2 TOTYEPKUBAIOT BEICOKYIO 3(PPEKTUBHOCTD
MPUMEHEHUS METOJ/la UCKYCCTBEHHOTO OCEMEHEHHsI B MSCHOM CKOTOBOJICTBE, a TaK)K€ MOJATBEP)KAAIOT, UTO
ObIYKH repedopACKoN MOPOABI UMEIOT 3HAYUTENbHBIN MOTEHITHAI JIJIsl TPOU3BOACTBA Msica. [locTostHHBIN pocT
KITFOUEBBIX YOOIHBIX MOKa3aTeNell Ha MPOTSHKEHUH IEPUO/IOB OTKOPMA YKa3bIBa€T HA YCIIEITHYIO PEeaTu3allnio
CEJICKIIMOHHBIX MPOTPaMM M TPaMOTHOE yrpaBjeHHe cTajioM. [lomydeHHble pe3yabTaThl MOTYT CIYXKHUTh OC-
HOBOM ISl AaJIbHEHIIINX UCCIIEIOBAaHUM M ONTUMU3AIINY TEXHOJIOTHI B MCHOM CKOTOBOJICTBE, YTO B KOHEU-
HOM UTOTE MPUBEAET K MOBBIIIEHUIO KOHKYPEHTOCIIOCOOHOCTH MPOAYKIIMH HA PHIHKE.

HecMoTps Ha pocT, 3HaueHHEe 0CTaEéTCs ONTUMAIBLHBIM JJIsl 00eCIIeUeHUs] XOPOILITUX BKYCOBBIX Ka4eCTB
Y MPaMOPHOCTH Msica, He CHUKasl PU 3ToM yOoitHbIN Bbixo [ Ibrayeva u ap., 2025: 761-769].

Macca ropsiyeii Tyl yBenTuUuBaeTCs ¢ BO3PaCcTOM BO BCEX IPyMIax, UTO OTPAXaeT PoCT KUBOM Mac-
Chbl M HAKOIUICHHUE MBIIIEYHON TKaHU. BBIYKH, MOTyYeHHbBIE METOJIOM HCKYCCTBEHHOTO OCEMEHEHHs, TPEBOC-
XOJIAT KOHTPOJIBHYIO TPYIITY MO0 Macce TYIIN Ha BCEX BO3PACTHBIX dTamnax (Tabmuna 3).

Tabnuua 3. Macca ropsiaeit Tymu (Kr)

Bozpactr | OnbiTHas | +m Cv, % | KourponbHas | +m Cv, % | Paznuma | P
rpyrmna rpyImna, Kr

12 228.0 3.79 5.26 216.0 3.48 5.09 +12.0 <0.05

15 282.0 4.43 4.96 265.0 4.11 491 +17.0 <0.05

18 338.0 5.06 4.73 315.0 4.74 4.76 +23.0 <0.05

Tabnuia 3 oTpa)kaeT MmoKa3areiId MacChl TOPSYeH TYIIH OBIYKOB TepeOpICKOi TOPOIbI B 3aBUCHMO-
CTH OT Bo3pacTa y0osi u crioco0a MoTy4eHuUs )KUBOTHBIX — METOZIOM MCKYCCTBEHHOTO OCEMEHEHUS (OIBITHAS
rpyIIa) ¥ €CTECTBEHHOTO OTUIOIOTBOPEHHUS (KOHTPOJIbHAS IPYIITA).

Macca ropsiueii Ty y ObIYKOB B BozpacTe 12 MecseB ONbITHOM rpynmbl coctaBuiia 228,0 Kr, yTo Ha
12,0 xr 6onbliIe, 4eM y KOHTpOsIbHOM rpynmnsl (216,0 kr). Paznuuue sBisieTcs cTaTUCTUYECKU JOCTOBEPHBIM (P
<0,05). Ommbka cpemHeit (+m) B onbITHOH rpytme — 3,79 kr, kodddunuent Bapuauu — 5,26 %, 4T0 TOBOPUT
0 XOpOIIIe OAHOPOJHOCTH Tpynmbl. KoHTponbHAs Tpynna uMeeT OJU3KKe 3HAYEHUSI OJTHOPOAHOCTH (+m =
3,48 xr, Cv = 5,09 %). K 15-MecsuHOMy BO3pacTy Macca ropsyeil TyLIH BO3pACTAET: y ONBITHON IPYMIIbI 10
282,0 k1, y KOHTpOJIbHOH — 710 265,0 kr. Pa3Huna mex 1y rpynnaMu coctasuia 17,0 Kr, 4TO TakKe 10CTOBEPHO
(P <0,05). Koaddpumnment Bapuanuu cHrwkaetcs (4,96 % 1 4,91 %), ato cBUAETETLCTBYET 0 O0Jiee CTaOMITBHOM
peanm3ay TeHeTHYECKOTo MOTEHIMala ¢ Bo3pactoM. HanbomnpIias Mmacca ropstueii TyIm 3aperucTpupoBaHa
y ObrukoB 18 MecseB: onbiTHas rpynna — 338,0 kr, koHTponbHas — 315,0 kr, pasauna 23,0 kr. Pasnuune cra-
tuctuaecku noctoBepHo (P <0,05). Koaddumuents: Bapuanuu ocrarorcss Hu3kumu (4,73 % u 4,76 %), aro
MOATBEPKIAET BHICOKYIO OTHOPOIHOCTD KHBOTHBIX 110 IaHHOMY IPU3HAKY.

YOoHHBIN BBIXOJ] YBEIMIHBACTCS C BO3PACTOM Y BCEX TPYIII )KUBOTHBIX, OTPaXkasi pOCT MacChl TYIIH U
yAy4IIeHHe MCHOW KOHBepcuH (Tabmimia 4).

Tabmuma 4. Y6oitnsrit Beixon (%)

Bospacr B mec. | OnbiTHas +m Cv, % | Kontponbhas |+m Cv,% | Pasnuma | P
rpynmna, % rpymmna, %

12 57.0 0.38 2.11 55.6 041 234 +1.4 >0.05

15 58.8 0.35 1.87 57.1 0.38 |2.10 +1.7 >0.05

18 60.3 0.32 1.66 58.2 035 ]1.89 +2.1 >0.05

Tabnuia 4 7eMOHCTPHUPYET MOKa3aTesId YOOHHOTO BbIX0/Ia OBIYKOB repeopacKoil MOpobl B 3aBUCH-
MOCTH OT BO3pacTa M crnoco0a MoJy4YeHHs KUBOTHBIX: HCKYCCTBEHHOE OCEMEHEHHE U €CTECTBEHHOE OIUIO-
JOTBOpEHUE. YOOHHBIN BbIXOJ Y 12-MeCSUYHBIX OBIYKOB OMBITHOM Ipynmbl coctaBui 57,0 %, Toraa kak B KOH-
TpoabHOM Tpymnme — 55,6 %, uto gaér pasuuiy +1,4 %. Pasnuune cratuctuyecku HemoctoBepHo (P>0,05).
Ommoka cpennedt (¥m) y onbiTHOM rpymmsl — 0,38 %, y koHTpoasHOU rpynnsl — 0,41 %, xoaddunmenTs
BapHallMK HAXOJATCs Ha HU3KoM ypoBHe (2,11 % u 2,34 %), 4TO CBUAECTENHCTBYET O BHICOKOM OTHOPOTHOCTH
KUBOTHBIX 110 TaHHOMY Tipu3HaKy. K Bo3pacTy 15 mecsiieB yOOWHBIHN BbIXOJ] yBEIMYMBACTCS Y OMBITHOU TPYII-
bl — 58,8 %, koHTpOabHOM rpynmnsl — 57,1 %, pazauna +1,7 %. Paznuune no-npexxHemMy cTaTUCTUYECKU He-



noctoBepHO (P=0,05). Huskue 3HadeHHd =m U CV YKa3bIBalOT HAa CTAOMJIIBHOCTD IIPU3HAKa B O0OCUX IpyMIax.
HauOonpimmii yOOiHBINM BBIXOJ] OTMEUEH Yy KUBOTHBIX 18 MecsieB: onblTHas rpymnmna - 60,3 %, KOHTposibHas
rpynmna — 58,2 %, pazauna +2,1%. Paznuune Takxke HegocrtoBepHo (P>0,05), uro roBoput o TOM, YTO IpH JA0-
CTHKEHUU CTapIlUX BO3PACTOB CIIOCOO OCEMEHEHUs OKa3bIBA€T YMEPEHHOE BIUSHUE Ha MPOILEHT YOOWHOTO
BBIXO/IA.

BeiBOABI.

[IpoBeneHHbIEC HAyYHBIE HCCIIEOBAHUS IEMOHCTPUPYIOT, UTO HCKYCCTBEHHOE OCEMEHEHHUE KOPOB U Te-
JIOK CIIy9HOTO BO3pacTa repedopCKoi MOPOIbl OKa3bIBAET MOJIOKHUTEIHHOE BIUSHUE HA YOOWHBIE U MSICHBIE
MOKa3aTey MOTOMCTBA. JTOT METOJ SIBJIETCS BaXKHBIM MHCTPYMEHTOM B COBPEMEHHOM KMBOTHOBOJCTBE,
TaK KakK ero MpUMEeHEeHHEe 3HAYUTENIbHO NOBbIIIaeT 3(h(PEeKTUBHOCTH MPOU3BOJCTBA Msica. YIyUllIeHHE Mpeay-
OOIHOI MacChl, BBIXO/I TYIIH U MSICHON MPOTYKTUBHOCTH BO3MOYKHO 32 CUET UCIIOJIb30BaHUS HCKYCCTBEHHOTO
OCEMEHEHHUsI C ONTUMATbHBIM OTOOPOM CEMEHH OBIKOB-IIPOU3BOIUTENICH U CETEKIIMOHHBIMU MPOTPaMMaMH.
I'eneTnueckue mapaMeTpbl CBUIETENBCTBYIOT O BO3MOXKHOCTH OBICTPOTO T€HETHYECKOro Mporpecca Mo npu-
3HaKaM, BaXKHBIM JJIs1 MSICHOTO MPOU3BOACTBA. VICKyCCTBEHHOE OCEMEHEHUE MO3BOJIET TPOU3BOIUTENSIM BbI-
Ouparh Hanboee MOAXOAAIUX OBIKOB-IIPOU3BOAUTENEH C JKEITaeMbIMH T€HETHYECKUMHU XapaKTePUCTUKAMH.
DTO OTKpBIBAET HOBBIE TOPU3OHTHI JJIsl CEJEKIMH U YIyYIIEHUs MOPOAbl, TAK KaK FeHETUYECKUA MaTepHual
MOKET OBITh MOJIYYEH OT JYYIIUX MPEICTAaBUTENCH, 1aXKe €CIM OHU HAaXOAATCS Ha OOJbIIOM paccTosHud. B
pesyibTare, reHeTHUeCcKoe pa3HooOpasue B cTajie BO3PACTAET, YTO B CBOIO OUepe/ib MOJIOKUTENBHO CKa3bIBa-
€TCs1 Ha 3I0POBbE U YCTOMUNBOCTH KUBOTHBIX.

Ha ocHoBaHMHM BBIIIEN3I0KEHHOTO MaTepraia MOXXHO c(hopMynupoBaTh 000CHOBAHHBIE BHIBO/IBI, YKa-
3BIBAIOIIUE KaK Ha OMOJIOTHYECKHE 3aKOHOMEPHOCTH POCTa M Pa3BUTHS )KMUBOTHBIX, TaK U HA MPAKTHYECKYIO
3HAYUMOCTh NTPUMEHEHUsI COBPEMEHHBIX CEJIEKIIMOHHBIX TEXHOJIOTUH B MSACHOM CKOTOBOJCTBE. Pe3ynbrarhl
WCCIIE0OBAHUM SIPKO WILTIOCTPUPYIOT, UTO MCIOJIB30BAHUE TEXHOJIOTHUUECKOIO METOJa UCKYCCTBEHHOIO OCe-
MEHEHHSI OKa3bIBAET MOJOKUTEIBHOE BIMSHUE HA PeAIM3allMI0 T€HETUYECKOT0 MOTEHIMAaIa MACHON MTPOYK-
TUBHOCTH ObIYKOB. [Ipurion, moixydeHHbIH TaKUM CIIOCOOOM, OTINYaeTCsi 00jiee HHTEHCUBHBIM POCTOM, YTO
CBUETENLCTBYET 0 Oosee 3¢ (eKTUBHOM nepeaade U MpOsSBICHUH HACIECTBEHHBIX MPU3HAKOB, CBSI3aHHBIX C
MSCHOU MTPOJYKTUBHOCTBIO.

BaxxnocTs moadopa ObIKOB-IIPOU3BOIUTENEH. DTO YKa3bIBa€T Ha BAXKHOCTH KOPPEKTHOTO OA00pa ObI-
KOB-IIPOU3BOJIUTENEH, MMOCKOJIBKY UMEHHO 4epe3 UCKYCCTBEHHOE OCEMEHEHUE BO3MOXKHO IIEJICHANPABIEHHO
3aKpEIJISATh KellaTellbHbIe X03WCTBEHHO-IONIE3HbIE MPU3HAKU B MOMynsauuu. [1og0op OBIKOB ¢ BBHICOKHMHU
MOKa3aTes MU MSICHOM MPOAYKTUBHOCTH, 3JOPOBBEM M XOPOIIMMH IKCTEPHEPHBIMU XapAKTEPUCTHUKAMU CIIO-
COOCTBYET YJIy4YIlIEHUIO OOIIETO0 COCTOSHUS CTa/Ia.

HMeet nepBOCTENIEHHOE 3HAYEHUE BBISIBJICHHAS TEHACHIUS YCWICHHS pa3IMuuii MEXIy ONBITHOW U
KOHTPOJIBHOM IpyNnamMu ¢ BO3pACTOM MOJIYUYEHHOTO MPUILIOAA. YBEJIIMUEHUE 3TUX PA3TUYUMA MOKA3bIBAET Ky-
MYJISTUBHBINA 3(D()EKT cCeneKInOHHOrO MPEeBOCXOACTBA: TeHETUUECKHE IOCTOMHCTBA, 3aJI0KEHHbIE Ha PaHHUX
JTanax, Mo MPOILIECTBUU BPEMEHH MPOSBIISAIOTCA BCE 0oJiee MOMHO. DTO yKa3bIBAaeT Ha TO, YTO IJIFOCHI UCKYC-
CTBEHHOTO OCEMEHEHHsI CTAaHOBATCS HanOojee 3aMETHHIMU HE OJJHOMOMEHTHO, a B MPOIIECCE POCTa U pas-
BUTHS MOJIOJIHSIKA MSICHBIX IOPOJ. DTO BaKHO YUYUTHIBATH MPU MUIAHUPOBAHUU MPOU3BOJACTBEHHOTO LIUKIJIA U
OLICHKE PE3yIbTATUBHOCTH CEJIEKIIMOHHBIX MEPOIIPUATHMN.

BaxxHOl CTOpOHOI SBJISIETCS] YCTAHOBJIEHHAS BBICOKAsl TEHETHUECKAsl KOPPEISIIIUSA MEX Y KUBOM Mac-
COM JKMBOTHBIX U MAacCOi TyIIH. YCTaHOBIEHHOE COOBITHE MMEET OTPOMHOE MPAKTHUECKOEe 3HauYeHHue, IMo-
CKOJIBKY 3TO JAa€T BO3MOXXHOCTh MCIOJIb30BATh MTOKA3aTEIN PAHHETO POCTa KaK WUCIBITAHHBIN KPUTEPUM OT-
6opa. OTOop Mo XKUBOM Macce B paHHEM BO3pPACTE IMO3BOJIET C BHICOKOH BEPOATHOCTHIO MPOTHO3UPOBATH
OyAaylUIyI0 MSICHYIO MPOAYKTUBHOCTb, CHHMIKasl 3aTpaThbl BPEMEHU U PECYPCOB Ha BHIpAILIMBAaHUE MEHEE Iep-
CHEKTUBHBIX )KUBOTHBIX. JTO, B CBOIO OYEPE/Ib, YIIPOIIAET U YCKOPSAET CENEKIIMOHHBIN MpolLiecC.

3aKOHOMEPHOCTH YBEJIHMYEHUsI MSICHOM MPOAYKTUBHOCTU. Pe3ynbrarhl MCCIENOBAaHUN TAaKXKe JOKa-
3bIBAIOT 3aKOHOMEPHOCTh YBEJIMYEHUSI BCEX OCHOBHBIX IOKA3aTeNIed MACHOW MPOAYKTUBHOCTH C BO3PACTOM
y0o0si. DTO BHJHO B POCTE >KMBOM MAcCChl, YBEIMUYEHUU MACChl TYIIU U YAy4YIIeHUH €€ MOP(OIOTHUECKOTO
cocrtaBa. [Ipeobiananne MBIIIEYHON MacChl IPH YMEPEHHOM CO/IEPKaHUU JKUPA U KOCTEH CBHUJIETEIBCTBYET
0 BBICOKOM Ka4€CTBE MOJy4aeMOl NPOAYKIUH, [71€ OTMEYAETCA ONTUMAIbHOE COOTHOUIEHUE MBIILIEYHOM, KH-
pPOBOM 1 KOCTHOM TKaHEH.

[lenecoobpa3zHocTh BeIpamuBanus 10 18 mecsies. B 3Tom oTHOIeHHH 000CHOBAaHHBIM SIBIISIETCSI BbI-
BOJI O 11€JIeCO00Pa3HOCTH BhIPAIIMBAHMSI MOJIOJIHAKA repedopIckoii moposibl 10 18-MecssuHOro Bo3pacTa, Tak



KaK UMCHHO K 9TOMY NEPHUOAY NOCTHUTACTCsl HAMIYydllee COOTHOIICHUE KOJMYCCTBEHHBIX M KA4CCTBCHHBIX
XapaKTEPUCTHUK TYIIH. DTO BIUSAET HAa MAKCUMAIBHYIO YKOHOMUYECKYI0 (D PEKTUBHOCTH MPOU3BoACTBA. [Ipu
ATOM CTOWT OOpaTUTh BHUMAHKE HA YCIIOBHS COACP)KAHUS U KOPMJICHUS, TaK KAK OHHM TAK)KE€ UTPAIOT BAXKHYIO
pOJIb B KOHEYHBIX TOKa3aTensx. BaprnabeabHOCTh U OMHOPOAHOCTH Mpu3HakoB. Oco00oro BHUMaHUs TpeOy-
10T TIOKa3aTeNM BapruaOeIbHOCTH M3ydaeMbIX MpU3HaKoB. HeBbicokue 3HaueHus KoduimenTa Bapuanun 1
OIUOKH CPETHEH TOBOPSIT O BHICOKOM OTHOPOAHOCTH UCCIIEAYEMBIX TPYII U CTAOMIBHOCTH TIPOSBIICHUS TIPH-
3HAKOB. ITO OHO3HAYHO yKa3bIBaeT HA HAJCKHOCTH TMOJYUYCHHBIX JAHHBIX U BHICOKYIO TOYHOCTH MPOBE/ICH-
HBIX HayYHBIX HcclieoBaHuil. Takue pe3ynbTaThl YKPEIUISIOT TOBEPUE K MOJTYYCHHBIM TAHHBIM U TIO3BOJISIFOT
HCITOJIB30BaTh MX B MPAKTUUYECKOHN JACATEIBPHOCTH 0€3 CYIIICCTBEHHBIX 3aMEYaHH.

[TonoxxutenbHBIE TEHACHIIMKM B Tpynmnax. HecMoTpst Ha TO, 4TO pa3jaudusl MEXKIY ONBITHOW M KOH-
TPOJILHOM TPyIIIaMH I10 psiIy MOKazareael He JOCTHINIA CTaTUCTUYECKH JIOCTOBEPHOTO YPOBHS, BBISIBJICHHAS
MOJIOKUTENIbHASI TCHICHIIUS B TTOJIb3Y KUBOTHBIX, MIOJYUYEHHBIX METOJIOM UCKYCCTBEHHOTO OCEMEHEHUS, MMe-
€T BaXHOE 3HaYeHUE. B yCIoBUAX OMOJIOTMYECKUX WCCIICIOBAaHUM, IJIe Ha PE3YyJIbTaThl BIUSIET MHOXKECTBO
(hakToOpoB, Ta)ke TEHIACHIIMU MOTYT CIIY)KUTh OCHOBAHUEM JIJISl TPAKTUYCCKUX PEIICHUI, 0COOEHHO €CJIM OHH
COTIIACYIOTCS C TEOPETHUCCKUMU MPEAMOCHIIKAMHU U TTOITBEPKAAIOTCS IPYTUMHU UCCIICTIOBAHUSIMH.

VYO0itHBIM BBIXO/A: OTHOCUTEIIBHBIA M aOCONIOTHBIM MoKkazareau. O4eHb MHTEPECHBIM SIBJSIETCS TOT
(aKT, 4TO BIMSHUE NCKYCCTBEHHOTO OCEMEHEHHS Ha MPOICHT YOOMHOTO BBIXO/a BEIPAKEHO B MECHBIIICH CTe-
MIEHU 10 CPaBHEHUIO C €r0 BIMSHUEM Ha a0COJIOTHBIC MOKA3aTeNH, TAKKUE KaK Macca TyIIH. DTO O0BICHIETCS
TE€M, YTO YOOWHBIA BBIXO SIBISETCS OTHOCUTEIBHBIM MOKA3aTEIEM M 3aBHCUT HE TOJBKO OT F€HETHYECCKHX
(hakTOpoB, HO U OT (PU3UOJIOTMYECKOTO COCTOSHUS YKMBOTHOTO, YCIOBUI KOPMJICHHUS U colepKaHus. TeM He
MEHEe, C YBEIMYCHUEM BO3pacTa MOJIOJAHAKA BIUSHUE JAHHOTO (haKTopa CTAHOBHUTCS 00Jiee 3aMETHBIM, YTO
BHOBb IMOATBEPIK1a€T HAKOTTUTEIIBHBIA XapaKTep CeNEeKIMOHHOTO Y deKTa.

D¢ hEeKTUBHOCTh MPUMEHEHHsI UCKYCCTBEHHOTO OCeMeHeHUs. B 001iem, mojaydeHHbIe TaHHbIE CBH-
JIETEJILCTBYIOT O BBICOKOH 3()(PEKTUBHOCTH MPUMEHEHHS TEXHHKH MCKYCCTBEHHOTO OCEMEHEHHUS B MSICHOM
CKOTOBOJICTBE, OCOOCHHO TIPH YCJIOBHUU HMCIOJIb30BaHUS Ka4eCTBEHHOTO T€HETHYECKOIO Marepuasia CEeMECHH
OBIKOB-IIPOU3BOJIUTENICH 3apyOEIKHOTO MPOMCXOKACHHUSI U MPOIYMAaHHON CEJIEKIIMOHHOMN mporpammel. JlaH-
HBII METOJI MO3BOJIIET YCKOPUTh TEHETHUECKUN MTPOTPECC, TOBBICHTHh MACHYIO TPOAYKTUBHOCTD KUBOTHBIX U
YIYYIIATh SKOHOMUYECKUE TTOKA3aTEeIN OTPACIIH.

Takum oOpazom, MOXKHO pE3IOMHPOBATh, YTO UCKYCCTBEHHOE OCEMEHEHHE KPYITHOTO POraToro CKoTa
MSICHOTO HaIlPaBJICHHS! POTYKTUBHOCTH SIBJIICTCS BAXKHBIM HHCTPYMEHTOM COBPEMEHHOTO KUBOTHOBOJICTBA,
CIOCOOCTBYIOIIMM TTOBBIIICHUIO MPOIYKTUBHOCTH M KadecTBa MPOAyKUIHU. [IpuMeHEeHHe HMCKYCCTBEHHOTO
OCEMEHEHHUS B COUYCTAaHHH C HAyYHO 0OOCHOBAHHBIMU METOJIaMU OTOOpA, MO00pa M BBIPAIIUBAHUS KUBOT-
HBIX OTKPBIBACT IIMPOKHUE MEPCIICKTUBBI JIJIsl TAIbHEHUINIErO pa3BUTHUS MSICHOTO CKOTOBOJICTBA M TTOBBIIICHHS
€ro KOHKYPEHTOCITOCOOHOCTH.

B Oynymem 1enecooOpa3Ho MPOIOJDKATh HUCCICIOBAHUS B 00JIACTH MCKYCCTBEHHOTO OCEMEHCHHS,
pacHIupsisi CIEKTP UCIIOIb30BAHHBIX OBIKOB-TIPOU3BOAUTENICH H COBEPIICHCTBYS CEJICKIIMOHHBIC MPOTPAMMBI.
DTO MO3BOJUT JTOOUTHCS €II¢ 0oJiee 3HAUUTEIBHBIX PE3yIbTaTOB B YIIYUIICHUH MSICHOM MPOAYKTUBHOCTH, a
TaKXe MOBBICUT YCTOWYUBOCTh K 3a00JICBAaHUSAM M aJalTUBHBIC CIIOCOOHOCTH XKUBOTHBIX. M cronbp3oBaHue
COBPEMEHHBIX TEXHOJIOTHH, TAKUX KaK TCHOMHOE CEJICKIIMOHUPOBAHKUE, MOXKET CTaTh CJICAYIONTUM IIIaroM B
ABOJIIOIIMU MSCHOTO CKOTOBOJICTBA, OOecIeurBasi 0ojiee TOUYHbIA 1 3PPEKTUBHBIN MOAX0/] K YIYYIICHUIO CTa-
na.Kpome Toro, HE0OX0IUMO yIEISITH BHUMaHUE O0YYESHHIO CIICIIMAIUCTOB B JAHHOM 001aCTH, YTOOBI 00ecIIe-
YUTh BHEIPEHHUE COBPEMEHHBIX TEXHOJOTUM M HAYYHBIX 3HAHUH B MPAKTHYECKYIO EATEIBHOCTh. JTO OyaeT
croco0OCTBOBATh HE TOJIBKO MOBBIIICHUIO MPOU3BOAUTEIBHOCTH, HO U YCTOMYHNBOMY Pa3BUTHIO MSICHOTO CKO-
TOBOJICTBA B I1€JIOM. BiisiHME Ha SKOHOMHKY M PBIHOK. YCIIEX MPUMEHEHHS HCKYCCTBEHHOTO OCEMEHEHUS TaK-
K€ UMEET SKOHOMHUUYECKOE 3HAYCHHE. YBEIUYCHHE MSICHOM MPOTYKTUBHOCTU TO3BOJISIET COKPATUTh 3aTPaThl
Ha KOpMJICHHE U COJIepKaHUE KUBOTHBIX, UTO, B CBOIO OYEpE/lb, IOBBIIIACT PeHTA0CIbHOCTh Ou3Heca. boiee
Ka4eCTBEHHOE MSICO MPUBJICKAET MOKyHaTeseld U MOKET 00eCIieunTh 00Jiee BBICOKYIO IIEHY Ha PhIHKE. Takum
00pa3oM, HHBECTHUIIMU B UICKYCCTBEHHOE OCEMEHEHHNE U CEJICKITIO0 MOTYT CTaTh KIIFOYEBBIM (haKTOPOM ycIiexa
JUIST MSICHBIX (hepMepoB.

Kpome Toro, npuMeHeHHE COBPEMEHHBIX TEXHOJOTHI B )KHBOTHOBOJICTBE, TAKUX KaK MCKYCCTBEHHOE
OCEMEHEHHE, MOXKET CITOCOOCTBOBATh O0Jiee PAIMOHAILHOMY UCIOJIb30BAHHUIO MPUPOIHBIX PECYpPCOB. YiIyd-
IIEHUE TeHETUYECKOTO IMOTEHITMAIa )KUBOTHBIX MTO3BOJISIET MOTyYaTh OOJIbIIE MPOAYKIIMH C MEHBIIIMMH 3aTpa-
TaMH, YTO BaYKHO B YCJIOBHSIX PACTYIIETO HACEICHHS U OTPAHUYEHHBIX PECYPCOB. ITO TAKKE MOXKET ITOMOYb



B pCHICHUU SKOJOTHYCCKHUX HpO6J'ICM, CBA3aHHBIX C XMBOTHOBOIACTBOM, TAKHX KaK BBI6pOCLI MMapHUKOBBIX
ra3oB M 3arpsi3HCHUC OKPY)KaIOH_Ieﬁ Cpeabl. B 3aKJIIFOUYCHUC, NCKYCCTBCHHOC OCCMCHCHUC SABJISICTCA BAXKHBIM
HHCTPYMCHTOM, KOTOpLII\/'I OTKPBIBACT HOBBIC BO3BMOKHOCTU IAJIA YIIYUIICHHUA MACHOTO CKOTOBOACTBA. HpI/IMe-
HCHHUC 5TOr0 METOAAa B COUCTAHUU C HAYUHO 000CHOBAaHHBIMU noaxoaamMu K CCJICKIHUU U YIIPABJIICHHUIO CTAA0OM
CHOCOGCTByeT HC TOJIBKO MOBBIICHUIO MTPOAYKTHUBHOCTHU U Ka4C€CTBA MMPOAYKIIMHU, HO U YCTOﬁqHBOMy pa3sBu-
THIO BCEH oTpaciiu. C YUCTOM BCCX BBIIICIICPCHYUCIICHHBIX (I)aKTOpOB, MOXHO C YBECPCHHOCTHIO CKa3aTb, YTO
6yz[ymee MsACHOI'O CKOTOBOJCTBA 3aBUCHUT OT 3(1)(1)CKTI/IBHOI‘ O HUCIIOJIB30BaHUs TCXHOJIOT Hﬁ, TAKHUX KaK HCKYC-
CTBCHHOC OCCMCHCHUC, 1 aallTalluid K COBPECMCHHBIM BbI30BaM U Tpe6OBaHI/I${M PBIHKA.
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Abstract. The Adai horse represents one of Kazakhstan’s valuable local genetic resources; however,
molecular genetic data on the genetic diversity and population structure of individual farm populations
remain limited. Therefore, this study aimed to assess the genetic diversity of three Adai horse populations and
characterize their genetic structure using microsatellite markers. A total of 166 horses from the Mukhit (n=67),
Darkhan (n=56), and Islam (n=43) farms were genotyped at 17 STR loci. Genetic diversity parameters were
calculated using GenAIEx, while genetic relationships among the populations were assessed using factorial
correspondence analysis (FCA) and Bayesian clustering. All investigated STR loci were polymorphic;
the mean number of alleles was 8.510+0.298, the mean effective number of alleles was 5.008+0.209, and
Shannon’s information index was 1.750+0.040. Observed heterozygosity ranged from 0.746 to 0.805 across
populations, whereas expected heterozygosity ranged from 0.772 to 0.784. The overall FIS value indicated
no pronounced heterozygote deficiency, while FST=0.018 indicated a low level of genetic differentiation
among the populations. A total of 29 private alleles were identified across the three populations. FCA and
STRUCTURE analyses revealed weak genetic substructure among the populations; in the STRUCTURE
analysis, K=3 was identified as the most likely model, with shared genetic components and Admixture
observed in all populations. The results indicate that a high level of genetic diversity and a shared genetic
background are maintained in the studied Adai horse populations, while local genetic characteristics have also
developed. These findings may be used to support the conservation of Adai horse genetic resources, monitor
genetic diversity within populations, and facilitate scientifically informed breeding programs.
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AHHoTanus. Anai KbUTKbICHl Ka3aKCTaHHBIH KEePriliKTi TeHETUKAJIBIK PECYPCTAPBIHBIH 0ipi OOMIBIT
TaOBLIa/AbI, alaiifla OHBIH KEKEJIETeH MIapyallbUIbIK MOMYISIUSIAPbIHIAFGl TeHETUKAIBIK IPTYPILIIK MeH
MOMYISALUHUSIBIK KYPBUIBIM Typaslbl MOJEKYNIaIbIK-TeHEeTUKAIBIK AepeKTep miekTeyai. OcblFaH 0ailaHbICThI
3epTTeyAiH MaKcaThl A/Iaii )KBUTKBICBIHBIH YIII MTOMYISIIUSICHIHAAFbI TEHETUKANIBIK OPTYPIILTIKTI Oaranay xoHe
OJIapJbIH T€HETHKAIBIK KYPBUIBIMAAHY €PEKIIeNIKTepiH MUKPOCATEIUIUTTIK MapKepiep HETi3iHAe aHbIKTay
6onasl. 3eprreyre Myxut (n=67), apxan (n=56) xone Mcnam (n=43) mapyalllbliIbIKTapblHAH OapIibIFbI
166 >xputkbl anbiHbid, 17 STR 10Kychl OGolibiHIIA reHOTUNTENIl. [eHeTHKAIBIK OpTYPIILIIK KOpCeTKIITepi
GenAlEx OarnmapnaMachlHIa €CenTeNal, al MOMyIAlusiIap apachblHAaFsl TeHETUKAJBIK KaTbIHACTAp (PakKTop-
abIK coiikecTik Tannaysl (AFC) sxone Bayesian knactepiney oaiciMen Oarananabl. bapnsik 3eprrenren STR
JOKyCcTapbl monuMopdTel 00mabl; amienbaepAid optama canbl 8,510+0,298, ¢ dekTuBTi amiensiaep caHbl
5,008+0,209, an lllennonusiH akmaparTelK uHaekci 1,750+0,040 kypansl. [onynsiusinap OoiibiHIna Oaii-
KanraH rereposurotaisik 0,746-0,805, an kytineTiH rerepo3uroransik 0,772—0,784 apanblFbIiHIa €3Tep/i.
Kanmer FIS MoH1 alikbIH reTepo3uroTa TamIIbUIBIFRIHBIH OalikanMaranbiH, an FST=0,018 momymsmusiiap
apachIHarbl TeHETHKANBIK TU(pdepeHIINAIUSIHBIH TOMEH eKeHIH KOpCeTTi. Y MOmyasuusaa Oapibirsl 29
napa amnend aHbIKTanael. AFC sxone STRUCTURE HoTmKenepl momyasiusiuiap apachlHaa dJci3 TeHeTHKa-
71K cyOKypbUIBIMHBIH Oap ekeHiH kepceTTi; STRUCTURE rtanpaysinna K=3 eH pIKTHMal Mojenb OObI,
Oap bIK TOMysSUsIIapAa OpTaK TeHETUKAIBbIK KOMIIOHEHTTep MeH Admixture Gaiikanabl. Hotuxenep 3ept-
TenreH Anail )KbUIKBICHI TOMYMSAUSIAPBIH/IA KOFAphl TeHETUKAJIBIK OPTYPIILIIK TIEH OPTaK FeHETUKAIBIK He-
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T'13/11H CaKTaJFaHblH, COHBIMEH KaTap >KePrUIIKTI T€HETUKAJIbIK ePEKIICIIKTePAIH KalIbIITACKAHBIH KOPCETTI.
AJnbIHFaH JepekTep Aail KbUIKBICBIHBIH N€HETHUKAJIBIK PECYPCTapblH CakKTay, MOMYJISLUsIIapIarbl TeHETH-
KaJIbIK 9PTYPJIUIIKTI MOHUTOPHUHITEY JKOHE CENEKIMSUIBIK KYMBICTapAbl FBUIBIMU HETri3/1e Kocnapiay YIIiH
naiiananpuTybl MyMKiH.
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AHHOTanusA. Analickas JIOIaJb SBJIAETCS OJHUM M3 LIEHHBIX MECTHBIX I€HETHUECKUX pecypcoB Ka-
3axCTaHa, OJIHAKO MOJIEKYJIIPHO-TEHETUYECKHE JaHHbIE O F€HETUYECKOM Pa3sHOOOPa3HU U MOMYJISIMOHHON
CTPYKTYPE OTIENbHBIX XO3HCTBEHHBIX MMOMYJISIIMI OCTAIOTCSl OTPAaHUYEHHBIMU. B CBS3M € 9TUM LIEIBIO UC-
CJIeZIOBaHMS SIBJISUIACH OLIEHKA TEeHETHYECKOr0 pa3Ho00pa3us Tpex MOMyIsALui afaiicKuX JIomaaen 1 BbIsBIIe-
HUE 0COOCHHOCTEN UX TeHETUYECKOH CTPYKTYpbl HA OCHOBE MUKPOCATEIUIUTHBIX MapKkepoB. B uccnenoBanue
ObUTH BKIIIOYEHBI 166 nomaneit u3z xo3saiicts Myxur (n=67), lapxan (n=56) u Mcnam (n=43), reHOTUIHPO-
BaHHBIX 10 17 STR-nokycam. [Toka3arenu reHeTH4ECKOro pa3HOoOOpa3usi PaCCUNUTBIBAIM C MCIIOIb30BAHUEM
nporpammbl GenAlEX, a reHeTHYecKie B3aMMOOTHOILICHUS MEX/Ty MOMYJISLUSAMHI OLEHUBAIN METOJIOM (ak-
TopHoro ananusa cootBercTBuil (AFC) u OaifecoBckoii kinactepuzauuu. Bee nccnenoannsie STR-10Kych
ObUTH TOMMMOP(HBIMU; CpelHee yucio amienei cocrapuno 8,510+0,298, apdexTuBHOE Uncio ameneit —



5,008+0,209, a uapopmaunonnsi uaaekc llennona — 1,750+0,040. HaGnronaemast rerepo3uroTHOCTH B 1O-
myssusax BapbupoBaina ot 0,746 mo 0,805, a oxxumgaemas rerepo3urotHocTs — ot 0,772 no 0,784. Ob1ee 3Ha-
yenue FIS cBuaerenscTBOBaIO 00 OTCYTCTBUU BBIpAKEHHOTO NAeduiinTa rerepo3urot, Torna kak FST=0,018
yKa3bIBaJIO HA HU3KUH YPOBEHb TeHETUYECKOH TuddepeHnaiuy MexXay NonyIsauusamMu. B Tpex momymsusx
ObUTO BBISIBIICHO B 0011el cinoxHocTH 29 mpusatHbIX ayutenei. Pesynsratel AFC u STRUCTURE BoisiBUIM
Hanu4ue ciaaboi reHeTHueckoi cyOocTpykTyphl Mexay nomymsauusmu; npu ananuze STRUCTURE naun6o-
Jiee BepOosATHOM oKa3zasiach Mozenab K=3, nmpu 3ToM BO BcexX MOMYALUSAX HAOIIOJAINCh O0IINe TeHeTHYECKUE
KOMIOHEHTHI U npu3Haku Admixture. [lonydyeHHble pe3ynbTaThl CBUAETENBCTBYIOT O COXPAHEHUH BBICOKOTO
YPOBHSI TEHETUYECKOTO Pa3HOOOpa3us U 00IIel FTeHETHYECKOM OCHOBBI B MCCIIEIOBAaHHBIX MOMYIISLUAX aai-
CKHUX JIOIIaiel Hapsy ¢ GOpMUPOBAHHUEM JIOKAJIbHBIX T€HETHUYECKUX ocoOeHHOCcTel. [lonmyueHHble TaHHbIe
MOTYT OBITh MCIIOJIB30BAHBI JJIsi COXPAHEHHsI TEHETUYECKUX PECYpCOB a/1aliCKOM JIOIIa i, MOHUTOPHUHIA Te-
HETHYECKOT0 pa3Ho0o0pa3usl MOMyIALUI 1 HayyHO 000CHOBAaHHOTO IUIAHUPOBAHMS CEIEKIIMOHHOM paboThI.

Karouessble cioBa: yomaap nopoast Anait, STR-mapkepsl, reHeTnueckoe pasHooOpasue, MUKpoca-
TEJUTUTHI, reTepo3urotocts, FST, nonynsauuonHas ctpykrypa, STRUCTURE, admixture
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Kipicme.

KazakcTanaarsl KbUIKBI MIAPYaNIBUTBIFI €71IMi3/1e Majl IIapyallbUIbIFbl CalaChlHIa MaHBI3Ibl OPBIHFA
ne. KazakcTaHHBIH KeH >KaWbUTBIMJIBIK ayMaKTaphl JKOHE KbUT O0BI TAOUFH jKalbUIBIMIA YCTAY KYHeci Kop-
[IaFraH OpTa KaraaiIapbIHa jKaKChl OCHIMAENTEH KbUTKbl TYKBIMIAPBIHBIH KaJIbIITaCybIiHa bIKMaNI eTTi [bap-
MmuHIeB, 1958: 281; Hypymes, 2005: 383]. HoTmkecinae enimizaig 6aThic )kKoHE OHTYCTIK-0aThIC OHIpIepiHe,
ocipece Apan-Kacnuii aiimarel MeH ManrpicTay TyOerinae Afaif »KbUIKBICHI KAbIMTACThI. Aail )KbUIKBICHI-
HBIH KaJIbIIITACYbI, OMONOTHSIIBIK KOHE [IAPYyaITbIIBIK €PEKIIEeTIKTEPl OTaHBIK 3€PTTEYIIIIEPiH eHOSKTepiH-
7€ )KaH-*KaKThl KapacTeipbuirad. FO.H. bapMUHIIEBTHIH 3epTTey HOTHXKENEPl HKEPriTIKT1 )KBUTKBI TYKBIMAAPHI
MEH THUITEPI Y3aK MEP3i1M/Il XaIBIKTHIK CYPHINTay MEH TaOUFU-KIMMATTBIK KaFJailiapablH oCEpiHEH KasblIl-
tackanbiH nonenzaeini. Keiin M.JK. Hypymes [Hypymes, 2005: 383]. Anaii >KbUIKBICHIHBIH 3BOIOIHSICHIH,
Ka3ipri >KarIailbIH KOHE OHBI ©CIpy MEePCIEKTUBANIAPBIH KeIIeH Il TYpAe cumarTtan, oHblH KasakcTtaHHbIH Oa-
TBHIC OHIPIHETI MaHbBI3/IbI JKEPTITIKTI TEHETUKAIIBIK PECYpPC €KEeHIH KOpPCeTTi. Afail )KbUIKBICHIHBIH TeHO(OH-
JIBIH CaKTay YKOHE CeeKIUSUIBIK TYPFhIIAaH Nakiianany Maocenesepi KeHiHri 3epTTeyiepae e KalFachbiH TaybII
keneni [Hypymes, 2007: 127-128].

Anait KbUTKBICH Y3aK YaKbIT 00IbI Ka3aK KBIIKBICHIHBIH )KEPTUTIKTI TUIITEPIiHIH O1pi peTiH/e KapacThl-
pouTBIn Kenai. OHBIH KaJbIITaCcyblHA )KEPTUTIKTI Ka3aK >KbUIKbUIAPBIMEH KaTap Keplilijec ailMaKkTapIblH CalT
MIHETIH KbUIKBLIAPBIHBIH TAPUXHU BIKMAIbI OonFaH. COHFBI KbUIAAPHI KYPIi3UIreH CENEKIHSIIBIK KYMbICTap-
JIBIH HOTHXKECiHAe AMail )KbUIKBICHIHBIH MOpTeOeci HAaKThUIAHBII, O )KeKe TYKbIM PETiH/AE PeCMH TaHBLIIbI.
A alt *KBUTKBICBIHBIH HET13T1 €peKILeTIKTEpiHe 11161 )KOHE IMIOJICHT aliMaKTapAblH TAOUFU-KIUMATTHIK JKaF1ai-
JapbIHa OeHIMALTIT, JKaUBLUTBIMIBIK JKaFAali/1a Kbl OOMBI yCTayFa TO3IMILIIT, )KYPAEKTIT1 )KOHE CalT MiHyTe
KapaMIbUIBIFRI xKataael [Hypymes, 2005: 383; Hypymes, 2007: 127-128; Kabylbekova xone 1.6., 2024].

JKeprinikTi )KbUIKBI TYKBIMIAPBIH CAKTay MEH THIM/I1 Mainanany onapabliH (EHOTUNTIK XKOHE OHIMILTIK
epeKIeikTepiH OaranmayMeH FaHa Iiektenmeiai. [lomyasiusiiapablH TeHEeTUKAIBIK OpTYPIUIIri OlapIbiH
OeliMIeTy QJIeyeTiH, CENIKIMSIIBIK MYMKIHAIKTEPIH KOHE Y3aK Mep3iM/Ii TYPaKThUIBIFbIH aHBIKTAHTHIH He-
ri3ri ¢akropnapasie 6ipi 60sbin TabbuTaabl. OChbIFaH OalIaHBICTBI MOJIEKYJIAJIBIK-TeHETUKAJIBIK MapKepiep
KEPTUTIKT1 )KBUTKBI TTOMYISIMUIaPBIHIAFbI TeHETUKAIBIK ©3T€PTillTIKTI, TYBICTBIK KaThIHACTAP/IbI, MHOPHIUHT
JCHIeiH KoHe MOMYJISIHUSUIBIK KYPBUIBIMIBI 3€PTTEYIIH MaHbI3Abl KypalbiHa aifHanasl [Gemingguli xoHe
1.0., 2016; Kargayeva xone T.6., 2020: 55-61].

KazakcTan >KbUTKBUTAPBIHBIH MOJIEKYIAIbIK-TeHETUKAIIBIK 3epTTeynepi OipHelle Ke3eHJe AaMbIIbl.



AJIFaliKel 3epTTeyiepae MUTOXOHIpHsUIBIK JJHK Mapkepiiepl KOJIAaHbLIbII, Ka3aK JKbUIKbIIAPBIHBIH aHaJIbIK
JTUHUSUTAPBIHBIH JKOFAphl OPTYPIILUIIT jKOHE SPTYpii reorpadusuiblK MOMYISAIUsIap apacklHa OpTaK rario-
TUNTEPIH 0omybl aHbIKTabl [Gemingguli xone T.6., 2016]. Keliin MUKpOCaTEITUTTIK HEMece KbICKa TaH-
nemi kaitananeivaap (STR) uerizingeri 3eprreynep KazakcTaHHBIH KepPriliKTi )KbUIKbI TTOMYISIIUSIIAPBIH-
JIaFbl FeHeTHKANBIK ToTuMopdu3M/Ii 6aranayra MyMKiHAIK O6epai [Beyshova xone 1.0., 2013: 85-91].

I'enetukansik Mapkepaepaiy iminge STR-mokycTapsl skorapbl MOMTUMOPPTHUIBIFBIMEH, KOTOMUHAHT-
ThI TYKBIM KyaJlaybIMEH oHe T'€HOMJa KeH TapanyblMeH epekieneHeni. Ocbl KacueTTepiHe OailllaHbICThI
oJlap JKBUIKBI TMOMYJSIMUIAPBIHAAF T€HETUKANBIK SPTYPIUTIK MEH ©3TeprillTiKTi, TeHeTHKaNbIK audde-
PEHIMAIMSIHBI JKOHE MOMYJISIUUIBIK KYPbUIBIMABI Oarayiayyia KeHiHeH KonaHbUiAbl. KazakcTanma MHKpO-
CaTeJUIUTTIK Mapkepiep anrambiHga Kocranaii skone Myrammkap CUSKTBI OTaH[IBIK KBLUTKbI TYKBIMIAPbIHBIH
TeHETUKAJBIK KYPBUIBIMBIH CUIATTAy YIIiH Mainanansuiabl. KocTaHail sKbUTKBICHIHBIH HETI3T1 aTalbIK JIMHU-
snapbiH 17 MUKpPOCATEIUIMTTIK JIOKYC OOMBIHINA 3€pPTTEy OJapiblH ajulelbAep Kypambl MEH KUUTIKTePiHEe
allbIpMalIbUTBIKTap 0ap eKeHIH JKOHE KEeKeJIeTeH JTMHUSIIapAa TeTepo3nuroTaiap TanlbUIbIFbl OalKalaThbIHbIH
kepcerTi [Beyshova xone 1.6., 2013: 85-91]. Myramkap XbUIKbICHIHBIH KoskamOep/i TUmiHe >Kypri3iuireH
MHUKpOCATEJUIMTTIK Tajjaylap Ja aralfaH MOMYJISIUSHBIH KOFapbl TeHETUKAIIBIK SPTYPILUTIKIIEH CUMaTTasa-
TBIHBIH KOpceTTi [ ChIIBIKOB JKoHE T.0., 2017: 25-25].

Anait KbUIKBICBIHA MOJIEKYJAJIBIK-TeHETUKANBIK SICTepAl KOJNJaHy KEeHiHT1 3epTTeyiepiae Kyse-
re acelpplIbl. Kapraesa sxoHe opinTectepi Ajail TUITI Ka3akK >KbUIKbIIAPBIHBIH T€HETHKAIBIK KYPBUIBIMBIH
STR-mapkeprep apKpUIbl 3epTTeN, MaHFbICTay aliMarblHa OCIPUIETIH >KbUIKbUIAP apachlHIA IMOMYIISIIN-
AIMITIK TeHeTUKaIbIK nuddepenmanusabiy 6ap exeHin kepceTTi [Kargayeva xone T.6., 2020: 55-61]. Keii-
1H Afail )KbUIKBICBIHBIH, OMOJIOTHSIIBIK JKOHE OHIMIUTIK KaCHETTEPiH TeHETHKAJIBIK MapaMeTpiepMeH Oaiina-
HBICTBIpa 3epTTey Oaprichinaa MukpocareuTTik JJHK mokycrapsinbiH noaumopdusMi e KapacThIPbUIbI,
MOJIEKYJIANbIK MapKepaepai Afail KbUIKbICBIHBIH CEIEeKIUSUIBIK-TeHeTUKAIbIK MOHUTOPUHTIH]IE Maiaanany
KakeTTutiri Herizaenni [Kapraesa, 2022].

CoOHFBI )KBUTIAPHI JKOFAPHI THIFBI3ABIKTAFbl TEHOM/IBIK MapKepJiep HEeT131H/1€ OTaH IbIK )KbUTKbI TYKBIM/1a-
phI 3eprTene 6actaasl. Mbicansl, Anaif, XKaosl, HaliMan sxone KazakcTanHbIH 0acka /1a KbUIKBI TOMYIISIIIHSLIIA-
PBIH TOJBIK-TeHOMIBIK SNP reHoTUIITeY apKbUIbI 3epTTEY KEPriliKTi )KbUIKBI TYKBIMIAPBIHBIH T€HETUKAIBIK
KypbUIbIMbIHA cumnaTtTama Oepingi [Pozharskiy sxone T.6., 2023]. CoHbIMEH KaTap COHFbl MUTOXOHAPHSIIIBIK
3epTTeyaep KazakcTaHHBIH KEPTiTiKTI )KbUTKBUIAPBIHAA KOFAPhl aHAJIBIK TeHETUKAIBIK OPTYPIILIIK CaKTaFa-
HBIH OHE TYKBIMJIAp apachbIHAAaFbl TeHETUKAIBIK KYPBUIBIMHBIH CaJbICTHIPMANbl TYPJIE 9JICI3 €KeHIH Kepce-
texi [Ualiyeva xone T.6., 2026].

JKorapeia aTanFaH anJbIHFBI 3€pTTEYACPIiH enoyip Oemiri Anail KbUIKBICHIH TYTac MOMYJISIHS He-
Mece 0acka Ka3ak >KbUIKbIIIAPbIMEH CabICTHIPBIIATHIH O1p TeHETUKAIBIK TOT peTiHAe KapacTbipraH. OcbiFaH
opait Anail ®KbUTKbICBIHBIH OpTYPIIl IapyalIbIIbIKTapAa 6CIpiiIeTiH CyOnOMy S UsIapbIHBIH TeHETUKAIBIK -
TPYPILIITI MEH ©3TepTillITiri, ’FHOPUIUHT KOPCETKIMITEPi, FTEHETUKABIK TU(PepeHraus )KoHe KypbIIbIMbIH
CaJBICTBIPMAIIBI 3€PTTEY ©3€KT1 0OJIBIN TaObLIaAbl. MyHIal 3epTTey )KYMBICTaphl Alail )KbUIKBICHIH ©CIPETIH
JKEKeJIeTeH IapyallbUIBIKTap apachbiHAaFbl TeHETUKAIBIK OalIaHbIC MEH BIKTUMAN CYOKYPBUTBIM/IbI aHBIKTAY
KOHE TYKbIMHBIH T€HETUKAJIBIK PECYPCTapbIH CaKTay, CENEKIUSIIBIK )KYMBICTAp/Ibl FHUTBIMU HETi37e YHbIM/Ia-
CTBIPY YILI1H MaHBI3/IBI.

Ocpiran 06aifaHbICTHI 3€pTTEYIIH MakcaThl — 17 MukpocaremutTik STR-mapkep Herizinae Anait
KBUTKbICBIHBIH MyxuT, [lapxan sxone Mcnam mapyabuiblKTapbIH/Ia ©CIPUIETIH MOMYISIIHsIIapbIHBIH TeHETH-
KaJIbIK OPTYPJILUIIriH, TeHETUKAIBIK AU dEepeHINAUACHIH KOHE MOMYIISIHUUIBIK KYPBUTBIMBIH Taj1ay OOJIBII
TaOBLIAIbL.

MarepuaJigap MeH djicrep.

3epTTeyre Anail KbITKbICHIHBIH YIII TOMY/SIIUSChIHA KaTaThIH OapibIFbl 166 qapa anbiHabl. OHBIH i1I1H-
ne MyxuT mapyainsiisiFbiHaH 67 6ac, JlapxaH mapyamsuislFbIHaH 56 6ac sxoHe VcnaM mapyanibuibIiFbIHaH
43 Gac KbUIKBI 3epTTeiai. MoneKyaalbIK-TeHeTUKAJIBIK TaJlay YIIiH 9p JAapajaH OMOIOTHUSIIBIK MaTepual
petinae TyOip doHKynamapbl cakTajdfaH *aJl KbUIIIBIKTAPbIHBIH YIT1Iepl KUHAIIBL. AJBIHFAaH OUONIOTH-
SITBIK YIITLIEp JKeKke TaHOaTaHbII, apHaiibl Kara3 Kopanrtapra canbiHabl, keneci perte JIHK-renorunrey xy-
MBICTApBIH/IA Tal1aTaHbLIIbL.

Anait )KbUTKBICHI OIS IUSIIAPBIHBIH TeHETUKAIIBIK OpTYpuiIirid 6aranay ymria COrDIS Horse myib-
turiekceti STR-maneni Kongansuiabl. AMImuduKanys eHiMaepine GparMeHTTIK Tanaay KanIIspIbIK dIeK-
tpodopes sxicimen SeqStudio Genetic Analyzer reHeTUKAIIBIK KYpaJbIH/A )KYPri3UIai. AJIBIHFaH 3MeKTpodo-



perpaMMaapiarbl (parMeHTTepAlH eneMaept MeH S1R-amnenbaepl GeneMapper OarapinaMachl apKbLIbl
anbIKTanpl. Hotrmkecinae op napa yurid 17 STR jokycel OOHBIHIIA JUITIOUATH TEHOTHIITIK MPOQMIb Ka-
JIBIITACTBIPBIIIBI.

[TormyasuusimIuIK JKOHE HOMYJSLIUsATIAp apachlHIaFrbl TeHETUKAIBIK OPTYPJUIIKTIH HEri3ri KepcerT-
kimtepi GenAlEx GarnapiamMaiblK OpTachblHa €CenTeNl. Op JIOKYC )KOHE MOMYIIALUs YIIIH ajJebep CaHbl
(Na), >bdextunti annenbaep cansl (Ne), lLleHHOHHBIH aKNapaTThIK MHAEKCI (1), OaliKanFaH reTepo3uroTanbIK
(Ho), KYTIJIETIH TeTepO3UroTaNbIK (He) oHe YIri KeJeMiHe TY3eTUITeH KYTIJIETIH IeTepo3urotaibik (uHe)
aHbIKTa1bl. COHBIMEH KaTap TeTepo3UroTanapiblH KYTIJIETiH IeHIei/IeH aybITKybIH Oarasay YIIiH (puKcarus
unjekci (F) ecenrenni. Ilonynauusinapra ToH qapa ajuienbaep (private alleles) aHbIKTanbIN, olapAblH 9p MO-
MYJISIUSAaFb] Ke3/1eCy KULTIKTEPl eCenTeii.

[TonmyasuMsimIUIK XKoHE NOMYISIIUsIapapaIblK TeHETUKAIBIK AU PepeHIHalusaHbl CUMaTTay YIIiH
PaiitteiH F-cratncrukansik kepeerkimrepi — Fyg, Frr xone Fgp ecenrenni. [Tonynsuusiap apachlHaarsl
I'€H aFbIHBIHBIH TEOPHSUIBIK JeHreili Nm KepceTKilll apKplibl OaraiaHabl. YIII HOMYJISIUs apachlHIaFbl Te-
HETHKAJIBIK YKCACTBIK IE€H aiiblpMallbUIbIKTap/Abl Oaranay YiIiH Nei O0ibIHINIA YIT1 KeJeMiHe TY3eTUIreH re-
HeTHKaNbIK auctanius (Neis Unbiased Genetic Distance) sxoHe HOMyISIUANADP apachIHAAFbI KYNTHIK F g7
Kepcetkimrepi ecenreni [Nei, 1978].

3epTTeNreH napajiapablH TeHOTUIITEP] HEeTi31H/IeTi TeHETUKAIBIK KaThIHACTAPBIH KOHE MOIYJISIUsIIap
apachIHIarbl KYPBUTBIMJBIK epeKinenikrepin Oaranay yuria GENETIX 6arnapnamackl Kongausuiasl [Belkhir
x)oHe T.0., 2004].

3eprrenred Anai )KbUIKBICHI TOMYJISIIMSTIAPBIHBIH TeHETUKAIIBIK KYPBUTBIMBIH Oarasnay yiiH Bayesian
clustering anicine nHeriznenren STRUCTURE v2.3.4 6arnapiaaMacsl KOJIIaHbUIIBI.

blkTrMan reneTukansik knactepiep canbl K = 1-5 apansirbina 6arananasl. Op STRUCTURE Ttanna-
ybl yiriH 6actanks! burn-in ke3zexi 100 000 urepanusiael, onan keitinri Markov chain Monte Carlo (MCMC)
ke3eHi 200 000 nrepanusiabl Kypazas! [Pritchard et al.,2000]. Tangay napanapaslH apajgac TeHETUKAIBIK TEK-
TITITiIHE MYMKIHIIK OepeTiH Admixture model xoHe KIlacTepiep apachIHIAFbl aJlieNb KULTIKTEPiHIH 63apa
OaitnanbichiH eckepeTin Correlated allele frequencies model nerizinae xyprizinai [Falush xone 1.6., 2003].

Oprypai K MoHzepi YIIiH anblHFaH HOTHOKEIEp HETI31HIe MOACIbACPAIH BIKTUMAIIBIFbIH CUTIATTAN-
TeIH LnP(K) KepceTKimTepi CanbICThIPbUIABL. [ €eHeTHKANIBIK KJIACTEepIIep/IiH OHTANIbI CAHBIH aHBIKTAy YIIIH
Evanno anicine neriznenren AK kpurepwuiii kongansuias! [Evanno sxxone 1.6., 2005].

CraTUCTHKAIIBIK )KOHE MOMYIISIIMSIIBIK-TeHETHKAIBIK TallAayJap/iaH aJlblHFaH HOTHOKEJIEep/ii OHJIey, Tpa-
(uKaNbIK BU3yaTu3alisIiay )KoHE CypeTTep/li *KapusulaHbiM popMaThiHa KenTipy R cratuctukansik 6araapia-
MaJiay OpTachIHa KYPri3iii.

[eHeTukansIK opTYpiuik kepcetkimrepin (Na, Ne, I, Ho, He, F swcone m.0.) eHey XKoHE BU3yallu-
3anusinay OapbicbiHaa ggplot2, dplyr xoue tidyr makeTTepi KoanaHsliabl. dplyr nepexrepai cypeinTay sKoHe
TYpJieHAipy, tidyr nepekTep KyphUIbIMBIH rpaduKajbK Tanaayra oeiimaey, an ggplot2 Heri3ri CTaTUCTUKAIBIK
rpaduKTepAl Kypy JKoHe Oe3eHipy YIIiH Maii1aTaHbuIb.

Nei reHeTHKaJIbIK AUCTAHIMACHI MEH KYNTHIK [ g7 KepceTKilTepiH caablcThpMabl Type Oeiine-
JIEWTIH XKBUTYy KapTanapbiH (heatmap) Kypy ke3inne ggplot2, dplyr, tidyr nakertepiMeH Karap spTypii rpadu-
KaJIBIK IIKajaiapsl O1p CypeTTe KoJJaHyFa MYMKIHIIK OepeTiH ggnewscale naketi nainananpuiabsl. [lomy-
JSUASIIAPAAFbl TETEPO3UTOTANIBIK KoHE 0acKa TeHETHKAJIBIK KOPCETKIMITEP/Il palapiiblK JUarpaMMa TYpIHIe
KOpCeTy VIIiH finsb makeTi KOIAaHbLUIIbI.

Hoaru:xesep.

Aaif )KbUTKBICBIHBIH YII MO/ ISIHSICHIHIAFbl TeHETHKAIBIK OPTYPIILTIKTI Oaranay Makcarbiaaa 17 Mu-
KpOCAaTeJUIMTTIK JIOKYyC OOWBIHIIA ayuienbaik kepceTkimrep ecenteni (Cypet — 1). 3eprreyre 6apnbirsr 166
Japa albIHABI, OHBIH iMIiHAe MYXHT mapyanibuibliFbiHaH — 67, JlapxaH mapyambuibiFbiHaH — 56 xoHe Mcinam
mapyamnbUIbIFbIHAH — 43 6ac KBUTKBI OOJIBI.

3epTTenreH JoKycTap OONBIHINIA ajuIeTbJep CaHbl TOPTTCH OH aJThIFa JICHIH aybITKbIABL. EH KOFapsl
amtenbaik opTypiinik ASB17 nokyceinaa 6aiikanasl: MyxuT nonymsiusicbiaaa 15, Jlapxan nomysisiiuscbIH-
na 16 sxone Ncnam monynsinusiceinaa 11 annmens anbikranasl. VHL20 moKychl 1a )KOFaphl ajuIeNbIiK SpTYp-
JITIKIICH CUITATTAJIBIMN, MOy siussiapra 6aimaneicTel 10—11 anmensbal KaMThIIbL.

En Temen ammensaep cansl HTG7 nokyckinaa anpIkTanabl. by mokyc OolibiHIa MyXUT OSSN
ceiHza Oec, JlapxaH moOmysIUsChIHAA alThI )koHe Vcmam nomynsuusiceina TepT ajuienb anbikTanasl. HTG4
JIOKYCBIH/1a OAPIIBIK MOMYJISIU/IA AJIThI AJUICIIBICH aHBIKTAJIIbI.
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O} dexTuBTI anenbaep caHbl 3epTTeNreH JokycTap oolbiHma 1,914-Ten 8,329-ra neifin e3repai. Ex
xorapsel 3¢ dexTuTi amnensaep canbl VHL20 nokycsinaa 6aitkanapl, oHbIH MoH1 Mcnam nonymsiusicbiHaa
8,329 60mn1p1. ASB17 nokycsl 1a sxofapbl 3 (HEKTUBTI aJIIeNIbIK OPTYPILUTIKIIEH CUIIATTaIIbIM, OYJI KOPCETKIII
Myxwurt, Jlapxan xone Mcnam nonynsuusnapeinaa taicinme 7,773, 7,746 xone 7,970 monaepin Kypajsl. Co-
HbIMeH Katap ASB2 nokycsl 6oiibiHIIa 3¢ (eKTUBTI asenbaep canbl Myxut nomynsauusceinaa 5,989, ap-
xaH nomynsnusiceiaaa 6,499 sxone Mcnam nonynsuusiceiaaa 4,155 6onnel. EH ToMen addexTuBTi amnenbaep
canbl HTG4 nokyceinga anbikTanisl. by gokyc 6oiibiHia Ne kepcerkimi Myxut nonynsuuscbigaa 2,265,
Hapxan nomymsirusiceiaaa 1,914 sxone Mcemam nonynsimusceiaaa 2,088 60map1. CalbICTRIpMabl TYPIE TOMEH
monnep HTG7 nokyceiana na 6aifkassim, monyssiusiaapra 6ainansictol 3,491-3,840 apansireiHna e3rep/il.

Population ‘@ Muhit #% Darhan 4 Islam

A Na — Number of alleles

B Ne — Effective number of alleles

Cyp. 1. 3eprreyre ajblHFaH YII HOIMYJSIIUS OOMBIHINA TeHETHKAIIBIK OPTYPIIUIIK KOPCTEKIITEPiHIH CaJIBICTRIPMAIIbl HOTHXKECI.
[Fig. 1. Comparative analysis of genetic diversity parameters among the three studied populations].

[IIeHHOHHBIH aKMapaTTHIK HHIACKCI 3epTTENTeH JIoKycTap OoiibiHma 0,955-tenH 2,363-ke neitin e3repai.
En sxorapsl unaexc ASB17 nokycbeiHna anpiKTanpl: Myxut nomynasuusacbiiaa 2,322, JlapxaH nomyasuus-
ceiaa 2,363 xone Mcnam nomymsauusiceinaa 2,221 6onapl. VHL20 n0Kychl 1a sKoFaphl aKNapaTThUIBIKICH
cunarransi, [lleanon nanexci Myxut nonymsimusiceiaga 2,105, Japxan nomynsuusiceiana 2,152 sxone Hc-
nam nomyssinuaceiHga 2,180 monaepin Kypaasl. ConbiMeH Katap ASB2 jtokyceiHIa Oyi1 KOpCeTKIll THiCiHIIe
1,902, 2,023 xone 1,715 00a751.

En Tomen lllennon unnekci HTG4 nokyceiHna anbiKTanael. by nokyc OolibiHIIA KepceTkim My-
xut nomynsuusicbinaa 1,196, lapxan nonynsanusceiaaa 0,955 xone Menam nomynsimusiceinaa 1,133 6omnsl.
Temewnipek aknaparTsik MoHep HTG7 nokyceinaa na Oaiikansm, ym nonymsuusaa 1,339—1,412 apanbirbia-
na esrepai. Xanmer anranna, VHL20 sxone ASB17 nokycrapsl xorapsl 3Q()EKTHBTI ajuienbaep CaHbl MEH
[llenHOH MHIEKCIHIH MOHIEpi OOMBIHIIIA €H aKMaparThl Mapkepiep petinae epekmeneni, an HTG4 nokycer
CaJIBICTBIPMAJIBI TYPJIE TOMEH F'€HETHKAIIBIK SPTYPIUTIK KOPCETTI.

[Momynsiumsanap apacbIHIa ajuIeNbASpAiH opTama caHsl Myxut nonymnsuusceiaia 8,941+0,546, dap-
XaH nomyJsnusceiaaa 8,824+0,551 xone Mcnam nomymnsmusiceiaaa 7,765+0,425 mouaepai kepceTti. Dddex-
TUBTI ajuienbaep canbl Tuicinme 5,096+0,362, 5,092+0,372 xone 4,838+0,373 mouaepin kypansl. [llenron-
HBIH aKMaparTelKk uHIekci Jlapxan momymsmusiceiaga 1,77540,077, Myxur nomynsuusiceiana 1,769+0,068
xoHe Mcnam nomynsmusiceiaga 1,706+0,066 6ombl.

bapibIk 3epTTenreH MUKpOCATeIUIUTTIK JTOKycTap yur nomysiusaa ga 100 % momumopdTel 606!
JKasnmer yin nomysnsiuumst Go¥ibiHIIa O61p JOKYCKa IIaKKaHIaFbl ajuiesbaepAin oprama canbl 8,510+0,298, an a¢-
dexTuBTI amuenbaepaiy oprama cansl 5,008+0,209 6onapl. lennonnbH aknaparTeiK nuaekci 1,750+0,040
MOHIHE TEH €KEHi aHBIKTaJI bl



Kecte T. Anal ®bUIKBICBIHBIH 3€PTTEIITCH HOMYIISIINsIIAPbl OOMBIHINA TEHETUKAJIBIK OPTYPIILIIK JKOHE
©3TeprillTiK KOPCETKIMTEPiHIH OopTalia MOHAEP1

IMonymsimust | Kepcerkimn Na Ne I Ho He uHe F
Myxwur Oprama Mo | 8,941 | 5,096 1,769 | 0,805 0,784 0,789 -0,026
SE 0,546 10,362 0,068 0,025 0,019 0,019 0,018
Japxan Oprama moH | 8,824 5,092 1,775 0,746 0,781 0,788 0,043
SE 0,551 10,372 0,077 {0,027 0,022 0,022 0,024
Hcnam Opramra MoH | 7,765 | 4,838 1,706 10,786 0,772 0,781 -0,021
SE 0,425 10,373 0,066 | 0,020 0,019 0,020 0,019
BapibiFs Opramma Mo | 8,510 | 5,008 1,750 | 0,779 0,779 0,786 -0,001
SE 0,298 10,209 0,040 |0,014 0,011 0,012 0,012

Eckepmy: Na — annenpaepiH opramia caubl; Ne — 3 QeKTUBTI ajuienabaepin oprama canbl; [ — [len-
HOHHBIH aKMaparThlK UHAekcl; Ho — Galikanran rerepo3uroraiblk; He — KyTuieTin rerepo3urotansik; uHe —
YJIT1 KeJeMiHe TY3eTUIreH KYTUIeTiH rerepo3urotaislk; F — pukcanus nnaexci;

SE — cTaHnapTThIK KaTe.

3epTTenreH NOMyNIsUUsUIapIblH FeHETUKAJIBIK ©3TeprillTirid Oaranay yiIiH OaiikanFaH reTepo3urora-
ablK (Ho), kyTinerin rereposuroransik (He), yiri kenemine Ty3eTUIreH KYTUIeTiH rerepo3urotansik (uHe)
xoHe nHOpuauHT Koapunuenti (F) ecenrenni (Cyper — 2 xone 3).

Baiikanran rereposurorainsik (Ho) 3eprrenren nokycrap 6oiibinma 0,446-1an 0,925-ke neitin e3repai.
En >xorapsl Ho moni VHL20 sxone ASB2 nokyctapeinga Myxut nonyasiusiCbiHAa aHbIKTabI, 0,925 605161
Counbiven katap VHL20 nokycsl JlapxaH sxone Mcnam nonyssiusiapbIHIa a dKOFapbl T€TePO3UTOTANIbIKICH
cunattainsin, Ho kepcetkimn tuicinme 0,911 sxone 0,884 monzmepin Kypaasl. baiikanran rerepo3uroTansik
AHT4, HMS6 xone CA425 nokycrapbiHia Jja CaJbICTHIPMAalIbl TYPAE JKOFaphl €KeHi aHbIKTasibl. EH TeMeH
Ho moni HTG4 nokycsinaa 6aiikansin, Jlapxan nomynasuusiceiga 0,446, Myxut nonynsuusceiaga 0,493, an
Hcnam nonynsauusiceinaa 0,558 Gomnebl.

A

Ho (Observed heterozygosity)

HTG4

He (Expected heterozygosity)

C

uHe (Unbiased expected heterozygosity)

HTG4

LEX3 HMST

ASBITHTGE

ASB2 HTG10
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Cyp. 2. 3epTTeyre ajbIHFaH YIII MOMYJISINS OOWBIHINA TeHETHKAIBIK ©3TePTilTIK KOPCTEKIIITEPI.
[Fig. 2. Genetic variability parameters in the three studied populations].

Kyrinerin rereposuroransik (He) kepcerkimrepi 0,478-1en 0,880-re neitin e3repai. Ex xorapel He
Mol VHL20 nokyceiaaa anbsikranein, Mcinam nomynsuusceinga 0,880 6onael. COHBIMEH Karap KyTiIETIH
rereposurotanbik ASB17, HMS3, HMS2, ASB23 xone LEX3 nokycrapeiHaa na >kxorapbl eKeHl Oaiikal-
nb1, onapabiH He monnepi nerizinen 0,80-men xorapsl 0onabl. EH Tomen He kepcerkimi HTG4 nokyceinaa
anbIKTambiN, Japxan nomymsusiceiaaa 0,478, Mcnam nomynsiiusiceiaaa 0,521, an MyxuT nomyssiuscbiHaa
0,558 Gomap.

Yari keJeMiHe TY3€TUITeH KYTUIeTiH rerepo3urotaislk (uHe) kepcetkimrepi He monaepine ykcac
tapany cunarrar, 0,482-nen 0,890-ra aeitin e3repai. Ex sxorapsl uHe moni VHL20 nokyceinna Mcnam no-
nymsiuusceiaaa (0,890) ansiktanasi, an eq ToMeH kopcetkim HTG4 nokyceiaaa [lapxan nomynasiuuscbiHaa
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(0,482) Oamkanapl. Y nomyisaaus ooubiHa uHe monnepiniy He kepcerkimrepineH coil sorapbl OOIybI
naiianaHpUIFal TY3€TYIIH YT KeJIeMiHiH ailbIpMallbUIbIFbIH €CKEPETIHIH KOPCETTI.

Jlokycrap 6oibiHIIa dukcauus uHaekcidig (F) monnepi -0,172 men 0,292 apansirbiga esrepii. Ex
TeMeH, sFHU eH Tepic F moni HTG6 nokyceinaa VMcnam nonynsuusiceinga (-0,172) ansikranasl. COHbIMEH
Katap Tepic F monnepi HMS7, ASB2, AHT4, VHL20, CA425 xone 6acka fa Gipkarap JOKycTap/a TipKelIill,
OyJ1 ToKycTap OolbIHIIA OaliKalFaH reTepO3UTr0TaIbIKThIH KYTUICTIH JEHITeH IeH )KOFaphl EKEHIH KOPCETTI.

Kepicinmre, eH >xorapsl oH F moni LEX3 noxyceina Jlapxan nomynsuusceiaa (0,292) aHbIKTaabL.
Comnpaii-ak calbICThIpMalbl Typ/e *korapbl oH MoHaep ASB17 (0,165), ASB23 (0,132), HTG6 (0,111) xone
LEX3 nokyctapeiaaa Ucnam nonynsuusceiaaa (0,103) Galikanabl.

[MTonynsiumsnap 6o¥bIHIIa OpTalia OaliKaiFaH rerepo3uroranbik Myxut nonymnauusceinga 0,805+0,025,
Ncnam nonymsimusiceinaa 0,786+0,020 xone [apxan nomymsusiceinga 0,746+0,027 6onasl. KyTinerin rere-
PO3UTOTAIBIK KOPCETKIIITEP] YIII TOMYISIUS apachlHa alTapiabIKTal ailbpMalIbUIBIK KOPCETICH, THICIHIIIE
0,784+0,019, 0,772+0,019 xone 0,781+0,022 MmonaepiH Kypaabl. YTl KeJIeMiHe TY3€TireH KYTUIETIH reTe-
posuroransik (uHe) Myxurt, Jlapxan xone Mcnam nonynsinusiiapeiaaa coiikecinmie 0,789+0,019, 0,788+0,022
xone 0,781+0,020 60nap1. Gukcanus MHASKCIHIH opTaiia MoHI Myxut nomynsuusicsinaa -0,026+0,018, Hc-
nam nomyssusaceiaaa -0,0214+0,019, an Japxan nonymsimusiceiaaa 0,0434+0,024 6onabr.

3epTTenreH Y momyysius OoibIHIIa 6apabIFsl 29 gapa anminens aHbIKTanAbl. Onap/blH iIIHIE €H KO
napa amnenbaep Myxut nomynsauuscbinaa tadbsuinsl (14 amnens), Hapxan nomynsauusceinaa 10, an Menam
MOMYIALUMACHIHAA 5 napa amienb anbikTamasl (Cypet — 3).

Hapa annenpaep sxanmsl 12 MUKpOCATEIUTUTTIK JOKycTa ke3aecTi. Onapabi e kor canbl HMS3 xoHe
HTG10 nokycrapslHaa aHBIKTaNIBI (9pKakichichiHAa TOPT amienb). ConbimMed Katap ASB17, ASB23, HTG7
xoHe LEX3 nokycrapeinna ymred, HMS2, HTG6 sxone CA425 nokycrapsinaa ekinen, an AHT4, HMS1
xone HMS7 nokycrapbinia Oip-0ipAeH Aapa ajuienb TaObUIIbL.

Hapa annensaepain xwuiniri 0,007-aen 0,037-re neiiin apanbikra ekeHi 0alKanasl. EH ®KoOFapbl KULTIK
Myxut nonymnsimusicbiaarel CA425 nokyceinbiH 225 amneninnae (0,037) sxone JlapxaH momymsiiusiChIHAAFbI
HTG10 noxycemabiy 107 anneninge (0,036) anpikranasl. Mcaam nomynsuuschiHaa eH skorapsl xkuiaik HTG10
nokycheiHaarsl 121 annensre Tuecini 6omneim, 0,035 Kypasasl. XKanmsl anFania, aHbIKTAIFaH Japa aienbIepIiH
6aceim Oemiri Tomen xwuinikre (0,007-0,027) kezaecTi.

[
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Cyp.3. Op nonyssiyst OOWBIHIIA AaHBIKTAIFAH apa ajulelibIep MEH OJNapAbIH Ke3AeCy JKHULIIri (Col yxKaKTa) jKkoHe MHOPUANHT Japexeci (0H
JKAKTA).
[Fig. 3. Private alleles and their frequencies in each population (left) and the degree of inbreeding (right)].

Anai )KbUIKBICBIHBIH 3€PTTENTeH YIII MOMYISIIUSIChIHAAFbl TeHETUKAIIBIK KYPbUIBIM MeH quddepeHin-
auus jeHreiiin 6aranay ymin Paiit F-cratucruxanaps — Frg, Frr xone Fgr, conpaii-ak ren arpiubinbiy
TeOpHUANBIK KopceTKimi Ny, ecenreni.

Jlokycrap GoibiHma Fpg moni-0,087-men 0,112-re neiiin e3repai. Ex sxorapsl Monnep LEX3 (Fig
=0,112) sxome ASB17 (F1g=0,106) noxycrapsinaa aHBIKTambII, OCkl MapKepiep OOMBIHIIA Ie€TePO3UTOTa-
NapJbIH_CajblCTHIPMAaNbl TalbLIbIFbIHA He Gonabl. Kepicinme, HMS7 (F1g=-0,087), ASB2 (F15=-0,082),
AHT4 (F15=-0,054), CA425 (F15=-0,046) sxone HMS6 (F1g=-0,045) nokycTapbinia rerepo3urotaiapiasiy
apTHIKIIBUIBIFBI OAMKAJIbI.
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llonynsauusiaap apacblHAArbl FCHETUKAIBIK AUPQMEPCHIMALMSIHBIH JEHICUIH aHbIKTay YIIH FS 1 MoHI
ecemrrenai. JIokycrap 6oiisiaina F g Moni 0,007-xen 0,044-xe neitin e3repai. EH jkorapbl reHeTHKAIBIK JH-
depenmmamms LEX3 nokyceinna ansikranast (Fg=0,044). Onan keiiin ASB23 (Fg1=0,036), HMS7 (Fer
=0,027), HMS6 (F¢7=0,025) sxone HTG10 (F51=0,024) noxycraps! epexmenenyi. Ex tomen Fg1 Monnepi
VHL20, HTG6 xxone AHTS noxkycrapbiiaa aHbIKTaJIbI.

Bapnbik nmomymsnusiiap OipTyTac T€HETHKAIBIK KHUBIHTBIK PETIHIE KapacThIPBUIFAH KE3JeTi JKaJIIbI
¢uxcanns unnekei ymin Fyp moni ecenreni. Jlokycrap 6oibimina F1r moni -0,060 nen 0,151 apansireinga
e3repai. EH sxorapel kepcetkim LEX3 nokychiHa aHBIKTaIIBI ( Fi770.15 1), Oyt ockl Jokyc OoiibIHIIa Oap-
JIBIK OMYJSLMsIIap OIpIKTIPUITeH Ke3/e TeTepOo3UroTanap/blH ailKbIH TAalIIbUIBIFbl OalKaIFaHbIH KOPCETEI.

Conbiven karap ASB17 ( Fyp=0,113), ASB23 ( F7=0,065), HMS3 ( Fr1=0,061), HTG4 ( F17=0,047) sxone
AHTS5 ( F11=0,042) noxycrapsiana ox monzep ausikramst. Kepicimme, ASB2 ( F1T=—0,060)), HMS7 ( Fir
=-0,058)), AHT4 ( F1r1=-0,041), VHL20 ( F17=-0,034) xone CA425 ( F11=-0,032) nokycrapsianars MoH-
JIEp TETEPO3UTOTATIAP/IBIH KYTUIETIH JIEHI€HIEH apThIK OosFanbIH KopceTTi. JIokycrap OolibHima ( N, ) MoHI
5,386-nan 36,699-ra neitin e3repai. EH sxorapsl ren arbiabl VHL20 mokyceiaa ( Nm =36,699), an eH TOMEH

kepcetkim LEX3 nokyceiaaa ( Np =5,386) aHBIKTAJIIbI.
Ym momynsnust OoibIHINA ecenTenreH F-crarucTukamapibslH opTaiia MOHIEpi FIS:ZO,OOOiO,OH,
F11=0,018+0,014 xomne F¢7=0,018+0,003 KOPCETTi. ['eH aFbIHBIHBIH TEOPUSIIBIK OpTama KopceTkimi Ny
=18,876+2,650 60nabI.
Kecre 2. 3eprTeyre anbiHFaH YII MOMYISIIMS OOWBIHINIA TEHETHUKAIBIK KYPbUIBIM MEeH AuddepeHna-
WS ISHT 1.

Jloxyc FIS FIT FST Nm
VHL20 -0,041 -0,034 0,007 36,699
HTG4 0,039 0,047 0,008 29,523
AHT4 -0,054 -0,041 0,013 18,940
HMS7 -0,087 -0,058 0,027 9,096
HTG6 0,006 0,013 0,007 34,486
AHTS 0,035 0,042 0,007 34,094
HMS6 -0,045 -0,019 0,025 9,877
ASB23 0,030 0,065 0,036 6,701
ASB2 -0,082 -0,060 0,020 12,356
HTG10 0,005 0,029 0,024 10,228
HTG7 -0,017 -0,008 0,009 28,534
HMS3 0,043 0,061 0,019 12,903
HMS2 0,001 0,021 0,020 11,947
ASB17 0,106 0,113 0,008 30,829
LEX3 0,112 0,151 0,044 5,386
HMS1 -0,010 0,012 0,022 11,146
CA425 -0,046 -0,032 0,014 18,139
Opramra moH = SE 0,000+0,014 | 0,018+0,014 | 0,018+0,003 18,876+2,650

[Momynsmusiiap apachbIHIaFbl TeHETHUKANIBIK KaThIHACTAp bl Oaranay yiriH Nei O0HbIHIIA YTl KeJeMiHe
TY3€TiNreH reHeTuKaNbIK auctanuuscel (Nei Unbiased Genetic Distance) xane xynutsik FeT kepcerkimrepi
ecenrengi (Cyper — 4A).

Nei-/iH TY3€TUITeH reHeTUKAJIBIK TMCTAaHIUACH OOMBIHIIA €H TOMEH MOH MyXUT nieH JlapxaH nomyss-
usIapsl apaceiaaa anbikransi, 0,038 6onabl. Jlapxan meH Vcnam nomymnsiiusiiiapbl apachlHIaFbl TeHETHKA-
neiK guctanius 0,071, an en xorapsl MoH Myxut nien Mcnam nonyssinusiiapsl apackinia anbikransim, 0,106
KYpasbl.

Kynteik Fer xepcerximrepi 0,009-0,018 apansiFbinia aybITKbIeL. EH ToMeH Fgr MoHi Myxur
nien JlapxaH nomynsanusaaps apaceina aneiKTansl (F g =0,009). lapxan men Mcnam nomyssiumsiiaps! apa-
ceiaIa Oyt kepcetkim 0,014, an Myxut nen Mcnam nomynsimusiiaps! apaceiaaa 0,018 6omst.

3eprrenred Anail JKbUTKBICHI MOMYJISIUSIIAPBIHBIH T€HETUKAIBIK KYPBUIBIMBIH Oarajay YIIiH KeneJ-



TeMil (PakToOPIIbIK Taiaay (AFC — Factorial Correspondence Analysis) KoHe Bayesian clustering Her131Her1
STRUCTURE Ttanaays! skyprizuiii.
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Cyp. 4. Honymsuusiiap apacblHIAFbl TCHETHKAIBIK KALIBIKTHIK (A) jKaHE Herisri KonMoHeHTTep TannaybiHbll (Bb) HoTmkenepi
[Fig. 4. Genetic distance among populations (A) and results of principal component analysis (B)]

AFC keHicTirinae 3epTTeNreH qapaiapIblH OpHAIACYhI YIII MTOMYJISIHS apachlHaa OeNrin Oip reHeTH-
KaJIBIK KYpBUTBIM 0ap exeHin kepcerTi (Cypet —4B). AFC1 xanmnsl reHeTHKaIBIK ©3reprimTikTiH 62,78 %-bIH,
AFC2 37,22 %-b1a TYcinaipai. lapxaH nomysusChIHBIH Aapaiapbl HerizineH exinnn AFC2 6oiibH1Ia )KoFa-
PBI MOHJIEpi aliMaFbIH/IA MOFBIPIIAHBII, €Ki MTOMYIISAIUIIaH CATBICTHIPMAIbl TYPC alKbIHBIPAK aXKbIpabl. Mc-
J1aM TIOMYJISIIUSICHIHBIH Aapanapsl keOine AFC1 GolibiHIIa Tepic OarbIThIHIAFRI OOJIITIHE OpHaIacca, MyxuT

nonymsiusicel AFC1 GoitbiHIIIa OH MOHIEp aiiMarbiHa KOOIpeK bIFbICKaH. COHBIMEH KaTap TONTap/IbIH Tapary
aliMaKTapbIH/a ilIiHapa Kabarracy aa OalKasbl.
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Cyp. 5. 3epTTenreH *KbUIKBI MTOMYISIHSIIAPH! YIIIH TeHETHKAIBIK KiacTepiepain onTaiinel cansi (K) anbikray: A — K Monzaepine O6aiimanbICTEI
oprama LnP(K) xepcerkimrepi; B — Evanno oxici 6oiisrama AK monzepi.
[Fig. 5. Determination of the optimal number of genetic clusters (K) for the studied horse populations: A — mean LnP(K) values across K values;
B — AK values according to the Evanno method].

STRUCTURE Ttannays! 1 xone 5 K apansirbiaaa xyprizingi. Mean LnP(K) kepcerkimi K=1-nen
K=3-ke neifin aiikbIH *KOFapbuIan, ofaH keiin K=4-5 nenreiinepinae canpicThipMalsl Typae Typakranasl (Cy-
pet — 5A). Evanno oanici OoiibiHma eH xorapsl AK = 16,32 moni K = 3 ke3inge anbikranasl (Cyper — 5B).
Cansictoipy yuria AK kepcerkimi K=2 ke3inzge 2,66, an K=4 ke3inae tek 0,53 6omnapsl. Ochiran 0aiiaHbICTBI
3epTTENreH NOMYISIIUAIap YIIiH TeHeTHKAIIBIK KJIACTepJIep/IiH €H bIKTUMAJI )KoHEe OHTaibl canbl K = 3 exeHi
AHBIKTAJIIbI.

K=2-5 apansirpianarsl STRUCTURE HoTmxkenepi 3epTTenreH NOMYSSLMSIApAbIH T'€HETHKAIBIK



KYPBUIBIMBIHBIH KYpAEJ1 XKoHe apayiac cunarta ekeHiH kepceTTi (Cypet — 6). K=2 ke31Hze ekl Herisri rexe-
TUKaJIBIK KOMIOHEHTTIH MOMYJIsIIMsIap OOMBIHIIA SpTYpIli apakaTbiHackl Oaiikanasl. K caHbHbIH 3-Ke aeiiiH
YIFaIOBIMEH YLIIHII F€HEeTUKAJIBIK KOMIOHEHT OeuiHin, Myxurt, [lapxan xoHe Mcnam nomynsuusiiapsl apa-
CBIH/IAaFbl KYPBUIBIMABIK albIpMAIIBIIBIKTAp aHBIFBIPAK KOpiHIl. COHbIMEH Oipre op MOMYJISILUSHBIH 1IIiHIE
OipHellle reHeTHKaJIbIK KOMIOHEHTTIH OO0yl 1apaiap/blH eaayip Oesirinae apanac TeKTiTkTiH (Admixture)

0ap eKeHiH KepCeTTi.
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Cyp. 6. Myxurt, [lapxan xone Mcnam nonyssinusuiapbiabiH STRUCTURE Tanaays! Heri3iHie aHbIKTaIFaH TeHETUKABIK KYpbUTbIMbI (K = 2-5).
Op0Oip Tik OaraH jKeKe JapaHbl, all TYpIli TYCTEP OHBIH I'eHETHKAIIBIK KJIacTepliepre THICTUIK yieciH (Q) kepcereni.
[Fig. 6. Genetic structure of the Mukhit, Darkhan, and Islam populations inferred from STRUCTURE analysis (K = 2-5). Each vertical bar

represents an individual, while different colors indicate the proportion of membership (Q) in the genetic clusters].

Evanno kputepwmiii OoiibiHma oHtaitmel K=3 MonemiHe CyHEHCEK, YII T€HETHKAJIBIK KIaCTepIiH
SIIKANCHICHI 3ePTTEITEH MOMYJIAIUUIApIbIH OipeyiHe FaHa aOCONIOTTI TYpAe TOH eMec eKeHi Oalikanaapl. My-
xut, Jlapxan xoHe McitaM TonTapbIHBIH OapiIbIFbIHAA YT KIACTEPiH KOMIIOHCHTTEP1 OpTYpIIi IPOropIusiaa
keszeceni. JlereHMeH oMapIbIH CalbICTBIPMAJIbl YIIECTEpPl MOMYISIUIIAp apacklHaa e3repeai: Myxur momy-
JSUSIChIHA OIpIHIII KacTep KOMIIOHEHTI CallbICTRIpMANBl TYp/e KeOipek Oaiikaica, JlapxaH MeH acipece
Vcnam nmomynsiusiChIH/Ia €KiHIIT KOMITIOHEHTTEPIH yiieci apTaabl. A MyXUT NOMYJISIIUSCH YIIIHIII KJIacTep
apkputbl Jlapxan men Mcnam nomymsinusicbiHaH axbiparbuianbl. by kepinic AFC HoTmkenepinaeri momys-
[UsUIap apachIHIAFhl IIiHApa aXbIpay jKOHE COHBIMEH KaTap olapiblH Oip-OipiMeH KabarTacybIMEH COHKec
KeJIei.

TaakpLiay.

3eprrey HoTHXKeNepi Anai )KbUIKBICBIHBIH MyxuT, [lapxaH sxone Mcnam nmomynsiusuiapbIiHIa 5KOFaphl
JICHrei1eri MUKpPOCaTeIUTUTTIK NOIMMOP(U3MHIH cakTaiFaHblH KepceTTi. 3eprrenreH 17 STR n0KyChIHBIH
OapIIBIFBI YIII TIOMYIALUAAA 1A TIOMUMOPQTH 006, AHBIKTAIFaH HOTYOKENEp AJlail )KbUTKbUTAPBIHBIH TTOITY-
JSIMSIIIUTIK TeHETUKAIBIK OPTYPIUTITiHIH CaJbICTBIPMAIIBI TYPAE KOFAphl €KeHIH KOPCETE .

Anaif KBUIKBICBIHA XKYpri3iired anabsiHFel STR 3epTTeyiMeH canbIcThIpFana Ka3ipri HOTHKETep OChI
TYKBIMHBIH aJUIEJBJIIK KOPBIHBIH JKOFaphl JICHrelae cakTanranblH kepceteni [Kargayeva xone 1.0., 2020]
MasrpicTay 0OIBICBIHAAFB! « TaymIbIK» IapyambUIbIFBIHAH aNbIHFAaH 33 Amaii )KBUIKBICBIH 17 MUKpocareln-
JUTTIK JIOKyC OOMBIHIIA 3epTTen, OapibiFbl 122 amenp jxkoHe Oip JOKyCKa IIakkaHaa opra ecermeH 7,17
ainens anbikTarad [Kargayeva sxone 1.0., 2020: 55-61]. Bizain 3epTTeyae yiI mapyambUIbIKTaFsl ipiKTeMe-
Je oprama aymuienbaep canbl 8,510 Gonnel. By alibipMambuIbIK ipikTeMe KOJIeMiHIH YIFalObIMEH, YII TYPIIi
[IAPYaIIbUTBIKTBIH KAMTBUTYBIMEH JKOHE dp MOMYISALIHUSAAFEl CHPEK alyIeNbACpAiH KOChIMIIA aHBIKTATYbIMEH
0aliIaHbICTHI OOTYBI MYMKIH.

Anaif KBUTKBICBIH/IAFbI aHBIKTAJIFaH TEeHETHKAIBIK SPTYPIIilik KazakcTaHHBIH OacKa JKeprislikTi )KBUIKBI
TYKBIMIAPBIHIA aJbIHFAH HOTIDKEJIEpMEH Jie coiikec kemneni. Seleuova et al. Myramxkap KbUIKBICBIHBIH 70



JapacelH 10 STR JTOKyCBI OOMBIHIIIA 3€pTTEN, O1p JIOKYCKa HIAaKKaHOArbl OpTallla ajJIedbIep CaHbIH /,882,
ahdexTuBTi aymtensaep canbiH 4,457, OaiikanraH reTepo3uroTaiabiKThl 0,7546 jk0HE KYTUIETIH TeTepo3uroTa-
neIkThI 0,7757 nen kepceTkeH [Seleuova xone 1.6., 2018]. CoHbIMeH KaTap eH >koraphbl nommopdusm ASB17
JIOKYCBIHJIa aHBIKTalIFaH. AJ OyJ1 3epTTeyaeri Aaii ®KbUIKbICH TOMYySIUsUIapeiHaa oprama Na 7,765-8,941,
an Ne 4,838-5,096 apanbiFbiaaa O0JIbl, SIFHE OYJI KepceTKimTep MyFabkap KbUTKBICHIHIAFBI MOHICPMEH
caibICThIpMalibl HeMece Oiprrama xorapbl. ASB17 MOKYCHIHBIH KOFaphl aKIapaTThUIBIFBI €Ki 3epTTeye e
OaifKamybsl OChl MapKep/iH Ka3aKThIH >KePTUTIKTI KBUIKbI MOMYISIHUSIIAPbIHAAFbl TeHETUKAJIBIK OpTYPILUTIKTI
Oaranay/ia »Korapbl aKIapaTThIK KYH/BIIBIKKA HE €KeHIH KOpCEeTeIl.

Ocpsiran ykcac HoTmkenep Blohina xone Khrabrova seprreyinae ae ansiaran. ABropiap 15 sxeprimik-
Ti )KBUIKBI TYKBIMBIHBIH 2193 napacein 17 STR nokychel Oo#bIHIIIA 3€pTTET, KONTETeH KEePriliKTi TYKbIMIapaa
YKOFaphl T€HETUKAJIBIK OPTYPIIUTIK IIEH CUPEK HeMeCe KeKe ajlIeNIbIep/AiH CaKTalFaHbIH aHbIKTaraH [Blohina
xoHe T.0., 2025]. Atan aiftkanma, Myramkap KbUIKbICHIHAA Oip JIOKyCKa IIaKKAHIAFbl OopTallla ajulelb-
nep canbl 9,060, addexTunTi ammensaep canbl 5,051, Ho=0,801+0,022, He=0,781+0,019 xone FIS=-0,025
6onran. byn kepcertkimrep acipece Myxut nonynsiiusiceiHaarsl Na=8,941, Ne=5,096, Ho=0,805, He=0,784
xoHe F=-0,026 monmepine ote kakblH. MyH/Iail yKcacThlK Ka3zakCcTaHHBIH >KEPTUTIKTI TaOBIHBI KBLUIKbIIA-
PBIHJA TEHETUKAIIBIK SPTYPILUTIKTIH CaJbICTHIPMANbl TYpPJAE KOFAaphl JACHTEi/Ie caKkTalybl OpTaK €peKIIeNiK
00JTybl MYMKIH €KE€HIH KOpCeTe/Ii.

Kei3putopaa sxone Kaparauisl eHipiepinaeri *KbUIKel nomynsuusiapsl 25 STR nokycsr OoiibiHIa
3epTTeNin, OapiblK JOKyCTapAblH MomuMop(Thl ekeHi, oprama Ho=0,780+0,016, He=0,765+0,010 xone
[llennon muaekci 1,68+0,04 Gonransl anbikTanraH [Jloceioaes xoHe 1.6., 2023: 80—89]. Kasipri Anait mo-
nysiusuiapeinga Ho=0,746-0,805, He=0,772-0,784 xone 1=1,706-1,775 apansirbinga e3repai. Ocbliaiiiia,
Anail KbUIKbICHIHAA OaliKanFaH FeHeTUKAIBIK o3reprimTik KaszakcTanaarsl 6acka ®KepriliKTi KbUTKbI OIS
[USJIAPBIHJIA AHBIKTAJIFaH HOTHOKEJIEPTe CEUKeC KeIeTiHI aHbIKTaIbl.

3eprTenren Anail KbUIKbICH TOMYISIUsIIapbiHa OalikaaFaH reTepO3UroTaNBIKTBIH OpTaiia MoHI My-
xutTa 0,805+0,025, Ucnamaa 0,786+0,020 xone lapxanaa 0,746+0,027 6onapl. KyTiieTiH reTepo3uroTabiK
coiikecinmre 0,784+0,019, 0,772+0,019 xone 0,781+0,022 monnepin Kypaasl. Myxut nen Mcinam nomymsius-
napeiaaa Ho kepcetkiminig He MoHiHEH maMasibl )KOFapbl 00Tyl TeTEPO3UTOTANIAP IBIH JIC13 AP THIKIIBUIBIFBIH
KepceTce, kepcinie JlapxaH monmysiusiChiHAa T€TepO3UTroTaaap/IblH CaIbICThIPMAalIbl TANIbUIBIFBI OalKa-
ne1. CoraH coiikec oprama ¢ukcarus naaekci Myxurra -0,026, Mciamaa -0,021, an JTapxanma 0,043 Gosbl.

JKeprimikTi *KbUTKbI TYKBIMAAPBIHBIH KOTIITITIH/IE TEPIC HEMECE HOJTE KYBIK FIS MOH/Iepi Oaiikaa-
TeiHBI Blohina xone Khrabrova 3eprreyinne ne kepcerinren [Blohina xone 1.6., 2025]. ABropnap MmyHai
JKaFJaiIbl 3epTTENreH MOMyNIAIUsIapaa alKblH HHOPUIUHITIH 00JIMaybl )KOHE T'eHETHKANIBIK TeHIePIMHIH ca-
JBICTBIPMAJIBI TYPAE CaKTaTybIMeH OainanblcThipaabl. CoHabIkTaH MyxuT neH VcinaM nomysasiusiiapbiHIarbl
tepic F MoHepiH alikKbIH HHOPUIMHTTIH KOKTBIFBIH KOPCETETIH Oelri peTinae KapacTeipyra Oonaabl. Japxan
MOMYISALUACBIHIAFBI 97ICi3 OH F MoHI reTepo3uroranapabiy O6eiriii 6ip TanuiblUIbIFbIH KOPCETKEHIMEH, OHBIH
[1aMachl KOFapbl EMEC KoHE OYJT MOMYISAIUAAA KYIITI MHOPUIMHT KAJIbINTACKaH JIe€TeH KOPBITHIH/IBI JKacayFa
KETKUTKCI3. JlereHMeH anfarbl CeNeKIUsIIBIK )KYMBICTap/ia aTalbIKTapibl KOIAaHy1a MHOPUAMHT MOCENECiH
€CKepe OTBIPBII KYITACTBIPY KOCHAPBIH JKYPri3y YChIHBUIAIBL.

JlokycTap GolibIHIIIA alibIPMAIIBUIBIKTAPIBIH OOYHI 1a Ha3ap ayAapyFa TYpapiblK. Aail >KbUIKbICHIH-
na LEX3 nokyceinaa Jlapxan nomyssiusceinaa e skorapbl oH F=0,292 MoH1 aHbIKTanabl, an keioip 6acka
JoKycTapia Tepic MoHzAep Oaiikannel. Seleuova et al. 3eprreyinae ne Myramkap KbUTKBICBIH/A JKEKEJIeTeH
JoKycTap OoMbIHIIA Fis MOH/IEpiHiH OaFbITHI OpTYpIi OonFaH xoHe LEX3 noKychIHIa reTepo3uroTanap s
allKbIH TaNIIBUIBIFBI OaiikanraH [Seleuova xone T.0., 2018]. by sxekenereH MapkepiepAeri reTepo3uroTatbIK
TaIIBUTBIFBI KAl MOMYJISIHUSIIBIK HHOPUAUHITCH 06JIeK KapaCThIPBLTYBI KEPEKTITiH KOPCETe/l.

3epTTeNreH yul Momyisinusiia xannsl 29 napa amienb aHbIKTanabl: MyxuT nonynsuuscelHaa 14,
Hapxanna 10 xone Mcnamaa 5 amtens. Onap 12 STR nmokyceiHaa ke3necTi )koHe 6achiM OOIiriHIH JKULTIT
0,007-0,027 apansireiaga Oonabl. Jlapa amenbaepain 00mybl op HMIapyallbUIBIKTA JKaumbl Anail reHo(OH b
asicbiH/1a O6enrit Oip KeprijiKTi FTeHeTUKANIBIK BApUAHTTAP/IbIH CaKTaJIFaHbIH KOPCETEI.

Bys1 HOTHIKE JKEPriMiKTiI KBUIKBI TYKBIMIApbIHA TOH KYOBUIBIC PETiHIE KapacThIPBLIYbl MYMKIiH.
Blohina sxone Khrabrova »epriikTi >KbUIKbI TYKbIMJIAPbIH/Ia KONITEIeH CUpeK koHe epekiie STR ammens-
JIep/IiH caKkTalFaHbH KepceTkeH [Blohina xone T.0., 2025]. Onapabiy 3epTreyinae MyFamkap *KbUIKbICBIHIA
CAA425E ameni Tek ocbl TYKbIM/IA koHE oTe ToMeH, 0,009 xuinikte anbikTanrad. COHIBIKTaH Ka3ipri 3epTTe-
yie TOMEH KHLUTIKTI Aapa ajuieNbIep/IiH aHbIKTATYbl Aai ®KBUIKBICHIHAAFBI CUPEK TCHETUKAIBIK BApUAHTTAP-



JIbIH KEPrUTIKT1 JEHTeHe CaKTaIybIMEH TYCIHAIPUTY1 MYMKIH.

MyXuT NomysAUUsAChIH/IA apa aJlJIeNbep CaHBIHBIH KoOipeK 00Tybl OHBIH T€HETHKAJBIK KOPBIHBIH Ca-
JBICTBIPMAJTBl EPEKIIEIITIH KopceTyl MyMKiH. JlereHMeH Oyl HOTHXKEH] MOMYISALUSHBIH TONBIK OKIIAyIaHybI
perinze Tycinaipyre Gonmaiisibl, eiTkeHi 6acka kepceTkimTep, ocipece TeMeH Fep, KYNTHIK NeHETUKABIK
KambIKTHIKTap koHe STRUCTURE HoTKENepl Yl MOMyNsusl apachblHAa alTapiabIKTail reHeTUKAIbIK Op-
TaKTHIK Oap exkeHiH kopceTTi. COHABIKTAH Japa ajuienbaep Oyl *Karaaiaa TOJIbIK TeHETUKABIK OKIIAyTaHyIbl
eMec, OpTaK TeHO(OH/T IIIiHAEe CUPEK KEePriTiKTI BApUaHTTAPAbIH CaKTalTyblH cunartaisl. COHbIMEH KaTap
Jlapa aJuleTbAep CaHBIHBIH KoOipek 00Iybl OHIMILIIT )KOFaphl aTalbIK 13/11H KU1 KOJIIaHyMEH I TYCIHIIpyTe
OoJraabl.

Y nonymnstimst Govibinma Paiitreig F-cratnctukanapsinbiy oprama mauaepi Frg=0,000+0,014, Frir
=0,018+0,014 xone 1:S]":=0,018ﬂ:0,003 6onapl. Fre Moni seprrenren ipikreme GolibiHina reTeposuroranap-
JIBIH JKaJITIbl TANIIbUIBIFEl OalKaJIMAaUTBIHBIH KopceTenl. by HoTwke Anail KbUIKBICBIHBIH VI TOMYIISIIHS-
cetaa STR mapkeprepi AeHreiinae nomysIUAIIIIIK MHOPUAMHT OEJricl )KOK €KeHIH KopceTe/i.

FST:ZO,OIS MOHI MOMNALUSATIAP apachlHAAFbl TeHETHKANBIK MU depeHINalusIHbIH TOMEH EKEHIH
kepcereni. by jkarnaiiia TeHETUKABIK ©3TePrilliTIKTIH HET13r1 06Iiri mapyambUIbIKTap apachIiHIaFbl aiibl-
pMaIIbUIBIKTApaH Tepi MOMYISIIUsIIap 1MIHAET] Japanap JeHreHiHae cakTaldFaH Aen TYCiHAipyre Oonaibl.
Kazakcran *blKbL1apbiHa xKypriziaren 6acka STR 3eprreysnepinie ae TOMEH HeMece CalbICThIPMAIIbl AJICI3
MOMYISALUSIBIK JKIKTENy aHbIKTanFaH. Mbicaisl, Kpisbutopaa xoHe KaparaHapl KbUIKbUTAPBIHIA JIOKYCTap
oomipiama FST monnepiniy 0,001-0,056 apanbirbinaa 6onranbiH kepcetinred [[{ocwibaeB xone T.0., 2023:
80—-89]. KazakcTaHHbIH eTi >kbUIKbI onmymsauusaceiH 11 STR mapkepiMeH 3eprreyne, )KepriliKTi MOmysiu-
sap apachblHAa FeHETUKAIBIK KYPBUTBIM OOJIFaHBIMEH, OJIap/IbIH alKbIH TOJBIK OKIIayTaHOAFaHbIH KOPCETKEH
[Orazymbetova xone T.6., 2023]. byn Ka3ipri Anail HoTHXKeIepiMeH KOHLENTYal bl TYpAE Coilkec Kemeni:
[IapyambUIbIKTap apackiHaa oenrini 6ip cyOKypbUIbIM OaiiKanFaHbIMEH, Kambl quddepeHranus dici3.

F11 xepcerkiminin oprama moni 0,018 Gormyb GapibIK MOMY/IALUAIAP/IBI OiPTYTAC HKUBIHTHIK PETiH-
JIe KapacThIPFaH/Ia KAkl TeTEPO3UTOTa TAMIIBUIBIFBIHBIH 6T€ 9JICi3 eKeHiH kopcereni. ConsiMen Oipre LEX3
oHe ASB17 CHSAKTHI JKeKelereH JIOKYCTap/a JKOoFapsl o T IT MoHIepiHiH GoIybl TOKyC AeHreifinaeri epek-
menikTepAin 0ap ekeHin kepcereai. COHABIKTaH >KaJIbl MOMYISIMAIBIK KOPCETKIIITEP/I1 )KEKe JIOKYCTapIaFrbl
ayBITKYJIap/IaH aKbIPATHIN KAPACTHIPY MAHBI3/IBI.

['eH aFbIHBIHBIH TEOPHSUIBIK OpTalia kepceTkimi Nm=18,876+2,650 6onasl. MyHail sKorFapbl eCenTik
MOH TOMYJISIUSIIAP apaChIHIaFbl TeHETUKAJIBIK OKIIAYIaHYIbIH QJICI3/ITTH )KOHE OPTAK T€HETHKAIBIK KOP/IbIH
CaKTaJIFaHbIH KepceTyl MyMKiH. LllapyamsiibikTap apacklHaa KbUIKBI aliMacy, OHIIpyIi alFbIpiaapabl naiiia-
JaHy HeMece TapUXH OpPTaK aTa-TeKTiK KOp MYHJall T€HEeTUKAJbIK YKCACTBHIKTHIH BIKTHMAI cedenTepi 00mybl
MyMKiH. JlereameH Nm st MOHIHE HETi3/IeNITeH TEOPHUSIIBIK MOICIBIIK KOPCETKIIT OOMFaHABIKTaH, OHBI
Ka3ipri yakbITTarbl HAKThl MUTPAHTTApAbIH CaHbl peTiHIE TYCiHAipyre 6onMaiiabl. COHObIKTaH Oyl KepceT-
KiIll TIOMYJSIUSIIAP apaChIHIAFbl TEHETHKABIK OAMIaHBICTHI XKaHAMa CUMIATTAWTHIH MapaMeTp peTiHe FaHa
KapacTeIpbliaabl. COHBIMEH KaTap 3epTTeNreH MOMmyNsiusiiap Oip TYKbIM €KeHIHJIEe eCKepy KepeK, SFHH MU-
rapiyst XKypyiHe oJl YJIKeH ceOerl, eKiHIII Macesie MIapyallbUIbIKTapAbIH ABOJTIOIMSIIBIK TAPUXbI Y3aK €MECTIrl
oenrimni.

Nei reHeTHKaNbIK TUCTAHITUSACHI )KOHE JKYIITHIK Fer HOTWIKENEPi YT IIapyanibUIbIK apachIHaa JICi3,
Oipak OarpITTaJIFaH TEHETUKAJIBIK albIpMAIIBIIBLIKTAPABIH O0ap eKeHIH KopceTTi. EH akbIH kylT MYXUT MeH
Japxan nomynsausuiapsl 0oie1: Nei 6otibiaIa quctanuusichl 0,038 jxoHe KYITHIK FST==O,009. Hapxan meH
Hcnam apaceinna renetukanbik guctanmus 0,071 xone FST==0,014 0oJca, eH YJIKSH alblpMaIIbUIbIK MyXUT

ned McnaM nonmyssinusuiapbl apachblH/la aHBIKTAJIbl: TeHeTUKAIBIK AucTanius 0,106 xone PST:ZO,OI& byn
MOH/JIEp/IiH OapibIFbl a0COMIOTTIK TYPFBIJAH KOFapbl €MeC, COHJIBIKTAH YIII OMYJISITUSHBI O1p-0ipiHEH TepeH
TeHETUKAJIBIK a)KbIpaFraH TONTAp PETIHJIE KapacThIpyFa Heri3 KoK. JlereHMeH >KYNThIK KallbIKTBIKTapIbIH O1p
OarpITTa ©3repyl Myxut-JlapxaH »yObIHbIH T€HETUKAJIBIK TYPFBIJIAaH CaIbICThIPMAIbI JKaKblH, a1 Myxut-Hc-
J1aM KYOBIHBIH CaJIBICTBIPMAaJIbl aJIbICHIPAK €KeHIH Kepcereal. MyHai anci3 imki guddepeHnuanus mapy-
alIbUIBIKTAP/IaFbl CEIEKIHUSUIBIK TapUX, AFbIPIIapAbl TaH 1Ay, TAOBIHIAP/IbIH KAJIBIITACY EPEKILIETIKTEePl KIHE
CUPEK aJUIeIbJEPIiH SPTYPIIl Tapalybl HOTHXKECIH/IC KAIBITITACybl MYMKIH.

AFC rtangaysl yi momyssinys apacbiHia Oenriiai Oip reéHeTUKAJIBIK KYpbUIbIM 0ap €KeHIH KOpPCETTi.
Japxan gapanapbl (pakTOpIIbIK KEHICTIKTE CaJbICThIPMaibl epekieneHce, Myxut sxone Mcnam nonynsiuusiia-
pHI 1a 6enrini 6areITTap OOMBIHINA BIFBICY KOpceTTi. COHBIMEH O1pre TONTap/IbIH Tapaly aiMaKTaphl iliHapa
KabarracTel. MyH1ali KOpIHIC MOMYJAMMUIAPABIH TOJIBIK OKIIIaylaHOaraHbIH, O1paK OJIapAblH T€HETHUKAJIBIK



KYpaMBbIH/Ia 9JICI3 CYOKYPBUIBIM 0ap €KeHIH KOPCETEII.

STRUCTURE Tannaysl 6yJ1 KOPBITBIHABIHBI TONBIKTHIP/bI. Evanno kputepuiii O0NBIHIIA €H BIKTUMA
TeHETHKAJBIK Kiactepiep canbl K=3 6omapl, an AK makcumanast Moni 16,32-re xetti. [lereamen K=3 mo-
JeMIHAE YII KJIACTeP/AiH eNIKANCHICH JKeke O1p ImapyambUIbIKKa aOCOTIOTTI TYPAE TOH OOIFaH KOK: MyxwuT,
Hapxan xoHe Mcnam nonymisiusuiapbiHbIH OapiIbIFbIHIa OlpHellle TeHETUKAIbIK KOMIIOHEHT SpTYpJii IPOonop-
nUsIapaa Kesaecin, aikeiH Admixture 6aiikanapl. COHIBIKTaH K=3 HOTHKECIH «YIII MapyanIbUIbIK VI KEKe
TeHETHKAJIBIK TOMYJISAIHIFAa TOJBIK COMKEC KeJIea» e TYCIHAIpy aypeic emec. KepiciHiie, o opTak reHe-
TUKAJIBIK HET13/1H 1II1H/A€ YII HEr13r1 KOMIIOHEHTTIH 0ap eKEeHiH KOHE OJIap/blH CaJIbICTBIPMAJIbl )KULITIKTEP1
mapyanibIIBIKTap apacbinaa e3reperinia kepceereni. AFC-geri kabarracy, tomeH FST xxone STRUCTURE
HOTIOKeJepl O1p-OipiH TONBIKTBIPBIN, AJail KBUIKBICBIHBIH 3€pTTEJINeH MOMYISIIMsUIapblHAa 9JCi3, Oipak
aHBIKTAJIaThIH CYOKYpPBUIBIM Oap eKeHIH KepCceTe/ll.

byn motmwxke KaszakcTaH KbUTKbUIApBIHA JKYPTI3UITeH KEH ayKbIMIBI 3€pTTEYJIEpPMEH JIe YHIeceni.
Gemingguli xone T.6., mtDNA D-loop nepekrepi OoibIHIIA Ka3aK >KbUIKbUIAPBIHIA KOFapbl T€HETHKa-
JIBIK SPTYPILUIIK MEeH KypJenl MOMyJIALUsIbIK TapuxThl kepceTkeH [Gemingguli xone T.6., 2016]. XKaxpinna
Ualiyeva xone T.0., KazakcTaHHBIH KEPTiiKT1 )KBUTKBUTAPBIH, COHBIH 1TTHAE Aail TYKBIMBIH, MUTOXOHAPHU-
snplK COl sxoHe cytb renepi O0MbIHIIA 3epTTell, JKOFaphl FAIUIOTUIITIK SPTYPIUTIKIEH KaTap aJIC13 TYKBIMJIBIK
KYPBUIBIM JKOHE MOMYJSIMSIIAD apachblHAAFbl TApUXHM T€HETUKAJBIK OailnanbicTapabl anbikTaran [Ualiyeva
xoHe T.0., 2026]. byn mtDNA nepexrepi kazipri STR HoTmxenepin Tikenei aamacTtbipMaiiibl, Oipak Amnaii
KoHe 0acKa Ka3ak KbUIKbUIAPbIHA T€HETUKAJIBIK OPTYPIIUIIKTIH JKOFaphl 9pi MOMYNIALHUSIIBIK XKIKTEIYIIH ca-
JIBICTBIPMAJIBI AJIC13 0OTybl KEHIPEK TApUXH F€HETUKAJIBIK YIE€PICTEPMEH YHIIECETIHIH KOpCeTe .

JKanne! anranna, ansIHFAH HOTHKENep Anail KbUIKbICBIHBIH Myxurt, Jlapxan xone Mcnam nomyss-
LUsIapbIH/Ia TEHETUKAJIBIK SPTYPILIIKTIH JKOFaphbl JEHIeiie caKTalFaHbIlH KepceTeni. Afail *KbUIKbICHIHBIH
3epTTENreH YL MOMYJIALUACHIH TOJBIK OKIIAyJTaHFaH F€HETUKAJIBIK TONTAp €MEC, OPTaK IeHEeTHKAJIbIK HET131
Oap, 6ipak cambICTBIPMAIIBI JJICI3 CYOKYPBUIBIMMEH KoHE admixture CUIaThIMEH €PEKIISIICHETIH MOIYJIISIIHSI-
Jap JKyheci peTiHe cunarTayra 00Jaibl.

KopbIThIHABI.

17 STR nokycel OoiibiHIIa Aail KBUIKBICBIHA TUECLT1 YIII MOMYJISIUSHBIH T€HETUKAJIBIK SPTYPIILIIT
tanaanel. Kongansimran 6apnsik STR nokycTapbIHBIH MOMUMOPQTH O0NTYBI, aJlIeNIbAEp/IiH OpTalla CaHbl-
HbIH 8,510+0,298 xone a(pdextnnTi amnenbaep canbiHbH 5,008+0,209 60mysl Aait KBUTKBICHIHBIH 3€PTTEII-
TeH MOMYJSAIUsIAPbIHIA aJUIeTBIIK SPTYPJIUTIKTIH JKOFaphl €KeHIH CUIaTTalabl. baiikanrad »koHe KYTiIeTiH
reTepO3UTroTAIBIK KOPCETKIIITEPIHIH CabICThIPMAaJIbl KOFapbl OOJTybI J1a 3epTTENreH NOMyIsuusiapaa reHe-
THUKAJIBIK ©3TEPTIMITIKTIH )KETKUTIKTI JCHT e 1€ CaKTaJIFaHbIH KOPCETE ],

Kanmst FIS MoH1 3epTTenreH ipikTeMeie ailKbIH TeTepO3UroTa TallIbLUIbIFbIHBIH OaiikaaMaraHbIH Kep-
cetTi. Conbimen Katap FST=0,018 Gonyst Myxut, lapxan xoHe Mcnam nmomynsuusiyiapbl apacblHAAFbl re-
HETUKaIBIK AUQPepeHInanusIHbIH TOMEH JIEHIel1e eKeHIH JKOHE OJIap/blH IeHETHUKAJBIK TYPFBhIIAH e3apa
KaKbIH eKeHiH gonennenal. [lomynsuusnap apacblHAAFbl )KYNTHIK calbICThIpynap Myxut nen J{apxaHHbIH
TeHETUKAJIBIK TYPFBIJIaH €H *aKblH, a1 MyxuT neH VciaaMHbBIH calbICThIpMalibl TYPAE €PEeKIICNEHETIH KYII
€KeHIH KOpCeTTI.

3epTTeNrex Y Nomynsuusa OapiaslFel 29 napa amienbIiH aHbIKTalybl OpTaK T'€HETUKAJIBIK KOp as-
CBhIHJIA Op IIapyalllbUIbIKKA TOH CUPEK IeHETHKAJIbIK BapHaHTTAapAbIH CaKTaJlFaHblH Kepcereni. Jlapa annens-
JepAiH €H Kem caHbl MyXUT MOMyNIALIUACHIHAA aHBIKTAIbI, OYJI HOMYJISIUSHBIH ©31H11K T€HETUKAJIBIK KOPhIH
CUNAaTTal/Ibl ’KOHE OHbI CaKTay CEJEKIHUSUIBIK KYMBICTAp OapbIChIHA T€HETUKAJIBIK OPTYPJILIIKTIH TapbLIybl-
Ha >K0JI OepMey TYPFbICBIHAH MaHbI3/IbI.

AFC xxone STRUCTURE rannaynapsr F-cTtatucTikazap MeH T€HETUKAIBIK KAITBIKTHIK HOTHKEIEPIH
TOJIBIKTBIPA OTBIPBII, 3€PTTEITEH MOMYJISLUIIAP apachlH/Ia dJICI3 TeHETUKAJIBIK CYOKYPbUIBIMHBIH Oap €KeHIH
anpikTanel. STRUCTURE Tanmaysinna K=3 eH bIKTMMall MOJENb PETIHAE aHBIKTAJFAHBIMEH, MOIYJISIIHS-
JIapIbIH TOJBIK T€HETHKANIBIK OKIIayTaHOaFaHbIH KOHE OJIapIbIH OPTaK NeHETHKAJBIK HET131HIH CaKTaJFaHbIH
KepceTesi.

Ocpinaiimia, 3eprTenred Afail )KbUIKbIIAPbI KOFAPhl T€HETHUKAIBIK OPTYPIILIIKIICH, TOMEH MOMYIsLH-
sapanblK AU depeHunanusamMen xoHe Admixture cUNaThIHIAFbI 9JIC13 TEHETUKAIBIK CYOKYPbUIBIMMEH €peK-
mieneHal. AJBIHFAH HOTHKeIep AJail JKbUIKBICHIHBIH Ka3ipri T€HETUKAJbIK JKaFIalblH CUIIAaTTaUThIH MoJie-
KyJaJIbIK-TeHETUKAJIBIK JEPEKTep/ll TOJBIKTHIPAAbl MOHE TYKBIMHBIH TE€HETHKAJbIK PECypCTapblH CakTay
YIIH NOMyJIsUUsIapIarbl TeHETUKAJIBIK OPTYPJUIIKTI TYPaKThl OaKbUIay[bIH MaHBI3IbUIBIFBIH KOPCETEIl.



AKALEMUSACHI

AHBIKTaJIFaH MOMYJIAIMSUIBIK €PEKIISITIKTEP MEH CUPEK Japa aJuiebAep/Il €CKEPY TeHETUKAIBIK OPTYPILITIK-
Ti CaKTay¥a, OHIIPYII aTaabIKTApAbl HET13/ll IPIKTEYTe KoHe AJlall )KBUIKBIChIHA OAFBITTAFAH CEJICKIUSIIBIK
OarmapiiamManapabl )KeTUIIIPYTe FRUTBIMU HET13 00J1a amabl.
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Abstract. The study was conducted at the “Merey” farm in the Almaty region on South Kazakh Merino
sheep. The main objective of the research was the early prediction of the breeding qualities of sire rams and
the determination of their breeding value based on the productive traits of their offspring. In modern sheep
breeding, the selection of highly productive animals with high genetic potential is one of the key directions
of breeding work. In this regard, the early evaluation of young rams makes it possible to determine their
breeding value in a timely manner and improve the economic efficiency of sheep farming. During the study,
the live weight, wool length, fleece weight, growth intensity, and meat productivity of offspring obtained
from 7-month-old rams used for early mating with ewes were investigated. The breeding value of the rams
was assessed based on the productivity indicators of their offspring at 4.5 and 7 months of age. In addition,
slaughter yield, carcass quality, meat-to-bone ratio, wool productivity, and technological properties of wool
were determined. The research results showed that the offspring of rams No. 101200, No. 102255, and No.
205060 exceeded the average values in live weight, wool length, fleece weight, and meat productivity, and
therefore these rams were classified as improver sires. The offspring of rams No. 103099 and No. 204001
showed lower productivity indicators for several traits and were classified as neutral or deteriorating rams. The
evaluation of meat productivity demonstrated that lambs at 7 months of age had high slaughter yield and good
carcass quality characteristics. The obtained results indicate that the early evaluation of rams based on the
quality of their offspring makes it possible to determine their breeding qualities two years earlier. This method
increases the efficiency of breeding work, accelerates the selection of highly productive animals, and reduces
the costs of maintaining neutral and deteriorating rams.

Keywords: South Kazakh Merino, sire rams, breeding, offspring quality, live weight, wool length,
fleece weight, meat productivity, slaughter yield, early evaluation
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AHHOTaUMs. 3epTTey )KYMBICHI AJTMaThl OOJIBICBIHIAFbI «Mepei» mapya KoxKaJbIFbIHAa OHTYCTIK Ka-
3aK MEPUHOC KOM TYKBIMBIHAA XYPTi3uidi. 3epTTeydiH Heri3ri MakcaThl — OHIIPYyIli KOIIKapIapIblH achLl
TYKBIMJIBIK KACHETTEPiH epTe >KacTaH ajJblH aja 0oJpKay *KOHE YpIarbIHbIH OHIMAUIIK KepCeTKITepi He-
Ti31HJIE CENeKIUSITBIK KYHIBUIBIFBIH aHbIKTay. Ka3ipri Tanaa Ko mapyanibUIbIFbIH/IA )KOFaphl OHIM/I, TeHETH-
KaJIBIK 9JIEyeT] MBIKTBI MaJIIAP/IbI IPIKTEY CENMEKIMSITBIK KYMBICTBIH MAaHBI3/Ibl OAFbITTApPBIHBIH Oipi OOJBII Ta-
obutazapl. OckiFaH OaliIaHBICTHI Kac KOIIKApJIap/ bl epTe xKacTaH Oaranay oap/blH aChlUT TYKbIM/IBIK CallachblH
Te3 aHBIKTayFa )KOHE LIapyallbUIBIKTaFbl SKOHOMUKAJIBIK THIMAUTIKTI apTThIpyFa MyMKIHAIK Oepeni. 3epTrey
OapbIChIHIA 7 AMIIBIK JKacTaFbl OHAIPYIIl KOIIKAapIapAbl aHAJIBIKTAPMEH €pTe IIAFbUIBICTHIPY HOTHIKECIHIE
aJIBIHFaH TOJJEPIIH Tipilel calaMarbl, )KYH Y3BIH/BIFBL, )KYH KBIPKY, 6Cy KapKbIHBI KOHE €T OHIMIUIIT 3epT-
Tenl. ¥prnakrapasiH 4,5 5koHe 7 alJIbIK JKaChIHAAFbl KOPCETKIIITEepi OOMBIHINA KOITKAPIAPIbIH CENEKIUSIIBIK
KYHIBUTBIFBI Oarananibl. COHBIMEH KaTap KO3bUIAP/IbIH COMBIC IIBIFBIMBI, YIIIa CaNachl, J)KYMCAaK €T I1eH CyHek
apaKaThIHACKI, KYH OHIMJILTIT JKOHE KYHHIH TEXHOJOTHSJIBIK KaCHETTepl aHBIKTAIbl. 3epTTey HOTIIKENIEpi
6oiipiama Nel01200, Ne102255 sxone Ne205060 xomrkapiaapbIHBIH YpHakTapbl Tipisiel canMmak, KYH Y3bIH-
TIBIFBI, )KYH KbIPKBIMBI JKOHE €T OHIM/IUTIr OOMBIHINA OpTala KOPCETKIIITEeH KOFapbl HOTHKE KOPCETII, JKakK-
capTyuibl Komkapiap petinae Tanbuiasl. A Nel103099 sxone Ne204001 KommkapiapbIHBIH YpIIaKTapbl Keioip
OHIMJILTIK Oenrinepi OOWBIHINA OpTalia JCHreiIeH ToMeH OoJbIn, OelTapan HeMece HallapiaaTylibl TOMKa
KaTKbI3bU1Ibl. KO3bIIapabIH €T eHIMALTIriH Oaranay OapbhIChbIHIA 7 alijIbIK )KaCcTaFbl TOIAEPAIH COMBIC IIBIFbI-
MBI MEH YIIIa CalachIHBIH YKOFApPbl EKEH/IITT aHBIKTANABl. AJBIHFAH HOTHKENEP OHJIIPYII KOITKapIapIsl Yp-
NaFbIHBIH carackl OOMBIHIIA epTe Oaranay oJapAblH aChLI TYKBIM/IBIK KACUETTEPIiH €Ki Kbl OYpPBIH aHBIKTAyFa
MYMKIHJIIK OepeTiHiH KepceTTi. by o/1ic ceneKIHsITBIK AKYMBICTBIH THIMIUIITIH apTTBIPBII, KOFapbl OHIM/I1
MasgapAbl ipiKTeyl JKeenieTyre, Conlaii-aKk oeiraparl >koHe HallapiaTyIbl KOIIKapJapasl YCTayFa KeTeTiH
IIBIFBIHIAP/BI a3aiTyFa MYMKIHIIK Oepesi.

Tyiiin ce3nep: eHaipyIIi KOIIKapiap, YpIarblHBIH canackl, Oaranay, Tipiied cajMarbl, )KYH Y3bIH-
TIBIFBI, XKYH1 KBIPKY, caparnray, epTe )kacTaH 0oypkay

Moiiexco3 ymin: XymaranueBa I'M. , CanceizdaeBa b.K., Kagsiken P., OpaxbaeBa A.Jl. (2026).
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AHHoTauus. VMccnenoBanue NpoBeieHO B KPECThSIHCKOM X03gHCTBe «Mepei» AJIMaTUHCKON 001acTi
Ha OBLIAX F0XKHO-Ka3aXCKOH MEpUHOCHOM 1mopo/sl. OCHOBHOM 1eJIbI0 padOoThI SIBISIIOCH PaHHEe POrHO3UPO-
BaHME IUIEMEHHbBIX KaueCTB 0apaHOB-IIPOU3BOJUTEICH U ONPEAETICHUE UX CEJICKIIMOHHON IIEHHOCTH Ha OCHO-
BE MIPOYKTUBHBIX [TOKa3aTeiel MOTOMCTBA. B COBpEMEHHBIX yCIOBUAX OBILIEBOJICTBA OTOOP BBHICOKOIIPOAYK-
TUBHBIX KUBOTHBIX C BBICOKMM I€HETHUECKUM IIOTEHIIUAJIOM SIBJISIETCSl OJHUM U3 BaKHEHIIMX HAIPaBICHUN
CEJIEKLIMOHHOM paboThl. B CBA3U ¢ 3TUM paHHss OLICHKAa MOJIOABIX 0apaHOB MO3BOJIIET CBOEBPEMEHHO OIpe-
JIeNIUTh UX IUIEMEHHYIO IIEHHOCTh M MOBBICUTH 3KOHOMHUYECKYIO 3((EKTUBHOCTh X031HCTBa. B Xone uccie-
JIOBaHMH M3y4aJIMCh NIOKA3aTeIN KUBOW MACCHh, JUIMHBI IIEPCTH, HACTPUTra IIEPCTH, MHTEHCUBHOCTH POCTa U
MSICHOM MPOAYKTUBHOCTH IOTOMCTBA, ITOJyYEHHOTO OT MCIOJIb30BaHUS OapaHOB B BO3pacTe 7 MECSLEB MPU
paHHel cimyuke ¢ Matkamu. CelneKIMOHHas LIEHHOCTh 0apaHOB OLEHMBAJACh MO MOKA3aTesiiM MOTOMCTBA B
Bo3pacte 4,5 u 7 mecsuen. Kpome Toro, 6butn onpezaeneHb! yOOMHbIH BbIXOJ, KaU€CTBO TYIL, COOTHOIIEHUE
MSIKOTH U KOCTEH, IIepCTHAsI IPOAYKTUBHOCTh U TEXHOJIOTMUECKHUE CBOMCTBA LIepcTu. Pesynbrarel uccneno-
BaHUH MoKa3anu, 4To motoMcTBO OapanoB Nel01200, Ne102255 u Ne205060 mpeBocXoauao cpeaHue moka-
3aTeNy 10 KUBOM Macce, AJIMHE MIEPCTH, HACTPUTY IIEPCTH U MSACHOM IPONYKTUBHOCTH, B CBA3HM C YEM OHH
ObUIM OTHECEHBI K Kateropuu OapaHoB-ymyumiareneil. [ToromctBo 6apanoB Nel03099 u Ne204001 o psimy
IPOJYKTUBHBIX NMPU3HAKOB OKAa3aJ0Ch HUKE CPEIHETO YPOBHS U ObLIO OTHECEHO K HEHTpalbHOW WM yXyII-
maromien rpymnmne. OueHka MACHON IPOAYKTUBHOCTH SATHAT IOKa3aja, YTo )KUBOTHBIE B BO3PACTE 7 MECSIIEB
XapaKTEePHU3YIOTCSl BEICOKUM YOOMHBIM BBIXOIOM M XOPOUIMMHU KauyeCTBEHHBIMU IMOKa3areasiMu Tymu. [lomy-
YEHHBIE Pe3yJIbTaThl CBUAETEIBCTBYIOT O TOM, YTO PaHHSAS OLIEHKA 0apaHOB IO KayecTBY MOTOMCTBA MO3BO-
JSIeT OMpPENIENUTh UX IUIEMEHHbIE KauyecTBa Ha JiBa rojia paHsblie. JJaHHbIH MEeTO/] CIIOCOOCTBYET MOBBIIICHUIO
(P PEKTUBHOCTH CEJIEKLIMOHHOM pabOThI, yCKOPEHUIO 0TOOPa BEICOKOIPOIYKTUBHBIX )KUBOTHBIX Y CHHKEHHIO
3aTpaT Ha COZIep)KaHUe HEHTPaNbHBIX M YXYIIIAIOINX OapaHoB.

KroueBble ¢J10Ba: I0)KHO-KA3aXCKUH MEPUHOC, OapaHbI-IPOU3BOUTENH, CEICKIIHS, KAU€CTBO OTOM-
CTBa, KUBasl Macca, JJIMHA IIEPCTH, HACTPUT IIEPCTH, MICHAs MPOIYKTUBHOCTh, YOONHBIN BBIXOI, paHHSISA
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KoH$uiuKT HHTEepecoB: aBTOPHI 3asIBIIAIOT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.

Kipicme.

OHTYCTIK Ka3ak MepuUHOC Kowapel KasakcTaHHBIH OHTYCTITIHAET! KaraH KOHTHMHEHTTIK KJIMMaT
JKaFIaiylapbIHA JKAKChl OCHIMIENTEH KOHE JKOFaphl OMIPIIECHAITIMEH, COHIal-aK €T TIeH JKYH OHIMIUTITIHIH
YKETKUTIKT1 )KOFaphl ICHTeHIMEH epeKIeIeHeIl.

AybUI MIapyalibUIbIFbl SKOHOMHUKAChIHA OacKapy/IblH jKaHa HbICAHAAPBIH 1aMbITY HapBIKTBIK 9KOHO-
MUKaHBIH HET13T1 TaJlanTapblHbIH Oipi 6ombin Tadbuiags! [Alpamyssova xone 1.0., 2026]. by xepie HapbIK
3aHJapblHA COMKEC epPKIH KOCIMKEPIiK HbICAHbI PETIH/IE TUIM/II dKYMBIC 1CTEH anaTelH pepMepiIiK, mapya Koxa-
JIBIKTapbl MEH KOONIEPATUBTIK KYPBUIBIMIAP IbIH KAJIBIITACYbI TypaJbl o3 OOJIBI OTHIP. ATall OTKEHAEH, JKeKe
(mmapya) skoHe KOOTIepPaTHBTIK MIAPYaITbUIBIKTAP ©31H-031 PETTEY KaFUAaTTaphl HET131H1€ )KYMBIC 1CTEH/I1 )KOHE
Oacka eHIpyLILIepMEH OaceKeNIeCTIKKe Tyce 1. Ajaiiia MyHbIH OapIbIFbl KO IIapyalllbUIbIFbl OHIMIEPIH OH-
TPy TEXHOJIOTHUSIIAphl MEH 9/1iCTEP1 JKaH-KAKThl 3€PTTENII, FHUIBIMH HETI3/IeNITeH TN AepMEH KaMTaMachl3
eTUITeH XaFaiiia FaHa MyYMKiH Oomnasel [OMOaeB xoHe T.0., 2025].

PecnyOnukana Koil mapyamibUIbIFBIH TAOBICTBl AAMBITY/IBIH MEPCHEKTHBAJIBI OaFbIThl — CEJIEKIUS
Macerenepi, TEXHOJIOTUsl, Ko0et0 OMOTEXHOOTUSCHI KOHE arpoOHOJIOTUSIIBIK OHAIPIC canalapblHAAFbl FbUIbI-
MU 3epTTeyliepre Heri3/1ereH oH1picTi HHTeHCUuuKalusiiay ekeHiH aran oTTi [Opakbaesa xoHe T.0., 2023].

OHIMHIH >KOFapbl camachl HapbIKTHIK JKaFaainapaa 6ocexere KaOIIETTUTIKKE KOJ JKETKI3YIIH Heris-
Il XKOJbl eKeHiH kepceTeil. OchlFaH OalIaHbICThl Ka3ipri Ke3eH 1€ KOW IIapyallbUIbIFbIH 1aMbITYbIH 0acThI
OarpITTapbl HAPBIK KOHBIOHKTYPAChIHA COIKEC HET13T1 eHIMIepre — KO3bl €T1, *KYH, KYHpPBIK Maiibl, KOI Tepici
KOoHe KO cyTiHe — OaFapianysbl THIC, OyJI ©3 Ke3€eTiHe OHAIPICTIH KeKellereH OarbITTapblHa OachIMIBIK Oe-
pyre myMmkiHik 6epeni [Mukanova xane 1.0., 2024].

Kazakcran Pecryonukaceiasig [Ipesuaenti Hypceynran Hazap6aeBtoiH xbinasik JKonmaysiaaa «Ka-
3Arpo»-HbIH HET13r1 MIHJETI — aybll IIapyallbUIbIFbl OHIMIUIITIH apTTHIPY MACENeNepiH Kyielnl Typ/ie enty,
OapnbIK caynanap OOMbIHIIA camaibl TajAay >kKacay >KOHE aliIbIMEH JIaMBITYIbl KaXeT €TEeTIH CEKTOpJap.ibl
aHbIKTay 001bIN TaObIIaAEl. ComapasiH O1pi — oeMIe KapKbIHIBI OCIM KeJle KaTKaH, YKOJIOTHSIIBIK Ta3a ai-
MakKTa TaOUFH )KEMMEH OHJIIPUITeH ayblUl apyallbUIbIFbl SKOJIOTHSUIBIK OHIMAEP! MEH HIMKI3aT HapbIFbl, OyII
xarnaii Kazakcran PecryOnukaceiHbIH aymarbiHa colikec keneni [Islamov xone 1.6., 2021].

ConFbl KbUIIAphl OHAIPYI KOUIKApIap/ bl OJapAblH KO3bl YPIAKTapbIHBIH 6CYl MEH €T carachl Kep-
CETKIIITEPIH CAJIBICThIpA OTHIPBIN Oaranaabl. BypeIHFEI oficTep OolibIHIIA OaFanay OJapAblH CENEKIIUSITBIK
KYHBUIBIFBIH @HBIKTAY YILI1H KAXKETT1 YaKbITThl Y3apTaJbl, COHBIMEH KaTap ChIHAKTaH ©TKI31JIMEreH OHIIpyIIi
KOIIKapJap/pl yCTan Typy ©HIMJIEp/iH HapbIKTarbl OarachlH apTThIpyFa okenyl MyMkiH [Torekhanov xone
1.0., 2021].

Komkapnapasl nypbic 6aranamay TaObIHHBIH CEIEKIUSIIBIK KYHIBUTBIFBIHA J1a TEPIC 9Cep €Tyl MYMKIH.
CoHIBIKTaH OHIPYII KOMIKAPIIAPIBIH CEJICKITUSIIBIK )KOHE OHIM/IIK KACUETTEPIH epTe Oarayiay ofiCTepiH KO-
JaHy apKbLIbl aJIJIbIH aja 0arasay JKyprizy — MIpaKTUKaJIbIK MaHbI3bI 30p ©3€KTi Macesne 0obln oTelp [Iskakov
*)oHe T1.0., 2017].

3epTTeyaiH FhUIBIMU KaHAIbIFbl — OHTYCTIK Ka3aK MEPUHOC KOMJIApBIHBIH JKEPTiIiKTI TaOUFHU-KIIU-
MAaTTBIK JKaFaaiapra OefimMaely epeKIeTiKTepiH €CKepe OTBIPHII, OHIIPYII KOIIKAPIAPABIH CEICKITUSIIBIK
KYHBUIBIFBIH OJIAPJIbIH YPHAaKTapbIHBIH 6CY KapKbIHbI, €T OHIMAUIIr OHE €T carachIHbIH HEri3ri Kepcer-
KIIITepi HeT131H1e epTe OaranayblH FRUTBIMU-OMICTEMENIK TOCUIACPIH KETUIMIPYMEH allKbIHAAIAIbI. 3epTTey
OapbICHIHIA OHAIPYII KOMIKAPJIAPABIH TYKBIMIBIK JKOHE OHIMIITIK KACHETTEP1 MEH OJIap/IbIH YPIaKTapbIHBIH
mapyanibIIbIKKA Taiaaibl Oenriaepi apachlHaarsl OailiiaHbICTap bl AHBIKTAY APKBIIBI CENEKITUSIIBIK 1PIKTEY-
JH TUIMUTITIH apTThIpyFa OaFbITTaIFaH FRUIBIMU HeT13/1ep YChbIHbLIaAb! [[slamov xone T.0., 2018.] ConbiMen
Karap, aJiblHFaH HOTHKenep OHTYCTIK Ka3aKk MEpUHOC KOMJIapbIHBIH €T-KYH OarbIThIHIAFbl OHIMAUIITIH apT-
TBIPYFa, )KOFaphl TCHETUKAJIBIK JIEyeTl 0ap OHIIpYII KOIIKApIap/ bl €pTe KE3CH 1€ aHbIKTayFa KoHE OTapAbIH
CEJIEKIMSUIBIK CallachlH JKaKCcapTyFa MYMKIH/IIK O€peTIH MPaKTUKAJIBIK YCHIHBICTAP/IbI 931pJieyTre HeT13 O0IaIbl.

KyMBICTBIH MaKcaThl — OHAIPYIII KOIIKapIapAbl OJTapAblH YPHaKTapbIHBIH canacblHa Kaparl ChIHAY,



ce0e01 ypriak carachl OJ1ap/ibIH CEIEKLUSIbIK KACUETTEPIH Oaraiay/blH HEr13r1 KPUTEPHH1 OOJIBINT TaObLIAIbI.
gjicTeMesiep MeH MaTepuaJaap.

Ocsl 3eprTey yiuiH Anmarsl oOnbickl, KepOynak aynanbsl, Mepeil mapya koxaibirbl OHTYCTIK Ka3ak
MEpPUHOC KOMIaphl Maiaanansulibl. 3eprrey KezeHi — 2022-2025 xpuinap.

bacTankpl KomKapiap MEH aHAJIBIKTap/bIH OHIM/IK canachl PeTiHAe KeJeci KOpCeTKIIITep 3epTTeNai
Tipi caJIMakK, *YH TYCIMi, )KYH Y3bIHJIBIFbI, COMBIC CaJIMaFbl MEH COMBIC LIBIFBIMBI, COHJAM-aK epTe xacta (7
aif) KoLIKapiap/AaH ajablHFaH YPIAKThIH KJIACCUKAJIBIK KypaMblH Oaranay. Tipiieit caamarbl KO TYKbIMIAPbIH
ecipy Heri3JiepiMeH JKIKTey XKOHIHAETrT HYCKayJbIKKa COMKeC, all TOKIPUOEIIK jkac MaJlap/blH CaJIbICThIpMa-
Tl TIpUJIEH calMarbl XKacblHA Kapall TYpakThl OPHATBUIFAH Tapas3blla 5 KI JTONIIKIICH ©JIIIEH N, aHbIKTaJ bl
Maut ky#i corora JediH aluThIK Mep3iMiHeH KeliH oHe coifraHHaH keiliH MEMCT cranpaprtap Tana0bl-
Ha colikec aHbIKTaNbl. KyMPBIKCHI3 CYBITBUIFAH YIIaHbl CYHEKTEH TaXbIPaTyIblH KOPBITHIHIBICHI OOMbIHINIA,
MOP(OJIOTHSIIBIK KYpaMbl MEH €TTLTIK KO((UIMEHTI aHbIKTaJIbl. AJIBIHFAH HOTHXKEJIEp MEH 300TE€XHHUKa-
JIBIK IEpeKTepii crabenrijieHreH TUCTUKANBIK oHey H.A. [TnoXuHCKuitiiH cTaHaapTThl 91icTeMeci O0MbIHIIA
xoHe Microsoft Excel 2010 GarnapnamacsiHacoiikec xyprizunai. Opraiia apugMeTuKaiblK KOPCEeTKIl MeH
OHBIH Kareniri (X+xm) — KaJlblJIaHFaH CTaTUCTHKAJIBIK [TapaMeTp HeMece TYPJCHIeH OeNriiepAiH opTaiia
JIeHreH-1H1H CTaTUCTUKAJIBIK CUITaTaMachl OOJIBIN caHaliaabl. Op arTac OenriiepaiH e3reprilTiriH caabICThIPy
YILIH %QHE 9PTYPJIi )KUBIHTBHIKTBIH Oip aTTac OenruiepiHiH e3repriliTik JeHreilin Oy YIIiH e3reprilTik Ko-
s¢-punumentin (Cv, %) naliganansuiael. CananblK OeIriepAiH e3reprilTiK MaMachlH CTaHIAPTTHIK aybITKY
(o) xemeri (hopMmynacel OOWBIHINA AaHBIKTAJIIBI.

Hotnxenep koHe TAJIKbLIAY.

busi3bl xKyHI1 Koiiap apackinaa KeiOip TYKbIMAAP/IBIH I€HE CajMarbl a3 0051316l — MbICalIbl, I pO3HBIi
TYKBbIMBIHA KaTaThIH aHAJIBIKTAPJIbIH OpTalla JiIeHe caiMarbl HeOapi 49—54 kr Kypaiinbl. Aunaiina, kenrereH
tykbiMaap (KaBkas, AckanusiH, Anrtail sxoHe T.0.) YJIKEH CaJMaKIEeH CHUIIATTala/ibl; aHAJIBIKTapAbIH OpTalla
casiMarbl 61-65 kr-ra sxeteni. CoHpIMeH Oipre, op TYKbIM MEH 9p TaObIH/a jKaHyapaapAbIH eJIIeMi MEeH Tipi
casiMarbl OOMbIHIIA alTapiblKTail e3reprimTik Oaiikanansl. Keiibip aBTropiapablH MoaiaimMerTepi OoWbIHIIA
KOMJIapIbIH Tipi calMarbIHBIH Myparepiik koadduuuenti 36—54 % apanbirbiHaa e3repei. bys OarbiTTa coTTI
CeJIeKLIUS JKYPri3y MYMKIH/IT1HIH 0ap eKeHIH KepceTe/l.

Tipi camMaKTBIH apTybl OHBIH JKETUTy MEpP31Mi MEH JICHE caJIMaFbIHbIH ©CYyIMEH KaTap Kypyl 6Te MaHbI-
37161, ce0e01 OyJ1 xKaHyapAbIH MaKCUMAJJIbl Tipi calIMaFbIHA €PTe JKacTa XKeTylHe MyMKIHAIK Oepeni. TinTi xKyH
OHIMJIUIIr 6acThl MOHTE e TYKbIM/IAP YILIH € epTe XKEeTLTy apThIKIIBUIBIK Oepei, cebebi OyI1 eTTi skac KaHy-
apaa caTy MYMKIHJITIH KaMTaMachl3 etesi. Tipl caaMakTbhlH Myparepiik KepceTKIITepi TYKbIM epeKIIeiK-
TepiHe ’KOHE >KaHyapiapblH JKachlHa OalJIaHBICTBI €19yip e3repeai. OpuHe, KOpIIaFaH opTa XarAaaiaapsl,
acipece KOPEKTeHIpy ACHIeil, )KyKa *KYHAl KO TaObIHIAPbIHIAFbl OChl KACUETTIH T€HOTHITIK dPTYpIIiIi-
riHIH KepiHyiHe aiiTapibiKTaii acep eteni [XKymaranuesa xouHe 1.6., 2014].

Komkapnapmen 7 aljbIK >KacTarbl KOCBUIFAH aHaJbIKTApJaH ajJbIHFAH KO3bUIAPIBIH Tipl CalMarbl
Tajanrtapra coiikec keneai. 2022-2025 xbuinapbl AnmMatbl o0nbickl, Kaseirypt aynansl, «lllapOynak» eH-
nipictik kooneparuBinae 800 KO3bIHBI Taygay HETi31HJAE *kac KOIIKapiap TONTapbl OOMBIHINA Tipi caaMak
aitpipMatbUIbIFel THiCiHIIE 0,7-2,2 % Kem xone 1,4-2,0 % apThIK gen OaranaH/bl;, apTHIKIBUIBIFEL P > 0,95
JICHIeHiH/Ie CeHIM/I, SIFHU aJIFallKbl CEHIMAUTIK IIETTHEH )KOFaphl.

Tipi canMaKThIH 6Cy1 — 6CyiHIH KeKe KopceTKilli 6obin Tadblaanbl. bi3ain 3epTTeynep kepceTkeH e,
TyFaHHaH 4,5 aifra JeiiHr1 Ke3eH 1€ aHaJIBIKTapIbIH a0COMIOTTIK ocyi 26,14 kr, canbicTeipMalsl ecyi 825,2 %
Oosca, KomIKapiap yiiH OyJ1 kepceTkimTep Tuicinme 26,54 kr sxone 764,8 % OGonasl. by momimertep xac
KOIIKapyapaa abCOIOTTIK ©Cy €H KOoFapbl OOIFaHbIMEH, calbICThIpMalbl ocy 61,4 % kem ekeHiH KepceTei.
CoHbIMEH KaTap, JKac aHaJIbIKTapblH TONTHIK OpTallla TOYIIKTIK KOChIHAbICH 280,8 T Goica, *ac KoIKapiap
toObIHAA 204,5 T OO IbL.

JKeiHbIc OOBIHINA Tipl CalIMaK albIpMaIlBUIBIFBl 3epTTEyaepiMeH pactanaasl. KomkapnapaslH aHa-
JBIKTApFa KaparaH/a YJIKeH OONybl JKoHe TyFaHHaH 5—06 aiifa JNeiiHri Ke3eHJIeri alblpMallbUIbIK OJapiblH
naiinaceina eneyni acep ereai [Zhumagaliyeva xone T.6., 2015].

1-kectene 4,5 allnbIK KacTarbl TOIAEPIAIH Tipi caaMarbl OOMBIHILIA MAIIMETTEp KENTIpUIreH. 3epTTey
HoTkenepi OoibiHma Nel101200, Ne102255 xone Ne205060 KorikapnapblHaH ajblHFaH ypHakTapAbIH Tipi
caJIMarbl TONTHIH opTama kepcerkiminen 1,7-3,9 %-ra xorapbl 0omabl. A Nel03099 sxone Ne204001 ko-
HIKapJiapblHaH ajlbIHFaH TOJACPAIH Tipl calMarbl opraiia MoHHEH 2,4—4,5 %-fa TOMEH eKeHl1 aHbIKTaJIbl.
Erep >ypri3uireH cTaTUCTHKAIBIK oHAey HoTmxkecinae p < 0,05 Gosca, Oyi1 aifbIpMaIlIbUIBIKTap CTATUCTHUKA-



’:ﬂTTbIK TNI'II:?;»;
AKALEMUSICBI

JIBIK TYPFbIIaH MaHBI3bI JC CCCITCIC/I.
Kecre 1. 4,5 aiinbIK Ke3iHAe YpHaKTapbIHBIH carachlHa TEKCEPUIreH KOIIKapiapjaH ajbIHFaH TeJl-
JEPIIiH Tipl CaMaFrhbl

Ne Komkapiap sl sxeke HoMepi Tipineii canmarbl, K&
4,5 alIbIK KachbIHIa
XKac koitmap, n=150 | XKac xomkapaap n=150
1 101200 31,3840,63 32,79+0,47
2 102255 30,83+0,66 32,23+0,53
3 103099 30,14+0,63 31,43+0,57
4 204001 29,43+0,48 29,54+0,57
5 205060 31,89+0,64 33,23+0,51
Opraiua anranga 30,81+0,27 31,75+0,21

2Kac xomrkapnap apacesiHaa na ykcac ypaic 6aiikanasr: Ne101200, Ne102255 xone No205060 korkap-
JapBIHBIH YpHaKTapsl opramia kepcetkimred 1,5-4,1 %-ra sxorapsl, ainm Ne103099 sxone Ne204001 xomrkap-
napeIHbIH ypnakrapsl 1,0-7,5 %-ra Temen 6omnnbl. by HoTHXKenep aranFaH KOLIKapiapAblH yprarblHa Ka-
pail eHIMIUTIK KaCHEeTTePIiHIH SPTYPIIi ACHTei1e TYKbIM KyanauTeiHbIH KepceTeni. Ne101200, Ne102255 xone
Ne205060 komkapnapsl xxakcapryuisl (improver), ain Ne103099 xone Ne204001 xomikapsiaapsl HamapiaaTybl
(degrader) perinae OaranaHbl.

TyranHaH 7 alJIbIK jKacka JieHiH aHaJbIK TeJJepAiH aOCOIIOTTIK calMak Kocysl 32,89 kr, opraiia
TOYNIKTIK calMak Kocysl 156,7 1, canbicTeipmalsl ecyl 992,3 % Gonasl. XKac komkapiaapaa Oy KepceTKilTep
tuicinme 33,88 kr, 161,4 rxone 925,3 %-1b1 Kypaibl. AOCOTIOTTIK kKOHE OpTallla TOYITIKTIK CalIMaK KOCY Kep-
CeTKIITepi OOMBIHIIA Kac KOIKApIapblH 6Cy KapKbIHbI aHAJIBIKTapFa KaparaHJ1a >KOFapbl OOJIJIbI.

CyTTeH aiiblpraHHaH KeWiHT1 7 ailNbIK »KackKa JACHIHr1 Ke3eHJe aHaJbIK TeJIepaiH aOCOIIOTTIK caj-
MakK KocCybl 5,77 KI, opTalia TOyNIKTIK calMak Kocybl 82,4 1 jxoHe canblcThipmansl ecyi 118,8 % Oonca, sxac
KOIlIKapyapaa 0y kepcerkimrep Tuicinme 6,15 kxr, 87,9 r xxone 119,2 %-nb1 Kypansl. byn kesenze xac
KOILKApJIapJblH ©Cy KapKbIHbl aHAJbIKTapFa KaparaHjaa Oipliama skorapbl OonraHbl Oalikanabl. Erep aiibl-
pMalbUIBIKTap OOMBIHIIA CTATUCTUKAJIBIK oHAey HoTmxkecinae p < 0,05 aHbIKkTaznca, onap CTaTHCTUKAIbIK
TYPFbI/IaH MaHBI3/Ibl e eCenTene.

Kecte 2. 7 alinblK Ke3iHe YpHIaKTapbIHbIH calachblHa TEKCEPUITeH KOLIKapaap/iaH ajlbIHFaH TeNIEpPIiH
Tipi caJaMarbl

Ne Komkapnapasiy xxeke Homepi | Tipineit canmmarsl, kr

7 alJIBIK JKaChIHIa

XKac koitnap, n=137 YKac komkapiap n=137

1 101200 38,04+0,76 38,84+0,53
2 102255 37,48+0,85 38,28+0,51
3 103099 36,34+0,87 36,92+0,53
4 204001 35,68+0,71 37,51+0,65
5 205060 37,93+0,72 38,42+0,42

Oprama anrasga 36,56+0,25 37,98+0,25

KecTe 2 epre jxacTta cChIHAaKTaH ©TKEH KOIIKapJapiaH ajlbIHFAH KO3bLUIAPbIH Tipl CaIMarbIH KOpCceTe .
Bbyn mamimertep Ooiibiama Komkap Ne101200, 205060 xone 102255 xaxcapty1isl (improver) OoJbII caHaa-
b1, OJTAP/BIH KOPCETKIITepi opTama MoHHeH 2,4—4,1 % >xorapbl O0JIbI, albIPMAIITBUIBIKTBIH CEHIMILTITT P >
0,95 newreitinze, sSsFHYU aJFAIIKbl CEHIMUTIK HIeTiHeH xorapbl. A Komkap Nel103099 xone 204001 yprakra-
pbl oprama MoHHeH 0,7-2,8 % TemMeH 60l

By nerenimis, Komkapiaapabl aHAJIBIKTAPMEH epTe KOCY ONlapblH CENICKUIHUSIIBIK KACUETTEPIiH aJ/IbIH
asia 0oJpKayFa MYMKIHAIK Oepelli oHe Kail KOoIIKapiaapblH KaKkcapTylbl, OeiiTapan HeMece HallapaTyIlbl
eKeHIH aHbIKTayFa Oomnabl. bi3aiH 3epTTey HoTHXKesepi OOMbIHIIA TIpi CalMaK KOPCeTKIII OOMBIHIIIA KOIIKAP
Ne101200, 205060 >xone 102255 xaxcapryiusl, Komkap Nel03099 Gelitapan, an komkap Ne204001 namap-
JaTyubl OOJIBII IIBIKTHI.
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JKYH Y3BIHIBIFBI. JKYHHIH HETI3T1 TEXHUKAJBIK CUIaTTaMallapblHa MbIHAJAD JKaTaJbl: Y3bIHJIBIFbI,
KIHIIIKEIIr1, OIpKeNKIIiri, uityl, OEpIKTIri, CO3BUIFBIITHIFBI, CEPIIMILTIIT, UKEMILIIT, TYCl KOHE JKbUITHIP-
abIFbl. OnapibIH K60iCl dKYH canachlH aHBIKTAYJIbIH HET131H Kypall, JKaHyapiap/bl ipiKTey K9HE aCCOPTUMEHT-
Tey Ke31H/1€ MaHBI3/Ibl KOPCETKIII OOJBIT KbI3MET €TE/Il.

backa kepceTKilTepMeH Karap, )KYH Y3bIH/BIFbI OHIPICTE KOJAAHY Ke3iHAEe OHBbIH KYHbl MEH Taraii-
BIHJQTYBIH aHBIKTANIbI. ¥ 3bIH TAJIIIBIKTAPIbl HIPTCHC TAIIIBIKTApbIH OipHEIIe PeT KUbUIBICYbIHAH KYIITI
KBICBIM TIaii/1a OOMBIM, TANIIBIKTAPAbIH Oip-OipiHe >KaKChl HKAOBICHII, KIM THIFbI3 00MaAbl. ¥3bIH TAIIIBIKTAP
€H HO31K XKIiN ay MyMKiHJITiH Oepeni [Meneybekos xaue T.6., 2000].

Omnmey onicTepiHe OailNaHBICTHI KYHHIH TaOWFH Y3BIHABIFBl MEH HAKThI Y3bIHJBIFbI a)KbIPaThIIa/Ibl.
TaOuru y3bIHABIK €N TANIIBIKTapbIH IIOK HeMece OepeHernepieri, o31epiHiH Taburu uilyiMeH (TOpTyo3-
JIBUTBIFBIMEH) OJIIICHTEH Y3BbIHIBIFBIH aiiTaMbl3. Koiinapapl Oaraiay HeMece KYH/II JKIKTeYy Ke3iH/Ie MIOK MeH
OepeHenepIiH TepeHIIrt MeH Y3bIHABIFEI 0,5 CM IoIIKIIEH TOMEHHEH JKOFaphIFa OJIIIeHEe]I.

JKyHHIH HaKThI Y3bIHABIFBI — TANIIBIKTAPABI c030all, TEK Ty3ereH Ke3/aeri Y3bIHABIFbl. OHbI aHBIKTAY
YIIiH SPTYPIi jKepliepieH albIHFaH YJTIAET )KYH allbIHBII, 9p TaNIIBIKTBI co30aii, Oypamycsl3 Ty3emn, 1 Mm
JOIIIKIICH OIIei 1. 300TeXHUKANBIK dKYMBICTap/a TeK TaOUFH Y3bIHABIK KOJIaHbBLIA b, a1 O©HEPKICINTE Ta-
OUFU >KOHE HAKThI Y3BIHBIK eKeyi Jie ecenke anbiHaabl [Lachari sxone T.6., 2013].

Kecte 3. 4,5 aitnbIK Ke3iHJIe YPIIAKTaPBIHBIH CallaChIMEH TEKCEPUITeH KOIIKApIap/iaH albIHFaH KYHHIH
Y3bIH/IBIFBI.

Ne | KomkapnapapH HoMepi Tipineit canmarbl, KT

AHacbIHaH albIpFaHa

XKac koitnap, n=150 XKac koitnap, n=150

1 101200 3,03+0,14 3,48 £ 0,07
2 102255 3,44+0,12 3,64 +£0,14
3 103099 2,46 £ 0,17 2,84 +£0,03
4 204001 2,78 £0,14 3,37 £ 0,02
5 205060 3,74+0,13 3,75+0,12

3-kecTefie aHANBIKTAPAbIH CAYBITTaH alpbUIFaH Ke3JEri *KYH Y3bIHIBIFBIH KOPCETEll, OHBIH OpTalia
MoHi 2,88 cMm kypaiiabl. Komkapmap Ne101200, 102255, 205060 ypnakraps! Oyi kepcetkimteH 4,8-28,4 %
)orapsl 0o, P > 0,95 xone P > 0,99 nenreiiinne ceHimai ekeHiH kepcereni. An komkapiaap Nel103099,
204001 ypnakraps! opraiia MmonHeH 4,1-17,4 % TeMeH O60mbI.

Komkapnap ToObI OOWBIHINA KYHHIH opTamia Y3bIHABIFE 3,37 cM Oonubl; Komkapiaap Nel01200,
102255, 205060 ypnakTapbiHaarsl apTeIKIIbUIbIK 3,1-11,3 % apanweirbinga, P > 0,95 xone P > 0,99 nenreii-
inae cenimai. Komkap Nel103099 ypnakraps! oprama MoHHeH 18,7 % Ttemen Oonca, koukap Ne204001 yp-
MaKTapbl OpTaIia MOHIe T€H OOJIbI.

byn manimerrep korkap Ne101200, 102255, 205060 xakcaptymibl, Korkap Nel103099 namapnaTyisi,
an komkap Ne204001 Gevitapan ekeHiH KOpCETE/Il.

Kecre 4. 7 alinblK Ke3iHe YpHIaKTapbIHBIH CalacbIMEH TEKCEPUIreH KOLIKapiapiaH ajblHFaH KYHHIH
Y3bIH/IBIFBI.

Ne | Komkapiapase HoMepi JKyHHIH Y3BIHIBIFBL, CM
7 aliIbIK
XKac koitnap, n=125 Kac xomkapmap, n=125
1 101200 5,58+0,14 6,03+0,05
2 102255 5,3240,12 5,424+0,06
3 103099 4,08+0,13 4,54+0,12
4 204001 4,70+0,11 5,38+0,04
5 205060 5,38+0,11 6,16+0,12
Oprama anrasga 5,02+0,07 5,32+0,04

4-xectene 7 allNIbIK aHANBIKTap TOOBIH/A KYH Y3bIHIBIFBIHBIH OpTamia MoHi 5,01 cM exeHiH KepceTe/I.
Kommxkapmap Ne101200, 102255, 205060 yprnakrapsl ockl kepceTkimTen 5,9—-11,6 % xorapsl 6ombim, P> 0,95
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xkoHe P > 0,99 nenreninae ceHimal. An komkapaap Nel03099, 204001 yprnakrapsr 6,4—22,6 Y% TeMeH OOJIbI.

JKyH y3BIHABIFBIH jKac KOIIKapap TOOBIH/IA ©JIIIeY Jie CoJ OarbITThl KopceTTi: Kourkapaap Nel101200,
102255, 205060 ypriakTapbIiHaarsl apThIKIIBUIBIK 2,4—13,7 % apaneireinaa, P> 0,95 xone P > 0,99 nenreii-
inae cenimai. Komkap Nel103099 ypnakraps! oprama MoHHeH 17,3 % Ttemen Oonca, Komkap Ne204001 yp-
nakTapsl opraria MoHHEH 1,3 % >xorapbl OO IBI.

Kepcerinren kacuet OoMbIHIIA €K1 TOTITA Aa (aHAJBIKTAP MEH *ac Kommkapiap) Korrkapiaap Nel01200,
102255, 205060 >xaxcaptyuisl (improver), Komkap Ne103099 namapnaryuisi (depriver), an korkap Ne204001
Oeiirapar (neutral) 60w caHaa bl

JKyH Y3BIHIBIFBI — KYH JKWHAY Ke31HJE HETi3r1 mapamerpiepaiH Oipi. AHanbIKTap TOOBI YIIIH KYH
Y3bIH/IBIFBIHBIH a0COMIOTTIK ocyi opTama 2,14 cm 60sbiI, canbicTeipMainsl ocy 218,7 % Kypasl, an *Kac Ko-
IKapiap To0bHAa adcomoTTiK ecy 1,92 cm, canbicThipMansl ecy 274,7 % Gonasl. by skac Kourkapnap apa-
CBhIHJIA KapKbIHIBI 6Ccy 57 % KOFaphl eKeHIH KopceTesi.

KyH KpIpKy. 3epTTeynep KepceTKeHIeH, KyH KMHAy JKYKa >KYHJ1 KOWIapIblH HET13T1 OHIMAUIIrH
cunarraipl. JKyH jKMHAYy €Ki KOPCeTKIIITEH CUIaTTana bl (GU3UKaIbIK (IIANIBUTFAH JKYH) KOHE KyFaHHaH
KeliHri KyH. JKyFaHHaH KeHiHT1 ®KYH €H KYHJbI OOJBIN ecenTeNel JKoHe KOWIap/pl ipiKTey Ke3iHIe YIIKeH
MaHpbI3Fa ue [berimkys, 2012].

Koiigan anbiHFaH )KYH KypaMbIH/Ia KYH TaJIIIBIKTaphl, Maiinap, maH *oHe 06acka aa Oerge Kocnanap
6omanel. MyHail ®KYHHIH canMarbl 6acTankbl calMak JIer araiajibl, ajl KbIPKbUIFaH )KYH — KYH KbIPKY el
aranazpl. JKyH )KMHAYIBIH MOJIIEpP] )KYHHIH Y3bIHABIFbIHA, THIFBI3/IBIFbIHA, )KYKAIBIFBIHA, )KAChIHA, )KBIHBICHI-
Ha JKOHE KBIPKY yaKbIThbIHA OaiiaHbIcThI ©3repei. KoinapabiH eHIMILIITIH aHBIKTAY YIIiH Ta3a (KyFaH) )KYH-
HIH caJIMarbl eJIIeHyi KaxeT. JKyFaHHaH KeliH aJIbIHFaH JKYHHIH caliMarbl OacTanKbl )KYHHIH CaJIMarbIHbIH
MarbI3bl PETIH/IE €CENTENIMN, Ta3a JKYH IIBIFBIMBI JeT atanaabl [ berimoekos xoue T.0., 2015].

Kecre 5. 7 altiibIK Ke3iH/A€ YpIIaKTapbIHBIH CalachlHa TEKCEPUIreH KOMKApPIapAbIH KYHIH KbIPKY.

Ne Komkapaapabig JKyH KBIpKY, KT
HeMepepi

7 alNIbIK KO3BLIAP/IbIH

KYHI

Kac koit, n=14 XKac xomkap, n=14
1 101200 2,51+0,12 2,53+0,11
2 102255 2,5340,11 2,61+0,13
3 103099 2,32+0,06 2,35+0,09
4 204001 2,24+0,07 2,27+0,05
5 205060 2,624+0,07 2,73+0,04
Opraia anrasga 2,43+0,03 2,514+0,02

JKinimmke *KyHAl KOMIApabIH KYH KUHAY KOPCETKILITEepl — OHIMAUTIKTI OaranayablH HEri3ri Kepcer-
KilTepiHig Oipi 0osbIn TaOblIaAbl. S-KeCTeIeri JepeKTepre ColKec, 7 aliIbIK KacTarbl KOIIKAPIAP/IbIH KOHE
KO3bLIapbIH TONTapbIH/A!

Ne101200, Ne102255, Ne205060 komkapiapaslH YpIakTapsl opraiia kepceTkimTeH 2,4-9,6 % apThIK
KYH Oepirl, CTaTUCTUKAJIBIK MaHbI3AbUIBIKKA colikec P > 0,95 xone P > 0,99 nenreiiinae 605l

An, Ne103099 xone Ne204001 komkapiapslH yprakTapbl opTamia KepceTkimreH 5,7-9,8 % Ttemen
OO0 bL.

byn kepcereni, sikau Ne101200, Ne102255, Ne205060 xomikapiaapsl )KYH eHAIpY KaOiJIeTiH apTThipa-
TBIH JKaKcapTyIbl Komkapiap Oomnbin TaObuiaabl, an Nel103099 xone Ne204001 komkapiapbl KOpPCETKIIITI
TOMEH/IETETIH HallapJaTyIllbl KOIIKapIap CaHalabl.

Toxipubeneri Ko3bUIapablH €T OHIMIUTIT COMBLUTBIMFA ISHIHT1 TipiJiel calMaFblH, MaJIIbIH KOHIBLIBIK
JIOPEKECIH KOHE YIIAChIH, COMBIC CalIMarbl )KOHE COMBIC IIBIFBIMBIH, COPTTAPBIH KOHE YIIaHBIH MOP(OIOTHU-
AJIBIK KYPAaMBbIH acblHa Kapail eHeciHeH CYTTEH aKbIpaTKaH[Ja >KOHE JKa3Fbl sKaWblIbIMHAH KEeHiH JKeTi aii-
JIBIFBIH/IAFBI )KYMCAK €TiHIH XUMUSUIBIK KYPAMbIHBIH KOPCETKIIITEPIH aHbIKTay apKblIbl OaranaH/IbI .

JKorapblaarbl KecTeeri KopceTKIITep Al Taliacak, cosp alIbIHIaFbl Tipiel calMarbl eri3 Ko3bliap-
JIBIH TOPTKAPBIM SKOHE JKeT1 aliIbIFBIHIAFHI JKACTa KaJKbl KO3bIFa Kaparanna 3,3 sxone 3,1 kr, Hemece 10,6
xoHe 6,8 %, sxeHin 6omabl (P<0,999). Eri3 Ko3bUIapAbIH YITACKIHBIH CaaMarbl 4,5 jKoHE 7 aliJIbIFbIH/A JKAJTKBI
KO3bUIapFa KaparaHja coraH colikec 2,3 xoHe 1,7 kr Hemece 13,2 xone 8,1 % Temen 6omubl (P<0,99 xone



P<0,95). Er13 Ko3plaa »KajlKbpira Kaparanaa 4,5-aujabIK )KaCbIHAAFbl COUBIC IBIFBIMBI TOMEH, aJl / aWJIBIFbIHA
oJlap/ia OHIIIa alBIPMANTBIIBIK 00IMa bl. MaIbIH €T OHIMIIITIK KOPCETKIMTEP1 4,5-aiIIbIK KaCchbIHAA YIIACKI-
HBIH TayapiblK TYP1 JKETKITIKTI A9pekKe/e KaKChl, OipaKk MalbIHBIH TOJBIFYBI IIIAMaITbl OOJIIbI.

Kecre 6. Ko3buiapbl 0akbuiay COI0 KOPBITHIHIBICHL.

Kepcerkimr Ounem Oipiri 4,5-alibIK 7-alJIBIK

(n=3) (n=3)

SKaJIKBI eri3 JKAJIKBI €eri3
Cosp aJIBIHAAFEI TIpiIeH calmMarsl | KT 34,3+0,36 31,0+0,05 48,84+0,36 45,70,13
¥Y1aHblH caIMarbl KT 14,6+0,33 12,3+0,05 22,6+£0,40 20,9+0,40
[ Maitbr KT 0,50+0,08 0,46+0,07 0,64+0,05 0,60+0,05
Kyiipsik Maii canmars KT 2,8+0,20 2,4+0,08 3,240,14 3,0+0,21
COHBIC IIBIFBIMBI % 44,0+0,43 42,4+0,30 47,6+£0,57 47,0+£0,57

OchI j)xacTa TOKTHI KOITKAP/IbIH YIIACKIHBIH KYH 1opekeci 7596—81 MemCT-ka OaiiimaHBICTBI opTaria
TOPEKEre JKaTKbI3bUIIBI. TOKTHI KOITKApIapAbIH 8-aHIIbIK KaCchIH/Ia YIIACHIHBIH OYJIIIBIK €T1 dKaKChI TaMbIIbl,
Maifbl IamMairbl TOJBI )KOHE KYHi KaFbIHAH OpTallla )KOFaphl IOPEKETe KATKbI3bUIABI. ¥ IIaJaFrkl €TTiH 9p TYp-
7 COPTTApBIHBIH IIBIFBIMBI FBUIBIMH KOHE TOXKIPUOEITIri KaFbIHaH Oenrim Oip KhI3BIFYIIBUIBIK TYFbI3a bl
ETTiH eHIMILTITIH 3epTTey/ie MalJapAblH YIITACHIHBIH JKEyTe jKapalThIH OOJIIIIeK eTTepiHiH, CYHEK caaMarbl-
HBIH )KOHE TapaMBbIC CIHIpJIEpiHEe KAThIHACKIH 0Ty aca MaHbI3/IbI. byJT KaTbiHACTAp OJapABIH OSNTial OHIMIUTIK
OarbIThIHA, JKEKEIIEIETeH ePEKIIEeTKTePiHe MaJI/IbIH JKachlHA JKOHE TYKbIMBIHA, TybUIFAHAFbl TUIITIK TYpiHE
K.0. BIKNaNgapra OainaHeICThl ekeHi Oenrii. Toxipudeneri KO3pUTaPIbIH YIIACHIHBIH MIA0BUTY KOPBITHIH/IbI-
CBI JKOHE OJIAPJIbIH JKYMCAK €TIMEH CYHeTiHiH (€TTUTK K03 (HIMeHTi) KaTbIHACTAPBI 3 KECTEe/Ie KeNTiPUITeH.
Kosbumapaply yIracelH OeIIIEKTeN MIaybIl, Ynanapasl aXbIpaTKaHIa )KYMCAK €T IIBIFIMBIHBIH, CIHIPiHIH,
CYWETIHIH OoHE OJIapJIbIH KAThIHACTAPBIH/A aiiTa KOSPJIBIKTAl albIpMaIibUIBIK OaliKayiFraH KOK. ETTiH xu-
MUSUTBIK KYPaMBIHBIH KOPCETKIIITEPiH TalgaraHbIMbI3a, €Ki TONTarbl KO3bLIapAbH 4,5-allyIbIK jKachIHIa
KeO0IpeK cy jxoHe OeNoK OOJIFaHbl, all 7-aliIbIK KAChIH/A OJapABbIH TOMEHICHTIHI aHBIKTAJIIbI.

Kecre 7. Ko3bIHBIH YIIaChIHBIH IA0bUTFaHAAFEl KOPBITHIHABICH (5111-55 MemCT).

Kepcerkim ©. Oipmniri | 4,5-alinbiFpiHAa | 7-aiibIFbIHI

JKATIKBI eris JKAITKBI eris
¥1aHbIH cajIMarbl KT 14,57+0,33 12,9+0,05 22,62+0,40 20,9+0,40
JKymcaxk et canmarsl KT 10,84+0,14 9,56+0,06 16,95+0,22 15,9+0,15
Kymcak et maitbI3bl % 74,4+0,05 74,14+0,56 74,95+0,54 73,49+0,35
Cyiiek canmMarbl KT 3,73+0,15 3,31+0,11 5,67+0,23 5,40+0,12
Tapamsic ciHipaep % 25,6+0,09 25,86+0,08 25,05+0,54 26,51+0,56
Errinik koapdurmenti | 6ipmix 291 2,89 2,99 2,94

Kyprak 3at kepceTkilli KepiciHIe, *acblHa Kapaid KeOewir, eTiHiH KaTThUIBIFBIH KOFapbUIabl, al
4,5-aliIIbIK KO3BIHBIH €TiHJIE KOOIpeK Cy OONMFaHABIKTAH KOHE KYMCAK €TiHIH KIHIIIKE TaJIIbIK )KOHE KYMCAK
Oeutirine KaTbIHACHI OHBI KYFBIMIBI eTenti. Con cebenTeH OakbuIayFa COMBUIFAH JKAJIKbI )KOHE €Tri3 TOKTHI KO-
IIKapiap skacblHa Kapaii 4,5 xoHe 7 allNIbIFbIH/IA, SFHU COMBIC ITBIFBIMBI, 1-I111 %KoHE 2-1111 COPTTHI €T IIBIFbIMBI,
KYMCaK €TiH/E )KOHE XUMUSAIIBIK KypaMbIH/Ia MaHbI3/Ibl ailbIpMaIIbUIBIKTap aHBIKTATBIHABL. ETi3 KO3bLIBI aHa-
JIBIK CayJIBIKTap/iaH TyFaH KO3bLIapAa €T KOpCeTKIIITepl JKOFaphl OOMIbI, COT cedenTeH Oip aHa cayiabIKTapra
€CeNTEereH/Ie €Ki ece Kol €T albIHbl, SFHU SKOHOMHUKAJIBIK KaFbIHAH TUIMA1 OOJIBIT €CenTeN/Ii.

Manzasl Mymienen Coibll peTTey Ka3zaK XaJKbIHBIH €XeNJeH OanamMachl KOK JSCTYp OOJBIN Kajblm-
TaCKaHbIMEH CTaHJAApPT JKOK. MyIesnen COWbIIFaH KO MaJbIHBIH 9p MYIIECIHIH CaJMarblHaH KaHIIA Maibl3
IIBIFATBIHBIH KenTipAik. CoiibutFaH KOMIapablH yIIackl KaHaraTTaHAPIBIKTAl skargaiina Oomabl (4-kecte).
BynmibIk eTTepi )KeTinreH, MOMBIH, Key/Ie )KoHe OenieMe OMBIPTKATAPBIHBIH ca0aKTaphl OYIIIIBIK €TTiH aCThIH-
Jla JKachIPbUIFaH, KYHBIMIIIAKTHIH, dKaMOaCThIH CBHIPTKBI O€Ti Maii mepAeCciMeH TYTac >kKa0bUIFaH, TOCTET1 Mak-
BIHBIH KAJIBIHABIFEL 1—1,5 cM KeTeni.

Koii yiacsiHbIH MyIIeTiK MaHbI3bI 30p. OJIi, COJI KeHeC 3aMaHbIHaH Oepi Keje )kaTKaH OanTamMeH 1mady
HYCKayJapbIHaH mbiFa anMai xkypmiz 5111-55 MemCT sxone 1935-55 MemCT opHbIHa ©31Mi3/1iH OTaH/IBIK
CTaHJapT IIbIFapyFa Oonaapl. ¥1Iaiarsl MyLIeaepAl MaHbI3bIHA JKOHE OHBIH €T IIBIFIMbIHA OaliJIaHBICThI YIII
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copTKa Oeisryre Oonazabl. Melcanel: O1piHIIN copTka ek1 xam0ac (11,78 %), ex1 opran xumk (8,52 %), exi
acwIKThI xk11iKTi (10,48 %), 6ennemeni (6,71 %), exi cyoeni (13,36 %), exi xaybipbiHasbl (7,53 %) KoHE Kyil-
peIKTHI (12,33 %) xatkbi3cak, srau 70,98%-ra TeHeneni. CoHnail ak ekiHIi copTKa oMbIpTKaHsl (5,83 %),
tocTi (5,20 %), exi ToKNaH KiTiKTi sFHU yinanbiy 15,71 %-Ha xaraasl. A YIIHIIT COPTTHIH YJECiHEe MOMBIH
(6,78 %), exi kopi xkimik (4,70 %) >xone KyibiMiak (1,83 %), sram 13,31 % Tueni.

Kecre 8. Kol yI1acbIHbIH MYIIE IIBIFBIMBI 7-alJIBIFbIHAA.

OH karbl Con Tyrac
Myuenep HKAFbI

KT % KT % caHbl | KT %
Ko, oHbIH imIiHge

2,13£0,05 8,43 2,14+0,07 8,48 2 4,27+0,09 16,91
«KAP1 KUK 0,58+0,07 2,31 0,60+0,03 2,39 2 1,18+0,05 4,70
«TOKIAH XKITIK» 0,59+0,02 2,32 0,50+0,04 2,36 2 1,19+0,03 4,68
<«OKayBIPBIHY 0,96+0,02 3,80 0,94+0,03 3,73 2 1,90+0,03 7,53
Tec - - - - 1 1,31+0,05 5,20
Cy6e 1,75+0,06 6,93 1,69+0,06 6,70 2 3,45+0,06 13,63
MoiisiH - - - - 1 1,71+0,07 6,78
OMBIpTKa - - - - 1 1,47+0,03 5,83
Benneme - - - - 1 1,70+0,06 6,71
Kyiipsik - - - - 1 3,12+0,10 12,33
Caun,0HbIH imIiHe 3,87+0,07 15,31 3,91+0,05 15,47 2 7,78+0,11 30,78
«aCBIKTBI XKITIK 1,32+0,03 5,21 1,33+0,06 5,27 2 2,65+0,04 10,48
«OpTaH KUTIK» 1,08+0,03 4,27 1,07+0,03 425 2 2,15+0,03 8,52
«Kambac» 1,47+0,04 5,83 1,51+0,06 5,95 2 2,98+0,05 11,78
Kyiibiminag - - - - 1 0,46+0,09 1,83
Baprbik eti 25,27+0,32 100,0
Tor mMaiier 0,90+0,06 -
Bapibik eTiMeH Maitbt 26,17+0,53 -
Tipi canmarsl 50,56+0,68 -
Et Maii mbIFpIMBI 20 50,30+0,21 -

Kenemekre ochl YChIHBICTAP €rKEH-TEKKEW capanTalblll eMip CypaHbICBIMEH ©HIIpic TanaOblHa cail
JKY3€ere achlpblica.

KopbITbIHBI.

Kyprizinren 3eprreyinep HoTHkeciHAe OHTYCTIKK Ka3ak MEPUHOC KOMbI TYKbIMBIHBIH OHJIPYII1 KO-
IIKapJIapblH epTe JKacTaH Oarajay CEeJeKIMUTBIK KYMBICTBIH THIMIUIITIH apTThIpy/ia MaHbI3IbI 9/1iC €KEeH/IIT1
anbIKTasbl. Komkapnapasl 7 alsibIK jkKacTa aHAJIBIKTapMEH LIAFbUIBICTBIPY JKOHE OJapiblH YpIaKTapbIHbIH
4,5—7 alnbIK Ke3€HEeT1 TIp1Iei calMarbl, )KYH Y3bIHJBIFbL, KYH KbIPKbIMBI MEH €T OHIMAUIII KOPCETKIIITEP]
OoiipiHIIa Oaranay apKbUIBI achbUl TYKBIMJBIK CalajapblH ajJblH aja oy OoJbKayFa MYMKIHIIK OepeTiHi
TQIEIACH .

3eprrey Oapwickiama Nel01200, Ne102255 sxone Ne205060 KomKapapbIHBIH YPIAKTaph TipijeH ca-
MaK, >KYH Y3BIHJIBIFBI KOHE JKYH KBIPKBIMBI KOPCETKIIITEepi OOMBIHIIA OpTala ACHIeHIeH JKOFaphl HOTIKE
KOPCETIII, JKaKcapTyuIbl Komkapiaap petinae Tanbuiabl. A Ne103099 sxone Ne204001 xorkapiiapeIHbIH Y-
MaKTapbIH/A OHIMILTIK KOPCETKIMITEePi TOMEH OOJIBII, OJAPIBIH CENEKIIUSITBIK KYHIBUTBIFBI KETKIUTIKCI3 eKeH-
JIT1 aHbIKTa1bl. By HoTHIXKenep KoIKapiapAblH T€HETUKABIK 9JIEYETIH epTe Ke3eHe aHbIKTay apKblIbl Ta-
OBIHIAFBI CENICKIUSIIBIK 1PIKTEY/II KeIeIeTyre O0IaThIHBIH KOPCETTI.

CoHbIMEH KaTap, KO3bUIAp/bIH €T OHIMAUIITH 3epTTey OaphIChIHAA 7 alJIbIK XKacTarbl MaJIJap/IbIH COM-
BIC IIIBIFBIMBI, YIIIa CAIIAChl XKOHE )KYMCAK €T YJIeCi dKoFapbl OoFaHbl Oaiikanasl. Eri3 TyFaH KO3bUIap/IbIH KEKe
caJIMarbl TOMEH OOJFaHBIMEH, Oip aHAJNBIKTaH AJBIHATBHIH JKAJIIBI €T OHIMI KOFaphl OOJIBIN, YKOHOMHKAIIBIK
TUIMALTIT] 6achIM €KEeHIITT aHBIKTAJIIBL. ¥1I1a KYPBUTBIMBIH TaJay OapbIChIHIA OipiHIII COPTTHI MYIIEIEPIiH
yJ1eci KOFaphl ACHIel/Ie KaJIbINTaCKaHbl aHBIKTAJIBII, OYJI 3ePTTENTeH KOMIAP/IbIH €T CalachIHbIH KaKCHI Ja-
MBIFaHBIH JJIEIIIEN].

Toxipube AepekTepiH KUHAKTAY YIIIH apHalibl COMbUIFAH KOW TYKBIMBIHBIH 7 allJIbIK OOpJaKbUIaraH



KOIKapJ1apbl (N-3) OacTaH ajiblll COMBbLIFAH OYJI 36PTTCYy TOKIPHUOEC KYMBICHI MHCTHTYT KAOBIPFAChIH A bl MaJl
KOpachIH/Ia KYPri3iiii.
Kecte 9. 7-alinbIK KOM YIIIACBIHBIH COPTTApPHI.

Mymecine GaliIaHBICTHI €TiH COPTTAY Myme cansr | Canmarsl, kr (M+m) % ILIBIFBIMBI
I copt

Kaypora 2 1,90+0,03 7,53
Cyb6e 2 3,454+0,06 13,63
benneme 1 1,70+0,06 6,71
Kyiiprik 1 3,12+0,10 12,33
Kambac 2 2,98+0,05 11,78
Opra xiTik 2 2,15+0,03 8,52
5-1111 KeCTEHIH >KaIFachl

ACBIKTBI KI1JIIK 2 2,65+0,04 10,48
Bapibirs 12 17,95+0,37 70,98
II copt

OMBIpTKa 1 1,47+0,03 5,83
Tec 1 1,31+0,05 5,20
TokmaH KiTiK 2 1,19+0,03 4,68
Bapnbirst 4 3,97+0,11 15,71
III copt

MoiisIH 1 1,71+£0,07 6,78
Kopi ximik 2 1,18+0,05 4,70
Kyitpimmak 1 0,46+0,09 1,83
Bapnbirst 4 3,35+0,21 13,31
Tyrac yma 20 25,27+0,69 100,0
I maiiet 0,90+0,06

Bapnbik et maiibl 26,17+0,75

Tipi canmarsl 50,56+0,68

COWMBIC IIBIFBIMBI 51,7+0,21

JKanmel anFanaa, eHIIpy1i KOUIKapIapabl YpIaFrblHbIH canackl OOMbIHIIA epTe OaFasay 9/IiCi CesIeKIIn-
SIIBIK AKYMBICTBI €K1 )KbUIFa JIeHiH KeJeNaeTyre, TeHeTUKAIIBIK TYPFBIAAH KYH/Ibl MalgapAbl 1ep Ke31He ipik-
TeN ajJyFa >KoHE LIapyallbUIbIKTaFbl SJKOHOMHKAJIBIK HIBIFBIHIAP/BI a3aiiTyFa MyMKiHAIK Oepesi. Ochl o11icTi
TOXKIpUOENIK KOW IIapyallbUIbIFbIHAA KeHIHEH Koiany Ka3akcTaH Kol mapyaibulbIFbIHAA aChUT TYKBIMJIBIK
JKYMBICTap/IbIH CarachlH apTTHIPHII, KOFAPbI OHIM/I1 KO TaOBIHAAPBIH KAJIBINTACTHIPYFa HET13 001aIbl.
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Abstract. At present, traditional conformation assessment of replacement bulls in foreign countries
is gradually being replaced by a linear scoring system for individual traits, which is an effective method
within modern animal phenotyping systems. At the Dauren farm, conformation type of replacement bulls was
assessed using an international scoring system when the animals were removed from their own-performance
testing. Eleven conformation traits were evaluated for each animal. Subsequently, some of the traits were
combined into different functional groups (body, muscling, and feet and legs), which were then integrated into
an overall conformation type. The results showed that individual conformation traits exhibited considerable
variability, ranging from 3.5 to 50.6 %. The mean score for the “Body” functional group was 79.7 points,
with a coefficient of variation of 20.3 %; the score for “Muscling” was —75.6, while the score for “Feet and
Legs” was 86.2 %. When all functional groups were combined into an overall conformation type, the score
was 75.3 points. Of the six conformation-type categories, 81.2 % of the animals were classified as “Good+,”
“Excellent,” or “Superior.” The largest proportion of animals (47.8 %) belonged to the “Good+” category. It
was also established that the live weight of the bulls increased with increasing conformation category. Thus,
the findings demonstrated that the application of a linear conformation scoring system for replacement bulls
provides a more comprehensive and objective characterization of their conformation. In the long term, this
approach may contribute to accelerating genetic progress in beef cattle herds, increasing productivity, and
improving regulatory and methodological frameworks in the field of beef cattle breeding.
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AnHoTanus. Ka3ipri yakpITTa meTtenaep/ie skeHey OyKabIKTapIblH SKCTepbepiH IoCTYpai Oaranay
OIpTiHIEN JKeKeJereH Oenriiepl ChI3bIKTHIK Oarasay JKyleciMeH anMacThipbulyaa. by xxyiie sxaHyapiapsl
3aMaHayM (PeHOTHUNTEY KYHECiHIH THIMAI oaicTepiHiH Oipi Oombin TalObuIaabl. «/laypen» mapya KoKasbIFbl
0a3achIH/Ia )KOHIeY OYKAIIBIKTAp bl ©31HAIK OHIMIUIIr OOMBIHIIA ChIHAKTAH IIBIFapy Ke31He XaJbIKapablK
KYHe Heri3iHJe onaplblH JeHe OiTiMi TuriHe Oarasay Kypriziaai. OpOip jkaHyap OOWBIHIIA 3KCTEPbEPIIH
11 Genrici 6arananabl. KelfiHHEH jkekenereH Oenrijep opTypii GpyHKIMOHANABIK TonTapra («/lene GiTimi»,
«bymIbIK eTTuTiry, «ASKTapb») O1pIKTIPUIIN, 63 KE€3€TriH 1€ JKajMbl 1eHe OiTiMI TUITIH CUMATTaAUThIH KEIIeH-
Il KOPCETKIIIKe TONTACThIPBIIABL. 3epTTey HOTHKENIEP] IKCTEPhep/IiH JKEKeJlereH Oenriiepiiy aiTapiabIKTai
YKOFapbl ©3TEPTIIITIKIICH CUIATTAIAThIHBIH KopceTTi (3,5-TeH 50,6-Fa aeiiin). «/lene 6iTiMi» QyHKIIMOHATIBIK
TOOBI OOMBIHINA JKaHyapIapAbIH opTala KepceTkiu 79,7 6amiasl Kypar, Bapuanus kodpduuuenti 20,3 %
6onbl; «bymmblk eTTiir» OoibIHIIA KepceTkim -75,6 6ami, an «Agkrapsl» OolbiHIIa — 86,2 % Kypamibl.
Bapnblk (yHKIMOHAIABIK TONTApAbl TYTAC JeHe OiTiMi TUIiHe OIpiKTIpreH Kes3jie >Kairbl KepceTkim 75,3
Oamnabl Kypanabl. Jlene OiTiMi TUMiHIH 6 CaHATBIHBIH iHIiHAE >kKaHyaprapAblH 81,2 %-bI «KaKChl +», «oTe
KAKCBI» JKOHE «Y3/IK» CaHaTTapblHA KAaTKbI3bUIABL. Byl perre aHyapiapIblH €H Kol 06eIiri «Kakchl +»
caHaTtblHa TUeclnl 6o, 47,8 %-nbl Kypaabl. COHbIMEH KaTap, OyKaIIbIKTapblH JeHe OiTiMi THUI CaHaThI
JKOFapbUIaFraH CalbIH OJIapJIbIH TIpUIEH calMarbIHBIH apTaThIHbl aHBIKTaAbl. OchuUlaiiia, )Kypri3ijareH 3epr-
Teynep JKeHey OYKaIIBIKTapAblH JIeHe OITIMIH CBI3BIKTHIK Oarajay sKyHeciH KOolJaHy OJlapJblH SKCTephepiH
HEFYPJIBIM TOJIBIK 9pi OOBEKTUBTI CUIIATTAayFa MYMKiH/IK OepeTiHiH kepceTTi. by, o3 ke3erinze, Oonamaxkra
eTTi OaFbITTaFbl ipl Kapa Maj TaObIHAAPBIHAA TeHETUKAJIBIK IPOrPECT1 JKEACTAETYTe, OHIMIUTIKTI apTThIpyFa
’KOHE aChlT TYKBIMIBI €TT1 MaJl IIAPyalIbUIBIFbI CATaChIHaFbl HOPMATHBTIK-KYKBIKTBIK aKT1JIEpAl )KETUIaipyTe
MYMKIHJIIK Oepei.

Tyiiin ce3aep: eTTi GarbITTaFbI ipi Kapa MaJ [IapyallblUIbIFbI, )KOH/IEY OYKaIIbIKTaphl, SKCTEPhEDP, Chl-
3BIKTBIK Oarasnay, eHe OiTimi

Jaiiexco3 keatipy yuin: Kapeivmcakos T.H., Tepexanos A.A., Epranu b.b., Ararennues JI.J1. (2026).
OHIMIUTIrH ChIHAY Ke3iHJE ecipyre apHairaH Oyka TesjaepiHiH JeHe OiTimiH Oaranay // Research, results
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AHHoTauus. B HacTosiiiee BpeMs TpaAULIMOHHAS OLICHKA 3KCTEPbEepa PEMOHTHBIX OBIYKOB B 3apy0erk-
HBIX CTpaHax MOCTENIEHHO 3aMEHAETCS IMHENHONW CUCTEMOM OLIEHKH OTIEJIbHBIX IPU3HAKOB, KOTOpas SABJISAET-
csi 3 PEeKTUBHBIM METOIOM COBPEMEHHOM cucTeMbl (heHOTUNHMpoBaHus kuBOTHBIX. Ha 6a3ze KX [laypen npu
CHSTUU PEMOHTHBIX OBIYKOB C MCIIBITAHUH 110 COOCTBEHHOW MPOIAYKTUBHOCTH ObliIa IPOBECHA OLIEHKA TUIIA
TEJIOCIIOKEHHSI KUBOTHBIX TI0 MEXAyHApoJaHOH cucteme. 1o kakaomy >KMBOTHOMY ObLIO oreHeHo 11 mpu-
3HAKOB JKCTephepa. B mocnenyromem yacTb NpU3HAKOB ObUIa 0O0ObEAMHEHA B Pa3JInuHble (DYHKIIMOHAIbHBIE
IpyIIsl (KOpIyc, MycKyJaarypa, KOHEUHOCTH), KOTOpbIE B CBOIO o4yepe/ib ObLTM 00bECHbI B LIETIOCTHBINA TUIT
TeN0CI0XKEHMsI. Pe3ynbpTrarhl ncciej0BaHNi I0Ka3alld, YTO OTAEIbHBIE IPU3HAKH IKCTEPhEpa OTIMYAINCh 10-
cTaTo4HO O0MbIION BapuabenbHoCThIO (0T 3,5 110 50,6). CpenHee 3Hau€HUE )KUBOTHBIX 110 (PYyHKIIMOHAIBHOM
rpynme «Kopmye» cocraBuno 79,7 6amnos, npu ko3ddunmente Bapuanuu 20,3 %; 6ami 3a «MycKyaatypy»
Obu1 paBeH — 75,6, a 32 KoHeYHOCTH — 86,2 %. [Ipn 00beHEeHUN BCeX (PYHKIIMOHAIBHBIX IPYIII B EJIOCTHBIH
THUI TeJOCIoXKeHus 6amut coctaBui 75,3. M3 6 kareropuii Tuna tenociaoxenus 81,2 % RKUBOTHBIX MOTYUHIN
KaTETOPUU «XOPOIIUK +», «OTIMYHBII» U «IIPEBOCXOAHBII». [Ipr 3TOM HanbosbIIee NOroJIoBe OTHOCHIIOCH
K KaTeropuu «xopouuii +» - 47,8 %. Takxke ycTaHOBJIEHO, UTO )KMBasi Macca ObIYKOB YBEIMYMBAJIACh IO Mepe
MOBBIIIEHUS UX Kareropuil. Takum oOpa3oM, MpoBeAEHHBIE UCCIEIOBAHUS MIOKA3aId, YTO NPUMEHEHHUE CHU-
CTE€MbI JIMHEWHOM OIICHKH TUIA TEIOCIOKEHUs] PEMOHTHBIX OBIYKOB IMO3BOJISIET O0JIee MOJHO U 0OBEKTUBHO
0XapaKTEPHU30BaATh UX IKCTEPHEP, UTO B MEPCIIEKTUBE MO3BOJIUT YCKOPUTH FEHETUYECKUN NTPOrpecc B cTajax
MSICHOTO CKOTa, MOBBICUTbH MPOIYKTUBHOCTh M COBEPLICHCTBOBATh HOPMATHBHO-IIPABOBBIE AKThl B 001aCTH
IJIEMEHHOT'O MSICHOI'O CKOTOBOJICTBA.

KiroueBble cjioBa: MJACHOE CKOTOBOJCTBO, PEMOHTHBIE OBIUKH, 3KCTEpbEp, JUHEHHAs OLICHKA, THII
TEJI0CIIOKEHUS

Jas uutupoBanusi: KapeimcakoB T.H., TopexanoB A.A., Epranu b.b., Atarenaues [I.J[. (2026).
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QDunancuposanue: 1UCCIe008aHUs NPOBOOUNUCH 8 PAMKAX NPOSPAMMHO-YENe8020 (DUHAHCUPOBAHUS
Munucmepcmea cenvckoeo xozaucmea Pecnyonuxku Kazaxcman na 2024-2026 2e. no Hayuno-mexHuueckou
npoepamme BR22885686 «Paspabomka cucmemvl 2eHemuuecko2o0 CO8epUIeHCMB08AHUSL MACHbIX NOPOO C
npumMeHenuem UHHOBAYUOHHBIX Memo008 MOJIEKYIAPHOU 2eHeMUKU, CeleKyuU U Yupposulx mexHonro2uii».

BBenenmne.

CoBpemeHHbIE MPOrpaMMbl Pa3BeAeHHs] KPYITHOTO POraroro CKoTa MPEeUMYIIECTBEHHO COCPEI0TO-
YEHBI HA CEJICKIIMU M CBSI3aHBI C MPOIYKTUBHBIMU MOKA3ATEISIMU M PENPOTYKTUBHBIMU Tipu3Hakamu. [1pu
3TOM JJOCTATOYHO OIPaHUYEHHOE BHUMAaHUE YIENSIETCs SKCTEPhEPY U TUITY TEIOCIOKEHUS KPYITHOTO POraToro
ckora [Zindove, 2015: 49-56; Krupova, 2025; Kapeimcakos, 2019a: 97-101; Kapeimcakos, 2019b: 101-105].
Mexty TeM, TeOCI0KEHNE KPYITHOTO POraroro CKOTa, BKIIIOYAIOIIEE OTIENbHbBIE SKCTEPhEPHbIE MPU3HAKU
(pa3mep, GhopMy H TIPOTOPIUIO Tejla, KOHTYPHl MBI U CTPYKTYPY CKeJleTa), SIBISETCS BCEOObEeMITIOIINM
MoKasareyieM MPOyKTUBHOCTH KUBOTHOTO, COCTOSTHUS €r0 3/I0POBbsI M TUIeMEeHHOU 1ieHHoctH [Alders, 2021:
20-29; Velado-Alonso, 2022: 1035-1048; Ma, 2024: 306]. )KuBoTHBIC C HACATBLHBIM TEIIOCIOKEHUEM, KaK
MIPaBWIIO, AEMOHCTPHUPYIOT IMPEBOCXOIHBIN MOTEHIMA POCTa, YCTOMUHUBOCTh K OOJIE3HSAM M aJallTUBHOCTh K
pPa3IUYHBIM YCIOBHUSAM pa3BeneHus [Simon, 2025]. Otu Mopdoornueckue Ipu3HaKH OMPEASIISIOT MTOPOY,
HampaBJieHUe MPOAYKTUBHOCTU U UTPAIOT PEIIAIOILYIO POJIb B OLIEHKE (PU3NYECKOTO 310POBbs U (OpMUPOBa-
HUU KOHOMUYecKor apdextuBHOoCTH npeanpustus [Gutiérrez-Reinoso, 2023: 1588].

OTMmeuaeTcsi, 4TO HaclIeyeMOCTh OCHOBHBIX SKCTEPbEPHBIX MPU3HAKOB Y KPYITHOTO POraToro cKoTa
noctatoyHo Beicoka [Kamprasert, 2019: 1576—-1582; Khan, 2018: 431-440] u B 3HAaYUTEIHHOU CTETICHH 3a-
BHUCUT OT '€HETUYECKOI0 COCTaBa, O3HAYAIOUIEro, YTO BIMSHUE OKPYXKAIOIIEeH cpebl Ha JaHHbIE PU3HAKU
He3HaunuTeabHO. [109TOMY Ha3BaHHBIE MPU3HAKK BEChMa XOPOIIIO oAaroTces 3G dekTuBHOMY 0TOOpY [Mazza,
2014: 27-35].

B npaktuke MsCHOTrO CKOTOBOZACTBA /IS YIyUIIEHUS IJIEMEHHBIX U TPOAYKTUBHBIX KAYECTB OTEIbHBIX
CTaJ, MOPOJ Y MOMYJISIHUI B 1IEIOM TOBCEMECTHO MPUMEHSETCS METOJ] UCTIBITAaHUI ObIYKOB MO COOCTBEHHOM
MPOAYKTUBHOCTHU. DTOT METOJI T03BOJISIET OOBEKTUBHO OLIEHMBATh T€HETUUECKHUI MOTEHIIA )KMBOTHBIX, IIPO-
M3BOAUTH paHHUN OTOOp MPOU3BOAMUTENEH, CHIOCOOHBIX NEepeaBaTh MOTOMCTBY BBICOKYIO CKOPOCTb POCTAa,
3¢ (deKTUBHOE HCTONIb30BAHUE KOPMOB, KPEIKYI0 KOHCTUTYLIMIO U XOpOIIO pa3BuThie MsicHble Gopmbl [BIF,
2024; FAQO, 2015].

B coorBerctBum ¢ IlpaBunamu npoBeaeHUs] UCTIBITAHUH MJIEMEHHBIX ObIYKOB IO COOCTBEHHOW MpO-
nykrusHoctd (MCX PK, 2023), npu cHATUU UX C UCHIBITAHUN, TOMUMO OCHOBHBIX CEJIEKIIMOHUPYEMBIX MpH-
3HAKOB, OLIEHHUBAIOT MACHbIE ()OPMBI, KOTOpPbIE BKJIIOUAIOT B ce0s1 6 SKCTephepHBIX NMpu3HakoB. OJHAKO B 3a-
PYOEKHBIX CTpaHax B MOCJEIHUE TO/Ibl TPAAUIIMOHHAS OLIEHKA YKCTEphepa PEMOHTHBIX ObIYKOB MOCTEIIEHHO
3aMEeHseTCs JTMHEHHON CUCTEMOM OLIEHKH OT/IEIbHBIX MPU3HAKOB, UTO pACCMATPUBAETCS KaK OUH U3 dpdek-
THUBHBIX METOZIOB COBPEMEHHOI cucTeMbl (DEHOTUNHMPOBAHMSI KUBOTHBIX. [Ipu nMHEHOM MeTone OLleHHBa-
I0T,, KAK MUHUMYM 11 OCHOBHBIX MPHU3HAKOB IKCTEPbEpa, MU HUX OLEHKa MIPOBOIUTCS MO OaJbHON CHUCTEME.
OneHuBaeMble JTUHEHHbIE TPU3HAKU KUBOTHOTO B COBOKYITHOCTH MPECTABIIAIOT COOON THUIT TEIOCIOKEHHUS,
MIPU KOTOPOM BO3HUKAET BO3MOKHOCTD MOJTYUYEHHUSI 0ObEKTUBHOTO MPE/ICTABICHHSI KaK 110 KayK10i 0co0u, Tak
1 TI0 OTJEJbHBIM CTaJlaM, U TOMYJISILIUY, B LIeJ0M. Takoil Moxo 1 MO3BOJISET CeIEKIIMOHEPAM BECTH KOPPEK-
TUPYIOLIUH 10100p Map C LEeb0 YCTPAHEHUS OTAENIbHBIX HEIOCTAaTKOB dKCTEPhEpa B KaKI0M HOBOM TOKOJIE-
Huu [Kapeivmcakos, 2019: 40].

MarepuaJjibl 1 MeTOABI

Matepuaiom Juist KCCIETOBAaHUMA TIOCITYKIJIM OBIYKH Ka3aXCKOW 0eI0roIoBOM mopoasl B Bozpacte 12
MeCSI1IEB, 3aKOHUYMBIINE UCIIBITAHUS 110 COOCTBEHHOM MPOTYKTUBHOCTH B KoinuecTBe 117 rojioB B yclIoBUsX
KX «laypen», Kapmunckoro paiiona, Abaiickoil 061acTu.

N3mepenne crareit sKkcTepbepa y OBIYKOB MPOBOIUIIN MTOCPEACTBOM 300TEXHUUECKONW MEPHOW TaIKH
(BbICOTA B KpecTle), UMpKyIeM (IIMpUHA TPyay, IIUPUHA 3a JIONaTKaMH, IUpUHaA Oeapa) U JeHTOH (IIHHa
CIMHBI, JJIMHA Ta3a). Takue SKCTepbepHbIe MPU3HAKU, KaK BBIPAXKEHHOCTh (PMIIEHHOM 4acTH U OKOPOKOB, IO-
CTaHOBKa HOT ¢ OOKY, c3aJH U CIIEPEIU OLEHUBAIKNCH [NITA30MEPHO 10 5-TH OaIbHOU MIKaJIe.



IlepeBoa puznueckn N3MEPEHHBIX SKCTEPLEPHBIX IPU3HAKOB B 0ajuibl, OLIEHKY 3a «Kopmycy, «Mycky-
narypy», «Koneunoctu» n «OOIuUil TUIT TETOCIOKEHUS» MTPOBOJMIN MOCPEICTBOM pa3padOTaHHBIX paHee
bopmyi.

buomerpuueckyto 00paboTKy HU(POBBIX MaTepHaNIOB, MOIYYEHHBIX NMPU HU3yUYEHUH IKCTEPHEPHBIX
IIPU3HAKOB U KMBOM Macchl, MPOBOJIWIIN C UCIIOIB30BaHUEM Iporpammbsl - Excel.

Pesyabrarsl.

M3BecTHO, YTO IKCTEphEP KaXKIAOH 0COOM MpeAcTaBisieT co00il BHEIIHEe MPOsIBICHHE €€ TeHOTHNA U
OTpa)kaeT 0COOEHHOCTH KOHCTHUTYLIMU, MHTEHCUBHOCTb POCTA, Pa3BUTHE MYCKYJIAaTyphl, KOCTSIKA U KOHEYHO-
creil. Oco0oe 3HaueHHe OLIEHKA SKCTEpbepa UMEET B PAHHEM BO3PAcTe, YTO MO3BOJISICT COKPATUTh 3aTparhl Ha
BbIpAIllMBaHNE MAJIONEPCIEKTUBHBIX )KUBOTHBIX, MOBBICUTh TOYHOCTh OTOOpA MPOU3BOAUTENEH U YCKOPUTh
TEeHETUYECKOE COBEPLIEHCTBOBAHUE TIOMYJISALUH.

KomruiekcHast olieHKa SKCTephepa M03BOJISIET HE TOJIBKO BBISIBUTh HHAMBUyaIbHbIE 0COOEHHOCTH KU-
BOTHBIX, HO U YCTAHOBUTH COOTBETCTBUE UX TEJIOCIOKEHUS JKEIaTeIbHOMY THILY, XapaKTEPHOMY ISl KOHKPET-
HOT'O HaIIpaBJICHUS IPOAYKTUBHOCTH. AHAJIN3 OCHOBHBIX IIPOMEPOB JAaET BO3MOKHOCTb CyJUTh O IIPONOPLH-
OHAJBHOCTH PA3BUTHUS TYJIOBMILA, NIyOMHE M IIMPHUHE IPYAH, Pa3BUTHU TAa30BOW YaCTH, & TAKXKe CTENEHH
BBIPQ)KEHHOCTU HanOosee BaKHBIX MCHBIX ¢opM. CoueTaHne mpoMepoB ¢ OalJIbHON OLEHKOM OTJEeNbHBIX
cTareil 3KCTepbepa MO3BOJISIET MOMYYUTh 00JIee MOJHYIO0 XapaKTepUCTUKY )KMBOTHBIX U TIOBBICUTh OObEKTUB-
HOCTB OTOODpA.

Oco6oe BHUMaHME MPH OLIEHKE SKCTephepa ClIeAyeT YAeIATh IPU3HAKaM, CBI3aHHBIM C MSICHOM Ipo-
OYKTUBHOCTBIO. K HUM OTHOCSTCS IIMPHHA TPy/H, LIMPUHA 3a JONATKaMu, MIUpUHa Oellpa, BBIPaKEHHOCTh
(bueitHON YacTu U OKOPOKOB. XOpOIIee pa3BUTHE ITUX MPU3HAKOB CBUJCTEILCTBYET O IOCTATOYHOM pa3BU-
THUU MYCKYJIaTypBl U 5KEJIaT€IbHOM THUIIE TEJIOCIOKEHU. BMecTe ¢ TeM Ba)XHOE 3HAYEHUE UMEET NPaBUIIbHAS
IIOCTaHOBKAa KOHEYHOCTEH, IOCKOJIBKY OT COCTOSIHUS KOCTSIKA U OIIOPHO-/IBUIaTEILHOTO allapara BO MHOIOM
3aBUCST KPEMOCTh KOHCTUTYLIMH, IPOJLOJIKUTEIIBHOCTD X035IICTBEHHOTO MCII0Ib30BaHMs AKUBOTHBIX U UX CIIO-
coOHOCTh 3()(hEKTUBHO PEATU30BBIBATh TEHETUUECKUH MOTEHIIUAN IPOYKTUBHOCTH.

B cBsi3u ¢ 3TM 0c0o00€ 3HaueHHe MPUOOPETaeT KOMIUICKCHAs OLIEHKa KCTepbepa, MO3BOJISIONIast He
TOJIBKO OXapaKTepU30BaTh OCOOCHHOCTHU TEJIOCIOKEHHS )KUBOTHBIX, HO U ONPEJIEIUTh CTENEHb BBIPAKEHHO-
CTH XO3SIICTBEHHO IIOJIE3HBIX IPU3HAKOB, CBA3aHHBIX C UX NPOAYKTUBHBIM mHoTeHIHanoM. ComnocraBieHue
PEe3yJIbTaToB MPOMEPOB U IT1a30MEPHON OLIEHKU JaéT BO3MOXKHOCTH 00jiee 00bEKTHBHO OLICHUTH IPOTIOPLINO-
HaJbHOCTb Pa3BUTHUS OTIENIBHBIX CTATEH, CTENIEHb PA3BUTHUS MYCKYJIATypbl, KOCTSAKA U KOHEYHOCTEH, a TAKXKe
BBISIBUTH MH/IMBUIyaJIbHBIE PA3INUUs MEXKY )KUBOTHBIMHU.

C s1oit nensio B KX «/laypen» npu cHATHM OBIYKOB C HCIIBITAHUIN MO0 COOCTBEHHON MPOYKTUBHOCTH
ObuI1a TPOBE/IeHA KOMIUIEKCHAs! oLleHKa 11 s3kcTepbepHbIX NPU3HAKOB. 113 HUX 6 IPU3HAKOB ONPEeIIsIN My TEM
HEMOCPEICTBEHHBIX U3MEPEHUH, a 5 OLIEHUBAJIN INIa30MepHO B Oamnax. Takoil moaxos| mo3BOIMII MONTYyYUTh
LIEJIOCTHOE TpeJICTaBlIeHne 00 0COOEHHOCTAX IKCTEphepa MCCIEIYyEeMbIX OBIYKOB M CTEIEHU OJHOPOJHOCTH
IPYIIIBI IO OCHOBHBIM MOKa3aTelsiM. Pe3ynbraTsl OLleHKH MpeicTaBieHs! B Tabnuie 1.

AHanu3 1aHHBIX TaOMUIBl | OKA3bIBAET, YTO PEMOHTHBIE OBIUKU XapaKTepU3YIOTCs JOCTATOUHO BbI-
pPaKEHHBIM Pa3BUTHEM OCHOBHBIX JMHEMHBIX IIPOMEPOB U OTHOCHUTEIBHO BBICOKON OJHOPOAHOCTBIO IO OC-
HOBHBIM I10Ka3aTeJIIM TEJIOCIOKECHHUS.

YcTaHOBIEHHBIE TAPAMETPHI JKUBOTHBIX 10 BBICOTE B KPECTLE CBUAETEILCTBYIOT O CPEAHEM YPOBHE
pa3BuTHUs JaHHOTO npusHaka — 116,1+0,25 cm. Eciii comtacHO NMPUHATON METOAMKE OLEHKH ISl AKUBOTHBIX
JAHHOTO BO3pacTa 0oJiee pOoCIbIMU CUUTAIOTCS OBIUKU C BBICOTOMH B KpecTie 120 cM U BblIlIe, TO UccieyeMas
IpynIna B CPEIHEM OTHOCUTCS K KUBOTHBIM CO CPEJHUMHM IapaMeTpaMH 1o BbicoTe. IIpu oneHke naHHoro
IPU3HAKAa HEOOXOIMMO yUUTBIBATh, YTO KaK HEAOCTATOYHO BBICOKOPOCIIbIE, TAaK U YPE3MEPHO BBHICOKOPOCIIbIE
’KMBOTHbBIE MOT'YT UMETh ONpe/IelEHHbBIE OTPAaHUYECHHUS MIPU IJIEMEHHOM 0TOOope. JKUBOTHBIE ¢ HEIOCTATOYHO
Pa3BUTHIM KOCTSIKOM M HU3KOHM JKMBOH Maccoil MOTYT XapaKT€pU30BaTbCs MEHBIIMM MOTEHLUAIOM IPOLyK-
TUBHOCTH, TOT/IAa KaK Ype3MEPHO BBHICOKOPOCIIbIC )KUBOTHBIE HEPEJIKO OTIINYAIOTCS OoJiee MO3HUM (POPMHUPO-
BaHMEM M TpeOyroT OOJBIINX 3aTpaT Ha BhIpalllMBaHUe. B 3Toil CBs3u yMepeHHas BbICOTa Tejla B COYETAHUU
C XOpOILIO Pa3BUTOM MYCKYJIATypol M JOCTAaTOYHOM YNHUTAHHOCTBIO MOXKET pacCMaTpUBaThbCs KaK OIHO U3
KeJIaTeNIbHbIX HANPaBIeHUN (POPMHUPOBAHUS THUIIA PEMOHTHOTO MOJIOJHSKA.

[To KomMIEKCY TPOMEPOB PEMOHTHBIE OBIYKU XapaKTePU3YIOTCS IOCTATOYHO PACTSIHYTHIM KOPIIYCOM U
XOPOIIO BBIPa)KEHHBIMU LIMPOTHBIMU IpoMepamu. Tak, JUIMHa cnuHbl coctaBuwia 69,1+0,19 cM, nnuna ta3a —
29,0+0,18 cM, 4TO CBUETENBCTBYET O IOCTATOUYHO PA3BUTOM TysioBHIE. CpeHNUEe 3HAUEHUS LIMPUHBI TPYIU U



ITUPHUHBI 32 JIOTIATKaMU ObUTH OJMHAKOBBIMH U cocTaBmin 19,9+0,14 cM. JlaHHBIE TOKa3aTenn XapakTepu3yoT
pa3BUTHE MEpeIHEN YaCTH TYJIOBHIIA U MOTYT HCIIOJIb30BATHCS MPU OLEHKE FTAPMOHUYHOCTH TEJIOCIOKEHUS U
CTETEeHU pa3BUTHsI TPyIHON KieTku. Hanbonbiliee 3Ha4eHUE Cpear IUPOTHBIX TPOMEPOB OTMEUEHO IO IHUPH-
He 6entpa —33,91+0,11 cM, 9TO CBUIETENIBCTBYET O XOPOIIO Pa3BUTOM Ta300€APEHHOM YaCTH 1 BHIPA)KEHHOCTH
3aJHEN YacCTH TYJOBHUIIA.

Tabmuma 1. [Tokazarenu TUHEHHBIX MPOMEPOB U OATBLHOW OLIEHKH THIA TEJIOCIOKEHUS PEMOHTHBIX
Ob14yKoB (n=117).

Ne /it [IpusHaku skcTepbepa B cantumerpax | B Gain-
J1ax
M+m Cv M+m Cv
1 Bricora B kpecTue 116,1+0,25 2,30 2,6+0,12 50,6
2 JlMHa CTIMHBL 69,1+0,19 2,96 3,94+0,08 21,0
3 JmmHa Taza 29,0+0,18 6,52 3,7+0,08 23,8
4 [Iupuna rpynu 19,9+0,14 7,60 4,0+0,09 24,5
5 [upuHa 3a I0omaTKaMu 19,9+0,14 7,65 4,0+0,09 24,5
6 [lupuna 6eapa 33,91+0,11 3,55 3,8+0,07 20,2
7 BoipaxxeHHOCTD (1)1/[11&171— - - 3,5+0,10 31,1
HOM YacTu
8 BbIpa’keHHOCTb OKOPO- | - - 3,6+0,10 28,5
KOB
9 ITocTaHOBKa 3agHNUX HOT | - - 3,1+£0,01 3,5
cbOoKy
10 ITocTaHoBKa 3aHUX HOT | - - 3,3+£0,01 4.1
c3am
11 [Tocranoska nepegHnx - - 3,240,01 4,8
HOT

[Tpu paccMoTpeHHH pe3ysIbTaToB 0aUTBHOHM OIEHKH 3KCTEephepa CIEAYET OTMETHTh, YTO MPH MaKCH-
MaJIbHOM OIIeHKE B 5 0ayu10B OOJIBIIMHCTBO MPU3HAKOB MOJTYYMIIN 3HAYEHUs BBIIIE cpeaHero ypoHs. Cpen-
HSS OIIEHKA JUIMHBI CIUHBI cocTaBmia 3,94+0,08 6amna, amunel Taza — 3,7+0,08, mUpUHBI TPyId U IIUPUHBI
3a jomarkamu — 1o 4,0+0,09 Gaina, a mupuab! Oenpa — 3,8+0,07 6amta. Takum 00pazoMm, MO COBOKYITHOCTH
OIICHUBAEMBIX IPU3HAKOB KUBOTHBIC XaPaKTEPU3YIOTCS IOCTATOUHO XOPOIIIO BEIPAKEHHBIMHU IKCTEPhEPHBIMH
dbopmamu.

['mazoMepHasi OneHKa MSCHBIX (OpPM TOKa3aja, YTO BBIPAKCHHOCTHh (DMICHHOW YacTH COCTaBHIIA B
cpenrem 3,5+0,10 6ana, a BRIpaXKEHHOCTH OKOPOKOB — 3,6+0,10 6aymia. [Tpu naTnOaIIbHOM CHCTEME OLICHKH
JaHHBIE MTOKA3aTeNId COOTBETCTBYIOT YPOBHIO HECKOJBKO BBIIIE CPETHETO U CBUICTEILCTBYIOT O IOCTATOUHO
VIOBIICTBOPUTEIIFHOM Pa3BUTUU HAWOOJIEe 3HAYMMBIX B OTHOIIEHUW MSCHOUM MPOAYKTUBHOCTH YacTeH Tela.
BwmecTe ¢ TeM, moiyueHHBIC 3HAYCHHS YKA3bIBAIOT HA HAIMYUE pe3epBa ISl NaIbHEHIIEro COBEpPIIICHCTBOBA-
HUS MSICHBIX ()OPM TIPU TIPOBEACHUH 0TOOpa U 1MOoa00pa.

OTen,HOTrO0 BHUMAHUS 3aCITyKUBAIOT TIOKA3aTeIIH MOCTAaHOBKU KOHEUHOCTEH. ClelyeT OTMETUTh, 9YTO
OIICHKA 32 KOHEYHOCTH Y )KHBOTHBIX CO BCEX CTOPOH olleHuBaeTcs B 3,1-3,3 Gaia, 94To yKa3pIBaeT Ha HJCalTh-
HO MPABWJIBHO M IIIHUPOKO MOCTABJICHHYIO TIOCTAHOBKY HOT C HaKJIOHOM B 45 TpaaycoB. OTKIOHEHHUE OT JIaH-
HBIX 3HAUYCHUH B OOJIBIIYIO MJIM B MEHBIITYIO CTOPOHY YKa3bIBaJIo ObI HA HE JKeJIaTeIbHbIC CHIIbHO H30THYThIC
WIH TIPSIMO TTOCTABJICHHBIC KOHEYHOCTH, X-00pa3Hyro mwin O-00pa3HyIo MOCTAaHOBKY HOT.

AHanmu3 K03 PUIIMCHTOB BapHAallMK ITOKA3bIBACT, YTO MCCIICAYEMbIC PEMOHTHBIC OBIYKU XapaKTEpH-
3YIOTCSI BBRICOKOW CTETIEHBIO OJHOPOIHOCTHU 10 BhicoTe B KpecTie (Cv=2,30 %), mune cnunbl (Cv=2,96 %)
u mupune oeapa (Cv=3,55 %). Ilo nmune taza (Cv=6,52 %), mmupune rpyau (Cv=7,60 %) u mmpune 3a
nonarkamu (Cv=7,65 %) n3MeHYUBOCTb ObliIa HECKOJIBKO BBILIE, OIHAKO TAK)KE OCTaBaJlach B IIPEEsax yMe-
peHHoro ypoBHs. Takum 00pa3zom, 1o aOCOFOTHRIM IIPOMEpaM >KUBOTHBIE TIPECTABIISIOT COOOH JI0CTAaTOYHO
BBIPOBHEHHYIO TPYIIITY.

Bwmecte ¢ Tem, mpu COMOCTaBICHUH PE3YJIBTATOB U3MEPEHUM ¢ OAJUTbHOM OLICHKOW OTIEIBHBIX MPH-
3HAKOB OTMEYaeTcs 0oJiee BHICOKAs BApHaOEIbHOCTh MOCIeHUX. Harpumep, 1o BeICOTE B KpecTIe Kodphu-
IUEHT Bapuauu abCcoIoTHOTO IpoMepa coctaBui Beero 2,30 %, Torna Kak 1o COOTBETCTBYIOIICH OaUTbHOM
oreake — 50,6 %. ITomoOHOE paznmune 00yCIOBIEHO OCOOCHHOCTSIMH CaMOW CHCTEMBbI OATLHOM OLICHKH:



KOJIMUCCTBCHHBIC IIPOMEPBI IIPECICTABIIIOT COO0M HEIIPEPBIBHBIC BEJINUNHBI, TOT/]a KaK 1IPH IIePEBOJIC IIPH3Ha-
Ka B 0aJulbl HETIPEPHIBHBIN Psii 3HAYCHUN pacIipesiessieTcs 10 OrpaHuYeHHOMY 4Hciy Kateropuid. [lostomy
OTHOCHUTEJIbHO HEOOJIbIINE PAa3InyMsl B aOCOIMIOTHBIX 3HAYEHUSX MMPU3HAKA MOTYT HMPUBOJIUTH K PA3IHYUIM B
ero 0aIbHOM XapaKTePUCTHKE, YTO 3aKOHOMEPHO OTPa)KAETCsl Ha BeIMYMHE KOO PUIIMEHTA BapHaIIIH.

CrnenyeT OTMETUTH, YTO B MPAKTUKE OTEYECTBEHHOW 300TE€XHHUU B HACTOAIIEE BPEMSI OTCYTCTBYIOT
YHUPUIIMPOBAHHBIE HOPMATUBHbBIC 3HAYEHUS 110 BCEM JIMHEWHBIM IPOMepaM MSCHOTO CKOTa, KOTOPbIE MOTIU
ObI HCIOJIB30BATHCS B KAUECTBE €IMHCTBEHHOTO 3TAJIOHA MPU OLIEHKE IKCTepbepa )KUBOTHBIX. B cBsA3U ¢ 3 TUM
MHTEPIIPETAIHS [TOJIyYeHHBIX IPOMEPOB JI0JDKHA OCYIIECTBISATHCS HE TOJIBKO C YYETOM aOCOIIOTHBIX BEJH-
YHMH, HO U BO B3aMMOCBSI3U MEXJ1y OTACIIbHBIMH CTAaTSMHU, BO3PACTOM >KMBOTHBIX, MOPOJHON MPUHAAIEKHO-
CTBIO M 0COOCHHOCTSIMU KOHKPETHOM nomyssiuu. Ocoboe 3HaueHue Mpu 3TOM MPHOOpETaeT OLeHKa IPonop-
[IUOHAJILHOCTH TEJIO0CIOXKEHHUS, TOCKOJIBbKY OTIENIbHBII TpoMep, B3SThIN H30JUPOBAHHO, HE BCETIIA MO3BOJISET
00BEKTUBHO XapaKTePU30BaTh KeJIaTeIbHBIN TUIT )KUBOTHOTO.

B npakTuke cenekiy MACHOTO CKOTa 3apyOexHbIX CTpaH 0ojiee NIHMPOKOe pacpocTpaHeHHEe MOTyYu-
JI CUCTEMBI JIMHEIHON OLEHKU KCTephepa, MpelycMaTpUBaloie KIacCU(PHUKAIIMIO KUBOTHBIX 110 CTENIEHU
BBIPKEHHOCTHU OT/IEJIbHBIX TPU3HAKOB — OT HEXKEJIATEIHHOTO TUIIA IO XOPOILIO BHIPAKEHHOT'O U TPEBOCXOAHO-
ro. [Ipenmy1iecTBO TaKOro MOJX0/1a 3aKJIF0YAETCsI B BO3MOXKHOCTH KOMITJIEKCHOM XapaKTEPUCTHUKHU KUBOTHOTO
¢ yu€TOM He TOJIbKO pa3MepoB OTNEIbHBIX CTaTel, HO M X (YHKIIMOHAIBHOTO 3HAYeHUs U1 (POpMUPOBAHUS
MSICHOM MPOAYKTUBHOCTH, KPETIOCTU KOHCTUTYLIMHU U MPOJOHKUTEILHOCTH X039 CTBEHHOTO UCIIOIB30BaHUSI.

B ocHoBy nopo6Ho# kinaccudukanuyu MSICHOTO CKOTA IO THUITY TEIOCIOXKEHHSI MOXKET ObITh MOJIOKEH
MPUHLINI 00bETMHEHUS OTAEIBHBIX 3KCTEPhEPHBIX MPU3HAKOB B (DYHKIIMOHAJIbHBIE TPYIIIbI, KaXKaasi U3 KOTO-
PBIX XapaKTepHu3yeT ONnpeAeEHHYI0 CTOPOHY (hOPMUPOBAaHHUS OpraHu3Ma )KUBOTHOT0. Takoii moaxos mo3BoJis-
€T MEePEUTH OT OLIEHKU OTJENbHBIX CTaTell KcTephepa K 0oniee 0000MEHHON XapaKTEpUCTUKE THIA TEI0CIIO-
KEHUSI U TIOJTyYUTh MHTETPAJIbHBIN [M0Ka3aTeNb, IPUTOAHBIN Il CPABHUTEIHLHON OILICHKH JKUBOTHBIX.

B uccnenoBanuu BbiaeneHbl TpU (PyHKIIMOHAIBHBIE TPYIIIBI IKCTEPhEPHBIX MpU3HAKoB. [lepBas rpym-
a XapaxkTrepusyet (GopMHUpPOBaHUE KOPITyCa U BKIIOYAET BBICOTY B KPECTIE, [UIMHY CIHHBI, [UTMHY Ta3a U IIU-
puHYy rpyau. JlaHHbIe MPU3HAKK B COBOKYITHOCTH OTPAXKAIOT pa3Mepbl U MPONOPIUH TYJIOBHUIIA, CTENIEHb €r0
PacTSHYTOCTH, Pa3BUTHE TPYIAHON U TA30BOHM YacTei. XopoIo c(hOPMUPOBAHHBIN KOPITYC SIBISIETCSI OJTHOM U3
BaYXHBIX MPEANOCHUTOK TAPMOHUYHOTO PA3BUTHS dKUBOTHOTO U pealiu3allii ero MpoAyKTUBHOTO MMOTEHIINATIA.

Bropas ¢yHkumonanpHas rpynmna o0beAMHSET MPU3HAKU, XapaKTEePU3YIOLIUE Pa3BUTHE MYCKYJaTy-
PBI U MSICHBIX (OPM: HIMPUHY 32 JIONATKaMH, BBIPAXKEHHOCTh (pUIIEHHON YacTH, BEIPAXKEHHOCTh OKOPOKOB U
mpuny Oezpa. MIMeHHO 3Ta rpynmna Npu3HakoB UMeeT 0co00e 3HaueHUe MpPU OIEHKE KUBOTHBIX MSICHOTO
HaIpaBJIEHUS MPOAYKTUBHOCTH, MMOCKOJIbKY CTENEHb Pa3BUTHS MYCKYJIATypbl HETOCPEICTBEHHO CBSI3aHA C
dbopmupoBaHueM HanboJee EHHBIX B TEXHOJIOTMYECKOM OTHOILIEHUH yacTell Tymu. [Ipy 3ToM BaskHO y4UTHI-
BaTh HE TOJHKO a0COIIOTHOE Pa3BUTHUE OTAEIBHBIX MBILIICUYHBIX TPYII, HO U UX PABHOMEPHOCTH U MIPOMOPIIH-
OHAJIbHOCTh OTHOCHUTEIILHO OOIIET0 TEI0CI0KEHHS JKUBOTHOTO.

TpeThst pyHKLIMOHANBHAS PYyTINa XapaKTepU3yeT MOCTAHOBKY M COCTOSIHUE KOHEYHOCTEN U BKIIIOYAEeT
OIICHKY [TOCTAHOBKH 33JHUX HOT COOKY, 3a/IHUX HOT C3aJy U NepeaHux Hor. [IpaBuibHOE pa3BUTHE U MOCTa-
HOBKa KOHEYHOCTEH MMEIOT BaKHOE (PyHKIIMOHAILHOE 3HAYEHHE, MOCKOIbKY 00eCTeUrBAaIOT YCTOWYHBOCTD
’KHUBOTHOTO, HOPMaJbHOE MEPEIBUKEHHE U CIIOCOOHOCTh BBIIEPKUBATh 3HAUUTEIbHYIO KUBYIO Maccy. [lo-
ATOMY JaHHBII KOMIUJIEKC IPU3HAKOB JIOJDKEH PACCMATPUBATHCS HE TOJIBKO C MO3UIIUU IKCTEPbepa, HO M KaK
XapaKTEepPUCTHUKA KPEMOCTH KOHCTUTYIIMH U (DYHKIIMOHATIBLHOW MPUTOAHOCTH KUBOTHBIX.

Taxum 00pa3zom, 00beAMHEHNE OT/IETIbHBIX AIKCTEPHEPHBIX TPU3HAKOB B (DYHKIIMOHATIbHBIE IPYIIIBI 110~
3BOJISIET OCYUIECTBUTH 00Jiee KOMIUIEKCHYIO U OOBbEKTHBHYIO OIIEHKY THIIA TesociaokeHnus. [loaromy Ha ocHo-
BaHUU PE3YJIbTATOB OAJIILHON OIICHKH Ka)KJI0TO SKCTEPHEPHOTO NMPU3HAKa Obljla paccuuTaHa CpeaHsIsl OLICHKA
o KakJ10¥ PpyHKUMOHANBHOI rpymie. [lonydyeHHble moka3aTenau NO3BOJIMIN ONPEACIIUTh CTEIIEHb BhIPaKEH-
HOCTH OTJEJIbHBIX COCTABIISIOLINX IKCTEPHEPHOT0 TUTIA — (POPMUPOBAHUS KOPITYCa, PA3BUTHUS MYCKYIIaTyphl U
MOCTAaHOBKHM KOHEYHOCTE!. B nanpHeiiieM Ha 0CHOBaHUU COBOKYITHOCTH OLEHOK IO TPEM (DyHKIIMOHATEHBIM
rpymnmnamM ObLI ornpeieiéH HHTErpaibHbIN 0al1 00IEro TUIa TENOCIOKEHUS KUBOTHBIX.

[TonmyueHHble JaHHBIE TO3BOJISIOT MEPEUTH OT aHAJIM3a OTACNIbHBIX JIMHEHHBIX IPOMEPOB U SIKCTEPhEP-
HBIX IPU3HAKOB K OLIEHKE I[EJIOCTHOTO TUIA TEIOCIOKEHHUS UCCIIETyEMOT0 MOT0JIOBbS, YTO UMEET HEMOCPe/I-
CTBEHHOE 3HaYEHUE AJIs 0TOOpa KUBOTHBIX, HanOOJIee MOTHO COOTBETCTBYIOIIUX TPEOOBAHUAM MSICHOTO Ha-
MIPaBJICHUS IPOTYKTUBHOCTH.

Pesynbrarel pacuéra cpegHux 0amioB 1o (GyHKIIMOHATBHBIM TPYIIIaM 1 OOIIeH OLIEHKH THIIA TeJI0CIO-



’KEHUSI PEMOHTHBIX OBIYKOB IPE/ICTABIEHBI B TAOIMLIE 2.
Tabnuma 2. Pe3ynbrarsl KilacCU()UKAMOHHONW OLIEHKH (PYHKIIMOHAIBHBIX TPYIN U OOIIEro TUMa Te-
JIOCTIOXKEHUSI.

Nen/m | @ysknponansHeie Tpynnsl | B Gamtax

M+m Cv
1 Kopmyc 79,7+1,31 20,3
2 Myckynarypa 75,6+1,15 16,3
3 Koneunoctu 86,2+1,14 18,3
4 OOmuii Tvn Tenocnoxkenus | 79,3+0,9 12,4

Tak, aHaIM3 JaHHBIX TaOMUIIBI 2 TOKA3BIBACT, UTO U3 MaKCUMaJIbHBIX 100 OanioB cpeaHuit mokasareib
PEMOHTHBIX OBIUKOB MO (pyHKIMOHANBbHOM rpymnme «Kopmyc» coctaBuit 79,7 npu ko3¢ duIeHTe BapHaluu
20,3 %, uTo yKa3bIBaeT Ha HEIOCTATOYHYIO OJHOPOJHOCTBH KMBOTHBIX MO OCOOCHHOCTSIM TENOCIOXKECHUS U
rapMOHUYHOCTH pa3BUTHS. basibHas oreHka Mo (yHKIMOHAIBHOM rpymre «MyckymnaTypa» Obuia cpeiHeit
— 75,6, 4TO CBUJCTEIBCTBYET O XOPOIIEM Pa3BUTHH Y PEMOHTHBIX OBIYKOB MBIIIEUHOM TKaHU, TAKKe U KO-
(UIMEHT U3MEHYMBOCTH YKa3bIBaeT HA BO3MOXKHOCTb JaJIbHEHIIIET0 COBEPIICHCTBOBAHUS 4-X SKCTEPhEPHBIX
MIPU3HAKOB, BXOJAIINE B JaHHYIO rpymniy. HanGosee BBICOKYIO OIIEHKY MOMYYMIH OBIYKH IO (PyHKIIMOHAIIb-
Ho#i rpynne Koneunoctu — 86,2 0ana, 4To CBUAETEIBCTBYET O XOPOLIEM Pa3BUTUH U NPABHILHON MTOCTaHOB-
K€ KOHeYHOCTel y OONIBIIMHCTBA OBIYKOB, MPU KOA(PPHUIMEHTE BapHalliH, OMPEAEsIIoNeM He0OX0UMOCTh
BE/ICHUS] HHTEHCHUBHOT'O O0TOOpA 110 COCTABIISAIOUINM I'PYIIIy MpPU3HAKaM.

Ha ocHOBaHUM pe3ysbTaToOB OLIEHKU OTJIENbHBIX (PYHKIIMOHAIBHBIX IPYTII ObUT pACCUYUTAH OOIIUH THUIT
TEJIOCIIOKEHHS, Cpe/IHee 3HaYeHUe KoToporo coctaBmiio 79,3+0,90 6amia npu ko3 dunuente Bapuanmu 12,4
%. CrnenoBaTenbHO, HHTErpaIbHAs OLIEHKA XapaKTepHU3yeTCsl MEHbIIEeH BapuabeIbHOCTHIO M0 CPABHEHHUIO CO
BCEMH OT/EIbHBIMH (PYHKIIMOHAJIBHBIMU IPyNIaMU. DTO YKa3bIBaeT Ha TO, YTO NMPHU KOMIUIEKCHON OILIEHKE
pa3auurs MeX/y )KUBOTHBIMU YaCTUYHO HUBEJIUPYIOTCA 33 CUET COBOKYITHOTO YUETA HECKOJIBKUX I'PYTIIT IKC-
TepbEpHBIX MPU3HAKOB. TakuM 00pa3oM, 001K oKka3arenb 0ojiee 0ObEKTUBHO OTPAKAET THIT TETIOCIOKEHUS
JKUBOTHOTO, YeM OIIEHKA OT/EIbHOM cTaTby WK (DYHKLIMOHAIBHOM IPYyTIIbL.

Jnist Gonee AeTaabHON MHTEPIPETALNU PE3yIbTaTOB KOMIUIEKCHON OLIEHKH HEOOXOIUMO OTPEIeIINTh,
HACKOJIBKO TTOJTyYEHHBIE 3HaU€HUs O0OIIET0 THUIIA TEIOCIOKEHNS COOTBETCTBYIOT YCTAHOBICHHBIM KaTeropusiM
kinaccudukanuy. Mcrnonp3oBaHue rpafanuyu mo 6ajaiaM Mo3BOJSET paclpeeuTh PEMOHTHBIX OBIYKOB I10
CTETIEHH BBIPAKEHHOCTHU U TAPMOHUYHOCTH SKCTEPHEPHBIX MPU3HAKOB — OT HEYIOBJIETBOPUTEIBHOTO JI0 IIpe-
BOCXOJHOTO THIA TEJIOCIOXKEHHs. Takol moaxod JAaET BO3MOKHOCTh HE TOJBKO OLIEHUTH CPEIHUN YPOBEHb
pa3BUTHS MIOTOJIOBBS, HO U YCTAHOBUTH CTPYKTYpY TPYIIIBI I10 KATETOPUAM, BBISIBUTH JI0JIIO )KUBOTHBIX C JKe-
JIaTEJIbHBIM M BBICOKO BBIPAKEHHBIM THUIIOM TEJIOCJIOKEHUS U ONIPENETUTH NEPCIIEKTUBHOCTD UX JaJbHEUILIEro
UCTIOJIb30BaHMs B IUIEMEHHOU padoTe.

B cootBercTBUM ¢ puHATON Kiaccudukanueit, o0mmii 6amt 10 50 coorBeTcTBYET Mioxomy, 51-60
— ynoBreTBoputenbHoMy, 61-70 — xopomemy, 71-80 — xopomemy+, 81-90 — otnmuunomy, a 91-100 GamnoB
— MPEBOCXOTHOMY THITY TeIOCIOKeHHs. Pacnpeienenne peMOHTHBIX OBIYKOB 10 YKa3aHHBIM KaTeTOPHsIM I0-
3BOJISIET JIOTIOJTHUTD CPEIHION0 OLIEHKY OOIIETO THIIA TEIOCIOKEHHsI, IPEICTAaBICHHYIO B Ta0IuUIe 2, XapakTe-
PUCTHKOM CTPYKTYPBI UCCIEAYEMOU IPYIIIIBI.

W3 marepuanoB Tabauibl 3 BUIHO, YTO OOIBIIMHCTBO PEMOHTHBIX OBIYKOB COOTBETCTBYIOT TpeOOBa-
HUSIM, TIPEIbSIBISEMBIM K IUIEMEHHBIM XKMBOTHBIM. PacnpeneneHne OBIYKOB MO KaTETOPHUAM IOKa3allo, YTO
MPAaKTUYECKH BCE )KUBOTHBIE (KpOMe 4-X TOJI0B) UMEIOT TUI TEIOCIOKEHHS OT XOPOIIETo JI0 IPEBOCXOIHOTO.
ITpu 3TOM HambosbIIee KOTMYECTBO OBIYKOB OBUIO OTHECEHO K KaTeropuu «Xopomuit +» — 47%. Beicokue
Kateropuu noxyuuiu 39 ronos mwiu 33,3 %, u3 kotopbix 18 % oTHecens! k kareropun «OminyHbI» (81-90
6amioB) u 14,5 % k kareropuu [IpeBocxoaHbIi.

Takum 00pazoM, pe3ynbTaThl KJaccu(hUKAIMOHHON OIIEHKH CBUAETEIBCTBYIOT O JOCTaTOUHO BBICOKOM
YPOBHE 3KCTEPbEPHOTO Pa3BUTHSI PEMOHTHBIX OBIYKOB M B IIEJIOM O COOTBETCTBHH MCCIIEIYEMOTO MOTOJIOBbS
TpeOOBAHUSAM, NIPEIBIBIAEMBIM K TNIEMEHHBIM KUBOTHBIM MSICHOTO HAaIpaBJICHUS.

N3BecTHO, YTO B MSICHOM CKOTOBOJCTBE MEX]Y 3KCTEPHEPOM M JKMBOH MaccOM CYLIECTBYET TECHas
B3aUMOCBSI3b, IIOCKOJIBKY OCOOCHHOCTH TEIOCIOKEHHS OTPAXaroT CTENEHb Pa3BUTHsI OpraHU3Ma KUBOTHOTO
¥ BO MHOTOM ONPEAETISIOT €ro CIIOCOOHOCTh K MHHTEHCUBHOMY POCTY, HAKOTJICHHUIO MBIIIEUHONW TKAaHU U (op-



MHUPOBaHUIO BBICOKOU MSCHOU NPOLYKTUBHOCTHU. [[03TOMY M3yueHne KoppessslinOHHBIX CBA3EH MEXKY KUBOU
Maccoil ¥ KCTepbePHBIMU MTPU3HAKAMU [T03BOJISIET YCTAHOBUTH CTETIEHB CONPSKEHHOCTHU OT/JIENIbHBIX 0COOEH-
HOCTEH TEJIOCIIOKEHUS C YPOBHEM PAa3BUTHUSA KUBOTHBIX. Hannuune 1monoKuTesbHON KOPPEIsUU CBUAETENb-
CTBYET O TOM, UYTO YBEJIUYEHUE BBIPAKEHHOCTH COOTBETCTBYIOIIETO ITPU3HAKA CONPOBOXKAAETCA TEHACHIMEN
K TIOBBIILICHUIO )KUBOU Macchl. BMmecTe ¢ TeM BenuurHa ko3 duiinenTa Koppensiunu mo3BosseT OLeHUTh Tec-
HOTY TaKOM CBSI3U U ONPEACITUTh IPU3HAKU, KOTOPbIE B HAHOOJIbILIEH CTENIEHN CBSA3aHbI C POCTOM M Pa3BUTHEM
JKUBOTHBIX.

Oco0blit UHTEpEC MPECTaBIsAET U3YyUEHNUE B3aUMOCBS3H JKUBOW MAcChl HE TOJIBKO C OT/AEIbHBIMHU JIU-
HEHHBIMH IPOMEPAMU, HO ¥ C PYHKIIMOHAIBHBIMHU I'PYNIIAMH 3KCTEPbEPHBIX IPU3HAKOB. Takoil moaxo/ no3Bo-
JISIeT OLEHUTh KOMIIJIEKCHOE BIMAHUE (POPMUPOBAHUS KOPITYCa, CTENIEHHU PA3BUTHUS MYCKYJIaTypbl M IOCTAHOB-
KM KOHEYHOCTEHN Ha ypOBEHb )KUBOM Macchl. [Ipy 3TOM rpynnupoBKa NpU3HAKOB AAET BO3MOXKHOCTD IOy YHUTh
Oosiee 0OOOIIEHHYIO XapaKTEPUCTUKY B3aMMOCBSI3U AKCTEpbEpa ¢ MPOTYKTUBHOCTBIO U ONPENEINUTh, KaKue
(byHKIMOHATbHbIE KOMIIOHEHTBI THIIA TEJIOCIOKEHUS B OOJIbIIEH CTENIEHH CBA3aHbI C POCTOM KHBOTHBIX.

Pesynbrarhl pacnpeneneHus )KUBOTHBIX IO KaTeropusM KiacCU(UKAIMOHHON OLEHKH OOIIEero Tuma
TEJIOCIIOKEHUS IIPEJICTABIICHbI B TabIuIe 3.

Tabnua 3. TpeOoBaHus K1acCCU(PUKALMOHHON OLEHKH PEMOHTHBIX OBIYKOB IO KaTETOPHsIM THIIA Te-
JIOCJIOKEHUS.

Ne ni/mt Knaccudukanuonnas | Kareropus tnuna Konuuectso
OLICHKa, OaJut TENOCIIOKEHHS roJIOB
o 50 ITnoxoit -
51-60 YrnoBaeTBOpUTEIb- 4
HBIIT
3 61-70 Xopoumii 18
4 71-80 Xopomwmii + 56
5 81-90 OTmaHbIH 22
6 91-100 IIpeBocxonHbIit 17

KoppenstnoHHbIii aHaIN3 IMEET TaK)Ke MPAKTHUECKOE 3HAUCHHE /IS TNIEMEHHOU pa0oThl. BrisBrieHne
YCTOMUYHMBBIX B3aUMOCBA3EH MEXIY dKCTEPbEPHBIMHU IIPU3HAKAMH U )KUBOM MacCOM MO3BOJISIET UCIOIb30BaTh
0COOEHHOCTH TEIOCIOXKEHHS B KaUE€CTBE JOMOIHUTEIbHBIX KPUTEPUEB MIPU OTOOPE PEMOHTHOTO MOJIOAHSIKA.
Oco0eHHO LIEeHHBIMU SIBJISIIOTCS PU3HAKH, KOTOPHIE MOTYT OBITh BU3YaJIbHO UJIM MHCTPYMEHTAIbHO OLIEHEHBI
B PaHHEM BO3pacTe U MPU 3TOM HUMEIOT BBIPAKEHHYIO CBS3b C MOCIEAYIOLUUM POCTOM U Pa3BUTHEM KHBOT-
HBIX. DTO CO37aET MPEAMOCHUIKH JIJIsl TOBBIMIEHUS 2((HEKTUBHOCTH paHHETO 0TOOpa 1 OoJiee 1esieHanpaBcH-
HOTO (hOPMUPOBAHHUS KEJIATEILHOTO MICHOT'O THUIIA.

Bwmecte ¢ Tem, crieayeT yunuThIBaTh, YTO KOPPESLIMOHHAS CBSI3b HE CBUAETEILCTBYET O MPSAMOM IpHU-
YUHHO-CJIEZICTBEHHON 3aBUCUMOCTH MEXy NMpu3HakaMu. Ha BeanunHy *KUBOM Macchl OKa3bIBAIOT BIMSIHUE
TEHOTHII, BO3PACT, YPOBEHB U ITOJIHOLEHHOCTh KOPMJIEHUS, YCIIOBHS COIEPKAHUS, COCTOSTHUE 310POBBS U APY-
rue ¢akropsl. [loaToMy pe3ynabTarsl KOPPEISIUOHHOTO aHAIK3a LIEJIeCO00pa3HO paccMaTpuBaTh B KOMILIEKCE
C TIOKa3aTeIsiIMU COOCTBEHHON IPOTYKTUBHOCTH U SKCTEPbEPHON OLIEHKOH KUBOTHBIX.

Ha ocHoBanuu 00paboTKM M aHaIM3a SKCIIEPUMEHTANIbHBIX JaHHBIX B TaOnuue 4 npeacTaBieHbl KO-
3G GUIUEHTBI KOPPENALUN MEXAY KUBOM Maccol pEMOHTHBIX OBIYKOB U OT/EIbHBIMU 3KCTEPHEPHBIMU MPU-
3HaKaMH, a TaKkke QYHKIIMOHAIbHBIMU TPYIIIIaMU THUIA TeNOCH0KeHU. [lomyueHHble pe3ybTaThl O3BOJISIIOT
OLICHUTDH HAIIPABJICHUE U CTENEHb B3aMMOCBSI3U MEX/1y YPOBHEM Pa3BUTHUS KUBOTHBIX U OCOOCHHOCTSIMU UX
AKCTEpPbEpPa, a TAKXKE ONPEAEINTh Hanbosee HPOPMATUBHbIE TPU3HAKU, KOTOPHIE MOTYT OBITH HCIIOJIb30BaHBI
MIPU TaJIbHEHIIIEH OIIEHKE U 0TOOPE PEMOHTHOTO MOJIOTHSIKA.

AHanmu3 JaHHBIX TaOMUIBI 4 TTOKA3bIBAET, UYTO MEXKIY KHUBOW MAacCOW PEMOHTHBIX OBIYKOB U OOJIb-
IIMHCTBOM H3YYEHHBIX 3KCTEPHEPHBIX MPU3HAKOB CYIIECTBYET MOJIOKHUTEIbHAS KOPPEIALMOHHAs CBA3b pa3-
JMYHON cTeneHu TecHOTHI. [lomydeHHble KO3 PUIIMEHTHI KOPPESIUKU CBUIETENBCTBYIOT O TOM, YTO IO MEpe
YBEJIMYEHUS BBIPAXKEHHOCTU OCHOBHBIX MapaMETPOB TEIOCIOKEHHSI, XapaKTEPU3YIOLUX pa3Mephl KopIryca U
pa3BUTHE MYCKYJIaTyphbl, HAOIIOJAETCsl 3aKOHOMEPHOE YBEIMUEHUE )KMBON MacChl )KUBOTHBIX.

Hawnbonee TecHas cBs3b yCTaHOBJICHA MEX Ty )KHBOM Maccoi U BbICOTOM B Kpectie — r=0,89. JlanHbIii
K03(DPUIMEHT XapaKTepU3yeT OUE€Hb TECHYIO MOJIOKUTEIbHYIO B3aUMOCBSA3b U CBUJIETENILCTBYET O 3HAYUTEIb-



HOM COIPSI’KEHUU POCTa KUBOTHOT'O U €ro >KUBOM Macchl. HbIMU clioBamu, 60siee BBICOKOPOCIIBIE PEMOHT-
HbIe OBIYKHU B HICCIIEAYEMOM TpyTIIe, Kak IPaBUIo, OTIIMYAINCh U OONbIIEeH )KUBOM Maccoil. DTo MOATBEpIK1a-
€T 3HauY€HHE BBICOTHI B KpECTLe KaK OJHOTO M3 MH(OPMATUBHBIX MOKa3aTesel OoOILIero pocra U pa3BUTHS
MOJIOAHSKA.

Tabnuua 4. KoppensiunonHast cBI3b MEXy OT/EIbHBIMU IPU3HAKAMH dKCTEphepa U (PyHKIIMOHAIb-
HBIMU IpyTIaMH, C KUBON Maccol pEMOHTHBIX OBIYKOB.

Nem'm | BKcTephepHEIe IPHIHAKH r DVHKITHOHATEHEIR TPYIIEL r OOIIHI THIT TEIOCIOKEHHET
1 BEICOTA B KpecTIie 0.89
2 JITHHA CITHHEL 0,75
3 Jlnviea Tasa 0,79 Kopmye 0.84
4 ITupuHa rpyan 0.69
5 11IHpHHA 33 TONATKAME 0,68
[ BrIpasmeHHOCTh GHIefiHOM YacTH 0,72 =087
7 BrIpaxeHHOCTs OKOpPOKA 061 Myekymarypa 0,74 ’
8 ITupuna beapa 0,78
9 TTocTaHOEKA HOT COOKY 0,14
10 TTocTaHOEKA HOT C3a0H 0.16 KOHETHOCTH 0.16
11 IlocTaHOBKA HOT CHEpeIH 0,25

JlocTaTO4HO BBICOKAsh KOPPEJSLIMOHHAs CBSI3b BBISBICHA MEXIY XUBOM Maccoil M JUJIMHOM Tasa
(r=0,79), mmpunoui 6enpa (r=0,78) u nnunoit cuubl (1=0,75). [Tony4yeHHbIe 3HAUCHUS CBHJICTEIBCTBYIOT O
TECHOI B3aMMOCBSI3U KHUBOM MacChl C pa3BUTHEM TYJIOBHILA U Ta30BOK YaCTH KMBOTHBIX. OCOOEHHO Ba)KHO
OTMETUTH CBA3b C IIMPUHON Oe/ipa, MOCKOIbKY JaHHBIN MOKa3aTellb XapakTepu3yeT pa3BUTHE 3aHEH 4acTH
TYJIOBHIIA U B ONIPECIEHHON CTENEHU OTPaKaeT CTENeHb BHIPAXKEHHOCTH MACHBIX (hOpM.

CBs13b )KMBOW MaCChI C BRIPAXXEHHOCTHIO (hriieliHOM yacTu coctaBuiia r=0,72, 94TO TaK¥KE COOTBETCTBY-
€T TECHOM MOJOKHUTEIBbHOM KOppesuu. JTo yKa3blBaeT HA TO, YTO OoJiee BBHICOKAs KHUBasi Macca COIMpPOBO-
XKIACTCsl TEHACHITUEH K JTydIeMy pa3BUTHIO GuuieitHon yacTu. C IMPUHON TPYIU U IIUPUHOK 3a JIOTaTKaMu
KO3 (UIMEHTHI KOPPEISIUA COCTAaBUIIN COOTBETCTBEHHO 1=0,69 1 1=0,68. JlaHHbBIE MOKa3aTeNIn TAaK)KE CBU-
JIETENIbCTBYIOT O JIOCTATOYHO TECHOW IMOJIOKUTEIBHON B3aUMOCBSI3U M MOATBEPIKIAIOT 3HAYCHUE PA3BUTHS
TPYAHOM U MepeHel YacTu TYJIOBUIIA B (OPMHUPOBAHUH 001EH MacChl >KUBOTHOTO.

Heckonbko HUXKE OblIa KOPPENSAIHS MEXKIY KUBOH MAcCOM M BBIPAXXKEHHOCTBHIO OKOpoka — 1=0,61.
HecMotps Ha Gosee HU3KOE 3HAUYEHHUE 110 CPABHEHHUIO C APYTUMHU IPU3HAKAMHU MYCKYJIATyphl, CBSI3b OCTAETCA
MOJIOKUTENIBHON U TOCTaTOYHO BBIPAXKEHHOM. JTO CBUAETEILCTBYET O TOM, YTO Pa3BUTHUE OKOPOKA TaKkKe
CBSI3aHO C YBEJIMUEHHEM >KMBOI MAcChl, OIHAKO CTENEHb CONPSKEHHOCTHU JAHHOTO MPU3HAaKa ¢ 0011ei Maccoii
KUBOTHOTO HECKOJIBKO HUXKE, YEM Y BBICOTHI B KPECTIIE, TMHBI CIIMHBI WJIM HIMPUHBI Oepa.

[Tpu oObeqUHEHNH OTAENbHBIX MPU3HAKOB B (PYHKIIMOHAIbHBIE IPYMIbl YCTAHOBIEHO, YTO Haubomee
TEeCHas CBSI3b C JKMBOM Maccoil otMeueHa aiis rpymnbl «Koprye» — r=0,84. JlaHHBIN MOKa3aTeab CBUIETEIIb-
CTBYET O BBICOKOM CTETICHH COMPSIKEHHOCTH MEXKIy OOIel pa3BUTOCTHIO TYJOBHINA M KHUBOM Maccoil pe-
MOHTHBIX OBIYKOB. YUYHUTBHIBAsA, YTO B JAHHYIO IPYIITy BXOIST BBICOTA B KPECTIIE, JUIMHA CIIMHBI, AJIMHA Ta3a
U IIUPHUHA TPYIH, MOKHO 3aKJIIOYUTh, YTO pa3Mepbl U MPOMOPIMH KOpIyca SBISIOTCS OJHUMU U3 Haubosee
3HAYMMBbIX SKCTEPbEPHBIX XaPAKTEPUCTHUK, CBI3AHHBIX C YPOBHEM Pa3BUTHUS KUBOTHBIX.

Jns pysaknmoHansHo# rpymnbl Myckyaarypa ko3pGUIMEeHT Koppessiiuu cocTaBmi r=0,74, 9To Takxke
YKa3bIBaeT HA TECHYIO MOJIOKUTEIbHYIO CBsA3b. CienoBarenbHo, Oojiee BHICOKAs CTENEHb PAa3BUTHS MbIIICU-
HOM TKaHU U MSICHBIX ()OPM B LIEJIOM COTPSDKEHA C yBEIMUYEHUEM KUBOM Macchl. [Ipu 3ToM CBSI3b MycKynaTy-
PBI C )KUBOM Maccoil HECKOJIBKO ciabee, ueM CcBsi3b Irpyninbl «Kopirycy», 4To MokeT ObITh 00yCIIOBIIEHO HEOU-
HAKOBOM CTETEHbIO PA3BUTHS OT/ICIbHBIX MBIIICYHBIX PU3HAKOB Y )KHUBOTHBIX.

Haumensbiias koppessioHHas CBS3b YCTAaHOBJICHA MEXKIY KUBOM Maccoil 1 (pyHKIMOHAIBHOM rpyI-
nori «Koneunoctn» — r=0,16. [IpakTuecku aHaJIOTUYHBIE HU3KKUE 3HAYCHMS MTOTYUYEHBI 110 OTAEIBHBIM MPH-
3HAKaM ATOM IPYIIIHI: TOCTaHOBKA HOT cOOKy — =0, 14, mocTtanoBka Hor c3aau — r=0,16, mocTaHOBKa IEPETHUX
Hor — r=0,25. CnenoBaTenbHO, B YCIOBUSIX JAHHOTO MCCIEAOBAHUS MOCTAHOBKA KOHEYHOCTEH MPAKTUUYECKU
HE CBSI3aHa C YPOBHEM KUBOM Macchl. DTO 3aKOHOMEPHO, MOCKOJIbKY JaHHbIE IPU3HAKU XapaKTepU3yIOT mpe-
J1€ BCEr0o MPaBUILHOCTh CTPOCHUS U (PYHKIIMOHAIBHYIO IPUTOAHOCTh KOHEUHOCTEH, a HE HETIOCPEICTBEHHO
pa3Mepbl U Maccy Teda.



Oco00ro BHUMaHUS 3aClyKUBAE€T KOAPPHUIUEHT KOPPEIALUY MEXy OOLIMM THIIOM TEJIOCIOKEHHS
U ’KMBOHM Maccoil, kotopslii coctaBui 1=0,87. JlaHHasi BeJIMYMHA CBUAETEIBCTBYET O OUE€Hb TECHOM MOJIO0XKHU-
TEJIbHOM CBS3M KOMILJIEKCHOM OLIEHKHU THIIA TEJIOCIOKEHHS ¢ )KUBOU Maccol. [lomydeHHbIi pe3yabTaT UMeeT
MIPAKTUYECKOE 3HAYCHHE, TTOCKOJIBbKY MMOKa3bIBAET, UTO MHTETPaJIbHAs OLIEHKA SKCTephepa MOXKET ObITh OoJiee
MH(POPMATUBHOM ITPU XapaKTEPUCTUKE OOLIETO YPOBHS pa3BUTHS KUBOTHBIX, UEM OT/E/IbHbIC IPU3HAKH, Pac-
CMaTpHUBaeMbl€ U30JIMPOBAHHO.

[Tony4yeHHbIe pe3yNnbTaThl MO3BOJSIOT MPEAIONOKUTh, YTO IIPU OTOOPE PEMOHTHBIX OBIYKOB HAPSILY C
HETMOCPEICTBEHHOM OLIEHKOH KMBOI Macchl 11e71eco00pa3HO YUUTHIBaTh U OOILYIO OLICHKY THIA TEJI0CI0XKe-
HUS, YTO TOATBEPIKIACTCS OTPaXEHHBIMM Ha PUCYHKE | TaHHBIMH.
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341,1
305,4

272,7

Y 0BNETBOPUTENLHBIN XopoLmi Xopowmit + OTAUYHBIA MNpeBocxogHbIRA

Puc.1. KOppeHSIIII/IOHHaSI CBSI3b )KUBOM MaCChI PEMOHTHBIX OBIUKOB C KaTeropI/Ieﬁ THIIA TCIOCIIOXKCHHUA.

[Fig. 1. Correlation between the live weight of replacement bulls and body type category]

Ananu3 pucyHka | MokasbIBaeT, YTO C MOBBIIICHHUEM KaTETOPHM TUIA TEJIOCIOKEHUS HallromaeTcs
o01masi TeHAEHIMS K YBEJIHMUCHHIO JKUBOM Macchl )KHUBOTHBIX. Hanbonee BhICOKHE 3HAYECHUS KUBOH MacChl
OTMEYaroTCst y ObIYKOB, OTHECEHHBIX K 00Jiee BBICOKMM KaTeTOPHSM SKCTEPhEPHON OLIEHKH, TOTNA KaK >KU-
BOTHBIE C OoJiee HU3KOM KIIacCU()MKAITMOHHOW OLIEHKON XapaKTEePU3YIOTCsI OTHOCUTEIBHO MEHbLICH KUBOH
Mmaccoil. Takum 00pa3om, pUCYHOK HATJISIHO MTOATBEPIKIACT YCTAHOBJICHHYIO paHee TECHYIO MTOJIOKUTEIbHYIO
B3aMMOCBSI3b MEX]Iy OOIIMM TUIIOM TEIIOCIOKEHHUs U KuBOM Maccoi (r=0,87).

Oocy:xnenue.

[IpoBenénunsie B KX JlaypeH ¢ mpuMeHEHHEM HOBBIX METOJIOB JINHEMHOW OLICHKU TUIIA TEJIOCIOKEHUS
PEMOHTHBIX OBIYKOB Hay4YHO-IPAKTHYECKH paboThl MOKa3zaiu Uux 3(p(HeKTHBHOCTD 10 CPAaBHEHUIO C TPATULIH-
OHHOW crcTeMOH OLeHKH. TpaaIuIiMOHHbBII METO/I OCHOBAH MPEUMYIIIECTBEHHO Ha CYOBEKTHBHOM HKCTIEPTHOM
OLIEHKE, KOT/a ¢ y4&€TOM OaJIbHOM OLIEHKH U COOTBETCTBYIOIINX KO3((UIIMEHTOB MPUCBAUBAETCS 00U 6ast
3a MsicHbIe (hopMbl. [Ipr 3TOM HeT Y€TKOro paszaeneHus no GyHKIUOHAIBHBIM IPYIIaM, YTO 3aTPyIHIET Ipu-
HSATUHI PELIEHMSI 110 YIIYUIIEHUIO OTAENIBHBIX AKCTEPbEPHBIX NPU3HAKOB.

JluHeliHas e OLIEHKAa TUIA TEJIOCIIOKEHUS TO3BOJIIET Oojiee IeTANbHO  XapaKTepU30BaTh KasKIbIN
NPU3HAK, OOBEUHUTE OT/AEIbHbIC CTaTH B (DyHKIIMOHAJIBHBIC TPYIIIBI U OMPEICTUTh UX BKJIAJ B pPa3BUTHE
o011Iero TUIa TeIOCIoKEeHUs. Takum 00pa3oM, Ipu 0TOOPE PEMOHTHBIX OBIUKOB 10 BBIPAKEHHOCTH OTpe/ie-
JNEHHBIX (QYHKIIMOHAIBHBIX IPYIII, TOSBISIETCS BO3MOKHOCTh UCIIPABUTh T€ WJIM UHBIC HEOCTATKH B TOCIIE-
JYIOIUX ITOKOJIEHUSIX.

Kpome Toro, npu TpaJuiMOHHON CHCTEME OLIEHKH PEMOHTHBIX OBIYKOB JKMUBOTHBIM IPHUCBAMBACTCS
001t 6as 3a MsCHbIE (POPMBI, IPU ATOM CEJIEKIIMOHEP HE UMEET BO3MOKHOCTH ONPENIEIUTh, HACKOIBKO TO
WM UHOE KUBOTHBIE UMEET BBIPAKEHHOCTD 10 OTEJIbHBIM dKCTEPHEPHBIM CTATsAM. Torna Kak MpH JIMHEHHOU
OLIEHKE THUIIA TEJIOCIOKEHHUS CIIEUAINCT YETKO BUIAUT MOJIOKUTEIbHBIE WIM OTPULIATENIbHBIE XapAKTEPUCTH-
KM KayKJJ0TO SKCTEPbEPHOI0 MPU3HAKA KAK 110 OTEJIbHOMY KUBOTHOMY, TaK U 110 TPYIIIIE B LIEJIOM.

Hcxonst u3 npoBeaEHHBIX UCCIENOBAHUN U YCTAHOBJICHHBIX CPEIHUX 3HAUEHUN DKCTEPBEPHBIX IPHU-
3HAKOB, MOXKHO C(POPMYIUPOBATH HEKOTOPBIE 00001IeHHUS. B 11€710M Y OAOIBITHBIX OBIYKOB OTMEYEHO XOPO-
11ee pa3BUTHE KPECTLIA, TOKa3aTeNH JUIMHBI KOPIyCa U IIUPOTHBIE IPOMEPHI UMEIIN 3HAYEHUSI BBILLE CPEHETO
YPOBHS, YTO COOTBETCTBOBAJIO MX FTAPMOHUYHOMY TEJIOCIOKEHHIO, IOCTATOYHOMY 00BbEMY T'PYIHON KIIETKH,
KpPENKOW KOHCTUTYLIUH, IPABUJIBHO IIOCTABJIEHHBIM KOHEYHOCTSIM M YKa3bIBaJIO HA XapaKTEPHOE Ul MACHOTO
CKOTOBOJICTBA OoJiee paHHEE Pa3BUTUE MSCHOM MPOILYKTUBHOCTH.



HmeeTcst BOBMOKHOCTb OXapaKTEPU30BaTh PEMOHTHBIX OBIYKOB I10 pe3ysbTaraM OajbHBIX OLIEHOK 10
(GYHKIMOHAJIBHBIM IPyNIaM U 0011eM TUIy TeraocioxkeHus. Vcxons u3 6anbHbIX OLIEHOK, MOJONBITHBIE KH-
BOTHBIE JIOCTATOYHO XOPOUIO CJIOKEHBI 110 BCEM (PYHKLIHMOHAJIBHBIM TpyIIaM, MPU 3TOM HauOOIbIINN Oasl
YCTaHOBJIEH 33 KOHEYHOCTH.

OO01uit 0ast 3a TUIT TETOCIOKEHHUS TTO3BOJIMII Pa3IeIUTh )KMBOTHBIX Ha KATETOPUU, TPU ITOM KUBOT-
HBIX C [JIOXUM THUIIOM TEJIOCIOKEHHUS B UCCIEAYEMON IpyIIe YCTAaHOBJIEHO He ObL10, a U3 117 moJonbITHBIX
OBIYKOB TOJIKO 4 MMENH YIOBIETBOPUTENbHBINA THII. OCTalbHOE MOT0JI0BHE UMENO KAaTErOPUU OT XOPOLIETo
710 IPEBOCXO/IHOTO THUIIA TenocynokeHus. Hanbombliee KoIM4eCcTBO PEMOHTHBIX OBIYKOB MMEIU KaTerOpHH
«Xopommwmit+y». [Ipy 3TOM naHHast cucTeMa OIEHKU THIA TEJOCIOXKEHUSI OBIYKOB YETKO yKa3hIBa€T KOHKPET-
HBIX KMBOTHBIX C IMPEBOCXOJHBIM THUIIOM, KOTOPBIX B JaJIbHEHIIEM CJIEIyeT HUCIOJIb30BaTh B BOCIPOU3BOI-
ctBe. [IpuMeHeHne B ceeKny OLUEHEHHBIX IO HOBOM METOAMKE OBIYKOB IO3BOJIUT MEPEIaBaTh UX MOJIOKH-
TeJIbHbIE KaueCTBa IOTOMCTBY HE TOJIBKO MO SKCTEPhEPHBIM IIPU3HAKAM, HO U I10 KHBOM Macce, Tak Kak Oblia
yCTaHOBJIEHA Y€TKasi B3aMMOCBSA3b MEXKy )KUBOM Maccoil U KaTeropuei TUIa TeI0CIOKEHHUS.

3akJioueHue.

Ha ocHoBanuu npoBeA€HHON KOMILJIEKCHOM OLIEHKH IKCTephepa, KilacCU(PUKAIIMOHHON XapaKTepUCTH-
KM 1 KOPPEJSIIMOHHOTO aHajn3a PEMOHTHBIX ObIYKOB X03siicTBa KX «/laypen» MOXHO clienarhb ciaenyromnme
3aKITIOYEHHUSI.

PemontHble Obruku xo3siicTBa KX «Jlaypen» xapakrepusytoTcs JOCTaTOYHO FTApMOHUYHBIM U BBIPOB-
HEHHBIM Pa3BUTHUEM OCHOBHBIX IKCTEPHEPHBIX IPU3HAKOB, YTO CBUIETEIBCTBYET O CPOPMHUPOBAHHOCTHU Yy UC-
CJIETyEMOTO TMOTOJIOBbS JKEJIATEIBHOTO TUIIA TEJIOCIOKEHHUSI MICHOTO HampasiieHus. [lonydyeHHble 3HaYeHUs
OCHOBHBIX JIMHEWHBIX MPOMEPOB YKa3bIBAIOT HA JOCTATOYHO Pa3BUTHINA KOPILYC, XOPOIIee pa3BUTUE IIUPOT-
HBIX IPOMEPOB U MPONOPIHUOHATBHOCTD TEIOCIOKEHHS. B COBOKYITHOCTH JTaHHBIE [TOKA3aTeNId XapaKTepusy-
10T JJ0CTATOYHO XOPOILIO PA3BUTOE TYJIOBHILE U BBIPAKEHHYIO Ta300€PEHHYIO YaCTh KHUBOTHBIX.

[To pesynbraTam OayuTbHOM OIIEHKH DKCTEPHEPHBIX MPHU3HAKOB OOJBIIMHCTBO TOKA3aTeIeH HaXOIH-
JIOCh HA YPOBHE BBIIIE CPEAHETO. DTO CBUJIETENBCTBYET O IOCTATOYHO XOPOILIO BHIPAKEHHBIX MSCHBIX (hopmMax
Y pa3BUTHH HanOoJiee IIEHHbIX B MACHOM OTHOIIEHUH YacTel Tena.

BaxHbpIM pe3ynbTaToM HCCeI0BaHUS SIBISETCS OTHOCUTENIBHO BBICOKAs! OTHOPOAHOCTD KUBOTHBIX 110
OCHOBHBIM JIMHEHHBIM ITpoMepaM. HaumeHbIias n3MEeHYMBOCTh YCTAaHOBJIEHA 110 BBICOTE B KPECTIE, JIIMHE
CIIUHBI U IIUpUHE Oe/Ipa, YTO CBUAETEIHCTBYET O IOCTAaTOYHO BEHIPOBHEHHOM Pa3BUTHH JKMBOTHBIX IO JAHHBIM
npusHakaM. bonee Bricokas BapraOenbHOCTh OTMEUYEHa MO JJIMHE Ta3a, IUPUHE IPyAu U MIMPUHE 32 JIonar-
KaMH, OJIHAKO U 3T IMOKa3aTelld XapaKTepU3yIOTCs MPUEMJIEMbIM YPOBHEM M3MEHUYMBOCTH. Takas BbIpaB-
HEHHOCTb SIBJISIETCS MOJIOKUTEIbHOW XapaKTEpPUCTUKOW PEMOHTHOTO MOJIOJHSKA, TOCKOJIBKY co3aéT Ooiee
OJTHOPOIHYIO OCHOBY JJIsl IOCJIEAYIOILIET0 CeEKIIMOHHOro 0TOopa.

[Tokazarenu MOCTAaHOBKA KOHEYHOCTEH TaKkKe OTIMYAINCH BBHICOKOW CTaOMIBHOCTHIO. Hu3kue 3Ha-
yeHHs] K03(pPUIMeHTa BapUalliu CBHUJETEIbCTBYIOT O JOCTAaTOYHO BBICOKOW OJHOPOAHOCTH KUBOTHBIX IO
JaHHBIM Ipu3HaKaMm. [IpaBuibHas MOCTAaHOBKA KOHEYHOCTEHW MMEET Ba)KHOE 3HAYEHME JUIsl MSICHOTO CKOTAa,
MOCKOJIbKY 00€ecreunBaeT HOpMaJIbHOE MEepPEMEIIEHNE )KUBOTHBIX, YCTOMYUBOCTh U (PYHKIIMOHAJIbHYIO MPU-
TOIHOCTbh, a TaKXe SBJSETCS OJHUM U3 YCIOBHM MPOAOIKUTENBHOIO XO3SIICTBEHHOTO HCIOJIb30BaHUS I1Jie-
MEHHBIX MPOU3BOIUTEIICH.

Knaccudukanuonnas oleHka (yHKIMOHAIBHBIX TPYII MOKa3aja, YTO Haubojee BbICOKAs CPEIHss
orieHKa Obla mosrydena o rpynne «Koneunoctm» — 86,2 6amra. OOmiast orieHKa TUTIA TEIOCIOKEHHSI COCTa-
Bmia 79,34+0,90 6amna mpu Cv=12,4 %, 4yTO XapakTepu3yeT UCCIIeyeMOe TTOTOJIOBbE KaK JOCTAaTOYHO OJIHO-
POIHOE MO COBOKYITHOCTH OCHOBHBIX IKCTEPHEPHBIX IPU3HAKOB.

Pacrnipenenenne »KMBOTHBIX 110 KaTETOPHSIM OOILEro THUIIA TEIOCI0KEHUS CBUAECTEILCTBYET O BBICOKOM
AKCTEPHEPHOM MOTEHITHAIE PEMOHTHBIX ObIYKoB. M3 117 00cnenoBaHHbBIX KUBOTHBIX 96,6 % KUBOTHBIX UMe-
JIY TUII TEJIOCJIOKEHHUSI OT XOPOILEro JI0 MPEBOCXOAHOI0, YTO YKa3bIBAET Ha BHICOKUI YPOBEHBb SKCTEPHEPHOTO
pPa3BUTHSI PEMOHTHOTO MoJioiHsAKa. Oco0oe 3HaYeHne UMeeT TO, uTo 39 OrrukoB mwin 33,3 % uccae10BaHHOTO
MIOTOJIOBBSl OBLIIM OTHECEHBI K KaTeropusiM «OtinuuHblii» U «lIpeBocxonHblit». JlaHHbIEe )KUBOTHBIE TPEICTaB-
JSI0T HaUOOJBIINKM MHTEpeC IS JalbHEHIEero CeJeKIMOHHOTO UCIIOIb30BaHuUs MPU YCIOBUU TOATBEPIKIe-
HUS UX BBICOKOM TUIEMEHHOM IIEHHOCTH I10 MOKa3aTesisiM COOCTBEHHOM MPOAYKTUBHOCTH, IPOUCXOKACHUS U
JPYTUM XO3SMCTBEHHO MOJIE3HBIM MPU3HaKaM. TakuM o0pa3oM, KilacCU(pUKAIMOHHAs CHCTEMA TIO3BOJISIET HE
TOJILKO JaTh OOIIYIO XapaKTePUCTUKY MTOTOJIOBBS, HO U MPOBECTH €ro HuddepeHIauio ¢ 1eybio BbIAeICHUS
Haubosee MepCreKTUBHBIX JKUBOTHBIX.



[TpoBenE€HHBIN KOPPEISIIMOHHBIA aHANW3 BBISIBHUII TECHYIO MOJIOKUTEIBHYIO CBSA3b KUBOW MAacChl C
OOJIBIIMHCTBOM M3YYEHHBIX IKCTEPhEPHBIX MPU3HAKOB. DTO CBUIETEIBCTBYET O TOM, YTO YBEJIMUEHUE pa3Me-
POB KOpITyca U CTETNEHHU PAa3BUTHUS MYCKYJIaTypbl COIPOBOXKIAETCS MOBBIILIEHUEM >KUBOI MacChl dKUBOTHBIX.
[Ipu paccmoTpennn QyHKIIMOHATIBHBIX TPYI YCTAaHOBIEHO, UTO HauboJiee TeCcHasl CBSI3b C KUBOW Maccoi Xa-
pakrepHa Juis rpynnsl «Kopmyc» —r=0,84, Toraa kak juist rpynnsl «Myckynarypay koG GUIueHT Koppeasuu
cocraBui 1=0,74. B To ke BpeMs B3aHMMOCBSI3b KUBOM Macchl ¢ QyHKIMOHAIBHOU Tpymmnoil «Koneunoctu»
okazanach cinaboif — =0,16. 1o MO3BOISAET CAENaTh BHIBOJ O TOM, UTO Pa3Mepbl KOpPITyca U CTENEHb Pa3BUTHS
MYCKYJIaTyphl B 3HAYUTENIBHO OOJIbILEH CTENIEHU CONPSKEHBI C YPOBHEM KUBOU MacChl, 4eM 0COOEHHOCTH I10-
CTaHOBKH KOHEUHOCTe!. Bricokuit KoOApHUIIUEHT KOPPETALUU MEXKAY OOIIKUM TUIIOM TEJIOCIOKEHUS U KUBOU
Maccoi (r=0,87) momoTHUTENHHO MOATBEPKIAET HH(POPMATUBHOCTH KOMITJIEKCHOM DKCTEPHhEPHOMN OIICHKHU.

B nenom pesynbraThl HCCEI0BaHUS CBUIETENBCTBYIOT O TOM, YTO KOMIUIEKCHASI OLIEHKA IKCTepbepa
sBisieTcs 3Q(HEKTUBHBIM JOTOIHUTEIBHBIM HHCTPYMEHTOM 0TOOpa PEMOHTHBIX ObIukoB. CoueTaHue JIMHEH-
HBIX ITPOMEPOB, 0AIbHOMN OLIEHKH OTAENbHBIX cTaTel, Kiaccuukanuu GyHKIMOHAIBHBIX TPYII U OIpeie-
JIeHUs] 00ILEero TUMa TeIO0CI0XKEHHsI TTO3BOJISIET 0oJiee MOJIHO 0XapaKTepPU30BaTh KUBOTHBIX U BBISIBUTH OCO-
Oeii, HanOoJiee COOTBETCTBYIOLINX KEIATeIbHOMY MSICHOMY THITY.

[IpoBenénuble UCCIEeOBaHUS MOKA3ald, YTO MPUMEHEHUE CUCTEMbl JIMHEWHON OLIEHKH IJIEMEHHBIX
OBIYKOB C MOCTEAYIONEH KiaccuuKanyend o TUITY TEJIOCIOXKEHUS TTO3BOJISIET 0oJiee TIOJTHO U OOBEKTUBHO
XapaKTepHU30BaATh IKCTEPhEP JKUBOTHBIX IO CPABHEHHUIO C TPAJAULIMOHHON 0aJUIbHOM OIIEHKOM OT/IEIbHBIX MSIC-
HbIX Qopm. [Ipenmaraemplii moAX0 ] MpelycMaTpruBaeT KOMILJIEKCHYIO OLIEHKY OT/AEIbHBIX 9KCTEPhEPHBIX MPH-
3HAKOB C MOCJEIYIOIINM 000011IeHnEeM Pe3yNIbTaToB MO0 (PYHKIIMOHAIBHBIM IPYyNIIaM — KOPITYCY, MyCKyJaType
1 KOHEYHOCTSAM — U OIpeJIeJICeHNEM MHTErPaJbHOM OLIEHKH OOIIEro THIA TEIOCI0XKEeHHs. ITO 0OecrieuuBaeT
OO0JIBIIYIO CTAaHJAPTU3ALINIO PE3YIIBTATOB OLIEHKH, MTOBBIIIAET UX OOBEKTUBHOCTH U CO3JIAET BOZMOKHOCTbD IS
COTIOCTABJICHMSI )KUBOTHBIX MEX/1y OTAEIbHBIMU IPYIIaMH U X03HCTBaMU.

[TpakTHueckasi 3HAYMMOCTb MOJYUYEHHBIX PE3YJIbTATOB 3aKJIIOYAETCS B BOBMOKHOCTH BHEJPEHUSI CHU-
CTeMbI JTUHEHHOMN KilacCcu(UKaLUU SKCTEPhepa B MPAKTUKY OLIEHKH PEMOHTHBIX OBIYKOB MSICHBIX IIOPOJ MIPH
3aBEepUICHUH UCTBITAHUN MO0 COOCTBEHHOI MPOAYKTUBHOCTH. Vcronp30BaHUE JAHHOTO MOAXOAA MO3BOJIUT
MOBBICUTh OOBEKTUBHOCTH OTOOpPA MOTEHIIMAIBHBIX IJIEMEHHBIX MTPOU3BOAUTENEH, CBOEBPEMEHHO BBISBIISITDH
KUBOTHBIX ¢ Hanboiee KeaaTeIbHbIM TUIIOM TEIO0CI0XKEHHS U UCKIII0YaTh U3 JalbHEHIIEero mieMeHHOro uc-
MIOJIb30BaHUSI MEHEE MEPCIEKTUBHBIX 0COOEH.

B nepcnexTuBe npuMeHEeHNE KOMITJIEKCHONW SKCTEPhEPHOM OLIEHKH B COUETAHUU C MOKA3aTeNIIMU K-
BOI Macchl, COOCTBEHHON MPOTYKTUBHOCTH, MPOUCXOXKIECHUS U APYTUMHU CEJIEKIIMOHHO-TeHETUYECKUMHU Xa-
PaKTEpUCTUKAMU MOXET CIIOCOOCTBOBATh MOBBIMICHUIO 3(PPEKTUBHOCTH CEIEKIMOHHO-TNIEMEHHONW padoThl,
(dbopMupoBaHuio 60J€€ OAHOPOAHOIO U BBICOKOIIPOAYKTUBHOTO IJIEMEHHOTO pa, YCKOPEHUIO T€HETHUECKO-
o Mporpecca U MOBBIILIEHUIO MSICHON MPOAYKTUBHOCTHU cTajl. B Oonee mupokoM maciitade COBEpIIeHCTBO-
BaHHME METO/IOB OIEHKH PEMOHTHOTO MOJIOIHSKA OyJIeT CIOCOOCTBOBATh YKPEIUICHHUIO TIJIEMEHHOM 0a3bl Msic-
HOTO CKOTOBOZCTBA W MOBBIIIEHHIO 3()()EKTUBHOCTH MPOU3BO/ICTBA Kau€CTBEHHOM roBauHbl B PecryOnuke
Kazaxcras.
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Abstract. Introduction. In urban and industrial landscapes, soil degradation directly affects the
quality of agricultural land, ecosystem sustainability, and infrastructure. Therefore, mapping soil erosion and
quantitatively assessing its intensity are important components of land resource management. Soil erosion is one
of the major environmental processes leading to land degradation in urbanized and industrial areas. This paper
examines the spatial distribution and intensity of soil erosion within the territory of Ust-Kamenogorsk, East
Kazakhstan. Objective. To assess the spatial patterns and intensity levels of soil erosion in Ust-Kamenogorsk
using the RUSLE (Revised Universal Soil Loss Equation) model. Materials and Methods. 1) calculation of R,
K, LS, C, and P factors based on remote sensing and open spatial data; 2) modeling of average annual soil loss
for 2014 and 2024; 3) analysis of the spatial distribution of soil erosion categories (075, 75-150, 150-225,
225-300, and >300 t/ha/year); 4) assessment of temporal changes in erosion processes and identification of
erosion-prone areas. Results and Discussion. The modeling results showed the predominance of low soil
erosion rates: the proportion of areas belonging to the 0—75 t/ha/year category was 68 % in 2014 and 64 % in
2024. Significant changes were observed in the medium and high erosion categories: the share of the 75—150 t/
ha/year category slightly decreased (from 19 % to 18 %), whereas the 150-225 t/ha/year and 225-300 t/ha/year
categories increased from 6 % to 7 % and from 3 % to 4 %, respectively. The most significant changes were
observed in high-risk erosion zones: the proportion of areas with soil losses >150 t/ha/year increased from 13
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% 1n 2014 to 18 % in 2024, while the highest category (>300 t/ha/year) increased from 3 % to 7 %. Conclusion.
The obtained results indicate that low erosion classes still dominate within the territory of Ust-Kamenogorsk;
however, there is a trend toward the expansion of areas with high soil losses. This highlights the need to
strengthen soil conservation measures in erosion-prone sloping areas. The study confirms the effectiveness
of the RUSLE model for assessing spatial changes in soil erosion and demonstrates its applicability for land
resource management and the planning of erosion control measures.
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AnHoTtanusi. Kipicne. YpOaHabIK KoHE OHEPKOCINTIK JIaHAmMAadTTapaa TOMBIPAKTHIH JeTPaIalfsChl
aybUl MIApyallbUIBIFBI J)KEPIIEPIHIH camachlHa, SKOXKYHeNIepIiH TYPaKThUIbIFbIHA KOHE MH(PPAKYPBIIbIMFA Ti-
Keneit acep ereni. OceiFaH OalIaHBICTBI TOMBIPAK APO3UACHIH KapTara TYCIPYy KOHE OHBIH KaPKbIHIBLIBIFBIH
caH/bIK Oaranay »ep pecypcTapblH OacKapyablH MaHbI3AbI Oeniri Oonbin TaObuiagbl. TombIpak 3pO3USCHI
ypOaHaanFaH ®oHe OHEPKACINTIK ayMaKTapAa *ep pecypcTapblHbIH JerpagalusicbiHa OKEJNETiH HEeri3ri KO-
JIOTHSIIBIK TIporiecTepiH Oipi Oonbin Tadbuianel. by makanana [ereic Kazakcranmarbl OCKeMEH Kanachl-
HBIH ayMaFrbIH/1a TOIBIPAK APO3UACHIHBIH KEHICTIKTIK Tapadybl MEH KapKbIHIBUIBIFbI KapacThIPbUIAbL. Makca-
mol. Ockemen Kanacel aymarbiHna RUSLE (Revised Universal Soil Loss Equation) mMomenin konmany
apKbUIbl TONBIPAK APO3UACHIHBIH  KEHICTIKTIK  YATUIEpiH JKOHE KApKbIH JIeHreinepiH  Oaranay.
Mamepuanoap men a0icmep. 1) R, K, LS, C xone P QaxTopnapblH KalIBIKTBIKTAaH 30HATAY KOHE AalllbIK
KEHICTIKTIK JepekTep HeriziHnme ecentey; 2) 2014 »xxone 2024 >xpuimap YIIIH OpTaiia XbUABIK TOMBIPAK
JKOFATYBIH MOJIEJIb/CY; 3) TOMBIPaK 3po3usichl caHaTTapbiHbiH (075, 75—150, 150-225, 225-300 »xone >300
T/Ta/5KbUT) KEHICTIKTIK TapalyblH Tanaay; 4) 3pO3UsUIBIK MPOLECTEP/IIH YaKbIT OOMBIHIIA ©3TepiciH



= "
’:ﬂTTbIK TNI'IH'»;
AKALEMUSICHI

Oarajay JKOHE OpO3HdgFra O€HIM auMaKTapabl aUuKbIHIAY. Homuodicenep MmeH majKkbiia). MOIEnbaey
HOTHIKEJIEPl TOTBIPAK APO3USACHIHBIH TOMEH KapKbIHIAPhl OachiM eKeHiH KoepceTTi: 0—75 T/ra/*bll caHaThIHA
KaTaTbiH ayMakTapabiH yieci 2014 sxbuibl 68 %, an 2024 xbuisl 64 % 60ab1. OpTalia xkoHe KOFapbl PO3Us
KapKBIHJIAPBIHBIH YJICCIHAC alTaplibIKTail e3repicrep Oaiikamawl: 75—150 T/ra/>kpla caHATBIHBIH YJIECi COl
temenaece (19 %-man 18 %-ra nebiin), 150-225 t1/ra/xbunr xoHe 225-300 T/ra/’bul caHaTTapbIHIA
corikecinmie 6 %-man 7 %-ra xoHe 3 %-man 4%-ra Aeiin ecim Tipkeai. EH MaHBI3IBI ©3repicTep KOFaphl
SPO3UANBIK KayilTi aiiMakTapia Oabikanmael: >150 T/ra/Kpul AeHreiliHAeri Tombipak >koranTy yieci 2014
KbUTFBI 13 %-nman 2024 xbutbl 18 %-ra aeiin apTThl, al eH xorapbl caHat (>300 1/ra/xbun) 3 %-man 7 %-ra
NeiiH ynrainel. Kopuimsinovl. ANbBIHFAaH HOTIXKe-ep OCKEeMeH Kalachl ayMarblHIa JKalMbl TOMEH
APO3USIIBIK CHIHBINTAPABIH 0aChIMBIFBI CaKTAIFAaHBIMEH, JKOFAphl TOMBIPAK >KOFANTY CaHATTAPBIHBIH KEHEIO
YpIici Kypin *KaTKaHBIH KepceTTi. by apo3usira OeifiM eHicTi aiiMakTap/ia TONBIPaKThl KOpFay HIapajapbiH
KYHIEUTy KaKeTTiriH aikbiHaaiael. 3eprrey RUSLE Mo-meniHiH TOMBIpAK 3pPO3USACHIHBIH KEHICTIKTIK
e3repicTepiH Oaranayfga THIMAI Kypall eKeHIH jKOHE OHBI )Kep pecypcTapblH Oackapy MEH 3pO3UsiFa Kapchl
apanap/sl xKocnapiayiaa KojJaaHnyra 00JaThIHBIH TOeNAeHII.

Tyiiin ce3aep: TONbIpaK 3po3uschl, MpeauKTHBTI Moaeabaep, RUSLE, Ieireic Ka3zakcTan 00JIBICHI,
QGIS
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AHHoTanus. Beedenue. B yp6baHU3MPOBAaHHBIX U MPOMBIIUIEHHBIX JIaHIa(Tax aerpaganus no4s
OKa3bIBaE€T HEMOCPECTBEHHOE BIMSHUE Ha KAYECTBO CEIbCKOXO03UCTBEHHBIX 3€Meb, YCTOMYMBOCTD IKOCH-



CTeM U UHPPACTPYKTYypy. B CBSI3U C 3TUM KapTorpadupoBaHie TOYBEHHON SPO3UU U KOJIMUECTBEHHAs OLIEHKA
€€ MHTEHCHUBHOCTH SIBJISIFOTCS] BAXKHOM YacThIO YIPaBIeHUS 3eMeIbHBIMU pecypcamu. [louBeHHas 3po3us sB-
JISI€TCSl OTHUM M3 OCHOBHBIX KOJIOTHUYECKUX MPOILIECCOB, MPUBOIAIINX K JIETpajallii 3eMEIbHBIX PECypCOB
Ha ypOaHU3UPOBAHHBIX U MTPOMBIIUICHHBIX TEPPUTOPUSIX. B TaHHOM cTaThe pacCMOTPEHBI MPOCTPAHCTBEHHOE
pacnpezieieHue 1 MHTEHCUBHOCTD IMOYBEHHOM 3pO3UH HA TeppUTOpUU Toponia YeTe-Kamenoropck Boctouno-
ro Kazaxcrana. []enrs. OuieHUTh MPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH ¥ YPOBHU MHTEHCUBHOCTHU MTOYBEHHOM
3po3uu Ha TeppuTopuu ropoaa Ycrb-Kamenoropck c¢ ucnonb3oBanueM moaenu RUSLE (Revised Universal
Soil Loss Equation). Mamepuanvt u memoosi. 1) pacuér dpakropos R, K, LS, C u P Ha ocHOBe TaHHBIX JHC-
TaHIMOHHOTO 30HAMPOBAHUS U OTKPBITHIX MPOCTPAHCTBEHHBIX JAHHBIX; 2) MOAECTUPOBAHUE CPETHETOIOBBIX
noTepb ouBkl 32 2014 u 2024 roasr; 3) aHAIM3 MPOCTPAHCTBEHHOTO PacHpeIeICHUsI KaTeTOpU TTOYBEHHOMN
aposuu (075, 75-150, 150-225, 225-300 u >300 1/ra/roxn); 4) orieHKa BpEMEHHBIX H3MEHEHUN IPO3UOHHBIX
MIPOLIECCOB U BBISABIEHUE 3PO3UOHHO-OMACHBIX TEPPUTOPUI. Pe3ynibmamul u o6cyscoenue. PesynbraTel Mojie-
JUPOBAHUS MOKa3ajau MpeobdaaaHue HU3KUX YPOBHEH MOYBEHHON 3PO3UU: J10JI TEPPUTOPUHN, OTHOCSIIINXCS
k kareropuu 0—75 T/ra/rox, cocraBmia 68 % B 2014 rogy u 64 % B 2024 rogy. CyiiecTBeHHbIE U3MEHEHHUS
HaOJIFOIATUCh B KaTETOPHAX CPEAHEH M BBICOKOM dpo3uu: A0 kareropuu 75—150 T/ra/rox He3HAUUTETHLHO
causmiack (¢ 19 % no 18 %), rorga kak B kareropusix 150-225 t/ra/rox u 225-300 1/ra/rox 6611 3adUKCH-
pOBaH POCT COOTBETCTBEHHO ¢ 6 % 110 7 % u ¢ 3 % 1o 4 %. Hanbonee 3HAYUTENbHBIC M3MEHEHUS OTMEYCHBI
B 30HAX BBICOKOTO APO3MOHHOTO PUCKA: JOJST TEPPUTOPHI ¢ MOTepsiMU 1mouBkI >150 T/ra/ron yBenuyuiach ¢
13 % B 2014 roay no 18 % B 2024 rony, a nois HauBbIciiel kareropuu (=300 1/ra/ron) Bo3pocia ¢ 3 % a0 7
%. 3axnouenue. IlonyueHHbIE pe3yabTaThl OKAa3aJIH, YTO HA TEPPUTOPUH ropojaa Yerb-KameHnoropcka coxpa-
HSIETCS IPpeobaaHue HU3KUX IPO3UOHHBIX KJIAaCCOB, OIHAKO HAONIIOAAeTCs TEHACHIIMS K PACIIMPEHUIO 30H C
BBICOKMMH MOTEPSIMU MOUBBI. DTO yKa3bIBaeT HA HEOOXOIUMOCTh YCHIICHUS MOYBO3ALTUTHBIX MEPOIIPHUATHIMA
Ha DPO3MOHHO-OMACHBIX CKJI0OHaX. MccinenoBanue moarepxkaaeT 3pdexkruBHocTh Mogern RUSLE nis onen-
KM TPOCTPAHCTBEHHBIX M3MEHEHHH MOYBEHHOW 3PO3UH U BO3SMOXKHOCTH €€ MPUMEHEHUS MPH yNpaBIeHUH
3eMeNbHBIMU PECYpPCaMU U IJIaHUPOBAHUH MPOTUBOIPO3UOHHBIX MEPOTIPUSATHH.

KuroueBbie cjioBa: mouBeHHasi 3po3us, npeauktuBHbie mojenu, RUSLE, BocTtouno-Kazaxcranckas
obmactb, QGIS
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112. Pp. 63—73. https://doi.org/10.37884/4-2026/05 [In Eng.].

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

bnazooapnocmu: Jlannoe ucciedosanue 8blnoineHo npu punancosoi noooepoicke Komumema nayxu
Munucmepcemea Hayku u gvicuieco obpaszosanus Pecnyonuxku Kaszaxcman (npoepamma BR24992837).

Introduction.

Controlling soil erosion is one of the key tasks in contemporary land management and environmental
protection, because soil degradation directly affects agricultural productivity, ecosystem stability, and food
security. Erosive processes driven by natural factors (rainfall, wind, topography) and human activities
(inappropriate farming practices, deforestation, overgrazing) lead to declining soil fertility, loss of the humus
layer, and deterioration of physical and chemical soil properties. As a result, the need for systematic monitoring
of soil conditions is growing, enabling timely identification of erosion-prone areas and assessment of the
intensity of ongoing processes.

The consequences of these processes are not limited to agriculture: in eroded areas landforms are
altered, siltation of rivers and reservoirs increases, and hazards to infrastructure (roads, bridges, engineering
networks) become more pronounced. Along with fine soil particles, nutrients, pesticide residues, and heavy
metals are transported, contaminating downstream lowlands and aquatic systems. This, on the one hand,
reduces crop yields on arable land and, on the other hand, undermines water and food security. Therefore,
soil erosion must be considered as a multifactor process affecting natural and production systems, and its
management requires an integrated approach.

In Kazakhstan, soil erosion and degradation are among the most widespread environmental problems.
Approximately 70-90 million hectares of the country’s territory are affected to varying degrees by erosion and
degradation processes, which reduce the productivity of agricultural lands and threaten the stability of natural
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ecosystems. 1he main types ot soil erosion are wind and water erosion, which are particularly severe in arid
and semi-arid regions and in areas with high anthropogenic pressure (intensive tillage, overgrazing, reduction
of forest cover) [Zhumadilova, 2017].

The spatial structure of erosive processes in Kazakhstan is also linked to historical land-use patterns.
During the Soviet period, the sharp expansion of cultivated land, large-scale development of virgin and fallow
lands, and reduction of forest and shrub areas weakened soil structural stability in many regions. Extensive,
uniform ploughing and insufficient shelterbelts to protect soils from wind contributed to intensifying wind
erosion, whereas in irrigated farming areas, water and irrigation erosion became dominant issues. Currently,
increasing aridity of the climate, more frequent extreme weather events, and ongoing changes in agricultural
systems are further reinforcing these trends, making it necessary to reassess the effectiveness of anti-erosion
measures.

The soil cover of Kazakhstan follows a latitudinal zonal pattern: in the lowland part of the country,
three to four major zones are distinguished (chernozem, dark chestnut, chestnut, and light chestnut soils), while
in the mountainous areas soil types such as mountain-forest, mountain-steppe, and meadow soils develop in
accordance with altitudinal belts. Under such diverse soil-climatic conditions, erosion processes manifest
differently: in northern chernozem regions water erosion is more common, whereas in southern chestnut and
light chestnut soils wind erosion and deflation prevail [Sikhanova et al., 2025].

Around Oskemen, in addition to grey-brown and chestnut soils, mountain-steppe and meadow-alluvial
soil types occur in foothill and mountain belts. In areas where these soils have light texture and weak
structural stability, water and wind erosion can intensify, resulting in gully formation on slopes and enhanced
deflation on open surfaces. Thus, studying soil erosion and contamination processes in and around Oskemen
city is particularly relevant for ensuring regional environmental safety and rational use of land resources
[Kydyrkhanova, 2024].

A distinctive feature of Oskemen is the overlap between soil erosion and chemical contamination
processes. Mechanical erosion of soils contaminated by heavy metals accelerates their spatial redistribution
and may extend contamination beyond industrial sites into surrounding areas.

Modern monitoring approaches combine remote sensing, geographic information systems, and field
investigations, providing an integrated framework for analysing and predicting erosion phenomena. The
resulting data form the basis for developing effective measures to prevent land degradation, such as soil
conservation technologies, rational land-use practices, and rehabilitation of disturbed areas. In this way, soil
erosion control becomes an essential tool for land-resource management and for reducing environmental risks.

To study erosive processes effectively, it is important to build monitoring systems capable of processing
large volumes of data, to establish a unified scientific-information space, and to develop geographic information
systems (GIS) as a universal tool for this purpose [Baigazakova et al., 2025]. KambIKTbIKTaH 30HATAY JEPEK-
tepi MeH ['AJK TexHonorusiapsl TONbIpaK 3pO3UsIChIH 3epTTey/e OipKaTap apThIKIIbUIBIKTapFa ue. bipinmi-
JIeH, OJ1ap KeH ayMaKTap/bl KAMTUTBIH O1pbIHFall IepeKTep KUBIHTBIFbIH Oepeii, OyJ1 aliMaKThIK ’KOHE YIITTBIK
JIeHrei/ie caabICThIPMAIIbI TaJAay XKYPrizyre MyMKiHAIK Oepeni. ExiHIIieH, KOMmKbUIABIK CITyTHUKTIK yaKbIT-
TBIK KaTapiap apKbUIbl 3pO3HSIIBIK MPOLECTEPAIH JUHAMUKACHIH, OCIM/IK KaMbUIFBICBIHBIH ©3repylH jKOHE
Kep naiiianaHy KypblUIbIMBIHJAFbl TpaHchopManusiapab! Oakbuiayra 00naabl.

Remote sensing data and GIS technologies provide several advantages for soil erosion research. First,
they offer a consistent data set covering large territories, which enables comparative analysis at regional and
national scales. Second, multi-year satellite time series make it possible to monitor the dynamics of erosion
processes, changes in vegetation cover, and transformations in land-use structure.

In recent years, digital soil mapping and digital elevation models (DEM) have been increasingly used
to generate erosion-risk maps. Compared with traditional cartographic methods, this approach allows physical
soil properties, climatic parameters, vegetation cover, and topographic features to be integrated within a single
model. As a result, a predicted soil-loss value can be obtained for each pixel, and the erosive potential of the
land surface can be described in detail in spatial terms. Based on such models, average erosion levels can be
calculated for administrative units, catchment basins, or land-use categories, providing aggregated indicators
needed for management decisions.

One of the most effective tools for modelling and quantifying soil erosion is the Revised Universal
Soil Loss Equation (RUSLE) model, which integrates remote sensing data and GIS [X. Gao et al., 2024;
Philippe & Benahmed, 2025; Yin et al., 2025]Northwest Guizhou, as the study area. To quantitatively analyze
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the human and natural impacts on soil erosion in this area, this paper evaluated the anthropogenic and natural
soil erosion based on the Revised Universal Soil Loss Equation (RUSLE RUSLE is widely applied because
it accounts for multiple factors controlling erosion processes, including the rainfall erosivity factor, soil
erodibility factor, slope length factor, slope steepness factor, and conservation practice factor [FAO, 2018].
This model is extensively used in climate change studies [Gezici et al., 2025; Kaliyeva et al., 2025; Liu et
al., 2024; Tullu, 2024; Weng et al., 2023]. Although RUSLE has been widely used to assess soil erosion, its
integration with analyses of heavy metal spatial distribution remains limited, underscoring the need to better
understand the role of erosionrelated factors in metal redistribution [Xia et al., 2025; Xu et al., 2024]. Many
studies focus on heavy-metal transport and distribution within catchments [Rendana et al., 2022; Zhang et al.,
2021] or on the movement of potentially toxic elements driven by soil erosion estimated using RUSLE [Gao
etal., 2021].

Increasing erosion rates are not confined to physical soil loss alone. Thinning of the humus layer,
breakdown of soil structure, and reductions in cationexchange capacity and waterholding ability directly affect
crop productivity, the recovery potential of vegetation cover, and overall ecosystem functioning. In arable,
pasture, and forestshrub areas around Oskemen, eroded soils have reduced infiltration capacity, hindering
efficient use of water resources during spring and autumn runoff periods.

At the same time, engineering infrastructure within the city and its surroundings is also affected by
erosion processes. On steep slopes, problems such as undercutting of road subgrades, infilling of drainage
structures (ditches, channels, culverts) with sediments, and decreasing stability of utility networks may arise.
If these processes are not controlled in time, repair costs increase and the reliability of transport and utility
systems declines. Consequently, soil erosion should not be viewed solely as an agroecological problem, but
also in terms of urban infrastructure safety and economic losses.

Materials and Methods.

The study area is located within the city of Oskemen in East Kazakhstan Region. The total area of the
city is 592 km?. According to data from Kazakhstan’s National Hydrometeorological Service “Kazhydromet”
[https://www.kazhydromet.kz/], the long-term mean annual precipitation in the region is approximately 239
mm.

First, a digital elevation model (DEM) of the study area was obtained from the Copernicus Data Space
Ecosystem (https://browser.dataspace.copernicus.eu). The GLO-30 global DEM product (spatial resolution 30
m) derived from Copernicus elevation data was used to describe topographic variability in the study area. In
addition, soil property data were taken from the SoilGrids 2.0 global soil information system (https://soilgrids.
org), which provides standardized soil property maps at 250 m resolution. This dataset is generated from
large-scale soil observations worldwide using machine-learning models.

Monthly precipitation data were obtained from the Climate Data Store (https://cds.climate.copernicus.
eu) with a spatial resolution of 31 km. NDVI was extracted from composite products provided by the United
States Geological Survey (USGS).

The analysis comprised several steps. First, precipitation data from the ERAS reanalysis dataset were
used to calculate the rainfall erosivity (R) factor based on the Modified Fournier Index (MFI). Second, soil
properties including sand, silt and clay fractions and organic carbon content were extracted from SoilGrids
2.0 and used to compute the soil erodibility (K) factor. Third, topographic factors were derived from a DEM
obtained from Sentinel-1 data. Flow direction, flow accumulation, and slope angle were calculated from the
DEM and used to determine the slope length and steepness (LS) factor and to assign the support practice (P)
factor according to slope classes. Finally, vegetation cover was assessed using NDVI from the USGS eVIIRS
NDVI Global dataset, and NDVI values for 2014 and 2024 were used to compute the cover management (C)
factor.

The data sources and spatial resolutions applied in this study also impose certain limitations on the
interpretation of model results. While global products such as ERAS, SoilGrids, and GLO-30 DEM provide
sufficient accuracy at regional scale, they may not fully capture fine-scale morphological features and small
variations in soil properties at local scale. Therefore, soil-loss values derived from the RUSLE model were
treated as relative and indicative, and additional local field measurements may be required for detailed
assessment of specific sites.

Moreover, modelling in urban and industrial areas needs to account for both “natural” surfaces and
anthropogenic structures. For pixels corresponding to hard surfaces (roads, industrial platforms), care must be
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faken when interpreting erosion factors, since classical soil 10sS 1s not the main process there, instead, patierns
of flow diversion and sediment deposition become more important. Consequently, in this study urban and
natural/agricultural surfaces were reclassified, and appropriate C and P factors were assigned to each category.

The outputs of the RUSLE model were then used in subsequent spatial analyses, in particular for
mapping areas most susceptible to erosion and comparing them with spatial distribution maps of heavy metals.
This approach allows potential linkages between soil erosion and pollutant migration to be identified. Thus,
the data and methods described in the “Study area and methods™ section form the basis for the spatial-temporal
analysis presented in later sections and define both the scope and limitations of the model.

All spatial processing and raster calculations were performed using QGIS. Soil erosion was estimated
using the Revised Universal Soil Loss Equation (RUSLE) [Renard & Freimund, 1994]:

A=RXKXLSXCXP (1)

where is the mean annual soil loss (t/ha-year™), is the rainfall erosivity factor (MJ-mm-ha'-h™'-year™),
1s the soil erodibility factor (t-ha-h-MJ™'-mm™), LSis the topographic factor (slope length and steepness), Cis
the cover management factor, and is the support practice factor represented here as a proxy based on slope
class.

Raster layers representing soil erosion for 2014 and 2024 were analysed in QGIS. Each raster pixel
corresponded to a spatial resolution of 300 m (90 000 m? per pixel). Joint analysis of the R, K, LS, C, and P
factors allows the spatial pattern of soil erosion to be understood in greater depth. Considered individually,
these factors reveal only certain tendencies, whereas their combination highlights the specific locations where
conditions favour increased soil loss. For example, areas with high R but moderate LS and relatively low K
may experience only moderate erosion, while at the same R level, high LS and high K can lead to soilloss rates
several times greater. Therefore, assessment of erosion risk must account for the integrated effect of all factors
rather than any single factor alone.

In our case, elevated R values combined with high LS in the southern foothill zones indicate that
these areas require particular attention. If these zones also show high C values (i.e., insufficient or degraded
vegetation cover) and P factors in the range 0.7-0.9, the resulting A values (t/ha-year™) in the RUSLE equation
logically fall into the highest classes. These conclusions are not only model outputs but also important
for practical planning: sites with this combination of factors should be prioritized for soil protection and
reclamation measures.

Soil-loss values were grouped into five classes: 0—75, 75-150, 150-225, 225-300, and >300 t/ha-year'.
Although the RUSLE model is empirical, its simple structure and clear physical meaning of each factor
facilitate adaptation to different regions. Nevertheless, its limitations must be acknowledged: the model was
originally developed for croplands and open slopes, and applying it in urban and complex multi-component
landscapes requires additional adjustments. For instance, hard surfaces (asphalt, concrete), technogenic dumps,
and engineering structures do not fit directly into the classical RUSLE scheme but can significantly influence
actual erosion behaviour in urban environments. Therefore, when using RUSLE in city settings, slope classes,
cover types, and land-use categories must be carefully reclassified.

At the same time, separate analysis of individual factors (R, K, LS, C, P) helps interpret model results
in ecological and management terms. High R values point to intense, high-energy rainfall and a climate prone
to water erosion; high K values reflect weak soil structure and sensitivity to mechanical disturbance; high LS
values are typical of slopes with steep gradients and concentrated flow. The C factor describes the protective
role of vegetation cover, evaluated via NDVI, while the P factor represents land-use practices that either
mitigate or enhance erosion. By integrating these factors, RUSLE not only estimates overall erosion intensity
but also reveals which factors dominate in each area. Such information is crucial for planning land-use policy,
agronomic measures, and engineering protection structures.

The data and methods used in this study have inherent limitations that must be considered when
interpreting the results. First, K and some other factors are derived from global models such as SoilGrids
rather than direct field measurements, and therefore carry a degree of uncertainty. Second, RUSLE is primarily
designed for agricultural and tilled lands; for urban and industrial landscapes, model parameters need to be
carefully adapted. Third, due to limited information on actual conservation practices, the P factor was used
as a proxy based on slope classes, which may not fully reflect the true impact of soil-protection measures in



some locations.

Despite these constraints, the results are sufficiently robust for assessing erosion processes and
identifying high-risk areas at regional scale. They can be regarded as a baseline spatial dataset for future field
investigations and for the development of higher-precision models.

Results and discussion.

In this study, the soil erodibility factor (K) ranged from 0 t/ha-GJ/MJ-mm to 0.5 t/ha-GJ/MJ-mm, with a
mean value of 0.36 t/ha-GJ/MJ-mm. The spatial variability of the K factor reflects differences in soil structural
fractions and organic carbon content derived from the SoilGrids dataset, which represents modelled, rather
than locally measured, soil properties. Low K values indicate soils that are relatively less prone to erosion
according to the model, whereas high values point to areas where soil particles are more easily detached and
transported by runoff.

The mountainous relief and river system in the southern part of the city are characterized by sandstones
and limestones, indicating the presence of carbonate parent materials in this area [Chlachula, 2020]. Such
geological conditions influence soil texture, hydraulic properties, and structural stability, and thus control
susceptibility to erosion. In zones dominated by carbonate rocks, soils may sometimes exhibit well-aggregated
structure and certain resistance to water erosion, while in other cases they may be highly friable and prone to
mass wasting. Therefore, when interpreting the spatial pattern of the K factor, it is important to consider not
only textural composition but also the underlying lithology.

The slope length and steepness factor (LS) varied between 0 and 8.5. Its spatial distribution shows
that, in most of the study area, the topographic contribution to erosion is relatively low. Approximately 85
% of the area has LS values below 1, and 14 % falls within the 1-3 class. High LS values are rare: only 1.1
% of the area shows LS between 3 and 5, and just 0.01 % exceeds 5. These elevated LS values are mainly
concentrated in the southern mountainous part of Ust-Kamenogorsk, indicating steep slopes and substantial
flow accumulation in that sector.

This LS pattern directly affects soil-loss rates, because increasing slope length and steepness enhances
gravitational forces and the energy of surface runoff. As a result, in areas with high LS values, water flow more
readily detaches soil particles and promotes the formation of gullies, rills, and erosion networks. Conversely,
in zones with low LS, runoff energy is insufficient to cause significant soil loss. These findings suggest that
erosion control measures—especially engineering and agronomic interventions—should be prioritized on
sites with high LS values.

The proxy factor for slope class (P) ranged from 0 to 0.9, with relatively high values recorded across
much of the study area. In the absence of direct information on soil conservation practices, the P factor was
derived as a proxy from slope classes. Thus, in this study, high P values primarily reflect steep slopes in
the adopted classification scheme and do not provide direct evidence of the presence or absence of specific
conservation measures. Nevertheless, this use of P is sufficient for estimating potential soil-loss levels, and the
factor can be refined if detailed data on agronomic or engineering practices become available.

The spatial pattern of P shows that areas with steep slope gradients are also zones of elevated potential
erosion risk. If no measures such as terracing, contour ploughing, shelterbelts, or other protective interventions
are implemented in these locations, the combined effect of high LS and P will substantially increase soil-loss
values in the RUSLE model. Therefore, future land-use planning efforts should pay special attention to sectors
where both P and LS are high.

Rainfall erosivity (R) values in 2024 covered a wider range than in 2014: from 1714-2808 they
expanded to 1649-3842, while mean values remained similar (2404 and 2398, respectively). In 2014, higher
R values were concentrated mainly in the northern and northeastern parts of the study polygon, whereas in
2024 they became more pronounced in the eastern and northeastern sectors (Figure 1). This shift suggests a
spatial redistribution of rainfall patterns and possibly certain changes in the regional climatic regime.

The expansion of high R values introduces additional erosion risk, as greater rainfall energy and
frequency intensify water-erosion processes. Short, intense storms are particularly critical, because they can
exert strong erosive forces on the soil surface and trigger gully and incision formation. In this context, it is
essential to analyse spatial changes in the R factor together with LS and K, since not only areas with high
rainfall intensity but also locations with weak soils and steep slopes belong to the most vulnerable zones.
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Fig. 1. Rainfall erosivity factor (R) based on ERAS for 2014 (a) and 2024 (b).

C values ranged from 0.3 to 0.65 and showed notable spatial variability across the study area. In
contrast, the 2024 map revealed a clear shift towards higher C-factor values, and values below 0.3 were not
displayed because their areal extent was negligible.

In 2014, the C factor was predominantly in the medium range (0.3-0.5), accounting for 82 % of the
study area, while high values (0.5-0.65) covered 17 % and low values (<0.3) only 0.6 %. Conversely, in 2024
the spatial distribution shifted markedly towards higher C-factor values: 95 % of the area fell within 0.5-0.65,
medium values decreased to 5 %, and low values almost disappeared (0.03 %).

In 2024, high C-factor values dominated most of the study area, indicating an overall increase compared
with 2014, when medium values were widespread. The rise in the C factor may be linked to changes in
vegetation cover characteristics, intensification of land use, or differences in the input data used to compute
NDVL

In classical interpretation, high C-factor values indicate a reduced protective role of vegetation cover,
meaning that the soil surface is more exposed and less shielded. Under such conditions, rainfall and runoff
can more easily detach and transport soil particles. If cropping or grazing pressure has increased in the study
area, changes in the C factor may serve as an indicator of this anthropogenic influence. Therefore, comparing
the C-factor map with land-cover and NDVI maps can help identify processes associated with vegetation
degradation.

The spatial distribution of soil loss in both study years showed a clear predominance of low erosion
rates (Figure 2, Table 1). In 2014, most of the area (68 %) was characterized by very low soil loss (0-75), while
intermediate erosion classes (75—-150) accounted for 19 %. High erosion rates (>150) were limited, covering
roughly 13 % of the total area.

A similar pattern was observed in 2024: low erosion (0-75) still predominated (64 %). However, a
noticeable shift towards higher erosion classes was detected. The proportion of areas with soil loss >150
increased from 13 % in 2014 to 18 % in 2024, with the most pronounced change in the highest category (=300),
which more than doubled from 3 % to 7 %. These changes indicate that, although the overall background level
of erosion remains relatively low, soil loss is intensifying at specific sites within the study area.

Soil loss (2024) Soil loss (2014) A
(@)

(b 025 Skm

SOIL LOSS (k ha'vear’)

L 30

Fig. 2. Soil loss (a) for 2024 (a) and 2014 (b) according to the RUSLE model
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lable 1. Proportional distribution ot soil loss categories within the territory ot Uskemen city

Soil loss, t-ha'-year! | Erosion level 2014, % 2024, %
0-75 Very low 68 64
75-150 Moderate 19 18

>150 High and very high 13 18
>300 Very high 3 7

Conclusion.

Overall, the results indicate that erosion intensity increased between 2014 and 2024, even though
low-erosion classes still dominate. This trend is reflected in the expansion of high soil-loss categories and
shows that relief-driven processes are playing a growing role in erosion-prone areas.

Soil erosion modelling based on the RUSLE approach demonstrated that low erosion rates prevail in
the study area; however, the proportion of zones with high soil loss (=150 t-ha™'-year™) rose from 13 % in
2014 to 18 % in 2024, and the highest class (=300 t-ha'-year') increased from 3 % to 7%. This shift points to
a gradual intensification of erosion. The analysis revealed that, although areas with low and moderate erosion
remain predominant, sites with high and very high erosion risk are clearly present, especially on steep slopes
where soil washout becomes more intense and erosive processes are highly active.

Comparison of 2014 and 2024 data shows an increase in the share of high-intensity erosion zones.
These changes may be explained by climatic factors, shifts in rainfall regimes, and the combined influence
of land cover change and anthropogenic pressure. The findings suggest that the risk of soil degradation in the
study area has persisted over the last decade and has intensified at specific locations.

The expansion of erosion-prone areas affects the stability of agricultural production and the
socio-economic conditions of local communities. Soil loss reduces the fertility of arable land and increases
farmers’ costs, forcing them to invest more in fertilizers, agronomic measures, and soil restoration. Declining
productivity can lead to lower income in rural regions and may intensify migration processes.

Around Oskemen, where household plots, small farms, and partially irrigated systems operate, soil
erosion must be regarded as a key factor when assessing their long-term economic sustainability. If preventive
measures are not implemented in the most erosion-susceptible sites, a cycle of losses in the agricultural sector
may intensify, and in the long run the quality of land resources may decline irreversibly.

The results obtained can be used to identify erosion-prone areas, plan soil-conservation measures, and
support rational land-resource management. They also provide a scientific basis for future research on soil
erosion assessment and prediction within the Oskemen urban area.

In future work, this approach can be extended by comparing time series (for example, at 3—5-year
intervals), incorporating additional climatic scenarios, and explicitly accounting for land-use changes to
explore the long-term dynamics of soil erosion in more detail. Furthermore, integrating RUSLE outputs with
spatial distribution maps of heavy metals will enable a comprehensive evaluation of the combined risks of soil
degradation and chemical contamination in industrial regions such as Oskemen.
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Abstract. Introduction. Sustainable agriculture in the grain-producing regions of Kazakhstan
requires a transition from generalized technological solutions to agroecologically differentiated land resource
management. In this context, verification of productivity zones identified by NDVI is of particular importance,
since remote sensing indices reflect the spatial heterogeneity of crops but do not always explain its soil-
landscape and biological causes. Materials and methods. The aim of the study was to perform agroecological
verification of NDVI-based productivity zones through the analysis of microrelief, soil agrochemical status,
and phenological indicators of agricultural crops. The study was conducted in 2024-2025 on the territory of
Olzha-Sadchikovskoye LLP, Kostanay District, Kostanay Region, covering an area of 1,500 ha, including fields
No. 18, No. 33, No. 67-71, and No. 90. The study used soil-landscape survey materials, SRTM data, NDVI
images, satellite images with a resolution of 2.44-30 m, results of agrochemical analysis of the 0—20 cm soil
layer, and field phenological records. Results and discussion. A three-level verification scheme was proposed:
the remote sensing level — NDVI; the soil-landscape level — microrelief and agrochemical indicators; and
the biological level — plant density and plant height. It was established that stable productivity zones are
associated with relief, moisture availability, particle-size composition, and nutrient supply. The stable area of
the zones was 72 % in field No. 67-71, 43 % in field No. 18, and 58 % in field No. 90. The content of available
potassium increased from slopes to depressions, from 650 to 950 mg/kg. Conclusion. NDVI zones should
be considered as a diagnostic layer requiring soil-agroecological and biological verification to substantiate
differentiated crop management.
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AnHotauus. Kipicne. Ka3zakcTaHHBIH acTBIK OHJIIPETIH OHIpIEpiHAC TYPAKThl ETiHIILIIK opTaiia
aJIBIHFaH TEXHOJOTHSUIBIK IIEIIIM/EPACH Kep PeCypCTapblH arpo’KOJIOTUSUIBIK TYPFBIIaH capallaHFaH 0acka-
pyra ketryai Tanan erei. Ocel Typrbeiga NDVI 6oiibiHia OeiHreH eHIMALTIK aiilMaKTapblH BepuduKanusiay
MaHBI3/Ibl MOHTE M€, OUTKEHI KAIBIKTaH 30HATAY MHIEKCTEPl €TiCTIKTePAiH KEHICTIKTIK OpPKENKLIIriH Kep-
CETKEHIMEH, OHBIH TOMBIPAK-TaHAMIAPTTHIK XKoHE OMOJOTHUSIIBIK CeOenTepiH opAaibiM TYCIHIIpe OepMeiii.
Mamepuanoap men a0icmep. 3epTTEyIiH MaKcaTbl MUKPOPEIbe(Ti, TONBIPAKTHIH arPOXUMHUSIIBIK Kai-KyiliH
KOHE aybUl IAPyalIbUIbIFbl JaKblIIAPbIHBIH (DEHOJIOTHSIIBIK KOpceTKITepiH Tanaay Herizinae NDVI 6oii-
BIHIIIA OHIMAUIIK aiMaKTapbIH arposKoJIOTUsIIBIK Bepudukanusiay 6omnapl. 3eprreyiep 2024-2025 xox. Ko-
craHail ooneicel Kocranail aynansl aymarsinaarsl «Omka-CaguukoBckoe» JKILIC sxeprepinne, Nel8, Ne33,
Ne67—-71 xone Ne90 tanantapasl kamTuTbiH 1500 ra anapna xypriziai. Tonblpak-nanAmagTThIK 3€pTTEY
marepuanaapsl, SRTM nepekrepi, NDVI-cyperrep, KEHICTIKTIK aKbIpaThIMIbUIBIFBI 2,44-30 M FapbILITHIK
cyperrep, 0—20 cM KabaTThIH arpOXUMHMSIIBIK Tajlay HOTHKEJIEepl )KOHE analiblK (DEHOIOTHSIIBIK €CETKe ary
JepeKxTepl nainanansabl. Homuowcenep swcone mankwinay. BepudukalMsHbIH I JEHIEHIl cXeMachl YCbI-
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HBUIBL: KAlIBIKTaH 30HATay aeHreii — NDVI, Tonbipak-nanamadTTIK AeHIeH — MUKpopesbed >KoHEe arpo-
XUMHUSUIBIK KOPCETKIMITEP, OMONOTHSIIBIK ICHI'€H — ©CIMIIKTEP/IiH KU MeH OMIKTIri. TypakThl OHIMALTIK
aliMaKTapbIHBIH JXep OelepiMeH, bUIFAJIMEH KaMTaMachl3 €TUTYIMEH, TPaHyJIOMETPHUSIIBIK KYpaMbIMEH JKOHE
KOPEKTIK 3JIEMEHTTEpPMEH OailyIaHbICThI €KEeH1 aHbIKTaNIIbl. AMaKTapIblH TYPaKThl aygaHbl Ne67—71 TaHnanTa
72 %, Nel8 tananta 43 % sxone Ne90 tananra 58 % kypazabl. JKbunKbIManbl Kanuid Mesiepi 6eTkeitnepaeH
oiinanapra Kapait 650-gen 950 mr/kr-ra aeiiin apTTel. Kopsimuinov. NDVI-alimakTapblH ericTiKTi capaar
Oackapyapl Heri3zey YILUiH TOIBIPaK-arpo3KOJIIOTHSIIBIK XKOHE OMONOTUSIBIK BepU(PHUKALUIHBI Tajal eTeTiH
JIMarHOCTUKAJIBIK Ka0aT peTiHie KapacThlpy KaKeT.

Tyiiin ce3gep: NDVI, xepiepai arposkoiorusiblK Oaranay, MUKpopenbed, OHTYCTIK Kapa TOIbI-
paxTap, pEeHOIOTUSIIBIK PEaKLsl, arPOXUMHUSIIBIK KOPCETKILITEP
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karusuiay. // Research, results — I3nenicrep, notuxkenep — MccnenoBanus, pesyasrarsl. Vol. 28. Is. 4. Number
112. Pp. 74-89. https://doi.org/10.37884/4-2026/06 [In Russ.].
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AHHOTa].[I/Iﬂ. Beseoenue. Ycroitunpoe 3CMJICACIINEC B 3CPHOIIPOU3BOAANINX PCrUOHAX Kazaxcrana Tpe-
6yeT nepexoga ot preI[HéHHBIX TCXHOJOI'MYCCKHUX peI_HeHI/Iﬁ K arposKoJIOIrn4eCKu ,ILI/I(I)(bepeHLII/IPOBaHHOMy
YHOpaBJICHUIO 3EMCIIbHBIMU PECYpPCaAMU. B 3TOM KOHTEKCTE BaKHOE 3HAUCHHUE UMEET BepI/I(I)I/IKaI_[I/ISI 30H IIpO-
AYKTUBHOCTH, BBIACIICHHBIX I1O NDVI, IMMOCKOJIbKY NUCTAHIUOHHBIC HHACKCHI OTPAXKAIOT MPOCTPAHCTBCHHY IO



HEOJHOPOJHOCTbH IIOCEBOB, HO HE BCEra OOBSCHSIIOT €€ NOYBEHHO-IaHIIIA(THbIE U OMOJIOTMYECKUE TPUUH-
Hbl. Mamepuanvl u memoowi. 1lenpio uccnenoBanus siBIsIIACH arpo3koioruueckas sepuduxanus NDVI-30n
IPOYKTUBHOCTH Ha OCHOBE aHAJIN3a MUKpOpebeda, arpoOXuMHUUECKOro COCTOSIHUS IIOUB U (PEHOIOTMUECKUX
IIOKa3aTeIel CEeJIbCKOX03MCTBEHHBIX KybTyp. MccnenoBanus nposenensl B 2024-2025 rT. Ha TEppUTOPUH
TOO «Omxka-CaguukoBckoe» Kocranaiickoro paiiona Kocranaiickoit ob6nactu Ha miomanu 1500 ra, Biro-
qaromieid mons Nel8, Ne33, No67—71 u Ne90. Hcrnonb30BaHbl MaTepualbl MOYBEHHO-TAHAMIA(THOTO 0OCe-
nosanus, nanHele SRTM, NDVI-cuuMmku, kocmMuueckue CHUMKHM paspemieHuem 2,44-30 M, pesyabrarsl
arpoxumuydeckoro aHaiuza ciost 020 cM u noseBble peHoNmornYecKue yU€Tol. Pe3yivmamol u o0cystcoenue.
[Ipennoxkena TpéxypoBHEBasi cxeMa BepU(PHKALMU: JTUCTAHUMOHHBIA ypoBeHb — NDVI, nmouBeHHo-maH/I-
madTHEI ypOBEeHb —MHKpOpenbed M arpoXMMHUYECKHe MOKa3aTeld, OMOJIOrMYecKUil ypoBeHb — IyCTOTa
CTOSIHMS M BBICOTA PacT€HUIl. YCTaHOBJIEHO, YTO YCTOHUMBBIE 30HBI POJYKTUBHOCTH CBSA3aHbI C pelbedoM,
BJIaroo0eCreYeHHOCThIO, TPAHYJIOMETPUUYECKIM COCTABOM U 3eMeHTaMM nurtaHus. CtaOuibHas IJI0IIAIb
30H coctaBuiia 72 % Ha none Ne67-71, 43 % na nonie Nel8 u 58 % na none Ne90. Conep:kaHue noJBUKHOTO
KaJMs yBEJIMYMBAJIOCh OT CKJIIOHOB K MOHIKEHUsAM ¢ 650 1o 950 mr/kr. 3akarouenue. NDVI-30Hb1 crienyeT
paccMaTpuBaTh Kak JUarHOCTUYECKUI CII0H, TpeOyIoImuii OUBEHHO-arpoIKOIOTHYECKOM U OMOJIOrMYeCKOi
Bepudukarum 111 000CHOBaHUS JU(PPEpEeHIIMPOBAHHOTO YIIPABICHUS IOCEBAMHU.

Karouessble ciioBa: NDVI, arposkonoruueckasi OlleHKa 3eMeilb, MUKpOpenbed, F0yKHbIE YePHO3EMBI,
(deHonornyeckas peaxiys, arpoOXUMHUUECKHe MOKa3aTesn

Jos uutupoBanusi: Epxan JI.E., Kypumb6aes A K., Kupromun B.1., Anmanosa X.C., 3Bsarun ['A.
(2026). Arposkonoruueckas Bepuduxanus NDVI-30H nmpoayKTUBHOCTH I0KHBIX yepHO3EMOB // Research,
results — I3nenicrep, Hotmwxkenep — Mccnenosanus, pesynsrarsl. Vol. 28. Is. 4. Number 112. Pp. 74-89. https://
doi.org/10.37884/4-2026/06 [In Russ.].

KoH}umKT HHTepecoB: aBTOPHI 3asBIISIOT 00 OTCYTCTBUU KOH(IIMKTA UHTEPECOB.

Bnazooapnocme: Hayunas paboma evinonnena 6 pamxax IL[® BR22885719 «Paspabomamsb u ene-
Opumu ycmouuugvle cucmemvl 3emuedenus 0Jis peHmadeibHo20 NPOU3800CMEa CeNbCKOX03AUCMBEHHO NPo-
OVKYUU 8 YCIIOBUAX USMEHAIOWe20Cs KIUMAama O0Jisl pa3iuyHblX NOY8eHHO-KauMamudeckux 3on Kazaxcmany
10 NPOEKMHOMY MEPONPUAMUIO. «A2pOIKONI02UYEeCKAs OYeHKA 3eMelb U NPOeKMuUposanue aoanmueHo-i1aHo-

wagmmuuix cucmem 3emnedenus: Ha ocnoge I UC mexnonoeutl 05 peuterus nymet onmuMu3ayuu nio0opoous
nousy, 2024-2026 ze.

Brenenne.

CoBpemeHHOe 3emileienine CTenHOM 30HbI Ka3zaxcraHa pa3BUBaeTCs B yCIOBUSX BBIPAKEHHOH IIPO-
CTPAHCTBEHHOW HEOAHOPOJHOCTU MOYBEHHOIO MOKPOBA, HECTAOMIIBHOTO BIAarooOeCreyeHus, YCUICHUS Jie-
I'paJlalliOHHBIX MPOIECCOB U HEOOXOIMMOCTHU MOBBIIMIEHUS YPPEKTUBHOCTH HCIIOIb30BAHUS MMAaXOTHBIX 3€-
menb. s CeBepHoro Kazaxcrana sta mpoOiiema MMeeT 0coboe 3HaueHHe, MMOCKOJIbKY PErMOH OTHOCHUTCS
K OCHOBHOHM 30HE 3€pHOBOIO M MACIHMYHOIO IPOU3BOCTBA, IN€ MPOLYKTUBHOCTH CEJIBCKOXO3AHCTBEHHBIX
KYJIBTYp OIIPEIEIAETCS HE TOIBKO arpOTEXHUYECKUM YPOBHEM XO35HCTBA, HO U COOTBETCTBUEM KYJIBTYPHI,
TEXHOJIOTMM U COPTAa KOHKPETHBIM MOYBEHHO-JIAHAAPTHBIM YCIOBUSIM. B 3THX yClIOBUSAX yHHMBEpcallbHas
TEXHOJIOTMYECKAsl CXEMa, PACCYUTAHHAs HA «CPEJHEE I0JIE», CHUKAET TOYHOCTh arPOHOMUYECKUX PELICHUN
U HE YYUTBIBACT BHYTPUIIOJIBHYIO U3MEHUYUBOCTD BIIard, F'yMyCa, 3JIEMEHTOB [IUTaHUs, TPAaHYJIOMETPUYECKOTO
COCTaBa, COJIOHLIEBATOCTU U SPO3UOHHOU OITACHOCTH.

Metononoruyeckoi 0CHOBOMH Mepexo/ia OT yCPEJHEHHOTO 3eMJIeIeIUs K IPOCTPAHCTBEHHO TU(epeH-
LIUPOBAHHOMY YTIPaBIICHUIO ABJISIETCS aJallTUBHO-TaH A THAs cucTeMa 3emiezenus. Ee cylHoCcTh COCTOUT
B COIIACOBAaHUM CTPYKTYpPHI IOCEBOB, 00PaOOTKHU MOYBHI, yIOOPEHUH, 3aIIUThl PACTEHUH U TOYBO3AIIUTHBIX
MEPOIPHUATHUH C arpOIKOJIOTMYECKUMU CBOMCTBAMHU KOHKPETHBIX Y4aCTKOB. B paMKax JaHHOIO ITOJIX0/a arpo-
DKOJIOTMUYECKAs OLICHKA 3€MEJIb PACCMATPUBACTCS HE KaK pPa30oBas MHBEHTApU3ALMs [IOYBEHHOI'O IOKPOBA, a
KaK MHCTPYMEHT BBISBICHHS JIUMUTHUPYIOUIMX (PAKTOPOB MPOAYKTUBHOCTH M MPOECKTUPOBAHUS TEXHOJIOTHU-
YECKUX PELICHUH JUIsl pa3IMYHbIX arposKOJIOrMYecKux rpymnn u BuaoB 3emens [Kiryushin & Ivanov, 2005;
Kiryushin u ap., 2021; Chebykina u ap., 2024].

B nocnennue roapl B arpapHoi HayKe yCHIMIIOCh 3HaYeHUE reOMH(pOPMALIMOHHBIX CUCTEM, TUCTAHIHU-
OHHOT'O 30HAMPOBaHU 3€MJIM U BETETALIMOHHBIX MHJIEKCOB IIPU OLEHKE COCTOSHUS CEJIbCKOXO03SMCTBEHHBIX
yroauii. HopManu3oBaHHbINA pPa3HOCTHBIN BereTalMOHHbIN HHACKC NDVI mupoko npumensercs 1uis anaiusa
COCTOSIHUSI II0CEBOB, BBIJEICHUS 30H IPOLYKTUBHOCTH, OLICHKHY BHYTPUIIOJIBHONM HEOJHOPOAHOCTH U IIPOTHO-



3upoBanus ypoxkaiiHocts [ Skakun u ap., 2021; Yli-Heikkild u ap., 2022; Tiruneh u ap., 2023]. Bmecre ¢ Tewm,
NDVI npencrapnsier co0oii MHTErpaibHbli CIEKTPaIbHBIA CUTHAJI, OTPAXKAIOLIUI COCTOSIHUE PACTUTEIBHOTO
MIOKPOBA, HO HE PACKPHIBAIOIIUN CAMOCTOSITEIbHO MPUYUHBI (POPMUPOBAHMS BBICOKON MIIM HU3KOM MPOAYK-
tuBHOCTU. O1HU U Te ke 3HaueHust NDVI MoryT ObITh CBSI3aHBI C Pa3IUYHBIMU (PAKTOpAMU: BIaroo0ecreyeH-
HOCTBIO, IIEPEYBIAKHECHUEM, 3ACOJICHUEM, COJIOHLIEBATOCTBIO, S3PO3UOHHBIM CHOCOM I'yMYCOBOI'O TOPU30HTA,
IpaHyJIOMETPUYECKUM COCTaBOM, 00ECIIEUEHHOCThIO a30TOM, (pochopoM U Kanuem, a Takke (HeHOTOrMIeCKOn
¢azoii kynsTypsl [Bhatti u np., 2024; Khutuev u ap., 2024; Fadl u ap., 2024].

MupoBble HcciIea0BaHMsI TOKA3bIBAIOT, YTO HAanOoJee HaJeKHasi HHTEPIpETalsl 30H MPOILYyKTUBHO-
CTH JIOCTUraeTcsl IpU KOMILUIEKCHOM ucnosb3oBaHuM NDVI, nouBeHHbIX MOKazaTeneil, Hu@poBbIX Moaeei
penbeda, TaHHBIX IEKTPOIIPOBOJHOCTH OYB, HCTOPUYECKOH YporkalfHOCTH U Ha3eMHOH Bepudukamu [Ali
u 11p., 2022; Serrano u ap., 2022; Vanderlinden u np., 2024; Dogar u nip., 2025]. Taxoii moaxo mo3BoJseT me-
pENTH OT ONMCATEIBHOIO KAPTUPOBAHUS HEOJHOPOJHOCTH K BBIIECIICHUIO YIIPABICHYECKUX 30H, AJI1 KOTOPBIX
MOTYT ObITh 0OOCHOBAHBI Pa3IMYHbIE PEKUMBI 0OpPAOOTKH MTOYBBI, YIOOPEHUs, OPOLICHHUS, 3aILUThl PACTCHUI
U pasMelleHus KynbTyp. Pa3Butue moneneil, oObeqUHAIONMX JTUCTAHLIMOHHBIE JIaHHBIE U CBOMCTBA IOYB,
MOATBEP)KIAET, YTO MPOCTPAHCTBEHHAS! U3MEHYMBOCTH IJIOAOPOIUS U peibeda ABISIETCS OAHUM M3 KIIoUe-
BbIX (hakTOpoB (popMUpOBaHMS NMPOAYKTUBHOCTHU arpoianamagdTos [Ormanci & Dengiz, 2025; Zhang u np.,
2025].

s Kazaxcrana npumeHnenue auctaniionHoro 3ouauposanus u ['YIC B arpapHoii cdepe cTaHOBUTCS
OZIHUM U3 HampaBieHUd nudpoBuzanum 3emienenus. CoBpeMeHHbIE UCCIIEJOBAaHUS B PECIyOIMKe MOATBep-
xnaroT 3¢ dexkTuBHOCTH Sentinel-2 U APYruX CIyTHUKOBBIX JAHHBIX ISl KJIACCU(PHUKALUU KYJIBTYp, OLEHKH
nacTOMIL, aHaJIM3a MMOYBEHHOTO IUIOOPO/ANS, MOHUTOPHHIA KIMMAaTHYECKU OOYCIOBIEHHBIX U3MEHEHUH U
MIPOCTPAHCTBEHHOM JMAarHOCTHKH CEJIbCKOXO3sMCTBEHHBIX yronuil [Arystanov u np., 2025; Kabzhanova u
ap., 2025; Shaimerdenova u ap., 2026; Tokbergenova u nip., 2025]. OnHako 17151 yCIIOBHM CEBEPHOI CTEHOM
30HbI Ka3zaxcrana coxpaHsieTcsi HeIOCTaTOYHasl pa3pabOTaHHOCTH MOAXOJIOB, CBSI3BIBAIOLIMX MHOTOJIETHUE
NDVI-30HbI NPOAYKTUBHOCTU ¢ MUKPOpEIbe(OM, arpOXUMHUECKUMU MTOKa3aTeIIMU U (pakTUIeCKol (heHo-
JIOTHYECKON peaklueil KyabTyp B CUCTEME aJalTUBHO-JIaHAMAPTHOTO 3eMJIIeIeNHs.

B panee BbimonHeHHbIX uccienaoBaHuiax no TOO «Omxa-CaguukoBckoe» ObLTH pa3paboTaHbl dJeK-
TPOHHBIE KapThl arPO3KOJIOTHYECKON OLIEHKH 3€MEIIb, KAPTOrpaMMbl COAECpkKaHMs T'yMyca, HUTPaTHOIO a30Ta,
noaBMKHOTO (hochopa, oOmMeHHoro kanusi, pH u cepsl, a TakxKe KapThl IPUTOAHOCTH 3€MEJIb MOJ] OCHOBHbBIE
CEJIbCKOXO351IICTBEHHbIE KyJIbTYpbl. [0 MaTepuaaM nccienoBanus yCTaHOBIEHO, YTO IPOLYKTUBHBIE U MAJIO-
IIPOAYKTUBHBIE 30HBI Ha MOJIAX COXPAHAIOT OTHOCUTEIBHYIO YCTOMUNBOCTD B TEUEHHE HECKOJIBKUX JIET, & UX
IIPOCTPAHCTBEHHOE paclpeieIeHUue CBA3aHO C 3JIEMEHTaMH pelbeda, BIaroodecrneueHHOCThIO, TOYBEHHBIM
MIOKPOBOM M arpOXMMHUYECKUM COCTOSIHUEM IaxXOTHOro ciiod. B xoze uccienoBaHusi ObUIO BBISBIECHO, YTO
1o nosto Ne67—71 crabuiibHast MIIOLIAb 30H HU3KOM M BHICOKOW MPOIXYKTUBHOCTH cocTaBuiia 72 %, npuuem
HU3KHE 30HBI IPOYKTUBHOCTH YaCTO COBIAAAIIH C IMOJIOKUTEIbHBIMU (hopMamu pebeda, UCTIBITHIBAIOIIUMU
ne(GUUUT BJIard, TOrna Kak oTpuuarenbHble GopMbl penbeda xapakTepu3oBaluCh Oosiee O1aronpusTHHIMU
YCIIOBUSIMU POCTA 3a CUET JIOMOJHUTENBHOTO yBIakHeHHs. 1o momto Nel8 cTrabuibHast miiomia s 30H MPOayK-
TUBHOCTHU cocTaBuiia 43 %, mpu 3ToM OBbLIN BbIJIEIECHBI 30HbI C MOJIOKUTEIbHBIM, CPEAHUM U OTPHULIATEIILHBIM
[IOTCHIUAJIOM YPOKAUHOCTH.

Hayunas mpoOiema HacTOSILEro HCCIEAOBAaHMS 3aKJIIOYAaeTCsl B HEOOXOAMMOCTH arpo3KoJoruye-
ckoil Bepudukanuu NDVI-30H npoaykruBHOCTH. J{J1s1 IPOEKTUPOBAHUS alallTUBHO-TaHIIa()THOW CUCTEMBI
3eMIIEJIEINS. HEOCTaTOYHO OIPENEIUTh, II€ PACIIOIOKEHBI 30Hbl BHICOKOM WJIM HU3KOM MPOAYKTHUBHOCTH.
Heo6xonumo o0bSACHUTH, IOUEMY OHU C(OPMHUPOBAJIKCH: 32 CUET MUKpOpeIbeda, akKyMyJ IsILUU BIIaru, co-
Jiep KaHus TyMyca, a30THOTO PEeKUMa, 00ECIIEYeHHOCTH KaJIueM, IPaHyI0METPUUECKOro COCTaBa Uiu OMoJIo-
TMUYECKOM peakliui KOHKPETHOH KynbTyphl. Takas nmocraHoBka no3sossiet nepesectd NDVI u3 ¢popmanbHoro
JUCTAHIIMOHHOTO MHAMKATOPa B AMATHOCTUYECKHUM CJIOM, IPUTOAHBIN /111 arPOHOMHUYECKOTO IIJIaHUPOBaHUS.

Hayunas HOBM3HA MCCJIEOBAaHUS 3aKJIOYAETCs B pa3padoTKe M anmpoOaly TPEXypPOBHEBOW CXEMBI
arposkonoruyeckoil Bepudukany NDVI-30H npoyKTUBHOCTH, OCHOBAaHHON Ha CONPSKEHUU JUCTAHIIUOH-
HBIX JTAaHHBIX, MUKpOpenbeda, arpOXUMUYECKUX MOKa3aTeae NaXoTHOTO CJI0si U (PEeHOIOTHYECKON peakluu
KYJBTYDP.

Llenp uccnenoBaHusl — MPOBECTH arpO’KOJIOTHYECKYI0 BEPU(PHKALIMIO 30H NMPOAYKTUBHOCTH, BBIJE-
neHHbIX 1o NDVI, Ha ocHOBe conpshKeHHsl JaHHBIX MHUKpOpeibeda, arpOXUMUYECKOTO COCTOSIHHS TOYB U
(eHOIOTNYECKOM peakIy CeIbCKOX03SHCTBEHHBIX KYJIBTYp B YCIOBUSX IOKHBIX uepHO3EéMOB KocTanaiickoii



oOJsacTu.

Jig nocTrkeHus Leinu pellagnch CIeIyIoIMe 3aJadyd: CUCTEMaTU3upOoBaTb MHOTOJIETHHE JAHHbIE
NDVI o uccnexyeMpIM NOJISIM; CONOCTAaBUTh 30HBI IPOAYKTUBHOCTH C 3JIEMEHTAMU MUKpopebeda; oXxapak-
TEpU30BaTh arpOXMMUYECKOE COCTOSHHE MAXOTHOTO CJIOS; OLCHUTh (PEHOJIOTHYECKYIO PEAKIMIO CYIaHCKON
TpaBbl, SPOBOM MIIEHUIIBI U JIbHA MACIIMYHOT'O MO TYCTOTE CTOSIHUS M BBICOTE PACTEHUI; 000CHOBATh BO3MOX-
HOCTb HUCIOJIb30BaHuUs BepupupoBaHHblXx NDVI-30H kak 0CHOBBI 151 AU(PepeHInaul arpoTeXHOIOT Ui
B a/IaITUBHO-JIAHAIIA(THON cUCTEME 3eMIIEeACTIHSL.

MarepuaJjibl 1 METOABI.

Hccnenosanue BoinonaHeHo Ha tepputopun TOO «Omka-CagunkoBckoe» cena CanunkoBka Kocra-
Haiickoro paiiona Kocranaiickoit o0nacti. OObEKT pacrioyo’KeH B pe3K0 KOHTMHEHTAJIbHOM KJIMMaTe CTEITHOM
30HBI Ha IOXKHBIX YepHOo3EMax. VcciienoBaHMs OXBaThIBAJIU YEThIPE MPOU3BOICTBEHHBIX MO OOLIEH IoIa-
apto 1500 ra: mone Nel18—171 ra, moae Ne33—-337 ra, mome Ne67—71-794 ra, mone Ne90—117 ra. JlanabIe m0OIs
ObUTM BBIOpAHBI KaK YYaCTKH C Pa3IMYHOMN BBIPAKEHHOCTBIO peiibeda, MIOYBEHHOTO MOKPOBA U arpO3KOJIOTU-
YeCKUX orpaHuueHui (tTabnuua 1).

Tabnuua 1. OOBEKT uccie0BaHus U IUIOIAb MMoJIeH

[Tone ITnourane, ra Kynerypa B eHOMOrHYESCKIX Arposkosiorndyeckasi XapakTepucTHKa
yuerax 2025 .

Nel8 171 JIén macanyHbIHA IO>xHBIE YepHO3EMBI, YUACTKH CO CpeHEN pacuwIEHEHHOCTBIO,
HEOIHOPOAHOCTh NPOYKTUBHOCTH

Ne33 337 Cynanckas Tpasa COJIOHIIEBATOCTb, JISTKUH TPaHyJIOMETPHUIECKUIT COCTAB, OIecya-
HEHHBIE TOKPOBHBIE CYIIIMHKHU C TTyOuHBI 60—70 cM

Ne67-71 | 794 Slposas niueHuna CpenHsis pacuIeHECHHOCTD, BbIPaXKEHHAs! HEOJHOPOJHOCTD Pejbe-
(a u MPOAYKTUBHOCTH

Ne90 117 JIén macanuHbIHA IO>xHBIE YepHO3EMBI, TPOMEKYTOUHBIE YCIOBUS [0 PACUICHEHHO-
CTH, HEOJHOPOIHAs BIaroo0eCcrnedeHHOCTh

MeTtononoruyeckas cxema HCCIEIOBAaHUS BKJIOYala YEThIpe B3aMMOCBS3aHHBIX OJIOKAa: IMOYBEH-
Ho-aHAmadTHOEe 00CIeI0BaHUE, arPOXUMUYECKYI0 IUarHOCTUKY naxotHoro cios, ' MC- u NDVI-ananus,
a TaKke (HeHONOTHYECKYI0 BepU(UKAIMIO 30H MPOAYKTUBHOCTH. Takoi MOPSAOK MO3BOJIMI paccMaTpuBaTh
NDVI He kak caMOCTOATENbHBIN UTOTOBBIH MOKa3aTeib, a KaK JUCTaHIIMOHHBIN UHIUKATOP, TPEOYIOIHii co-
MOCTABJICHUS C TIOYBEHHBIMU, pelbe(HBIMU U OMOIOTMYECKUMH JaHHBIMHU.

[TouBenHo-nanamadpTHOE 00CIEIOBAaHIE MPOBOAMIOCH C YYETOM METOTUYECKUX IMOJIOKEHUI arpos-
KOJIOTUYECKOM OILIEHKH 3€Mellb U MPOEKTUPOBaHHUs aJaNTUBHO-IaHAmMAa(THRIX cucTeM 3emienenus. B 2024
rojly Ha MCCIEeAyeMbIX MOSIX OBbLIN 3aJ0KEHBI OYBEHHBIE pa3pesbl m1youHon 100-120 cm Ha pa3nuyHbIX
aneMeHTax penbeda. [louBeHHBIE 00pa3Ibl OTOMPATHCH U3 TEHETUYECKUX TOPU3OHTOB, a TAKKE U3 TAXOTHOTO
cnost 0—20 cM 1o 3JIEMEHTAPHBIM y4acTKaM arpoXMMUYECKO ceTku pazmepom 25 ra. B 2025 rony nonessie
M3BICKAHUSI TIPOBOJIMIIMCH C ampenisi 0 OKTSAOph MOYBEHHOM skcreaunei. O0cneaoBaHne BKIIOYANIO 3a510-
KEHHE MOYBEHHBIX BbIpaboTok ¢ GPS-mpuBs3koi, oTO0p MOYBEHHBIX MPOO, OypeHne CKBaKUH 10 4 M IS
OTIpe/ieTICHUs] YPOBHS TPYHTOBBIX BOJ M CMEHBI TOYBOOOPA3YIOUINX MOPOI, a Takxke pa3padotky Arpol IC B
mactrade 1:10 000.

st mabopaTopHON TUAarHOCTUKH MCIOIB30BATMCH 00pa3Ibl MAXOTHOTO CJIOS U TEHETUYECKUX TOPHU-
30HTOB TIOYBEHHOTO MPO(uiIs. ArpoXUMUYECcKas XapaKTepUCTHKA BKIII0YasIa OMpeie]IeHne HUTPATHOTO a30-
Ta, moABMXKHOTO (pocdopa, oOMeHHOrO Kamnus, rymyca, pH mouBeHHON cpenbl U MOABMKHOM cepbl. ['ymyc
onpenaensui o mMetoay Tropuna B moauduxammu [IUHAO; nonsuxubie Gopmbl Gocdopa U Kamus — 1o
Metoay Maunruna B Mogudukanuu LIMHAQO; noasmxknyto cepy — no merony LIUHAO; pH u nokasarenu
BOJIHOM BBITSKKH — 10 JEHCTBYIOIIUM CTaHJAPTHBIM MeToaukaM. B 2025 rogy TONOJHUTEIBHO YUUTHIBAICS
IPAaHYJIIOMETPUUECKUNA cOCTaB NMOYB nuneToyHsM metoaoM mo 'OCT 12536-2014.

['C-ananu3 BBIMOJHSIICS C MUCMOJb30BaHWEM TporpaMMHoil cpeabl QuantumGIS. B coctaB mpo-
CTPaHCTBEHHOM 0a3bl BXOIWJIHN AIEKTPOHHBIE KapThl penbeda, KpyTH3HBI U SKCIIO3UIIUHN CKIIOHOB, TPaHyJIoMe-
TPUUECKOT'O COCTaBa, MOYBOOOPA3YIOIIUX OPOJ], MUKPOCTPYKTYP IIOYBEHHOTO TOKPOBA, COJIOHIIOBBIX 3€METTb,
arpo’KOJIOTMYECKUX TPYII U BUAOB 3€MENb, @ TAKKE KapTOrPaMMBbl COACPKAHUS T'yMyca, HUTPATHOTO a30Ta,
noaBrxkHOTO Gocdopa, oOmenHoro kanus, pH u cepel. B 2025 rogy monomHUTENsHO ObUTH pa3pabOTaHBI
arpo’KOJIOTUYECKUE KapThl BO3/IEIbIBAHUS APOBOM MILIEHUIIBI, TbHA MACIUYHOTO, CYAAaHCKOU TPaBbl, SPOBOTO
SYMEHS1, IOHHUKA, KYKYPY3bl Ha CHJIOC, @ TAKXkKe KapTa CeBOOOOPOTOB U MPOU3BOICTBEHHBIX YUACTKOB.



s aucTaHIMOHHON OLIEHKY ITPOLYKTUBHOCTH UCIIOIb30Banuch JaHHble ND VI n kocMuueckue cHuM-
KU C IPOCTPAHCTBEHHBIM pa3perienuem 2,44; 10; 15 u 30 M, a Takke 1udposas mozens penbeda SRTM. Hop-
MaJIM30BAHHBIN PA3HOCTHBIN BET€TALIMOHHBINA MHJIEKC PACCUNTBIBAJICS 110 CTAHAAPTHOMY COOTHOLIEHHIO OTpa-
KeHus B OKkHeM HH(ppakpacHoM U kpacHoM auanazoHax: NDVI = (NIR — Red) / (NIR + Red). [l ananusa
30H IPOAYKTUBHOCTH UCIOJIb30BAJINCH MHOTOJIETHUE PsIibl CHUMKOB: 110 moiro Ne67—71 —3a 2018-2024 rr.,
o moJiro Nel8 —3a 2018-2024 rr., mo momro Ne33 —3a 2018-2024 rr., mo noiro Ne90 — 3a 2018-2024 rr. s
MOCTPOEHUS KapT MPOAYKTUBHOCTU OTOMPAIMCh CHUMKHU C Hanbosee BblpakeHHbIMH 3HaueHussMH NDVI B
IIEPHUOJl AKTUBHOM BETeTalUH.

Mopdomerpuueckas orieHKa penbeda BBIMOTHIIACK 10 KilaccaM YKIOHOB: <1°, 1-2°,2-3° u >3°. JIna
Ka)K0T0 T10JIs1 ONIPEEsUIach IUIOIMALh 110 KJIACCaM YKJIOHOB, CPEIHEB3BEIICHHBIN YKJIOH U KJIacC PACUJICHEH-
HOCTU TeppUTOpUH. MUKpOpeabed YUUTHIBAJICS Yepe3 BbIACIECHUE BOIOPA3/ENIOB, CKIOHOB M IMOHMKCHUH.
OTH 2JIEMEHTHI UCTOJIB30BAJINCH KAK OCHOBA 1715 conocTasieHus 30H NDVI, arpoxumudeckux nokasareneu
u (eHonornyeckux napamerpoB pacreHui. [lome Ne33 xapakTtepusyeTcsi HU3KOH PacdI€HEHHOCTBIO, MO
Ne67-70 m Nel8 — cpenneil pacusieHeHHOCTBIO, TIo€ Ne9() 3aHMMaAET NPOMEKYTOUHOE IOJIOKEHUE MEKIY
HU3KOH U CpelHEN paCcuJIEHEHHOCTHIO.

®deHonoruyeckas BepupUKaIys 30H NPOAYKTUBHOCTH MPOBOIMIIACH 110 MaTepHallaM y4eTa I'yCTOTHI
CTOSIHUSL U BBICOTBHI pacTeHui. I'ycToTa CTOSHUS ompezaessiach IMyTeM I0CYeTa KOJIWYECTBA PACTEHUN Ha
wiomaan 1 M? B Tpex MOBTOPHOCTSIX. YUeT NMPOBOIWICA IO IEMEHTaM penbeda: Bogopas/el, MOHUKEHNUE,
CKJIOH. B HaOmiofeHus BKIIIOYAIHCh cydaHckas TpaBa Ha moje Ne33, sipoBas miieHuIia Ha none Ne67-71, nen
MacauuHbli Ha nonsax Nel8 u Ne90. Cpennss ryctoTa cTosHUS cocTaBuia 32,4 mr./M? Ui CylaHCKOM TpaBbl,
74 wt./M? — g nmeHunsl, 122,5 mT./mM? — 118 AbHa MaciandHoro, Ha mone Nel8 u 96,4 mit./m? — 1714 JbHa
MaciauuHOro Ha nosue Ne90.

BricoTa pacTeHuii Takke OILlEHMBajach MO 3JIEMEHTaM penbeda U HCHOIb30Bajach Kak IMOKa3aTelb
MOp(hOMETPUYECKOI peakmu KyJIbTyphl Ha yciaoBus MUKponaHamagdra. ConocraBieHne rycTOTbl CTOSHUS,
BbICOTHI pacTeHuil 1 NDVI-30H 03BOIMIIO BBIMOIHUTH OMOJIOTHYECKYIO IPOBEPKY TUCTAHIIMOHHO BbIJIEJIEH-
HBIX 30H IMPOJYKTUBHOCTH. TaKkoil MOAXOM COOTBETCTBYET MPUHLUIY Ha3eMHOM Bepu(UKAIIMM TaHHBIX JUC-
TAHIIMOHHOTO 30HIMPOBaHMS U CHIUKAET pUCK onOoyHol uHTepnperanun NDVI kak nmpsMoro nmokasaresns
ypokaiiHoCTH 0e3 yyeTa MOYBeHHO-TaH A THIX (PaKTOPOB.

ATpOXMMUYECKHE MOKA3aTeIM UHTEPIPETUPOBAINCH HE M30JUPOBAHHO, & B CBA3M C IIOJIOKEHUEM
ydacTka B penbede U ypoBHEM BereTalMoHHON akTUBHOCTH. CopeprkaHue MOJBUKHOIO KaJlusi 3aKOHOMEPHO
pacrpeensaoch Mo 31eMeHTaM penbeda: Ha BoJopas/ienax OHO coCTaBiso okoso 800 MI/KT, Ha CKIIOHAX —
650 mr/kr, B noHmwxkeHusx — 950 mr/kr. Takoe pacnipenesnenue 00bsICHAIOCh 3PO3HOHHBIM CHOCOM Ha CKJIOHAX
U aKKyMYJISIIMEH WIMCTBIX YaCTHUIl U OPraHUYECKHUX OCTATKOB B IIOHM)KCHHUSAX.

JIJ1s1 KOMIIJIEKCHOW MHTEPIIPETAMK UCIIOIb30Baach jorudeckas cxema «NDVI-30Ha — anemeHT pe-
JIbeda — arpOXUMHUYECKOe COCTOSIHUE — (PEHOIOTUYECKasi peaklusl KyJabTypbl». BN BbIEIEHBI TPH UHTEP-
IIPETAllMOHHBIE IPYTIIBI: YPO3UOHHBIE CKIIOHBI C cofepkaHueM rymyca MeHee 2 % u NDVI menee 0,4; cpen-
HUE TI0 IUIOAOPOAMIO YUYacTKH C cozxepkanueM rymyca 2,5-3,5 % u NDVI 0,5-0,6; BBICOKONIPOLYKTHUBHBIE
30HBI ¢ conepxkaHueM rymyca 6onee 3,5 % u NDVI Gonee 0,7. OntumanbHas 30Ha (POTOCUHTETHUYECKOMN
aKTMBHOCTH COOTBETCTBOBAJIA coziepkaHuio rymyca 3,5-4,0 % u HurparHoro azora 7—9 mr/kr.

Craructuueckas 00paO0TKa BKIJIIOYAIa pacyeT CPeJHUX 3HAUEHHH, CTaHAAapPTHBIX OTKJIOHEHUH, cpaBs-
HUTEJIBHYIO OLIEHKY IOKa3aTesel Mo MoJisiM U 3JIeMeHTaM pelibeda, a TakKe KOPPESHUOHHBIN aHaIU3 CBI3U
MEXJly COAepKaHNEM I'yMyca U HUTPATHOro a3ora. i onucanus HeMMHEUMHON 3aBUCUMOCTH Mexkay NDVI,
IryMYyCOM U a30TOM HCIOJIb30Bajach napadoianueckas anmnpoxkcumanus. [ToctpoeHne camMocTosTebHON Mpo-
THO3HOM MOJIENIN YPOKaHOCTH B paMKaxX JaHHOW CTaTbH HE BBINOIHSIIOCH.

Pesyabrars.

NDVI-ananu3 noxaszaju, 4To NPOAYKTUBHOCTb MCCIENYEMBIX IOJEH MMEET YCTOMYMBYIO MPOCTPAH-
CTBEHHYIO CTpyKTypy. Ha mome Ne67-71 1 mocTpoeHust KapThl MPOXYKTUBHOCTH OBLIM MCIOIb30BAHBI
CHMMKH ¢ MaKCUMaJIbHBIMH 3HaueHuIMU NDVI 3a 2018-2024 rr.; cTaOnibHas IoIaab 30H HU3KOH U BBICO-
KOW MPOAYKTUBHOCTHU cocTaBuia 72 %. Bpl1o BBISBICHO, YTO HU3KUE 30HBI IIPOLYKTUBHOCTH YacTO COBIIAJIa-
IOT C MOJIOKUTENBHBIMU 3JIEMEHTaMU penbeda — BogopaszaeiaMy U BepIIMHAMU, UCTIBITHIBAIOIIUMU Ae(PULIUT
Biaru. OtpuuareiabHbie GOpMbI penbeda ¢ TyroBo-4epHO3EMHBIMU TIOYBAMHU XapaKTepHU30BaINCh Ooee Oa-
TONPUATHBIMH YCIOBHSIMU POCTA 3a CUET JOMOIHUTENBHOTO YBIaKHEHUS (PUCYHOK 1).



EspTa mpogycrmssiocT

Puc. 1. YepenneHHas KapTa MpoayKTUBHOCTH mojist Ne67—71 Ha ocHOBe maHHBIX HHAeKca NDVI 3a 2018-2024 TT.
[Fig. 1. Average field productivity map for Fields No. 6771 based on NDVI data for 2018-2024]

Jns monst Nel8 ucnonb3oBansl cHEMKE NDVI 3a 2018-2024 rr. CraOuiibHast II0IIAAb OIS COCTa-
Buia 43 %. 3ona 3 3anumana 40,9 ra, unn 23,6 %, U XapaKTepru30BaJlach MOJOKUTEIbHBIM MOTEHIIUAIOM
ypoxaitHoctu +9,0 %. 3oHa 2 3anumana 99,2 ra, unu 57,1 %, u oTHECeHa K cpelHEMY MOTeHIMay. 30Ha 1
3anumMana 33,4 ra, wiu 19,2 %, ¢ norenmanom ypoxaitnoctu —5,0 % (pucyHok 2).

Kapra npoaysrasnocTE

Puc. 2. Yepennennas xapra npogykruHocty mosist Nel8 Ha ocHoBe gaHHbIX MHIekca NDVI3a 2018-2024 rr.
[Fig. 2. Average field productivity map for Field No. 18 based on NDVI data for 2018-2024]



Ha none Ne90 craOunbHast U013, 30H HU3KOW U BBICOKOW MPOIYKTUBHOCTH cocTaBmia 58 %. 3oHa 3
3aHuMana 37,3 ra, unu 30,5 %, u XxapakTepu3oBajiach IOTEHLUAIOM ypoxkaiiHocTH +16,0 %. 30Ha 2 3aHnMa-
na 51,4 ra, unu 42,0 %. 3ona 1 3anumana 33,5 ra, unu 27,4 %, ¢ norenuuanom ypoxaitnocta —9,0 %. beuio
OTMEYEHO, YTO MOJOXKUTENbHbIE (POPMBI penbeda COBMATAIOT C KPACHBIMU 30HAMH KapThl IPOITYKTUBHOCTH,
TOT/Ia KaK OTpHUIIaTeIbHbIC JIEMEHTHI penbeda GopMHUPYIOT O0JIee BHICOKYIO TPOAYKTUBHOCTH 32 CUET AOMOJI-
HUTEJIBHOTO YBJIQXKHEHHUS U HAKOIUICHUS PACTUTEIbHON OHoMacchl (PUCYHOK 3).

KSpTa Apay e TeesocT

Puc. 3. Yepennennast kapra npoayktuBHocTH nosst Ne90 Ha ocHoBe nanubix uHaexca NDVI 3a 2018-2024 rr.
[Fig. 3. Average field productivity map for Field No. 90 based on NDVI data for 2018-2024]

Jnst moctpoenus kKapT npoayKTUBHOCTH 1outst Ne33 Ob1 0TOOpaHbl U TPOAHAIU3UPOBAHBI CHUMKH 32
2018-2024 rr. CrabunpHas TuIomaas 30H MpoayKTUBHOCTH Ha mojie Ne33 cocraBuia 43 % (pucyHok 4).

EBpTa npoaysTHBHOGCTIA

Puc. 4. Ycpennennas kapra npogyktuHocTd nojist Ne33 Ha ocHoBe gaHHbIX uHIekca NDVI 3a 2018-2024 IT.
[Fig. 4. Average field productivity map for Field No. 33 based on NDVI data for 2018-2024]
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AKALEMUSICHI

Ilony4ueHnHble nJaHHBIE MTOKA3bIBAIOT, YTO ND VI-30HBI HE ABISIOTCA CIIy4aWHBIM PE3YIBTaTOM OJHOI'O
roza. Ix ycToiM4MBOCTh YKa3bIBAET HA HAJIMUKE CTAOMIIBHBIX TOYBEHHO-PEIbe(HBIX (PAKTOPOB, BIUSIONIUX HA
MIPOJYKTUBHOCTb KYIIBTYP.

Mopdomerpuueckue JaHHbIE MOATBEPKAAIOT TEXHOJOTHUYECKYIO 3HAYMMOCTD penbeda (PUCYHOK 5).
[Tone Ne33 nmMeer HU3KYIO pacuI€HEHHOCTh cO cpeaHuM YKioHoM 0,83°. Tlons Ne67-71 u Nel8 umerot cpen-
Hui ykiIoH 1,20° 1 oTHOCATCA K cpeHepacuieHeHHbIM TeppuTopusiM. [lose Ne90 xapakrepusyercsa cpeaHum
yksioHoM 1,08°. Bputo ormeueHo, uto noist Ne67—70 u Nel8 nMeroT 3HaUMTENIbHYIO JTOJIF0 CKJIOHOB 1-2° n
2-3°, oxomno 40 %, uTo TpeOyeT MPUMEHEHHS TOYBO3ATUTHBIX TEXHOIOTHIA.
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Puc. 5. llndposast kapra penbeda
[Fig. 5. Digital elevation map]

Casi3p NDVI ¢ pensedom Hambosee yetko nposiBuiiack Ha moisx Ne67—71 u Ne90. Ha nonoxurens-
HBIX Popmax penbeda NDVI cHmxancs usz-3a neduuura BIary, Toraa Kak MOHKEHHbBIE 3JIEMEHTHI pebeda
o0ecreYrBaIy JIy4IIne yCIOBUSA Ul HAKOIUIEHUS! OMOMACChl. DTO MOATBEPIKIAET, YTO MUKPOpPETIhEe] BHICTY-
naet He ()OHOBBIM, a IMATHOCTHYECKUM (PaKTOPOM MPU UHTEPIPETALNN 30H MPOTYKTUBHOCTH (Tabnuma 2).
Tabnuua 2. Mopdomerprueckast XapaKTepHCTUKA UCCIIeyeMbIX TOoJIeH

[Tone Cpennuit Knacc pacunenen- ATrposKosiorndecKasi HHTepIpeTanus
YKJIOH S, ° HOCTH

Ne33 0,83 Huzkas MWuHHAMAaTBHBIN PUCK YPO3HH, HO BBIPAKCHBI OTPAaHUYCHUS, CBI3AHHBIE C CO-
JIOHIIEBATOCTHIO U JIETKHM T'PAaHyTOMETPHIECKAM COCTaBOM

Ne67-70 | 1,20 Cpennsist Heo0xoauMocTh TOYBO3anIMuTHONH 00paOOTKH U y4eTa CKIIOHOBBIX IPOIECCOB

Nel8 1,20 Cpenuss Puck BHyTpHITIONBHOI A depeHInanny BIark U MATAaTeNIbHbIX BEIECTB

Ne90 1,08 Huskas—cpennss [IpomexyTouHOE MONOKEHHE, TOKAJIbHBIE OTPAHUYCHUS 10 BIIare ¥ MUKpOpe-
needy

[TouBeHHO-arpOXMMHUYECKUI aHAJIN3 MOKA3ajl BEIPAXKEHHYIO HEOIHOPOAHOCTH IUI00poaus (Tabnuma
3). Conepxanue rymyca Ha OoJbIlel TEpPUTOPUH XO3siiicTBa BapbupyeT oT 2 10 4 %, copepkaHue HUTpar-
HOTO a30Ta Ha BCEX MCCIEIYEMBIX MOJSIX OTHOCUTCS K OYEHb HU3KOMY U HU3KOMY YPOBHSIM: MeHee 6 MI/KT
u 69 mr/kr. [TonBuxubi hochop pacnpenenen nectpo: nonst Ne67—71 n Nel§ umeroT npeuMyIecTBEHHO
MIOBBIIIEHHYIO U BBICOKYIO 00ECIIEYeHHOCTb, TOT/Ia KaK Ha JPYIHX HOJISIX oTMeuaeTcs Oojiee HU3Kas obecrie-
4eHHOCTb. OOMEHHBIH KaJInii Ha BCEX MOJISIX HAXOJUTCS Ha OYE€Hb BHICOKOM YPOBHE, UTO CBS3aHO C MUHEPAJo-
ITMYECKUM COCTaBOM IOYB U MIOYBOOOPA3YIOIUX TOPOJ.



Ta6HI/II_Ia 3. AFpOXI/IMI/I‘-ICCKaH XapPaKTCPUCTHKA ITaXOTHOI'O T'OPU30HTA I10 MTOJISAM

ITone n N-NOs, mr/ | P2Os, mr/kr K20, mr/xr I'ymye, % | pH

KT
Nel8 30 537+2,50 |[32,89+£1091 |[82550+174,20 |2,89+0,60 |7,52+0,72
Ne33 19 441 +3,88 |35,18+18,34 |575,00+178,64 |1,84+0,24 |7,02+0,61
Ne67-71 | 47 8,29+230 |38,33+20,16 |71543+174,50 |3,09+0,41 |7,99+0,59
Ne90 12 5,83+2,29 |23,04+7,96 708,83 £ 183,22 | 3,17+ 1,14 | 8,20 £ 0,66
Bcero 108 6,52 +3,10 |34,57+17,09 |720,56+192,38 |[2,83+0,73 |7,71+0,74

[Tone Ne33 Brifensercs Kak HanOoIee OrPaHUICHHOE M0 arPOXUMUYECKUM U BOTHO-(DU3HUUECKUM YC-
noBusiM. Huzkue nokasarenu minogopoaust nosist Ne33 cBs3aHbl C COJIOHIEBATOCTBIO, JIETKUM T'PaHYJIOMETPHU-
YECKUM COCTAaBOM M TIOJCTHIIAHUEM OTECUYaHEHHOW MOYBOOOpasyrolieil moponoit ¢ rmybunst 60—70 cM, 4To
CHIDKAET BJIAroy/Iep >KUBAIONIYIO0 CIOCOOHOCTH MOYB.

B xoxe uccnenoBaHuii TakKe YCTAaHOBJIEHO, YTO HA CYIJIMHUCTBIX U DNIMHUCTHIX mouyBax NDVI cra-
OounpHO BhImIe U qocturaeT 0,6—0,7, Toraa Kak Ha JIETKUX MO TPAHYIOMETPUYECKOMY COCTaBy yyacTKaxX Ha-
omonaercs nedunut kanus. [IpoctpancTBernHast mo3ananocts NDVI cornacyercs ¢ pacripeneieHrneM oOMeH-
HOTO Kausl. B MOHIKEHUSX, T MPOUCXOIUT aKKyMYJISIIIASI TyMyca U 3JIEMEHTOB TUTaHUsI, OTMEUEHBI Oojiee
BbICOKHE U cTabmibHbie 3HaueHuss NDVI — 0,65-0,75. J1ns cs3u NDVI ¢ ryMmycoM 1 a30TOM MpUMEHSIACh
napabonuyeckasi anmpoKCUMAIUs; ONTHUMAallbHAsl 30HA OIpeleieHa Mpu coxepkanuu rymyca 3,5-4,0 % u
azora 7-9 Mr/kr.

[To pe3ynbraraM ucciae0BaHui ObLT IPOBECH aHAIN3 KOPPEISIIHOHHON 3aBUCUMOCTH MEXKIY TyMYy-
COM U a30TOM B YEpHO3EMHBIX MOYBAX Ha pa3HbIX dMeMeHTax penbeda. B 2024 romy 3aBUCMMOCTH HOCHUIIA
MOJIOKUTEINIbHBIN XapakTep: Mpu yBeIudeHuu rymyca 1o 44,5 % conepskanue azora Bo3pacrano (r = +0,19).
[TapaGonuyeckas anmpoKCUMAIUs TToKa3ana HeMUHEHHBINA POCT a30Ta MPU HU3KUX 3HAUYEHUSX TyMyca U CTa-
Oounuszanuio Ha BeIcokuX. B 2025 romy Habmionanacek crnabas orpunarensHas koppemsimus (r = —0,31). O1o
CBsI3aHO ¢ OoJiee HeOMAroMPHUSITHRIMU KIIMMAaTHUECKUMHE yCIOBUSIMU (yCHIICHUE MUHEPAIN3alliY, BBIMBIBAaHHE
a3oTa, JeHUTPU(UKAILINA), a TAKKE C Iepepacipeie]ICHHeM OpraHuIecKoro BerecTsa mo penbedy. [Ipu 3Trom
MaKCUMyM a30Ta (PUKCUPOBAJICS TIPH COACPKaHUU ryMmyca okoio 3,5—4,0 %, mocie yero poct ObLIT HE3HAUH-
TEJTHHBIM (PUCYHOK 6).

FABMCHMOCTE MyAyCa | az20Ta No emmeHTam JABMCHMOCTE MYMYCR W 22078 NO NERMEHTIM
peneeda {(2024) peneeda {2025)
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Puc. 6. KoppensinoHHast 3aBUCHMOCTb MEX/y TYMyCOM M a30TOM Ha Pa3HbIX dJIEMEHTax penbeda
[Fig. 6. Correlation between humus and nitrogen across different relief elements]

B nienom koppensiiioHHas 3aBUCUMOCTh MEXIY COJEepKaHuEM I'yMyca M HUTPAaTHOTO a30Ta UMEeT clia-
OBl 1 YMEPEHHO BBIPAKEHHBIN XapakTep, 4TO OObACHAETCS KOMIJIEKCHBIM BIUSHUEM TeOMOP(OIOTrHUECKUX
YCIIOBUH, arpOIKOJIOTHUECKUX TPYIIT U BUAOB 3€MEJTb, arPOXUMUYECKUX, (PU3UKO-XUMUYECKUX, BOTHO-PHU3HU-
YECKUX U arpOTEeXHUYECKUX (DaKTOPOB.

Ananu3 naHHbIX 32 2024 u 2025 rr. mokasal, 4yTO COAEp)KaHHE TyMyca 3aKOHOMEPHO BapbUpPYET B
3aBHUCHUMOCTH OT T€OMOP(OJIOTHUYECKUX YCIOBHI M arpodKOJIOTHYECKUX TPYII U BUAOB 3emenb. Ha Bojo-



paszenax (IIaKopHbIE 3€MJIM) T'yMYC CTAOMJIEH U HaXOOUTCA Ha ypoBHE 3,0—3,5 Y, YTO OTpakaeT XOpoLIee
COCTOsIHUE TyMycoBOro ropu3onta. Ha ckinonax 1-3° (3po3uoHHBIE 3eMJIM) FyMyC CHUXkaercs 10 2,2-2.9 %
BCJIC/ICTBHME CMbIBA U JETpajiallid BEPXHHUX TOPU30HTOB. B moHmkeHusx penbeda (momyruapomMopdHbie U
ruipoMopdHbIE 3eMII) OTMevaeTcs 0oJiee BRICOKHI ypoBeHb rymyca - 3,0-3,5 % u BbilIe, 3a CUET aKKyMYyJIsi-
LMY OPraHUYECKOTO MaTepuasa 1 BIaru.

JlaHHbIE TIOJIEBOM BIAXKHOCTH MOATBEPKAAIOT PA3IUUMS MEXAY MOISIMHU. B HIOHE JOCTarouHbIe 3a-
machl BiIard ObUTH XapakTepHsl A moseid Nel8 u Ne67-71, roe mokazarenu nqocturamu 22-28 %. Ha momie
Ne90 BnasxHOCTB ynepkuBanack Ha ypoBHe 15-27 %. Ha nmone Ne33 ycioBust Obl1u MeHee OJaronpHusTHbIMU:
BIAXHOCTh cocTaBisuia 10—12 %, 4yTo cBA3aHO € JIErKUM I'PaHYJIOMETPUUECKUM COCTABOM M ON€CYaHEHHBIMU
nopojgamMu. B uione Ha Bcex MOMSIX MPOM3OILIO PE3KOE CHIKEHUE BIaKHOCTH, 0cobeHHO B crmoe 0—40 cwm;
BJIQXKHOCTh CHUXkanach 10 7—10 %, 4To coBNasio ¢ KPUTUUECKUM IIEPUOJIOM BEreTallH.

Otu nanHble 00bsACHIOT pasnuuus B NDVI u ¢penonornyeckoit peakiuu KyasTyp. Boicokast mpomyk-
TUBHOCTH IOHIKEHHBIX 2JIEMEHTOB pelibeda cBA3aHa HE TOJIBKO ¢ HAKOIICHUEM JIEMEHTOB MUTAHUS, HO U C
JTYYIIMMH YCIOBUSAMHU BogooOecneueHus. Hao6opot, monoxurensHbie (OpMbI penbeda v CKIOHBI, 0COOCHHO
IIPH JIETKOM I'PaHyJIOMETPUYECKOM COCTABE, CUJIBHEE MOABEPIKEHBI HCCYLIEHUIO.

DeHOI0TMYeCcKUe YUEThI MOKa3alll, YTO peaklus KyJIbTyp Ha MUKpopenbed HeonuHakoBa. CyqaHckas
TpaBa Ha nose Ne33 xapakrepu3oBajach HAMMEHBLIEH I'yCTOTOM BCXOAOB CPEIU U3YUYEHHBIX KYJIBTYp: Cpell-
Hee 3HaueHue cocTaBwio 32,4 mr./mM?>. MuHNManbHas TycToTa 3adMKCHpPOBaHa B MOHMWXEHUU — 14 mT./M?,
MaKCHUMaJbHasi Ha CKIIOHE — 63 1IT./M?. DTO CBS3aHO C MOACTUIAHUEM ONECYaHEHHBIX TOKPOBHBIX CYTITMHKOB
¢ nryOuHBI 0K0J10 60 cM U c1abbIM 3aCOJICHHEM MTOUYBEHHBIX TOPU30HTOB (Tabnuna 4).

Tabnuna 4. 'yctoTa CTOSHUS CeNIbCKOXO03SIICTBEHHBIX KYJIBTYP MO AJIEMEHTaM peibeda, mT./M?

[ToBTOPHOCTD H 3TEMEHT Cynanckar Tpasa, TTimennna, mome JIén MacmaunEei, mone | JIEH MACTHYHBIH, OIS
peaseda mome Ne33 Neg7-71 Nel8 Ned(
Boaopaszen 21 100 103 93
39 o4 04 83
27 96 91 152
Tlonmxenne 27 33 112 83
25 50 128 o8
14 47 125 138
CrioH 63 71 152 99
21 08 142 44
55 77 156 78
Cpennee 324 74.0 1225 96,4

[Tmenwnira Ha one Ne67—71 umena cpenHior ryctoty 74 mr./m?. Hanbomnee OrnaronpusTHbIC YCIOBHUS
st GOpPMHUPOBAHUS BCXOJIOB OTMEUYEHBI Ha Boopaszaenax — 94—100 mt./M?. B MOHMKEHUAX TyCTOTa CHIKA-
nack 10 33-50 mt./mM?. Hanbornee paBHOMEpHBIE BCXOABI MIIEHHUIIBI COPMHUPOBAIHCH HA BOJAOPA3IEIBbHBIX
MMOBEPXHOCTSX U CKIIOHAX 110 1°.

Jlen macinmuHbIi Ha moie Nel8 mokazan BBICOKYIO TycTOTy cTostHUS — 122,5 mt./M2. MakcumanbHbIe
3HAYCHHUS] OTMEUYCHBI Ha CKJIOHAX — A0 156 mT./M?, MUHUMaJbHBIE Ha Bogopazaenax — 91-103 mr./m2 Jlen
MacIu4HbIA Ha Tioste Ne9( umMen cpeHtoro TrycToTy 96,4 mT./M?, ¢ muana3oHoM ot 44 mit./m? Ha cKitoHe a0 152
IIT./M? Ha BOIOpa3ere.

DeHoornuecKre JaHHbIe MOATBEPK1at0T, YT0 NDVI-30HBI IPOAYKTHBHOCTH HEOOXOUMO UHTEPIIPE-
THUPOBATh C y4€TOM OMOJIOTUM KOHKPETHOM KyJAbTYpbl. [l CynaHCKOM TpaBbl JOMOIHUTENBHOE YBIA)KHEHUE
MOHMKEHUH yCUJIMBAJIO POCT B BHICOTY, HO HE BCEra 00eCreunBaIo MaKCUMAIbHYIO TyCTOTY cTosHUS. J{ist
MIICHUIIB! O0Jiee OIarONMPUATHBIME OKAa3aJIMCh BOAOPA3IEIbI U Clla0ble CKIOHBI. JIJIs JIbHA MacITMYHOTO peakK-
s Obli1a HEOJHOPOIHOM U 3aBUCeNa OT NoJist: Ha rnosie Nel8 makcumalibHas TyCTOTa OTMeYalach Ha CKIJIOHAX,
a Ha nosie Ne9( BbIcOKasi '3MEHUHMBOCTD MPOSIBUIIACH MEX1Y CKJIOHAaMU U BOAOpa3ieiaMu.

BricoTa pacTeHnii Takke OTpakasia BUIOCTICIU(PUISCKYIO peakiuio KynbTyp. CyqaHcKas TpaBa mMesa
CPEIHIOI0 BBICOTY 154 cM; MakCUMyM OTMEYEH B MOHMKEHUSX — 10 207 cM, MUHUMYM Ha Bojopasieie — 99
cM. OTO YKa3bIBa€T Ha BBICOKYIO OT3bIBUMBOCTH KYJIBTYphI Ha JOMOJHUTENIbHOE YBIaXHeHue. [imennna ume-
Jla CPEeIHIOK BBICOTY 67,8—67,9 cM; caMble BRICOKHE pacTeHUs C(hOPMUPOBAIKCH HA BOJOPA3EIEC U CKIOHE
— 10 86 u 76 cM, Tora Kak B MOHMKEHHUSIX BBICOTA CHIDKAJIACh 10 52—64 cM. Jlen Mmacianunbiii Ha mmose Nel8
UMeJ CPEeNHIO BBICOTY 55,6—55,7 cM, 6e3 BhIpa)KEHHBIX pa3jIMuuil MO 3IeMeHTaM penbeda; Ha mnose Ne9(



cpenHss BeicoTa coctasuia 00,5—60,6 ¢cM, MAKCUMYM B IIOHWKEHUAX —/4 CM, MUHUMYM Ha CKJIOHAaX — 44 ¢cM

(Tabmuma 5).

Ta6JII/IHa 5. BricoTa celnbCKOX03IMCTBEHHBIX KYJBbTYPp IO 3JICMCHTAM peJILeQ)a, CM

Comnpsoxenue NDVI, penbeda, arpoxumun 1 PeHOTOTUN TIO3BOJISIET BBIICIUTD TPU THIIA arPOIKOJIOTH-

[ToBTOpHOCTH U CynaHckas Tpasa, [Tmenuna, nosue JIéHn Macnu4HBIH, JIén MacnuuHBIH,
aneMeHT penbeda | moie Ne33 Ne67-71 none Nel8 noae Ne90
Bonopasznen 127 86 46 59

130 65 54 61

99 69 62 69
[Tonwmxenue 183 52 55 52

207 76 53 61

203 64 65 74
CxJioH 146 64 52 44

130 76 56 61

161 59 58 64
Cpennee 154,0 67,8 55,6 60,5

YECKOM MHTEPIPETAINN 30H NMPOTYKTUBHOCTH (Tabiuia 6).

Ta6mmma 6. Arposkonorudeckas Bepudukaius NDVI-30H

Turr 30HBI

NDVI-npusnax

[Mousenno-penbepHOE 00B-
SICHCHHE

deHoMOTMYECKOE npo-
SIBJICHUC

TexHoImOrM4YECKOE ClIE-
CTBHC

BricokonponyKTuBHas

CTabWILHO BbI-
COKHE 3HAYCHUS

HOHI/I)KGHI/ISI, AKKYMYJIA LU
BJIarv, rymyca u 3JICMCHTOB

VBenuueHne BEICOThI
CY/IaHCKOU TpaBblI J10

Hcnons3oBanue 1mo-
TC€HIHaJla 30HbI IIPU KOH-

NDVI MUTaHUs 207 cM; NOBBILLICHUE TPOJIE NEPEyBIIAKHEHUS
oromaccsl Y YIUIOTHEHUS
CpennenponyktuBHas | Cpennue 3Hade- | Bomopasmensr u ciabbie PaBHOMepHBIE BCXOABI Brnaroc6epexenue,
Husg NDVI CKJIOHBI, yMEPEHHOE BJIaroo- | MIIEHMIIBI Ha BOJOpa3/ie- | paloHalIbHOE YI0-
OecrieueHne nax — 94-100 mwr./m? OpeHue, moaaepIKanue
CTPYKTYpPBI
HuskonponykrusHas Huskwue 3naue- CKJIOHBI, 5pO3HOHHBIH cHOC, | CHIMKEHHE T'yCTOTH U IouBo3amuTHast 06-

Hust NDVI

OIICCYAaHCHHOCTD, COJIOHIIC-
BaroCThb

BBICOTBI paCTeHHﬁ, BEBI-
COKas BapI/Ia6eJ'ILHOCTB

paboTKa, MeTHopaTHB-
HO-aJJaNTHBHBINA PEKHM,

OrpaHU4CHUEC UHTCHCUB-
HBIX TEXHOJIOTUH

[lepBrlii TUIT — BBICOKOIIPOAYKTUBHBIE 30HBI AKKYMYJIITUBHOTO XapakTepa. OHHU yallle CBsI3aHBbI C I10-
HIDKEHHBIMH DJIEMEHTaMU pesbeda, rae GOopMHUPYIOTCS JTyUIlUe YCIOBUS BIarOHaKOIUIEHUS, TOBBIIICHHOE
cofiepXaHue TyMyca M JIeMEHTOB NuTaHus. /i Takux 30H XapakTepHbl Oonee Bricokne NDVI-3HaueHws,
nuamnasonsl 0,65-0,75.

Bropoii T — cpeHenpoayKTUBHBIE 30HBI BOIOPA3ACIBHOTO U CIa00CKIOHOBOTO TOJOKEHHS. JTH
YYaCTKH MOTYT 00ecreuyrBaTh paBHOMEPHBIE BCXOBI MIIIEHUIIBI U JIbHA, HO NP HEOCTATKE BJIAru WM HU3-
KOM COZIEp’KaHUH a30Ta UX MPOAYKTUBHOCTH OrpaHUunBaeTcs. s TakuX 30H TpeOyeTcsi COXpaHeHHUe BIary,
palMOHAIbHOE IUTAHUE U MUHUMU3ALMSA MEXaHUUECKON HArpy3KHu.

TpeTuil TN — HU3KONPOYKTHUBHBIE 30HBI CKJIIOHOB, ONECYAHEHHBIX M COJIOHILIEBATHIX y4acTKOB. OHU
CBSI3aHBI C HPO3HMOHHBIM CHOCOM, HU3KOW BJIArO€MKOCTBIO, CHUYKEHUEM I'yMyCa U IUTATEIIbHBIX JJIEMEHTOB.
DpO3UOHHBIE CKJIOHBI XapaKTepPU3YIOTCS HU3KUM cofiep:kaHueM rymyca menee 2 % u NDVI menee 0,4.

Obcyxaenne.

[TonmyuenHsle pe3ynbrarbl NOATBEPKAAOT, 4T0 NDVI-30HBI NPONYKTHUBHOCTH B YCIIOBHUSX FOJKHBIX
gepHo3émoB Kocranaiickoii o0mactu (opMUPYIOTCS TIOJ] BO3/IEHCTBHEM KOMIUIEKca (PaKTOpoB, Cpeau KOTo-
PBIX BEIYIIUMH, SIBISIOTCS MUKpOpPETbed, BIaroo0ecrne4eHHOCTh, arpOXUMUYECKOE COCTOSIHUE MaXOTHOTO
clios ¥ buonoruueckre 0co0eHHOCTH KylnbTypsl. NDVI B 1aHHOM ciiy4yae BBICTYIIAeT HE KOHEYHBIM Pe3ylib-
TaTOM HCCIICZIOBaHMS, @ UHTETPAIbHBIM MHIUKATOPOM, KOTOPBIH TpeOyeT arpodKOIOrHYECKOro OObsICHEHUSI.

Haubonee BakHBI METOAMYECKUI pe3yJabTaT COCTOUT B TOM, YTO OIHHU U T€ K€ DIEMEHTHI pelibe-



(ba Mo-pazHOMY MPOSIBISIIOTCA B 3aBUCUMOCTH OT KyJbTYypbl. [[OHMXKEHUSI 00€CIIeUnBaId BBICOKYIO BBICOTY
CY/IAaHCKOW TpaBbl, UTO CBSA3aHO C JOMOJHUTEIbHBIM YyBIaXXHEHHEM. OJHAKO [JIsl MUIIEHULbI TOHWKEHUS HE
ObUTH OTHO3HAYHO ONArONPUATHBIMH: T'YCTOTa CTOSIHUS CHIDKanachk 10 33—50 mt./M?, a BbICOTa pacTEHHI B
MOHIDKEHUSX cocTaBisaa 52—64 cM. DTO yKa3blBaeT Ha TO, YTO JOMOJHUTEIBHOE YBIAXKHEHHUE MOXKET OBbITh
MOJIOKUTENBHBIM (PaKTOPOM ISl KOPMOBBIX KYIBTYpP, HO HE BCErla ONTHMAJbHO JAJSl 3€PHOBBIX, 0COOEHHO
MIPH NepPEyBIAKHEHUU BEPXHUX TOPU3OHTOB, YIUIOTHEHUH UM HEOIArOMPHUSITHOM BO3IYIIIHOM PEXHUME.

Cas3b Mexxay NDVI u arpoxumMudeckuMH OKa3aTreas My TaKKe UMEET CII0XKHBIN xapakTep. Ha yvact-
Kax ¢ 0ojee BRICOKMM COZIEpKaHHEM T'ymMyca U a30Ta (POTOCHMHTETHYECKasi aKTUBHOCTh BO3pPAcTaeT /10 Ompe-
JIEIIEHHOTO ONTHUMYMa, MOCTIE Yero 3aBUCUMOCTh cTabunusupyercs. OnTuMansHasi 30Ha OIpe/eneHa mpH co-
nep:xanuu rymyca 3,5-4,0 % u azora 7-9 MI/kr. DTO BayKHO Il IPAKTUKH, TIOCKOJIbKY MPOCTOE YBEINYECHUE
7103 ynoOpeHuii He rapanTupyet JuHeitHoro pocta NDVI u nponyktuBHOCTH. DPPEKT MUTAHUS PeaTu3yeTCs
TOJILKO MPH ONIArOMIPHUSITHOM COYETAHUU BJIAard, CTPYKTYPHI MOYBBI, peibeda U KYIbTYPHI.

[Tomme Ne33 mpencraBisieT 0coObI MHTEPEC KaK MPUMEpP OTPAHWYEHHO MPHUTOIHBIX 3eMenb. Huskoe
cofiepaHue rymyca, 6oyiee HU3KOE CoAepkKaHHe OOMEHHOTO Kaius, JETKHi rpaHyJIOMETPUYECKUIN COCTaB,
COJIOHIIEBATOCTh U MOJACTUJIAHKE OTIeCUaHEHHBIX MOpoA ¢ TIyounsl 60—70 cM GOopMUPYIOT YCTOWYUBBIEC OTpa-
HUYEHHUS IS IPOAYKTUBHOCTH. [[puMeHeHne MenTnopanTa Ha COIOHIIOBOM Y4acTKe CIOCOOCTBOBAJIO yBEIHYE-
HUIO COZIepKaHus opraHnyeckoro Bemectsa Ha 0,2—0,3 %, yacTuuHOMy 3amMenieHuto Na* B TOUBEHHO-IIOTIIO-
LIAIOLIEM KOMIUIEKCE, YIYUYIIEHUIO CTPYKTYPHOTO COCTOSIHUSA, aKTUBU3ALMY MUHEPAIU3ALUN OPTaHUYECKOTO
a30Ta U HUTPUPHUKAIIH, YTO COMPOBOKAATOCH YBETUUCHUEM COMEPKaHuUs a30Ta Ha 3—4 MI/KT U MOBBILICHU-
€M IPOAYKTUBHOCTHU CYJaHCKOHM TpaBbl. ITO MOATBEPKIAAET, UTO JUJIS TAKUX 3€MEJIb IPUOPUTETOM SIBIISETCA
HE MOBBIIICHUE TEXHOJOTMYECKOH HHTEHCUBHOCTH, a aJallTUBHO-MEJIMOPATUBHBIN PEKUM UCIIOIb30BAHUS.

Cpasaenue NDVI-30H ¢ MOphomMeTprUIeCKUMH TTapaMeTpaMu IMMOKa3bIBAET, YTO MOJIS CPEIHEH pacuiie-
HEHHOCTH TpeOyIoT 0c000T0 BHUMAaHUS K MOYBO3aIIUTHOM opranu3aruu. Ha momsx Ne67—70 u Nel8 3nauu-
TeJbHas J0JIs CKIIOHOB 1-2° 1 2—3° yKa3bIBaeT Ha PUCK MepepacipeeieHus Blaru U MUTaTeNIbHbIX BEIIECTB.
Ha Takux y4acTkax MHTEHCHUBHAs MeXaHH4ecKas 00padoTKa MOXKET YCUIIMBATh SPO3UOHHBIN CHOC U CHUXKATh
YCTOWYHMBOCTD arponanamadgra.

TeopeTnueckas 3HAYUUMOCTb UCCIIEIOBAHUS 3aKII0YAETCS B YTOUHEHUHU METOJI0JIOTMH arpo3KoJIoruye-
ckoil unrepnperanuu NDVI. B otnuune ot nonxoaa, npu kotopom NDVI ucnons3yercst TONbKO AJis BbIIAENE-
HUS 30H BBICOKOM M HU3KOW MPONYKTUBHOCTH, MPEJIOKEHHAS JJOTUKA BKIFOYAET YETHIPE MOCIIEI0BATEIbHBIX
YPOBHS: TUCTAHIIMOHHBIN CUTHAJ, peibeHO-MIOYBEHHOE OOBSICHEHHE, arpOXUMHUYECKOE MOITBEPKICHUE U
Oouonornyeckyo Bepudukanuio uepes pacteHue. Takoil MOAX0A COOTBETCTBYET MPUHIIUIIAM aJalTHBHO-JIAH]I-
maTHOTO 3eMJIe/IeN s, I7Ie TEXHOIOTHYECKOe PelIeHUE MPUHUMAETCS HE 10 CPEeTHEMY MO0, a TI0 arpodKo-
JIOTUYECKHU OJHOPOJIHBIM y4aCTKaM.

[IpakTrHyeckas 3HAUUMOCTh COCTOMT B BOBMOKHOCTH HUCIIOIb30BaHUs BepupuimpoBanHbix NDVI-30H
JUTS IPOEKTUPOBAHUS YIIPABICHUYECKUX 30H BHYTPH OJIsI. BBICOKOTIPOIYKTHBHBIE 30HBI MOTYT HCIOIb30BATh-
Csl ISl peaju3aliy NOTeHIMAIa KyJAbTYpbl IPU KOHTPOJIE MEPEyBIAKHEHHS U yIUIoTHeHUs. CpeaHenpoayk-
TUBHBIE 30HBI TPEOYIOT MOAJIEPKUBAIOIIEH TEXHOJIIOTUU: BIarocOepexeHus, cOaJaHCHPOBAaHHOTO MUTAHUS,
COXpaHEHUs! CTPYKTYpPbI MOUBbI. HU3KOMPOAYKTUBHBIE 30HBI TPEOYIOT MOYBO3AIMIUTHOM 00pabOTKH, OTpaHu-
YEHUS] MHTEHCHUBHOTO PBIXJICHUS, COXPAHEHUS] CTEPHH, MEJIMOPATUBHBIX MEPOINPUATUNA UM U3MEHEHUS KYJIb-
TYpBL.

OrpaHudeHreM HCCIeI0BaHuUs ABISETCS OTCYTCTBUE €AMHON KOOPAMHATHO CBSI3aHHOMN 0a3bl, B KOTO-
poii xkaxoit Touke NDVI coorBeTcTBOBanu Ob1 3HaueHusi rymyca, N-NOs, P20Os, K2O, BnaxHOCTH, TyCTOTHI
CTOSTHUSI, BBICOTHI pacTeHUI 1 ypokaiiHOCTH. [ToaTOMY BhIOTHEHHAs BepU(UKALIKs UMEET CPAaBHUTEIbHO-a-
TPOAIKOTIOTHUECKHI XapaKTep, a MOCTPOSHUE MPOTHO3HOM MOIe I TpedyeT paciiuperust 0a3bl HAOMIOICHHIA.

BoiBOABI.

[IpoBeneHHas arposKkoiIoruueckas Bepuukaius moxkasania, YTo 30HbI MPOTYKTUBHOCTH, BbIJICJICHHbBIE
o NDVI na nonsix TOO «Omxa-CaguuKoBCKOE», UMEIOT YCTOMYMBYIO IPOCTPAHCTBEHHYIO CTPYKTYPY U OT-
paXaroT BIUSAHUE CTA0OMIBHBIX TOYBEHHO-PENbE(HBIX PAKTOPOB, a HE TOIBKO MOTOHBIX YCIOBUH OTIEIHHOTO
roza: crabuibHasl TUIOMIAIb 30H MPOAYKTUBHOCTU cocTaBuia 72 % Ha mone Ne67-71, 43 % na none Nel8 u
58 % na mone Ne90. Oguum u3 Beaymux GaxtopoB (HOpMUPOBaHUS MPOIYKTUBHOCTH BBICTYIAeT MHUKPOpE-
nped: TOIOKUTENbHBIE (DOPMBI penbeda yalie XapakTepusyrorcs AePUIIMTOM BIIATH, TOTJA KaK TOHUKCHHbBIE
AIIEMEHTHI 00eCIIeUNBAIOT JOTIOJHUTEIBHOE YBIAXKHEHHE, aKKYMYJISIIIHIO paCTUTENbHON OnoMacchl U Oosee
BbIcOKHE 3HaueHus NDVI. ArpoxuMuueckoe cOCTOSIHUE MaXOTHOTO CJI0s CYHIECTBEHHO Pa3andyaloch MEXy
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IOJISIMHU; HAaHOO0JI€E BhIPAXKEHHBIE OTPaHUYECHUS] YCTAHOBICHBI Ha I10JIE Ne3 3, II€ COAECPIKaHUE r'yMyca cOCTa-
Bwio 1,84 + 0,24 %, oomenHoro kaimusgt — 575,00 + 178,64 MI/Kr, 4TO CBSI3aHO C COJIOHIIEBATOCTHIO, JICTKUM
IPaHYJIOMETPUYECKUM COCTABOM M MOACTHJIAHHEM OIEeCYaHEHHBIMU MopojaMu ¢ niryouHsl 60—70 cMm, Toraa
Kak OoJiee OJIaronpusATHBIE MOKA3aTeau IIoa0poaus ortMedeHbl Ha Toisax Nel8, Ne67—71 u Ne90. Penbed-
HO-00YyCIIOBJIIGHHOE TIepepacipeiesieHue 3JIEMEHTOB MUTAHUS TOATBEPKAAECTCA CONEPIKAHUEM IOJIBHKHOTO
KaJIUs: Ha CKJIOHAaX OHO cocTaBmwiio 650 mr/kr, Ha Bogopasaenax — 800 MI/kr, B MOHMKEHUAX — 950 MI/KT, 4TO
YKa3bIBA€T Ha POJIb CKJIIOHOBBIX MPOIECCOB, AKKYMYJISIIUM TOHKOJUCIIEPCHBIX YaCTULl 1 OPraHUYECKOTO Bellle-
cTBa B (pOpMHUPOBAHUU arpOXUMHUUECKON HEOTHOPOIHOCTH. DeHOoIornuecKas peakius KyabTyp MOATBEpIUIIa
HE0O0X0MMMOCTh Onosnorudeckoit Bepudukanmu NDVI-30H: cymaHckas TpaBa MposiBUJIAa BEICOKYHO OT3bIBUH-
BOCTb Ha JIOMOJIHUTEIILHOE YBIQKHEHHE TTOHMKCHHM, TOCTUTast BRICOTHI 710 207 cM, mimeHuIa ¢opMupoBasa
Haubosiee paBHOMEpPHBIE BCXOJbI HA BOAOpa3/eiax U caabbIX CKIOHAX, a JIEH MAaCIUYHbIN JEMOHCTPUPOBAI
BBIPKEHHYIO U3MEHUYUBOCTh I'yCTOTHI U BBICOTHI PACTEHUI B 3aBUCUMOCTH OT MOJIsSI U MUKpopeibeda. [Tomy-
YEHHbIE PE3yJbTaThl MOKa3bIBaIOT, 4TO NDVI-30HbI IPOJYKTUBHOCTH HE MOTYT MCITOJIb30BATHCS KaK CAMOCTO-
ATEJIbHBIA arpOHOMUYECKUI TUArHo3; UX NPAKTUYECKas HEHHOCTh BO3HUKAET IPHU COMPSHKEHUH C TAHHBIMU
penbeda, arpoXMMHUECKOTO aHAIKN3a, BIAXKHOCTH MOYBHI U ()EHOJIOTHYECKON peakuu Kyistyp. s ycnoBuit
I0KHBIX uepHO03EéMOB KocTanalickoit o6actu BepudunupoBanabie NDVI-30HbI 11e51€C000pa3HO UCTIONB30BAThH
KaK OCHOBY IS BbIJICJICHUS YIIPABICHUYECKUX YYACTKOB B aJalTUBHO-TAHIIIAQTHON CUCTEME 3eMIICICIINS: B
BBICOKOTIPOTYKTUBHBIX 30HaX HEOOXOMMO pean30BbIBaTh MOTEHIMA KYJIbTYPbl IPU KOHTPOJIE MEPEyBIaXK-
HEHUS U YIUIOTHEHHS], B CPEAHENPOAYKTUBHBIX — IPUMEHATH BlIarocOeperaroniye 1 noaepK1uBaromfe Tex-
HOJIOTUH, B HU3KOTIPOYKTHUBHBIX — HCIIOJIb30BATh MIOYBO3ALIUTHYIO0 00pabOTKY, METUOPATUBHO-a/1alI TUBHBIE
MEPOIPUATHS 1 KOPPEKTUPOBKY CTPYKTYpHI KyabTyp. JanbHelmue uccnenoBanus B Pecyonuke Kazaxcran
JIOJKHBI OBITh HampaBiIeHbl HAa (OPMHUPOBAHUE €IUHONW KOOPIMHATHO CBSA3aHHOM 0a3bl JaHHBIX, BKIIIOYAIO-
meit NDVI, nudposyro Mmonens penbeda, arpoXuMHUIECKHE IMOKa3aTeld, BIaXXHOCTh MTOUBbI, YPOXKAWHOCTh U
(dbeHomornyecKkue mapaMeTphl, YTO MO3BOJIUT MEPEUTH OT ONMUCATENBHOM arpoIKOJIOrHUYeCcKOl BepudUKalum K
IIPOTHO3HBIM MOJIEJISIM YIIPABJICHUSI IPOAYKTUBHOCTBIO MALTHU.
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Abstract. In response to modern demands, agriculture has begun to explore new directions. The
production of bananas, which are in high demand on the global market, is a striking result of this search.
Bananas are often seen as a gift from distant lands, and yet we have begun to grow them ourselves. This is
a new milestone, a new breath of fresh air for the country’s agro-industrial complex. Therefore, in recent
years, the domestic agricultural sector has seen a growing stream of bold and new initiatives. Bananas, which
are plants native only to tropical countries, are now grown in greenhouses in southern Kazakhstan — in the
Turkestan and Kyzylorda regions. This is not only experience in the agricultural sector, but also a bold and
ambitious vision for a strategic step aimed at ensuring the country’s food security. Today, such innovative
projects demonstrate concrete results of policies to diversify agriculture, reduce import dependence, and
develop domestic production. In principle, this process - growing bananas in a greenhouse — requires a special
approach and knowledge, as the tropical plant requires favorable growing conditions in an unfamiliar climate.
Modern research is also aimed at adapting bananas to artificial conditions. Of course, introducing banana
plants and incorporating new elements into their cultivation technology requires considerable thought and
effort. Furthermore, the primary material plays a major role in this process - the correct selection of banana
varieties suitable for greenhouse cultivation. Academician N.I. Vavilov once said that the success of selection
depends on the source material.

Keywords: banana, rhizome, root sucker, seedling, polycarbonate greenhouse, diseases-pests, rhizome
propagation
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AHHoTauus. byrinne aypl1 mapyalbUibIFbl cajachl 3aMaH Tana0dblHa call xkaHala OaFrbITTap MEH TeX-
HoJIOTHsIapAbl urepyre 6et 6ypa 6actaabl. COHbIH >KapKbIH MBICAJIBI — 9JIEMJIIK HAPBIKTa CYPAHBICHI KOFAPbI
0aHaH MaKbUIBIH eniMi3ze ecipy Oactamachl. Kenmiinirimi3 yiiiH OaHaH — albICTaFbl eNACPAIH ChIAbI CEKIIIl
KOpIHEeTIH, OHBI €HJi ©31Mi3 Jie ecipe 6acTaabIK. bys — eniMi3/iiH arpoeHepKacill cajJachbHIaFhl XKaHa Oernec,
’aHa ThIHbIC. COH/IBIKTaH, COHFBI XKbUIApbl OTAH/IBIK arpoceKTopaa 0aTbul api ThIH OacTamaiap Jeri apThin
keneni. TponukanblK alMakTaFsl eiepre FaHa TOH OCIMJIIK caHajaThiH OaHaH, eHAl oHTycTik Kasakcranma
— Typkictan meH Kpi3butopaa o6abIcTapbIHIa KbUIBDKAMIIBIK KaFaaiia ecipiiin xKarelp. by Tek arpapibik
caJlaZiaFbl TOKIpHOE FaHa eMec, eJIMI3IIH a3bIK-TYJIIK KayilCi3/1iriH KaMTaMachl3 eTyre OarbITTajfaH cTpare-
TMSJIBIK KJaMHBIH 0aThUI 1a ayKbIMbI KepiHici. byrinae MyHaai xaHambu sxo0anap aybul MIapyallbUIbIFbIH
opTapanTaHbIpy, UMIIOPTKA TOYEIAUIIKTI a3aiTy KOHE OTaH/IbIK OHIIPICTI 1aMBbITY CasCaTbIHbIH HAKThl HOTHU-
JKeCiH kepceTin oThlp. Herizinne Oy npouecc — 6aHaH/bI )KbUIBDKA1a ©cipy, epekiie Ko3Kapac neH OimiMIi
Tajar eTel, eUTKeH1 TPOMUKAIBIK OCIM/IIK OeHTaHbIC KIIMMATTa KOJIAalIbl ©Cy JKaf1aiIapblH KaKeT eTell, 3a-
MaHayu 3epTTeysep Jie OaHaHIapbl )KacaH bl XKaFaainapra Oellimaeyre 6arpITTasFad. OpuHe, 6aHaH eciMIi-
I'iH UHTPOAYKLHUSIAY, OHBI ©CIPYAIH TEXHOJIOTHUsIApbIHA ThIH OybIHIAP MEH JIEMEHTTEP €HI13Y KYMBICTapbIH
aTKapy KeIl akbUI-O MEH Kyl >kirepai Tanan eteqi. CoHbIMEH Karap, OyJI mapaHbl aTkapyaa 0acTanksl Ma-



Tepuai - OaHaHHBIH KbUTbDKAWFA BIHFAMIBI COPTTAPBIH TYPHIC TaHIAy-CYPHINTAY Ja YIKEH POJb OWHAMIBI.
CenekmusiHbIH KETICTIT1 OacTamKbl MaTepuasiFa OailTaHbICThI ekeHiH akafgemMuk H.M. BaBuiioB Ta ke3inje
AWTBIN KETKEH.

Tyiiin ce3nep: 6aHaH, Tamblpcabak, TaMBIPOCKIH, TIKIE KOIIET, MOJIMKapOOHATTHI JKbUIbDKAM, ay-
PY-3USHKEC, TAMBIPOCKIHIMEH KOOEI0
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AHHoTanus. B cooTBeTCTBUU ¢ COBpEMEHHBIMU TPEOOBAHUSMU CEITBCKOE XO3SHUCTBO HAYaJI0 UCKATh
HOBbIE HampasiieHus. [Ipon3BoacTBO GaHAHOB, MOJB3YIOUINXCS BBICOKMM CIIPOCOM Ha MUPOBOM PBIHKE,— Sp-
KM pe3ynbTar 3TOro NOUCKa. baHaHbI MHOTHM KaXyTCs IOJAPKOM JAJIEKUX CTPaH, HO TeIEepPb Mbl CAMM Ha4aJIu
UX BbIpalIMBaTh. TO HOBas BeXa, HOBOE JIbIXaHUE B arpoNPOMBIIIIJIEHHOM KOMILIEKce cTpaHbl. [losTomMy B mo-
CJIETHHE TO/bl B OTEYECTBEHHOM arpOCEKTOPE PACTET MOTOK CMEJIbIX M HOBBIX HHUIIMATHB. baHaHbl, KOTOpHIE
SIBIISIFOTCSI PACTEHUSIMH, XapaKTEPHBIMU TOJIBKO JUISI CTPAH TPOIIMYECKOTO PETMOHA, TENEPh BBIPALIMBAIOTCS B
TEIUTMYHBIX YCI0BUSX B 10’kHOM Kazaxcrane — Typkecranckoil n Kei3pumopanHckoil 061acTax. DTo HE TOJIBKO
OIIBIT B arpapHoil cepe, HO U CMeIoe U MaclITabHOE BUACHUE CTPATETMYECKOro Illara, HalpaBJIeHHOTO Ha
obecriedeHne NpoJ0BOJILCTBEHHOM Oe30macHOCTH cTpaHbl. CerofHs Takue HOBaTOPCKUE MPOEKTHI TOKa3bIBa-
IOT KOHKPETHBIE Pe3ybTaThl MOJIUTUKH TUBEPCUPHUKAIIUHN CEICKOTO X03s5IICTBA, CHUKEHUSI UMIIOPTO3aBUCH-



MOCTH W pa3BUTHS OTCUCCTBCHHOIO IIPON3BOJCTBA. B NPUHITIIIC, HTOT IIPOLECC — BhIpAIllBaHNsl OaHaHOB B
TeIuInie — TpedyeT 0co00Tro OTHOUICHHS U 3HAHUMN, TaK KaK TPOIIUYECKOE pacTeHue TpedyeT O1aronpusiTHhIX
YCIIOBUH pOCTa B HE3HAKOMOM KJIMMaTe, COBPEMEHHBIC MCCIIEIOBAaHUS TAK)KE HAIIPAaBJICHbI HA aJalTallio
0aHAaHOB K MCKYCCTBEHHBIM yclOBUSM. KoHEYHO, HHTPOOYKIIMPOBAaHUS pacTeHHI OaHaHa, BHEAPEHHE HO-
BBbIX 3BEHBEB U AJIEMEHTOB B TEXHOJOTHH €ro BhIpAllMBaHUS TpeOyeT MHOTrO yma u ycwiuid. Hapsay ¢ atum
OOJBIIYIO POJIb B BBIMOJIHEHUU TAHHOTO MEPONPUATHUS UTPAET MEPBUYHBIA MaTepual — MPaBUIbHbII BEIOOD
MOJIXOSAIINX JJI TEIUIUIIBI COPTOB 6aHaHOB. O TOM, YTO yCHEX CEJICKIMH 3aBUCUT OT UCXOJHOTO MaTepuara,
roBopuJi B cBoe BpeMs akajgemuk H.M. BaBuios.

KutoueBble ciioBa: OaHaH, KOpHEBHILE, KOPHEOTIPHICK, CaXKEHEL, TeIula U3 nojaukapOoHara, 60-
JI€3Hb-BPEIUTENb, PA3MHOXKEHHE KOPHEBUIIIEM
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90-103. https://doi.org/10.37884/4-2026/07 [In Kaz.].

KoH(uIuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IMKTA HUHTEPECOB.

bnazooapnocme. Aémopul vipadicarom UCKPEHHIOW NPUHAmMeIbHOCMb Koalekmugy KuvizvliopouH-
cKo2o yHugepcumema «bonawaxy 3a n000epicKy u nomowb, OKA3anHvle NpU NPO8edeHUY HaAy4HO-UCCe006a-
menbCKou pabomaoi.

Ocobas b6razooaprocmu vipaxcaemcs yupeoumento Koizvinopounckozo ynueepcumema «bonawaxy,
2ocyoapcmeenHomy Oeameinto, npogheccopy, 0okmopy 3koHomudeckux Hayk bakbepeeny Capcenosuuy Jloc-
Manbemogy 3a OKa3aHHy10 NOMOWb, HAYYHblEe KOHCYIbMAYUU U YeHHble PeKOMEHOAYUU.

Kipicne.

banan (Musa spp.) — Musaceae TYKbIMIaChIHA KaTaThIH KOIDKBUILIBIK IIONITECIH 6CIMIIK OOJIBIT TaObI-
nazael. Kenmrimik apacbklHa OHBIH ©HIMI KEMIC peTiHJIe KaObUIJaHFaHBIMEH, OOTAaHUKAJIBIK TYPFbIIaH OaHaH
KUJICK TYpiHe *KaTaabl. ByJ1 eCiMIIK oJIeMHIH KOIITETeH eIepiH/Ie KeHIHEH OCipIiN, aca MaHbI3/IbI a3bIK-TYJIIK
JAKbUIIAPBIHBIH O1pi caHanaabl. TaHBIMAIIBIFEI JKaFbIHAH OaHAH aybl MIAPYalTbUIBIFBl OHIMICPIHIH 1TIHIE
OuTaii, Kypimn »oHe KYTepiJieH KSHIHT1 )KETEKI OphIHAApABIH OipiH ueneHemi. KypambeiHaarsl keMipcyap,
JTOpPYMEHJIEP MEH MUHEPAJIIBIK 3aTTapAbIH MOJI O0JTYbI OHBI KYHJISTIKTI TYTHIHY/IA CYpaHbICKa ue eTexi. banan
KaHa KYWIHIE Jie, TYpJl TaFamaap MEH KOHAUTEPJIiK eHIMIEpAl JalblHaayla Ja KeHIHCH ITai1aiaHbuIa bl
OJieM XaJIKBIHBIH OYJI OHIM/II KOIT MeJIIIepe TYThIHYbIHA OalIaHbICTHI Kb CallbIH AyHUEXKY31HIe 100 Mui-
nuaparaH actam OanaH xeniHeni [Ahmed, 2014: 965-967; Mansur, 2023: 1-16].

banaHHBIH HIBIFY TET1 Typalbl FadbIMJAp apachlHIa OpTaK MiKip Oap, ojapiablH Kemmrimiri Manai
apxurienari MeH OKeaHUsl aiiMaKTapbIH OYJI JKeMICTiH OacTankbel OTaHbI JEN eCenTeimi. 3epTTeymiepaiH
nadbIMAybIHINA, aJamM3aT O0aHaH ecipyll eTe epTe Ke3eHIeple, IamMaMeH Oi3MiH JoyipiMmisre JIeninri 6ec
MBIHKBUIIBIKTA OacTaraH. COHBIMEH KaTap KeWOip FhUIBIMH JIepeKTepae OaHaHHBIH OJaH Ja €pTEpeK, SFHU
[Tarrya-)Kana ['BunHest aymarbina 013/11H J0yipiMisre ASHiHT1 CeTri3 MBIHKBUIIBIKTA-aK MOJICHU JaKbLT PETIHIE
KOJIFa YUPETIITEeHI Typajbl MAIIMETTEp KenTipiyieAi. by oHbIH exenri opi KeH TapajifaH eciMIiKTepAiH O0ipi
exeHiH kepcereni [Najarian, 2022: 107-112; Singh, 2011: 94]. Kenmrinik apackiaaa 6aHaHHBIH OoTaHbl Ad-
pHUKa Jen Kare MiKip KaJIbITaCKaHBIMEH, IITBIH MOHIHJIE OHBIH TYIIKI IIBIKKaH kepi Mastaii apxurenarsl 00-
JBIT caHaiaabl. baHan — amaM3ar epre Ke3eHe-aK MOJICHU TypJie ecipe OacTaraH €H KOHE )KeMICTepIiH Oipi.
Tapuxu nepexrepre CyHeHCEK, TEHI3 casxaTHIbUIapbl MEH 3€pPTTEYIIIED JKaHa KYPJBIKTApbl UTepy Oapbl-
ceiH1a OaHaH bl anFam pet Kanap apangapsina, keiiin Bect-Maausra sxone oman opi ContycTik AMepHuKara
tapatkaH. Eypoma ennepi 6anan nomimeHn Tek XIX raceipia FaHa TaHBICTBL. byJ1 ke3eH e Temip >koyiapabiH
JaMybl MEH TOHA3bITKBIII KaOIbIKTAP/IbIH IMai1a O0Mybl KEMICTI aJIbIC KAIIBIKTHIKKA TachIMaJiJayFa KoHE
Y3aK yaKbIT CaKTayFa MYMKIHJIIK Oepii, COHbIH apKachlHaa O0aHaH KeHiHeH Tapana Oactazasl [Razani, 2020:
183—-192; Uzaribara, 2015: 221-224; Dewi, 2023; Samuel, 2025].

Kazakcran HapbiFbiHa OaHaH HETI31HEH DKBaJOpJaH >KeTKi3inexdl, anaimga oy eHim Keiraii, Pecei,
O30ekcTaH xKoHe 0acka Jja MeMJICKeTTepicH uMnopTTanaabl. Kazak TiniHae 6aHaHHBIH KOHE aTaybl — «MAYi3».
by aray ¥ae1 JKiGek sxonbl 1oyipiHeH Oepl KOJIIaHBUIBII KeJle/ll, COHIBIKTaH OaHaH Ka3aK XaJKbIHA MYJIIE
oeiiranbic sxemic emec. COHFBI KbUIIAPHl €NiMi3ae OaHaHIbI KEPTUTIKTI JKaFaaiaa ecipyre epekiine KOHLT
Oeminyne. TypkicTan oOnbIckIHIa OaHaH ocipy Taxkipubeci anramt pet 2020 KbUTbl KOJIFa albIHABL. JKepriaikTi
kocinkep Xanmuma CeliTkepiMOBa 63 JKbUIbDKalbIHAa OaHaH ecipill, OH HOTIKEJIepre Ko keTki3ai. Keitin-



HEH OyJI Oactama KeHeuir, 2025 XbUigaH OacTam l[ypKiCTaH ©HIPIHAE OaHaH OHIIPICTIK KOJEMIE OCIpUIe
Oactanel. byran neiiin 6aHaH TOJNBIKTAall UMIOPTTHIK OHIM caHaiFaH efi. JKbulbbKail mapyanibUIbIFbIHBIH Ja-
MYHI 1IITK1 HAPBIKTHI OTAH]IBIK ©HIMMEH KaMTaMachl3 €Tyre MyMKIHIIK Oepill, HMIOPTKA TOYSIALTIKTI Oipiama
temenaeTTi. Kasipri yakeirra Typkictan sxoHe Kpi3putopna oOnpicTapeiaa OaHaHHBIH AHamyc, KaBenaun
YKoHe 0acKa Jia epCIeKTUBAJIbI COPTTAPhI TAOBICTHI OCIPLTYE.

TypkicTan 0OJBICHIHIAFBI KBUIBDKAW KEIICHAEPIHIE ocCipuUIreH OaHaHIApAbIH ajFallKbl OHIIPICTIK
eHiMi 2024 XbUIABIH MaMbIp albIH/A KUHAIIBL. Bysl oTaHIbIK OaHaH MIAPyalIbUIBIFBIH JAMBITY KOJIbIHIAFbI
MaHBI3/IbI JKETICTIKTEPiH Oipi 0ol JKoFaphl OHIMIITIKKE KOJI KETKi3y MaKcaThlHIa ©CIMIIKTEPIl CyMeH
KOHE KOPEKTIK 3aTTapMeH TUIM/II KAMTaMachl3 €TeTiH 3aMaHayy TaMIIbLIATHII Cyapy TEXHOJIOTHUSCHI Maiiaana-
HbUIBL. JKoOaHBIH TaOBICTHI JKy3€re acyblHa SK30THKAIBIK )KEMIC IaKbIIIapbIH KbUIbDKAM KaFJaiibiHIa ocipy
OOMBIHIIIA MOJI TOKIpUOeci 6ap TypiK MaMaHIapbIHBIH KEHECTEePl MEH TEXHOJIOTHSIIBIK KOJAAyhl BIKIAT €TTI.
Mamannap TypKUSHBIH KIUMATTHIK JKaFJdaiiapplHa YKcac eHipiepae OaHaH ecCipyaiH THIMII oJicTepiMeH
OeJticTi. OHIIpUIreH OHIMHIH KaKbIH YaKbITTa AMarhl xkoHe [IIbIMKEHT KajlaaapblHbIH HApbIKTapbIHA IIIbIFa-
PBUTYBI XKOcmapianbin oTelp. COHBIMEH KaTap, >KEepriTikTi 0aHaHHBIH Oarachbl UMIIOPTTHIK OHIMIE KaparaHja
KOJDKETIM/TI O0JIa bl 1T KYTUTy/IE.

banan — Tponukaiblk aliMaKTapra TOH ©CIMJIIK OOJIFaH IBIKTaH, OHBIH KaJIBIIThI ©CYy1 YIIIH HAKThI TEM-
neparypaniblK KoHE BUIFAJABIIBIK PEXUMI KaxeT. Aya temmeparypackl keminae 18°C neHreiiinme cakral-
ca, aj canbIcThipMatbl bUTFAIABUIBIK 40—100 % apanbireiaaa Oosica, 6aHaH ©CIMIITT KapKBIHIBI 1aMBbIII, MOJ
eHiM Oepezi. COHBIMEH Karap, OJ1 ©Te KapbIK CYWTIII JaKbUIIapbIH KaTapblHa >KaTajbl, COHABIKTaH (OTo-
CUHTE3 MPOIIECIHIH THIMII XYPYl YIIIH KbUIbDKAKM 1IMIIH/E )KETKUTIKTI JCHIeH/Ie ’KapblK KaMTaMachl3 €Tyl
tric. OChIHIaM KOJIaiIb J)KaFaiiiap OHBIH 6Cyl MEH KeMic OepyiH aTapibIKTai kakcapraabl [Hassan, 2022;
Boronov, 2025: 15-21; Genet, 2026: 1-14].

banaH — >KbUTy MEH BUIFAJIJbl €PEKIIe JKaKChl KOPETIH TPOMUKAIBIK ociMaik. On Taburu >karnaiia
BUTFAJIBI MOJI aliMakTap/a ece/ll KoHe KypaMbIHbIH InaMaMeH 80 mailbi3bl Cy/iaH Typaabl. OCIMIIKTI TyphIC
KYTinm-0anTay YIIiH TOIBIPAKTBIH YCTIHI1 4—5 cM KabaThl )KapThUIai Keyill YIrepreH Ke3/1e FaHa cyapy KaxerT.
KexTemHeH Ky3re Aeiinri OesceH 1l ocy Ke3eHiHae OaHaH MOJI opi TYPaKThl Cyapyabl Tajam eTefi, Oipak Ta-
MBIPBIH IHIPIiM KETYyiHE 9KEJIETIH apThIK bUIFAJIJIBIH dKUHATYbIHA K0JI OepMey MaHbI3bl. AJl Ky3[IeH KOKTeMIe
JIEHIHT1 THIHBIIITHIK KE3CHIHIEC Cyapy MeJIIIepi OipTiHaen a3aiTeliaasl. TemMneparypa ToMeHIeTeH CallbIH Cy-
apy JKHMUIIr e KbICKapThuTybl Kepek. Cyapy apachlHjia TONBIPAKTHIH O€TKI Ka0baThl a3faan keOyi Thic. OCiMIiK-
Ti Cyapy YIUiH KOplLIaraH opTa TeMIIepaTypachblHaH CAJl KbUIbIPAK, TYHIBIPHUIFAH opi dKYMCAK Cy Maii1aaaHbl-
nanel [Md Abdus Salam, 2026: 93—100; Pithiya, 2025: 200-204].

banan ecimiri Konaiibl, KbUIbI KIMMAT JKaFAalbIHAAa ©Te KapKbIHIbI JaMblll, maMamMeH ap 10 kyH
CaliblH KaHa >KallbIpaK TY31l OThIpaabl. BeretauusibikK 1aMy K€3€HIH]IE OHBIH 6CYl OpPraHUKAJIbIK 3aTTap IbIH
ocepiMEeH Kylleie/1, COHABIKTaH KOPEKTeHAIPY KYHeciHie MUHEepasibl )KoHE OPraHUKAJIBIK ThIHAWTKBIIITAP-
JIbl aIMACTBIPBII KOJIIaHy THIMA1 OOJBIN caHanabl. MyHAai ThIHAUTKBIILITapFa OMOTyMyC, JINTHOTYMaT, Ka-
T TyMaThl CUSKTBI TAOUFU KOCTaJIap jKaTabl HEeMeCce OpraHO-MHUHEpa Ikl KeIEHAep Mai1aJaHbUTybl MyM-
KiH. OCIMIIIKT] yCTe KOPEKTEHIIPY 9/ICTTE aiibIHA €K1 peT JKypriziieni. Ayaiiia erep OaHaH KaKEeTTi OMIKTIKKE
YKETII, OHBIH 9p1 Kapai ecyiH MeKTey KaKeT 00Jica, KOPEKTeH Iipy O1pTiHIE TOKTAThUIBII, OCIMAIKTIH JaMy
KApKbIHBI peTTEeNe]Il.

3eprTey MaTepuaIapbl, OPHbI, MAKCATHI MEH MiH/IeTTepi.

banan ecimairi Kei3putopaa o0abICEIHBIH TaOUFU TOTIBIPAK-KIMMATTHIK JKaFdaibIHIa ©cipyTe Koai-
CbI3 TPOMUKAJBIK JAAKbLI OOJbIN caHanaabl. OHBIH OUOJNIOTUSIIBIK E€peKIIeNiKTepiHe OaiIaHbICThl KaJIbIThI
namysl yiriH Typaktel Typae 20-30°C apanbiFbiHIarsl TEMIIEparypa KaxeT. Aunaiina Celp OHIpiHIH reorpa-
(UAIBIK eHIITIHAC MYHAH JKbUTY PEKHUMI JKbUT OOMBI CaKTaJIMaiIbl, COHJBIKTAH OaHaH ©Cipy MYMKIHIITiH
3epTTey MakcaThbIHAA apHailbl FHUIBIMU JKaFaaiinap skacanubl. OcblFaH OailsIaHBICTBI 3€PTTEY KYMBICTAPHI
YHUBEPCUTETTIH CET13 CeKIUAaH TYPAThIH MOJMKApOOHATTHI KbUIBIKAN KEIICHIH e KYPri3iimi. by KplibI-
ail KOHCTPYKIMSICHI CBIPTKbI TAaOUFU 9cepliepre, COHBIH 1IIIHE KYLITI kel MEH Kap ’KYKTeMEeCiHEe KOFfa-
pBI Te3iMauIiriMeH epekiiencHeni. COHbIMEH KaTap OJ1 OCIMIIKKE KaKEeTTI MUKPOKIMMATTHI TYPaKThl yCTaIl
TypyFa MyMKiHaIK Oepeni. HoTmkecinae KplIbbKai inmiHae 6aHaH oCiMAITIHIH KaJIBIITHI 6Cyl MEH J1aMybIHa
KOJIAMJIBI TEMIIEPATYPANIBIK PEKUM Kb 00Mbl KAMTAMacChI3 €TUIE/].

3epTTeyaiH MaKcaThl MEH MIHIETTEPI: ChIp OHIP1 JKaFAaiibIH/1a TPOITMKANIBIK JIaKbIJI cCaHAIaThIH OaHaH-
JIbI JKBUTBDKAK A ©CIpiIT, SKOJIOTHSIIBIK Ta3a dpi OaJFbIH OHIM aly KOHE OHBIH BEreTaTUBTI KOOSHTY TEXHOJIO-
rusicblH MeHrepy. OCchl MiHZIETTI Ky3ere achipy yiriH 2022 xbuibl Kei3putop/1a oOIbICkIHA )KaKbIH OpHAJIACKaH



TypKiCTaH OOJIBICHIHAAFBI )KEKE JKbLIbDKAN LIapyalllbUIbIFbIHBIH TYKBIMBIK TUTOMHUTIHEH ajIblHFaH OaHaH-
HBIH «AHaMyc» copThl nainananeiabl. buikTiri 40—50 cM 60MaThIH TIKIIE KOIIETTEP YHUBEPCUTETTIH KbLIbI-
Kal KEeNICHIHAeT] CeKIMsIapra TiIK KaTapMeH OTBIPFBI3BLLIBL. KaTtap apanbirel MmeH Katap O0oiibl 0,30 M eTin
OenrisieHin, eCIMAIKTepAIH KaJbIThl JaMybIHA XaFaai xkacanasl. OTBIPFRI3Y/IaH KEeWiH YsAIap/IblH jKaHbIHAH
Cyapy MEH KyTIMIe bIHFaiIIbl 00Ty YIIiH Y3bIH apblIK Kyheci )kyprizinai. XKeut 60iibl eciMIikTepre GeHOoI0r -
SITBIK OaKbLIay JKYPri3iiin, arpoTeXHUKAJBIK KYTil-0anTtay *KyYMbICTapbl TYPAKThI TYP/E OPbIHIATIbI.

KebeiiTy MmakcaTbIHa KOJMAAHBUIATHIH KOIIETTIK OCKIH/EP aHAJIBIK ©CIM/IIKTIH KaHbIHAH aii1a 60iFaH
epkeHepAeH anbiHAbl. Onap opTypii JaMy Ke3eHIEpiH/Ieé MYKHUAT Ka3bUIbIN aJbIHBIN, aHAIBIK ca0arblHaH
3aKbIM KENTIpMEH aXbIpaThUIIbl. J{alibIHaIFaH OCKIHIACD aJJIbIH ajla 931pJEHTeH KbIIbDKAKW YsIapblHA OTHI-
PFBI3BUIIABL. ATl ThIM KILIKEHTAM, 9JICi3 ©CKIHAEP alAbIMEH KOPEKTIK CyOCcTpaTTa eCipiiim, )KeTiAipireHHeH
KeiH FaHa TYpaKThl OpbIHFa Keripinai. by oxmic kemerrepain OeiliMaenyid apTTIPHII, OJap/IbIH 9pi Kapaii
KAJIBITITHI ©CY1HE KOJAMIIbI KaF1ai jKkacabl.

banan eciMiriHiH KapKbIH/BI ©CYl OHBIH KOPEKTIK 3aTTapFa JIETeH KOFaphl KXETTUIITH KopceTel,
COHJIBIKTaH THIHAUTKBIII Oepy xKyheci MYKUsT pertesnei. XKa3 Me3riiainae oCIMIIKTI anTa cailblH YCTEeN KOPeK-
TEHIpY YChIHBLICA, Ky3Tre Kapai OyJ1 )UK aifbiHa Oip peTke AeiiH azaiTeuiaabl. banan yuris a3ot, pocdop
YKOHE KaJMi AJIEMEHTTEPI TeHrepiMal Typae OepuireH MUHEpaIbIK KOHE OPraHUKAJIBIK THIHAWTKBIIIITAP IbI
KE3EeKTECTIpiNn KOoNJaHy THiMAl caHanaasl. OpraHUKanbIK ThIHAUTKbILTAp (OMOrymMyc, Kapairipik) TOTMbI-
PaKThIH KYPBUIBIMBIH JKaKCAPTHIT, OHBIH KYHAPJIBUIBIFBIH apTTHIPAJIbI, OJapabliH Meimepi 1 M? ysara mama-
MeH 10-12 nutpai Kypaiasl. A MUHEpaIAbIK THIHAUTKbIIITap (MOUEBUHA, cyniepdocdar, kanuii cyabhaThl)
OCIMJIIKKE TE€3 9Cep €Till, KAKETT1 JJIEMEHTTEP/I1 HAKThI J103a]1a KAMTaMachl3 €TE/I1, )KaJIITbl €CeNnIeH 1 rekrapra
N-13 kr, P205-40 kr, K2O-13 kr enrizineai. Bererauusmibik Ke3eH 1€ YCTEN KOPEKTEHIIPY dp €Ki anTta cailbiH
JKYPTi3iiin, ajg Ka3aHHAH HaypbI3Fa JEHIHT1 THIHBIIITHIK Ke3€HIH 1€ TOIBIK TOKTAThLIA IbI.

3epTTey HITHKEJIePi AKIHE 0J1aPAbI TAJIKbLIAY.

banan ecimtiri TaOufu xaraiiia OuikTiri § MeTpre JeliH )KeTKeHIMEH, OHBIH TaMbIp JKYHEeC1 CaJIbICThI-
pMaJibl TYpae Tas3 opHajgacaibl )koHe kobiHe 30 cM TepeHaikTeH acnaibl. OChbl epeKkiienirine 0aiaaHbICThI
OHBI OTBIPFBI3Y YIIIIH aca YJIKeH HeMece TepeH IIYHKbIPIap/IbIH KaKeTl KOK, KypeK OOWBbIHIal JaibIHAaIFaH
ystap KETKUTIKTI 00mbin caHanaabl. OTBIPFBI3yFa apHaJIFaH KOIIETTEP/IiH MOJIIepl opTyp:ai O0Iybl MYMKIH:
oJlapJbIH OWIKTIri mamamen 15 cMm-nen 6acrainbin, 1,5 MeTpre neiiH xerei. Anaiga KemeT peTinie nanaana-
HBUIATBIH €PECEK OCIMIIKTEP/IIH dJIi KeMic OepMereHi MaHbI3Ibl APT 00JbIN Ta0buTa bl Ka3bin anbiaran Oa-
HaH KeIIIeTTepl )KaHa OPbIHFA KOIIipliep ajAblH/1a cabaFbIHBIH OPTa TYChIHAH KECIITIIT, JKaITbIPAKTaAPhI aJTbIHBIT
Tactanaabl. TamblpbiMeH Oipre AaiibIHAaNFaH KeleTTep Kol apbaMeH TachiManiaHaabl. OTBIPFBIZY Ke3iHe
OCIMJIIKTIH TaMbIp 06JIiri TonmblparbIMeH Oipre TOMEHTI1 KaFbIHAH YCTalbIM, cabarbl ChIHOAYBI YIIIH €KiHIII
KOJIMEH OpTa TYChIHAH HEMECE CAJI TOMEHIPEK JKepiHeH aeMeneni. Kemer ysara opHanacThIpbUIFaH COH, aJIJIbIH
ana JailblHanFaH KOPEKTIK TOMbIPaK KOCIAaChIMEH KOMITIN, COHbIHAH MOJIBIHAH cyapbuiasl (CypeT 1).

Cyp. 1. banaHHBIH Xac TIiKIIe KOUIETTEPi MEH epecek OCIMIIKTEpPiH yaIapra OTBIPFIZY
[Fig. 1. Planting young upright seedlings and mature banana plants in nests]

JKelmbbKaiiFa OTBIPFBI3BUIFAH OaHaH ©CIMIIKTEP] apbIKTAall Ta, YsJIan Ta cyapbulajsl, oJjaH 0acka, ska-
IBIpaKTaphl anTam bICTHIKTA KYH CaibIH apHaibl paHIaNbl OYPIKKILITEp, HEMece MyIbBEepU3aTOPMEH CyMEH
OYpKUIiM, bUIFaNl KYWHIe YCTaJbII Typaabl. Bysl 9K30TThI ©CIMIIKTIH €peceKTepi FaHa eMec, KIIIKeHE KOIETTIK
OCIMIIKTEpi Jie CyMeH OYpKireHai xakcol kepei. JKanbslpakrapabl OYpKy KeIIke Kapail xKyprizijesni

XKeuboxaiina ecipiiren 0aHaH ©CIMAIKTEP1 apbIK apKbUIbI Ja, YSUIall cyapy dAiCIMEH Jie KaMTaMachl3
erineni. COHBIMEH Karap, anTan BICTBIK Ke3eHIEpiHAe OJapAblH JKalbIpaKTapbl KYHJEMIKTI apHalibl paHla-
J6l OYPIKKILITEp HEMECE IMyIbBEPH3aTOp KOMETIMEH CYMEH BUIFAJIaHIBIPbUIBIN OThIpabl. MyHai Oypky
©CIMIIKTIH bUIFAJIBUIBIFBIH CAKTaIl, KOJTAWIbl MUKPOKIMMAT KaJIBINITACTBIpyFa KeMekTece . bananHbIH epe-




CCeK Japajapbl FaHa €MeC, COHJIal-aK )Kac KOUICTTEepl JIe JKalblpaKTapblHa Cy OYPKUITCHII JKaKChl KaObLI-
naiinel. by skympic ke0iHe KYHHIH CalKbIHAAy ME3TLNl - KEeIIKi yaKbITTa Kyprisineni, cededi on OyaaHyIbl
a3alThIM, CyIbIH TUIM/II CiHYiHE *aFaai xacaiinbl [JKanzakos, 2025: 858—863; Cheng, 2024: 1-20]. bypikkim
KypaJlJapJbIH KoMeTiMeH OaHaHHBIH Kac KOIIeTTepi Je, epecek oCiMIIKTepi 1€ CyMEH YHEMI bUIFalJaHAbIPbI-
naapl. CoHbIMEH Oipre onap TaMbIpaH ThIC KOPEKTEHAIPY MaKCcaThIHIa MUKPOIJIEMEHTTIK MpernaparTapabiy
epITIHALIepIMEH e XKYHell Typ/e oHIeTiN, KOCBIMIIIA KOPEKTIK 3aTTapMeH KaMTaMachl3 eTiieai (CypeT 2).

Cyp.2. banan eCIMIIKTepiH Cyapy, JKalbIpaKTapblH CyMeH OYPKY JKoHE MUKPOAJIEMEHTTI epiTiHIepMEH TaMbIPJaH THIC
OYpKill KOPEKTeHIpY.
[Fig. 2. Watering banana plants, spraying their leaves with water and foliar feeding with microelement solutions].

Banan eciMIiriH ajramksl cyapy Ke3eHiH/Ie TOIbIpaK MOJIbIHAH bUIFAJIIaHABIPbLIA/Ibl, ad KeHiHTi Cy-
apyiap TONbBIPAKTHIH BUIFAJIBUIBIFBIHA Kapail >Kypri3iiei: erep ociMIiK OpHaJIACKaH >KepAl YII cayCakKIeH
KbICKaH/1a bUTFaN Oesinbece, cyapy KaxeTTuliri TysiHaanasl. Cyapy mpoueci ajujbiH ajla TYHAbIPbUIFaH, TeM-
nepatypacsl 25-30°C apabiFbIHIAFBI KBUIBI CYMEH XKY3€re achIpblUIabl. byl MenTeciH KO KbULABIK 6CIM/IIK
18-30°C temMrieparypalbIK apaibIKTa )KaKChI OCII, KaTbINThI 1aMuIbl. JKblmbbKaiinarel TeMieparypa 18°C-tan
TOMEHJICTCH JKaF/aiiia, acipece KbIc ME3TUIH/E, TaMbIp KYHECIHIH IIPYiHIH aJAbIH aly MaKCcaThIHAA Cyapy
Medepi endyip azaiTeiiaael. COHbIMEH KaTap, IIaMajaH ThIC cyapy OaHaHFa Kepi acep eTelll: yKarblpaKTa-
PBIHBIH YIITapbl KOHBIPJIAHBII, KeOe OacTaiiibl )koHE ©CIMIIK ©CyiH TOKTaTybl MyMKiH. COHIIBIKTaH cyapy
PEKUMIH IYpBIC CaKTay OHBIH JKaii-Kyil MEH ©HIM/IUIIT YIIH 6Te MaHbI3/1bl. baHaH bl ©cipy YIIiH KbUIbDKAR
ayaChIHbIH BUIFAJIJIBIFBIH peTTey KakeT emec. Onap KalbINThl bUIFAJIIBUIBIKTA 6ce Oepeni. EH GacThICHI - Kbl-
CTa JKbpUIbDKal Temneparypacsii 150C-tan Temen Tycipmey. Kepicinme sxafnaiia eCiMIik eCyiH TOKTaTa bl
JKOHE TINTI OJIII KeTyl JIe MYMKIH.

Banan ecimiri )kapbIKThI )KaKChl KOPETIH JaKbUIIApAbIH KaTapblHa kKaTabl, OipakK oJ TiKeJel TyCKeH
KYH COYJIECIHEH Tepi AIIBIPAHKBI )KAPBIKTA JKAKCHI TaMUIbl. OCIMAIKTIH KAJIBIITHI 6CYy1 YIIIIH KYH Y3aKThIFbI
keminzae 12 carar Gomysl KaxeT. KyH KbICKapaThlH Ke3€HIEpAe, ocipece KY3/iH COHBIH/AA, KbIC ME3TLTiH/Ie
JKOHE KOKTEMHIH OachIH/a >KbUIBDKAM 1IIIHIEe KOCBIMIIA YKACAHIBI JKapblK Ke3[epi KodgaHbuIaabl. JKapbik
JKETKIJIIKC13 OoFaH karaina ¢puronammnanap Hemece apoip 1 m? aymakka keminze 26 Bt kyar 6epetin ¢uy-
OPECIICHTTI IaM/1ap OpHAThLIaIbl. BYaTTHI KyHAEpi Ae 6anaH eciMmiri kyHiHe 10—12 carar apasbIFbIH/IA KET-
KUTIKTI KapbIKIEeH KamTaMachl3 eTiinyl Tuic. COHbIMEH Karap, eCIMAIKTIH IYpbIC JaMybl MEH aypyJapIblH
aJIJIBIH Ty YILIH SKbUTbDKAH 1IIHJEr aya aaMacyblH KAMTaMachl3 €Till, KYHel TYp/Ie JKeNIeTy Kyprisiieai.

Banan ecimMziriH bICTBHIK aya paiibl Ke3iH/I€e TIKeJIeH KyH CoylIeciHiH acepiHeH Kopray MaHbI3/bl, ce0ebi
KYIITI JKapbIK JKalbIPaKTap/IbIH KYHII KeTyiHe oKeslyl MyMKiH. OCbl MaKcaTTa sKbUIbDKa/1a KeJIeHKeTey KYH-
ecl KOJIZIaHbUIaIbl, SIFHU XKAPBIKTHI 11I1HAPA a3aiiTy mapajiapsl )Kypriziieai. Jlerenmen OaHaH 1aKbUIbI )KOFaphI
JKapbIK CYUTII OOJFaH/IBIKTaH, TOJBIK KOJCHKE jkacayFra 00JIManIbl, TEK KapblK MOJIILEPIH TEHIepiM/Il JeH-
reiijie cakray Kaxet. By eCiMIIKTIH KaibInThl (POTOCUHTE31H KaMTaMacki3 eTei (cypet 3).

Banan ecimairi Koianmsl xKaraaiiapia eTe KapKbIHABI OCII, IIIaMaMeH op OH KYH CalbIH JKaHa jkKa-
mbIpaK Ty3edl. Anaiiza OaHAHHBIH Kachl XKambIpaK CaHbIHA TiKeJel OalmaHbICTBI eMec, cebebi omapIbiH
CaHbl OCIMJIKTIH >KaJIbl JaMy Ke3eHIHE KOHE oCy KapKbIHbIHA Kapail e3repil oTbIpajbl. OCIMIIIKTIH KaCchIH
aHBIKTay/a HET13T1 KOPCETKIII PETiH/Ie OTHIPFBI3BUIFAH YaKbIT, IYJIIEY MEp3iMi )KOHE JKkeMic Oepy Ke3eHi ecerl-
Ke anbiHaabl. COHNIBIKTaH OaHAaHHBIH JaMy CaThUIApbl APKbLIbI OHBIH OMOJIOTHSUIBIK XKachl OaranaHaabl. OaeT-
Te, ouikTiri 50—70 cM GonaThIH KOLIETTEp OTHIPFBI3bIIIFAHHAH KeiliH O1piHII KBUIBIH ©31H/e-aK xKeMic Oepyi
MYMKiH, ai 0oiibl 10-20 cM GonaThiH ANICi3ey KOLIeTTepre TOJBIK KEeTUTy YIIH 2—3 KbUI KaXXeT OOiajbl.
I'ynnmey mpotieci ofeTTe yIil *KbUIIaH KeiiH, oCIMIIKTe KeMiHae 16 jKambIpak KalbInTacKaH Ke3ze OaiKanaibl,
OYJ1 OHBIH TOJIBIK JKETUTYiHIH MaHbI3IbI Oenrici Oonbin cananaapl. XKemic 6epreHHeH KeifiH OaHAHHBIH HET13Ti
cabarpl TIPUIUIITIH TOKTAaTaabl, OipaK ©CIMIIK Tamblp KyHeciHeH maiaa OolaThlH KaHa OpPKEHACP apPKbLIbI



OMIp CYpylH JKalFacThIpaibl. UChl CCOCHTI DaHaHra JKCKe Japa eMeC, TyTac KOIDKBUIIBIK JKYNe PCTIHAC Ka-
pay KaxkeT. baHan eciMIIriH BereTalMsUIbIK Ke3eH OoMbIHAa KyTim-OanTayblH MaHbI3bl arpOTEXHUKAIIBIK
mapaJlapeIHbIH O1pi - apTHIK HEMECe Kypall KaJIFaH KalblpaKTap bl )KYHeIl TYpAe allbIl TacTay OOJIbIN TaObI-
naapl. MyHail sxanbslpakTapiblH Y3bIHIBIFEI Kelie 3—4 MeTpre JeiiH jKeTeTIHAIKTeH, oJapbl Kecy Hemece
CBIJIBIPBIN TAaCTay Ke31He OCIMAIKKE 3aKbIM KEeNTIpMEy epeKiiie MaHbI3/1bl. KeclireH xepiep/in Taza opi Teric
OO0JTyBI JKapaKaTThIH Te3 jKa3bLIybIHA JKoHE MHEKIUSHBIH TapaiMaybiHa bIKnal etesi. COHbIMEH Karap, KoJj-
JAHBLIATBIH KYpalgapAblH MIHIETTI TYPAE 3apapcChi3NaHAbIPbUIYbI KaXeT, OWTKEH] JacTaHFaH HEMece CTe-
puIbJieHOeTeH Kypanaap apKbUIbl aypylap cay eciMJIik OellikTepiHe oHail Tapaiybsl MyMKiH. baHnannel kecy
YKYMBICTApHhI J)KeMic OepreH Heri3ri cabakThl, apThIK HEMECE AJICi3 OpKEHIEP Il JKOHE 3aKbIMIaHFaH OOJIIKTepIl
KOO apKbUIBI JKYPTi3iieni. by mporenypa skaHa xac epKeHACP/IIH 6CyiH bIHTaJaHABIPHIIN, ©CIMIIKTIH JKaJIITbI
(bM3HONOTUSIIBIK JKaFIalbIH KakcapTabl. JKeMic OEpreHHEeH KeiiH Heri3ri cabak o3 KbI3METIH asKTaWThIH-
JIBIKTaH, OJI MIHJICTTI TYp/Ie KeCUII ajbIHaabl, ce0eO1 OanaHn cabarbl Oip peT KaHa oHIM Oepeai. OChbl apKbLIbI
©CIM/JIIKTIH SHEPTUSCHI )KaHa, OHIM/II jkac epkeHaepre OarbiTTananbl. Kecy 6appicbiaa xanraH cabak TambIp
MOWHBIHA MYMKIHITTHIIIE YKaKbIH jKepJieH Kublu1a bl KeiOip skarnainapaa, ocipece ThiM OMiK HeMece KoJlak-
CbI3 OpHAJIACKaH ©CIMIIKTEp/e, CabaKThIH OpTa TYCHIHAH KECII, OHBIH OWIKTITIH peTTey A€ KOJAAHbLIAJIbI.
XKewmic xuHaynaH KeliH KallFaH KeCUIreH OpbIHAap (4-cypeTTe KepceTUIreHaei) oaeTrTe Kapaiblin KepiHeIi.
MyHiai sxepiep aepey YHTaKTaJFaH KoMipMeH oHIeII, 3a1aIChI3qaHAbIPbUIa b, OyJ1 MH(PEKIUSHBIH ajl IbIH
aJbII, OCIMIIKTIH JKaJIIbl CAyJIBIFbIH CaKTayFa MYMKIHAIK Oepei.

Cyp.3. Keuippkaiina 6aHaH ©CIMIIKTEpiH apHalBl TOPMEH KOJICHKENeY

[Fig.3. Shading banana plants in a greenhouse with a special net]
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Cyp. 4. baHaHHBIH KETIKEH KaIBIPAKTapbIH KeCy OapbICHI )KoHE KeMic OepreH cabaKTapbIHbIH KeCIITeH OphIHAAPHI
[Fig. 4. The process of cutting dry banana leaves and the cutting sites of fruiting stems]

OCIMIIKTIH 6CYy JMHAMHUKACHIH TYPAKThI 0aKblIay apKbUIbl OHBIH aypyJapFa [IaJIIbIKIaybIH XKOHE 3USH-
KecTepJieH KOPFallyblH KAMTaMachI3 €Ty YILiH arpOTEXHUKAJBIK KYTIMI1 IYPBIC YHBIMIACTHIPY KaxeT. Anaiiaa
JKarbIpakTap/pl IamMaiaH ThIC MeJIIEpe Kecil TacTay OaHaHHBIH (OTOCHHTE3 MPOIECIH QJICIPETIN, OHBIH
KaJIIbl OHIMLIIK dJIeyeTiH TOMEHeTyl MyMKiH. Coll CHSKTBI HEeri3ri cabakThl ThIM €pTe HEMece KepicCiHIle
KeIll Kecy ©CIMIIKTIH TaOusu emic Oepy ILMKIIIHE Kepi 9cep eTill, XKaHa epKEeHIAEPAIH KaJlbIITaCyblH TeXen-
JIl HEMece OHBIH THIMJII BIHTAJIAHABIPHUTYBIH KelikTipeai. COHbBIMEH Karap, JKamblpakTap MeH cabaKTap/bl
JIYPBIC SJICTIEH KeCIM-ChIIBIPYAbIH OPHBIHA JKYJIy HEMECE OpeKi MEXaHUKAIBIK 9cep KOJJAaHy ©CIMIIK TiH-
JIepiH 3aKbIMJall, OHbI OPTYPJIl aypysiap MeH 3usiHKecTepre ce3iMrain ereli. COHABIKTaH OapIibIK KYTIM XKYMBbI-
CTaphbl J19J1, YKBINTHI KOHE FHUIBIMU HET13[IeITeH TOCUIMEH OPBIHIANYBI THIC.

banaH eciMAITiH XbUIbDKAW JKaFIalbIH/Ia, SFHU Ka0bIK OpTaja ecipy Ke3iHJe KilIKeHTal eCKiHAepIl
TIKIE KOIIeT peTiHe naiianany THiM/1 OOJBIN caHaaabl, COHJBIKTAH OHBI €Ki KbLT OOMBI TOJBIK OCIPIN KYTY
MIHJETTi emec. buikTiri 2 meTpre Aeilin )keTkeH OaHaH eCIMIITIH JKallbIPaKThI dKoHE TaMBIpP KYHecl caKTalraH
KYHIHJE TOJBIKTall OThIpFbI3yFa Oomanel. TinTi 2—-3 MeTp koHE ofaH Aa OMIK ©CIMIIKTEPiH i€ >KOFapFbI



OeJIIr1 XKarblpaKTapbIMEH OIpre KeCIIiN, TeK TaMbIpibl JIHIEK KYHIHAE ysAfa OTBIPFbI3Y 9JICI KOJJaHbUIAIbI.
OTbIpFBI3bUIFAHHAH KEeWIH MYHAAl TaMbIpibl JIHIEKTEp TYPAKThl 9pi MOJI cyapy HOTHIXKECIHJE oTe Te3 Oel-
IM7eTin, KapKbIH/Ibl 6ce OacTaiipl. bip ToymiKTIH ilIiHAE kKaHa aK TYCTI ecy HyKTenepi Oaiikanazsl, an 7—10
KYH apajbIFbIHJIa aJIFallIKbl 1pi JKambIpakTapIblH Oenriiepi aHblK KepiHe Oactaiinbl. by onic eciMIikTiH Te3
KepCiHylHe KOHE BEreTaTHBTI JaMYbIHBIH KeJleN/Iey1He bIKIaT eTe/l.

Cyp. 5. banaH ecimMairiHiH cabarbIH OpTaH OelliHeH Kecy/ieH KeHiHr1 yKanbIlpaKTaHa 6acTaybl
[Fig. 5. The process of cutting dry banana leaves and the cutting sites of fruiting stems]

baHaH eciMIITiHIH ©Te KbIIJIaM ©CETIH KACHETI OHBIH Ke3 KEJITCH JIaMy Ke3CHIHJIC KaJFaH cabarbiHa
(>kampIpak KbIHAITAPBIHBIH KUBIHTHIFBIHAH TY31UIETIH KYPBUIBIM ) YKacaJlFaH KeCy )KYMBICTAPhI apPKbLIbI aifKbIH
Oaifkamaael. MyHal e3repicTep acipece cyper S-Teri MbicangapiaH kepiHeni. Erep omi skemic GepMercH
OaHaH cabarbl Kecisice, KeJeci KYHHIH ©31H/e-aK KeCIITeH XKepJCH IIaMaMeH 5 ¢M OOJIaThIH TYTIKIIE TOpPi3i
OyparbUTFaH *aHa KypbUIbIM Taiia 0oia 6actaipl. Y akpIT ©Te Kelie, IIaMaMeH €Ki anTa iliHae KeCciJireH ca-
OaKThIH KaiiTa KaJIbIHA KEIy HEMECe o3repy JMHAMUKACHIH aHbIK Oalikayra Oomanbl. by 6anan eciMiriHig
pereHepanusuIbIK KaOiIeTiHIH )KOFaphl eKeHIH KopceTei. JKanmel aFan/ia, 0aHAaHHBIH TEK JKaIbIPaKTaphl FaHA
emec, cabarbl J1a 6Cy MEH JlaMy Ke3eHJepiHe OalIaHbICThI OPTYPIIi MaKcaTrTa KeCLTiM, MilliH/IeNI OThIPaIbI.
MyHaii arpoTeXHHUKaJIBIK Mapajap 6CIMIIKTIH AYPHIC KaJIbINTaCybIHA )KOHE OHIMIIUTITIH PETTeyTre MyMKIH/IIK
oepeni.

OThIpFBI3bUTFaH OaHAH KOIIIETi 6ce OacTaraH Ke3/1e OHBIH aifHAIaChIH/IaFbl TOMBIPAKTAH KaHA OCKIHIEP
naiina 6oiysl skui Kezaeceni. by eckiHaepi TiKe KemeT peTiH/e naiganany yiiH 6ipkarap MYKHAT arpo-
TEXHHUKAJIBIK )KYMBICTAp aTKapy KakeT Oomasel. EH aqpIMeH aHaIBIK ©CIMJIIK MaHBIHIA ©CIT IIBIKKAH OCKIiH-
Jiep aliHaAJIbIpa Ka3bUIBIT aJIBIHBII, THIFBI3 TONBIPAK KaOaThiHAH abaiian axsiparbuiasl. OnapablH TaMbIp
KYHeCiH 3aKbIMAaMaii 06l MbIFapy YIIiH TaMbIPJIapbIH KYY apKbUIbl ©3apa OaiIaHbICKaH TaMblpcabaKTaphl
anbIKTanaael. ComaH KeiH op OCKIH YKBIIIIEH KeCLTII, )KeKe KomeT peTin/e Oemineni. by npomecre aHaIBIK
OCIMJTIKT1 TOJIBIK TAMBIPCHI3 KAJJBIPMAY ©T€ MaHBI3/IbI, ©UTKCHI OHBIH 9pi Kapai ecy KaOijeTi caKTaIysl THIC.
TaMmbip xyleci a1Ici3 HeMece KEeTKUTIKCI3 TaMbIFaH OCKIHAEP Il aHAIBIKTaH aKbIpaTy YChIHBUIMAMHIbI, ce0eOi
oJapAbIH OMIpIICHIITT TOMEeH Oomaasl. bermiHreH xepiepre WHPEKIHs TYCleyi YIIiH MiHAETTI TypAe arail
Kyl ceOuin, Ae3nHGeKIus Kypriziieai. Al aHaJIbIK ©CIMIIIKKE THIM KaKbIH OPHAJIACKAH KeHOIp ocKiHaepIi
OPHBIHJIA KAJIIBIPFAaH TYPhIC, ce0eOi oap KeHiHTi OCIMIIKTIH JaMybIHa KaxeT Oonaapl. CoHbIMEH Karap, Oa-
HaH OCIMJIITiHIH OHMOJIOTHSIIBIK SPEKIIeIIriHe COMKeC, O )KeMic OepreHHeH KeliH HeTi3ri cadarbl TipIIiIiriH
TOKTATAaJIbl, aJ1 OHBIH OPHBIH JKaHa OCIIT NIBIKKAH jKac epkeHaep O0acanbl. Ochuiaiiina, 6CIMIIKTIH aliHaIachIH-
Jla YHEMI aJIMacTBIPYIIBI JKac OCKiHAep KYHeci CaKTaNbIN OTBIPaab! (CypeT 6).

banaH rynueyre naitbiH O0JFaH MakTa, KbICKa cabaKThIH 6CY HYKTECIHIe JKallFaH ca0aK apKbUIBI OTI,
JKAIBIPAKTHIH apPTHIHINA CHIPTKA Y3bIH T'YJICHIAM JKETUTIN IIbIFaasl. ['yimey eciMIIKTIH KapKbIH/IbI 6CyiHCH
keiiiH, 8—10 aif eTkeHe Oactanassl. ['yi1 MIOFBIPBI — Y3bIHINA COHJII CHUSKOK, O0JIMaca yKachll PEHJII IalIaK-
ryin. OHBIH TYFBIPBIHIA ipi aHANBIK TYJIEP, 9pi Kapai — pa3Mepi OOWBIHIIA KIllTKEHEe KOCKBIHBICTHI TYJIACD
KOHE COHBIH/IA — YCaK aTaJIbIK I'YJIep OpHAIACKAH. bapibIK IyJiaep TYTIKTI, 3 )KEIeKTeH (KYJITeKaIbIpaKIia),



3 TocTaraH KalnbIpakiiagapJaH Typabl, 9AETTe 6 aTajblK, OHbIH 01pey1 )KETIJIMETEH JKOHE TO3aHAbIFbI 1a KOK.
I'mueuneiii 3-kamepainbl TYHiH TY3€TiH, 3 YPBIK JKallblpaKIIacblHAH TYPaTbIH CUHKAPIITHL.

Cyp. 6. KpuibbKaiiarel 0aHaH ©CIMIIKTEPiHIH )KaHbIHAH [IBIKKAH OPKEHIEP/Il TIKIIEC KOIIET PETiH/Ie Maiianany mapanapbl

[Fig. 6. Stages of using banana plant shoots in a greenhouse as rootstocks]

I'ynnmep sipycrieH opHajIacKaH )oHe Ko Meep/e Hekrapisl (op ryiaae 0,5 T aeiiin). Op Kadar paauaib/Ibl
OpHaJIaCKaH oHE €TTi, TAJIIIBIKTHI CUTIaraH/1a OiiHEeTIH )KaObIH XKarblpakTapMeH Kankaianran 12-20 ryn-
JIep/IeH TYPAThIH MAIAKIYJIre )KUHAIFaH. Ocil TypraH OaHaHIapAbIH TYJIAEp] aK TYCTi, XKaObIH XKaIrbIpaKTaphbl
CBIPT JKaFbIHAH CHSIKOK, aJl 1IIKi/Ie - KOFO-KBI3bUI. AIIIBUIFAH aTaJbIK T'YJJIEp 6T€ Te€3 TYCYIMEH, T'YJIIOFbIP/IbIH
KOFapFrbl OOJIITIH JKaTaHAIl KaJJbIpasl, TOOCIK albuIMaral OypIuikTeH 6acka. XKabaiibl eceTiH TyprepiH
ryajaeyl TyHzue, Oonmaca TaHEpPTeH Oacranaabl — OipiHIN JKaFmaiiia To3aHIaHyFa KapKaHaT BIKIAT eTce,
eKIHIITIe — KYCTap MEH YCakK CYTKOpeKTiiep. banan eciMIiriHIH KeMiCi COPTTapbIHA, OCKIHACPAIH OaCTaIKbI
[IamMachlHa KOHE JKapPBIK MOJIIepiHe OalmaHbICThl 1—3 KBUT iMIiHAE calbiHaAbl. TuicTi KyTiMMeH OaHaH-
Jap JKBUIJIBIH Ke3 KeJTeH YaKbIThIHAA TYyiel anansl. boitbl 10-20 cMm GonarbiH eckiHaep 2—3-11i KbUIAaphI
KEMICTep cajca, ysapra OThIpFeI3bUIFaH 00iibl 50—70 cM GonaTeiH epkeHaep OipiHIIi )KBUIbI-aK xKemic Oepe
6acraiinbl. Onap KarbIpak po3eTKaChIHBIH OPTAChIHA TAHKAJIAPJBIK KBI3FBUIT OYPILIK casiaabl. baHaHHBIH TYJI-
7iey1 9ZIeTTe OH-OH €Ki aifra co3biIabl. [IIOKTBIKTHIH TOMEHT1 KaFbIHBIH )KEeMICTepi MiCiIl KaTca, )KOFapbIIaFbl
TYJJIep SHJII FaHa allbLIBII KaTajsl (Cyper 7).

baHaHHBIH TICKEH OHIMIH JKMHAIl aJlFaHHAH KeWiH, KeMIiC OepreH HeTisri cabarbl OfIeTTe TOJBIKTA
Keclyin Tacranasl. JlereHMeH eCIMAIKTIH TIpIIiIiri TOKTaMani b1, ce6edl TOMbIpaK acTHIHAAFbl TAMBIP XKYHeci
CaKTaJIbI, OHBIH OMIp CYPY Y3aKThIFbI IlamameH 15-20 xputra neiiin xeteni. Con TaMpIpiapaaH yaKbIT OTe
KeJIe JKaHa yKac eCKiHJep naiiaa OoJbII, 6CIMIIKTIH Y3/1IKCi3 )KaHAPBII OTHIPYBIH KaMTaMachkl3 eTefi. JKemic
Oepim OonFaH ecki cabakrap arpoeHipicTe KaIIbIK PETiHIE KapacThIPhIIIMaNIbl, KEPiCiHIIIe oapbl YCaKTal
YTiTiM, OpraHUKaJIbIK THIHANTKBIII pETiH/Ie KOMIIOCT JKacayFra 0omasl. MyHaa 9/1ic TONbIpaK KyHAPIIBUTBIFBIH
apTTHIPBIIN, KeJIeCi OTHIPFBI3YNIapFa Mmaiaansl ocep oepe/i.

Cyp. 7. bonamak 6aHaHaap TyJIAEpae OChUIAN KaJbIITAaCcaabl

[Fig.7. This is how future bananas are formed from flowers]

bananpl BereTaTuBTi KOOSUTYIIH €H THIM/IL 9pi KapamnaibiM ToCLI — TaMbIpcabaKkTaH JaMHUTHIH OYii-
1pJTiK ecKiHAep/al naiaanany. by eckinaep/i Ke3 KeJIreH KOJIaiiIbl YaKbITTa aHAJIBIK ©CIMIIKTEH TaMbIp KYH-
eciHiH Oip OemiriMen 6ipre O6eIin anbl, KbUIbDKAIIA aJIIbIH aJla TalbIHIaJIFaH ysaapra OThIPFbI3yFa O0MaIbl.
CoHbIMEH KaTap onap/sl alabIMEH bIABICTapAaFbl KOPEKTIK cyOcTpaTTa ecipimn, Oenriii 0ip AeHrenae KeTii-
JIpil anFaHHaH KeHiH FaHa TYPaKThl OpbIHFA KeILipy /e THiIMJI 9iic Oonbin caHanansl (cypet 8). by Tocin
OCIM/JIIKTIH aKChl OeiimMIenyine MyMKIHAIK Oepei. ATajaFaH BereTaTUBTI KOOSHTY 9/1ici aHAIBIK ©CIM/IIKIIeH
TeHETUKaJBIK OipJieil skaHa ecIMIIK allyFa yKaraai acailibl, COHIBIKTaH TYKbIM Ty30€HTIH MOIEHU COPTTap
YIIIiH HETI3T1 )KOHE €H KEeH TapajFaH Tociin OoJbIim ecenrteneni. An keilip kabaibl OaHaH TypJiepi TYKbIM
apKbUIBI KoOeiie anaapl, Oipak MyHal MPOIecC TAOUFH JKaFIai1a CUPEK Ke3/ECIM, arpOTeXHUKAIBIK TYPFbI-
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Cyp. 8. BaHaHHBIH aHAIIBIK OCIMAITIHEH aKbIPAThUIFaH OYHipIIiK OCKIHAEPIHIH Typa ysulapFa OTBIPFBI3BLTYBI JKOHE OJIAp/IbIH ysIapra
OTBIPFBI3yFa JAEHiH XKeTUIAIpiyi

[Fig. 8. Planting the side shoots of a banana, separated from the mother plant, directly into the nests and improving them before planting in the

nests]

banan ecimMiriH pLABICTapIa OCIPIM-KETUIIIPY Ke3iHAe €H alABIMEH OHBIH OMOJIOTHSIIBIK €PEKINIeTiK-
Tepi eckepisieni, ce0edi 01 BITFAIIBI KAKCHI CIHIPETIH, aya OTKI3TiII )KOHE KYPBIIBIMBI KEHIJ TOTBIPAKTHI Ka-
ket eremi. COHBIMEH Karap OaHaHHBIH TaMBIp XKYHeCi TepeH TaMUTBIHIBIKTaH, BIIBIC 1IIIH/E MIHACTTI TYpAC
TUIMII IpeHaX KalaTel mailbiHAamysl THic. J{peHax jkacay YIIiH BIABICTBIH TYOiHE KEpaM3HUT HEMece ycak
rpaBuii Teceneni. OHBIH YCTiHE ©3¢H KYMBIHBIH JKYKa Ka0aThl CAJIBIHBII, OJ1 KOPEKTIK TOMBIPAKTBIH TOMEHT1
Ka0aTKa OTIiN KeTyiH %KoHE JPEHAXIBI JTaCTaybIH OOJIIBIPMAiIbl. AJT KOFApFBI HET13T1 Kabat peTiHae arpodant
TMIH arpomepiIuT KOCTIAChIHAH TYPAThIH KYHAPIIBI CyOCTpar maiaanaHbuIa s, Oyi1 ©CIMIIKTIH )KaKChl JaMybIHa
KOJIAMJIBI OPTA KaJbINTACTHIPAIbI.

KeibpiKkaii sxaraiipiaIa 0aHaH ©CiMIIri TAOUFH TYPJE )KHi TAMBIPIIBIK OpKEHIEP TY3€/1, OJIap bl )KaHa
KOIIIEeTTep PETiH/e THIMI Mainananyra 6onansl. OTBIPFBIZY YIIiH OipHEIIe )KarbIparkl 0ap, KaKChl KaJIbIITa-
CKaH OCKIH/Iep TaHIAJIbII, AaHAJIBIK ©CIMJIIKTEH OHBIH PU30MAChIMEH Oipre MYKHUST OOJIiHIIT adblHagbl. Pu3oma
— OpTAJIBIK ca0aFrbl )KOK TapMaKTaJIFaH TaMBIPCAOAKTHIH 06T OOJBIT TaObLIa b,

AHaJBIK 6CIMIIK TICH aifHaJachIHA OCIT TYPFaH 6CKIHACP/IiH OpTaK TaMbIpcaOaKTapbliH 06Ty Ke3iHe
KECUITEH JKepliep MIHIETTI TYp/AC YHTAKTaIFaH KOMipMEH OHJIese i, OYJI IIipy MPOIECiHIH aJIIbIH aIajbsl. OTe
KIIIKEHTal OCKiHAep alIbIMEH KYHApIIbl CyOCTpaT CaBIHFAH BIABICTApa ©CIPUTIN KETIIAIpiIeal, al KaKChl
JaMbIFaHIapsl Oip/ieH KbUTbDKAaWIaFsl allJbIH aja JalbIHIAIFaH YsIapra OTBIPFRI3bUIAAEL. baHaH eckinaepi
eMipIIcH opi OeHimMaenTinT OOMFaHIBIKTaH, KeH jKaFaaiap/ia oxapabl KOChIMIIA KETUITIPYCi3-aK TiKeeH To-
IBIPAKKa OTBIPFBIZY Jla THIMJI 911ic OOJBIN caHa’aabl. Bysl TOCIT O©CIMAIKTIH Te3 XKepCiHyiHe KOHE TYPaKTHI
eCyiHe MYMKIHJIIK Oepe/ti.

baHaH ecCIMIITiHIH TaMBIPOCKIHICPIH KeM JIETCHJIC 5 J1 CHIMBIMIBIIBIKTHI, TOMEHT1 JKaFbl IPCHAKIBIK
TECIKTI, )KYKa KYMCAK MOJMITHIICH BIABICKA (IIEIEKTIPi3/i) OTBIPFBIZY. ApHAWBI bIIbIC OonMaca, S—10 iuTp-
JIK TYPMBICTBIK IJIaCTMAcCa BIABICTAP/IbI ACTHIHFBI JKaFbIHAH apThIK CYJIap OTETiHIACH OipHele TeCikTep Ka-
car maiiganana Oepyre 6omaznpl. TeMeHri xKarblHa KEPaM3HT, HEMece YcaK Tactap (1eOeHb) TOCEITeH bI/bl-
CTap/bIH TYCTIHT1 )KarbIHaH IIaMaMeH 1 ¢cM 00C OpbIH KaJabIpa arpo0aT oHe a3/iam arporepiuT apajackaH
KYHapJIbl TOTBIpaKIeH (CyTeritik kepceTkinn pH 6,5-7,5) TonTeipamsis.

KopekTik TombIpakThl MOJ BUIFAJIIAN, OPTACBIHAH TEPEHMIri 5 cM-el Y Kacarl, TaMBIPIbl ©CKIHI1
OTBIPFBI3BII, OETIH KOPEKTIK KOCIAIbI TOMBIPAKIICH JKAYHIII, Cy KYIHFaHHAaH KeiiH YCTiHT1 )karbpiHa | cM BepMu-
KYJIUT ceyin TacTaitMbI3 Aa, 23—250C-ThIK JKbUTBI OPBIHFA OPHAIACTHIPAMBI3.

banannap yiriH OHTAHIBI TOMBIPAK KYpaMbl a3/1all KbIIIKeUT HeMece Ocitrapan (pH 5,5-7,0), mbsiMre-
3€K, Kapanripik >koHe KyM Kocmackl (2:2:1) 6okl Tabbiiaabl. TonmbIpakka CyHEeK YHBIH KOCHIT, TYO1HE KaJIbIH
JPCHAXKIBI Kabar Tecey (BLABICTBIH TEPEHIITIHE OalIaHbICTHI).

Tap wiaBIC OCIMAIKTIH 6CyiH Texeini. Erep emi Tambipnap Oosica, onap/asl cay yiImnachiHa JIeiiH Kecim
TacTar, KeCUITeH jKepJep/l YCaKTalFaH araiml KeMmipMeH eHjey. KochIMIa TambIpIbIH ©CyiH YAETy YIIiH
©CIMJTIKTI aJIBIHFBI BIJBICTAFBIIAH JIa TCPEHIe OTHIPFBI3FaH KOH.

AHaJBIK 6CIMIIIKTEp MEH OJIApIbl aifHaIa skep/liH OeTiHe KBUITHBIN OCIIT IIBIKKAH OCKIHACPIiH OPTaK
TaMbIpcabaKkTapblH aKbIpaTy MaKCaThIHAA KECUITeH OpBIHAApBIHA IHIPiN KeTIeyl YIIiH YHTaKTaJIFaH KeMip
ceOiNTreHHeH KeiiH, OCKIHAEPAIH ThIM KiIIKeHTANIaphI 9711 JIe XKETUAipe TYCy YIIiH KYHAPIIbl KOCTIAIbI TOIIBI-
PaKTHI )KaHa BIIBICKA, aJT KAJIBINITHI JKaFJaiiiap KbUIbDKAWIAFbl aJIIBIH aJla Ka3blIFaH YsUIapFa OTHIPFBI3BLIA B
Onerre OaHaHHBIH OCKIHAEP1 OMIPIIEH Kellim, aca Oip epeKIie KyTin-0anTaynbl KaXeT eTIeHTIHIIKTeH, jKac



©CKIHJICp/1 apHalbl CyOCTpaTTa )KEeTUIIIPII aIMal-aK, Typa TOIBIPAKKA OTBIPFbI3a Oepyre Ae 00iabl.

banaH eciMIITiHIH TaMBIPOCKIHAEPIH KEM JETeH/Ie 5 11 CHIMBIMIBIIBIKTHI, TOMEHT] JKaFbl IPEHAKIBIK
TECIKTI, )KYKa JKYMCAaK IOJIMATUJICH bIIbICKA (ILEIEKTapi3/l) OTHIPFBI3Y. ApHaiibl biaAbIC OonMaca, 5-10 iuTp-
JIK TYPMBICTBIK IJIaCTMAacca bIABICTAP/bl ACTHIHFBI JKaFbIHAH apThIK CYJIAap OTETIHCH OipHele TeCIKTep xKa-
can naiinanana 6epyre 6omaael. TOMEHT1 kaFblHA KEPaM3UT, HeMece ycak Tactap (11e0eHb) TOCeNreH blbl-
CTap/bIH TYCTIHI1 KaFbIHaH I1aMaMeH 1cM 00c OpBIH Kajiblpa arpoOaiT KoHe a3/ar arpornepiuT apajackaH
KYHapJibl TONbIpaKIieH (CyTeruiik kepcetkimi pH 6,5-7,5) TonTeipamsis.

KopekTik TomblpakThl MOJI bUIFQJIJAl, OPTACBIHAH TEPEHIri 5 cM-Jeil ys Kacam, TaMbIpJibl ©CKIHA
OTBIPFBI3BII, OETIH KOPEKTIK KOCIAbI TONBIPAKICH KayblIl, Cy KyIHFaHHaH KeiiH YCTiHI1 )karblHa | cM BepMu-
KYJMT ceyil TacTaitMbI3 Aa, 23—250C-ThIK >KbUIbl OPBIHFA OPHAIACTHIPAMBI3.

banannap yIiH OHTalIbl TONBIPAK Kypambl a3fan KbIIKbUT Hemece Oeifrapan (pH 5,5-7,0), mbiMre-
3€K, Kapalripik >koHe KyMm Kocmachl (2:2:1) 6Gonbin Tabbinaabl. Tonmbipakka CyieK YHBIH KOCHIT, TYO1HE KallbIH
JpeHax bl Kadar Tecey (bIABICTHIH TePEHIIriHe OalIaHbICThI).

Tap biABIC ©CIMAIKTIH 6CYiH Texxeiai. Erep eni Tampipiap Oosica, onap/sl cay yinachiHa JIeiiH Kecin
TacTar, KeCUITeH >KepJep/l YCaKTalfaH arail KeMmipMeH eHJey. KochIMIa TaMbIpJblH ©CYiH YAETy YILIiH
©CIMIIKT1 aJI/IbIHFBI BIBICTAFbI/IAH J1a TEPEHIe OTHIPFBI3FaH KOH.

KopekTik TomblpakThl MOJI bUIFaJIJIal, OPTACBIHAH TEPEHIri 5 cM-Jeil ys Kacam, TaMbIpJibl OCKIHAl
OTBIPFBI3BII, OETIH KOPEKTIK KOCIAIbI TONBIPAKICH KaybIIl, Cy KyHFaHHAaH KeiiH YCTiHI1 )karbiHa | cM BepMu-
KYJIMT ceyil TacTaitMbI3 Aa, 23—250C-ThIK JKbUIbl OPBIHFA OPHAIACTHIPAMBI3.

banaHn ecimirin HaypbI3[laH Ka3aHra Jedin 1-2 anrta caiiblH, all Ka3aHHAH HaypbI3Fa JCHiH aiibiHa Oip
peT KOpeKTeHAIpin Typca *KeTKUiKTi. KopekTenaipyre KemeHai MUHepaiIblK, HeMece OPraHUKaJIbIK ThIHAM-
TKpILTAp naiganany. Onap cyibIK, TYHIpTIIEK HeMece YHTaK Kyhae O6onazsl. XKymcany HopMacskl MEH KOJ-
JlaHy TOCUII THII MEH OHJIpyIlire 6alIaHbICThl TYPIIiIIe OOJBIN KeTyl MyMKiH, COHJBIKTAH MHCTPYKIUSHbBI
MIH/IETTI TYpZ€ YKBIIIIEH OKBII HIBIFY KEpeK.

JKarnblpak YIIBIHBIH COYBI — XKalbIpaK YIITapbIHBIH KeOyIMEH ’OHE COJBIN KaJTybIMEH CUIIATTaIaThIH
OaHaH/apFa acep eTeTiH aypy. by, eH anapIMeH, TypbIc cyapMay, TOMEH bUIFaJIbUIBIK KOHE KOPEKTIK 3aTTap-
IIbIH 1ucOanaHchl CUAKTHI (pakTopiapra O6ainanbicTel. Erep xkanbipakrapasiH Oipiii-»KapbIMbl capraiica, oHJa
Cyapy/bIH JKUUIITH a3aiiTy >KeTKUTKTI. Ocimaik cankpiHaay sxepae (16°C) opHanacca, oHbl OipsKapbIM-€Ki
antaza Oip pert cyapy. CyablH TeMIIepaTypachiH OaKpliIan TYpY JAa MaHbI3bl: OHbI O6JIME TeMIIepaTypachlHaa
TYHJBIPY.

OciMIIKTepiH KalblpaKTapbl capFaiblll KeTce, KeIeH i ThIHAUTKBIIITap bl KOJIaHbII Kepy, cedebdi
OyJ1 kebiHece MUKPOAIIEMEHTTEPIH JKeTicreyuiirine 6ainanpicTel 0onaabl. benrini Oip TanmbuibIK 6aikai-
ca, OFaH apHaibl IpenapaTThl Naiifanany, MbICAJIbl TEMIp XKeTeclece TeMip XelaTblH (MbICalbl, aHTUXJIOPO-
3MH), MarHuil yiliH — Marouii cyiab(arblH HeMece MarHuiMeH OalbITbUIFaH THIHAMTKBIIITAP/Ib! MaljaiaHy.
MukposnemeHnTTepre 6aii aramn Ky e )KaKChl TAOUFH HYCKa OOJIbIN TaObLIa bl

banan 3ustHKecTep MEH TYpI aypysiapra )KeTKUTIKTI Te3imal. OFaH maldybul )kacallThIH 3USTHKEC Hace-
KOMJap - epMeKiIi keHe MeH Oite. [Tapazurrepai xorora KoaAaJaHbUTybl OHAIPYII HHCTPYKIMACH OONBIH-
112 KaTaH CaKTaJlybl KaXeT TYPJIl 3aMaHayd WHCEKIUATEp KoMeKTecel. Aypynapra KeJeTiH 0ocak, 6apibIK
MOCEJICHIH TYI TaMbIPbl ©CIMAIKTEP/IIH CayJbIFbIHA KaTHICTBI — OJAp/IbIH AYPHIC KYTiN-OanTaamaybIH/a.

banan sxanbIpakTapbelHAa Kapa-KOHBIp AaKTap maijga OoiybIHaH, JKallblpakK alaKaHBIHBIH TYpPropsbl
xoranapl. Ceben — TONMBIPAKTHIH Cy OachIll TYPYbl MEH ThIM bUIFaJIJaHybl. bys TaMblp mripiri naiiga 60mybl
MYMKIHJIITTH KOpCETeTIH KayinTi Oeiri. ©CIMIIKTI jKepJeH ajblll MYKUAT Kapall IIbIFY, MipireH Oeikrepi
KeCy, KeCUITeH OpBIHAapFa aralll KeMip YHTaFrblH ceOy KOHE jKaHa TOIBIPAKKA OTBIPFBI3Y KaxeT. Opi Kapai
Cyapy/bIH XKHLUIIr1 MEH KapKbIHBIH a3aiTy.

banaHn xarnblpakTapbIHbIH LIETI COJIBIN KYpFaybl, aya bIIFaJIbIFbIHBIH THIM TOMEH/IriHeH. Erep conbin
KYpFarl, COHbIH caJliapblHaH HET13r1 ©CKiH Ol Kajica, Oipak »Kac epKeH >KaKChl KeTUIIN jKaTca, yalbimaay-
JIBIH KQ)KET1 )KOK — OJ1 aypy eMecC, TOJIBIKTall KaJbINThI JKaraaid. baHaHHBIH ecyi, ®KeTiTyl MeH Kobetoi Taburu
Karjainapaa fa tam ocklHAai. TopTin OONbIHIIA, €H ipi ©CKIH JKeMic OepreHHEeH KeiiH Iepey eme.

XKac kemierrep/e KanblpaKTapbIHAAFbl KOO TeHOL11ep OaHaHHBIH OipKaTtap cOpTTapbIHIa Ke3aece .
JlakTap e31He TOH KbI3bUI-KOHBIP TYCTI KalbIpak ajdakaHbIHbIH OyHip KylKenepinae opHanacaabl. OJeTTe,
OCIMIIKTIH epeceKTeHy OOMBIH/IA JaKTap KOFaIa/bl Aa XKarblpak O1pTeKTi KAHBIKKAaH KacbUl TYCKE CHE/I.

KopbIThIHABL.

ByJ1 3K30THKaNBIK JKeMiCTi >KbUlbDKaiina ecipyre Oomazapl. On yuriH Oedrial TOPTINTI CakTay >KoHe



HAKTbI OpbIHAAY KEPEK.

banannap »apkplH, )KaHaMa KapbIKThl KaxeT ereai. XKpuibbkalaa onapasl TIKeJIeH KYH CoyiaeciHeH
KOJICHKeJIeH OHTYCTIK, OHTYCTIK-IIBIFBIC HEMECE OHTYCTIK-0aThIC SKCIIO3UIUsAa OpHAIACThIpy Kepek. Cor-
TYCTIK JKaKTa T'YJJICHY MYMKIH €éMeC KOCBIMIIIA KapbIKTaHABIPYIapChI3; )KaPBIKTHIH JKETKUTIKCI3IIT OCy/Il Te-
xeiai. JKapbeIKTaHABIPY Y3aKTHIFBI KYHIHE KeMiHjae 12 carat 0omysl kepek. JKambipakTapsl alibiK TYCTI 00s1ca,
©CIMJIIK ThIM KOTI JKapbIK aJFaHbl.

bananpl 6acka skepre OTBIPFBI3Y/IbI OCIMIIKTIH KAPKBIH/IbI OCYi1H/Ie, KOKTEMHIH asfbIH/Ia HEMEeCEe JKa3-
J1a JKYpri3reH aypbic. Ochl Ke3aepi oCIMIIKTEp T€3 TaMbIpJIaHa bl )KOHE OCYIH JKaJFacThIpaabl. TinTi OaHaH
KBICTBIH KYHI1 aybIpBII IIBIKKAH O0Jica J1a, OHBIH KapKbIHJIbI ©CY1H KYTil OapbIll OTBIPFBIZY kepek. Ky3 mes-
TUTiHAE KoHE KbIcTa OaHaHIIbI 0acKa JKepre KaiTa OThIpFhI3yFa O0IMaiiibl — aHAJIBIK ©CIMIIK T€, OCKIHACD 1
OJI1IT KaJybl MYMKiH. JKanfpI3 FaHa jkaFaail eCIMAIK aybIPbIIL, jKeAeN KalTa OThIPFBI3Y/bl KAXKET €TIIl Typca.

bananmap ymriH oHTaIbl TONBIPAK KypaMbl a3ar KeIIKeUT Hemece Oeiitapan (pH 5,5-7,0), msivMTe-
3€K, Kapamripik koHe KyM Kocrachl (2:2:1) 6onbin Tabbiiaapl. Tomblpakka CYHeK YHBIH KOCHII, TYOiHE KaJIbIH
JTPEHaKIbI KabaT Tecey (bIABICTHIH TEPEHIIITIHE OAIaHBICTHI).

bananmap op 10 xyH calibIH jkaHa >KarblpaK IIbIFApa, JKbUIbI JKaFAai1a Te3 ecim-KeTiaeai. OciMaik
BEreTalMsUIBIK Ke3eH OOMbIHA OPTaHUKAJIBIK 3aTTap SCEPIHEH KAKChl ©CE/1, COHIBIKTaH MUHEPA bl ThIHAMN-
TKBIIITAP/Ibl OPTaHUKAIBIKTApMEH (OMOTyMyC, JTUTHOTYMAT, KAJIMA TyMaThl) Ke3eKTeCTipe Oepil Typaabl, He-
Mece OpraHuKajIblK-MUHEPaJIIbl THIHAMTKBIII KOJIJaHaAbl. Y CTEN KOPEKTEeHAIPY JKULIIT - aiibiHa 2 peT. Erep
OCIMJIIK OCIIT KeTCe KoHEe OMIKTIKTIH O[aH 9pi 6cyl KaxeT 0oiMaca, YCTell KOPEKTEHIIPY TOKTAThLIAbI.

bananapl TambipcabarbiMeH KoOelTyne koOiHe Kecy, 0oy, 3aKbIMIaHFaH OOJIIKTEep/l KO CHUSKTHI
nporexypaiapabpl aTkapyaa Imipy mporecrepi 0oiamac yiiH, KeciHauiepai aeuHekusiay MaHs3abl. Erep
KOJI/1a apHaiibl Ipenaparrap 0oimaca, OeJICeHaIPIATeH KoMipAi (KeMip — bUTFaIIbI )KaKChI CIHIpE1, TaTOTeHI1
MHUKpO(]I0opaHbIH KeOeroiHe kK01 OepMelIi, COHIali-aK CaHbIpayKyJIaK aypyiapbl JaMYbIHBIH TEK OacTarKbl
ATanTapblH/Ia HeMece MPOPUIAKTUKAIIBIK Kypas peTiHAe FaHa Kypecyre THIM1) KeCUIreH JKepre yKaKchlaamn
ceyim, ecKiHIep/l opi Kapail ecin->KeTijie TyCy YIIIiH, canackl epecek OaHaHaap ©cCil TYPFaH JKep TOIBIPAFhI
CaJIbIHFaH bIIBICTapFa, HEMece, allJIbIH ajia TalbIHIaJIbII KOMBLIFaH YsIapFa OThIPFbI3a/ibl.

banan/p1 JKbUIBDKAN A ©cipy/e KilIKeHe oCKIHAep Il Maiaanany, COCbIH OJap/IblH €Ki XKbUIAal YIKeH
ararr OOJIBITT ©CYIH KYTy MIiHAET eMec. buikriri 2 M-neH 4 M-re AeHiHT1 epecek oCIMAIKTEp/l € OThIPFbI-
3yra Oonazapl. On yuriH 3-4 METpIiK araluTapblH JKOFApFbl JKaFbIH JKaIllblpaKTapbIMEH Koca Kecill TacTarl,
KepIiH OeTiHae OMIKTIT METp/IeH acTIalThIHIal JIHIH KaJIbIpa KOMII, OJIapIbIH 9pi KapanFbl ©CII-KeTITyiHEe
JKaFIaiap jkacay KaxeT (CypeTTepil KapaHbi3).

JKbuibpkaiina 6aHaH ecipy — MYKHST Ha3ap ayAapy/bl )KOHE alTapIIbIKTall MHBECTUIIUSHBI KQXKET €TeTiH
OosamakTel 0arbIT. JIereHMEeH, TYPhIC YHBIMAACTBIPY apKbUIbl OaHaH ©CIMIIITIHIH TYPAKThI SKOJIOTUSIIBIK Ta3a
OHIMIH ajTyFa JKOHE Jie KeH MaciiTadra 0aHaH ©HIMIH OHJIIPYMEH alHAJIbICAThIH KbIIBDKAMIBIK KOCITIOPBIH-
Jlapra TIKIIe KeIIeTTepiH AaibiHaayFa 0onaabl. banaH ecipy MeH OHBIH KOLIETTEPiH JalbIHay TEXHOIOTHsLIa-
PBI YHEMI JKeTLaipiTyae, Oyl mporecti 0apFaH cailblH KOJDKETIMII €Te/Il.

banan ecininepi 3epTTey yIIiH Tamaiia 6acTamnksl MaTepuall O0bIT TaObLIaIbl, O©UTKEHI OJ1ap.Ibl OHo-
TEXHOJIOTUSIHBI (MBICaJIbI, )aHa coptrapabl xkacay yiriH CRISPR/Cas9 kemerimeHn renmi eHey), TCHETHKA
KoHe JaMy OMOJIOTHUSACHIH KOca ajlFaHza, opTYpil cajanapiaa 3eprreyre 6onaapl. Onap coHgaii-aK Kpaxmal-
JIbIH KaHTKa alfHaybl CHSIKTHI KEMICTEP/IiH MICETIH MPOIECTEPiH 3ePTTey HEMece Kallui, TopyMEH e KoHE
TaJIIBIK CUSKTHI KOPEKTIK 3aTTap/IblH KYPaMbIH Tajiay YIIiH HailaJaHblTybl MYMKIH.
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Abstract. This article examines the prevalence and biological development of the oriental codling
moth (Grapholita molesta (Busck)), a quarantine pest that causes significant damage to plants in southeastern
Kazakhstan. Field observations and analysis of the phytosanitary condition of plantings revealed that in
southeastern Kazakhstan, the pest can develop up to five generations during the growing season, damaging the
shoots and fruits of stone and pome fruits. The most vulnerable fruit crops are peach (Prunus persica), plum
(Prunus salicina), apricot (Armeniaca vulgaris), and, to a lesser extent, apple (Malus domestica). The highest
prevalence of the oriental codling moth was observed in peach and plum plantings, where an average of 25-35
males were caught per trap per week during their mass flight period. It was noted that shoot damage leads to
drying out and reduced growth, while fruit damage causes a loss of marketability and premature fruit drop.
Shoot damage by the pest reached 18.2 %, and fruit damage reached 22.8 %. It was established that increased
air temperature leads to earlier phenology of G. molesta, which may contribute to the significant spread of
the pest and lead to increased damage in the future. The obtained results allow for the adjustment of the
timing of measures depending on objectively changing annual conditions and the development of an effective
pest protection system for trees. Despite its focal distribution, the oriental codling moth requires systematic
population monitoring, the use of integrated plant protection methods, and enhanced quarantine measures to
prevent its further spread in Kazakhstan. The practical significance of these results lies in their potential use in
developing regional fruit crop protection systems.
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AHHOTauusl. Makanazna oHTYCTIK-1ubIFbIc Ka3zakcTan karaalblHIa ©CIMIIKTEpre eneyii 3UsH Kel-
TIpETiH KapaHTUHIIK 3UsHKEC — IIBIFBIC JKeMic xkeMipiHiH (Grapholita molesta (Busck)) Tapamybsl MeH gamy
OMOJIOTHSIIBIK €peKILeNiKTepl KapacThlpbliraH. Jlananblk Oakbulaynap MEH eKNeJaepAlH (UTOCAHUTapIbIK
KaFIalbIH Tajay HOTHXKECIHe, OHIp JKarIaiibinaa OyJ1 3UsiHKeC BereTalusIbIK Ke3eHIHIe 5 ypraKka aeiin
JIAMBII, CYMEKTI KoHE TOHEKTI JKeMIC TaKbUIAAphIHBIH OPKEHIEP] MEH KEMICTEPIH 3aKbIMIANThIHbI aHBIKTA-
nbl. EH kel 3aKpIMIIaHATBIH JaKbUIAAp KaTapblHa Madaansl (Prunus persica), anxopsl (Prunus salicina), epik
(Armeniaca vulgaris) >oHe caJbICTBIPMaibl TYyple a3 JAeHreige anma (Malus domestica) xaTabl.
3USHKECTIH €H >KOFaphbl Tapadybl 11a0Aaabl MEH aJIXOpbl OaKTapbIHA TIPKEIIl, JKanmnai yiry ke3eHinnae Oip
TY3aKKa amnra-cblHa opTa ecemmneH 25-35 aTanblKk Japak TyckeHi Oaiikanabl. 3epTrey OapbIChIHIA
OpKEH/IEP/IH 3aKbIMAAHYBl OJIApPJBIH KypayblHAa »OHE ©CIM KapKbIHBIHBIH TOMEHJICYiHE OKEeJeTiHi, ai
KEMICTEp/IH 3aKbIMAAHYbl OJIap-IbIH TayapiblK CalachblHbIH HallapiayblHAa OHE Mep3iMiHEeH OypbIH
TycyiHe ceben OonaThIHBI aHBIKTANIbl. OpKEeHIEPiH 3aKbIMIaHy JeHreii 18,2 %-ra neiin, an xemicTepIiy
3aKbIMIaHybl 22,8 %-fa aeiin skeTkeHl Tipkenai. COHbIMEH Karap, aya TeMIepaTypachlHbIH KOFapbliaybl
G. molesta-HbIH (PEHOJIOTUSIIBIK JaMYybIH JKe[eNAeTeTiHl OalKanabl, Oyl e3 Ke3eriHje 3UsSHKECTIH Tapaiy
ayKbIMBIHBIH KEHEIOIHE >XKOHE KEeJCIEKTe KENTIPUIETIH 3HUSH KeJIEMiHIH apTyblHA BIKMAl €Tyl MYMKIH.
AJIBIHFaH HOTMOKEJIEp HAKThI XKbLI JKaFJaiiapbiHa
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OalJIaHBICTHI arpOTEXHUKAJIBIK JKOHE KOpPFay llapallapblH KYpI13y MEp3IMICpIH TY3€TyTre, COHAan-aK 3MsH-
KEeCKe KapChl THIMJI KOpFay *KYyHeciH o3ipieyre MyMKiHIIK Oepemi. ILIbIFpIC jxeMic jkeMipl OIIAKTBHIK TYPIE
TapajfaHblHa KapamMacTaH, OHbIH MOMYJSIUSICHIH TYPAaKThl OaKbUIay, ©CIMIIKTEPl KOPFay/IblH UHTErpaus-
JIaHFaH 9/IICTEPIH KoJaHy >koHe Ka3zakcTaHn aymarbIHIa OJIaH 9pi TaparyblH OOJIbIpMay MaKCaThIH/IA KapaH-
TUHIIK [Iapagapbl KYIIEHTy KaxXeT. 3epTTey HOTHKENEPIHIH MPAaKTHKAJIBIK MaHbI3bl — OJapAbl alMaKThIK
JIEHT e 1e KEMIC JaKbUIIAPbIH KOPFay *KYHeJepiH a3ipieyne KoiaanyFra 00IaTbIHbIFbIH/IA.
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AHHoTanus. B cTarbe paccMOTpeHBI pacrpoCcTpaHEHHOCTh U OMOJOTHYECKUE 0COOCHHOCTH pa3BH-
THUSI KAPAHTHHHOTO BPEIUTENS — BOCTOYHOU IoM0KOpku (Grapholita molesta (Busck)), BeI3bIBaromei cy-
IIECTBEHHBIC TIOBPEK/ICHHS PACTEHHUI B YCIIOBHIX IOro-Boctoka Kaszaxcrana. Ha ocHOBe moseBbIx HaOIO-
JCHUN W aHalm3a (PUTOCAHUTAPHOTO COCTOSIHUSI HACAXKCHHU yCTAHOBJICHO, YTO B YCJIOBHUSX FOTO-BOCTOKA
Kazaxcrana BpenuTelns CriocOOCH pa3BUBaTh 10 S5 MOKOJICHUH 32 BETeTAIIMOHHBIN IEPUOJI, TIOBPEKIasti TOOeTH
Y TUIOZBI KOCTOYKOBBIX U CEMEUYKOBBIX KyJIbTYp. Hambomnee ys3BUMBIMU IJIOOBBIMU KYJIBTYPaMU SIBIISTFOTCS
niepcuk (Prunus persica), cmuBa (Prunus salicina), abpukoc (Armeniaca vulgaris) i B MEHbBILICH CTCTICHU
si6nonst (Malus domestica). Haubomnpias cTeneHb paciipoCTpaHEHHOCTH BOCTOYHOM TIO0KOPKH OTMEUYEHA



B HACAKACHUSAX [IEPCUKA U CIIMBBI, IJIe HA OJIHY JIOBYIIKY B CPEJHEM 3a HEACIIO Monaiaiuch 25—-35 caMIoB B
NepUOJ] MAcCOBOro X J1€Ta. OTMEUEHO, YTO MOBPEXkKACHUE MTOOETOB MPUBOIUT K X YCHIXaHUIO U CHU)KEHUIO
IPUPOCTA, a MOBPEXKICHHUE IIJIOAOB BHI3BIBAET MOTEPIO TOBAPHBIX KAUECTB U MPEkKAECBPEMEHHOE OIAJCHUE
wioa0B. [loBpexaeHHOCTh M0OEroB Bpeautenem noxoauia a0 18,2 %, a moBpekaIeHHOCTh MI0J0B — A0 22,8
%. YCTaHOBIIEHO, YTO MOBBIILIEHUE TEMIIepaTyphl BO3/1yXa PUBOAUT K Oosiee panHel ¢peHonoruu G. molesta,
YTO MOXKET CIOCOOCTBOBATH 3HAUUTEILHOMY PAaCIPOCTPAHEHUIO BPEAUTEIIS U IPUBECTH K YBEITMUEHHIO yIIep-
6a, HaHOCUMOrO UM B OyayieM. [lonydeHHble pe3yabTaTbl NO3BOJISAIOT OCYIIECTBUTh KOPPEKTUPOBKY CpO-
KOB IIPOBE/ICHUS] MEPOIPUATHI B 3aBUCUMOCTH OT 0OBbEKTUBHO U3MEHSIOILMXCS TOKa3aTeel ycaoBUi rofga u
pa3pabotarb 3((HEeKTUBHYIO CUCTEMY 3aIlUTHI IEPEBbEB OT BpeauTens. HecMoTpst Ha ouaroBoe pacrnpocrpa-
HEHHE, BOCTOYHAs IJIOA0KOpPKA TpeOyeT CUCTeMaTnyecKoro MOHUTOPUHIA MOMYNISLINN, TPUMEHEHUS UHTe-
I'PUPOBAHHBIX METOJIOB 3alllUThl PACTCHUN U YCHIJIEHUS KapaHTHUHHBIX MEPONPHUATUN AJIS NPEAOTBpPAILIECHUS
nanpHeero ee pacrnpoctpanenus B Kazaxcrane. IIpaktuueckas 3HaUuMMOCTb pe3yJIbTAaTOB 3aKII0YAETCs B
BO3MO)KHOCTH UX HCIOJIb30BAaHU MIPH Pa3padOTKe PErMOHAIBHBIX CUCTEM 3aIIUTHI IUIOJIOBBIX KYJIBTYP.
KuroueBble cjioBa: BocTouHas miofoxopka, Grapholita molesta (Busck), mnonoBsie KyabTyphbl, pac-
IPOCTPaHEHHOCTh, BPEIOHOCHOCTh, (PUTOCAHUTAPHBIN MOHUTOPHHT, (DEPOMOHHBIE JIOBYILIKH
Jdass uurupoBanmus: Kauposa [.H., CyneiimanoBa I.A., MaxambetoB A.H., Pemxen Ali,
Konpacoex I K. (2026). PacipocTpaHeHHOCTb M 0COOCHHOCTH Pa3BUTHsI BOCTOUHOM M10f0k0opkH (Grapholita
molesta (Busck)) na roro-Boctoke Kazaxcrana / Research, results — [3nenicrep, HoTmxkenep — MccnenoBanus,
pesynbrarel. Vol. 28. Is. 4. Number 112. Pp. 104-116. https://doi.org/10.37884/4-2026/08 [In Russ.].
KoH}uuKT HHTepecoB: aBTOPHI 3asBIISIOT 00 OTCYTCTBUU KOH(IIMKTA UHTEPECOB.
QDunancuposanue: HayuHO-UCC1008AMENLCKAS pabOMA NPOBOOUNACH 8 PAMKAX NPOSPAMMbL, (DUHAH-
cupyemoti Munucmepcmeom cenvckoeo xozaiicmea Pecnyonuku Kazaxcman, BR22887230 « Coz0anue 3¢pghex-
MUBHOU cucmembl YNPAasieHus YUCIeHHOCbIO NONYIAYUL KAPAHMUHHBIX OP2AHUIMO8, 02PAHUYEHO PACIPO-
cmpanennvix Ha meppumopuu Pecnyonuxku Kazaxcmany, 2024-2026 ze.

Beenenue.

Boctounas mnogoxopka Grapholita molesta (Busck) siBisieTcss onacHbIM KapaHTHHHBIM BpeIUTENEM,
IIPEJCTABISIIOIIMM CEPBEZHYIO YTPO3y Ul IIOAOBBIX KYJIBTYp. DTOT BPEAUTEND MPEANIOUYNTAET B KaUeCTBE
KOPMOBBIX PACTEHHM KOCTOYKOBBIE KYJIBTYpbl, OCOOCHHO HEPCUK U CIMBY. BOCTOUHAs IUIOI0KOpPKA TAKKE
MOpa)kaeT CeMEUKOBBIE TUIO/IbI, IIABHBIM 00pa3oM mociie coopa ypoxasi B OIM3JIeXKALIMX NEPCUKOBBIX Calax
[Rothschild & Vickers, 1991]. Ognako ecTb Takxke cOOOIIEHUS 00 YKOHOMUYECKOM y1epOe siI0JI0HEeBBIM CailaM
B Yunu, Poccun, bpazuiun, Kurae, Utanuu, CIIA u Kanane [Amat u np., 2021]. Bpeaurtens noBpexaer He
TOJIBKO MSIKOTH IIJIO/I0B, HO M MOJIO/IbIe TTOOETH IUIOIOBBIX JI€PEBBEB, UTO MPUBOAUT K CHIKEHHIO IPUPOCTA
3€JIEHOW MaccChl U BEAET K 3HAYUTEIbHBIM SKOHOMUUYECKHUM IIOTEPSIM B CaZJOBOJICTBE.

Poaunoii BocTouHoM mionoxkopku siBisiercst FOro-Boctounas Aszus (Kurait, Kopest, Slnonus), otkyna
pacnpocTpaHuiIach 10 APYTUM CTpaHaM M KOHTHHEHTaM. TakXke IUION0KOpKa paclpOoCTpaHEHa B CTpaHaX
EBpombl, A3un, Amepuku u B Okeanun [Poccenbxosznanzop, 2024]. Ha tepputopun CCCP Obin BriepBbie
Haiizied B 1964 . B CounHCKOM paiione, B 1965 . B AzepOaiimkane, B 1967 1. Ha Ykpaune nox Opeccoit, B
1972 r. B ApMeHuu, a B AaibHeemM oOHapyKeH BO MHOTHX FOXKHBIX paiioHax eBponeiickoif vactu CCCP. Ha
KaBka3ckux MunepanpHbix Bogax 6a004ky BOCTOYHOH IUIOJ0KOPKH BIIEpBbIe ObUIM 0OOHapyskeHbl B 1977 1.
[ATV Media, 2023]. B HacTosiiiee Bpemst BOCTOUHAs! IUI0I0’KOPKa UMEET IIUPOKOE paCIpOCTPaHEHUE U PErt-
cTpupyercs B 44 cTpaHax.

Pesynbrarel nccnenoBaHuil, IpoBeAEHHBIX B KuTae, NMOKa3bpIBalOT, YTO KaK CpPEIHEMECAYHas TeM-
neparypa, Tak M KOJIMYECTBO OCAJKOB MMEIOT 3HAUUTENIbHYIO IOJIOKUTENIBbHYIO KOPPEIALHI0 B Pa3BUTHU
Grapholita molesta (Busck). CnegoBatenbHo, r1o0aabHOE MOTEIICHUE ¢ YBEIHUEHHUEM KOJTHUECTBa OCAKOB
MOXeET CII0COOCTBOBATh 3HAYMTEIBLHOMY PAaCIPOCTPAHEHUIO BPEAUTEINS B IEPCUKOBBIX canax [Liu ap., 2022].
Kuralickumu y4eHbIMH OTMEUEHO 3HAUMTENbHOE CMEILEHHE NMUKOBOM J1aThl 3MMOBKM B3pPOCIBIX 0cOOel Ha
CeBEepO-BOCTOKE, BocToke U ceBepe Kuras. [lomynsiuu coBpeMeHHBIX B3pOCIBIX 0COOe Ha ceBepo-3amaje
Kuras n nukoBas gara 3MMOBKH B3pOCibIX ocobelt Ha ceBepe Kuras Taxke casunynucs [Bian u np., 2024].
M3MeHeHne Kaumara MOKET MMETh CYIIECTBEHHOE BIIMSHUE HA Pa3MHOKEHUE M MHBA3UIO0 HACEKOMBIX, YTO
HaHOCUT npsiMoit ymiep6 ypoxaro [Portner u ap., 2022; Halsch u ap., 2021; Cao et al., 2021]. Pe3ynbrars
HCCIIeIOBaHUs, IPOBECHHBIE B McniaHuy, moKa3ajiu, 4To )kxu3HecrnocooHocTh G. molesta Ha s1010He 3aBUCUT
OT Kosie0aHM TeMIepaTyphl B MOJIEBBIX YCIOBUAX, COCTOSHUS IUIOAOB U copTa. B pesysnbrare mpoBeIeHHBIX



UMU UCCIIEOBAaHUM OOHapy>KeHa pa3iuyHas (eHonorus nonymsuuu G. molesta B IByX OJIM3KO pacmoio-
YKCHHBIX TPOBUHIIUAX, 3aHUMAIOLTUXCS TI0JJOBOACTBOM U BBIPAIIMBAIOIINX PA3HBIE KyJIbTYypPbl. DTH pa3Iudus
MPUBOASAT K TOMY, UTO B MPOBUHITNY JKUPOHA CMEHSAETCS YEThIpEe MOKOJICHHS BPEAUTES B TOJl, a B IPOBUHIINH
Jlepuna - nsate [Amat u ap., 2024].

Ha nonynsimuto G. molesta Takxe MOTYT BIMSTH pa3jiMyHbIe COPTa MEPCUKOB MOCPEACTBOM CMEIlIaH-
HOTO 3amaxa c ompezaeneHHoW uaMeHunBocThiO [Kong et al., 2020]. KuTtalickuMu y4eHBIMU YCTaHOBIIECHO
TaKKe BIMSHHUE aMuTAanvHa Ha pa3Butue G. molesta. Jlueta ¢ 6 Mr amuraaauHa Ha TpaMM KOpMa MOMKET
VAYUYIIUTh [TOKa3aTeNd U POCT MOMYJIALNUNA BOCTOYHOH MII0JJOKOPKH, HO 3(h(PeKT aMuraanHa 3aBUCUT OT KOH-
uentpauuu [Wang u ap., 2022]. YcraHoBneHo, 4yTo MmI0oA0BUTOCTh G. molesta B pa3HOM BO3pacTe TECHO
CBsi3aHa C pa3BUTHEM AUYHUKOB. CaMku G. molesta HAYMHAIOT OTKIIAJIBIBATH SiIa B OONBIINX KOJHMYECTBAX C
TPEThEro JHS MOCe BbUTyIUIeHHs [Su u ap., 2022].

st MOHUTOpUHTA NUHAMUKH Tonyasiuuu G. molesta 1 KOPPEKTUPOBKUA 0OpabOTOK MCIOIB3YIOTCS
dbepomoHHbIe TOBYIIKU. B nccnenoBannu, MpoBeAEHHOM HUCMAHCKUMU YYEHBIMU C MOMOIIBI0 (PePOMOHHBIX
JIOBYIIEK, M3y4anach (PeHOJIOTHS MOMYIISIIIUK B3POCIBIX 0cobel. G. molesta B IByX MPOBUHIUSIX CEBEPO-BOC-
ToyHOW McmaHum, 4TO TMOKAa3al0 3HAYUTENbHBIE Pa3IUuUs MEXAYy MPOBUHIMSMHU BO BPEMEHH T'€HEpaIlluu
[Amat u ap., 2021]. UccnenoBanueM, mpoBeieHHBIM B MTamuu orieHeHa HOBasi KOMOMHUPOBaHHAS TIPUMaHKa
Ha ocHOBe (pepoMoHa U KaiipomoHa 11t G. molesta, kKoTopas coueTaet B cede MmoaoBbie PEPOMOHBI CO CMECHIO
YKCYCHOM KHCIOTHI U TepnuHuianerara. KoandecTBo moiiMaHHBIX caMIIOB U o0liee KOTU4ecTBO 0a0o4yeK B
JIOBYIIKAaX C KOMOMHHUPOBAHHOM MPUMaHKON ObUIM 3HAYMTENHHO BHIIIE, YeM B JIOBYIIKaxX ¢ pepomoHoM [Preti
u 1p., 2020]. B TeyeHue Bcero ce3oHa BOCTOUHOM IUIONOKOPKOH HAaMOOJIEe CUIILHO MOBPEXKAAIOTCS TT0OSTH
KOCTOUYKOBBIX KYIBTYp. SI0N0KY, rpy1ily, aiiBy BOCTOUHAs JIOI0’KOPKA MOBPEXIAET 0OBIYHO HarOO0Iee CUIILHO
BO BTOPO# MOJIOBUHE JieTa U B ceHT0pe [ApakensH u HukorocsH, 1980; Kunuanu, 1980].

B Kazaxcrane BOCTOUHas IJI00KOPKA OTHOCUTCS K KAPAHTHHHBIM OIPAaHUYEHHO PaCHIpOCTPaHEHHBIM
Bugam. Oyaru BpeuTens 3aperuCTPUPOBaHbI MPEUMYIIIECTBEHHO B FOTO-BOCTOYHBIX pEerHOHax cTpanbl. Mc-
cnenoBaHueM, nposeaeHHbIM beknazaposoii 3.b. u Komxkacaposa b.K. B 20162018 rr. ycTaHOBIEHBI OpUEH-
THPOBOYHBIE CPOKH TMOSIBICHUS OTIENbHBIX (ha3 pa3BUTHUS BOCTOUHOM MI0JJOKOPKHU B 3aBUCUMOCTH OT CyMMBI
3¢ (dEKTUBHBIX TEMIIEPATyp U TEILIOCOAEPKAHUS, UTO MO3BOJISIET CBOEBPEMEHHO MOATOTOBUTH KOMILIIEKC MEP
JUISL IPOBEJICHUS 3allIMTHBIX padoT [bexHnazaposa u ap., 2020].

[{enbro HACTOSIIIIETO UCCIIEAOBAHUS SBISIIOCH U3YUYEHUE PACIPOCTPAHEHHOCTH U OCOOCHHOCTH Pa3BU-
THs BOCTOUHOM mnonoxopku (Grapholita molesta (Busck)) B ycnoBusix roro-soctoka Kazaxcrana ans nocie-
Jyroliero noadopa aJanTUBHON ONTHUMAIbHOM CUCTEMBI 3allUThl MHOTOJIETHUX KyIbTyp. HayuHas HOoBU3HA
paboThl COCTOUT B YTOUHEHUU O0COOEHHOCTEH (heHoNoruu, BpeJOHOCHOCTH U pactipoctpanenus Grapholita
molesta (Busck) B miomoBbIX arporieHo3ax oro-soctoka Kazaxcrana. Omnpezenenue KajaeHIapHBIX CPOKOB
pa3BUTHUS MOKOJICHUI BpenuTeNsi HA OCHOBE ()EPOMOHHOTO MOHUTOPUHTA U CyMMbI 3(h(DEKTUBHBIX TeMIIepa-
Typ TO3BOJISIET CBOEBPEMEHHO MPOBOAUTH 3ALIUTHBIC MEPONPUITUS B CaJjaX U MUHUMHU3UPOBATh yuiepo ot
BOCTOYHOH TUIO/I0’KOPKH.

MeToabl 1 MaTEPHUAJIbI.

OObeKT uccnenoBanus - BOCTOUHAs mioaoxopka (Grapholita molesta (Busck)), siBasironuiics kapaH-
TUHHBIM BpEIUTEJIEM IJIOJOBBIX KyIbTyp ceMelicTBa Rosaceae. MccnenoBanus mpoBOAUINCH B HACAKACHUAX
nepcuKa, CIUBBL, adpUKoca U sI0JOHHU, PACIIONIOKEHHBIX B 30HaX MPOMBIIIIEHHOTO CaI0BOJICTBA IOr0-BOCTOY-
Horo Kasaxcrana. [loneBbie uccienoBanus BEIOMHSINCH B 2024—2025 1T. B X03s1iicTBaX AJIMaTHHCKOH (ceno
Uynmxka Yifrypckoro paitona, ceno baiicent EnGekmmka3axckoro paiiona) u XKetsicyckoii (r. XKapkent [an-
¢bunoBckoro paitona) obmnacrei. Knumar pernona xapakrepusyercs pe3Ko KOHTUHEHTAIBHBIMH YCIOBHSIMH C
KAPKHUM JIETOM U XOJOAHOM 3UMOM, UTO OKa3bIBaeT BIMSHUE HA TUHAMUKY YHCICHHOCTH BPEIUTENs U KOJU-
YEeCTBO MOKOJICHUN 32 BETeTallMOHHBINA IEPUO]I.

Jnst BBISIBICHHST PAcTIPOCTPAHEHHOCTH BpPEAMUTENS MPOBOAMINCH PETYISIpHBbIE MapLIpyTHbIE oOcIie-
JIOBaHMS CaJI0OB B BECEHHE-JICTHUIN U JIETHE-OCEHHUMN mepuobl ¢ uHTepBaioM 10—14 nueil. OcmarpuBaIuch
JIEpEeBbs M0 JUArOHAIBLHOM cXxeMe ydacTka. Ha kaxaom yudacTke aHanusupoBaioch He MeHee 100 mepeBbeB.
[ToBpexxaeHHbIE MOOETH OMPEAEIISIIN MO YBSIIINM 1 MOHUKIIUM BEPXYIICYHBIM JIUCTHSIM TUIOIOBBIX KYJIBTYD.
OO6cnenoBanus HaCaXIEHUH TUIOIOBBIX KYJIBTYP MPOBOAUIN COBMECTHO C CIEHUATHCTAMU PAlOHHBIX (hUITH-
anoB Pecmy0nMKaHCKOTO METOIMYECKOTO IIeHTpa (UTOCAHUTAPHOM JUATHOCTUKU U MPOTHO30B.

Jnst onpenenenus: CpoKoB JETa UMAro UCIOJIb30BaTUCh PEPOMOHHBIE JTOBYIIKHA C CHHTETUYECKUM TI0-
J0BBIM (DEPOMOHOM CaMOK BOCTOYHOM IUIOAOKOPKH, KOTOPBHIE pa3Mellalnuch U3 pacyéra 1-2 Ha rekrap Ha



AKAOEMUSCBI 1522
BBICOTE 1,5—2 M B KpPOHC JCPCBbEB. Y UCT UNCICHHOCTH 0A00UYCK NPOBOAMIICS CKCHEACIBHO [IMAaKeeB U JIbI-
ceHko, 1991].

st pacuéra KITMMATUYECKUX U TIOTOAHBIX JaHHBIX MCIOJIb30BAHBI MaTepUajbl U3 OTKPBITHIX UCTOY-
HuKOB (caiT https://kazhydromet.kz/ru/), nomyueHHsix o Onmkaiiiiei K MECTY UCCIIeOBaHUS OPUIIMATBEHOM
MeTteocTannuu . Ynnnk EnOexmmkazaxckoro paiioHa AJIMaTHHCKOW 00J1acTH.

Cymmy s dextuBabix Temnepatyp (COT) paccuutsiBanu no ¢popmysie:

COT=Tcp—10,

rae Tep - cpeanecytounas remmneparypa Bosayxa (°C). Bee nomyuennsie 3nauenus COT cymmupoBa-
JIUCh HApaCTAIOIIMM UTOTOM C Hayasia BECHBI (IIPH YCTAHOBJICHUH CTA0MIbHOE TeIIa).

Craructuueckyro o0paboTKy pe3yJIbTaToB HCCIeI0BaHUM MPOBOAMIN METOIOM JUCIIEPCUOHHOTO aHa-
nu3a o b.A. JlocniexoBy. Jlns KaX/10ro BapruaHTa ONPEAEsUIA CPEIHUE 3HAUCHUS U3y4aeMbIX [TOKa3aTesen.
JlocToBEpHOCTH pa3nuyuil MEXly CPEAHUMU OKA3aTESIMU OLIEHUBAJIA 110 HAUMEHbILIEH CYIIEeCTBEHHOM pa3-
HOCTH 1IpH 5 Y%-HOM ypoBHE 3HaUUMOCTH (HCPo,05).

Pe3yabrarsl n 00cyxaenue.

B xoze noneBbIx 06cnen0BaHuil MIIOIOBBIX HAaCAXIEHUH 10ro-Boctoka Kazaxcrana ycTaHOBIEHO, YTO
KapaHTHHHBIN BpeAUTeNb - BocTouHas Iuionoxkopka (Grapholita molesta (Busck)) pacnpocTtpanena B 30Hax
MIPOMBILIEHHOTO ca/loBoJCTBa AnMaTuHCKo# u XKetbicyckoil obmacteil. L{ukn pa3BuTHs BpeauTens Mo 3a-
BEPILICHHUIO TeHEpaluy, MPU OIArONPUITHBIX TEMIEPaTyPHbIX YCIOBHUIX, MOKET HaYaTh OYEPEIHYIO, HOBYIO
reHeparui. 1o co31aéT 00beKTUBHbIE 3aTPyAHEHUS B 00phOe ¢ Hell.

Mimaro BOCTOUHOI MIIOJ0KOPKU CEpO-Oyporo 1BeTa, HeOOJIBIIUX Pa3MEpPOB, pasMax KpbuibeB OT 11
1o 16 mm. Ilepennue kppuibs OypoBaTo-cepblie, KOPUYHEBATHIC, C €1BA 3aMETHBIM MONEPEYHBIM BOJIHUCTHIM
pucynkoM. BepimHa kpbliia okaiiMiieHa TOHKOM 4€pHOil OapxaTucToil muHueil. fiina cnepsa cBeTibIe, 3aTEM
KEJITOBAThIE C BO3PACTOM. ['yCEHUIIbI UMEIOT JUTMHY OKOJIO 12 MM U MOTYT OBITH OT O€JI0BaThIX, KPEMOBBIX J10
PO30BATHIX WJIK OPAaHKEBO-KPACHBIX OTTEHKOB C KOPUYHEBOM royioBoil. M3 00pasioBs, B3ATHIX B cene UyHmKka
Viirypckoro paiitona AiTMaTHHCKOI 001acTH MPU MUKPOCKOITMPOBAHUH I'YCEHHUIL BOCTOYHOM MIIOI0KOPKH y/a-
J0Ch OOHAPYKUTh aHAJIBHBIN IPeOeHb Ha MOCIETHEM CETMEHTE OPIOIIKa, COCTOSIIETO U3 psijia CKIEPOTHU3UPO-
BaHHBIX 3yOUMKOB (110 4 IIIT.), YTO SABJISETCS MIABHBIM OTIUYUTEIbHBIM IPU3HAKOM B MOP(HOIOTUN BPEIUTEIS

(pucyHok 1).

.a .6 .)

Puc. 1. Imaro (a), rycenuna (0) n aHaJbHBIN rpeOeHB Ha MOCIIETHEM CETMEHTEe OpIOIIKA IYCeHHUIB! (OTIMIUTENbHBIN pu3Hak) Grapholita
molesta (Busck), Anvarunckast 061acTs Yirypcekuit paiion, ¢ Uynmka, 2025t
[Fig. 1. Adult (a), larva (b), and anal comb on the last abdominal segment of the larva (diagnostic feature) of Grapholita molesta (Busck),

Uyghur District, Almaty Region, village of Chundzha, 2025].

3UMYIOT TYCEHHIIbl B TPEUIMHAX WM MOJI KOPOW JIEpEBbEB, B OMABIIEH JIUCTBE, B BEPXHUX CIIOSIX TO-
YBBI. [ YCEHUIIBI OKYKIMBAIOTCS B IUIOTHBIX IIEIKOBUCTHIX KOKOHAX HA TOOerax, Mmoj KOpoi, B OMABIINX -
CTBSIX WJIM B MIOYBE. DTa CTaAMs JJIUTCS OT HECKOJIBKUX JHEH A0 IBYX HEJENb B 3aBUCUMOCTH OT TEeMIEpary-
pbl. CamKka BOCTOYHOM ITOIOKOPKHU Uepe3 3—5 CYTOK IMOCJe MOSBICHUS OTKIAAbIBAET Siilla B OJMHOUKY Ha
HUKHIOIO CTOPOHY JIMCTHEB, MOJIOJbIC TTOOETH U BOMM3M II0A0B. Uepe3 4—8 maHel OTpOkKAAIOTCS TYCEHUIIBI
BECEHHETO TIOKOJICHUS!, KOTOPHIE MPOHUKAIOT B MOJIOJIbIe TIOOETH WIIH TUIO/IBI U BBITPHI3AIOT XOJIbI CBEPXY BHU3
1o 15 cM BHYTpH TKaHel. BeuieTaror B3pocibie 6a004YKH, KOTOPBIE CIIAPUBAIOTCS, a 3aT€M CaMKH OTKIIabIBa-
10T stifiia. [Ipu GraronmpusITHBIX TeMIEPaTyPHBIX YCIOBHIX BPEIUTENh HAYMHAET Pa3BUBATh OYEPEAHYIO, HO-
BYIO T€HEPAITUIO, YTO CO3aéT OObEKTUBHBIE 3aTPYyIHEHUs B 00pr0Oe ¢ Hell. [1pu mosBneHNN 3aBsi3eii TyCEeHUIIbI



HAUMHAIOT IIUTAThCS TUIOAAMH.

Jliis HanGorsee JOCTOBEPHOTO criocoba 0OHapyKEHUs BPEAUTEINS B IPUPOJIE B Cady MPUMEHsIIH (epo-
MOHHBIE JIOBYIIIKH, KOTOPBIX BBIBEIIMBAJIN B KPOHE JIEPEBLEB HA BBICOTE 1,5—2 METPOB OT ypOBHS IIOYBHI U3
pacyera 1—2 JOBYIIKM Ha T€KTap HaCaKIEHUH (PUCYHOK 2).

Puc. 2. OtnosieHHble Ha (pepOMOHHBIE JIOBYIIKH 0a00YKH BOCTOYHOM TUIOJOKOPKH B caly nepcuka cena bailicent EnOekkazaxckoro paiioHa
AnmartuHCKOH o0macTa
[Fig. 2. Adult moths of the oriental fruit moth captured in pheromone traps in a peach orchard in Baiseit village, Enbekshikazakh District,

Almaty Region].

DepoMOHHBIM MOHUTOPUHT TIOKa3al, YTO B YCJIOBHUSAX IOro-BocToka Kazaxcrana BocTo4yHas IIofo-
xopka popmupyer 4, a B HEKOTOpbIe ONAronpusTHBIEC AJIs Pa3BUTHs BPEAUTENS TOABI U 5 TIOKOJIECHUI 3a Be-
retaniioHHbIN nepuoA. [lepseiil 1€t umaro G. molesta B uccienxyemblie roibl HabIOMAICS BO BTOPOH JeKae
anpedns npu cymMMme 3¢ dekTuBHbIX Temnepatyp Boiie 10°C. [Tuk néra 6adouyek nepe3nMoBaBIIero (IepBoro)
MOKOJICHUS TPUXOAUIICS Ha BTopyto (B 2025 1) - TpeThio aekafy amnpens (B 2024 r.). MHTeHcuBHbIM 1ET 6a60-
yek Il mokosieHrst oTMeUanu B TPEThel JieKkaae Mast — mepBoi Aekaze uioHs. [Tuk néra 6adouek I11 mokonenus
MIPUILIETICS] HAa BTOPYIO — TPEThIO Aekaay utoHs. JIET 6abouek [V mokonenus Habmionancs B Uioje, IPU 3TOM
MUK YUCIICHHOCTU OTMevascs B KOHIE Mecsia. Jlet 6abouek V mokoneHus: B OJaronpusTHOM JJIsi pa3BUTHS
Bpenutens 2025 roqy HaGmiomanu ¢ Hadana B aBrycre, a B 2024 rony - Ha 9 nHelt no3xke. B manpheiiem
YHCIIEHHOCTh BPEAUTENS CTalla CHUXKAThCS, U B Haualie CEHTAOPS B JIOBYIIKH MOMAATUCh EAMHUYHBIE OCOOH.

B pesynbrare npoBeneHus 00ciie0BaHN HACAKICHH I0r0-BOCTOKA PECITyOIMKH BBISIBICHO, YTO BOC-
TOYHAs TUIOJIO’KOpKa pacrpocTpaHeHa B AnmatuHckoi u JKeTsicyckoit oOnactsax. HanbombInas 4ucieHHOCTh
6abouexk G. molesta Ha oJHY JIOBYIIIKY 3a HEAEN0 HAOIIONaIach B MEPUOJ MacCOBOTO JIETa BTOPOTO TMOKO-
nenus (konen mMas). B cagax mepcuka B cene baiicent, EHOekinkazaxckoro paiiona AJIMaTHHCKOW 00IacTu
cpelHee KOJMYECTBO CAMIIOB, OTJIOBJICHHBIX B (DepOMOHHBIE JIOBYIIKK cocTaBUian 19-25 skzemmuiapos. B
CIIMBOBBIX casiax cena YyHmxka Yiirypckoro paiiona AnMatutackoit oonactu u B 'CY Eckenbaunckoro paitona
XKetricyckoii o0nacTu Ha OJHY JIOBYIIKY B CpeJHEM Monaaanuchk 28—35 camiioB Bpenutens. B cagax si6mo-
Hu ropoaa JKapkent [landunosckoro paiiona odnactu XKervicy u Tanrapckoro paiiona AamMaTuHCKOM o6na-
CTH KOJIMYECTBO CaMIIOB Ha OHY JIOBYIIKY OBLIO CPAaBHUTEIBHO HEOOJbINIOE U cocTaBmiio 7—11 ocoleit, uto
cooTBeTcTBYeT npuMepHo 10 % oT MakcuManbHBIX 3HaueHui. B abpukocoBbix HacaxaeHusx (Mccwikckuii
rOCYAapCTBEHHBIN JIEHIPOIIOTMYECKUI MapK) YUCICHHOCTh BPEIUTENs TaKkKe 0CTaBajach HE BHICOKOH U CO-
CTaBUJIa OKOJIO 9 ocoOeit Ha moByHIKY (Tabnuma 1).

Bocrounas miuogoxopka, moBpexaast II0AbI K MOJIObIe TOOETH, HAPYIIAeT UX HOPMaJIbHOE Pa3BUTHE
U CHIDKAET KoJmuyecTBO ypoxas. [1o nannsiM, npuBeneHHsiM ApakernstioM A.O., Hukorocsanom 3.3. n Kunma-
HU A.A. B TeUE€HHE BCETO C€30HA BOCTOYHOM TIIOI0KOPKOW Hanboee CUIIbHO OBPEXKAat0TCs TOOErn KOCTOU-
KOBBIX: nepcuka- 50-70 %, uepemrnu u BUIIHU - 25-35 %, abpuxoca u ciuBbl- 20-25 %, aiiBbl — 10 20 %.
[ToBpeXIeHHOCTD TI0I0B IEPCUKOB, HEKTAPUHOB, CIUB, IPYyI, ailBbI HHOTAA focTuraeT 90 %—100 %, 610k
— ot 40 % 1o 45 %. BecHoiif 1 B Hauaje JieTa M0kl CEMEYKOBBIX TOBPEKIAIOTCS ¢l1a00, OOBIYHO SOJIOKH,



rpyl1lLy, aiBy BOCTOYHAsI IIOI0’KOPKA MOBPEKIAET HAUOOJIEe CUIIBHO BO BTOPOM IOJIOBUHE JIETA U B CEHTAOpE
[Apaxensn u Hukorocsi, 1980; Kunnanu, 1980]. Tabnuua 1. PacnpocTpaneHHOCTh BOCTOUHOM MIO0KOPKU
Ha 1oro-Boctoke Kazaxcrana, 2024-2025 rr.

Xo3siicTBO Koopaunarer | Kynsrypa | KonnuecTBo 0TiI0BICHHBIX
6abouek Ha (PepOMOHHbIE
JIOBYILIKH, IIT
AnmatuHckast 00nacTs, Yirypekuii paiion, ceno | 43°36'19” N CrnuBa 28
Yynmxa, TOO «Alma Prodex» 79°24'51"E
681M H.y.M.
AnmaruHckas 00iacTb, ceno baiicent, KX 43°34'57" N ITepcux 25
«Cenma» 78°21'14"E
677M H.y.M.
AnmaruHckast odnacts, ceino baiicent, KX 43°35'0" N Ilepcux 19
«MaxmyT» 78°2021"E
661M H.y.M.
AnmaruHckas obnacte, Tanrapckuii p-H, ¢.Tou- | 42°26'6" N S16nons 11
kepuc, TOO «baiimeHe» 77°8'19"E
612M H.y.M.
Xetsicyckas obmactp, T. Tanasikopran ['CY 44°54'4" N CrnmBa 35
Eckensnunckuii p-u, Kaparansckuii c¢/o 78°42'S"E
934m H.y.M.
JKerpicyckas o6nacts, [Tangunosckuii p-H, 44°10'38" N | Sl6nons 7
Kapxent, KX «Amposna» 80°8'12"E
668M H.y.M.
AuMaruHckas 001acTh, EHOEKIINKa3axCKUit 43°26°42N, AbGpuxoc 9
paiioH, moc. Axroraii « MccbIkckuii rocynap- 77°27°2" E
CTBEHHBII EHIPOJIOrHYEeCKUI apKk» 681M H.y.M

BocTounas mmogokopka B yCIOBHUSX 10ro-BocToka Kazaxcrana varie BCero moBpex/iai MepCerK, CIu-
By (pucyHok 3). [lepBoe mokosieHre BOCTOUHOM TUIOA0KOPKH MTOBPEXKIAET B OCHOBHOM MOJIO/IBIE TIOOETH, KO-
TOpBIE YBSAIAIOT U 3aCHIXAIOT, YTO MPUBOAUT K 3aMEUICHUIO IPUPOCTa, (POPMHUPOBAHUIO OOKOBOTO BETBIICHHUS,
1, KaK CJIC/ICTBUE, CHIDKAET ypoXKail B ciemyromeM roay. [locienyronie moKoIeHUs BPEIUTENs IEPEXOISIT Ha
TUTOJTBI, YTO MPUBOJAUT K MX THUEHHIO M OCBINTaHHIO. Ha TTOBPEKICHHBIX BOCTOYHOH TTIO0KOPKOH TI0OeTax 1
TUTO/IaX KOCTOYKOBBIX TTOPOJT BBIJEIISETCS KalleIbKH KaMe/IH.

s

Puc. 3. TloBpexxaeHHBIE BOCTOYHOH ITO0KOPKOI MOOETH U IJIOAKI iepcrka B ¢. baiicent EnOexmnkasaxckoro paiiona ATMaTHHCKOH o0macTu

[Fig. 3. Peach shoots and fruits damaged by the oriental fruit moth in Baiseit village, Enbekshikazakh District, Almaty Region]

[To pesynpraraM MapuIpyTHBIX OOClIeZJOBaHUN BECHOI aHANU3 MOBPEKICHHOCTH JEPEBbEB MOKa3al,
YTO MPOIIEHT MOBPEKAEHHBIX TOOETOB MEPCUKA U CIIUBHI B IEPHOJ AKTUBHOTO MUTAHUS IMYHMHOK MIEPBOTO T10-
koneHus coctasisit 11,8-15,2 % u 9,0-18,2 %, coorBeTcTBeHHO. Takke ObUIM OTMEUYEHBI TOBPEKACHUS MO-
JobIX oOeroB adpukoca B cpenHeM Ha 8,4 %. B cajax KOCTOYKOBBIX KyJIbTYp 3HAYUTENbHBIE TOBPEKICHUS
OTMEUYEHBI Ha TUI0AAX CIMBBIL, Mepcuka U abpukoca. [IoBpeKIeHHOCTHIO TUIOI0B K MOMEHTY YOOPKHU ypoXKast
ouaraM gocturana: nepcuka — 12,4—17,8 %; cimusbr — 11,6-22.8 %, abpukoca — 10,2 %. MakcumanbHas I10-




BPEXKJICHHOCTH MOJIOJIBIX TOOETOB U IJIOJ0B CIMBBI OTMEUEHA B celie UyH/)Ka YUT'YPCKOTO paliloHa AJIMaTHH-
ckoit obmactu (22,8 %) (Tabnuua 2).

Tabnuua 2. IToBpexkIeHHOCTh KOCTOUYKOBBIX KYJIBTYP BOCTOYHOM TUIOIOKOPKO Ha toro-soctoke Ka-
3axcraHa, 20242025 rr7

Xo3sicTBO Kynerypa | IloBpexxneHHOCTH IloBpesxneHHOCTD
moberos, % 10108, %
AnmaruHcKas o0nacTh, YIrypcekuii paioH, CnuBa 18,2 22,8

ceno Yynmka, TOO «Alma Prodex»

Anmarunckas oomacts, ceno baiicent, KX Tepcux 15,2 12,4
«Cema»

AnmaruHckast 001acTh, ceno baiicent, KX ITepcux 11,8 17,8
«MaxmyT»

XKetpicyckas o6nacts, r. Tanasikopran ['CY Cnusa 9,0 11,6

Eckenpaunckuii p-u, Kaparansckuii ¢/o

Anmarunckast o06macts, EHOeKIIMKa3axCKui Abpukoc 8.4 10,2
paiion, moc. Akroraii « MccrIkckuii rocyaap-
CTBEHHbI ICHAPOIOTUUECKHUH MapK»

HCPO0,05 0,95 4,24

Ha pa3BuTre BOCTOYHOM IJIOJ0KOPKU 3HAUUTENIBHOE BIMSIHHUE OKA3bIBAIOT KIMMATUYECKHUE YCIOBUS
roza. Kak BUHO 13 TaHHBIX TaOIUIBI 3 B HCCieyeMble TO/Ibl Ha CTallMOHApHOM yuacTke cena baiicent En-
OCKINMKa3aXCKOro paiioHa AJIMATHHCKOHM oOnmacTu (Onmwkaiimiast Mmeteocranius B ¢. lllenek) B BereranuoH-
HbIi ieproa 2024 roga cpeHsis TeMIlepaTypa Bo3ayxa Oblia Huke, yeM B 20251, 4TO MOBIHUSIIO HA pa3BUTHE
BOCTOYHOH IUIOA0KOPKH.

Tabnura 3. ArpokiIMMaTHYecKue MoKa3aTeNu 1Mo JaHHbIM MeTteocTanuuu c. lllenek EnOexmukasax-
CKOTO paifoHa AJIMaTHHCKOW 00J1acTH 32 MapT-oKTs0ps 20242025 rT.

Mecsiupt Cp. Cymma ocag- | Bmaxnocts, % | Cp. T(0C) | Cymma ocaaxos | Bmaxnocts, %

T(0C) | xoB (MMm) (Mm)

2024 | 2025 rox

roj
Mapr 6,3 34,5 63 6.7 37.4 60
Artpeinb 14 31 57 16.4 36,4 51
Mait 19,8 39,8 49 22.0 33,6 45
Wronp 25,5 16,6 36 26.7 4,9 40
Hronb 26,4 |40,9 40 28.1 0,7 36
Asryct 26,3 9,2 38 25.5 11,7 40
CeHTs0pb 17,4 10,6 47 19.5 18,5 48
OKTsI6pb 12,6 |244 58 11.7 9,7 56

B xone mpoBeneHus uccaenoBaHus ObUIM OMpeeNieHbl KalleHAapHbIe CPOKH TMOSBICHUS U Pa3BUTHS
BOCTOYHOH IJIOJIOKOPKU HA OCHOBE JAHHBIX TEMIIEPaTyphl BO3/yXa, YTO MO3BOJIUT OCYIIECTBUTH KOPPEKTH-
POBKY CPOKOB ITPOBEJCHUS 3aIIUTHBIX MEPOTIPUSATUI B 3aBUCUMOCTH OT 00BEKTUBHO U3MEHSIOIINUXCS TTOKa3a-
Tesel ycnoBuil roga. M3yueHuto cpokoB mpoxoxaeHus a3 pa3BUTUS BOCTOUHOM TIOI0KOPKH ITPOBOIMIH Ha
OCHOBE KIIMMaTHUYECKHUX YCIOBHM rojia U mokaszaresnsi cyMMbl 3 (heKTUBHBIX TeMiieparyp (Tabnuia 4).

WccnenoBanusimu, npoBeieHHbIMA HaMu B 2024—2025 rr. 0OTMEYEHO, UTO Jara jieta 6abovek rmepBou
rerepaiu G. molesta ciBuHynach Briepen, Kak u aara orpoxaenus rycenuil | u Il renepanmii. Jler 6abouex
I renepanun B 2024 roay Habmropancs 22—-27 anpens npu cymme b dexktuBHbIx Temneparyp 82,7-111,3°C,
TOT/Ia KaK MPOXOKJICHHE 3TOM (a3bl pazButus Bpeautens B 2025 ormedeno 13—18 anpens npu COT 80,8—
103,1°C, uro Ha 9 nHeil panbiie. B nemom, Hauaso jaéta 6abo4YeKk epBOi TeHepallii BOCTOYHOM TII0O0KOPKH
konebanacy otHocuTenbHO COT B mpenenax 8§0—83 °C. Kpome TOro ycTaHOBIEHO, YTO KaJ€HJAPHBIE CPOKH
Havasa jeta 6aboveK B pa3HbIe TO/IbI KOJEOMIOTCS: TIEPBBIM HaunHaeTcs 13—22 anpernsi, BTOPOi — B Ipeaeax
10—-19 mas, tpetuii — 4—13 utons u yerBepThiil — 2—11 urond. [loayueHHbIe JaHHBIE TO3BOJISIIOT OPUEHTHPO-
BaThCs B KQUECTBE DJIEMEHTA CUTHAIU3AIMH PA3BUTHUS BPEIUTEINS ISl BBIOOpA ONTUMANIBHBIX CPOKOB OOPHOBI



C BOCTOYHOM IJIOI0)KOPKOW B HACAXKJIECHUAX IIOJOBBIX KYJIBTYP.

Tabnuiua 4. PazBuTue BOCTOYHOW TIIOMOKOPKUA HA OCHOBE KIMMATUYECKUX YCIIOBUU U TOKAa3aTess
cyMMbI 3 dexTuBHBIX Temneparyp (AamartuHckas obnactb, EnOekmmka3axckuii paiioH, c. baiicenut 2024—
2025 rr)

®daza pazsutus | 2024 1. 2025
BPCIUTEIIS
Jara navana | ara 3aBepuie- | Cymma 3 pexTus- Jara navana | [lara 3aBepme- | Cymma 3¢ dexTus-
cTaun HUS CTaIul HBIX TEMIIEPATYP cTaun HUS CTauu HBIX TEMIIEPaTyp
Jler 6abouex | 22 ampenst 27 anpens 82,7-111,3°C 13 ampenst 18 ampens 80,8-103,1°C
TeHEepaIH
Orknanka siun I | 30 anpenb 14 mas 120,7-260,9°C 21 anpens 05 mas 109,8-241,1°C
TCHEepaIK
OTpoxieHue 04 mast 22 mas 151-347,1°C 25 ampenst 13 mas 131,4-341,3°C
rycenun | rene-
pauuu
OxyxmuBanue | | 13 mas 02 uronHs 248,2-451,9°C 04 mast 24 mast 228,2-490,5°C
TeHEepaIH
JIér 6abouxu I | 19 mas 06 uroHs 326,9-501,8°C 10 mas 28 mas 308,9-531,2°C
TeHEepaIu
Orknanka sui 11 | 24 mas 10 urons 367,2-566°C 15 mas 01 uroHs 372,4- 575,7°C
TeHEepaLn
OTpoxieHne 28 mas 17 nrons 393,6-665,3°C 19 mas 08 nrons 430,5- 683,7°C
rycenun 1
TeHEepaIH
OxkyxsmBanue 11 | 06 vroHst 28 urons 501,8-859,5°C 28 mast 19 urons 531,2-869,7°C
TeHEepaIK
JIér 6a6ouxu 111 | 13 urons 05 urons 609,4-960,5°C 04 uroHs 26 uroHs 617,7-997,3°C
TeHEepaLN
OTKITaKa SUII 19 urons 18 utons 697,2-1157°C 10 urons 09 utons 715-1225,7°C
III renepanun
OTpoxieHre 24 uroHs 24 urons 782,9-1256°C 15 urons 15 urons 794,2-1323,6°C
rycenuny [11
TCHEepaIK
OKyKJIUBaHUE 04 urons 03 aBrycra 947,5-1458,1°C 25 uroHsS 25 urons 978,7-1520,4°C
III renepauun
JIér 6abouxu IV | 11 urons 08 aBrycra 1046,7-1549,7°C 02 urons 30 urons 1101,4-1613,4°C
TeHEepaIH
OTkJagKa suig 18 urons 21 aBrycra 1157-1761,4°C 09 urons 12 aBrycra 1225,7- 1824,7°C
IV renepauun
OTpoxaeHue 22 urons 28 aBrycra 1217,8-1866,2°C 13 mrons 19 aBrycra 1283,7-1931,1°C
rycenun [V
TeHEepaLH
OKyK/IMBaHUE 30 urons 7 ceHTaopst 1379,3-1969,6°C 21 urons 29 aBrycra 1445,9-2081,4°C
IV renepanun
JI€r 6a6ouku V| 06 aBrycra 12 cenTs6ps 1513-2003,8°C 28 uromst 03 ceHTsI0ps 1580-2137,5°C
reHEepaIiu
Otknazaxka sun V | 14 aBrycra 27 cenTa0ps 1659,7-2120°C 05 aBrycra 18 cents0ps 1703,8-2302,4°C
TeHEepaLn
OtpoxneHne 19 aBrycra 12 oxTs16ps 1731,3-2207,1°C 10 aBrycra 01 oxTs1Opst 1786,2-2394,5°C
ryceHun V rexe-
pamuu
OxyxnuBanue V | 28 aBrycra 12 oxTs6pst 1866,2-2207,1°C 19 aBrycra 01 oxtsi0pst 1931,1-2394,5°C
TeHEepaIiu

[TpoBoauTh 00PAOOTKHM HACAKICHU MOXKHO TAK)KE YUUTHIBAs HE TOJBLKO CPOKM Hadasa jiéta 6adouex,
HO TaKXe W Jpyrue CTaauu pa3BuTHs Bpenutens. [losTomy mpoBomuiavch HaOMIOACHUS 3a MOSBICHUEM H
pazBuTHEM Apyrux (a3 pa3BUTHSI BOCTOYHOW MIIOAOKOPKU. OTpOXKIAEHUE TYCEHHI] | TeHepanuu BpeauTems
B 2024 rogy ormeueHo 4-22 mas, uto Ha 9 gHei nozxe, yeM B 2025 . OTpoxka€HNE TYCEHUI] OCIEAYOIIUX
MMOKOJICHUH TaKke CABUHYIOCh Ha 9—10 mnHeit. COOTBETCTBEHHO CABUHYIIUCH U JAThl MOSBICHUS U Pa3BUTH
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Bcex (ha3 Bpenutens. Kaxnaas ga3a pa3BUTHUS BPEIUTENS HAUMHACTCS C YUETOM HEpUO/ia 3aBEPIICHUS OKYK-
JTUBAHUS MPEABIAYIIETO MOKOJICHHS.

B 3aBucuMOCTH OT KIMMAaTHYECKUX CPOKOB Pa3BUTHS BOCTOYHOW IJIOAOKOPKH OTMEUYEHO YCTOMYH-
BOE YBEIMYECHUE MEPHOa KXKIOW Mocieayomie (hasbl BIUIOTh A0 MEpexo/ia CPeTHECYTOUHOM TeMITepaTyphl
Bo3ayxa uepe3 +15 °C, xoTopblif o KiIMMaTHueckuM naHHbIM cena [llenex EnOekimmkazaxckoro paiioHa B
2024-2025 rr. HacTymai, cooTBeTcTBeHHO 12—01 okTaOps.

Ha ocHoBanuu gaHHbIX (HepOMOHHOTO MOHUTOPUHTA U CyMMBI 3((EKTUBHBIX TEMIIEPATYP COCTABICH
(dbeHonmornyeckuit KaleHaapb pa3BUTH BOCTOYHOMU MII010KOpKU. Hanbomnee mpoaomkuTenbHbIMU (pa3aMu sB-
JSIOTCS pa3BUTHE ryceHuI] U oTkianka sull B I1I-V nmoxonenusx. IlepekpriBanne nmokoneHui HaOmromaeTcs
HAuMHAasi CO BTOPOM MOJIOBUHBI UIOHS, YTO CYIIECTBEHHO OCIIOXKHSET MPOBEACHNE 3alUTHBIX MEPOTIPUSTHI U
TpebyeT MOCTOSTHHOTO MOHUTOPUHTA MOMYISIIIUK BpeauTens(tabnuma 5).

Tabmuna 5. @enonorudeckuii kKaaeHaapb pazsutus Grapholita molesta (Busck) B ycnoBusix Anmarus-
ckoi obonactu, 2024-2025 rr.

*

Cragma IV | V VI VII VIII IX X
0TI ) 0 |II

Jlet babogek I + |+
TEHEpaUHH
OI'K.‘IE,.‘JIEM * # | ®
1 renepanye
OTpoxneHue - -1- |-
TVCEHHI] I
TEHEPAUHH

OryEHEAHHE oj0 (0 |0
1 regepanun
Jler Baboaxm +|+ |+ |+
1I resepanmHu
OIK.‘IE,.‘J;I{RM #* #* *
1T remepansm
OTpoxgcHRE - |- - |-
rycegmn 11
TEHEpaUHH

OrvETHEIHHE o |0j0]|0
1I reEepanHH
JIET DaboIsH +|l+ |+ |+
111 regepaae
OIK.‘IEJJ;I\'BM * *
11T reneparmn
OtpoxgeHue - |- -1- |-
rvcemEn [T
TEHEPAUHE

OxyEIHEIHHE 0 |00 |0 a
111 regeparEn
JIEr DaboTrm +(+ |+ |+
IV regepamm
OTrnagea amn
IV regepamm
OtposaeHne - - - |-
rvcemmnm IV
TEHEPAUHH

OxyEIHEAHHE 0 o]0 0 0
IV remepamm
Jler babdboax: + | H|+ |+ | ]+
V renepanpe
OTenagea amm
V remepanme
OtpoxaecHue -l - - - - - - -
ryceEEnm W
TEHEPAUHA

OrvETHEIHHE o (0 alo 0 [(0]0
V reHepalHe




?:(Ansmmucu =

[Ipumeuanue: IV-X - mecanel Bereraunonsoro nepuona; 1, 11, Il — nexaaer mecsa. Ooo3naueHus: +
0abouka; — rycenuna; 0 Kykomnka; * sifma.

Takum 00pa3oM, pe3yibTaThl  HCCIIEAOBAaHUS MOKA3ajaH, YTO MOBBLIIMIEHHE TeMIEepaTypbl BO3ayXa
NpU-BOIUT K Ooiiee paHHel (eHomornn HacekoMbIX. OcaJky U BIaXXHOCTh BO3JlyXa TAaK)K€ UIPaloT pojb B
pa3Bu-tuu G. molesta, peryaupys JeTHo0 Temnepatypy. CrienoBaresbHo, 00jblIee KOJMUECTBO OCAKOB
NPUBOANUT K CHH)KEHHUIO TEMIIepaTypbl, YTO, COOTBETCTBEHHO, 3ameluisieT pasButue G. molesta. Ota
B3aMMOCBSI3b MOXKET OBITh O0YCIIOBJIEHA TE€M, 4TO Oo0Jiee BBICOKUE JIETHHE TEMIIEPaTyphl YCKOPSIOT POCT U
pa3ButHe G. molesta, COKpAIAIOT IMKJI €ro pPa3BUTHS, MO3BOJISIIOT IMOSBUTHCA OOJBIIEMY KOJIUYECTBY
MOKOJIEHUH BpEAUTENsl B TOf. JTO UCCIIEAOBaHUE IMPOsCHAET (eHOoJOornyeckyro peakuuto G. molesta Ha
NOTEIJICHUE KJIMMAaTa, NpPENOCTaB-JsAs LEHHbIE CBEIEHUS [ IPOrHO3MPOBAHMS  JaJbHEHILIEro
pacrpocTpaHeHHsl BpeiuTenss M pa3padOTKU alalTUBHBIX CTpaTeruili 00pbObI ¢ HUM.

[TosydyeHHBIE JaHHBIE CBUAETEIBCTBYIOT O TOM, YTO KJIMMATHYECKUE YCJIOBHS FOTO-BOCTOYHOTO
Ka3ax-crana OmaronpusiTHbl JUIsl Pa3BUTHUS HECKOJIBKHX IOKOJEHHH BOCTOYHOW IIOJIOKOPKU B TEUEHHUE
Ce30HAa. YBe-JIMYEHHE CPEJAHECYTOUHBIX TeMIlepaTyp B JIETHUH NepuoJ CHocoOCTBYET COKpALICHUIO
IIPOJOJKUTEILHOCTH PA3BUTHUS T€HEPALMH U OBBILIEHUIO BPEJOHOCHOCTH.

CpaBHeHHE C JIUTEpPaTYypPHBIMU JaHHBIMU ITOKA3bIBAET, YTO PA3BUTHE U YPOBEHb IOBPEKIEHHOCTH
G. molesta B uccielyeMOM PErMOHE COOTBETCTBYET MOKa3aTeNsIM CTPaH C aHAJOTMYHBIMU KIMMATHYECKUMU
YCIOBHSIMU U YaCTHUYHO COIJIACYIOTCS C HAIIMMU pe3ysibTaTaMu. [J00abHOE MOTEIUIEHUE C YBEIIMYEHUEM
KOJINYECTBA OCAJKOB MOXET CIIOCOOCTBOBAThH pacrpocTpaHeHuio G. molesta, 103BOIsAs e NpeB30HTH
JIPYTUX TOTEHIMANTbHBIX BpeIUTeNell Ha YPOBHE MOMYJSAIMU B epcukoBbiX cagax [Li et al., 2022; Bian et
al., 2024]. VYuensiMu Poccum paszpaboraHa moje3Has KOMIIBIOTEPHas MporpamMma ONpeAeieHHs
KAJIEHAAPHBIX CPOKOB Pa3BUTHUs BOCTOYHOM IUIONOKOPKM Ha OCHOBE JAaHHBIX TEMIEPATypbl BO3AyXa H
YCTAHOBJIEHO, 4YTO BapHaleNb-HOCTh CPOKOB HHAMBHUIYaJIbHOTO PpA3BUTUS BpeOUTENsl oOOecredynBaeT
yBeJIHueHue nepruooB (aspl ¢ Kaxaon ouepeanoi renepauueit [[lotanun u ap., 2023]. Hamwu pe3ynbrarhl
IIOKa3ajad, 4YTO Kak CpeIHEeMecsi4yHas TeM-IepaTypa, TaK W KOJHWYECTBO OCAJKOB  OKa3bIBacT
MOJIOKUTETIbHYIO BIMsSHUE Ha pa3Butue G. molesta. 1lpu 3TOM OTCYTCTBHE CHUCTEMAaTHYECKOTO
MOHHMTOPHHIa M HECBOEBPEMEHHOE IPOBEJEHHUE 3aIUUTHBIX MEPONPUA-TUH MOXKET NPUBECTH K PE3KOMY
YBEJIMUYEHUIO YHCIEHHOCTU BPEINUTES.

3akio4enue.

Bocrounas miionoxopka, MOBpekaast IOl M MOJIOAbIE MOOEru, ocTaéTcs CepbE3HBIM BpEAUTEIEM
IUIOJIOBBIX KYJIBTYp, MPEACTABISAIONIMM ONACHOCTh A canoBoiacTBa Kasaxcrana. HecMoTps Ha odarosoe
pac-npocTpaHeHHe 3TOT KapaHTUHHBIA BpeIUTeNb TPEOYIOT IMOCTOSHHOIO MOHUTOPMHIAa M CTPOTOro
(UTOCaHU-TAPHOTO KOHTPOJIS,, YTOOBI NMPEIOTBPATUTh MAacCOBBIE BCHBIIIKM W 3KOHOMMYECKHE IOTEPH B
IUIOIOBBIX cafax. Haumbonblias creneHb pacnpoCTpaHEHHOCTH BOCTOYHOW IUIOJIOKOPKHM OTMEYEHa B
HACaKACHUAX TEpPCUKa M CJIMBBI, TJ€ TMOBPEXAEHHOCTh MOOEroB BpeauTeneM noxoauna ao 18,2 %, a
MOBPEXAEHHOCTD IJ10/10B — 10 22,8 %.

G. molesta B ycioBusix roro-soctoka Kazaxcrana 3a ce30H MOXeT (pOPMHUPOBAThH J0 5 MOKOJIEHUH.
[TonHbBIM MK Pa3BUTHSA OT LA 10 B3POCIOH 0COOM MpH GJIarONpPUATHBIX YCIOBHSX B 3aBUCUMOCTH OT KJIU-
MaTH4YeCKUX ycloBui 3aHuMaeT 10 30 nHeil. [loBbllieHne JeTHEH Temmeparypbl Bo3/lyXa CHOCOOCTBYET K
6onee panHeil ¢peHonoruu G. molesta, 4TO MOTEHIUATBLHO MOXET MPUBECTH K YBEIWYEHUIO yliepOa, HaHO-
CHUMOT'0 3THM BpenuTeneM B OyayuieM. [lonydeHHble pe3yabTaThl O3BOJSIOT OCYIIECTBUTh KOPPEKTHPOBKY
CPOKOB TIPOBEICHMSI MEPOIPHUATHI B 3aBUCUMOCTHM OT HM3MEHSIOIMXCA IOKa3zaTelned KIMMaTHYECKHX

YCHOBI/Iﬁ roga u pa3pa60TaTL CUCTEMY 3allIUThI INIOJOBBIX ACPEBLEB OT BPCAUTCIIA.
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Kanposa I'ymmapust HypcanaeBHa — HanycaHue OPUTHHAIBHOTO TEKCTA; PEaKTUPOBAHNE U PELIEH3MPOBAHHE; KOOPIUHAIINS Hayd-
HOM paboTEI; 0011Iee PyKOBOACTBO MTPOESKTOM.
Cyneiimanosa I'yrsHYp AnMacoBHa — cO0p 1 00pabOTKa SKCIIEPUMEHTAIBHBIX IAHHBIX; YUacTHE B ITOJIEBBIX HCCIIEI0BAHMSX; aHAIIH3

PpE3ynbTaToB.
Maxamb6eTtoB Asmmoex HypiaanoBu4 — rpoBeieHHE ITOJIEBBIX HAOMIOAEHHH; cOOp MEePBUYHBIX JAHHBIX; Y4acTHE B MHTEPIPETAlNH
PpE3ynbTaToB.
Aii Pemsken — KOHIENTyann3anus HCCIISJOBaHUS; pa3paboTKa METOMOJIOTUH; HAIIMCAHNE OPUTHHAIBLHOTO TEKCTa; PeAaKTHPOBAaHHE U
peLieH3upOBaHUE.

Konnacoek ['ynyp KonnacoekKbI3bI — pa3paboTKa METOMOIOTHH UCCIICIOBAHKS; YYaCTHE B MOJIEBBIX MCCIICIOBAHUSX; aHAIIN3 pe-
3yJIBTaTOB; TIOATOTOBKA JTaHHBIX; HAMTHCAHUE OPUTHHAIBHOTO TEKCTA.
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Abstract. Wheat (7riticum aestivum L.) is a strategically important crop for global food security,
particularly under increasing climate variability and drought frequency. Identifying genotypes that combine high
productivity, disease resistance, and environmental adaptability remains a key objective of modern breeding.
The aim of this study was to comprehensively evaluate spring wheat varieties and lines from the international
KASIB nursery to identify promising genotypes with high yield potential and drought tolerance. The research
was conducted in the Kostanay region at the Karabalyk Agricultural Experiment Station. Phenological
observations, morphometric analysis, NDVI assessment, phytopathological screening for leaf rust resistance,
and determination of the drought tolerance index (DSI) were applied. Statistical methods were used to assess
trait variability and identify adaptation patterns. The results revealed significant phenotypic variability among
the studied accessions. Thirty-six genotypes exhibited high NDVI values (0.55-0.67), indicating intensive
biomass accumulation. The 1,000-kernel weight ranged from 24 to 57 g, with 27 accessions exceeding 40 g,
reflecting high productivity potential. Phytopathological screening identified 59 genotypes with an immune
response to leaf rust. Morphometric analysis showed that the length of the last internode (1547 cm) is a key
adaptive trait associated with both productivity and drought tolerance. Grain yield varied from 17.7 to 53.9 c/ha.
The drought tolerance index (DSI) ranged from 0.26 to 1.17, with 23 genotypes classified as drought-tolerant
(DSI <0.50). These findings confirm the high genetic and phenotypic diversity of the KASIB collection and
demonstrate the effectiveness of integrating morphological, physiological, and phytopathological traits for
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1dentifying adaptive and high-yielding genotypes for breeding programs.

Keywords: drought tolerance, field evaluation, wheat, KASIB,abiotic stress, drought phenotyping,
yield stability
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AnHotauusi. bunaii  (Triticum aestivum L.) — >xahaHmbIK a3bIK-TYJIK KayilcCi3miri yuIiH
CTPATETUSUTBIK MaHBI3Jbl JAKbLUT OOJBIN TaOBUIAIBI, dCipece KIMMATTBIH ©3TeprillTiri MEH KYpPFaKIIbUIBIK
KUUIITIHIH apTybl-Ha OalinaHblcThl. JKOFapel OHIMIUTIKTI, aypyFa Te3IMILTIKTI JKOHE KOpIIaFaH opTara
Oeifimzenyni OlpiKTIpeTiH T€HOTHUNTEPAl aHBIKTAy Kasipri 3aMaHFbl CEJIeKIUSIarbl HETi3ri Mocene OOJbII
Kana 6epeni. byn 3epTreyain MakcaThl KOFapbl OHIMJILIIK 9JIeyeTi MEH KYPFaKIIbUIBIKKA TO3IMALIIrT Oap
nepcnekTuBanbl reHotunTepAl aHbikTay yimiH KACHUDB XxanbikapaiblK NMUTOMHUTIHEH aJIbIHFaH JKa3[bIK
Oujail copTTapel MEH >KeJllepiH Ke-lieHal Oaramay Oonabl. 3eprrey Kocranait obnbiceiHna Kapabanbik
aybUIIIAPYAIIbUIBIK TOKIpUOE CTaHIMSA-CHIHAA KYPri3inai. OeHOIOTUsIIBIK OaKbuiaynap, MOPPOMETPHSIIBIK
tangay, NDVI Oaranay, >kamplpak TaTbl-Ha TO3IMAUIIIIHE (UTONMATOJOTHSIIBIK CKPUHUHI  JKOHE
KYpFakIIbUIbIKKAa Te3iMAlLmK uHAekciH (DSI) anpikray KonmaHbiabl. benrinepaiH e3reprimuTirid Oaranay
KoHe OeiliMeny 3aHIbUIBIKTApPbIH aHBIKTAy YIIH CTAaTHU-CTHKAJBIK OAICTep KOJMAHBUIABL. HoTmxkenep
3epTTENreH YIruIep apachlHa aTapiablKTall (EHOTUITIK ©3TreprilliTiKTI aHBIKTaAbl. OThI3 adThl TEHOTHUI



NDVI xoraper monzepin kepcerrt! (0,55-0,67), Oys1 OMoMaccaHbIH KapKbIHbI )XUHAITYBIH KopceTeAl. 1000
TOHHIH canMarbl 24-TeH 57 r-ra Aeiidn Oonasl, oHbIH imriHae 27 ynri 40 r-HaH achlll TYCTi, OYJI >KOFaphl
OHIMJIITIK oNeyeTiH kepceredi. PUTONATONOTUSIIBIK CKPUHHUHT KaIbIpaK TaThIHA UMMYHJBIK PEaKIUSCHI
6ap 59 reHOTHNTI aHBIKTaAbl. MOpPGhOMETPUSIIBIK Tainay COHFBI TYHIHAPANBIKTHIH Y3BIHABIFBI (15—47 cm)
OHIMJIITIK MeH KYPFaKUIBLIBIKKA TO3IMIUTIKIIEH OalIaHbICTBI HETi3ri Oelimzaeny Oenrici eKeHiH KOPCETTi.
Hon enimuiniri 17,7-gen 53,9 w/ra-ra neitin 6onasl. Kyprakumsuisikka Tesimainik uaaekci (DSI) 0,26-gan
1,17-re nmeiiin Gonapl, 23 TEHOTUN KypFakUIbLIbIKKA Te3imal aemn xkikrenai (DSI < 0,50). byn nHotmxkenep
KACHDB KOMIEeKIUICHIHBIH >KOFaphl TCHETHKANBIK oHE (EHOTUNTIK OPTYP-NUITNiH pacTailibl KoHe
CEJIKIMSUIBIK OaFrmapiamManap YIIiH OeHIMIENTIl >KOHE KOFapbl ©HIMJI TEeHOTHUII-TEPl aHBIKTAy YIIiH
MOP(ONOTHSINIBIK, (UIUOTMOTUSIIBIK KOHE (UTOMATONOTUANBIK OenrinepAi OipiKTIpyaiH THIMILTITIH
KepceTe/i.

TyiiiH ce31ep: KYpFaKIIbUIBIKKA TO3IMILTIK, ericTikTi Oaranay, ounaii, KACHB, abuoTukansik cTpecc,
KYPFaKIIBUIBIK (PEHOTHUTI, OHIMIUTIK TYPAKTHUTBIFBI
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AnHorauus. [Timenuna (Triticum aestivum L.) siBseTCs cTpaTernyecky BaKHOU KyJIbTYpOH JUIs IJ10-
0aIbHOM MPOIOBOJILCTBEHHON 0€30MacHOCTH, OCOOCHHO B YCIOBMSX PACTYLIeH M3MEHYMBOCTH KIMMaTa M
YacTOTHI 3aCyX. BbIsIBJI€HNE FEHOTUIIOB, COUETAIOIINX BEICOKYIO IPOIYKTUBHOCTb, YCTOHYNBOCTD K 0OJIE3HAM
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W aJalTUBHOCTb K OKPY’KAIOIIEeH CPe/ie, OCTAETCS KJIIOUYEBOM 3a7a4ell COBPEMEHHON CENIeKIUU. 1[eTbI0 1aH-
HOTO MCCIIeIOBaHUs Obllla BCECTOPOHHSAS OILEHKA COPTOB M JIMHUM SPOBOM MIIEHHUIIBI M3 MEXIYHAPOIHOTO
nutoMHuka KACUDB 1151 BbIsIBIIEHHSI IEPCHIEKTUBHBIX T€HOTUIIOB C BBICOKMM MOTEHILIMAJIOM YPOXKalHOCTH
U 3acyxoycToiumnBocThio. MccnenoBanue npoBoamiock B Koctanaiickoit obmactu Ha Kapabanbikckoit cenb-
CKOXO3SMCTBEHHOM SKCIIEpUMEHTaNbHON cTanuuu. [Ipumensucey dhenomornyeckue HabmoneHus, Mophome-
TpuuecKkuil ananus, onenka NDVI, ¢purtonaronornyeckuii CKpUHUHT Ha yCTOMYHUBOCTD K JIMCTOBOM prKaBUMHE
U ompejeneHue uHaekca 3acyxoycrounoctu (DSI). Jlns olleHkH M3MEHYMBOCTU MPU3HAKOB M BBISBICHUS
3aKOHOMEPHOCTEN aJanTallii UCIOIb30BAINCH CTATUCTUUYECKUE METO/Ibl. Pe3ynbTarsl mokazanu 3HAYUTEINb-
HYI0 (EHOTUITUYECKYIO U3MEHUYUBOCTh CPEIM N3YUYEHHBIX 00pa3oB. TpuaaTh MecTh FTeHOTUIIOB MPOAEMOH-
ctpupoBanu Beicokue 3HaueHuss NDVI (0,55-0,67), uTo yka3piBaeT Ha MHTEHCHBHOE HAKOIIJICHUE OMOMACCHI.
Macca 1000 3epen BapsupoBaia oT 24 10 57 r, npu 3ToM y 27 00pa3ioB oHa npesbiana 40 1, 4To oTpaxkaeT
BBICOKHI MOTEHIHA TPOYKTUBHOCTU. PDUTOMATONIOTMYECKHUIM CKPUHUHT BBISIBUI 59 TEHOTHIIOB C MUMMYHHBIM
OTBETOM Ha JINCTOBYIO pKaBunMHY. MopdomeTpruyeckuii aHamu3 mokasal, 4yTo JTMHA TTOCIEAHETO MEKI0Y 33U S
(1547 cm) siBnsieTCs KIIOUYEBBIM aJalTUBHBIM MPU3HAKOM, CBSI3aHHBIM KaK C MPOAYKTUBHOCTHIO, TAK U C 3a-
CYXOYCTOMYMBOCTBIO. YPOKallHOCTH 3€pHa BapbupoBaina oT 17,7 1o 53,9 w/ra. Muaexc 3acyxoyCTOWYMBOCTH
(DSI) Bapbuposain ot 0,26 no 1,17, nmpu 3ToM 23 reHoTuna ObUTH KiIacCU(PUIIMPOBAHBI KaK 3aCyX0yCTOWYH-
Bbie (DSI <0,50). D11 pe3ynbTarhl MOATBEPKIAIOT BHICOKOE TeHETUYECKOE U (PEHOTHIHUECKOE pa3Hoo0pasue
kosutekiu KASIB u neMoHcTpupytoT 3¢ (heKTUBHOCTH MHTETpallii MOP(OTOrHUECKHX, (PU3NOTOTHUECKUX U
(bUTONATONOrHUECKUX MPU3HAKOB JJISl BBISIBICHUS aJIAITUBHBIX U BBICOKOYPOXKaWHBIX TEHOTHIIOB ISl CEJIEK-
[IMOHHBIX MTPOTPAMM.

KuroueBble cioBa: 3acyXxoycTOMYMBOCTH, mojeBasi oleHka, mieHuna, KACHUD, abuornueckuit
cTpecc, (heHOTUITMPOBAHUE 3aCyXH, CTAOMIBHOCTD yposKas

Jas uurupoBanus: KymapGaesa M.T., KoxmeroBa A.M., Keummnos XK.C., Xapumxkanoa A.lL.,
Koganenko H.M. (2026). Ouenka 3aCyXOyCTOWYMBOCTH B TIOJIEBBIX YCIOBUSAX IeHO(OH A MIIEHUIIBI KachO B
ceBepHoM Kazaxcrane // Research, results — [3nenicrep, Hotmwxkenep — UccnenoBanusi, pe3ynsrarsl. Vol. 28. Is.
4. Number 112. Pp. 117-128. https://doi.org/10.37884/4-2026/09 [In Eng.].

Kon$uukT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

bnazooapnocmu: oannoe uccinedoganue 8blNOIHEHO NpU GUHAHCOB0U noddepiicke Komumema Hayk
Munucmepcemea Hayku u gvicuie2o obpazosanus Pecnyonuxku Kazaxcman (BR28712539).

Introduction.

Wheat (Triticum aestivum L.) is the principal cereal crop for food security across the Eurasian steppe,
where production is dominated by spring-sown, rainfed systems and therefore strongly constrained by seasonal
water availability. In Kazakhstan, the largest wheat-growing areas are concentrated in the northern regions,
where interannual precipitation variability and episodic droughts frequently determine both yield level and
yield stability. Long-term climatic analyses for Kazakhstan show a clear warming trend (1950-2020) and
demonstrate that wheat yields are significantly associated with early-summer drought conditions, underlining
the high sensitivity of rainfed wheat production to moisture deficits [ Avalbayev, 2024; FAO, 2023; CIMMYT,
2016; Kumarbayeva et al, 2025; Malysheva, 2023].

Northern Kazakhstan is expected to remain a drought-prone wheat belt under ongoing climate change,
and modeling studies indicate that yield losses may intensify in vulnerable soil-farming zones unless adaptive
technologies and improved cultivars are deployed. For example, scenario-based assessments for North
Kazakhstan report substantial projected yield reductions under higher-emission pathways, with the largest
penalties occurring in the more arid steppe environments. These risks are compounded by the inherently
high yield variability typical of Kazakhstan’s rainfed systems, where limited water availability and short
growing seasons constrain productivity and widen yield gaps. In this context, breeding and targeted cultivar
deployment remain among the most cost-effective strategies to increase resilience, stabilize yields, and reduce
production volatility.

A distinctive advantage for regional breeding in the Kazakhstan—Siberia Spring wheat belt is the
availability of coordinated, multi-environment germplasm evaluation through the Kazakhstan—Siberia Network
on Spring Wheat Improvement (KASIB). KASIB was established by CIMMYT to connect breeding programs
and facilitate cooperative testing and exchange of elite spring wheat materials adapted to the agro-ecologies
of Northern Kazakhstan and adjacent high-latitude environments. Over time, the KASIB nursery system has
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gencrated valuable datasefs and germplasm resources for analyzing genotype X environment interactions and
identifying broadly adapted, stress-tolerant lines. However, because drought expression is highly location-
and season-specific (timing, intensity, and duration), the identification of drought-tolerant genotypes requires
dedicated field evaluations in the target production environments, including the Kostanay region, which is
among the key wheat-producing areas of Northern Kazakhstan [Fernandez, 1992; Ficher and Maurer, 1978;
Lobel et al, 2011; Nyaupane et al, 2024].

Field-based drought screening is most informative when it integrates (i) grain yield performance under
contrasting moisture regimes and (ii) quantitative drought tolerance indices that capture both productivity
and stability. Widely used indices include the stress susceptibility index (SSI), which reflects yield reduction
relative to the population mean (lower SSI indicates greater tolerance), and yield-based selection criteria such
as tolerance (TOL) and mean productivity (MP), which summarize yield penalties and average performance
across stress and non-stress conditions. In addition, the stress tolerance index (STI) proposed by Fernandez is
especially useful for identifying genotypes that maintain high yield potential while also performing well under
stress, making it attractive for breeding programs targeting both favorable and drought-affected seasons. When
applied to well-designed field trials, these indices help distinguish “escape” (phenology-driven avoidance)
from true tolerance and support robust ranking of germplasm for cultivar recommendation and parental
selection [Reynalds et al, 2015; Semenov and Srtatonovitch, 2013; Singh et al, 2025; Trethowan et al, 2001].

Against this background, the present study evaluates field drought tolerance in KASIB wheat
germplasm under the agro-climatic conditions of the Kostanay region in Northern Kazakhstan. Specifically,
we (1) quantify grain yield responses under field moisture limitation, (ii) compute key drought tolerance indices
to characterize productivity—stability trade-offs, and (iii) identify the most promising KASIB entries for use in
regional breeding pipelines and potential cultivation in drought-prone environments. By linking standardized
index-based screening with target-environment field phenotyping, this work contributes to accelerating the
development and deployment of drought-resilient spring wheat cultivars for Northern Kazakhstan’s rainfed
production systems.

The aim of this study was to evaluate drought tolerance in KASIB wheat germplasm under field
conditions in Northern Kazakhstan using yield-based traits, drought tolerance indices, and physiological
parameters, and to determine key traits associated with drought adaptation.

Research objectives:

To assess yield-related traits of KASIB wheat germplasm under field conditions in Northern Kazakhstan.

To evaluate drought tolerance using drought tolerance indices and identify genotypes with stable
performance under water-limited conditions.

To determine physiological parameters, including NDVI, associated with biomass accumulation and
drought adaptation.

To analyze relationships between yield-based traits, drought tolerance indices, and physiological
indicators.

To identify key traits and promising wheat genotypes for use in breeding programs aimed at improving
drought tolerance.

Materials and methods.

Phenotyping and genetic selection studies of the collection of wheat varieties and lines from the
international nursery KASIB were conducted in the fields of the Karabalyk Agricultural Experimental Station
in the Kostanay region.

Varieties and lines from the international nursery KASIB were used as study subjects. The 120 wheat
accessions selected were characterized as having productivity potential and disease resistance. However, their
drought tolerance was insufficient. Therefore, the current project involves screening wheat lines for drought
tolerance and selecting promising lines characterized by an optimal combination of drought tolerance, leaf
rust resistance, and high productivity. The plot area was 2—-3 m2. The experiment was replicated 2—3 times.
A range of economically valuable traits was studied, but this article focuses on a single indicator: grain yield.
The experiment was carried out under field conditions during a single vegetation period (2025).

Weather Conditions during the 2025 Growing Season. Northern Kazakhstan is characterized by a
sharply continental climate with late spring onset and frequent early autumn frosts. In some years, spring
frosts may persist until 15-25 June, whereas the first autumn frosts are commonly observed between 15 and
20 September and may occasionally occur as early as 10-30 August. Such climatic conditions shorten the
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frost-Tree period to 60—80 days, thereby limiting the productivity potential of lafe-maturing wheat cultivars.
During the 2025 growing season, weather conditions in Kostanay region were generally characterized by
moderate temperatures typical of the northern wheat-growing zone of Kazakhstan. In May, the average
daily air temperature was +15.2°C, providing favorable conditions for seed germination and early seedling
establishment. In June, the mean temperature increased to +19.6°C. The warmest month was July, with an
average temperature of +20.4°C, which was considered optimal for heading and flowering of wheat. In August,
temperatures slightly decreased to +19.2°C, creating favorable conditions for grain filling and maturation
without severe heat or drought stress. By September, the average temperature declined markedly to +11.8°C,
indicating the transition to autumn conditions and the completion of plant vegetation. Relative air humidity
ranged from 50 % in May to 64 % in September. The driest conditions were observed in May, whereas from
July onward humidity remained relatively stable at approximately 60% or higher, contributing to normal grain
development and filling. Overall, the climatic conditions during the wheat growing season in Kostanay region
could be characterized as moderately warm and sufficiently humid.

Phytopathological evaluation of the rust resistance of the experimental wheat material was conducted
according to the method of R.A. MclIntosh et al., 1995. This method was used to determine the infection
prevalence and the infectious type of the disease (0 — immune, R — resistant, MR — moderately resistant, MS —
moderately susceptible, S — susceptible). The Morocco wheat variety was used as the universally susceptible
standard, and the Steklovidnaya-24 variety as the susceptible local standard.

Field drought tolerance of plants was assessed using stem morphological characteristics (plant height,
internode length, and spikelet yield).

The drought tolerance index was calculated using the Fisher and Maurer formula (cited in [ Yanchenko
et al., 2004]:

DSI=(1-Y/Yp)/(l-X/Xp), (1)

where DSI is the drought tolerance index; Y is the variety yield under stress; Yp is the variety yield
without stress; X is the average yield for all varieties under stress; Xp is the average yield for all varieties
without stress. Ecological plasticity parameters were calculated according to S.A. Eberhart and W.A. Russell
[1966) as reported in: Zykin et al., 1984].

Statistical analysis. R-studio software was used to conduct a one-way analysis of variance (ANOVA)
to evaluate the differences in productivity and resistance to leaf rust among genotypes and across years.
Pearson correlation coefficients were calculated based on the mean values of the evaluated traits. PCA was
conducted, and biplots were generated using R-studio software version R 3.5.3 [ Core Team, 2018].

Results.

Phenotyping and genetic selection studies of a collection of wheat varieties and lines from the
international nursery KASIB were conducted in the Kostanay region on the fields of the Karabalyk Agricultural
Experimental Station.

Phenological observations were conducted, which resulted in the identification of the earliest maturing
samples, with heading dates from July 1 to 4, 2025. Thirty-six samples with high biomass index values
(0.55-0.67) were identified: Stepnaya 259, Liniya 4-10-16, Liniya 22 ChS, Kazakstanskaya 10 (late-ripening
standard), Astana 2, Omskaya 35, Lutescens 22—17, Lutescens 443, Silach, Element 22 (Erythr.85-08), etc.

A phytopathological screening for leaf rust resistance was conducted on wheat accessions. The severity
of damage varied from immune (IT=0) to moderately susceptible (30 MS). Fifty-nine accessions with an
immune-type response to leaf rust resistance were identified. Figures 1 and 2 present the results of boxplot
analyses and histograms of the distribution density of morphological and physiological wheat traits: internode
length, ear stand, plant height, DDC, and NDVI. The histograms demonstrate the nature of variation and the
degree to which the distribution of each trait approximates normal values.

The weight of 1000 grains varied within the range of 24—57 g, the highest value was observed in Line
122/00i. 27 samples with high 1000-grain weight exceeding 40 g were selected: Stepnaya 245, Omskaya
35, Saratovskaya 29, Lutescens 8-108-1, Lutescens 37-17, Lutescens KS 14/09-2, SPChS 69, Silach,
Erythrospermum 24841, Kargala 223, Kargala 228, Liniya 19003, Liniya 19029, Hordeiforme 69-08-2,
Hordeiforme 2264, Hordeiforme 2383, Seymur, Bezenchukskaya 139, Hordeiforme 829, Hordeiforme 864,
Hordeiforme 05-12-7, Leucurum 1506-36, Annushka, Luch 25, Gordeiforme 1790, Gordeiforme 254 st and
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Fig 1. Boxplots analysis of the main morphophysiological characteristics of wheat in the conditions of the Kostanay region, 2025.

An assessment of field drought tolerance was conducted in the Kostanay region. A comprehensive
morphometric study of wheat germplasm was conducted to evaluate their adaptive capacity to the region’s
arid conditions. In the Kostanay region, which is characterized by a more moderate level of drought compared
to the Almaty region, the length of the last internode and ear emergence are important adaptive parameters
determining the productivity and drought tolerance of wheat. Significant variability in these traits was identified,
allowing us to establish the main patterns of adaptation in the northern zone. The length of the last internode
varied from 15 to 47 cm, demonstrating a more pronounced vertical growth of wheat compared to the Almaty
region. This is due to lower levels of heat stress and better moisture supply during tillering and booting.
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Fig. 2. Histograms of distribution of morphological and physiological characteristics of wheat in the conditions of Kostanay region, 2025.

Based on measurements of the last internode, the collection is divided into three groups. The first
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group has a short mternode (15-20 cm): Lutescens 2Z2—1/, Lutescens 1195, Stolypinskaya 2, OmGAU-100,
92/001, 117/001, 120/001, Element 22, and the promising lines F7 and BC1F6. These varieties are characterized
by a compact bush shape and a low ear position. In the Kostanay region, a short internode is not always
an advantage, as the region’s moderate climate allows plants to effectively develop stem biomass, while a
low ear height can reduce ventilation and increase the risk of disease. The second group with an average
internode spacing (20—28 cm): Stepnaya 259 (18.94 cm), Lutescens 1300 (23.54 cm), Saratovskaya 29 (22.8
cm), Lutescens 1103 (23.86 cm), Liniya 19003 (24.24 cm), Omskaya 35 (20.71 cm), Lutescens 8-108-1 (27.35
cm), Lutescens 90—12 (25.82 cm), Sibirskaya 21 (25.84 cm).

The selected samples demonstrate an optimal balance between growth, lodging resistance, drought
tolerance, and the effectiveness of productive element formation. The third group with an elongated
internode (28—47 cm): Tyumenskaya Yubileinaya (47 cm), Gordeiforme 05-12-7 (42 c¢m), Nauryz 6 (39.7
cm), Gordeiforme 829 (38.9 cm), Tyumenochka (34.8 cm), Lutescens 65 (30.24 cm). Tall plants are more
competitive in light, but are more susceptible to lodging and have lower water efficiency. Nevertheless, in the
conditions of the Kostanay region, where there is more moisture, such plants can develop high productivity
and drought resistance.

In the Kostanay region, wheat ear heights ranged from 16.7 to 65.16 cm, indicating the collection’s
high diversity potential. Fourteen accessions with high ear heights (30-65 cm) were selected. Under optimal
conditions in the Kostanay region, yields ranged from 17.7 to 53.9 centners per hectare, demonstrating a
wide range of productivity among the samples studied. Average yields ranged from 47.4 to 52.6 centners per
hectare, confirming the high potential of most varieties.

The statistical analysis revealed that the first internode length correlates positively with the second
internode length (r = 0.406, p < 0.05) and the last internode length (r = 0.33, p <0.05), indicating normal wheat
stem growth dynamics. The relationships revealed point to genetic and physiological coordination of stem
development. The second and last internode lengths show a high correlation (r = 0.563, p <0.01). A moderate
positive correlation between internode length and plant height (PH) (r = 0.482 for the first internode and r =
0.395 for the last) indicates that internode elongation is significantly related to plant height. Thousand-grain
weight productivity showed a highly positive correlation with the length of the last internode (r = 0.612, p <
0.01), indicating a direct influence of stem morphology on the formation of wheat grain mass. The correlation
between grain mass and the length of the second internode was highly significant (r=0.446,p <0.01), indicating
the importance of stem structure for productivity. Ear emergence was positively associated with plant height
(r=0.417,p <0.01) and NDVI (r = 0.288, p < 0.05), indicating a relationship between morphological traits
and plant physiological potential.

Thus, as a result of studying the dynamics of biomass accumulation, 27 wheat accessions with a
high biomass index and field drought tolerance in Kostanay region were selected. After assessing the field
drought tolerance and drought tolerance index of the KASIB spring wheat collection, 23 accessions with a
high biomass index, field drought tolerance (DSI < 0.50), and high productivity were selected. Differences
in the main yield indicators and the drought tolerance index (DSI) were identified. In the Kostanay region,
yields ranged from 7.7 to 44.6 centners/ha, and in the Kostnay region, from 17.7 to 53.9 centners/ha. Six high-
yielding samples with high field drought resistance and drought tolerance index were identified (Gordeiforme
2264, Annushka, Kargala 223, Liniya 19003, Bezenchukskaya 139 and Leukurum 1469-21).

Discussion.

Drought is one of the most common environmental stressors affecting plant growth and development.
By 2025, approximately 1.8 billion people are expected to face absolute water shortages, and 65 % of the
world’s population will live in water-stressed conditions. Water stress tolerance is a complex parameter that
can be influenced by various characteristics that affect crop yield [Ingram and Bartels, 1996].

A key approach to developing adaptive and drought-tolerant varieties is hybridization using carefully
selected source material. The effectiveness and pace of the breeding process in this area are largely determined
by the volume and quality of genotype information accumulated at each stage of research. The main goal of
KASIB is to improve the efficiency of spring wheat breeding in northern Kazakhstan and Siberia through the
exchange of varieties and breeding material, as well as systematic interaction between specialists, including
meetings and a coordinated multifactorial assessment of genetic resources [Morgunov, 2003].

A comprehensive assessment of adaptive traits enabled the identification of genotypes with high
tolerance to drought conditions. The selection of 27 accessions with elevated biomass index and field drought
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tolerance, as well as 25 genotypes combining low drought tolerance mndex values (DSI < 0.50) with high
productivity, confirms the effectiveness of integrated selection criteria. Significant variability in yield between
regions (Almaty region - 7.7-44.6 c/ha; Kostanay region - 17.7-53.9 c/ha) reflects the influence of contrasting
agroclimatic conditions on the realization of genetic potential and emphasizes the need to select forms with
broad ecological adaptability.

An analysis of the drought tolerance index (DSI) among the studied KASIB wheat accessions showed
that values ranged from 0.26 to 1.17, reflecting a wide range of adaptive responses to water stress. Twenty-
three accessions with low values (DSI < 0.50) were selected based on the drought tolerance index (table 1).

Table 1. Selected promising samples of spring wheat from the international nursery KASIB based on
yield and drought resistance index.

Ne Name of variety and line Productivity, c/ha DSI V, % Bi S2d
Optimal conditions | Average
(Kostanay region)

1 Stepnaya 245 423 37,3 0,45 14,16 | 1,48 5,44
2 Stepnaya 253 32,7 29,4 0,54 13,24 11,39 3,96
3 Stepnaya 259 25,1 233 0,37 9,95 1,30 2,33
4 GVK 2127 26,9 23,5 0,56 13,54 | 1,05 3,32
5 GVK 2161 29,6 24,6 0,76 25,69 10,95 6,43
6 Lutescens 857 27,9 26,7 0,50 13,31 1,10 3,39
7 Lutescens 932 29,4 24,1 0,75 25,89 | 1,51 6,43
8 Lutescens 248/01 38,5 28,3 0,96 38,27 | 1,47 11,60
9 Lutescens 393/05 27,7 25,2 0,38 9,54 1,30 2,47
10 Line 4-10-16 32,5 29,5 0,37 9,52 0,46 2,90
11 Line 22 CHS 359 32,1 0,46 11,50 [ 0,78 3,82
12 Lutescens 48-204-03 32,4 29,5 0,39 7,11 1,03 2,19
13 Lutescens 2028 29,3 252 0,62 14,35 1,20 3,82
14 Lutescens 2102 37,8 26,1 1,06 53,32 1,11 14,64
15 Lutescens 30 354 28,5 0,79 38,02 | 1,14 10,61
16 Lutescens 65 37,7 29,6 0,80 34,83 |[0,87 10,54
17 Lutescens 261 32,7 28,1 0,60 18,04 | 1,02 5,23
18 Early-ripening standard 36,3 30,6 0,77 20,01 1,08 6,36

(Kazakhstanskaya 4)
19 Mid-season standard 29,1 242 0,76 30,77 1,19 7,35

(Kazakhstanskaya 3)
20 Late-ripening standard 36,8 28,7 0,79 34,10 0,84 10,11

(Kazakhstanskaya 10)
21 In Memory of Aziev 29,5 25,7 0,57 18,73 1,07 4,88
22 Tertsia (Tertsiya) 24,1 15,4 1,04 53,89 | 1,01 9,40
23 Astana 2 47,2 31,2 1,05 65,88 [ 0,90 21,21
24 Omskaya 35 32,6 234 0,95 66,72 | 1,15 14,78
25 Saratovskaya 29 31,8 25,6 0,81 30,89 | 0,53 8,06
26 Lutescens 1103 22,5 20,4 0,70 23,45 (0,97 4,53
27 Erythrospermum 1119 32,1 23,6 0,97 45,78 0,74 11,10
28 Lutescens 8-108-1 46,8 30,5 1,07 55,73 1,25 21,00
29 Lutescens 22-17 38,3 274 0,97 47,63 1,18 13,65
30 Lutescens 37-17 42,6 342 0,83 37,61 1,36 12,66

The coefficient of variation (V, %) showed a wide range of fluctuations from 6.93 % to 99.93%, which
indicates high variability of genotypes according to the resistance trait. The regression coefficient (Bi) showed
a wide range of fluctuations, from 0.46 to 1.63, indicating significant differences between varieties and lines
in terms of ecological plasticity and yield stability. Analysis of the variance of deviations (S?d) confirmed
significant differences in the degree of trait variability (from 1.63 to 27.93).

A correlation analysis was carried out to assess the relationships between morphological characteristics
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(infernode Tength, plant height, ear yield), phytopathological indicafors (assessment of resistance to leaf rust,

LDR) and productivity (weight of 1000 grains) in the conditions of the Kostanay region (table 2).

Table 2. Correlation relationships of structural and morphological traits of yield and drought resistance
of KASIB wheat in the conditions of Kostanay region, 2025.

Variables Length Length Length Length Length Length Length Length Length
of 1st of 1st of 1st of 1st of 1st of 1st of 1st of 1st of 1st
internode, internode, | internode, | internode, internode, | internode, | internode, internode, internode,
cm cm cm cm cm cm cm cm cm

Length 1 0,406 0,333 0,482 0,207 0,056 0,180 0,248 0,148

of Ist

internode,

cm

Length 0,406 1 0,563 0,275 0,090 0,113 0,171 0,104 0,446

of 2nd

internode,

cm

Length 0,333 0,563 1 0,395 0,091 0,153 0,130 -0,043 0,612

of last

internode,

cm

VR, cm 0,482 0,275 0,395 1 0,417 0,195 0,472 0,165 0,226

Ear 0,207 0,090 0,091 0,417 1 -0,027 0,288 0,232 0,045

elongation,

cm

NDVI 0,056 0,113 0,153 0,195 -0,027 1 0,231 -0,129 0,033

Leaf rust 0,180 0,171 0,130 0,472 0,288 0,231 1 -0,047 0,224

resistance

assessment

1000-kernel | 0,248 0,104 -0,043 0,165 0,232 -0,129 -0,047 1 -0,094

weight, g

Length 0,148 0,446 0,612 0,226 0,045 0,033 0,224 -0,094 1

of 1st

internode,

cm

The genotypes we identified (Gordeiforme 2264, Annushka, Kargala223, Liniya 19003, Bezenchukskaya
139, and Leykurum 1469-21), which combine high yield with low DSI values, are of particular breeding
value as sources of alleles that ensure stable productivity under water stress. Overall, the results confirm that
the integration of morphometric, physiological, and production parameters is a valid strategy for identifying
genotypes with sustainable yield potential under stressful conditions.

Our results generally correlate with the findings of Evdokimov et al. (2017), who developed a broad
pool of genotypes with high adaptive potential to arid environmental factors in Siberia and Kazakhstan. The
varieties and lines selected by the authors (including 383-MS, 452-MS, Kargala 303, Kargala 447, Altyn shygys,
Altyn dala, Nauryz-6, and others) are characterized not only by pronounced tolerance to water stress but also
by the ability to maintain productivity under variable hydrothermal conditions, reflecting their comprehensive
adaptability. Importantly, genotypes with a combination of drought tolerance and high yields under adequate
moisture conditions are of greatest breeding value, as these forms ensure the stability of agrocenoses in years
with contrasting moisture conditions. Additionally, it was demonstrated that individual varieties (Gordeiforme
91-25-5, Gordeiforme 98-42-1, Altyn Dala) exhibit high ecological plasticity, demonstrating a wide range
of adaptive responses and the effectiveness of their production regulation mechanisms. Taken together, this
indicates that the use of such genotypes in breeding programs not only improves resistance to abiotic stress but
also optimizes yield potential in various agroecological zones. This is fully consistent with the results of this
study and underscores the importance of an integrative approach to evaluating source material.

The correlations identified in the current study indicate the coordinated nature of stem morphogenesis
and its significant contribution to productivity. Positive associations between internode lengths, particularly
the high correlation between the second and last, reflect the coordinated regulation of linear growth determined
by genetic and physiological mechanisms. The moderate relationship between internode length and plant
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height suggests that height variability 1s determined primarily by the degree of internode elongation. High
positive correlations between internode length, especially the last, and thousand-kernel weight confirm the
role of the stem as a donor-conducting system, ensuring the transport of assimilates to the ear. The positive
association between ear germination, plant height, and NDVI indicates the integration of morphological and
physiological traits, with NDVI serving as an indicator of photosynthetic activity and biomass accumulation,
which influence reproductive efficiency. The obtained results are consistent with the data of Tazhibayeva T.L.
and Abugalieva A.L. (2018), which demonstrated that drought is the key factor limiting wheat productivity
in Kazakhstan, necessitating a comprehensive assessment of genotype adaptability. The authors emphasize
the effectiveness of integrating morphological, physiological, and biochemical parameters, including NDVI
as an indicator of biomass accumulation and photosynthetic activity, and free proline content as a marker of
stress resistance. The high variability of traits identified and the selection of genotypes with high NDVI and
proline values confirm that resistance is developed through a combination of interconnected mechanisms. In
the context of our data, this confirms the feasibility of an integrated approach to selection, taking into account
both the morphostructural characteristics and the physiological state of plants.

The results obtained in this study are consistent with the findings of Kalybekov Zh.T. et al. (2022), who,
while evaluating a spring soft wheat collection in the Aktobe region, identified 20 genotypes with the highest
integrated drought tolerance indices. These included primarily Kazakh-bred accessions, including a standard
variety, as well as several promising introduced varieties. The authors demonstrated that genotypes selected
based on a combination of traits are characterized by increased productivity stability and can reduce agro-
ecological risks in the face of interannual variability in moisture availability. Of particular importance is the
use of a system of complex indices, which ensures the integration of various drought tolerance components,
thereby increasing the accuracy of selection and the validity of breeding decisions. The practical significance
of the results and their potential for further commercialization were confirmed by the selection of 27 samples
with a high biomass index, field drought resistance, and high productivity, which will be directly included in
the breeding process as candidates for new wheat varieties of interest for breeding to improve wheat drought
tolerance.

Conclusion.

The conducted research allowed for a comprehensive assessment of the adaptive and productive
potential of the KASIB spring wheat collection in the contrasting agroecological conditions of Kazakhstan.
The results confirm that the stability and productivity of genotypes are formed as a result of the complex
interaction of morphological, physiological, and genetically determined traits. In the Kostanay region,
characterized by relatively favorable hydrothermal conditions, genotypes combining leaf rust resistance,
drought tolerance, and high productivity were identified. The use of the NDVI index allowed for effective
differentiation of accessions by biomass accumulation and photosynthetic activity, confirming its high
informative value as an integral physiological indicator.Correlation analysis revealed statistically significant
relationships between morphometric traits and productivity factors. Internode length and plant height were
found to play a key role in determining yield, reflecting the efficiency of growth and the redistribution of
assimilates. Particularly significant is the positive correlation between the length of the last internode and the
thousand-kernel weight, indicating the functional role of the upper stem in promoting grain filling. Positive
correlations between NDVI and morphometric parameters confirm that the level of photosynthetic activity is
closely linked to plant architecture and its production potential. Thus, morphostructural characteristics can
be considered reliable indicators in breeding selection. A comparative analysis between the Almaty region,
characterized by stressful conditions with a moisture deficit, and the Kostanay region, which presents more
optimal conditions, revealed significant variability in yield potential. This underscores the importance of
evaluating genotypes in different agro-ecological zones, as drought tolerance and productivity stability are
most fully demonstrated under contrasting environmental conditions. Selected genotypes with low drought
tolerance index values (DSI < 0.50), high biomass index, and high yield demonstrate the ability to effectively
adapt to water stress conditions while maintaining high productivity. Of particular breeding value are the
genotypes Gordeiforme 2264, Annushka, Kargala 223, Liniya 19003, Bezenchukskaya 139, and Leukurum
1469-21, which are characterized by a combination of high yield, leaf rust resistance, and pronounced drought
tolerance. These varieties can be considered promising donors of valuable traits for further breeding programs
aimed at increasing the adaptability and stability of wheat yield. Their use will expand the genetic base
for breeding and improve the efficiency of developing new varieties resistant to abiotic and biotic stresses.



Overall, the obfained resulfs confirm thaf the integrafion of morphological, physiological, and production
indicators is a valid and effective approach for identifying genotypes with sustainable yield potential. The use
of comprehensive selection criteria, including NDVI and the drought tolerance index, allows for increased
accuracy in breeding decisions and accelerates the development of adaptive varieties. Further research should
focus on a more in-depth study of the genetic mechanisms underlying the identified traits, as well as the
implementation of molecular methods to enhance the efficiency of breeding in a changing climate.
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Abstract. Introduction. Increasing climate variability and the growing frequency of drought events
have intensified the need to develop effective approaches for improving the productivity and grain quality
of spring wheat. The application of modern foliar biostimulants and plant growth regulators capable of
enhancing plant tolerance to abiotic stresses represents a promising strategy. Materials and Methods. The
study was conducted in 2025 at Olzha Sadchikovskoye LLP, Kostanay Region, Kazakhstan, using the spring
wheat (Triticum aestivum L.) cultivar Kanyuk. A large-scale strip-trial experiment covering 794.1 ha was
established to evaluate the effects of «Zeromax Phos» (0.3 L ha™'), an enzyme-based biostimulant (0.25 L
ha™'), and MEGAVit (2.0 L ha™!). Grain yield was assessed by whole-plot harvest accounting and sample sheaf
analysis. Agroclimatic conditions were characterized using ERAS5-Land data. Descriptive statistics, correlation
analysis, and regression analysis were applied. Results. The highest agronomic performance was achieved
with «Zeromax Phos», which increased grain yield to 35.4 ¢ ha™', exceeding the control by 1.7 ¢ ha™ (5.0 %),
while improving grain test weight by 34 g L. The highest biological yield (61.07 c ha™') was recorded in the
«MEGAVit» treatment. A strong positive correlation was identified between plant height and biological yield
(r=0.929, p < 0.001). Discussion. The results indicate that anti-stress foliar treatments have considerable
potential under conditions of periodic water deficit. However, the findings should be confirmed in randomized
experiments with an adequate number of replications. Conclusion. Under the agroclimatic conditions of the
2025 growing season, «Zeromax Phos» proved to be the most promising treatment for practical agricultural
use, providing higher grain yield and improved grain quality. <MEGAVit» demonstrated a high potential for
enhancing biological productivity and warrants further evaluation in multi-factor experiments with sufficient
replication.
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AnHotauusi. Kipicne. KnuMaTThlH ©3TeprilliTIriHIH KYIICIOl KOHE KYpPFaKUIBUIBIK Ke3eHJepiHiH
JKULIeyl xKa3ablK OuIaiIbIH OHIMIUTITT MEH J9H CamachlH apTThIPYAbIH TUIM/II TOCIAEPIH 131€CTIPYAiH MaHbI-
37BUIBIFBIH apTThIpy/Aa. bonamiarsl 30p OarbITTapAbIH 0ipi — 6CIMIIKTEPAIH a0MOTHKANIBIK cTpecc (pakropiia-
pbIHA TO3IMJUIITIH apTTHIPAaThIH 3aMaHayd KalblpaK apKbUIbl KOJAAHBUIATBIH OMOCTUMYIISATOpJIAP MEH Ocy
perrerimuTepid naipanany. Mamepuanoap men a0icmep. 3eprreynep 2025 xbuibl Koctanail 00nbICbIHIAFBI
«Omxa CamuuxoBckoe» JKIIC-ne KaHiok COPTBIHBIH jKa3/IbIK KyMcaK Ouaaibl ericTirinie xKypriziiaui. OH-
nipictik Toxipube 794,1 ra amanga strip-trial ¢popmarbiHna yiisiMaacTelpsiiasl. «3epomakc doc» (0,3 1/
ra), pepmeHTTIK 6MocTUMyIATOP (0,25 11/Ta) *)KoHe «MeraBut» (2,0 j1/ra) npenapaTTapblHbIH dcepi 3epTTe-
Ii. OHIMIUTIK TYTac €cemKke ajy >KOHE ChIHAMAIBIK Oaynapibl Talufay oAicTepiMEH aHBIKTAIIbl. ATPOKIIH-
MatThIK xkargainap ERAS-Land nepekrepi Ooiibinina 6aranansl. Jlepektepai eHIey YIIiH CUIATTaMalblK
CTATUCTHKA, KOPPEISLMSIIBIK )KOHE PErpecCUsyIbIK Tallfay d/1icTepl KoJanaHbliabl. Homuowcenep. EH jxoFapsl
IapyambUIblK THIMILTIK «3epomakc Docy npenapaThiH KogaHFanaa 0alkanasl: eHiMaUTiK 35,4 1/ra Kypar,
Oakputay HyckacelHaH 1,7 w/ra-ra (5,0 %) sxorapbl O0AbI, a1 1OHHIH HaTypackl 34 r/1-re apTThl. EH jx0Fapsl
ounonorusbiK eHiMALTIK (61,07 1/ra) «MeraBuT» npenaparbiH KOJJAaHFaHAa TIpKeIIl. OCIMAIK OMIKTIrT MeH
OMONIOTUSUIBIK OHIMJIUTIK apachIH/a KOFapbl OH KOPPeaLUsUIbIK Oaiianbic anbIKTanas! (r = 0,929; p <0,001).
Tanxvinay. ANBIHFAH HOTHIKEJIEP bUIFAN TAIIIBUIBIFBI JKaFIaliblHAa AaHTUCTPECCTIK XKalbIPAaKThIK OHJeyIepal
KOJIZIAHY/IbIH TIePCIEKTUBAJbl €KEeHIH KopceTTi. JlereHMeH, aHbIKTalfaH alblpMallblIbIKTapbl paHI0MHU3a-
LUSUIAHFaH JKOHE JKEeTKUIIKTI KalTaldaHbIMJIapbl 6ap ToxipuoOenepae KOChIMILA pacTay KakeT. KopblmuvlHObL.
2025 KbLIFbI BEreTalMsUIbIK Ke3€H JKaF1aiblHAa OHIPICTIK KOJIaHy YILIiH €H IepCIeKTUBAIbI IIpenapar «3e-
pomakc Pocy» GOIBIIT aHBIKTAJIbI, 071 OHIMIUTIKTI apTTHIPHIIN, AOHHIH TayapJibIK CallachlH XKakcapTThl. «Mera-
BUT) Npenaparbl OMOJOTUSUIBIK OHIMIUTIKTI apTThIPY/AbIH )KOFAphl QJIEyeTiH KOPCETT1 )KOHE KalTalaHbIM CaHbl
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AHHOTANUs. Bgedenue. B yClnoBUAX YCUIICHUS KIMMAaTHYECKONH M3MEHUYMBOCTH U yYaIl[CHUS 3aCyIll-
JUBBIX TIEPUOIOB BO3pACTAET HEOOXOTUMOCTh Morcka 3((HEKTUBHBIX TPUEMOB TOBBIIIICHUS TPOAYKTUBHOCTH
U KauecTBa 3epHa sIpOBOM MieHUIbl. [lepcreKTUBHBIM HAIIPaBICHUEM SBISETCS IPUMEHEHHE COBPEMEHHBIX
JUCTOBBIX OMOCTUMYJSITOPOB U PETYISITOPOB POCTA, CIIOCOOHBIX MOBBIIIATh YCTOWYMBOCTh PACTEHUN K aOHO-
TUYECKUM cTpeccaM. Mamepuansl u memoosl. ccnenoBanus nposeneHsl B 2025 rogy B TOO «Omxka Caguu-
koBckoe» Kocranaiickoi o0acTu Ha moceBax sipoBOM MsTKOH mieHuIsl copta Kanrok. [Ipon3BoacTBEHHBII
OTBIT MJIoMaAbI0 794,1 ra BeinonHeH B popmare strip-trial. I3yuanu aeiictBue nmpemnaparoB «3epomakc Docy
(0,3 n/ra), depmentHoro 6uoctumymnstopa (0,25 n/ra) u «MeraBut» (2,0 51/ra). YpoxkailHOCTh ONpEAETISIIH
METOJIOM CIUIOIIHOTO Y4YeTa M aHalu3a MPOOHBIX CHOMOB. ATPOKIMMATHYECKHE YCIOBUS OIICHUBAJIU MO J1aH-
HeiM ERAS5-Land. Tlpumensii onucarenbHYIO CTaTUCTHKY, KOPPENSLMOHHBIA M PErpecCUOHHBIA aHAIH3.
Pesynomamer. Hanbonpiuit xo3siicTBeHHbIN 3G ekt obecnieunn npenapar «3epomakc Pocy, MOBBICUBIINAN
ypoxkaiiHOCTh 110 35,4 1/ra, uto Ha 1,7 w/ra (5,0 %) BbIlIe KOHTPOJIA, a TAKXKE YBEIUYUBIINN HATypy 3epHa
Ha 34 r/n. Haubonwinas 6uonorudeckas ypoxkaiiHocts (61,07 1/ra) momydeHa npu mpuMEHEHUH IMpernapara
«MeraBuT». YCTaHOBJIEHA CUJIbHAS MOJOKUTEIbHAS KOPPEIAIHSI MEXKIy BBICOTON pacTeHUI U Ouomoruye-
ckoit ypoxaitHocThio (r = 0,929; p < 0,001). O6cyscoenue. 1lonydeHHble JaHHBIE CBUIETENBCTBYIOT O IEp-
CHEKTUBHOCTH MPUMEHEHHS] aHTUCTPECCOBBIX JINCTOBBIX 00OPa0OTOK B YCIOBUSIX MEPUOIUUECKOTO Aeduimnra



BJIary, OJTHAKO TPEOYIOT MOATBEP>KICHMS B ONBITAX C paHAOMHU3AIUEH U JOCTATOYHBIM YMCIIOM TOBTOPHOCTEH.
3axnouenue. B ycnoBusix BeretaniioHHOTo ce3oHa 2025 roga HanOonee MEPCeKTUBHBIM MpernaparoM s
MIPOM3BOACTBEHHOTO MPUMEHEHHUS okazancs «3epomakc Pocy, 00eCeynBIINA TOBBIIIEHUE YPOKANHOCTU U
yAaydIIeHre TOBapHbIX KauecTB 3epHa. [Ipenapar «MeraBut» npoaeMOHCTPUPOBA BEICOKHIA TOTEHIMA Gop-
MHUPOBaHUs OUOIIOTUYECKOM IPOTYKTUBHOCTH U TpeOyeT AalbHEHIIIeH TPOBEPKU B MHOTO(PAKTOPHBIX OMBITAX
C IOCTaTOYHBIM KOJIMYECTBOM MOBTOPHOCTEH.

KuioueBble ciioBa: OMOCTUMYNIATOPBI, OMONOTHYECKas YpPOXKaHOCTh, Ka4eCTBO 3€pHA, JIMCTOBHIE
MTOJIKOPMKH, KOJITOMJTHOE cepedpo, MUCUTOPBI, HAHOYTIIEPO/
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(2026). CpaBHHTENIBbHAS OIIEHKA OTKJIMKA SPOBOM MIICHMIIBI HA TUCTOBBIE 00padoTku B KocTanatickoit oOna-
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Kon(uiuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

bnazooapnocme / unancuposanue. Jlannoe uccinedogaHue 6bINOIHEHO 6 pAMKAX NPOeKma
BR22885719 «Paspabomams u 6HeOpums ycmouuugvle cucmemvl 3emiedenusi Ojisi peHmabeibHo20 npous-
800CMBA CENbCKOXO3AUCMBEHHOU NPOOVKYUU 8 YCLOBUAX USMEHAIOWe20Cs KIUMama OJisi pa3iudHblX NOYGEH-
Ho-KauMamudeckux 30n Kazaxcmauy» no npoexmuomy meponpusmuio: «Aeposxonosuveckas oyeHKa 3emeidb
U NpOeKmMuposanue adanmueHo-1aHOwUApmuslx cucmem semueoenus Ha ocnoge I UC-mexnonoauii ons peute-
HUs nymeu onmumMu3ayuy ni000pooust NoY8».

BBeaenue.

B pesynbrare nedunnrta >1eMEHTOB MUTAHUA B ITOYBE BO3SHUKAET HEOOXOAMMOCTD MOUCKA allbTepHa-
TUBHBIX CPEACTB U MPUEMOB YBEIWYCHHs YPOKAWHOCTH CENbCKOXO3sIICTBEHHBIX KyibTyp [Isajchev u ap.,
2023: 258]. Ilpu pa3zpaboTke 3TUX TEXHOJIOTUN HEOOXOIUM yUeT BCeX MPUPOAHBIX (PaKTOPOB, BIUSAIOMIUX HA
YPOXKaHOCTh M Ka4eCTBO 3epHOBBIX KylbTyp [Galeev, 2014: 96; Kabanov, 2016: 133].

[TpousBoacTBo sipoBoil muieHusl (7riticum aestivum L.) B crenHoil 30He CeBepHoro Kaszaxcrana
(GYHKIIMOHUPYET B YCIOBUAX KECTKOTO TUMUTHPOBAHHS PECYPCOB, IJI€ BIAro00eCreueHHOCTh U JOCTYITHOCTD
AIIEMEHTOB MUHEPATHHOTO MUTAHUS SBISIIOTCS KIIOYEBBIMU (DAKTOpAMHU, OMIPEIESISIIOIIMMU MPOTyKTUBHOCTD
[Al’bert u mp., 2022: 33—40]. TpaguuroHHas MapagurMa HHTEHCU(DHUKAIIMN, ONTUPAIONIAsACS UCKITIOYUTEIIBHO
Ha BHECEHUE MHUHEPAIbHBIX yI0OpEHUH, B YCIOBUSX PE3KO KOHTUHEHTAJIBHOTO KIMMAaTa U CHenUu(pUIeCKuX
MOYBEHHBIX YCJIOBHI JOCTUTAET mpeiena cBoel 23 (heKTHBHOCTH.

st oCTUKEHMs BBICOKOHM MPOIYKTUBHOCTH M YCTOMYMBOCTHU 3€MIIEICIHSI, IPAKTUKA MCIIOIB30BaHUS
ynoOpenuii B PecniyOnuke Kazaxcran A0KHA OCHOBBIBATHCSA HAa KOHIIETIIMM CO3/IaHUS U MOAJEP)KAHUS OIl-
TUMaJIbHOTO YPOBHS COIEPIKAHMSI SIIEMEHTOB MUTAHUA B 1ouBe. [103ToMy mprMeHeHue palmoHaIbHbIX HOPM
MUHEPAJIbHBIX YI00pEeHUH 1 UCTIOJIb30BaHNE PA3IIMYHBIX MPENapaToB PETYISATOPOB POCTA MO/ CETbCKOXO3SH-
CTBEHHBIE KYJIbTYpbl — HauboJiee CyIIeCTBEHHbBIN Pe3epB MOBBIIMICHUS YPOKaWHOCTH CEIbCKOX03SICTBEHHBIX
KyJIBTYyp W YIy4IlIEHUs KadecTBa npoAykiuu pacrenueBojactsa [Eleshev, 2015: 138-148; Kenenbaev u ap.,
2023: 111-121].

B nocnennue roapl ocoboe BHUMaHKUE MCCIEN0BATENEH yAeNnseTcs MPUMEHEHHUIO JINCTOBBIX MOJIKOP-
MOK M OMOCTUMYJISTOPOB KaK MHCTPYMEHTOB MOBBIIIEHUS aIalTUBHOCTH 3€PHOBBIX KYJIBTYpP K CTPECCOBBIM
YCIIOBUSIM OKpYyXkaromiei cpenbl. [1o JaHHBIM MHOTOYHMCIIEHHBIX MCCIENOBaHUM, 00paboTka pacTeHuil 6uo-
JIOTUYECKU aKTUBHBIMH BEI[ECTBAMHU CIOCOOCTBYET ONTUMH3AIUU (OTOCUHTETUUYECKON NESTEIBHOCTH, TO-
BBIINIEHUIO Y3(PPEKTUBHOCTH UCIOIB30BaHUS JIEMEHTOB MUTAHUS U YIyUYIICHUIO BOAHOTO PEKHUMa PACTEHHMA
[Yakhin, 2017; Patrick du Jardin, 2015: 3—14].

B ycnoBusx 3acyxu U BBICOKMX TeMmmepaTyp HauOoliee MEpCIEeKTHBHBIMHU CUMTAIOTCS Iperaparsl,
oOmnamaronye aHTHUCTpeccoBbIM AeiicTBueM. CornacHo naHHbIM Rouphael u Colla, ncrons3zoBanue 6uMocTH-
MYJISTOPOB MO3BOJIIET aKTUBU3UPOBATH (PU3HOJIOTMYECKHE MEXaHU3Mbl YCTOMYUBOCTH PACTeHHUM K aOHOTH-
YEeCKHUM CTpeccam, MoBbimas 3pGEeKTUBHOCTh MUCTONIb30BAHUS BIIATM U AJIEMEHTOB MUHEPAIbHOTO MUTAHUS
[Rouphael, 2020]. Ananoruunslie pe3yiabraThl ObuH odyueHbl Calvo et al., KoTopbie 0TMeUaroT crnocoOHOCTh
OMOCTUMYJISTOPOB YCUITUBATh META00IMUECKHE MPOLECChl, CTUMYJIUPOBATh Pa3BUTHE KOPHEBOM CUCTEMBI U
MOJAePKUBATh MPOAYKIIMOHHBIN MpOIlecC TPHU HEOMaronpusaTHEIX ycnoBusx cpensl [Calvo, 2014: 3—41].

OpHuM U3 MEPCTIEKTUBHBIX HANPAaBICHUN SBISETCS HCIOIB30BAaHUE AIIMCUTOPOB, CIIOCOOHBIX 3aIry-
CKaTh MEXaHN3Mbl CHCTEMHOM MPUOOPETEHHON YCTOMUYUBOCTH PACTEHUN. DIMCUTOPHBIE TPEnapaThl aKTHUBH-



PYIOT CUHTE3 3aIlUTHBIX COCAMHEHUH, AHTHOKCUAAHTHBIX (PEPMEHTOB M CUTHAJIbHBIX MOJIEKYJI, YTO CIIOCOO-
CTBYET TOBBIIICHUIO YCTOMUYMBOCTH pacTEHUN K OMOTHYECKUM U abmoTudeckuM crpeccam [Walters, 2013:
1263—-1280]. B nocnenHue rojpl 3HaYUTENbHBIM MHTEPEC BBI3BIBAIOT MIPENapaTbl HA OCHOBE HAHOYACTHUII Ce-
pebpa, obnaaarolye OTHOBPEMEHHO CTUMYIUPYIOIUM U (DYHIMCTaTHYECKUM JIEHCTBHEM.

He meHee nmepcrneKTUBHBIM HalpaBlIeHHEM SBISCTCS MPUMEHEHUE HAHOYIJIEPOIHBIX COCAMHEHUH U
¢yniepeHoB B pacTeHHEBOJCTBE. VccienoBaHus MOKA3bIBAIOT, YTO HAHOYIVIEPOJ CIOCOOEH y4yacTBOBAaTh B
PEryisiliii YHEPreTHUECKOro 0OMeHa KIIETOK, CHUKaTh MHTEHCUBHOCTb OKHCIIUTEIBHOIO CTpecca U MOBBI-
math 3 dexTuBHOCTD hoToCUHTETHUUYECKUX TporieccoB [Tripathi, 2017: 2—12]. Mcnonb30BaHue npenapaToB
Ha 0CHOBE (YJIJIEpEHOB CIIOCOOCTBYET YBETMUEHUIO OMOMACChl paCTeHUH, yay4IlIeHUI0 (OPMUPOBaHUS I'eHe-
PaTUBHBIX OPraHOB U MOBBIIICHUIO YPOKaWMHOCTH CEIIbCKOXO35MCTBEHHBIX KYIbTYp [Zaytseva, 2016].

HecmoTps Ha 3HauMTENbHOE KOJIMYECTBO MCCIIEJOBAHUM, MOCBSIIECHHBIX MPUMEHEHHIO OTIENIBHBIX
IpyImn OMOCTUMYJSTOPOB U PEryIsTOPOB POCTA, CPaBHUTENbHAs OLIEHKA Y(P(PEKTUBHOCTH IpernaparoB pas-
JIMYHOTO MEXaHU3Ma JIeHCTBUS (ATUCUTOPHOTO, (PEPMEHTATUBHOIO U HAHOYIJIEPOIHOTO) B TPOU3BOJICTBEHHBIX
ycIoBHsIX cTenHOM 30HbI CeBepHOro KazaxcTana npakTuyecKku OTCyTCTBYET. bOIBIIMHCTBO OMyOIMKOBAHHBIX
paloT BBIIOJHEHO B MEJIKOJIEISTHOYHBIX OIBITAX MM MOCBALICHO M3yYEHHUIO OTICNIBHBIX (PU3MOIOTHYEeCKUX
3 eKToB MpenaparoB, Toraa Kak JaHHbIE 00 UX CPaBHUTEIbHON MPOM3BOACTBEHHON 3()()EeKTUBHOCTH, BIIU-
SIHUU Ha CTPYKTYPY YpO’kasi M KaueCTBEHHbIE MIOKA3aTeI 3epHa B YCIOBUSIX U3MEHSIOIEroCs KIUMara ocTa-
IOTCS] OrpaHUYEHHBIMH.

Hayunast HOBHM3HA HMCClIEOBaHUS 3aKII0YaeTCs B TOM, YTO BIIEPBBIE B YCIOBHUIX KPYITHOMACIITAOHO-
ro MPOU3BOJICTBEHHOTO OMbITa (strip-trial) crennoii 30Hb1 KocTanalickoit o6macTu npoBeieHa KOMIUIEKCHAs
CpaBHUTEJbHASI OLIEHKA MPENapaToB, Pa3InYAIONIUXCS IO MEXaHU3MY (PU3UOIOIMYECKOTro ASUCTBUS (IHCHU-
TOp Ha OCHOBE KOJUIOMJIHOTO cepeOpa, (PepMEHTHbIH OMOCTUMYISATOP U HAaHOYIIIEPOIHBIN mpenapar). B pa-
00Te BIEpBbIE I MPOU3BOJCTBEHHBIX YCIIOBHM PErMOHA COMOCTABIECHBI XO35HCTBEHHAs M OMOJIOTHYecKast
YPOXKalHOCTb, 3JIEMEHTHI CTPYKTYpBI yporXKasi, TOKa3aTeId KauecTBa 3€PHA, a TAK)KE BBIIIOJIHEH aHAJIN3 B3aM-
MOCBSI3M OMOMETPUUECKUX MTOKa3aTesnel pacTeHult ¢ opMUPOBAHHEM YPO)KafHOCTHU B YCIOBUAX KIIUMaTH4e-
CKOT0 cTpecca.

Llenb vccaeq0BaHUS — MIPOBECTH CPABHUTENIBHYIO OLIEHKY OTKJIMKA SPOBOM MSTKOM MILEHUIBI copTa
KaHIok Ha mpuMeHeHue JTUCTOBBIX MPENapaToB PA3IMYHOTO MEXaHU3Ma JeHCTBUS U ONPEAEIUTh UX BIUSIHUE
Ha ypOXKaltHOCTh, CTPYKTYPY YpOkasi M KaueCTBO 3epHa B YCIOBHX cTenHOU 30HbI KocTaHalickoit obnactu.

JUis ToCTHKEHUs TOCTABICHHOM 11eNTM ObUIN pellieHbl CIIEAYIOLINE 3a/1a4l UCCIICA0BaHM: OXapaKTe-
PH30BaHbl arpOKIMMAaTUYECKUE YCIOBUS BereTaloHHOro nepuoga 2025 rofa ¢ MCMOIb30BAHUEM JaHHBIX
ERAS5-Land; npoBesieHa OlieHKa BIHSHUS UCCIIEAYEMbIX MPENapaToB Ha XO35MCTBEHHYIO U OHOJIOTHUECKYIO
YpOXKalHOCTh SPOBOI1 MIIEHUIIBI; ONIPEeEeHbl U3MEHEHHSI OCHOBHBIX 3JIEMEHTOB CTPYKTYPBI YpOXKask M [TOKa-
3aTelniell KauecTBa 3epHa; YCTAHOBJIEHA B3aUMOCBS3b MEXy MOP(POMETPUUECKUMH MTOKa3aTeIsIMU PACTEHUI
1 OMOJIOTHYECKON ypOXKalHOCTBIO; OIpe/esieH Haubosee NMepCleKTUBHBIN Mpenapar Juis UCHONIb30BaHUs B
IIPOM3BOJCTBEHHBIX ycnoBusix CeBepHoro Kazaxcrana ¢ yuetoM 3pQpeKTUBHOCTH U MPAKTUYECKON IPUMEHU-
MOCTH.

MarepuaJjibl 1 METOABL.

Hccnenosanue BeimonHeHo B 2025 roxy Ha 6a3e TOO «Omxa CagunkoBckoe» Kocranaiickoro paii-
ona Kocranaiickoit obnactu (Pecny6nuka KazaxctaH) B ycnoBHsIX MPOU3BOACTBEHHOTO OMbITa (strip-trial).
OOm1as miaoma s ONBITHOTO yyacTka coctaBuia 794,1 ra. [TouBa onbITHOTO yyacTKa MpeAcTaBiIeHa YepHO3e-
MOM HO’KHBIM OOBIYHBIM MaJIOMOIIHBIM CJIa00TyMyCHPOBAHHBIM TSXKEJIOCYNIMHUCTHIM, C(OOPMUPOBAHHBIM Ha
MOKPOBHBIX JIECCOBU/IHBIX CyIJIMHKaX. TeppUTOpUsI OTHOCUTCS K CTEIHOM 30HE ¢ pe3KO KOHTUHEHTAJIbHBIM
KJIMMATOM, XapaKTepPHU3YIOLIMMCs 3HAYMTEIbHON MEXI010BON M3MEHYMBOCTBIO TEMIEpaTyphbl U KOJHMUYECTBA
aTMoc(epHbIX ocaakoB. [loronHele ycloBHs BEreTallMOHHOIO Ce€30Ha (Mal—CeHTIOpb) XapaKTepUu30BaAIUChH
MOBBIIIEHHBIM TEMIIEPATYPHBIM (POHOM M HEPAaBHOMEPHBIM YBIIAXKHEHUEM (PUCYHOK 1).

AHanu3 arpoKJIMMaTH4ecKuX yCJIOBUM O0OBEKTa MCCIEJOBAaHUS MOKa3aj, YTO BETeTALlMOHHBIN Mepu-
ox 2025 roga xapakTepu30BaJICs COYETAaHHEM IMOBBIIIEHHOIO TEMIIEPATYPHOTO peKUMa U HEPAaBHOMEPHOTO
pacripeniesieHust atMoc(epHbIX ocaakoB. HecMOTpst Ha MpeBbILIEHHE CPEHEMHOTOJIETHEW CyMMBI OCAJIKOB,
B KpUTHYECKHE (Pa3bl pa3BUTHs KYJIbTYpbl HaOMr0qasICs 1e(UIUT BIIAry, MOATBEPKIAeMbli 3HAaUCHUSIMH THU-
nporepMmuyeckoro kosgduuuenta Huxke 0,6. CrnenoBarenbHO, OleHKa 3()(HEKTUBHOCTH HCCIIEAYEeMbIX Ipe-
napaToB MPOBOIWIACH B YCIOBUAX BBIPAXKEHHOIO MEPUOJUUECKOTO a0MOTHUECKOTO CTPecca, YTO MO3BOJISET
OOBEKTUBHO OLIEHUTh UX aHTUCTPECCOBBIM MOTEHIIHAI.
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Puc. 1. Ocanku, Temneparypa BO3IyXa 1 CyMMa aKTUBHBIX TeMIIEpaTyp ¢ Mas 1o ceHTsI0pb 2025 roga B CpaBHEHUH CO CPEIHEMHOTOJIETHUMHU
3HAYCHUSAMH.
[Fig. 1. Monthly Precipitation, Air Temperature, and Accumulated Growing Degree Days (GDD) from May to September 2025 in Comparison

with Long-Term Average Conditions].

Bereranmonnsiit nepuon 2025 roga XxapakTepu30BaJICsS TOBBIIICHHBIM TeMIIEpaTypHbIM (DOHOM U He-
PaBHOMEPHBIM pacHpeeICHUEM OCAAKOB. 3a MEepPUO aKTUBHOM BereTanuu Boinano 202,1 MM ocaakoB mpu
cpenHeMHorojeTHeM 3HaueHun 160,7 mm. Bmecte ¢ Tem ruaporepmudecknii kodddurmeHnt no CenssHUHOBY
coctaBmi 0,98, a B OTAeNbHBIC ICKAABI HIOHS, HIOJISI, aBTYCTa U CEHTSIOps HaOII0AaICsT BRIPAKCHHBIN 1eUITUT
Biaru (I'TK < 0,6), 4To co3aaBano yCcJIOBHs MEPUOANMUECKOTO BOIHOTO CTpecca Il pacTeHU (PUCYHOK 2).
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Puc. 2. Jlexaqueiii rugporepmudeckuii kodddunnent CenssHIHOBA ¢ Mast 10 ceHTs0pb 2025 roja B cpaBHEHUH CO CPETHEMHOTOJICTHIMH
3HAYCHUAMU.
[Fig. 2. Comparison of the Decadal Selyaninov Hydrothermal Coefficient (HTC) from May to September 2025 with Long-Term Average
Values].



OOBEKTOM UCCIIEN0BAHU SABIANACH ApoBas MArkas nureHuua (lriticum aestivum L.) copra KaHrok
nepBoi penpoaykiun. [IpeanecTBeHHUKOM CITY>KUJT YUCTHIN nap (Tadbmuna 1).
Tabnuua 1. Uctopus ypoxailHOCTH Ha TOJI€ ONbITa

AKAOEMMUSACHI

Ton Kynerypa VYpoxkaiiHOCTB, 1/Ta

2018 | 3eprocmech Slumenn+lopox+Osec | 36,00

2019 | Kykypysa cunocnas Ponauk 179 10,10

2020 Slumens ApHa 3 penpoayKkuus 9,20

2021 | Kykypys3a 3epHoBas [TuBuxa 23,00
2022 | 3eprocmeck Sumenb+lopox+Ogec | 45,00
2023 IToncomneunnk CL LG5542CL 19,50
2024 | [ap umcTsii -

OmnbIT 3a7105KeH Ha (POHE OCEHHEH XMMUYECKOM MPOIOJIKH ¥ MEXaHW4IeCKO 00paboTku. 16—17 ceHTs-
Ops 2024 roga Owl1a ipoBeneHa oopadotka rmudocarom, 540 r/m — 2 n/ra. Benen 3a atum (20-30 ceHTsaOpst)
BBINIOJIHEHO AMCKOBaHUE Ha ITyOuHy 10—12 cM 1u1st 3a1€7IKM TOKHUBHBIX OCTATKOB U MTPOBOKAIIUU COPHSIKOB.

PanHeBeceHHee 3aKkpbITHE BiIaru nposeaeHo 9—16 anpens (arperat b3-22 B 2 cnena). [IpenmnoceBnas
MOJrOTOBKA BKJIIOYAJIA TPOMEKYTOUHYIO MEXaHUUYECKYI0 00paboTKy (24—25 ampenst) U KyJIbTUBALIMIO HA TIIY-
ounHy 6 cM (28 Mast), HeIOCPEACTBEHHO TIEPe]T TOCEBOM.

IToces nmpoBezeH B mo3aHue cpoku — co 2 no 7 uroHs 2025 roxa. [Tocne nocesa (3—8 HMIOHS) BBITTOTHE-
HO 6oponoBanue (b3-22) nyis BeipaBHUBaHUS (OHA.

O06paboTka mpenaparaMu COTJIACHO CXEM€ OIbITa OblIa mpoBeneHa B ¢asy kymieHus (5 wuroms 2025
rozaa) KynbTypsl (pucyHok 3). [Ipenaparsl BHOCHIMCh coBMecTHO ¢ Ddup Kopco 0,2 n/ra, Mockut ®opte 20
rp/ra Jlurrepo ®@opre 0,3 1/ra u npununarens JAILL 0,3 n/ra.

Cxema ombITa BKIII0YaJla YEThIPE BapHAHTA:

KonTpons (poHOBAsI TEXHOIOTHSI XO35HCTBA);

3epomakc @oc — 0,3 n/ra;

depmeHTHBIN OnocTUMysTOp — 0,25 11/ra;

Merasut (MEGAVit) — 2,0 n/ra.

| Jeportanc
Pepat. GuocTHM-P.
] Kourpoas

EMerasut

Puc. 3. Cxema pa3MelIeHUs] BAPUAHTOB Ha OTBITHOM YYacCTKe

[Fig. 3. Layout of Experimental Treatments in the Field Trial]

JluctoBbie 00pabOTKKM MPOBOAMIN OMHOKpATHO B (ha3y kymenus (5 urons 2025 roga) caMOXOAHBIM



omnpbickuBareieM AVAGRO-MK25 npu pacxone paboueit xunkoctu 50 n/ra. Bece npenaparbl BHOCHIUCH
COBMECTHO C OJJMHAKOBBIM KOMILJIEKCOM BCIiOMorareibHbIX KomrnoHeHToB (D¢up Kopco, Mockur dopre, Jlu-
rrepo @opre u npuiunarensb JAILLD), 4ro uckioyano BIUSAHUE Pa3IUYMid B TEXHOJOTHH 00PaOOTKU MEXITy
BapUaHTaMHU.

Y6opka oCylIecTBIsUIaCh pa3AeiabHbIM CIIOCOO0M (AByX(da3Has yOOpKa), 4TO aKTyaJbHO IPHU HEpaB-
HOMEPHOM CO3PEBAHUU U BBICOKOM 3aCOPEHHOCTH: cBai B Banku: 19-21 centsOps 2025 roga (xarku XKH-11,
Jlon Map); non6op u odmonot: 23—-26 centsiops 2025 ropa (kombaiinel Acros 530, John Deere W550/9670
STS ¢ nonbopmukamu).

OO61mas npoaoHKUTEIFHOCTh BETeTAIIMOHHOTO Tiepuo/ia (0T mocesa 10 noabdopa) coctaBuna 109-111
JTHEH.

B ombiTe ncnosnp30BaIich Npenaparbl ¢ pa3IMyHbIM MEXaHU3MOM JIeHCTBUS Ha (PU3UOJIOTHIO pacTe-
HUU:

3epomakc Poc (Zeromax Phos). [IpousBoautens: TOO ArpoXumllpom (Kazaxcran). XKunkoe xom-
IUIEKCHOE ynoOpeHue cyHructarndeckum 3¢ pextom. OCHOBHBIM JACHCTBYIOIIMM BEIIECTBOM SIBIISETCS KOJI-
nougHoe cepedbpo (Ag) — 0,05 % (500 mr/m), ctabunu3upoBaHHOE MOIUTeKcaMeTUIIeHOUTyaHuTuHOM. Takske
comepxkuT MakpoaaemMeHThl: pocdop (P20s — 3,7 %), kanuit (K20 — 5,8 %) 1 MUKPOITEeMEHTHI-CUHEPTUCTHI
(Mo — 0,13 %, Se — 0,043 mr/nm?). ['unoresa ero IEHCTBUSI CTPOUTCS HA CIOCOOHOCTH HAaHOUYACTHI] cepedpa
(AgNPs) BbI3bIBaTh KOHTPOJIUPYEMBIN OKUCIUTENBHBIN B3pbIB (TreHepario ADPK), KOTOpbIi BOCTIPUHUMAETCS
pacTeHUeM KaK CUTHAJ aTaky [aToreHa, 3alycKasi KacKa/j peakiuil CHCTeMHON PpUOOPETEeHHON yCTOHUMBO-
ctu (SAR-3ddexr). JlononnutensHoe BKitoueHue Gpocdopa B GOpMyIISAIMIO HAIPABICHO HA CHHEPTUIO CHUT-
HaJIbHBIX ITyTeH, OTBETCTBEHHBIX 3a Pa3BUTHE KOPHEBON CUCTEMBI.

®epmeHTHBIN Mpenapar (Ouoctumynsrop). Komrieke sH3MMOB (aMuiia3a U mporeasa), IUCUTOPSI,
JIMIIO- U TIIMKOIIPOTEHHBI, MOIUIENITH/IbI, OJTUTOCaxXapuabl, OpraHnYeCKue KUCIOThl U BUTaMuHBI. 1o 3as1Bie-
HUIO IPOU3BOIUTENS, IPEnapaT COACPKUT (PepMEHTHBIN KOMIUIEKC U OMOAKTHBHBIE KOMIIOHEHTBI, CIIOCOOHBIE
OIOCPEIOBAaHHO BJIMATH HA MUTAaHUE U YCTOHMUMBOCTH pacTeHuil. Ilpenapar mo3umoHupyercs Kak CpeicTBO
JUIs1 TIOBBIILIEHHS YCTOMYMBOCTHU KYJIBTYPbl K OMOTHYECKUM U a0MOTHUECKUM CTPECCaM.

Merasutr (MEGAVit). [IpousBoautens: Biolnvest Ltd (Kasaxctan). KommnekcHoe Gno-mMuHepaibHoe
ynoopenue ¢ HaHoyriepooM. Ilpenapar conepKUT KOMIUIEKC OpraHMUECKUX KUCIIOT (IHTapHasi, I11aBeseBas,
JMMOHHast, opTodocOopHast), BHITSKKY U3 OMOryMyca M HEI03pelbIX yIIeH, a Takxke QyiuiepeHbl (HaHOyTIe-
pon). Oborarien xenarHeIMU (popmamu Mukposnementos (Mg, Fe, Zn, Cu, Mn). ®ysmiepeHbl MOTYT BBICTY-
naTh B POJIM HAHO-TPAHCIIOPTEPOB AKTUBHBIX BELIECTB Yepe3 KIETOUHYI0O MEeMOpaHy, yCKOpss METaOOIN3M.
Opranudeckue KucyioThl (0COOCHHO siHTapHas1) pabOTa0T KaK MOIIHBIE Al TOI€HBI, TOBBIIIAsS YCTOHYUBOCTb
K 3acyxe. MexaHu3M JeiCTBUSI HAHOYIJIEPOAHBIX PETYIATOPOB CBA3BIBACTCA C UX YHUKAIBHON AIIEKTPOHOAK-
LENTOPHONW CIOCOOHOCTBIO, MO3BOJISIONIEH UM JEHCTBOBATh KaK JIOBYIIKM CBOOOJHBIX pajJMKajoB B MUTO-
XOHJIPUAX U XJIOPOIUIACTaX, IPEJOTBpALIast OKUCIUTEIbHBIN CTPECC U ONITUMU3UPYS SHEPreTHUECKUI OanaHc
KJICTKH B YCJIOBHSIX 3aCyXH.

Hccnenyemsble mpenaparsl pa3inyaiich 0 MEXaHU3My (PU3MO0JI0rHUecKoro aeicTus. 3epomakc doc
MPEJICTaBIsIeT CO00M KOMIUIEKCHOE YIOOpeHHEe ¢ KOJITOUIHBIM cepedpoM, hochopom u kanmem, odnagaromiee
SIIUCUTOPHBIMU U (PYyHTUCTATUYECKUMHU CBOMcTBaMH. DepMEHTHBIN MpernapaT COIEP>KUT KOMILIEKC MHJIPOIIU-
TUYECKHUX (PepPMEHTOB, OMOAKTUBHBIX COEAMHEHUH U BUTAMUHOB, HAIIPABJICHHBIX HA MOBBIIIEHUE YCTONUNBO-
CTH pacTeHUH K cTpeccaM. «MeraBuT» ABIsieTCs OMO-MUHEPAIbHBIM IIPENapaToM, COACPIKALIUM OpraHuye-
CKHE KHCIIOTHI, (y/uIepeHbl (HAHOYIJIEpO) U XeNaTHbIe (POPMBI MUKPOIJIEMEHTOB, PEAHA3HAYEHHBIMU IS
CTUMYJISIIMKA OOMEHHBIX MPOLIECCOB U MOBBIIICHUS! YCTOWYMBOCTH PACTEHUN K HEOIAroNpHUsITHBIM YCIOBHUIM
Cpenbl.

ATrpoxJIMMaTu4yecKue yCIOBHs OLEHHBAIHU IO JaHHBIM InobanbHOro peananusa ERAS-Land c wuc-
nosnb3oBanueM miardopmsl Google Earth Engine. PaccunThiBanu cymMmMmy arMoc(epHBIX 0CaKOB, CYMMY akK-
tuBHBIX Temneparyp (>10 °C) u ruaporepmuueckuit koapduunuent CensHuHoOBa. i OLEHKH KJIMMaTHye-
CKUX 0CcOOEHHOCTeH ce3oHa mokaszarenu 2025 roja cpaBHMBAIM CO CPETHEMHOTOJETHUMH 3HAUCHHUSIMU 3a
2015-2024 roppl.

XO034HCTBEHHYIO YPOXKAMHOCTH ONPEEIIsiiIM METOJIOM CIUIOIIHOTO MOJEJIIHOYHOIO y4YeTa ¢ IpuBejie-
HUEM MacChl 3epHa K CTaHJapTHOM BIaxHOCTH 14 %. /{1 OlleHKH CTPYKTYpBI ypoxkKasi HCIIOIb30BaIU METO
IIPOOHBIX CHOIIOB C OINPEIENIEHUEM I'YCTOTBI CTOSIHUSI pACTEHUH, IPOYKTUBHOM KyCTUCTOCTH, BEICOTHI pacTe-
HUH, 1JIMHBI KoJ0ca 1 OMoIoruueckoi ypoxkaitHocTu. KauecTBo 3epHa OLeHUBAJIM IO HATYPE, YUCITy MaIeHUS



u macce 1000 3epeH.

Craructuueckyro o0pabOTKy BBINOJIHSUIM C MCIOJIB30BAaHMEM METOJOB ONUCATEIbHON CTAaTHCTHKH.
JU1s KOMYECTBEHHBIX IPU3HAKOB PACCUMTHIBAIN MEIMaHbl, KBAPTUIIbHBINA pa3Max, Tuana3oH U3MEHYMBOCTH
U OTHOCHUTEJIbHBIE OTKJIOHEHUSI OT KOHTPOJIBHOIO BapuaHTa. KoppensuoHHy0 CBA3b MEXIY BBICOTOM pac-
TEHUH 1 OMOJOTMUYECKON ypOXKAMHOCTBIO ONpeessiit o K03 duiueHTy koppensaiuu [Iupcona ¢ pacuerom
YpOBHs cTaTucTHYecKoi 3HaunMocCTH (p < 0,05). J[i1st oLieHKH 3aBUCUMOCTH MEXKAY NMPU3HAKAMU MCIIOIb30Ba-
JIM IMHEWHBIA pEerpecCUOHHBIN aHaIu3 ¢ onpeneneHneM koddduuuenta nerepmunanuu (R?).

[TockonbKy Mccae10BaHUE BBINOJHEHO B (pOopMaTe KPyHMHOMACHITAOHOTO MPOU3BOJCTBEHHOTO Strip-
trial 6e3 paHIOMM3aLMU BAPUAHTOB U JIEJISHOYHOM PEIUIMKAIMM, Pe3ylbTaTbl pacCMaTpUBarOTCS Kak Mpo-
M3BOJICTBEHHAs OLIEHKa 3(PEKTUBHOCTH NpenaparoB. [lomyueHHbIe pa3auyuusi HHTEPIPETUPYIOTCS KaK HH-
JUKAaTUBHBIE M TPEOYIOT MOATBEPXKICHHS B MOCIEAYIOLUIMX MHOTOJETHUX PAHJOMHU3UPOBAHHBIX OMNBITAX C
JIOCTATOYHBIM KOJIMYECTBOM ITOBTOPHOCTEH.

O0paboTKa JaHHBIX U pacyeT arpoOKJIMMAaTHYECKHX MTOKa3aTeael MPOBOAWINCH C UCTIOIb30BaHUEM 00-
naqHoi reouHpopmanronHoil miargopmel Google Earth Engine (GEE). B kauecTBe nCXOAHBIX apaMeTpoB
HCTIOJIb30BAIUCh CyTOUHBIE arperupoBanHHble qaHHble (koywtekius ECMWE/ERAS LAND/DAILY AGGR)
10 TeMIIepaType BO3AyXa Ha BHICOTE 2 M U CYTOUHBIM cCyMMaM ocajikoB [Mufioz-Sabater, 2021: 4349-4383].

AHanu3 npoBOAMIICS 3a TEPUOJ Mali—CEHTAOPB. J{J1s OLIeHKH OTKIOHEHHUH TEeKYILEero roja ot KJInuMaru-
YECKOM HOPMBI HCTIOJIb30BAJICS CPAaBHUTEIBHBIN aHAIN3 CO CPETHEMHOTOJIETHUMH 3HAYEHUSIMHU 3a MOCIIe/IHEee
necstunetue (2015-2024 rr.). OCHOBHBIMU PAaCUE€THBIMHU TOKA3aTeNSIMH SIBIISUIMCH: CyMMa OCaJKOB, CyMMa
akTHBHBIX Temreparyp (Bbime +10°C) u runporepmuueckuit koapduuuent (I'TK) no I'T. CenssHuHOBY.

VYyer yporxallHOCTH POBOAMICS JBYMSI METOAAMMU:

Cru10mHOM MoJeNnssHOYHbIN yueT (OyHKepHBIH Bec, IPUBEACHHBIN K MapaMeTpaM 3a4e€THOIO Beca Co
CTaHJapTHOM BIaXHOCTHIO 14 %) — nns BapuanTos 1, 2, 3.

Metoz mpOOHBIX CHOMOB C MOCIEIYIOIUM CTPYKTYPHBIM aHAJIM30M — JJIsl BapuaHTa 4 U Bepuduka-
IIUM JaHHBIX BapuaHToB 1,2,3. KOHTpO/IbHBINA BapHaHT OblI HAMEPEHHO Pa3JesI€H Ha J[Ba CaMOCTOSTENbHBIX
NoJIBapHaHTa AJIs y4€Ta BHYTPHUIIOJIEBOM BapuabeIbHOCTH MoKa3ateneil. s kaxkoro BapuanTa cieiaiy 1mno
nBa orOopa ¢ pamku 0,25 mM?. [l oGecriedeHus CX0CTBA TOYEK 0TOOpa CHOIOB 10 TOYBEHHOMY HOTEHIIUATY
KOOpPAMHATBI TOUEK paccuuTanu no narenty Ne 9255 (Cunopuk u np., 2024) ¢ yyeToM NpeBapUTeIbHO BbI-
JIeNIEHHBIX 30H IUIo0poaus o aBropckomy SFI-unnekcy, paspadorannomy Cunopuxom A.W. B 2025 rogy u
HCTIOJI30BAaHHOMY JJISl CTpaTU(UKAIIMK yYacTKa MO0 CYTHUKOBBIM JaHHBIM.

B cHOMoOBBIX 00pa3uax onpeaesnsiv rycToTy CTOSHUS, YUCIIO KOJIOChEB U IPOAYKTUBHYIO KyCTUCTOCTb,
3aTeM B3BEILMBAJIN OOMOJIOUEHHOE 3€PHO, 3aMEPSUTH €T0 BIAXXHOCTh U NEPECUUTHIBAIM B 1I/Ta MPHU CTaHAAPT-
HOM BaxXHOCTH 14 %. OT Ka)KJ0Tr0 CHOIIA JIOMOJIHUTEIBHO 0ToOpany no 10 TUMMYHBIX paCTeHUH U U3MEPHITU
uXx OMOMeTpHUeCKHe TIOKa3aTeNnu (BbICOTY pAaCTeHUs U JUIMHY KOJ0ca).

dopmupoBaHue Ipo0d Ha KaUeCTBO 3€pPHA — U3 JIFOUKOB JJIs1 0TOOpa Mpob 3epHa Ha koMOaiiHax oTOHupa-
JIMCh IPOOBI BO BpeMsl IBM)KEHUS KoMOaitHOB 1o nosto. C Ka)ka0ro BapuanTa OblJI0 0TOOPaHO MO 5 TOUEUHBIX
pod cyMMapHbIM 00bEMOM He MEHee 2 JTUTPOB.

Craructuueckas o0paboTKa MpecTaBlieHa JeCKPUIITUBHBIM aHAIN30M (CpeiHue/MeIuaHbl, Juarnaso-
HbI) U KOPPEJSALMOHHBIM aHaIU30M 1o [I1upcony Ha 00beTMHEHHBIX JJaHHBIX (0€3 pa3/ieNeHus 10 BapuaHTaMm).

VcnbITanue BBINOIHEHO B (hopMaTe MPOU3BOACTBEHHOIO CPABHUTEIBHOTO ONbITA HAa KPYIHBIX y4acT-
Kax (strip-trial) 63 pangoMu3aIy BApUaHTOB U 0€3 PEeIUTUKAIIMU HA YPOBHE JCNSHKH. B CBS3M C 3TUM J1aHHBIE
CIUIOLITHOTO yuéTa YpO)KalHOCTH TPAKTYIOTCSI KaK MHAMKATUBHBIC PA3JINUUs, OTPaKAIOIIME TPAKTUYECKUH OT-
KJIMK B KOHKPETHBIX YCIIOBUAX CE€30HA, HO HE KaK CTPOTO TOKa3aHHbIM MPUUYUHHO-CIIEACTBEHHBIN AP deKT npe-
napata. /[ nokasaresnei Xo3s1iiCTBEHHON ypOXKaiHOCTH, TOTyYEHHBIX MPH CILIOLIHOM MOAEISTHOYHOM YUETe,
pe3ysbTaThl NPEACTaBICHbl Kak (DaKTHUECKHE 3HAUEHMsI [0 BapUaHTaM U MX OTKJIOHEHMs OT KOHTPOJIbHOIO
BapuaHTa. [|Ji1 CHOMOBOro aHanu3a (n = 2 Ha BapUaHT) MCIIOJIb30BAJIM MEIUAHbl U KBAPTHIBHBIN pa3Max Kak
pobacTHbIE onMcaTeNbHbIE XapaKTepUCTUKU. KoppensuoHHbIi aHaIu3 MEX/y BHICOTOM pacTeHUI U OHUOJI0-
IT'MYECKON YPO)KalfHOCTBIO BBIMOJIHSIM HA 00beAMHEHHON BBIOOPKE CHOMOBBIX 00pa3LloB KaK MCCIe10BATElb-
CKUl TpUEM JUTsl BBISIBIIEHHSI OOIIeH TeHEHIINH, O0€3 HHTepIPETAIH ATOH CBA3M Kak J0Ka3aTesabcTBa P pex-
Ta MpenaparoB. YUUTHIBAs OTCYTCTBUE PAaHIOMU3ALUU U JEIIHOUYHONW PEIUIMKALIUH, TIOTyYEeHHbIE pa3Inyuus
TPaKTOBAJIM KaK MHIUKAaTUBHBIE U TPeOyIOIe MOATBEPIKICHHS B TOBTOPHBIX OIbITAX.

Pe3ynbrarsl n 00cyxaenue.

[Tony4yeHHbIe pe3yabTaThl CBUAETEIBCTBYIOT, UTO 3(PPEKTUBHOCTH JJUCTOBBIX 00pabOTOK OIpeaesnseT-



Csl HE TOJIbKO HAJIMUUEM (DU3MOJIOTMUECKHM aKTUBHBIX KOMIIOHEHTOB, HO U MEXaHU3MOM UX B3aUMOJICHCTBUS C
pacTeHHueM B yCIOBUSAX BOAHOrO nedunura (Tabnuua 2). B xo/1e mosaeBbIX ONbITOB ObLIN MPOAHATU3UPOBAHBI
MoKa3aTesld ypoKaiHOCTH U KauyecTBa 3€pHa B KOHTPOJILHOM BapHaHTE M MPU NIPUMEHEHUU OHOMpenaparos
3epomakc Doc (0,3 n/ra) u pepmentHbiid OnocTumysitop (0,25 n/ra).

Tabnuma 2. [Tokazarenu ypokatHOCTH

Bapuant Hamomnor, T S nensHKH, CopHnast npu- | 3epHoBast Bnaxxnocts | YpoxaliHoCTh Ipu [Tpubas-
oIlbITa ra Mech, % npumecs, % | 3epHa, % CT. BIIQKHOCTH, I/Ta | Ka, Ij/Ta
KOHTPOJIb 773,76 225,36 0,6 2,1 15,7 33,7 -
3epomakc doc, | 175,28 50 0.4 4.8 13,2 35,4 1,7

0,3 n/ra

DepMeHTHBIN 169,68 50 1,1 1,4 16,4 33,0 -
OHOCTHMYIISI-

Top, 0,25 n/ra

Haubonee Bbipa)keHHBIN TPON3BOICTBEHHBIN AP QEKT ObLI MOJTyUeH MpHU MPUMEHEHUH TTpenapara «3e-
pomakc @ocy, 006ecreunBIIeTO YBEINYCHNE XO3IUCTBEHHON yporkaitHOCTH Ha 5,0 % M MOBBIIICHUE HATYPHI
3epHa Ha 34 1/11. [lomy4yeHHbIE TaHHBIE COTIACYIOTCS C COBPEMEHHBIMH MPEACTABICHUSIMHU O POJIU ITUCUTO-
POB B MHIYLMPOBAHUH CUCTEMHOW yCTOWYMBOCTH pacteHuil. Ilo manueim Walters u ap., npuMeHEeHHE 3711~
CUTOPHBIX COCIMHEHUI aKTHBHPYET CHTHAJIbHBIC ITyTH CUCTEMHOW MpHOOpeTeHHOM ycTtoitunBocTH (SAR),
YTO MO3BOJIET PACTEHUSIM OBICTpEE aIaTHPOBATHCS K BO3ICHCTBUIO A0MOTHYECKUX CTPECCOB. AHATIOTHYHBIE
BBIBOJIBI IIPEJICTaBIICHKI B pabote Ding et al., rme 00paboTka pacTeHnii HAaHOYACTUIIAMU cepedpa crocoOCTBO-
BaJIa YCUJICHUIO aKTUBHOCTH aHTHOKCUIAHTHON CUCTEMBI M ()OPMHUPOBAHUIO (PU3UOTOTHUECKON «CTPECCOBOM
namsTiy», odecneunBaroieit 0osee 3pPEKTUBHOE HCIIOIB30BAHNE BIIATH B YCIOBUAX 3aCyXH.

[1o naHHBIM CIUIONIHOTO yuéTa ypO)KaliHOCTh B BApUAHTE C IPUMEHEHHUEM Ipenapara «3epomakc Pocy»
cocraBmia 35,4 1/ra, yro Ha 1,7 1/ra Beie kouTpois (33,7 w/ra). B Bapuante hepMeHTHBIH OHOCTUMYIIS-
TOp YPOXKaHHOCTH HE MPEBBINIATa KOHTPOJIb U cocTaBmia 33,0 1/ra. Xo3siicTBeHHAsI yPOXKaiHOCTh BapUaHTa
«MeraBuT» 10 TEXHUUECKUM NPUYMHAM HE ONPEAEIAIach, I0ATOMY €r0 COINOCTaBIEHHUE C JPYyTMMU BapuaH-
TaMU [0 JaHHOMY I10Ka3aTeN0 HE TPOBOIANUIIOCH.

[lo pe3ynpraraM npoBeAEHHBIX ONBITOB YCTAHOBJIEHO pa3jMuMe B OCHOBHBIX TOKAa3aTeNsX KauyecTBa
3epHa (Harypa, ynucio nageHus, macca 1000 3epeH) Mexy KOHTPOJIbHBIM BApUAHTOM M BapUAHTAMU C IMPU-
MeHeHueM Ouomnpenaparos (Tadmuna 3).

Tabnuua 3. BrusHue npenaparoB Ha MOKa3aTelld KauecTBa 3epHa

Bapuanr omnsita Harypa, | UII, Macca 1000
r/n CceK 3epeH, T.

KOHTPOITh 688 393 38,59

3epomakc doc, 0,3 /ra 722 378 36,88

®depmeHTHBINH Ouoctumynsa- | 679 386 36,74

Top, 0,25 n/ra

Merasur 2 1/ra 718 390 40,70

W3MeHeHns 211EMEHTOB CTPYKTYpPBl YPOKasi CBUAETEIbCTBYIOT, YTO UCCIIEyEMBbIE IPENapaThl BINSAIN
Ha pa3nuHble pU3noIoruyeckue nporueccol pacrenuii. Eciu «3epomakc ®ocy npeumylnecTBeHHO obecrie-
YUBAJI YBEITUYCHHUE XO3SUCTBEHHON YPOXKAWHOCTH, TO «MeraBuT» B OOJNBIICH CTENEHN CTUMYIHPOBAI Gop-
MHUpOBaHUE OMOMAcChl, TPOAYKTUBHONU KycTUCTOCTH M Macchl 1000 3epeH. DTo MOATBEPHKIACT, UTO pasIvy-
HbIE KJIACChl OMOCTUMYJISTOPOB peanu3yioT 3(deKT depe3 HeoAMHAKOBbIE MEXAHU3MBI PETYJISIMUA POCTa U
(dbopMHpOBaHUS ypOXKasi.

[Ipumenenne npenapara «3epomakc @ocy» (0,3 51/ra) ObIIIO ACCOLUUPOBAHO C HanOOIEe BHICOKUMHU
MOKa3aTesIIMU HaTypbl — 722 1/11, uTo Ha 34 /1 BBILIE KOHTPOJIBHOTO 3HaYeHHd. [Ipu 3TOM yuCciIo nmajeHus
cHusmioch 110 378 ¢, a macca 1000 3epen coctaBuiia 36,88 1, TO €CTh OKa3aJlaCh HECKOJIBKO HHXKE 110 CpaBHE-
HUIO C KOHTPOJIEM.

[ToBbllIeHne HATYPHI 3€pHA IPU UCTIOIB30BaHUH Ipernapara «3epoMakc Docy MOKET OBITh CBSI3aHO C
NpoJIOHTaMen GyHKIMOHUPOBAHHS (DOTOCMHTETHUECKOTO arnmapata u 6osee 3p(heKTHBHBIM HAJIMBOM 3€pHA.
ITo nanubv Khina u ap., npuMeHeHne npenapaToB Ha OCHOBE cepedpa criocoOCTBYeT 3aMeIJICHUIO MPoLec-



COB CTapeHUs JINCTHEB BCIEACTBHE IOAABICHUS STUICHOBOTO CUTHAJILHOIO MyTH, 4TO OOECIICUNBAET COXpa-
HeHUE (OTOCHHTETUYECKON aKTUBHOCTH B MeproA (popMupoBaHus ypoxkas. B ycnoBusix BereTaliluOHHOTO ce-
30Ha 2025 roxa, XapaKTepU30BaBIIETOCS MEPUOTUIECKUM Ne(UIIMTOM BIaru, JaHHBIA MEXaHU3M, BEPOSITHO,
CBITPaJl BAXKHYIO POJIb B MOBBIIIEHUH BBIMIOJIHEHHOCTH 3€pHA.

B Bapuante ¢ pepmentHoiM 6uoctumymnsatopom (0,25 n/ra) oTMeueHa HaTypa 3epHa Ha ypoBHE 679
/71, 9TO HUKE KOHTPOJIBHOTO 3HaueHus. Yucno manenus coctaBuio 386 c, a macca 1000 3epen — 36,74 1, TO
€CTh TaK)K€ HECKOJIbKO HIDKE 3HAUYEHUI KOHTPOJIHHOTO BapuaHTa. PepMEHTHBI OMOCTUMYIATOpP HE obecte-
YT YBETUYCHUS XO3UCTBEHHOM ypO’KaWHOCTH, HECMOTPSI Ha OoJiee BBHICOKYIO TYCTOTY CTOSIHUSI PacTEHUH.
[TomydeHHbIe pe3yNbTaThl MO3BOJIAIOT MPEANOI0KHUTh, UTO B YCIOBUAX HEJOCTATOYHOTO YBIaKHEHUS PHU3U-
onmornueckuii d3pdexT GepMEeHTHBIX MpernmapaToB okazaics orpanudeHHbIM. CormacHo Galeev u Isaichev m
ap., 3bhHeKTUBHOCTH PePMEHTHBIX OMOCTUMYISTOPOB CYIIIECTBEHHO BO3PACTAET MPH OJIArONPUSITHOM BOITHOM
peXHUMe, KOTa aKTUBU3UPYIOTCS MPOIECChl MHHEPATbHOTO MUTAHUS U CHHTE3a OENKOBBIX COeqUHEeHM. B
paccMaTpuBaeMOM HCCIIEIOBAaHUH JIUMUTHUPYIONUM (DaKTOPOM, BEPOSITHO, SBIISIICS MEPUOANYSCKUN BOAHBIN
CTpecc, YTO He MMO3BOJIUIIO Pean30BaTh MOTEHIHAIBHBIE TPEUMYIIECTBA JaHHOTO Mpenapara.

OcoOblIif nHTEpec MpeCTaBISeT peaKilysl BaprHaHTa ¢ mpenapaTroM MeraBut, KOTOPBIA MPOIEMOHCTPH-
poBasl MaKCUMaJIbHbIE 3HAYE€HUsI OMOJIOTHYECKON ypOXKaWHOCTH, MPOAYKTUBHON KycTHCTOCTH, Macchl 1000
3epeH U BBICOTHI pacTeHuil. Macca 1000 3epeH niieHuIbl TpH UCIIOIB30BaHUH Mpernapara «MeraBuT» B J103U-
poBKe 2 J1i/Ta ObLia BhIIIE, YeM Ha KOHTPOJIbHOM ydacTke Ha 2,11 rpamma (40,7 1.). Harypa Obliia BbIlie KOHTPO-
15 Ha 30 rpamm (718 1), uncno nageHus Ob1o Ha ypoBHE KOHTPOds (390 cexynn). HecmoTpst Ha oTcyTcTBUE
TAHHBIX XO3SHCTBEHHON ypOXKalfHOCTH, MOJIyYEeHHbIE Pe3yJbTaThl COIIACYIOTCS C UCCIIENOBaHUSIMU Zaytseva
u Neumann, MoKa3aBIIMMH CIIOCOOHOCTH YITIEPOJHBIX HAHOMATEPHAIOB ONTUMU3HPOBATH YHEPTETHUECKHIMA
0OMeH KJIETOK U CHIIKaTh MOCEICTBUS OKUCIUTEIHHOTO cTpecca. CXomHble BBIBOABI MpecTaBieHbl Tripathi
U JIp., KOTOpPbIE OTMEUAIOT MOJIOKUTEIHHOE BIUSHUE HAHOMATEPHAIOB Ha (POTOCUHTETHUUYECKYIO aKTUBHOCTD
U TPAHCHOPT aCCUMUJISATOB MPHU YMEPEHHBIX J03aX WX mpuMmeHeHus. CleqoBaTenbHO, yBEIUYEHUE OHOIO-
THYECKOi MPOAYKTUBHOCTH PACTeHUI B BapuaHTe «MeraBuT» MOXKET ObITh CBA3aHO ¢ Oosee d3PPEKTUBHBIM
MCIIOJb30BaHUEM SHEPTEeTUUECKUX PECYPCOB PACTEHH B CTPECCOBBIX YCIOBHUSX.

Jist onieHKH GMONOrMYeCcKOro MOTEHIMAaa ObLT MPOBEIEH aHATN3 IIEMEHTOB CTPYKTYPhI ypoXKasi 1Mo
BapuaHTaM onbITa (Tabnuma 4).

Tabnuia 4. AHanu3 3JIEMEHTOB CTPYKTYPBI yposkasi MATKOW MIIEHHUIIBI 10 BAPUAHTAM OIIbITa

rycToTa TIpoaykTHBHAS BBICOTA pacTeHmil, | CpemHss ITIHA BHoMOTIYeCKas
CTOSHIIS, KyCTHCTOCTS, cM Kozoca, cM ypOKailHOCTB, 1yTa
BADHAHT rr/M2 KOJIOChEB/pacT.
o M Q| = |[Me| Q| = | Me| Q] = | M| Q] =] Me | Q | =
e | — | o+ B A B R R
Qs Qs Qs Qs | * Qs
20 18 7.
JepoMaKc I I TR I T T R - N O T S I Il A IO e el )
Doc % 5 |0 |19l ™ s BT N - 8
6 : ’ ’ 6.62 | 4 54.17
7 7 5
! 8 | o 6 | 5. 65 | &40 - 38,06
Kommpoms L | 7{ 1o | 43 | 3 | 1o | 26| % | ge | 06| % | - | 2|48 - | 32
8 ’ ’ 6.69 | 5 44,30
5 5 9
1 3l ? 1.9 {l}’? 67 26—’ 68 | %7 | 2 43,58
Korrpors2 | 9 w43 | b 226 | ©F w06 | 98| — $391 - | 32
19 4 |19 0 | 6. 7 5
4 7.07 4423
5 8 6
21 2.1 7,
2 6- | +20, | 22 | 7— | +18, | 73, | 6— | +11, | 6,5 6.39 1 - 60.48 +43,
Meragu 213 4 4 | 23] 5 9 74| 0 g | T~ | L 6LoT - 5
4 ’ ’ 676 | 9 61,65 | -
2 0 2
. 25 15 68,
QepuerTiiil | 21 47 | L5 | 6 | 6- 63, | 1- 69 | &5 13 12 L,
omoctimyng- | 8 -13.2 +2.4 — 47,67 —
31007 | 4 |17 2 | e, 1 1 0
Top 4l ) s 6.97 48.05

*OTKIIOHEHHE B % PAacCUNTaHO OTHOCUTENIBHO YCPEIHEHHOI'O KOHTPOJIBHOTO BapHaHTa



ITo nanHbIM TabauIbl 4, IO aOCOTIOTHBIM 3HAYCHUSIM TYCTOTa CTOSIHUSL BapbUpOBajia MKy BapUaH-
TaMH, TIO3TOMY HHTEPIpEeTalus MOCIEAYIOIUX pa3andnuil TpeOyeT OCTOPOKHOCTH.

BMmecte ¢ Tem oTMeueHBl orpeneieHHble TeHAeHInd. Hanbomee Bricokass Ouoioruveckas ypoxkai-
HOCTH ObLJIa TIOJy4YeHa B BapuaHTe ¢ mpenaparom «MeraBut» — 61,07 1/ra, uro Ha 43,5 % BbIlIe ycpenIHEH-
HOTO KOHTPOJBHOTO BapuaHTa. /laHHBIN BapuaHT TakKe XapaKTepU30BaJICS MaKCUMAJIbHBIMHU 3HAYCHUSIMU
MPOAYKTUBHOM KyCTHCTOCTH (2,24 Kojoca/pact.) U BbICOTHI pacTeHui (73,9 cMm), Toraa Kak rycToTa CTOSTHUS
coctaBuia 224 mt/m>.

Bapuant «3epomakc Docy Takke MpeBbIIAT YCPETHEHHBIH KOHTPOIb MO OMOIOTHYECKON ypoKaid-
HOCTH, focturas 52,23 n/ra (+22,8 %), npu rycToTe cTosiHUS 226 mT/M? U IPOAyKTUBHOM KycTuctoctu 1,90
konoca/pact. Bapuantsl «3epomakc Docy, Takxke Kak U «MeraBuT» 1eMOHCTPUPOBAT HECKOJIBKO OOIBIIIHE
MeIMaHHbIE 3HAU€HUs BHICOTHI PACTEHUN MO0 CPABHEHUIO C KOHTPOJISIMHU, TOT/Ia KaK BAPUAHT C MPUMEHEHHEM
(bepMEeHTHOTO0 OMOCTUMYIIATOPA HAXOAUIICS HA YPOBHE KOHTPOJIS.

B Bapuanre ¢ (hepMEHTHBIM OMOCTUMYIIATOPOM OTMEUEHA HAUOOIbIIasl TYCTOTa CTOSHUS — 284 1IT/M?
(+52,7 %), nponyKTUBHASI KYCTUCTOCTb MPHU 3TOM ObLIa MUHMMAJIbHOM Cpeu BCeX BapUAHTOB M COCTaBUIIA
1,64 xonoca/pact. (-13,2 %). YuutbiBasi, 4TO peKOMeHyeMasi TycToTa cTtossHus B ycioBusx CesepHoro Ka-
3axcTaHa BapbupyerT B npeaenax 250—450 pacteHuit Ha KBaJApaTHBIA METp, HAOIIOIaeMOe OTIINYHE B TyCTOTE
CTOSTHUSI Ha y4acTKaX C ()epMEHTHBIM OMOCTUMYISTOPOM CIEAYET CUUTATh ONAaronpHUsITHBIM (aKTOPOM IS
YBEJIMUYEHUS YPOKaHOCTH HA TOM BapUaHTE, OJHAKO ATO HE COMPOBOXKIAIOCH MTOBBIIIEHUEM X03SIHICTBEHHOM
YPOXKaHOCTH IO TaHHBIM CIUIONIHOTO Y4€Ta, YTO YKa3bIBAET Ha OTCYTCTBHE OJHO3HAYHOMN CBS3U MEXKY ITH-
MU MOKa3aTeJsIMH B YCIOBUAX JAHHOTO ce30Ha. brosjornueckas yposkalHOCTh B IaHHOM BapHaHTE COCTaBUIIA
47,67 w/ra (+12,0 % K ycpeIHEeHHOMY KOHTPOJIO).

[TonmyueHHbIE PE3yNBTAThl TAKKE COOTBETCTBYIOT COBPEMEHHBIM MPECTABICHUSAM O MEXaHU3MaX JIei-
CTBUSI OMOCTUMYISTOPOB, U3T0KEHHBIM B 0030pax du Jardin, Calvo u np., Yakhin u ap., u Rouphael u Colla.
ABTOpBI OTMEYAIOT, YTO OCHOBHOM 3(PPEKT COBPEMEHHBIX OUOCTUMYIISITOPOB MPOSIBISIETCS HE B MPsIMOM 00e-
CIICYECHUH PACTCHMI dIIEMEHTaMH MUTAHUs, a B PEryIauuu GU3HOIOTHYECKHUX MPOIIECCOB, MOBBIIICHUN (-
(eKTUBHOCTHU MCMOIb30BAHUS BIIATH, ONTHUMH3AIMN (POTOCHUHTE3a M YCUJICHUH aHTUOKCHIAHTHOM 3alllUTHI.
HNMenHo mosToMy MakcHUManbHBIM 3¢ (heKkT MoA0OHBIX MpenapaToB MPOSBISETCS B TOAbI C BBIPAXKEHHBIMH
abMOTHYECKIUMH CTPECCAMU, YTO MOTHOCTHIO COOTBETCTBYET YCIOBUSAM BereTalmoHHoro nepuoaa 2025 roxaa.

JlanHbIe 1O JAyIMHE KoJloca OBLIM Hanbosee KOHCEepBAaTUBHBI (quamna3zoH 6.5-6.9 cM). CtaTucTu4ecku
3HAYMMOTO BIMSHHS 00pabOTOK Ha JUIMHY KOJOca HE BBISIBIECHO, YTO XapaKTEePHO ISl TOAKOPMOK BO BTOPOM
MoJIoBUHE (pa3bl KyIIEHHS, KOT/Ia 3a4aTOYHBIN KOJIOC yKe c(hOPMUPOBAH (PUCYHOK 4).

Taxum 00pa3zoM, B yCIIOBUSIX OIbITa Oojiee BhICOKas OMOIornyeckas ypoKaiiHOCTh Oblila COMpshKeHa
HE ¢ MAaKCUMAaJIbHOM TYCTOTOW CTOSIHUSA, a C JIydIllel peain3anueid MpoayKTUBHON KyCTHCTOCTH U, BEPOSITHO,
6onee 3¢ (heKTUBHBIM (OPMUPOBAHUEM MPOTYKTUBHOTO CTEOIECTOSI.
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Puc. 4. Ananu3 31eMEHTOB CTPYKTYPBI YPOXKasi i OHOJIOrHYeCKON yPOXKaitHOCTH SPOBOM MSTKOH ITIISHHUIIBI [I0 BAPUAHTAM OIIbITA.

[Fig. 4. Analysis of Yield Structure Components and Biological Yield of Spring Wheat Across Experimental Treatments].

Koppensimonnsnii ananus (tabnuia 5), BINOTHEHHBIN Ha 00beTMHEHHONW BBIOOPKE BCEX CHOIOBBIX



00pa31oB 0€3 pa3JeseHus 110 BapUaHTaM OIIbITa, MI0Ka3aJl NPSMYIO CBSI3b BECbMa BBICOKOM TECHOTBI MEKIY
BBICOTOI pacTeHuil u Ouonoruueckor ypoxxahHoctero (r = 0,929; p < 0,001). D10 03Hauaet, 4T0 B paMKax
COBOKYITHOW Bapualuy HaOmofeHuit 0ojee BEICOKUE pacTeHusl, Kak IpaBuiio, (GopMUpoBaiu 0ojee BEICOKYIO
OMOJIOTHYECKYIO YPOXKaHHOCTb.

Tabnuma 5. Pe3ynbrarsl KOPPEISAIMOHHOIO aHajIM3a B3aUMOCBS3H BBICOTHI pacTeHUIl M Ouojoruye-
CKOM ypOXKaWHOCTH

XapakTepICTHKA KOppeAIIOHHOH CBS3M BEICOTEI PACTEHMII I OHONOTITeCKOl YpOKalHOCTI

Ixy TecHota cBg31 no mxane Yenmoka p
0,929 BeceMa BEICOKAA <(,001*

* — pa3nuuus nokasaresiel crarucTuuecku 3HadnMel (p < 0,05)

BrisiBiieHHasl cuiibHAs MOJIOKUTENbHAS KOPPEJSILMS MEXKIY BBICOTOM pAacTeHUH M OMOJIOrMYeCcKOi
YPOXKANHHOCTBIO CBHJIETEIBCTBYET O TECHOM B3aMMOCBSI3U MPOLECCOB BEreTaTUBHOIO POCTA U HAKOILICHUS
CYXOH Macchl B YCIIOBHUSIX OTPaHMYEHHOTO yBJIa)KHEHHUS. Bpicokoe 3HaueHue Kod(puIueHTa KOPpEsuu
MOJATBEPKIAET BOSMOXKHOCTh UCIOJIb30BaHMSI BBICOTHI PACTEHUM KaK JOMOJHUTEIBHOIO JUArHOCTHYECKOTO
roKa3aTesis MOTEeHIMAIbHOM MPOAYKTUBHOCTH ITOCEBOB. BMecTe ¢ TeM BBISIBIEHHASI 3aBUCUMOCTh OTPa)KaeT
CTaTUCTUYECKYIO CBSI3b MEX]y IPU3HAKAMU U HE MOYKET pacCMaTpUBaThCs KaK JI0Ka3aTeNIbCTBO MPSAMOM MpH-
YUHHO-CJIEZICTBEHHON 3aBUCUMOCTH.

Habmronaemasi 3aBUCUMOCTb OMOJIOTMUECKO ypOXKallHOCTH OT BBICOTHI PACTEHUI (PUCYHOK 5) OMHCHI-
Ba€TCsl yPaBHEHHUEM ITAPHOM JIMHEMHOW PErpecCcui:

Y 6nonormuecxas YpO:KAHHOCTD — 1,948 X Xgricora pacTeHHH — 8?,066

¢ koapdunuentom aerepmuHanuu R? = 0,863, uto yka3piBaeT Ha 00bsicHeHHe 86,3 % Bapuauuu 61o-
JIOTHYECKON YPO)XKaHOCTH MOJICTIbIO Ha YPOBHE OObEAMHEHHBIX TAaHHBIX.
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Puc. 5. I'padux perpeccuoHHON QyHKINH, XapaKTePU3YIOIINI 3aBUCHMOCTD OMOJIOTMYECKON YPOXKAHOCTH OT BBICOTHI PACTCHHIA.

[Fig. 5. Regression Function Illustrating the Relationship Between Biological Yield and Plant Height].

B pamkax uccnenoBanus HaOJIt0aeMbIe pa3IHuus 10 YPOXKAHHOCTH aCCOIUMUPOBAHBI C MPUMEHEHUEM
«3epomakc Doc» (+1,7 1/ra), 4To BO3MOXKHO cBsizaHO ¢ aktuBanuend SAR-a>ddekra n P-K nuranuem. Ypo-
KaWHOCTh BapHaHTa ¢ (EPMEHTHBIM OMOCTHUMYJISITOPOM CONOCTABUMA C KOHTPOJIEM, BO3MOXKHO M3-33 HU3-
KOW BJIQ&YKHOCTH BO3/yXa, JUMUTHUPYIOIEH dH3UMBL. [Ipenapar «MeraBuT» XapakTepusyeTcsi TCHICHIUEH K



TIOBBILICHUIO OMOJOTMUECKON ypOXKAaHOCTH, HO 0€3 PEIUIMKAlliU JaHHbIC BBHIBOJBI NMEIOT OIPaHUUYCHHYIO
MPUMEHUMOCTb.

Koppensiumonnas cBsi3b MEXy BBICOTONH PAaCTEHHH M ypOXKaWHOCTHIO SPOBOM MIICHUIIBI OTPa)KaeT
OOIIYI0 TEHICHIINIO U3 00bEeIUHEHHBIX JaHHBIX, OJHAKO HE SIBJISETCSA J0KA3aTeIbCTBOM BIUSHUS Iperapa-
TOB ¥ HE YYUTHIBAET BHYTPHUBAPHAHTHYIO HEOJHOPOJHOCTh. B Ooliee 3acyliuBbie Ce30HbI OKUAaeTCs Ooee
BBIPKEHHBIN OTKJIMK Ha CTPECC-OPUEHTHPOBAHHBIE MPEraparbl, YTO HEOOXOAUMO MPOBEPUTH B MOBTOPHBIX
UCCIIETOBAHUSIX.

Haubonbias arpoHoMuyeckas 3Ha4MMOCTh XapakTepusyercs npudaskoit B 1,7 1/ra Ha Bapuanre 3e-
pomakc Doc mpu ypoxkaitHocTu 35 11/ra, 4To BhILIE HA 5 % yporkKailHOCTH HAa KOHTPOJIbHOM BapuanTe. [Tomrmo
3TOr0, YBEJTMUEHUE HATYyphl Ha 34 I/1 MOXKET EPEBECTH 3epHO B OoJiee BHICOKHI KilacC KauecTBa, YTO 3HAUU-
TEJIHHO MOBBIIIACT LEHY pealn3aly MPOAYKIHU. DKOHOMUYECKUH 3(hPeKT OT yaydlieHus KauecTBa 3epHa
MOXKET MPEBOCXOAUTH d(PPEKT OT MpUOABKH BAIIOBOTO COOpa.

OddexTuBHOCTH Mpenapara «3epomakc Doc» 00yclIOBIEHa COBOKYITHOCThIO (PU3UOJIOTHUYECKUX Me-
XaHU3MOB. Bo-1epBbIX, HAHOUACTHIIBI cepedpa HHAYLIUPYIOT KPaTKOBPEMEHHYIO FeHEepaINI0 aKTUBHBIX (popM
kucnopona (H202, O27), koTopast BOCIpUHUMAETCS] pACTEHHEM KaK CUTHaJI TaTOr€HHOM aTaku. JTO 3aIlyCcKaeT
KacKaJl CHCTEMbI TPHOOPETEHHOM ycToMYnBOCTH (SAR), COMPOBOKIAIOMNNCS aKTUBAIIMEH 3aIIUTHBIX TEHOB
Y aHTHOKCHJIAHTHBIX epMeHTOB. B pe3ynbrare hopmupyercs 3pdekT «priming» — NOBBIIIEHHAS TOTOBHOCTh
pactenus k crpeccy [Ding, 2025].

Bo-BTopbIX, HOHBI AZ" OIOKUPYIOT STHIICHOBBIE PELIENITOPBI, TOIABIISAS CTPECC-UHIYIUPOBAHHBIN 3TH-
JICHOBBIN CUTHAJI. DTO MPUBOIUT K dPPEKTy sftay-green — 3aMeUICHUIO CTAPEHUs JIMCTHEB U MPOJIOHTauu (o-
TOCUHTETUYECKOW aKTUBHOCTH, 0COOCHHO B yClOBUAX 3acyxu. [Ipomienue ¢yHKIMOHUpOBaHUs (h1aroBoro
JrcTa 00ecTieurBaeT JyUIIui HAJTUB 3€pHA, YTO OTpaXkaeTcs B yBenndeHuu ero Harypsl [Khina, 2025].

B-Tpetbux, xommouaHoe cepedpo 00aaaeT BhIpaKeHHONW aHTHOAKTepHaIbHON aKTUBHOCTBIO, MOJ1a-
BJISI pa3BUTHE (DUTOMATOrCHOB 3a CUET HAPYIICHHUS MeMOpaH U JbIxareiabHbIX nponeccoB [Dakal, 2016]. B
YCIIOBHUSX MOBBIIIEHHON BIIAXXHOCTU 3TO CHOCOOCTBYET CHM)KEHHIO MOPAKEHHOCTU KOJIOCA U COXPAHEHHIO
Ka4yecTBa 3epHa.

[To maHHBIM CHOTIOBOTO aHaIKM3a BapuaHT « MeraBuT» XapakTepu3oBajics 0ojiee BBICOKUMU 3HAUCHUS-
MU OHOJIOTHYECKON yposkaitHOCTH, Macchl 1000 3epeH U BBICOTHI paCTEHHIA, YTO MOKET YKa3bIBaTh HA IMOTCH-
UATbHBIA OTKIUK IO OMoMacce W HaiuBy 3epHa. OHAKO OTCYTCTBUE JaHHBIX CIUIOIIHOTO Y4€Ta ypokaid-
HOCTH IO 3TOMY BapHUaHTy HE MO3BOJIET COMOCTABIIATH €ro0 C OCTAIbHBIMU BapUaHTaAMH IO XO3HCTBEHHOM
3¢ (HEKTUBHOCTH B MOJIHOW Mepe.

[TonmyueHHbIe pe3yabTaThl B LIEJIOM COIIIACYIOTCSI C COBPEMEHHBIMU MPEACTABICHUSIMU O MEXaHU3MaX
NENUCTBUS OMOCTHUMYJISITOPOB U PEryisITOpoB pocta pacteruil. CoracHo manabsiM Rouphael u Colla, addek-
TUBHOCTH JIUCTOBBIX 00pabOTOK B YCIOBUAX AC(PUIMTA BJIard OINpeNesieTcs] He TOJIBKO 00eCreYeHHOCThIO
pacTeHuii JIeMEeHTaMu MUTaHUsl, HO M CIIOCOOHOCTBIO MPENaparoB aKTUBUPOBATh (PU3UOIOTUYECKUE MeXa-
HU3MBI aJlanTaliy K cTpeccy. B mpoBeneHHOM ucclieJoBaHUM Haubosee BBIPAKEHHBIA POU3BOICTBEHHBIH
s¢ ekt ObUT OTMEUEH MPU UCTIONIb30BaHUU Ipernapara 3epomakce Poc, YTO MOKET CBUIETEIILCTBOBATH O BaXK-
HOM pOJIM MHAYLUUPOBAHHOW YCTOWYMBOCTH PACTEHHM B YCIOBHSIX MEPUOAMYECKH BO3HHUKAIOIIETO BOIHOTO
nedunmra.

Oco0oro BHUMaHUs 3aCIyKHBAeT TOT (PaKT, YTO MOBBIIICHUE YPOXKAHHOCTU CONPOBOXKIAIOCH YIyd-
IIeHHeM HaTypsl 3epHa. [loo0Has 3aKOHOMEPHOCTh paHee OTMEYaIach PSAOM UCCIIE0BATENeH, N3y4aBIINX
BJIMSIHME aHTUCTPECCOBBIX MPENapaToB Ha 36pPHOBBIC KYJIbTYpPbl. YIYUIIEHUE BHIIIOJTHEHHOCTH 3€pHa OOBIYHO
CBSI3BIBAIOT € O0Jiee MPOJOHKUTEIBHBIM COXpaHeHHEM (POTOCUHTETHYECKOM aKTUBHOCTH JIMCTOBOTO arapara
1 3¢ pexTUBHBIM NepepacipeieieHueM aCCUMUIISITOB B ITepHO HanuBa 3epHa. B ycnosusix 2025 roga, xapax-
TEPHU30BABIINXCS YepPeIOBAaHNEM NIEPUOIOB JOCTATOYHOIO YBIAXKHEHHUS U KPAaTKOBPEMEHHBIX 3aCyX, JaHHbBIN
MEXaHH3M MOT UMETh pellaroiiee 3Ha4YeHue g GOpMUPOBAHUS YPOXKasl.

Pesynprarel Bapuanta c mnpenapatoM MeraBuUT MO3BOJISIOT MPEANONI0KHUTh, YTO HAHOYTIIEPOAHbBIE
COCIMHEHHS OKa3bIBAIOT IOJOKHUTEIbHOE BIUSHUE Ha MOPPOMETpUUYECKHE IMOKa3zaTesd pacTeHud u Qop-
MHUpOBaHUE OMOMACCHI. YBEIMYCHHE BBICOTHI PACTCHHUH, MPOAYKTHBHON KycTUCTOCTH M Macchl 1000 3epeH
COOTBETCTBYET JaHHBIM Zaytseva u Neumann, COIIaCHO KOTOPBIM YIJIEPOIHbIE HAHOMATEPHUAIIbI CIIOCOOHBI
ONTHMHU3HUPOBATh YHEPTeTUUECKUI OOMEH KJIETOK M CHUKATh MOCIEICTBUS OKUCIUTENBHOTO cTpecca. Bmecte
C TEM OTCYTCTBHUE JAHHBIX CIUIOIIHOTO yYeTa ypOosKalHOCTH HE MO3BOJISIET OJJHO3HAYHO OLIEHUTH TpaHcpopma-
110 OMOJIOTUYECKOTO MOTEHIINAJIA B XO35IIICTBEHHYIO YPOXKAMHOCTh, YTO TPeOyeT TOMOIHUTEIHLHON IPOBEPKH



B MIOCJICTYIOIINUX HCCIEIOBAHUSX.

CrnemyeT OTMETUTD, YTO Pa3InYHsl MEXKAY BapUaHTAMU OIBITA MPOSBISUINCH IPEUMYIIIECTBEHHO Yepe3
MoKa3aTelld CTPYKTYPBI YpoxKasi, a He 4epe3 TYCTOTY CTOSHUS paCTEHHI. ITO MOATBEPKIAET U3BECTHOE MOJIO-
KEHHE O TOM, 4TO B 3acyluIUBbIX ycnoBusx CeBepHoro Kazaxcrana pemaromum Gaktopom popmMupoBaHus
yposKas SIBISIETCS] HE KOTMYECTBO PACTEHUI Ha €MHHUIIC TUIOIIAIH, & CTENIEHb peaTn3alii X IpoIyKINOHHO-
ro MOTeHIIKana 3a cyeT (POPMUPOBAHUS MPOTYKTHBHBIX M00EroB, 3¢ (HeKTUBHOTO (HOTOCHHTE3a U TOJTHOLICH-
HOTO HaJMBa 3€pHa.

HccnenoBanue BBIMOMHEHO B (hopMaTe MPOM3BOJICTBEHHOTO CPaBHEHUS HA KPYMHBIX y4acTKax, YTO
OTPAaHUYUBAET BHYTPEHHIOIO BAJIHIHOCThH PE3yJIbTaTOB M3-32 BO3MOXHOW BHYTPHUIIONEBON HEOTHOPOTHOCTH
U OTCYTCTBUS paHAOMHU3ALIMN/PETUIMKALIUY HAa YPOBHE AeNsHOK. CHOMOBON Y4ET UMEN Malloe YHCIo OHOIIOo-
THYECKUX MOBTOPHOCTEH (N=2 Ha BapHUaHT), YTO CHUKAET CTATUCTUYECKYIO0 MOIIHOCTh M MIEPEBOAUT pa3iiu-
YU IO CTPYKTYpE ypoxasi B pa3ps] TEHACHIUNA. ATPOKIMMATUYECKUE MOKA3aTENN PACCUUTAHBI TIO TaHHBIM
ERAS-Land (0,1°), KoTOpble MOTYT CIIQXKUBATh JIOKAJIbHbIE OCAAKU M KCTpEMaNbHbIE COOBITHS. B coBOKyTI-
HOCTH 3TO O3HAYAEeT, YTO MOJyYCHHbIE TPUOABKH CIEAYyET paccMaTpuBaTh KaK HHIWKATUBHBIC U TPEOYIOIIHe
noATBepkaAeHHs B oBTOpHOM onbiTe (RCBD/strip-trial ¢ 61okupoBaHreM U He MeHee 4 TOBTOPHOCTEN ).

KoppensunoHHbIi aHAMU3 CBSA3M BBICOTHI PACTEHUN U OMOJIOTUYECKON ypO’KaWHOCTH BBITOJHEH IO
00beTMHEHHON BBIOOPKE U OTpaykaeT OOIIYI0 TeHICHIINIO, HO HE MO3BOJIIET OIHO3HAUYHO CY/IUTh O CTAOMIILHO-
CTH CBSI3U BHYTPH Ka)/I0T0 BapUaHTa U HAMPaBJICHUS, JUIS 3TOTO TpeOyeTcs paclinpeHre BHIOOPKU U aHalln3
¢ y4€ToM (paKkTOpPOB BapUAHT U MMOBTOPHOCTb.

B otnuune oT OONbUIMHCTBA OMyOIMKOBAHHBIX MCCIEIOBAHUM, BHITOJTHEHHBIX B MEIKOACITHOYHBIX
OTIBITaX, HACTOAIIEE UCCIIECOBAHNE MPOBEICHO B YCIOBUAX KPYITHOMACIITAOHOTO MPOU3BOACTBEHHOTO Strip-
trial Ha mmomaau 6onee 790 ra. D10 MO3BOMSIET OIEHUTH A((HEKTUBHOCTH MPENapaToB B peaabHbIX MPOU3-
BOJICTBEHHBIX YCIIOBUSIX, OJTHAKO OJHOBPEMEHHO YBEIMUMBAET BIHMSHHE MPOCTPAHCTBEHHON HEOAHOPOIHO-
ctH nonisi. [1oATOMy BBISIBIIEHHBIE PA3IUYUs CIEIYeT pacCMaTpUBATh KaK MPOU3BOJCTBEHHO MOATBEPIKICHHBIC
TEHICHIINH, TpeOyIolue NadbHeIel MPOBEPKH B PAHIOMU3UPOBAHHBIX MOJIEBBIX OMBITAX C JOCTATOYHBIM
KOJTMYE€CTBOM MOBTOPHOCTEH. BMecTe ¢ TeM coBmajieHHe MONYYeHHBIX PE3yIbTaTOB C COBPEMEHHBIMU OTe-
YeCTBEHHBIMU U 3apYOEKHBIMH HCCIETOBAHUSIMH CBUICTEIHLCTBYET O BHICOKON OMONOTHYecKOd 0OO0CHOBaH-
HOCTH BBISBIICHHBIX 3aKOHOMEPHOCTEH M MOATBEP)KIAeT MEePCIEeKTUBHOCTh MIPUMEHEHHUsI COBPEMEHHBIX aH-
THUCTPECCOBBIX OMOCTUMYISTOPOB IIPU BO3/AETBIBAHUU SIPOBOM MIIeHUIIbI B yenoBusax CeBepHoro KazaxcraHa.

COBOKYMHOCTh MOTYYEHHBIX PE3YyIbTATOB MOKA3bIBAET, UTO A((HEKTUBHOCTH HCCIEAYEMBIX Mpernapa-
TOB OTpeeNsieTcs UX GU3NOIOTUYECKUM MEXaHIU3MOM JICHCTBUS U CYIIECTBEHHO 3aBUCUT OT arpoKJIMMaTHye-
CKHUX YCJIOBUU BereTallnoHHOTo nepuosa. B ycinoBusx 2025 rona Hanbonee cTaOuiIbHBINA TPOU3BOICTBEHHBIH
s dekt obecnieunn «3epomakc Docy, Toraa kak «MeraBuT» MPOSBUI BHICOKHI MOTEHIIMAN (popMUpOBAHUS
OMONOrMYeCcKON MPOAYKTUBHOCTH pacTeHui. [lomydeHHbIe pe3ynbTaThl B IIEJIOM COTIIACYIOTCS C COBPEMEHHBI-
MU OTE€UECTBEHHBIMHU U 3apyOeKHBIMU HCCIETOBAHUSIMHU, MOCBSIICHHBIMU MPUMEHEHUIO OHMOCTUMYISTOPOB
B YCIIOBUSIX a0MOTHYECKOTO CTPECCa, YTO MOATBEPKIAET JOCTOBEPHOCTDH BBISBICHHBIX 3aKOHOMEPHOCTEH U
WX MPAKTUYECKYIO 3HAYUMOCTD ISl TEXHOJIOTHI BO3IENbIBaHUS sipoBoii mieHuIbl B CeBepHoM Kazaxcrane.

3akJioueHue.

[IpoBeneHHbIE HCCIEAOBAHUS TO3BOJMIN BBIMOJIHUTH CPABHUTEIBHYIO OIICHKY OTKIIMKA SPOBOM
MSATKOW TIIeHUIbl copta KaHiok Ha MTUCTOBBIE 00pabOTKH MpenapaTaMyu pa3iTuyHON (U3UOIOTUYECKON Ha-
MIPABIIEHHOCTH B YCJIOBUSAX CTenmHOW 30HBI Kocranaiickoit oOnactu. Beretanuonnsiii cezon 2025 roma xa-
PaKTEpU30BaJICS TOBBIIICHHBIM TeMIIEpaTypHbIM (POHOM, HEPAaBHOMEPHBIM paclpeelieHueM OCaJIKOB U Tie-
PUOIMYECKH BO3HUKAIOMIUM J1e(DUIIUTOM BIIAr, YTO CO3/1aBajio MPEANOCHUIKH IS MPOSIBICHUS CTPECCOBBIX
(hakTOpPOB U MO3BOJIMIO OIEHUTH YPPEKTUBHOCTH UCCIECAYEMBIX MPEMapaToB B YCIOBUSIX, MPUOMIKEHHBIX K
MIPOU3BOACTBEHHBIM.

Hayunast HOBU3HA BBITTOTHEHHOTO UCCIIEIOBAHUS COCTOUT B TOM, YTO BIIEPBBIC AJIsl YCIOBUM CTEITHOMN
30HbI CeBepHoro Kazaxcrana B KpymHOMAcCIITAOHOM MPOU3BOJICTBEHHOM OIBITE MPOBEICHA CPABHUTEIbHAS
OLICHKA MpernapaToB pa3IMyHOro (pU3MOIOrHIEeCcKOTO MexaHu3Ma aeicTBus. [loayyeHsl HOBbIE JaHHBIE 00 MX
BIIMSTHUM Ha XO3SHUCTBEHHYIO U OMOJIOTHUECKYIO0 YPOXKANHOCTD, CTPYKTYPY YpOXkKasi U KaueCTBEHHbIE MTOKa3a-
TEJH 3€pHA, a TAKXKE BBISIBJICHA TECHAs CBA3b MEX]y BBICOTOM pacTEHUI 1 OMOIOTHYECKON YPOKANHOCTHIO B
yCIoBUsAX BogHOTO nedunuta. [lomyyeHHbIe pe3ynbTaThl paciupsiioT MPeACTaBIeHUs O IPUMEHEHUH COBpe-
MEHHBIX OMOCTUMYJISITOPOB B aJalITUBHBIX TEXHOJIOTHIX BO3/ICIIBIBAHUS SIPOBOM MIIECHUIIBI U MOTYT CITYXKHTh
HAy4YHOW OCHOBOM JIJIs TadbHEHIINX MHOTOJIETHUX UCCIIETOBAHHM.



[lo naHHBIM CIUIOIIHOTO MOAEISIHOYHOTO yueTa Hau0oJiee BEIPAXKEHHBIN MTOJI0KHUTEIbHBIN OTKIMK ObLI
NOJIy4eH MpH NMpUMeHeHu! npenapara «3epomakc doc» B Hopme 0,3 n/ra. YpokaitHocTh coctaBuia 35,4 11/
ra, uto Ha 1,7 w/ra unu 5,0 % npeBbIIano KOHTPOJIbHBIA BapuaHT. J{OMOIHUTENIEHO OTMEUEHO YITyUIlIeHHe
OZIHOTO M3 BKHEHIIIMX [TOKa3aTesel TOBApHOIo KauecTBa 3epHa — HaTyphbl, KOTOpas yBeJnuuiaach Ha 34 /1 o
CpaBHEHMIO ¢ KOHTposieM. [lomyyeHHbIe pe3yabTaThl CBUAETENBCTBYIOT O MEPCHEKTUBHOCTH MUCTIOIb30BaHMS
JAHHOTO TpenapaTa B TEXHOJIOTUAX BO3/AEIbIBAHMS POBOM MIIEHUIIbI, 0COOCHHO B YCIOBHIX HECTAOMILHOTO
YBJIQXKHEHUS U TOBBIIIEHHON BEPOATHOCTH a0OMOTHUYECKUX CTpeccoB. BeposTHO, BhIsBIEHHBIN 3 dekT 00y-
CJIOBJIEH KOMIUIEKCHBIM JIEHCTBHEM Ipenapara, BKJIIOYAIOLIUM 3IEMEHThI (OCPOPHO-KATUIHOIO MUTAHUS U
AIUCUTOPHBIN 3(pPeKT KommonaHoro cepedpa, CrocoOCTBYIOIINI aKTUBALUN MEXaHU3MOB CUCTEMHON yCTOM-
YUBOCTH PacTEHUI.

BapuanT ¢ ucnonb3oBanreM (pepMEHTHOTO OMOCTUMYIIATOPA HE 00ecIeun1 JOCTOBEPHO BBIPAKEHHO-
ro MPEUMYIIECTBA MO XO3IWCTBEHHON ypOXKalHOCTH OTHOCHUTEJILHO KOHTPOJIBHOTO BapuaHTa. HecmoTpst Ha
(dopmHpoBaHue HauboJIee BHICOKON I'yCTOTHI CTOSHUS paCTEHUH, yBeJIMUEHNE JaHHOTO TIOKa3aTelis He COIpo-
BOJKJAJIOCh POCTOM NPOLYKTUBHON KyCTUCTOCTH M NTOTOBOM YPO)KaHOCTH. DTO CBUIETEIBCTBYET O TOM, YTO
B YCJIOBHSIX paccMaTpUMBaeMOI0 CE30Ha ONpEAEIAIOIIee 3HaUeHUEe MMENTU He KOJIWYECTBEHHBIE MapaMeTpbl
crebnectos, a 3phekTuBHOCTH (OPMHUPOBAHUS NMPOAYKTUBHBIX MOOETOB U MPOLIECCOB HaJlMBa 3epHa. Bepo-
ATHO, 3PPEKTUBHOCTb (DEPMEHTHBIX MPENAPATOB B 3HAUUTEIBHON CTENEHH 3aBHCUT OT THAPOTEPMUYECKHX
YCIIOBHM U MOXKET OBbITh 00Jiee BBIPAKEHHOM B TOJbI C HHBIM paclpe/ieIeHUeM BIIard U TeMIIEpaTypHOTo pe-
KHUMa.

ITo naHHBIM IPOBEIEHHBIX UCCIIEAOBAaHUNA MOXKHO CJIEJIaTh CIEIYIOLIIE BHIBObI:

YCTaHOBIEHO, YTO arpOKJIMMAaTHYECKUE yCIIOBUS BEreTallMOHHOTO nepuoaa 2025 roga xapakTepuso-
BAJIMCh MOBBILIEHHBIM TEMIIEPATYPHBIM PEKUMOM U MEPUOIUYECKUM J1e(DUIIUTOM BIIaru B KpUTHUECKUE (ha3bl
Pa3BUTHSL IPOBOI1 MIIEHUIIBI, YTO TO3BOJIMIO OOBEKTUBHO OLEHUTH 3((PEKTUBHOCTH JIMCTOBBIX MpEnapaToB B
YCIIOBHSIX a0MOTHYECKOTO CTpecca.

ITpoBeneHHast cpaBHUTEIbHAS OLIEHKA IOKa3aja pa3iuuHyto 3QQEeKTUBHOCTh HCCIEIyEeMBbIX Iperna-
paroB. Haubonee BbICOKMI X03HCTBEHHBINH 3 ekt obecneunn npenapar «3epomakc Docy, MOBBICUBILNI
ypoxaitHocTs 10 35,4 1/ra, yto Ha 1,7 1/ra (5,0 %) BbIlIe KOHTPOJIBHOTO BapUaAHTA, & TAKXKE YBEIMYUBILNI
HaTypy 3epHa Ha 34 1/11, 4TO CBUIETENILCTBYET 00 YJIyUIIIEeHUH TOBAPHBIX KAYE€CTB MPOILYKIIHH.

[Tpenapar «MeraBuT» oOecneynsl MaKCUMaJIbHbIE 3HAUeHHsI Onooruueckoi ypoxaitnoctu (61,07 1/
ra), MpoayKTUBHON KyCTHCTOCTH, BBICOTHI pacTeHui U Macchl 1000 3epeH, 4TO yKa3blBaeT Ha €ro BBHICOKYIO
3pPEKTUBHOCTh B CTUMYJIMPOBAHUH POCTA pacTeHUI 1 (GOPMUPOBAHMS FIIEMEHTOB CTPYKTYphI yposkas. [Ipu
3TOM (EpPMEHTHBIH OMOCTUMYIATOP HE OOECIEUMII CYLIECTBEHHOTO YBEIMUEHUS XO3HCTBEHHON ypokaitHO-
CTH IO CPABHEHUIO C KOHTPOJIEM.

VYcraHoBNIeHa CUIIbHAS OJIOKUTENIbHAS KOPPEISLMOHHAS CBSI3b MEX/ly BBICOTOM pacTeHuit u Omoso-
rudeckoil ypoxkaitHocTsio (r = 0,929; p < 0,001), moaTBepskaaroiias TECHyIO B3aUMOCBS3b IIPOLIECCOB BereTa-
TUBHOTO POCTa U HAKOIJICHHUsI OMOMACChI B YCIOBUAX HEAOCTATOYHOIO YBIAXKHEHHUS.

[TonydyeHHble pe3ynbTaThl CBUAETENBCTBYIOT, UTO IPUMEHEHUE COBPEMEHHBIX JINCTOBBIX OMOCTHMY-
JATOPOB sABIsIeTCA 3(P(HEKTUBHBIM JIEMEHTOM aJalTallii TEXHOJIOIMH BO3EIBbIBAHUS SPOBOW MIIEHUIBI K
ycioBusM usMenstonierocs: knumara CesepHoro Kazaxcrana. [[inst npon3BOACTBEHHOTO IPUMEHEHHUS B aHa-
JIOTMYHBIX [MOYBEHHO-KJIMMATHYECKUX YCIOBUSAX HanOojee MepCrHeKTUBHBIM MPENnapaTroM M0 COBOKYIMHOCTH
XO31CTBEHHO LICHHBIX NPU3HAKOB sABIsieTCs «3epomakc Docy, Toraa kak noTeHuuani npenapara «MeraBum»
TpeOyeT JasbHeiell OIeHKH B MHOTOJIETHUX PaHJI0MHU3HPOBAHHBIX MOJIEBBIX ONBITAX C IOCTATOYHBIM KOJIH-
YeCTBOM ITOBTOPHOCTEHA.
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Abstract. Background and significance. The effective management of irrigated agricultural land in
arid areas depends on timely spatial information on crop condition and economic performance at the level of
individual cadastral parcels. In practice, conventional land administration systems usually do not contain such
operational data. As a result, decisions on irrigation scheduling, fertiliser application, and land reclamation
are often made uniformly across fields, despite substantial spatial differences in land quality and productivity.
This reduces both agronomic and economic efficiency. Methods. The study combined Sentinel-2 satellite
imagery with digital cadastral boundaries to evaluate irrigated farmland in the Saryagash district of Turkestan
Region, Kazakhstan, during 2023-2024. NDVI values were derived from Sentinel-2 imagery acquired on
14 June 2024 under cloud cover below 5 %, using bands B8 and B4 with a spatial resolution of 10 m. The
processing and spatial analysis were carried out in QGIS 3.28. Two composite indicators were applied across
ten irrigated farms with a total area of 371 ha. The Estimated Sowing Potential Coefficient (ESBK) was used
to characterise land suitability by integrating soil quality, moisture availability, and salinity risk. The Farm
Decision Efficiency Index (FDEI) was used to assess the economic viability of production by comparing
gross revenue with total production costs per hectare; values above 1.0 indicate profitable farming. Results.
The analysis showed considerable spatial variation among the studied farms. NDVI values ranged from 0.36
to 0.82. Two farms were identified as priority areas for reclamation, with ESBK values of 0.11-0.13, while
three farms demonstrated relatively high land potential, with ESBK values of 0.50 and above. Farms with
NDVI values of at least 0.70 consistently showed stronger economic performance, with FDEI values between
1.47 and 1.60 and net profits of 400-560 thousand KZT per hectare. By contrast, farms located in the south-



Wwestern sallmty -affected zone had FDET values below 1.0 and operated at a loss. After introducing NDVI-
based management measures in 2024, the average yield increased by 26 %, water consumption decreased
by 22 %, and the revenue index reached 1.35. Practical implications. The proposed NDVI-ESBK-FDEI
framework can be used by district-level authorities and land managers to classify irrigated parcels, identify
areas requiring reclamation, and distribute irrigation water on the basis of spatially differentiated productivity
data. The approach is relatively inexpensive because it relies on freely available Sentinel-2 imagery and official
cadastral information.
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AHHOTanusi. Macene dcone o3exkminiei. ApuATI aiMakTapJarbl cyapMalibl JKepiepal THIMII Oacka-
Py YIIIH KaAacTPJbIK y4acKe JEHIeHiHAEe ©CIMIIK KaMBUIFBICBIHBIH JKal-KYHl MEH IIapyallblIBIKTBIH JKO-
HOMUKAJIBIK THIMJILTIT Typasbl )KeAeN KeHICTIKTIK JepeKTep KaKeT. Allalia JoCTYpIl )Kep SKIMIITIIT xKylie-
Jiepl MyHJaii MOJIIMETTEP1 TOJIBIK 9Pl YaKbITBLIbI KaMTaMachl3 eTe aiMaiiibl. COHBIH CaJIIapbIHAH CyapyIbl
YKocTmapJay, THIHAUTKBIII €HT13Y KoHE PEeKYJIBTHBAIIMIFa MHBECTHUIUS caly KoOlHe ayMaKThIK epeKIIeTiKTepAl
€CKepMel Kypriziieni, OyJI kep ’KoHe Cy pecypCTapblH MalaagaHyIbIH THIMIUTITIH TOMEHACTE 1. Ddicmepi.
3eprreyae Sentinel-2 rapoiuthik TycipimiMaepinin NDVI gepexrepi 2024 xputrbl 14 MaychIMaarbl, OYIIT-
TBUIBIFBI 5 %-1aH TOMEH CypeTTep Herizinae HUQpiblK KaaacTpiblk mekapagapmen QGIS 3.28 Garnapia-
MacbeiHaa Oipiktipinai. Tangay Kazakcranubsig TypkicTan o6mbickl Capblaralil ayiaHbIHIAFbl JKaJIIbI ay/laHbl
371 ra 6onateia 10 cyapMansl mapyanibuibikka 2023—2024 sxpuinap apansiFbigaa xxyprizinai. NDVI unagekci
Sentinel-2 cepirinin B8 >xone B4 apnanapsr O6oiibiHma 10 M KEHICTIKTIK aKbIPATHIMIBIIBIKIICH €CENTEIII.
CoHbIMEH KaTap €Ki JKUBIHTHIK KepceTkim Kouganbuiabl: ESBK erictik aneyer ko3 uiimenTi TonbIpak ca-
MachIH, bUIFAJIMEH KaMTaMachl3 €TUTyiH JKoHE Ty3/1aHy KaymiH Oipikripce, FDEI nnaekci xanmsl TabbIc TIEH
reKTapblHA ITAKKaHIaFbl OHIPICTIK IIBIFBIHAAPABI CATBICTHIPY apKbUIBI MAPYAIIBIIBIK MICTTIMIEPiHIH YKOHO-
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MUKAJIBIK TUIMAUIITIH Oaraiaabl. Homuowcenepi. SepTTenres mapyamsiibikrapaa ND V1 0,360,582 apaibiFbiH-
na e3repai. Exi mapyamsieik ESBK 0,11-0,13 kepcerkimrepiMeH 0achiM peKyIbTUBALIMS aiiMaFbl PETiHAC
aHbIKTANbL, an yur mapyambiiblk ESBK > 0,50 nenreitinge xorapsl sxep aneyetid kepcerti. NDVI > 0,70
6onran mapyamsuisiktapaa FDEI 1,47-1,60 apansirsinaa 6ounbimn, Taza maiiga 400—560 MbIH TEHIeHI KYpaJibl.
Omnrtycrik-0arbic Ty3aaHy aiMarbiHAarsl mapyambuibikrapaa FDEIL 1,0-neH ToMeH O0bII, MIBIFBIH TipKETIi.
2024 >xputbl NDVI Herizinae KaObligaHFaH IIapanap HOTHXKECIHAE opTaimia eHIMAUIIK 26 %-Fa apTThl, Ccy
IBIFBIHBI 22 %-Fa a3aiiel, ain Tadbic uHACKC! 1,35-Kke keTTi. [lpakmukanvix mansisel. ¥ cbiabuiFan NDVI-
ESBK-FDEI Tacini cyapmaisl skepiepii KikTeyre, peKyIbTUBaLUsSIHbI 0achIMIaHIbIpYFa jKOHE Cy pecypcTa-
PBIH Jonenai 6emyre MyMKIHAIK Oepei.

Tyiiin ce3aep: NDVI; uudpneik kagactp; ESBK; FDEI; cyapmansl erinminik; Capblarann ayiaHsl,
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AnHoTtauus. /Ipoonema u akmyanrorocms. DPHEKTUBHOE YIPABICHUE OPOIIAEMBIMU CEITbCKOX035H-
CTBEHHBIMHU 3eMJISIMH B apUJHBIX PETHOHAX TpeOyeT HaNU4Ms OMEePaTUBHBIX MPOCTPAHCTBEHHBIX JAHHBIX O
COCTOSIHMH PACTUTENBHOCTU U SKOHOMUYECKON Pe3yIbTaTUBHOCTH 3€MJICTIONB30BAHUS Ha YPOBHE KaJacTpo-
BOro yuyactka. OHAKO TpaJULIMOHHBIE CUCTEMBI 3€MENbHOTO aJMUHUCTPUPOBAHUS, KaK MpaBUiIo, HE 00e-
CIEYUBAIOT TMOJTY4YeHHE Takoi MH(OpPMalMK B HY)KHOW JeTalu3allii U B aKTyajbHble CPOKU. B pe3ynbrare
pellIeHus, CBsI3aHHbIE C TUIAHUPOBAHUEM IOJIMBA, BHECEHUEM YIO0OpEeHU U (PMHAHCUPOBAHUEM PEKYIHTHBA-
IIMOHHBIX MEPOMPUSITUIA, YACTO MPUHUMAIOTCS 0€3 yueTa MPOCTPAaHCTBEHHOW HEOAHOPOAHOCTHU 3€MEIb, UYTO
cHIKaeT 3((EeKTUBHOCTH MCIOIB30BAaHMUS BOJHBIX U 3€METbHBIX pecypcoB. Memoosl. B uccrnenoBanuu naH-
HBIE CITyTHUKOBOTO MOHHUTOpHHTa Sentinel-2 Obimu 00beAMHEHBI ¢ IU(PPOBLIMU IPAHUIIAMHU KaJaCTPOBBIX
yuacTkoB B cpere QGIS 3.28. B xauecTBe HCXOJHOTO Marepuaa UCIOIb30BaI0Ch U300paxeHue oT 14 uroHs
2024 roga ¢ o6mavyHOCTHIO MeHee 5%. AHaAINU3 MPOBOIUIICS JJIs ACCATH OPOIIAEMbBIX XO3SHUCTB OOIIeH mIo-
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manaeio 3/1 ra, pacnoyokeHHbIX B CapblaraliickoM panoHe lypkecTaHCcKou 00J1acTH KasaxcTaHa, 3a IEPUOL
2023-2024 rr. Uunexkc NDVI paccunrtsiBainics no kanainam B8 u B4 ¢ npoctpancTBeHHBIM pa3pemeHueM 10
M. 1)1 KOMIJIEKCHOM OLIEHKHM MPUMEHSUINCH JIBa Moka3areis: ko3dduiuent norenuuana ceBa ESBK, yun-
TBHIBAIOIIMI Ka4yeCTBO MOYBBI, BIaro00ECeYeHHOCTh U PUCK 3aCOJICHMS, U UHAEKC 3((HeKTUBHOCTH (epMmep-
ckux pemennit FDEIL oTpaxkaromuii cOOTHOIIEHHE BAJIOBOTO J0XOAa M OOIIMX MPOU3BOACTBEHHBIX 3aTpar
Ha rekrap. Pezyromamer. 3nadenus NDVI BapsupoBanu ot 0,36 1o 0,82. J[Ba x03s1iicTBa ObTH OTHECEHBI K
IIPUOPUTETHBIM 30HaM pekyasruBanuu npu ESBK 0,11-0,13, Torna kak Tpu X03sicTBa NOKa3alu BBICOKHM
3emenbHbId noTeHnuan npu ESBK we nuxe 0,50. Yeranosneno, uto npu NDVI > 0,70 xo3siicTBa nocturain
FDEI 1,47-1,60 u uncroii npudsuin 400—-560 ThIC. TeHTe, TOT/AA KaK B I0T0-3aMaHON 30HE 3aCcONeHUs (PUKCHU-
posanuch 3HaueHust FDEI nuxe 1,0 u yosiTku. [Tocne Buenpenns NDVI-opreHTHPOBaHHBIX MEPOTIPUATHI B
2024 rogy cpenHsis ypoxKaHOCTb yBeIUUMIach Ha 26 %, BononoTpedaeHne cokparuiochk Ha 22 %, a MHIEKC
noxoxaa poctur 1,35. Ilpakmuueckoe 3nauenue. Ipennoxennsiii nogxoq NDVI-ESBK-FDEI moxeT ncnos-
30BaThCs IS KJIACCU(HUKALIMK OPOLIAEMBIX YYaCTKOB, ONPENENIEHUs] IPUOPUTETOB PEKYIbTUBALIMM U OoJiee
000CHOBaHHOTO PACIIPEEeNICHHUs] OPOCUTEIBHOM BOJBI.

Karuessle cioBa: NDVI, nudposoii kanactp, ESBK, FDEI, opomaemoe 3emnenenue; Capplarami-
ckuii paiion, ['IC

Jsa uutupoBanusi: Axunbexos F.JI., Konaposa C.A., Ucmaunosa I'K., Angusposa A.E. (2026).
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KoH}uuKT HHTepecoB: aBTOPHI 3asBIISAIOT 00 OTCYTCTBUU KOH(IIMKTA UHTEPECOB.

Dunancuposanue: agmopwl 3as6JA10M, 4Mo 0AHHOe UCCLe008aHUe ObLIO NPosedeHo be3 huHancosol
NO00EPICKU CO CIMOPOHBI KAKOU-TUO0 Opeanuzayuu, poHoa unu epanma.

Introduction.

Efficient management of agricultural land in arid irrigated regions remains a major challenge for food
security, water governance, and rural economic development. In Central Asia, where irrigated agriculture
accounts for more than 90% of total freshwater withdrawals, the accuracy and operational relevance of land
information systems largely determine the sustainability of farming systems (FAO, 2022; World Bank, 2021).
This issue is particularly important in the Turkestan region of Kazakhstan, where annual precipitation is limited
to 200-350 mm and competition for irrigation water from the Syr Darya basin is steadily increasing. Under
such conditions, land management decisions made at the farm level have a direct effect on both economic
performance and long-term water sustainability [Zhupankhan et al., 2022].

Digital cadastre systems provide accurate spatial information on parcel boundaries, land area, tenure
status, and designated land use. In practice, however, these systems are used mainly for legal registration and
ownership administration rather than for operational agricultural planning [Petrova, 2018; World Bank, 2021].
As a result, the actual productive potential of a cadastral parcel, including soil quality, moisture availability,
vegetation condition, salinity risk, and expected economic return, is not reflected in standard cadastral records.
To evaluate these characteristics, cadastral information must be integrated with remote sensing, agronomic,
and economic data.

Among the available geospatial tools, the Normalised Difference Vegetation Index (NDVI) derived
from Sentinel-2 multispectral imagery is one of the most widely used indicators for assessing crop condition at
the field scale. NDVI provides spatially continuous and operationally accessible information on crop canopy
development, photosynthetic activity, and plant response to water stress [Jensen, 2018; Li & Wang, 2021].
When overlaid with cadastral parcel boundaries in a GIS environment, NDVI makes it possible to assess
vegetation status at the parcel level, identify localised stress zones, and compare the agronomic condition of
different farms. This spatially explicit perspective provides a level of analytical detail that cannot be obtained
from tabular land records alone [Zhang et al., 2020].

To connect remote sensing data with practical land management decisions, this study develops and
applies two composite indicators. The first is the Estimated Sowing Potential Coefficient (ESBK), which
combines NDVI with indicators of soil quality, moisture availability, and salinity-related risk in order to
characterise the productive potential of irrigated land. The second is the Farm Decision Efficiency Index
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(FDEI), which evaluates the economic return on farm inputs by comparing gross revenue with production
costs [Rahman, 2020]. The combined application of these indicators allows land parcels to be assessed not
only in terms of biophysical condition but also in terms of economic performance, thereby creating a more
comprehensive basis for management decisions.

The aim of the study is to assess the efficiency of agricultural land management in Saryagash district
through the integrated use of digital cadastre data, Sentinel-2 NDVI-based spatial analysis, ESBK land
potential assessment, and FDEI economic efficiency evaluation across ten irrigated farms during 2023-2024.

The role of GIS and remote sensing in precision agriculture has been widely documented in the scientific
literature [Longley et al., 2019; Jensen, 2018] demonstrated that satellite-derived vegetation indices serve as
reliable proxies for crop biomass and stress conditions at the field scale, thereby providing an empirical basis
for NDVI-based farm management. Li and Wang (2021) further showed that Sentinel-2 multispectral data with
a spatial resolution of 10-20 m are sufficient for parcel-level NDVI monitoring and can support operational
decision-making in irrigated farming systems.

The integration of cadastral data with satellite monitoring has also been discussed in the context of
land administration reform and agricultural modernisation. Petrova (2018) noted that digital cadastre systems
in transition economies remain underutilised in agricultural planning despite containing precise spatial
information essential for land management. Similarly, the World Bank (2021) identified the weak linkage
between cadastral systems and agronomic performance indicators as a structural barrier to improving irrigation
efficiency in Central Asia. Ivanov (2020) proposed GIS-based land evaluation models for irrigated agriculture
that incorporated soil quality, moisture regime, and economic productivity, thereby providing a conceptual
foundation for the ESBK approach used in this study. Torres (2021) developed composite economic indicators
for agricultural land management and demonstrated their usefulness in identifying efficiency gradients across
groups of farms.

A number of studies have also confirmed the importance of NDVI for identifying spatial risk patterns
in salinity-affected irrigated landscapes. Kim and Lee (2019) showed that NDVI values below 0.40 in Central
Asian irrigated systems are strongly associated with salinity-induced yield reduction. Dun etal. (2021) identified
similar spatial NDVI gradients in arid irrigated zones and related them to groundwater depth and soil texture
variability. Ahmed and Hassan (2019), as well as Silva (2022), demonstrated that GIS-based multi-criteria
frameworks integrating remote sensing and agronomic data can provide effective operational support for land
and water management in arid irrigated environments comparable to Saryagash district. Brown and Smith
(2021) reported that NDVI-guided irrigation scheduling may reduce water use by 15-20 % while maintaining
or increasing yields, which offers an important comparative benchmark for interpreting the 22 % reduction in
water consumption observed in the present study.

Overall, the reviewed literature confirms the growing importance of integrating cadastral information,
GIS analysis, satellite monitoring, and economic indicators in agricultural land management. In the conditions
of Kazakhstan, the applicability of Sentinel-based remote sensing to agricultural land assessment has been
demonstrated by several national research teams: [Mukhamediev et al., 2023; Amirgaliyev et al., 2024] applied
machine-learning models to Sentinel-1, Sentinel-2 and Landsat data for mapping soil salinity in the southern
regions of the country, while [Arystanov et al., 2025] used Sentinel-2 imagery for the automatic classification
of agricultural crops in the rainfed zone of southern Kazakhstan, and Arystanov et al. (2026) examined land-
use sustainability in the foothill zones of southern Kazakhstan on the basis of Sentinel-2 data. At the same time,
there remains a limited number of applied studies that combine these components at the cadastral parcel level
under the specific environmental and irrigation conditions of southern Kazakhstan. In this regard, the present
study seeks to fill an important methodological and practical gap by proposing an integrated framework for
parcel-level assessment of irrigated land condition, productive potential, and economic efficiency.

Materials and methods.

Study Area and Sampling Framework

The present study was carried out in Saryagash District, located within Turkestan Region of the Republic
of Kazakhstan. For the purposes of spatial analysis, ten irrigated agricultural farms with a combined total area
of 371 hectares were systematically selected and included in the dataset. The geographical distribution of the
selected farms was deliberately planned to encompass the principal agroecological zones characteristic of the
district, including the canal-irrigated agricultural territories situated in the northern part of the district as well
as the salinity-affected lowland areas concentrated in the southern sector. The farm selection procedure was
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specifically designed to ensure that the resulting dataset adequately represents the full range of NDVI values
and the diversity of agricultural management conditions that have been documented across the district, thereby
providing a representative basis for district-level analysis and interpretation.

Remote Sensing Data Acquisition and NDVI Computation

Multispectral satellite imagery from the Sentinel-2 mission was obtained through the Copernicus Open
Access Hub platform for the acquisition date of 14 June 2024, with the selected scene characterized by a
scene-level cloud cover fraction not exceeding five percent. The Normalized Difference Vegetation Index was
computed from the ratio of near-infrared and red surface reflectance values in accordance with the following
standard expression:

NDVI = (NIR - Red) / (NIR + Red) (1)

The computation utilized Sentinel-2 spectral bands B8, corresponding to the near-infrared channel,
and B4, corresponding to the red channel, both of which are available at a native spatial resolution of 10
meters. Following index calculation, the resulting continuous NDVI raster layer was spatially overlaid with
digitized cadastral parcel boundaries within the QGIS 3.28 geographic information system environment.
Mean NDVI values representative of the vegetative condition of each individual farm were subsequently
extracted by applying the zonal statistics function to the raster-vector overlay. A thematic district-scale NDVI
map, presented as Figure 2, was compiled within QGIS and incorporates cadastral boundary delineations,
farm identification labels, and a four-class spectral vegetation condition legend. The classification thresholds
applied were as follows: red shading for NDVI values below 0.40, designating zones of agronomic risk;
yellow shading for the range 0.40 to 0.55, indicating moderate vegetative cover; green shading for values
between 0.55 and 0.70, reflecting satisfactory crop development; and dark green shading for values at or above
0.70, corresponding to high productivity conditions.

Calculation of the Estimated Sowing Potential Coefficient (ESBK)

The agronomic sowing potential of each study farm was quantified by means of the Estimated
Sowing Potential Coefficient, hereafter referred to as ESBK, which was computed according to the following
multiplicative expression:

ESBK =S x M x (1 - R) 2)

Within this formulation, the variable S represents the soil quality index, which was derived through
normalization of official cadastral soil quality scores onto a continuous scale ranging from 0 to 1. The variable
M denotes the moisture availability index, which was operationalized using the farm-level mean NDVI value
as an empirical proxy for the actual water supply conditions experienced by crops during the growing season,
also expressed on a 0-to-1 scale. The variable R constitutes a composite risk coefficient that integrates the
combined negative influence of soil salinity conditions and the occurrence of shallow groundwater tables
at the farm level, likewise expressed on a scale from 0 to 1, where higher coefficient values correspond to a
greater degree of agronomic risk. The factor (1 — R) thus functions as a risk-adjusted multiplier that discounts
the sowing potential estimate in proportion to the severity of environmental constraints.

Calculation of the Farm Decision Efficiency Index (FDEI)

The economic efficiency of farm-level decision-making was assessed through the Farm Decision
Efficiency Index, referred to hereafter as FDEI, which was calculated using the following ratio:

FDEI = Revenue / (Input costs + Water costs) 3)

In this expression, Revenue refers to the gross income generated from crop production activities at the
farm level, expressed in Kazakhstani tenge per hectare. Input costs and Water costs together constitute the total
agricultural production expenditure per hectare, encompassing all direct production inputs as well as irrigation
water supply costs. Farm-level financial data underlying these calculations were obtained from individual farm
production accounts and from official records maintained by the Saryagash District Agricultural Authority,
with data covering the agricultural seasons of 2023 and 2024. An FDEI value greater than 1.0 is interpreted as
indicating a financially profitable farm operation, whereas an FDEI value below 1.0 signifies that the farm is
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operating at a loss relative to its total production costs.

Statistical Analysis

The scope of statistical analysis applied in this study was deliberately restricted to descriptive statistics
and threshold-based classification procedures. The decision to forego inferential statistical testing was justified
by the nature of the dataset: since all ten farms operating within the defined study perimeter were included
in the analysis, the dataset constitutes a complete census of the target population rather than a probabilistic
sample drawn from a larger population, thereby rendering inferential significance testing methodologically
inappropriate.

Results.

Spatial Distribution of NDVI Values and Farm-Level Classification

The district-wide NDVI map derived from Sentinel-2 imagery (Fig. 2) demonstrates considerable
spatial variation in vegetation conditions across the territory of Saryagash District. Zones characterized by
elevated NDVI values at or above the 0.70 threshold are predominantly concentrated in the northern and
eastern portions of the district, where irrigation canal networks remain in adequate operational condition and
soil salinity levels are comparatively low. In contrast, areas exhibiting pronounced vegetation stress, reflected
by NDVI values falling below 0.40, are found primarily in the south-western part of the district. These low-
productivity zones are associated with the occurrence of shallow groundwater tables at depths ranging from
1.5 to 2.5 metres and with active secondary soil salinisation processes.

The NDVI, ESBK, and FDEI values computed for all ten study farms are consolidated in Table 1.
NDVI values across the farm set span a range from 0.36, recorded at Zher-Ana farm, to 0.82, recorded at
Talas-Agro farm. This gradient follows a discernible north-to-south spatial trend that corresponds directly to
the vegetation condition pattern visible in Fig. 2. With respect to the Estimated Sowing Potential Coefficient,
computed values range between 0.11 at Zher-Ana and 0.57 at Talas-Agro. Two farms - F6 Zher-Ana and
F7 Nur-Agro O returned ESBK values at or below the reclamation priority threshold of 0.15, indicating
that these farms require targeted land amelioration intervention before productive agricultural use can be
sustained. Analysis of the Farm Decision Efficiency Index reveals a pronounced differentiation relative to the
profitability threshold of 1.0: five farms in the dataset achieved FDEI values of 1.40 or higher, demonstrating
strong economic returns from crop production, while three farms recorded FDEI values below 1.0, signifying
that their total production costs exceeded gross revenues and that these operations were generating net financial
losses during the study period.

Table 1. NDVI, ESBK and FDEI indicators for 10 farms, Saryagash district (2024)

Farm Area (ha) | NDVI S M R ESBK | FDEI Net profit | Zone
(KZT/ha)
Talas-Agro (F1) |45 0.82 0.85 0.90 0.08 |[0.57 1.60 +560 000 |1
Orken (F2) 38 0.78 0.80 0.87 0.10 | 0.54 1.52 +490 000 |1
Bereke (F3) 41 0.74 0.78 0.83 0.11 ]0.50 1.47 +400 000 |1
Zhambyl-Agro | 36 0.64 0.70 0.75 0.15 |[0.42 1.28 +280000 |«
(F4)
Nurlan (F5) 35 0.58 0.65 0.70 0.18 [0.38 1.15 +195000 |«
Zher-Ana (F6) |33 0.36 0.40 0.42 028 ]0.11 0.90 —85 000 !
Nur-Agro (F7) |34 0.39 0.42 0.44 0.26 |[0.13 0.90 —65 000 1
Altyn (F8) 32 0.52 0.58 0.62 021 |[0.31 1.08 +120 000 | <
Alatau (F9) 40 0.68 0.72 0.77 0.13 [045 1.35 +330000 |1
Meridian (F10) | 37 0.60 0.66 0.71 0.16 |0.40 1.20 +210000 | <

Notes: 1 high potential; < medium, | low / reclamation priority. S = soil quality index; M = moisture
availability index; R = risk coefficient.

Discussion.

The central result of this study - a robust and consistent positive relationship between NDVI, ESBK, and
FDEI that is spatially structured according to the farm location pattern illustrated in Fig. 2 - provides empirical
validation for the integrated cadastre—satellite—economics framework proposed in this research. The north-to-
south gradient in NDVI values observed across the district reflects the combined influence of two interacting
environmental factors: the spatial distribution of irrigation water accessibility and the spatial pattern of soil
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salinity. Farms situated in the northern sector of the district, where canal 1rrigation infrastructure 1s in adequate
operational condition and water delivery is reliable, consistently attain NDVI values at or above the 0.70
threshold. Conversely, farms located in the south-western sector - where the presence of shallow groundwater
tables at limited depths promotes and accelerates the progression of secondary soil salinisation - exhibit [

NDVI values that fall below 0.40, indicating severe vegetation stress. This spatially structured productivity
pattern aligns with the findings reported by Dun et al. (2021) and Kim & Lee (2019), whose investigations
established that salinity-induced suppression of the vegetation index constitutes a primary mechanism driving
yield deficits in irrigated agricultural systems across Central Asia.
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Fig. 1. NDVI, ESBK, and FDEI indicators for 10 study farms, Saryagash district (2024). Red dashed line = FDEI profitability threshold (1.0).
Farms ordered from low-NDVI (Zher-Ana, Nur-Agro) to high-NDVT (Talas-Agro, Orken).
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Fig. 2. NDVI map of Saryagash district with farm locations (Sentinel-2 L2A, 14 June 2024, Copernicus EO Browser). Red: NDVI <
0.40 (risk zone); yellow: 0.40-0.55; green: 0.55-0.70; dark green: > 0.70 (high productivity). Cadastral boundaries and farm labels shown.

Comparative Assessment of 2023-2024 Production Outcomes

Table 2 summarises district-level agricultural performance indicators before and after the implementation
of NDVI-guided field management practices in 2024. The average crop yield across the study farms increased
from 23 dt/ha in 2023 to 29 dt/ha in 2024, representing a relative improvement of 26 percent. The water use
index declined by 22 percent relative to the 2023 baseline value, reflecting greater irrigation efficiency under
the revised management approach. The revenue index rose to 1.35, corresponding to a 35 percent improvement
over the preceding season. The number of farms achieving an FDEI exceeding 1.10 increased from five out of
ten in 2023 to seven out of ten in 2024, while the number of farms recording an FDEI below the profitability
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threshold of 1.0 decreased from three to two over the same period.
Table 2. Comparative performance indicators, 2023 vs. 2024

Indicator 2023 2024
Average yield (dt/ha) 23 29 (+26 %)
Water use index 1.00 (baseline) 0.78 (=22 %)
Revenue index 1.00 1.35 (+35 %)
Farms with FDEI > 1.10 | 5/10 7/10

Farms with FDEI < 1.00 |3/ 10 2/10

Source: Farm production accounts and Saryagash District Agricultural Authority data, 2023-2024.

The correspondence observed between the spatial risk zones delineated in Fig. 2 and the economic
performance outcomes presented in Table 1 carries particular significance from a land use policy and agricultural
management perspective. The farms Nur-Agro and Zher-Ana, both of which are situated within the low-NDVI
south-western risk sector, recorded FDEI values of 0.90 and generated net financial losses over the study
period, despite having formal access to irrigation water supply. This outcome confirms that the availability of
irrigation infrastructure alone does not constitute a sufficient condition for ensuring farm-level profitability
when soils are affected by significant salinity, a conclusion that is consistent with the findings of Ahmed &
Hassan (2019). The ESBK values of 0.11 and 0.13 computed for these two farms provide a quantitative measure
of their productive deficit relative to the district average and furnish an objective, index-based justification
for their designation as priority zones requiring targeted land reclamation and soil amelioration interventions
before sustainable agricultural productivity can be restored.

The 22 percent reduction in water consumption achieved through the implementation of NDVI-guided
irrigation scheduling in the 2024 season surpasses the 15 to 20 percent improvement range documented in
comparable studies by Brown & Smith (2021). This superior outcome is most plausibly attributable to the
particularly suboptimal character of the pre-intervention baseline irrigation regime in the study district, which
provided a larger margin for efficiency improvement than was available in the contexts examined in previous
research. The simultaneous 26 percent increase in average crop yield recorded alongside the reduction in water
use confirms that the water savings were accomplished not through a uniform curtailment of irrigation volumes
across all farm parcels, but rather through a spatially differentiated reallocation of available irrigation water
away from low-NDVI risk zones - where additional water inputs generate diminishing agronomic returns and
toward high-potential parcels where irrigation efficiency and crop response are substantially greater.

A key methodological limitation of the present study is the reliance on a single-date NDVI acquisition
from June 2024 rather than a multi-temporal remote sensing dataset spanning multiple phenological stages
and growing seasons. This constraint limits the capacity of the analysis to distinguish between structural and
persistent differences in land productivity on the one hand, and transient seasonal anomalies in vegetation
condition attributable to short-term climatic or management factors on the other. To address this limitation,
future research efforts should incorporate multi-year NDVI time series encompassing a minimum of three to
five complete growing seasons. Such longitudinal remote sensing data would enable rigorous validation of
the spatial risk zones identified in this study and would provide a robust empirical basis for monitoring and
evaluating the effectiveness of reclamation interventions over time.

A further limitation concerns the fact that the present analysis characterised moisture conditions only
indirectly, by employing the farm-level mean NDVI value as an empirical proxy for water supply within the
moisture component (M) of the ESBK. Soil moisture, however, is one of the essential indicators reflecting the
water content of the soil, and its direct spectral estimation can substantially improve the assessment of drought
stress and crop condition. For the monitoring of vegetation water status, the evaluation of drought and the
analysis of crop condition, dedicated spectral moisture indices are widely applied, in particular the Normalised
Difference Moisture Index (NDMI), which exploits the near-infrared and short-wave infrared bands (B8 and
B11) of Sentinel-2 to capture the water content of vegetation and the upper soil layer. To achieve a more
complete and physically grounded characterisation of moisture conditions, future research should therefore
incorporate the direct computation of NDMI for the assessment of moisture content in both plants and soil,
together with the Normalised Difference Water Index (NDWI), which relies on the green and near-infrared
bands and provides a complementary measure of the moisture status of the soil surface cover. The combined
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use of NDMI and NDWI1 alongside ND V1 would allow the moisture component o1 the ESBK 10 be derived
from independent spectral evidence rather than from a vegetation-index proxy alone, thereby strengthening
both the diagnostic reliability and the agronomic interpretability of the proposed framework.

Conclusion.

The findings of this study demonstrate that the combined integration of digital cadastral data with
Sentinel-2 satellite-derived NDVI spatial mapping, ESBK land productive potential assessment, and FDEI
farm economic efficiency measurement yields a fully operational and evidence-grounded framework for the
sustainable management of irrigated agricultural land in Saryagash District. The annotated district-scale NDVI
map (Fig. 2) reveals a spatially structured and geographically coherent north-to-south gradient in vegetation
productivity. High-NDVI clusters attaining values at or above 0.70 are concentrated in the northern and eastern
sectors of the district where canal irrigation infrastructure ensures reliable water delivery, while low-NDVI
risk zones characterized by values below 0.40 are located in the salinised south-western sector. This spatially
organized productivity pattern directly and reliably predicts the farm-level ESBK sowing potential coefficients
and FDEI economic efficiency outcomes documented in Table 1, thereby confirming the diagnostic and
predictive value of satellite vegetation mapping as a tool for agricultural land assessment.

Three distinct scientific contributions are advanced by this study. First, this research presents the
first spatially explicit integration framework combining cadastral land records, Sentinel-2 NDVI vegetation
mapping, ESBK sowing potential coefficients, and FDEI economic efficiency indicators for Saryagash
District, accompanied by georeferenced farm-level performance mapping that enables spatial visualization
of productivity and economic differentiation across the study area. Second, the study provides quantitative
empirical evidence establishing that the NDVI-based spatial risk classification map constitutes a reliable
predictor of farm-level economic performance: farms achieving NDVI values at or above 0.70 consistently
recorded FDEI values exceeding 1.40, whereas farms with NDVI values below 0.40 uniformly fell below
the FDEI profitability threshold of 1.0. Third, the study documents the measurable effects of NDVI-guided
management interventions implemented during the 2024 growing season, which produced a 26 percent
increase in average crop yield, a 22 percent reduction in water consumption, and a 35 percent improvement
in the revenue index relative to the 2023 baseline, collectively demonstrating the practical agronomic and
economic value of remote sensing-informed farm management.

On the basis of these findings, three strategic recommendations are put forward for consideration by
district and regional agricultural authorities. First, district-level NDVI risk mapping should be performed on a
biannual basis to ensure that all irrigated cadastral parcels within the district are systematically classified into
corresponding ESBK productivity zones, providing decision-makers with regularly updated spatial intelligence
on land condition and agricultural risk. Second, farms F6 (Zher-Ana) and F7 (Nur-Agro), both of which recorded
ESBK values below the 0.15 reclamation threshold, should be formally designated as immediate reclamation
priority plots and subjected to targeted soil amelioration programmes, including drainage improvement and
salinity management measures, to restore their productive potential. Third, the integrated cadastre—-NDVI-
ESBK-FDEI methodology developed and validated in this study should be systematically extended to all
irrigated agricultural districts within Turkestan Region, leveraging the free and open availability of Sentinel-2
multispectral imagery through the Copernicus programme to enable cost-effective, scalable, and reproducible
land productivity assessment across the region.
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and semi-arid zones. The comparison of NDVI data showed an increase in vegetation density in 2020 compared
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AnHoTauus. Kipicne. Aybul mapyalibUIbIFbl KepJepid THIMII MaijalaHy aybll IapyalblIbIFbIHBIH
TYPaKThl JaMybl MEH a3bIK-TYJIK KaylCi3/iriH KaMTaMachl3 €TyIiH Heri3ri (hakTopiaapbIHbIH Oipi O0bIN Ta-
ObuTabl. AHTPOIIOTEH/IIK )KYKTEMEHIH apTybl XKoHE KIMMATTBhIH ©3repyl JKaFJaiibiHaa sKepAl naijananyabH
TUIMAUTITIH Oarajay/iblH 3aMaHayd KypajjapblHa KaXETTUIIK apThill OThIp. ['eoaknmapaTThIK TEXHOJIOTHS-
nmap MeH JKepal KamIbIKTBIKTAH 30HATAY SICTEPi OCIMAIK KAMBUIFBICHIH OAaKbLIAy JKOHE Kep OHIMAUIITIHIH
KEHICTIKTIK 3aHJbUIBIKTapbIH TajJay YILIiH CEHIMJI MYMKIHAIKTEp YChIHaAbl. Mamepuanoap men adicmep.
3eprrey 2015, 2020 sxone 2025 xpuijapra apHaiFaH CIyTHUKTIK aepekrepai (Landsat) s»oHe reoaknaparThik
xkyienepai (GIS) konmanyra HerizneiareH. OCiMIIK KaMbUIFBICHIHBIH JKaFdaiibl MEH JKep OHIMIUIriH Oara-
Jay YILIiH KaJbllKa KentipiireH Beretauusuiblk uaaeke (NDVI) ecentenai. Kenicrikrik Tangay ArcGIS Pro
OarapiaamachIHa XYpri3uiai, oubiy iminae NDVI kapranapbiH jKiKTey jKOHE CallbICThIPMaJbl TalAay OpbIH-
nanasl. Homuorcenep srcone mankwinay. Tannay Aamatsl 00IbICH ayMaFbIHIa ©CIMIIK )KaMbUIFbICBIHBIH aKbIH
KEHICTIKTIK JuddepeHuanusaceii kepceTti. NDVI sxorapbl MoHAEp1 Taylibl XKOHE Tay OOKTEpiHJEr! ayaaH-
JlapFa ToH, aJl TOMEH MOHEp KYpFaK KoHe XKapTbulail Kyprak aitmakTapaa Oaiikanaasl. NDVI kepceTkimTepin
casbicThIpy 2020 biabl 2015 XKbUIMEH calIbICTBIPFaHa 6CIMIIIK )KaMBUIFBICBIHBIH apTybIH KopceTTi, an 2025
JKBUTBI OCIMIIK KaFJalbIHBIH OPKEJIKIIIrt OalKalbll, )akcapy MEH Aerpaaalus ypAicTepi Karap >KypreHiH
KepceTTi. Kopvimuinowl. 3eprrey HoTikenepli NDVI aybun mapyaibulbIFbl KepliepiH OaranayablH THIMIL
KepceTKilll ekeHiH aanenaeiai. GIS xoHe KallbIKTBIKTaH 30H/ATay TEXHOJIOTUSIAPBIH O1pIKTIPY ©CIMIIK jKa-
MBUIFBICBIHBIH TUHAMUKACBIH OOBbEKTUBTI OaKbliayFa sKoHE Kep pecypcTapblH THIMII 9pi TYpaKThl Oackapyra
FBUIBIMM HET13 KAJIBIITACThIPAIbI.

Tyiiin ce3aep: reoaknapartsIk xyienep (GIS), KambIKTeIKTaH 30H1Tay, NDVI, aybu1 mapyaibuibIFbl
JKeprepi, oCIMIIIK TUHAMUKACHI, KEHICTIKTIK Tajaay, )Kep/AiH JerpaJaiusichl, ATMaThl OOIbICHI
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AHHoOTauMs. Beeoenue. DPdekTuBHOE HUCIOIB30BaHUE CEBCKOXO3SMCTBEHHBIX 3EMEIb SIBIISETCS
KJIIOUEBBIM (DaKTOPOM OOECIeUeHUsI YCTOWYMBOIO Pa3BUTHS CEIBCKOTO XO3MHCTBA M MPOJIOBOJIBCTBEHHOM
6e3onacHOCTH. B ycioBusX BO3pacTarolleil aHTPONOTeHHOM Harpy3Kd W KIMMAaTHYE€CKOW HM3MEHYMBOCTH
BO3pacTaeT HeoOXOAUMOCTb IPUMEHEHHS COBPEMEHHBIX HHCTPYMEHTOB JIJIsl OLIEHKH 3(h(h)eKTUBHOCTH 3eMiIe-
noJb30BaHus. [eonHpOpMaMOHHbIE TEXHOIOTUN U TUCTAHLIMOHHOE 30HIUPOBaHNUE 3€MJIN MPETOCTABISAIOT
HaJEXKHBIE METOIBI MOHUTOPUHIA PACTUTEIBLHOTO IIOKPOBA U aHAJIN3a IPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTEN
IPOYKTUBHOCTH 3eMelb. Mamepuanst u memooul. JJaHHOE UCClleJ0BaHHE OCHOBAHO HA MCIIOJIb30BAHUU Te-
ounpopmannonusix cuctem (I'MC) u cnytHukoBbix cHuMKOB (Landsat) 3a 2015, 2020 u 2025 roasl. [ns
OLIEHKU COCTOSIHUSI PACTUTEJIBHOCTH U NMPOAYKTUBHOCTH 3€Melb OblT pacCUUTAaH HOPMAJIM30BaHHBIN Berera-
rmoHHbIN uHeke (NDVI). IIpocTpaHcTBeHHBIN aHATN3 BBINOIHEH ¢ Ucnonb3oBaHueM ArcGIS Pro, Bkitouas
KJIaccU(UKAIUIO U CpaBHUTENbHBIN aHau3 kapT NDVI. Pesyremamut u 0bcyscoenue. AHanu3 BbISIBII 3Ha-
YUTEIBbHYIO IPOCTPAHCTBEHHYIO U PEpEeHINALNI0 PACTUTEIBHOTO IOKPOBA HA TEPPUTOPHH AJIMATUHCKON
obnactu. Beicokue 3Hauenust NDVI xapakTepHbl Ui TOPHBIX U MPEArOPHBIX PAaHOHOB, TOTNA KaK HU3KHUE
3HaueHMs MpeolagaroT B apuIHBIX U MoayapuIHbIX 30Hax. CpaBHeHue naHHbIX NDVI nokaszano ysenuue-
HUE TUIOTHOCTU pacTutenbHocT B 2020 roxy no cpaBHeHuto ¢ 2015 rogom, a Taxke 6oj1ee HEOTHOPOAHYIO
kapTuHy B 2025 rofgy, 4To CBUAETEIBCTBYET O HAJIMUUM KaK IOJIOKUTEIBHBIX U3MEHEHHM, TaK U MPOLIECCOB
aerpaganuu. Boigoowl. [lonmyuenHsle pe3yabTraTsl HoATBepkaatoT, uTo NDVI apnsercs 3¢ dhekTuBHBIM HHIU-
KaTOpOM OLIEHKH MCIIOJIb30BAHUS CEIbCKOXO3AMCTBEHHBIX 3eMenb. MHTerpanus 'MC u naHHBIX AUCTaHIU-
OHHOTO 30H/IMPOBaHMs 00ecreunBaeT OObEKTUBHBI MOHUTOPHHT AMHAMUKHU PACTUTEIBLHOCTH U GOPMUPYET
HAay4YHYI0 OCHOBY JUIs MOBBIIIEHUS 3(P(PEKTUBHOCTH 3eMJIETIONB30BAHUS U YCTOWYMBOTO YIPABIECHUS 3€Mellb-
HBIMHU PECYPCAMH.

KuroueBsble cioBa: reoundopmaimonssie cuctemsl (I'MC), nuctanimonnoe 3ouaupoBanue, NDVI,
CEIbCKOXO3SICTBEHHBIE 3€MIIHM, IMHAMHMKA PACTUTEIBHOCTH, MPOCTPAHCTBEHHBIN aHANIU3, AErpajanus 3e-
Melb, ATMaTuHCKast 001acTh

Jast uutupoBanusi: OuimMxad H.M., Urembaesa A K., XKunguk6aesa A.H., [Ty3uene P. (2026). Ana-
13 cucteMbl 3(h(HEKTUBHOTO MCIIOIB30BAHUS 3€MENb CEITbCKOXO3IHCTBEHHOTO Ha3HAUeHHs B AJIMATHHCKON
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Introduction.

In the context of increasing anthropogenic pressure and climate change, the effective use of agricultural
land is becoming increasingly relevant. Land resources are a key component of sustainable agricultural
development and also ensure food security and regional economic stability [FAO, 2021; Pettorelli et al.,
2005:503-510].

This issue is of particular importance under conditions of growing pressure on agroecosystems,
which is accompanied by soil cover degradation, declining fertility, and disruption of natural biogeochemical
processes. In this regard, there is an increasing need to shift towards scientifically grounded and resource-
saving land-use models aimed at long-term sustainability.

Geographic Information Systems (GIS) and remote sensing technologies are powerful tools that enable
comprehensive spatial analysis. Modern geoinformation approaches make it possible to create digital models
of territories, take into account the spatial heterogeneity of natural conditions, and identify hidden patterns in
the distribution of agricultural resources. This significantly increases the validity of management decisions
and contributes to the optimization of land-use structure.

The use of the NDVI index makes it possible to assess the condition of vegetation cover and the
efficiency of land use [Dubovyk, 2017: 603—607]. This indicator is widely used in agricultural research as one
of the key indicators characterizing ecosystem productivity, since it reflects the intensity of photosynthetic
activity of vegetation. Its application in dynamic analysis enables the monitoring of seasonal and interannual
changes, the identification of degradation processes, and the assessment of the effectiveness of implemented
agrotechnical measures.

Almaty Region is one of the important agricultural regions of Kazakhstan, characterized by diverse
natural conditions and significant land-resource potential. The region includes mountainous, foothill, and
plain areas, which determine the diversity of land use and agricultural specialization. Favorable climatic
conditions in the foothill zones contribute to the development of irrigated agriculture, while dry and semi-
arid areas are dominated by pasture lands. Such natural and territorial differentiation determines the need for
a differentiated approach to land-resource management, taking into account the specific features of relief,
climate, and hydrological conditions.

In addition, the region plays an important role in ensuring food security through the development of
crop production, livestock farming, and horticulture. However, the efficiency of land use varies considerably
across the territory depending on natural conditions and the level of anthropogenic impact. This creates a
need to apply modern geoinformation approaches for spatial analysis and monitoring of land resources. The
observed spatial heterogeneity of land-use efficiency indicates the presence of both highly productive and
problematic areas, which require the application of modern methods for their monitoring and assessment. In
this regard, the use of geoinformation technologies is of particular relevance for the comprehensive analysis
of land-resource conditions and the development of recommendations for their rational use.

In order to provide a general description of the study area, the main indicators of land resources and
the administrative structure of Almaty Region are presented in Table 1.

Table 1. General Characteristics of Land Resources

Indicator Value

Total land area 10 509 thousand ha
Administrative districts 9

Cities and settlements 5-9

Rural settlements 368-384

Rural districts 126-136

Dominant type of land use Agricultural land
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As shown in Table I, Almaty Region covers approximately 10.5 million hectares and is characterized
by a relatively complex administrative structure. The presence of numerous rural settlements and rural districts
indicates the predominantly agricultural orientation of the region. Agricultural lands, including arable land and
pastures, constitute the dominant category of land use, which emphasizes the importance of their continuous
monitoring [Shokparova et al., 2025; Rafikov et al., 2024: 183—191]. Special attention should be paid to the
foothill and plain areas, where the intensity of agricultural production reaches its highest level. In these areas,
the cultivation of moisture-demanding crops and intensive livestock grazing exert considerable anthropogenic
pressure on the soil cover, which may eventually lead to land degradation and deterioration.

The combination of diverse natural conditions and intensive agricultural activity results in spatial
variability in land productivity and vegetation cover. This creates a need for objective and spatially accurate
assessment methods. In this context, remote sensing data and vegetation indices, particularly NDVI, serve as
effective and fundamental tools for analyzing the condition and dynamics of agricultural lands [ Ashimkhan et
al., 2025: 470-480; Wulder et al., 2012: 2-10]. The use of open multispectral satellite data, such as Landsat
and Sentinel missions, makes it possible to obtain up-to-date information with high spatial resolution. The
integration of such data into geographic information systems enables the automation of geoprocessing
procedures and the identification of hidden patterns in vegetation development over large areas without the
need for costly field surveys.

Despite the growing potential of geoinformation technologies, their application for assessing the
efficiency of agricultural land use in Almaty Region, particularly in terms of analyzing the spatial dynamics
of vegetation cover, remains insufficiently studied [Foley et al., 2005: 570-574]. Existing studies are
often fragmented or limited to short time intervals, which does not allow long-term trends to be traced. A
comprehensive approach covering a ten-year period is therefore essential for identifying the cumulative effects
of climatic fluctuations and changes in land-resource management practices.

In this regard, the object of the study is the system of agricultural land use in Almaty Region, while
the subject of the study is the spatial distribution and temporal dynamics of vegetation cover as an indicator of
land-use efficiency [Fensholt et al., 2012: 131-147]. This choice is justified by the fact that the condition and
density of vegetation cover are among the main objective indicators of the ecological well-being and agro-
industrial potential of the region. Vegetation cover represents an integrated reflection of soil fertility, moisture
availability, and anthropogenic pressure. Thus, by studying the dynamics of vegetation processes, it is possible
to assess not only the productivity of individual fields, but also the resilience of entire agroecosystems to
drought, soil erosion, and secondary salinization. This approach minimizes subjective factors in decision-
making related to land-resource management and allows decisions to be based on reliable objective data.

The aim of the study is to analyze the efficiency of agricultural land use in Almaty Region based on
geoinformation technologies and remote sensing data.

To achieve this aim, the following objectives were set:

to analyze the natural and geographical conditions of the study area;

to calculate NDVI and produce NDVI maps for 2015, 2020, and 2025;

to assess the spatial and temporal changes in vegetation cover.

Materials and Methods.

The methodological basis of this study is the integrated application of geoinformation technologies,
remote sensing data, and spatial analysis methods aimed at assessing the efficiency of agricultural land use
in Almaty Region. In particular, the capabilities of modern software packages such as ArcGIS and QGIS are
used for the processing and interpretation of multispectral satellite images. The application of automated
geoprocessing models makes it possible to significantly accelerate the calculation of vegetation indices and
reduce the probability of errors when integrating large-scale spatiotemporal datasets.

The study area is Almaty Region, which is characterized by high natural and geographical diversity
and includes mountainous, foothill, and plain territories. The presence of several altitudinal belts contributes
to the formation of different microclimatic zones, which in turn determine the specialization of the agricultural
sector in different districts, ranging from intensive irrigated farming in the plains to seasonal pasture-based
livestock farming in the foothills. Such diversity determines the spatial differentiation of natural conditions,
land-use structure, and vegetation cover within the region. Therefore, in order to obtain objective results,
a differentiated monitoring approach is required, with strict consideration of local soil types, hydrological
regime, and the seasonal dynamics of temperature. The physical and geographical features of the study area
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are shown in Figure 1. This cartographic model clearly represents elevation differences, the river network,
and the main relief elements, serving as a basic framework for subsequent spatial analysis and geographic
referencing of satellite data.
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Fig. 1. Physical Map of Almaty Region

The physical map shows the main natural components of the region, including relief, the hydrographic
network, and landscape classification. This cartographic model serves as a basic framework for analyzing the
spatial heterogeneity of the territory, since slope inclination and aspect directly affect soil moisture and the
distribution of solar radiation. The southern part of the region is dominated by the mountainous areas of the
Northern Tien Shan, while the central and northern parts are characterized by foothill and plain territories.
Such pronounced altitudinal zonation leads to the formation of various microclimatic zones, ranging from
high-mountain alpine meadows to foothill forest-steppe areas and semi-desert zones in the north.

This natural diversity determines the specialization of crop distribution and the seasonal use of livestock
pastures, including summer pastures, spring pastures, autumn pastures, and winter pastures. The distribution
of rivers and water bodies plays an important role in the formation of irrigated agricultural areas and in the
characteristics of vegetation cover [Reynolds, 2007: 847—851; Sablji¢ et al., 2024: 5-9]. In particular, the
system of mountain rivers originating from glaciers is considered the only reliable source of stable water
supply for croplands during the summer drought period.

In this context, the basins of major water arteries, such as the Ili River, which serve as the main sources
of moisture under arid climatic conditions, are of particular importance. By forming a large delta and feeding
the Kapshagai Reservoir, the Ili River creates a unique hydrological regime that sustains not only natural tugai
forests and reed beds, but also large areas of irrigated agriculture. The condition of these hydrological systems
directly determines the boundary between sustainable farming areas and pasture lands in the plain zone.

Any fluctuations in river runoff, whether caused by the melting of mountain glaciers due to global
climate change or by the inefficient use of water resources in the upper reaches, are immediately reflected
in groundwater levels. This, in turn, leads to changes in vegetation cover, an increased risk of secondary
soil salinization, and a decline in the overall bioproductivity of agroecosystems. Therefore, hydrological
monitoring is an integral component of a comprehensive assessment of land-use efficiency.

Assessing the condition of such extensive and heterogeneous territories requires the use of modern
multispectral satellite systems. Spaceborne sensors record electromagnetic radiation simultaneously in
several spectral ranges, or bands, from visible light to thermal infrared. For agricultural and environmental
monitoring, the red and near-infrared bands are of particular importance. The red spectrum is actively absorbed
by chlorophyll pigments during photosynthesis, whereas near-infrared radiation, on the contrary, is strongly
reflected by the loose mesophyll tissue of healthy leaves. It is precisely this physical difference in reflectance
between these bands that forms the scientific basis for accurately distinguishing vegetation from bare soil
surfaces.

The analysis was based on medium-spatial-resolution satellite images from the Landsat programme,
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namely Landsat /, Landsat 8, and Landsat 9, tor the years 2015, 2020, and 2025. This dataset provides
consistent and comparable information for long-term monitoring of vegetation-cover dynamics. To avoid
seasonal errors, image selection was mainly carried out for the period of peak vegetation activity, July—August,
with priority given to cloud-free scenes. The use of Landsat multispectral data archives is justified by their
high spectral reliability and open accessibility, which are particularly important for retrospective analysis of
territories of this scale.

To assess the condition of vegetation cover, the Normalized Difference Vegetation Index (NDVI) was
calculated. This index is widely used to determine vegetation density and land productivity [Tucker, 1979:
129-131]. NDVI is a key biophysical parameter that indirectly characterizes the photosynthetic activity of
vegetation. It has a strong correlation with total above-ground biomass, leaf area index (LAI), and the potential
productivity of agricultural crops.

5
o=

__ (NIR—RED)

NDVI = ,
(NIR+RED)

2

where NIR denotes the near-infrared spectral range, and RED denotes the red spectral range. The
physical meaning of this formula is based on the optical properties of plant cells: chlorophyll pigments in
leaves actively absorb visible red radiation (RED) during photosynthesis, while the internal structure of
the leaf, particularly the spongy mesophyll, strongly reflects near-infrared radiation (NIR). The greater the
difference between these two indicators, the greater the amount of active green biomass in the studied area.
NDVI values always vary within the mathematical range from -1 to +1. For bare soil or highly degraded
pastures with sparse vegetation, this indicator usually ranges from 0.1 to 0.2, whereas dense and healthy
croplands show values above 0.6. Negative values are generally characteristic of water bodies, snow cover,
or clouds. Thus, the calculation of this index makes it possible to automatically classify land-cover types,
accurately identify drought-affected areas, and provide an objective quantitative assessment of the ecological
condition of agricultural lands.

The physical meaning of this index is based on the ability of chlorophyll in plant leaves to actively
absorb red radiation during photosynthesis, while the cellular structure of the leaf strongly reflects near-
infrared radiation. The higher the difference between these two indicators, the greater the amount of active
green biomass in the studied area.

Pre-processing of satellite images included radiometric and geometric corrections, as well as reprojection
into a unified coordinate system to ensure the spatial consistency of the data. The obtained NDVI maps were
classified into value ranges corresponding to different levels of vegetation-cover density, from low values
representing dry areas with sparse vegetation to high values representing dense vegetation and intensively used
agricultural lands [D’Acunto et al., 2024: 14-18]. One of the important stages was atmospheric correction,
which reduces the effect of light scattering and minimizes distortions in the spectral values of pixels. The
threshold intervals used during classification made it possible to clearly distinguish bare soils and degraded
areas from healthy croplands.

Spatial analysis and cartographic visualization were carried out using ArcGIS Pro software. The
analysis included overlay operations, classification, and interpretation of the spatial distribution patterns of
vegetation cover. To improve the accuracy of spatial analysis, additional vector layers containing administrative
boundaries and the hydrographic network were used. ModelBuilder visual programming tools and the ArcPy
library in Python were applied to automate repetitive processes involved in the processing of multi-year raster
datasets. This made it possible to create a unified model for batch processing of satellite images and to reduce
the probability of errors during calculations.

A comparative analysis of NDVI maps for 2015, 2020, and 2025 was conducted to identify spatial and
temporal changes in vegetation cover. This approach made it possible to assess trends in agricultural land use
and to determine areas where vegetation productivity was increasing or decreasing [Zhu, Woodcock, 2014:
158-162]. The identification of degradation hotspots, as well as areas showing positive vegetation dynamics,
forms an objective evidence base for the obtained results. The resulting spatial data can be used to adjust crop
rotation plans and to design targeted land reclamation measures in the most vulnerable areas.

Results and Discussion.
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To assess the spatial and temporal dynamics of vegetation cover in Almaty Region, a large-scale
analysis of satellite images for 2015, 2020, and 2025 was carried out. The selected ten-year interval, with
a five-year step, makes it possible to objectively identify both short-term seasonal fluctuations and long-
term trends associated with macroclimatic changes and systemic transformations in the agricultural sector.
The analysis was based on the calculation and interpretation of the Normalized Difference Vegetation Index
(NDVI), which is a reliable indicator of vegetation condition and land-use intensity [Tucker, 1979: 129-131].
This quantitative indicator responds sensitively not only to the total amount of above-ground biomass, but also
to stress conditions such as moisture deficit, salinization, or declining soil fertility.

The use of multi-year satellite data made it possible to identify patterns of vegetation-cover change and
assess differences in land productivity within the study area. The integration of the obtained raster data into
a unified geoinformation database enabled automated pixel-level comparison of images from different years
and eliminated the subjective factor. Particular attention was paid to comparing NDVI values across different
natural zones, including mountainous, foothill, and plain areas. Such zoning is particularly important for the
correct interpretation of results, since the natural background values of vegetation cover in mountain forest
areas and plain dry steppe pastures differ fundamentally. These areas clearly differ from one another in terms of
climatic conditions and the level of anthropogenic impact [Zhumataeva et al., 2024: 360-369]. For example, in
the foothill zone, the main ecological risks are often associated with uncontrolled livestock grazing and water
erosion, whereas in the plains the main threat is secondary salinization of intensively irrigated croplands.

The conducted analysis revealed pronounced spatial heterogeneity of vegetation cover in the region.
This clear heterogeneity demonstrates that the application of uniform management approaches across the
entire region is ineffective and confirms the need for adaptive, locally oriented strategies in land-resource
management. High NDVI values are generally observed in mountainous and foothill areas with better moisture
availability, while low values prevail in the dry and semi-arid territories of the northern and western parts of
the region [D’Acunto et al., 2024: 14—18]. These arid areas require continuous monitoring, as their ecological
stability is low and they are the most vulnerable to desertification processes under irrational economic pressure.

The results of the NDVI analysis for 2015 are presented in Figure 2, which shows the initial distribution
of vegetation cover in Almaty Region. This cartographic visualization is considered a baseline spatial reference
for comparison with data from subsequent years, namely 2020 and 2025, in order to calculate the areas of
degraded agricultural lands or, conversely, areas that have undergone vegetation recovery.

NDVI Index Map of Almaty Region for 2015 |

Fig. 2. NDVI Index Map of Almaty Region for 2015

Figure 2 presents the distribution of NDVI values for 2015, which characterizes the initial condition
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of vegetafion cover in Almaty Region. The spatial patiern demonstrates a clear dilierentiation ol vegetation
density depending on natural conditions. High NDVI values are concentrated in the southern mountainous
and foothill areas, where favorable climatic conditions, such as higher precipitation and lower evaporation,
contribute to the formation of dense vegetation cover. These areas include forest stands, as well as highly
productive subalpine and alpine meadows used as summer pastures. The consistently high vegetation values
within this altitudinal belt indicate significant natural-resource potential; however, this ecosystem requires
strict regulation of grazing pressure in order to prevent erosion processes.

In contrast, the central and especially northern parts of the region are characterized by low NDVI
values, indicating sparse vegetation cover typical of dry and semi-arid areas. In these territories, vegetation is
mainly concentrated along river valleys and irrigated agricultural lands, forming linear structures associated
with the hydrographic network. This oasis-type pattern of vegetation distribution clearly demonstrates that
the agro-industrial complex of the plain zone is highly dependent on the functioning of irrigation canals and
the runoff volume of transboundary and internal rivers, such as the Ili River basin. Any shortage of water
resources during the vegetation period is immediately reflected in satellite imagery as a sharp local decrease
in NDVI values.

The observed distribution clearly indicates the dependence of vegetation cover on relief and moisture
availability. These factors are the main determinants that directly affect the productivity of agricultural
lands in the region. The identified spatial heterogeneity justifies the need to move away from generalized
assessments towards a site-specific approach to cadastral land accounting, in which the economic efficiency
of land plots should be calculated with mandatory consideration of the limiting environmental factors of each
microlandscape.

In addition, the 2015 NDVI map serves as a baseline indicator for further analysis of vegetation-
cover dynamics. Comparison with subsequent years makes it possible to identify changes in vegetation
cover associated with climatic changes and land-use practices. The selection of 2015 as a reference point
is methodologically justified, since this approach allows the systematic assessment of the effects of global
climatic cycles and transformations in the structure of croplands observed in the region over the last decade.

In order to assess these changes, NDVI maps for 2020 and 2025 were analyzed and are presented in
Figure 3.
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Fig. 3. NDVI Index Map of Almaty Region for 2020 and 2025

The cartographic schemes presented in Figure 3 make it possible to identify not only the general
pattern of biomass distribution, but also specific areas with anomalous deviations in vegetation index values.

A comparative analysis of the NDVI maps for 2015, 2020, and 2025 revealed significant spatial and
temporal variability of vegetation cover in Almaty Region. To quantify this variability, the map algebra
method was applied in the GIS environment, enabling the calculation of differences in pixel values between
the studied years and the classification of territories according to the degree of change. The results confirm
that vegetation dynamics are closely related to natural conditions, particularly relief, moisture availability,
and climatic changes. In particular, interannual fluctuations in temperature regime and the uneven spatial
distribution of spring and summer precipitation are among the key factors determining the productivity of
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rainted agricultural lands 1n the region.

In 2020, an increase in NDVI values compared with 2015 indicates an improvement in vegetation
cover, which may be associated with favorable climatic conditions and the expansion of irrigated agricultural
areas. Mathematical and statistical analysis shows that the histogram of index distribution shifted towards
higher values across a considerable part of croplands. However, the data for 2025 reveal a more uneven
pattern, characterized by the simultaneous presence of both positive and negative changes in vegetation cover.
At the same time, some of the positive trends during this period may be explained by the introduction of water-
saving technologies, modernization of irrigation infrastructure, and optimization of crop rotation systems in a
number of farms.

The decrease in NDVI values in the northern and western parts of the region indicates the intensification
of land degradation processes and increasing aridity. This mosaic pattern reflects growing climatic instability
and a differentiated increase in anthropogenic pressure on vulnerable ecosystems. In these areas, a pronounced
thinning of the grass cover is observed, which creates a direct risk of wind erosion and accelerated desertification
processes. Therefore, urgent revision of grazing norms and the implementation of phytomeliorative measures
are required in these territories.

At the same time, consistently high NDVI values in mountainous and foothill areas throughout the
study period indicate their ecological stability and high biological productivity. The complex relief structure
and thick snow cover during the winter period form a specific hydrological buffer that mitigates the destructive
effects of summer drought in these areas. This highlights the important role of natural and landscape conditions
in the effective use of agricultural lands. Accordingly, the strategy for the development of the agro-industrial
complex should be based on the principles of landscape-adaptive agriculture, which specifies the agricultural
specialization of each territory in accordance with its bioclimatic potential.

Overall, the obtained results demonstrate that the NDVI index is an effective tool for assessing the
condition of vegetation cover and identifying spatial patterns of land-use efficiency. The integration of
remote sensing data and geoinformation technologies forms a reliable basis for monitoring agricultural lands
and ensuring sustainable land-resource management. Based on such studies, the creation of a centralized
specialized geoportal would allow automated collection of spatial data and provide government authorities
with an effective analytical tool for making scientifically grounded management decisions.

Conclusion.

The conducted study demonstrated the effectiveness of using geoinformation technologies and remote
sensing data for assessing agricultural lands in Almaty Region. Traditional methods of ground-based land
inventory and agrochemical surveys often require considerable time and financial resources and, at the same
time, do not allow such large territories to be covered with the necessary frequency. In this context, satellite
monitoring can be regarded as an indispensable tool for collecting primary spatial data.

The application of the NDVI index based on multitemporal satellite images made it possible to identify
spatial patterns and temporal dynamics of vegetation cover. Due to the high spectral sensitivity of multispectral
sensors to chlorophyll content in biomass, it became possible not only to assess the current condition of
croplands, but also to reconstruct a retrospective picture of agroecosystem development. This indicator is an
important measure of land productivity and land-use efficiency, as it is directly related to crop yields and the
volume of forage resources in pasture lands.

The research results revealed a pronounced spatial differentiation of vegetation cover across the region.
This differentiation is explained by the complex geomorphological structure of the territory, where elevation
differences form a clearly expressed zonal pattern, ranging from the nival-glacial zone of the Tien Shan
Mountains to the semi-desert plains near Lake Balkhash. High NDVI values are associated with mountainous
and foothill areas with favorable natural conditions, whereas low values prevail in the dry and semi-arid zones
of the northern and western parts of the region. In the plain zone, productive biomass is formed mainly along
transit river valleys and in areas equipped with engineering irrigation systems, creating specific agro-industrial
oases. These patterns indicate that the use of agricultural lands depends on relief, climatic conditions, and
the level of water-resource availability. Accordingly, agricultural planning strategies should strictly take into
account the limiting environmental factors of each specific microlandscape, while extensive expansion of
agricultural land should be avoided in high-risk farming areas.

Comparison of NDVI maps for 2015, 2020, and 2025 showed that the dynamics of vegetation cover
are variable in nature. This variability is associated with the influence of global climatic processes on the




moisture regime and with the transtormation of management approaches in the agro-industrial complex. The
increase in vegetation cover in 2020 may indicate an improvement in ecological conditions or higher land-use
efficiency, whereas the uneven pattern observed in 2025 reflects the simultaneous occurrence of positive trends
and degradation processes. One of these degradation phenomena is pasture degradation, or pasture digression,
which refers to trampling and destruction of grass cover as a result of excessive livestock grazing, especially
near rural settlements. The decrease in NDVI values in some districts indicates increasing drought conditions
and growing anthropogenic pressure on land resources. In addition, secondary salinization hotspots and humus
loss are observed in irrigated areas, which highlights the need to develop intra-farm land management projects
and introduce adaptive-landscape farming systems.

The obtained results confirm that the NDVI index is a reliable and informative indicator for monitoring
vegetation cover and assessing the efficiency of agricultural land use. The mathematical formalization of
this index makes it possible to transform qualitative visual assessments into precise quantitative parameters
suitable for statistical modeling and forecasting. The integration of geographic information systems and
remote sensing technologies enables objective analysis with high spatial accuracy and supports scientifically
grounded decision-making in land-resource management. The transition from one-time assessment to
continuous monitoring requires the creation of specialized sectoral geoportals with centralized databases.
The use of automated scripts for batch processing of raster data reduces the influence of the human factor and
makes it possible to provide government authorities with operational analytics for adjusting cadastral land
values and allocating agricultural subsidies.

Overall, the proposed approach can be applied to the systematic monitoring of agricultural lands and
may serve as a methodological basis for improving the system of rational land use at both regional and national
levels. The structural and functional model tested within the framework of this study has a high potential for
scalability. In the future, the developed geoprocessing algorithms may be successfully implemented in other
agro-industrial regions facing similar problems and may contribute to the formation of a unified national
digital ecosystem for monitoring the condition of land resources under global climate change.
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Abstract. The increasing water shortage caused by climate change, rising water consumption, and
uneven distribution of surface runoff necessitates the implementation of effective groundwater management
methods in arid regions. For Central Kazakhstan, characterized by a sharply continental climate, a limited river
network, and high seasonal runoff variability, Managed Aquifer Recharge (MAR) technologies are one of the
most promising approaches. The objective is to substantiate standard MAR technological schemes considering
the region’s physiographic, hydrogeological, and hydrological conditions. A regional zoning assessment was
conducted based on a set of criteria, resulting in the identification of four groups of areas: areas suitable for
the development of large, medium, and small groundwater reservoirs, as well as areas considered unsuitable
for MAR implementation. River valleys, buried valleys, and carbonate structures were identified as the most
promising settings for MAR. It was established that up to 80-90 % of the annual river runoff occurs during
the spring period, providing a substantial seasonal water resource for aquifer recharge. Infiltration basins were
identified as the primary technology for shallow unconfined aquifers, while infiltration wells and recharge
wells were recommended for deeper and fractured-karst aquifers. The MAR technological schemes developed
in the study, including both open and closed systems, allow engineering solutions to be adapted to specific
natural conditions. The use of infiltration basins, regulated water-intake structures, and recharge wells can
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not only increase groundwater reserves but also provide ettective control over groundwater levels and tfiow
regimes.

Keywords: Groundwater, artificial recharge, aquifers, technological schemes, Central Kazakhstan,
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AnHoTanusi. KmuMarThlH ©3repyiHeH, Cy TYThIHY/IbIH apTybIHAH JKOHE JKEP YCTi aFbIHBIHBIH O1pKEKi
TapajiMayblHaH TYbIHJIAFaH Cy PECypCTapbIHbIH TANIIBUIBIFBIHBIH apTYbl KYPFAaK alMaKTapia *ep acThl cyia-
PBIH OacKapyAblH THIM/II 9/1ICTEPIH €HTi3yal KakeT eTei. KaTThl KOHTHHEHTAI bl KIIMMATIICH, ©3€H JKeTICIHIH
HICKTEYJIITITIMEH JKOHE aFbIHHBIH )KOFaphl MayChIMIIBIK ©3reprimTiriver cunarranatein Opranbik Kazakcran
YIIiH 3Kep acThl cynapbiH xacanasl Typae Toateipy (KCXKT) en mepcnextuBanbl Tocinaepain 6ipi 60mbIn
TaObUIa Bl By 3epTTeyNiH MaKcaThl — ailMaKThIH (DU3HUKAJIBIK, TeOrpadUsIIBbIK, THAPOTEOTOTHSIIBIK XKOHE TH-
JIPOJIOTUSUIBIK KaFaitnapbid eckepe oThiphill, JKCIKT-HBIH THITIK IPOIECIHIH CXeMallapbIH HETi31ey. AyMaK
TOPT TONTHI aHBIKTAH OTHIPHII, OipKaTap KpuTepuiliep OOWBIHIIA aiiMaKTapFra OeJIiHIi: ipi, OpTa KOHE IIaFbIH
Kep acThl Cy KOMMaJlapblH KypyFa apHaJIFaH ayMakTap, COH/Iali-aK MepCIeKTUBAChI3 ayMaKTap. O3¢H aHFap-
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Japbl, KOMUITEH aHFapJiap JKOHE KapOOHATThI KYPbUIbIMIAP €H HEepCIICKTUBAJIbI Aell TaHbUIIbL. JKbUIABIK 63¢H
arbpIHBIHBIH 80-90%-Fa feitini KokTemae naiiaa 601aTbIHbI, OYJI TONBIKTBIPY YIIIH alTapJIBIKTall MayChIMJIBIK
pecypc KacalThIHbI aHBIKTANIbl. MHOUIBTpaMsUIbIK OacceH e albIK MIEKTEYCi3 CyJbl TOPU3OHTTAP YILIIH
HETi3T1 TeXHOJIOTUS PETiHJIe HeT13/IeTeH, ajl HHOWIBTPAMIIBIK YHFBIMAIAp MEH CiHIPY YHFBIMaapbl TEPEH
MKOHE JKapBIKIIAKTHI KapCT CYJIbl TOPU30HTTAPHI YIL1H KOJIJAHbLIAAbI. 3€pPTTEY asChIH/Ia 331pJCHICH allIbIK KOHE
XKaOBbIK JKep acThl CyJIapbIH kKacaHAbl TYpJE TONTHIPYAbIH TEXHOJIOTHSIIBIK CXeMalapbl HHKEHEPIIIK IIeiM-
Jep/li HaKThl TAOWFU JKaFIaiaapra ukeM/Ii oeimaeyre MyMKiHaik 6epeni. UHpuibpTpanusisik 6acceinaepi,
peTTeneTiH cy KaObluiaay KYpbUIBIMAAPBIH KOHE CIHIPY YHFbIMaJapbIH MaiiajgaHy *ep acThl CyJapbIlHbIH KO-
PBIH apTTHIPBIN KaHa KOWMal, OlapAbIH PEeXKUMIH J1e OacKapaibl.

Tyiiin ce3aep: >xep acThl Cynapsbl, )KacaH bl KalTa TOJITHIPY, CYJIbl KadaTTap, TEXHOJIOTHSIIBIK CXeMa-
nap, Opransik Kazakcran, ruiporeosnorus, cyra AereH CypaHbIC
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AnHoTtanusi. Bc€ 6onee nporpeccupyronuii AeUIAT BOJAHBIX PECYPCOB, OOYCIOBICHHBI U3MEHE-
HUEM KJIMMara, pOCTOM BOJOMOTPEOICHUSI HACEICHUS U HEPAaBHOMEPHBIM pacIpe/IeIeHHeM TOBEPXHOCTHOTO
CTOKa, 00yClIaBIMBaeT HEOOXOAUMOCTh BHEAPEHUS Y(PPEKTUBHBIX METOJIOB YNPABICHUS MOA3EMHBIMU BOJa-
MU B apuJIHbIX peruoHax. [[ns Lentpansnoro Kazaxcrana, xapakTepu3yromerocs pe3ko KOHTHHEHTAIbHBIM
KJINMaTOM, OTPAaHUYCHHON PEYHON CEThIO U BBICOKON CE30HHOW M3MEHYMBOCTBIO CTOKA, OMHUM W3 Hambosee
MEePCIEKTUBHBIX HANPABJICHUH SIBIISICTCS UCKYCCTBEHHOE BOCIIOJIHEHHE 3amacoB noa3emMHbix Box (MB3IIB).
Lens ncciaenoBanust — 000CHOBaHKWE TUITOBBIX TexHoorndeckux cxeM MB3IIB ¢ yuerom ¢usuko-reorpadu-
YECKUX, TUAPOTEOIOTUYECKUX U THAPOJIOTUYECKUX YCI0BU pernoHa. [IpoBeneHo pailoHnpoBaHue TeppUTo-
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pHUH 110 KOMIUIEKCY KPUTEPUEB, B PE3YJIbTaTe KOTOPOTO BBHIACIICHBI YETHIPE TPYIIBI: PAaHOHBI CO3/IaHUS KPYII-
HBIX, CPETHUX U MEJIKUX TOA3EMHBIX BOJOXPAHIIINIL, a TaKXke OecrepcreKTuBHbIe TeppuTopun. Hambomee
MEePCIEKTUBHBIMHA YCTAHOBJIEHBI JIOJIMHBI PEK, a TaK)Ke MOTpeOCHHBIC TOJMHHBI U KapOOHATHBIE CTPYKTYPHI.
Ycranosneno, yto 10 80-90 % romoBoro pe4Horo croka (GOpMUPYETCS B BECEHHUU MEPHOJ, YTO CO3TAEeT
3HAYUTEIHHBIA CE30HHBIN peCcypC I MOMOJIHeHMs. B kadecTBe OCHOBHOM TEXHOJIOTHH JIJIsI OTKPHITHIX Oe3Ha-
MTOPHBIX TOPU3OHTOB 000CHOBAHBI MH(DHIBTPAIMOHHBIC 0ACCEMHBI, a ISl TITyOOKUX U TPEIIMHHO-KaPCTOBBIX
TOPU30HTOB —MH(WIBTPALIMOHHBIE KOJIOJLBI U MOMIOIIAI0IINE CKBaXXKUHBI. Pa3paboTaHHble B paMKax Hcclie-
JIOBaHUS TEXHOJOTUYECKUE CXEMbI HCKYCCTBEHHOIO BOCIIOJIHEHHUS 3al1acOB MOJ3€MHBIX BOJ KaK OTKpPBITOTO,
TaK 1 3aKPHITOTO TUIIOB — IMO3BOJISIIOT THOKO aIaTUPOBATh MHKEHEPHBIC PEIICHUS K KOHKPETHBIM TIPUPOTHBIM
ycnoBusiM. Mcrionbp3oBanue HHOWIBTPAITMOHHBIX OACCEHHOB, PETYIUPYEMBIX BOJOTIPUEMHBIX COOPYKEHUHN 1
MOTJIOIIAOIIUX CKBAYKUH 00€CIeYrBaeT He TOJIbKO YBEJIMUYEHUE 3aIacoB MOA3EMHBIX BOJ, HO M yIpaBiIeHHE
UX PEKAMOM.

KuroueBble ci10oBa: 1moJ3eMHbIE BOJIbI, HCKYCCTBEHHOE BOCIIOJIHEHHE, BOJOHOCHBIE TOPU30HTHI, TEX-
HoJlormueckue cxembl, [lenTpanpabiii Kazaxcran, rugporeonorus, BOIOMOTPEOHOCTh

s nuTupoBanusi: EpmenOait A.M., XKakubaeBa A.K., Tykemoa [E., [I)xabacoB A.M.,
Anumraszuna A.K. (2026). O6ocHOBaHuE CO3/1aHUS KPYIHBIX MOA3EMHBIX BopoxpaHuauil B LleHTpanbHoM
Kazaxcrane meTomamu HCKYyCCTBEHHOTO BOCTIONHEHHUS 3anacoB // Research, results — [3genictep, HoTIOXRETEp
— Uccnenosanus, pesynbratel. Vol. 28. Is. 4. Number 112. Pp. 168—178. https://doi.org/10.37884/4-2026/13
[In Eng.]

Kon$uukT HHTEepecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(MIMKTa UHTEPECOB.

bnazooaprnocmy: Vccneoosanue 8blnoiHeHO 8 pamMKax epaHmoso20 YUHAHCUPOBAHUS NO HAYYHBIM U
(unu) Hayuno-mexuuueckum npoekmam Ha 2024—2026 200w (Munucmepcmeo Hayku u evicuieco oopazoeanus
Pecnyonuxu Kaszaxcman) Ne AP23490816  «Pa3zpabomka mexnono2uil UCKYCCMBEHHO20 80CNOIHEHUs NOO-
3EeMHbBIX 800 0Ji51 00000eCneyeHUsl HACEIEHHBIX NYHKIMO8, NPOMbIUULEHHbIX NPEONPUAMUL U 00800HEHUsL NACH-
buwy 6 menkoconounwvlx pationax Llenmpanvrnoco Kazaxcmana Pecnyonuxa Kazaxcmany.

Introduction.

Rational use of groundwater is a key factor in ensuring sustainable water supply and preventing the
degradation of natural ecosystems [Zektser et al., 2004]. Managed aquifer recharge (MAR) is considered an
effective tool for increasing aquifer resources, regulating filtration processes, and meeting water needs in arid
and semi-arid regions [Dillon et al., 2019; Al Maktoumi, 2025].

Theeffectiveness of MAR isdetermined by acombination of physical, geographical, and hydrogeological
conditions, including the geomorphological structure of the territory, the lithological composition of rocks, the
filtration properties of the vadose zone, the groundwater regime, as well as climatic parameters (precipitation,
temperature, evaporation), and the characteristics of the hydrographic network [Science of the Total
Environment, 2021; Cao et al., 2025; Zhu et al., 2026].

Managed aquifer recharge (MAR) and aquifer storage and recovery (ASR) are widely used in various
countries worldwide, including Europe, the United States, Israel, and Australia [Dillon et al., 2019]. The main
applications of this technology include ensuring water supply in resource-scarce conditions, creating strategic
water reserves, preventing aquifer salinization, and improving water resource management [Al Maktoumi,
2025; Cao et al., 2025]. Surface water, including flood runoff, can be used as recharge sources, which is
especially relevant for arid areas [Science of the Total Environment, 2021].

The MAR methods are based on increasing the water inflow into an exploited aquifer throughout the
year or during individual seasons. This is achieved through surface water infiltration through special structures
(pools, canals, absorption wells, etc.) or by temporarily flooding natural depressions.

This method addresses a number of important issues, primarily in the area of domestic and drinking
water supply, and also contributes to environmental improvements. MAR makes it possible to regulate the
hydrogeological regime during water withdrawal, taking into account both the quantity and quality of water
at the recharge source.

Furthermore, the accumulation of water in the aquifer and the presence of infiltration structures make
it possible to shut off the water supply if necessary, for example, if its quality deteriorates (increased turbidity,
contamination, odors, etc.), thereby reducing the risk of groundwater contamination.

Storing groundwater during periods of highwater levels increases the reliability of water supply,



especially for alluvial horizons, and helps avoid interruptions in water supply during low-water periods
[Margat et al., 2013].

Central Kazakhstan is characterized by a distinctly continental arid climate, complex, low-hill terrain,
and a poorly developed river network (Figure 1). The region’s rivers have a pronounced seasonal regime,
with up to 80-90 % of annual runoff occurring in the spring [Sheik et al., 2025; Nature Scientific Reports,
2024]. Furthermore, the alluvial sediments of river valleys have high filtration capacity, creating productive

conditions for groundwater infiltration and accumulation. [Sheik et al, 2025].
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I'he choice ot technological schemes tor MAKR of groundwater reserves 1s determined by the presence
and characteristics of aquifers, the availability of replenishment sources, the current and future needs of the
region for water supply, as well as the economic efficiency of the implemented measures [Dillon et al., 2019;
Zhu et al., 2026; Science of the Total Environment, 2021]. The use of zoning of the territory according to the
conditions of MAR allows us to take into account the spatial heterogeneity of hydrogeological conditions and
justify the choice of the most effective solutions for groundwater resource management.

Materials and methods.

The territory of Central Kazakhstan is a mountainous and folded region within which unconfined fissure
waters with shallow circulation are widespread. They are confined to the fractured zone of volcanogenic-
sedimentary complexes of pre-Paleozoic and Paleozoic rocks [Barkalov, Khordikainen, 1984].

Fracture-karst waters of Devonian-Carboniferous carbonate rocks are also widespread, forming
numerous brachyanticline and synclinal structures [Barkalov, Khordikainen, 1984; gov.kz, 2020]. Each of
such structure represents a unique groundwater deposit, containing significant volumes of water resources
[Al Maktoumi, 2025; Cao et al., 2025]. Majority of Central Kazakhstan is epresented by a mountainous,
folded region dominated by shallowly circulating, unconfined fissure waters confined to the open fracture zone
of volcanogenic-sedimentary complexes of pre-Paleozoic and Paleozoic rocks, including effusive, intrusive,
terrigenous-sedimentary, and metamorphic formations. Good rock exposure facilitates active water exchange
and the formation of fresh, slightly brackish, and brackish waters.

Fracture-karst waters of Devonian-Carboniferous carbonate and terrigenous rocks are also widespread,
forming numerous small brachyanticline, synclinal, and large complex structures. Each of such structure
essentially represents a groundwater deposit with significant reserves, particularly in the southwestern part
of the region—the Zhezkazgan-Ulutau, Niyaz-Yerementau, and other districts. The high degree of fracturing
and karstification of carbonate rocks ensures intensive absorption of precipitation and floodwaters from rivers
and streams; in the Zhezkazgan-Ulutau district, effective precipitation accounts for up to 60% of winter-spring
runoff. Furthermore, these aquifers can be replenished by surface water from rivers.

A combination of climatic, topographic, geomorphological, and hydrogeological conditions, including
the composition of water-bearing rocks and the presence of large hydrogeological reservoirs, creates favorable
conditions for artificial groundwater recharge. This creates large underground reservoirs for multiple purposes:
for municipal and industrial water supply of large population centers, as well as for agricultural needs.

Taking into account the region’s physical and geographical conditions, including geomorphological,
geological, hydrogeological, climatic (precipitation), and hydrological (development of the hydrographic
network) factors, a zoning of Central Kazakhstan was conducted based on conditions for MAR. This allows to
determine patterns in the hydrogeological environment and serves as the basis for a differentiated assessment
of the potential for MAR [Pinekker, 1977]. The zoning methodology is based on taking into account a complex
of natural and artificial factors affecting the effectiveness of recharge and is used to identify areas with similar
or different conditions for MAR. The assessment of natural conditions during zoning is carried out in order
to identify: 1) the recharge object — a natural or artificial collector; 2) recharge sources and methods of
preliminary water treatment; 3) the need for artificial recharge; 4) the economic feasibility of artificial recharge
of groundwater reserves.

The methodological basis of the study was a comprehensive hydrogeological analysis of the territory,
including:

- Analysis of the geological and hydrogeological conditions of the region;

- Study of the lithological composition of water-bearing rocks;

- Filtration properties of rocks (transmissibility coefficients within 300—1000 m?*/day);

- analysis of the hydrological regime of rivers.

The following criteria were taken into account in the process of zoning:

Availability of natural reservoirs for groundwater accumulation (alluvial valleys, fissure-karst
structures);

Availability of replenishment sources (surface water, precipitation, flood runoff from the Nura, Kengir,
Sarysu, and other rivers);

Water resource requirements;

Economic feasibility of artificial groundwater replenishment projects

The geomorphological factor was used as the main classification feature for zoning, allowing to



establishe the relationship between relief forms, lithological composition of rocks and groundwater occurrence
conditions [Shchukin, 1940; Voskresensky, 1968].

Results.

Based on the conducted zoning of Central Kazakhstan according to conditions for artificial replenishment
of groundwater reserves, four groups of territories were identified that determine the feasibility of creating
various types of underground reservoirs, identified in accordance with a set of geomorphological, geological,
hydrogeological, and hydrological indicators:

Large underground reservoirs for multiple purposes, the construction of which is possible: a) in the
valleys of densely populated and industrially developed rivers in the region, b) in areas with developed
carbonate structures;

Medium underground reservoirs — primarily for agricultural purposes, associated with the largest
buried valleys;

Small underground reservoirs associated with Paleozoic rocks of different ages — for pasture irrigation;

Unpromising areas — territories unsuitable for the construction of groundwater reservoirs, for example,
due to geomorphological conditions or the absence of aquifers. A feasibility study was developed for each
group of territories, and a standard technological scheme for artificial replenishment of groundwater reserves
was proposed.

Areas for the potential creation of large underground reservoirs.

Large reservoirs are considered a key element of groundwater management, enabling the most efficient
use of flood and surface water, regulating filtration processes, and increasing the sustainability of water
supply in the arid and semi-arid climate of Central Kazakhstan. This group of areas includes the valleys of the
region’s largest rivers—the Nura, Sherubai-Nura, Taldy, Zharly, Kengir, Sarysu, and several others. The
water-bearing rocks here are modern and Upper Quaternary alluvial deposits, represented by
inequigranular sands, sandy-gravel-pebble formations with clay and loam interlayers. The thickness of
alluvial deposits is typically 15-30 m, but in some valley sections it can reach 40-50 m.
A characteristic feature of these deposits is the absence of a consistent aquiclude between Quaternary
formations of different ages, resulting in the formation of a single underground groundwater flow.
Groundwater is recharged primarily by the infiltration of river floodwaters. Spring floods play a decisive
role in shaping the water balance of river valleys. During this period, up to 80-90 % of the annual runoff
passes through river systems.

The most effective technological scheme for this group of regions is an open type I artificial
groundwater recharge system using infiltration basins. Key hydrogeological parameters: thickness of 10-30
m, filtration coefficient of 20-140 m/day, transmissibility coefficient of 2404100 m2/day. In this scheme,
surface water is directed into special infiltration structures, where it gradually percolates through the alluvial
sediments into the aquifer. Similar systems are widely used worldwide and have proven effective in arid
climates [Dillon et al., 2019]. The typical scheme involves gravity-fed surface water delivery with a settling
basin, infiltration basins, and horizontal water intakes (Figure 2).

r T T -’ T
L 1 | 1L - 1L I | 114

a—plan; 1 - river; 2 - water intake from the river; 3 - settling tank; 4 - water conduits for supplying water to infiltration basins; 5 - infiltration
basins; 6 - horizontal water intakes (drainage pipes); 7 - collection well with chlorination; 8 - water conduit to the consumer; b — section: 2 -
infiltration basins; 3 - drainage pipes; 4 - aquifers.
Fig. 2. Scheme of the open gravity flow system of the MAR, type I
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In Central Kazakhstan, a promising area is the usc of innovative technical solufions for groundwater
regulation, which can be integrated into technological schemes for Managed aquifer recharge (MAR). Among
them are the Device for regulating groundwater accumulations (patent RU 2621359, Fig. 3), the Device
for regulating freshwater reserves (patent RU 2621268, Fig. 4), the Understream filtering water intake of
a combined design (patent RU 2518634, Fig. 5), the Device for purifying highly turbid water (patent RU
2321440, Fig. 6), and the Device for regulating groundwater reserves (patent RU 2244785, Fig. 7).

2
6
Fig. 3. Device for regulating underground water accumulation Fig. 4. Device for regulating groundwater reserves
1=1
6 o ——
- | 1
2 ; 5
1 10 B
Fig. 5. Underflow filtering water intake Fig. 6. Device for purifying highly turbid waters

Fig. 7. Device for regulating groundwater reserves

The use of such devices allows for the regulation of underground reserves, ensuring a stable water
supply for settlements and industrial facilities, and creating strategic water reserves for agricultural irrigation.
The process flow diagram is adjusted depending on natural, climatic, and hydrogeological conditions.

Areas of potential underground reservoir development associated with the largest buried valleys.

Almost all modern rivers in the platform plains of Central Kazakhstan have ancient buried valleys
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Tformed during the Lower Quaternary and Pliocene periods. They are connected to these valleys by their
watersheds, general flow direction, and valley structure, meaning they are continuations or remnants of ancient
rivers. Buried valleys have been identified in the areas of the Tokrau, Zhamshi, Sarysu, Nura, Sherubainury,
Torgai, Moiynty, and other rivers. Their depths vary considerably, sometimes reaching 100 meters, and are
typically filled by three sediment horizons. The width of ancient valleys is typically quite large, ranging
from 6 to 15 km. The vast volumes of water-bearing rocks (sand, gravel, and pebbles) and the good filtration
properties of aquifers (filtration coefficient of 28-236 m/day, transmissivity of 500—1200 m?*/day) make it
possible to create underground reservoirs in buried valley areas, both large, multi-purpose ones and medium-
sized ones (primarily for agricultural purposes).

For this group of areas, the use of an open, gravity-fed underground reservoir system (Type I) is
proposed. Key hydrogeological parameters include: thickness of 15-29 m, filtration coefficient of 28-236
m?/day, and transmissivity of 500—-6300 m?*day. This includes the construction of artificial dams to
accumulate river flood runoff and subsequently recharge groundwater. Irrigation water from the oasis
irrigation system is used as an additional source of groundwater replenishment.

Areas for the potential creation of small underground reservoirs for pasture irrigation.

In Central Kazakhstan, unconfined fracture waters with shallow circulation are predominantly found
in the open fracture zone of effusive, intrusive, sedimentary, and metamorphic formations of the pre-Paleozoic
and Paleozoic eras, as well as pasture areas. These areas are largely dry steppes, where precipitation amounts
to 100-300 mm/year. Under these conditions, water is the main factor limiting the use of remote pastures due
to their low water content.

The well-dissected topography and intense fracturing of the rocks create favorable conditions for
the infiltration of precipitation and its accumulation in fracture groundwater. The current zone of exogenous
fracturing, with its relatively thin thickness and highly variable basement topography, forms a unique, relatively
small groundwater basin in the selected area, the boundaries of which are generally determined by the terrain.

For this group of areas, a typical technological scheme for a watering station based on MAR using
groundwater reservoirs is recommended (Figure 8). The main hydrogeological parameters of the scheme are:
thickness of 25—-100 m, filtration coefficient of 1-11 m/day, and transmissivity coefficient of 24—610 m2/day.

W e

1 — earth dam; 2 — inspection well; 3 — radial water collection trench; 4 — tubular water conduit; 5 — storage tank; 6 — watering trough.
Fig. 8. Typical flow chart of a watering station based on MAR using groundwater reservoirs

As regional confirmation of the effectiveness of infiltration systems water intake in the Karaganda
region can be used, where a 13 million m?® infiltration basin fed by the Tonarskoye Reservoir on the
Sherubay-Nura River operates. With permeability coefficients of 20-140 m/day and transmissivity of
240-4,100 m?/day, typical of alluvial aquifers, conditions are created for intensive infiltration and rapid
redistribution of incoming water within the aquifer. For buried valleys, where the aquifer thickness
reaches 15-29 m, the permeability coefficient ranges from 28-236 m/day and transmissivity ranges from
500-6,300 m?/day, further demonstrating the high injectivity of the collectors. These existing regional
indicators confirm the potential for accumulating significant volumes of surface runoff in groundwater
aquifers and subsequently using these resources during low-water periods. However, specific annual
recharge volumes and rates of groundwater level restoration should be determined for each site based on
balance calculations, experimental filtration work, and numerical modeling, as they depend on the area
of infiltration structures, the duration of water supply, the actual injectivity, and the aquifer discharge
conditions.
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Discussion.

To create large underground reservoirs, it is recommended to use open unconfined groundwater recharge
systems (Type I) with artificial reservoirs to accumulate flood runoff and recharge groundwater. The division
of aquifers into Types I and II is based primarily on their occurrence conditions, degree of hydraulic openness,
depth and filtration properties of the aquifer rocks, as well as the nature of their connection to surface sources.

Type I includes predominantly open unconfined a quifers i n a lluvial a nd b uried v alleys, directly
connected to river runoft and capable of receiving infiltration water from the surface. They are characterized
by aquifer thicknesses of 10-30 m in modern river valleys and 15-29 m in buried valleys, with permeability
coefficients of 20—140 and 28-236 m/day, respectively, and transmissivity of up to 4,100 and 6,300 m?/day.
The presence of a direct hydraulic connection with flood runoff, the absence of a continuous aquiclude, and a
predominantly unconfined regime make these aquifers most suitable for open infiltration systems.

Type 11 aquifers are proposed to be associated with closed geological structures and deeper groundwater
occurrence, primarily fissure-karst and carbonate complexes. Unlike Type I aquifers, their recharge and
groundwater distribution are controlled not only by surface runoff but also by fracturing, karstification, and
the structural and tectonic features of the massif. A practical criterion for selecting closed systems is the depth
of the aquifer: at depths of up to 15-20 m, infiltration wells are advisable, while at greater depths, absorption
wells are preferable. For such facilities, an additional performance criterion is the ability to control the dilution
of brackish groundwater with fresh water while maintaining hydraulic connectivity between the injection zone
and the exploited aquifer.

Closed brachyanticline basins, such as theZhanai, Aidos, Sarybulak, Mashuran, and Alaigyr structures,
composed of permeable rocks capable of retaining significant volumes of water, are the most suitable for
artificial groundwater replenishment. Groundwater replenishment can be achieved by drawing surface
water from the Zhezda, Kengir, Sarybulak, Sherubai-Nura, and other rivers. For Type Il aquifers, closed-
loop flowsheets employing infiltration wells at depths of up to 15-20 meters and absorption wells at greater
depths are a rational approach. These systems can also be used to dilute brackish groundwater in limestone
structures. The flowsheet includes preliminary treatment and preparation of river water before injection to
improve drinking water quality and reduce suspended solids and microbial levels.

The proposed systems were chosen based on their suitability for the natural conditions of Central
Kazakhstan and the nature of available replenishment sources. Compared to direct water injection through
deep wells, Type I open infiltration basins require lower operating costs, utilize natural gravity filtration, and
provide additional removal of suspended solids as the water passes through the aeration zone. Compared
to surface water storage in traditional reservoirs, MAR reduces evaporation losses, which are particularly
significant in arid climates, while simultaneously creating a strategic water reserve directly within the aquifer.
Closed systems with infiltration wells and absorption wells are preferable for deep and structurally confined
aquifers, as they allow precise control over the location and volume of water inflow and can be used when it
is necessary to improve the hydrochemical composition of groundwater. Thus, a combination of open gravity
systems for alluvial and buried valleys and closed systems for deep carbonate and fissure-karst aquifers appears
best suited to the spatial heterogeneity of the hydrogeological conditions of Central Kazakhstan.

Conclusion.

In conclusion, the study emphasizes that Central Kazakhstan possesses significant a nd largely
underutilized potential for the implementation of artificial groundwater replenishment technologies. This is
due to a combination of favorable hydrogeological conditions, geomorphological features, and the region’s
arid and semi-arid climate. The conducted zoning of the territory allowed us to substantiate the identification
of zones of varying potential, forming a scientific and practical basis for a differentiated approach to the design
and placement of artificial groundwater replenishment systems.

The most promising areas, located along the valleys of major rivers (Nura, Sherubay-Nura, Taldy,
Zharly, Tunduk, Kengir, Sarysu, etc.), are characterized by thick alluvial deposits with high filtration properties.
These conditions create the preconditions for the formation of significant underground reservoirs, effectively
replenished by flood runoff. In turn, type II carbonate structures (Zhezkazgan-Ulutau and Niyaz- Yerementau
districts) possess high potential due to their extensive fracturing and karstification, which facilitates intensive
infiltration and accumulation of groundwater. The technological schemes for MAR, both open and
closed, developed as part of the study allow for the flexible adaptation of engineering solutions to specific



environmental conditions. The use of mfiltration basins, regulated water intake structures, and absorption
wells not only increases groundwater reserves but also manages their regime. Technologies using absorption
wells are particularly important for carbonate formations, where targeted dilution of brackish water by
injecting fresh surface water is possible. Furthermore, ensuring high quality of the injected water is a key
condition for the effective implementation of artificial groundwater replenishment. The need for preliminary
water treatment and preparation is driven by the unstable hydrochemical and sanitary-bacteriological
conditions of surface water. The implementation of modern treatment facilities and water quality control
systems should be considered a mandatory element of the entire process chain.

Equally important are the organizational and environmental aspects: the successful operation of MAR
systems requires continuous monitoring of the hydrogeological regime, control of filtration and mixing
processes, and an assessment of potential aquifer contamination risks. Only by meeting these conditions can
the environmental safety and long-term sustainability of water management systems be ensured.
Thus, the study results confirm that the integrated application of artificial groundwater recharge
technologies, based on consideration of natural conditions, the use of modern engineering solutions,
and strict adherence to environmental requirements, is one of the most promising areas for water supply
development in Central Kazakhstan. The implementation of the proposed approaches will improve the
reliability of water supply, ensure the rational use of water resources, and create a sustainable basis for the
socio-economic development of the region in the context of increasing freshwater shortages.
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Abstract. Introduction. The anthropogenic factor of global climate change and the resulting concepts
and approaches to carbon neutrality are aimed at developing innovative renewable energy technologies. In
this context, lithium energy storage systems play a crucial role. Today, the lithium industry has reached new
heights due to the rapid growth of lithium production for batteries, in addition to the transition to renewable
energy sources. Materials and methods. This article discusses methods for extracting lithium from low-lithium
aqueous salt solutions, including solvent extraction, adsorption, membrane technologies, electrochemical
methods, and/or a combination of these. These technologies offer significant potential for the sustainable
extraction of Li+ from aqueous solutions with low lithium ion contents. However, additional research and
development are needed to scale up laboratory experiments to commercial production. Results and discussion.
The analysis of published scientific papers, low lithium concentrations (from 7 to 55 mg/1) in the studied water-
salt solutions, even with significant volumes of processing of such waters, indicates the need for innovative
methods, an optimized strategy, new complex technologies and materials for the production of commercially
successful lithium compounds. Conclusions. Extraction of lithium from aqueous solutions with low lithium
concentrations of up to 55 mg/l and high concomitant presence of magnesium ions in a ratio to lithium ions
from 24.8 to over 400, although technically possible, is often unprofitable due to the high cost and multi-
stage nature of the process. Improvements in technologies and materials could lead to more sustainable and
efficient lithium production, which is essential for the production of lithium-ion batteries and a number of
other valuable products.
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Annotauus. Kipicne. XahanaplK KIMMaTTBIH ©3TepyiHIH aHTPOMOTEH/IIK (PaKTOPHI JKOHE OJIaH TYBIH-
JANTBIH KeMipTeri OedTapanThiFbIHA KATHICThI TYXKBIPbIMIaMalap MEH TOCI/Iep HHHOBALIUSUIBIK JKaHAPThLIA-
TBIH HEPTUsl TEXHOJIOTUSIIAPBIH JIaMbITyFa OarbiTTanFad. OcblFaH OalIaHbICThI JIUTUI SHEPTHSICHIH CaKTay
JKyHenepi MaHbI3Ibl peJl aTKapaibl. ByriHri Tanaa IUTH eHepKaciOl )KaHAPTHUIATBIH SHEPIHs KO3/epiHe KO-
IIyMEeH Katap, OaTapesuiapra apHaJFaH JUTUH OHIIPICIHIH KblJ1/1aM ecyiHe OallIaHbICThI )kaHa OMIKTEpre KeT-
Ti. Mamepuanoap men a0icmep. by Makanana JUTHIAL a3 Cyibl Ty3 €pITIHIUIEpIHEH JIMTHII aly ojicTepi,
COHBIH ILIIHJIE ePITKILINEH YKCTPaKUusIay, afcopouus, MeMOpaHaIblK TEXHOIOTHSIIAP, AEKTPOXUMHUSIIBIK
ozicTep JKoHEe/HeMmece OJapAbIH YilieciMi TaJKplIaHa bl Byl TexHomorusiap TUTUH HOHJAPBIHBIH KYPaMBbI
TOMEH CyJIbl epiTiHAlIepAeH Li+ TypakThl SKCTpaKUUACH! YIIIH aUTapibIKTail aneyeT ychlHaabl. [lereHMeH,
3epTXaHaIbIK TOKIPUOETEp/Ii KOMMEPIIUSIIBIK OHIIPICKE NEHiH KeHEUTY YIIiH KOCBIMIIIA 3ePTTEyep MEH d3ip-
nemenep Kaxer. Homuowcenep men manxvinay. YKapusinanrad FUIBIMU MaKajajgapbl Tauay, 3epTTeNreH Cy-
TY3 epITIHAUIEPIHIe TUTHI KOHIIEHTPALUACHIHBIH TOMEeHIr (7-1eH 55 Mr/n-re neiin), TINTI MyHal cymnap-
JIbl OHJICY/IIH alTapibIKTall KeJeMiHe KapaMacTaH, KOMMEPLUSUIBIK TYPFbIIAH THIM/I JIUTUI KOCBUIBICTApBIH
OHJIIpY YLIIH MHHOBAIMSJIBIK OICTEPiH, OHTAMIaHABIPBIIFAH CTPATETUSHBIH, KaHa KYpHeNl TEeXHOJIOTHUs-
Jap MEH MaTepuaIapAblH KOKETTUIITH kepceTeni. Kopvimbinovl. JINTUI KOHLIEHTPAMSICHl 55 MI/ IeHiHTi
TOMEH JKoHE MarHUi HOHIApbIHBIH JUTUI HOHIApbIHA KaThIHACKI 24,8-neH 400-Te neifiH KoFaphl CyJIbl epiTiH-
JIepieH JIMTUIIL Ty, TEXHUKAJIBIK TYPFBIIaH MYMKIH 00Jica Jja, MPOLECTIH KbIMOATTHIFBI MEH KOIl CaThLIbI
cuInaTbiHa OalIaHbICThl KeOiHece TUIMCI3 Oonbin Kenedi. TexHonorusgap MeH MaTepHalaapbl SKEeTUIIipy
TUTHI-UOHBI OaTrapesuiap MeH Oacka ja Oipkarap KYHAbl OHIMAECPAl OHIIPpY YIIIH 6Te MaHbI3AbI OOJBIN Ta-
ObUIATBIH JTUTUN OHIIPICIHIH TYPAKThI XKOHE THIM/II O0TybIHA OKEITyl MYMKIH.

Tyiiin ce3nep: nuTuil KapOOHATHI, IUTUHN ATy dAICTEpPl, TUAPOMUHEPAIIIbI IIUKI3AT, TUTHIA KOpJapsbl,
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AHHOTANUs. Bgeoenue. AHTpONOreHHBIN (akTOp M0OATHHBIX KIMMATHUECKUX U3MEHEHHM, PUHS-
ThI€ B CBSI3U C 9TUM KOHIICTIIIHS ¥ TTOJIXO/IbI YITIEPOIHON HEUTPaIbHOCTH HAMIPABJICHbI HA CO3[JaHNE MHHOBAIIHU-
OHHBIX TEXHOJIOTUI BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTUU. B 3TOM KOHTEKCTE TUTHEBBIE CUCTEMbI XPAaHEHUS
SHEPrUM UTPaIOT NEPBOCTENEHHYIO pojib. Ha ceroqus nuTueBas mpoOMBIIIIIEHHOCTh JOCTUIVIA HOBBIX BBICOT
U3-32 PE3KOro POCTa MPOU3BOACTBA JUTHS ISl aKKyMYJISTOPOB B JIOMOJHEHHE K MEpPeXoay Ha BO30OHOBIIS-
eMble UCTOUHUKU dHEeprun. Mamepuanevl u memoosi. B cTarbe pacCMOTPEHbI METO/BI U3BJICUCHUSI JTUTHS U3
BOJIHO-COJIEBBIX PAaCTBOPOB C HU3KUM COJIEP)KaHUEM JUTHS, TaKue KaK ASKCTPAKIUS PAaCcTBOPHUTENEM, aJICO-
pOLMst, MeMOpaHHbIE TEXHOJOTUH, IEKTPOXUMUYECKHE METOAbl W/WIM X KOMOMHAIMSA. OTH TEXHOJOTUU
PacKpbIBAIOT 3HAYUTEIHHBIA MOTEHIIMAT JUIsl YCTOMYUBOTO M3BIeUeHHs Li+ U3 BOAHBIX pacTBOPOB MpHU He-
OONBIIOM COAEpKaHUU MUOHOB JUTHSI. OIHAKO HEOOXOIUMBI JOMOIHUTENbBHBIE UCCIEIOBAaHUS U Pa3pabOTKU
JUTSL MacIITaOMpoBaHUs 1a00paTOPHBIX IKCIIEPUMEHTOB JI0 MPOM3BOACTBA TOTOBOW MPOAYKIMH. Pesyrvma-
mol u obcysxcoenue. 1IpoBeIeHHBIN aHAMU3 OMYOIMKOBAHHBIX HAyYHBIX pa0oT, HEOOJbIINE KOHLIEHTPAIUH
autust (0T 7 A0 55 MI/i) B MCCIETOBAaHHBIX BOAHO-COJIEBBIX PACTBOpPAx Aayke MPU 3HAYUTEIBHBIX 00beMax
nepepaboTKU TaKUX BOJ CBUIECTENHCTBYET O HEOOXOJUMOCTH MHHOBALMOHHBIX METOAOB, ONTHMH3UPOBAH-
HOM CTpaTeruu, HOBBIX KOMIUIEKCHBIX TEXHOJIOTHI ¥ MareprasioB ISl OJY4YEHUs] KOMMEPUYECKH YCIEIIHBIX
COeMHEHUN MUTUA. Bbigoowl. VI3BrnedueHne TUTHs U3 BOAHBIX PACTBOPOB C HU3KOW KOHIIEHTpAIUEH JTUTUS
110 55 MI/1, BBICOKAM MOMYTHBIM MPUCYTCTBUEM MOHOB MAarHusi B COOTHOLIEHUH K MOHAM JUTHS OT 24,8 110
6onee 400, XOTh U TEXHUYECKU BO3MOXKHO, YACTO HE SBISETCS HEPEHTAOETbHBIM U3-32 BHICOKOM CTOMMOCTH U
MHOTOCTyIHeHYaTOCTH npoiiecca. CoBepIIeHCTBOBAHNE TEXHOJIIOTUN U MaTEPHUAIOB MOTYT MPUBECTHU K Oosee
yCTOHYMBOU 1 3PPEKTUBHOM JOOBIUE TUTHSI, HEOOXOAUMOTO JIsl TPOU3BOACTBA Li-HOHHBIX aKKYMYJISITOPOB U
psiaa Ipyrux [eHHBIX MPOAYKTOB.

KiroueBble ciioBa: kapOOHAT TUTHSI, METObI U3BIICUEHUS JINTHUS, TUAPOMHUHEPATHHOE ChIPhE, 3aIachl
JIUTHSL, IPUPOITHBIN pacco
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muewvl oceoenusy, 2024-2026.

Beenenne.

JIuTuit Kax JIETKUH U 3JIEKTPOIOJIOKUTEIBHBIN U3 BCEX METAJUIOB UMEET BBICOKYIO XUMUYECKYIO aK-
TUBHOCTb U IIUPOKOE NIPUMEHEHHUE B AIEKTPOXUMHUUECKUX YCTPOMCTBAX.

YuuTeiBas MUPOBYIO TEHACHIIUIO IIEPEX0/a HA «3EJICHYI0» DHEPIUI0 U PaCTyIIMH CIIPOC HA YCTONYH-
BbIC PELICHUS, LIEHBl HA JINTHH, BEPOATHO, OCTAHYTCS BHICOKMMHU. KpynHeHIumMu mpon3BOUTEISIMH JTUTUS
apisitorea Ynnm, Kuraii, ABctpanus u Aprentuna. KpynHelmumu uMnoprepamu JauTus sBisitoress Kurai,
Snonus, FOxnas Kopes u CLIA.

Kak moxaspIBaeT cTaTUCTHKA, PHIHOK JIMTHS TIOABEP)KEH pe3KuM KojeOanusM 1eH [Boqiang Lin u np.,
2026: 125372]. locturnyB pekopaHoro ypoBHs moutd B 600 Thic. roaHeit min $84 ThiC. 32 TOHHY MeTajia
B 2022 roxy, B 2024 . uensl Ha nutuid ynanu Ha 80 % (10 $13,2 Thic./T) U3-3a nepen30bITKA MPEATOKEHHS
Y MIPU3HAKOB 3aMEJUICHUS POCTa CIIPOCA HA AaKKyMYJISTOPBI ISl AJIEKTPOMOOHIIEH.

Jlutuii B pa3Nu4HbIX KOMMEPUYECKUX MPOIYKTaX OOBIYHO M3MEPSETCS B SKBUBAJICHTE KapOoHaTa JIu-
tus. KapOonar nutus (Li2CO3) sBisiercst Haubosiee BaXXKHBIM COSAMHEHUEM JIUTHUS, TIPOU3BOJUMBIM B KOM-
MEpYECKHX Lesx, cocTaBisis 60 % or olmero o0beMa IMPOU3BOACTBA, 32 HUM CJEIYET TUAPOKCHU] JIUTHUSL
(LiOH), na xotopsrit mpuxonutcs 24 % ot o01miero o6bema Mpou3BOJCTBRA.

Bonee 60 % MupoBBIX 3a1acoB JUTHA OOHAPYKEHO B COJIIHBIX 03€Pax, YTO BBI3BAJIO POCT MCCIIE0BA-
HUH, HAalIPaBJICHHBIX Ha M3BJICYCHHE TUTH U3 paccona. [Mian-ping Zheng u np., 2023: 547-566].

OpHako pacTyuuil Cipoc CTUMYIIHUPYET UHTEPEC K MCIOIBb30BAHUIO HETPATUIIMOHHBIX PECYPCOB, Ta-
KHX KaK reoTepMalibHble paccoibl 1 Mopckas Boza [Choubey u ap., 2017: 104—-121.]

HesxenarenbHpli IPOIYKT, MOTyYaeMblii B HE()TEra30BoH MPOMBIIUIEHHOCTH, TO €CTh HE(TSIHAS U Ta-
30Bast BOJIA, TAKXKE SBISETCS MEPCIIEKTUBHBIM pecypcoM JUIst 3P (HEKTUBHOTO U3BJICUEHUS JTUTHS.

Lenb nanHoi# pabOThI — aHAIM3 METOAOB U3BJICUECHUS JINTHS U3 BOIHO-COJIEBBIX PACTBOPOB IS OLICH-
KU U OIpeJiesIeHus] Hanboliee MepCrleKTUBHBIX METOIOB U3BJICUEHHS COCTUHEHUHN JTUTUS U3 Ka3aXCTaHCKOTO
THJIPOMHHEPAIBLHOTO ChIPBSI.

Mertonbl.

OreHka conepkKaHust JIMTHs BBIIIOJHEHA Ha OCHOBE IOJIEBBIX PETHOHAIBHBIX THPOTCOJ0OrHUECKUX U
XMUMUKO-aHATUTHYECKUX UCCIICTOBAHHMA.

OT160p npob npousBoamiIcs B cOOTBeTCTBUU ¢ MexrocynapctBeHHbIM ctanaaproM ['OCT ISO 5667-
11-2013 «Ot60p npo6. PykoBozncTBO 110 0T60PY Mp0oO MOA3EMHBIX BOI.

ConepxaHue pacTBOPEHHOIO JUTHS U JPYTUX SJIEMEHTOB B BOZAE OMNPEACISUIM METOJOM aTOMHOM
HMHCCUU Ha CIEKTPOMETPE SMUCCUOHHOM C MHIYKTHBHO-CcBA3aHHOM miazmoi tTuna ICPE 9820 («Shimadzu
Corporation») B coorBerctBun ¢ I'OCT 31870-2012 «Omnpenenenue coiepKaHus SIEMEHTOB METOIAMHU
aTOMHOM CIIEKTPOMETPUN» B COOTBETCTBUU ¢ arTecTaTtoM akkpeauTanuu Ne KZ.T.02.0782 ot 27 nos6ps 2020
I. Ha BBITMOJIHEHHE XUMHUUECKHUX aHAJIM30B 00bEKTOB OKPYXKAIOIIEH Cpebl, BKIIOYasi BOJbI, IOUBBI, JOHHBIE OT-
JIOKEHUS, a TAKXKe U3yYCHHE XUMUYECKOTO 3arpsi3HEHUs] OPraHMYeCKUMHU U HEOPraHMUECKUMU BEIIECTBAMHU.

W3BneueHre MOHOB TUTHS MPOAHATU3UPOBAHO B KOHTEKCTE METOJI0B COpPOLMs/aacOpOIIHs, IKCTpaK-
IIUs] PACTBOPUTENIEM, HOHHBIA 00OMEH, MeMOpaHHOE pa3ziesieHne U >ekTpoauanu3. CeleKTUBHOCTh, dPdexk-
TUBHOCTb Pa3JIeJICHUs], U3BJICUCHUE, pereHepalys, SKOJIOTHYecKas JOJIrOBEYHOCTh MOIYEPKUBAIOTCS, KOTIa
3TO BO3MOXHO.

MarepuaJisbl.

Jnis ananu3a ObUK TpeocTaBiieHbl 4 00pasia MOMmyTHBIX BOJI AKCILTYaTallMOHHBIX Ta30BbIX CKBAKUH
[Ty-Capsicylickoro ocao4Horo 6acceiina, mpoObsl OTOOpaHbl aBTOpaMU JTaHHOM paboThl, a Takke 21 npoda
HeTIHBIX CKBaXUH 3anagHoro Kasaxcrana u Kei3puiopauHckoit 001acTu, mpoObl 0TOMpannuch paboTHUKaMU
He(Tera3oBbIX KOMITAHUIA.

Pesyabrarsl.

OcCHOBHBIE BOJHO-COJIEBbIE MCTOYHHMKH JIMTHS BKIIIOUAIOT T€OTEPMANIbHBIA Paccoil, paccoi COMSHBIX
03€ep U paccoll He(TIHBIX ¥ Ta30BbIX MECTOPOXKACHUN (Tabnuma 1).



VATTBIK FbiBIM
AKALNEMUACHI

Ta6m/1ua 1. Tunuunbie KOHICHTpAIUU JIUTHUA B THAPOMHUHCPAJIBHOM ChIPbC U CTOYHBIX BOAAX

XuUMUYeCKU aHau3 00pa3I0B MOMYTHBIX HE(TAHBIX BOA HE(PTEra30BbIX MECTOPOKACHUN 3anaJHOTO
Kazaxcrana n Ke3pumopannackoit obiactu (Tabnuiia 2) He BBISIBUJI CYIIECTBEHHBIX KOHIEHTpaUUi TUTUS (B
cpenHem 7 mr/i), camoe 6osbinoe 3HaueHue — 18,4 mr/mn. [lomydeHHble 00pa3ibl XapakTepru3yIOTCsl BBICOKUM
cofiepKaHNeM MOHOB MarHus NP BBHICOKOM U cpellHel MUHEepallu3alui pacTBOPOB. XOTS U CyIIECTBYET Be-
POATHOCTH pa30aBlIeHUs UCCIIEAOBAHHBIX 00pa3loB OypOBBIM PaCTBOPOM U BOAAMH BhIIIEIEKAITNX BOJOHOC-

HcTOYHMK TUTHS

Konnenrparws Li (mr/im)

Mopckas Boza,
B ToM uncie Kacnmiickoe mope

0,1-0,22
0,21
[Quinby-Hunt u np., 1983: 130]

reOTepMaJILHbIe PaccoIbl

10-20

[Choubey u np., 2017: 104-121].

CrtouHbIe BOJBbI 110 IIPOU3BOJCTBY JIN-
TUHA-UOHHBIX AKKYMYJIATOPOB

1000-2000
[Flexer u mp., 2018: 1188-1204;
Qiu u gp., 2019: 13481-13490]

IImacToBbIc BOMIBI

5-500
[Kim n ngp., 2018: 175-1

82]

HBIX TOPU30HTOB H3-3a HEKaueCTBCHHOM HU30JIAIHUN ITOCICIHUX.

Tabnuua 2. ConepkaHue JTUTHS B MOMYTHBIX HEPTIHBIX Bomax 3amanHoro Kaszaxcrana u Kei3suiop-

JTUHCKOM oOnactu (1o pe3ysbraTaM mojieBbix padot 2021-2022 rr.)

Ne MecTomomoseHHE BogoHOCHEIR MuHepanHIaIHA, Li* Mg, | CooTHOImIEHHE
CKEREHHEL TOPHI0HT T/ ma? Mr/oe | mr/md M2 Li*
AThIpavcEads 00IacTe
115 m'p C Hypxanoea Ia 258 9440 999 18848 188.0
222 w/p C.HypixaHoea Iz 251 8900 10,72 608.0 56.7
41 M'p AxTode Iz 269 1640 7.81 23104 2957
19 w'p AxTtode Iz 269 968.0 6.0 17024 2837
430 w/'p 3an. I[Tpopea T: 2183540 6.0 24320 4055
AEKTHOOHHCEAS 00NaCTh
1-BY M/p Boct. VpExTay 58 729.0 6.96 436.4 69.9
u/p ManrmsTayacroe 258 878.0 5,66 12464 2201
928 ITOTHT-1 79 6520 184 4864 26,4
w/'p Yanapeeckoe YIIH K 253 8450 13,53 2432.0 1797
MamracTayckad oDIacTh
7146 Ozen Mymafi 'az, HT TV 2, 632240 3.34 413 4 107.5
HeldTAHAY CKEKHHA
3837 Ozen Mymafi 'az, HT TV 2, 28 9380 1.77 3405 1923
HedTAHAT CKEAKHHA
7768 Ozen Mymafi az, HT TV 2, 63 6790 3.74 2432 64.9
HedTAHAT CKEAKHHA
KrIz2EITopIHHCKAA 00IACTE
39 Aranmadynax BocTouHRH I 90 821.0 4.50 3648 81.0
KazlepMyHai
206 Armatymar Ko ueii Iz 99 866,0 6.66 5472 g2.1
Kazl epMyHai
VITH wi'p Hypanst I 72 6900 416 4560 109.6
Kazl epMyHai
BEHC YIIH m'p Hypats I 76 5810 422 304.0 72.0
Kazl epMyHai
OKHC w/p Hypane! nocie I 762390 428 3952 923
PBC Kazl'epMyHail
OFHC wm'p Hypanur go PBC I 775450 450 4256 94.6
KazlepMyHa#
103 w'p Hypamer, Kaz[epMyHaf Ja3 81 0540 436 3648 83,7
231 w/p Hypamer, KazlepMyuaii Iz 93 291.0 5.62 486.4 g8.5
2311 w/p Hypame, Kas[epMyHai Iz 92 6930 5.94 4560 767

Panee oTMeUYeHO 3HAYUTEIILHOE COJCPIKAHUE JIUTHS B OKOJIOHE(MTSHBIX BOJAX MecTOpokieHui Ka-
padaranak (mo 196 mr/m Li20), Kombkyayk (o 130 mr/a Li20) ¢ BO3MOXKHOCTBIO M3BI€UEHUS 10 1 ThIC. T




KapOoHara auTHs B ro [AdcameToB u ap., 2024: 141-154].
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Puc. 1. KoHLleHTpanus TUTUS B 3aBUCHMOCTH OT KOHIICHTPALMK MarHus NOMYyTHBIX He(TaHBIX Bogax 3ananHoro Kaszaxcrana u Ke3putopans-

CKOif 0bmacTu.
[Fig.1. Lithium concentration depending on magnesium concentration in associated oil waters of Western Kazakhstan and Kyzylorda region].
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Puc. 2. KoHIIeHTpaLust JTUTHS B 3aBUCUMOCTH OT 00111eil MUHepanu3alyy nomyTHeIX HedTsiHbix Box 3anaaHoro Kasaxcrana i Kei3piiopanHCKoi
obmacTu.
[Fig.2. Lithium concentration depending on the total mineralization of associated petroleum waters in Western Kazakhstan and the Kyzylorda

region].

CraTucTHYeCKH aHATU3 MOTYYeHHBIX JaHHBIX MOKA3bIBACT, YTO KOHIEHTPALIUS JIUTHUS UMEET cIadyro
CBSI3b C COJIEpP’)KaHWEM MOHOB Maruus (PUCYHOK 1) M HACBHIIIEHHOCTHIO MCCIENYEMbIX PACTBOPOB (PUCYHOK
2). KoaddurmeHT xkoppensiiuu sl pe3yIbTaToB 00pabOTKU JaHHBIX, TOKa3aHHBIX HAa PUCYHKaX 1—2, 3Hauu-
TenpHO HIbKe 0,3, 4TO yKa3bIBae€T Ha OTCYTCTBUE JIMHEHHOM CBSI3U MEXKIY COIEpKAHUEM JINTHS U IPYyTUMU
KOMITOHEHTaMH.

B pamkax rpanTtoBoro npoekra AP23489898 uzyueHa poib ruApOreOXMMUYECKUX U TEKTOHUYECKHUX
YCJIOBHH, onpenenstomux conepxanue autus B npeaenax Lly-Capeicyiickoli Bnagusel [Mypra3us u ap.,
2025: 464-472], a TakKe Hccaen0BaHbl 00pa3ibl MOMYTHBIX BOJ PsAJIa SKCILTyaTAllMOHHBIX TA30BBIX CKBAXKHUH
[y-Capsicyiickoro ocagouHoro 0acceiina (tabnuna 2). Kak cnenyet u3 npuBeIeHHBIX JaHHBIX, COACPKAHHE



TWTHSL BAPbUPYET 25—55 MI/J IPH BHICOKON MIHCPAJIN3alii 1 OOJIBIIOM COJICPIKaHNN NOHOB MalHIS.
Tabmuma 3. KaTtroHHBIN cocTaB 00pa3lioB BOJBI M3 HEKOTOPHIX JEHCTBYIOIIUX JKCILUTyaTAI[HOHHBIX
ra3oBbix ckBaxuH [lly-Capsicyiickoit mpoBuHIIMH, 1aTa oTOopa — 28, 29 centsops 2024 r (mr/mn)

Hcrounux Munepa- pH Li+ Na+ K+ Ca2+ Mg2+ NH4+ | Fe cym | CooTHOmIC-
JIU3alus Hue Mg2+/
Li+
ckBakuHa Nel05 211788,0 5,45 31,92 |36614,0 |780,5 32032,0 | 3648,0 <0,05 |[53.1 114
MECTOPOXKICHUS

raza AMpaxrsl

ckBakrHa Ne102 140133,0 |5,9 24,46 288425 |544,0 20020,0 | 608,0 114,1 111,3 [ 248
MECTOPOXKJICHHS
ra3a AHpaxTb

ckBaskrHa Nel10 272105,0 496 |55,11 52368,1 | 1264,7 41041,0 | 1824,0 2440 127,1 33
MECTOPOXKICHHS
raza AMaHreb bl
ckBakrHa Nel120 146829,0 5,4 28,46 27206,0 | 799,5 24024,0 | 36480 145,0 105,9 128
MECTOPOXKICHUS
raza AMaHresb/Ibl

Obcyxaenne.

B Hacrosiiiee BpemMsi METObI U3BJICUEHUS JIMTUSI U3 BOAHBIX JINTUEBBIX PECYpPCOB BKIIIOYAIOT HCHape-
HUE U OCaXJIEHUE, HKCTPAKIINIO PaCTBOPUTENEM, aJCOPOLNI0, MEMOPAaHHbIE TEXHOJIOTUH, HIEKTPOXHUMHYE-
CKME€ METOJIbl T UX KOMOUHAIMIO. XOTs psJl UICTOYHUKOB COOOIIAIOT O CTENEHH U3BJICUCHHUS JINTUS U3 pac-
coia okos10 90 % — CyIIeCTBeHHOM Yyiy4IeHUH 1o cpaBHEHUIO ¢ 40—60 % B TpaauIIMOHHBIX UCTIAPUTEIIBHBIX
MeToAaxX, — 3T UGPHl OCHOBAHBI Ha KOHTPOJIUPYEMBIX JEMOHCTPALMSIX U HE MOATBEPKACHBI B yCIOBUSIX
MOJTHOMACIITa0OHOM KCIUTyaTaluy.

Bo MHOTrMX OTHOIIIEHUSAX MPSAMOE U3BJICUEHHE JTUTHSI U3 BOJHO-COJIEBBIX PACTBOPOB MPEACTABISAET CO-
OOl CyIIEeCTBEHHBIN MPOPHIB IS PEIICHUS 3a7a4d 3€JICHON MPOMBIIIIICHHOW SKOHOMUKH, KOTOpasi MOTJIa ObI
OJTHOBPEMEHHO 00€CTIE€YUTh BHICOKOTEXHOJOTUYHBIN POCT U KIIMMaTHUYECKHE MPEUMYIIECTBA.

BricokoadexkTuBHbIE MeTONbI MPOU3BOACTBAa Li MOCTOSHHO HCCIEAYIOTCS MM YAOBIETBOPEHUS
CIpOCa, CBSI3aHHOTO C YCKOPSIOIIMMCS POCTOM €ro norpedieHus. BaxxHo cocpeqoTOYUThCsl HE TOJIBKO Ha
TEXHOJIOTUSIX M3BJeUeHUs Li, KoTopble CYMTAIOTCSl HOBBIMM M MHOTOOOEIIAIOIIMMU, HO TaK)K€ PacCMOTPETh
TEXHOJIOTHH, KOTOPbIE UMEIOT SKOJIOTMYECKH YHUCThIE, SHEProd(pPEeKTUBHBIE U SKOHOMUYECKH (D (HEKTUBHbBIE
XapaKTePUCTHUKH.

Ha ceronusuiHuii 1eHb NPUMEHSIOTCS YETHIPE OCHOBHBIX METO/A MPSMOTO U3BJICUEHUS JIUTUS — COp-
O1Hs1/ancopOITs, SKCTPAKIIUSI pAaCTBOPUTENIEM, HOHHBIN 0OMEH, MEMOPAHHOE pa3eieHUE U dJICKTPOIUATIUS.

CopOuust 1 aacopOLus SBISIOTCS KIOUEBBIMU TEXHOJIOTUSMHU JJISl CEJIEKTUBHOTO U3BJICUEHUS JTUTHS
U3 pa3InYHbIX BUJOB THJIPOMUHEPATLHOTO CBIPhs, 0OCOOCHHO M3 MPHUPOHBIX PACCOIOB (COJIEHBIX 03€p, I'eo-
TEPMAaJIbHBIX U MOMYTHBIX IJIACTOBBIX BOA). DTH METOABI CUUTAIOTCS 00JIe€ IKOJIOTMYHBIMU U SKOHOMHYECKHU
BBITOJTHBIMU 10 CPABHEHMIO C TPAJUIUOHHBIM TalyprU4eCKUM BbIIIApUBAHUEM, OCOOCHHO IS PacCOJIOB C
BBICOKHM COZIEpKaHMEM Npumecell (MarHui, kajabluil). MeTon oCHOBaH Ha MCIOJIb30BAHUU CIEIUATbHBIX
JUTUH-CETIEKTUBHBIX COPOEHTOB, KOTOPHIE CIIOCOOHBI M30MPATEIbHO M3BJIEKATh MOHBI JIUTHUS U3 CIOKHOTO
MOHHOTO pacTBopa. Jlutuiicoaeprkaniuii pacTBOp MPOIYCKAeTCsl Yepe3 KOJOHKY, 3alOJHEHHYI0 COPOSHTOM.
Wonbl nutus aacopOoUpyroTcsl Ha MOBEPXHOCTU WJIM B MOpax copOeHTa, He3aJaep:KaHHbIe MPUMECH MPOMBbI-
BaroTcs. CopOeHT 00pabdaThIBaeTCs CIIeMATIbHBIM PACTBOPOM (Hampumep, pa30aBIeHHON KUCIOTOW WU IIie-
JIOYHBIM PACTBOPOM), KOTOPBIil BEICBOOOXKIAET MOHBI JIUTHS B KOHIICHTPUPOBAHHBIN 3ITI0AT, MPUTOAHBIN JIIs
JaTbHEHIIeH IepepaboTKu (HampuMep, OCaXACHHS B BUJIe KapOOHATa JTUTHS).

K npeumymiectBaM cOpOIIMOHHBIX METOJJOB OTHOCHUTCS CEIEKTUBHOCTb-COPOCHTHI TIO3BOJISIOT M3BJIIE-
KaTh JINTUHN JJa)Ke U3 paCTBOPOB C OYEHb HU3KMMHU €TO KOHIICHTPAIIUSIMU U BBICOKUM CO/IEp>KaHUEM KOHKYpHUPY-
IOLUX HOHOB; AKOJIOTMYHOCTh U SKOHOMUYHOCTb — TEXHOJIOTHS TIO3BOJISIET CHU3UTh HETaTUBHOE BO3ZICCTBIE
Ha OKPY’KaIoIIyI0 Cpeay [0 CPABHEHMIO C TPAJAULIMOHHBIMU MeToaMu U 3((EeKTUBHO NepepadaTbIBaTh HETpa-
JTUIIMOHHOE ChIphE, aBTOMAaTHU3alMs - TIPOIECC aACOPOLUN MOKET OBITh peaIn30BaH B aBTOMaTU3UPOBAHHBIX
KOJIOHHBIX CHCTEMaXx, 4TO 00ECIIEYMBAET BHICOKYIO 3((EKTUBHOCTh M BO3MOKHOCTh MaCIITAOUPOBAHHS.

[Tpu 3TOM cOpOEHTHI MOTYT U3BJIEKaTh HE TOJILKO JINTUM, HO U IpyrHe METaJUIbl, TAaKWe KaK HATpUH U
KaJIiii, YTO CHUKAET YHUCTOTY KOHEYHOTO MPOYKTa, CAMU COPOCHTHI U peareHThl JIsl UX aKTUBALlMU UJTH pere-



HEpaIK MOTYT ObITh JJOPOrOCTOSIMM. MOryT OBITh 3aTpYIHEHHS C pereHepaled copoeHTa: COpoOeHT HeoO-
XOJUMO MEPUOMUECKH PETeHEPUPOBATH, UTO YCIOKHIET U YAOPOXKAET MPOLIECC, a TAKXKe MOXKET MPUBOAUTh
K IIOTepe ero COpOLMOHHON CIOCOOHOCTH, B IIpoIiecce paboThl COPOSHT MOXKET AETPaAUpPOBaTh, UYTO CHIKACT
ero 3(hheKTUBHOCTD U TpeOyeT 3aMEHBI.

Cy1iecTByeT TpU OCHOBHBIX THIIA HEOPTaHHYECKHX METAJUIMYECKHX aJICOPOEHTOB JIUTHS, LIMPOKO
NPUMEHSEMBIX Ul U3BJICUCHUS JIUTHS, BKIIIOUAsi CIIOMCThIE COPOILIMOHHbBIE MaTepuabl Ha OcHOBe Al, HOH-
HbIE CUTa Ha OCHOBE Mn u MOHHBIE cuTa HAa ocHOBE Ti. loHOOOMeHHbIe cuTa Ha OCHOBE Ti1 MMEIOT IPOYHbIE
cBs3u Ti-O, KoTopble HAAETSAIOT UX CTAOMIIBHOM CTPYKTYPOH, IPEBOCXOAHOM KHMCIOTOCTOMKOCTBIO M UCKITIO-
YUTENBHOM CIOCOOHOCTHIO agcopOupoBath Li [Xifan Li u ap., 2025: 128652]. OnHako BbICOKass CTOUMOCTD
IPEMATCTBYET MPAKTUUECKOMY NMPUMEHEHHUIO 3THX MarepuaioB Ha ocHoBe Ti. AncopOeHTsl Ha ocHoBe Al
MIPOJIEMOHCTPUPOBAIIN JIyUIIHHA TOTEHLHMAT B IMPOMBIIUIEHHBIX MPUIOKEHUSAX Onarofapsi CBOeH TEXHOIOTHU-
YECKOM 3pesocTH, HeIOPOTOMY CBIPbIO, TPOCTOM MPOLIEAYPE CUHTE3A.

Cpenu HeopraHU4eCcKHUX afcopOeHTOB AJIs aCOPOILUH JIUTUS IIMPOKO ucnoyb3oBasics MnO:2 - xH20
(x=10,3, 0,4 u .a.). B padore [Yu u np., 2025: 119168] npexacrapieH CUHTE3 MOPUCTOTO aaCOPOCHTA HA
ocHoBe Mapranua (HMn204) 17151 celeKTUBHOTO M3BJICUEHUS JIUTUS U3 paccoda. s mpuroToBieHus nopu-
croro npekypcopa LiMn204 6bU1 HCTIOIB30BaH BBICOKOTEMIIEPATypHBIN TBEpAO(hA3HBIA METO/, YTO yBEITUYHU-
JI0 B3aUMOJEHCTBUE MEXIY aJCOPOCHTOM U JIMTHHCOAEpKAIUMH pacTBOpaMu. Pe3ynbraTsl MOKa3aiu, YTo
nopuctbiii HMn20O4 10CTHUT BBICOKMX CKOPOCTEH acopOLUU 1 €eMKOCTH, IIPU 3TOM PaBHOBECHUE IOCTUTAIOCh
B TeueHue 5-30 muH, a agcopobuus nutus gocrurana 30,83 mr/r. bonee Toro, mocne aecaTy HUKIOB aacopo-
LIUH-JIecOpOLIUH aCcOpOIIMOHHAsI EMKOCTh 00pa3iia ocTaBanack Ha ypoBHe 91,85 % OTHOCUTENBEHO HCXOTHOTO
azicopOeHTa, JEMOHCTPHUPYS MTPEBOCXOAHYIO CTAOMILHOCT U BOBMOXXHOCTh TOBTOPHOTO UCIIOIb30BAaHUS. DTH
pe3ysbTaThl CBUJETEILCTBYIOT O TOM, YTO HOPUCTHIN afcopOeHT HMn204 siBisieTcs: mepCcreKTUBHBIM KaH M-
JIaTOM /7151 KpYTTHOMACIITaOHOTO U3BJICUEHUS JIUTUS U3 COJISIHBIX 03€p.

[Toka3aHo, 4TO Ha CHUHTE3MPOBAHHOM HEOPraHMYECKOM copOeHTe aumokcuae maprania LiMnO:,
LiMn204 BO3MOKHO U3BJI€YEHUE TUTHS HA ~86 % U3 paccoyioB ¢ HU3KUM COJEPKAHUEM 1IeJI€BOI0 KOMITIOHEH-
ta — 5,9-7,8 mr/n nmutus [Karshyga u np., 2023: 7548]. CuHTe3upoBaHbl Takhe HEOPTraHUYECKHE COPOCHTHI,
KaK THAPOKCUJ aIFOMUHMS, OKCHJIbI TUTAHA M MapraHia, U3 KOTOPbIX HamboJyiee BHICOKME IOKa3aTelu J0-
CTUTHYTBI IIPU UCIOJIb30BAaHUM TUAPOKCUAA amtoMuHus — 21,87 % u3BiedeHus aUTHs, Ha TUAPATUPOBAHHOM
OKCHJIe MapraHua, coorBeTctBeHHo — 20,11 %.

['panynsanus ancopbeHTa ¢ UCIOIB30BAHUEM B KAU€CTBE CBA3YIOIMX areHTOB HEOPraHUYECKHUX Mare-
pHAJIOB U BBICOKOMOJIEKYJIIPHBIX COECAMHEHUH MO3BOJISIET MOIydaTh KOMIO3UTHBIE YACTHIIbI, 00€CIeUNBatO-
mue JErkoe BbIAETICHNE U3 BOAHOM (a3bl mpu agcopOuu noHOB Li. bruomatepuaiisl mpencTaBisioT 0COObI
UHTEpec, Oiarofaps X CTpYKTYpHOMY pa3HooOpasuto. Tak, 1OCTUrHyTa aJIcOpOLMOHHAs €eMKOCTb JIsl XUTO-
3aHa B MOPCKOM Bojie 54,7 MI/J, U THIPOKCUATHIILIEIUIIONO03bI B paccode -54,2 Mr/i, alnbruHaTHbIE TPAHYIIbI
U arap nokasanu HU3Kywo dddextuBHOCTh — 24,9 Mr/m u 12,3 mr/n, coorBercTtBeHHO [Inimfon u ap., 2024:
1520].

OKCTpaKLUsA JIUTUS pACTBOPUTENIEM — 3TO METOJI MIPSMOTO M3BJICUEHUS JIUTHUS U3 PACCOJIOB, IPU KOTO-
POM cHelMaIbHbIE OPraHUYECKHE SKCTPATEHTHI CEIEKTUBHO CBSA3BIBAIOT HOHBI JIUTHS, IEPEHOCS UX U3 BOJHOMN
(a3pl B OpraHUYECcKylo, 4TO MO3BOJSAET FPPEKTUBHO KOHIIEHTPUPOBATh U OYHUILATH JTUTUMN, OTIENSAS €ro OT
JAPYTUX COJeH, TaKMX KaK MarHuil. DTOT mpolecc BKIOUAET MpeaBapUTENIbHYIO MMOArOTOBKY paccoia (ynaa-
JICHHE MpHUMeceii), caMy 3KCTPAKIMIO C peareHTaMu (IKCTPareHT + pacTBOPUTEINb), MOCIEAYIOIIYI0 pereHe-
palmIo SKCTpareHTa U MojyyeHHe TOBAPHBIX COCTUHEHUHN JUTHSA. DKCTPaKIUs MO3BOJSET U3BJIEKATh JIUTUI
U3 CJIOKHBIX PacCOJIOB C BHICOKOW 4MCTOTOM. Ha ceroqHs 3To KiitoueBoi 3IeMEHT COBPEMEHHBIX TEXHOJIOTUI
npsmoro uzpnedeHus autus (DLE), npumenseMslii A1 MOIy4eHUs TUTHS U3 BOJHO-COJIEBBIX PACTBOPOB.

Okerpakuusg GocPopopraHMYECKUMU COETUHEHUSIMH, Hampumep, IH-(2-3Tuiarexcuin)pocdopHoii
KHCJIOTOH, MTyOOKMMHU 3BTEKTUYECKUMH PACTBOPUTEISIMHU ABIseTCS 3()(HEKTUBHBIM METOIOM JUIs M3BIIEUe-
HUS JIUTHS U3 BBICOKOMUHEPAJIM30BaHHBIX PACTBOPOB, HO Mpolecc TpedyeT TUIaTeNIbHON MpeaBapUTeIbHON
o0paboTku(puibTpannuu, HaHO(GUIBTPAIIMU) U KOHTPOJIS HA BCEX dTamax, YTOObI MOTYYUTh BBICOKOUHUCTHIH
auTui. IoHBl Maraust 0cOOEHHO MELIaloT JallbHelmeMy nporeccy. XelaTupyIolie areHThl, TAKHe Kak TPH-
oktuidochunokenn u Tpudytungpocdar [Chenglong Shi u ap., 2016: 640-645], mpuMeHUMBI K paccoiaM ¢
HU3KUM cofiepikanneM NMg2 * /Lj ¥, IpH 3TOM MCTIOIb30BAHHE OPraHUUECKHX pacTBopuTeNel IPUBOIUT K
KOPPO3UH MPOMBIIIIEHHOTO 000pyA0BaHMs, 3arpsA3HAET OKPY>KAIOLIYIO CPELy.

Okerpakuus pactBoputesieM Cyanex 272 no3BossieT BOcCTaHaBIMBaTh 6oiiee 90 % LeHHBIX METaJIIOB,



TaKUX KakK JIUTUU, KOOAJIBT, HUKEJIb U MapraHell, ¢ YUCTOTou 0osee 95 Y%, HO TpeOyeT BBICOKOI'O CONEPKaAHUS
JUTHS B pacTBOpeE, B yacTHOCTH, 1,33 /1 [Amrita Kumari Jha u ap., 2013: 160-166].

M oHOOOMEHHBIN METOJ] U3BJICUEHHS JIUTHUS 3aKII0YAETCS B HCIOIb30BAaHUH CHEIMATIBHBIX CMOJI, KOTO-
pble CEIEeKTUBHO CBS3bIBAIOT MOHBI JIUTUS U3 pacTBopa. [Ipouecc BkiIoyaeT copOuuio (3axBaT HOHOB JIUTHS
CMOJIO) U MOCIENYIOIIYIO 1eCOPOIHIO (BBICBOOOKICHUE JTUTHS U3 CMOJIbI C TIOTY4YEHUEM KOHIIEHTPHPOBAaH-
HOTO pacTBopa). IImockl MeToa BKIIIOUAIOT MPUMEHUMOCTD Ul paCTBOPOB C HU3KOM KOHIIEHTpauuen Ju-
THUSI, CHKEHHE HKCIUTYyaTallMOHHBIX PACXO/I0B 3a CUET pereHepaliy, SKOIOrnIHoCcTh. Hegocrarku npouecca
— HM3Kasi CKOPOCTh PeakiiH, 4To TpeOyeT OONbLIIMX 0ObEMOB CMOJIbBI U JUIMTEILHOTO BPEMEHH KOHTAKTa C
pPacTBOPOM, BBICOKAsi CTOMMOCTb CMOJI, HEOOXOAUMOCTh B JIOTIOJIHUTEIbHBIX CTAJAUAX OUUCTKH.

[Toka3zaHo, uTO IUTUI MPAaKTUYECKH HE copOupyeTcs Ha u3BecTHbIX noHuTax CU-2-8, Purolite S100,
Purolite C160S, Purolite S940, Amberlite IR 120, CYBBER CRX 210 u CYBBER CRX 300, nanpumep, Ha
cynbdokaruonute CU-2-8 u3zpneuenue cocrasuio 0,49 % [Karshigina u ap., 2019: 172-180].

[TpensioxkeHbl TEXHOJIOTUYECKHE JIMHUM [T IPOU3BOJICTBA KapOOHaTa JIMTHUS U3 KOHIIEHTpara o0part-
HOTO 0CMOCa MOPCKOW BOJIbI MJTM U3 HE(TAHBIX U Ta30BBIX IJIACTOB C UCIOJIb30BAaHHEM HOHOOOMEHHBIX CMOJI
WM UHTepKassLmoHHoro 31ekrpoza [Nathanial Cooper u 1p., 2025: 119156]. Tak, noHoOOMeHHas cMoJ1a, Ipo-
MUTaHHAs OKCHJIOM MapraHIia, 03BOJIAET MOJyYUTh KapOooHat jutus 3a 14,96 nomn. CHIA/kxr Li2COs npu us-
BiedeHnu 34,3 % IuTHs B pacTBOP (KOHLEHTPAIMS JIUTHSI B UCXOAHOM pacTBope — 40 Mr/it). XoTs, TEXHOIOTU-
YeCcKHe JTMHUU MO3BOJISUTN u3BNeKaTh 30—35 % JIUTHS U3 UCXOAHOTO CBIPhs, YTO O3HAYAET, YTO 3HAYUTEIILHOE
KOJIMYECTBO JUTHUA BCE 1€ OCTAETCSA HEU3BICUEHHBIM.

MemOpaHHOe pa3zieneHne HOHOB JIUTHS U MarHusi — 3TO MPOLECC OTAEICHUS ITUX JIByX BH/I0B HIOHOB
ApYT OT JIpyTa ¢ MOMOILBIO MOJYIPOHUIIAeMON MeMOpaHbl, KOTOpasi MPOIyCKaeT OJJHH BEIeCTBa, HO 3aJep-
KHMBAET JIpyrue. OTOT METOJ OCHOBAH Ha Pa3iMYMsiX B CBOMCTBAaX MOHOB, TAKUX KaK MX pa3Mep U 3apsi, U
MO3BOJISIET OYUCTUTH PACTBOP OT IMPUMECEH WU pa3euTh KOMIIOHEHTHI cMecu. [Ipouiecc oCHOBBIBaeTCSs Ha
CEJIEKTUBHOM MPOHUIIAeMOCTH MeMOpaHbl. OHa MOXKET UMETh HOPHI ONPEIEICHHOIO pa3Mepa WK 3JIEKTPo-
CTaTUYECKHE CBOWCTBA, KOTOPbIE MO3BOJISAIOT N30MPATEIbHO MPOMYCKAaTh HOHBI JINTHS U 3aJI€PKUBATh HOHBI
MarHusi UiaM HaoOopoT. Pa3nenenue mpoucxoauT noa ASHCTBUEM Pa3HMLBI JaBICHUN (Kak B HAaHOQWIbTpa-
IIUM) WIK JIEKTPHUUECKOTro NoTeHIrana (B anekrponuanuse). Ha BoIxose mosyyaeTcs 1Ba HOTOKa: (hUIbTpAT,
oOoralieHHbI HOHAMH JIUTHSL, U KOHLIEHTPAT, COJepKalluii OOJBIIYI0 YacTh HOHOB MarHusi ¥ KajibLus. Me-
TOZ 0COOCHHO (P PEKTUBEH AJIs NepepadOTKU paccoiOB ¢ M3HAYAIbHO BBICOKMM COOTHOIIEHHMEM MarHus K
JIMTHUIO, YTO SIBJISIETCS CIIOKHOM 3a7a4eit s IpyTUX METO/I0B.

[TpenmyiiecTBa MEMOPAHHOTO pa3AeeHUs JIMTHS B BBICOKOM CEJIEKTUBHOCTH, YIYUIIEHUU YUCTOTHI
MPOIYKTA. DINEKTPOXUMHUYECKHE METO/IbI, BKIIOUAs IEKTPOAUAIIN3, MOTYT ObITh UCIOIb30BAHBI JJIS MOJTyYe-
HUs neHHoro rujpokcuaa nutus (LiOH) Hampsimyro U3 pacTBopa XJI0pHia JUTHS, MUHYS CTaIuI0 TIOTy4EHUS
KapOOHaTa JIUTHS.

Henocrarku snexkrpoananusa sl U3BJICUEHHs JUTHS BKIIOYAIOT BBICOKYIO SHEPro&éMKOCTh Mpolec-
ca, MOTPEOHOCTh B 3HAYUTENIBHBIX 00BbEMaX BOJBI U BOZMOXKHOCTh 00pa30BaHUs OTIIOKEHUH Ha MeMOpaHax,
4TO CHUXKAET 3(P(PEeKTUBHOCTH. DTO €TaeT €ro SKOHOMUYECKH HEBBITOAHBIM ISl JOOBIUM JIUTUS U3 PACCOJIOB
C HU3KUMU KoHIeHTpauusMu. Kommepueckue memOpansl HaHouiubTpauuu (Desal 5 DL, Desal DK, Desal
DL-2540 [Sun u np., 2015: 210-217], DK 1812 u NF 90 [Somrani u ap., 2015: 210-217] He cnocoGHBI cripa-
BUTBCSI C BBICOKMM cooTHomeHuem Mg+ /Li+. Jlyumas cucrema npojaeMoHCTpupoBaia 85 % pasneneHue
Li+ nag Mg*+.

CeneKTUBHBIN AMIEKTPOIMAIN3 — 3TO HOBBIN 3JIEKTPOMEMOpPaHHBIH MpoLecc, B KOTOPOM BMECTO O0bIY-
HBIX HMOHOOOMEHHBIX MEMOpaH MCIIOJb3YIOTCSI MOHOBAJICHTHBIE CEJIEKTHBHBIE HMOHOOOMEHHBbIE MeMOpa-
Hel [Lambert u ap., 2006: 219-225]. CeneKTUBHBIN AJIEKTPOAUATN3 UCIIONb30BAJICS A7 u3BneueHus Lit+ u3
COJISIHOTO pacTBOpa (BbICOKOe cooTHoIeHne Mg2+ /Li+ ) 1 MOpckoii Bobl 61aroaapsi ero npeBoCX0IHOU Mpo-
HUIIAEMOCTH JUIsl MOHOBAJICHTHBIX HOHOB M BBICOKOMY YJI€p’KaHMIO MHOTOBAJICHTHBIX HOHOB, a TaKkke OoJee
HU3KUM TpeOOBaHUM K ITpeBapUTeIbHON 00paboTKe.

B pa6ore [Sifani Zavahir u ap., 2021: 114883] BblAeneHbI TPU OCHOBHBIE KJIaCCU(UKALIUN COBPEMEH-
HBIX AJIEKTPOXUMHUECKHUX CHUCTEM 3axXBaTa JIUTH: HICKTPOIUAIN3 KaK MPOLECC Ha OCHOBE IEKTpoMeMOpa-
HbI, EMKOCTHAs ICMOHU3AIHs KaK MPOLECC ¢ UCIOIb30BaHUEM MEMOPAHbI U aKKyMYJIITOPOB, U 3JIEKTPOXUMU-
YEeCKH MEepeKII0YaeMblii HOHHbBIM OOMEH Kak MpoLecc Ha OCHOBE akKyMynaTopoB. [Toka3aHo, 4TO eMKOCTHas
JIeMOHM3alNs TPeOyeT CaMbIX BBICOKMX KalUTaIbHbIX BIOXKEHUH [0 CPABHEHMIO C HIIEKTPOIUAIN30M U CHCTe-
MBI BOCCTAHOBJICHHSI C 3JIEKTPOXMMHUYECKUM MEPEKIIOUEHNEM HOHOOOMEHHBIX 31eKTpooB. 46,7 % uccneno-



BaHHBIX CHCTEM 3JICKTPOAMAIN3a HaXOAATCs Ha ypoBHE TRL 6. TeXHOIOTHsI BOCCTAHOBJICHUS C IEKTPOXH-
MUYECKUM MEPEKII0YeHHEM HOHOOOMEHHBIX AJIEKTPOJIOB SIBIIETCS Haubosee YHHUBEPCATbHOW U MPOCTOM B
HACTPOMKE U DKCILTyaTalluH, OHAKO OONBITMHCTBO OMMCAHHBIX MPOIIECCOB OTHOCATCS K ypoBHAM TRL 5 (72
%), TRL 6 (5 %) u TRL 7 (5 %).

MemOpaHHbIe METO/IbI 00ECTIEYUBAIOT BBICOKYIO CENIEKTUBHOCTh U MPOU3BOAUTEILHOCTD U3BICUCHUS
JUTHS KaK U3 paCTBOPOB C MHOTOBAJICHTHBIMH KaTHOHaMU (TakuMHu Kak Ca’+u Mg*+; Co*+, Ni*+ u Mn*+), Tak
U U3 PacTBOPOB, COAEPKAIIUX OAHOBaTIeHTHbIe KaTOHBI (Nat+ u K+).

Kputnueckum pu3nko-xMMHUYECKUM MapaMeTPOM, BIUSIONIMM Ha KOMMEPIHAIN3AIUIO U TIPOU3BOI-
CTBO MTPOMBIIIUICHHOTO KapOOoHaTa JINTHS, SIBISICTCS coiepyKanue uTus B paccone [Knapik u ap., 2023: 6628].

bnuzkue pa3mMepsl HOHHBIX paJnycoB 00yCIOBIMBAIOT KOHKYPEHTHYI0 copouuio Li+ u Mg+, mostomy
KOHIICHTpAIIHs MATHUS SBJISIETCS CEPhE3HBIM TEXHOJIOTHUYECKUM MPETSITCTBHEM, OCOOCHHO MTPH COOTHOLICHUH
Mg?*+/Li+ > 40 [Jiang u ap., 2025: 123372]. Monbl HaTpus, Kalblus, XJIOPUI-, CyTbdar-, cyabdua- u kapoo-
HAT-aHUOHBI, a TAKXKE MPOIYKTHl KOPPO3UU U OCAKICHHBIE COJM XOTh U SIBISIOTCS MIPOOIEMOiA, MOTYT OBITH
yIaJeHbl B X0Jie MpeaBapuTeIbHON 00paboTku 1 nocneayromieil punsrpanuu. Ocodboro BHUMaHUs TpeOyeT
TUICHKA U3 IUCTIEPTUPOBAHHBIX YITIEBOJOPO/IOB.

Hano ormetuTs, uto koHIeHTpaus Li + B Hanbonee mpuBIeKaTeNIbHBIX ¢ KOMMEPYECKONH MO3UIIUU
reoTepMaibHbIX Tepputopusix EBpomnsl cocrapnsier ot 125 1o 480 mr/a [Sanjuan u np., 2022: 102385].

Tabnuua 4. CpaBHeHue 3(hpeKTUBHOCTH OCHOBHBIX METOJIOB MpsiIMOTO u3BjIedeHus Li+ B maboparop-
HBIX YCIIOBUSIX HA MPUPOIHBIX U MOJeNbHBIX pacTBopax [Olukayode Fatoki u mp., 2026: 133; Qutlimurotova
u ap., 2026: 103540; Yang u np., 2024: 103540: 309-321; Knapik u np., 2023:6628; Alera u ap., 2024: 52]

Meron Pexomenny- Marepuaiisl IToxa3arenu usBne- IIpeumymecrsa OrpaHuueHus MeToga
eMoe coziep- YeHUs MeToza
skanue Li+
B paccoie,
MI/7T
Ancopbuus >100 MnO: - xH20, curta Ha Emkocts: 20-50 Bricokas cellekTHuB- CHinxeHne copOIm-
OCHOBE MapraHiia ¥ | MI/T; CTerneHb U3BJe- | HOCTb IO OTHOIICHHIO OHHOI1 ClIOCOOHOCTH,
TUTaHAa, OKCU[IBI, JIETH- gyenust 20-80 %. K MoHam Li + npu BBICOKAsi CTOUMOCTh
poBaHHbIe Al, KomIIO- HHU3KHMX KOHLIEHTpa- | copOeHTa, BOCTIPUUMYH-
3UTHI, MOTU(UIPO- usix Li +, sxosoruuy- BOCTb K IIPUMECSIM
BaHHbIE TIOJIUMEpaMu HOCTb, BO3MOXKHOCTb
aBTOMATU3ALNU
DKCTpaKIHs 300 - 7000 | dochopopranuueckue | CremeHs u3BIeUe- Bricokas cenexTus- [IpenBapurensHast
pactBopuTe- pearentsl, Cyanex uus 90-97 %, s HOCTb OYHCTKA paccona OT
nemM 272, xpayH-2QUpPHL, CBIPBSI C KOHLICHTPA- MpUMeceii; Aerpaianus
HOHHBIE JKUJIKOCTH LUeH TUTHS HIXKE PacTBOPHTEIS; KOPPO3HS
100—-150 mr/n gacto 0o0opynoBaHHs, 3arpsi3-
TpebyeTcs mpesiBa- HEHHUE OKpY’Karomeit
pHUTETbHAS KOHIICH- cpernsl
Tpamus
MewmbpaHHOe 50 -500 Hanodwmsrpanms, KoadpunmenTsr BosmoxxHOCTS IIpsI- DHEeproeMKoCTh MpoLec-
paszeneHue JIEKTPOIHATIN3 paznenenus Li/Mg > | moro mpon3BozacTaa ca, BBICOKHE KalUTallb-
600; creneHp u3BIeC- LiOH, monynbHast HBIE 1 HKCILTyaTalluOH-
yeHus 70-95 %; MacITabupyeMocThb HBIE PacXO/Ibl
Wounnprii >50 Meramiocenek- Crenenb u3Bneuenus | [IpumeHuMOCTb 1s Huzkas ckopocTh
oOMeH THUB-HBIE CMOJIbI, 95-98 % B cpemax ¢ | pacTBOPOB C HU3KUM | peakiuu, BHICOKAsi CTOM-
Seplite LI-10A, Seplite | BbICOKHM comepika- COJIEpYKAaHUEM JIUTUSL | MOCTh CMOJI, HEOOXOIH-
LI-10A Plus HUEM MEIIA0INX MOCTbB B JIOTIOJIHUTEb-
MOHOB (KaJIbLus 1 HBIX CTaHsIX OYUCTKU
MarHus)

C y4eTom aHanM3a BBIIIEPUBEACHHBIX IAHHBIX HU3KOE COMIep KaHue TUTHUs (0T 7 10 55 Mr/m) B ucce-
JIOBaHHBIX Ka3aXCTaHCKUX T'MIPOMUHEPATbHBIX HCTOUHMKAX 3amagnoro Kasaxcrana u Ke3sumopauHckoit 00-
JIACTH Jake MPU MaKCUMaJIbHBIX 00beMax J0OBIYM TAaKUX BOJ HE MMO3BOJIAIOT AaTh ONTUMUCTHYHBIE IPOTHO3bI
00 YKOHOMHUYECKOM 11€71€CO00Pa3HOCTH MPOU3BOJICTBA JINTUEBBIX POTYKTOB.

O630pHBIC padoThI [Alera u ap., 2024: 52; Murphy u ap., 2022: 1008680] cymecTByOMHUX MPOIIECCOB
u3BnedeHus Li u3 consHbIX 03€ep MOKa3aliu, YTO TaKHe MPOIIECChl, KaK HCIapUTeIbHbIE PE3ePByaphl U aJcop-



OLMsI, yKEe JOCTUIIM CTAINK KOMMEPIHAIN3alU1, a OONBIIMHCTBO OMMCAHHBIX METOIOB M3BICUCHHS JTUTHS
U3 COJIEBBIX PACTBOPOB BCE €IIe HAXOAATCS Ha PAHHUX CTAIUAX Pa3paOOTKH M HE MOIYYHIA KOMMEPUECKOTO
pacnpoCTpaHEeHHUS.

OTMeueHbl UccIeoBaTeIbCKue Mpooesbl B METOIax U TexHoNmorusax usnedenus autus [Olukayode
Fatoki u np., 2026: 133]: orMedeHa MOTPeOHOCTh B HOBBIX JINTUH-CEIIEKTUBHBIX COPOCHTAX, BEICOKOI(PPek-
TUBHBIX U JIOJITOBEYHBIX HMOHOOOMEHHBIX CMOJIaX, OMTUMHU3AIMU AIIEKTPOJHBIX MAaTEPHUATIOB, B OI[CHKE BIIHU-
SIHUS TIPOIIECCa M3BJICUEHUS JTUTHS Ha OKPYKAIOIIYIO CPely B TEUEHHE BCETrO KU3HEHHOTO IIUKJIA, BKIIOYAs
noTpebaeHNe BObI, SHEPTUHU, YTUIU3AIUIO MMOOOYHBIX MPOIYKTOB, TAK)KE B COBEPIICHCTBOBAHUS METOIOB
aHaJIM3a COCTaBa Paccoiia B PeKUME PEAIbHOTO BPEMEHH, MOHUTOPUHTA 3(h()EKTUBHOCTH IKCTPAKLIUU U 00-
Hapy>KEHUs TPUMECEH.

BriBoOaBI.

Kak crnemyeT 3 mpoBeCHHOTO aHAIN3a, U3BICUCHHUE TUTHS U3 BOIHBIX PACTBOPOB C HU3KOM KOHIICH-
Tpamueu TUTust 10 55 MIr/I1, BBICOKUM Oy THBIM MPUCYTCTBHEM HOHOB MarHusi B COOTHOIIIEHUH K HOHAM JTU-
Tus ot 24,8 1o 6onee 400 XOTh U TEXHUYECKU BOSMOKHO, YACTO HE SBIISETCS SKOHOMUYECKH 11€7€CO00pa3HBIM
13-32 BBICOKOM CTOMMOCTH U CIIOKHOCTH TpoIiecca. Tak, BOIHO-COJIEBBIE PACTBOPBI C HU3KOH KOHIIEHTpaIlHe
TUTHS TPEOYIOT 3HAYUTEIBHBIX 3aTpaT Ha U3BJICUCHHE HEOOIBIIOTO KOJTUYECTBA JIUTHS, MHOTOCTYTIEHYaTOCTH
mpolecca, TaKUuX Kak afcopOIus, SKCTPAKIUs WU AIIEKTPOANANIN3, YTO YBEITUYUBAET CTOMMOCTh U CIIOXK-
HOCTh MPOU3BOJCTBA. {151 pa30aBIeHHBIX PACTBOPOB TpeOyeTCsl NOMOIHUTEIBFHOE KOHIICHTPUPOBAHUE, YTO
3HAYUTEIILHO HUBEIHPYET YIIEPOAHYIO HEHTPaTbHOCTH BCETO Mpoliecca.

[Tpouiecc u3BICUEHUS TUTHS U3 BOIHBIX PACTBOPOB MOXKET MPUBECTU K 0OPa30BAHUIO OTXOJOB U 3a-
TPA3HEHHUIO OKpYKarolen cpeabl. Takke BBICOKAsh CTOMMOCTh M HHU3Kas TEXHOJOTHYHOCTh B COYETAHUHU C
COOTBETCTBYIOLIUMH IKOJIOTHIECKUMU MPOOJIEMaMU JIETa0T OOIBIIMHCTBO HOBBIX SKCTPAreHTOB C PACTBOPH-
TEJISIMU HETIPUTOIHBIMHU ISl OOJBIIIMHCTBA MTPUPOTHBIX PACCOIIOB.

PaccMoTpenHbie B JTaHHON pabOTe METOBI U TEXHOJIOTHH JEMOHCTPHUPYIOT ONPEICTICHHBIN MOTEHIIUAT
U OTHOCHUTEIBHYIO IEHHOCTh PAa3IMUHbIX UCTOUHUKOB JIUTHS U, BEPOSTHO, JUISI OTYyYEHUSI KOHKYPEHTOCIIO-
COOHOM JTMTHEBOW MPOMYKIIMU M3 Ka3aXCTaHCKOTO THIPOMUHEPAIBLHOTO ChIpbsS HEOOXOAMMBI Oosiee ycoBep-
IICHCTBOBAHHBIC ITOAXOIBI.

Pa3BuTHe U onTUMM3AIKs TEXHOJOTHA, HOBbIE MaTepHalibl MOTYT MPUBECTU K Oojiee YCTOWYMBOU U
3¢ deKTUBHON AOOBIYE TUTHS, HEOOXOIUMOTO JIJIsl TPOU3BOACTBA Li-HOHHBIX aKKyMYJIITOPOB U JPYTUX MPO-
TYKTOB.

REFERENCES

Absametov M.K., Boyarko G.Yu., Dutova E.M., Bolsunovskaya L.M., Itemen N.M., Chensizbaev D.B. (2024). Lithium potential of
the mineral resource base of the Republic of Kazakhstan // News of Tomsk Polytechnic University, Georesource Engineering, V. 335. No 7. Pp.
141-154 https://doi.org/10.18799/24131830/2024/7/4674[in Russ.].

Alera A.C., Benitez J.P., Fernandez R.J., Pascual C.K., Policarpio F., Lopez E.C. (2024). Recent advances in lithium extraction //
Engineering Proceedings. 67(1). 52. https://doi.org/10.3390/engproc2024067052. [in Eng.]

Amrita Kumari Jha, Manis Kumar Jha, Anjan Kumari, Sushanta Kumar Sahu, Vinay Kumar, Banshi Dhar Pandey. (2013). Selective
separation and recovery of cobalt from leach liquor of discarded Li-ion batteries using thiophosphinic extractant // Separation and Purification
Technology. 104. 160-166. https://doi.org/10.1016/j.seppur.2012.11.024. [in Eng.]

Bogiang Lin, Jiangnan Li (2026). Spot price fluctuations of battery-grade lithium carbonate and supply chain disruptions: The survival
game of new energy enterprises // Renewable Energy. Vol. 262. 125372. https://doi.org/10.1016/j.renene.2026.125372 [in Eng.]

Chenglong Shi, Yan Jing , Yongzhong Jia (2016). Solvent extraction of lithium ions by tri-n-butyl phosphate using a room temperature
ionic liquid // Journal of Molecular Liquids. 215. 640-646. https://doi.org/10.1016/j.molliq.2016.01.025. [in Eng.]

Inimfon A., Udoetok 1., Karoyo Abdalla H., Emmanuel E.U., Edidiong D.A. (2024). Granulation of lithium-ion sieves using biopolymers:
A review // Polymers. 16(11). 1520. https://doi.org/10.3390/polym16111520. [in Eng.]

Choubey P.K., Chung K.S., Kim M.Seuk , Lee J.Chun , Srivastava R.R. (2017). Advance review on the exploitation of the prominent
energy-storage element Lithium. Part II: from sea water and spent lithium ion batteries (LIBs) // Miner. Eng. 110. Pp. 104-121. https://doi.
org/10.1016/j.mineng.2017.04.008. [in Eng.]

Mian-ping Zheng, En-yuan Xing, Xue-fei Zhang, Ming-ming Li, Dong Che, Ling-zhong Bu, Jia-huan Han, Chuan-yong Ye. (2023).
Classification and mineralization of global lithium deposits and lithium extraction technologies for exogenetic lithium deposits// China Geology.
Vol. 6. Iss. 4. Pp. 547-566, https://doi.org/10.31035/cg2023061[in Eng.]

Flexer V., Baspineiro C.F., Galli C.I. (2018). Lithium recovery from brines: a vital raw material for green energies with a potential
environmental impact in its mining and processing // Sci. Total Environ., 639. 1188-1204. https://doi.org/10.1016/j.scitotenv.2018.05.223. [in Eng.]

Jiang C., Bai S., Li J., Wang M., Zhou Y.; Hou, Y. (2025). Crown Ether-Functionalized Nanofiltration Membranes with High Ions
Selectivity for Li+/Mg2+ Separation// J. Membr. Sci. Vol. 714. 123372. https://doi.org/10.1016/j.memsci.2024.123372 [in Eng.]

Karshyga Z., Yersaiynova A., Yessengaziyev A., Orynbayev B., Kvyatkovskaya M., Silachyov I. (2023). Synthesis of manganese oxide
sorbent for the extraction of lithium from hydromineral raw materials // Materials. 16(24). 7548. https://doi.org/10.3390/ma16247548. [in Eng.]

Karshigina Z.B., Bochevskaya E.G., Abisheva Z.S., Akcil A.U., Kan S.M. (2019). Sorption methods of processing of hydromineral
lithium raw material of Kazakhstan // News of the National Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical
Sciences. 4(436). 172—-180. https://doi.org/10.32014/2019.2518-170X.112. [in Eng.]



AKALEMUSACHI

KmS., KimJ.,Kim S.,LeeJ., YoonJ. (2018). Electrochemical lithtum recovery and organic pollutant removal from industrial wastewater
of a battery recycling plant // Environ. Sci. Technol. Lett., Ne4. https://doi.org/10.1039/c7ew00454k. [in Eng.]

Knapik E., Rotko G., Marszatek M. (2023). Recovery of lithium from oilfield brines—Current achievements and future perspectives: A
mini review // Energies. 16. 6628. https://doi.org/10.3390/en16186628. [in Eng.]

Labert J., Avila-Rodriguez M., Durand G., Rakib M. (2006). Separation of sodium ions from trivalent chromium by electrodialysis using
monovalent cation selective membranes // Journal of Membrane Science. 280. 219-225. https://doi.org/10.1016/j.memsci.2006.01.021. [in Eng.]

Murphy O., Haji M.N. (2022). A review of technologies for direct lithium extraction from low Li+ concentration aqueous solutions //
Frontiers in Chemical Engineering. 4. 1008680. https://doi.org/10.3389/fceng.2022.1008680. [in Eng.]

Murtazin E.Zh., Adenova D K., Tazhiev S.R. (2025). Hydrogeochemical features of the formation of lithium-bearing brines of the Shu-
Sarysu depression // Izdenister, Natizheler — Research, Results. 3 (107). 464-472. https://doi.org/10.37884/3-2025/44. [in Russ.].

Nathanial J. Cooper, Boreum Lee, Sohum K. Patel, Li Wang, Paul Westerhoff, Menachem Elimelech. (2025). Viability assessment of
lithium recovery from unconventional saline water sources // Desalination. 614. 119156. https://doi.org/10.1016/j.desal.2025.119156. [in Eng.]

Olukayode Fatoki, Santosh Kumar Parupelli, Manpreet Kaur, Alex Mathew, Amir Rehmat, Salil Desai (2026). Review of Direct Lithium
Extraction Methods: Recent Advances and Outlook // Batteries. 12(4). 133. https://doi.org/10.3390/batteries12040133 [in Eng.]

Quinby-Hunt M.S., Turehian K.K. (1983). Distribution of elements in seawater / EOS, Trans.Am.Geophys Union. 64. 130. https://doi.
org/10.1029/E00641014p00130. [in Eng.]

QiuY., Ruan H., Tang C., YaoL., Shen J., Sotto A. (2019). Study on recovering high-concentration lithium salt from lithium-containing
wastewater using a hybrid reverse osmosis (RO)—electrodialysis (ED) process // ACS Sustain. Chem. Eng., 7. 13481-13490. https://doi.org/10.1021/
acssuschemeng.9b03108. [in Eng.]

Qutlimurotova N., Akhmedova U., Tuyeva O., Yakhshiyeva Z., Ashirov M., Razzokovf J., Abyzbekova G. (2026). Efficient extraction of
lithium ions from brine: A sustainable approach // Results in Chemistry. Vol. 28. 103540. https://doi.org/10.1016/j.rechem.2026.103540 [in Eng.]

Sanjuan B., Gourcerol B., Millot R., Rettenmaier D., Jeandel E., Rombaut A. (2022). Lithium-rich geothermal brines in Europe: An up-
date about geochemical characteristics and implications for potential Li resources // Geothermics 101. 102385. 10.1016/j.geothermics.2022.102385
[in Eng.]

Sifani Zavahir, Tasneem Elmakki, Mona Gulied, Zubair Ahmad, Leena Al-Sulaiti, Ho Kyong Shon, Yuan Chen, Hyunwoong Park, Bill
Batchelor, Dong Suk Han. (2021). A review on lithium recovery using electrochemical capturing systems // Desalination. 500. 114883. https://doi.
org/10.1016/j.desal.2020.114883. [in Eng.]

Somrani A., Hamzaoui A., Pontie M. (2013). Study on lithium separation from salt lake brines by nanofiltration (NF) and low pressure
reverse osmosis (LPRO). Desalination. 317. 184—192. https://doi.org/10.1016/j.desal.2013.03.009 [in Eng.]

Stringfellow W.T., Dobson P.F. (2021). Technology for the recovery of lithium from geothermal brines / Energies 14. 6805. https://doi.
org/10.3390/en14206805 [in Eng.]

Sun S.Y., Cai L.-J., Nie X.Y., Song X., Yu J.G. (2015). Separation of magnesium and lithium from brine using a desal nanofiltration
membrane J. Water Process. Eng. 7. 210-217. https://doi.org/10.1016/j.jwpe.2015.06.012 [in Eng.]

Swain B. (2017) Recovery and recycling of lithium: A review //Sep. Purif. Technol. 172. 388-403. https://doi.org/10.1016/j.
seppur.2016.08.031 [in Eng.]

Xifan Li, Xin Li, Guijing Chen, Hui Li, Yi Duan, Yu Sun, Alberto Tiraferri, Baicang Liu. (2025). Efficient recovery of lithium from spent
lithium-ion battery raffinate by Mn and Al-based adsorbents: pretreatment, adsorption mechanism, and performance comparison // Separation and
Purification Technology. 354. 1. 128652. https://doi.org/10.1016/j.seppur.2024.128652. [in Eng.]

Yang S., Wang Y., Pan H., He P., Zhou H. (2024). Lithium Extraction from Low-Quality Brines. // Nature. 636. 309-321. https://doi.
org/10.1038/s41586-024-08117-1 [in Eng.]

Yu D., Xiaotian Zh., Jing S., Shumin W., Zhongwei Zh., Wenhua X., Guoxing R., Yongli L., Dongfu L. (2025). Porous manganese-based
ion sieve for sustainable lithium extraction from brine: High-efficiency adsorption and rapid kinetics // Desalination. 614. 119168. https://doi.
org/10.1016/j.desal.2025.119168 [in Eng.]

HypmyxamoeroBa BaxbsiT McaxanoBHAa — pa3paboTKa KOHIICIIIUN, HHTEPIIPETAIINS PE3YIIbTaTOB, IOATOTOBKA M PEAAKTUPOBAHKE TCK-
cra.

Mypra3zun Epmex JKaMmuToBUY — Hay4dHOE PYKOBOJACTBO U PEJAKTUPOBAHUE TEKCTA.

Ta:xueB CyiaraH PbICHHA30BHY — NPOBE/ICHUE MOJIEBBIX HCCIICI0BAHUI, 00pab0TKa IMOTYYCHHBIX IKCIICPUMEHTAIBHBIX JTAHHBIX.
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Abstract. Well water is widely used as a primary source of drinking water in rural and remote
settlements. However, the quality of such water often does not meet sanitary and hygienic standards due to
the presence of dissolved iron, manganese, nitrates, and microbiological contaminants. In this regard, the
application of effective technologies for sanitary purification is required to ensure the safety of well water
for human consumption. The aim of this study is to evaluate the effectiveness of technologies for the sanitary
treatment of well water using physicochemical methods. The research analyzes modern approaches to
groundwater treatment and considers the possibilities of their application for improving the quality of well
water. Particular attention is paid to such methods as coagulation, filtration, and adsorption, which allow the
removal of suspended solids, dissolved impurities, and organic contaminants. The results of the analysis show
that the efficiency of water treatment technologies depends on the nature and concentration of pollutants as
well as on the specific conditions of the treatment process. The combined use of physicochemical methods
significantly reduces the concentration of contaminants and improves the sanitary quality of water. The study
concludes that the application of integrated treatment technologies can effectively improve the quality of well
water and ensure its compliance with drinking water safety requirements. The obtained results may be used in
the development of local water treatment systems for rural settlements and individual water supply sources. In
addition, the study revealed that the applied technologies are economically efficient and accessible for use in
rural areas. The proposed methods make it possible to organize local water treatment systems and contribute
to solving the problem of providing the population with safe drinking water.
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AnHoTanus. Ky/IbIK cynapsl aybUIIBIK KOHE IIAJIFail el MEeKeH Iep/e aybl3 CyMeH KaMTaMachl3 eTy-
JIH HEri3r1 Ke3aepiniH Oipi Oonbin TabbuTaabel. ANaiiia MyHIAH CyabIH canachkl kKo0iHECe CAaHUTAPIIBIK-THTU-
SHAJIBIK TajarTapra coiikec Kenmeiini, ce0edi OHbIH KypaMbIHIa TeMip, Mapratell, HUTparTap CUSKThI epireH
KOCBIIBICTAp KOHE MUKPOOUOJIOTHSIIBIK JIacTarbITap Ke3neceai. Ocbiran OaiaHbICThI KY/IBIK CYbIH Kayimci3
naijanany YIiIiH OHbI THIMJII CAHUTAPIIBIK Ta3apTy TEXHOJIOTHSUIAPBIH KOJAAHY KaKEeT. 3epTTeyaiH MaKCaThI
— KYIBIK CYBIH (PM3HKa-XUMUSIIBIK 9/IICTEP apKbUIbl CAHUTAPIBIK Ta3apTy TEXHOJOTHSUIAPBIHBIH THIMALIITIH
Oaranay. 3epTTey OAapbICBIH/A KEPACThI CYTapblH Ta3apTyAblH 3aMaHayd TACUIIEpP] TaJJaHbII, OJapAbIH KY-
JIBIK CYBIHBIH CaIlaChIH ’KaKcapTy/aa KOJIAaHy MYMKIHIIKTepl KapacThIPbUIABL. Ocipece Koarysus, Cy3y )KoHe
azicopOLMs SIICTEPiHIH JacTayIIbl 3aTTap/bl, €pireH KOCHanap/bl )KoHE OPraHUKAJBIK 3aTTapbl KOIJAFbI
TUIMAUTITIHE epeKIle Ha3ap ayJapbUiibl. 3epTTey HOTHXKENEpl Cy Ta3apTy TEeXHOJOTHSIAPBIHBIH THIMILIIr]
JacTaylibl 3aTTapAblH TaOUFaTbIHA, OJApAbIH KOHIIEHTPALMSACHIHA JKOHE KOJIJAHBUIATBIH QMIICTEPAIH €peK-
HIeNiKTepiHe OalIaHbICThl €KeHIH KOpceTTi. PU3NKa-XUMUSIIBIK 9ICTEeP/Il KeIIeH Al TYpAe KOIJIaHy CYIbIH
KYpaMBIHJaFbl 3USH/BI 3aTTap/blH MOJILIEPiH alTapiabIKTail a3alThiN, OHBIH CAaHUTAPJBIK KOPCETKIIITEepiH
KaKcapTyFa MYMKIHAIK Oeperi. 3epTTey KOPBIThIHIBICHI OOWBIHIIA KYBIK CYbIH Ta3apTyIblH O1piKTipiIreH
TEXHOJIOTHSIAPbIH KOJJIAaHY OHBIH CalachlH apTTHIPYFa jKQHE aybl3 Cy KAyiICi3Ziri TajxanTapblHa COMKecTi-
IiH KaMTaMachbl3 eTyre MyMKIHAIK OepeTiHl aHBIKTaIAbl. AJBIHFAH HOTHXKEJIEp aybUIIBIK €N MEeKeHAep/e-
Il )KepruTIKTI Cy TazapTy >KyHenepiH JambITy[a KOJAaHbUTybl MyMKiH. COHBIMEH Karap 3epTTey OapbIChIHIa
KOJIZIAaHBUIFaH TEXHOJIOTUSUIAP/IbIH aybUIABIK alMaKTap >KarJaiblH1a SKOHOMUKAIBIK TYPFBIIAH THIMAL )KOHE
naiiianany >karbIHaH KOJDKETIMJII €KeH1 aHbIKTaJ/bl. ¥ CHIHBUIFAH OMICTEp MKEPIUTIKTI JACHrele MarbiH Ccy
Tazapry Kylenepin yibIMAACTBIPYFa MYMKIHIIK Oepe/ii )koHe XaJIbIKThI Kayilci3 aybl3 CyMEH KaMTaMachl3 €Ty
MOCEJIECIH MICITYTe BIKIA eTe/Ii.
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Anevic. Asmopnap zepmmey HCYMbICHIHA KONOAY KOPCEMKeH apinmecmepine JHcoHe 3epmXAHANbIK
manoay KHcypeisyee Komekmecken mamanoapaa anevic 6i10ipedi. Convimen Kamap zepmme)y 0ApvlCbiHOA KY-
ObIK CYbIHbIY YA2INEPIH anyea MYMKIHOIK dcacazan Akmobe obavicwl Anza ayoanvl MapaxcanOynax ayvliviHblH
MYPELIHOAPLIHA PU3AUUBLILIKIMAPLIH OI10Ipeoi.
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AnHoTtanus. Kosoje3Hast Boja IIMPOKO UCIIONIB3YETCs B CEIbCKUX U OTIAIEHHBIX HACEIEHHBIX MYH-
KTaX B KaueCTBE OCHOBHOTO MCTOYHHMKA MHUTHEBOTO BOpOCHAOKeHHs. OHAKO KAYeCTBO TAKOW BOJbI YaCTO
HE COOTBETCTBYET CAHUTAPHO-TMTHCHUYCCKUM TPEOOBAHUSAM HM3-32 IPUCYTCTBUS PACTBOPEHHBIX COCTUHECHUI
’KeJe3a, MapraHila, HUTPaTOB U MHUKPOOUOJIOTHUECKUX 3arps3HeHUi. B CBs3M ¢ 3TMM BO3HHMKAeT HEOOXOHU-
MOCTb MPUMEHEHUS FPPEKTUBHBIX TEXHOJIIOTUI CAHUTAPHON OYUCTKH BObBI, OOCCIIeUrBaONUX e€ Oe3omac-
HOCTB Jyis ToTpeOnenus. Llenbio uccienoBanus sBisieTcs olieHKa 3()(HEKTUBHOCTH TEXHOIOTUI CAaHUTAPHOMN
OYHCTKU KOJIOJIE3HOM BOJIBI C MCIIOIb30BAHUEM (PH3HKO-XUMHUYECKUX METO/IOB. B pabore nmpoBenéH ananms
COBPEMEHHBIX METOJIOB OYMCTKHU MOJI3EMHBIX BOJl U PACCMOTPEHBI BO3MOKHOCTHA MX MPUMEHCHHUS JUTSI YITyd-
IIICHUS Kau4eCTBa KOJI0Ie3HO!M Boibl. Oc000€ BHUMaHKE YACICHO TAKUM METO/IaM, KaK Koaryssius, QuibTpa-
UL ¥ aJIcCOPOIIUsi, KOTOPhIC MO3BOJISIOT YIAJIATh B3BEIICHHBIC BEIIECTBA, PACTBOPEHHBIC NMPUMECH U Opra-
HUYECKHE 3arpsi3HeHUs. Pe3ysIbraThl aHAIN3a MOKa3aid, 4T0 d3PGEKTUBHOCTh TEXHOJIOTHIA OUUCTKU 3aBUCUT
OT COCTaBa M KOHIICHTPAIMH 3arPsI3HSIONINX BEIIECTB, a TAK)KE OT YCIOBHI MPUMEHEHUS METOIOB OYUCTKH.
KomruiekcHOe HCIosb30BaHue (HU3NKO-XUMUYECKUX METOJIOB CIIOCOOCTBYET 3HAYMTEIIBHOMY CHIKEHHIO CO-
JIepIKaHUs 3arPS3HAIONIMX BEIISCTB M YIYYIICHUIO CAHUTAPHBIX MOKa3arenel Bojbl. B xome ucciaeqoBaHus
YCTaHOBIICHO, YTO MPUMCHEHNE KOMOMHUPOBAHHBIX TEXHOJIOTHI OYMCTKU TIO3BOJISET MOBBICUTH KAY€CTBO KO-
JIOIC3HOM BOJIBI M 00ECTICUNTh €€ COOTBETCTBUE TPEOOBAHHUSIM OE30MaCHOCTH MUTHEBOW BOJBI. [loyueHHbIE
Pe3yJIbTaThl MOTYT OBITH HCIIOJIL30BAHBI MPU pa3pabOTKe JIOKAIBHBIX CUCTEM BOJOMOATOTOBKH ISl CEITbCKHX
HACENIEHHBIX MyHKTOB U MHIUBUIyaJIbHBIX HCTOYHUKOB BOJOCHaOXeHus1. Kpome Toro, B X0/1e MCCIIeI0BaHuUs
YCTAHOBJICHO, YTO TIPUMEHSIEMbIC TEXHOJIOTHHU SBJISFOTCS SKOHOMHUYECKU 3(P(PEKTUBHBIMU M JOCTYITHBIMHU JIJIS
MCIIOJIb30BaHMsI B YCIIOBHUSAX CEIBCKUX TeppUTOpuit. [IpeioskeHHbIE METO/IbI TIO3BOJISIFOT OPraHU30BaTh JIO-
KaJIbHBIC CHCTEMbI OUHUCTKH BOJBI U CIIOCOOCTBYIOT PELICHHIO TPOOJIEeMbI 0OecIieueHHs HaceaeHus Oe3omac-
HOU MMUTHEBOW BOJOM.

KarwueBble c10Ba: KoJI0/1€3HAs BOJIA, OUUCTKA BOJIbI, (PU3UKO-XUMHUUECKHE METO/IbI, KOATYIISIUS, /-
copOIusi, Ka4eCTBO MUTHEBOM BOJIBI, [TOJI3EMHbBIC BOJIBI

Jas uutupoBanus: Tanrupoeprenoa A.C., Kamuesa K.E., Kanap III.K., XKakynosa XK.3. (2026).
Db dexTHBHOCTh (PUINKO-XMMHUECKIX METOJOB YITydYIIeHUs KoIoje3HOu Bombl // Research, results — I3-
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KoH(uIuKT HHTEepecoB: aBTOPHI 3asIBISAIOT 00 OTCYTCTBUU KOH(IMKTa HHTEPECOB.

bnazooapnocme. Aemopul vipasicaiom 61a200apHOCMb NPeOCmasumensim MecmHo20 HaceleHus cena
Mapocanbynax Aneunckoeo paiiona AkmroOuHCKol obracmu 3a cooelicmsue 8 NPOBeOeHuUU UCCIe008amelb-
CKoU pabomwl U CNeYUuaIucmam, OKa3asuum n000epi CKy 8 NpogedeHUl 1aO0pamopHo20 AHAIU3A.

QDunancuposanue: ucciedo8anue 8bINOIHEHO 3 Cuem JUUHbIX CPeOCmE asmopos.

Kipicne.

Kazipri yakpITTa aypl3 Cy KayilCi3Iiri SKOJOTHSUIIBIK KOHE CAHUTAPJBIK TYPFBIJAH MaHBI3IbI MOCce-
nenepain 6ipi 60mbI TaObUIAIbI. Ocipece aybUIIbIK aliMaKTap/a XaJbIKThIH €10yip O6Jiri opTaabIKTaHIbI-
pBUIFaH CyMEH aOJIbIKTAy KYHECiHE KOJI KETKI3e ajaMal, KYJbIK CYbIH HET13I1 aybl3 Cy KO3l peTiH/Ie Mmaiiia-
naHaabl. Kyablk cynapsl TaOUFH T€OJIOTUSIIBIK Ka0aTTap apKblIbl CY3UINeHIMEH, OJapIblH KYpaMbIH/Ia TYpIl
XUMHUSUIBIK JKOHE OMOJIOTUSIIBIK JIACTAYIIBI 3aTTap IbIH OOTYBI kK11 Ke3aecel. Aybll HIapyalblUIbIFbIHIA MUHE-
paNJIbIK THIHAUTKBIIITAPBIH KEHIHEH KOJIAAHbUTYbI, TYPMBICTBIK KaJABIKTapIbIH TOIBIPAKKa CiHY1, COHJIal-aK
Kep acThl CYJIapbIHbIH TaOUFU MUHEPAJIBIK KYPAMBIHBIH €pPEKIICNIIKTEepl Cy calachblHbIH TOMEHJIEYIHE dcep
eteni. HoTmxkecinne KYIbIK CylapblHbIH KYpaMbIHIa HUTpATTap, TEMIip, MapraHell, aMMOHUI HOHJAPbI KOHE
OpPraHUKAJIBIK KOCBUIBICTAP CHUSKTHI KOMIIOHCHTTEPAIH MOJIIepl apThil, Oy aybl3 Cy KayilCI3IiriHe Kayir
TeHAIpYyl MyMKiH. COHABIKTaH KYABIK CybIH CAaHUTAPJIbIK-TUTUEHAJBIK TajanTapra colKec NEHIenre *eTkKi-
3y YIIIH THIMA1 Ta3apTy TEXHOJOTHUIAPbIH KOMAAHY KaKETTLUIIr TybIHIaNHabl. COHFBI KbULIAPHI aybI3 CYIIbI
TazapTy Moceliecl FRIIBIMH 3epTTeYNepe KeHIHEH KapacThIPbUIBIIN Kenei, ce0ell camalibl aybl3 Cy aJlaMHBIH
JieHCayJIbIFbIH CaKTay/la, WHGEKIMUIIBIK aypyaapblH ajblH aly[a jKOHE KaJlIMbl eMip CalachlH apTThIpyaa
merrymni pen arkapansl [ Tlesh, 2025; Novikova, 2017; Hummedov, 2020].

Kep acTbl cynapblHBIH JacTaHy Maceseci aIeMIIK JeHIelie MaHbI3/Ibl SKOJIOTUSIIBIK Mpoliemanap-
IeIH O1pi petinae KapacTeipeuiasl [Akhmedov, 2019; Ivanov, 2020]. Kenreren 3eprreynep ep acThl cyJa-
PBIHBIH KYpaMBbIHJIa TEMIp, MapraHell, HUTpaTTap, ayblp METaJIap *KoHe SpPTYPJli OpraHUKaJIbIK KOChUIbICTap-
JIBIH KE3/IECETIHIH KopceTeai. MyHaal JacTayblIapablH MeJIIEpl pyKcaT eTUINeH IIeKTI KOHIIEHTpaIusaaH
achIN KEeTKEH JKaF/al/ia Cy/bl TIKeJIeH Maiaiany ajiaM JeHcCayJIbIFbIHA alTapiIbIKTal Kayir TeHaipeai. M-
cajbl, HUTPATTAP/bIH >KOFaphl MeJIIEepl METreMOIIOOMHEMHUsI CUSKThI aypyJaap/blH maiijna OonybiHa cebern
00JIyBl MYMKIH, aJ1 TEMip MEH MapraHelTiH apThIK MOJIIIEp] CY/IbIH JOMi MEH TYCIHIH ©3repyiHe OKeIiN, OHbIH
CaHUTapJbIK canacklH ToMeHaeTeni. OcpiraH O0alIaHbICTBI JKEp acThl CyJapbIHBIH CaNachlH KaKcapTy YIIH
Cy Ta3apTy TEXHOJIOTHSIAPBIH JKETUAIPY KOHE OJapJbIH THUIMILIITIH FRUIBIMU TYPFbIIaH Oarajiay epeKiie
©3CKTLIIKKE He.

CoHFBI FBUIBIMH 3€PTTEYJIEP KYIBIK CYBIH Ta3apTyna (GU3UKAJIBIK-XUMUSUIBIK OJIICTEPAIH THIMJIUIIT
KOFapbl €KeHIH KepceTeni. MyHaail ojicTepre Koaryisuus, aacopOIus, a’pauus, cy3y *KoHE MOH aiMacy
mporuecTepi kataabl. bysl TeXxHONOTHUsIap CyIbIH KYPaMbIHIAFbl €pIreH XUMUSIIBIK KOCBUIBICTAP bl a3aiThII,
OHBIH CAaHUTAPJIBIK KAyIMCI3IIriH KaMTaMachl3 eTyre MyMKiHaiK O6epemi. CoHbIMeH KaTtap (hU3UKaIbIK-XUMH-
SUTBIK TOCUIZIEP CAJIBICTBIPMAJIbl TYPJIe KaparaibiM KYPBUIFBLIAPIBI KOJJIaHyFa MYMKIHIIK OEpeTiHIIKTEH,
oJlap/ibl aybUIIBIK aiiMaKTap/a nainanany THiMIai 60 caHanabl. Ockl 3epTTey KYJBIK CYbIH Ta3apTy TeX-
HOJIOTHSUTAPBIHBIH THIMIUTITIH FRUTBIMU TYPFBIJIAH Tajaayra OarsiTTanrad [Al-Hashimi, 2019].

3epTTey HbICaHbI PeTiHe KY/IbIK CYBIHBIH CAHUTAPIIBIK carachl KapacThIpblLIca, 3epTTey MoH1 PETIHIE
(bU3HUKAIBIK-XUMHUSIIBIK 9JIICTEP apKbUIbI CyAbl Ta3apTy MPOLIECTEP] aIbIH/bI.

JKyMBICTBIH HET13T1 MakcaThl — KYJBIK CYbIH (PU3UKATBIK-XUMHUSUIBIK 9/IICTEPMEH CAHUTAPIIBIK Ta3ap-
Ty TEXHOJIOTHSUTAPBIHBIH THIMJIUIITIH aHBIKTAY JKOHE OJIAPJbIH MPAKTUKAIBIK KOJJIaHY MYMKIHIIKTEPIH TaJl-
nay. OCbl MaKcaTKa eTy YIIH FhUIBIMU dJIeOMETTEpre Taiaay Kyprizy, GU3UKaIbIK-XUMHSIIBIK 9/IICTEPIIH
EPEKIICTIKTEPIH KapacThIPy JKOHE OJIapJIbIH CY calachlHa 9cepiH Oaranay MiHAETTepl KapacThIpbuabl [Rubel,
2021; Sombe, 2022].

MarepuaJizap MeH 3epTTey daicTepi.

3epTTey OapbIChIHIA HET13r1 HBICAH PETIH/E aybUIIAbIK aliMaKTap/a MaianaHbulaThlH KYIBIK CyJapbl
KapacThIPbUIABL. 3epTTey MaTepuaibl peTiHAe KYAbIK CYbIHbIH (PU3UKAIBIK KOHE XUMUSIIBIK KOPCETKIIITEP],
ararn aTKaHJa CyAblH TYCl, JAWIbUIBIFBI, TEMIpP, MapraHel, HUTPaTTap sKOHE OpraHUKaIbIK KOCHUIBICTAP IBIH
MeJILIepl Typajibl IepeKTep MaiJalanbulIbl. ATallFaH KOPCETKIIITEP Cy CalachlHbIH CAaHUTAPIBIK JKaFIalbIH
Oararayaa MaHbI3/Ibl HHIUKATOPIIAp OOJIBIN TaObLIa/IbI.



3epTTey oaicTeMeci OipHelle FhUIBIMU ToCUIAepre Heri3aemnal. ANAbIMEH FhUIBIMU 9/1e0HeTTep Il Taj-
Jay 9Mici KOJMMaHBUIABL. Byl o/1ic apKbUTBI Cy Ta3apTy TEXHOJIOTHSIIAphl OOMBIHINIA OTAHJIBIK JKOHE MIETENIIK
FBUIBIMU €HOEKTEp KapacThIPbUIbII, OJIap/IbIH HITHXKeNepl Kyienenaipiial. COHbIMEH KaTrap CalbICThIPMAJIb
TaJaay 9AiCi KOJIAHBUIBII, OpTYPIl (HU3UKA-XUMUSIIBIK 9MICTePAiH THIMAUTITT Oaramanabl. Tangay OapbIChIH-
Jla KOAryJsiusi, a’dpans, Cy3y >KOHE ajacopOIus oMICTEPIHIH Cy KYpaMbIHIAFBI JIACTAYIIIBI 3aTTapIbl KOO
neHreii kapacTeipbuiasl [Shrestha, 2020].

3eprTey OaphIChIHIA TOKIPUOCTIK MOJETBACY TICUT 16 mangamaHblIABl. byl TOCcUT KYIBIK CYbIH Ta-
3apTy MPOIIECIH 3ePTXaHAIBIK JKaF1ai1a MoeNbaeyTre MyMKIHAIK O6epai. Toxipudenep Axrode o0nbIchl AnFa
aynanbsl MapskaHOyJ1aK aybUIbIHAH aJIbIHFAH CY YITLIepl HET131H e KYpri3uial. Opbip Toxipube yu per Kaii-
TaJIaHbII, AIBIHFAH HOTHKEIIEP/IIH OpTallia MOHI €CEnTeN/Il.

CynplH KypaMbIHAAFBl TEMIp/l a3aliTy MaKCaThIHIIA a’palusl KOHE MEXaHUKAIBIK CY3y OICTEpiHIH
trimMautiri 3eprrenai. CoHBIMEH KaTtap aacopOUMsIIBIK CY3Tiep apKbLIbl HUTPATTAP MEH OPTraHUKAIBIK KO-
CBUIBICTAP IbIH KOHIIEHTPAUSICHIHBIH ToMeH eyl Tannanasl [ Grzegorzek, 2018].

Koarymsiiust nporecinae peareHt petinae amtoMuHuil cynb@arbl (Alx(SOa4)s) KongaHbLUIAbI, OHBIH J0-
3acel 40—60 mr/n apanbirbiHAa 60161, Koarymsius npoiecidid THIMAUIITIH apTThIpy YIIiH cyabiH pH MoHi
6,5—7,5 neHreiinae yCTauibl, ajl apanacTelpy yakbIThl 10—15 MUHYTTHI Kypaibl.

AncopOuumst mporiecinae aacopOeHT petinae oencenaipinren kemip (BAY-A mapkacer) maiigaianpui-
nbl. Cy3y KbULIaMIBIFBI 5—7 M/caF Kypaibl. AACOPOLHUSIIBIK CYy3riiep HUTPATTap MEH OPTaHUKAJIBIK KOCHLIbI-
CTap/Ibl )KOI0Ia KOJMIAHBUIIKL. 3epTTeyae aacopomus (KaTTel (azamga CiHipy) Ipolieci maiaaaaHbuIIb.

AJTBIHFaH HOTHOKEIIEP/Il OHJ1ey OaphIChIH/Ia CTATUCTUKANBIK TaJIay 9AICTepl KOJIaHbUIIbL. by omicTep
Cy camachl KOPCETKIMTEPiHIH 03repy JMHAMUKACHIH aHbIKTayFa MyMKIHAIK Oepai. HoTmwkenepain ceHimaimi-
T'H apTThIPY MaKCaThIHA OPTYPIl Ta3apTy 9ICTEPiHIH KOPCETKIMITEP! CaTbICTHIPHUIBIIN, OJIAPIAbIH THIMILIIT
MaNbI3/IbIK KOPCETKIIITEP apKbUIbI OaraslaH/Ibl.

Ocpl oaicTeMeniK TocuAep KYAbIK CYbIH (DU3HKA-XUMUSIIBIK 9JIICTEP apKbLIbl Ta3apTy TEXHOIOTHsLIa-
PBIHBIH CAaHUTAPJIBIK TUIMAUTIITIH KeIIeH 1 Typ/ie 6aranayra MyMKIHAIK Oepi.

3epTTey HITHKEJIEPi.

JKyprizinren 3eprrey 6apbIChiHIA KYJBIK CYybIH Ta3apTy TEXHOJIOTUSIAPIHBIH THIMAUIIT TOXIpHOeTiK
JiepeKTep Heri3inae OaranaHibl. 3epTTey HOTHXKeNepl PU3NKa-XUMUSIIBIK 9JIICTEP/IIH JKEP acThl CyJapbIHbIH
camachlH JKaKcapTy/a Korapbl THIMITIKKE e eKeHIH KOPCETTI.

Cy TazapTy mpoueciHiH THIMAUIH Oarayay YIUiH Ta3apTy TUIMIUTIT K03()(UIHMEHT] KOJIJaHbLIIbI.
Tazapty Tuimainiri (1) dopmyna GoibIHIIIA €CenTeNIl.

Co—C
1009
c * % 0

E =

MYHJa:
E — razaprty tuimainiri, %;
Co — nacTay1sl 3aTThIH 0acTaInKbl KOHLIIEHTPALUACHI, MI/JI;
C — TazapTyaaH KeliHr1 KOHIIEHTPAIHSIChI, MI/I.

byn ¢opmyna cy Tazapty omicTepiHiH THIMIUIIH CaHIBIK TYpFbIIaH Oarajayra MYMKIHJIIK Oepeni
[Paul, 2023; Zhang, 2021].

3eprrey )KymbIcTapbl AKTe0e 00ibIChl AnFa aynanbl Map)kaHOYIIaK aybUIBIHAAFBI KYBIK CY KO37epiH-
JI€ KYPri3iii. AJIFamkbl Ke3eH 1€ Cy/IbIH OacTankbl (PU3MKa-XUMUSIIBIK Kypambl 3epTXaHaJIbIK TaJ1ay apKbLIbI
aHbIKTaNbl. HoTHOKENEep KopceTKeH iel, Cy KypaMbIHIaFbl KeOip KOpCeTKIIITep aybl3 CyFa KOMbUIATBIH ca-
HUTAPJIBIK HOpMaJap/iaH >KOrapbl OOJIIbI.

KyabIK CybIHBIH (DPU3MKa-XUMUSIIBIK KOPCETKIIITEPIHIH e3repici 1-kecTene KopceTiireH.

Kecte 1. KyabIK CybIHBIH (PU3MKa-XUMUSIIBIK KOPCETKIIITEPIHIH 03repyi

Kepcerkim bacrankel Mmoni | TazaprynaH keitin CaHuTapiblK HOpMa
Temip, mr/n 1,2 0,3 0,3
Hurparrap, mMr/n 60 20 45
JIalineUIBIK, MI/JI 20 5 10




Kectene kepceruirenaen, Gpu3nKa-XuMHIIBIK 9JIICTEPAl KOJIJIAHY HOTHXKECIH/IE CYIbIH KYPaMbIHaFbl
JacTaymIbl 3aTTap/blH MeJIIEep] allTapiIbIKTail TOMEHIETeH.

Koarynsmus sxoHe MEXaHMKAJIBIK CYy3y 9JICTEpiH KOJAaHy apKblIbl TeMip KOHLEHTpauuscsl 1,2 mr/i-
nen 0,3 mr/a-re neifin Temenaeni. by kepceTkill aybl3 CyFa KOHBUIATBIH CAaHUTAPIIBIK TajanTapra CoMKec
kenezi. COHbIMEH Karap aJcopOLMSsUIBIK CY3TUIepAl KOJAaHy HOTUXKECIHE HUTPATTapIblH KOHLEHTPALUCHI
60 mr/n-nen 20 mr/a-re neifin azaiinel. Hutparrap/as! sxor0 KaTThel (azaga ciHipyre Heri3ieiareH aacopOrus
IIPOIIECi apKBLIbI )KY3ere achIpblUIbl. O1e0u aepekrepre colikec oencenipiiared kemip (BAY-A) nurparrap-
JIbl THIM/II CIHIPETIH afAcOpOeHTTepAIH Oipi OOJIBIN TaObLIAIbI.
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Onaey Kezennepi

Cyp. 1. KyIbIK CybIHIAFBI TEMIP KOHE HUTPATTAp KOHLEHTPALMACBIHBIH Ta3apTyFa AeiiHri xoHe KeiiHri e3repici
(n =3, oprama MoH + G).

[Fig. 1. Changes in iron and nitrate concentrations in well water before and after treatment (n = 3, mean value + o)].

['paduxre KyABIK CybIHAAFBI TEMIP MEH HUTPATTAPABIH KOHIICHTPALMSACHIHBIH Ta3apTyFa JIeHIHT1 )KOHE
KEeWIHT1 MOHJIEP1 CANIBICTBIPMAJIbI TYPAEC KOPCETIITEeH. X 0Cl OHJeY Ke3eHIepiH (0acTankpl )KoHE Ta3apTyldaH
KEWiHT1 )kaFjai), ad Y oCi 3epTTeITreH KOPCETKIMTEPAIH KOHIICHTPAIMSICHIH (MT/J1) CUITaTTalIbl. OpoOip MoH
YII peT KalTaJaHFaH TOXIpUOeIep/IiH opTalia HOTWKEC] peTiHae OepiireH.

l-cyperTeH KepiHin TypraHJal, KOJIJaHBUIFaH (U3HKA-XUMHSUIBIK OICTEp HOTHIKECIHAE TeMip MEH
HUTPATTAP/bIH KOHIECHTPALUACHI alTapibIKTall TOMEHIeTeH. byl KepceTKimTep Koarymsius, cy3y KoHe aJl-
copOLus 9miCTepiHiH THIMAUTITIH monenaeiai. Koarymsmus xoHe cy3y oficTepi Temip MeJIepiH a3alTyaa
KOFaphl HOTHXKE KOpceTce, aJCOPOLMSIIBIK CY3TUIep HUTPATTap MEH OPraHUKAJIbIK KOCBUIBICTap/bl KOKOAa
TUIM1 OOJIBIIT TaObLUIAIBI.

3eprrey HOTHXKENepl HU3MKA-XUMUSUIBIK SIICTEP/Al KEIIEH I TYp/Ae KOJJIaHy KYJBIK CYBIHBIH CaHH-
TapJIbIK KOPCETKIIITEPIH >KaKCapThIN, OHbI TYPMBICTBHIK JKOHE aybl3 Cy MaKcaTbIHAa Kaylllci3 maiijanaHyra
MYMKIHAIK OepeTiHiH kepceTTi. MyHal TeXHONIOTUsIap aybUIAbIK aiMaKTap/ia KojaaaHyFa Kojaiibl, ce0eoi
OJIap/IbIH KYPBUIBIMBI KaparaibIM KoHE CalIbICTBIPMaJIbl TYPAE a3 SHEPrus Tauar eTell.

TaakpLiay.

Cy TazapTy TeXHOJIOTHUIAPBIH KOJJIaHy Ka3ipri jkKarjaaija TeK CAaHUTApJIbIK KayilcCi3IIKTI KaMTama-
CBI3 €TY/IH KYpaJjbl FaHa €eMeC, COHBIMEH KaTap SKOJIOTHSUIBIK TYPAKThUIBIKTBI CAKTAY/IbIH MaHbI3/IbI 3JIEMEHTI
00JbIIT TaOBLTA/IBI. OCIpece aybUIIBIK ailMaKTapaa TYPFeIHIAP KOOIHECe KYIBIK HeMece OYJIaK CyJapblH Mmaii-
JlaJTaHATBIHJIBIKTAH, OJIAp/IbIH CalachlH TYPAKThl OaKbLIay KOHE THIMJI Ta3apTy 9MICTEPiH KOJJAaHYy epeKIe
MaHpbI3Fa ue. KyJIbIK CybIH THIM/II Ta3apTy TaOUFH Cy peCypCTapblH YTHIM/IBI Maii1ajlaHyFa MyMKIHIIK Oepei,
OMTKEHI JKep acThbl CyJaphbl Y3aK YaKbIT 00ibl KaJbINTACATHIH CTPATETUSIIBIK SKOJOTUSIIBIK pecypc OOJIbII Ta-
ObLIAIEL.



JKYPr13UITeH 3epTTey HOTIKEIEeP! PU3NKa-XUMUSIIBIK 9JIICTEP/1H KYIbIK CYbIHBIH CallaChlH jKaKCcapTy-
J1a KOFapbl THIMIUTIK KepceTeTiHiH Aanenaeni. Koarymsius, cy3y skoHe aicopOIus CUIKTBI 9JIICTEP/Ii KellleH-
I TYpAE KOJNJaHy cy KypaMbIHAAFbl XUMUSUIBIK >KOHE MEXaHUKAaJBIK JIaCTaylIblIap/blH KOHIIEHTPAIMSICHIH
aifTapibikTaii TeMenaeteni. Koarymsmus nporeci ycak KOJUIOMATHIK OeIIIeKTepAl ipl arperarrapra Oipik-
Tipin, oJapAbIH TYHIBIPY apKbUIbl cydaH OeliHyiHe MYMKIHAIK Oepeni. Cy3y o/ici MEXaHUKAIBIK OeJIeK-
Tep/ii YCTam KaJIbIM, CYIbIH MOJIIPIITiH apTThIpaabl. Al aAcopOLUs 9/1ici epireH XUMHUSUIBIK KOCBUIBICTAp MEH
OpraHMKAIbIK 3aTTapAbl CIHIPY apKbUIbI CY/IbIH XUMUSUIIBIK KYPaMbIH TYPaKTaHABIPAIbI.

3epTTey HOTIKEJepiH Tanaay OapbiChiHAa (PU3UKA-XUMUSIIBIK 9/iCTEP Il KelIeH Il TYp/Ae KOIAaHy Ta-
3apTy TUIMJIUTITIH apTThIPAThIHBI aHBIKTANIbI. MBbICAIIbI, KOATYISALHUS KOHE CY3Y 9ICTEPiH KOMAAHY apPKLIBI
TeMip KOHIeHTparuschl 1,2 mr/n-aen 0,3 mMr/i-re aeiin ToMeHae i, al aIcCOPOIMSUIBIK CY3TiJIep HUTPAT MOJI-
mepin 60 mr/n-gen 20 mr/n-re Aeiin azaiiTyra MyMKiHJIIK Oep/i. by kepceTkimTep KONIaHbLUIFaH TEXHOJIO-
THSUTapbIH KYJIBIK CYBIHBIH CAHUTAPIIBIK CallachlH jKaKcapTy/aa TUIMII €KeHIH KopCeTe/Il.

CoHBIMEH KaTap OYJI TEXHOJOTHSIAP/IbIH MaHbI3bl apTHIKIIBUIBIKTAPBIHBIH O1pi — OJAp/BIH Caslbl-
CTBIPMAJIBI TYpP/E KapanaibiM >KoHE SKOHOMUKAIBIK TYPFbIIaH THIMAL Oomysl. MyHaail xyienep Kypaemni uH-
(bpaKypbUTBIMIBI HEMECE YIIKeH YHEPreTUKAIBIK IIBIFBIHIAP bl KAKET €TIeN i, COHABIKTaH OJapbl ayblIIbIK
aiimMakTap/a KoJiJjaHy Koiainel 0ombin Tadbinaabl. Ocbutaiiia Gu3nKa-XUMHSIIBIK OAICTePAl KOJAaHY KYIbIK
CYBIHBIH CallachlH YKaKCapThINl KaHa KOWMaii, ayblIIBIK TYPFRIHIAP/IBIH OMIp CamachlH apTThIpyFa JKOHE Xa-
JIBIKTBIH JICHCAYIBIFBIH KOPFayFa bIKIAJ eTe/ll.

ATbIHFaH HOTIKENEpAl 0acka 3epTTeyJIepMEeH CabICThIPY KOPCETKeHIeH, aicopOIus o/ici HUTpaT-
Tapabpl KOIOJA JKOFAphl THIMJAUIIKKE W€ eKeHi Oenriai. Onedu aepekTepiae OCNCeHIIPIITeH KeMip
Herizinae-ri cysrinepaid Hutpartapasl 40-70 % gaeiliH TeMmeHaeTyre KaOineTTi ekeHi kepceTinreH. by
013/11H 3epTTey HOTIKEIEPIMEH ColKec Keme Il )KoHe KOJMIaHbUIFaH 9/IiCTePAIH CEHIMIUTITIH AoNe e Ii.

KopbIThIHABI.

JKypri3ifnreH FpUIBIMU 3€pPTTEY HOTHXKeNEepl KYJBIK CYbIH (PU3UKA-XUMHUSIIBIK 9JIICTEP apKbUIbl CAHU-
TapIIbIK Ta3apTy TEXHOIOTUSIAPHI aybUIIBIK alilMaKTapAaFkl aybl3 Cy CarachlH )KaKcapTyAbIH TUIM/I1, SKOJIOTH-
SITBIK KAyIICi3 yKoHe MPAaKTUKAJIBIK TYPFBIIaH KOJDKETIMAI TocuiaepiHiy Oipi ekeHin kepcerTi. Kasipri Tanaa
QJIEMHIH KONTereH eNjepine, COHbIH imminae KazakcTaHHbIH aybUIIBIK OHIPJIEPIHAE XaIbIKTBIH e19yip 0eiri
OpTaNbIKTaHBIPBIIIFaH CyMEH Ka0AbIKTay jKyHeciHe ToNMbIK KocbuiMarad. OcblHAal sxaFaainapaa TypreIHIap
aybI3 Cy KaXETTUIITH KaMTaMachl3 €Ty YIIiH JKep acThl Cy KO3lepiH, acipece KYAbIK CylapblH KCHIHEH Maii-
nananajbl. Kyasik cynapsl TaOUFH Cy3rijiey mpolectepl apKblibl KaIbIITaCKaHBIMEH, OJIap/IbIH CAaHUTAaPIIBIK
KarJaiibl opIalibIM Tasanka caii 6ona 6epmeiini. XKep acTel cymapbIHBIH KypaMblHa TOTBIPAK KabaTTapblHaH,
ayblJ IIapyallbUIbIFBl KbI3METIHEH, TYPMBICTHIK KaJABIKTap/IaH KoHE TaOUFU T€OXUMUSIIBIK MPOIECTepAcH
OPTYPIl XUMUSITBIK KoHE OMONOTHSIIBIK JacTaylbiap Tycyl MyMkiH. COHBIH canfapblHaH KYJABIK CyIapbIH-
Jla TeMip, HUTpaTTap, MapraHell, aMMOHHUI HOHAAPbI, OPTaHUKAIBIK KOCBUTBICTAP KOHE MUKPOOHOIOTHUSIIBIK
KOMITOHEHTTEP/I1H MOJILIEP] KOFapblIal, aJlaM JeHCAYJbIFbIHA Kayill TOHIAIPEI.

3epTTey OapbIChIHIA aHBIKTANFaHAN, KYABIK CYBIHAAFbl HUTPATTAP/bIH KOFAphl KOHIIEHTPAIHSICHI
aJlaM ar3achlHa Kepi acep eTei, acipece Oananap apachlHa METTeMOITIOOMHEMHsI aypYbIHBIH Maiiia 601ybIHa
cebern 0omybl MyMKiH. COHBIMEH KaTap TeMip MEH MapraHelTiH [IaMaIaH ThIC MOJIIepi CyAbIH AOMiH, HiCiH
OHE TYCIH ©3TepTill, OHBIH TYPMBICTBIK 9p1 aybl3 Cy peTiH/Ae MaiJanaHyFa >KapaMJIbUIbIFbIH TOMEHACTE.
MyHnait skarnaiinap KyJIbIK CyJapblH MIHAETTI TypJe CaHUTAPIBIK Ta3apTydaH OTKi3y[AlH MaHbI3IbUIbIFbIH
kepcereni. OceiFaH OailIaHBICTHI 3€PTTEY AsChIHA KOATYIISIIHS, adpallusi, MEXaHUKaJIbIK CY3y kKoHE a/icopo-
IIUS CUSKTHI (PU3UKA-XUMHSUTBIK 9JTICTEPIIH THIMAUTITT TOXIPUOEIIK TYPFbIIaH OaraiaHIbl.

ATBIHFaH HOTHXKeNep (PU3MKa-XUMUSIIBIK SICTEPIiH KYJBIK CYBIHBIH CallachlH KaKcapTyaa >KOFapbl
TUIMIUTIKKE W€ eKeHiH fonenpaeni. Koarymsmus mpoiieci ycak KOJTOMITBHIK O6JIIeKTep/l ipi arperarrapra
O1piKTipim, oNapAbIH TYHOAFa TyCyiHe MYMKIHIIK Oepai. byt o3 ke3erinae cyablH JTalabUIbIFBIH a3aHThII, Me-
XaHUKAJBIK CY3y Ke3eHIHIH THUIMILIITiH apTThipAbl. Koarynsius 6apbichiHa aIOMUHUN CYIb(aThIH KOIIaHy
CY KYpaMbIHAaFbl KaJIKbIMa OeJIIeKTep/IiH MOJIIIepiH TOMEHIETYre MyMKIH/IK OepAi. AJl aspalius 9JIici cyna
epireH TeMip/iiH TOTBIFY MPOIECIH eI IETIN, OHbl CY3y apKbUIbI OeIlyre jKafaail xacaabl. MexaHuKaIbIK
CY3Y HOTIIKECIHJIE Cy KYpaMbIH/Iarbl KaJKbIMa OeJIIIeKTep MeH TyYHOanap THIM/II TYpAe YCTaNbII KaJ/bl.

Ancopbuust nporiecinae OeiaceHaipiireH kKeMip/i naiijanany HUTpaTTap MEH OpPraHUKaJIbIK KOCBLIbI-
CTap/IbIH MOJILIEPIH a3alTy/a KOFapbl HOTHXKE KopceTTi. bencenaipinaren koMip/iH K€yeKTi KYPhUIbIMBI epi-
TeH XUMUSJIBIK 3aTTap/sl THIM/L TYpe CiHipyre MyMKiHIiK Oepeni. ToxipuOenik HOTHXeNIep OOMbIHIIA HU-
TpaTTap by KOHIEeHTpanuschl 60 mr/in-aeH 20 Mr/i-re Aeitin ToMeHae 1, all TeMipAiH Memmepi 1,2 Mr/n-aeH



0,3 MI/A-T¢ I€H1H a3aijibl. byl KOPCETKIIITEP aybl3 CyFa KOMbUIATHIH CAHUTAPIBIK TallaliTapFa CONKEC KEJe/l
MKOHE KOJIJITAHBLIFaH TEXHOJIOTUsIApAbIH TUIMILTITIH Aamnenaeial. COHbIMEH KaTap CyIbIH JIAWIbLIBIFbI aiiTap-
JIBIKTall TOMEH/IEN, OHbIH OPraHOJICTITUKAJIBIK KacUeTTepl jkakcapAbl. byl TYpFbIHAAPABIH CYAbl TYPMBICTBIK
YKOHE aybI3 Cy MaKCaThIHJIa KayiIlCi3 Mmai1ananyblHa MYMKIHIIK Oepeti.

3epTTey HOTHXKENEPiH Taaay OapbIichkiHAa OipHEeNIe (GU3UKa-XUMUSIIBIK 9/IICTEPAl KeIIeH/ I TYPe KO-
naHy Oip FaHa 9JIICTI MaiIaJaHFaHFa KaparaHa dJJIeKaii1a )KOFapel HOTH)KE OepeTiHl aHbIKTai bl Koarysis-
1K, CY3Y JKOHE afIcOpOIUs MPOIECTEePiHIH ©3apa YHIeCIMIUTIT CyablH (U3HKAIBIK, XUMUSIIBIK KOHE CaHU-
TapJBIK KOPCETKIMTEPIH Oip Me3riiie *)akcapTyFa MyMKIiHAIK Oepei. COHIBIKTaH KYJIBIK CyBbIH Ta3apTyaa
KEUIeH 11 TeXHOJOTHSUIBIK KYHenaep Al KolgaHy aca MaHbI3bl Oosbin TaObuiagsl. MyHIal Tocuiaep Tek Jia-
CTayIlIbl 3aTTap/IbIH MOJIIIEPiH TOMEHICTIN KaHa KOWMaM, Cy carnachblHbIH TYPaKThUIBIFBIH KAMTAMACHI3 €Te/Il.

Ou3uKa-XUMHUSIBIK 91ICTEPIIH MaHBI3Ibl apTHIKIIBUIBIKTAPBIHBIH Oipl — ONapAbIH CalbICTBIPMAIBI
TYpAE KapamailbIM >KoHE SKOHOMUKAJBIK JKaFbIHAH THIM1 O0Mybl. byl TexHojorusuiap Kypaeial UHXKeHep-
JK MHQPAKYPBUIBIMIbI, KBIMOAT >Ka0/IbIKTap/Ibl HEMECE YJIKEH SHEPTusl MIBIFbIHAAPBIH KaxeT eTneii. CoH-
JBIKTaH OJIap/Ibl aybULIIBIK YKOHE [IasiFail aliMakTap/ia KoJ1any eTe Koaiibl. JKepriikri AeHreiiie opHarblia-
TBIH IIaFBIH CYy Ta3apTy JKYHeaepl XaJbIKThl Kayilci3 aybl3 CyMEH KaMTaMachl3 €Tyre MyYMKIHIIK Oepei JKoHe
OPTaJILIKTaH IBIPBUTFaH CYMEH ka0 IbIKTay JKYHeCi KOK eIl MeKeH/Iep YIITiH THIMJ1 IeITiM OOJIBIT caHaIa Ibl.
ConbIMeH KaTap MyHa xyhenepAiH TEXHUKAIBIK KbI3MET KOPCETY1 CalbICThIPMAIIbI TYPAE KEHLI, Oy onap-
IIbl ayBUIABIK YKaFainap/aa naiiananyabl bIHFAIbI eTel.

3epTTey JKYMBICHIHBIH MPAKTUKAJIBIK MaHbI3bl ©T€ )KOFaphl. AJIBIHFAH HOTHKEJIEP aybUIIBIK aliMaKTap-
JIaFbl )KEPTUTIKTI Cy TazapTy KyHeNepiH xkobanay >KoHE KEeTULIipy OapbIChIHAA KOJIAAHBUTYbl MYMKiH. ¥ CHI-
HBUIFAH TEXHOJOTHUSUIAp TYPFBIHAAP/BI KayilCi3 aybl3 CyMEH KaMTaMachl3 €Tyre, Cy apKbLIbl TapajiaTbIH
MHGEKUMSIIBIK aypyJaplblH allIbIH allyFa KOHE XaJblK JACHCAYIBIFBbIH XKaKcapTyFa bIKnai eteni. COHbIMEH
Oipre KYJbIK CYJIapblH THIMJI Ta3apTy TaOUFU Cy pecypcTapblH YTHIMJBI MaiiajgaHyFa >k9HE SKOJOTHSIIBIK
TYPAaKTBUIBIKTHI CaKTayFa MYMKIHIIK 6epeni. by acipece K1MMaTThIH ©3repyi MEH Cy pecypcTaphl TAIIIBUIBIFbI
KarJaiblHa epeKIlIe MaHbI3IbI.

3epTTey HOTHIKENEepl XaJIbIKapablK FEUIBIMUA €HOCKTEP/IE KENTIPUITCH MOJIIMETTEPMEH COMKEC KEIIi.
OJ1ebu aepexTep OOMbIHIIA aacopOIMsUIBIK cy3riiep HuTparTapasl 40—70% apanbIFbiHIa TOMEHICTE aJIajibl.
bi3nin 3eprTey OapbIChIH/IA albIHFAH HOTHKENEP J€ OChl KOPCETKIIITEepre KakbiH 00116l By Konanpuiran
OMICTEP/IIH FHUIBIMU HET13/IUIITH J)KOHE CEHIMILTITIH qonenaeiai. COHbIMEH Kartap 3epTTey OapbIChIHAa KOJ-
JaHBUIFaH TEXHOJOTUSIAP/BbIH aybUIABIK KaFaaiaapra OediMIeNreHi aHbIKTa abl, Oyl olap/IblH MpaKTUKa-
JIBIK KYHJIBUTBIFBIH aPTTHIPA/IbL.

bonamak 3eprreynepie KYIbIK CybIH Ta3apTyAblH KaHa TEXHOJIOTUSIAPbIH 3€PTTey MaHbI3bl OaFbIT-
TapAbIH O1pi 00JIBIN Ta0BLIA B, Ocipece MeMOpaHaIbIK CY3Y, YABTPAKYJITIH 3aJ1aIChI3IaHIbIPY, 030Hay KIHE
OMOJIOTHUSIIBIK Ta3apTy OMICTEPiH (PU3MKA-XUMHSUIBIK TOCUIIEPMEH OIpIKTIPY apKbUIbl Cy CamachlH OfaH opi
xakcapTtyra Oonaabl. COHBIMEH KaTap SpTYpJi TaOMFU-KIMMATTHIK Karfailnapna (Qu3nkKa-XuMUSIIBIK OTi-
CTEPJIiH THIMJIUIITIH CalbICTRIPMAJIBI TYpIE Oarasiay KaKeTTUIIr cakTanaabsl. bys 3epTreynep cy TazapTty Tex-
HOJIOTHSUTAPBIH JKETUIIPYTE JKOHE OJIap/IbIH CAHUTAPIIBIK KAyITCI3IIriH apTThIpyFa MYMKIHIIK Oepeti.

JKanmel anranna, sKypri3uireH 3epTTey KYJIbIK CYbIH (PU3UKa-XUMUSIIBIK OAICTEP apKbUIbI Ta3apTy TeX-
HOJIOTHSUTAPBIHBIH JKOFapbl THIMIIITIKKE M€ €KeHIH IoJeIe/ll. ¥ ChIHbUIFAaH TEXHOJIOTHSIAPIbl aybUIIBIK eIl
MeKeH/Iep/ie KeHIHEeH EHT13y aybl3 Cy CalachlH )KaKcapTyFa, XajblK J€HCAYJIbIFbIH KOPFayFa, Cy apKbUIbI Tapa-
JIAThIH aypyJIapbIH aJ/IbIH allyFa jKoHE TYPaKThl Cy Maiijanany KyieciH KalbIITacThIpyFa MYMKIHIIK Oepe/ti.
ConbiMeH Karap OyJ1 Tociaep KopllaraH OpTaHbl KOpFayFa, )Kep acThl Cy pecypcTapbIH THIM/II alijananyra
YKOHE IKOJIOTHSUIBIK KaYIICi3AIKTI KaMTaMachl3 eTyre biknan eteni. OcbiFan 0aiiaHbICThl (PU3UKA-XUMUSIIBIK
oIICTEP/Il KOJIAHy Ka3ipri 3aMaHFbI Cy Ta3apTy TEXHOJIOTHSIAPBIHBIH MaHbI3bl OaFBITTAPBIHBIH O1pi OOJIBII
caHaJajbl )KoHe OoJaniaKTa o’xapAblH KOJIJaHy ayKbIMbl KEHEHe Tycesi.
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Abstract. Currently, one of the urgent issues in environmental and social terms is the provision of small
settlements with high-quality drinking water. The absence or insufficient development of a centralized water
supply system in many rural areas of Kazakhstan requires the use of simple, reliable and cost-effective water
treatment technologies. One of these technologies is the method of slow sand filtration. The simple structure
of this technology, low energy costs and reliability in use make it possible to use it in small settlements. The
purpose of this work is to study the design features of the installation of a slow sand filter used to provide
drinking water to small settlements, substantiate the methodology of experimental research and analyze the
scientific foundations of the use of quartz sand and natural zeolite as filter materials. In the course of the study,
two experimental installations of a slow sand filter based on quartz sand and natural zeolite were considered.
A layered arrangement of filter materials was formed, and their physico-chemical properties were compared.
In order to prepare the installation for experimental studies, the filter materials were pre-washed and hydraulic
tests were carried out. The analysis of domestic and foreign scientific literature on the use of slow sand filters
in the purification of natural water sources in small settlements is also carried out. As a result of the study, the
structure of the experimental installation of a slow sand filter was described, and it was found that it is ready
for subsequent comparative studies. An analysis of the literature has shown that the use of quartz sand and
natural zeolite as a filter material can improve the physico-chemical and microbiological parameters of water.
The results obtained are aimed at forming a scientific and practical basis for the use of slow sand filters in the
drinking water supply of small settlements and will serve as the basis for subsequent experimental studies.
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AnHoTauus. Ka3ipri TaHja masbH €111 MEKEHAEp/ll canalbl aybl3 CYMEH KaMTaMachl3 €Ty 3KOJO-
THSJIBIK JKQHE QJIEyMETTIK TYPFBIJAH ©3€KTi MacesenepAid 0ipi 6ombin Tabbutagsl. Ka3akcTaHHBIH KeNTereH
aybUIJIBIK allMaKTapbIHAA OPTAIBIKTAHBIPBUIFAH CYMEH jKa0/IbIKTay JKyIHeciHiH O0JIMaybl HEMece KeTKUIIKCI3
JlaMybl KaparnaibIM, CeHIM/I1 )KOHE YKOHOMUKAJIBIK KaFbIHAH THIM/II Cy Ta3apTy TEXHOJIOTHSUIAPbIH KOJIAAHYAbI
tanan ereni. OChIHAAN TEXHOIOTHIIAPAbIH Oipi — 6asty KyMbl cy3y o/ici. bysl TeXHOIOTHsHBIH KapanailbiM
KYPBUIBIMBI, SHEPIHs LIBIFBIHBIHBIH TOMEH/IIT JKOHE MaljalaHy CEHIMALIIIN OHbI IIAFbIH €JI/1l MEKeHAep/e
KOJIZJaHyFa MYMKIHIK Oepeai. Ocbl dKYMBICTBIH MaKcaThl — IIAFBIH €111 MEKEHEP/ll aybl3 CYMEH KaMTaMachl3
eTyzie KOJIAaHbUIAThIH 0asty KYMbI CY3T'1l KOHJIBIPFBICBIHBIH KYPBUIBIM/IBIK €PEKILETIKTEPIH CUMATTay, TIXKIpHU-
Oeik 3epTTey 9MIICTEMECIH HETI3/Iey JKOHEe KBapl] KYMbl MEH TaOMFU LIEOJUTTI CY3rl Marepuasiapbl peTinie
KOJIZIAaHY/IbIH FBUIBIMU HET13/1epiH Tanaay. 3epTrey OapbIChIHIA KBApI] KYMbl MEH TaOUFU LIEOJIUT HET131HAET]
eKi ToxKipuOesnik 6asty KyMIbI Cy3ri KOHABIPFBICH KapacThIpbULIbl. Cy3ri MaTepuaiapbiHblH KaOaTThIK OpHa-
JIacybl KaJIbIITACTBIPBUIBII, OJIAp/bIH (PU3UKA-XUMUSIIBIK KACHETTEP1 CalbICThIPbULABL. KOHIBIPFBIHBI TOXKIPH-
Oenik 3epTTeynepre ailblHIay MakcaTblHAA CY3rl MaTepualiapbl ajliblH aja >KybUIbIH, I'MIPaBIMKAIBIK
chiHaKTap Kyprizunai. CoHbIMeH Katap 0asy KyM/bl CY3riiep/ii IaFbIH el MeKeHAepAiH TaOuFu cy Ke3/1epiH
TazapTy/Aa KojaHy Macesenepi O0bIHIIA OTaH IbIK XKOHE IIETENIIK FhUIBIMU 9/1e0UeTTepre Tanaay sKacalbl.
3epTTey HOTMKECIHEe TOKIPUOEIiK 6asty KYMABI CY3T'1 KOHIBIPFBICHIHBIH KYPbUIBIMbI CUIIATTAJIbII, OHBIH KeH-
1HT1 CaJIBICTBIPMAJIBI 3€PTTEYJEp KYPrizyre AalblH €KeHIIr aHbIKTAJAbl. OaeOueTTepai Tanay KBapl KyMbl
MeH TaOuFU LIEOTUTTIH CY3ll MaTepuabl PeTiHAE KOJIIAHbLTYhI CyAbIH (PU3NKA-XUMUSIIBIK KOHE MUKPOOHO-
JIOTHSUTBIK KOPCETKILITEPiH JKaKcapTyFa MYMKIHAIK OepeTiHiH KepceTTi. AJbIHFaH HOTHXKeJep Oasy KyMabl
CY3riiep/ii IaFbIH el MeKeHJepAl aybl3 CyMEH KaMTaMachl3 €Ty/e KOJaHY/AbIH FUIBIMU-TXKIPUOETIK He-
T'i31H KaJIBINTACTBIPyFa OAaFBITTANIFAH KOHE KeHIHT1 TOXIpUOEIiK 3epTTeyaepAl *Kyprizyre Heri3 6oiapl.

Tyiiin ce3mep: Oasty KyMabl Cy3ri, aybI3 cy, IIaFbIH €Nl MEeKeH, Ouokadar, schmutzdecke, kBapiy
KYMBI, LIEOJTUT
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AHHoTauus. B HacTosimee BpeMsi OAHUM U3 aKTyaJIbHBIX BOIIPOCOB B 3KOJOTMUECKOM M COLIMATIbLHOM
IUIaHe SBJIsIETCs 0OeclieueHNe MaJlbIX HaCeJICHHbBIX ITyHKTOB Ka4€CTBEHHON MUTHEBOM BOJONW. OTCYTCTBHE WU
HEJIOCTaTOYHOE Pa3BUTHE LIEHTPAIU30BAHHONW CHCTEMBbl BOJOCHA0KEHUSI BO MHOTUX CelIbCKUX paiioHax Ka-
3axcTaHa TpeOyeT MPUMEHEHUs MPOCTHIX, HA/IEKHBIX U SIKOHOMHUYECKU 3()(HEKTUBHBIX TEXHOJIOIMHA OUHUCTKU
BOJbl. OIHOM M3 TAKUX TEXHOJIOTHI SIBIISIETCSl METOJ| MeJUIeHHOU (unbTpaiuu necka. [Ipoctas crpykrypa
3TOI TEXHOJIOTUH, HU3KUE 3aTPaThl SHEPTHUH U HAJIC)KHOCTh MO3BOJISIFOT MCIIOIL30BATh €€ B HEOOIbIINX Ha-
CeJIeHHBIX MyHKTaX. Lleapto JaHHOM paboThl SIBIAETCS M3yYyeHHE KOHCTPYKTUBHBIX OCOOCHHOCTEH YCTaHOB-
KH MEJUIEHHOTO MECOYHOro (MIIBTPa, UCHOIb3YEeMOro i 00ecreueHusl MUTheBOI BOJON HEOOIbIINX Hace-
JICHHBIX IIYHKTOB, 00OCHOBaHHE METOIUKU HKCIIEPUMEHTATIBHOTO HUCCIIECAOBAHMS U aHAJIN3 HAyYHBIX OCHOB
HCIIOJIb30BaHMsI KBAapIIEBOTO MECKa U MPHUPOJHOIO LEOIUTa B KauecTBe (DUIBTPYIOIIMX MarepuaioB. B xone
UCCIIeIOBaHUs ObLIIM PACCMOTPEHBI JIBE 3KCIIEPUMEHTAIbHbIE YCTAHOBKU MEJIEHHOTO MECOYHOTo (PUIIbTpa
Ha OCHOBE KBapIIEBOI'0 MecKa U MPUPOAHOTO 1eoauta. PopMUpOBaIOCh CIOUCTOE PACTIONIOKEHUE PUIIBTPY-
IOLIMX MaTepuasoB, CPAaBHUBAINCH UX (DU3MKO-XMUMUYeckhe cBoiicTBa. C IesIbl0 MOJrOTOBKH YCTAHOBKH K
HKCIIEPUMEHTAIBHBIM HCCIEI0BAHUAM (MIBTPOBAJIbHBIE MAaT€pPHAJIbl NPEIBAPUTEIIEHO TPOMBIBAIIMCH, MPO-
BOJWJINCH TUPABIMYECKUE UCTIBITaHUA. Takke NMpoBeIeH aHajJu3 OTEUECTBEHHON M 3apyOeXHOH HaydHOMH
JUTEPATyphl 110 BOIPOCAM IPUMEHEHUS MEAJICHHBIX ITeCYaHbIX (PUIBTPOB MPU OUYUCTKE NPUPOJHBIX HCTOUHH-
KOB BOJIbI HEOOJIBIINX HACEJICHHBIX ITyHKTOB. B pe3ynprare uccinenoBanus Oblja OMUCaHa CTPYKTypa dKcIie-
PUMEHTAIBHOM YCTaHOBKU MEJJIEHHOTO ECOYHOT0 (huibTpa, U ObI0 0OHAPYKEHO, YTO OHA FOTOBA K MOCE-
JYIOLUM CPAaBHUTENIBHBIM MCCIIEOBAaHUSAM. AHAJIN3 JIUTEPATyphl MOKa3all, YTO MCIOJIb30BAHUE KBAPLIEBOIO
NIECKa U MPUPOTHOTO LEOIUTA B KAYeCTBE (PUIIBTPYIOLIETO MaTepralia MO3BOJISET YIyqIIUTh (PU3UKO-XUMUYe-
CKHE U MUKPOOHOJIOrMYecKue mokaszaresnu Boabl. IlomydyeHHble pe3ynbTaTel HanpaBieHbl Ha (OPMUPOBAaHHUE
HAy4YHO-IIPAKTUYECKOM OCHOBBI IPUMEHEHUSI MEAJICHHBIX MI€CYaHbIX (PMIIBTPOB B MUTHEBOM BOAOCHAOKEHUHU
MaJIbIX HACEJICHHBIX IyHKTOB M MOCIYXaT OCHOBOW Ul NMPOBEACHUS MOCIEAYIOMNX 3KCIEPUMEHTAIBHBIX
UCCIIEIOBAHUH.

KaroueBble ci10Ba: MeUIeHHBIN NecyaHblil pUIbTp, MUThEBask BOAA, MaJIblii HACENEHHBIH MTyHKT, OH1O-
joruyeckas miéHka, schmutzdecke, kBapiieBblil mecox, LEOTUT

Jis nurupoBanus: Tiem /[.O., XanxaOait b. (2026). [Ipumenenne MeieHHON necuaHol (uibTpa-
1IUH JUIs1 00ecredeHnsl MUThEeBOM BOJION MaJIbIX HAaceJIeHHBIX TyHKTOB // Research, results — [3nenicrep, HoTH-
xenep — MccnenoBanus, pesynsrarsl. Vol. 28. Is. 4. Number 112. Pp. 200-207. https://doi.org/10.37884/4-
2026/16 [In Kaz.]

KoH}umKT HHTepecoB: aBTOPHI 3asBIIAIOT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.

Kipicme.

AybI3 CyMeH Kayillci3 KaMTaMachl3 €Ty — XaJbIKThIH JICHCAYIBIFBIH CAKTAy MEH OMip CYpy camachbiH
apTTBIPYABIH HETi3T1 akTopaapbiHbIH Oipi. KazakcTangarel KONTEreH MIaFrblH €111 MeKeHep/ie OpTalbIKTaH-
JBIPBUTFAH CYMEH Ka0bIKTay Kyienepi TONbIK JaMbIMaraH HeMece MYJie KOK. MyH/ail e MekeHaepaiH
TYPFBIHIAPHI HET131HEH Kep acThl CyJlapbl, KYJIbIKTap, OyJIaKTap *oHe allblK TAOUFH Cy KO3JEepiH NnaiaanaHa-
Ibl. Anaiiia OyJ1 cy Ke3AepiHiH canachl Kb ME3TUTiHE, THAPOIOTHSIIBIK KaFJaiiiapra >KoHe aHTPOMOTEH/IIK
oceprepre 6aiIaHBICTHI TYPAKChI3 00T Keseni. HoTuxkecinae cyblH TailIbUIbIFbI, OPTaHUKAIIBIK 3aTTaP IbIH
MeJIIIepi )KOHEe MUKPOOHOIOTHSIIBIK JTACTaHy JICHT €l apThII, TYPFBIHIAP/IbI Calalibl aybl3 CyMEH KaMTaMachl3
eTy Moceneci TysiHaaiasl [Sultakhan sxone 1.0., 2025].

[arpiH eni MeKeHepe 3aMaHayH Cy Ta3apTy CTAHIUSUIAPBIH Cally JKOHE MaiiianaHy Kell JKaraaiaa
JKOFapbl KapKbUIBIK IBIFBIHAAP/BI, TYPAKTHI DJIEKTP YHEPTHUACHIH JKOHE OUTIKTI TEXHUKAJBIK KbI3MET Kepce-
Tyai tanan eteni. COHABIKTaH MyHAal aiiMakTap YIIiH KapamaibIM KypbUIBIMIBI, TaiianaHy IbIFbIHIAPbI
TOMEH, PHEPTHUSHBI a3 KAXKET €TETIH KOHE CEHIMJI KYMBIC ICTEHUTIH Cy Ta3apTy TEXHOJOTHUSIIAPBIH KOJAaHY
03€eKT1 00JIbI Ta0bLTA b

OcpiHgal TeXHOMOTUSTIAPIBIH Oipl — Oasy KyMIbl cy3y ofici. basy Kymbl cysriiep Gpusmkanbik cy3y
NPOIIECIMEH KaTap OMONOTUSIBIK Ta3apTy Mexanumaepine Herizaeneai. Cysri KabaTbIHbIH KOFapFbl OOJIiriH-
JIe KaJbllTacaTblH OMONOTUSIBIK Oercen i Kabar (schmutzdecke) matorenai MUKpoopraHuzMaepAi, KalKbiMa
OeJIIeKTep/ii XKoHEe OPraHUKaJbIK 3aTTapAbl THIMJ1 YCTal KalbIl, CYIbIH CanmachiH kakcapTaabl. COHBIMEH
Karap Oasty KYM/IbI Cy3riiep/i naiaanany 0apbIChIHIa XUMUSIIBIK pEareHTTep Il KOJIJaHy KaKeTTIIr TOMEeH-
JeiiIi, OYJ1 TEXHOJIOTUSTHBI IIaFbIH €711 MeKEeHIEp KaFJaibIHIa KOJIAaHyFa MYMKIH/IIK Oeperi.

CoHFbl XbUIAAPHI Oasty KYM/JIbI CY3TUIEp/IiH KYPbUIBIMBIH XKETUIIpyTe, CY3r1 MaTepuallJapblHbIH Kypa-



MBIH ©3repTyTe *oHe TaOMFU MUHEpaIap/bl alnaaJaHy MYMKIHIIKTEPIHE OaFrbITTajIfaH KOITEreH FhIIbIMU
3eprTeynep Kyprizuryae. Ocipece KBapil KyMbl MEH TaOUFU LIEOTUTTIH CY3T1 MaTepHalibl peTiHJIe KOJIAaHbLTYbI
Cy Ta3apTy TUIMAUIITIH apTThIPYAbIH EPCIEKTUBAIIBI OaFBITTapBbIHBIH O1pi O0mbIn cananas! [Sultakhan sxone
1.6., 2025].

Ocpl 3epTTey *KYMBICHIHBIH MaKcaThl — IIAFBbIH €JIJ11 MEKeH e/l aybl3 CyMEH KaMTaMachl3 eTye KO-
JAHBUIATBIH 0asty KYM/JIbI CY3I'1 KOHJIBIPFBICHIHBIH KYPBUIBIMIIBIK €PEKIIETIKTEPiH CUIaTTay, TOKIPHUOLIK 3epT-
TEy 9JICTEeMECIH Heri3/iey JKoHe KBapll KYMbl MEH TaOUFH LIEOJIUTTI CY3r1 MaTepHaIAapbl PETiHAE KOJITaHYIbIH
FBUIBIMM HET13/I€PIH TaJlaay.

3epTTey MaTepuaJIapbl MeH daicTemeliepi.

3eprrey xkymbichl BR11765599-0T-23 «Ka3akctan eHipiepiie TaOUry cyaapbl Ta3apTy TEXHOJIOTH-
AJIAPBIH 31pIiey KOHE KETIIAIPY KOHE aybl3 CY/IbIH CallaChblH JKaKcapTy» OarJapiiaMalibIK-MaKCcaTThl KapiKbl-
JaHJBIPY >k00ACHI asiChIH/IA 931pJICHIeH TOXIPUOENiK 0asy KyM/Ibl CY3T1 KOHABIPFBICH HET131HE KYPri3Uial.

3eprTey Keneci Ke3eHIepACH TYPbl: TOXKIpUOETiK KOHABIPFBIHBI JalbIHAAY, CY3T'1 MaTepuaiapblH Op-
HaJIaCTBIPYy, TMIPABIMKAJIBIK ChIHAK, KEHIHT1 TOXipuOenepre naibiHaay.

3eprrey OapbIChIHIA €Ki TOXIpUOeNik Oasty KyM/Ibl CY3Tl KOHIBIPFBICH Maiiaananbulasl. bipinmi cys3-
riie cy3ri MaTepualibl peTiHe KBapll KYMbI, ajl eKiHIII CY3rifie TAOUFH LEOIUT KOMAaHbUlAbl. EKi Cy3riHig
KOHCTPYKIMSUIBIK OJIIIeM/Iepl, CY3rl KaOaThIHBIH OUIKTIT1 XKoHE THAPABIMKAJIBIK )KYMBIC pekuMi Oipaei Ka-
Obuanbl. MyHaai Tocin KeiiHri Toxkipubenep/e cy3ri MaTepHalIbIHbIH Cy Ta3apTy THIMJUIITIHE dCepiH ca-
JBICTBIPMAJIBI TypAe Oaranayra MyMKIHJIK Oepeti.

Toxipubenik KOHIBIPFBI 0ACTAINKbI CY bIABICBIHAH, ©3/ITHEH COPAThIH COPFbIIAH, Cy eJIlIey XKyieci-
HEH, €Ki 0asty KyM/Ibl CY3T1IeH, YABTPAKYJITiH 3apapChi3aH/ibIpy OJIOTbIHAH KOHE Ta3apThUIFaH Cy/Ibl JKUHAYFa
apHaJFaH pe3epByap/iaH Typajbl. KOHABIPFBIHBIH TEXHOIOTUSIIBIK ChI30achl 1-CypeTTe KopceTiIreH.

OpOip CY3riHiH almbl cy3ri KabaTblHbIH OUiKTIri 60 cM Kypaiabl. Cy3ri KabarTapbl KUBIPIIBIK Tac
IIEH 9PTY Pl (hpaKkIMsIaFbl CY3ri MaTepuajiapblHaH KaJIbINTAacThIpbUIAbL. Nel cy3rife cy3ri Mmarepuaisl peTiH-
1e KBapIl KyMbl, ajt Ne2 cy3rijie TaOufu 1eoNIUT MaiaanaHbUIIbL.

ToxipuOenik KOHIBIPFBIHBI 1CKE KOCap ajIbIHJA CY3rl Marepuasiapbl OipHeIIe peT KpaH CybIMEH
HIaWBLIBII, YCaK OeJIIIeKTep MEH OHIIPICTIK HIaH-TO3aHHAH Ta3apThlIAbl. by nponenypa cy3riniy OacTankb
’KYMBICBIH TYpaKTaHJbIpyFa kKoHEe Oerjie Kocnauap/blH Cy3y canachblHa 9CepiH a3zaiiTyra MYMKIHIIK Oepei.

Cy3ri marepuasniapblH OpHaJIACTBIPFAaHHAH KEeWiH KOHIBIPFbIIA TMIPABIMKAJBIK ChIHAK KYPIi3iimi.
ChiHaK OapbIChIH/IA CY aFbIHBIHBIH O1pKENKi Tapaiysbl, CY3ri Ka0aThl apKblIbl CY/IbIH ©TY TYPAKThUIBIFbI KOHE
KOH/IBIPFBIHBIH T€PMETHUKAJBIFBI TEKCepiaal. [ MapaBiIMKagblK ChIHAK HOTHXKEJIEepl KOHIBIPFBIHBIH KEHiHT1
TOXKIPUOEITIK 3epTTEyIep KYpri3yre xKapam/ibl €KeHIH KOPCETTI.

Ocpl 3epTTey Ke3eHIHJIe TIXKIPUOETiK KOHIBIPFbIHBI TalibIHAAY, CY3Il MaTepHallJapblH OpHAJIACTHIPY
KOHE 3epTTey 9JICTEMECIH KaJlbIITACTHIPY >KYMbICTaphl OpbIHAaN bl Keneci ke3eHae KBapl KYMbl MEH Ta-
OUFM LEOTUT HeT131Her1 6asty KYMbl CY3rilepiH TaOUFu cyaapAblH (pU3MKa-XUMUSIIBIK )KOHE MUKPOOHOJI0-
THSJTBIK KOPCETKILITEpiHe acepl TOXKIPUOEINiK KaFjaiia caablCTIpMalbl TYpae OaragaHaThiH 00aabl.

10 1

Cyp. 1. basty KyMIbI CY3Ti KOHIBIPFBICHI
[Fig.1. Slow sand filtration unit]
bacmankul cy viovicol; 2- 630icinen copamuli copavl, 3-manomemp; 4- cy enweziut, 5- komnpeccop, 6
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-Nel basy kymowl cyzei, /- NoZ oasy kymowl cysel, § -¥Y YOO wamsl (Oakmepuyuomi yiompaxkyacin wam ), 9
- mazapmulizan cy vlovicel, 10-wativlizan cymen sHcaboblKmayaa apHaiean copesl, 11-waiivlizan cy vlovicbl,
12- cyseinepoi Koncwimy apkwiivl dcyy; 13-nvezomemp, 14-Konceimyviud.

basty KymabI cy3ri KOHABIPFBICHIHBIH TEXHUKAIBIK MTapaMeTpiepi:

eHimainiri - 1,2 m3/1ay, 0,05 m3/car;

cy3riniH emmemi - 0,7x0,5x1,5 m;

O1p CY3TiHIH CBIMBIMABLIBIFEI - 0,455 M3;

Oip cy3riHiH aynausl - 0,25 m2;

O1p CY3riHi XKyyFa KeTeTiH Cy MIbIFbIHEL - 0,135 M3;

Cy3y KbU1aaMasIrsl - 0,1-0,4 m/car.

3epTTey MarepHuangapbl peTinae 1-11i kecTene KopCceTuUIreH Cy3ri MaTepuanaapsl aigananbliabl.

Kecre 1. Toxxipubenik 6asty KyMbl CY3T'i KOHIBIPFBICHIH/A Mali1aTaHbUIATBIH KYKTEMeIep

Nel - cy3ri Ne2 - cy3ri

cysri JKYKTEMEHIH MeJLIepi, cysri JKYKTEMEHIH MeJIepi,
Martepuanaapel, MM cM Martepuanaapel, MM cM
KHBIPIIBIK Tac 5-20 MM 10 KHBIPIIBIK Tac 5-20 MM 10
KBapLl KYMbl 5 MM 10 LEOJIUT 5 MM 10
KBapI| KYMbI 2,5 MM 20 LEOIHT 2,5 MM 10
kBap1 KymeI 0,63 MM 10 meosmt 0,63 Mm 20
KBapLl KYMbI 2,5 MM 5 neonut 1,25 Mmm 5
KBaplIl KYMbl 5 MM 5 LEeOoNuT 2,5 MM

YKanmsl cy3ri KaOaThIHBIH 60 JKanmbl cy3ri KabaTbIHBIH 60
OMiKTIT1 OMiKTIT1

Exi cy3ri KOHJBIPFBICBIHBIH KOHCTPYKLHUSUIBIK MTapameTpiiepi Oipael KaObu1IaH/Ibl.
Kecte 2. KBapii KyMbl MEH LIEOTUTTIH XUMUSUIBIK KYpamMbl MEH KacUeTTepi

Kepcerkimrepi KBapi kymbl LleonuT (KIMHONTUIIONNT)
Herisri kypamsr Si02 AJTFOMOCHJIMKAT

XUMUSITBIK (POPMYITaChI SiO2 (Na,K,Ca)>—Al:(Al,S1)2S113036* 12H20
Tyci AKIIBLT, CAPFbIII CYp, JKachUIIay, KOHBIP
Kyppuasivsr THIFBI3 KEYeKTi

Keyexkrimiri TOMEH JKOFapbI

ACOPOUHUSITBIK KACHETI TOMEH JKOFaphl

Hon anmacy kacueri JKOK Oap

MexaHuKaIBIK OepiKTiri JKOFaphI opTamia

Cy Tazaprynarsl pei MEXaHHKaJIBIK Cy3y | ancopOuust )KaHe HOH ajMacy
THIFBI3ABIFBI 2,65 r/em® 2,1-2,4 r/cm?

Karteutsirsl (Mooc mikanachr) 7 3,5-5

3epTTey HITH:KEJIEPi KIHe Tajay.

3eprrey GapbIChIHIA TOKIpHOEIiK 0asy KYMIbI CY3T1 KOHABIPFBICBIHBIH KYPBUIBIMBI KapacThIPBUIBIII,
OHBIH TOXKIPHOEIK 3epTTEYNIep KYPri3yre NalbIHIBIFBI KaMTaMachl3 eTiial. KoHIbIpFbIIa KBapI] KYMbl MCH
TaOUFH TCOHT CY3T1 Mareprayiapbl peTinae nananansuiabl. Cy3ri KabarTaphl )KOOATBIK MICHIIMIE COMKEeC
OPHAJIACTBIPBUIBII, TOKIPUOETIK 3epTTEyep KYPri3yre JaibIHIaIbL.

Exi cy3ri KOHIBIPFBICH Oip/iel TUAPABIMKAIBIK JKaFaaiaa ®KoOaIaHbIN, OJTapAbIH albIPMAIIbUIBIFBI
TEK CY3T'l MaTepHaJIbIHBIH KYpaMbIMEH HIeKTeal. by cy3ri MaTepuaijapbIHbIH THIMAUIITIH CaJIBICTBIPMAITbI
Oaranayra MYMKIHJIIK Oepe/ti.

Onebu aepexTep OOMBIHIIA KBapI] KYMbl MEXaHUKAJIBIK CY3y apKbUIbI CY/bIH JalIbUIBIFBIH TOMEH/IC-
Tyze KeHiHEeH Koyijanbuiaapl. Kym TyHipiIikTepiHiH apachbIiHIaFbl KEYEeKTep apKblIbl OTKEH CyJarbl KaTThl 06I1-
MICKTep MEXaHUKAIBIK CY3y HOTIDKECIHJE YCTabIN Kayiaasl. COHBIMEH KaTrap CY3TiHIH JKOFaprbl KabaThlHIA
TY3UIreH OMOJIOTHSUIBIK KabaT OpraHUKaJIbIK JACTAyIBUIAP/IBIH bIABIPAYbIHA BIKIAJ €TE/l.



Cyp.2. Toxipuberik 6asty KYM/IbI Cy3Ti KOHIBIPFBICHI.
[Fig.2. experimental slow filter unit].

Nel - cysri

(CHOBHOM

o -
OCHOBHOW

OCHOBHODH

QCHOBHOM

O CHOBHOH

QCHOBHOM

AYKTeMEeHIH MeUIep1, cM

(CHOBHOM

O CHOBHOH

M EMBIpWBIE Tac 5-20 nam B KBAPLY KYMEl 5 MM
W HBAPL, KyMB 2,5 n KBApL KyMEl 0,63 mMm

HEBApY, Kymbl 2,5 mn B KBAPL, KYMEl 5 MM

Cyp. 3.Ksapi xykremeci 6ap Nel cy3ri [aBTOPIIBIK KYMBIC].
[Fig.3. Filter Nel with Quartz load [author’s work].].

[leonuT TONTHIPBUIFAH CY3TiIe MEXaHUKAJIBIK CY3yMEH KaTap HOHAJIMACy KOHE aICOPOIUSITBIK MPOIe-
cTep OpbIH anaabl. L{eomuTTiH KeyeKTi KYpPBhUIBIMBI €pireH KeHOip JlacTaynibl 3aTTap/Ibl, COHBIH iIIiHIe aMMO-
HUI HOHIAPBIH XKOHE ayblp METaNIapAbIH JKeKeJIeTeH TYpJIepiH ycTar KaiayFa MyMKiHik oepeni. COHIBIKTaH
[IEOJIUT HETI31HJeTi CY3TiHIH Cy CamachlH XKaKCcapTy dJIeyeTi KBapI] KYMBIMEH CaJIbICTBIPFaHa dKOFaphl 00Tyl
MYMKiH.

Comnrbl 3epTTeyiepe 0asy KyMIbI CY3Tijiep/ie TAOUFH [EOTUTTI KOJIaHy ayblp MeTaIapabl, propu/I-
Tep/i )KOHE MBIIIBSIK KOCHUTBICTAPBIH KO0 THIMIUTITIH apTThIPAThIHBI, COHBIMEH KaTap CY/IbIH JIAHIBUTBIFBIH
TOMEHJIETYTe OH ocep eTeTiHi kopceTinred [Onyutha xone T.0., 2024]. ToxipuOenik KOHABIPFbIIA CYIbI COHFBI
3apapChI3aHIbIPy KOHABIPFBICH PETIHAE YABTPAKYJTIH COyIeciMeH Ta3apTy Kyheci Koibutrad. byt KoHbI-
PFBI CY3TiJIEH OTKEH CYJIbI TOJNBIKTAH imryre xapamabl ereni [Abdiyev xone 1.0., 2023]



AKALEMUSACHI

Ne2 - cyzri

OCHOBHOH
. -
OCHOBHOW

OCHOBHOH OCHOBHOH

OCHOBHOM

OCHOBHOW

AYETeMEeHLH Me/IIep1, CM

OCHOBHOM

OCHOBHOM

W KMbIpWweE, Tac 5-20 mm @ Weonaut 5 mm
= UeonuT 2,5 mm ueonut 0,63 mm

W ueoaut 1,25 mm N U20AdT 2,5 mm

Cyp. 4. Lleonur xykremeci 6ap Ne2 cy3ri [aBTOPIIBIK )KYMBIC].
[Fig.4. Filter No2 with Zeolite load [author’s work].].

OzebuerTepre XKyprizireH tannay 0asy KyM/bl CY3y TEXHOJIOTHACHIHBIH [IAFbIH €J1/11 MEKeHIep YIIiH
KaparaibIM, SHEprusl IIBIFbIHBI TOMEH JKOHE MalijalaHy »KarblHAaH KOJaibl of1ic ekeHiH kepcereni. KBapi
KYMbI MEH IIEOJIUTTI CY3T1l MaTepHaaAapbl peTiH/Ae KOJAaHy aybl3 Cy CalachlH kKaKcapTyFa MYMKIHJIK Oepe,
anaiiia omapAbIH TUIMALUIIT 6acTanKbl Cy canachlHa )KOHE CY3TiHIH Malijanany peKuMine 0aiIaHbICThI ©3Te-
peni [Abdelwahab xone 1.6., 2023].

XKanmel anranna, 0asy KyMAbl Cy3riiep/i KeprulikTi cy Ke3JepiH Ta3apTy YIUiH HaijanaHy HIaFblH
eIl MeKEeHIep/il KayiIici3 aybl3 CyMEH KaMTaMachl3 €Ty/1H THIM/I1 )KOHE SKOHOMHKAIIBIK TYPFbIIaH KOJDKETIMI
mrerimi OOJIbI TaObLUIAEL.

Jlerenmen, Oasty KyM/ibl CY3TI1 TEXHOJIOTUSICBIHBIH Oeinrini Oip mekTeynepi Oap. Atamn aiTkanaa, o yii-
KEH ayMaKThl KaKeT eTe/ll, Cy3Y KbUIJaMJIbIFbl TOMEH, aJIJIbIH aJla TYHIBIPY/Ibl KQXKET €Tyl MYMKIH ’KQHE CY3I'l
Ka0aTblH ME3TiI-Me3Tij Ta3anay Kepek.

Basy KymIbl Cy3riHi icke Kocap ajJblHJa Cy3rl MaTepualapblH alIblH ala *kKyy CY3TiHIH TYPaKThl
JKYMBICBIH KAMTAaMachl3 €TETiH MaHbI3/1bl TEXHOJIOTHSUIBIK K€3€H OOJIBIN TaObLIa bl One0ueTTepe cy3ri Ma-
TepUalapblH aJ/IbIH ajia JaiblHAay Cy3y TUIMIUIITIHE OH 9cep eTeTiHi KepceTiireH. KaablHabIFbl 3 MM 11€0-
7T KabaThIH 25 11 cy3rizeri KanbiHabIFel 10 cM KyM KabaTbIMEH apasiacTblpy TaOUFH CyIap/AbIH JIaiIaHybIHBIH
(80 % xapcet 93 Y%)pxoHe (exanbapl Komudopmabl OaKTepusIapAbIH CAHBIHBIH TOMEHICY1HE oKeni [Maiyo
xoHe T.0., 2023: 1-15]. MukpoOHuonorusbIK TYpFbIiaH 6asy Kymsl cysriiep Escherichia coli Oakrepusina-
pbiH 95-99,99 %, an >xannsl Konudopmanapasl 99 % neiiin xost anateiabl ganenaenred [Hijnen et al., 2007:
120-128]. ConbimMeH Katap Oasty KyMbl cy3riiep Bupycrapst 2—6 log, an Cryptosporidium sxone Giardia cu-
SKTBI KapanaibeiMabLiapasl 4-5 log neHreiiine xos anaTbiHbl aHblKTanrad [Logsdon sxxone 1.0., 2002: 84-90].
Cy3ri KYpbUIBIMBIHIA KYM KaOaThIHBIH KaIbIHABIFEI 91eTTe 0,8—1,2 M, Tipek KubIpiibIK Tac kabatst 0,3-0,5 M,
an cysri ycrinzgeri cy kabarel 1,0-1,5 m mamacsigaa >xoOananaapl. OcbklHIail mapamerpiiep Cy3riHIH
TYPaKThI opi y3aK Mep3iMJIi )KYMBICHIH KamTamachl3 etelli [Huisman sxone 1.6., 2020: 28-35].

YJIKeH KOHIBIPFbIIAp YILIIH YCHIHBUIATBIH KyM TepeHairi operre 1,2-nen 1,4 m-re neitin Oonanabl, n1e-
IeHMEH IIaFblH TYPMBICTBIK KOHJBIPFBIIAP YIIIH KyM Tepenairi 0,3 M-1eH a3 0onca THIMAL )KYMBIC 1CTEH .
Jlaiinany MeH Koau(OpMIbl OaKTepusIapIbl AYPhIC JKOI0 YIIIH €H TeMeHT1 TepeHik 0,3 M, aim BUpycTapabl
alTapibIKTal KO0 YILIiH YChIHBUIATBIH TUMIAL TepeHaik 0,6 M. [lereHMeH, naToreH ik GakTepusiap MEH BU-
pyCTapAbIH €HYiH TINTI OCBI TEPEHJIIKTE JI€ TOJBIK XKOHBIIMAYbl MYMKIH OOJFaH/IBIKTaH CY3YJACH KeHiH 3apap-
CBI3ZIAH/IBIPY YCBIHBLIAABL. [Maiyo xaHe 1.6., 2023: 1-15].

Ocpunaiiia, xKyprizijireH aiebuerrepre Tanaay MEH TOKIpHOENIiK KOHIABIPFBIHBI JaiibIHIAY )KYMBICTa-
pbl Oasty KyM/Ibl CY3TUICpAIH MIAFbIH €J1/11 MEKeH I/l aybl3 CyMEH KaMTaMachl3 €Ty/e KOJIJaHyFa NepCHeKTH-



BaJIbl TEXHOJIOTHUS €KEeHIH KopceTTl. Ka31pri ke3eHae ToxK1puOeI1K KOHIABIPFbI JalbIHAAJIbII, OHBIH KYMbICKA
XKapaMIbUIBIFel Tekcepinai. Keneci 3epTTey ke3eHiHIe KBapll KYMbl MEH TaOUFU IEOTUTTIH TaOWUFH CYJIbIH
(bu3MKa-XUMUSIIBIK JKOHE MUKPOOMOJIOTHSIIBIK KOPCETKILITEPiHE acepl TIKIpUOeiK xKaFaaiia caablCThIpMa-
TBI TYpAE OaranaHaThIH OONaIbl.

KopbIThIHABL.

JXKypriziiren 3eprrey OapbIChIH/IA IIAFBIH €111 MEKEHJIEP/i aybl3 CyMEH KaMTaMachl3 €Tyre apHajFaH
0asty KyMJIbl CY3I'l KOHIBIPFBICBIHBIH KYPBUIBIMBI 3€pTTEIIIl, OHBIH TOKIPUOETIK 3epTTeyaep Kyprizyre ap-
HaJFaH o/licTeMeci KalbINTacThIpbULAbL. ToxipuOeniK KOHIBIPFbIAA KBAPI KYMbl MEH TaOWUFH LIEOJIUT CY3Ti
MarepHasiapbl peTiHAe KOIJaHbUIbIM, OJIApbIH Ka0aTThIK OpHAJIacybl 3epTTey dicTeMeciHe COMKeC KalblIl-
TaCTBIPbUI/IBL.

Cy3ri MaTepuaiapsl aJ1IblH aja JaibIHAaIbI, OlpHEIIE PEeT KYbULAbI )KOHE THAPABINKAJIBIK CBIHAKTAP
Kypriziai. Hotmkecinae KOHIBIPFBIHBIH KYMBICKA jKapaMIbUIBIFbI PACTAbIIN, KeHIHT1 TOXKIPUOEIIK 3epTTey-
JIep KYPri3yre JalbIH €KeHIIT1 aHBIKTAJIbI.

OzebuerTepre KyprizuireH tajjaay 0asy KyMabl CY3TUICpAiH IIAFbIH €771l MEKeH el canalibl aybl3
CYMEH KaMTaMachl3 €TyJle KapanaibiM, SHEpTHsl LIbIFBIHBI TOMEH JKOHE SKOHOMMKAJIBIK JKaFbIHAH THUIM/II TeX-
HOJIOTHsUTApAbIH Oipi eKeHiH KepceTTi. TaObufru LEeoNnTTIH aJAcoOpOLMSIIBbIK KAaCUETTepl MEH KBapll KYMbIHBIH
MeXaHHUKaJIBIK CY3y KaOiIeTi onap/ipl Cy3ri MaTepuabl peTiHae KOJJaHy/IblH FhUIBIMH HET13/11 €KEeHIH JoJell-
Ieim.

AJbIHFaH HOTHXKeJep Oasty KYMbl CY3Tijep/il MAaFbIH eJ/1l MEKEHAEP/ll aybl3 CYMEH KaMTaMachl3 €Ty
KyHenepinae KOMAaHybIH FhUIBIMU-TOKIPUOETIK HET131H KaJbIITACThIPAIbI )KOHE KEHIHT1 TOXKIpUOEeNiK 3epT-
TeyNepi )Kyprizyre MyMKIiHJIK 6epei.
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Abstract. The article explores and substantiates the operating modes of container-modular equipment
with active ventilation, such as the actual capacity, power consumption for the grain movement process, as
well as the use of a progressive method for controlling the humidity and temperature of soybeans during
storage. An experimental mock-up installation has been developed that adequately simulates the proposed
technology for storing soybeans with active ventilation, for subsequent verification of the calculated data. The
experiments have confirmed that the proposed experimental setup makes it possible to adequately simulate the
process of grain storage in containers with active ventilation and to conduct experiments with the regulation
of basic parameters such as productivity, energy consumption, humidity, etc. using modern methods, devices
and digital technologies. The experimental results are presented. Along with this, using the “Straj Climate
Control” program humidity and temperature were monitored during the experiment. Experimental data have
been obtained on which it is possible to establish the dependence of the lifting height on the velocity of the
air mass.
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AnHoTanus. Makananga OenceHal KenAeTUIeTIH KOHTeHHeP-MOAYAbAIK KAOIBIKTBIH KYMBIC PEKUM-
Jiepi 3epTTelell )KOHEe HeTi3/eNe/ll, MbICAbl, HAKThI OHIMIUTIK, ACTHIKTHI KBUUDKBITY MPOIIECIHE KYMCATaThIH
Kyar, COHJai-aK cakTay Ke3iHJe COsl JQHIHIH BUIFAJIBLIBIFBI MEH TEMIEpaTypachlH Oakbliaay/iblH Mporpec-
CHBTI 9[IiCiH Konaany. EcenTik nepexrepai KeliHHEH TEKcepy YIIIH YChIHBIIFAH OeJICeH Il KeNAETITIeTIH COst
cakTay TEXHOJOTHACHIH 6apabap MOAEIbACHTIH HIKCIIEPUMEHTTIK MaKeT KOHABIPFBICHI skacaiibl. JKypriziiren
HKCTIIEPUMEHTTEP YCHIHBIIFAH SKCIIEPUMEHTTIK KOHBIPFbI ACTBIKTBI O€JICEH/I1 KeNAETIIEeTIH KOHTeHHepepie
cakTay IpoleciH 0apadap MozenbaeyTe KoHe 3aMaHayH dJIiCTepli, acranTap MeH HUQPIBIK TEXHOIOTusIap-
IIbI TIalasiaHa OTBIPBIN, OHIMALUTIK, SHEPTUs TYTHIHY, BUTFANIBUIBIK JKOHE T.0. CUSKTHI HET13T1 apaMmeTpiepai
peTTeil OTBIPBIN TOKIpHOeNep Kyprizyre MyMKIHAIK OepeTiHiH pacTaabl. DKCIEPUMEHTTEPAIH HITHXKEIepl
ycoiHbUTFaH. ConblMeH Katap, «Straj Klimate Control» OarnapiamachlH KOJJaHa OTBIPBIIN, SKCIEPUMEHT
Ke31H/Ie bUIFAJIJIBUIBIK TIeH Temreparypa Oakpuianabl. KeTepiny OMIKTITIHIH aya MacCachIHBIH >KbUIaMIbIFbl-
Ha TOYEJIUIITIH aHbIKTayFa O0JIaThIH SKCIEPUMEHTTIK JePEKTep alIbIH/IbI.

Tyiiin ce3nep: GenceH i )KeNaeTy, OHIMAUTIK, KyaT TYThIHY, COSl BUIFaJAbUIBIFbL, KOTEPLTy OUIKTIr1, aya
aFbIHBIHBIH JKbIIIaMIBIFbI
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AHHoTauus. B cTarbe nccienyiorcst 1 000CHOBBIBAIOTCS PEXKUMBI paOOTHI KOHTEHHEPHO-MOAYIBHOTO
000pyI0BaHUS C AKTUBHBIM BEHTWJIMPOBAHUEM, TaKUe Kak (hakTuueckas MpOU3BOAUTEIBHOCTh, OTpelisie-
Masi MOIIIHOCTb Ha IPOLIECC NTEPEMEILIEHUS 3€PHA, a TAK)KE HCIIOJIb30BAHUE IPOTPECCUBHOIO METO/1a KOHTPOJIS
BJI&KHOCTHU U TEMIIEPATYpPHI 3epHa COM NIPpU XpaHeHuU. PazpaboTana skcriepuMeHTaabHast MaKeTHas! yCTaHOB-
Ka, aJIEKBaTHO MOJIETHPYIOLIast MPEII0KEHHYIO0 TEXHOJIOTHIO XPAHEHHs COM C aKTUBHBIM BEHTHJIUPOBAHUEM,
JUId  TIOCJIEAYIOUIeH MPOBEPKH pacueTHHIX JaHHbBIX. [IpoBeieHHbIE AKCIEPUMEHTHI TOATBEPANIH, YTO TPE-
JIOKEHHAs! HKCIIEPUMEHTAIbHAS YCTAHOBKA JJaeT BO3MOXKEHOCTh aJ€KBAaTHO MOJIEIMPOBATh MPOLIECC XPAHEHUS
3epHa B KOHTEHHEpax ¢ aKTUBHBIM BEHTWIUPOBAHUEM M MPOBOAMUTH OMBITHI C PETYIMPOBAHUEM OCHOBHBIX
apaMeTpoB KakK MPOU3BOIUTEIBHOCTD, TOTPEOICHNE SHEPTHH, BIAXHOCTh U Jp. C UCIOIb30BAaHUEM COBpE-
MEHHBIX METOJIOB, TPHOOPOB U LU(POBBIX TeXHOJIOTHH. [IpecTaBneHs! pe3ynbTaThl SKcepuMeHnToB. Hapsiny
C 3TUM C Ucnojib3oBaHueM mnporpammsl “Straj Klimate Control” KOHTponMpoBaiM BIaKHOCTh M TeMIlEpa-
TYpY 3a BpeMsl NpOBeIeHHs dKcrepuMeHTa. [loyueHbl SKCepUMEHTaNbHbIE JJAaHHBIE 110 KOTOPBIM MOKHO
YCTaHOBHUTH 3aBHCHMOCTB BBICOTBI IOJbEMA OT CKOPOCTH BO3YIIHOM MaccChl.

KiroueBble ci10Ba: AKTUBHOE BEHTUJIMPOBAHUE, IPOU3BOAUTENILHOCTD, TOTPEOIsieMast MOIHOCTb,
BJIQ)KHOCTb COH, BBICOTA ITOIbEMA, CKOPOCTh BO3YIIHOIO ITOTOKA

Jas untupoBanus: Kaneim K., Jlyiicenosa L. T., lemecosa C.T., XKynycosa A.K. (2026). Dxcme-
pUMEHTaIbHOE 00OpYIOBaHUE JJIsl XPAaHEHUS 3€PH COM C aKTMBHOI BeHTenupoBaHueM // Research, results
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KoH}umuKT HHTepecoB: aBTOPHI 3asBIIAIOT 00 OTCYTCTBUU KOH(IIMKTA HHTEPECOB.

bnazooapnocmu: Hccrneoosamenvckas paboma evinonnena ¢ KazsHAUY. Aesmopwi svipascarom ona-
200apHOCMb HAYUHBIM PYKOBOOUMEAM U KOIIEKMU8Y Kageopuvl « Aepaphas mexuuka u mexHono2usy 3a oKa-
3AHHYI0 MEMOOUUECKYIO U MEXHUYECKVIO NOOOEPIHCKY.

Beenenne.

B Hacrosiiiee BpeMs B CETbCKOM XO3sICTBE OJJHOM M3 INIaBHBIX MPOOJIEM OCTaeTcs yBEJIMYEHUE U CO-
XPaHHOCTb YPOXKasi COM, MOCKOJIbKY COEBbIE MPOAYKTHI SBJISIOTCS OCHOBHBIM HCTOYHUKOM COaJlaHCUPOBAH-
HOTO 110 aMUHOKHCJIOTHOMY COCTaBY 3KOJIOTHUECKU YUCTOro Oerka. B cBsi3u ¢ GonbimM copepkanueM Oeska
U JKUPA, a TAK)KE MOBBILICHHON IMIPOCKOIMMYHOCTBIO CEMSIH, COsl IPH HEOIAronpuATHBIX YCIOBUAX (HAIUUNE
OpPraHWYeCKHX MPUMECEH, MOBBIIICHHAs BIAXHOCTh) OBICTpO mopTUTCs. Jlaske cyxue ceMeHa Npu HaJTUuuu
npuMeceil camo corpeBarorcs. +Cosi — 3TO yHUKaJIbHOE pacTEeHUE, Yy10 )KUBOM npupoasl. Ceituac cos Beny-
11ast KyJabTypa MUPOBOI'O 3€MJIE/IEINS, BEPILINHA COBEPLIEHCTBA U YHUBEPCAIBHOCTU BO BCEM PACTUTEIBHOM
mupe. Cost 3aHUMaeT LEHTPAITBHOE MECTO B pellieHHH po0sieMbl Oelka 1 J0CTaTOYHO NpuObLIbHAas. +CeMeHa
cou conepxkut 3842 % Oenxa, 18-23 - xupa, 25-30 % ymeBoaoB, a Takxke (GepMEHTHI, BUTAMHHBI, MHHE-
pasibHbIE BelecTBa. biaronaps 6oratoMmy 1 pa3HOOOpPa3HOMY XMMHUYECKOMY COCTaBY, COsl HE 3HAET PaBHBIX
cebe Mo TeMmaMm pocTa MPOU3BOJICTBA, €€ U3AaBHA LIMPOKO MCIIOIb3YIOT KaK YHHUBEPCAIbHYIO MPOJOBOJIb-
CTBEHHYI0, KOPMOBYIO U MAaCJIMYHYI0 KyabTypy [Singh, 2014]. OHa He ©MeeT aHaJIOTOB B apCeHalle pacTUTElb-



HBIX peCypCOB 110 IIPON3BOIUTCILHOCTH 1 KaUeCTBEHHOMY COCTaBy. TKaK y’Ke OTMEUaloCh, NIaBHOEC yCIOBHE
0€3011acHOT0 XpaHEHUs 3€PHA COU - CHUIKEHUE COePKaHMs BIIard B HEM JI0 Pa3pelIeHHOTO YPOBHsI, KOTOPHBIi
3aBHCHT OT NMPOJOHKUTEILHOCTH XPAaHEHHS U TEMIIEPATypbl OKpYKarollel cpebl. Tak MpoCcTO MOXKHO Mpeay-
MPEIUTh BPEHOE BO3ACHCTBHE MUKPOOPTaHU3MOB U IPUOOB, a TAKKE YMEHBIINTh ra3000MeH 3epHa. OnHako
UM HEeIb3s IpeHeOperaTh MpH 3aKiIaj ke 3epHa COM Ha JUIMTEIbHOE XpaHeHue (0osiee Tpex-4eThlpeX HeJeb)
[Yukish & Ilina, 2009]. ITockoybKy 36pHO UMEET OUYE€Hb HU3KYIO TEIUIONPOBOIHOCTD, TEIJIOBAsK SHEPTHS BbI-
JieNeTcs B LIeHTpe OyHKepa U 0Y4eHb MEJICHHO BBIXOJUT Ha MOBEPXHOCTh. B citydae, korna 3epHO XpaHUTCS
B OOJBIION 35IeBaTOPHOMN OaliHe, TeIrio Oy[eT MOCTEeNEeHHO HAKaIJIMBaThCs /10 TeX Mop, IoKa TeMIieparypa B
LEHTpe OalllHu He JOCTUTHET JOCTaTOYHO BBICOKOTO YPOBHS AJIs TEINIOOOMEHA C OKpYXalollei cpenoii ue-
pe3 CTEHKH 1JIeBaTOPHOM OAIlIHU /10 BRIpAaBHUBAHUS TemmepaTyp. B yacTHOCTH, IpH ®KapKUX KITUMATHUYECKUX
YCIJIOBHUSIX TaKOE€ BBIPABHUBAHUE HUKOTA MOXKET HE YCTAaHOBHUTHCS, TOCKOJIBKY TEMIIEpaTypa 3epHa cou OyzeT
MPOJIOIKATh PACTH MOJI BIMSHUEM CaMOIMOACPKUBAIOIIETO MEXaHU3Ma, MePEBECUB YPOBEHb B HECKOJIBKO
IpaJycoB BhIIIE TEMIEPATypPhl OKPYKAIOLICH cpeabl.

[Ipu Takux ycClIOBHUSX HY)KHO HE TOJBKO BBICYIIHMTH 3€PHO JUIsl YMEHbIIIEHUs razooOMena (1o 13—-14
%), HO U OXJIAIUTh €r0 10 MUHUMAaJbHO BO3MOXKHOM TeMIepaTypbl HEMOCPEACTBEHHO TMepe]l 3aKIaaKoi Ha
XpaHeHHue, ecIy yaaeTcsl JOCTUYh TeMIIepaTypbl HUKE TEMIIepaTypbl OKpYyKarollel cpenbl, To, O6aarogaps
TEIUIOU30ISILIMOHHBIM CBOMCTBAM 3€pHA, 3aMEJISIETCS IPOHUKHOBEHHE TETJIa B HETO U3 OKPYKAIOIIEH CPeIbl.
Wtak, 11t HaIexKHOTO XpaHEHUs CIIeIyeT MOAIePKUBATh TOCTATOUHO HU3KYIO TEMIIEPATYPy BO3IyXa MEXY
3epHOBOI0 MPOCTPAHCTBA, YTOOBI CAECPKUBATh Pa3BUTUE IPUOOB U MpeAoTBpaIiaTh camocorpeBanue [MAK,
2015; Parimala u ap., 2013].

OcHoBHasi IpUYMHA CHI)KEHHUS KayecTBa COM MPU XPaHEHUU - pa3BuTue rpudos. Tak, npu xpaHeHuu
B TEUEHHUE rojia COM BIAXHOCTBIO 11-12.5 % MuHUManpHOE pa3BUTHE TPUOOB HAOIIONACTCS TOIBKO B KOHIIE
ero xpaHeHus. [ pubbl Takke OTCYTCTBYIOT B TeueHue 270 nHel XpaHeHUs NP BIaKHOCTH ceMsiH 14—-14.5 %
u TeMiieparype xpanenus 5° C. OHM 04eHb TUI0X0 pPa3BUBAIOTCS UM BOBCE HE PA3BUBAIOTCS MIPU TEMIIepaType
4.5° C, He pa3BUBAIOTCS IIPH BIAXKHOCTU BO3ayxa 65 % U HIKe U B IIpejiesiax BIaXHOCTH ceMsH oT 11 go 12
% [Lamond & Grem, 1993].

[Tpu 5TOM BIAXKHOCTH SBISIETCS OOJIee BaXKHBIM, YEM JJISl APYTUX KYIbTYp. BakHO Takke yYUTHIBATH,
YTO JJIsl CEMEHHOU COU, YTOOBI COXPAaHUTh BCXOKECTh, €€ CIelyeT XpaHUTh IIpU BIakHOCTH Ha 1 % HiKe, yem
JUIS TOM, YTO XPAHUTCS IS MPOJAKH U TIepepaboTKu.

B ceBepHOM XOJIONHOM pEeruoHe AJisl JUIUTEIbHOTO XpaHEHHs] MaKCHUMallbHasl BIAXKHOCTh U1 3€pHA
cou oJkHa cocTaBiATh 11-11.5 %, B roskHOM — 10-10.5 %. be3onacHble ypOBHM BIIa)KHOCTHU JUIsl XPAHEHUS
3epHa COU 3aBHUCST OT TeMIIepaTyphl BO3yXa, MacChl MapTUH, a TAK)KE OT LIEJIeBOr0 HAa3HAUCHUS 3epHa: Ha
nepepaboTKy, Ha KOPM UJIU Ha CEMEHa.

Bo Bpemst xpaHeHusi cou B OOJIBIIOM KOJIMYECTBE AJTUTEIILHOE BPEMs MPH TEIUION MOroje Hy»XKHO
MIPEeyCMOTPETh MPOBETPUBAHUS JJISl IPEIOTBPALICHUS Pa3BUTHUS IJIECEHU U «TOPEHUS», Jake KOTa coaep-
’KaHHe BJaru HeBbICOKOe. be3 mpoBeTpuBaHus 3€pHO MOXKET MPOTOPKHYTh U 00€CIBEUMBATHCS, YTO CHU3UT
ero kayectBo. JlJisi Jqy4llIero npoBeTPUBAHUS 3€PHO TOJIKHO OBITh YUCTHIM OT PACTUTEIbHBIX OCTATKOB, a KO-
JINYECTBO TPABMHUPOBAHHBIX, IIOTPECKABIINXCS CEMSIH — MUHUMaJIbHBIM [Kazanina, 1988].

Brnusinue BIa)KHOCTH 3epHa Ha XpaHEHHE OCJIOXKHSETCS TeM, YTO Bjara B CyIIMJIbHOM OyHKepe Ie-
pemeraercs. B mpoxiaaHblil eprosl XONIOAHbIN BO3AYyX Yy HApYKHBIX CTEH OyHKEpa OIyCKaeTCs, a TEeIIbIi
- IOJHUMAETCsI HIEeHTPOM OyHKepa, 3a0upas U3 MoToKa Biary. Bo Bpems 3Toro npoiiecca Bjiara HakaruiuBaeTcs
B IIEHTpPaJIbHON BepxHeW uyacTu OyHkepa. Tak, B OyHKepax Npu cpeiHel BiaxxHocTu 3epHa 12-13 % B
BEpXHEH 4acTH OHa NoBbIaeTcs 10 16—17 %, 4T0 MOKET CHU3UTh Kaue€CTBO 3€PHA COU.

OcHoBHbIE TpeOOBaHUS JIJIs1 KAYECTBEHHOT'O XPAaHEHUS COU CIIeIYIONINE: BIaKHOCTh JOHKHA ObITh 10—
10.5 %, oTHOCHUTENbHAS BIAXHOCTh BO31yXa - HUke 60 %, temneparypa - 5° ...+ 5° C [Chang u ap., 1993].
[Tomemenue Ji XpaHEHUsI CEMSH COM OUYMILAIOT, IE3UH(YHUIMPYIOT U XOPOILIO TPOBETPUBAIOT. XPAHSIT CEMeHa
COU B METaJUIMYECKUX OyHKEpax, 3aKPBITHIX CKIAJACKUX MOMEIICHHSX, B MEIIKaX Ta0easIiMu BbICOTOM 1.5—
2.5 m, a TOBapHOE - B METAJUIMYECKUX OyYHKEpaxX M HACBINbIO WM B OyHKepax ¢ aKTUBHBIM BEHTUIIUPOBAHUEM.

AKTHUBHOE BEHTUJIUPOBAHUE TPUMEHSIETCS HE TOIBKO JIJISl OXJIAXKICHUS WIIH TIPEJOXPAaHEHUS BIAXKHOTO
3epHa OT CaMOCOTPEBaHus, HO M /I cymkH [Aniskin, 1972]. JIns akTHBHOTO BEHTHJIMPOBAHUS CEMSH C Iie-
JIBIO X CYIIKH UCIIONB3YIOT aTMOC(EPHBIH MM NOAOTPeThIi BO3ayX. CKOPOCTh CYIIKH 3aBUCUT OT HACHIIIECH-
HOCTH BO3/yXa BOJSHBIMH MapaMu, TEMIEPaTyphl BO3/AyXa, BIAroOTIAIONICH CIOCOOHOCTH 3epHa U CEMSH,
yIEJIbHOM MOoAa4YH BO3yXa, JOMYCTUMOM MPOIOIKUTEIBHOCTH CYIIKH. [[1sl CylIKu 3epHa BEeHTUIIUPOBAHUEM



JIETOM ¥ PAHHEU OCEHBIO MCIIOJIB3YETCS TEIUIBIM aTMOC(EPHBIA BO3AYX C OTHOCHUTEIBHOM BIIAXKHOCTBIO HE
6onee 65-75 %. Takas cymika uaeT MeUIeHHO U TpedyeT 0ombIIoro pacxoaa Boszayxa [Sakun, 1974]. B yc-
noBusx benapycu st ceema 1 % Biaru npu nopade Bo3ayxa 100 m3 tpeOyercs cBble Tpex cyToK. YToObI
HE MCTIOPTHUTH 3€pHO U CEMEHA, CYIIHUTh UX Oosbie 6—10 CyTOK Hemb3s, a MOATOMY yHelbHas Mojadya BO3Iy-
Xa MpH CyUIKe JA0JKHA ObITh 3HAYUTEIBHO OOJblle, YeM NpH oxyaxaeHuu [Vasilev, 1984]. IIpeninoxeHHbII
HaMH NPOrPECCUBHBINA U SKOHOMHUYECKU BBITOAHBIN, CIOCOO XpaHEeHHs 3€pHa COU KOHTEHHEpPHOe-MOyIbHOE
000pyI0BaHUE U1l XPAHEHUS 36pPHOBBIX MACC C AKTUBHBIM BEHTUJIMPOBAHUEM, YCTPAHAET MHOTHE YKa3aHHbIE
HEI0CTaTKH.

Panee Hamu Obli1a BBIABUHYTA WS, TI€ B KaUeCTBE EMKOCTEH JUIsl XpaHEHUs 3epHa (COM) UCIONb3Y-
I0TCSl CTAaHJapPTHBIE KOHTEHHEPHI I IEPEBO3KH I'Py30B BMECTUMOCTHIO 10—40 m3. Kax b1l MOIy/Ib COCTOUT
13 BBIOPAaHHOTO KOHTEWHepa, MHEBMOTPAHCHIOPTEpa, TPyOOIpOBOOB U MPHUOOPOB KOHTPOJISI U YIPABICHHUS.
ITpennoxennoe obopynoBanue (puc. 1) conepkut OyHKep Uil XpaHEHHs 3epHa, OTIIMYAIOIIUNCS TeM 4To,
OyHKep BBINIOJIHEH B BUJI€ BEPTUKAIBHO PACIOJIOKEHHOTO KOHTEHHepa, MPH 3TOM €ro HIKHSASA 4acTh (IHO)
BBINOJIHEHA KOHYCOOOpa3HbIM MO YIIoM He MeHee 40° U HU)KHee OTBEpCTHE dyepe3 MaTpyOoK COETUHEHO C
ITHEBMOTPAHCIIOPTEPOM a Ha BHYTPEHHE OOKOBOW CTOpPOHE, Ha TpeX PaBHOYJAJIEHBIX YPOBHSX IO BBICOTE
KOHTEHHEPA, Pa3MEILEHHbI JaTYNKH BIa)KHOCTH, KOTOPBIE 3aKPEIUIEHBl HA CKBO3HBIX METAJUNIMYECKUX TpY-
0ax, ¢ BHEIIHI CTOPOHBI KOHTEITHEpa YCTAHOBJIEH IUT YIPABICHUs U KOHTPOJIs faruukoB [Atykhanov u np.,
2018b].

Puc. 1. O6opynoBanue 11 XpaHEHHs 3epHA C akTUBHOW BeHTWIAmei [Atykhanov, 2018]:

1 — THEeBMOTPAHCIIOPTHBIH arperar; 2 — KOHTeHHep; 3 — TPaHCIIOPTHOE CPEJCTBO, OTKY/IA 3arpyKaeTcs 3epHO U OTKy/Ia OHO BBITpyXKaeTcs; 4 —
CHJIOBas Tepesiada; 5 1 6 — 3epHOOTACIUTENBHbIE (Pa3rpy304HbIe) IUKIOHBI-BBITPY3UUKH; 7 — TPyOOIPOBOJ TSI aKTHBHOTO MIPOBETPHBAHMUS WIIN
3arpysKu; 8 — TpyOOIpOBOA IS BRITPY3KH; 9 — TpyOOnpoBO (LITaHT) JUIs 3arpy3KH 3epHOBOI Macchl; 10 — naTunku BaaxxHocTH; 11 — qByXX0/10-

BOIf KJamnaH; 12 - HIKHee corio; 13 — maHesnb ynpaBJIeHUs] U KOHTPOJIS JaTUYMKOB; 14 — IBYXX0M0BO# KianaH; 15 u 16 — marpyoku (¢ ¢punsrpa-
MH) JUIsl OTBOZIa BO3/TYIIIHOTO OTOKA M3 IIUKJIOHOB.
[Fig. 1. Grain storage equipment with active ventilation [Atykhanov, 2018]].

ObopynoBanue Uil XpaHEHHs 3€pHA C AKTUBHOM BEHTWISIMEH BBIOJNHSET TPH LUKJIA: 3arpy3Ky,
MIPOBETPUBAHKUE U PA3TPY3Ky U paboTaeT CleayrommM oopa3om: 3arpy3ka 3epHa (puc.l) B 000pya0BaHHBIHI
KOHTEHHEp 2 U3 TPAHCIIOPTHOTO CPEJICTBA 3 OCYIIECTBISIETCS MHEBMOTPAHCIIOPTHRIM arperatom 1 1o 3arpy-
304HOMY TPYOOIpOBOAY 9, 3aTeM M0 BEpTHKAILHOMY TPYOOIPOBOAY 7 B LMKIIOH 5, IJIe BO3AYUIHO-3€PHOBOM
MOTOK pa3emsieTcss Ha BO3/AyX, KOTOPBIN ynansercss 4epe3 cormio 15, u B 3epHO, KOTOPOE YKIaIbIBACTCS B
KOHTEHHep 2 171 XpaHeHus. 3a/IBUKKa B HIDKHEH 9aCTH IIMKIIOHA 5 MPUBOAUTCS B IBHKCHUE DJICKTPOBUTA-
tenem [Atykhanov u np., 2018a; Duisenova u ap., 2019]. AkTuBHOE ITPOBETPUBAHHUE 3epHA B KOHTEHHEpE 2
OCYILECTBIIACTCS 10 3aMKHYTOMY KOHTYPY ITHEBMOTPAaHCIIOPTUPYIOIIMM arperatomM | U3 HUKHETro marpyoxa
12 xoHTeliHEepa Yepe3 IBYyXXOMOBOW KiamaH 14, 3aTeM 10 BEPTHKAIBHOMY TPYOONpPOBOAY 7, IHUKIOHY S5 H
BO3BpAIIACTCs B KOHTEHHEP-HAKOMUTEND 2. BrIrpy3ka 3epHa U3 HAKOMUTEIFHOW €MKOCTH TPOU3BOAUTCS 3
€€ HUKHEro narpyOka MHEBMOTPAaHCIOPTHBIM arperatom 1, uepes AByXx010Boil kianaH 14, TpyOornposon 8
Yyepe3 UKIOH 6 B TPAHCIIOPTHOE CPENCTBO 3.

Ota TexXHOoNOoTHs MoTpedoBaa UCCIeI0OBAHUS U AabHEHIIero 000CHOBAaHMS OCHOBHBIX PEKUMOB pa-
00TBI KOHTEHHEPHO-MOAYIBLHOTO 000PYIOBaHUS C aKTUBHOM BEHTHIISAIIUEH, TAKMX KaK (haKTHUECKask IIPOU3BO-
JTUTETHBHOCTh, YHEPTONOTPEOICHNE HA MTPOLECC TPAHCIOPTUPOBKH 3€PHA U BEHTWISIIIAY B 3aKPBITOM ITOMEIIIE-
HUH, a TAK)KE MCIIOIB30BAHMUS TIEPETIOBOTO METO/a KOHTPOJISI BIKHOCTH M TEMIIEpaTyphl COH.

Lenbro TaHHOTO MCCIIEOBAHUS SBIISETCS pa3paboTKa SKCIIEPUMEHTAIBHOTO 000PYIOBaHMs, aeKBaT-
HO MOJIEIHMPYIOLIETO MpeIaraéMyl0 TEXHOJIOTHIO XPAHEHUSI COM C aKTMBHON BEHTHJISIMEH, IS TTOCIIEAYIO-
el IPOBEPKU PACUETHBIX JTAHHBIX.



MaTepHnaJjibl 1 OCHOBHBIE METOIbI.

OkcnepuMeHTanbHOe 00opynoBanue. J[iist neneit nccienoBanus 6bU10 pa3paboTaHO SKCIIEPUMEHTATb-
Hoe obopynoBanue (puc.2). O60pyJ0BaHNE UMUTUPYET MPEIOKEHHYIO TEXHOJIOTHIO COIIacHO puc. 1 u pa-
OoTaeT B Tpex pexumMax — 3arpyska (puc. 3), BeHTwisiuus (puc. 4) u pasrpyska (puc. 6).

Puc. 2. DxcriepuMeHTaIbHOE 000PYI0BaHNE TS XpAaHEHHs 3epHA (COM) C aKTUBHOW BEHTHIISINEHT

[Fig. 2. Experimental equipment for grain (soybean) storage with active ventilation].

1 — xoHTeiHep; 2 U 3 — HUKJIOHBI-PA3rPy3UUKH; 4 — TPyOOIIPOBOJ ISl AaKTUBHOT'O ITPOBETPUBAHUS UIIH
3arpy3Ku; 5 — TpyOONnpoBOJ AJIst BEITPY3KH; 6 — KOMIIBIOTEPHBIH MOHUTOP; 7 — BcachIBaroIee 000py10BaHNe
(BO3IMyX0qyBKa WM TblIecoc); 8 — GapabaH Ais 3arpy3KH U BBITPY3KU 3€pHA; 9 — nmpubop A u3MepeHHs
sHepronotpedaeHus; 10 — 1aTuuK BIaKHOCTH U Temreparypsl; 11 — HuxHee coruo.

Ha puc. 1 B kauecTBe BcachIBaloIIero 00OpYIOBaHUs MOKa3aH MbUIECOC, HO TAKXKe HMCIIOIb30BAJICS
BeHTWIATOP (STIHL® BGE 71). B 0001X ciay4asx CKOpOCTbh BO3AYIIHOTO OTOKA MOKET HEIIPEPHIBHO H3Me-
HATBCS C TIOMOLIbIO MHBEPTOPA (YaCTOTHO-PETYIIMPYEMOTO IIPUBOJIA).

B03M0OXHOCTH 3TOT0 3KCIIEPUMEHTAILHOTO 000PYI0BaHUS 3aKITI0YAIOTCSA B!

H3meHeHne U u3MepeHne CKOPOCTH BO3AYIIHOTO OTOKA;

N3mepenue suepronoTpeOieHus;

W3mepeHue BIaXXHOCTH U TEMIIEPATYpPhI COH;

V3MeHeHne BBICOTHI TOJAYH.

Ha ocHoOBe 3TuX M3MepeHHil MOXKHO ONPENEINTh HECKOJIBKO MCXOJHBIX JAHHBIX I TEOPETHUECKUX
pacyeTos:

Pacxon Bo3ayxa u Matepuaia (Com);

3aBUCUMOCTb MEX/Y CKOPOCTBIO BO3IYILITHOIO MOTOKA U BBICOTOM MOJa4H;

3aBUCUMOCTb MEKY BPEMEHEM CYIIKU M NapaMeTpaMu MO/1auu;

Omnpenenenue pacxona u 3uepronorpednenus (puc. 3)7

Jlnist onpeienieHyst pacxosia U sHepronotpedneHus u3 6apabaHa B KOHTeHHep 3arpyxaror 1 kr cou. Bri-
COTa BEPTUKAJIBHOIO TpaHCHOpTepa cocTaBisieT 1,5 M. M3mepsieTcst BpeMs 3arpy3ku U norpednseMasi MOIil-
HOCTb. [IpoBOIUTCS 1eCATH TECTOB.

3arpy3Ka cou MPOBOAMIOCH U3 EMKOCTH 8, OTKY/a 3arpy»aeTcsi 3epHO uepe3 TpyOoorpoBos 4 KoTopast
CILY’KUT JUIS 3aTPY3KH U aKTUBHOM BEHTHJISILIUH 3€PHOBOM MacChl, OTAEISETCA 1iepe3 LIUKIOH 2 U B KOHTEIHEp
1 11t XpaHeHus 3epHa PUCYHOK 3.

Puc. 3. 3arpy3ka cou B KOHTEHHED.
[Fig. 3. Loading soybeans into the container].



Omnpenenenue BIaKHOCTH 3epHa (puc. 4).

Jns uccnenoBanus npoiecca Cymku | Kr cou BIaxHOCThIO 15 % B Teyenue 3 4 3 MuH nojsepra-
T aKTUBHOMY BEHTWJIMPOBAHUIO TI0 3aMKHYTOMY KOHTYpPY OT HMKHEH HacaJKH K IIUKIOHY-pa3rpy34yuKy (Ha
BEpXHEH YacTu KOHTeWHepa).

BenTunupoBanue 3epHa B KOHTeHepe | OCyIIEeCTBIIsETCS MO 3aMKHYTOMY KPYTy W3 HM)KHEH 4acTu

KOHTeiHepa uepe3 narpybok 11 mo tpybomnpoBoay 4 i aKTMBHON BEHTHJISLIMM 3€PHOBON MacChl 3€pHO
OTZAEIIAETCS LEPE3 LIMKIIOH 2 U B KOHTEHHEp | pucyHok 4.

Puc. 4. AKTUBHAsI BEHTHISIUS COH.

[Fig. 4. Active ventilation of soybeans].

OnpezneneHue CKOPOCTH BO3AYIIHOIO OTOKA.
M3MepeHust BO3AYIIHOIO NOTOKa MpoBogwiiock aneMoMeTpoM Mapku MASTECH® MS6252A nan-

HBI aHEMOMET SIBJISICTCS TU(PPOBBIM U3MEPUTEIILHBIM TIPUOOPOM U TIPUMEHSICTCS JJIs1 K3MEPEHHSI CKOPOCTH
BETpa M pacxoa Bo3ayxa puc. 5.

Puc. 5. Pyanoit mudposoit anemomerp MASTECH® MS6252A, m3MepuTens CKOPOCTH BETpa M TECTEP PACXOia BO3ILyXa.
[Fig. 5. MASTECH® MS6252A handheld digital anemometer, wind speed meter and air flow tester].

Jpyrue BO3MOXHOCTH SKCIIEPUMEHTAILHOTO 000PYIOBaHHS.

[Iponecc pasrpysku Takxke MOXeT ObITh cMonenupoBaH (puc. 6). Beirpyska 3epHa u3 koHTeiHepa 1
MIPOMCXOJUT U3 HIDKHEro narpyooka 11, yepes TpyOonpoBoz 5 1S BEITPY3KH 3€PHOBON MACChl Uepe3 HUKIOH
3 1 B eMKOCTb 8§, OTKY/la 3arpy’>KaeTcs U Ky/la BBITPYXKaeTCsl 3€PHO.

=

Puc. 6. 3arpy3ka cou U3 KOHTeHHepa B OapadaH.
[Fig. 6. Loading soybeans from the container into the drum].



B Hacrosmem Buie skcriepruMeHTaabHas yCTaHOBKA [103BOJISIET YBEJIMYEHHUE BBICOTHI I10{bEMA MAKCH-
MyM 10 2.0 m. Ho nipu ee nocTpoeHuu B 60iiee Moaxo A1IeM MOMEIEHUH MOYXXHO IPOBOAUTH 3KCIIEPUMEHTHI
IIPY U3MEHEHUH BBICOTHI IIOJ/beMa B 0ojiee MIMPOKUX IPAHUIAX.

PesyabTarsl n 00cyxneHue.

OpueHTHPOBOUHBIE JaHHBIE O KOJIMYECTBE 3arpy3Ku 1 Kr B kojauuyecTBe 1,5 M mpeacTaBieHsbl B TaOIu-

e 1.
Tabnuma 1. DkcnepuMeHTaIbHbIE TaHHBIE IO BPEMEHH 3arpy3KH U MaccoBoMY pacxoay Q ObLiH ompe-
JeNeHbl Tt 1 KT cou, TpaHCHOPTHPYEMOTo Ha BhIcOTy 1,5 M (puc. 3).

KonuuectBo ucnsitanuii Bpewms 3arpysku, ¢ Maccogslit pacxon Q, Kr/4
1 55 65.4
2 53 66.9

3 57 64.8
4 55 65.8

5 50 67.3

6 60 66.1

7 55 66.05
8 53 66.1

9 57 66.1
10 55 65.95
Cpenuuit 55 66.05

W3 mony4eHHBIX JaHHBIX OMpeAeNisieM MPOU3BOIUTEILHOCTh 000PYI0BaHUS IO BeIpakeHuto [Turaev
u ap., 2015].

m-3600
O=——7—-
Ty , (1

rae

Q — MaccoBas IPOU3BOIUTEILHOCTD, kg/h;

m- Macca 3epHa cou, kg;

T, - BpeMs 3arpysKu, s.

[Tpon3BOAUTENBLHOCTD MPU KaKJIOM 3KclepuMeHTa (moacuutana no (1)) u ee cepeansisi CTOUMOCTh
MoKasaHsbl B Ta0m. 1.

3.2. Onpenenenue YHEPronoTpeoIeHUS

OHepronoTrpelieHrne u3MepsieTcst B poliecce 3arpy3ku. DKCIepUMEHTaIbHbIE IaHHbIE O BPEMEHH 3a-
Ipy3KH ¥ SHEPronoTpedaeHuu A1 1 KT cou Mpu TPaHCHOPTHUPOBKE HA BBICOTY 1,5 M IpecTaBiIeHbI B TaOIHIIE
2.

Tabnuna 2. DxcnepuMeHTaIbHbIC TAHHBIE TI0O BPEMEHH 3arpy3KHu B dHepronorpednenuto P, onpene-
JeHHble A5 1 Kr cou, TpaHcnopTupyemoii Ha BeicoTy 1,5 M (puc. 3).

Homep Tecra | Bpems paborthl 1, ¢ [orpebnsemas mourHOCTH P, BT
1 55 19
2 53 17
3 57 18
4 55 18
5 50 19
6 60 17
7 55 17
8 53 19
9 57 18
10 55 18
Cpennuit 55 18




[loTpeOnenue 3HEpruu Mpu aKTUBHOM NPOBETPUBAHUU OyIET OIMHAKOBBIM, ITOCKOJIBKY 3arpy3ka U
IIPOBETPUBAHUE IIPOU3BOJATCS HA OIHOM BbICOTE - 1,5 M.

Omnpenenenue BIAXXHOCTH U TeMIIepaTypsl 3epHa. BiiaxkKHOCTb 3epHa COU MPU BEHTHUIIMPOBAHUU B 000-
PYIOBaHUU ONPEAEIISUIN CIIEAYIOIIUM CIIOCOOOM.

[Tpubopom Framcomp® Wile 65 usmepena HayanbHast BIaKHOCTb COU Iepe]l BeHTuiupoBanueM. [lo-
CJIe TPeX 4aCOBOI'0 BEHTHWJIMPOBAHUS TEM K€ MPUOOPOM M3MEpeHa OCTaTOYHasl BIaKHOCTh Marepuasa.

Puc. 7. Bnaromep 3epHa Wile 65.
[Fig. 7. Wile 65 grain moisture meter].

[Tpu 3TOM K pabodemy MakeTy obopynoBanus moakitodeH 1arauk SOFTRON® SM-200 BnaxxHOCTH U
TeMrepatypsl (puc. 8) co CIeAyIIMMHI MapaMeTpaMHu:

JunanazoH u TOYHOCTH u3MepeHus temmeparypsi: -40... +60 °C £0.5 °C

Jlnana3oH u TouHOCTh M3MepeHus Biaaxnoctu: 0... 100 %, +4.5 %

Puc. 8. latank temmeparyps! u BrakHoctd SOFTRON® SM-200.
[Fig. 8. SOFTRON® SM-200 temperature and humidity sensor].

JlaTuuk MOIKITIOUaeTCsl K KOMIIBIOTEPY Yepe3 afanTep M Peryaupyercs ¢ MOMOIIbIO MPOrpaMMHOIO
obecneuenus cucreMsl «Crpax-Kmumar» (Alarm-Climate.HT1), koropoe oGecrnieurBaeT HelpepbIBHbIN KOH-
TPOJIb, OTOOpAKEHUE TEKYIMX 3HAUCHUH U BEJJICHUE apXUBa TEMIIEPATyPbl U BIAXKHOCTH BO BPeMsI BEHTUIIS-
UM U XpaHeHHs. B mporpamme ycraHaBiIMBaeTCsl max, min 3Hau€HHE BIAKHOCTU U Temmepartypsl [http:/

softron.com.ua]. [Tomy4eHHbIE CBOAKH BIAXKHOCTH M TEMIIEPATYPHI 32 BpeMst pabOThI B 000PYI0OBAHUH PUCYH-
ku 9, 10, m 11.

1.5.H { Humidity), Min=12.0% Max= 16%
16
ek
12:52 13:02 13:12 13:21 14:33 14:45 14:55 15:05 15:10 15:20 15:31 15:42 15:55

Puc 9. CBozaxa BIaXKHOCTU 3¢pHA COU 3a EPUOJ BEHTUINPOBAHUS

OrnpesenieHne CKOPOCTH BO3IYIITHOTO MOTOKA.
OCHOBHBIM COCTaBJISIOIIUM TPOU3BOIUTEIHLHOCTH MPOIECCA SBISETCS CKOPOCTh TPAHCIIOPTUPOBAHUS
C BO3IYIIHBIM IIOTOKOM, KOTOpasi IO KHA OBITH 1.5-2 pa3a OoJbllle CKOPOCTH BHTaHUs cou [Martyanova,




CKopoCTh BUTaHMs COM OIpeE/eleHa OTAEIbHbIM 3cnepumeHToM [Asoiro, 2014] B mabGoparopuu
“CenbCKOXO0351UCTBEHHAsT MH)KEHEpHsI U TexHonornu Ka3axcTaHCKOro Hay4HO-HCCIIEN0BATEIbCKOTO MHCTH-
TyTa MEXaHU3aLUH U EKTPUDUKALIIH CEJIbCKOT0 X03sicTBa, Anmarsl, Kazaxcran (puc. 12). ITo pe3ynbraram
HCCIIEIOBAaHUS CKOPOCTh BUTaHUS COU B cpeaHeM coctaBuia v0 = 13 m/s. Ha co3nanHO# 3KcriepuMeHTalb-
HOW yCTaHOBKE OIpEeeNIeHO, YTO JUIs MoAbeMa 3epHOBOI Macchl Ha BbicoTy H = 1.5 m (puc.3), Heo6xonuma
CKOPOCTh Bo3tyXxa v =20 m/s, a Ha BbicoTy H =2 m —20.1 m/s. DTa CTOUMOCTb MOXET MOCIYKUTh OTIIPABHOM
TOYKH TO/ICYeTa HEOOXOIMMON CKOPOCTH BO3JyXa JJs APYrMX BbeIcOT moabema [Voskresenskiy, 2008], see
Paragraph 4.3.

1.5.Tw (The temperature of the humid thermometer), Min=18.6"C Max=1 9.1°C

25
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Puc. 10. CBoaxa TemIieparypa BIaKHOTO TEPMOMETpA 3a MEPUOJ BEHTHINPOBAHUS

1.2.T (Temperature), Min=25.9°C Max=26.9°C
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Puc. 11. CBoaxa TeMIiepaTypsl 3e¢pHa 3a IEpHOJl BEHTUINPOBAHUSL.
[Fig. 11. Summary of grain temperature over the ventilation period].

Puc. 12. DxcriepuMeHTaIBHOE 000PYIOBAaHUE AJISI OIIPEJISNICHUsI KOHEUHOI CKOpocTH (B JlabopaTopun “CelbCKOX03HCTBEeHHAsI TEXHUKA U TEXHO-
norun” Ka3axcTaHCKOro Hay9HO-HCCIIEN0BATEILCKOTO HHCTUTYTa MEXaHU3ANH U AJIEKTPUGHKAIIMU CEIILCKOTO X03sicTBa, AnMarsl, Kasaxcramn):
11— BeHTHIIATOP, 2 — PETYISATOP PAacXoaa BO3yxa, 3 — U(ppOBOM aHEMOMETp BeTpsKa, 4 — MEXaHNYSCKHI aHEMOMETp BETPSKA.

[Fig. 12. Experimental equipment for determining the terminal velocity (in the Laboratory of Agricultural Machinery and Technologies of the
Kazakh Research Institute of Mechanization and Electrification of Agriculture, Almaty, Kazakhstan): 1 — fan; 2 — airflow regulator; 3 — digital
vane anemometer; 4 — mechanical vane anemometer].

AHanu3 pe3ysbTaToB.

OcHOBHBIE TAPMETPHI HIKCTIEPUMEHTAIBHOM YCTaHOBKU:

B yacTh 3KCrIepMMEHTOB OIpe/IesIeHbl HEKOTOPhIE MApMETPhl SKCIIEPUMEHTATBHON YCTaHOBKU:

* Pacxon matrepuana (com) (pazaen 3.1);

* [Torpebnsiemass MOIIHOCTH (pazzen 3.2);

* CKOpOCTh BO3IYIITHOTO MOTOKA (pazzaen 3.4);

Pe3ynbrarhl mokaszaniu, 4To MpeIoKeHHAs SKCIIEPUMEHTAIbHAS YCTAHOBKA JaeT BO3MOXKEHOCTh aJIeK-
BaTHO MOJICITUPOBATH MPOIIECC XPAHEHHUS 3ePHA B KOHTEHHEPaX C aKTUBHBIM BEHTUILTMPOBAHUEM U TIPOBOIUTH
OIIBITHI C PErYJMPOBAHUEM OCHOBHBIX ITAPAMETPOB KaK POU3BOJUTEIBHOCTD, OTPEOJICHUE SHEPIUH, BIIaXK-
HOCTB U JIp. C UCIIOJIb30BAHUEM COBPEMEHHBIX METO/I0B, TPHOOPOB U IIUPPOBBIX TEXHOIOTHIA.

Ot nonyueHsIX B 3.1. pe3yabTaToB cepeaHss MPOU3BOAUTEIbLHOCTh material flow rate ycranoBku Q =
66.06 xr/u. B Takom ciydae npu 10 gacoBoil paboueil cyTku ee mpou3BOAUTENBHOCTH OyneT (Jy, = 660.6

kr/nenb = 0.6609 t/nenb. [loTpebnsiemast B CyTKH MOIIHOCTh HaXOAUTCS HA YPOBHE P day = 1.178 kWh. ITpu



ATOM yJebHasi YHEPTOEMKOCTh MPOIECcCca COCTABIISIET Py Q.:im: =1.78 kWh/T.

OTU pe3ynbTaThl MOATBEPKIAIOT PE3YJIbTATOB, MOJYUYEHbIe MPH BBIYUCICHUU MPU MOMOILIHU MPEJIo-
keHHOU B [Duisenova u ap., 2019] Meronuku. PazHuia Mex1y TECOPETUYECKUMHU U IKCIIEPUMEHTATbHBIMHU
pe3ysibTaTaMu cOCTaBisieT 10 S5 %.

DKCIIepUMEHTAIBHOE HCCIIEI0BAHUE PaXKUMa BEHTUIIUPOBAHUSI.

[TpoBeneHbI PKCIIEPUMEHTHI B peKUME BeHTHIIMpoBaHUs (Section 3.3) m1s onpeeieHuH:

* I3meHeHue BIakKHOCTH;

* I3meHeHue TeMneparyphl.

[Tpu6opom Framcomp® Wile 65 (puc. 7) uzmepeHo:

» HauanpHas BIaxHOCTh: 15 %;

* Bna)xHOCT nociie Tpu4acoBoro BeHtunuposanus: 11.8 %.

Takue e pe3ynbrarhl MoaydeHbl TenIoBHBIM criocobom [[TOCT 13586.5, 2015].

OTO CBUJIETEIBCTBYET O CHMKEHHUE BIAXKHOCTH cou Ha 3.2 % 3a ykazaHHoe Bpems. Hapsay ¢ stum
C ucnonb3oBaHueM cucteMbl «Strazh Klimaty KoHTponupoBalii BIQXHOCTh M TEMIIEPATypy BO3IyXa B
KOHTEWHEepe 3a BpeMsi MpoBeJeHUs SKcriepuMenTa. [lepen mpoBeTpuBaHNEM BIaKHOCTh Marepuala JI0JKHa
cocTaBATh 15 %, a BnaxxHocTh B KOHTeMHepe - 40,5 %. B koHIe mpoliecca NpoBEeTpUBaHUS ITH 3HAUYEHUS
coctaBisoT 11,8 % u 39 % cooTBeTCTBEHHO. DTa KOPPENsIUs MOJIE€3HA JJI YIIPABICHUS PEAIbHBIM CKJIa-
CKUM obopynoBaHueM (puc.l), rie naHenb yrnpaBieHUs TOKa3bIBAET TOIbKO ypOBEHb BiakHOCTH. Habmrone-
HUE TEeMIIepaTypbl U BIAXXHOCTH B KOHTEIHEpE SKCIIEPUMEHTAIBHON YCTAaHOBKHU J1a€ BO3MOXKHOCTh M3Y4YHTh
UX BIMSIHUE Ha MPOLIECCE CYIIKH, a TAKXKe BIUSHUE BEHTHJIMPOBAHUS HA UX CTOUMOCTEH.

[TomyueHHbIe pe3yNbTaThl MOTYT OBITH HCIIOJIB30BAHbI IPH MATEMATUYECKOM MOJIEIUPOBAHUH ITPOLEC-
ca cymku [Atykhanov u np., 2015] B peasibHOM 000py10BaHUH ISl XPAaHEHHUS COH.

CKOpOCTh BO3IYIIHOTO MOTOKA.

Ha co3ganHo# SKCIIepUMEHTalbHOM YCTaHOBKE YCTAaHOBIEHO, YTO JIJIS [TObeMa 3€pPHOBOM Macchl Ha
BbIcOTY H = 1.5 m, HeoOxXoauma CKOpocTh Bo3ayxa v = 20 m/s, a Ha BeicoTy H = 2 m — 20.1 m/s. IIpu mo-
MOIIIK 3TON CTOMMOCTH MOXXHO OTNPEAETUTh HEOOXOAUMYIO CKOPOCTh BO3[yXa AJSl APYTUX BBICOT MOIbEMa
[Voskresenskiy, 2008].

B naboparopun “CenbCKOX03iCTBEHHAsT MHXEHEpHUs W TexHojorun~ KazaxcTaHCKOro Hay4dHO-HC-
CJIEJIOBATEIHCKOTO MHCTUTYTAa MEXaHU3AIMH U JIeKTpU(UKaIMK CENbCKOTO X03sicTBa, Anmarsl, Kazaxcran
ObUTH TIPOBEACHBI SKCIIEPUMEHTHI JUIsSl YCTaHOBJICHUS HEO0XaJAUMON CKOPOCTH BO3AyXa AJi MOAbEMa 3epHO-
BOI Macc, Ha pa3IUYHON BhICOTE. JTa HKCIEPUMEHTAaIbHAsl YCTaHOBKA MMO3BOJIIET U3MEPEHUS 10 BBICOTHI 18
MeTpoB. [lomydeHnHble pe3yabTrarhl MOKa3aHbl Ha puc. 13. 3Ta 3aBUCUMOCTh MPEICTABISIET UHTEPEC U MOJJIe-
KUT MPOBEPKE HA CO3JIAaHHOM SKCIEPUMEHTAJIbHOM YCTaHOBKE (pHcC.2) MOCie ee AOpPa3BUTHUS Ui yBEIUYH-
BaHUS BOBMOXKHOM BBICOTHI [10JIeMa. DKCIIEPUMEHTHI B TOM ILJIaHE TUIAHUPYIOTCSA U B PEAJIbHBIX YCIOBUAX Ha
CYIIECTBYIOIINUX YCTAaHOBOK (puc. 1).

[IpennoxenHblil rpaduk MOXKeT ObITh HCIIOIB30BaH IS JaIbHEHIIEro BbIOOpa COOTBETCTBYIOIINX I1a-
pamMeTpoB KOHTEHHEPHO-MOAYJIBHOTO 000PYIOBAHUS JIJIsl XPAHEHUS COM C aKTUBHBIM BEHTHIIUPOBAHUEM.

[Ipu TeopeTHyeCKHX MOJICUETaX YCTAHOBJICHO, YTO Ul MOAbEMa 36pHOBOIM Macchl Ha BHICOTY 18 Me-
TPOB HEOOXOMMAs pacueTHAsi CKOPOCTh BO3IYITHOTO MTOTOKA JIOJKHA OBITh 26.6 m/s [Atykhanov u nip., 2019].

B npaktuke anis omnpenenaeHus: CKOPOCTH BO3AYIIHOTO MOTOKAa OOBIYHO TOJB3YeTCs 3aBUCHMOCTh
[Martyanova, 2017].

v=2v,=2-13=26ms @)

DKCIEpUMEHTHI TIOKA3ali, YTO 3Ta CKOPOCTh AOCTAaTOYHA /IS moabema 1o 18 MeTpoB, HO mpu Oomee
BBICOKHMX KOHBECPOB €€ HA/10 YBCIIMUUBATD.

[Tpu ToM U1 COM M3BECTHO, YTO CTOPOCTH BO3yXa HE JOJDKHA peBhImarh 30 m/s, yBelTu4eHUE CKOPO-
CTH BO3JlyXa TPaHCHIOPTUPOBAHHS MOXET MPUBECTH K IpodaeHuto 3epHa [https://chem21.info/info/1606838/].
CKOpOCTb TPaHCIOPTUPYIOLIETO MTOTOKA MPU BEPTUKAILHOM [THEBMOTPAHCIIOPTE).

DKCIIepUMEHTAIBHBIE UCCIICIOBAHMS Ha CO3/IaHHOM YKCIICPUMEHTAIFHON YCTaHOBKE MTO3BOJIUTH O0Jiee
YETKO OIPENIEINTh CKOPOCTh BO3/lyXa B paCCMaTpHUBAaEMbIX THEBMOKOHBEEPAX.
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Puc. 13. I'padyik 3aBUCUMOCTH BEICOTHI IIOIbEMa 3€pHA COM OT CKOPOCTH BO3/IYIIHOTO MOTOKA.
[Fig. 13. Graph showing the relationship between soybean grain lifting height and airflow velocity].

[TpemnoxxeHHbIH rpadguk MOXKET OBITh UCTIONB30BAH [T TAITBHEHUIIIETO BRIOOPA COOTBETCTBYIOMINX Ta-
pamMeTpoB KOHTEHHEPHO-MOAYIILHOTO 00OPYIOBAHMSI JJIsI XPAHSHUSI COYM C aKTHUBHBIM BEHTHIIUPOBAHUEM.

BoiBOaBI.

B nanHoif paboTe HaUIH OTPAKESHUS CIISTYIOIINE TO3UIUH.

Pazpaboranu 3KcriepuMEHTANIBHYI0 MAaKeTHYIO YCTaHOBKY, aJI€KBaTHO MOJIEIHPYIOIIYIO MPEII0KEH-
HYIO TEXHOJIOTHIO XPaHEHUSI COM C AKTUBHBIM BEHTUJIMPOBAHUEM.

Ha skcniepumMeHTanbHON MakeTHOM yCTaHOBKE IIPOBEIN OTBITHI M MCCIIEIOBATIHN MPOU3BOAUTEILHOCTD,
MOTPeOIIEMYEO MOIITHOCTD MPOIIECCa, a TAKKE BIAKHOCTh COU TIPH BEHTHUIIHPOBAHHH.

VYCTaHOBUIIM YTO TOJMYYEHHBIE TAHHBIE MPOU3BOAUTEIHLHOCTH U MOIIHOCTH MPU TEOPETUUECKOM pac-
geTe OJIM3KH 0 3HAYEHUSM IKCIIEPUMEHTAIbHBIM JJAHHBIM C OTKJIOHEHUEM 10 5 %. [loTBepkIeHbI TeOpeTH-
YEeCKHE Pe3yJIbTaThl O BETHUYNHE HEOOXOAMMON CKOPOCTH BO3AYIITHOTO MIOTOKA JUISI ITOIbEMa 3€PHOBOM MaCChI
Ha BbICOTY 18 MeTpoB.

[TpemnoxxeHHbIi rpadguk BEIOOpPA CKOPOCTH BO3IYIITHOTO MOTOKA VIS TOABEMA HA OTPEICIICHHYIO BbI-
COTY ITO3BOJIUT BHIOPATh COOTBETCTBYIONINE TEXHOJIOTHUECKHE IMapaMeTphl Impoiecca u 000pyI0BaHue.
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Abstract. Pre-sowing soil tillage under irrigated agriculture conditions is characterized by high energy
intensity and significant mechanical impact on the soil structure of the southern region. The soil cover of
Southern Kazakhstan is predominantly represented by dark chestnut, chestnut, as well as brown and grey-
brown soils located south of the chestnut zone and occupying about 120 million hectares (44 % of the republic’s
territory). The low humus content (1.0-2.0 %) determines their weak structure and increased sensitivity to
intensive mechanical treatment; therefore, efficient farming in this zone is mainly possible under irrigation
and the use of resource-saving technologies. The paper presents the results of engineering optimization and
experimental studies of a rotary unit designed to simultaneously perform pre-sowing soil tillage and seed
sowing in a single technological pass. The study includes analytical modeling of the interaction between
working bodies and soil, optimization of geometric parameters of rotary blades, and comparative field tests of
an experimental prototype (FS-2.1). A rational blade installation angle of 54—56° has been established, ensuring
a reduction in the specific cutting area by approximately 22 % and a decrease in soil resistance to tillage. Field
tests demonstrated the formation of a high-quality seedbed: the content of aggregates smaller than 25 mm
reached 85.2 %, while the deviation in surface leveling did not exceed 5 mm. Compared with the conventional
multi-pass technology, reductions in draft resistance, fuel consumption, and total energy costs by 38 %, 43 %,
and 54.5 %, respectively, were recorded. The obtained results confirm that optimization of the parameters of
rotary working bodies and the integration of tillage and sowing operations ensure improved energy efficiency
of the technological process without deterioration of agrotechnical indicators. The developed unit can serve as
a basis for the implementation of resource-saving crop cultivation technologies under irrigated conditions of
Southern Kazakhstan and similar agro-climatic zones.

Keywords: rotary unit; pre-sowing soil tillage; seed sowing; optimization of working bodies; energy
efficiency; irrigated agriculture; chestnut, brown and grey-brown soils
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AnHotanus. Cyapmainbl eriHIIUTIK JKaFIalbIHAa eric ajAbIHAAaFbl TOMBIPAK OHICY JKOFaphl SHEPTHUs
CBHIMBIM/IBUTBIFBIMEH OHE OHTYCTIK ailMaKThIH TOIBIPAK KYPbUIBIMBIHA €JIeYIIl MEXaHHKAJIBIK 9CEpIMEH CUTIaT-
tanaael. OHTYCTiK Ka3zakcTaHHBIH TOTBIPAK KaMBUIFBICHI HET131HEH Kapa-KOHBIP, KOHBIP, COHAAN-aK KOHBIP
YKOHE CYP-KOHBIP TOTIBIpAKTap/IaH TYPaJIbl, 0JIap KOHBIP TOMBIPAKTAPAbIH OHTYCTITIH/Ie OpHAJIACKaH JKOHE pe-
cnyOnuka aymarbIHbIH IIaMaMmeH 120 mutH rektapbid (44 %) kamtuasl. ['ymyce memmepiniy temenairi (1,0-2,0
%) onmapIbIH KYPBUIBIMBIHBIH QJICI3ITIH KOHE KApKBIHIBI MEXaHUKAJIBIK OHIEYTe >KOFaphl Ce31MTa IbIFbIH
aHBIKTAMIbI, OChIFaH OAMTAHBICTHI aTallFaH alMaKTa THiIM/Ii €T1HIIUTIK HET131HEH cyapy *oHE PeCypCThl YHEM-
JEUTIH TEXHOIOTUsIAp/Ibl KOJAaHY apKbUIbI Ky3ere achlpbliaabl. JKyMmbIcTa Oip TEXHOIOTUSAIBIK OTY/IE TOTbI-
PaKTHI eTic aJIbIHIAFbl OHJEY MEH TYKbIM ceOy/l KaTap OpbIHIayFa apHaJIFaH pOTOPIIbl arperarThl HHXKEHEep-
JK OHTAMIAHABIPY JKOHE IKCIIEPUMEHTTIK 3€PTTEy HOTHKeNepl YChIHBUIFaH. 3epTTeY )KYMBIC OpraHAapbIHBIH
TOTIBIPAKIICH ©3apa SPEKETTEeCYiH aHATUTHKAIBIK MOJENIbCY/ll, POTOPIbI MBIIIAKTAPIBIH T€OMETPHUSIIBIK Ma-
pameTpiepiH OHTaIaHABIPY/IBI sKoHe TKIpuoOemnik yuriHiH (PC-2,1) caaplcThIpMalibl JaaiblK ChIHAKTAPbIH
KaMTu bl [IplakTapasl OpHATYABIH THIMAL OYPBIIIBl 54—56° ekeHl aHBIKTaN b, Oy Kecy ajJaHbIHbIH MEH-
IIikTi mamameH 22 %-ra TOMEHJIEYiH )KOHE TONBIPAKThIH OHJIEYTe KeAEePriCiHiH a3aloblH KAaMTaMachI3 eTe/li.
JlananbIK ChIHAKTap camalibl ce0y TOCETiHIH KaJIbITACybIH KOPCETTI: OIIIeMi 25 MM-JIeH Killll arperarTap/IbiH
yneci 85,2 %-apl Kypajibl, an 6eTki KabaTThIH TEriCTIriHIH aybITKYbl 5 MM-JIeH acnajbl. JlocTypil ke eTiMal
TEXHOJIOTHSIMEH CaJBICTBIPFaHIa TapTy KEJEPTiCi, OTHIH IIBIFBIHBI KOHE MKAJIbl SHEPTEeTUKANIBIK IIBIFBIHAAD
tuicinmie 38 %, 43 % xone 54,5 %-ra ToMeHAeTeH] aHBIKTANIbl. AJBIHFAH HOTHUXKEIEP POTOPIIBI KYMBIC Op-
ra”japhbl NapaMeTpiepiH OHTAMIAHABIPY JKOHE TOMBIPAK OHICY MEH ce0y onepanusaapbiH OipiKTipy arpoTex-
HUKaJBIK KOPCETKIITEP Al HalapaaTnan, TeXHOJIOTHSUIBIK YIEPICTIH SHEPTUsS THIMILTITIH apTThIPYAbl KaMTa-
MachI3 €TeTIHIH Admenaeial. O3ipaenrer arperar OHTycTik KazakcTaHHBIH CyapMalibl €T1HIIUTIK JKaFaibIHaa
KOHE yKcac TaOUFU-KIMMATTBIK aliMaKTapAa pecypcThl YHEMICHTIH TEXHOIOTHsUIapAbl €HT13yA1H Heri3i 6oia
ajajpl.

TyiiiH ce31ep: pOTOPIIBI arperar; eric aaAbIHAAFbl TOTBIPAK OHAEY; TYKbIM ce0y; )KYMBbIC OpTaHIapbIiH
OHTaWJIaHABIPY; SHEPTUs TUIMILUIIT; CyapMalibl eTiHIIUTIK; KOHBIP, Kapa-KOHBIP, KOHBIP jK9HE CYP-KOHBIP TO-
TIBIPAKTap
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AnHoTauus. [IpennoceBHas o0paboTKa MOYBBI B YCIOBUSAX OPOLIAEMOr0 3€MIICACIIHS XapaKTepHu3y-
€TCS1 BBICOKOM SHEPrO€MKOCTBIO U 3HAYUTEIbHBIM MEXaHUYECKUM BO3JEHCTBUEM HA MOYBEHHYIO CTPYKTYpPY
10HOTO pernoHa. [ lousennsiii nokpos FOxHoro Kazaxcrana npencrasieH NpeuMyIIeCTBEHHO TEMHO-KAILITa-
HOBBIMM, KallITAHOBBIMH, a TAK)Ke OypbIMU U CEpO-OypbIMU IIOUBAMH, PACIIOTIOKEHHBIMH I0KHEE KallITAHOBBIX
1 3aHUMaroIMK okosto 120 mutH ra (44 % tepputopuu pecnyonuku). Huskoe copepkanue rymyca (1,0-2,0
%) 00yCIIOBIMBAET UX CIa0YI0 CTPYKTYPHOCTD U MOBBIIIEHHYIO YyBCTBUTEIBHOCTh K MHTEHCUBHON MEXaHU-
4yeckoil 00paboTke, B CBA3U € 4yeM 3 PEKTUBHOE 3eMIIE/IeNE B JTaHHOW 30HE BO3MOYKHO IVIaBHBIM 00pa3om
IpU OPOIICHUH U MPUMEHEHHH pecypcocOeperammux TexHonoruii. B pabore npeacraBieHsl pe3yabTaThl
WH)XCHEPHOW ONTUMU3ALMU U SKCIIEPUMEHTAIIBHBIX UCCIIEI0BAHUM POTOPHOIO arperara, lpeIHa3HaueHHOIo
JUIS. COBMEILIEHHOTO BBINOIHEHHS MPEANOCEBHON 00pabOTKM MOUBHI U MTOCEBA CEMSIH 3a OJJUH TEXHOJIOTHYe-
ckuil npoxo. VccienoBanue BKIIOYAET aHATUTUYECKOE MOJICIMPOBAaHUE B3aMMOJICHCTBHS pab0YMX OPraHOB
C MOYBOM, ONITUMHU3ALUIO FEOMETPUUECKHUX ITAPAMETPOB POTOPHBIX HOXKEHW U CPABHUTEIIBHBIE IIOJIEBBIE UCIIbI-
TaHUs SKCIepUMeHTanbHoro oopasua (PC-2,1). YeraHoBineH pallnoHaIbHbIN YTrod yCTaHOBKU HOXeH 54-56°,
00eCcrneunBaroLINi CHUKEHUE YIeIbHOM IIIoaau pe3aHus MpuMepHo Ha 22 % U yMEeHbILICHHE COPOTHUBIIE-
HUs 10YBBI 00paboTke. [ToneBble ucnbITaHus MOKa3au OPMUPOBAHUE Kaue€CTBEHHOTO [TOCEBHOTIO JIOXa: CO-
JIEp’KaHuE arperaTtoB pasMepom MeHee 25 MM cocTaBuio 85,2 %, OTKIIOHEHHE BEIPABHEHHOCTH IIOBEPXHOCTH
He npeBbliano 5 MM. [1o cpaBHEHUIO ¢ TpaJUIIMOHHON MHOTOIIPOXOAHOMN TeXHOIOTHeH 3a(hUKCUPOBAHO CHU-
JKEHHUE TATOBOIO COIPOTUBIIEHMSI, PACX0/a TOIUIMBA U CyMMApHBIX HEPI€TUUYECKUX 3aTpaT COOTBETCTBEHHO
Ha 38 %, 43 % n 54,5 %. IlonyuyeHHble pe3yabTaTsl HOATBEPAKAAIOT, UTO ONITUMHU3ALINS IAPaMETPOB POTOPHBIX
pabouynx OpraHoB ¥ COBMELICHUE Onepaliii 00pabOTKHU IMOUYBBI U TOCEBa 00ECIEYNBAIOT MOBBIILIEHHE YHEPTO-
3P PEKTUBHOCTH TEXHOJIOTHYECKOTO Mpoliecca 0e3 yXy/IIIeHUs arpoTeXHUUECKUX rokasaresneil. Pazpaboran-
HBII arperar MOXKET CIYXHUTb OCHOBOH JUIsl BHEAPEHUS pecypcocOeperaomux TeXHOJOTHI BO3/IeNbIBaHUS
CEJIbCKOXO3SIIICTBEHHBIX KYJIBTYp B YCIOBHsIX opoutaemoro 3emiieaenus FOxuoro Kazaxcrana u aHaJorM4HbIX



MPUPOAHO-KIIMMATHYECKHX 30H.
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Paboma evinonnena npu noooepoicke Komumema nayxu Munucmepcmea Hayku u vicuie2o oopaso-
sanus Pecnyonuxu Kazaxcman (epanm Ne AP08052321 «Paspabomka pecypcocbepecaroue2o KOMOUHUPO-
8aHH020 azpezama OJisl NPeOnoCesHOU 06PaAdOMKU NOYEbL U NOCEBA CeMAH HA opouiae-mulx 3emasax FOocnozo
peauona Kazaxcmana», a makace npoekmoi Ne AP32715643 u Ne AP32715817).

Aemopul sviparncarom onazooapuocmy: TOO «Hayuno-npouzsoocmeennviil yenmp Aepoundicene-
PUu» — 3a U320MoGieHUue IKCNePUMEHMATbHbIX 00paA3Y08;

TOO «Ka3zaxckuu HUU 3emnedenuss u pacmenuesoocmear— 3a npedocmasieHue onblmuulx noieu u
cooeticmeue 8 nposedeHUuU UCNbIMAHULL,

UMIICEHepam, MexXHUKAamM U CReyuaiucmam, yuacmeosasuium 6 U320MmosileHuU, 00CIYHCUBAHUU U cOope
9KCHEePUMEHMATIbHBIX OAHHDIX.

BBenenue.

ITpeanoceBHas 06paboTKa MOYBHI SBISETCS OJHON U3 HAaHOOIEe SHEPrOEMKIX TEXHOJIOTHYECKHX OIle-
pauuii B cucTeMax OpoIIaeMoro 3emienenus. B TpaJuuuoHHON NpakTHKE MOArOTOBKA MOJIS BBIOIHSAETCS
B HECKOJIBKO 3TaloB, BKJIIOYAIOIIMX OCHOBHYIO 00pabOTKY, MPEANOCEBHOE PHIXJICHHUE, BHIPABHUBAHHE IO-
BEPXHOCTHU M MOCIENYIOIUI oceB. MHOTOKpaTHOE MPOXOKJICHUE arperaroB M0 OJHOMY U TOMY € y4acTKy,
0COOEHHO B YCJIOBHUSX YBJIQXHEHHOW MOYBBHI, MIPUBOAUT K MOBTOPHOMY YIUIOTHEHHUIO IAXOTHOIO CJOs, pas-
PYLICHUIO IPUPOAHOI CTPYKTYpBI U BO3PACTAHUIO SHEPreTUUECKUX 3aTpat. [loBTopsmomieecs: MexaHu4ecKoe
BO3/ICHCTBHE HA TMOYBEHHBIN MPO(UIb COMPOBOXKIACTCS YBEIMUEHHUEM TATOBOIO COMPOTUBIECHUS, pacxoia
TOIJIMBA M OOILIEro ypoBHs TEXHOTEHHOM Harpysku Ha arponanamadrt [Kapmanos, 2022a: 25-41; Chatkin,
2022: 539-551; Mohammad, 2015: 11-22].

s roxHbIX pernoHoB Kazaxcrana — Typkecranckoid, JKamObuickoit, Kei3pimopanHckoit 1 AnMaTuH-
CKOH oOnacTell — ykazaHHbIE IPOOIEMbl IPUOOPETAIOT 0COOYIO AKTYaIbHOCTb B CBA3U CO CHENU(DUIECKUMU
MOYBEHHO-KJIMMATHUYECKUMHU yCIIOBUAMU. OpolaeMoe 3eMilezieNiue 31eCh IPEeUMYIIeCTBEHHO pa3BUBAETCs Ha
CepO3EMHBIX MOYBAX, KOTOPHIE XaPaKTEPU3YIOTCS CIOKHBIM MPOCTPAHCTBEHHBIM CTPOCHUEM M HEpeaKo 00-
pa3yloT MO3aHyuHbIE COYETAHUS CO CBETIIO-KAIITAHOBBIMH CYIIIMHUCTBIMHM Pa3HOBUIAHOCTSMH, COJOHIEBATHI-
MU BKJIIOYCHUSMHU U APYTMMU UHTPa30HAJIbHBIMU 00pa3oBaHUAMU. Takas HEOTHOPOAHOCTb OOYCIOBIHMBAET
3HAUUTeNbHbIC KoeOaHus (PU3NYECKUX U MEXAHWYECKUX XapaKTEPUCTUK — IJIOTHOCTH CIIOXKEHUS, ClLeruie-
HUS YaCTHII, COTIPOTUBIIEHU cIBUTY. B pesynsrare pabora nmouyBooOpadaThIBarOIIMX MAIIMH CONPOBOXKIAET-
Csl HECTaOMIIBHBIMU Harpy3KaMu, YXyAILICHMEM KaueCTBa KPOIICHUS U U30BITOUHBIM MOTPEOIEHUEM SHEPTUH
IIPY UCTIOJIb30BaHUM TPAJUIIMOHHBIX TeXHOIOTUi 00paboTku [Mohammad, 2015: 11-22; Gribanovsky u np.,
2017: 1307-1316].

B nocnennue rozpl B kKauecTBe aJlbTEpHATUBBI MHOTOIPOXOIHBIM CXeMaM BcE 0oJiee aKTUBHO paccMa-
TPHUBAIOTCS TEXHOJIOTUU COBMEILEHHON 0OpabOTKH MOYBBI U MOCEBA, BHIMOIHAEMBIE 32 OMH TEXHOJIOTHYE-
ckuil mpoxon. VX nmpuMeHeHue MO3BOJIET YMEHBIIUTh CYMMapHOE€ MEXaHWYECKOEe BO3/IEHCTBHE Ha IOYBY,
COKpAaTUTh KOJMUYECTBO MPOXOJOB TEXHUKH U, KK CJIEICTBUE, CHU3UTh SHEPreTHUECKUE U HKCILTyaTalluOHHbIE
3atpathl. Pe3ynabraThl psijia ucciaeI0BaHuN CBUIETEIbCTBYIOT O 3aMETHOM YMEHBIIEHUH pacxojia TOMJIMBA U
MOBBIIIEHUH TPOU3BOJCTBEHHON 3(D(heKTUBHOCTH NPU HHTETPALUMH ONepaluii 00pabOTKH U 1OCeBa B €TUHBIN
npouecc [Karmanov, 2022b: 45-52; Karmanov, 2022c: 64-72; Karmanov u ap., 2022: 108-119]. Bmecre ¢
TEM 3HAYUTEJIbHAS YacTh CYIIECTBYIOLIMX KOMOMHMPOBAHHBIX MAIllMH pa3padarbiBajach AJIsl arperaTupoBa-
HUS C TPAKTOPaMH BBICOKOM MOIITHOCTH U NMPOEKTUPOBAJIACH HA OCHOBE MPEUMYIIECTBEHHO IMIIUPHUECKOTO
noadopa napaMeTpoB pabounX OpraHoB. ITO OrpaHUUYMBAET UX MPUMEHEHHUE B YCIOBUSAX OPOIIAEMBIX arpo-
cucreM LleHTpanbHON A3HH, Il IIUPOKO UCIIOIB3YIOTCS TPAKTOPhI CpeIHEH TAroBoil KaTeropuu u TpedyeTcs



oosiee magdIee BO3ACUCTBUE Ha ITOYBY | Karmanov, 2022¢: 64—/2; Karmanov u ap., 2022: 108—-119].

OpHMM U3 TEPCIEeKTUBHBIX HAMPABJICHUN COBEPIICHCTBOBAHUS MPEANOCEBHON MOJATOTOBKU SIBIISET-
Csl UCIIOJIb30BAaHUE POTOPHBIX PabOUMX OPraHoOB, CIIOCOOHBIX d(D(PEKTUBHO POPMHUPOBATH MEIKOKOMKOBATYIO
CTPYKTYpPY HOUYBBI Ia)K€ HA CBSI3HBIX U YBIAXKHEHHBIX TpyHTax. OIHAKO SHEPreTHUECKHE MOKa3aTeNn TaKuX
OpPraHOB B 3HAYUTENLHOM CTETIEHU OMPEACIAIOTCS UX T€OMETPUIECKUMU U KUHEMaTHUYeCKUMU MapaMeTpaMu
— (opMoii HOXKa, YIIIOM €r0 YCTAaHOBKH, CKOPOCTHBIM PEKHMOM B3aUMOJEHCTBUS ¢ mo4Boil. MccnenoBanus
B O0JIaCTH MEXaHUKH PE3aHUs MOYBHI MOKA3bIBAIOT, YTO M3MEHEHHE OPHEHTALMU HOXa M TPACKTOPHUH €ro
JBUKEHUS CYIIECTBEHHO BIHMSET HAa XapaKTep pa3pylIeHUs MOYBEHHOTO MACCHBA, BEIMUMHY PEAKIIMOHHBIX
yCWINN U MOTPEeOHOCTH B KpyTaieM MomeHnte [ Dubrovsky, 2021: 47-56; Chen, 2019: 104335; Sakai, 2008:
187—-198; Sudhakar, 2012: 1-7]. HecmoTpst Ha 3TO, KOJMYECTBEHHAsl B3aUMOCBSI3b MEKIy MapaMeTpaMu po-
TOPHBIX Pa0OYMX OPraHOB, JOKaNIHM3aIMel 30HbI 00PaOOTKH U SHEPreTHUeCKOr 3PHEKTUBHOCTHIO KOMOWHH-
POBAHHBIX arperaroB 0CTa&TCs HEAOCTATOUHO U3YUEHHOM.

Taxum 006pa3om, cyliecTByeT HeOOXOAUMOCTh B pa3paboTke HayYHO 0O0CHOBAHHBIX MMOIXO/I0B K MPO-
EKTUPOBAHUIO TTOYBOOOPAOATHIBAIOIIE-TOCEBHBIX MAIIUH, YYUTHIBAIOIIMX HE TOIBKO TEXHOJIOTHUYECKUE Tpe-
00BaHUs, HO U 3aKOHOMEPHOCTH MEXaHWYECKOTO B3aMMOJACUCTBUSA CUCTEMBI «pabOUYuil OpraH — MOYBEHHAS
cpena». MmkeHepHast HOBU3HA HACTOSIIETO MCCIIEIOBAHMS 3aKIIOYAETCS B YCTAHOBICHUU KOJIMYECTBEHHOM
3aBHCHMOCTH MEXIy T€OMETpUell POTOPHBIX HOXKEH, MEXaHUKOW Mmpoliecca pe3aHus MOYBbl U YHEpreTHYe-
CKHMMH XapaKTePUCTUKAMHU TEXHOJIOTHUECKOM CUCTEMBI B YCIOBUAX OPOIICHHS. B oT/In4me OT TpaJuIliMOHHBIX
SMIOUPUYECKUX METOIOB MPOSKTUPOBAHUS MPEIIOKEHHBIN MMOIX01 OCHOBAH HA COYETAHMM aHAJIUTHYECKOU
ONTHMHU3ALMU TTAPaMETPOB PabOUUX OPraHOB C MOCIEAYIONIEH IKCIIEPUMEHTANIBHON MPOBEPKOM B MOJIEBBIX
YCIIOBUSX, 4TO 00ECIEUYNBAET BOCIPOU3BOAUMOCTD MOTYYCHHBIX PEIICHUH U BO3MOXKHOCThH UX aJanTalluu
K ManorabapuTHBIM KOMOWHUPOBAaHHBIM arperaraMm ajisi epMepcKuX XO3SHCTB, arperarupyeMoro ¢ Tpak-
Topamu kinacca Tiaru 0,6...1,4 kH. [Sakai, 2008: 187-198; Wang, 2014: 467-476; Zhang, 2019: 100-109;
Bernatsky, 1985: 145-162].

Hcxons n3 0003HAUEHHOM HAYyYHO-TEXHUYECKON MPOOIEMBI, IIeNIbI0 paboThI SBISETCS pa3paboTka U
JKCIEPUMEHTaIbHOE 000CHOBaHNWE KOMOMHUPOBAHHOTO POTOPHOTO arperara AJis BBITOJHEHHUS MPEarnoCeB-
HOM 00pabOTKM MOYBBI M ITOCEBA CEMSIH 33 OJJUH MPOXO. [[71s1 TOCTHXKEHUS STOM eI UCTIONb30BAHBI METOIBI
AQHAIUTUYECKOTO MOJICTTMPOBAHMS B3aUMOJICHCTBHUS pabOUNX OPraHOB C MOYBOM, MHKEHEPHON ONMTUMU3AINH
KOHCTPYKTHBHBIX TAPaMETPOB U CPABHUTEIHHOM MOJIEBOM OLIeHKH 3(PPEKTUBHOCTH arperara B yCIOBHSIX OpO-
maeMbIx 1mous FOxHoro Kazaxcrana.

MarepuaJibl 1 METOABI.

Hnowcenepras Konyenyus u KOHCMPYKYUs IKCNEPUMEHMAbHO20 00pas3ya.

KoMOuHupoBaHHbBIN arperar pa3pab0oTaH Ha OCHOBE CHCTEMHOTO HH)KEHEPHOTO TOAX0a, HallpaBIleH-
HOTO HAa CHIKEHUE COBOKYIHOTO MEXaHMYECKOTO BO3ACHCTBUS Ha MOYBY, SHEPro3arpar U METATIOEMKOCTH
MIPY BHITIOJTHEHUH MPEANOCEBHBIX OINEpaluii B ycIoBHsIX opouieHusi. KiroueBas ujes 3akiodanach B UHTE-
rpalyu POTOPHOU 0OPaOOTKU MOUBHI M TOYHOTO BHICEBA B PAMKaX OJHOMPOXOAHOTO TEXHOJIOTUYECKOTO MpPO-
1ecca ¢ MOJOCHBIM BO3ACHCTBHEM, MPH KOTOPOM MHTEHCHBHAs MeXaHUYecKas o0padoTka OrpaHUYHBACTCS
UCKITIOYUTEIHHO 30HAMH Pa3MEIICHHUSI PSIKOB.

[TpunsiTas KOHCTPYKTHBHAs cxeMa (PUCYHOK 1) mpeacTaBisieT co00i HaBECHOM arperar ¢ mpuBOAOM
oT Bana otbopa mourHOocTH (BOM) Tpakrtopa. OCHOBHBIMU 3JI€MEHTAMH KOHCTPYKIMHU SIBISIFOTCSI CBapHAs
npsiMoyrosibHast pama (7), peaykrop (2) ans nepeaadu MOIIHOCTH, BBICEBAIOIIMH anmapar KaTyllIeqHOTO THIa
(4) u axTuBHas potopHas ¢pe3epHas cekiuus (3). Ope3epHasi ceKMs OCHaIIeHa AByMsl potopamu ¢ [-00-
pa3HBIMH HOXKaMH, KaXJIbI U3 KOTOPBIX paboTaeT B Mpenenax 3aJaHHOW MIMPUHBI 00padaTeiBaeMoOil Moo-
Cbl. POTOPBI 3aKpBITHI 3aIIUTHBIM KOXKYyXOM. PerynupoBanue ryOrnHbI 00pabOTKH OCYIIECTBISETCS CUCTEMOM
OTMOpHBIX Konéc (8), a YIUIOTHEHHE MOYBHI MOCTIE TT0CceBa 00eCIIeYNBACTCS IByMsI IPUKATHIBAIOIIMMU KoJéca-
Mmiu (6). [lepenaua momHocT 0T BOM TpakTopa ocyiiecTBisieTcs: uepe3 kapaaHHbii Bai (1) k peaykropy (2),
MOCJIE Yero MOCPEJCTBOM LIETIHBIX Mepenad (5) BpalleHHe pacipeneisieTcsi Ha pOTOpHbIe paboure OpraHbl U
MEXaHU3M JO3UPOBAHUS CEMSH.

Pabouas rmyObuHa 00pabOTKH PErynupyercs OMOPHBIMH KOJNECaMM, YCTAaHOBICHHBIMU Ha pame, 4TO
o0ecrneurBaeT ycToMuMBOEe 3ariyOneHne pabodyux OpPraHOB MPU W3MEHSIONIEMCS COMPOTHBICHUU TMOYBHI.
VYII0THEHHE TOYBBI MOCTE BHICEBA OCYIIECTBISIETCS MPUKATHIBAIOIIMMHU KOJIECAMU, PACTIOJIOKEHHBIMU He-
MOCPEJICTBEHHO 32 BhICEBAIOUIUMHU amnmnaparaMu. [lepenaua momrHocTu ocymectisercss or BOM Tpakropa k
PENYKTOPY, a 3aTeM uepes LemHble epeadl paciupeeiseTcs Ha pOTOpHbIe 0apadaHbl U MEXaHU3MBbI BHICEBA,
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Puc. 1. Cxema KOMIIOHOBKHM KOMOMHHPOBAHHOTO arperara Juis OJIOCHON 00paboTKy MOYBkI 1 moceBa ceMsiH. OCHOBHBIE AeMeHTsI: (1) kap-
JTaHHAs TepeIada oT Baia otoopa MomrocT (BOM), (2) pemykrop, (3) poTopHas mouyBooOpadaThIBaromias CeKIus ¢ ['-00pa3sHbIMU HOXKaMH,
(4) BBICEBAIOIINIT anITapaT TOYHOTO BBICEBA, (5) 1emHas nepenaya, (6) mpukarsiBarolee kojieco, (7) Hecymas pama, (8) onopHoe (Komupyroiee)
KOJIECO.

[Fig. 1. Layout diagram of a combined unit for strip tillage and seed sowing. Main components: (1) power take-off (PTO) shaft drive; (2)
gearbox; (3) rotary tillage section with L-shaped blades; (4) precision seed metering unit; (5) chain drive; (6) press wheel; (7) supporting frame;
(8) gauge (depth-control) wheel].

Texnuueckas xapakmepucmuka 3KCHepumMeHmanbHo20 oopasya.

OmnbiTHBIN 00pa3er] FS-2.1 n3roToBieH B COOTBETCTBUU C YTBEPKIAEHHON KOHCTPYKTOPCKON JTOKYMEH-
Taen 1 aIanTHPOBaH JUIsl Pa0OTHI C TPAKTOPAMH MaJION TATOBOW MOIIHOCTH, ITUPOKO IPUMEHSEMBIMU B CH-
cremax oporraemoro 3emueaenus FOxuoro Kazaxcrana [Karmanov, 2022b: 45-52; Karmanov, 2022c¢: 64-72;
Karmanov u np., 2022: 108-119].

Tabnua 1. OCHOBHBIE TEXHUUECKHE XapaKTEPUCTHUKU KOMOMHMpOoBaHHOTO arperara FS-2.1.

[Tapametpst 3HaueHue

Tumn ManuHBL KoMOnHMpOBaHHEII arperar st IOJIOCHOH 00paOOTKH TIOUBEI U
rocesa ¢ mpuBogoM or BOM

O0603HaYeHHE MOJIETH DdC-2,1

Oo0mmas pabouast muprHa 3axsara (M) 2,1

KonmgectBo nomnoc potopHoii 06paboTku 4

Pabouas mmpuHa oHON MOIOCH (M) 0,35

JluamasoH n1yOHHBI poTopHO# 00padoTku (M) | 0,08-0,16

Jlnana3oH TTyOMHBI 331€TKH CEMSIH (M) 0,07-0,10
Perynmupyemoe Mexaypsiibe (M) 0,35-0,70
Pabouas ckopocth (kM4 ") 1o 8

TeopeTrnueckasi IPOU3BOAUTENBHOCTD (Ta'u ') | mo 2,4

Tpebyemast MomHOCTH TpakTopa (kBT) >59

[Monuas macca (kr) 920

Bce skcruryaraniioHHbIE MTOKa3aTeld, MPEICTaBICHHbBIE B paszelie 3, MOIyYeHbI IPU UCIIOIb30BaHUH
koHburypanuu arperata ®C-2,1, mpuBeaéHHoii B Tadmuie 1.

Experimental prototype (FS-2.1).]



Teopemuueckue npeonocvliku u ONMUMUZAYUS 2eOMEMPUU POMOPHBIX HONHCEU.

OnrtuMu3anus reoMETPUN POTOPHBIX HOXKEW OCHOBBIBAJIACH HA AHAIIUTUYECKOM MOJENH pe3aHus Io-
YBbI, YUUTHIBAIOIIEH MEXaHUUECKHE CBOMCTBA OPOLIAEMBIX CEPO3EMHBIX TOYB U KHHEMATHUECKUE MapaMeTpPhl
poTtopHoit 06paboTku [Karmanov, 2022¢: 64—72]. Ananu3 ObLT HapaBJIeH Ha ONPeIeIeHHEe TONIINHBI Cpe3a-
€MOM CTPYKKH IIOYBBI, yAJIbHON IJIOMIAIN PE3aHUs U TTOCIIEI0BATEIbHOCTH B3aUMOIEHCTBUSI HOXKa C TIOYBOIA.

VnenbHast II0MIAIb PE3aHUs ONPEAEIIIIACh CAEAYIOIIUM BhIPAXKEHUEM:

sinc (1)

rae

b — mupuHa HOXa,

h — rmybuna 06paboTKu,

A — yrojyl yCTaHOBKH HOXa.

[TapameTpudeckuil aHaIN3 MOKa3all, 4YTO YBEJIUUEHUE yIIia 0. CIOCOOCTBYET MEePEXoAy K cpe3aroiieMy
(CxabpIBarOIEMy) MEXaHU3MY pa3pyIICHUS TIOYBBI, YTO MPUBOIUT K YMEHBIICHUIO Y((HEKTUBHON TUIOIIAIH
pe3aHus U CHIDKEHUIO dHepro3arpar. ONTUMANIbHBIN YIoJl YCTaHOBKHU HOXKa COCTaBIseT 54—56°, mpu KOTOPOM
pacu€THOE CHUYKEHUE YAEIbHOM IIJIOMAAN PE3aHUs JOCTUTraeT mpuMepHo 22 %.

Mooenwv 83aumooeticmsus «n04Y8aA—HONCH U KUHEMATNUYECKUE 02PAHUYCHUS.

s obecriedeHrs yCTOMUNBOTO KPOIICHUS TOYBBI U MPEAOTBPALLEHUS €€ HAKOILICHHSI IOl POTOPHBIM
6apabaHoM OBLJIO COCTABICHO YpaBHEHHE PAaBHOBECHUS CUJI, ACHCTBYIOMIMX HA JIEMEHT [TOYBEHHOM CTPYKKH
P B3aUMOJICHCTBUU C HOKOM. YCIIOBHUE, IPEJOTBpAIlaollee MEPEHOC YaCTHI TIOUYBBI BIEPE IO XOAY Bpa-
IIEHUS, BEIPAXKAETCSI CIEAYIONTMM cooTHomeHneM [ Karmanov, 2022b: 45-52; Karmanov, 2022c¢: 64—72]:

mgsin(a — g7) = f[mw2Rcos gy + geos(a — £5)] + mRw2singg 2)

re:
F — xoaurmenT TpeHus: TOYBHI O MOBEPXHOCTH HOXKA;
M — macca 37eMeHTa MMOYBEHHOU CTPYXKKH (KT);
() —YIJIOBasi CKOPOCTH BpaleHus: 6bapadana (pasu/c);
£p — 3aIHMH yroj HOXa (rpaj);
R — pagnyc 6apabana (m).

¢ A %
Puc. 3. Cxema nporiecca pe3aHus MOYBbI POTOPHBIMH pabOYMMHU OpraHaMHU: 3aIUTHBIH KOXXyX, [-00pa3Hble HOXH, POTOPHBIH OapabaH, yriioBast
CKOPOCTh M MOCTYIIATENIbHAsI CKOPOCTD JIBHKCHHS arperara .
[Fig. 3. Schematic of the soil cutting process by rotary working elements: protective guard, L-shaped blades, rotary drum, angular velocity o,
and forward travel velocity 9 of the unit].

Forr

Pemenne naHHOrO HEpaBEHCTBA MO3BOJISIET ONPEAEIUTD NIPEACIIbHYIO YaCTOTY BpallleHHs, 00ecneun-
Barolyo 3 HeKTUBHBIN BBIOPOC MOYBBI M YCTOWYHMBBIE YCIOBHS pe3aHus. Ha ocHOBaHMM POBEAEHHOTO aHa-
JIM3a ONTUMAJIbHBIN YTOJI yCTAHOBKH HOXKEH MPUHAT paBHbIM 54—56°, uTo o0OecrieunBaeT cTaduiabHy0 padboTy
arperara npu nocrynareiabHoi ckopoctu 1,5-3,0 km-u .
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Puc. 4. Cunpl, neficTByIomye Ha 3JIEMEHT OYBEHHOI CTPYKKH IIPU B3aNMOIEHCTBUH C HOXKOM: CHJIA TsDKecTH (); eHTpobesxHas cuia (); Hop-
MaJIbHas peakIys (PEeakIys OTIopH); Cuila TPEHH ().
[Fig. 4. Forces acting on an element of the soil slice during interaction with the blade: G — gravitational force (G = mg); F_C — centrifugal force

(F_C =mR®?); N — normal reaction (support force); F — friction force (F = {N)].

Hexomnosuyus nompebasemou MOWHOCMU.
CymmMmapHas notpebisieMasi MOIIHOCTh POTOPHOTO OYBOOOPA0ATHIBAIOIIETO arperara Oblia nMpoaHa-
JU3UPOBAHA TI0 COCTABIISIIOIIUM 3JIEMEHTaM:

N = Np + Neject £ Nijre + Neoyp + Nipans 5

rae:

Np_
N,

MOIIHOCTb, 3aTpaurBaeMasi Ha pe3aHue MmouyBkl (KBT);
fect— MOIITHOCTB, 3aTpauynBaeMas Ha OTOpachiBaHue (BbIOpOC) mouBkI (KBT);

Lift MomHOCTE, 3aTpaurBaeMas Ha MPEOIONIEHHE COnpoTuBIeHus (KBT);

roll_ vommocTs, 3aTpaunBaeMas Ha MPEOIOTIEHNE CONPOTHBIICHNS KadeHuIo (KBT);

roll— norepu MOIHOCTH B TpaHcMmuccuu (KBT);
MOIIHOCTD, 3aTpauyrBaeMasi Ha pe3aHue MOYBbI, OMPEIENSIACE 110 BRIPAKEHHIO:

1
NP - E kP aBv
“)

rae:

kp_ 0.25 kN-m™ (ko3¢ duriuenT pe3anusi);

B- pa6ouas mmpuna (m);

O — rmy6una o6paboTku (M);

V — [oCTynaresibHasi CKOpoCTh (M/C);
MoI1HoCTb, 3aTpaunBaeMast Ha BBIOPOC MOYBBI:

Nors keject@aBv*A°

~ 75
5)

rac:

= Q2. —4
keject =0.00015 kN-s*>m™ (ko3¢ purueHt BeIOpoca).
1.6. Mecmo npogedenus skcnepumenma u noY6eHHbvle YCI06US.
[ToneBble 3KCTIEPUMEHTHI OBUITH MPOBEIEHBI B BereTallnoHHbIN niepuon 2021 roga Ha OMBITHBIX MOMSAX
Kazaxckoro HayyHO-HCCIEA0BATEIBLCKOTO MHCTUTYTA 3€MJIEIETIUSl U PACTEHUEBOICTBA. DKCIIEPUMEHTAIbHBII



Y4acCTOK SIBJISICTCSl THIIMYHBIM JIJIs1 yCIIOBUM opoiuaeMoro 3emiueaenus FOxuoro Kazaxcrana.

[TouBa OTHOCHTCSI K OPOIIAEMBIM CepOo3EMaM, MPEACTABICHHBIM CBETIO-KAIITAHOBBLIMHU CYTITUHUCTHI-
MU pa3HOBUAHOCTSAMU. Ha MOMEHT mpoBeeHus UCTIbITaHui maxoTHIH cioit (0—0,20 M) Haxonuics B yIUIO-
THEHHOM TPENIOCEBHOM COCTOSHUU.

Tabnuua 2. ®u3ndeckue Mokazareau MOYBbl HA SKCIIEPUMEHTAILHOM yYacTKe (CpeHee 3HaueHue +
CTaH/JapTHOE OTKIIOHEHHUE).

[Tapamerpst 3HaueHue

Ty nouBsl OporaeMblii cepo3éM (CBETIO-KAITAHOBBINA CYTIIMHOK)
I'my6una otbopa mpob (M) 0-0.20

Bnaxuocts nousst (%) 13.4+1.5

Comnpotusienue nponuknosenue (MIla) 0.8 +0.1

CocTostHE TOBEPXHOCTH VYmnoraéHHOE, TOCIIe MOINBA

Cxema sxcnepumenma u MemoouKa usmepenull.

O¢pdexruBHOCTH OTHONPOXOHOM cucTeMbl PC-2,1 oreHMBaIach B CPAaBHEHUH € TPAJAUITUOHHONW MHO-
TOTMPOXOTHON TEXHOJIOTHEH, BKIIOYAIOIIEH MMOCIIE0BaTEIbHOE BBIMOJIHEHHE OCHOBHONH OOpabOTKH MOYBHI,
IIPEIIOCEBHON MOITOTOBKH, BEIPABHUBAHMSI IOBEPXHOCTH U ITOCEBA MPOMAIIHON CESIIKOM.

DKCIeprUMEHT ObLT MPOBEAEH M0 CXEME PaHAOMH3HUPOBAHHBIX OJIOKOB C YETHIPEXKPATHOM MOBTOPHO-
cThto. Kaxkaast onbITHas AENsTHKa COOTBETCTBOBAIA OAHOMY TOJIHOMY TEXHOJOTMYECKOMY IPOXO/Y arperara
10 BEIOPAHHOM TEXHOJIOTHH.

M3Mepsiemble MOKa3aTeay BKIOYAIN TATOBOE CONPOTUBIEHHUE, PacXo]l TOIINBA, CyMMapHbIE dHEpre-
TUYECKUE 3aTpaThl, TPAHYJIOMETPHUUECKHUI COCTAaB IOUYBEHHBIX arperaroB, OTKJIOHEHUE BBIPABHEHHOCTH I10-
BEPXHOCTH, a TaK)Ke TOUHOCTh ITyOUHBI 33JIeJIKK U pABHOMEPHOCTD Pa3MELICHUS CEMSIH.

Cmamucmuueckas 00pabomxka OaHHbIX.

Bce akcniepuMeHTaNIbHBIE 1aHHBIE NIPEICTABIEHBI B BUJIE CPEHETO 3HAYEHUS + CTaHIaPTHOIO OTKJIO-
HeHus. Pa3znuuus Mexy BapuaHTaMH OLIEHUBAJIX C MCIIOJIB30BaHUEM AMCIIEpCHOHHOrO aHaiau3a (ANOVA)
IIPU YPOBHE JOBEPUTENIbHON BepOsATHOCTH 95 % (). CraTtuctudeckas 00paboTKa pe3yabTaToB BITOIHSIIACH B
COOTBETCTBHUH C TPEOOBAHUSIMU ACUCTBYIOIIMX HOPMATUBHBIX 10KyMeHTOB ('OCT).

Pesyabrarsl.

Teopemuueckoe 0b60cHO8aHUE U KOHCMPYKMUBHbIE NAPAMEMPBbL.

AHanUTHUYECKOE MOJEIMPOBAHUE MOATBEPAMIIO, YTO ONTHUMU3HPOBAHHAS T€OMETPUS POTOPHBIX HO-
&Kel obecrieunBaeT yCTOMUYMBOE Pe3aHue MOYBbI U CHUKEHUE MUKOBBIX PEAKIIMOHHBIX HArpy30K B YCIOBUSAX
OpolIaeMbIX cepo3EMHBIX MoYB. [lepexo OT TpaAuIIMOHHOTO yIvia YCTaHOBKU HOXeEH (40°) K onTUMaIbHOMY
Iurana3zoHy 54—56° npuBEN K CHIKEHUIO YIEIbHOM TUIOIAAM pe3aHus mpuMepHo Ha 22 % (pucyHok 2). Takoe
YMEHBIIIEHUE CIIOCOOCTBYET MPEOOIaJaHuI0 CPEe3aloIIero MexaHu3Ma pa3pylIeHHs MMOYBbl U OTPAHUYKBACT
OZTHOBPEMEHHOE B3aUMO/ICHCTBHE HECKOJIBKMX HOXKEH C MOYBOM, YTO CHMXKAET KOJIeOaHUs KPYTAIIETr0o MOMEH-
Ta.

Mopenb B3aUMOECHCTBHS «IIOYBA-HOX» (PUCYHOK 3) MoOKazaja, 4To MOCIIe0BaTeIbHOE BXOXKACHUE
HOXEW B MOYBY OOecleunBaeT paBHOMepHOE (HOPMHUPOBAHUE TMOYBEHHOW CTPYXKKH M IJIABHYIO Iepenady
SHEPIUU M0 OKPYKHOCTU pOTOpHOTo OapabaHa. AHaAJIN3 CHUJI, AEWCTBYIOUINX HA SJIEMEHT OYBEHHOM CTPYKKHU
(pucyHoKk 4), mokasall, 4To MPU ONTHUMAJIBHOM yIJIe YCTAaHOBKH HOXEW M pabOdMX CKOPOCTIX CHUJIa TSKECTH
MPEBBIIIACT LIEHTPOOCKHYIO M CHUJIBI TPEHUSI, IPEJOTBpaLasi HAKOIIEHHE TIOUBHI 10T POTOPHBIM OapabaHoM.
[Tony4yeHHbIe aHATUTHYECKUE PE3YIbTaThl (POPMUPYIOT MEXaHUCTHUECKOE OOBSICHEHUE CHUXKEHUS TATOBOTO
COIIPOTHUBIICHUS U MOTPEOIIEMON MOIIIHOCTH, 3a()MKCUPOBAHHOTO B TIOJIEBBIX UCTIBITAHUSX.

Bce ananutuueckue pesynbTaThbl, NMPUBEAEHHBIE B JAHHOM pasjielie, COOTBETCTBYIOT (DPU3MUYECKUM
CBOWCTBaM IOYBHI, PE/ICTABICHHBIM B Ta0OIUIIE 2.

Ilonesvie nokazamenu pabomvl u Ka4ecmeo QOPMUPOSAHUSL NOCEEHO20 TONCA.

Bce npuBenéHHble HUKE SKCIUTyaTallHOHHBIE TOKAa3aTe ! MOIy4eHbI IIPU NCI0Ib30BaHUH KOH(pUTYpa-
un FS-2.1, ykazannoit B Tabnuie 1. CtabunbHOCTh paboyeil yOMHBI U OTCYTCTBUE MOOYBEHHBIX TPe0-
Hell 00ycIoBIeHbI KOHCTPYKTUBHOM cXxeMoii arperara (pUCyHOK 1), B KOTOpoii onopHbIe Kosiéca U MOJIOCHbIE
POTOpHBIE CEKIMM 00BbeIMHEHBI B *KECTKON pame. [loneBble HAOIIOCHNS TOATBEPAUIN YCTOHUHUBYIO paboTy
0e3 3a0uBaHMA, Ype3MEPHBIX BUOPALIMI U HAKOIUIEHUS ITOYBBI HA pPOTOPHBIX OapabaHax (PUCYHOK 2).



Potopnast cuctema moiocHon 00pabOTKU oOecreumsia yCTOMYMBYIO CPEAHIO ITyOHHY OOpadOTKH
0,144+0,01 M, Torma Kak TpaaUIIMOHHAs MHOTOMPOXO/HAs TEXHOJOTHUS XapaKTepu3oBajach OOJNbIIeH BapHua-
6enpHOCTBIO ITyOuHBI (0,15+0,02 M). AHamu3 cTPyKTYphI TOYBBI MMOKa3al, uto 85,2 + 2,8 % arperatos, chop-
MHUPOBAHHBIX NPH OJJHOINPOXOIHON 00paboTKe, UMETH pa3Mep MeHee 25 MM, TOrJa Kak MpH TPaIulMOHHON
TEXHOJIOTHH 3TOT MOKa3aTellb cocTaBuia 65,3 + 3,5 % (tabmuua 3). OTKIOHEHHE BBIPABHEHHOCTH OBEPXHO-
CTH IPU UCIIOIb30BaHNU cucTeMbl FS-2.1 He npeBsbiano 5 MM, B TO BpeMs Kak Ui TPAaAULMOHHOM TEXHOJI0-
My (PUKCUPOBAIUCH OTKJIIOHEHUS B mpenenax 15-25 M.

[Tony4yeHHbIe pe3ynbTaTbl CBUAETENBCTBYIOT O TOM, YTO MPEAIOKEHHAas! OJHOIPOXOIHAS TEXHOIOTHsI
MOJHOCTBHIO COOTBETCTBYET U MPEBOCXOAUT arpoTEXHUYECKHE TPeOOBaHUS K MPEANOCEBHON MOATOTOBKE TO-
YBBI B YCJIIOBUSIX OPOIIAEMOTI0 3eMJIeIENHSI.

Tabnuua 3. [Tokazatenu kauecTBa 00pabOTKU MOYBHI.

[Mapametpst OnHOMpOXOHAS CHCTEMa TpaguuonHas cucrema Hopmarus
Cpennsist mmyOuHa 00paboTKu, M 0.14 +0.01 0.15+0.02 0.12-0.16
CozepixaHHe arperatoB pa3mMepoMm MeHee 25 MM, % | 85.2 +2.8 653+3.5 >80*
OTKJIOHEHHE BBIPABHEHHOCTHU IIOBEPXHOCTU, MM <5 15-25 <10*
Hannune noanouBeHHbIX rpeOHEei OTCyTCTBYIOT Hab6mronatorcst OTCyTCTBYIOT

TunuyHele arpoTexHUYECcKUe TPEOOBAaHUS K TOUHOMY ITOCEBY.

Taco60e conpomusnenue, pacxo0 Moniuea u dHepeemudecKue 3ampamai.

N3mepenHoe TsaroBoe conpoTuiaeHue s cucteMbl FS-2.1 cocraBuio B cpennem 5,2 + 0,4 kH, yto Ha
38 % HmKe 1o cpaBHEHUIO ¢ TpaaAULMOHHON TexHonoruew (8,4 = 0,6 kH). JlanHoe cHMXKEHHE coracyercs ¢
nepepacnpeiesieHueM Cuil, MPeICKa3aHHbIM MOJICIbIO B3aMMOICUCTBUS «II0YBA—HOXK» (PUCYHOK 4), KOTOpast
OTrPaHUYUBAET MUKOBBIE HOPMaJIbHBIC HATPY3KU M CUJIbI TPEHHUSI, JCHCTBYIONINE Ha HOXKU.

VYnenbHbIN pacxos TorauBa cHu3uica ¢ 16,4 + 1,2 kr-ra™ npu TpagullMOHHOW TEXHOJIOTUU 10 9,3 £
0,8 kr'ra™' mpu OIHOIIPOXOAHON CUCTEME, YTO COOTBETCTBYET COKpalleHHio Ha 43 %. CyMMapHbIe SHEpreTH-
YEeCKHE 3aTpaThl yMEHbIUWIUCH ¢ 1275 £ 98 M ]k -ra™ mo 580 + 45 M/[x - ra™!, obecnieunB ob11ee sHeprocoe-
pexxeHue Ha ypoBHe 54,5 % (Tabnuia 4).

Tabmuna 4. CpaBHUTEIBHBIC ITOKA3aTEIIN YHEPTETUIECKOM 3PPEKTUBHOCTH.

Iokazarenn Tpamgnmuonnas cucrema | KomOGuampoBaHHBIH arperar Viryuienue
Tsarosas Harpy3ka, kH 8.4+0.6 52+04 -38%
Pacxop TornmBa, Kr-ra! 164+1.2 93+£0.8 -43%
Tpebyemast MomHOCTB, KBT | 62 4 39+£3 =37%
Dueprosarparsl, MJx-ra™! 1275+ 98 580 +£45 —54.5%

COBOKYITHOE CHI)KCHHE TSATOBOM HArpy3KH, pacxoja TOTUIMBA U CYMMapHBIX dHEPTreTHYECKHUX 3aTpar
MOJITBEPKIAACT, YTO AHATUTUUECKAST ONTUMHU3AITUS TEOMETPUN POTOPHBIX HOXKEH HEITOCPEICTBEHHO 00eCTIeyu-
J1a U3MEPUMBIN IHEPTeTUICCKHUM Y(PPEKT B MOJIEBBIX yCIOBUSIX.

Kauecmeo nocesa, skonomuueckas a¢pgpekmusHocms u Ha0EXCHOCM®b.

HecMotpst Ha 3HauMTENbHOE CHMXKEHHE 3HepromnoTpelienus, cuctema FS-2.1 obecneunia BbicOkoe
kagecTBO nocesa. Koaddumment Bapuanuu (CV) pacnipenenenust ceMsiH coctaBmil 8,4%, a paBHOMEPHOCTh
IyOWHBI 3a/1e7Ku JocTuria 92,3 %. OTu 3HaYeHUs] COOTBETCTBYIOT PEKOMEHIYEMBIM HOPMATHUBaM ISl TOY-
HOTO [TOCEBA OBOIIHBIX KYJIBTYP B YCIOBUSX OPOILIAEMOTO 3eMJICAEIHSI.

IIpouzeoomnvie nokazamenu «IHePUA—KAYECTBEON.

st oGecriedeHust COOCTaBUMOCTH PE3YIBTATOB C JPYTUMHU UCCIIEIOBAHUSAMH ObUTH PACCUUTAHBI JI0-
MTOJIHUTEIIbHBIE MPOU3BOAHBIC TIOKa3aTenu. [lepecuér pacxoa TomMBa B SHEPTreTUIECKUIM YIKBUBAICHT (TUTOT-
HOCTb Au3eabHOr0 TotumBa — 0,84 kr-1'; HU3MmAas Teriora cropadus — 35,8 M/Ix-11') mokasan CHUKEHUE
SHEPreTUYECKUX 3aTpaT ToIIuBa npumMepHo ¢ 699 MJx ra™ nis TpaauuMOHHONW TexHonoruu 10 396 MJIx: -
ra—! mis cucremsl FS-2.1.

DKOHOMHUYECKHUI aHAJIN3 TTOKa3aJl 6J1aronpusTHOE COOTHOIICHHE «3aTpaTbl-3ddex» Ha ypoBHe 1:1,75
Y CPOK OKYIIA€MOCTH MEHEE JABYX JIET JJIsl opoliaemMoro xo3sicrsa mioniagsio 100 ra. Ouenka Haa&KHOCTH
MoKasajia, 4To CpefHsisi HapaOoTka Ha oTka3 npeBbimaeT 180 4, a KodDPUIIUEHT TEXHUUECKOH TOTOBHOCTH



coctasiuset 0,96 (Tadnuua 5).
Tabnuua 5. [Toka3arenu kauecTBa moceBa, SKOHOMUYECKOH d3PPEKTUBHOCTH U HAAEKHOCTH CHCTEMBI
FS-2.1 npu oqHONPOXOIHOM POTOPHOIT 00pabOTKE MOYBBI U IOCEBE B YCIOBUSX OPOIICHUS.

TTokazarenu Enununa uzmepenus FS-2.1 (omHOTIpOXOIHAS CHCTEMA)
Koaddunuent papuanun pacrpeneneHus ceMsH % 8.4

PaBHOMEPHOCTB TTyOMHEBI 3a/ICITKH CEMSTH % 923

CootHoieHune «3arparbl-3Ghex» - 1:1.75

CpoK OKymaeMOCTH rox <2

Cpennsist HapaboTka Ha otka3 (MTBF) qac >180

Koaddunment sxcruryararinoHHO# TOTOBHOCTH - 0.96

DHEpPro€éMKoCTh, puxozsimasics Ha 1% MOYBEHHBIX arperatoB pasMepoM MeHee 25 MM, CHU3UJIAch C
19,53 no 6,81 MJIx-ta'-%', 94T0 COOTBETCTBYeT ymyulneHuto Ha 65 %. MHTerpanbHbIil MoKa3arenb «Kade-
CTBO—3HEPIHs» YBETUUMJIICS MPUOIU3UTENBHO B 2,9 pa3a, 4To CBUIETENBCTBYET O CYIIECTBEHHO O0ee paluo-
HaJbHOM COOTHOILIEHUHU MEXAY KadeCTBOM (pOPMHUPOBAHUS [TOCEBHOTO JIOXKA M AHEPro3aTparaMu MpHU UCIOJIb-
30BaHHMH ONTUMHU3UPOBAHHON OTHOIIPOXOIHON CUCTEMBI.

OO0cy:kaeHue pe3ybTaTOB.

Pesynprarel ucciieoBaHus MOKa3bIBAIOT, YTO HAOIIOJaEMOE CHUKEHUE TATOBOTO COMTPOTUBIICHHUS, pac-
X0J1a TOIUIMBA U CYMMapHBIX SHEPreTUUYECKUX 3aTpar 00yCI0BIEHO HMEHHO KOHCTPYKTUBHOW ONTUMM3AIHEH
POTOpHOM crucTeMbl 00pabOTKH, a HE YIIPOILEHUEM TEXHOIOTMUECKOTO Mpoliecca. AHAIUTUYECKOE YMEHbIIIe-
HUE yAeJIbHOM IUI0NIa I pe3aHus 3a CUET ONTUMHU3ALUU T€OMETPUN YCTAHOBKHU HOXKEH AaéT MEXaHUCTUYECKOE
OOBbSICHEHHE HEPIeTUYECKUX MPEUMYIIECTB, BBIIBJICHHBIX B IOJIEBBIX YCIOBUSAX. AHAJIOTMYHbIE 3aBUCUMO-
CTH MEKJy T€OMETpHE HOXKa U COMPOTUBIIEHUEM TIOYBBI OTMEYAINCH U B KIIACCUYECKUX TEOPHSIX POTOPHOM
00paboTKH, a TAK)KE B SKCIIEPUMEHTAJIBHBIX UCCIIEIOBAHUIX B3aUMOICUCTBUS «II0YBa—pabounii oprany.

CHuKeHHne yaelbHOM IO pe3aHus NpUMepHO Ha 22 % U3MEHWIIO JOMUHUPYIOLUN MEeXaHU3M
pa3pyuIeHHsl TOYBbI — OT CXKMMAIOILIETO K CPe3arolieMy. ITO MPUBENIO K YMEHbIIEHUIO MUKOBBIX PEeaKIMOH-
HBIX Harpy30K Ha OTJEJIbHbIE HOKU U OTPAHUYEHUIO UX OJTHOBPEMEHHOI'O KOHTAKTa C MIOYBOM 1O OKPY>KHOCTH
poTopa, 4To CTaOMIM3UPOBAJIO NOTPEOHOCTh B KpyTsllieM MoMeHTe. CornacoBaHHOCTh aHAJIMTUYECKUX pac-
4E€TOB U MOJIEBBIX U3MEPEHUM MOATBEPXKIAET a/IeKBAaTHOCTh MPEVIOKEHHOM MOJIEIN B3aWMOJIEHCTBUS «I10-
YBa—HOX» JUJISl YCJIOBUM OpPOIIaeMbIX CEPO3EMOB.

ITo cpaBHEHMIO C paHee pa3pabOTaHHBIMA KOMOMHUPOBAHHBIMU arperaraMmu, 00eCIeuynBalOIIMMH KO-
HOMMIO 3Hepruu B npeaenax 20—40 %, cHuKeHre CyMMapHbIX SHEpro3arpar, J0CTUrHytoe cuctemoit FS-2.1,
ABJIIETCS O0JIee 3HAYUTEIbHBIM. JTO OOBSACHAETCS COYETAHUEM JIBYX MHKEHEPHBIX IPUHIIUIIOB!

JIOKaJIN3alisl MHTEHCUBHOTO MEXaHUYECKOTO BO3/IEUCTBHUS HA MOYBY B OT/IEIBbHBIX 110JIOCAX, COBIA/A-
IOLUX C PSIIKAMU KYJBTYD;

aHAJIMTHUYECKasl ONTUMU3ALINS T€OMETPUHN pabOYNX OPraHOB HA OCHOBE MEXAaHUKH T0YB, a HE AIMIIUPHU-
YeCKOro nozdopa napameTpos.

[TonocHast 00paboTKa MO3BOJISET CHU3UTH dHEPro3arparbl M JErpajalio MOYBbI MPU COXPaHEHUU
arpoHomuueckoil apdexTuBHOCTU. B 1aHHOM Hccie0BaHUM SHEPTeTUYECKUI BHIMTPHILI ObLT JOCTUTHYT 0€3
YXyALLIEHUS! KaueCTBa OCEBHOTO JI0Ka U TOYHOCTHU BBICEBA.

Oco0eHHO BakHa 3(PPEKTUBHOCTH CUCTEMBI B YCIOBHSIX OPOLIAEMbIX CEPO3EMOB, CKJIOHHBIX K I10-
BTOPHOMY YIUIOTHEHHIO MPU CIUIOIIHON MHOTOKpaTHO# 00paboTke. CHMkeHne o0béMa 00padaTsiBaeMoii 1o-
YBBI U OTPAaHUYEHUE Harpy30K BHE 30HbI Pa3BUTHS KOPHEBOM CUCTEMBI YMEHBIIIAIOT BTOPUUHOE YINIOTHEHUE U
COXPaHSIOT ONIaroNpUsITHBIE YCIOBUS JUISl Pa3BUTHS PACTEHUN. DTO COOTBETCTBYET COBPEMEHHBIM MUPOBBIM
TEHJICHIIUSM TEePEX0/1a K peCypcocOeperaonyM U MPeru3nOHHBIM TEXHOIOTHSIM 00pa0OTKH.

C MH)XEHEPHOI TOYKH 3pEHUS OJTyUYEHHbIE PE3yIbTaThl MOAYEPKUBAIOT HEOOXOAUMOCTh HHTErPALluU
AHAJIUTUYECKOTO MOJICIMPOBAHHUS B MPOLIECC MPOESKTUPOBAHMSI CENIbCKOX03CTBEHHBIX MalinH. CoBMajieHue
Pacu€THBIX CUJIOBBIX M DHEPIeTUYECKUX NMapaMeTPOB C HIKCIEPUMEHTAIbHBIMU JaHHBIMU MOATBEPKIAET -
(eKTUBHOCTh MPOrHOCTUYECKUX MHKEHEPHBIX METOA0B, KOTOPbIE MOTYT OBbITh a/IallTUPOBAHBI K Pa3IMYHbIM
TUIIAM TI0YB U KJIaCCaM TPAKTOPOB MTyTEM KOPPEKTUPOBKU F€OMETPUUECKUX U KHHEMATUYECKUX ITapaMeTPOB.

DKOHOMUYECKHE U 3KCILTyaTal[MOHHbIE NTOKA3aTeId TAKKe MOATBEPKIAI0T MPAKTUUECKYIO0 IPUMEHU-
MOCTb pa3paboTku. biaaronpusitHoe cooTHOMIEHHE «3aTPaTbl—3((HEKT» U BBICOKUN KOAPPUIIMEHT TOTOBHOCTH



CBHJIETEJICTBYIOT O BO3MOKHOCTH ITPOMBIIIJICHHOTO BHEJPEHHs arperara, 4To 0COOCHHO aKTyaJbHO AJIS pe-
T'MOHOB C OrpaHUYEHHOH 3HEProo0eCeYeHHOCTIO U BEICOKOM CTOMMOCTBIO TOILIUBA.

Crnenyer OTMETUTh U OIpaHUYEHMsI UcciaenoBaHus. VcIbITaHus IPOBOAMIINCH B TMANIa30HE MTOYBEH-
HO-BJIQ)KHOCTHBIX YCJIOBH, XapaKTEPHBIX I CEPO3EMHOM 30HbI OpolueHus. [[j1si OkoHYaTeaIpbHON yHUBEpCa-
JM3alMU METOJUKH HEOOXOAUMBI JONOJTHUTENIbHBIE UCCIE0BAHUS HA JIPYTUX TUMAX MOYB, IPU PA3IUUYHBIX
YPOBHSIX PacTUTENBHBIX OCTATKOB U B PAa3HBIX ceBOOOOpoTax. /l0aroBpeMeHHOE BIMSHUE HA CTPYKTYpy HO-
YBBI, COACPKAHUE OPTaHUYECKOTO BELIECTBA U CTAOMIIBLHOCTh YPOXKAMHOCTH Takke TpeOyeT JanbHEeHIIero
U3y4YEHUS.

B nenom pe3ynbraTsl OKa3bIBAIOT, UTO LI€JICHANPABICHHAS ONITUMHU3ALMSI POTOPHBIX PA0OYHUX OPTaHOB
B COYETAaHHUHU C MOJIOCHON 00pabOTKOM ABIsIETCA TEXHUUECKH OOOCHOBAHHBIM MTyTEM CHUIKEHUS SHEPro3arpar
IIPU COXPAHEHUHU arpoOHOMHUYECKON 3(PPEKTUBHOCTH.

BriBoabI.

B paGore pa3zpaboraH M SKCHEpUMEHTAIBHO 00O0CHOBAH KOMOMHUPOBAHHBIM POTOPHBII arperar Juis
OZIHOIPOXOJIHOW MPEANOCEBHOM 00pabOTKH MOUBBI M ITOCEBA CEMSIH, aallTUPOBAHHBINA K YCIIOBHUSIM OpOIlIae-
MbIX 1ouyB FOxHoro Kazaxcrana. MccnenoBanue o0beIMHIIIO aHATUTHYECKOE MOJICTUPOBAHNUE B3aUMOJIEH-
CTBUS «I1I0YBa—HOX», MH)KEHEPHYIO ONTHUMU3ALNI0 KOHCTPYKLIUU U TIOJIEBYIO IIPOBEPKY.

B pe3sysnbrare BBIOJHEHHBIX TEOPETHMYECKUX M AKCIIEPHUMEHTAIbHBIX MCCIIEIOBAaHUM pa3paboTaH u
000CHOBaH KOMOMHHPOBAaHHBINA POTOPHBIN arperar FS-2.1, npenqHasHaueHHBIN U1 BHIIOJIHEHUS IPEANOCEB-
HOW 00pa0OTKM MMOYBBI U MTOCEBA CEMSH 33 OJUH TEXHOJIOTHYECKHUN MTPOXO B YCIOBHUAX OPOILIAEMOro 3eMle-
nenns FOxxnoro Kazaxcrana. IlomydeHHble pe3ynbTaTsl HOATBEPAKAAIOT aKTyalIbHOCTb IIEPEXOAA OT TPaJnLU-
OHHBIX MHOTOIIPOXO/IHBIX TEXHOJIOTHH K pecypcocOeperarnM OAHOIPOXOIHBIM TEXHOIOTHYECKUM CXEMaM,
IIO3BOJIIOIUM CHU3UTh YHEPIeTUYECKUE 3aTPaThl, yMEHBIINTh MEXAHUUYECKOE BO3/IEHCTBHE HA TI0YBY U I10-
BBICUTB 3()(PEeKTUBHOCTH UCTIOIB30BAHMSI MAIIMHHO-TPAKTOPHOT'O MapKa.

TeopeTnueckasi 3HaUUMOCTh MCCIIEIOBAHUS 3aKIIIOUAeTCs B pa3padOTKe aHAJUTUYECKOTO MOAX0Aa K
000CHOBAHMIO TAPAMETPOB POTOPHBIX PaOOUNX OPraHOB C yUETOM MEXaHUKH B3aUMOJCHCTBUS CUCTEMBI II0-
YBa — HOXK». YCTAHOBJIEHO, YTO T'€OMETPUYECKUE NTapaMeTPhbl HOXKEHW OKa3bIBalOT CYIIECTBEHHOE BIMSHHUE Ha
XapakTep pa3pyLIeHUs IOYBEHHOTO IUIACTa, BEJINYMHY YAEIbHON IUIOLIAIN PE3aHMsl, PEAKLIMOHHbIE HAarPy3KH
U TOTpebIsieMyt0 MOIHOCTh arperata. [IpoBeaeHHBIH aHAIN3 MMO3BOJIMII ONPENECIUTh PALMOHAIBHBIN yTroi
ycTaHOBKH ['-00pa3HbIX HOXEH B quanazoHe 54—56°, mpu KOTOPOM 00ecreunBaeTCs epexo OT MperMylie-
CTBEHHO Je(OpMaIIMOHHOTO MEXaHU3Ma pa3pylIeHUs MOYBbl K Oojee 3(h(hekTHBHOMY cpesaroleMy Mexa-
HU3MY. DTO MO3BOJIMJIO CHU3UTH YAEIIBHYIO IUIOIIAb PE3aHUs IPUMEPHO Ha 22 %, 4TO SIBIAETCA OJHUM U3
KJIIOUEBBIX (PAKTOPOB YMEHBIICHHS YHEPTOEMKOCTH TEXHOJIOIMYECKOTO MpoLecca.

OKCIIEpUMEHTAIIBHBIE UCCIIEOBAHNS TOATBEPAWIN JOCTOBEPHOCTHh TEOPETUUYECKUX IPENINOCHUIOK.
ITpu pabote arperara FS-2.1 B ycia0BusX OpoLIaeMbIX CEPO3EMHBIX U CBETVIOKAILITAHOBBIX CYTJIMHUCTBIX [TOYB
OxnHoro Ka3zaxcrana obecrieueHO (GOpMHUpOBaHHE KayeCTBEHHOIO IOCEBHOIO JI0XkKa, COOTBETCTBYIOIIETO
arporexHuueckuM tpeboBanusM. CoaepaHue MMOYBEHHBIX arperaroB pa3MepoM MeHee 25 MM COCTaBHIIO
85,2 %, Torna Kak npu TpaJAuLIMOHHON TEXHOJOTHUHU JTAHHBIN MOKa3zareab cocTaBui 65,3 %. OTKIOHEHHE BbI-
PaBHEHHOCTH MOBEPXHOCTHU IPHU MCIIOIB30BAHNHU pa3pab0TaHHOIO arperara He MPEeBbIIIAI0 5 MM, UTO CBUJIE-
TEJBCTBYET O BBICOKOM CTAaOMILHOCTH TEXHOJIOTMUECKOT0 ITPOLEcca U BOBMOKHOCTH oOecreueHust 6aaromnpu-
ATHBIX YCJIOBUH JIJIs1 pABHOMEPHOTO ITPOPACTaHMsI CEMSIH.

HauOonee 3HaunMBbIil IPAKTUYECKUI PE3YNIBTAT UCCIIEAOBAHMS 3aKIIIOUACTCS B CYILIECTBEHHOM CHIKE-
HUU DHEPreTUUECKUX II0KA3aTeseH 110 CPAaBHEHMIO C TPAJULIMOHHON MHOTOIIPOXOIHOM TeXHOoIorue. Tsarosoe
CONPOTHUBJIEHHUE arperara CHU3UIOCh ¢ 8,4 110 5,2 kH, 4To COOTBETCTBYET YMEHbILIEHHIO Ha 38 %. YenbHbIi
pacxoz TomuBa cokparuics ¢ 16,4 no 9,3 kr-ra™!, To ectb Ha 43 %. CyMMapHbIe SHEPIeTUUYECKUE 3aTpaThl
yMmeHnbmianch ¢ 1275 no 580 M/ ra™', uto oGecnieunBaet sHeprocoepexkenre Ha ypoBHe 54,5 %. Jlanuble
MIOKA3aTeNIn JIOKa3bIBAIOT, YTO CHMKECHHME SHEPro3arpaT JOCTUTaeTCs He 3a CYeT YXyALICHHUs KayecTBa oOpa-
O0TKH, a 3a CYET PAI[MOHAIILHOTO COYETAHUs MOJIOCHOTO BO3ACHCTBUS Ha MOYBY, ONTHUMU3UPOBAHHON reoMe-
TpHUH PabOYMX OPraHOB U COBMEIIEHHS Orepaluii 00pabOTKU MOYBHI U OCEBA.

[IpakTyeckas 3HAYMMOCTb pa3pabOTaHHOIO arperara COCTOMT B BO3MO)KHOCTH €r0 NPUMEHEHHUS B
(bepMepCKUX U CeNIbCKOXO03sICTBEHHBIX X03sicTBax TypkecTtanckol, KamObuickoit, Kei3pimopauHckoit u A-
MaTHHCKOHN obiacTeil, re MMPOKO PACIPOCTPAHEHO OPOLIAeMOe 3eMJIe/IeINe U UMEIOTCS MTOYBBI, YyBCTBU-
TeJIbHBIE K MHOTOKPAaTHOMY MEXaHH4YeCKOMY Bo3zaelcTBUI0. Mcnonb3oBanue arperara FS-2.1 no3sosser co-
KpPaTUTh KOJIMYECTBO TEXHOJIOTUYECKUX ONlEpaLMi, yMEHBIINTD YIUIOTHEHUE IIAXOTHOI'O CJ105, CHU3UTh PacXoj



TOPIOYC-CMa30UHbIX MaTepHaIOB, OBLICUTH HIPON3BOANTCILHOCTD TPyla U yMCHBIINTE SKCILIyaTalllOHHbIC
3arparbl. DKOHOMHYECKas OIIEHKa IMoKa3ana OJaronpusiTHOE COOTHOUICHHE «3aTparbl-3((eKT» Ha ypoBHE
1:1,75, a cpok OKyIaeMOCTH arperara COCTaBJIIeT MEHee JBYX JIET IIPHU UCIIO0JIb30BAaHUHU B OPOIIAEMOM XO351ii-
cTBe IIoIaap okoiio 100 ra.

KauecTBO nocesa Taxxe noaTBepAnio 3pGEeKTUBHOCTH MpeiaraeMoil koncTpykuuu. Koapdunuent
BapHallly pacrpeaenacHus ceMsiH coctaBui 8,4 %, a paBHOMEPHOCTh IITyOUHBI 33/1€TIKUA CEMSIH 1ocTura 92,3
%). DTu mokazaresid COOTBETCTBYIOT TPeOOBAaHMSM TOYHOTO IMOCEBAa M MO3BOJSIOT paccMaTpUBaTh arperatr
FS-2.1 He Tonbko kak mouBooOpadaThIBarOlee, HO U KaK IMOJIHOIIEHHOE MOYBO0OpadaThIBaOIIe-II0CEBHOE
CPEICTBO sl BHEIPEHUSI PECYpPCOCOEPETatoInX TEXHOIOTHA.

CrnenyeT OTMETHUTb, UTO MPOBEICHHBIE UCCIEIOBAHUS BBIMOIHUINCH B KOHKPETHBIX TOYBEHHOKIIMMA-
tudeckux ycnoBusx FOxunoro Kazaxcrana, moatomy nanpHeiime paboThl 1es1iecoo0pa3Ho HapaBUTh Ha pac-
[IMPEHUE 30HbI UCTIBITAHUM, IPOBEPKY arperara Ha pa3jIMyHbIX TUIIAaX [10YB, OLICHKY BIUSAHUS TEXHOJIOTUU HA
YPOXKaHOCTH CEIbCKOXO3SUCTBEHHBIX KYJIBTYD, CTPYKTYPY ITOUBHI U COZIEP )KaHNE OPTaHUYECKOTO BEIIECTBA B
JOJITOCPOYHOM nepcenekTuBe. [lepcrnekTHBHBIM HampaBiIeHHEM AalbHEHIIINX UCCIeIOBAaHUM SBISIETCS TAKKe
OCHAIlIEHHE arperara >JIeMeHTaMH LU(POBOro MOHUTOPUHTA, JAaTYUKAMU TIIyOUHBI 00pabOTKH, CUCTEMAMHU
KOHTPOJISI TSTOBOTO COIPOTUBIICHUS U aJaITUBHOTO PEryJIMPOBaHUS PEKUMOB paOOTHI.

Takum 06pa3om, pa3paboTaHHBIF KOMOMHUPOBAHHBIN POTOPHBIN arperar FS-2.1 sBisercs TeXHuUeCKn
1 DKOHOMHYECKH 000CHOBAaHHBIM pEIlIeHUEM i pecypcocheperaroiieii npeanoceBHOH 00paboTKU MOYBBI U
noceBa ceMsH. [lonydeHHble pe3ynbTaTbl MOTYT OBITH HCIIOJIB30BaHbI MPU MPOSKTUPOBAHUHM HOBBIX MaJo-
TATOBBIX KOMOMHUPOBAHHBIX arperaroB, MOACPHU3ALNN CYLIECTBYIOIIUX MOYBO0OpadaThIBAOIIE-TIOCEBHBIX
MAaIIMH U BHEAPEHUU HEProdPPEKTUBHBIX TEXHOJIOTUH B YCIOBHIX opolaeMoro 3emienenus Kazaxcrana.
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Kapmanos lapxan Ka6abikaabIKoOBHY — KOHIIENTYaIN3alks, HAMMCAHUE U PEJAKTHPOBAHUE TEKCTA.
Kymaryios Kangoc BopanéaeBu4 — KyprpoBaHHE JAHHbIX, IIPOBEJICHUE IKCIIEPUMEHTOB, PECYPCHI.
CapkbiHoB Ep6os1 — npoBezieHHe SKCTIEPUMEHTOB, COOp JaHHBIX.

Kacumosa Pe3panry;is MepeTaeBHa — IIPOBEICHHUE SKCIIEPUMEHTOB, COOp JIaHHBIX.
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